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3HaNOMCTBO 3 NiAPYYHUKOM

I[ITamoBHI MEeCATHMKJIACHUKHU, IIBOTO POKY BU
BUBUATUMETE TaKi TeMu OioJorii:

- BiopisnomanirTa

+ OOMiH peuoBUH i eHeprii

- CmagkosicTh i MiHJIMBiCTH

« PemponayKiisa Ta po3BUTOK

VYBechr HeoOXimHUMI MaTepian Bu 3HAWAETE
y migpyunHuKy. Moro mojileHo Ha YOTHPH pO3-
Oiny BiAIMOBiZHO OO TeM, IO OymeTe BMBUYATH.

IIigpyyHUK MOOYI0BAHO TAKUM UMHOM, 1100
BaM OyJIO 3pYYHO 3 HUM mpaifoBatu. Iloropraii-
Te CTOPiHKM i 03HATIOMTECS 3 IOTO CTPYKTYPOIO.

1. KoxxHuii maparpad posTallloOBAaHUKN Ha
OIHOMY PO3BOPOTi. ¥YBech MarepiajJ OIHOTO
YPOKYy — mepen oumMa. Kpim Toro, Take pos-
TallyBaHHA MOJIETIIUTD MOIIYK MOTPiOHOTO Ta-
parpadga.

2. Ha mouaTky KoikHOTro Imaparpadga mepe-
JiyeHO TeMu, AKi HeoOXiHO mpuUragaTu, mepIi
Hi’K BUBUYATH HOBUII MaTepiaJ.

3. ¥V mesakux maparpadax, me Iie HeoOximHo,
HaBeJleHO MPaKTUYHi poboTu,

4. 3akiHuyeThcsA KOYKHUIU maparpad aBoma
pyOpuramm:

« «KmrouoBa imes» — 1e roJoBHA OYMKA,
BHUCHOBOK;

+ «3alnUTaHHSA Ta 3aBAAHHA» — KOMIIETEHT-
HicHI 3aBHaHHA.

YMOBHI IIO3HAYEHHSA y MiIPYUYHUKY

0 — IlomipxkyiiTe
0 — JlisHatiTecsa GiybIie
@ — IIpakTuuna pobGora

5. Bararo imgopmailiii HaBeIeHO Y BUTJIAIL
cxeM, TabJuIlh, igfocTpaifiii. BoHu moJeriiars
CIPUUHATTA ¥ 3amam’sITOBYBaHHsS HOBOTO Ma-
Tepiay.

6. KoskHUI po3mis 3aKiHUYETHCS y3arajb-
HIOIOUUM PO3BOPOTOM, Y SIKOMY CTHCJIO IIOJAaHO
irgopmarito, BUKJIaeHy B TeMi, I110 BUBUAJIacA.

7. Y kiumi migpyyHuKa BuU 3Haljere:

 y3araJbHIOIOUi 3aBHaHHA IJA iHAWUBiOY-
anbHOI Ta rpymoBoi pobOTH 3a Bcima TemMamu
OigpyYHUKA Ta TeMU HaBYAJbHUX IIPOEKTIB;

s IpeIMEeTHUHN Ta iMeHHUYN MOKaXKUYUKU, 110
MOJIETIIIATEL IIOIIYK HeoOXimmoi imdopmarrii.

Kpim Toro, mo migpyuHuka qogaeThCcsa eIeK-
TPOHHUM OOJATOK, IO PO3MIII[eHMIT Ha cauTi
interactive.ranok.com.ua. ¥ HboMy BUu 3Haiigere
IomaTKoBY iH(opMmaliro mo maparpadiB, CJIOB-
HUK TEePMiHiB, iH()opMaIlito Ipo BUEHUX, TECTOBL
3aBIAHHsA OO TeM Ta iHIIi ZJOZATKOBI MaTepiasu.

SAx nmpamoBaTH 3 €IEKTPOHHUM JAOJATKOM

1. 3aiigite Ha caiT interactive.ranok.com.ua

2. 3apeecTpyiiTecs.

3. BHalgiTs posmin «IligpyuHuKm».

4. BubepiTh Has3By miapyunuka «bBiosoris i exo-
Joria (mpodinbHU piBens). 10 Kiac».

5. ¥ posnini «EnekTponHi Marepianau g0 migpyd-
HUKa» BUOEPITh MOTPiOHY TeMy Ta HATUCHITH
«Posmouatu poGoTy».

Cnodieaemocs, w,o eam 0yde 3pYy4HO i Ae2KO Npayweamu 3a HAWUM NiOPYLHUKOM.
Baxcaemo sam ycnixie y HaguanHi!



Tema 1. BcTyn

§ 1. bionoria Ta ekonoria. Popmn XunTTA

0 [omipkymnTe

AK My 3MOXeMO BIOPI3HUTU XUBE Bif, HEXMBOro?

é 3raganTe

» bionoria

» Ekonoria

« Fanysi Gionorii

e BnactuBocTi XnBux opraHiamis

bionoria Ak HayKa

Tepmin «b6ioJiorisi» B fioro cyyacHoMy 3Ha-
YeHHi1 3anpomoHyBaB (GPaHIY3bKUU YyUeHUU
Hau Barucr Jlamapk 1802 pory. Biosoria (Bix
IaBHBOTPEI. bios — «KUTTA», [0g0S — «yUeH-
H») — Ile HayKa IIPO JKUTTA. SIK i Oyab-axa
iHmma Hayka, Oiojoria mae 00’€KT, AKUII BOHA
BUBYAE, i METOAUW, AKUMUN BOHA KOPUCTYETHCS
Ui fioro BuUBYeHHs. Kpim Toro, Giosoria mae
BJACHUN MNOHATIMHUN amapaT — CYKYIHIiCTH
TepMiHIiB i IMOHATH, AKI BUKOPUCTOBYIOTH yue-
Hi-Oiosoru y cBOiti PobOOTi.

O6’exTOoM BUBUEHHA 6iosorii € Bci KuBi op-
raHi3MM Ta PiSHOMAaHITHI acmeKTH IXHBOI JKUT-
TemiganpHOcTi. JKuBUMX opramismiB Ha Hamin
IJIaHeTi, K i aceKTiB IXHbOI JKUTTENiAIBLHOCTI,
baraTo. A 11ie € BUMePJIi opramismu, AKi TaKoK
€ ob’ekramu BuBUYeHHs Oiosiorii. Tomy cyuacHa
OiosioriA crajia COpPaB)KHBOIO CHCTEMOIO HayK,
y AKifl BUOIIAIOTE OaraTo raysei.

ITima HuMBKa rajsyseil 6iosorii mpucBaUYeHA
BUBUYEHHIO IIEBHUX CHUCTEMATHUUYHUX I'PYH KUBUX
oprauiamiB. BoraHika BuBUYae pocJauHU, Bipyco-
Joria — Bipycu, 300J0Tisg — TBapmH, a MiKO-
goria — rpubu. Ile Benuki ramysi, AKi, y cBOIO
yepry, momginsioTbca Ha Oiabmn apiomi. Takx,

OpioJioria BMBYAaE MOXM, apaXHOJOTisI — IIaBy-
KiB, €HTOMOJIOTiA — KOoMax, MipMeKOJIorid —
Mypax, ixTiosoris — pub, opHiTosOTiA — TTAa-
XiB, a MaMMOJIOTisI — ccCaBILiB.
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Hesari ramysi 6iosorii BuBUaOTh BHYTPIIII-
Hi mpoliecu B KuBUX opranismax. Ile, Hampu-
KJan, (isiosoria pocauH i ¢isionoria TBapuH.
Bioximiss BuBuae mepebir ximiuHmMX peawrItiit
y KuBUX opraxismax. IluTosoria mocaimKye
0co0sMBOCTI OymOBM KJIITHH, a TricToJioria —
TKaHUH. ['eHeTHUKAa IOCJHiI)Kye CIaIKOBICTH Ta
MiHJIUBiCTH OpPraHidmiB, a eToJIOTiA BWBYAE IIO-
BEeIiHKY TBapwuH.

IcuyroTs ramysi 6iosorii, 1[0 BMBYAIOTH CY-
KYITHOCTi JKMBUX OpraHi3aMiB, ixXHi 00’eqHaHHSA,
AKi yTBOPIOIOTHCA B THUX UM IHIINX YMOBaX.
Ile momynariitina reHeTuka (BUBYAE TeHETUYHI
mpollecu B IIOMYJIAIiIAX), OioreormeHoJioriss (mo-
ciaimkye OioreoreHos3u) Ta iHIIIi.

Ekonoria Ak HayKa

TepMmiH «eKoJIOTisA» 3alIPOIOHYBaB HiMeIlhb-
kuii yuenuit E. 'ekkenr 1866 pory. Bim mo-
XOOUTHh BiJi T'PEIlbKUX CJIiB eikos, II0 O3HAYaE
oiM, TOMeIIKaHHs, Miclle Iepe0yBaHHs, Ta
logos — wmayka. Tak I'eKkkenb Has3BaB HayKy,
III0 BUBYA€E OpraHizaliio Ta (QYHKI[IOHyBaHHS
HaJIOPraHi3MOBUX CUCTEM PiBHUX PiBHIB, BUIIB,
MOMyJIAIi, OiomenosiB i Giochepnu.

CnoouaTKy I1eii TEpMiH 3aCTOCOBYBaJIN, KOJU
HIILI0CS IPO BUBUYEHHS B3a€EMO3B’sI3KiB MisK poc-
JUHHVUMY Ta TBADUHHVUMUY YIPYIOBAHHAMU, IIIO
BXOJATH OO CKJANy CTIiAKMX Ta OpraHi3oBaHUX
CUCTEeM, AKi BUHUKJIN y IIPOIEeCci eBOJIIOIil opra-
HiYHOTO CBiTY B meBHOMY cepenoBuiri. CyuacHa
€KOJIOTisI BUBYAE TAKOK B3AEMOJIIO JIIOAWUHU Ta
Giocepu, cycmibHOrO BUPOOHUIITBA 3 HABKO-
JUIITHIM cepeJoBUINEM Ta iHI mpobJyemu.

Kputepii Xntra

WKusBe Big He:XMBOro BimpisHAeTHCA He 3a OJ-
Hi€I0 AKOIOCh XapaKTEePUCTUKOIO, & 3a CYKYIHiC-
TIO ITiJIOI HU3KU BJIACTHUBOCTEH. SIKIMO posrasana-
T KOXKHY 3 XapaKTePUCTUK JKUBOT'O OKPEMO, TO
i1 MOKHA 3HAWTH i B JedKNX HEXKMUBUX 00 €KTiB.
Tak, Kpucrtaam MiHepasiB y IIeBHUX yMOBax
3IaTHI POCTU I BiAITBOPIOBATU CBOIO CTPYKTYPY.



Tema 1.Bcryn > 20

OCHOBHI BNacTMBOCTI *NBOTO

Baacrusicts

XapaKkTepuCcTHKA BJIaCTHBOCTI
SKMBOTO

IleBHUM Ximiu-
HUH CKJIAI

HaaBHicTs meBHUX Ipyn PEUOBYUH, K1 HA3WBAIOTH OPTaHIYHIMY PEUOBUHAMU

BararopiBue-
BicTw opranisarii

Biosnoriuni cucremu maoTh KinbKa piBHIB opranisarii, KO}KHOMY 3 SKUX IIPUTaMaHHL
IeBHi 03HAKU ¥ 0COOJIMBOCTI

Hasasuicts 06-
MiHY PEUOBUH

Veci skuBi cucteMu MOXKYTh QYHKIIIOHYBaTH JIUIIIE 32 YMOBY iCHYBaHHA OOMiHY PEUOBUH
Ta eHeprii 3 HaBKOJUIITHIM cepenoBuinieM. [IpunuHeHHA OOMiHY CIPUUYNHSAE TPUITUHEHH S
KUTTENIAIBHOCTI KUBOI CCTEMI

3maTHicTh 10 HasasuicTs 00MiHy peUyOBUH BUMArae Biff }KMBUX CUCTEM 3AiMICHEHHS IOCTiHOI perymaii

caMoperyJIsaIrii CBOiX BHYTPIITHiX ITPOIECiB Ta IPOIIECiB Y B3aeMO/il 3 HABKOJIUIITHIM cepemoBuireM. Bis-
CYTHiCTBH a00 MOPYIIEHHS CAMOPEryJIAIil COPUUYNHIAE IPUINHEHHS IPOIeciB 00MiHy
IToxpasnauBicTs ITe smarHicTs amekBaTHO pearyBaTu Ha 30BHimIHI ab60o BHyTpimHui Bususu. [logpasiusicTs

JKHBOI CCTEMHU € OCHOBOIO i1 e()eKTHUBHOI caMoperyJiAllii, 60 6e3 omep:KaHHs aJeKBaTHOL
iHdopmaIrii 11040 BIIUBIB OyAb-AKA PEryasailia HeMOKJIuBa

3marHicTh 10
POBMHOKEHHS

HeMmo:KIMBiCTh PO3MHOKEHHS CTA€ IPUUNHOIO 3aTHbesIi JKUBOI CUCTEMU

3IaTHICTh 40
PO3BUTKY

Veci skuBi cucTeMu IPOTATOM iHAWBiIyaIbHOTO iCHYBAaHHSA MOCTYIIOBO BUA03MiHIOIOTHCA
(mporiec ouTOreHesy). Kpim Toro, BOHM 3MiHIOIOTBCS i B IIpOIleci eBOIOIil

QopMun XKUTTS

WKuBi cucremu ny:ke pisHoMaHiTHi, 60 KUT-
TS MOKe icHyBaTu B pisHuUX (opmax. I1i popmu
HOMINISAIOTHCA Ha JBi BeJUKL rpynu — KJIITHHHI
% HexsiTuuHI (Mas. 1.1).

® MpakThyHa poboTa

Joeecmu HaaeHicmb/8idcymHicme Kpumepiie xxum-
ms 0214 3anponoHo8aHux 06’ekmie

1. BU3HauTe OCHOBHi BNIACTUBOCTI Pi3HMX OO’EKTIB
XUBOT N HEXMBOI Npupoan (Hanpuknag, CTpyMKa,
OypynbKK, ByNKaHa, iPKaka, COHALWHWUKa, Migbepes-

®opmu xutTA HIIKa).

2. 3a pe3ynbTaTamy BOCHIAMKEHHA CKnafitb Tabnu-
Lo, B AKIN yKaXiTb, AKi 3 KPUTEPIiB XNUTTA XapaKTep-

KniTnHHI HeknituHHI . B . S,
Hi ANA KOXKHOTO 3 06’eKTIB, Ta BKaxiTb, AKi 06'€KTM
BALLOrO AOC/IAXEHHA € XXMBUMWU N YOMY.
MpoKapioTnyHi Bipycu 3. ChopmyntonTe BUCHOBOK.
opraHiamu
- - Bipoian
EykapioTnyHi
opraHiamu
MpioHn

e?)al'IMTaHHﬂ Ta 3aBAaHHA

1. [lo xapakTepHuUX BNacTUBOCTEN XUBOrO
BiHOCATb TaKOX PICT, XXMBMIEHHA, AUXaHHA, ajan-
Tauito. CKnagite AnA uux BRacTUBOCTEN Tabnuuo
3 IXHIMK XapakKTepucTukamm Ta npuknagamm npo-
ABy. 2. [leAki BYUeHi He BNeBHeHi B TOMY, LLO Bipycu
MOXHa BiHeCT! A0 »KMBMX OpraHi3mie. Ha uyomy

Man. 1.1. Qopmu xnTTa

KntoyoBa ifes

Bionoria cknapgaetbca 3 6araTbox ranysei. BoHa

BVBYAE KUBI OpraHiamu Ta ix o6’egHaHHs.

Yci XuBi opraHiamy MakTb MEBHUN KOMMIEKC
XapaKTepPUCTUK, 32 AKUMM iX MOXKHA Bigpi3HUTN
BiO HEXNBUX.

MOXe IPyHTYBaTUCA Taka aymKka? 3. BukopucToBy-
loun fOAaTKOBI Axxepena iHpopmauii (3okpema, IH-
TEePHET), 3HalZiTb NPUKIAAN HAABHOCTI B HEXUBUX
00'€KTIB OCHOBHUX BNACTUBOCTEN XKNBOTO.




Tema 1. Bctyn

§ 2. bionoriyHi cucremu. PiBHi opraHisadil XuTtta

0 [omipkynTe

OpHOKNITUHHY ameby i 6araToKNITUHHY KypKy
MW Ha3MBaEMO opraHismamu. A 6araToKNiTUHHY
neyiHky — Hi. Yomy?

é 3raganTe

o HeXxwuBi 1 XuBi cuctemun

o [pyKnagn XnBUX CUCTem
pi3HOro piBHA opraHisauii

BionoriuHi cuctemn

Cucrema — 1ie IIiJie, II0 CKJagaeThcs 3i
B3a€MOIIOB’I3aHNX uyacTuH (esemeHnTiB). BioJo-
TiYHMMH CcHUCTEeMAaMHM HAa3WBAIOTh CUCTEMU, M0
CKJIay AKWX BXOAATH KUBI opramismm. Biac-
TUBOCTi CHCTE€MU He 3BOAATHCA IO CYMH BJac-
TuBOCTEeH i1 cKIagoBux. CyKyITHICTh CKJIAIOBUX,
SAKi yTBOPIOIOTH CHCTEMY, MA€ BJIACTHUBOCTi, He
npuTaMaHHi KOTHOMY 3 ii OKpeMUX eJeMeHTiB
(rax 3BaHUU cucreMHuii edexr). Hampukrian,
Taki KHUBI cucTeMHu, AK KJIITHUHU, € KUBUMU
JUIIe AK Pe3yJbTaT B3aeMoOMii IXHiX CKJIaZOBUX
(oprames, IIUTOIJIA3MU, MeMOpaH). A KOXHUN
3 IUX eJIeMeHTiB, BUIiJIEHUN OKpPeMO, *KUBUM
OyTu He MOKe.

Oxpewmi Giosoriuni cucTeMu MOKYTh 00’ en-
HYBaTHUCSA, YTBOPIOIOUM CKJIAAHIINII CHCTEMH.
Tax, okpeMi KJIiTHHMN, 00’ €IHABIINCH, YTBOPIO-
IOTh 0araTOKJITHHHUII OpraHidam. A HOmysdarrii
pisHUX BUAIB KUBUX OPTaHidMiB MOKYThH OpaTu
y4acTb B YTBOPEHHi ekocuctemu. Taki mocigos-
Hi 00’eqHaNHS emalli CKIaIHIImnX 0ioorivuamx
CHUCTEM € OCHOBOIO Pi3HOpPiBHEBOI opraHizarii
JKUBUX OPTaHi3MiB.

Bci wactunm 6iosoriuHMX cucTeM MOB’s3aHi
MiK co00I0 3HAUYHOIO KijmbKicTio 3B A3KiB. Taki
3B’A3KU MOXKYTh OyTU MPSAMUMU YU OTIOCEPETKO-
BanuMu. [IpukiaagamMu npsaMoro 3B’sIBKY € B3ae-
MO/isI BOBKIiB i 3a#iriB y 6iorieHo03i (BOBKU IgATH
3alIiB) abo MO3KY i cepiisg B OpraHisMi JIIOAUHUT
(MO30K reHepye CUTHAJU, AKi 3MiHIOIOTH PEXKUM
po6otu cepiist). IIpukaIagoM omocepeaTKoBaHOTO
3B AIBKY € YMOBHUU pedieKc, KOJIM, TUBIAYNCD
Ha JUMOH, y JIOJUHU MOK€ BUIIJIATUCS CJIUHA
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a00 HaBiTh BUHUKATHU BiUYTTA KUCJIOTO CMaKy
(AKIIIO0 BOHA paHiIlle ijia JUMOH i mam’sarae foro
cMak). ¥ IIbOMY pasi mpsamoi B3aemopiil Jromu-
HU 3 JIUMOHOM HeMae€, ajie BiATOBigHA peaxIrisd
opraHiaMy BUHHKAE.

Ekocucremum

Exocucrema — 116 CYKYHHICTH JKUBUX Op-
raHi3MiB, AKi MeINKalTh y IEBHOMY Cepemo-
BUIII iCHYBaHHSA 1 yTBOPIOIOTH 3 HUM E€IUHE
minme (man. 2.1). Byab-AKa ekocucTeMa Mae aBa
TOJIOBHI KOMIIOHEHTH — OioTmuHUii i abioTmu-
Huii. BioTHYHN KOMIOHEHT €eKOCHUCTEeMU — IIe
Bci 'KuBi opraHisamm, AKi BXomaTh mo ii ckia-
oy (TBapuHU, pociauHHU, 6aKTepii Toro). AbGio-
TUYHUN — Ile KOMIIOHEHTH HEKUBOI IIPUPOIU
(kamiHHS, BOga, mOBiTpPsa ToIo). BioTMuHMI
KOMIIOHEHT eKOCHCTeMHU Ha31MBAIOTh 0i0I€HO30M.

BioTnuHMT KOMIIOHEHT €KOCUCTEM CKJIaZa-
€TbCA 3 aBTOTPOGHUX Ta reTepPOTPODHUX Opra-
HidmiB. ABTOTpOodHiI opraHidamMm 3maTHi yTBO-
pIOBaTH OpPraHiYHI PEUOBMHU 3 HEOPTaHIUHUX
3a gormoMoroo abo ¢gorocuHTedy ((hoTOaBTOTPO-
¢u), abo xemocuHnTesdy (xemoaBToTpodu). I'ere-
poTpodHi OopraHisMu OTPHUMYIOTH IOTPiIOHI iM
opraHiuHi peyoBMHU 3 iHIIIWUX OPraHi3MiB.

PiBHI opraHi3auii X1UTTa Ha 3emMni

XapaKTepHOIO 0COO0JHMBiCTIO Bcix 6ioJioriu-
HUX CHUCTEM € HAABHICTH y HUX KIJIBKOX PiBHIB

P 2=

Man. 2.1. Ekocuctema crtaBKa



opramisarrii. Ik Bu 3HaeTe, JKUBi Op-
raHi3Mu CKJIaJaloThCsa 3 0araTbox Op-
raHiuHNX MOJIEKYJ — OiJKiB, ByrJe-
BOJIB, *KUPiB, HYKJEIHOBUX KMCJIOT.
Ile i € mepmum piBHeM opramiszarii
SKUTTA — MoJNeKyaapHum. Biomoriumi
MOJIEKYJIX 00’ €IHYIOThCA Y CKJIAMHIi-
IIi CTPYKTYPU — KJITUHU, AKi € Ha-
CTYITHUM piBHeM opraHizamii — K.Ji-
MUHHUM.

Kiaituam B 6GaraTOKJITHHHUX
opraHiamMax He iCHYIOTH caMi 1O
cob6i. Bouu o6’emmani B 6iabmri
CTPYKTYypPU — TKAHUHU I OpraHu.
Ile mrxanuHHO-OpzaHHUL pPiBEeHB
opraHisarii. A TKaHUHHU W OpraHu
00’eIHYIOThCA y CKJAAl opraHismy,
YTBODPIOIOUU OpP2AHI3MOBUll PiBEHb
opraHiszairii.

Aue i e e He Bce! Opranismu
He KMBYTh caMi mo cobi. ¥ mexax
IeBHUX TEPUTOPili BOHU YTBOPIOIOTH
rpynu OCOOMH CBOTO BUAY — IOIY-
JAIil, IKi € CKIagOBUMU YaCTHHAMMU
nonynayiiiHo-6u008020 PiBHA Oprami-
sarmii. ITomynamii X okpeMux BUIIB
B3A€EMOJIIOTH 3 MOMYJIAIIAMYI iHIITNX
JKUBUX OpPTraHisdMiB, AKi KUBYTH pa-
30M 3 HUMH. ¥ TakKWi cmocié BoHHT
YTBOPIOIOTH €KOCUCTEMH — CKJIAJ0Bi
eKocucmeMHOz0 PiBHA opraxisaiii.
I, mapemri, Bci eKocucTeMu HaIIol
miaHeTn o6 €IHYIOThCA y CKJIami
Oioc(epu, AKa € HAWBUIIUM PiBHEM
opraHisariii JKUBUX CHUCTEM.

Cnig sayBasKkuTu, IO He BCi
JKUBiI cmCTeMH MalTh OIJHAKOBY
KinmbKicTh piBHIB opramisamii. Tak,
ONHOKJIITHMHHI OpraHisMu He MalOTh
TKAHUHHO-OPTaHHOTO PiBHfA, a y Bi-
PyCiB BiACYyTHI# Ie W KJIITHUHHUHI
piBeHb.

0 Kniouosa iges

Bci »MBi opraHiamun € »UBUMU CUC-
TeMamu i BXOAATb JO cKagy 6inbLu
CKNMagHux cuctem (y Tomy ymcni go
cKknagy ekocuctem). HaAaBHicTb Kinb-
KOX PiBHIB OpraHi3auil € xapakTep-
HOIO PUCOI0 BCiX »KMBUX CUCTEM.

PiBens
opraHisamii

Mounexry-
JSIPHUY

Kaituaanit

TranuaHO-
OpTaHHUNI

Opranismo-
BUH

ITomynaiti-
HO-BUJOBUI1

Exocucrem-
HU#

Biochepuuit

Tema 1.Bcryn > 20

PiBHi opraHisauii >knBmx cuctem

SAKi KoMIIoOHEeHTH
00’eqHYy€E

I'pynu aTomis,
00’ e IHAHUX
Y MOJIEKYJIT

Moaexyu Ta
OopraHeJid KJIi-
THUH

Koaitunu, Tka-
HUHU # OKpeMi
OPraHu KUBUX
opraHisMmis

Cucremu op-
raHiB JKUBUX
opraHismiB

OcobuHnu OKpe-
MUX BUIIiB KU-
BUX OpTaHi3MiB

HMonmymamii
pisHUX BUIiB
JKUBUX OpraHis-
MiB

Bci ekocucremu
nJaaHeTu 3eMJIs

Ilpukaaomu

Boda Hyxaneinosa kucaoma

M

\
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Ilonyasayis 3e6p

e3aﬂVITaHHﬂ Ta 3aBaHHA

1. Y moxe ekocucTema CKnagaTuca TinbKu 3 aBToTpodiB? Bia-
noBigb o6rpyHTyinTe. 2. Ha npuknagi ofgHiei 3 ekocmctem (3a Balum
BMOOPOM) MOKaxiTb, AIKi enemMeHTV BXoAATb A0 il cknagy i AiKi 3B'A3KM X
06’efHy10Tb. 3. YN MOXKe 3HMKHEHHA OAHOrO 3 efleMeHTIB eKoCcMcTeMu
6yTV MPUUYMHOIO TAaKOro MOPYLUEHHA 3B'A3KIB, AKe CTaHe MPUYUHO
3arnbeni Bciei cuctemun? Bignosigb obrpyHTyTE.




Tema 1. Bctyn

§ 3. CepepoBule XunTTA. IOHATTA romeocTasy

0 [NomipkynTe

fIkKum cepepoBULeEM — MpUpPOA-
HUM, LWTYYHUM Y/ aHTPOMOTeH-
HO-3MiHEHVM — MOXXHa BBaKaTu
NMOMeLUKaHHA NIOAUHN, Yy AKOMY
Hapoawunaca i »uBe CBillCbKa
TBapuHa?

3raganTe

o BHyTpilWwHe cepepoBuLLe
opraHiamy

o CepepoBule iCHyBaHHA

o OCHOBHI BMAW cepenoBuLL
iCHyBaHHA

o Ocob6nMBOCTi BOAHOFO, Ha3eMHO-
ro i NOBITPAHOrO CepenoBULL

LWryyHe

Pi3HOMaHITTA cepefoBuLY iCHYBaHHA OpPraHi3mis

YacTuHa IpUpPOAU, AKA OTOUYE KUBUU OpPTraHiaM i 3 AKOIO
BiH OesIocepeHbO B3a€EMOMi€, HAa3WBAIOTh CepexOBHINEM iCHY-
BaHHa. JKuBi opramisMm mOCTiiHO IIPHCTOCOBYIOTBCS IO HBOT'O
1 peryamioTh CBOIO JKUTTEAIANBHICTD BiIIOBITHO A0 HOTO 3MiH.

IcuyioTh pisHi cmocobu Kiaacudikarllii cepefoBuIl] icHyBaHHA.
Y momepenHix KJjacax BU BiKe i3HAJNUCHA, IIO iCHYIOTHL BOJHE,
Ha3eMHe Ta MOBiTpAHe cepemoBuina icuyBanud. OcobsuBuMu ce-
pefoBUINIaMY iCHYBaHHA € TPYHT Ta JKUBi opra"ismu (BcepeanHi
¥ Ha MOBEPXHIi ITUX OPraHi3MiB MOKYTh JKUTHU iHIII opraHiaMm).

Aute, BpaxOBYIOUM 3HAUHWM BILIUB JIOAWHU HA IPUPOLY,
aKTyaJIbHOIO € KJjacudikamia cepeqoBUI] iCHYBaHHS, IKa KOH-
CTaTye CTYIIiHb 3MiHEHHSA CepemoBUIA JIOAUHOIO. 3TiHO 3 Iiei0
KJacudikaiiew, BUIIIAOTh IIPUPOIHE, aHTPOIOTEHHO-3MiHEeHE
i mryuHe cepemoBumia (maj. 3.1).

IIpupogHMM Ha3WMBAIOTHL CEPEeIOBUIIE, AKe He OyJo (abo maii-
JKe He OyJIo) 3MiHeHe JIIOACHKOIO AisabHicTio. IIpukaagamu Ta-
KHX CepeqoBUIN MOKYTb OYTU eKOCUCTEeMHU 3allOBiIHUKIB, Imeuep
Ta iHIIUX MiCIlb, IO AKUX YTPYAHEHO AOCTYII JIIOJWHU.

AHTPOTIOTEHHO-3MiHEeHMM € cepeJoBUIIe, Ha SdKe JIIoJUHA
IOCTAaTHHO CUJIBHO BIIJIMBAE, i Ile € MPUYMHOIO 3MiH y IUX ce-
penoBuinax. IIpuKJIagoM TaKOro cepegoBUINA MoKe OyTu piu-
ka [Hinpo, Teuia AKOI 3aperyJiboBaHa CHCTEMOIO BOJOCXOBUIII,
a y BOAY IOCTiiHO HAOXOAATHh Pi3HOMAHITHI 3a0pyaHEHHS aH-
TPOIIOTEHHOTO IMOXO/YKEeHHS.

IITyuHni cepemoBuilia CTBOPIOIOTHCSA JoauHOI0. OpraHismu,
AKi "KUBYTh Y TAKUX CePEeOBUINAaX, BUKOPUCTAHI JIIOAWHOIO B Pis-
HOMAaHITHUX TOCIOJapChbKUX a00 HayKOBUX Iiiax. [lo mTyunmx
CepemoBUIIl HAJIEKATh IOYKUBHI CEPEOBUINA IJI BUPOIIYBAHHA
MiKpoopraHiamiB y JabopaTopiax, cepemoBuia B 6i0TexXHOJIOTiU-
HUX peakTopaxX Ha BUPOOHUIITBI, TiIPOIOHHI KYJIBTYypPHU TOIIO.

3HayeHHsA romeocTasy anAa XMBUxX CUCTem

T'omeocTas — 1ie BiTHOCHA CTAJIICTh CKJIAJy Ta BJIACTHUBOCTEN
0ioJIOTIUHUX Ta eKOJOTiUuHuX cucTeM. BiH € xapaKTepHOIO O3Ha-
KOI0 BCix piBHIB opramisarii KUTTA i HeOOXiTHOIO yMOBOIO IJIs
dyHKIiOHYBaHHA 6iOJOTIYHMX Ta EKOJIOTIYHMX CHCTEeM pPi3HUX
PiBHIB opranisarii. ¥ pesayiabTaTi mpoIeciB B3aeMoii eileMeHTiB
CHUCTEeMU Ta BILJIMBY Ha Hel Pi3HUX (paKTOPiB roMeocTas MOCTiHHO
TOPYIIIYETHCSA, ajie OAPa3y K i BigHOBIIOETHCA. 1le BigHOBIEHHA
3IifICHIOETHCA 3aBAAKU caMOperyJdmii OiosoriuHux cucrem.

Ha piBHi oxpemMux KJiTua ab0 OJHOKJIITHHHUX OPraHis-
MiB roMmeocras miATPUMYETHCA 3aBAAKU IPUCKOPEHHIO UM YIIO-
BiJibHeHHIO OioxXiMiuHMX peakIliii, 3MiHI CTyIeHA HPOHUKHOC-
Ti KaiTmHHOI MeMOpaHM Ta peryJsdailii po6oTu IIeBHUX TeHiB.

B exocucremax crabinbHicTh, HiATPUMYEThCSA 3aBAAKMN 3MiHi
KiJIBKOCTi 0COOMH y HMOMYJIAIisIX BUAIB, B3A€MO/Iil PisHUX BUIIB

Man. 3.1. CepepoBuLya icHyBaHHA
3 nornAgy BNAUBY NIOAVHU Ha Npupogy
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Mik co00I0, BILINBY OpPTaHi3MiB Ha CTaH cepeso-
BuIla (HaOpuKJIazm, (GOpMyBaHHS OCOOJUBUX
MiKPOKJiMaTUUYHUX YMOB y JIICOBOMY MacuBi)
TOIIO.

[igTpMaHHA romeocTasy Ha NpuKnagi
OpraHi3my NogNHN
IlixTpuMaHHSA TOMEOCTa3y OPraHidMy JIIOIM-
HUM MOJKJIHBO 3a yYMOB BimHOCHOI cTabiJbHOCTI
KiJIbKOX IIapaMeTpiB HOro BHYTPiIlIHLOTO cepe-
moBumia. IlapaMeTpm BHYTPIITHBOTO CepPerOBU-
IIa OpraHiadMy JIOOWHU, AKi € BAXKJIUBUMU IJIA
OiATPUMaHHA TOMeoCTasy:
* KpoB aAHU# THUCK (y ZOpocioi
aognau — 120/80 MM pT. CT.);
+ Temmeparypa Tiza (35,5—37°C);
« pH kposi (7,3-7,45);
* KOHIIEHTPAI[isI TOPMOHIB;
* KOHIIeHTpAallid KucHio Ta Kapoou(IV)
OKCUIY B KPOBi;
* KOHIIeHTpAIlisd TJIIOKO31 B KPOBIi;
* KOHIIEHTPAI[is coJiell MiHepaJIbHUX
PEUYOBWH y piAWHaX Opra”iamy.

Ile sabesmeuyeTbcs AiAJBHICTIO TPHOX pe-
TYJATOPHUX CUCTEM: HEPBOBOIO, I'yMOPaJIbHOIO
Ta imyHHOIO. Hepsosa i zymopanvra cucmemu
peryJamoioTh i KOOPAMHYIOTH pPOOOTY oOprauis,
a iMyHHa 3axXWIae OpPraHiaM Big HOpPYIIeHb,
AKI MOMKYTH CIIPUUYMHUTH iHIII opraHismMu aco
MKiJIUBI peYOBUHMA.

HepsoBa peryadmia 3aificHIOETbBCA 3a JOTIO-
MOTOI0 iMITyJIbCiB, IO IlepefaloThCcA IO MeMO-
paHax HePBOBUX KJITWH, TOAI AK T'yMOpaJbHa
crucTeMa peryJiioe IIPoIecy B OpraHiaMi 3a momo-
MOTOIO CIEeI[laJIbHUX XiMiYHMX PEeUOBUH — TOP-
MOHiIB. B3aeM03B’sI30K ABOX THHIB PeryJsaIlii
TPOABIAETHCSA B TOMY, III0 HEPBOBA I I'yMOpaJb-
Ha CHUCTeMHU BIJIMBAIOTH OJHA Ha oaHy. Tax,
HepBOBa CHUCTeMa MOXKE CIPUUYUHATH 3MiHY iH-
TeHCUBHOCTI BUIijeHHs 0ioJOTiuHO AKTHUBHUX
pEeUYoBUH, a MiA TOPMOHIB MOKe 3YMOBJIIOBATH
BUHUKHEHHS HEPBOBUX IMITYJILCIB i peryamoBaTu
pobOTy OKpPEMUX YaCTUH HEPBOBOI CHUCTEMM.

0 Kniouosa iges

Bci »nBi opraHiamMu € XXnBMMU CUCTEMaMK i BXO-
OATb Jo cKnagy 6inbll cknagHux cuctem (y Tomy
uncai o cKnapy ekocmuctem). HasBHICTb KinbKox
PiBHIB OpraHi3alii € XapaKTepHOK PUCOI0 BCiX
KUBUX CUCTEM.

Tema 1.Bcryn > 20

PiznomaniTHi (hakTOpM MOCTINiHO BIJIMBA-
IOTh HA OPraHi3M JIIOWHU i MOPYUIYIOTH HOTO
roMeocTas. 3 HE3HAYHUMHU BIJIMBAMHU OpPTaHi3M
3/]aTeH yIopaTucA NOCUTH JIETKO, a i3 CHJIBHU-
Mu — ckJaagHime. IIpukiIamoM CHILHOTO BILINBY
MOsKe OyTU CTpecoBa peakIid.

Crpec

Crpec — 11e HecmenudivHa HeHPOTyMOpaIb-
Ha BiAIIOBiAb OpPraHisaMy Ha CUJIBLHUI 30BHIITHiN
BauB. BiH BuHMKae B pasi aii Ha opranism
YMHHUKIB, AKi mopymryioTh romeocras. OcHOB-
Ha (pYHKIIig cTpecy — Ile aJalTallid OpraHiamMy
IO YMOB, ITI0O 3MiHMJINCS, HOTO IIPUCTOCYBAHHS
IO KOHKPEeTHOI cuTyarrii.

Y cTpecosiii cuTyarii opramismM mob6ijgisye
CBOI pecypcu i moBepTae romeocras O CTaHY
piBHOBaru. AJjie Iie Ipallioe TiJIbKM Ha BimHoc-
HO KOPOTKHUX IIPOMiKKax dacy, ajKe pecypcu
opraHiamy, AkKi Mo00inisye cTpec, He € HeCKiH-
yeHHNMHU. SIKIIIO cTpecoBa CUTyallid CTae TPU-
BAJIOIO, TO Ile IIOYMHAa€ HeraTHUBHO BigOumBaTuCA
Ha cTaHi opramismy.

Bnnwue Tpusanoro ctpecy
Ha Pi3Hi cucTeMn opraHi3my aMHN

Mo:xanBi HacTigKuU Oil cTpecy

Cucrema
Ha CHCTEMY
Hepsosa 3MmiHa HACTPOIO, Mempecis, MOPYIIeH-
BOB .
p HA KOHIIEHTPAIlil, ToJIOBHUI 6isb
IligBUIlleHHA YaCTOTU CKOPOUYEHD
Kposonocua .
cepIlA Ta apTepiaJbHOTO TUCKY
3MeHIIIeHHA 3JaTHOCTI IPOTHUCTOS-
Imynna . .
TH 1HQEKI1AM
Tpasua Boni y maynry, Hygora
ITopyiienHsa po60TH PEIPOAYKTUB-
CrareBa py 1P pempony
HUX OpTaHiB
OmopHo- Binb y cyriobax i m’s13ax, mopyIeH-
pyxoBa HS CTPYKTYPHU KiCTKOBOI TKAHUHU

03aI'II/ITaHHFI Ta 3aBOAHHA

1. [lo AKkoro Tuny cepefoBuLy iCHYBaHHA MOXKHa Bif-
HecTu none Kykypyasu? Bignosigb obrpyHTyiTe. 2. Bu-
6epiTb GionoriyHy cmcteMy oAHOro 3 piBHIB opraHisauii
KUBOrO i CKNagitb CNUCOK ¢daKTopiB, AKi MOXYTb MoO-
pywuTn ii romeocTtas. 3. Ha nprknagi KOHKpeTHOI eKo-
CUCTEMU MOACHITD, AK BiOYBAETLCA NIATPUMAHHA PIBHO-
Bary B Uil KOHKPEeTHIn ekocucTemi. 4. CKknagiTb CNUCKn
MO3UTUBHUX | HEraTUBHMX HaCNiAKIB CTpecy B NIOANHMN.




Tema 1. Bctyn

§ 4. Hayka Ta HayKOBMW MeTOopA Ni3HaHHA

0 [omipkynTe

B AKMXx BMMagKkax y4YeHi MOXyTb 3aCTOCOBYBATU Tifib-
K/ TEOPETMYHI MeToan AOC/iaXeHHA?

e 3raganTe

« Tanysi 6ionorii
« HaykoBi Teopii B rany3i 6ionorii Ta ekonorii
o BHecok yueHunx, AKi cTBOpunu Ui Teopii

Hayka. HaykoBi rinotesm Ta Teopii

Hayka — me cdepa AissIbHOCTI JIOAWHWU,
sAKa MpUCBAYEeHAa 3400YTTI0O HOBOTO 3HAHHS IIPO
HaBKOJUIIHiIN cBiT. OCHOBOIO HayKOBOI'O IIi-
3HAHHA € MOo0yI0Ba CUCTEeMU AOCTOBIPDHOTO 3HAH-
HsdA, M0 I'PYHTyeThcA Ha (arrax. Paxkmom €
CIOCTEepeKeHHA ab0 eKCIIePUMEHT, AKUN MOoiKe
OyTu BigTBOpeHHUIi Ta mmiaTBepm:Kenuii. IIpore
TIYMA4YUTH OJHE U Te caMe CIOCTePeKeHHs pis-
Hi BUE€Hi MOXKYTH IIO-pPiBHOMY.

Ha ocHoBi amamizy (axTtiB chopmoBano
rimore3m — OOIPYHTOBAHI NPUNYIIeHHHA, SAKi
i (paKTu MOACHIOITH. SIKIMO HOBI (akTu He
MiATBEePAKYIOTH TillOTe3y, TO BUCYBAIOTH HOBY
rimoresy. fAKImo K rimoresa mo0Ope y3romKyeTh-
cA 3 HaABHUMU (aKTaMM U [O3BOJIAE POOUTHU
MIPOTHO3MU, IO 3TOAOM IIiATBEPAKEHi, TO BOHA

EnemeHTn

A ®opmanbHi
3
em TEOPIA i,

3MicTOBI

Kateropii Mpasuna
loei Ta iH.
OyHKuUiT
CuHTesytoya MoscHtotoua MporHo3ytoua

Man. 4.1. OCHOBHi KOMMOHEHTIN HayKoBOi Teopii
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cTae OCHOBOIO HayKoBol Teopii. HaykoBa Teo-
pig — Ie cucreMa ysaraJbHEHUX 3HAHb, AKa
MOSICHIOE HaABHI (akTu, (GOPMYJIIOE 3araybHi
3aKOHU, AKWUM Ii (PaKTU TiIOPAIKOBYIOTH-
cd, i mo3BoJsisie TepenbauaTy HeBimomi paHirie
asuia (maJua. 4.1). Ajle BUHUKHEHHSA HAyKOBOI
Teopili He os3Hauae, II0 BOHA € BiuHoio. Hosi
IaHi, oTpuMaHi B MalOyTHBOMY, MOMKYTH IIO-
TpebyBaTu ii KOpeKIrii.

EmnipuyHi gocnigkeHHA

Hina orpumanuAa HOBuUX (akTiB Ta Gdop-
MyBaHHs TimoTe3 i Teopiii cyuacuHa O6ioJioris
BUKOPUCTOBY€E PiI3HOMAHITHI HaAyKOBI MeTOIH.
Ix moskHa poszimmTm Ha ABi Besmki rpymm —
eMIIipryHi Ta TeopeTnuHi. ¥ pasi 3acTocyBaHHA
eMIIipMYHNX METOJiB NPAaIIOI0Th i3 IIPUPOJHU’-
MU 00’eKTaMU, BU3HAUAIOUM IXHi BJIACTHMBOCTI.
Ho Takmx MeTOiB HaJIE}KaTh CIIOCTEPEIKEHHS
Ta eKCIIEPUMEHT.

Y xoxi cnocmepesceH s JIUIlle PEECTPYIOTH
XiT TpPUPOAHUX MPOIECiB, He BTPYyUYAIOUUCH
Y HBOTO, III0 € CYTTEBOIO IIepPeBaromw ILOT0 Me-
Tony. SIKIIO crocTepeXeHHs 3AiMCHIOIOTH 3a
OKpeMuM OiosoriuamuM 00’€KTOM, TO TAKUHA THUII
CIIOCTEPEKEeHHS Ha3UBAIOTh ONUCO8UM. SIKIITO K
miT yac CIIOCTepe)KeHHs MPAaIloioTh OApasy
3 KimbKoMa 06’eKTaMu, a TMOTIiM IOPiBHIOIOTH
pe3yJabTaTH, TO TAKUU THUII CIIOCTEPEKEeHHA Ha-
3UBAIOTh nopiéHsaabHUM. IlepeBara omMCcOBUX
IOCJIiI)KeHb II0JIATaE B TOMY, 1110 Ha 00’€KT CIIO-
CTepesKeHb HisIK He BIIMBAIOTh. AJie B IIbOMY
BUMOAJKy Ba’KKO BUBHAUHUTH POJIb PidHUX (hak-
TOPiB y mepebiry meBHUX NPUPOJHUX IIPOIlECiB.

OpuuM i3 BapiaHTiB CIIOCTEPE:KEHHS € MO-
HimopuHnezogi 0ocaidxeHHs, AKI 3TINCHIOIOTH
3 meBHOIO IepiogmuHicTio. IlepiogmuHicTh HO-
CIiI)KeHb MOKe OyTH pPisHOIO i 3a/IeKUTh Bin
mocTaBjeHol MeTu. BaraTopiuHWiT MOHITOPWHT
JIO3BOJISIE BifICTE)KyBaTW 3MiHU B €KOCHCTEMAaX,
BCTAHOBJIIOBATH BILJINB Pi3HUX (PAKTOPiB HaA KUBi
opraHiamMu, OI[iHIOBATH AHTPOIOTeHHUU BILJIUB.

¥ xoni ekcnepumenmy BinOyBaeThCA aKTUBHE
BTPYYaHHA Y IPUPOAHI IPOIlecH, ITiJl 4ac sSIKOTO
MITYYHO (DOPMYIOTh YMOBH, Yy IKUX BiIOyBa€eTbCA
excuepuMeHT. 1le 103BOJIAE CTBOPUTY CUTYAIIilO,
KOJIM MOJKHA JOCJiamTH mito Ha Oiosoriumi mpo-
mecu JjuIlie ogHOTO (haKTOopa, 3aJIUINAIOYM 1HIIT



daxTopu HeamiHHUMU. HemoyrikoMm Takoro mif-
X0y € Te, IO IMITYYHO CTBOPEHi yMOBH eKcC-
HIePUMEHTY MOKYTHh IO3HAUaTHCA HAa HOPMAaJb-
HOMY (yHKIioOHyBaHHI Oiosoriuamx 00’€KTiB.

B exkcriepuMeHTaJIBHOMY METO/Ii JOCJiIKeHb
3a3BMUAll 3aCTOCOBYIOTH KOHTPOJBb (KOHTPOJIb-
HUN mOCJIiT). HMoro smificHO0OTH y THUX caMUuxX
YyMOBAaX, IO I eKCIIEPUMEHT, ajieé BUKJIOUAIOTh
miro (pakTopa, AKUN OOCHiIKyIOTh. Takum uu-
HOM, IIOPiBHIOIOUM Pe3yJIbTAaTU KOHTPOJIIO I eKc-
IepUMEeHTy, MOKHA BUOKPEMUTH Oil0 paxTopa,
AKUNA BUBYAIOTH.

TeopeTnyHi gocnig»keHHA

VY pasi 3acTocyBaHHA TEOPETHYHUX METO-
IiB 3 00’€KTOM [OOCJiI:KeHHs 0e3locepesHbo He
IpaIiooThb, a BUBUAIOTh Horo (hidmuHi um mare-
MaTUYHI Momesi. ¥ TeopeTHUYHUX MeEeTodaX BU-
IiIAOTH MOIENTIOBAHHSA, MAaTEeMAaTUUHY O00pOOKY
maHux (cmamucmuyHuil METOX) TOIIO.

Mamemamuuny o0poOKYy RAaHUX 3AiNCHIO-
IOTh IicJA 3aKiHUEHHS CIIoCcTepes:KeHHs abo eKc-
nepuMeHTY. BoHa [103BOJIsIE Ha OCHOBi oTpmMa-
HUX JaHuX 3’sAcyBaTH 3B’ A3KU MiK OKPEeMHMU
mapaMerpaMu OiOJIOTIiYHHMX CHCTEM, BUBUUTHU
BILIMB OKpeMmuxX (haKTOpiB Ha OiojsoriuHi cwuc-
TeMH Ta 0COOJMBOCTI IXHBOI B3aeMOmIii.

OcHOBOIO M00enl08aHHS € CTBOPEHHS IIeB-
HOI Teopii 1moxo meBHOI OiosoriuHoOil cucTeMmu,
10 MIiCTUTh HpaBMJa, 3a AKUMU BimOyBamOTh-
cAd 3MiHM B OioJIOTiUHMX aHaIi30BaHUX CUCTE-
max. Ilicist cTBopeHHs Takoi Teopii 3amaroTh
mouyaTKoBi mapamerpu (ToOTO BM3HAYAIOTH IIO-
yaTKoBUM cTaH cuctemu). Ilorim, 3azBmuain
3 BHUKOPHCTAHHAM IIOTYKHHX KOMII I0OTEpPiB,
pobaAThE aHaNi3 — AK OyJe 3MiHIOBATHCS CHC-
TeMa y BUIAAKY Oil mpaBuJl BUCYHYTOI Teopii.
PesyabraTu 3icTaBAAKTHL 3 peaJbHUMHU (pakKTa-
MU IJis HasgBHUX OioJjioTiuHUX cucreM. SAKIO
BiIXMJIEHHS BiJ IPpUPOIHUX IIPOIlECiB HEe3HAUHI,
TO B Te€OpPilo i MoJesab BHOCATH HEBEJIUKI mpaB-
KN Ta IPOIOBXKYIOTH MOCTHiM:KeHHsS. SIKII0 K
BiIXUJIEHHA € CYTTEBUMU, TO CTBOPEHY TeOPiio
BiIKMIAIOTh i IPOIOHYIOTH HOBY.

0 Kniouosa iges

Hayka — ue cbepa AianbHOCTI nogMHK, npio-
puTeTOM Yy AKiN € 06'€EKTMBHE, a He Cyb'eKTVBHe
CNPUAHATTA AiNCHOCTI, a byab-aki cdopmoBaHi
Teopii 1 rinoTe3n NpMINMaloTbCA TiNbKK Nicna 6a-
raTopa3oBoOi NepeBipKu.

Tema 1.Bcryn > 20

MogenoBaHHS IIIHMPOKO BHUKOPUCTOBYIOTh
Y THUX CHUTYyAaIlifgX, KOJHU IIPOBEeJeHHA PeaJlbHOTro
eKCIepuMeHTy HeMo:KJuBe. Tak, HaAIpUKJIAI,
JOCTiIKYIOTh €BOJIIOIiTHI IIpoIiecu, 3MiHI KO-
cucTeM y ILIaHETAPHOMY MacIiTabi ToImo.

Mpobnema HeHayKOBOrO Ni3HaHHA

OCHOBOIO HAYKOBOTO IIi3HAHHA € 00’ €KTUB-
HicTsb. ToOTO Bci oTpumaHi maHI HTPUIMAaIOTH
AK (aKTH TIIBKU IIiCJS PETEeSbHOI IIepeBipKu
i HesaJIeKHOTO IMiATBePIKeHHA. JAKINO K miaxisn
IO IIPOBENEHHSA NOCIiIKeHb CTae Cy0’ €eKTUBHUM
i oTpuMaHi faHi cIPUIIMAIOTh OJHOOIYHO 3 irHO-
pPyBaHHAM (paKTiB, AKi He TiATBEPIKYIOTh BUCY-
HYTY rimoTesy, TO TaKe ITiBHAHHA € HEHAYKOBIIM.

Ha xanb, sapas y 3MI uacTo mommupooTh-
cA TceBAOHAYKOBi Teopii. IlpmuwmHOIO mBOTO €
1 eleMeHTapHa HEOCBiUeHiCTD, i OasKaHHS OTPU-
MaTH MaTepiajbHi BUTOAU IMJIAXOM YBeIeHHS
YaCTHUHU JIOAell B OoMaHy. 3amobirtu mbomMy
MO:KHAa, BUKOPHCTOBYIOUM HAYKOBi MeTonu min
yac aHaJi3y TAaKMX TeOopill Ta TBepIKEeHb Ta
PO3BMBAIOYM BJIACHE JIOTiUHE MUCJIEHHS.

® MpakTuyHa poboTa

3anponoHyeamu/cnpocmyeamu 2inomes3y 3a 3ada-
HUM MmeepOXKeHHAM

1. Bubepitb ABa TBEPAKEHHA 3 HaBedEHWUX: a) PoC-
NIMHN € aBTOTPOOHUMU oOpraHiamamu; 6) TBapuHU
Ta POC/IVHU CKJaZaloTbCA 3 KIIiTUH; B) AeAki Myxu
CXOXi Ha 61N i A3vKuaTb, AK 64KONK; ) 64XKonn
BKa3yloTb 3a AOMOMOrOI TaHLO iHWUM 6axonam 3i
CBOrO BYJIIK@ HanpAMOK NONbOTYy A0 Axepena iXi.
2. inA KoXHOro TBEpAKeHHs chopmyniolTe rinoTesy,
AKa MOro MOACHIOE.

3. 3anporoHyiiTe cnocobu NepeBipKy BaLloi rinoTesu.
4. Coopmyniolite BUCHOBOK, Y AKOMY BKaXiTb, LLO
cnif ypaxoByBaTu Nif Yac BUCYBaHHA rinoTtesn.

03aHMTaHHH Ta 3aBaHHd

1. CknagiTb CMMCOK MOXMBUX AOCHIAXeHb, ANA
AKNX 3aCTOCYBaHHA TEOPETUYHUX MeTomiB Oyde 6GinbLu
OOUINbHUM, HiX eMnipuyHuX. 2. Ha KOHKpeTHuX npwu-
Knagax MOACHITb BiAMIHHOCTI MiXK HayKOBUM i HeHa-
YKOBUM Mi3HaHHAM. 3. [TOACHiTb, UMM HayKoBa rinotesa
BiAPi3HAETbCA Bi HayKoBOI Teopii. 4. Bukopucrosyio-
UM NOHATKOBI AXepena (3okpema, IHTepHeT), 3HangiTb
KOHKPEeTHi NpuKnagun, Konu BiACyTHICTb 06'€KTMBHOrO
nigxopy A0 AOCnifXKeHb cTana NPUYMHOK HeraTuBHUX
HacnigKiB anA CcycninbcTBa.
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Tema 1. Bctyn

§ 5. MNpuHUMNU NnaHyBaHHA GioNoriyHOro Ta eKonoriyHoro

AOCNIg>KeHHA Ta HAYKOBN MeToA Ni3HaHHA

0 [omipKkymnTe

Lo € npegmeTom, a WO — 06’€EKTOM Y JOCHIAMKEHHI
«BnnvB KinbKOCTi JOOPYBA Ha PICT POCMH Lnbyni»?

Q 3raganTe

» HaykoBun meTop ni3HaHHA

o EkcnepumeHt

o CnocTeperkeHHs

» MoHiTopuHr

o OCHOBHI MeToAu 6ioNoriYHMX AOCAiAKEeHb

[MnaHyBaHHA JocCnigXeHHA

IlnanyBaHHSA — HaAWUBaKJIUBIMINUI eJIeMEHT
HAYKOBUX JOCJiJJKeHb, II[0 CTAHOBUTH HU3KY II0-
caimoBHUX eTariB pobotu. Ilim mianyBaHHAM pO-
3yMiIOTh BU3HAUEHHA I[ijeii, 3aBIaHb i 00’ €KTiB
IOCTil’KeHb, PO3POOKY CXEMH eKCIePpUMEHTY,
BHOIp ONTHUMAJNBLHOI CTPYKTYpPHW HOCHiAy U mi-
JAHKU AJIA WOTO ITPOBEEeHHA.

CTpyKTYypy NJIaHYBAaHHSA MOKHA IOJIJUTHU
Ha JBa eTamu.

Ha mepmiomy erami mianyBaHHS BinOyBa-
€ThCA:

- Bubip Temu;

* BUBHAUYEHHA aKTYaJIbHOCTi JOCJiIKeHb;

- (hopMyIIOBAHHSA Iijiel i 3aBHaHBb HOCJIi-

KEHDb;

- BuOip 06’exTa abo 00’€KTiB MOCIiI/KEeHb;

- 30upaHHsa W KPUTUUYHUIN aHaIi3 HasgBHOIL

irgopmailrii 3 mocaimsKyBaHoI mpobJieMu;

» (hbopMyIIOBaHHA I BUCYBaHHSA POOOUUX Ti-

noTe3 (TEOPETUUHUX MOJesein).

Ha gpyromy erami mianyBaHHA Big0OyBa-
€ThCcA PO3poOKa IIporpamMu OOCJaiAKeHb. BoHa
MiCTUTB:

+ BUBHAUEHHA PO3IiJaiB mociaigHoi poboTu;

* BUBHAUEHHS MicIsg i TepMiHIB IX BHKO-

HaHHS;

* CKJIAJAaHHA CXeMHU IIPOBEJeHHS IOCJimiB

3a KOXKHUM PO3IiJIOM;

* CKJIAaJaHHA KaJeHIapHOTO IIJaHy poobiT

3 HiATOTOBKY Ta IIPOBEJEHHA AOCJiIY;
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* CKJAJaHHsA IIJIaHY CIIOCTEPEXKEeHb 3 KOH-
KPeTHUM 3a3HaueHHIM TePMiHiB i yacToTu
mpoBeZleHHA OOJIiKiB i cmocTepeskeHb.

DopmynioBaHHA Npobnemu, MeTu
i 3aBAaHb AOCiIAXKEHHSA

Bubupatouu TeMmy mOCIIiAKeHHS, CJIil Kepy-
BaTHCA TAKUMU KPUTEPiAMU, AK aKTyaJbHICTH,
HOBHW3HA, MNepclIeKTuBHicTh. IIpobaema, misa
poO3B’sI3aHHS SAKOI 3AiMCHIOIOTH HAYKOBE OOCJIi-
IKEeHHs, Mae OyTH YiTKO i OJJHO3HAUHO BU3HAaUe-
Ha. SIKIMO BoHaA He Mo:Ke OyTH chopMyahOBaHA,
TO BOHA He MOKe OyTH I po3B’s3aHa.

YceBigomuBmiu mnpobseMy, cJaig BU3HAYU-
TH 3aJadvi, BiAMOBimi Ha AKi YMOMKJIUBIATL ii
posB’asauHA. BigmoBimi Ha HUX OTPUMYIOTH
3 eKCIepHMEeHTIB, KOKeH 3 AKHUX Iepemdadae
iTKO chopMysboBaHy MeTy. Takoio MEeTO MO-
JKYTh OyTHu rinoresu, siki moTpibHO mepeBipuTH;,
abo e(pexTH, 110 MAIOTh OyTU OIliHEHi.

IIin yac mpoBemeHHA MOCIIAKEHHS CJIif
oOMeXuUTHuCA paMKaMu caMe TOro IIHUTaH-
HsA, Ha sKe 0OaXaHO OTPUMATH BigIOBiAL.
Bo BuTpauamHs HasgBHHUX pPecypciB i wacy Ha
po3B’A3aHHA IHINIWX NUTAHb MOJKE CTATHU IIPHU-
YUHOIO TOTO, IO 3aBAAHHS [IOCJi’KEeHHS He
OyayTh BUKOHAaHI.

Bu3HaueHHs 06'ekTa
Ta npegmeTa JOCNigXeHHA

00’eKTOM IOCTiI)KEeHHS € Te, HA IO CIIPs-
MOBaHa IIidHaBaJbHA MiAJbHICTH JOCJiTHUKIB.
Y 0GioJsiorii Ta exosorii 06’eKTaMmu OOCJIimsKeHDb
€ Oiojyoriuni Ta exoJjoriuHi cucremu. A mpen-
MeTOM JOCJiIKeHHs € IIeBHa BJIACTUBICTH JOCJi-
mxyBaHOro 00’eKkra (Mas. 5.1). Hampukaan, min
yac MOCTIM:KeHHS Mirpaiiii KaskaHiB 00’e€KToM
IOCHiIPKeHHs € IpPeICTaBHUKU PANY PyKoKpu-
Ji, a IpeaMeTOM OOCJiIKeHHsS — OCOOJIMBOCTL
MOBEIiHKM ITMX MPeACTABHUKIB, IO IIOB’s3aHi
i3 cesoHaMU POKY.

Bubupamoun 06’€eKT mOCaigKeHb, IIO-
TpiOHO cmumpaTHcsa Ha IOCTaBJeHi Iiji ¥ 3a-
BIAHHS, T'OCIOJapchbKe II HAYKOBe 3HAUYEHHSI
pisHmX 00’€KTiB, MJIAaHOBAaHUX METOAUK i 310-
poBoro riaysay. MabyTb, y pasi mociimskeH-
HA Gaopu uum GayHHW YKpaiHM HeIOIiJIbHO
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0O06'eKT Mpegmet

NOCNigXKeHHs NOCNig»KeHHs

Man. 5.1. MNpuknagn o6'ekTiB i NpeaMeTiB AOCNIAKEHHA:
KaXkaH € 06’€eKTOM, a MOro 34aTHICTb A0 exonoKauii —
npeaMeToM AOCHIgXEHHA; MaBnu € 06'€KTOM, a iXHA MoBe-
JiHKa — npeameToM JOChigXeHHA

BUOUpATH SIK 00’€KT BUBUEHHS KPOKOAMJIA, Ka-
BOBe JepeBo abo QpiHiKOBY maabmy.

BuBuennsa HayKOBOi JiTepaTypu € BaKJIu-
BUM eTamoM Po0OTU, IO A03BOJSE YHUKHYTHU
HemmoTpibHOro ayOJioBaHHS. BiacHe kKamyuu,
dopMyaIOBaHHSA TeMH, IiJiell i 3aBmaHbL MOCJIi-
IKeHHs Ta BuMOip o0’eKTa I mpemmeTa JOCJi-
MKEeHHA HeMOJKJIUBi 0e3 3HaHHA HAABHUX Y IIii
chepi HAyKOBUX TaHUX.

Heob6xigHo mobpe sHaTm, II0 caMme B IIii
rajaysi HayKu € B:Ke BHUBUEHHM, a IO — 3a-
JUIITAETHCSA HEBiTOMUM, 1 YiTKO YABIATH, YOMY
Ile HeBUBUeHe BaXKJIUBO pocaizutu. Kpim Toro,
HiKOJK He pPOoOJIAThL BUCHOBKIB BUHATKOBO HAa

0 KnioyoBa ines

Bynb-sike 6ionoriyHe gocnigkeHHA noTpebye pe-
TeSIbHOro MnfaHyBaHHA. Pe3ynbTaTy noraHo cnna-
HOBAHOIO AOCNIAXXEHHA HEMOXKNMBO MPaBUSIbHO
OUiHUTM i BUKOPMUCTATML.

Tema 1.Bcryn > 200

mizcTaBi CBOTO €KCIEePUMEHTY, HaBiTh SKIIIO
meil eKcIlepUMeHT i OyJ0o HpoBemeHO KijabKa
pasiB. Ilo yBaru 3aB:kam 0epyTh iH(popMmaIiiio,
HaBeJleHY B HAYKOBUX MIyOJIiKaIigx.

@ MpaKTnyHa poboTa

Cmeopumu nnaH npoeedeHHA Giosiozi4Ho20/eKo-
J102i4H020 OOC/NiOMEeHHA

1. Bu3Haute Temy CBOro AocCnigKeHHA (BnbepiTb
OfHY 3 HaBefeHUx abo 3anponoHynTe cBot): a) da-
rotepania — MepCnekTUBHUA MeToA MNOJOJNaHHA
6aKTepianbHKX iHOeKUili; 6) posib FeHETUKM Ta MO-
NeKyNApPHOI 6ionorii B AOCNIgKEHHI NOXOAKEHHS JTto-
AVIHY; B) BM/IMB JIIOAWHW Ha €KOJOriuHi cuctemun Ta
eBontoLito 6iocdepw; r) BNAVB omenu 6inoi Ha cTaH
LEePEBHUX HacaeHb.

2. Cknagitb nnaH CBOro AOCHiAMXeHHA.

3. ChdopmynioiTe BUCHOBOK, y AKOMY BKaXiTb, LIO
cnif ypaxoByBaTu Mif, Yac MiaHyBaHHA GionoriuHMX
nocnigeHb.

@ MpaKTyHa poboTa

Pospaxyeamu OCHO8Hi cmamucmu4Hi nokas-
HUKU 0N NOpi8HAHHA MiHAUeocmi 6iono2iyHux
06’ekmie (cepedOHe apugpmemuyHe, MmediaHa,
cmaHoapmHe 8ioxuneHHs, Koegiyienmu Qiwepa
ma CmeiodeHma)

1. 3po6iTb BMMipY ABOX XapaKTEPUCTUK Byab-AKNX
6ionoriyHnx 06'eKTIB (Hanpuknag, AOBXUHU abo
LWIVPUHW JINCTKIB, Macu A6GNYK NeBHOIO COPTY TOLLO).
2. Po3paxyiite cepefHe apudmeTuyHe, MepiaHy
i cTaHOApPTHE BIOXWNIEHHA OTPMMaHKX BUOIPOK.

3. O6umcnitb koediuieHTn Qiwepa i CTblogeHTa A
BCTAHOBJIEHHSA 3HAUYMMOCTI BigMIHHOCTEN MiXK LMK
BMbipKamm.

4. Cdopmyniolite BUCHOBOK.

03aI'II/ITaHHH Ta 3aBAaHHA

1. MNoAcHITb Ha NprKnagax, Ao AKMX HEraTUBHUX Ha-
CnigKiB MoXe Npu3BeCTy IrTHOPYBaHHA aHasi3y HayKoBOI
niTepatypu 3 BiAMOBIAHOI TEMATVKM Nif Yac niaHyBaH-
HA pgocnipgKeHHA. 2. [oAcHiTb, wo Oyae npeameTom,
a wo ob’eKTom pocnigXeHHA B pOO6OTI «3anexHicTb
YPOXaMHOCTI TOMaTIB Bifj KiNbKOCTi BHECEHUX Kanin-
HUX [OOPMB». 3anpOMOHYyNTE CXeMy EKCMEePUMEHTY,
IO MO)KHa BMKOHATW ANA AOCATHEHHA MeTW LbOro
JocnigxeHHA. 3. 3anpornoHyrTe TeMy HaykoBOro [o-
CNiPKeHHA, akTyasnbHy ANA BalOro periony, i CKNagitb
A0r0 OPIEHTOBHUI MNaH.
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Tema 1. Bctyn

§ 6. AHani3 Ta npeAcTaBNeHHA pe3ynbTaTiB HAYKOBUX [OCAIAKEHb

0 [omipkynTe

lpyni nabopaTtopHUX LypiB Y KOPM LOAHA HO-
JaBany WMaToYKM oripka. [MpoTArom Tpbox pokKiB
yci ui wypy nomepnu. Yn npaBunbHUM 6yae Bu-
CHOBOK, IO CMOXMBAaHHA OTipKiB CTaso MPUYNHOIO
cmepTi umx TBapuH? MOACHITD.

é 3raganTe

e [pyHUMNN NpPOBeAEeHHA HAayKOBUX AOC/iAXEHb
o MeToaun 6ioNoriYHNX Ta EKOMOTIYHUX AOCHiAXKEHb

e BigMiHHOCTI Mi>XK eMnipuyHUMKN Ta TEOPETUYHMMU
DOCTigXKeHHAMM

[prHUMIN aHani3y HayKoBMX
pes3ynbraTis

Amnanisa pesyabTaTiB CTAHOBUTH I'OJIOBHUH
HaYKOBUH ceHC O0yab-aKoI poboru. Bin moasrae,
BJIACHE, B MOSICHEHHI TUX pe3yJIbTaTiB, AKi Oyau
orpuMaHi B Xo/i poboru. HacTo nasa mosicHEeHHS
pe3yabTaTiB aBTOP BUCYBa€ AKYCh TiIlOTE3y.

OCHOBHUMY NPUHIMIAMU aHAJIi3y pPesysb-
TaTiB MOCHiMKEeHHS € TaKi:

— TOSACHEHHS IIOBUHHO OyTU 00T PYyHTOBaHNM;

— Pe3yJbTaT! eKCIIEPUMEHTAJIbHOTO TOCJi-
IKEeHHsI HeoOXiJHO CTATHCTUYHO OOpOOJIATH;

— IIiJ yac IIpOBeJeHHs aHaJidy HeoOXigHO
posTIIANaTH MOMKJIWBI ajlbTepHATUBHI BapiaHTH
MOSICHEHHA OTPUMAaHUX Pe3yJIbTaTiB;

— aHaJIi3yBaTH CJiJ yci oTpuMaHi pes3yJib-
Tatu (HaBiTH Ti, AKi He 36iraroThed 3 rimoreszamMu
aBTOpa MOCJIiIKeHHs).

Ha ocHoBi amasisy pesysbTaTiB poboTu He-
00xigHO chopMyIFOBATH BUCHOBKU, 3 SKUX 0yIe
BUOHO, Y1 OyJIO OOCATHYTO METH, IIOCTABJIEHOIL
Ha TOYaTKy poboru. fAKimo metrm He OyJio n0-
CATHYTO, TO Ile TToTpedye mosicHeHHs. He Tpeba
TaKO0)K BHOCUTH IO BUCHOBKIiB 3araJbHOBiJOMMX
Oiosoriunmx icTuH abo Tux GaKTiB, AKi He Oyau
IOBeIeHi pe3yabTaTaMU TOCJTiTKeHHS.

[pencTtaBneHHA pe3ynbTaTie
HaYyKOBWX JOCNIAXKEeHb

PesyspraTé HAyKOBOTO AOCTiIKEHHSA MaTU-
MYTh I[IHHICTh TiJIBKMW B TOMY pasi, AKINO BOHU
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OyayTh IIpeAcTaBJeHi IJisi OOrOBOPEHHSA HAYKO-
Bi#i cuisbHOTi. Take npeacTaBiIeHHS MOXKe OyTH
BUKOHAHEe Y BUIJISAI YCHOTO MOBiOMJIEHHSA, IIy-
Oaikaiii y ApyKoOBaHOMY HayKOBOMY BUIAHHi
abo ejleKTpoHHOI Bepcii.

VYcHe moBimoMJIeHHsSI 3a3BuuYail pPoOIATH
Ha ceMiHapaX, KOJIOKBiymax a0o KoH(pepeH-
miax pisumx piBHiB. [pykoBani myb6sikarii
PO3MIMIYIOTH y JKYypHaAJax BiAIIOBiTHOTO IIPO-
dinro abo B HaykoBux MoHorpagiax. Eiaek-
TPOHHiI Bepcil — B eJIeKTPOHHUX KypHalax
abo Ha BigmoBigHumx caiiTax. I'omoBHaA BumMoOTa
IO IIPEeICTaBJIEHHS Pe3yJbTATiB MOCIiT:KeHHA
B OyIb-saAKifi ¢opmi — uirkKicTs i JgoriuxicTs
TEeKCTY.

JJia mosiermieHHss PO3YMiHHA pe3yJibTaTiB
HAYKOBUX [IOCJHiI)KeHb AyKe TOOPUM € BUKO-
pucTaHHA cxeMm, rpadikiB, miarpam, ¢gororpa-
¢iit Ta inmux HaouHMX Marepiaisis. Ile mo3Bo-
Jsd€ 3HAYHO JIerine COPUAMAaTH apryMeHTaIlio.
Kpim Toro, itocTparuBHi MaTepiaau gobpe 1o-
KasyloTh PO3YMiHHS aBTopaMu Oiojsoriumoro
3MicTy cBOixX mociaimskeHb. Came 3a JOIIOMOTOIO
iJTfocTPaTUBHOTO MaTepiasly MOMKHA OApasy II0-
0auuTy SAK IIepeBaru, TakK i HeJOJiKH II€BHOI
pob6oTu.

OCHOBHI B1AN HayKOBUX TBOPIB

HaykoBi TBOpM mOminATh Ha OB OCHOB-
Hi rpynu — peleH30BaHI I HepeleH30BaHi.
PenieH3oBaHMMU € TBOPU, AKi mepen myOJrika-
Iier0 IepeBipAOTH HA HOBU3HY pPe3yJbTATiB,
00’€KTUBHICTD IIPOBEAEHOr0 AOCJiIKeHHs, Bia-
CYTHICTh IIOMUJIOK, HNPaBUJBHICTh BUKOHAHHS
aHaJiBy OTpUMAaHUX HAaHUX, aJeKBaTHICTL BU-
cHOBKiB Tomo. HepereHsoBani TBopu B TaKkuii
cmocib He TepeBipAOTHCA.

PenensoBanuMu € OiJIbIIiCTE CyYacHUX Ha-
yKoBUX myoOsikaiiti. TakumMuy peleH30BaHUMU
oyOJiKaliaMuy € cTaTTi B HAYKOBUX KYypHaJIax
(maj. 6.1), eleKTpoHHI mpenpuHTH (MIoIepemHi
MOBiJOMJIEHHSA TOJIOBHUX II0JIOJKEHBb) HAYKOBUX
crareii, HayKoBi KHuru (MoHorpadii), gucepra-
mii, maTenTu, HayKoBi 3BiTu. Hepeleunsosanumu
TBOpaAMHU € Te3W KOH(MpEepeHI[ili, TeKCTH YCHUX
IOIIOBimeli, eJIeKTPOHHI yO rikaIlii Ha HepereH-
30BaHUX caiTax.



Human Gene

FELLOW
TRAVELLERS

Man. 6.1. MixkHapofHi HayKoBi XypHanu

HaykomeTpuuHi 6a3n gaHnx

Hayxose pocaimxkenus Oyge MaTu IIiH-
HiCTH JIMIlIe 3a YMOBU, SAKIIO MOT0 pe3yJibTa-
™1 OyAyTh BUKOpPHCTOBYyBaTucA. Halikparium
MOKa3HUKOM BUKOPHUCTAHHS pPe3yJabTaTiB po-
6oTu € iioro muroBaHicTh. Ilig uac BUKOHAH-
HA OyAb-AKOTO AOCJiJKEeHHA 3BEPTAIOTHCA IO
pobiT yueHOI CHiJIBHOTU, AKa IpaIioe y il
raaysi. Ilyb6aiKkyooum pesyabTaTH, BKa3yOTbh,
pesyabTaT AKHX POOIiT BpaxoByBaJHu IIiL yac
MJIAHYBAHHS CBOTO JOCJHi)KeHHS Ta aHaJisy
ioro pesyiabraTtiB. IJasa mporo B KiHII Oyab-
AKOTO HAYKOBOTO TBOPY MIiCTUThCS CIHCOK
JiTepaTypu.

SKIo ymack poboTa Mae BayKJIWBe 3HAYEH-
Hsd, TO Ha Hel HMOCHJIAIOTBCA YacTO (BOHA Mae
BHCOKUU iHIeKc murTyBaHHA). s Toro Io6
3pPO3YyMiTH, HACKiJIbKM YACTO TOCUJIAIOTHCA Ha
KOHKPETHY pPo0OTy, CTBOPIOIOTH CIIeIliajbHi Ha-
YKOMETPUUYHiI 0a3u JaHUX.

Haykomerpuuni 6a3u mauux — 1e 06i6Jurio-
rpadiuHi ¥ pedepaTuBHi 0a3u maHUX, AKi Ma-
IOTh CIHeIliaJibHi HporpaMHi iHCTpyMeHTH mJIs
BificTeKeHHsS IMTOBAHOCTI craTeil, 1o OyJO

0 KnioyoBga igen

Pe3ynbTati 6yAb-AKOro HayKoBOrO AOCHIAKEH-
HSA HeobOXigHO NpoaHanisyBaTW, Ha iXHIN OCHOBI
cbopmyntoBaTy 06rpyHTOBAHI BUCHOBKM, odop-
MUTW X Y NeBHOMY BUINALI Ta NpeAcTaBUT Hay-
KOBIi cninbHOTI. Taki po60TV MOXHa PO3MIiCTUTK
ANA BiNbHOrO KOPUCTYBaHHA B HAYKOMETPUYHMX
6a3ax pgaHuXx.

Tema 1.Bcryn > 20

omy0JIIKOBAHO B HAYKOBUX BUJaHHAX. Haii-
0iJIBITT aBTOPUTETHUMY i TOBHUMHY HA JAHUHA MO-
MEeHT BBasKalOThCA TaKi 6a3u JaHUX, AK Scopus
ta Web of Science.

MpakTnyHa poboTa

Bizyanizyeamu pe3ynemamu docnioxeHHA 3a 00-
nomozoro mabnuys, diazpam, epagikie

1. 3pob6iTb BMMIpM NEBHOI XapaKTEPUCTUKN OyAb-
AKUX 6ioNoriyHMX O6'€KTIB (HanpuKNag, HOBXUHY
HaCiHVH COHALWHMKA, KiNbKIiCTb 3epeH Yy KONOCKY
nweHuyi Towo) abo cKopucTanTeca TUMK, WO Ha-
BEJEHO B eNeKTPOHHOMY AOAATKY.

2. Bizyanisynte ix — cknagitb Tabnuui, nobyanymnte
diarpamu 1 rpadiku.

3. ChopmynioliTe BUCHOBOK.

® MpaKT4yHa poboTa

lNMpoananizyeamu pi3Hi eudu 6ionoziyHux/exkono-
2i4YHUX HayKkoeux meopie, susHa4yumu ixHi 0co6-
Jslueocmi, Memy ma 3ae0dHHA, HedoJliku ma ne-
pesazu

1. NipbepiTb Ta NMpounTariTe Pi3Hi BUAWN HAYKOBUX
TBOpPIB (HanpwvKknag, CTaTTA B eHUMKIonewii, B Ha-
YKOBO-MOMYNAPHOMY XypHani, BineodparmeHT B IH-
TepHeTi) Ha 6ionoriuHy abo EeKONOoriyHy TeMaTUKy
(Hanpuknag, cnocobw 3anuneHHA POCIH, CNocobu
pyxy TBapwviH, MirpaLii TBapuH TOLLO).

2. Bu3HauTe ixHi ocobnmnsocTi, METY 1 3aBAaHHA.
3. BusHaute ixHi Heflonikn 1 nepesaru.

4. CoopmynionTe BUCHOBOK, 3a3HaumMBLLW, AKE 3Ha-
YeHHA Yy NPaKTUYHIN JiANbHOCTI NIOAVHW MA€ BMiHHA
aHanisyBaTu HayKoBi TBOPMW.

038|‘IMTaHHﬂ Ta 3aBLAHHA

1. Yomy Te3n pgonosifgent ana HaykoBux KoHdepeH-
Uil 3a3BMYaii He NOTPebyoTb peLeH3yBaHHA? 2. MNopis-
HANTe nepeBary 1 HeponikM Nybnikauin y apyKoBaHUX
HayKOBMX »XYpHanax i Ha CTOPiHKax efIeKTPOHHUX pe-
cypcis. 3. LLlo6 BcTaHOBUTY BNAMB JOOPMBA Ha ypoxait-
HiCTb MOPKBW, YUYeHb 3acifB Helo ABi AiNAHKM OfHaKOBOI
nnowi. Ha nepwy AinAHKY BiH BHic 0,5 Kr fob6pwusa,
a Ha pgpyry — 1 Kr. 3 nepwoi AinAHKM BiH 3i6pas 20 Kr
MOPKBM, a 3 Apyroi — 15 Kr, i 3po6rB BMCHOBOK, WO
BMKOPWCTaHHA Lboro fobprBa MOripluye BPOXKamHICTb.
MoAcHiTb, YoMy Lielh eKcreprMeHT 6yno CrlaHoOBaHO He-
NPaBUIIbHO, @ BUCHOBKM, IO 6YN0 3pO6SIEHO Ha OCHOBI
LibOro AOC/IAXEHHA, HE € HAayKOBMMMU.
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Tema 2. biopi3HOMaHITTA

§ 7. bionoriyHa cncrematmka

0 [omipkymnTe

Y cBoemy pomaHi «Mob6i [ik» . Mensinn Hanons-
raB, WO KUTU € pubamn. Mun 3HaeMO, LIO Lie He TaK.
A un MOXHa 3acToCyBaTV iHWNIA BapiaHT c1McTeMa-
TUKK, Wob . Menginn BMABMBCA NpaBum? MOSCHITb.

Q 3raganTe

» TBapuHun » Pin » LlapctBOo

o PocnnnHun * Bug

Po3ninu 6ionoriyHoi cuctemaTrku

Biojoriuna cucrematuka — Ie poamia Oio-
Jorii, axkuii GpopMye €OUHY CUCTEMY KHBOTO CBi-
Ty Ha OCHOBi BUAiJIeHHA OiOJIOTIYHMX TAKCOHIiB
(cucTeMaTUUYHUX ONUHUIIL) i BiAmoBimHUX HAasBs,
HaJaHUX 3a MeBHUMHU OpaBuaamu (6iosoriunoi
HOMeHKJaTypu). OCHOBHI cucTeMaTWUHi Karte-
ropii BBiB y HayKy IIBeAchbKHH yueHui Kapu
Jlinueti. Biosioriuna cucremMaTnKa MOAiIAETHCA
Ha JBa OCHOBHI po3mijau: TakcoHOMiio Ta 0io-
JIOTIiYHY HOMEHKJIaTypy.

Takconomia 3aliMaeTbCsi PO3POOKOIO IIpa-
BUJI TPYIyBaHHA KUBUX opraHismiB. Ile my:xe
CKJIamHA mIpobjema, 60 YacTo He 30BCIM 3pO3y-
MiJIO, HA OCHOBiI AKHMX O3HAaK CJiJ 00’eIHyBaTH
opramiamm y rpynu. Tak, y TaBHUHY BCiX UepBiB
00’emHyBaIu B OOWH TUI. AJe cydacHi mocJi-
IKeHHS ITOKa3aJyIu, I0 PisHi Irpynu 4epBiB MarOTh
pi3He OXOMKEeHHA i He € OJIUBbKUMU POJUYAMU.

Biosoriuna HOMEHKJaTypa po3po0jse Ipa-
BUJIa HAWMEHYBAaHHA KWBUX OPraHidMiB, CTBO-
pIoe creriasibHI MiKHApOOHI KoAeKcu, AKi pe-
I'yJIIOIOTh CIIpHI IHUTAHHSA, BUPIIIye IPOOIEeMI
CUHOHIMIB (KOJIM OOWH BUJ BUIATKOBO OTPUMYE
KiJIbKa Ha3B) TOIIO.

LLUTYyYHi (popmanbHi) Ta NpnpoAHi
(binoreHeTNYHI) cUCTEMM KMBOTO CBITY

CucreMu XUBOTO CBiTY MOKYTHL OyTu pis-
"HUMU. IX mominAmTh, Ha ABI rpynm — MITyY-

16

Hi (popmasbHi) Ta mpuposHi (dhimoreneTuyHi).
MIryunsuvu (popmarvHumu) Ha3UBAIOTL CUC-
TeMHl, B SKUX KJacudikaiia BumiB 6asyeTbcs
JIUITIe Ha CTymeHi ixXHBOI momibmocTi 3a BUOpAa-
HUMU o3HarKamu. IIpm 1mmboMy He BPaxOBYETBHCA
icTopuuHa CIOpigHEHIiCTh OpraHismiB, AKi Taka
cucremMa o0’eqHY€E y BimmoBimHi TaKkcoHHU.
IIpuponguumu (@pinozenemuunumu) HasuBa-
IOTh CHUCTEMU, B AKUX KJjacupikralis opraHiamis
OyayeThcsi Ha CTYyHeHi iXHBOI MmomiOoHOCTI 3 ypa-
XyBaHHAM (DijloreHeTMUHOI crnopigzHeHocti. Tak,
MITyYHA CHCTEMAa MOKe 3apax0oBYyBaTH J0 pubd ycix
xpebeTHUX, AKi *KuByTh y Bomi. Tomi mo pub Oy-
IyTh BimHeceHi Bci KuTH. A TpupoIHa cHUCTeMa
BPaxoBYE, III0 KUTU ITOXOAATH Bijl HA3eMHUX IIPe-
KiB 1 € BTODUHHOBOJHUMY TBapuHaMmu. Tomy B Ta-
Kifl cucTeMi KWUTV HaJIeXKaTh O TPYHU CCABIIiB.

IcTopia po3BUTKY cucTemM

Knacuoikauii opraHiamis

ITepimroro cupo6oro Kiaacu(iKyBaTu sKUBL op-
raHi3MM MOKHA BBaKaTU CUCTeMY APUCTOTEJs,
AKUYA BUOLIUB I'PYIIX POCJUH i TBapUH. A TIepIIIOI0
HaYKOBOIO CHUCTeMOI0 KJacu(ikailii cramga cucre-
ma Kapma Jlimaea (1758 p.), y akiit pociuHu
i TBapuHu oTpuMasu cTaryc mapers (maa. 7.1).
Aune BiKe TOHi cTajia 3po3yMijia 3HauHa BigMiH-
HicTb rpubiB, i BOHM OyJu BUAiLJIEHI B OKpeMe
mapctBo Orro (o Miouxraysernom (1763 p.).
ITonpaBaa BiH 06’emHaB iX pasoMm i3 ryoKamMmu
i xopamamu (man. 7.2). Ila momuaka Oyjia Bu-
npasJyeHa B cucteMi Hoensa iKosepa me Hekkepa
(1783 p.), B akKiii mapcrBo I'pubu OyJio Bumi-
JeHo okpemo (maju. 7.3). Ha xanb, Ipomo3uIrii
MiouxrayseHna it Hekkepa OyJsim HamZoBro 3a0yTi.

Vueni B XIX cT. ymepime ycBiZOMMJIN, IO
yucJaeHHi Mikpockomiuui icToTu (6akTepii, Hai-
mpocTiimi, MIiKPOCKOIIYHI BOTOPOCTi) BaKKO
BigHecTu g0 TBapuH abo pocauH. Hacaigkom
mporo OyJ0 BUHHMKHEHHS y cuctemi Epmcra
Texkkensa (1866 p.) mHoBoro mapctBa Ilporucru,
sKe 00’emHAaIO BCi OMHOKJIITHUHHI I KoJOHiambHI
dbopmu (main. 7.4).
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1763 p. 1783 p. [
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& %
w ¥ w

Man. 7.1. Cuctema uapcTs Man. 7.2. Cuctema UapcTs Man. 7.3. Cuctema uapcTs
Xusunx opratismis K. JliHHeA XnBux opraHiamis O. MioHxray3eHa KMBMX opraHismis H. Hekkepa

1758 p.

Y nepmriit momoBuHiI XX CT. BHACTIJOK PO3-

BUTKY METOJiB MiKpPOCKOIIil cTaja 3p03yMiJIOI0
pisHUIA MiK TpoKapioTamm Ta eyKapioramwu. n
V¥ cucremi 'epbept Komnenn (1938 p.) 6yio Bu-

K

ninmeno yotupu mapcrBa: MoHepu (apo6’AHKH),
IIporokTucTu (HUMKULI eykapioTu), TBapumHU / ‘\ﬁ -
i Pocauuu. ﬂ ©
Y 1959-1969 poxax amMepuKaHCBKUI I0- = 1959- ~,
crifauk PobGepr VaiiTTelikep yAOCKOHAJIUB II0 1866 p. AL 1965 pp.
CUCTEMY, BUIIJIUBIIYN TPUOU B OKpPeEMe IIapCTBO
(v cucremi I'. Komrenma ix BigHOCHIN IO uapc'mia Man. 7.4. Cvctema LapcTs Man. 7.5. Cuctema Lapcrs
IIporokTuctn) (Mmaj. 7.5). Ilg cucrema OyJia Haii- KUBUX OPraHi3Mis VBUX OpraHismiB
6inpin morruperoo 10 80—90-x pokis XX crouriT- E. Tekkens P. YaiiTTelikepa
TS, IIOKYW HOBI TEXHOJIOTII B IUTOJIOTII Ta MOJIEKY-
JIAPHi# 6ioorii He JO3BOJIUIN CTBOPUTH CYyUaCHY

N
&

=y

g

£

cucremy Kiaacupikaiii KUBMX opraxismis. @ MpakTyHa poBoTa

MpwuH unnu cydacHor Bu3HAYeHHA CUCMeMAMUYHO20 NOJIOXKeHHS op2a-

Knacu (I)I Kalll OpraHiamiB Hi3mie ceoei micyesocmi

CyuacHa mHaykoBa KJjacudikallisg ITOBUHHA 1. O6epiTb Mo 3-5 06'EKTIB POC/VH | TBAPVH BaLLOi
BigoOpaskaTyu eBOJIONIMHI 3B’A3KM MM KUBU- MicLieBoCTi.
MM opraHisMaMum Ta BKasyBaTU Ha DPiBeHb ix- 2. Bu3HauTe iXHi Ha3BM 1 CUCTEMATUYHE MOSOXKEHHS.
HBOI cropizHenocti. Kpim Toro, Boma mae 0yTu Cknagitb ABi Tabnnui (0agHa — ANA POC/MH, iHWA —
3PYUYHOIO [IJII BUKOPUCTAHHSA i JO3BOJIATHU JETKO ONA TBapUH), Y AKX YKaXiTb CMCTEMATUYHI KaTeropi,
BKJIIOYATH HOBi, HEIOZABHO BiAKPHUTI BUAM. (O GLUES B REEE,

OCHOBHOI0O CHCTEMATHYHOIO KAaTeropicro e 3. CdopmyntonTe BUCHOBOK.
Buj. BumoBa HaszBa CKIAJaeThCs 3 ABOX JATUH-
CbKHuX cJaiB (OiHapHaA HOMEHKJATYypa), MIepiie
3 AKUX € Ha3BOIO POJY, a APyre — BHUJOBHUM eIli-

3anuUTaHHA Ta 3aBAaHHA
TeroMm. Copigueni Buau 00’€IHYIOTHCA B OiJIbIIT

BHUCOKIi TaKCOHOMIiUHi KaTeropii — pomu, poau — 1. Bubepitb ABa BMAM KUBKX OpraHiamis 3 pis-

B pOAuHM, a Ti — B imfe BuIi Kareropii. HUX LAapCTB | BU3HayTe IXHE CUCTEMaTUYHe MnoJo-

XKeHHA. 2, fAKi i3 306paxeHux y naparpadi cuctem

Kniouosa ifes LlapFTB >KMBUX OpraHiamis (man. 2.1—7.5) € WTYYHUMU,

0 a AKi — npupoaHnMn? O6rpyHTYTE CBOIO TOUKY 30pY.

BionoriuHa cucTemaTvka npoiiluna WAAX [AOB- 3. BuKopucToBylOuM AOAATKOBI Axepena iHpopmauii

roro po3suTKy. CyyacHa CMCTEMaTKa CTBOPIOE (y Tomy uncni IHTepHeT), CKnapite CNMCOK meToAis

NPUPOSHY CUCTeMy OpraHi3miB’ MaKCUManbHO ,ﬂocﬂiﬂ)KeHb, Ha AKNX 6a3y€TbCﬂ Cy4dacCHa 6ionoriuHa
Bifo6pakaloum X eBOsIOLiI0 Ta POAUHHI 3B'A3KMN. cncTemaTuka.
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Tema 2. biopi3HOMaHITTA

§ 8. CTBOpEHHA CUCTEM XKUBUX OpraHiamis

0 [NomipkynTe

He Tak gaBHO cucTemMaTUK/ BUPI3HANW OBi OKpe-
Mi poanHu — Jliogn i JllognHonogibHi masnu.
Ane 3apa3 ix o6’egHanu B OfHY POAVHY, Bpaxy-
BaBLUW, WO OCTaHHIM CMiNbHUIA NPefoK YCix
npeacTaBHUKIB POAUH XMB 15 MAH POKiB TOMY,
a OCTaHHIM CMiNbHUN NPefoK NOAVHN | WKMNaH-
3e — 8 MAH pokiB Tomy. Yomy?

é 3raganTe

» bionorisa o MeTtoan mocniakeHb
o [eHeTuKa o TakcoH
» EBontouis o CumbioreHes

EBontoyinHa TaKCOHOMIA Ta KNagncTmnka

Ilicnia momupeHHA eBoOJBOIiNTHOI Teopii
Yapiwsa [dapsina Epaer 'ekkens 3anponoHyBas
KOHIIEII[il0 eBoJIIoIifiHOol TakcoHomii. 3rigHo
3 IIi€l0 KOHIIeIIIIi€lo, cucTeMa KJaacudikarii mo-
BUHHA OyJia BimoOpaskaTu Xif eBOJIOMil KMBUX
oprauismis. IIa Touka 30py mepeBaskae B HayIli
1 dapas. Tomy cyuacHi cucremu wKJaacu@pikarii
MaoTh 000B’A3KOBO BPaXOBYBaTU CHOPiJHEHICTH
pisHUX TpPyn opraHismis.

I CTBOpPeHHsS cydacHUX KJaacu(pikarmin
"KUBUX OPraHisMiB yueHi yacTiiie BUKOPUCTOBY-
[OTh MPUHITUNY KJaagucTuku. Knagucruka — 1e
migxig mo Giosoriumoi Kiaacudikairii, sa gKoro
opraHiamMu KJIacu@iKyoTh 3TiTHO 3 1X TOPAIKOM

a fraxw 6 Mraxu

Kpokognnu

Jlenigo3aBpu

Yepenaxu

CcaBui CcaBui

Kpokogunun
Jlenigo3aBpu

Yepenaxm

BigranmysKeHHs BiJ eBoJIIOIlifiHOro mepesa. Ilpu
nboMy Mop@oJioriuHa MOAiOHICTH He BpPaxoBy-
€ThCcs, 00 BOHA MOKe BUHHUKATU B XOHAi TpU-
CTOCYBaHHSA IO CXOXKUX YMOB icHyBaHHdA. lleit
oigxim Mae i geaki Hemosiku. ¥V paMKax KJaguc-
TUYHOTO IIiAXOAY CKJAIHiIlle CTBOPIOBATH CHC-
TEMaTUKYy T'PYO B €BOJIIOIil, V AKX MaB MicIie
cuMmbiorenes (HampuKJaL, IIiJi Yac YTBOPEHHS
XJIOPOILIACTIB B €yKapioTiB).

CkJagHiCTh CTBOPEHHS CydacHOI KJacudika-
il MO’KHA IIPOLJIIOCTPYBATH Ha HPUKJALI KJa-
cupikarii nraxiB i miasyuiB (mana. 8.1), xKoam
BUKOPHUCTAHHA IBOX PIBHUX KOMILIEKCIiB Mopdo-
JIOTIYHMUX O3HAK Ta MOJIEKYJIAPHO-TeHETUUYHUX 10~
CJIiIKeHb Iae TPU PisHi BapianTu KJaacu@ikarii.

MoHodineTnyHi 1 napadineTnyHi
TaKCOHMU

CucremaTnyHi Tpynu KWBUX OPTraHi3MiB
(TakcoHM) 3a IXHIM IIOXOMKEHHSAM HOIiJIAITH
Ha MoHO(MimeTnuHi i moaigimermuni (Bix rpeir.
mono — opwuH, poli — 6araro). MonodimeTuuni
TaKCOHU 00’€IHYIOTH HAIlaAKiB OJHOTO Tpen-
Ka, a mogicdimeTuuHi — pisHUX, AOBIIBLHO 00-
paHUX HAIMAAKIB AeKiabKox mnpeakis. Hampu-
Kyganx, kigac OmHOmONBHI € MOHOMDIIETHUHUM
TaKCOHOM, a IlapcTBo PociauHu, Ake Oyja0 BU-
nineno P. Vatitreiikepom,— moiidisierTnuyEMM,
00 BOHO 00’€IHYE MeKiJbKa HEeCIOPiAHEeHUX I'PYII
(6ypi BomopocTi, uepBOHi BomOpPOCTi, 3eJeHi poc-
JuHHT Tolo). BunpinamoTe Tako:x mapadiieruy-
Hi TaKCOHM, IKi 00’€IHYIOTH HAIaAKiB OZHOTO

MTaxn

Kpokogunu

Yepenaxmu

Jlenigo3aBpu

CcaBui

Man. 8.1. Pi3Hi BapiaHT Knacudikauii ofHiei rpynu TBapuH: a, 6 — 3a Pi3HUMU MOPOONOTiUHMI O3HaKamu,
8 — 3a MONeKynApHO-6ioNOriYHMMI AaHUMK
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openKa, OKpiM omHiel, AK IPaBUJIO, HANOIIBIIT
npocyuyToi rpynu. Tak, y mexxkax pany Ilpuma-
T (MaJi. 8.2) 06’eqHaHHS Pa30oM JOBIOII’ ATiB Ta
JIOpi OyZe MPUKJIAAOM IOJIi()iJIeTMUYHOI0 TAKCOHY.
HomaBanHa m0 1iei rpynm JeMypiB yTBOPUTH
napadiseTuuHNi TaKCOH, a 00 ’e€QHAHHS BCiX
iHIMUX MaBII IIbOTO PAAY B iHGpapang Masmo-
moAiOHI yTBOPUTHL MOHODIJETUUHUIN TAKCOH.

Y cyuacHi#ni cucremaruii moJsriimermumi
TAKCOHMW BBaKAIOTHCSI HEIMPUNHATHUMHU. SIKIIIO
BIIa€THCA TOBECTU, IO I'PyIIA € MOJIi(iIeTUUHOIO,
cucTeMaTUKH il JIIKBiJOBYIOTH ab0 K 3MiHIOIOTH
ii Me:ki, 1100 BUKJIIOUUTKA 3 Hel HecIopimHe-
Hi Bugu. Tak, y MuHyJOMYy Oyau JiKBimoBaHi
Taki rpynu, ax BesxpeberHi #i TaeMHOILIIO0-
Hi, a B OCTaHHI POKM CYTTEBO 3MIHUJINCA MEXKi
napctB Pociuuu, I'pubu i TBapunm.

TakcoHOMIYHa iepapxia

TakcoHomiuHa iepapxia — Ie poarTalmry-
BaHHA CHUCTEMAaTUUYHUX TIPYI 3a HTOPAJKOM CY-
MigAPATHOCTI, TOOTO BKJIIOUEHHS OZHUX TI'PYI IO
ckaany inmmux. ITopsaaok iepapxii s OCHOBHUX
CUCTEeMaTUYHUX KaTeropiii € Takum:

Homen — IJapcmeéo — Biddin (Tun) —
— Knac — Ilopadox (Pad) — Poduna — Pid —
— Bud

Tak, Buz JIronmHa po3yMHa BKJIIOUYAETHCI 10
ckyany pony JlroguHa pasom i3 Bumamm Jlromu-
Ha HeaHJIepTalbCbKa, JliommHa BMija ToImo. Pix
JlionuHa BXOAUTH OO CKJanmy pomuHu IomiHigm
pasom 3 pomamu Illummnanse, I'opusia it Opaury-
taH. Poguua I'oMmiHigym BXOAUTL A0 CKJIALY PALY
ITpumaru, aKuii € ckJaagoBoio KJjacy Ccasiii.
Kaac CcaBii BXoguTh 00 CKJIaLy THUOY XOPIOBI,
mapctBa CupaB:kHi TBapuuu, romeny EykapioTu.

VY Tux BUNagKax, KOJU CUCTEeMATHKA I'PYIHN
€ CKJIAJHOI0, OCHOBHUX CHCTEeMATUUYHUX KaTero-
piit Mmoske OyTH HeIOCTATHHO. Y TAaKWX BUMALKAX
BUKOPUMCTOBYIOTH TaK 3BaHI 6cma6Hi kKamezopii.

0 Kniouosa ines 0

[ONOBHMM MNPUHLMMAOM, AKOrO Ha-
MaralTbCA AOTPMMYBATUCA Mif Yac
CTBOPEHHA Cy4YaCHOI CUCTeMATUKW, €
06’elHaHHA BCiX HallagKiB OAHOro
npeaka B €ANHY CUCTEMATUYHY rpyny.
Ane B pgeAaKkux BMMNagKax goTpumaTu-
CA UbOro npaBwuia He BHAAETbCs, 60
Le CTBOPIOE CKMagHOWi B MpakTuy-
Hill po6OTi.

Tema 2. biopisHomaHiTTAa 333 S

CyxoHoci maBnu
r 1

Lunpo- Bysbko- JliognHo-
[oBro- koHoci Hoci  nopi6Hi
Jlemypw Jlopi m'ATv MaBnv MaBnyi  MaBmu Tioan

MoHoINeTNYHU TakcoH
MapadineTnyHmii TakcoH
MonipineTyHMin TakcoH

Man. 8.2. CTBOpPeHHsA pi3HMX TaKCOHIB
y mexax pagy Mprmatn

HasBu BcTaBHUX KaTeropiii yTBOPIOIOTHCA Bif
HA3B OCHOBHUMX KAaTeTopili 3a [JOIOMOTOI0 IIpe-
¢ixcis. Haimomupenimumy TakuMu mpedikca-
Mu € Hao- (cynep-) Ta nid- (cyo-). MoxyTb BuU-
KOPUCTOBYBATHUCS TaKOXK npedikcu eni-, zinep-,
ingpa- ta inmi. Hanpukmaang: cy6gomen Amop-
dei, Hagpan IBoxumiui, ingpaxaac Cymuacti.

dinoreHeTunKa

diroreHerurka — Iie OHA 3 TaJay3el cucre-
MaTHUKU, AKa BCTAHOBJIIOE €BOJIOIINHI 3B’A3KU
Mi’K pisHMMU rpynaMu OpraHisMiB, AK cydac-
HUX, TaK i BUMEPJIUX.

Hna mocrimxeHnus (isorenesy cydacua 0io-
JIOTisI IMMIUPOKO BUKOPUCTOBYE HOBITHI TEXHOJIO-
rii. Ocob6auBO e(PeKTUBHUMU € METOOU TaJy3i
MOJIEKYJIApHOI Oiosiorii Ta TeHeTMKM I MiKpo-
CKOITIYHUX OOCTimKeHb. TaKOMX IMUPOKO BUKO-
PHUCTOBYIOTh MaTeMaTU4YHe MOJEJIOBAaHHA ¥ IIO-
OymoBy (iJIoTeHETUUYHUX IEPEB.

dinroreHeTnuHe IepeBo — Ie cxeMa, sIKa Bi-
IobpasKkae eBOJIIOIITHI 3B A3KM MisK TaKkcoHaAMU,
I AKUX BOHO OyayeThesi. imoreHeTnuHi gepe-
Ba MOXKYTBL OyAyBaTHUCSA He TiJIbKHU AJIS TaKCOHIB
"KUBUX OPraHi3MiB. Ix morkHa CTBOpIOBATU, Ha-
MIPUKJIAML, JJs IIeBHUX OiomosiiMepiB, TaKUX AK
0iiKM ab0 HYKJIEIHOBI KHCJIOTH.

3anuTaHHA Ta 3aBOaHHA

1. Y papi Mpumatun BueHi BuainaoTb nigpag CyxoHoCi, 4O AKOro
BKJ/IOYAIOTb NpeaAcTaBHMKIB iHPpapagy MasnonogibHi 1 [Josron'sTu.
IxHi eBonoLiHI 38'A3KM NokasaHo Ha man. 8.2. MpoaHanisyiTe ma-
NIOHOK | 3p06iTb BMCHOBOK, AIKUM TakCOHOM € CyXOHOCi — MOHO-
binetTnyHmm, nonidineTmuHnm ym napadineTmyHmum. BucHoBOK 06-
rpyHTYTE. 2. YoMy BMKOPUCTaHHA Pi3HMX HabopiB MopdOonoriuyHmx
O3HaK OfHMX i TUX CaMUX FPymn OpPraHi3miB 4acTo € MPUYMUHOIO iX
pi3HNx kKnacudikauin (Ak y BapiaHTax a i 6 Ha man. 8.1)? 3. Cknagitb
CMMCOK nepe.ar i HefOoNiKiB KNagUCTUYHOrO NiAXOAY B CUCTEMATML.
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Tema 2. biopi3HOMaHITTA

§ 9. Buag Ak 6a30BMiN TAKCOH Cy4YacCHOI CMCTEMATNKN

0 [omipkymnTe

Takca i for 30BHi AOCUTb CUIBHO PI3HATBCA MK CO-
6010. YoMy BOHM € MpeAcTaBHMKAMU OJHOro Buay?

é 3raganTe

» CnctemaTnyHa Karteropis

e Pin

» biHapHa HOmeHKnaTypa » Bupg

Man. 9.1. MNMpuKnagn BMAIB, OCOBMHN AKMX 3HAYHO BiApI3-
HAITbCA OfHa Bif OAHOI 3a 30BHIWHIM BUISLOM

KoHuenuii Buay

BasoBuM TaxkcoHOM cydYacHa CHCTeMaTHUKa
BBasKae BuJ. CKJIAAHICTH MOAINY JKUBUX iCTOT
Ha BUJAM MHOJIATAE IIe i y TOMY, III0 caMe BU3HAa-
YeHHSA IOHATTSA «BHUI» € HOBOJIL CKJIagHUM. I 3a-
JIeXKUTHh BOHO BiJl TOro, gKa 3 KOHIENIIiNl BUAY
BUKOPUCTOBYETHCA B IIEBHOMY BUIIAAKY.

VY GinbirocTi BUIIaAKiB s BUAY BUKOPHUC-
TOBYIOTHL TaKe BU3HAUEHHS: BUA — Ie CYKVII-
HICTh IOMYJAIIA 0COOMH, HOAIOHMX MiK C000I0
3a OymoBOI0, QYHKI[IIMU, MicIlleM B yIrpyIIOBaH-
HAX OpraHiaMmiB, IO HACEJIAIOTH MEeBHUM apeast
i BiJIBHO CXPeIIyIOThCSI MiK C000I0 Y HPUPOMi.

Man. 9.2. liHkro gsononartese (d) i WKUTeHb NiTHIN (6) —
BUAN-AOBroXKuTeni, icHytoTb noHas 100 MAH pokis

Heaki nowmperi KoHuenuii Buay

Hassa xoHmemrii Busnauenunsa Bugy Oco0aMBOCTI KOHIETIILiT

Tunosoriuaa ITe rpyma ocobuH, aKi € Vci ocobuHY BUY TOPiBHIOIOTHCS 3 €TAJIOHHUM 3Pa3KOM.
iTeHTUYHUMH 0 0COOu- I1a KoHIenIiA AysKe He3pyUHa IJIs BUIIB, OCOOMHU AKUX
HHU-eTaJOHY 3a IeBHUMU MOJKYTh CUJIBHO BiIpi3HATHCA 3a 30BHIIITHIMY O3HAKaAMU,
O3HAKaMu HaAIIPUKJIAJA cobaKa JoMallHii, Koui (mau. 9.1)

Howminanictuuna @ Ile rpyna ocobuH, sKa Bu- I1a KoHIenIiA PO3TJIsALae BUI AK YUCTO TEOPETUUHE
3HAETHCA (POPMAJILHOIO KJIa- = IMOHATTS, 00 "KUBi OpraHidaMu B IPUPOAL TOCTIHHO 3Mi-
cudikariero i cTAaHOBUTH HIOIOTHCSA. B i1 Merkax BayKKO IIOACHUTY Iy Ke TPpUBAJe
TEeBHUU eTal PO3BUTKY icHyBaHHA TiHKTO a60 IIUTHIB (Maja. 9.2)
IIeBHOI eBOJIIOIiHOT JIiHil

Biosoriuna Ile rpyna ocobuH, 1o 3gar- = KoHmemnmis go0pe miAXoquTs A OIKCY 6AraTOKIITUHHIX
Ha CXPenryBaTucA i jaBatu opraHismiB 3i cTaTeBUM PO3SMHOYKEHHAM, ajie 3a3HAE TPY/-
ILTiTHEe TOTOMCTBO HOIITiB ITi Yac omuCcy OpraHisMiB, AKi He MalOTh CTATEBOTO

PO3SMHOKEHHS, HAIIPUKJIaL 6aKTepii
dijloreHeTuUYHAa Ile malimenma MoHOMI- 115 KoHIleNIIiA BU3HAYUAE BUJ, 32 Or0 MOHO(DLIETUUHUM

moxXo»KeHHAM (Bix ogHiel monysisamnii abo HaBiTh OKpemoi
ocobunu). He € Braoro 1151 BUSHAYEHHS BUIIB, AKi BU-
HUKJIH IILIIX0M CXPeIyBaHHA a00 cuMOioreHesy

JeTHUYHA Irpyna, AKa 3a-
CcJIyTOBYy€ Ha (hopMajibHE
BU3HAHHA
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Tema 2. BiopisHOMAHITTA 333 3 Sl

KpuTepii Bugy

MopdonoriuHmii: cxoxicTb 30-
BHILUHbOI i BHYTpiLWHbOI GyfoBK
opraHi3amiB ogHoro Buay Ta ii
BIAMIHHICTb y Pi3HUX BUAiB

Y moduHu 6inbwiuli MO30K ma
iHWI nponopuii yacmuH ckenema,
wumnasse mae 0obpe po3guHeHul
80J10CAHUU NOKpU8

BioxiMiuHM: MOXNMBICTb PO3-
Pi3HAT BUAW 3a GioXiMiuHUMN
napameTtpamu (6ynoBoto 6Ginkis
i HYKNeIHOBMX KUCIOT)

binok FOXP2 ntoduHu, akuti
De2yJsIt0e po3BUMOK MO3KY, Jieze-
Hig i Kuwe4yHuka ma 3abesneyye
pO38UMOK MOBHUX HABUYOK, HA

2 amiHoKuciomu 8iopi3HAEMbCA
8i0 aHanoziyHozo 6ifKa wumnaHse

PenpogyKTBHMIA: CXOXICTb NpPO- FeorpadiuHnii: 30Ha nowmpeH-

LleCiB XUTTEQIANBHOCTI 1 MOXNU- HA Buay (apean). IcHylTb BUAK

BiCTb CXpeLlyBaHHA 3 pO3ipBaHVIMK | AyXKe BeNMKMMMN

JIoduHA He Moxe cxpewysamucs apeanamu NoLmMpeHHA

i3 wumnaH3e JlloouHa 3acenuna 8ci KOHMUHEH-
mu, a apean wumnaH3se obmexe-

HUlU YeHMpasnabHOK YacMUHOK
Agpuku

ExonoriyHmii: ymoBu icHyBaHHA

FeHeTNYHWMIA: KiNbKIiCTb i CTPYKTY- BUAy, ioro micue B GioLeHO3i,
pa xpomocom Buay, To6To oro B33aEMOBIAHOCVHM 3 iHWIVMU BU-
KapioTun (KOXHWUIM BUA Ma€ YiTKO famu

BU3HaueHWi Habip xpomocom) JloduHa 3acenuna 6azamo pisHux
Y noduHu 23 napu xpomocom, biomonie, a wWumMnaH3e Xugyms
ay wumnaxse ix 24 misibku 8 mponiyHomy Jiici

KpuTtepii Bugy

Y mpuponi TpamiasTbCA BU-
IU-IBIMHUKU, SKi myke momib-
Hi MisK co000 3a 30BHIITHLBOIO
oymoBoro. Taki Buam OyJa0 BH-
sABJIEHO cepex KoMax, pub, ITa-
XiB, ccaBIiB, penTuiaiii, amdibii
Toifo. B YKpaini Bugu-aBitHUKMT
BHAUIIIN y 3€JeHUX POIyX, II0-
JiBoK, mumakis. Tomy, 1100 He
OOMUJUTHUCS, OJA BU3HAUEHHS
BUJY BUKOPHCTOBYIOTH HE SAKYChb
OHY O3HAKY, a iUl KOMILIEKC
KpuTepiiB BUIY.

0 Kniouosa iges
ICHYE€ KinbKa pi3HMX GionoriyHmx

KoHuenuin sugy. Ane B 6yab-
AKIN 3 HUX OKpPeMi BUAW BU3Ha-
YaloTb 3a AOMNOMOrOI0 KOMMJEK-
Cy KpuTepiiB, a He 3a AKOKCb
OfHIEID OKPEMOI0 O3HaKolo.

® MpakTyHa poboTa

BueyeHHs Kpumepiie 6udy Ha npuKnadi poc/IuH i MeapuH, Wo Ha-
niexxame 00 OOHi€i poOUHU

1. Po3rnaHbTe KinbKa BUAIB POCAVH i TBAPWH, WO Hanexatb A0 OAHiI€l
POAVIHY, | BU3HauUTe iXHi pUCK BiGMIHHOCTI OfHe Bif OOHOro 3a KiflbKO-
Ma KpuTepiamu (MopdonoriyHum, reorpadiyHnm, eKoMoriYHUM TOLLO).

2. Pe3ynbtatn cnoctepexeHb odopmTe y BUMALI Tabnuui.
MpyKknagy pPoCiviH OFHI€El POANHW: ABAYHA, rPyLIa, WWMNWKHA.
Mpuknagn TBapvH OAHIEl POANHN: COPOKA, ranka, Kpyk.

3. ChopmynioliTe BUCHOBOK.

3anuTaHHA Ta 3aBAaHHA

1. Ha KOHKpeTHOMY npuKnagi NosCHiTb, AK 3a gornomorotw 6Gioxi-
MiYHOro KpuTepito po3pi3HnTM ABa BuAau. 2. Cepel KOMapiB iCHYKOTb
BUAN-ABINHNKM, [eAKi 3 AKX MOXYTb NepeHOCUTM ManAapilo, a feaki —
Hi. 3a 30BHIWHbOW OYyHOBOIO BOHM He BiAPI3HAOTLCA. 3anNPOMNOHYyNTe
cnoci6 (abo cnoco6u), 3a fonomorol AKoro (abo AKMX) Ui BUAN MOXKHa
pPO3pi3HUTU.
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Tema 2. biopi3HOMaHITTA

§ 10. biopisHOMaHiTTA

0 [NomipkynTe

KopiHHi amepuKaHLi cTBOpuIn Jobpe PO3BMHEHI
umBinizauii. Ane o npuxogdy €BponenuiB He Manu
Y BICbKY KIHHOTW, XOYa KOHi BMHUWKAW 11 €BOSoLio-
HyBanu B [iBHiuHIN Amepuui. Yomy?

e 3raganTe

» KuBi opraHi3amu e PocnnHn
o TBapUHU o Tpubu
» bioueHo3n

PiBHi 1 Tnn 6ionoriyHoro pisHOMaHiTTA

Tepmin «biopisHOMaHITTS» IIOUAIH 3aCTOCO-
ByBaTHu HelrogaBHo. IlouaTTa «6iojsoriubne pis-
HoMaHiTTA» BBiB Tomac JlaBm:koii (mas. 10.1)
1980 pokry, a ckopoueHuii BapianT — «0Oiopis-
HOMaHiTTs» — 3ampononysas Exsapnm Oc6GopH
Bincon 1986 poxy.

3apas 3acTOCOBYIOTH KiJbKa pPiBHUX Bapi-
aHTiB 3HAUYEHHs TepMiHa «OiopisHOMaHITTA».
OpuuM i3 HaAWOINBII IOINMPEHUX € TaKuii: 0io-
pisHomMaHimmsa — Ie CYKYOHICTb T'eHiB, BUIIB
Ta eKOCHUCTEM y perioHi. BusHaueHHs, IPUHNHATE
Ha camiti OOH y Pio-ge-iKaneiipo (1992), roso-
puTh, W10 OiopisHomMaHimms — Ie MiHJIUBOCTI
cepel KMBUX OPraHisaMiB 3 OyIb-AKKX apeaJiis,
BKJIIOUAIOYU, 30KpeMa, CYXOA0JbHi, MOPCHKi Ta
iHIIi BOAHI, Ta cepell eKOJIOTiUHNX KOMILJIEKCIB,
YacTUHAMU SKUX BOHU €, IO BKJIOUYAE MiHJIU-

A

800

600 —

400 —

Yncno poauH

200
100

BicTh ycepeauHi BUAIB, Mi)K BUAAMU Ta MiX
exocucreMaMu. BinmmosigHo, 3a piBHAMEN MOYKHA
posrasmaTtu 6iosoriuHe pisHOMAaHITTS Ha piBHI
noonyaAmnii, BUAYy, eKOCUCTEMHU TOIIIO.

PospisudoTs Tpu OCHOBHI Tumu 0iopisHo-
MaHiTTA: anabda-, O6era- Ta ramMma-pisHOMAaHIT-
Ts. Anb(pa-pisHOMaHITTA OIiHIOE pPi3HOMAHITTA
BCepeAuHi yrpymnoBaHHsA, OeTa-pisHOMAHITTA —
MiK yrpynoBaHHSAMM, a TaMMa-pPisHOMAaHITTS —
Ha piBHIi JaHAIIA(THOI B0HU, AKA MIiCTUTH Iy
HU3KY YI'PYIOBaHb.

3HaueHHA BiOPI3HOMaHITTA y Npupoai
W XKUTTI NIOAUHN

BiopiswomaniTTa Bimirpae Haa3BUUYANHO
BasKJIMBY DOJIb B icHyBamHHi Giocdepu. IIpors-
TOM eBOJIIOIIi1 OiopisHOMaHITTA mOCTiiiHO 3pocTa-
JI0, 110 Jo0pe BUAHO Ha NPUKJIALI 30iIbIITeHHSA
KiJIBKOCTI POAWH KMBUX OPraHidMiB i3 wacom
(man. 10.2).

ExocucremMu MOMKYTh iCHyBaTH TiJbKU 3a
YMOBH, IO MO iIXHBOTO CKJAJy BXOAATH IPOIY-
IeHTN, KOHCYMEeHTH i peayIieHTH, 00 opraHiuni
PEYOBUHM CJIiJ] TOCTifIHO YTBOPIOBATH i IIOCTiHHO
pyliHyBaTu, 11100 3ab6e3neuynTu OOMiH PEYOBUH.
Tob6To 6e3 MiHiManbHOTO GioJIOTiYHOTO pidHOMA-
HITTS eKocucTeMa iCHyBaTW IIPOCTO HE 3MOIKe.
TeopeTUYHO MiHIMAALHON YMOB0I0 iCHYBaHHA
€KOCHUCTEMHU € HAABHICTh Xo4ya 6 ABOX KOMIIO-
HEHTIiB — MPOAYIIEHTa i peayIlieHTa.

Binpmuii piBeHb pisHOMaHITTS POOUTH €KO-
cucTeMH OLJIBII CTIMKMMU 0 30BHIIIIHIX BILINBiB.

Maneo3olicbKa Me3o3o1cbka  KaiHo30oWMcbKa
epa epa epa

550
Man. 10.1. T. Nlagkon (Hap. 1941 p.),
aMepuKaHCbKMin Gionor
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Capensis

Antarktis
Man. 10.3. ®nopucTnyHi LapcTBa

Bucoxke remetTruHe pisHOMAHITTS 30i/IbIIIy€E IIaH-
cu IOMmyJaANii Ha BUIKUBAHHSI B yMOBax 3MiHU
cepemoBUINA iCHYBaHHs, 00 B TaKOMY BUIIAIKY
X0U XTOCH i3 HAIIaJKiB MOKe BUABUTUCS JOCTAT-
HBO IIPHCTOCOBAHUM [0 HOBUX YMOB iCHYBaHHA.

Benuke sHavenHs Mae OiopisHoMaHiTTA
i nna mooguHU. JllonuHa TAKOMK € CKJIAJJ0BOIO
exocucteMm. ToMy BuCOKUII piBeHBL GiopisHOMA-
HITTS 30iJbINye ITaHC BUKHBAHHA €KOCHCTEM
ysaraJii i JIoAuHN 30KpemMa. Besmka KiJbKicTb
pisHUX BUAiB TBApWH i POCIMH MOKe OyTHU IKe-
peJioM IPUPOIHUX CIIONYK i MaTepiaiuiB, AKi Mo-
JKYTh BUKOPHCTOBYBATHUCS JIOJUHOIO.

Kpim Toro, BCOKe pisHOMAHITTS Hajgae JIO-
IUHI mepeBaru i B il rocmofapchbKii AisiabHOCTI.
Tar, mepmri muBisisanii Ha nIaHeTi 3apoAsKyBa-
JUCSA Y CXOKHUX yMoBax. AJjie eBpasiiicbKi Iu-
Bimizaifii MaJau MOMKJIMBICTE AJIs OLOMAIIHEHHS
HabaraTo 0iibInol KiJILKOCTI BUAIB TBapuH, HikK,
HaIPUKJIAL, aMepuKaHcbKi. OmoMaIrrneHHA KO-
Hell 3poOuyio GiNbIll ePeKTUBHUM SAK CiJIbCbhbKe
rOCIIOIapCTBO, TaK i TPAHCIIOPT, IIIO CTAJIO HIPU-
YUHOIO BUIIOI e(heKTUBHOCTI €eKOHOMIKHY i IITBU-
IIoro PO3BUTKY muBimisarii B €Bpasii.

Cnctematuka i 6ioreorpadis

CucremaTurka ta Gioreorpadis € Haykamwu,
AKi CKJIaJalOTh OCHOBY BUBUEHHs OiopisHoMa-
HiTTs. CHcTeMaTHKA PO3IOAiJsae OpraHisMu 3a
CHUCTEeMATUYHUMU T'PYHaMU, BPAXOBYIOUHU CTY-

0 KnioyoBga igen
BiopisHOMaHITTA € 060B'A3KOBOIO YMOBOW iCHY-

BaHHA Oyfb-AKOI ekocuctemu. Bucokuin piseHb
6iopi3HOMaHITTA pPobUTb ekocucTemMu 6inblu
CTiINKUMU. BOHO Ma€e BenmyesHe 3HayeHHA ANA
PO3BUTKY Ta BUXWMBAHHA NIOACTBA.

Tema 2. BiopisHOMAHITTA 333 3 Sl

3

Antarctic
Man. 10.4. 3ooreorpacdiuHi LapcTBa

MiHb CIIOPiAHEHOCTi Ta eBOJIIOIINHY icTOpito BuU-
niB. Bioreorpadis mocirimkye 3aKOHOMipHOCTI
reorpahiyHOro IOMIMPEHHSA KUBUX OpPTraHi3MiB
Ta iIXHIX yrpymoBaHb i xapakTep payHu (CyRyII-
HOCTi BUAiB TBapuH) i (psiopu (CyKyIIHOCTI BUAiB
POCJINH) OKPEeMUX TEPUTOPii.

3aBOAKU DOCTiIKEHHIM CHUCTeMaTHUKH i 0io-
reorpadii OyJyio, HaIpUKJIa, BUILIEHO (JIOpHUC-
TUYHI IapcTBa — paiioHu 3eMJii, saKi BigpisHs-
IOTBCA OCOOJIMBOCTAMU (DJIOPUCTUUHOTO CKJIALY
(maut. 10.3). Ilikaso, 110 (hayHicCTUUHE pAaliOHyBaH-
Hs, sIKe Te)X 0yJI0 BUKOHAHO, JAJIO AeI[0 iHIITni
moais moBepxHi 3emJui Ha obaacti (mas. 10.4).

@ MpakThyHa poboTa

lMopieHAanbHa xapakmepucmuka ¢hayHicmu4yHux
yapcme

1. Po3rnAHbTe KapTy ¢dayHICTUYHOrO parioHyBaHHA
cyxopony. BusHaute Teputopii, AKi OXOMJIIOE KOXHe
dayHicTMyHe LapcTBO.

2. BukopucToBytoun TeKCT NigpyyHrKa, BU3HayTe Xa-
paKTepHi 03HaKN KOXHOro ¢ayHiCTMYHOro LapcTBa.
CknagiTb Ta 3anoBHITb BiAMOBIAHY TabnuLto.

3. Bu3HauTte ronoBHi NpuvHUUNM ¢dayHiCTUYHOrO pa-
NOHyBaHHA. [lariTe iM KOPOTKY XapaKTepPUCTUKY.

4. Coopmynioiite BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBLAHHA

1. AKMMKM MoOBamy nojaHO NiANMCK Ha KapTax
(man. 10.3, 10.4)? Yomy came Ui MOBM HalyacTiwe BU-
KOPUCTOBYIOTb Y Hayui? 2. Yu 3rofHi BN 3 TBepAXeH-
HAM, WO NonynsALlis 3 BUCOKMM piBHEM BGiopisHOMaHITTA
Ma€ GinblUi WaHCK Ha BUXKMBAHHA Y BUMAZKY Ail Ha Hel
HecnpuatTnmeoro daktopa? OBIpyHTYNTe CBOK TOUKY
30py. 3. 3a AKNX YMOB 3MO»Ke iCHyBaTu ekocucrema, jo
CKnagy AKol BXOAWUTb TiNbKW OAWH BUA XUBUX OpraHis-
MiB? IKUM YMHOM Y Hill MOXKHa CTBOPUTU MiHIManbHO
HeobxigHe AnA OYHKUiIOHYBaHHA GiOpPi3HOMaHITTA?
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Tema 2. biopi3HOMaHITTA

§ 11. JocnigKeHHA Giopi3HOMaHITTA

0 [omipkymnTe

Y Aakomy 3 ABOx 6ioLleH03iB — KOpasioBoro
pudy UM BiZKPUTOro OKeaHy, pPO3TallOBaHUX
Ha OJHAKOBIN rMNOWHI,— 6Giopi3HOMaHITTA
6yne 6inbwmm i yomy?

é 3raganTe

- bionoria - MeToaun 6ionorii

+ EkcnepumeHT » CnocrepekeHHA

« QaKkTOpK cepepoBMLLa

MeToaun BuBYEHHA Giopi3HOMAHITTA

Meronu BuBuUeHHs Oiopi3HOMAHITTA € [1O-
cuTh uncjeHHUMHU. [{o HUX HajJe)XaTh iHBEeHTa-
pusarid, MOHITOPHWHT, OI[iHKAa BHIOBOTO Pi3HO-
MaHITTHA, OIliHKa eKOCUCTEMHOT'0 Pi3HOMAHITTA,
bGioimguKaIis.

HysKe BaKJIMBUM € KiTbKiCHUIT acTIeKT OIli-
HIOBaHHA Pi3HOMAHITTA.

OrmintoBaTu 6i0pi3HOMAHITTA MOKHA AK yce-
penuHi SKOroch yrpyloBaHHs, TaK i MOpPiBHIO-
oYn MiK co0or0 pisHi yrpymosamusa. Ilix uac
OIliHIOBaHHA OiOPiBHOMAHITTA BCEepenUHi yrpy-
MOBaHHA He CJiJ IJIyTaTHu HOro 3 06araTcTBOM
exocucteMu. BupoBe 6araTcTBO BU3HAUAETBHCSH
KIJIBKiCTIO BUIiB, AKI OPUCYTHI B €KOCHCTEMi.
A mix uyac orminmoBamHA OiopisHOMAaHITTS Bpa-
XOBYETHCA TAKOMK KiJbKiCHA YacTKa KOMKHOTO
3 BumiB (mas. 11.1).

LKL

YrpynoBaHHA 2

TILE

YrpynosaHHsa 1

Man. 11.1. Bugose 6aratctBo yrpynosaHb 1 i 2 ogHaKoBe,
a 6iopi3HOMaHITTA NepLIOro yrpynoBaHHA BULLE, HiX ApYro-
ro (a, b, ¢, d e — neBHi BMAN)

24

I[HBeHTapu3auia i MOHITOPUHT

Byan-saka ominka O6iopisHOMaHITTA mMoYMHA-
€ThCA 3 MOro IeperiKy (iHBeHTapuaalii).

InBenTapuzaniss — 1e BUABJIEHHA HadAB-
HOCTi BCix KOMMOOHEHTiB O6iopisHOMaHITTA Ta X
dikcamia. Tak, mig vyac amaiaisy TeHEeTHYHOTO
PiBHOMAHITTS BUABJIAIOTH yCi icHyIOUi BapiaHTH
TeHiB, a miJ yac aHaJIidy BUAOBOIO Pi3HOMAHITTSA
BU3HAYAIOTh yCi BUAMW, AKi € B yrpyIOBaHHi.

IuBenTapusalia € Tiero 0CHOBOIO, 3 AKOI ITI0-
YMHAIOTHBCA BCi pobOTU 3 HOCHimxeHHs 6iopis-
HOMAaHITTA. AKe Iepes TUM SK IIOPiBHIOBATH,
Tpeba 3HATHU, IO IIOPiBHIOBATHU.

Yacto aas BifcaigKoByBaHHA 3MiH Oiopis-
HOMAHITTS BUKOPHUCTOBYIOTH MOHITOPUHTOBIL J0-
craimxenas. MOHITOpUMHT — Iie TUII AOCJiJKeHb,
3a AKUX 3 IMEBHOI0 IEPiOJMUYHICTIO TPOBOSATH
pAI 3aXO0MiB, AKi MO3BOJAIOTHL BU3HAUUTU CTAH
mocaimsxyBaHoro ob’exkTa. 3axoau IIPOBOLATH
OJTHAKOBMM UYHNHOM i 3 BUKOPHUCTAHHSAM OJHA-
koBuXx npuinafis. Ile mae MoxJuBicTH aHanmisy-
BaTU AUHAMIKY 3MiH CTaHy Ta BUABJATU 3MiHU,
AKi1 BimOyBaroThCsA 3 00’€KTOM CIOCTEPEKEHb.
MowuiTopuHTOBI AOCHiAKEeHHSA TO3BOJAIOTH PO-
O0uTu e@eKTHMBHI IMPOTHO3M POBBUTKY CHUTYyAILil
B eKocmcTeMax i 3amobiraTu HeraTMBHUM TeH-
IOeHIlisIM, SIKi BIAa€eThCs BUSABUTH.

3ajIeKHO BiJ Impu3HAUeHHS BUIIJIAIOTH 3a-
raJpHuil (CTaHmapTHUI), omepaTUBHUMN (Kpu-
30Buii) Ta GoHOBUII (HAYKOBUII) MOHITOPHUHT.
®oHOBHMIT MOHITOPUHT 3IiMCHIOETHCA Y IPUPOI-
HUX Ta OiocepHUX BaMOBiAHMKAX i Ha iHIITUX
TEPUTOPiAX, IO OXOPOHAIOTHCA. BiH € morJan-
HUM i BUCOKOTOUHUM, II[0 M03BOJSAE e(DEKTUBHO
IOCJTiXKyBaTH 3MiHY CTaHY €KOCHUCTEM. 3aralib-
HHUI MOHITOPUHT He TaKui mokjJanuuii. [lapame-
TPU, 3a AKUMHU BiH 3miHICHIOETHCS, MiA0MPAIOTh
3 TOUYKU 30pY OITHUMAJBHOCTI ¥ JOCTATHOCTI.
OnepaTuBHHMII MOHITOPUHT IIPOBOIATH Y 30HAX
aBapiii Ta MPUPOAHUX ABUII, AKi CyTTEBO IIO-
PYLINJIN CTaH €KOCUCTEeMU.

bioiHaMKauia Ta ekonoriyHe

NPOrHO3yBaHHA

Bioingukania — 1me MeTon BU3HAUEHHS €KO-
JIOTIYHOTO CTaHY €KOCHCTEM 3a JOIIOMOTOI0 KU-
BUX 00’€KTiB. fIK 00’€KTH MOKYTh BUKOPHCTOBY-



Tema 2. BiopisHOMAHITTA 333 3 Sl

Man. 11.2. Bugn-ingnkatopu: MMWanHMKn (a) — 4nctotn nogitTps, fadHii (6) — BOOHMX ekocucTem

BaTUCS KJITUHU, OPraHidMU, TOMYJIAIil OKPEMUX
BULIB a00 €KOJIOTiuHi yrpymoBaHHA. 3a SOIIOMO-
roro OioiHmmkariii MoskHa oIiHIOBaTH gir0 abio-
TUYHUX, OIOTUYHUX Ta aHTPOIOIeHHUX (PAKTOPiB.

A niarHOCTUKU CTaHy €KOCHUCTeM BUKO-
PHCTOBYIOTH BUAM-IHANKATOPH, IKi MaOThL 0iJIb-
M1y YyTJIUBICTD OO Ail HECIIPUATINBOTO (haKTOPY
cepemoBHUIA i TOMY IIBUAIE PearyoTh HA 3MiHUI
B mii mporo ¢gaxropy. Hia ominkm aii pisHmMx
(hakTOPiB BUKOPUCTOBYIOTH Pi3HiI BUAM-iHAWKA-
Topu (Maa. 11.2).

Caip BigmiTuTH, 110 VHiBepcalibHUX BUIiB-
imgukarTopiB He icHye. Ile moB’A3aHO 3 TUM, IO
pisHi KWBi opraHisMu CyTTEBO BiPiBHAOTHCA
MixK coboro 3a criiikicTio mo mii pisHux daxrTo-
piB. I aKmio, HaIpUKJIaL, IeBHUN BUM € UyTJIU-
BUM [0 3MiHU BMiCTy CHOJYK ApPCEHY Yy CBOEMY
CepemoBUII iCHYBaHHs, TO IIe He O3HAUAE, IO
BiH TaKoK Oyae rapHUM iHAWUKATOPOM [IJIs BU-
SABJIEHHS 3MiHM BMicTy cmouayk ILinromMOymy.

Hnsa amaiisy 3MiH cTaHy €KOCHCTEMHU B ITi-
JIOMY 3aCTOCOBYIOTH He OIWH BUJ-IHAWUKATOD,
a MiJui KOMILIeKC TaKuxX BUAIB. s TOro 1100
OI[iHKa CTaHy eKocucTeMu O0yJia epeKTUBHOIO, [0
KOMILJIEKCY BUIiB-iHAVKATOPiB BKJIIOYAIOTH IIPEJ-
CTAaBHUKIiB OCHOBHUX €KOJIOTIYHUX TPYI — IIPO-
IYIIEHTiB, KOHCYMEHTIB i penyiieHTiB. Ilpu mpomy
cepel, KOHCYMEHTIB BUAU-IHAMKATOPHU IIigdompa-
IOTh JIJIA KOXKHOTO 3 OCHOBHUX TPO(iYHMX PiBHIiB.

0 KnioyoBga igen

CrnocTepexXeHHA 3a CTaHOM 6iopi3HOMaHITTA
B eKOCKCTeMi MOXe JaTu fyxe 6arato KOPUCHOI
iHpopmauii. 3 loro [ONOMOrolo MoXHa BUABUTU
nosABy HOBMX Npobnem i 3pobuTV NPOrHO3 LWOAO
ManByTHiIX nodii B eKocucTemi.

Exosoriuse mporao3yBaHHA — Iie Iiepeaoda-
YeHHA MOKJIUBOI TOBEeIiHKY IPUPOIHUX CHUCTEM
Ha OoCcHOBI iH(popmMmarrii, sxa OyJja oTpuMaHa B II0-
nepenHix gociaimgsxkeHHAX. OCHOBOIO €KOJIOTiuHO-
IO IIPOTHO3YBAHHSA YaCTO € CTBOPEHHS MojeJei
€KOCHCTEM, AKi JO3BOJISIOTH OI[iHUTHU BILIUB Ha
HUX AK IPUPOSHUX IIPOIECiB, TaK i JIFOACBKOIL
SKUTTENIANBHOCTI. [[J14 €eKOJIOTIUHOTO IPOTHO3Y-
BaHHA CTBOPIOIOTH HMPOTHO3HI KapTw, AKi mepi-
OIMYHO OHOBJIIOIOTH, YpaxoBylouu 3adiKcoBaHi
B €KOCHCTeMaX 3MiHWU.

® MpakTyHa poboTa

BugyeHHs 8u008020 CK1a0y eKocucmem C80€i mic-
ueeocmi. Budooea 6iopisHomaHimHicme

1. Bu3HauTe BUAN POCIVIH | TBAPUH, AKi BXOAATb A0
CKnapy OfHI€l 3 eKoCcMcTeM BaLLOi MiCLLeBOCTi.

2. 3a pe3ynbTaTamy CNOCTEPEXEHD 3aMOBHITb Tabnu-
Lo, y AKIN YKaXiTb, AKI POC/IVHN € NOKPUTOHACIHHU-
MW, FOJTOHACIHHVMM Ta BULLMMW CMTIOPOBUMM, @ TaKOXK
AKi TBAPUHN € XPeOETHVMU, Be3XPebETHMU.

3. AnA KOXHOro 3 BUWAIB OLiHITb YacTOTy, 3 AKOIO
BiH TpannA€eTbCcA B eKoCUCTeMi, (BUCOKa, cepepHs,
HW3bKa), Ta BKaxiTb il B Tabnuui.

4. Coopmyntoiite BUCHOBOK.

03aI‘IMTaHHH Ta 3aBAaHHA

1. AKi nepeBarn " HepoNiKW, MOPIBHAHO 3 iHAMKa-
Li€lo 3a Jonomorol npunagis, Mae bioiHanKauin?
2. Cknagitb CNMUCOK €KOCUCTEM BalLOro perioHy, anAa
AKNX Byno 6 6a)kaHO MPOBECTU EKOJSoriYHe MPOrHO3y-
BaHHA. 3. HaBepgiTb npuknagu sugis-iHgmukaTtopis. 4. Ha
npviknagi fadHii NOACHITb, AK MOXHa BUKOPMUCTOBYBATA
BMAN-iHaMKaTopu. 5. Ha mantoHKy 11.1 nokasaHo BuAao-
BMIA CKNapj Ta 4acTky (Big 3arafbHOro umcna ocobuH)
KOXXHOrO 3 BUAIB 1BOX YyrpynoBaHb. MoACHiTb, Yomy 6io-
PI3HOMAHITTA yrpynoBaHHA 1 BULLE, Hi>K YTPYNOBaHHA 2.
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Tema 2. biopi3HOMaHITTA

§ 12. CyyacHa cuctema XuBoro cBiTy

0 [omipkynTe

AK MOXHa BM3HAYnUTU Ha-
ABHICTb Pi3HMX BUAIB MiKpO-
OpraHi3amiB y neBHOMy cepe-
JOBULLi iCHYBaHHA?

é 3raganTe

e KnitnHa « [MpokapioTtn
» Eykapiotu  Bipycun
o CnctemaTnyHi Kateropii

TpngomeHHa cncrema

»WVBOTO CBITY

Kapa Boys (1990 p.), cnupa-
I0YMCh Ha aHAaJi3 IIOoCJiJZOBHOCTI
mykaeorunie pPHK Ta meaki immmi
MOJIEKYJIAPHI XapaKTepPUCTUKU, 3a-
IPOIIOHYBAaB HOBUI BapiaHT cucTe-
MATUKMN KUBUX Opradismin. 3rin-
HO 3 HUM OpTraHidMu HOoAigAaIuCcA
Ha BeJIMKi CHUCTeMaTWYHi rpynu —

Man. 12.1. Tpy JOMEHM XMBUX OPraHi3miB

nomeHu. JloMeH — Ile TaKCOH HAWBUINOTO PaHTy, AKUN
BKJIIOYAE KiJbKa IIApCTB KUBUX OPTaHi3MiB.

Kaituuui dopmMu KUTTS mOgijiniau Ha TPU JOMEHH —
Bakrepii, Apxei ta Eykapioru (man. 12.1). Bipycu Bumi-
JUJIN AK OKpeMUi TakcoH Vira, axuii 06’eqHye HEKJiTHUH-
Hi opmMu; KUTTA ¥ 3a paHroMm Bigmoimae momeny. Taxa
KJacudikaiis HaOiJIbIII TOYHO BigOMBA€E CcydacHi ysaBJIEH-
HA OPO BUHUKHEHHA U €BOJIIOIiI0 OCHOBHUX TI'PYIl KUBUX
OpraHismis.

XapaKTepHi 0co6MMBOCTI AOMEHIB *KMBUX OpraHi3mMiB

Oprasnisamu,
Tpyna AKi BXOTATH
IO CKJIAxy IPyIH

Oco6auBOCTi OyIOBH i JKUTTEXIAIBHOCTL

Baxkrepii Baxrepii Kaitunni opranismu. ¥V KiiTuHax HeMae sgapa i MeMOpaHHUX opraHes. Bin-
PisHAIOTHCA 3HAYHOIO Pi3HOMAaHiTHiCTIO 6ioXiMiUuHMX MpoIleciB y KIiTuHAaX.
T'emeTuunuit maTepias 3a3Buuail npeAcTaBJIeHUN BeJIUKOIO KiJIbIIeBOIO MOJIe-
rymaoio [JTHK (6akTepianbHOI0 XpoMocomoio). MoKyTh MaTu maasmigu. I'enu
He MiCTATH iHTPOHIB

Apxei Apxei (apxebak- = Kaitunxi opramismu. CyTTeBO BiApisHAIOTHCS Bif iHIITIX JOMEHiB 3a CKJia-
Tepii) IoMm JinigiB Ta 6inKkiB. ¥V KJIiTrHaAX HeMae Apa i MeMOpaHHUX oprauei. I'e-
HETUYHUN MaTepiaj 3a3BUUal IPeICTABIEHNI BEJIMKOIO KiJIbIIEBOIO MOJIEKY-
noro [JTHK (6akTepiambHOI0 XpoMocoMoio). MokyTs MaTu maasmiau. YactuHa
TeHiB MiCTUTH iHTPOHU

Eykapioru @ TBapunu, rpu- Kaituuni opramismu. ¥ KiaiTuHax € sapa Ta iHIIi MeMOpaHHi opraHenu
6u, 3eJieHi poc- ¥ murockeseT. ['eHeTHUHMIT MaTepiaja MiCTUTBCS ¥ XPOMOCOMAaX i Ma€ BUTJIAL
JUHU TOIIIO girittanx moseryn [JHEK. ¥V mitoxorapiax i miracTumax npucyTHi HeBeIuki

mosiekyJsiu Kismbresoi JJHK. T'eau micTaTs iHTpOHT
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Tema 2. BiopisHOMAHITTA 333 3 Sl

DiadopeTukn EkckaBatu Amopdei
I I
Eykapiotn
[aBHi 6akTepii TeppabakTepii Figpo6akTepii
Biapinu-npereHpeHTN bakTepii Apxei

LUCA (ocTaHHi cninbHUM npefok
KNITUHHMX OpraHi3miB)

Man. 12.2. HoBuii BapiaHT cucTeMmn opraHi3miB, y AKOMY eyKapioT! 06’eAHYIOTbCA 3 apxeAMM i 3'ABNAETbCA HOBA rinka (Biogi-
N-NPEeTeHAEHTH, AKI He MOXHA MOKM Lo BigHeCTV Hi Ao 6aKkTepii, Hi o apxei)

MakpocnctemaTtmka i MeTareHOMHUN
aHani3

MakpocHuCcTeMaTHKOI0 Ha3UBAIOTh PO3/LI CHUC-
TeMaTUKMU JKUBUX OPraHi3sMiB, SKUI IIpaIfioe is
CHUCTEeMATUYHUMU KaTeTopiAMMN HAWBUIIINX PaH-
riB — moMeHaMu, CyOlOMeHaMu, IPyIIaMu IIapCcTB,
mapctBamu Torro. OcTaHHIM YacoM y IIi#l raJrysi
0yJ10 3pobJieHO unMasio BigkpuTTiB. 1le moB’a3amo
i3 BacTocyBaHHSAM HOBITHiX MeTOHiB aHami3y,
y [Oeplry 4Yepry MOJAeKYJNLAPHO-26HEMUYHUX.

3apas y:ke BioMa IOCJIiJOBHICTh HYKJIEOTH-
nie IHK gia 6araThox BasKJIMBUX TeHIB COTEHbD
opratismiB. A reHOMHU X0Y KiJIbKOX IpeACTaBHU-
KiB OCHOBHHMX CHCTE€MATHUYHUX TI'PYH PO3ITHQGPO-
BaHi moBHicTIo. Ile mo3BoJIsie e)eKTUBHO ITOPiB-
HIOBAaTU OPTaHI3MM MiK C000I0, BCTAHOBJIIOIOUN
ixHi poauHHI 3B’ A3KHU. 3aBAAKHN TAKUM TeXHOJIO-
rissM OyJI0 ImocTaBJIeHO IMIUTAHHSA PO 00’ € THAHHSA
apxel Ta eyKapioTiB B OOMH AOMeH. 3apas3 BOHO
AKTHBHO OOTrOBOPIOETHCH.

0 Kniouosa iges

YCi KNiTUHHI OpraHi3Mn y cyyacHin cucrtematuui
noAinAlTb Ha TPW BeNUKi rpynn — AOMEHU:
bakTepii, Apxei Ta EykapioTu. Bipycu 06’egHytoTb
B OKpeMy rpyny HekmiTuHHUX dopm xunTTa Vira,
AKa 3a PaHroM [OPIBHIOE JOMEHY.

Taxok IIHPOKE B3aCTOCYBAaHHS OTPHUMAaB
MeTOJl MemazeHoMH020 anari3y. Bin mosBoise
Buayuyatu ¥ aHagidyBatu [IHK OesmocepenHbo
3 BimiOparnumx mpoO, 6e3 BUPOIYBAaHHSA MiKpPO-
oprauismiB. Taxkwii merTon aHaidy momomarae
BUBYATHU OPraHi3MM, AKi HOKHU IO HE BIAETHCS
BUPOIIYBATA HA MOKUBHUX cepemoBUIllax. Bu-
ABUJIOCS, IO TaKWUX OpraHisMiB mabarato 0ijb-
e, HixK mepembauasiocs panimre. Cepenm HUX
HaBiTh OyJia BUIijJleHa OKpeMa rpymna «Bigmiigis-
raagunatiBs (Candidate Phyla), AKUX TIOKU IIIO
He 3MOTJIN BifHecTH Hi Io apxeil, Hi 70 OaKTepiii.
MosxkauBo, 1110 iX mOBemeThCA BUIIIATUA B OKpe-
muii gfomen (maa. 12.2).

IIa HOBa rpymna IiJIKOM CKJIaJaEThCA 3 opra-
Hi3MiB, fKi He BJAETHCA BUPOIIYBATU B KYJbTY-
pax. IToku 110 Bimoma TieKu OyzmoBa ixaboi [[HK
i Te, 110, CKOpillle 3a Bce, BOHU € IIPOKapioTamu.

3anuTaHHA Ta 3aBAaHHSA

1. Yn 3rogHi BU 3 BUKOPUCTaHHAM TEPMiHa «JOMEH»
[NA NOo3HayYeHHA HanbiNbLWOI cMcTeMaTUYHOI KaTeropii?
O6rpyHTyITe CBOIO TOUKY 30pY. 2. [TOCNiJOBHICTb HyKneo-
TUAIB AKMX FeHiB HavKpalle BUKOPWUCTOBYBATWU ANA MO-
PIBHAHHSA Pi3HKX rPyn XXMBMX OpraHiamis? Bignosigb 06-
rpyHtymnte. 3. CKnagitb CNUCOK MOXMBUX MPUYMH, AKI
3aBaX<aloTb BUPOLLYBAHHIO B KY/bTYpi MiKPOOpPraHi3mis,
WO BiAKPWAX 3a JOMOMOrOK MeTareHOMHOro aHanisy.

27



Tema 2. biopi3HOMaHITTA

§ 13. NpokapioTUyHi opraHiamn

0 [omipkymnTe

Apxeli BBa)KaloTb HAMOAMXKUMMU poOAUYaMNA
i Nnpegkamu eykapioTiB. A AKi O3HaKM Ha ue

BKa3yloTb?
e 3ragaite
o KnitnHa o KniTuHHa CcTiHKa
« Hykneoig,  Mnasmiga
o [DKryTumK

bakTepii Ta Apxel

IIpoxapioTiB moisAOTH HA ABi BEIWKi Ipy-
nu — gomeHu Apxei ta Bakrepii (manx. 13.1).
Baxrepii TpamisioThea B yCiX cepemoBUIIax ic-
HYBaHHA. BOHU JKUBYTH Yy BOJi, I'PYHTi, *KUBUX
opraHizmax. Apxe#l crmoyaTKy BUSABWUJIU B 30-

HaX eKCTPeMaJbHOTO iCHYBaHHA: y IysKe ra-
pAYNX mKepenax (HaAIpUKJIam, y Teisepax) Ta
B IIysKe XOJIONHUX yMOBax, y BOJOMMAax i3 my:ke
COJIOHUM, KHCJAUM a00 JIY;KHUM CepPemOBUIIEeM.
AJle HacTyOHI OOCHiM:KeHHS BUABUJIN 3HAUHY
KiJIbKicTh apxell, AKi KUBYTh i B HOPMAaJIbHUX
yMoBax. baraTo mpejcTaBHUKIB apxXeil € Melll-
KaHI[IMU TPaBHUX TPaKTiB TBapuH (KYHUHUX,
TEepPMiTiB, JIOAEe# TOIIIO).

Cncrtematnka 6akTepili Ta apxen

ITogin GaxkTepiii Ha BeJaUKi cHUcTeMaTHYHI
Tpynm Aoci € mpeaMeTOM HAyKOBOI AMCKYCii.
fAxiio o6’egHaHHA BUAIB 0 I'PYI paHry Bimmi-
JIy He BUKJUKAIOTH 0COOJMBUX HPOOJIEM, TO 3a-
TaJIbHOIIPUHNHATE X 00’eIHaHHS Ha PiBHI mapcTs
abo cyOmoMeHiB BimcyTHE.

Haii6inpin mommupeHuM 3 iCHyHOUHX Bapi-
aHTiB € HOAiN O0axkTepiii Ha TPU BeJUKi I'PYIIH:

XapakTepHi 03HaKy 6akTepill Ta apxen

O3Haka Baxkrepii

KinpkicTs KiriTua

OpHOKJIiTHMHHI, KOJIOHIaNbHI Ta (iHKOIN) 6a-

Apxei

TinbKu OMHOKIITUHHIL

TaTOKJIITHHHI (MalOTh KJIiTUHYU Pi3HUX TUIIIB,

SIK HOCTOK)

BynoBa kaiTuaHOI

MeMOpaHu 3 (pocdoimigin

KaitunHa cTinka
Ocob6smBocti remomy = He micTuts ricronis

OcobauBocTi
IKTYTUKIB

Mem6paHa 3aBKI1 SBOIIAPOBA, CKJIALACTHCA

CkJiamaeTbesa 3 Mypeiny Ta crenu@iuvHux
0inKiB, uacTo Mae SOZATKOBI Imapu

IToposxHMCTI 6iTKOBI MUIIHAPY, POCTYTh KiH-
YUKOM; O0ePTaHHS BiIOYBa€ThCA 38 PAXYHOK

MemOpana Moxke OyTH IBOIIAPOBOIO
a60 OJHOIITaPOBOIO, CKJIAJAETHCA 3 eTe-
PiB rurinepoJsiy Ta TePIeHOBUX CIIOJIYK

CryamaeTsed i3 ICeBIOMYpeiHy Ta ciie-
nudivHMX GiIKiB

MicTuTs rictoHonoAioH1 OiIKMT

CyminbHi 6i1KOBi HUTKU, POCTYTH
OCHOBOIO; 00epTaHHA BigOyBaeThCs 3a

pisHUI KOHITeHTpAaIlil MIPOTOHIB IO PidHi OOKM | paxyHOK BUKOpucTaHHA eHeprii ATdD

MeMOpaHu

Man. 13.1. MNpeacTaBHUKN apxelt (d), OQHOKMITUHHMX (6) Ta 6araTOKNITMHHUX (8) GaKTepil
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maBHi OaxTepii, TeppobakTepii Ta rigpobdbakTepii.
IIpeacraBHUKaMu OagHix Oaxmepiii € BOLHEBi
G6axTepii (OTPUMYIOTH €Hepriio 3a paXyHOK OKUC-
HEHHs BOJHIO) Ta TepMmoToru (0axkrepii, ki :Ku-
BYTBb y rapAumx mxepenax). Ilo meppobarxmepiil
HaJeKaTh IfiaHobaxkTepil Ta 30yAHUK TyOepKYy-
JBO3Y, a 0 zidpobakmepiii — cuipoxXeTu, XJami-
Iii Ta 30yAHUKHK YYMH, X0JIEPH i CAILMOHEIHO3Y.

CucrtemaTuKa apxel TaKoK € Ile Hemo-
CTaTHBO PO3pOOJieHOI0. AJie BUeHi BUIIJIAIOTH
cepel HWX [ABiI BeJUKiI rpynu — mpoTeoapxei

Tema 2. biopisHomaHiTTAa 333 S

Ta eyapxei. [lo rpynu npomeoapxeili HalexarTb
memrogasuo (2015 pokry) BimxpuTi JoKiapxei.
Ix BBaXKaIOTH rpymoo0, AKa € IPEeJKOBOIO A
eykapiorTis.

3HauyeHHA baKTepin Ta apxen gna
NIOAVHN

Ona nAoguHu BeJIWKe 3HAUeHHS MAalTh AK
bakTepii, Tak i apxei. Pisui npegcraBHUKY IIUX
TPyI MOKYTb MaTH AJIS JIIOOUHU K IIO3UTUBHE,
TaK i HeraTwBHe 3HAUEHHH.

3HaueHHA H6aKTepiln 4nA NOANHN

Bzaemopgis 3 1r0AUHOIO

BuKopHUCTOBYIOTHCS ¥ BUPOOHUIITBI XapUOBUX
OPOAYKTiB

€ OCHOBHUM BUPOOHUKOM IIPOAYKIIil B 6i0T€XHOJIO-
rivEoMy BUPOOHUIITBI

€ CKJIaZI0BOIO YaCTUHOIO OaKTepiaJlbHUX HOODPUB

€ MmyTyanicTUYHNMY CUMOIOHTAMY KUIIIEUHUKY
JIIOIUHU

€ 30yaHuKaMu 0araThboX 3aXBOPIOBAHD AK CAMUX
JIIOZIeH, Tak i BayKJIUBUX AJIA HUX TBAPUH i POCIUH

Mok yTh TOMIKOIKYBAaTH BHACTIZOK CBOEI JKUTTE-
IisiabHOCTI criopyau ab6o MexaHisMu

IIpurkman

Kuciomosouni mpogykTu, cupu, XJ1i600ya0uHi Bupobu
TOIIO0

Baxkrepii, axi BUpOOIAIOTE JiKK (HaIpUKJIaL, iHCYJIiH)

Asorpikcyroui 6aKTepii, AKi CyTTEBO IiABUIIYIOTH YPO-
JKalHicTh 6araTb0X POCIUH

Kuigkosa naanuka

30yIHUKY X0JIepH, YYMU, TYOepPKYJIb0O3y, OaKTepiaJIbHO-
T'0 PaKy POCJIUH

3asizobakTepii, AKi MocesATHCA Y BOLOIPOBITHUX TPY-
6ax i MOKYTh ITePeITKOKaTh PYXY BOAU

3HayeHHsA apxen ana noagnHn

B3aemonia 3 1roqnHOIO
€ yacTHUHOIO MiKPOOIOTH KUIIIEUHUKY JIFOJUHHI

BaxiuBe mixepesio pepMeHTiB, AKi BUKOPUCTO-
BYIOTHCS B HAYKOBUX JOCTiI?K€HHAX 1 IPOMUCJIO-
BOCTi

3b0araueHHA Py MeTaJIiB ITi yac BUAOOYBAHHSA

BupoOHUIITBO IPOAYKTIB XapuyBaHHS 38 BUCOKUX
TeMIepaTyp

KntouoBa igen

\

lMpokapioTuyHi opraHiamu npefcraBfieHi ABoMa
JomeHamu — bakTepii Ta Apxei,— AKi CyTTEBO
pi3HATbCA MiXK coboto. O6muaBa fOMEHNU Bigirpa-
I0Tb [ly>Ke Ba)K/IMBY POJib Y NPUPOJHUX EKOCKC-
Temax i XUTTi JOgNHN.

ITpukaan
MeranorenHi apxebaKTepii TOBCTOr0 KUIITEYHUKY

OHEK-monimepasy apxebaKTepiii, AKi "KUBYTHb Y rapAdnX
JPKepeJsiaX, BUKOPUCTOBYIOTh AJIs IIOJIiMepas3Hol JIaHIIO0-
TrOBOI peakIrii

ApxebGaKTepiii BUKOPUCTOBYIOTH IJIA BUAOOYTKY 30JI0TA,
Migi i KoOGaIbTy

depMeHTH apXeil BUKOPUCTOBYIOTH ¥ BUPOOHUIITBI MO-
JIOKA 3 HUBBKUM YMiCTOM JIAKTO3M, AKe BifOyBaeThCcA 3a
BHCOKOI TeMIIepaTypu

3anuTaHHA Ta 3aBAaHHA

1. Aki ocobnusocTi 6Gionorii 6akTepin MOXyTb
BMJIMBAT Ha Te, WO iX 06'€AHaHHA Ha piBHI Bipainis
He BUKIUKAE BeNMKMX Npobrem, a Ha PiBHI 6inbwux
TaKCOHOMIYHMX Tpyn (WapcTBa, Cyb6AOMEHN) BUKIIMKAE
nocTinHi anckycii? 2. CKknagitb CNUCOK 3axBOpPOBaHb
MOAUHY, 30yaHMKaMK AKKUX € GakTepii. 3. Yn MOXHa
CTBEpOXKYBaTK, WO GakTepil € 6inbll BaXNUBUMK AnA
NIOACTBA, HiXK apxei? Bignosigb obrpyHTyliTe.

29



Tema 2. biopi3HOMaHITTA

§ 14. CyyacHa cnctemaTnka eyKapioTiB

0 [omipkynTe

AKi 03HaKM BKa3ylTb Ha Te, Wo ameba € binbL
6113bKMM poAnYEM NIOAUHM, HiX iHOYy30pia?

é 3raganTe

o NomeH * Anpo
» Eykapiotu o MiToxoHgpii
o Apxei e [nactugn

» MoHo- Ta nonidineTnyHi opraHiamm

EBoniouinHi 3B'A3KN MiX eyKapioTamu
Ta NpokKapioTamu

EykapioTuuHi opranismMu yTBOpUJINUCA B IIPO-
meci eBoJrOIlii 3 mMpokapioTmuHuMx. Aje mpo Te,
AKa caMe 3 Ipymn IPoKapioTiB Oyjaa mpemxom
eyKapioTMUYHUX OpraHisMiB, AMCKYycCil TpuBaau
moBro. Ileprmri maHi mpo cropigHeHiCTH eyKapi-
oriB 3 apxeamu 3’ aBuiaucd ire 1984 pory. Ae
TiJIBKUY IiCJIA PO3SBUTKY TEXHOJIOTiA MOJIEKYJIAP-
HO-OioJIOTiUHUX JOCTiAKeHDb yAaJI0Csd BCTAHOBU-
T IIe OiJIbIII OOI'PYHTOBAHO.

2015 poky rpymna ming xepiBHuUIITBOM AHBI
Cnanr (A. Spang) Busasuia y IliBHiunomy JIbo-
moButomy okeaHi caigm [IHK mHeBimomoro pa-
Hillle opraHismMy 3 OOMeHY apxeil, AKHii OyB
"mazBauuii Lokiarchaeum i BigHeceHHUII mo ca-
mocritinoro Bigminy Jlokiapxei (Lokiarchaeota),
110 BXOAUTH A0 CKJIAAy HaaBiamiay Acrapmapxei
(Asgardarchaea) (man. 14.1). I1a rpymna apxei
i BugBuMIacAa HaNOJMMIKUINM POSUUEM eyKapioTiB.
Binwsm Toro, BoHa yTBOpMIA 3 HUMU MOHOQIiIE-
TuuHy Trpyny. Came ToMy 3apas pO3TJIALAIOTH

Man. 14.1. Acrapgapxei

30

MOJKJIMBICTh 3MiHUTH TPUAOMEHHY CUCTEMY OpP-
raHigyHOrO CBiTY Ha IBOJOMEHHY, 00, 3a mpa-
BWJIAMU CHUCTEMaTUKW, MOHOMDIJIETWYHI Tpynu
IIOBUHHI YTBOPIOBATH OAWH TaKCOH.

Mogin eykapioTiB Ha cy6baomeHu

Hosi Texmosorii mocaimsxenb, AKi 3 ABIA-
auca B Apyrid mosoBmHI XX €T., COpUAIU
BUOiJIEHHIO HabaraTto OiJIBIIIOrO YMCJa IIapCTB
y Me:kax rpynu eykapioris. Taka cucrema HAaii-
TOUHillIe BimoOpaskae eBOJIOIiiiHI 3B ABKU MiXK
OKpeMUMHU rpynamMu eykapioriB. Ha#binbiumii
BHECOK Yy CTBOPEHHS HOBOI cucTeMu 3pobuia
rpymna BueHux mig KepiBauiirBoMm Caitau Ejia.

3rigHo 3 HOBOIO cucTeMOI0, foMeH Eykapio-
TH MOAIJIAETbCA HA TPU YaCTUHU — CyOJOMEHMH,
fAKi, y CBOIO uUepry, miJaAThCSA Ha KiJabKa rpyn
(HagmapcTB). A BKe HaAIlapCTBa MOIIJISIOTH HA
OKpeMi 1apcTBa »KUBUX oprauismis. Tproma cy0-
momeHamu eykapioriB € Exckasaru, iagoperu-
Ku (0ikonTu) Ta Amopdei (man. 14.2). EkckaBa-
TH € BUHATKOBO OAHOKJITUHHUMY OpTaHisMaMu,
a cepepn miagopeTukiB Ta amMopdeiB TPAIIAIOTHCA
K OSHOKJIITHHHI, TaK i 6araTokJiTuHHI dhopMu.

EkckaBaTtu

ExckaBaTu € HalifaBHINIOI IPYIIOIO eyKapio-
TiB. [lo HUX HaJe}KaTh TiJIbKU OJHOKJIITHHHI Op-
rarismMu. BoHu MOKyTh OyTU BiILHOKUBYUUMU,
BECTU ITapasuUTUYHUI cIOciO KuUTTA abo craBaTu
cuMbioHTaMu 6araTOKJITUHHUX OPTaHisMiB.

Ho 1iei rpynu HaeKaTh 30yIHUKU 3aXBO-
pIOBaHb, Hebe3neuHux njsa Jioguau. 1le, Hampu-
KJalI, TpUXoMOHanma (30yIHUK TPUXOMOHO3Y),
Tpunanocoma (30yIJHUK COHHOI XBOpoOm) i Jeii-
miMaHig (30yIHUK JIEHIIIMaHio3y).

Taxok 10 eKCKaBaTiB HaJIE}KaTh €BIJIEHU, TU-
TIOBUM IIPEJCTaBHUKOM SAKWUX € €BIJVIEHa 3eJieHa,
i rimepmacTurinu (HampuwKJIazm, TpUxoHiM®pa) —
ONHOKJIITUHHI OpraHi3sMmu 3 BeJIUKOI KiJbKicTIO
IKryTukiB. inepmacturinu € cumOioHTaMU, AKi
JKVUBYTH Y KUINIEYHUKaAX TEePMiTiB i TapraHis.

Amopdoei

Awmopdei € HalbiIbIIOK 3a KigbKicTIO BuU-
niB rpymoro eykapioriB. o ckaany 1mboro cyo-
IOMEHY BXOIHWTHb KiJbKa HaAIlapCTB, HANOiJIbII
3HAUYHUMHU 3 AKuUX € Ame00301 Ta OIiCTOKOHTHU.



Man. 14.2. CyyacHa knacudikauis eykapioTis

Ame00307 TIpeACTaBJIEHO IMEPeBa’KHO OIHO-
KiIiTuEHUMU (opMamu. Aje € cepesy HUX i KO-
JIOHia/JIbHiI opraHismMu. A CIpaB:KHI CIM30BUKU
3IaTHI YTBOPIOBATH 0araTOKJIITHMHHUNA IIJIa3MO-
nini. IlpeacraBHUKamMu aMme60301B € PiBHOMaHITHL
amMeOu Ta CIIPaBYKHI CIM30BUKU.

OnicmokoHmu MOMKYTb OyTH OSHOKJIITHH-
HUMU, KOJOHiampHUMHU a60 0araToOKJiTUHHUMU
opraniamamu. o 1iei rpynu HasmeKaTh apcTBa
Copas:kHi rpubu Ta CupaB:kHi TBapunu. Cupas-
JKHiMU TpubaMu € TmpeACTaBHUKU TaKUX TPYII,
ak Basupgiomineru (y ToMy YHMCJi IMTaOIWHKOBI
rpudbn), Ackomineru (Tpiodesb, MEHIIUI TOIIO)
ra inmri. [TapcTBo CupaB:KHi TBapuHU 006’ €IHYE
BCix 0araTOKJITHMHHUX TBapuH (BOHU 00’ e€qHAHI
B OKpeMe IiAIapcTBO), ix OesImocepegHix Ipen-
KiB (x0aHO(aaresar) Ta ix OJU3bKUX POAUUIB.

HiadopeTrku

Hiadoperukun € nyxxe pisHOMaHiTHOIO 3a
CKJIQZIOM TPyIOI0 eykapioriB. [lo mporo cy6mo-
MeHY BiZHOCATH KiJbKa HaAIapCTB, HANOiIBII
3HaUYHUMH 3 AKuX € Apxemaactunu ta SAR.

Apxemnactuau 00’e€qHYIOTh (POTOCHHTE3Y-
I0YNX eyKapioTiB, MJIacTUAM SKUX BUHUKJIU

B pesyJsbTari cumbiody 3 I1riaHOOaKTepiAMm;.
Cepen HUX € OOHOKJIITHMHHI, KOJIOHianbHI i Oa-
raTokJiTuHHI opranismu. Haibiapin BizoMmumnu
npeacTaBHUKAMU ITiel rpynu € mapcTBo YepBoHi
BOZOPOCTi ¥ 1mapcTBo 3esieHi pocyamuu. o map-
cTBa 3eJieHi POCIWHU BiHOCATH KiJbKa TIpyIl,
Yy TOMY YMCJIi 3eJieHi BOIOPOCTi Ta BCi CyAuHHi
Ha3eMHi pocJuHU (AK CHOPOBi, TaK i HaciHHi).

Haspa mammapcrsa SAR yTBOpeHa 3a mep-
MU JiTepaMu Has3B TPHOX IIapCTB, AKi BXO-
IATH 0 iioro ckiany (Stramenopiles, Alveolata,
Rhizaria). Cepen HUX € OZHOKJITUHHI, KOJIO-
HiambHi @ OGaraTokJiTuHHI opramismm. Bararto
MIpeCTaBHUKIB IIHOTO HaAIlapcTBa, AK i apxe-
ILJIACTUIN, € (POTOCHHTE3YIUNMHU eyKapioTaMu.
Ane ixXHiI XJOpOIJIacTH YTBOPUJIUCS 3aBIAKU
cuMmbiody 3 iHmMMMUM eykapioramu (4acrime 3a
BCe 3 MNpeACTAaBHMKAMHN UYEPBOHUX ab0 3eJeHUX
Bogopocrteit). Haiibinpin BimomMummMu aBTOTPOR-
HuMu npexpcrasaukaMu SAR e 6ypi, miaTromosi
Ta 30JI0THUCTi BOJOPOCTi.

€ cepen npencraBamkiB SAR i rereporpodHi
rpynu. Jlo Takux Haje:kaTh popaminidepu, pamio-
Japii, HecIIpaB:KHi CJIM30BUKU, iHQMY30pii, cIio-
poBuku (y TOMY YMCJHi 30yAHUK MaJApii) TOIIO.

Tema 2. BiopisHOMAHITTA 333 3 Sl

0 Knioyosa iges

lNpegkamn eykapioTiB € opraHiamu
3 rpynun Acrappapxei. A cami eyka-
pioTM noAinAlTbCA Ha TPU BeENUKI
cybgomeHn — EkckaBatn, Amopdei
i [iadopeTkn, a KOXHWUNA i3 HUX —
Ha MeHLi CMCTeMaTUYHI rpynu.

038I‘IMTaHHH Ta 3aBaHHd

1. Yomy B feAKknx BMNagKkax B OAHY TaKCOHOMiYHY rpyny mo-
XKyTb 06’€AHYBaTV aBTOTPODHUX i reTepoTpodHMX eykapioTi?
2. O6rpyHTyInTE, YoMy BYpi BOJOPOCTI Clifl BiAHOCUTU [0 Hapuap-
ctBa SAR, a He fo HaguapcTea Apxennactugu. 3. BukopucTtosyto-
UM [OAATKOBI AXepena, 3HaldiTb 03HaKK, 3a AKUMU acrapfapxemn
i eykapioTiB 06’efiHyl0Tb B OfHY rpyny.
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Tema 2. biopi3HOMaHITTA

§ 15. HasemMHi pocnnHu

0 [omipkymnTe

baraTokniTMHHI MOPCbKi BOAOPOCTI MOXYTb A0CA-
raTy BeJIeTEHCbKMX PO3MIpiB, XO4a BOHW N HE Ma-
I0Tb KOPEHIB. A OT HaBiTb Y HEBENIMKMX Ha3eMHUX
POC/IVIH KOpPeHi €. Y YoMy ceKpeT BofopocTen?

é 3raganTe

» ABTOTpPODU « Mnactngn

 TKaHWHN » OpraHu

- fliapopetnkn

3aranibHa XapaKTepuCTMKa Ha3EMHUNX
POCANHK

HaszemHi pociuHM IOXOOATH BiJ 3eJeHHX
BosopocTeii. BoHu yTBOpIOIOTH rpyny EMOpiodi-
TiB (Mmas. 15.1). XapaxkTepHi oco0amBoCTI Ii€l
Tpynu Taki:

» 0araTOKJIITHHHICTD;

Punioditn

“a“\"\0¢“‘m

3eneHi BogopocrTi

c aranTalidg 0 JKUTTA Ha CyxonoJi (xoua
€ i BTOPMHHOBOIHI (hopmm);

* JKUBJICHHS 3apoAKa (eMOpioHa) POCIMHOIO
IOTIePeITHBOTO TTOKOJIiHHA (caMe 1 0COoOJIMBICTD
i majsa Ha3By rpyIi);

* HaABHICTH crenu(ivyHOI CTPYKTYPHU, Y AKiNA
YTBOPIOIOTHCA KiHOUI rameTm,— apXeroHiio;

« HaABHICTh, TPOAMXiB (MOKYTH OyTHM Bim-
CYyTHI y HeAKUX MEeYiHOUHUKIiB).

Y XKurreBomMy HUKJI eMmOpioditiB € xaBi
haszu — zamemogima (Koam yTBOPIOIOTHCS Ta-
MeTH i BimOyBaeThCd cTaTeBe PO3MHOMKEHHS)
i cnopogima (xosu yTBOPIOIOTHCA CIOPU i Bin-
OyBaeThCsA HeCTaTeBe PO3MHOMKEHHs). [y Toro
100 cuepwmii ramerodita 3mificHMIN 3aILIigHEH-
Hs, MOTPiOHA HasSBHiICTH piAKOI BoAM, B AKiit
BOHM pyxXawTbcA. ToMy CIOPOBiI cyAawmHHI poc-
JUHU B3aBXKIU POCTYTh Yy OOCTATHBO BOJIOTUX
yMmoBax. | simirie HaciHHI pOCAWMHU 3MOTJU BU-
pimmuTH M0 TPo6JEeMYy i BTPATUJIN 3aJEKHICTH
Bi pigkoi Boam mim yac pO3MHOMKEHHS.

TonoHaciyyj

Man. 15.1. PofuHHi 3B'A3KM BcepeauHi rpynun embpioditis (3Hakom 0 Nno3HayeHo BMMepPAi rpynu)
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lNeyiHOYHMKN, AHTOLLIEPOTOBI Ta
CnpaB»KHi Moxu

Paminie meviHOUHMKM, aHTOIEPOTOBiI Ta
cupaB:kHi (aucTocTe6J0Bi) MoXu 00’ e€THYBaJIU
B OOMH Bimmin. Aje ocTaHHi AOCHig:KeHHA IO-
BeJIU, ITI0 BCi I[i TPU IPYNOH CJIiJl POITIAATATH TK
okpemi Bimminu. Ili rpynu BigpisHAIOTBCA Bixg
iHmux emOpiodiTiB TUM, IO B IXHBOMY JKUT-
TEBOMY IUKJI IepeBakae ramerodit (*KUTTEBA
cTafmis, Ha AKill yTBOPIOIOTHCA rameru). A cIio-
podiT (*KuTTEBa cTamis, HA AKilf YyTBOPIOIOTHCS
CIIOpM) PO3BUHEHUI TipIie.

A mpencTaBHUKIB Iiiel rpynu xapakTep-
HOI0O € TaKOMK BiJCYTHiCTH KOpeHiB i momiay
(y yacTMHU TpeACTaBHUKIB) Tijla POCJAUHU HaA
OpraHu.

CyaviHHI pocnnHu

o CyZUHHUX POCJAWH HAJEKUTh OiJbIlia
yacTuHa emOpiogdiriB. XapaKTepHOI O03HAKOIO
i€l rpynu € HasIBHICTh CIIPABXKHIX TKAHWH i I10-
Oinm Tijma pocaWMHM Ha opraHu. Y HaUIIEPIINX
Ha3eMHUX POCJMWH TiJ0 MOALIAJIOCA TiIBKU Ha
mari" i KopiHb. ¥ JKUTTEBOMY IITUKJII CYTUHHUX
POCJIVH TIepeBaka€ CIoPOQirT.

CyanHHI POCJAWHU CTBOPUJM IIepIIi Jicu
B icTopii mammoi miraHeru. BoHu 3amorgu ajgam-
TYBaTUCA [0 YMOB JKUTTSA HA CYXOJO0JIi 3aBAAKNI
mozisy iIXHBOTO Tijsia Ha opraHu (KOpiHb i ma-
ri") Ta mosBi y HUX cIelliaji3oBaHUX MeXaHiu-
HuX i npoBiguux TKanuH. Kopinb 3abesmeuusn
MiHepaJibHe JKUBJEHHSA POCJIUHU. Uepesd HBOTO
IO OpPTaHi3My POCJIWHU HAAXOAATH BOJA i HEOP-
raHiuHi peYoBUHU, a HaTriH 3a6e3leUnB IPOIlecH
doTocuHTe3dy i muxaHHA. MexaHiuHI TKaHUHUI
IO3BOJIMJIY POCJAMHAM IPOTUAISATH CHUJIi 36MHO-
IO TAXKIHHA 1 pocTHU Bropy, a MpoOBiHI TKAHWHUI
3abes3meunyii 3B A30K MisK ixXHiMu opramamu.

Tema 2. BiopisHOMAHITTA 333 3 Sl

MikpodinbHi pocnunnHu. lNMnayHn

Jlinmia nnayHiB € HaWmgaBHIIIOK cepen cy-
IVHHUX pocyimH. Bowa Bimoxkpemwmiacsa Bijg iH-
mux rpya axk 420 MaH pokiB Tomy. 3apas mia-
VHU € HeBeJHNKOI0 I'PYyIoI — iX HapaxOBYIOTHb
npubausao 1000 sugis. Cyuacui miayHu — 1ie
baraTopiuHi TpaB’AHUCTI pocauHU. AJe ITig dac
poskBiTy miel rpynu 350 MaIH pPoKiB ToMy Oy.Jiu
momupeHi ¥ gepeBHI (opMu mIayHiB, Taki AK
JemiofeHAPOH 1 curinapisa.

XapaKTepHOI0 03HAKOI0 TPYIU CTAaB OPHUTi-
HAJIBHUY MUJIAX YTBOPEHHS JIUCTKIB. JImcTKy mmia-
VHIB € Mikpo@invrumu. BoHN MicTATH ycepeauHi
JUIIe OAWH CYAUHHUMN TYYOK, TOAI AK JIMCTKU
BCiX iHINIMX CYIWHHUX POCJIWH, K1 € MaKpOdiib-
HUMH, MAlOTh HabaraTo cKJaagHimnry OynoBy. Bin-
TOBiTHO, i PO3MIip JIUCTKIB y IJIAyHIiB HEBEJIUKUH,
00 JinIlie posraiy;KeHa CyJAUHHA CUCTEeMa B JIUCT-
Kax Ja€ MOKJIUWBICTHL 30LIBIINTH iXHIilI po3Mip.

MakpodinbHi pocnuHu. NManopori,
XBOLUi, MCUNOTN

Maxpoginvha niHiA CIOPOBUX CYAUHHUX
pocauH € Oinbin pismomaniTHOIO. {0 Hel BXO-
naTh mamopoti (O0inbmre 9000 BumzaiB), xBoIIi
(15 BugaiB) i nmcunotu (92 Bumm). Pos3kBiT miel
rpynu, AK i y mjaayHiB, mpunas Ha KiHelpb Ia-
JeosoiicbKoi epu — 350—250 MaH poKiB TOMY.
BinpmricTs cyyacHUX IpefcTaBHUKIB 1iel rpy-
oy — TpaB’AHUCTI pocamuu. AJe cepej IaIo-
poreit € i mepeBOBUIAHI (hopMU.

JlucTkM y mamopoTeill BeJuKi I 4acTo MO-
JKYTh OYTHU CUJIBHO podrany:KeHumu. Ha Bigmi-
HY BiJ iHIINX POCJNH BOHU POCTYTh BEPXiBKOIO,
a He ocHOBOoW. Taxkuii Tun JUCTKA HA3UBAIOTH
8ails. Y XBOIIiB JUCTKU PeAYKOBaHI i MamoTh
BUTJISAL JYCOUOK, SIKi po3TallloBaHi y By3Jax
naroHa. IlcuioTu JMCTKiB He MalOTh y3arasi.

3anuTaHHA Ta 3aBOaHHA

0 KnioyoBga iges

Yci HazemHi 6araTokniTUHHI 3ene-
Hi POCANHX MaloTb CRifibHE MOXO-
I>KeHHA Bif 3e/eHnX BOJOPOCTEN.
B iXHbOMY XWTTEBOMY LMUKNi 3a-
BXAW NPUCYTHI ABi cTagii — ra-
meTodita i cnopodita. Ane piBeHb
PO3BUTKY POCIINH Ha KOXHIN i3 Lux
CTajin y pi3HUX cUcTeMaTUYHUX
rpyn CyTTEBO Pi3HUTHCA.

1. Cknagitb cnncok i3 7-10 npefcTaBHUKIB CNOPOBUX emOpio-
oiTiB, AKi PoCTyTb y Bawii MiCLEBOCTI, i BKaXiTb, UM € cepen HUX
poCnvHY, 3aHeceHi Ao YepBoHOI KHuUrM Ykpainu. 2. llig yac npwu-
CTOCYBaHHA O Ha3eMHUX YMOB iCHYBaHHA Yy 3e/leHNX POC/IVH CTa-
nn nepeBakatv Gopmy 3 NPAMOCTOAYMM CTebNoM, Xoua ANA Lboro
iM poBenoca BuUTpayaTn Garato pecypciB Ha GpopMyBaHHA MiLHUX
OnopHUX CTPyKTyp. Yomy im «nporpanu» dopmu, AKi cTenunmnca
Mo MOBEPXHi FPYHTY i He MOTpebyBanu TakMX BENUKMX BUTPAT Ha
CTBOPEHHA MilHOro ctebna? 3. BuKkopucToByloun [OAATKOBI Axe-
pena iHpopMmaLlii, 3'AcyiiTe, AKi 0COGNMBOCTI XiMIYHOro CKnagy XBoO-
WiB pob6aATb iX HebGaKaHUMK MACOBULLHMMK Byp’sHaMU NS KOpiB.
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Tema 2. biopi3HOMaHITTA

§ 16. Pi3HOMaHITHICTb HaCiHHNX POCAUNH

0 [TomipkymnTe

Hanbinblwi y cBiTi HaCiHMHW BaxaTb MoHag 15 Kr.
A HaBilWwo iM 6yTW TakKUMK BEAUKUMMK?

Q 3raganTe

« HaciHHsa « [nig

» KBiTKa e CyuBiTTa

HaciHHi pocnuHm

Haciuni pocanH € Ha#b6igbIIO0 3a KidbKic-
TIO BUAIB TI'PYIIOI0 POCJUH. BOHU mOIiIAOTHCA
Ha OBl BeJUWKi rpymnu — roJIOHACIHHI Ta IMOKPH-
ToHaciuHi. ['osmonaciuui 3’aBuauca B KiHIl ma-
JIE030MCHKOI epu, a IMOKPUTOHACIHHI — B KiHITI
Me3030MCchKOi. 3a KibKicTio BUAiB HaciHHI poc-
JIUHU € HaWOiJbIIOI I'PYIIOI0 cepel ycixX aBTO-
TpohHUX OpraHisMis.

T'onoBHa BigMiHHICTEP HACiHHMX POCIHH
y TOMY, II[0 BOHU MOJKYTb PO3MHOKYBATHUCS
06e3 HasgBHOCTI pigkoi Bogu. Ile cTaso MOKJINBO
3aBASKU TOMY, IIIO cIiepMii ITif uac samaigHeH-
HA PyXaloThCAd He B 30BHIIMTHHROMY CEPEIOBUIII,
a BcepeauHi muJAKOBOI TpyOKwu. Ilicaa samimin-
HEHHSA HaCiHHI POCJIMHU YTBOPIOIOTH HACiHUHWU,
AK1 MicTATHL 3amac MOKUBHUX PEUOBUH i 3apo-
Iok (mam. 16.1).

Man. 16.1. HaciHvHa celilenbCcbKoi NanbMn € HanbiNbLOW
y CBiTi. BoHa BaxuTb 6Ginble 15 Kr
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Man. 16.2. NpefcTaBHUKN FONOHACIHHUX: XBOWHI (a),
riHKroBi (6), THeTOBI (8) 1 caroBHUKOBI (2)

[ONOHACIHHI

Y ronoHaciHHUX HaciHMHaA PO3BUBAETHCA
He3aJeKHO Bim Toro, OyJio 3amujeHHs 4Yu Hi,
Xoua 3a BiJICYTHOCTI 3amujieHHA 3apOJOK He
pO3BUBAa€EThHCA. TOMYy YacTUHY pecypciB Ha pos-
MHOKE€HHSA BOHM BUTpavaloTh 3amapma, (op-
Myoun HaciHmHU 6e3 3apoAkiB. A Bigkpure
M He IyiKe 3axwuIlleHe PO3TalllyBaHHA 3aB’ A3i
301JIBIITyEe MOJKJIMUBICTD i1 OMKOM:KeHHA. 1le po-
OUTHb IX PO3MHOKEHHS He TaKUM e(PeKTHUBHUM,
AK y mokpuroHacimHux. Cepel TOJOHACIHHMX
HeMae TpaB’SHUCTUX pocauH. Binbina uvacrtu-
Ha 3 HUX € JgepeBamMu a0o0 KylmaMu, a medKi
BUAU — JiaHaAMWH.

o rosioHACiHHMX POCIAWH HaJEXKaThb TakKi
Tpymnu, AK XBOWHi, IiHKIoBi, THETOBi Ta caros-
HUKOBI (MaJj. 16.2). XBoIiHI AepeBa CKJIaJZalOTh
OCHOBHY Macy 0araThboXx JIiCiB, TAKUX AK Taira.
3a kigbKicTio BuaiB (Tpoxu 6imbine 1000) Bouu
CYTTEBO TOCTYIMAIOTHCA SAK MOKPUTOHACIHHUM,
Tak i Moxam Ta mamoporaM. AJle 3arajibHa Um-
CeJIbHICTh 0cOOMH 11i€el rpynu (i miroIa, HA AKiR
BOHU POCTYTH) HAJI3BUUYANHO BEJIMKA.

[NoKpUTOHACIHHI

IToxpuronaciuui (KBiTKOBi) € HabiNbIIO0
3a KijgbKicTiO BUAiB Ipymoio pociamH. Ix monaf



Tema 2. BiopisHOMAHITTA 333 3 Sl

250 000 BupgiB. BoHu pocTyTh Ha BCiX KOHTH-
HEHTAaxX 1 B yciX mpuUpoaHMX 30HAX. BigbmricTs
i3 HUX € Ha3eMHUMM POCJIWHAMU, ajle iCHYIOTh
i BTOpuHHOBOAHI (opmu. KBiTKOBI pocauHUI
€ OCHOBOIO CYYaCHOTO CiJIbCHKOT'0 T'OCIIO/IapCTBa.

CyTTeBOI0O mepeBaror NTOKPUTOHACIHHUX
€ moABa Y HUX ITOABIAHOTO 3allIifHEHHA, KBiT-
KU i mrony.

KBiTka 3abe3neuye 6iabIi MOMKJIUBOCTI IJiA
3aIIifHEeHHA (HAaOPUKJIA[, IIPUBEPTAIOYN yBary
KoMax, AKi 3miliCHIOIOTH 3amujeHHdA). A ILIix
3axXMWITa€ HACIHWHUM BiJ B30BHIINIHIX BIJINBIiB
i MosKe 3abesmeunTn HAbOAraTo Kpaime ixX moIIu-
peraa. Cepen KBIiTKOBMX POCJIUH € BCi Bimomi
JKUTTEBI (hopMu — nepeBa, KyIii, TpaB’THUCTI
pocauHMT, JIiaHU.

IIle omuiero mepeBaroi KBITKOBUX POCJUH
BUABWJIACA 1X TiCHAa B3aeEMOIiA 3 KOMaxaMWu.
YTBOpeHHA MyTyalicCTUUHUX 3B’ A3KiB, KOJIU KO-
MaxX¥ IepPeHOoCATh IMUJIOK MijK KBiTKamu, a poc-
JAUHU 3a0e3MeuyrTh iX HEKTapoM, TO3BOJIWJIO
pidKo migBUIMUTH e(eKTWBHICTH 3aljigHEH-
HA. TakosX BUrigHMM HaZOAHHAM BUSABUJIOCH
yTBOpeHHA miaony. HasBHicT, yacTuH IJjaony,
SAKi MOTJIM CIIOKWBATU TBAapPWUHU, CTAJIO IIPUYUM-
HOIO 6inbIll e)eKTUBHOTO TOINMMPEHHA HaCiHHS
i compussa OCBOEHHIO KBIiTKOBMMM POCJIMHAMU
HOBUX MiCIb iCHYBaHHS.

TpaguiiiHo KBiTKOBI pOCJIMHU 3aJIeKHO
Big kKimbkocri ciM’amoap y Hacimmui mopmias-
JW HaA OBi Tpynu — OMTHOMOJBHI Ta ABOIOJb-
Hi (Manx. 16.3, 16.4). IlpeacraBHUKaMu 00HO-
00JIbHUX € TaKi POCIWHU, SK MIITEHUId, JKUTO,
KYKypyZI3a, KOHBaJii, Jijgii, YaCHUK, IaJIbMU.
Jl60001bHUMU € TOPOX, COHAIIHUK, TPOAHAA,
A0NyHsA, OypAK, Ay0, KJeH, JHuIia.

HocaiiykeHHsA OCTaHHIX POKiB IigTBEpaMIN
Te, III0 OSHOMOJBbHI € MOHOMIJIETUYHOIO I'PYIOI0.
A oT ABOZOJIbHI BUSBUJINCS TPYIIOl0 mapadise-
TUYHOIO 1 MiCTHUIN KiJIbKA HEeCIOPiiHEeHnX TaKCco-
HiB. Tomy B cyuacHiil cucreMaruui ix MOALIAOTE Man. 16.4. MNpeacTaBHVKN BOAONBHUX POCAVH

Ha KiJgbKa T'PYII.
03aI'IVITaHHﬂ Ta 3aBLAHHA

Kniouosa iges 1. CKJ.'Iap,in CrNCKM CiJ‘IbeKOF?CI‘IOp,apCbKVIX o,qu:

4} [ONbHUX i ABOAONBHUX POCSIVH, AKI BUPOLLYIOTb Y BalUil
HaciHHi pocnuHy € BeplnHOK eBoIoLii Hasem- micLeBoOCTi. 2. BuKopuncToBYlOUM [OAATKOBI Axepena
HUX POCAWH. IXHA ronoBHa nepesara nonArae iHbopMmaLii, cKnagiTb CNMCOK CNocobiB 3anuieHHs, AKi
y He3anexHocTi npouecy 3annigHeHHsA Bifg Ha- BVMIKOPWCTOBYIOTb KBIiTKOBI pocnnHu. 3. Chopmyniolite
ABHOCTI pigkol Boan i GOPMyBaHHS HaCiHWH i3 Ta OOrpYHTYNTe FinoTesy, AKa MOSCHIOE, HAaBIO pPOC-
3aMnacom MOXMBHMX PEYOBUH, WO 3abesneuye JIVHW CeNleNnbCbKOl ManbMy YTBOPIOKTb TaKi Benuki
PO3BUTOK HACTYMHOrO MOKOJiHHA. HaCiHUHW.
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Tema 2. biopi3HOMaHITTA

§ 17. pnbn Ta rpnbonopfibHi opraHiamn

0 [omipkymnTe

lpnbu n rpnbonodibHi opra-
Hi3MW MaloTb Pi3HE MOXOMOKEH-
HA, ane Ayxe cxoxy 6yaoBy
CBOro Tina — Miuenito, AKun
CKJTAQfA€ETbCA 3 BENMUKOI Kifnb-
KOCTi TOHKUX HUTOK. Yomy?

e 3raganTe

+ Eykapiotn « [eTepoTpodu
o Mpnbn o Miuenin
» Cnopu

Man. 17.1 Miueniii rpuba

Rpixxi
=D

i

\
ll'l‘e_Hiumn R

Man. 17.2. Cymuacti rpubu
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3aranbHa xapaKTepucTuiKa rpmbis
Ta rpnbonoaibHMx opraHiamis

Sk i pocauum, cupaB:KHI rpubM Ta rpubONOAiOHI opraHisMu
BUeHi IOBro o0’eguyBasu B onHe mapctBo. CyuacHi meromu [no-
CIiIKeHHsS MO3BOJIMJIN BCTAHOBUTH, IO CXOKIiCTh IIMX OpPraHis-
MiB TIOB’si3aHa 3 MPUCTOCYBAHHSAM /0 CXOKOTO CIIOCOOY KUTTS,
ajie BOHU MaIOTh PisdHe moxomskeHHA. Tomy 3apas pisHi rpynu
CIpaB:KHiIX TpmbiB i rpmbomomibHUX OpraHiaMiB BiZHOCATH 10
pisHUX cyOmoMeHiB eyKapioTiB.

XapaxkTepHUMU OCOOJUBOCTSAMM BCix rpubiB i rpmbomozio-
HUX OpTaHidMiB € Te, 10 BOHU OTPUMYIOTH HOTPiOHI iM peuo-
BUHU 3 HABKOJIUIITHBOT'O CEPENOBUINA, IOTJIMHAIOUU iX yciero
moBepxHelo cBoro Tija. Takomy cmoco0y KUBJIEHHS CIPUSAE Te,
1o ixHe Tijo mae gopmy Mmimerniro (masa. 17.1). Miyeniit — ri-
raHTChKa OaraTosfepHa KJIiTHHA, OKPeMi HUTKOIIOAi0HI BUpOCTH
AKol € zigpamu.

Ane KpimM Boau i MiHepaJbHUX PEUYOBUH ITMM OpTaHisMam
IOBOOUTHCA IIOTJIMHATH i3 30BHIITHBOT'O CepemoBHUIIA Ie I Op-
raniuHi peuyoBuHU, 60 BCi BOHU € reTeporpodamu i He 3maTHi
CaMOCTiAHO CMHTE3yBaTU OPraHiUHI PEeUYOBMHU 3 HEOPTAHIUHUX.

CupaB:kHs 60araToOKJITHHHICTD IpUTaAMaHHA TiJIbKU HEBEJIU-
Kiif KinmbpKocTi rpubiB, ajge TPAIIATHCA i rpubu 3 KIACHUYHUMU
HEBEJIUKUMHU OKPEMUMHU KJiTHHaMU (KJIACUYHI OAHOKJIITHUHHI
opraHismMm), HAIPUKJIAL APiKIKI.

CnpaBHi rpubm

CupaB:kHi rpubu cydyacHi BUeHi BUAIJIAIOTHL B OKpeMe Iap-
cTBO B cyO6moMeHI Amopdei. 3a KiJbKicTiO BUAIB CIIpaBXKHi rpu-
0U IMMOCTYMalOThCA TiJIBKY TBAapWHAM i IepeBepIyIoTh yci iHmri
Tpynu eykapioris.

IITupoko BizoMumu rpymnamMu rpubiB € 0asumiajabHiI Ta cyM-
yacTti rpubu. IIpeacTaBHUKaMU CyMYacTHUX € IIeHiIWa, XJiOHi
Ipiskmxki, tprodens (man. 17.2). A go GasupianbHUX TpubiB
HaJIe)KaTh MIAMMHKOBI rpubu (OII€HbOK, IIeUePUIA TOIIO0) Ta Ii-
JU# pan 30yIHUKIB 3aXBOPIOBaHb POCAUH (HAIPUKJIAL, CAKKOBL

[HoMoBUMK

i

Man. 17.3. basngianbHi rpubu



Tema 2. BiopisHOMAHITTA 333 3 Sl

Man. 17.4. [Mam'ATHUK XepTBaM rono-
ay B lpnaHaii, Wo BMHWK AK pe3ynbTaTt
eniditoTii dpitoPpTopo3y

rpubu) (man. 17.3). BigpisHaioTbes 1i rpymnu
rpubiB OCOOJIMBOCTAMH CBOTO CTATEBOTO PO3-
MHOKeHHsA. ¥ cyMYyacTux rpubiB cTaTeBi cropu
YTBOPIOIOTHCA B TaK 3BaHIill cyMmiIli, a y O0asumi-
aJIbHUX — HAa ClelliaJlbHOMY yTBOPi — 6asmmii.
Tari ocob6amBocTi GioJiorii gasu muM rpynam
rpubiB ixHi cyuacHi Ha3BHU.

CropaB:kHi rpubu BifgirpaioTh BEeJIHKY POJIb
y IPUPOJZHUX eKocucreMmax. JactuHa ix € ma-
pasuTaMmu iHIIUX KUBUX OpraHisaMmiB (y ToMy
yueai # immwux rpubiB). Asle 3HaUuHa YaCTHHA
HaJIeXKUTHh OO0 campoTpodiB — opraHismis, AKi
mepepobIA0Th MepPTBY opraHiky. Came BOHU
PYHHYIOTH PENITKW MEPTBUX OPTraHi3MiB [0
IPOCTUX HEOPTAaHIYHWX PEUYOBWH i MOBEPTAIOTH
xiMiuHi eTeMeHTHU M0 reoXiMiuHOrO Kpyrooobiry.

JIrony MIMPOKO BUKOPHCTOBYIOTH CIPaBIKHI
rpubu B :Ky. AJsie 0cOOJMBO BeJIMKEe 3HAYEH-
HSI BOHHM MAaIOTh AJIA 0i0TeXHOJIOTiYHMX BUPOO-
HUNTB. IIpuroryBaHHsa XJi6a, BUPOOHUIITBO
PAoY KUCJIOMOJOUYHUX MPOAYKTIB i cupiB, CTBO-
PeHHs MeBHUX COPTiB BUH — B YCiX IIUX IIpoIle-
cax samisgHi rpmubu. I, 3po3ymino, BUPOGHUIITBO
aHTubioTHKiB. 3a momomoroio rpubiB iX BigKpu-
JU 1 3 ZOIIOMOTI0OI0 IrpubiB J0oCi BUPOOJISIOTE.

HecnpasxHi rpnbu

Hecnpas:xxui rpubum € mnpeacTraBHUKaAMU
niagoperukiB. IIpegkaMu HeclpaB:KHiX IpubiB
OyJIu BOJOPOCTi, AKi BTpATUIN 3MaTHICTH CUHTE-

Man. 17.5. Nnoposi Tina,
O YTBOPIOIOTHCA 3 MNIA3MOAito

0 KnioyoBga iges
lpnbun Ta rpmbononibHi opraHiaMnm — Le eKo-

noriyHa rpyna retepoTpopHUX OpraHiamiB, AKi
NOrNMHAOTb MOKMBHI PEYOBUHW BCI€EI0 MOBEPX-
Heto Tina. flo cknagy UWi€l rpynn BXOAATb Pi3Hi
OpraHiamu 3 ycix cy64OMeHIB eyKapioTiB.

Man. 17.6. lNcesgonna3smogin y npo-
Leci yTBOPEeHHA MIOA0BMUX TiN

syBatu xJopodin. Came ToMy KJIITHHHI CTiHKHI
MIPeAICTaBHUKIB Iliel Ipynu MiCTATH IIEJII0JI03Y.

Cepen mmx opraHismiB OaraTo mapasuTiB
AK BOAHUX, TaK i HaseMHUX opradismiBb. IHrmi
BUAM € campoTpodamu (IlepeBakHO y BOJHUX
eKOCHCTEMAX).

s JofWHM HeCIpaB:KHI rpubm — 1Ie,
B IIepIIy uepry, 30uTku i Tparezxii. Emidgiroria
KapToiiai, 30ygHUKOM sKoi Oyima ditodropa,
KomryBana B cepeamui XIX croiiTTs 6aratbox
moMepJuxX Bix roaomy (0coOGJMBO mOCTpakgajia
Ipnaugia) (man. 17.4).

CnunsoBunkn

CrpaB:KHiI CIM30BUKU, K i rpubu, € mpen-
cTaBHUKaMu amop(eiB, ajie HajaeXaTh A0 iHIIIOTO
1apcTBa, HidK CIPaB:KHI rpubdu. IHIIi rpynu ciau-
30BUKIiB BiJHOCATH JO €KCKaBaTiB (HeCIIpaBKHI
CIn30BUKM, ab0 akpasii) Ta miadoperukis (1a-
pasuTHUYHi CIU30BUKU, ab0 miaasmoaiadopumn).

IlpencraBHMKU piBHUX TPYI CJIAN30BUKIB
3IaTHI yTBOpIOBATH IIa3dMofii (riraHTchKi py-
xomi OaratosmepHi Kiaitmam) (manx. 17.5) abo
IceBAoIIasMomil (CKyImYeHHA OKPeMHX KJITHH,
AKI MOXKYTb pyxaTucsA ysrojskeso) (man. 17.6).
B ekocucTemax CIM30BMKM BiirparoThb POJIb Mi-
KPOKOHCYMEHTIB, TOOTO APiOHMX XMKaKiB, AKi
PeTyaIoTh UMCENbHICTH OaKTepiii, BomopocTeit
i HAHATIPOCTIMINX Y TPYHTI Ta OPraHiyYHUX PEITKaX.

3anuTaHHA Ta 3aBOAHHA

1. AK MOXHa Bigpi3HUTM Nna3mogin Big ncespo-
nnasmogito? 2. Aki ocobnusocTi 6yaosu Tina rpunbis
CMpUAIOTb TOMY, WO iM BaXKO MPUCTOCOBYBATUCA [0
NOCYLWANBNX YMOB iCHyBaHHA? 3. YoMy C/IM30BUKiB
i cnpaBXHi rpnby He MOXHa O6'€eHYBaTU B OfHe
yapcreo?
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Tema 2. biopi3HOMaHITTA

§ 18. TBapuHM

0 [NomipkynTe

BueHi BBa)katoTb, O MOpCbKa
3ipKa € 6inblw 6AU3bKUM PO-
ANYeM NIOANHKN, HiXK MeTenuK.
Yomy?

é 3raganTe

« Cuctematuka « Cy6aomeH

» Amopdoei « [eTepoTpodu
o EMbpioreHes

binatepanbHa

PapianbHa

HenpaBunbHa

Man. 18.1. Pi3Hi BapiaHTK
dopmu Tina TBapuH
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CuctemaTmyHe NnoJsioXKeHHA TBapWH

CupaB:XKHi TBapuHM € mpeAcTaBHUKamu amopgdeiB. Ilap-
ctBo CmpaB)KHiI TBapuHM 00’€IHye 0OaraTOKJITMHHUX TBapUH,
IXHIX OJHOKJJITMHHMX IpeAKiB Ta HalOJAu:Kuumx poauuis. Ba-
TaTOKJIITMHHI TBapWMHUW, AKWX 3a3BUUYail i HA3WBAIOTH ITPOCTO
TBapUHAMHU, YTBOPIOIOTH yV IIbOMY IIAPCTBi OKpeMe ITiAIapCTBO.
3a KiJIbKicTIO BUAIB CIIpaB:KHi TBAPMHU € HaOiJbIIOIO I'PYIIOI0
JKUBUX OPTaHi3MiB.

3aranbHa XxapaKTepucTMKa L[apcTBa
CnpaBHi TBApUHU

AK i rpubu, TBapUHU € reTepPOTPOPHUMU OpraHizmMamu. Xa-
PaKTEepPHOIO PUCOI0 0AraTOKJIITMHHUX TBapWH € Te, IO HMOTPiOHI
iM peYoBMHU BOHUW OTPUMYIOTH 3 iKelo, AKY IIOTIiM IlepeTpas-
JIIOIOTh.

dopma Tinma TBapuH € pisHor. HacTilie 3a Bce BoHA € 0iza-
mepaavHol, TOOTO TiJIO Mae OAHY Bichk cuMeTpii. ¥ HbOMY MOKHA
pospisHMTH IIpaBuii i JiBuii OOKM Ta mepenHin i sammiit xKimmi
rTina. Barato TBapuH MaiTh padiaivHy cumempil Tina, KOJIu
yepe3 HBOTO MOKHA TPOBECTH KiJbKa ocell cuMmeTpii. dPopma
Tija MosKe OyTU i HeTPaBUJILHOIO, KOJIM Yepe3 HbOT'0 He MOKHA
IPOBECTH »KOLHOI oci cumerpii (mam. 18.1).

pe6ponnasi

nnacTquacﬁ E

Komipuesi Fy6ku
BKryTUKOHOCL

Man. 18.2. lMiguapctBo baraTOKNITUHHI TBAapUHK



3HaYeHHA TBAPWH ANA NOAUHN

Jl;xepesio xapuyBaHHA
CinbcbKorocmogapehKi
¥ IUKi TBAapUHU

CUPOBUHU

3aBHaHHA MIKOAU MPOIYK-
TaM XapyyBaHHs, CIIOPY-
aM Ta MaTepianzam

Minp, manrias, Xpymniak
OOPOIIHAHUIM, TEPMiTI
TOIILO TOIII0)

Pi3HOMaHITHICTb TBapuH

TBapuHU € HAWOIJMBINIO 3a YKUCEJIbHiICTIO
BHUIIB I'PYIOI0 *KUBUX opraHismiB. Ila rpyma €
MOHO(DITEeTUYHOIO, ajie MOPAJOK PO3XOIKEHH
OKpeMHUX TAKCOHIiB Ta iXHi pOAMHHI 3B’SI3KU BCe
IIe aKTUBHO BUBUaloThcA. He migymarae cymHiBY
MOXOMKeHHA 0araTOKJIITUHHUX TBapUH Bif KO-
MipIeBuX MKTI'YTUKOHOCIIIB, a B3BA€MOBiIJHOCUHU
pPiBHUX TPyl ycepeAUHiI TaKCOHY IIOKa3aHO Ha
mai. 18.2.

TpuBanuii yac y4eHi MOIijaAJM TBaAapUH Ha
0e3xpebeTHUX i XxpebeTHUX. [0 Xpebemnux Bix-
HOCUJIM CCaBIiB, mTaxiB, pemnTuiiit, amdibii
i pub, axi manu xpebeT. Yci inmi TBapuHU BBa-
skanuca 6ezxpebemuumu. Ta GiabIn mOKJIALHI
IOCJiIKeHHsA BUABUJIN, 10 XpeOeTHI TBapuHU
MaTh 0JU3bKUX POAUUYIB, ¥ AKUX XpedeT Bism-
CYTHIiN (JTaHIIETHUKU, acIumii, CaJbIIX TOIIO),
TOMYy iX 00’€mHaJ M B OAHY TPYIy i BUALIMIN
B OKpeMui tun XopHosi, xoua xpebeTHi 3a-
JUMWJINCA Yy HbOMY B paH3i miatumy. A 06es-
xpebeTHI BUABMINCA Ny:Ke PISHOMaHITHOIO I'DY-
11010, OKpeMi migposaisu axkoi Oyiu crmopimHewi
Mixk coboio0 MeHIe, Hixk i3 xopmoBumu. Tomy
cyJyacHa cucTeMaTuKa He po3ridnae 6e3xpeber-
HUX AK OKPEMY CHUCTEeMaTUUHy TPYIIy.

Cepen TBapuH BUIIIAIOTH KiTbKa HANOIIBII
OPUMITUBHUX TPYII, TiJIO IPeACTaBHUKIB AKUX

0 Kniouosa iges

TBapvHU — Ue Hanbinbwa 3a YUCeNbHICTO
rpyna XuBux opraHiamis. BoHu € darotpoda-
MU, TOBTO XMBAATHCA LWAAXOM MOFIMHAHHA iXi
BCEpeAnHy opraHiamy. TBapuHu Bigirpatotb Haa-
3BUYANHO BaXJIMBY PONb Yy MPUPOAI N XUTTi
NIOAVIHN.

J:xepesio IpoMuUCIOBOT

3aBoaHHS IKOTU KYJBTYPHHM POC-
JUHAM i CBiiCBKUM TBapHHAM

30y IHUKU 3aXBOPIOBAHb POCIUH
(momennIli, KOPOiou TOIMO) i TBAPUH
(TLIoCKi Ta Kpyrii uepBu, KJimri

Tema 2. biopisHomaHiTTAa 333 S

- TpaHcmopTHi 3aco0u
Ta 3ac00U 3B’ABKY

OrpumanH4 miepcri, mkipu, Tkasu- | Kowni, miBuiuni oseni, sepbroau, BOIu,
HU (IITOBKOIIPSAR), BOCKY (012K 0JII)

i cupoBUHU A1 BUPOOHUIITBA Gara-
ThOX BUIiB KOCMETUKU (KUTH)

cobaKu, Bic/IIOKH, roIyou
- JomamrHi yaro6aeHIri
Koru, cobaku

3aBHaHHA NIKOTH 3I0POB’I0 JTHOIUHU
OrpyiiHi TBApUHY, BUPOOHUKY aJIepPreHiB
(muioBi KiIiti, cBifichbKi TBAPUHY TOIIO),
30yIHUKU 3aXBOPIOBaHb (TJIMCTH, BOIITL
TOII[0), IEPEHOCHUKHU 3aXBOPIOBaHb
(xuimri, Komapi TOII0), XMKi TBAPUHU

CKJIAJAEThCA 3 ABOX IMapiB KJjitTwH. Bararto ix-
HiX IpeICcTaBHUKIB MalOTh pagialbHy CUMETPiio
Tijla, X0Ua TPAILIAIOThCA ¥ IPencTaBHUKU 3 Ti-
JoM HenpaBuibHOI opmu. Ile rydoKkm, miacTuH-
yacTi, peOpomiaBu i JKaJIKi.

Iami TBapmHM mpeacTaBieHi opraxHismMamm
3 TpbOMAa IIapaMi KJITHH i, IlepeBakHO, Oija-
TepaJibHOIO cuMeTpieio Tina. Tomy ix yacto Ha-
3UBAIOTh 0800iuHOCUMEMPULHUMU TBapUHAMU.
Xoua medAKi ixHiI rpynu i mJeMOHCTPYIOTH pai-
aJbHy cuMeTpiio (MOpPCHKi 3ipKu, MOPCHKIi Jrimii
TOII0), ajie Taka OyZoBa € HOBUM HAJOAHHSM,
i moXomATHL BOHU BiA OBOOIYHOCMMETPUUHUX
mpeakiB. 3ajeKHO Big TOro, IO caMe YTBOPIO-
€ThCs i yac eMOpioreHesy Ha Miclli 6J1acTOIIOPY
(oTBOPY Ha IOBEPXHi racTpyJju), iX IOTIJIAIOTH
Ha MIEPBUHHOPOTHUX (AKII[O YTBOPIOETHCA POTOBUM
OTBip) Ta BTOPHMHHOPOTUX (AKIIO YTBOPIOETHCS
aHAJIBHUU OTBIp).

o nepsurHOpomux BiTHOCATH KPYTJIUX
i KimpuacTmxXx UYepBiB, MOJIOCKiB, UJIEHUCTO-
HOTUX, THUXOXOMIiB, MOXYBATOK, IIJIEUOHOTHUX
(6bpaxiomoxiB) Ta immi rpynu. IlpeacraBHUKA-
MU GMOPUHHOPOMUX € XOPHAOBi, TOJKOIIKIipi,
HAMiBXOPAOBi Ta IMEeTHHKOIIEJIEeIHi.

3anuTaHHA Ta 3aBAaHHA

1. Y AKnX rany3ax NpOMMCNOBOCTI t0AMHA BUKO-
PUCTOBYE TBapWH, MPOAYKTH, WO BOHM BUPOONAIOTbL Ta
AKi 3 HMX oTpumytoTb? HasepiTb npuknagu. 2. MNpota-
roM TPUBANOro vacy pebponnasiB BigHOCKMAW JO TUMy
KNLKOBOMOPOXKHWHHI, ane noTiMm BUAINUAN B OKpPeMuin
™MN. HaBediTb apryMeHTn Ha KOPWCTb TaKoro pilleHHs.
3. Aki ocobnuMBoCTi AO3BONMAM TBapWUHaM CTaTU Hali-
6inbLUOIO 3a KiNbKiCTIO BUAIB rPYMo0 XMBKX OpraHi3mis?
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Tema 2. biopi3HOMaHITTA

§ 19. AHaMHIi Ta aMmHioTIK

0 [omipkynTe

Y ccaBUiB 3apoAoK PO3BMBAETbLCA B OpPraHi3mi
MaTepi 1 He NoTpebye Takoro 3axucTy, AK 3a-
poaKn penTunin, AKi Po3BMUBaOTbCA y AnuAx. Ane
3apofKoBi 060MIOHKM B HbOFO BCe OfHO f[obpe
po3BKHeHI. Yomy?

Q 3raganTe

o TBapuH® » BropuHHOpOTI

o OHTOreHes » Xopgaa o Xpebet

Xopaosi Ta IX pi3HOMaHITTA

XopaoBi € ofHi€0 3 HANYCHIMIHIMIUX TPy
TBAapHUH. i IpeACTABHMKYU OIIAHYBAJIH BCi cepe-
IOBUINA icHyBaHHsA (BOIHe, Ha3eMHe, Hil3eMHe,
noBiTpane). Ila rpyna TBapuH € MOHOMiIeTHY-
HOI0, IO OyJI0O IiATBEpPAKEeHO 3a MJOIOMOTOI0
MOJIEKYJIAPHO-0iooriuHmMX mocaimkenb. Haii-
OMMKYUMY POAMUAMU XPEOETHUX € TOJKOIIKi-
pi (MopchKi 3ipKM, MOPCBHKi i’Karku, roJorypii,
o(iypu ToOIIO).

Bci mpencTaBHUKE XOPIOBUX MAIOThL II€BHI
pucu OyIoOoBU, AKi € XapakTepHUMHU AJA Bciel
rpynu (mana. 19.1).

AHanbHuit Xoppaa 3a6posi Pot
oTBIp WiNVHN
Man. 19.1. XapakTtepHi pucn 6ynosu
npeacTaBHUKIB XOPAOBUX

XapaKTepHUMHU pUCaMU XOPAOBUX, IKi IIPO-
ABJSIOTHCA X0U Ha AKi¥fch 3i cTamiii oHTOreHe-
3y, €:

+ HaABHICTH XOpPAU;

+ TpybuacTta HepBOBa cuCTeMa;

+ posTaIlyBaHHS HEPBOBOI TPyOKU 6esIo-
cepesHBO HAJ XOPAOI0;

* BTOPUHHA ITOPOKHWHA TiJia;

+ TpaBHA cHUCTEMa 3 POTOM i aHaJbHUM
OTBOPOM;

* HaABHICTH 3A0POBUX IIiJINH;

+ cerMeHTOBaHA MYCKYJIATypa;

+ HasBHICTH XBOCTa 3 M’ s3aMU.

Twun Xopmosi nmoxingeTbcsa HA TPU TiATUIIN:
Xpeberui (pubu, nTaxm TOINO), I'0JI0BOXOPHOBIi
(maumernuku) ta IlokpuBHuKku (acruaii, cab-
nu ToIro). Haibinbin po3BUHEHOIO I TOIIHUpe-
HOIO TPYIIOI0 cepel HUX € xpebeTHi, y AKUX Ha
MicIii XOpau PO3BUBAETHCA XpebeT, IO MOKe
CKJIaZAaTHCA 3 XPAI0BOi ab0 KicTKOBOI TKaHU-
HHU. 3ajIe’KHO Big ocobimBocTell eMOpPioHAJJIBHO-
ro0 PO3BUTKY XpebeTHUX MHOAiJIATb Ha TI'PyIu
aHaMHI# Ta aMHIOT.

AHaMHIT

Anamvuil — 1e XOpA0Bi TBapwHU, y SKHUX
y mpoiieci eMOPioHAIBPHOTO PO3BUTKY HE YTBO-
PIOIOTHCST 3aPOKOBI 000JI0HKY (aMHiOH, XOpioH
Ta anaHtoic). lo aHamHi#l BimHOCATH yci mep-
BUHHOBOJHI TPYIU XOPJOBUX: Oe3INeJIeHUX,
pub i amdi6inn (man. 19.2).

Binpma uvactuHa aHaMHifl mocTiliHO KuBe
y Bogxi. Jluimie meBHiI mpeAcTaBHUKU 3€MHOBOJ-
HUX (HATPUKJIAL, POIMyxXu) OiJbITy YacTHUHY
JKUTTSA MIPOBOAATH HA CYyX00Ji. Ajle PO3MHOMKY-
IOTHCA BOHM BC€ OJHO y BOJHOMY CEPEJOBUIIII.

MiHora

Man. 19.2. lMpeacTaBHMKN aHaMHIN
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Tema 2. BiopisHOMAHITTA 333 3 Sl

Yepenaxa

Kauka

lenaga

Man. 19.3. lNpeacTtaBHUKM amHioT

SamrigHeHHA y OiJIbIIOCTI aHaMHill 30BHiIII-
He. Po3BuTOK 3apoaka BigOyBaeTbcAa B SANIIi,
sKe BKPHUTE CIM30BOI0 000JI0HKOI0. Boma Haaxo-
IUTH IO 3apoaKa uepes IIOBEPXHIO AuIA. ToMmy
PO3MHOKEHHA MOJKJIUBE TiJIbKU Y BOTHOMY Ce-
pemoBuMIIi.

VY nmeaxux mpeincTaBHUKIB aHaMHINl CIIOCO-
01 PO3MHOMKEHHS OyJM CyTTEBO BIOCKOHAJIEHI.
Tak, eBOMIOIINHUN yCIIiX XPAITOBUX pub 6araTo
B YOMY TIOB’A3aHUU came 3 nuM. [{a rpyma mep-
1010 cepej XpebeTHUX IepewIna A0 BHYTPIII-
HBOT'O 3amjigHeHHs. AWIA, AKi BigKJIagamoTh
XPAIOBI pubu, BeJIWKi, MaloTh 3HAYHUII 3aIlac
JKOBTKA i MOCTAaTHBHO IIiJIbHY 000JIOHKY. ¥ dYac-
TUHU BUIIB CIIOCTEPIra€ThCA AUIEKUBOPOTIHHA,
KOJIX 3apOJIOK PO3BMUBAETHCS TiJIbKU 3a paxy-
HOK PEYOBUH SAUISA, ajle caMe SAHIle MiCTUTh-
cs B opraHisami matepi. A OJs OKpeMHX BHUIIB
(aKya-MOJIOT, eIeKTPUYHHUI cKaT) 3adikcoBaHO
CIpaB)KHE KUBOPOMIHHS, KOJMU HOTPiOHI peuo-
BUHU HAaAXOJATH IO 3apOAKa IIPSAMO 3 OpraHiamy
Marepi.

AMHIOTUN

AMHIOTH — 1Ie XOPJOBi TBapuHU, y AKUX
y Impoiieci eMOpPioHAJIBLHOTO PO3BUTKY YTBOPIO-
IOThCA 3apOAKOBI 000JOHKM (aMHiOH, XOpioH
Ta ajaHToic). AMHIiOTH € mepBUHHOHA3eMHUMU
opraunismamu. Ia rpyna BUHUKJIA B yMOBax Cy-

0 Kniouosa iges 0
3anexHo Bifg ocobnuBocTen embpio-

HaNbHOro PO3BUTKY XOPAOBMX TBapuWH
po3aginAlTb Ha ABi Benuki rpynn —
AHamHil i AMHioTK. B amHioT y npoueci
embpioreHesy yTBOPIOIOTbCA cneLianbHi
3apofKoBi 060NOHKM, AKi 3abe3neuytoTb
KUTTERIANBHICTL 3apogKa. A B aHaMHIN
Taknx 060JIOHOK HeMae.

IO JKUTTA y BOJi, € BTOPMHHOBOAHUMHU Opra-
mismamu. Ila rpyma BKJIIouae penTuiiii, mra-
xiB i ccaBmiB (maxa. 19.3).

Bci amHioTM MaoTh BHYTpPIITHE 3allIigHEH-
Hs. 3apOoJOK PO3BUBAETHCA B SHIli, YaCTHUHOIO
AKOTO € 3aXMCHi 3apoAaKoBi oOosomku. Y uyac-
TUHU aMHIioT (HampuKJan, y CCaBIiB) sAiIle
pPo3BUBaEThHCA B opraHisami marepi. IIpm mpomy
JKUBJIEHHS 3apoJKa BimOyBaeTbCcs 3a HOIIOMO-
T'OI0 3aPOJIKOBUX OOOJIOHOK, a MOKUBHI PEUOBU-
HY HAIXOOATH 3 OpraHisamy Mmarepi (cupaB:KHE
"KMBOHAPOAKEHH).

Y Tux amHioT, AWIA AKUX PO3BUBAIOTHCS
Y 30BHIIITHBOMY CE€PEeIOBUIIi, 30BHIITHI TOKPUBU
A€Nb MIUJIbHI ¥ He MPOIyCKAalTh BoAy. Bcei mo-
TpiOHi 3apOAKY PEYOBHHU PO3MIillleHi BcepequHi
AN, i 330BHI KpPish IMOPU HAAXOAUTH TiIBKU
KuceHb. Taxa OyzmoBa poOUTh MOKJINUBUM PO3BU-
TOK 3apOAKiB y HAa3eMHOMY CEPEIOBUIIII.

Po3BUTOK s€1b y 30BHIITHBOMY CEPEeIOBUIITL
MOJKe BimOyBaTucsa 6e3 yuacti 6aTbKis. IIpukia-
JIOM IILOTO MOKe OyTU PO3BMHOKEHHSA MOPCHKUX
yepenax, AKi IPOCTO 3apUBAIOTh AUIA B TEILIUIA
micok Ha Oepesi. BaThbKM MOMKYTH 3axuUIIaTH
AUISA 1 MEeBHMM YKWHOM peryJIBATH TeMIlepa-
TYypy IXHBOTO PO3BUTKY, PETyJIIOOYU TOBIIUHY
mapy r'pyHTY, AKUN ix BKpuBae. Tax pobaATh
Kpokoauau. I HaperTi, BOHU MOXKYTb BUCUIKY-
BaTH SAUIA, 3irpiBarouu iX TeIJioM CBOTO TiJja.
Taka moBefiHKa IpUTAMaHHA IITaXaM.

3anuTaHHA Ta 3aBAaHHSA

1. Y NOAVHN HEeMA€E XBOCTa, XOUa HasABHICTb XBOCTA 3 M'A3amMu
€ XapaKTepHOW O3Hakol Tuny XopAosi. Yomy Mm Takum MoOXKemo
BM3HAUaTU NIOAUHY AK NpeAcTaBHMUKa Lboro tuny? 2. TypboTa npo
HaWaAKiB NpUTaMaHHa He TiNbKM aMHioTaMm, ane N AeAKuM npeacTas-
HMKaM aHaMHil. 3HalgiTb 3a JOMOMOrol JOAATKOBUX AXKepen Taki
npuknagn i HaeediTb iX. 3. BuKopucTtoByloun [oOaTKOBI Axepena
iHbopmaLii, 3HanaiTb NpeACTaBHUKIB aHaMHIN (Kpim TUX, AKi BKa3aHi
B naparpadi), AnA AKMX € BNACTUBUM BHYTPIWHE 3annigHEHHS.
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Tema 2. biopi3HOMaHITTA

§ 20. EkocnctemHe 6iopisHOMaHITTA

PisHomaHiTTa ekocuctem

BiopisHoMmaHiTTA mpuTaMaHHe BCiM piBHAM
opramisarii sxmBoro. Kpim BmmoBoro piszHoma-

0 [NomipkynTe

Yum NpucToCcyBaHHA NIOAVHW [0 Pi3HUX YMOB
cepepoBuLia BiAPI3HAETbCA Bif MPUCTOCYBaHHA

iHWWX TBapuH?

Q 3raganTe

» Ekocncrema
» biopisHOMaHITTA

HITTA, Ay’Ke BaKJIUBUM € EKOCHUCTEMHe pis-

HOMaHiITTA. POopMyBaHHA IILOTO PiBHOMAHITTA
€ ckaagHuUM npomecoMm. Ha HbOro, Kpim Kaima-
TUYHUX i reoyioTivHuX (hpaKTOpPiB, CYTTEBO BIJIU-

» biocdepa
» EBontouis

DnopucTnyHi LapcTea

Bae icropia posBuTky (uiopu # dpayunu. Haiisu-
UM PAHTOM eKOCHCTEMHOT'0 6i0pi3HOMAHITTA €
(diopucTuuni Ta QayHicTuuri mapcrsa.

ITapcrBo Micue po3ranryBaHHs XapakTepHi npegcTaBEUKU (Iopu
Tonapk- Binpma yacrunaa IliBaiunoi AMepuku, siKa po3TaiioBa- Popunu Cocuosi, Bykosi, Bepe-
TUYHE Ha miBHiuninrte Mekcuku, IliBHiuna yactuua A¢ppuku, 30Bi, Pososi, Kanycrsaui, Ocoxosi

saxa npuisarae go CepenseMHOr0 MOps, OiJIbIlIa YacTUHA TOIIIO

€Bpagii, oKpiM niBAEeHHUX peTioHiB
ITaseo- Bces Trepurtopia Adpuku 3a BUHATKOM PETioHY, IPUJIer- Popwun ITanmsmu, Tytosi, Mouio-
TpomiuHe Joro 1o CepenseMHOr0 MOPSA Ta HEBEJIUKOI 00J1acTi Ha yaiiHi, [laciboHOBi, BanaHOBI,

miBAHI KOHTUHEHTY, Oinbina yactuHa Apasii, Ingocras, Muprosi, ApoigHi To1ro

niBgenb Kuraio it octpoBu Tuxoro okeany
HeoTpo- Binbma uactuna IliBgernoi Amepuku i IleHTpanbHa Ponunu Bpomeniesi, OpxinHi,
miuHe Awmepuka Muprosi, ITansmu, JIaBpoBi To1110
Kamncoeke Kpaiiniit mipgenuuii Kpat AQpuru Poguuu I'py66ieBi, PopinyJiosi,

Bpymniesi Tomro

Ascrpauriii- AgBcrpaJtis Ta mpuieri 1o Hel 0OCTPOBU Ponuuu EBkaninToBi, Apaykapie-
CbKe Bi, IlomokapImosi Torro
TonanTapk- IliBgenna yacruna Ilisgennoi Amepurku, Hosa 3enan- Pogunau 'amodirori, JlakTopucosi,
TUYHE Ilisi, cyOaHTAPKTUYHI OCTPOBU Misonennposi

MayHicTnyHI yapcTBa

ITapcrBo Micue po3ranryBaHHs XapakTepHi npegcTaBHUKH hayHN

ApxTrores Binbina uactuua IliBaiunoi Amepuku, Axa poaraimmosBa- | Jloci, onexi, puci, kosu, 600pu,
Ha niBHiunime Mexkcuku, ITiBaiuna uactuna Appuru, KPOTH TOIIIO
saxa npuiarae no CepenseMHOI0 MOps, OiJIbIIa YyacTHA
€Bpasii, okpimM miBAeHHUX PerioHis

ITaneoresa 3aiimae TpomiuHi pationu Cxiguoi miBkymi: Adpuka va | Crpaycu, MapTUIIKY, HaBianu,
nismens Big Caxapu, IliBgenna ta Ilisgenmo-Cxigua CJIOHU, TOPUJIN, IIIUMIIaH3€e, OPaH-
Azsist, octpoBu Mik Asiero Ta ABcTpadtieio TYyTaHU TOIIO

Heores Ilismenna ta IlearpansHa Amepuka, ocTpoBu Kapub- IrpyuKu, 6poHEeHOCIi, OIIOCYMH,
CbKOTO MODS MIUHIITAINA, HAHJY TOIIO0

Hororea Ascrparnisa, Tacmanis, Hosa I'Bines, Hosa 3emanmis, Kenrypy, xoana, BombaTu, Kau-
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octpoBu Tuxoro okeany

KOI3b00u, EXUIHU, eMy, Ka3yapu,
BapaHM, paiichbKi ITaxm TOIIO



Kocmononitn

KocmomouaiTu — 11e Bugum abo TaKCOHM, SAKi
TOIITMPEHI 0 TepuTOpPii 3emiti, TPAIIAIOTbCA HA
TepuTopii pisHUX QayHicTHuHHUX ab6o Guopuc-
TUYHUX [APCTB i B PiBHUX IPUPOAHUX 30HAX.
KocmomnosiTamMmu cTaloTh BUAU, AKi € KUTEIIMU
OioTomiB, IO He CUJIBHO BiApPi3HAIOTHCA MiK CO-
0010 HEe3aJIe’KHO BiJ MiCIld IMPOKMBAHHA.

KracuunumMuy BuagaMu-KOCMOIIOJiTaMu €,
HampukJan, muTtHi. 11 pakomomiOHi MemIKaoTh
y Kajmo:kax. TepMmiH IX PO3SBUTKY Oy:Ke KOPOT-
KU, a TeMOepaTypHi yMOBUW, B SKUX MOXKYTb
icHyBaTH KaJII0Ki, MalOTh JOCTATHHO BY3bKi paMm-
KM, ToOTO Kammoxi B Amepuni ta €Bpasii Bin-
Pi3HAIOTLCA He Oy:Ke CUIbHO. A AW IMUTHIB
CTifiKi MO 30BHIITHIX BILIMBIB i mIy:Ke JIETKi, TOMY
BITPOM JIETKO IIEePEHOCATHCS Ha COTHI KiJloMeTpiB.

IIle omHa rapHa eKoJIOTiuHA Hilla AJaA BU-
IiB-KOCMOMOJIiTiB — cuHaHTponHa. CHHAHTPOI-
Hi BUIM NPUCTOCOBYIOTHCA OO KUTTS IIOPSM
3 JIOOUHOI0. A JTIOAWHA CTBOPIOE CXOXKi yMOBU
IJA icHyBaHHSA, Mepe0yIoBYIOUU HABKOJIUIITHE
cepemoBHUIle MiJ cBOi 3BUUYHI moTpebu. Tarkumu
CUHAHTPOIITHUMU BUAAMU-KOCMOIIOJIiTAMY CTAJIH
BCi CBilicbKi TBapwHU, OJd AKUX JIOIWHA CIEIli-
aJIbHO CTBOPIOE ITiAXOAAINI YMOBU HPOKUBAHHA.
AJje 6araTo BHUIIB HOMIMPUJINCSI PasoM 3 JIO-
IuHOI0 0e3 ii sromm (TapraHu, IMAIIOKHW TOIIO).

EHpemikn

Enpemikn — 1e BuUAu, AKi MaioTh Iy:Ke
oOMe:xkeHUI apeas (HaOpUKJIAL, MIIINHO3YO Ha
Ky6i, ¢oca ma Mamarackapi, xiBi y Hosiit 3e-
naHgii). 3a3Buuail e BUAU 3 BY3bKOIO cIierfia-
Jizalrfiero ¥ yHiKaJbHOIO E€KOJIOTiUHOIO HiIllero.
Haii6inpmia KinbKicTh eHIEMiKiB 3ocepem:keHa
y BimHOCHO i3osmboBaHUX eKocucTeMax. Lle oct-
poBu (0co6JIMBO Ti, AKi po3TalioBaHi gajgeko Bix
HaMOJIMKUOI cyIlli), o3epa, meuepu TOIIO.

Benuka kKinbkicTh emmemikiB € Ha I'aBaii-
cbKUX Ta ['anmamarocbKmx ocTpoBax. Tak, eHpe-
mikamu I'ajmamarociB € riraHTcbKa rajamarochb-

0 Kniouosa iges

Ekocuctemun nnaHetn 3emnAa Hag3BUYAMHO pi3-
HOMaHITHi. Ane BOHU MalTb MEBHi pUCK CXO-
XOCTi, AKi fo3BoNATb iX 06'€eAHYBaTU y rpy-
nm — ¢GbnopuctuyHi Ta dayHiCTMYHI LapcTBa.
OKpemi BMAM OpraHiamiB MoXyTb OyTV nowu-
peHUMM B Pi3HMX eKocucTeMax (KOcMomnonitu)
abo TpannaTUCA Ha Jy»Ke obmexeHin Teputopii
(eHpemikn).

Tema 2. biopisHomaHiTTAa 333 S

Ka uepemaxa, rajialrarocbKa CyXoIlyTHa iryasHa,
13 BuzaiB rasamarocbKux B’IOPKiB TOIIO.

B ozepi Baiikam HapaxoByOTH OJU3BKO
1000 BugiB-eumemikiB. Ha cyxomoui, Kpim osep,
BeJINKA KiJIbKICTh €eHJIeMiKiB MOKe yTBOPIOBATH-
cA B TipChKUX perioHax.

Oco0611BOIO TPYIIOIO €HAEMiKiB € maJsieoeHe-
Mmiku. Ile mpeAcTaBHUKM AaBHIX TaKCOHIB, AKi
B iHINMX MicreBoCcTAX OyJM BUTiICHEHI HOBUMU
rpymaMu opraHidmiB, 60 He BUTPUMATIU KOHKY-
peHTHOI 00POTHOM 3 HUMU. A B OKpPEeMHUX perTi-
OHAaX HOBI KOHKYDPEHTU He 3 ABUJINCS i cTapuM
rpynam yaajgocd BUKUTH. [I[puKIagoM najeoeH-
IeMikiB € ogHOTpOXimHi ¥ cymuacti ABcTpadii,
rarepis, sxa sbepersaca B Hosiii Senamaii, sa-
TUMEPisdA, 10 BIiJIijla B HEBEJIUYKHUX 0ioIleHO3ax
Ingifickkoro okeany.

Enpemikis me caig mayratu 3 Bugamu-ado-
purenamu. Aoopurenu (a00 aBTOXTOHH) — Iie
opraHiamu, sgKi yTBOpPUJIMCA HA NEBHill TepUTo-
pii i "KUBYTH Ha Hill TPOTATOM TPUBAJOTO Yacy.
Bouu MoxKyTh OyTU K eHIeMiKaMu, Tak i Koc-
momnoJitamu. TiTbKM B iHIIMX perioHax BUIU-
KOCMOIIOJIiTH OyAyTh YK€ He aBTOXTOHAMMU.

IlpencraBauk TaprauiB Ilpycak pygpuit
(Blattella germanica) noxomuts 3 IliBmemnHol
Az3ii i € aBTOXTOHHUM BUIOM [AJI IIHOTO PETioHY.
B €Bpony Bin morpanuB y XVIII cromiTTi i Bike
3BiiTM TOIMUPUBCA IO iHINMUX KOHTWHEHTaX,
craBmu BugoMm-kocmomnoisiToM. Ilocendrmouncs
B JIIOJCBKUX OCEJAX, IMPYCAK BUTICHAE 3 HUX
yopHoro rtaprana (Blatta orientalis), uuceinb-
HIiCTH SAKOTO 3 TOTO Yacy PidKO 3MeHIIuJacs.

@ MpakTyHa poboTa

MopieHaneHa xapakmepucmuka ¢hsopucmu4Hux
obnacmeli 0aHoi micyeeocmi

1. Bnbepitb Tpn dnopuctnuHi obnacti €spasii (Ha-
npuknag, lpaHo-TypaHcbKy, CxigHo-Asiatcbky, Ce-
pen3eMHOMOPCHKY).

2. Cknagitb NopiBHAMBbHY Tabnuulo UMx obnacten,
YKa3aBlWW Hanbinbll MOWMPEHi rpynu POCivH Ta
XapaKTepHi KNiMaTUYHi YMOBW.

3. ChopmynioliTe BUCHOBOK.

3anuTaHHA Ta 3aBAaHHA

1. Aki ocobnuBocTi Gionorii naulka AO3BONWIN
nomy ctatv Bugom-kocmononitom? 2, CKnagitb CnMcok
BMIiB-KOCMOMONITIB, AKi TpannAaTbCA y Balin micuye-
BOCTi. 3. Yomy Mmexi GpnopucTmyHux i payHicTMuHuX
LapcTB He cniBnagatoTb?
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Tema 2. biopi3HOMaHITTA

§ 21. 3miHn GiopisHOMaHITTA

0 [NomipkynTe

He Bci Bugn 3 Tnx, AKi NognHa 3aBo3nUTb
Ha HOBIi TePUTOPIi, NPVXNBAIOTLCA HAa HUX.
3 yum Ue Moxe ByTV MoB'A3aHO?

Q 3raganTe

» biopisHomaHITTA e Apean

o KoHKypeHLia » EkonoriyHa Hiwa

IHTpOAYKUIl Ta IXHI NPUUYUHN N HACTILKW
IaTpoaykmia — Iie IfijlecnpsMOBaHe Iepe-
CeJIeHHSA JIOAWHOI0 OJHOTO 3 BUMIB JKUBUX Op-
ra"idamiB 3a Mexki HOro apeany B HOBi yMoBH
icuyBaHHdaA. Buja, AKuil moTpanmB B eKOCUCTEMY
ILJIAXOM iHTPOAYKILil, HA3MBAIOTh iIHTPOAYKOBA-
HUM, abo uysKopigHuM Bumom. IIpoiec axai-
Tanii iHTPOAYKOBAHOTO BUAY OO HOBUX YMOB
icHyBaHHS Ha3MWBAIOTh aKJiMaTH3alli€lo.
Haifiuacrinie npuunHoo iHTPOAYKILiI € 1mO-
Tpeba B IIeBHil IPOAYKILiI, IsKepeoM SAKOI €
skuBi opra"iamu. Ile mpoaykTm xapuyyBaHHS,
CUPOBUHA [JI BUPOOHUIITBA OAATY, OyaiBesabHIi
MaTepianu ToIro. YacTo iHTPOAYKIIiSI IIPOBO-
IUTHCS 3 €CTeTUUHUX IOTped (HampukJaam, IJIsd
CTBOPEHHA MNAapPKiB 3 €K30TUYHUMU [JIsI IIE€BHOI
MicmeBocTi pocamHaMu). ¥ OeAKUX BHUMNALKaX
iHTPOAYKIIiA MOKe BHUPIIIyBATH TPAHCIOPTHI
mpobaemu (KoHi, BepOioau, Bicaoku, cobaKku).
TaTpOoAyKIisA HOBUX BUIAIB JIIOAUHOIO MOJKE
MaTH pisHi Hacaigku. Y AeAKUX BUIIAAKAX iH-
TPOAYKOBAHI BUAM He 3JaTHI BUKUTU 0e3 min-
TPUMKH JioguHU. Tomi BOHUM 3aJIUIIAIOTHCS
B HOBOMY PeTiOHi TiJIBKY y CKJIaJAi arpoleHo3iB
i camocTifiHO He IOIIUPIOIOTHCA. AJie iHKOJIU
BUJ, AKUU IIOTPANIMUB Ha HOBY TEPUTOPiIO 3a
IOTIOMOTOIO0 JIIOAWHU, MOKe afanTyBaTUCHA [0
HOBUX YMOB iCHYBaHHA 1 moYaTW HTOMIWPIOBA-
THCA B €KOCHCTEMi caMocTiiino, 6e3 JOIIOMOTH
aoguau. [le Moyke OyTU NPUUYMHOIO BEJIUKUX
npobsieM myas MicieBoi exocuctemu. Tak, 3a-
ceJleHHA 0araTbOX OCTPOBIiB KO3aMU HMPaAKTUKY-
BaJIOCSI MOPEILIaBIAMH He MEHII HiK KiJIbKa
coTeHb pokiB. TakuM YMHOM BOHU PO3PaxoOBY-
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BaJIM MaTH CAaMOBiJTHOBHMU 3amac mM’sica, AKUM
MOKHaA OyJO0 KOPHUCTYyBaTHCA KOMKHOTO paasy,
MPOMJINBAOYM TOB3 TaKi ocTpoBu. Ase Ha
oCTpoBax y Kiz He OyJ0 HNPUPOAHUX BOPOTiB,
i BoHM moumHAJU 0E€3KOHTPOJILHO PO3MHOIKY-
BaTHUCs, 3HUIIYIOUM MiCI[eBYy POCJHHHICTEL i BU-
KJINKaouUM eKkoJoriuny karactpody. Tak, ny:xe
CUJIbHO IOCTpPasKmaam Bix takmx nini I'amama-
TOCBKi OCTpPOBH.

IIpukmagaMu iHTPOAYKOBAHWX BUMIIB MAJIA
Vipainu € KyKypyasa, IOIIeHuIls, 0iia akaiis,
KJIEH SICeHeJUCTUH, Ay0 YepBOHUII, KaByH, TOB-
cT0J100, Oinuit amyp, KilllKka, K0o3a, IIIOBKOBUY-
HUH IITOBKOIIPSA/.

IHBa3il Ta IXHI NIPUYMHK 1 HaCcNIgKN

InBazia — 1ie mepecesieHHS OJHOrO 3 BIU-
IiB KUBUX OPraHi3MiB 3a MeKi Iioro apeay
B HOBI yMOBM iCHYBaHHSA, B Pe3yJIbTATi SKOTO
BUJl 3aKPIIJIIOETHCA Y CKJIAi HOBOI €KOCUCTEMU
M yTBOpIOE HOBUU (BTOPMHHUI) apeaJ. [HBazia
MOKe BimOyBaTucs 6e3 ydacTi iroguHu abo 31iii-
CHIOBATHUCS JIOAWHOIO HECBiZoOMO i BHUIIagAKOBO.

Bun, axomy Bmasocda BBiHTH OO CKJAmy HO-
BOI eKocucTeMu i chopMyBaTU HOBUI apeaJti, Ha-
3MBAaIOTH iHBa3iitHUM. [HTpPOAYKOBaHI JIOAUHOIO
BUAW TAKOX MOYKYTb yTBOPIOBATU BTOPUHHUMI
apeaJl i 3akpimaoBaTUCA y CKJaJi HOBOI €KO-
cucrteMu. ¥ TaKOMY BUIIQJKy BOHU TeK CTAIOTh
iHBagiftHUMU.

IIpuumaM iHBa3i#ti MOXKYTH OyTM pisHUMU.
TuBasii 6es yuacri JiognHMu BinOyBaOThCSa, KOJIU
SAKUICH BUJ] TOYNHAE PO3IINPIOBATH apeaj CBOTO
icmyBanusa. Tak MoiKe craTucsa uepes3 YCITiIITHE
PO3MHOKEHHA OCOOMH BUAY BHACJIOK TapHUX
YMOB icHyBaHHS i 30iJIbIIIEHHS BHYTPiIITHHOBU-
IOBOI KOHKYPEHIIii B MeKaxX CTaporo apeasny.
TarkoX TPUUYMHOI TAaKOTO IOIMWPEHHA MOXKe
CTaTu BUHWKHEHHSA AOCTYIY [0 HOBUX TEPU-
TOPifi y peayJbTaTi TeoJIOTiYHUX IIPOIlECiB.
ITe BimOysnocs, HAIpUKJIAL, mig yac (hOPMyBaH-
HA nepemnuiika Mixk IliBmiumoro i IliBmemmoIO
AMepukroro.

JlroguHa TaKOXK € BayKJIMBUM UMHHUKOM JJIS
BUHUKHEHHA iHBasiii. Yacrimnie 3a Bce BOHA BU-
MaJKOBO 3aBO3UTHh BUAM Yy HOBi perionu. A6o 1ri
BUJW € CUHAHTPOITHMMU i Bech 4ac KUBYTH II0-



pAI 3 JIOAUHOI. 3a YMOBU HMOTPAILJIAHHSA B HOBI
YMOBU BOHU TPOCTO CYHPOBOKYIOTH JIOAUHY,
a MOTiM ITIOYMHAIOTH OCBOIOBATH HOBi TepuTopii
B)Ke CcaMOCTiiiHO.

Taki BumagkKoBi iHBagili mAysKe YacTo mpu-
3BOAMIAM A0 Karactpodiuamx HacaigkiB. I ne
TiIBKM OJd MiCIIeBUX €KOCHCTeM, ajie U OJsd
camol JioauHU. XapaKTepHUMU NPUKJIAZAMU €
OOTPAILIAHHA HeIapHOTO MIOBKoIpAma B Ilis-
HiuHy AMepHUKYy, a KOJIOPaACbKOI0 JKyKa i Bu-
HoOrpanHoi (iokcepu — B €BpoIry.

B Vkpainy maaxom BUIAAKOBOI iHBasii
norpanmujo Oarato BuaiB. Tak, cyTTeBOil IIKO-
nu exocucrteMi YOopHOTO MOpPSA 3aBIAaB MOJIIOCK
pamana, akoro B KiHIi 40-x pokiB XX croJit-
TS BUIIAAKOBO 3aBe3au 3 Jlamexoro Cxony. Binm
(GaKTUUYHO BHUIIUB BEJUKI KOJOHII IBOCTYJIKO-
BUX MOJIIOCKiB (0COOJIMBO MOCTPaKAAIN YCTPU-
11i), 10 pisdKo moripmiuiao GiJbTpalliro MOPChKOL
Bogu. Karactpodiunoro O6yna i mosasa B HopHo-
My Mopi pebpomiaBa MmHemioncuca 1982 poxry.
ITeit Bux morpanuB y HopHe mMope 3 OalacTHU-
MU BojgaMu KopalOJiiB Bim ysbepe:xk:ka Daopugu
i 3a KOPOTKUI TepMiH 3HUINUB 3HAUHY YaCTUHY
300ILJIaHKTOHY, IIT0 IIiJipBajo KOpMOBY 0asy 0Oa-
raThbOX MHPOMHUCJOBUX puO i pidKo 3HM3MIO IX
YUCEJbHICTD.

Ane He Bci Taki iHBasil mMaroTh KaTacTpo-
diuamii xapaxkTep. ABcTpadiicbKuii rpubd KBi-
TOXBicTHMK Apuepa OyB BHUIIALKOBO 3aBe3eHUI
y €Bpony B mepiriii mogoBuHi XX crosiTta. Bin
IMiJTKOM HOPMAJILHO BBIHMIIIOB 0 CKJAIy JIiCOBUX
OiomeHo3iB i momwmpuBcA TepuTopieo €Bpomu,
IOCATHYBINU 1 YKpaiHm.

biopi3HOMaHITTA AK pecypc i OCHOBa
306epeXKeHHs XNUTTA Ha 3emni

BiopisHomMaHiITTS € OZHMM i3 OCHOBHUX
pecypciB HaImoi IameTu, IKUHA 3abesmeuye ii
icuyBaHHA. PidHOMAaHITTA eKocucTeM 3 BeJu-
KOI0O KiJIBKiCTIO BUOIB V KOXKHIN 3 HUX POOUTH
Oiocdepy HaIOl MJIaHETH CTiMKOIO0 A0 pisHOMA-
HiTHUX 3MiH i KartakgismiB. Came 3a paxyHOK
OiATBHOCTI KMBUX OPraHi3dMiB Ha IIJTaHeTi ic-

0 Kniouosa iges

MunBi opraHiammn MoXKyTb 3MiHIOBaTuK CBiM apean,
AK 36inblyoyn, Tak i 3meHwyoun Knoro. MMo-
TpaniAHHA HOBUX BU[IB B €KOCUCTEMU MOXe
CYTTEBO BMMBATM Ha CTaH ixHboro 6iopi3Ho-
MaHiITTA.

Tema 2. biopisHomaHiTTAa 333 S

HYIOTh YMOBU, CIIPUATJIUBI IJIA KUTTA JIOAUHU.
A ot 3MeHIIIeHHA KiJbKOCTi BUAIB i pisHOMAaHIT-
TS €eKOCUCTEM Pi3KO IIiABUIIYE PUSUK €KOJIOTiu-
HUX Kpus. Biojoriuni cucremMm 3 HeBEJIUKUM
PiBHOMAaHITTAM € ypasJIMBUMHU IO HECIPUATII-
BuX (paxkTopiB i HabaraTo Jerimie PYHUHYIOTHCS
BHACJIiZOK IXHBOI mii.

Tomy omgHUM i3 HaWBaXKJIUBIIINX 3aBIaHb
JIOOUHU € 30epekeHHA MaKCHUMaJIbHOTO Pi3-
HOMAHITTA AK E€KOCHCTEM, TaK i BUAIB y ITuUX
exocucreMax. OmHUM 3 e(EKTHUBHUX METOMiB
BiHOBJIEHHS 0iOpiBHOMAHITTA JIIOAUHOIO € pe-
iHTPOAYKITidA.

PeiaTpoaykuia — Ie mepecesieHHS BUIIB
Ha TepUTOpiio, sKa paHiile Oyjga 4YacTUHOIO IX-
HBOTO apeajly, ajie IOTiM 3 AKUXOCh IPUYUH
Oysa HUMU 3ajsuirieHa. [[ysKe 4acTo IPUUUHOIO
BTPaTU YaCTUHU apeay € AiAJAbHIiCTb JIIOAWHU,
i peiuTpoayKIlia — Iie rapHuii cmoci6 ymopa-
THUCS 3 HETaTUBHUMHU HaCJiJKaMU TaKoOi MidAJb-
vocTi. IIpukaagamMu ycminrHoi peiHTPOAYKILil €
mepecesieHHA BiBIeOMKiB Ha miBocTpie Taiimup,
BiTHOBJIEHHSA IOMYJIAIil 3y0pa Ha miBHOUI i 3a-
xoni YkpaiHu, (popMyBaHHA NONyJaAINil KyJia-
HiB y 3amoBigHuKy Ackanis-HoBa i Ha ocTposi
Biprouwnii.

@ MpakTnyHa poboTa

BueyeHHA OUHAMIKU pOCIUHHOCMI eKocucmem
3 8UKOPUCMAHHAM 60MAaHiYHO20 MOHIMOpUH2y
1. BubepiTb AinsAHKY MicLLeBOCTi NeBHOI eKocnctemm
nyoweto npuénnsHo 1 ra (100x100 m), 3a AKOK BU
Masin MOX/IMBICTb CNOCTepIraTh Kiflbbka poKiB, Ta BY-
3HauTe BUAOBUIN CKNAf POC/IMHHOCTI L€l AinAHKN.
2. OuiHiTb, AIK 3MiHIOBaNacA POCANHHICTD L€l AinAH-
Kn. BuABITb 03HaKM 1 CTyniHb 3abpyAHeHHA (pyiHY-
BaHHA) JOCNIAKYBaHOI €eKOCUCTEMN.

3. 3po6iTb MpuNyWeHHA MPO MPUYUHW AUMHAMIKK
POCAVIHHOCTI AOCNIAXKYBaHOI eKkocucTeMum Ta Crpor-
HO3yNTe NoJdanblUMi PO3BUTOK L€l eKocucTemu.
4. CoopmynionTe BUCHOBOK.

3anuTaHHA Ta 3aBAaHHSA

1. HaBepiTb nNpuKnagyn 4YOTUPbOX-M'ATW iHBa3iN-
HUX BUAIB, AKI MOXHa nMobaunTi y Balliil MiCLEBOCTI.
2. AKNMK MOXYTb OYTV NMPUUYUHK TOTO, O NOTPanIAH-
HA HOBMX BMAiB Y YopHe Mope yacTo CTaE NPUUYUHOI0
KaTacTpodiuHmx Hacnigkis? 3. Bukopuctaswm gopaTko-
Bi [Kepena, BU3HauTe NPUYMHN iHTpOAYKLiT BKa3zaHUX
y naparpadi BugiB Ha TepuTopito YKkpaiHu.
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OcHOBHI nonoxeHHA TeMun «biopisHOMaHITTA»

KpuTepii kKnacudikauii >KnBux ictot

Kpurepii IIpukaagu o3HAK IIpukaagu cucTeM OPraHiYHOTO CBiTY
Amnaromo- OpHo- ab0 6araToOKJITUHHICTD, pyxJauBicTs, | Tpamuniiiai cucremu: Jlinueii (1758),
mopdostoriuni TUOU POCTY i POBBUTKY Mirouxraysen (1763), Hexkkep (1783),

. Texkxens (1866), Kommenn (1938),
romorow Tumn XUBJIeHHS, MicIle B eKocucTeMi Yaitrreiikep (1965), Mapryuic (1971),
diziomoriumi «IIIkinTpHA» YOTHPHUIIAPCTBOBA KJacudi-

Iuromnoro- o 3 ) kKaria 1980-1990-x pp.
NN Bynosa Ta xiMmiuHUIT CKJIa] KIITUHI
6ioximiuni
Mounexrymnapuo- CnopizHeHicTh, BCTAHOBJIEHA IIJISAXOM II0- CyuacHi cucremu: Enu ta is. (2012),
dimoreneruuHi piBHAJIBHOTO aHaAJidy 6iomosimMepiB Bypki (2016), Bpays Ta im. (2018)

HeknituHHi dopmm KunTTA

Oco6auBocri Bipycu Bipoign IIpionu
Bynosa:
¥ o ITHK a6o PHE PHK -

+ HyKJeTHOBi KucaoTH

+ OinkH; + - +

+ npimigHa 060JI0HKA + /- - -

Opranismu-xasai VYci kaiTuaHI opranismu Bumi pocaman Ccasiti, rpubu, pocauHu

Bukiaukani xBopobu Ckas, rpun, CHI/I, Bicma, BeperenomnoaiouicTs Kypy, ckperi, xBopoba
rematur, eboja, Kip, Kpacuy- @ 0yabp0 KapToinii, kapau- = Kpe#itiidenbara — fxoba,
xXa, BipycHUIT MapoTUT, AITYP = KOBICTh XPU3aHTEM Ta daranbHe poguHHE 6€3-

TOMAaTiB COHHA

[MpoKapioTNYHI opraHizmu

BaxkTepii Apxei
OsHaku: OsHaku:
+ OgHOKJIITUHHI, KoJIoOHianbHi a00 6araTokaiTuHHI | * OIZHOKJIITUHHI
- KaitunHa criEka 3 mypeiny - KaitTumna crinka i3 nceBmomypeiny, S-6i1KiB ToII10
+ Membpana 3aB:K /U JBOIIIAPOBA + Memb6pasa Moxke 6yTU ABOIIIaPOBOIO 260 OJHOIIIAPOBOIO
- 'eHoM He MiCTUTH T'iCTOHIB « Y reHoMi IpHUCYTHIi ricToHOMOAi0HI GiTKM
IIpencraBauKHU: IIpencraBHUKHU:
miamobakTepii, mporeobaKTepii, rpaMIO3UTHUBHIL eBpiapxeotu (rasoapxei, meTaHoapxei), KpeHAPXEOTH,
bakTepii, aKkTHHOMIiIeTH, PIKKeTCil, xaamimil, HaHOapXeoTu, acrapJapxXeoTun

CIIipoxXeTu, MJIaHKTOMIIleTH

Bukiaukani xsopoou: -
yyMa, xoJiepa, Tu( (BUCUIHUIHA, IIOBOPOTHUIA,
yepeBHUI1), IIpaBellb, cubipKa, OpyIie1b03, Jempa,
raHrpeHa, 00TyJIisMm

46



EyKapioTnyHi opraHiamm

ExckaBaTu

Hiadoperurxn

Amopdei

OsHaku:

* OJHOKJIITMHHI

+ IXKTYTUKIiB mepeBakHo 4, 6, 8;
3pigka 1-2 mepenui

MiTOXOHAPII UacTo peayKoBaHi,
a060 3 TUCKOIOAIOHUMY KPUCTAMU
cTaTeBUil IpoIeC BifcyTHiN
retepoTpodHi (3a BUHATKOM
IeAKUX eBIJIeH)

O3Haku:

OMHOKJITHHHI, KOJIOHIaabHI a60
GaraToKJIiTUHHI

IKTYTUKIB mepeBakHO 2, mepenHi
a6o GiuHi

MiToxXoHAPil 3 TpyOUacTuMu abo
MJIACTUHYACTUMY KPUCTAMU
aBTOTPO(HI Ta reTepoTpodHi

Osnaku:

* OJHOKJIITMHHI, KOJOHianbHI
a60 6araToKJIiTUHHI

+ IXTYTHUK IIepeBaskHo 1, 3amHil

- MiTOXOHAPiI 3 TpyOUacTuMu abo
IJIACTUHYACTUMHU KPUCTAMU

« reTepoTpodHi

IIpencTraBHUKU: €BIJIEHU, TPUXO-
MOHaIU, TPUTIIAHOCOMHU, JIAMOIIII,
aKpasieBi CIM30BUKU

IIpeacraBuuku: 6ypi, giaToMoBi,
YepBOHi, 3eJIeHi BOAOPOCTi, BUIIi poc-
JINHU, HeCIIPaBXKHi rpubu, indysopii,
CIIOPOBUKMU-AMMiKOMIIJIEKCH, PAmiosa-
pii, popaminiepu, coneBUKHT

IIpencraBauKuU: TUIOBi amebu,
CIIPaBJKHIi CJIMBOBUKU, CIIPABIKHI
rpubu, KoMipuacTi AKIyTUKO-
HOCIIi, 6araTOKJIiTUHHI TBAPUHUA,
y T. 4. JIOOUHA

Knacnoikauia KniTMHHUX opraHiamis

Knacudikauia Buwmx pocnmH

TonoHacinuj

(3HaKom ‘ no3HayeHi BUMepni rpynu)

Komipuesi
PKIYTUKOHOCL

Knacuoikauis eykapioTiB
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Tema 3. O6bMmiH pevyoBUH
| NepeTBOpPEeHHA eHepril

§ 22. OpraHiyHi Ta HeopraHi4Hi cnonykn, Heo6XigHi ANA opraHiamis

0 [omipkynTe

Hectaua enemeHTiB B OpraHi3ami pocivH, AKNX
MiCTUTbCA 3a3BuYan BigHocHo 6arato (C, O, H, N),
NOraHO MO3HAYaETbCA Ha IXHbOMY CTaHi. Yn nmo-
3HaUMTbCA Ha IXHbOMY CTaHi HecTaya TUX efleMeH-
TiB, AKMX B OpPraHiami pocnnHu HabaraTto MeHLue,
Hanpuknag S abo K?

Q 3raganTe

o OpraHiyHi 1 HeopraHiYHi PeYoBUHU B KNITWHI
o MoHomepwu, nonimepu, biononimepu

OpraHiyHi peuyoBMHN KNITUH XXUBUX

OpraHiamis

TonoBHUME KOMIOOHEHTAMU KUBUX OpPTaHis-
MiB € opraHiuHi peuoBMHH. 3 HUX OYyIYIOTHCS
BCl KJIITWHU, CTPYKTypa U CKJIAM AKUX CUJIBHO
BifpisHAIOTHCA Bix Tin He:kmBol mpupogu. Came
opradiudi peuoBuMHHI 3a0€3MeUYYIOTH BUKOHAHHS
TUX cIenu@iuHnx QYHKIiN, 110 BUSHAUYAIOTh 3a-
TaJIbHI BJIACTUBOCTI JKMBOTO (CTAJTIICTD CKJIAdY, ca-
MOBiITBOPEHHS, CIALKOBICTh, MiHJINBICTH TOII[0).

A BM BiKe B3HaeTe, OPraHiuHi CHOJNIYKH
CKJIAAIOThCS MepeBakKHO 3 OioreHHUX Ximiu-
uux eixemenrtiB — C, H, O, N, aKi craHOBIATH
mo 98 % cyxoi macu KuBoi KiaiTuHu. Benuki
oprauiuni mosexysu (3 macoio mouan 1000 [da),
AKi BXOJATH IO CKJALy sKUBUX OPraHidMiB, Ha-
3WBAIOTh MAKPOMOJEKYLaMu, abo Oionosimepa-
mu. BoHU cKIamaroThCcA 3 MOHOMEDPIB.

Oprauiuni pe4yoBuMHU, 1[0 MiCTATHCSA B JKU-
BUX OpraHi3dMax, MOAiJATh HA YOTUPU OCHOB-
Hi rpynu: 6igKu, ByTJIeBOAM, JiMigu ¥ HyKJe-
iHOBI KucJOTH.

Binku € Giomoaimepamm, MOJIEKYJIU SKUX
CKJIaJAIOThCA 3 BEJMKOI KiJbKOCTi aMiHoKwmc-
gor. BoHVM BUKOHYIOTH HaWpidHOMaHITHIiNII
dyukii: katagiTuuny ((pepMeHTH), CTPYKTYP-
HY (KoJlareH, eJacTHH), 3aXUCHY (iMyHOTrJI00Yy-
JIIHU) TOIITO.
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ByraeBomu GepyTh ydacThb y IIporecax 00-
MiHyY peuoBUH (TJII0K03a, GPYKTO3a) i 306epiranHi
crmagkoBoi imdopmarliii (pubosa, me30Kcupuodo-
3a), BUKOHYIOTh CTPYKTYpHY (IlearoJosa, Xi-
TUH) i 3amacamuy (KpoxMaJjb, IVIIKOTeH) PYHK-
mii. o ckJyagy MOJIEKYJ BYIJIEBOIIB BXOIATH
KiJibKa (PYHKI[IOHAJBPHUX TPYI: TiJPOKCHUJIbHA
(—OH), rkap6okcuabua (—COOH) a6o xap6oHiIb-
Ha (—COH). 3aranpHa (popmysa BYIJIEeBOAIB —
C,(H,0) , ne n i m € HATYpPAJIbHUMU YUCJIAMU.

Jlimimgu € rpymoo pevuoBUH, SKUX 00’€THAIN
He 3a ximMiuHOI0 0y/0BOIO, a 3a (hi3MUYHUMHU BJIAC-
TUBOCTAMU. BOHM BCi € HEPO3SUMHHUMU y BOIi
MacJAAHUCTUMHU abo KUPHUMU PEYOBUHAMU.
Hait6isbm1 momwuwpeHUMH JimigaMm € KUpH,
oiii, ¢ochormimigu, Bocku Ta crepoigu. OCHOB-
HUMHN (PYHKIIAMHA JIMiAiB y JKUBUX OpraHidmMax
€ cTpykrypHa (dochomimiau, rmikominigu), pe-
3epBHA 1 eHepreTuuHa (3JKUPU, 0JIii), peryiaropHa
(cTepoimHi TOPMOHMU, *KHPOPO3UMHHI BiTamiHmM),
3aXMCHA 1 TepMOperyJsaTopHa (BOCKH, KUPHU).

Hyraeinori kucaoru ([[HK, PHK) e Besu-
KuMu OiomosiMmepamMu, MOHOMepaMHU SAKWX € HY-
KJaeotunu. PyHKIIA HYKJIeIHOBUX KHUCJIOT — 30e-
peKeHHsA I BiATBOPEHHS reHeTHYHOI iH(GopMaIlrii.

HeopraHiuHi peyoBMHM KNITWH
XVBUX OpPraHiamis

DyHKIIOHYyBaHHA KJITHUH JKWBUX OPTaHis3-
MiB OyJi0 6 HeMOKJIMBUM Oe3 ydacTi HeopraHiu-
HUX PeUuoBUH. BOHU € HeoOXiJHUMU KOMIIOHEH-
TaM! BCiX OpradiB i TKaHUH.

Hai#iBaskIuBimIoo HEOPraHiuYHOI PEYOBU-
HOIO OyIb-IKOI KJIITUHU € BOJa, AKa IIepeBakae
cepes iHINMX KOMIIOHEHTIB 3a Macoio.

OkpeMi HU3BBKOMOJIEKYJISAPHI MiKpoejeMeH-
TH, COJIi Ta WOHM coJjiell (MiHepaJbHI PEUYOBUHM)
BXOJATH 10 CKJIQy CTPYKTYPHUX €JIEMEHTIB yCix
KJIITMH i TKaHWH i 6epyTh y4acTh y BCix O6ioximiu-
HUX Tpollecax, AKi BigOyBalOTbCcsA B OpraHismi.
Heopraniuui crionyKy MOKYTh ITepe6yBaT B K-
BUX OpraHismMax AK y po3umHeHiii ¢opwmi (y Bu-
TJIsai WOHiIB), TaK i B HEPO3BUYMHEHOMY BUTJIAMII.



Heopraniuamit
KOMIIOHEHT KJIiTHHU

Bona a BoaHesuin

/3B'A30K

&
Hzo\,_”

Kariouu I'inporeny (H")

Bikap6ounaTu i ¢ocharu
Harpiro i Kaiiro

Karionu Ta aHioHM pPO3UMH-

Hux cosent (Na*, K, Cl")

Tema 3. O6miH peyosuH i nepeTopeHHa eHeprii 3y 33y S

QyHKUiT HeopraHiYHUX KOMMOHEHTIB Y KNITUHI
DyHKIil B KIITHHL

dopmye BHYTPIIITHBOKJIITUHHE CEPEIOBUIILE, ITiATPUMYE (hOPMY KJIITHH i opraHia-
MiB (rigpockesert), 6epe yuacTsb y Oioximiunux peakiiiax (¢oTosis Bogu mim uac
dorocuHTE3Yy, riAPOJi3), TepMoperyadiii (moToBuAiIeHHS, I'yTallis), 3abe3meuye
TpaHCITIipaIlito, 6epe y4acTh y TPAHCIOPTi PEUOBUH

3a6e3neuyoTh KUCJIOTHO-IYKHUN GalaHC

VTBOpOIOTE Oy(epHy cucTeMy TKAHWH i KpOBi, miaTpumyooun ixHit pH Ha mo-
cTifiHOMY piBHi

CTBOPIOIOTh Pi3HUINIO IIOTEHI[IAIIB MiK yMIiCTOM KJIITHUHY I HABKOJIUIIHIM cepe-
IOBUIIEM, 3a0e3meuyoun poboTy TPAHCIIOPTHUX O0iIKiB MeMOpaH Ta IPOBeAeHH

HEPBOBOI'O iMIyJIbCY

Micrarbeda y cKIali OMOPHUX CTPYKTYP TBApUH (KiCTKM, MYIILIi MOJIOCKIB) i 3a-
0e31meuyoTh IXHI0O MiITHICTD

CnabKopo3unHHi coJri
Kanbiito i @ochopy

€ ckJyamoBUMU OaraTh0X TOPMOHIB, (DepMeHTiB i BiTaMiHiB a60 6epyTh y4acTh y ix
akTuBaIllii: Maruiit (KommoHeHT xjopodiny), Iluak (kodhaxkTop Gararrox dep-
MeHTiB), @epyM (KOMIIOHEHT remMoryiobiny), Kynpym (KOMIIOHEHT remMoIiiaHiny),
Kanbiriit (KOMIIOHEHT KiCTKOBOI TKAHMHMY i BAaTHAHUX PAaKOBUH MOJIIOCKiB)

Vionu mMeTamiuHUX eJIeMEHTIB

Heoprauiuni peyoBuHMN IIOTPAILIAIOTL YV $KUB1
OpraHiaMu IIepeBaskHO i3 30BHIIITHLOTO CEPEIOBU-
ma 3 ikeio (y TBapuH) ab0 y BUIJISAI BOTHOTO
PO3UMHY uepes IIOBEPXHIO Opramiamy (y pocauH,

rpubiB i Oaxrepiii). Hecraua abo HaAJIUIIIOK
MeBHUX XIMIUHUX eJIEMEHTiB CIPUUYUHSAIOTH II0-
PYIIIEHHSA PO3BUTKY OPTaHidMy i mpoIieciB #oro
KUTTETISAIBHOCTI.

Hacnigku Hapnunwky Ta HecTaui Hitporeny, ®ocdopy, Cynbdypy i Kanito y pocnnH

Ximiuami . .. . s ..
eEMERT Hacaigku HagIumKy XiMivHOTO e1eMeHTa Hacaigku HecTaui XiMiyHOTO ejIeMeHTa

HiTporen IuTeHCUBHUI PicT; IUCTKY TeMHO-3€eJIeHi, Beau- = CIOBiIbHEHUH PiCcT; IUCTKY YKOBTIIOTh, MaJIeHb-
KOTO PO3Mipy; HMYKHI JIMCTKYU CKPYYYIOThCSH; KOro pPO3Mipy; HUIKHi JIMCTKH CKPYYYIOTBHCA
yposKai He To3piBae 1 omagamTh; yPosKal 3BHUIKYETHCA

®dochop JlucTku TOHKIi; IXHI BepxiBKU i Kpai «Buropsa- PicT ynoBiJIbHIOETHCS; JIUCTKU CUHIOBATO-3€JIe-
IOTb» ; HUJKHI IUCTKU CKPYUYYIOThCA, 3 INIAMaMM; Hi; HA HUKHIX JUCTKAaX TEMHi IJIAMU; HUMKHIL
YPOMKaMHICTb BHUIKYETHCA JINCTKY CKPYUYYIOTHCSA 1 OIaAI0Th

Cyabhyp CKOpPOUyIOThCA TePMiHU PO3BUTKY POCAUHY; KiH- = PO3BUTOK JIMCTKIB yIIOBIIBLHIOETHC; KIHUNKYT
YUKU i Kpal JUCTKiB 3He6aPBIIIOIOTHCA JUCTKiB TEMHIIOTH

Kamiit Hosgi mucTku ToHKi; BepxiBKU i Kpai JucTKiB IIBiTiHHA npunMHAETHCA 260 YIOBiIBLHIOETHCS;

CTAIOTh OYPUMU i BiAMUPAIOTH; MisKBY3JIA CcTa-
IOTh KOPOTIINMU; HUKHI JINCTKU CKPYUYIOTH-
cd, Ha HUX YTBOPIOIOTHCA Oypi miamMu

HOBI JiucTKU Api6HIi # 6iabIlI TeMHi; BepXiBKU
i Kpai TUCTKiB MalOTh BiATiHOK ipiki; cTeba
CTAIOTh TOHKUMH i IAMKUMU

3anuTaHHA Ta 3aBOaHHA

0 Kniouosa iges

OCHOBHMMM OpraHiYHUMN pPeYOBMHAMU, LWO
BM3HAYalOTb BNACTUBOCTI XMBUX OPraHi3miB, €
6inkn, ByrneBoau, ninign n HyKNeiHoBi KNCNOTH.
Cepep HeOpPraHiYHNX PeYOBUH HAMBaXKJINBILLO
€ BOAA, KA MepeBa)a€ B KJITUHI 3a macolo.
HeobxigHMMM KOMNOHEHTAaMW BCiX OpPraHiB i TKa-
HUH € OKpeMmi MiKpoenemeHTu, COsli Ta MOHMU
conen (MiHepanbHi PeyoBUHM).

1. HaBepitb mpuknagn Bigomux Bam 6inkiB i mno-
ACHITb TXHI PyHKUIT. 2. Yum i yomy pi3HATbCA MiXK CO-
60t0 BnacTMBOCTi 1 YHKUIT pisHMX noniMmepiB rKo-
3 — Kpoxmarsnio, rikoreHy n uentonosn? 3. Y cknagi
AKX OPraHiYHMX PEYOBUH MICTATbCA aTomu HiTporeHy?
®ocdopy? Cynbdypy? Mopy? Kobanbty? 4. Yomy 3He-
BOAHEHHA € Hebe3neyHUM AnA opraHiamy?
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Tema 3. OOMIH peUOBWH | NepeTBOPeHHA eHeprii

IMIYHUX eNneMeHTax

§ 23. Motpeba noANHN B peYOBMHAX i X

IPOAYKTY. 1i BUMIipIOOTH y KilToKasnopisx a6o

B Kimomxoyaax (1 kxkax = 4,1868 x/[x).
Exepreruuna miHHiCTH, J060BOro paIiiony

XapuyBaHHA MAa€ BiAIIOBiaTM eHEPreTUUYHUM

0 [NomipkynTe

[o AKux HacnigkiB Mo)e Npu3BecTn XapuyBaHHA
NIOAVHY NYLLe KapTonsielo (xo4ya i B JOCTaTHIN

KinbKkocTi)? BUTpaTamM opraHismy. 3a mo0y Ha pisHi BUIHN
misabHOCTI Jgiogmua BuTpadae Big 2000 mo

é 3ragaiTe 4‘500‘I-CR8.JI. 1[96013&1 HOpMa KaJIOpiii 3a/IeKUTH
Bix BiKy, crari, 3pocTy i Macu, CIoco0y KUT-

« binkn o XKnpu Ts, iIHTeHCUBHOCTI OOMiHY PEYOBUH, KJIiMaTy Ta

» Byrnesogu o AMIHOKMCNOTK 1HIIUX YAHHUKIB.

 BitamiHun * Mikpo- Ta MakpoenemeHTu

EHepreTnyHa UiHHICTb KOMMOHEHTIB 1XKi

KommoneHT ki kJIK /T KKaJI/T
380poBe Xap4yyBaHHA Hupu 38,9 9,29
PeuoBuHU Ta eHepriio Mu OTPUMYEMO 3 iKi. i
IIna Haol »KUTTEAIAJLHOCTI HaM HeoOXigHi Bimxu 17,2 4,11
0inIKM, BYIJIeBOAM, JIiIIigM, a TAaKoMK Boja, He- ByrieBoau 17,2 4,11

BeJINKI KiJBKOCTI MiKpoesJeMeHTIB i BiTaMiHiB.

306amaHCcOBaHe XapuyyBaHHI — Iie Xap-
YyBaHHSA, 3a AKOTO B OPraHi3M 3 XapuyoBUMU
IPOAYKTAMU HAAXONATH yCi IMOKUBHI PeUYOBUHU
B KiJIbKOCTi, HEOOXiTHIN AJIA HOPMAaJIbHOI JKUT-
TEeMiAIBHOCTI.

XapuoBwmii pamioHn — 1e Habip TPOAYKTIB,
AKWUN JIOAWHA CIOMKUBA€E IIPOTATOM II€BHOTO
yacy. IIpaBuabHO migiOpaHuii XapuoBUH paIioH
€ OCHOBOIO PAI[iOHAJBHOTO XapUYyBaHHI.

XapuoBa I[iHHIiCTHh IIPONYKTY BU3Hauda-
€ThCA THUM, HACKiJIbKM mOOpe Iel IPOAYKT
3abes3meuye IMOTpPeOM JIOAWHKA B OCHOBHUX
peuoBmHaAx Ta eHeprii. XapuyoBa IiHHiCTH 3a-
JIeKUTH Bil TOro, sIKi KOMIIOHEHTH i B AKHUX
CIIiBBiJHOIIIEHHAX MIiCTATHCA y CKJALi Xapdyo-
BOT'O IPOAYKTY.

PospobiieHi opieHTOBHI HOPMHU CIOYKMUBAH-
HA Pi3HUX KOMIIOHEHTiB I»ki. fAKIimo moTrpumy-
BaTUCA IUX HOPM, paIioH Oyzxe 360a1aHCOBAHUM
(man. 23.1). OnTumManbHO AOOOBUIT paIlioH mO-
pocJioi JIOAVUHU Ma€ MiCTUTHU:

XapuoBa Ta eHepreTuyHa UiHHICTb
NPOJYKTIB XapuyBaHHA

Enepreruuna uniHHicTh, abo kajopiiiHicTs,
OPOOYKTY XapuyBaHHsA — Ile KiJbKicTh eHeprii,
AKY OJIep:Ky€e€ OpTaHisM BiJ CIOKMBAHHS ITHOTO

Llykpn — npocTi Byrnesoau,
. OpyKT it 0BOY AKi OpraHiam LIBMUAKO
NnepeTBOPIOE HA eHeprilo
KpoxmanucTti npogyktun

MonouHi npogyktn —
MOJOKO, cMp, Norypt —
MiCTATb GifKM 1 MiHepa-

nn, Hanpuknag Kanbuin /v

M’sico, ropixu, 606m i anus —
MIiCTATb GINKN 1 Kupu

. binkosi npogyKkTtn
. MonouHi npogyKtn

. Byrnesoauncti npogyktn

Man. 23.1. XapyoBui 6anaHc
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/\;

80—-120 r 6inkiB (25-35%);
+ 60—-150 r sxupis (15-20%);
450-550 r ByrueBozis (5060 %).

/\Cknanm BYI/n1€BOAMN, WO
MicTATbCA Y XxNibi, MakKa-
POHHUX BUpO6Gax N Kap-
TOM/i, NepeTPaBoTbLCA
N 3aCBOIOIOTbCS [IOBLLUE,
Hi>K NpOCTi

®OpyKTy 11 oBoui barari
Ha LyKpuW 1 KITKOBUHY,
a Kpim Toro, mMicTtatb 6in-

\_/KM, BiTaMiHM 1 MiHepanu
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bionoriyHa WiHHICTb

I'IpO,ElyKTiB Xap4yyBaHHA

Kpim sarampuOi KinbKocTi 0isnKiB, KupiB
1 ByIJIeBOZiB, BasKJIMBUM TAKOXK € 1XHi¥ CKJIazd.
TinbKku 3 I3Ke0 MU OTPUMYEMO He3aMiHHi peuoBu-
HU, AKi HeOOXigHI IJIsT HOPMAJIbHOI MKUTTEIiANIb-
HOCTI, aJie He CHHTEe3yIOThCsA HAIITMM OPraHiZMOM.
HesaminnumMu nia jgoguHU € BiTamMiHu, Aedaki
aMiHOKMCJIOTH Ta HeHAacHUYeHi KUPHI KUCJIOTHU.

Ho He3amiHHUX aMiHOKUCJOM HAJIEXATh
iBoyednuH, JIidWH, JIEMIIUH, METioOHiH, (eHiJ-
ajJaHiH, TpeoHiH, TpunTo(aH, BaJNiH (TAKOK
rictuauH i aprimin gaa gitei). Binkwm ki, 1o
MicTAThL HeoOXimHmMiT HAOip aMiHOKHCJIOT, Ha3u-
BaIOTh NO0BHOUiHHUMU. [0 HUX HajgeXaThb Iepe-
BasKkHO TBapuHHi Oinxu. Haiibinbin Bucoky 6io-
JIOTiUHY IiHHiCTHP MalOTh OLIKM, IO MiCTATHCA
B AANIAX, M sCi, MOJIOIi, pubi.

3pocTralounii OpraHidaM AUTUHU TOTPeOye
IOATKOBOI KijgbKocTi 0inkiB, aki 3abesmeuy-
I0Th picT i popmyBanHsa Tina. OcoOJIMBO BaK-
JUBUM € HaIXOIKeHHS BCiX He3aMiHHUX aMi-
HOKMWCJIOT. IXHA BifcyTHiCTH y iski mpmusBoguTh
IO 3aTPUMKHU POCTY, BUCHAKEHHS i HePBOBUX
posJjamis.

Biramiau moTpiOHiI opranisMy B HEeBeJIHWKil
KinbKocTi, ase 6e3 HUX HOTO KUTTETISAIbHICTD
HEeMOJKJIBA.

MopyLueHHA 0OMiHY
MiHepanbHUX PEYOBUH

MinepanbHi peYOBUHM TaKOXK HE CHUHTE3Y-
IOThCSA B OPTAaHi3Mi JIOAWHY 1 € OTHUMU 3 OCHOB-
HUX He3aMiHHUX KOMIIOHEHTIB XapuyBaHH.
Ixna mecTaua a0 HAJIUIIOK BUKJUKAE IIOPY-
IIeHHA, 1[0 TPU3SBOAATH A0 3aXBOPIOBAaHb.

IIpuumHaM¥y TOPYIIIeHHS O0OMiHY MiHepasb-
HUX PEUOBUH MOMKYTh OyTHU:

« HejocTaTHE ab0 HaJgMipHe HAAXOMKEHH
MiHepaJbHUX PEYOBUH B OPTraHisM;

« IesAKi 3aXBOPIOBaHHA (TOPMOHAJIBbHI, cIIaj-
KOBi TOII0);

0 Kniovosa iges

XapyoBuIA paLioH XapaKTepur3yEeTbCA eHepreTny-
HO0, XapyoBOl Ta 6ioNOriYHOW LiHHICTIO Npo-
OYKTIiB, WO CnoXuBawTb Yy iXKy. 36anaHcoBaHuiA
pauioH 3abe3neuye notpebu NOANHN B OCHOB-
HUX pevyoBUHax Ta eHeprii. Hectaua abo Hag-
MipHE HaAXOXKEeHHA He3aMiHHUX KOMMOHEHTIB
i CTa€ NPUYMHOIO NOPYLIEHHSI 0OMiIHY PeYOBNH.

« HeIpaBUJIbHE BIXKWBAHHA [IEAKUX JIiKap-
CBbKUX TIperaparis.
* OiA TOKCUYHUX PEUYOBUH.

MNepeTBOpPEHHA pe4yoBUH

B OpraHi3mi nognHn

SK BU BiKe 3HaA€ETe, CIIOMKUTI 3 1Kel0 pedvo-
BUHU 3a3HAIOTHh Y HAIIIOMY OPTaHi3Mi CKJIaJHUX
XiMiUHUX TepeTBOPeHb. Y MPOIeci TpaBJIEHHA
BHCOKOMOJIEKYJIAPHI CIIOJIYKM 1Ki POSIIeInIio-
IOThCA BiATOBiZHUMU ()epMeHTaMU OO0 HUBBKO-
MOJIEKYJIAPHUX

« OiIKM POBIIEIIIOIOTHCA MPOTea3aMu [0
aMiHOKMCJIOT;

« JKUPUW — JIia3aM® JI0 TUIIepoJy # Kup-
HUX KUCJOT;

* BYIVIEBOAY — aMija3aMu 0 MOHOCAXapHUIiB.

IIponykTu TpaBieHH, 110 HAMIAIILIN B KPOB,
epPeHoCAThCA M0 BCiX KJIITMH Tijma. YcepenmHi
KJIIiTUH Big0yBaroTbCsA OCHOBHI Oioximiumi mepe-
TBOpeHHs. CUHTE3yIOThCS BJACHI GiomMojeKysu,
AKi TOAAIOTHCS [0 CKJIAAy KJIITHH i 6epyTh yuacThb
y 3milficHeHHi IXHiX (yHKI[i#i. YacTuHa opraHiu-
HUX PEYOBUH POSIIEILTIOETHCS A0 OiIBII IPOCTUX
KOMIIOHEHTIB 3 BUIiJIEHHAM eHeprii, sKa BHUKO-
PUCTOBYETHCA MOJIA ITPOIECIB KUTTENIATIBLHOCTI.

ITo6iuni npoayxkTy 0OMiHYy PeYOBUH BUIiJIs-
I0ThCA 3 opraHismy. [asa GijbITocTi opra"iuHmx
PEUYOBWH KiHIEBUMU IPOAYKTAMU PO3KJIALYy €
BYIJIEKHCJIUN ra3 i Bojga, a mjsa OiaKiB — 1me
1 aMOHiaK, KU 3HEINKOIMKYEThCSA IIePEeTBOPEH-
HSIM Ha CEUOBUHY.

@ MpakThyHa poboTa

Po3paxyHok ocHO8HO20 06MiHy i ennacHoi 0060860i
sumpamu eHepzil, CKNIa0OAHHA Xap408020 payioHy
1. Cknagitb iHAMBIAYaNnbHUI PO3MNOPAAOK AHA i BU-
3HayTe eHepreTWYHi BMUTPATU CBOFO OPraHi3my, Bu-
XOAAYM 3 BUAIB BalIOi AiANbHOCTI BMNPOAOBX OHA
i IXHbOI TPMBaNOCTi.

2. Cknagitb BnacHWin fO6OBMIA pPaLioH XapyyBaHHs
BUXOAAYN 3 eHepreTUYHOI LiHHOCTI NPOoAyKTiB Xap-
yyBaHHA (AMB. Tabnuuto Ha c. 237).

3. YcTaHOBITb, UM BiAMoBigaloTb HOPMi BMICT 6ifKiB,
XKMPIB i BYrneBofiB Ta Ka/opilHiCTb Balworo fo6o-
BOrO Xap4yoBOro paLiioHy.

4. CoopmynioiTe BUCHOBOK.

3anuTaHHA Ta 3aBAaHHA

1. Ha3BiTb NpoayKT xapyyBaHHA 3 BUCOKMM yMic-
ToM: a) 6inkis; 6) xupis; B) Byrnesogis. 2. O6roBopitb,
HaCKIiNbKM BUMpPaBAaHOIO € BeretapiaHcbKa gieTa. 3. Yu
€ 36anaHCcoBaHVM Ball 0COBUCTMIN paLlioH XapyuyBaHHA?

51
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§ 24. MeTaboni3m

0 [omipkynTe

Yomy B pasi ropMOHasnbHVX NMOpPYyLUEHb JIOANHA
MOXe WBUAKO CXYAHYTW abo pi3Ko 36inblinTy
Macy Tina?

é 3raganTe

» [omeocTas
» HepBoBa 1 rymopanbHa perynauisa

Etann metaboniamy Ha npuknagi TBapuH

Mera6oaiszm, a00 00MiH pe4OBHH — Iie Cy-
KYOHICTh XiMiUYHMX peakIliii B oprauisami, aki
3a0e3IIeuyoTh MOT0 PEeUOBMHAMU Ta €Hepri€io,
HeOOXIMHMMH IJIA KUTTENiAIBLHOCTI.

Marepiasom anss oOMiHHUX TpoOIleciB € cy0-
cTpaTH MeTadoJIi3My — CHOJYKH, IO HAXOAATH
3 Txxero. Cepen HUX BUIIJIAIOTH OCHOBHI XapuoBi
pevoBuHu (0iIKM, ByTJIeBOAU, JIiliau) i MiHOpHI
XapyoBi PEUYOBUHU — Ti, IO HAAXOAATH Yy MaJIUX
KiJbKOCTAX (BiTamMiHM, MiHepaJibHI PEUYOBWHU).

B o0OMmiHI peuoBUH BHUIIJIAIOTH ABa eTamu:

I — migroroBumii (ximiuHi mepeTBOpeHH:A
PEeYoOBUWH y TPaBHill cucreMi);

II — Bimacue meraboiisam (ximiuHi mepeTso-
PEeHHSA CIOJYK yCepeauHi KJIiThH).

Yeci nporecu KIiTMHHOTO MeTabO0JIiZMy MOMK-
Ha YMOBHO DO3AiJNTH Ha ABi (asu:

* KaTa0oJdisM (DUCUMIiNAIiag, eHepreTuUHUHA
00MiH) — 1mpoIlec PO3KJIAAy CKJIATHUX PEUYOBUH
Ha IPOCTIIli; IPY I[bOMY BUBLIBHSAETHCSA €HEPTisd;

+ aHA00i3M (acUMiNAIiA, MIACTUYHUNA 00-
MiH) — CHMHTEe3 CKJIAJHUX CIOJYK i3 0iabIm mpo-
CTUX; IIPU IILOMY €Hepris BUTPAYAETHCH.

Kara6omiuni Ta anaboJiuHi mporecu B KJIi-
TUHI TicHO B3aemomoB’sizaHi. Enepris, 1o Bu-
BiIBHAETHCA B XOJi KarTaboJiuHMX MpOoIlecis,
BUTPAYAETHCA HA YTBOPEHHA MAaKDPOMOJEKYJ
y mporieci amabosisamy. OCHOBHUM aKyMYy.JIs-
TOPOM i IIePeHOCHUKOM eHeprii € aJeHO3uH-
Tpudocharua Kucaora (ATP). ¥V csoio uepry,
MPOAYKTHU aHab0JaidMy MOMKYTh OyTH cyOCcTPaTOM
Iasa Karabomiunux mporeciB. Kpim Toro, ana-
OosriuHUIT cUHTE3 € mKepesoM (DepMeHTIB IJis
BCiX eramiB oOMiHY pEUYOBUH.

PisHocupssMoBani mporiecu MeTaboJIismMy Imim-
TPUMYIOTHh CTAJICTh BHYTPILITHBOTO CEepeoBUIIA
oprauismy (romeocras). Bu Bike 3HamioMmiucsa
3 UM Ha IIPUKJIAIi OpPraHisaMy JIIOAUHMU.

Perynauia metabonismy y TBapuH

Koopaunarmia mporieciB merabosismy 3miii-
CHIOETHCA IIJIIXOM HEPBOBOI i TrymopaabHOI
perynaiiii. HepBoBa perynadamia 3pificHIOETLCSA

IHhopmayis
npo 308HIWHE
BeretaTtnBHa o Cepedosuuje .
[onoBHUM 30BHiLLHE
eros cepepnosuLLe
cucTema MO30K pepoBuLL

linotanamyc

lino¢i3
¢ IHgpopmayis npo

8HYMpiIWHe cepe-
dosulye opaaHiamy

EHAOKPUHHI 3251031

OpraHu " TKaHWHW

Man. 24.1. Cxema HepBOBO-TyMOpPasnbHOI perynauii
06MiHY peyoBUH B OpraHi3mi ngnHN

Mpuknagn HepBOBOT Ta r'yMopasbHOI perynsuii 0OMiHy pe4oBuH

IIpomec HepBoBa peryaairis

O6min

Jgimigip | Tes TpUrIinepuAis i mocuiioe ixHid posnax. Ila-
pacumnaruuaa HC cripusie BiAKkIameHHIO JKUPiB

Oomim Timoranmamyc i goBracTuii MO30K HiABUIIYIOTH

ByTJIE- yMicCT IIF0OK03u B KPOBi

BOZiB

52

T'ymopansHa peryiaamia

Cumnatuuna HepBoBa cucrema (HC) ranpmye cur- | Mob6inisariro *KUpiB MOCHIIOIOTH COMAaTOTPOII-

HUM TOPMOH, iHCyJIiH, agpenaain. Moobinxiza-
Iif0 KUPiB raJbMyIOTh TVIIOKOKOPTUKOIAM

Iscynin sHMIKYE BMiCT I'TIIOKO3H1 B KPOBI,
aJie TJIIOKAroH, afpeHaJiH, COMaTOTPOITHUHA
TOPMOH, TJIIOKOKOPTUKOIAN, TUPOKCUH,
TPUHOATUPOHIH HiABUIITYIOTH HOTO
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rimorajaMycom i BereTaTMBHOIO HEPBOBOIO CUC-
TEeMOIO (CHMIATUYHOIO i mapacuMnaTuuHow). I'y-
MOpPaJIbHY PeryJdAlliio 3MifiICHIOITH eHIOKPUHHI
3ay103u (3aJ103M BHYTPIITHBOI cekperii), AKi €
BUpOOHUKaMu ropmoHiB. 'opmonm (iHCyJriH,
aJpeHaJiH, THPOKCUH) IIEPEHOCATHCA Pi3SHUMU
pizmaamu oprauismy (KpoB, JiM@a, TKaHUHHA
piguHa) i KepyoTh AiAJbHiICTIO ()epMEHTHUX
cucTeM y KJITHHAaX.

HepsoBa 1 rymopasibHa CUCTEMU TiCHO B3a-
€MOoJifoTh onHa 3 omHowo (Mas. 24.1). OcobiuBe
3HAUEHHS B PEryJiAllil 0OMiHy PeYOBUH MAa€ Bimmia
ITPOMiKHOTO MO3KY — Timoranamyc. ['imoranamyc
peryJoe misIbHICTh HaWBaKJIUBIIIIOL 3271031 BHY-
TPIITHBOI ceKperrii — rimodisa, AKUT KOHTPOJIOE
poboTy BCix iHIIMX 3aJ103 BHYTPIIITHBOI CEKpPeITii.

Heaki pakTopw, Lo BNAMBAOTbL
Ha meTaboniam y nognHu

Icaye panm ¢axTopiB, IO BOJAWBAIOTH Ha
IIBUAKICTE MeTaboJIizMy.

CnagkoBicTs. YHaACIiIOK CHAgKOBO 3yMOB-
JIEHUX UYMHHUKIB MIBUAKICTh OOMIHHMX IIPOIIECiB
y pisHEHX sromeii moxke BimpisHaruca ma 10%.

Crarypa. Yum Oinbllle i BaKue Tijio, TUM
OiJbIlle BUTPAYAETHCA €Heprii Iasa migTpuMKN
JKUTTEAisAAbHOCTI. M’ a30Biii Maci moTpi6HO 0iIb-
e KaJIopi#l, Hi¥K JKUPOBifl TKaHWUHI.

Cratb. Y 4O0JIOBiKiB 00OMiH peuyoBUH BijI-
OyBaeThcA IMBUAIIE, HiXK y KiHok. Ile 3ymoB-
JieHo OinpImuMu po3MipamMu Tia Ta OGiIBIIOIO
M’sI30BOI0 MAacoio.

Cmoci6 xurra. Y pasi macuBHOTO CIIOCOOY
JKUTTS BimOyBaeThbCcs YHOBiIbHEHHS IIpoOIeciB
meraboJismMy, i, HaBmaKM, IIiJi Yac 3HAYHOIO
(hismuHOrOo HaBaHTaKeHHS OOMiH PEeUYOBUH MIPU-
cxkopioeTrsed. Crpecu, gempecii, HemocumnauH:A
# roslogyBaHHSA MPU3BOAATH M0 YIOBiJIbHEHHS
0o0MiHy peuoBMH. XapuyyBaHHS HEBEJINKUMMU I10-
puiamu 4-5 pasiB Ha meHb, OiJIKoBa ixka mpu-
CKODIOIOTH MeTaboJIisM.

0 Kniouosa iges

[lBa 60K MeTaboniamy — KaTaboniuHi Ta aHa-
6oniuHi Npouecn — TicCHO B3aemonoB’A3aHi. Ko-
OpAuHaLia npoueciB MeTaboniamy 34iNCHIOETb-
CA WNAXOM HEepBOBOI N rymopasnbHOi perynsadii.
3a cnocobom opepKaHHA OpraHiYHUX PEeYOBMH
XKUBI OpraHiaMu nofinATb Ha aBTOTPOdIB i reTe-
poTpodiB, a 3a cNOCO6OM OTPMMaAHHA eHeprii —
Ha ¢oToTpodiB i XxemoTpodis.

OO6MiH pevyoBUH B aBTOTPOPHMX
i reTepoTPOPHMX OpraHiamis

3a cnocobom 00epicaHHA OPZAHILHUX peuo-
suH (cmoayk KapOomy) »KuBi opraHismMu momi-
JAI0TH Ha aBTOTPO(diB i rereporpodis.

ABroTpodu 31aTHI cMHTe3yBaTU OpraHiuHi
peuoBUHU 3 Heoprauiuaux. [[1s modymoBu CBOTO
Tijla BOHU BHUKOPUCTOBYIOTH HEOpPTAaHiuHI peuo-
BUHU I'DPYHTY, Boau I moBiTpsa. Ilo aBTOTpOdQiB
HaJeXaTh POCJMWHU Ta AedaKi 6akTepii.

TerepoTpodu oep:KyIOTh OPraHiyHi PeUOBU-
HU 3 i’Kero. BoHM KUBIATHCA IHIIUMU OPraHis-
MamMu abo ixHimm pemrkamu. [[o rereporpodiB
HaJeXaThb yci TBapuHu, rpubu, 6araTo 6axTepii,
MapasuTUYHI POCJIVHU.

IcuyroThs opramisamum 3i 3mMimIaHUM THUIIOM
JKUBJIEHHA — MiKcoTpodu.

3a Oxcepenom eHepeii sl MPOIECIB JKUT-
TENIAIBHOCTI JKHWBi opramiaMm IIOMIISIOTH Ha
doToTpodiB i xemoTpodis.

®oToTpopu BUKOPUCTOBYIOTH €HEPriio co-
HSAYHOTO CBiTJIa JJisi CHUHTE3y OpTraHiuHUX pe-
yoBUH (hporocuHTed). [0 hoToTpOdiB HameKATH
3ejieHi pocauHU ¥ meAKi GakTepii.

XeMmoTpou A KUTTENIAIBHOCTI BUKO-
PHUCTOBYIOTH €HEPriio, iKa BUBIJIBHAETHCA Y XOMI1
XiMiuHMX peakIriii, 1Mo BimOyBarThCA B IXHIX
oprauiszmax. I[o xemoTpo)iB HaJie:KaTh TBapU-
HU, rpubu, GaxTepii.

VYci geneni pociuHuU € omoasmompoa-
MU — BOHU CUHTE3YIOTh OPTaHiUHI PEeYOBUHU
3 HeOopraHiuyHmMX y mpolieci (PoTocmHTE3y, BU-
KopucToByoouu eHeprio CoHig.

Yci TBapuHU U rpubu € xemozemepompoga-
MU — BOHU JKUBJATHCA TOTOBUMU OPTAHIUHU-
MU PEYOBMHAMU i BUKOPUCTOBYIOTH AJSA CBOEI
SKUTTEMIAIBHOCTI eHeprio XiMiuHmMX peaxIrii.

Hepenuka rpymna 6akTepiii HaJIeXKUTDH 0 Xe-
Mmoaemompo@dié — BOHU CHHTE3YyIOTh OpraHiu-
Hi CHOJIYKU 3 HEOPTaHIUYHUX, BUKOPHCTOBYIOUN
eHepriloo, M0 BUBLIBHAETHCA B IIPOIECi OKUC-
HEeHHSA HeOPTaHIUYHUX PEUOBUH (TiAporeH cyabdi-
Iy, MeTaHy, cipku, cmoiayk @epymy(II) Toirmo).

03aI‘II/ITaHHﬂ Ta 3aBJaHHA

1. Ak noB's3aHi MiX coboto KaTabonisam i aHabo-
nism? 2, fki nepeearn 1M HepoONiKM MaloTb HepBOBa
N rymopanbHa perynauii metabonisamy? 3. Ak BU BBa-
Ka€eTe, YoMy MicnA HM3bKOKanopinHUX AieT (ronogy-
BaHHA) Maca Tina 36inbwyeTtbca We weugwe? 4. Yomy
JeAKMM opraHiamam BurigHo 6yTn MmikcoTpodamn?
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§ 25. KniTMHHNI TPaHCNOPT peyYoBUH

0 [omipkynTe

YoMy icHYe He OfMH, a KinbKa Pi3HMX Cnocobis
nepeHeceHHs PeYoBUH Yepes KIITYHHY MembpaHy?

Q 3raganTe

« bygoBa KniTMHHUX Memb6paH o EHgounTo3

o MembpaHHi 6inKku

AKTUBHUW | NACUBHNW TPAHCMOPT
peyoBUH

Kiaituma mocTifimo posilenyioe i cuHTesye
6essiu ximiuHnxX pevoBuH. OHI PEUOBUHU IIepe-
MIiITyIOTbCS B KJITWHI MiK opraHmeigamu, iHImIi
BUBOAATHCA Kpidh MeMOpaHy Ha30BHi, TOAI AK
JedAKi IPOHUKAIOTh yCepeauHy.

Kairunna memOpaHa IpoITycKae OOHI pedo-
BUHU i He mponyckae iummi. g maniBaskimBinia
BJIACTUBiCTh 6ioJOTiuHOI MeMOpaHU Ha3WBAETH-
ca 6ubipko6oio nponukHicmio. BoHa mae Benu-
Ke 3HaAUeHHA MJIA caMoperyjadnil i miaTpuMxu
CTaJIOTO CKJIAAY KJITUHU.

TpaHCcIOpTYBaHHA PEUOBUH KPidh KJIITHHHY
MeMOpaHy 34iMCHIOETHCA 3a JOIIOMOIOI0 Pi3HUX
mexaHismiB (mana. 25.1).

ITacuBHMIT TpaHCHOPT — Iie PYX PEYOBUH
Kpish KJIITMHHY MeMOpaHy 0e3 BUTpAT eHeprii 3a
rpafiieHTOM KOHIeHTpaIlil (Bif AiISAHKY 3 BUCOKOIO
IO TiISHKY 3 HU3BKOIO KOHIeHTpalli€mw). ITacus-
HUI TPAHCHOPT 3AiMCHIOETHCA IJIAXOM IIPOCTOI

Qo o 00 °

1 2 3 4 5

MacuBHMIA TpaHcnopT: [lpocma dugpysia: 1 — puodysina
Kpi3b docdoninigHun Giwap, 2 — Andysia Kpisb GiNok-
KaHan; lMonezweHa dugpysis Kpi3b GiNOK-NepPeHOCHNK:
3 — cumnopT, 4 — aHTMNOPT. AKTUBHMUI TPaHCNOPT:
5 — Kpi3b 6inok-Hacoc i3 nigBogom eHeprii

Man. 25.1. Buan membpaHHOro TpaHcnopTy
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i monermenoi qudysii. ¥ Takwuii crmocid Kpisb KJri-
TUHHY MeMOpPaHy IIePEeMiIIlyIOTbCA MaJIi MOJIEKYJIN.

AKTHMBHMIA TpaHCIIOPT — Iie IIepeHeceHH:d
peYoBUH Uepe3 KJIITMHHY MeMOpaHy IIPOTU I'pa-
IieHTa KOHIIeHTpaIlii, 3 BUTpaTol eHeprii. Ak-
TUBHUI TPAHCIIOPT 3MiACHIOETHCS 3a JOIIOMOTOIO
cueniajgpbHENX OLIKiB-TpaHcHmopTepiB, ILISIXOM
€K30- a00 eHJOIINTO3Y, a TAKOMXK IIJIAXOM BE3UKY-
JISTPHOTO TPAHCHOPTY. ¥ TaKHWH CIIOCiO Kpish KJIi-
TUHHY MeMOpaHy IIepeMilIyIoThCsa HOHU i BeIuKi
MOJIEKYJIN, IJIsI AKX MeMOpaHa € HeIIPOHUKHOIO.

Andysia (nacuBHUI TpaHCMOPT)

Hudysia — 1me pyx pevyoBUHU Bijg 30HU 3 ii
BHCOKOIO KOHIIEHTPAIIi€I0 A0 30HU 3 il HU3BKOIO
KoHIeHTpalieo. HeBenuki meopramiuui moJe-
kym (CO,, O,) i rizpodobHi pedoBHHHU JIETKO
IPOXOAATh Kpidhb Jimiguwmii Gimrap KJIiTHHHOI
memOpanu. Takuii BuUJ NAaCUBHOTO TPAHCIIOPTY
Ha3UBAOTh npocmoio dugysicio.

ITacuBHMIA TpaHCHIOPT 3a TPALIEHTOM KOH-
meuTparii 3a yuactio mMeMOpaHHuX OiJIKiB Ha-
3UBAIOTH noJezwenow Jugysierw. Ilomermena
nudysisg BimOyBaeThcA uepesd cHelliaJbHI KaHAa-
JI¥W, PO3TAIIIOBaHI BCcepennHi BeIUKUX 0iIKOBUX
MoJIeKyJ. Tak TpaHCIOPTYIOTHCA HEBEJIUWKi op-
ra"iu"i moJieKyau (TJIIOKO3a, HedAKi aMiHOKUC-
JIOTH, MOHOCaXapuAu TOIIIO0).

TpaHCcOpTYBaHHA MOJIEKYJ BOAU Kpisb
MeMOpaHM 3IiMCHIOIOTH CHelliaJbHi MeMOpaHHi
O0inku axkeanopuHu.

binkn-tpaHncnoptepn

(QaKTMBHUI TPaHCNOPT)

OguuM i3 BHUOIB aKTHBHOT'O TPAHCIOPTY
PEUYOBUMH KPish KJIITHHHY MeMOpaHy € IepeHe-
ceHHdA iX OinKaMu-TpaHcroprepamMu. TpaHcmop-
Tepu — Iie OiJKMU, IO MepPeMiIyoTh IIeBHi pe-
YOBUHU KPish KIITUHHY MeMOpaHy 3 BUTpaTaMu
ereprii. CuMIopTHi TpaHcIOPTEPHU 3IilICHIOIOTH
CHLJILHUN TPAHCHOPT B OJHOMY HAIPAMKY JTBOX
PEYOBMH — Iie TaK 3BAaHUHA CUMIIOPT: HAIPU-
KJIaJ, CHUMIIOPT y KJITHHY TIJIIOKO3W BimOyBa-
€ThCs CIiNbHO 3 HoHammu Harpiro. AHTHUIOPTHI
TPAHCIIOPTEPU 3AiMCHIOITH 3yCTPiUYHMM TpaHC-
OPT ABOX PEUYOBWH, BiH Mae Ha3By aHTUIOPT.
3a IPUHIIMIIOM aHTHUIIOPTY IIPAIIIOE HATPil-KaJIi-
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EHepria
BUTPaYaETbca

Man. 25.2. Cxema poboTK HaTpill-KanieBoro Hacoca

eBUY HOHHUY Hacoc (HOHHI Hacocu — Iie TpaHC-
mopTepu HMOHIB). YHINOPT 3AiTICHIOE TPAHCIIOPT
TiTbKY ONHiel PEUOBUHU.

Po6oTa HaTpiin-KanieBoro Hacoca

VY nuromimasMi Ta MO3aKJITUHHOMY CEpPEo-
BUIII TiATPUMYETHCA II€BHE CIIiBBiTHOIIIEHHS
onis Na® i K* (Bmict K* 6inpme y xiaitu-
Hi, a Na' — mosa rkJiiTuHO). BukauyBanus
oniB Na' i3 kaitTuum i nepenecernnsa rouis K*
VY KJIITUHY 3AiHCHIOETHCSI MeMOpPaHHUM OiJIKOM.
s 1poro mpoiiecy BUKOPUCTOBYETHCA eHeprisa
ATD (man. 25.2).

3a oiMH IMUKJ PoOOTH HACOC BUKAUYE 3 KJIi-
TuHu Tpu HoHu Na' i 3axkauye nBa tionu K*.
Tomy Ha 30BHiIMIHbOMY 0OIli MeMOpPaHU HAKOIIM-
4yeThcsA HAAJIUIIOK MO3UTUBHUX HoHIB. 1110 pis-
HUITIO IIOTEHIIiaIiB MiK 30BHIIITHBOIO 1 BHYTPIIII-
HBOIO IIOBEPXHAMHU MeMOpaHU BUKOPUCTOBYIOTH
AK OKepesio eHeprii O0araTo iHmmmx OiIKOBUX
KOMILJIEKCiB IJIA IepeHeCeHHA Pi3HUX PEeUYOBUH
Kpisp memOpamny.

EHgounTos i ek3oumnTos
(QaKTMBHWUI TPaHCNOPT)

Ilepenecenusa BeIUKHUX MoJeKyJ (0inkiB,
moJricaxapujiiB, HYKJIEITHOBUX KMCJOT) i uyac-

0 Kniouosa iges
MacuBHWI TpaHcnopT (6e3 BUTPAT eHeprii) He-

BEJINKMX MOJSIEKYN Kpi3b KNITUHHY MeMOpaHy
3[iNICHIOETBCA LWAAXOM MPOCTOI | MoJserweHor
andysii. AKTMBHMI TpaHCMopT (3 BUTpaTaMu
eHeprii) 34iNCHIOETbCA 3a JONMOMOIOI Crnevianb-
HUX GiNKiB-TpaHcnopTepiB (yHiNnopTa, cMMnopTa,
aHTMMoOpTa), eKk30- abo eHAOLUMTO30M, a TaKOX
LWIAXOM BE3UKYNAPHOrO TPaHCMOPTY.

EHepria BuTpavaeTbca

BaHTaX ——
b
«XBOCTW» -

KiHe3MH\?§ ﬁ Qz AT‘(D e

«Crebnoy ———— =

«loniBka»

AT -y
{ IO ELLLECLEL L B Y

ALEL ALALEL b s ed ol od
AL EL

MikpoTpy60ouka

Man. 25.3. Cxema po60oTu KiHe3nHy — 6inka, wo
«KPOKY€» y3[00BX MIKPOTPYOOUOK i NepeHoCTb Be3n-
Ky Ta iHWIi YaCTUHKM MiX Bigdinamu KnitHn

TUHOK ((PpparMeHTH KJITHH) uYepe3 KJIITUHHY
MeMOpaHy BifZOyBaeThCA 3 YTBOPEHHSIM Be3U-
KyJ. Besukyam — 1e MeMOpaHHi myxXupIti, axi
3IaTHI TpaHCHOpPTyBaTu pedoBuHU. MemOpan-
HUI TPAHCHOPT Y KJIITUHY HAa3WBalOTh €HIOIM-
TO30M, a TPAHCIIOPT i3 KJIITUHU — €K30I[UTO30M.
ITormuHaHHA KJIITHHOIO TBEPAUX YACTUHOK HAa-
3UBaOTh (haromuTo30M, a IOIVIMHAHHA PiAuH
i Kpamejp — MiHOI{UTO30M.

Be3nkynapHum TpaHCcnopT ycepeguiHi

KNiITUHN (QKTUBHWI TPAHCMOPT)

TpaHcmopT pPevyoBWMH yCepemuHi KJIiTUHHT
3 OJHi€l opraHesu B iHINIY TaKOK BigOyBaeThcA
y Be3HKyJax. BesumKyJu BigOPYHBKOBYIOTHCS
Big muctepH anapaty I'oaba:Ki i JOCTaBISAIOTH
PeYoOBMHU B OpPTraHeJu-MiIllleHi, 3JIMBAalOUYUCh
3 ixuimu memOpamamu. {15 TpaHCIOPTYBAHHSA
BE3UKYJ BUKOPUCTOBYIOTHCA MiKPOTPYOOUKH,
II0 € CKJAJOBUMM ITUTOCKeJieTa. TpaHCIOp-
TYBaHHS Ha MMOBEPXHiI MiKpoTpybouoK B3miii-
CHIOIOTh MOTOPHi OinKu: OuHeiHu 1 KiHe3uHU
(man. 25.3). [uHeiHu mepeMillyOTh YaCTUHKU
3 nmepudepiiHUX MiNAHOK KJIITHHU O IEHTPO-
comu. Kimesunu, HaBIaxKu, IepeMillyiOTh dac-
TUHKY B HAOPAMKY OO0 KJIITMHHOI mepudepii.
IIpomec ime 3 BuTparTor emeprii AT®.

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy KRiTMHW BUTPavyaloTb 3HAYHY YacTUHY BU-
pobneHoi eHeprii (4o 50 %) Ha TPaHCMOPT PEYOBUMH
yepes membpaHn? 2, Aki KNiTUHU XpebeTHNX aKTUBHO
BUKOPUCTOBYIOTb daroumntos? 3. K BHYTPIiLIHbOKNI-
TVHHI TPAHCMOPTHI BE3UKYNM PO3Mi3HaloTb opraHenu-
MileHi?
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§ 26. TpaHcNoOpTHa cuCTEMa POC/VH: CUMNACT | anonnacT

0 [omipkynTe

YoMy pocCivHK B'AHYTb, AKLLO BOHW OTPMMYIOTb
HeOoCTaTHIO KinbKicTb BOAN?

Q 3raganTe

» bynoBa kopeHsa » KopeHeBi BONockun

o nnkyBaHHA

Pyx peYoBMH y BMLLMX POCSIVH

AK BaM BigoMO, POCJAMHHU IIOTJIMHAIOTH i3
HaBKOJUIITHBOTO CEPENOBUIIA BOY W PO3UMHEHI
B Hill HeopraHiuHi (MiHepaJbHi) PEUOBUHMU.

IlornmuHaHHA BUOIMMHU POCJIMHAMU MiHepa-
JiB 3 I'PYHTY 3IiACHIOETHCS OCOOJIMBOIO 30HOIO
KOpeHA — B30HOI0 BCMOKTYBaHHSA, /e IMOKPUBHI
KJITUHA MalOTh BUPOCTU — KOPEHEBi BOJIOCKU.
Kpisp MmemOpaHu KOpeHEeBUX BOJIOCKIiB IIPOHUKAE
BOJla i po3umHEeHi B Hill coJri.

Big moxkpuBHUX KJIITHUH KOpPEHEBUX BOJOC-
KiB BOOHUI PO3UYMH JaJjIi IIepPecyBaeThbCcA IIa-
PEHXMMHOI TKAHMWHOIO [0 IIEHTPY KOpPeHd.
TyT poamiineHo ejgeMeHTH IIPOBIAHOI cHUcCTeMU
pocauH (KcuyieMa ¥ paoema). Humm BogHME pos-
YUH MiHepasiB IimgHiMaeThcsa Bropy OO crTebdja
M JWCTKiB, a CMHTE30BaHi POCJIMHOIO OPraHiuHi
PEYOBHHU POIIMOAIIAIOTLCA MiK yciMa yacTmHAa-
MU OpraHismy.

Hwn3bKa KOHUeH-

Tpauif peyoBUHN
°. i3 30BHilWHbOrO
o’ 60Ky KNiTUHM

Bopa nepexoantb
3 06nacTi HM3bKOI
KOHLeHTpaLii peyo-
BUHW B 00nacTb

Bucoka / °e9’ A

KOHLIeHTpauin ° . * e 3 BUCOKOIO
peyoBUHN o o ® . KOHLeHTpauji€o
BCepeanHi ° ©

KNiTUHW

Man. 26.1. Ocmoc
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MornnHaHHA BOAW KOPEHEBUMM
Bonockamu. Ocmoc i Typrop

HagxomsxkeHHA PO3UYMHEHUX PEYOBUH KPi3b
MeMOpaHM KJITUH KOpPEHeBUX BOJOCKIB 3iii-
CHIOETHCA MIIAXOM AuQy3ii 1 aKTUBHOIO TPaHC-
mopTy.

Bopa HagxoawuTh y POCJMHY B OCHOBHOMY
3aBIAKU OCMOCY.

Ocmoc — 11e Juy3sisa MOJIEKYJI POSYUMHHUKA
(y BUmagkKy, 10 PO3TJISAAAETHCSI,— BOAU) KPi3hb
HATiBIPOHUKHY MeMOpaHy i3 30HUW 3 HU3BKOIO
KOHIIEHTPAI[i€}0 PO3UMHEHOI PEYOBUHU B 30HY
3 ii 6i/IBIIT BUCOKOO KOHIleHTpaIlieo (maa. 26.1).
Benuki mMoJsieKyJiv PO3UMHEHUX Y BOJI PEUOBUH
He MOXKYTh MPOHUKHYTH KPidh KIITUHHY MeMO-
paHy, a MOJIEKYJX BOAW MOXKYTb. BoHu HiOuU
po30aBIAIOTh BUCOKOKOHIIEHTPOBAHUU PO3UYNH
oo iHmwuit 6iK mMeMOpaHH.

OcMoc XapaKTepU3yeETHCI OCMOTHYHUM
THCKOM — THCKOM, SKHUIl HOTPiOHO HOKJIACTH,
100 3amobirT¥ OCMOTHUYHOMY HAAXOMKEHHIO
BOJIW B PO3YUH.

Y HazeMHUX POCJIVH IOTJIWHAHHA BOIAU
3 TPYHTY IILJIAXOM OCMOCY 3IiHICHIOETHCA KPi3b
KJiTuHHI MeMOpaHM KOPEHEBUX BOJIOCKIB Ta
iHmMUX KJIITUH y KopeHi. OCMOTMYHUN THCK
y IUX KJITHHAX i KJIiTwHax, IO IPOBOLATH
BOJIY BiJl KODEHEBOT'O BOJIOCKA IO KCUJIEMU i JaJri
IO JUCTKiB, HabaraTo BHUINWI, HiXK OCMOTHY-
HUHW THUCK I'PYHTOBOI BOJM, YHACJiJOK BUCOKOI
KOHIIEHTpAIlii po3umHEHuX coJiel i caxapupmis
y KJaituHax. Hampukiazn, KIiTHHE KOPEHEBUX
BOJIOCKIB MAalOTh BEJUKY BaKyOJIO 3 AysKe BU-
COKOIO0 KOHIIEHTPAI[i€I0 PO3UMHEHUX PEUYOBUH,
TOMY BOJla «IIparHe» yBiATU B IIi KJIITUHU, 3HU-
JKYIOUM IXHIO OCMOTHUYHY KOHIIEHTPAIiio.

Koiu B pocaMHHY KJIITHMHY B pes3yabTaTi
OCMOCY HaAXOAUTH BOJA, ycepeAuHi KJIiTUHU
dopmyerbcsa typropuuii tuck. lle mampyxe-
HUHN cTaH KJIiITHHHOI 00O0JOHKH, IO CTBOPIO-
€ThCs THCKOM BHYTPIIIHBOKJIITMHHOI pPigmHMU.
3aBAsAKY Typropy TKaHWHU MAIOTh MPYKHICTH,
creba 30epiraroTh BepPTHUKAJIbHE IIOJIOMKEHHS,
BiIKPUBAIOTHCA MPOAUXU. SHUKEHHIM TYPTropy
CYIIPOBOAKYIOTHCS IPOIeCH B’ AHEHHS i cTapiH-
HA KiaitmH (Man. 26.2).
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Man. 26.2. Porib 0OCMOTMYHOTO 11 TYPrOpHOro TUCKY
B MPYXHOCTi TKAHUH POC/INH: @ — 3POCTaHHA TYPropHOro
TUCKY CMPUYNHIOE BIAKPUTTA 3aMUKaOUMX KIiTUH NPOAMXIB,
a BTpaTa Typropy — ix 3aKpuBaHHsA; 6 — Konu Boau y Basi
He 3a/NWAETbCA, OCMOC «3MYLLYE» iT BUXOAUTU 3 KNITUH Ha-
30BHi. Boga BMNapoByeTbCA, i KBiTW B'AHYTb

AnonnactTMyHUM Ta CUMMIACTUYHNN
LUAXW TPAHCNOPTY BOAM
N MiHepanbHUX PeyoBUH

Boma 3 posumHeHWMHM MiHEpPaAJIBHUMU pe-
YOBUHAMM, IO IMOTPANUIU 3 I'PYHTY B KOPiHb,
pyXxaeThcAd MO HOro IeHTPY, a TOUHiIlle — [0
cynuH Kcuaemu. Ile mepemimnieHHs Ha3WBaIOTH
pamianpHUM (260 6IU3PKUM) TPAHCIIOPTOM BOAU
B KopeHi. [IIBUAKiCTDL PyXy BOAM B KOPEHi OAy:Ke
HesHauHa — OJu3bKO 1 MM/TOf.

Pagianpanii (0IM3BKUWIT) TPAHCIOPT BOIU
B KOpeHi B3milficHIOEThCA KiJbKOMa cmocobaMu
(mag. 26.3).

« CMMIJIACTUYHMI HIJAX: PEYOBUHU TPaH-
CIIOPTYIOThCA 3 I[UTOMIJAa3MM OAHiel KiaiTmHU
B IIUTOILIA3My iHIIIOI Kpis3h naadmodecmu —
nuTomsazmMaTuuHi Mmictku. IluTommasma BcCix
KJITUH, 3’€JHAHAa IJIa3MOlecCMaMM, Ha3UBAETHCS
cumnaacmom. CUMILIACT CIYTye IJIA TPAHCIIOP-
TyBaHHA MiHEPAJbHUX 1 OPraHiYHUX PEYOBUH.

0 Kniouosa iges
[lornnHaHHA BUWKMUW pPOCIMHaAMWM MiHepanis

3 I'PYHTY 3AINCHIOETBCS KPi3b MemMOpaHu KRiTWH
KOpPEHEeBUX BOJIOCKIB LIAAXOM aKTUBHOrO
TpaHcnopTy. Bopa Hagxogutb 3aBAAKM OCMOCY.
PagianbHuin (6n13bKNUiA) TpaHCMOPT BOAWU i MiHe-
paniB y KOpeHi M NNCTKax 3AINCHIOETbCA TpbOMa
LIAXaMu: Mo anonnacty (Cuctemi KNiTMHHUX CTIHOK
i MPKKIITMHHMX NPOCTOPIB), CMNAACTY (LMTOMNa3Mmi
KNiTWH, 3'€QHaHMX N1a3MofecmMamm) Ta BaKyossXx.

KopeHesui

MapeHxima

_ J. Cyantn

Man. 26.3. LLnaxn TpaHCNOpPTY BOAM B KOPEeHi
Bifl KOPEeHeBUX BOJIOCKIB A0 CyAWH

« AIonIacTUYHUN NIJISX: PEUOBUHU TPAHC-
TIOPTYIOTHCA TI0 ANONJAACMY — B3aeMO3B’ a3aHii
CHUCTEMi KJITHHHHMX CTIiHOK i MiRKKJIITHHHUX
npocTopiB. AmomjgacT HeOoOXimgHMHE aad TpaH-
CIIOPTYBaHHSA BOAM I MiHepaJbHUX CIIOJYK.

- Ilo Bakyoasix: BoJia TPAHCIIOPTYETHCA IO
cucTeMi KJIITUHHUX BaKyOJIeH.

[NepemiweHHA BOAWV B IUCTKY

Boma 3 xaiTuH mapeHXiMu KOpeHs HaIXoO-
IUTH y cyouHUu Kcujemu. I1o Keunemi minepasib-
Hi peYOBUWHU MOIIMPIOITHCS II0 BCili pPOCJIUHI.
OCHOBHUMU CIIOKMBAaYaMU IIUX PEYOBUH € Yac-
TUHU POCJIMHU, IO POCTYTh.

IToTpamnaoun mo KcuaeMi B JIUCTKHM, BOIa
M MiHepaJbHI PEUOBUHUM POS3IMOMIIAITHCA Ue-
pe3 posTaNly;KeHy Mepe)Ky IPOBIIHUX NIYyUYKiB
IO KJIITHHAaX. 3aBAAKU PACHOMY PO3TAIYIKEHHIO
KCUJIEMHU B JIUCTKY Maii:Ke KOKHa KJIITMHA KOH-
TaKTy€ 3 IPOBiJHOIO cUCTEMOIO. PyX peuoBUH 1O
KJiTHHAX JUCTKAa 3MiHCHIOETLCS, AK 1 B KOPEeHi,
TphOMA INIJIAXaMU: IO aIOIJIACTY, CHUMILIACTY
Ta BaKyOJISX.

3anuTaHHA Ta 3aBAaHHA

1. Yum ocmoc BiApi3HAETbCA Bif 3BMYanHOI andy-
3ii? 2. Yum pgns pocnuH HebesneyHe 3HEBOAHEHHA?
3. Ak perynioetbca poboTta npoguxis? 4. Yum Bia-
Pi3HAIOTBCA CUMNAACTUYHUI Ta anoOMIacTUYHUI TPaH-
CMOPTHI WnAxXu?
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§ 27. TpaHCNopTHa cUCTEMA POC/INH: NPOBIAHI TKAHWUHN

0 [TomipkymnTe

K BM rapga€re, YoMy Bofda B pPOCAMHAX MiAHIMAETb-
CA Bif, KOPEHIB JO NINCTKIB MPOTU CUAN TAXIHHA?

Q 3raganTe

« bygoBa cTebna e [TpoBigHi nyykn

o Kcunema o Onoema

» TpaHcnipauia

[MpoBigHI TKAHWUHW POCIUH

TpancnOpPTYBaHHA PEUOBUH Yy BEPTUKAIHHO-
MYy HAIIPAMKY V BUIIUX POCJNH 3OiMCHIOIOTH IPO-
BifiHi TKAaHWMHU — KcuiieMa (fepeBuHA) i (hroema
(1y06). ITo rcuimeMi ITPOXOAUTH BUCXimHUI (Bin
KOPEeHs [0 TaroHiB) pyX BOAU 3 PO3YMHEHUMU
B Hill MiHepaJbHUMHN COJIIMUH. PeuoBUHU, IO
YTBOPIOIOTHCSA B Pe3yJIbTaTi (DOTOCUHTEZY, IIepeMi-
MIyIOThCA MO (pyroeMi Bim JMCTKIB mo iHIImx uac-
THH pocauHu (cTebia, KopeHs, KBiTku). Keumema
1 (proeMa posTaIrlroBaHi mMOPsM i yTBOPIOIOTH IIPO-
BigHi myuku (mai. 27.1).

bynosa kcunemn

Kcunema ckiiajaeTbca 3 BJIacHe MPOBiTHUX
eJIeMeHTiB, a TAaKOXK KJIITUH OCHOBHOI (IIapeHXi-
Ma) Ta MexXaHiuyHOl (BOJIOKHA IePEeBUHN) TKAHUH.
IlpoBimHi enemMeHTHM KcujeMu IIpeAcTaBJIeHi
Tpaxeigamu i cymuuamu. ObuaBa THUOUN IIPOBin-
HUX eJIEMEeHTiB € BUTATHYTUMM KJIiTHHaAMHU 3i
3nepeB’aHinuMu obosoukamu. Ili kaiTuHM €

Curo-
CyanHm nopioHi
Kcunemm TPy6KM

dnoemn

Curo-
Mepdo- noai6Ha
pauia nnacTuHkKa

Man. 27.1. Cuctema NpoBIgHMX TKAaHUH BULLUX POCINH
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MEepTBUMU i He MIiCTATH IIPOTOILJIACTIB, 1T0 3HA-
YHO MOJIETTIIYE TPAHCIIOPT PEYOBUH.

Tpaxeigu — 1e AysKe HOBri, posTalIoBamHi
y pAL KJIiTWHU, V CcTiHKax axkux € mopu. Ilepe-
CyBaHHS BOAM 3 KJITUHU B KJITHUHY 3IiHiCHIO-
€ThCA KPi3b IIi IIOpPHU.

Cymuan — 11e GiJIbI crrelriasisoBaHi mpoBigHi
eJIeMeHTH, 1110 € JOBTUMH (Bif KiJIbKOX caHTUMe-
TPiB IO KiJIBKOX METPiB) HMOPOKHUCTUMHU TPYO-
kamu. Ili TpyOKuM yTBOpPEHi OJHUM PAIOM KJIi-
TUH — YJeHUKaMu cyouru. Y Micugax 3’eTHaHHS
4YJeHUKIB € nepgopayii — HACKpi3HiI oTBODU,
Kpidh AKi BMiHCHIOETHCA TPAHCHIOPTYBAHHA pe-
yoBuH. [lepemimnieHHsa pO3UMHIB CyAwHAMHU Bij-
OyBaeThCcsa HabaraTo IIBUAIIE, HiXK Tpaxeimamu.

MexaHi3mn TpaHCNOpPTY PeYOBUH
no Kcunemi

Kcnmemoro Bosa mepecyBaeTbCs 10 JIUCTKIB,
3 AKUX BUIAPOBYETHCA Kpisb mpoauxu. lleit Ha-
NPAMOK PYXY PO3YMHIB HAa3WBAIOTh BUCXiTHUM
MOTOKOM. AJle CyAUHAMU i TpaxeilaMu PO3UMHU
MOJKYTh TPAHCIOPTYBATUCA HE TiJIbKU BEPTU-
KaJIbHO, ajie i TOPU3OHTAJBHO — 0 KUBUX
KJiTuH abo cycigHixX IpOBiAHUX eJeMeHTiB.

ITigitom BOomM mo KcujeMmi BimOyBaeThcs 31e-
OisIBITIOTO 3a PaXYHOK TPaHCImipaii — BHUIAapOBY-
BaHHA BOAU JUCTKAMU. Y HACTITOK IIOTO B KPOHi
pPOCJVHYN BUHUKAE HecTaua BOAU, i 3HEBOIHEHi
KJITMHU TPUCMOKTYIOTH BOAY 3 PO3TAIIOBAHUX
HIDKYe cyauH Keuiaemu. 1{a cucHa cuna migaimae
BOAY B cyAuHax 3i mBuakicTio Bix 1 7o 10 m/rox.
Hpyra BaskauBa cuia, sika 0epe ydacThb y Imigiomi
BOJIVI,— KOpPeHeBuH THCK. [[pmumnHOI0 KOpEeHEeBOTO
THUCKY € pi3HA KOHIIeHTPAIlid PO3YMHEHUX MiHe-
pajJbHUX PEUOBMH Yy Pi3HUX YACTUHAX POCIUHU.
Tako:k migitoMy BoAM B CyAUHAX CIIPUAIOTH Kalli-
JsapHi edeKTH — 3UYeIJIeHHA TOJAPHUX MOJIEKYJI
BOJY OJHA 3 OJHOIO Ta 3i CTIHKaMU CyJWH.

Bynosa ¢pnoemu.
Bynosa cutonogibHnx Tpybok

OCHOBHOIO YaCTHUHOIO (DJIOEMHU € CUTOHOMi0-
Hi IPOBiAHI eJJeMeHTN — CUTOIOMIOHI KJIiTHHUI
i curononi6oHi TpyOKU (Mas. 27.2). o ii ckimanmy
BXOAATHh TAKOYK KJIITMHU OCHOBHOI (mmapeHxima)
Ta MexaHiuHOl (1y6’saAHI BOJIOKHA) TKAHUH.
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O 0UGE—— Cutonopi6Ha

niacTUHKa
KnitnHa-
. UNeHnK
KniTuHHa
cynyTHMUA A

—— TOHKUI Wwap
ymTonnasmum
(Appo BigcyTHE)

— CutonopibHa
} nnacTuHKa

Man. 27.2. bynosa cutonofi6bHoi Tpy6KM

CuromogioHi KaiTunu, Ha Bigminy Bix Tpa-
xein KcujieMu, € JKUBUMU. BOHU MaloOTh BUIO-
BiKeHY (DOPMY 1 MpOHM3aHI HACKPIBHUMU OTBO-
paMu, Kpidh AKi TPAHCIOPTYIOTHCA PEUOBUHU.

CurtomnonioHi TpyOKHU CKJamatoThcs 3 6esJi-
i KJiTuH-uleHuKiB. HackpisHi oTBopm OBOX
CYCimHiX KJITMH yTBOPIOIOTH CUTOIIOAIOHI IIIac-
TUHKU, KpPi3h AKi IepeMilyloThCA PO3UUHU.
i xuiTuHYM KUBi, ane B HUX HeMae aAnep. [lopyu
3 KJiTHHaAMU-YJeHUKaAMM! PO3TaIllOBaHi KJiTH-
HU-CYIIYTHUIIl, AKi MalOTh AApa i IIUTOMJIa3My
3 opra"eiramMu. KIiTWHU-CynyTHUII TigTpUMY-
IOTh OOMiH PEUOBUMH y KJITMHAX-UJIEHUKaX CHU-
TOIIOAIOHUX TPYOOK.

MNepemilweHHA peyoBnH No Gproemi

Ha Bigminy Bij Kcmyiemm, opraHiuHi pedo-
BUHU MOXKYTh TpaHCIOpPTyBaTucA 0o ¢oemi
# yropy, i Bums. Maiizke 90 % ycix pedoBuH,
110 IIepeHOoCATHCA, CTAHOBUTHL caxaposa. IlIBuna-
KicTb pyxy caxaposu cranoButh 20—100 cm/Tox;
3a NeHb IO CTOBOYDPY BEJMKOTO JepeBa MOXKe
mepeMicTuTHCA KiJIbKa KijJlorpaMiB IILOTO BYT-
JeBOLY.

0 Kniouosa iges

EBontouiiHe BUMHUKHEHHA MPOBIAHMX TKaHWH
noB'A3aHe 3 BMXOLOM POCANH Ha cyxogin. Kcu-
nema (Tpaxeign 1 cyauHmn) 3abesnevye BUCXigHNIA
pyx Bogu 1 MiHepanbHUX peyoBuH. ligiom Bogn
no Kcunemi BifOYBa€eTbCA 3a PaxyHOK TpaHCni-
pauji, KopeHeBOro TUCKY N KaninApHuUx edekTiB.
®noema 3abe3neyye nepemilleHHA PEYOBUH,
YTBOPEHMX MNif Yac GOTOCMHTE3Y, Bif NUCTKIB OO
iHLWWX YaCTUH POCJIVIHMW.

EBontouia TpaHCNOPTHOT cncTtemu
B POC/IVH

BuHuKHeHHA TPOBIAHMX TKAHWH IIOB’sA3aHe
3 BUXOJIOM POCJIHH Ha CYXOIiJl, KOJI 3’ ABUJIacs
HeOoOXiHICTh TOCTaBKMW PEUOBUH BijJi KOPEHiB 10
JUCTKIiB, i HaBmaKu.

Kcunema. Y mpomeci eBoamoIii meprium-
MU BUHUKJIHN Tpaxeimu. Ix BuABIeHO B mmep-
MIUX TPUMITUBHUX HaseMHUX pociuH. CynmHm
3’ABUJIVICA 3HAYHO IIi3HIINlEe IMJISXOM IIePeTBO-
perHsa Tpaxein. CyuyacHi cmopoBi if rosioHaciHHI
pocauHU 34e6iJbIIToro MalTh TiJIBKM TPaxeimun;
CYAWHU B HUX BificyTHi (OKpiM JeAKUX BUIIAJ-
kKiB). Maii’ke B yCcix IOKPUTOHACIHHUX POCJINH
e ¥ Tpaxeingu, i cyauHU.

daoema. CurononibHi KiIiTuHE 3a OYI0BOIO
0iJIBIIT TPUMITHUBHI MOPIiBHAHO 3 O6araTOKJIiTHUH-
HUMHU CUTOMONIOHUMY TpyOKaMu. BoHU € xapak-
TEPHUMH JJIsI CIOPOBUX 1 MOJIOHACIHHUX POCJIUH.
Y moxkpuToHAaciHHUX NPOBiAHI eJeMeHTH IIpen-
cTaBJIeHi OiNbIT e(PeKTUBHUMU CUTOIOMIOHUMU
TpyOKaMu.

BuHuKHEHHA CyIUH KCUJIEMH i CHTOHOXiO-
HUX TPYOOK ()JI0eMU B MTIOKPUTOHACIHHUX POCJINH
TIOJIETIIINJIO TPAHCIIOPTYBAaHHA BOJAU, 1110 BUSBU-
JIOCSA BaYKJIMBUM €BOJIIOI[ITHUM IIPVICTOCYBAHHAM
IO JKUTTS HA CYXOJOJIi.

@ MpakThyHa poboTa

Bu3HayeHHsA iHMeHcusHocmMi mpadcnipayii ma
8i0OHOCHOI mpaHcnipayii eazoeum memooom

1. MoMmicCTiTb INCTOK NenaproHii 3 YepewKkom y npo-
6ipKy 3 BOAOI, Ha MOBEPXHIO AKOI TOHKMM LUapPOM
HaHeceHo onito. 3BaxTe Lo NPOobipKy.

2. Yepes 30 xB ile pa3 3BaxTe NpobipKy Ta BU3Ha-
yTe KinbKiCTb BOAMW, WO Bunapunaca. Po3paxywnte
iHTEHCMBHICTb TpaHcnipauii TNCTKOBOI MAACTUHKM.
3. BusHauTte iHTeHCMBHICTb TpaHcNipaLii BinbHOI BOA-
HOI moBepxHi. [InAa uboro Hanunte y vawky [leTpi
BoAy, 3BaxkTe i, a moTim uepe3 30 XB MOBTOPITb
3Ba)KyBaHHA. Po3paxynTe BifHOCHY TpaHcnipauito.
4. CoopmyntonTe BUCHOBOK.

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Wo cninbHOro mixk Tpaxeigamu i cutonogioHUMum
KniTuHamun? Y 4yomy ixHi BigMiHHOCTI? AK BM BBaXKa€Te,
UM € B HUX CMiNbHUI €BOMOUINHUA «nNpedok»? 2. [lo-
piBHANTE WBMAKICTb TPAHCMOPTY PeYoBUH MO droemi
Ta Kcunemi. K GyfoBa MPOBIAHMX eleMeHTIB BMIMBAE
Ha Ut WBKAKICTb? 3. Y obmexye mpoBigHa cucTema
BMCOTY Ha3eMHUX POCINH?
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§ 28. TpaHcnopT pe4yoBUH Y TBapuH. KpOBOHOCHa cuctema

0 [TomipkynTe

Y BillUaCTVX NIOCKUX YepBiB Oyno BUABIEHO 3a-
KOHOMIPHICTb: UMM BinbluMM € po3Mmip Tina, TM
GiNbLINA CTYMNiHb Fany»eHHA M€ iXHI KULLEYHNK.
3 yum uUe moxe 6yt moB'A3aHO?

Q 3raganTe

o OyHKLii KPOBOHOCHOI cMCTEMM
o Tvnu i 6yfoBa KPOBOHOCHUX CyAuH
» bygoBa cepus

TpaHCNOpTHI cnctemm TBapuH

Meraboaiuni mporecu, 1o mepebiraroTb
Yy KJiTMHAX Tijla TBApUH, BUMaramoTh Oea3repeps-
HOTO IPUIJINBY TOKWBHUX PEUOBUH i KHCHIO,
a TaKOK BUJAJIEHHA MPOAyKTiB 06MiHy. Bcei opra-
HIBMU THUM YU iHIIIUM MLIAXOM 3IiACHIOIOTH IIepe-
HEeCeHHs PEeUYOBUMH 3 OJHi€l yacTWMHU Tijla B iHIITY.

B omHOKIITHMHHUX OpraHidMiB ImepeHeceHHS
peuyoBUH BifOyBaeTbca TLIAXoM AuU@Yys3ii mose-
KyJ, MepeMillleHHAM AKUX COPUAE PyX IIUTO-
mirasMu. ¥ BeJIUMKHX TBapUH iCHYE cIelliaJbHa
cucTeMa BHYTPIITHBOTO TPAHCIIOPTY.

Haitnpocrinri i3 cyuacHUX TBapwH, y AKUX
€ crelliaJbHa TPaHCIOPTHA CHUCTEMa,— Ie He-
MepTHHN. Y HUX € OJHA COMHHA i aBi 6Giumi
KPOBOHOCHI cyaumuu, 3’¢JHAHI MOMEepeYHUMU
cynmHaMu. ¥ OigbImux i CKJIagHO OpraHisoBa-
HUX TBapUH CcHCTeMa KPOBOOOITYy CKJIAZAETHCS
3a3BrUail i3 KPOBOHOCHUX CYAUH i cepIlid.

TpaHcnopT peyoBUH
Y KMLLIKOBOMOPOXHUHHMX, rYOOK,
MNOCKUX | KPYrNINX YepBiB

KumkoBomopo:XKHUHHI, TYOKH, IIJIOCKi uep-
BU He MAalOTh KPOBOHOCHOI cucTeMu. ¥ KHUIIKO-
BOMOPOKHUHHUX i I'yOOK TPAHCIOPT PEUYOBUH
IO BCBOMY OPraHidMy B3IifiCHIOETHCA IMIIAXOM
nu@ysii (moJinu, ryoxu) abo 3a JOIOMOTOIO PO3-
rajJyXeHb KHITKOBOI MOPOKHUHU (MeIy3u’).

Pigunua, 1110 MUPKYJII0€ B KaHAJAX KUIITKOBOI
TMOPOYKHUHU KUIITKOBOIIOPOKHUHHUX,— TiAPOJIiM-
¢da — mocraBige M0 KJIITUH TOKWBHI PEYOBUHU
i Bumasisie mpoayktu oomimy. Iigposmimda micTuTh
COJIL Ta opraHiuHi peuyoBMHMU; Ii CKJIaJ HECTAJIMI.
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¥V niaockux UepBiB TPAHCIOPT PEUYOBUH Bij-
OyBaeTbCA TAKOMK ILIAXOM audysii. ¥ HuX He-
Ma€ MOPOKHUHU Tijla, i PEUYOBUHU TPAHCIIOP-
TYIOThCA TKAHMHHOIO PIAMHOI0 MiXK KJIITMHaAMU
mezomepmu. Hudysia moaermryerbcs Crolme-
HOIO (pOPMOIO Tijla i YMCIEHHUMM PO3TaIy:KeH-
HAMU KUIIeYHUKA.

Y Kpyramx 4yepBiB PEUOBUHU HEePEHOCATHCS
pPiIMHOIO TIEPBUHHOI MOPOKHUHU TiJia.

KpOBOHOCHa cancTtemMa

¥V 6inbIiriocTi TBAapUH IJIA TPAHCIOPTYBAHHSA
TOKUBHUX PEUYOBUH IO OPraHisMy TiJIbKU Ou-
¢ysii HegocTaTHBO. Ile 3yMOBIIIOE BUHUKHEHHSA
KpoBOHOCHOI cuctemMu. OCHOBHUMM KOMIIOHEH-
TaMU KPOBOHOCHOI CHCTEMU €:

- pizuHa, dKa UPKYJI0E (KPOB, JiMpa, re-
moJsrimda);

« CyIVMHU, AKUMU ITUPKYJIIOE piguHa (apre-
pii, BeHU, KamiyApwm);

* IyJbCYIOUUII OpraH, 1o 3abesmeuye pyx
pizmHU (cepiie, KPOBOHOCHA CyAUHA).

T'emosimpa — pigka TKaHUHA, II0 MUPKYJIIOE
B CyIMHAX i MiIKKJITUHHNX OPOXKHWHAX DaraTbox
Oe3xpebeTHUX TBApUH (UJIEHUCTOHOTi, MOJIIOCKI)
3 HE3aMKHEHOI0 CHCTEeMOI0 KpoBoobiry. Ckiaga-
€ThCS 3 BOIM, HEOPTaHIUHNX i Opra’HiuHUX CIIOJIYK.

KpoB — pinka cmosyuHa TKaHWHA, 1110 CKJIAa-
IaeThCdA 3 IJIa3MU i KJIiTuH ((PopMEeHUX eIeMeH-
TiB) — JIEKOIIUTIiB, EPUTPOIIUTIB i TPOMOOITUTIB.
IMupkyiioe y 3aMKHEHill cucTeMi KPOBOHOCHUX
CyIUVH.

Y HezaMKHEHili KPOBOHOCHII cucTemMi KpPOB
BUXOJAUTH 3 KPOBOHOCHUX CYAWH, IOTPAILJIAE
B TOPOKHUHY Tija abo MPOMiKKU MiK opra-
HaMU i Jepe3 BiZKPUTI KiHI[I BEeHO3BHUX CYIUH
3HOBY HaAXOIUTH 10 KPOBOHOCHOI cucTeMu (Hje-
HHUCTOHOTi, YacTWHA MOJIOCKiB, TOJKOIIKipi).
Y 3aMKHEHii KPOBOHOCHIiNl cHMCTeMi KDPOB Teue
TinTbKM cyamHamu (KijsibuacTi uepBu, XpeOeTHi
i meari immii TBapuHmU).

EBoniouisa KPOBOHOCHOI CUCTEMM

Yy XOPAOBUX

V xopmoBUX KPOBOHOCHA CHCTEMA 3aMKHEHA.

TosoBHi eBostONiliHi 3MiHUM B cmcTeMi KpO-
BOOOiry moB’s3aHi 3 mepexomoM Bin 3s0poBo-



Tema 3. O6miH peyosuH i nepeTopeHHa eHeprii 3y 33y S

ro OUXAaHHSA OO JIeT€HeBOrOo: Yy 3eMHOBOJHUX
3’ABJIAETHCS APYTe KOJI0O KPoBooOiry (maje, adbo
JereHese) i, K HACJIiIOK, YCKJIAAHIOETHCA Oy I0Ba
cepiid (hopmyroTbesd aABa nepexaceps) (mas. 28.1).

Hani eBojrorisa #ae HIAXOM 30iJbITEHHS
BMiCTy KMCHIO B KPOBi, IIT0 HAAXOAUTHL OO Opra-
HiB: y IJIa3yHiB BUHUKA€E HEIIOBHA IIePErOpoaKa
B IIJIYHOUKY, a y HTaXiB i ccaBIiB (hopMyeTH-
cd YOTHPUKAMepHe cepiie. ¥ HOTaxiB i ccasiiis
IO OpraHiB HAAXOIUTHL TiJABKU apTepiasbHa
KPOB; 3aBIAKHU KpaloMy 3abe3leueHHI0 KUCHeM
Y TKaHUHAX IiITPUMYETHCA BUCOKUUN PiBEeHb 00-
MiHY PEYOBUWH, IO 3YMOBJIIOE TEILIOKPOBHICTH.

bynoBa KpOBOHOCHOI cCTeMM y XOPOOBUX

TBapunn BynoBa KPOBOHOCHOI CHCTEMU

Jlannerauk = OpxHe K010 KpoBoobiry. Cepiia He-
Ma€, 3aMiCTh HbOT'O — UePeBHA aopTa

Pubu Opxme KoJto KpoBoobiry. Cepiie gBo-
KaMepHe (mmepencepms i MIIYHOUOK).
V¥ cepiii — BeHO3HA KPOB

Amdi6ii IBa xosa KpoBoobiry. TpukamepHe

cepiie (1Ba mepeacepad i IIJIYHOUYOK).

KpoB y nmiyHOUKY cepiia 3minraHa

Penruii IBa Kosa KpoBoobiry. Cepiie TpuKa-
MepHe 3 HeTIOBHOIO [TePeropoaKOI0
B MIIYHOUYKY. KpOB y IIIYHOUKY

3MiNIyeThCcA He TOBHICTIO

IIraxu IBa xosa KpoBoobiry. Cepiie uoTu-
i ccasiri pukamepHe. ApTepiajbHa Ta BEHO3-
Ha KPOB He 3MilIyI0ThCA

Amoi6ii PenTtunii Mraxu CcaBui

Man. 28.1. Cxemn KpoBoobiry y xpebeTHux

KntouoBga igen

Bbynosa KpOBOHOCHOI cucTemMU
y 6e3xpebeTHnX
Kinpuacrti uepBu

KporonocHa cucrema samkHeHa. OngHe KOJI0 KPOBO-
00iry. PoJib cepiisg BUKOHYIOTE KiJIbIleBi cyauHMN

CnrHHa KpOBOHOCHa
cyAviHa

Q@ QP>

HecnpaBxHi  YepeBHa KpOBOHOCHa
cepusa cyaunHa

YaeHucTOHOrI

KposonocHa cucrema HesamKHeHa. Cepile Tpyb6uac-
Te, po3TallloBaHe Ha CIUHHOMY 00I1i Tija

Cepus

Moarockn

Kposonocua cucrema HesamkHeHa. Cepiie 3i mury-
HOYKOM i mmepeicepasiM, po3TaliioBaHe Ha CIIMHHO-
My Oorri Tina

lWnyHouok  Cepue

Mepencepas

B r— Jlerenn

-

KpoBoHoOCHI cyanHu

KomnoHeHTam1 KpOBOHOCHOI CUCTEMU € PiMHA, AKa LIMPKYOE (KPOB,
nimda, remonimda); cyamHn (aptepii, BeHW, Kaninapw) i nynbcyrouni
opraH (cepue, Bugo3miHeHa cyauHa). EBontouiiHi 3mMiHM KpoBoobiry
XOPAOBMX MOB'A3aHI 3 MepexodoMm Bif 30pPOBOro AMXaHHA [o nere-
HeBOro: 3'ABNAETbCA Apyre Kono Kpopoobiry (mMane, abo nereHese)
1 ycKnapHIoeTbeA bynoBa cepua (popmytoTbea ABa nepencepas, a no-
TiM i ABa WYHOUKa ANA NOAIMWEHHA NOCTa4aHHA KUCHIO Y TKaHUHN).

03al'll/lTaHHﬂ Ta 3aBOAHHA

1. Yn € eBonoUiiHOWO NepeBarot
3aMKHeHa cucTteMa KpoBoobiry mopis-
HAHO 3 He3aMKHeHo1? 2. AKi eBonOLIN-
Hi nepeBary YOTMPMKaMEpPHOro cepus
NMOPiBHAHO 3 TpuKamepHum? 3. Coop-
MyJIO/iITe OCHOBHI HanpAMKN eBOSIOLT
KPOBOHOCHOI CUCTEMW Yy XOPAOBUX.

O]



Tema 3. OOMIH peUOBWH | NepeTBOPeHHA eHeprii

§ 29. TpaHCNOpPT pe4yoBUH Yy Mia3mi KpoBi

0 [NomipkynTe

Po3uunHHi peuoBMHM nerko mepeHocATbCA 3a Jo-
NOMOTrO KPOBI, PO3YMHAIOUNCH Y 1i mnasmi. A AK
TPaHCMOPTYBaTU HEPO3UMHHI PeYoBUHN?

é 3raganTe

o Cknag Kposi o OyHKLUii KPOBI

« [lna3ma Kposi

TpaHcnopTHa QyHKUiA KPOBI

KpoB TpaHcmopTye IOKWBHI PEUOBUHU —
O0inKu, "KUpU, BYIJIEBOAM, BiTaMiHI, a TaKOMXK
OHU MiKpoO- i MaxKpoeJeMeHTIiB Bia TpaBHOI
CHCTEeMH JO BCiX KJIITHH Tija.

3 TpaHCIOPTOM IIOB’sA3aHA EKCKPEemopHa
(QYHKUiA KPOBI — BUAIJIEHHA 3 OpraHidamMy KiH-
IeBUX MPOAYKTIiB 0OMiHY peuoBuH (CeUYOBUHU,
CeuoBOi KHCJIOTH TOINO) ab0 HAAJUIIKOBUX pe-
yoBUH (coJeit, BOAM).

3aBOAKU TPAHCIOPTY 3AiNCHIOETHCA ¥ Ou-
xaavHa QYHKYis KpoEi: Bif OpTaHiB fUXaHHSA 10
TKaHUH Ta iHIINX OPTraHiB Tijia KPOB TPAHCIIOP-
Tye KHCEeHb, a HasaJ 3abupae BYIJIEKUCJIUI Tas.

KpoB mepeHOCUTH TaKOX TOPMOHHU, 3a [0O-
TOMOTOI0 AKUX 3OIACHIOETHCA T'yMOpPaJbHA pe-
ryndamnida poboTu opraHismy. 3aBOAKU pezy.is-
MOpHIll PYHKYITI KpOBi MiNTPUMYETHCA CTATICTH
BHYTPIIITHBOTO CepeloBUINla OPTraHi3My, pery-
JIOIOTHCSA BOAHUI 1 COJBOBUI OajilaHC TKAHWUH,
TeMIepaTypa Tija, KOHTPOJIOITHCA OOMiHHI
nporiecu i (isiosoriumi QyHKIi.

TakoX KpPOB MIEePeHOCUTH IMYHOTJIOOYJi-
HU — OLIKH-aHTUTINA IMYHHOL cucmemu.

TpancmopTHa (PYyHKIIiSA KPOBi 34iMiCHIOETHCSA
AK IJIa3dMOI0, TaK i ()OpPMEeHUMU eJieMeHTaMu
(xiriTMHAMY) KPOBi.

[Mna3ma KpoBi

IInasma KpoBi — Iie piKa yacTmHA KPOBi,
III0 MiCTUTH PO3UMHEHI ToHU, HeopraHiuHi i op-
TaHiuHi PeYOBHHU, a TAKOMK IPOAYKTHU KJIITHUH-
"ol mucumimnanii. Ilmasma cTaHOBUTHL OJIM3BKO
55 % saraabHOro 00CAry KpoBi, TOOTO B JIIOQU-
HU e mpubausuo 2,5—3 gitpu. V¥ ii ckaaxai mic-
TuThca 93 % Boam i 7 % pPO3UYMHEHUX PEUOBUH.
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Jlo opraniuHux peuyoBUH IIJa3MU KPOBi Ha-
JIeKaTh:

« 0inkm maasmu (anpOyMiHUM, TJIOOYJIiHU,
(di6bpunoren) — 7,8%;

« ruiroko3a — 0,12 %

o gimigm — 0,8-1%;

* HITPOTEHOBMIiCHi CIIOJIYKHU, IO eKCKpe-
TYIOThCA (CEUYOBMHA, CEeYOBA KUCJIOTA TOIIO) —
0,05 %:;

- OiosoriuHO aKTUBHI peuoBUHU ((hepMeHTH,
rOpMOHU, BiTamMiHmU).

Jlo HeopraHIUHMX PEUOBUH IIJIa3MU KPOBi
HaJIEe)KaTh:

- karionu (Na'*, Ca?", K*, Mg?") Ta anionn
(CI", HPO?, HCO},) — 0,9%;

- ra3u (KUCeHb, BYTJIEKUCJIHUN ras).

TpaHcnopTHI 6iNKM Nnas3mu KPoBi

V miasmi MicTUTBCA KiJIbKa COTeHb OiIKiB,
YacTWHA 3 AKUX 3MIiMCHIOE TPAHCIIOPT PEYOBUH.
OCHOBHUMMU TPAHCIIOPTHUMH OilKaMu KPOBi €
anvOymin, o-eno0yainu i B-eno6yninu. Bouu me-
PEHOCATH CIIOJYKH, II[0 MOTAHO PO3UMHAIOTHCA
VY BOMi,— KUPHI KHCJIOTH, riapo)o0Hi TOpMOHH,
JKUPOPO3UMHHI BiTaMiHM, a TaKOK MOHM Ta iHIIII
PEYOBUHU.

Baussxo 55 % Big ycix 6inkiB, 1110 MiCTATH-
cAd B IIJIa3Mi KPOBi JIIOAWHU, CTAHOBUTH CHUPO-
BaTKOBUI annOymin. BiH € Hecmenmupiuaum
TPAaHCIOPTHUM OiJIKOM i MOKe 3B’sI3yBaTHCH
i3 IMMPOKUM KOJIOM PEYOBWH: MeTajaMu, HOHA-
MU, KUPHUMU KHCJIOTAMH, aMiHOKHCJIOTaMW,
depMeHTaMU TOIIO.

Ha Bigmimy Bim anbOyminy, meaxi TpamHc-
mopTHiI 6iIKM KPOBi € BY3bKO cHenupiuHUMU.
30KpeMa, IIepyJaoILIa3MiH clelliaaisoBanuil I
nepenocy Honis Kyupymy, Tpanchepun — HoHiB

Depymy.
CoemianbHi OiIKM TepeHOCATH CTepOimHi
abo immmi rigzpodob6Hi ropMOHHM — TeCTOCTEepPOH,

KOPTHU30JI, TUPOKCUH Ta iHImi. ICHYIOTH TaKOXK
OKpeMi IIepeHOCHUKHU AJIA TigpodoOHMX BiTami-
HiB, 30kpema A i D.

Jlimigm, m10 CUHTE3YIOThCA V TKAHUHAX Op-
raHizMy, IepPeHOCAThCA IJIa3MOI0 KPOBi y CKJai
cIeIiaJJbHUX KOMILIEKCiB 3 OiikamMm — .Jzino-
npomeiHis.
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HaliBaknuBiwi TpaHCMOPTHI 6inKkx nNnasmm KpPoBi

Binku mxasvu PeuoBunm,
KpoBi 1[0 TPAHCIIOPTYIOTHCSI

AnpOyminn

Anpbymin KupHi Kucaoru, 6imipyoin,
reM, COJIi JKOBUHUX

KUCJIOT, CTePOiAHI TOpPMOHMT
(TUPOKCUH, KOPTUB0J, TECTO-
CTepoOH), BiTaminu, gesaki Jiku
(acmipuH, cyabdanizamianm),
toun Ca?" i Mg?*

TupokcuHs,
peruno (BiTamin A)

TpancTuperun

o-I'modyminu
ITepynomnasmin Vouu Kynpymy Cu?t

Perunos-3s’asy-
ounii 610K

Perunou (BiTamin A)

Biramiu D-3B’a3y-  Kaabuudepos (Bitamin D)
oyuit 6iJ0K

Tupoxcuu-3s’sa3y- | TUPOKCHUH, TPUNOATUPOHIH
UMl ryIo0yIiH

TpaHCKOPTUH Koprnsos, KOPTUKOCTEPOH,
IIporecTepoH
B-Tmo6yminu
Tpauchepun Vouu ®epymy Fe?', Fed*
Tpauckobanamin | Iliankobamamin

(Bitamin B,,)

Tio6ynin-3B’asy-
oyuii 60K

TecTocTepoH, ecTpamion

TpaHcnopT ninigis

JKupu He po3umMHAIOTHCA Y BOAi I TOMY He
MOXKYTh OyTH IIepeHeceHi KpoB’I0 B UNCTOMY BHU-
rani. BoHu yTBOPIOIOTE sinonpomeinu, 6iIKoBa
yacTuHa AKUX 3abesmneuye mepeHeCeHHS BCHOTO
KOMILJIEKCY KpoB’1o (mas. 29.1).

0 Kniouosa igen

3aBAAKM TPAHCMOPTHIN GYHKLT KPOBI 34iCHIOIOTH-
CA TaKOX ii ANXanbHa, EKCKPETOPHA, PeryiAaTopHa
i 3axucHa oyHKuii. TpaHcmopTHa ¢YHKLiA KPOBI
3[iNCHIOETLCA AK NNa3Molo, TaK i GopmeHUMU ene-
MeHTamu KpoBi. OCHOBHMMM TPAHCMOPTHUMU 6in-
KaMK niasmmn KpoBi € anbbyMmiH, a- i B-rnobyniHn.
Jlinign nepeHocATbCA NNa3mol0 KPOBi y cknagi
KOMMMeKCiB 3 6inkamy — ninonpoTeiHiB.

binok (npoTteiH)

®ocdoninign
XonectepuH, Lo \
MOB'A3aHUN 3 Xnp- BinbHun
HUMU KMUCOTamMU 5&0 y XOnecTepuH
\ .ﬁ ff"é
,..

\ Tpurniyepnan
\ / /

Man. 29.1. bynosa ninonpoteiHiB. 30BHiWHA 060M0HKa
NiNonpoTeiHy CKnajaeTbcsa 3 rigpodinbHux 6inkiB i docdo-
ninigis, a BHYTPIWHE AAPO MICTUTb XNPW | XUPONOAiGHi
PEeYoBUHU

HopmanbHa apTepin

MoTik KpoBi —=—.

3By>keHa apTepia (aTepocknepos)

XonectepuiH —d

Man. 29.2. ATepocKnepoTUYHi 3MiHWN y CyAMHax

0 [lizHanTeca binbue
Yum BUWMIA YMICT RiNigiB, TUM HWXKYa LWiNbHICTb

ninonporeiHiB. bnnsbko 60-70 % ycboro xonectepuHy
nnasMm KpoBi KOHLEHTPYETbCA B JinonpoTeiHax
HM3bKOT winbHocTi (JIMHLL). AKkwo aHani3 Kpos.i
BUABMB nigBuweHnin ymict JIMHLL, ue o3Havae, wo
iCHy€ BMCOKUIN PU3MK aTepoCK/epo3y

Aximo 6anaHc JgimigiB y KpoBi 3MiHIOETHCS,
BMHUKAIOTH IIATOJIOTiYHI IIpollecu, 30KpeMa aTe-
pockyepos (man. 29.2). ITpuunHaMu TaKuX II0-
PYIIEHb MOXKYTh OyTU €eHJOKPUHHI ab0 cra KoBi
3aXBOPIOBAHHS, XBOPOOU MEeUiHKM, HEIPABUJIbHE
XapuyBaHHA, HaJiHHA i HagMipHe ByKHBaAHHSA
AJIKOT'OJIIO.

3anuTaHHA Ta 3aBOaHHA

1. Aki BaxxnumBi GyHKLUIT KPOBi NOB'A3aHi 3 il rONOBHOIO
byHKLUi€ — TpaHCNopPTyBaHHAM peyoBuH? 2. Yomy 6a-
raTo pe4yoBMH TPAHCMOPTYIOTbCA B KPOBI CrelianbHMn
nepeHOCHMKaMK1, a He CaMOCTIHO «gobupatoTbca» Ao
KNiTMH? 3. AKMM YMHOM KPOB MIATPMMYE romeocTas?
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§ 30. TpaHcnopT rasiB y KPOBOHOCHIN cuctemi

0 [omipkynTe

Yomy y noguHN KPOB YEPBOHA, a y KasbMapa
6naknTHa?

Q 3raganTe

 lemorno6iH i epuTpoLUTK
 [a3000MiH y TKaHUHax

TpaHcnoprT rasis

KpoBooGir y TBapuH BUKOHYE ONHY 3 Hali-
BaKJIUBIMNX (PYHKI[H — IIepeHeceHHs KHCHIO
BiZ JIeTeHiB OO TKAHUH, a BYIJIEKUCJIOTO ragy —
BiJ TKAHUH OO0 JIEreHiB.

IIi rasu MOKYTH TPAHCIIOPTYBATHUCA y ILIa3-
Mi KpPOBi AK y PO3UMHEHOMY BUTJIAJMi, TaK i 3a
ITOIIOMOTOIO0 CIemiaJbHUX IepeHocHuKiB. Crro-
JYKH, 10 3B’A3YIOTH i TPAHCIOPTYIOTH KHCEHD
i ByrJexkucauii ra3, Ha3WBAIOTh AUXAJIbHUMU
nirmeHramMu. TakKuMy IUXaJbHUMU HirMeHTaM’
€ 2emo2n00iH 1 cemoyianin. BoHu mepeOyBaroTh
y posumHeHoMy cTaHi (y remosimdi 6e3xpeder-
HUX) ab0 MicTATbCSA B KPOB AHUX KJIITMHAX —
epurponurax (y KpoBi xpebeTHUX).

HuxanpHi IirMeHTH € MeTaJIoIpoTeiHAMHU —
KOMILJIeKcaMu OiJKiB 3 aToMaMu MeTaJiuHuX
eJIeMeHTiB. ATOMHI MeTAJIIiuHUX eJIeMeHTiB Bifi-
rpaloTh KJOUYOBY pPOJb y IPUETHAHHI W TpaH-
CIIOPTYBaHHI KUCHIO.

Kucensr rojsoBHUM UYMHOM 3B’ fA3y€ThCA
i TpaHCHOPTYEThCA AWUXAJbHUMHU IIirMeHTaMU
(y miommum — remoryiobinom). Komumenrpariia
O, B miasmi KpoBu AysKe HesHAYHA, TOMY IO
el ras3 IOTaHO PO3UYMHAETHCA Y BOJ.

OcHOBHA YacTHWHA BYIJIEKHUCJIOTO rasy, Ha-
BIIAKU, TPAHCIOPTYEThCA I1Ja3Mo0 KpoBi. Ilpu-
6ausao 90 % CO,, yTBOpeHOro B TKaHWHAX,
epeTBOPEThCA Ha Tigporerkapbomar HCOS,
AKUHA JeTKO PO3UMHSETHCSI 1 TPAHCIOPTYETHCS
y CKJIaAi maasdMu KPoBi. ¥ JereHax 3 TigporeH-
KapOoHaTy 3HOBY yTBOpIOEThCA CO,, AKMI BU-
BONWTHCSA HA30BHI mixg uvac auxaHHA. llesdxa
KinpricTh Byriekmesoro rasy (5 %) TpaHcmop-
TYeThCA Yy PO3UMHEHOMY cTaHi. Jluine GJIM3bKO
5 % CO, 3B’A3yeTbcA 3 TeMOrI00iHOM.
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[emorno6iH

T'emormo6in — depymoBMicHUIT 0iJ0K
KPOBOHOCHOI CHCTE€MH TBapWH, SAKUI 000pOT-
HO 3B’sA3yeThCA 3 KUCHEM i 3abesmeuye ioro
mepeHeceHHA Bil opraHiB AUXaHHS OO0 TKAaHUH.
Kpim Toro, remorsob6in Gepe yuyacTh y TpaH-
CIOPTYBaHHI BYTJIEKUCJIOTrO ra3dy y 3BOPOTHOMY

HaIPAMKY.
Y xpebeTHUX TBapuWH reMOTrJI00iH MiCTUTHCA
y YepBOHMX KJIITMHAX KPOBI — epUTPOIIUTAaX.

Y Oinbmrocti 0esxpebeTHMX BiH PO3UMHEHUN
y 1iasmi Kposi.

3a O0yaZoBOIO reMOTJIOOIiH € CKJIagHUM Oij-
KOM, IIT0 MiCTUTBH OiJIKOBY UaCTUHY — TJIOOIH —
i pepymoBmicHy uactuuny — rem (mau. 30.1).

BinkoBa wacTuHAa reMOTJIOOIHY CKJIATa€Th-
CA 3 YOTUPHOX MOJNIMENTUNHUX JIAHIIOTIB: O,
o,, B, i B,. Koxxunit manmor moegHavuii 3 of-
HUM T'eMOM, TOOTO 3 OJHi€I0 MOJIEKYJIOIO TIe-
MOTIJIO0iIHY 3B’A3YIOTHCA MAKCHMAJbHO YOTHUPU
moneryau O,.

®opmu remornobiHy

¥V kamisgpax JereHiB KUCEeHb IPUETHYETHCA
IO TeMOTJIOOiHY, YTBOPIOIOUYM OKCHI'€MOIJIO0iH.
Okcuremoro0iH HajJae apTepiaJbHiil KpoBi uep-
BOHOTO 3abapBieHHs. IloTokoM KpoBi epuTpo-
IUTH, 10 MiCTATH OKCUI'€MOIJIOOiH, JOCTaBJIS-
IOTHCS 0 OPTaHiB; TYT KHNCEHb BUBLIbHAETHCS
i mepexoauTh y TKaAaHWHU. BigmaBiiu KuceHb,
reMorJIo0iH 3B’s8y€e HEBEJUWKY KiJIbKicTh BYyTI-
JEeKHCJIOTO rasdy, IIepeHOCAYM HOro B JIereHi.
CHonyKy BYIVIEKMCJIOT'O ra3y 3 I'eMOIJIO0iHOM
Ha3WBAOTh KapOreMoryo0iHoOM; BiH Hajgae Be-
HOBHINl KPOBi TeMHOTO BiATiHKY.

KoukypyBatTu 3 KuCHeM 3a 3B SI30K 3 TIe-
morsobinom mozke uaguuii ras CO. Ilpu mpomy
YTBOPIOETHCA KapOokcuremoraooin. 38’ a3ox CO
3 remoryobinom y 240 pasiB minmHimwi, HixK
3 KHMCHEeM, TOMY IIii 4Yac OTPYE€HHS YaTHUM TIa-
30M Ilepejava KHCHIO TKaHUHAM OJOKYETHCH.

Miorno6iH

Miormo6in — depymoBMicHUE 6iJ0K, I110
3B’sI3y€ KHCEHb, AKUI HAAXOAUTH IO CEPIIeBUX
i cresmeTHUX M’A3iB y XpebeTHUX TBApPUH i JIFO-
nuHu. Mioryiobid € rio0yaapHuM OiIKOM, SKUHA
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Eputpount \

[em

T~

MoninentugHnn
naHyor

Man. 30.1. Monekyna remMorno6iHy noauHN

CKJIAZAETHCSA 3 OJHOTO IIOJIIIIEIITU/IHOrO JIAHIIIO-
ra, 1o Hece rem 3 aromom @Pepymy (mana. 30.2).

Miorso6in 3B’s3ye i 36epirae KuceHb, CTBO-
prooun B M’sizax iioro peseps. Lleit pesepsB Bu-
TpavaeThcA Y Pasi KMCHEBOTO roJIoAyBaHHs, Ha-
OPUKJIAL, HiJ yac iHTeHCHBHOI poboTum M’s3iB.
Miormob6im Hagae M’ A30BUM BOJOKHAM UE€PBOHO-
T0 KOJIBODY.

[emouiaHiH

T'emomianin — KynpymoBMmicHUI 0iJIOK, ITT0
3B’d3ye i TIepeHOCUTh KUCEHb Yy MOJIIOCKIB (To-

YUneHuncToHori

MoninentngHnn
naHuor

lem

Man. 30.2. Monekyna Miorno6iHy nofuHu

JIOBOHOTHX, UYEPEBOHOTHX) Ta UYJIEHHCTOHOTUX
(MeY0XBOCTiB, ITAaBYKOIIOMi0OHMX, PAKOIIOi0HMUX ).
Ilixg uac 3B’sI3yBaHHA KUCHIO 0€3KOJILOPOBUIL Te-
MOIliaHiH 3a0apBIIOEThCA y OJAKUTHUI KOJIIp.

Ha sBigminy Bixm remorso6iHy, MOJIEKYJaH
reMolliaginy posumHeHi B remoJimdi. 3aBas-
KM I[bOMY MOHOMEPH TIeMOIliaHiHy MOXKYThb
o0’eqHyBaTHCA B [Oy)Ke BeJIUKI KOMILJIEKCH
(maz. 30.3). I1i xoMILIeKCH [03BOJISIOTh Kpallie
neperocutu O,, 0cOOGJMBO B yMOBax 3 MajuM
YMiCTOM KHCHIO.

"

Montock Megathura crenulata

Man. 30.3. lMNpuknagn CTPyKTypu MONEKyn remouliaHiHy

0 Knioyosa iges

[a3n MOXyTb TpaHCMOPTYBaTUCA Y MNa3Mi KPOBi
AK Y PO3YMHEHOMY BUIIAAI, TaK i 32 LOMOMOro
nepeHOCHUKIB. Byrnekncnuim ras TpaHCNoOpTY€ETbCA
30e6iNblIoro naasmMow KpoBi. TpaHCMOPT KUCHIO
3abe3neuyeTbca AMXanbHUMW MirMEHTamMy remo-
rno6iHom abo remoLliiaHiHOM.

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. Ak noguHa Moxe OTpYITUCA YagHUM ra3om?
AKMX 3aM06iXKHMX 3axofiB Clif Y»KUTK, Wo6 UbOro He
ctanoca? Wo cnig pobutn B pasi OTPYyeEHHA YagHUM
rasom? 2. fKi NPUYMHN BUHUKHEHHA aHeMii (HecTaui
remorno6iny) B nioguHu? 3. Yomy M'A3mn Kanbmapis 6ini,
a M'A3N KUTIB YepBOHi?
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§ 31. Hapxop)XeHHA rasiB A0 opraHiaMy TBapuH

0 [omipkynTe

Lkipa y ponyx 6ifbll 3pOroBina, HiXK y »ab, a ixHi
nereHi MatoTb 6inblw cknagHy O6ynoBYy MOpPiBHSA-
HO i3 abamu. 3 yum Ue Moxe OyTyn nos's3aHO?

Q 3raganTe

« [a30006MiH o [lnxanbHa cuctema

OpFaHI/I ONXaHHA TBapWUH

Hanxom:xeunua rasiB go opramismy TBapuH
3abesmneuye auxajabHAa CHUCTEMAa, (PYHKIIi€0 SAKOI
€ TIOCTAauYaHHA 10 OPraHidaMy KMCHIO i BUBEJIEeHHSA
3 HBOT'O Tas3omONiOHMX TPOAYKTIB Oo0OMiHy, Ha-
caMIiepesi BYTIJIEKUCJIOrO Traasy.

Hudysia rasiB uepes mMoBepxHIO Tijia Bix0y-
BAaEThCA y IPiOHUX TBAapUH — BOJHUX (PAKOIIO-

niOoHUX, YepBiB) a00 Ha3eMHUX, AKi MeIIKaioTh
y Bojorux ymoBax (uepBiB, am®i6iit). ¥V Ha-
3eMHUX BUJIiB MOKPUBU 3BOJIOKEHI, i3 BeJIMKOIO
KiJTBbKiCTIO 3aJ103, IIPOHU3aHI I'yCTOI0 MeperKero
KPOBOHOCHUX KaIliJApPiB.

3a0pa — opramu AUXaHHS BOOZHUX ab0 Ha-
MiBBOAHUX TBapuH (paK OMOAiIOHWX, MOJIIOCKIB,
pub, am(pibiit). ¥V 6esxpebeTHUX 3510pa € BUPOC-
TaM! TOBEPXHi Tija, y XpeOeTHNX PO3BUBAIOTH-
cd 3 OTBOPiIB y cCTiHIII rIoTKH. 3sg0pa MaioTb
po3TaNy:XeHy IIOBEePXHIO i PACHO IIPOHU3AHI
KpoBoHOCHMMU Kamnimgapamu. KoyxkHa TBapuHa,
sAKa Mae 310pa, Mae Te abo0 iHIIIE IPUCTOCYBAH-
Hs, 1110 3a0e3meuye OMHBAHHS IX BOMOIO.

Tpaxeil — opranu AuxXaHHA OPiOHUX Ha3eM-
HUX 0Oe3xpebeTHUX (KOMaxX, IMaBYKOIIOOITHUX).
Tpaxei € cucTeMoi0 AUXAJIbHUX TPYOOUYOK, IIO
TPOHU3YIOTh yCe Tijo i BiAKpPMBAIOTHCA HA II0-
BepxHi Tina muxanprAamu. IloBiTpa BTATYyETHCA

EBontouia grxanbHoi cnctemm y 6e3xpebeTHnX TBapuH

Huoxuai 6e3- | V Hmorunx 6e3xpebeTHNX (KMIIIKOBOIIOPOXKHUHHI, IIOCK] Ta KpyrJi yepBu, 6iIbNIicTs Kigbdac-

xpebeTHi THUX YepPBiB) OpraHu JUXaHHA BifICYyTHi, ra3000MiH 3ilicHIOEThCA JUPY3HO BCi€I0 IOBEPXHEIO
Tija

Mopchki Vuepime nuxajabHa cucTeMa 3’ ABJISETHCA B MOPChKUX KibUuacTUX UepBiB; Ha IXHIX mapamomiax

KinpuacTi € crielfiajisoBaHi opranu fuxaHusa — 3a0pa (emitenianbui BupocTu 3 Kaminapamu). Ilpu mbomy

yepBU 3HAYHUN Ira3000MiH Bifj0yBaeTheA i uepes MOBePXHIO Tija

Mouarocku V¥ GinbIriocTi MOIIOCKIB opranaMu quxaHusa € 3a0pa. Hasemui mosrrocku BrpaTuan 3s160pa i 3100y
JIeTeHi — BUA03MiHEeHy MaHTIHY HOPOKHUHY, CTIHKY SKOI ITPOHM3aHi KPOBOHOCHUMU CYyAUHAMU

Ynaenucro- | VY ujieHMCTOHOTHX Oy[0Ba OPraHiB JUXAHHSA 3aJEKUTh BiJl YMOB IPOKUBAHHS.

HOTi OpranaMu fUXaHHS PAKOIOLIOHUX € 310pa, AKi posTallloBaHi Ha Hi’KKax i1 Horoeremnax,
e BOHU IIOCTifiHO OMHBAIOTHLCA BOIOIO.
HuxanbHa cucreMa MaByKONOAIOHUX IIpe/icTaBjieHa abo JereHaMu, abo TpaxesaMu, AKi BiAKpu-
BAIOTHCS HA30BHI oTBOpamMu (CTUrMaMm) Ha OiYHUX YacTUHAX UJIEHUKiB.
Y Komax afuxaHHA 3MiHCHIOETHCA 3a JOTIOMOTOIO Tpaxei

EBontouisa nereHb y xpebeTHux
Am}i6ii | Jlereni 3’saBasiorsesa B aM}ibiil Ak y mepminx XpeGeTHUX, 10 BUAIILIN Ha cyXoia. Bouu dhopmy-
IOThCA Yy BUIVIAJI IaPHUX BUPOCTIiB UepeBHOI YacTUHY IJIOTKU. IIoBiTpSA B JIereHi morpamise 3 po-
TOBOI MOPOKHUHY 38 PaXyHOK KOBTAJBHUX PYyXiB. JlereHi KpymHOKoMipuacTi, MaioTh HEBEJIUKY
IuxXaJbHy I0BepxHI0. ToMy razoodmin 1mie sHauHoio Miporo (60—70 % ) spificHioeThCA Uepes IMIKi-
PAHI TOKPUBY, AKi TPOHMBAaHI KPOBOHOCHUMY KalliigpaMu i 3a6e3medyeHi CJIN30BUMU 3aJ7103aMU

Penmuaii | V penruiniii y 38°A3Ky 3 OCTATOUHNM BAXOAOM Ha CYXOMLI AUXAaJbHA CUCTEMAa YCKJIASHIOETLC.
IIxipHe nuxauHA 3HUKAaE. [{uxasbHa MOBEPXHA APIOHOKOMIpPYACTUX JieTeHeBUX MIIlIKiB 30i/IbIITy-
eTbcsa. POPMYIOTHCS IMTOBITPOHOCHI MIIAXY: Tpaxes i Opouxu. [luxanHs 3MiCHIOETHCA 3a PAXYHOK
CKOPOUEeHHS MiKpebepHUX M’ A3iB, iK1 3yMOBJIIOIOTH PYX I'PYAHOI KJIITUHU
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IIrtaxu

3aKiHYeHHs mabauyi

V¥V nraxiB JiereHi MaioTh YHCJIEHHI IIePEeropogKy 3 Meperkelo KPOBOHOCHUX KalijaapiB. Big Tpa-

xel iime OpoHXiaJabHE IepeBo, AKe 3aKiHuyeThes Oponxiomamu. YacTrHa OPOHXIB BUXOQUTH 34
MeyKi JereHiB i yTBopioe moBiTpAHi MimKu. ITix uac mosboTy KPOB HAaCHUUYyETHCA KUCHEM i mif uac
BIUXY, i mig yac Buauxy (IoABifiHe TUXaHHA). ¥ CTaHI CIOKOIO IITaX AMUXAE IIJIAXOM PO3IITUPEHHS

i cTuckauHsa rpyaHoi KiaiTku (mast. 31.1)

Ccasui

CcaBIii MaroTh JieTeHi aJbBeoJAPHOI 0yI0BU, 3aBAAKU YoMy iXHsA moBepxHA B 50—100 pasiB 6iab-

1I1a 3a moBepxHIo Tija. Tpaxes posminsaeTbesa HA OPOHXM, AKI TepeBOmoAiOHO pos3ralyKeHi i 3a-
KiHUYyIOThCA TOHKOCTIHHIME OPOHXioJlaMu 3 I'POHAMU aJIbBEOJI, I'YCTO OOILIeTeHUX KPOBOHOCHUMU
Kamingpamu. OCHOBHUM M’A30M Y IIpolieci auxaHHsA € miadpparma (mast. 31.2)

B Tpaxel IIig yac PO3IIMPEHH Tijla i BUAABJIIIO-
€ThCA IiJ Yac HOoro CTUCHEHHS.

JlereHi — opraHu IWXaHHS Ha3eMHUX TBa-
pUH (IesdKUX YepPeBOHOTUX MOJIOCKiB, amdibiii,
penrtuiaiii, mraxis, ccaBiiB). Epouoniiino Bu-
HUKJU AK BHUPOCTU TPABHOTO TpPakKTy. dacto
MaTh KOMipKOBY OyZ0BY i MOBiTPOHOCHI IIsi-
xu. I'ycTo obmyeTeHi KPOBOHOCHUMM CyIWHA-
mu. IloBiTpsa B JlereHi aKTHMBHO HATHITA€TBHCA
poboToio M’s3iB.

Etann eBontouii 396poBoro anapary
Y XOpPA0BUX:

« 3BMEHIIIeHHA Yucja 3I0poBUX IMiauH (Bifg
150 map 3A0poBUX MLIiINH y JAHIETHHUKA IO
4—7 map 3sg0poBUX MIIIKiB y KicTKOBUX pubd);

Tpaxen

JNereni

3apgHi noBiTpAHI
MiLLKK

MepepHi nosi-
TPAHI MiLLKN

Man. 31.1. AnxanbHa cuctema nrtaxis

0 Kniouosa iges

Y [piGHMX TBapWH ra3000MiH 3[INCHIOETbCA Au-
¢dy3HO uepe3 noeepxHto Tina. CnewianizoBaHi op-
raHWn guxaHHA 6e3xpebeTHNX MatoTb eniTesnianbHe
NMOXOMPKEHHS, @ OPraHu AMXaHHA XOPAOBMX 3a Mo-
XOIKEHHAM MOB'A3aHi 3 KulweyHnKom. EBontouia
AVIXanbHOT cuctemn y xpebeTHux BigbyBanacs
LWIAXOM 36inblUeHHA AMXanbHOI MOBEPXHi 1 yAo-
CKOHAJIeHHA CUCTEMM HarHiTaHHA MOTOKY BOAU
(356pa) abo nosiTpa (nerei).

* 30i/IBITIEHHA IMXAJbHOI ITIOBEPXHI MIIAXOM
YTBOpPEHHSA 3s0POBUX TEJTIOCTOK;

* PO3BUTOK y KiCTKOBUX pub 3A0POBUX KPU-
IIOK, SAKi HaAr"iTamoTb HOTiK BOLU.

Etanu eBontouii nereHb y xpebeTHux:

* BiTOKpeMJIeHHS IUXAJbHUX IILIAXiB Bix
KUIIIeUHUKA;

* 301TIBIIIeHHS AUXAJbHOI IIOBEPXHI MIJIAX0OM
YTBOPEHHA CKJAAHOI CHCTEeMHU PO3TayKeHUX
OpoHXiB 1 KOMipUacTUX JeTeHb;

s VCKJIATHEHHS OyZOBU IMOBITPOHOCHUX
NLIAXiB;

* VIOCKOHAJIEHHSA CUCTeMU HarHiTaHHA IO-
BiTpA.

N

&

JlereHi

AnbBeonu

Man. 31.2. lnxanbHa cuctema NoaNHN

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. Yomy TpaxenHa puxanbHa cMCTEMa MoLWMpPeHa
cepeq APIOHMX TBapWUH, TakMX SIK KOMaxu A MaByKOMo-
LiOHi, i He TpanNNAETbCA Yy BEAVKMX TBapUH? 2. Y NOBITPI
MICTUTBbCS 3HAYHO Ginblue KWCHIO, HiX y Bogi. Yomy
6inbLWicTb pMb He MOXYTb AMxaTh Ha cyxogoni? 3. Ha-
BilLLO OopraHiamam MoTpPibeH KUCEHb?
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Tema 3. OOMIH peUOBWH | NepeTBOPeHHA eHeprii

§ 32. Hapxoa)XeHHA rasiB Ta NOXXUBHNX PeYOBUH

[0 OpraHi3amiB pocauH i rpubis

0 [TomipkynTe

CymapHa [OBXWHa KOpPEHeBUX BOJIOCKIB OfHIel
pOCAVHM nweHuui moxe carati 20 Km. Hasiwo
POCnUHI Le noTpibHO?

Q 3raganTe

« Mpoauxm o ABTOTPOOMU, retepoTpodu

o [lxaHHA » XemoTpodu, potoTpodu

o OoTocnHTe3 « Ocmoc, Typrop

OcobnunsocTi pocnuH i rpnbis

Pocnimam # rpmbum maioTh cminbHI pucu:
BOHU BeAYyTh HEPYXOMUH CIIOCi6 KUTTA i mpu-
KpimiaeHi mo cybecTpary, 3 SIKOrO I IIOTVIMHAIOTH
MOKVBHI PEYOBUHU.

Ane mi rpynu opraviadmiB BiApi3HAOTHCA
OHA BiJ OOHOI 3a Ny'Ke Ba'KJIMBOIO O3HAKOIO:
pociauHu € aBToTpodamu, TOoni AK rpubu Ha-
JexaTth o rereporpodinB. OTiKe, POCAWMHU IIO-
TIWHAIOTH 3 HABKOJUIITHBOTO CEPENOBUINA Mi-
HepaJIbHi PEeUOBMHU, TOMY IO OPTaHiuHi BOHU
cuHTe3yTh cami. Ha Bigminy Bixg pocauH, rpu-
0u MOTJIMHAIOTH i3 cepemoBUINA i MiHepasbHi,
1 opraHiuHi cmoJiyKu.

Pocinuum # rpubu, g i Bci sKuBi opramis-
MU, AuxamoTb. lIpy IbOMYy BOHU IOTJIHMHAIOTH
aTMoc(epHUHA KUCEHb i BUAIIAIOTL Y HABKOJIMIII-
HE cepeloBUIlle BYTJIEKHCIN ras. Ajle pOCIUHU
3maTHI 10 (poTocuHTE3y i BogHOUYAC IMOTPEOYIOTH
HAAXOIKEeHH:A AK KUCHIO (A AUXaHHA), TaK
i Byryiekmcsoro rasdy (nas hoTOCHUHTE3Y).

BCMOKTYyBaHHA pocnnHaMn peyoBuH

i3 'pyHTY

SR BaMm yiKe BijoMO, MiHepaJibHI peuyOBUHU
1 BoJa IOTPAILIAITHL B OPraHi3M POCJIUH uepes
Kopiub. Boma HaaxoauTh 3a JOIIOMOT'0I0 OCMOCY,
a MiHepaJIbHi PeYOBUHU IIEPEHOCATHCA MIITXOM
aKTUBHOTO TPAHCIIOPTY.

IlornuHanua BOAM ¥ MiHepaJbHUX COJIEH
3 TPYHTY BimOyBaeTbcs B 30HI BCMOKTYBaHHS
KOpeHsd, Je Jo0pe po3BUHEHA pisogepma 3 Kope-
HEBUMH BOJOCKaMu. MOHM MiHepaJbHUX coJeii
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I'PYHTOBOTO PO3UYMHY TEPECYBAIOTHCSA 3 TEUi€lo
BOJIM IO MOBEPXHi KopeHeBUX BoJIOCKiB. Tpamc-
HOPT HOHIB KPi3h IUTOILIAZMATUYHY MeMOpPaHy
BCEpeIUHY KJITHH KOPEHEBUX BOJIOCKIB BimOy-
Ba€THCS IPOTHU I'pPaJieHTa KOHIIEHTPAIIil i eJeK-
TPUYHOTO TOTEHIlially, TOMY BUMAarae BUTPAT
eueprii. To6TO noziuHAHHA NOHUBHUX PELOBUH
pocauHamu € npoyecom, nid wac K020 umpa-
YAEMbCs eHepeid.

Isxepesom eHeprii, HeoOXimHOi maa ak-
TUBHOTO IOTJIMHAHHSA eJIeMeHTiB MiHepaJIbHOTO
JKUBJIEHHSI, € TPOIleCU KJIITMHHOTO NUXaHHS.
Y pasi moripieHHA POCTYy KOpPEHiB i rambmy-
BaHHA OuUXaHHsa (moramoi aepariiii rpyHTiB) IIo-
TVIMHAHHA NOKUBHUX PEYOBUH YIIOBIJIBHIOETHCH.

[a3006MiH y pOCnnH

B oprauism pocsiH rasu 3 moBiTpA MmoTpar-
JISIIOTh Uepes JIUCTKHU, KopeHi it crebaa. KoxHa
KJIITHUHA CaMOCTiliHO OOMiHIOETHCS 3 HABKOJIUIII-
HIiM cepemoBUIIeM BYIJIEKHUCJIUM Ta3oM i Kuc-
HeM mwmaxoM audysii. Kucens Jserko nudys-
Iy€e 3 IOBiTPSA B HMPOMiMKKaAX MilK YaCTHHKAMU
I'PYHTY y BOAYy i mOTiM y KOpeHeBi BOJIOCKH.
YTBOpeHa B KJIiTMHaX POCJAUHU BYTJIEKUCJIOTA
In(QYHAYE Y 3BOPOTHOMY HANIPAMKY i BUXOIUTH
3 KOpeHA Ha30BHI TAKOXK yepes3 KOPEeHEBi BoJOC-
Ku. ¥ JHCTKaxX rasoo0MiH 3iliCHIOETBCA uepes
nponuxu. ['asu AUYHIYIOTH TAKOXK Uepes Co-
YeBUYKHU HA KOPEHAX i cToBOypax cTapux JepeB
i yarapHuKiB.

HaiiinTencuBHimmuii rasoodmin BigOyBaeTh-
cdA ueped mpoauxu. IIpoauxu BeAyTh Y CUCTEMY
MIKKJIITUHHUKIB, YTBOPEHUX NTYXKO PO3TAIIIO-
BAHUMU KJIITHHAMHU I'y0uacTol MIapeHXnMU JIUCT-
ka. I[To MisKKJIITUHHOMY IPOCTOPY A0 KJITUH II0-
CTAYa€eThCA KUCEHD JJId MUXaHHA, BYTJIeKUCIUN
ra3 nas (QOTOCUHTE3Y i BUAANAIOTHCA TPOIYKTHU
oomimy (man. 32.1).

T'azoo0MiH Kpisk mpomuxu 3abesmneuye aBa
OCHOBHi IIpomecu: IuUXaHHA Ta (OTOCHUHTES.
Yneun Oinmbrmia uactura CO, misa dorocuHTE3y
i O, nna IUXaHHA HAAXOAWUTH Y POCIWHY KPisb
OpoaUXU. YHOUL mpOoaAuMXu 3aKpuTi, i ama gu-
XaHHA POCIVHYU BUKOPUCTOBYIOTH O,, yTBOpPEHU
y mporeci oTocrHTE3y i HAKOMWYEHUN y MiK-
KJIITUHHUKAX.
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Haaxoa»KeHHA NOXXKMBHUX pevyoBUH

[0 opraHi3my rpnbis

Kupnenus rpubiB 34ifiCHIOETHCS IIJISIXOM YCMOK-
TyBaHHS BOAY i PO3UMHEHUX Yy Hill OpraHiuHuX i Heop-
TaHIYHUX PEYOBUH yCi€l0 moBepxHer wMinesiro. Ilasa
TOTO 11100 BOJAA 3 PO3UMHEHMMH B Hill IIOKUBHUMU pe-
YOBMHAMM HAAXOAmWJA i3 cybcrpary (HAampukjaam I'PyH-
Ty) y Milesiii, rpubu CTBOPIOIOTH Y KJITHHAX BHCO-
KU OCMOTHUYHUHA THUCK, HACTITKOM AKOTO € YTBOPEHHS
Typropy (mau. 32.2).

Taxuii cmoci® KMBJIEHHSA 3MYIIye Tijo rpuba
MMOBHICTIO 3aHypIOBaTuCA B cybcTpar. PoaranyskeHuii
Mimeni#i momomarae rpuby OXOMUTU MAaKCUMAaJbHY
ILJIOIIY AJISI BUJIYYEHHS MOKUBHUX peuoBuH. [Ipu 1b0-
My rpub He MOKe MaTHh BeJuKi pos3mipu, ToOMy IO
HaIXOJKEHHA I0KUBHUX DPEUYOBUH y TJIMOMHY Tijia
BUKJNKAE TPYIHOIIII.

Ak mxepesna eHeprii rpubu BUKOPHUCTOBYIOTh
CKJIaAHi opraHiuHi peuoBmHu. AJie, IK BaM Bigomo,
BeJIMKi OiomosriMepu He MOYKYTh IPOHUKATU B KJIITUHY
Kpiss ii memOpany. Tomy rpubu BugiisgioTh ¥ HABKO-
JUIIHE cepenoBuilie (epMeHTU, AKi PYHHYIOTH BHUCO-
KOMOJICKYJIAPHI ITOJIiMepu A0 MOHOMEPiB, IO IIOTiM
HaAXOAATh y KJITHUHY.

BigmosigHO, rpubu pPoO3BMUBAIOTHCI Ha I'PYHTAX,
OaraTtumx Ha opramiumi peuoBmuum. Hacrto rpubu BuU-
KOPHUCTOBYIOTh fAK JKHBUJIbHE CEpPemoBUINE iHII op-
raHisMm a0o ixHi 3anuinky (mapasuTwuHi ¥ mBineBi
rpubu, rompodaru, TpyroBuKwm). [HOAI rpmbm BCTy-
HaloTh Y B3AaEMOBUTIMHI XapdoBi B3a€MOBIITHOCHHU
3 pocaumHamu (Maja. 32.3).

[a3006MiH y rpunbis

AK i gnaa iHmmrx aepoOHUX OPraHisMiB, IJs Tpu-
0iB xXapaKTepHO KUCHeBe NUXaHH:A, IO 3abesmeuye
BUJIydyeHHA eHeprii 3 iski. Ilpu mpomy neaki rpudu,
HaATPUKJIAL [OPiKAKI, MOKYTH OOXOAUTHUCA MAJIOIO
KiJIBKiCTIO KUCHIO.

T'azo00MiH BifOyBaeThCsa KPish YCIO IIOBEPXHIO Mi-
mesito. IlepedyBatoun B I'pyHTi, Milesiit morpebye 1mo-
CTiTHOTO TPUTOKY IOBITPA, TOMY TPUOHUIIA 3aJITa€
Heramboko, y 6—12 cm Bixg moBepxHi I'pyHTY.

0 Knioyosa iges

[MorNMHAHHA NOXUBHUX PEYOBUH POCANHAMM 11 rprbamm
notpebye eHeprii. POcIvHM nornvHaloTb MiHepanbHi pe-
YOBVHM 1 BoZdy KOpeHAMM. [a3006MiH BinbyBaeTbca au-
by3HO Kpi3b Npoanxu, COYEBUYKN A KOPEHEBI BOMOCKM.
[pubn BCMOKTYIOTb i3 cybCcTpaTy rasu, Bogdy, OpraHiyHi
I HEOPraHiYHi PeYOBUHN MOBEPXHEI MiLenito.

CroBnyacTta
napeHxima

ly6uacta
napeHxima

Mi)KK\'IiTVIHH:IZL\

npocTip Mpopux

Man. 32.1. Cxema razoobmiHy Kpi3b npoguxu

Man. 32.2. Benmknin TypropHuin TUCK ycepeauHi rpu-
6iB 4O3BOMSE IM MPOPOCTATU HaBiTb KPi3b acdansro-
Be MOKpUTTA

Man. 32.3. Mikopuv3a # nMwWanHUK — NpUKIaan
B3a€EMOAIT rpubiB i POCNIMH 3 METOl B3aEMHOrO no-
NiNWeHHA XNBNEHHA

03aHI/ITaHHF| Ta 3aBJaHHA

1. Ak npoTArom Ao6y 3MiHIOTbCA IHTEHCUB-
HIiCTb | XapakTep razoobmiHy y pocnun? 2. Lo
BiiOYBa€TbCA 3 MiHepanbHUM XMBMNEHHAM POC-
JIMH y BUMNafKax: a) BUCKXaHHA I'PyHTY; 6) 3aTon-
JIEHHA IPYHTY; B) 3acONeHOCTi rpyHTY? Bignosigb
NMoACHITb. 3. Buxoasum 3 ocobnmnBOCTEN KUBJEH-
HA rpubiB MOACHITb, YoMy rpuby He JocAraloTb
CKNMagHoI opraHisauii, AK BULi POCIVHW N TBapu-
HW. 4. K B3aeMofiloTb rpnb i pocsiviHa y Mikopu3si
Ta B CKnagi MMWanHuky?
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§ 33. Tunn reTtepoTpoPHOro >KUBNEHHA

0 [omipkynTe

Ynm pi3HATbCA XMBNEHHA NUCULi, JOLOBOro
yeps'AKa Ta Mmigii?

Q 3raganTe

« TeTepoTpodu
« Mapasntn, cMMBiIOHTK, canpoTpodu

OCHOBHI cnocobu reTepoTpopHOro
XKUBNEHHA

JK BM BiKe 3HaeTe, rerepoTpodHi OpraHis-
MU He 3JJaTHiI CMHTe3yBaTU OPTaHiuHI PeUYOBUHU
3 HEOPTaHIUHUX MIJIAXOM (POTO- a00 XeMOCUHTE-
3y. Im HeoOxigmi rorosi opramiumi pevoBuwHH,
BUpPOOJIEHI iHINTMMM opraHisaMaMu; BOHU OTPH-
MYIOTBH 1X 3 IXKelo.

Criocobu reTepoTPO(PHOTO KUBJICHHS MOIi-
JAI0TH Ha KiJIbKa TUIIIB:

+ 3aJIe’KHO BiJ] AiKepesa IOKUBHUX pPEUO-
BUH — Ha 20J1030liHe, canpompogHe, cumbio-
mpogHe, napasumuyHne;

+ BaJIe’KHO Bi MeXaHiI3My NTOTJIMHAHHSA
ki — Ha ¢azompogHe Ta ocmompogpHe.

[ono3oiHe nBneHHs

Tomo30iiHe SKMBJIEHHA — JKUBJIEHHS, IIO
CKJIAJAETLCA 3 eTaliB IOTJIMHAHHA 1:Ki, 11 mmepe-
TPaBJIIOBAHHS, BCMOKTYBaHHS, AaCUMLIAIII I BU-
IileHHA HellepeTpaBJIeHUX 3aJuInKiB. I'osrosoii-
HUUW TUI KUBJEHHA XapaKTEePHUIN OJA TBApUH.

LWl -
_!1.

-

HowoBsunin yepB'sik — peTputodar

lieHa — Hekpoddar

BinbHOiICHYIOUI r0/I030MHI OpranisMu MaioTh TPaB-
HY cucteMy. TBapuH, IO KUBJIATHCSI T'OJO30M-
HIM CIIOCO0OM, MOJKHA MOMLIATA HA M’ ACOITHUX,
pocamHOIZHUX i1 BceigHUX.

CanpoTpodHe XKNBNEHHSA

CamporpodHe KUBJIEHHA — TUI KUBJIEH-
Hf, 3a SAKOTO OPTraHi3M KUBUTHCA MEPTBUMU
opraniyHuMu pertkamu. CamporpodHi opra-
HiBMU BUIINIAIOTE ()epMEHTH Ha MepTBuUili abo
opra"HiuyHmMi MarTepiaji, IO PO3KJIALAETHCH.
IleperpaBienusa BigOyBaeTbcs II03a OpPraHis-
moM. IIponyKTu mepeTpaBiieHHA BCMOKTYIOTHCS
M acuUMIiJIIOIOTHCS OpPraHi3MOM.

Io campoTpodis HaIexKaTh 0akTepil rHUTTA,
Gararo rpubiB, HesdKi UYJEHMCTOHOrI, a TAKOMK
campodiTu (mapasuTUUYHiI KBiTKOBI pocJaMHUI
i meaki Bogopocti). Ilo yacTKOBUX campoTpodin
HaJeKaThb 0araTo XM:KakKiB i BceigHMX TBapuH.
Cepen camporpodiB BUALIATL gerpuTodaris,
HeKkpodaris, Kompodaris (maua. 33.1).

Herpurodaru — TBapuHU ¥ O6akTepii, AKi
JKUBJIATHCA OeTPUTOM. [eTPUT € CYKYHHiCTIO
apidHuX (Bif KiJIbKOX MiKpoMeTpiB A0 KiJbKOX
CAaHTUMETPiB) YACTUHOK — B3aJUIIKIB POCJIUH-
HUX ab0 TBapUHHUX OpraHismiB abo ix Bumi-
JeHb. [leTpuT MiCTUTBCA Y TPYHTAX, CYCIEH31AX
a0o0 MJOHHUX Bimkiaamax Bomoiim. Bomui merpuro-
¢aru 6epyTh yuacTb y 0ioJIOTiUHOMY OUMIIIEHHI
BOJ (HaOpUKJIAZL, OJBOCTYJIKOBI MOJIIOCKHU), a Ti,
0 MEMIKAITh y I'PYHTi,— Yy I'DYHTOYTBODPEHHI
(r'pyHTOBi O6aKTepii, JOITOBUU UepB’dK).

Hexpodaru — opraniamu, 110 >KUBIATHCA
nmoMepJguMu TBapuHamu. Hekpodaramu € 6araro

T

W

KyKk-rHonoBuK — konpodar

Man. 33.1. Canpotpodu
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XonepHuii BibpioH

TpunaHocoma
B KPOB'AHOMY pychi

MoButnuA

MeyviHKoBMIA CUCYH

Man. 33.2. OpraHizmun-napasuTu

KoMaxX (PKYKH-MepTBOIIM, IIKipoigu, JTUUYMHKU
IBOKPUJINX); AeAKi mraxu (rpudu, cunu, Mmapa-
0y, KpyK ToIo) Ta ccaBii (rieau). Hexkpodaru
BifirpaioTh B3HAYHY pOJIb Yy HIPUPOSHUX €KO-
cucreMax, poOJIAYM BHECOK Yy PO3KJIAM PEIITOK
MEepPTBUX TBapUH.

Kompodaru — 1e TBapuHmM, 10 KUBJIATH-
cqa eKcKpeMeHTaMu. IIpencTaBHUKAMU € KyKU-
THOMOBUKHU, AesdKi TBOKPUJI Ta iXHI JUUMHKH,
meaki xuint ta inmi. Kompodaru mprcKopiooTh
PO3KJIa[ OPTaHiYHMX PEIITOK Ta HiABUIYIOTH
POJIOYiCTh I'DYHTY.

Bepyuu yuacte y wmiHepasisarmii opramiu-
HUX CHOJYK, CAlPOTPO(U € BaKJIMBOIO JIAHKOIO
B Kpyroobiry peuoBuH i emeprii. BaraTo campoda-
TiB BifirparTh MO3UTUBHY POJIb «CaHiTApiB Mic-
meBocTi». OgHAK JedaKi 3 HUX, HAIIPUKJIAA MyXH,
TIepeHoCATh 30YIHUKIB XBOPOO 3 €KCKPEMEHTIB
Ha XapuoBi IPOAYKTU, CHPUAIOYU IIONIMPEHHIO
3aXBOPIOBaHb — nauseHTepii, yepeBHOTO TUDY,
reJbMiHTO3iB. XpebeTHi campodaru (30Kpema,
CBUHI), IOiatoun TPynu, COPUAIOTHh MUPKYJIAIIL
TPUXiHEIbO3Y, JIEITOCIiPO3y, TOKCOILJIa3MO3y Ta
iHIMIUX 3aXBOPIOBAHb.

CrmbioTpodHe XKNBNEHHA

CumobioTpodHe KMBJIEHHA — TUN KUBJIEH-
HS, XapaKTepPHUH AJIS CUMOiOTUYHNX OPraHi3MiB,

0 Kniovosa iges

3anexHo Bif AXKepena MOXMBHUX PEYOBMH Cro-
cobu reTepoTpodHOro KMBJIEHHS MOAINATb Ha
rosio301iHe, canpoTpodHe, cumbioTpodHe 1 na-
Pa3nTMYHE; 3aneXHo Bif MeXaHi3My NOrIMHAHHA
i — Ha ¢aroTpodpHe Ta ocMOTpOdHe.

3a AKOTO OAUWH OPTaHi3M JKMBUTHCA Bigxomamu
iHmoro, He 3aBmaouym TOMYy IKoauw. Hampu-
KJIazm, HiTpu@ikyioui 6axTepii, I10 KUBYTh Ha
0000BUX POCJMHAX, IocTradaioTh iMm HirTpores.
Y KuIlleuHWKY CCaBIliB KUBYThH OakTepii, aAKi
JIOIIOMAaraloTh PO3IIEIJIIBATA IOKWBHI pedo-
BUHU, HAIPUKJIAL KUIIKOBa maauuka E. coli.

[Mapa3nTnyHe XnBeHHA

ITapa3uTuuHe :KMUBJIEHHS — TUI KUBJEH-
HdA, 3a AKOTO OpraHisM OTpUMYeE OpraHiuHi pe-
YOBMHHU BiJl opraHisMy xassiHa, 3aBIa0uUu oMy
icrorHOi mKogu. Tak KUBIATHCA IesdKi HAHIIPO-
crimti (ManapifiHMi ILIasMomiil, Au3eHTepiiHA
ameba), 6akTepil (Fudrepilina maJanyKa, X0Jep-
HUU BiOpioH, cTadisokokm), BUIi pocauHu (I1o-
BUTHUIA €BPOIIEicbKa, BOBUOK), TBAPUHU (CHUCY-
HU, CTBOYKKOBI uepBu, ackapugu) (mana. 33.2).

Cnocobu nornMHaHHA iXKi

3a cmocoboM HOTJIHHAHHSA i1 rereporpo-
¢diB mominAroTh, Ha (QarorpodiB Ta 0CMOTpPO-
diB. ParoTpodu 3aKOBTYIOTh TBEPAi MIMaTKU
i:xi; mo Hux HajexxaTb TBapunu. Ocmorpodu
MOTJINHAIOTH OPTAaHiYHI PEeYOBMHU 3 PO3UYUHIB
OesmocepeqHLO Uepel3 KJIITHHHI CTiHKH; Iie
rpubu, rpubomonidbHi opraHisMm i GijbIIicTh
bakTepiii.

3anuTaHHA Ta 3aBAaHHSA

1. AKi TMN XUBMEHHSA | CNOCIO MOrMMHAHHA K Xa-
PaKTEPHi ANA XVIXKNX TBapUH? ONA KOMaxOigHWX pocC-
nuH? ana rpubis? 2. AKWA TN KUBMEHHA MpUTaMaH-
HUIA NoAWHI? Y BUKOPUCTOBYEMO MU CMMOIOTpOdHE
XapuyBaHHA?

/1
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§ 34. BHYTpIiWHbOK/ITUHHE TPaBNIeHHSA

0 [omipkynTe

BcepenuvHi KNiTMH Hemae TpaBHOI CUCTEMM.
AK KNiTMHa Nepepobnsie PevoBUHMY,
AKi BOHa mornvHyna?

Q 3raganTe

e TpaBneHHsA o TpaBHi bepmeHTU

o EHpounTO3 « Jlizocomun

Cnocobu TpaBneHHA

TpaBaennsas — Ipoliec, 3a AKOro BimOyBa-
€ThCs TepeTpaBJIOBAaHHA iKi Ta i1 3aCBOEHHA
KJIiTUHaMu. ¥ pe3yabTaTi XapyoBi MPOAYKTH me-
PETBOPIOIOTHCS Ha KOMIIOHEHTH, IT030aBJIeHi BU-
IoBOl cuenu(ivHOCTI I MpuUAATHI 10 3aCBOEHHHA.

IcHyroTH pisHi cmmoco0uM TpaBIeHHSA:

* BHYMPIWHbOKAIMUKHHKHe — TOYKUBHI pe-
YOBMHU HAIXOIATH yCEPEIUHY KJIITHHU i pPo3-
MIeIII0I0ThCA hepMeHTaMu 1i IUTOmIasMu abo
Jisocom;

s no3axaimunne (NOPOICHUHHe T 308HiUL-
He) — BimOyBaeTbCA y MO3AKJIITUHHOMY CepeIoBI-
1l 3aBAAKU (pepMeHTaM, AKi BUALIAIOTEH KJIITUHA;

s npucminkoge —BiTOYBAETHCSA HA CTPYKTY-
pax KJiTuHHOI MeMOpaHH.

BHYTPIWHbOKNITMHHE TPaBNeHHA

BryTpimIHbOKJIiTMHHE TpPaBJI€HHA — TUII
TPaBJIEHHHA, 3a SAKOTO TOYKWBHI PEUOBUHU PO3-
HIEeTIIOIOThCA (PepMeHTaMU B KJITHMHaAX opra-
"Hismy. IIpu 11poMy KJIiTHHA aKTUBHO 3aXOILIIOE
MOKVBHI PEUOBUWHU 3 HABKOJIUIIIHLOTO CEPENO-
BUIA IIJIAXOM €HJOI[UTO3Y.

BrHyTpintHbOKIiTHHHE TPaBJIIEHHSI HAWAABHIi-
II1e 3 eBOJIIOIIHOI TouKu 30py. BoHO BilacTuBe
BCiM OJHOKJITMHHUM i JeAKUM NPUMITUBHUM
0araTOKJITHHHMM opraHismam (ryoxam i rioc-
KM uepBam). SIK JomaTKOBUII MeXaHi3M TpasB-
JIEHHS, BOHO TPAILIAETHCA y TOJIKOIIKipUX, ne-
AKUX KiJTbyacTUX 4YepBiB i 6araTbox MOJIIOCKIB.
Y Bummx TBapuwH i JIOAWHU BHYTPIiNTHBOKJIi-
TUHHE TPABJIEHHA BUKOHYE 3aXUCHI (PYHKI[I —
Moro 3MiHCHIOIOTH JEUKOIUTHU KPOBi 1 TKAHWHHI
makpodaru mig yac ¢aromurosy (man. 34.1).
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Man. 34.1. Makpodoar 3axonoe 6akTepito

Ponb nizocom
Y BHYTPIWWHbOKNITUHHOMY TPaBNeHHi

BHYTpPINTHBOKJIITUHHE TpaBJIeHHA BinOyBa-
€ThCA y CHEIiaJIbHUX OpraHejgax — TPaBHUX
BaKyoJIdX, SIKi MOXKYTh iCHyBaTH IIOCTiiiHO a0o
YTBOpIOBAaTHCA Iif yac (haronurToly UM IIiHOIU-
To3y (Mas. 34.2). ¥V meperpaBiieHHi 13Ki 6epyThb
yuacTth Jiidocomu. Ili opramesm MicTATh TOHAZX
30 rigposiTnyHUX (PEePMEHTIB, 1110 PO3IIEIIIOI0Th
0iIKM, HYKJIeIHOBI KMCJI0TH, BYTJIEBOAU ¥ JIiIIigu.
Jlizocomm, 110 BiOPYHBKOBYIOTBCS Bij] amapary
Tonpmxi, MicTATH 1Ii (PepMEHTN B HEAKTHUBHOMY
crani. Taki opranesu Ha3WBAIOTh NMEPBUHHUMMH
Ji3ocoMaMu.

\J
o9
OarounTtos Q
)
1
TpaBHa Bakyons [*]
Q0 . MepBuHHa
' ;& nisocoma
[ Yol
I
{
. .3
BropuHHa nizocoma ¥ —-
'
Ek3ouuTto3
3a/IMLLKOBOIO
TinbyA

Man. 34.2. Cxema BHYTPILUHbOKAITUHHOIO TPaBfieHHA
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| go Y6ikBiTMH

L

Binok, wo mae 6yTn
3pyNHOBaHMUM

binok 3 npuegHaHnm
y6iKBITVHOM

MpoTteocoma

binok notpannse
[0 npoTeocomu

®OparmeHTn 6Ginka
(nenTnan)

Man. 34.3. Cxema poboTM MpoTeocomm

Kosim mnepBuHHiI JisocoMu 3JIMBAIOTHCA
3 TpaBHUMU ((haronuTO3HUMHU) BaKyOJIIMU, TiJI-
poJsituuHi (hepMeHTU aKTUBYIOThCA. Taki Jriso-
COMU, IO YTBOPIOIOTHCA B PE3YJbTATi 3JUTTA
MEePBUHHUX JIi30COM 3 TPAaBHUMU BaKyOJAMU
i mMicTATh aKTUBHI (hpepMeHTU, HAa3WBAIOTH BTO-
PUHHUMH JIi30COMaMU.

Ilix miero rigposiTuuHMX (QEePMEHTIB JIi30-
coM OiostoriuHi moJimMepu POSILEIIIIOTHCA 0
MOHOMEPiB, AKi HAAXOOATh Y IIUTOILIA3MY.

Ilicna meperpaBiIeHHA JridocoMa CTae 3a-
JMIIKOBUM TiJIbIleM 3 HelepeTpaBJIeHUMH 3a-
JUIIKaMHU 1K1 i pepmMeHTaMu. SAJIUMIKOBI Tilb-
A BUJANAIOTHCA 3 KJIITHHUW MiJi Yac B3JUTTH
TPaBHOI BaKyoJIi i3 30BHINIHLOIO MeMOpaHOIO.

Ponb npoteocom
Y BHYTPILWHbOKNITUHHOMY TPaBfIE€HHI

VY kiaiTuHax eykapioTiB, apxeil Ta HedKUX
O0akTepiit y rigposisi 6inkiB 6epyTh yuacTb Ta-
KOK IIPOTE0COMM — BeJIUKi 0iTKOBI KOMILIEKCH,
10 CKJIQJaIOThCSA 3 BEJUKOr0 YHucjIa IIPOTeas.
IIporeasu — 1e depMeHTH, IO PYHHYIOTH OiJI-
Ku. IIporeocomMmu mepeTpaBiiOOTh OiIKM, AKi
CTAIOTh HENOTPiOHMMH! KJIITHHI Iicada BUKO-
HaHHS CBOIX (PYHKIIili, a TaKOXK MOIIKOIMKeHi
M HempaBUJIBHO 3ropHYTi Oinkm (man. 34.3).
Ho Toro x, mpoTeasy BUNAJAIOTH OiJIKM BipyciB
1 HAOIUMIKOBI (hepMeHTH.

Ho 6inkiB, 1m0 mignaAramoTh PyHHYBaHHIO,
MPUKPINIIOTHCA MOJIEKYJIU CIIeIiaJbHOTO 0iJI-

0 KnioyoBa iges

BHYTPILWHbOKNITUHHNA TN TPaBNEHHA € €BOJIO-
LinHO HarpaBHIWUM. [OXMBHI PeYOBUHU aKTUB-
HO 3aXOMJIIITbCA 3 HABKOMMLLIHBOIO CepefoBMLLa
LUSIAXOM €HAOLMTO3Y N PO3LLENIoTbCA BCEPean-
Hi KNiTWMHW. Y nepeTpaBieHHi ki 6epyTb yyacTb
depmeHTM nisocom i npoteocomn. Moxnuee Ta-
KOX MepeTpaBfieHHA BNACHUX CTPYKTYP KAiTUHK
y npotecax aytodaroumTosy i aBTORI3Y.

Ka yOiKBiTMHY, AKHII PO3Ii3HAETHCS MPOTEO-
COMOIO.

IIporeasu mporeocomM poO3PMBAIOTH IIEIITU/-
Hi 3B’SIBKM y MOJIeKyJax OinKiB (3HiiCHIOIOTH
IPOTe0JIi3). ¥ pe3yabTaTi yTBOPIOITHCA KOPOTKI
MeNTUuAU 3aBIOBKKU (—8 aMiHOKMCJIOT.

AyTtodarountos i aBToni3

depMeHTH JIiB0COM MOXKYTh IIepeTpaBJIIoBa-
TH He TiJIbKM PEeYOBUHWU, IO HAMIHINJIX 330BHI,
a W CTPYKTYpPHU KJITHMHU, 3AiliICHIOIOUN ayToda-
TOIIMTO3 1 aBTOJIi3.

Ayrogaronuros — poasIlelyieHHA B Ji30-
coMax BJACHUX MAaTepiasiB KJIiTMHU: 3amac-
HUX PEeYOBUH, MAKPOMOJIEKY.JI abo opranes, aKi
BTPATUJN (PYHKIiOHAJIBHY aKTHUBHiCTL. AyTo-
daronuTo3 BUKOPUCTOBYETHCA KJIITUHOIO IJIs
BHUINEHHSA HEeIOTPiOHUX CTPYKTYP, HAIPUKJIAT
miJ vyac 3aMiHM cTapuxX oprames HOBUMH, abo
IJIs IlepeTpaBJieHHsA OLJIKiB Ta iHIINX PeYoBUH,
YTBOPEHUX yCepeNrHiI caMol KJIiTHHU.

ABTOIi3 — caMomepeTpaBIeHHA KJIITUH IIic-
JIsI pyHHYBaHHA MeMOpaH JIi30COM, CIIPUYNHEHO-
ro IIaTOoJIOTiYHMMY 3MiHaMu abo crapiHHaM. AB-
TOJIi3 HNPU3BOAUTEL OO 3armbeini KJaitwmHu. IHOI;I
el mpoIiec He € MATOJOTIYHUM, a CYIPOBOIKYE
PO3BHUTOK oprauiamy abo agudepeHIliloBaHHA
crerfiagisosanux wKJaiTwH. Hampuxian, mig ugac
IIepeTBOPeHHA IIyroJIoBKa Ha Kaly Jisocomu,
110 MiCTUJINCS B KJIITHHAX XBOCTA, IIEPETPABIIIO-
IOTh HOT0: XBiCT 3HMKA€E, a YTBOPEHI PeUOBUHU
BCMOKTYIOThCS 1 BUKOPUCTOBYIOTHCA iHIIUMMU
KJIiTHMHaAMM TiJja.

3annTaHHA Ta 3aBJaHHA

1. AK BHYTPIlHbOKMITMHHE TPaBNEHHA BUKOHYE
3axucHy ¢yHKUilo y niognHn? 2. Yum po3pisHATbCA
NepBUHHI 1 BTOPWHHI Nlizocomun? 3. Yomy HapnvLLIKOBI
bepmeHTM B KNiTWHI pyliHyloTbcA? 4. flka ponb ni3ocom
B embpioreHesi niognHn?

/3



Tema 3. OOMIH peUOBWH | NepeTBOPeHHA eHeprii

§ 35. lNo3akNiTNHHE i 30BHILUHE TPaBNeHHA

o [No3akniTMHHe TpaBneHHA
[NomipkyiTe .
ITosaksiTHHE TpaBJIeHHA XapaKTePU3YETHCA TUM, IO
MnaHapii YacTo nontoloTb Ha APIGHMX TpaBHiI (DEPMEHTU CEKPETYIOThCA y 30BHIIIIHE cepeloBUIlle,

pauKiB, Xo4 BOHU i He MaloTb 3y6iB,
Wo6 po3rpu3Th IXHIN XiTMHOBUN
naHuup. Ik BOHN MOXYTb OTPUMY-
BaTU NMOXKNBHI PEYOBMHM i3CepepnHU
naHuMpa CBOEI XepTBu?

mepeTpaBeHHA I3Ki BigOyBaeThCA I03a KJIiTUHOIO, YTBOPEHi
PEUYOBWHHU IIOTIM YCMOKTYIOTHCA B KJITUHY.

TakuM UYMHOM OpraHidaMu II€ePeTPaBJIOIOTH BeJUKi
OpraHiuyHi MOJIEKYJIN, AKi He MOKYTb IIPOHUKHYTU OesIroce-
pPenHbO Kpi3h KJITMHHY MeMOpany. Biosoriuni makpomo-
JeKyJIU PYHHYIOTHCA A0 HEBEJIMKUX CIIOJNYK, AKi i 3acBO-

é 3rapaiite I0I0ThCA ICJIi.TI/IHOIO. ' '

ITozakaiTuaHe TpaBJIeHHSA MOJKe BimOyBaTucs 30BHi

e OcmoTpodHe KMBEHHA opraHiamy (308HiuilHE TpaBJeHHs) ab0 B TPAaBHUX MOPOIK-
 YKuBneHHa pocnvH HUHAX Tija (nOpoMHUHHe TPaBJIEHH).

Mo3aKkniTMHHe TpaBneHHA y 6aKTepil i apxen

MikpooprauismMu morsaMHaAOTh 3Ky 1 BUAIIAIOTH IPO-
IYKTH OOMiHY Bci€lo moBepxHE0 KJIiTHHH. AJe MOKHBHI
PEYOBVHU MOXKYTH HAAXONUTHU B KIITUHY TiJIBKU B PO3YU-
HEHOMY BUTJIAl, TOMY POSIIEIJIEHHA HEPO3UMHHUX CKJIA-
HUX OPTraHiYHWX CHOJYK Ha Oiabin mpocTi BigdOyBaeThcs
30BHi. TpaBHi (hepMEHTU CEKPETYIOTHCA KJIITHHAMU MiKpPO-
OpraHiamiB B 30BHIiIIIHE cepemoBuile ab0 3aKPiIlIIOOTHCS
Ha 30BHIITHIA MemOpaHi yMm HaA KJIITMHHINA cTiHmi. Takum
YMHOM, IIepeTpaBJeHHsa i2Ki BimOyBaeThcsA mMo3a KJIiTHHOIO.
YTBOpeHi MOHOMEpPU BCMOKTYIOTHCA Yepes3 KJIITUHHY MeMO-
paHy.

[Mo3aKniTMHHe TpaBNEHHA Y XVXUX rpnbis

Icuye 6smsbro 200 BumiB xmkmx rpubiB. Bouu yTBO-
PIOIOTH 3 HUTOK MIiIleJIito cIemiaJbHi JIOBUi cuUCTEeMU, IO
HaraJyioTh pubaJbCcbKi cHAcCTi 3 0e3yiuuio rauykis, KJIeHKi
Mepeski abo Kinbig-sammopru. Ilicasa saxomaenusa 3g00mui
rijpu rpmba HmPOPOCTaAIOTh Uepes IMOKPUBU KEePTBU 1 BUIi-
JSA0Th TpaBHi (pepmenTu. Ilorim crenianabHi acumimamiimi
BeHepnHa MyXonoBka rij)u BCMOKTYIOTH i 3aCBOIOIOTH IIEPETPABJIEHI PEUYOBUHU.

Man. 35.1. Xuxi pocnvHmn .

[Mo3akniTuHHe TPaBJIEHHA Y XXX POCTTNH

Icuye 6auspko 630 BumiB KoMmaxoimHux pocauH. Ile
ImepeBasKHO OaraTopiuHi TpaB’sSHMUCTI POCJUHU, ajie cepen
HUX TAKOK TPAILIAIOTHCA HaliBUATapHUKM 1 HeBeJIMKIi ya-
rapHUKHU. 3a3BUuYaii BOHU JKUBJSATHCA, IK 1 BCi pocauHu,
MOTJNHAIOYUYN PEYOBUHU 3 IPYHTY Ta (poTocuHTE3yIOUM. AJje
faraTto 3 HUX POCTYTh Ha 0oJioTaxX — Ha I'PyHTaX, yKpau
0iIHMX Ha MOXKWBHI ejeMeHTH. TOMYy BOHU BUKOPUCTOBY-
I0Th Vv 13Ky nApiOHMX TBapwH (IepeBakKHO KoMax) AK I0-
maTkoBe mxepeso Hitporeny, Kaiito, @ochopy Ta immux
Man. 35.2. Xmxa nuumHKa Xyka-nnasyHuA eJIeMeHTiB.
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KomaxoigHi pociimHU 3aCTOCOBYIOTH Pi3Hi
MPUMAaHKY, TPUBAOJIIOIOT, KOoMax 3abapBieH-
HAM, COJOAKUMM BUIIJIEHHAMH a00 3amaxoM.
BoHu J0BIATH 3M00MY 3a JOIMOMOTOI0 JUIKUX
BUIiJIEHb 1 JIOBUMX amapariB (BUAO3MiHHUX
JUCTKiB) — CXJIOONYBAJbHUX JHNCTKiB, JIOBUMX
riaeunkiB (maa. 35.1). ¥V macTky BUIAIIAIOTHCS
epMeHTH, AKi IIEPETPABIIIOIOTH CIIifiIMaHy KepT-
BY. YTBOPEHi IPOAYKTHU TPABJIEHHSA, IePEBAKHO
aMiHOKMCJIOTH, BCMOKTYIOTHCA 1 3aCBOIOIOTHCH.

30BHILLHE TPaBNEHHA Y YN€HUCTOHOT X

Oco0muBuil BUJL KUBJIEHHA — 30BHIIIIHE
TpaBJIeHHS — XapaKTepHe AJd AeIKuX ApioHmX
IpeacTaBHUKIB TBapUH: IMaBYKiB, XMMKUX JIUUM-
HOK KYKiB, 0a00ok i myx. Ili XxmiKaku croyaTky
BIIOPCKYIOTh Y Tijio 3700Mui TpaBHi (hepmeHTH,
AKi po3M’AKIIYIOTH TBepAi TKAHWHH, a IIOTiM
YCMOKTYIOTh YaCTKOBO IIepeTpaBJIeHY I:KY.

Man. 35.3. lNoyaTok npoLlecy 30BHiLIHbOIO
TpaBNeHHA MaByKa-ocK

Hampukaan, xwuika JIUYMHKA JKyKa-Ija-
BYHIIA, CXOIIMBIIU CBOIO KE€PTBY IIeJiellaMu,
BIOPCKYE B Hel TpaBHY pPifuHy, SKa mapajisye
3mobuu (maJi. 35.2). HacTtynHa mopifis TpaBHOrO

[lizHanTeca binbue COKY IIOYMHAE IIepeTPaBJIIOBATHU IIapajli3oBaHy
0 "KEPTBY, PoO3pimkye 1ii, micasa Yoro JUYMHKA
BCMOKTY€E 13Ky uepes TJIOTKY.

ITaByKu Tak KOHCEPBYIOTH CBOiX JKepTB Ha

Y peAaknx BUAIB MOPCbKMX 3ipoK dopmyeTbcA
06'eEMHMIN LWWNYHOK, 3JaTHUN BUBepPTaTUCA 4Yepes
poT. 3ipka 06BONiKae WAyHKOM 3406KY, AKY He

MOXe MPOKOBTHYTU (HampuKNag, Myl MOMIOC- naBytuHi. IlifimaBmu 3gobud, maByK BOMBae€ ii
Ka), i TaKUM YMHOM 3[iNCHIOE 30BHILUHE TpaBJiEeH- orpyToro. OTpyiiHi 32,1031 MaByKiB PO3TAIIOBaHi
HsA. MopcbKa 3ipKa Patiria miniata po3cTensie cBiii B xeJinepax. Boum ortoueni m’ssamu, Imig uac
LAYHOK MO [iHY i NepeTpaB/lioe OpraHiuHi peyoBMUHMY, CKOPOYEHHA AKNX OTPYTA BIOPCKYETHCA 4depes
IO 3HaXOANTb. OTBip Ha KiHIIi Mas3ypyBaToro WieHNKa XeJilep.

Ha HeBeslmKMX KoMax OoTpyTa IaBYKiB mie Maii-
sKe mutTeBo. IlifimaBiu i yOomBIIHN 3700MY, IIa-
BYK pospmBae Ii xesinmepamMu i BOOpcKye B Hel
TpaBHi coku (MaJy. 35.3). Uepes meBHUil yac ma-
BYK BHUCMOKTYE YTBOPEHUH MOKUBHUI PO3YUH.
ITpucrocyBaHHSAM NTaBYKiB [AJisd XapyyBaHHS
pimkoro ixKero € QiIbTPyHOUMU amapaT POTOBOIL
TMOPOKHUHY 1 TJIOTKHU, IOTYKHUN CMOKTAJIbHUN
LITYHOK.

BraskaroTh, 110 MMO3aKUIIKOBE TpPaBJIEHHS
€BOJIIOIITHO BUPOOUJIOCA Y YIEHUCTOHOTUX IJIs
TOT0, MI00 MOMOJIATY TBEPAUIN XiTMHOBUII IAH-
IUp i yac XapuyBaHHA OJHUX YJIEHUCTOHOTUX
iHmuMu. BifgcyTHiICTH MOTYKHUX IIIeJIell 3MY-
CIJIO MaBYKiB mepedTH 4O PO3UMHEHHS TKAHUH

u Kniouosa ies JKePTBU 1 XapuyBaHHA PiIKOI0 1:Kelo.
[Mo3akniTMHHe TpaBfieHHA BUKOPUCTOBYETHCA 3anunTaHHA Ta 3aBAaHHA
MavKe BCiMa >KMBUMW OpraHiaMamy Ana nepe-
TPaBNIEHHA BENVKMX OPraHiyHMX MONeKys, AKi He 1. Yomy 6akTepii BUKOPUCTOBYIOTb MO3aKNiTUHHE
MOXYTb MPOHUKHYTN 6e3nocepefaHbo Kpi3b K- TpaBneHHA? 2. Yum BiOpi3HAETbCA XKUBNEHHA XVMKUX
TUHHY MeMbpaHy. TpaBHi GepMeHTU ceKpeTyTbCA rpubiB i xwKux pocnuH? 3. 3a AKUX NPUYUH MaBYKM
Y 30BHILLHE CepefoBLLe; YyTBOPEHI PEYOBMHU MO- BMKOPWCTOBYIOTb 30BHIlIHE TpaBneHHA? 4. Yomy yKyc
TiM YCMOKTYIOTbCA B KAITUHY. naByka Moxe OyTu He6e3neyHUm Ans NLUHA?
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§ 36. [NlopoXHUHHE Ta NPUCTIHKOBE TPaBJIEHHA

0 [omipkynTe

AKLWO TBapuUHM ByLyTb NepeTpaBoBaTh Ky,
TiNbKW BUAINAIOUYN TPaBHI GpepMeHTU B MOPOXKHM-
Hy KWLLEYHWKa, TO BUTPATV Ha iX CUHTe3 byayTb
Jye 3HauHuMK, 60 bepMeHTM ByayTb MOCTINHO
B/BOAWTNCA 3 OPraHiamy 3 pelutkamm ixi. K TBa-
PUHAM MOXXHa 3eKOHOMUTK CBOI bepmMeHTN?

Q 3raganTe

» TpaBHa cucrtema o TpaBHi depmeHTM
e [laCMBHMIN Ta aKTUBHWI TPAHCMOPT PEYOBUH

yepes membpaHy

[NopOXHMHHE TpaBneHHA

IloposkHMHHE TpaBJIeHHA — THUII IT03aKJIi-
TUHHOTO TPaBJIEHHS, 3a IKOTO ITOKUBHI PEUOBU-
HU POBIIEIIIOIThCA (hepMEeHTaMU B TOPOYKHU-
HaX TPaBHOTO TpakTy. [lopokHUHHE TpaBJIeHHS
3abesmneuye TiApPOJi3 BEJUMKHX XapUYOBUX MOJe-
KyJ [0 oJiiro- Ta MmoHoMepiB. Takuii Tun Tpas-
JeHHSA XapaKTepHUU AJsaA 0araTOKJITUHHUX
OpraHidamMiB — KpPyIJIux i KijgpuacTux UepBis,
MOJIIOCKiB, UJIEHMCTOHOTUX i XOPAOBUX.

Opranu TpaBJIeHHA CKJIAJAIOThCA 3 TPABHOTO
KaHaJay i TpaBHUX 3ayio3. TpaBHUI KaHAJ yTBO-
PIOIOTH POTOBA IIOPOKHIHA, CTPABOXi, ILIYHOK,
KUITeUHUK. KUITeUHUK JIOAUHY TiJIUThCA Ha TOH-
Kuii i ToBeTuii. CauHHI 3ay103u, 3a7I03U IILIYHKA
U KUINeUHWKA, MiJIMIYHKOBA 3aJI03a BUIIJIAIOTH

Cknagku
3 BOPCMHKaMu

ToHKa KuLKa

\\ Kpuntn

Man. 36.1. CTpyKTypa CTiIHOK TOHKOrO KWLIEYHUKa

76

TpaBHi coku. TpaBHi coku MicTATbH hepmerTH (Tifg-
poJiasu), SKi 3mifICHIOIOTH TiAPOJi3 ImoJriMepiB —
0inKiB, CKJIAIHUX BYTJIEBOJIB, sKuUpPiB. IloposkHIH-
He TpaBJIEHHS 3aBepIIyEThCS YTBOPEHHAM HeBe-
JUKUX MOJIEKYJ — JOucaxXapupiiB, AUMNEINTHUIIB,
JKUPHUX KUCJIOT, MOHOIJIIIIEPULIiB.

MpucTiHKOBE TPaBNeHHA

IIpucrinkoBe TpaBiieHHA Bi0yBaeThCA Ha Be-
JUYE3HiN ITOBEPXHi TOHKOTO KUINEUHUKA, YTBO-
PeHOI CKJIaZKaMM, BOPCUMHKAMU 1 MiKPOBOPCHUH-
KaMHu CJan30BOI 000JI0HKM. BoHO 3aificHIOETHCA
3aBAAKHU TiAPOJITUYHUM (pepMeHTaM, AKi BOYIO-
BaHi B MeMOpaHu KJITUH KUIITKOBOTO eIiTeIito —
eHTeporuTiB. PepMeHTH-TiApoIa3u 3AiNCHIOIOTH
OCTATOUYHUH TifpPOJi3 MOKUBHUX peuoBmH. Iasi
BiIOYBAETHCA BCMOKTYBaHHSA — TPAHCIOPT MOJIe-
KyJ uepe3 eHTEepOIUT y KPoB abo Jimdy.

Byp,osa BOPCMHOK TOHKOIO KULWLEYHWKa

BHyTpinrHA mOBEPXHSA TOHKOI KHWIIKH MAae
XapaKTepHUH peabed 3aBIAKU HAABHOCTI CKJIa-
IIOK, BOPCUHOK i KpunT (masy. 36.1). Ili cTpyk-
Typu 30iJBITYIOTh 3araJibHY IIOBEPXHIO TOHKOTO
Kumreunuka B 600 pasiB, 1o cupusie 3mificHeH-
HIO (DYHKIIiI TpaBJeHHA.

Ha cximagkax CTIHOK TOHKOIO KHIIIEUYHHKA
€ BUNMHAHHS CJAN30BOI OOOJIOHKM — BOPCHH-
Kku. Bucora BopcuHOK craHoBuTh 0,5—1,5 mmMm.
Ha 1 wmm2? ciamsoBoi O00OJOHKH pPO3TAIIOBA-
HO O0au3bko 30—40 TaKMX BOPCHUHOK. ¥ IIeH-
TPpi BOPCHUHKUN ITPOXOAUTHL JiM(paTHUHUHA Kairi-

Kaninap

BeHa

Aprtepia
°=\ JlimdpatnuHa
cyaviHa
M’azoBa
niacTnHKa
CN30BOI

Mincnusosnin
wap

Man. 36.2. bygosa BOpcuHKM
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TpaBHi depMeHTM ntoanHN

Tun dbepmenTin IIpukaagn

IIporeosiTuuni pep- Ilemcun, Tpuncux

MeHTHU (IpoTeasu)

o- i B-aminasza,
B-ramaxkTosugasa

Awminoxituuni dep-
MeHTHU (amMisasm)

Jlimasa mIyHKOBOTO COKY,
Jinasa ImiAImIyHKOBOI 3aJ10-
31, Jilasa KUITKOBOTO COKY

JlimosiTuuHi dep-
MeHTH (JIimasm)

aap (man. 36.2). Y KOKHY BOPCHUHKY BXOIUTDH
mo 1-2 aprepiosu, sAKi posmamamThCcA Ha Ka-
minapu. 3 KamiMIspiB KpoB 30uMpaeThcsa y Be-
HYJy, SKa IPOXOJUTh Y3IOBK OCi BOPCUHKU.

bygoBa MiKpOBOPCUMHOK TOHKOIO
KMLweYyHnKa

OcHOBHY Macy eIiTendiaJdbHUX KJIiTHH,
AKi BKPWBAIOTh BOPCUHKY, CTAHOBJATL €H-
TepouuTH. EHTEPOIUTH NTOKPUTI MIKPOBOP-
cuHKamMu, y cepesubomy g0 1700-3000 1aTyx
Ha KJiTuHy. Bucora KOMKXHOI MiKpPOBODPCUH-
Ku — Oamsbko 1 mxm. Ha 1 mm? emiresito
TOHKOTO KHIIIeUHHKA PO3TAIIOBAHO OJU3BKO
50-200 MaH TaKMX MiKPOBOPCHUHOK. 3aBHsd-
KM IM IIOBepPXHA IPUCTIHKOBOTO TpaBJIeHHA
i BcMoOKTyBaHHA 30imbmryerbcss B 30—40 pasis.

Y wmemOpaHu MiKPOBOPCHHOK YyOymoBaHi
(hepmeHTH, AKi 6€PYTHh YUACTH Y POIIIEIJIEHH] Ta
TPAHCIIOPTi PEUYOBUH, IO BCMOKTYIOTHCS (MaJib-
Taza, iHBepTasa, JlaKkTasa, Tperajgasa, JYJKHa
docharaza, MOHOTIIiINlepUAIinasa, IEeNTHUAA3ZU
To1rto). Ili pepMeHTH CUHTE3YIOTHCA BCEPEeIUHI
€HTEepPOIIUTIiB i BOYZOBYIOTECA B iXHIO MeMOpany
AK iHTerpasbHi 6inKH.

IIporiecu, 110 Big0yBaOThHCA Ha MiKPOBOPCHUH-
KaxX, OTpUMAaJIi Ha3By NMPUCTIHKOBOrO (MeMOpaH-
HOTr0) TpaBJeHHd. BoHu Oynu BuepIie omucaHi
ykpaincekuM yuerum O. M. Yromesum 1958 poxry.

0 Kniouosa iges

lMOpOXHMHHE TpaBNeHHA 3AINCHIOETbCA depMeH-
TaMU B MOPOXHMHAX TPABHOrO KaHany. Takui Tun
TPaBNEHHA XapaKTepHWi Ana 6araToKMITUHHUX
TBapuH. MNpucTiHKoBe TpaBneHHs BifbyBa€eTbCcA Ha
MOBEPXHi MIKPOBOPCUHOK TOHKOMO KULLeYHMKa. KiH-
LieBi NPOAYKTV TPaBNEHHA TPaHCMOPTYIOTbCA BCe-
PEeAViHY eHTePOLNTIB, 3BifKM NEPEHOCATLCA B KPOB
(amiHokmcnoTu, Byrnesoau) abo nimdy (kupn).

o posuien- IlpomykTu
e CHHTe3yIThCI Mgy DOAYK
JIIOKOTH rigposaisy
IInyHOK, migmIyHKOBA Binknu AwmiHokuc-
3aJ103a JIOTH
Caungi 3amosu, nignuryu- | ITosicaxa- Ouiro-
KOBa 3aJI03a, CIN30Ba pugu i moHOCa-
000JI0OHKA KUIIIeYHNKA Xapuau
IInyHOK, mMigMIIyHKOBA Hetirpanbui | ['mimepout
3aJ103a, CJIM30Ba 000JIOHKA | JKUPU i sKupHi
KUIIIEUHUKA KHCJIOTU

BCMOKTYBaHHSA peUYOBUH Y TOHKOMY
KULIEYHUKY

KinmeBi mpoaykTu TpaBJeHHSA TPAHCIIOP-
TYIOThCS BCEPEIMHY €HTEepOIlNTa, 3BiAKM mepe-
HOCATHCSI B KpPOB (aMiHOKHCJIOTH, BYTJIEBOJIM)
abo gimdy (sxkupu). IlepeHecenHsa pevuoBUH Bix-
OyBaeThCA IIMJIAXOM ITACUBHOTO U aKTHUBHOTO
TPAHCIIOPTY.

AGcopbIiriss Bogu BigOyBaeThCsA IIACHUBHO 34
IOIIOMOro ocmocy. Bararo ifiomis (Ca?", K,
Mg?*, Zn?", Cu?') BCMOKTYIOTbCS IILJIAXOM IIPO-
croi abo moaerimenoi audysii. BcMoxTyBaHHS
mouis Na' BigOyBaeThCcs IIJIAXOM aKTHBHOIO
TpaHCOOPTy 3 BUTpaToio eHeprii ATd.

BceMmokTyBaHHA OisbIOCTi OpraHiuHMX pPedo-
BUH BiJIOyBaeThCA 3aBIAKYN aKTUBHOMY 3aKauyBaH-
HIO uepe3 MeMOpaHy eHTepouuTa (CHeliaJbHUMHI
nepeHocHUKamu 3 BukopuctanaaMm AT®) i Hacry-
HUM TAacCWBHUM TPAHCIOPTYBAaHHAM y KpPOB abo
adimpy. Tax, HAIPUKIAL, 3MIUCHIOETHCA BCMOKTY-
BaHHS aMiHOKICJIOT, I'VIFOKO3U # TaJIaKTO3U.

TpancnopTyBaHHA KUPIB B3AilMCHIOETHCA
Y BUIVIAAL TUIiNEPOJSy U KHUPHUX KucjaoTr. [uri-
IepoJ HAAXOOUTH YCEePeIUHY eHTEePOIIMTIB Ia-
CUBHO, KHUPHiI KHMCJIOTH TPAHCIOPTYIOTHCA 3a
YYacTIO JKOBUHUX KUCJIOT. ¥YCepeauHi eHTepo-
IUTiB BiZOyBaeThCSA PECHHTE3 TPUTJIIEPUIiB.
I3 TpuriinepuniB, xojiecrepoJy, ocdorimigis
i r100yTiHiB YTBOPIOIOTHCA XiJOMIKPOHU — KU~
POBi YacTHMHKU, YKJIaAEeHi B JIIIOIPOTEiHOBY 000-
aoHKY. IIlI1AaXoM macBHOTO TPAHCHOPTY BOHU
MOTPANLJIAIOTL y JiM(MaTUUYHI CyIuHMN.

3annTaHHA Ta 3aBJaHHA

1. Lo B nopanbwomy BigbyBaeTbca 3 ninigamu, Aki
Haginwnu go nimén? 2. Lo B nopanbomy BigdyBa€eTb-
CA 3 aMiHOKUCNOTaMK, fAKI Haginwnm o Kposi?
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§ 37. TpaBneHHA B TOBCTOMY KULLUEYHUKY

0 [omipkynTe

3BiKN B TOBCTOMY KULIEUHUKY OLUH
3'ABNAOTbCA GaKTepii?

é 3raganTe

* BiTamiHum » bpogiHHA

o TOBCTUN KMLIEYHUK o AneHaunKc

TpaBHi npouecn B TOBCTOMY
KULEYHNKY

Y TOBCTOMY KUIIIEUYHUKY B3aBEPIIYIOTHCA
OpPOIleCH TPAaBJEHHA IIiJi i€l IIiAIIYHKOBO-
ro, KHIIKOBOT'O COKiB, BigOyBaeThbCs YaCTKOBE
POSIIeIlJIeHHsT XapyoOBUX BOJIOKOH (pepMeHTaMu’
KHUIITKOBUX MiKpooprauisamiB. 3aj03u CJIM30BOL
O0OJIOHKHM TOBCTOI KUINKHN BUIIIAIOTH HebAraTo
TPABHOT'O COKY, SIKMI MiCTHUTBL CJIU3 i HEBEJIIUKY
KiJgbKicTh (hepMeHTiB. ¥ mpolecax mepeTpaBJieH-
HA T3Ki TOBCTUI KUIIEUHUWK Bifirpae He3HaAUHY
POJIb, OCKiNMBbKM iKa MalKe IIOBHICTIO IIEpeTpaB-
JIIOETHCS 1 BECMOKTYETHCA B TOHKOMY KUIIIEUHUKY.

Y ToBCTOMY KUIIEUHUKY BigOyBaeThcs
BCMOKTYBaHHS BOJAW, y HEBEJIWKHUX KiJIbKOC-
TAX — COJIel, TJIIOKO03M1, BiTaMiHiB, aMiHOKMCJIOT,
YacTKOBE BCMOKTYBaHHsI OiIKiB.

Mikpoopraniamu, AKi KUBYTh Yy TOBCTiit
KUIIIi, CHHTEe3YIOTh (hepMeHTH, NeAKi BiTamMmiHM
Ta (isiosOrivHO aKTMBHI PEYOBUHMU.

-

A

\

”~

NakTobakTepii BipinobakTepii

Man. 37.1. MonouyHoKkucni 6akTepii

/8

Ponb cnmbioTMUYHMX MiKpOOpraHi3mis

3HauHa POJb y IIpoOIlecaxXx TpPAaBJIEHHA Ha-
JEeKUTh MiKpoopraHismMaM — OakTepisaM, IO
JKUBYTH y TOBCTOMY KuIIedyHuUKY (main. 37.1).
Ho 90 % is HuUX cTaHOBIATH OidimobarTepii,
immi BuUAM mpeAcTaBJeHi JaKToOaKTepiaMu,
CTPENTOKOKAMHU, KUIITKOBOIO MaJUYKOI0 TOIIO.

depmeHTH O0aKTEPill POIIIEILIIOIOTH BOJIOK-
Ha KJIITKOBUHU (I[€JI0JI03Y) A0 OIITOBOI KIICJIO-
TU, TJIFOKO3U Ta iHmuX npoAaykriB. Tomy poJb
OaKTepill 0co0JIMBO BaKJaMBa B TPaBJEHHI Tpa-
BOIHUX TBapwWH, JOBKWHA TOBCTOTO KWUIIEY-
HUKa B AKWUX 3HAUHO OijbIlla, HiK y XUEKHUX
(main. 37.2).

MikpoopraHisMmu 30poAKyIOTh BYTJIEBOIU 10
KHCJIUX IIPOAYKTIB (MOJOUHOI Ta OITOBOI Kuc-
gotu). KucioTu TpUrHiuyooTh PO3SMHOKEHHS
XBOPOOOTBOPHUX i THUJIBHUX OaKTepiii.

Ilix miero rHMIBHUX OaKTepilli y TOBCTOMY
KUIIeYHUKY PYUHYIOTHCS HEBCMOKTAHI MTPOIYK-
TH TIepeTpaBJieHHs OijKa.

MikpoopranisMu TOBCTOTO KUIIIEUHUKA CUH-
Tea3ytoTh Biramin K, Bitaminu rpynu B (B, —
riamin, B, — pubodrnasin, B, — maHTOTeHOBY
Kucaory, B, — HikorunoBy Kmcaory, By — mi-
punokcus, B, — (omieBy Kucmory), amiHOKuC-
JOoTH, OiZIKM Ta iHIIi PeuoBWHMU.

diziogoriuHO AaKTUBHI PeYOBUHU, AKi IPO-
IVKYIOThCA KUIIKOBMMU MiKpoopraHizmamu,
BIJNBAIOTh HA TOHYC KHUIMKOBOI CTiHKU, mTix-
CUJIIOIOTH CEKPEeIlil0 TPABHOTO COKY, CIPUSIOTH
TOCUJIEHHIO TPOIEeCciB yCMOKTYBaHHS BOMWU,
aminokwuciaor, #oniB Kauabiito, Pepymy, Bi-
raminy D.

KopucHi MiKkpoopraHisMu IpUTHiUyIOTh pPicT
i POBMHOKEHHSI TaTOTeHHUX MiKpoOiB.

HerarmBHa posib MiKpPOOPraHidamiB KuIed-
HUKa II0JIATA€E B TOMY, IO BOHU YTBOPIOIOTH
€HIOTOKCUHU, CIPUYNHAIOTH OPONiHHA i THUJIb-
Hi mpoIecw 3 YTBOPEHHSAM OTPYHHUX PEUOBUH
(izmosn, ckartos, (PeHOJ) i B MEBHUX BUMIATKAX
MOXKYTb CTATH IPUUYNHOIO 3aXBOPIOBAHD.

[lizHanTeca binblwe

Y KULWEYHWKY NIOANHN MELLKAE 613bko 500 pi3Ho-
MaHIiTHUX BMAIB MiKpOOpraHi3aMiB. 3aranbHa KinbKicTb
6aKTepil CTaHOBUTb 6NN3bKO 50 TPUSIbNOHIB.



Tema 3. O6MiH peyoBUH

CrpaBoxig

! Crpasoxig — YoTupuKamepHUii )
\V LnyHok Py6eub——-’-;""‘ LIJﬂyHF())K P CrpaBoxig ——
Citka——= W
KHuxKa /_.__ D NIyHOK
€ — |
AneHaunKc
AneHAMKc\
2 AneHpuKc
: AHyc/
AHyc —
— ARyc
\-‘,»
HexyiiHi pocnuHoigHi XyiHi pochmHoigHi XvKakn

Man. 37.2. bygoBa TpaBHOI CUCTEMM 3aNI€XKHO Bif TUNy iXi

[lizHanTeca binbLue

PocnvHHa >ka nepeTpaBioeTbCA 3HAUHO BaXkue, HixX
TBapvHHa. ToMy B POCAVHOIAHUX TBApWH TPaBHUI
TPAKT MOMITHO [AOBLUE, HiX Yy M'ACOIAHMX, @ TaKOX
MaE€ crevjianisoBaHi Bigainv gna nepeTpasBieHHA poc-
JIMHHWUX BOJIOKOH depMeHTamMmn HakTepin. Y »ymnHUX
TBapVIH NpoLec po3knafjaHHA DKi 3a JOMOMOrolo 6ak-
Tepil NOYMHAETbCA Lie Yy MepLin Kamepi LIyHKa
(py6ui). MoTim >ka BigPUryeTbCA | NEepPexoBYETbCA,
nicnA Yoro NPOXOANTL Yepes iHLWi TPU Kamepu LUTYyH-
Ka i pyKe OOBrMA KULEYHUK. Y TPU3YHIB i Hemap-
HOKOMMUTHUX OCHOBHA YacCTWHa MpoLecy TPaBfieHHA
3[iNCHIOETLCA Y CTIMIN KULWLL, ie TaKOX XNBYTb CUM-
6i0TNYHI GaKTepil, AKi JonoMaratoTb NepeTpPaBIoBaTH
KNITKOBUHY.

MoHATTA Npo NpobioTnKKM i NpebioTrKN

KumikoBi mikpooprauismu HeoOXimui giasa
HOPMAaJbHOTO (PYHKITIOHYBaHHS TPaBHOI CUC-
TeMHU i TiATPUMAaHHA KUTTEBOTO TOHYCY opra-
Hi3My. 3a IEBHUX YMOB, HAIPUKJA 3a YMOBU
HeIIpaBUJIBLHOTO XapuyBaHHsa abo micjs JOBro-
TPUBAJIOTO JIIKYBaHHS aHTHOIOTUKAMM, MiKpO-
dJopa KuIleyHUKa IpUrHiuyerbca. Pos3BuBa-
€ThbCsA XBOPOOJIMBUM cTaH — pAu3baxkTepios.

0 Kniouosa iges

Y TOBCTOMY KULUEYHWKY 3aBepLUyioTbCA NpoLecu
TpaBfieHHA | BCMOKTYBaHHA pPeyoBUH. Bennke 3Ha-
YeHHA Ma€E AiANbHICTb MiIKPOOPraHi3miB, AKi CUH-
Te3yloTb }i3ioNoriYHo akTUBHI peyoBUHN. MpurHi-
YEeHHA MIKpPOOpPraHi3MiB KuleYyHKa Npu3BOAUTb
[0 XBOpobnMBOro ctaHy — pAmsbakrtepiosy. Big-
HOBUTN MOPYLUEHMI 6aNaHC MOXHA BXKUBAHHAM
npe6ioTnkis abo NpobioTUKiB.

BigHoBuTH mopyIienuii 6aJaHc MOKHA IBO-
Ma cmocobaMy — ByKMBAHHAM IIpebioTukiB abdo
Po0iOTHUKIB.

IIpeGioTMKU — I1e PEUOBUHMU, IT[0 CIIPUAIOTH
pocTy ¥ PO3MHOKEHHIO KopucHuX 6akTtepiii. Ile
MOJKYTh OyTHM HU3BKOMOJIEKYJIAPHI BYTJEeBOAU
(maxTysosa, padginosa), po3UMHHI Xap4uoBi BO-
JokHa (iHyJiH, HeKTHuH, IIOJIiJeKcTpo3a), poc-
JUHHI eKCTPAKTU ¥ aHTHUOKCUAAHTH (BiTamMinu
A, B, C). PeuoBuHU-IPEO6iOTUKY MiCTATHCA 1€~
PeBa’KHO B MOJIOYHMX i POCIMHHUX MPOAYKTAX
(KYKYpPYABAHUX MJIACTiBIIAX, KpylIax, xJibi,
nubyJi, yacHuUKy, (acoui, ropoci, 6amaHax Tta
iHmux (GpyKTax, oBouyax i Tpasax).

IIpo6GioTuku — 1e BuAM i°Ki abo JiKapchKi
mpemaparu, IM0 MiCTATH JKMBi MiKpoopraHisMmu.
OcHOBHMMU TPOOIOTMKaAMU € JaKTo- i 0idimo-
OakTepii, AKi € CKJIAZOBUMU KUCJIOMOJOUHUX
npoayKTiB. Ilo mpomyKTiB-mpoOioTuUKiIB HaJe-
KaTh cMeTaHa, Morypr, Kedip, alipaH, KyMuc,
KBallleHa KamycTa Ta iHImi. ¥ pasi TAXKKOIo
I130aKTepPiody BIKMBATU TiJIbKU KHCJIOMOJOYHI
IPOAYKTH HEZOCTATHHO, a AJIS BiTHOBJIEHHS Mi-
Kpodiopu HeoOXiZHO ByKMBATHU JIIKApCbKi IIpe-
mapaTu 3 IpoOioTHKAMIU.

i nepetsoperHa eHeprii 3y 33y S

03aI’H/ITaHHﬂ Ta 3aBAaHHA

1. Yomy nig yac OOBroTpuBanoro NpPUMOMy aHTu-
6iOTUKIB MOXYTb MoYaTMCA MiKO3u — rpuOKOBi 3a-
XBOPIOBaHHA? fIK UboMy 3anobirtn? 2. AKi nikapcbki
npenapaTn-npobioTUKN BM MOXKeTe nobauut B anTe-
kax? 3. fIki NpoAyKT! MaloTb BXOAMTW A0 [AIi€TH, WO
CNPUAE XUTTERIANBHOCTI KNWKOBOI Mikpodropun? 4. flke
XapuyBaHHA MOXe MPUrHiYyBaTK AiANbHICTL GaKTepiln
y TOBCTOMY KULLEUYHUKY?
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§ 38. OepmeHTIN. Perynauia metaboniuHnx wnaxis

0 [omipkynTe

JocnTb YacTo NPUKPINIEHHA HEBENNKOI MONeKy-
nm po GepMeHTy Ha [OCTaTHbO BENUKIN BiacTaHi
Bifj NOr0 aKTMBHOIO LIEHTPY CYTTEBO 3MiHIOE OrO
aKTUBHICTb. Ha YoMy rpyHTYeTbCA Le AsuLie?

Q 3raganTe

» Kartani3 o OepmeHTU

o MeTtabonism

MeTaboniuHi wnaxm

Y wiaiTmHax moCTiliHO BimOyBaeTbcs 6es-
Jiu OioximMiuHMX peakKIiii, 1o 3a0e3IIeUYyIOTh
o0min peuvoBmH. Ili peakiii yTBOpIOIOTH IIeBHi
TIOCJiTOBHOCTI, B AKUX HPOAYKTHU OSHUX pPeak-
i craroTh cybcTrpatamu aaA HacTrynHux. Cy-
KYIIHICTh IIOCJimoBHMX OioxiMiuHMX peakrIrii,
3aBIAKU SKUM BilOyBa€ThCA CHUHTE3 CKJATHUX
CIIOJIYK 3 IIPOCTIIlIMX a00 po3maj CIIOJNYK I0 KiH-
IeBUX MHPOAYKTiB, HA3MBAETHCA META0OJiUHNM
muasaxom. Merabosiuni mIIgXM BCiX pedyoBHUH
noB’sA3aHi MiK c000I0, YTBOPIOIOUU €IUHY Me-
pe:xky OioxiMiuHMX peakiiiii B opramismi.

QepMeHTaTUBHUI KaTani3

depMeHTATUBHUI KaTaji3 — Ile IPUCKO-
peHHA 0i0XiMiUYHMX peakIliii 3a y4acTio (pepMeH-
TiB. Bigmosigzo, ¢depmenTu — 1e Oiosoriumi

KaTajisaTopu, M0 IIPHUCKOPIOIOTH XiMiuHi peak-
mii B KuMBUX opraHismax. PeareHTu B peakirii,
0 KaTaisyeThcsaA (pepMEeHTaAMU, HA3UBAIOTHCH

Cybctpat

AKTUBHUIA LEHTP

DMepMmeHT-cybCTpaTHUI

®epmeHT KOMIIeKc

Man. 38.1. CneundiyHe 3B'A3yBaHHA CybCTpaTy 3yMOBNEHe

NPOCTOPOBO GYAOBOI 1 XiMIYHOIO CMOPIAHEHICTIO aKTWB-
HOro LeHTpy depmeHTy

80

cybcmpamamu, a OTPUMYBaHI PEUOBUHU — NPO-
dykmamu.

depmenTu 3a3BUUail € OiLIKOBUMU MaKpo-
MoJieKyJiaMu. BoHU creriuiuHo 3B’ A3yIOTh Cy0-
cTpaTHu peakIlii B ocoOJMBif OiIAHIII — AKTUB-
HoMy 1ieHTpi (Mas. 38.1). IIpu mbomy cybeTpaTu
OPi€HTYIOTHCA TAK, IO HA0YBAIOTH ONITUMAJILHO-
ro IIOJIOKEeHHs I mepebiry peaxiiii. Exmepris
aKTUBAIIii, IIT0 HeoOXigHa s mepebiry peakxirii,
OpU IIbOMY 3HIKYEThCS (Maj. 38.2).

3arajbHe PiBHAHHSA peakIlii 3a yuacTio qep-
MEHTY Ma€ BUTJIAM:

D+ C—>PC > D+ 1II,
ne @ — Qepmenr, C — cyb6erpar,
®C — depmenT-cybCTpaTHUIN KOMILIEKC,
II — mpoxyxT pearii

depMeHTHU € Ay:Ke eDEeKTUBHUMU KaTajisa-
TOpaMu — IIBUAKICTH peakxIiiii 3a (pepMeHTaATUB-
HOTO Karauisy 30inbiryersesa B 10°—10'2 pasis.

®depMeHTH MAaOTh BUCOKY chenudivricTsb
momo cyocrpariB. BoHu KaTasisyioTh IepeTBO-
peHHA TinbKM onHiel ab0 HeKiIbKOX OJM3bKUX 3a
CTPYKTYpPOIo peuoBuH. CrenudiyHicTs 3yMOBIEeHA
IIPOCTOPOBOIO i XiMiUHOIO CTPYKTYPOIO TiIAHKY aK-
THUBHOT'O IIEHTPY, 1110 3B’ a3ye cyocTpar (mai. 38.1).

KodepmeHTn

Kodepmentn (KodaxkTopu) — 1e HE3bKOMO-
JeKYJIAPHI HeOiJKOBI pPeuoBUHU, YYACTb AKUX
HeoOXimHa mia KatajdiTuurol aii pepmenTi. Ko-
(hepMeHTY TPUEAHYIOTHCA [0 aKTUBHOTO IIEHTPY
(epmenTy i 6epyTh ydacTb B YTBOPEHHi (ep-
MEeHT-CyOCTpaTHOro KoMILTeKcy. Kodepmenramu
e Biraminm, meaxi iomm (K', Mg?' i Mn?").

EHepria akTusauii
6e3 KaTtasnizaTtopa

EHepria akTuBauii
3 KaTafizaTopom

MouaTtkoBuUi

CTaH KiHueBmi cTaH

Xip peakuir

>
>

Man. 38.2. 3a ymoBM pepMeHTaTUBHOTO KaTanidy 3HUXKY-
€TbCA eHepria akTuBauii peakuil
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Perynauia metaboniyHnx wnaxis

[IIBuakicTh pisHUX MeTaOOJMIUYHMX ILIAXiB
PeryJIoeTsCs, iHaKIe MeTaboJIisM y KJIITHHI Bifg-
OyBaBcs 0 HEy3ro[»KeHO 1 He BiAmoBigaB Ou HasAB-
HUM 1moTpedam oprauismy. Hafimpocrimiuii criocio
peryasiii 'pyHTYeThCS Ha MOCTYIMHOCTI cyOcTpa-
Ty: 3MEHIIIeHHA KOHIIEHTPAIlii cy0cTpaTy 3HUKYE
MIBUAKICTH PeaKIliii, a 301IbIlIeHHs KOHIIEHTPAIlil
cyOCcTpaTy CTUMYJIIOE€ METaOOJIuHUHA ILIAX.

Aje ocHOBHaA peryusdilid 3ailCHIOETHCS
OIJIAXOM 3MiHM KOHIEHTpalii a0 aKTUBHOCTI
¢depmenriB. KoHmenTpariia meBHOTO (epMeHTY
B KJIITHHI PeryJiroeTbCcsa Ha eTarax TPaHCKPUIIITil
i TpaHcadAlii, y nporeci ¢opMyBaHHA i pyHHy-
BaHHA (epMeHTHOTO 0OijsiKa. AKTUBHICTE (ep-
MEHTY 3MIiHIOETHCA 3a PAXyYHOK XiMiuHOI Momau-
(dikarii abo asocTepuuHOI peryssirii.

Perynauisa TpaHcKpunuii epmeHTiB

Vueni ®@. Karkob i ;K. Mouo chopmyio-
Basiu Teopito omepona (1961 p.), 110 HpomoHyeE
IOBa MexXaHisMm peryiasdilii IIBUIKOCTI TpaH-
ckpuniii y mpokapioriB: indyxuyin i penpeciw.
TpaHCKPUIITiA PEryI0eThCA OJOKYBaAaHHAM a0o
BUBIJIBHEHHAM onepamopa — IIIAHKU, 3 AKOL
MMOYMHAETHCA TPAHCKPUIIIA CMPYKMYpHOzo
2eHa. B eykapiorTiB perynadamnid yCKJIaIHIOETHCSI
1 sasyuae mOTATKOBi PeryJsaTOpPHI TiIAHKY I'eHO-
My (eHXaHCepHU, CalJieHCEPHU), aJIbTEPHATUBHUN
CILIaliCUHT Ta iHIIII MexaHi3MU.

AnocTtepuyHa perynauifa akTUBHOCTI

depmeHTiB
AXTUBHICTL (DEPMEHTIB PEryJTIETHCA CIIe-
IialbHUMM peYOBMHAMH — iHTriOGiTOpamu

(IpUTrHiIUYIOTh AKTUBHICTH) i aKTHBATOpPaAMH.
IIi peyoBUHU 3BOPOTHO 3B’A3YIOTHCA 3 PeEryJisi-
TOPHUM I[€HTPOM MOJEeKyJau (PEepMeHTy, AKUI
IPOCTOPOBO BiaJIeHUH BiJ aKTUBHOTO IIEHTPY.
3B’sA3yBaHHs 3MIiHIOE€ TPETUHHY CTPYKTYPY MO-
Jeryau (GepMeHTy i, BIAMOBiAHO, CTPYKTYPY
AKTUBHOTO IEHTPY. ¥ pPe3yJabTaTi 3MiHIOETHCS

0 KnioyoBga igen
XiMmiuHi peakuii B XMBUX OpraHiamax MpUCKO-

ploTbca PpepMeHTamn — Ayxe ePeKTUBHUMMU
i BucokocneundiyHMMKM KaTanizatopammn 6inko-
BOI npupoawn. LUBnAKicTb pi3HMX MeTaboniuHux
LWNAXIB PErynioeTbCA KOHLEHTpaLielo cybcTpaty,
LWBMAKICTIO CUHTe3y abo po3nagy GepmeHTiB, 3Mi-
HOI aKTMBHOCTI pepMeHTIB (anocTepryHa peryna-
Lin, ximiuHa mopwmdikauis).

PerynatopHuin Cy6CTpaT MpuepHaHHA
LieHTp |Hr|6|Topa

\ 3HUXKEHHS
<§) KaTanliTUYyHOI
\ AKTUBHOCTI

AKTUBHUIA LEHTP
AKTUBHUIA dpepmeHT HeaktnBHuin pepmeHT

PerynatopHui Cy6 cTpat

eHT
HeHTP / aKTuBaTopa

\ MinBMWEHHA
Q) <§) KaTaniTUYyHoI
AKTUBHOCTI

AKTI/IBHI/IVI LEeHTP

MNpuepHaHHA

HeakTuBHuii ¢pepmeHT  AKTUBHUI pepMeHT

Man. 38.3. lNpuHuMnN anoctepunyHoi perynaui
AKTUBHOCTI pepmeHTy

MIBUAKICTL peakIiii, mio karairisdyerbca. Taka
peryisdilia Mae Ha3By aJIOCTEPUYHA PeryJiallis
(man. 38.3). AxkTuBaTropamMu Ta iHridiTopamu
MOJKYTh OyTH cyOcTpaTH i MPOAYKTH peakriiii.

AJtocTepruHa perysdria Mae gyskKe BaKJINBe
3HaueHHA. BoHa 3yMOBJIIOE MIBUAKY BiAIOBiIL
KJITUHM Ha YMOBH, IO 3MiHIOIOTHCSA, & TAKOK
peryiasiiizo meTaboJisaMy 3a HPUHIIUIIOM IIO3H-
TUBHOTO i HEraTMBHOI'O 3BOPOTHOTO 3B’A3KY.

XimiyHa mogndikauia ¢epmeHTis

Tamumit Tun perynanii akTuBHOCTI hepmeH-
TiB — ix ximiuna moaudikaiis, Hanpukaaz
dochopunoBanua (mpuegHanHsa QochaTHUX
rpym) abo TJiKo3mIoBaHHA (IPUETHAHHA BYT-
JIEBOAHUX BaJUINKiB). AKTUBHICTL (PepMeHTIB
TaKOK PETyJIIOETHCA MIJIAXOM OOMEIKEHOTO IIPO-
TeoJidy (BumaseHHA parMeHTy mMojekysu). Ta-
KUM TLIAXOM (epMeHTU iHAKTUBYIOTHCA abo,
HaBMaKW, CTAIOTh aKTUBHUMU.

@ MpakTnyHa poboTa

Bus4yeHHA akmueHocmi hepmeHmie cauHu

1. BukoHawnTte pocnig i3 B3aemofii pO3UMHIB CIVHMK
(bepmeHTy aminasa) i Kpoxmasno 3a yMOBU:

a) pi3Hoi Temneparypu;

6) pi3Hoi KnucnoTHocTi (pH) cepepoBuLa.

2. CoopmyntoliTe BUCHOBOK.

3annTaHHA Ta 3aBOaHHA

1. Wo € kopepmeHTOM remornobiHy? xnopodiny?
2. Aki dakTopy (30BHILWHI, FEHETUYHI Ta iHLWI) MOXYTb
NopyLINTX NPaBUIIbHY pPerynauilo MeTaboniyHoro wns-
xy? 3. Lo moxe cTaTncA, AKWO NOpyLWnNTLCA perynauis
NneBHOro mMeTaboniyHoro wnsxy?
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§ 39. AHaepoOHi npouecn eHepreTU4HOro ooMiHy

0 [TomipkynTe

[nikonis fa€ KAiTUHI Habarato MeHLe MoseKysn
ATO, HiX, HanpuKnag, npouec okUcHoro ¢oc-
dopunioBaHHA. YoMy TOAi MOro NPOAOBXKYIOTH
aKTUBHO BUKOPUCTOBYBATU MBI opraHiamu?

Q 3raganTe

« Katabonism e Ponb ATO

o CybcTpati Ta NPOAYKTU peaKuii

Kataboniam i KNiTMHHe AnXaHHA

Ax Bam y:ke Bimomo, KaraboJuism (eHep-
reTUYHUI OOMiH, AUCHUMIiAAISA) — Ie Impoliec
posmajgy CKJIASHMX PEeYOBMH Ha OiJBII IIPOCTi,
110 3a3BUYail mepedirae 3i 3BiIbHEHHAM eHeprii.

o mporieciB kKaTaboaisMy HAJIEKUTDH KJIITHH-
He, a00 TKAHUHHE, TMXAHHA — CYKYIHICTH pe-
aKI[iil 0ioJIOriuHOro OKMCHEHHS OpPraHiuHuX pe-
YOBUH, ¥ AKUX OPraHidMU OTPUMYIOTH €Hepriio,
HeoOXimHy mna xurrexianbHocTi. 1l eHepria
3amacaeTbecd B XiMiuHMX 3B’sA3KaxX MaKpoepriu-
HuX cunoayk (AT® ra iH.), AKi € yHiBepcaabHUM
IxepesoM eHeprii masa OioximiuHmx mporiecis.

BuginamoTh 1Ba OCHOBHI THUIN KJiTHHHOTO
INXaHHA: aHaepoOHe (Oe3KucHeBe) Ta aepobOHe
(kucHeBe).

3a aHaepoOHOT0 AUXAaHHSA OKUCHEHHS Op-
TaHIYHUX DPEYOBUH 1 OJep’KaHHA eHeprii Bif-
OyBaeTbca Oe3 yuacTti KucHO. IIpu mpomy pos-
MIellJIeHHS OPTaHiuYHUX PEUYOBUH € HEIOBHUM
i BuminAeTbcsa He3HaYHA KiJbKicTh eHeprii. [o
IporeciB aHaepoOHOTO MUXAaHHA HAJEMXKaTb 2Jli-
Koai3 1 pisHi BuAM 6pOJiHHA.

3a aepoOHOro TMXaHHA OKMCHEHHS OpraHiu-
HUX PEUOBHUH i oJlep:KaHHS eHeprii BimOyBaeThCcs
3a y4acTI0 KHUCHIO. PosIienyieHHs opramiuvHMX
PEeYOBUH € IIOBHUM i BigOyBa€eTbCs 3 YTBOPEH-
HAM KiHneBux npoaykris okucuennsa H,0 i CO,.
Y pesyabraTi aepoOHOTO AUXAHHSA BUMIIAETLCSI
i samacaeTbca 6araTo eHeprii. 3aragbHa QopMy-
Ja 0i0JIOTiUHOrO OKMCHEHHS MA€ BUIUIAL:

CeHmOs + 602 — GCO2 + 6H20 + Enepria
T'imiokosa Kwucens Byrie- Bona

KUCJIUKN Tas
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Eranu katabonizmy

I eran, migroroBunit

BigbyBaerhcsa y TpaBHOoMYy Kamaui. CKaanHi opra-
HiUHi CIIOJIYKM PO3MagaloThCsA HA MPOCTi mix aieio
TpaBHUX (pepMeHTIB. Buninaerscsa TiibKu TemmoBa
eHeprid.

II eram, Ge3kucHeBHii (TIiK0Ti3)

Bin6yBaeTbca y iuTomiadmi KiiTuHu 6€3 yuacTi Kuc-
HI0. MoJieKyJia IJII0K03Y POSIIEIJIIOETHCSA 3 YTBOPEH-
HAM 2 MOJIEKYJ IipOBUHOTPagHOI KucjaoTu. EHepria
BUKOPUCTOBYETHCA IJiA cuHTE3y 2 MoJsieKya ATD.

IIT eram, kucHeBUi (aepoOHE KIIITUHHE TUXAHHS)
3IOiiCHIOETHCA Y MITOXOHAPisAX 32 y4ACTIO KMCHIO.
Y TBOPIOOThCA KiHlleBi MpoayKTH okucHenHa — H,0
iCO,. Y pesysbTaTi PO3IIENICHHA 2 MOJIEKYJI I1iDOBH-
HOT'PaIHOI KUCJIOTHU CUHTE3YeTheA 36 moerkys ATD.

Mmikoni3

Taikomis — 1me aHaepoOHMII IIPoOIEC OKMC-
HeHHs TJII0OKO03U, AKUHN € ogHUM 3 m:Kepea ATD
o kiaituau. OKpiM IbOro, y IpOoIleci riIikorisy
YTBOPIOIOTHCS CIOJNYKHU, IKi BUKOPUCTOBYIOTHCSA
B HOJAJILIIINX TIPOIlecax KJITUHHOTO AUXaHHSI.

IIporiec raikosisy BigOyBaeThCsa y IMUTOILIAS-
Mi KJIiTHHY i ckIagaeTbesa 3 10 mocaizoBHUX 6io-
XiMiuHMX peakIlii. ¥ pe3yabTaTi IUX peaxIrii
3 OJHiel MOJIEKYJIU TJIIOKO3U YTBOPIOIOTHCSA IBi
MOJIEKYJIU TipyBaTy (IIipOBUHOTPAIHOI KUCJIOTH).

IligroToBUMii eTam TJIiK0Ji3y BimbyBaeThcs
3 BUTPATOIO0 eHeprii aBox moJsieKkya AT®, a Ha
OCTAaHHBOMY eTalli CHHTEe3YIOTbCS YOTHUPU MOJe-
Kynau AT®D. Takum umHOM, €eHepreTUUHUI Oa-
JIaHC TJIiKOJIi3y cTaHOBUTH ABI moseKynau ATD
Ha OOHY MOJIeKYyJay riamoko3u (maa. 39.1).

CymMmapHe pPiBHAHHSA TJIIKOJIi3Y:

C.H,,0, + 2AIl® + 2 — 2C,H O, + 2AT®D.

I'iroxosa IlipyBar

V¥ mporteci raikoaisy cunres AT® BigOysa-
€ThCA MIJIAXOM cyocTpaTHOro hocopuiroBaHHs,
3a AKoro sanuinok (ocharuoi kucaoru (H,PO,)
nepeHocuTbcsa Ha AJIP GesmocepemHbBO Bim Bu-
COKOeHepreTuuyHux (pocPopuabOBaHUX CIIOJYK
(y maHoMy BUIIAAKY ITPOMiKHUX IIPOAYKTIB TJIi-
KoJigy). CybcTpaTHe (hochopmaroBaHHA TOPiBHS-
HO 3 oKucHUM (ochopunatoBanuam (auB. §40)
Iae HesHAUHY KiabKicTb moierya ATO.
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Ane BesMKOIO TiepeBarol TJIIKOJi3y € Te,
110 JJiA HBOTO He moTpibeH KuceHb. Came ToMy
M’A3U JIIOAWHU MOMKYTBH IIPAIIOBATH HAaBiTH 3a
HecTaui KUCHIO IIiJ yac BeJUKUX (PiBSUUHUX HAa-
BaHTa)KeHb. HeoOXiHYy eHeprito BOHU OTPUMY-
IOTh 3aBIAKMU TJIIKOJi3y.

T'irikosis BUHUK ITle HA PaHHIX cTamigX eBo-
JIOIii i ChOTOAHI € OZHMM 3 OCHOBHUX MeTa-
0OJiUHMX TPOIECiB y BCiX JKMBUX OPraHi3MiB.
B aepoOHUX opraHisMiB KiHIIEeBi TPOAYKTH TJIi-
KOJi3y MmimjdaraioTh IONAJBININM IIePETBOPEH-
HAM y OiloxiMiuHMX IIMKJIax, IO HaJeXKaTh IO
aepoOHOTr0 KJIITMHHOTO AUXaHHSA. B aHaepoOHUX
opramismiB mipyBar maji migigsrae OpogiHHIO.
A nisa nesxkux aHaepoOiB IUIIKOJII3 3aIHIITAETHCA
€IUHUM CIIOCOOOM OJep’KaHHSA eHeprii.

bpogiHHA

Bponinna — 1ie aHaepoOHUII TIPOIlEC OKUC-
HEHHS BYIJIEBOJiB, AKUNA MJ03BOJIIE KJIITHHAM
OTPUMYBAaTH €Heprito y Buriaami mojerya ATO.
Ilepirum etamom OpominHA € riaikoais. Ha nacrymn-
HOMY eTalli 3ajIe’KHO Bij Tumy OpOmiHHS 3 HIpPO-
IYKTY TUIKOJIi3y (IIipyBaTy) yTBOPIOIOTHCS CIIUPT,
MOJIOUHA 1 JIMMOHHA KHCJOTH a00 iHIIi CHOJIYKH.

BinbiricTs TumiB OpPOgiHHSA 3AiMCHIOIOTL Mi-
KpoopraHismu. 3ajie;XHO BiJ TOro, sKi peuoBUHNI
YTBOPIOIOTHCS, BUAIJIAIOTH JeKiJIbKa Pi3HOBUIIB
OpomiHHJ.

ITix yac mosouHOKUCA020 OPOJiHHA (HaTpU-
KJIad, Yy MOJIOUHOKHUCIUX 0aKTepiil) YTBOPIOETH-
cA MOJIOUYHA KMCJIOTA:

C,H,,0, = 2CH,~-CHOH-COOH.

Cnupmose 6podinnsa (3OIACHIOETHCA IPiK-
mKaMU 1 JesgKuMu OaKTepisiMi) XapaKTepusy-
€ThCS YTBOPEHHSIM MOJIEKYJI €TaHOJy i ByrTJe-
KHCJIOTO Tasy:

C,H,,0, = 2C,H.OH + 2CO,.

2
0 Kniouosa iges

KnitTmHHe auxaHHA — CyKyMHiCTb peakuiin 6iono-
rYHOr0 OKWNCHEHHA OPraHiYHNX PEYOBUH, Y AKUX
OpraHiaMu OTPMMYIOTb eHeprito, HeobxigHy ana
KUTTERIANBHOCTI. OCHOBHMMM TUNaMu KNiTMHHOTO
JVXaHHA € aHaepobHe (6e3KncHeBe) Ta aepobHe
(kncHeBe). [lo npoueciB aHaepobHOro AUXaHHA
Hanexatb 2/1ikosi3 i 6podiHHA. Thikoni3 € ofHUM
3 OCHOBHUX MeTaboniyHMX NPOLECiB B YCiX »Wu-
BVX OpraHi3miB. Y pe3ynbraTi rnikonisy 3 ofHiel
MOJIEKYNIN TJTIOKO3W YTBOPIOKOTbCA ABi MONEKyIu
nipysaty i ABi monekynu ATO.

Crapis
BUTPayYaHHA eHeprii
)

CH.O

6 12 6
[nioKo3a

2 ATO ? 2 AL
4 ADO # 4 ATO
+2HO

— >

2CH,0

3473
[iBi monekynu nipyBaty

Crapis
BigAayi eHeprii

Man. 39.1. Cxema rnikonisy

3a oymosoxkucnozo 0podiHHA (OIITOBOKUCII
baxTepii) IPOAYKTOM € OIITOBA KHCJIOTA:

C,H,,0, + 20, — 2CH,COOH + 2CO,.

Bigomi Takoxx macasanokucae, JUMOHHOKUC-
Jle Ta iHini Buam OpPOiHHSA.

Bpozninua mocimae Ham3BUUYaliHO BaKJIUBE
Miclle cepes IPUPOTHUX IIPOIEeCiB. Y KUBiH
IpupoAi came OpoAiHHA 3a0e3mneuye eHeprieio Ti
opraHiammu, AKi JKUBYTh y 0€3KNCHEBUX yMOBaX.

Bponinasa BimbyBaeThcsa i B opramiami Jro-
IVHU. 3a BEJIMKUX HABAHTAKEHb Yy KJIITWHAX
3 IipyBaTy BHACJiJOK OPOMiHHSA YTBOPIOETHCS
MOJIOUHA KHCJIOTa, HAKOIMMUYEHHS AKOI IPU3BO-
IUTH 10 000 B M’sA3aX ITicjs (PisMUHUX BIIPAB.

JltonvHa BUKOPUCTOBYE OPOMiHHA I Oep-
JKaHHs 0araTboxX XapyoBUX IpoayKTiB. Hampu-
KJIaJl, OTPUMAHHA KUCJIOMOJIOUHUX IIPOAYKTiB
(cmeranu, Kedipy, cupiB, HOTypTy), KBaAIIeHUX
OBOUiB, CHJIOCYBaHHS KOPMiB IOB’sI3aHO 3 [i-
AJBHICTIO MOJOUHOKUCAUX OaKTepili. CuupToBe
OpOMiHHA BUKOPUCTOBYEThCA IJA BUIIIKAHHS
xJiba.

3anuUTaHHA Ta 3aBJaHHA

1. Ake 3HaueHHA Mae€ rNikoni3 ANA OopraHiamy nio-
AvHn? 2. Yomy came rmikosii3, a He KMCHeBe [MXaHHA,
€ YHiBepcanbHMM CNOCOBOM OTPUMMAHHA eHeprii KniTu-
Hoto? 3. Po3rnAHbTE AeTanbHille BUKOPUCTAHHA noau-
HOMO Pi3HUX BUAIB OPOAiIHHA.
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§ 40. AepobHe anxaHHA

0 [omipkymnTe

Mig yac aepobHOro AuxaHHaA, AK i B MpoLeci

ropiHHA, 3 OpraHiYHMX PEYOBUH YTBOPHOKOTHCA
CO, i H,0. Ane XuBi KNiTUHA B LbOMY MpOLECi
e 1 3anacaloTb eHeprito. AK iM Ue BAAeTbcA?

Q 3raganTe

« [nikoni3 « bygoBa miToxoHApin

AepobHe guxaHHA

fAx Bu mam’Araere, 3a 6E3KMCHEBUM €TAIIOM
KaTtaboaisMy iifie KMCHeBUII eTam, abo aepoOHe
auxaHHda. AepoOHe AUXaHHS XapaKTepHe s
OinbIiocTi opraHismis i BimOyBaeThcss B MiTo-
xoHApiax wkjaitmau. Ilig yac mboro mpoiiecy op-
TaHiYHI PEYOBWHU, YTBOPEHi y XOAi TJIiKoJi3y,
oxucHooThCA KucHeM 10 H 0 i CO,. 3nauna uac-
THHA eHeprii, sKa mpu IbOMY BUIIJIAETHCS, 3a-
HacaeThCA KJIITUHAMEU Y BUTISAAL MoyeKya AT,

KnatouoBuM eramoM aepoOHOTO AMXAHHS €
muka KpebGca, a00 IUKJI TPUKAPOOHOBMX KHC-
JOT. 3a BCTAHOBJEHHS cxeMu IUKJIYy X. Kpebc
orpumaB HobGesiBcbKy mpemiio 1953 pory. Came
B PEaKIigX IIbOTO IUKJY YTBOPIOIOTHCA CIIO-
JYKU, dKi € [I:KepejioM IIPOTOHIB 1 eJIEKTPOHIB
I TIpolecy OKMcHeHHsA. [lepeBaskHa KiqbKicThb

Mipysat

1 |_HAH

AueTtun-KoA Co,

Okcanoauetat Lutpar
HAOH
9 3
Manat I3oumnTpar
unTp co,
8 4 HAZL(®OH
Oymapat 2-OkcornyTapat
OALH Q 5 Co,
CyKkumHat CyKuunHin-KoA HAOH
ATO AQO

Man. 40.1. Cxema peakuiil UMKy TPUKapOOHOBUX KUCIOT
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moJsieKya1 AT® BupoObJsgeThCs Ha OCTAaHHIN cTa-
Oil KJIITUHHOTO AWMXAaHHS: Y IPOoIlecaX OKMCHOTO
¢dochopuaOBaHHA B €JIeKTPOHHOTPAHCIIOPTHOMY
(muxaJapbHOMY) JIAHIIO3I MiTOXOHIPIiii.

Linkn Tpmkap60OHOBUX KNCNIOT

IlipyBaT, yTBOpeHUI y pPe3yJbTaTi TJIiKOJi-
3y, TPAHCIIOPTYETHCA 3 ITUTO30JII0 IO MATPUKCY
MiToxoHApPil. ¥ MITOXOHApPiIAX 3a YMOB JOCTAaT-
HBOTO HAAXOIKEHHS KHCHIO IipyBaT OKMCHIO-
eTbesa. Ha meprmomy eTami BiH YTBOPIOE CIOJIYKY
anmeTmia-kKogepmenT A, ckopoueHo armetua-KoA.
ITe ocHOBHMIT cyOCTpaT A PEAKIIN IMUKJY TPHU-
KapOOHOBUX KUCJIOT. ['0J10BHA (DYHKIIiA aI[eTUJI-
KoA — gmocraBisaru y meit mukja aromu KapOomy
y CKJaAi aleTUuJbHOI I'PYIIH.

Y pearmiax nuray (man. 40.1) BigOysa-
€ThbCs TOCTiJOBHE OKUCHEHHS MPOMIiKHUX CIIO-
JYK — OPraHiYHUX KHCJIOT — 3 YTBOPEHHIM
CO,. Ha KinbKOX eTanmax IUKJy €HEpria OKHuC-
HEeHHSs 3aI1aca€TbCAd V BUTJIAAI BiJHOBJIEHUX KO-
depmentis HAITH - H i ®AJH,.

IIpomixKHI CITONYKHU IMUKJIY TPUKAPOOHOBUX
KHUCJIOT € IIollepefHUKaMU IJisi CHUHTe3y Oara-
THOX peuoBuH. TakuM YMHOM, ITUKJ TPUKApOO-
HOBUX KHMCJIOT II0B’A3ye KaTabojiuHi Ta aHabo-
JiuHi ImporecHu i € IeHTPOM MEePeTUHy 0araTbox
MeTaboJiuHUX ILIAXiB.

lNepeHocHuKn ligporeHy

YacTo ofHUM 3 eTamliB XiMiUHOTO IIEPETBO-
PeHHS OpPraHivHUX PEUYOBUH yCePeaUNHI KJIITUHUI
€ BiJOKpeMJIeHHs BiJx iXHiX MoJieKysa aTomis I'in-
poreny. BoHU HIpPUETHYIOTHCSA OO CIEIiaJIbHUX
MoOJeKyJ — mepeHocHHMKIB Iimporeny, axi mo-
CTaBJISAIOTH I1X Yy MiToXOoHApii. 3asBuuaii y KJaiTu-
Hi € Tpu Tunu nepeHocHukiB [igporeny: HA",
HAO®D* i ®A.

HAIO® + 2H = HAI - H + H*
HAI®* + 2H = HAII® - H + H
DAl + 2H = @Al - H,

Po6oTa guxanbHOro naHutora

OcHoBHA KijgbKicTs Moaexkya AT® yrBopio-
€ThCA y IIpoOIlecax OKMHCHOTrOo (pochopuiroBaHHA
B €JIEKTPOHHOTPAHCIIOPTHOMY (IUXaJIbHOMY) JIaH-
031 MiToxoHApit. J[mxanbHUN JIAHIIOT SBJISAE
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binkoBuI KOMMNNeKc NepeHOCHUKIB eNeKTPOHIB
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EneKTpOHHOTPAHCMOPTHUIA NaHLor

OkucHe ¢pochopunoBaHHA

Man. 40.2. Cxema [uxafnbHOrO NaHLUlora Ha BHYTPILHIN MeMbpaHi MiTOXOHAPIN

cob010 meKinbKa OiMKOBUX KOMILIEKCiB, yOymo-
BAaHUX Yy BHYTPIIIHIO MeMOpaHy MiTOXOHIPIi.
Y memOpany Tako:k yoymoBana AT®d-cuurasa —
KOMILIeKC, 110 cuHresye ATD.

BuBisbHeHI B IIMKJI TPUKapOOHOBUX KIC-
JIOT eJIEKTPOHHU, aKIeIITOBaHI Ha KodepMeHTax
HAIH-H i ®AIH,, HaAXOAATL A0 JUXATBHOTO
JIAHITIOTA, Jie TOCJIiJOBHO IIEPEHOCAThCA 3 KOMII-
Jekca Ha KomIuiekc (mas. 40.2). Ilig uac mepe-
HeCeHHs eJIEKTPOHIB BimOyBaeThCS IIOCIiZOBHE
OKUCHEHHS 1 BiJHOBJIEHHSI €JI€eMEHTiB AUXaJb-
HOTro JlaHIlora. HampuKiHIIl eJIeKTPOHU IIOENHY-
IOThCS 3 KHMCHEM, YTBOPIOIOUM MOJEKYJIH BOIH.

IlepeHecenHsT eJIeKTPOHIB IO AUXATHLHOMY
JIAHITIOTY CYIIPOBOKYETHCA BUKAUYBAHHAM IIPO-
TOHIB i3 MaTpuUKCy B MiKMeMOpPaHHUI IIPOCTip.
Tak cTBOPIOETHCSA MPOTOHHUI TPATIEHT, 3a AKO-
O KOHIIEHTPAIlid IPOTOHIB Yy MiKMeMOpaHHOMY
mpocTopi 6inbIta, HiK y MaTpuKci. YHaCTigoK
IIbOT'0 BUHUKAE Pi3HUIA MOTEHIIiaJaiB 3 000X 00-
KiB MeMOpaHM: IO3UTUBHI 3apAgU IIepeBakaioTh
y MiKMeMOpaHHOMY ITPOCTOPi, a HETaTWUBHI —
y MaTpuKci MiToxoHAPi#. 30iMbIIIeHHA KOHIIEH-
Tpallii ITPOTOHIB y MiKMeMOpaHHOMY IIPOCTOPi
akTuBye AT®-cuHTaszy. ¥ pasi JocATHEeHHS IIeB-

0 Kniouosa iges

EHepreTnyHa edeKTMBHICTb aepoOBHOro AUXaHHA
y 18 pasiB BuLa 3a ePeKTUBHICTb FNiKONMI3y: Ha
cTagii aepobHOro AnXaHHA 3 ABOX MOJNIEKYN Mipy-
BaTy yTBOplOeTbCA 36 monekyn ATO. Kniouosum
eTanom aepobHOro AvxaHHA € LMK TPUKapOOHO-
BMX KUCNOT. [MepeBaxHa Kinbkictb ATO BUpobna-
€TbCA y npouecax OKUCHOro ¢ochopunioBaHHA
B €N1eKTPOHHOTPAHCMOPTHOMY (AMXaIbHOMY) NlaH-
Lt03i MIiTOXOHZPIMN.

HOl pisHuii morenmianie AT®-cuHTasa Tpamc-
IOPTYy€E MPOTOHU HA3aJ y MAaTPUKC, IPU IIHOMY
yTBOpIOETHCST ATD.

Takum uyuHOM, Y MiTOXOHAPiAX OKUCHEHHA
(IepeHeceHHA €JIEKTPOHIB) cupsskere 3 ¢ocdo-
punioBanHAM (AP + & = ATD), TobTO Bin-
OyBAETHCS IIPOIIEC OKMCHOTO (pochOpUIIOBAHHS.

ITosicHeHHA MexXaHi3MiB CIIOJIyUYeHHSA POOOTH
IuxajabHOro JaHioora i cuatedy AT® oOyio sa-
MIPOIIOHOBAHO aHIJIilicbKuM Oioximixkom II. Mir-
yesioMm 1961 poxy.

EHepreTnyHmin 6anaHc aepobHoro
1 aHaepOOHOro OKUCHEHHSA FMIOKO31

Eneprernunuii 6ananc okucHeHHs 1 MmoJe-
KyJaU TJIIOKO3W TAKWM:

« Ha cTafii IIiKoJisy yTBOPIOETHCA 2 MoJIe-
Kyau AT®;

« Ha cTafii aepoOHOTO MUXaHHA YTBOPIOEThH-
ca 36 momexkysm ATO.

Or:xe, y pes3yJabTaTi HOBHOTO OKHCHEHHS
1 monexyau raorosu xo CO, i H,O yrBoproeTs-
ca 38 moseryn AT®D. ITpu mpoMy eHepreTuyHa
e(eKTUBHICTh aePOOHOI0 NUXAHHS BUSABJIAETHCS
y 18 pasiB Buiromo 3a epeKTUBHICTh ITIiKOJi3y.

03a|‘|l/ITaHHF| Ta 3aBJaHHA

1. Yum cybcTpaTHe dpochopurnioBaHHA BigpisHAETbCA
Bif, oKkMcHoro ¢ochopunioBaHHA? AKUIA i3 UMX npoLe-
ciB ebpekTMBHIWNN? 2. K BUHMKIM MiTOXoHAPII? Ha aki
CyyacHi opraHi3amm BOHM Cx0xi? 3. Y pa3i nopyleHHA
reHiB, AKi KogyoTb GINKN MITOXOHAPIN, BUHMKAOTL Tak
3BaHi «MITOXOHApPIaIbHi XBOPOOU». fIK BV BBaXKa€Te, K-
MV CUMMNTOMaMU BOHW XapakTepusyoTbca? AKi TKaHNHN
CTpaxfalTb Hacamnepen?
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§ 41. Kataboniam >XUPHUX KUCNOT, aMiHOKUCNOT

i HITPOreHOBMiCHUX OCHOB

0 [NomipkynTe

AKWO pOo3rNAHYTU ABi HAaCUYEHi XXMPHI KUCNOTH
NPYOIN3HO OAHAKOBOI AOBXMHY, OAHA 3 AKUX M€
napHy, a Apyra — HenapHy KinbKictb atomis C, T0
AKY 3 HUX KNITUHI nerwe niggati B-oKUCHEHHIO?

é 3raganTe

» bygoBa XVpHUX KNCNOT, Tpraumnriiuepuais,
docooninigis

» bynosa amiHokucnot

« bygoBa Hykneotugis, NypuHu, NipuMiguHu

I>Xepena eHepril y KNiTUHI

Peakmii mukiay TpukapOOHOBUX KUCJIOT
i okucHe (docdopinoBaHHA Y MIiTOXOHAPiAX
€ VHiBepCaJbHUM IIJIAXOM OTPUMAHHA eHep-
rii gyma aepoOHUX opraHidmiB. AJie BYyTJIeBOIU
(TyII0KO034a, IMipyBaT) He € ENWHUM IKePeIoOM s
cuHTe3dy anetua-KoA, axuii sajlydyeHUd OO0 -
KJIy TPUKapOOHOBUX KucJoT. g yHiBepcanabHa
MOJIEKYJIa MOKe YTBODPIOBATHUCA TAKOMK ITiJT yac
OKVCHEHHA KWUPHUX KWUCJIOT, Ae3aMiHyBaHHSA
1 oxkucHeHHA amMiHokuciaor (maJj. 41.1). TobGTo
KJiTHMHA BUKOPHCTOBYE Pi3Hi cybcTpaTt — BYT-
JeBOOU, KUPU Ta OiIKM — [OJd BUBIJIbHEHHS
eHeprii y mporiecax Karaboaiamy.

[-OKMCHEHHS KUPHUX KUCJIOT

dAx mMu BiKe 3’sAcyBaji, TOJIOBHUU cyOCTpaT
OUKJIY TPUKapOOHOBUX KHCJIOT aieTua-KoA

ikoreH Tpurniuepug binok
InikoreHonis JNinonis Mpoteonis
lnikoni3 B-Oknic-
Mipysar HeHHS
e3aMiHyBaHHA
OKUCHEHHA A Y

I OKNCHEHHS

Auetun-KoA

Man. 41.1. Auetun-KoA — ueHTpanbHa Mosekyna
KaTaboniamy
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MOJKe YTBOPIOBATHUCA B pPe3yJbTaTi OKUCHEH-
HS JKUPHUX KUCJOT. BinbHI KUPHI KuCJIOTH
YTBOPIOIOTHCA B KJITWHI Iig vac Jzinonisy —
posmienenHa JimigiB. Hattuacrime xiaiTmHa
POBIIEIJIOE TPUANMATIiIepuan ((Kupu), AKi
BiIKJIAMAOTBCSA B Hill K pPe3epBHE [I3KepeJtio
emeprii, a TaxkoX (Qocdoaimigu mMemOpaH, IO
OiIIATal0Th TOCTIHHOMY OHOBJIEHHIO.

BinbHi KUpPHI KHMCIOTH MOMKYTh OyTH 3HOBY
BUKOPUMCTAHI IJid cuHTe3y JimigiB (amabosriuni
mporecu) ad0 MOKYTh OyTH PO3IIeIlIeHi 10 ByT-
JeKucJjoro ragy i Bogu (karaboJiuHi mporecu).

IIepioto cramiero KaraboJaisMy KUPHUX
KHCJIOT € (-OKMCHEHHA — cHeNu@iuHmil miax
OKWCHEHHSA YKUPHUX KUCJIOT, III0 3aBEPIIYETHCA
yTBOpeHHAM areTui-KoA.

B-OKncHeHHA XUPHUX KHUCJIOT Iepedirae
B MaTpHUKCi MiTOXOHJApiil, TiMIBKUM B aepoOHUX
ymoBax. Ile mukigiunmii mporec, 3a AKOTO Bix
KapOOKCHUJIBHOTO KiHIA sKUPHOI KUCJIOTU HOCJIi-
IOBHO BimokpeMJioeTbcsa mo 2 atromu KapOomy
y Burasani ametusa-KoA:

MKnpHa Kncnota
y B«
R —CH,—CH,~CH,-COOH T» R _,—CH,~COOH,

YKkopoueHa
XMpHa KucnoTa

CH,-COOH + KoA
AIIeTtIJI'ROA

AKUN Yy TOJAJBIIOMY INIPOXOAUTH IUKJI
TPUKAPOOHOBUX KHCJIOT i AMXaAJbHUHN JaHIIOT.
ITuka P-OKMCHEHHA IIOBTOPIOETHCA LNOTU, IOKU
BCsA JKUPHA KHCJIOTa He Oyme mepepobOjieHa Ha
ametmi-KoA (man. 41.2).

-OKMCHEHHS KUPHUX KHUCJIOT € OJHUM
3 TOJIOBHUX JJKepeJ eHepriil ayis cuatesy ATd
i yHiBepcampbHUM OiOXiMiYHUM TpoIleCOM, AKUN
mepebirae B ycix sKmBuMX opranismax. Haiiim-
TeHCHUBHIiIIe P-OKMCHEHHsS Big0yBaeThCsa B Uep-
BOHUX CKeJIeTHUX M’ fd3aX, ceplleBoMy M’ 3i,
nupkax ¥ meuinmi. IIBuakicTs B-oxucHeHHS
30iJBITYETHCA B Pa3i ByTJIEBOJAHOTO TOJIOAYBAaH-
HA I iHTeHcuBHOI (isuunoi podoTu. Ilpu mpomy
KOHIIEHTpAIlid JKUPHUX KUCJIOT ¥ KPOBi 30iJb-
mIyeTbCA B pe3yJbTaTi iX MoOisisarii 3 Kupo-
BOl TKAaHUHU.
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—> Aneruia-KoA

—> Aneruia-KoA

—> Anerun-KoA
—> Aneruia-KoA

C
C
C —> Aneruin-KoA
C
C
C —> Anerun-KoA

Arnerun-KoA

Man. 41.2. Lnknun B-OKNCHEHHA XUPHUX KUCOT

He3amiHyBaHHA aMiHOKMCNOT

Sk Bam BiZmoMo, B KJIITHHAX KUBUX OpramHis-
miB npucyTHi 20 OCHOBHUX BUIiB aMiHOKUCJIOT.
J1st KOXKHOI aMiHOKMCJIOTHY icHye crenu(piuHni
IIIJIAX PO3IIENJIEHHA BYIJIEIEBOrO cKejeTa. AJje
B pe3yJIbTaTi KaTaboJIisMy BCiX ABAAIATH OCHOB-
HUX aMiHOKWCJIOT YTBOPIOIOTHCA BCHOT'O IMiCTHb
PEUYOBUH, AKI MOMKYTb OKMCHIOBATHUCS Y ITUKJIL
Tpukapbonosux kuciaor xo CO, i H,O 3 yrBoO-
peaaam AT® (man. 40.1).

TaxkuM YMHOM, KaTaboJaidM aMiHOKUCJIOT IO
KiHIIeBUX IPOAYKTiB BUBiIbHAE eHepriio. OgHAK
eHepreTuYHa POJIb aMiHOKUCJIOT, 3BUYANHO, He-
BeJIMKA, BOHA cKJjiazae jurre 10—15 % morpedu
opraHiamy B eHeprii.

Kara6oaism 6inbIIocTi aMiHOKMCJIOT IIOYN-
HaEeThCs 3 BifIemeHHA O-aMiHOrpynu. AMiHo-
KMCJIOTa BTpayae aMiHOTPYNY B pe3yJabTaTi ABOX
TUIIIB peakKI[ifi: TpaHCaMiHyBaHHA 1 Je3aMiHy-
BauHA. [[esamMiHyBaHHS — Ile BiJOKpeMJIEHHS
aMiHOTPYIIM BiJf aMiHOKHCJIOTH 3 YTBOPEHHAM
BiJILHOTO aMOHiaKy. ¥ BHUIIUX TBAPWUH OCHOBHUM
MIJIAXOM € OKHCHE Jae3aMiHyBaHHS, 3a SKOTO,
OKpiM aMOHiaKy, YTBOPIOETHCSA O-KETOKMCJIOTA:

Okcnpasm L- 1a
D-amiHokucnor

B ROHSOR

CH —-NH, C-NH C-0+ NH,
| | |

COOH oan oaiH COOH COOH

0 KnioyoBa ines

OfHVIM 3 TONOBHUX AXKepen eHeprii Ana CUHTesy
ATO € 3-OKUCHEHHA KUPHMX KNCMOT, WO 3aBepLLy-
€TbCA YyTBOPeHHAM aueTun-KoA. Katabonizm ami-
HOKMCJIOT 3aBePLUYETbCA YTBOPEHHAM MPOAYKTIB,
AKi MOXKYTb OKMCHIOBATUCA Y UMK TPUKapOoHO-
BMX KMCNOT 3 yTBOPeHHAM ATO.

(0]
H
N.
NH
0 (0]
¢ N
Y
H,N""NH, H N 0
CevoBMHa CeyoBa Kucnota

Man. 41.3. HiTporeHoBMicHi KiHLEeBi NpofyKTn Katabonismy

VYTBOpEHI O-KETOKUCJIOTN OKWCHIOKTHCA
Yy PeakIisax MUKJIY TPUKAPOOHOBUX KUCJIOT. AJje
BOHU TAaKOXK MOYKYTbH IIePeTBOPIOBATUCS Ha BYT-
JeBoxu abo Jgimigm.

IIle oxmua TpOAYKT Ae3aMiHyBaHHA — aMOHi-
aK — € TOKCHYHOIO cmoJiyKoo. HaBiTh HeBeuKe
OiABUIIIEHHS MOr0 KOHIIEHTpAIlil HeraTuBHO BILIM-
Bae Ha opraHisMm. ToMy B TKaHMHAX Bi0yBaeTbCA
3B’A3yBaHHA aMOHiaKy 3 yTBOPEHHAM HETOKCHUU-
HUX cmoayK. OCHOBHUH MHIISX 3HENIKOIKEeH-
Hd aMOHiaKy — cuHTe3 ceuoBuHHU (MaJy. 41.3),
AKa BUBOJUTHLCS 3 OPraHisMy i3 ceuero.

Po3wwenneHHA HITPOreHOBMICHUX OCHOB

IlypuHOBi Ta MipUMiINHOBI HYKJIEOTUAN PO3-
KJIAQOalOThCAd 3 YTBOPEHHAM Pi3HUX KiHIEBUX
TTPOAYKTiB.

IIypunosi miTporenoBmicHui ocHoBU (ameHiH,
ryaHiH) 30epirafoTh IMUKJIYHY CTPYKTYPY IIypHU-
Hy. KiHmeBuM IpoayKToOM iX PO3KJIALY € ceuoBa
Kmciaora (man. 41.3).

Ha Bigminy Big nypuHiB, KijgbIleBa CTPYK-
Typa MipUMiAMHOBUX OCHOB (THUMiH, IITMTO3UH,
ypamuia) pyHHYETbCA 3 YTBOPEHHIM 3BUUAMHUX
KiHIIeBUX MTPOAYKTIB KaTabosisMy — ByTJIeKUC-
JIOTO Tra3dy, BOAW I aMOHiaKy. 3 aMOHiaKy yTBO-
poeThes cevoBmHaA (Mas. 41.3).

CeuoBrHaA i ceuoBa KHCJIOTA BUBOAATHCS
3 opraHiamy i3 ceuero.

03a|‘|l/ITaHHH Ta 3aBJaHHA

1. JJo AKux npoueciB HanexuTb KNITUHHE AuXaH-
HA — KaTaboniuyHmx ym aHaboniyHnx? 2. OnNuwitb, AKi
MeTabonivHi WNAXM NepeTUHaOTbCs Ha LUK TprKap-
60HOBUX KNCNOT. 3. [10 AKNX NPOLECiB HaneXunTb LnKN
TPUKAPOOHOBMX KUCNOT — KaTaboniyHux um aHabo-
niyHnx? Bignosigb aprymeHtyinTe. 4. fAKi peyoBUHN €
KiHLUeBMMMN MpoAyKTamy Kataboniamy HiTporeHoBmic-
HUX Ccnonyk?
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§ 42. biocnHTes 6inka.TpaHckpunuia i npouecuHr iPHK

0 [omipkynTe

Y reHomi ntoguHn npnbnnsHo 20 000 reHis.
A B il KNiTMHax cuHTe3yeTbcA noHag 100 Tucay
6inkiB. AKMM YnMHOM?

Q 3raganTe

« bygosa AHK i PHK
» bynoBa reHiB eykapioTiB ¢ EK30HW 1 iHTPOHM

» Hykneotnanm

o [PUHLMMN KOMMIEMEHTAPHOCTI

MOHATTA NPO NAACTUYHWIA OOMIH
Y KNiTUHI

IlnacTuunuit 0OMiH y KJIITUHI SBIsE cO60I0
CYKYIIHICTh peakIlifi CHHTE3y OpTaHiuYHUX peuo-
BUH 3 BUKOPHUCTAHHAM eHeprii.

Y pesyJsbTaTi IJIaCTUYHOrO OOMIiHY KJIiTHHMI
3a0e31euyoThCA OyAiBeJIbHUM MAaTepiaJoM IJis
CTBOPEHHSA CBOIX CTPYKTYpP i opra"HiuHumu pe-
YOBUHAMMU [IJIs eTalliB eHepreTUYHOTro OOMiHYy.

ITpuknaagamMmu Takoro OiOCHMHTE3y € CHUHTE3
0inKiB 3 aMiHOKMCJIOT, CUHTE3 BYTJIEBOIIiB Y IIPO-
meci (oTocwMHTE3Y, CHHTE3 KHPiB 3 TIJIillepuHy
i KUPHUX KHCJIOT.

[MOHATTA NPO MAaTPUYHWI CUHTES

CuHTe3 CKJIaJHUX IOJiMEPHUX MOJIEKYJI
Ha OCHOBi remerwuuHol iHdopmalii KJIiTuHHU,
sarkonoBanoi B mogekyJsi [THK, BigOyBaernhcs
3a TUIIOM TaK 3BAHOTO MATPUYHOTO CHHTE3Y.
MarpruHUME HA3WBAIOTHCSA IIPOIECU CUHTE3Y,
3a AKUX Ha OCHOBI IIEPBUHHOL CTPYKTYPU OJZHOTO
GiomosriMmepa (MaTpuUIli) CHHTE3YETHCA ITIEPBUHHA
CTPYKTypa iHmroro OiomoJsrimepa (Komii).

Jlo MaTPpUUYHUX IIPOIECIB Yy KUBUX KJITUHAX
HaJe)xaTh pemaikania (6iocuntes JHK Ha Mma-
tpuni [JTHK), rpanckpunuisa (6iocuares PHK Ha
marpuri JJHK) i Tpancasania (6iocuuTes 6irka
3a mocJigoBHicTio HyKJIeoTuaie PHE).

Etanun 6iocuHTe3y binka

BiocuHTes 0Oinka cKJIamaeTbCcsa 3 TaKUX
eTamiB:

* TpaHCKpUNLia — cuaTe3d Monerkyau iPHK
Ha Martpuni gpingaaxku [[HEK;
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- mpouecuar PHK — pospiBamua i momu-
dikamia iPHEK;

* TPAHCIAILISA — CHUHTe3 01JIKOBOI MOJIEKYJIN
Ha marpuii iPHEK.

Tpauckpuniiia i nmponecuur iPHK Binbysa-
IOTbCA B AOPiI KJIITUHU, TPAHCAALIA — y IIU-
rTomsasMi Ha pubocomax. Ilicasa cuHTE3y mOJIi-
MeNTUAHUN JAHIIOT YKJIAJAAETHCI B IIPOCTOPOBY
CTPYKTYPY 1 HmiggaeTbcsA Pi3HUM IIOCTTPAHCJA-
nittauM MomudikaIiam.

TpaHcKpunuin

Ha erami TpaHckpunmii Biz0OyBaeTbCcs CHH-
te3 moaexkyau iPHK 3a 3paskom oxmoro 3 jaH-
mioriB mosekysau HHEK. Ilig uac cuHTe3y Mo-
aekyaun PHEK HyKJIeoTHAU IPUEIHYIOTHCS 3a
NPUHIIMIIOM KoMILJIeMeHTapHocTti. Hasmporu
agmenisioBoro HykKJeotuny B jgaHiosi [JTHK pos-
mimyerbea ypunuiaosuii aykiaeorus PHK (a e
TuMiguaoBuii, axk y cuutesi [JTHEK).

TpaHCKPHIIITia 3iICHIOETHCA BEJIMKUM KOMII-
JekcoM (epMeHTiB, rojioBHuUM 3 axkux € J[HK-
sane:xua PHK-mosimepasa (man. 42.1). Taxa
Ha3Ba O3HAYa€, IO BiH CTBOPIOE IIOJiMEPHUH
naumokok PHK 3a spaskom mosexkynau [THE.

IIpomec TpaHCKpPUOILl MOYMHAETHCA, KOJIU
PHEK-mosnimepasa BuaBjsge Ha Jjanmosi JTHE
30HY ITpomMoTopa. BoHa nmpukpimioerses go JJTHEK
y IHifi 30HI I MOYMHAE TPOCYBaTUCA Y3MOBMK Ii
nauiora. IIpu mboMy moABifiHA CITipaab MOJIEKY-
au [ITHK poskpyuyersesd, i PHK-moximepasa 3uu-
Tye indopmariito yuire 3 ogHoro Jjauitiora JJHK.
Bona posnisnae HykJgeoruau Ha Janiiosi [JTHEK
i mpmemHy€e BiMMOBiMHI HYKJIEOTUAM O JIAHITIOTA
PHEK (3a mpuHIinnoM KominieMenTapuocti). Hosi
HYKJEOTUIU IMPUETHYIOTBCA IO «XBOCTa» JIAH-

PHK-nonimepasa

Po3kpyuyBaHHs

OHK
—

MoyaToK CMHTE30BaHOro NaHuora

Man. 42.1. lMpouec TpaHCcKpunLil
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EK30H 1 IHTpOH EK30H 2
Ek30H 1 Ek30H 2
,_— IHTPOH, Lo
BMpPIi3aHO
3’eAHaHi eK30H!U b 3 naHutora
A_
EK30H 1 Ek3oH 2

Man. 42.2. Cxema cnnancmHry PHK

miora PHK, mio cunresyerbea. [inauka [THE,
3 KO0l (pepMeHT yiKe 3umuTas iH(popMaIllio, 3HOBY
CKPYyUyeThbCA B cmipayb. IIpormec TpaHCKpummii
s3akinuyerbcda, xKoau PHK-mosrimepasa mgocsrae
OiIAHKY TepMiHaTOpa.

Ho3piBaHHA (npouecnHr) PHK

HospiBanusa PHK e Ba:kiuBuUM eTamom pe-
amisarmii cmagkoBoi iHdgopmMmallii B eykapioris.
Bono BimactuBe Bcim Tumam PHK i He BimOyBa-
€ThbCS TiIBKU B OKPEMHX BUIIaIKaX.

ITix uac gospiBamus PHK BigOyBaeTbca me-
KiJIbKa IIpoIleciB, 30KpeMa:

* CILUIAMCHMHT — BUPiBaHHA iHTPOHIB i 3’ex-
HaHHA eK30HiB y cuHTe30BaHill mosiekysi PHE
3a momomoroio masioi azepuoi PHK (maPHK)
(mam. 42.2);

* KeIlyBaHHS — JOJaBaHHA 10 MOYATKY
moseryau PHEK mexkinmbkox wmommdikoBaHUX
HYKJIEOTHUAIB, AKi mAomomMaraiTh TPAHCIOPTY-
BaTHU il B I[UTOILIa3My;

* MoJIiafieHiJIlyBaHHA — [JOJaBaHHA IO KiH-
na mosekyau PHE mexkinbKox azeHisoBUX HY-
KJIEOTHIIB, AKi momoMaramTh TPAHCIOPTYBATU
ii B muTOmIa3My.

0 KniouoBa iges

KonitoBaHHA Ta peanisauia cnagkoBoi iHpopmaLii
3abe3neuyloTbcA NpoLecaMmm MaTPUYHOTO CUHTe-
3y. biocuHTe3 6inka cknagaeTbca 3 TPaHCKPUNLT,
npouecuHry PHK i TpaHcnauii. Ha etani TpaH-
cKpunuii BigbyBaeTbcsA cuHTe3 monekynu iPHK
3a 3pa3kom ogHoro 3 naHutorie OHK. Baxnusum
etanom npouecuHry PHK B eykapioTiB € cnnaim-
CVIHI — BUpi3aHHA IHTPOHIB i 3'€lHaHHA eK30HIB
y monekyni iPHK.

Metna 1

i /I'IeTnﬂ 2 —

¥ AHTUKOLOH — =

Man. 42.3. lNpoctoposa cTpyKkTypa TPHK

AnbTepHaTUBHUN CNANCUHT

IIpomec mospiBaHHA [M03BOJIAE KJITHHAM
eyKapioTiB IPOBOAUTHU TaK 3BaHUIl ajJbTepHa-
THBHUM CIUIAWCHMHI, Tig Yac AKOro 3 onHiel
mosiekynu PHK mMoXyTh yTBOprOBaTHMCA pisHi
KoMm6iHarrii ek3ouiB. IIpu iboMy 3 OZHOTO IOYAT-
KOBOI'0O BapiaHTa yTBOPIOIOTELCS PisHi 6inku. IIpo
MacIITad IIbOro IPOIeCy CBiAUNTL TOH (PaKT, IO
B reromi Jrroguuu Tpoxu Oiabime 20 000 rewis,
a B KJIITUHAX HaJIiuyoTh noHaz 250 Tucad OiaKiB.

TpaHckpunuia TPHK i pPHK

Tpaucooprai PHEK cunresyiorsca PHE-
moJiiMepasol B KJiTHHHOMY #Azapi. Buximmi
TPAHCKPUIITHA IIigJaloTbcsAd OaraTocTamiiHOMY
MIPOIECUHTY, Y pPe3yJabTaTi sAKoro (OPMYETHb-
ca tunoBa guasa TPHK mpocropoBa cTpyKTypa
(man. 42.3). Ilicna pospiBamma TPHK nepe-
HOCATHCA 3 SAApa B I[UTOILIA3MYy CIEI[iaJJbHUMN
IIePEeHOCHUKAaMU.

B eykapioriB HajmiuyeTbcA Big KiJIbKOX
COTeHb I0 HOecATKiB Twucau reHiB pPHK, aki
Iy:Ke iHTeHCUBHO TpaHCKpuOyioTbcs. Cmouar-
Ky PHEK-mosnimepasa cuuTe3ye MOBTY MOJIEKY-
ay-nonepenuuka pubocomuoi PHK, saxa morim
pospisaeTsrca ma okpemi Buagm pPHK. Micusa
3ocepemxenua reHis pPHK B azxpi xkaituam
pasom i3 pubocomamwu, IO 30HMPAIOTHCS, YTBO-
PIOIOTH fAnepIie.

3anuUTaHHA Ta 3aBAaHHA

1. AKi BNacTUBOCTI »KMBOro 3abe3neyyoTbca Npo-
Lecamy MaTpUYHOro cnHTe3y? 2. 3a paxyHOK AKMX Npo-
LieciB 36inbLlIY€ETbCA PIZHOMAHITHICTD BiNKiB 32 HE3MIHHOT
KiNIbKOCTi reHeTUYyHoro matepiany?
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§ 43. biocnHTes 6inka. TpaHcnALiA

0 [omipkynTe

Yomy B geAKknx BMMagKax y XUBUX OPraHiamiB BuU-
HUKNM MoAMiKOBaHI BapiaHTU reHeTUYHOro Kogy?

Q 3raganTe

» bypnoBa 6inka o AMIHOKMCNIOTK GinKiB

e MenTngHUn 3B'A30K » bynoBa pubocom

[eHeTUYHUIN Kop,

Bynmosa wmoxerkysu 0inka BU3HAYAETHCHA
nocaigoBuicTio HyKJeotuniB y [IHK. Kosxua
aMiHOKMCJIOTA KOAYETHCA 3a JOIOMOTOI0 TPHOX
HyKJeoTuniB. Takmili TpUIJIET HYKJEOTUIIB,
BiAIIOBiAHUI IIeBHiN aMiHOKMCJIOTi, HA3UBAETh-
ca kogoHoMm. Cucrema 3amucy craakoBoi iH(oOp-
marii B MoOJIeKyJiax HYKJEIHOBUX KWCJIOT, 3a
AKOIO ITOCJiJOBHICTh HYKJIEOTUAIB Y MOJIEKYJIaX
OHEK i PHK BusHauae mocJIiloBHiCTh aMiHOKHC-
JIOT y MOJIeKYJi OijfiKka, HasMBA€TLCS IeHeTHY-
HHUM KOJIOM.

Hamnpukian, rpumiaery AYT BizmoBimae ami-
HOKucJygora Mmeriouin (Met), Tpumiaery AVI] —
amiHokucsora igosennun (Ine), a HyKJeoTumm
YAA, YAT' i YTA e cronm-KomoHaMu, BOHHU CHUT-
HaJIIBYIOTh IIPO 3aKiHUYEHHS CHUHTE3Y IIOJimelr-
THUIHOTO JIAHIIOTA.

T'eHeTnuHUII KON yHiBepcalbHUU — BiH
Iparioe 3a OMHAKOBUMU IIPUHIUIIAMU B Opra-
HisMax pisHOro piBHA ckJaamHocTi. OgHAK Bigo-
MO KiJlbKa BUHATKIB. ¥ reHOMaxX MiTOXOHAPiH
i IpoKapioTiB BUABJIEHO aJbTePHATWBHI Bapi-
aHTU JesIKUX KOJOHIB. A HemaBHO y IeAKUX
rpyI opra"ismiB OyJsio BigkpuTo aBi pigkicui
aMiHOKMCJIOTU: CeJIEHOIIMCTeIH, 110 KOAYEThCA
cromn-komonom YI'A, i miposisuH, 110 KOAYETH-
ca crom-kKomounoMm YAT.

VYHiBepcaJbHICTh T€HETUYHOTO KOIY CBifI-
YUTHL OpPO Te, M0 BiH CKJaBCcA [JyKe DPaHO
B IIpoOIleci eBOJIIOIil, a BiAXMJIEHHA Bix yHiBep-
CaJbHOCTI — HPO Te, IO caM KOJ 3MiHIOBaBCH.

AmiHoauunn-TPHK

20 pisHWX aMiHOKHCJOT, HEOOXimZHUX
IJis CUHTe3y 0ijKa, MIiCTATbCA B IIUTOILIA3MI
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KaiTuHu. [ndg ydacTi B cuHTe31i BOHU MAaioTh
OpuemgHATHCS N0 BigmoBimuux mosekya TPHE.
ITpuennaraa KaTasisyoTh (hepMeHTH aMiHO-
anmuia-tTPHK-cunrerasu. BoHu mpamiooTh
ny:xe crmemupiuao — koxkHa 3 20-Tm amiHo-
anuia-TPHK-cuHTeTas posmisdHae TiAbKU OOHY
amiHokwuciaory i Bimmosimmy it TPHK. Moue-
rkyjga TPHK, koBajleHTHO IIOB’sizaHa 3 aMiHO-
KICJIOTOI0, HasuBaeTbesa amMiHoanmua-TPHEK.

TpaHcnaudin

Tpancasanis, a6o O6iocuHTe3 Oiara,— 1€
eram, MmiJ yac SKOro 3a iHdopMaillieio, 110 mic-
muthbcsa B iPHK, cunTe3yeTbcA HOJiNenTUIHNI
JAHITIOT MOJIEKyJau OiJIKa.

IIpomec Tpamcasaiii BimOyBaeTbcsa B pu-
bocoMax, AKi MicTATbCA B IIUTONJIA3Mi KJIi-
TuHu. CuHTe3 BigOyBaeThbCA 3TiTHO 3 TreHe-
TUUYHUM KOIOM, TOOTO KOKHOMY TPUILIETY
mykJgeotuniB iPHK BigmoBimae meBHa amiHoO-
KHCJOoTA.

BiocuuTes 6isika 3a0e3lmeuyeThCs e€Hepriero
3a paxyHOK posuierieHHsa ATO.

IIpomec Tpamcaaiii cKJaazaeTbca 3 TPHOX
eramiB: imimiarii, emoHramii Ta Tepminaii.

Ininiamis — moYaTOK CHMHTE3Y ITOJIiIIenTHII-
HOro JaHIora (man. 43.1, A). Ha nwomy erami
BifiOyBa€eTbCs: MPUEAHAHHA MAaJOi CYOOMMHMUIL
pubocomu mo janmiora iPHK, posmismaBanHs
CTapT-KOJOHY, IIPUETHAHHSA BEJIUKOI CyOOTUHU-
i pubocoMu Ta TPAHCIOPT 0 PUOOCOMH IIePIIoi
aMiHOKMCJIOTH.

Crapr-KOmOoHOM 3aBKAu € KomoH AVTI.
Ho HbBOrO mpumeanyerbca TPHK, mio mpuno-
CUTH OO pUOOCOMHU aMiHOKHUCJIOTY METiOHiH, SKa
1 Oyze IepIIo aMiHOKHKCJIOTOI0 MaiOyTHBOTO
MOJIIIIeNITUAHOTO JIaHI[Iora.

Moaneryna TPHE mpuemHyeTrbecsa OO0 MoJe-
kyau iPHK 3a momomoroio cBoro Tpuiliery,
AKWU HAa3WBAIOTh aHTUKOAOHOM, 32 IPUHIIUIIOM
KOMILJIEMEHTAPHOCTI.

Emonrania — HapolllyBaHHSA IIOJiNEITH]I-
Horo Jaumiora (mana. 43.1, B). Ilicaa crapr-
KomoHa pmbocoMa aHaJIidye HACTYIIHUWI KOIOH,
posmisHae ¥oro Ta MpUEAHYE OO HHOTO BiAIIo-
Bimzny moaeryay TPHEK 3 mHacrymHomo amino-
KHCJIOTOIO.



Ha man. 43.1, B HacTymIHUM KOZOHOM
e I'VII, a HacTynIHOIO aMiHOKUCJIOTOIO, AKa
TPaHCIOPTYEeThCA 3a momomorooo TPHE,—
BaJIiH.

Mixx gBOMa aMiHOKMHCJIOTAMH YyTBO-
poeThbeA menTugHuii 38’ a30K. MoJekyia
TPHK npu mpomy 3BiIbHAETHCA i 3aam-
miae pubocomy.

ITicia mboro pmbocoMa mepeMiIy-
eThbca M0 HacrtymHoro tpumiaery iPHE,
posmisdHae HOro Ta NMPUEAHYE HACTYIHY
moaekyny TPHE, axa mpuHOCUTH OO pu-
6ocoMu BigmOBiZHY aMiHOKHCJOTY. BoHa
TIPUETHYETHCA 0 MOMEePeIHbOI aMiHOKYC-
JIOTH 3a JOIIOMOTOIO0 MeIITHUAHOTO 3B’ A3KY,
i mosimenTUAHUNA JIAHITIOT TTOJOBXKYETHCHA.

Tepminamis — 3aBepIllleHHA TpPAaHC-
aamii (max. 43.1, B). Iloummaerbcs
3 poasmisHaBaHHA PHUOOCOMOIO CTOII-
rKomouny — YAA, VAT a6o YT'A. Cunres
TOJIITTEeIITUAHOTO JIAHI[IOTA 3aBEPIIYETHCSH,
pubocomMa pos3mamaeTbcsad HA CYOOAWHWUIILI,
mosekysau TPHE ta iPHK 3BinbpHAIOTHCA.

Pnbocomm

Pubocomu — memeMOpaHHi opranesu,
[0 CKJAJalThcsA 3 puboCOMHUX OiIKiB
i monmexysn pPHEK. Pu6Gocoma mozke mguco-
IiroBaTHU Ha ABi OKpeMi cyOOmMHUII — Be-
JUKY U Maiy.

ITo cyTi, pubocoma — Iie BeJIMUYE3HUN
depMeHT, AKTUBHUI IEHTP SKOr0 KaTaJi-
3y€ CHHTEe3 IMenTUuaHuX 3B a3KiB. Taxoix
Ha pubocoMax € OiIAHKU 3B’ A3yBaHHA
iPHK i tPHK, ginsukum 3B sa3yBaHHSA
pubOCOMHUX CYyOOAMHUIIL OAHA 3 OIHOIO,
IiaAHKY 3B A3yBaHHA pubocoM 3 MemOpa-
HaMM €HIOILJIa3MATHUYHOTO PETUKYJIYMY.

Ha ogmiii moaexkyai iPHK omuouac-
HO MOKe «IpaIfoBaThu» KiJbKa puOOCOM.
Cuinbao 3 iPHK BoHU yTBOpPIOIOTH MOJipH-
6ocomu (mmoJsticomm).

KnioyoBa iges
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Man. 43.1. Cxema TpaHcnAuii

[MpakTnyHa poboTa

o

Po3e’a3yeanHs 3ada4y Ha memy «biocunmes 6inka»
1. ®parmeHT naHutora iPHK mae nocnifoBHIiCTb Hy-
kneotugis: LILIL, ALLL TLIA TYA. Bu3HauTte nocnigos-
HiCTb Hykneotugis y monekyni AHK, aHTMKoZOHM
BianosigHux TPHK i nocnigoBHiCTb amiHOKMCNOT
y dparmMeHTi MONeKynM CUHTe30BaHOro 6inka.

2. Y monekyni 6inka Taka NocnifoBHICTb aMiHOKKMC-
noT: Tpe-nen-tmp-nis-cep-rni. Mobyaynte AinAHKY
iPHK, Ha sKkin 3akogoBaHUN Lieln Ginok.

\

TpaHcnAuia — npouec, mig Yac sKkoro 3a iHpop-
Madi€to, Wwo mictutbea B iPHK, cnHTe3yetbca no-
ninenTUAHWIA NaHutor monekynu 6inka. CuHTe3
BifOyBa€TbCA 3rilHO 3 FEHETUYHUM KOLOM, TOOTO
KOXXHOMY Tpunnety Hykneotuais iPHK signosinae
neBHa amiHoKucnoTa 6inka. TpaHcnAuis BigbyBa-
€TbCA Ha pMBOCOMAX y LMTOMMA3Mi KITUHN.

QBaI’H/ITaHHﬂ Ta 3aBAaHHA

1. BBaxkaloTb, WO reHeTUYHUI KOA eBOSIOLIOHYBaB
Bif ABONiTepHOro (ogHa amiHOKMCNOTa BM3HAYaETbCA
[BOMa HyKneotuaamu) go TpunitepHoro. Lo B cyyac-
HOMY reHeTMYHOMY Kofi CBifunTb Npo ue? 2. [ina yoro
KniTWHa yTBOPIOE nonipnéocomm?
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§ 44. MNocTTpaHcnAUiiHe fo3piBaHHA OiNnkis

0 [omipkynTe

AK KNiTMHa BUXOAUTDL i3 cuTyauii, Konn 6inok
nicnA CBOro CMHTE3y He 34aTeH CaMoCTiHO
yTBOPIOBaTU NOTPIGHY AnsA NOro ¢yHKLiOHYBaHHA
TPETUHHY CTPYKTYPY MOneKynm?

é 3raganTe

» bygosa amiHokucnot

o Pagnkanu amiHoKucnot

« ligpodinbHicTb, rigpodobHicTb

o TpeTnHHa i YeTBepPTMHHA CTPYKTypu 6inkis

[o3piBaHHA binka

ITicna sakiHueHHs CHUHTe3y MO:Ke BimOyBa-
THUCS IIPOIEC MOCTTPAHCIAIINHOTO AO3PiBaHHSA
b6inxa. IlocTTpaHCHANiliHI 3MiHEM BKJIOYAIOTDH
BUJaJeHHA (parMeHTiB MHOJimenTHIHOTO JIaH-
miora, MpuegHaHHA HeO0iJTKOBOI YacTHMHU, OCTAa-
TouHe (POPMYBAHHSA HPOCTOPOBOI CTPYKTYpU
MoOJIeKyJIu. Y pesyabTaTi popMmyeThbesa PyHKILiO-
HaJbHO aKTUBHUU O0iJOK.

Qonpinr
Sanumniaoun pudocoMy, IIOJIMenTUIHUN

JIAHI[IOT 3TrOPTAEThCA, i 0iTOK HabyBae IIeBHOIL
IpocTOPOBOi cTpyKTypu (KoH(Mopwmaiii). IIpo-

ropodobHa

& / B3aemopis

4N
cH,  HC “cH,

|

o

H

0

€= OH
BogHeBi GH.
3B'A3KM

OucynboigHnin

.‘/ 38'A30K

CH—S—'S— CH,

]
CHyCH~CH,— CH,~NH,* -0~ C—CH

2

\ MonHi

3B'A13KU

Man. 44.1. 38'A3KK, WO CTabini3yloTb TPETUHHY CTPYKTYpY
Monekynu 6Ginka
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Iec CIOHTAHHOTO 3TOPTAHHS MOJIINENTUIHOTO
JIQHITIOTAa Ma€ Ha3BY (POJITiHT.

Kinmesa ¢gopma 0iaKoBOI MoJexkyam Oara-
TO B YOMY 3yMOBJIEHA HOTO NEPBUHHOI CTPYK-
TYypPOIO, TOOTO IIOCJiJOBHICTI0O aMiHOKUCJIOT
y TOJimenTuAHOMY JAaHIIOKKY. BiacTusBocTi
aMiHOKMCJIOT, TaKi K eJeKTPUUYHUHN 3apdAn,
rizpoginsuicTs i rizpodobHicTh, BU3HAUAIOTH
xXapakTep ix B3aeMojil omHa 3 OJHOIO i KJIITHH-
HUM OTOUYEHHSIM.

Hampuknaan, y rao0yJAapHUX IUTOIIA3-
MaTUUYHUX OiJKiB rigpogob6Hi amMiHOKHCJIOT-
Hi 3aJUINKN 3aHYPIOIOTHCA B TJIN0 MOJIEKYJIH,
a rigpodinbHi PO3TOAINAIOTHCA IO ITOBEPXHI.
Takok (opMyBaHHSA CTPYKTypH OijKa BU3HA-
YaeThCsA YTBOPEHHAM B3B’A3KiB (rizpodobHuUx,
€JIeKTPOCTATUYHUX Ta iH.) MiK pagmKagaMu
aMiHOKUCJIOTHUX 3anuinkiB (mais. 44.1). Hua
migTpuMaHHa KoH(GopMalil 6iIKOBUX MOJIEKYJI
BeJINUe3He 3HAUeHHA Mae (OpPMyBaHHSA KOBa-
JIEHTHUX AUCYJIb(MimHux 3B A3KiB Mijk aTomamu
Cynbhypy O6iuHMX paguKaiB IMCTEiHy.

¥ pesysbraTi hopmyeTheAa i migTPpUMyeETHCA
TpeTUHHA CTPYKTypa 0ijKa, 10 00yMOBJIIOE HIOTO
BJIACTUBOCTI ¥ (hyHKIiI. 30KpeMa, B MOJeKyJaax
(epmeHTIB (QPOPMYIOTHCA aKTUBHI IIEHTPU, IO
BUKOHYIOTh KarawitTuyri QyHKIil. Ha okpemux
MOJITIeNITUAaX y CKJIaAi OiIKiB 3 UeTBepPTUHHOIO
CTPYKTYPOIO ()OPMYIOTHCA MMOBEPXHi, 1110 KOHTaK-
TYIOTh 3aBISKN HEKOBAJEHTHUM 3B A3KaMm (rix-
podobHMM, HOHHUM, BOAHEBUM). Y MOJEKYyJIax
0inKiB KIiTMHHUX MeMOpaH (opMylOThCA KaHa-
JIY AJI1 TpaHCMeMOpPaHHOTO TPAHCIIOPTY PEYOBUH.

HenpaBunbHa mIpocTOpOBa CTPYKTypa CIPU-
YnHSAE YTBOPEHHS HEAKTUBHUX OiNKiB, AKi mo-
PYIIYIOTH HOPMAJbHY POOOTY KJIITHMHU i HaBiTH
ychboro opraHiamy. SckpaBuMu IIpUKJIATaMU
IIbOTO € YTBOPEHHA HpioHHUX OiJKiB, 110 mpu-
3BOAATH [0 PYHHYBAHHSA HEPBOBOI TKAHUHU a00
(bopMyBaHHA aHOMAaJILHOTO T€MOTJIO0iHY, III0 BU-
KJINKAIOTh CePHOBUIHOKJIITUHHY aHeMilo.

ITopyiierEss TpeTMHHOI CTPYKTypm OiJ-
Ka — denHamypauis — BigOyBaeTbcs 3a 3MiHU
BHYTPINTHBOKJIITUHHUX YMOB, 30KpeMa, y pasi
MiABUIIEHHS TeMIIepaTypu, 3MiHU KUCJIOTHOCTI.
3a He3HAUHUX IOIIKOIKEeHb MOJKJIMBE BiTHOB-
JeHHA CTPYKTYpPU i QYHKIIA — penHamypauis.
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Man. 44.2. MNpuHuMn poboTK LWanepoHis

LWanepoHn

Y doapiury mesxkux 6inKiB 0epyTh yd4acTb
O0inKku mamepoHu. BoHu momomararmTh CUHTE30-
BaHUM OiJTKaM 3ropTaTUCA B NPABUJIbHY KOH-
dopmarito (man. 44.2).

IITameponu He TiIbKU 0EPYTHh yYacThb y (oJi-
IiHTy Jo3piBarouymx JIAHI[IOTIB, aJje W Jomoma-
railoTh NOMIKOMMKEHWM OinKaM B3HOBY HaOyTu
mpaBwiIbHOI KoH(popMmarii. Hanpukiman, cuaTes
IIamnepoHiB IeBHOro KJacy (0inKiB TeIIoBoOro
IIOKY), III0 0epyTh yd4acTb y crabijgisarii merm-
TUMAIB, 3POCTAE 3a IiBUIIEHHA TeMIIEpaTypu Ta
inmumx gopmax crpecy. Ilpu mpoMy BOHU 3axXu-
[aTh OiIKM KJIITWUHU Big meHarypairii.

MocTTpaHcnauinHi mogudikauii

ITicis 3aBepIIIeHHSA TPAHCIAILIl BEJIMKA Yac-
THHA OiIKiB HmigmaeThCA MONAJIBINNM XiMiUHUM
mMoaudikaiam.

Bigomo 6isbIlle IBOXCOT BapiaHTiB IIOCTTPAH-
caamiiinux moxumdikaliii 6inkiB. Barato 3 Hux
3IifICHIOIOTHCSA Ha MeMOpaHaxX eHIOIJIasMaTHhY-
HOT'O PeTUKYJIyMy. BilKu miggaroTheca aleTusIro-
BaHHIO, TVIIKO3UIIOBAHHIO, (DOCHOPUTIOBAHHIO Ta
iHmuM XimMiuauMm neperBopeHHaM. Hanpukian,
TJIIKOBMJIIOBAaHHA € HeOoOXiZHuMM eTamoM J03pi-
BaHHA OiJKiB miasmaTuuHOol MeMmOpaHu. s
b6araTbox 0iJIKiB, 0cO0JMBO (pepMEHTiB, BaKJIU-
BUM € IPUETHAHHA HeOIJIKOBOro KOMIIOHEHTA
(mpocreruunoi rpynu). OOMerkeHUIl ITPOTEOJIi3

0 KniouoBa ines

Micna TpaHcnAuii BinbyBaeTbca dongiHr — 3rop-
TaHHA MONINENTMAHOrO NaHuiora y MpPOCTOPOBY
CTPYKTYpY, AAKa 6arato B YoMy 3aneXuTb Big NOcsi-
JOBHOCTI aMiHOKMCNOT. Y dongiHry 6epyTb yyactb
6inkn wanepoHu. MocTTpaHcnAuinHi mogudikawii
6iNKiB BKJIIOYAIOTb TaKOX XiMiUHi NMepeTBOpPeHHs.

HeOoOXigHUI NI aKTUBYBAaHHSA HEAaKTUBHUX OiJI-
KiB-momepenHukKiB. TakuM UYMHOM, HAIIPUKJAI,
IIPOTOPMOHU II€PEeTBOPIOIOTHCSI Ha TOPMOHM.
Y nedakux BUMNAAKaX BiJl HMOJiNEeNTUIHUX JaH-
IIOTiB MOKYTH BUIAJSATHCA KiHIIeBi aMiHOKmHcC-
JIOTU, ab0 TPUEAHYBATHUCA CUTHAJIBbHI MEeNTUAU
I BUXOAY MOJIeKyJu Oinka 3 riaitmau. Kpim
TOTO, A ()OPMYyBaHHA CKJIAJHUX OiJIKiB HE00-
XiJiHe YTBOPEHH: 3B’A3KiB MijK OKpEeMUMMU JIaH-
moramMu (HaOpUKJIAL, Y MOJIEKYJi reMOrJyio0iHy
00’€IHYIOTHCSA YOTUPU OKPEMi JIAHITIOTH).

CuHTe3 i fo3piBaHHA
LMTOMNMA3MATUYHMX, MEMOPAHHMX
i CeKpeTopHuMX binkis

Bogoposuunui 6inKy A BHYTPIIIHIX IIO-
Tpeb IMUTOIJIA3MU CUHTE3YIOThCA Ha pubdocoMax,
BiJIbLHO poararmoBaHuX y muromiasmi. Taxi 6ij-
KU 3TOPTAIOTHCA B IPOIlEci BUXoAy 3 pmubocomm
Y BOZHOMY OTOUEHHi, ()OPMYIOUU TJIOOYJIAPHY
CTPYKTYPY 3 IOJISPHOIO IMOBEpPXHeIo i rigpodoob-
HUM SIPOM ycCepemuHi.

Memb6panui 6igKum abo cexperopHi O6iaKwm,
AK1 BUBOAATHCA 3 KJITUHU Uepe3 MeMOpaHu,
CHUHTE3YIOThCA Ha pubocoMax, OB SI3aHUX
3 MeMOpaHaM¥ eHIOIIJIa3MaTUYHOTO PETUKYIY-
my. Ilicoa cuHTEe3y 0iIKM 30BHIITHIX MeMOpaH
yOyZOBYIOTBHCS B MeMOpaHy eHI0ILIa3MaTUYHOTO
PETUKYJAYMY i TOCTABIASAIOTHCA N0 amnapary ['ojb-
I3Ki, a moTiM — 10 ITOBepPXHi KJIITHUHU.

CekpeTopHi 0iTKW TAKOK TPAHCHIOPTYIOTHCA
o amaparty I'osbaki, ane He Mo MeMOpaHax, a IIo
M0 KaHajaX eHJO0IJIa3MAaTHUUYHOTO PEeTUKYJIYMY.
Ja mogaibIioro TpaHCIOPTY BOHU IMaKYIOThCS
amapatoMm ['osbIKi y CEeKPeTOpHiI myXwupIri.

YV KaHajgax eHIOIJIa3MATHUUYHOTO PETUKYJIY-
My i1 mumcrepHax amapatry loabmxi O0inxu mo-
3piBalOTh — MiAJIATAIOTh HOCTTPAHCJIAIINHUM
MomudikaiiaMm.

03aﬂl/ITaHHFI Ta 3aBJaHHA

1. Aki B3aemogil NiATPUMYIOTb TPETUHHY Ta uyeT-
BEPTUHHY CTPYKTypu 6inka? 2. MoACHiTb, AK NomMuUnKa
B reHi (3amiHa OfHOro HykneoTuay Ha iHWWnI) MoxXe
npu3BecT Ao nopyleHb obMiHy pevyoBuMH. Bukopuc-
TOBYWTE Balli 3HAaHHA MPO FeHeTUYHUIN Kogh, GongiHr,
dbepmMeHTaTVBHUI KaTani3, metaboniyHi wnaxu. 3. Yum
NpPOCTOPOBa CTPYKTypa UMTONNamMatTnyHmx Ginkis Bia-
pi3HAETbCA Bif CTPYKTYpU MembpaHHUX 6inkis? 4. Mo-
ACHITb 3HAUEHHA 0OMEXEHOrO NPOTEOoNi3y B AO3PiBaHHI
6inkis.
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§ 45. DotocuHTes. CBiTNOBa ¢dasa

0 [omipkynTe

KntouoBy ¢yHKLUito B npoLeci ceitnoBoi ¢asun ¢o-
TOCMHTE3y Bifirpae monekyna xnopodiny. A Hasi-
Wo ToAi MOTPIOHI iHWI NiIrMeHTN y CKNagi aHTeH-
HOro Kommnekcy?

Q 3raganTe

e Mnactugn o Xnopodoin

» bygoBsa xnoponnactis

DoToCnHTE3

doTocuHTE3 — IIe IIPOIleC YTBOPEHHS KU-
BUMU OPraHi3MaMu OPTaHiYHUX PEUYOBUH 3 HEOP-
raHiyHUX 3 BUKOPHUCTAHHAM eHeprii cBiTja:

6CO, +6H,0+ HePMA_c g o 4 60,

IIporiec oToCHMHTE3Y CKJIAZAETHCA 3 TBOX
OCHOBHUX (pa3 — cBiTI0BOI i TemHOBOI. Ilig uac
CBiTIIOBOI (pa3Wm KBAHTHU CBiTJIa BJIOBJIIOIOTHCS
xJopodisoM, eHeprisad KBaHTIB BUKOPUCTOBYETH-
ca pasa cunresy AT® i HAII® - H,. Ilo6iunum
OPOAYKTOM € KHCEeHBb. ¥ XO/i TeMHORBOI (ha3u 3a
paxyuox AT® ra iHIIUX OIPOAYKTIB CBiT/IOBOI
(basu BinOysaerbca (Qikcamia monexyn CO, i
YTBOPIOIOTHCA MOJIEKYJU TJIOKO3MU.

Ho ¢orocmHTE3y 3maTHI pocawHU i medaxi

baxTepii.

Y kiaitTuHax pocauH (oTocumHTe3 BimOyBa-
€ThCA B XJIOpPOILIacTaX: cBiT/ioBa (pasa — Ha
MeMOpaHax THUIAKOIAiB, TeMHOBA — Y CTPOMi.

CgiTnoBa $a3a: NornnmHaHHA

eHeprii CoHuA

CoHsiuHA eHeprisi yJIOBJIIOETHCA (POTOCHUH-
TeTUYHUMU IIIrMEHTAMU, cepel AKUX OCHOBHY
poJsb Bimirpae xjopodia a. Kpim Toro, icHymoTH
xJjopodinu b, ¢, d, f. Jonmomi:kHUMU mirmMeHTa-
MU € Kapomunoiou (3KOBTi, momMapaHueBi, uep-
BOHi) i @ikobininu (UepBOHI I CHHI IirMeHTH
YepBOHUX BOIOPOCTE).

®dorocuHTETHYHI TirMeHTH  3TpyloBa-
Hi Ha MeMOpaHax THJIAKOIAIB y KOMILIEKCHU
nBox tumiB — ¢orocucremy I (®C I) i doro-

cucremy II (PC II). Koxxkua dorocucrema ckJjia-
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CsiTno MembpaHa Trnakoigy QoTtocuctema

LonomixHi
nirmMeHTn LeHTp

PeakuinHuin

Man. 45.1. Cxema nepegfavi NOrnnHeHoi eHeprii
B @HTEHHOMY KOMMeKCi poTtocncrtemu.
EHepria nepepacetbca Big Monekynu 4o MONEKynu,
NOKM He [OCAra€ peakuiiHOro UeHTpy

IaeThcA 3 KiJIBKOX COTEHb MOJIEKYJI IIirMeHTiB.
Veci mirmenTn poTocucTeMU MOMKYTH IMOTJIMHATH
KBAHTU CBiTJIa, ajie TIIbKY OJHA MOJEKYJia XJIO-
podiny doTocucTeMu MOKe BUKOPUCTOBYBATHU
MOTJIMHEHY eHeprilo y OTOXiMiuHMX peaKIliax.
IIa MoseKyJia HAa3MBAETHCS PEAKI[IMHUM I[€H-
Tpom (MaJj. 45.1). Yci iHIri MoJIeKyau mirMeHTiB
YTBOPIOIOTh AHTEHHHI KOMILIEKC: BOHU YJOB-
JIOIOTH €HEPTriio cBiTya i mepemaioTh ii B peak-
MiAHUN IeHTP.

CeitnoBa ¢asa: ¢oTonisz Boan

VYV pocamH GOTOCHUHTE3 MOUMHAETHCA 3 (POTO-
cucremu II. EHepria morsimHeHOTO0 CBiTJIA Bijg aH-
TeHHUX KOMILJIEKCIiB IlepefacThbCAa B PeaKIiiHu i
meutp ®C II i nmepeBoAUTL OAUH 3 €JIEKTPOHIB
xjgopodiny a B 30ymkenmit cran (maa. 45.2).

30ymKeHnil eJeKTPOH MIepegacTbCs Ha MO-
JEeKYJay-TIePeHOCHUK, a B MOJIEKYJ XJopodiay
3’ABJAETHCSA MTO3UTUBHO 3apsisKeHa eJIeKTPOHHA
«Iipka».

Brpauenunii xaopodijsioMm eIeKTPOH 3aMiIy-
€THCA €JIEKTPOHOM, AKUU YTBOPIOETHLCA B pe-
3yJsibTaTi (hoTOJIIBYy BOAM Mg Aielo cBiTja:

2H,0 = 4H" + O, + 4e7, ne e© — eJeKTpPOH.

IIix vac oTo1i3y B pe3yabTaTi pO3IIenieH-
HA MOJIEKYJIU BOAU YTBOPIOIOTHCA:

* @IeKTPOHU, IO B3alOBHIOIOTH «IiPKU»
y dorocucremi II;

- mpotoHu H';

 MOOIUHUI HPOAYKT — MOJIEKYIAPHUNA K-
ceub O,.
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AKuentop AKkuentop
Csitno €NeKTPOHiIB CsitTno €NeKTPOHiIB
_ 2e
2e
26 HAL® + 2H*
JTaHutor JNaHutor
nepeHOCHKIB nepeHOCHUKIB
e/eKTPOHIB eneKTPOHiIB HALOH + H*
WME o A
H,O0 — %2 O, + 2H* \/
®oTtocuctema |l ®oToniz Boan QoTtocuctema |
Man. 45.2. Cxema po6otn dotocuctem | i Il. Y ueHTpi KoxHoi OC po3milleHnIn peakuiiHUiA LeHTp (MoneKkyna xnopodiny a)

CeitnoBa ¢a3a: POTOCUHTETUYHWIA
NAHLIOT MepeHECEHHSs eNeKTPOHIB

EneKTpoH, BUOYINIEHUN 30yI:KeHUM XJIOPO-
dimom DC II, uepes JaHIIOr MOJEKYJI-IIEPEHOC-
HUKiB nepemaetrses go @C I. Tam BiH 3am0BHIOE
€JEeKTPOHHY «IiPKY», AKA YTBOPIOETHCS IIiJ Uac
OOTJIMHAHHSA KBaHTa cBiTyia xJjopodimom PC I.
TyT eleKTPoH 30yI:KyETHCA BAPYTe i 6epe yuacTb
y Bignosnenni HAJI®" no HANI® - H,. Taxwuii
PYX €eJIEKTPOHIB IO JIAHITIOTY IIEPEeHOCHUKIB Ha-
3WBAIOTh HEIMKJIIYHUM IIOTOKOM, a00 Z-CXeMOI0.

Y MmemOpaHax THJIAKOIAiB MOMKYTh 3IiMCHIO-
BaTHCA IMUKJIYHI IMOTOKHU eJIeKTPOHIB. ¥ HUX
€JIEKTPOH B30YIKYEThbCA TiJIBKM B pPeaKIliliHo-
my tnentpi @C I, i He BimOyBaeThcs yTBOPEH-
Ha HAII® - H,. Ilorik crac ODUKJIIYHUM, KOJIH
eJIeKTPOoHU Binx peaxiiiinoro neatpy ®@C I mepe-
narotbea He Ha HAJIID*, a moBepramoThcsa Hasas,
y JIQHITIOT IepeHOCHUKIiB eqeKkTpoHiB Bix @C II g0
@C 1. Takuii pyx eIeKTPOHIB 3a0e3meuye TiaIbKU
AT®, ane ve HAJI® - H,.

CgiTnoBa ¢a3a: NPOTOHHWI rPadi€EHT
Ha MembpaHax Tunakoifgis

IlepeneceHHsI €JEKTPOHIB CYIPOBOAKYETH-
cAd iHmmM mporecoM: mepeHocom mporoHiB H*

0 KnioyoBa iges

QoTocMHTE3 — Le Mpouec YTBOPEHHA MMBUMM
OpraHi3amamy OpraHiYH1UX PeYOBMH 3 HEOPraHIYHMX
3 BUKOPUCTaHHAM eHeprii csiTna. lig yac ceitnosoi
$a3n KBaHTM CBiTNa BMOBOIOTLCA GOTOCMHTETUY-
HUMW MNirMEHTaMK, WO 3rpynoBaHi y ¢oTtocucte-
Mu | i Il Ha MembpaHax TUNAKOIQIB XNOPONIacTiB.
EHepria KBaHTIB BUKOPWUCTOBYETbCA ANIA CUHTE3Y
ATO i HALO® - H.. Mo6iuHNM NPOAYKTOM € KUCEHb.

Y BHYTPIIIHBOTHJIAKOIZHMI mpocTip. Ha memO-
pPaHi THUJIAaKOiNiB BUHUKAE eJeKTPOXiMiuHMI
rpagieaTr. HaxomwmueHi HIpoOTOHU «IpopuUBa-
IOTBCA» 3 BHYTPIIIHBOTUJIAKOIZHOTO ITPOCTOPY
B ctpoMmy 110 Kanastax AT®-cunTasu; 1pu bOMY
cunresyerbcsa AT®. Ileit mexaHisM Ha3UBAETH-
ca ¢orodochopurroBaHHA; OTO TPUHIIUT CXO-
KHUH 3 MEXaHi3MOM OKMCHOTO (hoc(hOopUIIOBaHHA
B MiTOXOHIPiAX.

OCHOBHI IPOAYKTHU CBIiTJIOBUX peakIiliii ¢o-
rocunresy — HAN® - H, i AT® — naxonu-
YyIOThCA B CTPOMi, TOOTO TaM, Je BOHU MalOTh
BUTpPAUaTHUCA B PeakIlisgx TeMHOBOI (asm.

@ MpakTnyHa poboTa

BudineHHa i po30ineHHA cymiwi poC/IUHHUX nie-
MeHmMie Memooom nanepoeoi xpomamozpadii
1. 3po6iTb aLETOHOBY BUTAMXKY 3 JIMCTKIB OAHi€l
3 KIMHaTHUX POC/IH.

2. Po3ginitb mirmeHT! Ha ¢pakuii 3a 4ONOMOroio
CMYXKM XpomaTtorpadiuyHoro abo ¢inbrpyBanbHO-
ro nanepy, BUKOPUCTOBYIOUN AK PO3UYNHHUK CYMilll
6eH3eHy i 6eH3uHy (3:1).

3. lgeHTndikynTe po3saineHi nirMeHTV 3a IXHIM Ko-
JIbOPOM Ta MiCLieM pO3TallyBaHHA Ha nanepi, BU-
CyWiTb ManepoBy CMY»KY i BKIenTe ii B 30LMT.

4. Coopmyntonte BUCHOBOK.

033I‘II/ITaHHﬂ Ta 3aBOaHHA

1. K, Ha Balwy AYMKy, eyKapioTM4yHa KNiTMHa «3[A0-
6yna» xnoponnactn? 2. MNopisHATe 6yposy xnopodiny
Ta rema. 3. YoMy OCHOBHUIA GOTOCUHTETUYHMIA NirMEHT
pPOCNUH Ma€ 3eneHuin konip? 4. Aki 0cobnmBoOCTi eKo-
norii YepBOHMX BOJOPOCTEN 3YMOBIIOKTb Te, WO B HUX
OCHOBHVMW MirMeHTaMn € YepBOHi $iKoGINiHN?
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§ 46. ®oTtocmnHTe3. TemHoBa ¢dasa

0 [omipkynTe

3 AKoi cnonykn pocnuHn 6epytb KapboH ana
CUHTe3y BYrneBOAiB?

é 3raganTe

» MoHocaxapwugu, nonicaxapuau
» Kpoxmanb, Lentonosa, rioKosa, caxaposa

Mpouecn TeMHOBOI dpa3n GoToCUHTE3Y

¥V mpomecax TeMHOBOI (dasu (POTOCHMHTEIY
YTBOPIOIOTHLCS BYTJIEBOAM — TMEPBUHHI OpraHiuHi
peuoBuHu. CaMe B 11i#i (pasi BigOyBaeThCA BKJIIO-
uenHs atmocdepnoro CO, y ckaan Giocdepu.
Peaxiii cuHTe3y opramiuHUX pevyoBUH BimOyBa-
I0OTHCA 3 BUKOPHUCTAHHAM eHeprii, HaKoIu4eHol
y xomi cBitsioBoi (hasu (mai. 46.1).

TemHOBa (haza (HOoTOCHMHTE3Y 3IilICHIOETHCA
y ctpomi xjopomsiactiB. Ila ¢asa HazuBaeTbcsa
TeMHOBOIO TOMY, II[0 CBiTJIO He Oepe B Hiil Oesmo-
cepemHbol yuacTi. Y pOCIMH BOHA BifOyBaeThCS
AK yIeHb, TaK i BHOUI.

CyKymHICTh, TOCHITOBHUX pPeaKIili TeMHO-
BO1 (ha3u HasmBaeThea HUKIoM KaasBina. [{uki
Ha3BaHUI Ha YeCTh aMePUKAHCHLKOTo Oioximika
Mensina KanbpBiHa, SKuii oTpUMaB 3a HOTO Bin-
kpurtsa HobGemiBchbKy mpemiro 3 ximii 1961 p.

Caitno

H.O 0]

CsitnoBa ¢asa
ATO  HAOOH

Co, HAA®® ALO+O
TemHoBa
daza
Byrnesogu

Man. 46.1. B3aemo3B'30K CBiTNIOBOI i TEMHOBOI
da3 dotocnHTesy
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Lnkn KanbBiHa

ITig uac Gioximiunux peaxiiii mukay Kaab-
BiHA 3a yYacTIO BYTJIEKHCJIOTO ra3y i IPOAyKTiB
ceiTaoBol (hasu porocunTesy HAII® - H, i ATD
YTBOPIOIOTHCA MOJIEKYJIN TJIIOKO3MU.

Cunres 1 MoJerkyau TVIIOKO3U BifOyBaeThCcA
3a 6 obepris nuKIy i morpedye 6 momexyn CO,,
12 monexyn HAIIDPH i 18 moneryna ATO.

IMurkn KanbBiHa cKIagaeThcsa 3 TPHOX CTa-
mifi: KapOOKCUIIOBAaHHS, BiIHOBJEHHS Ta pere-
Hepaiii (manx. 46.2).

Kapo6okcuroBanua. 11s cragia HallBaKJIMBI-
II1a, OCKiJIbKM caMe Ha Hili Heopraumiunuii Kapoou
y ckaani CO, BKJIIOUAETHCA N0 CKJIaay OpraHid-
HUX pevoBUH. KJII0UYOBOIO peaKIlieio € mpue HaH-
HSI MOJIEKYJIM BYTJIEKHCJIOTO Tasy A0 5-KapOoHO-
BOI cmmostyKu puo0yJ1030-1,5-6icocary. Peakiris
Karayiisyerbcsa hepMeHTOM puldyJno300icocpam-
Kapboxcuaasorw (ckopoueno — RuBisCo). IIpo-
Imecu KapOOKCUJIIOBAHSA 3iMCHIOIOTHCA 34 YUaCTIO
AT®, orpumanoi mix uac cBiTs0BOI (pasu ¢o-
TocuHTedy. HoBa, Bike 6-KapOOHOBA CIIOJIYKA,
HecTifiKa i IIBUAKO PO3KJIANAETHCA Ha IBI MO-
Jeryau 3-ocdoraineposioroi kucaotu (3-PI'K).

BignoBiaenna. 3-®I'K BigHOBIIOETHCA IO
3-docdoraineposoBoro axapgeriny (3-PT'A),
YyacTHHa MOJEKYJ SKOro He B IUTOILIa3My Ha
cuHTe3 6-KapOOHOBOrO MOHOcCaxapuay (TJI0K03u

3i cBITNOBMX peakLiit

BN 12 A00 + 120

Heopr

[ndocdorniueponosa Kucnota (12 monekyn)

®ocdornineponosa Kucnota % 3i cBITNOBUX peakLin
(12 MOQEKyﬂ) % 12 HAO-H
@ = 12 HALO*
6CO, 2 © .
s Tpiozodocdat (12 monekyn)
g
S [mioko3a
] (1 monekyna)

Pubynosoaudocdar (6 monekyn)

6AN0 +<5®\— PubynosomoHodpocdat
(12 monekyn)

6 ATO
i3 CBiTNOBUX peaKLin

MNepeTtBOpeHHA
KapbOHOBKMX
cnonyk

Man. 46.2. Cxema umkny KanbBiHa —
wnaxy ¢ikcauii Kapb6oHy nig yac dotocmHTesy
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Man. 46.3. Mogenb monekynu RuBisCo

abo ppyrrosu). Tyr, kKpim ATP, BUKOPUCTOBY-
eTbea Takoxxk HAIID - H.

Perenepanis. Yacruna wmoaeryna 3-@PI'A
BUKOPHUCTOBYEThCA IJIs CHUHTE3y puoyJio30-1,5-
Oicocdary, AKUN BCTyNae B HOBUH ITUKJI.

®epmeHT RuBisCo

RuBisCo (man. 46.3) € ayske BasKJIUBUM
depmeHTOM Ha 3eMJli, OCKIJIBKY caMe BiH BKJIIO-
uae Heopraniunuii CO, 3 armocthepu y Giosoriu-
HUM Kpyroobir. Iamoro mogi6buoro (hepmMeHTy He
icaye. Ile#t (hepMeHT BUABJIEHUN Yy (POTOCUH-
Te3yIUNX KJITHMHAX yCiX Has3eMHUX 1 BOSHUX
eyKapioTuuHuX (QoroTrpodiB i miamobaxTepiii,
y OinbIIocTi mypmypHuUX i 3eJeHHUX OaKTepin
Ta y 0e3XJIOPOPIIbHUX XeMOaBTOTPOPHUX OaK-
Tepili. BBakaeThcs, IO e HAWIIOMIMPEHIiIIUi
Ha 3eMJii i mepeBakHUI y KiJdbKicHOMY Bifm-
HOIIIeHHI 0iJIOK.

Peakmia, mo xaraimisdyerbca (epMeHTOM
RuBisCo, BigOyBaeTbCsa OysKe IMOBLIBHO (Kijb-
ka mosnekya CO, Ha CeKyHIy), TOMY B CTpPOMI
XJIOPOILJIACTiB Iel (pepMeHT MO:Ke CTAaHOBUTHU
IO IIOJOBUHH Bchoro Oinka. Ha piBui 1mboro
depMeHTy 3AiMCHIOETHCA PEryJIallis IIIBUIKOCTI
nukygy Kasbsina.

0 KnioyoBga igen

Y xopi TemHoBOi da3u GOTOCUHTE3Y Yy CTPOMI
xnoponnactis BigbyBaeTbca dikcauia monekyn
CO, i yTBOpIOIOTHCA MOJNIEKYNIN Ttoko3W. Hapani
rNloKO3a MOXe MosiMmepur3yBaTUCA B KpPOXMmarb,
Lentonosy Ta iHWi opraHiyHi cnonyku. CyKynHicTb
Noc/ifoOBHMX pPeaKLil TEeMHOBOI a3 Ha3BaETbCA
umknom KanbgiHa. KntouoBa peakuis NnpueaHaHHA
monekynu CO, kaTanisyetbca dpepmeHTom RuBisCo.

Man. 46.4. YMicT Kpoxmasio B MPOAyKTax XapyyBaHHA

CnHTe3, 3anacaHHA | BUKOPUCTaHHA

Kpoxmar’tio

Tpurapb6onosi pochocaxapunau (3-PI'A), 110
yTBOpuUJIKCA Ha Apyriit craxii nuxkay KanbBiHa,
TPAHCHOPTYIOTHCSI B ITUTOIJIA3My KJIITHUHU, e
3’€IHYIOThCA OAWH 3 ONHUM i yTBOPIOIOTH IIec-
TUKapPOOHOBUN caxapuj — TJIIOK03Yy abo PpyK-
To3y. Hamaui rarokosa MoKe IoJIiMepu3yBaTUCA
B KPOXMAaJib, IEJIIOJIO3Y Ta iHII CHOOJYKMH:

nCH O~ (CH, O, + nHO.

KpoxMmanb € ocCHOBHUM 3amlacHUM IIoJicaxa-
puzmoM y pocamHax. ¥ KJIiTMHAX BiH 30epiraern-
cd Yy BUTJIALL KPOXMAaJbHUX 3€PeH AiaMeTpPOM
Big 1 mo 100 mrm. 3asBuuaii KpoxMaJib KOHIEH-
TPYETHCA B JIUCTKAX y Hepios akTUBHOTO (oTo-
CUHTE3y, IIiCJAA YOT0 IMEePETBOPIOETHCSA HA PO3-
YUHHY caxapody, AKa TPAaHCHOPTYEThCA B iHIIIL
YaCTUHYU DPOCJIVHU.

Kpoxmanps HakonmuuyeThca y HaciHHI W BuU-
KOPHUCTOBYETBCS IIiJi Yac IIpOpocTaHHA. Bin-
KJIa[eHHA KPOXMAJI0 HAKOMUUYYIOTHCA TAKOMK
y migseMHux mnaroHax (0Oyabpbax, IuOyJIUHAX,
KOPEHEeBUIax), IMapeHXiMi NpoBiTHUX TKaHWH
KopeHiB i crebes. OcobamBO GaraTuMu HA KPOX-
Majb € OyJan0u KapToILIi, HAaciHHA 3JaKiB, 0o-
00BUX, Ipeuanmx pocauH (maa. 46.4).

03an|/|TaHHﬂ Ta 3aBJaHHA

1. Aki npopykTn ceitnoBoi da3n $oTocnHTE3y BU-
KOPUCTOBYIOTbCA ANA peakuin TemHOBOT da3m (ymkny
KanbgiHa)? 2. Aki ocobnusocTi pepmeHTy RuBisCo cBia-
yaTb MpO Te, WO Ue Ayxe AaBHin depmeHT? 3. Yomy
POCNMHM 3anacailoTb BYrNEeBOAM Y BUMNALI KPOXManio,
a He caxapo3u uu uenonosun?
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§ 47. DoTtocnHTE3 y NpoKapioTiB. [NnaHeTapHe 3HauyeHHA POTOCUHTE3Y

0 [TomipkynTe

Yn moxe BigbyBaTnca ¢oTo-
CUHTe3 6e3 BUAINEHHA KUCHIO?

Q 3raganTe

« [IpokapioTn
« ABTOTPOOMU, reTepoTpodu

Man. 47.1. LiaHo6aKTepii 34ilCHIO0Tb
KNCHeBUI GOTOCUHTES

Man. 47.2. Cipkob6akTepii 34ilCHIOTb
6e3KNCHEeBMI GOTOCUHTE3

KnitTnHHa memb6paHa

baktepiopogoncmH

Man. 47.3. baktepiopogoncnH —
TpaHcMeMOpaHHWIA GiNoK, Wo 3abes-
neuye 6e3xnopodinbHM GoToCUHTES

B apxeln pogy Halobacterium

98

DoTocmHTEe3 Yy NpoKapioTiB

doTocuHTE3yIOUNMH € 0arato rpyn 60aKTepiii, 30Kpema Iria-
HOOakTepii. ¥ GaKTepill HeMae XJIOPOILJIACTiB, TOMY ()OTOCUHTE3
BimOyBaeThCcA B IIMTOIJIA3Mi Ta Ha BHYTPIIIHIX CKJIaZKAaX IJIas3-
MaTUYHOI MeMOpaHu — Me30Co0Max.

Ha mesocomax poaramnioBaHi ()OTOCHHTE3YIOUi IIirMeHTH —
baxTepioxaopodisu, AKi 3AilICHIOIOTH CBiT/IOBY (hady (OTOCHH-
Te3y; TeMHOBa (pa3a BimOyBaeThbCcA B IIUTOILIA3MI.

IToxgi6mo mo xJopodiny, GaKTepioxJopo@iyu IIOTIMHAIOTH
€Heprilo CBiT/Ia ¥ BUMYCKAIOTH E€JIEKTPOHU, AKi IIepelaroThbCA II0
€JIeKTPOHHOTPAHCIIOPTHOMY JIAHITIOTY i 3a0e3mneuyioTh cuaTe3 ATD,
HAJII® - H. Nani Binbysaersea dikcanisa CO, y KapOOHOBI CIIONYKY.

BaxrepianpHuii (porocuHTes MOKe BimOyBaTucsA SK 3 BUi-
JIEHHAM KIMICHIO, TaK i 0e3 I1oro BUIiJIeHHS.

KucneBuii (okcurenunmuii) ¢gorocuHTes BinOyBaeThcA y Iia-
HOOaKTepilt (cuHBO-3eJeHUX Bojgopocreii) (man. 47.1). Binm mo-
IiOHMIT 10 (POTOCHMHTE3y BUIIUX POCJILH:

- 3abesmeuyeTbca xJopodisom a;

* CYIPOBOMIKYETHCA BUIAIJIEHHAM MOJIEKYJISPHOTO KUCHIO;

- BimOyBaeThcA 3 ()OTOJIIBOM BOAM SK MIiKepeJia eJIeKTPOHiB.

BeskucHeBuii (aHOKCUTeHHUII) (POTOCHUHTE3 BifOyBaeThCs
B IyPOYPHUX, AeAKUX 3eJIeHUX i resiobakrepiit (man. 47.2). Ile
HaMpaBHimI, npumMiTuBHiI opMu dorocuHTE’y, AKi:

+ 320e31eUyIThCA 6aKmMepioxaopoPinom;

- BimOyBaioThbca 0e3 BUAIJIEHHSA KUCHIO B HABKOJIUIITHE cepe-
IOBUIIIE;

* AK TOHOpPa eJEeKTPOHIB BUKOPUCTOBYIOTHL HE BOAY, a iHIMIi
peuoBMHU — TigporeH cyabdim, moseryaapHuii I'imzporeHn, mo-
aeryaapauii Cyabdyp, Tiocyab(aT, OpraHiuHi CIIOIyKH.

B ekcrpeManbHUX TradodiibHUX apxeOaxkTepili BUABJIEHU
TaKk 3BaHUU Oe3xJiopoginabHHil (oTocuHTe3. Posb xj0podiny
B HUX BUKOHYE 0i0K 6axmepiopodoncun (man. 47.3). Ile dio-
JIeTOBUII CBITJIOUYTAMBUMA IIIrMEHT, HIOAIOHHII OO POLOIICHHY
ciTKiBKM OKa. BiH morysimHAEe CBIiTJIO i IIEPETBOPIOE IOTJIMHEHY
euneprito Ha AT®. BesxsopodinbHuii 6aKTEePiopPOIOICUHOBUNA
dorocuHTE3 € HANOIMBIIT TPUMiTUBHUM THUIOM (hoTocuHTe3y. 11o-
piBHAHO 3 HUM XJIOPOGiIbHUI (POTOCUHTE3 MA€E€ CYTTEBO GBIy
eeKTUBHICTL 3allacaHHA eHeprii.

I'InaHeTapHe 3Ha4eHHA (I)OTOCVIHTe3y

Ilepiri semHi opranismMu OGyiu aHaepoOOHUMU TeTepoTpoda-
MH — BOHHU IIOTJIMHAJU TOTOBiI OpradiuHi pevyoBMHU 3 IIEPBUH-
HUX BOJOMM. 3roJoM TIOTOBOI OpradHikKu CTaJI0 He BHCTAYaTH,
I opraHisaMu ImouaJii ITyKaTH iHII mkepesa pedoBuH. OmHiero
3 amamTaiiii 6yJa0 BUHUKHEHHS aBTOTPO(MHOrO TUIY JKUBJICHH.
Ilepiri aBTOTPOGY BUKOPUCTOBYBAJIN 0e3KUCHEEUIL homocuHmes.
CaMOCTiiHO CHHTEe3yUl HeoOXiJHI peuoBMHM, BOHHU II€pecTaIn
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Man. 47.4. MNMepBrnHHa NPOAYKLiA OpraHiyHOi peyoBMHM B npoueci $OTOCHHTE3Y Ha Cyxononi

KOHKYPYBaTU 3a HUX 3 rereporpodaMu, MOCiiu
HOBi €KOJIOTiUHi Himri Ta cTBOpMIN 6€3/Tid HOBUX
¢opwm i Buzis.

HacrynauMm eramom OyJia mosiBa KUCHEB020
¢omocunmesy. MojeKkynapHUN KHUCEHb BUJA-
JISIBCSA 3 KJIITUH SK MOOIYHWUI TPOAYKT, OCKiJIb-
KU BiH OYyB TOKCUUYHUH AJA AAaBHIX aBTOTPOd-
HUX aHaepoObiB. 3rofoM KKHCeHb HAKOINUYBaBCS
B aTMmoc(epi, I opraHisMu moyajam BUPOOIATHU
crmoco0u 3axucTy Bim oro Tokcuuuoi mii. Tax
BUHUKJIN aepobu. 3’ABuancA HOBI meraboiu-
Hi IIIAXU, [0 BUKOPUCTOBYIOTH KUCEHDb IJIs
e(pekTuBHOrO BUPOOJEHHsA eHepril (KucHese
Jduxanns). AHaepobu 3HUKJIH abo 30eperJucs
Y BaXXKOMOCTYITHUX MiCI[IX.

VHacaigoK BUCOKOI KOHIEHTpAIlil KUCHIO
B atTMmocdepi chopmyBaBca 030H08ull utap. Bin
3aXWIaB ILJIAHETY BiJi KOPCTKOTO COHAYHOTO
BUMPOMiHIOBaHHsA. OpraHisMm 3MOTJIH BUNTHU
3 BOAUW HAa CYXO[iJ, III0 3YyMOBUJIO Pi3KUIl CTPU-
00K BUIOYTBOPEHHS.

CroromHi OCHOBHMMU (DOTOCHHTE3YIOUNMU
opramisamMamu Ha 3eMJIi € 3ejeHi pocamHHU i Iia-
HOOaKTepii. POTOCUHTE3 € OCHOBHUM JKEPeIoM
Oiosoriunoi eneprii (masn. 47.4). @oToCUHTE3Y-

0 Kniouosa iges

KncHeBuin poTocrHTes 3a fonomorot xnopodiny
NPUTaMaHHWI 3eNeHUM POC/IMHAM i LijaHobaKTe-
pisim. BeskucHeBwui | 6e3x10podinbHUI GOTOCUH-
Te3n € HalAABHILWIMK i NPUMITUBHUMYK dOpMaMu
boToCKHTE3Y, WO 3[INCHIOTLCA feAKUMM baKTe-
piammn 11 apxeAmn 3a AOMOMOrow 6GaKTepioxno-
podiny i 6akTepiopoaoncuHy. BUHUKHeHHA doTo-
CMHTe3y 3MiHUJIO €eBOJIIOLiI0 OpraHi3miB i cknag,
atmocdepu, nitochepu i rigpochepun 3emni.

I04i aBTOTPO(PM BUKOPUCTOBYIOTH I AJIA CHUHTE-
3y OpPraHiyYHMX PeuoBUH. ['eTepoTpodu iCHYIOTH
3a paxXyHOK eHeprii, 3amaceHoi aBToTpodamu
y BUIIAAl XiMiuHMX 3B’A3KiB, BUBiLIbHSOUM Ii
B Ipollecax IUXaHHA 1 OpomiHHs.

OyHKUiT doTOCKHTE3Y

- HakonuueHHsas opraHiuHoi Oiomacw.
YV mporieci (poToCUHTE3Y POCIAWUHU YTBOPIOIOTH
160—240 mapx TomH Giomacu Ha pik (y mepe-
PaxyHKy Ha CyXy PeYOBUHY). 3a Yac iCHyBaHHS
JKUTTS Ha 3eMJIi opraHiuHi 3ajdIIKN HAKOIIN-
yyBajauca i mMoaudirkyBanuca (rymyc I'PYHTIB,
MyJi, Top(d, Kam’sHe BYTiJJIs, OCagoBi mopoau
MOpiB i okeaHiB).

- IlinTpumka ckaaxy armocdepu. Ilopiu-
HO B X0ni (poTocmHTE3y B aTmochepy HaIxo-
authb (0—120 mapn ToHH KucHio. ChboTomHi BiH
cTaHoOBUTH 0sm3bK0 21 % B3a obcAroM moBiTpA.
doTocuHTE3 i JUXAaHHA IMiATPUMYIOTH BiTHOCHO
cranuii piserb CO, B armocdepi (0,08 %), ymicr
SAKOTO BILIMBA€ HA TEIJIOBUII PEKUM ILJIAHETHU.

- YTBOpeHHA 030HOBOrOo mapy. Ha Buco-
Ti 6M3bKO 25 KM ming mieio coHsauHOI pasmiamii
3 kucHio O, yrBOproeTbcs 030H O,. Illap o3zo0-
HY 3aTpUMy€ 3HAUHY YacTUHY YJabTpadiosero-
BOT'O BUIOpOMiHIOBaHHA (HoB:KMHA XBuai 240—
290 M), 3ry0HOTO AJIA JKUBUX OPraHi3MiB.

03aI‘II/ITaHHFI Ta 3aBAaHHA

1. [e XuBYyTb Cy4acHi aHaepobu? Hasepite npukna-
an. 2. Wo take napHukoBuin edekT i AKMA ra3z aTmo-
coepun noro cTeopioe? 3. AK BY BBAXKAETE, AKMM LUAS-
XOM niwna 6 eBosnouia, SKOM He BUHUKAN aBTOTpodun?
4. 3pobiTb NpunyleHHs, Ak Bigbyeanacsa 6 esontouin,
AKON He BUHUK KUCHEBUN HOTOCUHTE3.
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§ 48. XemocuHTE3

0 [TomipkymnTe

Bigomo, 1o mpoLec XeMOCUHTE3y He 3anexuTb
Bifl COHUA i MoXe BigbyBatuca uinogoboso.
Ane B macluTabax Hallol MiaHeTU XeMOCUHTE3
He TaK MowunpeHuin, sk GoTtocHTe3. Yomy?

Q 3raganTe

o OKWCHEHHS, BiIHOBJIEHHS
o ATO » Kpyroobir peyoBuH

M pouec XeMOCNHTE3Y

OmHUM 3 BUiB aBTOTPO(MHOTO ;KUBJIEHHS € Xe-
MOCHHTE3 — IIPOIlec, ¥ AKOMY eHepriio AJs yTBO-
PEeHHA OPTaHiUHWX PEUOBUH OPTaHi3M OTPUMYE
BiZ peakIlifi OKMCHEHHsS HEOPTaHiuHUX CIIOJYK.

Tagkuil TUII JKUBJIEHHS XapaKTePHUN TiIBKU
oas GakTepiit i apxeii.

XemMocuHTe3 3[4iMCHIOEThCA 0e3 yuacTi cBiT-
aa. Ile BigpisHsAEe XeMOCHWHTE3yIOUi OpraHismMu
BiT ()OTOCMHTE3YIOUMX, OCKIJIBKM OCTAHHI BU-
KOPUCTOBYIOTh AK [JKEpPeJyio eHepril coHAYHe
CBiTJIO, a He eHepril XiMiuHMX peakIliii.

Ins1 omepskaHHA eHeprii MiKpoopraHisMu Bu-
KOPICTOBYIOTH €HepPrilo peaKIliii OKMCHEeHH cip-
KOBOIHIO, aMoHiaKy, BogHio, @epym(II) oxkcuny
Ta iHImMUX peuoBuH. EHeprid, 10 OTPUMYETHCSA
i yac OKMCHEHHs, 3amacaeTbesa y opmi ATD.

PeuoBuHaMu, 3 AKMUX BigOyBa€ThCA CUHTE3
OpPraHiYHUX MOJIEKYJ, € BYIJIEKHCJU#N ras ado
MeTaH.

IIpomec xemocuHTe3sy Bigkpus 1889 pokry
BUAATHUHN yKpaiHCcbKUil Mikpob6iosor C. M. Bu-
HOTPAJICbKUI.

[Pynn xeMOCUHTE3YIOUYNX OpraHi3miB

3amizobakTepii. IcHYIOTh 3a paXyHOK OKHC-
Henusa Pepymy (aBoBasienTHOro Fe?" mo Tpusa-
sgentHoro Fe’'):

4Fe(OH), + O, = 4H,0 + 2FeO,

VYrBopenuii pepym(IIl) okcun sanizobaxTe-
pii BigKJIamaoTh y cBOili caus3oBitt o6osoHnITi. 111
MiKpoopraHisMu IIOIIMPEHi B HpicHUX i Mop-
CbKHUX Bomoiimax (Mmaj. 48.1, 48.2).

CipkoobakTepii. OKHCHIOIOTH CipKOBOJEHD
(rizporeH cyab(ix) KO MOJIEKYJISPHOI CipKuU:

2H,S + O, = 2H,0 + 28

Y pasi Hecraui CipKOBOIHIO OKMCHIOIOTH

cyabpyp o0 cyab(pPaTHOI KUCJIOTH:
28 + 30, + 2H,0 = 2H,SO,

CipkobaKTepii MOKYTh KUTU B OKeaHax Ha
BeJIMUE3Hill rimbuui, y TUX MicmAx, e 3 pos-
JIOMiB 3eMHOI KOpPH y BOJAY BUXOIUTHh CipKO-
BoZeHb. KoJjocasbHa KiJbKicTh cipkobakTepiit
icuye B HopHOMY MOpi, B AKOMY Ha IJIMOMHAX
noHan 200 M Boma HacuueHa CipKOBOTHEM.

TionoBi 6akTtepii. OKUCHIOIOTH BifHOBJIEHI
cuonyku Cyabdypy Ta AaBoBajieHTHOTo Pepy-
My 1o cyiabharHol Kuciaoru. eski mpemacras-
HUKU TiOHOBUX OaKTepiii 3maTHI BUKMBATHU
I POBMHOMKYBATHCA 38 eKCTPEMAJIbHUX KOHIIEH-
Tpaniii kucaoru (pH = 2). BinpuricTs i3 HUX €
aepobamu.

Man. 48.1. 3ani3nucTi KBapuUTN — pe3ynbTaT KUTTERIAND-
HOCTi 3anizobakTepin
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Hirpudikyroui 6akrepii. OKUCHIOIOTL amo-
HiaK, IO YTBOPIOETHCSA B IIPOIleCi THUTTSA Op-
ra"Hiuaux peuoBuH (0inKiB), mo HiTpUTHOI Ta
HiTpaTHOI KUCJIOT:

2NH, + 30, = 2HNO, + 2H,0,
2HNO, + O, = 2HNO,

VYTBOpeHi KHCJIOTU B3aEMOLIIOTH 3 I'PYH-
TOBUMU MiHepajaMu, YTBOPIOIOUM HITPUTU Ta
mHirpatu. Hirpudirkyioui 6arktepii momupeni
B I'PYHTi Ta Bomoiimax. BaraTto 3 HuX € cumOi-
OHTaMM POCJIUH.

BogneBi 6akTepil OKUCHIOIOTH BOJEHb, AKUN
YTBOPIOETHCA IIiT Yac aHAepPOOHOTO PO3KJIAJAHHS
opramiunmx pemrtok: 2H, + O, = 2H,0. Orpuma-
HY €Hepriio BUKOPUCTOBYIOThH JJIA IEPETBOPEHHS
CO, ma meraHn Ta iHIIi OpraHiuHi CHOJIyKH.

3HaYeHHA XeMOCUHTe3y

OpraHiuHa NOpPOAYKIIiA XEMOCHHTE3y CcTa-
HoBUTH MeHIine 1 % Bigm ¢orocuuTesy, mpoTe
BiH Mae BeJimue3He 3HAUYEHHS AJA OioyioTiyHMX
i reoximiuHUX mporeciB Ha 3emuti. OcCHOBHE 3HA-
YeHHSA XEeMOCHWHTe3y II0JIdATrae B TOMY, IO BiH
3abeseuye KPyroodir HaBaKJIUBIIINX eJIeMeH-
TiB 3i BMiHHUM CTyIleHEM OKUCHeHHs: Pepymy,
Cynbdypy, HiTporeny rta immux.

CyrreBe 3HaueHHA B Kpyroobiry Hirpore-
HY HaJIeKUTh XeMOTPOMHUM HiTpudiKkywuum
O0axTepisam. Boum momwmpeni B mpuponi, i 3miii-
CHIOBaHi HUMU TIPOIeCH BifIOYBaIOTHCS Y TOCUTH
BeJuKHUx Mactmirabax. IIporec mHiTpudikarii e
I)KepeJsioM HiTpariB i mHiTpuTriB — cnoayk Hi-
TPOTeHY, IO 3aCBOIOIOTHCS POCAMHAMHU i BKJIIO-
YaloThCA 0 CKJIAAy OPraHiyHMX peduoBWH. [lo
TOTO K, JKUTTEAIANBHICTD HiTPUDiIKyIOUNX OaK-
Tepifi — HaWBaKJIMBIININN YMHHUK POJIOYOCTI
I'pyHTiB. BakimuBy poJsib y mporecax mIepeTBO-
PEHHA PEYOBWH Yy I'PYHTAX BiAirpamTh TaKOMK
BOIHEBi OakTepii.

3asisobakTepii BifirpaioTh BayKJIUBY POJIb
y Kpyroobiry Takmx ejgeMeHTiB, Ak Pepym

0 KnioyoBga iges
XemMocuHTes — BUA aBTOTpOd)HOFO KUBJIEHHA,

y AKOMY eHeprilo AnA YyTBOPEHHA OpraHiuyHux
PEYOBUH OpraHi3aMm OTPUMYE Bif peakLiil OKucC-
HEHHSA HeopraHiyHMx cnonyk. [lJo XxeMOCMHTETUKIB
HanexaTtb 3anizobakTepii, cipkobakTepii, TIOHOBI,
HiTpndikytoui, BoaHeBI 6akTepii. XemocnHTe3 3a-
6e3neuye Kpyroobir HamBaKNMBILLUX eIeMEHTIB 3i
3MiHHMM CTyneHem oKuncHeHHsA: Oepymy, Cynboy-
py, Hitporeny Towio.

Man. 48.3. CKynuyeHHA XMBUX OpraHiamis
6insA «yopHOro nanis»

i Manrau. 3aBagKu IXHIN KHUTTEOISILHOCTI Ha
IHI BOOOWM BigKJIaZAIOThCA 3aJIidHI I Mapras-
eBi pynmu.

CiprkobakTepii, yTBOpIOOUM CyJIb(paTHy KHC-
JIOTY, CHPUSIOTH IIOCTYIIOBOMY PYWHYBaHHIO
i BUBITPIOBAaHHIO TipCHhKUX IIOPiZ, PYyHHYBaAHHIO
KaM’ AHUX i MeTaJIeBUX CIIOPY/I.

XeMOCUHTE3YIOUI OpraHidaMu BUPOOJISAIOTH
OpraHiuHi peuoBMHU TaM, Ae (POTOCUHTE3 He-
mockjauBuii. I'TnOOKO Ha OHI OKeaHiB iCHYIOTH
CIIPAB)KHI «0a3M JKUTTA» HABKOJO «YOPHUX
naxiiB». «Yopui mamii» — 1me migBomHi rapsa-
ui mKepesia, Bojla AKWX HACWUUEHa CIIOJyKaMU
Cyabdypy. CipxobaxTepii BUKOPHUCTOBYIOTH IIi
CIIOJIYKHU [AJIA CBOTO POCTY, & HUMU JKUBJIATHCS
immi sKkwmBi oprauismu (maj. 48.3).

@ MpakThyHa poboTa

Po3e’a3yeanHa 3a0a4y Ha memy «®omocuHmes
i xemocunmes»

1. Po3paxyiiTe, CKinbKy Kinorpamis roKO3N CUH-
Te30BaHO POC/AMHaMK Nig 4Yac GOTOCUHTE3Y, AKLLO
BiJOMO, LLO B pe3ysnbTaTi LibOro npouecy BUAINNBCA
KuceHb o6’emom 22 400 5.

2. BusHaute, AKy KiIbKiCTb PeYOBMHN aMOHiaKy Mno-
BUHHI OKUCHUTW HiTpUdiKytoui bakTepii Ana crHTesy
rnoKo3u macoto 360 r, AKLWO AnA CUHTe3y 1 MOsb io-
KO3 BUKOPUCTOBYETHCA 613bKo 12 600 KK eHeprii?

3anuTaHHA Ta 3aBOaHHA

1. Yum xeMocrHTe3 Bifpi3HAETLCA Bi GOTOCUMHTE3Y?
2. Yum xeMOCUHTe3 Bigpi3HAETbCA Bif reTepoTpodpHoro
usneHHA? 3. HaBediTb Npyknaam BUKOPUCTaHHA NoAu-
Holo TIOHOBYIX BaKTepil i 3anizobakTepii. 4. Hamantoiite
cxemy Kpyroobiry HitporeHy B npupogi.

101



Tema 3. OOMIH peUOBWH | NepeTBOPeHHA eHeprii

§ 49. YTBOpeHHsA rnikoreHy. biocuHTes ninigis

0 [omipkynTe

[nikoreH, Kpoxmarnb i KNiTKOBMHaA € nonimepamm
OfHI€l i Tiel camoi cnonykn — rnoko3n. Ane ui
nosiimepy MatTb Ay»Ke pi3Hi BnactueocTi. Yomy?

Q 3raganTe

« MNonicaxapuaw, roKo3sa

- bynosa kpoxmanio

- bynosa XunpHux Kucnot

- bynosa docdoninigis, *kunpis, xonectepony

[mikoreHes

¥ pocimHax, AK BU B)Ke 3HAETe 3 MaTepiary
§ 46, ruoKo03a, III0 CMHTe30BaHa B peakIiax ¢o-
TOCUHTE3Y, TIOJIIMEPUBYEThCS 10 KpoxMmasrio. Came
KpOXMaJib € 3allaCHUM IIoJicaxapuaoM POCJIHH.

Y rpubiB, TBapuH i JIOAWUHU BYIJIEeBOAU
TaKOK 3alacalThCid, ajie IepeBakHO y BUTJIS-
ni raikoreny. Ile mosricaxapup, Tek moJriMep
raoko3u. CTPYKTYPHO TJIIKOTEH € aHaJIoToM
KpOoxXMaJiio, ajie Ma€ OiJbIuii CTymiHb posra-
ayxxeHocti (man. 49.1).

IIpo1iec GiocuHTE3y IJIiKOreHy HAa3UBAETh-
ca raikoreHe3oM. [JIiKoreHe3 CTHUMYJIIOETHCA
ropmoHoM iHcysminom. Ilosmimepwmsariia smiii-
CHIOETBLCS KilbKoMa )epMeHTaMuU, 1110 OYAYIOTH

Kpoxmanb

KOO

MnikoreH

S8 i

Man. 49.1. CTpyKTypa riikoreHy nopiBHAHO
3i CTPYKTYpOIO KPOXMasio
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-

[lisHalTeca 6inblue

ByrneBogau, siki M1 BXMBaEMO 3 ixeto (xNi6, dpyKTn,
conogfouli) y npoueci TpaBneHHA PO3LenioTbCa
0O [/II0KO3KM, AKa MoTparyia€e B KpoB. Lla rnwoko-
33 MOXKe BMKOPUCTOBYBaTMCA abo ANnA MOTOYHUX
eHepreTnyHux notpeb, abo Ana CTBOPEHHA 3amnaciB
eHeprii. CNoYyaTKy OpraHi3aMm CUMHTE3Yy€E 3 [JII0KO3M
rNikoreH, a Mi3Hille NOYMHAE NepeTBOPIOBATY H0-
KO3y Ha »Xnpwu.

npami abo poarajysKeHi JIAHIIOMKKHN TJiKoTre-
HY. ¥ JiHIAHUX AiIAHKAX OCHOBHOTO JIAHITIOTA
SAMUIIKYA IJIIOKO3U 3B si3aHi 1,4-raikosupgHu-
MU 3B’sBKaMU, TOMAi AK TOUKMW POSTANYKEHHHA
dopmyioTbess 1,6-TaikosuaHUMU 3B’ sA3KaMU
(man. 49.2).

CuHTe30BaHU TJIKOTEH HAKOMUUYYETH-
cAd TepeBaKHO B KJITHMHAX MeUiHKH 1 M’ a3iB
(mau. 49.3). Moro 3amacu € eHepreTHYHUM pe-
3epBOM OpTraHi3dMy, IO IMBUAKO MOOiIisyeThCs
y pasi morpebu. 3a HecTaui B opramismi ruro-
Ko3u (uepes KijgbKa ToguWH Iicad imki abo min
yac (pisMUHMX HaBaHTAKeHb) IJIIKOTeH IIeYiH-
KU POBIIEIIIOETHCSA (DEPMEHTaMM [0 TJIIOKO3U,
KA HAAXOIUTh ¥ KPOB 1 BUKOPUCTOBYETHCSA IJIA
XapuyBaHHSA BCbOTO OpraHiamy. ¥ M’sg3ax TIJIi-
KOTeH IepepolJIAeThCcA Ha TVIIOKO3Yy BUHATKOBO
I JIOKAJBHOTO CIIOKWBAHHA; BiH € TOJJOBHUM
I)KepesoM eHeprii AJsA mpaiolouyux M’ A3iB.

o5
. -0 0
nikoreH cr ox
o (0]
Oxr
1,4-rniko3vuagHnn of 0 1,6-rniko3ngHumn
3B'A130K /./ 3B'A30K
CH,0H CH, CH,OH |
OH OH OH

Man. 49.2. [nikoreH — nonimep rAOKO3N
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rnikoreH

Man. 49.3. BKntoUyeHHsA rnikoreHy B KNiTWHaxX MeyiHkn

biocnHTe3 XMPHUX KNCNOT i ninigis

JHupum B opramismi cuHTE3yHOThCA 3 BYTI-
JEeBOMiB, TOMY HAWIIBUAINE XHUPHI KUCJIOTH
i JKUPU CUHTE3YIOThCA MicJA BXKUBAHHA BYIJIe-
BomHeBoi I:ki. HaiiGinpIm aKTUBHO Iell HpoIiec
BiOyBaeThbCcA y TEUiHI[I Ta KUPOBif TKaHWHI.

CuHTe3 KUPHUX KHUCJOT i :KUPiB Ha3UBAETHCS
ainorenesom. IxHiil cunTe3 BimGyBaeThCA y IUTO-
mirasmi Kiaituau. CyocTpaToM IJIs CUHTE3Y € BiKe
mobpe Bimoma Bam cmosyka — aretusi-KoA. IIpo-
Iec € MUKJIIYHUM: V KOMKHOMY ITHKJIL 10 paguKary
JKUPHOI KUCJOTHU, IO IOCTYIIOBO IIOJOBIKYETHCA,
IomaeThesa aBa atromu Kap6ory. ¥V KOKHOMY ITHKJIL
BukropuctoByeTbess HAIID - H i ATD. Kinnerum
MIPOAYKTOM CHHTE3y € MaJbMiTHHOBA KUCJIOTA, 10
mae 16 aromiB Kapbony (mas. 49.4).

Tumti sKmMpHiI KUcjaoTH B OpraHismi JiroguHU
CUHTE3YIOTHCA caMe 3 MaJbMiTHHOBOI KWCJIOTH.
AJle TOMOBIKEHHA JAHIIOTIB XKUPHUX KUCJIOT 0
18, 20 i 22 aTromis Kapbony BizOyBaeThcs BiKe
He y IIUTOILIa3Mi, a B MiITOXOHAPiAX.

[lizHanTeca binbue

CepepHbOCTaTUCTYHA NI0AMHA MAE 3amnac »KUpy npu-
6nK13HO 13 Kr, LbOro morno 6 BUcTaunty Ha 40 gHiB
ronofyBaHHA B YMOBax NOMipHOro ¢i3MYyHOro HaBaH-
TaXKeHHA. A 3arajibHi 3anacu MikoreHy B OpraHi3mi
HecrnopTcmeHa npubansHo 200-300 rpami, Yoro
BMCTAUNTb MEHLI HiXX Ha opHy Ao0y ronopyBaHHA.

0 KniouoBa ifes

3anacu rnikoreHy i XupiB € eHepreTMYHNUMN pe-
3epBaMu y TBapwH i noguHn. Obuasi peyoBrHM
MOXYTb CUHTE3YBaTMCA 3 [/IIOKO3M 4Yepes yTBO-
peHHsA aueTun-KoA.

H2 H2 H2 H2 H2 H2 H2 ?
/C\ /C\ /C\ /C\ /C\ /C\ /C\ /C\

C ¢ ¢C C ¢ ¢ ¢ OoH
H2H2H2H2H2H2H2

Man. 49.4. CrpykTtypHa dopmyna nanbmiTVHOBOI KUCIOTU

Man. 49.5. KniTVHW XMPOBOI TKaHNHW

OpHaK He BCi KMPHI KUCJIOTH MOXKYTH OyTH
HaMu CHHTe30BaHi. /g JIONMHN He3aMiHHUMU
€ OBl KUPHI KHciaoTH — JiiHOJIeBa i O-JriHO-
JIeHOBa. IX [)KepesoM MoOKe OYTH TiTpKM ixKa.
Bonu micTaTseca y Beix pocamuHHUX ogaisgx. He-
cTaya TaKUX KUCJIOT IPU3BOAUTE A0 IMOPYIIEHHSA
00MiHy PEUYOBUH.

CuHTe30BaHi KUPHI KUCJIOTU BXOLATH MO
CKJIAIy iHIIIUX MOJIEKYJI: }KUPiB i ochorimigin.
Crepoinui ropmoHu (TECTOCTEPOH, €CTPOTEHN)
CUHTE3YIOThCSA 3 XOJECTEPOJIY.

JKupu, cuaTesoBani B meuidili, TpaHCIOPTY-
IOThCA KPOB’I0 B cKJaji JimomporeiniB. sKupwu,
CHHTE30BaHi B KJIiTHHAX KHUPOBOI TKAHWHU, 3a-
macaioTbeAd B HuX (Maa. 49.5).

Ha Bimminy Big ByrsieBomiB, KUPU CTAHOB-
JISITh JOBTOTPUBAJINI €HEPTeTUYHUN pe3epB Op-
ramismy. Byraesonu K, 3amacu SKUX OPeACTaB-
JIeHi B OpraHisMi JIOAWHU y BUTJIALL TJIIKOTEHY,
BUKOHYIOTh OiJIBIII ONEpATHUBHY (DYHKIIiIO eHep-
rOMOCTAYaHHA IIPOTATOM HETPUBAJIOrO Yacy.

03aﬂl/ITaHHH Ta 3aBaHHA

1. Yomy edpeKkTMBHMM 3acoOOM MPOTK 3alBOi Baru €
Ji€Ta, B AKil 3HAYHO oOMeXeHe CNoXKUBaHHA Byab-AKNX
Byrnesofis? 2. YoMy rnikoreH HasnBalTb «TBAPVHHUM
Kpoxmanem»? 3. Ik NoB'A3aHi WnAXM MeTaboni3my rno-
KO3U Ta Xupis? 4. MNopiBHANTE rMIKOreH i Xnpu K eHep-
reTUYHi pe3epBu TBapWH i NognHU. 5. Yomy He mMOXHa
NOBHICTIO BUKJIIOYATU 3 paLioHy upu? xonectepon?
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Tema 3. OOMIH peUOBWH | NepeTBOPeHHA eHeprii

§ 50. BupgineHHA y TBapuH

0 [omipkynTe

Po3mip Tina 6ypoi nnaHapii He fJye Bigpi3HAETb-
cA Big po3mipy Tina rigpu. Mpu ubomy y 6ypoi
niaHapii € cnewianisoBaHi opraHn BuUAiNeHHs,

a y rigpwm ix Hemae. Yomy?

Q 3raganTe

» Ek3ouuTO3 e poTto- i meTaHedpugii

» bynoBa HuUpok e« QinbTpauia i peabcopbuis

Ekckpeuia Ta ekcKkpeTun

¥V xoxi 0OMiHY pEeYOBUH YTBOPIOIOTHCS PisHi
Bimxonu, sAKi MOBMHHI BUBOAUTHUCA 3 OPramis-
My. SIKII0 BOHM HAKONMHUYYIOTHCA IIOHA] IIEeBHOI
KOHIIeHTpAaIlil, To BUHMKAE 3arpo3a IOPYIIeHH
HOPMAaJILHOTO Tepebiry (isiosoriuHMX ImpoIiecis.

Exckpenisi — 1e BUBeJeHHA 3 OpPraHiaMmy
KiHIIeBUX IPOAYKTIB OOMiHY PEUOBHUH.

Exckperu — Ie KiHIEBi IpOAyKTU OOMiHY
PEUYOBUWH Y KUBUX OpPraHiaMax, AKi Oinblie He
0epyTh yYacTi y *KUTTEBUX IMPOIlECax.

OcHOBHI TPOAYKTH eKCKpenii y TBapuH:

* BYIJIEKUCJIMH ras, 110 YTBOPIOETHCA B IIPO-
meci KJIITMHHOTO OUXaHH;

- HiTpOTeHBMiCHI IpOAYKTHU po3many OGinKis
i HyKJEeIHOBHUX KHCJIOT — aMOHiaK, CeYOoBMHA
i ceuoBa KmcCJIOTA;

* JKOBUHi IIirMeHTH, AKi yTBOPIOIOTHCA IMif
yac pyHHYBaHHS TeMa B IeYiHIIi.

BuaineHHA npoaykTiB meTaboniamy
KNITUHOO

IlepemitienHsAs pevuoBUMH i3 KJITHHU B 30-
BHIIIIHE cepemoBUINEe BigOyBae€ThCHd IIJIAXOM
ek3onuTo3y. lleii mpoliec MO3BOJISAE KJITHHAM
BUJIAJATYA BiIXOIM, a TaKOYK CEKpeTyBaTH TIop-
MOHH i OiJIKM.

Bunanenusa BigxomiB y KIiTHHI 30iICHIOIOTH
JisocomMm, SAKi PYyHHYIOTH BigmpalbOBaHi KJIi-
TUHHI KOoMIIOHeHTHu. lleperpaBieHuii marepian
BUBIJIBHAETHCA y IMO3AKJITUHHE CepemoBHUIIE.

Knaituuu, AKi cexkpeTyioTh 6iosoriuHo ak-
TUBHI pPeYoBWMHU, (POPMYIOTH CcIlelliaJbHi ce-
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KpeTopHi Be3umkyau. Taki BeSUKyJIU MiCTATH
TOPMOHU, HelipoMezaiaTopu abo TpaBHi (hepmeH-
T. BoHU (popmMyioThcs 3 MeMOpaH KOMILJIEKCY
Tonpmxi ¥ BUBIIBHAIOTH YMiCT HA30BHI micuasa
HAOXOIKEeHHA B KJITUHY CHeIiaJbHOTO CUT-
HaJIY.

Pi3HOMaHITHICTb OpraHiB BUAINEeHHA

B OZHOKJITMHHUX TBAPUH BUIIJEHHS Bif-
OyBaeThcs 0e3mocepefHbO dUepes3 KIITUHHY
MeMOpaHy, Y HIKUYUX Oe3xpebeTHUX — Uepes
emigepmic. ¥ TBapuH, IO CTOATHL HAa BUIIO-
My I111a6JIi eBOoJIIOIil, PO3BUHYJIUCA CIIeialbHi
opranu, sKi BUKOHYIOTh (PYHKIIiI0 eKCKpeIlrii.
Byriekwmciuii ras BUIIIAEThCA Uepes JIeTeHi,
Tpaxeli abo 3sa0pa; BoJa, ceuoBMHA i coai —
yepesd mKipy (3 morom) i HupKu (i3 ceuero).
Exckpernia KOBUHMX HOirMeHTiB Big0OyBaeTh-
cd uepes IEUYiHKY i BUBOAUTHCA 3 OpPTraHisMy
3 IOCJIioM.

OpraHu BUAiNneHHA y TBapuUH

TBapuHU Opranu BUAileHHS
YepBu IIporonedpunii, meranedpumii
YeHucToHOri 3eJieHi 3a/1031, MaJIbIirieBi

cyouHu, Tpaxel

Pubu, semuo- Hupkwu, neuinka, 3a6pa, mkipa

BOIHI
Haszewmmi xpe- Hupkwu, neuinka, jgerewi,
OerHi mIKipa

EBontouia BUAiNbHOT cuctemm
y 6e3xpebeTHunx

Mlnaxom gugysii yepe3 KIiTUHHY MeMOpa-
HY BUJAJIAIOTh IPOAYKTY OOMiHY I'yOKM i1 KHIII-
KOBOIOPOKHUHHI, AKI He MalOTh CIEIiaJIbHUX
OpradiB BHUIiJIEHHS.

Ilepmi BupinbHi opranu — mnpoToHedpH-
mii — 3’ABIAITBCA y ILJIOCKUX uepBiB. IIpo-
ToHe(PUIil PEryai0I0Th IIEPEBAKHO BMiCT BOIU
B opraHiami (maa. 50.1).

Binpmr mockoHaJsi opraHu BUIIJIEHHA —
meraHedpugii — 3’ABAAIOTBCA y KimbuacTux
uyepBiB. Meranedpugiii aABasge co0o0 KaHaJI,
BHYTPIIIHIN KiHeIb SKOro BiIKPUBAETLCA B MO-
POKHUHY Tijla BOPOHKOIO 3 BifiKaMu, a iHIIHI
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Man. 50.1. EBoniouia BUAINbHOI cuctemn y TBapuH

KiHeIlb BiIKPUBAETHCA HA30BHI BUAIJIBHOIO IIO-
poio. Pyxamu BiiOK MpPOAYKTH OOMiHY BUIAJIs-
IOTHCS 3 OpraHisMy.

VY pakomomibHUX opraHaMu BUIIJIEHHA € 3e-
JIeHi 3aJ103M, PO3TAIIIOBaHi 0iJid OCHOBM aHTEH.
Bouu aBIAIOTL 0000 MillIeUKN 3 KAHAJIOM, AKUHA
ime mo ceuoBoro mixypa. Ceua HaKOOUUYETHCSA
B CEYOBOMY MiXypi, a8 HOTiM BUJITUBAETHCSA HA30BHi.

Y Komax i maByKOIOZiIOHMX € MaJIbIIiri-
eBi Tpy6bouku. IlpogyxkTm oOMiHY HaAXOAATH
Tyau 3 reMoJiMdu i mo TpyOoUYKaX BUBOAATHCS
B TpaBHUI TpaKkT. KpiMm TOro, y KOMax € }KupoBe
TiJIO, Te HAKONMMNYYIOThCA INKiAJIMBI peuyoBUHU.

Y MOJIIOCKiB IrOJIOBHMMU OpTaHaMU BUIiJIeH-
HA € HUPKH, CXO0Ki Ha MeraHedpumii.

EBontouia BuAainbHOT cuctemm
y XpebeTHunX

Cucrema BUIiIJIEHHA XPeOETHUX €BOJIOIiO-
HyBajla Bil OKpeMUX HUPKOBUX KAaHAJIBI[IB —
He)poHIB — 0 chmemialbHUX OpPraHiB — HHU-
PoOK, AKi CKJamaioTbcs 3 0araTbOX BUMIJIBHUX
KaHaJBI[IB i3 3arajJibHOI0 BHUBiJHOIO IIPOTOKOIO.
Y HaseMHUX XpeOeTHUX yIOCKOHAJIIOIOTHCA CIIO-
cobu Mmimimisarii BTpaTm Bogu HIJIAXOM ii 3BO-
poTHOI peabcopOITii.

0 Kniouosa iges

B OOHOKMITMHHMX OpraHi3miB ekckpeuia Bigby-
BAETbCA LWAAXOM eK3ouuTo3y. Haibinbw npocTi
opraHv BUAineHHA y 6araToKNiTUHHNX TBAPUH —
Lue npoTtoHedbpuaii NIOCKNX YepBiB i MeTaHed-
puaii Kinbyactux 4epBiB. Cuctema BUAINEHHA
XpebeTHUX eBOJIOLiOHYBaNa Bif OKpemux Ka-
HanbuiB — HedpOHIB — A0 cneuianiaoBaHUX
OpraHiB — HUPOK.

IlepegHUpPKHM KPYTJIOPOTHUX i meaxux pub
cx0xKi Ha MeTaHe(dpuaii KimbyacTUX 4YepBiB.

IlepBunHi, abo TyayOHi, HUpDKH € B Oinb-
mrocTi pub i 3eMHOBOAHUX. BOHU MaiOTh MaJb-
mirieBe Tinblle — 3’€IHAHHSA BOPOHKU HEDPUIii0
3 KJIyO0OouKoM Kamijnapi. Tax BCTaHOBJIIOETHCS
OesmocepenHiii 3B 30K MiiK KPOBOHOCHOIO Ta
BUAIJIBHOIO cHUCTeMaMu. BumiibHHI KaHaJelb
CTae MOBIIUM, YTBOPIOE BUTHHU, IO JO3BOJIAE
BUKOHYBAaTH B3BOPOTHE BCMOKTYBaHHSA BOMIW,
TUIIOKO3U U iHIIWX PEUYOBUH.

Bropunni, a6o Ta3oBi, HUPKH DPO3BUHEHI
B ILIAa3yHiB, nTaxis i ccaBnis. OpuHuieno 0ymo-
BU HUDPKU € He()POH, AKUN IOUNHAETHCA KaICy-
aoro lllymaaacekoro — Boymena 3 Kiy6ouKkom
KamiiapiB. ¥ CcyOuHHUX KJIyOOUuKax BimOyBa-
€TbCA @Qinvmpauis ¥ yTBOPIOETHCA IIEPBUHHA
ceua. Big HUPKOBOTO TiJIbIA BiIXOAUTL BUILIb-
HUI 3BUBHCTHH KaHaJJelb. ¥ TOBTUX JiIAHKAX
HUPKOBOTO KaHAJbIA BinbyBaeThcsa peabcopo-
yisi — B3BOPOTHE BCMOKTYBAaHHA BOAU, i TOMY
BUIIIAETHCA AysKe KOHI[EHTPOBaHA BTOPUHHA
ceua. Yce Ie [O3BOJIMJIO TBAapPUHAM YCHiIITHO
IIPUCTOCYBATHUCA IO YKUTTA HA CYXOHOJIi U eKO-
HOMHO BUTpauYaTU BOLY.

03aﬂl/ITaHHF| Ta 3aBOAHHA

1. Yn 3aBXAM NPOAyKTM eKCcKpeLii € HenoTpibHUMK
Biaxogamu metabonismy? HaBepiTb npuknagu, AK ekc-
KPeTn MOXYTb BMKOPWCTOBYBATUCA AK XiMIYHI CMrHanm
(He TinbKM Ha piBHI KNiTWH, ane 1 Ha PiBHI OKpeMux
opraHi3smis). 2. flKi opraHy BUMKOHYIOTb OYHKLilO eKc-
Kpeuii B ntognHm? Aki npoayKkTn o6MiHy peyoBUH BOHM
BMBOAATL? 3. AK 3anobira€Tbcsa BTpaTa BOAW B Ha3eM-
HUX TBapUH? 4. YuMm manbnirieBe Tinbue Bigpi3HAETbCA
Big MeTaHedpuaito?
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Tema 3. OOMIH peUOBWH | NepeTBOPeHHA eHeprii

§ 51. Ocmoperynsuis

0 [omipkynTe

Jliogw, AKi noTpanunn y KopabenbHy aBapito,
CTpaXkpaloTb Bif Crparv, Xoya HaBKOMO HMX 6ara-
TO MOPCbKOI BoAau. Yomy He MoxHa i nutn?

Q 3raganTe

» Ocmoc o OCMOTUYHUI TUCK

Ocmoperynadia Ta il MexaHiamu

BaxksmuBy poJsib B opramismi BigirpaioTs
ioru Harpito, Xiopy, Kamxito, Maruiro, Kaib-
miro, Pepymy, KOHIEHTpAIlid SAKHX IIOBUHHA
CTPOT'O PEeryJlBaTUCS, OCKIJIBKU IIi WOHU Oe-
PYTh y4acTh y 6araThboX IIPOIlecax, BKJIIOUYAIOUN
po6ory (epMeHTiB, cuHTe3 O0iJIKiB, yTBOPEHHS
TOPMOHIB, IPOHUKHICTH MeMOpaH, €JIeKTPUUYHY
aKTUBHICTH 1 M’s130Be CKOPOUYEHHS.

Peryinamnia BimHOCHUX KOHIIEHTPAI[INA PO3YN-
HEHUX PEYOBUH i BOAM BCepPeAUVHI TKAHUH Tija
HABWBAETHCA OCMOPETYJIAIi€I0.

JKuBi opramismMm HacensoTh piBHOMAHIT-
Hi cepemoBUIIla — CYXO[iJ, MOPCBHKi Ta mpicHi
BoJoMMU. ¥ COJIOHi# Bozi (rimepToHiuHOMY Ce-
peIoBuUIIli) Boja 3 KJITUH «IIparHe» BUUTH Ha-
30BHi, TOAi AK y mpicHi# Bojmi (rimoToHiuHOMY
CepemoBUIli) — HABOAKM, IIOCTIiHHO HAAXOIUTH
y riaituay (manx. 51.1). 3posymino, 1110 KOHT-
POJbL BHYTPIIIHBOKJIITHHHUX YMOB Y Pi3HHUX
yMOBaxX iCHyBaHHA IOTpeOye PiBHMX amamTaliiii.

linepToHiuHe cepepoBulLe

Mnasmonis — BigaineHHA npoTonnacTty Bif KNITUHHOT
CTiHKM Y TiNnepTOHiYHOMY CcepeaoBULLi

Icaye nmBa Tunmu peakIiii TBapmMH Ha KOH-
IEeHTPAIli}0 OCMOTUYHO aKTUBHUX PEUYOBUH Yy 30-
BHiImIHBOMY cepenoBuiti. IToilkisiocmomuyHi TBa-
pUHU He MalOTh aKTUBHOI cucTeMu crabimisarii
KOHIIEHTPAI[ii OCMOTMYHO aKTUBHUX PEUOBUH;
KOHIIEHTPAIliA coJiell y pifmHax IXHBOrO Tija €
TaKoIo K, AK 1 HazoBHi. ['omoilocmomuuri TBA-
PUHU 3JAaTHI TiATPUMYBaTH CTAJIiCTh KOHIIEH-
TpaIlii 0CMOTUUYHO aKTUBHUX PEUOBUH Y PiAUHAX
BHYTPIIITHBOTO CEPENOBUIIIA.

Cmocobu ocMOperyJidanii roMoioCMOTHUHUIX
TBapWH, IO PEryJIITh YMICT BOOAW B OpraHis-
mi, pisHomaniTHi. Buginaiors zinepocmomuuni
i zinoocmomuuni MexXaHI3BMU PeryaAlrii.

linepocmoTryHa perynauia

Mexanisam ocMmoperyJsilii HasuUBalOTL Ti-
MEePOCMOTHYHUM, HAKIIO OCMOTHUYHUN THUCK
(KoHIleHTpAIlisA coJieil) y pigmHAX OpraHismy
OijpIINI, HiIXK Yy BSOBHIIIHBOMY CepeIOBMIILi.
Ho rimepocMOTHYHUX BUAIiB HaJIeKaTh MEIIKAaH-
i IpicHMX BOZOMM i MOPCBHKI XpAMIOBI pubwu.

YV npicHOBOIHUX OpPraHi3ZMiB KOHIIEHTpAIlid
cojieil y KJiTmHax i pigmHAaxX Tija BuIa, HiXK
Y HaBKOJIUIIIHBOMY CEPeJOBUIIi, TOMY BOJa IIO-
CTifilHO HAAXOOUTH Y HUX IILIAXOM OCMOCY Ue-
pe3 kiaitmaHI MemOpamu. Taxum opranizmam
3arposkye HeOesIleKa PO3AyTHCA BijJ IIPOHUKA-
fouoi Boau. Tomy HaAIJIUIIOK BOAW IIOCTiHHO
BUBOAUTLCSI. ¥ IIPICHOBOAHUX OTHOKJIITHUHHUX
HaAJIUIIOK BOAUW BUBOAUTHCSI 34 HAOIIOMOTOIO
CKOPOTJIMBUX BaKyoJiell, y 0OaraTOKJiTHHHUX
TBapuH — HedppuAiaMu abo HUPKaAMMU.

linoToHiuHe cepepoBuLle

H,0

[ennasmonis — noBepHeHHA MpoTonnacta KAiTuH
y MOYaTKOBUI CTaH 3 HOPMalbHUM TYpropom
y FiNOTOHIYHOMY CepefoBULLi

Man. 51.1. Mna3moni3 i gennasmonis POCANHHOI KNITUHW
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Iuma npobsiema NTPiCHOBOAHMX OpPTaHi3-
MiB — TOCTiHHUI BUTIK coJiell y TimOTOHiIUHE
HaBKoJuIITHE cepenoBuiiie. CosibOBi pecypcu mo-
MOBHIOIOTHCA IIIJIAXOM AKTUBHOTO TPAHCIOPTY
cojiell i3 B0BHIIIIHBLOTO CepPemoBUINA B TKAHUH-
HY pigmnay i KpoB. [[laHW# aKTUBHUNA TPAHCIIOPT
3AiMCHIOETHCA eIliTeJiaJbHIMU KJIITHHAMM, IO
MiCTATHCA B INIKipi y 3eMHOBOZHUX i 3sa06pax
y pub. ¥V pub i O6ararbox BomHUX 0Oe3xpeber-
HUX 3A0pa € OCHOBHUM OPTaHOM OCMOPEryJsIlii,
OinpIn eeKTUBHUM, HiK HUPKHU.

Mopchki XpsAIoBi pudbu (akyam, cKaTH) Tex
MAalOTh TillepOCMOTHUYHY peTryJAIilo. IxHii Box-
HU OaJsiamc 3a0e3meuyeThCsa 3a PAaXyHOK HAKO-
OUYeHHA B KPOBi MysKe BHCOKOI KOHIIeHTpAaIii
CEUYOBUHU.

linoocmoTnyHa perynauis

MexaHisM ocMoOperyJisilii HasuBaTh Iimmo-
OCMOTHMYHHUM, TKII[O OCMOTUYHUHA TUCK (KOHIIEH-
Tpalisg coJieil) y pifwHax opraHisMy MeHIIIWI,
Hi’K y BSOBHIIMIHBOMY cepemoBuili. I'imoocmo-
TUYHA PEryJAIisd XapaKTepHa IJA MOPCHBKUX
KOCTHUCTUX PUO, MOPCHKUX IIJIa3YHiB, MOPChKUX
CCaBIIiB.

OCKiJIBbKY B TijJli MOPCBKHUX MEIIKAHIIIB MEH-
Iie coJjieit, HidK y HaBKOJUIITHBOMY CEePeOBUIIT,
BOHU IIOCTiiHO BTpPayvaioTh BOAY Uepes IIOKPUBU
Tija, 3s30pa Ta i3 ceuero. Tomy iM 3arposkye 3He-
BomHeHHs. [[1a KoMmIleHcarril BTpaT BOAW BOHU
3MyIIeHi Bech yac 0araTo IUTH.

Ane KOBTaHHSA MOPCHKOI BOAU ITPU3BOIUTH
IO TIOTJIMHAHHS BeJUKOI KimbKocTi coseir. Hap-
JINIIOK OiJBIIOCTi coJiell MOpPCbKi puOu BUBO-
IATH HUPpKaMu ab0 yepe3 TPaBHUI KaHAJ 3 eKC-
kpemeHTamu. Cosi Harpito pubu eKCKpPeTymThb
CHeIiaJIbHUMU KJIITMHAMHU 3A0POBOTO amapary,
a MJIa3yHU i MOPCHKI mTaxwm — KJIITHWHAMH CO-
JbOBUX 3aJyio3 (Maja. 51.2)

0 KnioyoBga iges

PerynAauia KoHLUeHTpauii pO3YMHEHNX PeYOBUH
i BOAM y TKaHWHax TiNa Ha3MBAETbCA OCMoOpe-
ryndauielo. MexaHiam ocmoperynauii Has3uBalTb
rinepoCMOTUYHUM, AKLWO KOHLEeHTpauia conen
y pignHax opraHiamy 6ibLua, HiXX Yy 30BHILULHbOMY
cepenoBuLi (MewwKaHLi NPiCHUX BOAOWM i MOPCbKi
XPALWOBI prbWU), i FiNOOCMOTUYHIM, AKLLO KOHLIEH-
Tpauia conen y piguHax OpraHiamy MeHLLa, HiX
y 30BHIlHbOMY cepefoBULLi (MOPCbKi KOCTUCTI
pubw, nnasyHu, ccasui).

Ocmoperynaudia y ccaBuis

¥ ccaBIIiB OCHOBHUM OPraHOM OCMOPETryJIAIlil
€ HUPKU. BoHM 3MaTHI BUAIIATH CUJIBHO po30asJie-
HY ceuy 3a HAAJUIIKY BOAW B OpraHismi i1 OiibIm
KOHIIEHTPOBaHY ceuy — y pasi medimurty BOAHU.

Y nmopuHU i ccaBIiB ocMoperyadiisa 3abdes-
nmeuyeTbcA Ha pedeKkTopHOMY piBHIi. Cmeriari-
30BaHiI perenTopu (OCMOPEIENTOPHU) IOCTiNHO
MOHITOPATHh KOHIIEHTPAIil0 OCMOTUYHO aKTUB-
HUX PEUYOBUH y CHUPOBATIL KPOBi I IepemaroThb
iagopmarito o ITHC. Timoranamyc Bumpinse
TOPMOH Ba30NPECUH, KNI CEKPETYETHCSA B KPOB
i perysioe BmicT Bogu B Tiji. 30Kpema, BasoIlpe-
cuH 30iabllye peabcopOIlito BoAM B TPOTOKAX
HUPOK, TUM CAMUM ITiIBUIITYIOUN KOHIIEHTPAIiI0
ceui i1 3MeHITyouu ii obGCAT.

Ocmoperynsuia B yMoBax nocyxm

Opranismu, IO MEIIKAIOTh y CePeIOBUIIAX
3 gme(inmuToM BOAM, MAIOTh CHIEIliaJIbHI IPHCTO-
cyBauud. OmHuM 3 MexXaHi3MiB ocMoOperyJsAiii
€ 30iJbIIeHHA 3JaTHOCTI HUPOK KOHIIEHTPYBAa-
TH ceduy, IO J03BOJIAE OOXOAUTUCA 0e3 TUTHOIL
Boau. Il;masyHu ¥ nTaXu BUKOPUCTOBYIOTH CEUOBY
KHCJIOTY SIK KiHIIEBMH IIPOAYKT OOMiHY CIIOJNIYK
Hitporeny, y pasi BufijJieHHA AKOI BTpadya€eTh-
cA HaWMeHINa KijgbKicTh Bomu. [esaki dAmipkwm
MalOTh HOCOBi 3aji031, IO EKCKPEeTYITh CiJb.

Conbosi
3a103u

Man. 51.2. ConboBa 3ano3a. ¥ MOPCbKMX NTaxiB i nnasyHis,
BUMYLLEHVX YXKMBATW ANA NMUTTA CONMOHY BOAY, € 0COONMBI
CO/MIbOBI 3an03K, WO BUBOAATb HAANMLLIOK COMEN 3 OpraHiamy

3annTaHHA Ta 3aBJaHHA

1. Yomy opraHi3am eKcKpeTye KiHLeBi NpoayKTn o6-
MiHY PeYOBVH, a He HaKoMuuye ix y TKaHuHax? 2. Yu
MOXYTb OAHI OpraHi3Mu BUKOPUCTOBYBaTM NOGIUHI Npo-
OYKT MeTaboniamy iHWMX opraHiamis? Hasepitb npu-
Kknagu. 3. M'aco akyn i ckaTiB He BXUBatoTb Y iXKy. Yomy?
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§ 52. BupineHHAa y pocnuH

0 [omipkynTe

BuginbHi opraHu 11 cuctemmn TBapuH fobpe Bigomi.
A uum noTpi6HI BUAiINbHI opraHn pocsMHam?

é 3raganTe

Ponb TpaHcnipauii B XUTTi pociunH

PocnnHHi ekckpeTu

Pocaunau He cUHTE3YIOTH OLJIOK YV HAAJUIIKY
i TOMYy BUAIJIAIOTH NyKe MaJIo HiTPOTeHBMiCHUX
BiIX0iB, AKi YyTBOPIOIOTHCA MiJ Yac PO3IIeIlIeH-
Ha 6inkiB. Tpu KiHIeBi IpoayKTH, SKi yTBOPIO-
IOThCA y XOAi OOMIHHMX IIPOIleCiB,— KICEHb,
BYTIJIEKUCJINH r'a3 i BoJja — BUKOPUCTOBYIOTHCS
POoCIMHAMU AK BUXiAHI PeUOBWMHU JIS iHIITUX
peakIifi. €quHUE ras3omomiOHUil MPOAYKT, IO
BUIIJIAETHCA POCIMHAMU Y BeJUKiN KiJIbKoc-
Ti,— IIe KHCEeHb, II0 YTBOPIOETHCA y XOoOi (o-
TOCUHTERY.

IIpogykTamMy BUAiJIEHHA y POCIWH TaKOMXK
€ HeKTap, AyOWJbHI PEUOBUHU, CJIU3, CMOJIH,
edipHi oxii, opraniuni KucjoTH, BiTaMiHu, IIy-
KpHU, TOPMOHU, (pepMEeHTU Ta iHIINi PEYOBUHU.
KinbkicTs peuoBuH, 110 BUALIAETHCSI POCIUHOIO,
moxke craHoBuTu mo 30 % Bim mMacu CIOIYK,
YTBOPEHUX ITIi yac (PpOTOCUHTE3Y.

Bararo pocamHHUX €KCKpPeTiB MamTh 0io-
JIOTiuHe 3HAYEeHH.

CosogKuil HeKTap BasKJIUBUM /s 3aJIyUeH-
HA KoMmax-zanujaioBauiB. EQipui oJii 3ymoBio-
IOTh 3alax, IO BiIIAKye TPaBOIJHUX TBapUH
(kMuH, KpommBa TOIO). Bick 3axuiiae moBepx-
HIO OpPTraHiB i IepemIkojAKae BUIIAPOBYBAHHIO
Bogu. CMOJIM 3aTATYIOTh MeXaHiuHi YIIIKOIKeH-
HS 1 3aXUIIAI0OTh POCJAMHY Bif 6aKTepiii i rpubis,
110 PYWHYIOTH JepeBUHY (COCHA, AJMWHA Ta iH.).

Buginennsa KopeHaIMU cCIeIiaJbHUX T'PYH-
TOoBuUX (hepMeHTiB cupude MiHepaJisallii op-
ra"Hivanx 3aauikiB y rpyHTi. IIporeomitmuni
(epMeHT KOMaXOITHWUX POCJAWH (POCHMUYKA Ta
iHmi) smifiCcHIOIOTH ITO3aKJITHHHE TPaBJIEHHS.

Heari xKopeHesi, cTe0J0OBi # JMCTOBI Bumi-
JIEHHS PEeryJii0Th B3aE€MOJII0 Pi3HUX POCJIUH
y GiToreHos3i (HampuUKJIa[, TPUTHIUYIOTH PicT
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Man. 52.1. BugineHHAa HeKTapy

KOHKYPEHTIB, CIPUAIOTE MiKopusi). OcobiuBum
BUIIJIEHHAM € POCIUHHUI Ira30noai0Hnii TOPMOH
(diroropmon) erunen C,H,. Bin KoHTpOII0€ 10-
3piBaHHA MJIOAIB, PO3IMYCKaHHs OYyTOHIB, CTapiH-
HS Ta OMaJaHHSA JIUCTKIiB.

BuainbHi CTPYKTYpY pOCnNH

Buninenus y pocauH 3miACHIOETHCSA KJIiTH-
HaAMM JINCTKIB i KOpeHiB, a TaKoK KJITHHaAMU
CIleIl[iaJIbHUX BUIIIBPHUX TKAHWH (3aJI0BUCTUMU
BOJIOCKaM!, MOJOUHUMU CYAUHAMU, HEeKTapPHU-
kKamn) (mai. 52.1). PeuoBunu, 1110 BUALJIAIOTHCH,
MOJKYTh HAKOIMYYBATUCA ¥ BaKYOJIAX i KJIITUH-
HUX CTiHKax. Barato mpoayKTiB MeTabosismy
POCJUH BiIKJIagaeThCA y 3MEPTBLINX TKaHUHAX
(mepeBuHA), a TAaKOXK y JuCTKax abo Kopi, aki
POCIVHU TEPiOUYHO CKUAAIOTH.

[yTauia i TpaHcnipadin

Boxga cramosuts 80-95 % wmacu pocau-
Hu. OCHOBHA MAaca BOAM HAAXOAUTL Y POCIUHY
3 I'PyHTY. BCMOKTyOUNCh uepe3 KOpPiHb, Boaa
mepexoauTh y TKaHWHU cTedjsa i jgucTkiB. [o-
CATHYBIIIU JUCTKiB, YaCcTWHA BOAW BUKOPUCTO-
BY€TBbCA Ha picT i MeTaboJisM KJIiTHH, a 6iabIa
ii vactura (o 90 %) BuUAinseThCA y BUTIAAL
napu (TpaHcmipaiia) abo pizmuu (ryraiis).

Sk BaMm Bimomo, TpaHcIIipaIia — Iie IIporec
BUIIAPOBYBAHHSA BOAM POCJMHAMU Yepe3 MPOIU-
xu emigepmu. Uepes TpaHcHipallilo POCIUHN BU-
TpadalmTh BeJIUKY KiJbKicTh Bogu. Hanpukian,
3a BereTaTUBHUN MEePioJl OJHA POCJIMHA KYKYpPY-
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nsu BumnapoBye 200—-250 1 Bogu, a A6ayHA — OO0
26 ToHH. Y cmekoTHi JiTHi mHi BuTpaTa BOIU
Ha TpaHCIIipallilo IIepeBUINye il HaAXOMKEHHH,
TOMY BUHUKAE BOOHUU AediluT, 10 MOKe IpU-
3BECTU [0 B’SHEHHS POCIWHU.

IaTencuBHiCTh TpaHCHipaIlii PeryameThCsa Ha-
caMIIepe]l CTAaHOM MPOAUXiB. 3a TapHOI'0 OCBiTJIEeH-
HA BigOyBaeThbcA ()OTOAKTUBHE BiKPUTTSA IPOIU-
xiB. Ha cBiTui B 3aMuKa0unx KJIITMHAX MIPOJUXiB
30isbITyeTHC BMicT IyKpiB i fioniB Kauito, 11o
Belle A0 IABUINEHHA OCMOTHYHOIO THCKY i Han-
XOmKeHHs Boau. Typrop KJIiTHH 30iJbIIyeThCSd,
i IpoauXuM BiTUMHAIOTHCA THUM IIUPIIE, YUM BU-
IIUHA piBeHb OCBiTJIEHHA. SIKIO K TpaHCHipaIisa
HAATO iHTEHCUBHA 1 IEPEBUIITYE IIOTJIMHAHHA BOAU
KOpeHeM, TYProOpHU THCK Y 3aMUKAIOUUX KJIITH-
HaX CHaJa€e, i MPOAMXM 3aKPUBAIOTHCH.

¥ mporeci eBouttoILil B poCcanH chopMyBaIIH-
cdA PisHI IPUCTOCYBAHHA 1A 3MEHIITEHHA TPAHC-
miparrii: BOCKOBUII HaJIiT Ha IIOBEPXHi JIMCTKiB
i mioxiB, 3aHypPeHHs TPOAUXiB y Me30dija, omy-
IIeHiCTh, PEAYKIIiA JIMCTKOBOI TOBepxHi. 3a He-
cTadi BOAM POCJUHU MOKYTBH 3ropraTu abo Ha-
BiTH yTpauaTH JIUCTKH.

YUHHUKY cepeloBUITa TaKOK BILIMBAIOTH Ha
iHTeHCUMBHIiCTH TpaHcmiparii. ['oToBHUM YMHHU-
KOM, IO PEeryJIIoe€ TpaHcITipallito, € cBitmo. Ilixg
yac MaKCHUMAaJbHOI OCBITJIEHOCTi CIIOCTEPiraeTh-
cAd ¥ MaKcuMaJIbHA iHTEHCUBHICTL TpaHCIiparrii.
TpaHcmipamia Tako:K B3aJIeKUTh BiJi BOJOTOCTi
MOBiTpA, TemMIepaTypH, BiTpy. 3HAYHO BILIHU-
Ba€ Ha iIHTEHCHUBHICTL TpaHcIipallii mMinepajvHe
acusnenns pocaurn. Y pasi Hecraui Hitporeny,
dochopy 1 Kamito inTeHcumBHiCTH TpaHcmiparmii
MaKCcUMaJIbHA, a 3a 30aJIaHCOBAHOTO MiHEPAJIbHO-
T'0 KUBJIEHHSA TPaHCIIipallid pisKo 3MEeHIITYEThCA.

T'yramia — mporiec BuUBeleHHA BOAU Y BUTJISA-
i Kpamesb piguHM HA MOBepXHi pocawHU. ['yra-
Iia BimOyBaeThesa uepes zidamodu — cIelliaibHi
BOJIHI IPOAMXY HA Kpadx 1 KiHUMKAaX JHCTKiB
(man. 52.2). TigaTonu Bizkputi mocriiitno. I'yra-

0 Kniouosa iges
OCHOBHUMU €KCKpeTaMn POC/INH € KNCEHDb, BYyrne-

KUcnuin ra3 i Boga. Boga BunapoByeTbca y npo-
Lecax TpaHcnipauii Ta rytauii. Npogyktamu Buai-
NEHHA Y POC/IVH TaKOX € HeKTap, cmonu, edipHi
onii, uykpu, pepmeHTN Ta iHLWI peyoBUHK, 6arato
3 AKUX MaloTb 6ionoriyHe 3HauyeHHs. BugineHHs
3[INCHIOETbCA KNITMHAMW JINCTKIB, KOPEHIB, a Ta-
KOX KMTMHaMU BUAINbHUX TKaHWH. barato npo-
DYKTIB MeTaboni3my BiIKnafacTbCaA y KRiTUHaX.

Man. 52.2. lyTauin

Iid BimOyBaeThbCcA B TOMY BUIIAIKY, KOJU HAIXO-
MKEeHHSA BOAW B POCJUHY IIEPEBUIIYE TPaHCIipa-
mwiro. 'yramia xapakTepHa IJIA POCAUH TPOIiUYHUX
JIiciB uepes BeJUKY BoJioricTh aTmocdepu. Ha Te-
puTopii YKpaiHu IPUKJIAIOM TYTYIOUUX POCINH
€ Bepba JaMKa, dKa pocTe Ha Oeperax BOJOMM.

Jlnctonap

Y pasi HacTaHHA 3UMOBOI IOCYyXHU JepeBa
B IOMIipHi# 30HI CKUAAIOTH yce aucts. o KiHia
JiTa — IOYaTKY OCEeHi B JIUCTKAX 3MEHIIYEThCH
iHTeHCUBHiCTH OOMiHY PEYOBUH, IIOCTYIIOBO PYIi-
HYIOThCA XJopodin i xJyopomynactu. Mix ocHo-
BOIO JIUCTKA i cTebGjoM moumHae (opMyBaTuCA
BiJOKPEMJTIOBAJILHU IITap MEPTBUX KJITUH KOP-
Ka. ¥ 1masyci JucTKa B Ielf yac ocTaTo4yHo (op-
My€eThCA OPYHBKA, IiCJsA YOT0 JIMCTOK OIlajzac.

3HaUYeHHA JINCTOIIAa[a TMOJIATAE y BUAAJIEHHI
3 POCIMHU MPOAYKTIiB OOMiHYy peuYoBUH i 3MeH-
IIIeHHI BUIIaPOBYBaHHSA, 10 OCOOJIMBO BaKJINBO
B3UMKY, KOJHU MalKe NPUIUHAETHCA HAIXO-
IUKeHHA BOAU 3 I'PYHTY. KpiMm TOTO, 3MEHIIIeHHS
IJIONTI IArOHiB 3HUMIMKYE KIJBKiCTH CHIiry, mio
3aTPUMYEThCA HAa TiJKax, 1 3MeHIITye WMOBip-
HICTH TOJOMKH IIaroHiB.

OBaI'II/ITaHHFI Ta 3aBOaHHA

1. [lnAa Ha3zeMHMX OpraHi3amMiB BaxknMBO 3anobiratu
BTPaTi BOAM 3 opraHiamy. OfgHak poCivHM BTpayaloTb
go 90% Boaw, WO Haginwna, yepes TpaHcnipadito.
Yomy X TpaHcnipauia He 3HUKNA B npoueci eBonouil
HaseMHuUX pocnuH? 2. LLinpokonucTi gepesa BMAanATb
NpoAyKT! 0OMiHY PEUYOBMH Pa3oM 3 JINCTAM, fKe LWo-
PiYHO CKMAAETbCA. A AK BMAANATb NOOGIYHI NPOLYKTH
XBOVIHIi pocnnHmn?
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§ 53. Ponb BugineHHA y nigTpMMaHHi romeocTasy

0 [omipkynTe

HedpoHn rpusyHiB, Wo XMBYTb Y MycTeNi, MaloTb
Hag3BUYaMHO [OBri netni feHne, a y ixHix
poawnyiB, Wo XMBYTb Yy ficax, Ui netni Habarato
KopoTwwi. Yomy?

é 3raganTe

» [omeocTas
 [Incuminauia 6inkis, Byrnesodis, Xupis
» bygoBa HMpPOK Ta CEUOBUAINbHUX LIAAXIB

Ponb ekckpeuii Ta ocmoperynauii
B NigTPYIMaHHI roMmeocTasy

EKckperia i ocMoperyadaiia € gysxe BasKJIm-
BUMU MPOIleCaMU KUTTEMNISIILHOCTI, BOHU IIin-
TPUMYIOTH CTAJiCTh BHYTPIIITHHOTO CEPEeIOBUIIIA
opranismy (romeocras). IxHaA QYHKIiA mosArae
B IATPUMII CTAJOCTi CKJaay i obcAry piauu
BHYTPIIITHBOTO CEepPeJOBUINa OPraHidaMy, HacaM-
mepejs; KpoBi.

IInsxom exckKpenii BUAAJSIOTHLCA HTOOiIUHi
OPOAYKTH MeTaboJisMy, 0araTto 3 SKUX € TOK-
CUYHMMHU i HETaTWBHO BILJIMBAIOTH Ha Iepedir
HOPMaJbHUX MeTAa0OJiuHUX pearIlii.

IIpomecu exckperii @i ocmoperyJaiii mifg-
TPUMYIOTh MOHHUUN CKJIQJA PiAUH Tija 3a paxy-
HOK peryJadaiii xonmenrtparnii #oniB Na', K,
Mg**, Ca*", Fe**, H', Cl", I, PO?, HCO;.

IIporecu exckpernii @i ocmoperyJaiii ming-
TPUMYIOTh IOCTiiHY KOHIleHTpaIllito ¥ouis I'ix-
poreny H* (To6TO miATPUMYIOTH KUCJIOTHICTH
cepemoBUINA).

IInaxom ocMoperyadrnii KOHTPOJIIOETHCS
BMiCT BOAM B pifmHaX Tija.

TokcnyHi npoayKT 0OMiHY peyoBUH

Kinnesi npoaykTu oOMiHY pedoBMH He MO-
JKYTh JOaJjli BUKOPUCTOBYBATHCS OPTaHiZsMOM
i MaoTh BuayuaTtucsa 3 Hboro. OCHOBHUMU Bin-
xXomaMu, AKi HeoOXiZHO BUIANATU 3 OpraHiamy,
€ ByIJIEKHCJUII Tas3 i BoJa Bij poO3IIenJeHHS
TJIIOKO31, aMOHiaK BiJ mepepoOKHN aMiHOKUCJIIOT,
comi. HacTuHa IUX MIPOAYKTIB € TOKCUYHOIO,
TOMY B OpraHismi ¢opmyioTbcA MeXaHiZMH,
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CIOPAMOBAHI Ha IIEPETBOPEHHA IUX MIKiIJIUBUX
peuoBuH ab0 Ha HEINKigauBi, a00 MEHI IIKixg-
JUBi AJA OopraHiamy.

Barato 3 mpoaykTiB meraboJismy OiakKiB
(amowniak, iHgO0JI, (heHOSM, aPOMATUYHI aMiHM) €
IysKe TOKCUUYHUMH i, 32 BUCOKUX KOHITEHTpaIliil
COIPUYMHAITh YPa’KeHHA PiBHUX BHYTPIIIHIX
opraHiB. S3HEIIKOAKEeHHA TOKCUYHUX IIPOAYKTiB
posmany OinkiB BimOyBaeThcsa B mediHIi. Amo-
HiaK TepeTBOPIOETHCA HA CEYOBUHY ab0O CEUOBY
KuCJoTy; (peHoa, iHAOM i cKaToa 3 €THYIOTHCS
i3 cyab(aTHOIO I TJIIOKYPOHOBOIO KUCJIOTAMU,
YTBOPIOIOUM MEHIII TOKCUYHI cmoayku. B exc-
Kpellii HiTPOTeHBMiCHUX PEUOBUH T'OJIOBHY POJIb
BifirparoTh HUPKY, a HeBeJMKAa KiJbKICTH IMX
PevYOBUH BUBOAUTHLCSA Uepes JereHi I MoToBi 3a-
JIO3U IIIKipu.

OnHieo 3 HAUTOKCUYHIIIINX PEUYOBUH € AMO-
Hiak — TPOAYKT PYHHYBAaHHA aMiHOKWCJIIOT.
Bin mae mBuUaKO BUAAIATHCA 3 OpPraHisMYy.
Y npicHOBOAHMX OpPraHi3MiB aMOHiaK PO3UMHS-
€ThCS V BEJUKIA KiJTbKOCTiI BOAM i BUAIIAETHCS
OesmocepelHHO B HABKOJIUIITHE CEPENOBUIIE, HE
BCTUTAIOUU JOCATHYTU TOKCUYHOI KOHIIeHTpAaIrii.
VY MOpchKUX i CYyXOHIJIBHMX OPraHi3MiB 3amacu
BOJIM B OpraHisMi oOMe:keHi, i BOHU He MOXKYThb
MAapHOTPATHO BUTpadyaTu il Ha BUBEAEHHSA aMo-
"Hiaky. Taki TBapmHM BUKOPUCTOBYIOTH iHIIII
coco0uM eKCKpellil HiTPOreHBMiCHUX IPOAYKTIiB.
ToioBHUM HITPOTeHBMiCHUM €KCKPETOM Yy CCaB-
IIiB € CeYyoBUHA, AKAa YTBOPIOETHCA B IIEUiHITL
3 amMoHiaKy i aka mabaraTo MeHIII TOKCHYHA,
Hi’k amoHiak. B iHImux HaseMHuX TBapuH (KO-
MaX, OTaxXiB) eKCKPEeTOM € CedyoBa KMCJIOTa Ta
ii cosi. BoHu maii:ke He TOKCHUYHI W MaJopoO3-
YMHHI, I8 IX eKcKpelii moTpibHa HeBeJuKa
KiJIbKiCcTh BOAU.

0 [lizHanTeca binble
JeAki MeTaboniT, WO HAKOMUUYIOTbCA POC/IMHAMM

B KNITMHHUX BaKyosNAX, BUKOHYIOTb 3aXUCHi yHKLT.
o6 YHVWKHYTW 3HULLEHHA TPABOIZHUMW TBAPUHaMWU,
POCIVHWA CUHTE3YITb Pi3Hi OTPYIMHI pevyoBUHU, AKi
BVBINIbHAIOTbCA 3 BaKyoJiel Y pa3i MOLKOAMXKEHHA Kili-
TH. Cepep HUX i BUCOKOTOKCUYHI ankanoigu, i npo-
CTO HEMPUMEMHI Ha CMaK PEYOBUHM, WO HEraTvBHO
BMINBAIOTb Ha TPaBJIEHHSA.
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Byraexkucauit ra3 TaKOK € TOKCUYHUM IIPO-
aykToMm wmeraboJsisamy. HaBiTh HesHauHe Imif-
BUINIEHHA HOT0 KOHIIEHTpAIlili IPU3BOAUTL [0
OiABUINEHHSA KMWCJOTHOCTi, IOTipIIeHHS caMo-
MOYYyTTsA, TOJOBHOTO 0O0JII0, 3HUI)KEHHSA yBaru.
Buganeunua momazx 90 % ByriieKmciaoro rasy
3a0e3meuyioTh JereHi. TakoK uepes JiereHi Bu-
BOAATHCA iHIIM JIETKI PEUOBWHU, HAIIPUKJIA BU-
napu edipy # xJsopodopmy mim yac HapKo3y,
BUIIApU AJKOTOJI0 B pasi cm’ AHiHHA.

Pociuuu gk KiHmesi mpoaykTu oOMiHy Bu-
OUISAI0Th He TiJIbKM BYTJIEKHCJIWN ras i Bondy,
a i1 Kuceub. PoJib KMCHIO B OpraHidMax ABoicra.
Binsauii, aromapauit OKcureH i 030H (haKTUIHO
€ KiaiTmHHUMU oTpyTramu. B atrmocdepi umcro-
ro0 KUCHIO JUXAHHA POCJUH 3HUIKYETHCA, a 3a
TpuBaJoi oro xil pocamHa ruse. Ile moB’sa3aHO
3 IIOCUJIEHHAM BiJIbHOPAAWMKAJIbHUX pPeaKIiid,
MOIIKOKeHHAM MeMOpaH YHACJHiTOK OKHCHEH-
HA IxX JimigiB i, spelrroro, 3 mopyllneHHAM 0a-
raTboX IPOIeciB OOMiHY PEUOBUH.

MakTopu, Wo NopyLwyTb NpoLec
BUAINEHHA Y NIOAVHN

- CmagkoBi Ta BpOIKeHI 3aXBOPIOBAHHSA
oprauiB BupginenHs. CmaagkoBi gedexkTu HU-
pox (HedpomaTii) MOKYTH BUHHUKATH B PiZHUX
CTPYKTYpPax BUIIJIBHOI CHCTEMU, HAIPUKJIAL
y KJyOOUYKOBOMY amapari, ()epMeHTHHUX CHUCTe-
MaX 1 TPaHCIOPTHUX KaHajJaX HUPKOBUX Ka-
HaJBIIiB, CHOPUUYMHATHA AaHATOMiIUHI aHOMAaJIii
HUPOK i CceuoBHUAINBbHUX HLIAXiB (Maya. 53.1).

- Indekuiiini 3axBopoBanua. Hupkosi in-
dekiii saszBuuall COPUUYNHAIOTL OaxTepii, AKi
ypaskaoTb HUPKOBI JIoxaHKU ab0 HUPKOBY Ia-
peaximy. TpamnaioTbeca TaKoK IIapasuTapHi Ta
BipycHi 3axBopioBaHHA. [H(peKIia 3HUIKYE aK-
TUBHICTh POOOTH HUDOK.

0 KniouoBa ines

EkckpeLia 1 ocmoperynauia € gy»ke BaXIMBUMMN
npouecamn XUTTERIANbHOCTI, BOHU NiATPUMYIOTb
CTaniCTb BHYTPIWHbOrO CepefoBuMlLa OpraHiamy
(romeocTas). LUnaxom ekcKpeuii BuaansawTbCA
nobiuHi NpoayKkT! meTaboniamy, 6arato 3 AKMUX
€ TOKCMYHUMU; Lie MPOAYKTW MeTaboniamy 6inkis
(amoHiaK), Byrnekncnuim ras, KuceHb (y POCIH).
HopmanbHi npouecn BMAiNEHHA MOXYTb OyTh Nno-
pyLUeHi BHaCNiOK 3axBOpioBaHb HUPOK (CnafKo-
BMX Ta iHPEKLiNHYX), rOPMOHaNbHOro AncbanaHcy,
OTPYEHHA | TPaBM HUPOK.

3p0poBa HUpKa Monikicto3 HUpPKK

FigpoHedpo3s

Man. 53.1. CnagkoBi 3aXBOPIOBaHHA HUPOK — MONIKICTO3
i rigpoHedpo3. HupkKoBa napeHxima 3amilLyeTbca
YMCNEHHUMI KicTamy abo HMPKOBOI NIOXaHKOIo,

AKa 30iNblIYETbCA Yyepe3 MoraHui BigTik ceui

« InTokcukania. [lo ypakeHHsA HUDPOK MO-
JKYThb IIPU3BECTU OTPYEHHSA AJKOTOJIEM, BAKKU-
MU MeTajJaMU, OTPYHHNUMU PeYOBUHAMU B ITOOY-
Ti Ta B IPOMUCJIOBOCTi, YKYCU OTPYHUHUX 3Mik
i KoMax, HaIMipHI m0o3u IeAKMX JiKapChbKUX
mmpemaparis.

- TpaBmu. HupkoBa HemocTaTHICTH PO3BU-
BAETHCS B pasi CUJIBHOTO TpPaBMYBaHHS HUPOK.

« Topmonanpuuii mucoananc. I[lopymennsa
peabcopOiIrii MOKYTh OyTH 3yMOBJI€HI HeZOCTAT-
HBOIO CeKpeIlielo TOpMOHiB (aJbIOCTEPOHY, Ba-
3ompecuHy) abo GJIOKAZOI0 PEeIeNTOPiB A0 ITMX
TOPMOHIB.

@ MpakTryHa poboTa

KpumuyHuii aHanis peknamu xap4osux npooyk-
mie ma 6iodo6asok

1. 3Hangite B IHTEpHeTi Bigeoponuku abo TeKkcTu
peKnamMmn xapyoBux NPOAYKTiB Ta 6iogob6aBok (abo
CKOPUCTaNTeCA TUMM, WO PO3MILLEHO B €NeKTPOH-
HOMY [oZaTKy).

2. MNpoaHanisyiiTe iX, 3BEPHITb YBary Ha KOPEKTHICTb,
HayKOBICTb Ta 06'€KTUBHICTb iHdOPMaLii, AKa B HKX
MICTUTbCA.

3. ChopmynioiiTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. Y xopi meTabonisamy 6inkiB yTBOpIOOTbCA Ayxe
TOKCMYHI NpodyKTn. Yn o3Hayva€ ue, WO M1 He MOBUH-
Hi BXMBaTW GINKOBI NpoayKTn B Ky? 2. Yn € KnceHb
KopuUcHUM abo HebesneuyHUm Ansa opraHiamis? 3. Ak
NoOpPYLLYIOTbCA MPOLEC BUAINEHHA Y pa3i BeIMKMX Oni-
KiB? 4. flKk NnopyLlylTbCA Npouecy BUAINEeHHA nig 4ac
CMHAPOMY 3[aBNOBaHHA?
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Tema 3. OOMIH peUOBWH | NepeTBOPeHHA eHeprii

§ 54. B3aeMo03B’A30K MeTaboNniyHuX Wnaxis

0 [omipkynTe

Y pesynbTati GOTOCUHTE3Y POCAUHY YTBOPIOKTb
Byrnesogn. OTpUMaTK iHWIi OpraHiyHi peyoBUHM
3 NPOAYKTaMU XapuyBaHHA, AK TBAPWUHW, BOHU
He MOXYTb. 3BiKW POCAUHWU 6epyTb ninigwn, 6in-
KN N HYKNEIHOBI KMCNOTW ANA CBOIX KNITUH?

Q 3raganTe

o MeTaboniam o LInkn TprkapboHOBUX KUCNOT

» biotexHonorii

B3aemonepeTBOpPEHHA MiXK pPi3HUMU
K/lacamu opraHiyHMX peyoBuH

OOMiH peyoBUH B OopraHismi JiroguHu BigOy-
Ba€eThbCA He XaoTU4uHO. BiH iHTerpoBanuii i ToH-
KO HACTPOEHMI. YcCi mepeTBOpPeHHs OPraHigvHUX
PevYoBUH TicHO MOB’A3aHi oaguH 3 ogHuM. Hampu-
KJajZ, y pasi HagMipHOTO CIOKUBAHHA ‘KUPiB
BOHU MOKYTb BUKOPUCTOBYBATHUCSH JIJIsT YTBOPEH-
HA TJIIOK03Uu. BiiKu I ByTrJIeBOAM MOMKYTH Iepe-
TBOPIOBATHUCS HA JIIIigW, a BYIJIEBOAU B JEIKUX
BUIIJKAX MOKYTH IIEPETBOPIOBATHCA Ha OiTKU.

Kupu Byrnesoau (nonicaxapuam)
MnpHi

Miuepon <— MoHocaxapugun
KNCNoTn Lep PYA

NH
I'IlpyBaT
¢K_, co,

AueTvm KoA (C)

LI,TK > co,

Vv v

2H* 2H* 2H* 2H*

AMiHOKKCNOTH

BzaemoniepeTBOpeHHA OKPEMUX KJACIiB peuo-
BUH MOYKJIMBI 3aBAAKMN IIUKJY TPUKAPOOHOBUX
KHCJIOT, B SKOMY CIIOJIyYalOThCSI BCi OCHOBHIi
MJIAXY PO3Many ¥ cuHTedy peuoBuH (May. 54.1).
BsaemormepeTBOpeHHA 3iICHIOIOTHCA Uepes3 KJI0-
4yoBi MeTaboJiTH, AKi € CIJIBHOIO JIAHKOIO Ha
nIAxax posmnany adbo cuHresdy. o Takux mera-
6oJstiTiB HasexaTh ImipyBaT, aneTuia-KoA, docdo-
riinepar, metaboJsitu mukJay Kpebca.

ByraneBogum B pesyabTaTi rigposizy yTBO-
pPOIOTH MOHOcaxapuam (TJIIOKO03Yy), AKi 3maTHi
IepeTBOPIOBATUCA Ha TPiodu, 30KpemMa HipoBU-
HOTPaAHy KHCJOTY, II0 HAAXOAUTH 0 ITUKJIY
TpuKapOoHOBUX Kucjaor. I, HaBmaku, Tpiosum
3IaTHI YTBOPUTU TJIIOKO3Y.

Binku B pes3ysbTarTi Trigposisy yTBOPIOIOTH
pisHi aMiHOKHUCJIOTH, SKi B IIPOIECi OKUCHOTO
IesaMiHyYBaHHS JalOTh aMOHiaK i KeTOKMCJIOTH.
KeroxkuciaoTu HagXOAATh Yy IMHUKJI TPUKAPOOHO-
BUX Kucjaor. HaBmaku, mipoBUHOTpagHa KIC-
JI0OTa, a TAaKOXX KEeTOKMCJOTHU ITUKJY TPUKapOo-
HOBUX KHCJOT (CO-KeToryiyrapoBa, (ymMaposa,
IIIaBEJIEBOOIITOBA) IIEPETBOPIOIOTHCA Ha aMiHO-
KHUCJIOTU, AKi OpraHi3M BUKOPUCTOBYE B IIPOIlECi
OiocuHTeEdy OiJKiB.

Binku Benuki monekynu
¢ (xapyoBi PeUYOBUHN i KOMMOHEHTN KNIiTUH)

Monekynu, wo BigirpatoTb ponb
6yniBenbHMX Gnokis

CninbHi NpoayKkTX po3nagy

MpocTi mani monekynn —
KiHLeBi NpofyKTn Kataboniamy

O,——> [uxanbHuii naHuior mitoxoHapin —> H,0

TN

AD'(DK_/

ATO

Man. 54.1. OcHOBHI WNAXM B3aemonepeTBopeHHA Ginkis, upiB i Byrnesoais
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Tema 3. O6miH peyosuH i nepeTopeHHa eHeprii 3y 33y S

[nioko3a

Mipysat

\
v

JlakTar

AueTtun-KoA

CyKumHat

y

OuroBa Kucnota

EtaHon

Man. 54.2. Cxema BMPOGHMLTBA €TaHOMY KULLIKOBO Nanuukoto E. coli
3a paxyHOK 6/10KyBaHHA MapanesibHUX MeTaboniyHmx Wnaxis (X)

IIpoxykTH; rigposidy sKuUpiB — KUPHI KucC-
JIOTM — B Pe3yJbTaTi J-OKMCHEHHS TAlOTh ale-
mui-KoA. HaBnaku, Tpiodu MOMKYTb JaTH IJIi-
IepuH, a aneTua-KoA HeoOXigHUN I CUHTE3y
BHUCOKOMOJIEKYJISPHUX KUPHUX KHUCJIOT. ¥ pe-
3yJAbTAaTi MOKHA 3HOBY OTPUMATH KUPHU.

MeTaboniyHa iHXeHepis

OgHMM 3 TTEePCIEeKTUBHUX HOBUX HANPAMKIB
y OiorexHoJiorii € MeTaGoiaiuHa iH:KeHepis —
COpsAMOBaHA 3MiHA KJITHMHHOTO MeTaboJisMy 3a
JIIOTIOMOTOI0 BBEJIeHHs, BUAAJEeHHA abo momumdi-
Karmii MeTaboOJiYHNX NLIAXIB 3 BUKOPUCTAHHAM
TexHosiorii pexombOimanTHux [HK. 3aBmammam
meTabosriunol iHyKeHepil € CTBOpeHHsS B OpraHis-
Mi MeTabOiUHUX MLIAXiB, AKi paHillle B JaHOMY
opramismi He icHyBasim abo B3araji He icHyBaJi
B IIPUPOi.

MeTaboaiuHa iHKeHepis 3maTHa CTBOPIO-
BaTu OioJioriuHi cucreMu, IO BUPOOJATUMYTH
XiMiuHi peuoBWMHU, AKi BasKKO @ JOPOTO Onep-
JKYBaTH TPAAUIIMHUMEU cIliocobamMmy XimiuHoi
iggycrpii. TakuMu pedyoBUHAMU MOMKYTH OYTH,
HaNPUKJIAaL, KOPUCHI OiJIKM 3 BUCOKUM YMiCTOM
He3aMiHHIUX aMiHOKMCJIOT, iCTiBHI BAKIIMHM, aH-

0 Kniouosa iges

B3aemonepeTBOpeHHs 6inkKiB, XMpiB i ByrneBoais
B OpraHi3Mi 3A4iMCHIOTbCA Yepes3 KIYoBi MeTa-
6oniT 06MiHY pevyoBUH — nipyBaT, aueTun-KoA,
docdorniuepat Ta meTaboniTh LUKNY TpUKap6o-
HOBUMX KUCNOT. OgHUM 3 MepcnekTUBHUX HOBUX
HanpAMKIB y 6ioTexHonorii € MeTaboniyHa iHxe-
Hepia — cnpAMOBaHa 3MiHa KNITMHHOrO MeTa-
6oni3My 3a Aomomoroi MoaudiKauii iCHyHUnX
MeTaboniuHUX WNAXIB.

TUTiJIa, HOBi IIOJiMepu, 10 He 3aCMiUyIOTH Ha-
BKOJIMIITHE CepPeOoBUIIIE.

ITpuknagamu pesyabTaTiB MeTaboJiuHOI
iHKeHepil € cTBOpeHHS OaKTepPil-IPOAYIEHTIB
eranony (Mana. 54.2), posraay)KeHUX CIUPTIB,
OYPIIITUHOBOI KUCJIOTU, CHHTETUYHOTO KayuyKy
Ta iHIIUX OPraHiuyHUX PEUOBUH.

Cucremu MerabosiuHOl iHKeHepii TaKoXK
BUKOPUCTOBYBAJM [JA CTBOPEHHA IIITaMiB
IpiskIKiB, AKi BUPOOJIAIOTL OmiOigM AJiA 3He-
0oJIIOBaHHS, i OaKTepili, ki BUPOOJISAIOTH 0io-
POBKJIaAHI IOJiMepH AJA XipypriuHoTo IIIOBHOTO
Marepiaiy.

® MpakThuHa poboTa

Po3e’a3yeanHa 3a0ay Ha memy «EHepzemu4Hul
o6MiH»

1. Y npoueci eHepreTnyHoro obmiHy posLiennno-
cA 12 monekyn rnwko3u. NoBHOro po3senneHHsA
3a3HanM 3 MoOJseKynu [JIoKO3M, a 3 peLuTolo Bif-
Oynunca nuwe peakuii 6e3KMCHeEBOro etamny o6MiHy.
CKinbky MoneKyn nipoBMHOrpagHoi kKucnotu 1a ATO
yTBOPUNOCA?

2. Y npoueci eHepreTMyHoro obMmiHy yTBOpUIOCSA
100 monekyn ATO®. [MoBHOro posiiensieHHA 3a3Ha-
AN 2 MOMeKynu [ioKo3M, a 3 peLuTolo Bigbynuca
nunwe peakuii 6e3kncHeBoro etany o6miHy. CKinbKu
BCbOrO MOJIEKYJT [IIOKO3M PO3LLennnoca?

3annTaHHA Ta 3aBJaHHA

1. K B/ BBaXKa€Te, YoMy BCi MeTaboMiuHi WNAXM
B KJiITUHI B3aemonos'aA3aHi? 2. fki, Ha Bawy AymKy, ne-
peBaru 1 NepcnekTBY, a MOXe, | HeJONiKU Ma€ MeTa-
6oniuHa iHXeHepisa NOPIBHAHO 3 TPAAMLINHOK XiMiYHOIO
NpPOMNCIOBICTIO?

13



Tema 3. OOMIH peUOBWH | NepeTBOPeHHA eHeprii

§ 55. O6MmiH pe4oBUH i eHeprii

0 [omipkynTe

AKAM YMHOM OpraHi3M NtoANHN OOMIHIOETbCA
€HEpri€lo 3 HaBKOJIMLWHIM cepefoBuLLem?

é 3raganTe

o Acuminadia i gucuminAagia
* 3aKOHM TepMOANHaMIKM

€HiCTb NpoueciB 06MiHYy peyoBUH

i eHepril

Y xijaiTuHaAX OZHOYACHO BiZOYBaIOTHCA IIPO-
mecu eHepreTUYHOr'o Ta IMJIACTHYHOTO OOMiHYy.
Bonu nos’sasani Misk co000 IIOTOKAMU PEUYOBUH
i emeprii (mas. 55.1). T'osoBHY posb y IOEN-
HaHHI aHaboJivHMX i KaTaboJiuHMX IpoIleciB
Bigirpae AT®.

ITpomecu amabGosismy i Karaboaismy mepe-
OyBaroTh B OpraHiami abo B cTaHiI AmHaMiuHOIL
piBHOBaru, abo 3 mepeBasKaHHAM OJHOTO 3 HUX.
IlepeBaskamusa aHabOJiYHMUX IIPOIIECiB HAJ KaTa-

0OJIiYHMMU IIPU3BOIUTH 0 3POCTAaHHA, HAKOIIU-
YeHHS Macu TKaHWH, a TepeBakaHHA KaTaboiu-
HHUX IIPOIECiB BeJle IO YaCTKOBOTO PYHHYBaHHSA
TKAHUHHUX CTPYKTYP, BUAiLIeHHA eHeprii. Cran
piBHOBa:XHOTO a00 HEPiBHOBAKHOT'O CIIiBBiJHO-
IeHHs aHabogidaMy ¥ KaTaboJisMy 3aJeXKuTh
Bijg BiKy (mepeBaskaHHA aHA00Ji3MYy B JUTAUOMY
Bimi, piBHOBara y spijzomy, mepeBasKaHHSA KaTa-
00JIi3My B CTApoOCTi), CTaHY 30POB’ s, (PiBMUHOTO
a00 TICMXO0EeMOITilfHOTO HaBaHTaKEHH.

[NepeTBOpPEHHA eHepril B XXUBIW KNITUHI

BuyTpinmai meTaboJriuHi mpoliecu CYIpoBO-
IKYIOTHCS IIePeTBOPEHHAMU OTHUX (DOPM eHep-
rii ma immi. Tak, HanpukJazn, XxiMmiuHa eHepria
TJIIOKO3U IIePETBOPIOETHCA Y XOMAi KJIITUHHOTO
OKMCHEHHS YACTKOBO HA TEILJI0, YaCTKOBO — Ha
eHepriio makpoepriunux 3B’a3kiB AT®. 3a pa-
XYHOK rigposisy AT® moske BimOyBaTucs mepe-
HECeHHs PEeYOBUH 3 MIJIAHKMN 3 MEHIIOI KOH-
IeHTPAIlieI0 0 TIIAHKY 3 0iIbII00 (0OCMOTHYHA
pobora), mepeHeceHHs HOHIB y Miciie 0ijbIl Bu-
COKOI'0O eJIEeKTPUYHOTO IMOTeHIliaNy (eJeKTpuuHa

KaTtabonism (aucuminauis) MeTabonizm AHabonizm (acuminauin)
P . . ‘\ o .
Co, H,0 TBapUHHI N POCVHHI Po3nag opraHiyHMX peyoBuH MobypoBa 1 pict
6inkn, ninign, Byrnesoaun, ANA OTPUMaHHA eHepril opraHismy
BOAa
YTBOPIOETbCA 0 i fennosa
TPUMYEMO 3 Keto E : :
: Hepria ATO BuKkopucTto- eHepria
nig Yyac guxaHHA P o 1kop P
BYETbCA ANA BCiX nmpoue-
¢ ¢ CiB XUTTEAIANBHOCTI
YTBOpPEHHA Bual 3 YTBOpPEHHA
HU3bKOMONEKYNAPHUX NAIMAETbCA a”ac.aET:_% BVICOKOMONEKYIAPHUX
PEeUoBIH eHepria eHepria (ATO) PEeYOBIH

S

Bupinaetbca B HaBKOMMLIHE
cepepoBuLle

H,0 Mpoayktn po3nagy

Tennosa
eHeprin
co

2

Enepria xiMiuHNX

7

CrHTe3 OpraHiYHMX PEeYOBMH, BNACTUBMX
NIOANHI, 3 NOMMHAHHAM eHeprii

3B'A3KIB

Man. 55.1. B3aemo3B'A30K npoueciB Katabosniamy i aHaboni3aMy FPYHTYETbCA Ha €QHOCTI GIOXIMIUHUX MepeTBOpPEHD,
o 3a6e3neyyloTb EHEpPrielo BCi NPOLEcH >KUTTERIANbHOCTI

114
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poboTa), B opraHiaMi TBapmHU — CKOPOUYEHHS
M’a3iB (MexaHiuHa po6ora). Ilpu oMy BimOy-
Ba€ThCS MEPETBOPEHHA YAaCTUHU XiMiuHOI eHep-
rii AT® Ha TemioBy, OCMOTHUYHY, €JEKTPUUHY
Ta MeXaHiuHy eHepriio.

3 posBuTkoM y XIX—-XX cT. TepmMogmHaMi-
KM — HayKW IIPO B3a€MOIIEPETBOPEHHSA TEILJIOTHU
1 eHeprii — cTaJ0 MOXKJIMBO KiJbKiCcHO pospa-
XOBYBaTU IIEPETBOPEHHA eHeprii B OioxiMiuHMX
peakiiax i mepembauaTu iX HAIPSIMOK.

TepmoanHamika oOMiHy peyoBUH

3 TOYKM 30py TePMOIMHAMIKM, JKUBi opra-
Hi3MU SABJSIOTH CO00I0 BiIKPHUTI HepiBHOBAKHI
CHCTEeMH, OCKLJIbKM BOHU OOMIiHIOIOTHCS 3 Ha-
BKOJIMIIIHIM cepefoBUINleM AK eHepriel, Tak
i peYoOBMHOIO, i IPU IILOMY IIEPETBOPIOIOTH i Te,
¥ immre.

IIpunusHenHas oOMiHY PeYOBHH Ta IIOTOKY
eHeprii aAsd opraHisMiB o3Hauae BTPATy CTPYK-
TypHOi oprasizarii i cMepTs.

ExcrnepuMeHTaIbHUM MOLIAXOM OyJIO BCTa-
HOBJIEHO, II[O0 OO IIpoIeciB, sKi BigOyBaroThCS
B 0ioJIOTiuHUX cucTeMax, MOKHA 3aCTOCOBYBaTHU
mepmuii i Apyru#l 3akoHuU TepmopmHamiku. Cy-
MapHa KiJbKicTh eHeprii, AKy OTPUMYE KUBUN
opramiam 3 iKeio0 3a IIeBHUM IIPOMIXKOK uYacy,
IOPiBHIOE KIJIBKOCTI eHeprii, 10 BUIIIAETHCS
Y BUTJIAI TeIlJIa i MiCTUTBCA B TPONYKTAX BUJIi-
JIeHHS, Ta eHepreTUYHUM BUTpPaTaM Ha poboTy,
0 3AiMCHIOETHCH.

KinpkicTs TemsmoTu, BUAIJIEHOI OprauisMom,
MOJKHA TOYHO BuUMipaTu. [ya 1poro oprauism
MOMIIIIAIOTh Y CIeIiaJbHy Kamepy, dKa moope
isospoBaHa Big cepemosBuia, TOOTO He Bin-
OyBaeThbcA OOMiHY eHepriero 3 HaBKOJUIIHIM
cepemosuirieM (Maja. 55.2). ExcuepumenTu, Bu-
KOHAHI IIMM METOAOM, OOBEJIM, HI0 KiJbKicThb
eHeprii, sKa HaAXOAUTH B OpPraHiaM, JOPiBHIOE
eHeprii, 110 BUAINAETHCA IIiJ Yac HPOBEIEHHS
KaJiopuMeTpii.

0 KnioyoBa ifes

Y KniTMHax opHo4YacHoO BigbyBalTbCA Mpouecu
€HepreTMYHOro Ta MNacTUYHOro OOMiHy. BoHu
NoB'si3aHi MiX 0600 MOTOKaMU PEUYOBVH i eHepril.
[0fI0BHY POJib Y MOEAHAHHI aHAabONIYHKX i KaTa-
6oniyHnx npouecis Bigirpae AT®. Xusi opraHiamu
Hanexatb O BiAKPUTUX TEPMOAMHAMIYHMX CUC-
TEM: BOHU OOMIHIOIOTbCA PEUOBMHAMM 11 eHeprieto
3 HaBKOJIMLLHIM CepefoBULLEM.

I13on4auia |
Migirpita I
BOda ——
D XonopgHa
BOAA
MoBiTpsa
BUXOAUTb

_ MNosiTpa

HagXoAuTb

CnoXmnBaHHA KNCHIO NIOAUHOK

Man. 55.2. Kamepa ansa npAMoOro BUMIpIOBaHHA KiIbKOCTi
TenaoTy, BUAINEHOI opraHiaMom

[li3HanTeca binblue

TepmoanHamiKa — HayKa, WO BUBYA€E 3arasibHi 3a-
KOHV NepeTBOPEHHA Pi3HUX BUAIB eHepril B CUCTEMI.
Po3pi3HAOTL TpU TUNK cucTem:

130/1608aHA — He OOMIHIOETbCA 3 HAaBKOMMLLHIM ce-
penoBuLLEM aHi PeYOBUHOLIO, aHi eHeprielo.
3amkHeHa (3akpuma) — OBMIHIOETbCA 3 HABKOJMLL-
HiIM CcepefoBMLLEM TifIbKWN €Hepri€elo.

Biokpuma — OOBMIHIOETbCA 3 HABKOMULWIHIM cepe-
OOBULLEM PEYOBUHOIO i eHeprieto.

Mepwwuii 3aKoH TepmMoANHaMIKM € 33aKOHOM 36e-
peXkeHHA eHeprii. BiH Bn3Hayvag, Wo 3aranbHa eHep-
rin B i30N1bOBaHiN cuCTeMi — BeNUYMHA CTana i He
3MIHIOETbCA i3 YacOM, a NULLE NEePEeXofnTb 3 OfHiel
dopmu B iHLIY.

[Apyruii 3aKOH TepMOAMHAMIKIN BY3HAYaE, WO BCi
peanbHi NpoLuecn CynpoBOAXKYIOTbCA PO3CitOBaHHAM
NEeBHOI YaCTUHW eHeprii B TennoTy.

@ MpakTyHa poboTa

MopieHanebHa xapakmepucmuka 3miH y npoyeci
esosloyii op2aHie mpaesieHHsA, OUXAHHA Ma eu-
dineHHA AK onmumi3ayisa ix 0o npoyecie mema-
6onizmy

1. Po3rnsHbTe 306pakeHHA OpraHiB TpaBHOI, Au-
XaNnbHOI Ta BUAINbHOI CUCTEM Pi3HMX Fpyn TBapuWH
(Hanpuknag, pub, am¢ibin, nTaxis Ta ccaBuiB). YcTa-
HOBITb 3MiHW, fAKi BigOyBanucb i3 UMMM OpraHamu
y npoueci eBosoLii.

2. CoopmyntonTe BUCHOBOK.

3annTaHHA Ta 3aBJaHHA

1. OnNnwiTh, AK OAHI BUAW eHeprii NepeTBOPIO0TbCA
Ha iHWi B npoueci dpoTocuHTesy. 2. AKi BUAM eHepril
BUAINATLCA Nig Yac pobotn m'sasis? 3. Akol cuctemoro
3 TOYKM 30py TEPMOAMHAMIKU, € KOCMiYHMI Kopabenb
3 KOCMOHaBTamn?
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OcHOBHi nonoxeHHsa Temn «OOMiH pe4yoBUH i NepeTBOPEHHA eHeprii»

OCHOBHIi HeOpraHiYHi peyoBUHN KAITUHN

KommonenT DyHKIIT

H,0 VYTBOpeHHS BHYTPIIIIHBOTO CePeOBUINA OPTaHidaMy, miATpuMKa opmu Tina (Typrop),
yuacThb y MmetaboJismi (orouris, rinposia), Tepmoperyasaiia (IoToBugiIeHHA, TyTallia),
TPAHCIIOPT PEUOBUH

H', Nat, K", Cl” VTBOopeHHs MeMOpaHHOTO moTeHItiany Aaa cuaTesy AT® ta mepemaui curaaiis,
Yy TOMY YHUCJIi, HEPBOBOT'O iMIIyJIbCY

HCO;, HPO?, 3abesneuenHa 0y(epHUX BJIACTUBOCTEH CUCTEeMU TKAHUH

H,PO,

Ca**, PO 3abesnevyeHHA MiITHOCTI OMIOPHUX CTPYKTYP TBApuH (KiCTKU, MYIILJIi MOJIIOCKiB)

Mg, Fe, Zn, Cu, | YTBOpeHH:A aKTHUBHOIO I[eHTPY 'OPMOHIiB, (hepMeHTiB, BiramiHiB, TpaHcnopTHUX 6iIKiB,
Mn nirMeHTiB (poTOCUHTERY

biononimepwu

ITonimepu Monomepu O00B’I3K0Bi eTeMeHTH OcHOBHIi QyHKIIT
Binknu AwmiHOKUCTOTH C,H,O,N,S KaranitTuuna, CTpyKTypHA, MOTOPHA,
TPAHCIIOPTHA, PEryJIsATOPHA
ITonicaxapumu Mowuocaxapugu C,H,0 MexaniuHa, pesepBHA, PeTyJIATOPHA
Hupu Tninepun i sxupui C,H,0 PesepBHa, TepMoizosio0ya, PeryaAaTop-
KMCJIOTH Ha, CTPYKTYypPHA
Hyxneinosi Hyxneorunu C,H,O,N,P Iadopwmarriiina, peryiaTopHa, KaTaJsi-
KUCJIOTH THYHA

Memb6paHHWI TpaHCnopT

ITacuBHUIT TPAHCIIOPT:

A. IIpocra gudysia

1 — nmudysia kpisb Gochominigamii 6irrap

2 — nudysia Kpisb 6i0K-KaHa

B. ITonermena nudysia Kpisb GiJIOK-nepeHoCcHUK
3 — cuMmmopT

4 — aHTUIIOPT

AKTUBHUI TPAHCIIOPT:

5 — Kpisb OLI0K-Hacoc i3 migBogoM eHepril

TpaHcnopT peyoBUH y 6araTOKNITUHHUX OpraHi3miB

Pocauan Teapuau

Kcennema (Tpaxeinu, cyguHM) — TPAHCIOPT Temonimda — pigmHa, 110 TPAHCIOPTYE NOKUBHI PEUOBUHU
BOIU U MiHepaJIiB BiJf KOPeHiB [0 JIUCTKiB

dyoema (cutononioHi Tpy6ru) — tpancnmopr |~ KpoB — pinka TkaHMHA, 110 MicTUTH naasmy (pizunHy) i ghop-
OpTraHiYHUX PEYOBUH BiJl IUCTKIB 10 KOPEeHIB | MeHi esemenmu (epUTPOIUTHU, JEHKOIIUTH, TPOMOOIIUTH)

Tvnn XnBneHHa

3a mxepesnom KapGony 3a mixepesioM eHeprii 3a mixepesiom Iigporeny
+ aBTorpodue — CO, + horoTpodhHe — eHepria ceitia - giTorpocdHe — HEoOpTraHiUHI peUOBUHU
« rereporpocHe — opraHiuni | * xemorpodHe — eHepriag ximiuHo- « opraHoTpodHe — oprauiuHi peuo-
PeYoBUHU r0 3B’S3KY BUHU
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TUnn reTepoTPoPHOro KMBNEHHSA

3a mKepesIoM MOKMBHUX PEUOBHH

(mepodaris)

canmporpod)He — JKUBJIEHHS BiIMEpPJINMU PEIITKAMU KUBUX iCTOT
cumobioTpodHe — oZiepyKaHHSA IMTOKUBHUX PEUOBUH BiJ mapTHEpa 3a
B3a€MOBUTITHUM CIM01030M

feTepoTpodHUIN MeTaboNi3m: aepobHe ANXaHHSA

Crapgia 1. Cragis 2.
Taikomxis IMuka TpuKapO0HOBUX KHCIOT
Cragin ) MNipysat
BUTpauaHHsA eHeprii HAH
Auetun-KoA o,
cﬁHlloﬁ
Inioko3a
2 ATO 2 ARo OkcanoavteTar 2 Lvrpar
HAZH
9 3
Manat I3oumntpat
4 A0O 4 ATO 2
+2HO s 4 HAZ(O)H
OATH Dymapat 2-OkcornyTtapat
E E Q 7 5 “ : o,
CykumHat CykumnHin-KoA HAOH
Cragia 2CH,0, 6
Bigpaui eHeprii [1Bi Monekynu nipysaty
ATO A0O
BuxinHi peuoBuHuU: r1I0K03a | BuxigHi peuoBuHM: mipysar
IIponykTu: mipysar, ATPD ITponykTn:
(2 monexynm), H,0O CO,, HAITH, ®ATH
ABTOTPOdHUIN MeTaboniam: poToCKHTES
Crania 1. CeitioBa
Akuentop AKuenTtop
Cgitno eNeKTPoHiB Cgitno €NeKTPOoHIB
26
28 26 HALO + 2H*
NaHuor JaHutor
NepeHOCHVKIB nepeHOCHNKIB
eneKTPoHIB €NeKTPOHIB HALOH + H*
wlo o o et
H,0 — 1 0, + 2H"
Dotocunctema I Dotocuctema |

®ortoniz Boan

Buxinni peuosunu: H,0
IIpomyxru: HAII®H, ATD

3a MexaHi3MOM IOIrJIMHAHHI T3

roJIO30iiHe — IOTVIMHAHHSA KUBUX iCTOT (XMKAIITBO) Ta IXHIX YaCTUH + ¢haroTpodhHe — MIOTIUHAHHSA

IMIJIAXOM 3aKOBTYBaHHA
* OCMOTPO(bHe — IIOTJIMHAHHA
IMIJIAXOM YCMOKTYBaHHA

nmapasuTUYHe — OJlePiKaHHA IMOKMBHUX PEUOBUH Bijf opra"ismy-xassina

Cragisa 3.
EJleKTpOHHOTPAHCIIOPTHUM JIAHIIOT

BinkoBuin KOMNneKc NepeHOCHNKIB eNeKTPOHIB ATO-cnHTasa

H'@ /\OQUH*

H @ H' @ H'@

H R B
H] o
HA,uH(‘f\HA;L me
> > X
ENeKTPpOHHOTPAaHCMOPTHUI NaHLor OkucHe

docdopunioBaHHA

Buxignui peuosuan: HAJTH, ®ATH

IIponykTn:
AT® (36 moaexy), H,O

Cragia 2. Temaosa

13 cBiTNOBMX peakuii
12 ATO 12A00 + 120

Heopr

Jundocdorniueponosa kucnota (12 monekyn)

(Docd)oréﬂueponoaa )KI/ICﬂOTa % 3i cBiTNOBMX peakuin
12 monekyn, v
ey 2 12 HABO-H
I <]
T I
2 p=3 12 HAJO*
6CO, = . @
g Tpiozodocdar (12 monekyn)
X
8 Mniokosa
g (1 monekyna)

cnonyk

x
Pubynosoandocdar (6 monekyn)

6A0D + 61);?\- Pu6ynosomoHodocpar
(12 monekyn)

6 ATO
3i cBiTNOBUX peakuin

MepeTtBOpeHHA
KapbOHOBUX

Buxinui peuopunu: CO,

IIpomykTH: riroxosa



Tema 4. CnagKoBiCTb
| MIHIMBICTb

§ 56. lLnaxu nepepayi iHpopmauii B XKMBUX cucTemax

0 [omipKymnTe

Y TMO-TexHOnOorifiX WNPOKO BMKOPUCTOBYIOTb
reH mMepysu, KM BiANOBiga€e 3a CUHTE3 6iNka,
WO CBITUTbCA Nif BrAMBOM ynbTpadioneTy. AKwWwo
TaKUA reH yBeCT JO OpraHiaMy Ko3u Tak, Lo6
CUHTE30BaHWI HUM 6iNIoK NOTPansfaB y MOMOKO,
TO Y/ MOXe NIOAUHA, Wo N'E Take MOJIOKO, OTpu-
MaTW Uel reH y CBill reHom?

Q 3raganTe

» Hykneotnanm » Pennikauia

e TpaHcKkpunuia e TpaHcnAuia

LleHTpanbHa forma monekynapHoi
Gionorii

®pencic Kpix 1958 poxy sampomonyBasB
TaK 3BaHy IEHTPAJbHY AOTMY MOJIEKYJIAPHOI
Oiosorii. Ila morma cTBepAsKyBaJia, IO TOTIK
irdopmaliii B KMBUX OpraHiamMax BifOyBaeThCs
TinbKu B Hanpamky Bix IHK mo PHE, a mo-
TiM g0 06inkiB. AJe micad momadbIINX JOCJi-
IUKeHb MorMy OyJo BimpemaroBaHo, i B cyuac-
HOMY (DOPMYJIIOBAHHI BOHA Ma€ TaKUN BUTJIAI:

Pennikauia TpaHckpunuin TpaHcnauia

HK PHK 6i
A T_> —) 6inok

A

3BOpOTHa Pennikauis
TpaHcKpunuisa PHK

Man. 56.1. Cxema nepepavi iHpopmaLii B >KMBUX OpraHis-
Max 3riJHO 3 LeHTPaNbHO JOrMOI0 MOJNIeKYsipHOI Gionoril

moTiK iH(opMmarii B KMBUX OpraHidamMax MOKe
BimOyBaTHCAa MisK HYKJeIHOBUMU KMUCJIOTaAMU Ta
B HAIPAMKY BiJ HYKJIEITHOBUX KMCJOT 10 OiJKiB,
ajle He MOJKe IIPOXOAUTH Bif OiIKiB mo HyKJei-
HOBUX KwmcJjor (mana. 56.1).

3 IHK ma IHK Ta B mampamxry [HK—
PHK—6inok imdopmalia mepemaeTbcsa B yCix
KJITMHAX JKMBUX OpraHismiB (Imig uvac pemJri-
Karii, TpauHckpumii i Tpauciasamnii). Ilepemauy
ingopwmariii 3 PHK ma PHK BUKOpPHCTOBYIOTH
nesaki Bipycu. A mepemava imgopmariii 3 PHE
Ha JIHK BuKOpuUCTOBYETHCA AeAKMMU Bipycamu
i, B IeAKWX BUMAIKAaX, y KJIITHHAX JKUBUX OP-
raHiamiB (Tak 3BaHa 3BOPOTHA TPAHCKPUIILis).

Mpouecn nepenavi iHpopmauii B KNiTUHI

3BigKu i Kyan

depMeHTH Ta CTPYKTYPH,

IIpouec nmepexacThesa Kouu BigdyBaeTncs . .

. . AKi 0epyTh yJ4acTh y nmpoueci

indopmania PyT® ¥4 ¥y pont
Pennikania | 3 JHK ITig vac mogBoenusa JJHK nepen momi- HOHEK-3ane:xua [[HK-mmosrimepasa,
OHE ma [[HE JIOM KJIiTHHU Tomoizomepasa, reikasa
Tpauckpun- | 3 IHK Ha neprromy erarmi cunresy 6i1ka IOHEK-3ane:xxua PHK-nmonimepasa,
misa uwa PHK TOoIoidoMepasa, reikasa
Tpaucaamnia | 3 PHK Ha gpyromy erami cunTesy 6iika Pu6ocoma

Ha 6i0K

3BOpoTHA 3 PHK ITig vac mepemimenusa mobinmbHUX reHe- =~ PHK-zane:xua [[HK-mosrimepasa
Tpanckpun- | #ma [[HK TUYHUX €JeMEeHTIiB Ta IijJ uac pO3MHO- (peBeprasa), Tommoizomepasa, reJi-
mis JKeHHA PeTPOBipyciB y KIiTUHI Kasa
Pemnikania @ 3 PHEK V¥ mporieci BinTBopeHHA B KJIiTHHI BCix PHEK-3zane:xua PHK-nosrimepasa,
PHEK Ha PHK PHEK-BipyciB, okpim peTpoBipyciB TOIl0iBOMepasa, rejikasa
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3BOPOTHA TPAHCKPpULiA

3 1mpollecamMu peIlnTiKamii, TpaHCKPUIIILil
i TpaHcaAmnii Bu BiKe 3HaAioMi. ¥ IIporeci 3Bo-
porHoi TpaHcKpumilii moxii BizOyBatoThCs y 3BO-
POTHOMY IIOPAAKY HOPIiBHAHO 3i 3BUYANHOIO
TPAaHCKPUIIicl0. SMiHiCHIOE HOTO0 TAKOM KOMII-
JeKc ()epMeHTiB, TOJOBHUM 3 SAKUX € (hepMeHT
PHEK-zanexxna JHK-momimepasa (ii wacro Hasu-
BalOTh peBepTas30i0 ab0 3BOPOTHOIO TPAHCKPHUII-
Tazoio). Ileii gepment Oyaye nanimoxkoxk THE
3a 3paskoM JaHIo:kka PHE.

ITpuHIMT TOGY0BY HOBOI MOJIEKYJIN TaKOMXK
0asyeTbcsA Ha SBUINI KOMILJIEMEHTapHOCTi, aje
BiATIOBiAHICTE V bOMY BUIIAAKY AEINO iHIa mo-
PiBHSAHO 3 TPAHCKPUIIIIi€IO.

TpaHCKpUIIIis 3BOPOTHA TPAHCKPUIIILisS
IOHK PHK PHK ITHEK
(8pasdok) (O0ymyeThcsi) (3pasdok) (OyayeTbes)
T 1T I, r
1D r r IT
T A A T
A v v A

Ypununosuit mykjaeorun no ckiaany HHE
He BXOJIWUTHb, TOMY HABIIPOTH AaJeHiJIOBOrO HY-
kiaeotuny PHEK posraioByeTbcss THUMiAMIOBUIA
HyKJeoTu  y JaHioxkKy [JTHK, a HaBnpoTn ypu-
IUJIOBOTO — aJeHiJIOBUIi.

Oco06I1BO UacTo Iieil Mmpolec BUKOPUCTOBY-
IOTh Bipycu, Yy SKUX HYKJEIHOBOIO KMCJIOTOIO
¢ PHK. Bouu mpoHUKaiOTh y KJIITUHU KUBUX
OopraHismiB i TaM 3a ZOMOMOTrOI0 (PepMEHTy pe-
Beprasu 3i cBoei PHK ytBopiorors [THK. A Bike
usa [JHK BOymoByeThcA B reHOM KJIITHMHU ¥ IIO-
YMHAE KOHTPOJIIOBATHU IIPOIleCHU, SIKi B Hill Bif-
O0yBaioThbcsA. TaKoK pA BipyciB BUKOPUCTOBYE
IJIA PO3MHOMKEHHS B KJIITHHI ABUIIE peIlTikarii
PHEK 6es cunTesy mpomizkuoi mosexyau [THE.

OpuHuM i3 THX, XTO BiJKPUB SIBUIIE 3BOPOT-
HOI TpaHCKpUMIlii, OyB yKpaiHCbKUi yueHUI
C. M. T'epiiieH30H.

0 Kniouosa iges

Y XMBUX CCTeMax CrnaakoBa iHpopmaLis nepena-
€TbCA nepeBaXHO Yy Hanpamkax OHK — PHK —
6inok Ta JHK — [HK. MoxxnuBa Takox nepegava
iHbopmauii y Hanpamax PHK — OHK i PHK — PHK.
[ns 3abe3neyeHHs nepegadi uiei iHdopmaLii XunBi
OpraHi3amy BUKOPUWCTOBYIOTb crieuianibHi pepmeH-
TL: MoniMepasy, TONoi3omepasu, refikasu TOLO.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

Man. 56.2. Mogenb mosiekynu Tornoisomepasu NOANHN

DepmeHTH, Wwo 3abe3neuyoTb

nepepavy cnagkosoi iHGopmauii

DYyHKIIIOHYBAaHHSI HYKJEIHOBUX KIUCJIOT
y KJiTuHax 3a0esleuye BeJUKUN KOMILJIEKC
MOJIEKYJI, OCHOBHUMHU 3 AKUX € (DEPMEHTU: II0-
Jimepasmu, rejrikasu, Tomoisomepasu Torro. Ilo-
JdimMepasum — 1ie (pepMeHTH, SAKi 3miHiCHIOIOTH
moJiiMepuaallilo HUTKM HYKJEIHOBOI KUCJIOTHU
3 HYKJIEOTUiB, BUKOPUCTOBYIOUMN K MAaTPUILIO
B)KE ICHYIOUMWH JIAHIJIOT HYKJEIHOBOI KWCJIOTH.
3ajierKHO Big TOro, SAKMHM JAHIIOT BUKOPHUCTO-
BYETBCA i AKA KHCJIOTa CUHTE3YETHCHA, iCHYIOTH
Kimbka BumaiB nosimepas. Hampuwraazn, ITHE-
same:kna PHK-mosmimepasa cuHTe3ye MOJIEKYTY
PHK na panmo:xkky IIHK (et ¢pepmenT OGepe
yuyacTh y mporeci Tpanckpumiii). A JTHEK-
danesxkHa J[|HK-monimepasa cuHTe3ye HOBI MoO-
aekyau [JTHK mixg gac pemrikarii.

Tomoizomepasu — 1e GhepMeHTH, AKi 37aT-
Hi 3miHOBaTH TomoJsoriro JJHK (ii mpocTopoBy
oynoBy) (man. 56.2). Ile mosBoJisie TpuUBeCTHU
minaaky I[ITHK B craH, Koau MOKJIuBa poboTra
iHmux (pepMeHTiB.

Temikasu — 1e ¢epmMeHTH, AKi Bimmosima-
IOTh 3a PO3AiIJIEHHS ABOJIAHI[IOTOBUX MOJIEKYJ
HYKJIETHOBUX KHMCJIOT Ha OMHOJIAHIIIOTOBi. Takuit
Ipoliec € Ay’Ke BasKJIUBUM, HAIPUKJIAL, Hepes
MIOYATKOM pPeILIiKaIlii abo TpaHCKPUIIILii. SaIex-
HO BiJ TOTO, 3 AKOI HYKJIEIHOBOIO KWCJIOTOIO
mpaiiioe (epmeHnTt, Bumgiasiors [JHK-remrikasu
i PHK-renikasu.

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. 3a Akum 3pa3kom i wo cuHTedye PHK-3anexHa
OHK-nonimepasa? 2. Yn notpibHi Tonoizomepasn i re-
nikasu B 6akTepianbHin knituHi, HK Akoi mae Burnag
Kinbuesoi monekynu? 3. Y AKil NOCNiAOBHOCTI NOBUHHI
npawutoBaTn nonimepasa, refikasa i Tonoisomepasa agna
3abe3nevyeHHn npouecy pennikawii?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 57. leHn  reHOMI

0 [omipkynTe

KinbKicTb reHiB y reHomi nioguHu 6Ginblue,

Hi>XK Y reHOMi KMLLKOBOI Manunyku, npubnnsHo

B 5 pasiB. A Kinbkictb Hykneotugis [HK y reHomi
noanHK Ginble ax y 700 pasiB. Yomy mae micue
Taka pisHuuAa?

Q 3ragante

o [eH o [eHOM o IHK

» Hykneoig » Xpomocomu

[eH Ta oro CTpyKTypa

Koxuuii ren e ginauakomo moaexynau [THEK.
Biu Bigmosizmae 3a yrBopeHHA ofHiel a00 KiIBKOX
O3HaK opraHiamy. Ajse OiJbIIiCTh O3HAK YTBO-
PIOIOTHCA B Pe3YJIbTaTi B3aeEMOIil KiIbKOX T'eHiB.

B AKuMX cTpyKTypax posTallloBaHi reHu?
Y mpokapioTiB BOHH 30Cepel:KeHi y BeJuKii
Kimbresiit momexysi [THK (e mykaeoiz abo
baxTepiambHa Xpomocoma). Kpim Toro, BoHU €
B HeBeJUKUX KijableBux MoJjgerkyigax THK —
maasMizax.

B eykapioTiB reEu MicTATBCA B XpOMOCOMAax
Anpa, MITOXOHApPiAX i miaacrumax. BimmosimuHo
O MicIld po3TalllyBaHHSA T'eHU €yKapioTiB mo-
OiIAI0TL Ha SAOepPHi, MITOXOHApiaJbHI Ta reHu
TLJIACTHU/.

Vci rerr mMalTh OOHAKOBY cxeMy OyIOBH.
Boru craagamoTbecsa 3 KigbKox gimdanHoK. I'o-
JIOBHOIO MiJIAHKOIO Oy/[b-IKOTO T'eHa € Ta, dAKa
MicTuTh iH(opmariio mpo OYZOBY MOJIEKYJIH
6inka a6o PHK (upoaykry rena). Ile komyroua
yacTUHA TreHa. IHIM miISHKM reHa — HEKOOY-
foui. BoHu He micTaATh iHMoOpMalii npo OymoBY

MpomoTop OnepaTtop CTpYKTYpHUIA TeH 1

CTpyKTYpHUIA TeH 2

MOJIEKYJI, CUHTe3 AKHX B3abesleuye TeH, aje
BigmoBimaioTk 3a poboTy reHa. Hekomyroummmu
IiTAHKaMu reHa € IpoMoTop i Trepminarop. IIpo-
MOTOP — Ile OiIAHKA reHa, AKa II03HaUa€e MicIie,
e mounHaeTbesa cuares PHK, repminarop — me
3akinuyerbcsa cuHTe3d. Kpim Toro, mo ckJaamy
TeHa BXOAATH PETyJIATOPHI NiNAHKU, AKi pery-
JIIOIOTH HOT0 POOOTY.

[eHn npokapioTis

T'enu mpokapioTiB MaiOTh BiTHOCHO IIPOCTY
CTPYKTYpy. Hacrimie 3a Bce BOHU MIiCTATH iH-
(opmariiro TiIBKM IPO OMHY CTPYKTYPY — MO-
nekyay 6imka abo PHK. T'enu mpoxapioTuuuHmx
opraHismiB yacTo opranisoBaHi B onmeponu. Ome-
POH — CTPYKTypa, AKa CKJAJAETHCI 3 KiJIbKOX
CTPYKTypHUX reniB (maja. 57.1). CTpyKrypHi
TeHU B OIIEPOHI PO3TAIIIOBaHI MOPAL i MAalOTh HaA
BCiX OJVWH CIiJIBHUU IIPOMOTOP, OOWH CITiIbHUN
TepMiHATOP i OAWMH CHiIBHUNA oOmepaTop, AKUM
peryJiroe iioro pobory.

IIpukagom omepoHa MOKe OyTHU JIaKTO3HUH
ONEepPOH KMIITKOBOI majanuKu. BiH micTuTh rexu,
AKiI KoayioTh epMEHTH, IOTPiOHI I cuHTEe3y
BYTIJIEBOLY JIAKTO3H.

[eHn eykapioTiB

Ha Bimminy Bijg reHiB mpokxapioriB, reHm
eyKapioTHUYHMX OpPraHisMiB He yTBOPIOIOTH OIle-
pouiB. Ko:xHuil i3 HMX Mae BJACHI IIPOMOTOP
i repmimaTop. Kpim Toro, GymoBa IuX TIeHiB
OinbIn cKJIagHa. ¥ ckJanai ixuboi minauxku [JTHEK
€ TOCJiIOBHOCTI HYKJEOTHUIIB, AKi He MiCTATH
indopmairii, ToTpPi6bHOI AJA CHUHTE3Y TPOAYKTY
rera (mojaexyau 6inxa abo PHK). Taki ginauxu
Ha3uBawThL iHTpoHamu. Ti minaukwm, aki wmic-
TATH MOTPiOHY iH(oOpMAaIlilo, HA3WBAIOTH €K30-

CTpyKTYpHUIA TeH 3 TepmiHaTop

Man. 57.1. bygoBa onepoHa NpOKapioOTUYHOrO OpraHiamy

PerynatopHa
nocnifaoBHicTb 1

PerynatopHa

[MpomoTo ; .
P P NoCNifOBHICTb 2

Ek3oH 1 IHTpoH 1 EK30H 2 IHTpPOH 2 EK30H 3 = TepmiHaTop

Man. 57.2. bygoBa reHa eykapioTM4HOro opraHiamy
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HaMu. 3a3BUYall €YKaPiOTUUYHUN I'eH MiCTUTH I10
Kimbka iHTpoHiB Ta exsouiB (maux. 57.2).
BakamBOI0 YaCTUHOIO €yKapioTUUYHUX TeHiB
€ PeryJasATOpHi AiJIAHKH. 3 JOIOMOIOI0 ITUX Mi-
JSHOK KJIITMHA MOXKe TPUCKOpIOBATH abo BIO-
BLILHIOBATH CUHTE3 MPOAYKTY T'€Ha.

OcobnmBOCTi reHOMIB NPOKapIoTiB

OcHOBHA YyacTHHA IeHOMY IIPOKAapioTiB 30ce-
pemskeHa B OaxTepianbHiili xpomocomi. Ile Kinn-
meBa mosiekysaa [ITHK, aka sasBuuaii B OZHOMY
MicCIli IPUKPIILIIOETHCS A0 KJIITUHHOI MeMOpaHU.
Kpim miei JHK no ckaany remomy eykapioris
BXOIATh muaasMmizu. llmasmizm € mMaleHbKHMU
KimpmeBumu mosexysnamu JIHK, saxi poararmo-
BaHi B I[MTOIJIa3Mi KJiTHHN.

I'enOm mpoxapioTiB He MiCTUTL a00 MiCTHUTH
oyske Majgo Hekoxyioumx minsuor [THEK.

Ocob6nmBOCTi reHOMIB eyKapioTiB

XapaKTepHOIO PUCOI0 TeHOMIB eyKapioTiB €
Te, 110 Oinbirta yactTuHa ixHboi JJTHK mpexcras-
JIeHa HeKoayoounMu Agingaakamu. CrouaTky Tary
IHK masBasiu cMmiTTeBOIO, 60 AyM™MaJiu, IO BOHA
HemmoTpiOHa. AJie MOTiM BUABUJIOCS, IO BOHA
MOJKe BimirpaBaTwm Ba’KJUBY POJIb Y Peryaamii
po6oTHM TEeHOMY Ta €eBOJIIIiHUX Ipolecax.
IIpore ocTaToyHO POJIbL HEKOAYIOUUX iJITHOK
OHEK 1me me 3’sacoBaHO.

T'emomMu eykapioriB mominAaoThCA Ha OBi Be-
JIMKi yacTMHU — sAlepHY i nozaanepHy. OcHOBHA
yacTWHAa TeHiB eyKapioTiB 30cepeaskeHa B Anep-
Hifl vacTuHi remomy. AmepHa uyacTuHA mpen-
cTaBJieHa TeHaMH’, SIKi po3TallioBaHi B XPOMO-
coMax Anpa KJIITUHH.

ITozasamepHa wacTuHa TeHOMY IIpeACTaBJe-
vHa [THK mitoxonapint i maactun. la THK mae
(opMy KinbIlsd, BoHa He HOB’sg3aHa 3 OiJIKamMu
i 3a cBoerw OymOBOIO Iy'Ke CXOyKa Ha OakTepi-
asbHy Xpomocomy. llesaki eykapiotu (Hampu-
KJan, OPisKAMKi) MOKYTh MaTH TaKOXK Y CBOIX
KJIITHHAX OJaasMigu.

0 Knioyosa iges

[eH — ue oanHnyA cnagkoBocTi, AinaHka AHK, oo
CKnagy AKOI BXOAWUTb KiNlbKa KOMMOHEHTIB (npo-
MOTOP, TEPMiHATOP, KOAyoUi BiNAHKM TOLWO). [eHn
npoKapioTiB MatoTb 6inbl cknagHy 6yAoBy, Hixk
reHn eykapiotis. CyKynHiCTb yCiX reHiB i Heko-
ayounx ginaHok OHK KnitmHu yTBOPIOE ii reHom.
3a Oy#oBOI reHOMIB MPOKapioTV Ta eyKapioTu
TaKOX Pi3HATbCA MK CO6OI0.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

KpimM cTpyKTypHUX i peryiAaTopHUX TeHiB
y TeHOMaX eyKapioTWYHWX OPTaHi3MiB Tparis-
IOTBCA MOBTi MiIAHKHW ITOBTOPIOBAHUX HYKJEO-
TUAHUX TOCIiZoBHOCTEHl pisHOl MOBKMHHU. IxHI
(GYHKIIII IIIe HeJoCTaTHBO BUBUEHi. ¥ TeHOMax
eyKapioTiB TpamIaThCAd TAaKOXK MOOiJIbHI Te-
HeTUYHi eqeMeHTH (MOOiLMBHI reHm), aKi smaTHi
nepemimniatuca BcepenuHi reaomy. 1li renu He €
CTPYKTYPHUMU a00 PeryJIATOPHUMHU, i 1X YacTo
PO3IJIAIAIOTh K BHYTPiIITHLOI€HOMHUX ITapA3UTIiB.

Perynsauina akTMBHOCTI reHiB

Y renowmi mroguanu nouan 20 000 rexis. Aute
I SKUTTEOIAIBPHOCTI I BUKOHAHHSA CBOIX (DYHK-
Iif KOXKHil okpeMill KaiTuHi moTpidHo HabaraTo
meHiIe rediB. Tomy OinpIna iX yacTuHa y KJIi-
TUHAX € «BUMKHEHOI», HEAaKTUBHOIO.

Aue i Ti reHu, AKi mpamoiOTL, HE 3aBXKIU
MIPaIiI0Th OAHAKOBO. fIKIIIO € morpeba y BU-
poOJIeHHi cJAMHU, TO T'eHHU, IKi BUPOOJISIOTE II0-
TpiOHI (hepMeHTH, TPAIIOIOTh aKTUBHO. A KOJIN
morpeba MMUHAE, IHTEHCHBHICTL IXHBHOI PoOOOTH
cJIig 3MeHIyBaTu. TakK KJIITUHU MOMKYTH €KO-
HOMUTU PECYPCH OpraHiamy.

Y kiiTuHax peryJsdllid peaJisallii reHeTud-
HoI imdopmairii moske BimOyBaTHCA 3a JOIIOMOTOIO
KinbKox mMexaHnismiB. Ilepmuii MexaHism — B3a-
€MOJIiA MPOAYKTIB PEeryjasiTOpHUX T'eHiB (3a3BU-
yaii O0ifKiB) 3 NMEeBHUMUM CTPYKTypaMu TeHiB:
0oIIepaTopoM, IIPOMOTOPOM abo0 PeryJaATOPHUMU
minauxkamu. Ile 703BoJIA€ 3MiHIOBATHY IITBUAKICTD
poboTu reHiB ab0 «BMUKATU» YU «BUMUKATU» 1X.

dpyruii MmexaniaMm — mMonudikalisa esaKux
HyKJeoTuniB y gaHmoxkkax [THK. dAkimo qo Hux
npueAHyeTbcA MeTuabHMA pagukan (CH,), To
3unTyBaHHA iHGopmanii 3 ginmaaku [[HK 3a Ta-
KUM HYKJIEOTHJIOM CTA€ HEMOYKJIMBUM.

Tperiii MexaHi3M — IaKyBaHHA MEBHUX
minauoxk JIHK 3a mgomomoroioo 6iJKiB TakuM
YMHOM, II00 3 HMUX He MOKHaA O0yJ0 3UMTATU
cragkoBy iHdopMmaiiro. Kpim Toro, peryasdaiisa
MOJKJIMBA I Ha OiJgbIn Mmi3HIX eramax, KOJIU
Kiaituaa 6J0Kye pobory PHK a6o 6inkis, ski
€ IpoAyKTaMu poboTU TeHa.

03aﬂl/ITaHHﬂ Ta 3aBOaHHA

1. CknagiTb CNUCOK «HeAOoNiKiB» ONEPOHiB MOPIBHA-
HO 3 eyKapioTMYHMMM reHomamu. 2. binblwa yvactuHa
JOHK B reHomi eykapioTiB € HeKkoAyluUMMU AiNAHKaMWN.
Ane nig yac aHanisy reHomy fy»ke Ba)K/IMBO BU3HAUUTU
KiNIbKiCTb FeHiB y reHoMmi. IKMM YMHOM MOXHa Ji3HaTncA,
wo neBHa AainaHka OHK € reHom?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 58. [eHeTuKa AK HayKa. MeToan reHeTUKN

0 [NomipkynTe

Yomy nofgmHa cxoxa Ha cBoix 6aTbKiB, ane B Tou
e yac He € IXHbO Kori€to?

é 3raganTe

 bionoriuHi Haykn » CnagKoBicTb

e MiHnuBicTb o MyTauii

o [eHn

[eHeTMKa AK HaYyKa

I'enemuka (Big rpem. genetic — TOXOMKEH-
HA) — HaAYKa IIPO CIAAKOBiCTh i MiHIMBICTB
sKuBUX opraniamis. Ileli Tepmin OyJio 3amporio-
HOBAHO aHIJIiNicbKUM reHetTukoM B. Berconom
1905 pory. B ocHOBY TeHeTMKH OyJIO TOKJAa-
IeHO 3aKOHOMIipHOCTiI CIIaKOBOCTi, AKi BUABUB
I'. Mennenp mig yac BUBUYEHHA PIiBHUX COPTiB
i ri6puaiB ropoxy B 1860-x porax.

Hapom'keHHA TeHETUKU BiAHOCATH M0
1900 poky, rkoaum X. me Ppis, K. Kopemc
i €. YepMmakx moBTOpPHO Bigkpuau 3akoH I'. Men-
[leJid, ajle PO3BUTOK IeHETUKU mouyaBcA Habara-
TO paHimie. Y:Ke B JaBHI yacu JIOOU IIOMidan
IeBHI 3aKOHOMIPHOCTI yCIIaZKOBYBaHHA O3HAK
i HamMaraJiucsa 3aCTOCOBYBATH iX NJIs1 BUBEJEHHS
HOBUX copTiB i mopin. Tomy mepmuii mepion

PO3BUTKY T€HEeTHMKHU 3 JaBHiIX dYaciB m0 cepen-
nHu XIX crosiTTa OyB mepiooM HaKOTIWMUYEHHS
iHgopmarlii Tpo 3aKOHOMIPHOCTiI CHamZKOBOCTI
¥ minauBocti. JIpyruii mepiox (1865-1900) —
e mepioJi BUHUKHEHHA TeHEeTUKU SAK HaAYKH.
Bin posmouasca 3 Buxonmy pobotu I'. Menngens
i 3aKiHUMBCA TEPEBIAKPUTTAM HOTO 3aKOHIB.

Tperiit mepiox possurky (1900-1953) 6y0
MIPUCBSAYEHO BUBUEHHIO T€HeTUYHUX IIPOIECiB Ha
KJaitTuaHOMy piBHi. Came Tomi OyJs0 cpopMoBaHO
XPOMOCOMHY TeOPil0 CIaAKOBOCTI I BUABJIECHO
poJib xpomocoM. A micisa 1953 poky (3 MOMEHTY
BCTAHOBJIEHHsS ocobsimBocTeli cTpykTypu [THEK)
pO3IIoUaBCs CyYaCHUH MepioJ PO3BUTKY I'eHETHU-
KW, KOJIM JOCJIiI)KeHHA MePeBaKHO IPOBOAATD-
cAd Ha MOJIEKYJIAPHOMY PiBHIi.

3ajie:kHO Big 00’e€KTa OOCHiIKeHHS BUIi-
JSI0OTh T€eHETUKY POCJWH, TBapWH, MiKpoopra-
Hi3MiB, JIOAWHU TOIIO.

l'emeTka AK HayKa BUHHWKJA BHACJiIOK
npaxkTuuHuxX morped. Ilim uac possemeHHs mo-
MAITHIX TBApWUH i KYJbTYPHUX POCJIUH 3TaBHA
BUKOPUCTOBYBAaJIX ribpuamsailrio mopis aéo cop-
TiB, AKi BigpisHAaMCA MiK c000I0 3a MeBHUMU
osHaxkamu. IlopiBHIOIOUM TiOpUIM 3 BUXiZHUMU
dopmamMu, JIOAW OABHO IIOMITHJIMN IesIKi 0co0-
JIUBOCTi yCTIafKyBaHHA O3HAK. A ToeTHAHHS 6a-
raTopiyHUX CIIOCTEePEeKeHb 1 MoTpedu ITiABUIIEeH-
HA BpPOXKaAMHOCTI Ta e(peKTUBHOCTiI CiJILCBKOTO

KnacuyHri metoam reHeTUYHNX JOCHIAXKEeHb

CyTts MeTOmy

BuBuennsa pomoBozis oprauismis. Ile mae 3Mory mpocTeKuTH XapakTep yCIagKyBaHHS

BceranoBiieHHA yacTOTU 3yCTPiYASBHOCTI aJIeJIiB y MONYJIAIiAX OPraHidMiB Ta TeHETUYHOI

Hasga
Teneanoriuanit
pi3HUX CTaHIiB IEBHUX O3HAK Yy PAMI MOKOJIiHb
ITonmymamiiiao-
CTATUCTUIYHUHA CTPYKTYPU MO AT

Ti6pumonoriuauit | CxpeuryBaHH4A (ribpuamsarisa) opranismis, AKi BifpisHAIOTHECA 38 TEBHUMU CTaHAMU OJf-
Hiel UM KiJTbKOX cHagKOBUX O3HaK. Halaakis, omep:KaHUX BiJ TaKOTO CXPeITyBaHHS,

HA3WBAIOTh ribpugamMu

IMuToreneTnunuii | BuBueHHA XpOMOCOMHOTO HaOOPY (KapioTumy) opra"ismis

Bioximiunnii

BansHoOKoBUIt

BuBuennsa ocobsmBocTel 6ioXiMiuHMX IIPOIECiB B OPraHidMiB 3 piSHUMU reHOTHUIIAMU

BuBueHHS MOHOBUTOTHUX OJIMBHAT (OPraHidMiB, AKi MOXOAATH 3 OAHi€l 3UTOTH) Ta IMOPiB-

HAHHSA 1X 3 AUBUTOTHUMU OJIUBHATAMY (AKi YTBOPIOIOTHCSA 3 PisHUX 3uror). [ocaimKyoun
Taki opraHisMu, MOKHa 3’sICyBaTHU POJIb UNHHUKIB JOBKiJIA Vv (hopMyBaHHI peHOTHITY
0COOMH: Pi3HUI XapaKTep IXHBOTO BIJIMBY 3yMOBJIIOE PO30isKHOCTI Y IPOABI TUX UM iH-

MINX CTAHiB IIEBHUX O3HAK
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TOCTIIOZAPCTBA CTAJIO IIPUYUHOIO OYPXJIUBOTO PO3-
BUTKY reHeTHKHN y XX CTOJITTI.

Ha BuBUeHHI reHeTHYHNX 3aKOHOMipHOCTEHN
I'PYHTYIOTBCS TeXHOJIOTil CTBOpPEeHHS HOBUX i mO-
KpallleHHsA iCHYIOUMX HOPiJ CBilicbKUX TBapUH,
COPTiB KYJbTYPHUX POCJHH, a TaKOXK MiKpO-
opraHisamiB, AKi BUKOPHCTOBYIOThCA y (hapma-
IEeBTUYHIN MPOMUCJIOBOCTI 1 MmenuiiuHi. Benuke
3HAUYEHHA MAa€ reHeTUKa JJIA MeIUIIUHYU Ta BeTe-
puHAapii, OCKIJIBKYT OaraTo 3aXBOPIOBAHbB JIIOAUHUI
1 TBaApWH € CIaAKOBUMM, i AJd 1X AiaTrHOCTUKH,
JiKyBaHHA Ta IpodiJlaKTUKM TOTPiOHI reHeTHy-
Hi Jocuim:xeHHS.

CnapKoBiCTb i MiIHNUBICTb

Cnadxogicmv — Iie 3TATHICTH JKUBUX Oopra-
Hi3MiB ImepemaBaTy 0COOMHAM HACTYIHOTO IIOKO-
JiHHSA 0cO0JIMBOCTI cBoei opraHisaiiii, a TaKoMX
XapaKTepHi PUCH CTAaHOBJIEHHSA ITMX OCOOJIMBOC-
Tell y mpoiteci po3BuTKy. IlpukigagamMu cramko-
BOCTi € pyauii KOJIip BoOJIOCCS, SKUU TiTH OTPU-
MYIOTH Bifi 0aThKiB, OJHAKOBA KiJBbKiCTh KPUJI
i ocobyimBOCTi iXHBOI OYZOBU B PiBHUX ITOKOJiHDb
MyXHU Ipo3odisau, oJHAKOBe 3a0apBJiIeHHA A0JIYK
OZTHOTO COPTY.

Minnausicmv — I1ie BJIACTUBICTH OpraHisamy
3MiHIOBATH CBOIO OpraHisallio, a TaKoK HaOy-
BaTy HOBUX O3HAK Y IIpolleci iHAMBiAyaJIbHOTO
po3BuTKy. IlpumkiagzamMu MiHJIMBOCTI € IT0sABa
JUCTKiB KOHIOIIIMHU 3 YOTHPMA JIOIMATAMM, Ha-
pom:xenHsa 0isiol BopoHHM y cipux 0OaTbKiB, He-
CXOMKicTh pigHMX OpaTiB B OGHINM pPOAMHI.

MeToan reHeTUYHUX AOCNiAXKEeHb

T'eHeTKa BUKOPUCTOBYE BEJIUKY KiJIbKiCTH
METOMiB JJA NPOBEIeHHS MOCIiIKeHb, TpPaau-
MifHUME 3 AKUX € ribpumosioriunmii, reHea-
JOTIUHWI, NONMYJAMIAHO-CTATUCTUYHUNA, ITU-
TOreHeTUYHUM, OioxiMiuHMIA 1 OGIM3HIOKOBUII.
IIi meTonU 3aCTOCOBYIOTHCS B)Ke 0araTto poOKiB.

B ocranHi poKM HaANOGIIBII MOITUPEHUMU
cTajyd BiJHOCHO HOBI MeTOIM MOJIEKYJIAPHOIL
Oiosorii: ceKBeHyBaHHs TIeHiB, moJimMepasHa
JIAHITIOTOBA peakIlisi, 3aCTOCYBAHHSA TeHEeTHU-

0 KnioyoBga igen

leHeTMKa — ue HayKa, AKa BMBYAE 3aKOHOMIpP-
HOCTi CNAgKOBOCTI 1 MiHIMBOCTi opraHiamiB. OCHo-
BHUMWU MeTOAAMV TeHETUKN € FibpugonoriyHuni,
reHeanoriyHuin, LUTOreHeTUYHUI, GioXiMiuHuin,
GN3HIOKOBUI TOLLO.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

HUX MapKepiB. BoHu 3acHoOBaHi Ha HOBITHiX
TEeXHOJIOTiAX i MO3BOJISIOTH CYTTEBO 301JIBIITUTU
e(peKTUBHICTh TEeHETUUYHUX IOCIiIKEeHDb, aKe
npamnpooTs Hanpamy 3 [IHK, B akiit 30epira-
e€ThCcA CHagKoBa iH(opMaIia.

¥ pesyxnbrari cekBenyBaHHa [[HK BcTamos-
JIOETHCA IMOCJTiMOBHICTh HYKJIEOTHUIIB y II€BHO-
My reHi abo y Imijomy reHomi.

ITomimepasna ganmiorora peakuia (I1JIP)
3a JOTOMOTOI0 crienupiyHNX (PEPMEHTIB J03BO-
Jisie 6araTopasoBO KOMiloBaTU OKpeMi (hparmen-
™1 [JHK, 3HauHo 36iibHIyounm iX KOHIIEHTpA-
I[if0 B PO3YMHI HNPOTATOM He Iy:Ke TPUBAJIOTO
yacy. lle#i mpomec HasmBawTh aMmiidika-
miero. Y pesyabrari amiridgikamii moskHa
OTpUMAaTH AOCTATHIO AJA aHaJdidy KiJIbKicTb
MaTepianiB, HaBiTh AKIIO Ha TOYATKYy OyJO
3HAWJEHO JINIe OAWH HEBEJIWUYKUHA (hparMeHT
OHK. IIJIP nosBoJisie TaKoX IIPOBOAUTHU Be-
JUKY KiJbKiCTh pPi3HUX MaHINyadAIlii 3 re-
HeTHYHUM MaTepiajomM (KJIOHYBaHHS TeHiB,
CeKBEHYBaHHS TOIIO).

MeTon reHeTMYHHMX MapKepiB IIoJisirae
B imeHTudikamnii meBHux renis, mingHoxk [[HEK,
XpoMOcoM abo 0COOWH 3a JOIIOMOTOI0 IPUTAMAH-
HUX JUIle IM CHOoJy4YeHb HyKJeoTumis. MoJe-
KyaapHo-reHeTuuHi maprepu ([JHK-maprepu)
€ mojiMoppHUMU (TaKUMU, IO MAIOTh KiJIbKa
BapiaHTiB) O3HaKaMu, BUABJIEHUMU METOJaMU
MOJIEKYJIAPHOI 0iojorii B HYKJIEOTHIHIN ITOCJTIi-
moBHocti JTHK. BoHu BUKOPHCTOBYIOTBHCS IJIs
MOPiBHAHHA Pi3HUX rpym (copTiB, mopim, Irra-
MiB, BHUAiIB, POJIB TOIIO) >KMBUX OPraHisMis.
3a I0mOMOroi0 ITLOTO METOJYy MOKHa BCTAHO-
BUTHU HASIBHICTHh IIEBHUX N'eHHUX MYTAaIlliil y re-
HOMi, BUBHAUUTU Habip reHeTHUYHUX MapKepis,
10 € cueru@ivHuM IJId IIeBHOTro 0i0JIOTiuHOrO
Buay ab0 HaBiTh OKPEMOro iHAMBHIA.

03aﬂl/ITaHHH Ta 3aBaHHA

1. Yomy 6nM3HIOKOBMIA METOA [O3BONAE BUABUTU
ponb reHoTWny i BAAMBY cepepoBuia y GopmyBaHHi
03HaKun? 2. HaBilwo noTpibHO NPOBOAUTU CEKBEHYBaHHSA
Ta BUKOPUCTOBYBaTW reHeTU4Hi mapkepu? 3. llig yac
npoBedeHHA MoJfliMepasHoi NaHLUKroBoi peakLii npo-
Lec BinbyBa€eTbcA y BUMNARI KiNbKOX LMKIIB. Y KOXHOMY
umkni Ha HUTUi JHK cuHTe3yeTbea i Konif, a noTim nig
Ji€l0 nigBuMLeHOT TemnepaTypuy LA Konia BigoKpemsto-
€TbCA. AAKMM UMHOM 3a [OCTaTHbO HEBENWKY KiNbKiCTb
umMKniB (3a3Buyan ix 25-30) BOAETbCA OTPMMATU BENUKY
KinbKicTb Komii (go minbapaa pasie 6inblly, HiXK Ha no-
yaTKy peakuii)?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 59. [eHeTnyHa TepmiHonoriAa. Tunu cxpeulysaHb

0 [omipkynTe

Llo xouyTb cKasaTu, KoM KaxyTb, O B MEBHOMY
BMNagKy Oyno 3pincHeHo TeTparibpmaHe cxpe-
LyBaHHA? 3 AKOI MOBM B FeHeTUKY NoTpanvs
npeodikc TeTpa-?

Q 3raganTe

» [eHeTyKa e [eH
e Anenb

o [annoigHa KniTnHa

o [lunnoigHa KnitnHa

OCHOBHI TepMiHW | NOHATTA reHeTUKN

T'emetuka, Ak i Oygb-IKa HaykKa, Ma€ CBii
NOHATIWHWI amapar i cucTeMy ITO3HAYEHb.

TF'ew — puckperHa (QyHKIiOHaJIbHA OIU-
HUILA CIIAAKOBOCTi, 3a [JOIIOMOTIOI0 SKOI Bin-
OyBaeThbcs 3aluc, 30epiraHHsa Ta mepemaua re-
HeTMYHOI iHpopMmarii B pAAl MOKOJIiHb, TeBHA
minaaka monaexkyau JJTHK (a6o PHK y meaxkux
BipyciB) posramioBaHa Ha IeBHiIN miagHIi
(y meBHOMY JIOKyCi) XpomMocOMHU eyKapioTis,
y OaxrepianbHili xpomocomi um maasminmi
y mOpokapioTiB abo B MOJIeKyJi HYKJeiHOBOI
KHUCJOTHU BipycCiB.

Anens — OOWH 3 MOKJIMBUX CTaHiB (Bapi-
aHTiB) reHa.

Anens TUKOTO TNy — aJiesib, AKWH IIOIIH’-
PeHUil y IPUPOJHUX IMOMYJAIiAX IIeBHOTO BUIY
i ByMOBJIIOE PO3BUTOK O3HAK, IO € XapaKTep-
HUMU IJIA IBOTO BUAY.

Jlokyc — Mmiclie po3TranryBaHHA aJiesIiB II€B-
HOTO reHa Ha XPOMOCOMi.

T'omosurora — pguniaoigHa abo IIOJIILIOIfT-
Ha KJiTmHa (ocobwHA), TOMOJIOTiUHi XpPOMOCO-
MU SIKOI MaloTh OJHAKOBL ajiejli meBHOIo reHa.
Y roMo3uUroTHOMY CTaHi IIPOABIAIOTHCA i [IO-
MiHaAHTHi, i periecuBHi ajeJi.

leteposurora — paumaoigaa abo MOJIiTIOo-
inHa KiaitTuHa (0coO0MHA), TOMOJIOTIUHI XpOMO-
coMu AKOI MaloTh PisHi ajesi meBHOTO TeHAa.
Y rerepo3uroTHoMy CTaHi 3a yMOBU IIOBHOTO
IOMiHYBaHHS IIPOABJISETHCA Oifd TOMiHAHTHOTO
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ajiesisi, a 3a HEIOBHOTO JOMiHYBaHHSA O3HaKa
Ma€ IPOMiKHe BUPaKeHHA MiK TOMiHAHTHUM
i periecuBHUM ajeIaAMUA.

T'emizurora — pumniaoigna KjaitmHa (0ocoOu-
Ha), AKa Mae€ JIUIle OAWH aJieJib IIeBHOTO I'eHa.
Ilei#t cran BMHWKae BHACJIILOK TOrO, IO y Je-
AKNX BUAIB 0COOMHM oOnHiel 3i craTeil MaloThb
nBi pisui craTeBi xpomocomu abo Jullle OIHY
CTaTeBy XPOMOCOMY.

T'enoTun — cykymHicTh ycix reHiB KiiTu-
HU, JIOKaJIidoBauuX y aAapi (y xpomocomax) abo
y PiBHUX PEILIIKYIUUX CTPYKTypaX ITUTOILIA3-
MU (IJIacTUAax, MiTOXOHAPiAX, mirasmigax). I'e-
HOTHUI — IIe CIIaJJKOBa OCHOBA OpraHiamy, €au-
Ha cHCTeMa B3aEMOJIiIOUMX T'eHiB, TOMY HIPOSB
KOJKHOTO I'eHa 3aJIeKUTDh BiJ HIOro re HOTHUIIHOTO
cepenoBuina. 'eHOTUI — HOCI TeHEeTUYHOI iH-
dopwmartrii, aruit KOHTPOJIIOE (POPMYBaHHS BCixX
O3HAK Opramiamy, ToOTO Ioro (PeHOoTHUIy.

PeHOTUIT — CYKYOHICTHL BJIACTUBOCTEN
i o3HaK opraHiamy, IO CKJAaJHCA Ha OCHOBI
B3aeMOJii TeHOTUITy 3 yMOBaMu 30BHINTHBOTO
cepemoBuinia. PeHOTUII HiIKOJIM He BimobOpaskae
TeHOTHII ITiJIKOM, a JIUIIle Ty HOro YacTUHY, dKa
peaidyeTbcA B IIEBHUX YyMOBax OHTOTEHE3Y.
¥V mporeci po3BUTKY opraHidamy (GEeHOTHUII 3Mi-
HIOETbCA. MeKi, B AKX 3MiHIOIOTBCA (heHOTHU-
IMOBi IPOSIBU T€HOTUITY, HABWBAIOTHCA HOPMOIO
peaxirii.

[iépuagonoriyHnm aHani3 Ta OCHOBHi
TN CXPeLLyBaHb

Tiopugosoriunuii aHajxis — 11e JOCJIiAKeH-
HA XapaKTepy YCHaAKyBaHHS O3HAK 3a JOIIO-
MOTOI0 CHCTEMHU CXpeIlyBaHb. VIOro OCHOBOIO
€ ribpuamsaris, AKa TOJIATAE B CXPEITyBaHHI
oprauismiB, 10 BiApisHAOTHCA MiK c000I0 3a
OfHi€I0 UM KinbKOMa CIaJKOBMMM O3HaKaMMU,
HaIPUKJIaL 3a 3a0apBJIeHHAM HaciHUH, (h)OPMOIO
KpWJi, ODOBXKUHOIO Hir tomro. Hamraakis, omep-
JKaHUX BiJl TAKOTO CXpeIlyBaHHA, HA3UBAIOTH
riopugamm.

Hna mpoBeleHHA AOCJiiB 3 TeHETUKU U ce-
JeKIii BueHi 3AiNICHIOIOTH CXPEIyBaHHSA Opra-
HisMiB i mochimKyioTh OaTbKiBChbKi opramismm
Ta OpraHidMu IIepPIIOT0, APYroro ¥ HACTYIHUX
IOKOJIIHb. 3aJIe;KHO BiJg KiabKocTi reHiB, dAKi



aHaJi3yIOTh, PO3PiBHAIOTH MOHOTiIOpUIHE (OLUH
reH), TuriopuaHe (n1Ba reHu) i moxiriopumane (6a-
raTo TeHiB) CXpelryBaHHS.

Ilig yac BUBUEeHHS yCIAaJKyBaHHS, 3YeILIe-
HOTO 3i CTaTTIO, YacTO BUKOPUCTOBYIOTH 3BO-
POTHe cXpelryBaHHS, KOJM O3HaKa, AKa BU-
BUAETHCA, B MEPIIOMY BapiaHTi cXpelryBaHHIA
€ y caMKH, a B APyroMy — y caMiid.

[eHeTnYHa cMmBONiKa

s 3amucy CHCTEeM CXpeIlyBaHHS Ta
pO3B’A3aHHS TeHeTUUYHUX 3a]lau y T'eHEeTUIll BU-
KOPUCTOBYIOTH CIIEI[iaJIbHy CHCTEMY IIO3HAUEHb
i cuMBOJIiB.

SARIo rewiB KiJibKa, TO BOHU B 3aIllNCy PO3-
TAIIOBYIOThCA B aj()aBiTHOMY HOPAAKY. omi-
HAHTHUHA aJiesib 3aBXKAU NUINYTH IIEepej perie-
CHBHHUM ajieJieM TOrO K T'eHa.

OCHOBHIi reHeTUYHI cMMBON

BarbkiBchbKU# opranism P

Ti6puau mepIiroro moOKOJiHHA F,

Ti6puau npyroro moKoJIiHHS F,

Tameru G

3HaK CXpeIyBaHHs X

MareprHCHKA 0COOMHA Q

BarbkiBchKa ocobmHA d

Asesb IeBHOTO reHa — JIATUHCHKI A,B,a,b

OyKBU

AJtesni ogHOrO reHa — OgHAKOBI Aa, AA, Bb

OyKBU

HominauTHi amenri — Beuki 6yKBU A B, R

PenecusHi aneni — maneubKi 6ykBu | a, b, r

TemorunoBa popmysia ocobmHMI Ab, aa,
AaBb, AArr

Bynp-axkuit anens (zoMiHaHTHUI Y1 — (Hampuk-

pelecuBHUM, AKIIO IIe He Ma€ 3Ha- aan, A—B-)

YeHHA) Y TEHOTUIIOBi# (hopmy.ri

0 KnioyoBga iges

leHeTnKa 3acTocoBye 6arato cneuudiyHmx Tepmi-
HiB Ta cneuiasbHy reHeTUYHy cumBORiKY. OgHUM
3 OCHOBHUX METO[iB reHeTUUYHUX AOCNIAKEHb € Ti-
6PUZONOTIYHMIA, Mif Yac AKOTrO BUKOPUCTOBYIOTHCA

Pi3HOMaHITHI TN CXpeLlyBaHb.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

@ y ‘::/ ..fl Batbku (P) @ % ":/ .iql

AKWO peuecrBHa AKWOo peuecrBHa

reHotun BB romosurota bb reHoTun Bb romo3swurota bb
®
5C .0 N E.
Bb | Bb Miépuan (F,) Bb | bb
o & @ 5@ b
Bb Bb Bb bb

Yci ribpuan 3 nypnyp-
HVMW NenocTKamm

MonosuHa ribprgis 3 NypnypHUMm
nencTkamy, a NonoBrHa — 3 6inumn

Man. 59.1. Cxema aHanisylouoro cxpeLlyBaHHA

AHanisyloue cxpellyBaHHA

Y xomi mocaimikeHb T€HETHUKHW YacTO IIPO-
BOAATHL TaK 3BaHi aHaJi3yoOui cxXpemiyBaHHS.
Amnanizyroue cxpenryBaHHS — Ile CXPeIyBaHHS
0COOMHU 3 HEeBiIOMUM IeHOTHIOM 3 OCOOMHOIO,
TOMO3BUTOTHOIO 34 PEIeCUBHUMU aJIeJIMU BCixX
Jocaim:KyBaHuX reHiB. PosrashHemo i#oro Ha
KOHKpeTHOMY mpukJani (maa. 59.1).

IlypnypHi nmenxfocTkm — moMiHaHTHA O3HA-
Ka, AKa BUBHAYAETLCA NOMIHAHTHHUM aJjejieM
P. Binmi meaiocTKM — pellecuBHA O3HaKa, dAKa
BU3HAYAETHCS PEIECUBHUM ajieseM p. SIKII0
pociiiHa, Ky MU JOCIiPKYEMO, Ma€ IypPITyp-
Hi meslocTKH, TO B Hei MosKe OyTw aBa pisHi
TeHOTUIIN, AKi 3a0e31euyioTh TaKUH (PEeHOTHUII:
PP i Pp. fKIio MU CXpPecTUMO III0 POCIUHY
3 POCIMHOIO, SKa Mae 0iji mesocTKu (BoHA
MOJKe MaTU TiJIbKYU TeHOTHUIl pp), TO Pe3yJIb-
TaT CXPeNlyBaHHA Oyae sajle)aTu TiJIbKK Bifn
ii remoTuny. SAKmnio BoHa mae reHotun PP, To
BCi HaIagKM Bif cCXpeIlyBaHHA MaTUMYTh Te-
HoTuNM Pp i mypmypHi memfocTKu. A AKImo ii
reHoTun Pp, TO mOJIOBUHA HAIaAKiB MaTUMe
nypunypHi (remorun Pp), a mosioBmHa — Oiji
(remoTHI pp) HEJIOCTKHU.

3anuTaHHA Ta 3aBOaHHA

1. [Ina yoro mMoXHa BMKOPMWCTOBYBATW aHasisylouye
cxpelyyBaHHA? HaBegitb npuknagu. 2. Akum byae pe-
3ynbTaT aHaNi3ylouyoro cxpeLlyBaHHA 3 AUreTepo3nroToo
AaBb? 3. Cknapitb cxemy 6yab-akoro TpuribpugHoro
cxXpeLlyBaHHs.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 60. 3akoHOMIpHOCTI ycnaaKkyBaHHA. 3akoHu . MeHpaena

0 [omipkynTe

Anenb, WO BM3Ha4Ya€ TeMHe 3abapBneHHA oyeil

y NOAVHW, AOMIHYE Hap anenem, Wo 3yMOBJIIIOE
IXHI 6GNakNTHWI Konip. Y MOXKNMBE HapOLXKEHHSA
61aKNTHOOKOT ANTVHY Y TEMHOOKMX 6aTbKiB?

e [eH « [6puanzauin
o Anenb o [eHOTUN
o QeHoTun

CTBOpEHHSA ribpuaonoriyHoro metoay

AocnigXeHb

OcCHOBU Cy4YaCHOTO I'iOpHI0JOTiYHOTO METOLY
crBopuB I'perop Mengens (man. 60.1). Bim mo-
CJIiIKyBaB HACJHiAyBaHHS Pi3HUX O3HAK IOPOXY.
ITpoBiBIIM MaTeMaTHUHI IMiAPaXYHKU POSIOLLITY
pisHUX BapiaHTiB O3HaAK y HaIIaakis, I'. Mengeab
3Mir' yCTAaHOBUTHY 3aKOHOMiPHOCTI yCcIaaKyBaHHA
O3HaK i cpopmy.rroBaB cBoi 3akoHu. Came I'. Men-
leJb 3aIlPOIMOHYBAB «3aJaTKU» O3HaAK (reHu)
MO3HAUUTH JiTepaM! JIAaTUHCHKOTO aJdasniTy.

3aKOH YMCTOTW ramMeT Ta LUTONOriYHa
OCHoBa 3akoHiB . MeHpens

Y cBoix pociigax I'. Mennenb yneBHUBCH,
10 i 6aThbKiBCbKUIT, i MATEPUHCHKUHA OpraHisMu
MalOTh ABa BapiaHTu (ajejs) CIAaIKOBOTO «3a-
maTky» (rema). I KoKHOMY 3i CBOIX HAIAAKiB

Man. 60.1. Tperop MeHpenb (1822-1884),
YyecbKunii CBALLEHUK, 3aXON/oBaBCcA H6OTaHiKo
i NpoBoaAMB 6araTto GioNOriYHUX JOCNigKEHD
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BOHU IlepefalTh TiIbKU onwH 3 Hux. lle mpa-
BUJIO OTPUMAJIO HA3BY 3aKOHY YHCTOTH TaMeT.
Kosu misuinie BuBumJm OyZOBY Aapa KJi-
TUH XUBHUX OPraHiaMiB, TO BUABUJIN B HUX
napHi xpomocomu. Ili cTPyKTypu po3xoguancsa
HOOIWHIII B JOYipHiI KJIITUHU IIig yac KOMKHOTO
nominy. ToMy BOHU UyZIOBO IIiAXOAWJIN ITi POJIb
Hocida reuis. I gificHo, came XpoMOCOMHY MiCTATH
HOHEK, y akiii i posmimnieHo reHu KJiTWH.

Cxemu cxpellyBaHHA

Hocaigu 3i cxpemryBaHHA B TeHETUIl 3a-
MUCYIOTh Y BUTJISALI CXeM CXPeIlyBaHHs, BUKO-
PUCTOBYIOUM T€HETUYHY CUMBOJIIKY. ¥ IEpPIIOMy
PAOKY 3aIlliCyIOTh 'eHOTHUIIOBI (hopMyiu 6aThKiB,
y APYrOMYy — THUNOH iXHiX raMer, y TPeTbOMY —
TeHOTHUIIU IIEePIIOro MOKOJiHHA i T. A. SKIno re-
HiB KiJIbKa, TO BOHU y 3aIIMCYy PO3TAIIOBYIOTHCS
B ajmdaBiTHOMY mopanKy. omMiHaHTHUUN ajesb
3aBXK]UM IUIIETbCA IIepe]] PEIeCUBHUM aJieieM
TOTO K TeHa.

IIpuxnad
P AAbb x aaBB
Tamern
F AaBb

1
Hamaaku, sSKi yTBOPIOIOTHCA B pPe3yJbTaTi
CXpeIllyBaHHs, MOMKYTb BiIpisHATHCA MiXK co-
0010 AK 3a (PEHOTHIIOM, TAK 1 3a I€HOTHUIIOM.
Y rakomMy BHHOAAKy KamyTh, IO BimOyJocs
po3leNJieHHd O3HAKM y HAIaAKiB 3a TeHOTHU-
oM i ¢peHOTHIIOM. 3aIHCYIOTEL II€, PO3OLIAIOUN

BB bb
X baTtbku (P)

€ 9
@ rameTun (G)

li6bpuan nepworo
nokoniiHHa (F,)

Man. 60.2. MposAB 3akoHy OAHOTUMHOCTI ribpugis
nif yac cxpellyBaHHA cobak



BB X bb /d BaTbku (P)

Bb £ W
- Mi6puay nepLioro
NoKoniHHA (F))

d 8 b

? ’ '
B
BB Bb l6puan gpyroro
b d nokoniHHsA (F,)
Bb & Lo

Man. 60.3. [poAB 3aKOHY pPO3LLErn/IeHHA CNaAKOBUX O3HAK
nig Yac cxpelyyBaHHA POCIVH

Tpynu HamaAKiB 3a JOIOMOTOI0 ABOKpamku. Ha-
MIPUKJIA], PO3IIENIeHHA 3a reHoTunoM 1 (AA) :
2 (Aa) : 1 (aa) osuauae, 1110 BCiX HAIIAAKIB MOK-
Ha MOMiINTA Ha 4 YaCcTWHU. 3 HUX OJHA YaCcTHHA
Oyme matu reHotun AA, nBi — reHorun Aa i e
ofiHa — TEHOTHII ad.

3aKOH OQHOTUNHOCTI ribpuaiB NepLworo
NOKOSIHHA

Hamagku mepIioro moKOJIiHHSA BiJf CXpeIry-
BaHHA CTiKuX (Gopm, AKi BigpisHAIOTHCA 3a
OJHi€I0 03HAKOI0, MAIOTh OJHAKOBUII I'eHOTHUII Ta
(hemoTun 3a miero osHakowo (Mmana. 60.2).

3aKOH po3LenfieHHA CNagkoBMX O3HaK
y HalagKiB ribpnga
ITig wac cxperryBaHHA TiOPUAIB IIEPIIIOTO

HOKOJIIHHS MiX co00I0 cepen TiOpumiB ApPyroro
TOKOJIIHHSA y  IIeBHUX CITiBBiTHOIIIEHHAX
3’ABJATHLCA OCOOMHM 3 (PeHOTHUIIAMHU BUXITHUX
0aTbKiBChbKMX (opM Ta TiOpuAiB IEPIIIOTo
mokoainug (maia. 60.3).

Y npomMy BUIIQAKY MU CIIOCTEPiraeMo y apy-
TOMY IIOKOJIiHHI POS3IIeNnJieHHS 3a T'eHOTUIOM

1(BB) : 2(Bb) : 1(bb),

a 3a (enorunom: 3 ((piomeroni) : 1 (6iui).

3aKOH He3aneXHoro KoOM6iHyBaHHSA
CNagKoBMX O3HaK

l'enu, aki BU3HAYAIOTH Pi3HI 03HAKY 11 IIepe-
O0yBalOTh y PiBHUX TPylax XPOMOCOM, CIAAKY-
IOThCS He3aJIeXKHO OAUWH BiJl OJHOr0, YHACJiZOK

0 KniouoBa ines

lperop MeHpenb chopMyrnoBaB Kiflbka BaX/u-
BUX 3aKOHIB, fIKi BCTAHOBJIIOIOTb 3aKOHOMIPHOCTI
ycnagkyBaHHA MOHOreHHVX 03Hak. Lli 3akoHu cTa-
JIN OCHOBOI KJTACMUYHOI FEHETUKN.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

? (e8] 3 faabb)

batbku (P)
rametn (G)
l6puan nep-

AaBb LLIOTrO MOKOJIiH-

3 AB Ab  aB  ab Ha (F)

%

AB | AABB]| AABb|| AaBB| | AaBb|
l6puan

"
Zpyroro no-

a8 [AaBB)[AaBb) [aaBB| (aaBb] o+ (F)

o

Man. 60.4. poaB 3aKOHY pO3LIENSIeHHA CNaJKOBUX O3HaK
nif Yac cxpeLlyBaHHA FOPOXY 3 HaCiHHAM Pi3HOro Kosnbopy
i dopmn

YOro cepejl HAIAAKiB APYTroro MOKOJIIHHA Y IeB-
HUX CIIiBBiJHOIIEHHAX 3 ABIATLCA OCOOMHU
3 HOBUMU (BiZHOCHO 0aTBbKiBChKMX) KOMOiHAILi-
avu o3Hak (Man. 60.4).

Y npomy BUNIAAKY MU CIIOCTEPIraeMo y apy-
TOMY THOKOJIiHHI POBIINenJieHHs 3a T€HOTHUIIOM:

1(AABB) : 4(AaBb) : 2(AABb) : 2(AaBB) :
1(aaBB) : 2(aaBb) : 1(AAbb) : 2(Aabb) : 1(aabb),

a 3a (Qemotrumom: 9 (Kcosmi znadenvki) :
3 (3eseni enadenvki) : 3 (Hoemi amopuikysami) :
1 (3eneni 3mopwrysami).

T'enorunu AABB, AaBb, AABb i AaBB Bu-
3HAYAIOTHh OAZHAKOBUI (DEHOTUII, TOMY IIIO0 B HUX
MicTUTBCSA Xoua 6 II0 OJAHOMY IOMiHAHTHOMY
ameyifo obox reniB. fAkuit amens Oyzme B iHIIin
XPOMOCOMi B ITbOMY BUTIAAKY, He Ma€ 3HAUEHHS.
Tomy wacTo BcCi IIi BapiaHTM I'eHOTHIIIB ITO3HA-
yaoTh Ik A—B—. Tupe Ha Mmicii gpyroro ajeas
MO3HAYAE Te, IO TaM MOXKe OyTu OyAb-AKUi
ayesb (IOMiHAHTHUN YW pPeIlecUBHUMI). Y Tako-
My BUIIQJKY 3aIlVC PO3IIEIJIEHHA 32 T€HOTUIIOM
Oyme MaTu BUTJIAM:

9(A-B-) : 3(aaBB) : 3(AAbbD) : 1(aabb).

OBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy ropox BUABMBCA BAanyMM 06’'eKTOM Anda fo-
cnigkeHb, AKi 3gincHioBas . MeHgenb? 2. Ha KOHKpeT-
HOMY NPUVKIagi NOACHITb, AK MPALIOE 3aKOH Po3LLenieH-
HSl CMAfKOBMX O3HAK Yy Halapkis riopuais. 3. Cknagitb
reHeTMYHy 3afady, AKa inocTpyBana 6 3aKOH He3anex-
HOro KOMOGiHYBaHHA CMAagKOBUX O3HaK.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 61. Bsaemopia aneniB. MHOXXNHHUIA aneni3m

0 [Nomipkynte

[InAa npoBefeHHA [QOCHiOXeHb rpyn KPOBi Y Ha-
ceneHHA B cuctemi rpyn Kposi ABO BuginAiotb
TPV anend i YoTMpW rPynn KPOBi, a B CUCTEMI
pe3yc — fABa anenda i ABi rpynu Kposi. Yomy?

Q 3raganTe

o [eH * Anenb
o [lomiHyBaHHA e« [omo3urota
o [eTepo3nrota e« JunnoigHui opraHiam

B3aemopia aneniB ogHoro reHa

Sk Bu BiKe 3HaeTe, NOMIHAHTHUN aJjenb
y TeTepO3UrOTHUX OCOOMH IIPUTHiIUye nOilo pe-
IIeCUBHOrO aJjejd. AJie CTyIIiHb AOMiHYBaHHS
Moske OyTu pisHuM. Po3pisHAIOTH MOBHE JOMiHY-
BaHHSA, HeMIOBHE JJOMiHyBaHHS i KOMOMiHyBaHHS.

MHOXVUHHWUNM aneniam

SIK BU BiKe 3HAETe, B OPraHidMi AUILIOITHUX
eyKapioTiB KOKHUI I'eH, PO3TAIIIOBAaHUI B ayTO-
coMi, IpeacTaBJIEHUN y IBOX eK3eMILIsApax. Ta-
KOJK BaM BifJloMO, III0 MOKYTh iCHyBaTu pisHi
BapiaHTH TeHiB, AKi HA3WBAIOTHCA aJIeJIAMU.
3pos3yMisio, IO B OpraHisdMi OZHOYACHO MOXKe
OyTu TiJbKU ABa PisHi ajesi. Aje AKII0 MU PO3-
TJITHEMO He ONHY OCOOMHY, a Iy IIOIYJAIiIo,
TO BUSABUTBLCH, IO KiJbKiCTh BapiaHTiB OZHOTO
reHa Moske 0yTu mabararto Oinbinoro. HasgsHicTb
IBOX 1 OijbIlle aJjiesliB y IOMYJIAIlil Mae Ha3BY
MHOKUHHOTO aJIeJri3my.

Ile sBuIlle BUHMKAE Uyepes Te, IO B opra-
HisMax mocTiiiHo BigOyBaroThcsa myTaiii. I my-
rTamii, AKi crajgucd Ha PisHUX IiJAHKAX reHa,
MOJKYTbH CTBOpPIOBATHU PisHi #oro BapianTu. Mix
co0010 ajiesii MOKYTh B3aEMOIIATH IIO-Pi3HOMY.
Hanpukiaan, sk y BUIIagKy I'PYI KPOBi B JIIOAU-
HU, JABa ajejii MOXKYTh OyTHM KOJOMiHAHTHUMU
MisK c00010 i JOMiHAHTHMMH! IIO BiJHOIIIEHHIO

BapiaHTy B3aemogii anenis ogHOro reHa

Oco6auBocTi THITY TOMiHYBaHHSA

IToBHe moMiHyBaHHS

Y reTepo3uUroTy IPOABIAAETHCA TIIBKU Iid JOMiHAHTHOTO aJje-
JId, ¥ 0O3HAKa BUTJIALAE TAK, AK 1 B JOMiHAHTHOI TOMO3UTOTH

HemnoBHe moMiHyBaHHSA

T'eTeposurora mae MPOMiKHUHA TPOAB O3HAKH IMOPiBHAHO 3 IIPO-
ABOM I[i€l O3HAKU Y JOMiHAHTHOI Ta PeIrecuBHOI TOMO3UTOT

KogominyBanusa

O0uaBa BapiaHTH 03HAKM IIPOSBIISAIOTHEC ogHOUYacHO. Hampu-
KJIaJ, FeTepo3uroTa 3a rpyiom KpoBi AB micTuTs Ha MeMOpa-
HaX epUTPOIUTIB i auTuren A, i autured B ogHouacHo (amesi
A i B e xomominaaTauMu). Anessb 0 IIbOro reta € perecCuBHIM

Cxema B3aemomil aaeiris

9 99

3efIeHNN >KOBTUN 3eN1eHni
* + - = |
AA aa Aa
YepBOHUN 6innn poXeBui
aHTUreH A aHTUreH B

4

.E

rpyna Kposi B

rpyna Kposi A

110 BiTHOMIEHHIO 10 iHIITUX aJIeJIiB, i TeTepo3uUroTu, AKi MicTATH
el ajeyib, MalOTh Ha MeMOpaHax abo auTured A, abo aHTUTeH
B. PigHuma Mik KOZOMiHYBaHHAM i HETIOBHUM JOMiHYBaHHAM
y TOMY, IITO IIiJf Yac KOJAOMiHyBaHHs O0OUABi O3HAKY IPOABJIIA-
I0ThCS IIOBHiCTIO
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aHTUreHn A i B

i

AHTUreHN BiACYTHI

rpyna kposi 0

rpyna kposi AB



Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

FeHoTMN
CC Cchcch ChCh @
®MeHoTMN
YopHe LUnHwwrnose limanaricbke AnbbiHoc
N
é .
- e '

Man. 61.1. leHeTUYHe BU3HAYEHHS IHTEHCMBHOCTI 3abapBneHHsA WepcTi Yy Kponis

Mpuknagn nnenotponii

Opranizm IIpuknagu miieioTpomii
Osec 3abapBJiIeHHA JIYCOUKHU i JOBXKMHA OCTi HACIHMH BU3HAYAETHCA OTHUM I'€HOM
Kimka Bini kimku 3 ronyoumMu ounMa MamTh CXUJIBHICTD 0 IVIYXOTH
Jlroqumua Auens pygoro 3a6apBieHHS BOJIOCCS TAaKOMK BU3HAUAE OLIBINT CBITINIT KOJIp ITKipU i POBBUTOK

JIJACTOBUHHSA.

Cunapom MapdaHa BUHUKAE AK Pe3yJIbTAT IIOPYIINEeHH B I'eHi, AKUH BifmoBigae 3a cUHTE3 011~
HOro 3 TIiKompoTeiniB. Hacaigkom 1{bOro 3aXBOPIOBAHHSA € PO3BUTOK JOBIUX HAJIbI[iB (apax-
HOMAKTUJIiA), HOPYIIIeHH 30PY (HedeKT KpUIlITaJInKa), BaAu Cepllsd Ta AesaKi iHI osHaKu

Io Tperhoro ajeis. AGo ajesli MOXKYTh yTBO-
pIoOBaTH PAJ 3a 34ATHICTIO ZOMiHyBaTH.

Tak, rea C y KpoJIuKiB BifgmoBigae 3a imTen-
CUBHIiCTh 3abapBieHHs 1repeTi (maa. 61.1). Ogun
3 oro ajeiiB (ajiejib IIOBHOTO 3a0apBJIeHHS) €
INOMiHAHTHHUM AJIS BCiX iHINMMX ajesiB i 3abeame-
uye piBHOMipHe r'ycTe 3a0apBJjeHHA BCHOTO TiJja.
Hpyruit anens (IMIUHIIUIOBOTO 3a0apBJIEHHA) €
PElleCUBHUM [0 TIEPIIOro ajiejid i JOMiHAaHTHUM
Oad iHmwmx aJeniB. Bim 3abesmeuye MeHI iH-
TeHCHUBHEe 3a0apBJIeHHS IIEePCTi IO BCHOMY TiJIy.

Tperiti anens (rimasalicbKoro 3abapBJIeH-
Hs1) 3a0e3meuye cBiTje 3a0apBJeHHS BCHOTO Tija
3 TEMHUMU IJIIMaMU Ha IeIKUX NiIAHKax (J1amu,
Byxa ToIi1o). BiH € pelieCuBHUM [0 MTBOX IEPIITUX
aJIesIiB i JOMiHAHTHUM I HacTymHOro. OcTanHini
ajleJb IILOr0O reHa (ajelb aabbiHi3My) BU3HaUae

0 KniouoBa ines

Aneni ogHOro reHa MoOXKyTb B3aEMOZIATU MiX
cobot. Hacnigkom Takoi B3aemMogii € ABuLA A0-
MiHyBaHHA i KogoMiHyBaHHA. KinbKicTb anenis
OfHOro reHa Moxe 6yTu pi3HOl, ane B HOPMi
B OAHOMY OpraHiami MOXyTb OyTVW NpuUCYTHi He
6inblue ABOX anenis ogHoro reHa. OanH reH Moxe
B/3HauyaTy GOpPMyBaHHA KiNlbKOX O3HaK (ABMLLe
nnenoTponii).

BifcyTHiCTH 3a0apBieHHA MO Bciii miepcrti. Bim
€ pelecuBHUM II0 BiJHOIIEHHIO MO BCiX iHITIMX.

MnenoTtponia

ILneitorpomis, abo mogudikyioua aisd reHa,—
Ie 3JaTHICTHL OJHOTO I'eHa A0 BU3HAYEHHS pis-
HUX o3Hak. Ilya eykapioTiB Taka BJIacCTUBICTH
ixHiX reHiB € HOPMOIO, 00 3aBAAKHU IIPOIlECY
aJIbTEPHATUBHOTO CILJIACUHTY KOMKHUI 3 T'eHiB
MOJKe YTBOPIOBATU KiJibKa PiBHUX IIPOAYKTiB.
Y noguHu, HATPUKJIIAL, Y CEPEIHBOMY 3 OJHOTO
reHa MOJKe YTBOPIOBATHCA IIiCTh PidHUX O6ij-
KiB. A KOKHUU 3 IuX OiJKiB yiKe € OKpeMoio
os3Hakor. Ilpukiaanu mnyeiioTpomii MoKHa IIO-
0aunuTH AK Y JIOOIWHU, TaK i B IHIINX JKUBUX
opraHismis.

03aﬂl/ITaHHF| Ta 3aBaHHA

1. Ha KOHKpeTHMX npuknagax nofAcHiTb, YUM KOAO-
MiHYyBaHHA BiApPi3HAETbCA Bifj HEMOBHOIO JOMiHYBaHHSA.
2. Po3B'axiTb 3agavy. [OMO3MrOTHOrO Kponuka 3 rima-
Nancbkum 3abapBrieHHAM CXPeCTUIN 3 FOMO3UTOTHUM
KPOJIKOM i3 WVHLLWIOBMM 3abapBneHHAM. A ribpua
Bifl LbOro CXpeLlyBaHHA CXPeCTUIN 3 KPOJIMKOM alb-
6iHocoMm. flke 3abapBneHHa OyayTb matu ribpuan Big
nepLoro i Apyroro cxpelyyBaHb? 3. BukopuctoBytoum
[OOaTKOBI [Kepena, 3HaNAiTh iwe ABa-TpU NpuKnaam
nnenoTponii B Pi3HMX OpraHiamis.
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§ 62. XpomocomMHa TeopiAa cnagKkoBocTi. KpocuHroesep

0 [omipkynTe

AKAM YMHOM OWTVMHA OTPUMYE O3HaKW i 6aTbKa,
i matepi?

Q 3raganTe

e« IHK « Xpomocoma » Anpo
e Mito3 « Mewos

prm/l 34erJieHHA

ITicna BigkpurTa 3akouiB I'. Meugesna B Ha-
VIIi TOCTYIMOBO MOYaJ W HaKoOmMuyBaTucA (haxTu
Ipo Te, IO B JeAKUX BUMIAAKAX POIIIEIJIeHHS
03HaAK BimOyBaeTbCcs He TaK, AK Ile Iepeadavain.
Busasunocs, 1110 reau, ki posTaIroBati B OgHil
XPOMOCOMi, YCIIAAKOBYIOTECA Pa3oM (3UEILIeHo).
Taki reiu HasBajau 34eIIEHMMHU reHamMu. A pa-
30M ycCi reHu, AKi poaTaloBaHi B OOHiIN XpoMo-
COMi, YyTBOPIOIOTH Ipymy 34erieHHA. KiabKicThb
TPyn 3YeNJIEHHSA B OPTaHi3MiB IIEBHOTO BUAY
IOPiBHIOE KIJIBKOCTI XPOMOCOM B OJZMHAPHOMY
(ramioigHOoMy) HabOpi, AKWUUA MIiCTUTBCA y CTa-
TeBUX KJaiTmHax. Hampurianm, y aposodinu ix
4, y gimgu — 19, a B aoguau — 23.

YTBOpeHHA rameT y pasi

34enieHoro ycrnagKyBaHHsA

IIpukigagomM 34YemJeHOTO YyCIaAKyBaHHSA
TeHiB Mo:ke OyTH ycHaaKyBaHHS IBOX O3HAK
y MyImku aposodisim — KoJIbOpy Tinma # opmu
Kpua. YopHuii Koiip (a) i sauatkoBi Kpuaa (b)
BU3HAYAIOTHCS PEIeCUBHUMHU ajieJIaAMU, a cipe
Tiso (A) i moBri kpuia (B) — OOMiHAaHTHUMU.
T'enu, aAKi BUBHAYAIOTH IIi O3HAKM, PO3TAIIOBaHI
mopsAn B onHii xpomocowmi. I1lo Gyzae y Bumaaky,
AKIIO MU CXPECTUMO CAMKY apo3odinu, AKa €
PeleCBHOI0 TOMO3WTOTOI0 3a MMM O3HAaKaMU
(remotun aabb), i3 camiem, y AKOTO B OOHIl
XPOMOCOMi po3TallloBaHi ABa JOMiHAHTHI aJeJi,
a B iHmi#i — pgBa penecuBHi (reHotun AaBb)?

AKOum 1i o3HAKM ycHamKOBYBaJuUCA Hesa-
JIEJKHO, TO Yy T€TEePO3UTOTHOI MyXU MaJix O yTBO-
puTtucsa dotupu Tunu ramert: Ab, aB, AB i ab.
Aue 03HAKU yCHAAKOBYIOTHCSA 3UYEIJIEHO, i TOMY
YTBOPIOETHCA TiJIbKU ABa Tumnu ramer: AB i ab
(v camIiiB KpocuHTOBEp He BimOyBaeThcsa). Bin-
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MOBiTHO, HANIAAKU BiJ IIHOTO CXpeIlyBaHHSA
OyayTh MaTU TiABKM OBa (DEHOTHUHOU: cipe TiJo
3 IOBTMMU KPWUJaMM ¥ YOPHE Tijo i3 3ayaTKO-
BuMU Kpumiaamu (mana. 62.1).

XpOMOCOMHa TeopiA CNagKoBOCTI

XpoMocoMHa Teopiss crmaaKoBOcTi Oyja 3a-
IPOIIOHOBAaHA MalKe Biapasy micisa mepesin-
KpuUTTA 3aKoHiB I'. Mengena. Ii sampononysann
T. Bosepi Ta B. Carron (1902-1903). Ane cBiit
CyJYacHUI BUIJIAL BOHA OTPUMAJIa OeIro MisHilme
saBasaku poboram T. X. Moprana ta #oro ciis-
pobitHukiB. IIa Teopia mosBoamya 30cepeguTu
yBary BUEHHX Ha AApi KIiTMHU AK MicIi 36epi-
raHHA cuoagkoBol iH(opMmallii i Ha xpomocomax
AK Ha Hociax 1miel imdopmarrii.

OCHOBHi TOJIOKE€HHS XPOMOCOMHOI Teopil
CIIATKOBOCTI:

+ MarepiaibHOIO OCHOBOIO CIIaZKOBOCTI €
XPOMOCOMM.

« T'enm posramoBani B XpomMocomMax y Ji-
HiliHiI mocJimoBHOCTI.

« I'enu, aki JoxaJrizoBaHi B OAHIN XpoMmo-
CcoOMi, YyTBOPIOIOTH OHY TPYyIy 3UeIlJIeHHA i 1e-
penarmThCA HAIlagKaM PasoM.

- KinbkicTh rpyn 3uernjieHHsS OOPiBHIOE ra-
IJIOITHOMY YHCJIY XPOMOCOM.

« TamyoigHe YKMCJIO XPOMOCOM € TOCTiHHUM
IO KOYKHOTO BUNY.

« O3Haku, gKi BUBHAUAIOTHCA 3UEIJIEHUMU
reHaMU, TaKOK YCIaJKOBYIOTHCS 3YEILJIEHO.

+ MixX roMoJIOTIYHEMU XPOMOCOMAMU MO-
JKyTh BimbyBaTmcsA KPOCHHTOBEpW ¥ OOMiH mi-
JSTHKaMU.

« YacTroTra KPOCHHIOBEpPYy IIPAMO IIPOIIO-
pIifiHa BiAcTaHI MiK reHaMu.

bygosa xpomocom

KosxHa 3 XpoMOCOM € JOBTOI0 MOJIEKYJIOIO
HTHEK, axa yTBOPIOE CKJIAIHUI KOMILIEKC i3 0irka-
MU zicmoHamu. BilbIly YacTUHY CBOTO iCHYBaH-
Hs XPOMOCOMH I1epe0yBaioTh y HEKOHIeHCOBAHO-
MYy CTaHi I MalOTh BUIJIA] TOHKUX HUTOK. JIuie
Oif yac KJIITMHHOIO IIOAiJIY BOHU KOHIEHCYIOTh-
cA ¥ YTBOPIOIOTH UiTKO OKPECJIEHI XPOMOCOMU.

Ilix wac mominy KJiiTmHEM MalXKe Bci
xXpoMocomMu MaioTh X -moaioHy hopmy (Mas. 62.2).



lomonoziyHi Xxpomocomu 3i 34ensieHUMU 2eHamu

AB . .
X\ Cipe Tino,

ab [oBri Kpuna

YopHe Tino, ab
barbku (P) 3apoaKoBi Kpwna ab
Favetn (G)
i ; AB ab
ri6puan (F) Clpe Tino, 1.1 —
[OBri Kpuna ab ab

Man. 62.1. 3uenneHe ycnafKyBaHHs reHis y gpo3oodinu

Taka ¢opma 3ymMOBJI€HA TUM, IO B I[ef1 MOMEHT
KOJKHa 3 XpOMOCOM CKJAZAEThCA 3 OBOX
OOHAKOBUX HUTOK (xpomamud), aki 3’emHaHi
MiX co00I0 B OnHi#l TOUIli, II0 HA3WBAETHLCS
UeHmpomepoio, a YaCTUHU XpoMaTuj Bix miel
TOUYKH 0 IXHIiX KiHIiB — naeuamu.

VY GinpIrocTi eyKapioTiB KOKHA 3 XPOMOCOM
Mae ImapHy il roMmoJoTiuny xpomocomy. I'omoJio-
riuui XpoMocomMu AyOJIIOIOTH OOHA OTHY. ¥ KOXK-
HiI i3 XpoMocOM Takoil mapuwm € miIAHKHU, SKi
KOIYIOTH OJHAKOBI I'eHU.

Kapiotun

CyKymHiCTh yCiX XpOMOCOM KJITHUHMW Ha3u-
BaioTh KapioTumnom. J[Jig KOKHOTO 3 BUIIiB eyKa-
pioTiB BiactuBuii cBifi Kapiorun. Kinbkicrs,
po3Mip i CTPYKTypa XpOMOCOM IILOTO KapioTu-
Iy € OJHUM i3 KpUTepiiB BULY, AKUI JO3BOJIAE
BHU3HAUUTH HaJEXKHicTb ocobuH o Hboro. Ka-
pioTun JgOIUHU MicTuTh 23 Iapu XPOMOCOM.
Opma 3 mux map — Ie crareBi xpomocomu (XX
y kisok i XY y womoBikiB). Bei inmri xpomoco-
MU JIOAWHU HAa3WBAIOTHh ayTOCOMAaMMU.

MexaHi3m KpocnHrosepy

B excmepumenTax Moprana Ta HOTO CIIiB-
poOiTHMKIB IIif yac BUBUEHHS yCIaAKyBaHHS
3YEeIJIeHUX O3HaK OyJ0 BUSBJIEHO, IO Cepen
riopungiB aposodis € meBHA YacTUHA MyX 3 Ie-
pexoMOiHaIli€eo IIMX O3HAK i Mae Micie mopy-
IIeHHs 3YeIlJIeHOTo ycnaakyBaHHA. Ile OyJuio
HACJIiTKOM KPOCHHT'OBEDY.

0 Kniouosa iges
[eHn eykapioTiB poO3TalloBaHi B XPOMOCOMax —

CKNagHuX CTPYKTypax, AKi cknagatotbca 3 [HK
i 6inki. OcobnunBoOCTi Nepepayi cnagkoBoi iHop-
MaLilo AnAa LbOro BUMafKa OMMCYe XPOMOCOMHa
Teopia cnagkoBocTi. OfHielo 3 ocobnnBocTel
XPOMOCOM € MOXJ/MBICTb OOMiHY AiNAHKaMM Mix
XPOMOCOMaMu — KPOCKHIoBep.

YopHe Tino,
3apoAKOBI Kpuna

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

LleHTpomepa
KopoTke nneue

[osre nneue

Man. 62.2. bygoa xpomocomu

Bu B:ke 3HaeTe, 1110 KpOCMHTOBEpP — IIe 00-
MiH OiJTAHKAMU I'OMOJIOTiUYHMX XPOMOCOM y IIPO-
meci meiiody. Came uepe3 KPOCHMHIOBEP HeMAae
abCOJIIOTHO IIOBHOTO 3YEIJIEHHS I'eHiB, 3a AKOTO
BOHU TepegaBaiicsa 0 3aBKIU Pa30M.

ITepexpentenasa Misk XpoMaTuAaMU TOMOJIO-
TiYHEX XPOMOCOM MOJKe BifOyBaTHCsS OSHOUYACHO
B KiJgbKOXx Toukax. KpocurHrosep, 1o BimbOysa-
€ThCsA JUINIe B OJHOMY MicIli, Ha3WBalOTh IO-
OOWHOKUM, Yy JBOX TOUYKaX OJJHOYACHO — IIO-
OBilifHUM, y Tpbox — motTpiitHum. Hacmpasmi
B JKUBUX KJITHHAX KPOCUHTOBEpD 3aBXKAU €
MHOXKUHHUM, a BCi iHIIII BapiaHTU CTOCYIOThCA
KOHKPETHUX TeHiB, AKi MOCHiIKYIOTh y TMeBHiN
rpyni suvemaeHHsa. 'ameru, y AKuUX BigOyBcd
KPOCUHIOBeD, HAa3WBalOTh KPOCOBEPHUMM.

KapTn xpomocom

Buxogsaum 3 mojsioskeHb XPOMOCOMHOI Te-
opii cmagKoBOCTI I MexXaHi3My KPOCHHTOBEPY
0yJI0O CTBOPEHO TeHeTUYHiI KapTu Xxpomocom. I'e-
HETUYHOI0 KAapPTOI XPOMOCOMM Ha3WBAIOThL 11
rpadiuHe 300pasKeHHs 3 IIO3HAUEHUM HA HHBOMY
posramnyBaHHAM reHiB. Ha KapTi mosHauaioThb
Ha3BU TeHiB, BiAcTaHi MikK remamMu Ta iHOmi
MicIle po3TalllyBaHHA IeHTpoMepu. ['eHeTmuHi
KapTyu XPOMOCOM OCOOJIMBO AOKJATHO CKJIaJIeHi
IJIS XpoMoOcOM napo3odinam i KyKypynsu, sdKi €
00’eKTaMU IreHeTUUHUX IOCJIiIKeHb ysKe 6araTo
pokiB. CryjazeHi BOHM TaKOXK i JIT XPOMOCOM
JIIOAUHYU Ta 6araTboX CBiMCHKUX TBApUH i KYJIb-
TypHUX pocyauH. [[i KapTu MaoTh BeJUKe 3HA-
YeHHA OJIS CeJIeKIIiiiHoi poOoTm ¥ miarHocTu-
KM Ba)KKWX CHAaJKOBUX 3aXBOPIOBAHb JIIOJAWHMU.

3anuTaHHA Ta 3aBOaHHA

1. Yomy pposodina BusBMnaca Jyxe 3pyUYHUM
00'eKTOM ANsi reHeTUYHUX AocnigkeHb? 2. [lesiki reHu
ropoxy MICTATbCA B OAHI XPOMOCOMI, ane ix ycnagky-
BaHHA BigbyBaeTbcA 3rigHo i3 3akoHamu . MeHgens,
TOOTO He3anexHo. [MoACHITb, AKUM YMHOM Lie MOXXNBO.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 63. leHeTUKa cTaTi

0 [omipkynTe

OpHe 3 JocnigXeHb BUABWUIO OCOOMHU MULLIEN-
caMUiB, AKi Manu B CBOIX COMATUYHUX KNITUHAX
no ABi X-xpomocomu (Kapiotun camku). MoscHiTb,
AK MOrMa BMHUKHYTU Taka CUTyauis.

Q 3raganTe

o Cratb o PO3MHOEHHA

» Xpomocomu o CtaTeBi xpomocomu

Cnocobun BU3HaUYeHHsA cTaTi

¥V kwBUX opramismiB icHye KijbKa cIo-
co0iB BH3HAUEHHS TOr'0, SAKOI craTi ocobuHa
posiB’eTbcsa i3 suroTu. MaitbyTHIO CTaTh MOKYTH
BUBHAUATHU B30BHIIIHI yMOBH (AKIIO JUYWHKA
yepB’AKa OoHeJil mmepedyBae Ha OHI OKeaHy, TO
3 Hei po3BUBaEThCA CaMKa, a SKIIIO Ha X000T-
Ky caMKM — TO caMIli), IJIOIAHIiCTh OpraHiamy
(y O6m:xin i Mmypax ramaoigHi ocOOMHM — caMIli,
a OUILJIOIAHI — caMKM) UM cHOelliajbHi craTeBi
XPOMOCOMH, AK y aAposdodin (iHimi xpomocomu
B IIbOMY BUMNAAKYy Ha3WBAIOTL ayTOCOMAMMU).

CrateBi xpomocomu

SKImo opradiaM BHM3HAUA€E CBOIO CTATh 3a
JIOIIOMOT'OI0 CTaTEeBUX XPOMOCOM, TO BiH Mae
oxHy abo mBi Taki xpomocommu. SIKIIO cTarte-
BUX XPOMOCOM IIBi, TO BOHM 3a3BUYail Bigpis-
HAIOThCA 3a po3MipoMm (omHa BeJuMKa, a iHIIA
MajeHbKa). A ocobmHU pi3HOI cTaTi MamTH abo
IBi BeMmKi xpomocomu (romMoraMeTHa CTaTh),
a0o OOHY BeJHKY W OAHY MaJleHbKY (TreTepo-
rameTrHa crtaTb). [lo3HAUaOTh TaKi XpoMocoMu
JaTuHCbKUMU JiTepamu. Hampukiazn, BeIukry
XpPOMOCOMY MOJKYTH II0O3HAUaTH JiTeporw X,
a mMaJyry — Jitepoio Y.

Y pisHHX OpPraHi3MiB roMOraMeTHOI MOXKe
OyTu AK KiHoua, Tak i uosoBiua cratrb. Ha-
OPUKJAL, V CCABI[IB i MyX T'OMOTaMETHOIO €
sKiHoua crarh (ii mpeacTaBHUKY MAalOTh IO ABi
X-xpomocomu, remotun — XX), a rerepora-
MeTHOI — dYoJioBiua (ii mpegcTaBHUKM MaioThb
onay X- i omHy Y-xpomocomu, reHOTHUII — XY).
V¥ 6inpmrocTi nraxis i MeTeNInKiB, HABIAKU, I'O-
MOraMeTHOI0 CTaTTi0 € doJioBiua (ii mpexacras-

132
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Man. 63.1. YTBOpeHHs rameT y TBapuH 3 Pi3HMW BapiaH-
TamMn romo- i reTeporameTHOI CTaTi

HUKU MaloTh IO JBi OJHAKOBI XpoMocommu, aJje
IMOBHAYAIOTHCA BOHM BJKE IHIIIOIO JIATHHCHKOIO
Jiteporo — Z, reHoTun — ZZ), a reTeporaMer-
HOI0O — KiHoua (reHorun — ZW) (maua. 63.1).
IcHyroTh TaKOK iHIII BapiaHTM BU3HAUEHHA
CcTaTi 3a HOIIOMOIOIO0 CTaTEBUX XPOMOCOM. ¥ Ie-
AKUX TBAPUH CTATEBi XpPOMOCOMHU OJZHOTO THUIIY,
1 oHA CTATh Mae€ JIUIIEe OOHY CTATeBY XPOMOCO-
My, a ifma — aBi ogHaxkosi. Tak, cepen KJOIiB,
ANIIPOK 1 JedAKMX ITaxXiB TPaANJATbCA BUIU
3 TeHOTHUIIAMU YOJIOBiUuOl Ta sKiHOUOI crareint ZZ
i Z0 ra X0 i XX Bigmosinuo (mudpa 0 y 3anucy
03HAYa€ BiICyTHICTH APYTroi mapm XpPOMOCOMM).
A xaukoa3b00 Ma€ II’ATh IIap CTaTEeBUX XPO-
MocoM. ¥ #oro ramerax MicTuThcA abo II’ATH
X-xpomocoMm, a6o m’saTb Y-xpomocom. IIi xpo-
MOCOMH YTBOPIOIOTH OOWH KOMILJIEKC 1 I yac
OOy KJIITUHU PO3XOAATHCS 3aBMKIU Pa3oM.

yCI'Ia,L'l.KyBaHHFI, 3yenneHe 3i CTaTTio

T'enu, aAki posTalroBaHi y cTaTeBUX XPO-
MOCOMAaXxX, Ha3WBAIOTHCSA T€HAMM, 3YeIlJIEHUMU
3i crartio. IIpukaagamMu Takux TeHIB € T'eHU
3abapByeHHA oueit y X-xpomocomi aposodinm,
TeHUu JaabTOHiZMy I remodinii B X-xpomocomi



JIOAVHW Ta TeHW TinepTpuxo3y U iXTio3y
B Y-XpOMOCOMi JIOIWHU.

OcobauBicTio reHiB, aAki 3uemseHi 3i crar-
TIO, € Te, 1[0 BOHU MOYKYTb IlepedyBaTu y CTaHi
reMis3uroru.

T'emiszurora — 1e gumiaoigHa ocobmHa, dKa
Mae JIMIle OOWH aJjieib IeBHOro reHa. lleir cran
BUHHNKA€E BHACJIiJOK TOro, IO OCOOMHU OnxHiel
3i crareil MaloTh ABi PisHi cTaTeBi XpPOMOCOMIU.
Hampuknaan, y agioguau B X-XpPOMOCOMi TeHiB
barato, a B Y-xpomocoMmi majio. Uepes Iie Ha-
BiThb pelecuBHi ajyeni remis X-xpomocomu Oy-
IyTh IPOABIATHCA ¥ (hbeHOTHUNI, 60 HEMAE NPYroi
XPOMOCOMY 3 NOMiHAHTHUM aJiejieM.

PosrisgaeMo 0co0JIMBOCTI yeIagKyBaHHS Te-
HiB, 3UeIJIeHUX 31 CTaTTIO, Ha IIPUKJIAII ccaB-
miB. 3 reHaMu, AKi po3TaIIoBaHi B Y-XPOMOCOMi
camIiiB, yce mpocTto. Bonu mepegamoTbca HANPS-
MYy BiI caMIis 10 caMIls i B CAMOK ITPOABJIATUC
He MOKYyTh. BOHU 3aB:KIu 11epe0yBaioTh y CTaHi
reMmisurotu, 60 B HOpPMi IIA XpomMocoMa B AIpi
KJIITMHU TiIbKM OJHA.

YcenankyBaHHA TeHiB, dKi posTarroBaHi Ha
X-xpomocoMmax, 6iybIin ckaagHe. B opranismi ca-
MOK BOHU TOBOIATHCA AK 3BUYAWHI M'eHU ayTo-
coM (HecTaTeBUX XpoMocoMm), 60 X-xpomocom
TyT aBi. B opramismi camiiiB 1mi reHu mnposs-
Js10Th cebe y crani remisuroru. Tomy osHa-
KW, AKi BUBHAYAIOTHCS PEIECUBHUMU aJIEJIAMU
TaKWX T'eHiB, IPOABIAIOTHCA Y CAMI[iB 3aBXKAU.
A orTpumyioTh BOHHU iX Bim cBOiX MaTepis.

YcnagKyBaHHA, 3anexHe Bif cTaTi

Crarh MOKe CYTTEBO BILIMBATH i Ha ycIaji-
KyBaHHS I'eHiB, sIKi po3TallloBaHi B ayTocoMax.
Takuii Tun ycnmagKyBaHHA Ma€e Has3BY ycHanu-
KyBaHHSA, 3aJjeskHe Bim crari. MoxauBi pisHi
BapiaHTU TPOABY I[OTO TUNY YCIAAKyBaHH.
Hanpuraanm, o3Haxa MOKe PO3BHUBATUCS TiIbKU
B onuiel crari. Tak, po3Mip MOJOUHUX 3aJI03
Ta JKUPHICTH MOJIOKA Yy CCABI[iB BU3HAYAIOTHCSH
ayTOCOMHMMM TeHaMu. AJjie y caMI[iB MOJIOUHI

0 KnioyoBga igen

ICHYIOTb KiflbKa cneuianbHUX reHeTUYHUX MeXaHi3-
MiB, AIKi 3a6e3neuyloTb Y KMBUX OPraHi3miB BM3Ha-
YyeHHA cTaTi. feHn, AKi po3TalloBaHi B CTaTEBUX
XPOMOCOMaX, MaloTb AeAki 0cobnMBoCTi ycnaaKy-
BaHHA i MOXYTb MO-Pi3HOMY MPOABAATACA B OCO-
6UH pi3HOT cTaTi. [lesKi 3 reHiB, AKi pO3TallOBaHi
He B CTaTeBMX XPOMOCOMAaX, TaKOX MaloTb MeBHi
0CobMBOCTI yCnafKyBaHHA, MOB'A3aHI 3i CTaTTiO.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

3aJ103U HE PO3BUBAIOTHCA 1 MOJIOKO He BUPOOJIs-
10Th. ToOTO reH B reHOMi OCOOMHU €, ajie uepes
Te, 0 «CTaTh HE Ta», BOHU He IIPAIIOIOThH.

Iamuii BapiaHT IPOABY yCIAAKyBaHHA —
3MiHa [OOMIiHAHTHOCTI O3HaKU B3ajJie’KHO Bifn
crari. Tak, B oBellb € I'eH, SKHU BifgmoBigae
3a PO3BUTOK porarocti (HagaBHiCTH poriB) abo
KoMoJiocTi (BimcyTHicTh poriB). ¥ caMiiiB mo0-
MiHye ajieJb IILOTO TeHa, AKMWU BimmoBimae 3a
poraricTh, a y cCaMOK, HaBIIaKW, AJOMiHAHTHUM
€ ajieJib KOMOJIOCTI.

Take ABUIlle BUHUKAE 4epe3 Te, IO opra-
HiBM € CKJIaQJJHOIO CHCTEeMOIO i Ha IIPOSB O3HAK
BILIMBa€ Oarato pisHmxX (PaxTopiB, HaAIPUKJIALI
pPiBeHBb TOPMOHIB Yy KpOBi. ¥ camIliB 3HAUHO BU-
il piBeHb YOJOBIiUMX TOPMOHIB, II0 BIJIUBAE
HaA PO3BUTOK ILJIOTO PAAY O3HAK, y TOMY UMCJIi
¥ Ha PO3BUTOK POTiB.

IixaBuM mpuKJIamOM BILIMBY TOPMOHAJIBHO-
ro pPiBHA Ha PO3BUTOK O3HAKWU, YCIaAKyBaHHSA
AKOI 3aJIeKUTh Bim cTaTi, € HiBHIYHUHN OJIeHb.
Ile emwHWIT Bua, y AKOrOo poru MaroTh i cam-
mi, i camMmKku. Po3BUTOK pOTIiB y caMOK IIbOTO
BUJY CTaB MOOIYHUM e(EeKTOM NPUCTOCYBAHHSA
IO KUTTA B ymMoBax IliBHOUi, AJIS 4Oro oJeHIM
IOBeJoCs MiABUINYBATH 3arajJbHUN PiBeHBL Tec-
TOCTEPOHY B oprauismi (y Bcix ccaBIliB wosioBiui
¥ JKiHOUi cTaTeBi rOpMOHU BUPOOJAIOTH O0UIBI
craTi, ajle 40JIOBiUMX TOPMOHIB OijbIlle y cam-
IiB, a JKiHOUMX — y caMOK). ¥ caMIIiB piBeHb
TEeCTOCTEPOHY BCE OJHO 3aJIUINUBCSI 3HAUHO BU-
mIUM, Hi’K y caMOK, aJjie Moro piBeHb y CaMOK
BUSIBUBCS JOCTATHIM AJIA TOTO, 11100 3yMOBUTH
PO3BBUTOK POTiB.

OBaI'II/ITaHHFI Ta 3aBJaHHA

1. Ha KOHKpeTHOMYy npuKnagi NOACHITb, AK Bif-
6yBa€TbCA yCnagKyBaHHA O3HaK, 3aNeXHUX Bifg cTaTi.
2, Po3g’axime 3a0ady. [eH, AKNIN BU3Hayae 3abapBneHHsA
LIepCTi y KOTiB, po3TalloBaHuii y X-xpomocomi. OauH i3
oro anenis B13Haya€ YopHe 3abapBrieHHs, a iHWnNN —
pyae. Y BnMafKy, AKWO OPraHiaM € retepos3mrotolo 3a
UMM reHoM, TOo Noro 3abapBneHHA € YepenaxoBUM
(4acTMHA BONMOCMHOK MA€ YopHe 3abapBrieHHs, a vac-
TUHa — pyge). AKUN Konip WepcTi MaTUMYTb HallaaKu
Bifj CXpeLlyBaHHA pydoro KoTa 1 YyepenaxoBoi KilluKn?
3. AHani3 XpoMocoM Kaukoasboba Mokasas, WO Moro
6-Ta XpPOMOCOMa € FOMOJIOTOM CTaTeBOi XPOMOCOMM
niaueHTapHUX ccaBuiB (Hanpuknag, muwi). Yn MoxHa,
CNMpaynch Ha uel dakt, 3pobuT BUCHOBOK MPO CMo-
Ci6 BM3HauYeHHA CTaTi y CiNbHOro npefKka Kauykoa3boba
i Mmwi? Bignosigb obrpyHTyliTe.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 64. [eHOTUN | B3aEMOJiA reHiB

0 [NomipkynTe

Yomy ons bopmyBaHHA O3HaKK 3a3BMYall Heob-
XifHa B3aEMOJifA KiIbKOX reHiB?

Q 3raganTe

o CnagKoBicTb o MiHnuBicTb

o Peanizauia cnagkoBoi iHdopmauii

[eHOTMN AK UinicHa cuctema

Hnas Toro 106 B opraHismi 3’saBuiacs IeB-
Ha O3HaKa, YacTillle 3a Bce IIOBUHHO BiOyTHUCS
KijbKa pisHmMX mponeciB. Hampukaanm, y Myxu
Ipo3odinau (KIacuuyHOTO 00’€KTa TeHeTUYHUX J0-
CIiIKeHb) 3a0apBJIEHHS OUell 3yMOBJIeHEe HasaB-
HICTIO B HUX JBOX IIIrMEHTIiB — SACKPaBO-UYE€PBO-
HOTO ¥ KopuuHeBoro. /i BupoOIeHHS KOMKHOTO
3 HUX Mae€ Big0yTucs JeKijbka OioxiMiuHuMX pe-
akiiti. Ko:kHY 3 IIMX peakIlii KaTajidye OKpe-
MUl (PpeEpMeHT, AKUHA KOAYETHCA OKPEMUM T'€HOM.
I mopymienas Oyab-IKOr0 3 HUX MHO3HAUAETHCS
Ha 3abapBiieHHi oueil aposodinm (man. 64.1).

Oszaxu, AKI BU3HAUYAIOTHLCSI OJHUM T'€HOM,
HA3WBAalOTh MOHOTeHHUMH. AJjie HaBiTb BOHU MO-
KYTh YTBOPIOBATHCS BHACJIiZOK B3aemojii. Bu
BJKe O3HAMOMMJINICS 3 IIUM SABUIIEM, KOJIW POBTJIS-
JaJy IMOHATTS HEIOBHOTO NOMiHYBaHHS aJIesiB.

Bimomo Gararo Bumangkis, xKosu o3Haka abo
BJIACTUBOCTiI OpraHisMy BH3HAUYAIOTLCSI IBOMA
abo0 OisbIlle piBHMMU reHaMU, AKi B3a€MOIiIOTH
MixK coboro. AJie ciijg mam’saTaTu, 10 B3a€MOi-
IOTh He caMi renu, a MmojiekyJu 0iikiB abo PHE,
YTBOpPEeHHA SAKUX BOHU 3abesmeuyioTh. Ilim uac

Man. 64.1. Pi3HoMaHiTHiCTb 3abapBneHHA oyel y fpo3oodin
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B3aeMOJil HeaJeJbHUX T'eHIB BifOyBaeThbCcs Bin-
XUWJIEHHS BiJT MEHJeJIiBCbKUX 3aKOHOMipHOCTeI
posIIeIIeHHsa 3a (DEHOTUIIOM y Hamankis. Pos-
PiBHAIOTHL TaKi OCHOBHI TmMHmM B3aeMojil TeHiB:
KOMILJIeMeHTapHicTh, emmicTas i mosrimepis.

KomnnemeHTapHicTb

Ilix vac KoMmIeMeHTapHOI B3aeMoOmii reHiB
PO3BUTOK O3HAKM BiOyBA€THCA JIMIIIE Y BUIIAJ-
Ky, KOJU KOXKHUM i3 HeaJleJIJbHUX TeHIB Mae€
xoua 0 IO OMHOMY JOMiHAHTHOMY aJjenio. Ha-
NPUKJIAL, V BU3HAUEHHI (popMu IJoma y rap-
Oysa OepyThb yuacTb ABa reim — A i B. fAxrmio
IIeBHA POCJMHA Ma€ B KOXXHOMY 3 IMX TIeHiB
xoua O OOWH AOMIHAHTHHI ajejlb, TO (opma
ii muoxmiB Oyne AUCKOIOAiIOHOIO. A YTBOPUTHCS
Taka (popMa BHACJIIIOK B3ae€MO[il JOMiHAHTHUX
ayieqiB aBoxX reHiB. ToOTo muckomomiOHi maomu
MaioTh OyIAb-AKi 0coOmHM 3 TeHOTUTIOM A—B-—.

Ao oxmu i3 rewiB Oyme mpeacTaBJIeHU
pelecuBHOIO TOMO3BUTOTOIO, a iHIMUUA MaTUMe
xoua 0 OIMH JOMiHAHTHUN ajiejb (0COOMHU 3 Te-
HoTUTIaMu aaB— i A—bb), TO KOMILTIeMeHTapHa
B3aeMoiA He BimOymeTbcsa i oM MaTUMYTh
cepuuny dopmy. Ocobuuna 3 oboma reHamu
y CTaHi perecHBHOI I'OMO3UIOTH MATHME BIIO-
ByKeHi miaomu (maj. 64.2).

EnicTtas

VY pasi emicraTuuHoi B3aemopmii reHiB m0-
MiHaHTHUH ab0 pelecuBHUN ajiejib OJHOr0 reHa

BaTbKM (P) . ‘

AAbb ChepuuHa aaBB CéepunyHa

riépua (F,)

AaBb  [uckonogi6Ha
liépuan (F,) I .

A-B- A-bb i aaB- aabb
OuckonogibHa  CdepuyHa  BupoBkeHa

Man. 64.2. KomnnemeHTapHa B3aeMofifA reHis
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KopuuHese . Manese Batbku (P) /t i ',.',“ X %
batbku (P) 3abapBrieHHsA x‘ 3a6apBneHHs Binun TeMHO-4YepBOHMIA
wepcTi aaqii A 20 wepcti AAII a,aaa, AAAA,

ri6pug (F,) YepBoHum

ri6pua (F,) ' MNanese ‘ AaAg,
puA tF, ~3abapBrieHHsA
B wepcTi Aali

- OO,
- ,"”l\-a;;,_
- /’».

) h TemHO-uepBOHMN Bi
l6puan (F,) ‘ - h N inun
P 2 i) ‘S AAAA, - » aaaa

MNanesi ——/- YopHi A-ii  KopwuuHesi adaii riopuan (F,) N 1919592
12/16 3/16 1/16 AaAga,
Man. 64.3. EnictaTnyHa B3aemogia reHis W AAaga,

. . . TemHyBaTo-uepBoHun d,d,AA,  Cgitno-uepsoHui
IPUTHIUYE OPOAB AOMIHAHTHOI'O aJjejisd 1HIIIOTO AAAa, AaAA, Aaaa, aaAa,
resa. BigmoBigHO, pO3pPi3HAIOTL JOMiHAHTHUMN
i pemecuBHuil emicras. Hampukaazg, y cobak Man. 64.4. [onimepHa B3aemogif reHis
IOMiHAHTHMH ajejnb rema A sabesmeuye dUop-

KOJILOPY HACiHWH IIIIEHUIII B3a€MOMIilOThH ABA IO~
JiMepHi reHU, KOYKeH 3 AKNX Mae€ II0 IBa aJeJi.
A zabapBiieHHsS HaciHMH 3yMOBJIEHE KiJIbKiCTIO
IOMIiHAHTHUX aJjieliB IIuxX TreHiB. Yum Oinbime
IOMIHAHTHHUX aJIeJIiB, TUM OiJIbIlIa iHTEeHCUBHICTH
YepBOHOTO 3a0apBJieHHsS. ¥ PEINeCUBHUX I'OMO-
3UTOT HaciHHA 0ijle, a B OCOOMH i3 T'€eHOTHUIIOM
AAAA, BOHO TeMHO-uepBOHE (Mai. 64.4).

He 3a0apBJIeHHsd, a PelecUBHUI — KOPUUYHEBe.
A nmomimanTHHUI ajxens reHa I ysaraji 0J0Kye
CUHTEe3 BIiANMOBiZHUX (pepMeHTIB i cOpuumHsE
MOsBYy IIajieBoro 3abapBiieHHs. Tomy ocoOmHHI
3 reHoTUIIaMU A—ii OyAyTh MaTH YOPHY IIIEPCTh,
3 remotunamu A—I— abo aal— — maJeBy, a 3 re-
HOTHUIIOM aaii — KopuuHeBy (Mmaj. 64.3).

MNonimepis
. . . . MpakTuHa poboTa
¥V pasi nmosimepHOI B3aeMofii reHiB 1yd 1Ipo-
sIBy O3HAKU HeoOXilHA HaABHICTH x04a 6 OLHOTO Poze’sa3yeaHHss munoeux 3ada4y 3 2eHemMuKu:
JOMiHAHTHOTO aJesid B OyAb-AKOTO 3 KiTbKOX re- yCnaoKyeaHHs 03HAK
HiB. Ili reHU BUKOHYIOTH OIHY DYHKIIif0O (HaIpu- 1. Y NIOAVHN TeH, Wo BUKNNKAE OAHY 3 GOopMm craj-

KOBOI [JIyXOHIMOTW, pPeLecuBHUN CTOCOBHO reHa
HOPMaJIbHOro Ciyxy. flke MOTOMCTBO MOXHa YeKaTu:
a) Bif Wby ABOX reTepo3nroTHYIX 3a AaHNM reHOM
6aTbKiB; 6) Bif LWNOOY rMYXOHIMOI »KiHKN 3 HOPManb-
HUM YONOBiIKOM?

KJiaJ, 3a0e3[euyoTh CUHTe3 OHOTO IIirMeHTY),
aje MOMKYTh POSTAIIOBYBATHCA B PIBHHX XpO-
MOCOMaX. X Ha3MBAIOTh MOJiMEePHHMHU TeHAMU.

IToriMepHi remm B3as3BUUYail BU3HAYAKIOTH

KisnbKicHI o3Haku (po3Mip, 3abapBJeHHSA TOIIO). 2. Y matepi | rpyna kposi, a B 6atbka — Ill. Yu
Hif0Th BOHU, JONOBHIOIOUN OLUH OZHOTO, TOMY MOXYTb AiTW yCnagKyBaTu rpyny KpoBi matepi?
i1X 3a3BUYal MO3HAYAIOTh OJHAKOBHUMM JIiTepa-
MU JaTUHCBKOTO ajpaBiTy, mOmaroum HUMKHIN
oo . 3anuUTaHHA Ta 3aBAaHHA
YMCJIOBUM iHJEKC IJsd TOro, Io0 po3pisHATH 0
rean Mixk coboro. Hampuwraanx, A A a,a, aGo 1. Yn MOXyTb OpraHiamMu 3 OLHAKOBMM FeHOTU-
AaAA,. noM Matu pisHuin deHoTun? Bignosiab o6rpyHTyiiTe.
3a UM MexaHi3MOM BifOyBaeThCA yCIaaKYy- 2, Posg’axime 3a0ady. Y pocinHu reH A BU3HAYae 3a-
BaHHS KOJILOPY HACIHHA Y IIIEHUI Ta KOJLOPY 6apBrieHHs oUBITUHW. [JloMiHaHTHWIA anenb A 3abe3neuye
mKipu y Jgionmau. Tak, y pasi ycmagkyBaHHS yepBoHe 3abapBieHHs, a peLecuBHUi anenb a — bGine.
[loMiHyBaHHA € HEMOBHUM, i FreTePO3UTroTV MakTb POXe-
0 Kniouosa iges Be 3abapBneHHA OUBITUHM KBIiTOK. fIKi reHoTMnn 1 de-
HoTUNK 6yayTb MaTtu ribpuan Big CXpellyBaHHA ABOX
Pi3Hi reHn B reHoMi B3aEMOAiOTb MiX cobolto. reTepo3nroTHNx ocobuH? 3. Yomy nig yac B3aemopii
MowwnpeHMn TMNnamu B3aEMOAIT Pi3HUX reHiB € pi3HMX reHiB BiAOYBa€eTbCA BiAXUNEHHA Big MeHAenis-
KOMMIeMeHTapHICTb, enicTa3 i nosnimepis. CbKMX 3aKOHOMIPHOCTelN po3LenneHHaA?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 65. MiHnuBIiCcTb O3HaK

0 [omipkynTe

Yomy npoTu Bipycy rpuny Ayxe BaKKO CTBOPUTM
BaKLMHY?

Q 3raganTe

« CnagkosicTb

e MiHnuBicTb

e [eHn

* XpoMOCOMHa Teopi CNafKOBOCTI

Pi3HOMaHITHICTb dopm
MIiHTMBOCTI O3HaK

Bu BiKe 3HaeTe, mi0 MiHJIUBiCTL — IIe
BJIACTUBICTH KWBUX OPTaHi3MiB 3MiHIOBaTHCH.
IIi samiEm MoKyTH BimOyBaTuCA SAK i3 camMuMm
OpraHi3MOM YIIPOZOB:K IIEBHOTO Uacy, Tak i 3i
3MiHOI0O MOKOJIIHb Y KOXKHOTO 3 BUIIB JKUBUX
opraxismis.

¥V reHerurli BUIIJIAIOTHL OB OCHOBHI (hopmm
MiHJIWBOCTI — cHagKoBYy (TeHOTHUIIOBY) i He-
crmagkoBy (Momudikarliiiny, a6o (heHOTUIIOBY).
3MiHM, AKI BUHUKAIOTh y BUIAJKY CIATKOBOIL
MiHJIMBOCTi, IIepefaloThLCSI HAIaAKaM, a HeclmaJ-
KOBOI — HAIaJKaM He IIepelaloThCH.

CrnagkoBa MiHJIMBICTH MOZIIAETHCA HA KOM-
6iHaTUBHY I MyTallifiny. 3a KOMOiHATMBHOI MiH-
JIUBOCTi He 3MiHIOEThCA cTpyKTypa [JHK. Binoy-
BA€EThCA JIVIIIE TIEPEeKOMOIHYBaHHSA aJeJiB pisHUX
reHiB. 3a MyTamiiiHOI MiHJMBOCTI CTPYKTypa
IOHK mosxe smintoBaTucs. Taki sMiHU He 3aB:KAU
moB’sA3aHi 31 3MiHOIO TOCJIiTOBHOCTI HYKJIEOTH-
IiB y Me)xkax resa. 3MiHEH MOXKYTb BigOyBaTucs
AK Ha PiBHI OKpeMHX XPOMOCOM, TaK i BCHOTO
regomy B Iisiomy. Hampukiaanm, aBi xpomocomu
MOKYThb 00’ € THATHCA B OnHY. AOO 3arajbHa Kijb-
KiCTh XpPOMOCOM y T€HOMi MOJKe IIOIBOITHCH.

YacTo BUeHi BUIIIAIOTL AK OKPEMHI BUL
MiHJIMBOCTI OHTOTe€HeTUUYHY MiHJUBicTh. BoHa
BiOyBaeThCcA TPOTATOM JKUTTA OCOOMHU Mif
KoHTpoJseM reHiB. Came IIg MiHJIMBICTBH Bimmo-
Bimae 3a Te, 1110 OHA II Ta camMa JIOAWHA Y BiIli
OJHOTO, IIIeCTU, ABAAIATU U ciMIecsaTu POKiB
BUTJISAIAE€ 30BCIM IIO-pisHOMY.
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KombiHaTrBHa MiHNMBICTb

Komo6inaTuBHa MiHJIMBiCTH mOB’s3aHA 3 OT-
PUMaHHAM HOBHUX HOEIHAHb T'€HIB y T€HOTHIII.
Bu Bike m100pe 3HaOMi 3 IIUM THUIIOM MiHJIHBOCTI
Ha npukJani 3akoHiB I'. Mengensa i Bzaemomil
TeHiB.

B eykapioriB, fKi PO3BMHOKYIOTBCA CTaTe-
BHUM IIIJIAXOM, KOMOiHATHBHA MiHJIMBiCTHL mOCSH-
TaeThbCs B pe3yJabTaTi TPhOX MPOIECiB:

— He3aJIe)KHOTO PO3XOIKEeHHA XPOMOCOM
oig yac mMenoasy;

— BUHOAJKOBOTO MOETHAHHS raMeT IIiJ dac
3aIlIiTHeHHd;

— pekombiHaIii reHiB 3aBOAKU KPOCUHTO-
BEpY.

Cami renu mpu 1boMy He 3MiHIOIOTHCS, aJie
BUHUKAIOTh HOBIi X MOEMHAHHS, 0 CIPUYUHIOE
MOSABY OpraHi3MiB 3 iHmMHMMHM TeHOTHUIIOM i (e-
HOTHUIIOM.

Hacaigxkom Komb6iHaTmBHOI MiHJAMBOCTI
e gABuie rereposucy. I'ereposuc (Bim rperr.
heteroisis — BUIO3MiHU, TEepPETBOPEHHA), abo
«TibpugHa cuia», MOKe CIIOCTepiraTucs B IIep-
IIOMy MOKOJiHHI B pasi ri6pmamsaimii wmix
IpeIcTaBHUKAMU PisHUX BUAIB abo copris. Bu-
IiJAI0Th TPU OCHOBHI (popMU TeTepos3ucy: pe-
MPOAYKTUBHUY (MiABUIIYETHCA BPOMKANHICTSH),
comaTuuHU (30iMBITyIOThCA JiHIMHI posmipu
oprauiamy) i aganTuBHUN (IigABUIYETHCS CTili-
KicTh Mo mil YMHHUKIB cepemoBHUIIA).

MiHnunBICTb O3HaK GaKTepil

KombinaTuBHa MiHJIMBICTH TPAILIAETHCI He
TiTBKU B €yKapioTiB, AKi 3MiMiCHIOOTS il mix yac
CTaTeBOTO PO3MHOKEHHsS. ¥ MiKpooprauismis,
AKiI POBMHOKYIOTHCSA HECTATEBUM IMILIAXOM, TEX
BUHUKJIN CIeliaJbHI MexXaHi3Mu KoMOiHATUB-
"ol mimamBocti. Ile Kom’toraitis, TpaHCAYKI[is
i Tpanchopmaris.

Kow’roramia — e GesmocepenHili KOHTaAKT
MiK JBOMa OaKTepiaJJbHMUMHU KJIITUHAMU 3a [10-
TIOMOTOIO CIIeIliaJIbHUX IIOPOKHUCTUX TPYOOUOK
(F-mineii), mig yac AKOTO TeHETUYHUHA MaTepia
3 ogHiel KIiTMHN MepeHOoCUuThCs B iHINY. 3a3BuU-
yall KOH IoTaIlid KOHTPOJIIOETHCS TeHaMu, AKi
poaTaloBaHi B maasmimi.



Tpanchopmania — me nepenecenua [THEK,
saKa OyJsa i307bOBaHa, 3 ONHUX OaKTepiaJ bHUX
KiaiTuH po immumx. Haliuacrine Boma BimOyBa-
€ThCA micas 3armbesi 0axTepiaJbHUX KJITHUH.
Ilicia Toro sk 3aruOJi KJIITUHU PYHHYIOTHCH,
okpemi (pparmenTn ixapoi JJHK mMoxyTs moriu-
Hatuca immummu OaxTtepismu. Ilorim OGakTepii
BOYIOBYIOTH IIi ()parMEeHTH Yy CBOIO KiJIBIIEBY
mostekysy JTHEK.

TpaHcayKIis — Ile TepeHeceHHA OaKTe-
piarpHUX TeHIB 3 OmHiel KJITWMHM B iHIIY 3a
momomorom OaxkTepiodara. Konu Gaxrepiodaru
PO3BMHOKYIOTLCS B KJIITHMHiI, TO B AedAKi 3 Bi-
pycaux yactuHOK mnorpamise [JTHK ne Bipycy,
a Oaxrepii. BipycHa yacTHHKA MMEPEHOCUTH ITIO
IOHK B immy OakKTepiaJbHy KJIITHHY, 1e BOHA
BOYIOBYETLCS B OaKTepiaJibHY XPOMOCOMY.

3a [OTOMOroi0 TaKWX WIpoIleciB OaxTepii
MOJKYTh, HAIPUKJAZL, OOMiHIOBATHCA TeHAMU
cTifikocTi Mo aHTHOIOTHUKIB.

Minnusictb Bipycis

MiuausicTs v BipyciB Moske OyTH AK cHaj-
KOBOIO, TaK i HecmagkoBoro. HecmagkoBa MiH-
JMBICTHh BipyciB BUHUKAE, KOJU Bipyc MOKUIAE
KJITUHY, B AKifl YyTBOPUBCA, 1 3aXOILJIIOE YACTHU-
HY 11 KJiTuHHOI MeMOpaHu, YTBOPIOIOUUN CBOIO
30BHIIITHIO 000JIOHKY. PigHi minaukum meMmOpaHu
Iemio BiApisHAOTBCA MisK c0000, i ToMy pisHi
BipioHM TaKOK MalOTh He3HauHi BigminuocTi. I1i
BimMiHHOCTI HaIIagKaM He IIepefaioThCd.

CnagkoBa MiHJIMBiCTH BipyciB, AK i iHImmMx
opraHisamiB, Mo:ke OyTHM MyTaIlliiiHOIO i KOMOi-
HaTuBHOKO. MyTamiiiHa MiHIMBiCcTH y BipyciB €
HacJiZKoM MyTalliii. ¥ BipyciB HeMae Takumx
pemapalifiHux cucTeM, AKi BUIIPABISAITH II0-
IMIKOKEHHs CIIaJIKOBOT0 MaTepiany, AK y KJIi-
TuHax. ToMy ImaHCW HAa BUHUKHEHHA MYTaIlill
y HUX OinbImi, HiK y KJIITUHHMX OpraHismis.
Haii6inpmuii puUsMK BUHUKHEHHS MYyTallil
y PHK-BipyciB, 60 PHK € menm crabisbHOIO,
ik [[HK, 3 TouKu 30py 30epekeHHsA IeHeThU-
HOl im(opmarrii.

0 Kniouosa iges

MiHAMBICTb € XapaKTEPHOK O3HAKOK BCiX MMBUX
opraHi3miB. BoHa TpannaeTtbca i B eykapioTis,
i B nNpokapioTis, i y BipyciB. MiHANBICTb MOXe
nepepaBatnca (cmagkosa) abo He nepepaBaTtucA
(HecnagkoBa) Hawagkam. Kpim Toro, mportarom
KUTTA Y XKMBUX OPraHi3mMiB CMOCTEPIraETbCA OH-
TOreHeTUYHa MiHIMBICTb.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

BipioH

— aHTUreHn — CEermMeHTU reHis

N

A H
o
A H
o

N

Man. 65.1. PekombiHaLia y Bipycy rpuny

Kom6inaTuBHa MiHJIUBiCcTh y BipyciB BuHU-
Kae BHACJIIIOK 3apakKeHHs OfHiel KJIITUHU KiJlb-
KoMa pisHMMU BapiaHTamm Bipycy. ¥ mporeci
«30ipKu» BipioHIiB IIi pisHOBUAU BipyCcy MOMKYTH
oomintoBatucs gpparmenramu [ITHK i yrBoproBa-
Tz HOBI KomOimamnii. Ile sBuIle € gyKe xapak-
TepHUM AJd Bipycy rpumy. Moro remom ckija-
IaeThbcAd 3 BOChbMU OKpeMux (pparmentie PHEK.
Y pasi zapakeHHs OAHiel KJIITUHM KiJbKoMa
Bipycamu 11i (pparMeHTH IIePeMilIyIOThCA, IO
cTae IPUUYMHOIO MOSBU HOBUX BapiaHTIB Bipycy
rpuny (mana. 65.1).

@ MpakThyHa poboTa

BusieneHHA ma onuc HOpMasnabHUX i MymaHmMHux
¢opm Opo3sodpinu

1. Po3rnAaHbTe HopManbHi dopmn gposodinu. 3sep-
HiTb YBary Ha HOpMaJsibHi O3HaKW: Cipe Tino, YepBoO-
Hi oui, cdopmoBaHi Kpuna. Bigpi3HiTb camuiB Big
CaMOK.

2. Po3rnaHbTe MyTaHTHI dopmun gpo3odinu. BusHau-
Te, AKi 03HAaKM B HUX € MYTaHTHVMMW.

3. Cknagitb MOpPIBHANbHY Tabnvulo HOpPManbHUX
i MyTaHTHUX dopm apo3odin.

4. CoopmyntonTe BUCHOBOK.

03aﬂl/ITaHHﬂ Ta 3aBOaHHA

1. Ha KoHKpeTHOMYy npwuknagi noAcHiTb ocob6nu-
BOCTi KOMOGiHAaTUBHOI MiHnMBOCTI. 2. CKnagitb Crmncok
daKTopiB, AKI MOXYTb BMIMBATM Ha MIHAUBICTb >KMBUX
opraHi3mis. 3. BukopuctoByloun fopaTkoBi gxepena,
HaBediTb NMpuUKNagnM retTeposncy i 3anpornoHynTe no-
ACHEHHA MexaHi3My LbOro ABMLLa.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 66. MyTauii

0 [omipkynTe

Yomy npotu Bipycy imyHopediunTy ntogmHn (BIJ1)
JyXe Ba)KKO CTBOPUTW BaKLMHY?

Q 3raganTe

« MiHnumBicTb - CnagkoBa MiHNMBICTb

« OHK + O6MiH pevyoBUH

MyTauii

Myramiero (Bix matuH. mutatio — 3miHa)

Ha3WBAIOTh 3MiHY O3HAKM, IO 3yMOBJIEHA 3Mi-
HOIO CIIaJKOBUX CTPYKTYDP, IIepe0yq0BOI0 TeHe-
TUYHOTO amnapary. MyTaiii 3MiHIOIOTHE T'€HOTHUIL
ocobmHu. BOHM BMHUMKAIOTHL PalTOBO U iHOM;L
HaJTalOTh OPraHisMy 3HAUHUX BifMiHHOCTEH Bin
BUXimHOI (hopmMm.

VYueHuM Taki 3miHu Oyau Bigomi gasuo. My-
TAIiAHIA MiHJIMBOCTI IPUCBATUIU CBOI POOOTHU
C. I. Kopekuuaceruit i I'. e @pus. OcraHHROMY
HaJIe;KUTh TepMiH «MmyTaris». Kpim Toro Bim
chopmyIriroBaB OCHOBHI IOJIOMKEHHS Teopili my-
raiin (1901-1903):

« Myramii BHHUKAIOTh PAITOBO AK JUCKPET-
Hi (mepepBHi) 3MiHM O3HAK.

+ HogBi ¢opmu € crifikumu.

- Ha Bigminy Bim HecmmagkoBoi MiHJIMBOCTI,
MyTaI[iliHi 03HAKU He YTBOPIOIOTH HEIlePEePBHUX
pAmiB i He 30CEpPEIKYIOTHCSA HABKOJO SAKOTOCH
cepenHbporo Tuny. MyTarrii € AKicHUMU 3MiHAMU
B OpraHiamax.

« Myrarnii nposaBasioTbca mo-pisHomy. Boun
MOKYTb OyTH i MIKIAJIUBUMU, i KOPUCHUMU.

- BiporigHicTh BUABJIEHHA MyTaIiii 3aje-
JKUTh BiJ umcJya JOCTimKyBaHMX OCOOMH.

« OpHi #1 Ti cami myTamii MOKYTh BUHUKATHA
TIOBTOPHO.

MonekynapHa ocHOBa MyTaL,in

Moaerynaa IHK, ak i Oyab-aka inma moJe-
KyJjia, MOJKe 3a3HaTU MNOMIKOAXKEeHb, AKi MU Ha-
3uBaeMo MyTaniaMmu. i momKogKeHHA MOXKYTh
OyTu pisHUMU. Moike OyTU IIOIITKOI:KEHO OIUH
HyKJeoTus abo Bigpasy mapy HYKJIEOTHUIIB.
Mo:ke craTuca pospuB ogHoro 3 jaHioris JTHEK
a0o0 HaBiTH 000X JIAHITIOTiB OJHOYACHO TOIIIO.
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Myrarmifina MiHJINBiCTh BUHNKAE BHACIIIOK
3MiH CTPYKTypHu ab0 KiJIbKOCTiI UM po3TalryBaH-
Ha mosekys [THK. Bci skuBi opranisamu mamoThb
mexaHidamu penaparnii JJHK, axki mosBoasaooTsb
JiKBiAyBaTH TaKi mopyiieHHsa. Ase KO MexXa-
Hi3MU perapariii He BIIOPAOTHCA i3 3aBHAHHAM,
To BuHUKae 3mina JJHK, aka Oyzae nepenaBatucs
HamagkaMm. Bunnkue myTarisa. Ciaing sasHauuTu,
110 B 0araToOKJITHHHUX OpraHisMax HaIlagKam
Oyae mepemaHO JHIIe Ti MyTalii, AKi BUHUKJIN
y cTaTeBUX KJIiTHMHAaX.

Knacuoikauii myTauin

Hapasi Bigomi myramii B ycix KJjaciB TBa-
puH, pocauH i BipyciB. Icuye Oararo myraiiit
i B moguan. CaMe MyTallisMu 3yMOBJIEHA Pis3HO-
MaHiTHiCTE (mosiMopdisM) JIOACHKUX IIOMYJIS-
mMifi: pisHA mirMeHTAallid MIKipu, BoJOCCA, KOJIip
oueit, popMa HoOca, BYX, IIiAOOPiAAs TOIIO.

Icaye Kinmbka BapiaHTiB KJaacudikaiii my-
TaIin:

+ 3a TUIIOM MPOABY O3HAKH B I'eTePO3UTOTi
MyTallii MomiJATh, Ha AOMiHAHTHI (IIPOABIA-
IOThCA Y T'eTepPO3UroTi) i pelecuBHi (He IPOAB-
JAITHCA Y TE€TEPO3UTOTI).

+ 3a JoKaJgi3alico B KIITHHI PO3PisHAIOTH
AnepHi (3MiHIOIOTHL TE€HUW, PO3TAIIOBaHI B AApi
KJITUHU) 1 MUTOIIa3MaTUYHI (3MiHIOIOTL T'eHU,
posTarmioBaHi B IIMTOMJIA3Mi KJIITUHMW, HAIPU-
KJIad, Y MiTOXOHAPisAX abo ITacTHaaX) MyTallii.

« 3aJ€eKHO BiJi MPUUYNHU BUHUKHEHHS BU-
IiIAI0Th CIIOHTAaHHI (IPUYMHA BUHUKHEHHA He
BCTAHOBJIEHA) Ta iHAYKOBaHi (IPUUYNHOIO BUHUK-
HEHHA € Ois BCTAHOBJIEHOTrO (paxkTopy — (hismu-
HOro, Ximiunoro a6o OiosoriuHOro) myraiii.

« BacxksimBuM € TaKoK Te, y AKUX came KJIi-
THHAX BUHUKAIOTH MyTarii. SIKIo BOHW BUHU-
KalTh y COMAaTHUUYHUX KJITHHAX — COMATHUYHI
MyTallii, To MOXKYTh IlepeJaBaTHUCA HAaIllaJaKaM
JIUIIIe 32 YMOBU BETETATUBHOTO PO3MHOKEHHA.
SIKII0 X BOHM BUHMKAIOTH y TaMeTax — reHepa-
TUBHI MyTaIrii, To MOXKYTb IIepeJaBaTHCI HaIal-
KaM 3a 3BUYAMHOTO CTATEBOTO PO3MHOYKEHHS.

[eHHi, XxpOMOCOMHI Ta reHOMHI MyTau,il

IIpoTe oxHieio 3 HAOIIBII HOIINPEHUX KJia-
cupdikaliii Mmyrarliii € iX po3IMo/IiJl 3a PiBHEM Op-



YO npomeHi

[ManiHHA

Mpomuncnosi
BMKNAN

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

3ananbHi
npouecu

Papiauia Momwunkm nig yac

pennikauii

Man. 66.1. MyTtareHHi pakTopKn

raisaiii cmaJKkoBOro Martepiaiy, Ha AKOMY Bif-
OyBaeThbCA MyTallid. SIKIII0 MyTallis 3MiHIOE JIMIIIEe
OOVH reH (3aMiHa, BTpaTa 4YM MOOJABAHHS IIapu
HYKJIEOTH/IB), Ile € MPUKJIAZOM T'€HHOI MYyTAaIlii.
¥ pasi, Kosu 3auinaeThCcAa KOMILIEKC I'eHiB Ha
XpoMocoMi (3amiHa, BTpara, AoJaBaHHA Y1 3MiHA
MicIid PO3MIIEeHHA MiIAHKN XPOMOCOMHU), IIe €
MIPUKJIAA0M XPOMOCOMHOI MyTaliii. A Koy 3MiHI
BifOyBalOThCA Ha PiBHI reHomy (3MiHa KiJabKoc-
Ti OKPeMHUX XPOMOCOM UM BCHLOTO XPOMOCOMHOTO
Habopy), Ie € TMPUKJIAJOM TeHOMHOI MyTalrii.
Jlo TeHOMHUX MYTAaIlili HaJeXXaTh MOJIIILIO-
imia i rerepomnoinia (ameymaoimis). Ilosaimmo-
imis — 1le 30iJbIIIeHHA KIiJIBKOCTI XpPOMOCOM
MIJIAXOM OOJaBaHHS IiIMX XPOMOCOMHUHX Ha-
O0opiB y pesyJbTaTi HMOPYIIIEHHS Melio3y.
T'erepomoigias — 1e 3mMiHA KiJIbKOCTiI Xpo-
MOCOM, III0 He € KPaTHOI0 rarjoigHoMy Habopy.
fABuine, Kogu axa-HeOyAb i3 XpOMOCOM y T'€HO-
TUIIi Ma€e He OBi, a TPU TOMOJIOTiIYHI XpOMOCOMU,
Ha3MWBaIOThCA TpUcomiero. TpamiaeTbes i BTpara
OIHi€l 3 TOMOJIOTIYHUX XPOMOCOM — MOHOCOMIsf.

MyTareHHi ¢pakTOopKn

dakTopu, AKi 3maTHI iHAYKyBaTH MyTallili-
HUHA edeKT, HA3WBAIOTh MyTareHHHMH. ¥cCTa-
HOBJIEHO, IO OyAb-IKi (paKkTOpU B0BHIIIIHLOTO
i BHYTPIIITHBOTO CEePemOBUINA, AKi MOMKYTH IIOPY-
IIIyBaTU TOMeOCTas, 34aTHI COPUUYNHATH MyTaIlii.
Tpaaumiiiao ix nmoxinArTh Ha (pisuuHi (peHTTe-
HiBCBhKe Ta iHIIIi BUOPOMiHIOBaHHA, YIbTPA3BYK,

0 KnioyoBga iges

MyTauii — ue panToBi 3MiHN O3HaK, WO CNPUYMHe-
Hi MOPYLIEHHAMM B CMAaAKOBUX CTPYKTYpPaXx »KMBO-
ro opraHiamy. IcHye 6arato pisHoOBMAIB MyTaLii
(reHHWMX, XPOMOCOMHUX, FreHOMHMX ToLo). lNoABi
MyTaLiil cipuse Aia MyTareHHUX $akTopis.

TeMIepaTrypa ToIo), XiMiuHi (XiMiuHi crosyKm)
Ta O6iosoriuni (Bipycu, Tokcuumu) (maa. 66.1).

3HauHy 3arposy SK MyTareHu AJA JIIOJUHU
MOJKYTh CTAHOBUTHU MIKiAAMBiI 3BUUKU. I TIOTIO-
HONIAJIIHHA, I aJIKOT0JIb, 1 HAPKOTUYHI peuoBU-
HU € JOCUTH CUJBHUMU MyTareHHUMHU (HaKTO-
pamu. BoHU 3yMOBJIIOIOTH ITiABUINEHHSA PUBUKY
BUHUKHEHHSA MYTAIlil y HaIIagKiB.

Myrarenni (axkTopu IIIMPOKO 3aCTOCOBYIOTH
Y CeJIeKIIHHIA TpaKTHUIIl 3 MEeTOI0 OTPUMAHHSA HO-
BUX COPTiB pocymH i mopix TBapuH. Tak, Ha pocau-
HU Oil0Th KPUTUYHUMU TeMIIepaTypaMu, i0Hi3yIo-
YUM BUIIPOMiHIOBAHHAM, XIMiUYHMMU PEeUYOBIHAMU
(HaMOJIBIIT TOMIMPEHUN AaJKaJoif] KOJXIIWH).

® MNpakThyHa poboTa

Po38’a3yeaHHa munosux 3a0ay 3 2eHemMuKu: eu-
3HayeHHA muny mymaui

1. Y MepuKo-reHeTMUYHy KOHCYyJbTalilo 3BepHynucaA
6aTbKn N'ATUPIYHOI AiBuMHKW. icns gocnigKeHHA
il KapioTny 6yno BUABMEHO, WO B il COMaTUYHMX
KMTUHaX MIiCTUTbCA MO 46 XPOMOCOM, ajne ofHa i3
Xpomocom y 15-11 napi foBlwa 3a 3BUYalHY, TOMY
Wo Ao Hel npuegHanaca xpomocoma 21-i mapw.
Akun BuA MyTauil B Ui€l AiBUNHKIN?

2. Y pesynbTaTi cxpellyBaHHA caMKu Apo3odinu
3 MO3aiYHMMM ouMMa 3 GINOOKMM CamueM Yy Mo-
TOMCTBI ofilepKafii CaMOoK i3 MO3aiuHUMK 1 Binvmun
0uMMa, CaMLiB — i3 YepBOHUMMU 1 Ginumn. BrsHaute
TUM MyTaLinHOT MIHAMBOCTI 3a3HayeHnx dopm Apo-
30dinu.

03a|‘|l/ITaHHFI Ta 3aBJaHHA

1. Yomy KmBi opraHiaMnm MOXyTb OyTV MyTareHHu-
MKn dakTopamun? 2. MOACHITb, Y YOMY MONArae pusnK
ANA HawaaKiB NOANHN, AKLWO BOHA BXMBAE HAPKOTUYHI
peyoBuHU. 3. 3anpornoHyiTe Ta OOFPYHTYNTe 3axonu
3aXUCTy Bif BNAMBY MyTareHHUX ¢GakTopiB.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 67. MognodikauiiHa MiHNNBICTb

0 [NomipkynTe

Yn MoKe 3picT nioguHK 6yTr Ginblunm,
HiX 3 meTpu?

Q 3raganTe

« MiHnuBicTb - CnagKkoBicTb

« Qopmy MiHNMBOCTI « QaKkTOpK cepepoBMLLa

MopundikauinnHa MiHNMBICTb

HecnmagkoBy MiHIMBICTS illle Ha3UBAaOTh (he-
Homunogoiw, abo moduirkauiiinor. Mogudika-
mii — 1me (QeHOTHHOBI 3MiHM, SKi BUHUKAIOTH
oig BIIMBOM yMOB cepemoBuiria. Moaudikarrii-
Hi 3MiHU O3HAKU He YCIIaAKOBYIOThCH, aje ii mgia-
ma3oH (HOpMa peakIlii) reHeTUYHO 3yMOBJIEHUN
i ycnagkoByeThcA. BoHU He CIPUUYUHSAIOTH 3MiH
resgorunry. Mogudikariiina MiHIMBiCTh BigmOBi-
Jla€ yMOBaM iCHYBaHH$, BOHA € IPUCTOCYBAJIb-
HOIO (MaJ. 67.1).

YHacIiIoK Ifiel MiHJIMBOCTI IIig miero Ha op-
ra"idam (paKTOPiB HABKOJUIIIHHOTO CEPEIOBUIIIA
3MIiHIOETHCSA IHTEHCHUBHICTHP (hepPMEHTATHUBHUX
peakiiiii abo BigOyBaeTbCcA «BKJIIOUEHHSA» YU
«BUKJIIOUEHHSI» MEeBHUX T'eHiB. XapaKTepHUMU
pucamMu Moau@ikamiiHOl MiHJIMBOCTI € Taki:

+ 000pPOTHiICTh — 3MiHU 3HMKAIOTh 32 YMOBU
3HUKHEHHA cuenu@iyHnX YMOB CepeloBHUIIA, IO
CIPUYUHUJIN TOABY Moaudikarrii;

* MAalOTh I'PYHOBUU XapakxTep;

* 3MiHEH y (DEHOTUIII He YCIAIKOBYIOTBHCS;

* YCHaJKOBYETHCS HOPMAa peakIlil reHOTHUIIY;

« icHye cTaTuUCTHYHA 3aKOHOMipHiCTH Bapi-
aliliHUX PAmiB;

- Mmommikrarii mudepeHIioooTs (HEeHOTHUI,
He 3MIHIOIOUU T'eHOTHILY.

ITpukaagamu MogudikaIiiiHol MiHJIMBOCTI €:

+ 3MiHA MacHW Tijla TBapWH y pasi 3MiHU
KinbkocTi 13Ki;

- 3MiHa 3abapBJIeHHS XyTpa y 3aMisa 3u-
MOI0;

+ 3MiHa PO3Mipy OKpeMHUX JIMCTKIB Ha OX-
HOMY JepeBi;

+ YTBOPEHHs 3acMarm Ha IIKipi JiroogmHu
HiJ BIJIMBOM COHSAYHUX ITPOMiHiB.

Hopma peakuil

OcHOBOIO, KA BW3HAUA€ iCHYBAHHSA MOIU-
dikamitinmoi mimamBocTi Ta il Meki, € HopMma
peakirii. Hopma peakiii — 11e Bce pisHOMAaHITTS
eKcIpecii rexiB 3a yMOBU He3MiHHOT'O T€HOTHUILY,
3 SIKOro BUOMpAaeThCsa HaNOiAbIN BigmoBigHMi
yMOBaM cepesoBUIlla PiBEHb aKTUBHOCTI KOKHO-
ro 3 reHis, mo i opmye (eHoTUII, AKUA HAK-
0inbIIIOI0 MipOIO BiAIIOBiZae icHyOUMM yMOBaM.

Hopma peakiii mjgs KOXHOI O3HAKM Mae
Me:xxky BuaBy (majs. 67.2). Hampuraazn, mocu-
JleHe TONyBaHHA TBapWUHU 3YMOBUTH 3POCTAHHS
ii mMacu, mpoTe BOHa mepedyBaTHMe y MeKax
CIIEKTPY BUABJEHHA Iliei 0O3HAKM AJA IIHOTO
BULY.

Hopma peaxiii BusHauaeThbCcsd TeHETHUUHO.
g pisHUX 03HAK € Pi3HI Me)Ki BUABY HOpPMU
peaxirii. Hanmpukian, cUJIbHO BapiloBaTH MOKe
BeJIMYMHA Y010, IPOAYKTUBHICTD 3JaKiB (KiJIb-
Kicui 3miHM), ci1abko — iHTEeHCUBHICTL 3abapB-

Man. 67.1. MiHAMBICTb po3Mipy M'A3IB PyKn NOAVHN
B YMOBaXx pPi3HMX Qi3NYHMX HaBaHTaXKeHb

140

Man. 67.2. BepxHI0 i HUXKHIO MeXi 3pOCTy NoanHU
BU3HAYa€ HOpMma peakuii



IHTepBan BapitoBaHHA — Big 60 fo 128 mm

Po3smax = 128 - 60 = 68 (Mm)

Man. 67.3. BapiauiiHnin pag LOBXMHW NUNCTKIB

JIeHHsI IIepcTi y TBapuH abo KinbKicTh 3y0iB
y aoauHu (AKicHI 3MiHM).

BigmoBimHo mo 1IbOro, HOpMa peakilili MoiKe
OyTu BY3bKOIO (dAKicHi sminm — 3abapBiieHHS
JISJIEYOK Ta iMaro AeAKUX MeTeJUKiB) Ta Imu-
pokoio (KinbKicHI 3MiHM — pO3Mipu JHUCTKiB
POCJIMH, PO3MipH Tijia KOMaxX 3aJie:KHO Bim xap-
yyBaHHA IXHIiX Jsagedok). IIpore s medAKux
KiTbKiCHUX 3MiH XapaKTepHa By3bKa HOPMa
peakiii (;KUpHiICTHL MOJIOKA), a AJA JOedKUX
AKiCHUX 3MiH — ImwmpoKa (ce30HHiI 3MiHM 3a-
OapBJIeHHSA y TeCIIiB).

BapiauinHmnn pag i BapiauinHa Kprea

Bapiamiliauii pam — 1Ie IIOCTiZOBHiCTH
Oyab-AKUX UHCeJ, PO3TAIIIOBAHUX 3a IIOPSAI-
KOM 3pOCTaHHS IXHiX BequuuH. [TpoMizKOK Mik
KpallHiMuU uWjieHaMU pPAJNY HA3WBAIOTh iHTEepBa-
JIOM BapilOBaHHA, a MOBKUHY IILOTO iHTepBa-
JY — PO3MaXOM.

Bapiamiiinum paaoM € i paHKXUPYBaHHSA
BimoOpaskeHHA NpoABYy MoaudikamiitHol miH-
JIUBOCTI — pPAJ 3HAUEHb MEeBHOTO MOKA3HUKA
a00 XapaKTepUCTUKU OPraHisMy, PO3MilleHux
3a IMOPAAKOM B3POCTAHHS YU CHIAJaHHA KiJdb-
KicHOTO BHpaKeHHsA (IOBKUHU JIMUCTKA, 3Mi-
HU iHTeHCHBHOCTI 3a0apBJeHHs XyTpa Ta iH.)
(man. 67.3).

Bapiamniitna kpuBa € rpadiunum Bimobpa-
JKeHHAM IIPOSABY MoAM(piKaIiiHOI MiHJIMBOCTI.

0 KnioyoBa ines

MogandikauiiHa MiHNMBICTb BMHUKAE B OpraHis-
Mi nig BNAYBOM cepefioBuLla i € cnocobom 1ioro
NPUCTOCYBaHHA A0 YMOB iCHyBaHHA. Mexi uiel
MIH/IMBOCTi 3yMOBJIEHI CMafAKOBICTIO, @ KOHKpeT-
HUN NPOAB 3aNeXUTb Bifj YMOB ICHYBaHHA.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

Yncno nuctkis
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Man. 67.4. BapiauiiHa KpviBa [OBXWUHW NINCTKIB

Bona mgemoHCTpye AK miamasoH Bapiarrili moxas-
HUKa, TaK 1 4acTOTy 3yCTPidaJIbHOCTI OKpPeMUX
BapianTiB. [lgsa moOymoBu BapiaiiiiHol KpuBoOi
10 TOPMBOHTAJBHIN OCi BigKJIamaOTh 3HAUEHHS
BapiaHTiB, a II0 BepPTHUKAJbHIN — dYacToTy ix
BusiBJeHHA (Maj. 67.4).

ITicia moOymoBu KpHBOI BUIHO, IO Hali-
OiJIBIII YACTO TPANJSAIOTHLCSI CepeldHi BapiamTu
OPOABY IIOKA3HMUKA. IIpUUYMHOIO I[HOTO € mAid
GaKTOPiB HABKOJUIITHLOTO CEepemoBHUINla Ha Op-
ra"iam. [edAki axkTopu TpUTrHiUyIOTH €KcIpe-
cifo remis, iHIII — mocuJIOIOTH. MaliKe 3aBXKIHU
mi ¢gaxTopu, mifoum Ha OpraHiaM, HeHTpaJIi3y-
IOTh OJWH OJHOTO, TOOTO KpaliHi BUABU O3HAKU
MiHIMi3yIOTBCS 3a YacCTOTOIO 3yCTPivaJbHOCTI.
Ile i € mpuunHOO 6iNBIIIOI 3yCcTPivaJIbHOCTI OCO-
OuH i3 cepenHiM IIPOABOM O3HAKIU.

@ MpakTnyHa poboTa

BueuyeHHA miHnueocmi pocauH. lobydoea eapia-
yitinozo pady U eapiayiliHoi Kpueoi

1. 3pobiTb BMMIpM NEBHOI XapaKTePUCTUKM OyAb-
AKOI POC/IVHN (HanpWKIaa, AOBXUHM abo LWMPUHN
JINCTKOBOI M/IAaCTUHKM) abo cKkopucTaiTecs TUMU, Lo
HaBe[eHO B €NEeKTPOHHOMY [OAATKY.

2. MobyayiiTe BapiauiiHWi pag Ta BapiauiiHy KpuBy.
3. CoopmyntoinTe BUCHOBOK.

03al'll/ITaHHﬂ Ta 3aBAaHHA

1. HaBepitb nprknagn moaudikauiiHoi MiHAMBOCTI
Yy POCAVH i TBapUH. 2. Y AKUX BUMadKax € MOXINBUM
BUXif, BENIMYMHM O3HaKWM (Hanpuknag, 3pocTy nwoau-
HW) 33 MeXi HopMK peakuii? 3. Bumipante [OBXMHY
20 nncTKiB Byab-aKoro fepesa abo KiMHATHOI POC/IMHM.
Ha ocHoOBi oTpvMaHuX JaHux nobypynte BapiauinHWUiA
pAg i BapiauiiHy KpuBy.
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 68. [NonynAuinHa reHeTnKa

0 [omipkynTe

Yn Moke nonynAuia Cknagatuca 3 OfHiel ocobu-

HK1? Yomy?

Q 3raganTe
« Bupg « Monynauis
o [eHeTuKa » EBontouyia

MNonynAuii Ta iX XapakTepUCTUKK

IMomyasAnmia — 1e CYKYOHICTH OCOOMH Of-
HOTO BHUJAY, SAKi BiATBOPIOIOTH cebe IPOTATOM
BEeJIMKOI KiJBKOCTi MOKOJIiHB i TpuMBagmii dvac
3aliMalOTh NEeBHY TEPUTOPio, (PyHKIiOoOHYyHOUM
i posBuBawUuCh B OZHOMY ab0 KiJIbKOX yIpy-
NOBaHHAX JKUBUX OpraHisMmiB. Buam KuBux
OpraHisMiB CKJIaZalOThCA i3 CYKYHHOCTI CBOixX
HOIIYJIAILi#. ¥ OGiabIIoCTi BUAIB HAPaXOBYETHCS
Kinmbka momyJdArniii. Ajse icHyOTH i Buam, AKi
MAaloTh TIJIbKYW OOHY ITOMYJISILifO.

Koskuilt monynalrii B1acTuBi meBHI XapakKTe-
PUCTHKU, 3a AOIIOMOTOIO IKWX MOXKHA XapaKTe-
pusysaru ii craH. Ile m1igbHICTD, PO3IOAIT OCO-
OMH 3a BIiKOM i cTaTTIO, XapaKTep PO3MiIllleHHS
B Me)Kax NPOKWBAHHA, THUII POCTY Ta iHIIIi.

YncenbHICTb i WinbHICTb nonynAuit

YuceapHicTh MOMyJaAIlil — Ie 3arajbHa
KiJIbKicTh OCOOMH Ha TEeBHiN TepuTOpii, AKiI Ha-
Jexxardb O0 onHiel momynamii. [na momysidiiit
IpiObHUX opraHidMiB (0COOJMBO BOJHUX) UNCEJID-
HICTH PO3PaxoOBYIOTh Ha NeBHHUU 00’em (Boxau,

= E
3 =)
5 =
5 | o
>

g a
g : g
o °
S\ A\ :
s

1937 1941 1945 1949 1952 Pokn 1946 1950 1954

1958

I'PYHTY, OBiTpA). UnucenbHIiCTh MOMYAAIl 3 Ua-
coM MoOke 3MiHioBatumcsa (mai. 68.1).

SAxiro Mmu 6yneMo paxyBaTu He 3arajbHy Kijlb-
KicTh 0COOMH, a cepefHI0 KiJIbKICTh Ha OIUHMUILIO
IJIOIII UM 06’€My, TO BM3HAUMMO HILIBHICTH ITO-
myssii. Hampukiaan, yrcebHICTb MOy ATl A1i-
POK Ha OCTPOBi CcTaHOBUTL 256 0coOMH. A IIijib-
HicTb Iiel momysamii — 20 ocobuH Ha rexrTap.

Kpim minbHOCTI BaKJIMBOIO XapaKTEePUCTU-
KOI0 IOmYJAIil € pPO3IOAiJ OCOOMH y MerKax
TepuTOpil, AKY 3aiiMae IOIyJaAlid,— Ii mpo-
CTOPOBA CTPYKTypa. ¥ IIEBHUX MIiCI[IX TEPHUTO-
pii mIpoKMBAHHA IiJIBHICTH OCOOMH MOXKe OyTHU
HabaraTo OiIBINOIO, HiyK Ha iHImi#l TepuTOopii.
Hampuknan, y micuax, 3spydyHUX IJad PO3MHO-
JKeHHs abo Jo0yBaHHSA IXKi.

CraTeBa 11 BikoBa CTPYKTYypwv NONynAwin

ChniBBigHOmEeHHA 4YoJJOBiWOol ¥ KiHOYOI
craTe y IOMyJAIlil Mae BayKJIMBE €KOJOTiu-
He 3HaueHHs. Bomo 06e3mocepeqHbO OB’ s3aHe
3 TIoTeHIiajaoM ii po3MHOKeHHsA. Busdnauaersca
CIiBBiZHOIIIEHHA cTaTell SAK BiJTHOINEHHS Kijlb-
KOCTi caMIIiB 0 KiJIbKOCTi caMOK abo KiabKocCTi
CaMIIiB 0 3araJibHOI KiJIbKOCTi caMIIiB i caMOK.

Hyskxe BasKJINBUM IMOKA3HUKOM JJIA IOy -
mii € ii BikoBa crpykrypa. lle cmiBBimHoOIIIEeH-
HSI YMCEJILHOCTI 0COOMH PiBHMX BiKOBUX KJIaciB
i mokosims. He 000B’A3KOBO MOMYJAIisl Mae
CKJIQZATUCS 3 0COOMH pisHoro Biky. Hampukian,
yci 0COOMHM B MOMYJIAIIAX OJHOPIYHUX POCIUH
MaioTh OJHAKOBUI BiK.

CraTeBa I BiKOBa CTPYKTYpPHU IOIIYJAIMii
BimoOpaskamTh ii 3MaTHICTH MO PO3MHOKEHHI.

Yucno NUUMHOK,
WO 3uMytoTb Ha 10Mm?

1962 Poku

1880

1900

1920 1940 Pokn

Man. 68.1. [InHamika 4nmcenbHOCTI NONYNALUIN TPbOX Pi3HUX BUAIB TBAPUH
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Hampuknanm, SKIO B HMOMYyJaAIil mepeBaskaioTh
crapi ocobumHH abo OysKe Majo CaMOK, IIIBUI-
KO UHCEeJbHICTh IOMyJaANnil 30iJbIIyBaTHCA HE
Ooyme.

MNonynAauivHa reHeTnKa

T'eHeTHUYHY CTPYKTYPY IOOYJIAIIN Ta TreHe-
TUYHI IpollecHu, AKi B MOMyJAIisSIX BigOyBamOTh-
cAd, BUBUYAE MOMyJAIliilHA TeHeTukKa. llomysis-
MifiHa TeHeTUKAa II0ACHIOE IIPOIlecH aganTalii Ta
BUJAOYTBOPEHHSA Uepe3 3MiHY UaCTOT aJjieJiB re-
HiB AK HACJHIAKY eBOJIOIMiHUX ImpoiieciB. BoHa
BUBYAE Te, AK 3MIHIOIOTHCA UACTOTH aJIeJiB IIif
Iiero pisHUX eBOJIOMiNHUX (haKTOPiB.

Ilonmynamitina reHermka cdopMmyBagacs
y 20-40-x poxax XX croxirra. Bona crana
OCHOBOIO Cy4YaCHOI CUHTETUYHOI Teopii eBoJIio-
mii. Haii6inpminii BHECOK y i PO3BUTOK 3PO0Ou-
au BueHi Ceroas Paiir, Poumanbn ®Pimrep, ko
Xonpeita, Cepriii UerBepukoB, 'osdpi Xapmi
(man. 68.2), Bigsrenbm BaitaOepr (main. 68.3)
Ta iHImi.

BamauBumMu meromamMu, AKi COpUAIN PO3-
BUTKY IOMYJAIINHOI T€eHEeTUKU, CTAJU METOIU
Oioximii Ta moseKynsapHOi Giosorii. ¥V 60-70-x
porkax XX CTOJITTA IMHUPOKE B3aCTOCYBAHHSIA
OTPUMAB MeTOJ OiJIKoBOro elieKTpodopesy.
3a I0IMoMOTroI0 IIFOT0 METOAY BIAJIOCS BCTAHOBU-
TU BeJHWKe pisHOMaHITTS opM OinKiB, AKiI KO-
nyBaaucsa ogHuM remom. 11i poboTu cTasiu OoCcHO-
BOIO HOBO1 eBOJIIOIifiHOI Teopii HeHNTpPaJIbHOCTI.
Hocnigsxennsa pisHomaniTTa 6inKiB (0C00IUBO
iBohepmeHTiB — pPidHUX (PopM OmHOTO (hepMeH-
Ty) IIAPOKO BUKOPHUCTOBYIOTH i 3apas.

Ane 3 Kiama 1970-x pokiB y remeruili o-
OyJAiN AJA OpOoBeleHHS NOCTiKeHb MoYaJiu
mupoko BukopuctoByBatu JIHK-texnosmorii.
I 3apas i meToau € ogHUMM 3 HAMOIIBII IIOIY-
aapuux. KpiMm Toro, cTBopeHHs HOBUX METOIiB
BugisieaHa [JHK 3 BUKOIHUX PEIITOK A03BOJIAE
OPOBOAUTU aHaJi3 HABITH MaBHO BUMEPJUX IIO-
oyndanin i BupiB. Tak, 3aBAAKM UM MeTOJaM
yAajgocs BCTAHOBUTH, IIIO0 HeaHAepTaJIbCbKe Ha-
ceJleHHA €BPOIM MEHIII aKTUBHO, Hi’K IIpeicTaB-

0 Kniouosa iges

byab-Aknnm BnA XMBMX OpPraHi3amiB CKnafgaeTbcA
3 nonynAuin. KoxHa 3 nonynauin CKnagaerbca
3 NpeAcTaBHUKIB BUAY, AKI B3aEMOAiIOTb MiXK CO-
6010, i Ma€e NeBHY CTPYKTYpY (BiKOBY, CTaTeBy, Npo-
CTOpPOBY TOLLO).

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

Man. 68.2. I. Xapgi

Man. 68.3. B. BaiiHb6epr

HUKHU Cy4YacHOI JIIOAUHU, 00OMiHIOBAJIOCSI reHaMu
3i cBoimMu cycimamm.

MNonynAauia AK ognHMLA eBontoLil

Ilomynarii € TMMX OCHOBHUMMN KOMIIOHEH-
TaMMu, 3 AKHX CKJIAJAIOTLCSI BUIU KUBUX OpP-
raHismiB. Ycd CYKymHiICTH TeHIB ycix ocobumH
momnyJaAmii ckaazgae ii remodgonn. Koau axuiich
daKkTOp BHUIIYE YACTUHY OCOOMH IIOMYJIAIlil, BiH
3MiHIOE CHiBBiTHOIIIEHHA Pi3HUX BapiaHTiB TeHiB
y reHooHAi momysArnii. A 3miHa reHOGOHIY
3 YacoM MO:Ke HPU3BOAUTH 1 [0 €BOJIOIiHHUX
samin. Tomy came momyJisllii, a He OoKpeMi op-
TaHi3MHU € YUYaCHUKAMU €BOJIIOI[ITHOTO IIPOIEeCy
1 eJleMeHTAaPHUMU OJWHUILIMU €BOJIOITiI.

@ MpaKTnyHa poboTa

BusHa4yeHHsA xapakmepy ycnaOKye8aHHA ma MiH-
JluBoCcmi opzaHismie

1. MNopiBHANTE POCAUHN OQHOrO BUAY, 3HaWAITb
03HaKy nogibHocTi B iXHin 6yaosi. MoAcHiTL npu-
YMHKU NOAiI6HOCTI 0COBMH OfHOrO BUAY.

2. 3HangiTb y OOCNIgXKYBaHUX POC/VNH O3HaKMW Bif-
MIHHOCTI. flka BNacTUBICTb OPraHi3miB 3yMOBJIOE
BiAMIHHOCTI MiX 0COOGMHaMM OAHOrO I TOro Camo-
ro sugy?

3. flki 3 BUABNEHUX BaMW BiOMIHHOCTEN MOXYTb
OyTW 3yMOBJ/IEHI CMAAKOBOW MIH/MBICTIO, @ AKI —
HecnaaKkoBoi?

4. CoopmyntoinTe BUCHOBOK.

03ar||/|TaHHﬂ Ta 3aBJaHHA

1. MoAcHiTb, YOMYy OKpema 0cobMHa He Moxe 6yTu
efleMeHTapHo oAnHULEeo eBontoLil. 2. Yomy TexHono-
ria BiATBOPEHHA AMHO3aBpiB, WO MoOKa3aHa y daHTac-
TMYHoMy inbmi «lMapk KOpcbKoro nepiogy», He MoXe
6yT peanbHO BTiNleHa B XWUTTA?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 69. EnemeHTapHi npouecn esonwouii. BuaoyreBopeHHA

0 [NomipkynTe

Y moxe HOBWI BUA YTBOPUTUCA 3 OfHI€El OCO-

OuHN?

Q 3raganTe
» EBontouia o MakTopy eBontouil
« [Tonynauin » BupoytBopeHHs

®akTopwu eBontoLii

EnemenTapui ¢akTopu eBoamomii — 1e
ABUINlA Ta IIPOIleCU, AKiI 3MiHIOIOTH TeHO(OHI
monysamii. 3mMiHu B TreHOMOHAI IOIyJaAIii
3 YacoM MOJKYTh HaKommuyBaTucsa. Tomy oco-
OMHN B TOMYJIAIil IOUMHAIOTL Oemaji OijbIie
BigpisusaTuca Bix cBoix mpexakis. Tak i BigOy-

BA€EThCA €BOJIIOI[id.

o darxTopiB eBoJOIlii BigHOCATH MyTaIlrii
(MmyTamniiHui poiiec), MONYJAAIiNHI XBUJIi (XBU-
Ji KuTTA), Operd rewHiB, izosArniio, Mmirparito
i mpupoguuit 106ip.

3akoH Xapgai — BanHbepra

Y Tux ymoBax, KOJIW CUTYyaIllifd B IOMYJIAILi]
JKMBUX OpPraHiaMmiB BigHOCHO cTabinbHa, pisHi
BapiaHTHU reHiB mepedyBalOTh ¥ CTAOLIbHUX CIHiB-
BigHOIeHHAX (y craHi piBHOBarm). lleit cran
omucye 3akoH Xapai — Baiiabepra, Axkuii BcTa-
HOBJIIOE BiATIOBiAHICTH MiXK YacToTaMU PiSHUX
aJIesIiB Ta YacTOTaMU T'e€HOTHUIIIB, AKi 3a y4JacTio
IUX aJieiB YTBOPIOIOTHCH.

YMoBU, 3a AKUX IIed 3aKOH MIPAaIlloE, € Ta-
KUMMU:

* CXpeIlyBaHHSA B MOITYJIAI] € BIILHUM i BU-
HagKOBIIM;

+ Y IOIyJAAIii BicyTHA Mirparis;

EBontouinHi pakTopm

dakTop Omnmuc axropa
Myramii IIpupomHmMii IpoIec MOCTIHHUX 3MiH
(myramifiauii | cmagKoBoi iH(GopMarlii BHaACTIZOK il
mporiec) MyTareHHuX (paxTopiB
ITonynamitiai = KoauBaHHS YKMCEIBHOCTI IPUPOTHUX
XBUJIL (XBWJIL | HOMyJAIil, AKe BiZOYBa€ThCA IOCTIHO
SKUTTSI) BHACJIIJOK KJIiMATUUYHUX, O10JIOTiUHIX

Hpeiid renis

a060 iHmux haxTopiB

3MiHa YacTOTH ajieJIiB IeBHUX T'eHiB
yepes BUIIAAKOBI mporiecu. Hampuraasm,
BUBEPIKEHHS BYJIKaHa, IOBiHL a00 10~
TPaIIAHHS HEBEJIMKOI Py OCOOUH Ha
HOBY TepUTOpPio (e(peKT 3aCHOBHUKA)

I3onsamia Poanpinennsa momynamiii ogHOTO BULY
yepe3 BUHUKHEHHA MijK HUMU SKUXOCh
6ap’epiB (pisuuHMX 460 €KOJIOTiUHUX)

Mirparia ITepemiienus ocoOuH 3 ogHiel momyJis-
mii B inmry a6o Ha HOBi TepuTOpPil

ITpupoguui HudepeniritioBane BUKUBaHHA GiJbIII

Io0ip OPUCTOCOBAHUX IO IIEBHUX YMOB iCHY-
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BaHHSA OCOOUH y MOTYJIAIil

ITpuxknag gii

VY npenkis TroAuHY BHACITOK MyTaIlii ABi xpo-
MocoMu 06’enHaNMCAa B ogHy. ToMy B JIl0oAMHMI

23 mapu XpoMOCOM, a y IIIUMIIaH3e, AK i y HAIloro
CIiJILHOTO TIpenKa,— 24 mapu

IlepiognuHO BUHUKAIOTE CIIAJIaX¥ PO3SMHOMKEHHS
KoMax (HaumpukJaan, capauu). [Ipu mboMy TBapuHU
MOJKYTB IIOIINPIOBATHCSA 3a MeXKi TepuTOpii cBOTO
3BUUYANHOTO IIPOKUBAHHA

Kouu giogu morpanuian Ha AMePUKAHChKUN KOH-
TUHEHT, cepe]J] HUX BUIIaJKOBO He BUABUJIOCH JIIO-
[leli 3 ajiesieM, AKUH BifmoBigae 3a hopMyBaHHSA
IITi IV rpyn kpoBi. Tomy mo HOBOI XxBmi Mirparii
3 €Bponu, HaceJeHHA AMepuKu MaJio TiabKu I abo
II rpynu kposi

ITonmymamnii, aKi moTpanasaam Ha OCTPOBU, YACTO He
MOTJIM KOHTAKTYBATH 3 IMOMYJIANIIMUA MaTEPUKa

1 yTBOpIOBAJIM HOBI BuI, K B’IOpKU Ha ['anamna-
TOCBKHUX OCTPOBaX

Puba-roska 3 HopHoro mopsa mirpysaJa B p. JHi-
mpo, a 3BigTH o kanany [uinpo-oubac morpamnu-
ja B p. CiBepcbkuii [floHenb

ITix yac BUKOpUCTaHHS aHTUOIOTUKIB BUIKUBAIOTH
TinbKU Ti 6aKTepii, AKi MaOTh 70 HUX CTIHKiCTD



Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

Cnocobu BMAOYTBOPEHHSA
Cmoci6 BuoyTBOpEHHSA IIpouecu, Aki BigoyBaroThCs

Teorpadiune (amomarpuune) | HoBi (hopmu opraHisamMiB BUHUKAIOTH AK PE3YJAbTAT PO3PUBY apeasy i IpocTopo-

BUIOyTBOpeHHA (MaJ. 69.1)

Boi iBousartii. ¥V KoKHIN i30/1bOBaHiT TOTYAAIIl BHACTiTOK Apeli(py reHiB i mo-

6opy sMiHIOETHCA reHOGOH . [lani HacTae PenpPOAYKTUBHA i30J1A11is, 110 Bee
10 YTBOPEHHA HOBUX BUAiB. [I[prunHaMu PO3pUBY apeaay MOMKYTh OYTHU IipchbKi
TIpoIlecH, JbOJJOBUKM, YTBOPEHHA PiUOK Ta iHIII reosioTiuHi mpoIiiecu

Exousoriune (cuMmmaTpudne)
BUIOyTBOpeHHA (May. 69.2)

Hogi ¢hopmu 3aiimaroTh pis3Hi eKoJoTiuHi HimIi B MeKax 0JHOTO apeaJry.
Izonsaria BigOyBaeThcsa BHACIIIOK HEBIATIOBiAHOCTI Yacy i Miciia cxpelryBaHHs,

IOBEIiHKM TBapUH, IPUCTOCYBAHHA 10 PiBHUX cIIOCO0iB 3alIMJIEHHA ¥ POCJINH,
CIIOKMBAHHA Pi3HOI iKi TOIIO

BugoyTBOpeHHS IMIIAXOM
CXPpeIyBaHHs

BumgoyTBOopeHHSA IILIAX0OM
moJrinaoimii

« y momyJadAnii BiAcyTHiI myTairii;

* IIONIYJIAIis Ma€ BeJUKY UHCEJIbHICTh.

MaremaTuuHO 3aKoH Xapai — Batiubepra gisa
IBOX ajieJliB OJHOTO I'eHa OIHCYIOTH (POPMYJIOO:

p*+2pg +q* =1,

Ie p — me vacrtora (y YacTKax OIWHUIL)
[IepIIOro ajieis I'eHa, a ¢ — dYacToTa APYro-
ro anensi. Bigmosiguo, p?ig¢? — uwacroru o6ox

TUIiB I'OMOBUTOT, 2pg — YacTOTa I'eTePO3UTOT.

3po3yMino, 110 B peaJbHOMY IIPUPOJHOMY
CEPEeNOBUINI MOCATHEHHA I[UX YMOB MOBHICTIO
HeMOJKJimBe. AJie 3a YMOBU JOCTATHBO OJIU3BKOIL
curyarii (myske Majio MyTalliii, cXpellyBaHHS
MaliKe BijbHe, Mirpaiiii mai:Ke HeMae) pospa-
XYVHKU 3a I[i€io GopMyJIO Mai0Th IiIJTKOM IIPUIi-
HATHUN pe3yJibTaT. SIKII0 K Ile CIIiBBiJHOIIEH-
HS IMOPYIIYETHCA, TO Ile € CUTHAJOM IIpPO Te,
110 BimOyBaroThbCsA SKiCh €BOJIIOIiIHI IIpoliecu
1 3MiHIOETBCA TeHOMOHJ TOMYJaAIMii.

HanpasneHicTb enemeHTapHUX

npouecis eBontoLil

3 eBOJMWOIIMHUX (PAKTOPIiB TIIBKU IIPUPOJI-
HUl [0o0ip € HAampaBJIeHUM — BiH i€ y meB-
HOMY HampsaMi, Bigdupaioum OiJbII IIPHCTOCO-
BaHMX OCOOMH. Yci iHimi (gaxTopu eBoOJIONil €
HeHaINpaBJIeHUMH. BoHU B3MiHIOIOTH YaCTOTU

0 KnioyoBga igen
Mig pieto dpakTopiB eBontoLii YacTOTN anenis reHis

y nonynAuiax 3miH0TbCA. Hacnigkom Lpboro npo-
Llecy € eBOJIIOLiA XMBUX OpraHi3mie. Pesynbtatom
eBonioLii € BUAOYTBOPEHHA — npouec popmy-
BaHHA HOBUX BUAIB »KMBUX OPraHi3mMiB.

HoBa opma yTBOPIOETHCS BHACTIMOK CXPEIyBaHH ABOX BUAiB. IIpuKIagom
TaKOT0 BUAOYTBOPEHH € camBa (Tri6pug TepeHa Ta aamdi)

Hoga ¢opma yTBOpIOETHCA 3i cTapoi nuraxom mosimaoigusarrii. Ileit croci6 Bu-
OYTBOPEHHSA IOIINPEHUNA § POCIUH

3
5

Man. 69.1. leorpadiuHe (anonatpuyHe) BULOYTBOPEHHSA

3

Man. 69.2. EkonoriyHe (cumnaTpuyHe) BUAOYTBOPEHHA

pisHUX BapiaHTIiB TeHiB y TreHOMOHII IOMYJIs-
mii BUIIagKOBUM YMHOM. | HampaMu ITUX 3MiH
MOXKYTh y PisHi MomMeHTH OyTu pisHumu. AJe
HeHaIIpaBJIeHi (paKTOpM BUKOHYIOTh Iy:Ke BaiK-
JUBY poJib. BoHU 3a0e31euyoTh IPUPOSHUN I0-
0ip MarepiamamMu s PoOOTH.

Cnocobu BMaoyTBOPEHHA

Icrye KinbKa MOMKJIMBHUX CIIOCOOIB yTBO-
peHHA HOBOTO BuAy. HallBasKJIMBIIIOH YMOBOIO
YTBOPEHHS BUAY € i30JIAIiA HOT0 OKpeMUX IOo-
nyaamii. Kiacugikailis cnocobiB BUIOyTBOPEH-
Hs moOygoBaHa caMe Ha PisHUII y cmocobax
CTBOPEHHA i30aAMil MiK pisSHUMU TOMyJIAIid-
MU BULY.

3annTaHHA Ta 3aBaHHA

1. Aki icHytoTb dakTopy eBontouii? 2. Bukopuctosy-
10U LOAATKOBI AKepena, nigbepitb oanH-ABa NPUKNagn
apendy reHiB gna nonynauin noguHn. 3. PisHoBMaOM
AKOro BUOOYTBOPEHHA — CUMMATPUYHOrO YK anona-
TPVUYHOrO — MOXHA BBaXaTh BMAOYTBOPEHHA LUASAXOM
noninnoian3au,ii?
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Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 70. leHeTnKa noguHN

0 [omipkynTe

[eHeTMKa NoanHN

T'eneTnka JdIOMMHUM BUBYAE ABUIIA CIALKO-

Yomy TpaHcniaHTauis OpraHie Mi>k MOHO3UTOTHU- BOCTi # MiHJIMBOCTI Yy momyIAIidX Jiofeii, 0cob-
Mun 61M3HIOKaMK € HabaraTo MeHLW NpobaeMHol, JIMBOCTI YCIAAKYBAHHS HOPMAJBHUX i IIATOJO-

HiXK MiDK OU3UTOTHUMW?

é 3raganTe

o [eHeTuMKa

riyHMX O3HAK, 3aJIe)KHICTh 3aXBOPIOBAHHS Bif
TeHeTUYHOI CXMJIBHOCTI ¥ (hpaKTOpiB cepemoBu-
ma. 3aBIaHHAM MeJVUYHOI FeHEeTUKY € BUABJIEH-
Hd i mpo@isaKTUKa CIIaJKOBUX 3aXBOPIOBAHbB.
« TeHOM NIOAVHM Oco6/IMBO BaKJIMBOIO TeHETHKA JIOAUHU €

« MeToau reHeTUUHIX AOCHimKeHb 3 OIJIANYy Ha Te, IO CIIAAKOBICTh JIOAWHU — IIe

Meton,
TOCHIIKeHb

Teneanoriuami

MomaexkynsapHO-
TeHeTUUYHUN

Bioximiunnii

ITonymamitizno-
CTATUCTUUYHUNN

IMuTorenermu-
HUM

MogenoBanusa
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BasKJIMBA CKJIamoBa ii 3mopoB’s. [[o akTopis, AKi
OCHOBHI MeTOAV FreHETUKM NIOAUHN

Ocob6auBoCTi MeTOTY

I'pYHTyY€eThCA HA IPOCTEXKEHH] 6yAb-AK0I 0BHAKH B P/ IIOKOJIIHB 31 BKA3iBKOIO POTMHHUAX
3B’ A3KIiB MiK WwieHaMM POLOBOAY. BUKOPMCTOBYETHCA AJIA OLiHKY PUSUKY YCIIaJKyBaHHA
TeHEeTUYHOT'O 3aXBOPIOBAHHA.

Teneanoriunuii meton 0yB yBeneHuii y HayKy B Kinmi XIX ct. @. I'axbToHOM.

MosnekyIapHO-TeHETUUHUNA METO, JOCTiMKeHb CIIaIKOBOCTI JIIOAUHU € CYKYITHICTIO Pi3HO-
MaHITHUX TeXHOJIOTiH i mpalfioe 3 MoJIeKyJIaMu HYKJIeIHOBUX KHUCJIOT i 6inKiB. 3asBuuaii yci
ITi TEXHOJIOTil BUKOPHCTOBYIOTh ¥ KOMILJIEKCi.

Jlo HaKI61/IBIIT TOMTMPEHNX MOJIEKYJIAPHO-TEHETUUHNX TEXHOJIOTiN HaJIe}KaTh:

+ cekpenyBauHda [[HK (mosifAirae y BCTaHOBJIEHHI IIOCJTiJOBHOCTI HYKJIEOTUAHUX OCHOB Ha
neBHil ginaani JTHEK);

+ moJiiMepasHa JIAHIIOTOBA PeaKIlid (BUKOPUCTOBYE MPUHIINTI KoMiieMeHTapHOocTi [THK
s 36ismbmenHs 11 KiabKocTi y 1po6i);

* TeHETUYHI MapKepu (moJsArae B ineHTudikaiii nepuux rexis, ginaaok [JHK, xpomocom
200 0cOOMH 3a JOIIOMOTO0 IPUTAMAHHUX JIUIIE IM CIIOJTyYeHb HYKJIEOTUIIiB);

« JHK-mikpouin (mmonsirae B ToMy, II[0 Ha CHEIiaJbHIH IJIaTi pO3TAIIIOBYETHCA BeJINKA
KingbKicTh 30HAIB — HeBeaukux mosekys [JTHK, 3 akumu Bzaemoxitors PHEK, 1110 HasgBHI
y DOCHiIKyBaHUX KJIITHHAX)

BurkopuctoByeThCs A JiaTHOCTUKU 3aXBOPIOBAHb OOMiHY PEUOBUH, IPUUNHOIO AKUX

€ 3MiHa aKTUBHOCTi OKpeMux (hepMeHTiB.

3a momomororo 6ioximMiuHux MeToxAiB BigKpuTo 6,13bK0 5000 MOIEKYIAPHUX 3aXBOPIO-
BaHb, AKi € HACIIIKOM IIPOSIBY MYTAHTHUX TeHiB. ¥ pas3i BUHUKHEHHS 3aXBOPIOBaHHA BIA-
€ThCsA BU3HAYUTU a00 caM aHOMAJbHUM 610K — depMeHT, a60 IPOMiKHI MPOAYKTH 0OMiHY

Jl03BOJIsIE BUBUATH MOIIMPEHHA OKPEMUX TeHiB Y MOMyIAIiAX JoAeii. 3a3Buuail mpo-
BOISATH OesocepenHe BUOipKOBe MJOCTiIKeHHA YACTUHY IOyl a60 BUBYAIOTh apXiBu
JiKapeHb, IOJIOTOBUX OYAMHKIB, a TAKOMK MPOBOAATH OMUTYBAHHS IIIJIIXOM aHKeTyBaHHA.
Bubip criocoby 3anmekuth Big Metu mocaigskenHda. OcTaHHiNM eTam TOCTiAMKEHHA IOJIATAE

y cratTuctTuyHOMY aHamuisi. Ileit MeTox H03BOJIsIE BUSHAUNUTU T€HETUYHY CTPYKTYPY MOIYJIsA-
1ifi (CIiBBiAHOIIIEHHS Mi’K YaCTOTOIO TOMO- i TeTEPO3UTOT)

IpyHTyeThCA Ha BUBUEHHI XpOMOCOM JIIOAVMHY B HOpMI it 8a maTosrorii. Bix Bigirpae cyrre-
BY POJIb ¥ BUBUEHHI Ta JiarHOCTUIII CIIaJKOBUX 3aXBopoBaHb. Oco0nBoO eheKTUBHUM Iieit
METO/[] CTaB IicJid PO3POOKY MeTOiB AudepeHIIifiHOTO 3a0apBIeHHA XPOMOCOM

I'pyHTy€eTHCA Ha TOGYNOBI MaTeMaTnyHOI MOZei piSHOMAHITHUX Gl0JIOriYHMX IpOLECiB

i pospaxyHKY peakIlii 3Mo/je;TbOBaHOI CUCTEMU Ha Jil0 IeBHUX (PaKTOpiB. 3a LOIOMOI0I0
MOJeJTI0BaHHS BUBYAIOTH IIPOIlEC B reHO(OHAaX PiBHUX MOMYJIAIiHN JIOAUHU, 0COOJIUBOCTI
po6oTu (hepMeHTiB Imic/Isi BUHMKHEHHA MyTaIlill y MeHi, AKUH IX KOAY€E, TOIIO



BU3HAYAIOTH 3[0POB’ A JIIOAUHM, BiTHOCATH TaKOMK
BILIMB HAaBKOJIUIITHLOTO CEPEOBUINA, PiBeHBb Me-
IWYHOrO OOCJIYyrOBYBaHHS I CHOCIO JKUTTA.
T'enmetuka naoauHE 00’€NHYE KilbKa Ha-
OpPAMiB JOCHiIKeHb CIAIKOBOCTI JIIOAWHU.
Tak, meduyHa zeHemuka 30cepemxkeHa Ha [I0-
CIiMKeHHAX CIaJKOBUX 3aXBOPIOBaHBb i MOpPiB-
HAHHI ycmagKyBaHHA 1 peasizaifii HopMaJabHUX
i maToJoriuHMX O3HAK Ta 3aJIeKHOCTi 3axBO-
pIOBaHb Bif reHeTWUYHUX (PaxkTOpiB. A HA MeXi
TeHeTUKHU JIIOAUHU, Oiosorii soguHu I aHTPO-
noJiorii chopmyBanaca anmponozeHemuka. 1lei
HaOpAM JOCJIiIKYe Ipollecu, aKi BimOyBaOThLCA
B CyYaCHUX Ta IPOXOAUJIN B MaBHIX IIOIIyJIs-
miAgx JOIWHU, 3aJydYalouyd JaHi IMOMYyJIAIifHOl
TeHeTUKU JIOANHN, TeHeTUKHU MOBEeNiHKU, IIITO-
TeHeTUKU, IMyHOTeHEeTUKU, aHTPOIIOJIOTII TOIIO.

MeToau reHeTUKN NaAnHN

HociimkeHHA TeHeTUKY JIIOAUHY TI0B’ A3aHe
3 BeJIMKUMHU TpyIHOIaMu. IlpmumEm — y He-
MOJKJIMBOCTi €KCIepPUMEHTAJIbHOTO CXPEIlyBaH-
Hs, IOBLIBHIN 3MiHI IIOKOJiHb, MaJIill KiJIBKOCTL
HOTOMKIiB y Ko:kHill cim’i. Kpim Toro, Ha Bin-
MiHY Bif KJaacmuHuUX O0’€KTiB, II[0 BUBUYAIOTH-
cA y 3arajibHIA TeHeTuIli, y JIOIAWHU CKJIATHUNA
KapioTui, BeJnKa KiJIbKICTh I'pyNn 34YeIlIeHHS.
IIpore, He3Ba)kaUM Ha BCi IIi TPYAHOIIi, IreHe-
TUKA JIIOOUHU YCIIIITHO PO3BUBAETHCS.

Y BUBUEHHi IeHETUKU JIIOAUHU BUKOPUCTO-
BYIOTBCS TaKi MeToau: reHeaJIOTiuHUM, MoJie-
KyJIApPHO-TEHeTUUYHUMH, OioxXiMiuHMIA, ITOITyJIsi-
IMiAHO-CTaTUCTUYHUM, ITUTOTCHEeTUUYHUI, METO/
MO/JIEJIIOBAHHSA TOIIO.

CknapaHHA poaoBoaiB

30upaHHs OaHUX ITOUYMHAETHCI 3 MPOOAH-
Ixa — ocobu, POAOBia AKOI HEOOXiTHO CKJacTH.
Hum morke OyTu JroguHa — HOCIH AKOI-HeOyAb
03HaKM, abo ocoba, AKa 3BepPHyJacA 3a IOPagoIo
IO JIiKapa-reHeTUKa. 3a3BUYAN POIOBiM CKJIama-
IOTh 34 OfHielo abo KijmbKoma o3Hakamu. Meton
BKJIIOUA€E ABa eTamnu: 30ip BigomocTei mpo ciM’o
1 reHeaJioriuHMA aHAJIi3.

0 Kniouosa iges

[eHeTMKa NoAVHN — Le AyXe BaXXNMBUM po3gin
reHeTUKW, AKNA BMBYAE CMAAKOBICTb i MIHNUBICTb
noanHW. Y Ui ranysi 3acToCcyBaHHA MEBHUX Me-
TOAIB FEHETMYHMX AOCHigKeHb MOTPebye Bpaxy-
BaHHA He TiNbKWN GioNoriyHuX, ane 1 couiabHUX
Ta MOPasbHUX aCMeKTiB.

Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

1 2
I
1 2 3 4
1l
1 2 3 4 5
v
1 2 3 4 5 6

— HOCIT 03HaKu

Man. 70.1. Pogosig

Ilix vac ckJaamaHHS POMOBOAY MOKOJIHHS
MOJKHA IIO3HAYATH PUMCLKUMU IIU(PPaMu 3BEPXY
BHU3 (3JiBa Big pomorony). IlpeacraBHMKY OgHO-
T'0 IIOKOJIIHHSA PO3TAIIOBYIOTHCS B OJAHOMY TOpPH-
30HTAJIbHOMY PSAAY 3a MMOPAIKOM HAPOIKEHHS
(siiBa HampaBo). ¥ MeKaxX OJHOTO IMOKOJiHHSA
KOYKHUY UJIeH II03HAUAETHhCA apadChbKuUMU ITUQ-
pamu. Ko)KHUIT 4jeH pPOAOBOLY MOKe OyTHu IIO-
3HAUEHUHN BigmOBiZHUM IIHQPPOM, HAIIPUKJIAL
II-5, III-7 (manx. 70.1).

@ MpakTnyHa poboTa

CknadaHHsA podoeodie

1. CKnagitTb cxemy pogoBogy NeBHOI poanHU (CBOET
a60 iHLWOT), BUKOPUCTOBYIOUMN FEHETUYHI CUMBONMN.
2. [poaHanisyiTe poAoOBIA i BU3HauTe TUM yCnagKy-
BaHHA (QOMIHAHTHWUI Y/ PeLeCcBHUIA, 3UeNNeHnn Yn
He3uyenneHnn 3i CTaTTIO TOWO) O3HaK, AKi B pPO3-
rNAHYNN.

3. ChopmynionTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBAaHHA

1. 3HangiTb Ta NpoaHanisynTe poAdoBiA KOPOneBu
BikToOpii AK npuKknag ycnagkyBaHHA remodinii. YKaxiTb
HallafKiB Koponesu, AKi He oTpumanu anena remodinii,
Ta MOSICHITb, YoMy Le Bigbynocsa. 2. [leaki 3 KnacuuHmx
METOAIB reHEeTUKN He BUKOPUCTOBYIOTb Y AOCHIAKEHHAX
reHeTUKn NofanHN. AKi e MeToan 1 Yomy iX He BUKO-
PVCTOBYIOTb Y LibOMY BUMaAKy?

14/



Tema 4. CnagkoBiCTb | MiIHAMBICTb

§ 71. CnapgKoBi 3aXBOpIOBaHHA Ta ix npodinakTuka

0 [omipkynTe

Yy MOXKyTb CNagKoBi 3aXBOPIOBAHHA Ta YPOLXKeHi
BaAM MaTW OfHAKOBWI 30BHILLHIN NpoAB?

Q 3raganTe

« CnagkosicTb o MyTauii

 [eHeanoria o [eHeTMKa NoaAnHU

CnagKoBi 3aXBOPIOBaHHA i Bagu
NOANHN

Ax i B iHmuUx KUBUX OpraHidMiB, reHETUUHI
TOPYIIIEHHA B OPTraHi3Mi JIOAWHU MOMKYTH Bif-
OyBaTHucs Ha PisHMX PiBHAX opramisarii cman-
KOBOI'0 MaTepiaJy, IO i cTae IPUUYNHOKI CIIaj-
KOBUX 3aXBOPIOBaHb. BiAmoOBigHO, TPAILIAIOTLCS
TeHOMHi, XPOMOCOMHi 1 TeHHi 3aXBOPIOBaHHA.

Ha Bigminy Big cmagxoBuxX 3aXBOPIOBAHbD,
IPUPOAKEHI Baay BUHUKAIOTH He B Pe3yJIbTaTi
nomkomxerHa [[HK. Ilpupomxeni Bagu — 11e
CTPYKTYDHI IIOPYIIIeHHA, AKi BHHUKAIOTH 10 Ha-
POIKeHHSA JUTHUHH 1 IPOSABISIOTHCA Bigpasy adbo
yepes NEBHUI dac IIicjad HapO KeHHA. IX mpu-
YWHOIO € IIOPYIIIeHHA Ipollecy eMOpiorenesy mifa
Yyac BHYTPIIMTHBOYTPOOHOTO PO3BUTKY 3apoaKa.

IIprunHOIO TPUPOIKEHUX BaJ MOXKe OyTH
Iis Giosoriunmx, xiMiuHMX a60 QismuHmMX Pax-
TopiB. Hampukijanm, 3axXBOpPIOBAaHHA BariTHOIL
JKIHKM Ha KPacHYXy MOJKe OyTH IIPUUYNHOIO IJIy-
XOTH Yy AUTHUHU, a Oisd CHOTIMHOTO TaligoMimy
cTajla IPUYMHOIO HAPOMKEeHHS AiTell 3 HEepo3-
BUHEHUMU KiHIIiBKaMu.

a 6

Man. 71.1. ['aTa napa romosioriyHMx XPOMOCOM Y 3[0pPO-
BOI (a) Ta xBOpOi Ha crHApoM JlexeHa (6) niognHu
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[eHOMHI Ta XPOMOCOMHI
3aXBOPIOBAHHA NIOANHN

T'emoMHI ¥ XpoOMOCOMHI B3axXBOPHOBAHHA
JIOAWHU 3a3BUYall € OysKe TIRKUMU H PigKo
OyBalOTh CYyMiCHUMU 3 KUTTAM. Tak, Iijg yac
YTBOPEHHA TPUILJIOILHOI 3UTOTH 11 PO3BUTOK
PO3IIOUMHAETHCH, ajie 3apOJOK T'MHe Ha JOCUTD
paHHiX cTagigx pO3BUTKY. 3MiHM KiJIbKOCTi
XPOMOCOM B OKpeMux mnapax (Tpucomii i MoHO-
comii) Tesx Bimomi. Auie B OinbIIOCTi BHUIIAAKiB
3apOAKHU 3 TAKUMU IIOPYIIEHHAMU T I'MHYTD.

€ nuire kinpka BuHATKiIB. Tak, mo Hapo-
IKeHHA NOMKMBAIOTH HEMOBJSATA 3 TPUCOMisIMU
mo 13-71 (curapowm Ilaray), 18-#i (cumapom Enx-
Bapaca) i 21-i1 (cumapom llayHa) XpomMocoMax.
Ane mogu i3 cumapomamu Ilaray i ExgBapnca
MaloTh 3HAUHI aHOMAaJil PO3BUTKY Pi3HUX CHUC-
TEeM OpPraHi3My i JKUBYTH AysKe HenoBro. Jlrogm
i3 curgpomom [layHa »KUBYTH MOBIIE, ajie B HUX
€ 1IpobJieMHu 3i 370POB’sIM.

Yacrimie TpanasioThCA TOPYIIEHHS Y YUCIL
craTeBuUX xpomocoMm. lle moB’s3aHe 3 TUM, IO
Y-xpomocoma mMicTuTh mysKe MaJjo I'eHiB, a 3aiiBi
X-xpoMocoMU iHAKTHUBYIOTHCA KJIITHHOIO, IIepe-
TBOpMIOIOUYNCH Ha Tinbile Bappa. Tomy remorunu
XYY i XXX axuxoch 0COOJUBUX B30BHIIIHiIX
MpPOsABiB He MalTh. Ajle 3a YMOBU MOMAJIBIIIO-
ro 30iJbIIEeHHS KiJBKOCTi CTaTeBUX XPOMOCOM
BUHUKAIOTH npobsiemu. CIafkoBUMU 3aXBOPIO-
BaHHAMU € cuHApoMm Kisaiindenbrepa (reHoTHI
XXY) i cungpom IllepereBcskoro — TepHepa
(B renomi € awumie ogHa X-Xpomocoma).

ITpukgamoMm XPOMOCOMHOTO 3aXBOPIOBaHHSA
y JIOAUHU € cuHAPOM Jle:keHa, IKUUA BUHUKAE
BHACJiZOK yTpatu ¢parMeHTa XpOMOCOMHU 5
(Mas. 71.1). Moro me HasWBaiOTh CHHIPOMOM
KOTAYOT0 KPHUKY, 00 mjau OaraTbox OiTeii i3
UM CUHJPOMOM CXOXKWUI Ha KOTAYUHN KPUK.

IIle omHmMM OPUKJIALOM XPOMOCOMHOTO 3a-
XBOpPIOBaHHA € xopes I'anrinrrona. Bona Bu-
HUKae B pe3yJbTaTi 0araTopasoBoi AyMJIiKaIii
oxuoro 3 xKomoHiB (CAG) rema IT-15, posraro-
BAHOTO Ha XpoMocoMmi 4. ¥V 310poBUX Jiioaeil meit
KOJOH MPUCYTHIN y KiTbKOX Komisx. AJle micis
TOr0, AK KOHill KOomoHy cTaHe Oijbine 36, pos-
BUBAETHCA xopesa ['aHTiHTTOHA. 3aXBOPIOBAHHSA
posBuBaeThca y Bimi 35—50 pokiB i crae mpu-



Tema 4. CnagkoBicTb i MiHIMBICTE 33y 3y SR

I'IpMKnanm Fr€HHUX 3aXBOPOBaHb NNIOANHN

3axXBOPIOBAHHA

MyxoBicmumos

BigomocTti mpo 3aXBOpIOBaHHA

BuHukae BHACIIIOK IIOIIKOAKEHHA IeHa, PO3TaIIoBAHOro Ha Xpomocomi 7. ITpusBoguTh

IO 3aTyIIleHHs CeKPEeTiB 3aJ103 30BHIITHBOI ceKkpelrii. Bukinkae suauni mpobaemu B poboTi

TpaBHOI i AUXaJIBHOI cucTeM

deninkeToHypiss | BuHMKae BHACIILOK HOIIKOAMKEHHS I'eHa, PO3TaIllOBaHOro Ha xpomocomi 12. ITpusBoguTh
10 HEMOJKJIMBOCTI ITepepoOKy aMiHOKMCJIOTH (PeHinamaHiny. 3a BimcyTHOCTI TiKyBaHHS
IIPUBBOJUTH A0 YPa’KeHHA HEPBOBOI CUCTEMU

HanbroHizm

BuHukae BHACTiIOK IOMIKOAMKEHHS OJHOTO 3 TPhOX I'€HiB, 110 BiAOBia0Th 38 CUHTES

0inKa OICUHY, AKUU copuiiMae BigmoBigHMii Korip. ['eH CHHBOTO OIICUHY PO3TAIIIOBAHUI
Ha XpoMocoMi 7, a reHr 4YepBOHOTO i1 3eieHoro — Ha X-xpomocomi. IIpusBoauTs 10 BTPaTU
MOJKJIMBOCTI CIIpUMaTH BiAIOBIAHUN KOJIip

Temodinisa

Bunukae BHACTiIOK IOMIKOAMKEHHS OJHOTO 3 I'eHiB, 1[0 BiITTOBiTaloTh 3a IIpoIlec 3cigaH-

Ha KpoBi. I1i reru posramioBaHi Ha X-xpomocoMi. IIpu3BoAUTE 10 TOPYIIIEHHA IPOILECIB

3CiaHHA KPOBi

CepnoBunuokJi- | Bunukae B pesyabrari 3aminu nykJjaeotuny A Ha T B rexi, skuii posraioBaHuii Ha XPOMO-

TUHHA aHeMisd

comi 11. Hacaigkom myTariii € 3amina B MoJIeKyJIi B-J1aHIiora reMOrJI00iHY aMiHOKUCIOTH

riyraminy Ha BaJiH. Taka MoJIeKyJia 3HAYHO TipIle TPAHCIOPTY€E KHUCEeHb

YUHOI aTpodii KIITUH JeAKUX BiAAiJIiB Ta Kopu
TOJIOBHOTO MO3KY.

[eHHi 3aXBOPOBAHHA NMOAUNHN

3a DOmOMOrOI0 CyYacHMUX METOHiB MJOCJi-
IKeHb yiKe Bigxkpuro 0gm3pko 5000 moiexy-
JAPHUX 3aXBOPIOBAaHb, AKi € HACIIIKOM IIPOSABY
MyTaHTHUX reHiB. [ledAKi 3 TaKUX 3aXBOPIOBaHb
MOKY IO JIKyBaTWU He BIA€ThCA, ajie AJA Je-
AKUX 3HAWJEHO MIIAXW JIIKYBaHHA.

BuaBneHHs Ta npodinaktunka
CrMagKoBMX 3aXBOPIOBAHb

BusiBieHHA CHagKOBUX 3aXBOPIOBAHbL MOK-
JUBe IeKiTbKoMa crocobamu. [[1d mMboro MoKHA
OPOBOMUTHY aHAJiI3 KapioTuiry, m1o J03BOJIUTH
BUSABUTHU IIONIKOMKEHHA XpoMocoM abo 3MiHy
iXHBOI KiJMbKOCTi, a60 BUKOHATH OioxXiMiuHi aHa-
Jisu, AKiI TOKaKyTh 3MiHYy aKTUBHOCTI (hepMeH-
TiB 200 medimuT Y1 HAAJHUIIOK IIeBHUX PEYOBUH
B opraHiami (HampukJal, TOPMOHIB).

Mo:xHa mpoBecTH aHAaJIidW aMHIOTUYHOI pi-
IVUHW 1 BUABUTU 3aXBOPIOBAHHS 3apogKa IIe

0 Kniouosa iges

CnafKoBi 3aXBOPIOBaHHA JIIOANHN AyXe pi3HOMa-
HiTHI. BOHV MOXYTb BMHMKaTN Yyepe3 nopyLleHHs
Ha pi3HMX PIiBHAX OpraHi3auii cnagkoBoro mare-
piany: reHHOMy, XPOMOCOMHOMY, reHOMHoMy. 154
nNpodiNnakTUKN Taknx 3aXBOPIOBaHb BUKOPUCTOBY-
I0Tb FeHeTNYHE KOHCY/bTYBaHHS.

B Timi marepi. /[y'Ke BasKJIUBUM € OOCTEIKEHHS
HOBOHAPO)KEeHNX. 3a AOIIOMOT0I0 HEeCKJIaJHO-
IO TECTy MOKHA PAHO BUABUTU 3aXBOPIOBAHHSA
Ha (eHiTKeTOHYpi0. Ile mMo3Bossie TTOmepeauTH
POBBUTOK ITHOTO 3aXBOPIOBAHHSA IIIJIAXOM IIepe-
BelleHHA IUTHUHHN Ha ocobauBy gmiery. Hanssu-
YallHO MEePCHEeKTUBHUM € TAKOK BUKODPUCTaHHS
MOJIEKYJIAPHO-TeHETUYHNX METOIiB JiarHOCTUKU
CIIAIKOBUX 3aXBOPIOBAHbB.

3apas BioMi COTHi 3axXBOPIOBaHBL, V AKHX
MexaHisMu 0ioxiMiUyHMX TOPYIIIeHb BUBUYEHO
IOCUTH MOKJATHO, ajie CIaJKOBI 3aXBOPIOBAH-
Hsa JIOOZUHYU HabaraTo IPOCTillle MOMIepPemuTH,
HisK BmJaikyBatu. Tomy ansa ix momepemKeHHS
CTBOPEHO CHCTEMY I'eHETUYHOT'0 KOHCYJIbTyBaH-
HdA. ¥ TeHeTUUYHUX KOHCYJIBbTAIliAX MOKHA IPO-
aHaJidyBaTH POAOBOAM OaTHKIB i pospaxysaTu
PUBUK HAPOAKEHHA NUTUHU 31 CIagKOBUM 3a-
XBOPIOBAHHSIM.

03aﬂl/ITaHHﬂ Ta 3aBOaHHA

1. Yomy 36inblueHHA KifbKOCTi X-XpOMOCOM Y fio-
JWHU € MEHLU Hebe3MeyHuM, HiXK 36iNbleHHA KilbKOCTI
6ynb-aAKoi 3 aytocom? 2. Bigomi BMNagky HapoaKeHHsn
OUTUHM NWe 3 OfHI€E CTaTeBOK XPOMocomoto. Ane
3aBXau ue xpomocomMa X. YoMy He HapomXyloTbCa AiTn
3 €AMHOI0 CTaTeBOlo Y-Xxpomocomoto? 3. 3anponoHymTe
N OBrPYHTYINTE rinoTe3y, fIKa NOACHIOE, YOMY HapPOLXKY-
I0TbCA AiTN 3 Tpucomiewo came no 13-n, 18-n i 21-n
XPOMOCOMax, a 3 TPMCOMIE MO iHLWNX XPOMOCOMAXx
FMHYTb ille Ha eMOPiOHaNbHIN cTadii PO3BUTKY.
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OcHoBHi nonoXxeHHA Temn «CNagKoBIiCTb i MIHNUBICTbY

LleHTpanbHa gorma monekynapHoi 6ionorii

Pennikauia TpaHckpunuis TpaHcnauia

HK PHK 6i
A T_> —) 6inok

A

3BOpOTHa Pennikauis
TpaHCcKpunuis PHK
HykneiHoBI Kucnotu
OsHaku JAHEK PHEK
ITyxop Iesokcupubosa Pubosa
Hirporenoswmichui ocuoBu | I'ITA T TITAY
IBosaHIIOrOBA O60B’A3K0BO (OKPiM JeAKUX BipyciB); He B ycix moJsiekyax i He 1o Bciit ixHii
CTPYKTypa yTBOpEHAa ABOMA aHTHUIIAPATIETbHUMHA IOBYKUHi; yTBOPEHA METJIAMYU OJHOTO
JIQHITIOTaMU JIQHITIOTa, 3aMKHEHOTO Ha cebe
ITpuknagu Xpomocomua [[HK, nnasmigu, THK- Iudopwmaritina PHEK, TpancmopTHa

Bipycu, MOOi/IbHI reHeTUYHI eJleMeHTH PHEK, pu6ocomua PHK, PHK-Bipycu,
pubosumu, Bipoigu

DMepmeHTH, Wo 3abe3neyyoTb Nepegayvy cnagkosoi iHGopmauii

HasBa IIpomec DyHKIiST

OHEK-3amnexHi Pennikamisa Cunres qouipunoi [[HK na maTpuni matepuncbkoi [JHE

OHK-noximepasu

OHEK-3amnexHi Tpauckpuniisa Cunres PHK na matpuni JHK

PHEK-nosimepasu

Tonoizomepasnu Pennikamisa, 3wmina Tomosorii JJHK 1misxom pospisaHHsA i TOBTOPHOTO
TPAHCKPUMITiA 3ITUBAHHSA

Tenikasu Pemrikaris, Pospinenns komninemenTapaux jgaumnoris JHE
TPAHCKPUMIITiA

BynoBa onepoHa NpoKapioTUYHOro opraHiamy

lNpomoTop Onepatop CTPYKTypHWI reH 1 CTpYKTYpHWIA reH 2 CTpyKTypHUI reH 3 TepmiHaTop

bynoBa reHa eyKkapioTMYHOro opraHiamy

PerynatopHa
NocNigoBHiCTb 1

PerynatopHa

MpomoTto : .
P P MoCNifoOBHICTb 2

Ek30H 1 IHTpoH 1 EK30H 2 IHTpOH 2 EK30H 3 = TepmiHatop
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3aKOHW CMaIkoBOCTi

3aKOH OTHOTUITHOCTI riopumiB 3aKOH PO3IIENJIEeHHS CIIaJJKOBUX 3aKOH He3aJIe;KHOTO KOMOiHyBaAHHSA
IIePUIOTO IMOKOJIiHHSA O3HAK y HAIIAJKiB riopuaa CIIaTKOBUX O3HAK
P ® x &
AABB aabb
r @ x @ Fo@ x . . ®
AABB
AA AA Ad !
| | / \ / \ AzB Agb AgB Agb
G @ ® G ® O [ )
" S A a A a | AR 3N BR |
\ / F._ | AABb | AAbb| AaBb | Aabb
2
r @ Q Q - . e P e B
1 AaBB | AaBb | aaBB | aaBb
AA Aa aa

LAK AR

b | Aabb | aaBb | aabb

>
Q
S~

BapiaHTun B3aemogii aneniB 0gHOro reHa

IToBHE mOMiHyBaHHS HemoBHe moMiHyBaHHST KonominyBanusa
AA aa Aa AA aa Aa AA aa Aa
[eHeTunKa cTaTi

Yonosik XY

“u’;

Famem

3urota 3uroTta

LiBunHKa 9 Xnonumk d OcobuHM Yyosnosivoi cTaTi d OCoBUHN XiHOYOI cTaTi 9
(NiBHWKN) (KypKn)

HeanenbHa B3aeMogis reHis

IIpukaagu posuienieHs

PiznoBuzg CyTHicTh .
32 OJHI€I0 03HAKOIO

YV BusHaueHHi 03HaKU 0EPYyTh yIaACTh
IBa TeHU

KommiemeHTapHiCTH 9:6:1 9:3:4 9:7 9:3:3:1
AJtesIb OIHOIO IreHa IPUTHIUYE IIPOSIB 12:3:1 7:6:3 13:3 (momiHaHTHUI emicTas)

Enicras ajieJid iHIIIOro rexa 9:3:4 9:7 13:3 (peuecuBHUI emicras)

CrTymIiHb IPOABY O3HAKHU 3AJIEKUTH
Ionimepisa Bif KinbKOCTI TOMiHAHTHUX ayeseii 1:4:6:4:1
MoJIiIMEPHUX TEHiB
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Tema 5. Penpopaykuin
Ta PO3BUTOK OpPraHi3mis

§ 72. bypoBa BipyciB

0 [omipKymnTe

K MOXXHa 3apa3nTnCA BipyCHOW iHbeKLien?

Q 3raganTe

e BnactmBocTi XnBux opraHiamis
» bynoBa KnituHm

Bipycn B cuctemi opraHiyHoro cBity

Bipycu € BHYTPINTHBOKJITUHHUMY Tapasu-
TaM¥ — BOHU PO3MHOXKYIOTHCSA TiJIBKY B YKUBUX
KJITUHAX, BUKOPUCTOBYIOUU IXHi#l (hepmeHTa-
TUBHUI amapar.

Y TrakcoHoMmii KmBOI mpuponu Bipycis
BUSIJNIAIOTH B OKPEMHUU TAaKCOH HEKJIITMHHUX
dopm xkutra Vira. OcCHOBHOIO BiAMiHHiCTIO Bi-
PYCiB Big KJiTHUH € BiAcyTHicTh 0OMiHY peuo-
BUH i He3ZaTHICTh MO CaAaMOCTiHOTO PO3MHO-
keHHdA. [lo3a KIiTHHOIO Bipycu He BUABJIAIOTH
O3HAK JKHMBOTO i MOBOAATHCA AK arperartu 0io-
mouiekya. IlosakiaiTuaHAa hopma Bipycy Ha3u-
BA€ThCA BIPIiOH.

VYriMm Bipycm BHKOPUCTOBYIOTH ILiJIKOM
yemimHaui cooci6 BiaTBopenusA. IlomioHO mo Beix
JKUBUX OpraHidMiB, BOHM MalOTh T'eHETUUYHUH
MaTepiay, SKUUA MIepemaloTh CBOIM UYMCJICHHUM

KomiagmM. Bipycm MOMXYyTH BUIAO3MiHIOBATHCH
HykneiHosa
R
KNCNoTa
. . (ogHONaHuto-
binkosun rosa PHK)
Kancug

I

BipioH npocToro Bipycy
Bipyc mromrioHos0i mo3aiku

1 eBosoIioHnyBaTu. KpiM TOro, BOHM aKTHUBHO
BILIMBAIOTh Ha €BOJIIOIIil0 KWBUX OPraHi3MiB.
IcuyBanHsa BipyciB OyJo BigkpuTo 1892 pory
BugaTaEuM yueauMm . V. IsaHOoBCchKMM mif uac
BUBUEHHA MO3aiyHOI XBOPOOU TIOTIOHY.

byposa Bipycis

Poswmipu BipyciB BapitotoTs Big 20—30 (Bipyc
HeKposy TioTioHy) g0 300—400 HM.

TosoBHMMU KOMIIOHEHTAMU Bipycy € Mo-
nerkysna HykjJaeinoBoi kuciotu (JHK abo PHE)
i saxmcua obosioHKa — kancud (mana. 72.1).

HykneinoBa KuciaoTa Bipycy MoKe OyTu
npencrasiaena mojekysaoo [ITHK ado PHK, axa
MO:Ke OyTU OJHOJIAHITIOTOBOIO a00 IBOJIAHITIOTO-
BOIO, KinbIleBOI0 a0o JiHiliHOIO0. 3a THIIOM HY-
KJeIHOBOI KHCJOTH Bipycu KJIacu@iKyoTh Ha
HOHK-BmicHi i PHEK-B™micHI. Tomy 3a KiibKicTio
BapiauTiB opramisamii remomy Bipycu Habararto
pisHomaHiTHimNIi, HiXK 6akKTepii ¥ eykapioTu.

Kamncup ckiaazaeTbesa 3 OfHAKOBUX OiIKOBUX
YAaCTUHOK — Kancomepisg. Jlesski Bipycu moBepx
Kamcuay MAaloTh JiNnigHy O000JOHKY — cynep-
Kancud. BinKu Kamcuay KOAYIOTbCA BipycHUM
TeHOMOM, a CYIIePKAaIICHU]l YTBOPIOETHCA 3 MeMO-
PaHM KJIiTHHU-Xa3sdiHa.

PisHOMaHITHiCTb BipyciB

Bipycu mommpeni Bcrogm i € HaliumcJieH-
HimuMu OGiosoriunmMm o6’eKTaMy Ha SeMJIi.

HykneiHoBa
KucoTa

Kancupg

(OHK)

JlinonpoTeigHa
060/I0HKa

(cynepkancug)

BipioH cknagHoro Bipycy
Bipyc 2epnecy

Man. 72.1. bygosa Bipycis
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Man. 72.2. [lia Bipycy TIOTIOHOBOI MO3aikn y ToMaTiB

Bonu ypakaioTs yci (hopMu KJIITUHHUX OpraHia-
MiB, Yy TOMY YWCJi TBapuH, POCJUHU, OaKkTepii
Ta Tpudu.

Cepen BipyciB TBapuH i JIOMUHM iCHYIOTH
30yIHUKHN Oy:Ke HeOe3lmeuHHX XBOPoO, TaKMUX,
HaOpUKJaL, AK Bicma, mojsiomieJsitr, ckas, Bi-
pycuuti renatut, rpun, CHII] Tomro. BaraTo Bi-
pyciB, M0 AKUX YyTJAUBA JIOAWHA, Ypaskae TBa-
puH, i HaBnmaku. KpiMm Toro, mesxi TBapuHu €
IepeHOCHUKaMH1 BipyciB JIIOJUHUA.

Bipycu TBapmH i JIOAMHW MOMKYTBH IIOIIIH-
pIoBaTHCH:

« TBApUHAMU-TIePEHOCHUKaMU (HanpuKJaa,
Bipyc ckaasy);

* IOBITPAHO-KPAIIEJILHUM IIIJIAXOM IIiJT Yyac
Kalnro abo uxauHa (Bipyc rpumy);

« pexaJbHO-OPAJBLHUM IIIJAXOM Mix Yac
KOHTaKTy i3 3apakeHO0 i»Keio abo Bomoio (Bi-
pycHu, I0 CIPUUYMHAIOTH KUIITKOBI pPo3Jianm);

* CTATEBUM ILJIAXOM i ITiJ Uac rmepesuBaHHA
3apaskenoi kpoBi (BILJI).

Bipycu pocauH 3aBIaroTh BeJINYE3HOI KO-
IU CiIbCBKOTOCIOZAapPChKUM KyJbTypaM. Ha-
OPUKJIAL, BipyC TIOTIOHOBOI MO3aiKuW € mpuUYu-
HOI0 BTpPAT He TiJbKH TIOTIOHY, a M TOMATIiB

0 KnioyoBga iges

Bipycn € HeknitTuHHO Qopmoto KuUTTAa. Kom-
NMOHEeHTaMM Bipycy € HykneiHoBa Kucnota (OHK
abo PHK), 6inkoBa obonoHKa (kancua) i ninigHa
060M0HKa (cynepkancua). Bipycu ypaxatoTb Yyci
dopMM KNITUHHUX OpraHi3miB, iHOAI BUKMMKaOUM
Hebe3neyHi 3axBOPIOBAHHA.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

binkoBa obonoHkKa

L
loniBka = HykneiHosa
Kucnota

[ S BHyTpiWwHin
3 CTPUXKEHb

XBocTOBUI
BiApPOCTOK

basanbHa
naacTuHKa

®ibpunu i‘

Man. 72.3. bygoBa 6akTepiodara

(man. 72.2), mepriB i GamTaHHUX KYJIBTYD,
y SKMX BiH BUKJIMKae€ HEKPO3 IIJIOAIB. Ypo-
JKalo0 PUCY 3aBIa€ IIMTKOAW BipyC KapJaMKOBOCTI
pucy. Kapronia Haiiuacriie cTpakjae Bif Bi-
pPycy KapamkoBocTi Kapromiai. Bipychi s3axBo-
PIOBAHHS CIPUUYNHSAIOTL ¥ POCJIUH HEepiBHOMipHe
3ab0apBJeHHS, TOKOBTIHHS ¥ XJOPO3 JUCTKIB,
MMOPYIIIEHHS POCTY (KapJUKOBiCTh), 3MOPIIKY-
BaTiCTh i CKPYYYBaHHSA JHUCTKiB, HAAMIpHY Ky-
IHACTiCTD.

Bipycu snerxo mepemarorbes Bim oxHiei poc-
JUHU 10 iHIMOI yepe3d KOHTAKT i3 COKOM XBOPUX
pocauH (y pasi TpaBMyBaHHSA POCJWH, I 4Yac
miKipoBKM po3caju, TaCUHKYBAaHHS TOIIO), Ye-
pe3 HaciHHA, a TAKOXK KOMaxaMU-TEePEeHOCHU-
KaMu.

Bipycu 6akrepiit — Oaxmepiogpazu — Bu-
0ipKOBO ypaskaloTh OaKTepianbHi Kiaituuu. Tu-
moBa (paroBa YacTKa CKJIAQJAETHCA 3 TOJIBKH
Ta XBocTta (MaJj. 72.3). ¥ roxiBmi micturhcs
OHEK a6o PHK. Ha kiumi xBocTa poaTalioBaHa
0azaJibHa IJIACTUHKA, 3a JOIMOMOTOI0 SKO1 Bi-
PyC 3aKpiIllIIOETHCS Ha MOBepPXHi baxTepii. XBicT
Ma€ BUIJISA HMOPOYKHUCTOI TPYOKU, II0 SAKiil re-
HeTUYHUH MaTepiaj IoTpamise 3 ToJOBKHU Gara
B IUTOILIA3My OakTepii.

3anuTaHHA Ta 3aBOdaHHA

1. HaBepiTb aprymeHTn «3a» i «npoTu» TOUKMU 30pYy
Ha Te, Wo Bipyc — ue: a) dopma XuUTTA; 6) HEXMBUIA
KOMMNEKC OpraHiyHnX Monekyn. 2. Yn icHytoTb Bipycn,
KOPVCHI AnAa nmognHu?

153



Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 73. uTTepianbHicTb BipyciB

0 [omipkynTe

Ak BiAGYyBaETbCA KOMilOBaHHA FEHETUYHOro Ma-
Tepiany PHK-BmicHMX BipyciB mig 4ac ix po3mHo-
XKeHHA?

é 3raganTe

o Pennikauia OHK
» 3BOPOTHA TpPaHCKpMMUiA

[Mpouecn XUTTEQIANBHOCTI
N PO3MHOEHHA BipYyCiB

Sk Bu BiKe 3HaEeTe, Bipycw € BHYTPIIIHBO-
KJIITUHHUMHM IIapa3muTaMM, OCKiJIbKM BOHU He
3IaTHI PO3MHOKYBATHUCA 1032 KJIITUHONO. Bipy-
CU BUKOPHCTOBYIOTH PeCcypCcHu KJITHUHU-XasdiHa
IJIS YTBOPEHHS CBOIX UMCJIEHHUX KOIill.

¥V BipyciB po3pisHAIOTH ABi KUTTEBI (hopMu:
mo3aKJiTUHHY (BipioH), 110 He BUABJAE O3HAK
KUTTENIANBHOCTI, 1 BHYTPIIMHBOKJIITHUHHY,
B CTaHi AKOl BipyC aKTHUBHO PO3MHOKYETBHCS.

ITosa opramismom-xassainmoMm BipycHi uac-
TUHKU JOeAKWH Yac He BTPAvYalOTh 3JaTHOCTI

[BonaHuto-

roea OHK \
ﬂnpo\ '

[eHOM
KNITUHN-
Xa3fiHa

OpHonaHuo-

roea [OHK
MembpaHa

KNIiTUHN il g

Man. 73.1. NpoHukHeHHs PHK-BmicHoro (BIJ)
y T-nimbouut
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Io 3apakeHHs. Hampukianm, Bipyc mosriomiesti-
Ty 306epirae imGeKIiiiHy aKTHUBHICTHL IIPOTATOM
KinbKOX mi0, Bipyc Bicmiu — JeKiJIbKOX MicAIliB.

Bipionu B3araJji mMaioTh BUCOKY KUTTE3AT-
HiCTb, BOHU MOYKYTh HaBiTh MEPEHOCUTHU BUCOKI
mo3m papiamii Ta BuCOKmMiT TucK. IIpore BOHU
TUHYTH B yJbTpadiosieToBOMYy OIIPOMiHEHHi, 3a
YMOB BHCOKOI TeMIlepaTypH, HijJ] BILIUBOM Je-
3iH(pikyounx peuoBwH. Aje Bipyc rematuty B
30epirae 3maTHICTH [0 3apasKeHHA HABiTH mmicjas
KOPOTKOYACHOTO KHUII ATiHHA.

JKurteBuii MUKA Bipycy CKJIagaeThCA 3 UO-
TUPHOX eTamiB.

1. Ilpuxkpinjaenaa mo KiaitTuum. Binxwu Bi-
PYCHOrO KalcHuAy B3B’A3YyIOTbCA 3 perenTopa-
MU Ha IOBEePXHi KJaiTmHH-xasdina. Coemudirka
3B’s3yBaHHS BU3HAUa€ KOJIO XasdiB Bipycy. Ha-
npukriaan, BLJI yparkae tinbxku T-mimbomurn sio-
IWHU, OCKIJIBbKY OJUH i3 TIiKOIpoTeiHiB 060JI0H-
KU Bipycy cuerudivyHo 3B’ s3yETHCS 3 PEIEIITOPOM
Ha moBepxHi T-mimdpormra (man. 73.1). Tummi
Bipycu, HampwKJIajg Bipyc TIOTIOHOBOI MO3aikwu,
MaOTh HINPOKUI CHEKTP XasdiB.

2. IlpomuxkHenHsa B Kiaituny. Bipyc mepe-
HOCUTL ycCepeouHy KJITHHU CBili T€eHeTUUYHUNA
marepiai, a iHomi ¥ BiacHi 6inKu, AKi momoma-
rarloTh y peaJisarrii #ioro cmagkoBOl mporpaMu.

J1a TpOHUKHEHHA B KJIITHHU TBapUH Bipy-
CV BUKOPUCTOBYIOTH Pi3Hi cmmocobu: mesKi BIop-
CKYIOTh HYKJIEITHOBY KHUCJIOTY Uepes IJIa3MaThu-
HY MeMOpaHy, iHIIi 3JMBAIOTHCA 3 KJIITHUHHOIO
MeMOpPaHOI0, TPeTi HOTPalJAKTb y KJIITHUHY
MJIAXOM €HJOIIUTO3Y.

IIpomec indikyBamua Bipycamm rpubiB
i pocamH BimpisHAETHCA Bif iH(MIKyBaHHA KJIi-
TUH TBapWH, TOMY IO KJIiTUHU POCJUH i rpu-
0iB MaoThL MIIHY KJITMHHY CTiHKY, i Bipycu
MOJKYTb IPOHMKHYTHU BCEPEAUHY TiIbKU IicJA
ii momKkomxeHHsa. BakTepii TakoX MaroTh KJIi-
TUHHY CTiHKY; Bipycu ii yIIKOIKYIOTH abo K
BIIOPCKYIOTH CBifl TeHOM y OaKTepiajabHy KJIi-
TuHy (Maa. 73.2).

3. Pemaikanis BipyciB. Big0yBaeTbcsa Bce-
penuHi KJIiTMHMN, y muTomaasMmi abo aapi. Kii-
TUHA PEIUIiKye BipyCHUII T'€HOM i CHMHTe3ye Bi-
pycHi 6inku. Ilicasa mporo ycepeauHi KJIiTUHU
BimOyBaeTbcAa 30MpPaHHA BipyCHUX YACTUHOK.



Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

3arnbenb

BnopckyBaHHAa OHK
y 6GaKTepiasnibHy
KNITUHY

Man. 73.2. IHdikyBaHHA 6GakTepianbHOT
KNiTHN 6aKkTepiodparom

4. Buxin i3 kaituau. 3assuuaii po3MHOMKe-
Hi BipyCHI YaCTMHKY 3aJIUIITAIOTh KJIITUHY ITiCas
ii sarmbesi. Imoxi Bipycu mpocTo BiZoKpeMm.JIio-
IOThCA Big KJiTumHHOI MeMOpaHmH: Bipyc o63a-
BOIUTHCS CBOEIO OOOJIOHKOIO, a KJITHHA IPOJO-
BJKY€E JKUTH i TpogyKyBatu Bipyc. Heaki Bipycu
BOYIOBYIOTh CBili TeHOM y XPOMOCOMY KJIiTH-
Hu-xasdaiHa. Ilefl reHOM pemJIiKyeThCSA pPasoM
3 TeHOMOM KJITWHU i He BuUABJIsAE cebe, TOKU
TeBHI YMHHVUKY He CIPUYNHATH MOr0 aKTUBAIIiI0
(HampuKJam, Bipyc repiecy).

OcobnmBocTi penpoayKuii pisHUX

rpyn Bipycis

- IHK-BMmicHi BipycH (Bipyc TIOTIOHOBOI MO-
3aiku, repnecy). Bipycu mpurpingroooTbecd 10
MOBEePXHI KJITHHUN, IIPOHUKAIOTH yCepeauHy,

\

KntoyoBa iges

MUTTEBMI LMKN BipyCy CKNafa€eTbCA 3 TakMX eTa-
niB: NPUKPINAEHHA OO0 KITUHU-Xa3AlHa, NPOHUK-
HEHHA B KNiTUHY, penikauia BipyCHUX YacTUHOK,
BUXiA 3 KNiTHW. [na BMpo6HUUTBA BnacHoi PHK
a6bo [HK Bipycu BUKOPUCTOBYIOTb K depMeHTM
KNiTUHU-Xa3AiHa, Tak i BnacHi ¢epmeHTn — PHK-
pennikasy i 3BOPOTHY TpaHCKpUMTasy.

KNiTUHK-Xa3dAiHa

. Sad

Bipyc

98-
1 4 [OHK Bipycy 7/

| s |

BuBinbHeHHA
BipYCHMX YaCTUHOK

b

Anpo
KNITUHW

Pnbocoma

-~

= ‘ ;

. @ ' / B6ynosaHa

[HK Bipycy

e m'lrx‘"“ﬂm.

B e

Man. 73.3. Penpogykuia [JHK-BmicHoro Bipycy

3BIJILHAIOTHCSA Bi Karcupy. ¥ KIITUHHOMY AApi
depMeHTU KJIITHHU-Xa3d1Ha PeIIiKyTh Bipyc-
ny IHK i rpanckpubytors ii 8 iPHK. Pu6ocomu
KJIiTuHN-Xa3aina tpancaooTs iPHK B 6inkm
Bipycuoro kamcuzny (maza. 73.3). Bipyc mia Bu-
po6uunTBa Biaacuoi PHK i THK BukopucToBye
depMeHTH KJIITUHU-Xa3diHa.

- PHK-BmicHi Bipycu (Bipyc Kopy). Pemuri-
Kallisg 3a3Buyail BimOyBaeTbcA B IIUTOILIA3Mi.
Hna xomitoBaHHA cBoix remomiB PHEK-Bipycu
BUKOPUCTOBYIOTH BJacHuii ¢epment PHEK-
pemiikasy.

- PerpoBipycu (BIJI). Mictars omgHOMaH-
mioropy PHK i BUKopucTOBYIOTH BiacHUU (ep-
MEHT — 360POMHY MPAHCKpUnmasy, Io Iepe-
HOCUTh reHeTnUHY iHMopMmariro 3 PHK na [THK.
Orpumana [[HK moske BOymoByBaTuCA B T€HOM
KJiTUHN-Xa3diHa a00 BUKOPUCTOBYBATUCHA IJIA
TpaHcKpuniii (man. 73.1).

3anuTaHHA Ta 3aBAaHHA

i 1. MosAcHiTb, Ak BIJ1 npurHivye peakuito iMmyHHOI cuc-
Temn. 2. Yn MOXHa [nA NikyBaHHA BipycHOI iHdeKLil
BMKOPUCTOBYBaTK aHTUGioTUKN? 3. AKi nigxoan MoxHa
BMKOPUCTOBYBaTK Yy Ppapmakonorii 4na po3pobKm aHTu-
BipyCHMX npenaparis?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 74. BipycHi iHpeKuii

0 [omipkynTe

Yomy aHTUOIOTUKN He € €PEKTUBHUMK MPOTH
BipyCHUX XBOPOO, 30Kpema rpuny?

Q 3raganTe

o KNiTMHHWI | rymMOpanbHWiA iMyHiTET
o BakuuHu

IHpeKuinHMn npouec,

BUKITNKAHUN BipycaMVI

Koxuauii Bipyc mMae meBHyY cuenu@iuHy BuU-
O0ipKOBiCcTHL Xa3siB, [0 BU3HAUAETHCA THUIAMU
KJITHH, AKi BiH MoxKe iHQiKkyBaru.

¥V BipycHUX iH(QeEKIill € iHKyOaiiiHUN epi-
O/, TIPOTATOM SKOTO CHUMIITOMM 3aXBODPIOBAHHS
BimcyTHi. 3as3Buuail iHKyOaliiHUN mepion Tpu-
Ba€ Big HeKiIbKOX OHIB OO JEKiJTbKOX THUIKHIB,
ajie B IeAKUX BipyciB MOKe TpuBaTHU MicAIlli abo
HaBiTh porku (BILJI).

ITicna imky6alrifinoro mepiogy abo oguouac-
HO 3 HUM HacTae mepion nmomupeHHs iHdexii,
Oig yac AKOTro 3apaskeHuil OpraHisM € I:KepesioM
BipyCHUX YaCTHHOK.

Hani HacTae BJIacHe mepiox 3aXBOPIOBAHHS.
Bipycu cipuumnHaOTh 3arnbesib 3aparkeHuX KJIi-
TWH, BiJf YOTO CTpask/la€ BeCch OPraHi3M.

0 [lizHanTeca binbue

R,

MNangemia icnaHcbkoro rpuny 1918-1919 pokis
6yna cnpuumHeHa Bipycom rpuny A. 3abpana XuTTA
50-100 mnH ocib.
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BipycHi iH(Mekmnii MoKyThr OyTH TOCTPUMU
(rpum, Bicma, ckas, JuxomaHka HKo6osa) i xpo-
"Hivaumu (rematutu B i C). Inoxi Bipycu mepe-
OyBalOTh B OpraHiami B cTaHi cmokoo (Bipycu
reprmecy, OIepi3ylouoro JHIIA).

Yac Bim uacy BimOyBaioThbCs cHajlaX¥W iH-
(hexmifinmx 3axXBOPIOBaHb (30KpeMa BipyCHUX),
migx gac AKUX (iKCcyeThbcAd HE3BUYHO BeJUKAa
KimbKicTh xBopux. SKI0 crmanax BimOyBaeThcs
B OKPEMOMY PerioHi, I0T0 Ha3MBAIOTH eIiIeMi€lo,
AKIIIO 3aXBOPIOBAHHA IIOIMHPIOETHCA IIO0 BCiit
3eMHil KyJi, TO foro Ha3WBaOTL MaHIEMi€IO0.

AHTUBIPYCHUW IMYHITET

OpranisMu MaOTh BPOAKEHH iMyHITeT IIpo-
T BipyciB, c()OpMOBaHMI y MPOIIECi €BOJIIOIii.
B ycix Bupais, y Tomy uwmcii apxei, Ha KJITHH-
HOMY DPiBHI iCHYIOTH creriajbHi (h)epMeHTHi cuc-
TeEMU, K1 PYHAHYIOTh OJHO- U IBOJIAHITIOTOBi Bi-
pycui PHEK.

OxpiMm TOro, y xpebeTHUX ITIiCJIg KOHTaKTY
3 Bipycom opraHiam BuUpOOJise OinoK iHmepge-
POH, AKWH IPUTHIUYE YTBOPEHHA HOBUX BipyciB,
BHUIIYIOUN ypaskeHi Ta cycigui riaitmau. Ille
ONHUM BHUIOM AHTHBIPYCHOTO 3aXUCTy € CIe-
mudpivai aaTuTiaa (TymMOpasbHUN iMyHiTET) —
iMYHO2A00YiHU, AKI TPUETHYIOTHCA IO Bipycy
i HeATpaJIi3yTh HOTO.

Hao6yTuit imyniter popmyeThcsa micas me-
peHeceHOTO 3aXBOPIOBAHHA ab0 MIJISAXOM BakK-

Enigemia nuxomaHkm E6ona B 3axigHii Adpuui
2014 poky 3abpana »utTa 6nm3bko 8 Tuc. ocib. Jle-
TaNbHICTb 3aXBOpPKOBaHHA — Big 25 o 90 %.



[lizHanTeca binbLue

BinkpnTtTa 1987 pOKy aHTMBIPYCHOI cucTeMn apxen
CRISPR-Cas9 3ymoBuiO MPOPUB Y CYYaCHIN FeHHiIn
iHXeHepii. La cnctema ¢dyHKuUioHye Ak GakTepianb-
HUIM iMyHITET NpoTn BipyciB. byno gosepeHo, wo ii
MOHa BMKOPUCTOBYBATU AK iIHCTPYMEHT A1 TOYHOI
KopeKLii reHoMy 6e3nocepeaHbo BCEPeAVHI KNiTn-
Hu. Lle BiaKprBa€ NOTEHUiHI MOXNNBOCTI NOBHOIO
NiKyBaHHA CNaJKOBUX 3aXBOPIOBaHb JIOAVHMN.

nuuarii. Bin 3pilficHIOETBCA IMYHHUMU KJi-
munamu: T-riMmdonuTu pPo3mi3HAIOTH BipycHi
¢parmenTu, a T-kijmepu PyHHYIOTHL ypaskeHi
KJIiTuHU (KJITUHHUN iMyHiTeT).

Ilepion crifikocti HabyToro imMmyHiTery sHua-
YHO BapiIOEThCA 3aJIeKHO BiJl BUAY BipycHOI iH-
dekii. o geaxkux iH(eKIiil, HaIpUKJIag KOpy,
BiTpPAHOI Bicmu, MapoTUTy, KpacHyXu, iMyHIiTeT
3a3Buyaii 30epiraeTbca MPOTATOM KUTTA. Ilo-
BTOPHI 3aXBOPIOBAHHA TPAMJIAIOTHCA PiAKO.

Agne imyniTeT mo Bipycy rpuny 36epiraerbcs
OpoTATOM KinbKOX MicsamiB. IloBTopHe 3axBo-
PIOBaHHSA IOACHIOETHCA THUM, IO Bipyc Trpumy
IIBIAKO MyTye. VIoro moBepxHeBi reHM HOCTiii-
HO 3MIiHIOIOTBCSA Ta 3 ABJIAIOTHCA HOBI IITaMu
Bipycy. 3 TOUKM 30py iMyHHOI cmcTemMu, TaKi
moaudiKoBaHi BapiaHTM BUTJIALAIOTH AK abco-
JIOTHO HOBi iH(eKIii.

Heaki Bipycu (B Tomy umcai BIJI Ta Bipycu
renaTuTy) YHUKAIOTh iMyHHOI BiAmosimi Ta Bu-
KJIUKAIOTh XPOoHiuHi XxBopobu. [To Toro :x BILJI,
MOTPAILJIAIYY B OPTraHisM JIOAWHU, Bpa)Kkae
imynHi riaituaum — T-mimdonutu. Ile 3HUIKYE
CTiKicTh iMyHiTeTy nmo Oynb-aKuUX iH(EKIIii,
y Tomy umciai # go BIJI.

MNpodinakTnka i nikyBaHHA

BIpPYCHUMX iHpeKUin

EdexTuBauMu merogamu 60poTsbu 3 Bipyc-
HUMHI iHQEeKIiaMH € BaKIIMHAI[ig i BKUBAHHSA
OPOTUBIPYCHUX IIpeIaparis.

0 Kniouosa iges

Etann iHdeKuiiHOro npouecy BipyCHUX iH}eK-
Lin: iHKy6aLiHWA nepiop, nepiof MOLIMPEHHSA
iHdeKUii, nepion 3axBoptoBaHHA. IMyHiTET npoTn
BipyCiB BK/OYAE GEPMEHTHI CMCTEMY, WO PYNHY-
1oTb BipycHi PHK i IHK, yTBOpeHHA cneumndiuHnx
aHTUTIN Ta iHTepdepoHy. EpeKTUBHMMU MeTogamu
60poTbOY 3 BipyCHUMM iHdEKLiAMM € BaKLMHALIA
i NpOTMBIPYCHI Npenapatu.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

IIporuBipycHi BaKIUHU BUKOPUCTOBYIOTH
3 MeTOI0 TPO(diTaKTUKY BipyCHUX 3aXBOPIOBAHb.
Ix yBomaTs 3mopoBuM mIomsM, I06u chOpMY-
BaTHU iMYHITET 4O MOMKJIMBOI iH(eKIii. 3araib-
HY BaKIMHAIII0 HACeJEeHHS HPOBOAATH IIIOMO
0COOJIMBO TSKKUX 1 CMEPTEeJbHUX BipyCHUX
iH(peKIIii, TaKUX AK Bicma, Kip, mosiomiedir.
Ho immmx BipyciB BakIMHAIil0 MOYKHa pPOOU-
TH 3a mOTPedu, HANPUKJIAJL Iepel] Ce30HHUMU
cmajaxaMu TPuUmIy abo micasa yKycy TBapuHU
3 MIiJT03POI0 HA CKas.

BcecsiTHa opranisarmisg oxopoHHu 3m0pOB’dA
OHOBJIIOE BaKIIHY IPOTHU I'PUNY KOXKHIi IIiBPOKY.
ITe HeoOXimHO, OCKiIBKY IITOPOKY BipyC €BOJIIO-
Ii0OHY€, 3MiHIOIOUM CBOI aHTUTE€HHi BJIACTUBOCTI.

Bucoka wminnuicts BIJI Takox € mpuum-
HOI0O TOTO, YOMY CKJIQJHO PO3POOUTU BaKIMHY
0 IILOTO BipycCy.

IIporuBipycHi mpemapaté BiKUBAIOTHh Mif
yac 3aXBOPIOBAHHA. BOHUW NHepepuUBaIOTh KUT-
TEBUM IUKJ BipyCiB i TPUTHIUYIOTH 1X PO3MHO-
JKeHHA BcepeanHi kiaitTnaU. Taki mpenapatu Mo-
JKYyTh OJIOKyBaTH HeoOXimHi Bipycy ¢epmeHTH
(HampuKJajZ, 3BOPOTHY TPaHCKpuUITasy). dacrto
MIPOTUBIPYCHI IpenapaTy € aHaJoraMu HYKJeo-
TUAiB, 1110 BOYJOBYIOTHCS B T€HOM Bipycy B XOi
pemaikarii, aje mpu IIbOMY HOBOCHWHTE30BaHi
OHK n#eakTuBHi.

IIle ommu cmoci® mpodisakTUKM BipyCcHUX
3aXBOPIOBaHb — 3aIN00iraHHA MOTPAIISTHHIO Bi-
pycy B oprauism. Ile MOKJIMBO, AKIIO Bimomi
MIIAXY TOoIMupeHHA iHdeknii. Hanpukaanm, nasa
mpodiJIaKTUKY 3apasKeHHsS TPUIIOM PEKOMEHY-
IOTh He KOHTAKTyBaTu 3 HOciAMU iH(MeKITil, yHu-
KaTU MiCIlb MAacOBOTO CKYITUYEHHS JIIOAel y me-
piogu emigemii. IIia mpodisaKTHUKU BipyCHUX
KHUIIKOBUX iH(pEKIIifl peKOMEeHIYIOTh MUTHU PYKU
Ta TPOAYKTH xapuyBaHHA. [[1a nmpodinakTurm
CHIy cuoixg yHUKaTH BUIAAKOBUX CTATEBUX
KOHTaKTiB, BUKOPHCTOBYBAaTU OJHOPa30Bi Me-
IVWYHI iHCTPYMEHTH, MPOBOAUTU KOHTPOJb J0-
HOPCBKOI KpPOBi ToOIIIO.

OBaI'II/ITaHHFI Ta 3aBJaHHA

1. Yomy cknagHO po3pobuTtu BaKUUHW A0 BipyciB
rpvny Ta BIJ1? 2. ik BN fymaeTe, 8O AKNX HacnigKiB npu-
3BeJle MacoBa BiAMOBa Bif 0OOB'A3KOBOI BaKLUMHaLL?
3. 3anponoHyiTe 3axoan AnA NpodinakTMKM 3axBopro-
BaHHA Ha rpun. 4. 3anpornoHyiTe 3axoaun Ana npodinak-
TUKKM 3axBoptoBaHHA Ha CHIJ. 5. 3anponoHynTte 3axoan
AnA nNpodinakTMKM BipyCHNX 3aXBOPIOBaHb POCIVH.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 75. Bipycu 1 eBonouin

0 [omipkynTe

KNI BHECOK B eBONIOLO NMIOAUHN 3pobuB Bipyc
Bicnn?

Q 3raganTe

- PerpecuBHa eBoniouifa (oereHepaduis)
» Mnasmign
+ BHYTPILUHbOKIITVHHUIA €H[0CMM6i03

[inoTe3n noxod»KeHHs BipyciB

IcHye KinbKa rimores BUHUKHEHHS BipyciB
(mai. 75.1)

1. I'imore3a perpecuBHOI eBoJoIii. Bipy-
CU € HaIlaAKaMWt CTapOJaBHIiX OTHOKJIITUHHUX
opraHiamiB, OymoBa AKHUX CIPOCTHJIACA Yepe3
HapasuTUUYHNI crocid Kurrtd. [imoTesa rpyury-
€ThCA Ha iCHYBaHHI CKJagHUX, Beaukux [THEK-
BipyciB, reHOMU AKWX MalOTh COTHi TeHiB (Ha-
npuKJazn, Bipyc Bicniu, maj. 75.2). Bouu morianu
OyTH BHYTPIIIHBOKJITUHHNMU IIapasuTaMU i 3a-
3HATU PETPECUBHOI (JlereHepaTUBHO1) €BOJIIOILiT.

2. Timore3a BMHMKHEHHS 3 MOKJIITHHHHX
dopm skuTTda. Bipycu e HamagkamMu craponas-
HiX DOKJITHHHUX (POPM KUTTHA, AKi IMepelInin
0 TTapasUTUYHOTO croco0y icuyBamua. ['imore-
3a I'PYHTYETHCS HA BEJIMUE3HIN Pi3HOMAaHITHOCTI
TeHeTUYHOTO MaTepiajy BipyciB: y AKocCTi HY-
KJIETHOBUX KucJoT BoHU MaioTh AK [IHK, tax
i PHK, 1m0 MOXyTb OyTH OLHO- Ii JBOJIAHIIIO-

FinoTesa perpecmBHOi
eBonouii

o ()
MapasntnyHa Kni- *
TUHA 3 yTpayeHUMU

CTPYKTypamu
4+

LoKniTNHHI
CTPYKTYypH

Finotesa BUHMKHEHHA
3 AOKNITUHHMX ¢opM KUTTA

Blpyc Bipyc </\Z\/l>

e () 3
T

Man. 75.2. Bipyc HaTypasbHOI BiCN1 Ma€ BENUKi po3mipu
i asonaHutorosy [HK

roBumMu. BBaxkaeTncs, 110 10 BUHUKHEHHSA IIep-
muxX KJIITUH AK HOocil cmagkoBol iHdopwmarii
BUKOPUCTOBYBAJIUCA PidHi (hopMU HYKJIEIHOBUX
KHCJIOT.

3. TI'imote3a «ockakeHiaumx reHiB». Bipy-
CU — BUAO03MiHEHUI MeHEeTUYHUI MaTepiai, Io
«BTiK» i3 KJuaiTuHu. I'imoTesa r'pyHTyeThCcA Ha
CXOJKOCTi BipyciB 3 MOOiIBHUMM Te€HETUUYHUMU
eJeMeHTaMu — ILIa3dMiflaMu, TPAHCIIO30HAMMU,
Bipoigamu, F-axropamm Oaxrepiii. Bipycu-
«BTiKaui» cTaJgM BiJHOCHO aBTOHOMHUNMM, ajie
eBHY 3aJIe}KHICTh Bif KJiTuH 30epersu.

ITeBHa piu, KOKHA 3 TiTOTE3 Mae apryMeHTH
«3a» 1 «poru». HaitimoBipHimre, 1o Bipycu Bu-
HUKaJIU PiBHUMHU NIIIAXaMU 1 Ha pPiSHUX eTamax
€eBOJIIOIiI, a B IOAAJBIIIOMY €BOJIIOIiOHYBaJIN
CIIiIBHO 3i CBOIMHU KJIiTHMHaAMMU-Xa3IAMU.

B3aemogisa Bipyc — xa3AiH

Bipycu B3aemopmiioTh 3 KiiTmHaMu 3a KJia-
CHUYHOIO CcXeMOI0 mapasuT — Xasdaidn. Hosi im-
(dex1ii sasBuuaii mepebiraioTh y BayKKiii ¢op-

lFinortesa
«OCKaXKeHinux reHis»

ABTOHOMHa -=

[HK a6o PHK o

Bipyconogi6Ha
dopma

)

/\ss‘\.\

_‘/’
’VVL/ ,'
TN -

Man. 75.1. Tpwu rinote3n noxopxeHHA BipyciB
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Mi, HEPiAKO 3i cMepTeJbHUM pPe3yJIbTaTOM, ajie
B IIpoIieci eBOJITOIi1 BOHM CTAalOTh OiJIBII JIETKHU-
M. 3 YacoM BHUAM-Xa3Al HaOyBalOTh iMyHiTeTy
Io Bipycy. A Bipyc 3HM)KY€E arpeCUBHICTh, TOMY
IO ITapasuTy BUTiTHO He IIBUAKO BOMBATHU Xa-
3diHa, a TPUBAJIUHN Yac BUKOPUCTOBYBATU HOTO
AK XapuyoOBUU pecypc i IPUTYJIOK.

IHoxi Bipyc mMae OBOX xXas3diB: B OJHOTO BUIY
BiH BUKJIMKAa€E TS)KKe 3aXBOPIOBAaHHA, a 1HIIIOMY
He 3aBJae€ IIKOIM i «30epiraerbcsa» B HbOMY. Ha-
pUKJIal, Bipyc cKasy B Ipuponai sbepiraerbcs
B IpusdyHax, Bipycu eHIedasiTy mepeHOCAThCS
KJLIaMu.

Yac Bixg uacy Bipycum 3MiHIOIOTH Xas3dAiB.
BBakaerbca, 110 HaTypajJbHa Bicma JIIOOUHU
3’ABUJIACh Y Pes3yJbTaTi eBoJIoNil Bicuu Kopis,
a eBOJIIOIiA Bipycy imMyHome(dinmuty seeHUX
MaBIl npusBesa A0 BuHUKHeHHA BIJI.

Ponb BipyciB y BUHMKHeHHi IHK-reHomiB

Icuye rimoresa mpo Te, IO Bipycu IIepIIu-
mu B eBouolil Bukopucrasu [IHK nna mepe-
HeCeHHs cIaakoBoi iHgopwmarii. Ila rimoresa
I'PYHTYETbCS Ha MIPUITYIIEHHi, 1110 CIIOYaTKYy BCi
KUBi cucreMu BuKopucroByBasu Tiibku PHE
nasa 30epeskeHHA 1 peaJisalrii crmagxoBoi iHdop-
marrii. HatigaBuimnti Bipycu Takoxxk O0yau PHEK-
BMmicuuMu. Ase srogom BoHu 3minumau PHEK ma
HTHE, 106 yHUKHYTHU i 3aXWUCHUX CHUCTEM KJIi-
TUH, AKi 3HUITYyBaJIu MoJiekyJu BipycHoi PHK.
BigmoBigHo, Bipycu «pospobuian» i hepMeHTHUII
amapar g pemrikarnii JJHE. IToctynoBo B ycix
JKUBUX CHUCTeMax 3AilicHuBcs nepexin Bix PHK-
o NHK-rexomis.

Bipycu i ropusoHTanbHe
nepeHeCceHHA reHis

B eBouttorrii Bipycu € BasKJIUBUM «3aC000M»
TOPUB3OHTAJIHLHOTO IIEpEeHEeCEeHHS TeHiB, IO 3a-
Oesleuye reHeTHUUYHE Pi3HOMAHITTA OpraHisMis.

T'opusoHTaJbHE MIEepeHeCceHHs TeHiB — IIpo-
Imec, 3a SKOro TreHeTHYHa iH@(opMallisg Iepe-
IaeThcsa He Bim 0aTbKiB M0 HAIMamKiB, a MixkK

0 Kniouosa iges

Bipyc MoOrnM BUHUKHYTW 3 JOKAITUHHUX Gopm
YKUTTA, CTapofaBHIX OAHOKMITUHHUX OpraHi3MmiB,
6ynoBa AKMX CNPOCTUNACA Yepe3 MapasvuTUYHWNA
Cnoci6 »unTTa, abo 3 MOBINbHNX FreHETUYHUX efe-
MEHTIB KNiTUH. B eBontouii Bipycn 3abe3neuyioTb
rOpU3OHTaNlbHE MEepPEeHEeCEeHHA TeHiB, MOXUBO,
BOHU chopmyBanu KNiTUHHe AApPO.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

HeCIIOpiJHEeHMMM opraHismamu, AKi iHoOmi Ha-
JeKaTh HaBiTHL A0 pPisHUX OiojoriuHMX BUIIB.

®parmentu THK BipyciB, axi sapaxysaau
pisHi KiaiTmHHU, y mpoiieci eBoJrollii BOYZOBY-
BaJMCA B T€HOMU ITMX KJIITUH, «OJOMAIIIHIOBA-
JUCsS» BUIMMHU OpraHizsMaMu i mOUMHAJIN BU-
KOHYBaTH KOPUCHI (PyHKITi.

IIi sasuImKm BipyciB € CyTTEBUMU eJeMeH-
TaMU T€HOMiB Cy4acHUX OPTaHisMiB. ¥ JIIOAUHU
M ccaBIIiB BOHM CKJIQZAIOThL OO IIOJIOBUHH! BCiX
nocuaigosuocteit [THEK.

Busuenna (GyHKIIA mux yOymoBaHUX eJie-
MEHTIB JJO3BOJIMJIO BCTAHOBUTHU JEAKi Ay:Ke KO-
pucHi «HaAOaHHSA», OTPUMAHI 3aBAAKM BipycaM.
BBakaroTh, 110 3a AOIIOMOIOI0 T'OPH30HTAJIBHO-
TO IIepeHeceHHA TeHiB copMyBajacd cucTeMa
aJalITUBHOTO iMYHIiTETY y XpeOeTHUX, BUHUKJIA
IJIAaIleHTa Y CCABI[iB, y JIIOAWHW PO3BUHYJINCS
OinbIiri iHTENeKTyaJbHI 34i0HOCTI IOPiIBHAHO
3 IpuUMaTaMU.

BipycHe noxopeHHsA KNiTMHHOro Afpa

Icrye mymka, 1o Bipycu 3irpajgm KJIOUYOBY
POJIb Ha IIOYATKOBHUX eTallax eBOJIIOIlii, Ie 10
MOy OpraHi3sMiB Ha IPoKapioTiB i eykapioTis.
2001 poky OyJia 3ampoIIOHOBaHA rimoresa Bi-
PYCHOTO MOXOMKEHHSI KJIITHHHOTO SAApa, 3TiHO
3 KO0 ANPO CYyYacHUX eyKapioTiB € maBHIM Bi-
pycoM, «ocismm» y 6e3’anepHiil KiiTuHi. ¥ pam-
KaXx rimore3u 3aIpPOIIOHOBAHA MOJEJNb €BOJIIOIil
eyKapioTiB, y dAKiil Bipyc, CX0KUH i3 cyuyacHUM
BipycoM BicIi, PO3BUHYBCA B KJITUHHE AIPO.
ITocTynoBo 1eit Bipyc cTaB OCHOBHUM CXOBUIIEM
ingopwmarii B KIiTuHIN, AKa 30eperya 3AaTHICTD
IO TPAHCJAINl T'eHiB i KHUTTE3XATHOCTI.

Ha xopucTth rinoresu cBiguuTh TE, IO KJIi-
TUHHE SAPO i Bipycu MaioTh Ay:Ke CXOXKYy Oymo-
BY: 00uABa ABJIAIOTH COOOI0 XPOMOCOMM, YVKJIa-
IeHi y O0iIKOBY Kamcyay. ¥ OedKuX IIOPiBHAHO
MIPOCTUX OpraHidaMax, TaKWUX SK IIapasuTUUHI
YepBOHI BOJOPOCTi, AAPO MOKe ITPOHUKATHU
3 KJiTmHEU B KJaituHy. lleil mpomec ny:xe Ha-
ragye BipycHe iH(piKyBaHHA.

03aﬂl/lTaHHﬂ Ta 3aBOaHHA

1. fAlka 3 rinoTe3 noxoAeHHA BipyCiB 3[A€TbCA
BaM Haibinblu foCTOBipHOW? Bignosigb aprymeHTyiTe.
2. 3anpornoHynTe aprymMeHTU «3a» YU «MPOTU» KOXKHOI
3 rinoTes noxogXKeHHs BipyciB. 3. ki ocobnmBocTi 6y-
JOBW KNITUHHOIO siapa pobnATb NOro CXOXMM Ha Bipyc?
4. flke 3HauYeHHA BipycCiB B eBONOLii CyyacHOI noguHu?
Hasegitb npuknagw.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 76. MpioHn 1 Bipoigwn

0 [omipkynTe

Yn moxyTb 6inkm BigTBOptOBaTU Cami cebe,
6e3 yyacTi HyKneiHOBMX KMCNIOT?

Q 3raganTe

o BTOpuHHa 11 TpeTUHHa CTPYKTypu Ginka
o a-cnipanb i B-cTpyKTypa

[pioHn

IIpioan — 1e indexiiiini areatu, AKi € 6iJ-
KaMM 3 aHOMAaJbHOIO TPETHHHOIO CTPYKTYPOIO.
BoHu He MicTATHL HYKJIEIHOBUX KUCJOT.

YV meBHoMmy ceHci, mpiomm moxiOHi g0 Bi-
pyciB, oCcKiJbKU 3maTHi 36iJBIITyBaTU CBOIO UM-
CeJIbHICTb, TiJIbKM BUKOPUCTOBYIOUU PECypcu
KJiTuau. Pasom 3 TuM a4 iX PO3MHOKEHHS
He morpioui JHK a6o PHK.

IIpionHi 6inKu TBapwH i JIOAWHU yTBOPIO-
I0OThCA 3 HOPMAaJbHUX KJIITMHHUX OiIKiB, AKi
BimmoBimaroTh 3a 000JOHKM HEPBOBUX BOJIOKOH.
IIpocTopoBa cTpyKTypa OiIKiB MOKe aHOMAaJIBHO
3MiHOBaTuCA. SIK IIpaBmMJIO, IIiJ Yac IEepPexony
0iKka 3 HOPMAaJBHOTO CTaHY B NPiOHHUU HOTO
o-cmipajii mepeTBOPIOIOTHCA HA B-CTPYKTYpH
(man. 76.1). YHacaimox mporo 0iJIoK HaOyBae
KaTaJIiTUYHOI aKTUBHOCTI 1 KaTaji3ye IepeTBo-
peHHA Aemasi OigbImoi KiJIBKOCTI HOBUX HOP-

B-cTpykTypa

HopmanbHuii 6inok

MpioHHMI 6inok

Man. 76.1. CtpykTypHi BapiaHTu Ginka
KNITUHHUX MembpaH PrP
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Mo30K, ypaKeHUIn NpioHHOI0
xBopoboto

HopmanbHUn Mo30K

Man. 76.2. PyiiHyBaHHA TKaHWH FONOBHOIO MO3KY B pasi
xBopobu Kpentudpenbara—Akoba (rybuacta CTpyKTypa TKa-
HWUHW, YTBOPEHHA MOPOXHWH)

MaJbHUX OiNKiB Ha mpiowHi. Takum ymHOM, 3a-
OYCKAEThCA JAHITIOTOBA PEAKI[is i YTBOPIOETHCS
0e3J1iu HETPABUJIBHO BTOPHYTUX OiNIKiB. ¥V Kuri-
TUHI HAKOMUYYIOTHCA IX BigKJIaJeHHs — aMiJio-
imu. YpaskeHi amisoizaMy TKaHUHMN BTPAYalOTh
HOPMAaJIbHY CTPYKTYPY ¥ BiAMUPAIOTH.

VY ccaBiiB mpioHHiI 3axXBOPHOBaHHS ypasKa-
I0Th HEPBOBY TKAaHUHY, IIepeBa’KHO T'OJIOBHUH
Mo030K (Majs. 76.2). BoHM CcOpUYMHAIOTH He-
BUJIiKOBHI cTanm — rybuacTi eHmedasomarii
(KopoB’aunii CKas y BeJHKOI poraToi xymoowu,
CKpelIli B OBeIlb), IO IPUBBOAATL OO CMEPTi.
¥ nropmHM Bigomi Taki mpioHHI 3aXBOpPIOBAaHHA,
Ak xBopoba Kpetitiienapara — fAkoba i Kypy.

3a maHMMU CYYaCHHUX OOCIiJKeHb, OCHO-
BHUHU IIJIAX IIOINWPEHHS IIPiOHHUX 3aXBOPIO-
BaHb — 3apaskeHa i»ka. Hanpukiaz, y:KuBaHHA
M’sica KOpiB, ypakeHHX ry0duacTUM eHIledaJri-
TOM, IPU3BOAUTD 4O PO3BUTKY XBopoou Kpeiri-
denapara — fIxoba B adogumau. TarkoK y cim’ax
3 IeBHUMM MyTaliamu resa PrP maroTs micie
CIaKOBi IIPiOHHI 3aXBOPIOBAaHHSA.

IakyGamnifinuit mepio;q npioHHWUX XBOPOO
CTAHOBUTL Bil MicAIlsd 4O KiJIBKOX JeCATHUIITH.

IIpioHu He BUKJUKAIOTH iIMyHHOI BiAmmoBimi
opramismy. Bomm HamsBmuaiimo cTiiiki mo mii
xiMiuHVX i (Hi3MUYHUX YMHHUKIB, BUTPUMYIOTH
KUII'ATiHHA, HE POBIIEILIIOITHCA IIPOTeasaMu
(bepmeHTaMU, IO PO3IIEINJIOIOTL O0iJIKM) i He
IePeTPaBJIIOIOTHCSA B TPABHOMY TPaKTi.



[lizHanTeca binbLue

MpioHHa xBOopob6a Kypy 6yna onmcaHa 1957 poky
cepep, abopureHis nnemeHi ¢ope y Bucokorip’ax MMa-
nya — Hosgin IBiHei. CnoyaTKy y XBOpMX NMOPYLUYETb-
CcA KoopAuHauia pyxiB, CTa€ HecTiKow xoga. [MoTim
MOYNHAETbCA TPEMTIHHA KIiHLIBOK i ronoBsu, nognHa
BTpaya€e nam'atb i po3ym. Ha octaHHix cTagiax niogu-
Ha rnepecTae pyxaTucs i BMUpaE NpUGAN3HO Yepes pik
Bifl MoyaTtKy neplmnx cumntomis. Manyacu BBakanwu
NMPVYMHOIO XBOPOOY 3/1e YaKnyHCTBO. Afle HacrpaBAi
iHbiIKyBaHHA BifbyBanocs yepes KaHibaniam — abo-
pyreHv NpakTWKyBany puTyasibHe MOIfAaHHA MO3KY
nomepnux poaunyie. BoHn BBaxkanu, Lo, 3'iBLUM MO30K
MOKiNHOro, BOHU NpKAGaloTb MOro po3ym i cuny. 3 BU-
KOPIHEHHAM KaHibaniamy Kypy MpakTUYHO 3HMKNa.
3a BigKpUTTA iHOEKLINHOrO XapakTepy XBOpoby Kypy
KapntoH Tlangysek oTpumas HobeniBcbKy npemito
3 ¢isionorii Ta meanunHn 1976 poky.

Bipoigun

Bipoimn — imdexmifini aremTu, 1Mo CcKJa-
IAOThCS TiJbKM 3 KiabieBoi moserkyaum PHE.
VY BipoinmiB memae 0i1koBOiI 060J0HKU. BipoigHa
PHFK ny:xe maneHbKa — 3aBAOBYKKU JINIIIE KiTb-
Ka COTeHb HYKJIEOTHiB; BOHA He KOoAye OiJKiB.

ImoBipHO, KomiroBauusa Bipoiguoi PHK 3xiii-
cuoetbca PHK-monmimepasamu KiaiTmHU-Xas3sdi-
Ha. [leaki Bipoinm pemyIikyOThCA B KIITUHHOMY
Anpi, iHIIi — y XJopoIlnacrax.

Bipoigym cupuuymHAOTL 3aXBOPIOBAHHS POC-
JWH, Taki AK KapJUKOBICTh XpHU3aHTEM, Bepe-
TeHOmoAiOHicTs Oyan0 Kapromai (maa. 76.3),
IJIAMUCTICTh aBOKAA0 TOI0. BoHM 3HAYHO BILJIU-
BaIOTh Ha CBiTOBe CiJIbChbKe rOCIOJapCTBO, CIPU-
YMHAIOYN 3aXBOPIOBAHHA €EKOHOMIUHO BaKJIUBUX
KYJBTYPHUX i TEKOPAaTUBHUX POCJIUH.

3apakeHHs BipoimamMu BifmOyBaeThCA IIig yac
MeXaHiUHOTr0 MOITKOAKEeHHS POCINHU. ¥ cepeaun-
Hi ypa’sKeHOI POCJWHU Bipoigu IepeMimniamTbCs
0 KJIITMHHUX KOHTAKTaX — ILJIa3MOJEeCcMax.

Cooromui 1mie He 30BCiM 3po3yMijsuit MoJe-
KyJIApHUN MexXaHi3M, IO IPU3BOAUTH OO 3a-
xBopooBauHA. [IpunyckawoTs, 1o Bipoigaa PHE
Moske OJIoKyBaTu abo samimaru kiaituaay PHE,
HOPYINYBaTU CILJIAWCUHT, BBAEMOAIATU 3 KJIITUH-
HUMU OiTKaMu.

0 KniouoBa ines

MpioHn — ue iHdeKUiNnHi areHTH, AKi € Ginkamn
3 aHOMasbHOK TPETUHHOI CTPYKTypoto. Bipoi-
an — ue iHOEeKLUiNHi areHTn, Wo CKnaganTbCs
TiNbKM 3 KinbLesoi monekynu PHK.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Man. 76.3. BepeteHonogibHicTb 6ynbb kapTtonni
CMPUYMHAETbCA Bipoigamum

¥ cyuacHi#l HayIi Bipoigu BUKOPUCTOBYIOTH
AK MOJEJNbHI 00’€KTH AJA BUBUEHHS CTPYKTYPHU
i pyurnoit PHK, a rakox esosrroniii JIHK i PHE
TeHOMiB.

[Noxop»keHHA BipoiaiB

IcHye rimoresa mpo Te, IO TEePIIUMU MOJIE-
KyJlaMH1, 3TaTHUMU OO CAMOBiITBOpeHHSA, Oyau
pisHi Bugu PHEK. Bonu sBigmpamiosanu mexa-
Hi8M CcaMOKOHiIOBaHHA i peaJsizaliii cmagxoBoi
iHgopmarii, 3ymMoBUBINIU IIepexin Bia HeXKMBOI
OPUPOAU OO0 *KUBUX OpraHisamis. Bigayuusam cra-
pozaBaboro PHK-cBiTy € pisH0GiuHI (hyHKIIIT Cy-
yacHux BuniB PHK: BoHu mepeHOCATH CIagKOBY
ingopmariro (iPHK, PHK petpoBipycis), 6epyTh
yuacTs y ciutaicuury (MaPHK) i cunTesi 6inka
(rPHE, pPHK), maroTs KaTaIiTUYHY aKTUBHICTH
(pubozumm).

denomeH 30epiranusa cuagKkoBoi iH(Gopmalii
B moJiekyJi JIHK Bunuk misuimre. Ha Binminy Big
PHE, IHK me 3maTHa n0 camopelntikailii, aje
BOHA XiMiuHO cTabiabHiIIA i CKJIamaETHCA 3 JBOX
KOMILJIEMEHTAPHUX JIAHITIOTIB, IO JO3BOJISE Bia-
HOBUTH iH(pOpMAaIlilo B pasi IIOIIKOAMKeHHS O]-
HOrO 3 HuUX. ¥ misomy [HK mosBosse Gigbim
HamiiHO 30epiratum OinbIri oOcsaru imdopmairii.

Arimo ma rimoresa Bimmosimae pmificHoCTi,
Bipoify MOMKYTH OYTH «KUBUMU 3aJIUIITKAMU»
norgituaHoro PHK-cBiTy: BOHM peILTiKyIOThCH,
He KOAYIOTh OiJIKMU, HeAKi 3 HUX BUKOPUCTOBY-
OTh [IJIs1 pemrikarmii pubosumu.

3anuTaHHA Ta 3aBOaHHA

1. Yim cxoXi 1 uum BiOpPI3HATbCA Bipycy, NpPioHN
Ta Bipoign? 2. Yn mMoxkHa BBa)kaTu MpioHM i Bipoign
HeKNITMHHUMK dpopmamu kuTTa? 3. O6roBopiTh, y Yomy
MO>Ke MonAraT eBonioLiiHe 3HaYeHHA BipoifiB? NpPioHiB?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 77. PenpoayKuifi NpoOKapioTUYHUX KNiTUH

0 [omipkynTe

[MpokapioT He MaloTb CTaTEBOrO PO3MHOMEHHS,
ane y HUX iCHyloTb MeXaHi3Myu 06MiHY reHeTUYHOIo
iHbopmalieto. AKi cnocobn 06MiHY reHeTUYHoI
iHpopMalli€to icHyloTb Y nNpoKapioTis?

é 3raganTe

» bynoBa 6akTepianbHOI KNiTUHK
o Pennikauia OHK

biHapHW® nogin

IIpokapioTuuyHi KJIITHHU PO3MHOKYIOTHCA
HeCTATeBUM IIJIAXOM. PO3MHOMKEHHIO IIEpPenye
moaBoeHHA KinbieBoi mosexkyau [THE, saka
B IIPOKAapioTMUHiN KJIiTHHI icHye y BUIIALL
KOMIIaKTHOI CTPYKTYPU — HYKJIEOINy, IO IpPU-
KPilJIeHu#d 10 Me30coMHU (BIMHAHHSA ITUTOILIA3-
MaTUYHOI MeMOpaHu BCepeIuHYy KJIiTUHN).

Penurikaria kinbresoi moserynau [JTHK 6ax-
Tepili MOUMHAETLCA 3 TOUKHU iHimiamii pemrika-
mii. Boma BimbyBaeTbcsA OLHOYACHO B IPOTH-
JeKHUX HaOpAMKax. depe3 IMeBHUU Uac IMicjasa
pemrikarii JIHK i posxom:xeHHa HOUipHiIX Xpo-
MOCOM KJIITMHA IIOYMHAE NiJIUTUCH.

Y 6inbmrocTi BUOAAKiB mpoKapioTwuuHi KJIi-
TUHU OiJISATHCSA HABOiJ 3 YTBOPEHHAM IBOX OJ-
HaKOBHUX 3a PO3MipoM IOUipHIX KJIITHH, TOMY
e mnpomec HA3WBAIOTh OiHAPHUM IOJiJIOM
(mam. 77.1).

«— KnitTHHa memb6paHa

l KnitTnHHa membpaHa

BPOCTaE MiX ABOMa

OHK

v

[HK pennikyetbca

monekynamu JHK,

J x po3ainawun ix
@ @ Mopin 3aBepLueHni

Man. 77.1. CxemaTnyHe 306pakeHHA GiHapHoro noginy
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YTBOpEHHA
a neperopoaku
6 YTBOpPEHHA
nepeTaxKu
8 BpyHbKyBaHHA

Man. 77.2. CxemaTyHe 306paxkeHHs1 Ccnocobis
noAiny npoKapioTMYHOI KAITUHW

B omux BumiB OakTepiii GiHapHUI mOmija
BimOyBaeTbCcA MIIAXOM (QOPMYBAHHS Nepezo-
podku, 1o 3pocrae Bix mepupepii g0 meHTpa
(man. 77.2, a). B inmux BuAiB OaxkTepiit GiHap-
HUH nofin BinOyBaeTbCA HMIIAXOM YMEOPEeHHA ne-
pemsaicKu: KJIITHHA IMOCTYIIOBO CTOHIITYETHCA TI0-
cepenuHi, TOKY He PO3ipBeTHCS HA ABi caMoCTiiHi
KiaitTuau (Man. 77.2, 6). Inoxi mouipHi KiiTuHU
OaKTepill Imicjig MOAily He PO3XOIATHCSI i 3aJIu-
IAaI0ThCA IIOB’sI3aHUMU MidK coboro. Ile cmpm-
YMHIOE YTBOPEHHA KJITUHHUX CKYMYeHb Pi3HOIL
dopmu. Hanpukaaz, chepuuri 6aKTepii MOKYTH
yTBOpIOBaTH mNapu (OUIJIOKOKHU), JAHIIOKKN
(cTpenTokoKu) a60 rpoHu (CTadiIOKOKM) KJIITHH.

PisnoBumom OGimapHoro moximy € 6pyHbuKy-
6GHHS, IKe MOXKHA PO3IJVIAJATHA AK HEePiBHOBEJIU-

[isHalTeca 6inblue

Po3MHOXeHHs npokapioTiB BigbyBa€TbCA 3 Benu-
Ye3HOI LWBUAKICTIO. 3a CMPUATAMBUX YMOB iXHi
KNITUHW JinATbcA KOXKHi 20-30 xBUAWH. 3a JO6Y
B 6aKTepill 3MIiHIETbCA CTINbKU MOKOJiHb, CKiNlbKN
B NtognHM 3a 5000 pokiB. 3a HAaABHOCTI igeanbHUX
YMOB, WO BUKIOYAOTb 3arnbenb KNiTWH, 3 OAHiel
6aKTepii 3a OOy MOXYTb YTBOPUTUCA <HaLLafKu»
Macoto 4720 T (AKIWO NPUAHATK, Wwo 1 mnpa 6akTe-
pin mae macy 1 mr). HacTinbkm BMCOKi TeMnu po3-
MHOXEHHA MPOKapioTiB CNpuAloTb X LWBUAKOMY
MOLWMPEHHI0O Ha mnaHeTi. OgHaK X PO3MHOXEHHA
obmexeHe KNiMaTUYHUMK YMOBaMMU, Ai€I0 COHAYHO-
ro cBitna, 60poTb60I0 MK BUAAMU, HAKOMUYEHHAM
NPoayKTiB 06MiHY pPevyoBMH.



Man. 77.3. Cxema yTBOpeHHs crop y 6akTepiii. Crnopa
PO3BMBAETLCA BCEpeauHi KNiTuHM GakTepii: go 60 % Boau
nepexoauTb y 3B'A3aHWI CTaH, MPOTOMNNACT CTUCKAETbCA
i MOKPUBAETLCA Jy»Ke LWiNbHO 060NIOHKOI

Kuii 6imapuuii mogisa. ITig uac OpyHbKYBaHHS Ha
OJTHOMY 3 IIOJIFOCiB MaTepPUHCHKOI KJITUHU yTBO-
PIOETHCS MaJEeHbKUHM BUPICT, KU 361JIbIITyETH-
cA i 3romom BimoxpemuameTbea (mana. 77.2, 8).
Y pesyabTaTi OpyHbKYBAaHHSA YTBOPIOIOTHCS OB
HEepPiBHOIIHHI KJITHMHU, IO PO3PiSHAIOTHCA 3a
dopmoI0, posMipamMm Ta IHIIMMH O3HAKaMU.
MarepuHchbKa KJITHHA MIOCTYIIOBO CTapie, a mo-
yipHd KJITWHA, HaBIaKW, aKTUBHO T00YIOBYE
KJITHUHHI CTPYKTYpPU i Kpallle IPUCTOCOBYETHCS
IO MiHJIHWBOTO CEepeIoBUIIA.

YTBOpPEHHA criop

3a HeCHPUATIUBUX YMOB IaJIWYKOHOTiOHI
O0akTepii 3maTHI yTBOpIOBaTH cnopu (MaJ. 77.3).
Ha noBepxHi O0axkTepiaJbHOI KJIITUHU yTBOPIO-
€ThCcs IliJibHaA OaraTomrapoBa 000JIOHKa, yci
JKUTTEBI IIpollecu B KJIITHHI TPUNNHSIOTHCH.
CoopoyTBOpeHHA HE € PO3MHOXKEHHAM, TOMY
10 3 KOXKHOI KJITHHU (PopMyeThCA OJHA CIIOpa
i unMca0 0COOMH THpU I[LOMY He 30iIBIIYETHCS.
Y Burasazi cmopu OpoKapioTMUHa KJIITUHA BU-
TPUMYE Mit0 BUCOKUX a00 HU3bKUX TEMIIepaTyp,
OTPYMHUX PEUYOBUH, 3HEBOJAHEHH:, 30epiraiouu
JKUTTE3NATHICTh IIPOTATrOM OaraThboxX POKiB. 3a
CUPUATINBUX YMOB O0OJIOHKA CIIOPU PYUHYETH-
cd, 1 mpoIecH KUTTENIAIBLHOCTI BiTHOBIIOIOTHCA.

KoH'torauis
Hna 6akTepii XxapaKTepHUHN CTAaTEBUM IIPO-
mec — Kom’woraimidg. Ile mepeHeceHHA YaCTUHU

0 Kniouosa iges

MpoKapioTMYHI KNITUHN AiNATbCA HABMIN GiHAPHUM
noginom. CnopoyTBOpPeHH:A i KOH'lorauisa y 6akTe-
pifi He € cnocob6amm Po3MHOXKeHHA. Cnopu yTBO-
PIOIOTbCA ANA NepeHeCceHHA HeCMPUATANBUX YMOB,
a KoH'loraljia Npu3BoAUTb [0 O6MiHY FreHaMn MixK
0COBMHaMK.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

AHK

HoHop PeunnieHT
O\ O[O\
—>

F-pakTop *

el
o)\e) \exo

KoH'torayinHuim mictok

Man. 77.4. Cxema KoH'torauii y 6akrtepiit

TeHeTUUYHOT'0 MaTepiaJy IIijg yac 6es3mocepeaHbo-
ro KOHTAKTy OaKTepiaJbHUX KJIITHH. ¥ IIpolle-
ci xom’roramii mo crmemiaarbHOMY KaHAJJY, IO
YTBOPIOETHCA MiK ABOMA KJIiTMHAMU, (hpparMeHT
OHEK 3 ogHiel KJIiTUHM nepefaeTbCcAa iHIITN KiTi-
Tuni (Man. 77.4).

Ina koH’rorairii 6axTepiii HeobXigHa cIelri-
aJibHA IJIa3Mija, AKa HasuBaeTheA F-aKkTopoMm.
Kowu’roramis BimOyBaeThcAa 3a HASIBHOCTI ABOX
TumniB KJgituH: gouopiB (F'), 1mo BosomiroTh
F-dakropom, i perunienris (F°), 1o He MamTh
moro. F-akTop MicTuTh TeHU CTPYKTYp, 3a
JOIIOMOTOI0 SKUX BimOyBaeThbCA MPUKPIILIEHHS
KJITHHHA-TOHOPA A0 KJIiTuHU-peruirieHTa. Ilotim
MiK KiaitTuHamMm (GOpMYyeThCS KOH’ OraiifiHmii
MiCcTOK, uepe3d AKUN IepemaeThbCcAd KOIIid
F-pakropa, a Tako:k iHiri maasmigm 3 IUTO-
mima3mu gqouopa. Ilicaa nmorpannauaasa F-pakropa
B PEIUMOieHTHY KJIITMHKY BOHa crae F*.

Kowr’roramisa He € cmocob6oM CTATEBOrO PO3-
MHOKEHHS, OCKiJIbKM UMCJIO OaKTepiil mpu IIbo-
My He 30inbIlTyeThesA. KoH’foramiro BU3HAUYAOTh
AK CTaTeBUU MpOIeC, 1[0 IPUBOAUTH A0 TOPU-
30HTAJBHOTO IIePeHeCeHHs TeHiB i1 cmpuse ooMi-
HY KOPUCHUMHU O3HaKaMu. 30KpeMa, KOH oraiis
3a0esreuyye ITBUKE IOIIUPEHHA MisK OGaKTepi-
AMU TeHiB cTifikocTi 70 aHTHOIOTUKIB y CKJami
IasMif.

3annTaHHA Ta 3aBaHHA

1. Aki npouecn npr3BoaATb A0 pekombiHaLii reHe-
TMYHOro MaTepiany B npokapioTis? 2. Ynm crtaTteBuin
npotec 6akTepil Bigpi3HAETbCA Bif CTaTEBOrO PO3MHO-
eHHA eykapioTie? Yum BiH nogibHWIN fo Hboro?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 78. PenpoayKuia eyKapioTU4HUX KNiTUH

0 [omipkynTe

Yum BIAPI3HAETbCA reHEeTUYHWUI MaTepian eyka-
PIOTUYHMX KNITUH Bif reHeTMYHOro martepiany
npoKapioTie?

Q 3raganTe

» bygoBa KnitTmHHOro Agpa
» Xpomocomu

[eHeTUYHUI MaTepian
B eyKapioTUYHUX KNITUHaX

KnitTuau eykapioriB BigpisHaOThCA Bix
KJITUH TOpoKapioTiB O6inbHI cKJIagHOIO OyI0-
BOIO, HacaMIepeJ HASBHICTIO TAKMX KJIiTHH-
HUX CTPYKTYP, AK AAPO, PO3BUHEHA Mepe’ka
BHYTPIIMTHBOKJIITUHHUX MeMOpaH, MiTOXOHAPii
Ta mractuau. EykapioTuuHe A1po MiCTUTH BeJn-
KY KiJIbKiCTh T€HETUYHOTO MaTepiajy, IIo IIpe-
CTaBJIeHUN, K IIPABUJIO, KiIbKOMa OeCATKaMU
moserya JHK. Komnnekcu mux mosekyn JHE
3 O0iTKaMM Ha3WMBAIOTh XPOMOCOMAaMM.

Habip xpomocom y AApi KJIiTHHH, III0 XapaK-
TePU3YETHCA IX YHCJIOM, PO3MipoM i ¢opmoro,
HasuBaioTh Kapiorumom. KapioTtun € Bumgocime-
MupiTHOI XapaKTepPUCTUKOI0, TOOTO pidHi GioJo-
rivui Buau mMamoTh pisHi Kapiotunu (man. 78.1).

ComaTnyHi 1 cTaTeBi KNITUHK

BararokaiTuHHI eykapioTuuHi opraxismm
MaloOTh Pi8Hi TUIIM KJIITHH, AKi cHeliajai3ymoThb-
cA Ha BUKOHAHHI PidHMX QYHKIIiN. ¥Yci KIiTuHM
IOJIiNIAIOTh, HAa COMATU4YHI Ta cTaTesi.

b’ %“ﬂ.' E-
‘ “l‘ .;’QTP% \
Wt F’q:t? .k
- Fg =F '%
o’
Sty A7 3

JlogrHa [po3odina

Man. 78.1. Kapiotunu nig mikpockomnom
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Yncno xpoMocom y npeacTaBHUKIB Pi3HNX
6ionoriuHnx Buais

Bug
Manapitiauit niasmomii
Pagionapia
IInomoBa mymika
Komap-niuckys
Piunwnit pax
Papiuk cagoBuit
Kopon
OKyHBb 3BUUYANHUNI
Kaba
T'ycka
Kypka
3aenn
Homarmas Kimka
Cobaka
Koposa
Kismp
Bicior
Cion
IMMumnanze
Jlroguua
ITamopoTs
Annnaa
Mogapuna
Cocua
ITmeHnA-0MHO3EPHAHKA
ITmenuna TBepaa
ITmennnsa m’ axa
Kyrypynsa
Kapromnsa
Topox
Bumraa
Tpymma
Aonyus

Yucao xpomMocom
2
1600
8

6
116
54
104
28
24
80
78
48
38
78
60
64
62
56
48
46
1260
24
24
24
14
28
42
20
48
14
32
34
34
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AvnnoigHnin (2n = 46) y coMaTUYHUX KNiTUHAaX
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Fannoighun (n = 23) y rametax

Man. 78.2. XpOMOCOMHMIN Habip NognuHN

CrareBuMu KJIiTHHaAMu (raMeTaMH) Ha3uBa-
I0Th KJIITUHU, clelliasidoBaHi Ha PYyHKIIiI cTaTe-
BOT'O PO3MHOKeHHA. BOHU MiCTATL MOJIOBUHHUHA
Habip reHeTUYHOTO MaTepiaay i mig uac 3auTTs
OIHA 3 OJHOIO YTBOPIOIOTH MEPIY KJIITUHY HOBO-
ro opraHismy.

CoMaTHYHUMM KJIITHHAMHM Ha3WBaIOTh ycCi
iHII TUIIM KJIITUH, 3 AKUX OyAyeThCS TiJIO Op-
ramismy.

Yucyio XpoMOCOM y COMAaTUYHUX KJITHHAX
ocobuHU ab0 BUAY HA3WBAIOTh MUILJIOITHUM (II0-
nBifinuMm) 1 mosmauamTb 2n. Tak, y JOZUHNI
2n = 46.

VY craTeBUX KJIITMHAX YMCJIO XPOMOCOM Ha-
3WBAIOTh TAILUIOLTHUM (OOWHADPHUM) i IO3Haua-
I0Th n. ¥ Jioguau n = 23 (manx. 78.2).

Henpamunn nogin eykapioTUYHMX KNITUH

IIporec momisy eyKapioTHUHUX KJIITUH 3HA-
YHO CKJIAMHININN TMOPiBHAHO 3 MOAIJIOM ITPOKA-
pioTiB. EykapioTuuHi KJIiTHHN PO3SMHOMKYIOTHCA
MIJISTXOM CIIeIliaJibHO BUPOOJIEHUX MexaHi3MiB
HeIPSIMOr0 MOAiJly — MiT0o3y i Meiio3y.

VYcekaagHeHHS TE€HEeTUYHOTO amapaTry eykKa-
pioTiB, HaABHICTb y IXHIX KJIiTMHaxX He OnHiel,
a 6ararbox mosiekyJs [IHK cTBopmio mpobiaemy
ix piBHOMipHOrO posmnonisy mix vyac noxiny. s

0 Kniouosa iges

EykapioTnuHe Agpo MiCTUTb KinbKa AeCATKIB Xpo-
MocoM — KomnsekciB monekyn OHK 3 6inkamu.
Habip xpomocom y Afpi Ha3MBalTb KapioTMMomM,
i BiH € BugocneundiuHo XapakTepuctukoto. Pe-
NPoAyKLUiA eyKapioTUYHMX KNiTUH BiaOyBa€TbCA
LLIAXOM MITO3y 1 Meno3sy.

BUpimTeHHsa 1iei mpobseMu B XO[i eBOJIOIII Bu-
HUK CIeIiaJbHMHA MexXaHisM IIoAiJy — MiTo3.
ITossBa cTaTeBOro pPO3MHOKEHHS IIpU3Bea 10
BUHUKHEHHS Meiio3y — 0CO00JUBOTO TUIY KJIi-
TUHHOTO MOy IJs YTBOPEHHA CIIelliajizoBa-
HUX CTATE€BUX KJIITHH.

[lizHanTeca binbuie

Yncno xpomocom He 3anexxuTb Big KinbkocTi JHK,
O B HUX MiCTUTbCA. ¥ 14-T XpOMOCOMax aMepuKaH-
cbkoi amdibii Amphiuma 'y 6nu3bko 30 pasis binbLue
OHK, Hix y nognHu. HanmeHwa xpomocoma amoibii
6inblue HanbINbWKX XPOMOCOM JIIOANHWN.

Po3mip reHomiB y npeAcTaBHUKIB Pi3HNX TaKCOHIB
30BCiM He BIifNOBIAAE HALIOMY YABJIEHHIO MpPO Te,
XTO 3 HUX «BULUE», @ XTO «HMXKYE» Ha EBONOLiN-
HUX cxodax. EBoniouiiHO NpuMITMBHI opraHiamn 3a
Bmictom [JHK Ha KniTMHY Hepigko nepesepLuyioTb
npeacTaBHUKIB €BOMIOLIMHO MPOLBITalouMX TaKCOHO-
MiYHVX FPYN: HAaNpPWKag, Po3mip reHoMy ABOANLLHNX
pub marixe B 35 pasiB MepeBuLLyE PO3Mip reHoMy
JOANHN.

03aﬂl/ITaHHﬂ Ta 3aBJaHHA

1. BukoHalnTe 3aBfaHHA, KOPUCTYlOUMCb Tabnuueto,
HaBefeHolo B maparpadi: a) BU3HaUTe, CKiNbKM Xpomo-
COM MICTUTbCA B rameTax i 3UroTi 3a3HayeHUX BUAIB;
6) MOPIBHANTE YNCNO XPOMOCOM Y Pi3HWUX BUAIB mLie-
HUUi, 3pobiTb BUCHOBOK; B) MOPIBHANTE YMCIIO XPOMO-
COM B €BOJIOLiHO 6M1M3bKMX BUAIB, 3p06iTb BUCHOBOK.
2. Y npoueci eBonoUii KNITUHU «WyKann 6anaHco» MixK
KiNIbKICTIO reHeTUYHOro maTepiany i YNCIIOM XPOMOCOM,
y AKMX BiH po3nogineHuit. Aki, Ha Bally AyMKy, npobne-
MU CTBOPIOE ANA KNITUHW BenuKa KinbKicTb Xpomocom?
3aHafTO BeNMKi 3a PO3MipOM XpomMocomm?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 79. XntteBuin unkn KnitnH. IHTepdasa

0 [omipkynTe

Ha sakiin ctapii iHTepda3n noTpannaHHA XimiuyHOro
MyTareHy B K/iTMHY MOXe CPUYMHUTU MOLUIKO-
[PKeHHA CnajKkoBOro marepiany?

Q 3raganTe

 Pennikauia OHK
o ATO

KUTTEBUN LNKN KNITUHWX

JKuTTeBUil UK KIITMHM — Iie Iepiof il
icHyBaHHA BiJi YTBOPEHHA NLIAXOM IOAiJIY IO
HACTYIIHOT'O IIOAily abo mpupomHoi 3aruberi.

Y EUTTEBOMY IMUKJII BUIIJIAIOTL OBi BEJIUKI
cranii — intepdasa i Bmacue moxmis (maa. 79.1).

Intepdasa — mepion KUTTEBOTO ITUKJITY
MidX OBOMA IIOCJIZJOBHUMM IOAijIaMU KJiTH-
HU. ¥ Iel yac KJITHHA PocTe 1 BUKOHYE CBO1
dyurmii B opramismi. OgHa 3 HaWBaXKJIUBITIIUX
moxmiii imTepdasu — pemikaiisg (IIOJBOEHHS)
OHEK mepen momisom.

ITomgin eyKapioTMYHMX KJIITHH MOJKe Bif-
OyBaTucs IILIAXOM MiTO3y abo Meiosy.

OHK = 2n — 4n
(6-8 roguiH)

InTepdasa

OHK = 2n
(6-12 roauH) S Pennikauia
[OHK

G, Picr,
nigrotToBKa
[0 CUHTe3y

G, lMigrotoBKa
OHK 2 A

fo noginy

OHK = 4n
(3-4 roguHNn)

Mogain

Knituna _ "<

B Crokoi © OHK = 4n — 2n (1 roauHa)

Man. 79.1. Cxema XWUTTEBOrO LMKy KNITUHU
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[lisHalTeca 6inblue

TpuBanictb KNITMHHOFO UMKNY B KAiTUH 6a3anbHo-
ro wapy enigepmicy LKipu, YepBOHOrO KiCTKOBOro
MO3KY, KMLLIKOBOrO eniTesito TBAPWH, KNITUH TBipHOI
TKaHVHW POC/INH CTaHOBUTb 8-36 roguiH. JlenkouuTn
TIOAVHN [inATbCA KOXHi 4-5 fi6. HakopoTwi Ki-
TUHHI UMKy (6nn3bko 30 XBWAWH) BRAcTUBI embpi-
OHaJIbHUM KJiITMHAM FOJIKOWKIpUX i 3eMHOBOAHUX Ha
cTagii gpobneHHs.

MNepiogw iHTepdazn

1. Ilpecunrernunuii nepiox (G,). Kiituna
3pocTae i BUKOHY€ cBol (byHKIII B opranismi.
30iabIIyeThcsa KigbKicTh MeMOpan i oprame,
CUHTE3YIOThCS Pi3HI CIOJYyKH, 3amacaeTbCs
eHepria. KaiTuau mpoBoAATH HEPBOBI iMOyJIbCcH,
CKOPOUYIOTHCS, CEKPETYIOTh PEUOBUHU TOIIO.

2. Cunrernunuii mepiox (S). Posmoumua-
€ThCs MiArOTOBKA KJITHHHU 0 mominy. Bim0y-
Ba€ThCS OJHA 3 HAWBaKJUBIINIUX MOAill iHTEp-
(asu — pemrikatnia (mogBoerusa) [[HK. Takox
MMOIBOIOIOTHCSA IEHTPOCOMMU.

3. Tlocrcunrernunuii nepiox (G,). Kuiru-
Ha 3aBepIllye IiATroToBKY a0 momiay. OcodamBo
iarercuBHO cuHTe3yeThecd AT®P, cTBOprOIOTHCA
HOBI MeMOpaHu ¥ opraHesu.

TpuBanicTb iHTepdasn

TpuBasicts iHTepdasu i KIiTHHHOTO ITU-
KJy Bapiioe 3aJIe’KHO BiJi BMOBOI HAJIEXKHOCTI,
TUNY KJITUH i BiApisHAETbCA HAaBITH y Pi3SHUX
KJiTrHaxX omHiel i Tiel sk TkamuHU. ¥ OiabIoc-
Ti KJiTHWH, 110 aKTUBHO iJISATHLCS, TPUBAJICTH
imTepdasu craHoBUTL O0gM3bKO0 10—24 roauH.
V¥V kiaiTuHax, 110 MOBiIBLHO FiIATHCS, el mepion
MOJKe CTAHOBUTHU JeKiJbKa MicAIliB.

Maiiske Bci BigmimHOCTI B uwacToTi momi-
Jy KJITUH 3yMOBJIEHI PiSHHUIEI0 B MTOBIKUHI
npecuHTeTuyHOro mepioxy G,. V cepenHbomy
B Oinmbmrocti KiaitTmH BiH TpumBae 3—8 romguH,
a B KJITHH, IO IOBiJIbHO MiIATHCA,— THMMKHI
¥ HaBiTh poKU (KJIiTuHU meuinkm). Heaxi Kuii-
TUHU iCHYIOTH V¥ TAKOMY CTaHi BCce CBOE KUTTH,
He TepexoAs4yu B HacTymnHy a3y i He mpucry-
maroyu 10 noxiay. Jlo TakuX KJIITWH HajaeKaTb
crelliayizoBaHi KJIITHHN 0araTOKJITHHHUX Op-
raHisMiB, HaIpPUKJIAJ €PUTPOIUTU, HEPBOBL Ta



M’sA30Bi KiuiTuHH. KaKyTh, 110 Taki KJIiTuHU
nepexoaaTh y (asy cmokow G,.

Yac, 3a AKUN KJIITHHA IPOXOAUTH Iepiognm
S, G, i MiTO3, BiTHOCHO CTANIUi — y CCABIIiB BiH
Bapiroe Big 10 go 25 rogumu. Cam mpoliec Omiay
HabaraTo KOPOTIIWH, HiK eTam MiATOTOBKHU M0
HBOT'O: MiT03 cTaHOBUTH 6/in3bK0 1/10 wacTunu
KJIITUHHOTO ITUKJY.

Perynauia iHtepdasn

IcHYIOTH CKJIagHI MeXaHi3MU KOHTPOJIIO KJIi-
TUHHOTO IUKJIy. Tpusanicte nepiomy G, sHa-
YHOIO MipOI0 BUBHAYAETHCA 30BHIITHIMHU yMOBAa-
MU i curHaJiaMu Bif iHmuX KiitwH. TpuBaricTh
nepiony G, peryJaroeTbCA PO3MIpOM KJITHHH.

Y KJIiTuHHOMY IMKJi iCHYIOTH TaK 3BaHi
KoHmpoavhi mourku. Ile KirouyoBi eramm, Ha
AKUX KOHTPOJIIOETHCA IIPABUJIBHICTH IIPOIIECiB,
[0 BimOyBAloOTHCSA, a TaKOMK 30eperKeHHs Ie-
HETUYHOTO Marepiaay. BakjiuBa KOHTPOJBHA
TOYKa € Ha mouaTkKy (asu G,. fxmo ymoBu
CIPUATIAMBI Ta KJITMHA OTPUMYyE Bim cycin-
HiX KJITUH CHUTHAJMW 3POCTAaHHS ¥ IIOAiJIy, TO
BOHA IMOYMHAE IiAroToBKY mo pemikaii JTHE.
VY dasi G, € KOHTPOJIbHA TOUKA, KA 3aTPUMYE
KJIITHHY y il ¢asi G,, AKIIo micaa pemmikamii
BUsBUJIOCA moIlnkomkenusa JTHK.

Ilepexix Bixg omHOro mepiony KJIITHHHOTO
OMUKJY [0 iHIIIOTO PeryJareTbcsa (epMeHTOM
MUKJIH3aJEeKHOI NIpPOTeiHKiHa300. Bamausy
poJsb y IILOMY IpoIieci Bimirpae OiJIOK IIMKJIIH.

KouTtposbHi TouKu 3a6e3meuyoTh MTPaBUIb-
HICTHb i BHMCOKY TOUHICTH IIPOIECIiB AYILIiKAIii
i posxomxeHHA XpomocoMm. IlopyIiieHHA KOHT-
POJII0 KJIITUHHOTO IIUKJY MOXKYTbH IPU3BOAUTHU
10 PO3BUTKY PaKOBUX 3aXBOPIOBAHb.

Ocob6numBiI KNITUHHI LMKNK

OnucaHi 3aKOHOMIPHOCTI JKUTTEBOrO IUKJIY
XapakTepHi s KJITHH, IO YacTO IiJAThCH.
OmHak iCHYIOTh KJIITUHU, JKUTTEBUN ITUKJ AKUX
Mae iHImi 0coGJIMBOCTI.

Hobpe Bimomo, I1I0 KJIiTMHU HEPBOBOI TKa-
HUHU, 0COOJIMBO HEHPOHU ITeHTPATHLHOI HEPBOBOIL
CUCTeMU, Hicasa eMOpioHAJIBLHOTO mepiomy BTpa-

0 KnioyoBa iges

MuTTeBUN UMKN KNiTMHM — Ue nepiog ii icHy-
BaHHA Bif YTBOPEHHA LAAXOM MOAiNY A0 HacTyn-
Horo noginy abo NpuMpoaHoi 3arnbeni. Y XutTe-
BOMY LMK BUAiNALTb ABi cTagii — iHTepdasy
i BnacHe nogin (mito3 abo merios).
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YaloTh 3JATHICTH A0 moxiny. vKUTTEBUU UK
KJIITWH, II10 He IiJISThCs, BKJIOYAE JINIE IIePios
G, i ckmamaeTbca 3 POCTY, TPUBAJIOTO (HYHKILi-
OHYBaHHSA, CTAPiHHA W cMepTi.

Kraituam neuinkoBol TKaHWHY (TeIaTOIUTN)
IicJIA CBOTO YTBOPEHHSA NMIIAXOM MiTO3y TaKOMK
BCTYNAIOTh y nepiox G, mig yac AKOTO BOHM BU-
KOHYIOTH CBOI uncjaeHHi pyHKIil. BoHI MOXKYTh
poramu mepebyBaTu Ha cranii G, He BCTynaouu
B mepiox S. OgHak y pasi HmomkomxeHHs abo
BUJAJIEHHA YACTHUHU IIeUiHKM BOHU IIPOJOBIKY-
IOTh HOPMAJIbHUI KJIITHUHHUHA IIUKJI — BXOOATH
y S- i G,-mepiogu, a moTim AinATHCA.

Kiaituam meuinkm, a TakoX Ogedaki immri
KJITHHU OpraHisdmMy JiogwmHu (HaIpUKJIam, ITig-
IIIJIYHKOBOI 3aJ103M) 3MaTHI I A0 iHIIIOTO BUIO-
3MiHEHOT'O KUTTEBOTO ITUKJIY. BOHU TpPOXOOATH
G,- Ta S-mepiogu imTepdasu, ogHAK TOTIM He
BCTyNaloTh aHi B mepiox G,, ami B miT03, T0O-
TO He OinaTbeA. ¥ pesyabrari kKigbkicts [JTHE
B KJITWUHI 30iJBIIyeTbCSA — KJITUHA ME€PETBO-
proeThea Ha nosrimnoiauy. Ilominmoigai KiriTuaM
MeUYiHKK MalTh OiJbINi po3Mipu ¥ IIPAIOIOTh
0isbiln e)eKTUBHO.

TpuBajicTh KUTTEBOTO ITMKJIY MOXKe OyTH
pisKo cKopoueHa B eMOpioHAAbHUX KJIiTHH. Bi-
JIOMO, IO BEJUKi ANIEKJITHHU BiKe MiCTATH
y IIATOILIa3Mi yci KOMIIOHEHTH, HeOOXimHi s
yucyieHHUX moxiniB. Tomy micaa samiaigHeHHS
KJIITUHN IiaATbCSI HAA3BUUYANHO NIBUIKO i He
MalTh y KUTTEBOMY IUKJi mepioxis G, i G,.

@ MpakTnyHa poboTa

LlumozeHemuyHa xapakmepucmuka A0pa coma-
MuYHOI KAimuHu y pi3Hi nepiodu KnimuHHoz20
yukny

1. Po3rnaHbTe cxemy KAITMHHOrO LMKy COMaTuy-
HOI KNiTMHW. 3BEPHITb yBary Ha 4MCiO0 XPOMOCOM
Ta XpoMaTuA y Agpax KMTUH Ta ixHi MopdonoriyHi
0COo6NMBOCTI Yy Pi3Hi Nepioan KNITUHHOIO LKMKAY.
2. Cknagitb Tabnuuto, y AKIN yKaXiTb 03HaKW Agpa
y Pi3Hi Nepioan KAITUHHOrO LMKIY.

3. ChopmynionTe BUCHOBOK.

3annTaHHA Ta 3aBOaHHA

1. HepBOBi KNiTMHW NOAUHU [INATbCA TiNbKU Ha
cTapii emOpioHanbHOro po3BUTKY. YoMy nisHille BOHM
nepecrawTb AIMTUCA | nepexoaaTtb y ¢pasy cnokowo G,?
2. Y yomy MonAra€ nNpusHayeHHA KOHTPOJIbHMX TOYOK
KNiTUHHOrO uukny? 3. Yn moxe KniTvHa NnponTu CTagito
pennikauii JHK, ane Tak i He nouaTtn nogin?
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§ 80. CTpyKkTypHa opraHisauisi XxpoMaTUHY

0 [omipkynTe

YoMy WinbHICTb MaKyBaHHA Pi3HUX AiNAHOK XPo-
MaTVHY Moxe 6yTu pi3Hot?

Q 3raganTe

» bygosa monekynu [JHK e bBinkn
* Xpomocomu

IHTepdazHMIN XpoMaTuH

Monerkyau [IHK B intepdasuHomy Ampi mifg
CBITJIOBUM MiKPOCKOIIOM BUIJIAJAIOTH SAK 0e3-
CTPYKTYpPHE TMepelieTiHHsa HUTOK, IO Ha3u-
BalOTh XPOMATHHOM. XPOMATHUH SABJAE COOOIO
rominiekc JIHK i 6inkiB. Biaku xpomaTuny Bu-
KOHYIOTb CTPYKTYPHY U DPeryJATOpHY (MYHKIIi.
CTpyKTypHi 6GiIKH TiATPUMYIOTH TPUBUMIipHY
cTpykTypy Mmosekyau I[IHK, crabimisyiors ii
Ta 3aXUMIAIOTh BiJl MOMIKOAMKEHb. PeryasaTopHi
OlJIKM PeryJoioTh aKTUBHICTH I'eHiB.

Hurku JHK y xpomaTwHi IIeBHUM YWHOM
ymakoBaui. Pospisusiors Oinbin mrigbHi (rere-
poxpoMaTHUH) i MeHII IIiJbHI (eyXpoMaTuH) mi-
JIAHKY XPOMAaTHHY, III0 MAIOTh Pi3HY (YHKILiO-
HaJIbHY aKTuBHicTH (Masa. 80.1).

XpomatvH

l

EyxpomatuH

l

leTepoxpomatviH

(cnabo KoHaeHco-
BaHWUI, aKTUBHWIA)

(cMNbHO KOHAEHCco-
BaHWUI, HEAKTUBHUI)

I l

KoHCcTpyKTMBHMI
(cTPpYKTYpHMIA)

®dakynbTaTMBHUI

(MiCTUTb reHu, He (He MiCTUTb reHiB)

aKTUBHI B Ui Kni-
TVHI B Lel Yac)

Man. 80.1. EyxpomaTtuH i retepoxpomaTuiH
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JliHkepHa
inAHKa

Hykneocoma

Man. 80.2. HykneocomHe yknagaHHa OJHK

Hykneocomn

EjleMeHTapHOI0O OOWHUIEIO YIAKOBKU XPO-
MaTHHY € HyKJeocoMma. HyKjeocoma € UCKOIIO-
Ii0HOI0 YACTMHKOIO, IO CKJALAETLCSI 3 OiJIKiB
ricToHiB, HaBKOJIO K01 OOMOTaHa ABOCIIipaJbHA
OHEK (man. 80.2).

XapakKTepUCTUKN HYKIEOCOM

« Ilo ckaagy HYKJIEO0COMHU BXOIUTH UOTUPU
napu ricronosux 6inkis H2A, H2B, H3 i H4
(Bcboro Bicim O6inKiB).

« [liameTp HYKJIEOCOMHOTO [IVICKa CTaHOBUTH
11 um, a fioro ToBIMHA — 5,5 HM.

« IHK po6urts 1,67 obepra (147 map Hy-
KJIEOTHiB) HABKOJIO HYKJIEOCOMHOTO sapa.

« Hyxkneocomm posraIiroBaHi y3J0BK MO-
aexkyau JHK ma Bigcrani 10—-20 HM oxma Bin
OJHOI.

« Hinguxka JHK wmixk HykJIeocomamu Ha-
suBaeTbca JinkepHoioo [HK i cranmoButh 10—
100 map HYKJEOTHUIiB.

« 3 gminkepuoio JJHK mixx mBoma cycigmHiMu
HYKJIeocoMaMu 3B’s3yeThedA rictom HI.

[lizHanTeca binblwe

3a gonomoroto FISH-TexHonorii, wo po3Bonse dap-
6yBaTV KOXXHY XPOMOCOMY B OKPEMMI KOMIp, YUeHi
nisHanuca, wo B iHTepdasHomy AApi Xpomocomm
pO3TalloOBaHi HE XaOTUYHO, a 3aliMaloTb MEBHE Mic-
Le i MaloTb KOHKpPeTHe oToyeHHsA. NopyleHHA ubo-
ro NMOpAAKy CrOCTepiraeTbCA B pa3i XPOMOCOMHMX
naTosorin.
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Hinsuka nmoasiuoi coipasi [HK

Hyxkneocomumnii piBeHs
JOHK mamorana Ha 6iJIKOBi « HAMUCTUHU» —
OlIKM-TiCTOHY 3 YTBOPEHHAM HYKJIEOCOMHOI HUTKU

CosneHoigHUIL piBeHb
CKpyuyBaHHSA HYKJIEOCOMHOI HUTKHU 3 YTBOPEHHIM
XPOMATUHOBOTO BOJIOKHA — (hibpuau

ITerenpunii piBeHn
ITakyBaHHA XpoMaTUHOBUX (HiOPUI HETIAMU

JoMeHHUI piBeHb

YTBOpeHHS IeTeJIbHUX JOMEHIB, AIKi CBOEI0 OCHOBOIO
Kpiniarsed go 6irkoBoro marpukcy B minaakax JHE
3 BUCOKuM ymictoMm A /T map HyKJeoTUmiB

XpomocomMHUIT piBeHb
Ocranniii (Buiuii) piBeab komnaxkrusarii [JHK. Mi-
TOTUYHA XPOMOCOMA, 110 CKJIAZAEThCA 3 IBOX XPOMa-

Man. 80.3. CtpykTypHa opraHisauia JHK Ha pi3HMX cTagiax KAiTMHHOro umkny (piBHi KOHAeHcauii XpoMaTuHy)

CTpPYKTYpHIi 3MiHM XpOMaTUHY
B KNITUHHOMY LMK

Ilepen mopmisioM KJIITMHU XPOMAaTHUH KOH-
nencyerbead — JHK ckpyuyerbcs i 3a yuacTtio
crueriaJbHUX 0iJIKiB CIIaKOBYETHCA B KOMITAKTHI
cTpyKTypu — xpomocomu. IIlinmsHa ymakoBka
IHK y xpomocomMaXxX IIE€pPEeNIKOIKa€ PO3pUBaM
muTok [ITHK y npomeci moxiny wkaituawm. Ic-
Hye IeKiIbKa PiBHIB KOHAeHcallil XpoMaTHUHY
(man. 80.3). Binku xpoMaTuMHY MOMiISIOTHCS
Ha ocHOBHI I Kuciai. OcuOBHI GinKM mpexmcTas-
JIeHi ricToHaMu, SKi 3a0e3Meuyi0Th IIPOCTOPOBE
yraananuada [JHK. Kucai 6inku xpomaTtuny me-
PEeBa’KHO € PeryJATOpHUMHU Oimkamu abo dep-
MeHTaMu, IO 0epyTh ydyacTb y MeTabosismi
HYKJIEITHOBUX KHUCJOT.

0 Kniouosa iges

Mepepn noginom KNiTMHM XPOMaTMH YNaKoBYETbCA
B KOMMAKTHI CTPyKTypu — Xxpomocomu. LinbHa
yrnakoBKa MnepelKkoaa€ po3pueam HuUTok [HK
y npoueci noginy. EnemeHtapHoi0 oguHuueto yna-
KOBKM XPOMAaTUHY € HyKneocoma.

@ MpakThyHa poboTa

BueyeHHs 6y008U XpoMOCOM HA nocmiliHomy npe-
napami 2i2aHmMcbKUX XxpoMocom Momunasa

1. Po3rnsaHbTe 3a 36inblueHHA MiKpockona 64X no-
CTINHUIA MiKponpenapaT CAUHHWUX 3a503 MOTWAA
1N 3HaWAITb HAa HUX KNITMHW, NOTIM — AApa KNiTWH.
2. Po3rnaHbTe Apgpa 3a 36inblieHHA MiKpocKomna
160X. 3HaNAITb y HNX BeNIeTeHCbKi XPOMOCOMMU, AKi
CXOXi Ha MOCMYroBaHi MiHil 3i «3gyTTAMM» Ta Mpo-
30py Kapiornnasmy.

3. 3amanionTe 3HaMAeHi XPOMOCOMMU N MigNULWITh
IXHi YacTnHW.

4. ChopmynioiTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. flke 3HauyeHHA AnA OYHKLIOHYBaHHA reHomy Mma-
I0Tb Pi3Hi piBHI yknagaHHA [OHK? 2. Y ckinbku pasis
3MEHLYITbCA NiHINHI PO3MipU XPOMOCOM 3a MaKCu-
MasibHOI KOMMaKTu3alii XxpomaTuHy (MOPIBHAHO 3 MO-
asinHoto cnipannio OHK)?
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§ 81. MitoTnuHum noain

0 [omipkynTe

Yomy MiTO3 He MOTPibHWI GakTepiam?

Q 3raganTe

» bygoBa KnituHm o KNiTMHHUM unkn

« IHTepdaza » XpomaTuH

» Xpomocoma

3aranbHa cxema i 6ionoriyHe 3HayeHHA
MITOTUYHOIO NOAiny

MiToTHYHUH MOTiJI — IIe CI0ocib HempsaMoro
nofisly eyKapioTMUHMX KJIITWH, 3a SAKOTO Te-
HETUYHHUUN MaTepiajs piBHOMIpHO PO3IOAIIAETDH-
cd MiK mouipHiMm KiaitTmHamMu. Y pesyabTaTi
MiTOTHYHOTO TOMiJIy YTBOPIOIOTHCSA ABi MOuipHi
KJITUHU, SAKi € TOYHOI0O T€HEeTHUUYHOIO0 KOIi€lo
MaTepuHCbKOI KiaitTuHu (man. 81.1).

Ot:ke, 3aBEAHHAM MITOTHUYHOI'O IOJiJIYy €
TOYHE KOIIifOBaHHS reHeTnUHOoi indopmarrii i Bia-
TBOPEHHA YMCJIEHHUX KOTMi# (KJIOHIB) BUXimHUX
KiaiTuH. OcCHOBHUMU OioJIOTiYHMMU IIpOIlecaMu,
AKi peaJsisyroTbCcd 3a PaXYHOK MiTOTHYHOTO IIO-
Iy, € picT opraHiamiB, pereHeparis opraHiB
i TKAaHWH, a TAaKOYX HecTaTeBe PO3SMHOYKEHHS.

InTepdasa

2n2c

Pennikauin
AHK

2n4c

/N

Mitos
2n2c 2n2c

Man. 81.1. 3aranbHa cxema MITOTMYHOrO noginy. 2n — pu-
NnoigHe Yncno XpoMocom, 2¢ — Kinbkictb AHK y gunno-
inHomy Appi, 4c — nopBoeHa Kinbkictb JHK B Agpi nicna

pennikauii
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[igrotoBKa KNiTMHW O MITO3Yy

Ha cragii S inTepdasu BimbyBaeThcA pemi-
kamia [JHK. ¥V pesyabrari 3arajbHa KiJIbKicTb
TeHEeTUYHOTO MaTepiasly B KJITHHI MOABOIOETH-
ca. Komii monmexkyn IIHK, 1o yTBopmauca mifn
yac perikarii, He BiJOKPeMJIIOIOTHCA OAHA BiJ
ONHOI, a 3aJuINalThCA 3’ €THAHUMHU B TiJIdH-
i meHTpoMepwu — TaK MaiOyTHI XpoMocoMu
HabyBatoTh X-momi6uoi ¢gopmu. I1i Komii Hasm-
BalOTh CECTPUHCHKHMMH XPOMATHAAMM, BOHU €
a0COJIIOTHO iTEHTUUYHUMMU.

Ho kiuma inrepdasu KIiTuHA Mae TOABOEHY
OHEK, 36imbIiiieHunii 06’eM IUTOILIa3MU, 301IbIIIe-
He Ymcjio MeMOpaH Ta iHIITMX opraHes, a TaKOoK
sanmac AT® npna 3abesmeueHHs BCiX IIpoIecis
eHeprieo.

Cragii miTo3y

MitoTuuHMHA IOAIJI CKJIAZAETHCA 3 JBOX CTa-
oift — mominy KiaitTuaHOTO Axpa (MiTo3, abo ka-
piokines) i posmominy nmuronsasMu (UTOKiIHE3).

MiTos ckiaamaeTbcAd i3 YOTHMPHOX CTamiit —
npogasu, memagasu, anagasu i menopasu.

CepenHsa TpuBaJicTh MiTO3y — 1-2 roguHu.
HaitmBuaiie giiaTbess eMOpPioHAIBHI KJIiTHHU.
Tak, n1pobeHHA AUIEKJIITHHN BifOyBaeThCcA 3a
10-40 xBusmH. MiTO3 Yy POCIMHHUX KJIITHHAX
TpuBae 2—3 TOAWHU, MIiTO3 y KJIITHHAX TBapUH
BimOyBaeThcA miBuaiie — 0au3bko 30—60 xBu-
JIVH.

MopdonoriyHa 6ygosa metadpasHoi
XPOMOCOMU

Sk Bam yKe BimomMo, XpoMocoMu Ha CTa-
Iii meradaszym MaKCcUMAaJbHO MIiLJIBHO CIIaKOBaHI
(6yzoBy mMeTaasHOI XPOMOCOMY BU BUBUAJIU Pa-

A

MetaueH-  CybmeTaueH- AKpoLeH- Tenouen-
TpUYHa TpUYHa TpUYHa TpUYHa

Man. 81.2. Knacudikauis xpomocom 3a Mopdonorieto
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Cragii miTo3y

IIpogasza
Xpomocomy XpoMaTUH KOHAEHCYEThCA, IIiJi MIKPOCKOIIOM CTalOTh IIOMIiTHI OKpEMi XpOMOCOMMU.
KosxHa xpoMocoMa CKIagaeThCs 3 BOX iTEHTUUHUX CECTPUHCHKUX XPOMATHUL.
SnepHa 060sI0HKA i AfEpIle PYHHYIOThCA. ¥ IIUTOIIa3Mi POPMYETHCS BePETEHO
mozity.

<W§"f¢»

flnepHa / Tpusasicts: 30 xB — 1,5 roguHu
060/10HKa
Meradasza
Hurku BepeTeHa moijly IpOCTATAIOTHCS MisK IIOJIIOCAMU KJIITUHU. XPOMOCOMK
MINKYIOTHCA Ha €KBATOPi KIITUHYN, TPUKPIIIOITHCA IIEHTPOMEPaMU 10 HUTOK
) BepeTeHa, yTBOPOIOUN MeTadasHy IJIaCTUHKY.
Mikpotpy- TpupaiicTs: 10 1 XBuINHA

6oUKN — =

Anacgasa
Xpomatnan ——— CecTpUHCBHKI XpOMaTHUIU BiJOKPEMIIOIOTHCA OHA Bii OJHOI i TPOCYBAIOTHCS
y3I0B:K HUTOK BepeTeHa M0 IMMPOTUJIEKHUX ITOJI0CiB KiiTuHu. Big iboro MoMeHTyY
CEeCTPUHCHKI XpOMaTUAU CTAIOTh OKPEMUMHU JOUiPHIMHU XPOMOCOMAaMMU.
TpusasicThb: 2—3 XBUIUHU
Tenodasza

Xpomocomu (OLHOXPOMATHUIHI) 30MPAIOTHCA Ha MPOTUIEIKHUX MOJTI0CAX KIITUHA
1 OTOUYIOTHCS ANEPHUMU 000JIOHKAMY — BUHHUKAIOTH JBA HOBUX KJIITUHHUX AIpAa.
DopMyIOTHCA ANEPIS, JeKOHIEHCYEThCA XPOMATIH, 3HUKAE BEPETEHO IOLIy.
Tpusasicts: 20—30 xBuIMH

[HouipHi KNiTuHM

mime) (man. 81.2). BoHr KOMIIAaKTHO PO3TAIIIO- @ MpakTryHa pobota

BaHl B ALIAHNI eKBaTopa KiiTWHH 1 HAHOLIBI Bue4eHHA cmadili Mimo3y Ha npenapami KopiHysa

3PYUHi AJid BUBUEHHS MiJ] CBiTJIOBUM MiKPOCKO- yubynuHU
nom. Came Ha MeradasHUX MiKpompemaparax 1. TomicTiTb MmiKponpenapat mig Mikpockon
BH3HAYAKTh KaplOTHUII. Ta YBaXHO PO3rAHbTE KNITUHW. 3HANAiTb KNITUHWN,

[lizHanTeca binbue

LleHTpOMepHi 4acTMHM XPOMOCOM npeacTaBneHi
reTepoxXpoMaTVHOBUMUN AiNAHKaMW, WO MiCTATb
6aratopasosi nostopu [HK. Kpim noegHaHHsA ce-
CTPUHCbKMX XpomaTtug, LeHTpomepa bGepe yyacTb
y dopMyBaHHi KiHeToxopa — cKnagHoro 6inkoBo-
ro KOMMJIEKCY, AO AKOro MPUKPINIOTbCA HUTKU
BepeTeHa nopiny.

0 Kniouosa iges

MiToTnuyHMIA nogin — uUe cnoci6 HenpAmoro no-
Ziny eyKapioTUYHKX KNITUH, 3a AKOro BifbyBaEeTbCA
TOYHe KOMiloBaHHA reHeTUYHOoI iHdopmalii, i re-
HETUYHUI MaTepian PIBHOMIPHO PO3MOAINAETbCA
MK JOYIpHIMW KNiTMHaMK. 3aBAAKM MITOTUYHOMY
nopiny BiaOyBaloOTbCA PICT, pereHepaLia i HecTa-
TEBE PO3MHOMEHHS.

WO [inATbCA, Ha PI3HUX CTafiAax MITO3y Ta iHTep-
dasHi KniTnHW.

Mopada. LWo6 3HanTK BCi cTagii MITOTUYHOTO LMKy,
nepecyBanite npenapar.

2. 3amantonite KNiTUHM Ha Pi3HMX CTagiax MiTOTUY-
HOrO LMKIy.

3. CoopmynioinTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

\g

¢da3

LeH
AKO

1. [na npuroTyBaHHA XPOMOCOMHUX Mpenapartis

NOAVHN BUKOPUCTOBYIOTb BEHO3HY KPOB. fIK BM BBa-
»KaeTe, XPOMOCOMM AKX KNITUH KPOBi BMBYAIOTbCA Nif
MIKPOCKOMOM — epuTpouuT um nenkoumtn? 2. Ynm
MOXHa MPUroTyBaTK KapionoriyHi npenapatn 3 meTa-

HUMW NnacTuHKamu HenpoHis? 3. Lo craHeTbca

B pe3ynbTaTi MiTO3y, AKWO OfHA 3 XPOMOCOM YyTpaTUTb

Tpomepy? 4. MNMomipKyiTe, Ak 61 NWna eBonioLis,
N He BMHUWK MITO3.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 82. LinTokiHes. Perynauia i nopyweHHA npouecy mMiTto3ly

0 [omipkynTe

AKMMU MOXyYTb OYTV MOPYLUEHHS MITO3Y, AKLIO
OfjHa 3 XPOMOCOM BTPaTUTb LieHTpomepy?

Q 3raganTe

» bygoBa pOCAVHHOI KNiTUHN
e KniTmHHa cTiHKa

LinTokiHe3 y pocnnH i TBapuH

Hacrynroro cramiero micasa mominy sampa €
IMTOKiHe3 — cTajia mozminy murornaasmu. Llei
IpOIleC 3aBEPIIYETHCA YTBOPEHHAM IBOX OKpe-
MUX JOUipHiX KJituH (Mmaia. 82.1).

Y xigiTmHax TBapuUH i POCIMH ITUTOKiHE3
BiZOyBa€eThCA mMO-pidHOMY. ¥ TBAapUHHIN KJIiTUHI
BUHUKAE MEePeTsKKa IJIadMaTUYHOI MeMOpaHu,
10 OIlepi3ye KJIITMHY TO eKBaTopy. ¥ TBOpeHa
00pO3HA MOCTYIIOBO IIOTJIMOJIIOETHCSA i, BPEIITi-
PeIT, Po3aijde IUTOIJIa3dMU HOUipHiX KJIITHH.

Y pociuMH y IEeHTPi KJIiTHHU yTBOPIOETHCA
KJAIMUHHA NAACMUHKA, SKA PO3POCTAETHCA 3Ce-
penvHU i 3peIToio MOBHICTIO PO3AiIAEe HOUipHi
KiaitTuau. Tarkuii cmoci®é posmijieHHs IIUTOILIa3-
MU 3yMOBJIEHUIT HAABHICTIO KOPCTKOI KJIITUHHOL
CTiHKY POCJIMH. ¥ AeAKUX MiCIIAX Mi¥K POCJIMH-
HUMH KJiTmHaMu 306epiraioTbCcsA ITUTOIIa3Ma-
TUYHI KaHaau i GopMYyIOThCA NJAA3MOOECMU.

He zaBxxam mopmin saapa cynpoBOIKYETHCA
TOIiJIOM ITUTOMJIA3MU. ¥ Pasi IMOPYIIeHHs IIUTO-
KiHe3y popMyOThCA ABOAAEPHi abo HaBiTH Oara-
TOAREPHI KIiTrHY (cuMILIacTu). I3 Takux KIiTuH

a 6

Man. 82.1. LnTokiHe3 y pocnuH (a) i TBapuH (6)
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[lisHalTeca 6inblue

LinTokiHe3 MoxHa 6110KyBaTH LUTYYHO 3a JOMOMOTOH
OeAKMX XiMIYHVX PeYOBVH, HaMpUKIag LuToxanasiHy.
Tak MOXKHa OTPMMYBaTU KNITUHWU 3 4, 8 i Ginbwunm
yncaom faaep.

CKJIaIalOThCA, HAIPHUKJIAL, Milesaiii 6ararbox
rpubiB Ta BOJOKHA CKeJIeTHOI MYCKYJATypH.

MopyLUeHHA Npouecy MiTo3y

SAxio HopMaIbHMH ITepebir MiTO3y IIOPYIIy-
€ThCS, TO YTBOPIOIOTHCA KJIITUHU 3 He30aJIaHCo-
BAaHUM T€HETHUYHUM MaTepiajiom.

HeposxomxkeHHA CECTPUHCHKUX XPOMAaTHU]L
B aHadasi IpPU3BOAUTH A0 MOABOEHHSA YKUCJIA XPO-
MocoM — moJaimaoimii. Taxke MOMKJINBO, AKIIIO
3 IeBHUX IIPUYUH He (DOPMYETHCA BEPETEHO II0-
mimy abo K He PYHHYIOTBCA Koze3iHu — OiJIKH,
AKiI yTPUMYIOTh CECTPHUHCHKI XPOMATHUIN PA3OM.

SIKIII0 XpOMOCOMH PO3XOAATHCA O IIOJIIO-
CciB KJITUHM HEePiBHOMiIpHO, CIIOCTepiraeTnhcsa
aHeyILIoiNiss — HecTaua abo HaABHICTH 3aliBUX
XPOMOCOM Y OOYipHIX KJIITMHAX.

YacTkoBa BTpaTa TeHETHUYHOTO MaTepiaay
B XOIi MiTO3y MOJKJIMBa BHACJiIOK (pparmenTa-
mii xpomocom. [lesaki ximiuni peuoBuHU, Bipycu,
MOHi3yI0Ue BUIPOMIHIOBAHHS Ta iHIN YMHHUKU
CHOPUYMHAIOTL PO3PUBU XPOMOCOM. XPOMOCOM-
Hi QparmenTu 06e3 IEHTPOMEPHUX TiJITHOK He
MOYKYTh NPUKPINUTHUCA O BepeTeHa NOOJiay,
He PO3MOIiIAKTHCA A0 HOBUX KJIITMHHUX ANEP
i pyHHYIOTBCSA B I[UTOILIA3Mi.

[lisHanTeca 6inblue

[JleAaki nopylueHHA MITO3y BMKOPWCTOBYIOTb y MpaK-
TUYHUX LinAax. XiMiyHi peyoBMHY, LIO NepeLlKkoa,a-
0Tb YTBOPEHHIO HUTOK BepeTeHa Moginy (KOnXiuuH,
KOJILeMif, TOLWO), BUKOPUCTOBYIOTb ANIA OTPUMAHHA
noninnoigHMx KnitnH. lNoninnoigusauia € ogHMm
3 MeTOAiIB CTBOPEHHA BMCOKOMPOAYKTUBHUX COPTIB
CiNnbCbKOrocnofapcbkux pocavH. PocnmHu 3 no-
NiNAOIAHMMK  KNITMHaMU MatoTb Ginblwi po3mipu
i 3amacatotb Ginblue MOXMBHMX PeYoBUH. KonxiumH
BMKOPUCTOBYIOTb TaKOX Yy LMTONOFIT ANA 3YMUHKN
KNiTMHHOrO MopAiny Ha cTtagii metadasu, wWob otpu-
MyBaT\ MiKpornpenapaTu KniTuH, AKi AinATbcA.



BinkpuTtnii opTomiTos 3aKpuUTUIN NIEBPOMITO3

Man. 82.2. Tunu mito3y

¥V misomy mopyIIeHHS MiTO3y TPAIJIAIOTHCSA
pizko i He mepeBuIyoTh 1% , IpoTe BOHU Yac-
TiMIal0Th 3 BIKOM OpraHiaMy, y pasi oHKOJIOTiU-
HUX 3aXBOPIOBaHb, BipycHHUX iH(eKIil, micias
pPaZliocaKTUBHOTO ONIPOMiHEHHS.

Tvinun mito3sy

OcuHoBHa KJacudikaria TUIriB MiTO3y I'PYyH-
TYeThCS Ha CTaHi AmepHOl 000JOHKH B IpoIlieci
moainy. 3a BiZKpMTOro MiTo3y 000JIOHKA sAIpa
PYAHYETHCSA, i BepeTeHO MHOIiJy YTBOPIOETHCS
B IUTOIIJIa3Mi. 3a 3aKPHUTOT0 MiTO3y DPYHHY-
BaHHA sa7epHOi 000JOHKM He BimOyBaeThCsd,
a YTBOpPEHHs BepeTeHa i MiTO3 BiZOyBaOThCS
BCepeauHi Axpa.

ITe oxma racudikaiia BpaxoBye CUMETPii0
BepeTeHa. 3a OPTOMITO3y BEPETEHO CUMETPUUHE
IT0JI0 eKBaTopa KJIITHHU. 3a IJIEeBPOMiTO3y Be-
PeTeHOo CKJIANAETHCA 3 JBOX YACTUH, AKi MOXKYTH
pOS3TaNIOBYBATHUCSA Tifi KYTOM OJHA IO OJHOI.

JJis TBApUH i BUINTUX POCJUH XapaKTepHUN
Bimkputuit opromitTos. EBosoniiino maBHimImum
BBasKalOTh 3aKPUTHUI IIJIEBPOMiTO3, HAIPUKJIA,
y ApikmxoBux rpubiB (mas. 82.2).

PisHoBumoM MiTO3y € eHaoOMiTO3, 3a SIKO-
r0 XPOMOCOMH IIOABOIOIOTHCSA, aje MO Aapa
i KJIiTuHU He BimOyBaeThCcs. Y pesyJbTaTi B On-
HOMY AAPi HAKOTMMUYYIOTHCA YHUCJIEHH] KOmii Xpo-
mMocoM. SIKITO IIi KoImii He PO3XOomAThCH, a 3a-
JIUIIAIOTHCA 3YEIJIEHUMU Pa3oM, YTBOPIOIOTHCS
riraHTCBKiI mositeHHi xpomocomu (Mmas. 82.3).

0 KnioyoBa iges

LinTokiHe3 — cTagia noginy uutonnasmu, Aka
3aBepllye MOAIN YTBOPEHHAM [BOX OKpemMux
JOYIPHIX KNITWH. YCi cTagii MITOTUYHOro MOAiny
KOHTPOJIOKTbCA | PerynioTbca crneuianbHUMm
6iNKOBMMM KOMMeKcamu. YHacnifok nopylueH-
HSl MPOLeCiB MITO3y BMHUKAE He3banaHCOBaHWUN
po3nopfin reHeTMYHoro Mmartepiany (noninnoigis,
aHeynnoigia).

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

-

Man. 82.3. lNoniTeHHi xpomocomu

Perynauia npouecy mito3y

¥V 3amycky moyaTKOBHUX CTaAiil MiTo3y (mpo-
dasu ¥ meradasu) aKTUBHY ydyacThb Oepe uu-
KJMiH-KiHA3HUll Komnaekc (0iIKU IUKJIiH-KiHa3a
W mMuKJIiHN). BOHM KOHTPOJIIOIOTH YKJIATaHHS
i posmana BepeTeHa IOAiNy, PyHHYBaHHS 1 Bin-
HOBJICHHSA sifiepHUX 000s0HOK. Kpim Toro, Bimo-
Mi iHIIL TUIM KiHa3, AKi peryJioioTbh KOHIEH-
caliro XpomMaTuHy, 30MpaHHS BepeTeHa IMIOMiIy
i TpuUKpimJIeHHA OO HBOTO KiHETOXopa, IIOHiJ
CeCTPUHCHKUX XPOMATH].

AxTuBania anagasu BigOyBaeTbecA I gi€io
iHIIOTO OiJIKOBOTO KOMIJIEKCY — UUKJIOCOMU.
IMukaocoma mMomudirkye mesaxi OiJIKuM Tak, IO
BOHU HaJaJIi pyHHYIOThCSI. 30KpeMa, akTUBHICTD
IUKJIOCOMHU IIPU3BOAUTL OO0 PYHHYBAHHS K02e3i-
HYy — OinKa, AKUH YTPUMYE CECTPUHCBHKI Xpo-
matunu pasoMm. OgHiI€O 3 TOJIOBHUX «MilleHer»
IMUKJOCOMH € ITMKJIiHU.

[lisHalTeca binblue

Ha KOHTPOSbHIN TouLi KNITMHHOTO LMKIY MiX iHTep-
ba3olo Ta MiTO30M nepeBipAETbCA pe3ynbraT peni-
Kauii HK: sikwo pennikauina He 3aBeplueHa abo npu-
3Bena A0 YNCNEHHUX MOMUIIOK, TO MiTO3 BNOKY€ETbCA.
Llle ogHa KOHTpoOnbHa TOYKa po3ginae metadasy Ta
aHadasy: AKWO BepeTeHO nodiny Mae pedektn abo
[0 HbOro MPUVKPIMEHi He BCi XPOMOCOMM, TO aHa-
¢dasa 6nokyeTbcA.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Aki nepeBaru i AKi HepQoONiIKM Hafa€ KiTMHaM
6aratoagepHictb? 2. HaBiwo Aesknm Komaxam no-
TPi6HI noniTeHHi xpomocomun? 3. flke eBoniouiiHe Ta
NpakTUYHe 3HaYeHHA Ma€ noninnoigmnsauia? 4. 3Haouun
XapakTep LWKignnBoi Aii NOHi3yo4oi pagiauii Ha xpo-
MOCOMM, MOACHITb, YOMY OAMH 3 FONOBHUX CUMMTOMIB
npomeHeBoi XBOpoby — aHemia («6inokpis'a») — Bu-
ABNAETbCA He Bifpasy, a uepes Aekinbka MicAuis nicna
ONpoOMiHeHHA. AKi TKaHWHW N CUCTEMW OpPraHiB ypa-
XKaloTbCA Yepe3 NPOMeHeBY XBOpoOy B mepuly uyepry?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 83. Meio3

0 [omipkynTe

AIK MOXHa [JOBeCTM, WO peKomOiHaLia reHeTny-
HOro MaTepiasny BigbyBa€eTbCA Mif Yac mepLioro
noginy menosy, a He nig 4yac gpyroro?

é 3raganTe

» Xpomatugm » fomonoriuHi xpomocomu

o Mito3

Mewos

Meiio3 — 1e HempAMHUN NTOMiJ KJIiTHHH,
Y pes3yJabTaTi SAKOr0 YTBOPIOIOTHCS UYOTHUPU Ta-
IJIOIAHI MouipHIi KJIiTHHU i BimOyBaeThCAa peKoOM-
Oimarisa remermuHoro marepiaay (maa. 83.1).

IIpomec wmefiody cRJIamHIIMUN ITOPiBHAHO
3 MiTo3oMm. BiH cKiIamaeTbeA 3 ABOX IMOCIiTOBHUX

2n2c¢ Intepdaza

¢ Pennikauia JHK

YN

1n2c Meitos | 1n2c
/ \ Meiios II/ \
Tnlc Tnlc Tnic Tnic

Man. 83.1. 3aranbHa cxema Menosy. 2n — AUNNOIgHE Ymnc-
JI0 XpOMOCOM, 1n — rannoigHe YMcio XPOMOCOM,
2¢ — kinbkictb AHK y annnoigHomy Afpi, 4c — noABoe€Ha
KinbKictb AHK B Agpi nicna pennikadii, 1¢ — Kinbkictb OHK
y rannoigHomy Aapi

®a3zun menosy |

IIpogasza I . - .. .
BinbyBatoTbca nporecu, moni6Hi mpodasi MiTo3y: XpoMaTUH KOHIEHCYETbCA, AleP-
Xpomocomu Ha 000JI0HKA Ta Aeplie PyHHYIOTbCA, Y IIUTOILIa3Mi (POPMY€ETHCA BEPETEHO MOALTY.
\ =2 VuikanpbauMu a1 npodasu I € nporecu peKkoMbOiHaIil reHeTUYHOT0 MaTepiaty.
a l%" BinbyBaeTbcs KoH’forallid rOMOJIOTIYHIX XPOMOCOM — T'OMOJIOTiUHI XpoMocoMu
o 6gilco>:ia MOTapHO 30JMKYIOThCS 1 3’€AHYIOTHCS OfHA 3 OJHOIO 110 AoB:KuHi. aii BigoyBa-
€ThCA KPOCUHTOBEP — OOMIiH JLIAHKAMM Mi FOMOJIOTIUHNMM XPOMOCOMAaMK
Meradasza I
l% Y meradasi I romosoriuHi XpoMOCOMH IITe 3aJIUINAIOTHCS 3UCIIJIeHUMU OTHA 3 O~
d YO RN HOIO monapHo. TaKi mapu roMoJIOTiYHIX XPOMOCOM Pa30M IPUKPIMIIOIOTHCS 10
\\1% 4 HHUTOK BepeTeHa MOJilLy
Amnagasza I

Tomomoriuni xpomocomu (HE cecTpuHCHKI XpomMaTuam, AK y MiTosi!) BifoKkpeMo-
IOThCA OHA Bif 0mHOI i pyxXaioThcsa Y3I0BXK HUTOK BepeTeHa [0 IPOTUIEKHUX I10-
sarociB kiritTuau. KoskHa xpoMocoMa, AK i paHilne, CKIagaeTbes 3 JBOX XPOMATHL.
Amnapasa I € e ogHiero cTagiero Meitosdy, Ha AKiil BifOyBaeThCA reHEeTUYHA PEKOM-
OiHamisa — He3aJle’KHE PO3XOAKEHHA TOMOJIOTIYHUX XPOMOCOM [0 IIPOTUJIEIKHUX
IIOJTIOCIB KJIITUHUI

A K
AR 4
Tenodaza I

7S TN
4 \ 4 \
I& 1 lt 1
\ /7 \ /7
~_ 7 ~N_ -

[HouipHi KNiTUHK

Xpomocomu (ABOXPOMATHUIHI) 30MPAIOTHCA HA IPOTUIEKHUX OJI0CaX KJIITUHA.
Ix umcio sMeHIIIeHO Y 1Ba Pasy, OCKiTBKY JO KOKHOTO IOJIIOCA Bimifiniia Tinbku
O0JlHA TOMOJIOTiUHA XpoMocoMa 3 mapu. TakuM 4YnHOM BifOyBaeThCSa PEAYKILisa UuC-
Jla XpPOMOCOM i YTBOPEHHS ABOX TaIlJIOIAHUX AOYipHIiX KJIiTUH
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Ma3un meniosy Il

IIpograza 11

€ @

Meradasa 11

JAY

L
VAR

Amnadasa I1
7\ N
(.7(4 [ =] ‘-

N N/

XpomaTtngn

Tenodasza II
/’(_ \ 1Sy
1 1 1 1
\ ﬁ/ Ny
// - \\ ,/ - \\
1/ gl 1 s 1
\ 4 \Cx>—/

Bin6yBaeTncsa
KOHJeHCAIlisT XPo-
MaTuHy. IgepHa
000JI0HKA 1 simepIre
py#HyloThCA. POp-
MY€ETHCA BEPETEHO
moaisry

XpomocomMu MIUKY-
IOThCA Ha eKBaTOPi
KJIITUHY 1 TpuKpin-
JIIOIOTHCS IEHTPO-
MepaMu 0 HUTOK
BepeTeHa MoIiTy

CecTpUHCBHKI Xpo-
MaTUIU BiOKpeM-
JIOIOTHCA OJHA Bif
onHOI i pyxaroThscda
Y3I0BIK HUTOK
BepeTeHa MOAiaIy 10
MIPOTUJIEIKHUX II0-
JIIOCiB KJIiTHHHI

Xpomocomu 36upa-
IOThCA Ha IPOTHU-
JIeXKHUX TIOJI0Cax
KiaitTuaH. Ix yncto
rarJjioigHe, BOHU
ONHOXPOMATHUIHI.
JeKoHIeHCYEThCA
XpoMaTuH, Gpopmy-
IOTHCS HOBi AepHI
000JI0HK U

ITicona mominy muTo-
IJIa3MU BUHUKAIOTh
YOTUPU JOUipHi
ramjioigHi KJIiTUHH.
Kosxua kiriTuna
Mae€ YHiKaJbHY
KoMOiHaIito rese-
TUYHOTO MaTepiasry

0 Kniouosa iges

Mewo3 BkoYae ABa MocnigoBHi noginu. Y pe-
3ynbTaTi ABOX MOAINIB YTBOPIOKWTLCA YOTUPU [AO-
YipHi KNiTUHKW, AKI € rannoigHMMN N FeHeTUYHO
YHiKanbHUMU. PekombiHaLlifa reHeTUYHOro Matepi-
any BifbyBaeTbca y npodasi 1 aHadasi menosy |
(KpocmHroBep i He3aneXxHe PO3XOOMEHHA FOMO-

NOTiYHUX XPOMOCOM).

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

0 [lisHalTeca binbLue
Yncno MoXnmBMX KOMOGIHALii XPOMOCOM y rameTax

YHaCniJoK He3aNieXXHOro PO3XOAXKEHHA XPOMOCOM
B aHada3si | JOpPIBHIOE 2n, e N — YKCNO XPOMOCOM
rannoigHoro Habopy. Hanpwvknag, y NioguHM 4ncio
TaKUX KOMOiHaUin ctaHoBUTb 22 = 8 388 608.
AKWwo BpaxyBaTy BMNAAKOBY 3yCTpiy rameTt nij
4yac 3anMigHEeHHA, TO YNCIO MOXKIMBUX KOMbGiIHaLin
B OAHi€l 6aTbKiBCbKOT Mapu CTaHOBUTb 22 X 2% =
= 70 368 744 177 664 abo 6nunsbko 7,04 x 10,
[nAa nopiBHAHHA — umMcno 3ip y Hawin lanaktuui
OLiHIOTb BennuYnHo nopaaky 10'-10'2

noxitiB. EBOIONITHO I1i TTOAiIM Meli03y BUHUKJIN
Ha OCHOBi MiTO3y, ajie 3 JeIKUMU BUAO3MiHAMMU.

Ilepmuit momin, a6o meiio3 I, HasuBaeThCA
penykuiiitaum. Came B xomi Mmeiiosy I BimbGyBa-
IOThCA HAWBAMKJIUWBIII MeloTWuHiI moxmii — pe-
OIVKIIig upmcja XpPOMOCOM i perKoMOiHallis re-
HeTHUYHOro Marepiany. ¥ pesyabrarti meiiody I
YTBOPIOIOTHCA OBl ramiIoigHi mouipHi KJaiTuHHU,
KOKHA 3 AKMX IN'eHETUYHO YHiKaJIbHA.

Hpyruii moxin, abo meiios II, HasuBaeThcA
exBaiitanM. Moro npomnecu mo cyti anasoriuni
mporecaM 3BMYaHOTO MiTO3y. KoskHa 3 mBOX
ramjJoifHUX KJITHH, IO YTBOPUJIUCA B MiTO-
3i I, minmuTbea 1me pas. ¥ pesyabTaTi cyMapHO
YTBOPIOIOTHCS UYOTHPU AOUipHi KJaiTmHu. BoHuU
ramioifHi ¥ HecyTh yHiKaJabHI KoMmOiHarii re-
HETWYHOIO MaTepiasy.

Da3un menosy

Ilepen meiiosom, B inTepdasi, BizdyBaeThcsa
pemrikamia IHK. OT:ke, KoyKHa XpoMocoMa Ha
MOYaTKy MEMN03y CKJAaJa€ThCA 3 JBOX CECTPUH-
CBbKMX XPOMAaTHUA — ABOX TOUHUX KOIIiii.

Koxuanit moxin meiiody momisisgioTh Ha YO-
Tupu dasu — npogasy, memaga3y, aHapa3y
i menogasy.

Besmocepenubo 3a mepiiuM mIoAiJIoM Meio3y
ITPOXOAUTEL Apyruit moxis. Mimk mopmimamm He-
Mae BUpakeHoi iHTepdasu i He BigbyBaeThcA
pemrikamia [THE.

03aﬂl/ITaHHH Ta 3aBaHHA

1. Aki nogii B xoAi Meno3y CNpUYMHIOTb 3MEH-
WWEeHHA YMcila XPOMOCOM yABiYi? 2. Ak BM BBakae€Te,
Ha AKMX eTanax Meno3y MOXyTb BUHMKATVA MOMUWMKU,
O NPU3BOAATb AO XPOMOCOMHMX MyTauin? 3. Y yomy
NONAra€ PisHULA Mi>K KDOCMHIOBEPOM i TPaHCIOKaLli€n?
4. Yn moxnuBi KOH'torauisi i KPOCMHroBep Mix napoto
ctateBux xpomocom X i Y? Yomy?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 84. bionoriuHe 3HauyeHHA meno3y. [opyweHHA meno3y

0 [omipkynTe

[nsa yoro noTpibHMI mMeno3? Yn focTaTHbO
ANA penpoayKuii opraHiamiB TinbKyu MiTo3y?

Q 3raganTe

» KpocnHrosep
o He3anexHe po3XopKeHHsA XpOMOCoM B aHadasi |

BionoriyHe 3HaueHHA Meno3y y TBapuH

i pOCNVH
Biosoriunoo GyHKITi€l0 Melio3y € BUPOOHHU-
IITBO TaMeT — TaIlJIOIZHUX KJITWH, cIeriaJi-

30BaHUX JJIA CTATEBOT'0 PO3MHOKeHHA. Ilicis
3aIJIiIHeHHA SAApa ramioigHux ramet (n) 3aum-
BalOTHCA, YTBOPIOIUYU BUTOTY, i AUOIOITHUWI
Habip xpoMocoM BimHOBIIOETHCH (1 + n = 2n).
Takum umHOM, Meiio3 BiJ MOKOJIIHHS OO IIO-
KOJIHHA TiATPUMYE€ CTAJNiCTh XPOMOCOMHOTO
Ha0Opy BUAY IIiJ Yac CTATEBOr0 PO3MHOMKEHHS
(man. 84.1).

ITpomecu, mio BimOyBaioThCA B XOAi Meiio-
3y, € OCHOBOIO KOMOIHATHMBHOI MiHJMBOCTi Op-
raHismiB. PekoM0OiHAaIlisl TeHETUYHOTO MaTepiaxy
B Melio3i Bij0yBaeThCsA Ha MBOX eTalax: y Ipo-

batbkun

Meno3 (nig yac
rameToreHesy)

lameTn (cnepmato3oigun
Ta ANLEKNITUHN)

3anniaHeHHA
3urota

[louipHin opraHi3m

Meros (nig yvac
rametoreHesy)

[ameTn (cmepmato3soigun
Ta ANLEKNITUHN)
Man. 84.1. MexaHi3m 36epexxeHHA AUNNOIgHOro Habopy
XPOMOCOM Mifi YacC CTaTeBOr0 PO3MHOXEHHA
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>~ ——— Xpomocoma

Metadasa

= KineToxop
/<
MikpoTpy6ouku
MNpasunbHe
f@ ~_ PO3XOMKEHHS
AHadasa

HenpasunbHe
PO3XOXKEHHSA

Man. 84.2. Hepo3xopaeHHA xpomocom B aHadasi Il

(dazi I (kpocunrosep) Ta anadasi I (HesansexkHe
POBXOMKEHHS TOMOJIOTiUHMX XpomocoMm). Tak
IOCATAaEThCs IIepeKoMOiHyBaHHSA I'eHiB 0aTbKiB,
10 30iJbIIye TeHeTUYHY MiHJMBICTH cepejn Ha-
mIagKiB.

Pexkom6iHalliss TeHETHYHOTO MaTepianay min
yac Meho3y 1 CcTaTeBOT0 PO3MHOXKEHHS BUSBU-
Jacs BUTIIHUM €BOJIOIHNM HagbauHaM. Bora
30iJIbIITye pisHOMAaHITHiCTH Oprauismis HabaraTo
epexTuBHiNIe, HixK MyTaIii, AKi pigko BimOy-
BalOThCA i He 3aBKAU KopucHi. K Haciimok,
3pocTae eBOJIIOIIiiHA cTiliKkicTh 6GiosoriuHoro
BUAY A0 3MiH cepemoBuiia. IlepeBaskHa O0iJib-
IIiCTh CyYaCcHUX OPTaHi3MiB BUKOPUCTOBYIOTH
II0 mepeBary — PO3MHOKYIOTHCA CTaTEeBUM
nIaxoM (POCJUHU, TBAPUHU, IPudm) abo MalTh
y JKUTTEBOMY IUKJL cTanil reHETUYHOI PEeKOM-
Oimamii (kom’roramia y OaxTepiii).

MNopyweHHA menosy

Y xoxi meiiody MOKYTh BimOyBaTumcsA pisHi
TMOPYIIIeHHA PO3MOAiTy TeHeTUYHOTO MaTepiany,
OCHOBHUM 3 IKUX € HEPO3XOAKEeHHS XPOMOCOM.
Ile HenmpaBuUJIBLHUI PO3MOIiJ XPOMOCOM i yac
aHadasu, y pesyJbTaTi SKOTO YTBOPIOIOTHCA Ta-
MeTH 3 HaAJUIIKOM abo HecTayeid XPOMOCOM
(man. 84.2). Heposxom:keHHA MOKe CTATHUCH
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e iy |
_——
5
lomonoriyHi ,
XPOMOCOMM [ [ '
-
HepiBHun
KPOCUHroBep
! < .~y '.z‘:r"'!_'-.
F o™ N Y
Oynnikauia Deneuis e L r."r;-" 1'_'\
' ST ‘ J-<‘ ”
B S T
Jlowak Myn

Man. 84.3. HepiBHuin KpocrHroeep Man. 84.4. CrepunbHi MixkBmaoBi ribpuan.

Jlowak — ribpua KoHA Ta ocnuui. Myn — ribpua ocna Ta kKobunu

AK y IEepIIoOMy, TaK i B ApPyromMy momiji me-
1o3y. Hepo3xomKeHHSI XPOMOCOM € HPUYUHOIO
TaKUX XPOMOCOMHHUX 3aXBOPIOBaHbL JIIOAWHU,
ak cuaapoMm [layna (3aiiBa 21-ma xpomocoma),
cuagpom TepuHepa (HadBHA TiJIbKHK OJHA cCTaTe-
Ba xpomocoma — X), cuuapom Kiaaiindenbrepa
(maaBHi Tpu crareBi xpomocomu — XXY).
IIle omHMM MOPYIIIEeHHAM MeIHO03y € HepiB-
HU KpocuHroBep y npodasi I, akuit € pesynb-
TATOM HENPABUJILHOI KOH IOoTallii roMOJOTriuYHIX
XpoMocoM. ¥ pe3yJbTaTi HEePiBHOTO KPOCUHIO-
BEePY BUHUKAIOTh XPOMOCOMM 3 TOABOEHOI0 abo
3 BiCyTHBOIO minAHKOI0. I'ameru, 1110 yTBOpPIO-
IOThCA IIPU IIbOMY, € HOCiAMU XPOMOCOMHUX MY-
Tamiin — pymiaikaiiin a6o meseriun (masa. 84.3).
Ho 6GyiokyBaHHSA Me03y IPU3BOAATH IO-
PYUIeHHSI KOH’IOrallii XpoMOCOM IiJ dYac mpo-
dasu I. Yepes 1e Oe3maiganMu € 0arato MiK-
BUAOBUX TiOpuaiB. ¥ MIKBUIOBUX Tibpumis
MMOETHYIOTHCS XPOMOCOMHU OaTbKiB, AKi He Mo-
JKYTh IIOMAapHO KOHIOTyBaTH MiK co06oo 3 pis-
Hux npuuuH (y Habopax OaThbKiB pisHe uwmc-
JI0O XPOMOCOM, XPOMOCOMHU PO3PiBHAMTHCA 3a
CTPYKTYPOIO, CYTTEBO Pi3HATHCA aJiesi).

0 Kniouosa iges

bionoriyHoto ¢yHKUiED Melo3y € YTBOPEHHsA
ramet. YTBOPEHHA ranioifHUX rameT MigTpumye
CTanicTb XPOMOCOMHOro Habopy Buay mif yac
CTAaTEBOr0 PO3MHOXEHHA. PekombiHalia reHe-
TUYHOro Matepiany, wWo BigbyBaeTbcA B Xopdi
Meo3y, € OCHOBOI KOMOIHAaTUBHOT MiHANBOCTI
OpraHi3mis.

CTepuIbHUMU € MiXKBUIOBiI riopuam mMyJa
i gomax (man 84.4). CrepuabHicTh TiOpuaiB
3yMOBJIeHA TOPYIIIEHHAMMN MeNHo3y uepe3 pisHe
YKCJI0O XPOMOCOM y KapioTumi 6aTbKiB: y KOHEN
64 xpomocomu, a B ociiB — 62. Bigmosinmo,
riopuau MamTh HENapHY KiJbKiCTh XpOMOCOM —
63, 1110 He 37aTHI 40 KOH forailii Ta mogajabIInx
IpoIeciB Merosy.

Ha xow’roramiro xpomMocoM BILIMBAalOTH Ta-
KOJK BeJIMKi XpOoMOCOMHIi MyTaIiii, ocobinBo iH-
Bepcii Ta TpaHcJOKAaIrii.

@ MpakThyHa poboTa

lMopieHanbHa xapakmepucmuka Mimo3y ma me-
tio3y. CKnaoaHHA annikayiliHux cxem mimo3sy
U metiosy

1. Po3rnAHbTe Ccxemu, ManioHKKM, MikpodpoTorpadii
ba3 miTo3y 1 merno3y.

3. MNocnigoBHO NopiBHANTe NopAji, AKi BigbyBalOTbCA
nig 4yac neBHUx ¢a3 MiTo3y N menosy. Pesynbrtart
NMOPIBHAHHA NpeAcTaBTe y BUMALI Tabnuui.

4. ChopmynioniTe BUCHOBOK.

03aI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yn moxe HopmanbHO BifgbyBaTUCA Melio3 y no-
ninnoigis? 2. ki cnocobu BM MoXeTe 3anpornoHyBaTy,
Wob6 nojonat MNopyLeHHA Meno3sy B MiXKBUOOBUX
ribpugis? 3. Ak 6w BigbyBanaca esoniouisa, AKO6U me-
NO3 i cTaTeBe PO3MHOMEHHA He BUHWKAW, a MIiTO3
3anuwmnBca 6 EAUHUM Ccnocobom MoAiIny eykapiotTnu-
HUX KNITUH?
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§ 85. Amito3. CTtapiHHA | 3arn6enb KNiTnH

0 [omipkynTe

CKnagiTb CMMCOK 3 5-6 MPUKNaAiB CTPYKTYP XKu-
BMX OPraHi3miB, AKi CNoYaTKy BUHMKaOTb, a MOTIM
penyKyloTbCA B NPoLeCi iXHbOro »KUTTA.

Q 3raganTe

o Mito3 * Melio3

o KniTnHHUM unkn

MNpamuin nogin — amitos

1841 pory HimenbKuii 6iosor Pobept Pemak
OIMCAaB THUII HOAINYy KJIiTuHI, AKoMy 1882 pory
HiMenbKHil muToreHeTUK Banbrep PireMMiHT
maB HasBy amiTos. Ilix vac amitosy axapo inTep-
¢dasHoi coMaTMYHOI KJIITHHU AIIUTHCA HABIiJI
MIJIAXOM YTBODPEHHS MepeTdAKKHU. ¥ Ipoilleci
aMiTo3y He BifOyBaeThbCd KOHJeHcAIlili Xxpoma-
TUHY ¥ YTBOPEHHS XPOMOCOM, He (DOPMYETHCH
BEPETEHO IIOiJy, XPOMOCOMU BUIAJKOBUM UM-
HOM POSIIOALISIOTHECA MiK HOUipHiMU SapaMu.

fAximo e BizbyBaeThCcA MOLAIBIIONO PO3IIO-
Iiay IUTOIJIa3MHU, KJIITHHA CTAa€ MBOAIEPHOIO,
a micJig HaCTYHIHUX aMiTo3iB — OaraTosmepHOIo.
Inoxi amiTo3 3aBepITyeThCA MOAIIOM ITUTOILIA3-
mu. ITpu nmpomMy remeTuyHUl MaTepiaa PoO3IMOmi-

W

AnonTos

Hekpos

KnitvHa Habyxae

/KﬂiTVIHa CTUCKAETbCA

JISIETHCS MiK HOUipHIMM KiiTuHaAMU 31e0i/IbIIo-
ro HepiBHOMIipHO.

o HemaBHLOTO yacy OyJja IIOIIMpeHa IyM-
Ka, IO IOAiJ IIJIAXOM aMiTo3y IpHUTaMaHHUI
mepeBaskHO CTapilouMM, MOIMKOIKEeHUM abo
BiMUpaOUYUM KJIITHHAM OpTaHi3My, HAIIPU-
KJiaJ 3apOAKOBUM KJIITMHAM CCaBIIiB, KJIiTHHAM
nyxJuH. I[HOoAi aMiTo3 onmcyBaBCcA Yy HOPMAaJIbHO
(GyHKIiOHYIOUNX KJIITHWH, HAOPUKJIAL y BUCO-
KocIeriaysisoBanux 6araTosggepHUX KJITHH IIe-
yiHKu a00 IomepevyHoi MyCKYyJaTypHu.

CyuacHa ITUTOJIOTiA BBaXKa€, IO TaKOTO
TUIY IOy He icHye. EderTn K, aKi BigHOCATH
IO aMiTo3y, € HACJiAKOM TeXHIUHUX HOMUJIOK
IMiJ Yac OPUTOTYBAHHSA ITMTOJIOTiUHUX IIperapa-
TiB a00 K BJACTWBI BMUPAIOYUM KJIiTHHAM —
KJITUHaAM y CTaHi amomTosy.

CrapiHHA i 3arnéenb KNiTUH

Kiaitnau QyHKIIOHYIOTH IIEeBHUU Iepiof
yacy, Mmicjadg YOro BOHM CTApilOTh i THHYTBH.
3arubenb KJIITUH BimOyBaeTbcsA ABOMAa CIIOCO-
0aMu — IJIAXOM HEKPO3Y i HIJISAXOM alomITO3y
(man. 85.1).

Hekpo3 € BuUIIagxKoBOIO 3arubeJIio KJIiTiu-
HU Big kKatacTpodiuHoi Aiil IOMIKOMKYBAIbHOTO
ypaHUKa. OcTamHiM Mo:Kke OyTU, HAIPUKJIAM,
BeJHKa Oo3a pajniarii abo Oisg BUCOKOI TeMmIiie-

PyiHyBaHHA, NpoayKTn

—_— - - po3nagy 3HULLYITbCA
& o _ nemkoymtamm
& (3ananeHHa Hemae)

KniTnHa nonaetbcs,
po3nogin KnituHu
CMPUYMHAE 3ananeHHsA

Man. 85.1. Mpouecy, wo BiabyBaloTbCA Ml Yac anonTo3y Ta HeKPo3y
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MopiBHANbHA XapaKTEPUCTIKA anonTo3y Ta HEKPO3y

OsHaka AmonTos
AxrTusarmisa AKTHUBYETHCA CIIeIiaJlbHIMU CUTHAJIAMUI —
disiosoriuarmy a60 IATOJOTIYUHUMU
ITomupenicTh TTooguHOKI KiiTuHMI

Mopdoaoria KaiTuHar | SMOpPITyBaHHA KIiTHHU

Anpo
(pparmMeHTH

Kiairumaa memOpana ITinicuicTb 30eperxena

Opranenn Mitoxonapii, EIIP, anapart I'onbmxi
imTaKkTHI
Jlisocommu IarakTHi

PyiinyBaHHS KJIiTUHN
TUYHUX TiJelnb

3amnajabHa peakIlis Bigcyrus

parypu. ¥ KIITHHI 3MiHIOETBCA CKJAMd IIUTO-
ILJIa3MH, IIOPYIIYETHCA BUOIpKOBA HPOHUKHICTD
KJIiTHHHOI MeMOpaHM, NMPUTHIYYETHCSA poboTa
MiToxoHAPiN. PepMeHTU, 3BiJIbHEHI 3 Jridocom,
HOMIKOMKYIOTh BHYTPIITHBOKJIITUHHI CTPYKTY-
pu. Kiituna mabyxae, memOpaHa pPO3PHUBAETHCS
i BMiCT KJIITMHW BUXOOWTH HA30BHi, IO HPU-
3BOJUTH O 3allaJIeHHJ.

ArmonTo3 € 3amporpaMoBaHOI0 3aru0esIIio
KJITUHU i 3yMOBJEHUN peajisallieio Bimmosin-
HOI reHeruyHoi mporpamu. OgHi€0 3 OCHOBHUX
(GyHKIIiI amomTo3y € BHUIeHHSa AedeKTHUX
(momrkomKeHnx, iH(MiKOBaHMX) KJIiTUH. ¥ [OO-
pocioMy oOpraHiaMmi IIporpamMoBaHa 3armbeib
HeoOXigHA Mg 3aMiHM cTapiloumx KJIITUH Ha
mouioni. Takosk amormTos Gepe ydacTb y HpO-
mecax 3aMiIlleHHA OJHUX CTPYKTYpP OpraHisamy
iHmuMu y xomi oHTOoreHesdy (Mai. 85.2).

A1onTo3 3amycKaeThCcsd Pi3HUMU MeXaHis-
mamu. CUTHaJIaMu MOMKYTH OyTH, HAIIPUKJAI,
3MiHa KOHTAKTiB 3 iHIMUMM KJITHHaAMH, Pi3Ka
3MiHa OOMiHY PeYOBUH, CePIIO3HE MOIITKOIKEH-

0 Kniouosa iges

AMiTO3 — nopfin eykKapioTUYHOI KNiTMHK 6e3
3BMYAMHUX MPOLIECIB, WO KOHTPOJIOTb PiBHUI
po3nodin fouipHix xpomocom (dopmyBaHHA Be-
peTeHa, KOHAeHcalia XpoMaTuHy). AnonTos i He-
Kpo3 — wWnAxu 3arnbeni KNiTvH, BiANOBiAHO 3a-
nporpamMoBaHoOl Ta BUMNagKOBOI.

Kougencaris xpomatuny, posmnaj aapa Ha

dparmenTalisa 3 QOPMyBaHHAM aIIOITO-

Hexpos

AKTUBYETHCA Ii€I0 MOMIKOKYBAb-
HOT'O YNHHUKA

I'pyna xaitun
Habyxauua KiaiTuHu

Jlisuc anpa

IinicHicTs mopymena

Mirtoxouapii HabyxawoTb, EIIP i AT
(parMeHTyHThCA

3 J1i30cOM BUBiIBHIOIOTHCA (DEPMEHTU

Jlisuc xiiTuHMT

3a3Buyaii €

Man. 85.2. [loBrui xBicT nyronoska nig yac metamopdosy
KOPOTLLAE 3a paxyHOoK 3arubeni KNiTuH (anonTo3) i nepe-
TBOPIOETbCA Ha KOPOTKMIA XBiCT JOPOCNOI »Kabu.

HS BHYTPINIHBOKJIITUHHUX MeMOpaH, PO3PUBU
y aBoaaHimiorositi [JHK. ¥V Bigzmosiazp Ha cur-
HaJl aKTUBYIOTHCS CHeIliaJbHiI I'eHm — «Kije-
pu», dKi 3aIyCKalTh IporpaMy caMOJiKBima-
il KaiTuHU.

Ilig wac amonmTo3y KJIITMHHE AAPO PO3Ia-
IaeTbcsA HA OKpeMi (h)parMeHTHU, KJIIiTHHA 3MEH-
IyeTheAd B 00’eMi Ta )parMeHTYeETbCS Ha aIoll-
ToTuuHi Tinbua. Hagami amomTosHi KiaiTuHUT
MIBUKO TEePEeTPABJIOIOTHCA CYCiIHIMHM KJriTu-
HaMu ab0 (haromuTyIThCA MaKpodaraMmu.

3annTaHHA Ta 3aBaHHA

1. HaBegiTb aprymeHTu, YoMy amiTo3 He € perynap-
HUM crniocobom nopiny KniTvH. 2. Haeegnitb npuknagm
3anporpamMoBaHOro KAITMHHOIO arnonTo3y B »KMBWX Op-
raHiamie. 3. ¥ yomy nonarae€ eBontouifiHa posib CTapiHHA
i 3armbeni KNiTMH 6araTOKNITUHHOrO OpraHiamy?
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§ 86. KniTnHHi TexHonorii B 6ionorii Ta meanunHi

0 [omipkynTe

YcniwHi BUNagKyn reHHoi Tepanii BigoMi Bxe
noHag 20 pokiB. Ae MacoBOK LA TEXHOJOriA
noku He crana. Yomy?

é 3raganTe

 [eHHa Tepania  biotexHonorii

KNiTHHI KynbTypu

HocATHeHHA MOJIEKYJIAPHOI Ta KJIITHUHHOIL
6iosorii XX cTOJITTA BiAKPUIU IEPCHEKTH-
BU JJisI CTBOPEHHA MPUHIIMIIOBO HOBUX Oiome-
OIUYHUX TexHoJioriii. OgHuM 3 HAIPAMKIB, IO
CHOTOAHI OYPXJIMBO PO3BUBAIOTHCS, € KJIITHHHI
TEeXHOJIOTil, AKi I'PYHTYIOTbCA Ha 3aCTOCYBaHHI
KALMUHHUX KYJLbmyp.

KaituaHi KyasTypH € KJIiTHHAMU TIEBHOI
TKaHUHU, SAKi OTpmMMAaHO Bif MiKpoopraxis-
MiB, pocJuH ab0 TBapWH, IO BUPOIIYIOTHCA
B IIITYYHUX YMOBaX HA MOKUBHOMY CEPEIOBUIII
(mag. 86.1). KaituuHi KyapTypu HaOyJIM MIKPO-
KOTO 3aCTOCYBaHHA B Pi3HUX rany3ax Oiosorii
i MeguUIIHN.

[any3i BUKOPUCTaHHA KINITUHHUX KYNbTYp

- HaykoBi mocaimskenua. KiaiTuHHi Kyjab-
TYpU IIHPOKO 34CTOCOBYIOTHCA B HAYKOBHUX
TOCIIIKeHHAX AK MomelbHi 00’extu. Ha Hux

Man. 86.1. KnitHu BrpoLLytoTb 3a3Buyan
y NAacTMKoBMx ¢nakoHax, nnaHwertax abo o
vawkax [leTpi, y cneuianbHOMy MOXMUBHOMY ce- ,J
pefoByLLi, 3a KOHTPONbOBAaHUX TemnepaTypw,
BOJIOTOCTi Ta PiBHA BYINEKUCSIOro rasy
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IOCHiMKYIOTh MEeXaHi3MM KJIITMHHOTO HOmiay
i mudepeHIitoBaHHA, B3aEMOJII0 KJITHMH i3 ce-
penoBuUIllEM, IIPOIIECH aJariTallii, crapiHHsA, 3J10-
AKicHOI TpaHcpopmarlii Ta iH.

- BiorexHoJoris. ¥ 6iorexHomorii KaiTuaHI
KYJbTYPY BUKOPUCTOBYIOTHCA JJIA BUPOOHUIITBA
BaKIIUH i OioyioTiyHO aKTHUBHUX pedyoBuUH. Mi-
KpoOiosoriuHa IIPOMUCJIOBICTH CHLOTOIHI BUKO-
PHUCTOBY€E THUCAYL IIITaMiB MiKpPOOpPraHi3miB, IO
BUPOIIYIOTHCA B KYJAbTYpi. BoHU CHUHTE3yIOTH
aHTUOiOTHMKU, iHTEepdepoH, rOpMOHU, (hepMeH-
TH, BiTaMiHMU, He3aMiHHI aMiHOKUCJIOTH, KOP-
moBi 0inku. Tak, rpubu i 6aKkTepil CUHTE3YIOTH
aHTubioTuKY (HeHiWIiH, CTPEeITOMilluH, epu-
TPOMIIIMH TOINO); CiHHA MaJMuKa — (EepPMEHT
aMisiasy; KWIIIKOBa IaJIMYKa — aMiHOKWCJIOTH;
muBHI aApiskmKi — BiTaminu rpynu B. KyasTypnu
POCIMHHUX KJITWUH € IKepeOM TOKCUHIB, Tep-
OinumiB, peryasTopiB pocTy, ajakajoimiB. Kuii-
TUHU TBapWH 1 JIOAWHU MTPOAYKYIOTH TOPMOHU
(mampukJan, KJiTUHU rinodisza — JinmoTporrin
i comarorpomin). CTBOpeHO KYJbTYPH KJiTUH
TBapWH, AKi MPOAYKYIOTh MOHOKJIOHAJIbHI aHTH-
Tijla Ta IIMPOKO 3aCTOCOBYIOTHCA IJIA JiarHoc-
TUKU 3aXBOPIOBAHbB.

« Megunuaa. KyabTypu KJIiTUH BUKOPUCTO-
BYIOTBCA Y AiarHOCTUIIL Ta JIIKYBaHHI CIIaIKOBUX
3aXBOPIOBaHb, pereHepartii Ta saMinieHHi KJIiTuH,
TKAHWH i OpraHiB (3aMicHA KJITHHHA Tepamis).

3amicha KAIMUHHAG | MKAHUHHA mepanis.
CTroBOYpOBi KJIITUHU JIOAUHU BUKOPUCTOBYIOTH

2. BBegeHHa
HOPMasbHOro reHa
B KNITUHY 3a Jono-
MOrOI0 peTpoBipycy

\ PeTposipyc

Jle(l)eKTHMM reH
PekombiHaHTHa

AHK sipycy PekombGiHaHTHa
PHK Blpycy

1. BugineHns
KIiTUH
3 opraHismy

4, MoBepHeHHA 3. 3aM|Ha ned)eKTHoro

reHeTUYHO réHa Ha HOPMag.mef!.
3MIHEHUX KITITUH LNAXom EET(OM tHau
B OpraHism HopmanbHwuii reH

Man. 86.2. Etanu reHHoi Tepanii



Etan 1

3uroTa, WO yTBOpPEHa 3 ABOX
6aTbKIBCbKUX KNITUH

HedeKTHi
MiTOXOHAPIT

Anpo 6aTbKiBCbKOT
KNITUHN

Anpo AOHOpCbKOI

P
KNiTUHN \“3 u %
3poposi /
MiTOXOHAPIT

BupaneHHs i 3HULLEHHS >8<

AQpa AOHOPCbKOI KNITUHN
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Etan 2 Etan 3

BupaneHHAa agpa

-_— 6) 3 6aTbKIiBCbKOI KMITUHN

\

MepecagxeHHA Agpa
6aTbKIBCbKOT KNITUHM
B [OHOPCbKUIN eMOpioH

Man. 86.3. Cxema CTBOpeHHs «emMbpioHa Bifl TPbOX GaTbKiB»

AK TpaHCIUIAHTAIlilHUII MaTepiays. 3oKpema,
KJITUHU KIiCTKOBOTO MO3KY BUKOPUCTOBYIOTH
IJIA TpaHCIJIaHTAIlil mig uac Tepamii JeiK03iB
i mpomeHeBoi xBopobOu. ¥ Xipyprii masa Jgiry-
BaHHSA BeJUKUX OIiKiB a00 XPOHIUHMX BUPA30OK
I TPAHCILIAHTAIil MIMPOKO BUKOPUCTOBYIOTH
emriiepmic, BUPOMIEHUH 1M03a OPraHi3MOM.

I'enna mepania (nikyeanHna cnadkosux 3a-
x8opraaHns ). KiiTuHr BUIydaroTh 3 OpraHisamy
marmieHTa, TeHeTUYHO MOAU(IKYIOTh, a IIOTiM
BBOJAATHL Haszajg B oprauisam (mana. 86.2). Ileit
MEeTOJ 0COOJIMBO KOPMCHUM y JIIKYBaHHI 3aXBO-
pPIOBaHb KPOBi, OCKiJIBKY KJIITMHU KPOBiI MOXKHA
JIOCUTH JIETKO BUJIYUYWTHU i BBECTW HA3aj.

- @apmakoJoria. Kyabrypu Kiaitun i Tka-
HUH JIIOAWHU Ta TBAPUH 3aCTOCOBYIOTH SIK TECT-
CUCTEMU [Jisi BUBUEHHSA BJIACTMBOCTEH HOBUX
(hapmakosoTiyHUX TpemapaTriB, a TaKOMX s
IIPOTHO3YBaHHA 0e3MeKu ixX 3acToCyBaHHA.

* PocamaaunTBo. Ha ocHOBI KaiTwmHHOI
KYJIBTYPY MOYKHA POSMHOYKYBATU POCIUHU (KJIO-
HaJbHe MiKPOPO3MHOKEHHs) ab0 IPOBOAUTH IX
CeJIEKITiI0 B KYJBTYPi.

KniTnHHa iHxXeHepia

KaitTunHa iHKeHepia — 1ie KOHCTPYIOBaHHSA
KJITHH HOBOT'O THUITY HAa OCHOBi IX KyJbTHUBYBaH-
HdA, ridpuamsalii Ta PeKOHCTPYKILii.

0 KnioyoBga igen

KniTMHHI KynbTypun € KNiTMHaMy NEBHOT TKaHUHW.
Ix oTpumyloTb Bif MikpoopraHi3mis, pocinH a6o
TBapWH, WO BMPOLLYIOTbCA B WUTYYHUX YMOBaxX Ha
NOXMBHOMY cepefoBULLi. KNiTUHHI KynbTypu Ha-
6yny LUIMPOKOro 3acTOCyBaHHA B PI3HUX rany3ax
Gionorii Ta MeguLHN.

ITix wac riopuausamnii mTyyHo o6’€THYIOTH
pisHi KIiTWHU 3 YTBOPEHHAM TiOPUIHOTO TE€HO-

Tiopuau mIMPOKO 3aCTOCOBYIOTH SK y Ha-
YKOBUX JOCHiIKeHHSAX, Tak i B OioTexHOJIOrii.
3a JomoMOTo0 TiOPUIHUX KJIITUH, OTPUMAHUX
Bil KJIITHMH JIOOAWHU ¥ MWUIIL, KapTyBajJu T'eHU
B XpomocoMax JoauHu. ['opuau MixK myxXJIdH-
HUMHU KJIiTHHaAMHU i JiMm@oiuraMu 34aTHI Heo0-
MEeKEeHO OOBro OiMUTHUCA i, mMOomiOHO M0 Jim@o-
IIUTiB, MOKYTb BUPOOJIATH aHTHUTIIA.

KiaitunHa peKoHCTPYKIIiaA IoB’A3aHa 3i
CTBOPEHHAM JKUTTE3NATHOI KJIITUHU 3 OKPEMUX
¢dparMeHTiB pisHUX KJIITUH (Aapa, MUTOILIA3MU,
XPOMOCOM TOIIO). 30KpeMa, MeTOH Mepecagku
Alep COMATUYHUX KJITUH y AUMEKJITUHU I0-
3BOJISIE€ 3POOUTU YUCJEHHI reHeTHMUHi KOITii op-
raHidaMy — KJOHU.

ITeit xe meron OyB BUKOPUCTAHUN [
CTBOPEHHA «eMOpioHa Big TphOoX OaTHLKiB»
(man. 86.3). [lana TexHOJIOTiA po3pobIeHA A
JiKyBaHHA MiTOXOHAPiaJbHUX 3aXBOPIOBAHbB.
Y pesynbTaTi AuUTHUHA OTPUMYE ANEPHI TeHU
Bim 00ox OaThbKiB Ta miToxouapiaabHy THEK Big
TPeThoi ocobu.

Ilepiia y cBiTOBi#i mpakTuili AUTHWHA 3 Mi-
ToxouapiansHOoI0 JIHK Tpernoi mroguHM Hapoau-
aacss B Mekcuri vy kBiTaHi 2016 pory. Hpyruii
BUIIQJOK HAPOIKEHHS OUTUHU 3 TeHeTUUHUM
MaTepiajoM Bii Tpbox OaTbKiB BimOyBcsA B ciumi
2016 porky B YKpaiHi.

3annTaHHA Ta 3aBaHHA

1. O6roBopiTb TeMy KJIOHYBaHHA 3 TOYKM 30y MOro
NOTEHUIHNX MOXNMBOCTEN i npobnem. 2. Ynm XxoTi-
nm 6 BU KnoHyBaTu ce6e? Yn xoTinu 6 BM KNOHyBaTu
cBOro cobaky (kota)?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 87. PenpoayKuis opraHiamis

0 [omipkynTe

Cknapitb nepenik 3 5-7 BUAIB XUBMX OpraHiamiB
BaLLOrO PerioHy, AnsA AKUX € BNACTMBUM i HecTaTe-
Be, i CTaTeBe PO3MHOMKEHHS.

é 3raganTe

e Po3MHOXeHHs o TBapUHMU

o PocninHn o Mpnbn

« CnagkoBa iHpopmaLin

PenpopayKuis »XnBux opraHiamis

Penpoaykiia — 1e 3gaTHiCTh KUBUX opra-
Hi3MiB /0 caMOBiITBOPEHHS, YTBOPEHHS HUMU
HaIlagKiB, SKi € 3aco0oM 30epeKeHHS BUILY
i 3abesmeuyioTh 0e3mMepepBHICTh IXHBOTO iCHY-
BaHHsS. 3OaTHICTh M0 CAMOBiATBOPEHHA — Iie
OJlHA 3 KJIOUOBHUX O3HAK JKUBOTO, AKa BipisHsae
JKUBi OpraHisMmu Bil HeXMBUX CHCTEM.

Pemponykiiia KuBUX opraHismiB BimbyBa-
eTbcA y (OpMi PO3MHOMKEHHHA, AKe 3IiMCHIO-
€ThCcsA vy pisHi cmocobu. Cuix BigsHauwmTH, IO
30ATHICTL OO PEmpPOoAyKIlili MalmTh He TiJbKU
KJIITUHHI opraHisMmu, aje ¥ TaKi HeKJiTHHHi
dopMu KUTTA, AK BipycH.

(DOpMVI PO3MHOXEHHA XKNBUX

OopraHiamis

OcHoBHUX (OPM POIMHONKEHHSA KUBUX
opraHidMiB icHye KinbkKa. ¥ Iepiny uepry
po3pisHAITL cmamege (Iif vac AKOTO YTBO-
pIOIOThCA cTaTeBi KiuiTmHHM) 1 Hecmamege (min
Yyac AKOTO CTATeBi KJIITMHUW He yTBOPIOIOTHLCH)
PO3MHOKEHHA.

Man. 87.1. HectateBe pO3MHOXeHHA
OJHOKJ/TITUHHVX OpraHi3mis
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Sx oxkpemy (opMy POSMHOMKEHHS MOXKYTbhb
posTIIAAaTH Ge2emamuéHe PO3SMHOXKEHHS, BU-
OKPEeMJIIOIOUM HOT0 3 HEeCcTaTeBOro. ¥ TaKOMY
BUOAIKy HECTAaTeBUM BBaKalOTh PO3MHOKEH-
HfA, I 4ac AKOro yTBOPIOIOThHCA cHelianiso-
BaHi CTPYKTypu (cmopu, remMyJu TOIIO0). A Be-
reTaTMBHUM BBa’KalOTh PO3MHOKEHHHA, IIiJ Yac
SKOTO TaKi CTPYKTYypH He YTBOPIOIOTHCH, a JJIA
PO3SMHOKEHHS BUKOPUCTOBYIOTHCS 3BUUAlHI CO-
MaTuyHi oprauu (y miaaHapii abo rigpu — YacTu-
HU Tijla, Y MOPCBKUX 3ipOK — MIPOMEHi TOIIo).

HecTtaTeBe pO3MHOKEHHA

HecraTreBe po3MHOKEHHSA — YTBOPEHHSA HO-
BOr'O OpraHisMy 3 ofHiel abo rpynu KJIiTHUH BHU-
X1THOTO MaTEePUHCHKOTO OPraHisMy, B XOIi SKOTr0
He YTBOPIOIOTHCA CTaTeBi KJiTWMHU i He Bimdy-
BAa€TLCSA CTAaTeBUU mpoliec. Y IITbOMY BUIIAAKY
B PO3MHOKEHHi 0epe ydacTh TiIbKH O4HA 0aTh-
KiBCcbKa 0CO0MHa, IO IIepefa€ CBOI0 CIIAJKOBY
irgopmMmarliiro mouipHiM opramismam (maiu. 87.1).

Ileit cmoci® pPO3MHOMKEHHSA IIOMINPEHUN
B yCiX rpymax >KMBUX OPTaHi3MiB i € BUXiZHUM
CcII0cO00M PO3MHOMKEHHS AJA KJIITUHHUX GHOpPM.
CyTTeBOIO TIepeBarol0 HECTATEBOT'O PO3MHOMKEH-
HS € Te, M0 B IIbOMY BapiaHTi IpPOayKyBaTu
HOBUMX HAIIaJKiB MOMKYTh yCi 0COOMHM, TOAL SK
Y BUIIQJKy CTATEBOT'O PO3SMHOKEHHS Ha Iie 37aT-
Hi TiTBbKU 0COOMHU KiHOYOI cTaTi.

CraTteBe PO3MHOXEHHA

CraTeBe PO3MHOKEHHS — TUI PO3MHOMKEH-
HfA, 3a SKOT0 YTBOPIOIOTHCS CIIeIlialidoBaHi cTa-
TeBi KJiTHHU i BimOyBaeThcsa cTaTeBuUil IIpoliec.
CraTeBe PO3MHOKEHHS CIIOCTEPIraeThCA y IIpes-
CTaBHUKIiB OiJIBIIIOCTI cICTEeMAaTUUYHUX I'PYII POC-
JUHHOTO i TBapmHHOTrO cBiTy (Mamx. 87.2).

3a cTaTeBOT0 PO3MHOYKEHHS YTBOPEHHS HO-
BOT'O OpradisMy sasBuuaii BigOyBaeThCs 3a ydac-
TIO IBOX 0AaThKiBCHKUX OPraHi3sMiB, ajie y BUIIA-
Ky repMad@poAUTH3MY CTATEBUM ITIIAXOM MOYKE
pO3MHOMKYyBaTucs ¥ omgHa ocobmua. Ilig uac
CTATEBOT'0 PO3MHOKEHHS BiOyBA€ThCA 3JIUTTS
cTaTeBUX KJITMH — rameT. TakuM 4mHOM, HO-
BUHA OpraHi3sM OTPUMY€E CHAJKOBY iH(pOpMAIiio
Big 0o6ox 6aThbKiB abo mepexkoMOiHOBaHy iHGOP-
Malliio JuIlle OJHOI'0 60aTbKiBCHKOT'O OpTraHiaMy.



CraTteBe pO3MHOMEHHA

3urota 2n

IXryTukm

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

HectaTteBe po3MHOMXEHHA

YTBOPEHHS 300CMop

YawononioHwui
Xnoponnact

MipeHoig

3oocnopu n

MpopocTaHHa 3urotn

Man. 87.2. CrateBe i HecTaTeBe PO3MHOMEHHA XNaMiOMOHaAN

BionoriuHe 3HauYeHHs pi3HUX cnocobiB
PO3MHOEHHA XVBKX OPraHi3mis

Biosoriume 3HaueHHsa pi3HuX cocobiB pos-
MHOKEHHS JKMBUX OpPraHidaMiB Mae AK CXOXKi,
Tak i BigmimHi acmekTu. BesymoBHO, OyIb-AKe
PO3MHOKEHHSA € 3aco00M mepegadi cragKoBOl
irgopmarnii HacTynHUM TOKOJiHHAM. BOoHO mO-
3BOJIA€ 30epiraTu reHeTUUYHy iH(dopMmaIllizo BUIY
TpUBAJUH vac (A AeIKUX BUIIB — HAaBITH Je-
cATKM MinblioHiB pokiB). Kpim Toro, posmHo-
JKeHHA € 3ac000M 30iJbIIIeHH KiJIbKOCTi 0cOOMH
BUIY, II[0 JO3BOJIsIE oMy 30epiraTu cTajy 30HY
icHyBaHHs, a 3a MOJKJMBOCTi, PO3IIUPIOBATU
cBill apeaJ.

Bigminui pucu pisHHX (OPM PO3SMHOMKEH-
HA TOB’sA3aHiI 3 0COOIMBOCTAMU I[MX IIPOIECiB.
SK1to crareBe po3MHOKEHHA 3a0e3IeUye BUCO-
Kuil piBeHb MiHJIMBOCTI HamIagKiB (3a paxyHOK
KoMOiHaTMBHOI MiHJIMBOCTi), TO HecTaTeBe PO3-
MHOJKEHHs BUMarae HabaraTo MeHIIINX BUTPAT
pecypciB opramismy.

0 KnioyoBga igen

3paTHiCTb 4o penpoayKuii — ue ofHa 3 rosios-
HUX BNAaCTUBOCTEN »KMBUX OpraHiamiB. Penpopyk-
LjiA BigOYBA€ETbCA LWNAXOM PO3MHOXKEHHSA Pi3HUMMN
cnocobamy — cTaTeBMM, HecTaTeBUM abo Bere-
TaTUBHUM.

YacTo mpoIiec penponyKIilii Moxke OyTH CIIO-
coboM pearyBaHHA OpPraHidaMy Ha 3MiHYy YMOB
cepemoBuiia. Tak, mepeBa, AKi Oyam ypaske-
Hi 3aXBOPIOBAaHHAMH’ i mepeOyBaioTb Ha MeiKi
3arubeJjii, MOYMHAIOTH iHTEHCUBHO (opMyBaTU
IJIOV, HAIIPABJISIOUN BCi BaJUINIKU PEeCypciB Ha
po3MHOKeHHA. A oT y cuTyarii, Kosiu opraxism
Mae 3HAUHI IMTaHCU Ha BUJKUBAHHS (HAIIPUKJIAI,
B YMOBaxX IIOCYXHU MIJIA TUX CAMUX JAepeB), BiH,
HaBIaKM, MOJKe TaJIbMyBaTH PEIpOAyKIIiio (me-
peBa CKHIAlOTh KBiTKU i miaomu, Ha aKi im He
BHUCTAYAE BOJIOTH).

@ MpakTnyHa poboTa

Tunu ma cnocobu po3mMHOMeHHA op2aHi3mie

1. Po3rnAHbTe ManioHKM i3 3006paKeHHAM Pi3HUX
TUNiB (CTaTeBe YM HecTaTeBe) Ta CNocobiB (6pyHb-
KYBaHHS, MonieMOpioHia TOLW0) PO3MHOXEHHA abo
CKOpUCTaNTeCcAa TUMM, WO MOAAHO B eNeKTPOHHOMY
LoAaTKy.

2. CKknagiTb NOPIBHANbHY XapaKTepuUCTUKY LiX TUMIB
i cnocobiB PO3MHOXEHHA Ta npepacTaBTe ii y BU-
rnagi Tabnuui.

3. CoopmynionTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. Wo Take penpogykuia? 2. Aki icHyloTb dopmun
PO3MHOXeHH:A? 3. 3p06iTb NOPIBHANBHUIA aHani3 Pi3HUX
bOpM PO3MHOXKEHHA XKMBUX OPraHi3MiB.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 88. HectateBe pO3MHOKEHHSA

0 [omipkynTe

MHOXWHHMIA NOAIN [O3BONIAE OTPMMYBATU 3 OAHIET
KNiTMHKX Ginblue HalagKiB, HiXK 3a yMOB 3BMYail-
Horo 6iHapHoro moginy. Yomy uA dopma Hecta-
TEBOrO PO3MHOMKEHHA He BUTICHMNA 3BUYANHUN
MOAIN y XMBMX OPraHismis?

é 3raganTe

o PO3MHOXeEHHA o Mito3

o Cnopwu » bpyHbKNK

» PereHepaliia

Cnocobwu HecTaTeBOro PO3MHOEHHA

HecTraTeBe pO3MHOMKEHHSI — YTBOPEHHSA
HOBOTI'O Opra"iamy 3 omuiei abo rpynm KJIiTHH
BUXiJHOTO MaTepPUHCHKOTO OpraHisamy, B XOmi
AKOTO He YTBOPIOIOTHCA CTATeBi KJIITWMHHM i He
BimOyBaeThcA cTaTeBUM mpoiiec. Y IbOMY BU-
magKy B PO3MHOKEHHi Oepe y4acThb TiJIbKU OJHA
OaTbKiBChbKa 0COOMHA, IO IIEPEeIae CBOIO CIIal-
KOBY iH(popMaIlrito mouipHim opramismam. Hecra-
TeBe PO3MHOKEHHS TPAILIAEThCA y PiBHUX T'PYII
JKUBUX OPraHi3MiB i mpefcTaBjeHO MeKiJIbKoOMa
OCHOBHUMMY THUIIAMHU.

Y pasi npocmozo nodiny KJAITUHU YTBOPIO-
IOThbCs IBi mouipHi KaiTuHu, yaBiui apibHimri sa
MaTepuHCLKY. IIpu mboMy opraHeayd MaTEpPUH-
CBKOI KJIiTHUHU OiJIBII-MEHII PiBHOMiPHO PO3IIO-
JiIAI0THCA MidK HUMH.

ITig vac mHOMCUHHO20 NOJiny cIOYATKY Oa-
raTopasoBO AIJINUTLCA SAPO MaTEePUHCHKOI KJIi-
TUHU, 3aBASAKU YOMY BOHA cTae 6araTodepHOIO,
a BiKe IOTIiM AiamThbed 11 muTomIa3Ma i yTBOPIO-
€ThbCA BiANOBiZHA KiJBKIiCTh HOUipHIX KJIITUH.

3naruicThk mo noxainy (¢ppazmenmauii) y ne-
AKUX BUAIB TBapuwH nyske 3HauHa. Hampurian,
0araToIeTUHKOBUN UYepB AoJeKallepis MoxKe

TYEER

Man. 88.1. bpyHbKyBaHHA rigpu
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posmazaTuch Ha oKpeMi cermenTu. KoKeH 3 HUX
Ha IepegHbOMY KiHIII HOUYMHAE BiJHOBJIIOBATU
mepemHil KiHels Tija, a HA 3aJHBOMY — XBOCTO-
Buii. 3rooM IIi BiZHOBJIEHI MiIAHKM BimoxpeM-
JIOIOTHCA BiJl MaTePUHCHLKOT'O CerMeHTa i Iepe-
TBOPIOIOTHCS HA CAMOCTiMHI mouipHi ocoOumHm.

Y nmesaxkux OSHOKJIITUMHHUX TBapuH (Hampu-
KJIaJl, CHOPOBUKIB) (hOPMYIOTHECSA CIIOPU — YTBO-
pu, OTOUYEHI MIiJIbHOIO 000 0HKOIO. Takoro &
TUIIy CIOPH YTBOPIOIOTH i medAKi OaxTepii (Bix-
MiHHICTIO € Te, IO cHOPKU OaKTepiii yTBOPIO-
I0ThCA BcepeaunHi KaiTuHu). BoHU He € (hopMOIo
HEeCTAaTeBOI'0 PO3MHOMKEHHS, OCKIJIBKYU CIYTyIOTh
JIAIIe AJISA IMepeXKUBaHHA HeCUPUATINBUX Mepi-
ONiB 1 mOIIUpPEHHS.

KnoHyBaHHs

OxHUM 3 cr1oco0iB HECTATEBOTO PO3MHOMKEH-
HS € KJIOHYBaHHA. KiIOHYyBaHHA — IIe OTpUMAaH-
HS TPUPOAHUM ILISXOM ab0 IMITYyYHO KiTbKOX
TeHeTUYHO iJeHTUUYHUX 0COOMH 3 OJHOr0 opra-
HiZMYy.

s mpoBemeHHA KJOHYBAHHA y TaKUX
CKJIaJHUX OPTraHisMiB, AK ccaBIli, OYJI0 CTBOPEHO
HOBY TeXHOJIOTiI0. 3a I[iel0 TeXHOJIOTiew i3 co-
MaTUYHUX KJITUH OpPraHisMy ccaBIld BUAIIAIOTH
AOPO i MOMIIIAIOTE Y IMIUTOILIA3MY ANUIEKJIiTUHHU,
SAAPO SIKOI Iepes TUM BUJIYyYalOTh a00 PyHHYIOTD.
MuromnmasMa KJIITUHA B IIbOMY BUIIAAKY CTUMY-
JII0€ MOMiju, i KIITHMHY, SKa Imovajia TiJIUTHUCH,
moMiIlaloTh y MaTKy camiku. Ilicia woro BoHa
B)K€ PO3BUBAETHCA HOPMAJBHUM [JA CCABI[iB
crmocobom. Ilepmimm yCmimrHEmM KJIOHYBAHHAM
3a TaKOI0 METOIUKOIO 0yJIO KJIOHYBaHHS OBEUKU
Homri 1996 poxry.

3HAYeHHA HeCcTaTeBOro PO3MHOXEHHA

Y meaxux rpyI opraHisMiB HecTaTeBe PO3-
MHOJKEHHS € €IUHUM CII0OCOO0OM PO3MHOYKEHHS.
Y BupaiB, 3maTHUX [0 PO3MHOYKEHHS HecTarTe-
BUM IILIIXOM, MOXYTh PO3MHOMKYBATHCA OCO-
OMHU, AKi 3a TUX UM iHINIUX TPUYNH ONUHUJINCS
isompoBamuMu Bij iHmwux. HecraTreBe posMHO-
JKeHHS € OiJgbIl eHepreTuYHO BUTIAHUM —
opraHizamMaMm He Tpeba BUTpaYaTH PecypcH Ha
(opmyBaHHA ABOX cTaTell, 3 AKUX HaIlaIKiB
3aJIUINAE JIUIIIE OIHA.



Twun HecTaTeBoro

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

OCHOBHI TUNK HecTaTeBOro PO3MHOMEHHA

XapaKkTepuCTHKA TUITY PO3MHOSKEHH S

Opranizmu, IKi BUKOPUCTOBYIOTH
el TUII PO3MHOKEHHI

OxpHoKIiTHHHI opramismu (6ak-
Tepii, amebu, iHgysopii). IIpo-
CTU TTOAiJI BinOyBaeThbCsa B amMeou
npored Ta iHQy3opii-Tydenbku,

a MHOKUHHUYA — y MaJAPiAHOTO
mIa3mMofisa (30yJHUKA Masapii)

Tpamiserbes AK B OMHOKJIITHH-
HuX (OpiskmKi), Tak i y 6araro-
KJiTUHHUX (Tigpa, KopaJoBi

moJinm) opra"iamis (maJji. 88.1)

Bogopocri, rpubu, auniaiHuKNT,
IJIOCKI # KiJbuacTi uepBu, roJi-
KOTIIKipi

Bogopocrti, cmopoBi pociuHuT
(Moxu, XBOIIli, MAMoOpPoTi), rPUdHU

JIumaiHuKu, ryOKU, MOXYBaTKU

PO3MHOKEeHHS

IMoxin 3 ofiHi€el KIITUHY MIJIAXOM MiTO3y YTBOPIOIOTHCA ABL
a00 KiJbKa JOUipHiX KJIiTUH, KOXKHA 3 AKUX CTa€ HO-
BUM OpPTraHiZMOM. SIKIIO B pe3yJIbTaTi IOAiJy YTBOPIO-
IOThCA JBi OUipHi 0COOMHM, TO TAKUY LIOLIJT € NPo-
cmum, a IKIO KiJIbKa — TO MHOMCUHHUM

BpyHbKyBanHA Ha Tini fopociioi oco6mHY yTBOPIOETHCA BUIIMHAH-
HA — OpPYHBKA, 3 IKOTO IIOTiM i (hopMyeThCsa HOBA
ocobuHa

dparmenTarlisa Pospinennsa Tisma 6araToKJIiTHHHOTO OpraHi3My Ha ABi
a00 OiJIBIITe YacTUH, KOKHA 3 IKUX YTBOPIOE HOBY 0CO-
ouny. Ik Bapia"T parMeHTaIlii MOYKHA PO3TVIANATI
HEBIOPAJKOBAHUU MOI1JI, KOJIW OPTaHi3M MiIUThCA HA
KiJTbKa HEPIBHMX 32 PO3MipOM YaCTUH

PosmHuoKeHHA PosmuoKeHHA BigOyBaeThCA criopaMuy — cIielliajri-

cuopaMu 30BAHUMMU KJIITUHAMH, III0 YTBOPIOIOTHCA B MaTEePUH-
cbKOMYy oprauiswmi. [leAaki cmiopu MarOTh JIKTYTUKY, 34
IOIIOMOTI0I0 AKX BOHU 3[aTHI aKTHUBHO IIepeCcyBaTUCh
Yy BOJIOTOMY CePeaOBUIITL

PosmuOXeHHA PosmHOeHHs BiJ0yBaeTHCA 3a JOIIOMOI0IO CIeIiari-

3 YTBOPEHHAM 30BaHUX 0AaraTOKJIITUHHUX CTPYKTYP, 1[0 YTBOPIOIOTH-

creliaysizoBaHUX | Cs B MAaTePUHCHBKOMY OpraHismi (remyJiz, cTaTo0acTu

0araToOKJIiTUH- TOIIIO)

HUX CTPYKTYD

Bugu 3 KOPOTKMMHU KUTTEBUMU ITUKJIAMU
3aBIAKU UM (hopMaM PO3ZMHOKEHHA 3a He3HAa-
YHUHN TPOMiKOK Yacy MOKYTh 38HAUHO 30iJbITy-
BaTH CBOIO UmceJbHicTh. Kpim Toro, 3a Hecra-
TeBOro ab0 BereTaTMBHOTO PO3MHOYKEHHS HOBa
ocobmHa, 3a3BuYail, PO3BUBAETLCA IIIBUIIIE,
Hi’K 3a CTaTeBOTO.

Y pesyabTaTi HECTaTEBOTO PO3MHOMKEHHSA
IouipHi ocoOuHHN 3a HabOOPOM CIIALKOBOI iH(OP-
mairii 37eb6iIbIIIoro € TOYHMMU KOIiaMu 06aTh-
KiB. JlfomimHAa BUKOPUCTOBYE ITI0 OCOOJUBICTEH ¥
POBMHOMKEHHI KYJAbTYPHUX POCJUH, IiATPUMY-
I0YM 3 TOKOJIHHS OO0 MHOKOJIHHS BJACTHUBOCTI
IeBHUX COPTiB.

0 KniouoBa ines

Y BUNapgKy HeCTaTeBOro PO3MHOMEHHA cTaTeBi
KNITUHN He YTBOPIOIOTbCA | CTaTeBMA NpoLec He
BinbyBaeTbcA. Llen cnoci6 po3mHoXKeHHA moTpe-
6ye Bif OpraHi3MiB MeHLle BWTpaT, HiX CTaTeBe
PO3MHOXEHHSA, ane Ja€ CYTTEBO MeHLle pPi3HO-
MaHITTA HalwaaKis.

MpaKTnyHa poboTa

\'g

Hecmameee po3MHO)KeHHA — G6GPYHbKY8AHHA
Opixoxie

1. Po3BepiTb y Tennin BOAi HEBENMKWI LIMATOYOK
ApikoxiB. HaHeciTb ninetkow 1-2 Kpanni Bogu
3 KNiTMHaMN JpPiXKAXKIB Ha NpegMeTHe ckno. Ha-
KPUNTE HaKPUBHUM CKOM i BUAAMITb HagULLKA
piauHM GiNbTpyBanbHUM Nanepom.

2. Po3rnAaHbTe Mikponpenapart 3a AOMOMOro MiKpo-
ckona. Cepep OpiXOAPKOBUX KNITUH 3HAMZITb Ti, WO
OPYHbKYIOTbCA. BOHM MaloTb Ha OZHOMY 3 MOMOCIB
HEeBENUKUA rOpOUK — BPYHbKY, WO MICTUTb AAPO.
CxeMaTMYHO 3amasitoiTe Kifibka KNiTWH, AKi 6pyHb-
KYIOTbCA | He BPYHbKYOTbCA.

3. CoopmyntonTe BUCHOBOK.

3annTaHHA Ta 3aBAaHHA

My

1. Aki nepeBarn M HepoONiKM Ma€ HecTaTeBe pPO3-

MHOXEHHA MOPIBHAHO 3i cTaTteBMM? 2. Ha KOHKpeTHO-

npuknagi NosACHITb, AK BiAOYBAaETbCA PO3IMHOMXEHHSA

wnaxom ¢parmeHTauii. 3. BukopurctoByoun [oOaTKOBI
Oxepena, CKnagiTb CNUCOK BUAIB TBapWH, ANA AKMX 3a-
CTOCOBYBasiacA TEXHOJOTIA KJIOHYBaHHA.
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§ 89. BereTtaTBHe PO3MHO>EHHA Ta NOr0 BUKOPUCTAHHA

0 [omipkynTe

CneunianizoBaHi opraHy BUKOHYIOTb CBOKO YHKLIiIO
6inbl epEKTMBHO, HiX HecneLianizoBaHi.

Yomy X TOAI B NpPMpPOAI Tak MoLWpeHe
BeretaTuBHE PO3MHOMEHHSA, AKe 3[iMICHIOITb
HecneuianizoBaHi opraHu?

Q 3ragante

o PocnuHum o [purbu

« OpraHu « XuBui Bynb6amu BigBoakamu

BeretaTBHE PO3MHOMXEHHA

BereraTuBHi opraHu poOCJIWH BUKOHYIOTH *
(byHKI[iI0O He JuIlle KUBJIEHHS, ajie W Bere-
TATUBHOTO PO3MHOKeHHA (Maa. 89.1). 'pubu JINCTKOBAMU XKUBLSAMY Lin6ynuHamm
TaKOX aKTWBHO BUKOPUCTOBYIOTH ()parMeHTH
cBOro Tija (rpuOHUIN) AJA PEOPOAYKILil IMJIs-
XOM BereTaTHWBHOI'O PO3MHOKeHHA (Maj. 89.2).
He B ycix pocamH 3gaTHiCTh OO Bere-
TATUBHOTO PO3MHOKEHHSA PO3BUHEHA OJHAKO-
BO m00pe. Kpim Toro, HaBiTh AJIsT OLZHOTO BULY

3MATHICTD /10 BETETATHBHOTO DO3MHOMKEHHS KopeHeBumyM napoctkamu CTebnoBMMY XKUBLAMM
V Pi3HEUX opragiB pociuHu Oyze BifipisHATHCA. Man. 89.1. BeretaTBHe PO3MHOMEHHA POCANH 3a JOMNOMO-
AJe meit cooci0 pempoayKIlil € mAysKe HOIIupe- rol PisHUX BereTaTUBHIKX OpraHis

|_|0LLIVIpeHi BN BEreTaTMBHONro PO3MHOXEHHA B NPUPOAHNX YMOBaXx

Bug posmuo- Pocaunmn, aki po3MmHo-

Oco6auBocTi BUIY PO3MHOMKEHHST

JKEeHHSI JKYIOTh TAKHM CIIOCOO0M
Bynsbamu Bynb6u yTBOPIOIOTHCS 3 MOTOBIIEHUX IIiI3eMHUX ITaroHiB i pos- Kapromisa, roninamo6yp,
TAIOBYIOTHCSA HA IHIINX Hil3eMHUX ITarOHAX — CTOJIOHAX IIUKJIaMeH
IMubynuuamMmu ITubynuHa € mi3eMHUM BKOPOUYEHUM IIaroOHOM 3 M’ CUCTUMU IMubynsa, yacHUK, Jijid,
JUCTKAMU, AKi MiCTATH IMOKWUBHI PEUOBUHU. Y JeAKUX POCIUH TIOJIbIIAH

Ipi6HI MUOYJINMHY MOMKYTh YTBOPIOBATHUCA K BUI03MiHEHI OpYHbB-
KU B Ia3yXax JIUCTKiB abo HaBiTh y CYIBITTAX (YaCHUK)

Kopene- KopeneBuirie € migzemMuum 6araTopiuyHUM IIaroOHOM, AKUI HAKO- ITupiit moBayuwmit, m’ara
BUIIAMU IUYye MOKUBHI PEUOBUHU i MOKe MaTU BEJIMKi po3Mipu mepIeBa
Bycamu Byca — me mosayuuii qoBruii mariu, AKUU MOKe BKOpiHIOBATUCA CyHuiti, moayHuIri

Ha JOCUTH 3HAUHIN BificTaHi BiJf MATEpPUHCHKOI POCIUHA

BupoaxoBumu =~ BuBoakoBi OpyHBKM (DOPMYIOTHCSA TaKKM YMHOM, 1[0 BOHU 31aTHI | Kamauxoe, agiauTym,
OpyHBbKaAMU BiTOKPEMJIIOBATHUCS BiJl MAaTePUHCHKOI POCIUHY i BKOPiHIOBATH- acIIeHiyM

cdA. Bonu yacTo posraIiroBaHi Ha JUCTKaX MaTePUHCHKOI POCIUHU

s 3abes3IleyeHHs CBOTO po3citoBaHHA Ha 0isbIiry Bimcranb. Ta-

KOK BOHU MOYKYTh YTBOPIOBATHCS B ITa3yXaX JIUCTKIB Ta CyIBiTH
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|_|OLLIVIpeHi BAW BEretTatTuBHOro PO3MHOXE€HHA B YMOBaX arpoKyJbTypu

Bupa po3mHo-

Oco6aMBOCTi BUTY PO3MHOKEHH ST

Bincagka 3mificHIOETBCA IIJIAXOM NPUTMHAHHA HUMKHIX ITaroHiB

Pociauumn, aki po3MHO-
JKYIOTH TAKMM CII0CO00M

Yopua cMopoanHa,

i 3acumanu4d ix rpyaTom. Uepes AeAKUH yac 3acumaHa JiIdHKa arpyc

OpraHiB POCJMH: IIArOHiB, KOPEHiB, JIUCTKiB. @PparMeHT Berera-

Meton 3acHOBaHM Ha pereHepaIliiHUX BJIACTUBOCTSIX OKPEMUX

dDikyc, piaaka, uepBO-
Ha i YopHa CMOpPOUHA,

THUBHOT'O OPTaHa BiZJOKPEMJIIOETHCA Bil MATEPUHCHKOI POCIUHHI arpyc
i momirnfaeThcA y BOAHUI PO3UnH, e GOPMye KOPEHEBY CUCTEMY.

Ilicns il hopMyBaHHS KUBEIb BUCAKYIOTh Y IPYHT. 3aJIeKHO

BiJl BUKOPHMCTAHOTO BETETATHBHOI'O OPraHa PO3Pi3HAIOTH JUCTKOBI,

SKeHHS
Bigcagxamu
IIaroHy BKOPiHIOETHCHA
HuBsamu
KOpeHeBi i cTeb10Bi KUBITi
ITennerram

Meron 3acHoBaHMiT HA BiggijieHH] marona abo OPpyHbKY Bif omgHiel

A6aywi, rpymri, BumHi,

pocauHu (IpHUIenn) i oro nepecajKeHHA Ha iHIITY POCaUHY (mifg- CJINBU
merry). ¥ AesKUX BUIIQAKaX MifIena i mpuiena MOXYTh HajlexXa-

THU IO PiBHUX BUAIB

HUM. BiH 103B0OJIs€ PO3MHOKYBATHCSA B YMOBaX,
KOJIM CTATeBUM cIocib PO3MHOKEHHS uepes He-
CIOPUATJIVBI YMOBU cepemoBUIIla € HEZOCTATHHO
edeKTUBHUM abo B3araji HeMOKJIuBUM. Tomy
B 0araThboX POCJHWH iCHYIOTH CIellia/ibHi IIPUCTO-
CyBaHHS MeBHUX OPTaHiB AJA PO3MHOKEHHSA Be-
reTaTUBHUM IIJIIXOM.

npl/ICTOC)/BaHHFI 0O BeretatTmBHOrro
PO3MHOXEHHA B NMPUPOAHNX YMOBaAX

BereraTuBHe PO3MHOMKEHHS POCJWH y IPU-
POOHUX YyMOBaX YacTO 3IiHCHIOETHCS 3a OIIO-
MOTOIO CIleIjiayliBoBaHUX CTPYKTYpP, AKi yTBO-
PIOIOTBCSA BETeTATUBHUMY OpPraHAMM POCJIMHU.

an/ICTOC)/BaHHFI 0O BeretTatTMmBHoOro
PO3MHOXXEHHA B YMOBaX arpoOKyJbTypu

BereraTuBHe PO3MHOKEHHSA € TAPHUM CIIO-
coboM 3a0es3meunuTu PernponyKIliio, KOJU € IIO-
Tpeba B 30epe’KeHHi YHiIKaJIbHOTO CIIOJNIYUYEHHS
remiB y remorumi ocobumHu. Tomy Ieil cimocid
PO3MHOKEHHSI POCJUH i rpubiB aKTHBHO BUKO-
PHCTOBYIOTH B arpoKyJIbTYPi.

I'pubu BupOIIyIOTHCA B arpoKyJbTypi Ha
pisHOMaHiTHUX cyOcTpaTtax. [[yia meuepuIri Bu-

0 KnioyoBga igen
3a yMOBM BEreTaTMBHOIO PO3MHOMEHHSA OpraHisMm
30iMICHIOITb CAaMOBIATBOPEHHA 3a AOMOMOIOK Op-
raHiB i YaCTWH TiNa, ANA AKUX PO3MHOMEHHA He €
OCHOBHOI0 dYHKLIi€t0. Ane Lie He 3aBaka€e AK MoLuu-
PEHHIO BEreTaTUBHOIO PO3MHOXEHHA B MPUPOLI,
TaK i MOro akTMBHOMY BMKOPWCTAHHIO NIOAUHOL.

Man. 89.2. Pusomopdu — cnoci6 BeretaTMBHOrO PO3MHO-
YKeHHs rpuba

KOPHUCTOBYIOTh KiHCBKMI T'Hill, a AJA TJIUBU —
OyAb-sIKi BiAXOau 3 BUCOKMM BMiCTOM II€JIIOJIO-
3u (Bigxomam mepeBoIlepepoOHMX MiIPUEMCTB Ta
cimbebKoro rocmomapcTBa). Ilicasa mesimderirii
cyOcTpaTry Horo iHOKYJIIOIOTHL MillejieM Bimmo-
BigHOoro rpmba, BHOCAYN (PpParMeHTH Millesiio
BCepeAuHY cyOcTpary.

03aﬂI/ITaHHH Ta 3aBaHHA

1. AKi icCHyl0Tb CNOCOOU BEreTaTBHOIO PO3MHOXEH-
HA? 2. YoMy nepep BHeceHHAM Miuenito rpuba B cy6b-
cTpaTt noro 6axaHo ctepunisysatn? 3. ki 0co6nMBOCTI
POCNVIH J03BONAIOTb iM Nerwe, HiXk TBApPUHaM, 34iNCHI0-
BaTU BereTaTMBHE PO3MHOMXEHHA?
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§ 90. CraTeBe PO3MHOKEHHSA i cTaTeBMN Npouec

0 [omipkynTe

Y AKMX OPraHi3miB y »UTTEBOMY LMK
HaABHUN CTaTeBW MPOLEC, ane BiACYTHE
CTaTeBe PO3MHOMeHHA?

é 3raganTe

o PO3MHOXeEHHA o CraTb

» CrateBuin npovec o CraTeBi KNiTUHM

Cratb

CraTh — 1Ie CYKYIIHICTh O3HAK, AKi 3abe3me-
YYIOTh CTAaTEBE PO3MHOKEHHSA ¥ BiAPiBHAIOTH Y0-
JIOBiumX i skiHOUMX 0CcOOMH ofgHOTO BUAY. OCcOoOMHI
PisHOI cTaTi IPOAYKYIOTH Y IIPOIECi PO3SMHOMKEH-
Hs pisHi Tunu ramer, 110 3abe3neuye 30iJabIIeH-
HA TeHEeTUYHOTO Pi3HOMAHITTA IXHIX HAIAIKiB.

Mix coboro ocoOuHM pisHOI cTaTi pisHATHCA
3a IIePBUHHUMHU I BTOPUHHUMU CTATEeBUMU O3HA-
rKamu. IlepBuHHI cTaTeBi 03HAKUM — Ile aHATO-
Mo-MOpPGOJIOTiuHI 0cOo0JIMBOCTI oprauismy, AKi
3a0e3meuyioTh YTBOPEHHS BiAIOBiIHUX Tramer
i samrigHeHHA. [0 IEPBUHHUX CTATEBUX O3HAK
BiIHOCATL cTaTeBi 3ajo3u, cTaTeBi OPOBimHI
IIJIAXY, 30BHIIIHI crareBi opranu. BropunHHIi
cTaTeBi O3HAKM — Ile aHATOMO-MOPQOJOTiuHi
0CO0JIMBOCTI OpraHisMy, IO BigirpaioTh IEeBHY
POJb Yy mpoliecax PO3BUTKY OpPTraHisMy o pery-
asamii ¢isiomoriunmx mporeciB, AKi B ocoOumH
pisHOi craTi BigOyBaroThCsA MIO-pisHOMY.

Y TBapuH icHye mgocUTh Oarato cIoco0iB
BU3HAUEHHSA cTaTi MaiibyTHBOI ocobmHU. BoHa
MOKe BHUBHAUATHCA AK IIiJ BIJIWBOM 30BHIIII-
HiX yMOB (HaIIpUKJAZL, ¥ KPOKOAWJIIB CTaTh 3a-
JEeXKUTHh BiJ TeMIlepaTypu, 3a AKOI mo3piBaiu

AUIS), TaK i TeHEeTUYHO (3 JOTIOMOTOI0 CTATEBUX
XpPOMOCOM abo iHIITMM CIIOCOOOM).

CraTteBe pPO3MHOXEHHA

CraTteBe pPO3MHOKEHHS — THUI PO3MHO-
JKeHHs, 3a SKOT0 YTBOPIOIOTHLCA CIelliajizoBa-
Hi crareBi KiiTuHH i BigOyBaeThbCcs cTaTeBuUl
nporec. CraTeBe PO3BMHOKEHHS CIOCTEPiraeThb-
cs y IpPeICTaBHUKIB OiJIBIIOCTI CHCTEMAaTUUHUIX
TPYI POCAWHHOTO i TBAPMHHOTO CBiTYy. 3a yMOBH
CTATEBOT'0 PO3MHOKEHHS YTBOPEHHS HOBOTO Op-
ramismy sasBuuaii BijOyBaeThCs 3a YUACTIO JBOX
0aThbKiBCHbKUX OpraHisamiB (y BUOAagKy repMma-
(poauTH3MY CTATEBUM IIIJIAXOM MOXKE PO3MHO-
JKyBaTucs I ogHa ocobmua). ITix uac craTeBoro
PO3MHOKEHHSA BifmOyBaeTbCSA BJIUTTA CTATEBUX
KJITUH — raMeT YoJIOBiUuoro i KiHouoro op-
ragisamy. Takum umHOM HOBHWH OpraHi3am Hece
CIagKOBY iH(opmMmaliirzo 000X 6aTbKiB.

CraTeBi KJIITUHM MalOTh YABiUi MEHIITY Kilb-
KicTs xpomocom. Ile € HacaigKOM MENOTUUHOTO

Anusa Cnepmaro3oigu

—

1 170 mkm

Kaba * 2 MM ~— " 100mkm

@ 0,15mMm W—/ 53 MKM
~—
Lyp O 0,07 mm P 189 MKm

Man. 90.1. Yonosiui 1 XiHoui cTaTeBi KNITUHW Y Pi3HNX
NpeACTaBHUKIB XpebeTHMX

JiognHa

Hali6inbL nowmpeHi TMNM cTaTeBOro PO3MHOMXeEHHSA

Tun po3aMHOKEeHHST
Izoramisa

Amnizoramis

Ooramisa
yi rameTn
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Oco06auBOCTI OyTOBYM CTATEeBUX KJIITHH
YomoBiui # 'KiHOUi ramMmeTu 34aTHI KO0 PyXy Ta MaOTh OJHAKOBY (hOpMY i po3mip

YosoBiui # skiHOUI TaMeTH 3mTaTHI 10 PyXYy, BOHI MAalOTh CXOXKY hopMy, ajie pisHuii pos-
Mip (skiHOUI GinbImi 3a podMipom)

YosoBiui i 'KiHOUi ramMeTu MaroTh pisHy Gopmy i posmip. [[o pyxy 3maTHi JIuIie Y0JI0Bi-



Oomiy, IKUU MOXKe BimOyBaTucsa SK y IIporeci
¢dopMyBaHHS CTaTEeBUX KJITUH, TaK i 1O HHOTO.
Kpim Toro, craTeBi KIiTUHU BiAPiSHAIOTHCA Bin
COMATHUYHUX i 3a cIiBBigHOIIEeHHAM 006’€MiB II1-
TOILJIa3MU # Axpa. Y pe3yabTaTi 3JUTTSI IBOX
raMeT KiJIbKiCTb XpOMOCOM y KJITHHIi, IO YTBO-
puiacs — 3Urori,— 30iJbIIyeThCcA y IBa pasu,
TOOTO BiTHOBJIIOETHCS, MPUUYOMY OJHA IIOJOBMHA
BCiX XpoMocoM € 0aThbKiBCHKOIO, iHIIIa — Mare-
PUHCHKOIO.

JKuBi opranismu yTBOpPIOIOTH cTaTeBi KJIiTH-
HU JOBOX THUITIB: JKiHOUI — ANIEKJITUHHU i Yo-
JoBiui — cmepmarozoigu (man. 90.1). 3rigao
3 MiXHaApOZHOIO TiCTOJOTIUYHOIO HOMEHKJATY-
poio, TepMiH «CIIepMAaTO30iZl» CJIiJ 3acCTOCOBY-
BaTU JIHUIIE I TO3HAUEHHS PYXJIUBUX UYOJIO-
BiUMX ramer, a AK 3arajJbHY Ha3BY UYOJOBiUMX
CTaTeBUX KJITWH CJIiI BUKOPUCTOBYBATU TEPMiH
«CIIEPMAaTO300H» .

Pisuumna y 6ymoBi sxkiHOUMX i yosioBiumx cra-
TeBUX KJITHH € OCHOBOIO JJIS OJHOTO 3 BapiaHTiB
KJgacu@ikaiii THOiB cTaTeBOTO PO3SMHOMKEHH.

Y Bunagky ooramii ocobmumu uoJioBiuoi crarti
YTBOPIOIOTH BEJUKY KiJIbKiCTh APiOHMX ramer,
AKi MamTh Oy:Ke OOMEKeHUU 3amac MHOKUB-
HUX PEYOBHUH, ajie 3maTHi mo pyxy. Ocobumnu
JKiHOYOI cTaTi yTBOPIOIOTH BiTHOCHO HEBEJIUKY
KiJTbKiCTh BEJMKUX TaMeT, sIKi MalOTh SHAUHUN
3arac IMOKMBHUX PEUOBUH, ajie He 3TaTHI pyxa-
tucsa. Taka crmerianisaiiisg m03BOJIAE, 3 OJHOTO
OOKy, 3a0e3meumnTH HAIIAAKiB JOCTATHIM s
POBBUTKY 3amacoM MHOKMBHUX PEUYOBUH, a 3 iH-
I0ro — e(PeKTUBHO 3MiHICHIOBATH IIOIITYK raMeT,
chopMOBaHUX OCOOMHOIO iHIIOI cTaTi.

MNoniembpioHin

Oco6auBUM C€IIOCOO0OM PO3MHOKEHHS Opra-
HisMiB, KM BMHHK Ha OCHOBiL CTaTeBOI'O CIIO-
co0y PO3MHOMKEHHS, € IoJieMOpioHis.

ITomiemOpioniss — 11e TIpoIleC PO3BUTKY KiJb-
KOX 3apOAKiB 3 OfHi€l 3aILTifHeHol AUIeKIiTHHA.
ITosmiem6OpioHiss mocuTh mOINIMpPEHA cepen Pi3HuX

0 Knioyosa iges

Y BNagKy CTaTeBoOro pO3MHOMEHHA YTBOPIOIOTHCA
cTaTeBi KNITUHW N BifOYBa€EeTbCA CTaTEBUA MpoLiec.
Xoua cTaTeBUIA npouec moxe BigbysatucaA i 6e3
CTaTeBOro PO3MHOMeHHS. Llel cnocib po3mHOXeH-
HA noTpebye Bif opraHiamiB Ginblue BUTPAT, HiX
HecTaTeBe PO3MHOMEHHS, ane Aa€ CyTTeBO binbLue
Pi3HOMaHITTA HallafKiB.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

rpyn TBapuH (BifiuacTi Ta KisbuacTti uepBu, [e-
AKi uJeHmCTOHOTi, pubu i ccasii). SIK mocTiii-
He ABUINle BOHA IIPUTAMaHHA AEeAKUM KoMaxam
(mampukJaazn, isgusaM) i ccaBHaM (HAIIPUKJIA,
OpoHeHOCIAM). ¥ JIIOJWHU Yy pasi mosrieMOpioHii
HapPOIKYIOTHCSI MOHO3UIOTHI OJMM3HATA, AKi Ma-
IOTh ifleHTHUYHUN HaOip crmagkoBoi iHdopmailrii.

Tpanaserscsa mosaieMOpioHia @ y pocamH.
IIpu mpoMy B OAHiNI HaciHMHI PO3BUBAETHCA
KinbKa 3aponkiB (TioabIlaHu, Jijii, jgararrs,
cyHuIi rtomio). omaTkoBi 3apoAKu B HACiHMHI
MOKYTh PO3BUBATHUCH HE TLJIBKM i3 3aILIigHEHOI
ARNEKJIITHHY, a I 3 iHIMNX KJIITWH HaCiHMHMN.

CraTteBun npouec

CraTeBUil IIpoIllec He 3aBiKAU IIOB I3aHUN
3 TIPOIECOM PO3MHOKeHHdA. Tak, B iHQy3opiit
cTaTeBUU IpoIlec BinOyBaeThCA IILIAXOM KOH’IO-
raiii, KoJu BOHU OOMiHIOIOTHCS CHAJAKOBUM Ma-
TepiaJioM MiKpOHYKJeyciB. AJie PO3MHOMKEHHS
Ipu IIbOMY He BinOyBaeThcdA (KiJbKicTh ocoOmH
3aJINIIIAETHCSI HE3MiHHOIO).

Haii6inpimmoro mepesarow cTaTeBoro Ciocooy
PO3MHOKEHHS € CyTTEBe 30iJbIlIeHHSA I'eHeThu-
HOTO PiBHOMAHITTA HaIIAZKiB BHACIIZOK KOM-
bimarii GaTbKiBCchbKHX remoTumniB. Ile cmpuse
BUJKMBAHHIO BUAY Y BUIIQAKY 3MiH yMOB icHY-
BaHHs, X0ua i moTpebye BUTPAT BHAUHUX PECYpP-
CciB yHACJiZJOK yTBOPEHHS BOX CTaTei.

MpaKTnyHa poboTa

Po3e’a3yeaHHA 3ad0a4y Ha memy «[amemozeHes,
3HaveHHA melio3y 8 npoyeci 2amemozeHe3y, Kib-
KiCHi 3MiHU 2eHemu4HO20 mMamepiany»

1. AunnoigHa KniTmHa micTuTb 8 Xxpomocom. Y npo-
Leci Meno3y MiX roMONOriYHMM XPOMOCOMaMU Of-
Hi€l napu BigdyBca obMiH ginAHKamu. CKinbKu TMNiB
rameT (3a AKICTIO XPOMOCOM, WO BXOAATb A0 CKIagy
LUUX KIiTUH) YTBOPUTbCA B pe3ynbTaTi Menosy?

2. KinbKiCTb XpOMOCOM COMATUYHOT KNITUHW 3eneHol
abwu [JopiBHIOE 26. BU3HauTe, AKUIA Habip Xxpomo-
COM MaloTb CMepmaToLMTX JPYroro nopsagkKy, cnep-
MaTo30ifu, a TakoX KNiTUHW nyronoska. Bignosigb
NOACHITb.

03aﬂl/lTaHHH Ta 3aBJaHHA

1. AKi NnepeBarn Hagae KMBMM OpraHiamam cTaTeBe
PO3MHOXeHHA? 2. AKi HefoniKM y CTaTeBOro PO3MHO-
»KEHHA MOPIBHAHO 3 HecTaTeBUM? 3. BukopumctoByoun
JOJATKOBI AXKepena, 3HaNAiTb Kibka NpuKNagis, Konu
MINOTUYHUI NOAIN He NMoB’A3aHUN 3 raMeToreHe3oM.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 91. lameToreHes

0 [omipkynTe

Y MOXyTb rameTu mMaTvi OfHAaKOBUIN PO3Mip?
Yomy?

Q 3raganTe

+ PO3MHOX€EHHA pociiH  + PO3MHOXEHHSA rpurbis
» CTaTeBe PO3MHOMKEHHS

[ameToreHes y rpubis

IIpomec yTBOpeHHA cTaTeBUX KJIITHUH Ha3M-
BalOTh raMeTOreHe30M. l'aMeTu yTBODPIOIOTHCH
B cTaTeBUX 3aJj0o3ax abo cremiagizoBaHUX KJi-
TUHAX.

Cepen rpubiB rameroreHes BJIACTHUBUN He
Bcim rpymam. ¥ ximpudiomikomosux Ta 00Mi-
KOmoeux, HANPUKJIal, raMeTH YTBOPIOIOTHCA
B CIeIliaJbHMX CIOpPaHrigx abo ramMeramrigx
(ooroniax Ta amrTepupmiax). I'ameru, IO yTBO-
PIOIOTBECA, MOXKYTBH OyTH OZHAKOBUMU (IIpu iso-
ramii) um pisHMMEU (Opum rereporamii) 3a pos-
mipom. Cepell HUX TaKOK TOITMPEHUI BapiaHT,
KOJM OJHA 3 raMeT € BEeJUKOI0 i1 HepyXOoMOIo,
a iHIIa — MaJIeHBKOIO I PyXJUBOIO (ooramis).

Y basudiomiyemis (ixHiMu mpefcTaBHUKAMU
€ ITaTTMHKOBI rpubu) Ta ackomiyemis (10 HUX Ha-
JexkaThb TprodeIi, IPisKAKI Ta MeHiuaIn) raMmeTo-
reHes3 BifCyTHill. Y pesyJIbTaTi CTAaTeBOTO IpOIle-
Cy B HUX YTBOPIOIOThCA Metiocmopu (mai. 91.1).

basugiocnopn

lannoigHi
agpa

ba3sngia

Man. 91.1. YTBopeHHA meliocnop y 6a3upaiomiueTis
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Meitocmopu, AKi yTBOPIOIOTHL IpubU, MAIOTH
OMHAKOBUI po3Mip. ¥ OasumiomireTiB dopmy-
IOThbCs 0asuaiociopu, sIKi poa3TallioBaHi Ha cie-
HiaJbHIN CTPYKTYpi — 6a3udii. B ackomimeris
¢dopMyIOThCS aCKOCIOPU, AKi posTaIlloBaHi Bce-
penuHi iHIIOI CTPYKTYpM — acka.

B o6ox Bumagkax IIpoIllec IOYMHAETHCA 3i
3JIUTTA ABOX TAIJIOIJHUX ANep, AKi po3rarroBa-
Hi B KiuiTuHi rpuba (e xapakTepHa puca 000X
mux rpyn rpubis). Ilicaa mboro BimOyBaeTbCs
MeMOTUYHUIN IOAiJI, AKUI 3aBEPINYETHCA YTBO-
PEHHAM YOTHUPHOX TaIJIOINHUX KJIITWH. ¥ 0asu-
OioMileTiB BOHM 3a3BMUAl PO3MIITYyIOTHCS Ha
OGasupii i moTim BimginsiroThbess Bim Hel Ta IIo-
MINPIIThCA. B ackoMineTiB micaa 3aBepIieHHA
MENOTHYHOTO MOMiJNy KOMKHAa 3i CIop AiJuTbCsA
mie pad miToTuyHO. TaKMM YMHOM B acKy pOS3-
MiITyeThCA MO BiciMm cmop, AKi mOTiM BUXOJATH
3 HBOT'O i MOIIMPIOIOTHCA.

[ameToreHes y pociviH

VYTBOpeHHA cTaTeBUX KJITUH Yy POCJUH
MOJKHA POSIJIAHYTU Ha NPUKJIALI KBITKOBUX
pocauH. ¥ HUX BOHO CKJIAQJAETHCSA 3 JABOX e€Ta-
miB — CHOpOTeHe3y i ramMmeToreHesy.

Crmoporene3 y KBiTKOBUX POCJIHWH BifOyBa-
€TbCA B MUJIAKAX (MiKpocnopozenes, y pe3yJsbra-

OBoreHes

CnepmatoreHes

Crapis
PO3MHOXEHHSA
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Man. 91.2. [ameToreHes y ccasUiB
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Cragii rameToreHesy TBapuH

OsBorenes

B oorenHi#t TKaHUHI (pOPpMYy€eThCA BeIUKA KiJTbKiCTh KJIITHH — 00r0-

Ilepexoasauu B 30HY POCTY, OOTOHII TOYNHAIOTH iIHTEHCUBHO 3061J1b-
LITyBaTHCA B PO3Mipax Ta HAKOMUUYIOTH IIOKMBHI PEUOBUHY Y BU-
TJIAZL 3epPeH YKOBTKA. BOHU IIepeTBOPIOIOTHCA Ha OOLIUTHU I TOPAIKY

Oornut I mopAaKy ainuTbea Meiiosom HepiBHOMipHO. ITicas 1-ro
noxisy yrBopuTheda 1 Benuka KiaiTuHa — oonut Il mopaaky, B ARy
IIepexoJATh YCi IOXKUBHI peuoBUHMY, i 1 1pibHA KIiTUHA — IEPBUH-
He noJIsipHe ab0 HaIpAMHE TiJbIle, [ie € JIUIIe AP0 i BiAcyTHA uTO-

30Ha CnepmaTtorenes
PoamuO- | ¥V ciepmMaToreHHiT TKaHUHIL
JKeHHA B pesyJIbTaTi MiTO3y yTBO- Hilt (2n)
PIOIOTHCA YKUCIEHHI KIIiTH-
HU — cIepMaToroxii (2n)
Pocty CrepMmaToroHii Tpoxu 361iJ1b-
IIYIOTHCH, 1 3 KOMKHOI KJIiTH-
HU PO3BUBAETHCA CIIEPMATO-
murt [ mopanky, sgaTHUR 0
PEenyKI[IHHOTO MOTiIy
Ilospi- V¥ nporeci 1-ro moginy
BaHHA MeH03y YTBOPIOIOTHC
Ta 2 cuepmarorutu II mopsaz-
dopmy- Ky, & IOTiM y 2-MYy TOAiTi
BaHHSA 4 rameTy — CIIepMaTUIA

(n). ¥Yci 4 kaiTuHM, OGHAKO-
Bi 3a po3mipoM, 103piBalOTH
i yTBOpIOIOTH 4 criepMaTo-
30imu

miaasma. Ilicasa 2-ro moxpiny meiiosy 3 oomuTa Il mopsaaKy yTBOPUTE-
cdA 3HOBY 1 BeIuKa KJIiTHHA — AUIEKJIiTHHA i 1 BTOpUHHE HaTpsAMHe
TinbIle. 3 IEPBUHHOTO HAIPAMHOTO TiJILIIA YTBOPATHCA 2 APiOHUX
BTOPUHHUX HAIPAMHUX TiJbIld. TaKUM YMHOM, HiJ] YaC OBOT€HE3Y

3 KOKHOI BUXiJHOI KJIITHHM YTBOPIOIOTHCA 1 BelnKa ARIeKIiTHHA
(n) i 3 HaTpAMHUX TiABIE (1), 1110 TUHYTE. [loasApHi TibIlA cayry-
IOTBH TLJILKY IJIA PIBHOMiPHOT'O PO3MO/iJIy XPOMOCOM ITiJi Yac Meiio3y

Ti AKOTO YTBOPIOIOTHCA MiKPOCIIOPM) i MaTOUILi
(mezacnopozene3, y pesyJsibTaTi AKOTO yTBOPIO-
I0ThCA MakKpocmopu). ¥ IIpolieci Mikpociopore-
He3y 3 OJHiel TUILIOIAHOI KJIITUHU YTBOPIOETHCS
yoTupu TramiaoiguHi mMikpocmopu. KosxkHa 3 HHX
IiIUTHCA MITOTUYHO W YTBOPIOE IUJIKOBE 3€PHO,
AKe MicTuUTh aBa cmepmii.

Y mporeci meracmoporenesy 3 omHiel mgu-
IJIOIMHOI KJIITMHU TAaKOXK YTBOPIOETHCA UOTHPU
meracmopu. AJie TiIbKM OOHA 3 HUX YTBOPIOE
3apoOoKOBUMIT MiImoK. IHIi Tpu BigMuparoTs. Me-
racmopa TPUYi AiAUTHBCA MITOTUYHO i YTBOPIOE
Bicim kaituH. OgHa 3 HUX cTae ANIEKJIITHIHOIO,
a IBi BIMBAIOTHCSA 1 YTBOPIOIOTH MUILJIOIAHY I€H-
TPpaJabHY KJITUHY 3apOJKOBOTO MIiIIIKa.

fameToreHes y ccaBLiB

T'ameTorenes y TBapmH MOKHA POBIJIAHYTH
Ha IPUKJIALL cCaBIiB. ¥ CCaBIIiB CTPYKTypaMu,
B AKUX BimOyBaeThcs raMeToreHes, € ixHi cra-
TeBl 3ayi03M — CiM’SHUKU Ta gcuyHUKU. [ame-

0 Kniouosa iges

[ameTOoreHes — Le npouec yTBOPEHHA CTaTeBUX
KNiTH. BiH BigbyBa€eTbcA B crevianizoBaHuUX CTa-
TeBMX OpraHax abo cnewjianbHUX KNiTnuHax. lameTn
Pi3HUX TWUMIB MOXYTb MaTW AK OQHAKOBWI, Tak
i pi3HU po3mip.

TOTeHe3 Bi0yBaeThCA MOCIiJOBHO y TPHOX B30-
HaX, AKi BUAIIAIOTH y 3aj03aX, i 3aKiHUyeThCA
dopmyBaumaam ramer (maJs. 91.2). Po3pisuamoTs
cuepMaToreHe3 (IIPOIleC YTBOPEHHA YOJIOBiUMX
cTaTeBUX KJITWH) Ta OBOTeHe3 (Ipollec yTBO-
PEHHA KiHOUMX CTATEeBUX KJIITWH).

@ MpakThyHa poboTa

Bue4yeHHA cmadili 2amemozeHe3y HA NocmMiliHuUx
npenapamax cim’AHUKie ma A€4YHuKie, mabnuysx,
ManoHKax

1. Po3rnAHbTe NOCTINHUIM MiKponpenapaTt 3pi3y
cim'AHMKa ccaBuA. 3HalAiITb cnepmMaTo30ign Ha pis-
HUX CTafifAX PO3BUTKY B po3pi3ax CiM'AHUX KaHanb-
uiB. 3amarntorite nobayeHe Ta 3pobiTb MO3HAUYEHHS.
2. Po3rnaHbTe NOCTINHUI MiKponpenapaT 3pi3y A€Y-
HMKa ccaBuUA. 3HanAiTb GoNiKynn pi3HOro cTyneHs
3pinocTi N po3rnaHbTe iX. 3amantolite nobayeHe
Ta 3p06iTb MO3HAYEHHS.

3. ChopmynionTe BUCHOBOK.

03al'll/lTaHHﬂ Ta 3aBJaHHA

1. AKi 0cobnnBOCTI Ma€ yTBOPEHHs Meliocrnop Yy ba-
3naiomiueTiB Ta ackomiuetiB? 2. AKi BiAMIHHOCTI BiA
rameToreHesy rpubis mMae rametoreHes ccasuis? 3. Aki
nepesBarn Ja€ pPOC/NHAM YTBOPEHHA Nuwe OfHIEl AN-
LEeKJITMHN 3 YOTUPbOX Meracrnop?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 92. CraTeBi 3ano3u. lametoreHes y niognHn

0 [omipkynTe

Yomy pagiauiiHe BUNPOMIHEHHA JNierile ypakae
raMeTu NAVHN, HiXK 1T COMATUYHI KNITUHW?

Q 3raganTe

o TBapuHu o CcaBui

o PO3MHOXeHHA o CTaTeBi KMiTUHN

CraTeBi 3an031 i cTaTeBi KNITUHN

CrareBUMH 3ajio3aMu y JIOJUHU € A€UYKa
(y 4osoBikKiB) i Aeunuku (y KiHok). deuxa —
OoBaJIbHI IIapHi cTaTeBi 3aJ03M, IO MiCTATHL-
cA 11032 YEePEeBHOIO IMOPOYKHWHOIO y IIKipHOMY
mimKy (Mmorrouiii). BoHu HasexaTs 0o 3aj03
3MimraHoi cekperrii: 30BHINIHA (PyHKIiA — 11e
YTBOPEHHS CIIEPMAaTO301/1iB, a BHYTPillITHA — BU-
IiseHHSA TOpMOHY TectocTepony. Ilim uwac cra-
TEeBOTO N03PiBaHHA y CiM’AHUX KaHa/JIax SIEYOK
YTBOPIOIOTHCA YOJIOBiUi cTaTeBi KJiTUHUM —
CcIIepMaTo30iaM.

Aeunuku — 1e mapHi cTaTeBi 3aJ103W MUT-
majgernoni6buHoi ¢gopmMu. ¥ HUX YTBOPIOIOTHCHA
1 mo3piBaloTh JKiHOUYLI cTaTeBi KJIITMHU — dAi-
mexkJiTnHu. TaKoXK AE€UHUKU YTBOPIOIOTH CTaTe-
Bi TOpPMOHM, TaKi SK ecTPamioJ i IporecTepoH.
Jlo uepeBHOI MOPOKHWHN A€UYHNKY TPUKPITIeHL
KimbKoMa 3B’as3kaMu. Po3Mip se€UyHMKA CTAHO-
BUTHL 3 X 2 x 1 ¢M, a Ba)XUTh BiH OJIMU3BLKO 7 T.

YoJ10BiuMMU CTATEBUMU KJIITHHAMU € CIIep-
marto3oinu. Ile pyxauBi KIiTUHU, AKi MalOTh TPU
Biggiam — TOJIOBRY, IIUHKY i xBicT. ¥ XBOCTi
MicTATBCA CIlemiajbHi 01JIKK, AKi 3a0€3IeUyoTh
pyx cmepmarosoiza. A B MIHHII 30cepemxeHi
MiTOXOHApPiI, 1110 BUPOOJIAIOTH €Hepriio, AKa BuU-
KOPHUCTOBYEThbCA s Pyxy. ['0JIOBKa KJIITUHUI
MiCTUTBh SApPO 3i CIIaZKOBUM MaTepiajoMm i cme-
miagpbHy opraHesy — akpocomy. Boma morpio-
Ha IJId TOTO, 100 CIIepMaTo30iJ Mir IomoJaTh
00OJIOHKM AUNMEKJITHHU IIiJ yac 3aljigHeHHd:
depMeHTH, AKI MicTATBCA B aKPOCOMi, ITI0 000-
JIOHKY PO3YMHSIOTH.

KimounmMu crareBUMM KJIITHMHAMHU € dHIe-
riaxituau. dfinekaiTuna Habarato OijabIia, HixK
cuepMaTos30in. BoHa MicTUTH MOKUBHI PEUOBU-
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HU, AKi 3a0e3meuyioTh IMepIri TOoAiJu ManoyT-
HBOTO 3apojKa, i He Mae mEryruka. Cmamko-
BUII MaTepias AUIEKJIITUHU MiCTUTBCA B AIPi.
30BHi ii 0TOUyIOTH cHemiaabHi 000JOHKU, SAKi
YTBOPIOIOTHCA IIifi Yac PO3BUTKY AUIEKJIITUHU
B A€UHUKY. BOHU NEPENIKOAKAIOTh ITPOHUKHEH-
HI0O B SAHUNEKJITHHY OiJBIIT HiK OJZHOTO cCIiep-
MaTo30ia Ta CIPUSAIOTH BKOPiIHEHHIO 3apoaKa
B CJIM30BY OOOJIOHKY MAaTKH.

CnepmaTtoreHes y nognHn

CunepmartoreHe3 — IIe IIPOIEC PO3BUTKY
crepMaTos30iniB y JgmoguHu. Bim BigOyBaeThCcs
B CiM’IHMX KaHaJbIAX YOJOBiUOi cTaTeBoi 3a-
jgosm — cim’auuky. IIpormec cmepmarToremesy
CKJIaIHUM, BiH 3aBepIIIyEThCA B IIEPiof cTaTeBOi
3pPij0oCTi YTBOPEHHAM CIIEPMAaTO301IiB — 3piamx
YOJIOBIiUMX CTATEBUX KJITWH, 3JaTHUX OO 3a-
mwrigHenusa. IloBHOMY Ho3piBaHHIO IIepemye Me-
HOTMYHUMA IIOAIJI, Y pe3yJIibTaTi AKOTO B AApPi
CTaTeBOl KJITUHU 3aJIMINAETHCA IIOJOBUHA XPO-
mocoM (23 samicTp 46).

PospisuarmTs woTupu mepiogu criepmarore-
He3y: PO3MHOMKEHHA, picT, mo3piBamHA U (op-
myBaHHA (MaJu. 91.2). ¥V mepion po3MHOMKEHHS
cuepMaToroHii (mepBUHHI Y0J/IOBiUi cTaTeBi KJri-
TUHY) KiJIbKa pasiB MiIAThCA MLJIAXOM MiTO3Y.
VY mepion pocTy yTBOpeHi KIITHHEN 30iJIbIIYIOTH-
cs B posMipax, a ixHiI sgapa OPOXOAATH IIep-
my ¢asy (mpodasy mepiIoro moiijsy) Meinosy.
VY pesynbraTi BOHM CTAaOTh CIEPMATOIUTAMU
IEepIIoro HMOPAAKY. ¥ IMepion mo3piBaHHA WIPO-
XOIATh HACTYIHI (hady Meio3y, 1 YTBOPIOIOTHCS
CIePMATOIUTU APYTOTO MOPAAKY (Iicjas mepIro-
ro mominy) i cmepmaTuam (Iicjig APyroro IOmi-
Jy). 3 OOHOTO CIEePMATOIUTY IIEPIIOro IIOPS-
KY YTBOPIOIOTHCS CIIOUYATKY [ABa CIIEPMAaTOIIUTHU
IPYTroro MOPAIKY, a IMOTiM YOTUPY CIIEPMAaTUIU.
IIix vac mepiomy popmMyBaHHS cIepMaTUAU TIe-
PETBOPIOIOTHLCA Ha 3piji "osoBiui crareBi Kuri-
TUHU — CIIepPMaTOo30iau.

OBoreHes y noaNHN

OBorenes — Iie IPOIEC PO3BUTKY AUIIEKJIi-
TuH. IIpollec PO3BUTKY ANIEKJIITHH II0B’ A3aHUA
3 POCTOM i PO3BUTKOM IIePBUHHUX (OJIiKYJIiB,
po3MimeHnx y KOPKOBOMY IIapi se€YHUKA.
IlepBuHHME (OIIKYya CKJIaZaeThbCcA 3 He3PiJoil



AANEKJITUHN, OTOYEHOl IIIapoM eIliTesiaJbHUX
KJITHH i CIOJYYHOI0 TKAHWHOIO.

VY nepinry (GorikyaAapHY) asy MeHCTPyaIb-
HOTO IIUKJY IIOYNHAETHCA PiCT OAHOr0 ab0 KiJb-
KOX HepBUHHUX (POJiKYJIiB, aje cTamili IOBHOTO
Io3piBaHHA mocArae 3a3Bmuail oauH (HOJIIKYJI;
igmri sasHaroTh perpecy. IIpoiiec mospiBaHHA
doaikyaa 3a 28-meHHOTO0 MEHCTPYaJbHOIO IIH-
KJY BKJagaeTbcA B 14 guiB (3a 21-memHoro —
y 10-11 gwis).

Po3pisHAIOTH TaKi mepiogu oBOTeHE3Yy: PO3-
MHOKE€HHSA, POCTY, MO3piBaHHA i (DOPMyBaHHI.
Y mepionm po3MHOKEeHHA BimOyBaeTbes 30iJb-
mIeHHA KiJBKOCTI OOTOHIIB (IEePBMHHUX JKiHO-
YUX CTATEeBUX KJITUH) IIJISAXOM MIiTOTHYHUX
noniniB. ¥ mepiox pocTy IOAiJ OOTOHIIB mpu-
MUHAETHCA, i BOHU YTBOPIOIOTH OOIIUTHU IIEPIIIOTO
mopanky. Oomury 3araubI0ITECA B TKAHUHU
sJA€YHNKA, BKPUBAIOTHCA 000JIOHKAMHU M yTBOPIO-
10Th QoJaikynu. ¥ KiHIIi mmepioy pocTy B OOIIUTL
BimOyBaeThCcAa HAKOMMUEHHSA »KOBTKa. IIpoTarom
mepioxy mospiBaHHA BimOyBaeThbCcs aBa IMOLLIN
Melo3y, B pes3yJabTaTi AKHX y AApi craTeBoi
KJITHHU 3aJUIIAE€THCA ITOJOBMHA XpoMocoM (23
samicTe 46). Ilicaa meprioro momiily yTBOpPIO-
IOTBCA OOITUT APYTOTO MOPAAKY ¥ IepIle moJIAp-
He TiJblle, a micad APYroro — 3pija ARIEKJIi-
TUHA 1 Ipyre nmoadpHe Tiablie. IlonapHi Tinbia
He 0epyTh yd4acTi y Iporecax PO3SMHOMKEHHS i
py#HyloThca. Takum uymHOM, HA BigMiHy Bin
criepMaToreHesy, IIiJl 4ac OBOreHe3y 3 omHiel
BUXiTHOI KJIITUHU YTBOPIOETHCA JIUIIIE OHA II0-
BHOIIiHHA 3pijia raMeTa, ajie BOHA Ma€ BeJIUKUN
po3Mip i MOCTAaTHBO IMOKWBHUX PEUYOBUH MIJIs
MmepIIux cTagiii eMOPiOHAJIBHOTO PO3BUTKY.

Bnnue pi3Hnx ¢pakTopis
Ha rameTtoreHes

IIpomec yTBOpeHHA TaMmeT y JIIOAWHU 3a-
JIeXKUTh BiJ TeHeTUUYHUX, TOPMOHAJILHUX Ta
inmux ¢axtopiB. Tum rameroreHesy y JIIOIU-
HU PeryaioeThCsI YOTUPMAa IeHaMU, TPU 3 SKUX
(O, T, Tif) posramoBani ma X-xpomocowmi,

0 Kniouosa iges

CrateBUMIM 3an03aMu NOQUHN € A€YKa (y YOnoBi-
KiB) i A€YHUKM (y XKIHOK). Y HMX BigbyBatoTbcs npo-
Llecu YTBOPEHHSA CTAaTEBUX KNITUH: Y f€YKaX —
criepMaToreHes, a B A€YHMKax — oBoreHes. Ha ui
npoLecy MoXXyTb HEeraTMBHO BMMBATU Pi3Hi dak-
TOPW, TaKi AK NaniHHA, aNKorosb, HAPKOTUYHI pe-
YOBVHW, pajiauifiHe BUNPOMIHEHHS TOLLO.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

a omuu (R%) — ma Y-xpomocomi. I'ew O Bix-
moBizae 3a oBoreHes, a T — 3a cmepmaToreHes.
T'eu Tif 010Kye pobory rera T, 110 g03BOJsAE
npamiosatu reany O. Te, AKuUi 3 IUX reHiB
Oyae mpaloBaTH 3aJeXUTL Bim rema RUY jo-
KaJIi3oBaHOTO Ha Y-XpoMmMocoMmi. 3a HaABHOCTI
B KiaitumHi Y-xpomocomi rerm R% Giokye reum
Tif. ¥V rakiii curyanii npamioe rea T i opra-
Hi3dM BuUpOOJisie ciepmarosoigu. Ilicisa mouaTky
MPOAYKYBAHHA TaMeT TOHKY PEeryJdAIiio IIhOTO
Ipollecy OpraHisM 3AifiCHIOE TOPMOHAJBLHO 3a
JOIIOMOTOI0 €HJJOKPUHHOI CUCTEMU.

Ane ma rameToreHe3 MOMKYTHb BIJIMBATHU
" immi ¢daxrtopu. Brpail HeraTuBHO Ha IeH
IpoIleC BILIMBAIOTHh AJIKOT0Jb, HAJIHHA i BIKU-
BaHHA HAPKOTHUUYHUX PEUYOBUH, a TaKOX JedKi
daxTopu cepemoBuina (pagiaiiine BUIIPOMiHeH-
Hd, TeBHI ximiuHi peuoBmHU ToIrto). Ili daxTo-
P¥ MOKYTH IOPYIIIyBaTu Iporec (hopMyBaHHS
CIIepMAaTOo30i/iB, 10 CTa€e NPUUYMHOI IX HeNo-
CTaTHBOI PyXJUBOCTi U Oesmaigasa. Kpim Toro,
i (PaKTopm CYTTEBO IIiABUINYIOTh KiJbKiCcTb
MyTalliifi B CTaTeBUX KJIITHHAX, IO TAKOX IIO-
ramo BigOMBaeThCsd Ha IXHIA KUTTE3LATHOCTI
¥ migBUINye PU3WK HAPOAMKEHHA JiTelt 3i cman-
KOBUMU BaJaMMU.

Heari iH(peKIifiHi 3aXBOPIOBaHHA, HAIIPU-
KJIaJ TapoTuT, HIOPYIIYIOTH CIepMaToreHes3
i TpusBOAATL N0 0e3MJIiAAsS B YOJOBiKiB.

@ MpakTnyHa poboTa

BiomiHHicmb cnepmamoezeHe3y ma oeozeHe3y
y JII0OUHU

1. Po3rnaHbTe CXeMy pO3BUTKY CNepmaTo3oidiB i An-
LEKNITUHW NI0AVHWN.

2. YKaxiTb npouecy, AKi BigbyBaloTbca nig vac cnep-
MaToreHesy 1 OBOreHesy, Ta npefcraBTe iX Y BU-
rnagi Tabnuui.

3. 3HanaiTb pUCK BIAMIHHOCTI MiXK LMK npoLecamu,
Ta MOACHITb GiosloriyHe 3HaYeHHsA LUUX BigMiHHOCTEN.
4. CoopmyntonTe BUCHOBOK.

03aﬂl/ITaHHﬂ Ta 3aBJaHHA

1. HaBegitb cninbHi Ta BiAMIHHI pucn cnepmaTto-
reHesy Ta oBoreHesy. 2. ANIKOrofiam moxe 6yTu npu-
YMHO MyTaLill y 6yAb-AKMX KNiTUHaX opraHismy. Ane
MyTaLii, AKi BUHMKaIOTb y raMeTax, BBaXatTbCA OAHMU
3 Hambinbw HebesneyHmx. Yomy? 3. Cknagitb nepenik
AiR, AKi Yy NOBCAKAEHHOMY KUTTi JOMOMOXYTb 3HM3U-
TV PU3MK MOLWKOOXKEHHA CTaTeBUX KNITUH B OpPraHi3mi
NOANHN.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 93. EBontoLisi CTaTeBOro pO3MHOXEHHS

0 [omipkynTe

Yomy nicna BTpaTy 34aTHOCTI AO CTAaTEBOrO PO3-
MHOEHHSA >KMBi OpraHi3aMy 4acTo MOYMHAKTb
po3BuBaTn y cebe aHanory Lboro npotecy?

é 3raganTe

« QopMy PO3MHOXEHHA  « TpaHcdopmaLlis

» TpaHcaykKuin - KoH'torauia

OO6MiH reHeTUYHOLO iHpOpPMaLi€to
[10 NOABU eyKapioTiB

CraTeBe pPO3MHOMKEHHS € XapaKTePHOIO
pucoio eykapioriB. OcHOBHA 3amadya CTATEBOTO
POBMHOKEeHHs — B3abeslleueHHA peKoMOiHalii
crmagKoBoi iHgopmariii. Aje MOMKJIMBICTE 00Mi-
HIOBATHCSA TeHEeTUUYHOIO0 iH(opMallieio BUHUKJIA
3a0BTO [0 1XHBOI IIOSBU.

o moaBM KJIITUHHUX (QOPM KUTTA TO-
PUBOHTAJBHUN IIepeHiCc T'eHiB CKoOpillle 3a Bce
O0yB IOMiHYIOUMM CIIOCOOOM Ilepeladi cmamko-
Boi imdopmarii. I suire micas mosaBM KJIITHH
mepenaua indgopmarliii Big mpegkiB mo HaIan-
KiB craJyia mepeBaskatu. AJie TpoKapioTUUHi
dopMHU KUTTA IPOTOBKYBaIM OOMIHIOBATHCS
cIagKoBoio iHdopmaliieio Mixk cob6oio. [Hias
IIbOTO BOHM BHUKOPUCTOBYBaJIM TaKi crocobu,
AK TPaHCAYKIIiA (3a momomoror ¢ariB), TpaHc-
dopmaria (morsuuatoun moserkyau JITHK i3 ce-
penoBuiia) i Ko’toraimisa (oominiooumcs [JHE
yepes cleliajabHi BupocTu — miji). [jia oominy
iH(popMallieo 3a JOIOMOT0I0 KOH’foraiii BUKO-
PHCTOBYBAJINCA HEBEJUKI KiJILIEBI MOJERYJIN
OHK — naasmigm.

3 M0osBOIO eyKapioTiB mporecu oOMiHY criaz-
KOBOIO iH(opMaIliel0 He NPUIUHUJIUCA, ajie
YCKJIaIHUINCI, 00 PisKo 30imbimmaacsa Kijb-
KicThb rewiB y renomi. I'emu Temep poaTarro-
ByBaJuCsA B AEeKiJIbKOX XpoMocoMax, i HaBiTh
IPOCTE BiITBOPEHHA MeHOMY CTaHOBUJIO CKJIATHY
npobaemy. Bupimmmuru ii Bmajocs MIIAXOM BU-
HUKHEHHS TaKOT0 TpoIliecy, AK MiTo3. A masa
OificuJIeHHS MOXKJIMBOCTI peKoMOiHaIlii cramgko-
BOTO0 MaTepiajay BUHUK IIpoliec Meiiody i po3Bu-
HYJIOCS CTaTeBe PO3MHOKEHH.
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lNepeBarv i HeJoONiKM CTaTeEBOro
PO3MHOKEHHA

Yomy KUBi Opra”HisaMu 3 TaKOIO HATIOJIETJIN-
BicTIO HamararoThbCA 3[iMICHIOBATHM OOMiH reHe-
TuyHUM Marepiasom? Xoua HaBiTH Ha piBHI
OakTepili Takuii OOMiH BuMMAarae CyTTEBUX BU-
TpaT pecypciB opramismy. A Ha piBHi 6Gararo-
KJITUHHUX OpraHisMiB, AKi 34ifICHIOIOTH CTaTeBe
PO3MHOKEHHS, CUTyallisd BUTJIALAE IIle TipIIoo.
HagasHicTh ocoOMH ABOX cTaTel o3Haudae, I0 Ha-
magKiB Oyme 3aauIlaTH TiJAbKKM OZHA 3 HUX —
sKimoua. BimmoBigmo i mamagkis Oyme BaBiui
MeHIIle, Hi’K B OpradisMiB, AKi pO3SMHOMKYIOTLCSI
HecTaTeBo (HAIIPUKJAI, IIOTiJIOM).

Aue craTeBe PO3MHOKEHHSA MAa€ i mepeBaru.
I came 1i mepeBarm poOJATHL HOT0 YCHIIIHHM
Yy KOHKYPEHIIil 3 HecTaTeBUM PO3MHOMKEHHSIM.

Hesaki mepeBaru cTraTeBOro pPO3MHOKEHHS:

- [IlBuaKe BUHNKHEHHA HOBUX I'€HETUUYHUX
KombOiHamin. AKmo aBi ocoOMHM MalOTh IIO0 Of-
Hili KOpuCHi#l MyTalii, ToO BiKe UacTHMHA IXHiX
HAIAAKIiB IIEPIIIOro IMOKOJIIHHA Oyae MaTu 00u-
IOBi mi myTarmii y cBOeEMY Te€HOMi 3a PaxXyHOK
KomMOiHaTHBHOI MiHJMBOCTI. 3a HeECTaTeBOTO
PO3MHOKEHHS NOBeNeThCsI UeKaTU, IOKU Ipyra
MyTalligd He BUHUKHE HEe3aJIE}KHO.

- IIBuaKe BUJIYUYEHHA MIKiAIMBUX MyTalliid
3 momyJjsIiii. Ko ABi 0cOOMHM MAIOTHL IO Of-
Hifl mIKiggusiii myTaiii, To BiKe YacTHMHA IXHIiX
HAIAAKiB IIepIIIoro IMOKOJJiHHA Oyae MaTu 00u-
IOBi mi myTarmii y cBOEMY Te€HOMi 3a PaxyHOK
KoMmbOiHaTuBHOI MingmBocti. Taka ocobuHa Ma-
THUMe HU3bKi ITaHCHU HA BUKMBAHHSI, IO JT03BO-
JIUTH BUJIYYUTU MIKiIIMBI MyTarii 3 momyrarii.

- CraTeBe PO3MHOMKEHHS [O3BOJISAE MiATPU-
MYBATHU JOCTATHBO BUCOKUI PiBeHBb reTePO3UTOT-
HOCTIi, IO CIIPUAE BUIKKMBAHHIO OCOOMH B YMOBaXx
MiHJIMBOCTI HABKOJIMIITHBOTO CEepPemIoBHUIIA.

EBontouis cnoco6iB BM3HAaUEHHSA cTaTi

ITicna BUHUKHEHHS CTATEBOTO PO3MHOMKEHHS
B €yKapioTiB BAXKJIMBUM OyJIO IINTAHHS CIOCO0iB
Bu3HAUeHHs crtari (mas. 93.1). Haiimpocrimum
i, IMOBipHO, HalimaBHIIIIM cIrocoO0M OYyJIO BHU-
3HAUEeHHs CTaTi 3aJIe’KHO BiJ YMOB PO3BUTKY
opraHiamy. 3apas Taxkuii CIoci6 BHUKOPHCTOBY-
0Th, HAIIPUKJIAJ, YepBOMIMOAiOHA TBapmHa OoHe-
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boHenia — 30BHiWHI ymoBU

Jig i xkpokommiau. ¥ OoHeJil cTaTh 3aJeKUTh
Big MicIld PO3BUTKY OCOOMHM, a V KPOKOIAWJIIB
Biji TeMIlepaTypu cepemoBUIIA, B AKOMY BimOy-
BAaETHCA PO3BUTOK.

Binpni ckiagHEUM cTajio BU3HAUEHHS CTATi 3a
JIOTIOMOTOIO CITeIliaJIbHUX TeHiB, AKe IOCTYIIOBO
CTaJI0O TPUYMHOIO YTBOPEHHSA CTATEBUX XPOMOCOM.
Takwuii BapiaHT BUKOPUCTOBYIOTH ccaBIli (*KiHOUI
xpomocomMu XX, a yosoBiui XY) i merenuru (oKi-
HOui xpomocomu ZW, a uonosiui ZZ). Ilomannb-
II1a €BOJIIOIiA I[OTO MEXaHi3MYy cTajia MPUYNHOIO
TIOBHOI PEeAyKI[il MEHIIO0I 3 XPOMOCOM i ITOSABOIO
BapiaaTiB X0 i Z0 B THX ’Ke rpymax TBapuH.

Bunagkuv pepykuii ctateBoro
PO3MHOEHHA

Caix BigMiTHTH, IIIO HEZOJIKH CTaTEBOTO
PO3MHOKEHHS BCe OJHO CTAHOBJIATH IIEBHY IIPO-
OoJsieMy OJIsI »KUBUX opraHismis. I B mporieci eso-
JIOMil HeOZHOPas3O0BO CIIOCTepirajgacs CHUTyallid
3 PeIyKIlieI0 TAaKOTO CIIoco0y pPo3MHOKeHHs. [e-
AKi BUAM TBapWH MOBHiCTIO a00 YacTKOBO Iiepe-
XOAUJIN IO mapTeHoreHesdy (maduii), y 6aratbox
POCJIMH PO3BUHYBCA amoMikcuc (HeuyuBiTep),
a baraTo mpeCcTaBHUKIB rpubiB B3araJi BTpaTuIu
3IaTHICTh 0 CTATEBOT'O0 PO3MHOKEeHHA (ILIicHABI
rpubu 3 rpyn ackomineriB Ta GasumiomineTiB).

AJge morpeba B pekomOimallii reHeTHUYHOTO
MaTepiajy Bce OLHO MPUCYTHA. | MuM oprauis-
MaM JOBOAUTHCA BUKOPUCTOBYBATH iHIIII CIIOCO-
6u perombimanii. Tak, oguH 3 BUIiB KOJOBEP-
TOK IEepPeHtINoB 0 peKoMOiHaIii 3a JOIIOMOTOI0
TOPUB3OHTAJBLHOTO IIEPEHOCY TeHiB, a cepel IPu-

0 Kniouosa iges

CrateBe PO3MHOKEHHA MPOWLLIO TPUBANUIA LUAAX
eBoftoLii. IcHye 6araTto BapiaHTiB LbOro Po3MHO-
XKeHHA. BoHO mae AK Heponiku, Tak i mepesaru,
3aBAAKN YOMY JyxKe MNolMpeHe cepep XUBUX
OpraHi3miB.

bakona — nnoigHicTb

[po3odina — cneuianbHi
cTaTeBi Xpomocomu
Man. 93.1. MpefcTaBHMKM OpraHi3amiB 3 Pi3HVMU CNocobamy BU3HAYEHHA CTaTi

0iB HOIMMPUBCA TaK 3BAHUI IapaceKCcyabHUM
IIpoIIec.

ITlig uwac mapacexkcyaJbHOTO HpOIlecy Bif-
OyBaeThCsA BJIUTTSA ABOX BETreTATUBHUX KJITHH
rigpiB rpumbiB 3 rammoimHuMu aapamu. Ili aapa
3JIUBAIOTHCS, YTBOPIOIOYMW JIUILJIOIAHE AIPO,
B SKOMY MOJKe BigOyBaTHCA MIiTOTUYHUN KPO-
cuarosep. Ilorim BimOyBaeThbcs IIpoIiec Tailjoi-
Ou3allii, KOJU MPOTATOM KiJBbKOX MOIiIIB AIpOo
BTpPa4Ya€e XpPOMOCOMMU, CTAlOUM B Pe3yJIbTaTi ra-
mwroiguuM. fIK i y BUIIaAKy cTaTeBOTO MIPOIIEeCy,
Mg yac mapaceKkcyaJbHOro IIpoliecy BimOyBaeTh-
cAd pPeKoMOiHAIlifA reHeTHYHOTo Marepialy IBOX
0aThbKiBCBKUX OPraHi3sMiB i yTBOPIOIOTHCS HOBI
BapiaHTH reHOMiB. AJle B IILOMY IIpolieci BiacyT-
Hi meftorruHi moxinu. IlapacekcyanrbHU IpoIiec
y rpubiB BiIKpWB aHTJIINCHKUN Ta iTadiicbKuii
reameTuk I'. ITouTexopso 1956 pokry.

® MpakTyHa poboTa

BueyeHHs 6y008u cmameesux K1imuH meapuH ma
3MmiHuU iXHbOI 6y008uU y npoyeci esonroyii

1. Po3rnaHbTe Nig MiKpOCKOMOM MOCTilHI Mikponpe-
napaty cnepmato3oifiB Ta ANLEKNITUH. YCTaHOBITb
O3HaKWN MOAIGHOCTI Ta BIAMIHHOCTI UMX KNITUH ans
Pi3HMX rpyn TBapwH.

2. 3amaniorite CNepmaTo30if Ta ANLEKNITMHY CCaBLA
Ta NO3HayTe iXHi YaCTUHW.

3. CoopmyntoliTe BUCHOBOK.

03a|‘|l/ITaHHH Ta 3aBJaHHA

1. [leAaKi eyKapioTnyHi opraHiamMu (Hanpuknag, [pix-
IXi) matoTb nnasmign. Ane y 6inbwocTi eykapioTis ix
HeMma€. 3 UM Lie Mmoxe 6yTu nos’asaHo? 2. Aki nepeBaru
Ma€E XPOMOCOMHE BM3HAYEHHA CTaTi MOPIBHAHO 3 TUM,
WO 3aneXutb Big ymoB po3BuUTKY? 3. Bukopuctosyto-
4y [OHATKOBI [Kepena, CKMagiTb CNMCoK crnocobis, 3a
JOMOMOrOoI0 AIKMX MBI OpraHiamMu 3abesneuyioTb pe-
KOMOiHaLilo CBOro CrnafKoBOro matepiany y BUMNagKy
BiACYTHOCTi CTaTeBOr0 PO3MHOMEHHA.
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§ 94. 3annigHeHHA

0 [omipkymnTe

AK 30iNCHIOETbCA 3anNigHEHHA y YepPBOHMX BOAO-
pocTen, raMeT AKUX He MaloTb OXKryTUKiB?

Q 3raganTe

» CrateBuin npovec o PekombiHallis

o KombiHaTMBHa MIHIMBICTb

Dopmu 3annigHeHHSA

3alIigHeHHAM HA3WBAIOTL IIPOIlEC 3 €IHAaH-
Hs (31UTTs) 3pisol woaoBiuoi i sKiHOUOI cTaTeBUX
KJITUH, Y pesyJIbTaTi AKOr0 yTBOPIOETHCS OHA
KiiTuHa (3uzoma), 110 € IOYATKOM HOBOT'O Opra-
mismy. IcaHye GaraTro ¢opM 3arLTigHEeHHS, Ha SIKi
TOro IIOMiJIAIOTE 3aJIe}KHO BiJl TOTO, AKY 3 XapakK-
TEePUCTUK MpoIiecy 0yso obpano. Tak, samrigHeH-
HA, OIATh Ha wmyyHe (3AiACHIOETbCA JIIOANHOIO)
Ta npupodue (6e3 ydacTi JgrogquHU). A 3aJIEKHO
Big miciig, e BOHO BiZOyBAeTbCs, PO3PISHAIOTH
308HiWHe (TI03a opraHidaMoM) i HympiwiHe (B op-
raHismi) 3arTiHeHHA.

KiHoua
WMwKa

HaciHnHun

3uroTa @

R

3annigHeHHs

3annigHeHHA y BogopocTen
Ta CNOPOBUX POCIVH

Y BomopocTeil i CIOPOBMX POCIWH 3aIlJIim-
HEeHHS BiOYBA€ThCA IIJIAXOM BJUTTS TaMeT
TiIBKY Y BOogHOMY cepemoBuili. Tomy mja pos-
MHOKEHHSA ITMM DOCJIMHAM IOTPiOHA Kpameyb-
HO-PifJKa BOJA, HABiTh SAKIIO BOHU POCTYTH Ha
CYXOMOJIi.

Poamipu ramer, 1o 6epyTh y4yacTh y Ta-
KOMY BaIlJIiIHEeHHi, MOMXYTh OyTH fAK OJHAKO-
BUMU, TaK i pisummu. Y 6ijgbimocTi BUIAIKiB
omHa abo o0MABI ramMeTH € PYXJUBUMH, i IXHA
3ycTpiu BimOyBaeThcsa 0e3 0CcOOJMBUX IIPOOJIEM.
Asle B mearux BUIAAKaX (HAIPUKJIAL, Y Uep-
BOHUX BOJIOPOCTEN) MKTYTUKHU y TaMeT BimcyT-
Hi. ToMmy 1M pocamHaM [OBEJIOCS BUPOOIATH
OiJIBII CKJIAAHY CHUCTEMY 3allJIiJHEeHH.

3a|'|ﬂiﬂHeHHF| y rONOHACIHHMX POC/IH

3alTigHeHHA y TOJOHACIHHUX POCIHH Bif
KparejbHO-piAKol BoAu He 3ayie:KUTh. 1le m03BO-
JIUJIO TOJIOHACIHHUM YCITiIITHO TIOIIUPUTHUCS Y CY-
XWX MICIAX iCHYBaHHS i cTaTWM OTHUMU 3 HaM-
OiJIBINT YCHIiIMTHMX TPYN Ha3eMHUX OpPTraHi3Mis.

\ KiHoua
L Wnwka

§ )
Yonosiua % 3 ”ﬁv
wmwKa \ } bad

OvnnoigHa ¢asa (2n)

lannoigHa ¢aza (n)

N5
%)

MunkoBa

¥

P

IR %
NNOK

4
/ . I/ /@/Haciwmﬁ
Tpy6Ka ' — p “ ~ 3ayaTok
4 o

Man. 94.1. 3annigHeHHA Y roNIOHaCiHHMX POCANH
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LeHTpanbHa
KNiTUHa

Cnepmii

———— lokpuen

Man. 94.2. lMpouec NoABINHOrO 3annifgHEeHHA Yy KBITKOBMX POCVH

VY rosioHaciHHMX chmepMmii He MaTh IKIY-
TuKiB. {0 »KiHOYOI IMIUIIIKKM BOHM IIOTPAILIAIOTH
3 MUJIKOM, AKUN mepeHocuth BiTep. Ilicas mo-
TPAIJIAHHA MUK 0 IIUIITKA 3 HHOTO BUPOCTAE
MUJIKOBa TPYOKa, AKAa i TpPaHCIOPTY€E 0E3M KTy TH-
KOBi cmepMil g0 Miciisag posTamnryBaHHA AHIIEKJIi-
TUHU. ¥ IIpoIleci 3alIifHeHHA y TOJIOHACIHHUX
Oepe ydacThb Jimilie onwH cuepminn (man. 94.1).

MopgBinHe 3annigHeHHSA
Y KBITKOBUX POC/INH

KsBiTKOBi pociuHuU, AK i roJsoHacinui, € Ha-
cimavMu pocamHamu. | miciad 3samrigHEeHHA
Y HUX TaKOK YTBOPIOIOTHCSA HaCiHMHU. AJsie TIpo-
Iec 3alJIifHeHHs KBITKOBUX € OiJIBII JOCKOHA-
auM. ¥ HUX YTBOPIOIOThCA KBITKU i Mae Micie
noABillHe 3aILIiTHEeHHS.

ITouaTok mporecy y KBITKOBUX AYKe€ CXO-
KUY Ha rojoHaciHHuX. IIMI0K Tex IOBUMHEH
MOTPAIIUTU Ha iHITYy pocauHy (y ImepexpecHo3a-
OTUJIBHUX BUJIB). AJie BiH IOTpamisie Ha CIelli-
aJIbHY CTPYKTYPY — HOPUNMOYKY MATOUKH, i TaM
BJKe IIPOPOCTAE, YTBOPIOIOUM HUJIKOBY TPYOKY.
ITo miii TpyO1i nBa cmepwmii (AK i y rojoHaciu-
HUX) TPAHCIOPTYIOTHCA A0 3aPOJAKOBOTO MIIlTKa,
y AKOMY OIWH 3i cmepMiiB 3/JIMBA€TLCA 3 AM-
MeKJITHHOI0, yTBOplooun 3urory (mana. 94.2).

I TyT yXe moumHaAIOTHCA BiAMIHHOCTI Bif
Opollecy 3aIllifHeHHs y TroJIoOHAciHHuxX. Y 3a-
maigHeHHi Oepe ydacTh APyrui cmepwmiii. Bim
3JINBAETHCA 3 IIEHTPAJILHOIO KJIITUHOIO HACIiHHOTO
3aYaTKa, AKA YTBOPIOETHCS IILJIIXOM 3JIUTTS IBOX

0 Kniouosa iges

3annigHeHHA € MpPoLecoM, pe3ynbTaToM AKOro €
YTBOPEHHA 3UrOTU BHACNIAOK 3NUTTA ABOX FamerT.
BoHo Moie BigbyBatuca Ak ycepeanHi opraHiamy
(BHYTpIWIHE 3annigHeHHA), Tak i B HaBKOJIULIHbO-
My CepefoBULLi (30BHILLIHE 3anigHeHHs). JlloguHa
B CilbCbKOMY FOCMOAAPCTBI LWMPOKO BMKOPUCTO-
BYE LUTYYHE 3arJligHEeHHs.

ramjaoifHux KJaiTnH. TakumM YuHOM, IicJId 3JIUT-
TS 31 cmepMieM IleHTpaJibHa KJITHHA CTa€ TPU-
ILJI0IAHO0. 3 Hel MOTiM PO3BUBAETHCA eHAOCHEPM.

Taka cucreMa 3arIifHeHHA € GiJBII palrio-
HaJbHOI0. BoHA 103BOJIsSE€ YTBOPIOBATU HACIHUHY
1 eHJOCHEepPM TiJIbKHU MIicJid 3allIigHeHHsS. A OT
Yy TOJIOHACIHHUX eHJOCIepM Ta HaciHWHA pO3-
BUBAIOThCA 3aBxIu. Hesange)xHo Big Toro, uum
OyJI0 3alIifHeHHs, UM Hi.

3annigHeHHA y TBapyH

Y TBapuH 3amidigHeHHs OyBa€ OBOX BUIiB:
30BHiNIHEe i BHyTpimrHe (Majs. 94.2). 3oBHilIHE
3aILJIiTHEHHA YaCTO BUKOPUCTOBYIOTH MEIITKAHIIL
BOMOMM. A MeIIKaHI[I CYXO0/J0JIy YacTillle BUKO-
PHCTOBYIOTH BHYTPIIIIHE 3aILIifHeHHA. SOBHIIIIHE
3allJIiTHeHHA € HaNOiJbIII TPOCTHUM BapiaHTOM
3aIlJIiHEeHHS Y TBAaPUH 1 eBOJIOIIHHO 3’ ABUIOCS
TIePIINM.

IlepeBaroi 30BHIIITHBLOI'O 3AILIiJHEHHS € Te,
III0 BOHO He IOTpeOye YTBOPEHHA B OpraHismi
cIIemiaIisoBaHUX CTPYKTYP [JA BBEIEHHS CIIep-
MU B TiJIO caMKu. AJie IITaHCH HA 3yCTpiu Aiie-
KJITHHHI 31 cIepMaTo30i0M 3a TaKOro BapiaHTa
3allJIiTHeHHS € MEeHIINMMU.

Bararo BogHUX MeITKAHIIIB TAKOMK BUKOPUC-
TOBYIOTH BHYTPIiIlTHE 3amigHeHHA. | 11e He aurre
BTOPUMHHOBOAHI TBapuHU (HAIPUKJIAL, KUTH),
MPeIKY AKUX JKUJIM Ha CYXOJ0JIi M PO3MHONKY-
BaJIUCSA 32 JOIIOMOTOI0 BHYTPIIITHHOTO 3aTLJIiJHEH-
Hsa. Hanpukiaan, mpeacTaBHUKU XPAIOBUX pub
«BUHAWNILIN» BHYTPIITHE 3aILTiTHEHHA He3aJ1eK-
HO Bij iHIIMX T'PYI XOPAOBUX TBaPHUH.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. 3a gonomorolo JOAATKOBUX [pxKepen 3'AcynTte, AK
BiOyBa€eTbCA 3annifHEHHA Y YepPBOHUX BOLOPOCTEN.
2. YoMy HaseMHi TBapvHM HaJaloTb MepeBary BHYTpiLl-
HbOMY 3annigHeHH0? 3. AKUM YMHOM MOXe BifbyBaTu-
CA BHYTPILLIHE 3amnlifHEHHsI 6e3 0COBMCTOro KOHTAKTY
camus i camkun? TOACHITb Ha KOHKpEeTHMX npuKnagax.
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§ 95. Ocob6nuBi opMmun PO3MHOKEHHA

0 [omipkynTe

YoMy MOXyTb MOPYLIYBaTUCA 3aKOHMW YCMafKyBaH-
HA 03HakK, BCTaHoBMeHi . MeHgenem?

Q 3raganTe

o PO3MHOXeHHA e« HecTaTeBe pO3MHOMEHHSA
o CTateBe PO3MHOXEHHA

[NapTeHoreHes

ITapreHorenes — 1e PO3BUTOK HOBOTO Op-
raHisMy 3 He3amJigHeHOl AWNeKJiTHHU. K
i y Bumagry moJiiemOpioHii, 3a mapTeHOreHe3y
MOUipHi OpraHi3sMm MamoTh iIeHTUYHUHA 3 MaTe-
puHchbKuUM Habip cmaaxoBoi iHdopmairii. € op-
raHisMu, B AKUX IapTEeHOTeHe3 — €IUHUU CIIO-
ci0 po3sMHOMKEHHA (IesdKi KoMaxy — MaJOUYHUKU
Ta mpaMokpuii). B iHmmx BuAiB, HampUKJIAI
y SIIipOK, iCHYIOTH PO3IiJIbHOCTATEBI Ta map-
TeHOTEeHETUYHI MOMyaAIlii. ¥ KUTTEBOMY ITUKJIL
nomenub i gadgHi 3aKOHOMIPDHO YepPTyIOTHCS
TOKOJiHHA, AKi PO3BMHOKYIOTHCA CTAaTEeBUM
cmocobom i mapreHoreHermuHo (Maa. 95.1).
Y Ompkin 3 HesaILTimIHeHUX AE€ID IIIJIAX0M IIapTe-
HOTeHe3y YTBOPIOIOTLCA caMIli, a i3 sammigHeHnx
BUXOAATH CAMKU.

Camka .
MokoniHHA caMoK,

\ AKi PO3MHOXYIOTbCA
napTeHoreHe3om
a

o
b

/

3annigHeHa
camMKa
Cameub

Man. 95.1. MapTeHoreHes y XUTTEBOMY LKA AadHin
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ITapreHoreHes 3a cBOIMHU O0OCOGJIMBOCTAMU
3alimae Hi0u IIPOMiKHe IIOJIOMKEHHS MisK He-
CTaTeBUM i CTaTEBUM CIIOCOOAMU PO3SMHOKEHHS.
3 ogHOTO OOKY, HOBHUII OpraHidM PO3BUBAETHCA 3i
creliajizoBaHol cTaTeBol KIITMHU — ARIEKJi-
TUHU, 3 iHIIIOTO — PO3BUTKY JOUYipHBOI 0COOMHM
He mepejaye 3aIlIiTHeHHA.

[leporenHes

Ilemorenes € ogHMM 3 BapiaHTiB IapTeHO-
TeHEeTUYHOTO PO3BUTKY. ¥ BUIAMIKY IIeJOTeHE3y
PO3BUTOK 3apOAKa MOUYMHAETHCA Ille Ha JIMUWH-
KOBUX CTAJiAX PO3BUTKY 0AThKiBCHKUX OCOOMH.
Ilegorenes BimoMuii [Jid HMapasUTUUYHUX ILJIOC-
Kux uepBiB (Majy. 95.2), Ioro TakoK BUSIBUIU
B [eAKUX T'JIJISICTOBYCUX PAKOIIOAiOHUX i Iijioro
pAny KoMax (IpeACTaBHUKIB JKyKiB, METEJIUKIB,
IBOKPUJIUX TOIIO).

VYV neaxkumx BUMAAKaX JUUWHKU, AKi MOYMHA-
JI1 PO3BUBATHUCA IIIIAXOM IeJOTeHe3y, II0OYNHA-
JU BimirpaBaTu poJib eHIOHApasuTiB i BOuUBaJIU
MaTEepUHCHKY 0cOo0y IIe [0 CBOTO BUJIYILJIEHHS.

Anomikcnc

Anmomikcue — 1e cmoci® pPO3MHOMKEHHA
0e3 craTeBOro IIpolecy, aje 3i 30epeskeHUMU
cTaTeBUMHU opraHaMu. ANMOMiKCHC MOKHaA BBa-
JKaT BTOPUHHUM HECTATEBUM PO3MHOKEHHSIM,
00 TIpeaKOBi hopMU OpraHisMiB amoOMiKTiB po3-
MHOKYBAJIUCA CTATEBUM ITLIAXOM.

Man. 95.2. lNegoreHes y XnUTTEBOMY LMK NapasuTUYHOro
NNOCKOro yepsa



Man. 95.3. PocnnHa HeuymBiTEp PO3MHOXYETbCA LUAAXOM
anomikcncy, Ma€ Keitu, ane ana GopmyBaHHA HacCiHWH 3a-
NUNeHHA He noTpibHe

Anomikcuc mae aBi HAMOIJBIN MIOMIMPeHi
opmu: mapreHoreHes (Axuii OyJi0O IOKJIAIHO
omMcaHO BHUINE) i amoramiioo. Amoramis — 1€
IpoIlec YTBOPEHHS 3apOJKa i3 KJIITUH CTaTEBOTO
MOKOJiHHA (Y KBITKOBUX i3 ramioifHUX KJIiTUH
3apOJKOBOT0O MiIlIKa, y IMamoporeii — i3 KJIiTHUH
3apoctka). llle ogHrM BapianToM amoramii € aj-
BEeHTHUBHA eMOpioHisa, B mpoiieci sIKOI 3apomox
PO3BHBAETHLCS i3 COMATUUYHMNX KJITHH. 3apOIOK,
AKUN YTBOPIOETHLCA B pPe3yJabTaTi aIBEeHTUBHOIL
eMOpioHii, € IUMIOIZHUM Ta iJeHTUYHUM 3a re-
HOTHIIOM MATEPUHCHKili ocoOmHi.

AnoMikcuc moimpeHuii cepej KBiITKOBUX
pocaus (Man. 95.3). Moro smaiimim y mpen-
CTABHUKIB OiJIBII Hi’K COPOKA POAMH KBiTKOBUX.
[lnraxom amoMiKcHCy PO3SMHOMKYIOTHCA IIUTPYCO-
Bi, IIammopori, 3J1aKW, aCTPOBI Ta iHIIIL POCIMHU.

HeoTteHiga

Heorenis € crtoco60M POZMHOMKEHHA TEAKUX
TBapuH, 3a AKOT'O BOHU MAlOTh MOYKJIUBICTH PO3-
MHOKYBaTHCs He B JJOPOCJOMY CTaHi, a Ha cra-
Oil JUuuHKKA. ¥ IbOMY BHUOAIKY B JUUYHUHKU IO
cramgii mopocJsioi 0COOMHU PO3BUBAETHCA JIUIIIE
cTaTeBa CuUCTeMa, a Bci iHINI cucTeMu 3aau-
mIaioThesa He3aMiHHUMU. HeoTeHis TpaliseTbesa
y IpeICcTaBHUKIB 3eMHOBOAHUX, KOMaX, PaKo-
momiOHmX, uepBis,

HeoTenisa sas3Bmuaii Mae NOPUCTOCYBaJbHE
3HaueHHA. YacTime 3a Bce IIe SBUIIE CIOCTe-

0 Kniouosa iges

OcobnuBi GopmMM PO3MHOMXEHHA BUHMKAOTb AK
NPUCTOCYBaHHA A0 CreundiuyHMX, YacTo BaxKMX,
YMOB iCHYBaHHsA. [Io HUX BigHOCATb Taki cnocobu
PO3MHOXEHHS, AK MapTeHoreHes, NeforeHes, Heo-
TeHifA, anomikcuc.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

r

Man. 95.4. AKconotnb — NIMYMHKa ambicTomu,
3[aTHa A0 PO3MHOXEHHSA

piraeTbcsa B TUX BUIIAAKaX, KOJU JUUUHKHA i JO-
pocJIi TBapUHU JKUBYTh V PiSHUX CepemoBUIAX.
SIKIIo B cepemoBUIIi, e KUBYTH JOPOCJL OCO-
OMHU, YMOBU CTAIOTh HEIPUNHATHUMU AJIA IPO-
"KUBAaHHSA, CTa€ BUTIJHUM PO3MHOMKYBATHCA Ha
cramii JUYMHKUA.

KnacunurmMm npukjaamzoM HeOoTeHili € axco-
JOTJIb — JHWYMHKa ambicromu (ogHOro 3 BU-
niB camamauap) (maa. 95.4). YV pesyabrari mo-
CIiI)KeHHsA BIajocs 3’sCcyBaTH, IO 3aTPUMKA
TIepPeTBOPEHHSA aKCOJIOTJISA Ha TOPOCTY OCOOMHY
BUKJNKAHA HECTaueld TOPMOHY IHUTOMIOLi0HOI
3aJI0311 — THPOKCHUHY.

NpakTWyHa poboTa

Dopmu po3mMHOXKeHHA Op2dHi3mie

1. MpurotyiTe MikponpenapaT wuBineBoro rpuba
MyKopa. 3Hangitb ridbn rpuba, oro crnopaHrii Ta
cnopu. 3amantonTe Mykop, No3HauTe ridu, cnopaHrii
Ta cnopwu rpuba.

2. Po3rnsHbTe repbapii BULMUX CMOPOBMX Ta HacCiH-
HUX POCNUH. 3HAWAITb IXHi OpraHU PO3MHOMEHHS
(cmopaHrii Ta KBiTKM). 3amantonTe cxemy NoABilNHOro
3annigHeHHA KBITKOBMX POC/IVH i BKaXKiTb eflemeHTH,
AKi MO3HAYEHO Ha MarltoHKY.

3. MopiBHANTe GOPMU PO3MHOXKEHHS TPUOGIB, Cro-
POBUX Ta HaCiHHWX POCAUH. Pe3ynbTrat NnpeacTaBTe
y BUrnAAi Tabnuui.

4. CoopmyntonTe BUCHOBOK.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. YoMy PO3MHOXEHHA LWAAXOM MapTeHoreHesy
€ BUTOHVMM [NA KMBUX oOpraHiamiB? 2. Aki nepesaru
Ma€ XUTTEBMIN UMKN Takoro Tuny, AK y gadHii, 3 uepry-
BaHHAM CTaTEBOrO i MapTEHOreHeTUYHOro PO3MHOMEH-
HA? 3. JliognHy iHKONM Ha3nBaloTb NPUKNALOM HEeOoTeHil.
[oBediTb UM cnpocTynTe Le TBEepPOKEHHS.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 96. 3annigHeHHA y NIOAVNHN

. . 3annigHeHHa y NtoanHK
0 MomipkytiTe .p. y Tion o

SarTiTHeHHSM Y JIOAWHY, IK 1 B iHIIUX 3KU-
Yomy 3annifHeHHs y NOAMHY MOX/MBe BUX OpraHisMiB, Ha3MBAETHCA IIPOIeC 3 €THAHHS
He Ha BCix CTaAiAX MEHCTpyanbHOro UnKny? (3uTTA) 3pisoi YosIoBiUol (cIepMaTo30in) i sKiHo-
40l (ARIEeKJiTHHA) cTaTeBUX KJITUH, V Pe3yJb-
. TaTi AKOTO YTBOPIOETHCA OJHA KJiTUHA (3UTr0Ta),

3raganTe .
10 € IIOYaTKOM HOBOT'O opraHiamy (maj. 96.1).
o PO3MHOMeHHs! Jlrony € mpejgcTaBHUKAMM CCaBIiB, i ToMy
o Bl SAIUIHEHHs Y HUX BHYTPIlIHE — BOHO Blg6y-
 TameTn BaeThCA B OpTraHiaMmi 'KiHKM. ¥ s3amrigHeHHi Ge-
5 PYTh yUacTh 40JIOBiua (crpemMaTo30in) Ta sKiHoua

« 3urota

(annekJgiTuHA) raMeTu. 3aIJIiJHEHHS 3a3BUYal
BimOyBaeThca B MATKOBiii TpyOi. ¥ IIbOMY IIPO-
Imeci BUOIJIAIOTHL KiJgbKa eTalis.

JpobneHHa .
| | MNpnyrHM NopyLweHHA Npouecis

3annigHeHHA y NioguHN

ITpuymHN HmOPyIIIeHHA MIPOIlECiB 3aTJIiTHEeH-
HA MOKYTh OyTH Di3sHOMAaHITHMME. IX BUHHUK-
HeHHA MOKe OyTu IOB’sizaHe i3 mpobJyiemMamMu
B OpraHiami K YOJIOBiKa, TakK i KiHKH.

IIpobnemu B opranizmi 4JoJgoBika, AKi Mo-
JKYTh OYTY MPUYUHOIO HOPYIIIEHHA IPOIeciB 3a-
IJIigHeHH:

* eHJIOKPUHHI IIOPYIIIeHHHA, AKi CTAIOTh IIPU-
YMHOIO 3arubesi crmepMaTo30ifiB abo IIepeIrKo-
IKaI0Th 1X YTBOPEHHIO;

- indexrmilini 3axBopioBaHHA (IAPOTUT, OPY-
1IeJIb03, 3aXBOPIOBAHHA, AKi IepefaroTbCcAd CTa-
TEBUM ILJIAXOM);

IMnnaHToBaHM
%%b

g 6nactouut
Ay * YTBOPEHHS IYyXJWH y A€uKax (AK Ho0po-
AKICHUX, Tak i 3JI0AKiCHUX);
Man. 96.1. Mpouec 3annigHEHHS Y NOAUHN * POSIIMPEHHA KPOBOHOCHMX CYyAWH y fA€4U-
i mouyaTKoBi cTaflii eMO6PiIOHaNIbLHOTO PO3BUTKY kKax (BapikoIleJe), uepes fgKe TeMIlepaTypa CTa-

ETanuv 3annigHeHHA y NiognHY

Eran IIpouecu, Aki BinOyBaroThCs

ITenerpaiisa ITomosiaHHs cIepMaTo30iL0M 30BHIIIHIX 000JOHOK SHIEKJIITHHN — OJIHMCKYY0l 000-
JIOHKM Ta IPOMEHUCTOro BiHnA. {1 iX mogoslaHHA BUKOPUCTOBYIOTHCA CIIeIliaabHi
depMeHTH, PO3TAIIIOBAHI Ha IIOBEPXHI Ta B akpocoMmi ramer. Ajie (pepMeHTIiB OLHOTO
cIIepMaTo30ia HeOCTaTHBO [JIS IT0OJIaHHA 000J10HOK. TOMY 3a1lTi THEHHSA MOYKJINBE
TIIBKY 32 HAABHOCTI JOCTATHBOI KiJIBKOCTi CIIepMaTO301i1iB

Koprukanpua peakiiss | Ilicisa mpoHNKHEHHA OLHOTO 31 CIIepMAaTO30i4iB ycepeAnHY ANIEKJIITHHY Bi0yBaeThCa
BUIiJIeHHS Ha30BHi crreniudivHnx hepMeHTiB, AKi pOOIATH HEMOKJINBUM IPDOHUKHEHHSA
B ANNEKJITUHY 1HININX CIIepMaTo3011iB

YTBOpEeHHSA 3UTOTH Sapa rameT 3IMBAIOTHCS BCEPEANHI ANIMEKIITUHN, YTBOPIOIOUN 3UTOTY
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TeBUX B3aJI03 HiABUIIyeThcA moHAn 34°C, 1o
COPUYMHSE 3aru0eJsb CIepMaTO30imiB;

* BPOIKEeH1I aHoMaJil PO3BUTKY CTaTeBUX
3aJI103;

* posJiaz CeKcyalbHUX (PYHKIN (uacTo Ma-
IOTH TCUXOJIOTIYHI TPUYUHU);

- amajeHHsa mpocraTu (pisHOI mpupomn);

* BILJIUB 30BHIITHiX (isuuHMX a00 XiMiuHUX
dakTOpiB, AKi IMOIIKOMKYIOTH KJIITHMHH cCTaTe-
BUX 3aJ03 (pamiamifine oopoMiHEHHSA, TOKCUYHI
CIOJIYKU TOII[0).

IIpo6iemu B opraHiami sKiHKHM, AKi MOXKYTb
0yTM TPUUYMHOIO MOPYIIEeHHS MPOIeCiB 3arrij-
HEHHS:

* eHIOKPUHHI MOPYIeHHA, AKi CTAIOTh IPU-
YUHOIO IIOPYIIIEHHA PO3BUTKY i MO3piBaHHA AN-
HMeKJiThH;

* IOPYIIIeHHA MTPOXiZHOCTI MaTKOBUX TPYO
micys TpaBM, abopTiB a6o iH(eKIinHNX 3aXBOPIO-
BaHb, IO MEPEITKO/KAE IIPOIlecy 3allJliTHeHHS;

* BPOMI’KeHi aHoMmaJii pO3BUTKY CTaTeBUX
3aJI03;

* TiHEKOJIOTiuHiI 3aXBOPIOBAHHS;

- in(ekmifini 3axBopioBaHHA (OPyIEIHO3,
3aXBOPIOBaHHA, $SAKi IIepefaloThbCs CTAaTEBUM
MIJIAXOM);

« iMyHOJIOTiUHI TTOPYIIIEeHHA.

OcobnmBocTi penpoayKuii NiognHn

IcuyBaHHSA JIOAUHA, AK 1 OyAb-IKOT0 iHIIIOTO
OiosoriuyHOrO BHUAY, € MOMKJIMBUM TiJIbKH Yy BHU-
nagKy, Koau Oyme BimOyBaTucs IIPOIeC Pempo-
IVKIii (PO3MHOKEHHS) 3 IIOSABOI0 0COOMH HOBUX
TOKOJIiHb. PerponyKIlisd y JIOAWHYN € CKJIAIHIM
poIlecoM, Ha SAKHH MOJKe BILJIMBATU BeJIUKA
KinmbKicTs arTopis. Ili dakTOpM MOKYTH OyTHU
Hebionoziunumu (disuuni GarTopm, TOKCUUHI
PEeYOBUHU TOIIO), OiosoziuHumu (3aXBOPIOBAH-
HsI, TPaBMH, MOPYIIIEeHHA O00OMiHY peduoBuH) abo
COIliaJIbHUMMU.

ComianbHa CKJIaAOBA Bifirpae y pempomyk-
il JIoAMHY HaA3BUYANHO BaKJIUBY poiib. Came
comiajbHi (PaKTOPU CUJIBLHO BILJIMBAIOTH Ha Pi-

0 Kniouosa iges
[na nognHu, AK NnpeacTaBHMIKa CCaBLiB, € Xapak-

TEPHUM BHYTPILWHE 3annigHeHHA. Ha uen npouec
MOXYTb BMJIMBaTU Pi3Hi GakTopu, AK BHYTPILLHI,
TakK i 30BHiWHI. LWUKianuBmiz BNAnB aesknx ¢akto-
piB MOXe CTaTV NPUYNHOIO NMOPYLLEHHA MpoLecy
3anigHeHHA i 6e3nnigan.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

IIeHHA JIOAUHU 100 HAPOMKEHHA AUTWHU Ta
KiJBbKOCTI miTe#l y poauHi. YMOBU KUTTA JIIOJ-
CBKUX POJUMH TeX 0arato y 4omMy (POpPMYIOThCS
OiJ BILIMBOM COI[iaJbHO-eKOHOMIUHUX (PaKTO-
piB. A e BIJIMBae AK Ha IICUXOJOTIUHUI CTaH
Jofneii, Tak i Ha ctaH ixHboro 3mopos’s. Hemo-
CTaTHE XapuyBaHHA, IOCTifiHA CTpecoBa CUTY-
allisg, HEeBIEBHEHICTb y MaWOyTHbBOMY MOMKYThb
cTaTH MPUYNHOIO PO3JIALIB Yy POOOTI pempomyk-
THUBHOI CUCTEeMH 1 BUHHKHEHHI Oe3IlIians.

Cnocobu KoHTpauenuii

Buxogaum 3 ocobsmBOCTel mpoIlecy yTBO-
PeHHA raMeTr Ta 3allJIifHEHHS Yy JIOIUHU OYJIO
CTBOpPeHO OaraTto cmocobiB KoHTpalemnitii (3a-
mobiraHHA BariTHOCTi), AKi JO3BOJAIOTH edeK-
TUBHO PEryJIIOBATU IIPOIEC PEIPOAYKILiI y Jfo-
OUHUA.

MeToau KOHTpaIlieniii MoKHa IMOAiIUTH Ha
KiJgbKa rpym:

s IpUPOAHiI MerToawm (pisHMMU cIlocobaMu
BM3HAYAIOTH IIEPiof, IO € CHPUATIUBUM IJId
3aIlIiTHEeHH, KOJU CJiJl YHUKATU CTATEBUX CTO-
CYHKiB);

- MmexaHiuHi (6ap’epHi) MeToau (He momycKa-
IOTh KOHTAaKTy CIIePMAaTO30iIiB Ta ANMEKJIiTHHI
IIIJIIXOM CTBOPEHHSs MeXaHiuHoro 6ap’epy 3a mo-
IIOMOTOIO ITpe3epBaTuBa, AiadparMu, MaTOUHOTO
KOBHOAUKa TOIII0);

* TOPMOHAJbHI MeToAu (LIJIAXOM IPUAOMY
TOPMOHAJbHUX IMIpelapaTiB MHepellKoIKaloTh
IIpoIecy OBYJIAIl ab0 3aKpilJIeHHIO 3arljiigHe-
HOI SUIEeKJITUHU B MATIIi);

« ximiuHi MeTOmU (32 MOIIOMOTOIO CIIEIiaJIb-
HUX IpelapaTiB HepelrKoIKaloTh IIOTPAILIAHHIO
CIIEPMAaTO30iIiB ¥ MaTKYy);

« BHYTPIiMIIHHOMATKOBI 3acobu (po3mimieHi
B MATIIi 3aCO0U IILJIAXOM MeXaHiuHOI Ta XiMiuHOI
Oil mepemrkoa:KailoTh 3aKPIiIlJIeHHI0 SUIEeKJIiTH-
HY);

« Xipypriuri metogm (IiAxoM Xipypriuxoi
omepairii pobJIATh IIPolec 3aILIiJHeHHA HeMOMK-
JIUBUM).

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Aki dakTOopy MOXYTb nepelikoaXKaTu 3annig-
HeHHIo y noanHn? 2. Yomy 3anfigHUTU ANLEKNITUHY
MOXe TinbKK oguH cnepmato3oin? 3. Cknaaitb CNMCoK
npodinakTMYHMX 3axofiB, AKWX CNif AOTPUMYBATUCA,
Wo6 3anobirTm NopyLeHHI0 MpoueciB 3annigHeHHA
y NoAVHN.
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 97. CraTb y nioaguHN

0 [omipkynTe

U mMoxnrBe BMHVKHEHHA repmadpoanTmsmy
y noanHn?

é 3raganTe

» Cratb » CrateBi xpomocomu

» CraTeBi 3an03u o CrateBi ropMOHU

» [MepBYHHI Ta BTOPVHHI CTaTeBi O3HaKM

MexaHi3Mun BU3HaUeHHsa cTaTi

SIK Bu BiKe 3HaeTe, y JIOAUHU TOJIOBHY
PoJb y BUBHAUEHHI cTaTi MalOyTHBOI 0COOMHU
Bimirparors crareBi xpomocomu. Harmra cragko-
Ba iH(popwmaIllisg 3ocepemkeHa I'OJOBHUM YMTHOM
y AApi KJIITHH HAIIOro Tijia i mpeacTaBjieHa TaM
y Burjaaai 23 map xpomocoMm (KOKHa XPOMO-
coMa IIpeficTaBJieHa [BOMa EK3eMILIIpaMu) —
CIIeI[iaJIbHUX TiJIellb, OO0 CKJIAAY AKUX BXOIATH
6inku ta I[ITHK. To6To BChOTO KOKHa KJIiTHHA
HAIIIOTO opraHidamMy mictuth 46 xpomocom. Jluime
B ramMerax xpomocoM He 46, a 23. ¥ HUX KO-
Ha XpOMOCOMa IIpejcTaBjeHa JUIIe B OJHOMY

eK3eMIIapi. 22 mapu XPOMOCOM y UYOJIOBiKiB
i kiHok omHakosi. Ili xpomocomMu Ha3MBAIOTh
ayrocomaMu. A OT XPOMOCOMHU OCTAHHBLOI mapu
Y UYOJIOBiIKiB i KiHOK BimpisHsioThbCca (IIe Tak
3BaHi craTteBi xpomocomu). Y KiHOK craTesi
XPOMOCOMM IIpEJCTABJIEHI JABOMA BEJIUKUMU
X-xpomMocoMaMu, a y YOJOBiKiB € ofHa BeJInKa
X-xpomocoma U ofHA MaJIeHbKa Y-XpPOMOCOMA.
Manenbka Y-xpoMocoMa MiCTHUTL MaJjoO CIIamgKO-
Bol iH(opmailrii, aje BUKOHYE OysKe BaKJIUBY
dyukIiio. CaMe ma XpoMocoMa «BMHKA€E» IIPO-
rpaMy pPO3BUTKY U0JIOBiKiB. Bes ii HasBHOCTI
PO3BUTOK OpPTraHi3ZMy 4YOJOBiKa HEMOMKJIWBUN.
OCKinbKY KiHOUYI KJIITUHYU MAaOTh Y CBOEMY
Anpi auire X-XpoMOCOMHU, TO M y raMeTax »Ki-
HOYOTO OpraHisMy OyAyTh 3HAXOAUTHUCH JIUIIIE
craTeBi XxpoMocoMu IIbOTO TuIy. To0TO 3a Ifi€io
O03HAKOI0 BCi :KiHOUI rameTu OyIyTh OJHAKOBU-
mu. Ilig yac yTBOpeHHs K YOJOBiUMX Tramer
ONlHA TIOJIOBWMHA 3 HUX OTPUMAae X-XpPOMOCOMY,
a imma — Y-xpomocomy. To6To 3a 1i€ero o3Ha-
KOIO 40JIOBiui rameru OyAyTh ABOX THIIiB.
Crarb MaiOyTHLOI MUTUHU BU3HAYAETHCH
B MOMEHT 3aIllIigHeHHda. JAKINo 3 ANAIEeKJIiTIHOIO
3JIMBCS CIIEPMATO30ia, AKUHA Mae X-XpPOMOCOMY,

MNepBWHHI cTaTeBi O3HaKW NOAUHN

Y kiHOK

Y 4yoi0BiKiB

BrayrpimHi craTeBi opranu

+ Matkosgi (dpannonieBi) Tpyou
+ BynbBa « IlixBa

« fdeunurnu
Marka

Cim’aHUKHU
IlepenmixypoBa 3ayosa

- CiM’ABUBigHI TPOTOKU

3oBHiIIHI cTaTeBi opranun

CopowmiTHi ry6u « Kaitop

Momrouka - ITenic

HeAki BTOPUHHI CTaTeBi 03HaKN NIOANHN

Y kiHOK

Jlo6pe pO3BUHEHI MOJIOUHI 321031

Menmnra KinskicTs Bostoces Ha Tijai

BigcyrHicTs Bostoces Ha migdopiami

TpuxkyTrHa hopMa BoJIOCCA HA JTOOKY

Menmia Tangisg, KOPOTIIUH, MIUPIIUHA Tas, IMTUPOKi
crerua

HABKOJIO CTETOH
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/HuposBa TKaHMHA HAKOINUYYETHCS F'OJIOBHUM YNHOM

Y 4oa0BiKiB

HeposBuueni mosouni 3aymosu

Binsia xkinbKicTb Bosloccs Ha Tiji: BoJioccs Ha
BepXHili ry0i, HA migbopiaai, yacTo HA TPYAAX, K-
BOTi, IepeIIiyuaxX i TOMiJIKax, TeKOJI TaKOMK Ha
PYKax, CTerHax, CiqHMUIIAX, IIeuax

BysbKi crerna

JKupoBa TKaHMHA HAKOINYYETHCA FOJIOBHUM YMHOM
HABKOJIO ILJIEYOBOI'0 IIOsiCa



TO HAPOAWTHCA AiBUMHKA. A SKIIO CIIEPMAaTO30-
imr maB Y-XpoMOCOMY, TO HAPOAUTHCA XJIOTMYUK
(mam. 97.1).

Brim, opraniam JIIOAIMHU € CKJIAJHOIO CHCTe-
MO0, i (h)opMyBaHHA MEPBUHHUX Ta BTOPUHHUX
CTaTeBUX O3HAK, a TAKOXK CTATEBOl iJeHTUUYHOC-
Ti, BimOyBaeThcA Ha KiJIbKOX pPiBHAX. BaiKiuBy
poJib TYT Bimirpae pob6oTa rOpMOHAJBHOI cHCTe-
MU i BHUIIla HEPBOBA MisgJIbHICTB.

lfepmadpoanTnam y niogrHm

T'epmadpoguTuamMom Ha3MBaOThL HAABHICTD
B OfHiel ocoOuHU i "ojsioBiumMX, i sKiHOUMX cTa-
TEeBUX 3aJI03. ¥ OiJBIIIOCTI BUIIAAKiB Take sSIBU-
I[e € XapakKTepHUM Jisi 6e3xpeOdeTHUX TBapPUH,
a y XpebeTHUX TpaIISEThbCA PiAKO (HaiiuacTimie
y pub). ¥ ccasiiB repMadpoauTH3M BUHUKAE
BHACJIIJOK IIEeBHUX CIIAAKOBUX aHOMAJIiH abo mo-
PYIIIEHHSI PO3BUTKY.

Y sonmHU PO3Pis3HAIOTH ABAa BUAU TepMa-
dpomuTusMy — icTHMHHHNNI Ta XUOHMII. 3arajbHa
yacTora repmMadpoauTusMmy — npubausuo 1 Bu-
nagox Ha 2000 Hapom:KeHb. AJle Maiiyke BCi BOHU
HaJeXaTh A0 XUOHOro repMad)poguTHU3My. IcTrH-
HUI repMadpOUTU3M TPATLIAETHCA AYIKe PiIKO.

¥ pasi icmuHH020 TepMaPPOAUTHUIMY B JIIO-
ouHu (POPMYIOThCSA i 4voJyioBiua i JKiHOuUa cra-
TeBi 3a03U, AKi 37aTHI BUPOOJIATH TaMeTH,
a B OyIOBi cTaTeBuUX OpPraHiB € AK KiHOUi, Tak
i gosoBiui pmcu. Takwuii BapiaHT MOKJIWBUH,
HAIIPUKJIAM, V BUOAAKY MO3ailuaMy, KOJU OJHA
YyacTUHA KJIITUH OpraHisaMy Mae xpomocoMu XX,
a imma — XY.

Y Bumaaky xub6Hozo repMadgpoguTU3IMy CTa-
TeBi 3a/1031 c(pOPMOBaHI IPABUIBHO 34 MKiHOUNM
abo yosioBiumM TuIOM. AJie cTaTeBi opraHu He-
CcyTb O3HaKM 000x crareii. Ile mMo:ke OyTu Ha-
caigKoM mucOaaHCy CTaTeBUX T'OPMOHIiB.

feHpep y MoanHM

IT'engep — me cormianbHO-6ionoriuma xa-
PAKTEPUCTHKA, Uepe3 SKY BUBHAUAIOTHCH IIO-

0 Kniouosa iges

JllogHa HaneXxmutb OO OpraHi3miB i3 XPOMOCOM-
HUM TUMOM BU3HAYeHHA CTaTi, AKa BM3HaYaETbCA
napolo CTaTeBMX XPOMOCOM. Ajie cam MeXaHi3m
bopMyBaHHA CTaTi CKNagHWI i BigOGYyBa€TbCcA Ha
Kinbkox piBHAX. Tomy 6iofioriyHa cTaTh y NOAMHN
He 3aBXaAM MoKe criBnagaTti 3 ii colianbHolo cTaT-
Tio. Came Tomy Anda nioguHu i 6yno cdopmoBaHo
MOHATTA reHOepy.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

]

XX XY
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Man. 97.1. MexaHi3m BU3HauYeHHA CTaTi y NoanHn

HATTS «YOJOBiK» i «KiHKa», MCUXOoCOoIliaJabHI
Ta COI[IOKYJIBTYPHI POJIi 4OJ0OBiKA # KIHKU AK
ocobucTocTell, a TaKOX IICUXOJIOT0-0iosoriu-
Hi ocobauBocCTi, Ha AKi BOJamMBae craTh. Pak-
THUYHO T'€HIEepP € COIiaJbHUM KOHCTPYKTOPOM,
AKUN BU3HAUYA€E COI[iaJIbHY CTaTh JIOJUHU.
Tepwmin reugep 3alIporIOHYBaB aMepPUKaAHChKUNA
ncuxoaHaixitTuk Pob6epr Croanep y KiHmi
1960-x pokis.

Ha Bigminy Big 6iosoriunoi crati, reumep €
HabOpoOM coIiaJbHUX caMoimeHTHdiKamiit, aki
MOJKYTh AK 30iratmcda 3 OioJorivHMMU 0COO0JIM-
BOCTSMU JIIOAWHMU, TaK i cymepeuntnu im. Ienmep-
Hi BigMiHHOCTI (hopMyIOThCA y IpOIieci cormiari-
3aIrii — HaBYaHHS POJIi YOJOBIKiB Ta »KiHOK Bif
HAPOIKEHHA IIPOTATOM KUTTS, X0Uua HAMOIIBIII
iHTeHCHBHO IIeii mpoillec BimOyBaeThbCa OO BiKy
cTaTeBOi 3pijocTi.

OBaHI/ITaHHFI Ta 3aBOAHHA

1. Aky cTaTb OyAyTb MaTu nioan 3 Kapiotnnamm XXX,
XYY, XXY, XXYY? 2. Axi ocobnusocTi repmadppoantusmy
pobnATb NOro He3PyUYHUM ASA NOLWNPEHHA cepe CCaB-
uis? 3. Yomy camOBM3HAYeHHA CTaTi y NIOAMHN MOXKe
He cniBnagath 3 ii XPOMOCOMHUM Habopom?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 98. OHTOreHes 6araToKNiITUHHNX OpraHiamiB

0 [omipkymnTe

AKLWO nepewKkoanT NOTPanIAHHIO HACIHUH
6yp’AHIB Ha ropoa i BUAanATK iXHi NapocTKu,
TO BCE OJHO MPOTATNOM KiIbKOX POKIiB 6yp’AHN
Ha HboMmy OyayTb BupocTtatu. Yomy?

Q 3raganTe

e Po3BuTOK
o XapaKTepHi pucu TBapuH
o XapakTepHi pucx pPOCiInH

[Nepioan oHTOreHesy poC/nH

SIK Bam Bimomo, OHTOTeHe3 — Iie iHaAuBimy-
aJbHUN PO3BUTOK OPraHidaMy BiJ MOMEHTY IOTO
3apo/yKeHHA (CTaTeBUM UM HECTATEBUM CIIOCO-
6om) mo cmepri. OHTOreHe3 MOMINISIOTh Ha KiJlb-
Ka mepioxiB. Xoua s3arajJbHa MOCJIiJOBHICTH IIO-
il B OHTOTeHe31 JKMBUX OPraHi3MiB € CX0KOI0,
i Imepioau BiApPiBHAIOTBHCA IJA PISHUX CHUCTE-
MaTuUHUX Tpyn. Tak, Ay:ke pisHOMaHiTHUMU
€ BapiaHTH OHTOTEHe3y y BOJOPOCTeH. Y HUX
YacTO TPANJAITHCSA CKJIAAHI KUTTEBL IUKJIU.

¥V HaseMHUX POCJIMH PiBHOMAHITHICTL BapiaHTiB
OHTOTeHe3y He Taka Beauka. Haitbinbmiomo Ha-
3eMHOI0 T'PYIIOI0 POCJMH € KBITKOBi pPOCIMHU.
VY HUX BUAIIAIOTH YOTUPU OCHOBHI mepioau OH-
TOTeHe3y: JIATeHTHUM, IpereHepaTuBHU, reHe-
paTUBHUI i MOCTTeHEePaTUBHUM.

MNepioan oHTOreHesy TBapuUH

OuToreHes TBApUH 3a3BUYAN IOLiIAIOTH
Ha JBa TOJIOBHI mepiogm — eMOpioHaJAbHUI
i mocrembpionanbHuii. EMOpioHanbHMI mepion
(emOpioreHnes) TpuBa€ BiJg MOMEHTY 3alljliTHEH-
HA [0 HAPOIKeHHsA (BUXOAYy 3 SHIEeBUX 000-
noHOK). IlocremOpioHanpHUN mepiox TpuBae
BiT MOMEHTY HAPOJKEHHA IO CMEPTi TBApUHU.
ITocTeMmOpioHanbHMIT PO3BUTOK TBApUH MOJKeE
OyTu npamum abo CyIpPOBOAMKYBaTUCA HEePETBO-
PEeHHAM — Memamop@po3om.

TpurBanicTb XUTTA XXNUBUX OpraHiamMiB

TpuBamicTh KUTTA KUBUX OPraHi3sMiB II0-
YMHA€ BU3HAYATUCS Bil MOMEHTY BUHUKHEHHS
3UTOTH, MOAIJAY KJIITHHYU abo BiAgijieHHS 3apoj-
Ka BiJi MaTepMHCHLKOIO OpraHidaMy y BUIAJKY

MNepiogn oHTOreHe3y NOKPUTOHACIHHUX POCANH

Ilepion Kouau nmounHaeTscs

IITo BinOyBaeThCA

JlaTeHTHUIT Bix momenTy BiAmisieHHS HaciHMHU Bif Hacinuna mepeOyBae B cTaHi CIIOKOIO

MaTepUHCHLKOI 0COOMHM

IIperenepatuBauii = Bixg MOMEHTY IIpPOpoCTaHHA 3apojaKa PicT pocimuy # HakomWUeHHS HEIO IIO-

JHHUBHUX PEYOBUH

T'enepaTuBHUI# Big momeHnTy mouaTKy GopMyBaHHSA reHe- TenepaTuBHi oprainu (QPyHKIIIOHYIOTS.
PaTUBHUX OPraHiB PocauHam KBiTHYTH i IJIOJOHOCATH

ITocTrenepaTus- Bixg momenTy sakinuenHa (GyHKI[ioHyBaHHA | IIpollecu BigMuUpaHHS IIOYMHAIOTH IIepe-

HUAT reHepaTUBHUX OPraHiB [0 3arubesi POCJAMHM | BayKaTU HAJ MIPOIECAMU HOBOYTBOPEHHS

Etanu noctembpioHanbHOro PO3BMTKY CCaBLiB

Eran Koau mounHaeTses
IOBeninpHUYT = Big MomeHTY HapoKeHHA

3pinricTh Bix momeHTy HacTaHHA cTaTeBOI 3pisocTi

Crapinua Binx momeHTy, KoM Ipoliecu BigMUpaHHA
TOYMHAIOTH IIepeBakaTu HaJ IIPoIlecaMu
HOBOYTBOPEHH:, [0 3aTu0e i TBapUH
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IITo BimOyBaeThCAa
PicT i posBuTOK oprauismy

YTBOpeHH i picT HOBUX opraHiB He BigOyBa-
eTbesa. O0OMiH peuoBUH 36amaHcoBauuil. Binoy-
BAETHCA PO3MHOMKEHHA TBAPUH

BigbyBatorhca 3MiHU, AKI 3HUIKYIOTH OTO
ajarnTaliiii MoMKJINBOCTL



BEreTaTUBHOTO PO3MHOMKEHHA. SaKiHUeHHAM
JKHTTS BBasKAIOTh MOMEHT 3arubeJii ocoouHu abo
ii momiay 3 yTBOpPEeHHAM HOBUX 0ocoOuH. Makcu-
MaJIbHA TPUBAJIICTH JKUTTSA Yy TBAPUH i POCJIMH
y PiBHUX BUJIB CYTTEBO BiAPiBHAETHCH.

MakcrmanbHa TPMBaNiCTb KUTTA LEAKNX
BMAiB TBapWH

TpusaiicTb

Hasgsa Bu
Ay JKUTTA, POKH

T'pennanacrka akyna 400
I'pennangcbKuii KUT 211
Tamanarocrka yuepenaxa 177
Jlrogunua 122,5
T'pud-inguura 118
Tonmit 3emamexon 30
Ilepioguuna mukana 17
Mypaxa (KopoJjeBa) 15
ITamok 3
Myxa nposodinza 0,1 (30 guiB)

MakcrManbHa TPMBaniCTb XUTTA AeAKNX
BMAIB POCNH

TpuBaxictsh

Hazsa Bu
Y SKUTTS, POKH

CocHa ocTucra 4800
CekBOANEHAPOH 2300
Hy0 spuuaiiumi 1500
SnwuHa eBponelicbKa 400
MopxkBa 2
Kpin 1

MaxkcumanbHa TPUBAIICTD KUTTS 3aJIEKUTD
Bixm Gararrox umHHUKIB. Ile i meBHi remeTuusi
mapaMeTpu, i yMOBU HABKOJUIITHBOTO CEPeIOBU-
ma (COpUATIANBL YMOBU TONOBMKYIOTH YKUTT),
i pisHoMmaHiTHI BumaaKoBi moxmii (BUBep:KeHHS

0 Kniouosa iges

OHTOreHes — Ue iHAMBIAYanbHUN PO3BUTOK
OpraHiamy BiI MOMEHTY IOro 3apodKeHHA [0
cmepTi. Xoya MOCNiAOBHICTb MOAiN B OHTOreHesi
6yAb-AKNX 6araTOKJITVHHMX OPraHi3MiB € CXOXOI0,
KOXKHa 3 BENIMKUX CUCTEMATUYHIX TPy OpraHi3mis
BifPi3HAETbCA Bif iHWMX CBOIMU 0COBANBOCTAMM
OHTOreHesy.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

BYJIKaHa, MaJiHHA METeOpUuTa TOIo). ¥ pPisHUX
CUCTEeMaTUUYHUX TPy OpraHismiB (arTopu, AKi
HaWCHWJIbHIIIE BIJIMBAIOTh HA TPUBAJIICTD JKUTTH,
MOXKYTh pisHUTHCA. Xoua TaKi mapameTpu, AK
posMmip (6inbIIi B cepeHHOMY KUBYTH OBIIIE)
Ta iHTeHCUWBHIiCTh 0O0MiHY (IIBUAKUWH OOMiH 3a-
3BUYAN CKOPOUYE KUTTH) € aKTyaJIbHUIMU IIPaK-
TUYHO IJIA BCiX TI'pPyI.

Sx mpuKJan reHeTUYHOI 3yMOBJIEHOCTI TpU-
BaJIOCTi KUTTA MOKHA 3rajaTy HaseMHi poc-
JUHU, AKUX IMOALIAIOTH HA OOJHOPiUHi, ABOPiUHi
i Oaratopiumi. I mHasexuHicTh 1m0 oxHiel 3 mux
rpyn € Bupocnenu(ivuHOO 03HAKOIO.

PexopacmenoM 3 TpuUBAJIOCTI KUTTA cepen
XpebeTHNX BBAKAIOTh I'PEHJIAHICHKY aKyJIy, AKa
moske moskuBaTu no 400 poxkiB. Ileit Bug mae Bci
XapaKTepHi O3HAaKU, AKi moB’s3aHi 3i 3maTHic-
TIO 0 TPUBAJIOTO XKUTTA. Ile TBApMHMU BeJTUKUX
posMipiB, iHTeHCUBHiICTh OOMiIHY PEUOBUH y HUX
€ HU3BKOIO, TEMIU POCTY i cTaTeBOro A03piBaH-
Hs Oy’Ke HU3BKi (cTaTeBoi 3pijocTi moBOAUTHCA
yekatu 150 poxis).

Maiizke 3aBXIM y CKJIAAI CHUCTEeMATUYHUX
TPYII € BUAM-BUHATKYU, SKi 32 TPUBAJIICTIO KUT-
TSI CyTTEBO Pi3HATHCA BiJl PEINTU HMpPeACTaBHUKIB
rpynu. Ile moB’sA3aH0 3 0COOIUBOCTAMU IXHBOI
6iosorii Ta exoJsorii. HampukJianm, roJi semJe-
KOIIM € MpeACTaBHUKAMU I'PUSYHIB i JKUBYTH 10
30 pokiB. A OiNBIIiCTE IpPEACTABHUKIB IXHBOTO
pALYy 3 aHAJOTIYHMM PO3MipOM Tija JKUBYTH He
OisbIlie HidK 3 POKH.

@ MpakTyHa poboTa

CnocmepexeHHA ma onuc Komax Ha pi3HUx cma-
0iax possumky

1. Po3rnAHbTE ManHKN CTafi »KUTTEBOTO LUKIY
KOMax 3 MOBHVMM Ta HEMOBHUM MEepPeTBOPEHHAM.
YKaxKiTb Ha3BWM UUX CTagin Ta NOACHITb, AKY posb
BOHW BifirpaloTb Y XUTTEBOMY LMK/ KOMaxu.

2. Po3rnsHbTe Konekuii, doTorpadii, ManoHKM Ko-
MaX. YCTaHOBITb TUM PO3BUTKY, AKNA NpUTaMaHHWN
LUM KOMaxaM.

3. ChopmynionTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. MOACHITb 3HAaYEHHA ANA POCANH | TBAPUH Pi3HNX
nepioAiB y iXHbOMy OHTOreHesi. 2. MXuUTTeBUN LMKA i3
MeTamopdo30M y Komax NoTpebye cyTTeBOI NepebyoBu
opraHi3my B OfIVH i3 nepiofiB XUTTA. YoMy XK Takui Tvn
XKUTTEBOTO LUKy € AyXe nowwmpeHnm?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 99. EM6pioHanbHNN po3BUTOK. IpobGneHHA

0 [omipkynTe

YuM KNiTMHWM OQHOKNITMHHMX OPraHi3miB Bigpi3HA-
I0TbCA Bif KNITUH 6araTOKNITMHHUX OpraHi3mis?

é 3raganTe

 3uroTa o Em6pioH

o OpraHenu KnitnHn

Em6pioreHes. 3uroTa i fpobneHHsA

¥ comopoBux pocauH (hopMyBaHHA OPraHizMy
TMOYMHAETHCA BiJi MOMEHTY IIPOPOCTAHHS CIIOPHU
0e3 YyTBOPEHHS 3apoAKa. Y HaciHHUX POCJUH 3a-
POZIOK (DOPMYETHCA ITiJ] Yac YTBOPEHHS HACIHUHU.
ITicng mporo BiH meBHUU uac mepeOyBae y cTaHi
CIIOKOIO J0 MOYaTKy IpopoctaHHa (may. 99.1).

YV OaraToKJITUHHUX TBapWH PO3BUTOK 3a-
pOKa MOUYMHAETHCA BijJi MOMEHTY 3allIiHEHHSA.
Iliciia npoHMKHEHHA CIIepMAaTo30ia B ANITEKJTi-
TUHY 1 3JUTTA IXHIX sep YTBOPIOETHCS OJHO-
KJITHHHUN 3apOJOK — 3UT0Ta,— AKA MOYMHAE
minutuca. Ilomanbiri HampsaMu IOy 3UTOTU
" 0COOJIMBOCTiI PO3BUTKY 3apojKa 3HAUHOIO Mi-
poOI0 BUBHAYAIOTHCA OCOOJUBOCTAMHU ITHUTOILIA3Z-
MU SUIEeKJIITUHY, Y IeBHUX 30HaX AKOI HAKOIIU-
YyIOThCSA BigmoBigui Kominiexcu 0inkiB Ta PHEK
(ABUIllEe 00IIJIA3MaTHUYHOI cerperarrii).

Pan mociigoBHUX MITOTHUYHUX TOALIIB 3U-
roTU Ha3WBAKOThL ApodaenHaAM (Man. 99.2). Ilix
yac APOOJIeHHSA TepeACHHTeTUUYHWH mepionx iH-

3apogkoBe cTe6no g
— i

|
3apogkoBa 6pyHbKa $

3apoaKOBUIN KOPiHb

Cim'agons

HaciHHa wkipka ~

Man. 99.1. PosTtallyBaHHA 3apofKa B HaCiHWHI KBacofi
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Tephasu maiike BiCyTHill, TOMY KJIITMHU, IO
YTBOPIOIOTHCS,— 0Jacmomepy — MAaIOTh AemaJri
MEHITY KiJIbKiCTh MUTOIIa3MU MTOPiBHAHO 3 SAM-
mexJiTuHOo. Yepes BHCOKY IIBUAKICTH IP0O0-
JeHHs cuHTe3 OiJiKa He BimbysaeTbecs, i Ojac-
TOMEPU BUKOPUCTOBYIOTH OiJIKM, HaKOIMYEHIi
B IUTOIJIA3Mi AUINEKJIITHHH. YiKe Ha cramgil
OJstacTyaM 30BHI OZHAKOBi GJiacTOMEpPH MOKYTH
MaTH IIeBHY cIielliajisalliio i, 3aJeXHO0 BiJi CBOTO
IPOCTOPOBOTO PO3TAITyBaHHS, BU3HAUYaTU (Hop-
MYBaHHA THUX YW IHIINX 3aPOJAKOBUX JIUCTKiB
(edpeKT TpPe3yMIOTUBHUX 30H).

XapakTep Opo0JieHHS 3HAUHOIO Mipoio 3aJje-
JKUTHh BiJ KiJIbKOCTi »KOBTKa, 3allaceHoro B IH-
Tomasmi sainerkJgiTuHuU. KOBTKOBI rpanym
MIEPENIKOIKAI0Th IIPOCYBAHHIO BEpEeTEeHA IOiIY
IO TIOJIFOCIB KJIITMHM ¥ YTBOPEHHIO IEPETAKKU,
TOMY y TBapuWH 3 BEJIUKOIO KiJIBKICTIO JKOBTKa
(nmasyHu, nraxu) OpoOJeHHsS HenosHe: sAIpa
3 BimocoOseHMMU AIIAHKAMHK I[UTOMJIA3MU 30-
cepemKyIOThcA 0ijiA OJHOrO MOJIIocAa KJITUHU,
a TPOTUJIEKHUU TOJIIOC 3aTIOBHEHUU KOBTKOM.
AfneraiTuH, IO MAOTh HE3HAUHY KiJIbKiCTb
JKOBTKa abo He MaioTh Ioro B3araJi (ccasiii,
ILJIOCKi 4epBM), NiAKAIOTHCA NOBHOMY OPOOLIEeHHIO.
PospisuaTs piBHOMipHE Ta HepiBHOMipHE APOO-
JeHHsA. 3a PiBHOMIPpHO20 APOOJIeHHS OJIacToMepu
OZHAKOBi. 3a HepieHOMIpHOz0 ApoOJeHHS OJac-
TOMEPU BiIpiBHAIOTHCA 3a (hopMOIO i podamipammu.

Oonna3maTtnyHa cerperauis
Ta NPe3yMNTMBHI 30HU

Sk Oysmo BKasaHO BHUIIe, OJHAKOBI 30BHI
OysacToMepu y CKJani OJacTyam BiKe MaioTh
IeBHY cIelliajizalliio, 3ajeXHO Bil CBOro mIpo-
cTopoBOTO po3sramryBaHHsa. lla cnoemianisamia
BU3HAYAETHCA INle HA PiBHI 3urotu i, HaBITH,
mig yac yTBOpeHHs sainekJiTuau. OCHOBOIO
IIbOTO € Te, IO IIUTOILJIa3Ma 3UTOTH B PiZHUX
CBOiX B30HAX MicTHTBL pisHi Habopu 6GiosoriuHO
AKTUBHUX KOMIIOHEHTiB (CUTHAJIbHUX OiJIKiB,
PHEK, pu6Gocom To1o). @PopMyBaHHA TAKUX 30H
PO3MOUYMHAETHCS Ile Ha CTafil YTBOPEHHS sife-
KJIITHHN i Mae Ha3BYy OOILJIa3MaTHUYHOI cerpe-
ramii. A 30HU KJiTMHU, BigMinui 3a Habopom
0ioJIOTiUYHO aKTMBHUX PEUYOBUH i KOMIIOHEHTIB,
HA3WBAIOTHCS MPE3yMITHUBHUMH 30HAMU.
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PiBHOMipHe
CUHXPOHHE

PiBHOMipHe
ACUHXPOHHeE

MoBHe
Apo6neHHs

HepisHOoMipHe

HenosHe HuckoiganbHe

Lieno6nactyna
(naHUETHUK)

Bbnactouuncra
(ccaBui)

Amdibnactyna
(amoi6ii)

Junckobnactyna
(nTaxwn)

Man. 99.2. QopmyBaHHA TUNIB 61acTyn XOpLOBMX TBAPVH

ITig wyac gpoOJieHHSI 3UTOTH M YTBOPEHHS
6JlacTOMEPiB reHeTUYHO iJeHTUYHI JOUipHi Aapa
BUSABJAIOTHCA OTOUYEHUMHU YaCTUHAMU ITUTOILIA3-
MU 3 PiBHMX IPE3yMITHUBHUX 30H. B3aemopisa
TEeHeTUYHOTO MaTepiany dAxep 3 PeryjaaTOpHU-
MU PEYOBMHAMM BiAIIOBiHUX 30H ITMTOILIA3MU
3aIlycKae BiANOBimHI MexaHidMu peryJdailii ax-
TUBHOCTI AnepHuX reHiB. Ile crae mpwUYMHOIO
dopMmyBaHHA creriamisaiii 30BHI iZeHTHUUYHUX
OJstacToMepiB.

ToTunoTeHTHICTb 6nacTomepis

XapakTepHOO pPuHcol OJacToMepiB, AKi
YTBOPIOIOTHCA B pPe3yabTaTi ApoOJIeHHs, € IX
TOTUIOTEHTHicTL. ToTHMOTEeHTHiICT, — IIe 37aT-
HiCTH KJIITHMH 0araTOKJiTHMHHOTO OpraHismy ma-
BaTH IOYAaTOK HOBOMY OKPEMOMY OpraHismy.

TOTUIOTEHTHUMH YACTO € KJITHHU POCJINH.
Tomy oTpuMaTu KyJbTYPY TKAHUH POCIWHU HeE
IysKe CKJIAAHO. A OT 3 KJIITUHAMU TBAPUH CKJIAL-
Himre. BijgbImicTh KJIITHMH TBAapMH HAJATO CIIEIli-
aJri3oBaHi ¥ He MOMKYTH JaTH IIOYATOK HOBOMY
opraHizmMy. AJle TOTHUIOTEHTHICTH IpUTaMaHHA
O6sacromepam 3apoaka TBapuH. OTiKe, 3 6J1acToMe-
PiB TBapMH MOJKHA yTBOPIOBATH HOBi OpraHisamu.

Came 111 BJIaCTUBICTh € OCHOBOIO YTBOPEHHS
MOHO3UTOTHUX OJM3HIOKIB. Y BHOAAKY, KOJIU
OslacTOMeEpH IIiC/IsT OAHOTO-ABOX IIOAiJiB PO3XO0-

0 Knioyosa iges

EmM6pioHanbHUin po3BUTOK (embpioreHes) y Ha-
CiHHUX pocnuH BigbyBaeTbcA B mpoueci dopmy-
BaHHA HaCiHWHKY, a y 6araToOKNITMHHUX TBAPUH —
Bifl YTBOPEHHA 3UrOTV 4O MOMEHTY HapOIMEHHS.
Mepwum eTanom embpioreHesy TBapuH € Gopmy-
BaHHA Gnactynu.

IATbCA OAWH Bil OMHOTO, KOXKEH 3 HUX MOKe
YTBOPUTHU OKpeMuii opranism. Taki opranis-
MU Ha3WBAIOTh MOHO3BWUTOTHUMU OJIMBHIOKAMMU,
OCKiJTbKUM BOHU YTBOpPeHi 3 ofgHiel aurotu. OcHO-
BHA 0COOJIMBiCTh TaKMX OJIM3HIOKIB — reHeTHYHAa
imTeHTHYHiCTE (BOHM MAIOThL OJHAKOBI TeHOMM).

bnactyna. Tunu 6nactyn xopaosumx

Ilepion mpobaeHHs1 3aBepIIyeEThCA (PopMy-
BaHHAM OJactyau. Y TUIIOBOMY BUIIaAKy OJjac-
TyJia CKJaTaeThbCcsa 3 IMIapy OJacToMepiB, AKi
OTOUYIOTH IMiJIBHUM KiJbIIEM IIOPOKHUHY —
onacmouenv. 3ajeKHO Big Tumy apoOJeHHS
3 SAUNEKJITUH XOPAOBUX TBAPUH (POPMYIOTHCS
pisui Tunu Gaacryn (man. 99.2)

MpakTnyHa poboTa

BueyeHHs emanie em6piozeHe3y xopdosux meapuH
1. Po3rnaHbTe Mikponpenapat ApobneHHA AnuA
»kabu. 3amanionte nobayeHe. Mignuwitb Ha3Bu
KIITUH.

2. BuBuiTb Ha mikponpenapaTtax, Mynsxax, cxema-
TUYHUX MaJIlOHKax cTagil embpioreHesy naHLUETHMKA.
3amantonTe nobayeHe i 3pobiTb Nignucu.

3. YKaXiTb BigMiHHOCTI ApO6SIeHHA Bifi 3BUYAHOrO
noginy KniTuH, ypaxoBylouu, Lo obuasa npouecu
BifOYBalOTHCA LUIAXOM MITO3Y.

4. Chopmynioiite BUCHOBOK.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy oonnasmatuyHa cerperauifa € Bax/MBOIO
AnAa TBapuH? 2. Yomy B nTaxiB i CCaBLUiB yTBOPEHHA
6nactynu He Moxe BigbyBaTMcA opHakoBo? 3. Yomy
y TBapWH KTMHW MEHLW CXWUNbHi A0 TOTUMOTEHTHOCTI,
HiX y pocnunH? 4. [lia akmx dakTopiB MoXe cnpuath
HapOAMEHHIO MOHO3UIOTHMX BMIN3HIOKIB?
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§ 100. lacTpyna. 3apoaKoBi NUCTKN

0 [omipkynTe

AKi rpyny TBapuH He YTBOPIOIOTb Mif Yac CBOro
PO3BUTKY TPETill 3apOAKOBMIN INCTOK —
me3sopepmy?

Q 3raganTe

 [1po6neHHA » bractyna

« [acTpyna o CucTemaTnyHi rpynv TBapuH

[acTpynauis

HacrymnHa micaa yrBopeHHS 0J1acTyIu CTamid
eMOpioOHAJIBHOTO PO3BUTKY HA3UBAETHCA TacCTPY-
JISAI€I0, a 3aPOJOK HA I[ifl CTafii — racTpyJioro.
Tacrpyiia B 6ibIiiocTi 6araTOKJIITUHHUX TBAPUH
dopmyeThea mig yac BruHaHHs (iHBariHarrii) uac-
TUHU CTiHKH OJIACTYJIM BCePeauHYy 0JIacTOIleJi.

Iamumu cmocob6aMu yTBOPEHHS TacTPYJIU €
immirparmisa, emibosis Ta menxaminamig. Y Bu-
naakry immicpayii nedAri KJIiTwHU GIacTyam Mi-
I'PYIOTh y 0JIaCTOIEJb i YTBOPIOIOTL BHYTPIIIHIH
map KJiTHH. Y TBOPEHHA racTPyJaN MIJIAXOM iM-
mirparii HmOIIMpPeHO cepes IIPeACTAaBHUKIB Ty-
00K Ta KUIIKOBOIIOPOXHUHHUX. TpamideTbcs
BOHA i B leIKUX NPEJICTaBHUKIB I'OJKOMIKipUX.
Bingkpus 1eii cmoci® ractpysadAiii Hamr 3eMJISK
I. I. Meunukos.

VY mporeci eni6onii npiOHI KJIiTUHU OJHOTO
KiHIIg 3apofKa oO0pPOCTaOTh 330BHI HABKOJIO Be-
JUKUX KJITUH APYyroro KiHIA. ¥ TaKuil crocid
YTBOPIOETHCA TacTpyJia y MpPeNcTaBHUKIB puo.
Haii6inpm mokgIagHO BOHA AOCIiAKeHa Ha IpPU-
KJIaAi KJIaCUYHOTO JIabopaTOPHOTO OpraHidaMy —
pudKU maHio-pepio.

Y mporieci denaminayii KIITUHU iIATbCS
mapaJjejabHO IIOBEPXHi 0JIacTyJHd, YTBOPIOIOUN
npu nbomy aBa miapu. Illaaxom pemamizamii
YTBOPIOETHCS TacTpyJia y JIOAUHU Ta 0araTbox
iHmwux ccapifiB. TaKoXK racTpyadailia Moske 3mili-
CHIOBATHCS ILISIXOM IIOETHAHHS KiJIbKOX i3 I[UX
c1oco0iB.

3apoJoK Ha IIifi cTamil CKJIaZaeThCA 3 IBOX
mIapiB KJIITUH — 3apOAKOBHUX JHCTKiB: 30BHIIII-
HBOTO — eKmodepMu, i BHYTPilTHBOTO — eH-
modepmu. YHACJiOK BrUHAHHS YTBOPIOETHCS
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MOPOKHUHA — 2acmpoyenb (racTpabHa ITOPOK-
HUHA) i OTBip, AKMM BOHA CIOJYyYaEThCA 3 Ha-
BKOJIUIITHIM cepefoBuieM — Osacmonop (mep-
BUHHHUHA POT).

Biacrorens poamilneHa MiK €HTO- Ta eK-
TOoZEepMOIO. ¥ Hel MPOHUKAIOTH 0JacTOMEDPH, IO
IailoTh MOYATOK TPETHOMY 3aPOJKOBOMY JIKCT-
Ky — Mme300epmi.

3apoaKoBi NUCTKK | andepeHuiauis

TKaHWH. OpraHoreHes

3apoAKOBi JUCTKU OAIOTHL IOUYATOK TKaAHU-
HaM i opranam eMOpiOHiIB, IO PO3BUBAIOTHCH:

3 ekmodepmu HOPMYIOTHCS 30BHIIITHIN erri-
TeJIil, MIKipHi 3a/103U, IIOBEPXHEBU I1ap 3y0iB,
pOTOBUX JIYCOK, HEPBOBA CHUCTEMA;

* HOXimHUMU eHmodepmu € emiTeniii ce-
pPenHbOI KHMIKU, eMiTeN il AUXaJIbHOI CUCTEMU,
TpaBHi 3aJI1031;

* RIITUHU Me300epmMuU PO3BUBAIOTHCS
B M’ s30By # cIOJIyuHY (30KpeMa, KiCTKOBY Ta
XPAIOBY) TKAHWHU, KaHAJW OPraHiB BUIiJeH-
HfA, KPDOBOHOCHY i, YaCTKOBO, CTaTEBY CHUCTEMMU.

IIpomec ¢opmyBaHHA Opra”HiB 3 IEBHUX
KOMILIEKCiB KJITHH eMOpioHa HAa3WBAETHCA Op-
ranorese3om (mas. 100.1).

3a OCHOBHMMHU HalpAMaMu eMOpPiOHAIBLHOTO
POSBUTKY TBapuWH, AKi PO3BUBAIOTHCA 3 TPHUIIIA-
POBUX 3apOAKiB, IMOMIJMIAIOTH HA IBi BeJUKi rpy-
U — NOePBUHHOPOTUX i BTODUHHOPOTUX. ¥ nep-
suHHOpomux (MOJIIOCKY, YJIEHHCTOHOTi TOIIIO)
POTOBUII OTBip y IPOIlECi POBBUTKY (POPMYETHCA
Ha MicIii 6sacTomopy, a y 8mopuHHopomux (ToJi-
KOINKipi, XOpmoBi ToImio) — Ha iHmIomMy Kiuiti
Tiza (Ha Mmicii 6JacTomopy B HUX (POPMYETBHCA
aHAJBHUU OTBIp).

CToBOYpPOBI KNiTUHK

Tepmin «cToBOypOoBa KJIiTMHa» YBiB y Ha-
yry Buenuir O. O. MakcumoB 1908 poky. [o-
CHIIKYIOUM TIPOIleC KPOBOTBOPEHHSA, BiH mili-
IIIOB BHCHOBKY: Y HAIIIOMY OPraHisMi mpoTATroM
yChOT'0O KUTTS 30epiraroTbesa HeaudepeHiliiona-
Hi KJiTHHU, SKi MOXKYTH II€PEeTBOPIOBATHCS Ha
agim@ponuTy Ta iHNIII chmeliasidoBaHi KJiTHHU
CIIOJIYYHOI TKAHWHU U KPOBIi.

Ha pannix cramisgx po3BUTKY eMOpioHa KJIi-
TUHU HecHelliajgisoBaHi. BoHu oTpuManu Ha3BYy
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CToB6YpOBi KNiTUHN

a@Na)z

e

Mezopepma EkTropepma EHpopepma
Cepuesui KnitnHn KnituHn ; KnituHn KnitnHmn
M'A3 KpOBI WKipwn HelipoHu neyviHkm anbBeosn

Man. 100.1. OpraHoreHes

CTOBOYPOBHX, TOMY IO PO3TAIIOBaHi 6iJisg ocHO-
BH CcTOBOypa YSABHOTO T'eHEaJIOTiuHOTro JepeBa
KJITUH, SKe BiHUae KOpOHa 3 pPi3sHUX cHelria-
JisoBaHmX KJiaiTuH. Ha BigMiHy Big 3BUUYaliHHX
KJITUH, IPU3HAUYEHUX BUKOHYBATU YiTKO BHU-
3HaveHi (PpyHKIil B opraHismi, cTOBOypOBi KJIi-
TUHU B TIPOIIECi PO3BUTKY MAIOTh MOXKJIUBICTH
HaOyBaTu cmelriaJisarii.

CTOBOYPOBi KIITHHYN PO3SMHOMKYIOTHCS IILIIS-
XOM IIOAiJTY, AK i Bci iHmmi kaitTuau. BigminHiCTH
moJiATae B TOMY, IO BOHUW MOMKYTh [TiJIUTHCS
HeoOMe)KeHO, a 3piji KIiTuHu 3a3BuYail MalTh
o0MerKkeHy KijbpKicTh HMukJIiB mogiay. Tomy ro-
BOPATH, III0 CTOBOYPOBA KJiTHMHA 37aTHA [0 Npo-
Jaigpepauii, TOOTO MO TPUBAJIOTO PO3SMHOKEHHS
W penpomykirili BeJMKOI KiJbKOCTI KJIiTHUH.

CroBOypoBi KiiTuHmM 3maTHI K0 Jugepen-
uito8aHHsA — TpoIlecy HeoOOPOTHOI cIelia-
aisamnii. Cusim, IO AAIOTHL MOIITOBX IIOYATKY
IuepeHITiloBaHHA, MOMKYTh OYTH SK BHYTPIIII-
HiMM, Tak i 3oBHimHiMu. BHyTpiniHi curnaam
YIPaBJAATHCA 'eHaMU KJIITUHU, a 30BHIIIHI —
XiMiYHUMU pPEUOBMHAMU, SKi BUAIJIAOTH iHIII
KJiTUHU, (isSMYHMM KOHTAKTOM i3 cycimHimMu
KJIITUHAMH, a TaKOoXX OeAKHMHU MOJeKyJaMu

0 KnioyoBa ines

YTBOPEHHA racTpyny — BaXIUBWIA eTan em6-
pioreHe3y TBapuH, Mif 4ac AKoro ¢popmyoTbcA
3apPOAKOBI JIUCTKM — eKToAepma (30BHiLUHIN)

i eHTOogepma (BHYTpiWwHIN). Ha HacTynHomy eTani
BigbyBaeTbcA GOpMyBaHHA TPETbOrO JINCTKA —
Me3ofepMu (cepefHboro). I3 LMx 3apofKoBUX
NUCTKiB GOPMYyIOTbCA OpraHu i CUCTEMU OpraHiB
opraHismy.

i3 3apOAKOBUX NINCTKIB Y NIOAVNHMN

HaBKOJIMIITHBOTO cepenoBuIia. B ycix Bumagkax
Ii BIIUBU MAIOTh N0 CYyTi «iH(popmariiiHmii»
xXapakTep, a He (QisuwuHH, XiMiuHHUI UM xa-
paxTep cepemoBHUIIA.

Y pesyJabTaTi KIITHHHOTO HOAiay 3i cTOBOY-
POBUX KJITMH BUHUKAIOTL MaTepPUHChKA W M0-
yipHa KiaiTuHu. MaTepmHChKi BUKOPUCTOBYIOTH
IJIs caMOWOiATPMMAHHSA IIOIIyJAIMii, a mouipHi
ab0 IIepeTBOPIOIOTLCSA HA KaMOiaabHYy KJIITHHY,
abo OesmocepenHbO audepeHioo0TLeA. CTOB-
OypoBa KJiTmHa 30epirae BJACTMBOCTI pPaHHIX
eMOpioHaJMbHIX KJIITUH — ILIIOPUIOTEHTHICTD,
a xaMbOiaJbpHA I[}0 3JATHICTH yTpadyae i YTBOPIOE
JUIle perioHaybHi CTPyKTypu. TakuMmM UYMHOM,
KaMbiasbHi KJiTUHU 3a0e3MeuyioTh BiJHOBJIEH-
HA BTPAUYeHUX KJIITHMH BiAIOBIiZHUX TKaAHUH
i oprauis.

@ MpakTnyHa poboTa

BueyeHHA noxiOHUX 3apo0Kosux JIUCMKie

1. Po3rnsaHbTe cxemu CTagin embpioreHesy, rictore-
He3y Ta OpraHoreHesy XOpPAOBUX TBAPWH.

2. YCTaHOBITb BigMOBIAHICTb MiX 3apOAKOBMMU NINCT-
KaMWn Ta opraHamu, siki 3 HUX GOpPMYOTbCA.

3. Cknagitb Tabnuuto, B AKIN yKaxiTb, 3 AKMX 3a-
POLKOBMX NUCTKIB GOPMYIOTbCA BiAMOBIAHI OpraHu.
4. CoopmynioniTe BUCHOBOK.

03aﬂl/ITaHHﬂ Ta 3aBJaHHA

1. Yum racTpyna Bigpi3HaeTbea Big 6nactynn? 2. Ak
MOHa BMKOPWCTaTW BNACTUBOCTi CTOBOYPOBMX KAiTUH
y meguumHi? 3. Cknagitb nepenik CTPyKTyp, fAKi yTBO-
pIOIOTbCA 3 KOXHOTO i3 3apOAKOBMX NMCTKIB Nif yac
embpioreHesy noaNHN.
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Tema 5. PenpofyKLis Ta pO3BUTOK OPraHi3mis

§ 101. MNpoBi3opHi opraHu. Perynauia oHTOreHesy

0 [omipkynTe

Yomy 3apopkun amdibiin, penTunin i ccaBUiB CXOXi
MiX COOOI Ha paHHix cTagiax embpioreHesy?

Q 3raganTe

o EM6pioHanbHUn po3BUTOK
» Po3BUTOK 3 MeTamopo30oM
o KnBoHapoa»KeHHA

[NpoBi30OpHI opraHu

IIpoBi3opHi opranu — 1ie opraHu, AKi BU-
HUKAIOTh y 3apOAKIiB 1 JMYMHOK TBApUHHUX
opraHismiB i (QYHKI[IOHYIOTH TUMYacoOBO IO 3a-
KiHueHHA BigmoBigHOTO TIEepiony po3BUTKY. o
TAKUX OPraHiB BiHOCATH YepPeBHi KiHI[iBKU
y JUYMHOK KOMax, 340pa, POTOBi MpUAATKU Ta
XBICT IIYTOJIOBKiB 36 MHOBOAHUX, 3aPOJKOBi 000-
JIOHKHU pemnTuiiii, nraxis i ccaBiis (mas. 101.1).

OcHOBHe TpPU3HAUEHHSA IIPOBIBOPHUX oOpra-
HiB — 3abesleuyeHHs KUTTEIiAJIBHOCTI opra-
HidMy gm0 mepiony ¢GopMyBaHHSA OpraHiB, fKi
(GYHKIIOHYIOTH Y MOPOCJUX OCOOUH.

IIpoBisopui opramm dYacTto (GopMyIOTHCA
B OpPraHisMmiB, UId AKUX € XapaKTePHUM PO3BU-
TOK 3 MeTaMopdos3oM. ¥ TaKuUX BUIAJKAX MicIle
icHyBaHHSA MOPOCIAUX OCOOUMH i JMUYMHOK YaCTO
pisHATHCA, HI0 IMOTPedye Pi3HUX IPUCTOCYBAHD
IO KUTTSA y BimmoBimHomy cepepoBuli. Tak,
JIopocJti ocobuHu 6araTbox am@ibiit (HampukIam,
pomnyX) KMBYTH Ha CYXOHOJi, a JUUYUHKU —
y Bomi. I TomMy opramu AuxaHHS BOHU BUKO-

Man. 101.1. lNpoBi3opHUMKN OpraHamm MyrojaoBKa € XBiCT,
poToBi npugaTky 1 3a6pa
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MoBTOUHUI
Mixyp binok

AnaHToic

AMHiOTUYHa

3apofok pianHa

MosiTpAHa Wikapanyna

Kamepa

Man. 101.2. 3apofkoBi 060M0HKN Y AL NTaxis

PHUCTOBYIOTH PidHi. ¥ JUUYMHOK Ile 3s0pa, a y mo-
pocamux OocoOWMH — JiereHi. ¥ MeTeJUKiB I'yciHb
IIepecyBaeThbCA IO TBEPAOMY CyOCTpaTy, a imaro
JitTaoTh y nmoBiTpi. Tomy uepeBHI KiHI[IBKU s
TyCeHi € I[IJIKOM B3PYYHUM HOPUCTOCYBAHHAM.

AMHIOTM Ta aHaMHIl

Sk Bu BiKe 3HaeTe, XpeOeTHUX TBAPUH MOJi-
JAOTH Ha IBi BeJIMKi rpynu — aHaMHIiI Ta amMHi-
otu. I Takuii moais 3yMOBJIEHO OCOOJIMBOCTAMU
IXHBOTO PO3BUTKY. A HasBa I'pyd BUHUKJA Bin
Ha3BU OJHOTO 3 IPOBiBOPHUX OpraHiB. B amHioT
nig yac emOpiorexme3y (popMyIOThCA TaK 3BaHi
3apOJKOBi 000JIOHKU — QMHIOH, XOPiOH i asaH-
moic (masu. 101.2). B agamuiii 11i 000JI0HKY Bifx-
cyTHi. o aHaMHill BiIHOCATH KPYTrJIOPOTUX, PUO
i seMHOBOIHUX. AMHIOTAMU € PEnTUJIil, ITaxu
1 ccasiii.

BunHuKHeHHS 3apOJAKOBUX 000JIOHOK B aMHi-
oT 0yJIo OB’ sI3aHO 3 IIPUCTOCYBAHHAM IO JKUTTS
Ha cyxomoui. OCHOBHOIO IXHLOIO (DYHKIIi€IO cTa-
J0 3abe3meueHHsT PO3BUTKY 3apoJKa BCEpPeInHi
ainga (abo opramismy maTepi y ccaBIiB).

Perynsauia po3suTky.
Em6pioHanbHa iHayKuiA

Perynsamia emOpiorenesy BUHUKAE K HACJIi-
IOK B3a€MOJii yacTUH 3apogKa MiyK co0omo Ta 3
HABKOJIMIITHIM cepeIoBUIlleM. BILINB HaBKOJIUIII-
HBOT'O CepeloBUIIla Ha IPOIECH PO3BUTKY HYKe
mobpe BUAHO Ha IPUKJIAAL (popMyBaHHSA 3apon-
KiB y aiinax TBapuH. Y 6araTboxX BHOIB KOMAax
Ta PENTWIiH TeMIepaTypa HaBKOJUIITHBOTO Ce-



peIoBUINa 3YMOBJIOE IIIBUAKICTL (DOPMYyBaHHS
HOBOTO OpraHiamMy. A B JeAKUX BUIIaJKax BOHA
MOJKe II03HAvaTHCA Ha OCOOJUBOCTAX OyIOBU
opranisamy. Hanpukmaasn, y KpOKOOUJIiB TeMIepa-
Typa CepeoBUINA, B SKOMY PO3BUBAIOTHCA IXHi
AN, BU3HAYAE CTATh MailOyTHHOI OCOOMHU.

Bsaemopis wacTuH 3apogka MiK co00I0 €
NPUYMHOI TaK 3BaHOI eMOpioHAJNbHOI iHIYK-
uii. CyTh IIbOTO SBUINA IIOJATAE B TOMY, IIO
y meBHUX OiJAHKAX 3apoAKa (PYHKIIIOHYIOTH TaK
3BaHi KiiTuHU-opraxizaropu. Ili KiiTuHu Bumi-
JAITHh IIeBHI CUTrHAJIbHI MOJIeKYJU, AKi ¥ BU-
KJIUKAOTh Au(epeHIiamnio OpuiIerainx KJIITHH
y BiATOBigHI opraHu Ta TKaHMHU. SIKITO Taki
KJITHHH-OpTaHi3aTopy BUJIYyUYHUTH abo IMepeHe-
CTU B iHIITy YaCTUHY 3apOJKa, TO PO3BUTOK 3BU-
YaWHUX KJIIiTHH I[iel 30HU 3apojKa IIifle 30BCiM
IHIIIUM IILJIAXOM.

IIpukiagom opranisarrii mpoieciB po3BUTKY
B eMOPiOHIB XOPJOBUX € ITPOIeC HEeHPYyIALii —
YTBOpPEHHA HEPBOBOI IJIACTUHKU i il 3aMUKaHHA
y HepBOBY TPyOKYy. BiH € ogHHM i3 KJIIOUYOBHX
eTarriB emMOpiorenesy BCiX HpencTaBHUKIB Iiel
rpynou. 3apoJoK Ha cramil HeWpyadalii Hasu-
BalOTh HEHPyJo. PO3BUTOK HEPBOBOI TPyOKU
y IIbOMY TpOIleci BM3HAYAIOTH CIEIialbHi pe-
yoBuHU — Mopdorenun. Came i peuoBUHU BU-
3HAUAIOTh, SKWHA 3 KiHI[IB HEepBOBOI TPYyOKU €
nepenHiM (3 HbOIO YTBOPIOETHCS T'OJIOBHUII MO-
30K), a AKUN — 3amHiM.

[oMeOo3unCHi reHn

Perynsarmis mpoiieciB oHTOreHe3y 3miMCHIO-
€ThCA Ha PiBHI reHOMY OpPTraHi3My MILISAXOM aK-
TuBaIlil TMX UM iHIIMX KOMILIEeKciB reHis. Ha-
CTYIIHOIO JIAHKOIO peryJadIlii € opraHismoBuii
piBeHBb, Ha SAKOMY BOHA 3[IiMCHIOETHCA Ha PiBHI
00MiHY CUTHAJIIB MK KJIITHHAMU ¥ TKAHNHAMUA.
CurxajibHi MOJIEKYJIU MOXKYTH OYTH TOPMOHAMH,
a MOXKYTh PO3MiIIyBaTHCA Ha ITOBePXHi KJIITUH-
HOI MeMOpaHu i iHQoOpPMyBaTH KJIITUHU IIPO iXHE
OTOYEHHS, IO MOXKE CIPAMOBYBATU PO3BUTOK
KJIITUH y IOTPiOHOMY HAIPAMKY.

0 Kniouosa iges

Y TBapuH Ona 3abe3neyeHHA XUTTEQIANbHOCTI
OpraHiaMy Ha paHHiX cTagifgx PO3BUTKY MOXYTb
dopmyBaTHCA NPOBI3OPHI opraHn (nnaleHTa ccas-
LiB, XBicT i 3A6pa MyronoBKiB ToOLO), AKi MOTIM
pepyKytoTbcA. [NpoLec eMbpioHanbHOro PO3BUTKY
BifOyBa€eTbCcA B NeBHOMY MOPAAKY 1 NignopagKko-
BaHWI MEBHUM 3aKOHaM.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

TonoBHY poJsib y (hopMyBaHHiI 3apoaka Bimi-
rpaioTh TaK 3BaHi roMeo3ucHi reau (hox-reHun),
10 KOAYIOTh aKTHWBATOPW BIiAIOBIZHMX TIeHiB-
MimleHe# mig uac eMOpPiOHAJBHOTO PO3BUTKY.
Ile Benmka poauHA TeHIB, CHiJIBHOI PHCOIO
AKUX € HaABHIiCTL periomy 3i 180 map ocHOB
(rax 3BaHUiI roMeoOOKc), IO (OPMYE CIelri-
aJbHY aMiHOKMCJOTHY IIOCJiTOBHICTBH, sSKa Bif-
ToBifae 3a cmemnudiuue 3B sA3yBaHHA OiJTKOBOIL
mostekysz 3 JTHE.

Hox-reuu 3’saBujncdA y IpenKiB 0araToKJIi-
TUHHUX TBAPUH IIIe M0 iX PO3AiJeHHA Ha pajii-
AJIbHO-CUMETPUUYHUX Ta ABOOIUHOCUMETPUUHUX.
Bonwu BigmosimaioTs 3a (popMyBaHHS IIPOCTOPO-
BOI opieHTaIii mig yac po3BuUTKY 3apoaka (gop-
MY€ETBhCA BiCch T'0OJIOBa-XBiCT), MOPALOK (QopmMy-
BaHHA OPraHiB i TKAHWH y Yaci TOIIO.

Em6pionoriyHi 3aKkoHOMipHOCTI

Em6piosoriuni mpormecu BimOyBarooThbcA He
XaO0THUYHO, a Y IIeBHOMY MOPAAKY. BinbIin Toro,
BOHU IiAIOPSATKOBYIOTHCA IEBHUM 3aKOHAM, AKi
OyJIO BiIKPUTO B XOMi MOCTiIKEeHb.

OmHuM 3 OCHOBHHX B3aKOHIB emOpioJsiorii e
OiorenernuHuii 3akoH I'ekkeas — Mromepa.
ITeit 3akoH cTBepmIKyE, M0 iHAWBIAyaIbHUH
po3BUTOK (OHTOTEHe3) OyAb-AKOr0 OpraHisMy €
CTHCJIUM TOBTOPEHHSAM iCTOPUYHOTI'O PO3BUTKY
(bimorenesy) Bumy, 10 AKOTO Ilell OpraHisM Ha-
JIEKUTD.

@ MpakThyHa poboTa

BueueHHA 6y0oeu AliyeknimuHu nmaxa

1. Po3rnaHbTe BMICT CMpOro KypAa4yoro Amud. 3Hau-
AiTb ANLEKNITUHY (KOBTOK). Ha noro nosepxHi 3Hawm-
AiTb 3apOJOK, AKUM MaE BUMNAL AWCKa.

2. Jocnigitb 6inkoBy 060n0HKy (6inok). 3a gomno-
MOroI0 Jynu 3HaiAiTh GINKOBI KaHaTVKKM (Xxanasw).
3. Po3rnsaHbTe WKapanyny, cCnpobyiiTe NiHLETOM Big-
TATHYTU MigWKapanyrnoBy 060NOHKY. bins Tynoro
KiHUA AAUA BigwykanTe MOBITPAHY Kamepy.

4. 3amantorite ANLEKNITUHY NTaxa Ta Nignuwite ii
CKNagosi.

5. ChopmynionTe BUCHOBOK.

3anuTaHHA Ta 3aBOaHHA

1. Cknagitb CNMCOK MPOBI3OPHUX OpraHiB OAHi€l
i3 CcMCTeMaTMYHMX FPyn TBapWH 3a BlAaCHUM BUMOOPOM.
2, Yn moxyTb ByTW y nTaxis iHWi NpoBi30pHi opraHu,
KpiM 3apofKOBMX 060M0HOK? 3. YoMy roMeO3nCHi reHn
NPOTArOM TPMBAJIOrO Yacy MavKe He 3MiHIoTbcA?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 102. EM6pioHanbHNIN PO3BUTOK NTIIOANHN

0 [omipkynTe

HaBiwo 3apoaky nioauHy noTpibHa nyrnoBuHa?

Q 3raganTe

» EmbpioreHes » bnactyna

« [acTpyna * 3apOAKOBI NINCTKN

Emb6pioHanbHMI nepio po3BUTKY
MOANHN

EmOpionansHuii (3apoJKOBUil) mepion Tpu-
Ba€ BiJf MOMEHTY YTBOPEHHS 3UTOTU OO HapO-
mxenHa gutuau (Mmana. 102.1). V meir mepiofg
3 oxHiel KuiTmHU (QOPMYIOTHCA BCi TKaHWHU
1 cucTeMu OpraHiB opraHismy.

3apoaKOBUI PO3BUTOK JIIOANHU Ma€ AeKilIb-
Ka eTaimiB: ApOOJIeHHSA, YTBOPEHHS 3apPOIKOBUX
JUCTKiB i 000JIOHOK, YTBOPEHHS TKaHWH (TicTo-
renes) i opraHiB (opramorenes). Yepes uoTupu-
I’ATh AHIB IIiCJA 3aljJifHeHHSA OIHOIIapOBUI
3apOoJIOK 3 ITOPOKHUHOIO BCEPENWHI IOTPAILIAE
no mopokHWHHM MaTKu. Ilicaa mporo BiH 3a-
HYPIOETBCA B ii CJIM30BY OOOJIOHKY I HPUKPIII-
aoetbesa a0 Hei. Ileil mpolec HA3MBAETHCA iM-
IJIAHTAIIiCIO.

ITounHaeThca emMOpioHAJBHUN TEPiox BHY-
TPIIIHBOYTPOOHOr0 Po3BUTKY. CouaTky opmy-
IOThCSA TPHU 3aPOAKOBi 000JIOHKH i Tpu 3apOAKOBI
JUCTKU. 3apOJKOBi 000JOHKHN YTBOPIOIOTHCS i3
YACTUHHU KJIITUH 3apomKa. SOBHIIIHA 000JOHKA
Ma€e BOPCHHKU 3 Kallijasgpamu, yepes AKi 3apo-
IIOK JKUBUTHhCA U nAmxae. BHyTpinrHa 000J0HKA
TOHKA I TP030pa, BOHA YTBOPIOE MiXyp, IMOPOIK-
HUHA SAKOTO 3al0BHEHA ILIiTHOI PiAWMHOI0, IO
3aXUINA€E 3aPOAOK BiJf MEXaHIUHUX YIITKOIKEHb.

30BHIIIHA W cepeaHs 000JIOHKU O0EPyTh yUacTb
B YTBOPEHHI IIJIAIeHTU Pa3oM 3i cam30BOI0 000-
JIOHKOIO MAaTKMU.

Ha 10-14-i1 meusp miciasa samaigHeHHs KJIi-
TUHU 3apOJKa PO3IIEILIIOITHCA Ha 3apOAKOBi
JIUCTKY, 3 AKUX IOTIiM YTBOPIOIOTHCA BCi OpraHu
W TKaHUHH.

Ilmomom HasWBAOTH OpPraHisM, MOYMHAIOYN
Bim 9-rO0 TMIKHS BHYTPiIIHBOYTPOOHOTO PO3BU-
TKY ¥ 10 MOMEHTY Hapo:KeHHA. [11ig Mae cBoe
HaBKOJUIITHE CEPEeNOBUIIE, SIKE CKJIATAETHCA i3
3apOAKOBUX OOOJIOHOK, HaBKOJIOILIiIZHUX BOJ
i mymoBunu. IlymoBuHa — Iie HIHYpPOUOiOHMIA
opras, IO BigAXOoAWThL Bij maameHTH i 3’e€mHy€E
IUTiT 3 MAaTEPUHCHKUM OPTaHi3MOM.

NpobneHHA Ta racTpynAuia y noanHn

Tun gpobieHHs, AKe BigOyBaeThCAa Y JIIOLM-
HU,— TOBHE acCMHXPOHHe. BHacimoK npobiieH-
HA 3UTOTH JIIOAVWHU YTBOPIOETBCA MODPYJia, AKa
3a posMmipamu Biamosimae suroti. IacTpynsaiis
y JIOOUHU CKJaZaeThbcsa 3 ABox (as. Ilim uac
mepirol (asum yTBOPIOETHCA ABa IMapu KJITHUH.
ITorim BimOyBaeThCcs (opMyBaHHSA II03a3aPOIKO-
BUX CTPYKTYP (y Tomy umcii xopiony). Ilicaa
YOTO PO3MOUMHAETHCA Apyra ¢asa, TPOTATOM
AKOI (OPMYETHCA TPETiH mIap KIITUH Y 3aPOAKY.

lMnaueHTa nOANHN

IlnamenTa JOOUHU € OpPraHoM, SKWI 3a-
Oesmeuye MoCcTifiHUI 3B’ A30K MisK opraHiamamu
marepi # mony (mas. 102.2). BoHa cKJamaeTnb-
¢ 3 MBOX YACTHMH — MAaTePUHCBHKOI i miIomo-
Boi. MarepuHChbKa YacTuHA (POPMYETHLCA CJIU-
30BOI0 O0OJIOHKOI0 MaTKu. IliomoBa uvacTuHA

TUXKHI

Man. 102.1. EM6pioHanbHUN PO3BUTOK NtOANHMN

212



MynosuHa Mnig

v

MnaueHTa

Man. 102.2. lNnaueHTa noAVHN

YTBOPIOETHCA XOPiOHOM — OHi€I0 i3 3apOAKO-
BUX 000J0HOK. KpiMm 3abesmeueHHs ILIOga IIO-
JKUBHUMY PEUOBHMHAMMU i BUBEIEHHS IIPOAYKTIB
0o0MiHYy, IIJTIalleHTa BUKOHYE IIle OOHY (PYHKIIiiO.
Bona mackye miin Bif posmisHaBaHHA iMyHHOIO
CHCTEMOIO MaTepi, 110 J03BOJIAE€ VHUKHYTHU iMYy-
HOJIOTiYHOT'0 KOH(JIIKTY (00 KJIITUHU ILJIOAY Mic-
tars 50 % rewmiB 6aThbKa, Ha SKi MoKe peary-
BaTH iMyHHA cHCTeMa MaTepi).

IIix wac moJioriB micaAa BUXOAY ILJIOLY Bif-
OyBaeThCA IIPOIEC BiATOPrHEHHS ILJIAIleHTH Bil
CTiHKM MaTKu. 3a3Buuaii BiH 3airimae 15-30
xBuauH. Ilicaa BiATOPTHEHHSA IIIAIEHTH TOBEPX-
HA MaTKU 3a:KNBa€ MPOTATOM KiJTbKOX TH)KHIB.

KpunTnyHi nepiogn po3BuTKYy.
TepatoreHes

Hia mKigJmuBUX peYOBWH IIifi 4ac PO3BU-
TKY ILJIOJJa CTAHOBUTL OCOOJUBY HeOe3IeKy.
Ile moB’s3aH0 3 TUM, IO 3a KOPOTKUU Iepiosn
eMOpPiOHAJIBLHOTO PO3BUTKY B OpPraHidMi yTBO-
PIOETHCA BeJIMKa KiJIBKiCTh HOBUX OpPraHiB Ta
cuctem. Ilig uvac ix ¢opmMyBaHHA HABITHL HAaIi-
MEHIIIUH HeTaTUBHUU BIIUB MOJKE IIPU3BECTU
IO IOPYIIeHb, IO MAaTUMYTh TAMKKI HACTIIKH.
Taxki mepiogu, Kosm (OpMyBaHHS CUCTEM i opra-

0 Kniouosa iges

Mig vyac em6pioHanbHOrO PO3BUTKY JIOAUHU
3 EAVIHOIT KNITUHW GOPMYIOTLCA OPraHn i TKaHUHM
NIOACbKOro opraHiamy. 3abe3neyeHHA PO3BUTKY
3apofKa OpraHi3Mm MaTtepi 3AiCHIOE 3a JOMOMO-
rot creuiasbHOro opraHy — nnaueHTn. B em6-
pioreHesi BUAINAITbL KPUTUYHI nepioan, Konm
bopmyBaHHA OpraHiB Ta cuUCTeM BigbOyBaeTbcsA
3 HaMBULLOK LWBUAKICTIO.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Man. 102.3. Hacnigkn gii Tanigomigy

HiB ime 3 HAMOLJIBIIOI INIBUAKICTIO, HA3MBAIOTH
KPUTUIHUMM.

Ilig yac KpUTUYHUX IIEPiOAIB 3aPOMOK 1 TLIifg
0co0JIMBO ypasaumBi mo mii meraTuBHUX (ParKTo-
piB. OCHOBHUX KPUTHUUYHUX IE€PiOiB Y POSBUTKY
3aponka JgioauHu Tpu. llepmuit — mepimi Tpu
Mmicani BaritHocti, mpyruii — 15—-20-#1 THK-
IeHb, TpeTiii — 28-34-1 TUKIEHD.

Came ToMy OaraTto MeAWYHUX IIpemaparis
MalOTh O0OME)KeHHS IMOAO0 3aCTOCYBaHHS 1X Iif
yac BariTHocTi. IKIIO He JOTPUMYBaTHCI TaAKUX
3aCTepe’keHb, TO Ile MOJYKe IIPU3BECTH A0 He-
nepexbavyBaHOTOo pe3yabraty. Tak, y cepemusi
XX cT. 3acTocyBaHHA BariTHUMHU 0€3II€YHOTO
IJId OJOPOCJIUX CHOAIMHOIO IIpernapary TaJjigoMi-
[y TIPU3BEJIO IO HAPOAKEeHHA AiTel 3 peIyKoBa-
HuMmu KimmiBkamu (mas. 102.3). Taxke saBwuire,
KOJIM y pesyJbTaTi MOpyIllleHHs eMOpioreHesy
(GopMyIOThHCA aHOMAJIil opraHiamy, Ha3sUBaIlOTh
TepaTOreHe30M.

Bam yixe BimoMo mpo BIJIMB MaJiHHSA Ta
aJIKOTOJII0 Ha BCi cucTeMu OpraHiB Jopocyoi
JIOOUHU. A [Jg miaoza Il IMIKIiZJIuBI 3BUUYKU
MOJKYTh IIPU3BECTH OO Ay:Ke BaKKHX HaCJin-
KiB. IIpomyKTu, AKi MicTATHBCA B TIOTIOHOBOMY
IUMy, HeOe3meuHi AJA OOPOCJOro opraHismy,
a IiJ yac BariTHOCTI BOHU MOKYTH CIIPUUYMHUTU
TIOIITKO/PKEeHHA TIJIAeHTN a00 BUKJIUKATHU IIepe-
yacHi moJioru. AJIKOroJib BILIMBA€E€ HA PO3BUTOK
HEPBOBOI cmCcTeMU i MOXKe IIPU3BOAUTU OO HAa-
POIsKeHHA niTel i3 NICUXIYHUMU MOPYIIIEHHAMU.

3annTaHHA Ta 3aBAaHHA

1. Ak BigbyBaeTbca embpioreHes niognHK? 2. Hagiwwo
noTpi6bHa nnayeHTa? 3. [ia Akux GakTopiB MoXxe CTaTn
NPUUYMHO TepaToreHesy?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 103. CyuyacHi meToan embpionorii

. PenpogyktuBHa mepuumHa

0 [omipkynTe

HaBiwo BYeHi CTBOPIOIOTb XMMEpPHi OpraHiamm?

Q 3raganTe

« EM6pioreHes » CToBOYpOBi KNiTUHN

» 3p0poB'A » 3aXBOPIOBAHHA

Em6pioTexHonorii. CtroBOypoOBi KNiTUHN

MabyTsb, HaIMOJIOAIIINM HANIPAMKOM Cydac-
HOI MeIUIIMHN MOYKHA BBAXKATH KJIITUHHI T€XHO-
Jorii, B AKUX KJIITHHU € OKepesoM HeoOXigHumx
CTPYKTYpP, HaANpUKJAL NYXJUHHUX AHTUTEHiB
mig yac BakIjmHOTeparmii. AJle BUKOPUCTOBY-
BaTU KJITUHY MOKHA HE TIJIBKU AK I¥KEPeJio
Oyab-IKUX CyOCTaHI[il, a 1 AJA pereHepaTuBHOL
MeIUITUHU.

OcobsiuBUll iHTepec BUKJIUKAIOTH TEXHO-
Jorii, 3acHOBaHi Ha CTOBOYPOBHUX KJIiTHHAX.
3aaTHiCTh 40 HeoOMEe)KeHOro momijy i mo me-
peTBopeHHA Ha pPisHi TMnum KJiiTuH (TaKk 3Ba-
Ha TUIIOPUIIOTEHTHICTh) poOUTH iX imealbHUM
MaTepiaJioM OIS TPaHCILIAHTAIliHHUX METOHIiB
Tepamii. Haiibiapll ZOCTYIHMMU BBaYKAIOTHCH
cTOBOYPOBi KJiTuHHN gopocsoro opraxismy. On-
HaK peaJIbHUU HOTeHIiaa IxX audepeHIiloBaHHSA
mie cjabo BUBUEHUI.

IToTpamaoun B opraHiam Iig yac TpaHC-
mIaHTaiii, croBOypoBi KJIITMHU IIPOJOBIKYIOTH
JinmuTuca ¥ cami 3HaxXogAThH MicIle, ge IXHA 1Oo-
momora Hainorpibuima. Ilg sgmaTHicTh CcTOBOY-
POBUX KJITHH oTpuMaJa Ha3By xoyminra. Omxe,
XOYMIiHI — IIe 3JaTHICTh KJITHH A0 Mirparii
B «IIOTPiOHe Miclie» — «pigHWI» opraH i TKa-
HUHY (Y CBOIO CTOBOYPOBY HiIy) abo B HiIAHKY
VIITKOMIKEeHHA.

Hanssuuaiino npuBabinBi 4JIsi BUKOPHUCTAH-
HS B MeIUIVHI € eMOpioHaJNbHI CTOBOYPOBi KJri-
tuHu (ECK) smonman: 3 HUX MOYKHa OTPUMYBATH
OyIb-AKi TUOM KJIITHUH oprauismy. BaactuBocti
eMOpioHaJIbHUX CTOBOYPOBUX KJITHH i MexaHis-
MU, AKi B HUX Oil0OTh, POOJATEH IX MOmiOHUMU IO
TpaHCc()OPMOBAHUX, PAKOBUX KJIiTuH. Came ToMy
TaK BayKJIMBO CHOTOMHI BUBUATU XapPaKTEPUCTH-
KH caMe eMOpPiOHaJbHUX KJIITHH.
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Em6pionanbHi cTOBOYPOBI KJIiTMHU OTpHU-
MYIOTHh 3 BHYTPIiITHBOI KJIiTHHHOI Macu 6JacTo-
IUCTU Ha MePIINX CTamifgX PO3BUTKY eMOpioHa,
KOJIU BiH IIle He iIMIJIAHTYBaB y CTiHKY MaTKH.
Came 3 KJITMH BHYTPIIIHLOI KJIITMHHOI Macu
B MOJAJIBIIIOMY PO3BUBAETHCH I[IJINHM OpraHisM.

IIle HepaBHO KinbKicTs JgiHilt ECK mogmnu,
IOCTYOHUX AJIs BUBUEHHSA, OyJI0O HeBeJuKe. 3a-
pas3 ix crtajmo HabaraTo 6ijbIe, aje TPYIHOIII
MEeTOMiB JOCIIIKeHHA I BUCOKa BapTiCTh poOOTH
3 HUMH IIle O0MeXYIOTh K0J0 Jociaigaukis. He
MEHIIIi oOMe)KeHHs Ha JOCJHiIKeHHsS B obJac-
Ti eMOpioHaJNbHUX KJITUH JIOAUHU HaKJIAZAE
eTUYHa CTOPOHA.

HesBaxkaioun Ha mAebaTu IpPo eTUUYHICTH PO-
6otu 3 ECK moguHu, OUeBUIHO, IO NUTAHHS
MOJSATaE BiKe He B TOMY, UM BapTO IPOBOIUTHU
nocaimsxenua B obsacti ECK mrogunu, a B Tomy,
SIK OYyAYTh IPOBONUTHCA MOCTiIKEHHS B I[ilf 00-
Jacti. 3a OCTaHHI POKM y BeJUKIN KiJbKOCTL
KpaiH y:Ke IPUUHATO 3aKOHU, AKi JO3BOJAIOTH
IOCTi»KeHHs eMOPiOHAJIbHUX CTOBOYPOBUX KJIi-
TUH JIIOOUHU.

XvMepHi opraHiamm

XumepaMu HasuWBaIOTh opraHisMu abo ixHi
YaCTUHU, IO CKJIAZAIOTHCA 3 T€HETUYHO PidHO-
pPiIHUX TKAaHWH. YIeplie el TepMiH 3aCTOCyBaB
HiMmenbKuii 6oranik I'. Binkmaep (1907 p.) masa
¢dop™m pociamH, OTPpUMaHUX y pe3yJabTaTi 3po-
mieHHA maciaboHy i Tomary. Hagaimi (1909 p.)
E. Bayp, BuBuUawum mejiaproHiio psabosucry,
3’sicyBaB MPUPOAY XuUMep. Po3pisHAOTL KijTbKa
THUIIIB XMMEPHUX OpPraHisMiB:

« Mo3aiuHi (rimepxumMepu) — reHETUYHO Pis-
Hi TKAHWHU YTBOPIOIOTH TOHKY MO3aiKy;

* CEeKTOpiayibHI — pi3HOPiAHI TKAHWHU PO3-
TaIllOBaHI BEJIMKUMU IiIAHKAMIU;

* IepUKJiHAJbHI — TKAHWHU 3 DPiSHUMU
TeHOTUIIaMU JIeKaTh IIapaMyu OJVH HaJ OJHUM;

« MEPUKJiIHANBbHI — IXHIi TKAHWHU CKJIaga-
IOTBhCS 13 CyMiIIi ceKTopiabHUX i MePUKJIiHATL-
HUX OIJISHOK.

Xumepn y POCJIMH MOYKYTh BUHUKATHU B pe-
gyabTaTi memaensb (Mas. 103.1) i mixg BoauBom
MyTaIiii coMaTHYHUX KJITHH, ¥ TBapUH — 3a
PaxyHOK MyTaIlili cOMAaTUYHUX KJIITHH, YHACJi-



BaTtbKiBCbKi popmm

— KnitnHn pocnunn 1

— KnitnHn pocnunm 2

Man. 103.1. Po3TawyBaHHA KNITUH Y XMMEPHUX
pOCnHAX, AKI YTBOPIOOTbCA Y pe3ynbTaTi LWenieHHA

IOK TOpYyIlleHb eMOpioreHedy i sAK pesyJbTaT
excrepumeHTiB yuyenux (mana. 103.2).

KomMnonenTn XmMep MOMKYTH BiAgpidHATHCA
OOWH BiJl OMHOTO reHaMUu SApa, YHUCJIOM XPOMO-
CcoM, reHaMH ILJIACTUL ab00 MiTOXOHAPiH. Xumep-
Hi Opra"isMu IOCUTH YAaCTO BUKOPHUCTOBYIOTHLCS
B HAYKOBUX JOCJTiI}KEHHAX.

IIpusIUI OfepP:KaHHSI XUMEDP 3BOAUTHCA T'0O-
JIOBHUM YMHOM JI0 BUiJIEHHSA ABOX YU OiJIBIIIOTO
ypcjga PaHHIX 3apoakiB i iX 3auTTda. Y TOMY
BUNAIKYy, KOJUW B I'€HOTUIIL 3apPOOKiB, BUKOPUC-
TAHUX [OJis CTBOPEHHS XWMEPU, € BiAMiHHOCTi
Y pAdL XapaKTepUCTUK, YIAETHCA TPOCTEKUTU
IOJII0 KJIiTHH 000X BUIIB.

3a [OMOMOTOI0 XMMEPHUX MUIilieii 0ysao, Ha-
IpuKJaj, BUPillleHe MUTaHHS PO cIioci6 Bu-
HUKHEHHS B XOJi PO3BUTKY OaraTosagepHUX
KJITUH TOCMYrOoBaHUX M s3iB. BuBUeHHS Xu-
MEePHUX TBAPWH AO3BOJIMJIO BUPINIATU YUMAJIO
NUTaHb, i B MaiiOyTHHOMY 3aBASKIU 3aCTOCYBAaH-
HIO IILOTO MEeTOAy B3’SABUTHCA MOKJUBICTHL BU-
pimmyBaTu CKJIAQIHI NMUTAHHA TeHETUKU U eMO-
pioJorii.

PenpogykTtneHa megunumHa

He6iomoriuaumu Ta 6iosorivuaumu paxkTopa-
MU, SKi MOXKYTh OyTH HIPUUYUHOIO IOPYIIEHHS
PenponyKIlii y JIOAUHM, 3aiMAaEThCA PEIPOIYK-
TUBHA MeIUIINHA.

0 KniouoBa ines

CyyacHi TexHonorii, AKi CTBOPIOIOTbCA Ha OCHOBI
JoChigxeHb embpioreHesy, € fyxe MepcrnekTuBs-
HMMW ONA MeauuuHuU Ta Gionorii. 3 ix gonomo-
rol0 MOXHa CTBOPIOBATM XUMEPHI OpraHi3mu, Ha
npuyKnagi AKNX BOAETbCA PO3KPUBATU MeXaHi3mu
B3aemogii i gudepeHuiauii KNiTH. TakoX BOHMU
NoK/afieHi B OCHOBY penpoayKTUBHOI MeaNLUHN
i BUpiWeEHHA npobnemun 6e3nnigaa y NOSUHN.

Xvmepn

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

Bnactouuncta

3

CyporaTHa camka

Man. 103.1. YTBOpeHHA XMMEPHOro OpraHismMy y XMMepHUX MuLen

PenpoaykTuBHa MegMIIMHA — Ile Taly3b
MeOUITUHU, AKa 3aliMaeThbCcsa IPOQPiIaKTHUKOIO,
IiarHOCTUKOIO Ta JIIKyBAaHHAM O€3IIiANsa Y JIIo-
nuHu. Boma 0asyeThcsA Ha BUKOPHUCTAHHI Haii-
HOBIIIIMX PO3POOOK 3 €HAOKPUMHOJIOTII, Xipyprii,
TeHeTUYHOI iHKeHepii Ta iHmux raayseii. ['apHo
BiATpambOBaHUMY 1 MOMYJIAPHUMU TEXHOJIOTI-
AMU PENPOAYKTUBHOI MEIUITMHU € TEeXHOJIOTii
MITYYHOTO 3allJIiTHEHHA — eKCTpaKopIliopajbHe
Ta iHTpaKopHopaJibHe 3allIiJHeHHS.

ExcrpakopmopajbHe 3alIiTHEHHS — IIe
mpoliec, I Yac AKOro Big0yBaeThCA 3aIliJHEeH-
HA AUMNEKJITUHU I103a MeKaMu OpraHisMy JIio-
IVHU (Tak 3BaHe «3aIlIiTHEHHSA B IPoOipIii»).
Bmeprie Take 3amiigHeHHS OyJI0O 3aCTOCOBAHO
1978 pory y Benukiii Bpuranii. Excrpakop-
mopaJbHe 3allJilHeHHA MOKe 3AilicHIOBaTHUCS
Yy THUX BUNAIKaX, KOJU Uepe3 3aXBOPIOBAHHS
Y0JI0BiKa ab0 KiHKM HEeMOKJMBe 3aIlIiTHeHHS
OIPUPOIHUM IJIAXOM (HENIPOXimHicTL MAaTKO-
BUX TPyO, IOINKOMMKEHHSA CiM’AHUX IIPOTOKiB
TOIITO).

InTpakopnopaabHe 3aIIiTHEHHS — IIe TIPO-
1mec, mig yac AKOT0 BigOyBaeThbCsA 3alljIiJHEHHS
ANNEKJITHHN 0e3locepefHLO B OpraHismi Jrro-
OIUHU IJISXOM IIITYYHOTO BBEAEHHS CIEPMU OO0
MaTKM! 3a JOIOMOTOIO CIIeI[iaJbHOTO KaTeTepa.
oro BUKOPUCTOBYIOTh ¥ JeAKUX BUIAZKAX UO-
JIOBiUOTO 0E3ILIiAAsA Ta B CHUTyallil, KOJU Mae
MicIiie iMmyHoJIoTiuHe Oe3ILTiaga (uepes arpecus-
HY aTaky iMyHHOIO CHCTEMOIO KiHKU cliepMa-
TO30iaiB).

3anuUTaHHA Ta 3aBAaHHA

1. Aki 3aBfaHHA BUPILWYOTb emMbpioTexHonorii?
2, Hagiwo noTpibHO CTBOPIOBATU XMMEPHI OpraHiammu?
3. Aki npobnemy MOXYTb BUHMKATM Mif Yac NPOBELEHHSA
WITYYHOrO 3annigHeHHA?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 104. NMoctem6pioHaNnbHNIN PO3BUTOK. KUTTEBI LNKIN

0 [omipkynTe

CKNnagHUM >KUTTEBUN LMK KOMax 3 MOBHUM nepe-
TBOPEHHAM MoTpebye HaABHOCTI CTagil NAneyKky,
Ha fAKiN KoMaxu € 6inbw BpasnmBumu. AKi nepe-
Barn iX CKMIafHOro XWUTTEBOTO LIMKNY KOMMEHCY-
I0Tb LI0 HE3PYYHICTb?

é 3raganTe

« MNocTembpioHanbHUI PO3BUTOK « IMaro

o XntteBU LMKN o JInumHKa

MocTembpioHanbHWIN PO3BUTOK TBapWH

ITocTreMOpioHaJBbHMIT PO3BUTOK — Iepiof
OHTOTeHe3y IIicJid HapoKeHHS abo BUXOIY
i3 3apogKoBUX OOOJIOHOK A0 HAcCTaHHSA cTaTe-
Boi 3piyocti. ¥ 1meit mepion BimOyBaroThcA picT
i pO3BUTOK OpraHiamy, audepeHIiIOBaHHSA TKa-
HUH i oprauiB. Peryndarnisa mocreMOpioHaJIbHOTO
PO3BUTKY BIiMCHIOETHCSA 3a JOIOMOI'0I0 TOPMO-
HiB. CyTTEeBO BIJIMBATU HA PO3BUTOK MOMKYTHb
yMOBHU icHyBaHHs (TeMIepaTypa CepemoBHIIA,
HaSBHICTHh ITOKMBHUX PEYOBHUH TOII0).

ITocTembpioHaNIbHUIE PO3BUTOK TBapuUH
MOsKe OyTH IpAMUM ab0 CyIIPOBOAKYBATUCA IIe-
perBopeHHAM — Meramopdosom (maa. 104.1).
3a yMOBU HPSIMOr0 PO3BUTKY HOBOHAPOMIKEHi
TBapUHU MAalOTh yCi OCHOBHI pucm opramizarii
IOPOCJ0i OCOOMHU I BiIpi3HAIOTHCA MEHIITIMU
posmipaMu i HegZOCTAaTHBO PO3BUHEHUMU CTaTe-

Hopocna
ocoburHa

MeTtamopdo3
nyrosnioBka

\ Myronosok /
\P —

Man. 104.1. Po3BuToK amdibin 3a3suuan
BiibyBaETbcA 3 MeTamopdo3om
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BUMHU 3ajJI03aMH. ¥ IILOMY BHUIAAKY ITOCTEMOPi-
OHAJILHUH PO3BUTOK 3BOAUTHCS IO POCTY ¥ IO-
CATHEHHSA CTaTeBOi 3pijocTi.

Y BuUIaAKy PO3BUTKY 3 IEePeTBOPEHHAM
3 ANIA BUXOIUTDH JINUUHKA, 3a3BUYAll BJIAIITO-
BaHa HabararTo IIPOCTiIlle 3a JOPOCJINII OpTaHizM.
Ae BoHa Mae cHmeliaJbHI JUYMHKOBiL opraHu,
AKi1 BifcyTHiI B mopocJsioMy cTaHi.

Y GaraTbox KoMax JUYMHKA CXO0Ka Ha J0-
pocyiy KoMaxy; 3MiHM B OpraHisariii cympoBo-
MKYIOTBCA B OCHOBHOMY TOCTYIIOBUM PO3BUTKOM
Kpuja. ¥ IIbOMY BUIIQJKYy T'OBOPSATH IIPO PO3BH-
TOK 3 HEeIMMOBHUM meperBopeHHAM (Maj. 104.2).

B iHmmx KomMax JMYMHKA UYepBOIIOAiOHA
i He cxosKa Ha iMaro Hi 30BHIIIIHIM BUTJISIOM,
Hi BHYTPilIHBOIO OYZOBOIO, aHi CIIOCOOOM JKMB-
nenHa. Tomy mepexin Big JMUYMHKOBOLI cramil
o iMaro 3gifiCHIOETHCSA Uepes CTaIiio JAJeUKH.
VY 11b0My BUTIAAKY TOBOPATH PO PO3BUTOK 3 TO-
BHUM mnepeTBopeHHAM (Mmai. 104.3).

MNTTEBUN LINKN

JKurreBuit muka — 1e mepiox MixK omHa-
KoBUMH (pasaMU PO3BUTKY ABOX abo0 OiabIroi
KiJIBKOCTI IIOCTiMOBHUX HMOKOJIiHL. ¥ 0araTokJi-
TUHHUX OPraHisMiB iHIWBiAyaJbHUN PO3BUTOK
3aBePIIYETHCA IIPUPOTHOIO cMepTio. Be3mepeps-
HiCTh JKUTTEBOTO IIUKJY OpraHisMiB 3abesmeuy-
IOTh ramMeTH (cTaTeBi KJIiTMHU), AKi IepegaroThb
CIIaAKOBY iH(opMAaIlilo opraHisMaM JOYipHBOTO
TIOKOJIiHHA.

TpuBasicTh JKUTTEBOTO IMUKJIY B Pi3HUX Op-
raismiB mo:xe OyTu pisHoio. Hampukiaz, v 6ak-
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Tepilt a00 APisKI:KiB IPOMIKOK MiK ZBOMA MOMi-
JaMu KJITUHU JyacTo He nepeBulitye 30 XBuamH,
TOAi AK y 0araTboX BUINUX POCJUH i XpebeTHUX
TBapUH BiH TpmBae Oarato pokiB. Tak, cocHa
3BUYAHA TTOYMHAE PO3MHOKYBATUCS JUIINE HA
30-40-my, puba 6imyra — Ha 12—-18-My porax
SKUTTS.

TpuBasi KUTTEBI IMUKJIN CIOCTEPirarmThCs
i B meakux GesxpebeTHuUX TBapuH. Hanpukian,
JUYMHKYN OOHOTO 3 BUIIB IIiBIeHHOAMEPUKAH-
CbKUX ITMKAJ PO3BUBAIOTHCS IPOTATOM 17 POKiB.

TpuBajicTh KUTTEBOTO IIUKJIY 3aJ€KUTh Bif
KiJIBKOCTI MOKOJiHb, AKi IIOCJiTOBHO 3MiHIOIOTH
OZHE OJHOTO MPOTSATOM OJHOTO POKY, a00 Kiab-
KOCTi POKiB, ITPOTATOM AKUX PO3BUBAETHCA OIHE
TOKOJIIHHA.

MpocTi 1 CKNagHi XUTTEBI LNKNN

Po3pisHaioTs OpocTi I CKJIAAHI JKUTTEBI Iu-
kiau. IlpocTuil SKMTTEBUN LUK — Il ITUKJI,
y AKOMY BCi MOKOJIIHHS He BiIpi3HSAIOTHCS OIHE
Bizm ommoro. IIpocTi :KUTTEBI MUKIN XapaKTepHi
IJISI Tigpu, PiuYKOBOTO paKa, MaByKa-XpPecTOBU-
Ka, ILIa3yHiB, mMTaxXiB, CCaBIIiB.

CrkaaaHi SKMTTEBI MUKIM CYTIPOBOIKYIOTHCS
3aKOHOMIiDHUM UYEepryBaHHAM Pi3HUX HOKOJIiHb
a00 CKJIaJHIMH IIePEeTBOPEHHIMU OPraHisMy ITif
yac po3BUTKY. Tak, y meaxkux Bomopoctelt (0y-
pUX, YUEPBOHUX) YEPTYETHCS CTaTeBE IMMOKOJIIHHA,
ImepeBakHo raijIoigHe, 3 HECTATEeBUM, IepPeBaik-
HO mumuoiguuM. Cepen BUIMUX POCTHUH JIUIIIE
Yy MOXOIIOAiIOHMX IIepeBaskae CTaTeBe ITOKOJiH-
HsS, TUMYacoM SK B iHIMMX (mamopoTemnonibHi,
XBOIIEIOAi0Hi, mjaayHoOImomiOHi, rojJoHacimmi,
MMOKPUTOHACIHHI) — HecTaTeBe.

Y TBapuH CKJIaIHI JKUTTEBI IUKJU TeXK HE €
pinkicauMu. Tak, y JKUTTEBOMY ITUKJi 6araThox
Haumnpocrimux (dopamiHipepu, CHOPOBUKI)
1 KMIIKOBONOPOMKHUHHUX BimOyBaeTbCs 3aKO-
HOMipHe UuepryBaHHA IIOKOJiHb, IKi PO3BMHONKY-
IOTBCSA CTATEBUM i HeCTaTeBUM CIOCO0AMU.

Hanpurnazn, HecTaTeBe IOKOJIHHA Meay3u
aypeaili — moainum — pPO3MHOMKYETHLCS OPYHb-

0 KnioyoBa ifes

MocTembpioHaNbHUN PO3BUTOK MUBUX OpPraHi3-
MiB MOXe 6yTn npAmMrM abo nNpoxoauTy 3 MeTa-
Mopdo30M. BiH € CKNagoBOK XWUTTEBOrO LMKIY
opraHi3my. 3anexHo Bif ocobnusocTeii 6ynosu
npeacTaBHUKIB Pi3HUX MOKOMiHb MXUTTEBI LINKIN

MOXYTb OYTV CKNagHUMM i NPOCTUMU.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHizmis 333 S
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KyBaHHAM, YTBOPIOOYM HOBI moJimm. 3a mo0-
IOMOTOI0 TOIIEPEUYHOro IIOAiJIy IOJIIHN IaloTh
IIOYaTOK OCOOMHAM CTATEeBOT'O MOKOJiHHA — Me-
nysam. HosoBiui # kKiHOUiI 0CcOOMHU Memy3 pPo3-
MHOXKYIOTBCSA CTaTeBUM cmocoboM. I3 sammigme-
HOI ANIEKJIITUHN PO3BUBAETHCS JUUMHKA, SKa
IeAKUH Jac IjIaBa€e 3a JOIIOMOTI'0I0 BiliOK, a 3T0-
IOM OCilae Ha JHO i MepeTBOPIOETHCS Ha IIOJIIII.

B immmx TBapuH (Haumpukianm, y ILIOCKUX
YepBiB — CHUCYHIB, yV JeAKNX YIEHUCTOHOTUX —
MOTIeJIUIlb, JadHil) y KUTTEBOMY IIUKJI Uepry-
IOTBCSI IIOKOJIIHHA, SKi PO3SMHOKYIOTBCSA CTaTe-
BUM CIIOCOOOM i MapTeHOTreHEeTUYHO.

YepryBaHHA MOKOJiHb, AKi PO3SMHOMKYIOTH-
cdA CTaTeBUM CIIOCOOOM i MapTeHOTeHEeTUUHO, Mae
BasKJuBe 0ioJIoTiuHe 3HAUEHHS AJIA TUX OPraHis-
MiB, AKi MeITKAlOTh Yy MiHJIMBUX YMOBaX cepeno-
BUINA i He MOXKYTh IEePeKNBATHU HECIPUATINBIL
nepiogu B akTuBHOMY craHi. CraTeBe po3MHO-
JKeHHsA 3a0esreuye 0e3NepepBHICTH iCHYBaHHSA
BUOY, a IIapTeHOTeHe3 Ha€ 3MOT'Yy MOBHOIO Mi-
POI0 BUKOPUCTOBYBATH CIIPUATJIMNBI IIepiogu ajis
IIBUAKOr0 3POCTAaHHS YMCEJIbHOCTI BUIY.

YepryBaHHSA MMOKOJiHBb, IKi PO3SMHOMKYIOTH-
cdA pisHEmMu crocobaMu (CTaTeBUM i HeCcTaTeBUM,
CTaTeBUM i ITapTEeHOTEeHeTUYHO), 30i/JbIlTye MiH-
JIUBiCTBH, AKAa 3a0e3Ieuye 3MaTHICTbL BUAY KUTHU
B PiBHMX yMOBaxX CepeJOBUINA U IIBUAKO pea-
ryBaTu Ha ixHi 3MiHH.

03aﬂl/ITaHHH Ta 3aBJaHHA

1. Cknagitb nepenik 3 TPbOX-N'ATV BUAIB OpraHi3mis
BaLLOI MiCLLeBOCTI, ANA AKMX € BNACTMBUMUN NPAMUN i He-
npsaMuin po3sBuTok. 2. Hagiwo notpibeH metamopdos?
3. fIki nepeBarv N HeJONIKN MOPIBHAHO 3 MPOCTUM
KUTTEBUM LMKIIOM MA€ CKNAaaHUM umnkn?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 105. lHauBigyanbHU PO3BUTOK NIOAVNHN

0 [omipkynTe

koo MoXe ByTV MpuyMHa TOro,

O OAHaKOBI nepioan NMocTeMOpPioHaNbHOro
PO3BUTKY Y YOJIOBIKIB i XIHOK He 3aBXAu
cniBnagatoTb 3a BikoM?

é 3raganTe

o [ocTemMbpioHaNIbHNIA PO3BUTOK
o OcobnnBOCTi PO3BUTKY CCaBLiB
e TpMBanicTb »WUTTA Pi3HUX OpPraHi3mis

lHOnBIgyanbHUI PO3BUTOK NIOANHM

IapuBinyanbHUI PO3BUTOK JIIOAWHU ITOM1ISA-
€ThCs Ha eMOpioOHANBHUY 1 MocTeMOpioHATBLHUT
nepiogu. EmMOpioHanbpHUII mepion OyJIo PO3TJIsi-
HYTO B TIONEpegHiX maparpadax.

ITocremOpioHanbHUN mepiom — Ie 1e-
piomg KUTTA JIOAWHUW IIicJIsd HaPOIKEHHA
(mau. 105.1). Moro Mo:kHa PO3LIINTH Ha KilTbKa
eTaliB, TPUBAJICTL IKUX BiIPiBHAETHCA Y YOJIO-
BiKiB Ta KiHOK.

Y KuTTi JI00WHM BUOINSAIOTH TakKi BiKOBi
mepionu:

 Ilepiod Hemosramu (meptri 10 guiB): Bix-
OyBaeThcsA mepelOymoBa OpraHiamy, IO 3yMOB-
JeHa ajalTallielo M0 KUTTA I[103a OpPraHisMoM
marepi. PyliHyoTbCS CTPYKTypH, IIOB’sA3aHi
3 00MiHOM pPEYOBWH uepes ILJIAIEHTY.

« I'pyonuil nepiod (10 guie — 1 pik) xapak-
TEepU3YEThCA HAWBUIIUMHU B ITOCTEMOPiOHAIBHO-
My Ilepiofi TeMmaMu POCTY ¥ POBBUTKY BCix
CHCTEM OpraHiB, a TAKOX 3MIiIlHEHHAM OIOpP-

Man. 105.1. MNMocTeMbpioHanbHWIN PO3BUTOK KIHOK
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HO-PYXOBOTO amnapary, (hOPMYyBaHHAM BeJIMKOIL
KiJIBKOCTI yMOBHUX pedJieKciB.

« Panne dumuncmeo (1—3 pokm): crocrepi-
ralTbCs BUCOKi TEMIIM POCTY U PO3BUTKY BCiX
CHCTEM OpPTaHiB; MOUYATOK CAMOCTiHHUX aKTUB-
HUX PYXiB; Iepexifi Ha XapuyBaHHSA [IOPOCJIOIO
i3Kel0; PO3BBUTOK MOJOYHUX 3y0iB; IMOYATOK BU-
KOPUCTAHHS MOBJIEHHS. ¥ KiHIIi mepiony Temmu
POCTY BHOBiJILHIOIOTHCA.

« ITepue dumuncmeo (4—7 pokKiB): ynoBimn-
HIOIOTBCA TEMIIM POCTY; BiZ0yBaeThCsA aKTUBHE
HaKOMWYeHHs iH@opmarii mpo HaBKOJUIITHiN
CBiT; (POpPMYIOTHCA BMiHHA Ta HaBUYKU, HEOO-
XigHI AJIS caMOCTiIHHOI KUTTERisAJIBLHOCTI; pPO3-
BUBAIOThCS IOCTiiiHi 3y0u.

« Ipyze dumuncmeo (8—12 pokris y xjomuu-
KiB, 8—11 poKiB y AiBYATOK): BiTHOCHO HEBUCOKI
TEeMIIN POCTY; IPOAOBKYETHCA aKTUBHE HAKOIIM-
yeHHA iH(MoOpMaIlii mpo HABKOJUMIHIN CcBIT Ta
(opMyBaHHSA BMiHb i HABUYOK, HEOOXiZHUX IJIsA
CaMOCTiHOI JKUTTEIiAIBHOCTI.

« I[Tionimrosuil nepiod (13—16 pokiB y xJorm-
1miB, 12—-15 pokiB y aiBuar): moyaToK Iiepiomy
CTaTeBOTO JO3piBaHHSA; PisKe 30iJbIIIeHHA TeM-
miB POCTYy; CYTTEBi ropMoHaIbHI NepedymzoBU
B Oprauiami; moyaTok (pyHKI[iOHYBaHHA cTaTe-
BUX CHUCTEM.

« FOHauvkuil nepiod (17-21 pik y xJomniis,
16-20 pokiB y miBuaT): 3aBepleHHsS mepiomy
CTaTeBOTO NO3PiBaHHS; 3MEHIIIEHHA TEMIIB PO3-
BUTKY Ta 3aKiHUeHHA POCTy Tija.

« 3piauil gix (nmepiruii nepiox — 22—35 po-
KiB y uosoBikiB, 21—35 poKiB y :KiHOK): Hali-
OiIBIIT TPOAYKTUBHUI HEPioj JKUTTA; POSBUTOK
3mi0HOCTEN mocsarae HAWBUINOTO PiBHA, poboTa
BCiX cmcTeM OpraHismMy € HalOiJgbIl e(eKTUB-
HOIO.

- 3piauil gix (apyruit mepiox — 36—60 po-
KiB y 4oJi0BiKiB, 36—55 pOKiB y KiHOK): my:Ke
OPOAYKTUBHUI IIepion; MJOCUTH BUCOKI (pismumi
MOJKJIMBOCTI MOENHYIOTHCA 3 OaraTuM LOCBimom
i IO3BOJIAIOTH HOCATATU HAWBUIINX PE3YJILTATIB.
¥V kKinmi mepionmy crocTepiraetrbcA MTOCTYIOBE
3racaHHA (PYHKIIiI PermIpoayKTHBHOI CHUCTEMHU.

« IToxuauit 6ix (61-74 poxu y UOJIOBiKiB,
56—74 poxku y }KiHOK): cTaH OpraHi3My CyTTEBO
3aJIE}KUTh BiJ] 0cOOGJMBOCTEI CIIOCOOY KUTTA,



AKe JIOOUHA BeJjia B momepenHi mepiogu. Pempo-
OYKTUBHI (QYHKIII y YOJIOBIKiB IPOJOBIKYIOTH
3racaTu, y *KiHOK NPUIIMHAIOTHCA B3araJi.

« Cmapeyuil 6ix (75—90 pokiB): B oprauismi
BimOyBaOTHCA CTPYKTYPHi, (MYHKI[iOHAJBHI Ta
Oioximiumi smimm, aKi 3HauHOIO Mipoio obOme-
JKYIOTh HMOTO MOMKJIMBOCTI.

 Toszoxmcumenwvemeo (6inpi Hidk 90 pokis):
B OpraHi3Mi TpUBAOTHh CTPYKTYPHi, (GQYHKIiO-
HaJabHI Ta OioximiuHi 3mMiHH, AKI O00OMEXKYIOTH
HOro MOXKJIUBOCTI.

OcobnmBOCTi CTaTEBOrO A03PiBAHHS
NOANHN

CraTeBe mo3piBaHHA JIOIWHU € HAA3BUUANHO
Ba)KJUBUM IIpollecoM. BiH BimOyBaeThca y mi-
BuaT y mepiox Big 9 mo 16 pokis, a y XJIOIIiB —
Bix 11 mo 18 pokiB. V¥ 1ieit mepiox BimbyBaeThCcs
¢dopMyBaHHS BTOPUHHUX CTATEBUX O3HAK i pO3MO-
YUHAETHCA (PYHKIIIOHYBAaHHA CTATEBOI CUCTEMMU.

Ilig gyac cTaTeBOoro mo3piBaHHs B opraxiami
BimOyBaroThCsA He TijbKu (isiosoriuni sminum.
CyTTeBO 3MiHIOETHCA IIOBEAiHKA. SHAUHOIO Mi-
poIo Ha Ile BILJIMBAa€ KOJWBAHHA PiBHA I'OPMOHIB
BHACJIiIOK IIepeOynoBU Tija. AJsie TaKOMK BaiK-
JVBe 3HAUEHHSA MAlOTh iHCTUHKTUBHI IIporpaMu
noBeniaku. Ile, HaTpUKIa/, € OHIEIO 3 TPUUNH
TaK 3BAHOTO «BaXKOT0 BiKy», KOJIM IIpOorpamMu
HOBeMiHKM 0aTbKiB i AiTell MOMKYTH 3MYIIIyBaTH
ix yacrinre KOH(MJIIKTyBaTH.

TpuBanuii mepios cTaTeBOTO MO3PiBAHHA €
BaYKJIMBUM JJIs JIOAUHU iIlle 3 OnHiel mpuunHU.
3a Takuil JOBruii mepion migaiToK MoXKe HAOyTU
BeJIMKOI KinbKocTi 3Hanb. e moB’aA3aHO 3 THM,
10 JIIOAWHA 3HAUHY YaCTUHY MOTPiIOHMX HABU-
YOK OTPUMYE Uepe3 APYTYy CUTHAJIbHY CHUCTEMY
Bif iHIIMX IIpefCcTaBHUKIB CBOTO BUIY.

3aXBOpPOBaHHﬂ, Lo nepenarTbCA
CTaTeBUM LLJTAXOM

Y mepiom crareBOoro mO3piBaHHA JIOAWHA
MOJKe PO3IIouMnHaTH! cTaTeBi BimHocuuu. Ile npu-
POIHUI IpoIiec, ajie BiH MoKe OyTHU 0B’ I3aHUA

0 Kniouosa iges

IHOMBIiAyanbHU pPO3BUTOK NIOAVHU BKIOYAE
embpioHanbHWI Ta NOCTEMOPiIOHANbHMIA Mnepio-
awn. MocTtembpioHanbHWI MNepiog, Y CBOK yepry,
NOAINAETbCA Ha KinbKa NepioAiB, KOXKHOMY 3 AKNX
npuTaMaHHi XapakTepHi 0co6aMBOCTI GioNOriYHUX
npoLecis.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

3 PUBUKOM OTPUMAaHHA 3aXBOPIOBaHb, AKi mmepe-
MalOThCA cTaTeBUM ILIsaxoM. OpraHism JIIOQUHA
He BUPOOJsAe IMyHIiTETY M0 IIUX 3aXBOPIOBAHD,
TOMY HAaBiThb IIicJad OAy:KAaHHA JIIOAWHA MOXKe
3HOBY Ha HUX 3axBopitu. Halikpamum croco-
6oM OOpPOTHOM i3 MUMM 3aXBOPIOBAHHAMU € [I0-
TPUMAaHHSA 3aXO0AiB IMPOMiIaKTUKMN.

3axBOPIOBaHHS, 10 IIEPEeAAIOTHCA CTATEBUM
MIJIAXOM, MOYKYTh CHPUYMHATHUCA: HAWUIIPOCTi-
muMu (TpuxoMaHo3), OakTepiAMu (roHOpes
Ta cudimnic), Bipycamu (reHitampuHuii repiec,
CHI), mikpockomiunmMu rpubamu (KaHIU-
no3). CraTeBUM NLIAXOM MOYKYTH TeperaBaTH-
cd U mesaki mapasurTapHi iH(peKIii, HampuKIanm
eJUKYJIBO3.

CrapicTtb i Teopil CcTapiHHA

Y nropvHU BiTHOCHO TPUBAJIUU IIepion cra-
pinusa. AKIimo 6inpIIicTs ccaBIliB Iic/sg HPUIIN-
HEHHS pPOOOTH PEempPOAYKTHUBHOI CUCTEMH IYKe
IIBUAKO TUHYTh, TO Y JIOAWHU (0COBIMBO V #Ki-
HOK) IIeil mepionx € mocuTh TpuBaguM. IlomiOmi
0CO0JIMBOCTI OHTOTr'eHe3y TiCHO II0B’si3aHi 3i cme-
nudikoro 6iosorii goguHM, il 3HAUHOIO COIliab-
HICTIO Ta BEJUKWM 3HAYEHHAM I103aCIIaJKOBOI
nmepegaui ingopwmarlii, sxa HeoOXimHa HaACTYyII-
HUM TOKOJIHHSIM.

Icuye xinbka Teopiil, AKi HOACHIOIOTH ABU-
mie crapimHga. MoaekynasapHui Teopil crapinHa
po3raAZaoTh HOTr0o AK pe3yabTaT HaKOINUeH-
HA 3 BIiKOM B Oprafismi ged@eKTHUX MOJEKYJ
0inkiB. IHiri Teopii BBasKAIOTh, IO IPUYUHOIO
cTapiHHA € 3MiHW TE€HeTWYHOTrO amapary KJIi-
TuH. A Teopii ayroiHTOKCcuUKAIlil IIOSACHIOIOTH
CTApiHHA K pe3yJbTaT PYWHYBAHHSA iMYHHUX
BJIACTUBOCTE¥ i 60POTHOM TKAHWH B OpPraHisMmi.
IIle omua TeopiA posrismae mpoIllec CTapiHHSA
AK HACJIIOK BUYEPIAaHHA aJalTaIliiHUX MOXK-
JuBOCTel opraHismy. 3rigHo 3 agamnraimiiizo-
peryJasTopHOIO Teopielo, cTapiHHA € 3aKOHO-
MipHUM eTamoM PO3BUTKY OpPraHiamMy, a cam
TIPOIleC CTapPiHHA PO3IOYMHAETHCA IIe Ha cTamil
3apojKa.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Yomy TpuBanictb nepiogy AO MOYaTKy PO3MHO-
XKEHHA Yy NoAnHN HabaraTo GiNblUniA, HiX Y iHWKMX cCaB-
LiB 3i CXOXMM po3mipom Tina? 2. flka TeopiA CTapiHHA
BMAAETbCA BaM Halbinbw obrpyHTOBaHO? [MOACHITL
CBOIO TOUKY 30pYy. 3. AKi YMHHUKN MOXYTb BMAMBATU
Ha TPUBaNiCTb MEepioAIB XUTTA NOANHN?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 106. PicT i pO3BUTOK »XNBUX OpraHiamiB

0 [omipkynTe

Yn MOXKyTb KOMaxu pocTn 6e3nepepBHO M Heob-
mexeHo? Yomy?

Q 3raganTe

o BnactuBocTi XMBux opraHiamiB e« PicT

» Po3BuTOK o CrapiHHA

Pict knituH

Pict KiaiTuH KUBUX OpraHidMiB MOKe Bif-
OyBaTucs 3 pisHOIO MmBUAKicTO. 1A mBUAKicTD
3aJIeKUTDL Bif ocoOsimBoCTell OymoBU caMoi KJIi-
TUHY (KJIITUHU TPOKAPiOTiB AiIATHCS IIBUAIIIE)
Ta YMOB 30BHIIIIHBOTO CEPEeIOBUIIA.

Meski pocTy KJIITHMH TakoX MOMKYTb OyTH
pisHuMu. Y 6inbIliocTi BUNAAKIB KJIITMHU pPoc-
TYTh TiJIBKU OO IEeBHOTO PO3MIipY, i el po3mip €
HeBeJUKUM. AJle B IesIKUX BUNAAKAX PIiCT KJiTH-
HU MOKe OyTHU IIPaKTUUYHO HeoOMerxeHuM. Taxkuii
picT uacro criocrepiraersca y rpubiB, AKi 3maTHIi
YTBOPIOBATU TiraHTCHbKi OaratoAamepHi mirmesii.

YV ngoguHu pos3Mmip OigbmIocTi KJIITUH He-
BeqUKUHA. I TiIBKM aKCOHM HEHpPOHIB MOKYTb
JocAraTy 3HAYHUX PO3MIipiB.

Hacxigkom pocTy Ta 30iJbINIeHHA YHCJIa
KJITHUH y pe3yJbTaTi iXHbOTO IIOAisy B Gararto-
KJIITHHHUX TBapUH € PO3POCTAaHHA IXHIX TKa-
HuH. Ilig yac eMOpioHAJIBLHOTO PO3BUTKY TaKUM

CroBGypoBa KniTuHa

Eputpountn

baszodin Hentpodin Eo3uHodin Makpodar

Man. 106.1. JudepeHuiaLia KniTMH Nig Yyac yTBOPEHHA
KNMITUH KPOBI
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YMHOM 3JiCHIOETHCSA ()OPMYBAHHA HOBUX CTPYK-
Typ OpraHiamy.

Po3BuTtoKk KnitnH

ITogin eykapiotTuunux XKJIiTuH (y TOMY
YUCJi KJITUH JIOAUHU) y OiJBIIOCTI BUNAAKIB
B3MIACHIOETHCA NIIAXOM MiTozy. Ilicaa mominy
YacTKa YTBOPEHWX KJITHH MOKe OyTu pisHOIO.
Ha pannix cragiax emOpiorenesy JIOOZUHU KJIi-
TUHU IIiCJA IOAINYy 3HOBY HOinATbedA. Ilismirme
HOYMHAETHCA AU(epeHITiaIisa KJIiTUH i 31aTHICTD
Io moniay 30epirarorh Jimitie mesaki 3 Hux. Taki
KJiTUHU, 110 30epiraioTh 3AATHICTH M0 IOTiIY
i sajmumamThea HeaudepeHIiHoBaHNMU, Ha3U-
BAilOTh CTOBOYPOBUMM KJiTUHAMU.

Judepenuianmia KIiTHH — IIe TIPOIEC YTBO-
PeHHA cheltiaylisoBaHUX KJITUH, IKi OTPUMYIOTH
meBHi pucu OymoBU, IO AAIOTh IM MOXKJIUBICTH
BUKOHYBaTH MOTPiOHI QYHKIIII 3 BUCOKOIO edeK-
tuBHicTIO (Mas. 106.1). Hocaraerbea gudepen-
miamia KJIITUH 3a PaxyHOK peryJsdilii poboTu
reriB. I'eHoM KJIiTMHU B IIiJIOMY 3aJUIIIAETLCS
HEe3MiHHUM, ajie aKTUBHO IIPAIIOE B HHOMY JIUIIIE
HeBHUH KOMILJIEKC reHiB. [udepeHIriania KiriTua
B OpraHi3Mi JIIOAMHU € He0OOOPOTHUM IIPOILECOM.

Ob6mexeHICTb Ta NepiognyHICTb

POCTY OpraHiamis

Besmocepenuno miciisgd HAPOMKEeHHA B 0iJb-
mocTti 6araTOKJITUHHUX OPTraHisMiB ime mepion
pocty. PicT — 11e mportiec 30iabIIeHHA PO3MipiB
i Mmacu ocoOMHM 3a pPaXyHOK 30iJbIIIeHHA KiJIb-
KocTi KJaiTuH abo ix po3raryBaHHs. Po3pisHs-
IOTh OOMe)KeHUIl i HeoOMesKeHUil THUOU POCTY.
3a 00MesKeHOro THUILYy DPiCT OpraHidMy IPUIIN-
HAETHCA MicJId JOCATHEHHS IIeBHOTIO BiKy (6iyb-
IIicTh CccaBIIiB, KOMax, NTaxiB). 3a HeoOMe:xKe-
HOTO THIIy POCTY OCOOMHHU POCTYTH YIPOTOBIK
YCBhOTO KUTTS (MOJIOCKU, pubOU, POCIUHN).

s opraHidamiB 3 HEOOMEXEeHUM POCTOM
YaCTO CHOCTEPIiraeTbCsA YMNOBIJIbHEHHS TEMITiB
pocty 3 Bikom. Hampurkiiazn, y mMamaux KPOKO-
OIWUJIiB Ticiada HapoIKeHHA (BUXOLy 3 SHIA)
TeMINU IXHBOTO POCTY € BUCOKUMHU IMIPOTATOM
IBOX-TPHOX POKiB, ITiCJIS YOTO TEMI POCTY BIIO-
BiJIBHIOETHCA, ajle He 3yMUHAETbCA. [lopoci oco-
OMHU BUPOCTAIOTH JINIIIE HA KiJbKa CAHTUMETPIB
3a pik. AJe uepe3 BeJUKY TPUBAJICTH KUTTSA



(mo 80 pokiB i 6GiybIiie) po3mip TrpedeHsCTOTO
KPOKOAMJIA MOKe MOCATATH | MeTPiB.

IIpomecy poctTy BiacTumBa IEepPioOgUUYHICTH
(ce3oHHA, T0OOBA TOIO) — IIEPEPUBUYACTUH PiCT.
Tak, y POCAWH MOMipHUX IIUPOT PiCT y3UMKY
NPUINHAETHCA, a4 HABECHI — TIOHOBJIIOETHCH.
Ilepiog TumuacoBoro ¢isioyioriuyHOro CIOKOIO
B PO3BUTKY HasuWBaiTh dianaysow. [liamaysa
XapaKTEePU3yeEThCSI PiBKUM 3HUIKEHHAM iHTEH-
CUBHOCTiI MeTaboaidamMy KJaiTuH. BoHa BiaacTuBa
KoMaxaM, 6araTboM XxpebeTHuM. Y TeAKUX ccaB-
IiB ImiBHIYHUX IINPOT Aiamaysa BimOyBaeTbCs
B 3UMOBUI uac (BegMmeni, coHi, 6baibaxku) i Ha3u-
BaeThbcA zibepHauieio (cunsaukoro). [[iamaysa xo-
Max MOJKe TPUBATHU BiJ AJeKiIbKOX T'OAUH 0 Je-
KiJIBKOX POKiB.

IlepiognunicTh pOCTy € XapaKTePHOO O3HA-
KOIO TIPeICTaBHUKIB ujleHUCTOHOTUX. Ile moB’sa-
3aHO 3 0COOJMBOCTAMY OYJAOBU IXHLOT'O OpraHis-
my. BiH BKpUTHUII JKOPCTKUM 30BHIIIIHIM CKeJe-
TOM i TOMy He MOKe 3MiHIOBAaTH CBOI pPO3Mipwu.
TakuM YMHOM, PiCT IIUX TBAPUH CTAE MOKJIUBUM
TiabKU y niepion auabKu (Maj. 106.2), Koau 30-
BHINTHI TOKPUBU ITle He 3aTBEPIiIN I MOMKYThb
pO3TATYBaTHUCAH.

LLBnakicTb Ta xapakTep pocTy

opraHi3amis

[IIBuKicTh POCTY KMBUX OPraHi3MiB MOXKe
O0yTu pisHO0. BoHa BuU3HAUAETHCSA K 0COOJIMBOC-
TaAMU 0i0JIoTii KOHKPETHOro BUAY, TaK i yMoBaMu
cepemoBuiiia. Hampukiaan, IIBUAKICTE POCTY AU-
TUHYAT y CCABI[IB € CYTTEBO OLJIBITIO0, HiK IIIBU-
KiCTh POCTY IUTWMHYAT y PENTIIIIl TAKOTO CAMOTO
po3mipy. A Ha HIBUAKICTH POCTY T'yCEeHi CyTTEBO
BILJIMBA€E CEPelHsA TeMIlepaTypa MOBiTps, AKa A
mepioxy pocTy MosKe OyTu PiBHOIO y PisHi poKH.

XapakTep pPOCTy y PiBHUX JKMBUX OpPTaHis-
MiB TaKOK MOKe BimpisHATHCA. KIMO picT ycix
YaCcTHUH Tijia 3MiCHIOETHCSA PIBHOMiIPHO ¥ IIPOIIO-
piiii Tiza B pesysabTaTi 3aaumiaioTbecsa 0e3 3MiH,
TO TAKUI TUN POCTY HA3UBAIOTH i30MeTPUYHHUM.
IzomMeTpuYHMI TUII POCTY € XapaKTepHUM IJd
baratrox pubd. AKIIo kK y mpoleci pocTy pisHi
YACTUHU TiJla POCTYTh 3 Pi3HOI IIMBUAKICTIO,
i, AK pes3yJabTaT, HNPOIOPIIil Tija 3 wacom 3Mi-
HIOIOTBCSA, TO Ma€ Miclle aJOMETPUYHHH THUII

0 KniouoBa iges

PicT i po3BMTOK KNiTUH y 6araToKNiTMHHMX opra-
Hi3MIiX peryniolTbCA reHeTuyHo. PicT camnx »u-
BMX OpraHi3amiB Moxe OyTn 6e3nepepBHMM abo
nepiognMuyHMM, o6MeXXeHUM abo HeobMeEXKEHVM.
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i

Man. 106.2. Pict Komaxu B nepiog JIMHbKN

pocty. Came Takuili THUI POCTYy XapaKTepHUH
nisa proauuu. I[le mo6pe BUAHO, AKIIO MOPiBHSA-
TH IIPOMOPIIii Tijla HOBOHAPOAKEHOTO, TUTUHU
i mopociyoi groauHM. Y HOBOHAPOIKEHUX [I0-
B)KMHA TIOJIOBU CTAaHOBUTH 1/4, y ceMupiuHoi
mutuau — 1/7, a y mopocioi jmoguau — 1/8
IOOBMKUWHU IXHBOI'O TiJja.

@ MpakTnyHa poboTa

lMepiodu4Hicmb pocmy nycku pubu

1. Po3rnAHbTe 3a JOMOMOrOK NyMnu JYCKYy TPbOX
pi3HUX BMAIB puUb, 3HANAITb KOHLUEHTPUYHI Kinbusa,
KOXHE 3 AKUX BiAMOBIJAE OQHOMY POKY XUTTS pUbU.
BusHauTe Bik pu6.

2. TOACHITb, YA MOXHa 3a PIYHUMU KiNbLAMU BU-
3HAUUTN YMOBW, B AKWUX XU pubu.

3. CoopmyntonTe BUCHOBOK.

@ MpaKTnyHa poboTa

Mepiodu4yHicmb pocmy depes’aHUCMUX POCAUH
1. Po3rnsAHbTe 3pi3n cTeben pisHMX AepeB’sHUCTUX
pOCNVH. 3HaWAiTb AepeBUHY M PiYHi KinbuA.

2. 3BepHiTb yBary Ha po3mipu N KOJip PiYHUX Ki-
neub. YKaxiTb, YAM 3yMOBJIEHa MOABa PiYHNX Kineub
y AepeBuHi.

3. MNOACHITb, YN MOXKHA 3a PIYHUMU KiNbLAMYK BCTa-
HOBUTU YMOBW, B AKUX WU POCIAUHMN.

4. Coopmyntonte BUCHOBOK.

03aﬂl/ITaHHH Ta 3aBJaHHA

1. AKMMU MOXKYTb BYTW MeXi pocTy KniTnHu? 2. Lo
Take gudepeHuialia knitmH? 3. Yomy ansa pakonopgi6-
HUX MOXJTMBUN TiNbKW nepiognyHui Tun pocty? 4. Bu-
6epiTb oAvH i3 BMAIB TBAPVH i CKNagiTb cnmcok dak-
TOPIB, AKI MOXYTb BMAMBATW Ha LWBWUAKICTb POCTY L€l
TBapuHU. 5. Yomy po3mip ronosu nAMHU BiGHOCHO
po3mipy ii Tina Bif HAPOAXKEHHA [0 3aBEPLUEHHA POCTY
OpraHiaMmy 3meHLWYeTbCA?
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§ 107. Perynauia Ta npobnemn pocty i po3BuTKy

0 [omipkynTe

[i6epeniHn € ropMoHamy, WO PeryntoTb pPicT
pocnviH. Ane Bneplue ixX BUAINWAM 3 NapasnTny-
HUX rpm6iB. Hagiwo rpnbam Li ropMoH®?

Q 3raganTe

 PerynatopHi cuctemn
e Tinn pocty
o [login KniTuH

Perynauia pocty B pocnuH

Hma perynasiiii pocTy cBOro opraHisMy poc-
JIMHU BUKOPUCTOBYIOTH (hiToropmonu. diTorop-
MOHM — Ile XimiuHi peyoBHHM, IIJ0 BUPOOJIS-
IOThCA B POCJMHAX i PeryjioioTh IXHiW pict
i poO3BUTOK. YTBOPIOIOTHLCS IIePEeBaKHO B TKa-
HUHaX, IM0 aKTHUBHO POCTYyTh, HA BEPXiBKax
KOpeHiB i crTebeJr.

o ¢diToropmoHiB 3a3BUYail BiTHOCATH ayK-
CuHU, ribepesinm i MUTOKiHiHM, a iHoai i imri-
OiTopu pocTy, HaOpUKJIa[ aOCI[U30BY KUCJOTY.
Ha Bigminy Big TBapuHHUX T'OPMOHIB, (piTorop-
MOHU MeHIN crnenudivHi i yacto AilOThb y Til
caMiil OiJISTHIII POCJIUHU, O YTBOPIOIOTHCSH.

diToropMoHU € OpPraHiYHMMU pPeUYOBUHA-
MU 3 HEBEJUKOIO0 MOJIEKYJAPHOIO MAaco, fAKi
YTBOPIOIOTHCSA B MaJHUX KiJbKOCTSAX B OJHUX
yacTUHAX 0araTOKJITHHHUX POCJAWH i OilOTH
Ha iHII iX YaCcTUHUW AK PEeryJJAaTopu I KOoop-
IWHATOPU POCTY i PO3BUTKY. DPiTOoropmMoHwHU
3NiMICHIOIOTh 0ioXiMiuHYy peryidmito — Hau-
BaKJIUBINIY CcHUCTEMYy peryJadanii oHToreHesy
B OaraTokJiTuHHUX pocauH. IlopiBHSHO 3 Top-
MOHaMH TBapuH crenu@ivyHicTh (piTOropmMoHiB
BUpaykeHa cjabiie, a Airoui KOHIleHTpaIii, K
OpPaBUJIO, BUIIII.

Perynauia pocty y TBapuH

Hai6inpmmy poas y peryasailii mporeciB
pocTy y TBapWH Bifirpae eHIOKPUHHA CUCTEMA,
AKa 3OIMCHIOE IIell IIpoIlec 3a JOIOMOIOIO0 I'Op-
MoHiB. CyTTe€BO BILJIMBATH HA PIiCT TBAPUH MO-
JKYTh 1 BOBHIIIHI (paKTOpW Ta KOHKPETHiI 0Cc00-
JIMBOCTiI T€HOTHUIY OKPeMHX O0COOMH (cIamkoBi
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3aXBOPIOBAHHS, YHIKaJbHI CIIOJYUeHHS aJiejliB
TOIIIO0).

BnnuB Ha picT opraHiamy nognHu
€HOOreHHNX i eK30reHHNX GpaKkTopiB

Ha picT opranismy JroguHM MOKe BILIMBATHU
BeJIMKa KinmbKicTs (axTopiB. Ili dakTopm momi-
JSI0Th Ha 1OBi BeJUKi Ipynu — eK3oreHHi (30-
BHiIIHI) Ta enporenHi (BHyTpimiHi). o exsozex-
HUX (paKmopis BiTHOCATH XapaKTep XapuyBaHHS,
3aXBOPIOBAaHHSA, PiBeHb (Di3MUHUX HABAHTAYKEHbD,
Iifo mKigauBux (PaxTopiB (aJIKOT0Jb, MAJTIHHA,
CIOKMBaHHA HAPKOTUKiB) Tom10. EHOOZEHHUMU
¢axmopamu € CraIKOBiCThb, CTaisd OHTOTEHE3Y,
iHAMBiAya bHI 0COOJIMBOCTI OOMiHY PEeYOBUH, Pi-
BeHb T'OPMOHIB, IICUXOJOTIUHUI CTaH TOIIO.

HysKe Ba)KJIWBUM ITOBUTUBHUM YMHHUKOM,
10 BIJIMBAE HA PIiCT i PO3BUTOK JIIOAWHU, € IIPa-
BUJIbHE XapuyBaHHA, SKe 33J0BOJbHIE TOTPEOU
B peuoBMHax Ta eHeprii. Ili moTpedbu Bm3Haua-
IOThCA TaKUMH (paKTOpaMu, AK Maca TiJja, BiK,
piBeHB PyxX0BOi aKTHUBHOCTI Jiogquan. OUeBUIHO,
10 KOJIU JIIOJWHA CIIOKMBa€ HaATO OaraTo Ixki,
TO Maca Ii Tiza 30iIbIIINUTHECA, a 38 HeJOCTATHLOI
KigbKocTi I3ki mMaca 3sMeHIIUTHCA. KO B Ixki
Oyzme 3aMaJio abo 3abarato IMeBHUX PEUYOBUH, TO
B JIIOAWHU MO’Ke TMOPYIITUTHCA OOMiH peyoBUH,
110 TIpU3BeJie A0 IOTipPINeHHA CTaHy 3J0pPOB’d.
IITo6 s3amobirTu IbOMY, CJil ZOTPUMYBaTUCH
HOPM 30aJ1aHCOBAHOTO XapUyBaHHA Ta IIiATPU-
MyBaTU eHepreTUYHUil OajaHC OpraHisMmy.

3HAaYHUII HEeTaTUBHUII BILJIMB Ha pPicT i pos-
BUTOK JIOAWHU 3AiHACHIOIOTH MaJiHHA, BXKUBaH-
HfA aJKOTO0JI0 Ta HADKOTUYHUX peuoBuH. Ii He-
TaTUBHI 3BUUYKY CTAIOTh IPUYNHOIO MOPYIIIEHHSA
mijioro paAxy (isiosioriuyHUX ITPOIECiB i MOXKYTH
CYTTEBO YHOBiLJIbHIOBATH a00 IOPYIIYBaTU IIPO-
mecu PocCTy.

Bing mepiony oHTOreHe3y JIOAWHU CYTTEBO
3aJIeKUTHh iIHTEHCUBHICTB IIporieciB pocty. Haii-
OiJMBINI iHTEHCHWBHO PiCT JIOAWHHU BigOyBa€eThCs
B IUTAYOMY I miggiTkoBomy Bimi. Hatibinbmiumi
TpUPICT Y MOBYKUHY CIOCTEPIraeThbCcA B IIEPIIi
IBa pokwm KuTTA. HacTymHi mepiogm iHTeHCUB-
HOCTi pocTy — 7—8 pOKiB Ta B mepioj cTraTeBOTO
mospiBamHsa. PicT KiCTOK JIOAWHU B OOBKUHY
MPUNMHAETHCA y 22—24 DPOKHU.



MNpobnema rinoguHamii

HopmanpHUii picT i po3BUTOK OpraHisMy
JIOAVUHU MOMKJIUBUM JIUINIE 3a JOCTAaTHHOI py-
XOBOl aKTWBHOCTi, ITOBHOIIIHHOTO XapYyBaHHSA
i crabinpbHOI AiAJBHOCTI 3a/i03 BHYTPiIIHBOI
cekpernii. HegocraTHa pyxoBa aKTHUBHICTHE —
oIHa 3 HAWUIOMIMPEHIINX MOpobjieM cydacHOC-
Ti. IlopymerHa GyHKIiNT opraHisMy BHACJIITOK
o0MesKeHOlI PyXoBOI aKTHMBHOCTI Ha3WBAIOThL 2i-
nodunamieo. BoHa mpu3BOAUTH MO0 HU3KU He-
raTUBHUX HACJIIKiB, AKi BIIMBAIOTL HE TiJb-
KU Ha OIIOPHO-PYXOBY, ajie ¥ Ha iHIIi cucTeMu
OpraHiB JIIOOUHMA.

Hacainkm rimogmuamii:

« puctpodisa (3MeHIIeHH:A, ITOCJIA0JeHHS)
CKeJIeTHUX M’ s3iB;

+ mocJiabJIeHHs CUJIU CKOPOUYEHb CEPIA i TO-
HYyCy CYAWH;

* BHUKEHHS iIHTEHCUBHOCTI OOMiHYy PEUOBUH
Ta eHeprii;

+ MOPYIIEeHHA KPOBOOOITY I aTepoCKJIepos;

* TMOTipIIeHHA MepeTPaBJIeHHs I 3aCBOEHHA
Toxi;

- mocaabJeHHA iMyHiTETY;

+ eMoIliliHa HeCTiHKicTb.

lNopyweHHA npoLueciB pocTy KiTUH
B OpPraHi3mi Il0ANHN

Haii6inemmoo 3arposono [as OpraHismy
JIOAUHU € CUTyallid, KOJIM KJITUHA BTpadae
KOHTPOJIb HaJ CBOIMH MHOAijaM{ i TOUMHAE iH-
TEHCUBHO IinuTucs. TakKi mopyIleHHs CTalOTh
OPUYNHOK BUHUKHEHHA MYyXJUH Pi3HOI Ipupo-
mu. Taki nyxJamHM TOmiNAOTH Ha OBI BeaHWKi
rpynu — OoOposAKicHI I 3yoAKicHI.

Jo0posKicHI MyXJIMHU — 1€ HOBOYTBOPEHHS
B OpraHiaMi, 110 3yMOBJIeHI HEKOHTPOJILOBAHIIM
ajie 0OMeyKeHUM PO3MHOKEeHHAM KJIITHUH, AKi He
MOIIUPIOIOTLCA B CyCimHi TKaHwHU (He 3maTHI
o imBasii) Ta BigmaseHi opranu (He yTBOPIOIOTH
MeTacTasu).

3a CTPYKTYpPOIO MOOPOAKIiCHI MyXJWHU CXO-
JKi HA TKAHWHU, 3 AKUX BOHU BUHHUKJIU. CTy-

0 KnioyoBga igen
Perynauito npouecis pocTy ”n poO3BUTKY B »KMNBUX

OopraHiamax 3a3Bu4yan 3[iMCHIOTb Pi3HOMAHITHI
XimMiuHi cnonykn. Hanpuknag, ¢itoropmoHun y poc-
nnH abo ropmoHu y TBapuH. Ha Ui npouecn cyT-
TEBO BM/IMBAIOTb Pi3HOMaHITHI dpakTopun AK cepe-
JOBNLQ, TaK i CaMOro opraHismy.
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miHb IXHBOI AudepeHITialii CyTTeBO BUIIUHA, HiXK
y KJITMH 3JoAKicHMx muyxjauH. [[ob6poaxricHi
MyXJUHU 3a3BUYall POCTYTH IOBiJIBHO W oOMe-
JKeHi CIIOJIYYHOTKAaHMHHOIO KallcyJioo. BoHu He
BUKJINKAIOThL OOJII0, ajie MOMKYTh HOPYIIIyBaTH
poboTy opraHiB, a B HeAKWX BUIAAKaX 3IaTHI
IepeTBOPIOBATUCA HA BJIOAKICHI ITyXJIMHU.

PismomaniTHiCTE JOOPOAKICHHUX IYXJUH €
BHCOKOIO. IX KJacu(]iKyoTh 32 THIIOM TKaHUHH,
3 AKOl BOHU yYTBOPUJUCH.

3I0MKiCcHI TMyXJWHUM — Ile HOBOYTBOPEH-
HS B opradismi, 1o 3yMOBJIEHI HeOOMEe>KeHuM
i HEKOHTPOJHBOBAHUM PO3MHOYKEHHSAM KJIITUH,
AKi mOIMWpPIOITHCA B CycimHi TKaHWHU (3miH-
CHIOIOTH iHBasiio) Ta Bigmaseni opranu (yTBO-
pioioTh MeracTtasu). 1Iloxo 3/I0AKICHUX TYyXJIWH
YacTO BUKOPUCTOBYIOTH TEPMiH pakosa nyxiura
a6o pak. Ileit Tepmin sanpomonyBas I'inmmokpar,
AKUN ommcaB MYyXJWHY, M0 30BHINIHBOIO (hop-
MO0 OyJia cxo)ka Ha Kpaba abo paxa 3aBIAKHU
MiCIIeBUM MeTacTasaM, SKi IIPOHUKAJU y Cy-
cimHi TKAHWHU.

XapaKTepHUMU O3HAKaMU 3JI0OAKICHUX ITyX-
JIUH € TaKi:

* IMIBUAKUN HEKOHTPOJHOBAHUI PiCT;

* IPOHUKHEHHA B CYCilHI TKAHUHU 3 yTBO-
peHHAM MicieBuX MeracTasiB (iHBaaii);

* IePeMiIlleHHA OKPEMUX KJITUH IMyXJUHU
adiMmpaTuyHUMU Ta KPOBOHOCHUMU CyJWHAMU
y Bimmaneni opranmu ¥ TKaHUHU (yTBOPEHHSA
MeTacTasis);

« OTpyHHA Oisi Ha BeCch OPraHi3M 3aBIAKU
BUPOOJIEHHIO KJIITMHAMU TMyXJWHU TOKCHUHIiB;

+ (bisnyHE BUCHAKEHHHA, 3MEHIIIEHHA Macu
Tija;

* HAABHICTh MEeXAaHIi3MiB «yHUKAHHA» yBaru
iMyHHOI cucTeMU OpPTraHizMy;

* HAABHICTh BEJIMKOI KIJBKOCTI MyTamii
VY KJITMHAX TYXJIWHU;

« HUBBKUU piBeHb audepeHIriamii KJIiTuH
TyXJINHU;

« BTpaTa 3JaTHOCTi KJITHH IO alloIITO3Y;

« iHTeHCUBHE YTBOPEHHS KPOBOHOCHUX CYy-
IVH Y TyXJIWHI.

3anuTaHHA Ta 3aBOaHHA

1. AK perynoeTbca pict pocnnH? 2, Aki dakTopum mo-
XKyTb LWKIANVMBO BNAMBATW Ha PIiCT OpraHiamy noanHn?
3. Y MoxXyTb 0cOBNMBOCTI BYLOBY Ta XKUTTELIANBHOCTI
TKaHVHU BIUIVHYTW Ha PU3UK PO3BUTKY NyXnnHu? Yomy?
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Tema 5. PenpofyKLia Ta pO3BUTOK OPraHi3mis

§ 108. PereHepauin

0 [omipkynTe

ke 3HauyeHHA AnA npoueciB pereHepauii
B JIIOAVIHW MaE€E ii TpPaHCNOpPTHa cucTema’?

é 3raganTe

» CamoBiATBOpPEHHA
» TBipHi TKaHWHN®
- [ogin KNiTnH

PereHepauif y »XnBux opraHiamis

Perenepamnis — 1ie 3maTHICTH KHUBHUX Op-
raHi3MiB BilHOBJIIOBATU CBOI IIOIIKOAKeHi abo
BTpaueHi cTpyKTypu. BoHa € omHiewo 3 (yH-
ITaMeHTaJbHUX BJACTHUBOCTEN KMBUX OPraHis-
MiB, X04a I IPOABJIAETHCA Y PIBHUX OpPraHi3MiB
pisHOIO Miporo. SKIIO OLHI OpraHisMu MOXKYTb
CAMOBiTHOBUTHUCSA HABITH IiCJISg OysKe CUJIBHUX
MOTIKOIKeHb (Tigpu, miaamHapii ToIo), To iHImi
3maTHI 4o pereHepallii He3HavHOIO0 Mipoio (He-
MaToau).

Perenepariiini BiaacTuBOCTi pisHUX Tpyn
JKUBUX OpPTraHisMiB pisHATBCA MiK co00I10.
Y 6inpimocTi BUIIAAKiIB IigBUINeHHSA PiBHA Op-
ramisamii Ta ycKJaIHeHHsS OyIOBUM OpraHiamy
HOTipIIyIOTH, HOTO 3TAaTHICTL OO pereHeparii.
Tax, nnaHapia pereHepye Kpailie, HidK OyTroJIo-
BOK Kabm, a IyroJIOBOK sKabu — Kpaille, HixK
JoauHa. AJie 114 3aKOHOMipHICTh He € BCEeOXOII-
aouoio. OcobimmBocTti OGiosorii meAKMX Tpym
CYTTEBO MOTiPINYIOTH MOKJIMBOCTI pereHeparii
opramiamiB, AKi mo HuUxX HajJdexaTthb. Hampwu-
KJIaJ, HeMaTOAUW i KOJIOBEPTKU HPaKTUYHO He-
CIIPOMOJKHiI IO pereHeparrii, a OiJbII CKJIQZHI
3a OyZOBOI0O PAKOIOMiOHI pereHepyoTh IyKe
e(heKTuBHO.

Tapua smaTHicTs 10 pereHeparlii mpuTamMas-
Ha 0OaraTboM OpeJCTaBHUKAM KAJIKUX (KUII-
KOBOIIOPOKHUHHNX), IIJIOCKUX Ta KiJIbYyacTUx
YepBiB, TOJKOIIKIipUX Ta JeAKUX iHIIUX TPYI.
Aule HaWIKpAaIoo MOYKHA BBa’sKaTU 3JaTHICTH J0
pereHeparii y ryoox. IlpeacraBHuUKU 11iei rpy-
OU 3OaTHI BiIHOBUTH IMiJIUH OpPTraHiadM 3 KYIKU
OKpeMUuX KJITHH, Ha AKi #OT0 po3aijimiu, mpo-
JaBUBIIKU KPi3b ciTUaACTy TKAHUHY.
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PereHepauinHi 3gaTHOCTI NIOAMHN

Pereneparifini Ba1acTuBOCTi opraniamy Jro-
IVHY He € HAaWBUJATHIIIMMU, ajie BCe K TaKu
pO3BUHEHI ITocTaTHRO cuibHO. Ha piBeHBb pere-
HepalifHUX BJACTUBOCTEN BIIJIMBAE Te, IO JIIO-
IUHA € BUCOKOPO3BUHEHUM BHUOM 3i CKJIQZHOIO
HOBeIiHKOMI. A B mpolieci eBoJIOIiI perexepa-
MiliHi BJIaCTUBOCTI TaKUX BUIIB 3MEHIITYBAJINCH.
ITe 6yJsio OB’sI3aHO 3 THUM, II[0 JOOpe PO3BUHE-
Ha HepBOBa CHCTeMa 3HAYHO 3HUKYBaJia PUSUK
OTPUMAHHSA IIOINKOIKEHb, IJd JIKBigaIii axux
i Oysna moTpibHa pereHeparis.

Haitikpaire y JI0anHN pereHepyoTh KJiTH-
HU emimepmicy Ta ixui moxigai (mas. 108.1),
Taki AK BoJioccaA Ta Hirti. Hemorano perenepye
KicTKoBa TKaHWHA, ITIO JO3BOJISE YCIIiITHO 3pPO-
mryBatu nepejomu. Ileuinka TeK Mae 3HaTHICTD
o pereHepallii i Mmoxke BiHOBJIIOBATUCA ITiCJIA
OOomIKOIKeHb. HalicKkaaawHille B opraHismi Jiro-
IVHU pereHepyBaTU HEePBOBill TKaHWHi. Tpuna-
JUA Yac BBasKaJi, IO HEPBOBa CHCTeMa B3a-
raji He MOKe pereHepyBaTu. Ta sromom 0yJo
BCTAHOBJIEHO, III0 HEPBOBA CHCTEMAa TaKU MOKe
YTBOPIOBATU HOBiI HeWpoOHU (X0ua TpoIlec Iei
MOBiNBHUYM i cKJIagHUII) Ta (GopmMyBaTHm HOBI
CUHONTUYHI 3’€THAHHSI.

Dopmu pereHepauii

Pospisadamwre nBi (Gopmu perenepamii —
BHYTPIIIIHBOKJIITUHHY Ta KJIITHHHY. BHyTpim-
HBOKJIITMHHA pereHepaniga BinOyBaeTbca Bce-
penvHi KJIITUH 3a PaXYHOK MOJEKYJIAPHUX
mexaHismiB. PesysbTaTom 1iel ¢oopmMu pereHepa-
il € BiJHOBJIEHHA MOTPiOHMX KJIITHHI oprames
Ta MOJEKYJAPHUX CTPYKTYp. BimHoBIOBaTMCA

Man. 108.1. PereHepauia nowkogxeHoro enigepmicy
y noavHun



MOJKYTBb XJIOPOILJIACTU, MiTOXOHAPii, KOMILIEKC
Tonpmxki, eHgomIasMaTuyHa CciTKa, pudOCOMIH,
BaKyoOJIi TOIIO.

Kaitunna perenepanisa BizOyBaeThca Ha
piBHiI opramismy 3a paxXyHOK IOAiJNy KJiTWH,
110 JO3BOJIAE IOBHiCcTIO ab0 YaCTKOBO BimHOB-
JI0BaTU TKAHWHU ¥ opraHu. Tak, pereHeparia
cTae MOTPiOHOIO Micisg TpaBM, 3aXBOPIOBAHD,
3arubesii YacTMHU KJITUH YHACJIiJOK OTPYEH-
HS TOIO. 3ajJeKHO Bif 3amad, AKi Bupimrye
B OpraHiami JIOAWHU IIPOIleC pereHeparii, pos-
pisHAOTL (pisiosoriuny I pemapaTuUBHY pere-
Hepario.

QizionoriyHa pereHepauis

®diziosoriura pereHepanis Ipu3HAUYEHA
IJIs BiZTHOBJIEHHS CTPYKTYP OpraHismy, AKi 3a-
3HAIOTh MHOMIKOIKEHBb Yy XOHi HOPMAaJbHUX Qi-
siosoriuamx mnporeciB. Ile#l Tun pereneparii
y baraThox KMBUX Opra"ismis (y Tomy uywmc-
Ji ¥ JoguHM) BiOYBa€ThCSA HPOTATOM YCHOTO
KuTTaA. Hanpuriaanm, 3a paxyHOK ¢isiosoriu-
HOI pereHeparlii BigOyBaeThcs HOCTifiHA 3MiHa
eIiTesilo KUIIIKOBOTO TPaKTy Ta IIOKPUBHOTO
emriTesito; 1eil caMui MPOIEC € OCHOBOIO OHOB-
JIeHHS ePUTPOIIUTIB KPOBi, Uac iCHyBaHHA AKUX
IOCUTh OOMesKeHMIl uepes3 BiACYTHiCTH sapa
B KJIITHUHi, TOIIO.

Aute iCHYIOTB CTPYKTYPU, ¥ AKUX OHOBJIEHHSA
OIIAXOM KJIITHHHOTO TOMiJy € HEeMOMKJIWUBUM.
Hanpuknaan, BysbKoOcIIeIliajidoBaHi KJiTuHH,
TaKi AK HelpoHHu. ¥ IIUX BUIIaAKAaX pereHepa-
IMisg BigOyBaeThCA IIIJIAXOM IIOCTYIIOBOI 3aMiHU
opraues (€ BHYTPiIIHbOKJIITHUHHOIO).

PenapaTtvBHa pereHepadis

PemaparuBHa pereHepaimisgs po3moYWHA-
€ThbCA y BUIIAAKY IIOMIKOMKEeHHA abo 3arubeJri
CTPYKTYpP OpraHiamy, fAKi He € HaAcCJIiIKOM HOP-
MaJbHUX (pisiomoriuamx mporeciB. Taki momrko-
IKEeHHA BUHUKAIOTH y Pe3yJbTaTi 3aXBOPIOBAaHb
abo TpaBM. ¥ IIbOMY BHHOAAKy 3BUUaiina (isi-

0 KnioyoBga igen

PereHepauito nopinAlTb Ha BHYTPILHbOKMITUH-
Hy (BiiOYBa€TbCA BCEPEnVHI KNITUHN) i KNITUHHY
(BinOYyBa€ETbCA Ha PiBHI OpraHiamy). 3anexHo Big
3afay, AKi BMpIWY€E B OpraHiami niognH1 npouec
pereHepalii, po3pisHatoTb disionoriyHy 11 pena-
paTuBHY pereHepaldiito.

Tema 5. PenpogyKLia Ta PO3BUTOK OpraHismis 333 S

oJIOTiuHa pereHepallisi CyTTEBO IIiACUIIOETHCS
i crTae pemapaTHMBHOIO.

PenmapatuBHa peremepaiiigs Moke OyTH IIO-
BHOIO i HETIIOBHOIO. ¥ BUMOAJKy MOBHOI pereHepa-
il TOIIKOMKeHa TKAaHMHA ITOBHICTIO 3aMiHIOETh-
csAd HOBOIO i THOITKOKEHHSA 3HUKae 6esciigHo.
VY BuUmagKy HEIOBHOI pereHeparrii BiZHOBJIEHHA
GYHKIIA BigOyBaeThCsa 3a PAXyYHOK HABKOJIHIII-
HiX TKaHWH, a caMe MicCIle IOIITKOAKeHHA 3aI0-
BHIOETHCS CIIOJIYYHOIO TKAHWHOIO, AKa (hopmye
pyoelib.

[NaTonoriyHa pereHepauis

VY meaxkux BUIIaAKaX y IpoIlleci perexeparrii
OymoBa Ta (PYHKIII opramismMy BiJHOBJIIOIOTBHCS
3 mopymeHHaMu. Taxky pereHepaliilo HasuBa-
I0Th maToJoriuHoro. BoHa mo:ke BimOyBaTucs,
AKIIO YMOBH, B AKHX pereHeparis IPOXOIUTh,
He € HoOpMaJbHUMU. Hampukjaanm, opraHisam He
OTPUMYE AOCTATHBO MOKUBHUX PEUOBUH, HAABHI
MIOPYIIIeHHA PiBHA FOPMOHIB ab0 HEPBOBOI pery-
adarii, mpuraiveni iMmyHHi peakrmii, cmocrepira-
€ThCsA TiMOBiTaMiHO3 TOIIO.

Y BuUmamKy IaToJIOTiUHOI pereHepariil Bif-
HOBJIEHHS MoO:Ke sarpumyBatucs. Crocrtepira-
€ThCsA BUHUKHEHHS BHPa30K, HECIIPABMKHIX Cy-
ria00iB, KOJIOIZHMX PYOIliB TOIIO.

Came HaCJIIIKOM IIaTOJIOTiUHOI pereHepartii
€ PO3POCTAaHHSA MIiJIBHOI CHOJYYHOI KJIITHHU 3a-
MiCTh HOPMAJBLHOI INKipum Ha Micii ramboKmx
OIiKiB.

@ MpakTyHa poboTa

Bus4yeHHA munie pezeHepayii

1. Po3rnsaHbTe doTorpadii Ta ManioHKM i3 306pa-
KeHHAMYM MpoLeciB pereHepalii opraHiB abo op-
raHiamis.

2. BusHaute Tunu pereHepadii.

3. YKaxiTb, AK MOXHa MOACHUTW HEOA4HAKOBY 3AaT-
HiCTb AO pereHepauii y pi3HUX BUAiB TBapUH.

4. CoopmyntonTe BUCHOBOK.

3annTaHHA Ta 3aBaHHA

1. Ha KOHKpeTHOMy MpuKnagi NoAcHiTb, AK Biaby-
BA€ETbCA HEMOBHa penapatmBHa pereHepauia. 2. Yomy
TaTylOBaHHA HaHeCTW BiAHOCHO Nlerko, a BMBECTW Hap-
3BUYANHO CKNagHo? 3. Y AKuX BMMadkax pu3MK nato-
noriyHoi pereHepauii Moxe pi3ko 3poctu? [na nigro-
TOBKW BiAMNOBidi BMKOPUCTOBYMTE OOAATKOBI Axepena
iHbopMmauil.

225



Tema 5. PenpofyKLis Ta pO3BUTOK OPraHi3mis

§ 109. TpaHcnnaHTaLifa opraHiB

0 [omipkynTe

AKi opraHu Tina NOANHU HaWnerwe niaaalTbCca
TPaHCMIaHTauii Ta yomy?

Q 3raganTe

« 3rapante o [eHOM

e ImyHiTeT « Perynauin

TexHonoria TpaHcnnaHTauil Ta it

npobnemun

TpaHcnmaHTalis — Ie TepecajgKa peu-
mieHTy opraHa abo TKaHWMHU, AKi Oyau B3ATi
3 oprauismy moHopa. Ilepecam:xkyBami opranu
1 TKAaHWUHW HA3WBAIOTh MPAHCNIAHMAMAMU.
TpancnnaHTaligs BUKOHYETHCA XipypriyuHUMHT
MeTOJaMu.

CyuacHa MemUIIMHA MOJKe YCIIIIIIHO 3mii-
CHIOBATH TpAHCILIAHTAIil0 0araTboX OpPraHis
i TKAaHUH JIOOWHU. CepIid, HUPKU, KiCTKOBOTO
MO3KY, JIeTeHb, IIeUiHKU, BOJIOCCHA, IIKipU TOIIO
(man. 109.1). ¥V Bunaary, Koju B OpraHisM JIio-
OIUHU IIOMIIIIalOTh He KMBi opraHu U TKaHU-

Buawn TpaHcnnanTauil

¢d g

Man. 109.1. OpraHu noguHy,
AKi YacTo CTaloTb 06'€EKTOM TpaHCnnaHTauii

HU, a ixHi MexaHiuHi a00 eJleKTPOHHI aHAJOTH,
TaKi IITyYHi aHAJIOTrM HA3UBAKOTh IMNJAAHMAMU,
a caM IIpollec iMILIaHTAIi€Io0.

OcHOBHOIO TIPO6JIEMOIO TpaHCIJIaHTAIlil €
oMoJIaHHS iMyHHOro 6ap’epy. Byab-axi uyki
OpraHy ¥ TKaHWHU iMyHHa CHCTeMa OpraHismy
posIi3Hae i1 moYmHAE aTaKyBaTHU, HaMaram4yuch
BHUMUTU UyKopimHi Kaituau. Ile crae mpuuu-
HOIO 3arubeJsii i1 BiATOPrHeHHA TPAHCIJIAHTATIB.
Hna momepejsKeHHA IIHOTO IIPOIECY JiKapaM
IOBOOUTHLCA IPUTHIUyBAaTH B IIaIieHTa POOOTY

3ajie’KHO BiJ IIOXOMKeHHS TPaHCIJIAHTATA BUIALIAIOTHL KiJbKa BHUIIB TpaHCILIaHTAIlii.

Bupa TpaHcmiaHTaIii

Oco6auBoCTi BUAY TPaHCIIIAHTAILIL

AyTo- PertimienT € noHopom ajis camoro cebe. Ileit MeTox IMIMPOKO BUKOPUCTOBYIOTE ¥ BUTIA/-

TPaHCILIAHTAIl1d KaX mepecajgky IIKipu (0co0IMBO y BUIAAKY OIIKiB, KOJIX IIKiPY 3 HEIOIIKOMMKEHNX
TiJAHOK IepecamsKy0Th Ha MOIIMTKO/KeHi) Ta KiCTKOBOTO MO3KY

IzoTpamnc- JloHOpOM cTae J0MHA, TOBHICTIO iIeHTHUYHA 3a TeHOMOM [0 pertinmierTa. Ile moxanm-

IIaHTaILlig BO B TOMY BUIAAKY, KOJU JOHOP i peIimieHT € MOHO3UTrOTHUMHU OJIn3HIOKamMu. Taxa
TPAHCILJIAHTAI[is MOYKE 3aCTOCOBYBATUCS JJIA ITePECAAKU Oy Ab-IKUX OPraHiB

AnnorpaHc- V¥ poui moHOpa BUCTyIIa€ JIOAWHA 3 TeHOTUIIOM, BIIMiHHMM BiJf TeHOTUIY PeIIUIIi€HTa.

IIaHTaILlid ITeit BapiaHT BacTOCOBY€EThCA HaliuacTiie, 60 f10ro Halileriie peaaidyBaTu MPaKTUUHO.
st momosaHHA IPo06JIeM 3 iMyHHOIO CUCTEMOIO IiA0MPAIOTh TPAHCILJIAHTATH, HA-
6ibIII CXOsKi 32 HAGOPOM aHTUTEHIB Ha OPTaHU JOHOPA

Kcenorpasc- IloHOpOM € He JIOAWHA, a TBApUHA iHITOr0 BuAy. Kpim mpobiiem i3 BiATOpraeHHAM

IJIaHTAIlA TPAHCIIJIAHTATA, I TeXHOJIOTiA BUMarae ypaxyBaHHs MOPAJIbHUX Ta COIiaJIbHUX

aCIeKTiB, 00 BUKOPUCTAHHSA TAKUX TPAHCIIJIAHTATIB MOJKE CyIIePeYUTH MOPAJIHLHUM YU
peJIiriiHuM IMepeKoOHaHHAM JOHOPA

Kiaitunna inxene- | 1[4 TexHosorisa mepenbauae BUIYUYeHHA IOTPIOHUX KJIITUH 3 OPraHi3My caMOTO IallieH-
pid Ta KJIOHyBaHHA & Ta i BUpOIIyBaHHSA 3 HUX IIOTPIOHMX OPraHiB Ta TKAHUH MeTOAaMU KJIITUHHOI iHKeHepil
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iMyHHOI cmCcTeMH! 3a [JOTOMOIOI0 CIeIliaJbHUX
mpemapaTiB. AJie TaKe IIPUTHiUYeHHSA CTAHOBUTD
CYTTEBY 3arposy [IjJsa 3I0poB’s, 00 opraHism
JIOAVWHU CTa€ ypasJWBUM IJId PisHOMaHITHUX
MaTOTeHHUX OPraHi3MiB.

MpuHUMnn 6ionoriyHoT eTKN

TpaHcniaaHTaIlisi TKAHUH i OpraHiB poOUTH
AKTyaJbHOIO IIPO0JieMy 0i0eTUKYM — MOPAJbHUX
aCIIeKTiB 3aCTOCYBaHHS IIUX TeXHOJOrii. OCcHOB-
Hi npuHIUIIN 0i0eTUKM, AKUX 0aKaHO JOTPUMY-
BaTUCA AJIA HEJOIYINEeHHS eTUYHUX ITpodjeM,
3ampoIoHyBau amepukancbki Bueni T. JI. Bi-
yami i k. ®@. Hingpec (1985 p.).

ITpuanuUnU GioeTUKM:

« IPUHIIUII aBTOHOMil (IHAWBiA Mae mTpaBo
POSIIOPAIKATICSI CBOIM 3I0POB’AM);

« IPUHIAII «HEe 3allIKoAb» (BUMAarae MiHi-
MaJsrisarii MmKoau 3a MEJUYHOTO BTPYYAHHA);

- mpuHIuNO 6Jara (Jikap 30008’ A3aHUM 3Mili-
CHIOBATH [Iii, CIPSIMOBaHi Ha MOKpAIIleHHS CTAHy
marieHTa);

« IPUHIIUII CIIPABEIJIUBOCTI (BUMarae piB-
HOTO CTaBJEHHS [0 BCiX IAallieHTiB 1 piBHOTO
JIOCTYIly IO PECYPCiB IJIsi MeJWUHOI TOTIOMOTHM).

BukopuctaHHa 3D-gpyky
Y BiATBOPEHHI TKaHVH Ta OpraHis

Ha mouatky 2000-x pokiB OyJio posmoua-
TO CTBOpPEeHHA TexHOoJoTil 3D-0iompHHTHHTY.
I1sa TexHoOJIOTiA IepenbaYae CTBOPEHHA 00’ €MHUX
MojeJsiefl OpraHiB Ta TKaHUH JKUBUX OPraHisMiB
Ha KJITUHHINA OCHOBi 3 BUKOPHUCTAHHAM METO/iB
3D-npyky.

Ilepmmuii Bramuii ekcriepuMeHT 3 3D-apyKom
oyJsio ipoBegero 2006 pory, Koau AJd KiJbKOX
HalieHTiB HAAPYKyBaJld CEYOBI MixXypu 3 KJIi-
TUH, YTBOPEHUX CTOBOYPOBUMM KJITHHAMU ca-
Mux maiieHTiB. 3apas TexHoJjoria 3D-apykry
JIOMCBKUX OPTaHiB IIPOXOAUTH CTAMil0 KJIiHiY-
HUX BUOPOOYBaHb Ta €KCIEePUMEHTAJBHUX J0-
caimkenb. Iloku 110 BOHA He BIPOBAKeHA

0 Kniouosa iges

TpaHcnnaHTauia — uUe nepecagka peunnieHty
opraHa abo TKaHVHW 3 OpraHi3mMy JoHopa. IcHye
Kiflbka BUWAIB TpaHCnnaHTauii. BaxknueBum acnek-
TOM TEXHONOrii TpaHCMMaHTauil € MopanbHUNR,
MOB'A3aHNIN 3 MOXINBUM BUHUKHEHHAM €TUYHMX
npo6nem. ToMmy BUKOPUCTaHHA L€l TEXHONOTIi Nno-
Tpebye OOTPUMaHHA MPUHLMMIB GiOETUKN.

Tema 5. PenpofyKLuis Ta pO3BUTOK OpraHiamis

Man. 109.2. BigHOBIeHHA XPALLIB NIOACHKOrO Byxa
€ OAHi€l0 3 HaMbINbW rapHO BigNpaLbOBaHUX METOAUNK
3D-ppyKy NIOACbKMX OpraHis

y IIUPOKY MEAWUYHY IPAKTUKY. Y CHimmHi mocJri-
IoxeHHA 3 3D-IApYKY Ta HACTYIIHOI TPaHCILIAHTA-
IIii HaAPYKOBaHOTO opraHa 0yJo IPOBeIeHO IJIA
Ceu0BOT'0 MiXypa, XPsIIliB HOca Ta BYX, IMIKipH,
KicTor Tommo (mas. 109.2).

Y Ham yac TepMiH «OiONPUHTHUHI» BHUKO-
PHUCTOBYIOTH IJA ITO3HAUYEHHSA KiJbKOX pPiB3HUX
TexXHoJIoriil OioApyKy. 3ajeskHO Bing obpamHoi
TeXHOJIOTil APYK TKaHWUH i opraniB Ha OiompuH-
Tepi MOJKe 3IiMICHIOBATUCS 3 BUKOPUCTAHHAM
(OTOUYTIUBOTO TipoTesio, cHoelliaJabHOI pigu-
HU ab0 IIOPOIIKOBOI0 HamoBHIOBaua. HasaBHicTh
KiJTbKOX pi3HMX TeXHOJIOTi#i IoB’sdA3aHA 3 THUM,
10 OpraHiaM JIIOAWHU MiCTUTH PisHi TMOU TKa-
HUH, KOKHA 3 AKUX MOTPedye 0COOJIMBUX YMOB
3D-npyry.

Ilepimuit Komepiifinuii OiompuHTEp O0YyJI0
crBopero 2014 poxy. Bin He nmpusHaueHUH I
CTBOPEHHS OPraHiB s TpaHCILIaHTallii. AJe
TKaHUHU ¥ OpraHuW, AKi MOYKHa BUTOTOBUTHU
3 [IOIIOMOIOI0 IILOTO MPHUJIAAy, BUKOPUCTOBY-
I0Th (papMalneBTUuYHi KomnaHii. Bouu Bumpobo-
BYIOTh Ha TaKWX HAAPYKOBAaHUX OpraHax CBOI
HOBi mpenapatu. Ile cyTTeBO MpUCKOPIOE aHATI3
mpemaparTiB Ha 6e3IeYHiCTh Ta 3AeIIeBJII0E IXHE
BUPOOHUIITBO i BIIPOBAAKEHH.

QBaI'II/ITaHHﬂ Ta 3aBOaHHA

1. Ha KoHKpeTHOMy npuKknagi MOACHITb, YoMy nif
Yyac TpaHCMIaHTauii opraHiB HaBiTb Bif HaNGAMKUMX
poanyiB MOXNNBO BUHUKHEHHA Npob6siem 3 iXHIM npu-
XuBneHHamM. 2. Yomy Tpeba po3pobnatn i po3BuBa-
Tn TexHonorii 3D-gpyKy noacbkux opraHis? 3. Y AKMX
BMMNaAKax palioHanbHO BUKOPUCTOBYBATU KCEHOTPaHC-
niaHTauilo, BPaxoByun gyxe CUIbHY peakuito iMyHHOI
CUCTEMWN Ha aHTUFeHM iHWWX opraHiamie? [na nigro-
TOBKM BiAMOBIAI BMKOPWCTOBYNTE AOAATKOBI Axkepena
iHbopmaLii.
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OCHOBHI NONOXeHHA TeMun «PenpoayKuUia Ta pO3BUTOK OpraHi3miB»

Tunun HecTaTeBOro PO3MHOEHHA

Tumn XapakTepucTugKa
Ilomin Pospminenns maTepuHChKOI KJIITUHY Ha ABi Ta GijbIile TouipHix
BpysbkyBaHHS YTBOpeHHS HOBOTO iHAMBIAY 3 BUNIMHY (6PYHBbKM) Ha Tiji MaTepUHCHKOI 0CO-
OuHU
dparmeHraiisa Pospginenns Tina 6araToKJIITHHHOIO Oprauismy Ha aBi a6o OijbIlle yacTUH

Po3amHoOKeHHSA criopaMu YTBOpeHHSs CIOP — KJITHUH Ta iXHiX rpy1 (y rpubiB), 1110 IPUCTOCOBAHI A1

TMOIIUPEHHSA I BiATBOPEHHST MaTePUHCHKOI 0COOMHYI

Po3MHOKeHHA 3 yTBOPEHHAM
creniajgizoBaHnX 0araToKJi-
THHHUX CTPYKTYP

YTBOpeHHs 0araTOKJiITHHHUX CTPYKTYP, 110 IPUCTOCOBAHI [JIA MONIUPEHH S
¥ BiATBOPEHHSA MaTepUHCHKOI ocoOuHU (TreMyiu, craTobacta, isuaii To1o)

BereraTuBHe po3MHOKEHHA VY TBOpeHHA HOBUX OCOOMH 3 BereTaTUBHUX OPraHiB Tija (3BUUYAHUX IIaroOHiB

i KopeHiB, 6yJIb0, MUOYJINH, KOPEHEBUII], BYCiB TOIIIO )
Tunun cTateBoro PO3MHOXEHHA

Tun po3MHOKEHHST Oco6INBOCTi OyTOBU CTATeBUX KJIiTHH

Izoramis YosoBiui i1 »KiHOUYi ramMeTu 34aTHI [0 PyXy Ta MaiOTh OJHAKOBY GOpMY i po3Mip

Amnizoramis YosoBiui i1 »KiHOUi ramMeTu 34aTHI 10 PyXYy, BOHU MAIOTh CXOKY hopMy,
aJie pisHuUit posmip (*Kimoui 6isbIri 3a po3mipom)

Ooramisa YouoBiui # sKiHOUi TaMeTn MaOTh PidHY (opMy ¥ poamip. o pyxy smaTHi juiire
YoJIOBiUi rameTn

BusHaueHHA cTarTi
Mporamue XpomocomHe Eniramne
3aN1eXNTb Bif TUNY ANLEKTITUHN 3aneXuTb Bif, XPOMOCOMHOIO 3aNeXunTb Bifl YMOB PO3BUTKY
(konoBepTKN) Habopy ramer, WO 31M1BalOTHCA (6oHenis, Kpokoaws, XBOLL)

FannogunnoigHe
3aneXuTb Big Toro, UM byae 3annigHeHa
ANLEKNITUHA (640N, Mypaxu)

Cncrema XY
Q XX; & XY
(ccaBui)
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foHocomHe
3aNeXnTb Bif CKnagy cTtaTeBMX XPOMO-
COM Y rameTax reTeporameTHOI CTaTi

Cucrema X0 Cuncrema ZW
2 xx; & xo Qzw; 4 zz
(TapraHu) (nTaxu)

AyTtocomHe
BM3HAYAETbCA KOMOIiHaLli€0
anenis ayTocom (Oeaki pocnivHm)

Cucrema Z0
Qzo0; 8 zz
(moni)



[ameToreHes y KBiTKOBUX POC/INH

3

Munak Mikpocnopu

fameToreHes y ccaBLiB

c0 @ ol Ue%ﬁ

MaTtouka Meracnopu

lameTn TBapuH

Cnepmato30ip ccaBuiB

Crapin AKpocoma
PO3MHOMEHHA
o \ XsicT
E . /
= X
loniBka
©O© Wwniika \
¢ Crapia pocty ¢
o Bynosa anuekniTMHN
Crapia 0 OBonna3ma
O O 703piBaHHsA g
(7]
@ ®© ©®©® =
o MonAapHi
9 ()) 9 o TinbuA osTKoBa
Cnepmatosoian AnueknitnHa 060/10HKa
Cragia ¢opmyBaHHsA
flppo
Ocob6nuBi Gopmn PO3MHOMKEHHS
Tun 3BigKM 3’ ABIAETHCA HOBUM iIHIUBIT
ITaprenorenes 3 HesaIIigHEeHOI ANIEKIIITHHNI
ITemorenes I3 TKaHMH 3apoJKa MaTePUHCHKOI 0COOMHU
Amnoramis I3 ranmoigHMX KJIiTHH cTaTeBUX OPTaHiB (aje He raMerT)

AnsenTuBHA eMOpioHia

Heorenia

Etann embpioHanbHOro po3BUTKY

3uroTa Crapia 2-x Crapia 4-x

Cragia 16-x

6nactovepis  6nactomepis  Onactomepis

Cragia 32-x
6nactomepis

I3 comaTnyHUX KJIITUH cCTaTeBUX OPTraHiB

3i cTaTeBUX KJIITUH MaTePUHCHKOI 0COOMHM, IIT0 AO3PiBAIOTh HA CTAMil JUUMHKYI

bnactyna MouaTok yTBO- lactpyna
PeHHA racTpynu

HepBoBa nnactnHka

EHTOpEpPMa

MopoXKHNHa NepBUHHOT
Henpyna KULWIKN
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Y3aranbHiooui 3aBAaHHA 3a TeMaMu ANA iHAUBIAYaNbHOI 1 rPynoBoi po6oTu

3aBfaHHA 0o TeMn «biopisHOMAHITTA»

3aBmaHHA MJaA iHAUBiZTyaJdsHOI PoOOTH

1. KnacugikyiiTe i1 BuU3HaAUTe cHUCTeMaTUYHE
TOJIO}KEeHHA B CHUCTEeMi OpraHiuHOTO CBiTY OIHOTO
i3 3amrpOMOHOBAHWX BUAIB: MYXOMOD YE€PBOHUII,
BeIMinL Oypwuii, MINIEHUIST TBEPIA.

2. CKIagiTh XapaKTepUCTUKY OAHi€el i3 3ampo-
MOHOBAaHUX TIPYH OpraHismiB: Bipycm, OakTepii,
apxei, eykapioru.

3. CkiamiTh XapaKTepUCTUKY 3a BUIOBUMU
KPUTEPiAMU OJAHOTO i3 B3aIpPOIOHOBAHUX BUIiB:
JIOCh, TOPOOEeIb TTOJBOBUM, JTUCUILA, KOJTOPAAChKUA
JKYK, Oinuii rpub, MyKop, Ay0 3BUUYAMHUI, KapTO-
IJIA, IIWIINTAHA, COCHA 3BUYAMHA.

4. TlosAcHiTh, AK PisHi BUAW TPUPOIOKOPUC-
TYyBaHHA MOYKYTbH BILJIMHYTHU HA CTAH T'e€HETUYHO-
ro, BUJOBOTO Ta €KOCHUCTEMHOT0 0iopisHOMAaHITTA.
IIpencraBTe CBOIO BiANOBiAL y BUIJIALI TpE3eH-
Tamii.

5. CTBOpiTH IIpel3eHTAaIlil0 HA OLHY 3 TeM, BU-
OpaBIIU BU, TIOIIIUPEHUH y BAIlIOMy PETiOHi, Ta 3po-
0iTHb JOIIOBiMh 3 BUKOPUCTAHHAM Ifi€l ITpeseHTaIrii:

a) Bun-kocmomoutiT Ha TepuTopii YKpaium;

6) PemikToBuii Bux Ha Tepuropii Ykpainu.

3aBaaHHA I pPo6OTH B rpymax

6. CkjaagiTe MOPIBHAJBHY XapaKTEPUCTUKY
JIBOX T'PYII OpraHi3MiB Ta mpezacrasTe ii y BUTIALL
npeseHrarnii. I'pynu oprauismiB Ajid IOpiBHAHHA:
OMHOKJITUHHI 1 6araToOKJIiTUHHI eyKapioTu, apxei
i 6akrepii, romoHaciHHi ¥ MOKPUTOHACIHHi, Tep-
BUHHOPOTi I BTOPUHHOPOTI.

7. CrBopiTh mpesenTaiiito «IcTopis imBasii»,
y AKifl onmmmIiTh iHBa3il0 KiJILKOX BUAIB Ha HOBY
TEepUTOPit0 (KOKHUI UJieH IPyNu ONUCY€E iHBa3iro
OKpeMoro BHUAY), Ta 3po0iTh AOIOBiAL i3 BUKO-
pucraHHaM I1iei mpesenrarii. IuBasia moke OyTu
AK II0B’A3aHOI0 3 AiAJLHICTIO JIOAWUHM, TaK i Bif-
OyBaTucsa 0e3 aHTPOIIOTEHHOI'O BILIUBY.

TeMu HaBUAJIBHUX IPOEKTIB

1. 3xilicHeHHS OIIHKM CTAaHY MicIleBOl BOmOMi-
MHu MeTomaMu OioiHgmkarii (3a Makpoditamu Ta
MaKpO3000eHTOCOM).

2. BusaB/ieHHA Ta MOHITOPUHT IOIIHUPEHHA iH-
BaBiflHUX POCJINH, 0e3XxpebdeTHUX TBAPUH HA TEpPU-
TOpii MicIleBUX €KOCHUCTeM.

3. BuBueHHsA cTaHY iHTPOAYIEHTIB Y 3€JIeHUX
HacalKeHHAX HaceJeHOr'o NYHKTY, MikpopalioHy,
HaBYAJLHOI'O 3aKJany.
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4. BuBUeHHA OCHOBHUX T'PYI OAHOKJITUHHUX
Ta KOJIOHIaJIbHUX BOJOPOCTEH MiCIIEBUX BOJOMM.

5. Ominka crany moBiTps maHoi MiciieBocTi
MeTOAaMHU JIiXeHOiHAMKAIIii.

3aBAaHHA 0O TeEMU «ObMiH peyoBUH

i NnepeTBOPEHHA eHeprii»

3aBaaHHA A iHAUBiOyaJasHOI poOoOTH

1. JIo aKuWX HACJHIAKIB AJA JIOAUHU MOKe
MPU3BECTH HecTaya B paljioHi cmoayk Pepymy?
Ax MmosxkHa samobirtu Takiii Hecraui? CriaazgiTs
BimmoBimHI pekomeHpaIlii Ta mpeacTaBTe ixX y BU-
TaAAl mpe3eHTAaIrii.

2. CkiaazmiTh cxXeMH eHEepPreTUYHOTo OOMiHy
OIS KJIITUH — NIpeACcTaBHUKIB (hOTOABTOTPODHUX,
XeMOaBTOTPO(PHUX i reTepoTpoHUX OpPraHisMiB.
CkIamiTh IIepeslik PUC CXOKOCTi HJIS BCiX TPHOX
TUIIB KJITUH i 0COOMMBUX PUC KOMKHOTO 3 ITUX
BapiaHTiB.

3. Ilicna cmoKmMBaHHA aJKOTOJBHUX HAIOIB
BMICT eTaHOJIy B KPOBi JIIONWHU CIIOUYATKY 3POCTaE,
a IMOTiM IOCTYIOBO 3HMKYeThcA. IloAcHITE, AKUM
YMHOM OPTraHi3M JIIOAWHU 3HUMKYE BMICT eTaHOJY
B KPOBi i1 YoMy B Pi3HUX JIIOfiell Ieli mpoIlec Bif-
OyBaeThbCca 3 pisHoi0 MmBUAKicTIO. CKIamiTh mepe-
JiK HeraTMBHUX HACIIAKIB IIiABUINEHOTO BMicTy
eTaHoJy B KpoBi Joguau. CBoi BUCHOBKHU Ta IXHIO
apryMeHTaIlil0 IIPeJCTaBTe Y BUTJIAL Ipe3eHTalrii.

4. BubepiTh KibKa copTiB MiHepaJabHOI BOIU
i mpoaHanigyiiTe IxHI# ckJazx, yKazaHuil Ha eTu-
kKetxkax. CopmytioiiTe it OOIPYyHTYHTE PEKOMEHIA-
mii o0 BKUBAHHA ITUX COPTiB BOAU OJIsA JIOAEH
3 pPi3HUMU NOPYUIIEHHAMYU OOMiHY PEYOBWH UM 3a-
XBOPIOBaHHAMU TPaBHOI ab0 BUAIIBbHOI cucTeM (3a
Bamrum BubGopowm). IlpencraBTe Bamri pesyJsbTaTu
y BUIVIAAL Ipe3eHTAIlil.

5. CkJazmiTh mpaBuja IOBENiHKU B YMOBax
BUCOKOTip’d (32 YMOBU HU3BKOTO IIaPIiaJIbHOIO THC-
Ky KHUCHIO) Ta MOZaiiTe iX y BUIVIAAI IIpe3eHTAIlii.

3aBHaHHA OJs Po0OTH y rpymax

6. CriuaniTh TOPiBHAJNBHY XapaKTEPUCTUKY
piBHUX TpPyn TOKCUYHUX CIOJYK (TOKCUKAHTIB
i TokcuHiB) Ta mopatiTe il y BuriAngi mpeseHTarii
(KO'KHUI yYaCHUK I'PYHU Ma€ IIPE3eHTYyBaTU OTHY
3 IPYII CIOJYK).

7. Po3pobiTs Kinmbka cTpaTeriii mpaBUILHOTO
XapuyBaHHA JIA Pi3HUX YMOB (DisMUHOrO Ta eMo-
IiTHOTO HaBaHTaYKeHHA (KOMKHUUN YYaCHUK I'DYIU
Mae IIPe3eHTYBATU OJHY 31 CTBOPEHUX CTpATETiit).



3aBAaHHA 0O TeMU
«CnaaKoBICTb | MiHIUBICTb»

3aBaaHHA A iHAUBigyaaprHOI poOoOTH

1. OGrpyHTyiiTe TBEPAMKEHHS IIPO Te, IO I'eHOo-
TUII JIOJWHY € I[1JIICHOI0 iHTETPOBAHOIO CHUCTEMOIO.
CBol BUCHOBKU Ta IXHIO apryMeHTaI[il0 IIPeCTaBTe
y BUIJISAL IIpeseHTaIii.

2. YV Tpomiunux isicax AQPUKHU KUBYTH ABi
rpynu mirmMeiB — ILJIeMeH, MPeACTABHUKU SAKUX
MalOTh HU3BKHU 3picT. AHaji3 reHOMYy HIpecTaB-
HUKIiB OJlHi€l 3 MUX Ipyn BUABUB, IO IXHIA HU3B-
KU 3picT 3abesmeuye KOMILJIEKC I'eHiB, KOMKHUI
3 AKMX Ma€ MYTAaHTHUU BapiaHT, BigMimHUI Bin
BapiaHTa IHOTO TeHa Y JIAeH HOPMAaJbHOTO 3poc-
Ty. AHanis reHoMy iHmIoi rpynu mirmeiB BUABUB,
10 Ieii KOMILIEKC TeHIB Y HHUX TOYHO TaKuii, K
i y gromeil 3 HOpMaJIBLHUM 3POCTOM, i MyTaHTHUX
BapiaHTiB reHiB He MicTUThL. 3ampPoOIOHYHTEe Ta 00-
I'PYHTYHTe rimore3y, sKa MOSCHIOE Ieil (akT, Ta
IpeAcTaBTe CBOIO BiATIOBiIb ¥ BUTJIA] Ipe3eHTAIli].

3. CkimamiTh pomoBoau jofeit, AKi mpoisro-
CTPYIOTH OCHOBHi THUIIM yCHAAKyBaHHS O3HAK (II0-
BHEe Ta HENOBHE [IOMiHYBaHHA, KOJOMiHyBaHHA,
ayTOCOMHO-pelleCBHEe Ta ayTOCOMHO-IOMiHaHTHE,
3UeljieHe, 3UellJieHe 3i cTaTTio), Ta ImpejcTaBTe ix
Y BUIJIALL CXeM.

4. BUKOpPUCTOBYIOUM KOHKPETHI NpuKJIagu,
HOPiBHANTE MOHOTEHHEe Ta IIOJIireHHe yCHa KyBaH-
HA 03HaK y JioauHu. lIpeacraBTe cBOI0O BiAmOBiabL
y BUIVIAAL Ipel3eHTAIlii.

5. BuUKOpuCTOBYHOUNM KOHKPETHI HpPUKJIALH,
CKJIAJiTh NOPiBHAJNLHY XapaKTEPUCTUKY Pis3HUX
cnoco0iB BU3HAUEHHsS CTaTi Ta momaiite ii y BuU-
TSl mpeseHTAaIrii.

3aBHaHHA O Po6OTH y rpymax

6. IlpoamamisyiiTe ImO3BUTHBHI Ta HeEraTWUBHi
acnekTu npodisakTuku ¥ Tepamii cragkoBUX 3a-
XBOpIOBaHb JIOAWHU, Pe3yJbTaTU MOAANTEe y BU-
ISl mpeseHTAaIrii.

7. CkmamiTh TmepesiK YMHHUKIB, AKi 3yMOB-
JIIOIOTH 3MiHY TeHEeTUYHOTO CKJIAAY IOMyJAIllii, Ta
HOKaKiTh 0COOJMBOCTI iXHBOI Aii Ha KOHKPETHUX
mpuKJIafax (KOXKHUN YYaCHUK IPYHU Mae€ IIpe3eH-
TyBaTH ONUH i3 UMHHUKIB).

TeMu HaBUAJHHUX ITPOEKTIiB
1. T'eHeTUUHUIT MOHITOPUHT Y JIOICHKUX CIILIb-
HOTax.

>

2. CKpuHiHr-IporpaMu A8 HOBOHAPOIKEHUX.
3. l'enorepania Ta ii mepcIeKTUBH.

3aBgaHHA oo Temn «Penpopykuia
Ta PO3BUTOK OpPraHi3miB»

3aBmaHHA AJA iHIUBiZyaJasHOI po06OTH

1. IToscHiTh, YOMY HicJs MOIIKOIKEHb IIIKipu
Ha Hifl MOXXYTB yTBOpIOBaTHCA PyoOIi (1rpamu)? Uu
MoOlKe JironmHa mo30ytucs mrpamis? CBoi BucHO-
BKH Ta IXHIO apryMeHTallilo mpeJcTaBTe ¥ BUTJIALL
mpes3eHTAIril.

2. Yu moromKyeTecss BU 3 TBePIKEHHAM, IO
MaKCUMAaJbHA TPUBAJIICTH sKUTTSA JIIOAUHU BXKe J0-
CATHYTa i MOMKHA IiABUINYBATH JIUIIE CEPETHIO
TPUBAJICTh JKUTTA JIOAUHN? APryMeHTyHTe CBOIO
TOYKY 30DY.

3. TBapuHU, AKi MaOTh BEJIUKY TPUBAJIICTH
JKUTTs, BUPOOMJIM HU3KY MeXaHisMiB, AKi mo-
mepeyKaloTh PO3BUTOK Y HUX OHKOJOTIUHHMX 3a-
xBopoBaHb. CKJIAAITh IEpesik TaKuX MexaHisdMiB,
3po6iTh Ta apryMeHTYHTe IIPOTHO3 IOA0 MOXKJIM-
BOCTi IXHBOTO 3aCTOCYBaHHA y MPo@iJaKTHUIIL OH-
KOJIOTIiYHMX B3aXBOpPIOBaHb JoauHu. lIpemcrasre
CBOIO BiJIIOBib Y BUTJIAAI ITpe3eHTAIlii.

4. TloscHiTH, AK BILIMBAa€E CIOCIO JKHTTA Ha
¢dopMyBaHHS JIOACHKOTO OPTaHi3My Ta PEIpOayK-
TUBHEe 3M0poB’sa. CKIaZiTh mepedaikm @QaxTopis,
AKi MMOBUTUBHO ¥ HETAaTHWBHO BIJIMBAIOTh HA HUX.
IlpencraBTe CBOIO BiANOBiAL y BUTJIALI Tpe3eH-
Tarii.

5. CkIamiTe xapaKTepUCTUKY BipyciB, Bipoi-
IiB i mpioHiB Ta momaTe 11 y BUTJIALI IIpe3eHTAaIril.

3aBmaHHA s poOOTH y rpymax

6. IIpoamasisyiiTe 6iosoriuHi Ta comiaabHi ac-
MEeKTU PeryJAlii pO3MHOKEeHHSA JIOAUHNA Ta IOoJai-
Te CBOI0 TOUKY 30Py Ha II0 IIpo0JieMy y BUTJIAIL
mpes3eHTAIril.

7. CKJamiTh CIOMUCOK THUIIIB POCTY KUBUX OP-
raHidMiB Ta IOKaXKiTh IXHi 0COOJMBOCTI Ha KOH-
KPeTHUX TPUKJIAAAX i 3a €IMHOI0 CXeMOI0 (KOKeH
YUYaCHUK TPYIU Ma€ IIPe3eHTyBATU OAUH i3 THUIMIB

pocrty).
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MpeaMmeTHNN NOKaX4NK

3D-6ionpunrTUHT 227

3D-apyr 227

-OKMCHEHHA *KUPHUX KUCIOT 86
SAR 29

X-xpomocoma 132, 202
Y-xpomocoma 132, 202

Aﬁio'mtnmﬁ KOMIIOHEHT 4
Ascrpauiiiceke mapcrso 40
Astoniz 73
Astorpohpu 53
AepobHe nuxanHa 84
Axnimaruzamia 42
AxTuBHUI TpaHcnopT 54
AxrusHuii nearp 80
Agnanroic 210
Augens gukoro tuny 124
Anens 124
Annorpanciianraiia 226
AgnomerpuuHmii Tumn pocry 221
Augocrepuuna peryasamnis 81
Anpbyminu 62
AsnbTepHaTUBHUM ciiaiicuar 89
Arnbda-pisHomanirra 20
Awme6030i 29
Awminoigzu 160
Awvinoanmi-TPHK 90
Awmiroz 178
Awmuion 210
Awmuioru 39, 210
Awmoppei 28
Avmnigikamis 123
Ampi6ii 38
Awmpibracryna 207
Amnabonism 52
Amnaepobue guxanus 82
Amnanis pesyabratiB gocaimgkenas 12
Amnanisyioue cxpemyBanua 125
Anawmuii 38, 210
Amnadaza 171
Aneymioigia 172
Amnizoramia 188
Awnrennuit Komiieke 94
Antunopr 54
AmntouneporoBi 31
Amntponoreseruxka 147
AHTponoreHHo-3MiHeHE
cepenosuine 6
Anoramia 199
Amnomikcuc 195, 198
Amnortact 57
Arnoniroz 179
Apxkrorea 40
Apxei 24, 26
Apxemnatugu 29
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Acrapmapxei 28
Acuminamnia 52

Acku 190

Ackocriopu 190
Ayrocomu 202
Ayrorpancnianrania 226
Ayrodaronuros 73

BaI"aTOKJIiTI/IHHi TBapuHU 36
Basugianbui rpubu 34
Basugii 190
Basugiocmopu 190
Bakrepii 24, 26
Baxkrepiopogoncun 98
Baxkrepiodpar 153
Baxrepioxsopodin 98
BeskucHeBuil (AHOKCUT€HHUH)
dorocunTes 98
Besmunigma 201
Besxuopodinbauit poTocurTes 98
Besmienensi 38
Bera-pisaomanirra 20
Binarepanpua cumerpia 36
Binku 48
Binapuuit mogin 162
Bioreorpagia 21
Biosoriuna eruxka 227
Biosoriuna ingukaiis, a6o
Gioimgukamia 22
Biosoriuna Homenkaarypa 14
Biosoriuna cucrema 4
Biosoriuna minHicTh IPOAYKTY
xapuyBaHHa 50
Biosoriune pisHomaniTTsa, a6o
6iopisnomanitrTsa 20
Biosorisz 2
Biopisnomanirrsa 20
BiornuyHuit KOMnoHeHT 4
Bioximiunwnit merog 146
Biomenos 4
Baacromepu 206
Buaacromucra 207
BausuokoBuit Mmeton 146
Bpoxinaa 83

Bapianil‘/’ma KpuBa 141
Bapianiiiamii pag 141

Bererarusue posamuoykenns 182, 186
BesukynsapHuit tpascoopt 55
Bsaemonis anmenis 128

Bug 18

Bugu-aBitinuku 19

BugoyrBopenns: 145

Busnauenus crati 194
Bigginu-kaugugatu 25

Bigcagka 187

BikoBa cTpykTypa momyamnii 142

Bipion 152

Bipoinm 161

Bracrusocri sxuBoro 3

Buyrpimne samrigaenasa 197, 200

BryTpimHbOKIITHHHA
pereHeparia 224

BHYTPINIHbOKIITHUHHE TPABICHHS 72

Bopcunku 76

Bpogskennii imyriter 156

Berasni kaTeropii 17

Bropunni sizocomu 73

BropunHi crareBi osnaku 188

Bropunnopori 37, 208

Byriesogu 48

Iamern 165, 182

T'amerorenes 190

Tamerodir 30

T'amma-pisHomanitTa 20

Tamnoiguuii Habip xpomocom 165

Tactpynania 208, 212

Tenikasu 119

Temiszurora 124, 133

T'emormo6in 64

Temomnimpa 60

Temodinia 149

Temomiauia 65

Temyma 185

Ten 120,124

Teneanoriunuii metox 146

T'eneparuBHuii mepiog 204

T'eneparuBui myTanii 138

T'eneruka moguuu 146

T'enerura 122

T'eneruuna Kapra xpomocomu 131

T'eneruune KoHCyIbTYBaHHA 149

Temernunnit kog 90

T'enu, 3uemteni 3i crarrio 132

T'enna Tepania 181

T'enni saxBoproBanHa 149

T'enni myranii 139

Temom 121

T'enomHui 3axBOopoBaHHs 148

T'enomui myTanii 139

Tenorun 124, 134

Tenodonyg 143

T'eorpadiune (asomaTpuyse)
BUJOYTBOpeHHA 145

T'epmadgponutusm 203

T'ereporamerHa cratb 132

T'ereposurora 124

T'ereposuc 136

Tereporioigiss 139



Tereporpodhu 53
Tiopug 125
Ti6pugonoriunmii anamis 125
TigaTomu 109
TigpobaxTepii 27
Tigporimpa 60
Tiakrosi 32
Timepocmoruuna ocmoperyaamnia 106
Tinoguuamisa 223
TimoocmoruyHa ocmoperyJsiia 106
Timoresa nmoxomKeHusa Bipycis 158
Tinoreza 8
Ticrouu 130
Tipu 34
Tnikorenes 102
Tnikoniz 82
Tnobyninu 62
T'meroBi 32
Tonanrapxkruune mapcteo 40
Tonapkruune mapcrso 40
ToniBka cnmepmarosoiga 192
TonoBoxopaoBi 38
Tonosoiine xuBiaeHHa 70
Tonmonaciuui pociuau 32
TomeosucHi reun 211
T'omeocras 6, 52
T'omoramerHa crate 132
T'omosurora 124
T'opusonTanbHE

nepeHeceHHs reHis 159
Topmonu 222
I'pubomnoni6ui opranismu 34
Tpyauuit nepiog 218
I'pyna suenenna 130
T'ymopanbHa peryndamnia 7
T'yrania 109
feHnep 203

I[aBHi bakTepii 27
Hanpronism 149

HOBomonbHi 33
HesaminyBauHa amiHOKucaOoT 87
Henarypamis 92
Herpuroparu 70

Huribpunsae cxpemniyBanusa 125
HusurorHi 6siusHoku 146
Humioigauit Habip xpomocom 165
Hucepramia 12

Hucuminsania 52
Huckobnacryna 207
Hudepenniamis kaitur 220
Hudepenniamisa TkaHUH
Hudysia 54

Huxanbui mirmentu 64
Hiamaysa 221

Hiadoperuru 29
HOHK-rexHosorii 143
Hobposikicui nyxnauau 223
HosrosxureasctBo 219
Homen 24

HowminauTHi myTamnii 138
HominyBanusa 128
Hocnimxenua 10

Hpeiid renis 144
IOpobuenus 206, 212
HOpyre putuacTBO 218

EKBauiﬁHHﬁ moxin 175

Ex3sorenHi pakropu 222

Exson 120

Exsonuros 55

Exosoriune (cumnaTpuuse)
BUOYTBOpeHHA 145

ExoJsioriuse nporaosyBanusa 23

Exosoria 2

Exocucrema 4, 40

ExckaBatu 28

Exckperu 104

Exckpemnia 104

Excnepument 8

ExcrpakopnopasibHe 3amrigaesasa 215

Exromepma 208

EJIeKTPOHHOTPAHCIIOPTHU A
(nuxanpHUR) JaHIor 84

Enemenrapsi aktopu eBosiorii 144

Emonramia 90

Emb6piorenes 206

Em6pionanbHa ingykmia 211

Ewm6pionansuuii mepiog 204, 212, 218

Em6pionanbHuUit po3BuTok 212

Em6pionansai cToBOYpOBi
kaituau (ECK) 214

Emo0pioTexnosorii 214

Ewmo6pioditu 30

Emnipuuni gocmimkenus 8

Engemiku 41

Enporenni pakropu 222

EugomiTos 173

Engociepm 197

Enporniuros 55

Enepreruuna minHicTh IPOAYKTY
xapuyBaHHa 50

Enepreruuynuii oomin 52

Enronepma 208

Emicras 135

Eyapxei 27

Eykapiotu 24

mHBeHB 187

Husnenna 70

JKurreBuit nuka Bipycy 154
Hurresuit uka kiaituaun 166
Hurresuii muka 216

BaB,Z[aHHH mocaimkenasa 10

3arajabHU MOHITOPUHT 22

3axoHn 'ekkenss — MroJgepa
(Gioremernunmii 3akon) 211

3aKOH He3aJIe;KHOTO KOMOIHYBaHHS
CIagKoOBUX Oo3HAK 127

MpeameTHNi NoKaXunK 33 SR

3aKO0H OTHOTHUIIHOCTI ribpuaiB
IepIIoro MOKoJMiHHA 127
3aKOH POBIIENJIEHHS CIaAKOBUX
O3HAK y HamaAkKiB riopuga 127
3axon Xapai — BaiiuGepra 144
3akoH uyncroTu ramer 126
3axonu I'. Meugens 126
3aaumikose Tijbie 73
Samnigaenas 196, 200
3apoakosi auctku 208
3apoakoBi 060m0HKU 39
3apomok 206, 212
3axBOPIOBAHHS, 1[0 I€PEAAIOTHCA
craTeBuM msaxom 219
36anancoBaHe xapuyBaHusa 50
3BopoTHa TpaHcKpumiia 118
3BopoTHE cxpelryBaHHA 125
3eneni samosu 105
3urora 196, 200, 206
3no0gakicHi nyxauau 223
3oBHimIHe 3amriguenasa 197
3oBHIiIIIHE TPaBJIeHHS 75
3pinwmii Bixk 218
3pigicte 204
Buemuteni rean 130
3s0pa 66

IBOI‘aMiﬂ 144,188
Isomerpuunwmit Tun pocry 221
Isorpancmianramnia 226
ImnnasT 226

Immnanramia 226

ImynHMii 6ap’ep 226
IuBasiiiauii Bug 42

IuBagia 42

IuBenrapusamis 22

IngykoBani myramii 138
Tmimiamia 90

Iakybamifiauii mepiox 156
IarepBas BapiroBanua 141
Iarepdasa 166
IaTpakopropasbHe 3amaigHenas 215
IaTponykoBauuit Buxg 42
Iarponykuia 42

Iatpon 120

Icrununit repmadponutusm 203

Kancuxg 152

Kancomep 152

Kancoeke mmapcrso 40

Kap6remornob6ian 64

Kap6okcuremorso6in 64

Kapiokines 170

Kapiorunn 131, 164

Karabomism 52, 82

Ksitka 33

KucueBuii (OKCUreHHUIT)
dorocunTes 98

Kaaguctuka 16

Knitunna inkenepia 181, 226
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Kaitunnaa perenepamis 225
Kiaitunue nuxanusa 82
Kaituaauit rpascoopr 54
Kaitunsi kynasrypu 180
KaounyBauua 184
KomominyBanua 128
Komou 90
Koayroua ginmsaka 120
Komb6inarusua minnusictes 136, 176
Kommiaementapuicts 134
Kowu’toramisa 6axkrepisi 163
Kow’rorarisi romosioriunmx
xpomocom 174
Kow’rorania 136, 194
Kourpamenmia 201
Koudepenmia 13
Kounenmis sugy 19
Kompodaru 71
Koprukanbsua peakiis 200
Kocmomonitu 41
Kodepmentu 80
Kpurepii sxkurtss 2
Kpurepiit Bugy 19
Kpurnusi nepiogu possutky 213
Kpos 60
Kposonocua cucrema 60
Kpocunrosep 131,174
Kpocosepna ramera 131
Kcenorpancmianramnis 226
Kcunema 58

JIaTeHTHI/Iﬁ nepiox 204
Jlereni 67

Jlucromaxg 109
JInumaka 210
Jlizocomu 72

Jlimigu 48

Jlimorenes 103
Jlimomporeinu 62
Jlokiapxei 28

Jlokyc 124

MaKpOCI/ICTeMaTI/IKa 25
Maxkpodinbai pociuan 31
Maussmiriesi Tpy6ouxku 105
Maremarnyna 06po6Ka gauux 9
Marouka 191

Matpuunuii cuaTes 88
Meracmopa 191

Meguuna regetuka 147
Mesogepma 208

Meitos 174,194
Mencrpyanbuuii muxka 193
Mera gocaimxenua 10
Meraboaism 52
Meraboniuna inyxenepia 113
Mera6oniunnmii maax 80
Merarenomuuit ananis 25
Meramopdos 216
Meraunedppunii 104

234

Meradaza 171

Mertoy 6itkoBoro enexkrpodopesy 143

Mertoau renetruxku 123

Mirpania 144

MikpoBopcuaku 77

Mikpocmopa 191

MikpodinbHi pocanan 31

Mikcorpodpu 53

Miunusicts 123

Miorso6ia 64

Mirtos 170

Minemniit 34

MuosxunHuM anexisam 128

Muosxkununii moxin 184

MogpenroBanus 9, 146

Mopudikarmii 140

Moaudikariiina minausicts 140

MonexkynapHO-TeHEeTUUHI
mapkepu 123

MosuiTopunr 22

Momnorenna osuaka 134

Mowuori6puaue cxpemryBaaua 125

Monorpadia 12

Mownosurorsi 6ausaoku 146, 207

Monocomisa 139

Monodineruunuii Takcon 16

Mopdoresnu 211

Myxkogiciumos 149

Myrarensi pakropu 139

Myraniitna minnausicts 136

Myramia 138, 144

HaﬁyTI/Iﬁ imyniter 156
Hanpasnenuii pakrop 145
Haciauna 32, 206

Hacinni pociuan 32

Hayka 8

HayxkoBa Teopia 8

Hayxkosuii 3BiT 12

Haykosi TBopu 12
Haykomerpuuna 6a3a gjanux 13
Heanenbui rean 134

Heiipyna 211

Heiipynamia 211

Hexopayoua ginsaka 120
Hekpos 178

Hexkpodaru 70
Henanpasieununii hakrop 145
Heo6mesxenuii pict 220
Heorea 40

Heorenia 199

Heotponiuue mapcrso 40
HenoBue nqominyBanusa 128
Henogue apo6aenna 207
Hepsosa peryasamisa 7
Hepenensosaui TBopu 12
HepiBuuit kpocunrosep 177
Heposxomxenusa xpomocom 176
Hecnagkosa minnusicts Bipycie 137
Hecnagkosa minausictes 136

Hecnpa:kui rpubu 35

Hecrarese poamuoskenna 182, 184

Hepporu 105

HenukaiuHuii IOTiK €1€KTPOHIB
(Z-cxema) 95

Hupxku 105

Hopwma peaxnii 140

Hororea 40

Hyxkieinosi kucioru 48

Hyxkneocoma 168

Oﬁ’eKT mociaimxenas 10
ObmerxeHuii picr 220

O6miH peuoBuH 52
OxguomonbHi 33

OxucHe pochopunoBanusa 85
Oxcuremoryiobin 64
Ontorenes 204
OuroreHeTnuHa MinauBicts 136
Ooramia 188

Oorenes 191, 193

Ooronizt 191

Oomur 191

OnepaTuBHUM MOHITOpUHT 22
Omnepon 120

Omicroxkoutu 29
OrmocepeKoBauuii 38’ 130K 4
Opranorenes 208

OpromiTos 173
Ocwmoperyasiis 106

Ocmoc 56

OcmoTuyHuMit TUCK 56
OcmoTpodHe KuBIeHHA 71

Haﬂeorea 40
ITameorponiune mapcrso 40
ITanmopori 31

ITapasuruyne )KuBjeHHa 71
ITapacekcyanbHuii mporec 195
ITapadineruununii rakcou 16
ITaprenorenes 195, 198
ITacuBHuii rpanconopt 54
Ilatentr 12

ITarosoriuna pereueparia 225
ITegoreumes 198

ITenerparmia 200

IlepBuHHi gidocomu 72
ITepBuHHi cTaTeBi osHaku 188
ITepBunrnopori 37, 208
Ilepiog HemoBasaTu 218
Ilepioguunwmii pict 221
ITepite gurunacTBo 218
ITeuinounuku 31

IMunax 190

ITigmitkoBuit mepiog 218
ITinomuros 55

Ilnasma kpoBi 62

Ilnasmoxii 35

IlnanyBauua gocaimxenuas 10
ITnacTuunwuii oomia 52, 88



IInaynu 31

Ilnamenra 212

ILnreBpomiTos 173

ILneiiorponia 129

IIneue xpomocomu 131

IInig 212

IToBue nominyBanusa 128

IloBHe npobnenna 207

Ioxsiitine samaiguenns 33, 197

IToxin 184

TlosakmiTuHHE TPaBIeHHSA 74

ITozaagepua yacruna resomy 121

IToxkpuBHUKU 38

IlokpuToHaciuHi pociuau 32

ITonermiena nupysia 54

Iloniri6pusnue cxpemnyBanua 125

IToniembpionia 189

ITomimepasu 119

ITosrimepasHo-JIaHIIOTOBA peaKIid
(ILJIP) 123

ITonimepia 135

IlonimepHi rean 135

IMominmoimgia 139, 172

ITonipu6ocomu (mmosicomu) 91

ITonidinernunuii rakcon 16

Tlonynsauiiina reneruka 143

IMonynamitiai xBuai 144

ITonynamifiHo-cTaTUCTUUHU A
meron 146

Ionynsamia 142

Ilopo:xHMHHE TpaBIeHHA 76

ITopymenus 3aniguesaa 200

Ilopymenus Ko’toramii xpomocom 177

IlocrreneparuBHmMii mepion 204

ITocrembpionanbuuii nepiox 204, 218

ITocrembpionanbHMHE po3BUTOK 216

Ilocrrpancasaniiiai mogudikamii 93

IToxwuamii Bik 218

IIpeGioTuxku 79

IIpereneparuBHuii nepiox 204

IIpenmer mocmimkenus 10

IIpencraByieHHA pe3yJIbTATIB
mocaimkenHs 12

IIpenpunt 12

IIpupom:xeni Bagu 148

IIpupoaHa cucreMa *KUBOTO cBiTy 14

IIpuponsue sanniguenus 196

IIpupoaue cepenosuiie 6

IIpupomuuii nobip 144

IIpucriakoBe TpaBieHHA 76

IIpiorn 160

IIpoGanx 147

IIpoGiotuku 79

IIpo6iema gocaimxenaa 10

IIposiszopui opranu 210

IIpoagykT peakiii 80

IIpokapiotu 26

IIpomoTop 120

IIpomoprii Tina 221

IIpoctuii sxurreBUit uKa 217

ITporeoapxei 27
ITporeocomu 73
IIporuBipycHi Bakuuau 157
IIporuBipycHi npenapatu 157
ITporonedpuzaii 104
ITpoasza 171

IIponecunr PHK 88
IIpamwii 38’ A30K 4

IIpsamuit posButoxk 216
ITceBmommasmonii 35
Ilcunoru 31

ITraxu 39

ITynoBuna 212

Pa,/:(iaﬂLHa cumerpia 36

Pagianpuwnii (61usbKuMitl) Tpancnopt 57

Panue gutuacreo 218

Peaxnitinuii neatp 94

Perenepania 224

PerynaropHa ginaaxka 120

Perynaropaunii neatp 81

Perynsania 222

Penykuiiaumii momin 175

Peintpoayxiis 43

Pexombimarmia 194

Penaryparisa 92

PenaparuBHa perenepanisa 225

Pennikamia 118

PenpoayktuBaa megunuua 215

Penpoaykmis 182

Pentunii 39

Penensosaui TBopu 12

PenecusHi myrarii 138

Pubu 38

PubGocomu 91

Pubynosobichocharkapbokcuiaza
(RuBisCo) 97

PiBui oprauisamii sxkurtss 5

Pict 220

Pomosixg 147

PosButok 3 meramopdosom 210

Po03BUTOK 3 HETTOBHUM
nepeTBopeHHAM 216

PosButok 3 neperBopenaam 216

P03BUTOK 3 TOBHUM
nepetBopeHHAM 216

Possutox 220

PosmuokenHsa Oyapbamu 186

Po3MHOKEeHHSA BUBOIKOBUMY
6pyabkamMu 186

Posmuosxkenna sycamu 186

PosmHOKeHHSA KopeHeBuiamu 186

PosmuoxkenHsa cuopamu 185

Posmuokenusa nmudynunuamu 186

Cal"OBHI/II{OBi 32
CanporpodHe xuBieHHa 70
CgitsioBa dasa porocuntesy 94
CekBenyBanusa [JHK 123
CepepgoBuirie icuyBauus 6

MpeameTHNi NoKaXunK 33 SR

CeprioBUAHOKJIITUHHA aHeMis 149
CecTpuHChKi xpomatugu 170
CumbioTpo(ue sxuBieHaa 71
Cumniact 57
Cummnopt 54
Cungpom Hayuna 148
Cunzgpom Exsapaca 148
Cungpom Knaitadenbrepa 148
Cungpowm JlexxeHa

(CMHAPOM KOTAYOro Kpuky) 148
Cungpowm ITaray 148
Cunzapowm IlleperieBcbKOro —

Tepuepa 148
Cucrema 4
Cucrematuka 14
CuronoxaibHi Kiaituau 59
Curononi6Hi Tpyoku 59
Cibecu 147
Cim’anux 191
CraagHuii »KuTTEBUM muKa 217
CnusoBuxku 35
Comarnuni kiaiTuaun 165
Comarnuni myTarii 138
CnazkoBa MiHauBicTh Bipycis 137
CroagkoBa minauBicte 136
CnagkoBi saxBopioBanHA 148
Croagkosicts 123
Cuepmarorenes 191, 192
Cunepmaroroniii 191
Cnepmarosoix 191, 192, 196, 200
Cuoepmarorur 191
Cmuraicuar 89
Cnonranui myrarii 138
Cnoporenes 190
CnopoyTrBopenHs 163
Cnopodit 30
Crocrepe:xkennsa 8
Cupas:kHi rpudu 34
Cupas:kui moxu 31
Cupas:kHi TBapuau 36
CcaBmi 39
Crapeuwnii Bix 219
Crapiaua 204
Crapicts 219
CrareBa CTPpYKTypa monyJasamii 142
CrareBe nospiBanna 219
CrareBe po3smHOKeHHsA 182, 188, 194
CrareBuii mporec 182, 189
Craresi 3asosu 192
Craresi kaituau 189
CrateBi xpomocomu 132, 194, 202
Craro6sact 185
Crarra 12
Cratp 188
CroBOypoBi kaituau 209, 214
Crpec 7
Cy6cerpar peakiii 80
Cyb6crpatu merabosismy 52
Cy6crpatHe hochopuioBanaa 82
Cynunu Kcujaemu 58

235



CypunHi pocauaum 31
CymuacTi rpubu 34
Cynepkancun 152

TaRCOH 16

Takconomiuna iepapxia 17
Taxkconomis 14

Tesu 13

Temodasa 171

TemuoBa (asa dporocunTedy 96
Temm pocty 220
TeoperuuHi gocaimxenua 8
Teopis myraniit 138
Teopis crapinusa 219
Tepatorenes 213
Tepminatop 120
Tepminamia 91
TeppobakTepii 27

Tinsue Bappa 148

Tinpme 73

Tonoizomepasu 119
TorunorenTHicts 207
Tpaucaykmia 137, 194
Tpauckpuniia 88, 118
Tpancaania 90, 118
Tpaucmoipania 58, 108
Tpaucmiaauramnis 226
Tpanchopmania 137, 194
Tpaxei 66

Tpaxeigu kcuaemu 58
Tpucomia 139

Typropuuii Tuck 56

Vuinopr 54
VYcenagkyBaHH,
s3aje)kHe Big crati 133

darorpodhu 36
darorpodHe KuBIeHHA T1
daromuros 55

dakT 8

daxTopu eBosrortii 144
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dayna 21

daynictuusni napcrea 40
Deninkeronypia 149
Denorun 124
depmenTaTuBHUM Karamiz 80
Depmentu 80
digiosioriuna pereneparnis 225
®dinorenerura 17
dijoreHeruune gepeso 17
ditoropmonu 222
djoema 58

djopa 21

djyopuctuuni apcrea 40
Donginr 92

@DoHOBUI MOHiTOPUHT 22
dopmu KUATTA 3

doroxnis Bogu 94
dDorocunTes 94
@orocucremu IiII 94
dororpohu 53
dorodochopunoBanua 95
®parmenTanis 184

XapqOBa IMiHHiCTH
NPOAYKTY XapuyBauaa 50
Xapuosuii paion 50
Xsict crtepmarosoiga 192
XBoiini 32
XBomri 31
XemocunTes 100
Xemorpou 53
Xubunii repmadpogurusm 203
XwumepHi oprauismu (xumepu) 214
Xuopodin 94
Xopga 38
Xopposi 38
Xopes 'anriarrona 148
Xopion 210
Xoywminr 214
Xpeberri 38
Xpomaruza 131
Xpomarun 168

Xpomocoma 130
XpomocoMHa Teopisa

cuoagkoBocti 130
XpomocomHi 3axBopoBaHHa 148
Xpomocomui myTanii 139

HapCTBa 40

ITeno6nacryna 207

ITenTpanbHa forma
MOJIeKyJIApHOI 6iosorii 118

ITearpomepa 131

Iukn KaneBina 96

IMTuxsx Kpebca 84

ITuKJ TpUKapOOHOBUX KUCJIOT 84

ITuknivyaMil MOTiK esleKTpoHIB 95

ITuroreneruunuii merox 146

IMTurokines 170, 172

ITurorasmaruysni myramii 138

qaCTOTa anens 145
YepryBauus nokoains 217
YucenbHicTh monyadAmnii 142

IHaHepOHI/I 92
ITuitika ciepmaTosoiga 192
IIryuna cucrema

JKuBOrO cBiTy 14
IIryune sanriguenasa 196
IIryune cepenoBuiie 6

HIEIIJIBHHH 187

HlineHicTh momynamii 142

IOBeHiJILHI/II'/'I eran 204
IOnanpkuit nepiog 218

ﬂuepHa yacTtuHa remomy 121
Anepui myramnii 138

fdeura 192

Aeunux 191, 192

ditne 39

AtinexaitTuna 191, 192, 196, 200



IMeHHUIN NoKaXKYnK

AHLH, Cmanr 28
Apucrorens 14

Be’rcon, Binpam 122
Bosgepi, Teomop 130

Buaiinsepr, Bitsrensm 143, 144
BuHnorpaacekuii,

Cepriit Mukousaiiopuu 100
Biscon, Exsapg Oc6opu 20

Faﬁ,z:yae}c, Kapnaror 161
T'ekkens, Epuer 2, 14, 211
TepurensoH,

Cepriit Muxaitiosuu 119

H{axoﬁ, ®dpancya 81

IBaHOBCBKHﬁ,
Imurpo Mocunosuy 152

RaJIBBiH, Menasin 96
Komnenn, 'ep6epr 15
Kopenc, Kapn 122
KopxuncbrUii,

Cepriit IBanoBuu 138
Kpeb6e, Xauc Agonsd 84
Kpik, ®@pencic 118

JIaB,m}coﬁ, Tomac 20
Jlamapk, JKau Baruct 2
Jliunueit, Kapa 14

MEH,Z[eJIL, I'perop 122,126
Miryesn, ITitep 85

Momno, #ax 81

Moprau, Tomac Xautr 130
Miosep, @pir; 211
MrouxrayseH, Orro pon 14

Herc}cep,

Hoens Kosed ne 14

HOHTeKOpBO, T'sizo 195
Paitr, coroan 143

CaﬁHa, Emnn 28
Carron, Bonrep 130
Cromep, PoGepr 203

yaﬁ’r’reﬁxep PoGepr 15
Yromues,
Osexcanap Muxaitmosuu 77

(I)imep, Ponanpn 143
dpis, Xyroge 122, 138

Xapai, Tonppi 143, 144
Xoapeiin, Mo 143

Yepmax, Epix 122
YeTBEpUKOB,
Cepriit CepriitoBuuy 143

JlopaTok A0 NpaKTU4HOI po60oTn «PO3paxyHOK OCHOBHOroO 0OMiHy i BnacHoi
A060BOI BUTpPATW eHepril, CKNajaHHA Xap4yoBOro pauioHy» (c. 51)

KanopinHicTb feaknx NpoayKTiB Ta BMICT Y HUX OiNKiB, XKMpiB i Byrnesogis

Rinpkicts y 100 r npoaykTy

IIpoaykT Xxap4yBaHHA KA
Hexupua amoBuunna | 123
Hexupua cBunuHA 121
Kyparuna 124
Camo 924
SAiug (oxue aie 551) 86
Kopos’siue Mmos0K0 36
Kucie monoxro 62
Cup (HesKupHUit) 88~

98

Hexupuuii itorypt 50
Cup TBepauUit
(45 % xupy) 382
Bepirkose maciio 747
CmeTrana
(30 % scupy) 300
COHAIITHUKOBA 0JIid 900

Hi

tsoriont 362
Maxaporu 358
Mansna kpymna 326
Puc 360

27,5
0,7
2,7

8,7

9,6
11,3
7,5

Rinbkicts y 100 r npoxykTry

WM~ Byrie- IIpomykT XapuyBaHHA kKA ﬁ.i,n- mu-  ByrJe-
piB, T BoOmiB, T KiB, T piB,r BOXiB, T
3,5 0,6 IIyxop 408 — — 99,8
6,3 0,4 Xi6 sKuTHIT 251 6,3 0,9 4,3
4,5 = Cyxapi 372 9,9 2,3 75,5
100 — Binmorauanna kanmycra | 24 1,3 0,2 5,4

6 0,3 Kapromnsa 76 2,1 0,1 17,1
0,1 5,1 MopxBa 42 1,1 0,2 9,7
3.3 4,2 Oripgu 15 0,9 0,1 3,4

0.1- TomaTHU Cik 19 0,9 0,1 4,3
1’,2 4 Abpuxocu 53 0,9 — 11,1
1,7 5,2 Banauu 98 1,3 = 22,8
T'pymri 58 0,4 — 13,6
28,3 | 2,2 Maugapunmn 43 0,8 0,3 10,9
80 0,8 ITepcuku 45 0,8 0,6 11,8
CmopoamHa 57 1,4 9,4 13,9
30 3 Yepernrs 60 1,1 0,4 | 14,6
99,8 — A6nayxa 60 0,4 = 13,3
Bousioceki ropixu 652 15 64,4 15,6

0.8 | 781 Dynayx 668 12,7 60,9 18

1 75,9 Men 303 0,64 — 75,4
0,7 71,6 Ponsuuku 267 2,3 0,5 66,2
1,9 77,4 IlToxomnan 542 4,5 29 63,1
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SHANOMCTBO 3 HiflPYUHUIKOM .eveeeererernnnneeeeeeeanns 3

Tema 1. Bctyn

§1.
§2.

§3.
§4.
§5.

§6.

Biosioriss Ta exosorig. ®opmMu KUTTA ...... 4
Biosoriuni cucremu.

PiBHi opramisamii KUATTA ..oovvvererinerennnnnn, 6
CepemoBuilie KUTTS.

TTOHSATTS TOMEOCTABY wvvveenreerenneeennneeeannnns 8
Hayka Ta HaykoBWiI MeTOH Mi3HAHHI...... 10
IIpuanunu nianyBaHHA 0i0JOTiYHOTO

Ta €KOJIOTIUHOTO JOCJIiIKeHHSA

Ta HAYKOBUN METOJ IiBHAHHM «eeeerrreeannnns 12
Amnajis Ta nmpeacraBiieHHA
pe3yabTaTiB HAYKOBUX AOCHiIKEHb......... 14

Tema 2. biopizHOMaHITTA

§7.
§8.
§9.

§10.
§11.
§12.
§13.
§14.
§15.
§16.
§17.
§18.
§19.
§ 20.
§21.

BiosoriuHa CHCTEMATHKA ..vveeereeeennneennnnns 16
CTBOpPEHHS CHCTEeM JKMBUX OPraHisMmis..... 18

Bupg ax 6asoBuil TaKCcoOH

CYYACHOT CUCTEMATHKM +euurrerrnnneeannnesanns 20
BiopiBHOMAHITTA ..vvvernriniineininneeennnernnnnes 22
Hocaimxenua O6iopisHoMaHiTTA............... 24
CyuacHa cuCTeMa KUBOTO CBITY ..c.covenn.. 26
TIpOKapiOTHYHI OPTaHIBMM..uueenreenneennennns 28
CyuacHa cucreMaTHKa €yKapiorTiB........... 30
HaseMHI POCTHHM c.uvvviiiiiiiiiinneniieeeennnnns 32
PisHomaHiTHiICTP HACIHHUX POCJIHUH ......... 34
T'pubu Ta rpubomonibui oprauismu ......... 36
12107020 2 RO PPt 38
AHaMHII Ta aMHIOTH....ccevviviiiiiiiininnnnnen. 40
Exocucremiue 6iopiBHOMAHITTA «.vvvvveennnnn. 42
SMiHU OiOPIBHOMAHITTH .cevverrrnnerennnerannnns 44

OcHOBHI moJio}KeHHs TeMu «BiopisHomaHiTTA» ..47

Tema 3. O6MiH peyoBUH
I NepeTBOpPeHHA eHepril

§22.
§23.
§24.
§25.
§26.
§27.
§28.

§29.
§30.

238

Opraniuni Ta HeoprauiuHi croayku, Heob-
XiAHI IJIA OPTraHiBMiB «vvvvvreiiiieeieiineennnnns 48
ITorpeba JdOOUHU B peyoOBUHAX

i XIMIUHIX €IEMEHTAX c.evrernernnernnennnenns 50
I 24 = ToTo B i <3 R 52
KaitTuHHENI TPAHCIOPT PEYOBUH .....ccoee... 54
TpaHCIIOpTHA CHUCTEMAa POCJIUH:

CUMILJIACT 1 AIIOTIIACT .evvvrernneenneenneeneennes 56
TpamcmopTHa cucTeMa POCIUH:

MPOBIAHI THAHMHM . .evveeerernerrereeeennnaeennnns 58
TpascnopT PevYOoBWH y TBapWH.

KpPOBOHOCHA CHCTEMA vvvvnrernnnneennneennnnns 60
TpamcopT PevYoBUH y IIJIa3Mi KPOBIi ....... 62
TpancmopT rasis

Y KPOBOHOCHIMl CHCTEMi...cevvveevunerennnennnns 64

§31.

§32.

§33.
§34.
§35.
§36.

§37.
§38.

§39.
§40.
§41.
§42.

§43.
§44.

§45.
§46.
§47.

§48.
§49.

§50.
§51.
§52.
§53.
§54.

§55.

Hagxom:xkeunus rasis

IO OPTAHIZBMY TBAPHH .eevvvrrreeeneeeannaeennns 66
Hagxom:keHHs rasiB Ta MOMKUBHUX

PEUYOBUH A0 OPraHi3miB

POCIHH 1 TPHUOIB cuevrnerrnirnniinniinnennneannenns 68
Tunu reTepoTpPOGHOTO *KUBJIEHH ... ........ 70
BHYTPIITHBOKIITUHHE TPABICHHST ........... 72
ITosakgiTuHHE i 30BHIIIHE TPaBJIEHH ..... 74
IToposxHUHHE Ta TPUCTIHKOBE

TPABJIEHHST +uuveerenneeeenneseennseasanssssnnasenns 76
TpaBiaeHHS B TOBCTOMY KHUIIIEYHUKY........ 78
depmenTu. Perynsamisa

METAOOTIUHIX IIIIIAXIB vvrenneeeeneeeannaasnnns 80
Amnaepobui mpormecu

€HEPreTUYHOIO OOMIHY +evvvrrreenineerennenennns 82
AepPOOHE MUXAHHT covevrerreeenineeeenneeeennaenns 84

Kara6osism »KUPHUX KHCJOT,
aMiHOKHMCJIOT i HiTPOreHOBMiCHUX

OCHOB «teuuuteeanneeeenneeeensesesnnseesnnssesnnasennns 86
BiocunTes 6inKa.

Tpauckpuniia i npounecunr iPHK .......... 88
BiocunTes 6inka. TpPaHCHAIIA.cuveeenneennnn. 90
ITocTTpancaamniiine

IO3PIBAHHA OITIKIB vevvvrrrrinneiennneeeenneennnns 92
dDorocuuTes. CBiTI0BA ($A3a vovvvveerennnn... 94
dDorocunTes. TeMHOBA (DABA..cccuveeeneennnn. 96
dDoTocuHTE3 Yy IIPOKAPiOTiB.

Ilnanerapue 3HaueHHA (DOTOCUHTESY ....... 98
XEMOCHHTEB vvveereeeeennnnnseesssessannnsessacens 100
YTBOpeHHA TIiKOTEHY.

BiocuuTes JIiZiB covvvreeeiiiiiiiiiiinnneennnn. 102
BUIITIEHHA ¥ TBADHH «vvveeinnerennneeannnenns 104
OCMOPETY AT e eeureeennneeesneeeeenneeannneens 106
BUIIIEHHA ¥ POCTHH cvvvrennerennneeannnenns 108
Poap BupinenHs y miaTpuMaHHI

TOMEOCTABY +eveeennnnnnaeeeesessnnnnnesseeesannnns 110
Bs3aemo03B’ 130K MeTa0oIiuHIX

i1 124 1 O 112
OOMiH PEYOBUH 1 €HEPTil...ccevveveeeennnnnn. 114

OCHOBHIi TOJIOMKEHHS TeMU
«O0MiH peuoBUH i IIePeTBOPEHHS eHepriir..... 117

Tema 4. CnapgKoBICTb i MiIHNMBICTb

§56.

§57.
§58.

§59.

§60.

lnaxwu nepegaui imdopmarrii
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