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AKNPALIIOBATU 3 NIAPYYHUKOM?

KAUTTA! AKMMKM NpeKkpacHMMU N OUBHUMW € oro npossu! fK AMBOBWMKHO
NOEAHYITLCA Yy BiocucTeMax NepepBHICTb | HenepepBHICTb, CTaBiNbHICTb | 3MIHHICTb,
JOMiIHaHTHe N peLecrBHe, YOnoBiYe Ta XiHouye, MO3UTUBHe 11 HeraTuBHe. Bce ue
NOPOJXKYE 3AaTHICTb 4O CaMOOpraHisauii n pyxy Bnepeg.

Migpy4YHUK MICTUTb TEOPETUYHWIA I NPAKTUUYHWUIA MaTepian, Wwob 3auikaBuTu Bac,
MOTVBYBATK, BKa3aTu Ha HEOOXiAHICTb Mi3HaHHA deHOMEHY XUTTA, NOro Hai3aranb-
HiLWKX 3aKoHOMipHOCTeN GYHKLiOHYBaHHA Ta 30epeXeHHs B CyYaCHUX YMOBaX eKo-
NOTIYHOT KpU3K.

Y uboMy NigpYyUYHUKY, AK i y MONepefHix, 3MiCT FPYHTYETbCA Ha 3acafax NPOAYKTUB-
HOro BMBYEHHA Gionorii i3 3acTocyBaHHAM KOMMNETEHTHICTHOro nigxoay. MNigpyyHuk
Ma€ Ha MeTi He NuLLe HaJaTy TeoOPeTUYHI 3HaHHA. BiH JonomoXke BamM Yy NPOAYKTUBHI
1 TBOPUIN JiANbHOCTI Ta OPMYBaHHI CTaBNIeHHA O HAaBKOMULIHbOTO CBITY.

Martepian nigpyyHvka nopineHo Ha Temu N okpemi naparpadu. OCHOBHMUMMU
yacTrHaMmu naparpadis NiApyYHUKa € TaKi pybpurKn.

: BcTynHa yactmHa MmictuTb enirpad fo naparpada, pyopukn «OcHoeHe
& noHamms (i Knwo4yoei mepmiHu», «lpuzadaiime!», «3Haltiommecsa!»,

«Y ceimi yikasozo», «HosuHu Hayku», «[Tomipkytlime!», a TakoX intocTpa-
TVBHI 3aBAaHHA, BBiAHI BMpaBW, KNacn4yHi eKcnepumeHTy ansa ¢opmyBaHHA MOTMBaLiT
[0 HaBuYaHHA. Kpim TOro, mogaHo 3aBAaHHA, KOMbOPOBI iNMCTpauil, BiIgOMOCTI npo
UBY Npupoay, KPOCBOPAMW.

z «3MICT» MicTUTb mMaTepian Ans 3aCBOEHHS N GOPMYBaHHS 3HaHb, YMiHb,
HaBMYOK, CNOCOBIB AiANbHOCTI Ta NepeKoHaHb. Benukumn nitepamm crHbo-
ro Konbopy sugineHo OCHOBHI MOHATTA, wo opraHi3oByloTb HaNBaXI-
BiLLY iHbOpMaLito, a ManMy CUHIMM NiTepamin — KINKYOoBi TepMiHU, WO y3arasbHIoTb
neBHY YacTuHY iHpopmaLii. OCHOBHI NOHATTA 1 KIOYOBI TEPMiHN € 060B'A3KOBMMMU
[ANA 3anam’ATOBYBaHHA Ha BigMiHY Bif NMOHATb, NojaHux Kypcusom. Matepian «3mi-
CTy» NOAINEHNI HA YaCTUHW, A0 AKMX NOJAETbCA 3anNUTaHHA, a B KiHUi — y3aranbHio-
BaJ/IbHUI BUCHOBOK.

@ «AIAJIbHICTb» micTuTb MmaTepian ana ¢opmMyBaHHA CNocobiB NPOAYKTUBHOT
W‘ LiANbHOCTI, PO3BUTKY TBOPYOT aKTUBHOCTI 1 4OCNIAHNLbbKNX YMiHb, 34iNCHEH-

HA MiKNpeaMeTHUX 3B'A3KiB Towo. Llen matepian cnyryBaTvime 3MmiLHEHHIO,
NornMobNeHHIo, PO3LUMPEHHIO 3HaHb LUAAXOM CaMOCTIMHOrO BMKOHAHHA 3aBfdaHb Ta
CTBOPEHHA BNAaCHUX OCBITHIX NPOAYKTIB, AKUMWN € NpoeKmMu, MAatoHKU, pUCYHKU, 8U-
CHOBKU, 00C/iOXeHHs, 3006yma iHghopmayis, npeseHmauis, 8/1acHi pekoMmeHOayil Towlo.
Y Ui YaCTUHI HaBOAATLCA TEMU MPOEKTIB, TBOPUi 3aBAAHHA, Mi>XKNPeaMETHI 3aBAaHHA
«bionoria + ...» Towo. AnAa popmyBaHHA NPAKTUYHUX N AOCTIAHULbKUX YMiHb NOJaHO
npaKkTN4Hi poboTn, AOCNiIAHMLbKI 3aBAAHHSA | NabopaTOPHI AOCTigXKEeHHS.

g «CTABJIEHHA» micTntb 3aBdaHHA AnA GOpPMyBaHHA CBITOrnAQy, nepeko-

* "2y HaHb, eMOLiNHO-OLiHHMX HOPM LOAO NPUPOAMN, XKUTTA, HAYKKM, CYCNiNbCTBa

Ta BNIAaCHOro 340poOB'A.

~ «PE3YJIbTAT» MicTUTb 3aBAAHHA 1 3aNMUTaHHA A1A 3aKPiNiIeHHA, KOHTPOJIO

o M KOpeKuil 3HaHb Ta CaMOOLiHIOBaHHA HaBYaNbHOI AiAnbHOCTI. BoHn nopa-
I0TbCA 3 MOCTYNOBUM YCKTagHEHHAM Ta i3 3a3Ha4YeHHAM PiBHA iXHbOI cKnaa-
HOCTi 1 OLiHKM B 6anax.

Micns KOXHOI TeMY NOJAETbCA MaTepian nig pyopurkot «Y3arasibHEHHs 3HaHb».
[ns nepeBipKM SAKOCTI 3aCBO€EHHA MaTepiany Temu B pybpuui «CaMmOKOHTpOsb
3HaHb» NPOMOHYTbCSA 3aBAaHHA y dopmaTi 3HO.

Lupo 3udumo 8am ycnixia y HaB84aHHiI U 30ilicHeHHI 8/1aCHUX
iHmenekmyaneHux 8iokpummis!

AK NpautoBaTi 3 NigpyYHNKOM?




§1.

XXl cmonimms — cmonimmas 6iosoeii.

13 pezontoyii FOHECKO

MBDKAUCUUNNIHAPHI 3B’A3KU BIOJIOTTi TA EKONOTIi

OCHOBHIi NOHATTA 1 KNto4voBi TepmiHu: BIOJIOTIA. EKOJIOTIA.

Mpuraganre!

Momipkyiite!

JOMOMOroto 6i0N0riYHNX 3HAHb?

3MICT

LLlo Take Gionoria 1 ekonoria?

MNpobnema — uUe cCKnagHe 3aBfAaHHs, WO noTpebye
PO3B'A3yBaHHA, ane Noro Cnocoom i MOXNUBUIA pe3ynbTaT HeBigo-
Mi. Po3B’A3yBaHHA HayKoBUX Npob6sieM NPUBOAUTL [0 HayKOBMX
BIAKPUTTIB. AKi XX npobnemu noanHN MOXyTb OyTK po3B'A3aHi 3a J

1
SL

Yomy XXI cTonitTa € cTonitTam 6ionorii?
[BapuATb neplue CTONITTA — Le CTONiTTA 6ionorii, Wo NpunWNo Ha 3MiHy cTo-

nittio ¢ismkn. BIOJIOTIA ctana He nuwe dbyHAAMEHTaNbHOW HAYKOK NPO Xumms 8
ycCix (1020 Np0oABAX, @ M YaCTUHOIO NIOACLKOT KYyNbTYpPW 1 AYXOBHOCTI CyCNiNbCTBa, WO
CYTTEBO BIMIMBAE Ha BCi ranysi gianbHocTi nioguHu. CyyacHa 6ionoria — ue cuctema
Hayk npo xutta, npo bBIOCUCTEMW. bionoriyHi BigKPUTTA reHeTUYHOro KoAy, Mexa-
Hi3MiB LITYYHOrO CUHTE3Y, peKombiHaLil 1 nepeHeceHHA reHis, 6iocnHTe3y 6GinkKiB,
CTOBOYPOBMX KNITUH 3[aTHi 3MIHUTU MeOUYUHY, CilbCbKe 20cnodapcmao, Npomuc-
nosicmes (i 0XOpoHy npupodu Ta 3abe3neunTn po3B’A3yBaHHA rnobanbHUX Npobnem
noacTBa.
OCHOBHUMM HanpAMamu Cy4acHMNX 6i0NOriYHNX BOCNIAKEHD €:

BMBYEHHA MeXaHi3MiB perynauii npoueci Ha BCiX piBHAX OpraHisauii »X1UBoro 3

MEeTOI0 Mi3HAHHA 3aKOHOMIPHOCTEN XUTTA;
BMBYEHHA 3aKOHIB iCHYBaHHA Ta PO3BUTKY
6iochepn 3 MeTO BCTAHOBJIEHHS rApPMO-
HIMHUX BIOQHOCUH MiX Npupodol Ta Cy-
CMiNbCTBOM;

JOCTiIKeHHA BioNoriyHMX Npouecis 3 me-
TOI KOHCTPYIOBaHHA Ha iX OCHOBi HOBUX
BGiONOriYHMX N TEXHIYHNX CUCTEM;
BMBYEHHA BMJIMBY YMOB KOCMOCY Ha opra-
Hi3M AnA 3'ACyBaHHA MexaHi3MiB aganTauii
YKMBMX ICTOT A0 Ai1 KOCMIYHNX YNHHVIKIB;
JOCNigKeHHA  6ionoriyHux npoueciB i
00’€EKTIB 3 METOI BUKOPMWCTAHHA 3HaHb

OcHOBHi rno6anbHi npo6nemu
nioAcTBa

. FeononimuyHi (npobnemu BiNHM i

MUPY, TepOpU3MYy)

. EKonoziyHi (3MeHLWweHHs 6iopi3Ho-

MaHiITTS TOLLO)

3. AemozpadiuHi (Hanpuknag, 3mi-

Ha KinbKOCTi HaceneHHs 3emi)

4.

CoyianbHi (Npobnemn 0xXopoHu
3[10POB’A, OCBITY)

. EKoHOMIiYHi (eHepreTnyHi, cnpo-

BVHHIi, NPOJOBObYI)




ans 6ioTexXHONOoriYHOro BMPOOHKMLTBA NiKiB, XapuyOBUX MPOAYKTIB, CUPOBUHMY,
BVMIKOPWCTaHHA COHAYHOT eHeprii, 00yBaHHS eKOJIOriUHO YMCTOrO NanvBa, efekK-
TpOeHeprii, OXOPOHW NPUPOAM, BU3SHAYEHHA MOXINBOCTEN BUKOPUCTaHHA Xap-
YOBUX NPOAYKTIB 3 reHeTUYHO MoANdIKOBaHNX OpPraHi3miB;

6) JOCNiAXKeHHA MexaHi3MiB AiANbHOCTI MO3KY 3 METOIO Mi3HaHHA 3aKOHOMIpHOCTEN
perynauii npouecis MUCNEHHA, NaM’'ATi, eMOLi TOLWO;

7) BMBYEHHS MEXaHi3MiB CralKOBOCTi 1 MIH/TMBOCTI 3 METOI PO3POBSIEHHA MEeTo-
[iB PaHHbOrO [iarHOCTYBaHHA Ta BUJIIKOBYBaHHA CMAaKOBUX XBOPOO NOAMHMY,
NiKyBaHHA HOBMX iHEKLiNHUX XBOPOO, AOCNIAKEHHA 3aXBOPIOBaHb POCANH Ta
MexaHi3miB ¢piToimyHiTeTy;

8) BMBYEHHA MONEKYNAPHUX i KNITUHHUX peakuii opraHiamiB Ha rnobanbHi KaTa-
cTpodiuHi 3MiHM KNiMaTy Ha nnaHeTi;

9) BMBYEHHSA 3aKOHOMIPHOCTEN CTAPiIHHA XKMBUX iCTOT A1A NOJOBXEHHA TPUBANOCTI
KUTTSA | pO3B'A3yBaHHA NPO6eM JOBrOITTA OAMHM.

Omxe, XXI cToniTTa € cToniTTAM 6iONOTii, TOMY O OCHOBHI rNo6anbHi
npo6sieMn MoXyTb 6yTV po3B’A3aHi 3a 4ONOMOrot 6ioNIOriYHUX 3HAHD.

Ak noB’A3aHi MiXk coboto Gionoris Ta ekonoria?

EKOJIOTIA (Big rpeu. olkoc — fiMm, J1020C — HayKa) — Ue HayKa Npo 83AEMO38’A3KU
XKUB020 MiX 0600 Ma 3 HABKOUWHIM cepedosuujem. Ekonoris BUHUKNA K cyTo bio-
noriyHa Hayka, ane B Hall Yac BOHa NepeTBOpMIaca Ha HayKy npo ¢yHaamMeHTanbHi
Bnactueocti EKOCMCTEM T1a ix KoMnoHeHTiB. OgHUM 3 NepLUnX, XTO NoYaB po3rnaaa-
T €KONOrilo He AK BY3bKy 6ioNoriuHy HayKoBY AUCUMMIIIHY, @ AK MKAUCLMNTIHAPHY
HayKy, 6yB BULATHUIN ameprKaHCbKKiA 30050r 1 ekonor K0oxuH 00ym (1913-2002).
Y HaykoBi npaui «OcHoBM ekonorii» (1953) yueHuni1 3anponoHyBaB HOBY CTPYKTYPHY
OpraHisauito eKosnorii, LeHTpanbHe MicLe B AKiN BigBeaeHO ekocnctemam. HoBa KOH-
uenuia Ogyma cTtana cCnpaBXHbOIO PEBOSIIOLIEI0 B €KOSOTi.

CyuyacHa eKornoria € MiXXANCUUNAIHAPHOK CaMOCTIMHOI HayKolo, MOB'A3aHOI0 3
6araTbMa iHWMMW HayKamu i nepegycim 3 6ionorieto. EKonoriuHi 3HaHHA HeobXigHi Ans
pocnigkeHb 3 6omatiku, 300s02il, ¢izionoeii, Mopgonoezii, cucmemamucu, 6iozeoepa-
¢il, esontoyitiHoT 6ionoeii, 2eHemuku, 6iomexHos102ii, OCKINbKM BionoriuHi cuctemun — ue
BifKPWTi CUCTEMM, LLIO B3aEMO3B'A3aHi i3 HABKOINLLHIM CepefoBMLLEM TPUELNHUM MO-
TOKOM peyoBUH, eHeprii Ta iHbopmaLii. Mpu Lbomy ekonoria € 6ionoriyHo HayKoio
yepes Te, WO JOCNIAKYE BioNOriuHi ccTeMm Ta iXHi BNaCTUBOCTI.

Ha cyyacHomy eTani po3BuTKY CycninbcTBa GionoriyHi i eKonoriyHi 4OCNigKeHHSA
06’efiHy€e cninbHa 1 Haf3BMYaANHO aKTyanbHa MeTa: HaflaTu 3aranbHy KapTuHY OyHK-
LiOHYBaHHA NpPMPOAN Ta BU3HAUUTX MicLe i poNib NIOAUHU B MPUPOJHUX NpoLecax.
Came icHyBaHHA XMBOI MPUPOAMN Ha Halli NAaHeTi Ta NPOLBITAHHA NIOACHKOrO Cy-
CNiNbCTBa 3aexarb Bifj TOro, HaCKINbKM WBUAKO 6yayTb PO3KPUTI 3aKOHOMIPHOCTI
icCHyBaHHsA ekocucTeMm i 6iochepwn 3aranom.

OTXe, XapaKTep MixXancuunniHapHuX 3B'A3KiB Gionorii 1 ekonorii
Ha CyyaCHOMy eTani pPOo3BUTKY CYCMNinbCTBa BM3HAYaETbCA HEOOXiAHICTIO
PO3B'A3yBaHHA r06anbHUX Npobnem NOACTBA.

flke 3HaUeHHA 6ionoriuHNX 3HaHb Aansa nANHN?
bionoriyHe ni3HaHHA € OpraHi3OBaHOIO AiANbHICTIO BIAMNOBIAHO 4O MeTW 1 3a-
BAAHb, pe3ynbTaToM AKOI € HOBi 3HaHHA MPO XMBY Npupody. [na HakonMyeHHA Ta

§ 1. MixxaucumnniHapHi 38’a3ku 6ionorii Ta ekonorii
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06pPO6KM 3HaHb 6ionoria BUKOPUCTOBYE TaKi MOHATTSA, K HAYKO8UU (hakm, 2inomesa,

meopis, 3akoH. CKNagHiCTb NPOABIB »KWUTTA 3YMOBJIIOE BUKOPUCTAHHA Halpi3HOMa-

HITHIlWMX MeTodiB Gionorii, ¢pi3nky, ximii, reorpadii, matematnkn. Cepesi OCHOBHUX

MeTOfiB BUOKPEMIIOIOTb NOPIBHATbHO-0NUCOBUU, eKChepuMeHmasibHUl, MOHIMOPUHE,

MOOeN08aHHA Ta cmamucmuyHud.

JNleoHappo pa BiHui Wwopo focnigxeHb npupoan paams: «Busyarouu pyxu 8oou,

He 3a6y0b 3 KOXHO020 3HaUOeH020 (hakmy 3pobumu 8UCHOBOK 018 NPAKMUKU, Wob

meos HAyKa He 3anuWuiIdaca HenompibHow». HUHI 3 ycix NnpupoaHnYMX Hayk came

GionoriuHi gocnigKeHHA MaloTb BefiMYe3He MpakTUYHE N HAyKoBe 3HAYEHHA B

XWUTTI NogvHM N cycninbctBa. Hacamnepep 6ionoriu-

Hi JOCNIAXeHHA BaXkNWBi ANA Takux ranysemn AianbHOCTI

NOOVHN, AK:

1) cineceke i nicoge 20cnodapcmeo (BUPOLLYBaHHSA Ky/b-
TYPHUX i AUKOPOCANX NICOBUX POCIINH, PO3BeAEeHHA
JOMaLLUHIX TBapuWH, 6opoTtbba 3i wWKigHWKamMK Ta
XBOPOOAMU POCNINH | TBAPUH);

2) npomucnosicme (BUPOOHMLTBO XapUOBUX MPOAYKTIB,
NOXXMBHUX PEYOBUH Y Xap4osili npoMucio8ocmi; y
Je2Kiti npoMucano080cmi — OTPUMaHHA CUPOBUHMK ANA
HaTypasibHUX TKaHWH 3 JIbOHY, 6ABOBHUKY, ofAry 3i
WKipwW; aHTUBIOTUKIB, BiTaMiHiB, depMeHTIB y MiKkpo-
6ionoeiyHiti npomucsosocmi); In. 1. MoHa Jliza

3) wmeduyuHa (NpodinakTrKa Ta NikyBaHHA HeiHdpeKLil- (NeoHappo fa Binui,
HUX Ta iHQeKUiNHMX 3axBOploBaHb, 30epeXXeHHA Ta  1503) — oavH i3 HaliBuAaT-
3MiLUHEHHA 340POB’A NIOAVHK, 3POCTaHHA TPMBANOCTI  HiluMX TBOPIB MUCTELTBa
KUTTA);

4)  oxopoHa npupodu (aNA paLioHaNbHOro BUKOPUCTAH-
HA | 36epeXxeHHA NPUPOAHNX PeCYpCiB, pO3B'A3yBaH-
Hs1 eKOSNOTiYHUX NPO6ieM NIOACTBA);

5) cenekuyis (gnA CTBOPEHHA I NOMIMNWEHHA AKOCTI cop-
TiB POCAUH, NOPIA TBapMH N WTaMiB MiKpOOpraHis-
MiB, LLIO IX BUKOPWUCTOBYE NIOANHA AN1A PO3B'A3yBaHHA
couianbHUX Npobnem);

6) cnopm (ANA ni3HaHHA GI3VYHUX MOXKNNBOCTEN Op-
raHiamy fogvHW Ta opraHisauii Wwnaxis 1 cnoco6is
TXHbOrO PO3BUTKY);

7)  mMucmeymso (ONA CTBOPEHHA eCTEeTUYHUX OO'EKTIB,
cuTyauin abo fin, AKUMU MOXKHa NOAINUTUCH 3 iHLWIN-
MU JIIOAbMU 1 BUKOPUCTATLK ANA PO3BUTKY 0COOBUCTO-
cTi) (in. 1);

oo . In. 2. Mnig 3aHoHIi, Wo
8) mexHika U mexHosoaii (ANA BUBYEHHA MOXNIMBOCTEN  pyrysap 3paskom nip vac

BMKOPUCTaHHA »KMBOMO Mif 4ac CTBOPEHHA MAallWH,  cTBOpPeHHA anapaTtiB Tumy
NPUCTPOIB, NPUNagiB Y BUPOOHMUMX MpOLECiB Yy «iTatoye Kpuno»
neBHil ranysi BMpobHuLTBA) (1. 2) Toulo.

BCTYN

Omxe, XXI cTonitTa € cTONITTAM 6iONOFil LWe 1 Tomy,
WO HeMaE TaKol ranysi NPakTUYHOI AiANbHOCTI NIOAVHN,
6 ONA AKoT 6ionorivyHi gocnigKeHHsa He Mann 6 KOAHOro 3HauyeHHs.




BIANbHICTb

x\//‘ 3aBaHHA Ha 3aCTOCyBaHHA 3HaHb. Kpio6ionoria

JocArHeHHA cyyacHoi 6ionorii CnpuAanmM BUHWKHEHHIO HOBUX HaNpsAMIB, po3ainis
" ancumnnid. 3ictaBTe 6ioNOriYHi BiGKPUTTA 3 po3ginamu 6ionorii Ta oTprMaliTe Ha3By
TexHonorii 36epekeHHA opraHiamiB y cTaHi FMMOOKOro 3aMOPOXKEHHA Ta MOXJITMBOCTI
TXHbOIO OXKUBJIEHHA.

1 BigKpuTTA reHeTUYHOro Koy, MexaHi3miB CMHTe3y reHis A Papiob6ionoris

2 Bigkputta npocToposoi cTpyKTypu AHK 1, KnituHHa iHxeHepis

3 CTBOpPEHHSA NepLuunx ribpuaHNX KNiTnH I, biokibepHeTuka

4 BigkpuTTA NpMHUMNIB OpraHi3auii XMBUX OpraHiamis K, TeHHa itxxeHepis

5 BigkpuTTa nprHUMUNiB opraHisadii 6inkoBnx Monekyn K, UntoreHeTunka

6 [locnigxeHHA 3aKOHOMipHOCTel ynpaBniHHA B 6iocnctemax H lMpoTteomika

7 BigkpuTTa poni XPOMOCOM Y CNafKOBOCTI O bioHika

8 [locnigeHHA BNAVBY NOHI3yl0UYOro BUNPOMiHIOBaHHA Ha xmnBe (P MonekynapHa 6ionoria

bionoria + Ekonorisa. EKkonorisauia Hayk

Y I0pkmHa Opgyma € uikaBe GopmMynioBaHHSA WOAO NpeameTa
ekonorii Ta ii 38’A3KiB 3 Gionorieto: «Ekos102ia — ye 6iosozis Hagko-
JIUWHbLO20 cepedosuwa». CNpPaYNCb Ha BNACHWI AOCBIig, oui-
HiTb Lie BM3HaYeHHA Ta HaBeAiTb NPUKNaaw, Wo NigTBePAXKYOTb
Yn CNPOCTOBYIOTb BUC/iB HayKoBLA. LLlo Take ekonori3auia Hayk?

A g CTABJIEHHA
«2 bionoria + ApxiTeKkTypa

3icTaBTe Ha3BM 3aNPOMNMOHOBAHNX O6'EKTIB i ABULL POCNVH-
HOrO CBITY 3 BM3HAaYeHHAMM, O MOACHIOIOTb IXHE 3aCTOCYBaH-
HA B GiOHILi, Ta OTpUMaTe Npi3BuLLE BUAATHOrO apXiTeKTopa,
AKWIM 4acTo 3BepTaBCA A0 igen »mBoro. KynbmiHauieto TBOp-
yocTi MUTLA cTaB cobop CeaAToi PoauHn y bapcenoHi.
1 Kpunatka |A Crebno nweHuui AK Moaesnb AnA KOHCTPYIOBAHHA BUCOTHUX CMOPYA
2 ConomwuHa |I Tnig KneHa AK mogenb A5 BUBYEHHA 06epTanbHOI NiANOMHOT cuim Kprna
3 Xwunkn A YTBOpEeHHA napanenbHUX XBUIACTUX CKTAAOK Y/ BUTUHIB
4 TodpyBaHHaA [I  3miuHeHHA BUPO6iB ab0 KOHCTPYKLi eneMeHTaMu 3 MiLHiLOro matepiany
5 ApmyBaHHA |Y CyAWHHO-BONIOKHUCTI NYYKN AK ONOPHA KOHCTPYKLiA NNCTKIB

Bucnositb CBOI CyaXeHHA NpO 3HauyeHHA 6ioNoriYHNX 3HaHb B apPXITEKTYPI,
30Kpema 1 AnAa po3BUTKY JIIOACTBA 3araaoMm.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. lLlo BMBYaE 6ionoris? 2. Ha3BiTb OCHOBHI ranysi 3acTocyBaHHs 6i0NOriYHMX 3HAHb.
1-6 |3.LUo BrBuae ekonoria? 4. Yomy ekonoris € 6ionoriuHoto Haykoto? 5. LLlo Take 6iono-
riuHe nisHaHHA? 6. Ha3BiTb OCHOBHI ranysi 3actocyBaHHsA 6i0NOrYHUX AOCNIgXKEHb.

7. Yomy XXI cTonitTta € ctonittam 6ionorii? 8. Ak nos’A3aHi Mixk coboto Gionoria Ta
ekonoria? 9. flke 3HaYeHHs 6ioNoriYHMX 3HaHb AN NANHN?

10-12 | 10. OuiHiTb BaxnuMBicTb 6i0NOriYHNX 3HaHb ANA PO3BUTKY NIOACTBA.

§ 1. MixxaucumnniHapHi 38’a3ku 6ionorii Ta ekonorii




BCTYN

Biokpumi cucmemu — cucmemu, Wo NocMmitHo 06MiHIOIMbCA iIHhopMauiero,
peyoBUHOIO Ui BilIbHOK eHep2i€r0 i3 308HIUWIHIM cepedosuUeM.
J1. poH bepmanarapi

§ 2.PIBHI OPTAHI3AL|Ii BIOCUCTEM TA iXHI/ B3AEMO3B’A30K

OcHOBHi NOHATTA N Kno4oBi TepmiHn: BIOCUCTEMU. PiBHi opraHisauii
6iocncrem.

MpurapanTe! Lo Take 6iocuctemmn?

&

3Hanomrecs!

KapnJlhioosiz porn bepmanaughi (1901-1972) —
aBCTPICbKMIA 6ioNOr, 3aCHOBHWK y3arafibHeHoi cucTem-
HOI KOHLenuii, Wwo oTpuMMana Ha3By «3arajibHa Teopif
cnctem». OCHOBHaA ijea 3anpoOnoOHOBaHOI TEOPIi: 3aKOHM,
O KepyloTb cMcTeMamu, — EANHI Ana pisHnx cuctem. Ta-
KM 3aKOHOMIPHOCTAMY € NPUHLMMNY 3BOPOTHOTO 3B'AA3-
Ky, EQHOCTI, iEpapxii, eMepa>KeHTHOCTI (panToBOI NOABM),
3aKOH MiHIMYMY Ta iHLLi.

3MICT

AKnMmu € ocHOBHI Giocucremn?

CyyacHe po3yMmiHHA OpraHisauii X1TTA FPYHTYETbCA Ha CUCTEMHOMY MNiAXOAI, 3rif-
HO 3 AKMM XMBa Npupoga icHye y opmi biocnctem. byab-aka i3 XnBUX NPUPOJHUX
CUCTEM € UYiICHOIO CYKyNnHICMIO 830EMONOB’A3GHUX KOMNOHEHMI8, W0 BUKOHYOMb
ocobnusi ¢yHKyil i 3a6e3nedyrome ixHio €OHicme. Yci 6iocmcTtemMn € nepepBHUMM 1A
BiJOKpeMNeHMI OfHa Bif OAHOI, MaloTb MEBHI PO3MipU N CTPYKTYpPY, TPUBANICTb
icHyBaHH#A 1 cneundiyHi o3Hak. OCHOBHVMM TUNaMM 6iOCUCTEM € KNiTUHA, OPraHi3m,
nonynsuis, BUA, ekocuctema Ta biocdepa.

Knituna - 6ios102iuHa cucmema 3 HalimeHwumu posmipamu G Hatinpocmiwor
cmpykmypor. OCHOBHUMUN KOMMOHEHTaMW KNiTUHW € MOBEPXHEBMI anapaT, LW1To-
nnasma i agpo (Hykneoin), WwWo nobynoBaHi i3 MoeKyn XiMiUHMX PEYOBUH Ta iXHIiX
KoMmnnekciB. KniTMHM € OCHOBHMMYK enlemMeHTamy OyfoBM N KUTTERIANBHOCTI BCiX
OpraHi3miB Hawol niaHeTn.

OpraHi3m - 6io/102iuHa cucmema, AKa Noby008AHA i3 KNIMUH i 3a80AKU cucme-
Mam pe2ynayii ma npucmocyeanbHUM MexaHi3Mam MoXxe 8i0HOCHO CAMOCMIUHO iCHY-
samu 8 nesHomy cepedoguwyi. OpraHiamu noginATb Ha OJHOKNITUHHI, KOJTOHianbHi
N 6araTokniTUHHI. Came Ui BiocncTeMM € HaPiZHOMAHITHILWMMN dOpPMaMn KINBOI
npupoau.

Monynsauia — 6ios102iYHa cucmema i3 8iIbHOCXPeWyB8aHUX MiX COO0K Op2aHi3mis
00H020 8UQY, AKI NpoxuBaMe mpusadnuli 4ac Ha negHiti mepumopil U 8iO0HOCHO i30-
J1608aHiI 8i0 iHWUX MAkKux camux epyn. KoMnoHeHTamu NONyNALi € OpraHiamu, a cami
nonynAauii € CTPyKTYpPHOIO oAnHULE BUAIB. Ha piBHI monynALin nounHaoTbca eBo-
NOUiNHI npoLecu, ToMy nonynauii € eneMeHTapHUMK OQUHULAMU eBONIoLil.

Bug - 6iono2iuHa cucmema i3 cykynHocmi nonynayid, AKUM enacmusi:
a) mopgogpizionozivHa nodibHicms; 6) 8ilbHe BHyMpiWHLOBUOOBE CXpPEUyB8aHHS;



8) ymeopeHHs ny1ioH020 NOMOMCMB8A; 2) Hecxpewy8aHicme 3 iHWUMU 8U0amu; 0) cnisb-
Ha mepumopis iCHy8aHHA — apea’si; e) npuCMoCoB8aHicme 00 YMO8 iCHy8AHHSA 8 MeXax
apearny; €) cninibHe Noxo0XeHHA. Bup € ocHOBHOI0 GpOpPMOI0 opraHizauii KnTTs.

ExocucTtema - cykynHicme pi3Hux eudis8 ma cepedosuwyd ixHb020 iCHY8AHHSA,
wWo nos’a3aHi obMiHOM peyo8UH, eHepeii ma iHhopmayil. ¥ mexax biocnctem Lboro
paHry BuokpemnoTb 6ioTnuHun (bioueHo3) Ta abioTuyHKIA (6i0TOMN) KOMMNOHEHTH,
Lo MnoB'A3aHi MiX cobol Kpyroobirom pevyoBrH. EKocuctemun icHytTb yHacnigok
po3noainy GyHKLi MiX NpoayLeHTamMu, KOHCYMeHTaMu 1 pegyLeHTaMu.

Biocdepa - 6iocucmema Halisuuj020 NOpAOKY, CK1Ad, cmpykmypa i 8nacmuso-
CMi AKOI 8U3HAYAIOMbLCA hYHKUIOHYBAHHAM XUBUX Op2dHi3mig. Lle egnHa rnobanbHa
ekocmcteMa 3emni. KnBui i HEXMBUIN KOMMOHEHTN Giochepy NoB’A3aHi Mix coboto
Kpyroo6irom peyoBuH y BUrAsAAi 6ioreoximiuHmx LKNiB.

Omxe, BIOJIOIYHI CUCTEMM (Big rpeu. 6io — XNUTTA, cucmema — CKlafeHa
i3 YaCTMH) — Lle CYKYMNHICTb B3aEMOMNOB’A3aHNX KOMMOHEHTIB, JiANbHICTb
AKMX BU3HAYalOTb IXHIO €QHICTb Ta iCHYBaHHA B NPOCTOPI 1 Yaci.

Y yomy npoABnA€ETbCA B3aEMO3B'A30K PiBHiB opraHisauii 6iocucrem?

KpuTtepiem anAa BUOKpeMeHHA piB-
HiB oOpraHisauii 6iocuctem € CTyniHb
cKnagHocTi cmpykmypu (Bip nat. Struc-  glOCDEPHUIA
tura - 6ypoBa), TOOTO po3MaAwy8aHHA
830EMONOB’A3AHUX KOMNOHeHmMis8. [ina xa-
PaKTEPUCTUKKN PiBHIB oOpraHisauii XuTtTa
3aCTOCOBYIOTb Lie U TakKUN Kputepin, AK
npouyec (Big nat. processus — nepemilyeH-
HA, PYX), WO O3Haya€ MeBHi 3aKOHOMIpHI
byHKUiOHanbHI 3MiHM 1 ABMLWa. Bnokpem-
NoBaTM piBeHb oOpraHisauii gouinbHO B
TOMY BMNaZKY, AKLLO Ha HbOMY BUHWKAIOTb
HOBi (emepp»XeHTHi) BNacTMBOCTI, WO iX
HEMA€E B CUCTEM HMXKYOrO PiBHA.

YABNEHHA NPO CTPYKTYPHi PiBHI op-
raHisauii cknanoca B 20-x pokax XX cT.
(1. doH bepTtanaHodi, . Y. bpayH), a B ce-
penuHi 40-x poki XX cT. cpopmyBanacs
TeopiA piBHIB opranizauii (P. Oxepapa,
A. EMepCoH) AIK KOHKpeTHe BUpPa)KeHHA
ynopAAKOBaHOCTI »KNBOTO.

fIK BN BXe 3Hae€Te, pO3Pi3HAIOTb MO-
nekynapHul, KaimuHHuUl, op2aHizmosud,
nonynsayitiHo-audosud, ekocucmemHul
(6ioceoueHomuyHul) Ta biocgepHul pis-
Hi opraHi3auii 6iocuctem (in. 3). 3a He-
00OXigHOCTI, WO BM3HAYAETbCA OCOONMMBOCTAMU [OCHIAXKYBAHOrO 06'€KTa, MOXKHA
BMOKpPEMSIIOBaT/ JOAATKOBI PiBHI: MKAHUHHUU, pieHb Op2dHis, piseHb cucmem opaa-
His, bioueHoMu4HUU.

NONyNAWINHO-BUAOBUIA B

In. 3. OcHOBHI piBHi opraHi3auii 6iocuctem

§ 2. PiBHi opraHi3auii 6ioc1cTem Ta ixHiii B3aEMO3B'A30K
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MonekynapHuii pieeHb xumms NoB'A3aHn 3 opraHisayieo cneyndiuHx ans
XKUBMX OPraHi3aMiB OpraHiuyHMX CNONYK, IXHbOI B3aEMOZIEI Mi>K COO0I0 i 3 HeopraHiu-
HVUMK peyoBrHamu. Mpu LboMy BifbyBalTbCA XiMiUHI peakuii 1 ¢i3nyHi npouecn ne-
peTBOpeHHA eHeprii, peyoBKH Ta iHpopMmaLii. Ha MmonekynapHomy piBHi opraHi3auii
nepebyBaloTb HEKNITUHHI dopmU XNTTA (Bipycy, NpioHN, Bipoign).

KnimuHHuli pieeHb x)xumms npefcTaBieHNN BiNbHOXUBYYMMU OQHOKITUHHUMY
opraHiamamu 1 KniTMHamy 6araToKniTUHHUX OpraHiamiB. KOMNOHeHTaMu CTPYKTYpu
KNiTUH € peyoBUHU Ta TXHi Komnnekcu. Ha KniTMHHOMY piBHi BigOyBatoTbca npouecu
noainy N nepenavi iHdopmadii, aHaboniamy 11 kKatabonismy.

OpzaHizmosuli pieeHb »umms BU3HAYAETbCA KNITMHAMU B OJHOKNITUHHUX i
KOJIOHiaNIbHUX OpraHi3miB, TKaHMHaMW, OpraHamy N cucTemamMun OpraHis — y 6ara-
TOKMITUHHUX OpraHi3mMiB. EnemeHTapHO OANHULEIO PIBHA € OKpeMi KNiTUHHI opra-
Hi3MW 3 NMeBHUMYK OCOGNMBOCTAMU OYOBU, KUTTEQIANBHOCTI (>KMBNEHHA, [UXaHHSA,
BULINEHHA, PO3MHOXEHHA TOLLO) Ta NOBEAIHKMN.

MonynayiiiHo-eudoeuli pieeHb XUTTA NpeAcTaBieHW NONynALiAMY 1 BUAAMUA,
WO € HafgopraHiamoBumMmK GionoriyHUmMn cuctemamu. CTPYKTYPHUMM KOMMOHEHTa-
MW € rpynu cnopigHeHnx ocobuH, 06'eqHaHmx NeBHUM reHoGoHAOM i cneundiyHo
B3aEMOJI€I0 3 HaBKONMLIWIHIM cepepoBuliem. Ha ubomy piBHi dopmMyoTbca MiKpo-
eBOJIIOLiNHI nNpouecn ajanTtauioreHesy, perynauii YMCenbHOCTI NonynAuin, BUAO-
YTBOPEHHA TOLLO.

ExkocucmemHuli (6iozeoyeHomuy4Huli) pieeHb XXumms nNpencTaBNeHNN Pi3HO-
MaHITHICTIO MPUPOAHUX i WTYYHNUX eKocucTeM. KOMNOHEHTaM1 € XMBi YrpynoBaHHA
(6ioLleHO31) 1 YMOBU cepefioBHLLa iCHYBaHHA. Ha LbOMy piBHi 3[iCHIOIOTLCA B3aEMO-
Lis opraHi3amiB pi3HMX NonynAuin mix coboto, a TaKoX BMNB €KONOTYHUX YNHHUKIB,
O BM3HAYaloTb IX YNCENbHICTb, BUAOBUIN CKNag i NPOAYKTUBHICTD.

BiocghepHuli pieeHb xummsa o6’efHye yci ekocuctemn 3emni. Ha ubomy piBHi
BilOyBaloTbCA GioreHHa MirpaLisi >K1BOI peyoBUHN, GIONOTIYHNI KPYroobir peyoBuH
Ta NepeTBOPEHHA eHepril.

OcHoBOI B3aEMO3B'A3KY BCiX PIiBHIB opraHi3auii 6iocnctem € nNoToku pevo-
BVWH, eHeprii Ta iHpopmaLii I NPUHUMN CTPYKTYPHOI iEpapxii cuctem, 3rifHO 3 AKUM
6ynb-AKa biocMcTeMa € KOMMOHEHTOM 6iOCMCTEMU BULLOTO paHry, i, B CBOK yepry,
CKNAJA€ETbCA 3 NiANOPALKOBaHMX i1 6IOCNCTEM HXKUYOTO PaHTy.

OTxe, piBHi opraHizauii 6iocucrem — Le NeBHUI TUN B3aeMogii
CTPYKTYPHUX I GYHKLIOHANbHUX CKAAAHUKIB BiONOFiYHUX CUCTEM.

BIANIbHICTb

M CamocTiiHa po6oTa 3 intocTpauismu. Xapaktepuctuka 6iocucrem

Po3ni3HaliTe Ha ManioHKax GiocMcTemMu pi3HMX PiBHIB opraHi3auii. Ha3BiTb ix
KOMMOHEHTN Ta HaBefiTb MNPUKNagM MpPOLEeciB, XapakTepHUX ANA 3006parkeHnx
6iocucteM. 3anoBHITb Y pob6oyomy 30WnTi TabnuLlo «XapakTepucTiKa OCHOBHUX
TMniB 6iocnctem» i cbopmynioite BUCHOBOK NPO MOAIOHICTb Ta BigMIHHOCTI pPi3HKX
6iocucrem.

HasBa 6iocncremn CTPYKTYPHi CKNagHUKN QyHKUioHanbHi npouecn




bionoria + EKonorisA. XapakTtepucruka piBHs opraHisauii 6iocucrem

Pu6a-knoyn (Amphiprion ocellaris) pocutb ya-
CTO BCTYMa€ Yy B3aEMOBWUriAHI B3aEMOBIAHOCUHMN
3 akmuHiamu (Hanpuknapg, Heteractis magnifica).
LUlynanbua umx TBapUH MICTATb HebGE3NeYHi »Kanki
KNITUHM i 3axuLaioTb prb Ta IXHIO iKPY Bif XmXKaKiB.
Y cBOW vepry, pubu-KNOoyHN OUYULLAIOTb AKTMHIO
Bif CMITTA i BifraHAIOTb Bif HET XMXKaKiB, Hanpuknag
KpabiB i pnb-meTenukis, AKi He NPOTK NonacysaTtu
Wwynanbuamm yux ictot. Ha3eiTb i oxapakTepunsymnTe
piBeHb opraHisauii L1Mx B3a€EMOBIAHOCKH.

CTABJIEHHA

3-nomix npepcTaBHMKiB Knacy Ccasui 3gat-
HiCTb MNpPOAYKYBaTU OTPYWHUN CEKpeT MaloTb
ANLeKNagHi ccaBLi Ta OKpeMi NpeacTaBHUKN KO-
MaxoigHux. | nuwe oguH BiZOMUI BUR € cepepn
npumartis. Lle manud moacmuti nopi (Nycticebus
pygmaeus), nowmpeHnin y nicax B’etHamy, Jlaocy
n Kambopxxi. Ha BHyTpiwHbOMY 60U NiKTbOBOIO
cyrnoba B Li€i TBAPUHN € 3aN103M, CEKPETU AKUX,
3MilYIOYNCb i3 CAIMHOW, NEepeTBOPITbCA Ha
cunbHy oTpyTy. ONuWiTh Len opraHiam Ak 6io-
cucTemy.

PE3YJIbTAT

3aBAaHHA AnA CaAMOKOHTPOJI0

1. LLlo Take 6iocuctemn? 2. Ha3BiTb OCHOBHI TUNu 6iocnctem. 3. HaBeaiTb npuknagu
6iocnctem pisHMX piBHIB. 4. LLlo Take piBHi opraHi3auii 6iocuctem? 5. Ha3Bitb oc-
HOBHI piBHi opraHi3auii 6iocuctem. 6. Ha3BiTb KpuTtepii, 3a AKUMYN XapaKkTepursyTb
6iocmctemu.

7. AKMMK € ocHOBHI H6iocuctemmn? 8. B YoMy BUABNAETLCA B3aEMO3B'A30K PiBHIB Op-
raHizauii 6iocuctem? 9. Yum biocnctemn pisHATHCSA MidK cob6010?

10-12

10. Y yomy nondratoTb NoAibHICTb Ta BigMiHHOCTI pi3HMX 6iocnctem?

§ 2. PiBHi opraHi3auii 6ioc1cTem Ta ixHiii B3aEMO3B'A30K

n
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HatnomaemHiwe Ha 3emsi, NOKU W0 yHikaneHe y Bcecaimi
ma Haligaxue 0718 po3yMiHHs. .., — ye XUTTA.
3 0osioHuka bionozii

§3. BJIACTUBOCTI>XMUBOIO

OCHOBHi NOHATTA 1 KnoyoBi TepmiHu: KUTTA. Camoperynsauia. Camo-
OHOBNeHHA. CaMOBiATBOPEHHSA.

Mpurapaiite! Lo Take 6iocuctemu?

& Momipkynite!

«[lanopomes, wo pocme 8 nici, — xusa cucmema?
be3nepeuHo. A Mopo3AHi 8izepyHKU Ha wubyi? [lesHo, 8u 300-
2a0aemecs, WO Hi, X04d 308Hi 80HU 6y8AOMb CXOXIi HA IUCMKU
nanopomi. flka x 8iOMiHHICMb Mix nepuwium i Opyaum? AKUW0 Ha
3amep3y wubKy 8nade COHAYHUU NPOMiHb, MO KPUXAHA hano-
pomb po3made, a CNPAasxHA came 3a80AKU COHAYHOMY c8imity
pocmume (i po3gusamumemscs, 60 NO2UHAE (1020 eHepzito».
Aki ocobnuBocTi GiocucTem Bigpi3HATL X Big iznuHKX un
XiMIYHNX cucTtem?

3MICT

Y yomy cyTb BU3HauaNbHUX 03HaK 6iocucrem?

OpraHisauis 6iocmcTem noB’A3aHa 3 BHYTPILWHbOW BMNOPAAKOBAHICTIO CTPYKTY-
puv 1 npouecis, ANA NIATPUMAHHA AKOI YCi XNBI CUCTEMU MOXKYTb BUBINIbHATK, Nepe-
TBOPIOBATM 1 BUKOPUCTOBYBATK €Heprilo 330BHi. Kpim TOro, XnBe 3gatHe He nuvuwe
niaTpMMyBaTh, a 1 36inbluyBaT CBOI eHepreTWYHi 3anacu. K Big3HayaB BijomMui
6ioximik B. O. EHrenbrapgr (1894-1984), came «y 30amHocmi xu8020 cmeoptosamu
nopA0OK i3 XaoMu4HO20 MenJsi08020 Pyxy MOJIeKys1 NojfA2ae Halteaubuwia, KOpiHHA 8i0-
MiHHICMb XUB020 8i0 HeXxu8020». MposBaMu L€l Hall3aranbHiW ol BNaCTUBOCTI >KMBOTO
€ BCi iHWIi 03HaKy 6iocucTeM, WO BigPi3HAIOTD iX Bi Gpi3UUHKX UM XiIMIUHKX CUCTEM.

Yci biocuctemun € BigKpuTUMK, TOMY O MOCTINHO 0OMiHIOIOTHCA i3 cepefoBU-
LleM peyoBMHaMK, eHeprielo Ta iHpopMmaLli€to, a B 3aKPUTUX HEXKUBUX CUCTEM TaKoro
06MiHY He BifbyBaeTbcA. Tak, POCIMHHUIA OpraHi3aM OTPUMYE i3 cepefoBMLLA CBITNO-
BY, 3BYKOBY, XiMiuHy iHbOpMaLiito, MOXNBHI PEUOBMHM, COHAYHY €Heprito, a BifJa€ B
cepepoBMLLe KNCeHb, BOAY, TEMO.

Byab-sikiin 6iocucTemi BNacTVBi MEXaHi3MU camoperynsuil, wo 3abe3nevye ixHio
BMNOPAAKOBAHICTb 1 CTiNKICTb Y yaci. Camopezyniayia 6iocmctem BUABNAETLCA Y 34aT-
HOCTi MiATPMMYBaTK AMHaMIiYHY CTaniCTb CBOrO BHYTPIWHbOrO CTaHy (romeocTas).
MexaHi3my camoperynsauii fy»e pisHOMaHiTHI y 6iocncTemax, BOHM 3abe3neuvyioTb
byHKLUil0 KepyBaHHA BiAMoBiAHO [O YMOB [OBKIiMNA i BUABNAIOTLCA Ha BCiX PiBHAX
opraHisauil XntTa. Hanpuknag, KOHUEHTpauid PeYoBUH Yy KAITUHAX PerynoeTbCcA
HasABHICTIO Ta 3MiHHOI aKTUBHICTIO PepPMEHTIB, y OpraHi3MiB AOCHiAKEHO r'yMopanb-
Hi, HepBOBI Ta IMyHHiI MeXaHi3mMun perynaAuii, Ha piBHI NONyNALil ONNCaHO MeXaHi3mu
perynauii yncenbHOCTI Ta iH. YM cknagHiwoto € cTpyKTypa biocuctemu, TUM pisHO-
MaHITHiWMMN 6yyTb MexaHi3Muy perynauii i Tum CTilKiwot BoHa 6yze Ao BNAUBY Ha-
BKOJIMLLUHbOIO CepeaoBumLLa.



LLle ofHi€ BaXknMBOK OCOBNUBICTIO BIOCKUCTEM € 3AATHICTb
[0 caMoBiATBOpPEeHHA Cco6i nofibHux. Lia BnacTuBicTb € PpyHAa-
MEHTaNIbHO0, OCKINIbKIM 3abe3neuye HaCTYMHICTb XUTTA Ha 3eMi.
«Omne vivum ex vivo» («Bce unBe Bif »KNBOro»), AK 3a3HauuB Lie
B XVII cT. iTanincokun nikap i Hatypanict ®paHuecko Pepni (1626-
1697). Came BiH BnepLue B icTopii 6ionorii 3niicHNB eKcrnepruMeH-
TW, WO CMPOCTOBYIOTb YABMIEHHA MPO CaMO3apPOMKEHHA XUTTA
(BBaXKanocb, W0 puby MOrv BUHMKATLX 3 MyJly, YEPBU — 3 FPYHTY,
MyXu -3 M'Aca i T. iH.).

Ha monekynspHoMy piBHi CaMOBIATBOPEHHSA BiiOYBAETbCA Ha
ocHoBi MaTpuuHoro cuHTe3y [HK, PHK 11 6inkiB, KniTuHW BigTBOPIOIOTH CO6I MOAiIOHMX
LIAXOM Noginy, opraHiaMy PO3MHOXYIOTbCA HecTaTeBMM UM CTaTeBMM CMOCOOOM,
BiATBOPEHHsA NonynaAuii 3a6e3nevuyeTbCs PO3MHOXKEHHAM OPraHi3MiB Ta iXHbOO 37aT-
HIiCTIO O PO3CENEHHS.

Yci 6iocmctemn 3patHi 36epiraT CBOE iCHYBaHHA B MeXax MEeBHOro KiHLEeBOro
nepiogy 3aBAAKM NpoLecam CaMOOHOBJIEHHS, WO CNPAMOBaHI Ha yTBOPEHHA HOBUX
UM BiHOBNEHHA MOLKOMXKEHUX CKNAAHWUKIB (KOMMNOHEeHTIB). Tak, nowkoaxeHa JHK
Moe OyTun BifHOB/IEHa Yepe3 MexaHi3mMy penapadii, HOBi MITOXOHAPIT Y/ NnacTngn
YTBOPIOKTLCA LWIAXOM MOAiNY, BiAHOBIEHHSA KITVH UM OpraHiB 3abe3neuye pereHe-
paLisi, OHOBMEHHA OPraHi3MiB 3[iNCHIOETbCA 3a JOMOMOrOl CTOBOYPOBUX KIiTWH, a
CaMOOHOBJ/IEHHA EKOCUCTEM — Y pe3ynbTaTi CyKLeCil.

In. 6. ®paHyecko
Peni

OTxxe, GionorivHi cuctemn — Le BigKpUTi BMOPAAKOBaHI cnuctemu,
3[aTHi 4O camoperynAuil, CaMOBIATBOPEHHA Ta CAMOOHOBJIEHHSA
BHAC/IAOK MOCTINHOrO MOTOKY pPeYOBUH, eHeprii Ta iHpopMaLlil.

AKMMM € oNncoBi CTPYKTYPHO-PYHKLiOHaNbHi 03HAKM XKUBOro?

HKuntTa — ue ocobnuea dopma icHyBaHHA MaTepii, WO BiAPI3HAETLCA Bifj HEXMBOT
npupoamn ocobnmMBOCTAMU CTPYKTYpPWY Ta npouecis. Y 6ionorii icHytoTb pi3Hi popmynio-
BaHHA, B AKNX XUTTA BM3HAYaeTbCcA cybcTpaToM (cybcTpaTHUI nigxia) abo posrnaga-
€TbCA AK CYKYMHICTb cneyundivuHux npoueciB (GyHKUioHanbHWUIA Nigxia).

«Kumma - ye cnoci6 icHy8aHHA 6iIKOBUX Mis, CYymmeBUM MOMEHMOM AKO20 €
nocmitiHuli 06MiH pe4o8UH 3 HABKOJTUWHbOIK npupodoio» (V. EHeenbc).

«Kugi mina, Aki icHytomoe Ha 3emi, A81a0Mb o600 8IOKPUMI, camopezyio-
8aJIbHi Ma camogiomeopr8asbHi cucmemu, Wjo nobydosaHri 3 biononimepis — 6inkie
i HykneiHosux kuciom» (M. B. BonbkeHwmedH).

«Kumms — ye enobasnbHa niaaHemapHa camosnopAaoKo8aHd, eHepzemuyHo ma
iHhopmayitiHo 8iokpuma cucmema, Wjo A8s15€ coboto 8esiuke po3maimms popm eou-
HoI'y ghizuko-ximiyHOMY 8iOHOWEHHI Xu8soi pedyosuHu» (B. I. BepHadcekul).

«Kumms € popmoto icHysaHHa biononimepHUX min (cucmem), 30amHux 00 ca-
Mopensnikayii 8 ymogax nocmiliHo2o 06MiHy pe4o8UHAMU Ui eHep2i€to 3 HABKOUWHIM
cepedosuwem» (B. I. fonbdaHcbku).

«Kummsa — ye akmueHa 8acmusicme Xugoi mamepii, Wo 8i0bysaemocs i3
suMpamamu eHepeii Ha NiOMpuMaxHs U 8i0M8opeHHs cneyugidyHoi cmpykmypu»
(6. M. MeowHikos).

Mpobnema ni3HaHHA CyTi XUTTA € HArONOBHILWO NPo6eMoto He nuLwe Gionorii.
HaykoBUi HaBOAATb Pi3Hi TNYMaYeHHA NOHATTA KUTTA» 1 BUOKPEMIIIOIOTb Pi3Hi 0CO-
6n1BOCTi GEHOMEHY XUTTA.

§ 3. BNacTMBOCTI *KMBOro

13




BCTYN

14

Disvka. «’Kumms € asuwiem, ske 81acmusge 8iOKpuUMuM cucmemam, wjo 30amHi
CAMOYUHHO 3HUXY8amu 8/1aCHY 8HYMPIWHIO He8NOopA0KOBAHICMb 3a PAXyHOK peqo-
8UH abo 8inbHOI eHepzii, ompumaHux 3 008KisnA | 32000M 8udineHol' y suzsadi npo-
Odykmig xummeoisneHocmi i mensomu».

Ximis. «XKumma — ye He snacmusicme Akoi-HebyOb MoseKyu, a paoule pesysb-
mam 83aemo0ii Mix MosieKyiamuy.

KibepHeTunKa. «Kugi cucmemu — ye cucmemu, Kpi3b SKi npoxodsms 6e3nepeps-
HI NOMOKU pey4yosuUH, eHepeii, iHopmayii i Aki 30amHi cnputimamu, 36epieamu G
nepepobiamu iHgpopmayito.

Oinocooia. «Kummsa — ocobnusa, cknadHa opma pyxy mamepii, Halisaxnusi-
WUMU 03HAKAMU AKOI € n0Opa3nueicme, picm, pO3MHOXeHHS, 8 OCHO8I AKUX J1IexXamb
npouyecu CaMmoOHOB/IeHHSA PEYOBUH».

MNMonpwu yci HamaraHHA HayKOBLiB OAHO3HAYHOIO BU3HAUYeHHA MOHATTA WKUTTA» N
[0Ci He icHye. »KuBMM opraHiamam nputaMmaHHa Hr3Ka O3HaK, AKUX HeMae y binbLuo-
CTi HeXMBUX cucteMm. MNpoTe cepell HUX HEMAE XOLHOT, AKa byna 6 nprUTamaHHa nuile
XKUBOMY. EAMHUI CNOCI6 ONUCaTW XUTTSA — Lie MepeniumTy BU3HaYanbHi 03HaKu (atpu-
6yT1) Ta ONUCOBI CTPYKTYPHO-GYHKLiOHaNbHI O3HAKM KUBOTO.

Cxema 1. O3HAKU XKUBOIO

YMNOPAAKOBAHICTb AK HAM3ATAJIbHIWWA ATPUBYT XKUTTA

0

OYHOAMEHTAJIbHI BJJACTUBOCTI XKUTTA
Camoperynauia. CamoBiaTBopeHHA. CaMOOHOBNEHHA

0

CTpYKTYypHO-pYHKLiOHaNnbHa opraHisaLisi XXuTTa

CTpYKTypHa opraHisauis QdyHKUioHanbHa opraHisauis

1. EOHicmb ximiyHO20 cKnaoy OcHogHi enacmugocmi xumms. O6MmiH
(nopibHicTb bioenemeHTiB Ta Cﬁ peyoBUH. AganTuBHiCTb. PicT. Po3BuTOK.
6iomonekyn) Morik CnagkoBicTb. MiHnmBicTb. fTomeocTas. Mo-

2. Knimunna 6ydoea PEHOBUH, | npasnuBicTb

3. PieHesicmb opzanizayii EHEPTIITa | fpoyecu mummas: pyx, *vBneHHs, au-
(Monekynn — KniTuHm — IHOPMALIT | yap5, TpaHcoOpTyBaHHA peuoBMH, BU-
opraHiamu — nonynauii - Buan — JiNeHHA, PO3MHOXEHHA, PICT, perynauia
ekocuctemu — biocpepa) npouecis

OTmxe, KUTTA - ue npuHUMN iCHYBaHHA GioNOriYHNX cUCTeM,
AKi BiAPI3HAIOTbCA Bifj HEXKMBOTO CKJIAAHICTIO Ta BUCOKOK CTPYKTYPHOIO
" GYHKLiIOHaNbHOW BMOPAAKOBAHICTIO, WO MiATPUMYETbCA 3aBAAKM
34aTHOCTI MNOrMMHATK, MEPETBOPIOBATU Ta NepefaBaTu €HEPrilo 330BHi.

BIANIbHICTb

x\f‘ CamocriiiHa po6oTa 3 Tabnuueto

Bu3HauTte npoABm XKUTTA, WO IX BMBYAIOTb 33 OMOMOro BKa3aHMX HayK. 3anoB-
HiTb Y po60oUYoMy 30LWNTI TAaGNMLIO Ta 3p006iTb BUCHOBOK NMPO 3HAUEHHS iIHTENPOBaHOTO
nigxoay ANnA NisHaHHA CYTi XUTTA.




Hayka MposasBn KnTTa

Ximia

Qi3nka

leorpadia

KibepHeTnka

Couionoris

MaTtemaTnka

bionorisa + Minepanoria

MiBgeHHa uvactvHa PymyHil ctana Bigoma
CBOIMU KMBUMMN» KaMEHAMU, O BMilOTb pPO-
CTW, AUXaTW i HaBiTb PO3MHOXYBaTUCA. Micuese
HaceneHHA Ha3mMBae€ ix TpoBaHTamu. Lli KameHi
MaloTb 06TiuHy dopmy, Ha 3pi3i MOXKHa po3rne-
JiTV BIKOBI KinbuA, 30cepea)keHi HaBKONO He-
BeNIMKOro TBepaoro Agpa. KameHi 3gatHi we in
[0 PO3MHOXEHHSA, WO Haragye 6pyHbKyBaHHs.
YoMy X Ui «HeopraHiuHi GoOpMM XNUTTA Ha OCHO-
Bi KPEMHilo», AK IX Ha3nBaloTb AeAKi HayKoBL,
He HaneXaTb [0 XKNBOI Npupogmn?

CTABJIEHHA

bionorisa + Mucreurso

Xosegina Bonn (Hap. 1947) - cyuacHa
6puTaHCbKa XyaoXkHUUA B cTuni denTesi. i kap-
TUHW HaA3BMYaHO MONYNAPHI B YCbOMY CBITi.
KosediHa nepeKkoHaHa, WO XYJOXKHUK, AKWUIA
nepebyBa€ B OTOUEHHi NPEKPACHOT NPUPoau, €
CBOEPIQHMM KaHanoMm Ana nepepavi eHeprii Bif,
Martepi-3emni ycim nogam. Mucteutso i noro
ecTeTUYHi MOXKNMBOCTI JOMOMaraloTb 3p03yMiTI
NPWHAAHICTb Ta BPa3fMBICTb HABKOMMWLIHbOMO
cBiTy. LLlo Take ecTeTnKa? Y yomy nonsarae ecte-
TMYHA LiHHICTb XXM1BOI Npupogn?

PE3YJIbTAT

OuiHka 3aBAaHHA ANA CAMOKOHTPOJIIO

1. Ha3BiTb PpyHAaMeHTanbHi BNacTUBOCTI »u1Boro. 2. YoMy 6iocmctemy Ha3uBawTb
Bigkputumn? 3. LLlo Take camoperynsuin, caMoBiATBOPEHHA Ta CAaMOOHOBJIEHHA?
4. HaBepiTb 2-3 NpMKNaan BU3HaYeHb NMOHATTA KUTTA». 5. Ha3BiTb 03HaKM CTpyK-
TYPHOI OpraHisauii X1TTA. 6. Ha3BiTb BNaCTUBOCTI Ta OCHOBHI NpoLecy »KUTTA.

7.Y YoMy CyTb BU3HAUasNIbHMX O3HaK XUTTA? 8. AKMMU € ONNCOBI CTPYKTYPHO-PYHK-
7 -9 | uioHanbHi 03HaKM XMBOro? 9. Y YoMy NonAra€e CKNagHicTb BU3HAYEHHA Takoro ABK-
wa, Ak KUTTA?

10— 12 | 10. Yomy ni3HaHHA CyTi »KUTTA € NPO6IEMOLO HayKK 3arasom, a He e 6ionorii?

§ 3. BnactnBoOCTi XX1BOro

1-6
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XXI cmonimms — 0oba nepemeopeHHs Homo
technocraticus Ha Homo ecologicus.
3 niopy4yHuka «OCHOBU eKO102iYHUX 3HAHbY

§ 4. CTPATETIA CTAJIOIO PO3BUTKY NPUPOAMU U CYCNUIbCTBA

OCHOBHi NOHATTA 1 KNIOYOBi TepmiHn: HaBkonvwHe cepepoBuie. Crannii
PO3BUTOK NpUpoOAM i cycninbcTBa.
Mpuraganrte! Lo Take npupoga?

X

MomipkynTe!

Y 1973 p. lfeHepanbHoto Acambneeto OOH 6yno 3a-
CHOBaHO BcecBiTHIN feHb OXOPOHW OOBKINAA, AKAN Bif3Ha-
YatoTb 5 yepBHs. LLlopoky uboro gHA BigdyBalTbCA 3axoan,
npuceaYeHi nesHin Temi. Temy 2018 p. cbopMynboBaHO Tak:
«biti 3a6pyoHeHHI0 nnacmukom!». AKa X meTa BcecBiTHbOro
[AHA OXOPOHU foBKinnAa?

3MICT

AlKolo € CTPYKTYpa HaBKONMNLIHbOIO cepeaoBMLla?

HaBkonuwHe cepepgoBuile, abo AOBKIA, — Ye 4acmuHa npupoou, wo omo-
Yye JII0OUHY, NIOMpPUMYE iT iCHy8AHHA, CMBOPIOE YyMOBU 0715 QisiIbHOCMI U CYCNinbHUX
8I0HOCUH, 6e3nocepedHbo 8nausde Ha ii xumms | 30o0pos’a. MoOHATTA «npupoda» i
«HaBKOJULLHE cepefioBuLLe» Ayxe NoAibHi, ane neplie € 3Ha4yHO WKpLWKMM. HaBko-
NULWHIM cepefoBMLIEM Ha3MBalTb Ty YaCTMHY NPUPOAM, 3 AKOIO N0ANHA B3aEMOAIE
Yy CBOEMY XWTTi N BUPOOHUUIN JianbHOCTI. HABKONULIIHE cepefoBuLLe CKNAJAETbCA 3
[ABOX B3a€EMO3aNeXKHNX YacTUH: MPUPOAHOI i WTYyYHOI. [TpnpoagHNM KOMMOHEHTOM €
nnaHeta 3emns 3 ii pi3HOMaHITHMMM 0607TOHKaMK — aTMOChepOIo, Figpochepoto, NiTo-
cdhepoio Ta biocdepoto. CycnifibHy YaCTUHY CepPefoBMLLA XUTTA NIOAUHN CTAHOBAATD
CYCniNbCTBO i CYCNifbHI BiAHOCUHM, O YTBOPIOIOTb LTYYHUI KOMMNOHEHT JOBKIiNAA.

HaykoBLi BUOKpemioloTb ABa OCHOBHI acneKkTu y BUBYEHHI BiHOCUH NIOANHN
3 HaBKOMMLWHIM cepeposuliem. [Mo-neplie, 4OCAIAXYIOTb BCO CYKYMHICTb BMJNBIB,
O YMHATb Ha NIOAVHY cepefoBuLLe i Pi3HI YNHHKKK foBKinnA. [o-gpyre, BMBYaoTb
aganTauil MIOAMHN | MOACbKMX CMiNIbHOT O HABKOJIMWHbOIO cepefoBuLLa.

CborogHi BCi Npo6semn HaBKOJIMWHLOIO cepefoBulla € NPeAMETOM HOBOI
HayKu nig Ha3BOl eHealipoHMeHmosnoezia (Bif aHrn. environment — HaBKONMULIHE
cepepoBulle, AoBKiNNA). La Hayka Ma€e BUpaKeHUA NPUKNagHUN (NPakTUUYHWIA)
XapakTep, a TpaauLiiHa ekonoria € il TeOPeTUYHO OCHOBO. MeTofONOriYHNMM
3acagaMmn eHBaPOHMEHTONOTIT CIYryloTb HayKOBa Teopia NPMPOJOKOPUCTYBAHHA,
BUYEHHA MPO OXOPOHY MPUPOAKM Ta CyYacHa KOHLenuis 36a1aHCOBAHOTO PO3BUTKY
NPUPOAN I CyCninbCTBa.

OTe, HaBKOJINLLHE CepefoBULLE € YACTMHOW NPUPOANU
i Ma€ NPUPOAHUN Ta LWITYYHUA KOMMNOHEHTN.

Y yomy cyTb cTparTerii cTafioro po3BUTKY NpUpoAMU I cycninbcrBa?

Cranuin po3BUTOK npupoau i cycninbcTBa (aHen. Sustainable development) —
pO38UMOK CyCniflbCmad, 3ad AKO20 eKOHOMIYHe 3pOCMAHHA, MamepiasabHe 8UpOobHU-
Umeo i cnoXuBaHHA 8i06y8aOMbCA 8 MeXax, WO iX 8U3HAYAE 30aMHiCMb eKocucmem



00 camogioHos ieHHsA. TepMiH «CTanui (36anaHcoBaHuI) Po3BUTOK» 3'ABMBCA Yy 1980 p.

y BOKyMeHTi «BcecBiTHA cTpateria oxopoHu npupogu» (BCOTM), nigrotoBneHomy

Mix@HapoAHVM CO30M OXOPOHK Npupoau i npupopHux pecypcis (MCOIM). Ua ctpa-

Teria MicTuna NPUHUMNOBO HOBe nonoxeHHA: 3SbEPEXKEHHA MPUPOAW HEPO3PWB-

HO MOB'A3AHE 3 MMTAHHAMUW PO3BUTKY CYCMIJIbCTBA.

ABTOPOM iHHOBAUINHOI €KOHOMIYHOT
Teopii CTanoro Po3BUTKY, BUCBITNEHOI B
MoHorpadii «lMo3a 3poctaHHAM: EkoHoO-
MiyHa TeopiA CTanoro po3BUTKY», € NpPO-
BigHWI OOCNIAHVUK €KOHOMIYHMX acneKTiB
3abpyaHeHHAa poBkinnA lepmaH [felini.
Teopia cTanoro pos3BUTKY € anbTepHaTu-
BOI KOHLEnLii eKCTeHCMBHOIO €KOHOMIu-
HOro 3pOCTaHHA, WO IFTHOPYE eKOJOoriyHi
Hebe3neKkun.

Cranuii po3BUTOK — Lie JOBOJI CKNagHa KOHCTPYKLiA, AKa nonarae B 36anaHco-
BaHOMY PO3BUTKY TPbOX KOMMOHEHTIB: EKOHOMIYHOrO, COLlia/IbHOro Ta EKONIONYHOro
(in1. 4). He moXkHa roBOpuTY NPO CTanui PO3BUTOK, PO3rNAfaoym nuwe OfuH i3 KOM-
NnoHeHTiB. Ha in. 4 306pakeHo Tpu Kona: couiym (CycninbCTBO), EKOHOMIKA, LOBKiNA
(npupopga). flinAHKa nepeTrHy Kin i € 30HOI0 CTaIoro PO3BUTKY.

KoHuenuia ctanoro po3BuTKY FPYHTYETbCA Ha TaKUX M'ATU NPUHLMNAX.

1. JliopcTBO MOXKe HafiaTn PO3BUTKY CyCnifibCTBa CTasloro xapakTepy, Wwob BiH Bigno-
BifjaB noTpebam ntofen cyyacHoro i ManbyTHiIX NOKONiHb.

2. OO6MeXxeHHs, WO iCHYIOTb Y ranysi ekcrnnyaTauii npupogHUX pecypcis, NoB'A3aHi i3
Cy4YacCHMM piBHEM PO3BUTKY TEXHIKM i coLianbHOI opraHi3auii, a Takox i3 34aTHi-
cTio 6iocdepu O CamOBiIAHOBEHHS.

3. HeobxigHO 3a10BOSIbHUTY €/IeMEeHTAPHI MOTPe6U BCiX Nofei i HagaTy iM MOXu-
BiCTb peani3yBaTu CBOI Hafii Ha 611arononyyHe XuTTA.

4. HeobxigHo, Wob BUKOPMUCTaHHA NPUPOAHNX PecypciB BiAMNOBIAano eKonoriyHnm
MOXKUBOCTAM MIaHETU, 30KPeMa BUPOOHMLITBO eHepril.

5. Temnu pocTy KinbKOCTi HacesieHHs MatoTb BiANOBIZATU BUPOOGHMYOMY NOTeHUiany
6iochepu, AKMIN y CyYaCHUX YMOBAX LUBUIKO 3MIHIOETbCA.

B OCHOBI CTiIIKOrO PO3BUTKY NeXuUTb nepexif A0 «3eneHoi» eKOHOMIKK. «3ene-
Ha» eKOHOMIKa — Uje eKOHOMIKd, AKA pauioHanbHO BUKOPUCMOBYE NPUPOOHI pecypcu,
36epieae ekocucmemu | b6iopisHOMaHimms
ma 3a6e3neyye npu YyboMy 3DOCMAHHA piBHie8
0oxodis i 3atiHamocmi. Lle «<Hn3bKoKapOboHOo-
Ba» €KOHOMIiKa, €KOHOMiKa 3 MiHiManbHUM
BMIKOPWNCTAHHAM BYINEBOAHEBMX PeCypCiB,
€KOHOMiKa 3 HU3bKOK eHeproemMHicTio. B
YMOBax pecypcHOl Ta eHepreTuyHol 3anex-
HOCTI YKpaiHM came NMOCTynoBa 3aMmiHa «Ko-
pVYYHEBOI» iHOYCTPianbHOI EKOHOMIKM Ha
HOBY «3eMeHy» YMOXIUBIIOE 3abe3neyeHHn
HaL|ioHanbHOI be3neKn AepkaBy BHANGNVMKYI | 5. Cumsonu npiopuTteTHIX HanpAMis

fgecatupivua. NepenbaveHo ynpoBafgXeHH:A «3€ef1eHOI» EKOHOMIKM B YKpaiHi

In. 4. TpueanHa KoHuenuia
CTanoro po3BUTKY

§ 4. Ctpareria CTanoro po3BUTKY NPUPOAM 1 CyCninbCTBa
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TaKMX iIHCTPYMEHTIB «3e/1eHOT» eKOHOMIKU, AK «3eJIeHi» TeXHONOT i, «<3eNeHni» TpaHC-
nopT, «3efieHe» ByAiBHULTBO, «3efIeHi» 3aKyniBAi, «<3efneHa» eHepreTuka Ta iH. (in. 5).

OTxe, Ak cdopmynboBaHo y 3BiTi Komicii OOH,
«36a1aHCOBAHNI PO3BUTOK NMPUPOAM N CYCMiNbCTBa — Lie PO3BUTOK,
O 3340BOJIbHAE MOTPEOU HUHILWHIX MOKONIHb i HE 3arpPOXKyE MOXINBOCTI
HaCTYMHMX MOKOMiHb peani3oByBaTN CBOI NOTPe6U».

Y yomy nonsrae Heo6XigHICTb OHOBNEHOT CMCTEMU LiiHHOCTEI LWoA0 Nnpupoau?
OCHOBHOIO NPUYNHOIO €KONOTIYHOT KPU3W Y BiAHOCKMHAX NIOAVHN 1 NPUPOAM € He
36iNblWEHHA HAaceeHHA, He PO3BUTOK MPOMMUCIIOBOCTI, HE Halli eKOHOMIYHI abo no-
niTMyHi cnctemn, a CUCTEMA LIHHOCTEW, wo Br3HaualoTb CTaBAEHHA NIOANHN A0
TOro, WO 1i 0Touy€, Ao Npupoan. OCHOBHUMY LIHHOCTAMM, L0 BU3HAYalOTb CTaBNEHHSA
NIOOUHWN [0 NPUPOAN, € eKOHOMIYHA, Ni3HABAJIbHA, eCMeMUYHA, eMUYHA Ta iH.

BuBYeHHAM UiHHOCTE NPMPOAN 1 OLIHIOBAHHA NIIOANHOIO 3HAYE€HHA NPUPOAMW,
O MOTUBYE il NOBEAiHKY, 3aIMAaETbCA @KONOTiYHa eTuKa. Lje 8yeHHA npo npuHyunu G
npobsemMu MopanbHUX 834EMOBIOHOCUH JIIOOUHU 3 Npupo0olo U Cychiibcmgom. 3acHo-
BHMKaMW L€l cucTeMy NOrNALIB, AKY Lie Ha3UBaTb eTUKOK 3eMIi, € aMePUKAHCbKUIA
ekonor 0. Jleononwo (1887-1948) i HimeLbKWIA NiKap, MiCiOHep, My3unKaHT, naypeat
Hob6eniscbkoi npemii mupy A. Lleeiiyep (1875-1965). Ha BigmiHy Big 6ioeTuky, wo
JOCHNioXKYyE MOpanibHe CTaBIEHHA JIIOAUHWN [0 XUTTA, €KONOriYHa eTuKka BUBYAE MO-
panbHi CTOCYHKM NIOAUNHN 1 NPUPOAN B3arasi — X1Boi n Hexkneol. OCHOBOI Cy4acCHOI
€KOJIOTiYHOI eTMKN € B3aEMOJOMNOBHIOBASIbHI M PIBHO3HAYHI CBITOrNAAHI KOHUemN-
Lii — 6ioueHTpr3M 1 ekoueHTpr3M. Cy6’ekTaMu B LIMX KOHLENLiAX € OpraHiamu, Buan
KMBMX icTOT Ta ekocuctemun. O. Jleononbh BUOKPEMMB TaKi NPUHUMMIN €KONOTriYHOT
eTuKku: 1) NpuHUUN 36epeXkeHHs Npupoaw; 2) NpUHUKUN 36epekeHHs biopisHOMaHIT-
TA; 3) NpYHUMN WinicHOCTI Nnpupoawn; 4) NPMHLUMM NoBaryu Ao NPUPOAY; 5) npuHUUN
BiANOBIAaNbHOCTI.

OCHOBHUMM 3aBAAHHAMY Cy4YacHOI eKONOriYHOI eTUKK €: NepebyoBa MOpanbHOI
CBiOMOCTI NtoANHY, BUXOBaHHA N06O0BI 1 cniBuyTTA fO Npupoaun, GopMyBaHHA Bif-
noBiZanbHOCTI NIOANHY 3a CTaH NpUpoan, opmyBaHHA pPiBHOMPaBHOIO CMiBiCHYBaH-
HA NIOAVHW 1 npupoau.

OTXe, NpUpOAY BPATYBATU 3MOXKeE TiNlbKM CTBOPEHHA HOBOI
LiHHICHOI cncTeMmn, 3aCHOBaHOI Ha BMCOKOMY OLliHIOBaHHI
BHYTPILHIX i 30BHILIHIX LiHHOCTEN NPUPOAN, BUKOPUCTAHHA AKMX
He CnpUYMHUTL 3arubeni Npupoamw.

@ BIANIbHICTb

M CamocrTiliHa po6orTa 3 inlocTpauieto «Llini cranoro posBuTky»
3I'I|mpuuauun 4 B /1 9 %
a,uuposa (R flocToitki poboui IiHoBaLji
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HepiBHocTi CrIOXMBAKHA BOJ0I0 Ha 3emni e yini



15 BepecHa 2017 p. ypag YKpaiHu onpuntogHme HauioHanbHy gonosiab «Lini cta-
Nloro po3BUTKY: YKpaiHa». Y gonogigi npeactaBneHo 17 rnobanbHUX Linen cTanoro
PO3BUTKY 3 YpaxyBaHHAM crieundiky HalioHanbHOro po3BUTKY KpaiHu. Po3noginite
Lini 3a TPbOMa KOMMOHEHTaMM CTaIoro PO3BUTKY.

bionorisa + AHrnincoka mosa. UNEP

MNepeknafiTe TEKCT i NIAroTynTEe NOACHEHHA NPO MiXXHapoAHY nporpamy «KOHENM».

«The United Nations Environment Programme (UNEP) is an international entity
whose mandate is to promote sustainable development and prudent use of the global
environment. It assists many countries to achieve resilient, low-emission pathways
through its flagship programmes in adaptation, forestry, energy efficiency and transition
to sustainable development. Its key activities include promoting investment in clean
technologies in order to reduce emissions, protecting biodiversity and ecosystems,
alleviating poverty, and ecosystem-based adaptation in order to
reduce human vulnerability and strengthen resilience to the impacts
of climate change. It works with the financial communities to mobilize
financial resources for investments in low carbon and climate resilient
development; developing climate finance readiness and capacity-
building; and undertaking policy and research analysis». Ut e vt Prograrre

CTABJIEHHA

* "2 bionoris + EKoHoMmika. EKOHOMi4Hi LiHHOCTi npupoan

MpoaHanisynte BUCNiB iHAIaHLUIB i HAYyKOBE NOBIAOMEHHSA.

MiBHiYHOaMepuKaHCbKi iHAiaHLi Kasanu: «Kosiu 6yde 3pybaHe ocmaHHeE depeso,
6y0e ompyeHa ocmMaHHA pidka i 6yde 3/108/1eHa 0CMAHHA puba, dyxe No2aHO, AKWO
Jiuwe mooi 1loOUHA 3pO3yMi€, WO BOHA He MOXe icmu 2powi».

HoBuHu ekonorii: «Haykosyi U ekoHomicmu Hewo0d8HO CNisIbHUMU 3YCUSIIAMU
docniounu 5 ekocucmem, 3miHeHUX JIIOOUHOIO 3 KOMep- P
yitiHoto memoto. JJocnioHUKU 3pobusiu OUBHUU 8UCHO- :
80K: 3a yMO8U 30epexeHHsA eKocucmem y 8UXiOHOMY
He3MiHeHOMY CMaHi ix eKOHOMi4YHa yiHHicms 6yna 6 Ha
14— 75 % 6inbWoto, aHiXx nicsia aHMponoz2eHHo20 hepe-
MBOPEHHA».

CoopmynioiiTe BUCHOBOK NPO HEOOXiAHICTb 3MiHM
€KOHOMIYHUX LiHHOCTEN NOAUHU Wopo npupoan. B MKozediHa Bonn. 3emna moix
YOMY CYTb €KOJIOri3aL|ii EKOHOMIKI? npepkis. (Mouatok 1990-x pp.)

PE3VJIbTAT

3aBAaHHA anA CaAMOKOHTPOJI0

1. Wo Take HaBkonuwHe cepepoBuiye? 2. Ha3BiTb OCHOBHI KOMMOHEHTW JOBKINNA.
3. Wo Take cTanui po3BUTOK NpuUpoAn 1 cycninbcTtea? 4. HasgiTb NnpuHUMNn Cta-
NOro po3BUTKY Npupoaun 1 cycninbcTsa. 5. Lo Take wiHHOCTI npupogn? 6. Ha3Bitb
OCHOBHI LliIHHOCTI JTIOANHY WOAO NPUPOAN.

7. flKolo € CTPYKTypa HaBKONMLLIHBbOTrO cepepoBuLia? 8. B yomy nonarae cyTb cTpate-
7 -9 |rii cTanoro po3BMTKY Npupoau i cycninbctea? 9. Yomy HeobXifHO OHOBUTY CUCTe-
My LiiHHOCTeN Wwoho npupoan?

10-12 | 10. AKnmK € rnobanbHi Lini cTanoro po3BUTKY NPMPOAN i1 cycninbcTea?

§ 4. Ctpareria CTanoro po3BUTKY NPUPOAM 1 CyCninbCTBa
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CamMOKOHTpPONb 3HaHb

Tect 1. BCTYN

3aBpaHHA 3 BUGOpPOM ofHi€l npaBUNbHOI Bignosigi (no 1 6asy 3a koxHy npa-
8UJIbHY 8i0N08IiOb)

[oTtuk fo nuctka mimosn copomnmeoi (Mimosa pudica) cnpnuu-
HAE MOro NPoBMcaHHA. Ha3BiTb BNacTUBICTb.

A 06MiH peyoBUH b po3BuTOK

B cnagkosBicTb ' nopgpasnueicTb
AKi peuyoBUHM HEOOXiAHI ANA aBTOTPODHOrO XKIMBJIEHHA TPOSHA?
A ©6inkn 11 Byrnesoau b CO,iH0O

B KwnceHb n Bopga I miHepanbHi coni n onii

3 npuKonaHoro naroHa Bep6wu 6inoi (Salix alba) BupocTae HoBe Aepeso. Ha3BgiTb
SABULLE, LLIO € OCHOBOIO nofil.
A TpaHcnipauia b pereHepauin

B Ttponizm I cTaTeBe PO3MHOXEHHA
[lo AKoro piBHA opraHi3auii »k1MBoT MmaTepii HanexnTb 06'eKT?
A po monekynapHoro

b po kniTuHHOroO

B po opraHiamoBoro

I poekocuctemHoro
YuHi Hacunanu y ABi NOCYAMHM LWapaMy NeperHil i Nicok, nicia Yoro NOMiCTUIM B
OfHY i3 HUX KiNbKa JOLLOBYMX YePB'AKIB, a iHLWY 3anuwunm 6e3 3miH. Ha3BiTb meTos.
A MOHITOpPUHT b mopentoBaHHA

B ekcnepumeHTanbHum I cratnctnyHunm

3aBAaHHA Ha BCTAHOBJIEHHA BignoBigHOCTI (4 6asu 3a npasusibHe 3icmas-
JIeHHSA)

YcTaHOBITb BiANOBIAHICTb MiX GYHKUiIOHaNbHMM NpoLecom i piBHEM opraHi3sauii
»KNBOT MaTepil.

1 Giokaranis A eKoCUCTEMHUI

2 MiTO3 i Melno3 b nonynauinHo-smpoBun
3 HepBoBa perynauia GyHKLin B opraHiamoBui

4 Kpyroobir peyoBUH I eHepril I KnitMHHWA

A monekynapHun

3aBAaHHA 3 BU6opom npaBunbHOI Kom6iHauil Bignosigen (3 6asu 3a npa-
8UJIbHY KOMOIHAUIO)

Brnbepitb 03HaKW, Lo XapakTepu3yoTb 3alus 6inoro (Lepus timidus).

A PiBeHb b HanexHictb B Cnoci6
Zo rpynu XKMBJEHHA

1 monekynapHuin 1 amoibii 1 xuxak

2 KNITUHHUI 2 pentunii 2 napasut

3 opraHiamoBuii 3 nTaxu 3 o¢itodar

4 eKOCUCTEMHUA 4 ccaBui 4 canpodar



o {

AHITTA

Mpupooda! BoHa 8iuHO cmBopIoe Ho8i 0bpasu: me, Wjo €, —
moeo He 6ys10; me, wo bys10, — 8xe biiblue He NOBMOPUMbCH. ..
1. B. feme

§5. BIOPI3BHOMAHITTA. BIOCUCTEMATUKA

OCHOBHi NOHATTA 1 KnovoBi TepmiHn: BIOPI3HOMAHITTA. BIOCUCTEMA-
TUKA. DinoreHeTnuyHa cuctematuka. Knacndikauis.

Mpuragaiite! Lo Take 6iopi3HOMaHITTA N cucTeMaTrKa?

X Momipkyiite!

MixxHapoOHuli 0eHb G6iosn02iyHO20 pi3HOMaHimms
(aHrn. International Day for Biological Diversity, IDB) — mixHapog-
HUI geHb, AKUIA oronocuna leHepanbHa Acamb6nea OOH ana 3a-
NyYeHHA yBaru o npobnem 6iopi3HOMAHITTS, WO € OCHOBHOW
YMOBOIO icHyBaHHA 6iocdepm. Llei peHb Becb CBIT Big3Havae
22 TpaBHs, NnouyrHatouur 3 2000 p. A Lo Take 6iopisHOMaHITTA?

3MICT

AKi YMHHVKN BNAMBalOTb Ha popMyBaHHA Ta PO3BUTOK 6iopi3HO-
MaHiTTA Hawoi 3emni?

BIOPI3BHOMAHITTA - ue miHaugicmo xugoi npupoou 8cepeduHi 8udis, Mix sudamu
ma mix ekocucmemamu. bionoriuyHe po3maiTTs, WO BifobpaKae KinbKicTb, pPi3HOMaHiIT-
HIiCTb i MIHANBICTb »KMBOI NPUPOAN, ICHYE CKPi3b — AK Yy BOAi, TaK i Ha cyxoponi. BoHo
CKnajaeTbca 3 ycix GopMm XKUTTA Ta OpraHi3miB: Bif NpioHiB, Bipoifis i Bipycis, 6akTepili
Ta apxel aX A0 BULLMX POC/NH, CMPaBXHIX TBAPWH 1 NoanHu. Bci Tnu GiopisHoma-
HITTA — 2eHeMu4He, sudose I ekocucmemHe — NoB'A3aHi MiXk coboto. Tak, reHeTUYHe
pi3HOMaHITTA 3a6e3neyye BUAOBE, Pi3HOMAHITHICTb EKOCUCTEM CTBOPIOE YMOBM AN BU-
[OYTBOPEHHA. AKi XX YUNAHHUKW BNANBAOTb Ha BiopisHOMaHITTA?

MpuurHoto eBontoLii 6IOPI3HOMAHITTA € MPOTUPIYYA MiXK YMOBaMW CepefoBuLLa,
LLIO NOCTIMHO 3MIHIOKTbCA, | CNaAKOBICTIO XMBOI Npupoan. Tomy Ha dopmMyBaHHA bio-
Pi3HOMaHITTA BNAVBAOTb 308HiWHI (HanpyKnag, reonorivHi, KnimaTnyHi) Ta BHympiw-
Hi (HanpuKnag, pekombiHaLif reHiB, ropuU3oHTaIbHe NepeHeCeHHsA reHiB) YUNHHUKN.

B eBontouii »k1MBOro Ha 3emni MOCTiIHO 36inbluyBanoca b6iopizHOMaHITTa 6Gio-
CUCTeM Pi3HMX piBHIB opraHisadii nig fieto esomoyitiHux YUHHUKIB. Lle pywiliHi YuH-
HUKU egosoyii (NpupoaHuii fobip) Ta esieMeHmapHi YUHHUKU egostoyii (MonynALinHi
XBWNI, i3onauis, gpend reHis).

BaraTo HayKOBL|iB CTBEPIXYIOTb, IO €BONIOLiA 6iIOPi3HOMaHITTA TiCHO NoB’A3aHa
3 eBOJIIOLIEI eKOCUCTeM, Yepe3 Te OKPIM BiJOMMX €BOMIOLINHMX YAHHUKIB Ha eBO-
nouito 6iopi3HOMAHITTA CYTTEBO BNIMBAOTb @Kos102i4Hi (abiomuyHi, 6iomuyHi Ta aH-
mponiyHi) YUHHUKU.

§ 5. biopizHomaHiTTA. CcTeMaTUKa



Tema 1. BIOPI3BHOMAHITTA
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Oco65BMM € BNANB aHTPOMIYHOIO YMHHMKA. 3rigHo 3 gonosigal BcecBiTHbOro
doHay pukoi npupoaw (anrn. World Wildlife Fund, WWF) 3 BnnvBom gisanbHOCTI ntogu-
HY MOB'A3aHe CKOPOYeHHsA BiopisHOMaHITTA 3emni Ha 28 %.

OTxe, eBontoLisi 6iOPIZHOMAHITTA € iICTOPUYHMM MPOLECOM,
o BiAOyBa€TbCA Mif Ai€0 Pi3HUX YMHHVIKIB.

Aki ocHOBHi MeTOAM, HANPAMU Ta PO34inu cyyacHoi 6iocucremaTukn?
BIOCUCTEMATUKA (Big rpeu. cucmemamikoc — ynopaAQKOBaHUN) — HAYKA, WO
onucye, Hasusae U Kaacugikye icHyrodi ma sumepsi opaaHiamu. OCHOBHe 3aBAaHHA
L€l HayKn — CTBOPEHHA CMCTEMM OPraHiyHOro CBITY ANA Opi€eHTaLil y BennyesHin
Pi3HOMAHITHOCTI opraHiamiB. HamnowwupeHilwmm meTogom 6iocuctemaTuku € no-
piBHANBHO-MOponoziyHUU. |3 apceHany cyyacHUX MeTOLiB BUOKPEMUMO Xemo-
cucmemamuky (BVMBYEHHA CKNagy PeYOBUH I OCOONMBOCTEN OOMiHY PEYOBMH),
Kapiocucmemamuky (BOCNiA>KeHHA XPOMOCOMHOTO Habopy pi3HUX BUAIB), 2eHOCUCMe-
Mamuky (BnBYeHHA HykneotuaHoro cknagy AHK i PHK'y pisHux opraHiamis). OctaHHIM
YacoM Habyna 3HauYHOro MOLWMPEHHA MOJIEKY/IApHA cucmemMamukad, nobyfoBaHa Ha
aHanisi reHeTMyHoro matepiany. OCHOBHMMK HanpAMaMy Cy4acHOI CUCTEMATUKN €
undposuin (peHeTrKa), eBonioUinHWI (dinicTnKa) Ta dinoreHeTUUHUIA (KNagncTuka).
MeHemuyHa cucmemMamuka rPyHTYETbCA Ha 3aranbHili NOAiGHOCTI OpraHi3miB i MOXxe
He BigoOpaxatu dinoreHeTnyHi 3B'A3KW. PopoBigHe nepeBo y
LbOMYy BUMaAKy Ha3MBaETbCA AeHAporpamoto. EsonoyitiHa cuc-
meMamuka rpyHTYETbCA Ha 3HAHHAX €BOMIOLIMHUX BiAHOCUH MiX
cnopigHeHMMM rpynamm i NoaibHocTi 6araTbox 03HaK opraHismis.
DinoreHeT4YHa cucTeMaTuKa — HanpAam biocucmemamuku,
W0 8U3HAYAE e8OJTIOYIUHI 83dEMUHU ceped pi3HUX 8U0i8 HA 3emili,
AK Cy4acHux, mak i sumepsux. lHWa Ha3Ba LbOro Hanpsamy — Kna-
AVCTUKa (Bif rpeu. kK/1a0oc — TiNika) Yepes Te, WO OpraHisMu Kna-
cndiKyloTb y NopsAAKy iXHbOrO BiaranyeHHs Big esoniouiitHoro M- 6. Binni XenHir
fepeBa, He3Baxalouu Ha mopdonoriyHy

iy,
-

|'|O,D,|6H|CTb. 3aCHOBHUKOM Ta dBTOpPOM Kna- NaHueTHUK
OUCTUKN € HiMeLbKniA eHTomoror B. XeHHi2 . -
(1913-1976) (in. 6). ¥ cyuvacHin 6iocucre- c
MaTuui inoreHeTKa Cnyrye OCHOBHMM  Xpebet Minora
nigxofom po 6ioknacudikauii, i BCi cyvac- ———c
Hi CMCTeMM NEeBHOI MipOK MICTATL iHdpOp- PVXu’lgﬁing; Tyreue
Mauilo, OTpMMaHy 3a [OMOMOrol LbOro ey
nigxogy. Pe3synbratom  KnagucCTUYHOrO o [I
A '.qy y A . MapHi KiHUiBKMN Canamarinpa
aHaslizy noxoa»eHHA TakCOHa € Alarpamwu, Ha3eMHOro Tuny ‘
0 iX Ha3nBalTb K1adozpamamu (in. 7). ) i
W . K P ( ) AMHIOTUYHI Hepenaxa
BipnoBigHO pgo 3aBpaHb, WO CTO- Aiya
ATb nepepf cucTemMatukolo, Yy 11 cknagi
. . Bonocca
BMOKPEMJTIOIOTb PO3L4iNN — TaKCOHOMIIO Ta
Jleonapa

HOMeHKNaTypy. TAKCOHOMIA 8UBYAE NPUH-
yunu, mMemodu U npasunda Kadacugikauii. In. 7. Knagorpama OKpemmx TakCOHiB
[HWKUMK cnoBamu, Le Teopia Knacudikauii. XOpROBUX 3 BUAINEHMN

¥ Gi . . XapaKTepPHUMN BM3HAYaJIbHUMUN
OJI0OBHa MeTa O0IoNOoriYyHOI TaKCOHOMII — 03HaKamu (anomopdiamm)



CTBOPEHHA NPUPOAHOI CUCTEMM OPFraHiYHOro CBITY Ta 3'ACyBaHHA dinoreHeTUYHOT
cnopigHeHocTi. biono2iyHa HOMeHK/Iamypa 8ugyae cucmemy HAYKOBUX HA38 MaA
npasus HaUMeHY8AaHHSA 2pyN XUBUX 0p2aHi3mMi8, 06'€OHAHUX 3d Ne8HUMU CNOPiIOHeHUMU
38’A3kamu. Ana 3BefeHHA Unx NpaBui iCHYIOTb cnelianbHi HOMEHKNATYPHI KogeKkcu
(Hanpuknag, «<MixHapoaHWI KofgeKc 60TaHiYHOT HOMeHKNaTypuy, «MixXHapOZHWIA KO-
[eKC 300/10TYHOT HOMEHKNAaTYypu»).

OTXXe, CyyacHa cucteMaTvka Onucye M ynopagKkoBye
icHytoui 1 BMMepni BUAW, KNacndikye Ta BM3HaUYaE eBONIOLiMHI 3B'A3KM
ONA CTBOPEHHA CMCTEMU OPraHiYHOro CBiTY.

Aki npuHyMNK HayKoBoOi Knacudikauii opraHiamis?

Knacudikauis (Big nar. classis — pospsg, facio — pobutn) — ye po30in cucmemamu-
KU, 8 AKOMY XKUBi Op2aHI3MU po3Nn00iisAloMb 3 NeBHOK CUCMEeMOI0 iEpAPXiYHO OpP2aHi30-
8aHUX Kamezopiti-makcoHis. KnacnikyBaTu opraHiam neBHOro Buay — Lie BU3HaunTh
CTyNiHb A0ro NofibHOCTI 1 BiAMIHHOCTI Bif iHLUIMX OpraHi3miB Ta BKa3aTu Micue B Cu-

CTeMi opraHiyHoro cBity. Jlie 3acTocyBaHHA pi3-
HUX MeTOofIB CUCTEeMAaTUKKW, [MNOOKUI aHani3

TakcoHOMiYHe NONoXKeHHsA BUAY

. . TBapuH
03HakK OynoBu, GYHKLiN, NOBEAIHKN Ta peTesibHe -
. . .. [omeH Eykapiotn
JocnigxeHHA dinoreHeTUYHUX 3B'A3KIB  AaloTb -
. LapcTtBo CnpaBXHi TBAPUHYN
MOry BigHecCTn Bu neBHOT TBa, TMN -
3MOry BigHecTn B fl no .EB oro uaps Ba, ){, Tun Xopaosi
Knacy Towo. KoxHin rpyni nputamaHHi 3a3Bryan Knac Ccasui
BU3HayasNbHi BiAMIHHOCTI, Lo BNacTuBi nuwe in. Ix P Mcononi6Hi
Ha31BaKTb AiarHOCTUYHMMWN O3HaKamu. Tak, BO- PoanHa Mcosi
JIOCAHUIN MOKPWB, Aiapparma € AiarHOCTUYHUMMU Pia Mec
03HaKaMW CCaBLiB, @ HasABHICTb NOAIB, KBITIB 1 |Byg Mec CBilicbK

NOABIMHOro 3an/igHEHHA — 03HaKaMW KBITKOBUX.
Po3nogpin opraHiamis Ha rpynu 3giNcHI0ETbCA
3a JOMOMOrOK CUCTEMATUYHUX KaTeropin, AKu-

TakcoHOMiYHe NoNOoXKeHHA Buay

pocnuH

MU € OOMEH, yapcmeo, mun, Kidc, pAo, poOuHa, -

o . [lomeH Eykapiotu
pio i 8ud. [loMmeHn NOEAHYIOTb AeKifbKa LapCTB, Llapcreo Seneni pocum
LapcTBa — MOEAHYIOTb TUNM i T. A4. Y cnctematumui Binain Crpenodity
Lei NpUHUMN Ha3MBalTb NPUHYUnom iepapxii.y [~ KBITKOBI
cucTemaTuui pocnuH i 6akTepin 3amicTb TURy i MopAaok PosousiTi
pAdy BMKOPUCTOBYIOTb BiAAin i mopAagok. 3a He- PoauHa PO30BI
0OXiAHOCTI MOXYTb GyTV BUKOPUCTAHI NPOMiXHI | pig A6nyHs
KaTeropii 3 npedikcamn Had- uu nid-, Wo A0Aa- |Bug A6nyHA fOMALLHA

I0TbCA [0 OCHOBHWUX (Hanpwvknag, niguapcTBo,
HagLapcTBO, NiATWN, HaATVN).

OcHoBHoOIO i HaiMeHLo oauHULeto Knacudikauii € sua. Hassa Buay 3rigHo 3
npuHyunom GiHapHOi HOMeHKIamypu CKNafaeTbCA 3 ABOX CJ1iB: NepLue C/I0BO BKa-
3y€ Ha POJOBY HaNeXHiCTb, a Apyre — Ha B1AOBY. Hanpuknapa: nec csiticekuli (Canis
familiaris) abo A6nyHAa pomawwHa (Malus domestica). Ana nopo3ymiHHA MiX HayKoBLiA-
MU Pi3HMX KPaiH Wwodo Ha3e opraHiamis B XVII cT. noyanu 3acTocoByBaTu Mi>KHapOAHY
6ionoriyHy HOMEHKNATYpPy Ha OCHOBI TATUHCBKOI MOBMU.

OTXe, OCHOBHMMU NPUHLMNAMN HAYKOBOI CUCTEMATUKM € NPUHLANMX
iepapxiyHoCTi Ta 6iHapHOT HOMEHKNaTypwu.

§ 5. biopizHomaHiTTA. CcTeMaTUKa
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,@ LDIANbHICTb

M Jla6opaTtopHa po6oTa 1

Bu3HauyeHHA TaKCOHOMiYHOrO NONOXKEHHA BUAY B CMCTEMi OpraHiuHOro cBiTy
Merta: po3BMBaTN YMiHHA 3aCTOCOBYBATU 3HaHHA NPO KPUTepIi BUAY Ha NpakTuLi
Ta GopmMyBaTV NPaKTUYHI YMIHHA XapaKTepr3yBaTu BUAN.
O6nagHaHHA: intocTpaLii (repbapii, HaTypanbHi 06’'€KTU TOLLO) ABOX BUJiB OfHO-
ro poay.

Xip po6oTn

1. YKaxiTb yKpaiHCbKi 1 naTUHCbKi Ha3BM BUAIB, 06paHVX ANA XapaKTePUCTUKN.

2. 3a JOMOMOrol OCHOBHMX TakKCOHOMIYHMX KaTeropi Bu3HauTe micue BUAIB Y
CUCTeMi OPraHivyHoro CBiTy.

3. Ha3BiTb 03HaKM POAOBOI HANEXHOCTI, AKI CBiYaTb NPO HaMTICHILWI POAUHHI 3B'A3-
KU, WO Bigo6GpaxaloTb MNOAIOHICTb Ta CRiNBbHICTb MOXOAXKEHHSA. AKa NpuUUYMHa no-
JibHocTi BUAiB?

4. YKaxiTb 03HaKV BUOOBOI HaNIeXHOCTI. lka NpuynHa BigMiHHOCTE BUAIB?
Mipcymok po6oTu. — PopuHa: FlomiHign

Pig: WnmnaHse
LLinmnaH3e 3BnYaiHmn

bionoria + EBoniouin

1.6 LnmnaH3e kapnunko-
BuUI (6oHO60)
Pig: Miogn
JliognHa po3ymHa
Pig: lTopunun
3axigHa ropuna
18 .
14 CxigHa ropuna
Pip: OpaHryTaHm
r113 KanimaHTINncbKunin opaHryTaH
CymaTpaHCbKIUI OpaHryTaH

MNpoaHanisynTte Knagorpamy romiHig, Yy
AKiN BigoOpaXkeHO eBONIOUIMHI 3B'A3KU MiX
iCHylouUMMy HUHI Brpgamun (LMdpm BKasyloTb
Ha Yac PO3XO[XeHHA rpyn y MinbMoHaxX POKiB
TOMY) Ta 3a il LONOMOroK BU3HauTe TaKCOHO- Y
MiYHe NonoXeHHA BuAYy JIloOuHa po3ymHa.

18

A Q CTABJIEHHA
«j Bionorisa + Typusm. biopisHoMaHiTTA i Typnsm

22 MAY 2017

Tema MixxHapoaHoOro aHA 6ioNoriYHOro pisHOMaHITTA y INTERNATIONAL DAY
. . . o FOR BIOLOGICAL DIVERSITY
2017 p.: «biopisHOMaHITTA Ta cTanun Typusm». Temy obpa- ®

HO Y 3B'A3KY i3 NporonoweHHaM leHepanbHo Acambneeio
OOH 2017 poky MixXHapogHUM POKOM CTanoro Typusmy.
Yomy niaTprmKa 6iopisHOMaHITTA € 060B'A3KOBOI YMOBOIO
B OpraHizauyii TYpUCTMYHOT JiANbHOCTI? AKe 3HaueHHA BGio-  Biedversio and Sustainable Touriam
CMCTEMATVKN Y BUBUYEHHI GiopisHOMaHITTA?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO
1. Wlo Take 6iopisHOMaHiTTA? 2. Ha3BiTb BUAK 6iopisHomaHiTTA. 3. LLlo Take cnuctema-
1-6 |Tuka? 4.Ha3BiTb cyyacHi metoau cuctematuku. 5. LLlo Take knacudikauia? 6. HasBitb
OCHOBHi CMCTEMATUYHI KaTeropii.
7. AKi YMHHWKKM BNAMBalOTb Ha GOPMYyBaHHA Ta PO3BUTOK GiOPi3HOMaHITTA Hawof
7-9 |3emni? 8. Ha3BiTb OCHOBHi MeToAW, HANPAMU Ta PO3[INN CyYaCHOI CMCTEMATUKMN.
9. AAKi NPUHUMNN HayKOBOT Knacudikauii opraHiamis?

10-12 | 10. flke 3HaYEHHA CMCTeMATUKU ANA CydacHMX 6ionoriyHmxX JoCnigKeHb?




Budu 8u3Ha4yaromscs He 8iOMiHHOCMAMU, a 8i0OKpeMJIeHicmio.
E. Matp

§6. CYYACHI KPUTEPIi BUAY

OCHOBHIi NOHATTA I KNOYOBI TepmiHn: KpuTepii suagy. BIOJIONYHUN BUA,.
Monynsuisa. NigBung.

MpurapanTe! ki € piBHi opraHisauii xnBoi npupoan?

X Momipkyiite!

3 KOMUCb YWUCNIEHHOro pAgy
XOBOTHMX HWHI 3anMWmnnoca BCbOro [Ba
poan - agpukaHcbkuli Ta iHOilicoKUl
cnoHu. AdpuKaHCbKi CnoHU o6'eaHy0Tb
[Ba BUAW — CJIOH casaHHuli (Loxodonta
africana) Ta cioH nicosuli  (Loxodonta
cyclotis). IHAIACbKI (a3ificbKi) cnoHn y cy-
yacHin dayHi npenctaBneHi nuwe ogHUM BUAom — Elephas maximus, Ha3Ba AKOro
YKpaiHCbKOI MOPBOIO 36iraeTbca 3 Ha3Bo pofy. Yomy Le pisHi Bugn?

AdpUKaHCbKMIN CNOH IHOINCBKNI CNOH

3MICT

Akumu € KpuTepii BUAY?

KpuTepii Bugy (8Big rpeu. kpumepioH — 3acib ana cyakeHb) — 03HaKu nodibHocmi
MiX 0COBUHAaMu 00HO020 8UQY, A MAKOX O3HAKU, 3a 00NOMO20K0 AKUX OOUH 8UO 8iOpi3-
HAMb 8i0 iHWO20. BUAOBY CaMOCTIMHICTb MEBHOT FPyMny OCOOUH YCTaHOBIOKTb 33
TaKMMK KpuTepisimu, AK MopgosoziyHul, kapiomuniyHul, gizionoziyHud, penpooyk-
mugHud, 6ioximiyHud, 2e0epagpiyHudl, ekono2idHud.

Mopdonoeziunuti Kpumepiti nepepbavae Bugi-
NIEHHA Ta OMNUC 30BHIWHIX O3HaK y 0CO6WMH OfHOro
BuAy. Tak, 3a po3mipamu, 3abapBreHHsAM Nip’s MOXHa
PO3PI3HNTL 3eneHOro 1 YopHoro aatnis (in. 8). Len
KpUTepiln € HAN3PYYHILLMM | TOMY LUMPOKO 3aCTOCOBY-
€TbCA B cuctematuui. lNpoTe B npupoai TpannAaTbea
BUAN, WO X HEMOKMBO PO3PI3HATM 3a 30BHILIHIMN
03HaKamu. Lle Buan-aBiniHMKM — MopdosioriyHoO CXoxi
Mi>XK co0o0l0, ane BiApi3HATbCA 3a iHWKMK O3HaKa-
mu. Tak, 3a Ha3BOI NAYIOK YOPHUL BUABNEHO ABa Bu- 1. 8. YopHuii (1) i 3enenni (2)
AV-ABINHUKN, B AKKX 38 Ta 42 XPOMOCOMU. AATIN

KapiomuniuyHuli (2zeHemu4Huli) Kpumepiti NoB'A3aHN 3 BUBYEHHAM KiNlbKOCTI
XPOMOCOM Yy KapioTuni Ta ocobnmsocTeli ixHboi 6ygosu. Came Ui 0cobNMBOCTI BM3Ha-
YaloTb 2eHeMUYHy 8i0OKpeMJieHiCmb K FONOBHY 03HaKy BuUay. Lle noAcHeTbCA TUM,
Lo 0co6MBOCTI Ta KiflbKiCTb XpOMOCOM BMIMBaloTb Ha nepebir meno3sy 1 3abe3neuy-
I0Tb BiAHOCHY FreHeTUYHY i301ALit0 BUAIB Y Npupogdi. Y TMX Bunagkax, Konm Mixksngose
CXpeLlyBaHHA BCe X TaKu BiiOYBa€TbCs, ribpuaHi ocobnHm abo € ctepunbHumu, abo
i3 MeHLOoI0 KMUTTE3AATHICTIO. Lle oauH i3 HanHaginHiwmx KpuTepiis, NpoTe N BiH He
€ abcontoTHMM. TaK, ycCi WicTb BUAIB-ABINHNKIB ManApinHOro KoMapa MarwTb 2n = 2,
46 XPOMOCOM € He fiLe B KapioTUni NIOAMHNY, a Ny NIOMNHY.

§ 6. CyuacHi kpuTepii Buay
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DizionoziyHuii Kpumepili nonarae B Nofi6bHOCTI NPOLECiB XUTTERIANBHOCTI 0CO-
6UH ofHOrO BUAY.

PenpodykmueHuli Kpumepilii NoOB'A3aHUN i3 HEMOXNMBICTIO CXpeLLyBaHHA 0CO-
6UH pi3HKX BUAiB Yepe3 MOPdONOriuHi, eTONOriYHI, KapioTUNiyHi Ta iHwWii BiAMiHHOCTI.
Ane n uen KpUTepin «CnpaLboBY€E» He 3aBXAN: BCTAHOBNEHO YMMano Pi3HUX BUAIB,
AKi MOXYTb CXpeLLyBaTCA B NPUPOLi 1 faBaTu nAigHi ribpuan. Npuknagamm € mixksu-
[OBi ribpuau 3anua-pycaka 1 3anua-6inska, ogHo- i gBorop6boro Bep6ntofis, TepeHy
1 anuui Ta iH.

bioximiyHuii Kpumepiti oNA BU3HaUeHHA BULOBOT HaNeXHOCTI nepeabayae aHa-
ni3 ocobnmBocTe ByLoBY i CKNagy MakpoMosiekyn Ta nepebiry neBHMX 6ioXiMiuHNX
peakuiii. Tak, 0cobMHY OAHOrO BUAY MatoTb ChifibHy cTpyKTypy AHK, cnHTe3yioTb no-
Li6Hi 6inkn. Ane i1 GioximiuHWIn KpuTepili € BigHOCHM. Hanpriknag, Ana oco6uH suay
XapaKTepHuin 6inkoBui NoniMopdiam abo B 0COOMH Pi3HNX BUAIB € OQHAKOBI reHuU.

leoepacpiyHull KpUTepin NOB'A3aHNI 3 TUM, LLIO KOXXEH BUJ 3aiMaE NeBHY Tepu-
Topito abo akBaTopito (apean). Ane y BenuuesHOI KinbkocTi BMAiB apeanu abo 36i-
raloTbcs, abo nepekprBaloTbCA. Kpim Toro, icHytoTb BUAN, WO HE MaloTb YiTKUX MeX
MOLWMPEHHS, a TAKOX 8UOU-KOCMONOIMu (pAcKa, KIMHaTHa Myxa, Py4uin TapraH), Wwo
MeLLUKaloTb Ha BeNIMye3HnX NpocTopax cyxogony abo OkeaHy.

ExonoeziyHull Kputepii nepegbayae NpMCTOCOBAHICTb [0 MEBHMX YMOB iCHY-
BaHHA. [1nA KOXHOro BMAY XapaKTepHi NeBHi yMOBU CcepefoBULLA ICHYBaHHA, WO iX
Ha3WBalTb eK0/102i4YHOI0 Hiero. TaK, »KOBTelb iAKW poCTe Ha 3aniaBHUX JiyKax, a
)OBTeLb NoB3yunii — No beperax piyok. OgHakK icCHylOTb BUAW, AKi HE MaloTb CyBOPOT
€KOJIOTiYHOT NPNYypPOYEHOCTI.

KpwuTepii Buay nos'A3aHi Mix coboto i BU3HauatoTb AKICHY 0cobnmeicTb Buay. Ane
YKO[EH 3 HMX He € abCcoNoTHMM. JlnLe B CyKyMNHOCTI onvcaHi Kputepii gatoTb 3Mory 3 10-
CTaTHbOK HARINHICTIO BCTAHOBUTU MPUHANEMKHICTb OPraHi3mMy 4O TOrO UM iHLWOro Buay.

OTXe, BUAW | HANEXHICTb 0COOUHM [0 NEBHOIO BMAY BM3HAYalOTb
3a CYKYMHICTIO O3HaK-KpUTepIiB, AKIi B3AEMHO AOMOBHIOTb OAUH OAHOrO.

Yomy B HayLli HeMa€ EANHOro po3yMiHHA BuAy?

YHiBepCanbHOro BM3HaYeHHA BUAY HEMAE, ane y CTaHOBMIEHHI LibOro NOHATTA Bi-
Jirpanu ceoto posnb pi3Hi KoHUenuii. HanaasHiwWwolo i HalnowrpeHilo € Mopgosio-
2i4Ha KoHYenyis, 3rigHO 3 AKOK BULOOM € CYKYMHICTb 0COOVH, AKi Bigpi3HAIOTbCA Bif
iHLWKNX NEBHMMU 30BHILWHIMK O3HakaMu. KoHuenuia He cTana 3arafbHOMNPUNHATO
yepes Te, WO Y NPUPOLi 0COOMHM OAHOrO BUAY MOXYTb Bipi3HATUCA Y BUMNagKax
cTaTeBOro Aumopdiamy (Hanpuknag, camui N CaMKW iHOINCbKOTrO C/IOHa UM XYKiB-
oneHxis), nonimopdiamy — HaABHOCTI B Mexax nonynaAuii AeKinbkox rpyn ocobuH, wo
BiPi3HAOTbCA 30BHILIHIMM OCOBNNBOCTAMU (HAaMPUKNaZ, YepBOHA 11 YOpHA Gpopmu
COHeuYKa ABOKPanKkoBoro) ToLo.

B ocHOBI 6ios102i4HOI KOHUENUii 8UOY NEXNTb NOHATTA PenpPOAYKTUBHOI i3onALjii i,
BIZANOBIAHO, BiACYTHICTb ri6pMAIB 32 YMOB NPOXKUBAHHA Ha OAHI TEPUTOPIT 6NIN3bKUX
BUAiB. Ane BOHA TaKOXK € HELOCKOHANOI0, NPO WO CBigYaTb YNCEHHI NpUKnagu ri-
6puvaunsauii BUAIB y NPMpPOAI Ta HaABHICTb riGPUAHNX 30H Mi>K 6NU3bKMMU BUAAMMU.
HalyxunBaHiwwnm y 6ionorii € BU3HaueHHs Buay, cbopMyibOBaHe came 3 no3uuin 6io-
noriunoi KoHuenuii suay. BIONIOTIYHUIA BUJ, (naT. species) — cykynHicmb 0cO6UH y
cknadi nonynayid, wo xapakmepusyomosca cnadkosow nodibHICMIO 03HAK, 8islbHO
cxpeuwyrtomecs i 0arome njooo4Ye NOMOMCMB0, NPUCMOCO8AHI 00 NEBHUX YMO8 Xum-
ms i 3aiimarome y npupodi negHy mepumopito — apearn.



3rigHO 3 noslimuniyHO KOHUEenUuieo BUL MOXe OXOMJIoBaTW Pi3Hi 38 cnocobom
XntTA i 6yposu dopmu (MigBram, rpynu nonynauin). MpencTtaBHUKM LUX rpyn vac Big
yacy MOXyTb CXpeLlyBaTUCA i JaBaTu MiigHe NoToMCTBO. Afle B 0COOMH OiHOTO BUAY
€ CNiNbHWI reHOMOH, | BOHW 3aXMLLEHI Bii MPOHWKHEHHA FeHiB iHLWMX BUAIB NEBHUMN
6ap’epamu izonsauil. Buan, siki He po3aineHi Ha nNigBMAW, Ha3NBATLCA MOHOMUNIY-
Humu. HanyacTiwe Takummn Buaammn € eHoemiku (Hanpuknag, canamaHapa nasammncra)
un penikmu (Hanpuknag, ratepis). Bugu, Wwo cknagaTbcA 3 ABOX i Oinblue NigBuais,
Ha3MBalTbCA hosimuniyHumu. Tak, Bug Oypuin Begmiab mae 8 nigBuais, a nucmus
3BMYalHa —ax 17.

3aBOAKN BMKOPUCTAHHIO MOMEKYNAPHO-BIONOriYHNX i FeHeTMYHMX METOAIB Ao-
CNifXeHb y cucTeMaTuli CTaB MOXIMBUM OYypxSMBUN PO3BUTOK (hinozeHemuyHoT
KoHyenuyii 8udy, AKa Bigobpaxxae eBOMOLiHI 3B'A3KN MiX OpraHiamamu i He akLeHTye
yBary Ha penpoayKTUBHIN izonauil. Hanbinbluoro 3HaueHHs HabyBaTb KNagUCTUYHI
mMeToau 1 nobyfoBa Knagorpam, y AKUX Ana ouiHIOBaHHA eBONIOLiHMX BIAHOCKH BU-
KOPWCTOBYIOTbCA NMLLE YHiKanbHi ANA NEBHOr0 TaKCOHa O3HaKM.

OTXXe, pi3Hi mornagn n KoHuenuii Ha NOHATTA BUAY MOB’'A3aHi
3i CKMagHICTIO y3aranbHEHHA BPa)at4vyoro BUAOBOro Pi3HOMAHITTA
Ta Pi3HOMAHITHICTIO CMNOCO6IB IXHBOrO BUHUKHEHHS.
AKi ocHOBHI CTPYKTYpHi oguHuLi Bugy?

Y npupogai Buan i3onboBaHi 0auH Bif ogHoro. MpoTte ocobuHK 11 ogHOro BUAY
BCepeAnHi apeany nowwnpeHi HepiBHOMiIpPHO. B noro mexax micus, cnpuaTnvei ana
IXHbOrO ICHYBaHHA, YepryTbCa 3 AiNAHKaMW, HENPUAATHUMU ANA IXHbOro »KUTTA.
Yepe3s Te BcepenuvHi apeany BuA PO3MafAETbCs HA APIOHIWI nonynAuiiHi rpynu
0cobuH. Monynsauia - ye cykynHicms 0cobuH 00HO20 8UDY, AKi ynpo0oo8x 6a2amsox
NOKOJIiHb iCHYIOMb Y Mexax hesHol mepumopii 8udy, 8ilbHO cxpewytomocsa i 8iOHOCHO
i30/1608aHi 8i0 iHWUX NnonyAyil 8udy.

Buoto CTpyKTypHO OfVHULEI0 B MeXXax BMAY B POC/IVH I TBAPWH € NigBuaw,
AKI MOXYTb BIAPI3HATUCA OAMH Bif OAHOrO PiI3HUMW O3HaKaMW: 30BHILIHIM BUMNA-
LOM, 0CO6NMBOCTAMY Oy0BW, NOBEAIHKOW, disionorivHumn yHKUiaMYN TOLI.l,O (in. 9).
MiaBua — 2eoepagiyHo abo ekos102iyHO 8ido-
KpemsieHa 4acmuHa 8udy, ocobuHU AKOI nio
0i€ro YUHHUKI8 cepedosuwd Habyu cmilkux
ocobsiugocmetl, Wo 8iOpi3HAOM®b iX 8i0 iHWUX

OT1xe, nonynauii 1 nigenan € opmamu icHyBaHHA GionoriyHoro Buay,
o 3ab6e3neyvyioTb MOro NMPUCTOCOBAHICTb fO KOHKPETHUX YMOB
iCHyBaHHA B Mexax TepuTopil apeany.

>
nidsudie. HasABHiCTb MiABUAIB XapaKTepHa g
TiINbKU ONA NONITUMIYHUX BUAIB, AKI MaloTb iz
BeNNKi apeann 3 PisHOMaHITHUMU YMOBaMW. E
Y cknagi nigBuAiB BUOKPEMIOITb reorpa- In. 9. Migsuav Buay nnucka 6ina S
¢biuni pacu (y TBapUH) Ta eKOTUNU (Y POCIIUH). (Motacilla alba) I
B
>
v
©
un

RIANBbHICTb

w/‘ HaBuanbHui npoeKkT

CKnapaHHA XxapaKTepucTUKM BUAY 3a BUAOBMMU KpUTepiammn
AdpUKaHCbKII Ta iHAINCbKIWI (@3iINCbKNIN) CNIOHW PI3HATLCA HACTINBKY, WO iX Big-
HOCATb A0 Pi3HUX BUAIB. 3aCTOCYMTE 3HAHHA MPO KpUTepii BUAY Ta AOBeAiTh, WO ue 27
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pi3Hi BMAW. BukopurcTaiTe 3anponoHoBaHy Tabnuuio Ta NigroTynTe Ansa 3axucTty Ha-

BYaNbHUI NPOEKT, B AKOMY HaBefiTb XapaKkTepucTuky o6paHoro suay.
Ta6nuua. XAPAKTEPUCTUKA BUAIB 3A BUAOBUMU KPUTEPIAMIA
Kputepiii Bugy CNnoH caBaHHMI CnoH iHaincbKkum

1. MopdonoriynHui

2. KapiotuniyHun

3. QisionorivyHmmn

4. BioximivyHum

5. TeorpadiuyHui

6. EkonoriyHun

3aBAaHHA Ha 3acToCyBaHHA 3HaHb

Mopcbkuii gpakoH py6iHoBuia (Phyllopteryx
dewysed) — BUJ, MOPCbKUX iCTOT ACKPaBO-YepPBOHOIO
KOJIbOPY 3 POXKEBVMM BEPTUKANbHUMMU LUTPUXaMU, AKI
XUBYTb Y MOPCbKIi BOAi Ha rmubuHi 45 — 50 m. Mpo-
aHanisynTe onnc Ta cnpobyinTe CaMOCTINHO BU3HAYK-
TV MicLe LbOro BUAy B CMCTEMi OPraHiuHoro CBiTy.

«lji opeaHizmu xapakmepusylomeca nepesaxHoO NOJi2eHOMHUMU KAimuHamu,
chopmMo8aHUM AOPOM ma HAABHICMIO MeMbpaHHUX opzaHesn. OOHUMU 3 Hal20n08Hi-
Wux 03HaK € eemepompogHicme i 30amHicme akmusHo pyxamuce. MopgonoaiyHi
o0cobsiugocmi: HaseHicMb Ha nesHili cmadii Xumms xopou, Hepeo8oi Mpybku ma 3s6-
posux WinuH. lapHi nnasuyi yux MopceKux icmom He Mmarome mM's3ucmux sonameti 6ins
0CHO8U. Pi3Hi 8UOU MewKawms ceped MOPCbKUX MpaAs i mpumaromsecs y 800i sepmu-
kanbHo. Camui yux meapuH npukpinasome ikpuHKU 00 xeocma. LLje 0OHi€lo 03HAKor €
3poci wienenu i ManeHbKul mpy6konodibHul pomy.

A g CTABJIEHHA
ﬂ,j Bionoris + Cinbcbke rocnogapcTeo

Y mexax Bugy Kykypyosa KynemypHa (Zea mays)
B CUCTeMaTuuUi PO3pPi3HATb AEeB'ATb NiABUAIB Ky-
Kypyasw, cepell AKX BUOKPEMUMO KPEMEHUCTY
(Z. mays indurata), 3ybonopgibHy (Z. mays indentata),
Kpoxmanucty (Z. mays amylacea) Ta uykpoBy (Z. mays
saccharata). 3a AKUMI O3HaKaMK PO3PIi3HAIOTb L Mia-
BUAWN KyKYpyA3n? Br3dHauTe TaKCOHOMIUHE NONOXeH-
HA KYKYPYA31 B CUCTEMi OPraHiyHOro CBiTy Ta OUiHITb
npakTUYHe N HayKoBe 3HaYeHHSA LibOro B1AY.

PE3YNbTAT
3aBAaHHA ANA CAMOKOHTPOJIIO

1-6 1. Lo Take kpuTepii Bugy? 2. Ha3eiTb 0cHOBHI KpuTepii Buay 3. LLlo Take Gionoriu-
Hun Bua? 4. Haeepitb npuknaamn sugis. 5. Lo Take nonynauia? 6. LLlo Take nigsng?

7.9 7. fFIKVlMVl € KPMTepi'l' any.? 8. ‘40M¥ B HayL|i HEMa€ eAMHOro po3ymiHHA snay? 9. Ha-
3BiTb OCHOBHi CTPYKTYpPHi oAnHWLi BUAY.

10-12 10. ﬂa KOHKpeTHOMY MpuKnagi CKnafitb XapakTepucTuky BUay 3a BUOAOBUMUN KPU-

Tepiamun.




Icmomu Ha mexi ximii ma xumma.
O. M. lLikpob

§7. HEKNITUHHI ®OPMU XUTTA. BIPYCU

OCHOBHi MOHATTA N KNOYoBi TepMiHu: HeknituHHiI popmum xutTa. Bipoigu.
MpioHn. BIPYCWU.

MpurapanTe! Lo Take MONeKkynApHUN piBeHb opraHisauii XnTta?

‘\A Momipkyiite!

Ha 3emni € Taki makpomonekynu 1 cuctemm morse-
Kyn, Wo nepebyBaloTb Ha MeXi MK HEXUBOIO 11 KMBOIO Mpu-
popoto. BoHu, AK i BCi iHWI Tina HeXXMBOT NPUPOAN, YTBOPEHI
3 aTOMIB 1 NPOCTUX MONEKY. A AKi X O3HaKN NOEAHYIOTD iX i3
XKMBOI NPUPOAot?

3MICT

Alki ocobnuBoCTi opraHisauii Ta PyHKLiOHYBaHHA HEKMiTUHHMNX
dbopm xutTA?

HeknituHHi dopmu KuUTTa - ye ABMOHOMHI CMPYKMypu HA MOJIeKyAApHOMY
pigHi op2aHizayii xumms, 0o AKuUx 8iOHOCAMb 8ipoidu, npioHu ma gipycu. CiinbHUMMN
03HaKamu Lnx GOpM KUTTA €: @) CyOMiIKPOCKONiYHi po3mipu; 6) BiACYTHICTb KNITUHHOT
6y[0BW; B) BHYTPILUHbOKITUHHWIA Napa3nTU3M; B) 3aaTHICTb 36epiraTyi CBOT 03HaKM Ta
3MiHIOBATUCA Nifg YNAMBOM YMOB; I) 30aTHICTb O CAMOBIATBOPEHHA.

Bipoigw — HeknimuHHi popmu xumms y 8u2a0i 00HOIAHY020801 KinbyenodibHoT
PHK, wjo He kodye 6inkig. Bipoign 6yno BigkpuTo B 1971 p. amepurKaHCbKM 6ionorom
T. O. fiHepom. Lli cybmMiKpOoCKOMiuHi YaCTUHKM 3aXUCHOI 6iNKOBOT 000OHKM HE MatoTb,
ixHA PHK mictntb 250 - 375 HykneoTugis i mae macy Big 86 — 130 k[a. Bipoign notpa-
NAAIOTb Yy KNITUHW OpraHi3my xas3sfiHa nifg vyac Noro BereTaTMBHOrO PO3MHOXEHHS, 3a
[ONOMOro KOMax abo MexaHiuHMM LAAXOM Y pa3i NOWKoXeHHA. Bipoign MoxyTb
3aBfjaBaTyl 3HAYHUX 3OUTKIB POCIIMHHULTBY, OCKINIbKM CPUYUHAIOTb BipPOigHi 3axBo-
proBaHHA POC/IVIH (8epemeHonodibHicmeb 6ys166 KAPMONJi, KAPIUKOBICMb XpU3aAHMeM,
KaOaH2-KaddHz KOKOCOBUX NAJIbM, X80p0Oba X08MUX NJIAM PUCy Ta iH.).

MpioHn - HekniMuHHIi hopmu xumms,
wo € 6inKosUMU YacmuHKamu 6e3 Hyksei-
Hoeoi Kucsiomu. TpioHn cknagatoTbca i3
ocobnmBoro 6inka, AKUN icHye y Burnagi
ABOX $opM: HOpManbHUI 6GINOK Macot
6n13bKo 25 400 a. 0. M. Ta aHOMaNbHWIA, WO
BiAPI3HAETbCA BTOPUHHOIO CTPYKTYPOIO
! é’anHMM n?peTB'Oplo?aT‘M HOPManbHA ., 4o, ®opma npioHis: 1 — HopmanbHa ¢op-
6inok Ha cob6i nogioHui (in. 10). Ocobnu- Ma 6iKa; 2 — aHOManbHa hopma Ginka
BOCTAMM MPIOHIB € BifCYTHICTb BNacHoro
reHoMy, BMCOKa CTilKICTb [0 TeMnepaTypu, ynbTpadionety, pagiauii. MpioHn He po3-
Ni3HalTbCA IMYHHOI CMCTEMOIO AK YY>KOPIiAHI GiNKM 1 He MPOBOKYTb iIMYHHOI Bif-
nogigi. Bigkpve npioHn B 1982 p. amepukaHcbkuin 6ioximik C. MpysiHep. Ha cboroaHi
NpioHV 3HalAEHO B KNiTUHAxX 6akTepin, ApiXAXiB 1 ccaBuiB. OnncaHo noHag 10 He-

1
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6e3neYHUX NPiOHHKX XBOPOO TBAPWH I NIOAUHU (Kopos’aquli ckas, ckpelini oseyp, 2y6-
yacma eHyegpanionamis Koms4ux, pamasneHe ciMeliHe 6€3COHHS, X8opobad Kypy Ta iH.).

BIPYCWU (naT. virus — oTpyTa) — ye HeKi- 4 2 3
MUHHI hopmu Xumms, AKi € BHYMPiWHbO-
KAimuHHUMU abconomHUMU napasumamu
(in. 17). Hapasi 6nusbko 5 000 BugiB Bipycis
ineHTUiKoBaHO, TOAi K BUEHi BBaXKaloTb,

Wo iCHY€e NoHaf MifbAOH BUAIB BipyCiB. In. 11. BipycHi YacTuHku: 1 - repnecy;
BinkpuTo Bipycu B 1892 p. pociiicbkum 60- 2 - rpuny; 3 - TIOTIOHOBOT MO3aiKW;
TaHikoMm [1. IBaHOBCHKMM (1864—1920). Po3- 4 - Gaktepiodar

Mipu 6inblocTi BipyciB — y mexax Bif 20 fo 300 HM, Xxoua € cepef] HAX N CNPaBXHi
BeNleTHi cepell HEKNITMHHUX dopMm XUTTA. Lle mera- 1 mimiBipycy 3 po3mipamm 65u-
3bKO 600 HM.

Bipycn matoTb kancud 3 GiNKOBMX YaCTUHOK — Kancomepie i HyKNeiHOBY KUCIO-
Ty — cepyesuHy. CTPyKTypy, WO MiCTUTb HYKNEIHOBY KUCNOTY i Kancug, Ha3nBalTb
Hykneokancudom. MoBHicTio cdopmoBaHa iHbeKLinHa BipyCcHa YacTUHKA Ha3MBa€ETb-
CA 8ipioHOM. YHiKanbHa BNacTMBICTb BipyCiB — Pi3HOMaHITHICTb opraHisauii reHeTny-
Horo matepiany. BipycHa HykneiHoBa KucnoTta moxe OyTu npefcraBneHa ofHo- abo
asonaHutorosumn monekynamu AHK (OHK-BmicHi Bipycu) un PHK (PHK-BMmicHI Bipy-
cun). ins BipyciB xapakTepHa cneundiuHicTb, WO MONAra€ B MOXINBOCTI B3aEMogil
BipyciB nuLe 3 NeBHUMU peLenTopamMm KNiTMHHUX MEMOPaH.

Bipycu € BHYTPIiLIHBOKNITUHHUMY Napa3nTaMu apxel, 6akTepiil i eykapioTis i no3a
KNITUHaMW XOOHUX O3HaK »KUTTA He BUABNAIOTb. [1nA CBOro BiATBOPEHHA BipyCy BUKO-
PUCTOBYIOTb PECYPCU KNITMHM-Xa3AiHa, YM CMPUYMHAIOTb BipyCHI 3axBoptoBaHHA. Oc-
HOBHMMMN CUCTEMATUYHVMMW OOVHULAMUN ONA BipyCiB € NOpA#OK, poAvHa, pig Ta BUA.
KaTeropii LapcTBa Ta BigAinis, 6iHapHa HOMeHKaTypa A/ BipycCiB He 3aCTOCOBYIOTbCA.

OTXe, HEKNITUHHI GOPMU KUTTA € CKNAZOBOK YacTuHO Giochepu,
OCKifIbK/ NobyAoBaHi 3 OpraHiYHMX PeYoBMH, MalOTb BIOTUYHI
B3aEMOBIAHOCKHMN, IM NPUTAaMaHHI CNAaAKOBICTb, MIHANBICTb,
BOHM 34aTHi 4O CaMOBIATBOPEHHA Ta iH.

flke noxoppKeHHs BipyciB?

LWnaxm 1 mexaHiamu eBontoLii BipycCiB Le He 4OCTaTHbO BMBYEHO. ICHY€E feKinbKa
rinoTes NOXOAXeHHA BipYCiB: 2inome3a pezpecusHoi egotoyii (Bipycn BUHUKAW WnA-
XOM CMPOLLEeHHA KNITUH Mapa3nuTUYHUX BaKTepiln), einome3a napanensHoi esosoyil
(BipyCr BUHUKIW He3aneXKHOo Bif KNiTWH, BUKOPUCTOBYOUM iIXHIi MOXNNBOCTI), 2inome-
30 «CKAXeHUXx 2eHig» (Bipycy — Le «306irfi» YaCTUHN FreHOMY KiiTUH-Xa3siB).

Hanbinbwi 3miHM y nornsgax WoAo 4
NMOXOAXKEHHA BipYCiB CTanMcA BHACNiAOK
BIAKPUTTA BeNIeTEHCbKMX BIipYCiB, AK-TO
MimiBipycs, mMamaBipycu, merasipycu Ta
iH. (in. 12). MeraBipyc uinincbkum mae
Hanbinbwmin 3-nomix Bipycis JHK-reHom,
AKMI Hanivye 1 259 197 nap HykneoTugis
N micTuTh iHpopmauito npo 1120 Ginkis, In. 12. OpHi 3 HaMGiINbLWKX BipyCiB:
Wo CyMipHO 3 6araTbMa napasuTUYHUMMU 1 - meraBipyc; 2 — mimiBipyc
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6aKTepisaMu. Y BeneTeHCbKNX BipyCiB BUABNEHO reHun GinKiB, WO X paHille Hikonu He
BUABNANN B »KOQHOTO 3 BipyciB. Ane i1 Le e He BCe: y MaMaBipycCiB BUABJIEHO cynep-
napasuTu — Bipodparm-cynyTHuUKNW. | 30BCiM HeloaaBHo, Y KBiTHi 2017 p., B XXypHani
Science 6yno ony6nikoBaHO NMOBIQOMNEHHA NPO HOBUI BENETEHCbKUI BipyC, WO Ha-
3BaHuI «knocHoueipyc» (Klosneuvirus, KNV) Ha yecTb HeBenunukoro micteuka Knoc-
TepHONOYpr B ABCTpiIi. Bipyc MicTUTb Malixke noBHWI Habip i3 19 bepmeHTiB-CnHTETa3
Ans BbynoByBaHHA 20 TUNiB aMiHOKUCIIOT Y npoLeci 6iocuHTe3y binkib.

DinoreHeTMYHI JOCNiAKEHHA NPOTEOMIB (yciel cyKynHoCTi 6inKiB) HOBOBIOKPUTAX
BeNeTeHCbKMX BipyCiB MOXYTb CBIQUNTM Ha KOPUCTb FiNOTe3U perpecrMBHOI eBONIoLl,
3riAHO 3 AKOI BipYCY BUHUKNWN Bif KNITUHHUX iCTOT LWAAXOM CMPOLLEHHA i €, TaKUM
YMHOM, HalJaBHIWUMM icTOTaMK Ha 3eMni. AGO, MOXITMBO, BefleTeHCbKI Bipycu niwnu
Bif MeHLwWwmx [HK-BipyciB LWNAXOM NOCTYNOBOrO HaKOMNYEHHA AOAATKOBUX rEHIB.

lMopiBHAHHA reHOMIB Be/leTeHCbKMX BipyCiB 3 aHanoramm B goMeHax bakTepil,
Apxeis Ta EykapioTiB cBiguaTb Ha KOPUCTb rinoTe3un Npo Te, WO BipyCcn — Lie XU1Bi icTo-
T, AKi MOXKYTb CTAHOBUTN OKPEMII JOMEH OPraHiuHOro cBiTy. Ix NpoTeoMu cxoxi Ha
Taki cami y 6araTbox 6akTepilt, ofiHaK y BipyCiB HafABHi 6ifIKK, O iX HEMAE Y KNITUHHMX
OpraHi3miB, a Lie CBiAYMTb NPO 0COBNMUBICTb IXHBbOT eBOIOLil.

OTKe, Ha cyyacHOMy eTari PO3BUTKY HayKn He iCHY€E
€ANHOrO NornAgy WoAo BMHUKHEHHA BipyciB. HaTomicTb
NownpeHi NOrAAN, WO Pi3Hi BipyC BUHUKANW He3asexHo
Ha Pi3HMX eTanax PO3BUTKY XUTTA Ha 3eMJi.

Ak Bipycn B3aemogitoTb 3 KnitTnHamn?

Bipycn He MOXyTb CaMOCTIIHO MOLWMPIOBATACL Y NPMPOi, 1 gonomaratoTb im
y LUbOMY Hacamnepef[ »uBi opraHiamu: komaxu (Hanpvknag, nonenuui nepeHocATb
6n13bko 160 pi3HUX apboBIpYCiB), KAiWi, rpyHMo8i HeMamoou, poC/IUHU-Napasumu
(HanpwKknag, NOBUTULA NepeHoCUTb 611M3bKo 50 BipyciB pocnuH), t00uHa (ana Bipy-
ciB rpuny).

LLnAaxn NnpoHMKHeHHsA BipYyCiB O opraHiamy xa3saiHa 6yBatoTb pisHUMu. Lle: 1) no-
8impAHO-KpanauHHUU waax (Bipycu rpuny, BiTpAHOI Bicnu, Kopy); 2) 3 ixero ma 8000t
(Bipyc AWypy 3 MONIOKOM ypax<eHoi KopoBu, renaTtut A); 3) kpi3e nokpusu mina (Bipy-
Cu repnecy, ckasy, naninomm); 4) nio yac nepesluBaHHA KPosi ma xipypeiyHux onepadyid
(Bipyc renatuty B); 5) cmamesum wnsaxom (Bipyc repnecy, CHIfly); 6) 3a yyacmi nepe-
HOCHUKi8 (KniwiB — Bipyc TairoBoro eHuedanity, KoMapis — BipyC MMXOMaHKK 3ika);
7) 3 nusikom pociuH (Bipycn Mo3aikm KapTonni).

3anexHo Bif BNacTMBOCTEN BIpPYCY i KNITMHU-Xa3AiHa, a TaKOX YMOB CcepefoBu-
La PO3pPi3HAIOTb Taki OCHOBHI TUMNW B3aEMOSii BipyCiB i3 KNiTUHO: @) NpodyKMu8sHa
iHheKyia — PO3IMHOXEHHA BipyCy NMPW3BOAUTb [0 PYNHYBaHHA i 3arnbeni KNiTUHW;
6) abopmusHa iHpekyis — B3aEMOAiA, 3a AKOI KNITUHW 3a/MLLAITbCS XUBMMU, @ J0-
3pini BipioHW He YTBOPIOKOTbCA; B) 8ipO2€eHis — FeHOM BipyCy NMOEAHYETbCA 3 FeHeTNY-
HUM anapaTom KAiTUHK i Nig Yac noginy KNiTMHM MOXe TPUBaNun Yac nepegaBaTmnca
[OYIpHIM KNiTMHaM; Yepes AeAKMIr Yac 3a NeBHUX YMOB NMOYMHAE PO3MHOXKYBATUCA i
CNPUYNHSAE 3arnbenb KNiTUHN.

OTxe, B3aemogii BipyciB i3 KNiTMHaM1 MatoTb
Pi3HOMaHITHUIN Ta CKNAgHUN XapakTep.

§ 7. HeknitnHHi dopmu xunTTA. Bipycu
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x\,/‘ 3aBAaHHA Ha NOPIBHAHHA

3a gornomoroto Tabnuui NOpiBHANTE HEKNITUHHI GOPMU XKNTTA. YKaxiTb CNinbHi 1

BiAMiHHI O3HaKMW.

Ta6nuua. NOPIBHAJIbHA XAPAKTEPUCTUKA HEKNNITUHHUX OOPM XKUTTA

O3Haka Bipoign MpioHn Bipycn

BiokputTa
Po3mipnu
XimiuHnm cknapg,
OcobnuBocTi
XBopob6u

bionoria + MeguuunHa. BipycHi 3axBopioBaHHA

Mariixe 95 % Bigomux iHPeKUiNHMX 3aXBOPIOBaHb CNpu-
unHATb abo Bipycwu, abo GakTepil. bakTepianbHi xBopo6U
CyvyaCHa MefVLMHA NiKye epeKTMBHO 3a AOMOMOIOK BEJIMKOI
KiNnbKOCTi pi3HMX aHTMOIOTUKIB. A OCb 3 BipyCHUMN XBOPOOa-
MU MefMLMHa MOKN WO CNpaBUTHUCA He Moxke. H1Hi onncaHo
noHag 500 BipyciB, WO cNpuYMHATL iHbEKLiHI 3axBopto-
BaHHA NIOANHN | TBAPUH, cepel AKNX HalHebe3neyHiwnmn €
2emMopaziyHa nuxomaHka Eéona, eemopaziyHa nuxomarka Map-
6ype, CHIJ], 6nusbkocxioHuUl pecnipamopHuti cuHopom (MERS),
s8axKuli eocmpuli pecnipamopHuti cuHopom (SARS) Ta iH. Yum Bipyc E6ona
Bipycu Bigpi3HAIOTbCA Bif 6akTepin? Ha Bally AyMKy, YoMy Cy-

YacHi MeNLMHI BaXXKO NepemorTu BipycHi iHbeKuii?

g CTABJIEHHA
N
%;j bionoria + biopisHomaHiTTA. Bipycu Bipycis

Y 2008 p. BcepeauHi MimiBipyciB, WO Mapasuty-
I0Tb Y KIiTUHax akaHmamebu gceioHoi (Acanthamoeba
polyphaga), 6yno BigKpnTO NapasmnTy Bipycis, Wo ix Ha3Ba-
nu Bipodaramu. BnacHuii reHom Bipodaris € 4UBOBVXHUM:
BiH MiCTWUTb reHu, 3ano3unyeHi y mimiBipycis, apxeii, 6akTe-
piodaris i BipyciB eykapioTiB. A un MOXHa X BUKOpUCTa-
TV ana 60poTbbu 3 BipycHUMM iHPeKUismn? O6rpyHTyInTE
CBOI CYyAKEeHHA.

Bipodarn BcepeauHi
MimiBipycis

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO
1. Wo Take HeKNiTUHHI dopmun KnTTA? 2. Ha3BiTb HeKNITUHHI dopmun xuTTa. 3. Lo
1-6 |Take Bipycn? 4. HaBepitb npuknaaw Bipycis. 5. Ha3BiTb rinoTesmn noxoaeHHA Bipy-
ciB. 6. Ha3BiTb OCHOBHI TMNW B3aEMOJIT BIpYCiB i3 KNiTUHaMW.
7. ki ocobnuBocTi opraHizauii Ta GyHKUiIOHYBaHHA HEKMITUHHUX GOpPM XUTTA?
8. Alke NnoxopxeHHsA Bipycis? 9. AK Bipycn B3aEMOAIIOTb 3 KNiTUHaMM?

10-12 | 10. Wo € cninbHOro 1 BiAMIHHOrO MiX Bipycamu, npioHamu 11 Bipoigammn?




Bipycu — makut camuti KomnoHeHm 008Kisis, AK 800a YU NOBIMPH.

OcHosu cucmemHoT bionozii

§8. POJIb BIPYCIBY MPUPOAI N XUTTI NIOANHU

OCHOBHi MOHATTA 1 Knw4oBi TepmiHu: BIPYCU. BionoriuHum metop,
60poTbON 3i WKigHNKaMK.

MpurapanTe! Lo Take Bipycn?

65 HM
-

‘\ HoBuHu Haykn Toniska
z (kancnpg)

Bipycn € HanumMcneHHiIWwo 1 Hanpi3HOMaHIT-
Hiwot GopMOoIo XUTTA Ha nnaHeTi 3emna. Tak, y 1 mn
OKeaHiuHoi BoAM nuwe BipyciB-6akTepiodaris MicTUTb- CTepeH
ca 6nusbko 5-107. Bipycu perynioloTb KifbKiCTb MIKPO-  Ckopotnnemii §
OpraHiamiB i BNMBalOTb TakMM YMHOM Ha GOTOCMHTe3, “oxon
: . . . . BigpocTKa 3
Kpyroobir peuyoBuH, npouecu miHepanisaii y 6iochepi Va
Ta iH. IK PO3MHOXYIOTbCS | KA POsb BipyciB y Gionoriu-
Hin eBonoLii?

3MICT nnacTnHKa

AKi 0co6nMBOCTi XKNTTEBOTO LMKNY BipycCiB?

Y XUTTEBOMY LMKNi BipycCiB yeprytoTbcsa ABi a3y — nosakniTMHHa (BipioH) i
BHYTPILLIHBbOKAITUHHa (/1. 13). ®a3a BipioHa XapakTepu3yeTbCA BifCYTHICTIO Oyab-AKMX
NPOABIB XXNTTA, @ YNPOLOBX BHYTPILUHbOKNITUHHOI Ga3n XKUTTEBOrO LMKNY BUABNA-
I0TbCA BIACTMBOCTI BipyCiB, WO 3aKoOBaHi B iXHbOMY reHoMi, 1 BifbyBaeTbCA iXHE
BiATBOPEHHsA. He3anexHo Bif TMMNy reHeTMYHOro Matepiany Bipycu matoTb MofibOHi
3arasibHi CTafii >KUTTEBOTO LINKIY.

Adcop6yia eipycie — ULe NpUKpPiNIeHHA BipiOHIB JO MOBEPXHEBOro anapaTty
KniTrHKW-xa3siHa. Mix 6inkamu BipyciB 1 peLenTopamm KIiTUHN BUHUKAIOTb ENEKTPO-
CTaTMYHi B3aemofii, Lo 3abe3neuytoTb TMYacoBe HeCTiliKe NPUELHAHHA BipiOHIB.

lMpoHUKHeHHA 8 KAiMuHy B Pi3HUX BipyCiB 3[iNCHIOETLCA PISHUMYK LUNAXaMK:
a) eHpounTo3y (Biponekcucy) 3 yTBOpeH-
HAM BHYTPIWHbOKMITUHHUX BaKyosew;
6) 3MMTTAM Naa3MaTUYHOT MeMOpaHu 3
0060NIOHKOI0 BipYCY; B) LUAAXOM BMOPCKY-
BaHHA (Hanpwuknag, y 6aktepiodaris) Towo.

«Po30s2aHHA» gipycie y KniTuHi 3a-
6e3neuye 3BiNIbHEHHA HYKJIEIHOBOI KMCJ10-
TV Bipycy Bifj 3aXUCHOT 6inkoBOT 060IOHKM
ANnA  HacTynHoOI peanisauii  BipycHoOro
reHomy. Y daris uiei ctagii Hemag, ockinb-
Kn 6inkoBa 060NOHKa 3anuvlLA€ETbCA Ha
noBepxHi 6akTepianbHOT KNITUHN.

BiomeopeHHs komnoHeHmie gipyc- n.13. KutteBnin umkn daris: 1 — apgcopbuin

HUX YACMUHOK 3abe3neuyioTb TpU Npo- Gaktepiogara; 2 — Bnopckysatta IHK y
ecM:  TDAHCKDUNLIS.  TpaHCnauis it KNiTuHY; 3 — cnHTe3 BipycHux OHK i 6inkis;
H ) P punuis, P H 4 — 36MpaHHA BiPYCHKX YaCTUHOK; 5 — BrXig

pennikauifa. TpaHckpunyia nonarae B ne- i3 KNiITUHY

§ 8. Ponib BipyciB y npupogi 1 4na nioaguHn
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penvcyBaHHi iHdopmauii 3 BipycHux OHK un PHK 1a ytBOpeHHi iPHK, wo BigbyBaeThb-
cA B AApi (Hykneoigi). TpaHc/IAYi€0 Ha3MBaETbCA NMpoLec nepeBefeHHs iHpopmalil
iPHK y nocnigoBHicTb aMiHOKUCIOT MonieKyn 6inkiB. BigbyBa€eTbca TpaHCALiA HA pu-
6ocomax 3a gornomoroto TPHK i1 pepmeHTiB. Penstikayis — CUHTE3 MONEKYN HYKNEeTHOBOT
KUCIOTK, WO KaTani3yeTbcA nepeBaxHO KNITMHHUMU dpepmeHTaMU. TaknM YMHOM, Bifl-
TBOPEHHA BipyciB BiOyBaeTbCA BiJOKPEMNEHO, HEOLHOUYACHO i B Pi3HNX YacTUHAX Kni-
TUHW. TakniA CNOCiI6 PO3MHOXEHHS BipYCiB Ha3MBaloTb PO3'€AHAHMM (AU3'IOHKTVBHUM).
36upaHHa gipioHis BiNOyBaeTbCA ycepearHi KNiTUH abo WnAxXoM BiOpyHbKOBY-
BaHHA B 30BHIlLHE cepefoBuLLe. Buxid sipycie i3 KNiTH MOXe CynpoBOAXYBaTUCA
36epexXeHHAM XUTTERIANbHOCTI KNiTUHM abo Ti pyiHyBaHHAM i 3arnbensnto.

OTXKe, HaM3aranbHIWUMN OCOBNNBOCTAMN XUTTEBOTO LMKNY BipyciB
€ HaABHiCTb ABOX (a3, BUKOPUCTAHHA PecypCiB KNiTUHM
Ta P03'€AHAHUI CNOCIO PO3MHOMXEHHS.

flka ponb BipyciB B eBoNIOLii OpraHiamiB?

Bce xuBe Ha 3emni HacMYeHO Pi3HMMK Bipycamu, WO CBIAYNTb NPO iXHi HeobXia-
HiCTb Y »KMBil Npupogi Ta Baxxnusi yHKUiT y 6iocdepi. Bipycn BigirpatoTb Knoyosy
6ionoriyHy posb Ha BCiX piBHAX opraHizauii XuTTa. BoHM BU3HauaTb eBosioLiio
OpraHi3miB 3aBAAKKN CBOI MNAaTOr€HHOCTI, 3aTHOCTI 4O AHTArOHICTUYHUX | CUMOBIOTNY-
HUX BifHOCWUH Ta y4YacTi B rOPU3OHTabHOMY MepeHeCeHHi reHis.

lamozeHHi 8ipycu € pywitiHOO CU/I0K e80/1t0-
uitimyHHoI cucmemu. KoXkeH »1BniA opraHism, Big
KMLWKOBOI NanuuKky, XNopenu, SPiXKaXiB o cu-
HbOrO KWTa Yn CeKBOI, MoXe iHdiKyBaTUCa npu-
HaMHi OfHMM, a 3a3BWYal KiflbkoMa Bipycamu.
BipycHMMIM 3aXBOPIOBAHHAMN POC/IVH € XX08MA-
HUUA, MOo3di4Hi X80pobu, cmpokamoaucmicms,
20muka Ta iH. (in. 14). Y noguHn Bipycu cnpuun- In. 14. XosTaHnua bypsaka (1)
HATb 2enamum B, npocmuli eepnec, naninomy, i Mo3aika Tomaris (2)
HamypansHy sicny (QHK-BmicHi BipycHi iHdeKLii), epun, 2enamum A, eHyecanim, Kip,
CBUHKY, nosiomienim, cka3, CHIJ] (PHK-BmicHi BipycHi iHpeKuil) Ta iH. HannowwpeHiwm-
MU BipYCHUMU 3aXBOPIOBAHHAMY TBAPWIH € AWYP, YYMKA COb6AK, 4yMKa Kypel Ta iH.

BipycHa iHdeKUia € NoTyXHO cnnoto, KoTpa GopMye MexaHi3Mmn 3aXNCTy Xa3AiB.
Hanpuknap, mogndikauii noBepxHi KNiTUH 3 MeTol 3anobiraHHA MPOHUKHEHHIO
6akTepiodara, cuctema CRISPR 6aKkTepili Ta apxei, rymopanbHUN W KAITUHHWIA
iMyHiTeT nognHyM Towo. Y npoueci eBonwouii Bipycn BUpobnawTb cBOI crnocobu
3aXMCTy Bif iMyHHOI cucTtemu. Hanpuknag, BOHM 3paTHi 610KyBaTh poboTy
NK-kinepiB, iHTeppepoHy, T-nimpouuTis.

3aBAAKM NAaTOreHHOCTi 8ipycu pe2ysiorome YUcebHICMb C80IX XasAie (Hanpuknag,
[HK-Bipycn MOpCbKMX BOAOWM peryniolTb KinbKicTb 6akTepii) i BNAMBaKTb Ha
npouec potocnHTedy B CBITOBOMY OKeaHi, Kpyroobir Kap6oHy i HaBiTb Ha noropgy. Tak,
6ioreHHi cynbdypoBMICHi ra3u BUBINbHAIOTLCA Yepes Te, WO Bipycy BOMBalOTb NeBHi
BMAW BogopocTent. MoTiMm B aTMochepi BHACNiJOK OKMCHEHHS YTBOPIOKTbCA KACIOTHI
KpanivHKK, WO CNyryTb AApaMmn KOHAeHcauii ana xmap.

3a gornomoroto BipyciB BiiOyBa€ETbCA 20pU3OHMAJIbHE NepeHeceHHA 2eHis, TO6To
nepepaya reHeTMYHOT iHbopmauil Mixx ocobrHamm pisHux Bugis. OparmeHTty JHK




BipyciB 6araTbma BraMuy OpPraHiamiB 4acTo «MPUPYYaTbCA» 1 MOYNHAKOTL BUKOHY-
BaTU KOPUCHi GyHKLUIT. Lle ABKLLe HAaCTINbKM NOLMPEHO, WO HayKOBLIi 3anponoHyBanu
cnevianbHUM TePMiH — «MONEeKynApHe ofoMallHeHHA». Tak, eHOO2eHHI pemposipy-
Cu, WO iX Nl0AUHA yCnagKyBana MibMOHN POKiB TOMY, 34aTHi BNIMBATU Ha reHu, AKi
BigNoBigaTb 3a ¢yHKUiOHYBaHHA nnaueHTw. Lli Bipycu BigirpatloTb BaxnuBy posnb
B eMmbpioreHesi, fonomaratum 60poTnca 3 iHOeKUinHUMU Bipycamu, y CTBOPEHHI
HEMPOHHMX MepPeX rofIOBHOrO MO3KY JIIOAMHN TOLLO.

Y npoueci eBontouii chbopmyBanuca He fvlLe aHTAarOHICTUYHI, @ 1 cumbiomuy-
Hi 8iOHOCUHU 8ipycig 3 iHWUMK opraHiamamu. Tak, MyTyaniam Bipycy i rpuba pae
3MOry MNpocy BUTPUMYBATW BUCOKI TemnepaTtypu. Bipyc BMTKOro 3akpyuyBaHHA
TIOTIOHY 30iMbLUY€E MOAOBUTICTD N TPUBaNiCTb XUTTA KOMax-6inokpuniok y 12 Ta
6 pa3iB BiAMNOBIAHO, AKLLO BOHW KMNBAATbCA Ha 3apaKeHNX BiPyCOM POC/IMHAX TIOTIOHY.

OTXe, Bipycn € NOTYXKHUM €BOMIOLIHUM YNHHUKOM,
i KOXXHa dopma XUTTA Ha 3emni 3a3HaBana i 3a3Ha€ BMMBY BipyciB
Yy MUHYJNIOMY 1 TenepilHbOMY 4aci.

AlK Bipycn BUKOPUCTOBYIOTbCA Yy 6GionoriuHux metopax 6opoTb6u 3i
wKignusumun Bugamm?

Bionoriuni metogu 60poTbbuy — Ye BUKOPUCMAHHA 8ipycis, op2aHiamige abo npo-
OyKMig ixHbOT XummeoifneHocmi 0718 3anobi2aHHA abo 3mMeHWeHHA WKoou, wo if 3a8oa-
tomeb wiKiOHUKU. MeToto 6ionoriyHnx MeTofiB 60pOTbOM € He MOBHE BUHULLEHHS BUAY,
a YTPVYMaHHA MOro KinbKocCTi Ha onTMManbHOMY piBHi. Bneple 6ionoriuHuii metop
60poTbOM 3 BMKOPUCTAHHAM BipycCiB 3acTocyBanu ana 60poTbbu 3 Kponmkamu B
ABcTpanii. Monynsuio Uux TBAPWH 3apa3niu BipycoM MiKCOMaTo3y. XBopoba LBUAKO
nowmpwunace i npuseena go 3arubéeni 99,8 % Kponis, WO Ha NeBHUI TEPMIH 3HM3UIO
IXHIO UncenbHiCTb. Y KPOnuKiB, AKi BMXunu, chopmy- 1 FEECEIEES e N
BaBCA iMyHITET MPOTU MikcomaTo3y. [ina 60poTbbm 3 - o
UMMW TBapUHaMM AeLlo Ni3Hie novann 3acToCoBY-
BaTW BipyC reMopariyHoi IMXOMaHK1 KporiB.

HawnuacTiwe BuKopucTOBYOTL Bipycn ana 60-
poTbbu 3 KOMaxamu-WKigHWKamu. Hanpwuknag,
npeacTaBHUKM GaKynoBIpYCiB MOXYTb CNPUYMHATY
noniefposu i rpaHynbo3n y Takmx KOMax, AK Henap-
HUI Ta KiNbYaCTUI LWOBKONPAAMW, aMepPUKaHCbKINIA bi-
NN MeTEeNUK, COCHOBA COBKa, NUbLWKW Ta iH. (i1. 15).
Tak, B KaHagi, B npoBiHUii OHTapio, ons 60poTbou 3
ANVHOBUM NMUbLLMKOM BUKOPUCTaNu BipyCHUN npe-
napat noniefpo3sy. XBopoba pi3Ko 3HM3UNA uncenb-
HICTb WKIAHWKA, | 6yno 36epexxeHo BenuKi nioLi nicis.

3 meTo10 36iNblIEHHA NaTOreHOCTi BipyCiB Y iXHil
reHeTUYHWIA MaTepian BOYAOBYIOTb YyXOPifHi reHu.
Hanpuknag, y reHom BipycCiB nomilanu reH oTpyTu In. 15. KinbyacTtuin woskonpaz:
CKOPMIiOHiB, FeHW FOPMOHIB, WO MNOPYLYIOTb HOP- 1 - ryceHuus; 2 - gopocna
MaSibHU PO3BUTOK KOMaXx. Komaxa

OTXe, BUKOPUCTaHHA BipyciB ana 6opotbbu 3i WKigHUKamum
€ NepcrnekTUBHMM HAaMPAMOM Yy 3aCTOCYBaHHI 6ionoriyHnx MeToAis.

§ 8. Ponb BipyciB y Npupoai  Ana nioguHu
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M CamocrTiliHa po6oTa 3 Tabnuuelo

Bipycm i 6akTepii — HaiMeHLWi O6'€KTW KMBOI NPUPOAN, O MOXHa nobaunTtn
NMLLE 33 JOMOMOTrOK NOTYKHOMO MiKPOCKOMA. 3anoBHITb TabNMU i BU3HaUTe BigMiH-
HOCTI MiXK Bipycamu i1 6akTepiamm.

Ta6nuya. MOPIBHAJIbHA XAPAKTEPUCTUKA BIPYCIB A BAKTEPIV

O3Hakun Bipycn BakTepii

Po3mipn

[eHeTUYHMIN anapaTt
OcobnuBocTi 6ynosu
OcobNMBOCTI XKUTTERIANBHOCTI
OcobnunBoCTi NoBeAiHKM
Po3mHOXeHHA

bionoria + MeguuuvHa. BipycHi 3axBopioBaHHA

Po3nisHalnTe Ha inlocTpauiax 3a 30BHIWHIMK O3HaKaMu BiPYCHi 3aXBOPIOBaHHSA:

1 —Kip; 2 - repnec I'IlnrOTyMTe NOBIJOMMEHHA NPO Ui BipyCHi XBopobu.
1 ("

CTABJIEHHA

Bionoria + leometpis. IkocaegpuuHa popma

Y 6araTbox BUAiB BipycCiB (ageHoBipycH, Bipycu nonio-
MI€niTy, repnecy, naninomu) BipioHW MaloTb NPaBUIIbHNIA
6araTorpaHHuUI Kancup y BUrnagi ikocaeppa, BcepefuHi
AKOro MiCTUTbCA HyKNeiHOBa KncnoTa. Lo Take ikocaeap?
Yomy ikocaegpuuHa dopmMa € «BUTiJHOWO» MPUPOJHOID
CTPYKTypoOto?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO
1. Wo Take »uUTTEBUI LMKN BipyciB? 2. Ha3BiTb OCHOBHI CTaAii XUTTEBOTO LMKNY Bi-
pycis. 3. HaBegiTb npuknagun BipyCHNX 3aXBOPIOBaHb POC/MH, TBAPUH N NIOANHN.
1-6 |4.Aki BnacTBOCTI BipyciB BM3HauatoTb iXHI0 ponb B eBontoLii? 5. LLlo Take 6ionoriy-
HUIA MeTog 60pOTbOY 3i WKiAHMKamMN? 6. HaBeaiTb NpuKknaan BUKOPUCTaHHA BipyciB
ana 6ionoriyHoi 60poTbOY 3i WKigHMKaMMU.

7. fKi 0COGNUBOCTI XMTTEBOTO LMKNY Bipycis? 8. flka ponb BipyciB y eBontoLii op-
7-9 |raHi3miB? 9. AKi Bipycy BUKOPUCTOBYIOTb Y GionoriyHoMy meTofli 60poTb6U 3i LKig-
HUKammn?

10-12 [10. Yum Bipycu Bigpi3HAlOTbCA Bif 6akTepiin?




Hatisaxnusiwut ma npodykmugHuu cyuyacHuti Hanpam 6ionoaii — ye 3HaHHsA npo my
yacmuHy npupoou, 00 AKOI Hasiexxams HauopibHiWi NpedCMasHUKU XUso2o.
M. beepiHk

§9. MPOKAPIOTUYHI OPTAHI3MW: APXEI

OCHOBHI NOHATTA 11 Ko4oBi TepmiHn: APXEI. Apxei-ekctpemodinu.
Mpuraganite! Xto Taki npokapioTn?

'\ 3HaliomTecs!

Kapn Boys (1928-2012) - amepuKaHCbKWIA
6ionor, noginue BCi opraHiamu Ha gomeHun bakTepii, Ap-
xei Ta Eykapiotn. [lo noro gocnigxeHb 1By npupoay
NoAaiNAnv Ha ABa HaguapcTtea — [pokapioTn Ta Eykapio-
M. QinoreHeTYHe fepeBo XUTTA, 30ygoBaHe Boy3om,
NoKa3sye 3HayHy Pi3HOMaHITHICTb CBITY MiKpOOpraHi3mis.

3MICT

Aki ocobnuBocTi BigpisHAIOTb apXxel Big 6aKkTepill Ta eyKkapioTiB?

APXEI (Archaea) - npokapiomuyHi 0OHOKIMUHHI MiKpOOp2aHizmu 3 GioximiyHUMU
ocobausocmamu, Wo siopizHAMb ix 8i0 6akmepili ma eykapiomis. Lle HaiigaBHiLwi op-
raHiamu, npepkmn AKNx 3'aBunmca Ha 3emni 6nunsbko 3,8 mnpg pokis Tomy. Pasmipu ap-
xen - Big 0,4 oo 15 Mkm y giameTpi. HanmeHwummn cepep apxeis € HaHoapxei (0,4 MKM),
AKi MapasunTyoTb Y KNITUHAX iHWKX apxen (. 16).

Apxei 6ynu Bigkputi y 1977 p. K. Boy3om,

AKUIA pa3om i3 cBOIM acnipaHTom [x. Qokcom

NOpiBHIOBAB MOC/IAOBHOCTI HYKNEOTUAIB Y reHax

16S-pPHK pi3Hunx opraHiamis. OgHOro pasy BOHU

BUABUAN MIKPOOPraHi3mun, B AKUX HYKNEOTUAHI

nocnigosHocti pPHK BigpisHanuca Big pPHK

GakTepiln i eykapioTiB. Lle cTano opHieto i3 Hai- R

BaXKNMBIWIMX HaykoBumx nogdin XX cT. Hoea rpyna

oTpumana Ha3sy APXEI (sin rpew. apxeoc — gyxe In. 16. HaHoapxen

AaBHIN) | HOBMIA TAKCOHOMIYHWIA paHT — loMeH. Lie (Nanoarchaeum equitans) i 6inb-

BiAKPMWTTA CTano OCHOBO ANA CTBOpeHHA K. Boy- tua KRITMHa-Xa3AIn apxel ITHIKoKyc

(Ignicoccus hopitalis)

30M CMCTEMM TPbOX AOMeHiIB (1985), Lo 6yna nep-

LIOK MOJIEKYNAPHO-BiINOreHEeTUYHO0 CUCTEMOIO XKMBOT NPUPOAN. Y Hili BUOKPEMIIOITb

pomeHun Apxei, baktepii Ta Eykapiotu. BigkpuTTio apxeln cnpusas Baanuii BUGip 06’eKTis

AnAa monekynapHo-dinoreHeTMYHUX gocnigxeHn. leHn pPHK € fyxe KoHcepBaTMBHOIO

YaCTUHOI FeHOMY, BOHW He 3MiHIoBanv CBO GYHKL0 NoHaA 3 MApf POKiB i HasABHI B

yCiX KNiTMHHUX icTOT. Bce ue 3pobuso ix uygoBrmM Mapkepom GinoreHeTUYHUX Nogii.

Apxei MaloTb CBOIO HE3aNeXHY eBOJIOLiNHY iCTOPIlo | XapakTepu3yloTbca 6araTb-

Ma PigKiCHMMW BNacTUBOCTAMM, WO BiApPi3HAITb iX Bif 6akTepiin Ta eykapioTis. AKi X

Le ocobnmnsBocTi?

1. TeHom apxeiB npeacTaBneHnn geonaHutorosoto [HK y Hykneoigi Ta Kinbuesnmm
nnasmigamu. MictuTb 6inKu-riCTOHW, YHiKanbHi iIHTPOHM, WO Bigpi3HAITLCA Bif
eykapioTnuHux. leHn TPHK 1a pPHK apxeiB pi3HATbCA Mix coboto cneymdiyHmum
CK/TaloM 11 MOCNIAOBHICTIO HYKNeoTugis.

§ 9. MpoKapioTU4Hi opraHiamu: apxei
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2. KnimuHHa o60s10HKaG apxell He MiCTUTb MypeiHy, B 6araTbox BUZiB YTBOpeHa
NoBepxHeBMMU Ginkamu (Tak 3BaHUN S-wap) Ta nceBgomypeiHom. O60JIOHKa
30iNCHIOE ePEKTUBHUIN 3aXUCT, i TOMY, MOXJIMBO, apXei HiKONM He yTBOPIOITb
Cnop AN iCHyBaHHA 3a HECMPUATINBUX YMOB, AK Lie € y 6aKTepill.

3. KnimuHHi membpaHu pi3HATbCA CTPYKTYPOIO I XiMiYHUM CKNafoMm, Lo Br3Hava-
t0Tb TXHI0 BiNbLUy CTIMKICTb 32 eKCTPeManbHUX YMOB iCHYBaHHsA. Y apxeiB membpa-
HW OZHOLLAPOBI, yTBOPEHi 3 0cobnusux ditaHoNrniLepuais, a He docdoniniais,
AK B IHWMX KNITUHHUX OPraHi3mis.

4, Pyxu 3a6e3neuyloTbCA OX2yMUKAMU, BIOMIHHUMW Bif [KIyTUKIB OakTepiii:
pPOCTYTb LUNAXOM MNPUERHAHHA CcyboauMHUUb 6inka ¢nareniHy Big OCHOBWY,
Ixepenom eHeprii Ana ixHboro pyxy € ATO Towio.

5.  Po3MHOXxeHHA HecTaTeBe (GiHapHMI Nofin, MHOXMHHWIA nodin, dparmeHTauis i
O6pPYHbKYBaHHSA).

6. KueseHHA xeMOaBTOTpodHe 1 xeMoreTepoTpodHe 3 BUKOPUCTAHHAM Halpi3-
HOMAHITHILINX AXepen eHepril: CBiTNa, OpPraHiuYHMWX CMosyK, aMOHiaKy, MOHIB
MeTanis, BOAHIO Ta iH. ApxeAM MpuTaMaHHi YHiKanbHi meTaboniuHi npouecu:
6aKkTepiopoaoNCMHOBUIN GOTOCUHTES | MeTareHes.

OTXe, apxei € CaMOCTIMHUM JOMEHOM XWUBOI NPUPOAN i BiAPIi3HAOTbCA Bif
6aKTepiln 1 eyKapioTiB HU3KOK O3HaK Ha MOJIEKYNAPHOMY piBHi opraHisauii.

Aki oco6nuei npouecn metabonismy xapakTepHi ana apxen?

Ha nouaTkoBuMx eTanax po3BUTKY XUTTA apxei 6ynu JoOMiHyloUMMn Gopmamm KnT-
TA i BigirpaBanu Begyyy ponb y 6ionoriuHin mirpauii enemeHTis. Y Ti yacn ocobnuse
3HayeHHA Manu npouecn OTPUMaHHA eHepril 338 YMOB BMCOKOIro BMICTYy MOJeKynap-
HOrO BOAHIO 1 BiICYTHOCTI KMCHIO Ta OpraHiuHmx pevoBuH. Lli npouecn 36epernucs B
apxen Ao TenepilHbOro yacy.

MeTareHes - npoyec ompuMaHHa eHepeii y 6e3KUCHe8uUX yMOBAX 3 YMBOPEHHAM
memaHy. Cepep, MeTaHOreHHNX apxei € aBToTPobHI B1AW, AKi 3gaTHi go dikcauii Byr-
NEeKNcnoro rasy, n retepoTpodHi BUAK, AKI NPOAYKYIOTb MeTaH 3aBAAKMN 34aTHOCTI 0
MeTaHOBOro 6pofiHHA. ABTOTPOHMM apxesiM-MeTaHOreHam AN XUTTA [OCTaTHbO
BOJIHIO, BYIJIEKMCIIOrO rasy 1 BOAuW. YHiKanbHa B XKVUBOMY CBITi peakLif cMHTe3y mMeTa-
HYy CNYrye AnA HUX AXKepenomM eHepril A CUHTe3y BAaCHUX OpraHiyHmX CNonyK:

CO,+4H,—CH, +2H,0 + E

Lli ictoTn MoXyTb BUXMBaTU HaBiTb B ymoBax Mapcy un BeHepu. bnusbko 1,5 %
Kap6oHy, wo 6epe yyactb y 6iochepHomy Kpyroobiry, MpoxoauTb uepes cTagito me-
TaHy 3a yyacTi MeTaHOreHHUX apxei. YTBOPEeHHA MeTaHy BilOyBaETbCA Ha AHI MOpIB
1 npicHUX BOZOWM, y 6onoTax, FpyHTax TYHAPW 1 pUcOBKX NoniB. MeTaHOreHu € BHy-
TPILWHBbOKNITUHHUMN CUMOGIOHTaMN AeAKUX TBAPUHOMOAIOHMX OpraHi3miB, BXOAATb
[0 CKNafy KULLKOBOI Mikpodnopu, TepMITIB, >KYNHWX TBaPWUH, MPUMATIB 1 NIOAVNHN.

bakTepiopogoncuHoBuil GOTOCUHTES BIAKPUTUI Y CONENOOHUX apXxeli-rano-
oinis, Aki matoTb dioneToBUI CBITNOUYTAMBUIA NirMeHT — GakTepiopogoncuH. fano-
biny icHyTb 3aBAAKM BUKOPUCTAHHIO OPraHiuYHUX CMOYK, BOHW MOXYTb POCTU 3a
HasfBHOCTI KMCHIO 11 6e3 HbOro. 3a BiACYyTHOCTI KNCHIO 1 HAfBHOCTI ACKPABOro CBiTna
B HUX YTBOPIOKTbCA MyprnypoBi poTomembpaHu, Wo MiCTATb MirMeHT, NoAibHUA [0
NIOACHKOro POAOMCUHY. 3@ yUacTi LbOro NirMeHTy eHepria CBiTna NepeTBOPIOETHCA B
eHeprito AT, Lo Aonomarae im NepexxnTn nepiogn Hectaui KMcHo. NanodinbHi apxei



€ OCHOBOI €KOCUCTEM 3 eKCTPeMaNnbHMMK YyMOBaMM XKUTTA. Tak, y Bogax MepTsoro
MOpPs B CKNafli 6akTepianbHUX MaTiB BUABNEHO 20 BUAIB cONentobHUX apxei. Tam ixHA
KiNbKiCTb JOCAra€ feCATKIB MiNIbMOHIB KNITUH Ha 1 mi.

OTxe, apxel y Hal yac nocigatoTb y 6iochepi cBoepigHe Micue, 34iMCHIO0-
4y MeTaboniyHi NpoLecn B yMOBax, HeAOCTYMHUX s iHWWX OpraHi3MiB.

He nowwmpeHi apxei?

Apxei nownpeHi NOBCIOAQHO — Bif FigpoTepManbHNX Axepen, KpaTepiB BY/IKaHIB,
1 gHa lMiBHiYHOro J1IbOJOBUTOrO OKeaHy A0 TPaBHOI CUCTEMU NIOAVHN 1 TepMmiTiB. Ha
CbOrofHi onucaHo Bxe noHag 50 BuAiB apxeis, a4anToBaHWX 40 HANPI3HOMAHITHILINX
YMOB. 3a OLiHKaMV BUEHMX, apxei y cyyacHin 6iocdepi ctaHoBNATb 651M3bKo 20 % Bif
i 3aranbHoi 6iomacwu (is1. 17).

Bigomo, Wwo cepep apxeli € BeNVIKa KifbKicTb BUAiB-eKkcTpemodiniB, AKi XK1BYTb
3a Jy»e BMCOKMX Temnepatyp, yacto Buuie Big 100 °C, AK Ti, KOTPUX 3HANLWAN B rense-
pax i YopHMX Kypusax (Tak 3BaHi apxei-tepmodinm). [HWMX BUABNEHO B Hafi3BNYaAHO
conoHomy (apxei-ranodinu), kucnomy (apxei-aumpodinu) abo ny>kHomy (apxei-anka-
nodinn) cepepnosuLli. Tak, apxena nipono6yc (Pyrolobus fumarii) xvse 6ina nigBogHUX
rigpoTepmanbHUX gxkepen, TeMmnepatypa Boau Akux +106 °Ci pH 5,5. BuxxnTtu 3a Takux
YMOB BOHU MOXYTb 3aBAAKN 0COONNBOCTAM KNITUHHUX MeMOpaH Ta BENUKIiA KinbKo-
CTi HYKNEOTMAHMX Nap ryaHiH — LUTO3MH, CNOJTyYeHUX TPbOMa BOAHEBUMU 3B'A3KaMU.
Llle ogHa apxea memaHonipyc (Methanopyrus kandleri) icHye 3a Temnepatypu +122 °C.
Apxea mepmokokyc (Thermococcus gammatolerans) BuTpMy€e BNAUB pagiauii, Wwo
nepesuLLYyE NeTanbHy Ao3y Ana moauHn B 3 000 pasis.

Cepep apxeln € 1 sudu-me3o0einu, AKi >MBYTb 3a 3BMYANHNX YMOB BOLHOIO UK
I'pyHTOBOrO cepepoBulla. barato apxeiB € cumbiompogHumu sudamu pPisHUX Opra-
Hi3MmiB. Tak, MyTyaniCTMUYHi MeTaHOreHHi apxei 6epyTb yyacTb Y po3LensieHHi Lento-
031 B KULWWEYHUKY TEPMITiB Ta XynHUX TBapuH. OnncaHo BMAK apxen-KomeHcanis,
AKI XNBYTb Ha LUKipPi, y TPABHIN CCTEMI TIOANHMN.

In. 17. MNpepacTtaBHKKKM apxeit: 1 — nipokoKyc (Pyrococcus furiosus) — € fxepenom GepmeHTIB
y 6ioTexHonorii; 2 — meTaHo6peBibakTep (Methanobrevibacter smithii) 3 KnWeYHUKY NOANHY;
3 — deponnasma (Ferroplasma acidophilum), aka npoxmsae 3a pH 0;

4 — TEPMOKOKYC, AIKa BUTPUMYE BenunKi 4031 pagiauil

OTXe, apxei NOLWMPEHi CKPIi3b i 3aMMaloTb €KOMOTiYHI HiLi,
WO € Ba>KKOAOCTYNHUMM ANA iHWIMX OpPraHi3miB.

§ 9. MpoKapioTU4Hi opraHiamu: apxei
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AIANbHICTb O3Haka Oco6nuBoCTi
x‘,/‘ CamocrTiiiHa po6oTa 3 Tabnuueio MosepxHesuit anapat
X X N Lntonna3sma
Ha3BiTb ocobnuBocTi OygoBU 11 XKUTTE- Hykneoin
;uﬂan.ocn apxen Ta 3aI'IOBHITb.y po6o.t40MX KnBnenmn
30WwunTi T.a6n|m.uo «Oco6va|Bocn opraHizauii [ o
Ta OyHKUiOHYBaHHA apxen». Lo € npuunHoto Pyx
ocobnuBocCTen opraHisauii apxen? PO3MHOMEHHA
CnopoyTBOpeHHA
bionoria + Ximis. MetaHOBe 6pogiHHA
MeTaH (CH,) - ue ra3 6e3 konbopy i1 3ana- | ) 2

XY, MaJIOpO3YMHHWI Y BOfi, ane Jobpe po3unH-
HUIN B OPraHiYHMX PO3UMHHMKAX; Marixe BABIYi
nerwmni 3a nogitpa (in. 18). Y npupodi metaH
YTBOPIOETbCA BHACNIAOK THUTTA POCANHHUX
peLToK 6e3 focTyny NoBITPA, po3KNiagy Kam'a-
HOro BYyrinnAa nig 3emneto. 3BiACKM NOXOAUTb
Moro HasBa 6ONIOTHUI, ab0 PYAHUKOBUIA, ras.
MeTaH € ocHOBOlO 6iorasy, WO MOro oTpumy-
l0Tb 3aBAAKM MeTaHOBOMY 6pofiHHI0. LLlo Take 6ioras i meTaHoBe 6poAiHHA?

g CTABJNEHHA
» RN
a»‘j bionorisa + Miponoria. Knacudikauis apxei

In. 18. KynectepxHeBa (1), maclutabHa
(2) mogenb monekynu metaHy

Y pomeHi Apxel BWOKPEMIIOTb Yyxe
13 TnniB, cepen AKMX HaANbINbW AOCNigKEeHU-
Mn € KpeHapxeoTtu Ta EBpiapxeotn. ¥ 2015 p.
BuAineHo tun Jlokiapxeotn (3a imeHem CKaH-
AVHaBcbKoro 6ora Jloki) 3 npepctaBHMKamu,
Wwo iX BBaxaloTb nepexigHumu dopmamu Mix
npokapiotamu 1 eykapiotamu. Y 2016 p. 6ys
OMMCaHUN LWe oauH TUn apxen — TopapxeoTun
Ha yecTb 6ora Topa. |, HapewrTi, y 2017 p. onu-
caHo Tmnu lenmpanbapxeoTu 1 OfiHapxeoTu (Ha yecTb 6oris Mfenmaana i OgiHa). Lo
Lie 3a ckaHAMHaBCbKi 6orn? Aki 0co6nMBOCTi BUPI3HAIOTL Fpynn apxemn mMix coboto i
CNyryTb 03HakaMu Ansa knacudikauii apxein?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO

1. X10 TakKi apxei? 2. HaBepiTb npuknagn apxen. 3. Lo take metareHes? 4. LLlo Take
1-6 |6akTepiopogoncmHoBuin GoToCUHTE3? 5. XTO TaKi apxei-ekcTpemodinn? 6. HaBegitob
npuknagn cumbiosy cepep apxei.

7. Aki ocobnmnBoCTi BiApi3HATbL apxel Bif 6akTepiln Ta eykapioTis? 8. Aki ocobnusi
npouecy MeTaboniamy xapakTepHi ansa apxeii? 9. [le nownpeHi apxei?

10-12 | 10. OuiHiTb 3HaUeHHA apxeln ansa icHyBaHHA Giochepu.




3emng — nnaHema 6akmepiti.
Kpetiz BeHmep

§ 10. MPOKAPIOTUYHI OPTAHI3MW: BAKTEPII

OCHOBHI NOHATTA N KMovoBi Tepminn: BAKTEPII. lopunsoHTanbHe nepe-
HeCeHHH reHiB.

MpurapanTte! XT0 Taki npokapioTn?

& HoBuHu HayKu

Y 3pa3kax BOAM N FPYHTY, B3ATMX Ha TepUTO-
pii 3aBogy 3 NepepobKM NNacTUKOBMX MAALLOK, 6yno
3HangeHo 6akTepii HeBiJOMOro paHile Buay ioeoHe-
na (Ideonella sakaiensis). Lli 6akTepii gna cBoro xme-
JIeHHA BUKOPWCTOBYIOTb NMACTUK, PO3KNafaym Noro
Ha 6e3neyHi AnA NPUPOAM KOMMOHeHTU. HaykoBui
nigpaxyeanu, wo 6akTepii 34aTHi po3KknacT nnac-
TUKOBMI NaKeT i3 HaNMOLWMPEHILWOro NIacTuKy nonietTnneHTepedranaTy BCbOro 3a 6
TUXKHIB. TaKy BlacTUBICTb OaKTepil PO3BUHYNM YNPOAOBX OCTaHHbOIO AeCATUNITTA —
e iXHA BifnoBifb Ha BeNMKY KiNbKiCcTb >Ki HOBOro Tmny. AK 3a3HavatoTb Mikpobionoru,
6aKTepii MalTb Bpakatouy 34aTHICTb alanTyBaTUCA 4O HAaBKOJIMILHBbOIO cepefoBULLa.

3MICT

Yum 6aKTepii Bigpi3HaOTbCA Big apxei?

BAKTEPII (Bacteria) - npokapiomuyHi 0dHOKAIMUHHI MikpoopzaHizmu. Y npoue-
ci eBonoUii 6aKTepil aganTyBanncb [0 XKWUTTA Y I'PYHTI, BOAi, NOBITPI, Ha NOBEPXHi I
BCEPEAUHI XMBUX opraHiamiB. OCHOBHMMYK rpynamu OakTepili € cnipoxeTu, NpoTo-
6aKTepii, akTMHObGaKTepii, Mikonnasmu Ta iH. bakTepil € HaNuMcNeHHIWVMK N HalA-
MOV pPEHIWMMK OpraHi3aMaMmn HaLWoT NiaHeTu. Y HUX NpocTa 6y[oBa KNiTWHU, BUCOKI
TEMMNU PO3MHOMXEHHSA, BENMKA Pi3HOMAaHITHICTb TUNIB 1 CNOCO6iB KUBNEHHA, BUCOKA
MIHNMBICTb 3aBAAKN MOOINbHUM FeHEeTUYHUM eNneMeHTaM Ta FropPU3OHTaNIbHOMY re-
PEHEeCEeHHI0 reHiB, HasABHICTb MeXaHi3MiB 3aX1CTY Bif BipyCiB, BOHN MatloTb 34aTHICTb
BMaZaTu B aHabio3 1 yTBOPIOBATM CMOPW AJ1s BUTPVIMYBAHHS HECMIPUATINBMX YMOB.
Ha cyuacHomy eTani BifbyBa€eTbcA nepeBakHO GioxiMiuHa eBOJOLiA, 3aBASAKM YOMY
BOHU MOXYTb OMaHOBYBaTV HOBi €KOJIOFiYUHI Hilli, BUpobnaoun HoBi bepmeHTH ana
3aCBOEHHA HOBUX MOXUBHUX PEYOBUH.

Y cyvacHiin cuctemi opraHiyHoro cBity i opraHiamu ob6’egHaHo B someH bakTepii.
AKi X Hal3aranbHilWi ocobnmBocTi 6y[0BY Ta XKUTTERIANBHOCTI 6aKTePIl BigPi3HAOTL
X Big apxen?
1. KnimuHHa o060/0HKG ©OaKTepianbHUX 1 =rpaMHeratMsHa = Jlinopopi- 2 ™ rpaMnosnTuBHa

KNiTMH MiCTUTb nentugornikaH (mype- RN ;Z);a,mﬂ:

iH), WO YTBOPIOE KOPCTKY PeLliTKy Ans ne":f:gg;:im %

3axuUcTy 11 onopw, 6epe akTBHY yyacTb

B OOMiHi peuoBWH, POCTi, PO3MHOXEHHI. A

3a ocobnuBocTAMY 6YAOBU KIITUHHOT . B

. . In. 19. Cxema 6ynoBuY KNiTUHHOI
CTiHKM GaKTepii NoAiNAlTb Ha rpPamMmHe- OBONOHKM rpaMHeraTMBHX (1)
raTvBHI Ta rpamno3unTmBHi (is1. 19). Ta rpamMno3NTUBHIX (2) BaKTepiii

§ 10. MNpokKapioTU4Hi opraHiamu: 6akTepil
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2. OCHOBOW0 KJIiMUHHUX MemMbpaH 6aKTepi € aBa wapwu docdoninigis i pisHoMa-
HiTHI 33 OyHKUiAMM 6inkoBi Mmonekynu. [lyxe BaKnuBUMK AnA H6akTepin € Taki
bYHKUIT MembpaH, AK TPaHCNOPTYBaHHA PEYOBVH, MePETBOPEHHA eHepril, CUH-
Te3 peyoByH, WO BifOYBalOTbCA 3@ YYaCTi BHYTPILLHbOKNITUHHMX BNHaHb (poTo-
MeMObpaH, Me3oCcom).

3. [na GakTepiil xapaKTepHa HaA3BUYalHA Pi3HOMAHITHICTb TUMNIB XUBJIEHHS:
¢omoasmompogHuli (uiaHobaKTepii), xemoasmompogHuli (3anizobakTrepi,
cipkobakTepii), pomozemepompogpHuli (NypnypHi 6akTepii), xemozemepompod-
Hul (canpoTpodHi baKTepil).

4. [eHu 6aKTepianbHOI KNITUHW CKnagaloTbca i3 6e3nepepBHOi KoAdyBasibHOT
NOCNiJOBHOCTI HyKneoTngis. Moginy Ha iIHTPOHWN 1 eK30HM HeMa€e. XapaKTepHOIo
03HaKolo H6aKTepill € HAABHICTb Y KNITWHI, NOPAL 3 HYK/Neoi[LoM, HeBEeJIMKUX aBTO-
HOMHWX Nna3mig.

5. YHikanbHuMuK gns 6akTepii npouecamMu XUTTELIANbHOCTI € BinblwicTb TUNIB 6po-
AiHHA, dikcauia a3oTy, 6akTepioxnopodinbHMIN 6e3KUCHEBU GOTOCKHTES Ta iH.

6. Y baratbox 6akTepiil BiOyBa€TbCA YTBOPEHHSA CNOp ANA iCHYBAaHHA 33 HECNPUAT-
NNBUX YMOB, AeAKi 3AaTHI A0 IHUMCTYBaHHA ANA 3aXUCTY 1 NOWNPEHHA.

OTxe, 6akTepii MalOTb HU3KY BiAMIHHOCTEN GYHOBU 1 XUTTERIANBHOCTI,
O CTaNio OCHOBOI A/A IXHbOro BUOKpemsieHHA B gomeH BAKTEPII.

AKi cnoco6u po3mMHOKeHHsA Ta 06MiHY cnagKkoBoto iHpopmauielo y 6aKrepiii?

Hanuacriwe y 6akTepiin cnocTepiraeTbca WBUAKWIA 6iHapHUG nodin, Wwo 3a cnpu-
ATNMBUX YMOB BifjbyBa€eTbcA B Mexax Bif 15 no 30 xB. PizHoBmgom GiHapHoro noginy
€ 6pyHbKYyB8aHHsA. Ha oflHOMY 3 NMONIOCiB MaTePUHCBKOT KNITUHW YTBOPIETLCA BPYHbKa,
AKa 36iNbLWY€ETbCA, @ MOTIM BiJOKPEMITIOETLCA. Y AeAKNX 6aKTepiil BUABNEHO MHOXUH-
Huti nodin. Momy nepefyioTb penikalis XpOMOCOMY i 36iNblUEHHSA KNiTUHW, B AKil
Jani BiabyBaeTbcA Kinbka NOCNIAOBHMX GiHAapHMX NOAINIB 3 yTBOPEeHHAM Oaratbox
APIGHUX KNIiTUH.

CTaTeBOro po3MHOXeHHA y 6aKTepill HEMAE, OCKINbKN He YTBOPIOIOTLCA raMeTu.
Ane HalronoBHila NoAis CTaTeBOro BiATBOPEHHS, a Came OOMiH reHeTUYHKM MaTepi-
anom, y Hux €. CyTTeBy posib y LibOMYy MpPOLIeCi Bifjirpae ropusoHTasbHe NnepeHeceHHsA
reHiB Mi>k opraHiamamm pi3HuX BUAis.

lopu3oHTanbHe NnepeHeceHHA reHiB — npouyec, Niod Yac AK020 op2aHi3m nepedde
2eHemuyHUU Mamepiasn iHWoMy opedHiamy, Akul He € toeo Haujaokom. Cepep, apxei
Ta GaKTepill ropu3oHTaNbHe MepeHeceHHs reHiB € AOCUTb 3BMYAHMM HaBiTb MiX
Big4aneHnMn BugaMun. 3aBOsAKN LbOMY ABULLY B |
JoAepHUX opraHiamiB 3abesneuyTbcss KOMOI-
HaTMBHA MIHAMUBICTb i 34aTHICTb NPUCTOCOBYBa-
TMCA [O YMOB AOBKINAA. ICHYIOTb TpW 3aranbHi
MeXaHi3MN rOpU3OHTaNbHOrO MepeHeceHHA re-
HiB: TpaHcdopMaUifa, TpaHCAYKLUIA 1 KOH'torauis
(in. 20). Tpaucgpopmauyia (Big nar. transformatio -
NMepeTBOPEHHs) — nepedadyad 2eHemuyHO20 Md-
mepiany MiX KAimuHamu 3d y4acmi i3071608aHol
JHK. Mpu tpaHcdopmaLii He noTtpibeH 6e3no-

In. 20. MexaHi3mn ropnsoHTanbHOro

nepeHeceHHs reHis: 1 — TpaHcpopMa-
cepeHIin  KOHTaKT MK KJITUHOK-AOHOPOM | uisi, 2 — TpaHCAyKLis; 3 — KoH'lorauis



KniTuHoto-peuunieHTom. TpaHcdykuyia (Big nat. transductio — nepemiweHHs) — nepe-
0aya zeHemuy4HO20 Mamepiasy 8i0 0OHIET KNiMUHU iHwWil 3a donomMozoro gipycis. fiBuile
TpaHCAyKUii BigKpuTe amepukaHcbkumu BueHumun . Nlegepbeprom i H. UnHaepom
we y 1952 p. Kon’o2ayis (sig nat. conjugatio — NoEgHaHHA) — nepedayd 2eHemu4yHO20
mamepiasny 8i0 KnimuHu-00HOPA y KNimuHi-peyunieHmoai npu 6e3nocepedHbOMY KOH-
makmi knimuH. HeobxifHO0 YMOBOIO KOH'toraLii € HasBHICTb Y KNiTWUHI nnasmigu.

OTXe, pO3MHOXEHHA apxel Ta 6akTepili BinbyBaeTbCA HeCTaTeBO,
a BM3HAYa/IbHMM NPOLLECOM KOMOIHAaTUBHOI MiHIMBOCTI
€ rOPN30OHTaNIbHE MEepPEHECEHHS reHiB.

Ak 6akTepii B3aemogiloTb Mi>K co6010 Ta 3 iHWIMMW opraHiamamu?

Yacto 6GakTepii «cniBnpauoTb», GopmMyoun 6ionniBKM Ta 3MiHIO0UN LWBNA-
KiCTb pOCTY 3aBAAKY «BigUYTTIO KBOPYMY». Lli B3aEMUHM MOXyYTb Oy Tr iCTOTHUMM AnAa
3pOCTaHHsA BCi€i rpynu opraHi3mis. bionniBku (6iodinbmun) — cninbHul cruzosuti wap
i3 3aHypeHUMU 8 Hb020 KO/IOHIAMU 6akmepili. BionniBkK 3axuLaioTb iX Bif HecnpuaT-
NMBMX YMOB CepefoBMLLa, a TaKOX 3abe3neyyoTb YMOBU AN 0OMiHY MiX OKpemMumm
KNITUHaMWN NOXMBHUMK pevoBuHamu, HK, depmeHTamu, NnpogyKTaMm KUTTERIANb-
HocTi Towo. bionniBkK yTBOPIOKTL CNiNbHe cTabinbHe cepefoBULLe iCHYBaHHA Oak-
Tepil, 3aBAAKN YOMY OCTaHHI MOXYTb BVXXMUBATW B [y>Ke BaXKuX i ManonpugaTHux
INs iHWKX opraHi3miB ymoBax. [lepebyBatoun B yrpynoBaHHsIX, 6akTepii cnisikytomocs
i KoOpOUHYytOMb C80I0 NOBEDIHKY 3A80AKU CeKpeuii MoseKyaapHUX cueHanis. Lle asuye
Ha3MBaETbCA «BiAUYTTAM KBOpyMy». [loro Bneple cnoctepiranu y 6ioniomiHeu-
ceHTHoI 6akTepil (Vibrio fischeri), o XnBe AK CMMBIOHT y cBiTNOBUX opraHax-doTodo-
pax OAHOrOo 3 BUAIB raBaliCbKMX KanbmapiB.

B3aeM03B'A3KM Mix 6aKTepiAMM 1 iHLWIMMK OpraHi3aMaMm MOXyTb 6yTv cMMBioTUY-
HUMW Ta aHTUGIOTUYHKMM. [PUTrajaEeMo, Lo HaMNOLWMNPEHILLMMY BUAaMU CUMOio3y €
Mymyanism, KOMeHcanism, napasumusm. Mpuknagamm myTyanicCTU4HMUX B3aEMOBIf-
HOCWH y GaKTepill € a) BIZHOCMHUN MiX BOLHEBMMM aHaepoOHMMK GakTepiaMu, AKi
CMOXWNBaKTb OPraHivyHi KNCNOTU | BUAINAKTb H,, Ta MeTaHOreHHUMKU apxeamu, AKi
Noro crnoxuBatoTb; 6) cniBicHyBaHHA 6ynbboOUKOBMX GaKTepill i kKopeHiB 6060BMX
pocnuH (6akTepiopu3sa); B) criBiCHyBaHHA 3 OPraHi3aMOM JIOAVHY MOJTIOYHOKUCIINX
6akTepil. MpUKNagoM KOMEHCaNi3My MOXYTb OyTW BIAHOCVHW OpraHi3My noavHN
3 6idinobaKkTepiAMYM N KMLLKOBOIO Mannykoto. MprKnagom napasutnsmy € criBicHy-
BaHHA XBOPOOOTBOPHMX GaKTepill (WyMHa Nanuyka, XoNepHUn BibPioH, 3010TNCTUN
cTadinokok, TybepKynbo3Ha Nannyka) 3 opraHiaMoMm NIOAMHN YN TBAPVIH.

AHMU6I03 — Lie B3aEMOBIAHOCUHM, 3a AKMX CNOCTEPIra€TbCA NPUrHiYeHHS PO3BUT-
Ky abo MOBHe BifMUpPAHHA OHWX BUAIB Mif Ai€0 NPOAYKTIB 0OMiHY, WO X YTBOPIOE
iHWWi B, HalyacTiwe ui npoayKTy Ha3uBaTb aHTUbioTMKamu. Tak, Jlyi MacTep we
B 1877 p. onncaB KOHKypeHLilo 6aKTepill r'pyHTY i 6akTepiin-36ygHUKIB cnbipcbKoi
BUpa3Kn. € cepep GakTepil i cnpaBXHi xvKaku. [Jo HUX HanexaTb 64enoBi6PioHN,
TepatobakTepu, AMKTiobaKTepu Ta iH.

OTXe, B3aEMOBIOHOCUHN MiXK 6aKTepiAMKU Ta opraHiamamu
B Pi3HMX YrpPyNnoBaHHAX € CKNAgHUMU, ANHAMIYHMMU 1 TaKNMW,
Lo 3aneXkaTb Bif 3MiH YMOB cepefoBULLa.

§ 10. MNpokKapioTU4Hi opraHiamu: 6akTepil
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BIANbHICTb

x\/‘ CamocriiiHa po6oTa 3 Ta6nuueto

3a gonomorot Tabnuui Ha KOHKPETHMX NMPUKIagax (ranokBagpaTtyM i KMLIKOBa
nanuuka) nopisHaANTe apxen Ta baktepin. ChopmynioinTe BUCHOBOK MPO NPUYMHU NO-
JibHOCTI Ta BigAMiHHOCTEN.

O3Haka Apxei Bakrepii
KinbkicTb BUAiB
KniTnHHa o60n0oHKa
KniTvHHI membpaHun
MnBneHHA
Ocob6nrBOCTi reHOMy
YTBOpEHHA cnop

bionoria + MatemaTunka. Po3MHOXeHHA 6aKTepin

PosrnaHbTe cuTyauilo, KONV OfAHa NpPoKapioTUYHa KNiTMHa nepebyBa€ B ONTU-
ManbHKX YMOBaXx i1 6e3 nepeLiko po3MHOXKY€ETbCA. CKiNbKy KNiTUH 6yzie B MOZeNbHil
nonynauii yepes 10 NOKONiHb, AKLWO MOAIN KNITUH BigOyBaeTbCA WOKOXKHI 20 xB? 3a-
MOBHITb Tabnuuto i nobyayiite rpadik pocty nonynAuii (Ha ropM3oHTanbHil Bici — vac,
Ha BepTMKasbHIi — KifbKICTb KMiTWH). 3anuliTb MaTeMaTUYHWI BUpa3, Wo Bigobpa-
»Ka€ 3aKOHOMIpPHICTb POCTY nonynAuii.

Yac, xB 0 20 40 60 80 100 | 120 | 140 | 160 | 180 | 200
Kinbkictb
6aKkTepin

CTABJIEHHA

Bionoria + MeguuuHa. Mpoekt «Mikpo6iom nioguHu»

3aBaaku npoekTy «Mikpobiom nAWHW» CKna-
[EHO CMUCOK KOPUCHUX 6akTepiil, WO IiCHYOTb B
opraHi3mi nognHu. 3 4boro cnNcky BroKpemmumo 6idi-
pnobakrepii (Bifidobacterium longum) Ta nakTobakTepil
(Lactobacillus Johnsonii). ika KopucTb UUX GaKTepil
AnA opraHiamy nioguHmn?

PE3YJIbTAT

3aBjaHHA ANA CAMOKOHTPOJII0
1. XTo Taki apxei? 2. HaBepiTb nprknaau apxei. 3. Ha3BiTb cnocoby po3MHOMXeHHs
npokapioTiB. 4. LLlo Take ropusoHTanbHe nepeHeceHHA reHis? 5. LLlo Take 6ionnis-
Kun? 6. HaBeitTb Npuknaan cnmbiosy Ta aHTMGio3y Mix 6akTepiamm 11 iHWKMK opra-
Hi3Mamu.

7. ki ocobnmBoCTi Bifpi3HAIOTb apxeit Bif 6akTepii Ta eykapioTis? 8. Ha3BiTb cro-
7-9 | cobu po3MHOXKEHHA Ta 06MiHY cnagkosoto iHGopMmaLlieto y 6akTepiit. 9. ik bakTepil
B3aEMOJiIOTb MiX CO0010 Ta 3 iHWMMYK OpraHiamamu?

10-12 | 10. OUiHiTb NO3UTUBHE i1 HEraTMBHEe 3HaYeHHs 6aKTepil ANnA opraHiamy NoANHN.




Mosiea eykapiomie € Opy20to 30 3HAYEHHAM
(nicns 3apo0XKeHHs camoz0 Xumms) nooieto 6ios102iYHOT egositoyii.
B. Mapmix, M. Paccen

§ 11. EYKAPIOTU

OCHOBHi NOHATTA 11 KNovoBi TepmiHn: EYKAPIOTU. Cuctema eykapioTny-
HUX OpraHismiB.

MpurapanTte! X10 Taki eykapiotn?

X HoBuHM HayKn

HewoaaBHo Ha runbuHi 6nn3bKo 3 KM Hernoja-
NiK Bif rigpoTepManbHoOro Kypua «3amok JIoKi» BigKpuTO
HOBUM TUMN apxen, Ha3BaHUX Ha YeCTb CKaHAWHABCbKOro
6ora 6elukeTy i 06maHy. Y reHomi Lokiarchaeum € nopi6Hi
[0 eyKapioTUYHMX FeHu, WO KOAYIOTb GinKu, BignosiganbHi
3a 3MiHy GopMK KNITUHW, BE3UKYNAPHE TpaHCMOPTyBaH-
HA, BIANBHICTb LMTOCKENeTa Towo. TakMM YMHOM, NOoKiap-
XeoTu BUSBUINCA HaMbinbw BiporigHMMK KaHaupaTamum
Ha poJb NpefKiB eyKapioTMYHNX OPraHi3mMiB.

3MICT

Aki o3HaKu eyKapioTiB Bigpi3HAIOTH iX Bif apxeii Ta 6aKkTepin?
EYKAPIOTWU (Big rpeu. ey — nobpe, kapioH — A8po) — oMeH 0OHOKAIMUHHUX, KOJ10-

HianvHUX i 6a2aMOKAIMUHHUX Op2dHi3Mi8, U0 XapaKkmepu3yromecsa HAABHICMIO A0pa

ma membpaHHux opzares. Lle Hapi3HOMaHiTHiWa rpyna opraHiamis, AKa JOMIHYe B

6iNbLIOCTI CyYaCHNX eKOCUCTEM, 3a BUHATKOM aHaepoOHUX 30H. 3arasnbHMMM O3HaKa-

MW eyKapioTiB €:

«  HassHicmo A0pa  JOCKOHaniWoi cuctemu perynsuii reHomy. Lintonnasma i3 npo-
Llecamy aKTUBHOTO MeTabosi3My BifjoKpeMunach Bif QiNsAHKU 306epexxeHHs 1 ne-
penuncyBaHHsA CnaKoBoi iHbopMaLiil. 3aBAAKM LibOMY Pi3KO 3pociia afanTUBHICTb
eyKapioTiB [0 3MiHHNX YMOB cepefoBuLLa 6e3 BHECEHHSA CNAAKOBYX 3MiH Y FeHOM;

«  HAABHICMb XpOMOCOM, WO CKNAfATbCA 3 NiHiNHOI Makpomonekynu OHK Ta 6in-
KiB-TiCTOHIB. 3 NOABOIO XPOMOCOM Y eyKapioTiB NOB'A3aHe BUHUKHEHHA CTaTeBO-
ro PO3MHOMEHHSA 3 NOro MOXKMBOCTAMMN KOMOGiHaLiIHOT MiHTMBOCTI;

«  MO3aiyHUl npuHyun opeaxizayii binkosux 2eHigs. BnacHe kopyBanbHa 4acTuHa
TakMX reHiB npepacraBfeHa NOCAIJOBHICTIO OKPeMUX «3MICTOBHUX» AiNAHOK —
€K30HiB, po3aineHnx «6e33mMiCTOBHUMU» IHTPOHAMU;

« 0sowaposicme KAiMuHHUX MeMbpaH. Y membpa-
Hax po3pi3HATb GininigHUNM wap i3 poconinigis
i pi3Hi 3a po3TawyBaHHAM 11 GYHKLUiAMYN BiNKK;

*  HaABHICMb oOpeaHes i3 B/ACHUM 2eHeMUYHUM
andapamom — MITOXOHAPIN Ta NaacTug, Wo MaioTb
€HAOCUMOBIOTMYHE NMOXOKEHHA | MOXYTb Pi3HUTU-
cs bynoBoto;

«  CKIAaOHa cMpyKmypa 0x2ymukis, y AKNX BUOKPEM-
NIOIOTb  aKCOHeMy (ABi LeHTpasnbHi MiKpoTopy-
60Uk | AeB'ATb Nap MoB'A3aHMX MikpoTpybouok 11 21. Tlonepeynuii po3pis
«9+2»), a TakoX MempaHy (i, 21). @YKapIOTUYHINX FXryTUKiB

§ 11. EykapioTu
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«  HasBHiCMb eHOOYUMO3y — TPAHCMOPTYBAHHA PEUYOBUH Y KIITUHY 3 YTBOPEHHAM
MeMOpPaHHMX MiXypLiB — Be3uKy. XapakTepHUiA ANia KAiTWH, No36aBneHnx Krii-
TUHHOT 0O0NOHKM;

«  CKNaoHiwi peakyil ma npoyecu XummeoisiibHOCMI, AK-TO NMPOLIECUHT, KPOCUHTO-
BEp, MiTO3 1 Melo3 Ta iH.

OTXXe, 0O eyKapioTiB BifHOCATb OpPraHiamMu 3i CKNagHiLow0
OopraHi3auli€lo KiTUH i MPOLEeCiB XUTTEQIANBHOCTI.

AKi ocHOBHI eTann NoXo»KeHHA eyKapioTiB?

Eykapiotn BuHuknu 1,5 - 2,0 mnpg pokis Tomy
i MalOTb MOHO®INEeTUYHE MOXOMPKEHHS Bif AKOICb
rpynu opraHismis. Ha nouatky 2012 p. C. Yxao i3
cniBaBTOpPamMM MOBIAOMUAN NPO BIAKPUTTA MOXNU-
BOrO 3arafbHOro NpefkKa eykapioTis. Hum snasusca
MOPCbKNA OQHOKAITUHHUIN AXXITYTUKOHOCELb KOJO-
avktioH (Collodictyon triciliatum) (in. 22). OgHak ue
BiAKPUTTA He [Ja€ BignoBiAi WoAO BUTOKIB MOXO-

[XeHHA jomeHy EykapioTtu. In. 22. KonopikTioH i3
MopiBHAHHA 6ygoBu OHK i1 opraHisaLii reHoMy — 3axomnieHo KOJOHIEID 3eNeHNX
CBIgUMTb NPO Te, WO eyKapioT! 3HAYHO GNVKYI O BOAoOpoOCTEN

apxen, aHix fo 6akTepin. Lle nigTBepaKytoTb Taki 03HaKK, AK HasBHICTb GiNKiB-ricTo-

HiB Y reHOMi, NnepepBHa OpraHisaLia CTPYKTYPHUX reHiB, CBITNOUYTAMBUIA GinoK po-

LOMNCUH Ta iH. Afle y CTPYKTYpi eyKapioTUYHOT KNiTUHWN € N O3HAKM BakTepianbHUX

opraHi3mis. Le kinbuesa [HK, pubocomu 70S, nepeBaxaHHA pocdoninigis y memo-

paHax Towo.
CyHTeTMYHa TeopiA NMOXOMKEHHA eyKapioTiB cdopmyBasaca Ha MnouaTtky

XXI cT. Ha OCHOBI CMHTE3Yy aBMo2eHeMUYHOT 2inome3u NMOXOAXKEHHA Afpa Ta GiNbLIOCTi

OAHOMEMOPaHHUX KIITVUHHUX OpPraHes, a TakoX eHOoCUMbIOMUYHOI 2inome3u Moxo-

I>KEeHHA MITOXOHAPIN Ta nnacTud. AKi X OCHOBHI eTanu BUHNKHEeHHA eyKapioTiB 3rigHo

i3 Lieto Teopieto?

1. YTBOpPEHHS B NPOKAPIiOTUUYHOI KNITUHWN BHYTPILLHIX BNUHAHb KNITUHHOI MeMbpa-
HU, WO NpuBenu A0 YTBOPeHHA AApa, EMNC, komnnekcy lonbaxi, TpaBHUX BaKyo-
nemn, ni3ocom.

2. 3aBpAAKM ropm3oHTanbHOMY MepeHEeCeHHI0 reHiB Y MPUMITUBHUX eyKapioTiB ¢pop-
MYIOTbCA MIKPOTPYOOUKHM Ta BUHMKAOTb LIUTOCKENET, KMy TUKY, BEPETEHO Noginy.

3. LUnaxom eHOocum6Gio3y eyKapioTUYHOT KNiITUHU 3 aepobHUMK 6aKTepiamu dop-
MYIOTbCA MITOXOHAPIT 3 AUCKONOAIGHNMY KprCTamu.

4. TlonaBa eykapioTi, y AKX GOPMYIOTbCA MITOXOHAPIT 3 TPyOUaCTUMK KpUcTamm Ta
MITOXOHAPIT 3 NIAaCTUHYACTUMIK KPpUCTaMu.

5.  Cumbio3 reTepoTpodHOi eyKapioTUUHOIT KNiTWUHM i3 LiiaHoGaKTepi€elo Ta yTBOPEH-
Hs eyKapioTiB 3 ;BOMeMOpPaHHNMIM NnacTuaamu, Aki OTpUManu Ha3sy NepPBUHHO-
CMMOBIOTMYHMX. Bif LMX opraHiamiB NoxoaaTb 3efeHi POC/INHN.

6. [mBepreHUia reTepoTPOdHUX KNITUH 3a TUMaMK KMBJIEHHA 3yMOBUNA MOABY
eykapioTiB 3 ocMoTpodHUM (rpubn) Ta eykapioTiB 3 dparoTpoPHMM (TBapuUHM)
MKUBNEHHAM.

Tema 1. BIOPI3BHOMAHITTA

OTxe, NosABa eyKapioTiB Bifobpaxae 3aranbHy NPOrpecrBHy
cnpAMoBaHicTb 6ionoriyHoI eBontoLii, WO BTINMOETLCA Y 30iNbLUEHHI
46 6iopPi3HOMAHITTA Ta NiABULIEHHI CTINKOCTI BGiocucTem.




Yomy cyuyacHa cucTeMa eyKapioTUYHUX OpraHiamiB € ¢pinoreHeTu4HOO?

Cuctema eyKapioTUYHUX OpraHismiB — iepapxiyHa 8nopAOKOBAHA CyKynHicmb
2pyn, Wo NOEOHYE eyKapiomuyHi opedHi3mMu HA OCHOBI KoMnJsiekcy Kkpumepiis. Bu3Ha-
YanbHUMM KPUTEPiAMM Cy4yacHOI CUCTEMMW eyKapioTiB € MosieKynapHo-ginoze-
Hemu4Hul (NofibGHICTb NOCNIAOBHOCTEN HYKNEOTUAIB Y FeHax, Wo iX obpaHo siK
MapKkepu ¢inoreHesy) Ta OHOBNeHW YyumostoziyHul (Hanbinbw iHGopMaTUBHIMY
BBa)KaloTbCA KiNIbKICTb Ta pO3TallyBaHHA AXKIyTUKiB, pOopMa MiTOXOHAPIaNbHUX KPUCT,
CTPYKTYpa LMTOCKeneTa, BUAM XN0pOomnniacTiB 3a 0CO6NMBOCTAMN BUHUKHEHHSA). Hal-
6iNbLUNA BHECOK Y CTBOPEHHSA Cy4acHOT cucTeMmn eykapioTis 3pobuna rpyna HaykoB-
uiB nig kepisHuuteom C. Eana (in. 23). 3a cyyaCHMMUM YABIEHHAMMU, B MeXaxX fOMEHY
EykapioTu Bnokpemniotb rpynu Ekckasatu, fliagopetnkn Ta AMopdei.

Exckasamu (Bif rpeL,. exc — 30BHiLWHI, kasa — 60po3Ha) — epyna HaldasHiwux U
HalnpumimugHiwux eykapiomuyHux 0OHOK/IIMUHHUX op2aHi3mis. HansaranbHiwymm
0O3HaKkamu €: poToBa 60poO3Ha, uepes AKY NOIMNHAETLCA 1Ka; KiNbKiCTb AXKIyTUKIB, AK
npaewno, 6inblw HiXK ABa; MITOXOHAPIT CNpoLeHi abo 3 ANCKONOAIOHMI KpucTamu.
Ho rpynu EkckaBaTy HanexaTb BilbHOXKMBYUYi (€BrNeHM), NapasUTUYHI (nenwmaHii,
TPWMMNAHOCOMMU) Ta MyTYaniCcTUUHI (TpuxoHimbun) bopmu.

Aiaghopemuku (Big rpeu. diagpopemukoc — pi3HOMAHITHI) — 0OHOK/IIMUHHI, KoJ10-
HianvHi ma 6a2amoKaiMUHHI 0p2aHi3Mu, 8 AKUX YNpoO08X XUMMEBO20 YUKAY € Kli-
MmuHu 3 0somMa Oxzymukamu. Haneigomiwi npepctaBHuky rpynu: PocnuHu, 3eneHi
BogopocTi, MMaykoditosi BogopocTi, YepBoHi BogopocTi, bypi BogopocTi, DopamiHi-
depu, Pagionspii, CnopoBukm.

Amopdpei (Big rpeu. amopgeoc — 6e3pOPMHI) — 0OHOKIIMUHHI, KOMOHIanbHi ma 6a-
20MOKAIMUHHI Op2aHi3mu, 8 AKUX ynpoO08X XUMMEeB0O20 YUKJTY € amebOiOHi KnimuHU abo
KAimuHU 3 00HUM O0x2ymukom. [1o rpynu HanexaTtb TeapuHu, prbu, yepenallkosi amebu.

3anpornoHoBaHa cMcTeMa Lie He 3aBepLUeHa, afe B Hill BifobpaxeHa cnopiaHe-
HICTb OCHOBHMX rpyn eyKapioTiB, WO AoBefAeHa AOCNIAXKEHHAMY TXHIX FeHOMIB i Kni-
TUHHOI OyfoBM.

pPocnuHy
Aopocri

3eneni
TOBj gg,

YepBOHi BOAOPOCTI
Fnayko¢i

EYKAPIOTU

In. 23. CyyacHa cuctema eykapioTis (3a C. Ednom, 2012)
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OTXKe, CyyacHa cucTeMa eyKapioTUUYHUX OpraHi3miB €
MONEKYNAPHO-QiNOreHeTUYHOI0, WO Knacudikye opraHiamMmn 3a €AHICTIO
NMOXOMKEHHSA, @ HEe 3a TUMOM XMBJIEHHA abo PiBHIB OpraHisadil.

RIANBHICTb

x\//‘ CamocTiiiHa po6oTa 3 Ta6nuueto OsHaka |MpokapioTu| EykapioTu
. . . OpraHi3mu
3a gonomoroio Tabnuui NopiBHAMTe NpPo- »
- . . [eHeTnyHUN
KapioTiB 3 eykapioTamu. 3pobiTb BUCHOBOK maTepian
NpPO NPUYMHK NOZIGHOCTI 1 BigMIHHOCTEN. Opravenn
CamocrTiiiHa po6oTa 3 inlocTpauieto Lintockenet
PosnisHalTe Ta 3icTaBTe Ha3Bm cTpykTyp | EHAoumTo3
eyKapioTUYHOI KNITUHM 3 IXHIMW MO3HAaYeHHSA- CTPYKTYI?a
MW Ha intocTpadii. MpasnnbHa BigNoBigHICTb ‘EVKFYT“K'.B
. Mopin KnituH
JacTb Ha3By MeTOAY BM3HAYEHHA NOCNifOB-
HOCTEN HYKeOTUAIB Yy FreHOMi OpraHi3mis, 10 1112 1

LWwo i1 po3pobuB ABOKpaTHUI aypeaT Hobe-
niscbkoi npemii @. CeHrep (1918-2013).

CTpyKTypu  eyKapioTUYHOI  KAIiTUHMU:
A - miToxoHAapii; B1 — Mixypeub-Be3nkyna;
B> — rnagka ENC; Ei — apgpo; E2 — wopcTKa
ENG; K - pubocoma; H, - komnnekc fonbaxi;
H, - Bakyons; H3— rianonnasma; C — agepue;
Y — KniTMHHa membpaHa; fl — nisocoma.

1/ 2|3 | 4|5 |6 |7

11 | 12

g CTABJIEHHA
* —————————————

«2 Bionorisn + leomeTpis. 3akoH KBagpaTa-Ky6a

O6’em i NOBEPXHA eyKapioTUYHUX KIITUH Y AeCATKN N COTHI pasis
nepeBuLLYOTb 06'€MI 1 NAIOLLY KNiTMH NpoKapioTie. A GinbLnii 06’em
€YKapioTUYHMX KNITWH, 3rifHO i3 3aKOHaMWn reomeTpil, BUMara€ 3Hau-

E HOro 36iNbleHHA NOBepXHi IXHIX MeMbpaH. ¥ YoMy CyTb 3aKOHY KBa-
I Apata-ky6a, Wwo 6ys ynepue chopmynbosaHuii I lanineem we 1638 p.?
<§( 3acToCcyinTe 3HaHHA 3aKOHY | MOACHITb, HOMY eyKapioTUYHI KNITUHN Ma-
% 0Tb ,OOPE PO3BUHYTI MEMOPaHHI CTPYKTYpH.
a
2 PE3YJIbTAT
©
E 3aBAaHHA ANA CAMOKOHTPOJIIO
1. XT0 Taki eykapiotu? 2. Ha3BiTb Hal3aranbHilli o3HaKu eykapioTis. 3. Ha3BiTb ri-
1-6 |noTe3n, WO NOACHIOTb NOXOAXKEHH:A eyKapioTiB. 4. Big Koro noxoaatb eykapiotun?
5. Lo Take cnuctema eykapioTie? 6. Ha3BiTb OCHOBHI rpynu eyKapioTiB.
7. AIKi 03HaKM eyKapioTMYHMX OpraHi3miB Bigpi3HAIOTb iX Bif apxel Ta 6akTepin?
7-9 | 8. fIki OCHOBHI eTany NOXOAXXeHHA eyKapioTiB? 9. Yomy cyuyacHa cuctema eykapio-
TUYHVX OPraHi3miB € GinoreHeTUYHOO?
18 10-12 | 10. AKMMUM € CyyacHi MOrNAaM Ha CUCTEMY eyKapioTUUYHMNX OpraHi3mis?




Ipubu — ye «<npocpecis», Aky 6azamopaszoso U He3aexxHo 00UH
8i0 00H020 06UPAIU NPeOCMABHUKU Pi3HUX 2i/10K 0epesa Xumms.
3 nidpyyHuka «3azaneHa mikonozis»

§12. TPUBU

OCHOBHi MOHATTA W Kaw4oBi TepmiHu: TPUBU. OcmoretepotpodHe
YKNBJIEHHA.

MpuraganTte! XT10 Taki retepotpodu?

X Momipkynite!

Mepen BamMu uypepHaubkuii rpub 2ioHesrym
Meka (Hydnellum peckii), abo «KpoBOTOUMBMIA 3y6», WO
TPannAEeTbCA Y XBOMHMX Nicax €sponu 1 MNiBHiYHOT Ame-
pviku. Moro Tino BuainAe piaviHy YepBOHOrO KONbOPY
Ins nprBabnoBaHHA KOMaX, AKX OpraHiam BUKOPUCTO-
BYE ANA XMBNeHHA. YoMy Le rpmb, a He pocinHa um TBa-
puHa?

3MICT

Aki ocobnuBocTi opraHisauii Ta pyHKLioOHYyBaHHA rpn6is?

TepmiH «rprbu» (Tak Camo K i «POCTIMHMY» D0 «TBAaPMHM») ONMUCYE NEBHUI CNOCIO
XKUTTA 1 3yMOBJIEHI HM 0COBNNBOCTI OYA0BM 1 XKUTTERIANBHOCTI (if1. 24).

Mpubwn € eykapiomuyHUMU Op2aHi3Mamu, KNiTUHW AKUX MatloTb Taki 0CO6MBOCTI:
1) CTPYKTYPHMUM KOMMOHEHTOM KapKaca KNiTMHHUX 0O0NOHOK € Nonicaxapug 2/110KaH,
a nonepeyHi MiCTKN Mi>XK MOro Monekynamm yTBOPIE XimuH (NepeBa>kHO y CNPaBXHixX
rpu6is) abo yesto103a (NnepeBa)kHO Y HECMPaBXHiX rpnbiB); 2) opraHenamu pyxy rpu-
6iB MOXXYTb OYTU Ox2ymuKu (CnpaBKHi rpnbu) abo ncesdonodii (cN30BKKN); 3) KNiTK-
HU 6araTbox rpunbiB MiCTATb HEBETUKI 8aKYOJTi, IKi € BMICTULLEM 3aMaCHUX MOMXUBHNX
PEYOBUH i WKIANMBUX NPOAYKTIB MeTaboniamy; 4) y rpmbis po3BUHYTI cekpemopHi
MiXypui (8e3ukyiu), Lo BiANOBIAAOTb 3a TPAHCMOPTYBAHHA Ta BUAINIEHHA 33 MeXi Liu-

In. 24. He3uuni Bugu rpmnbis: 1 — dyniro rHunbHWi; 2 — repauin rpebiHyacTuii; 3 — kKnaBapis
6nino-6ypa; 4 — pewiTOYHUK YEePBOHWIA; 5 — eHTOMONa 61akMTHa; 6 — raHogepma 6rcKyya

§ 12. Tpnbu
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TOMNa3mMu pi3HMX CNONyK; 5) 3anacaioTb rpubu 2stikozeH (CnpasXHi rpubu) abo miko-
JIAMiHAapuH (HeCnpaB>XHi rprbu), KiHLEeBM NPOAYKTOM 0OMiHY GiflKiB € cevosuHa.

Yci rpnbu, He3anexHo Bif NOXOAXKEHHA, 06'eaHYe ocmoeemepompogHuli cnocié
XUBJIeHHSA, TOOTO KUBMEHHA OPraHiuYHUMK PEeYOBUHAMMU, WO MOTIMHAOTLCA BCi€D
noBepxHel rpubHULI pa3om 3 HeoOXiAHUMN MiHepanbHUMK crionykamu. Yci ginaH-
K1 miuenito BifOKpeMmIeHi Bif cepefoBMlLa nuLle KAITUHHOW OOOMOHKOK 3 XiTUHY
abo uento3un 1 NNasMaTUYHO MeMbpPaHoIo, BiAMeEPANX KNiTUH, AK Y KOPi KOPEeHiB
POCANH, HeMAE. Y cybcTpaTi OpraHiuHi peuyoBMHY MICTATbLCA AOCUTb YacTo Y BUMNALI
CKNMAfHUX CMOJYK, TOMY rprubu CEKPETYIOTb Ha30BHi pepMeHTU-rigposnasu, Aki posLue-
NAOTb Ui PeYOBMHU Ta 34iNCHIOIOTb 30BHILLHE TPaBMIEHHSA.

Mpu ocmoretepoTpodHOMY KUBMEHHI HaAXOAKEHHA MOXUBHUX PEYOBUH A0
KNiTUHW 3anexxuTb Bif nnouli il noBepxHi. Tomy B xofi eBontouii y rpubis 36inbwmnaca
nnowa Tina. Mprbu «nparHynm» ii 36inblWMTK, He 3MiHIOYY NPY LbOMy 06'eMy CBOrO
Tina. BeretatvBHe Tino nepeBa)kHOi BiNbWOCTI rpKbiB ABNAE PO3ranyXeHy cuctemy
HUTOK (ridiB), AKa Ha3MBa€eTbCA epubHUUero (Miueniem). Tidu rpubis ay>ke weuoko U
HeobmexeHo pocmyms. OKpeMuii rpnb Moxe 3a 24 rof YyTBOPUTU FPUOHULIIO JOBXN-
Hot 1 KM. Taknii WBUAKNIA PICT KOMNEHCYE 8i0CYMHICMb AKMUBHO20 nepemiujeHHsA
Ha piBHi opraHi3miB. 3a Takoi CTPYKTypu rpmubun noyanu po3mHoxysamuce (i po3ce-
JIAMUCk 30 y4acmi pisHOMaHimHux cnop. "KUBNAYNCH YCIEI CBOEIO NOBEPXHelo, nepe-
BaXkKHa OinbLWicTb rpnbiB PO3BMBAETLCA BCEpPeAVHi FPYHTY, BiiMepnoi opraHiku abo
XnBoro opraHiamy. OcKinbku Tino rpnbis nepebyBae B CyOCTpaTi, CNOPOHOCHI OpraHu
YTBOPIOTbCA Hafl Cyb6CTPATOM i JOCUTb YaCTO 3 YTBOPEHHAM MAIOJ0BUX Tifl.

OTxe, y wupokomy posymiHHi TPUBW (Fungi sensu lato) —
6e3xn0podinbHi eykapioTnyHi retepoTpodHi opraHiamu, AKi MaloTb
3a3BUYai rpMObHNULIO, 34aTHI 1O OCMOreTePOTPOPHOrO KUBMNEHHS,
HeOBMEKEHOFO POCTY Ta PO3MHOMXEHHSA 3a JOMOMOrOK Crop.

Yum 3ymoBneHi pisHOMaHITHICTb | nowWMpeHHsA rpnbis?

Mpnbu - Ue ofHa i3 HalAaBHiWKMX, HaNOINbWKX Ta HAWPIZHOMAHITHIWNMX rpyn
eyKapioTUUYHMX opraHi3miB. HaligaBHilwi naneoHToNorivHi 3Haxigku rpmbis BUABNEHO
y BYJIKaHIYHUX MOpofax BikoM 2,4 Mmnpp pokiB. BinkpnTta 6yno 3giicHeHo nig vac 6y-
piHHA 900-MeTpOoBOI TOBLi AaBHiX 6a3anbTiB Ha TepuTtopii MAP. I3 yacom rpubu ctanu
HeBIA'EMHMM CKNAAHMKOM YCiX BOAHMX i HA3eMHUX eKocucTeM. Mprby TpannaoTbCaA Ha
BCiX KOHTMHEHTaX 3eMHOI KyJli 1 HaBiTb B AHTapKTuAi.

BinbwicTb rpnbiB XMBYTb y IPyHTOBOMY Ta
Ha3eMHOMY CepefoBMLIaX, NAPA3UTYIOTb Y »KU-
BMX opraHi3max. MowupeHi rpubu 1 y Hapas-
HilLOMYy BOAHOMY CepefoBULLaxX XUTTS. BoOHi
2pubu (ncatupena, canporsnerHis, ¢ianouedana)
po3KnajaloTb OpraHiyHi pewTKn, napasuTyioTb
Ha poc/MHax i TBapuHax, BCTynawTb y cnmbio-
TWUYHI BIGHOCWHW 3 iHWMW opraHi3mamu (is. 25).

lpubwu 3 pyxe 6bazamum apceHasoM mpas-
HUX ¢bepmeHmMi8 MOXYTb PyWMHYBaTU OyAb-AKi
maTepiann, WO MICTATb OPraHiyHi peyvyoBMHN, In. 25. Mcatupena BoaAHa —
0cob6nvBO B ymoBax Tenna 1 Bonoru. Metanesi BOAHWI WAMUHKOBIIA rp1G




BeJIeTHi TEXHIKM, BUTOHUEHI MeXxaHi3My 3 nnacTuky, ¢otonniBka, izonsuis kabenis,
peakTVBHe ManuBO, WTYYHI TKaHUHKU, papbu, ONTUYHE CKNO NPWUNAgZIB — Ui peanbHi
BTiSIEHHSA IHTENEKTY NIOAMHUN BUABAIOTLCA 0€3CMAUMN Nepes MeLKaHUsAMN rPUOHO-
ro LapcTea. 3a CnocoboM XMBMIEHHA FPMOU MOAINAIOTL Ha CAanPOTPOHI, MapasnUTUYHI,
MyTyanicTuyHi Ta xuxi. CanpompodpHi epubu € HanBaxnNMBiWVMY pefyLeHTaMu op-
raHiYHOT PeYOBMHM Ta FPYHTOYTBOPIOBaYaMu Ha nnaHeTi. MapazumuyHi 2pubu B3a-
€EMOfiOTb Malixe 3 yCiMa eyKapioTamu; 30Kpema, ditonatoreHHi rpuby napasnTyoTb
Ha POC/IMHAX, 300MATOreHHI — Ha TBAPUHAaX, BKJIIOUYHO 3 JIDANHO, @ MiKOQiNbHI — Ha
iHWKX BUZax rpnbis. Mymyanicmu4Hi 2pubu yTBOPIOIOTH B3AEMOBUTIHI CTOCYHKM 3
iHLWMK OpraHi3aMmamm: Mikopr30yTBOPIOBaYi — 3 KOPIHHAM CYAUHHUX POCSIVH, ambpo-
3ieBi rpmbu — 3 MypaluKamm i Tepmitamu. [CHYIOTb XuXi 2pubu, sKi NOBNATL HeMaTog,
cnniTatum XUTpoMyapi NacTky, 3 AKUX Ti He B 3M03i BUbpaTucaA (Hanpuknag, apTpo-
60Tpic, 300naryc).

IHWOoW 0CcobnMBICTIO, WO 3abe3neuye NOLWMPEHHA Ta Pi3HOMaHITHICTb rpurbiB, €
pi3HOMaHimHicme cnocobie po3MHOXeHHA i 3MiHN reHeTUYHOro MaTtepiany. Hanno-
LWIVPEHILIM CMOCOBOM PO3MHOXEHHAM rPUbIB € pO3MHOXeHHS cnopamu. Ix noaina-
I0Tb Ha CMOPU HECTAaTEBOIO PO3MHOXKEHHSA 11 CNOPU CTAaTEBOIO PO3MHOMEHHSA, abo, AK
X Ha31BaloTb Y MiKONOFil, — MITOTUYHUMYW 1 MeNOTUYHKMYK cnopamu. Mimocnopu - ue
cnopu, Wo YTBOPKITLCA B pe3ynbTaTi BiiocoONeHHs GparMeHTiB, reHeTUYHO ifeH-
TUYHMX 3 BEreTaTMBHUM Tinom. IXHi Aapa yTBOPIOITLCA B XOAi MITOTUYHOMO noginy
3BMYaANHUX Afep. 3a cnocobom yTBOPEHHA X YMOBHO MOAINATb HAa CMOpaHriocno-
pv Ta KOHiil, a 3a pyxAMBICTIO — HAa PYXJINBi 300CNOPMW Ta HEPYXMBI annaHOCMopW.
Meiiocnopu - ue crnopw, WO YTBOPIOIOTLCA B pe3ynbTaTi BijocobneHHA dparmeHTiB
Tina, yTBOPEHMX yHacnifoK reHeTUUHOI pekombiHaLii. IxHi aapa yTBOpIOTLCA B XOAi
MeNOTUYHOrO MOAINY 3UrOTHUX AJep | He € iAeHTUYHMMN 3i 3BMYaHUMK agpamu. 3a
CNocoboM YTBOPEHHS BUOKPEMJIIOIOTb TPU TUMK MENOoCMop: 3Urocrnopu, aCKocnopu
Ta 6azmpiocnopu. Cnopu rprbiB MalTb Mani PO3MipY i 3a3BMYall PO3HOCATHCA BIT-
pOM, B OKPeMIX BULIB BOHM MOXYTb NMoLWMpoBaThCA Bogoto abo TBapuHamu. Cnop
YTBOPIOETbCA BeNMYe3Ha KinbkicTb (Hampuknag, nevepuuya 3a 2 gobu yTBOpIOE
2 MApga cnop, Tino TpyToBrKa — 10 mapg cnop wopivHo). Cnopn MoXyTb YTBOPIOBa-
TUCb Yy CMOPaHriAx (eHAOreHHi cnopu) Ta BigOKPeMIUMCh Bi cneliani3oBaHuX ri-
¢iB (ek3oreHHi cnopwm).

BezemamusHe po3mMHoOxeHHA TPU6IB 3LiINCHIOETbCA YacTUHaMK Milenito, 6pyHb-
KYBaHHAM.

CraTeBe PO3MHOMEHHA — Oy)Ke CKflagHe N Ma€ TeHAEeHUilo A0 3HUKHEHHA.
OCHOBOW CMAameso20 pO3MHOXEHHA TPUOBIB € TPW TUMW FEHETUYHOI peKombiHauii:
1) npeceKkcyanbHWiA nNpouec — Le obMiH nnasmigamu 6e3 reHeTUYHOT Mogudikauil
B3aEMOJi0UMX OCOOMH (HanpuKnag, y CIM30BUKIB); 2) MapaceKcyanbHNUA NpoLec — e
06MiH Afpamu 6e3 IXHbOro 3IMTTA 1 MEeNOTUYHOTO NoAiNny (Hanpuknag, y acnepriny
4n neHiymniymy); 3) ctateBuUn npouec 3 yTBOPEHHAM CTIKOro AUMoigHOro Aapa Ta
nofinom wnaxom menosy (y 6inblocti rpnois).

OTXe, BU3HaYaNbHUMMN OCOONNBOCTAMU ANA MOLINPEHHA
N pPi3HOMAHITHOCTI rpubIB € Pi3HOMaHITHICTb iXHiX cnocobis
XUBNEHHA Ta PO3MHOMEHHA.

§ 12. Tpnbu
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BIANbHICTb

774 Hasuacmocs nizHasatu

YKaxiTb 3HaUEeHHs BKa3aHMXx 0cobnmBocTell 6ynoBu rpnbis ans 3abesneyeHHs ix-
HbOTO MOLNPEHHA 1 PI3HOMaHITTA. 3aNOBHITb Y po6oyomy 30LWmnTi Tabnumuio Ta chop-
MYJIOTE BUCHOBOK.

O3HaKa 3Ha4yeHHA
BeretatusHe Tino - rpnbHuuA
HaaBHicTb KNITMHHOT 060SIOHKN
Po3BuHYTe BE3UKYNAPHE TPAHCMOPTYBaHHSA
OcmoreTepoTpodHe XKIBNEHHS
HeobmexxeHni WBUAKNIA picT
Po3mHOXeHHA crnopamu

bionoria + ActpoHOMifi. AHTapPKTU4HI rpn6mn

[lBa B1An aHTapKTU4HUX rpmbis i3 poay Xpio-
miuec (Cryomyces antarcticus i Cryomyces minteri)
Ha MiXHapPOAHIN KOCMIUHIA CTaHUil BUXUNN B KIi-
MATUYHMX YMOBaX, Ofn3bKMX [0 MapciaHCbKux. Lli
rpubu 6yno 3i6paHo B fonnHi Mak-Mepgo, wo BBa-
MKAETbCA HANNOCYLWNMBILNM PAaiOHOM AHTapKTU-
an. Npnbun nepebysann B ymoBax Mapca npoTArom
18 micauis. Y pesynbrati 60 % KNITUH 3annwmnnmnca
HeylwKomkeHnmuy, a IHK — HopmanbHO GyHKLiOHYOUO0. A AKMMM € YMOBU XUTTA Ha
Mapci? Aki ocobnmBocTi rpnbiB 3ab6e3neuyioTb IXHE BUXUBAHHA B €KCTPEMAbHMX
ymoBax?

a CTABJEHHA
» TR
ﬂj bionorisa + Ekonoria. (pu6u-pepyuexHTn

CanpoTtpodHi rpmbu i1 bakTepii pa3om yTBO-
plotoTb rpyny pedyyeHmis, 6e3 AKUX Kpyroobir
pevyoBvH y 6iochepi Hemoxnusumin. Ocob6nrBo
BXXJIBUMU € Ti rpmbu, siKi ceKpeTyoTb depmeHT
Lienonasy, Wo POo3LLEnIoE Lenonosy KNiTMHHUX
060/10HOK pOoCNnH. XTO Taki rpubu-pegyueHTn?
OuiHiTb IXHE 3HaueHHA AnAa icHyBaHHA biocdhepu.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO
1. XT0 Taki rpnbu? 2. Ha3eitb ocobnmsocTi KNiTMH rpubis. 3. HaBeditb nprknagm
1-6 |rpu6is. 4. Ha3BiTb cepepoBuLLa icCHyBaHHA rpun6iB. 5. Ha3BiTb 0OCHOBHI rpynu rpunbis
3a CNocoboM XUBNEHHA. 6. Ha3BiTb OCHOBHI CMOCOOU PO3MHOMXEHHA FPUGIB.
7. Aki ocobnmsocTi opraHizauii rpnbis? 8. Aki ocobnMBOCTi PyHKLIOHYBaHHA rpu-
6iB? 9. YuM 3yMOB/EHi Pi3HOMAHITHICTb i NOWWpPEHHA rpubis?

10-12 | 10. ke 3HauYeHHA rpnbiB-peayLEeHTIB ANA iCHyBaHHsA 6iocdepn?




[pubu - ye opeaHiamu, wo ix sus4arome mikosoau.
/. Xoykceopm

§ 13. PI3BHOMAHITHICTb 'PUBIB

OCHOBHi MOHATTA N KAOYOBi TepmiHn: HecnpaBHi rpub6u. CinsoBuku.
CnpaBHi rpn6un.
Mpurapgaiite! Xto Taki rpn6u?

X Momipkyiite!

Y yomy nonsrae NogibHicTb MiX OTPYMHUM YEPBOHUM MyXOoMopoMm (1), 3e-
NeHo NNicHABO Ha xNibi (2), nekapcbKnumn gpixkgxamu (3) i TPyTOBUKOM CMpaBX-
HiM Ha gepesi (4)?

3MICT

Aki opraHiamu Hanexartb go rpnéonogi6HNX?

Ha 3emni icHye noHag 1 500 000 Bugis rpu6is, npote nuwe 5 % 3 HUX onuca-
HO BUeHUMMU. LLLlopOKy BigKpuBaloTb COTHI HOBMX BMAIB. AK MOKa3anu MOneKkynsapHo-
dinoreHeTnyuHi gocnipxeHHa nouatky XX| cT., pi3Hi rpynu rpubiB matoTb pisHe
NMOXOOPKEHHSA, N CUCTEMATU3YBaTU IXHE PI3HOMAHITTA CKnagHo. B HaykoBumx Konax
NPOMNOHYIOTb Pi3Hi Nigxoan Ao kKnacudikauii opraHiamis uiei rpynu. Y TpaguuiiHomy,
abo Wupokomy, po3ymiHHi (Fungi sensu lato) rpyna FTPUBW noeaHye cnpaB:kHi rpnbwm,
HecnpaBXXHi rpnMou i cNM30BUKKU. [JOCUTb YaCTO HECMPABXKHi rPUOU 1 CAIN30BUKK PO3-
rnagatoTb AK rpubonopaibHi opraHiamu.

HecnpagxHi rpubu — ye epyna epubis, y
AKUX KNIMUHHA 060J/I0HKA 3 Yesos103u; 3ana-
carome MIKOIAMIHApUH, Oxaymukosi cmaoii
Maiome 00uH abo 08a Ox2ymuku, MimoxoHOpil
3 mpybyacmumu Kpucmamu. 3a HOBITHbOIO
CUCTEMOIO, HECMNpaBXHi rpvbu yTBOPIOOTb
Kinbka rpyn y cknagi rpynu XpomanbBeons-
M. [peacTaBHUMKaMU HecnpasXHix rpubis
€ nabipuHTynu, canponerHis, ¢itodTopa, In. 26. HecnpaexHi rpuéu-napasmtu:
nnasmonapa, ripoxuTtpiym Ta iH. Haiisigomi- 1 - ¢itopTopa y Kapronni;
Wi 3 HUX — piToPTOpPa Ta canponeris (in1. 26). 2 - canponeria Ha pu6i
®imogmopa (Phytophthora infestans) cnpuyrHsAe cepino3He 3axXBOPIOBAHHA KapTomni,
BigoMe AK ¢iTodpTOpOo3. [PNb TaKOXK MOXKe IHPiIKyBaTV NOMIgopw i AeAKi iHWI BUAM nac-
nboHoBux. QitodhTOpO3 6YB rONOBHMM BUHYBaTLEeM Benukoro ronogy B Ipnangii (1845)
i kKapTonnaHoro ronogy B LotnaHgii (1846). CanponezHia napasumapHa (Saprolegnia
parasitica) cnpuumnHae iHpeKLiliHe 3aXBOPIOBaHHA akBapiyMHUX pub abo IXHbOT iKpu.

CnusoBuKM - 2pyna 2pubis, y AKUX CNOPOHOCHI CMpPYKmMypu Hazaoytome niao0osi
mina 2pubis, pazompopHul cnocib xuereHHs, pyx1ugicms Ha 8ezemamugHit cmadii
pO38UMKY, 8iI0CYMHICMb KiMUHHOI 060/10HKU. Pi3Hi rpynu cnuM3oBuMKiB HanexaTb Ao
rpyn Ame6030i, Pizapii Ta EkckaBaTu. BeretatuBHe Tino c/M30BUKKiB Ma€ BUrnag 6a-
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raTosifiepHoi PyxanBoi LMTOMIa3MaTUYHOT LE-
Macu — naasmoois pPo3Mipamu Bif KiNbKOX &
MifliMeTpiB [O [AEKiNbKOX AeCATKIB CaHTu-
meTpiB (/1. 27). Mna3mopgii MiCTATb NirMeHTH,
Lo HaJaloTb M Pi3HOMaHITHOro 3abapBeH-
HA. I>Kepenom XUBNeHHs € bakTepii, KniTu-
HU rpr6iB Ta OJHOKITVHHI TBAPUHOMOAIGHI. In. 27. C”"'E‘_OB"'K"‘: 1 - cTemonHiTic;

B NpupoAi CAM30BUKM — Lie aKTWBHI 6ak- 2 - nikorana AepesHa
Tepiodaru, AKi BigirpatoTb 3HauHy ponb y perynsuii 6aktepianbHoOT Gbnopu rpyHTIB,
€ 306ygHMKaMM 3axBOPIOBAHb KYNbTYPHUX POCIAWH (Hanpuknag, niaasmoodiogopa €
36y HMKOM Kifn KanycTu, CnoHeocnopa — napui KapTonii).

OT1Xe, rpnbonogibHNMN opraHi3Mamn € NpeacTaBHUKM
HEeCMnpPaBXHiX rpubiB i CIM30BUKIB.

Aki 0co6nMBOCTI Ta Pi3HOMAHITHICTb CNPaBXHIX rpn6is?

CnpaBxHi rpubu — ye epyna epubis, 6inblicms 3 AKUX ymeopioe miyenit, KnimuH-
Ha 060710HKA Micmumes XimuH, 3anNacarmMe 2J1iKoeeH, Mames 00UH 3d0HIl OX2ymuk
abo esmpamunu o2o i MIMmoOXoHOpIT 3 nnacmuHYacmumu Kpucmamu. Y CrnpaBXHix
rpubiB ABOreHOMHI KMiTUHW, B AKX NpefcTaBieHo A0epHUl Ta MimoxoHOpianeHUl
2eHOMU, @ PO3MipU CaMOro reHoMy 3Ha4yHO MeHLi, HiX y TBapuH. OKpim Toro, cnaga-
KOBICTb rpn6iB 4OCUTb YaCcTO NMOB'sI3aHa i 3 Na3Migamu MiITOXOHAPIN UM LUTOMIA3MU.
flpep y rpnbHuMui 6araTo, Wo 3abe3neuye 3axmCT Bif MyTaLili Ta 3HaYHe MOCUIIEHHSA
AKTVBHOCTI OKpeMux reHiB. [1o cknagy KNiTMHHMX 060JIOHOK 6araTtbox rprbiB BXoaATb
MenaHiHW, AKi 3axuLaoTb Bif GepMeHTaTMBHOrO po3LensieHHs, ynbTpadionetoBoro
BMMPOMIHIOBaHHA Ta BUCUXaHHA. [lndepeHLifioBaHi TKaHWHW Ta BereTaTMBHI OpraHu
B TiNi rpn6iB YiTKO He BUpPaXKeHO.

CnpaBxHi rpubu po3rnagalnTb AK CamoCTiiHy rpyny Fungi (Big. nat. fungus —
rpub), Aka B CyyacHiin cuctemi opradiyHoro csity (C. Egn i3 cnisaBTopamu, 2012)
HanexuTb fo rpynu OnicToKOHTU. [lo cnpaBXHix rpnbiB y Wil cucTemi BiAHOCATD Bi-
cim Bigginis, cepepn Aaknx Xumpuodiomikomu (CMHXMTPiYM — 30YAHMK paKy KapTonni),
3ueomikomu (Mykop — 6ina uBifib, py30onyc — YopHa UBiNb), Ackomikomu (Qpixai,
acnieprin, neHiyuniym, Tptodeni, 3mopLkn) Ta basudiomikomu (Myxomopwu, nevepudli,
6OPOBYVKN, TPYTOBMKY, AOWOBKKK). Ana kKnacudikalii rpnbiB BUKOPUCTOBYIOTb TaKi
OCHOBHI KaTeropii, AK LapcTBo, BiaAin, Knac, nopAafokK, poanHa, pig ta sua.

3a 6yi0BOIO CMpaBXHi FPUOY NOAINAITL Ha HUXYi (3 HECENTOBAHOI rPUOHULEID)
i suwi (3 rpnbHULEID, NOJINEHO Ha CenTh), a 3a PO3Mipammn — Ha MAkpo- Ta MiKpo-
miyemu. OCHOBHVMY €KOSOTIYHUMW TPYMamMu, WO MaloTb ASA JI0AMHM Hanbinble
3HAUYEHHS, € WANUHKo8I 2pubu, epubu-napasumu, ysinesi epubu, opixoxesi epubu.
JlixeHi3oBaHi rpnbu (abo NWWANHKKNA) B Cy4YyacHil cuctemi rpubiB He yTBOPIOIOTb
OKpeMoi ccTeMaTUYHOT rpynu, a po3rnafalnTbca AK BUAN rpubis, B3aEMOMOB'A3aHMX
3 pi3HMMN BMAaMM BOAOPOCTEN Ta LiiaHOGaKTepiil.

LanuHKoBI rpnbwm — ye 2pubu, 03HAKaAMU AKUX € HAABHICMb NJI0O0BUX MIJT 3 HiX-
KO0 ma wankor, canpompogHulti ma Mmymyanicmu4dHuli cnocobu xugneHHa U 30am-
Hicmb ymeoprogamu mikopu3y. 3a ocobnuocTAMY 6yfOBU MOBEPXHI, AKi NOB'A3aHI
i3 CNOPOHOCHMM LIAPOM Ha HWXHI YaCTUHI WankK, WanuHKoOBI rpubu noginaoTb
Ha: mpy6yacmi epubu (6inuin rprnb, MmacnioK, NigbepesHnK) Ta naacmuHdacmi epubu
(CUPOIKKKM, MMCUYKN, PUKMNKN). 3@ BUKOPUCTAHHAM B XKy rpubu noginaoTb Ha: 6e3y-
MOBHO icmigHi (6inuiA, NiJOCUYHUKI, MACIOKN), YMOBHO icmi8Hi (CMPOIKKIK), ompyUHi
(6niga noraHKa, YepPBOHUI MyXOMOP, HECMIPABXHi ONEHbKN).



Fpubu-napasutn - ye 2pyna 2pubis, AKi XUBAAMbCA 3a paXyHOK NOXUBHUX pe-
YOBUH XUBUX Op2aHi3Mi8, Marome pi3HOMAHIMHi cnocobu 3dpaxxeHHA ma ymeo-
prolome gesiudesHy Kinbkicme cnop. pubamum-napasntamm € TPYTOBUKM, CaKKOBI,
ipacTi, piXKoBi, 6BOPOLIHUCTOPOCAHI FProU.

LiBineBi rpubwm — ye 2pyna 2pubis, 3a2anbHUMU 03HAKAMU AKUX € yMBOPEHHA HA-
Jlbomy Ha cy6bcmpamax, canpompo@Huli cnocib XueeHHA ma 8udiseHHA 3aXUCHUX
peyosuUH-aHMubiomukig. [1o HUX BIGHOCATb HMXYi OAHOKNITUHHI (Hanpuknag, Mykop)
i BMLWi GaraTOKNITUHHI (HanpwKknag, neHiyus, acnepein) rpubu. LIBinesi rpmbun nowm-
PeHi Mo BCill 3eMHii Kyni. Ix NpupogHMM MicLIeiCHYBaHHAM € BEPXHI Wapw FPyHTY.

OpixkpxKeBi rpnbu — ye 00HOKAIMUHHI 2pubu, 03HAKAMU AKUX € 30amHicmb 00
aHaepobHo20 OUXAHHSA, bPYHbKYBAHHSA, canpompogHull U napazumuyHuli cnocobu
XuesneHHA. NpedcTaBHUKAMW TPYNW € NeKApcbki i 8UHHI Opixoxi, kKaHanga 6inAsa
(36yaHUK MONOYHML), MTHEBMOLUMUCTUC (30YAHMK MHEBMOHIT) Ta iH.

OTXKe, CNpaBXHi rpybu € HaMPi3HOMaHITHILLOW rPynoto rpubiB, WO Mae
CMiNbHi 3 TBAPMHAMM O3HAKM i MOCTYMAETLCA IM NMLLE 3a KiIbKIiCTIO BUAIB.

Yomy nuwiainHuKM € cMum6ioTMYHMMU acoulialliAMun opraHismis?

JinwanHmnkn (nixeHisoBaHi rpubu) - ye acoyiayii cnpasxHix epubie (miko-
6ioHmu) ma pomocuHmesyrouux opzariamia (pomobionmu). JlixeHizoBaHi rpmbu €
npeacTaBHMKamuy BigAiny ACKOMIKOTY, i iXHA YacTKa cepep, CpaBXHiX rpnbiB cTaHo-
BUTb 61113bKo 20 %. TpMBanuii Yac BBaXKanu, WO ixeHi3oBaHi rpubu y BiflbHOMY CTa-
Hi 6e3 BogopoCTel iCHYBaTh He MOXYTb. Afle MONeKYNAPHO-TeHETUYHI JOCIAXKEeHHA
LOBeny, Lo OAVH i TON CaMUii BU rprba MOXKe XUTU 1 PO3MHOXYBATUCA i IK canpo-
TPOo®, i AK CMGIOHT B acouiauii 3 GOTOCMHTE3YUNM OPraHi3MOM.

DoTobioHTamMM NULANHUKIB € NPeACTaBHUKN 3efleHNX BofopocTen (mpebykcis,
Knadogopa, mpeHmenois) Ta WiaHobakTepint (Hocmok, aHabeHa). OKpim Toro, Bcepe-
[VHI Tina 6araTboX NULWANHKKIB MOXYTb KUTW 1 HeGOTOCUHTE3YIoui opraHi3mu (6ak-
Tepil, APiIKAXI).

JInwaliHnkn MaTb CBOEPiIAHY GopmMy BeretatMBHOrO Tina (cnaHi, abo tanomy) y
BUMMALI KiIPOUKM (HaKWMHI NUWANHWKIN epadic, nekaHopa), NUCTKONOAIOHOT MNacTuH-
K1 (nMcTyBaTi NUWANHWKA CMIiHHA 30/I0MAHKA, hapmenia) abo Kywmka (KywucTi nu-
LWANHWKK F2e/b, 60po0ady).

PO3MHOXeHHS y NMWanHNKIB 30€0inbloro BereTaTyBHe 3a JOMNOMOIol 0Co6/u-
BVX YTBOPIB, AKUMMU € BUPOCTM Ha Tini abo BcepeauHi Hboro. LLle ogHieto ocobnusicTio
NNIIANHUKIB € YTBOPEHHA 0COONMMBUX NNLWANHNKOBUX PEUYOBUH, LLO 3aXMLLaloThb Bif
noifaHHA Ta MiKpoopraHi3amiB, HagaloTb 3abapBeHHA Ta KOHTPONIOIOTb CBITNOBMUIA
BMMB, PErynioTb B3aEMOBIAHOCUHN 3 POCIIMHAMK TOLLO.

OTXe, nixeHizoBaHi rpuéu; - Le cMMbioTMUYHe 06’eaHaHHA (acouiauin)
CripaBXHix rpnbie 3 ogHMM abo Aekinbkoma BuUAamm
boTOCKHTE3YI0UMX OpraHi3miB.

RIANbHICTb

CamocTiiiHa po6oTa

Po3nizHaBaHHA pi3HNX NpeacTaBHUKIB rpubiB i cknagaHHA cxem Knacndikauii
BnpaBa 1. Po3rnaHbTe nnofosi Tina neyepuyi 08ocnopogoi (Agaricus bisporus).
3HalAiTb i NO3HauTe Ha MantoHKY B poboyoMy 30wWmTi: 1 — WanuHKa; 2 — HiXKKa; 3 — ripu
miuenito; 4 - NOKpKBano; 5 - MnacTMHYacTMin CNOpPOoyTBOPOBaNnbHWI Wap (rimeHodop).
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AKi 03HaKKM CBigUaTb NMPO HaNeXHiCTb Nevepuui oo
CMNpaBXHix rpn6is?

BnpaBa 2. Ha3BiTb OCHOBHi ccteMaTnyHi KaTe-
ropii, WO BM3HayaloTb MicLe neyepuyi 080cNopo8oi
y CUCTeMi OPraHiyHoro CBiTy.

Bnpaga 3. 3icTaBTe 3anponoHOBaHi Ha intocTpa-
LiaxX rpmnbu 3 iXHiMM Ha3BamMK Ta BKaXiTb Big4in, O AKOro BOHW HaneXatb: a — CUHXU-
mpiym; 6 — mykop, abo 6ina ysine; 8 — 00W08UK icmigHUU; 2 — 3MOPWOK icmigHUU.

- .'--LA .
Bionorisa + Ictopisa. Ponb rpn6is y ictopii

Pixxku nypnypoei (Claviceps purpurea) — ue Bug ¢ito-
naToreHHuX rpubis, AKWIA 3irpaB POKOBY PONb Y TpariyHo
BiJOMOMY «MOJIOBaHHI Ha canemMCbKux Bigbom». Lien Bug
rpubiB HanexuTb OO CymuyacTux rpubis (AckomikoTa) i
napa3suTye 3g8ebinbworo Ha »uti. OTpyeHHA 3epHa Bigoy-
BAa€ETbCA uYepe3 HaKOMMUeHHA Hebe3neuyHoro ankanoigy
€ProToKCrHy. B YoMy CyTb Takoi iCTOPUYHOI NOAIT, AK «Mo- 3an cyay. In. 1876 p.
NIOBAHHA Ha canemcbKux BigbM»? fIK BifOyBa€eTbCA 3apa)KeHHsA XnTa NyprnypoBUMHn
pixXkamn?

CTABJIEHHA
« «»j bionoria + Ekonoria. BsaemoBigHOCuHN rpunbiB i pocnviH

Hali6inbluym opraHiaMmom Ha 3eMJli € oONeHbOK TeMHUI
(Armillaria ostoyae), akniA pocTe B NiCOBOMY 3anoBigHUKY
Manyp amepuKkaHcbkoro wraTy OperoH. Mloro BeretatmeHe
TiNno 3almac nig 3emneto nnouyy 8,4 km? i carae macn 'y 600 T.
BiK L€l icTOTM CTAaHOBUTb BXKe MOHaA 2 TUcAYi poki.. [lo-
CNifXeHHA HayKOBLiB OBOAATD, WO Lel rpub cTaHOBUTb
Jy>Ke cepno3Hy 3arpo3sy Ansa nicis. [0ACHITb, Yomy.

PE3YJIbTAT

3aBaHHA AN CAMOKOHTPOJIIO
1. XTO TaKi HecnpaB»Hi rpn6un? 2. Ha3iTb 03HAKWN CIM30BKKIB. 3. XTO TaKi CnpaBXHi
1-6 |rpnbu? 4. Ha3giTb OCHOBHI eKONOTiUHi rpynu cnpaBXHix rpnbiB. 5. XTo Taki nixeHi-
30BaHi rpnbu? 6. Hasegitb Nprknagn nixeHizoBaHux rpnois.

7. ki opraHiamu Hanexatb fo rpubonopi6Hnx? 8. Aki 0cob6nMBOCTI I pi3HOMa-
7 -9 |HiTHICTb cnpaBxHix rpnbis? 9. Yomy NuANHNKN € CUMBIOTMYHUMKM acoliauiamu
opraHismis?

10-12 10. OUuiHiTb 3HaueHHA rprbiB ANA TakMx ranysen QiANbHOCTI NOANHK, AK icTOpiA Ta

MeauLunHa.




CropiHKa inmocTpauin

ExkonoriuHi rpynu rpu6is

In. 28. Tpubmn-napasnTn poc-
nvH: 1 — ipxa nweHnui;
2 — TPYTOBUK CipYaHO-XOB-
TUIN; 3 — caxKa KYKYpyAa3u;
4 — piXKM XKKTa; 5 — Nnapwa
A6nyHi; 6 — diToPpTOPO3 Kap-
Tonni; 7 — 6opoLHNCTa poca
TpoAHZA; 8 — NnofoBsa
FHWNb rPyLUi

In. 29. Lginesi rpnbn:

1- neHiymn (Ma€e KUTUYKOBI ridn — KOHigieHOCL
3i cnopamum); 2 — acneprin (Ha BepxiBKOBMX ridax
AKOro pOpPMyI0TbCA MOTOBLLEHHS 3 BUPOCTaMu,
LLIO 3arasioM Harafly€ «KoLuiaTy ronoBy»)

In. 30. IcTiBHi WanMHKOBI rpnbu:
1 - 6inuia rpun6;

2 — ninbepesHuK; 3 — Mac/oKy;
4 - NiJOCUYHUK;

5 - nucnyKkn; 6 — oneHbKM NiTHI

In. 31. WannHKoBi rpmbw, Lo iX BUPOLLYOTH In. 32. Xwxi rpubu: 1 — KopanLenc Ha
y KynbTypi: 1 — neyepuui (WamniHbNOHN); Mypaci; 2 — XM>KUIA HEMATOROIgHUN
2 — runBa; 3 - rpub wWwiitake rpn6 apTpoboTpurc

In. 33. OTpyWHI WanUHKOBI
rpuéu: 1 — MyxoMop YepBo-
HWI; 2 — ONEHbKN HECMpPaBX-

Hi; 3 — 6niga noraHka (abo

MyXOMOP 3€eneHUiA)

In. 34. NixeHi3oBaHi rpubu: 1 — 30/110TAHKA CTiHHa (KCAHTOPIA HACTIHHA); 2 — KNaAoHiA oneHAYa

(«oneHsumMn mMmox», abo Arenb); 3 - LeTpapisa icnaHACbKa («<icnaHACbKMN MOX»);
4 — eBepHis cnvBOBa («Ay60BUIN MOX»); 5 — ycHeA («bopodaTnii Mox»); 6 — rpadic MMCbMOBUIA

§ 13. Pi3HOMaHITHICTb rpn6iB

57




Tema 1. BIOPI3BHOMAHITTA

58

OO0Hi poc/iuHu 0615Mb COHUE, iHWI — MiHb, ane X00HA He IIobume memMpsau.
M. lha3kos

§14. POCJINHN. BOAOPOCTI
OCHOBHi NOHATTA 1 KNo4oBi TepmiHu: POCJ/IMH. BOOOPOCTI.
MpurapanTe! X1o Taki eykapiotn?

'\4 Momipkynite!

MixxHapogHuit geHb pocnuH (Fasci-
nation of Plants Day) Bin6yBa€TbcA nig erifoto €s-
ponencbKoi opraHizauii 6ionorii pocnuH (EPSO) ‘:"Jm '
i BiA3HavaeTbCA y 39 KpaiHax CBiTYy, 29 3 AKWX —

KpaiHu €Bponu, a iHwi — lMiBaeHHOT Ta MiBHiYHOT
Amepuikn, Asii, ABcTpanii Ta Appuku. NMoHag 450 ycTaHOB 6epyTb yUuacTb y 3ax0aax 3
MEeTOI0 MOLNPEHHA B CYCNiNbCTBI HAYKOBMUX 3HaHb NPO POCIVHN. A AKi eyKapioTUUHi
opraHi3amMmu Ha3mBaloTb Y CyyacHil 6ionorii pocnmHamm?

MixxHapoaHui
leHb pocnuH

3MICT

Aki oco6nuBocCTi pocnuH BigpisHAIOTH iX Big iHWKnX ¢poToaBTOoTPOdiB?

Y cyyacHin ¢inoreHeTWYHIN cucTemMi eyKapioOTUYHUX OPraHi3miB JO rpynu
POCJINHU B wrpokomy po3yMiHHi Lboro noHATTA (Plantae sensu lato, abo Apxenna-
cmuodu) BigHocATb MMaykogimoei eodopocmi, YepeoHi eodopocmi Ta 3eneHi poc-
nuHu (Plantae sensu stricto, abo poCnnHN y By3bKOMY po3yMiHHi). [lo 3eneHunx pocnuH
(Viridiplantae) HanexaTtb Xnopogimu i3 3eneHnmm sBogopoctsimu Ta Cmpenmodgpimu,
[0 AKMX HaNexaTb XapoBi BOQOPOCTi Ta BULi pocnuHu. Came Ui rpynun matoTb Chifb-
HiCTb MOXOOXKEHHA, WO AOBEAEHO WIAXOM ceKBeHyBaHHA [HK Ta 03Hakamu KniTuH-
HoT 6ygoBw. fKi X Ha3aranbHiwi o3Haky 36ipHoT rpynu POCIIMHA?

PocnuHm — ue eykapioTnyHi poToCMHTE3YIOUi OAHOKNITMHHI, KONOHianbHi Ta 6a-
raTOKNITUHHI OpraHiaMmu, B AKX KNITUHN TPUrEHOMHI — 3 AAEPHUM, MITOXOHAPiaNb-
HUM Ta XJIOPOMNIACTHUM FreHOMaMn. POCNMHM XapaKTepmnsyloTbCA 3HAYHOK 3MiHHICTIO
PO3MipiB reHOMy, KiflbKOCTi 1 MOPDONOTiT  [EpRUHHUN
XpPOMOCOM. KinbKiCTb XpPOMOCOM 3MiH-  EHAOCMMBIO3
€TbCA B MeXKax Bia 4 no 1000 i 6inbLlie, ane
6inblwicTb BUAIB MicTUTb B AApi Big 12 go Q;r?awg?:fmﬁxasﬂm
60 Xxpomocom.

MKuBneHHAa pocivH  asmompodHe.
BoHu BMKOPKCTOBYIOTb eHepritlo cBiTna
ONA CNHTE3Yy OpraHivYHNX PeYOBUH i3 Heop-
raHiuHux. xkepenom KapboHy npu ubomy
€ BYIEKNCANI ra3, a fxepenom enekTpo-
HiB 1 ligporeHy — BoAa.

Xnoponnactn poCc/H MaloTb MPOKa- Bonif,'f,ec?:
piOTUYHE MOXOAPKEHHA, TOMY B CyYacHii )
CcUCTeMi OpraHi3miB iX BIGHOCATb A0 rpynu .
ApXEnfacTiam, Wwo B nepeknai 3 rpewbKoi In. 35. Cxema I'IepBVIHHOF.O eHpgocmbiosy

(3yMOBI/IB nosAsy I'J'IayKOd)ITOBVIX, 4epBOHUX
O3Hauvae «Bonofdapi ApeBHix nnactngy. Li Ta 3eMeHNX BOZOpPOCTeN)

YepBoHi
'BOJOPOCTi

/LliaHoéaKTepia



opraHenu BVHVKIY 3aBAsAKM NEPBUHHOMY eHOOCUMOGio3y LiaHoGaKTepin 3 eykapio-
TUYHVMM KIiTUHaMK (i1, 35). TlepBUHHNIA CMMOBiO3 — Lie MOFIMHAHHSA eyKapioTUYHOI0
KNITUHOIO WAXOM GaroumnTosy BilbHOXMBYUYMX LiiaHOGaKTepiil, siKi Nicis ropr3oH-
TaNIbHOrO MepeHeCceHHsA reHiB Bif, CUMOIOHTa B AAPO KNiTUHK-Xa3ATHa eBOMIOLiOHY-
Banu y aBoMemOpaHHi nepBrHHI nnactuaun. Taki xnoponnact KpiMm POCvH € Wwe B
YepBOHUX 11 rnaykodiToBMX BOLOPOCTEN.

Xnoponnactm pocinuH MicTATb 3eneHi GOTOCUHTE3YIOUi NiIrMeHTU Xxsopoginu
a, b i d: xnopoginu a (rnaykoditoBi BogopocTi), xsiopoginu a i b (3eneHi pocnuuum),
xnopoginu a i d (uepBoHi BogopocTi). OKpim x10podiniB y UepBOHUX BOJOPOCTEN €
yepBoHi GiKOOINiIHM, a y rmaykodiToBUX — cUHi ¢ikobiniHu. CymicHa BianbHICTb LKX
NirMeHTiB 30iNblIye CNeKTP MOrMMHaAHHA 1 edeKTMBHICTb OTPMMaHHA eHeprii ana
bOTOCUHTE3Y B Pi3HUX YMOBaAX.

OTxe, POCJIMHW — ogHOKNITVHHI, KONMOHianbHi Ta 6aratokKniTMHHI
eyKapioTMYHi opraHi3mu, Har3aranbHiWyMy 0Cco6MBOCTAMU
AKUX € GOTOABTOTPODHE KMBMEHHA, HAABHICTb NMEPBUHHUX
nnacTug i xnopodoinis a, b i d.

Aki oco6nuBocTi BogopocTeir?

BOOOPOCTI (Algae) — pi3HOpiOHa epyna ciaHe8ux ¢omocuHmesyyux opea-
Hi3Mi8, fKi XUBYMb NepesakHo y 800i YU NpPUCMOCY8AUCL 00 XUMMs HA CyX00OJIi.
Tino BOROPOCTEN Ma€ Ha3BY «C/IdHb», XMBJIEHHA (OTOaBTOTPODHE, XNoponnacTu
Ha3nBawTb XPOMAmMo@dopamu; BOHU MOXYTb MaTW Pi3Hi GOpMy Ta MOXOLKEHHS,
3anacHUMKU pevyoBMHaMK € 31ebinblioro ByrneBoAn (Kpoxmasnb, NamiHapuH, BO-
NIOTWH, NENKO3UH) N Xnpun (onii), WO HaKoNMuylTbCA N BifKNapaloTbCa y BUrNAgi
BKJIIOUEHb y LjuTonnasmi abo nnactugax.

Pi3Hi rpynu BogopocTeil BUHUKAWM B Pi3HWIA Yac Bif Pi3HUX NpeakoBux Gpopm
(nonipineTnyHe NoxomeHHA) Ta PO3BMBANINCA OKPEMO, ane B pe3ynbTaTi eBontoLii
Habynu 6arato nogibHnx puc. Cepen BOAOPOCTEN € rpynu, WO HanexaTb A0 POC-
nuH (rnaykodiToBi, YepBOHi, 3eN1eHi, XapoBi BOAOPOCTI) 1 pa3oM 3 Ha3eMHUMU POC-
NIMHAMKW CTaHOBAATb OKPeMy rinKy diforeHeTMYHOro AepeBa eyKkapioTiB Mig Ha3BO
Apxennacmudu. Taki rpynyu BogopocTeld, K AiaToMoBi, Oypi, 30110TUCTi, XOBTO-3e-
neHi, OiHOQITOBI HanexaTb [0 iHWOI Tifnky eBonouii
eykapioTiB (XpomanbeonAtun) i matoTb dinoreHeTny-
Hy crnopigHeHicTb 3 iHdy30opiamu, dopamiHidepamum,
pagionapiamu Ta cnopoBukamu. A Taka rpyna, fK
€BI/IeHOBI BOAOPOCTi Hanexutb Jo rpynu Ekckasatu
N cnopigHeHa i3 OKryTMKOHOCUAMU (TPUNaHOCOMMU,
nevwmanii). Mun posrnaHeMo nuwe BOAJOPOCTI, AKi
HanexaTb 10 POC/IVH.

MaykodiToBi BogopocTi (i rpeu. esaykoc — cu-
HbO-3eNeHNN, himoc — POCANHA) — OQHOKIITUHHI pocC-
JINHHI OpraHiaMu, AKi XMBYTb nuwe y NPiCHOBOAHMUX
Boporimax i 6onotax. Lli HapaBHiwi ¢doTocKMHTE3yIOUI eyKapioTU MaloTb YHiKaNbHi
O3HaKW: ABOMeMOpaHHi xnoponnactui (WiaHenwu) i3 WwWapom mMypeiHy Mixx membpaHa-
MW, HasiBHICTb xopodiny a Ta ¢GikobiniHiB, WO 3yMOBIOIOTb ACKpPaBe CUHbO-3eNeHe
3abapBneHHn, 30aTHICTb Ao dikcauii a3oTy Towo. HayKoBLi BBaXaloTb, WO B Mexax

In. 36. TnaykoditoBa
BOAOPOCTb LiaHodopa

§ 14. PocniviHu. BogopocTi
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rpynu Apxennactugu rnaykooditm  BUOKpeMUnmcb
y CaMOCTINHY rpyny Le A0 PO3XO4XeHHA 3efleHuX 1
YyepBOHUX BogopocTei. MpeacTaBHNKamMu rnaykogito-
BMX BoAopocTeln € yiaHogopa (in. 36), enaykoyucmuc
Ta iH.

YepBOHi BOAOpOCTi - Le OAHOKMITMHHI, Kono-
HianbHi abo 6araToKNITUHHI, 30e6iNblWOoro MOPCHKi,
opraHi3mu. XapaktepHe 3abapBfieHHs1 YePBOHUX BOJO-
poCTeil BU3HAYAETbCA NepeayciM HasBHICTIO 0cobnu-
BMX MIrMeHTIB — ¢bikobiniHig. 3aBAAKM LM Cronykam
BOAOPOCTi MOXYyTb BJIOBJ/IOBaTK Clabke CBITNIO HaBiTb \gv ;I-z-_-
Ha rMnbmnHax 200 — 250 M. Y MaTpUKCi KNiTMHHOT 060- . .
NIOHKWM HaABHI arapu. 3anacatlTb YepBOHI BOJOPOCTI
0CO6/IMBY PEUYOBUHY — GarpsAHKOBUI KPOXMalb, LO
BiAKNagaeTbca B ymutonnasmi. LlikaBo, Wwo »ogHi ixHi
KNITMHWY, B T. Y. N CTaTeBi, He MaloTb AXryTUKIB. Halmsigo-
MilLMIMK YepPBOHUMM BOAOPOCTAMU € nopgipa, Kopasi-
Ha, gpinogpopa (in. 37). In. 38. 3en§Ha 'BO}J,OPOCTb

3eneHi BOAOPOCTi — POC/AVHHI OpraHiamu i3 criporipa
3e/IeHUM KONbOPOM CflaHi, WO BM3HAYaAETbCA MepeBa- w
KAUUMKN 3eNIeHUMKN NirmeHTaMu. KnitTuHu 6inbliocTi )
BUAIB BKPUTO KNITUHHOI OGOJSIOHKOW 3 Lesnonosu, y
xJioponnacTtax oguH abo Kinbka nipeHoinis, xpomaTo-
dopwu, Ha BiAMIHY Bif xIoponnacTiB iHWKX BOJoOpoOCTEi
3abe3neuyloTb He nuwe GOTOCUHTE3, a 1 € MicLem
BiIKNaflaHHA Kpoxmanio. 3efieHi BOJOPOCTi MOLMpPeHi
B MPiCHUX Ta CONIOHUX BOAOMMAx, MOPAX Ta OKeaHax,

In. 37. YepBoHa BOfOpPOCTb
dinodpopa pebpucrta

v

Ha3eMHMX eKkocucTtemax. [lo 3eneHMx BOROPOCTEN In. 39. CtaTesi opraHu
HanexaTb TaKi poAau, AK XJ1amiooMoHadd, 80J1bBOKC, XapoBOI BOAOPOCTi
xJsiopena, yJ0mpukc, yneea, ayemabynapis, cnipozipa

(in. 38).

XapoBi BogopocTi — Lie 6araTokniTMHHI opraHiamu, AKi NOEAHYIOTb O3HaKN BOJO-
pocTen i BULLMX POCAMH. 330BHi Lii BOAOPOCTI CxOXi Ha xBoLwi. O3HakaMu XapoBUX BO-
JopocTen € 0co6NMBUIN BEPXIBKOBUI PICT, HAABHICTb BY3/iB i Pi3HMX KNITUH Y By3nax,
6araToKNiTMHHI opraHy AnA CTaTeBoOro i BereTaTMBHOrO PO3MHOXKeHHA. HalBuworo
PO3BUTKY AOCATalTb CTaTeBi OpraHy — aHTepugii 1 apxeroHii (in. 39). BoHn 6arato-
KNiTUHHI, Yy GinbwoCTi BUAIB PO3BUBAOTLCA Ha OQHIM POCAUHI. [InA BeretaTMBHOIO
PO3MHOXEHHS Ha pr30ihax yTBOPTbCA OynbboUKY, a Ha By3niax Tanomy — 3ipyacTi
CKYNUYeHHA KNiThH. [1o XxapoBKX BOJOPOCTEN HanexaTb NpeAcTaBHUKN TakuX POAIB,
AK Xapa, Himena, mosinena.

Tema 1. BIOPI3BHOMAHITTA

OTxe, BOAOPOCTi — Le nonidineTnyHa pisHopigHa
rpyna opraHi3miB, AKi HanexaTb A0 BigdaneHmx
rinokK ¢inoreHeTMYHOro gepeBa eyKapioTis.
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DIANIbHICTb O
3 CamocTinHa po6oTa 3 giarpamoto O— OO

DinoreHeTMyHi pepeBa MOXyTb OyTn npeg-
CTaBfieHi y BUMAAI Knagorpam, Wwo BigobparkaloTb
NOCNIJOBHICTb eBOMOUIMHMX nodin Ta ¢inoreHe-
TUYHI 3B'A3KM MiX rpynamu opraHismie. Po3micTiTb
undpu BKazaHWX rpyn y KpyKeukax Ta oTpumaliTe KnagucTuuHy giarpamy Pocnuh:
1 - Apxennactugy; 2 — MaykoditoBi BogopocTi; 3 — YepBoHi BogopocTi; 4 — 3eneHi
pocnuHu; 5 - Xnopoditn (3eneHi BogopocTi); 6 — CtpenTtoditn; 7 — XapoBi BOJOPOCTi;
8 — HazemHi pocnnHu.

Bionoria + Ximia. Cuniuin i pocnnHn

OnAa 6inbwocTi cyyacHUX arpoHOMIB, CafliBHUKIB, KBITHUKAPIB CIOBOCMONYYEHHA
«Cuniyin i poCANHW» € HE3BMYHKM. YacTile 3 XUTTERIANbHICTIO pocn|/|H acouitoloTbeA
Taki enemeHT, AK HitporeH, ®ocdop, Ka-
nin Ta iH. OgHaK ocTaHHIM Yyacom Gionoru
BUABNAIOTb NiABULLEHY 3aUikaBNeHiCTb A0
Lboro enemeHTa. Ake X 3HayeHHA mae Cini-
uin ana pocnuH? CnpobyinTe NOACHUTU Ao-
cnign 3 Tpenenom LWoAo KUTTEQIANbHOCTI
nenaproHii 30HanbHOI.

CTABJIEHHA

bionoria + ®isuka. 3a6apBneHHA BogopocTe

3icTaBTe enlemMeHTV 6yOBU XNTOPOMIACTIB 3 iXHIMM MNO3HAYEHHAMU Ha incTpauii
1 OTpUManTe Ha3By YePBOHUX GOTOCKMHTE3YIOUMNX MIFMEHTIB YePBOHMX BOAOPOCTEN:

® — 30BHIiLIHA MembpaHa; | — Mi>kmem6-
paHHUI NpocTip; K- BHYTPiWHA MembOpaHa;
O - cTpoma; E; — Tunakoig; P, — memb6paHu
Tunakoigis; W, — rpann; T — namena; P, —
3epHa Kpoxmanio; U, - pubocomu; H - xno-
ponnactHa AHK; U, — KpanavHwm onii.

flke 3HauyeHHA ANA BOAOPOCTEN MaE€
pi3He 3ab6apBneHHs IXHbOT CiaHi?
1 2 3 4 5 6 7 8 9 |10 |11 |12

PE3YJIbTAT

3aBAaHHA anA CaAMOKOHTPOJIO

1. XT0 Taki pocaivHn? 2. Ha3BiTb OCHOBHI rpynu pocivH. 3. XTo Taki BOROPOCTi?
4. Ha3BiTb rpynu BogopocTei, WO HanexaTb A0 POCAUH. 5. HaBegitTb npuknagm

1-6 . . . . .
rnaykodiToBmx i UepBOHMX BOAOPOCTeN. 6. HaBeliTh NpuKnaan 3eNeHnx i XapoBux
BOJOPOCTEN.

7.9 7. AKi 0ocobnmBoCTi POCANH BiAPI3HAIOTDL iX Bif iHWNX poToaBTOTPOGIB? 8. Ha3BiTh

0Cco6IMBOCTI BogopocTeii. 9. fIKi BOAOPOCTi HanexaTb Jo rpynu PocanHn?

10-12 | 10. flke 3HaYeHHA ANA POCIANH MA€E HaABHICTb Pi3HMX GOTOCUHTE3YOUMX MirMeHTIB?

§ 14. PocnuHn. BogopocTi
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| cmebnuHKa mpasu 2i0Ha 8euKo20 c8imy, 8 AKOMY 80HA pocme.
Pab6iHOpaHam Tazop

§ 15. BULWI POCJIUHA

OCHOBHi NMOHATTA 1 KnouvoBi Tepminn: BULLI POCJIMHU. Moxonogai6Hi.
CyaviHHI cnopoBi pocnnHn. HaciHHeBiI pocnvHm.
Mpuragamrte! XTO Taki 3eneHi pocnnHu?

& Momipkyiite!

MocnpoHia okeaHiuHa (Posidonia oceanica) — HanGinb-
Wa poCivHa y CBIiTi, AKa pocTe KoNoHiAamMn Ha AaHi CepeasemHo-
ro Mmopsa Henoganik Big baneapcbKkmx ocTposiB. Pa3om 3 iHWuMK
MOPCbKMMW TpaBaMy NOCIAOHIA YTBOPIOE NiABOAHI NYKN Ha rnu-
6uHi Bia 1 go 50 m. Jocnig>keHHA OfHIET 3 KOJIOHIN BUABWAN pe-
KOPAW POCAIMHHOTIO CBITY: AOBXWHA cAra€e 8 Km, a Bik — Big 12 000 go 200 000 pokis.
LlikaBo, Le BOAOPICTb UM Ha3eMHa POCNNHA, AKa NOBEPHYNacA A0 XUTTA Y BOAI?

3MICT

AKi 0co6NMBOCTi BUPI3HAIOTb BULLYi pOCANHN?

BULLII POCJIUHW, abo Em6pioditu (Embryophyta), abo HazemHi pociuHu, — rpyna
3e/IeHUX POCANH, MPUCTOCOBAHMX [0 XKMUTTA Ha CYXOA0i. 3a Cy4aCHUMN YABAEHHAMM,
[0 BULUX POCINH HanexaTb MoxonogibHi Ta CyanHHI poCnHN, NpeacTaBneHi rpy-
namu CygmHHi cnopoBi Ta HaciHHeBI. EM6piodiT noxoaathb Bifg npicHOBOAHWX 3ene-
HUX BOLOPOCTEN, a iXHIMV HANOIVXKUMMU CYHaCHUMU POAMYAMU € XapOBi BOAOPOCTI.
Yepes Te y BULLMX POCIINH € O3HAKM, LLO BKa3ylOTb Ha CMOPIAHEHICTb i3 BOROPOCTAMM.
IXHi KNiTYHHI 060M10HKK NOBYAOBaHI 3 MONEKYS LIENION031, WO YTBOPIKTb KapKac,
3aHYpPEeHN y MaTpUKC i3 reMilentonosun n nekTuHiB. KnitTmHHi 06010HKK, AK NpaBuno,
NPO30pi ANA COHAYHOIO CBITNA, AyXe CTiMKi 4O XIMIYHUX 1 MeXaHIYHUX BAINBIB, NPO-
HVKHI N5 BOAW A PO3YMHEHUX PEYOBVH. Y 3eNIEHMX POCIIMH IBOMEMOPaHHi niactTngm
3 xnopoodinamu a i b, yTBOpIOETLCA Nonicaxapug KPoxmasb, WO BiAKNAAAETbCA NPO
3anacy BUrnAgi 3epeH y CTpomi nnacTug Towo.

MNpoTe yMOBM XWUTTA Ha CyLi Ay»>Ke BiAMIHHI Bifj YMOB XWUTTA Y BOAi: BOHW MiHAU-
BilLi Ta pi3HOMaHITHiWi. Lle cTano nprvynHOI0 BENMKNX 3MiH Y OopraHi3auii Ha3emMHuX
POC/IVH: @) HasiIBHICTb TKaHWH; 6) NosiBa BereTaTMBHMX OPraHiB — KOPeHs Ta MaroHa,
WO 3AINCHIOTb YCi NPOLecn XUTTERIANbHOCTI; N
B) YCKNafHEHHA UMKNY BigTBOPeHHA. Ha BigmiHy 3urora
Bif, CBOIX ranfoigHUX NpeaKiB BULL POCAMHN Xa-
paKTepu3yETbCA YepryBaHHAM B OHTOreHesi BOX
NoKoniHb — HecTaTeBOro (rameTodit) i cTaTeBOro
(cnopooit). TameTodiTHe NOKONIHHA NpPoOAYKYE
rannoigHi ctatesi KNiTUHWM — rameTn. lameTn 3nu-
BalOTbCA B 3Ur0Ty, 3 AKOT dopMyeTbCA 6araTokni-
TUHHUI 3apPOAOK (emMBpioH), a 3rogom i cnopodiT.
HectaTeBe NOKONIHHA LWIAAXOM MeNO3y YTBOPIOE
crnopw, 3 AKNX PO3BUBAETLCA rameTodiT (is1. 40).

3apopok

In. 40. Uunkn BigTBOPEHHA BULLMX
pPoCnnH
Omxe, BULLI POCJIMHA (Emb6pioditn) — Le 6araToKniTUHHI poCcinHY,
B SKUX HAsBHi TKaHWHW, OpraHn Ta BigOyBa€TbCcA LMK
BiATBOPEHHA 3 YepryBaHHAM MOKONiHb.



Aki oco6nuBoCTi Ta pisHOMaHITHiCTL Moxonogi6Hux?

Moxonogi6Hi — Le HeBWCOKi TpaB'AHUCTI
POCANHY, SIKi € HANGINbL NPUMITUBHUMYK 3 BU-
LWMX pOCAUH. MNpo Le CBiguUnTb IXHA NOAIGHICTb i3
BOAOPOCTAMMU, AK-TO: BIACYTHICTb Kcunemu i dpno-
emu, HasBHICTb pU30ifiB, cnaHeBa OygoBa Tina.
BogHouac moxonopfibHi € BUWMMY POCTMHAMM,
AKi MalOTb O3HaKM MPUCTOCYBaHHA [0 XUTTA Ha
cyxoponi. Y HUX 3'ABUNNCH MOKPUBHI 1 OCHOBHI
TKaHVHKW, NpocTi 3a 6ynoBoto cTebno i NUCTKK.
Ona moxonofibHMx xapaKTepHe uepryBaHHsA
NOKOMiHb, ane Ha BiAMIHY BiJ iHWNX BULWMX CMO-

In. 41. MpeacTaBHUKM MOXOMNOLiIOHMX:

POBUX POCAVH Yy TXHbOMY UMK BiATBOPEHHA 1 — aHTOLLEPOC rNagKuii;
2amemochim nepegaxae Hao cnopogimonm. 2 — MapLuaHLia MiHAnBa;
Moxonogi6Hi BKAoYalTb TpU rpynu: AHTO- 3 = 303Y/IVH JIbOH 3BUYANHUI;

LiepoBi, MeuiHouHMKM | CnpaB*Hi Moxu. TUNOBIUM 4 - carHym BunHyTUiA

npeacTaBHMKOM AHTOLIEPOBUX € aHmouepoc 21adkud. Lia pocnnHa uikaBa TiMm, wo i
C/laHb Ma€ CIM3UCTI MOPOXKHIMHU, B AKX NOCENATLCA LiiaHObaKTepil 3 pogy HocTok.

Hanbinbw Bigomumun npepctaBHMKaMu [MeUiHOUYHWKIB € Mapwadyis MiHauga
(NevYiHOUYHMK 3BMYANHNI), AKa TPAMNNAETbCA TaMm, ie HiKonu He ByBa€ cyxo: no 6epe-
rax piyok, y 60f0TUCTUX MicLfX, Ha BOTKUX CKensax, 3pybax cTapux KOMoAasiB, CTiHax
CiNIbCbKUX XaT TOLLO.

Harigomiwmmn npefctaBHMKamMy CNpaBXKHiX MOXiB € 303yJIUH JIbOH i c¢hazHoB|
(mopgh’aHi) moxu (in. 41). DocnigeHHAM MOXOMOAiIOHNX 3aIMAETbCA OKPEMUIA PO3Ain
60TaHikun — 6pionoais.

OT1xe, Moxonopgi6Hi — BuMLi cnopoBi 6e3cyanHHI POCiNHN,
B SIKMX Y KUTTEBOMY LUKNi NepeBaka€ rameTodirt.

AKi 0co6nNBOCTiI Ta Pi3HOMaHITHICTb CNOPOBUX Ta HACiIHHEBUX POCNH?

Onsa CyauHHmnx pocnuH (Tracheophyta), po siknx Hanexatb CyaMHHI CNopoBi Ta
HaciHHeBI, xapakTepHa TeHAEeHLis 10 NepeBary i BROCKOHaNeHHs cnopodita npu oa-
HOYaCcHOMY cripoLeHHi rameTodiTa. Y i€l rpynu Bxe 3'ABNAITbCA I'IpOBI,D,HI TKaHWHM,
AKi BUKOHYIOTb ABI BaxnuBi GyHKLUii. Mo-nepue, >
BOHV YTBOPIOIOTb TPAHCMNOPTHY CUCTEMY, LWO
30iNCHIOE NepeMmileHHA MOXXUBHUX PEYOBUH i
BOAM No BcboMmy Tiny. lNo-gpyre, TiNo pocanHM
OTPUMYE BHYTPILLIHIO OMNOPY.

CypauHHi cnoposi pocnuHu (Pteridophy-
ta) — suwWi poCaUHU, AKI PO3MHOXYIOMbCA MA po3-
cesoromeca 3a 0onomoezoro cnop. Cnopu y LmUx
pPOCANH — 0COBNUBI OKPYrNi KNITUHW, AKi Cny-
ryloTb A7 HECTaTeBOro PO3MHOMEHHA Ta PoO3-
ceneHHA. BoHn maloTb O0BGONIOHKM AnA 3axucTy
Bil HECMIPUATAMBUX YMOB, Xioponnacty, agpo, - 42. [IPeACTaBHNKM CyAnHHMX Cro-

. poBux pocnvH: 1 - nnayH 6ynaso-
He3HayaHWn 3anac MoXMBHUX peyosuH. Cno-

nopibHnI; 2 — XBOLL, NiCOBUIA;
POBiI POC/INHN NOLWMPEHI Ha BONOTMUX AiNAHKax 3 — WUTHMK YONOBIuniA

§ 15. Buwi pociimHm
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cyxoforny. Y noBiTPAHOMY CepejOBULLi, AKE € JOCUTb CYXUM i CNPUAE BUMapPOBYBaHHIO
BOAM, CTaTeBMI NpoLeC 3HaYHO YCKNaAHIOETbCA. Yepes Te y Takux pocsivH Gopmy-
I0TbCA CTiNKi NPOTU BUCKXaHHA cnopu. BoHU po3citooTbca, noTpannaTb y cnpuaT-
NVBI YMOBW, i 3 HUX BUPOCTAE MOKOJiHHA, WO YTBOPIOE rameTu. | came Ha LiboMy eTani
BOJa € BMPILIaIbHAM YNHHMKOM iCHYBaHHSA, OCKiNbKM 3abe3neyye 3ycTpiy Yonosiumx
ramert i3 KiHoummu. I3 rameT nicnA 3annigHeHHA YTBOPIOETLCA 3Ur0Ta, 3 AKOT popmy-
€TbCA 6araTOKNITMHHMIA 3aPOAOK, a 3rofAoM i cnopodiT. 3a CyYaCHUMU YABJIEHHAMM,
[0 CYAVHHUX CMOPOBUX POCIUH Hanexatb Mnayxu, Xeowi, [lanopomi (in. 42).

HacinHegi (Spermatophyta) — epyna suwjux cyOUHHUX POC/IUH, AKi PO3MHOXYIOMb-
€A Ma po3n08CO0XyrMbCA 3a 00NOMO20K0 HACIHHA. [10 HaCIHHEBMX POC/INH HaneXaTb
CazoeHuku, XeoliHi, liHk208i, THemoei Ta Keimkoei (i/1. 43). O3HakaMu BAOCKOHANEH-
HA HaCIHHEBUX POCNIVH €: 1) pO3MHOXeHHA HACIHHAM, WO MiCTUTb 3apOAoK ManbyTHbOI
POCANHK, 3anac MOXMBHUX PEYOBUH i HAaCiHHEBY LUKIPKY, WO 3axMLaE 3apOAoK Bif,
HeCnpUATINBOrO BMINBY CEPEOBULLA; 2) NOABA NUJIKY U 3anuJieHHs, Wo 3abe3neuye
nepeHeceHHA NUIKOBUX 3epeH i3 CNepmiaMn [0 HAaCiHHEBMX 3a4aTKiB 3 ANLEKNITUHA-
Mu; 3) HasiBHICTb HAaCIHHEBOTO 3a4aTKa, Wo 3abe3neyye 3ariigHeHHs Ta PO3BUTOK 3a-
pofiKa 3a paxyHOK NMOXMBHUX pPe4yoBUH fobOpe PO3BNHEHOrO HECTaTeBOrO NMOKOMIHHSA;
4) 3ann1i0HeHHs He3asexHe 8i0 800U, BHyMpiWHE (Crepmii MPOHMKATb 10 HACIHHEBOTO
3ayaTtka 3 ANLEKNITMHO Yepe3 NUIIKOBY TPYOKY, a He uepes BoaHe cepepoBuLe). Lli
O3HaKM Janu 3MOry HaCiHHEBVM POCJ/IHAM NPUCTOCYBATUCA [0 HAa3eMHUX YMOB »KUNTTA
i OCArTY BMLLOrO PiBHA PO3BUTKY MOPIBHAHO 3i CMOPOBUMU POC/IHAMU.

In. 43. NpefCcTaBHNKN HACIHHEBMX POCNH: 1 — CarOBHUK MOHMKaOUniA; 2 — COCHa 3BMYalHa;
3 - riHKro gBononaTeBe; 4 — BeNbBiuia ANBHA; 5 — MarHonis BeIMKOKBITKOBA

OTXXe, CyAVHHI pOCVHN NOAINATb Ha ABI rpynu —
CYAVHHI CNOPOBi N HaCiHHEBI.

AIANbHICTb

%{‘ CamocriiiHa po6oTa

Po3nisHaBaHHA pPi3HNX NpeACTaBHUKIB POC/INH i CKNagaHHA cxeM Knacudikauii
BnpaBa 1. Po3rnaHbTe 3anponoHoBaHi BUAn pocauH. 3ictaBTe intocTpadii 3 Bia-
NOBIAHNMUN Ha3BamMM BUAIB. YKaXiTb O3HaKK, 3@ AKMMU BU PO3MNi3HaBaNuM 3anpornoHo-
BaHi BUAW POCIMH.
Buau Buwnx pocnuH: 1 — KannHa 3BMYaiiHa; 2 — nnayH-6apaHeLb; 3 — cocHa cubip-
CbKa; 4 — XBOLY NOAbOBUI; 5 — 303Y/IMH JIbOH BOSIOCKOHOCHWUI; 6 — OPAAK 3BUYANHUN.
A N b ' 2 AN . AN E




BnpaBa 2. 3a gonomorot Tabnuui Br3HauTe iXHI0 HaneXHiCTb JO OAHIET 3 rpyn

BULLMX POCSIVH.
Ta6nuua. AEAKI O3HAKU OCHOBHUX rPYN BULLUX POCJINH
MopdonoriuHi 03HaKu fo0pOoCnoi 0cO6MHIN lpyna MpeacTaBHUKN
Crebno Hepo3sranyxeHe, MCTKN ApPiOHI, 3eneHi, KopeHiB He-
Ma€, pu30iou Ha cTe6sli, apxeroHii Ta aHTepuail Ha BepxiBKax
pOCnH
Crebno OouxomomivyHo po3zasyxeHe, NNCTKW APIOHI, 3 OAHiED
XKWUITKOIO, KOpeHi 000amkosi, CNOPOHOCHI Konocku (cmpobinu)
Crebno uneHucTe, 3 By3namu, MiCTUTb KpeMHe3eM, JIMCTKK pe-
[lyKOBaHi, KOpeHi J0AaTKOBI Bif KOpeHeBuLa, cTpobinm
Crebno nig3emHe (KopeHeBULle) 3 AOAATKOBUMK KOPEHSMU,
nucTkonogibHi naroHwu (Baii), cnopaHrii y copycax
Crebno npAMoCTonYe, € TOHKa KOpa, AepeBrHa, Kambiin, nucT-
KW Y BUTNALI XBOT, KOPEHi 20/108Hi 4 6iYHi, HACIHHA B LUMLIKaX
Crebna TpaB'sHUCTI abo AepeB’sHUCTI, NUCTKA npocTi abo
CKnafHi, KOpeHi ronoBHi, 6iYHi 1 JOAATKOBI, KBiTKa, HaCiHHSA, | KBiTKOBI
nnogwu
Bnpasa 3. BusHauTe NonoXKeHHA OOHOrO 3 BUAIB Y CUCTEMI 3e/IeHNX POC/IVH i 3a-
MOBHITb cxemy Knacudikauii.

CnpaBHi
MOXM

MnayHn

XBoui

MNanopori

XBOWHI

LlapcTBO Bipgain Knac Mopapok PoguHa Pig Bug

CTABJIEHHA

bionoria + AHrnilicbka moBa

«Alternative energy can be found in plants. Indeed it
sounds like science fiction, but Dutch scientists have
found a way to harvest electricity from plants. When the
plants perform photosynthesis, they convert solar energy
into chemical energy (carbohydrates) that they use to
grow. However, they don't use it all themselves. Some of
this energy is released through the roots to feed micro-
organisms that in turn provide minerals to the plants. But it's not a perfectly closed
system, so some energy escapes, and this is what scientists have been able to harvest».

MNepeknagiTb TEKCT 1 OLiHITb 3HAYEHHA JOCNIAKEHDb 3 OTPUMAHHA eNeKTPUYHOro
CTPYMy 3a OMOMOTOI0 POCNH.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. XTo Taki BuWi pocnnHn? 2. Ha3BiTb OCHOBHI rpynu BULMX POC/VH 3. XTO TakKi
1-6 |moxonopi6Hi? 4. Ha3BiTb AekKinbka npefcTaBHUKIB MOXOMOAIGHUX. 5. XTO Taki cy-
OVHHI pocnvHn? 6. Ha3BiTb rpynu CyaMHHMUX POCANH

7. Aki 0cob6MBOCTi BUPI3HAOTb BULi pocinHK? 8. Ha3BiTb 0c06/MBOCTI Ta pi3HOMa-
7 -9 | HiTHicTb Moxonogi6Hux. 9. AKi 0co6/MBOCTI Ta PiI3HOMaHITHICTb CMOPOBYX Ta HaCiH-
HEBUX POCANH?

10. OuiHiTb HayKOBI AOCNIAKEHHA POC/IVIH Y ranysi afibTEPHAaTUBHUX AXKepes eHep-
rii. 65

§ 15. Buwi pociimHm
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TeapuHu — npodyKm icmopuYHOi NOC/1I008HOCMI 3MiH,
wo bynu Hatikpauwjumu y c8iti yac.
P. [loKiH3

§16. CNNIPABXXHI TBAPUHW

OCHOBHi NOHATTA 1 Knio4voBi TepmiHn: CMPABXHI TBAPUHU. TeapuHo-
noAi6Hi opraHismu.

MpurapanTte! Xto Taki eykapiotn?

& Momipkynite!

OJHOKNITUHHNUIA amebOoigHUI opraHi3m xpu3a-
me6a npomeHucma (Chrysamoeba radians) mae gxryTmk
 YTBOPIOE NCEBAOHIKKM, 3jaTHa Ao daroumtosy 1 rete-
POTPOGHOro XUBNEHHS, ane i He BIiZHOCATb 4O CNPABXKHIX
TBapuH. Yomy?

3MICT

flke micue TBapuH y cucTemi eyKapioTMYHMX opraHismis?

Hai6inbw iHbopmaTMBHUMU ANA HAYKOBLIB LOJO0 BU3HAUYEHHA MiCLA CNPaBXKHiX
TBAPUH Yy CUCTEMI eyKapioTiB BUABUANCA He reTepoTpodHe XKUBMEHHA i HAABHICTb
rnikokanikcy, a Taki LMTONOriYHi KpuTepii, AK KiNbKiCTb N pO3TallyBaHHA OXKIYTUKIB,
bopMa MITOXOHAPIANbHUX KPUCT. Y CyyacHii cuctemi opraHiyHoro cgity (C. Egn i3 cni-
BaBTOpamu, 2012) ana cnpaB>KHiX TBAPUH BM3HAUUIM Micue B rpyni 3afHbOXIyTn-
KoBi (OnicTokoHTa). Lia Ha3Ba NMo3Hauya€ 3a0HE pO3MAlly8aHHA 0XX2yMUKd B PYXOMIi
KNiTUHI (AK y cnepMaTo300HiB GiNblIOCTi TBApUWH), TOAI AK iHWI eyKapioTn 3ae6inbLo-
ro MaloTb NePeAHin OXKryTuK.

MiToxoHapii eykapioTiB HanexaTb 40 HabINbL KOHCEPBATUBHUX OpPraHes, 0cob-
JINBOCTI AKNX HE 3MIHIOITbCA B XOAi afanTUBHOI eBomoLul ToMy OyiOBa MIiTOXOHZPIN
BKAa3y€ Ha MOXOMXKEHHA MEeBHOI eyKapioTUYHOI 7
rpynv HagilHille, HiXX aHaTOMiYHi un disionoriyHi
03HaKW. Y cnpaBHix TBapWH MimoxoHOpii Maome
naacmuH4Yacmi Kpucmu, Wo € BaXKNIMBOIO BiAMiH-
HICTIO Bifj iHLLIMX Py, Y AKMX MITOXOHAPIT MOXYTb
MaTV AMCKOMOAiOHI um TpybyuacTi Kpuctu (isn. 44).

Xnoponnacmis y 8Cix cnpasXHix meapuH He-
Mag, ane B OKPEMUX BUAIB NoWMpeHun cnmbios In. 44. MiToxoHpii TBapuH
3 BOAOPOCTAMU W UiaHOGaKTepiAMK, 3aBAAKM i3 NNACTUHYACTIMM KPUCTaMu
YoMy Ui iICTOTV MOXYTb MOBHICTIO BiAMOBUTUCDH Bifi reTepoTpodHOro XurBneHHs. Tak, y
2i0pu 3e/1eHOI B eHTofepMi XUBYTb 3€N1eHi BOAOPOCTI X/10pesd 38udatiHa, KOH8oloma
KMBUTbCA, BUKOPUCTOBYIOUWN 3efleHYy BOAOPOCTb NJIAMUMOHAC, Yy KNiTUHAX esisii
bYHKLiOHYIOTb XJIOpONnacTy Bif XOBTO-3eNeHOI BOAOPOCTi gowepii. Ane 'y nepeBa-
HOI GiNbLIOCTI CNPaBXHiX TBAPUH >KUBNEHHA XeMoreTepoTpodHe, HasBHe aKTMBHE
nepemilleHHA y npocTopi (abo ynpoaosX XNUTTA, abo Ha NeBHIi CTafii oHTOreHesy).
OKpim TOro, AnA CNpaBXHiX TBAPUH XapaKTepHi OOMeXeHWU PicT, Noapas3nuBeicTb y
dopmi pednekcis, BiiCyTHICTb KNITUHHOT 060NOHKM, 3anacaHHsA MiKOreHy, HasABHICTb
3apOLKOBUX NUCTKIB, CTafin 6n1acTynu i racTpynu B 3apOAKOBOMY PO3BUTKY.




Yci By tBapuH 06’egHaHo y rpyny CIMPABXK-
HI TBAPUHMU (Tono3oi). Y mexax Lboro LapcTtea
HanuacTilwe BuoOKpemnloTb Tpu nigrpynu: Oi-
nactepii, KomipueBi gxryTnkosi (XoaHo¢pnarens-
Tn) Ta baratokniTnHHiI TBapnHM (MeTasoi).

BBaa€eTbcA, WO nNpefKkamm CrpaBXHix TBa-
puvH 6ynu ogHoALepHI ameby 3 TOHKMMU Hepo3-
rany>keHumMu nceBpoHixkamm (pinonogismm). Ha
CbOrOfHi BiAKPUTO 1 ONMCAaHO ABa CyyacHi Buau,
AKi AaloTb HayKoBUAM iHpOpMaLilo Npo nprpo- In. 45. Minictepia (Ministeria
Ay OOHOKNITUHHMX Mpeakis TBapuH. CyyacHWX vibrans) ~ NpeAcTaBHyK dinactepiit
npepcTaBHUKIB Liel rpynn ob’eaHytoTb y niguapcteo Dinactepii, a KOHKPeTHMMM
npeacTaBHUKAMWN € MiHicmepia Ta kancacnopa (in. 45). baraTOKNITUHHI TBapUHW NO-
XOAATb Bif KONOHIaNIbHUX IXKI'YTUKOBWX, A iX HANbnuKui Bigomi poandi — KomipLesi
IXKIYTUKOHOCL. Y fesaKnx 6araToKNiTUHHUX TBapViH, Hanpuknag y rybok, o CbOrofHi
36epernuca KniTMHU-xoaHouUTU. Bugo3miHeHi Komipuesi KNiTWHW € HaBiTb Y Tini nio-
AVIHW — BOJIOCKOBI KNITUHW CITyXOBOTO (KOPTiEBOro) opraHa.

OTtxe, CMPABXKHI TBAPUHW - KNiTUHHI eyKapioTU4Hi opraHiamu,
CMOPIAHEHICTb AKUX OOBOAATb TaKi Han3aranbHilWi 03HaKW, AK HaABHICTb Y
KMITUH OQHOMO 3afHbOr0 IXKIYTMKA, MITOXOHAPIN 3 NAaCTUHYaCTUMM
KprcTamMu, BifCYTHICTb BACHUX XJIOPOMIACTiB 1 GOTOCUHTESY.

Aki oco6nuBocTi TBApMHONOAIGHMX OpraHismiB?

Taki icToTy, AiK eBrieHa 3eneHa, popamiHibepu, pagionapii, iHpy3opii, cnoposu-
K1, ameba-npoTen, YepenalikoBi amebu, neiwmaHii, nAam6nii, TpMnaHoCcomu Ta iHLwi,
AKMX paHille Ha3MBanu «HaMNPOCTIWVMMWY», CbOTOAHI BUBEAEHO 3i CKNagy LapcTea
CnpaBHi TBapuHMU (is1. 46). 3a NORIGHICTb 4O TBAPWH iX Le Ha3nBalOTb «TBAPUHOMO-
LiOHVMMK opraHi3amamu», ane y GpinoreHeTUYHNX CMCTEeMaxX BOHW Hanexartb 4O Pi3HUX
rpyn  MatloTb Pi3HE NOXOLMEHHA.

In. 46. Pi3HOMaHITHICTb OQHOKNITUHHUX TBapUHOMNOAIOHUX: 1 — ameba npoTei;
2 - iHdy30pia Tydenbka; 3 — eBrneHa 3eneHa; 4 — iHpy3opisa Tpybay; 5 — dopamiHidepa;
6 — TpunaHocoma; 7 — ameba An3eHTepiitHa; 8 — apuena; 9 — pagionspis

§ 16. TBapuHM
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AKi >K O3HAKM BigpPi3HAIOTb TBAPMHOMNOZIOHUX Op-
raHiamiB Bifi CnpaBHix TBapuH? Po3rnaHemo ix Ha
NpVKIaai HaBiAOMILLMX opraHi3MiB — amebu npoTes,
€BI/IeHM 3eneHoi Ta iIHPY30pii TydenbKu.

3rigHO 3 MONEeKyNAPHO-TeHETUYHUMIN JOCTiAKEH-
HAMW ame6a 38uyaliHA HanexuTb OO HaaUapcTBa
Ame6030i, Wo Ma€ cninbHi kopeHi 3 ONiCTOKOHTaMMu.
Lle rona ogHoafgepHa ameba. B Hel € nanbuenogioHi
ncesgonofii AnA nepemilieHHa 1 paroretepoTpod-
HOro XWUBNEHHA. [PKryTuKiB B3arani HeMa€, MiTOXOH- In. 47. MiToxoHapii 3
Apii MatoTb Tpy6uacTi posranyeHi Kpuctu (in. 47). Tpy6UacTUMn Kpuctamu

Y eeanieHU 3esieHOI € xynoponnactn 3 TpPboMma
MemOpaHamy, WO BUHWUKAW 3aBAAKUM BTOPUHHOMY
CMMO6io3y reTepoTpOdHMX eyKapioTiB i3 3eneHuMU
BogopocTtAMU. OKpim TOro, €BrieHW MailoTb OfHe
A0PO | ABa MKIyTUKN (OAUH [OBIMiA Ta OQUH KOPOT-
KWI), MITOXOHAPIT i3 AUCKONOZIOGHUMM KprCTaMu, MiK-
COTPOTPOHE KMBNEHHA, 3amnacaloTb O6M3bKUIA [0
Kpoxmanto nosicaxapug napamin (isn. 48). Li Ta peaki
iHWi 0COBNMBOCTI BKa3yOTb HA CMOPigHEHICTb eBrie-
HW 3 HaNAABHIWMMN eyKapioTaMu, AKX BIAHOCATb A0
rpynu EkckaBaTw. In. 48. MiToxoHApii 3 Ancko-

KnitnHu iHgy3opii mygenvku BKpuTi anbBeo- nopibH1MM Kpnctamm
NAPHOIO Nenikynol, Wo YTBOPEeHa MNia3smMaTUYHO
MeMbpaHOIo Ta CMIOLWEHNMIN MEMOPAHHUMW LMCTEPHAMU — anbBeonamu. MiToxoHapii
MatoTb TpybuacTi KpucTu. CyKynHICTb nenikynm i eKTonnasmum 3 ycima il CTpyKTypamu
YTBOPIOE KOPTEKC. KniTnHa BKpMTa YNCIIEHHUMW BilKaMW. YHiKanbHOI BAacTMBICTIO
iHdY30pil € HaABHICTb ABOX GYHKLiOHaNbHO Pi3HUX FrEHOMIB, O MiCTATLCA B Manomy
(reHepaTnBHOMY) 11 BenkoMmy (BeretatmsHomy) agpax. OKpim Toro, KnitTuHu iHdy3o-
pii MaloTb cneuianizoBaHi CTPYKTYpPU (KNITUHHUI POT, KNITUHHY MNOTKY, NOPOLWNLI0,
TPUXOUNCTN), ABi CKOPOTNMBI BaKyOni, 34aTHi O KOH'lorauii Towo. ¥ cyyacHin cuctemi
opraHiyHoro cBiTy iHdy30pii HanexaTb O MOMOAOI 1 MepCneKTUBHOI rpynu — Xpo-
ManbBeONATHU.

OT1xe, TBapuHONOAiI6GHI opraHismu —
36ipHa rpyna HecnopigHEHNX OQHOKIITUHHMX OPraHi3miB,
06’egHaHNX TakuMmy MopdodizionoriyHNMmN 03HaKamu,
AK BIACYTHICTb KNITUHHOT CTIHKW, reTepoTPOdHE KMBJIEHHA Ta aKTUBHUM
amMeb0igHNIA, OXIYTUKOBUN abo BiIKOBUIA pYyX.

BIANIbHICTb
%,/‘ CamocriliHa po6oTa 3 Tabnuueto

3anoBHiTb Tabnuu Ta 3p06iTb BUCHOBOK MPO MOXOMMEHHA 3efIeHUX POC/UH,
CNpaBXHix rpnbiB i CNPaBXKHiX TBAPVH.




Ta6nunusa. MOPIBHAJIbHA XAPAKTEPUCTUKA POCJIVUH, FPUBIB N TBAPUH
O3Haku 3eneHi pocnnHu | CnpaBXHi rpu6m | CnpaBXXHi TBAPUHN

Kpnctn mitoxoHgpin
Bupwn xnoponnacTis i nirmeHTn
[KryTukm (KinbKicTb i po3Tawuy-
BaHHA)
Tino
Twvn XunBneHHA
OcHoOBHI rpynu
CamocrTiiiHa po6oTa 3 intocTpauiamm

3acTocyiTe CBOI 3HaHHA 6ionorii, po3ni3HanTe Ta Ha3BiTb efleMeHTN 6yOBU ame-
6w npoTen Ta iHdy30pil Typenbku. [loBediTb, WO Ui OAHOKNITUHHI iCTOTK € CamMOCTil-
HUMUW TBAPVHOMOAIGHUMY OpraHizMamu.

CTABJIEHHA
bionoria + Qisunka. EneKTpoHHUI mikpockon

EpHcm Asa2ycm Pycka (1906-1988) — BUHaxigHUK
€NeKTPOHHOro MiKpockona, naypeat HobeniBcbKkol
npemii y ranysi ¢ismkun (1986 p.). MNMpototTnn nepuuo-
ro efleKTPOHHOro MIKPOCKOMa, WO CKMajaBca 3 ABOX
Noc/iJOBHO pPO3TallOBaHMX MarHiTHUX niH3, O6yB
npepcTaBneHnin HaykosLem 9 6epesHa 1931 p. Akui

NPVHUMN gii eNeKTPOHHOro Mikpockona? Yomy BnHam- In. 49. TpOMG 3 HUTOK
[EHHA €NEeKTPOHHOIO MIKPOCKOMa HafeXuTb 4O Hail- ¢i6p.V|Hy‘ NIl €NEKTPOHHIM
6iNbLUNX BIAKPUTTIB, WO BMIMHYAN Ha XUTTA BCiX HAC? MIKPOCKOMOM

PE3VJIbTAT

3aBfaHHA ANA CAMOKOHTPOJIO
1. XT0 TaKi cnpasXHi TBapnHM? 2. Ha3BiTb OCHOBHI rpynn CNpaBXHix TBapuvH. 3. lo
1-6 |AKOro HaguapCTBa HanexaTb CNpaBXHi TBapuHK? 4. XTo TaKi TBapUHONOAi6GHI opra-
Hi3mu? 5. HaBepiTb Npriknaan TBapUHONOAIGHNX OpraHi3miB.
7. flke micLe TBapUH Yy CUCTEMi eyKapioTUYHMX opraHiamis? 8. ki ocobnusocTi TBa-
7-9 | puHonopgi6bHux opraHiamis? 9. Yomy ameba nporteii, iHpy3opia Tydenbka He Hane-
»KaTb 4O CMPaBXHiX TBAPUH?

10. Wo cninbHoOro i BiAMIHHOIO Mi>XK CMPaBXXHIMW TBapUHaMK, CMPABXHIMU rpuba-

10-12

MU 1 3eNeHMK POCTIMHamMmn?

§ 16. TBapuHM
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TeApUHU — 4acMuHa NPUPOOHO20 3dKOHY, | BOHU MArOMs C80I npasa.
XK. XK. Pycco

§17. BATATOKJNIITUHHI TBAPUHU

OCHOBHiI NOHATTA 1 KnovoBi TepmiHn: BATATOKJTITUHHI TBAPUHW. MNepBuk-
Hi 6araToKkniTMHHI. CNpaBXHi 6araToKAiTUHHI.

MpuraganTte! XTo Taki TBapUHN?

Momipkyiite!

lopa 3eneHa (Hydra viridissima) (1), nnockui
yepB'sik koHBomoTa (Convoluta roskoffensis) (2), montock
enisia 3eneHosyxa (Elysia chlorotica) (3) matoTb 3eneHe 3a-
6apBneHHs i 3gaTHi o GoToCKMHTe3y, ane ix BigHOCATb 10

6araToKNiTMHHKX TBapuH. Yomy?

3MICT

baraTtokniTMHHI TBapWHW € HANGINbLWO N HaNCKNag-
HiLLIOIO FPYMOt0 XMBUX OpraHiamiB. 3a ocobnmBocTAMHA
opraHisauii po3pi3HATb Neps8uHHi 6a2amokKIimuHHi Ta
CNpasxHi 6a2amoknimuHHi.

[o nepeuHHUX 6a2amoKNiMUHHUX HanexaTb TBa-
PVIHHI iCTOTK, B AKX HEMAE CUMETPIT, TKaHMH Ta OpPraHiB.
CnpaeHi 6a2amoKaimuHHi XxapakTepun3yTbCcA HasAB-
HICTIO CUMeTPIl, NOABOIO CMPaBXHiX TKaHWH, OPraHiB i
CUCTEM OpraHiB. Y CnpaBXHix 6araToKNiTMHHUX TBapUH
3'ABNATbCA TPaBHa, HEPBOBa, CTaTeBA CUCTEMU, Opra-
HW 4yTTA. BinbWicTb iCTOT L€l rpynun BXe Ma€ BUAINbHY
CUCTEMY, @ BULLi TBAPUHMN — Le 1 KPOBOHOCHY Ta Au-
XanbHy cmcTemu. Y npoueci embpioreHesy B CrpaBxHix
6araToKNITMHHMX YTBOPIOIOTbLCA 3apPOAKOBI NUCTKK, 3
AKNX PO3BMBAIOTbLCA TKAHMHW Ta OpraHn JOPOC/NX TBa-
puH. Cepef CnpaBXHiX 6AraTOKMITUHHUX HaVHWXKUNIA
piBeHb MocifaloTb pebponnaBu Ta KHigapii, a HanBu-
WNiA — XOPAOBI TBAPUHM 3 TaKUMK Fpynamu, sk puou,
amadibii, nnasyHu, nTaxu, ccasui.

Omxe, BATATOKJIITUHHI TBAPUHU - ue op-
raHiamu, B AKMX Tino NobygoBaHe 3 BENUKOI Kinb-
KOCTi KNiTUH, WO crewyiani3yloTbCA Ha 30iNCHEHHI

neBHUX GYHKUIN i pi3HATbCA O6yaoBOIO.

AKi 0c06NMBOCTI Ta Pi3HOMaHITHICTb NePBUHHNX
6araToKNiTUHHMNX?

MnactuHvacti (Placozoa) - nepBuWHHI GaraTokni-
TUHHI TBAPWHM, TiNO AKMUX CKNAJa€ETbCA 3 5 TMNIB KNITUH:
eniTeniafNbHUX 3 MKryTMIKaMK, BOIOKHMCTUX, ameboif-

AKi oco6nmBoCTi 6araToKNiTUHHUX TBAPUH?

BaraTokniTMHHI TBapUHN
(Metazoa)
MepBuHHI

6araToKniTUHHI
Tun MnactuHyacTi
Tun Ny6kn
CnpaBXHi
6araToKniTUHHI
Po3gin PagianbHi
Tun Pebponnasu
Tun »Kanki, abo Krigapii
Po3pin binatepanbHi
[pyna MNepBuHHOpPOTI
Tun Mnocki yepsun
Tun Montockn
Tun KinbyacTi yepsu
Tun Kpyrni yepsu
Tun YneHwncroHori
[pyna BropuHHOpOTI
Tun lonkowwKipi
Tun Xopposi

In. 50. Tpuxonnakc — Hannpwu-
MiTUBHilWa 6araToKNiTUHHA
TBapvHa



HUX 3 NCeBOOMNOAIAMM, 3a/I03UCTUX | CNN30BUX. Y NAACTUHYACTMX HEMAE 3apOAKOBUX
JINCTKIB | OpraHn He GopMyIOTbCA. Y HUX HEMAE NepefHbOI UM 33HbOI, BEPXHbOI U
HVXHbOT YacTuH Tina. TunosBum npeacTaBHUKOM TFPyMnn € KPUXiTHA MOPCbKa icToTa
Tpuxonnakc adzepeHc (in1. 50). XUBUTbCA TPUXOMIAKC MiKpOOpraHiamamu, AKX 30B-
HiLHbO NepeTpaBIIoE 1 MOMNMHAE 3aBAAKM MNIHOLMTO3Y UK dparoumnTye 3a LONOMOrO
nceBAoNoOAil, a PyXaETbCA 3a JONMOMOIOI0 AXKIYTUKIB, WO BKPMBAIOTb TiNo.

lMy6kun (Porifera, Spongia) — nepBMHHI 6araTOKNITUHHI aCUMETPUYHI TBAPUHMY,
Han3arabHiWMMM O3HaKaMM AKKMX € HAABHICTb NOP Y CTiHKax Tina Ta ABOLAPOBICTb
Tina. [lo Tvny HanexuTtb 65m3bko 5 000 BMAiB NpicHO- 3T
BOAHMX | MOPCbKMX ryOOK. Y Tifli, WO Haragye MilloK um ) &
Kenux, 3H1U3y € OCHOBa ANA NPUKPiNAeHHA Jo cybcTpaTy,
a 3Bepxy — BYCTA, WO Befe A0 KNLWKOBOI MOPOXHUHN. Y
Tini rybok po3pisHatoTb Big 10 go 20 tunis KnituH. Lle
MOKPUBHI MiHAKOLUTN, KOMipLEBi XOaHOLUTW, TPaBHi
amebouunTu, pe3epBHi apxeounTn Ta iH. Hansigomiwmnmn
npeacTaBHUKamu € 600g2a cmaskoaa (inl. 51), kowuk Be- In. 51. bogsra cTaBkoBa
Hepu ma kesux HenmyHa. (Spongilla lacustris)

OTmxe, MepBuHHI 6araTtokniTuHHI (Prometazoa) — rpyna NpUMITUBHUX
ACMETPUYHUX 6araToKNITUHHUX TBAPWH, Y AKUX XUTTEBI PYHKLii
BVIKOHYIOTb ANdepeHLinoBaHi KNiTUHW Pi3HUX TUMIB, AKi NOAi6HI

[0 KNiTUH OAHOKITUHHUX TBAPUHOMOAIOHMX OpraHi3miB.

AKMMU € cyyacHi nornAAM Ha cucTemy cripaBXHiX 6araToKniTMHHNX?

CnpaBsxHi 6aratoknituHHi TBapuHu (Eumetazoa) - epyna npumimusHux cu-
MempuyHUX 6a2amMOKIIMUHHUX MBAPUH, Yy AKUX XUMMEBI (yHKUII BUKOHYIOMb pi3-
Hi opeaHu U cucmemu op2aHie, a 8 XUMMEBOMY UUKJIi HAABHI 3apo0Ko8i 1ucmku. 3a
CUMETPIEI0 yCi cnpaBXHi 6araToKNITUHHI NOAINAITL Ha ABa po3ainu — PagianbHi Ta
binatepanbHi, Wo € BigobpakeHHAM KapAuHaNbHUX €BOMIOLIMHNX NePeTBOPEHb Op-
raHisauii Tina TBapuH.

PapianbHi (Radiata), abo [iBowapoBi, — ye 2pyna cnpasxHix 6azamokaimuHHuUX
MeAapuH, 03HAKAMU SKUX € padiasibHa (npomeHesa) cumempis ma 08a 3apooKo8i 1ucm-
Ku. Y Mexax po3giny BUOKPeMIoTb ABa Tunu — Pebponnasu Ta XKanki. Lle xvxaku,
yepes iIXHE TifIoO MOXHa NpoBecTY ABI 11 Gifblue NAOWWH CUMETPIT, Y HUX 3'ABNAETHCA
Andy3Ha HepBOBa CUCTEMA, Y TiNi — KMLIKOBA MOPOXHWHA, @ MiXK eKTO- 1 eHTOIepMOio
HafABHa mMe3ornes, fiyxe fJobpe po3BMHYTa pereHepallis.

Pe6bponnasu (Ctenophora, Big rpeu. ktenos — rpe-
6iHb, phoros — Ti, WO HeCyTb) — ye 2pyna cnpasxHix mea-
PUH, XapakKmepHOIO O3HAKOK AKUX € HAABHICMb HA Misi
sucmynis 3 gitikamu. HuHi Bigomo 6nun3bko 200 BUAiB, AKi
XMBYTb y MopAx. Ha noBepxHi Tina pebponnasis € Bicim
BaNMKiB (pebep), Ha AKUX MICTATbCA rpebHeBi NNacTuH-
KW, yTBOpeHi Binkamu. Mig yac pyxy nnacTMHKM po3-
KagalTb CBITNO Ha CNEKTP, TOMY BMHUKAE into3ia, Wo
no Tiny pebponnasis NpobiraloTb BECENIKOBI NEPeNBML.
BinbwicTb LMX TBAPUH MA€ ABa LiynanbLA, BKPUTI KNENKUMU KRiTUHAMK ANA MNoto-
BaHHA. [peacTaBHMKaMW rpynn € 8eHEpUH NoAC, MHemioncuc (inl. 52).

In. 52. PebponnaB MHeMmi-
oncuc (Mnemiopsis leidyi)

§ 17. baraToKniTMHHI TBapUHN
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Xanki (Big nat. Cnidaria — Ti, Wo Xanatb) — ye 2py-
na cnpasxHix meapuH, XapakmepHUMU O3HAKAMU AKUX
€ XaNKi KnimuHu ma 08i xummegi ¢popmu — noninu U
medy3u. [lo Tuny Manki HanexuTtb noHag 9 000 BuAis
BOAHWUX TBapWH, 06’eaHaHux y ABi rpynu — Kopanosi
noninu (aKmuHii, Kopasn-mMO3KO8UK, 4Yep8OHUU KopaJ)
Ta Mepny3030igHi (2i0pa 38uyaliHa, medy3a-xpecmosuk,
syxama MeOdy3d, Medy3d-KopeHepom, MOPCbKA 0cCa) In. 53. Tigpa 3BnyaitHa
(in. 53). OcTaHHI MONeKynAPHO-reHeTUYHI AOCNiAKEHHSA (Hydra vulgaris)
fosenu, wo Kopanosi noniny € Hanbinblw NPUMITUBHOIO Ta CMifIbHOK NMPeAKOoBOI0
dbopMoto AnaA BCiX iHWNX NPeACcTaBHUKIB TUMY.

BinatepanbHi (Bilateria), abo TpmwapoBi, — ye epyna cnpasxHix 6azamokii-
MUHHUX MEAdpuH, HAU3dz2dnbHilWUMU O3HAKaMu SKUX € 6inamepasnvHa (0806i4Ha)
cumempis ma mpu 3apooKo8i IucCmKuU. XapakTepHa O3Haka OygoBM TBAPWUH LbOro
po3g4iny — ABo6GiYHa CMMeTPIs, WO MOAINAE TiNo Ha ABi YacTUHM (MpaBy # NiBy, Nnepea-
HIO 1 3afjHI0, CMIMHHY 11 YepeBHY). B embpioreHesi TBapuH € BXe TpW 3apOAKOBI INCT-
KW — eKTO-, EHTO- 1 Me30epMa, 3 AKX GOPMYIOTbCA TKaHUHW 1 opraHu. JocnigkeHHA
fosenu, wo rpyna binatepanbHi € MoHodineTnyHo, T06TO ABOGIYHOCUMETPUYHI
TBaPWHW Manu CNifibHOro npegka. 3roqoM Micna CBOEI MOABM BOHU PO3[IiNNANCA Ha
ABi rinkn — MNepBUHHOPOTI 1 BToprHHOPOTI. OCHOBHA BiAMIHHICTb MiX HUMM — y CMO-
co6i popmyBaHHA POTOBOro OTBOPY. I3 TUX TWMIB, WO X BMBYAOTb y LIKONI, 4O Nep-
BUHHOPOTUX Hanexatb lMnocki yepsu, Montocku, Kinbyacmi yuepau (ix noegHanu
y eBOJIIOLiiHY FPyny Ha OCHOBI TaKMX CMiNIbHUX O3HaK, AK cripanbHe ApobneHHA Ta
HABHICTb NUYUHKK Tpoxodopu) Ta Kpye- Py p
i yepeu " YneHucmoHozi (yTBOPIOTL p Y .@’fg r{{‘, w«
ApYyry eBOMOLINHY NiHil0, A1A AKUX CNiflb- ' '
HUMKN O3HaKaMM € KyTUKYNa Ta IMHAHHSA).
PaHiwe nnocki yepsBu BBakanuca npeg-
KaMu Kpyrianx 4yepsis, a KinbyacTi — npeg-
Kamu uneHuctoHorumx. Ocobnuee micue B
cucTemi TBapuH nocigae rpyna BropuH-
HOPOTI, Y AKUX B embpioreHesi Ha MmicLi [ MepeuHHopori | | BropuHHopoTi
MEePBMHHOrO pOTa PO3BMBAETHCA aHYC,
a poToBUN oTBip POPMYy€ETLCA Ha MPOTU-
nexHomy 6oui 3apopka. [o uiei rpynm
Hanexatb [oikowkKipi Ta Xopooei (irn. 54). In. 54. CnpouleHa cuctema 6inatepanbHUX

Montockun

lonkowwkipi

Mnocki yepsun
Kpyrni uepsu

binatepanbHi

OTXXe, TAaKCOHOMIYHa peBoNtoLifA, CMPUYMHEHA
MONEKYNAPHO-TEHETUYHUMIY [OCAIAXKEHHAMW, NpMBena A0 3MiH
i y cuctemaTunui 6araToKNiTUHHMX TBapUH.

BIANIbHICTb

x\,/‘ CamocrTiitHa po6oTa

Po3nisHaBaHHA Pi3HMX NpeACTaBHUKIB TBAPVIH | CKNagaHHA cxem Knacudikauii
BnpaBa 1. Po3rnAaHbTe 3anponoHOBaHi BMAM TBapyvH. 3icTaBTe inocTpauii 3 Bia-
NOBIAHUMMW Ha3BaMU BUIIB. YKaXiTb O3HaKK, 3@ AKMMW BM PO3Mi3HaNN 3anponoHOBaHi
BUAW TBapPVIH.




Buaun cnpaBxHix 6araTokniTMHHMX GinaTepanbHUX TBApWH: 1 — nyaHapin
NOYHO-6iNna; 2 — paBNuK BUHOrPagHWUii; 3 — MefMyHa N'ABKa; 4 — ackapuaa NoacbKa;

5 - Xpyw, TpaBHeBUI; 6 — NAHUETHNK EBPOMENCbKUIA.

BnpagBa 2. 3a ;ONoMOrot TabsvLi BU3HaUTe HaNIeXHiCTb 300 pakeHNX TBapUH A0

OfHI€l i3 cncTemMaTUYHUX rpyn.

Ta6nuua. AEAKI OSHAKU OCHOBHUX IPYN CNPABXHIX TBAPUH

MO-

. MpepcTaB-
XapaKkTepHi 03HaKun lpyna pH“K“
CnnowyeHe Tino, nepegHin Ta cepefHin Bioginv TpaBHOT cuctemu, Mnocki
opraHu BUAiNeHHA — npoToHedpuaii yepsmn
lono.a, Tyny6, Hora, MaHTif, Yepenatika, opraHu BUAiNeHHA — HUPKK | Montockn
CermeHTauis Tina, BTOPUHHA NOPOXKHMHA Tina, opraHn BuaineHHsa — | KinbvacTi
meTaHebpuail yepsu
Tino BKpuTe KYyTUKYOI0, MEPBMHHA MOPOXKHWHA Tifla, OpraHu Bugi- Kpyrni
JIEHHA — WKIipHi 3an03un yepsu

3A06pa, NereHesi MiLIKK, Tpaxel

XiTMHOBMI €K30CKeNeT, 3MillaHa NOPOXKHMHA TiNa, opraHn AnxaHHA — YneHucro-

Hori

3a6poBi WinnHW B rNoTLi, HepBOBa TPYbKa, XopAa, TiIo BKpuTe
LIKipoto

Xoppgosi

BnpaBa 3. Bu3HauTe cnctemMaTnyHe NoIOXKeHHA O4HOrO 3 BUSiB CI'IpaB)KHiX TBAPWUH.

LlapcTtBo Tun Knac Pap PoguHa

Pipg

Bup,

4. Migcymok po6oTu.
CTABJIEHHA

bionorisa + ETonoria. MoBegiHka TBapuiH

MoeediHka — ue NpucToCyBaNbHi Ail, CNPAMOBaHI Ha BCTa-
HOBJIEHHA WUTTEBO HeOOXiAHWX 3B'A3KIB OpraHiami i3 ce-
penoBuuemM. Y TBapuH noBefiHKa € 6inbll Pi3HOMAaHITHOW 1
CKNafHIWoL, HiXK Y pocnuH i rpmbis. Aki >k ocobnusocTi 6ynosu
N XUTTERIANBHOCTI TBAPUH BM3HaYaloTb IXHIO CKNafHiwy nose-
AiHKy?

PE3VJIbTAT

OuiHkKa 3aBAaHHA ANA CAMOKOHTPOJIO

1. XTO TaKi 6araTokNiTMHHI TBapuHK? 2. Ha3BiTb OCHOBHI rpynu LMX TBApUH. 3. XTO
1-6 |Taki nepBuUHHI 6araToKNiTUHHI? 4. Ha3BiTb ABa TUNW NePBUHHNX GAraTOKMITUHHUX.
5. XT0 TaKi cnpaBxHi 6araTokniTMHHI? 6. Ha3BiTb OCHOBHI TUMW LIUX TBAPUH.

6araToKNTUHHNUX?

7. Aki ocobnusocTi 6araToKNiTMHHKX TBapUH? 8. IKi 0CO6NMBOCTI Ta Pi3HOMaHITHICTb
7-9 | nepBuHHMX 6araTokNiTUHHMX? 9. AKMMU € CyyacHi MOrNAAN Ha CUCTEMY CMIPaBXKHiX

10-12 | 10. NopiBHANTE NEPBUHHNX Ta CNPABXKHIX 6AaraTOKNITUHHUX

TBapWH.

§ 17. baraToKNiTMHHI TBApUHA
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biopisHOMaHimms 8u3HA4aemMosCA AK po3maimms
JKUBUX OP2aHi3Mi8 3 yCix 0xepes1, CKIAOHUKAMU AKUX BOHU €.
KoneeHyis OOH npo 6iopizHomaHimms (cm. 2)

Y3aranbHeHHA Temu 1. BIOPIBHOMAHITTA

BIOPI3BHOMAHITTA -
ye MiHIuBicMb Xusoi Npupoou 8cepeduHi 8U0i8, Mix 8UOAMU MA Mix ekocucmemamu.

Tunun 6iopisHOMaHITTA Hanpamu cncremaTnkmn
1. leHeTnyHe 1. DeHeTMYHa cncTemMaTrKa
2.Bugose b |2.EsoniouiiiHa cuctemaTuka
3. EkocuctemHe | 3. OinoreHeTnYHa cucTemaTrka
Kputepii Bugy g CucreMaTuyHi KaTteropii
1. MopodonoriyHuin | 1. Aomen
. . . . 2. lapcTBO

2. KapioTuniyHumi (reHeTuyHmin) 3 -

L . . 3.Tun (Biggin)
3. QisionoriyHumn H

. . 4. Knac
4. bioximiuHnin o 5. P (MopsaoK)
5. TeorpadiuHni M -rAR PAA

h . 6. PognHa
6. EKonoriynmin A )
7. PenpopyKTuBHMiA H 7. Pin
’ ) 8.Bug

OCHOBHI rpynu >kKnBoi npupoaun T Po3ginu cuctematukmn
1. HeKNiTUHHI popmu XNTTS T
2. Apxei 1 1. TakcoHoMisA
3. bakTepii 2. HomeHknatypa
4. Eykapiotun

OCHOBHI FPYNU XKNBOI NPUPOAU
HekniTuHHi

Apxei bakTepii EykapioTu

bopmum KuTTA

OCHOBHI O3HaKun

Tema 1. BIOPI3BHOMAHITTA
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1) MonekynapHumn
piBeHb XUTTA;

2) cybmikpocko-
nivyHi po3mipu;

3) napasutnam;

4) 30aTHICTb A0
CaMOBIATBOPEHHSA

1) be3'agepHi
opraHismu;

2) KNiTUHHa 060/I0H-
Ka 3 nceBAoOMypeiny;
3) KNITUHHI Membpa-
HV OOHOLLAPOBI;

4) OHK ma€ iHTpOHW,
€ BINKN-TICTOHN

1) be3'agepHi
opraHismu;

2) KNiTUHHa 060/IOH-
Ka 3 MypeiHy;

3) KNITUHHI Membpa-
HV ABOLIAPOBI;

4) IHK 6e3 iHTpOHiIB,
HeMae GinKiB-ricToHIB

1) AnepHi opraHiamu;

2) HaABHICTb TiCTOHIB i
XPOMOCOM;

3) mo3aiuHa 6yfoBa reHis;
4) eHOOUMNTO3;

5) cKnagHi xXryTukm

Oc

HOBHi rpynmn

Bipycn
MpioHn
Bipoigun

KpeHapxeoTn
EBpiapxeotun
JlokiapxeoTn
TopapxeoTu
lenmpanbapxeotun
OgpiHapxeoTu

CnipoxeTtun
Mikonna3smu
AKTUHOGaKTepil
MpoTteobakTepii
LliaHo6akTepil

Bopopocri

3eneHi pocnHK
TBapuHONOAI6GHI opraHismu
CnpaB>Hi TBapuHK
MprbononibHi opraHiamn
Mpnbn




CamMOKOHTpPONb 3HaHb

Tect 2. BIOPIBHOMAHITTA
3aBgaHHA 3 BM6opom ofHiel npaBunbHOI BignoBigi (no 1 6asny 3a KoxHy npa-
8UJIbHY 8i0N08IOb)
Po3pin 6iocuctemaTrky, WO 3aiMa€ETbCA BU3HAUEHHAM eBOJIIOLiNHUX B3aEMUH
cepep pi3HUX BUAIB XKUTTA Ha 3eMli — e cuMcTemaTtirka

A wTyyHa b dpeHeTnuyHa

B ¢inoreHeTnyHa I eBOnOLiIHA

MpUCTOCOBAHICTb 1O MEBHUX YMOB iCHYBaHHSA nepenbavae Kputepin
A KapioTnniyHMn B 6ioximiuHuni

B ekonoriuHuin I mopdonoriuHnin

LLlo npencraBna€e reHeTUYHMIA MaTepian Bipycy TIOTIOHOBOI MO3aikun?
A ogHonaHutorosa PHK b nsonaHuytorosa PHK

B ogHonaHutorora [HK I aBonaHutorosa AHK

AKWIA  CBITNOUYTAMBUIA nNirMeHT 3abesneuye doTocMHTE3 y conentobHUX
apxeiB-ranodinis?

A 6akTepiopofoncuH b 6akTepioxnopoodin

B ¢ikobiniH I xnopodoin a

AKNIA TUN XNBNEHHA y LiaHoGaKTepin?

A doToaBTOTPODHMIA b xemoaBTOTPOdHMN
B dpoToretepoTpodHuMii I xemoreTepoTpodHUiA

3aBgaHHA Ha BCTaHOBJIEHHA BignoBigHocTi (2 6anu 3a npasuneHe 3icmas-
JIeHHA)
YcTaHOBITb BiANOBIAHICTb Mi>K FPYNOIO BULLMX POCVH | NpeAcTaBHUKaMMU.

A CnpaBXHi Mmoxu 1 MonoaunbHKKY, 6apaHeLb
b Manopori 2 cdarHym, nonitpux
B XBowHi 3 Tuc, TyA, Knnapuc
I KsiTKoBI 4 marHonis, po6iHis

5 WnTHKK, opnak
YcTaHOBITb BigNOBIAHICTb Mi>K TPYMOI0 CAPaBXHiX TBAPUH i NpeACcTaBHUKaMN.

A Xanki 1 BeHepuH nodAc, MHemioncuc
b lMnocki yepsu 2 Ackapuau, rocTpuKkm

B Kpyrni uepsu 3 [JadHii, komapi

I YnennctoHori 4 TlnaHapii, cncyHun

5 AKTUHiI, rigpun
3aBgaHHA 3 BU6opom npaBuibHOI KOMGiHauii Bignosigen (3 6anu 3a npa-
8UJIbHY KOMOIHAY0)
YKaXiTb Ha3BM TaKCOHIB, LLO XapaKTePM3YyOTb CCTEMATUYHE MONIOXEHHS 306pa-
MKEHOI TBapuHN.

A Bup b Knac B Tun

1 paBnuk BuHorpagHum 1 [BOCTYNKOBI 1 YneHucToHori
2 C/IM3YH YOPHUN 2 Yepenalwkosi 2 Xopaosi

3 nnaHapia MoJsioYHa 3 YepeBoHori 3 MontocKku

4 6e33y6Ka piukoBa 4 [0onoBOHOTI 4 Cnn3oBukmn

CaMOKOHTPOJb 3HaHb
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Tema 2. OBMIH PEYOBMH | MEPETBOPEHHSA EHEPTIT

Tema 2. OBMIH PEYOBUH I
NMEPETBOPEHHA EHEPTII

O3HakKu Xue020 € 1UWe NPOABAMU 20JI08HOI 8/1aCMUBOCMI XU8B0i Mamepii —
30amHocmi 8UisibHAMU, nepemeoptogamu (i BUKOPUCMOBYB8AMU eHepzito 3308Hi.
H. Ipin, Y. Cmaym, /. Tetinop

§18. OBMIH PEYMOBUWH | MNEPETBOPEHHS EHEPTII -
OCHOBA OYHKL|IOHYBAHHA BIOCUCTEM

OCHOBHi NOHATTA N KntouoBi Tepminv: OBMIH PEHOBUH | MEPETBOPEHHA
EHEPTII. Acuminauisa. Aucuminayis.

MpurapanTte! Lo Take 6ionoriyHa cuctema?

{/

Momipkyiite!

Cucmema - ye MHOXUHGA iepapxiy-
HO Op2aHi308aHUX 83AEMOOIiOYUX esleMeHmis.
Cnctemn MOXyTb OyTU 3akpumumu (y HUX
MOXMBUIA NKlie OOMIH eHeprielo) i 8iokpu-
mumu (HaABHWIA OOMIH PEYOBUH I eHeprii),
NPOCTMMM N CKNAZHVUMM, HEXUBUMU A XKNBU-
MU, 3a popmamu pyxy maTepii po3pi3HATb
di3nyHi, ximiuHi, 6ionoriyxi, couianbHi cuctemn. B YoMy > ronoBHA BiAMIHHICTb MiXK
HeXXMBOIO (CHIXXMHKa) 11 XKuBoto (pagionapis Acanthometra tetracopa) cnctemammn?

3MICT

Yomy o6MiH pe4yoBUH Ta eHeprii € 0OCHOBOI (YHKLiOHYBaHHA
GionoriuHnx cucrem?

bionoriyHi cuctemu € BigKPUTAMY CUCTEMAMMU, AKI MOXYTb iCHYBaTV 1LLIE 33 YMOBH
MOCTiHOTO 308HiWHL020 06MiHY PEYOBUHAMU, EHEPTIELD Ta iHGOPMALLi€IO 3 HABKONMLL-
Him cepepoBuleM. OKpiM TOro, BCepeAUHi XKMBUX CUCTEM TaKOX BifOyBa€TbCA iHTEH-
CVIBHUI 8HYMPIWHIl 06MiH pe4yoBUH, eHepril Ta iHdopMaLii MiXK OKpeMUMKN YacTUHaAMN
6iocuctemm (opraHenamm KniTvH, OpraHamy opraHiaMmy, opraHiamamm B eKocrucTemi).

OBMIH PEYOBUH | NEPETBOPEHHA EHEPTII - cykynnicms npouyecis, wjo 3a-
6e3neyyromob HAOX00XeHHs peqdosuH U eHepeii i3 cepedosuwd, IXHE nepemeopeHHs y
6iono2idyHUX cucmemax ma 8udasieHHA npodyKmis xummeoianbHocmi U eHepeil' y ce-
pedosuuje. O6MiH peyoBMH i NepeTBOPEHHA eHeprii XapaKTepHi Ana BCix biocncrem
i BinOyBaloTbCA Ha YCiX PiBHAX IXHbOT opraHisadii. Tak, Ha MONeKynsApHOMY PiBHi B
06MiHi peuoBUH GepyTb yyacTb GioenemeHTH, 6ioHeoOpraHiuHi Ta 6ioopraHiyHi pe-
YOBMHM, Y KIiTUHAX OOMiH PEYOBUH Ta eHepril 34iNCHI0ETbCA 3a yyacTi GepMeHTiB,
B OpraHi3mi Bif0yBaloTbCA NPOLECH B3aEMONEPETBOPEHHSA PEUYOBUH. Y eKOCUCTEMAX




i 6iocdepi 06MiH peyoBUH 1 eHeprii Ha3KBaTb 6iONOriYHNM KPYroobirom, TOMy Lo
MNOro 34INCHIOITb XNBi OPraHiaMun — NPoAyLEeHTN, KOHCYMEHTU N pedyLeHTn B Xap-
YOBMX NaHUOrax.

Y 3aranbHOMy MOTOLi peyoBMH, eHeprii Ta iHdopMmalLlii, Lo NpPoHK3Yye Ta 06'eaHYE
yci 6ionoriyHi cmnctemun, MoXKHa BUOKPEMUTM TPW eTanu: 1) HaAXOOKEHHA PEYOBMH Ta
eHepriiy 6iocrctemu; 2) BHYTPILIHbOCUCTEMHI MePeTBOPEHHA PEYOBUH Ta eHepril; 3) BK-
[aneHHA peyoBUH Ta eHepril i3 6iocuctemun. Hanpurknag, y KniTMHax pocsiiH COHAYHe
CBITNIO MOTPAnAE Ha Xnopodin, NepeTBOPIOETLCA B €HEpPrito XiMiuHUX 3B'A3KiB ATO i
rMOKO3M, @ KIUCEHD, LLIO YTBOPIOETLCA AK KiHLEBUI NPOAYKT, BURINAETLCA B aTMOChepy.

O6MiH peyoBMH BifOYBaETHCA | B HEXMBIN NPUPOAI, OAHAK Lel npouec 3Hau-
HO BiOpi3HAETbCA Big 0O6MiHY B XMBUX cucTtemax. Lia BigmiHHICTb 3ymoBneHa Ha-
camnepeq Tum, wo OBMIH PEYOBWH Y BIOCUCTEMAX 3ABE3MNEYYE MNOCTINHE
CAMOOHOB/IEHHSA, CAMOPETYJIALIFO | CAMOBITBOPEHHA TA 3[INCHIOETHCA
3ABAAKW 3NIATOIMKEHIN OIT YNCNEHHUX CTPYKTYP. Y pesynbTati 06MiHy peuoBuH
eHeprisi B 6iocncTeMax MOXKe HAaKOMMUyBaTUCs, 30epiratca n BMKOPUCTOBYBATUCSA
IR NpoueciB XUTTeianbHocTi. OKpiM TOro, o3Hakamu 6iofioriyHoro obMiHy peyo-
BVH 1 NepeTBOPEHHA eHeprii € noeTanHicTb nepebiry, 6iokaTaniTMYHWIA XapakTep i
perynboBaHiCTb NPoLeCiB BHYTPILHbOCUCTEMHOIO NePeTBOPEHHS.

OT1xe, GYHKLiOHYBaHHA 6iONOriYHNX CMCTEM MOKIUBE NMLLIE
3a YMOBW HagXO[XeHHA, NepeTBOPEHHA 11 BUAANIEHHA NMEeBHUX PEYOBUH,
eHeprii Ta iHbopmauii.

Y yomy nonArae eAHICTb NpoueciB acuminauii n gucnminauii?

OO6MiH peyoBUH 11 NepPeTBOPEHHS eHepril B OpraHi3aMi CKnaga€eTbea 3 gisiono2iyHux
(>KMBNEHHA, TPaBNEHHS, AUXaHHA, TPAHCMOPTYBAHHA PEYOBUH, BCMOKTYBaHHS, BULi-
neHHs), isuyHuUX (ndy3ia, 0CMOC, PO3UMHEHHA) 1 XiMiYHUX (OKUCHEHHSA, BiHOBNEHHS,
rigponis, 6pogiHHA) npouecis. Ll cyKynHicTb nepeTBOpeHb PO3rnAfaloTb AK €AHICTb
[ABOX MPOTUNEXKHMX | B3AEMOMOB'A3aHMX NPOLECiB — acuminAauii i gucnminadii (i1. 55).

Acuminsauia (Big nart. assimilatio — ynofiibHeHHs, 3aCBO€HHsA), abo aHabonizm, —
4acmuHa 3aeasnbHo20 06MiHy pedyosuH U eHepeil, WO NosA2a€e 8 NOJAUHAHHI, HA2po-
MAOXeHHi ma nepemeopeHHi pedyo8uH, WO HAOX00SMb 8 Op2aHi3M. 3aBOSKU LM
€HeproBMUTPaTHMUM NpoLiecaM OPraHi3M 3aCBOKE NMOXMBHI PEUOBUHU, YTBOPIOE Bac-
Hi peuoBMHU, BYLYE 3 HUX CBOI CTPYKTYpU, 3abe3neuye picT i pO3BMTOK, OHOBIEHHSA
CKNafgHWKIB Ta HAKOMUYEHHA 3anaciB ANA BUKOPUCTAHHA iX AK AXKepena eHeprii.

]J,lncvainﬂu,iﬂ (Big naT.. dissimilatio - NornuHanHs exeprii
HecxoXun), abo karabonism, - ye uya- ey
CMUHA 3a2a1bHO20 OO6MIHY, ni0 4ac AKo2o
8idbysaombca po3wjensieHHs, pyUHy8aHHA
CKJIAOHUX OpedHiyHUX cnonyk (6inKig, Xu-
pie, eyznesodie, HykneiHoBUX KUCOm) 6 Poswenneni OOMIH PEYOBUH  yprasopay
opzaHiami Ha npocmiwi. HannpocTiwmnmn —PEIBMH Ta eneprit henogumn
KiHLEBUMM NpodyKTamu ANCUMINALIT BCiX
OpraHi3miB € BOga, ByrneKkucanm ras i amo-

HiaK. Y npoueci gucuminayii BUBiNbHAETbCA yvyvvy
eHepris, AKa NepeTBOPIOETbCA B iHLWI dop- BuBinbHeHHA eHeprii

MU Ta aKyMymlo€TbCA B MOneKynax ATO. In. 55. Cxema 06MiHy peyoBUH Ta eHeprii

§ 18. O6MiH peyYoBIH i NepeTBOPEHHA eHeprii — 0cHoBa GYHKLiOHYBaHHA biocnctem
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Mpouecn acuminayii He 3aBXAnM NepebyBatloTb y PiBHOBA3i 3 Npouecamun AnUcu-
minAuii. Ha npouecn acuminAuii 1 gucMminAgii BNANBalOTb Taki YNHHUKN, AK YMOBM
CcepenoBuLLa, BiK, CTaTb, CMOCIO XNUTTA, BUA AiANbHOCTI, Gi3ionoriyHMi cTaH ToLlo.

OTXe, acMMinALiA N ANCMMINALIA € B3AEMHO MPOTUNEXHUMUN | HEPO3PUBHO
NoB'A3aHMMN NOTOKamu pedyoBuH Ta eHeprii. CUHTE3 PEYHOBUH MOTPEBYE
EHEPTII, WO BMBIIbHAETHCA MiA YAC PO3LLEMIEHHA PEYOBWH.

flke 3HaUeHHA pe4vyoBUH, eHeprii Ta iHdopMmauii gna 6iocrcrem?

PeuyoBuHa - ye cykynHicme amomis, amomMHUX YaCmMUHOK YU MOJIeKyJ1, ujo nepeby-
8410Mb Yy NEBHOMY az2pe2amHoMy cmadi. XiMidHi pe4yoBUHM, WO CKNajalTbCA 3 aTOMIB
OfHOro BMAY, € NpoCcTMMK (MeTanu i HemeTanu), 3 aTOMIB Pi3HUX BUAIB — CKNagHUMMU.
CknapHi XiMmiuHi pe4yoBUHM NOAINAIOTLCA Ha Op2aHiYyHi (Hanpuknag, mMmani Monekynu,
MaKpOMONEKYNW) i HeopaaHi4yHi (OKCMAW, OCHOBU, KNCNOTK 1 coni). KoxkHa peyoBMHa
Ma€ CBOi crneuundiuHi BNaCTUBOCTI, TOOTO 03HAKK, 3a SSIKUMU MOXKHa Bigpi3HUTK Ti BiA
iHWMX peyoBMH. O3HaKK, 3a AKUMM Pi3Hi peyoBrHM NodibHi Mix coboto abo Biapis-
HATbCA OAHA Bif OAHOI, HAa3UBAlOTbCA 8/1ACMUBOCMAMU pe4o8uH. Po3pi3HATb ¢i-
3MYHI 1 XiMiYHi BNAaCcTUBOCTI PeYOBUH, WO BU3HaYaloTb XiMiuHi 11 GisnyHi npouecn, Aki
BiiOyBatloTbCA B HiocmcTemax. PeuoBuHM HagxoaaTb Jo biocuctem i 6epyTb yyacTb y
MNACTUYHWX I eHEPTeTUYHUX NePEeTBOPEHHSAX. [TnacTnyHa ¢yHKLis peuyoBUH nonarae
B YTBOPEHHI BflaCHUX PEYOBVH, TKaHVH, OPraHiB »KMBOro. EHepreTuyHi nepeTBopeHHA
peyoBMH NOB'A3aHi 3 yTBOPEHHAM ab0 pyIHYBaHHAM IXHiX XiMiUHVX 3B'A3KIB.

EHepria (Big rpeu. eHepeoc — RiAnNbHUN) — ye 3d2asabHA KiNbKicHA Mipa pyxy i
83aemo0ii 8cix 8udig Mamepii. EHeprif He BUHWKAE Hi 3 YOro i HiKyM He 3HMKAE, BOHA
MOXe TiNIbKM NepexoanTn 3 OAHOrO CTaHy B iHLWMWIA (3aKOH 36epexxeHHA eHeprii).
BHacnipok icHyBaHHA 3aKOHYy 36epexeHHA eHeprii MOHATTA «eHepria» 06'efHye BCi
ABMWa npupoaun. MoHATTA eHeprii noB'A3aHe 3i 3gaTHicTioO ¢i3nyHoro Tina abo
CMCTEMM BUKOHYBaTU poboTy. Mpu ubomy Tino abo cucTema 4acTKOBO BTpayvae
eHeprito, BMTPayvatoun ii Ha 3MiHM B HaBKOMMLLHIX Tinax. bionoriyHi cuctemn 3gatHi
oTpumyBaTn ceimnosy (eHepria CoHuA) abo XimiyHy (eHepris pevyoBUH) eHep-
rito 330BHi, NepeTBOPIOBATY il B Pi3Hi BNAN (MeXaHiuHy eHeprilo pyxy, enekTpuuHy
eHeprito 30y4>KeHHS, TEMJIOBY €Heprilo AnA Tepmoperynauii Towo).

Inpopmauin (Big nat. informatio — NOACHEHHS, MOBIAOMIIEHHS) — Ye CYKYNnHicmeo
gidomocmeli (0aHux), AKi cnpulimarme i3 HABKOUWHBLO20 cepedosuuwida (8xiOHa
iHpopmayis), sudarome y HaBKONUWHE cepedosuwie (8uxioHa iHgpopmayia) abo 36e-
piearome 8cepeduHi negHoi cucmemu. Ana 6ioNoriYHMX CUCTEM BUOKPEMIOIOTDL TaKi
BMAW iHbOpMaLlii, AK 308HIWHA I BHympiwHA, GiznyHa (CBiTNOBA, 3BYKOBa, MexaHiu-
Ha, rpaBiTaliiHa, TennoBa)  xiMmiuHa (HIOXOBa, CMaKoBa). Tak, 30BHilIHsA iHpopmaLina
NpPO HaBKOMMLUHE cepefoBuLle CNPUAMAETbCA (GOTO-, XEMO-, TEPMO-, MexaHope-
LenTOPHMMK MOMEKYaM/ UM KNiTUHaMK, BHYTPIWHA reHeTUYHa iHpopmauia 3anu-
caHa Ha [JHK. 3aBaaKkuy 30BHiLWHI iHpopMaLii 34iNCHIOETLCA NOAPA3NUBICTb XKMBOTO,
a reHeTuyHa iHbopmauia 3abesneyye iHaMBIAYaNbHUN PO3BUTOK Ta 3B'A30K NMOKOJiHb
y yaci.

OTXXe, TPUEANHUIN MOTIK PeYOBUHK, eHepril Ta iHdopMmaulii

BWKOHYE MPOBIiAHY iHTErpaTuUBHY POJb A1A cCaMoopraHisauir
Ta UinicHOCTI 6ionoriyHmMx cuctem.



BIANbHICTb

CamocTilnHa po6oTa 3 Tabnuueto

3a gonomoroto Tabnuui B poboyomy 30-
WKTi MOpPIBHANTE eTany OOMiHY PEeYOBUH Ta
nepeTBOPEHHA eHeprii y 3anponoHOBaHMUX
opraHi3mis. Yomy 06MiH peyoBKMH Ta NepeTBo-
peHHA eHeprii € OCHOBOKW QYHKLiOHYBaHHA
umx opraHi3mie? LLlo € cninbHOro 1 BiAMiHHOIO
B OOMiHi peYOBUH Ta eHeprii X opraHiamis?

Ta6nuua. OCHOBHI ETANU OBMIHY PEYOBUH | NEPETBOPEHHA EHEPTII
O3Haka Kanuna lFopo6eLb xaTHii
1. Hapxop»keHHA pevyoBUH Ta eHeprii 4O OpraHiamy
2. BHYTPILIHbOKAITUHHI NepeTBOPEHHA
3. BupganeHHa peyoBuH Ta eHeprii 3 opraHiamy
bionoria + KibepHeTuka. «<4YopHa CKprHbKa»

«HopHa cKpuHbKa» — Le TePMiH, AKNA BUKOPUCTOBYIOTb
y TexHiLi 11 KibepHeTuli AnA no3HayeHHs 06'eKTa un cucte-
MW, PO MNPUHLNNN AiT AKUX HIYOro HEBIJOMO, KpiM TOTO, L0
neBHOMY BXiJHOMY CWUrHany BiANOBIAA€E MEBHWNA BUXIAHWN
curHan. «4YopHa CKpuHbKa» € BaXkK/MBUM eleMeHTOM Ta-
KOX Y MNlaHyBaHHi eKCcnepuMeHTy Ta B HayLi 3aranom. Bu-
KOPWUCTOBYIOUYM JaHe MOHATTA, HayKOBLi OTPUMYIOTb 3MOTY
BVMIKOPWCTOBYBATY TOW PiBEHb 3HAHb NMPU AOCTiIAXKEHHI 06'€KTA, WO HEOOXigHWI AnA
[JOCATHEHHA ONTUManbHOro pesynbTaTy niaHyBaHHA. HaBediTb npuKnagm 3actocy-
BaHHA METOLY «4OPHOI CKPUHbKW» B 6ionorii.

CTABJIEHHA

bionoria + NMcuxonoris. O6MiH peuyoBUH I penpoayKTUBHa NOBediHKa

PenpoaykTrBHa nosegiHKa NognHn GOPMYETbCA Mif BIIMBOM MOMAITUYHUX, EKO-
HOMIYHUX, ETHOKYSIbTYPHUX, ETUYHNX YNHHUKIB | BUABNAETbCA AK peakLia nogen Ha
30BHiLLHI 1 BHYTPILWHI CTUMYN A0 MPOAOBXKEHHSA POAY i MNaHyBaHHA MalbyTHbOI po-
AVHN. A 4 Ma€ penpoayKTMBHa NoBefiHKa 3BOPOTHUIN BNANB?

HasegiTb NnprKnaau, Wo AOBOAATb B3aEMOBMINBM PENPOAYKTUBHOI NOBEAIHKM Ta
O0OMiHY PEUYOBVH 1 NepeTBOPEHHSA eHeprii B opraHiami nognHu.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. Wo Take 06MiH peyoBYH i NepeTBOpPEHHA eHeprii? 2. Ha3BiTb OCHOBHI eTanu 3a-
ranbHoOro o6miHy peuoBuH Ta eHeprii. 3. LLlo Take acuminauia? 4. Lo Take gucumins-
uia? 5. Lo Take noTik peyoBuH, eHeprii Ta iHpopmaLii? 6. AKi rpynu peyosuH, BuAK
eHeprii Ta iHpopmaLii matoTb micLie B 6iocnctemax?

7. Yomy 06MiH peyoBMH Ta eHeprii € OCHOBOW QYHKLiOHyBaHHA 6i0NOriYHMX Cu-
7-9 |cTem? 8. Y yomy nonArae €QHiCTb nNpoueciB acuminAuii n gucuminaudii? 9. fike 3Ha-
YeHHsA pPeyoBUH, eHeprii Ta iHpopmauii fna 6iocnctem?

10-12 | 10. Wo € cninbHOro # BiAMiHHOTrO B 06MiHi PeYOBMH Ta eHeprii Pi3HUX opraHi3mis?

§ 18. O6MiH peyYoBIH i NepeTBOPEHHA eHeprii — 0cHoBa GYHKLiOHYBaHHA biocnctem
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Cunu Yomupu, Wo NOEOHAUCY,
Teopamoe xxumms, cmeopusiu i cgim.
. Ulunnep

§ 19. BIOEJIEMEHTW. BIOHEOPTAHI4YHI PEHOBUHW: OINAn
BYAOBU U BIOJIOTI4YHA POJIb

OcHOBHi NOHATTA N Kno4voBi TepmiHu: BIOEJIEMEHTIW. BIOHEOPTAHIYHI
PEYOBUHMN.

MpuraganTte! Lo Take xiMiuHi enemeHTI?

& MomipkynTe!

Y cknapi XMBOro € marxe BCi XimiuHi enemeHTu [lepio-
anyHoi cuctemn [l. . MeHpeneeBa, ane OCHOBHI O3HaKWM WBOro
BM3HaAYaloTbCA BMACTUBOCTAMM N OYHKUiAMU nuvwe npubnansHo
30 6ioenemeHTiB. fIKi GyHKLIT bioenemeHTiB B 0OMiHi peyoBuMH?

3MICT

flka ponb 6ioenemeHTiB B O6MiHi peyoBUH Ta NMepeTBOPEHHi
eHeprii?

BIOFEHHI EJIEMEHTWU (6ioenemeHTI) — ye XiMiyHi elemeHmu, wo 8xo09me 00
cKnaody Xueoi mamepii, 8uA8IAOMb Ne8Hi 8nacmugocmi ma gidizparome 8axxausy
poJib y npoyecax xummeoisanbHocmi. Hanbinblumn BMICT y MBI Npypogi npunagae
Ha enemeHTu-opraHoreHu (figporeH, OkcureH, KapboH, HitporeH), wo € Tmnosumum
HemeTanamu. bionoriyHe 3HauyeHHA OpraHoOreHiB 3yMOB/IeHe TakNMU BNaCTUBOCTAMU:
1) aToMV OpraHoreHiB fIerko cnony4yaTbca Mixk cob0to, yTBOPIOIOYM MiYyHI KosaseHm-
Hi 38’A3KuU, WO 3abe3neuye cTiNKicTb 6iomonekyn; 2) lNaporeH Ta OKCUreH MOXYTb
YTBOPIOBaTU C/1a6Ki 800HEBI 38’A3KU, AKi 3yMOBMNIOIOTb MOXIMBICTb 3MiHW CTPYKTYpHU
6iomonekyn; 3) MaloTb Mani Po3Mipu, Many BifJHOCHY aTOMHY Macy i € nerkumm ene-
MEeHTaMW, Lo BaXIMBO A1 YTBOPEHHA Giomonekyn.

MakpoenemeHtamm € metanu — Kanin, Kanbuin, Hatpin, Marnin, ®epym i He-
meTtanun — Qocdop, Xnop, Cynbdyp. ATOMHa mMaca Lmx enemeHTiB gewwo binbua, ane
IXHI 30BHILWHIN eNeKTPOHHUI Wap Mae abo notpebye Ans 3anoOBHEHHA HEBENVKY
KinbKicTb enekTpoHiB. OCHOBHUMM BAAacTUBOCTAMU MaKpoesieMeHTiB €: 1) BMCOKa
3[aTHICTb YTBOPIOBATU UOHU Ta yyacCTb B YTBOPEHHi UOHHUX 38°A3Ki8; 2) GinbLicTb €
CUNbHUMW 8iOHOBHUKAMU abo OKUCHUKAMUu, TOMy B CKnagi 6iocmctem focutb YacTto
6epyTb yyacTb y perynauii XUTTeBnx GpyHKLii.

Mikpoenemenmamu e Linnk, Noa, Kynpym, MaHraH, Moni6aeH, KobanbT Ta iHLwi,
LLO PO3TaLLOBYIOTbCA B HUXKHIN YacTUHI Tabnuui, y nepeBaxHil 6inbwocTi € meTana-
MM 3 BiIHOCHOIO aTOMHOI Macoto, 6inbLoto 3a 50. MikpoeneMeHTU akTMBYOTb abo
NPUrHivyoTb GepMeHTU Ta BXOAATb A0 CKNAAHUX GEePMEHTIB, TOMY iX Ha3MBaIOTb «Ka-
manizamopamu kamasnizamopis». [1o MikpoenemMeHTiB HanexaTtb i Taki BaXnuBi gna
Xnsoro HemeTtanu ak Onyop, Cuniuin, CeneH Ta iH.

bioenemeHTn B GiocMcTemax BMKOHYIOTb CBOI OYHKLUIii y cknagi 6iomonekyn y
$OpMi HEPO3UMHHKX CMIONYK Ta NOHIB. 3a GYHKLiAMU 1 6iONOriYHUMU BNACTUBOCTA-
MK GioenemeHTU KnacmdikyoTb Ha CTPYKTYpPHI Ta meTaboniyHi (perynatopHi, 6ioka-
TaniTMYHi Ta KPOBOTBOPHI). CMpyKmypHi 6ioenemeHmu 6epyTb y4acTb B yTBOPEHHI
CNoNyK i BUKOHYIOTb ponb OyfiBenibHOro mMatepiany Ana KniTUH, TKaHWH 1 OpraHiB.



Tak, KapboH, OkcureH, HitporeH, lgporeH yTBOpIooTb OpraHiuHi pevoBurHu, KanbLiin
n ®ocdop - KiCTKK, Yepenaluky Mostockis, Cunilin — ONOPHI CTPYKTYpUW AiaTOMOBUX
BOAOPOCTEN, XBOLWWiB, pagionapin. biokamanimuyHi enemeHmu 3abe3neuyoTb BU-
COKy 6iofioriuHy akTUBHiCTb depMeHTiB i BiTamiHiB. Hanpuknag, KobanbT € B cknagi
uiaHkob6anaminy, Kynpym yTBOpIo€ LuTOXpoMU. Pe2ysnamopHi enemenmu B cknagi
FOPMOHIB 3AIMCHIOTb eHOOKPUHHY perynauilo (Mof € CTPYKTYPHUM KOMMOHEHTOM
TUPOKCUHY, LIMHK — iHCYniHY), TPaHCMOPTYIOTb PEeUYOBUHM KPi3b MeMbpaHu (HaTpil-Ka-
NiEBUIN HACOC), CTBOPIOIOTb Pi3HULIIO NMOTeHLianiB Mo pi3Hi 60KN MembpaH Ansa CMHTe3y
ATO (oHu TigporeHy) Ta iH. KposomeopHi 6ioenemenmu (ODepym, Kynpym) 6epyTb
yyacTb y npoLecax remonoesy.

OT1xe, 6ioeneMeHTV BUKOHYIOTb Y BiocMcTeMax CTPYKTYpPHY,
6ioKaTaniTMyHy, perynatopHy Ta KPOBOTBOPHY GYHKLii.

AKi npocTi HeopraHiuHi peyoBMHN GepyTb yuyacTb B OGMiHi peyoBUH i
nepeTBOpPeHHi eHeprii?

BIOHEOPTAHIYHI PEMOBUHMW - ue npocmi U ck1a0Hi Heop2aHiyHi pe4osuHU, He-
€Maya akux y Xusomy npu3sooums 00 nopyweHHa bionoziyHux ¢yHkyid. Lii npocTi i
CKNafHi pevoBrHU € 060B'A3KOBUMUN KOMMOHEHTaMK Byfb-AKoi biocuctemu.

3 Hememanie HalbinbLle 3HAaYeHHA B GiocncTeMax MalOTb KuceHb Ta a3oT. Oc-
HOBHOI OCOBNMBICTIO, O 3yMOBJTIOE GiONOriUHE 3HAUEHHS HEMETAJTIB, € TE, L0 BOHU
MaloTb 34aTHICTb MPUEAHYBATN €NIeKTPOHU Ta € OKUCHUKAMU B OKUCHO-BIfHOBHMX pe-
akuiax. AckpaByM NpUKNagoM TakmMx PeUYoBUH € KUCEHb AK aKLEeNTOp eNIeKTPOHIB Y
peakLuiax KNCHeBOro po3LenneHHa 6iomoneKkyn. Baxxnusmum gna KUTTERIANBHOCTI €
1 a30T He3BaXalun Ha NOro XiMiyHy iHepTHICTb. Y GiocucTemn Leit ra3 HagXxoauTb
3aBAAKM a30TodiKCyOUiN AianbHOCTI 6ynbO0UKOBYX 6aKTepil, LiaHobaKTepii.

Y MepiognuHin cnctemi [. |. MeHgeneesa 85 enemeHTiB € Mmemanamu. [lecAatb 3
Hux (HaTtpin, Kanin, Marnii, Kanbuin, Manran, ®epym, Kobanbt, Kynpym, LinHK, Mo-
nibgeH) BigirpaloTb BaXKNMBY PONb Y KUTTERIANBHOCTI OpraHiamiB i oTpUManu Ha3By
«MeTanun Xutta», abo 6iomeTann. Metanu matoTb 34aTHICTb BigAaBaTU €NEKTPOHN i
O6yTWN CUMbHUMU 8iOHOBHUKAMU B OKMCHO-BIHOBHMX peakKuisx. Lli peyoBmHM nerko
YTBOPIOKOTb CTilKi MOHW, Lo 6epyTb y4acTb Y TPAHCMOPTYBaHHI peyoBuH (HaTpiii, Ka-
nin), B3aemonepeTBopeHHi dopm eHeprii (Kanbuill y M’A30BOMY CKOPOYEHHi). BoHM
BXOAATb 10 CKnagy ropmoHiB (LlnHK, KobanbT), pepMeHTiB i AnXanbHUX Ta GOTOCUH-
Tesytoumx nirmeHTiB (PDepym, Kynpym). Baxki meTanun YMHATb TOKCMYHY Aito Ha opra-
Hi3mu (Kagmin, Mepkypii).

OTKe, NPOCTi PeYOBUHM B CKNafi XNBOTFO 3AiNCHIOITb OKMCHO-BiIAHOBHY,
CTPYKTYPHY, PErynaTopHy, eHepreTnyHy QyHKLUil.

flke GionoriuHe 3HaYeHHA CKNagHNX GioHeopraHiuYHNX peyoBUH?

Cepep CKNafHMX PeUYOBMH BUOKPEMITIOIOTb OKCUAM, KUCIIOTU, OCHOBW, CON.

Okcudamu € cknagHi 6iHapHi cnonykun enemeHTiB 3 OKcureHom. KucsiomHi okcu-
ou (CO,, SO,, SOs, N,Os, P,0s) nepeBaxHo fobpe PO3UMHSAIOTLCA Y BOAI 1 YTBOpIO-
I0Tb MiHepanbHi kucnoTu. Kap6oH(IV) okecng CO, € perynatopom ArXaHHSA, a YagHui
raz CO — TOKCUYHOW PeyoBUNHOW. OCHOBHI OKCUOU (3@ BUHATKOM OKCUAIB NYXKHUX i
LeAKnx nyxHosemenbHUX meTanis, Takux Ak K,O, Na,O, MgO) nepeBakHO Hepo3-
UMHHI Y BOAi N 3[aTHi pearyBaTh 3 KWC/IOTaMMX 3 YTBOPEHHAM BaXkNMBUX ANA XKU-
BOro conewn Ta ocHoB. Cepen ampomepHuUx okcudie Hanbinble 3HayeHHA mae H,0.

§ 19. XimiuHi enemeHTU. BioHeopraHiuHi pevoBuHK: ornag 6ygosu 1 6ionoriyHa ponb
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Y XUBUX CUCTEMAX BaXKNNBY PONb BUKOHYE rigporeH nepokcung H,0,, AKN € cunbHUM
OKVCHVKOM i TOMy HebGe3neuHum ana KnituH. Ponb HiTporeH (1) okcupy AK curHanbHol
MOJIEKY/IN B XMBUX OpraHiamax 6yna Bigkputa y 1980-x pokax.

Kucnomamu Haszusaromsca cnosiyku, wo micmame y mosekynax amomu [iopo-
2eHy ma KucaomHi 3anuwku. OCHOBHO 6ioNnoriyHo BRACTUBICTIO KUCNOT € iXHA
30aTHICTb OO AMcouiauii 1 BU3HAaYeHHA KUCIOTHOCTI PiAVH BHYTPIWHbOrO cepepo-
Buwa. Kncnotn yTBOptooTb BaxknmBi ansa xusoro aHioHn NOs, CI, SO., COT (6epyTb
yyacTb y perynauii npouecis) Ta kaTionn H', Big KoHuUeHTpauii Akux 3anexutb pH
piavH 1 cekpetiB. CusbHi KUCIOMU aKTUBYIOTb TpaBHi depmenTn (HCI), 3maTHi pos-
UMHATY MiHepanbHi CMONyKK, WO HaaxoaATb AnA obmiHy pevyosuH (H,SO,), 6yayoTb
BaxnuBi 6iomonekynu (3anuwkm Hs;PO,y cknagi ATO, Hykneotumgis, docdoninigis
TowWoO). Y c/1abKux KUucsiom nuile HeBenmKa YaCTUHa MOJEKYN AMCOLiE NMOBHICTIO Ha
MOHW, ane 1 BOHM akTUBHO 3anyyvatoTbca ana perynadii pH kposi (H,CO; i1 kapboHaT-
Ha bydepHa cuctema), oA yTBOPEHHA opraHiuHmnx cnonyk (H,S gns 6aktepianbHoro
$OTOCUHTE3Y) TOLWO.

OcHosamu HA3uBarMe Cnoayku, 00 CKAady AKUX 8X00AMb amom Memany i 2io-
pokcunbHi 2pynu. OCHOBW MatoTb 3AaTHICTb 3B'A3yBaTu oHn H' Ta 6epyTb yyacTb B
yTBOpeHHi bydepHux cnctem. binbluicTb OCHOB y BOAi HEPO3UMHHI, TOMY XUBI Opra-
Hi3MM YTBOPIOKOTb iX AK KiHLEBI NPOAYKTM OKMCHO-BIAHOBHMX peakLin. PO3unmHHi oc-
HoBM 6epyTb yuacTb: 1) B yTBOpeHHi conert (NaOH, KOH); 2) y peakuisx HenTpanizauii
(Ba(OH), — pna HenTpanizauii HCI 1 3meHweHHa kncnotHocTi, AI(OH); — ana HenTpa-
ni3auii ankanoifiB POCNMHHOI iXi y TBapyvH); 3) B FPYHTOYTBOPEHHI 1 CTBOPEHHI YMOB
icCHyBaHHA AanAa rpyHToBMx mewwkaHuis (Ca(OH),) Towwo.

MinepanwbHi coni - ye npodykmu nogHo2o0 abo 4acmkogo2o 3amiwjeHHa amomis
liopozeHy 8 kuciomax Ha amomu Memarig. PO3unHHI coni nig yac gucoudiauii poskna-
JAlTbCs HAa KAMIOHU Memarsiie Ta aHIOHU KUC/TOMHUX 3a/1UWKI8, 3aBAAKM YoMy BifOy-
BAlOTbCS HAAXOMPKEHHS i3 cepefoBMLLA iCHYBaHHSA A0 6iocucTem 6araTboxX MOXUBHUX
eneMeHTIB, OKUCHO-BIAHOBHI peaKLii, peakuii 06MiHy 3 OCHOBamW, KACNOTaMu, iH-
Wwumm conamn. Hepos4yuHHi coni 6araTo opraHiamiB BUKOPUCTOBYIOTb A1 NOOy#0BU
3aXMCHUX Ta OMOPHMUX YTBOPEHb (Hanpuknag, Kanblin kapboHaTt, Kanbuin docdat
YTBOPIOKOTb UepenaLlKy, CKefleT Kopanis, 3you xpebetHux). Kucsi coni, Aiki yTBopto-
0TbCA y peakLiax MixK nyramu i Kucnotamu, 6epyTb yyactb y dopmyBaHHi OydepHmx
cmcTeM. |13 po3yuHHUX conen anA opraHiamis Halbinblue 3HaYEHHA MatTb COMi, WO
ix yTBOpIOIOTL KaTioHn HaTtpito, Kanito, Kanbuito, MarHito, ®epymy Ta 3anuwikm xno-
puAHOI, cynbdaTHOT, HiTpaTHOI KucnoT. Li noHn 3abe3neuytoTb TpaHCNOPTYBaHHA pe-
YOBUH Kpi3b MeMbpaHu KNiTWH, perynsuilo poboTn cepus, NpoBefeHHA 30yaKeHHs,
aKTMBaLilo pepmeHTiB ToLwO.

OTe, CKnafHi HeopraHiyHi peyoBuHK BepyTb yyacTb y HaBaXKNUBILLMX
npouecax GyHKLiIOHYBaHHA ycCix GioforiyHmx cucrem.

AIANbHICTb

M CamocrTiliHa po6oTa 3 Tabnuuelo «3HauYeHHA GioenemMeHTiB»

Mepen Bamu XimiuHi cumBonn 16 HeoOXigHUX Ans XUTTs 6ioenemeHTiB: Na, Ca, K, Mq,
Fe, B S,Cl,H,O,C N, |, F, Cu, Co. Po3TtawyiiTe ix y BignosigHoMy pagKy Tabnuui «bionoriuHe
3HaAYEHHA eJIeMEeHTIB OpraHi3my NoAVHW» HABNPOTU GYHKLN, L0 BOHW BUKOHYIOTD.



Cumson 3Ha4yeHHA

Y cknagi monekyn yCix opraHiYyHMxX pe4yoBuH

Y cknagi Boau i 6iomonekyn, y4acTb Y peakLisix OKUCHEHHSA

Y cknagi BOAM i OpraHiyHMX peyoBUH, y4acTb Y peaKLifnX BigHOB/IEHHA

Y cknapi 6inkiB, HyKneiHoBux Kncnot, ATO, bepmeHTiB, BiTaMiHiB
TpaHcnopTyBaHHA PEYOBUH 3 KNITUHW, perynauia putMy cepuesoi AiANbHOCTI
Y cknagi KiCToK, perynsauis putMmy cepus, 3CiJaHHA KPOBI
TpaHCNopTyBaHHA PEYOBUH Y KNITUHY, 34iNCHEHHA NOAPA3NNBOCTI
KoMmnoHeHT xnopooiny, akTUBYE fiANbHICTb depMeHTiB KaTabonismy
KoMnoHeHT remorno6iHy, MiornobiHy, depmMeHTiB-L1MTOXpOMiB

BxoauTtb fo cknapy KicTok, 6inkiB, HyKneiHoBmx Kncnot, ATO Towo
BxoanTtb [0 cKnaay LWIYHKOBOIO COKY

BxofunTb o cknagy cynbdypoBMICHMX aMiHOKMCAOT, BiTaMiHy B, (TiamiHy)
BxoauTb fo cknapy emani 3y6is

BxoauTtb [0 cCKnagy TMPOKCUHY, TPUAOATUPOHIHY

KoMnoHeHT remouiaHiHy MONOCKiB, depMeHTiB AUXaHHSA

Y cknagi BiTamiHy B1y, AKWI perysnoe KPOBOTBOPEHHA

3aBAaHHA Ha 3icTaBNeHHA «OpraHism nlAVHN I MeTanu»

EkcnepumeHTanbHO [OBEAEHO, WO B OpPraHiami N0AWHW Ha MeTanu npunagae
6n13bKo 3 % (y noguHmM macoto 70 Kr e cTaHoBuUTb 2,1 Kr): Kanbuin (1700 r), Kanii
(250 1), Hatpin (70 1), MarHin (42 r), ®epym (5 r), UnHk (3 r). 3icTaBTe Ha3BaHi biomeTa-
N1 3 iXHiM GionoriuvM 3HauUeHHAM Ta OTPMMaNTE Ha3BY XIMIYHOIO efleMeHTa, 3 AKOro
3aBAAKM MOro 6ionorivHin cymicHoCTi gna xipyprii BUpobnawTb 3acobu ans 3WrBaH-
HA TKaHWH, HEPBIB, BUTOTOBIEHHA NPOTE3iB TOLO.

1 Kanbuinn | A; Y BUrnagi katioHiB 3a6e3neyye TpaHCMOPTYBAHHA PEUYOBUH i3 KIITUHN

2 Kanin | A, KoMnoHeHT remornobiHy i miornob6iHy

3 Hatpin |J1 KomnoHeHT iHcyniHy, PHK-nonimepasu, AHK-nonimepasn

H Y Burnagi noHis nigTpumye romeoctas pignH, TPaHCNOPTYBaHHA PEYOBUH Y
KNITUHN

4 MarHin

5 ®epym | T, Y cknapgi KicTok, 3y6iB, perynioe 3cifaHHsa KpoBi 1 poboTy cepusa

6 LunHk T, HeobxigHuii ona eHepreTuKy BaXKNNBMX NPOLeCiB, MPOTUCTPECOBUIN eIeMEHT
CTABJIEHHA
E o

ﬂj bionorisa + Ximia. 3HaueHHA 6ioHeorpaHiuHOI Ximii

bioHeopezaHiyHa ximiss BUHVKNA y 60-x pokax XX CT. i ckna-
JAETbCA 3 KiNIbKOX TiICHO MOEAHAHMX Mi>K CO60I0 pOo3AiniB, AKi BY-
BYAlOTb BUAINEHHA 3 OpraHi3miB, CUHTe3, Gy[OBY Ta BNacTUBOCTI,
a TaKOX MeTOAWN AOCNifgKeHHA 6ioHeopraHiuYHUX cnonyk. HuHi ua
HayKa mepexuBa€ nepiof CBOro CTPiMKOro po3suTky. OuiHiTb i
3HaUeHHs 415 MeaUuLUHN, arPOHOMIT, 6ioTexHOMOrii Ta eKoJOril.

PE3YJIbTAT

3aBgaHHA ANA CAaMOKOHTPOJII0

1. Wo Take 6ioenemeHTn? 2. Ha3giTb 0CHOBHI rpynu 6ioenemenrTis. 3. LLlo Take 6io-
HeopraHiuHi peyoBnHn? 4. Ha3BitTb yHKUII NpocTux 6ioHeopraHiYHMUX CNonyK.
5. HaBegiTb npuknagn HanBaX<nuBiWMX ANA XUBOTO CKIAAHUX HEOPraHiYHMX CNno-
nyK. 5. Ha3BiTb GpyHKLiT cKNnagHnx 6ioHeopraHiuyHNX peyoBUH.

7. flka ponib XiMiYHUX eneMeHTiB B 0OMiHi peYOBUH i MepeTBOPeHHI eHeprii? 8. Aki
7-9 |npocTi HeopraHiyHi peyoBNHM GepyTb yyacTb B OOMiHi PeUOBUH i NEePETBOPEHHI
eHeprii? 9. flke 6ionoriyHe 3HaYEHHA CKNagHVX 6iOHeOPraHiYHNX PEYOBUH?

10. OUiHITb 3HaYeHHA GioHeopraHiuHOI Ximil ANA MeanLUMHK, arpoHOMIi, GioTexHo-

10-12
norii Ta eKonorir,

§ 19. XimiuHi enemeHTU. BioHeopraHiuHi pevoBuHK: ornag 6ygosu 1 6ionoriyHa ponb
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3HayeHHs bioximii nonszae 8 Momy, ujo 80Ha 0ae hyHOaMmeHMasnbHe
pO3yMiHHA M02o, AK hyHKUiOHytomb bios1o2iyHi cucmemu.
H. Ipin, Y. Cmaym, []. Tetinop. bionoeia

§ 20. BIOOPTAHIYHI PEYHOBUHW. BINIKW, HYKNEIHOBI
KUCNOTW: orNAaa 6YAOBU 1 BIONIOTIYHOI POJII

OcHOBHi MOHATTA 1 Knw4oBi TepmiHm: BIOOPTAHIYHI PEYOBUHN.
BITKW. HYKJIEIHOBI KUCNOTM.

MpuraganTte! Lo Take pevyoBUHN?

& MomipkynTe!
OpeaHiyHi pe4yo8UHU — peyosu- BIOOPTAHI4YHI PEHOBUHU
HU, WO Marme Ko8aJeHMHO 38’A3aHi NaH- Mani monekynn | MakpomosieKkynu

ytoxku 3 KapboHy. CborofHi Bigomo noHag | Moxomepwu Giononi- | biononimepu:
20 MiNbINOHIB OpraHiYHMX peyoByH, cepep | MEPIB: MOHOCaxapu- | nonicaxapnau,
R . . an, aMIHOKMNCNOoTH, 6|J'|KV|, HyKﬂEIHOBI
AKUX € NPUPOAHI i1 WwTyuHi. LlikaBo, a uum K
) o o ) Hykneotmawn. Buwi | kucnotw.
6ioopraHiuHi peYoBUHM BIAPIZHAKTECA BIA | yupui kucnom JlinigHi komnnekcn

iHWNX opraHiyHnx?

3MICT

AKi oco6bnuBocTi Ta ponb 6iomonekyn B 06MiHi peuoBUH i1 eHeprii?

BIOOPTAHIYHI PEHOBUHW - peyosuHu, wo 8xo05ms 00 CKiady Xugoi npupoou
ma 6epyme y4acme y nepemaopeHHAX pedyosuH, eHepeail ma iHgopmadyii. Lli opraHiv-
Hi PEYOBUHY XMBOFO MalOTb MeBHI 0COBANBOCTI, WO TiICHO MNOB'A3aHi i3 IXHIMK OYHK-
Liamn. biomoneKkynu maloTb 8UCOKY eHep2OEMHICMb 3aBAAKN YNCIEHHUM 3B'A3KaMm,
30amHicmb 00 OKUCHEHHSA 3 BUAINEHHAM BeNUKOI KiNnbKOCTI eHeprii, 30amHicme 00
2i0ponimuyYHo20 po3k1ady 3a yyacTi BOAW, 3aNeXHy Bifj YMOB 3MiHHY dKMUBHicmMb 3
BM3HaYa/IbHUM BMIMBOM GepMeHTiB Ta iH. [ina GioMoneKyn xapakTepHi N cK/1aoHi
83aeMonepemaopeHHA. Hanpuknag, 3 BYreBOAIB YyTBOPIOOTbCA W BifKnafaTbcA
Xnpw, 3 6inKiB MOXyTb GopMyBaTMCA BYrNeBOAN 1 XKNPW, 3 XKUPiB — ByrneBoau. B3a-
€MO3B’'A30K Mi>K 0OMiHOM GiNKiB, XXMpPIB | BYrneBofiB BUHMKAE Ha OCHOBI CNiNbHOCTI
NPOMIXHVX NPOAYKTIB Ta YHiBepcanbHoOi eHepreTnyHoi poni AT®. Ina Giomonekyn
XapaKTepHOW € 83deMO0iA 3 6ioHeop2aHiYHUMU pedosuHamu. Tak, y aBToTpodis bio-
MosneKkynu yteopiotoTbca 3 CO, n H,0, po3knag 6iomonekyn y peakuisix OKUCHEHHS
BinOyBaeTbcs 3 yTBOpeHHAM CO,, H,0 Ta amoHiaky.

OcHoBHUMY OYHKLiAMM BioopraHiuHMX peyoBrH B 0OMiHi peyoBUH €: 1) cmpyk-
MypHA - yyaCTb Y peaKkuiaX CUHTe3y 3 YTBOPEHHAM Pi3HMX HOBUX MOMEKyn;
2) eHepzemuYHA - y4yacCTb y peakuifx po3knagy Ta 3abesneyeHHi eHepreTUYHmX
notpeb xuBoro (rnoKo3a, ¢pyktosa, ATO); 3) peeynamopHa — yyactb y perynauii
GioximiuHUX npoueciB Ta OyHKUIN (pepMeHTU, BiTamMiHM, TOPMOHNK); 4) pe3epeHa —
XiMiYHa iHEePTHICTb Ta HEPO3UMHHICTb Y BOAI 3yMOBNIOKTb BigKnagaHHA neBHUX 6io-
MOJIEKYN NPO 3anac (Kpoxmasnb, MikoreH, Xupu, onii); 5) 3axucHa — 6iomonekynu
3HELIKOKY0Tb BHYTPILLHI 1 30BHILUHI WKiAAMBI peUYoBMHY, 3aXMLLatoTb Bif ynbTpadio-
NeToBOro BUMPOMIHIOBaHHSA, XBOPOHOTBOPHKX BipyciB, 6akTepili (nizouunm); 6) iHgpop-
mayiliHa - y4acTb y npouecax cnpuiiMaHHsA, 36epexxeHHa i peanisauii iHdopmauil
(peuenTtopHi 6inku, PHK, OHK).



OTKe, HaM3aranbHiWUMKN GYHKLiIAMM BiOOPraHiuYHUX PEYOBUH € CTPYKTYP-
Ha, EHepreTyHa, PerynaTopHa, 3axMcHa, pe3epBHa Ta iHpopmauiliHa.

flka 6ygoBa Ta 6ionoriuHa ponb 6inkiB B 06MiHi peuoBUH?

BUTKW - ye sucokomornekynspHi 6iononiMepHi opeaHiyHi cnosyku, MOHOMepamu
AKUX € amiHokuciomu. binkn € 6iononimepamu 3 20 pi3HUX MOHOMEPIB — MPUPOAHNX
OCHOBHUX (NnpomeiHo2eHHUX) amMiHOKUCIOm, CMOJlyYeHX Y MaKpOMONEeKyn B Cre-
UMOiYHI KinbKOCTi, CKnagi 1 NocnigoBHOCTI 3a 4ONMOMOrol nenmuodHuUx 38’a3Kie. o-
PAROK pO3TaLlyBaHHA aMiHOKMUCIOT y MoneKynax OinKiB BM3HaYa€eTbCA NOCNIAOBHICTIO
HyKneoTuaiB B reHax. binku noginAoTb 3a XiMiYHUM CKNagoM Ha NPocMi Ta CK/IAOHI.
MpocTi 6inkn (KepaTvH, KonareH) NobyaoBaHi nuwe 3 aMiHOKMCIIOTHUX 3aMLLIKIB, a
cKnagHi (MyuuH, reMmorno06iH) MicTATD Le 1 HeBINIKOBi KOMMOHEHTN (aTOMK MeTasliB, MO-
neKynu ninigis, ByrneBofis, HyKNeIHOBMX KNCNOT TOLWO). BUOKpeMoloTb HOTMPU PiBHI
CTPYKTYpu OGinkiB: nepeuHHy, 8MOpPUHHY,
mpemuHHy I Y4emeepMmUuHHY.

BinbwicTb 6inkiB HabyBae NpaBUAbHOT
CTPYKTYpU Ne B MEBHUX YMOBax cepe-
JoBuua. 3i 3MiHOI LiX YMOB 6iNOK 3MiHI0€
CBOIO CTPYKTypy, abo ApeHaTypye. [JeHa-
mypayia - npoyec nopyweHHsa npupooHoi
cmpykmypu 6iiKie i3 36epexeHHAM nepeuH-

In. 56. CTpyKTypHa opraHisauis 6inkis:

HOI. YNHHMKaMK, WO CNPUYNHAKTb 3MiHY 1 - NepBMHHa CTPYKTypa (naHuon);
KOHpopMmaLlii 6ifKiB, €: HarpiBaHHsA, BUMNPO- 2 - BTOPUWHHA CTPYKTypa (cnipanb);
MiHIOBaHHA, CWbHI KUCNOTWU, CUAbHI OC- 3 - TpeTnHHa CTPpyKTypa (rnobyna);

HOBW, KOHLIEHTPOBAHI CONi, BaXKKi MeTanu, 4 — ueTBePTHHA CTPYKTYpa (MynbTUMep)

OpraHiyHi PO3UMHHUKM TOLO. 3a YMOBU 30epexeHHA NepBUHHOI CTPYKTYypU BifOy-
BA€ETbCA peHamypauyis — 8ioHo8/leHHA 8mpa4veHoi NpupoOdHOT cmpykmypu 6inkis. Ta-
KM YMHOM, 0CO6/IMBOCTI Giflka BM3HAYaTbCA NOro NEPBUHHOK CTPYKTYPOIo. A OCb
npouec pyHyBaHHsA NepPBUHHOI CTPYKTypu GinKiB 3aBXan € HeobopoTHUM. Lle Bxe
decmpykyis.

BionoriyHa ponb 6inKiB BUABNAETLCA Ha KOXKHOMY 3 eTaniB meTaboniamy. Hapxo-
[KeHHA pevyoBUH, eHeprii Ta iHbopmaLii y 6iocuctemn 3abesneuyeTbea Hinkamu, Lo
3[iICHIOITb MPAHCNOPMHY, pyxo8y, 3axucHy, noxueHy byHKLii. AHaboniuHi 1 Ka-
TaboniuHi NnepeTBOpeHHA BCcepeanHi biocncTem peanisyoTbCa 3aBAAKN NIACMUYHili,
eHepzemuyHili, kKamanimuyHili, pe3epeHili, pe2ynamopHili dpyHkuiam 6inkis. Y Bu-
[aneHHi 1 3HelWKoAXeHHI NPoayKTiB 06MiHY 6epyTb yuyacTb 3axucHi 6inku.

OTxe, 0OMiH 6iNnKiB nocigae LeHTpanbHe micue
y BCbOMY Pi3HOMaHITTi 06MiHHMX npoueciB 6iocncrtem.

flka 6ionoriuyHa ponb HYK/NEIHOBMX KUCNOT y MeTabonismi?

HYKJEIHOBI KUCNOTW - ckiadwi sucokomonekynsapHi 6iononimepu, nobydosani
3 HyKs1eomuoig. Y BCiX »XMBUX OpraHi3Max HYKeiHOBI KNCIOTU BUKOHYIOTb POJib 36e-
peXkeHHs, nepepauvi 1 peanisauii cnagkosoi iHbopmauii. Bnepue ix BuaABneHo B Agpi
KNiTUHK, 3BiAKW 11 MOXOAUTb Ha3Ba LMX cnonyk (Big nat. nucleos — agpo). Lle iHpop-
MaLinHi «monekynu xutTa»: HK 36epirae reHeTnuHy iHbopmadito, a pi3Hi Tunu PHK
cnpusAoTb i peanizauii. HykneiHoBUM Kncnotam, Ak i 6ifikam, nputamaHHa nepBrHHa

§ 20. bioopraHiuHi peuoBuHu. binku, HyKneiHoBi KncnoTu: ornag 6ynosu 11 6ionoriuHoi poni
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CTPYKTYypa — MeBHa MOCAifOBHICTb po3Ta-
LWyBaHHA HYK/IEOTUAIB, @ TaKOX CKNaAHiLLi
BTOPVHHA i TPeTUHHA CTPYKTYpU, AKi dop-
MYIOTbCA 3a [OMOMOrol0 BOAHEBMX 3B'A3-
KiB, enekTpocTaTUyHmx, rigpodpobHmx Ta
iHWWMX B3aemogin.

HykneiHOBi KMCNOTN — OCHOBHI «AiNOBI
0cobu» CUHTe3y 6inKoBKx Monekys. Bee, wo
HeoOXiAHO KNITVHI ANA XWUTTA, 3anporpamo-
BaHO B AinAHkax monekyn [IHK - renHax. 3a-
KofoBaHa B HUX iHpopMmaLlia peanisyeTbca
monekynamu PHK: iPHK nepenucye iHdop-
MaLito 3 reHa i nepeHocuTb ii Ha pubocomu,
B YTBOPEHHI AKux bepyTb yyactb pPHK. Ha
monekyni iPHK, AK Ha maTpuLi, CUHTE3YETb-

LI,I/IT03I/IH. Hitpore- LnTo3nH
"HOBMICHi
OCHOBMU
lyaHiH g lyaHiH g
3.0 i
A ] MNapn A .
AEHIH @) OCHOB AeHIH @
Ypauun g TumiH - @
NeHTO30- o 2
Hitpore- PocdarHa Hitpore-
HOBMICHi cnipanb HOBMICHi
OCHOBM OCHOBM
PnboHy- [Nle3okcn-
KneiHoBa  puOOHYyKneiHoBa

Kncnota

Kncnota

In. 57. OcobnuBocTi 6yaoBU i CTPYKTYypHr
PHK i AHK

CA MOJiEKyNa NeBHOro 6inka, a OKPEMi aMiHOKMCNOTK ANnA Noro CMHTE3Yy NoCTavaloTbCA

TpaHcnopTHoto PHK (TPHK) (in. 57, mab6a. 1).

Ta6nuua 1. MOPIBHAJIbHA XAPAKTEPUCTUKA AHK TA PHK

O3Hakun AHK

PHK

[Je3oKkcupuboHykneoTuan: aoeHinosi, | PuboHykneotnaun: adeHinosi, ypuousmo-

Hykneotmais | Byrnesop — desokcupubo3a
OpTodocdaTHa Kncnota

MoHomepn . . L . . L .
mumiousnosi, 2yaHinosi, yumuousosi | 8i, 2yaHinosi, yumuousosi
HiTporeHoBMiCHi OCHOBU: HiTporeHoBMiCHi OCHOBU:

Cknap aoeHiH, 2yaHiH, mumiH, Yumo3uH. aoeHiH, 2yaHiH, ypayus, Yumo3suH.

Byrnesop - pu6o3a.
OpTodocdaTHa Kncnota

CTpyKTypa MopginHa cnipanb OOnHapHUI NnaHuyor
BnactueocTi | 3paTHicTb O pennikauii n penapauii | HesgaTtHi Ao pennikauii n peHaTypauii
OyHKyii Cnagkosa IHpopmauinHa (iPHK), TpaHcnopTHa

(TPHK), cTpykTypHa (pPHK)

OTXe, HYKNIETHOBI KNCOTW pa3om 3 Ginkamu 36epiratoTb 11 peanisyioTb
reHeTUYHy iHdpopmalito, WO € OCHOBOK OOMiIHY PeYOBMH
i NepeTBOpPeHHA eHeprii B biocnctemax.

BRIANBHICTb

3aBAaHHA Ha 3acToCyBaHHA
3HaHb « QYHKUiT 6inkKiB»
3icTaBTe Ha3BaHi dyHKUiT 3 TUMK binka-
MM, WO X peanisyTb. 3aNoBHITb Tabnuuo
BignoBigen Ta OTpuManTe Ha3By LINOro
Knacy 6inkis, Lo 3abe3neyyoTb yMOBU ANA
3CigaHHA 6inkiB, BMTpPMBaNicTb KNiTUH B
ymoBax BUCOKOI Temnepatypu. ligrotynte
noBigoMIeHHA NPO Ui 6inKu.

DyHKLiA 6inkiB Mpuknaaw 6inkie
A TlencuH, TPUNCKUH,
1 lMnactnyHa P
MasnbTasa
2 KaranitnuHa |E PoponcuH, ogoncuH
3 PerynatopHa | M KaseiH monoka
H AKTUH, MiO31H, TYOY-
4 PeuentopHa . Yoy
NiH
5 3axucHa O binkn KnemnkoBmHM
6 PesepBHa M IHcyniH, Ba3onpecnH
7 Pyxosa P ®i6puH, aHTUTING
Ll KonareH, kepatuH
8 MNoXuBHa \areH, kep !
ocCeiH




1 2 |3 /4 |5 /|67 |8

Bionoria + AHrniinicbka moBa. Hykneotugn n NH;
KNTTA

MNepeknagiTb TeKCT i MOACHITb 3HaYeHHA
HYKNeoTugiB Ans XnUTTa.

«Nucleotides are organic molecules that
serve as the monomer units for forming the
nucleic acid polymers deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA), both of which
are essential biomolecules in all life-forms on
Earth. Nucleotides are the building blocks of nucleic acids; they are composed of three
subunit molecules: a nitrogenous base, a five-carbon sugar (ribose or deoxyribose), and
atleast one phosphate group. Nucleotides also play a central role in life-form metabolism
at the fundamental, cellular level. They carry packets of chemical energy — in the form of
the nucleoside triphosphates ATP, GTP, CTP and UTP - throughout the cell to the many
cellular functions that demand energy, which include synthesizing amino acids, proteins
and cellmembranes and parts; moving the cell and moving cell parts, both internally and
intercellularly; dividing the cell, etc. In addition, nucleotides participate in cell signaling
(cGMP and cAMP), and are incorporated into important cofactors of enzymatic reactions
(e.g. coenzyme A, FAD, NAD, NADP).

2 Bionoria + Ximis.
KpioenekTpoHHa mikpocKonis

HobeniscbKy npemito B ranysi Ximii y

2017 p. oTpumanu HaykoBui XK. Jioboue,
M. ®paHk i P. XeHAepCOH, AKKX Bifj3HaYeHO
3a «p0O3BUMOK KpioesieKmpOHHOI MiKpOCKO-
nii, AKa cnpowye ma noninwye BUSHAYeHHA ¥ NM6owe  W.Opank P XeHaepcoH
cmpykmypu  6iomosnekysn». Kpioenektpo-
HHa MiKpocKonia fa€ 3Mory 3amMopo3unTy biomoneKynu nig yac pyxy Ta BisyanisyBaTtu
npovecu, Wo € BUPiWanbHUMN ANA PO3YMiIHHA Ximil XunTTaA. LLlo Take KpioeneKTpoHHa
MiKpockonia? ke 3HaUeHHA MOXe MaTu Lel meToA AOCNigXeHb AnA po3B'A3yBaHHA
npo6nem 36epexxkeHHs 310POB’s IOAUHN?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take 6iomonekynu? 2. Ha3gitb rpynu Ta ¢pyHKLUii 6iomonekyn. 3. Lo Take 6in-
Kin? 4. Ha3Bitb GpyHKLiT 6inkiB y 6iocuctemax. 5. Lo take [IHK? 6. LLlo Take PHK?
7. flki ocobnuBocTi Ta ponb 6ioMonekyn B 06MiHi peyoBUH 1 eHeprii? 8. fika 6ynoBa
7-9 |T1abionoriyHa ponb 6inkis B 06MiHi peyoBuH? 9. filka 6ionoriyHa posib HyKNeiHOBKX
KNCNOT Yy MeTaboniami?

10-12 | 10. Big yoro 3anexaTb BNacTMBOCTI i GpyHKLT BiNKiB i HyKNeiHOBUX KNCNOT?

§ 20. bioopraHiuHi peuoBuHu. binku, HyKneiHoBi KncnoTu: ornag 6ynosu 11 6ionoriuHoi poni
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Po3mipu, popma U 6ionozidHi hyHKYii Makpomonekysn
U knimuH 3anexame 8i0 CMpyKmMypHUX KOMNOHeHMI8.
Anvbepm JleHiHOxep

§ 21. BYFNIEBOAW, NINIAWN: OTNAL BYAOBU 1 BIONOTIYHOI
PoOJI

OCHOBHi NOHATTA 1 KNO4YoBi TepmiHu: BYIJIEBOAW. NINIAN.

MpurapanTe! Lo Take opraHiyHi peyoBMHN?

& BcrynHa Bnpasa

Mepen BaMu CTPYKTYpHi GOpMynu anaHiHy, pubosu, »upy i ageHinoBoro
HykneoTugy. flka i3 uux dopmyn intocTpye rpyny Byrnesopis? [MoACHITb CBill BUGIp.

H:N
CH,-O0-CO-R N
| N \>
7\
CH,-0-CO-R 4N N
| o
CH,-0-CO-R" OH OH

3MICT
flke 3HaUeHHA BYrneBopAiB ANA 06MiHy peUyoBUH i NepeTBOPEHHA
eHeprii?
BYIJIEBOAW (yykpu) — opeaHiyHi cnonyku, 0o HaiinowmpeHiwi Byrnesoau
cknaody akux exo0same KapboH, liopozeH ma Okcu- opraHismis
2eH. IxHa 3aranbHa popmyna — C,(H,,0),, 38igkn 1 |l. MoHocaxapupu:

BUXifiHa Ha3Ba BYrNeBoOAiB (ByrneLb i Boga). CTpyk- | A- [leHTosn: pu6osa, desokcu-
Typa ByrNeBOAiB He 3aKopoBaHa GesnocepegHbo | PU6939

. B. lekco3u: enoko3a, ppykmosa
reHeTUUHO, @ YTBOPIOETHCA BHACTIAOK cepii dpep-

. Il. Aucaxapupn: caxaposa,
MEHTaTUBHUX peaKLin GOTOCUHTE3Y 3 HU3bKO- naKmosa, Manemo3sa

MONEKYNAPHUX CMOJYK abo FloKoHeoreHesy i3 [ Nonicaxapuau: Kpoxmane,
NiPOBMHOrPafHOI KNCOTY, AKa € MPOMIXHOIO CNO- | yesio103a, XimuH, 271iKozeH,
nyKoto MeTaboniamy KniTuH. nekmuHu

Byrnesoau 3a XiMmiuHMM cKnagom MOXyTb 6yTK
NPOCTMMU i CKNnagHuMK. [Tpocmi 8y2neso0u YTBOPEHI BifnoBiAHO [0 3aranbHoi Gop-
mynu C,(H,0),. CksiadHi syenne8oou yTBOPIOOTLCA BHACNIAOK B3aEMogii MoneKyn npo-
CTUX BYFNEBOZIB MiX cobot0.

ByrneBoan 3gaTHi [0 6e3KMCHEBOTO I KUCHe-
BOrO pO3LIENNEHHsA, WO 3YMOBIOE IX MNPOBIAHY
eHepzemuyHY pyHKYit0 B MeTabonNi3Mi }nsoro (rnio-
Ko3a, ¢ppykTo3a). MoHan 2/3 eHepreTUuHNUX notpebd
opraHi3amy 3abe3neuyeTbca 3aBAAKN BUKOPUCTAHHIO
Byrnesogis. CmpykmypHy yHKYil0 BUKOHYIOTb He-
PO3UMHHI 1 CTiNKi ByrneBoAn KNiTUHHUX 0BONOHOK
rpu6is (ximuH), pocnuH (yenronosa), baktepin (my-
peiH), NPOCTi BYrNeBOAU CNYryoTb «OyAiBefbHUMM
6nokamu» AnA yTBOpeHHA Hykneotuais (pnbosa i
fAe3okcmpnbo3sa), oniro- M nonicaxapugis (rnwokKo-

In. 58. Cxema monekynu
rnikoreHy



3a, ranaktosa). PesepeHa ¢yHKuia BYrneBOAiB NonAra€e B 3amacaHHi KpOXMasio B
3e/IeHNX POCnuH 1 BogopocTtei. OCHOBHO GOPMOIO 3amnacaHHA rKo3M B KNiTUHAX
TBAPWH, 6inblIOCTi rpnbiB, 6araTbox 6AKTEPIl Ta apXel € 2/1iK02eH, L0 MA€ KOMMAKTHY
po3rany>keHy CTPyKTypy (in. 58). 3B'A3yBaHHA 1 BuAaneHHA 3 opraHiamy nioguHu
papioHYKNiAiB 3a yyacTi NEKTUHIB iNOCTPYE 3axucHy hyHKYilo ByrneBopis.

OTxe, ByrneBoan B 06MiHi peyoBMH Crewiani3yloTbCcAa Ha BUKOHAHHI
eHepreTNYHOI, CTPYKTYPHOI, pe3epBHOI Ta 3aXMCHOT QYHKLN.

Aki oco6nuBocTi 6ynoBwm i1 ponb ninigie y meta6onismi?
JUNIAN (Big rpeu. s1inoc — XUp) — ye pisHOMAHIMHI 3a XiMiYHUM cknadom 6io-
Op2dHiyHi CNOTYKU XUB020, CNislbHOI 03HAKOIO AKUX € IXHA HenosapHicms, Yyepes wo

B80OHU PO3YUHAIOMbLCA /lULe 8 HeNnosApPHUX PO3YUH-
Hukax. Monekynu ninigis MOXyTb MICTUTN 3aNULLKN
CNUPTIB, XXUPHUX KUCIOT, CyNbGaTHOI KNCIOTH, BYT-
nesopfis, 6inkiB Ta iH. BnactusocTi 6aratbox ninigis
3HaYHOK MIpOI BM3HAYAOTbCA HacuyeHUMU (He
MaloTb MOABIMHUX 3B’A3KIB) XUPHUMMK KKUCIOTaMK
(in. 59). BinbwicTb ninigis (BOCKW, XXNpK) Xapaktepu-
3yl0TbCA HEPO3UMHHICTIO Y Bogdi (rigpodobHicTio) Ta
PO3YMHHICTIO B HEMOAAPHUX PO3UYMHHMKAX: ecTepax,
aLeToHi, xniopodpopMmi, 6eH3eHi Ta iH. Taki BnacTMBoCTi
3yMOBJIEHI BIACYTHICTIO NOAAPHUX FPYyn Y iIXHiX mone-
Kynax. IHwi rpynu ninigis (bocdoninigwn, rnikoninign)
BUABNAOTb NoABiNHI amdidinbHi BnacTmBocTi, TOMy
WO MICTATb NonApHi (rigpodinbHi ronoBkn optodoc-
baTHOT KMCNOTK U CcnpPTY) | HEMONAPHI (NaHL KoK
XWUpHOI Kncnotn) rpynu (in. 60).

3a CTPYKTYpHUMM 0cOBNMBOCTAMM NiNian Knacndi-
KYIOTb Ha NpocTi 1 cknagHi. MpocTi ninigmn € noxigHyMm
MKUPHUX KNCNOT i cnupTiB. HamBigomilli 3 HUX — BOCKM
(64XONMHWI BiCK, CNiepMaLeT, aHoNMiH, CybepuH, Ky-
TUH) A XNPW (POCITINHHI — COHALIHMKOBA, TPOAHAOBA
onii, Macno Kakao; TBAPUHHI — KUTOBUI XUP, CBUHAYNN
Xup, pnb'aunn xup). OCHOBHUMU GYHKLIAMN BOCKIB
€ 3aXUCHA, a XXNPIB — eHepzeMuYHd, pe3epeHa, 6o-
doymeopiosanbHa. bionoriyHe 3HauyeHHA MNPOCTUX
ninigis 3yMoB/ieHe TUM, WO cepef] HMX € TaKi HeoOXiaHi
LONA KUTTA PEUOBUHU, AK HEHACUYEHI XUPHI KUCNOTY,
YKNPOPO3UMHHI BiTamiHK, pocdoninian, ctepuHu.

CknapgHi ninign okpim ninigHoI YacTUHK MICTATb
M iHWi pe4yoBMHW. Y NiNONpOTEiHiB TakKNMK CNOnyKa-
MK € 6inku, y docdoninigis — 3anuwok optodocdat-
HOT KUCNoTK, y rnikoninigis — syrnesoau. Lli cnonykn
BMKOHYIOTb 34e6iNblioro cmpykmypHy ¢yHKyito. [1o
ninigiB BigHOCATb N XMponogibHi cnonyku (ninoigu),
WO € iXHiMM nonepegHuMKamu abo noxigHumu. binb-
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In. 59. ManbmiTnHOBA
Kuncnota (C15H31COOH) -
HaCuYeHa XUpHa KucoTa

OpTtodocdaTHa rpyna
(rinpodinbHa roniska)

JlaHUoXKN :

XKUPHKX KUCNOT
(rigpodobHi «xBOCTU»)

In. 60. bynosa monekynu
docdoninigy

§ 21. Byrnesogaw, ninigu: ornag 6yaosu i 6ionoriyHoi poni
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WiCTb i3 HUX 3[iNCHIOIOTL B OpraHiami peayisamopHy ¢yHkyito. NMprknagom nogio-
HWX PEYOBWH € CTEPOIAN (XONEeCTePUH, XXOBYHI KUCNOTK, CTaTEBi FOPMOHM Ta FOPMOHN
HaJHUPKOBYX 335103 — KOPTMKOCTepOoian). 1o XnponogibHx cnonyK HanexaTb Xu-
popo3unHHi BitamiHu A, D, E i K.

OTxe, ninign B 6iocuctemax 34iNCHIOIOTb eHePreTUUHY, CTPYKTYPHY,
3aXVCHY, PerynaTopHy, BOAOYTBOPIOBaNIbHY, pe3epBHY GyHKLI.
Y yomy cyTb iepapxii MONneKynsipHOro piBHA opraHisauii »xurtra?
lepapxis moneKynspHoro piBHA opra-

. . . KnituHa
Hi3auii XUTTA — NopA00oK nNidNopAO0KOBAHOCMI 7
npocmux XiMiYHUX CMPYKMYypHUX ejleMeHmis
. ] OpraHenn
U monekyn cknaoHiwum. CTalounm YacTUHOM P 1

CKNagHiWoro uinoro, NpocTi CTPYKTypu BTpa-
YalTb CBOK iHAMBIQYaNbHICTb, NpPOTe HOBe
uine HabyBa€ HOBUX BaCTUBOCTEN.

HanmonekynapHi komnnekcu
(prbocomu, XpOMaTHH,
AKTUH-MiO3VMHOBUI KOMMJIEKC)

[na monekynApHoOro piBHA opraHisauil 1
XKUTTA XapaKTepHa NeBHa iepapxia 6iomonekyn, Benuki Giomonekynn
Lo BXOAATb A0 1oro cknaay (in. 61). Yci 6ioop- (6inku, HyKneiHOBI KCoTH,
raHiuyHi pe4yoBMHU NOXOAATDb Bif Ay»e NPoCTUX nonicaxapvgu, ninigm)
HU3bKOMOJIEKY/IAPHUX nonepeodHUKi8, WO Haf- 0
XoAATb y 6iocncTeMM i3 HaBKONMLLHBOIO cepe- Mani 6iomonekynu
pgosua: CO,, H,O, N,. Y xuBomy, B3aemogitoum (amiHOKMCIOTK, MOHOCaxapuau,
Mi cO6010, BOHW YTBOPIOIOTb NPOMIXKHI cnosty- HYKNeOoTNAN, 1pHI KcnoTh))
Ku (Hanpuknag, aueTtaTtu, KeTOKMUCNOoTK), AKi 1 T
YTBOPIOIOTb MPOCTi OpraHiuHi peuoBuHN, abo | [POMiXHI cnonyku (pn6osa, auetar)
mani iomonekynu. Lle nepegycim yotnpu Kna- T
CN MONEKYN — XUPHI KUCOTK, MOHOCaxapuaun, HusbkomonekynapHi nonepesHMKM

CO,, H,0, N,

aMiHOKUCNOTM Ta HykneoTuau. IX Ha3mBawTb
6ydisenbHUMU 6/IOKAMU, OCKISIbKN 3 HUX YTBO- |5 67, Cxema iepapxii MOSIEKy APHOTO
proloTbCA MOJIEKYIM HACTYMHOIO I€EpapPXiYHOro PiBHA OpraHisauii »XnTTA
nigpiBHA. Po3mipu, dopma i XimiuHi BnacTmeo-

cTi 6iomoneKkyn patoTb iM 3MOry He TiNbKWU CiyryBaTty OyfiBenbHUMK 6I0KaMK Npwu
CTBOPEHHI CKNafHOI CTPYKTYpWY KNiTUH, a 1 6paTu yuyacTb y 6e3nepepBHMX NpoLiecax
nepeTBOPEHHA pevyoBUHU i eHeprii. [pocTi 6iomonekynu cnonyyaroTbca Mix coboto
Pi3HOMaHITHUMU KOBaNIeHTHVMM 3B'A3KaMui, YyTBOPIOIOUM MaKpomosieKynu (6inku, no-
nicaxapuau i HyKNeiHOBI KMCIOTN) Ta MONTEKYIAPHI KoMnieKkeu (ninign).

Benuvki monekynu MoXyTb ClONYyYaTUCA MiX COOOI0 38 LOMOMOIO HEKOBANEeHT-
HUX B3aEMOZI Y HAOMOeKyIApHI KoMnsiekcu, abo MonieKynsapHi aHcam6ni. Lle pn6o-
comun (komnnekcn pPHK i 6inkiB), xpomatuH (OHK 11 6inkun), bepMeHTHi KoMnnekcn
(6inkoBa 1 HebiNnKoBa YaCTUHW CKnagHux pepmMeHTiB) Ta iH. HapgmonekynapHi komn-
nekcy 06'€QHYIOTbCA B KNITUHHI CTPYKTYpU: MemOpaHu, Afpo, MiTOXoHApIi Towo. A
BXeE Lji CTPYKTYPHI KOMMOHEHTY BM3HauvaTb GopMy, po3mipu i GyHKUIT KNiTUH.

OTXXe, ONA MONEKYNAPHOro PiBHA OpraHisauii X1TTAa XxapakTepHa neBHa
CTPYKTYpPHa i€epapxifa: XiMiYHi eneMeHTU — NPOCTi Ta CKNaAHi HeopraHiyvHi
CNONYKM — MPOMIXKHI Cnonykn — mani 6iomonekynum —

BEJIVIKI 6iOMONEKYNN — HAAMONEKYNSPHI KOMIMIEKCU — OpraHenn — KIiTuHa.



AIAJIbHICTb O3HaKa Byrnesopau | Jlinign
3aBAaHHA Ha NOPIBHAHHA Ximiunuit cknap
X X - BnactmBocTi
3a ponomoroto Tabnuui NopiBHANTe BYyrne- Corires
BOAW 1 ninian. 3pob6iTb BUCHOBOK MPO eHep- Posnan
I'('ET%/ILTHE n nnacm'qH('e 3HaueHHA BYIMEBOAIB M o oeui rpynm
ninigis y metabonismi. OyHKuii

Bionorisa + XyaoKHe MmncreyTBo

AkBapenb - ¢apbu, Wo cknagawTbca 3
pO3TepToro NirMeHTy, 3MillaHOro 3 PO34YMHOM
POC/IMHHOTFO (BMLLUHA, YepeluHs) Mpo30poro
BOLOPO3YMHHOIO Knet. 3aBAaK/ LbOMY KIiewo
aKkBape/nb MOXHa PO3YMHATW y BOAI ANA Ha-
HeCeHHA TOHKMX MPO30pWX LWapis, WO MiLHO
npunnnaoTb Ao nanepy. Lia knenka cymiw Byr-
nesogiB y 6ionorii Ha3MBa€eTbCA «KameAb» (FyMmi). ke 3HaYEHHA LibOro ceKpeTy B OOMiHi
PEYOBMH POCIMHHUX OPraHi3MiB, AKi NOro BUAINATL? AKMIA XiMiuHWI cCKnag Kamepgi?

CTABJIEHHA

Bionoria + Exonoria. Agantauii Kcepodinis

Kcepogpinu — HazemHi TBapuHY, WO NPUCTO-
CyBanuca Ao XuTTa B 6€3BOLHMX MiCLEBOCTAX
(nyctenax, HaniBnycTenax, cyxux ctenax). Mpu-
KNnagoMm Takux TBapUH € oiHorop6uin Bepbniog,
TYLWKaHUYMKN, aMepPUKAHCbKNIA KeHTypOBUIA Na-
Lok Ta iH. OgHi 3 HUX 3a00BOJIbHAITLCA NKLle
3anacamu BOAu, Wo MICTUTbCA B iXKi, iHLWI ycniw-
HO BMKOPWCTOBYIOTb MeTaboniuHy Bogy. AKui
MeTaboniuHMin npouec 3abe3neyye yTBOPEHHS
BOAW 3 XMpiB? Y yomy nonaraloTb nepesaru
XKUPIB AK gXKepena Boau nepeq Byrnesogamm?

PE3YJIbTAT

3aBfaHHA ANA CAMOKOHTPOJIO

1. Wo Take Byrnesoan? 2. Ha3Bitb GpyHKLii ByrneBogis B 06MiHi peuoBuH. 3. LLlo Take
1-6 |ninign? 4. Ha3eiTb ocHOBHI rpynu ninigis. 5. LLlo Take iepapxia MoneKynAapHoOro pisHA
opraHisauii »knTTa? 6. Ha3BiTb CKNagHMKM MONEKYNAPHOro PiBHA OpraHizauii XuTTa.
7. flke 3HaueHHA ByrneBofiB ANA 06MiHY PeUOBUH I NepeTBOPeHHA eHeprii? 8. Aki
7-9 |ocobnusocTi 6ynosu i ponb Ninigis y metaboniami? 9. Y yomy cyTb iepapxii Moneky-
NAPHOTrO PiBHA opraHisauii Xutra?

10. Ha KOHKpeTHOMY NpuKnagi LOBeAiTb TBEPAXKEHHA NPO 3aNEXHICTb PONi XNpPiB
U1 BYrNIEBOAIB Bify CTPYKTYPHUX CKNAJHUKIB.

§ 21. Byrnesogaw, ninigu: ornag 6yaosu i 6ionoriyHoi poni
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€O0HICMb hYHKUYIOHYBAHHA XUBO20 — 8 0OMIHIi pe4yo8UH,
Wo 8 3a2as1bHOMY N0OI6HUU y 8CiX KIIMUHAX.
AHOpe JTbgo8

§22. CTPYKTYPU KNITUH, AKI 3ABE3MEYYIOTb MPOLECU
OBMIHY PEYOBWH TA EHEPTII

OCHOBHi NOHATTA 1 KNto4yoBi TepmiHn: METABOJ1I3M. Mem6paHHe TpaHc-
noptyBaHHA. bioTrpaHcpopmauis.

MpurapanTe! LUlo Take KniTMHa?

& MomipkynTe!

Fenamoyumu (Big rpeu. 2zenap — neviHka, yumoc — Kni-
TUHA) — KNITUHW NeYiHKW, SIKi CEKPETYIOTb XXOBUY | 6epyTb aKTUBHY
yyacTb B 0OMiHi peuyoBMH OpraHi3my I 3HeLLIKOAKEHHI TOKCHHIB.
Y renatoumTiB € CBOT cnocoby memOpaHHOro TpaHCNOPTYBaHHA,
iHTEHCUBHWIA MeTaboni3M, BOHU MiCTATb GepMeHTH, AKNX HEMAE
B YCiX iHWMX KNITUHaX opraHi3my. K y Lux KniTMHax BifbyBaeTb-
¢ 06MiH peyoBVH Ta eHeprii?

3MICT

Ak Big6yBa€eTbCA TPAHCNOPTYBaHHA PEUYOBUH Kpi3b naasmaTuy-
HY mem6paHy?

O6MiH peyoBUH, eHeprii Ta iHbopMmaLil Ha piBHI KNiTVH BiLOYBaETbCA BHACNIAOK:
1) HaOXOAMXeHHA PeYOBVH 11 eHeprii y KNiTUHY; 2) MeTaboniamy; 3) BuaaneHHs i3 Kni-
TUH. AKi CTPYKTYpW KNiTUH 3abe3neuytoTb Ui npouecn?

Mem6paHHe TpaHcnopTyBaHHA (nat. transporto - nepemilwyto) 3abesneuye
nepeHeceHHs Pi3HOMaHITHUX PeYOBMH, eHepril Ta iHpopMaUii Kpi3b KNITUHHI Mem6-
paHn. Mani monekynu Ta NOHW NPOXOAATb

Kpi3b MeMGpaHu WAXOM MacMBHOTO abo U R R [ET AL R LT
mem6paHu
aKTMBHOrO TPaHCMOPTYyBaHHA, a nepeHe-
. MacnBHe TpaHc- AKTVIBHE TpaHC-
CEeHHA MaKpOMOeKy 3[iNCHIOETbCA 3aBAA- nNopTyBaHHA nNopTyBaHHA
KW eHJo- 1 eK30LUUTOo3Y. Kpisb MeM6paHy
OyHKUIT TMX UK iHWKNX KNITMH 060B'A3- | Mpocta Andysia | (ioHHI Hacocn)
KOBO No3HayvatloTbcA Ha OyaoBi ixHix KniTnH- | Monerwexa Y MemOpaHHin
HUX MembpaH. TaK, renatounTn Ha ogHomy | AvdY3is YMaKoBUI: €HAOUNTO3
. .. . . Ocmoc (dbarounTos i niHouwm-
3i CBOIX MONIOCIB MaloTb MiKPOBOPCUHKM abo
TO3) Ta eK30L1TO3

BHYTPIWHbOKNITUHHI BUN'AYyBaHHA MeMO-
paH anA 36inbleHHA NOBEPXHi 1 BCMOKTYBaHHA LUAAXOM Ougy3ii pevoByH i3 KPOB.
Po3urHHi y Bogi cnonyKu TpaHCNoOPTYOTbCA B KNITUHU LASXOM 0CMOocy, a rigpodob-
Hi HEMoJIAPHI PeUYOBMHM — LUJIAXOM noJie2wieHoi Ougysii 3a yuacTi Ginkis-nepeHoc-
HUKiB. MeMbpaHa renaTouuTiB MAa€ BUCOKY GEPMEHTHY aKTUBHICTb ANA aKTUBHOMO
TPaAHCNOPTYBaHHA NOHIB 1 MONEKYN AK yCepeANHY KNITUHW, TaK i 3 KNITUHWN. AKTUBHE
TPaHCNOPTYBaHHA PEUYOBUH KpPi3b MeMOpaHy 34iNCHIOETbCA NPOTU FPagieHTa iX KOH-
LeHTpauii i3 3aTpaTtoto eHeprii ATO Ta 3a yyacTi cnelianbHUX MeMOpaHHKX BifKiB, AKi
Ha3MBalTbCA OHHUMU Hacocamu. Hanpuknag, Hampit-kanieauli Hacoc 3abe3neuye
nepemilleHHs HM3bKOMONEKYSPHUX CNOMYK (aMiHOKUCIIOT, FI0KO31) Kpi3b MeMbpa-



HY 3@ paxyHOK pi3HOI KOHUeHTpauii noHiB Na* i K* BcepeauHi KniTuHW i 330BHiI. 3a
yuacTi ATO BigbyBatoTbcA eHAOLUMTO3 Ta eK3ouuTos. MNpu eHdoyumosi nnasmaTmyHa
MeMbpaHa yTBOPIOE BUPOCTU, AAKI MOTIM MepeTBOPIIOTLCA Ha BHYTPILUHbOKMITUHHI
NyXMpLi, WO MICTATb 3aXONJIeHU KNITUHOI maTepian. PO3pi3HAIOTb ABa BUAMK €HAOo-
uuTosy: gparoumntos i niHouutos. Lnaxom eHgoumTO3y BiAOYBAETHCA BCMOKTYBaHHA
NiNONPOTEIHOBMX YAaCTUHOK i3 KPOBI NiCNA NPUNOMY XUPHOT TXKi, a LWNAXOM eK3o0yu-
mo3y - BUBINIbHEHHA B KPOB »KNUPOBUX KParuH, »KOBUi. Y 3[iNCHEHHI TpaHCnopTy-
BaHHA PEYOBUH BENMKE 3HAYEHHA MalOTb MIPKKITITUHHI KOHTaKTU. TakK, 6ins )OBYHMX
KaHanbUiB, Y AKi CEKPETYETbCS XKOBY, MEMOPaHW renaTounTiB 3B'A3aHi LWiIbHUMWN KOH-
TaKTaMu i flecMocoMamm ana 3anobiraHHa andysii. na nepefayi curHanbHUX mone-
KYN Y/ NOXKMBHUX PEYOBMH MiXK renaToLMTaMm iCHYIOTb LWiNVHHI KOHTaKTW.

OTKe, BNOPAAKOBaHICTb N perynAuilo NOTOKY peyoBuH, eHeprii Ta iHpop-
MaLii y KniTuHY i 3 KNiTnHM 3abe3nevye membpaHHe TPaHCMOPTYBaHHA.

AKi cTpyKTYypM KniTiHM 3a6e3neuyloTb Nnpouecu metabonismy?

METABOJ1I3M (Big rpeu. Memabosie — NepeTBOPEHHS, 3MiHa) — CYKynHicme Ximiy-
HUX npoyecig, Wjo 3abesneqyyoms nepemeopeHHs pedosuH, eHepeail ma iHgpopmayii e
knimuHi. Lii 3miHn cnpamoBaHi Ha BITOPAOKOBAHICTb kniTrHW, TOMY B MeTaboniuHmNX
npotecax 6epyTb yyacTb YCi CTPYKTYpU KniTnuHuU. Ocob6nmBocTi 6y[oBM KRITWH, Kiflb-
KIiCTb 1 Pi3HOMAHITHICTb X CTPYKTYp 3anexaTtb Bif iHTEHCMBHOCTI npouecis il MmeTa-
6oni3my Ta GyHKLUIN B opraHi3mi. [1na Toro o6 nepekoHaTUCh y LiboMy, PO3risHEMO
ocobnmBocTi 6yfoBu renatounTis (in1. 62).

Y LeHTpanbHill YacTUHI renaTounTa po3milleHe S0po 3 oaHMM abo aBoMma Adep-
yamu. fpopa MoxyTb 6yTn gunnoigHumMmM (2n), TeTpanioigHUMu (4n)  HaBiTb OKTa-
nnoigHuMn (8n), Wwo 3anexnTb Big QYHKLUIOHaNbHOro ctaHy opraHiamy. KinbkicTb
TaKux Afep i3 BiIkoM NocTynoBo 36inblyeTbca i 4o cTapocTi focArae 80 %.

OcHoBHo yHKLi€EI renatoumTa € ymeopeHHsA U ceKpeyia Xo8ui y »KOBUHI Ka-
HanbLi. Yepes Te B KniTMHax fobpe po3BUHYTI cekpemopHi mixypuyi. Llntonnasma
renaTouuTiB PACHIE MiIMOXOHOPIAMU, KiNbKiCTb AKX B OAHIV KNITUHI MOXe focsaratu
2000. Lli s BoMeMOpaHHi opraHeny OKUCHIOTb OpraHiuHi PeYOBUHU 1 CUHTE3YIOTb Y
BeNVKin KinbkocTi ATO.

Y S .
5= X MembpaHHi
BUMN'AYYBaHHA
KnitTuHHa membpaHa R o .
P f Nlizocoma

1 MNepokcncoma
ecMocoma
LWinuHHWIA KOHTaKT
LWinbHWA KOHTAKT Bakyons
Apepue
KoBUHWMIN KaHaneub
XpomaTuH

Komnnekc lonbgxi
Mnposi KpananHm
LLlopcTtka eHpo-

MitoxoHapia nnasmaTnyHa citka

magka eHgonnas-

3epHa rnikoreHy MaTuyHa CiTka

In. 62. bygosa renatouyuTta

§ 22. CTpyKTYypm KNiTWH, AKi 3abe3neyytoTb npoLecy 06MiHy peyoBUH Ta eHeprii
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Baxknusy ponb BigirpaloTb renatount B cuHmesi 6iskis, 8yenesodis i niniois. le-
MaToOLUWTV CMHTE3YITb anbOyMmiHK, Ginblly YacTUHY rNobyniHiB i 6inkis, Wwo 6epyTb
yyacTb Y 3CiflaHHi KpoBi. binku B renatoumTax cMHTE3y0TbCA B wopcmkiti ENC, Haa-
XOAATb [0 KomnaeKcy [on60xi, HabyBaloTb GyHKLIOHANbHUX 0COBNNBOCTEN, YMNaKo-
BYIOTbCA B MiXypLi 1 BUAINATbCA 3a AONOMOrOK eK30UuTo3y B KpoB. MeTaboniam
ByrneBogiB 11 ninigis nos’asaHuin 3 enadkoro ENC, aka po3ciaHa B uMTonnasmi y Bu-
rnafi UAcTepH, Tpy60YoK 1 mMixypuis. fenmatountu nig gi€to iHCyniHy nepeTBOpPOIOTL
HaONLLOK FIIOKO3M Ha MiKOreH, AKWN BiAKNaJaETbCA Y BUrNALI 3epeH Yy LMTOMIasmi.
3a HecTaui rnioKO3M 3epHa 2/1iko2eHy PO3LLENIoITbCA [0 MoKo3W. Y rematoumtax
TaKOX BiIOyBa€eTbCA HAKOMMYEHHA NiAIAIB Y BUTNALI )KUPOBUX KPANJIUH.

OTKe, KiNbKiCTb, HAABHICTb Ta y4yacCTb CTPYKTYP KNITUHN
B TMX UM iHWINX NpoLecax BM3HAYAETbCA came 0COONMBOCTAMM
MeTaboniamy Ta GyHKUiAMU KNITWH.

Ak Big6yBa€TbCA 3HELWKOAKEHHA Ta BUAiI/IEHHA PEYOBUH i3 KNiTUH?

Y KNiTUHY pa3oM 3 HeoOXigHUMKM AN i XUTTA PeYOBUHAMM MOXYTb NoTpans-
T 330BHi Uy>KOpigHi abo yTBOpPOBATNCA BCEPEAMHI TOKCUYHI PEUYOBUHU (aMOHiaK,
rigporeH nepokcua, iHaon, ckaton). BoHn 3a3HatoTb NepeTBOpPEHDb | BMAANAITHCSA.
BbioTpaHcdopmauia (Big rpeu. bios — XunTTA, Nat. transformatio - NnepeTBOPeHHSA) —
6ioximiyHi npoyecu, 8 X00i AKUX pe408UHU 3d3HAOMb 3MiH Ni0 Oi€lo pi3HUX (hepMeH-
mig knimuH. Y xopi nepuwoi ¢a3u bioTpaHchopmauii Monekyna WKigInMBoi peyoBrHNK
36arauyetbca NOAAPHUMU GYHKLIOHANbHUMU rpynamu, Wwo pobuTtb ii peakuinHo-
3[aTHOIO | PO3UYMHHOW Y BOAi. Y Apyrin ¢asi BigbyBaloTbCA CUMHTETUYHI Mpouecyu
NOEAHAHHA 3 EHAOreHHUMY MONEKYTamMu (HanpurKnag, 3 rMOKYPOHOBOK KUCIOTO0,
cynbdatamu, riLyMHOM), Y pe3ynbTaTi YOro yTBOPIOTLCA NONAAPHI CNOAYKK, AKi i
BMBOAATLCA 3 KMITUH.

3HeLlKOoAKEHHA TOKCMYHMX CMONYK y KNiTMHax 3abe3neuvyeTbca dpepmeHTamm
oKcuaopenyKTasamu, rifponasamu, nepokcuaasamm Ta BibyBaeTbCa B LMTONIa3Mmi,
EMNC, mikpoTinbusx, MiToxoHAPIsX, Nisocomax. Tak, 3a sonomoroto ¢pepmeHTis EMC Big-
OyBa€ETbCA AETOKCMKALLisl aTTIKOTOJ110, MEPOKCMAA3a MiKPOTIifeLb PO3LENIIOE FigporeH
NepoKCUA Ha BOAY M KMUCeHb. Y renatounTax OTPYMHUIN aMOHIaK 3HELIKOAXKYETbCA B
npoueci NnepeTBOPEeHHA Ha CEYOBUHY.

OCHOBHMMK npouecamn KNiTUHHOTO BUAINEHHA €@ a) PO3YMHEHHA MPOoAYyKTiB
06MiHY pevyoBMH 11 BMAANEHHSA iX 3 KNiTWMH 3a yyacTi Bakyosiel, 3aNnWKOBYX Tineub;
6) i30/110BaHHA NPOAYKTIB OOMiHY y BUMNALI KNITUHHUX BKIOYEHb.

OTxe, y KniTHax BigbyBatoTbCA Npouecy, Nif Yac AKNX 3HELLKOOXKYHTbCH,
NepeTBOPIOTLCA N BUAANAOTLCA HAa30BHI LWKIANNBI PeYOBMHN
Ta NIATPUMYETbCA KNITUHHWI FOMeOoCTas.

@ BIANBHICTb

M CamocrTiliHa po6oTa 3 inlocTpauieto

PosrnanbTe inoCTpauilo KAITUHW NIOAUHW i3 MO3HAYEHUMU CTPYKTypamu:
1 — KniTMHHa MembpaHa; 2 — NIHOUMTO3HWIA MiXypeLb; 3 — KNITUHHWIA LeHTp; 4 — ria-
nonnasma; 5 — 3epHucta EMNC; 6 — HesepHucTa EMNC; 7 — agepHi nopu; 8 — ceKpeTopHi
Mixypui; 9 — komnnekc fonbaxi; 10 — mitoxoHapia; 11 — agpo; 12 — agepue; 13 - niso-
comui; 14 — daroumnTosHi mixypui.



BusHauTe ponb no3HaueHUx CTPYKTyp y 06mi-
Hi peyoBMH Ta NepeTBOPEHHI eHeprii, 3aNOoBHITb
y pobouomy 3owwuti Tabnuuto. 3pobiTb BMCHO-
BOK MPO B3aEMO3B'A30K MixK OyIOBOIO KNiTUHY Ta
npouecamu it metTabonismy.

Ha3Ba cTpyKkTypu Ponb B 06MiHi peuoBUH, eHeprii Ta iHpopmauii

Bionorisa + Ximis. loHn it meTa6onism KniTuH

IcCHyBaHHA IMOHIB yneplie TEOPeTUYHO mne- EneKTpoH a

pepbauns Maitkn Qapageit 6nmsbko 1830 p., . e
OMNUCYIOYM MOBEAIHKY YaCTUHOK MOMeKyn, Lo J -
36upatoTbca 6ina Katogy Ta aHopy. OfHak me- 3 ; B @
XaHi3M MoHi3aLii He posyminu fo 1884 p., ax E:Z'TLP:S: o E'gﬁ";”:;'gm
nokn CBaHTe AppeHiyc He onncas NOro y CBOIN - (-
JOKTOpPCbKin gncepTadii. LLlo Take noHn? B aknx J - >
npouecax MeTaboniamy KniTUH NoHN 6epyTb Hall- HeraTuaHuii ifom
aKTUBHILWY yyacTb?

CTABJIEHHA

bionorisa + MeguuuHa. PereHepauia neviHku

Y neyiHui muwen BUABNEHO cneuianbHi KNiTUHK, AKi Bifl-
noBifaloTb 3a 1i BiAHOBNEHHA. [lo uux nip 3anuwanoca He-
BiJOMVM, YHACNiJOK YOro BiiOyBa€ETbCsA pereHepaLisi LibOro
opraHa. HoBi KniTyHW Ha3Banu 2i6pudHUMU 2enamoyuma-
mu. BuaBneHi KNiTMHM JONOMOXYTb HayKOBLAM pPO3pobuTu
6e3neyvHi cnocobu nikyBaHHA XBOPOO neviHKKU. 3acTocynTe
CBOI 3HaHHA Npo 6yaoBYy renaToLuTIB 1 NOACHITb, AK Bifoy-
BAETbCA YTBOPEHHA »KOBYIi Ta BiAHOBNEHHA NeYiHKN Ha KNi-
TUHHOMY PiBHi.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take membpaHHe TpaHCNopTyBaHHA? 2. Ha3BiTb OCHOBHI BUAM TpaHCMOPTY-
BaHHA. 3. LLlo Take meTaboniam? 4. HaBeliTb NpuKnagn CTPyKTyp KNiTvHK, Wwo 6e-
PyTb yyacTb y npouecax metabonismy. 5. LLlo Take 6ioTpaHcdopmauin? 6. Hasegitb
npuKnagy WKIigaMBMUX Ans KAITUH CNONyK.
7. Ak BinbGyBa€TbCA TPAHCMNOPTYBAHHA PEYOBUH Kpi3b NiasmaTuyHy membpaHy?
7-9 | 8. Aki cTpyKTypu KniTrHW 3abe3neuyoTb npouecy meTaboniamy? K BigbyBaeTbcA
3aXUCT KNITWH Bif He6e3MeYHrX peyoBuH?

§ 22. CTpyKTYypm KniTWH, AKi 3abe3neyytoTb npoLecy 06MiHy peyoBUH Ta eHeprii
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Xoua eHepeis icHye y 6azambox popmax, 0718 Kusux icmom
cmatoms y npu2o0i iuwe 08i 3 HUX — c8ims108a U XiMiYHa eHepeis.
H. Ipin, Y. Cmaym, /. Tetinop

§ 23. OCOBJZINBOCTI OBMIHY PEMOBVH B ABTOTPOOHUX
OPrAHI3MIB

OCHOBHi NOHATTA 1 Knto4voBi TepMmiHn: ABTOTPO®HE KUBJIEHHA.
Mpurapaiite! Lo Take 06MiH peyoBUH 11 eHeprii?

&

3Hanomrecs!

Pin MenaproHia (Big rpeu. nenapeoc - neneka)
Ma€ BeNMKY KinbKiCcTb BUAIB N COPTIB i3 YyAOBMMUK Pi3HO-
6apBHUMN CYUBITTAMU — 6INMMKN, YEPBOHUMMU, POXKEBUMMU,
dionetoBrMM, ABOLUBITHUMU KBiTKaMu, 3 Bi3epyHKaMu Ha
nentocTKax. 3a rapHoro gornagy ui HeBmbGarnmei pocnu-
HW UBITYTb JO Mi3HbOI OCeHi. fAKi >X YMOBM HeoOXigHi ans
nenapzoHii 30HanvHoi cadoeoi (Pelargonium zonale
hortorum)?

3MICT

AKi 0cOGNMBOCTI KNBNEHHA 3e/IeHNX POC/IMH AK aBTOTPOPHUX
opraHismiB?

ABTOTPO®HE »KUBJIEHHA (Big rpeu. aymoc - cam i mpogpoc - ixa) — Le Hao-
XOO0XeHHA 8 Op2aHi3M Heop2aHiyHUX peqyo8uH, HeobXiOHUX 0/ CUHMe3y 8/1AacHUX Op-
2AHIYHUX CNOJIYK. 3aNexHO Bi OXKepen eHeprii, WO BUKOPUCTOBYETbCA NP LibOMY,
po3pi3HsIoTb pOTOaBTOTPOPHE XKUBNEHHA (B1acTVBE LiiaHOOAKTEPiAM i 3e/leHUM
POC/MHAM, Y KIiTMHAX AKMX € 3efeHi NiIrMeHTy, Wo BOMPAOTb 30BHILLIHIO CBIT/IOBY
eHeprito) (is1. 63) Ta xemoaBTOTPOdHE XKUBJNEHHSA (y AesKNX rpyn 6akTepii, AKi BUKO-
PUCTOBYIOTb BHYTPILLHIO XiMiUHY eHeprilo HeopraHiYHKX CMOonyK).

AKMMKM K € 0COONMBOCTI 0OMiHY PeUYOBMH 1 eHeprii y 3eNleHNX POCInH AK Hal-
[LOCKOHaniwoi rpynu astotpodis?

Mo-nepLue, y 3eNeHNX POCIINH HAOX00XEHHA HeopaaHiyHUX pe4yosuH 3abesneyy-
oMb pe2ynbo8aHi npoyecu No8IMpAHO20 | MiHepaslb-

HO20 XusneHHs. [logimpsaHe XugeneHHs — e NpoLec co
NOMMHAHHA Ta 3aCBOEHHA 3 NOBITPA BYrNEKNCIOro 2
rasy, AKUN € BUXIGHUM NpoayKToM Ana GbOTOCUHTe-

3y. HapgxopxeHHa CO, BifbyBaeTbCcA Kpi3b Npoanxu

NNCTKa, TOMy CaMe el BereTaTUBHUI OpraH € opra- HJO
HOM MNOBITPAHOrO XWUBNeHHA. MiHepasieHe XueJjieH- Sl
HA - Ue npouec NOrMHAHHA Ta 3aCBOEHHA 3 IPYHTY [ni0K03a
BOAM Ta XiMIYHUX efleMeHTiB, HeOOXiqHUX ONA KNUT-
TegianbHocTi. OpraHOM MiHEepPanbHOrO »KMBMEHHA B
POCIVIH € KOPiHb.

Mo-gpyre, 3BUYaiHM ABULLEM 1A 3€/IEHUX POCSIVH € NOEAHAHHA aBTOTPOGHOrO
XKUBMNEHHSA 3 reTepoTPOdHUM 1 BUKOPUCMAHHA 20MOBUX OP2aHIYHUX pe4OBUH i3 30B-
HilWWHbOroO cepepoBMILa abo i3 pe3epBiB y KNiTMHax. B ycix pocnuH € nepiog, Konu

0:

In. 63. Cxema $oTOABTOTPOP-
HOTO XVBJIEHHA B POC/VIH



OpraHiamMm BMKOPUCTOBYE AJIA KUTTA paHille CMHTE30BaHI Ta BigKnageHi npo 3anac
OpraHiuHi peyoBMHM. Y TEMHOBUI Mepiof »KMBMEHHA POC/IMH TaKOX € reTepoTpod-
HUM. 3a OCOGMMBOCTAMU MKUBJIEHHA Cepel POC/NH BUOKPEMJIIOIOTb Taki rpynu:
POCNUHU-canpogimu (ANNHHWK 3BMYaliHWIA, THi3AiBKa 3BUYaliHa), pOC/IUHU-HAanien-
apasumu (omena-6ina, A3BiHelb, NepecTpiy, o4YaHKa), poCcJIUHU-napasumu (BoB-
YOK, NeTpiB XPecT, NOBUTULA), POCUHU-XUMAKU (BeHEeprHa MYXOJNIOBKa, POCUYKA
KPYTNONUCTA, XUPAHKA, NYXUPHUK, HEMEHTeC).

MNo-TpeTe, 3eneHi pocnmHn i3 cepepgoBulla ompumyroms eHepaito CoHYs. YTBO-
PEHHA TNIOKO3M 3anNeXnTb nepenycim Bif AKOCTI N KiNIbKOCTI CBIT/IOBOI eHepril, Wwo
NOrJINHAETLCA XJIopOodiNomM i KapoTUHoidamu nNUCTKiB. Hambinbwe 3HaueHHA ansa
POCNVH MatoTb CUHI, GioNeToBi 1 YepBOHI NPOMEHI BUAMMOro criekTpa. Ha noyaTko-
BUX CTafiax Beretauii AnA pocTy N pO3BUTKY POCIVH BaXKNUBUMU € CMHI MPOMEHI, a B
L[OpOCnoMmy BiLli 6inbll HEOOXIAHUMM CTAOTb YEPBOHI MPOMEHI.

OTXe, 0CO6NMBOCTAMM >KNUBMEHHSA 3€JIEHMX POCAUH € NOBITPAHE
N MiHepanbHe XWUBMIeHHA, BUKOPUCTAHHA FOTOBUX OPraHiYHMX peyoBUH
i cBiTnOBOI eHeprii.

AAKi oco6nuBOCTi BHYTPIWHbOKAITUHHOrO MeTaboniamy aBTOTpOdHUX
opraHismis?

BusHa4aneHUMU npoyecamu asmompogpHo20 Memaboizmy € aHabosliuHi peakyii.
Lle pi3Hi Bugn ¢otocuHTtesy apxeit, GotobakTepiin Ta eyKapioTUUYHUX POCIUH 1 XeMOo-
CUHTE3 3a5i30-, CipKOo- Ta HITPUPIKytounx 6aktepin. Y geaknx conentobHux (ranodinb-
HUX) apxeln crnocTepiraeTbcsA 6e3xsopoinbHUll homocuHmes, WO 3[INCHIOETbCA
3a yuacTi 6akTepiopogoncuHy. MPUHLMMNOBOIK BiAMIHHICTIO MiXX KucHesum ¢homo-
CUHMe30M 3eJIeHUX POC/IVH 1 LiaHobaKTepin Ta 6akmepianbHum pomocuHmesom
3e/eHVX | NypNypHMX CipKObaKTepill € Te, L0 OCTaHHIl BifOyBa€eTbCA 3a yyacTi bakTe-
pioxnopodiniB y aHaepobHMX yMOBaX, KNCEHb HE BUAINAETbCA, AxKepenioM laporeHy
€ cipkoBoaeHb. KucHeBuin oTocrHTe3 BiOYBAETHCA 3 BUAINEHHAM KUCHIO 3@ YYacTi
xnopodiniB  KAPOTUHOILIB y 3eneHMX Poc/vH Ta xsiopodinis i GikobiniHiB - y LiaHo-
6akTepin. xepenom lgporeHy Ta MONEKYNAPHOro KNCHIO AfA Lboro GOTOCUHTE3Y
cnyrye Bopa.

Lle ogHielo ocobnumBicTIO aBTOTPOO®IB € IXHS 34aTHICTb MePeTBOPIOBaTY MPOAYK-
™M GOTOCMHTE3y Ha aMiHOKUCIIOTH, XKUPHi KACNOTK, HYKNeoTuawn, 3 AKNX Aani yTBo-
proloTbcA cknagHi 6iomonekynu. Takuii aBToTpodHMIA aHaboni3m, WO nos'A3aHniA 3
bOTO- 1 XeMOCUHTE30M, HAa3UBAETLCA NEPBUHHUM CUHME30M Op2dHiYHUX peyOBUH.
| oCcb TYT BUABNAETHCA e OfHa 0CO6MMBICTb, MOB'A3aHa 3 BUKOPUCTaHHAM MiHeparsb-
Horo HitporeHy y BUrnAagi amoHiaky 1 HITpaTiB, @ TOYHiWe iXHiX NOHIB (NHz, NO3).
3eneHi POCNNHN MOXYTb 3aBAAKM LIbOMY CUHTE3yBaTW yCi HeobOXifHi iM amiHOKMCnOTY
B NpoLecax aMiHyBaHHA 1 nepeaMiHyBaHHA.

BiocmHTe3 6inka B aBTOTPOdIB BiAOYBAETHCA TaK CaMO, K i Y TBapuH: Ha puboco-
Max 3a yyacTi iPHK 1 TPHK. OgHak y pocnuH icHye 0o0amkosuli wisax cuHme3sy 6inka
3a donomoeoto hepmeHmis-mpaHcnenmudas (TpaHcrnenTuaasu). BiH nonsarae B Tomy,
Wo depmMeHTM NepeHoCATb NENTUANW Bif OAHIEl 6inkoBOI Monekynu Ao iHwWoi. Mpu
LbOMYy BifbyBa€TbCA peKoMOiHaLiA AiNAHOK Pi3HMX GiNKOBUX MONEKy”N i3 3aflaHolo
aMiHOKMCIOTHOLO MOCAIAOBHICTIO. B pe3ynbTaTi HOBI 6inkun yTBOPIOIOTHCA 6€3 BENNKNX
BUTPAT eHeprii Ta peYoBUH.

§ 23. OcobnmBoCTi 06MiHY PeYOBUH B aBTOTPOPHMX OpraHiamiB
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Onsa kataboniamy aBTOTPO®IB TaKoX XxapaKTepHi 0cobnMBOCTI, MoB'A3aHi 3
Xemo- 11 poTocnHTe30M. ABTOTPOdHI OpraHiaMmm B peakuisx Kataboniamy posuien-
JOKTb CMHTE30BaHi HMMUW K OpraHiyHi pPevyoBUHU (HaMyacTiwe rnoKo3y abo
Kpoxmanb). Okpim Toro, ATO cMHTe3yeTbcA He nuvlle B MpoLeci ANXaHHA NiciA OKNC-
HEeHHA rNKo3K, a 1 Nig Yac cBitnoBoi ¢a3u poTocnHTesy 3aBaaku potodpocdopunio-
BaHHIO.

OT1xe, meTaboniam aBTOTPOdHMX OpraHi3aMiB Mae 0cobnMBoCTi,
O BM3HAYalOTbCA IXHbOIO 34aTHICTIO fO NEPBUHHOrO CMHTE3Y
OpraHiYHMX CroJyK 3 HEOPraHiYHMUX PEYOBUH.

AKi oco6nuBoCTi BUAiNeHHA pevyoBUH y aBTOTpodiB?

EkcKpeuia — cykynHicme npouecis, cnpamosaHux

Ha 8UBEOEHHA He8UKOPUCMAHUX npodyKkmig obMiHy pe-
YOBUH U eHepeil, a MAakox YyXopiOHUX i wkidnusux 015
KaimuHu cnosyk. OcobnmnBOCTAMU eKCKpeLil y aBTOTpO-
diB € Te, WO BOHM — NEPBUHHI NPOAYLEHTN i CUHMe-
3ylome 8 HeobXiOHil Kinbkocmi yci nompibHi opeaHiyHi
peyosuHU. Hanpuknag, y pOCinH CUHTE3YETbCA NuLle
CTiNbKM 6inKiB, CKiNbKM HeobxigHO Ha [aHuM u4ac. In. 64. TyTanis Ha MUCTKax
BoHu Hikonu He yTBOPIOIOTb GiNKiB y HaANULLKY | TOMY MPUBOPOTHA BINCKYYOro
BUAINAITb AYyXe Masio HiTPOreHoBMIiCHMX Bigxomis —
NpoayKTiB po3wenneHHa 6inkis. OKpim Toro, kiHyesi npodykmu obMiHy pe4yo8uH y
aBTOTpOodHUX opraHiamis (O, CO,, BoAa) c/1y2ytome 8UXiOHUMU CNOJTyKAMU O iHWUX
peakyit. Hanpuknag, y pocnuH CO, BUKOPUCTOBYETHCA B TEMHOBI da3i poToCcuHTe3Yy,
a Bofa — B CBIiTNOBIN. CneyianizosaHux op2aHie ekckpeuii y asmompogig Hemae, ogHaK
NPOAYKTV BURZINEHHA B HUX MOXYTb HaKOMUYyBaTMCA Ta BUAANATUCA B cepefoBuLLe
3 TKaHVHaMKN 1 OpraHamu, WO BigMMpaloTb. Tak, Yy 3efIeHMX POCANH BigXoAU MeTa-
6oni3my BigKNagaloTbCA y BiAMEPNNX TKaHUHAX, Y UCTKaX UM KOPpi, Lo nepiogmyHo
BMAaNATbCA. BugineHHsa Bogm y Burnaai napu BigdbyBaeTbca nig yac TpaHcnipauil
yepes Npoanxu, COYEBMYUKM, BUOANEHHA HaaNMWKy Boan (rytauia — Big nat. gutta —
Kpanna) — yepes BoAAHI npoauxu (rigatoam) Towo. Boga BMnapoByeTbCa yepes yci
YaCTUHU POCIVHN Ta HaMIHTEHCUBHILLE Lie 3[4iACHIOTb NNCTKN (if1. 64).

CBOEPIAHVIM CNOCOBOM BULINEHHSA € BHYTPIWHbOKAITUHHE BUAINIEHHSA Ta i30M1Lin
nepesefeHnNX y BaKKOPO3UMHHY GopMy MpoAyKTiB 0O6MiHy. Hanpuknag, opraHiuHi
KNCNOTW, WO MOXKYTb CIPUYMHUTI LUKOAY KNITWHI, 3B’A3YI0TbCA 3 KaTiOHamMU i BigKna-
JaloTbCA 'y BUMNAQI KpUCTaniB y uutonnasmi (Hanpuknag, BKOUYEHHA 3 KanbLill OKca-
naTy B LWaBJI0).

OTXXe, BUIINEHHA PEUYOBUH Y MPOLECI XUTTERIANBHOCTI € BaXK/TMBUM
KOMMOHEHTOM OOMiHY PeYOBUH | FOMeoCTasy POC/MHHOrO OpraHismy.

OBMIH PEYOBVH Y ABTOTPO®HUX OPrAHI3MIB - ue obmiH,

WO XapaKTepU3YETbCA HAAXOOKEHHAM HEOPraHiYHUX PEYOBUH, AKi €
oxepenom KapboHy, ligporeny i HiTporeHy, nepeBakaHHAM y KNiTUHaX
aHaboNiYHNX peaKLil, MePBUHHNM CMHTE30M BJIACHUX OPraHiYHMX CMosyK
i BUKOPMCTaHHAM KiHLEBMUX NPOAYyKTiB 0OMiHY Ana peakuii.



AIANbHICTb Mpoka-| Eyka-
—— O3HakKa . "
piotn | piotn

CamocTilnHa po6oTa 3 Tabnuueto

- Tvn doToCUHTE3y
3a gonomoroto Tabnuui B poboyomy 30- OpraHizmMu-GoToTpOdM

WKWTi nopiBHANTe npouecn GOTOCUHTE3y B [ixepeno FiaporeHy
npokapioTiB Ta eykapioTis. Cdopmynionte [xepeno Kap6oHy
BMCHOBOK NPO MOAIGHICTb 1 BIAMIHHOCTI $O- | xxepeno eHeprii
TOCMHTE3Y B Pi3HUX GOTOABTOTPODHUX OPra-  |(doTtomnirmeHTH
Hi3MmiB. BuixigHi npoayKkTtn
KiHueBi npogyKktun

Bionoria + ®isuka. LLiTyyHe ocBiTNEHHA pOCAUH

[nAa BMpoLyBaHHA POCAUH Ni WTYYHUM
OCBIiTNEHHAM 30e06iNblworo BUKOPNCTOBYIOTb
eNeKTPUYHI axepena CBiTNna, AKUMN MOXYTb B
OyTV NaMny PO3XKaplOBaHHSA, JIIOMIHECLeHT-
Hi, ra3opo3pAfHiI, iHAYKUiNHI namnu. HuHi B
npodecinHoMy POCAVHHMUTBI 34e6inbloro
3aCTOCOBYIOTb JIIOMIHECLEHTHI namnu 1 CBiT-

100|% AKTUEHICTE Y
— Cunies xnopogininy | |/f
~— MoTocuHTe3 141
— QoTomopdoreHes

nogiogwn. MNoAcHITb nepesary nOMiHECLEHT- 400 445 500 600 660 700
HVX namn i CBiTNOAIOAIB ANA BUPOLLYBaHHA

POC/INH 33 YMOB LUTYYHOrO OCBITNIEHHS. Bnnus posxnHW xBuni ceitna
Ha PO3BUTOK POC/INH

JoexuHa xBuni ceitna, HM

CTABJIEHHA

Bionoria + Ekonoria. lymyc

Y KWBNEHHi POCINH BeNuKe 3HayeHHA
MatoTb FYMYCHi OpraHiuHi pe4oBUHN IPYHTIB.
Y 3eMnepoO6CTBi 3 AaBHIX-AaBEH BifOMO: UMM
GinbLue rymycy B rpyHTi, TUM BiH pOAOYILLINIA.
Tomy He BMMafKOBO CTBOPEHE 3 AOMOMOrolo
[OLWOBUX KanipopHINCbKMX 4YepB'AKiB op-
raHiyuHe fo6puBo «biorymyc» HWHI LWMpPOKO
3aCTOCOBYETbCA Y BUPOLYBaHHI pocauH. Lo
Take rymyc? fke eKofioriyHe 3Ha4YeHHA rymy-
CY IPYHTIB ANA XUTTERIANBHOCTI POCANH?

PE3YJIbTAT

3aBAaHHA AN CAMOKOHTPOJI0
1. X70 Taki aBToTpodun? 2. Ha3eiTb OCHOBHI rpynu aBToTpodHMX opraHismis. 3. LLlo
Take aHabonism 11 kKataboniam? 4. Ha3BiTb BU3HauanbHy ocobnueicTb meTaboniamy
aBTOTPO®IB. 5. HaBeAiTb NprKnagn peyoBuH, WO BUAANAIOTLCA 3 KNiTUH aBTOTPOd-
HUX OpraHi3miB. 6. ki 0co6MMBOCTI 06MiHY PEUOBUH y aBTOTPODHUX OPraHi3miB?
7. AKi 0cOBNMBOCTi XKMBMEHHSA 3€NEHNX POC/IVH AK aBTOTPOPHMX opraHiamis? 8. AKi
7-9 |ocobnuBocTi MeTaboniamy aBTOTpodHUX opraHiamis? 9. ki 0ocobnBOCTI BUAINEH-
HA PeYoBVH y aBTOTpodiB?
10-12 | 10. MopiBHANTe Npouecy GOTOCMHTE3Y B MPOKaPIOTiB Ta eyKapioTis.

§ 23. OcobnmBoCTi 06MiHY PeYOBUH B aBTOTPOPHMX OpraHiamis
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[emepompogamu Hazusaroms op2aHiamu, AKi BUKOPUCMOBYIOMb
0151 XKUBJIEHHS CKJIAOHI OpeaHiyHi cnosyKu.
H. Ipin, Y. Cmaym, /. Tetinop

§ 24. OCOBJINBOCTI OBMIHY PEHOBUH Y
FETEPOTPO®HUX OPTAHI3MIB

OCHOBHi NOHATTA 1 KntouoBi TepmiHn: TETEPOTPO®HE KUBJIEHHA.
MNpurapanTe! Lo Take aBTOTpodHE KUBNEHHA?

X BctynHa BnpaBa
Nozini . . . )
. ',qmm: HaBeeHi Op'l'al-il3MI/l Ha ABi rpy AsTorpodu
nu i 3aNoBHITb Tabnnuky: 1 — 6inui rpub; 2 — KneH
lFeTtepoTtpodu

rocTponucTuig; 3 — MoniovHokmcni 6akTepii; 4 — yno-
TPUKC; 5 — OynbboUKOBI 6akTepii; 6 — TPYTOBUKY; 7 — aypenis; 8 — MarHonis; 9 — HaBiKy-
na; 10 — namiHapis. Lo 6yno kputepiem ana po3noginy opraHiamis Ha rpynun?

3MICT

Yomy po3pi3HATb Pi3Hi TUNW 1 BUAY reTepoTpodHOro KNBEHHA?

FETEPOTPO®HE »KUBJIEHHA (Big rpeu. 2emepoc — pi3HWin i mpogoc — ixa) -
ye npoyec HaOX00XeHHA 8 OP2aHI3M 20MOBUX OP2aHIYHUX PEYOBUH, U4O C/ly2ylomb Oxe-
penom KapboHy. 3anexHo Bif Ixepen eHeprii po3pi3HAoTb ¢poToreteporpodpHe
XKUBNEHHA (NypnypHi HecipuaHi 6akTepii, reniobakTepii matoTb bakTepioxnopodinu,
O BUKOPUCTOBYIOTb 308HIlLHIO C8IMJ/108Y eHepeito) Ta XxeMoreTepoTpodHe XKNBNeH-
HA (apxel, 6inbWwicTb 6aKTepiil, TBAPWHM, rPUOU, L0 BMKOPUCTOBYIOTb 8HYMPIlUHIO
XiMiUHY eHepaito OpeaHiYHUX CnOJIYK). Y »KUBI NPUPOLI BUOKPEMITIOIOTL Lie OANH TUM
XKMBNEHHA — MiKCOTPOodHMI. MikcTOTpOodHE XKUBNEHHA (Bif rpew. MiKco — 3MilaHuni
i Xa) — ye npoyec HAOXO0XXeHHA 8 OP2aHI3M 3a OOHUX YMO8 Cepedos8uLa HeOP2aHiYHUX
peyosuH 0718 homoasmompogHOz20 XUBJIeHHS, d 3d IHWUX MO8 — 20MO8UX Op2aHi4HUX
pevyo8UH 0717 XeM0o2emepoMmpopHO20 XUBJIeHHA. IHLIMMIN COBaMK, Lie 3MillaHe K1B-
JIeHHA, WO CroCcTepiraeTbCa B KOMaxoiAHUX POCINH, POCNH-NApa3nTiB, eBriieHn 3e-
NeHoi, iaTOMOBMX BOAOPOCTEN, NeBHUX rpyn 6aKTepil.

Haii6inbLu nowmpeHnmMm € opraHi3mu 3 xemoreTepoTPOdHUM TUMOM XKUBJIEHHA — Xe-
mMoretepoTpodu. Came BOHV fEMOHCTPYIOTb pi3HOMAHIMHICMb 8Udi8 2emepompo@pHO20
XKuBJleHHA. 3a JpKepenoM roToBMX OpraHiYHUX PEYOBUH iX KnacudikyloTb Ha Xuakie
(XvKi TBAPUHU, XVKi TP, XVXKi POCIIMHM OTPUMYIOTb FOTOBI OpraHiUHi peyoBMHN 3 Tina
CBOEI XepTBK), pimodhazie (pocnVHOIQHI TBAPUHM BUKOPUCTOBYIOTb OPraHiuHi peuoBu-
HW 3eneHoi Macn), canpogazie (yk-rHOMOBWK, PIUKOBI paKW, rieHn, rpndun Cnoxmnsa-
l0Tb OPraHiYHi peYoBVHM BigMEPIX OpraHi3miB), napasumie (YepBu-renbMiHTY, 6510X1,

In. 65. TBapVHU 3 Pi3HUMY BMAAMU XEMOTFETEPOTPODHOIO KNBJIEHHSA:
1 - Tirp (xwkak); 2 — naHb (ditodar); 3 — XKyk-rHomoBuK (canpodar); 4 — 6rnoxa (ekTonapasur);
5 - ry6aH-uncTmnbHUK (cumbioTpod)



BOLUI XXUBMATbCA NOXKMBHUMM PEUYOBMHAMU »KMBUX OPTraHi3MiB, YMM 3aBAaOTb iM LLKOAN)
Ta cumbiompodpie (aKTVIHii, ry6aHN-UNCTUNBHYIKY, MIKOPU3HI FPUOU XKUBNATHCA MOXKUB-
HUMUW PeUOBUHaMU XIMBWX OPraHi3miB, He 3aBAatouu im WwWkoawm) (in. 65).

Cnocob6u 30006yBaHHsA i B reTepoTpodHUX OpraHi3aMiB € Ay»Ke pisHOMaHITHUMY,
ane LNAX 3aCBOEHHA MOXMBHUX PEYOBUH Y BINbLUIOCTI 3 HUX MNOAIOHWI | CKNagaeTbcA
3 TaKMX eTaniB: NOMMHAHHA XKi — NepeTpaBtoBaHHA CKNAAHUX MNOKUBHUX PEYOBUH —
BCMOKTYBaHHSA Manux 6iomosnekyn — meTaboniam — BUAiNeHHs.

OTxe, TUNWN 1 BUAW reTepoTPOdHOrO KMBJIEHHA PO3PI3HAIOTL 3a AXKepe-
JIOM eHepril Ta gxepenaMmy OTPUMAHHA FOTOBUX OPraHiYHUX PEYOBUH.

Aki ocobnuBocTi meTaboniamy rereporpodis?

BusHauanbHMMK 11 nepeBakawuvMu npoLecamn meTaboniamy retepoTpodis
€ KamaboniyHi peakyil po3wensieHHa CKAAOHUX Op2dHiYHUX peyos8uH. 3aBAAKU M
BifOyBalOTbCA BMBINIbHEHHA XiMiUHOT eHeprii, nepeTBopeHHs ii B eHeprito ATD i Bu-
KOPUCTaHHA O1A XUTTERIANBHOCTI Ta peakLii aHaboniamy. Kataboniam 6inbLocTi re-
TepoTpodiB MOXKHa MOAINUTY Ha TPU eTanu.

o [lidcomoeyutieman - Le cneyndiyHnn gna retepotpodiB eTan nepeTpasoBaH-
HA 1 po3wensieHHs GiononimepiB 4O Manux Mosiekysn: 6inkyu — O aMiHOKMCOT,
KUPU — [0 XKUPHUX KACAOT i rRilepony, nonicaxapuan — 40 MOHocaxapugis. Lien
eTan BijOyBa€eTbCA Y TPaBHIl CUCTEMI, @ TAaKOX BHYTPILUIHbOKIITUHHO B Jli30COMaXx.
Y umnx npouecax He BUAINAETbCA AOCTaTHbOI KiNbKOCTI eHeprii AnA cuHTesy ATO,
BCA BOHA BTPAYAETbCSA B TEM/IOBI GOpMi.

o bBe3skucHesuli (aHaepobHull) eman — po3LLensieHHA MOHOMEPIB O e MEHLIMX
MoOneKys, nepeBaxHo aueTnn-KoA; Ha LboMy eTani B peakuiaX CUHTe3Y€ETbCA He-
3HayHa Kinbkictb ATQ. 3a HenoBHOro po3LenneHHA 1 MOMb IIKO3U BUBINbHAETb-
cs 200 k[>x eHeprii. OAHMM i3 OCHOBHUX LWAAXIB 2-TO €Tany aepoOHOro AUXaHHA €
rnikonis.

o KucHesuli (aepo6bHuli) eman Bkntoyae LUnkn Kpebca Ta oKUCHIOBaNbHe dpocdo-
pUOBaHHSA, WO BiAbyBaloTbCA B MiTOXOHAPIAX. Ha LboMy eTani opraHiuHi peyo-
BWHW OKUCHIOKTbCA A0 BYINEKMCIOro rasy, a BCi BigwenneHi Bif HUX eNneKTpoHN
Ta NPOTOHU NEPEHOCATLCA Ha KMCEeHb, BHACNifOK YOro yTBOPOETbCA Boaa. Ha
LbOMY eTani CUHTE3YEeTbCA HalbinbLwa KinbKictb ATO. Tak, 3 1 MOJIb FI0KO31 BU-
BinbHAEeTbCA 2600 KX eHepril.

BusinbHeHa eHepria 1 Mani monekynu 6epyTb yyacTb B aHaboniuHuX npoLecax
YTBOPEHHA BIACHMX OPraHiYHMX peyoBMH. Taky CYKYMHICTb NepeTBOpeHb Has3uBa-
I0Tb BMOPUHHUM CUHME30M OP2aHIYHUX pe4O8UH. Llen CnHTe3 34iNCHIETLCA 3aBAAKN
BHYTPILUHbOKNITUHHIN eHepril OKUCHEeHHA PeYOBUH, @ He 30BHILLHIN CBITNOBIN eHep-
rii, Ak y aBToTpo¢diB. LLle opHieto ocobnueicTio aHabosi3my retepoTpodiB € nompeba
8 HE3aMIiHHUX dMIHOKUC/IOMAXx N XUPHUX KUC/IOMAX, WO He CUHTE3YI0TbCA B IXHIX Op-
raHiamax i MalTb HaaxoauTy 3 iXketo. Ha BigmiHy Big aBTOTpO®diB, 30aTHMX 3aCBOIOBa-
T HiTporeH MiHepanbHKX CNONYK, reTepoTpodHi opraHiamu notpebytoTb HitporeH B
opraHiuHin popmi (amiHokucnoTtu, 6inkn).

OTxe, MeTaborni3am reTepoTpopHMX OpraHiamiB Mae 0cobMBOCTI,
O BM3HAYaKTbCA BUKOPUCTAHHAM FOTOBUX OPraHiuYHMUX pevyoBUH
Ta IXHbOI 3[ATHICTIO 4O BTOPUHHOIO CMHTE3Y OPraHiYHMX PeyOoBUH.

§ 24. Oco6nmBOCTi 06MiHY PEUYOBHUH Y reTepoTPOdHUX OPraHi3miB

101




Tema 2. OBMIH PEYOBMH | MEPETBOPEHHSA EHEPTIT

102

Ak Big6yBa€eTbCcA eKCcKpeLlis y rerepoTpodHNX opraHiamis?

Y 3B'A3KY 3 Pi3HOMAHITTAM BUAIB XWNB-
NEHHA ¥ nepeBa)KaHHAM KaTaboniuHuX
peakuin poswensieHHA B OpraHismi rete-
poTpodiB yTBOpIOOTLCA W 8UOANAIOMbLCA
oyxe pi3Hi peyoguHu. Takumu crionykamu
MOXKYTb OyTuW: 1) KiHLEBi NPOAYKTWN OKMC-
HeHHA (BYrneKkucnui ras, Boga); 2) Hagnm-
WOK BOAW N conel; 3) OTPYWHI CMONyKH,
WO Hagiwnn Ao opraHiamy 3 ket abo
yTBOPUAXCA Nif Yac peakuin (Hanpuknag,
TOKCUHW); 4) KiHUEBI NpogyKTn OOMiHy
6inkiB (aMOHiaK, ceyoBMHa); 5) uyxopigHi
peyoBUHM (Hanpuknag, OTPYTOXiMikaTu,
pagioHyKknign).

BugineHHa 3 opraHiamy moxe 3pinc-
HioBaTUCb Wwnsaxom andysii (y rpmnbis, TBa-
pUHOMOAIGHNX opraHiamiB, 6akTepin) abo
3a yyacTi cneuianbHNX BUAINbHUX OpPraHis
(npomoHeppudii, MemaHegppudii, 3eneHi 3a-
103U, 8UOiNIbHI Mpy6OYKU, HUPKU) (in. 66).

CBOEpPIgHMM CrnocoboM BUAINEHHA €
BiAKNajaHHA nepeBefeHNX Y Ba)KKOpPO3-
UMHHY dOpMy MpPOAYKTIB OOMiHY B KNiTU-
Hax Tina (Hanpuknag, y KniTmHax »XMpoBoro
Tina Komax).

[nAa retepoTtpodiB BakIMBUM BULOM
06MiHY peyoBUH € 0O6MiH 6inkKiB. Y HboMy
KiHYyesuMU npoOyKmamu € HimpozeHo8Mmic-
Hi CNOJlyKU — aMOHiaK, CeYOBMHa, CeYyoBa
KMCNOTa, WO WBMAKO BUAANATbLCA 3 opra-
Hi3my. locuTb YacTo Yy 3B'A3KY 3 MOTpebamu
€KOHOMIT BOAW NEerkopo3unHHi aMOoHiaK

BuainbHi
TPY60oUKYM
(npoTtoHedpugii)

Mnocki
YyepBu

BuainbHi
Tpy60oUKN
(MeTaHedpugii)f:

Kinbyacri
yepBu

3eneHi 3ano3u

-

Pakonogi6Hi

Komaxu

Manbniriesi
Tpy6ouKn

Hupkn
CcaBui (|

In. 66. OpraHu BUAiNeHHA NpefcTaBHUKIB
Pi3HMX rpyn TBapUH

CeYOBMHa 3aMiHIOIOTHCA Ha BaXKKOPO3UMHHI PEUYOBMHU, AKUMM € ryaHiH (Hanpuknag, y
naByKiB) abo ceyoBa KMCNOTa (HanNprKag, y KoMax, niasyHie, nTaxis).

OTXe, 3aBeplUanbHMin eTan oObMiHy peyoBUH I eHeprii y retepoTpodis
TaKOXK Ma€ CBOI 0COBNMBOCTI, AKUMU € HAAABHICTb HITPOreHOBMICHUX
KiHLeBMX NPOAYKTIB i cnewuianisoBaHMX OpraHiB BUAINTEHHS.

OBMIH PEYOBUWH Y TETEPOTPO®HUX OPTAHI3MIB - ue o6miH,
O XapaKTepu3y€eTbCA HaAXOAKEHHAM FOTOBUX OPraHiYHNX PeYvOBMH,
AKi € prkepenom BinbHOI XimMiuHOT eHeprii, Kap6oHry, ligporeHy 11 HitporeHy,
nepeBa)kaHHAM Yy KNiTMHaX KaTaboniuHMX peakuil po3LWeneHHs Lux
PEeYOBUH, BTOPUHHNM CUHTE30M B/IACHUX OPraHiYHMX CNOAYK
i BUAANEHHAM i3 KNITUH KiHLEBUX NPOAYKTiB 0OMiHY, 30KpeMa aMOHiakKy.



@ BIANbHICTb

x‘//‘ 3aBAaHHA Ha NOPIBHAHHA

3a gonomoroto Tabnvui B po6oyoMy 30WKNTI MOPIBHANTE aBTOTPODHWIA Ta reTe-
poTpodHUIA TUNN 06MiIHY PeyoBMH I NepeTBOpeHHA eHeprii. ChopmynioniTe BUCHO-
BOK MPO NoAi6HICTb Ta BigMIHHOCTI.

O6MiH peuoBUH OO6GMiH pe4OBUH y
O3Haka y aBTOTPOPHUNX reteporpodHux
opraHismiB opraHismis

OcobnnBOCTi HAAXOAMKEHHA PEUOBUH 1 eHepril
OcobnuBocTi meTabonizmy

OcobnMBOCTI BUAINEHHS

lpynun opraHiamis i3 TUNOM 06MiHY

Bionorisa +TeapuHn. Oco6nuBocTi 06MiHY pe4yoBUH y NTaxis

Struthio camellus — Taka naTUHCbKA Has3Ba LIbOro
nTaxa, B AKi cnoBo camellus o3Hayae «Bepontogy». | e
He AMBHO, afKe MpPo NofibHicTb adprKaHCbKMX CTpa-
yciB 3 Bepbnofamy roBopATb ONyKi oui, Benvki Bii Ta
po3mipu Tina. Lle HanbinbLmii i3 cyuyacHnx nraxis. Moro
3picT carae 270 cm, a maca — 175 kr. Mano xTo 3Hag, Wwo
CTpaycC — EANHWIA CYYaCHUI NTax, y AKOro € CEYOBUIN Mi-
xyp. AIki oco6nmBocTi 06MiHYy peyoBUH 1 NepeTBOPEHHSA
eHeprii y opraHiamis Lboro smay?

CTABJIEHHA
< «2 bionoria + Ximisa. Oco6nuBocTi 6pogiHHA

KBalweHi oOBO4Yi OTPUMYIOTb 3aBAAKM MONOYHO-
Kncnomy 6pofiiHHI0, 3@ AKOrO YyTBOPIOETbCA MOMOYHA
KWCNOTA, O € KOHCEPBAHTOM OBOYEBOI NPOAYKLii. KOH-
cepBOBaHy npopykKuito Tpeba 36epiratn 6e3 goctyny
KMCHIO, iHaKLie Ha po3COoNi PO3BUBATMMETbCA TPUOOK
oigiym (Oidium lactis), aAkKnit NPpM3BOAUTD O 3MEHLLEHHSA
KiNNbKOCTi peYOBUHM-KOHCEPBAHTY i PO3BUTKY MpoLeciB
rHUTTA. A WO Take 6pofiHHA AK Npouec KaTtaboniamy?

PE3YJIbTAT

3aBfiaHHA ANA CAMOKOHTPOJI0
1. X70 Taki retepotpodu? 2. Ha3giTb 0OCHOBHI rpynu retepotpodis. 3. Ha3BiTb eTa-
nun Kataboniamy retepoTpodPHux opraHiamis. 4. Ha3BiTb BU3HauyanbHy ocobnmeicTb
1-6 |meTtaboniamy retepotpodis. 5. HaBeaiTb Nprknagn peyvyoBuH, WO BUAANATLCA B
reTepopHnx opraHiamis. 6. AKi 0co6NMBOCTi OOMiHY PEUYOBVH Y reTepoTPOPHIX Op-
raHiamis?
7. YoMy po3pi3HATb Pi3Hi TUNK 11 BUAK reTepoTpodHOro xusneHHa? 8. Aki ocob-
7 -9 | nuBocTi meTaboniamy retepotpodis? 9. Ak BinbyBaeTbCA eKCKpeLia B reTepoTpod-
HUX OpraHiamis?
10. Ha KOHKpeTHOMY NpWKnagi opraHi3amiB oxapakTepusyinte oOMiH peyoBUH Y re-
TepoTpoodis.

§ 24. Oco6nmBOCTi 06MiHY PEUYOBHUH Y reTepoTPOdHUX OPraHi3miB

10-12
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Icmopis 6ioximii — ye 3Ha4HOK Mipoto icmopis 0oc/ioxeHb hepmeHmie.
A. JleHiHOxep

§ 25. POJIb ®EPMEHTIB Y 3ABE3MNEYEHHI METABONI3MY
KJNITUHU TA UIJTIICHOIO OPTAHI3MY

OCHOBHi NOHATTA 1 KNto4oBi TepmiHu: ®EPMEHTU.

Mpurapaiite! Lo Take 6i01I0rYHO aKTUBHI PEYOBUHN?

'\ 3HailomTecs!

OpHoro pa3y AnekcaHop ®nemiHz (1881-
1955) BMNaAKOBO UXHYB Y yallky eTpi, B AKin nepeby-
Banu 6akTepii, i uepe3 aekinbka AHIB BUABUB, LLO B TUX
MicUAX, KyAu NOTpanunu KparnaumHU cnvHu, Gaktepil
6yno 3HuLleHo. B pe3ynbraTi 6yB BigKPUTUI 3aXUCHWI
bepmMeHT nizounm, Lo € HAWMOLIUPEHIWM NPUPOA-
HVUM aHTUGioTMKOM. Mepluy cTaTTio NPOo Ue BigKpuTTA
6yno ony6nikoBaHo B 1922 p.

3MICT

Aki oco6nunBocTi pepmMmeHTIiB 3yMOBAIOIOTH iIXHE 3HAUEHHA?
®EPMEHTU (Big nat. fermentum - 3a-
KBacka), abo eH3umum, — gucokocneyugiyHi
6inkosi monekynu, abo PHK-monekynu, Aki €
6ionoziyHUMU  Kamanizamopamu npouyecis
06MiHy peyosuH i nepemeopeHHA eHepeaii y
KnimuHax ma opeadiami. TepMiH «bepMeHT»
3anponoHnysas we B XVII cT. HigepnaHACbKUi
ximik i ¢pizionor fl. BaH lenbMoHT (1580-1644).
Hayka npo ¢epmeHTn BuoKpemunaca B
OoKpeMmy rany3sb 6ioxiMiyHOT HayKu — pepmeH-
monozilo (eH3UMOn02ito), WO IHTEHCUBHO  |n. 67. Katanituuti (1) Ta perynatopHi (2)

PO3BUBAETLCA B TICHOMY 3B'AI3KY 3 XiMi€to, ¢i- LieHTpY pepmeHTy

3ionorielo, TOKCUKoNorie, Mikpobionorieto,

reHeTnKot, dapMakosorieto Ta iH.
3aranbHUMKN 0CO6NMBOCTAMM YCiX GepMeHTIB €:

«  HAABHICMb akKmueHux (Kamanimu4yHux) yeHmpis (in. 67) — QiNAHOK, AO AKUX
NPUERHYIOTbCA Monekynu cybctpaty. Ui ginaHkm y npoctux ¢epmeHTax yTBO-
PIOOTb aMiHOKMCIIOTH, @ Y CKIMAaHUX — HeBINKOBI YacTMHM-KodpaKkTopy (BiTamiHy,
noHmn Kynpymy, ®epymy, MarHito);

+  HaABHICMb peaynamopHuUx yeHmpie (in. 67), fO AKNX MOXYTb NPUEQHYBATUCA
Pi3Hi MONeKynu 1 CNpUYnHATK 36inblueHHA ab0 3MEHLLEHHA KaTaniTMYHOT akTUB-
HocTi. Yepes Ui LeHTpX Ha aKTUBHICTb GepMeHTiB BNMBalOTh Taki perynaTopHi
YNHHUKWY, AK NPOJYKTU peakLiil, FOpMOHM, HenpomeaiaTopu Ta iH. PerynatopHi
UMHHVKY, WO NiABULLYIOTb aKTUBHICTb GepMEHTIB, Ha3UBATb akmusamopamu
(MOHW KMCNOT, >KOBYHI KUCIOTU ANA Ninas), a Ti, WO 3MEHLWYIOTb, — iH2i6imopamu
(HanpurKknag, KaTioHW BaXKNX MeTaniB);




«  cneyugiyHicmes, WO BM3HAYAETbCA 34€6iNblIOro KOMMIEMEHTaPHOO BianoBigHi-
CTIO MiXK BinsHKO GepMeHTY 1 MONEKYIIO CybCcTpaTy;

«  3a/IeXHiCMb akmusHoCMi Bif NeBHUX YMOB (pH, TemnepaTtypu, TUCKY, KOHLeHTpa-
Lii cy6cTpaTy Ta depmeHTiB);

+  HesuMpAamHicme — NPUCKOPIOIOTb peaKLii, ane cami Npu LbOMy He BUTPayaloTbCA
Ta iH.

OTXe, 3aaTHICTb GepMeHTIB BMIMBATU Ha LWBUAKICTb GioXiMiuHMX
peakLin € BUpiWanbHOW YMOBOIO A/ NpoueciB 06MiHy peyoBUH
i MepeTBOPEHHA eHepril Yy KNiTMHax Ta OpraHiamax.

Ak knacnodikyrotb pepmeHTn?

Y cyyacHinn eH3umonorii Bifomo noHag 3000 depmeHTiB; ix knacudikyoTb 3a
pi3HMMUN KpuTepiaMmun.

3a micuem yTBOpeHHA depMeHTU MOoAINATb
Ha eHpo- 1 ek3odepmeHTU. MNepeBaxHa GinbluicTb
bepmeHTIB filoTb BCepenuHi KNiTMH abo opraHis-
My, fle BOHU yTBOpUNIUCA, TOOTO € eHOOepmeH-
mamu. 3a3Bnyan GepmeHT iMeHyTb 3a TUMOM
peakuii, AKy BiH KaTanilye, gofatoun cydikc -asa
[0 Ha3BW cybcTpaty (Hanpuknag, naktasa — ¢dep-
MEHT, Wo 6epe yyacTb Y NepeTBOPEHHi NaKkTo3u).
Mapa3ntnyHi 6akTepii Ta rpnbr-napasnutTn BUKO-
pPUCTOBYIOTb eK3oghepMeHMU AK UNHHWKYK, WO
nocnabnioloTb OpraHiam xassiHa, PYMHYIOTb MOro 3axMCHi CUCTEMM, PO3LLENIITb
MaKpomoneKkynu. TpaBHi pepMeHTU XUXKIX TBAPWH (NaBYKW, 3Mii, TMUYNHKN >KyKiB-Mna-
BYHLIiB) CEKPETYIOTbCA ANA 30BHILUHbOrO TPaBNeHHA, 3aXMCTY Bif XvxKaKiB (if1. 68).

Knacudikauia depmeHTiB 3a XiMiYHMM CKNaloM BKIIOUA€E NPOCTi Ta cKNnagHi dpep-
MeHTU. Mpocmi ¢pepmeHmMu (OQHOKOMMOHEHTHI) MIiCTATb nuwe OiNKoBY YacCTUHY.
Binbwictb depmeHTIB L€l rpynmn MoXyTb Kpuctanidysatuca. Mpuknagamm npoctmx
bepmeHTiB € prboHyKneasa, rigponasu, ypeasa Ta iH. CK1a0Hi pepmeHmu (ABOKOM-
NMOHEeHTHI) cknapatoTbcA 3 6inkoBoro (anodepmeHTy) 1 Hebinkosoro (KodakTtopa)
KOMMOHEeHTIB. binkoBui i KOMMOHEHT BU3HavaEe cneyugiyHicme pepmeHmis, CUHTE3Y-
€TbCA, AK MPABUIIO, OPraHi3MOM Ta € YyTIMBMM [0 3MiHM TemnepaTypu. Hebinkosui
KOMMOHEHT 8U3HAYAE AKMUBHICMb CKNafHUX GepMeHTIB i, AK NpaBuio, HaAXo4MTb B
opraHi3m y Burnagi nonepeHukis abo B rotoBoMy BUrnAfi Ta 36epirae ctabinbHicTb
3a HecnpuATANBUX YMOB. KodaKkTopy MoXyTb O6yTW AK HEOpPraHiYHUMK MoneKynamu
(Hanpuknag, NoHW MeTaniB), Tak i opraHiyHUMK (Hanpuknag, ¢nasiH). MNprknagamm
cKknagHux GepMeHTiB € okcupopedykTasu (Hanpuknag, KaTanasa), nirasu (Hanpwu-
knag, OHK-nonimepasa, TPHK-cuHTeTasn), niasu 1a iH.

IcHye knacudikauia depmeHTiB i 3a TMUNOM peaKLUil, 3rigHO 3 AKol iX nopins-
I0Tb Ha 6 KnaciB: okcudopedykmasu, mpaHcgepasu, 2ioponasu, niasu, i3omepasu Ta
nieasu.

In. 68. JInunHka »kyka-nnaByHus,
AKWI MA€E 30BHILLHE TPABMIEHHA

OT1xe, bepmeHTU KNacudikyloTb 3a MicLleM YyTBOPEHHS,
XiMIYHUM CKNaAoM i TUNOM KaTaliTUUYHUX peaKLii.

§ 25. Ponb dpepmeHTiB y 3ab6e3neyeHHi MeTaboniamy KNiTMHW Ta LiNiCHOro opraHiamy
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fAlka 6ionoriuHa ponb pepmeHTIB?

3a GionoriyHUM 3HayYeHHAM GepMeHTM MOAINAITb Ha MeTaboniyHi, TpaBHi
3aXUCHI.

MetaboniuHi pepmeHTN — 2pyna cepmeHmis, wjo kamanisytome aHaboniyHi U
kamaboniyHi peakyil' y knimuHax. BOHM MOXyTb MicTUTKCA B rianonnasmi (bepmeHTr
6pogiHHA), B agpi (PHK-nonimepasa, HK-nonimepasa), B MmiToxoHApisx (gerigpore-
Ha3n M LMTOXPOMMU AMXANIbHOTO NaHLtora), Ha pubocomax (cvHTeTasm 6inkKie), y xJo-
ponnacTax (pubynosobipocdatkapbokcmnasa, abo PybicKo, — dpepmeHT dikcauii CO,)
Ta iH. Y KniTMHax meTaboniuHi nepeTBOpPeHHA CybCTpaTiB 34iCHIOTLCA NOCNiILOBHO
Jekinbkoma pepmeHTamu. KoxkHUIM 3 umnx pepMeHTiB KaTanisye neBHy finAHKY 3aranb-
Horo metaboniuHoro wnaxy. CyKynHicTb pepMeHTiB, AKi KaTanisyoTb NepeTBOpPEHHSA
cybcTpaTy uepes naHulr NOCNifOBHUX peakKLill, Ha3UBAETbCA MyNbTUGEPMEHTHUM
KOMMNEeKCOM (MynbTUPEPMEHTHOK CUCTEMOD). MeTaboniuHi pepmeHTU GepyTb
yyacTb Yy npouecax AUXaHHA, pOCTy, MOAPa3NMBOCTi, CKOPOUEHHA M'A3iB TOLWO.

TpaBHi pepmeHTM - 2pyna ¢epmenmis, wjo
pO3WENITIOE CKIAOHIi OpeaHiyHi cnoslyku ma ix komn-
nekcu 0o npocmiwux. Lii pepmeHTN B KIMBIi Npupo-
[i cnocTepiraloTbCa B Jli30COMax TBAPMHOMOLIOHNX
OpraHi3miB, CEKPETOPHUX MiXypuax rpubis, Tpas-
HUX CeKpeTax KOMaxOIAHWX POCAWH, TPaBHIN cu-
cTeMi TBapuH (inn. 69). TpaBHi depMeHTM HanexaTtb
[0 rpynu rigponas, Wwo KatanisyloTb peakuii rigponi-
3y. Tak, y TpaBHOMY TpaKTi XxpebeTHUX TBapWH 1 fio-
OVHW HaABHI NpoTeasu (KaTanisyloTb po3LiensieHHA
6inkiB), ninasu (pepmeHTU posLwenseHHs ninigis),
aminasu (pepMeHTU posllenneHHA Byrnesogis),  1- 69. Henentec — komaxoipHa
HyKneasu (.pO3LL|,erIJ'IIOIOTb HYKNeIHOBI KNcnotn Ao pocinHa ;;'z/afn'*e”m(:)’(epme”Ta'
HYKneoTugis).

Cepep depmeHTIB € 1 TaKi, WO 3aXULLAIOTb Bif TOKCMUYHUX PEUYOBUH (Hanpuknag,
AHTUOKCUIAHTHI depmMeHTV MepoKcMAaasa, Katanasa 1 CynepoKCcMaAucMyTasa), Big
BTpAT KPOBi (Hanpuknag, ¢pepmeHTU 3CiaHHS KPOBi — TPOMOIH, ¢ibpuH). OCHOBHUM
3aXMCHUM pepmMeHTOM GaraTbOx OpraHiaMiB € Ni3ouuMm, WO MICTUTLCA B NleKouu-
Tax, A€YHOMY BiNKy, WKipi, CIM30BMX 06ONOHKaX i pifvHax opraHiamy (CAuHM, cnisHoT
piavHn). Jlisoumm po3sLWwenstoe PeYOBUHN, WO € OCHOBOI KNITUHHOI 0O60NOHKN 6aK-
Tepin i 3axumLiae cn30Bi OOONOHKN OKa, MOPOXHWHM POTa, KULLEYHUKY Bif iHbeKUin.

=«

OTXe, ponb pepMeHTIB nonAara€e B 3abe3neyeHHi metaboniamy KniTuH,
nepeTpaBloBaHHI CKNAagHUX PEYOBUH A0 MPOCTINX i 3a6e3neYeHHi
3aXUCTY Bif, HECMPUATANBUX YNHHUKIB.
AIANbHICTb
x\/‘ MowykoBe 3aBAaHHA «XapaKTepucTnka okpeMmnx ¢pepmeHTiB»

3anoBHiTb TabnuLo NPO OKpeMmi BiAKPUTTA Y GepMeHTONOrIl Ta NiaroTynTe nosi-
JOMIEHHA Npo GepMeHT, Ha3By AKOro BU OTPUMAETe NicNA BCTAaHOBMIEHHA BiANOBIA-
HOCTI MiX Npi3BMLLEM HAaYKOBLA | BIAKPUTTAM.



HaykoBeub BiakputTa

E [loBiB, WO eKCTPaKT KNiTUH APIXKAXKIB 3MiNCHIOE cnupToBe 6po-
AiHHA Tak caMo, AK | He3pyMHOBaHI APIKAXKOBI KNITUHN

2 E. bioxHep I 3patHicTb depmeHTiB O KprcTanisayii

H, CneyndiyHicTb pepmMeHTiB BU3HAYAETHCA TOUHOI BigNoOBIAHICTIO
MK Gopmamy pepmeHTy 11 cybcTpaTy

4 A.[.PoseHdenby |H, [oBeneHHa 6inkoBoi npupoan pepmeHTiB

5 [I.b. CamHep P 3anponoHoBaHWUii TepMiH «bepMeHT»

1 A.BaH [enbMoOHT

3 I.E. Qiwep

Bionoria + MepuunHa. OTpyTa 3mii

OTpyTa ragiloku 3BUYANHOI, Ha AKY B YKpaiHi
MOXHa HaTpanuTn B NTiCOBIl, NiCOCTENOBIl 30HaxX Ta
B Kapnatax, Mae nepeBa)kHO remMoparivyHuin BMauB.
Yum 6nmskye micle yKycy 10 FonoBu, TUM BiH Hebes-
neyHiwmin. HaBecHi oTpyTa rafoku € 6inbl TOKCHY-
HOW, HiX BRiTKY. CMMNTOMW OTPYEHHA: B'ANICTb,
roJIOBHUM 6inb, HYAOTa, iIHKONU 6MOBOTA, NPULIBUA-
LeHMI NYNbC, MAaMOPOUNUBICTb. 3aCTOCYMTE 3HAHHA
npo GpepmeHTM 1 MOACHITb MexaHi3m BMNBY OTPYTH
ragloku 3BMYaHOI Ha »KMBi OpraHiamu.

CTABJIEHHA

bionoria + XapuoBa npomucnosicTb

CruyHUIN bepMeHT (XiMO3UH) — TpaguuinHuiA
NPoAyKT AnA 3BYPAKEHHA MOJIOKa, WO LMPOKO
BUKOPUCTOBYETbCA B CMPOBapiHHI. B ITanii okpim
CMYYXHOMO XiMO3MHY LUMPOKO 3aCTOCOBYIOTb iHLUI
bepmeHTH, Wo X BUPOONAIOTD MUTJANUKL TENAT i
ArHAT. Lle Hapae cneundiyHoro nikaHTHOro cmaky
iTanifncbKnum cupam. Ake 3HaueHHA Lx GepmeHTIB y
npouecax BapiHHA C1PiB 3 MOnoKa?

PE3YJIbTAT

3aBfaHHA ANA CAMOKOHTPOJIO
1. Wo Take dpepmenTn? 2. Hasegitb npuknagn ¢pepmentis. 3. LLlo Take npocTi i
1-6 |cknagHi depmeHT? 4. AK KnacudikyloTb GepMeHTN 3a GIOIOTYHMM 3HAUEHHAM?
5. o Take meTtaboniuHi pepmeHT? 6. Lo Take TpaBHi bepmeHT?
7. Aki ocobnuBocTi pepMeHTIB 3yMOBNIOIOTH IXHE 3HaueHHA? 8. AK depmeHTU Knacu-
dikytoTb? 9. flka 6ionoriyHa ponb pepmeHTi?
10. flke 3HaYeHHA MatoTb 3HAHHA NPO GpepPMEHTN B XapUoBili NPOMMUCIOBOCTI 1 Me-
ONUMHI?

§ 25. Ponb dpepmeHTiB y 3ab6e3neyeHHi MeTaboniamy KNiTMHW Ta LiNiCHOro opraHiamy
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«BimamiHu, dopozuli mogapuuwy npedsooumerstto, 3a0apmMa HikomMy He 0aroMbCs».
I. Inegh, € Mempos. [JeaHaouysme cmineuie

§ 26. BITAMIHU, IX PONb B OBMIHI PEYOBWUH TA EHEPTII

OCHOBHi NOHATTA 1 Kno4voBi TepmiHu: BITAMIHU. Bogopo3unHHi BiTami-
HW. KNpopo3unHHi BiTamiHW.

Mpuragaiire! Lo Take 6i0n0riYHO aKTUBHI PeYOBUHMN?

'\ HoBuHN HayKun

BcecBiTHA opraHisauifa oXxopoHu 380-
pos’a (BOO3) Bupiwmna gocnignTn cTaH cnpas
LWOAO BMKOPUCTAHHA BiTaMiHHMX npenaparTiB y
cBiTi. Pe3ynbTat pgocnigxeHb 6yB TakuMm: CBiXi
0oBoOui Ta GPYKTM HabaraTo KOPUCHiLLi, aHiX BiTa-
MiHHi npenapaTu. Wo Kpauwe: GpykTn um niryn-
K1 ackopbiHoBoi Kncnotu? Yomy?

3MICT

Aki oco6nmnBoCTi BiTamiHiB BU3Ha4alOTb IXHE 3HAYEHHA?

BITAMIHMU ( Big nart. vitae — XXUTTs Ta amin — amiH) — 6j0/102{4HO AKMUBHI pe4oBUHU
Ppi3HOI XiMiYHOI NpUpOOU, HEeObXIOHI 8 HeBeTUKUX KiflbKOCMAX 0/18 HOPMAJIbHO20 OOMIHY
peYOBUH i XUMMEDiAAbHOCMI XUBUX Op2aHi3mig. BiTamiHN He BUKOHYIOTb B OpraHi3mi
aHi eHepreTMYHOI, aHi CTPYKTYpPHOI QYHKLIi, ane € HeObXigHMMM AnA 0OMiIHY peyoBUH
i nepeTBOpeHHA eHeprii (in1. 70).

ICHyBaHHA | 3HaYeHHA BiTaMiHIB ANA XUTTA HaNPUKiIHLi MUHYOro CTONITTA BCTa-
HoBuB M. I. JlyniH (1881). Mi3Hiwe nonbcbkuin ximik K. QyHk (1912) Ha3BaB peyoBuU-
HY, WO BUZINNAN 3 BUCIBOK, «BiTaMiHOM», OCKifIbKM Ti MOfieKyna MicTuia aMiHorpymny.
Lia Ha3Ba 36epexeHa [0 LbOro yacy, xoua HiTporeH € He B ycix BiTamiHax. ¥ 1913 p.
amepuKaHCcbKun 6ioximik E. B. Makkoniym 3anponoHyBaB Ha3uBaTtu BiTaMiHW niTe-
pamm naTruHCbKoT abeTkun. HigepnaHacbkuin nikap K. EUkmaH 0oBiB, WO 3aXBOPOBAH-
HA Oepi-6epi cNpMUYNHAE HecTaya BaXkNMBUX 415 OpraHiamMy peyoBurH. HuHi Bigomo
6n113bko 50 BiTaMiHiB, WO iX BYBYAE HayKa
simamiHonoais.

3a BNacTMBOCTAMM BiTaMiHM NOAINAITb
Ha 8000- Ta XUPOPO3YUHHI. PO3UMHHICTb
BM/MBAE Ha BCMOKTYBAHHA, TPaHCMOPTY-
BaHHS, 30epiraHHA Ta eKCKpeLilo BiTaMiHiB.
Tak, rigpodinbHi BiTamiHM MicTATbCA Y CO-
KOBUTMX CKNagHWKax i, a rinpodobHi —
B Xupax i oniax. Bogopo3umHHi BiTamiHM
BCMOKTYIOTbCA 6e3nocepefjHbO B KpOB,
KUPOPO3UMHHI  NOTPaNAATb  CroYvaTky
B NiMmdy, a NoTiMm y KpoB i nepeHocATbCA
TPaAHCNOPTHUMK Ginkamu. Y KniTMHax BO-
JOPO3UMHHI BiTaMiHM BiflbHO LUMPKY/IOTb
y umMTonnasmi, B TOM Yac AK XUPOPO3UMHHI

In. 70. BiTamiHn B xap4oBKX NpoayKTax
MOANHN



LEenoHYI0TbCA y BUTNALI BKNOUYeHb. HeBeNVKnNin HagnmwoK BOAOPO3UYMHHMX BiTaMiHIB
MOXe JIerko BMBOAUTUCHb Yepe3 OpraHu BUAINEeHHA. Yepe3 Te WO >KNPOPO3UYNHHI
BiTaMiHM HaKOMMNYYIOTbCA B Tifi, IX BXUBaOTb Y BiAHOCHO BENNKUX KifIbKOCTAX Yac Bif
yacy, o6 3a40BONbHUTM NOTPEOU OpraHi3mMy, a 0Cb BOAOPO3UMHHI MaloTb HAAXOAUTM
perynapHo.

ABTOTPOOHI MiKpoOpraHiamu i 3eneHi POCIMHU CUHTE3YylTb BiTaMiHW camMo-
CTiHO. He BCi BiTaMiHN € 060B'I3KOBUMM ANsl Pi3HMX BUAIB TBAPUH. Tak, BiTamiH C €
HeoObXigHVM ANsA NOAVNHY, NIOANHOMNOAIGHMX MABM i MOPCbKMX CBUHOK, a ANsl KPOJIUKIB,
LYpPiB, MULLEN BiH He € BiTaMiHOM, OCKIfIbK/ CUHTE3YETbCA B OpraHi3mi. letepoTpod-
Hi OpraHi3Mn BUKOPWCTOBYIOTb CMHTE30BaHI BiTaMiHM B CKnagi i abo BCTynaTb B
MYTYaniCTUYHi BIQHOCUHW 3 OpraHiamamu, 3gaTHUMK iX yTBOploBaTW. | nuwe peaAki
BiTaMiHN MOXYTb CMHTE3yBaTUCA B KNiTMHax retepotpodis. Tak, y KNiTMHaX poCTKo-
BOrO LWapy WKipW NOANHN CUHTE3YETbCA BiTaMiH D, y KNiTMHaxX neyviHKm yTBOPIOIOTbCA
BiTamiHn B, 11 B;, ane B HeQoCTaTHIN KiNnbKOCTI. YCi iHWI BiTaMiHX B OpraHi3mi nioguHu
He CUHTe3ylTbCA B3arasi, TOMy MaloTb 0OOB'A3KOBO HAAXOAUTU B CKMafi XapuyoBux
nNpoayKTiB.

OTXe, BiTaMiHN NOTPiOHI OpraHi3mMy B HEBENVKIW KiNbKOCTI,
BOHW € BOAO- i KUPOPO3UYNHHUMM; IXHE 3HAYEHHA BU3HAYAETbCA Y4acTio
B >KMTTEBO BaXkJIBMUX MpoLuecax 06MiHy peyoBUH.

Aki 0co6NNBOCTI 1 3HAUYEHHA BOAOPO3UYNHHUX BiTaMiHiB?

BopoposuunHHi BiTamiHu € rigpodinbHMMK cnonykamu, LWO Hepo3YuH-
Hi B »XMpax i opraHiyHMxX po3umHHuUKax. Ui BitamiHn mictatb HiTporeH, He Ha-
KOMUUYTbCA B KIITMHAX i BUABMAIOTb CBOK Ail0 B CKNagi GepMeHTIB; MOXYTb
CPUYUHATY TinoBiTamiHO3W. [lo rpynn BOROPO3UYMHHUX BiTaMiHiB HanexaTb BiTami-
HU B, (TiamiH), B, (pubodnasiH), B; (HikoTHOBa KucnoTa), B; (maHToTeHOBa KKCoTa),
Bs (nipnpgokcunH), By (poniera kucnota), B, (WiaHokob6anamin), H (6iotnH), C (ackopbi-
HOBa KNCNOTa).

Bimamin B, (miamiH, aHmuHespumHuli) — KpcTaniuyHa crnonyka, gobpe po3umH-
Ha y BOJi, CTilKa NPOTN CBITNa, KACHIO, HarpiBaHHA y KNC/IOMY cepefoBuli. TiamiH
B CKNMagi ¢pepMeHTiB aKTMBHO BM/IMBAE Ha OOMiH PEUYOBMH, a TAKOX Ha HEpPBOBY
perynsauito. Hectaua uboro BiTamiHy Npu3BoAnTb 10 3aXBOPIOBAHHA 6epi-6epi.

BimawmiH B, (pubognasiH, 8imamiH pocmy) WNPOKO PO3MNOBCIOAKEHNI Y POCIUNH-
HOMY CBITi, CMHTE3y€eTbCA MiKpoopraHiamamu. € nonepefHMKoM GnaBiHOBUX CKnaj-
HUX depmeHTiB, WO OepyTb yyacTb y perynoBaHHi OKWCHO-BIJHOBHWX MpPOLIECIB.
Y Takuii cnoci6 pnbodnasiH Bigirpae BaxnuBy ponb y BYrfeBOAHOMY, 6inkoBoMy
" XXMPOBOMY OOMiHi.

BimawmiH B, (yiaHoko6anamiH, aHmuaHeMiyHUl) TKAHWHAMW TBapPUH HE YyTBOPIO-
€TbcA. Mloro cuHTes y npupogai 3AiMCHI0ETLCA TiNbKKU MikpoopraHismamu. Motpe6u
NIOAVHY 1 TBapUH Y HbOMy 3abe3neuyioTbCA MiKpodnopoto KuieuyHuKy. LliaHoko-
6anamiH BXxoauTb A0 CKnagy depMeHTiB CMHTEe3Yy HYKNEIHOBUX KUCNOT, € YNHHUKOM
pOCTy 1 CTUMYNATOPOM remornoesy, BMAMBa€E Ha OQYHKUIl MedyiHKu # HepBOBOI
cucTemMu, akTMBYE OOMIH BYrneBoAiB i ninigis.

Bimawmin C (ackop6iHosa kucioma, aHmuckopbymHruti) — 6e3KonipHa KpucTaniy-
Hi PeYOBUHA, MA€E KNCINN CMaK, PO3YUHAETbCA Yy BOAI i PYMHYETbCA 3a TPUBANoro
KnN'aTiHHA. MicTUTbCA B 3HaYHUX KiNbKOCTAX Y Niofdax WUMWWHK, KanycTi, TIMMOHaXx,

§ 26. BitamiHu, X ponib B 0OMiHi pe4oBUH 11 eHeprii
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anenbcuHax, XpiHi, Arogax, xBoi Ta iH. BigkpntTta BiTamiHy C noB’A3aHe i3 3axBopto-
BaHHAM MiJ Ha3BOW «YUH2a», abo «ckopbyT». BiTamiH C € aHTUOKCUZAHTOM, PETYIIIOE
BCi BUAM 0OMiHYy peuyoBUH, 3CiJaHHA KPOBIi, pereHepaLito TKaHWH, CUHTE3 KONareHy,
NiABULLYE NPOHUKHICTb KaninApis, CTINKICTb J0 iHbeKUin.

OTXXe, BOLOPO3UMHHI BiTaMiHM CMHTE3YIOTbCA NEepeBakHO POCMHaMM
" mikpoopraHiamamu. Lli BiTamiHKW BNAMBalOTb Ha NpoLec KPOBOTBOPEHHA
B OpraHi3mi, y cknagi ¢epmeHTiB perynioloTb 06MiH peyoBUH,
NigBULLYIOTb CTIMKICTb A0 iHPeKUin Ta iH.

flke 3HaYEeHHA XXMPOPO3UNHHUX BiTaMiHiB Ana opraHismy nioguHn?

KunpoposuunHHi BiTamiHM HEPO3UMHHI Y BOAi, ane PO3UMHAIOTLCA B OpraHiy-
HUX PO3YMHHUKAX, TEPMOCTINKI 1 HeuyTnMBi JO 3MiH pH cepenoBuLLa; MOXKYTb Ha-
KOMMYyBaTNCA B OPraHiami N CAPUYMHATU rinepsiTamiHO3N. [JO XMPOPO3UNHHUX
BiTaMiHiB Hane)aTtb BiTaMiHu A (petuHon), D (kanbundeponu), E (tokodpeponu),
K (dinoxiHoHW).

BimamiH A (pemuHon, aHmukcepoghmaneMiyHUl) CUHTE3YETbCA TiNbKU Y TBapPUH-
HUX TKaHMHax. PocnnHm no3basneHi LUboro BiTamiHy, ofHaK 6araTo 3 HUX MiCTATb Ka-
POTWH, L0 € MonepegHNUKOM peTuHony. BitamiH A — aHTMOKCMAAHT, perynioe npouecu
3pOroBiHHA, 6epe yyacTb y CMHTE3i POAONCUHY, HEOOXIAHWI ANA NIATPUMKN iMYHiTe-
TY 1 IPOTUNYXJINHHOMO 3aXUCTy OpraHiamy. Hectaua BiTamiHy A B opraHi3mi niogunHm
CNPUYNHAE 3aXBOPIOBaHHSA, BifOMe AK Kypsy4a cinoma.

Bimamin D (kaneuugepon, aHmupaximHud) MiCTUTbCA NepeBa)KHO B OpraHiamax
TBapPVH I NIOAUHN. Y POCIINH 1 rpurbiB € TXHi nonepeaHnKn — ctepuHu. Bitamin D uun-
HUTb rOPMOHONOJIOHY fito, 6epe yuacTb y meTabonizmi Kanbuito Ta Qocdopy. Y pasi
HecTaui BiTamiHy D y nioguHn po3BrBatoTbCcA paxim, octeomansayisa i geaki popmu
0CTeonoposy.

Bimamin E (mokogheposn, aHmucmepunbHUl) MiCTUTbCA B POCTTIUHHUX ONiAX N Yn-
HUTb aHTMOKCUAAHTHUA BNAMB. BigCyTHICTb UMX BiTaMiHIB y TXi HeraTuBHO MoO3Ha-
YAETbCA Ha 3[aTHOCTI OpraHiaMy O PO3MHOXeHHA. Yepes Te BiTamiH E Ha3smBaloTb
TaKOX BiTaMiHOM PO3MHOXeHHs. ABiTaMiHO3 E nopyluye oO6MiH peyoBuH.

Bimamin K (¢inoxiHoH, aHmuzemopaeziyHull) Ha3nBalTb BiTaMiHOM Koarynauii,
OCKiNbKM NigBULLYE 3CifaHHA KPOBi. Kpim TOro, BiH NPMCKOPIOE 3aroloBaHHA paH i pe-
reHepauito TKaHVH NicnA onikis. Y niogen aBitamiHO3 K TpannaeTbca gyxe pigko, noro
CMHTE3YyI0Tb OpraHi3mMm KMULWKOBOI Mikpodnopwu.

OTKe, >KMPOPO3UYNHHI BiTaMiHN BM3HAYaloTb 3AATHICTb OpraHismy
[0 PO3MHOXEHHSA, 3abe3neuyloTb 3CifaHHA KPOBI, perynoioTb 06MiH cone,
BMAUBAOTb Ha QYHKLilo 30py Ta iH.

.&)’ AIANIbHICTb

CamocTiiHa po6oTa 3 Tabnuueto

PisHOMaHIiTHiCTb Ta 3HaYeHHA BiTamiHiB AnA opraHismy nlOANHN»
Ha 2012 p. 13 peuyoBuH B HayLi BU3HaHO BiTaMiHamu. 3aMOBHITb Yy poboyomy 30-
wnTi Tabnuuto Ta 3pobiTh y3aranbHeHHA WOAO POl BiTaMiHiB y MeTabosi3mi KNiTKH Ta
06MiHi peYoBUH OpraHi3my NIIOAUHMN.



Ta6nuua. KOPOTKI BIAOMOCTI MPO OCHOBHI BITAMIHA

BOAOPO34Y1HHI BITAMIHU KUPOPO34YUHHI BITAMIHA
HasBa OyHKuUiT HasBa OyHKUiT

B: (TiamiH) D (kanbuundeponn)

B, (pnbodnasiH) E (Tokodeponu)

B; (HiKOoTMHOBa KMCnoTa) K (¢pinoxiHoHN)

Bs (naHTOTeHOBa KncnoTa) A (peTtuHon)

Bs (nipnpokcuH)

Bs (B, donieBa kucnorta)

B., (uiaHKOGanamiH)

H (6ioTuH)

C (ackopbiHoBa KncnoTa)

Bionoria + Jlitepartypa. Bitamin A

«Cmapuli makox nug WOoOHA NO KYXJ1t0 XUpy 3 aKy/A-
Yoi' neyiHku, <...> Wo 0obpe donomMazas npomu 3acmyou
ma epuny U 6y8 kopucHuli 071 o4eli» (E. TemiHreei. Crapuii
i Mope). OgHUM i3 KOPUCHUX KOMMOHEHTIB MeYiHKN € BiTa-
MiH A, Wwo 6yB BigkpuTui Wwe B 1913 p. OnuwwiTb, AK BiA6Y-
BAETbCA 3aCBOEHHA BiTaMiHy A B opraHi3mi noognHu. Ynm
KOPWCHO AN1A OPraHiamy CnoXmBaTy y BEJIKIN KiNlbKOCTI
BiTamiH A?

CTABJIEHHA

bionorisa + MeguuynHa. Kanbundeponu Ta ix 3HaueHHA

OcCTaHHIM Yacom oTpMMaHo 6araTto JaHux, AKi cBif-
yaTb Npo Te, Wo PyHKuUiA BiTamiHy D He obmexyeTbca
perynioBaHHAM obMiHy Kanbuito i ®ocdopy. [loBeaeHo
noro epeKTUBHICTb Y NpodinakTnLi NyXIUHHKX 3aXBOPIO-
BaHb MOJIOYHOI 331031, NPOCTaTK, TOBCTOFO KULLEYHUKY,
a TaKOX OXMPIiHHA, XBOpPOO cepua i aenpecii. Jocnian 3
HemMaTojaMu nokasanu, Wo Kanbuudepon B3aeMOAie 3
«reHaMu JOBroflitTTaA» i 3aXMLa€e KNiTUHW Bif PO3BUTKY NOpPYLUEHb Y AiANbHOCTI 6in-
KiB Ta iX HenpaBWAbHOrO 3CifaHHA. A AK i ge CMHTe3yeTbcA BiTaMiH D B opraHi3mi
NOANHN?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Lo Take BiTamiHn? 2. Ha3BiTb Aekinbka ocobnmsocTel BiTamiHis. 3. LLlo Take Bo-
1-6 |popo3uunHHi BiTamiHM? 4. HaBediTb NpuKnagm BOLOPO3UYNHHMX BiTaMiHiB. 5. LLlo Take
KMPOPO3UMHHI BiTamiHN? 6. Ha3BiTb XNPOPO3UMHHI BiTaMiHW.

7. AIki 0cO6NMBOCTI BiTaMiHiB BM3HAYatoTb IXHE 3HaueHHsA? 8. AKi 0cob6nMBOCTiI 11 3Ha-
YEHHA BOJOPO3UYMHHUX BiTaMiHiB? 9. flke 3HaUEHHA XKNPOPO3UNHHUX BiTaMiHIB?

10-12 | 10. JoBegiTb yyacTb BiTamMiHiB B 0OMiHi peyoBMH OpraHiamy NiognNHN.

§ 26. BitamiHu, X ponib B 0OMiHi pe4oBUH 11 eHeprii

m
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BinbHa eHepeis — ye ma eHepeis peakyid, Wjo Moxe 6ymu nepemsopeHa 8 pobomy.
3 niopyyHuka 6ioximir

§ 27. EHEPTETUYHE 3ABE3NEYEHHA NMPOLECIB
METABOJI3MY

OCHOBHI NOHATTA M KMoYOoBi Tepminn: OBMIH EHEPTII. AT®. KIITUHHE
OUNXAHHA.

MpurapaiiTe! Lo Take meTaboniam?

'\ Momipkyiite! AgTOTpOdN |

[nAa opraHi3amiB Hawoi nnaHeTw
OCHOBHUM [KepefioM eHeprii € COHAYHe
CBiTNO. He3HauHO MipoK B npouecax me-
TaboniaMy Mo)Ke BUKOPUCTOBYBATUCA Ten-
NI0Ta BYNIKAHIYHOIO MOXOMXKEeHHA, eHepria 3
Hagp 3eMHoi Kopu Ta iH. EHepria noTpibHa
opraHiamam Ana CUHTe3y BRAaCHUX OpraHiy-
HUX PEYOBMH 3 HeopraHiuyHux (aBTOTPOPU)
abo 3 rotoBUX OpraHiyHuX (retepoTpodu).
A wo Bif6YyBa€eTbCA 3 eHeprieto nicnA ii Hag-
XOIMEHHA B KNiTUHY?

3MICT

flka ponb ATO y 3a6e3neyeHHi npoueciB metabonismy?

OBMIH EHEPTII - ye cykynHicmo npouecis, wjo 3abeznedyoms HaOX00XKeHHS, ne-
pemesopeHHs ma sudasieHHsA eHepeii' y biocucmemax. K 3a3HayalOTb HAaYKOBLi, «xoya
eHepeis icHye y 6azamvox ¢opmax, 018 aHabosizmMy Xusux icmom nNpudamHUMU €
Jniuwe 08i i3 HUX — c8imsi08a U XimiyHa eHepzis». OCHOBHUM [PKepPeiom CBITIIOBOT eHep-
rit € CoHue, a XiMiYHOT — XiMiYHi 3B'A3KN rOTOBUX OPraHiYHNX PEeYOBUH.

EHepreTnyHi nepeTBOpeHHA CBITNOBOI UM XiMiYHOT eHepril y KNiTMHax Bigpi3HA-
0TbCA Bifj eHepreTUUYHNX NPoLeciB HEXUBOT NPUPOAN TUM, LLO: a) OCHOBOIK € OKUC-
HO-BiHOBHI peakuii, Wwo BigbyBaloTbCA 3a yyacTi GepmeHTiB; 6) MalTb NOCTYMNOBUIA
(noetanHwmin) xapakTep; B) 34iNCHIOITbCA 3a yyacTi BUCOKOCMeLiani3oBaHMX CTPYK-
Typ — poTomMemMbpaH, Me30COM, MITOXOHZ I Ta XTOPONACTIB; I) A5 aKyMYJIIOBaHHS,
36epeXKeHHs 1 BHYTPILUHbOrO NepeHeceHHs eHeprii cnyrye ATO.

ApeHosnHTpudochatHa kucnota (ATD) — opeaHiyHa cnonyka, Wo Haaexume
00 8iNlbHUX HyK/1leomuodie i € yHigepcanbHUM XiMiYHUM akymyaamopom eHepaii y Kii-

musi. Mpuragaemo, wo monekyna ATO e ) NPZ
HYKNEOTUAOM, KNI CKIIAAAETbCs i3 afgeHi- Tou dochathi sanmuwkn  AREHIH

. . = = - XN
Hy, pr6031 i TpbOX 3anMwkiB opTodocpar- Q@ O O HC\/ T| L,
Hoi Kucnotu (in. 71). Mig vac Bigwennenna ~ O~PyO0=P7O-P——0=CH, — N-C\ A
docdatHoi rpynu Big ATO BUBINbHAETbCA 0 g Ol O
6nmn3bko 42 k[x eHeprii Ta yTBOPIOETb- H b

MakpoepriyHi

ca AJO (apeHosnHpgndbocdhaTHa KncoTa). . Pu6osa

Konn x Big monekynu ATO BigwenniooTbcA

ABa docdart-noHn, To yTBoptoeTbcs AMO In. 71. Cxema 6ynosu monekynu ATO



(apeHo3uHMOHOdOChaTHa KMCNOTA) i 3BiNbHAETLCA 6/M3bKO 84 KX eHeprii. MpoLe-
Cu po3LuensnieHHA 11 yTBopeHHsA ATO BigbyBatoTbcA NOCTINHO BiANOBIAHO 1O CXemu:
~ 42 kX ~ 42 kX
AMO =—5 ANO =*— ATO

EHepria makpoepriuHunx 38'a3KiB ATD BUBINbHAETLCA B peaKUisax rigponisy i Bu-
KOPUWCTOBYETbCA AN BUKOHAHHA 6yab-AKOi po6oTu KniTnHn. CnHTe3 ATO BinbyBa€eThb-
CA 3aBAAKN peakuiam GocPopunioBaHHs, WO MOXKYTb 34IMCHIOBATUCA B LIUTOMa3Mi
(cybcTpaTHe pochopurnioBaHHs), B MITOXOHAPIAX (OKUCHIOBaNIbHe pochopusitoBaHHs)
abo B xnoponnacTtax (potopochopunoBaHHSA).

OT1xe, ocHOBHa ¢yHKLia ATO — Lie eHepreTnyHa, OCKINbKU crofyka
6epe yyacTb B eHepreTMyHomy o6MiHi, 3anacaium B CBOIX
MaKpOepriYHMX 3B’A3Kax 3HaAYHY KinbKiCTb eHepril.

AKi € cnoco6m oTpyMaHHA eHeprii XKNBUMN opraHismammn?

Y KMBIM Npupofdi PO3pPi3HATb TPU OCHOBHI CNOCO6UK OTPUMaHHA eHeprii. MNep-
LUV i3 HUX BNACTUBMI aBTOTPOOHUM opraHiamam, Apyrui — retepoTpodHNMm, a TpeTil
BNACTMBUIA aBTO- 1 reTepoTpodam:

1. Y aBTOTpOdHMX OpraHi3miB 30BHILIHA eHeprif NOrMMHAETbCA xyiopodinom
(6akTepioxnopodinom) i NepeTBOPIOETLCA B XiMiuHy eHeprito ATO. [Jani 3 Byrnekuc-
NOoro rasy 1 BoAu B TEeMHOBI da3i CMHTE3YEeTbCA MIoKo3a. AK BU BXKe 3Ha€ETe, B XMBIi
npupopi uen cnoci6 Bnactnsmin GotoasToTpodam, y AKX CNOCTEPIraETbCA KNCHEBUN
doTocuHTe3 (LiaHObGaKTepil, pocNnHN) N GakTepianbHUI GOTOCUHTES, WO Ha BigMi-
HY Bif KUCHeBOro ¢poTocuHTe3y BilOYBaETbCA B aHaepOOHMX YMOBax 6e3 BUfiNeHHA
KMCHIO (MypnypHi 11 3eneHi cipkobakTepii). Mopag 3 ¢oToCuHTE30M 3B'A3yBaHHSA BYr-
NIeKNCNOro rasy B Npupogi 34iNCHI0ETbCA B MPOLIeCi XeMOCUHTE3Y 3 BUKOPUCTAHHAM
XiMiYHOT eHeprii OKUCHEHHA HeopraHiuYHUX cnonyk (cipko, 3ani3o- Ta HiTpUdiKytoui
6akTepii).

2. Y 2emepompocHux opaaHizmie ximiuHa eHepria NOXMBHUX PEYOBMH Mnepe-
TBOPIETHCA B NpoLiecax KNITMHHOro AMXaHHA B €Heprilo MakpoepriyHmx 3B'A3KiB

KNITUHHE ANXAHHA AEPOBHE )ZI,I/IXAHHH‘
MitoxoHapia % .

T

§ 27. EHepreTnyHe 3abe3neyeHHA npouecis metaboniamy
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In. 72. Cxema npouecis KNiTMHHOIO AUXaHHA 113
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ATO (in. 72). Lli eHepreTuyHi NnepeTBOPEHHA BigOyBalTbCs B MITOXOHAPIAX AK NpoLe-
cu rnikonisy, 6pofiHHA, Cy6CTPaTHOrO Ta OKMCHIOBANIbHOrO GpochOopuroBaHHS.

3. Y asmompogHux i 2emepompogHuUX op2aHi3amie BHYTPILLHbOKNITUHHI ne-
peTBopeHHA eHeprii ATO B pi3Hi dopmMu eHeprii (eNeKTpryUHy, CBITNIOBY, TENNOBY, Me-
XaHiYHY) CNpUAIOTb BUKOHAHHIO KNITUHOIO MPOLeCiB XUTTERIANbHOCTI. YacTnHa Ui€i
eHepril BTpayaeTbCA y BUrMAQI TennoTu.

OTxe, 3a CNOCOOOM OTPUMAHHSA EHeprii »KMBi OpraHiaMy NOAINAITb
Ha aBTOTpO®IB i retepoTpodis.

flka ponb npoueciB guxaHHsA B 3a6e3neyeHHi opraHiamiB eHeprieto?
KIMMTUHHE OUXAHHA - ye cykynHicme npouecie 6i0/102i4H020 OKUCHEHHA No-
XKUBHUX pe4yOBUH 3 8UBI/TbHEHHAM XiMi4HOI eHepeil, wo akymymoemoca 8 ATQ. MNpouecn
LAVIXaHHA B KNiTUHAaX OpraHi3aMiB pPi3HMX LAPCTB XKMBOI NpMUpoau nogibHi 3a 6aratbma
o3Hakamu. O3HaKamMu NoAiIGHOCTI € yTBOPEHHA TaKUX YHIBEpPCaNlbHUX PEYOBUH, AK Mi-
poBUHOrpagHa KucnoTa n AT®, BUKOPUCTAHHA KUCHIO AK aKLenTopa eneKkTPOoHiIB 1
Figporeny, po3wenneHHA Ao KiHuesux npoayktis H,O i CO,, BUKOpUCTaHHA NOJiGHNX
depmeHTiB TOLO. BUOKpemnooTh iBa OCHOBHI TUMW KNITUHHOFO AUXaHHA: aHaepoob-
HWU Ta aepOo6HUI. KNiTUHHE JNXaHHA € YaCTUHOK eHepPreTUYHUX NepeTBOPEHb, 3aB-
OAKN AKUM MOeTanHo BUBINbHAETbCA EHepPria BlaCHUX OPraHiuYHUX PeYOBUH.
Ta6nuusa 2. ETAA EHEPFTETUMHOIO OBMIHY

HasBa etany Xapaktepucrtuka

I. NigroToBunn
(y TpaBHUX BaKkyonsx,
ni3ocomax Ym TpaBHOMY KaHani;
BUBINIbHAETbCA BCbOrO
0,2 - 0,8 % eHeprii)

Min pieto TpaBHMX GepMeHTIB CKNafHi OpraHiuHi crnonyku
PO3LenioTbCA A0 CMOMYK, WO iX MOXe 3aCBOoloBaTh Op-
raHiam. EHepreTnuHumii epeKT Lboro etany HesHauHui, i BCA
eHepria po3CiloeTbCA Y BUMNAAI TennoTn

MpocTi opraHiuHi cnonykn poswennoTbca 6e3  yua-
CTi KUCHIO: PO3LUENSIEHHS TIOKO3M — FAIKOAi3, XUPHUX
KUCNOT — Minoni3, aMiHOKNCNOT — npoTeoni3. EHepretunu-
HUA edekT rnikonizy — 200 kx (116 kX — Ha TennoTy,
84 k[ — Ha ATO):

CeH1,06 + 2A0O + 2H;PO, — 2 CG3H405 + 2H,0 + 2ATO

Il. Be3KucHeBumn
(aHaepo6HuMIA)
(y rianonnasmi KnituH;
BUBINTIbHAETbCA NKLIE
5 - 7 % eHeprii)

11l. KucHeBnii (aepo6Huii) AepobHe nepeTBOPeHHA BYrNeBOLIB MPOJOBXKYETbCA 3a-

(y MaTpyKci 11 Ha KpUcTax BAAKM PO3LUENSIEHHIO NiPOBUHOrPagHoOI KUCIOTU JO BOAU

MITOXOHAPIN 3a yuacTi KUCHIO; i Byrnekmucnoro rasy. EHepreTvuHuin edekt: 2600 KX
BUBINbHAETbCA OCHOBHA Kinb- | (1088 KILK — Ha TennoTy, 1512 kX — Ha ATO):

KicTb eneprii (nNoHap 90 %) | 2C,H,0, + 60, + 36H;PO, + 36AD —> 6CO, + 42H,0 + 36ATO

CyMapHUM eHepreTMYHM Pe3ynbTaToM po3LienneHHs 1 Mosb FoKo3n
€ 2800 kx eHepril
(200 k[ + 2600 k), 3 Akoi B 38 monekynax ATO akymyntoeTbca 55 %
(42 kA X 38 = 1596 k[1x), a 45 % (1204 k1K) — po3CiloeTbCA Yy BUrNALI TennoTu.
PiBHAHHA NOBHOrO po3LenneHHA MIKO3U:

CeH1,06 + 60, + 38AD + 38H;P0, — 6CO; + 44H,0 + 38ATO

OTXKe, KNiITUHHEe AUXaHHA € CYKYMHICTIO MPOLECiB,
nig Yyac AKX PO3LEnolTbCA MOXMBHI PEUYOBUHM, BUBIIbHAETLCA
XiMiYHa eHepria Ta aKyMy/nIOlETbCA B MaKpoepriyHnx 3e’a3kax ATO.



BIANbHICTb

x\f‘ CamocrTiiiHa po6oTa 3 inlocTpauielo

Po3rnaHbTe cxemy poTOCKMHTE3Y Ta flAiTE BM3HAYEHHA OCHOBHMX CKIaJoBUX NPO-
LeciB. Y po6oyomy 30LUTi 3aNOBHITb Tabnmuio.
Ta6nuusa. A3 N NPOLECU

OOTOCUHTE3Y Ceito
HasBa BusHauyeHHA
|. CiTnoBa dasa
* QoTonis Bogn ooTon3
BOAU

* BinHoBneHHa HAO
* QoTtopochopunioBaHHA
Il. TemHoBa dasa oo dasa A { Tenwona gasa

xnoponnacty / xnoponnacry

° LlVIKﬂ KanbBiHa y o TnioKo3a

bionoria + ®isuka. JllomiHecueHLis >KNBOro

«To 61akumHul npomiHb cangipa, mo onasnosuli npomMiHb monasa, mo obudsa
KOJ/IbOpU 3Milly8aIUCk | 34C/1iN1108A1U PO3KIWHUM CAUB0OM, WO 0OMOYy8asio 8HOYi Mo-
JII0CKa, | 8iH 30a8a8CA OOHUM 3 Halyy0osiwux MmeopiHb
npupoou». Tak dpaHUy3bkuin HaTypanicT XK. b. BepaHi
onucye GiontomiHecLeHLilo OAHOro 3 rMMOOKOBOLHMX
KanbmapiB. flk BifbyBalTbCA eHepreTMuHi nepeTso-
PeHHsA nig yac 6iontoMiHecueHLiT?

g CTABJIEHHS
» QY
ﬁz bionoria + [lomaluHi TBApuHM

3onomucmuti pempieep (FfondeH pempisep) — no-
poAaa NciB, AKa CbOrofHi cTtana yHisepcanbHoto. Noni-
LelcbKi cobaky N pATYBaNbHUKKW, MACIUBLI 1 nikapi,
HAHbKM | KOMNAHbMOHW — OCb flANIEKO HE MOBHUI Nepe-
NiK TOro, Ha Wo 3aaTHi Ui ncn. CNyXHAHUNA, PO3YMHUIA, 3
NpPUPOAHNMY 3[i6HOCTAMY 0 PO6OTH, JOOPOAYLLIHMIA
i BneBHeHMI cobaka. He 6arato icHye iHWMX nopig,
npeacTaBHUKN AKUX BUABNAIOTb TaKy camy Aobpo3uny-
nuBY, M'AIKY i NtobnAYYy HaTypy, AK 30I0TUCTUN peTpiBep.
fIk BigOyBa€eTbCA eHepreTnyHe 3abesneyeHHs meTabo-
NiYHMX NpoueciB y Wi€l nopoan ncis?

PE3YJIbTAT

§ 27. EHepreTnyHe 3abe3neyeHHA npouecis metaboniamy

3aBAaHHA ANA CAMOKOHTPOJIO

1. Wo Take 06miH eHeprii? 2. LLlo Take ATD? 3. XTo Taki aBTOTpOdN1? 4. XTO Taki rete-
potpodu? 5. Lo Take KNiTMHHE AnxaHHA? 6. Ha3BiTb eTanu eHepreTnyHoOro ooMmiHy.
7.fka ponb AT® y 3abe3neyeHHi npouecis meTaboniamy? 8. ki € cnocobu oTprmMaH-
7 -9 | HA eHepril X1BMMUK opraHiamamn? 9. Aka ponb NpoueciB AUXaHHA B 3abe3neYeHHi
opraHi3miB eHeprieto?

10. Ha KOHKpeTHOMY NPUKNaAi *KUBUX OpraHiaMiB NOACHITb, AK BifOyBaeTbCA Oro
eHepreTnyHe 3abe3neyeHHs. 115
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bioeHepeemuka i Memaboiam KimuH — «0CHO8HA CMpPAsa» OUHAMIYHOI GiOXiMil.
A. JleHiHOxep

§ 28. ObMIH PEHOBWH B OPTAHI3MI TIOAVHIA

OCHOBHi MOHATTA N KNOYOBi TepMiHN: O6MiH 6inkiB. O6MmiH ninigis. O6miH
BYI1eBOgiB.

Mpurapaiite! Lo Take meTaboniam?

& BcrynHa Bnpasa

Po3rnsaHbTe cxemy «ETanm 06MiHy peyoBUH i MepeTBOPEHHA eHeprii» Ta BU-
3HauTe 3HaYeHHA 0O6MiHY PEUYOBUH 1 eHepril.

I. HapxopKeHHA pe4yoBUH Il. MepeTBOpEeHHA 11l. BupaneHHA peyo-
Ta eHeprii pPe4OoBUH Ta eHeprii BVH Ta eHeprii
MuneneHHsA. TpaBneHHA. AHa?‘TBM BugineHna.
[nxaHHA. TennoyTBOPEHHA KataGoniam Tennosigpava

3MICT

AKi cuctemm opraHiB 3a6e3neuyoTb 06MiH peyoBUH B OpraHismi
nognHn?

CnctemMHWI piBeHb opraHisaLii yTBopeHui opraHaMmu, NOEAHAHUMUN B CUCTEMU BU-
KOHaHHAM cninbHOT GYHKLUiT. B opraHiami noanHn BUOKPEMIIOIOTb TPaBHY, ANXalnbHY,
KPOBOHOCHY, BUAINbHY, ONOPHO-PYXOBY, HEPBOBY, EHAOKPUHHY, MOKPUBHY, CEHCOPHI
Ta iHWi cuctemn. B 06MiHI peyoBuH, eHeprii Ta iHpopmaLii 6epyTb npsMy abo onoce-
pefKoBaHy y4yacTb YCi CUCTEMM OPraHiB, ane HaBaXMBilla POJib HANEXMNTb CUCTEMAM,
WO 3AINCHIOITb HaAXOAPKEHHSA, NOMMMHAHHA, TPAHCMOPTYBAaHHA Ta BUAANEHHA peyo-
BUH 1 eHeprii (in. 73).

TpaeHa cucmema 3abe3neuye Gi3nyHe N XiMiuHe Po3LUENSIeHHA CKIagHUX op-
raHiYHUX PEYOBUH HA NPOCTi 3 NOAANbWKM TXHIM BCMOKTYBAHHAM Y KPOB Ta NiMmoy
N BUIANEHHA HenepeTpaBieHNX PeLTokK. Lia ¢isionoriyHa cuctema € HackpisHolo i
CKNTAJAETbCA 3 TPABHOrO KaHany 1 TpaBHMX 3ano3. JuxaneHa cucmema 3[iVICHIOE
HaAXOLXEeHHA KMNCHIO 1O KNiTWH, ra3000MiH Ta BUAANEHHA 3 KNITUH BYTNEKNCIOro rasy
AK KiHLLeBOro NpoAyKTy OKMCHEHHA OpPraHiYHNX PeyoBUH. 3aBAAKN ANXaHHIO BUBINb-
HAETbCA XiMiUHa eHepria NOKMBHUX peyoBUH. KpOBOHOCHA cucmema TpaHCNOPTYE
MO 3aMKHEHI CCcTeMi CyanH Bify TPABHOT CUCTEMU I NIereHb A0 KITUH NPOCTi NOXKMNB-
Hi PEUOBMHMU Ta KNCEHD, @ Bifj KNITVH 4O OPraHiB BUAINEHHA — NPOAYKTN MeTabonismy.
TpaHcnopTyBaHHA PeYOBNH KPOBOHOCHOIO )
cMcTeMolo BifOYBaETbCA 3a yuyacTi KpOBi, hxa 7 sona OqC:

WO CKMajaeTbca 3 nnasmm 1a GopmeHnx
enemeHTiB. CeyosuodinbHa cucmema € cy-
KYMHICTIO OpraHiB, WO 3AiACHIOITb YTBO-
PEeHHA Ta BUAANEHHA Ceuvi, B AKIN MiCTATbCA
CeYOBWHA, HaAINLLOK COnen N BOAW, cevo-
Ba KMCNOTa, »KOBYHI nirmeHTV Towo. LUki- Eg&igﬂ%“e”i ggﬁi‘;}gﬁfggx”
pa B 06MiHi peyoBUH peanisye BULINbHY 1

TepmoperynatopHy ¢oyHkuii. MoTosi 3ano-  In. 73. O6miH peyoBKH 11 eHeprii y noanHu




31 BUZANATb HAAMULWIOK BOAY 11 CONEN, a Yepes yCio NOBEPXHIO WKipy BigOyBaeTbCA
TennoBigAaya B 30BHILLHE cepefoBuLLe.

OT1xe, ¢disionoriyHi cuctemy opraHis opraHiamy tlogMHM 3abe3nevyoTb
30BHILLHIN (3aranbHWii) OOMiIH PEUYOBUH 1 MEPETBOPEHHA €Hep il y 3B'A3KY
3 HaBKOJIMLUHIM CepefoBULLEM.

Aki ocobnuBocTi 06MiHy 6inkiB, ninigie Ta ByrneBogis B opraHiami nioguHn?

AvHamiuHa Gioximia — po3gin 6ioximii, Wo B1MBYAE O6MIH PeUYOBMH B OpraHi3mi
Bi MOMEHTY HafAXOAXEeHHA NOXMBHUX PEYOBMH A0 YTBOPEHHA KiHLEBUX NPOAYKTIB
06MiHY, MexaHi3mMu HelTpanisawii TOKCMYHMX NPOAYKTIB, BUBEAEHHA iX 3 OpraHi3my i
perynioBaHHA WBWAKOCTI BiANOBIAHNX NepPeTBOPEHb.

[na o6miHy 6inkiB B opraHiami nognHN xapakTepHi NeBHi ocobnnBocCTi: ymeo-
peHHsA ce4yoB8UHU AK KiHYe8020 npodykmy 0bMiHy, 8i0CymHicme npoyecie 0enoHy8aHHA
6inkis, 0OHOHanpaAMIieHe nepemeopeHHA binikie Ha Xupu U 8y2s1e800u, HeobxiOHicMb
0714 6ifIK08020 CUHMe3y He3aMiHHUX i 3aMiHHUX aMiHOKUC/10m, cCuHme3 cneyugiyHux
6inkig Ta iH. OcobnmBocTi MeTaboniamy 6inkiB NoB’A3aHi Nnepepycim 3 ix n1acMuUYHoL
yHKyi€ro B opraHismi. Ix yuacTb y 3abe3neueHHi eHepreTMUHnX BUTPaT OpraHismy rno-
PiBHAHHO 3 Ninigamu  Byrnesogamm € Habarato MmeHwoto. BoHa He nepesuwye 15 % i
CKMAfaETbCA 3 eHeprii, WO BUAINSAETbCA Nif Yac po3LiernsieHHs 3HowWweHnX 6inkiB. Po3-
wensieHHA 6inkie y TpaBHI cucTeMi BifOYBA€ETbCA Y WAYHKY 1 TOHKOMY KWLLEYHUKY
3a yuacTi depmeHTIB-NpoTeas A0 amiHOKMUCNOT. Lli npocTi opraHiuHi Monekynm Hagxo-
AATb Y KPOB i TPAHCMOPTYIOTbCA A0 KNITUH, Ae 34INCHIOETbCA BHYMPilWHbOKIIMUHHE
nepemeopeHHA amiHokucsom. Y KniTUHax 3 amiHOKMCNOT Ha pnbocomax BibyBaeTbCA
6iocuHme3s 6inKig, BNAacTUBUX NuLLe JaHOMY BUAy opraHi3mis. Perynauia obminy 6in-
KiB BilOyBa€eTbCA 3a yuacTi rinoTanamyca Ta FOPMOHIB TUPOKCUHY, FIOKOKOPTUKOIAiB
i comaToTpOonNiHy.

Ons o6miHy ninigiB xapakTepHi: ymeopeHHs 8enukol Kinekocmi eHepeii nio yac
OKUCHEHHs, HasA8HICMb npoyecie 0enoHy8aHHs, MOX/IUBICMb ymBopeHHs 3 binkie ma
nepemeopeHHs Ha 8y2/1e800U, HeObXiOHICMb 0718 CUHME3Y 8/1IACHUX XUPi8 He3aMiHHUX
ma 3amiHHUX XUpHUX Kuciom Ta iH. Lli oco6nnBocTi Nos’a3aHi 3 T!M, WO XNpu BUKO-
HYIOTb eHepeemuyHy W NIacmMuyHy yHKUiI. K fxkepeno eHeprii >Xnpu y npoueci oknc-
HeHHA BUAINATb yABidi Ginblue eHepril, HiX Byrnesoau i 6inku. PowensieHHA xupis
BijOYBaETbCA NepeBaXXHO B TOHKOMY KULIEYHWKY Nif fi€to TpaBHUX GepMeHTiB-Ninas.
HeobxigHO0 yMOBOIO po3LenIeHHA XNPIB € IX NOAPIOHEHHSA 3 yTBOPEHHAM eMybCil,
YOMY CMPUAIOTb XKOBYHI KNCNOTW. Y TaKOMY BUTAALI KUPY MOXKYTb pO3LLenoBaTncA
L0 XUPHUX KNCNOT 1 rnitepony Ta 6esnocepefHbO BCMOKTYBATUCA CTIHKAMU KULLOK.
[na BigknagaHHA Npo 3anac XUPW HAAXOAATb A0 KNITUH NiAWKIPHOT KNITKOBUHN,
CanbHKKa, 6ypoi XnpoBoi TKaHWHW. LleHTp perynauii oOMiHy »KnpiB po3miwlyeTbca B
rinoTanamyci, AKMIN BNJIMBAE Ha NePEeTBOPEHHA XUPiB Yepes rinodis, ctaTesi, WNTO-
nopibHy i NigLwayHKoBy 3a503u.

0ns o6miHy ByrneBogiB xapakTepHi siezke U WeUOKe OKUCHEHHS 3 YMBOPEeHHAM
3HAYHOT KinbKocmi eHepeii, 30amHicme nocmavyamu eHepeito 8 KUCHe8UX i 6e3KUCHe8uX
YMOBax, HaABHICMb npouecie 0enoHy8AHHA 8 NeYiHUi ma M’A3ax, MOX/usicme ymeo-
peHHs 3 binkie U xupie Ta iH. OCO6NNBOCTI NepeTBOPEHb BYIIEBOAIB B OpraHiami fio-
OVIHM MOB'A3aHi NepeayciM 3 iX OCHOBHOIO eHepeemuyHoI (yHKYi€e. Po3lwenneHHsA
BYrneBofiB BiOYyBa€eTbCA B POTOBIl MOPOXKHWHI, TOHKOMY 1 TOBCTOMY KULLIEYHMKAX.
Y TpaBHin cuctemi fia ¢pepmeHTiB-aminas noAWHU N MiKpoopraHiamis mikpodno-
pv crnpuAe yTBOPEHHIO MOHOCaxapuais. Lii mani Mosiekynn BCMOKTYIOTbCA CTiIHKaMm

§ 28. O6MiH peyoBVH B OpraHi3mi itognHn
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KMLWEYHNKY B KPOB i HAaAXOAATb [0 MeYiHKW, Ae YyTBOPKITbCA MNI0KO3a I MMikoreH.
YacTrHa rnioKo3un NepeTBOPIOETLCA Ha XKMUPU 1 OKUCHIOETLCA B TKaHMHaX. AKLLO B Op-
raHi3aMi CnocTepiraeTbCa HeCTaya BYrEBOiIB, TO BOHU CUHTE3YIOTbCA 3 BINKIB i XMpiB.
LleHTpom perynsuii ByrneBoAHOro 0O6MiHy € rinoTasamyc NpoMiPKHOTO MO3Ky. IHCy-
NiH — €EANHUIN TOPMOH, AKUIN 3HUXYE KOHLIEHTPALilo FI0KO3M B KPOBI; FOPMOHMN 1t0-
KaroH Ta agpeHaniH NigBuLLYIOTb PiBEHb FNIOKO3U B KPOBI.

OTxe, ocobnmBocTi meTaboniamy B opraHiami niogmHu
NnoB'A3aHi 3 YHKLiAMM NOXUBHUX PEUYOBUH Yy 3araJibHOMY
0OMiHi peyYoBMH i NepeTBOPEHHI eHepril.

flke 3HaYEHHA BCMOKTYBaHHA NOXXNBHUX PeYOBUH?

BcmOKTYyBaHHSA NOXUBHUX PEUOBUH — dKmugHull ¢izionoeziyHul npoyec mpaH-
CNOPMYBAHHA NOXUBHUX PEYOBUH Kpi3b C/1U308y 060JIOHKY MpAdgHO20 mpakmy 8 pi-
OUHU 8HYMpiWHb020 cepedosuwyd. Llen npouec BiAOYBAETbCA MiCNsA OCTAaTOYHOrO
nepeTpaBfiieHHA CKAAAHUX MOXUBHUX PeYoBUH A0 NPOCTUX. OCHOBHOIO AiNAHKO
TpaBHOI cuctemun, fe BifbyBaeTbCA BCMOKTYBaHHA MOMMBHUX PEYOBWH, € MOHKA
KuwkKa. Libomy cnpuatoTb 1i CTPYKTYpHI 0COO6NMBOCTI 11 BeNlMKa NoLya 3aranbHoi no-
BEPXHi, WO CTaHOBUTb 65n3bKo 200 M2 OCHOBHOK CTPYKTYPHO-PYHKLIiOHaNbHOLO
OfVHNMLEI0 BCMOKTYBaHHA NOXMBHUX PEYOBUH € BOP-
CUHKa (in1. 74).

Po3pi3HAOTb nacusHe 8CMOKMYy8AHHA, WO 3LiNC-
HIOETbCA 3aBAAKN andysii, nonerweHin gnudysii i oc-
MOCY, Ta dKmueHe 8CMOKMYBAHHA 3a Y4acTi NOHHUX
HacociB Ta eHgoUUTO3y. besnocepenHbo y KPOB yepes
EHTEePOLMTU LWAAXOM aKTUBHOrO TPaHCMOPTYBaHHA
abo yepes NPOMIXKKM MiX HUMK wnaxom andysii ne-
pexoaATb PO3UMHHI Y BOAI MOKO3a, aMiHOKMCIOTH,
HYKNeoTUAM Ta HUXUi XKUPHi Kucnotu. MpoayKtn pos-
WwensieHHA ninigis HagxoaATb y KpoB abo 3a3HaloTb
pecrHTe3y 3 YTBOPEHHAM Xupis i docdoninigis, wo
BiOYBAaETbCA B eniTeniafibHUX KiiTMHaX BOPCUHOK
(eHTepoumTax). MoTim xupwn n docdoninign noegHy-
0TbCA 3 GiNKaMU 1 YTBOPIOKTb YaCTUHKM (XifloMiKpo-
HM), AKI WAAXOM MiHOUUTO3Y HaaxoaAtb y nimdy, a
3rofoM NOTPanATb Ny KPOB.

Benuka ponb y npouecax BCMOKTYBaHHA Hane-
KUTb IHTEHCMBHOCTI KPOBOTOKY. AKLLO 4O NPUNMaHHA
i Kpi3b CI30BY 000SIOHKY TOHKOT KMLLKIN MPOXOANTb
65113bko 200 M/I/XB KPOBI, TO MNif YaC BCMOKTYBaHHSA

In. 74. BopcuHKa TOHKOI KLU~
Ku: 1 — eHTepouuTH; 2 — MiKpO-
BOPCUHKM; 3 — apTepiona;
KPOBOTiK 3pocTae Ao 500 — 600 mn/xB. [Magki M'A3N B 4 — kaninapw; 5 — nimdaTnuHa

CTiHUi TOHKOT KULWKK 3abe3neyytoTb PUTMiUHI CKOPO-  CYAMHA; 6 — HEepPBOBI BIAPOCT-
YeHHA BOPCUHOK, WO NOCUJITIOE BifTiK i3 KPOBOHOCHUX Ku; 7 — rnanki M'asn
i nimpaTnyHUX Kaninsapis.

Tema 2. OBMIH PEYOBMH | MEPETBOPEHHSA EHEPTIT

OTKe, BCMOKTYBaHHsA 3abe3neuye HagXo4»KEHHA MOMXUBHUX PEYOBUH
y pigviHM BHYTPIWHbOrO cepefoBuLa i gani 4o KNiTWH.
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BIANbHICTb

7 4 nNpaxtuuna po6ora 1

CknapgaHHA cxem o6miHy ByrneBogiB, ninigis Ta 6inkis B opraHiami nioguHun
MeTa: po3BuBaTK YMiHHA 3aCTOCOBYBATU 3HAHHA /151 MOSICHEHHA NPOLeciB Bnac-

HOro opraHiamy; $opmyBaTV NepeKoHaHHA NPO EAHICTb Ta B3aEMO3aJNIeXHiCTb NpoLie-
ciB 0OMiHY PEeUYOBVIH.

Xig po6oTu
Po3rnsHbTe 3arafibHy cxemy OOMiHY MOXMBHUX PEUYOBUH B OpraHi3mi NtognHu.

Ha3BiTb Tpy eTanun o6MiHy peyoBuH.

2. 3a[pornomMoroto cxemm Ta 3anporoHOBaHWUX 3annTaHb CKNafiTb oKpemi cxemu 06-

MiHy ByrneBogis, ninigis Ta 6inkis B opraHiami NognHu.
3anuTaHHA ANA KOHKpeTusauii smicty cxemmn

1. AKi NOXMBHI peYOBMHM € y CKNagi iXi? Cxema. OBMIH PEYOBUH

2. ki TpaBHi depMeHTV POo3LENOITb B OPTAHI3MI JIIOAUHU
CKNTafHi MOXKNBHI PEYOBUHM iXKi? MoXueHi PoswwenneHHs ixi

3. Y AKOMY BUMIAQI BCMOKTYIOTbCA MO- | PEYOBMHMiXi | | B TpaBHiil cucremi
MWBHi peyoBuHN? v

4.  fki BUgW TpaHCMopTyBaHHA 3abe3neuy- Bcrﬁuﬁgﬁﬁgﬂ &
t0Tb HaAXOMPKEHHA PEYOBUH Y KNITUHN? 1

5. fAki npouecn 06MiHy 3a6e3neqy|o7Tb Knitunn < Téﬁﬁﬁhﬂ'ﬁiﬁ%a
nepeTBOPEHHA NMOXNBHUX PEYOBUH? . :

6. ki KiHueBi npoaykT 06MiHy Bugana-  AHABOJNI3M K'“'—‘e:'ﬁ,'\"nlioHOy”yKT”
I0TbCA 3 KNITWH Yy KPOB? 1

7. Y Aakomy BuUrAfi TpaHCNOPTYOTbCA Kpos. llimda.
KiHLeBi NpoayKTW 06MiHy? T"a“V'HHf pipnHa

8. Aki opraHu 6epyTb yyacTb y BuAaneH- .
Hi NpoAyKTiB 0OMiHY? KATABONI3M OCBHMngeu:uEXM

Migcymok po6oTu. Y yomy nonsraotb

€QHICTb Ta B3aEMO3aNeXHiCTb NpoLeciB 06MiHy peyoBMH B OpraHi3mi NioanHN?

CTABJIEHHA

3aBaaHHA «MeTab0ni3mM ronoBHOro MO3Ky»

Maca ronoBHOro Mo3Ky y JlofMHU CTaHOBUTb 6/1M3bKO 2 % Macu
Tina. MpoTe noTpebu B peyoBrHAX Ta eHeprii HaA3BNYAHO BENVKI.
Tak, noTpebu B KUCHi y JOPOCNOT NIOAUHY B YMOBAX CMOKOI CTaHOB-
nATb 29 - 25 % Big 3aranbHKX NoTpeo, a B AiTel Ao 4 pokis — go 50 %.
AKi 0co6nMBOCTI MeTaboni3My rOSIOBHOIO MO3KY B NIIOAUHN?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

Bifj BCMOKTYBaHHA?

1. fIki cuctemn opraHis 6epyTb yyacTb y 0OMiHi peyoBUH y noanHu? 2. flke 3Ha-
YeHHsn isionoriyHnx cncTem opraHiB y 3abe3sneueHHi o6MiHy peuoBuH? 3. Ha3BiTb
ocobnusocTi 06MmiHy 6inkiB. 4. Ha3BiTb 0co6nmBOCTi 0OMiHY KUPiB Ta BYrneBogis.
5. lLlo Take BCMOKTYBaHHSA MOXMBHUX pevyoBUH? 6. Y1 3aneXutb meTaboniam KnituH

7. AKi cuctemmn opraHiB 3a6e3neyvyoTb 06MiH peyoBUH B OpraHi3mi noguHn? 8. Aki

§ 28. O6MiH peyoBVH B OpraHi3mi itognHn

7-9 |ocobnusocTi 06MiHy 6inkiB, ninigis i Byrnesogis B opraHismi niognHn? 9. ke 3Ha-
YeHHs BCMOKTYBAHHS MOXWBHWX PeYOBUH?
10. Ynm 3yMOB/IEHi 0CO6IMBOCTI 06MiHY PEUOBMH | NEPETBOPEHHA EHEPTIiT Y NIOANHIA? 119
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Tema 2. OBMIH PEYOBMH | MEPETBOPEHHSA EHEPTIT

120

Ompyma — ximiyHuUti KOMNoHeHM cepedo8UA NPOXUBAHHS,
W0 Ha0xo0uMb 8 KislbKoCmi, Ka He 8i0N08i0de 8/1aCcMu8oCMAM OpeaHi3my.
|. CaHouybkul

§29. MNOPYLWLWEHHA OBMIHY BIOEJIEMEHTIB |
BIOHEOPTAHIMHUX PEHOBWH, MOB’A3AHI
3 IX HECTAYEIO ABO HAAJINLLKOM

OcCHOBHi NOHATTA 1 KNto4oBi TepmiHu: BioenemeHToswm. NMutHa Bopa.
MpurapaniTe! o Take 6GioenemeHTW, GioHeopraHiuHi peyoBMHK, GioopraHiuHi
peyoBuHN?

Momipkyiite!

B ogHomy 3 Hamsigomiwmnx pomaHis A. [dioma
«pad MoHTe-KpicTo» aBTOp BKNagaE y BycTa roioBHOro
repoAa Taki cnosa: «flepw 3a 8ce 8CMAaHoOBUMO, WO om-
pym camux no cobi He icHye: MeOUYUHA Kopucmyemscsa
HaucuabHiWuUMU ompymamu, asne, AKWo ymisio 3acmoco-
8y8amMu, B0OHU Nepemeoprombca Ha pAamieHi niku. lpo-
me nam'amadiime: y MaseHbKil 003i — ye JiKu, y 8esuKil
003/ — ompyma». Yomy MopyLlyloTbCA npoLecn obmiHy
pPeYOBUH i NepeTBOPEHHA eHeprii?

3MICT

AKi xBOopo6m NoB’A3aHi 3 NOpYLWEHHAM BMiCTY XiMiYHUX enemeH-
TiB B OpraHismi niognHun?

BioenemeHTn HagxoaATb y 6iocucTeMU 3 MOBITPA, BOAW, FPYHTY, a A0 KUBUX Opra-
Hi3MiB We 1 3 Keto. HecTaua abo HaANMILOK NEBHUX efleMeHTIB y Giocuctemax Moxe
nopywntn GpyHKLiIOHYBaHHS, TOMYy B MpoLeci eBooUil BUHUKAN Pi3HI MeXaHi3mu
perynauii ana nigTPMMaHHA NOCTINHOIO N ONTUMAasIbHOrO efleMeHTHOro cknaay. Ane
yepes neBHi NPUUNHK (3abpyOHEHHA HABKOMULIHBbOrO CepefoBuLia, HecTaya ene-
MEHTIB, «LBiTiIHHA» 1 OTPYEHHA BOAM, iHOEKUINHI Ta iHBa3iliHIi XBOpobwK) cTane cnis-
BifHOWeHHA GioenemeHTiB y BiocncTemax 3MIHIOETbCA, WO CPUYMHAE XBOPOOU i3
3arasibHOo Ha3Bolo 6ioesleMeHMo3u (6inbLl BXMBAHILLIO € Ha3Ba MiKpoesieMeHmo3u).

bioenemeHTo31n (MikpoenemeHTO3M) — mumMyacose abo mpuease NOpyweHHs
6ioesieMeHMHO20 CK/1ady 0p2aHi3mMy, W0 npu2Hivye npoyecu xummeodigneHocmi. Lli no-
pYLEHHA BMHMKaOTb BHACIAOK HaAMLWKY, HecTaui un gucbanaHcy bioenemeHTiB y
XKMBOMY OpraHi3mi I TpanisoTbCA B YCiX OpraHi3mMiB, ane HanbinbL BUBYEHUMU € Hio-
efleMeHTO3U NoAUHN. Y CyyacHii meauLUmHi CTPIMKO pO3BUBA€ETbCA GioesremeHmHa
mMeOuyuHa, Wo BNBYAE CKNad, BMICT, 3B'A3KM i B3aEmopito bioenemeHTiB B opraHismi
JIIOAVHA B HOPMi 11 3@ MATOMOMYHUX CTaHiB. 3rigHO 3 HANMOLWMPEHILIOK Cy4YaCHO
Knacudikaui€io po3pi3HAIOTb NPUPOAHI eHOOreHHI, NPUPOAHI €K30reHHi, TEXHOreHHi
Ta ATPOreHHi 6ioenemeHTo3u.

MpupopHi eHporeHHi 6ioenemeHTO31 MOXYTb OyTU BPOAXKEHMMM (Hanpuknag,
3ani3o- um uyuHkoaediUunTHI cTaHn AuTMHK dopMmytoTbea Yyepe3 HecTauy Depymy i
LinHky B opraHi3mi matepi) 1 cnagkosumm (xgopoba BinbcoHa — KoHosanosa 3 nopy-
WeHHAM 0OMiHYy Kynpymy).



MpupopaHi ek3oreHHi 6ioenemeHTo3n, abo eHOemiyHi xeopobu, NoB’'A3aHi
3 HECTAYelo UM HaZJIMLLIKOM NeBHMX bioeneMeHTIB B Till UM iHWii reorpadiyHin micue-
BOCTi (Hanpuknag, eHdemiyHuli 306, ps1t00PO3, cesieHo3, MOsi6OeHO3).

Cepen TexHOreHHux 6ioenemMeHTO3iB, NOB'A3aHNX 3 BUPOOHMYOI AiANBbHICTIO
NIOAVIHY, PO3PIi3HATb NPodECilHI, CYCiACbKi Ta TpaHCrpecnBHi XxBopobu. lpogecitiHi
X80pOb6U BUHUKAIOTb Yy NtofAeN, AKi NpaLooTb Ha WKIAANBUX BUPOOHMLTBaX (Hanpu-
Knag, aHTPaKo3 y LIaxTapiB, CMMIKO3 Yy POBITHUKIB LLeMEeHTHMX 3aBofiB). Y nogen,
AKi MPOXMBaTb HeNofanik Bif BUPOOHMLTBA, MOXYTb BUHUKHYTU CyCiOCbKi X80pO-
6u (xeopoba Minamamy, xBopoba iTain-iTalh). B ocTaHHi poku npuBepTaloTb yBary
mpaxcepecusHi xeopobu. Lium TepMiHOM nNo3HavatoTb 6ioenemMeHTo3M, WO BUHNKAIOTb
Ha 3HauHil BigCTaHi Big BUPOOHULTBA B pe3ynbTaTi aTMOChepHOro uv BOQHOTO nepe-
HeceHHA 3abpyAHVIKIB, AKMMY € CMONYKM BaXXKUX MeTaniB, PagioHyKian, Yy>KopiaHi
PEYOBVHU-KCEHOBIOTNKN TOLLO. 3@ MipPOI0 TOKCMYHOCTI ef1eMEHTU MOXXHA PO3MICTU-
TV B Takii nocnigosHocTi: Hg, Pb, Zn, Cd, Ni, Cu Ta W el Eaala %, ‘]
iH. MprKnNagammn TpaHCrpPecuBHMX XBOPOO MOXYTb p
O6yTV MepKypianiam (3a HaANVLLKY CNONYK PTyTi),
caTypHiam (3a Hagnuwky cnonyk [lniombymy),
cnpepos (3a HapgnuwKy cnonyk ®epymy) Ta iH.

ATporeHHi 6ioeneMeHTO31 NOB'sI3aHi 3 iHTEH-
CUBHMM abo TpUBaNUM JiKyBaHHAM Pi3HUX XBO-
po6 npenapatamu, WO MICTATb MiKpOENnemMeHTu
(Hanpuknap, apzipos) (in. 75). In. 75. JlioanHa, B AKOI pO3BMHYB-

MpodinakTnky bioenemeHTO3iB NPOBOAATL B (g apripo3 yHacHiA0K TPUBANOro
pi3Hi cnocobu, cepep AKUX: BXMBAHHA XapUYOBUX  BxWBaHHA Npenapatis ApreHTymy
NPOAYKTIB, WO MICTATb TOW UM iHWMWI 6ioenemeHT
(Hanpwknag, NOAOBaHy Ciflb, CENAHCBKNIA cMp, WO 6araTvin Ha Kanbuiil, poA3nHKM
BMHOrpagy, Wo Mmictatb 6arato Kanito), BUKOpPUCTaHHA cnelianbHUX 3acobiB 0co-
6uctoi ririeHn (Hanpuknag, ¢nyopoBmicHi 3y6Hi nactu), pauioHanbHe 36anaHco-
BaHe XapuyBaHHA 3 BUKOPUCTAHHAM POCIUHHUX MPOAYKTIB, BXMBaHHA 6ionoriyHo
AKTMBHMX J0OABOK [0 i>Ki, KOMMIEKCHMX Npenapartis ToLLo.

OTXe, HagNULWOK, HecTaya abo grcbanaHc 6ioenemeHTIB MOXYTb CTaTu
MPUYMHOIO 3aXBOPIOBaHb, L0 HA3MBalOTb GioenemMeHTo3amMum
(MikpoenemeHTO3amn).

AKi xBOpo6GM NOANHN NOB’A3aHI 3 HeCTauel YN HAZNMNLWLKOM HeopraHiy-
HUX cnonyk?

Ha BigMiHy Bifg OpraHiyHUX peyvyoBUH, WO B
nepeBaxHi GiNbLIOCTI YTBOPIOIOTLCA B KNITUHAX,
HeopraHiyHi HagxofATb [O OpraHi3MiB i3 HaBKO-
NUWHbOro cepepoBuua. OueBMAHO, WO Y LUbOMy
BMNaAKY Ma€ 6yTin 6anaHc MiX KinbKicTio peyYoBHH,
WO HagxodAaTb i wo BumAanAwTbcA. [lopyweHHA
Liboro 6anaHcy MOXyTb NPU3BOAUTU JO 3aXBOPIO-
BaHb.

XB80pobu,No8’a3aHi3 HadIUWKOM 6ioHeop2aHiy-
HuUx pe4yoguH. Yepe3 nopylueHHA 0OMiHy peyoBUH

In. 76. Moparpa
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MOXYTb BiJOYBaTUCA MOPYLIEHHS XWBJIEHHA TKaHWH, WO CNPUYMHAE BaXKi 3axBO-
plOBaHHA — 0CMeoXxoHOpPOo3 Ta nodazpy, 3a AKUX CMOTBOPIIOTLCA CYrToOU KiHLIBOK,
BTPAYa€ETbCA FHYUKICTb XpebTa, pO3BMBAOTbCA Hamaau 6ono B HUpKax (in. 76). Y
HUPKaX, XXOBYHOMY MiXypi 1 CEHOBOMY MiXypi Yyepes BiAKNafaHHA CoNeln opraHiyHnX
(ceyoBoi Ta wWaBneBoi) abo HeopraHiuHMX (KapboHaTHOT YK opTodocdaTHOI) KUCIOT
PO3BMBAETHCA XKOBYOKAM'AHA abo ceyokam'aHa xeopoba. Hapnnwok HiTpatiB y
OpraHi3mi NOANHN NEPETBOPIETLCA HA HITPUTK, AKI B3aEMOAiOTb 3 reMornobiHom
KPOBI, yTBOPIOIOUN METreMOriobiH, Lo He MOXe TPaHCNOoPTYBaTh KMCeHb. B opraHis-
Mi MOPYLUYETHCA TKAHUHHE ANXAaHHSA 1 PO3BMNBAETLCA XBOPOOA MemeaeMoe2/iobiHeMis.

X8opobu, nos’a3aHi 3 Hecma4dero Heop2aHiyHuUx pe4yosuH. MNprKNagom 3axBopto-
BaHb, NOB'A3aHUX 3 gediuntom KanbLilo, € ocmeonopo3s, Wwo nNpu3BoAUTb A0 Mif-
BULLEHHA KPUXKOCTI KICTOK i BUCOKOTO PU3UKY 1X nepenomis. LIMHK € BaknnBmm
UMHHVKOM [nA 340POBOro ¢GyHKLiOHYBaHHA YOMOBIUMX PENPOAYKTUBHMX OpraHiB.
Lleit enemeHT Lie Ha3MBalOTb «4OnoBiUMM MeTanomy». Kputnuunin gediymt LUnHky
MOXe CTaTU NMPUUUHO 006pOAKICHOI 2inepnaasil npocmamu (ageHoMn nNpocTaTth).
Hectaua ®epymy B opraHiami Moxe CNpUUYUHUTK 3anizodediyumHy aHemiro, Lo
BUABMAETLCA 3HVKEHHAM PIiBHA epUTPOUMUTIB i remornobiHy B KpoBi. 3a AaHMMM
BOO3, pediunt ®epymy BUABNEHO B KOXHOMO N'ATOrO »KUTENA 3emii.

OTXe, AK HAQNMLWOK, TaK i HeCTaya HeOpPraHiYHMX PevYoBNH OQHAKOBO
WKIAABI ANA OpraHiamy JogNHN.

flke 3HaYeHHA AKOCTI NUTHOI BOAW ANA NiATPMMaHHA 300POB’A NIOANHN?

NMuTtHa BoAa — ye 800d, WO nNpu3Ha4yeHa 019 UW00eHHO020 HEObMeXeHo20 U be3-
neyHo2o 8XusaHHsA JtoouHow. Cepell OCHOBHMX MOKAa3HUKIB AKOCTI MUTHOI BOAMU
BMOKPEMIIOTh: (hi3uyHi (cMak, 3abapBrieHHs, 3anax, KanamyTHICTb), XimMiyHi (mi-
Hepanisauis, TBepgictb, pH), 6iono2iyHi (HasBHICTb GakTepili, BipyciB i Napa3uTis).
MuTaHHA AKICHOT NMTHOT BOAM B YKpaiHi HaneXXnTb O HANTOCTPIWNX colianbHUX NPO-
6nem. 3aHefb6aHWIA TEXHIYHWIA CTaH BOJOMOHIB, 3aCTapini TeXHONOTT BOAOOUNLLEHHS,
3abpyAHeHICTb KpUHMLb HiTpaTamu, BiACYTHICTb CUCTEMW BOLHOIO MOHITOPUHTY,
CTiYHi BOAW, HapauioHanbHe BOAOBUKOPUCTAHHA — Le Aaneko He MOBHUN nepenik
NPUYNH TaKoi cuTyauii.

HeBianoBiaHiCTb BOAW CaHITapHMM BMMOramM MOXe CTaTh NPUYNHOI GaKTepianb-
HUX (YepeBHUN TN, AN3eHTepia, xonepa), BipycHMx (renatnt A, noniomMienir), iHBa-
3iNHUX (amebHa aunseHTepiA), renbMiHTO3iB (ackapnaos, NAMONio3), a TaKoXK XBOPOO,
NoB’A3aHNX 3 XiMiYHUM 3abpyaHEHHAM Boau (MeTremornobiHemis, dnooposn). Y da-
XOBOMY KOJ1i BBaXa€eTbCA, WO NigBULLEHa TBEPAICTb MUTHOI BOAN € OAHIE0 i3 NPUYMH
PO3BUTKY CeYOKaM'aHOI XBopoobu. MNigBrLLeHUN BMICT XNIOPUAIB Yy BOAI MOXe CrpusTn
PO3BUTKY XBOPOO CYCTEMM KPOBOOOIry, HOBOYTBOPEHb CEYOCTAaTEBUX OPraHiB, XJ10-
puais i cynbdatiB — BAHUKHEHHA HOBOYTBOPEHb CTPaBoXoAy, WiyHKy. Hagnuwok Pe-
pyMy NopyLUy€e npoLec KpOBOTBOPEHHA. [TpoLec xnopyBaHHSA, WO i AOCi € OCHOBHUM
MeTOAOM OYMLLEHHA MUTHOT BOAW, BeAe A0 MOABU XJTOPOOPraHiYHNX TOKCUYHMWX CNO-
NYK, WO MalTb MyTareHHUIM i KaHLeporeHHUN ebekT.

OTxe, AKiCHa NMTHa Boga Mae OyTu yncToto 3a GionoriyHumy,
GIBMYHUMM 1 XIMIYHMW MOKA3HUKaMW.



BIANbHICTb

CamocTilnHa po6oTa 3 Tabnuueto

3acTocyinTe 3HaHHSA | BU3HAUTE MPUYMHUN BKa3aHUX MNOPYLLEHb. 3aMOBHITb y po60-
YoMy 30LWKTi TabNMLI0 Ta OOIPYHTYIATE 3B'A30K MiX KiNTbKiCTIO €IEMEHTIB U/ PEYOBUH,
IO HaAXoAATb B OpraHiam, Ta NopyLIeHHAMN MeTabosizmy.

MNMopyleHHA Tpyna xBopo6 MpuunHa
EHpemiuHunmi 306
Onoopo3
XBopoba MiHamaty
Apripo3
OcTeoxoHapo3
MNoparpa
Cevokam'sHa xBopoba
OcTeonopos
3anizogediuntHa aHemis

bionoria + Ekonoria. fikictb Bogn

XapakTepHUMM O3HaKaMM HU3bKOT AKOCTI BOAW € 3a-
nax XJopy, »OBTYBaTWA KOMip, «MeTaNeBun» MpucMak,
YTBOPEHHA MJiBOK Ha MOBEPXHi, 3MiHa KONbOPY OBOYIB
i PpyKTiB Nig yac BiABapOBaHHA. AKMMK € cnocobu oun-
LeHHA BOAM B AOMALLHIX ymoBax?

CTABJIEHHA

Bionorisa + Ictopia. MapgiHHa Pumy 11 caTypHism

YnpopoB 6araTboX CTONITb iICTOPUKM BMBYAIOTb NPU- Leaqy
UnHK 3aHenagy PumcbKoi imnepii. 3po3ymino, wo He Mae 32
NpOCTOi 1 OfHO3HAYHOI BiAMNOBIAI Ha Te, WO Tpanuaoca 3 Pb
MOTYTHbOI B MUHYNOMY LuBini3auieto. OgHak € rinotesn, ! 2
Lo OTPY€eHHA cnonykamu Mnlombymy Bigirpano ganeko He 0720 :
OCTaHHIO ponb y 3aHenagi Pumy. Lo Take caTtypHism? Ak 1.8 4

BigOyBanocb OTpyeHHA crionykamu lnombymy B cTapo-
JaBHIX pumnsaH?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take 6ioenemeHTo3n? 2. HaBeaiTb Npriknaau xBopo6, NoB'sa3aHNX 3 HaAINLL-
KoM abo HecTaueto 6ioenemeHTiB. 3. LLlo Take 6ioHeopraHiuHi peuoBuHU? 4. HaBe-
AiTb NprKnagn nopyweHb 06MiHy 6ioHeopraHiuHVX pevoBuH. 5. Lo Take NuTHa
Boaa? 6. Ha3BiTb OCHOBHI MOKa3HMKM SAKICHOI NUTHOI BOAW.
7. Aki xBOpo6M NOB’A3aHI 3 NOPYLIEHHAM BMICTY XiMiYHUX eneMeHTiB B OpraHi3mi
moauHn? 8. Aki xBopobu NoanHK NoB’'A3aHi 3 HecTayelo abo HaAIMLLKOM Heopra-
HiYHMX cnonyk? 9. flke 3HaUeHHA AKOCTI MUTHOI BOAW ANA NiATPUMaHHA 340pOB'A
nognHn?
10. Ha KOHKpeTHVX NprKnagax obrpyHTynTe 3B'A30K MiX KinbKicTio enemeHTiB abo
pPEeyYoBUH i NOpyLWEeHHAMN MeTabosizmy.

§ 29. MNopyLueHHn 06MiHy 6ioenemeHTiB i 6ioHeopraHiuHNX PeyoBMH, NOB'A3aHI 3 iX HecTayetlo abo HafMLLKOM
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Hexal Hawa ixa 6yde nikamu, a Hawi 1iKu — HAWOH iXKero.
linnokpam

§ 30. PALLIOHANTbHE XAPYYBAHHA -
OCHOBA HOPMAJIbHOIO ObMIHY PEYHOBUH

OCHOBHi MOHATTA N Knw4voBi TepmiHu: PALIIOHAJIbBHE XAPYYBAHHA.
EHepreTuyHuin 6anaHc noguHu.

MpurapanTe! Lo Take XXnBNeHHA?

'\ 3HaiiomTecs!

OamMH i3 3aCHOBHUKIB TiriEHM XapuyBaHHA, BigomMuUNn
apabcbkuin nikap AsiyenHa (Aby Ani XyceliH 16H A6dannax 16H CiHa)
(6n. 980-1037) nepwuin po3pobus nNpasuia palioHanbHOro xap-
YyBaHHA. Moro pekomeHaaLii o0 pisHOMaHITHOCTI i Ta nomip-
HOT KiNbKOCTI IT CMOXWBaHHA BaXKNMBI 1 Tenep. HaBegiTb Npuknagn
peKomMeHaui paLioHanbHOro xap4yyBaHHA.

3MICT

Yomy pauioHanbHe XxapuyBaHHA € OCHOBOIO HOPMaJIbHOro 06Mi-

HY pe4YoBUH?

PALIOHAJIbHE XAPYYBAHHA (Big rpeu. payio — po3ym) — ye xap4yy8aHHs,
30 AK020 00 OpP2dHi3My 3 Xap408UMU NPOOYKMAMU HAOX00AMb YCi NOXUBHI peyo8UHU,
8imamiHu ma MiHepasbHi Cosli 8 KinlbKocmsx, HeobxiOHUX OJ19 HOPMAJIbHOI XUMmMmEe-
OianbHoCcMi. TakKMM YMHOM, pauioHanbHe XapyyBaHHA — Lie PO3yMHe, po3paxoBaHe
3a6e3neyeHHaA NIANHN TXKelo.

HaykoBLi BMOKpeMnioloTb AeKiflbka HanBa)KNUBILLIMX NPUHUMMIB pauioHanbHO-
ro xapuyBaHHA: 1) NOXUBHICTb Ta KaJIOPiNHICTb iXKi MaloTb BignoBigaTn eHepreTny-
HUM BUTPATaM OpraHi3my; 2) ania 3abe3neyeHHs NaacTUYHUX BUTPAT JOTPUMYBATUCH
6inKoBOro onTMMyMmy, Wo ctaHoBUTb 100 — 110 r 6inka Ha o6y, a nig yac ¢isnyHol
po6otn — go 130 — 140 r; 3) MakCcMManbHa Pi3HOMAHITHICTb iXXi ANA NOMOBHEHHA
KiNbKOCTi peYOBMH, L0 3AiNCHIOTb perynaTtopHy oyHKUi; 4) 4OTPUMAHHA iHAWBI-
OyanbHOrO PeXnMy XapuyBaHHA, WO BM3HAYAETbCA MACOI0, BIKOM Ta pPiBHEM PyXoO-
BOI aKTUBHOCTI KOXHOI niognHu. PekomeHpauii WwWo[o pauioHanbHOro xapyyBaHHA
IPYHTYIOTbCA Ha BMMOrax LUOJAO XapyoBOro pa-
LiOHY 1 CKnagy Xap4oBUX NPOAYKTIB, PeXnUmy i
YMOB XapuyBaHHA.

Ha oCHOBi uUUX NPUHUMMIB 1 BUMOT MOX-
Ha cdopmynioBaT Taki OCHOBHi pekomeHpauii
LOA0 paLioHanbHOro XxapyyBaHHA.

e 3abe3neuyeHHA pizHOMAHimHocmi U 36a-
JIGHCOBAHOCM| Xap4oBOro pauioHy (Habip
npodykmis, HeobXiOHUX /IIOOUHi Ha nesHUl
nepiod), B AKOMY CMiBBiHOLEHHSA OINKIB, K-
piB Ta BYrneBOAIB 3rifHO i3 CyYaCHUMMW BU-
moramm ctaHosuTb 1,0: 2,3 : 5,8. HeogmiHHO BUTKU : XKUPU : BYTIEBOAU =
BXMBATU 0BOYi Ta GPYKTY, WO MiCTATb 8ima- =1,0:2,3:5,8




MiHU, neKmuHo8i pe4osuHuU (3abe3neyytoTb 3B'A3yBaHHA Ta BUAANEHHA 3 OpPraHis-
My TOKCUHIB, CMIONK BaXXKNX MeTasiB, pafioHyKnigiB), kaimkosuHy (3abe3neuye
MOTOPHY Ta CEKPeTOPHY GYHKLIT KMLLOK, € A>KEPeNoM peyoBUH ANA MiKpoopra-
Hi3MiB KMLEYHWKY, AKi CUHTE3YI0Tb BiTamMiHu B;, By, By, K).

e JloTpuUMaHHA CyMiCHOCMIi NPOAYKTIB i BXWUBaHHA 3MilLaHOT TXi, AKa 3aCBOIETbCA
KpaLye.

e [lOTPUMaHHSA pexumy xapyy8aHHs i NPUAMaHHA iXXi B OfHI 1 Ti cami roguHu, wo6
3a6e3neunT HOpManbHY ceKpeLilo TPaBHUX COKiB. XapuyBaTuca Kpalye 4 pasu
Ha [ieHb, iHTepBan MK CMOXMBAHHAM Xi He Ma€ nepesuLlyBaTth 6 roa. Mepwwnin
CHifaHOK — 25 % po6oBoro pauioHy, 06ig — 35 %, nigseyipok — 20 % i Beueps -
20 %. HeobxigHo icTV nepLui cTpasy, Wo 30yaXKyoTb aneTuT, NigBULLYIOTb cekpe-
L0 3aN103 | € BaXKMBUM [KepenoM BiTaMiHiB, MiKpoeneMeHTiB.

*  BaxnuBvMn ymMog8amu Xap4y8aHHA € TapHWUI HACTPIN Nig 4Yac NPUMaHHA TXKi,
noBinbHe 1 gobpe ii NepeXoBYBaHHSA, PO3yMHA KyJliHapHa 06pobKa XxapuyoBuUx
NPOAYKTIB, KaTeropmyHa BiAMOBA BifJ TIOTIOHOKYPIHHA 1 BXMBAHHA afKOronbHNX
HanoiB.

OTXe, pauioHanbHe XapuyBaHHA CNpUsAE 36eperKeHHI0 340POB's,
OMiPHOCTI WKIANNBAM YNHHNKAM CepefoBULLa, BUCOKIM Npaue3faTHOCTI
Ta aKTMBHOMY [OBFOJITTHO.

Al BU3HaYa€TbCA eHepreTUYHMI 6anaHc opraHismy nioguHu?

OCHOBHVM KpUTEpiEM paLioHanbHOro XapyyBaHHA € AOTPUMaHHA eHepreTny-
Horo 6anaHcy opraHi3my, T06TO KislbKicme eHepeil, Wjo HA0X00UMb 8 OpP2aHi3M, Mae
0opisH0OBAMU KislbKOCMI eHepeil, Lo 8UMpayaemoscs 8 npoueci XummeoisaieHocmi.

EHepreTuuHui 6anaHc noanHM — ye cnisgioHOWeHHSA MiX KislbKicmio eHepeil, Wo
Haoxo0ume 8 op2aHi3m, i Kinbkicmio eHepeil, wjo 8UdINAEMbCA HUM. FKLWO Lel H6anaHc
6yne nMo3MTMBHMM, Maca Tina 36inblyBaTUMeTbCH, 1
AKWO HeraTMBHUM — 3MeHLYyBaTUMeTbCA. Xapuy-
BaHHA NOAUHN Oyfe pauioHanbHUM 3a YMOBU Bpa-
XOBYBaHHA BCiX €HepreTMYHuUX BUTPAT NIIOAUHMN 3a
NMeBHMI MPOMIXKOK Yacy. Yepes Te BUHUKAE Heobxia-
HiCTb BM3HAaYeHHA eHepreTUYHOI LiiIHHOCTI Xap4yoBux
NPOAYKTIB i BUMIPIOBAaHHA eHepreTU4yHmx BUTpaT
OpraHi3my 3a pi3HMX HaBaHTaXeHb.

Xapuosa yiHHICMb (NOXUBHICMb) TXi XapakTe-
pU3YETbCA XIMIYHMM CKNagoM MPOAYKTY 3 ypaxy-
BaHHAM 1Or0 CMOXMBAHHA B 3arajbHOMNPUAHATIN
KiNbKOCTi. YCi peyoBMHMN, WO BXOAATb OO CKNagy
XapyoBUX MPOAYKTIB Ta 1Xi, NoAinAlTb Ha 2 rpy-
nu: NOXuBHI (BiNKK, Xunpw, Byrnesoamn) N AogaTko-
Bi (BiTamiHW, OpraHiuHi KMCNOTW, MiHepanbHi coni,
XapyoBi fob6aBKu). EHepeemuy4Ha UiHHICMb (Kaso-
piliHicmb) XapaKTepusye Ty YaCTKy eHeprii, Lo Bu-
BiNIbHAETbCA 3 MOMKMBHUX PEYOBUH Xi B npoueci
OKVCHEHHA | BMKOPUCTOBYETbCA ANA 3abe3neyeH-  n. 77. Mpama (1) i Henpama (2)

HA isionoriyHux GyHKUin opraHiamy. B pesynbra- KaniopumeTpia 125
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Ti OKMCHEHHA 1 T XXupy opraHiam otpumye 39,2 kKx (9 kkan); 1 r 6inka — 17,6 kX
(4 kkan), 1 rByrnesopis — 17,6 kX (4 kkan). EHepreTnyHa LiHHICTb NPOAYKTY BUMIipIO-
€TbCA B Kinokanopisx (Kkan) abo Kinogxkoynsax (K>x) y po3paxyHKy Ha 100 r npogyKTy.

EHepreTnyuHi BUTpaTy opraHiamy BUMIpIOOTb JBOMa OCHOBHVMMMW MeTOAaMU: Nps-
MOI0 i HenpAmoto KanopumeTtpieto (i1, 77). lMpama kanopumempia — metop 6e3noce-
penHboro BUMIPIOBAHHA KiNlbKOCTi TEeNIOTU, BUAINEHOT OpraHi3aMom 3a NeBHUI Yac.
[na uboro BUKOPUCTOBYIOTb KaNnopUMeTpU — repMeTUYHI KaMepu 3 MOABINHUMMU CTiH-
Kamu, MiX AKMMU LMPKYNoe Boga. Henpama kanopumempisa — metop BU3HAUYEHHA
KiNIbKOCTi BMAINEHOro TeNA0TU 3a KiNlbKICTIO CMOXXUTOrO KUCHIO Ta BUAINEHOro Byre-
KNCoro rasy.

OTXXe, BU3HauUeHHA MeTabosniuyHUX NoTpeb 1 opraHisalis paLlioHanbHOro
XapyyBaHHA BifOyBalOTbCA Ha OCHOBI eHepreTMYHOro 6anaHcy.

AKi HacnigKn HecTayvi YN HaANVLLKY NOXXNBHMX PeYOBVH B OpraHismi nio-
AVHN?

HedocmammHe exusaHHA 6inkie NpuU3BOAUTb A0 MOPYLIEHHSA Mpaue3faTHoOCTI,
NPUrHIYeHHA 3aXUCHUX CUT OpPraHi3my, NigBULLEHOT CNPUAHATANBOCTI [0 iHPeKUin i
B KpalHix BMNagkax — 4o oucmpoaii i «<ronofgHuxX HabpsKiB». 3a HAOMIPHO20 8XXUBAH-
HA 6inKie MOCUNIOIOTLCA NPOLECU FTHUTTA B TOBCTIN KULWLi, WO CNPUYMHAE po3fiaan
TpaBJieHHs. KpiMm Toro, Hagnuwok 6inkiB cnpuse po3BUTKY No0azpu B ocib, AKi MatoTb
CXWMNBHICTb 10 LibOro 3aXBOPIOBaHHS.

3a He0oCMAamMHb020 8XXUBAHHS 8Y2/1€800i8 FNIOKO3a MOXKe YyTBOPIOBATUCSA i3 MiKO-
reny. [MepLuoto 03HaKOK MOHVXKEHHA BMICTY LyKpY B KPOBI € CUIbHE BifuyTTA ronogy
i 3HVKeHHs $i3nYHOT 1 PO3yMOBOI NMpaLe3faTHOCTI. AKLLO0 BMICT LyKpY B KPOBi 3HU-
KYETbCA HACTINbKM, L0 NepecTaE 3af0BOJIbHATU NOTPebU B HbOMY FrOJIOBHOTO MO3KY,
TO HaCTymnae BTpaTa CBIAOMOCTI 1 cygomu (2inozsikeMiyHul Wok). 3a Ha0IUWKOB020
8XUBAHHA 8y21e800i8 BOHW MepPeTBOPIOIOTLCA Ha XUPW i B TaKOMy BUMNALI BigKna-
JaloTbCA Npo 3anac. HagmipHe BXMBaHHA BYINIeBOAIB MOXe NPU3BECTU [0 PO3Nagis
TpaBJieHHA Yepe3 NOoCUNIeHHA npoueciB 6PofdiHHA B TOBCTOMY KULIEYHNKY, a 3a Tpu-
BAJIOro CMOXKMBAHHA BENINKOI KiNbKOCTi — 10 Yykposo2o diabemy.

3i 3HUXEeHHAM B8XUBAHHA XUpPi8 3MEHLIYETbCA HaAXOMMKEHHA XUPOPO3UMHHUX
BiTaMiHIB, WO MOXe CNPUYNHUTU 2iN0BIMAMIHO3U 32 »KUPOPO3UNHHUMUN BiTaMiHaMn
A, D, E i K. Llumn nopylieHHAMY € KypAYva cninoTa, paxit, 6e3nnigHicTb, nopyleHHsA
3CifaHHA KpOBi Towo. Kpim TOro, Moxe crnoctepiratnca Hectaya He3amMiHHUX XUPHNX
KWCIOT, L0 3YMOBJIIOE MOABY LUKIPHUX 3aXBOPIOBaHb, NOPYLLEHb 0OMiHY PeUOBWH, NO-
LWKOAPKEHHA MITOXOHAPIN Ta iH. 3a HAAMIPHOIO BXXMBAHHA HACUYEHUX XUPHUX KNCNOT
MOXe MigBULLYBATUCA BMIiCT XONecTepony, Wo NP1U3BOAUTb A0 YTBOPEHHA XOBYHMX
KaMeHiB, aTepockneposy. 3 nidsuweHHAM y payioHi emicmy xupie 36inbllyeTbca Bif-
KNnagaHHA KNPy B OpraHismi.

OTXe, AIK HeCTaua, TaK i HAAANLWOK MOXUBHUX PEYOBUH
NpY3BOAATb [0 MOPYLEHb OOMiHY PEYOBUH i PO3BUTKY 3aXBOPIOBaHb,
TOMY XapuyBaHHA Ma€ OyTV MOBHOLHHUM i AOCTATHIM.

‘@ DIANbHICTb
DocnigHnubKa po6oTta

i
Mpua6anTe B Mara3uHi xapuyoBuii MPOAYKT 3 MapKyBaHHAM i BOCHifiTb 1oro
Xap4oBi AKOCTi 33 JOMOMOT0l0 ETUKETKU. 3aMOBHITb Tabnuujo.



Ta6nuuya. XAPAKTEPUCTUKA XAPYOBOTO MPOAYKTY
O3Haka XapakTepuctuka
Ha3Ba xapyoBoro npogykTy
lpyna npoayKTiB (3a MOXOAXXEeHHAM)
Cknag: a) NOXKUBHI peyoBUHY; 6) [OAATKOBI
peuYoBUHY; B) XapuoBi fO6aBKN
DyHKUiT XapYoBOro NPoAyKTy
XapuoBa UiHHICTb (MOXWBHICTb)
EHepreTnyHa WiHHICTb (KanopinHicTb)
KpaiHa-BMpOo6HMK
bionoria + Hayka. MeTta6onom nioguHu

Bce nonynapHiwumn cTaloTb Yy Hayui gocni-
[PKEHHA meTabonomy nioamHM, TO6TO BCi€l CyKynHO-
CTi BiZHOCHO HEBENMKMX MOJEKy/-MeTaboniTiB, Wo
OYHKUIOHYIOTb y KniTHax opraHiamy. Y 2004 p. B Ka-
Hafi cTapTyBaB MiXHapogHui npoekT «MeTtabonom
noguHu» (Human Metabolome Project). Ha cboropHi
HayKoBL|i BXXe oxapaKkTepusysanu 2500 meTtaboniTis,
1200 nikapcbKmx npenapartis i 3500 xapyoBKX KOMMOHEHTIB, Lo iX 3HaAeHO B opra-
Hi3Mi NogUHN. flKe 3HaUEeHHA UMX JOCNiIXeHb AnA 340POB’A NtognHN?

CTABJIEHHA

bionoria + [lieronoria. liecra DASH

AHrnifncbka abpesiatypa DASH (po3wundpoByeTb-
ca Ak Dietary Approaches to Stop Hypertension) o3Hauae
«XapyoBi nigxoam gna npoTtugii rinepTeHsii». Josepe-
HO, IO U BereTapiaHCbKa fAi€Ta epeKTMBHO 3HUXKYE
Macy, piBeHb XONeCcTepuHy, a TaKoX 3MEeHLUYE PU3NK
JeKinbKox TUNIB paky, cepueBO-CyANHHUX 3aXBOPIO-
BaHb, iHCYNbTY, CcepueBOi HefOCTaTHOCTI, ileMiyHOT
XBOPOOYU cepLiA, yTBOPEHHA HUPKOBMX KaMeHiB, fliabe-
Ty. 3aCTOCYITe 3HAHHA PeKOMeHAaLiN Woho pauioHanbHOro XapyyBaHHA Ta OLiHITb
nepesaru 1 HefoONiKM BereTapiaHCbKOI AiETH.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wlo Take pauioHanbHe xapyyBaHHA? 2. Ha3BiTb OCHOBHI NPMHLMMM paLioHanbHO-
ro xapuyBaHHs. 3. LLlo Take eHepreTnyHuin 6anaHc niogmHu? 4. HaseiTb OCHOBHI Me-
1-6 |ToAM BUMIpIOBaHHA eHepreTUUYHMX BUTPaT IloAuHKW. 5. HaBeiTb npuknaamn xsopob,
NMPUYMHOIO AKMX € HAAJIMLLOK MOXMBHUX PeYOBUH. 6. HaBeliTb Npuknaan Xx8opoo,
NPUYNHOIO AKNX € HECTaYa MOKUBHUX PEYOBUH.
7. Yomy pauioHanbHe xapyyBaHHA € OCHOBOI HOPMasbHOro O6MiHY pPeyoBUH?
7-9 |8.fK BM3HAUYa€ETbCA eHepPreTNYHNIN 6anaHc opraHiamy noguHn? 9. Aki Hacniagkn He-
CTayi Y HaANNLWKY NOXMBHUX PEYOBUH B OPraHi3mi NiognHN?
10. OUuiHiTb 3HaUeHHA paLioHaNbHOr0 XapuyBaHHSA K OCHOBY HOPManibHOIro OOMiHY
pPeYoBUH.

§ 30. PaLjioHanbHe xapuyBaHHA — OCHOBa HOPMaJibHOrO O6MiHY PeUYoBYH

10-12
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Yyxa uy>KuHa He noxariie.
1. MupHut

§ 31. HETATUBHUI BNJIUB HA OBMIH PEYOBUH
YYXKOPIAHUX CNONYK TA iX 3HELUKOAXEHHA
B OPTAHI3MI TIOAVHA

OcCHOBHi NOHATTA N KNo4oBi TepmiHn: KceHobioTnkm. NMcnxoakTuBHI pe-
yoBuHU. bioTpaHcpopmauis.
Mpurapaiite! Lo Take 0OMiH peyoBUH?

X 3HaiiomTecs!

MabyTb, BCi BM uynu TepMmiH «opraHiuHi npo-
AyKTu». BiH acouiloeTbcA 3 uMmMoch 6e3neyHrM Ta eKo-
noriyHum. MNMprHanmHi, 6e3neyHiwmm Ta eKONoriuHILLKM,
Hi>K Te, WO MU WOAHA BXMBAEMO B IXY. | ue AgincHo Tak,
afxe opeaHivyHi npodykmu (6ionpopykTu, organic food
AHMINCbKOW) — ye npodyKmu, 8U20MOBJIEHHSA AKUX Nne-
peobayae MiHiMmasibHe 8UKOPUCMAHHA necmuyudis, CUH-
memuy4Hux MiHepasbHUx 006pus, pe2ynsmopie pocmy, WMmyyHUX Xap4oeux 006asoK.
Lle npogyKkTtun 6e3 KceHObIOTUKIB (Bif rpeL. KCeHOC — Uy»KnI, 6i0C — XUTTA).

3MICT

Y yomy nonsAra€ HeraTMBHUIN BN/INB KCEHOGIOTUKIB Ha opraHism
nognHn?

KpiM NOXMBHUX PEYOBUH B OPraHiam NIOAVNHN 3 XapyoBMMU NPOAYKTaMu, NoBi-
TPAM, MUTHOIO BOLOI abo KPi3b WKipy MOXYTb NMOTPANUTA N YyKopigHi XimiuHi pe-
YOBUHMU, WO iX Ha3MBaTb KceHobioTMKamu. Lli peyoBrHM He BUKOPUCTOBYOTbCA B
OpraHi3mi Hi K NNACTUYHUN, Hi AK eHepreTUYHUIN MaTepian. [1o KceHob6ioTMKIB Hane-
aTb 0iOKCUHU, JTiKU, HAPKOMUYHI pe4o8UHU, necmuyuou, MiHepasabHi 006pusad, MUliHi
3acobu, padioHykniou, cuHmemuyHi 6apeHUKU Ta iHWi. HanHe6e3neyuHiwmmMm y uin
rpyni € BiOKCMHW, NeCTULUAN, CMIOMTYKM BaXXKUX MeTaniB, HiITpaTu.

JiokcuHu - rpyna XxN0OpOBMICHMX BYINIEBOAHIB i3 MOTYXXHOK TOKCUYHOI i€l Ha
opraHi3M. HanHe6e3neyHilwmmm gxxepenamm iOKCUHIB € NigNPUEMCTBA 3 XSIOPOBMIC-
HUMW TEXHOJNIOTIYHMMI MNpouecamm (XiMiuHi, LIeNtono3Ho-NanepoBsi, MeTanyprinti),
CMITTECNaoBanbHi 3aBoAM Ta 3Banula XiMiuHMX BiaxoAis. CnanioBaHHA Oy[b-sKMX
XJIOPOBAHWX BYrNeBOAHIB (F'ymMu, MOPOJIOHY, NiHONeYMy, NOonieTUNeHy, NNacTUKy) cy-
NPOBOMXKYETbCA BUKMAOM LiMX CNonyK B aTMocohepy. JioKCMHU fJo6pe po3UMHAITLCA
B >KMpaXx i TOMy B OpraHi3am HaAXOAATb FOJIOBHVIM YUMHOM i3 M'ACOM, pr6OI0 Ta MOJTOKOM.

Mecmuyudu - ximikaTu, L0 BUKOPUCTOBYIOTbCA AN1A 60poTbOM 3i WKigHUKaMy Ta
Z4nA 3axXucTy pocnunH. OcobnmBo Hebe3neuHNMY € XJIOPOOPraHiuHi necTuunan (rek-
caxnopaH, nonixaoponiHeH), pocdopoopraHivHi iHcekTUuuan (auxnodoc, Kapbo-
doc, xnopodoc), pTyTbopraHiuHi peuyoBrHY (rpaHo3aH). Yci 6e3 BUHATKY nectuungn
3a peTenbHOro BUBYEHHS BUABNANM abo MyTareHHy, abo iHLWYy HeraTuBHY Jito Ha KUBY
npupoay i nlognHy. bnnsbko 90 % ycix ¢yHriunais, 60 % repbiungis i 30 % iHceKTULN-
[iB € KAaHLIePOreHHUMM CNosTlyKaMu.

Y 3B'A3KY 3 aHTPOMOreHHUM BMIMBOM 3HAYHO 3pic piBeHb 3abpyAHEHHA [OBKINA
cnonykamu saxxkux memanie (Cu, Ni, Cd, Zn, Pb, Hg). Brucoka noteHuiliHa Habe3ne-



Ka 3abpyfHEHHA HMMM 3HAUYHOK MipOI NOB'A3aHa 3 iX 34aTHICTIO O HAKOMUYEHHS.
CnonyKku BaXKKUX MeTaniB BUABNAIOTb TOKCMYHY Aito Ha GinKu, NopyLyoyumn UM Big-
noBigHi GyHKLii opraHismy.

Ocob6nmBoi yBaru y 38'a3Ky 3 Ha4IMLLIKOBVM BMIiCTOM Y XIMBill peYOBMHI NOTPeby-
10Tb Himpamu. e TepmiuHO HecTilKi, Lo6pe PO3UnHHI Yy BOAI CMONYKK, AKI MOXYTb
HaKoMM4YyBaTUCb B KOpeHennogax i nnogax pocnuvH. Cami HiTpaTn He € OTPYMHUMU,
ane B OpraHiami NIOANHY BOHW NepPeTBOPIITbCA Ha HITPUTHY, AKI B3AEMOAIIOTb 3 re-
MOrno6iHOM KpoBi. B opraHi3ami nopyLyeTbca TKaHWHHE AUXaHHA, BHAaCNiAOK YOro
PO3BMBAETLCS XBOPOOa MeTremorniobiHemis. Kpim Toro, Ais HiTpuTiB € Hebe3sneuHoo
[ANA OpraHiaMy yepes yTBOPEHHA KaHLepOreHiB — HITPO30aMiHiB.

OTXe, KCeHOBGIOTUKI — YYXXOPIOHi pedo8UHU, W0 HE CUHMe3YIoMbCA 8 Op2aHi3Mi
JII0OUHU, ase nompaniayu 8cepeduHy abo Ha NOKPUBU Mifid, MOXymb CNpUYUHAMU
anepeiqHi peakyii, Mymauii, xeopobu, nociabnosamu imyHimem, nopyuyysamu o6miH
peyosuH mouwjo.

Y YoMy nonAra€e HeraTUBHWUI BMJIMB NMCUXOAKTUBHUX PEYOBUH Ha OOMIH
peyoBuH?

McnxoaKTVIBHI peYOBUHMN — peyoBUHU, W0 CNPUYUHAIOMb 38UKAHHA MA 3a/1eX-
HiCMb 3a yMO8 cCUCMeMamuy4yHO20 iX 8XKUBAHHS, BHAC/IIOOK 4020 3MIHIOEMbCA NOBEOIHKA
JII0OUHU. [10 L€l rpyny peuoBUH HaneXaTb alkorosb, HIKOTUHOBMICHI, onioigun, KoKa-
H, CHOTBOpPHI, 6apbiTypaTtn Ta iH.

Bci NcnxoakTVBHI peuoBMHY BMAINBAKOTb HA POOOTY rONIOBHOIO MO3KY JIOAUNHN:
NPUCKOPIOTb Nepefavy CEHCOPHUX CUTHAMIB abo NepeLIKOAKaloTb HEPBOBUM LIEH-
TpaM BUKOHYBaTu CBOI GYHKLil. B ocHOBI edeKTiB, 3yMmOBNeHMX [i€l0 NMCUXOTPOMHUX
peyoBMH, — iX BMAMB Ha HenpomegdiaTopu (peyoBMHMU, WO NnepefaoTb CUTHaNU Bif
O[HOrO HeMpOHa [0 iHWOoro). HannowmnpeHiwMy pevyoBnHaMu L€l Tpynu € eTaHon,
HiIKOTUHOBMICHI (is1. 78) 1 HAPKOTUYHI PEUYOBUHN.

EtaHon (eTnnoBum cnupT) y KAiTMHaX NOCTINHO

YTBOPIOETHCA Ha eTanax obMiHy ByrneBogiB. Y Hopmi
Y KPOBI N0AMHM 3aBXAN MicTUTbcA 6nmn3bko 0,001-
0,015 r/n cnnpTy. HeBenuka KinbKicTb eTaHONY He €
Hebe3MeYHo0, OCKINIbKM WBUAKO 3HELIKOMKYETbCSA
bepmeHTaMy neviHkK. Bnnve ankorosno Ha npoue-
1 06MiHY B OpraHi3mi, Ha CTPYKTYpY KNiTWH CKna-
naeTbcn 3 Aii pBOX pe'«-IO'BVIH - eTUI0BOoro cnmpTy Ta In. 78. TioTioH crpasHi
NOXIAHOrO aueTanbAerifly, WO CAPUYMHAE PI3HO-  (njicotiana tabacum) - pocnuna
MaHiTHi po3nagn BHYTPILUHbOKNITUHHOIO OOMiHY. poarHu MacnboHoBI
HanBaxnumBillMmMmn 3 HUX € YWKOOXKEHHA MeMbpaH,
NopyLUEeHHA OKMCHO-BIAHOBHMX pPeaKUill, Hectaya MNOXKMBHUX PEYOBUWH, 3HVXKEHHA
LIBMAKOCTI CMHTE3Y 6ifKiB, 3MiHU B OOMiHI HellpomegiaTopiB, MOPYLUEHHS MexaHi3MiB
perynauii dyHKUi opraHi3my. 36inblueHHA KiNbKOCTi €TaHONY B OpraHi3amMi NpM3BOANUTb
[0 BUHWKHEHH:A MeTaboniuHOoI 3aN1eXHOCTI Bif HbOro.

Y TIOTIOHOBOMY AMMIi LWIKIANMBKX CONyK 6arato (YagHuii ras, 6eHsnipeH, ¢op-
Manbgerif, auetanbgerif, 6eH3eH Tollo), ane HaHebe3neyHiwnmMm € HIKOTUH. Lle
ankanoif, Wo B OpraHismi BUABNAE HEPOTOKCMUHY OTPYNHY filo. MaeTbca npo ek-
30reHHUN HIKOTUH. Y camMOMy OpraHi3mi MiCTUTbCA BNAaCHUI NPUPOAHNA €HOOTeHHNIA
HIKOTWH, WO CUHTE3YETbCA KNITUHAMIW MEYiHKM B HEBENMKUX KiNbKOCTAX i BXOAUTb JO

§ 31. HeraTMBHUI BNIUB Ha OOMiH PEUOBUH YY>KOPIAHMX CMOMYK Ta X 3HELIKOLXEHHS B OpraHi3mi niognHn
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cknagy 6aratbox depmeHTiB, Wo 6epyTb yyacTb B 0OMiHI peyoBuH. Ha BigmiHy Big
TIOTIOHOBOTO HIiKOTUHY Lisi peyoBMHa HeoTpyiiHa. LLlo X BigbyBa€eTbcA, AKLWO HIKOTUH
noTpanif€ B OpraHiam nig yac TIOTIOHOKYPiHHA? OpraHi3am NAUHN NepecTae BUPOO6-
NATN CBIN HIKOTWH i CTA€E 3aNeXXHWM BiJ TIOTIOHOBOTO.

HapkomuyHi pe4o8UHU — 4yXOpiOHi W000 0OMIHY peqyo8UH CNOJTYKU, UjO CNpU-
YUHAIOMb 3a71eXXHICMb YHACIOOK 3aMiljeHHSA OOHi€i 3 pe4yo8UH NpupoOHO20 Memabo-
nizmy. AK 3acBiguUNM JOCNIAXKEHHA, FONOBHUI MO30K CaM BUPOONAE pevoBUHM, AKi
UMHATb Ail0 Ha NEeBHi HEPBOBI LLIEHTPU MO3KY, L0 BUKVKAE Y IIOQUHM NOYYTTA 3a40-
BOJIEHHA. Yci NOBefiHKOBI akTW, AKi MaloTb 6ioforiuHy Ta colianbHy 3yMOBJEHICTb,
CYNpPOBOAXKYIOTbCA NO3UTUBHUMU emoLisMu. OpraHiam Hiby cam cebe CTUMYNIOE Ha
npaBunbHy nosefiHKy. Qi3ionoriyHUM mMexaHi3m nonArae B TOMy, WO Nif Yyac 3ago-
BOJIEHHA NoTpeb NiaBULLYETLCA CMHTE3 eHAOPOIHIB (eHKedaniHiB), WO BUKNNKAOTb
No3uTMBHI emoil. Mpu BXXMBaHHI HAPKOTUKIB GOPMYETLCA 3aNeXHICTb, i HAPKOTUYHI
PEYOBVIHM CMPUAMAIOTHCSA OPraHi3MoM AK eHAoPdiHM 11 eHKedaniHu.

OTKe, MCMX0AKTVBHI PeYOBUMHMN MalOTb BUPAXKEHUI HENPOTOKCUUYHUN i
NCUXOPYMHIBHUI edeKT, NoZibHICTb 4O BHYTPILIHIX YMHHUKIB OOMiHY peyo-
BVIH i, 3aMiHAUN IX Yy MpoLecax »KUTTEQIANbHOCTI, CMPUYMHAIOTb 3aNIeXHICTb.

AK Bin6yBa€eTbCA 3HELWKOAKEHHA TOKCUYHUX CMONYK B OpraHismi nioguHn?

bioTpaHchopmalis — 3HEWKOOXeHHA MOKCUYHUX peyoB8UH WJIAXOM nepemao-
DeHHsA ix y MosneKkynapHy ¢opmy i3 3miHeHUMU 6ios02iYHUMU 8/1aCMUBOCMAMU | 8UBe-
O0eHHHA 3 op2dHi3My. baraTo WKigNUBMX PEUYOBUH, MOTPANMBLLM B OPraHi3M fogMHM,
3a3HalOTb 3HELWKOAKEHHA | BULINATLCA Y BUMAAI MeTaboniTi. B opraHiami Takox
3HELKOMKYTbCA KiHLEBi NpoayKT! MeTaboniamy, Wo MatoTb NOTEHLINHO TOKCUYHI
BMACTMBOCTI (KOBYHi MirMeHTW, aMOHiaK), MPOAYKTW FHUTTA GifIKiB y TOBCTi KM
(beHonu, iHponu, ckatonn).

B opraHi3mi NoguHN 3HELWKOKeHHA Hebe3neuyHnx Cnonyk 3AiNCHI0E nediHKa
3a yyacTi cneuianbHux pepMeHTIB i MeMOpaHHUX peLenTopiB, AKi PerymnTb IXHIO
AKTVBHICTb. 3HELKOAKEHI CMONYKN BMAANSAIOTbCA 3 OpraHi3mMy i3 ceyeto abo »oButo.
BioTpaHcdpopmaLia kceHobioTUKIB BifOYyBaeTbCA Y ABI dpasu:

1-wa ¢aza: moougpikayis — ue OKMCHO-BIAHOBHI Ta rigpoNiTUUHI peakuil, Wo Ka-
Tanisytotbca pepmeHTamm ENC (umtoxpom P450, enokcuarigponasa). Monekyna kce-
HobioTMKa 36arauvyetbca GpyHKUioHanbHUMKM rpynamm (—OH, -COOH, -SH, —NHZ), o
pobuTb il pO34MHHOIO Y BOAi.

2-ra dasza: KoH'l2ayia — peakuii cnHTe3y 3a yyacTti pepmeHTiB-TpaHchepas. o
NPOMIXHVX MPOAYKTIB MeTaboniamy NPUERHYIOTLCA eHAOreHHI MoneKynu (rKypo-
HOBa KMCJIOTa, CynbdaTHa KMUCMOTA, FyTaMiH), Y pe3ynbTaTi Uoro yTBOPIOTbCA MO-
NAPHI CNONYKW ANA BUAANEHHSA 3 OpraHiamy.

YnpopoBx 6araTbOxX POKIB NepeTBOPEHHS KCEHOOIOTUKIB B OopraHiami posrna-
JA€ETbCA TiNbKN AK NMO3UTMBHE ABULLE, CMPAMOBAHE Ha 3MEHLEeHHA TOKCUYHOCTI, a
BMMNaAKYM 36iNblUeHHA TOKCUMUYHOCTI BBaXkanunca BUHATKOM. OfHak i3 yacom 6yno BcTa-
HOB/NEHO, WO NiABULEHHA TOKCUYHOCTI € WBKALIE NPaBUIOM, aHiX BUHATKOM. Yepes
Te TepMiH 6iompaHcgopmayis € TOUHILLNM, HiXK 0emOoKCcUKauis.

OTXe, XUBUM opraHi3maM BNACTMBI MeXaHi3MN 3HELKOLKEHHSA
Ta BUAaJIeHHA TOKCMYHUX PevYOBUH, LLO MaloTb €K30reHHe abo
eHAOoreHHe noxoa»<eHHA.



BIANbHICTb

CamocTilnHa po6oTa 3 Tabnuueto

3anoBHiTb y po6oyomy 30T TabNKMLo Ta 3p00iTb BUCHOBOK MPO yYacTb CUCTEM
OpraHiB y 3aXMCTi OpraHi3My noAuHY Bifl KCEHOOIOTUKIB.

Cucrema OpraHu 3HavyeHHA
TpaBHa
HOuxanbHa
CevoBuainbHa
Lkipa
IMyHHa

bionoria + MeguuyuHa. Bitamin PP

HikomuHoga kucsioma (HiauuH, BiTamiH Bs, BiTamiH PP, aHTMnenarpiyHui BiTa-
MiH) — BOOOPO3UYMHHWIA BiTaMiH, AKMI MAa€ HAaCTINIbKX KOPUCHI BNAaCTUBOCTI, Lo odilin-
Ha MeJV1LMHa NPUPIBHIOE NOTro A0 NiKiB. flke 3HaUeHHs BiTamiHa PP B 0OMiHi peuyoBuH?
Ha3BiTb Xapy4oBi NPOAYKTK, WO MICTATb BiTamiH PP.

CTABJIEHHA

bionoria + [lieTonoria. KuTHii xni6

Xni6 y xap4yoBOoMy pauioHi NOAUHN NOCifae ocob-
nmee micue. [lieTonorn pagAatb JOPOCAin NOANHI yNpo-
JOBX OHA 3'igaTnm 6nmn3bko 150 — 200 r XUTHbOTO W
150 - 200 r nweHnyHoro xsiba. Bu3Haute nepesaru i He-
LONIKM BXXUBAHHA KUTHbOTO XNiba Ta 06rpyHTYyTE 3Ha-
YeHHs Uboro xniba AnA HOopManbHOro 06MiHy peyoByH.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take KceHobGioTKN? 2. HaBediTb NprKnagm HanWKignMBIilWmMx KCeHOBIoTMKiIB.
3. o Take ncnxoaKTuBHI peyoBuHU? 4. HagediTb NpUKNagn NCMX0akTUBHUX peyo-
BUH. 5. LLlo Take 6ioTpaHchopmauia? 6. Ha3giTb ABi OCHOBHI $pa3m bioTpaHchopma-
Lii KCeHOGIOTKKIB B OpraHi3mi NlogvHM.
7. Y YoMy nonAra€ HeraTMBHWIA BMJIMB KCEHOGIOTMKIB Ha OpraHism noguHn?
7-9 |8.Y4yomy nonAra€ HeraTUBHWI BMIMB Ha OOMiH PEYOBUH NCUXOAKTVIBHUX PEUOBUH?
9. fIK BifOyBaETbCA 3HELLKOAMEHHA KCEHOBITVKIB B OpraHiami noanHm?
10. O6r'pyHTYyiTe 3HaUeHHA Pi3HUX Gi3ioNOriYHNX CUCTEeM OpraHiamy NOAUHN AnA
3aXUCTY Bifj KCEHOGIOTUKIB.

10-12

§ 31. HeraTmBHWI1 BNAMB Ha OOMiH PEUYOBUH YYXKOPIiAHNX CMOMYK Ta iX 3HELUKOAXKEHHA B OPraHi3mMi NioAnHN
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Ipowi — midb, 0052 — ye miH, a 300pos’s — cnpasxHiti ckapo.
HapooHa myopicme

§ 32. HEMPOT'YMOPAJIbHA PErynauia nPOLECIB
METABOJII3MY B OPTAHI3MI NIOANHIA

OCHOBHi MOHATTA 1 KAO4YOBi TepMiHN: Perynsuia o6miHy pe4yoBuH Ta
eHeprii.

Mpurapaiite! Lo Take 0OMiH peUOBUH i NePETBOPEHHSA eHeprii?

& Momipkynite!

XTO No-CNpaBXXHbOMY LWMPUI 3 Hamu, Bigaa-
HWIA HaMm i NIOBUTb HaC, XTO MPUHOCUTL PagicTb i fapye
TEeNNOTYy, PATYE Bif CAaMOTHOCTI i 3anikKoBY€ AYyLUEBHi
paHn? Hy, 3BMYaHO X, Hali TBAPUHW, HalWi BAAYHI 1
BipHi Apy3i, y AKMX BCiM Ham BapTo 6arato yoro no-
BuntucA. Ocb Nvwe pAekinbka HaykoBux ¢akTiB mpo
NO3UTVMBHUI BNINB JOMALLHIX TBAPWH Ha NOANHY: 3HU-
XKYIOTb BipOFigHICTb NpoABIB aneprii, NiABALWYIOTb Ca-
MOOL|iHKY, 3MiL{HIOIOTb iIMYHiTeT, N036aBNATb Bifj HEraTUBHUX eMOLil Towwo. A Lie AKi
UNHHWKM BMNIMBAIOTb HAa OPraHi3M NtloanHM Ta il 06MiH peyoBUH?

3MICT

AKi YIHHVIKM BNIMBAIOTb Ha npouecu meTaboniamy B opraHismi
nognHn?
YnHHUKKM  perynauii  meTaboniamy BW3HaualTb

YUHHUKU PErynauii

iHTEHCMBHICTb NpoUeCiB HAOXOAXKEHHA, NepeTBOPEHHA
/1 BUIaNeHHs PEUOBVIH Ta eHeprii. Ix noainaoTb Ha cTa-
TUYHI N AVHAaMIYHI, 30BHILUHI 1 BHYTPILLHI.

YnHHUKKM perynAauii meTabonismy, wo He nigaa-
l0TbCA KopeKLii 3 60Ky NoguHKM, Ha3MBaloTbCA CTaTUY-
HuMwM. Lle cnadkogicme, cmame, mun cmamypu mina,

METABONI3MY

CTaTUYHI YNHHNKN

CnapakoBicTb, CTaTb, TUM CTa-
Typw Tina, BiK, BNANBMK pery-
NATOPHUX CUCTEM

AnHaMiuHi YNHHUKKN

PauioH 1 pexnm xapuyBaH-
HA, Maca Tina, emMouiHui
CTaH, COH, ¢i3nyHa aKTuB-
HiCTb, XPOHiYHi XBOPO6U

8iK, Hep8o8i N eHOOKPUHHI 8NJUBU pe2ysiAmOpHUX CU-
cmem. TaK, 3 BIKOM iHTEHCUBHICTb OOMIHY 3HMXKYETbCA
Ha 7 — 10 % KOXHi flecATb POKiB, JOCAralYmn B CTapocCTi
CBOro MiHIMyMy, a NpOCTyAa Y TPaBMU aKTUBI3ylOTb
06MiHHI npouecn. O6MiH peyoBUH Yy YONOBIKIB y cepeiHboMy Ha 10 — 20 % BULLMIA,
HiX Y >KIHOK, OCKiNTIbKW Y HMX BiCOTKOBA YacTKa M'A3iB € 6iNbLUIO BiHOCHO MacH Tina.
Bucoknin piBeHb 0OMiHY PeUOBUH Y AUTAYOMY Billi MOACHIOETHCA BUCOKOK aKTUBHICTIO
npouecis, NOCUIEHNM POCTOM TKaHWUH. ¥ NOXMAOMY Bili NOPAL, i3 3H/KEHHAM BMICTYy
BOAM, KIIbKOCTI 1 aKTUBHOCTI KITUH 3HMKYETbCA 1 M'A30Ba aKTUBHICTb.

B iHWYy rpyny 06’€AHYI0Tb YNHHWKN, BAAWB AKUX JIIOAMHA MOXe 3MiHI0BaTH. IX Ha-
3Banv AMHamiuyHMMWM. Lle payioH i pexxum xapuysaHHa, maca mina, ncuxoemouyitiHut
CMAH, COH, (i3UYHA AKMuBHICMb, XPOHIiYHi X80pobU. BaXKnnMBMM € BMANB Ha OOMIH pe-
YOBVH 3aranbHOI KiNbKOCTI 1 cknagy iki. Pa3oMm i3 reHeTMYHNUMU YNHHUKaMU Ta CNOCO-
6OM XMTTA CaMe iKa BU3HAYaE CTaH 340POB's KOXKHOI KOHKPEeTHOT ntoguHu. Hegapma
iCHYIOTb NpuKaskm «Mu € Te, Wwo Mu iMo», «CBO XBOPOOY LyKail Ha AHI CBOET Tapin-




K. [priAMaHHA BKi NifBULLYE IHTEHCMBHICTb OOMIHY PEUOBWUH, O TPUBAE NPOTArOM
5 - 6 rog. Taknii BNANB >Ki Ha piBeHb 0OOMiHY peUYOBVH Ta eHepril Ha3UBAETbCA cneyu-
¢hiunoro dunamivHoro dieto ixxi. MexaHi3m Takoi Aii i 6inblicTb JOCNIAHUKIB Nosic-
HIOIOTb BMIMBOM Ha KNITUHU NPOAYKTIB po3nagy /i MpOMixXHOro obMiHy, akTuBi3aLi€to
NeprcTanbTUKN KALWEYHUKY | NOCUTIEHHAM po60TH TPpaBHUX 3a03.

Ha meTaboniam BNnvBaloTb 30BHIilUHI /1 BHYTPIiWHI YMHHUKW. TaK, TpuBanun
BM/IMB HAa OPraHi3m JIIOAUHU HU3bKOT TemnepaTypu NigBuLLye 06MiH peuoBUH (3i 3HU-
XKeHHsIM TemnepaTypu noBiTpsA Ha 10 °C piBeHb 06MiHY NigBULLYETbCA Ha 2,5 %). [o-
60Bi Ta CE30HHi 3MiHV B NPUPOAi BU3HaYaloTb CMaKoBY PUTMIUHICTb NpoLeciB 06MiHy
peyoBUH. Tak, NigBULLEHHA IHTEHCMBHOCTI 0OMiHY PEYOBUH CMOCTEPIra€TbCA HaBeCH
Ta PaHHIM JTITOM, @ 3HMXKEHHA — Mi3HbOI OCeHi 1 y3UMKY. [1ig yac BignoumHKy o6miH pe-
YOBWH 3HMXKYETbCA Ha 13 % (3a paxyHOK po3cniabneHHA ckeneTHUx m'asis). Ha piBeHb
O0OMiHY BNIMBAOTb 1 TaKi BHYTPILLIHI YNHHUKM, AK FOPMOHN Ta y4acCTb EHepreTUYHmX
cucTem y 3abesneyeHHi KNiTnH eHeprieto. Lle pocdatHa cuctema ATO (3abe3neyen-
Hsl eHepri€lo Ha Yac, MeHwwni 3a 30 ¢), rikoni3Ha (aHaepobHa) (Big 30 ¢ go 3 xB) Ta
aepobHa (Ha yac, 6inbwwii 3a 3 XB) CUCTEMM.

OTXe, Ha MeTaboni3am BMIMBalOTb CTaTUYHI 1 ANHAMIYHI,
30BHILUHI Ta BHYTPIWHI YNHHWKW; IXHA B3aEMOAIA BM3HAYaE
0Co6nMBOCTI OOMiIHY PEUOBVH Y KOXHOT NIOANHN.

A perynioeTbca meTa6oniam B opraHiami nioguHn?

Perynauia o6miHy pe4yoBUH Ta eHeprii — CyKynHicms pigHe8o OpedHi308aHUX
bioximiyHux U ¢hizionoziyHux npoyecis, ujo 30iliCHIOMb NPUCMOCYBAHHA 0OMIHY peyo-
8UH U eHepzii 00 nompeb op2aHizmy. Ha monekynspHoMy piBHi opraHisauii opraHiamy
noAnHW BifbyBa€eTbCA 2eHeMUYHA pe2ynAyid, Lo BU3HaYa€e cnHTe3 depmeHTiB. Pery-
nAUiA Ha PiBHI reHiB Befe A0 36iNblUeHHS U/ 3MeHLIEHHA KOHLEHTPaUITl TUX Y iHWNX
bepMeHTIB WNAXOM BRAMBY Ha aKTUBHICTb (pEPMEHTHUX TeHiB perynAatopHux 6in-
KiB-iHOYKTOpIB UM penpecopis. Liel Tmn perynayii obMiHy pe4yoBrH BUPI3HAETbCA BU-
cokoto cneyundivHicTio, ane cam npovec BiabyBa€eTbCA NOBINbHO (3a3BMYal rogrMHamum).

KnimuHHa peaynayia rpyHTyeTbca Ha 0COOGMMBOCTAX B3aemofil depmeHTy i
cy6cTpaTy. 3a HaABHOCTI cybCcTpaTy KNiTMHa crvHTe3ye depMeHT, 3a BiACyTHOCTI -
npunuHAE cnHTe3. OKPIiM TOro, akTUBHICTb PePMEHTIB Y KNiTUHAX 3aNeXnTb Bif YMOB,
B AKMX Ji€ pepMeHT, a came Big pH cepepoBuLla, TeMnepaTypu, KOHLEHTpaUIi Ak dpep-
MEHTY, TaK i cybcTpaTy. Hanpuknag, HakonuueHHA KUCIMX NPOAYKTIB peaKLil Moxe
CMOBINBHUTY WBUAKICTb GioKaTaniTMYHOT peakKuil.

TymopaneHa peaynayisa o6MiHy peuyoBUH Ha PiBHI OpraHiamy nonsarae B Aii rop-
MOHIB Ha aKTMBHICTb depmeHTy abo Ha AifnbHICTb TKaHWH Ta opraHis. Hanpuknag,
TUPEOTPONHUIA FOPMOH rinodiza BNMBAE Ha WMTOMOAIOHY 3a5103Y, AKa MOXe CeKpe-
TyBaTV Ginblue Y MEHLLE TUPOKCUHY, L0 Befie A0 MPUCKOPEHHSA Y CMOBINbHEHHSA 06-
MiHYy peuoBuH. [yMmoparnbHa perynsuia 0bMiHy peyoB/H Ma€ NOBINbHY PEryntoBasbHY
4ito, i il NpoABn nignopAaaKoBaHi HePBOBIN cucTemi. PerynioBanbHa Aifa rOPMOHIB €
pi3HOGiIUHOIO | MOXe ByTV peanizoBaHa Yepes akTMBaLi N NPUTHiYeHHA GepMeHTIB,
6iocrHTe3y 6inKiB, 3MiHy MPOHNKHOCTI KNITUHHUX MeMOpaH Towo. fopMOHM 6epyTb
BaXK/IMBY yyacTb fIK Y mepMiHo8il pe2ynauii, Tak i y mpusanil pe2ynayii (agantauii)
06MiHy peyoBVH O YMOB CepefoBULLa, KibKOCTI Ta AKOCTI BXMBaHOI TXi, peryns-
Ui HAAXOAXKEHHA | 3aCBOEHHA KiNbKOCTI pPigMHM Ta enekTponiTiB B opraHismi. Micna

§ 32. HelporymoparnbHa perynsuis npoLecis MeTaboniamy B opraHiami nioguHu

133




Tema 2. OBMIH PEYOBMH | MEPETBOPEHHSA EHEPTIT

134

peani3zauii cBoix OyHKUIN BifOyBaETbCA pyNHYBaHHA rOPMOHIB. HeBenvKa YacTuHa
3a/IMLWWKIB FOPMOHANbHUX MPOAYKTIB MOXe 3HOBY pPeCMHTe3yBaTWCb Y FOPMOHM, ane
6inbLa ix YacTVHA NifJAETbCA HE3BOPOTHOMY KaTabosi3my. BuaaneHHs ropMoHiB Ta
TXHiIX MeTaboNiTiB 3[iNCHIOETLCA MEPEBAXKHO i3 CEUEIO I XKOBYIO.

Hansuwmm pisHeM perynauii o6MiHy peyoBMH B OpraHi3mi nognHu € Hepeoea
peaynayia. KoHTposb 3a 06MIHOM PeYOBUH 11 NEPETBOPEHHAM eHeprii HaneXxnTb Ao
iHTerpaTMBHUX NPOLIECIB, O PeryniioTbCA rinotanamycom. Kpim LeHTpiB ronogy, cu-
TOCTI 11 cnparu, LeHTpIB, WO peryntoloTb 06MiH 6inkis, Byrnesogis, ninigis, BOAHO-Co-
NbOBMI OBMIH, Y rinoTanamyci po3milieHnii i LeHTp Tepmoperynsauii. BoHn noegHaHi
B OAVH iHTErpaTMBHUIN LIEHTP, AKUI pery-
noe yci ui npouecn. HanvacTilwe HepBo-
Ba CUCTEMa CBOK PerynatopHy ¢yHKLUito
3MIICHIOE  uYepe3 eHAOKPUHHY cuctemy.
AlckpaBMM MpUKIagoM UbOro 3B'A3KY €
BMJIVB eMoLii Ha 0OMiH peyoBUH. HepBo-
Ba perynsayia o6miHy peyoBMH nepebyBae
TaKOX Mif, KOHTPONEM KOPU BEIMKOIO MO3-
Ky, TOMY NIOfMHa MO>Ke CBiJOMO I LWBNAKO
BMAMBATV Ha NpoLecu XapyyBaHHA N YNH-
HUKW, Bi AKUX 3aneXutb 0OMiH PEUYOBVH.
Taka perynioBanbHa fid KOpPU TFOMOBHOMO
MO3KYy Ha3WBAaETbCA KOPMUKA/IbHOIO pezy-

nayieto. | & | /3anoza(TTN) |
. . \ & / -~ "‘\\ T ‘\
HepBoBa perynauia obmiHy peuyoBuH Hagh‘m‘piﬁ/mm ( ) ( \

. . kM | P s d
30iNCHIOETbCA TPbOMa winAXamu: 1) Bugi-  (AKTN) /. W98/ \\._././'/ \(ﬂerL,":DMng;
NIEHHAM HeWpomepiaTopiB — 6ionoriyHo '\,: J (:f)';m'H L\J ,,-*l
aKTUBHIX PEYOBVHM, 32 AOMOMOrOK AKMX T pocry) =

nepeaalnTbCaA iIMNYNbCK 3 HENPOHIB Yepes
cvHancu (Hanpuknag, CepoOTOHIH, appe-
HaniH, rictamiH, aueTUNXoniH); 2) 3MiHO
KOHLeHTpaLii MOHIB, WO aKTMBYOTb abo
CMoBiNbHIOTb Aito hepmeHTiB; 3) 3a gono-
MOFO0 BMJINBIB Ha €HAOKPWHHI 3251031 (Ha-
npuknag, gia rinotanamaca yepes rinodis
Ha eHAOKPWUHHI 3ano3n) (is. 79).

In. 79. linotanamo-rinodisapHa
cuctema perynauii
YMO8HI no3HAYKu 20pMOHI8 2inogiza:
AKTI — aapeHOKOPTUKOTPOMHNIA FOPMOH
TTI — TMPEOTPONHUI FOPMOH
AQl — aHTAIypPEeTUYHNIA TOPMOH
JII — nioTeiHi3youmit ropMoH
OCT - poniKoCTUMYNIOIOUNIA FOPMOH

OTxe, perynauia o6MiHy peyoBVH B OpraHi3mi NoanHN 34iNCHIOETLCA Ha
Pi3HMX PIBHAX MOro opraHisadii.

RIANBbHICTb

x,/‘ CamocrTiliHa po6oTa 3 Tabnuuelo

Perynsuis o6mMiHy pe4oBMH B opraHi3mi nioanHMN
OpraHi3m NogMHM Ma€ Taki PiBHi opraHisauii, AK MONEKyNAPHUNA, KNITUHHUA, pi-
BEHb OpraHiB, CUCTEMHWIA, OpraHiaMoBuini. HaBeaiTb Npuknaan GisnyHmX, XiMivHMX Um
dizionoriyHyx npouecis 06MiHy peuyoBUH, WO BiAOYBaOTbCA Ha KOXHOMY i3 LIUX PiBHIB



opraHi3auii opraHiamy noguHu. 3anoBHiTb Y pobouyomy 30LmnTi Tabnuuio Ta chopmynto-
NTe BUCHOBOK.

PiBeHb opraHisauii Mpuknaau npoueciB 06MiHy pe4yoBUH
MonekynapHui
KnitTnHHnn
PiBeHb opraHis
CucremHnin
OpraHi3amoBun

Bionorisa + ®isnka. 3aKkoH NoBepxHi Tina

Makc Py6Hep (1854-1932) - Himeubkuin disionor,
chopmynioBaB 3aKOH MOBEPXHI Tina, AKMIA Bifobpaxae 3a-
NEXHiCTb Mi>K IHTEHCMBHICTIO OOMiIHY peYOBMH Ta NJoLLEel0
Tina. B ocHOBI LbOro 3aKoHy NeXxuTb cyTo ¢isnuyHe ABuLle
BMAANIEHHA BHYTPILHbOT TENN0BOI eHeprii 6yab-AKoro Tina
yepes 1NOro NOBepPXHI0. B oMy CyTHICTb 3aKOHY MOBEpPXHi
Tina? Aki ¢i3nyHi npouecy 3abe3neuytoTb TENOBIAAaYY B
OopraHi3mi nognHn?

CTABJIEHHA

bionorisa + Cnopt. O6MiH peuyoBUH i 6ir

K nMokasanum [oCnigXeHHsA, iHTeHCUB-
HiCTb OOMiHY PEYOBUH Yy CNPUHTEpPIB Y
3abirax Ha 100 m ctaHoBUTb 22 KBT, a B Ma-
padoHuis (Ha 42 km 195 m) - 1,6 KBT, wo
Manxe B 13 pa3siB meHwe (in. 80). BusHaute
1 MOACHITb: 1) AKUA YNHHUK BMNAMBAE Ha 00-
MiH PEYOBUH Yy LbOMY MPUKNagi; 2) Yyomy
UMM JOBLUOIO € AMCTaHUifA Biry, TUM HUXKYIM
€ piBeHb MeTaboni3mMy B 6iryHa; 3) yomy Tino
CnpuHTEpa MycKynucte, a MapadoHusa -
HaBMakKu.

In. 80. MapadoHcbKuiA 6iryH i cnpuHTep

PE3YJIbTAT

3aBfaHHA ANA CAMOKOHTPOJI0

1. Wo Take UnHHMKM 0OMiHY peuoBKH? 2. Ha3BiTb rpynu YMHHUKIB, WO BNINBAOTL
Ha 06MiH peyoByH. 3. HaBefiTb NpMKNagn 30BHIWHIX 1 BHYTPILWHIX YNHHWKIB 06MI-
1-6 |Hy peyoBuH. 4. LLlo Take perynauia o6miHy peyoBuH? 5. Ha3BiTb OCHOBHI TN pery-
nAuii o6MiHy peyoBuH Ta eHeprii. 6. HaBeiTb Nprknagm HepBOBOI i FyMopanbHoiI
perynauii 06miHy peyoByH.

7. IKi YNHHVIKM BNIMBAOTb Ha OOMiH PEYOBVH 11 NepeTBOPEHHA eHeprii B opraHiami
7-9 |nognHn? 8. fIK perynoeTbca 06MiH peyoBMH B opraHiami niognHn? 9. Ak Binbysa-
€TbCA HEPBOBA I r'yMopasbHa perynauia obMiHy peyoBuH?

10. Aki $i3nyHi, ximiuHi Ta disionoriyHi npoLecn cTaHOBAATL OCHOBY 0O6MiHY peyo-
BUWH, eHeprii Ta iHpopmaLii?

§ 32. HelporymoparnbHa perynsuis npowecis MeTaboniamy B opraHiami nioguHu
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Y3aranbHeHHA TeMu 2.

OBMIH PEYOBWH | NEPETBOPEHHA EHEPTII

OBMIH PEYOBMH | NEPETBOPEHHA EHEPTII -
Lie CYKYMHiCTb NPOLECiB, WO 3abe3neuyioTb HAAXOAKEHHA PEYOBVIH I eHeprii i3
cepefoBuLLa, IXHE NEPETBOPEHHSA Y 6IONOrYHMX CMCTEMAX Ta BUAANIEHHA NPOAYKTIB
PKUTTERIANBHOCTI 1 eHeprii HA30BHi.

Etanu o6miHy pe4oBuH bioenemeHTn, WO Hapgxo4ATb
1. Hapgxoa»keHHs peyoBUH 11 eHepril o | OpraHorenu (C, O, H, N)
2. MNepeTBOPEHHA PEYOBUH 11 eHepril B | 2- Makpoenemertu (Na, K, Ca, Fe, Mg, P, S, Cl)
3. BupganeHHA peyoBuH 11 eHeprii M | 3- Mikpoenementu (I, F, Cu, Zn, Co, Mn)
Tunu 06miHy pe4yoBUH | | bioHeopraHiYHi pe4yoBUHY, WO HAAXOAATD
. . H | MpocTi peyoBrHU: MeTanu i HemeTanu
ABTOTPOGHMI TUM OOMIHY -
; : CKnagHi peYoBUHW: OKCUAW, KUCSIOTH, OCHO-
leTepoTpodHMit TN 0OMIHY . :
P | Bu i1 coni
OcHOBHI npouecu meta6onismy E bioopraHiuHi pe4oBUHY, WO HAAXOAATD
I. AHaboni3m (biocuHmes 6inkis. :
biocuHmes syenegodis. biocuHmes nini- B 1. Mani monekynu: MOHocaxapuau, amiHo-
0is. biocuHme3 HykneiHosuX Kuc0m. " KNCNIOTU, XUPHI KNCNOTU, HYKNeoTuan
®omocuHme3s. XemocuHmes) H 2. Makpomonekynu: 6inku, nonicaxapugm,

1. Katabonism ([1ikoni3. bpodiHHA.
OKuUCHIo8asbHe (hoChOopUIOB8aHHSA)

HyKneiHoBi Kucnotu. JTinigHi komnnekcu

CKnaj xap4oBuX NPOAYKTIB

MoXnBHi peyoBUHN

(cmpykmypHa Ta eHepeemuyHa yHKUii)

LopnaTKoBi peuoBUHM
(3axucHa, pe2ynamopHa,
iHpopmauitiHa pyHKYii)

binku (po3wwenntoloTbCA Ha aMiHOKUCIOTN)

1 r 6inkKiB Nig Yac OKUCHeHHSA BUBINbHAE 17,6 KX eHepril
XKupu (po3LwennioloTbCa Ha KMUPHI KNCIOTK i riilepon)

11 XuUpiB Nig Yac OKNCHeHHA BUBINbHAE 38,9 KX eHepril
Byzanegodu (po3LuyennioloTbCa O MOHOCaxapuais)

1 r ByrneBOAiB Nif Yac OKNCHEHHA BUBINbHAE 17,6 K[ eHepril

Bopa. MiHepanbHi peyo-
BMHW. OpraHiyHi Kncnotu.
KniTkoBurHa. MNekTnHu.
BitamiHu. XapyoBi go6aBKku.
CmakoBi 106aBKKN

Ta6nuua 3. PIBHOMAHITHICTb A 3SHAYEHHA BYINIEBOA|IB, NINIAIB 1 BIIKIB

HasBa Knacudikauia OyHKUiT
|. MoHocaxapugm (pn60o3a, fe3oKkcnprnbo3a, riKosa,
bpykTO3a)
Byrne- | Il. Ancaxapnam (nakTo3a, caxaposa, Tperanosa, Manb- |EHepretnyHa. CTpyKTypHa.
BOAM TO3a) PesepBHa. 3axncHa
Ill. Monicaxapuan (rnikoreH, Kpoxmanb, LEentono3a,
MypeiH, XiTWH)
I. MpocTi ninign (Bocku, onii, »unpwn) EnepretnyHa. CTpyKTyp-
Tinigu Il. Cknagni ninigw (rnikoninigu, pocdoninign, ninonpo- | Ha. PesepsHa. 3axncHa.
TeiHu) PerynatopHa. BogoyTtso-
Ill. Nlinoigw (ctepoigw, Tepnexun) ploBanbHa
. . . . EHepretnyHa. CtpyKTyp-
I. MpocTi 6inkn (anbbymiHwn, rMobyniHw, ricTOHK, CKe- P PYKTYP
. Ha. PesepBHa. 3axuncHa.
. ponpoTeiHn)
binkun . . . . . PerynatopHa. PeuentopHa.
Il. CknagHi 6inku (rnikonpoTeiHu, NinonpoTeinu, .
.. ihm, bocd i) Katanitnuna. Pyxosa.
HyKneonpoTeiHu, XpomonpoTeinum, pochonpoTeiHm
Y P ' XP P ! P TpaHcnopTHa




CamMOKOHTpPONb 3HaHb

Tect 3. OBMIH PEYOBVH | NEPETBOPEHHS EHEPTII
3aBgaHHA 3 BM60poM npaBuabHOI BignoBigi (no 1 6asny 3a KoxHy npasusbHy
8i0N08iob)
Po3LienneHHs opraHiyHMX PeuyoBMH rymycy nig gi€to pepmeHTiB 3 KNiTUH rpunbis
€ NPUKIagom

A aHabonizmy b katabonizmy

B meTabonizmy I TpaBneHHA

AKnI i3 MikpoenemeHTiB 6epe yyacTb B yTBOPEHHI BiTaMiHy B;,?

A Kobanbt B MaHraH

B LnHk I Moni6aeH

YKaxiTb HiTpOreHoBMiCHY OCHOBY pnbOHYyKneoTuais, AKoi Hemae B JHK.
A ageHiH b ryaHiH

B TmiH I ypauun

YKaxiTb pocnnHy-HanisnapasuTta, 4na AKOl xapakTepHe
aBTOTpOdHE 11 reTepoTPOPHE KUBMEHHSA.

A BULWLIHA b omena 6ina

B pocunuka I noBuTtnuA

YKaxiTb YMOBY, Bifj AKOI He 3aNeXXWTb aKTUBHICTb TPaBHUX GepMeHTIB.

A TemnepaTtypa

b KoHUeHTpauia cybcTpaty 1 bepmeHTy

B pH cepepoBuuia

I kKoHueHTpauiAa NoHiB Hatpito n Kanito

3aBAaHHA Ha BCTaHOBJIEHHA BignoBigHOCTI (2 6asu 3a npasunvHe 3icmas-
JIeHHSA)

YcTaHOBITb BifNoOBIAHICTb MiXK Fpyrnoto 6iomonekyn Ta npeacTaBHUKaMMU.

A moHocaxapuam 1 anaHiH, BaniH, nenunH
b amiHoKucnotn 2 TeCcTOCTepPOH, ecTporeH
B ninoign 3 KonareH, KepaTuH, oceiH
I' nonicaxapugn 4 pnbo3a, rMiKo3a

5 uentono3sa, XiTuH
YcTaHOBITb BiAMOBIAHICTb MiXK NpoLiecamn 0OMiHY peYoBMH Ta CTPYKTypamu ey-
KapiOTUYHOT KNITUHW, WO X 34iNCHIOTD.

A pennikauis 1 xnoponnactu

b rnikoni3 2 raaka ENC

B GiocuHTes ninigis 3 rianonnasma

I ¢oToCHHTE3 4 wopcTKa ENC
5 Aapo, Hykneoig

3aBAaHHA 3 BM6opoM npaBunbHOI KOMGiHaLii BignoBigen (3 6as1u 3a npa-
8UJIbHY KOMOIHAUIO)
YKaxiTb O3HaKY, L0 XapaKTepr3yoTb 300paXKeHI OpraH 4OPOCION IOAMHM.

A HasBa b HanexHictb go cuctemn B 3HauyeHHs

1 Hupka 1 TpaBHa 1 ceyoyTBOpEHHA

2 WAYHOK 2 guxanbHa 2 6ioTpaHcpopmalis
3 cenesiHka 3 BudinbHa 3 KpOBOTBOPEHHA
4 neviHka 4 KpPOBOHOCHA 4 ra3o06MmiH

Y3aranbHeHHs Tamu 2. OBMIH PEYOBUH | MEPETBOPEHHSA EHEPTIT
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Tema 3. CMAOKOBICTb | MIHJTUBICTb

Tema 3. CTTAAKOBICTb | MIHJIUBICTDb

Ycnadkosytomecsa He cami 03HAKU, a cNAaoKosi YUHHUKU,
W0 8U3HAYAOMb PO3BUMOK YUX O3HAK.
. MeHOenb

§33. OCHOBHI NMOHATTA rEHETUKU

OCHOBHI NOHATTA N KntouoBi Tepminmn: TEHETUKA.

MpurapanTe! Lo Take reHeTnKa?

& HoBuHU HayKn

AHaniz ¢parmenTis OHK pgaBHiX Kiwok, uui 3a-
NINLKX 3HAXOAUNM B EFMMETCbKMX MNipamifax, niaTeepauns,
O CyyYacHi nopoan JOMAaLLHIX KillOK NoXoAATb Bif 0fHOro
3 niaBuAaiB Kiwku oukoi (Felis silvestris), a came Big AUKOI ni-
BiCbKOT Kiwku (Felis silvestris lybica), apean akoi oxonne
niBHiuHY AdpuKy 1 niBgeHHo-3axigHy Asito. OgomaluHeHHs
noyanoca e B HeoniTi. Y Taknin cnocib naneozeHemuka
Jornomarae 3po3ymiTy eBOJIOLi0 OpraHiyHoro cBiTy. A Ake
3HaUYEeHHA iHWWX PO3AiNiB Cy4yacHOI reHeTUKun?

3MICT

AKi OCHOBHI po3Ainu cyyacHoi reHeTUKN?

FTEHETUKA (Big rpeu. geneticos — NOXOLXeHHA) — Hayka
npo 3aKOHOMIpHOCMI cNAOKOBOCMi Ma MiHUBOCMI Op2aHi3Mi8.
[laTolo HapodKeHHA reHeTVKM BBaXkaeTbca 1900 p., konu 6yno
nepesiakputo 3akoHu . MeHpgens, cGopmMynbOBaHi HUM Lie Y
1865 p. TepMmiH «reHeTUKa» 3anponoHyBaB OAWH i3 1l 3aCHOBHU-
KiB aHrnincbKmi bionor Binesim bemcoH (1861-1926) y 1906 p.

Benuvke 3HaueHHA AnA CinbCbKOro rocnofapcTaa, MeauLHuy,
BeTepuHapii, cnopTy, KPUMiHanNicTuky, dapmaLeBTUKN MaloTb
TakKi BXe BiJOMi Bam poO3ginu, AK cenekuinHa, meguyHa, pagia-
LinHa, nonynauinHa, MonekynsapHa reHetrka. OKpiMm Ha3BaHMX PO3AiNiB BUHUKAN 1
PO3BUBAOTHCA enieeHeMUKaA, eKo2eHemuKa, hapMaKkozeHemuKd, NCUX02eHeMuKd Ta iH.

Eniecenemuka pocnifKye 3MiHN aKTUBHOCTI TeHiB, 3a AKMX cTpyKTypa AHK 3anu-
LIAETbCA He3MiHHOI0. HalKpalloto inocTpauiclo 3HaYeHHA Lboro po3giny reHeTuku
€ poJib enireHeTUYHNX MeXaHi3MiB y npoLlecax iHAUBIAYanbHOro PO3BUTKY, KON 3
KNiTUH 61acTynun 3 oAHaKOBMM reHOTUMOM BMHUKAOTb Pi3Hi cnewianizoBaHi KNiTUHN.
e ogHm npuknagom, WO NOKasye 3HaYEeHHA enireHeTUKN, € JOCNIAXKeHHA, Wo A0-
BOAATH 3a/1€XHICTb 3[J0POB’A NIOANHN Bifl TUX YMOB, 3a AKMX Bif0yBanocs NOro paHHE
dbopmMyBaHHA.




CyyacHa nognHa XuBe y cCepefoBULLi, WO LWBUAKO 3MIHIOETbCA. Y HbOMy
BUHWKAE Garato HOBMX [OJiA FeHOTWMIB Jlofel UYMHHKKIB. PeaKuil reHoTuniB Ha
3MiHM YMOB CepefoBMLIa iCHyBaHHA JOCNigXYye ekoeeHemuka. OKpemum ii po3gi-
NOM € ¢hapmaKozeHemMuKa, Lo BUBYAE 3HAUEHHA CNafKOBOCTI Y GOpMyBaHHi iHAN-
BiAyanbHUX peakLin opraHiaMmy Ha fikapCbKi npenapaTy, WO MOXYTb MPOABAATACA Y
BUMNAAI NigBULLEHOT Yy TANBOCTI, TONEPaHTHOCTI WoJ0 BNMBY abo He3BMYHOI, YacoM
napagoKcanbHoOI Bignosigi.

Mcuxo2eHemuka, abo reHeTKa NoBefiHKK (aHrN. behavioural genetics), BBYae
pOSib TEHETUYHMX YMHHUKIB Y BM3HAUYEHHI 0CO6/MBOCTEN noBediHKW. HuHi Bxe €
3aranbHOBIAOMUM (aKTOM, L0 30BHILLIHICTb, PUCK XapaKTepy Ta 0co6MBOCTI NoBe-
LiHKW niognHm 6arato B YOMY BU3HauyaloTbCA CMafKOBUMM YMHHMKaMK. OfHaK HOBI
HayKOBi [JOCNiXeHH:A 3acBiguytoThb, WO Pob reHiB y dopmMyBaHHi NoBeiHKN opra-
Hi3MIB € LWe 6inbll 3HAUYLLOW, HiXX MPUNHATO BBaXKaTW. TaK, BUEHi BUABMUIN [OKA3M
iCHYBaHHA reHiB, WO BU3HAaYal0Tb COPOM'A3NMBICTb, CXWIbHICTb A0 WACTA, 34aTHICTb
nepeHoCUTN CTPEC, TATY A0 NOAOPOXKeN Y/ NiHOLLIB TOLLO.

3 pocnigxeHb CNafKoOBMX OCHOB rpyn KPOBi TBAPUH | MIOANHN, YYTANBOCTI Pi3HUX
BMiB OPraHi3aMiB Ta OKpeMmnx 0COOUH A0 Aii TOKCMHIB | CNPUIAHATANBOCTI A0 iHbeK-
i po3noyana cBill po3BUTOK iMyHo2eHemukKa. HuHi ii LOCATHEHHA 3aCTOCOBYIOTb Y
TpaHcniaHTonorii, 6ioTexHonorii, cenekuii Ta iH.

OTKe, [OCATHEHHA CYYaCHOI FeHeTMKM € OCHOBOI 6araTbox JOCAiAMXeEHb
N JOCATHEHb Y TakuX rany3ax QiAnbHOCTI NIOANHU, AK MeANUMHa,
€KOoJorif, Ncuxonoris, 6ioTeXHONOris, MPOMMC/IOBICTb TOLLO.

Yomy reHeTUKa € HayKo1o?
[eHeTrKa € BaX/IMBOIO HAayKOO Cy4aCHOCTI, OCKisb-
K1 Ma€ npeamMeT Ta 06’eKT! fOCNigKeHb, BacHi MeTo- -
P ,qv A A X 1. CnagKkoBicTb
AV, MOHATTA i CUMBOJN, TEOPETWNYHY OCHOBY Y BUTIAAL | 5 MinnusicTs
3aKOHIB 1 TeOPil Ta NpaKkTUYHe 3HaueHHA. [lpeagmeTom |3 ren

OCHOBHIi MOHATTA reHeTUKN

reHeTuKn € dyHOameHTanbHi BNAaCTUBOCTI KUBOro — |4. DeH
CMafIkoBICTb i MiHNNBICTb. 5.TeHoTun
6. ®eHoTnn

CnapKoBicTb - 30dmMHiCMb XuBUX Op2aHi3mie ) .

nepedasamu c80i 03Haku U ocobausocmi iHOugidyasib- 7 HOM'HaHTH'fM anent
8. PeuecuBHum anenb

HO20 pO38UMKY HAWAOKAM. PO3pi3HAITb ABAa BUAWN |9 romosuroTa
CNajIKoBOCTi: AflepHy 1 uuTOonnasmatuuHy. Matepi- | 10.leteposurota
aNnbHUMM HOCIAMW CNAgKOBOCTI € XPOMOCOMUW, AO
cknapy Aakux Bxoautb [HK. Mepepauy cnagkosoi iHGopmaLlii HaCTyNHOMY NOKOJiHHIO
3AIMCHIOITb CTaTeBi KNITUHW 3a CTaTeBOrO PO3MHOMEHHA | COMaTUYHI KAITUHU Y
BMMNaAKy HeCcTaTeBOro BiATBOpeHHsA. [pu uboMy nepeaanTbCA He 03HAKU 1 BNACTUBO-
CTi ManbyTHbOro OpraHi3my, a CrMagKoBi 3aAaTKK, WO X Ha3MBAKTb FeHaMu.

leH - OinAHka moneKynu HyKeiHo8ol Kucomu, wo Kooye iHgpopmauito npo 6inok
abo PHK ma su3Ha4ae o3Haku opaaHiamig. KO>KHUIM reH po3TalloBaHWiA Y NeBHil Xpo-
MOCOMi, fie 3aliMa€ BM3HayeHe micue — NoKycC. KoxHa comaTyHa KniTuHa MiCTUTb au-
NAOIAHNIA Habip rOMOJIOTIYHMX XPOMOCOM, L0 MaloTb y CBOIX JIOKyCax pi3Hi dopmu
OfHOrO reHa. Aseni - cCmaHu 2eHd, Wo 8U3HAYAIOMb NPOABU O3HAKU U po3mawosd-
Hi 8 00HAKOBUX OiJIAHKAX 20MOJI02IYHUX XPOMOCOM. Aneni OQHOro reHa BU3HAvaloTb
pi3Hi NPoABM O3HaKM (HanpuKknag, XoBTe 1 3eneHe 3abapBneHHA ropoxy). OgHa 3

§ 33. OCHOBHi NMOHATTA reHeTUKMN
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rOMOJIOTIYHNX XPOMOCOM Hece anefb Bif, MaTepMHCbKOro opraHiamy, a gpyra — Big
6aTbKiBCbKOro. AnefibHi reHn MoXyTb OyTu domMiHaHMHUMU (NO3HAYaATb BEJINKU-
MU fliTepamn NaTUHCbKOT abeTku: A, B, C, ...) i peyecueHuUmu (No3HavalOTb ManMu
niTepamu NaTMHCbKOI abeTKu: a, b, ¢, ...). B 060X roMONoriyHNX XpOMOCOMax MOXYTb
nepebyBaTy OfHaKOBI abo pi3Hi anenbHi reHn. lomosuzoma - ye du- abo nosinaoio-
Ha KnimuHa (0cobuHa), 20Mo102i4HI XpOMOCOMU AKOI HeCymsb 0OHAKO8I asnesi negHo20
2eHa. [oMO3UroTHa 0cobmMHa B NOTOMCTBI He [Ja€ PO3LLUensIeHHs, YTBOPIE OANH COPT
ramet; nosHavaioTb AA abo aa. lemepo3suzoma — ye ou- abo nosninIoiOHA KNimuHa
(0ocobuHa), 2oMos02iYHi XpOMOCOMU AKOI HeCymeb pi3Hi anesi nedHozo 2eHa. [eTeposu-
roTHa 0cobuHa B NOTOMCTBI [la€ PO3LLUensieHHsA, YTBOPIOE Pi3Hi COPTM rameT; No3Ha-
yatoTb Aa.

AnenbHi reHM B TrOMO3UroTHOMY abo reTepo3vMroTHOMY CTaHi YTBOPIOKOTb
reHoTun. feHomun — CyKynHicme ycix 2eHig8 op2aHiamy, wo o0epxaHi 8i0 bamskis.
Lle cnagkoBa nporpama opraHiamy, Aka € LiNiCHOK N B3aEMOJII0UYOI0 CUCTEMOIO re-
HiB. [eHOTUN y B3aemogii i3 cepefoBULLEM BU3HAYAE heHOMUN — CYKYNHICMb O3HAK
i enacmusocmeli opzaHiamy, ki € pe3ysbmamom 83aemodii eeHoOmuny 3 ymosamu
308HiWHbO20 cepedosuwya. DeHoTN 0COOMHM 06'€QHYE He nuLe 30BHIWHI Mopdo-
JIOTiYHi O3HaKW, a N B6ioXiMiuHi, LMUTOMOriUHi, aHaTOMIUHi Ta iHLWI 03HaKWN, WO 3aBAAKMN
MiHJIMBOCTI MOXYTb MaT/ HaMPi3HOMaHITHiLWi NPOABMN.

MiHnuBicTb — 30amHicmes Xusux opaa-
Hi3mig Habysamu HOBUX O3HAK i IXHix cma-
Hig y npoueci iHOUBIOYyaIbHO2O PO3BUMKY.
3abe3neyye MPUCTOCOBAHICTb OpraHi3miB
JO YMOB cepefoBulla (HecrnagkoBa MiH-
NMBICTb) Ta NOABY O3HaK, 3aBAAKM 4YOMy
YTBOPIOOTbCA HOBi BUAM i BigbyBaeTbcA
iCTOPUYHWI PO3BUTOK >KMBOTO (CMajKoBa
MiHMBICTb). O3Haka - ue ocobsusicme
Op2dHi3My, Wo icHye y c8oix nposasax. Ha-
npuknan, 3abapBneHHA HaciHWH TOPOXY ;. 81, PisHoMaHITHICTL eHiB 3a 03HaKOI
MOCIBHOMO € O3HaKO, a *KOBTUWN N 3ene- 3a6apBneHHs B KilUK/ JOMALIHBbOT
HUA KONip HacCiHWH — Le NPOABM O3HaKu
3abapBrieHHA. KoXHa 03HaKa BM3HAYa€eTbCA CKNAAHVMMU NPOLecaMm Ha MONEKYnsAp-
HOMy piBHi opraHi3auii 3a yyacTi 6inkiB, 3aKofjOBaHMNX MEBHMM F€HOM YW reHaMu.
[na nosHauyeHHa nponABiB 03Hak B. MoraHceH we B 1909 p. BBiB NOHATTA deH.
@PeH - oKpeMuii BapiaHT NeBHOT O3HaKW, WO BU3HAYAETbCA FEHOTUMOM 1 yMOBaMM
cepeposuwa (in. 81).

OTXe, reHeTUKa BMBYAE OBi NPOTUMIEXHI 1 HEPO3PUBHO MOEAHAHI
B/TACTMBOCTI, XapaKTepHi AnA BCbOro XUBOro.

BIANbHICTb
M CamocrTiliHa po6oTa i3 cumBonamu

Brv3HauTe OCHOBHI CMMBOMW FeHETUKM i 3anuwWiTb y poboui 3owmnTn. MoAcHITb
CMMBOJY, WO TX BUKOPMUCTAHO Ha intocTpauii cxeMy MOHOTIOPUAHOIrO CXpeLLyBaHHS.



... — 6aTbKiBCbKi 0COOUHMN

... — CXpeLlyBaHHA 0COOVWH

... — YONnoBiYi 0cO6MHM abo rameTun
... — XiHo4i 0cObUHM abo rameTun
... — Hawapaku, abo ribpuan

... —rametu

... — CTaTeBi XpOMOCOMM

... — BOMIHAHTHI NPOABMK 03HaKM
... — peLecuBHi NpoABM 03HaKK

... = FTOMO3U1TOTN OMIHAHTHI 2a F, - reHepauis
... — TOMO3MTOTN peLecuBHi
... — TeTepo3unroTn

bionoria + AHrnilicbka moBa

MepeknafiTe TEKCT i NiAroTynTe NOBi4OMNEHHA Npo Binbrenb-
ma MoraHceHa.

«Wilhelm Johannsen (1857-1927) was a Danish botanist,
plant physiologist, and geneticist. He is best known for coining the
terms gene, phenotype and genotype, and for his 1903 "pure lin"
experiments in genetics. The terms ‘genotype; ‘phenotype’ and ‘gene’
originally had a different meaning from that in the Modern Synthesis.
These terms were coined in the first decade of the twentieth century
by the Danish plant physiologist Wilhelm Johannsen. His bean selection experiment
and his theoretical analysis of the difference between genotype and phenotype were
important inputs to the formation of genetics as a well-defined special discipline».

CTABJIEHHA

Bionoria + Jlitepatypa

MNepepn Bamy YoTupw intoCcTpauii. 3HanZiTb MiXX HUMMK 3B'A30K, BM3HauTe TeMy Ta
niaroTynTe TBip-MiHiaTIOPy B TaKOMY »KaHpi Cy4acHOI fliTepaTypu, AK ONOBigaHHA.
" o

f1.
i S

3aBAaHHA anA CaAMOKOHTPOJI0

1. lLlo BMBYa€E reHeTuka? 2. Ha3BiTb OCHOBHI pO3Ainn cyyacHoi reHeTnKm. 3. Ha3Bitb
1-6 |ranysi giAanbHOCTI NOAVMHKY, ANA AKX FeHeTMKa Ma€E Haibinble 3HauyeHHs. 4. Lo
Take cnagkoBicTb? 5. LLlo Take miHnumBicTb? 6. LLlo Take reH i peH?

7. AIKi OCHOBHI pO3Ainu cyyacHoi reHeTuKM? 8. flke 3HaUYEeHHA reHeTKN B NPaKTny-
Hi AiAanbHOCTI NogMHK? 9. YoMy reHeTunKa € HayKot?

10-12 | 10. Yomy cnapKoBiCTb 1 MIHNUBICTb € GyHAAMEHTaNbHUMM BNAaCTUBOCTAMMU »KNBOFO?

§ 33. OCHOBHI MOHATTA reHeTUKN

141




Tema 3. CMAOKOBICTb | MIHJTUBICTb

142

JlocmosgipHicme U kopucHicme 6y0b-K020 ekchepumeHmy
8U3HA4YarMbCA Npudamticmio o6paHo20 Mamepiary.
I Mexoeno

§ 34. 3BAKOHOMIPHOCTI CITAAKOBOCTI.
I TA 1l SAKOHW MEHAENA

OCHOBHi NMOHATTA 1 KNto4uoBi TepmiHu: FN6pugonoriuunin mertog. 3AKOH
OOHOMAHITHOCTI risPUAIB NEPLWIOIO NMNOKOJIIHHA. 3AKOH PO3LUEN-

JIEHHA.
MpurapanTe! Lo Take cxpelyyBaHHA?

& Momipkyiite!

Fopox nociBHum! (Pisum sativum) — ogHOpiYHa TpaB's-
HUCTa pocsiHa poamHn Bo6oBi, WO YacTto cnyrye ob'ekTom
HayKOBUX fOCHigXeHb. [OpOX MOCIBHW CTaB Ha4aBHIWNM MO-
[eNIbHUM OpraHisMOM y reHeTuLi, Noro BUKOPUCTOBYIOTb B €KO-
norii AnA BUBYEHHA MOXMBOCTEN POCIVH LWOAO MOLWYKY BOAN,
30aTHOCTi BUKOPWCTOBYBATM 3BYKWN AJ11 POCTY B HAaNPAMKY BOAMN,
Yy KOCMiYHil 6ionorii gna gocnifgXeHHA pocTy B YyMOBax HeBaro-
MOCTi Ta iH. fIki 0COB6NMBOCTI FOPOXY MOCIBHOIO AIK MOAENbHOTO
opraHismy?

3MICT

3aBaakv yomy . MeHgenb gocar ycnixiB y gocnigKeHHi ycnagky-
BaHHA 03HaK?

CBoi gocnigkeHHsa 3 ribpuansauii pocnvH Fpezop Mozann Mendens (1822-1884)
po3noyas e B 1856 p. OCHOBHI X 3aKOHOMIPHOCTI CNagKoBOCTi 6yno chpopmynbo-
BaHO HVM B 1865 p. i ony6nikoBaHo B npaui «[ocnign Hag poCIHHMM Fibpugamm.

OcHoBoto ans GopMysItOBaHHS 3aKOHIB CMAagKOBOCTI CTany GaraTopiuHi gocnign 3
cxpellyBaHHA 20poxy nocieHozo (Pisum sativum), AKNIA BUABUBCA ifeanbHUM 06'ek-
TOM pocnigkeHb. MopiBHAHO 3 iHWMMM BUAAMW TOPOX MaE HU3KY nepesar: 1) pisHo-
MaHiITTA COPTIB, IO Pi3HATLCA KOHTPACTHUMU (anbTepPHATMBHMMU) NPOABaMK O3HaK
(Hanpuknag, »koBTe N 3eneHe 3abapBfeHHA HaCiHUH); 2) HeCKNagHe BUPOLLYBaHHS;
3) camo3anuneHHa Ta nepexpecHe 3anusieHHs, Wo 3yMOBJ/IIOI0Tb MOXJ/IMBICTb LUTYYHOrO
cXpellyBaHHs; 4) UiTKe ycnafkyBaHHA O3HaK. [. MeHgenb ana gocnigXeHb BUAINMB Yy
ropoxy NOCIBHOro cepef Pi3HOMaHITTA NOro

O3HaK 1 IXHiX NPOABIB NLE CiM FrOSIOBHUX: o
1 — NOBEpPXHI0 HACiHHSA; 2 — 3abapBieHHA @ Q O o ' t%%

HaciHHA; 3 — 3abapBneHHA KBITOK; 4 — po3-
TallyBaHHA KBIiTOK Ha NaroHi; 5 — JOBXUHY {7{,\.}
cTebna; 6 — dopmy 606iB; 7 — 3abapBneHHs Q& w
606i8 (i1. 82). "“ t%y&
Opyrolo  ocobnueicTio  fOCHigXeHb ké" \

AOCHIAII'B ?_,praHBMM' AKl f—lanex(anl/l fo qu-. In. 82. O3HaKKn ropoxy nNociBHoOro,
cmux1.1u-uu, T06TO op.zalemu, 8 AKUX y pAOI o ix 6yno euainero I. Mengenem ans
NOKOJIiHb He CNOCMepi2asioCb po3ujensieHHsA [OCHimKeHb CnaKoBOCTi

I MeHgena 6yno Te, wo BiH obupas anA




03HAK Ni0 Y4ac camo3anuJsieHHs. IHW1MM CJIOBaMU, B POCIIVIH, AKi BUPOCTaNn 3 X)KOBTOrO
HACiHHA, JO3piBaNN NuULe XOBTi HAaCiHNHW, @ B POC/IVH i3 3e/IeHUX HACiHNH — finwe
3€eeHi.

B toHocTi I. MeHgensa py»e uikaBuna ¢i3nka, BiH BBYAaB MaTeMaTKy 1 0COGNIMBO
Taki il po3ginu, AK Teopia MMOBIPHOCTEN 11 CTaTUCTMKA. Bce Le gano 3mory HayKoBLEeBi
NpaBUIbHO OpPraHi3yBaTh HayKOBe AOCHiAPKEHHSA, 060B'A3KOBUMU YMOBAMU AKOTO €:
1) cKpynynbo3He MnaHyBaHHA yCix AOCAifIB; 2) CyBOpe AOTPUMAHHA BCiX METOAUK;
3) TouHa peecTpalia ekcnepuMeHTiB i GikcyBaHHA OTPMMaHMX pe3ynbraTis; 4) oTpu-
MaHHS JOCTAaTHbOI ANA CTaTUCTUUYHOT 06POOKM KiNlbKOCTI AaHUX.

Yci ui ymoBM CcTanun OCHOBOIO FiGPUAONOriYHOro MeToay JOCHIAKEHHA cnajKo-
BOCTI, WO Moro 3anoyaTtkyBas came . MeHgenb. FN6pugonoriuduii metopg — ye cxpe-
WyB8aHHsa 6ambKisCbKUX 0COBUH i 8uBYeHHA Hawaokis-2ibpudie 3 Memor 8U3HAYEHHS
ocobausocmeli ycnadky8aHHA Mux Yu iHWUX 03HaK U enacmusocmed.

OTXKe, acCneKTn opraHisauii ekcnepumeHTiB, 3anovyatkoBaHi I. MeHpenem,
€ HeOOXigHUMUN YyMOBaMM MPOBELAEHHSA Oyab-AKOro HayKoOBOrO AOC/iAMEHHS.

Ak Big6yBaeTbCA ycnapKyBaHHA O3HaK Mif Yac MOHOriGpugHoro cxpeluy-
BaHHA 0COGUNH?

Cgoi gocnipgeHHaA . MeHaenb po3noyaB 3 MOHOTIGPUAHOro cxpeLlyBaHHS, 3a
AKOro 6ambKi8CbKi 0COOUHU pi3HAMbCA NPoA8aMu 00Hi€el 03Haku (in. 83). Ans pocnigis
6yno B3ATO POCAUHY YNCTUX NiHIN i3 )KOBTUM 1 3ef1eHNM 3a6apBAeHHAM HacCiHHA. Y
nepLoMy NOKOMIHHI HalaAKiB YCi FOPOLWMHY 3aBXKAM Oynu nuLe »0BTOro KONbopy.
Asuwe nepedaxaHHs 8 2ibpudie nepuwio2o NOKOJTIHHA NPOABI8 03HAKU 00HO20 3 bambkie
MeHpenb Ha3BaB AOMiHYBaHHAM O3HaK (Bif nat. dominancio — naHyBaHHsA), NPoAB
O3HaKM B ribpniB NepLuoro nokosiHHA — 0OMiIHAHMHUM, a TOW, WO He NPOSBUBCSA, —
peyecusHum (Bif nar. recessus — BigcTyn). OQHOMaHITHICTb NepLioro ribpngHoro no-
KOMiHHA Ta BUABMIEHHA B ribpuiis nuwe JOMiHAHTHOrO NPOMABY O3HAKM B Cy4YacHIn
reHeTuLi Ha3uBAETbCA nepwum 3akoHom MeHoens, abo SAKOHOM OJHOMAHITHO-
CTITIBPUAIB NEPLUOIO NOKOJIIHHA:

Mig yac MOHOriIGPMAHOro CxpeLlyBaHHA 6aTbKiBCbKUX OCOOVH,
O Pi3HATbCA NPOABAaMU OAHIEl O3HaKM, B MOTOMCTBI CMOCTepiralTbCA
e OOMIHAHTHI NPOABM O3HaKW, N YCi Halwaakn 6yayTb OAHOMAHITHUMYN
AK 3a FreHOTUMOM, TaK i 3@ GpeHOTUMOM.

Mpu cxpellyBaHHi reTepo3nroTHUX ribpuais Nepworo NOKoNiHHA MiXk coboio B
LPYroMy NMoKOJiHHI 3'ABNAOTLCA OCOOMHU SIK 3 JOMIHAHTHMMMU, TaK i 3 peLecBHUMMA
CTaHaMK O3HaK, TOOTO BMHUKAE po3wensieHHsA B MEBHYX BigHOWEHHsX. Po3wenneH-
HA O3HaK — AguUWe NoAsu 060X NPoABi8 03HAKU y 2ibpudie Opy2020 nokosiHHA (F,),
OMpUMAHUX 8i0 Cxpeuwly8aHHA 2emepo3ueomHux ocobuH. Tak, y pocnigax MeHpens
i3 8023 »o0BTUX HEflCII-!I/IH ropoxy, OTpI/ImaHI/I)f . ?@xd‘.

y ApYromy noKoniHHi, 6yno 6022 oBTuX i

2001 3eneHux. Y3aranbHowunm GaKTUYHWN Fu: camern [ A ?
MaTtepian, MeHgenb QiNWOB BWCHOBKY, LWO Y Q@XG N @
LPYromMy noKoniHHi 75 % 0cobuH matoTb JoMi- a

HAHTHWI NPOAB O3HaKW, a 25 % - peyecBHUN Fo 1 @ 2 . 1 . g .

(po3wenneHHa 3 : 1). Lia 3aKkoHOMipHicTb OT-
pumana Ha3By Opyzo2o 3akoHy MeHdens, abo In. 83. CxemMa MOHOTI6PUAHOTO
3AKOHY PO3LLEMJIEHHA. CXpeLyyBaHHs

§ 34. 3akoHoMipHOCTi cnagkoBocTi. | Ta Il 3akoHn MeHpensa
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Mig yac MOHOriIGPMAHOrO CXpPELLYBaHHA ABOX FibpuAiB neploro
NOKONIHHA, AKi € reTepo3nrotTaMmy, B MOTOMCTBI CNOCTEpiraloTbCA
po3uenneHHA 3a ¢eHoTunom 3 : 1 i 3a reHotmunom 1 :2: 1.

OT>Ke, OCHOBHUMM 3aKOHOMIPHOCTAMMU, LLIO MOACHIOITb YCNaAKyBaHHA
NPOABIB O3HAKW, € MepPLMA Ta APYrnn 3akoHn MeHpens.

AKNMM € OCHOBHI B3aemogii afienbHNX reHis?

OCHOBHVMU BUAaMK B3aEMOAIT anefbHNX reHiB € NOBHe AOMiHYBaHHA, HEMOBHEe
JOMiHYBaHHA, KOOQOMIHYBAaHHA Ta MHOXUHHWIA aneniam.

lMosHe 0omiHy8aHHA — ye hopMa 83aEMOOii anesbHUX 2eHie, 3a AKol y eemepo-
3U20MH020 opzaHiamy OomiHaHmHul anens (A) nosHicmio npuzHiyye Oito peye-
CUBHO20 (a). Y pe3ynbTaTi TaKOro BMAMBY B reTepo3nroT CNoCTepiraETbCa AOMiIHaHT-
HWU NPosB 03HaKW. MprKnagom Uiel popmu B3aEMOAIT € ycnagKyBaHHA KOJIbOpy MJjlo-

ZiB y TOMaTa, JOBXUHU CTe61a B FOPOXY Ta iH.
HenoeHe 0omiHyeaHHA — ye popma 83ae- 4 gt ) x
MOOii anenbHUX 2eHis, 3a AKoI'y 2emepo3ueom-  p = & x -g;g' iy P g >
Ho20 opeaHizmy (Aa) domiHaHmHul anens (A) ; ==
. . o IT||T e[ e
He noeHicmio npueHiyye peuecusHul danesb bl ‘ EE J
(a), 8HACNIOOK 4020 NPOABNAEMbLCA NPOMIXK- t_’:{’ﬂ g
I @OSx
|_]L| F:

Hul cmaH O3HAKU. 3a MOBHOrO AOMiIHYBaHHA
po3LensieHHA 3a reHoTunoMm i ¢geHoTUnom
36iraeTbca n ctaHoBUTbL 1 : 2 : 1. MNpurknaga-
MU O3HaK, AKi YCNagKoBYIOTbCA 3@ HEMOBHUM
LOMiHyBaHHAM, €: dopma BonoccA NOANHU
(kyuepsiBe, xBunacTe 1 NpaAme), 3abapBneHHA Nip's Kypen (YopHe, 303ynacTe 1 Gine),
3abapBJieHHs KBITiB HIUHOT KpacyHi (UepBOHe, poxeBe 11 6ine) Ta iH. (1. 84).

MHoXXxuHHUU aneni3m - ye A8ulle, 3 AK020 0O3HAKA 8 NONY/IAYIT BU3HAYAEMbCA He
0soma, a Oekinekoma anenamu. MHOXWHHI aneni BUHMKaloTb BHACNIAOK MyTaLii ogHO-
ro reHa B pi3HMX 0cobuH. Tak, y NIOAUHK Tpu anenbHi reHn (ix nosHavatots i 14, 18) B
Pi3HNX NOEAHAHHAX BM3HaualoTb 4 rpynu KpoBi 3a cuctemoto ABO. Cepii MHOXUHHMX
anenei BU3HayaloTb TAaKOX 3a6apBiIeHHs XyTpa B INCULb, KOMip LWepCTi riManancbko-
ro Kponuka. Y myxu gpo3o¢inuv Bifjoma cepis anenis 3a reHom 3abapBieHHsA OYel, Lo
CKnagaeTbcA 3 12 Bapialii: YepBOHa, KOPanoBa, BULWHEBA, abprKocoBa, 6ina Ta iH.).

KoOdomiHyeaHHA — Lie B3aeEMOpiA anefibHUX reHiB, 3a AKOI Yy GeHOTWMi opraHiamy
NpoABNATbCA 06uABa aneni reHa. 3a TMMNOM KOAOMiIHYBaHHA B NIOAVHY YCNaKOBY-
€TbCA YeTBepTa rpyna Kposi (reHotun I1A8).

In. 84. Mpuknagn nosHoro (1) i Henos-
HOro (2) BOMiHYBaHHHA

OTxe, Mi>XK anenbHVMK reHamu 3a y4acTi IXHiX GYHKLioHanbHUX
NpoAyKTiB MNOCTINHO BifbyBaloTbLCA Pi3HOro pofdy B3aEMOL;i.

BIANIbHICTb
ﬂ‘ MpakTnyHa po6oTa 2 (A)

Po3B’A3yBaHHA TUNOBUX BNpas 3 reHeTUKN. MoHori6pugHe cxpellyBaHHA

Mera: 3akpinuTy 3HaHHA | Ta Il 3akoHiB MeHgens; dopmyBaT yMiHHA PO3B’'A3Y-
BATU BMPABU 3 FrEHETUKM HAa MOHOTIOpuaHe cxpeLlyBaHHA 3 MOBHUM JOMiHYBaHHSAM,
HEeMOBHUM JOMIHYBaHHAM Ta ABMLLEM MHOXIWHHOIO anenismy.




3pa3oK po3B’A3yBaHHA BNpaBy 3 reHeTUKI
Bnpaea. Y momamis yepgoHe 3a6apesieHHA niodig 0oMiHye Hao xo8mum. [omo-
3U20MHA YepPBOHONJIIOHA POCUHA CXPeWyemMbCa 3 X08monJiioHoto. Akuli Kosip niodis
Mamumyme Hawaoku?

HaHo: Po38’a3aHHsA
A - 4epBOHiI nyIoaAN Lle MoHOribpuaHe cxpellyBaHHA 3 MOBHMUM JOMiHYBaHHAM:
a — OBTi nnoawn P AA X aa
G
Fi-? F, Aa-100 %
(yepBOHOMAIHICTD)

Bionosgiob: BCi HawagKky 6yayTb YepBOHOMNIZHUMY 32 GEHOTMMNOM 11 FeTepo3nro-

Tamu 3a FeHOTUMOM.
3apaui 3 reHeTUKM ANA CaMOCTilIHOT po6oTi

Bnpaea 1. Y pasi cxpewysaHHa 4ucmoi AiHii muwel 3 KOpUYHe8o Wepcmio 3 Yu-
cmoto niiHiero Mmuwel i3 Cipoto wepcmo ompumMyloms HAWAaoKi8 3 KOpUu4YHesoto wep-
cmio. Bid cxpewysanHa F, ompumyome KopuyHesux i cipux muwed y cniggioHoweHHi
3: 1. [ToAcHime pe3ynemamu cxpewyy8aHe.

Bnpasa 2. HasgHicme niemeHmy y 80/10CCi II0OUHU OOMIHYE HA0 anbbiHismom. Yo-
J108iK | OpyXXUHA — 2emepo3u20mHi 3a hizmeHmauieto 8o0ccA. Yu Moxause HapoOxeH-
HA 8 HUX OUMUHU 3 a/166iHi3MOoM?

Bnpasa 3. Y 1100uHU 8MiHHA 80/100iMU NepesaxHo NPasoto PyKoto — OOMIHaAHMHA
03HaKa, N1igoto — peyecusHa. Yonosik-npaswia, Mamu AKozo byna niguiero, 00pyXusecs 3
XKiHKOto-npaswero, 6ameKo AKoi niswa. Aka mMosipHicme HapoOXeHHS OUMUHU-JTi8wWi?

Bnpasa 4. [pu cxpewysaHHi 4opHO20 higHA 3 6iNo0 KypKoto 8ci Kypdama 6ynu
cmpokamumu. B dpyzomy nokoniHHi ompumaro: 24 cmpokamux, 12 yopHux i 10 6inux.
Akum 6y0e nomomcmeo 8i0 cxpely8aHHA: a) CmMpoKamux Kypel 3 YHOpHUMU Ni8HAMU;
6) cmpokamozo nigHaA 3 6inoto Kypkow?

Bnpaea 5. YepeoHokeimkosy (hopMy HiYHOI KpacyHi cxpecmusiu 3 6inoK8imKogoro.
Akum 6y0e nomomcmao 8i0 cxpeulysaHHs 2ibpudie nepuwio2o NOKONIHHA 3 6isTokeimko-
8010 POC/IUHO Y pasi HeN08HO20 OOMIHY8AHHA?

Bnpaea 6. Y 6amska 3a cucmemoto ABO | epyna kposi, y mamepi — Il epyna. fiki epy-
nu Kposi Moxyme 6ymu y ixHix 0imeu, AKW0 Mamu 2emepo3u20mHa 3d Yi€lo 03HAKow?

Q CTABJIEHHS
£
«j 3aBpaHHA «HeuynBiTep, napreHoreHes 1l 3akoHn MeHgensa»

Y ¢Bill yac npodecop 6oTaHikn 3 MioHxeHa K. Hereni nopaaus I. MeHgenio nos-
TOPUTK AOCIAN Ha iHWKUX BuAax. MeHaenb WwaHo6/MBO NOroAnBCA 3 UM, Ane y fio-
Cnigax Ha HeuymBiTpi, a 3rogom i Ha 6axkonax . MeHzenb He OTPYMaB NiATBEPAMKEHHS
BIAKPUTUX HUM QYHAAMEHTaNbHUX 3aKOHIB CnagKoBoCTi. MoACHITb, Yomy.

PE3VJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. o Take ribpuponoriyHnin metoa? 2. Ha3eiTb nepesary ropoxy NOCIBHOIO fK
1-6 |o06'ekTa reHeTMYHMX gocnigxeHb. 3. ChopmynioiTe neplunin 3akoH MeHaens. 4. Y
YoMy CyTb Apyroro 3akoHy MeHgenA? 5. Ha3BiTb OCHOBHi B3aeMofii anenbHUX reHis.
7. 3aBaaku yomy . MeHpenb gocar ycnixiB y AOCNIAXKeHHI ycnagKyBaHHA O3HaK?
7-9 | 8.1k BigbyBaeTbcA ycnafKyBaHHA O3HaK MPY MOHOTIOPUAHOMY CXpeLlyBaHHi 0CO-
61H? 9. AKNMK € OCHOBHI B3aEMOJIii anenbHUX reHis?

10-12 | 10. Yomy 3akoHU MeHpena matoTb CTaTUCTUYHUI XapakTep?

§ 34. 3akoHoMipHOCTi cnagkoBocTi. | Ta Il 3akoHn MeHpensa
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Cnadkosi 3a0amku nio 4ac ymeopeHHs 2ibpudis
He 3miwytomecs U 36epizatomecs 8 He3MiHHOMY 8U2/1510I.
I Mexoeno

§ 35. 3BAKOHOMIPHOCTI CITAAKOBOCTI.
3AKOH YNCTOTU rAMET. 11l SAKOH MEHAEJA

OCHOBHi NOHATTA N Kno4voBi TepmiHn: 3AKOH YACTOTU FTAMET. 3AKOH
HE3ANEXHOIO YCNAAKYBAHHA O3HAK.

Mpurapaiite! Lo Take guribpuaHe cxpelyyBaHHA?

& BctynHa Bnpasa

MNepeknagiTb 3 aHMMINCbKOI MOBW, 3iCTaBTe MOHATTA FrEHETUKN 3 BU3HAYeH-
HAMW Ta OTPVMalTe Ha3By MiCTa, B AKOMY Ha nocagi abata ABryCTMHCbKOro MOHACTU-
pA npautoBas . MeHgenb.

1 Genotype |B A system of interacting genes in an organism

O The phenomenon, in which one of the allelic genes completely
suppresses activity of the other one

3 Splitting N Different development of one feature in posterity of an organism

4 Dominance |R The whole complex of signs and properties of the organism

2 Phenotype

3MICT

Y yomy nondrae 3Ha4eHHA 3aKOHY YNCTOTU rameT?

MosABa cepel HalwaaKiB OCOOUH 3 peLecuBHVMM MPOABOM O3HaK fana 3Mory
Mengento AinTM BUCHOBKY, IO «CMAAKOBI 3adaTKU» MOXYTb MPUrHiYyBaTUCb, ane
He 3HMKaTW. OCKiNbKM Nepefaya CTaHiB 03HaK 3[iICHIOETbCA Yepes rameTu, To 6yno
cbopmynboBaHo 2inome3y yucmomu zamem. [Mi3Hile UA rinoTesa oTpumana LuTono-
riYyHe NOACHEHHA i B CyyacHiln reHeTumLi GOpMYNIOETLCA AK 3aKOH YNCTOTY FrameT, Lo
Ma€ Hal3aranbHillnii Xxapaktep, TOGTO BUKOHYETbCA 3a 6araTbox yMOB.

3AKOH YUNCTOTWU FAMET: nig yac yTBOpeHHA
CTaTeBMX KNITUH Yy KOXHY rameTy MoTpanfe nuiie OAuH anesb
3 KO>KHOI Mapu anefbHUX reHis.

Ak y>Ke 3a3Ha4daJiocA, B JIOKycax romo-

NIOTIYHNX XPOMOCOM MICTATbCA aneni reHa. 1 /x 2 @
AKLO Lie reTepo3nroTHa ocobuHa, To B 0f- s =y
Hil1 i3 TOMOMIOTiYHMX XPOMOCOM MiCTUTbCA @

JOMIHaHTHWI anenb, B APYri — peuecus- “

HUM. Y pa3i YyTBOPEHHA CTaTeBMX KINIiTWUH -_'/ 3 £ 3 L X A h
BifOyBa€ETbCA MeN03, i B KOXHY 3 ramet O@@@ O@L”/O
MoTpanJIsi€ ranfoigHUIN Habip XPOMOCOM.

FameTn HecyTb NuLEe OfHY XPOMOCOMY 3 In. 85. Cxemun meito3y B Hopmi (1)
KOXHOI Mapy roMOJSIOTYHUX XPOMOCOM, i i nopywierHA meiiosy (2)
BiAMOBIQHO NMLLE OAWNH FeH 3 KOXKHOT napu

anenbHUX reHis, TOOTO rameTn € YNCTUMMK. | NnWe nicnAa 3annigHeHHs — 3AUTTS ABOX
rameT, KO>KHa 3 KX Ma€ anenbHui reH, BigbyBa€eTbCsA YTBOPEHHSA 3UTOTH, 3 AKOI PO3-
BMBAETbCA OpraHiam. OCHOBHOK YMOBOK BUKOHAHHA 3aKOHY YNCTOTW rameT € HOp-
ManbHUIN Xif Merno3y. Y BUNaAKy HEPO3XOAXKEHHA XPOMOCOM B OfHY raMeTy MOXYTb



noTpanuTy obraBi roMonoriuHi xpoMmocomu 3 napu. MNpu LboMy cTaTeBa KNiTHa byae
HeCTV Napy anenbHUX reHiB, WO pO3TalloBaHi B Ui napi xpoMocom (if. 85).

OTXKe, 3rigHO i3 3aKOHOM YUCTOTW FaMeT po3LiensieHHA NOTOMCTBAa Nif Yac
CXpelLLyBaHHA reTepPo3nUrOTHMX OCOOUH MOACHIOETLCA TUM, LLO FraMeTu €
rEHETVYHO «YUCTUMUY, TOOTO HECYTb TiIbKM OAVH FEH 3 aNiNeNbHOI Napu.

Ak Bin6yBa€eTbcA ycnapKyBaHHA ABOX 1 6inblue o3HaK?

BuByuatoumn poswiensieHHs npu guribpuaHomMy cxpelyyBaHHi, MeHAenb 3BepHyB
yBary Ha Taky 006CTaBUVHY. Y pasi cxpellyBaHHA POC/IVIH 3 )KOBTVM NafeHbKUM i 3e-
NeHVM 3MOPLUKYBaTMM HaCiHHAM Y ApYyromy MOKOMiHHI 3'ABNANMCA HOBI KOMOiHaUiT
O3HaK: XOBTe 3MOpLUKyBaTe i 3efieHe rnajeHbke, AKNX He 6yno y BuxiaHux ¢opm. 13
LbOro cnoctepexeHHa MeHzenb 3poOVB BUCHOBOK, WO PO3LLENEeHHA 32 KOXHO
03HaKo10 BifbyBa€eTbCA He3anexHo Bif Apyroi o3Haku. LLlob noacHUTYM Ui pesynbTtaTty,
. MeHgenb NpocTemB yCnagKyBaHHA Pi3HUX CTaHIB KOXKHOI 03Haku okpemo. Cnis-
BiIHOLIEHHA HACiHHA Pi3HOro KONbopy ribpuaiB Apyroro MOKONiHHA OGyno Takum:
12 YacTVH HaCiHHA Mano »XOBTUI KONip, a 4 — 3eneHun, To6To po3LenneHHs 3a 03Ha-
KO0 KONbOpY, fK i B pa3i MOHOri6pMAHOro cxpellyBaHHA, ctaHoBuno 3 : 1. MNogibHe
criocTepiranu i B pasi po3LensieHHA 3a 03HaKOK CTPYKTYpPY NOBEPXHi HaCiHHA: 12 ya-
CTVIH HaCiHHA Mano rnajeHbKy NOBEPXHIO, a 4 — 3MOPLUKYBaTy. TO6TO po3LuyensieHHA 3a
O3HaKoI0 CTPYKTYPU MOBEPXHI HAaCIHHA TaKoX cTaHOBMMO 3 : 1.

3AKOH HE3AJIEXKHOIO CIMAAKYBAHHA O3HAK: koxHa napa o3Hak
YCMaAKOBYETbCA HE3aEXHO BifJ iHWMX O3HaK.

LintoreHetnyHi ocHosw Il 3akoHy MeH- b AABB aabb
Lena MOXHa PO3riAHYTM 3a JOMOMOron — v o
pewitkn lNMeHHeTa. baTbkiBcbKi dopmu (P) raMeTK y
3 UMCTUX NiHIA MalOTb O3HaKW: KOBTi rNa- p
feHbKi (AABB) i 3eneHi smoplkysarti (aabb).  — Aagb
Y KBITKax LWWAAXOM Meno3y YTBOPHOITbCA —— /// \\
rameTu (AB) Ta (ab) 3 rannoigHum Habopom (F1) r AB b B b
xpomocom. llig vac 3annigHeHHA rameTu AABB | AABD | AaBE | AaBb
yTBOPIOIOTb AMNNOiAHi 3urotn (AaBb), 3 AB ¢ 0 0 e

AKNX PO3BMBalOTbCA TribpuaHi pocnuHu (F,)

. AABb | AAbb | AaBb | Aabb
3 XOBTUMU U MMafgeHbKUMN TOpOoLWHaMN.

Ab
Mig yac cxpellyBaHHA uu camo3anwuieH- F, e 0 e O

HA ribpugn (F;) BXe yTBOPIOBATMMYTb MO AaBB | AaBb | aaBB | aaBb
yotupwu Tunu ramet (G) — AB, Ab, aB i ab. B\ @ | @ 0 G
Tomy cepep ribpuaiB Apyroro NoOKoOJiHHA AaBb | Aabb | aaBb | aabb
(F,) MOXnNuBUMM € 16 KOMBIHaLil ramerT, LWo ab (™) O 0 o

§ 35. 3aKOHOMIpPHOCTI CMafiKkoBOCTi. 3aKOH unctotu ramer. lll 3akoH MeHpensa

yTBOpIOIOTH GEHOTUMNOBI Knacu y cnisBgia-
HOLWEHHI 9 : 3 : 3u: 1. TpeTin 3akoH MeHge- In. 86. [MriGpUAHE CXpeLLyBaHHA Fopoxy
nA cnpaBeanvBUN NuWe AN O3HaK, Y AKKX MociBHOrO
reHu, Wo iX KoAaylTb, MICTATbCA B Pi3HUX
Xpomocomax (is1. 86).

[nAa 3anucy cxpellyBaHb BUKOPUCTOBYIOTb CrelianbHi peLiTky, Wo ix 3anpono-
HyBaB aHMMiNCcbKMin reHeTnk P. MNeHHeT (1875-1967). MprHuMn nobynoBu peLliTku

lNeHHeTa nonArae B TOMy, O 3BePXY MO rOpM30HTaNi 3anncyoTb raMeT 6aTbKiBCbKOI 4
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0CO6UHY, 3M1iBa NO BePTUKaNi — raMeT! MaTePUHCbKOT 0COOMHY, B MiCLiAX NEPETUHY —
NMOBIpHi reHOTUMN NOTOMCTBaA.

OTxe, 3a gUribpnaHoro um noniribpuaHOro cxpellyBaHHA
Pi3HOMAaHITHICTb HallaAKIB JOCATAETbCA 3aBAAKN BUNAAKOBOMY
N He3aneXXHOMy PO3XOAKEHHIO FOMOJIOTIYHMX XPOMOCOM.

AKi ocHOBHI NonoXKeHHA Teopii ycnagkyBaHHA MeHgena?
3akoHomipHoCTi MeHaens 6yno coopmynboBaHo Wwe B 1865 p., TO6TO Konu we

He Gynu Bigomi 6yfoBa reHa i MONeKynApHi MexaHi3Mu ycrnagKyBaHHA O3Hak. Ane

He3Ba)kalouu Ha Le, 3dKOH 0OHOMAaHIMHocmi 2i6pudie nepuwio20 NOKONiHHA, 3AKOH

po3wensieHHs, 3aKOH He3aJ1e)XXH020 ycNAOKy8AHHA 03HAK Ta 3AKOH Yyucmomu 2a-

mMem cTanu ocHoBo GOPManbHOI reHeTUKNM i € 6a3ncoM CyyacHOi KNnacnyHoi reHe-

TUKW.

OCHOBHMMM MONOXEHHAMN Teopil ycnagkyBaHHA MeHpena € Taki.

1. KoXHa 03HaKa JaHOro opraHiamy KOHTPOJIETbCA Mapolo CMafKoBUX 3aAaTKiB
(anenbHux reHis). [1Ba aneni ofgHOro reHa, HasABHi B OfjHi€i 0COOUHN, HE MOXYTb
3NMBaTNCb MiX coboto un moandikysaT ofjHe ofHOro. Yepes Te 3anumwiaoTbca,
AK BUCNoBNoBaBcA MeHaenb, «<He3abpyaHEHUMM».

2. flKWo opraHi3m MiCTUTb ABa Pi3Hi aneni 3a NeBHOK 03HAKOIO, TO OAVH i3 HUX MOXe
NMPUrHivyBaTh NPOAB iHWOro (NPUHYUN OOMiHYB8AHHS).

3. TMig yac meno3y cnapgkoBi 3aAaTKN PO3AINAIOTLCA, | KOXHa rameTta OTPUMYE Mo
OAHOMY 3a[aTKy 3 KOXHOI napu (npuHyun poswensieHHsA). AKLWO CcTaTeBe po3-
MHOXEHHSA 1 3anfifHeHHA He BigbyBatTbCA (AK y BUMAAKY 3 HEUYNBITPOM, AKOMY
BNaCTMBUIN NapTeHOreHes), 3aKOHOMIPHOCTI He CMPaBaKYTbCA.

4. Tpwn yTBOPEHHI YONOBIUMX 1 KIHOUMX FaMeT Y KOXHY 3 HUX MOXKe NoTpanuTu
6ynb-AKNI anenbHWUIA reH 3 ofHIEl Napy (NpUHYUN He3asnexHo20 ycnaoKye8aHHA
O3HaK).

5. KoXHu1 opraHism ycnagKoBy€ No oAHOMY afiefibHOMY FeHy 3a KOXHOK 03HaKo
Bifj KO’)KHOTO 3 6aTbKiB (NpUHYUN Yucmomu 2amem).

OTKe, 3aKOHOMipHOCTI MeHAaena ctanu NiArPYHTTAM ANA PO3BUTKY
KNacMYHOI reHeTUKN, @ Ha CyYacHOMY eTani AatoTb 3MOry 3pO3yMiTu
Habarato cknagHiwi mogeni ycnagkyBaHHA O3HaK,

WO B »KMBIiM NpUPOAI € nepeBakalounMu.

AIANIbHICTb
M NMpakTnyHa po6ora 2 (B)

Po3B’A3yBaHHA TUNOBUX BNpaB 3 reHeTUKU. iuriopuaHe cxpeulyBaHHsA

Merta: 3akpinuti 3HaHHA lll 3akoHy MeHgens; popmyBaT yMiHHA PO3B’A3yBaTH

BMPABU 3 FEHETVKN Ha AuribpuaHe cxpeLlyBaHHs.
BnpaBu 3 reHeTUKM ANA CaMOCTIIHOrO pO3B’A3yBaHHA

BnpaBa 1. Y noviHM reH KapoOOKOCTi [JOMiHYE Hap reHoM GAaKUTHOOKOCTI, a
BMiHHA BONOAITU NPaBOI0 PyKOI — HaA NiBOPYKIcTIo. Lli napu reHiB po3milleHi B pi3-
HUX XpoMocoMax. AAKumu 6yayTb AiTu, AKWo: 1) MaTn reTepo3nroTHa 3a 06oma o3Ha-
Kamy, a 6aTbKO — BIAaKUTHOOKWIA NiBLUIA; 2) MaTX GJTaKMTHOOKA 1 reTepo3nroTHa 3a
NPaBOPYKICTIO, @ 6aTbKO — NiBLUA 1 rETEPO3UTOTHMWIA 338 KOJIbOPOM OYen?




BnpaBa 2. HopmanbHi Kpuna 1 4epBOHi o4i y gpo-
30inn — JOMiHaHTHI NPOABM O3HaK, BIACYTHICTb Kpun
i 6iNOOKICTb — peLecuBHi. [MreTepo3nroTHy camky
CXPEeCTUN 3 FOMO3UTOTHUM 6e3KpUNM YePBOHOOKNM
camuem. Y nepliomy nokoniHHi gictanu 320 ocobuH.
CKinbKy 3 HUX TeOpeTMYHO Moxe OyTu: 1) BGinooKumx
CaMOK 3 HOPMaJlbHUMU KprnamMu; 2) YepBOHOOKUX 0CO-
OGUWH 3 HOPMANbHMK Kpunammn?

BnpaBa 3. Y cyHUUb Niognm MoXyTb OyTV YepBoO-
Humn (A), 6invmm (a) abo porkeBumn (Aa), a yalleyka — p
HopManbHot (B), nuctkonogioHoto (b) i npomixHo
(Bb). Cxpectunu mi>k Cob0t0 pOCNHY 3 POXKEBUMM MO-

JamMu 1 MPOMIXKHOI0 YalleyKoto. AKa YacTMHa MOTOMCTBA MaTuMme: 1) uepBOHi nnogu 1
HOPMaJIbHY YalleuKy; 2) poXeBi MIoAW N NPOMiXHY Yalleuky?

Bnpasa 4. Camka wrmnaH3e mae | rpyny kposi 3a cuctemoto ABO Ta HopmanbHy
nirmeHTauilo, ay camua IV rpyna Kposi 1 anbbiHi3m. flka BiporigHicTb HapOAXKEHHA
Hawagkis: 1) 3 Il rpynoto KpoBi 1 anbbiHi3MOM (CamKa reTepo3nroTHa 3a 03HaKoko Mir-
MeHTaUii); 2) 3 Il rpynoto KpoBi 1 HOPMasbHO NirMeHTaUi€lo (CamKa roMO3UroTHa 3a
03HaKolo nirmeHTawii)?

CTABJIEHHA

Bionorisa + JlatuHa. JlaTuHcbKa abeTKa

JNlaTnHMuA — abeTka NaTUHCbKOT MOBM, WO iCTOPUYHO
€ Bifrany>keHHAM eTpycbKoi abeTKu, AKa, B CBOIO yepry,
nocTana 3 rpeubkoi. BAHMKHEeHHA NaTUHCbKOT abeTKkM aa-
TytoTbVIl CT. fo H. e. JliTepamu naTuHULi B reHeTnL i No3Ha-
YaloTb 6aTbKiBCbKi 0COOMHW, AOYipHI 0COOWMHK, rameTu,
NpoABM O3HaK Ta iH. 3anuWiTb NiTepu CyyacHOI NaTuH-
CbKOT abeTKm, BKaXiTb IXHIO Ha3By Ta po3KogyinTe Bifo-
mMui Bupa3 CeHekn, AKAN y nepeknagi 3 NaTHN 3BYYUTb
AK: «HaBuyatoum, Mu cami BUMMOCA».

4 15| 3 | 5 |14 4 |15 4 | 9 (19| 3 |9 [13]|21]19

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. Wo Take 3aKOH YMCTOTU rameT? 2. Ha3BiTb OCHOBHY YMOBY fii 3aKOHY YMCTOTU ra-
meT. 3. LLlo Take 3aKOH He3aneXHoro ycnajgkysaHHaA o3Hak? 4. Ik po3TalloBYyOTbCA
1-6 |anenbHi reHn y BUNagKy He3anexxHoro ycnagkyBaHHa o3Hak? 5. Y akomy poui 6yno
chopmynboBaHo 3akoHV MeHgena? 6. Ha3BiTb YOTUPY 3aKOHOMIPHOCTI, O € OCHO-
BOIO KJIACUYHOI reHeTUKMN.

7.Y yomy nonAarae 3HauyeHHA 3akoHy umctoTu ramet? 8. Ak BifbyBaeTbCA ycnag-
7-9 | KyBaHHA ABOX 1 Ginblue o3HaK? 9. AKi OCHOBHi MONOXeHHA Teopii ycnaaKyBaHHA
MeHnpena?

§ 35. 3aKOHOMIpHOCTI CNagKoBOCTI. 3aKOH uncTtoTy ramer. |l 3akoH MeHpensa

10-12 | 10. AKi LUTONOriYHi OCHOBU TPETLOrO 3aKOHY MeHgena?
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AHaniz — Memod 00C/i0XeHHs, U0 NOJIAAE 8 NPAKMUYHOMY
abo meopemu4yHOMY po34sieHy8aHHI Yisl020 HA CK/Ia008i YacMUuHU.
EHyuknonedis cyuyacHoi Ykpaitu
§ 36. TIBPUAONOIIYHUIA AHANI3: OCHOBHI TUMU
CXPELWYBAHb

OCHOBHi NOHATTA 1 KnwuoBi Tepminn: FBEPULONOTIYHUIA AHANIS.
CXPELLYBAHHA. AHanisyloue cxpelyBaHHSA.
Mpurapaiite! Lo Take ribpugonoriyHnii meton?

X

Momipkyiite!

Oner Pomanyyx

AHani3 - BMBYEHHA 06'eKTa AOCNIAKEHHA AK CYKYMHO-
CTi eNnemeHTiB, WO yTBOPIOTb cUCTEMY. Y HayKOBUX JOCHIOMKEH-
HAX BiH Nepepbayae ouiHOBaHHA NOBeiIHKM 00'eKTa AK cucTemu 3
ycima UMHHMKaMU, WO BNIMBAOTb Ha Noro GyHKLioHyBaHHsA. Liel
MeTOo[ LIMPOKO 3aCTOCOBYETbCA B €KOHOMILi, Ncuxonorii, megu-
LMHI, Gioximii, MaTemaTuLi TOWO i HaBiTb Y XXypHanicTuui. Lo
TaKe ribpunaonoriyHni aHanis?

Y XYPHARNICTALI

3MICT

AKi NnpyHUMNK 1 3HaYeHHA ribpugonoriyHoro aHanisy?
FBPUAONOINIYHUIA AHANI3 - ye 00CNidXeHHA Xapakmepy ycnadKy8aHHs
03HAK 3a 00NOMO2010 cCUCMeMU cxpewly8aHb. AnAa 30iNCHEHHA LbOro aHanisy oTpumy-
l0Tb ribpuan i BUBYaAOTb pe3ynbTaTi yCnaAKyBaHHA iXHIX 03HaK Y pAaAi nokoniHb. Mpwn
LibOMY NMOTPiIGHO BpaxoByBaTW B3aEMOLIiT reHiB Mi>k CO6010, BN/IMB YMOB CEPEOBMLLA,
BHYTPILUHI MexaHi3Mn MiHAMBOCTI Towo. [i6PULONOriYHMIA aHani3 pa3om i3 MosieKky-
NAPHO-TEHETUYHUM Ta XPOMOCOMHUM € OCHOBHVMIW BUAAMUN FEHETUYHOIO aHani3y.
OCHOBHi MpUHUMNU NpoBeAeHHA ribpuaonorivHoro aHanisy chopmynioBas Lie
I. MeHgenb. Lle: 1) gobip maTepiany gns oTpMmaHHA ribprais (OTPYMaHHA 0CO6UH 3
UNCTUX TiHIN, BUAINEHHA 03HAKW UM AEKINBKOX O3HAK ANA AOCNIOXKEHHSA; 2) OTPUMAHHA
ribpuais (4iTke 4OTPUMaHHA YMOB Ta NpPaBu CXpeLLyBaHHA); 3) iHAMBIAYaNnbHUA aHa-
ni3 ribpuais (3 060B'A3KOBYM diKCyBaHHAM pe3ynbTaTiB AnA IXHbOI aHaniTUMYHOI 06-
pPO6KM); 4) BUKOPUCTAHHA MaTEMATUUYHOI CTaTUCTUKN, CKNaJaHHA CXeM CXPeLLyBaHHSA.
KnacuuHa cxema ribpraonoriyHoro aHanisy BKOYaE Taki eTanu, K BUAINEHHSA
FOMO3UTrOTHUX 6aTbKiBCbKMX GOPM, OTPMMAHHA Bif IXHbOrO CXpeLlyBaHHA ribpuais
Ta CXpellyBaHHA LUX ribpugis nepLioro
MOKOJIHHA MiX cO60t0 A8 OTPUMAHHA Ti-
6puVAIB APYroro NOKOMiHHA.
lbépugonoriyuHnin aHanis pgae 3mory
BU3HAUWTK: @) XapaKTep yCrnaAkyBaHHa o3- B
Hakn (BUSIBUTW TUM B3aEMOJIl reHiB i BCTa-
HOBUTU KiNbKiCTb reHiB, Wo 6epyTb yyacTb
y NposBi 03HaKM); 6) po3TallyBaHHA reHiIB,
LLO AOCAIAXKYIOTbCA (Y TOMOIOTIYHMX UM He-
FOMOJIOFIYHNX, y CTaTeBUX YK ayTOCOMaX); In. 87. OcHoBHi eTanu ribpugonoriyHoro
B) rpynu 3uensieHHa i iHpopmatlito ana no- aHanisy ycnafKyBaHHsA O3HaKU
6yOBU reHeTUUYHNX KapT XPOMOCOM Ta iH. 3abapBneHHs MIOAIB y CyHULb
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F6puaonoriyHMii aHani3 WUPOKO 3aCTOCOBYETbCA He JiMlie B FeHeTuui, a 1
y Cenekuii y NoEfHaHHI 3 MeTogamu ribpramnsalii Ta OUiHIOBaHHA MiAHVKIB 3a Ha-
WagKamm, B FeHETUYHIN IHXeHepil — AnA OTPUMAHHA OpraHi3MiB i3 3ag4aHMM BNacTu-
BOCTAMM, y cMCTemaTuui — ANA BUABNEHHA iNnoreHeTUYHOI CNOPIAHEHOCTI Pi3HMX
BMUAiB opraHismis Towo (is1. 87).

OTXe, CyTHICTb ribprMaonoriYHoro aHanisy NonAra€e B CxXpeLlyBaHHi
0COOVH 3 HaCTYyMHMM aHani3oM pe3ynbTaTiB.

AKi TUNN cxpelyyBaHb 3aCTOCOBYIOTb ANA riGpugonoriuHoro aHanisy?

CXPELLYBAHHA (y reHeTuui) - npupooHe yu wmy4He NOEOHAHHA 2eHeMUYHO20
mamepiany cnadkoso pi3HUX KNIMUH Yu Op2aHi3mie 3 piaHumu ceHomunamu. Hawap-
KiB, WO BMHUKNW Bif CXpeLlyBaHHA ABOX 6AaTbKiBCbKMX OCOOUH (MO3HAYaloTb NaTUH-
CbKoto niTepoto P, Big nat. parents — 6aTbKun), Ha3MBaTb JOYipHIMU 0cObMHamu, abo
riopuaamuy (Mo3HauvalTb NAaTUHCbKOW JiTepoto F, Big nart. filia - autuHa). Y cxemax
CXpeLLlyBaHHA Ha NepLIOMy MiCLi 3anncyoTb 0COBMHY XiHOYOI cTaTi, NO3HavaloThb i
3HAaKOM 9 (n3epkano BeHepw), YyonoBivy CcTaTb NO3Ha4aloOTb & (wwmT i cnnc Mapca).
CxpellyBaHHA Mi>K HAMW MO3Ha4yalTb 3HAKOM MHOXKeHHA (X ).

CxpellyBaHHA € 060B'A3KOBMM efleMeHTOM YCix BUAIB ri6praonoriyHoro aHanisy
OpraHi3miB i3 CTaTEBUM PO3MHOXEHHsIM ab0 cTaTeBUMU nNpoLuecamu. Y po3ginbHocTa-
TEBMX OPraHi3MiB CXpeLlyBaHHA 3[4iNCHIOETbCA 3a Y4acTi cneuiani3oBaHUX cTaTeBuUX
KNITWH — rameT Ta 3 yTBOPEHHAM 3MroTU. Y NpoKapioTiB 1 OAHOKNITUHHMX eyKapioTiB
(Hanpuknag, iHdy30pii) cxpellyBaHHHA 30iNCHIOETbCA 3aBAAKMN KOH'Ioravii, TpaHCcayK-
uii 1 TpaHcdopMaLlii, 3a AKMX BiAOYBalOTbCA 3MiHM CMAJKOBOro MaTepiany.

Po3pi3HAlTb MOHO-, An- 1 NONiri6puaHi, NPOCTi 1 CKNagHi, 3BOPOTHI 1 peLnnpoK-
Hi, CNOpPIAHEHI N HeCnopigHeHi CxpeLlyBaHHA Ta iH.

Ta6nuusa 4. XAPAKTEPUCTUKA OKPEMUX BUAIB CXPELLYBAHHA

A. 3anexHo Bif KinbKocTi nap NpoABiB 03HaK, 3a AKUMU Pi3HATbCA 6aTbKiBCbKi popmu

CxpellyBaHHA 6aTbKiBCbKMX OCOBOUH, AIKi Pi3HATHCA 3a OfHI€0 Napoio
aJIbTEPHATUBHUX NMPOABIB O3HAK
CxpellyBaHHA 6aTbKiBCbKMX OCOOUH, AIKi Pi3HATLCA 3a ABOMA Napamu
aJIbTePHATUBHUX NPOABIB O3HaK
CxpellyBaHHA 6aTbKiBCbKMX OCOOMH, AKi Pi3HATHCA 3a TPbOMA |
Ginblue Napamu anbTepHaTUBHMX MNPOSBIB 03HAK

b. 3anexHo Big ocobnusocTen

MoHoribpuaHe

AuribpuaHe

MoniribpuaHe

3BOpPOTHE CxpeLlyBaHHs F; 3 ofiHi€lo 3 6aTbKiBCbKMX GOpM
Cnctema ABOX CxpeLlyBaHb (MPAMOro i 3BOPOTHOrO), B O[HOMY 3 AKMX
PeunnpokHe opraHi3amu 3 03HaKamu, WO BMBYAOTLCA, BUKOPUCTOBYIOTb AIK MaTe-

PVIHCbKI, B iHWOMY — fAK 6aTbKiBCbKi: 1) @ AA X & aa; 2) @ aax & AA

3aBAAKM cxpeLlyBaHHAM OTPUMYIOTb MOTOMCTBO Bifj 6aTbKiB ANA BY3HAaUYEHHA 3a-
KOHOMIpHOCTEN ycnagKyBaHHA O3HaK, PO3TallyBaHHA reHiB, WO KOHTPOSIOIOTb L 03-
HaKu, B3aEMOZIiT reHiB, posi HAaBKOMULIHBbOIO cepefoBuLLa y GOpMyBaHHI O3HaK TOLLO.

OTXe, cxpellyBaHHA € 060B'A3KOBMM €/IEMEHTOM FiGpPYAONOriYHOro
aHanisy, Wo €, B CBOO Yepry, OCHOBHMM METOOM FeHETUKM.

[inA yoro B reHeTuL i 3aCTOCOBYIOTb 3BOPOTHI cXpellyBaHHA?
3sopomHe cxpeujysaHHsA, abo 6ekkpoc (Bif aHrn. backcrossing, Big back — 3HoBY
i cross — cxpelyyBaTtm) — cxpewysaHHsa 2ibpuda nepuwo20 NOKOJIIHHA 3 OOHIE 3 6ameb-

§ 36. [i6pWAONOriYHNIA aHasi3: OCHOBHI TUMM CXPELLYBaHb
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KigcbKux popm. Y reHeTuLi BUKOPUCTOBYETbCA AN BU3HAUYEHHA FeHOTUMY OCOOMHI
(aHanisyloue cxpelyBaHHA), y cenekLii € OCHOBOIO MeTOAY 3BOPOTHUX CXpeLlyBaHb
ANs NiACUNEHHS B ribpuAiB NposBy OAHOrO 3 6aTbKIB, MOAOMAHHS CTEPUSIBHOCTI Big-
JaneHux ribpuais, 3aKpinfaeHHA reTepo3ncy B HaCTYMHUX NOKONiIHHAX TOLLO.

AHanisyloue cxpeljyBaHHA — e cxpelyy8aHHsA 2ibpuda 3 HegidoMum 2eHomunom
(abo AA, abo Aa) 3 peyecusHo 20MO3U20MOI0, 2eHOMUN AKOT 3aeXxou (aa). Y cxemax
cxpeLlyBaHHA 0COOMH i3 AOMiIHAHTHO 03HaKOoo y GeHOTUMI 1 HEBIKOMMM reHOTMMNOM
3anncytoTb y BUrNALI Tak 3BaHOro heHomunog8o20 padukasa A-. Take No3HaueHHA 03-
Hauag, Lo OpraHiam TOYHO MA€E OAMH anesb, WO BM3HAaYa€E AOMIHAHTHUI CTaH O3HaKW,
a Apyrui anenb € HeBifOMMM. Y pasi cxpellyBaHHA Takoi 0COBMHM i3 peLecrBHOK
rOMO3UrOTOK MOXKMBI ABa BapiaHTH.

|-t eapiaHm. kWO Npu cxpelLlyBaHHi 0COOMHM 3 LOMIHAHTHOIO 03HaKoto (A) 3 pe-
LleCMBHOI FOMO3UTOTHOH (aa) 0COBUHOI0 YCe MOTOMCTBO BUABUTLCA OQHOMAHITHNM,
3HaAUNTb, aHaNi30BaHa 0COOMHA 3 AOMIHAHTHOI O3HAKOK rOMO3UTroTHa (AA).

II-G sapiaHm. AIKILO NpU CxXpeLlyBaHHi 0COOMHM 3 JOMIHAHTHO 03HakKolo (A) 3 pe-
LleCMBHOIO FOMO3MIoTOl0 (aa) OTpMMaHe NOTOMCTBO Aa€ po3swenneHHsa 1:1, To gocni-
IyBaHa ocobrHa 3 JOMiHAaHTHO O3HaKolo retepo3unroTHa (Aa) (in. 88).

-~ Q. R

ﬂKLLlO I'eHOTVII'I peuecnBHa AKWO peuecrnBHa
romosunrotTa aa reHotvn Aa romosunrotTa aa

@
el 45 ; o[ ¥ ¥
rispuan (F)  (a) ‘i_g @ % .é:

Aa Aa Aa aa
Yci ribpuan 3 nypnyposmmmn MonoBwHa ribprais 3 nypnyposmmm
nentocTkamm nentocTkamu, a NosIoBrHa — 3 6inumn

In. 82. Cxema aHani3yl4oro cxpelyyBaHHA
OTx¢e, aHani3yloue cxpeLllyBaHHA YMOXK/MBIIOE BU3HAYEHHA reHoTUny
ribpuais, TMNiB rameT Ta iX CMiBBiAHOLWEHHS.
AIANbHICTb
%//‘ CamocrTiliHa po6oTa 3 Tabnuueto

MpoaHanisynte 3aKkOHOMIPHOCTI MOHOTIGPMAHOIO CXpeLlyBaHHA | 3aNOBHITb Tab-
N0 KiNbKICHOT XapaKTepucTuKn aun-, Tpy- i NoNiriopuaHmnx cxpeLlysaHb.
Ta6nuusa. KJIbKICHI 3BAKOHOMIPHOCTI 3A PIBHUX TUMIB CXPELLYYBAHHA

MapameTp MoHori6pugHe | Auri6puaHe TpuripuaHe| MoniriGpugHe
Yucno tunis rameT, yTBopeHux F, 2
Yumcno kombiHauil rameT y F, 4
Po3wenneHHA 3a peHoTunomy F, (3:1)
Po3wenneHHA 3a reHotunomy F, (1:2:1)
Yurcno peHoTUnoBux Knacis 2
KinbkicTb reHOTMNOBUX KNacis 3




CamocrTiiiHa po6oTa 4

Po3B’A3yBaHHA TUNOBUX BMpaB 3 reHeTUKN

BnpaBa 1* fAki TMnn ramer yTBOPIOTb OpPraHiamMM 3 TakMMU FeHOTUMNaAMU:
a) AABBCC; 6) AABBCc; B) AaBbCG; r) AaBbCc?

BnpaBa 2*. Y ropoxy »OBTWU KoJip HaciHHA (A) JOMiIHYE Haf 3eneHuMm, rnagka
¢dopma HaciHHA (B) — Hap 3mopLiKyBaTolo, 6i6 npocToi dopmu (C) — Hag 6060Mm i3 ne-
peTaxkamu. CxpelyeHo pocnuHy AaBbcc i3 pocnuHoto aabbCc. BusHaute po3suen-
NEHHA B HACTYMHOMY MOKOJiHHi 38 peHOTHMNOM.

BnpaBa 3*. Kapookuin, TeMHOBONOCUIA, pe3yC-NMO3UTUBHUI YOSIOBIK OOPYKYETbCA
3 6JTAKUTHOOKOI0, CBIT/TIOBOIOCOID Pe3yC-HEraTUBHOIO »KiHKOI0. BU3HauTe MMOBIPHICTb
HapOAKeHHA 6JTAKUTHOOKOT CBITSIOBOIOCOT ANTMHM, AIKLLO 6ATbKO reTepo3nroTHNUI 3a
LOMIHAHTHUMU NPOABaMM O3HaK.

Bionoria + YkpaiHcbKa nitepatypa. Metop nocepepHuka

«MivypiH Haxunueca Had Mo1000t0 POCUHO, 3aMUC-
neHull i cymHuUd, Haye nikap Hao Xxeopoto OUMUHOI.

- Hi! Jo nepcuka Ham, suoHo, we daneko. Cawo, 3a-
nuwu: OuKul mMu2dase 3 KysbmypHUM NEePCUKOM He cxpe-
wyemecs... Mowykaemo obxioHux wsxie» (O. [JoBxeHKo.
MiuypiH). | HayKoBeLb 3HaNWOB Len Wwnax. Tak 3’ABNBCA
B cefieKUil poC/IH MeTog, CXiguacToro cxpellyBaHHs, abo
MeTo[ nocepefH1Ka, WO NOro 3acToCoBYIOTb ANA NOAO-
NaHHA HecxpelLlyBaHOCTI BMAIB. Y YoMy nonarae cyTb mMe-
TOZy nocepefHuKa?

«Q CTABJIEHHA
2 I
ﬂj Bionoria + [JJomalwHi TBapuHN. MOpPCbKi CBUHKMN

Y KMBUN KYTOYOK [AiTW MPUHECTN ABOX YOPHUX
MOpPCbKMX CBUHOK (Cavia porcellus), BBaXkatoum ix uu-
cTonopogHumu. lNpoTe B HaCTyNnHOMY NMOKONiHHI cepen
X MOTOMCTBA 3'ABUNUCH 6iNli CBMHKW. YCTaHOBITb reHo-
TUNW LUMX CBUHOK, AKLIO BifOMO, WO 4YOopHe 3abaps-
NeHHA JOMiHY€E Hap 6invm. BUcnoBiTb CyKeHHs Wopao
NPaKTUYHOrO 3HAUYEHHA 3HaHb MPO BUAM CXPELLYBaHb.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take ri6pugonoriyHnii aHanis? 2. Ha3BiTb OCHOBHI ranysi 3acTocyBaHHA Ti-
6puponoriyHoro aHanisy. 3. LLlo Take cxpelyyBaHHA B reHeTuui? 4. Ha3BiTb OCHOB-
Hi TMNK cxpellyBaHb. 5. LLlo Take 3BOPOTHI cxpellyBaHHA? 6. LLlo Take aHanisyloue
cxpelyyBaHHA?
7. AKi NpUHUMNY 11 3HaYeHHA ribpugonoriyHoro aHanisy? 8. ki TMNU cxpelyyBaHb
7 -9 |3acTocoByloTb Ana ribpupgonoriyHoro aHanisy? 9. [1na yoro B reHeTuLi 3aCTOCOBY-
I0Tb 3BOPOTHI CXpeLlyBaHHA?
10. Ha KoHKpeTHOMy npuKnagi NpPoAEeMOHCTPYTe NPaKTUYHe 3HaUYeHHA 3HaHb NpPo
TUNN CXpeLLyBaHb.

10-12

§ 36. [i6pWAONOriYHNIA aHasi3: OCHOBHI TUMM CXPELLYBaHb
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IHOusidyanbHicme (8i0 nam. individuum — HenodinbHe, HenosmopHe) —
Heno8mMopHa ceoepioHicms by0b-AK020 A8UWd, OKpemMOoT icmomu, /I0OUHU.
3 eHyukoneoir

§ 37. CYYACHI MONEKYNAPHO-TEHETUYHI METOAU
AOCNIAXEHb CNAAKOBOCTI IIOAUHU

OcHOBHi NOHATTA 11 Knto4oBi TepmiHn: MOJIEKYJIAPHA TEHETUKA. Mone-
KynAapHO-rTeHeTU4Hi meTogu.
MpuraganTte! Lo Take cNagKoBiCTb | MIHANBICTB?

X Momipkyiite!

EnemeHTOM CcyyacHOro gmsawHy »utna po-
CUTb YacTO CTaloTb reHOMopPTpeTH (306pakeHHa [HK)
MeLLKaHLiB, 3a JONOMOrOol0 AKMX MiAKPeColTb 0Cob-
nuBocTi ctuno opopmneHHa. Lo € ocHoBo Henos-
TOPHOCTI TaKMX NOPTPETIB i YHOMY BOHU iHAUBIAYaNbHiI?

3MICT

LLlo e npegmeToM AoChifKeHb MONEKYNAPHOI reHeTuKN?

MOJIEKYJIAPHA TEHETUKA - ue po30in 2eHemuku
U mosnekynapHoi 6iosoeii, Wo euBYAE MOEKYIAPHI OCHOBU < 2
cnadkosocmi i MiH/IUBOCMI XUBUX Op2dHi3Mi8 i gipycis. Ak ca- . 35 %,%
MOCTIMIHMI HanpAaM MOMEeKyNnApHa reHeTnka BMOKpemunacb < 5
B 40-x pp. XX CT. y 3B'A3Ky i3 ynpoBagKeHHAM Yy 6ionorito | Binkn | | Tewn |
HOBMX METOAIB, Lo Aanuv 3Mory rmbLue i TouHiwe gocnign- Mog_eKym_qua
onoria

T 6ynoBy 1 GYHKLUiT reHeTMYHOro anapata BipycCiB i KNiTUH.
HanronosHiWMMN AOCATHEHHAMUN MOSNEKYNAPHOI reHeTUKN
€ 3'ACYBaHHA XiMIYHOI MPUPOAN reHa, WTYYHNN CUHTE3 reHa,
3'ACYyBaHHA MexaHi3MiB penstikayii, mpaHckpunuii, 380pomHoi
mpaHckpunuii, mpaHcaayii, penapayii, perynauii ekcnpecii ta
6iocnHTE3y 6inKiB. OCHOBOIO L€l HAaYKM € KOHLeNUia 2eHemuy4yHo20 Kooy, AKNIA NepBUH-
HO 3YMOBJIIOE TaKi O3HaKW »KMBOI MaTepii, AK CNagKOBICTb i MiHNMBICTb. 3a AONOMOro
METO/iB MONEKYNAPHOI reHETVKM MOrM6/IEHO PO3YMiHHA MyTaLiliHOrO NpoLecy, 3'Aco-
BaHO MeXaHi3Mu KpocuHzosepy. MonekynapHa reHeTuKa cTana nigrpyHTaAM, Ha AKOMY
chopmyBanacb monekynapHa 6ionoria, cnpuana po3BuTKy Gioximii, 6iodisuku, yutono-
rif, Mikpobionorii, Bipyconorii, 6ionorii po3BuUTKy, BiIKpvia HOBI NigXoAM A0 PO3YMiHHA
eBooLiT XKNTTA Ha 3emni. locArHeHHA MOMEKYNAPHOI FeHETUKN YXe peanisyloTbCa B
cenekuii, 6ioTexHonorii, MeanuuHi, CNopTi, KpMMiHanicTuLi, aHTponosnorii (is1. 89).

In. 89. Mpeamet gocni-
[XKeHb MoNeKynApHOT
reHreTuKn

OTXXe, MONeKynsipHa reHeTnKka BMBYAE CTPYKTYpPK, WO 36epiratoTb i
dbopmytoTb reHeTnyHY iHdbopMmauito, Ta iX GyHKLUiOHaNbHI BNACTMBOCTI.

Aki oco6nmBocTi opraHizauii MoneKynspHO-reHeTUYHUX A[OCHigKeHb
CnagKoBOCTi?

MoneKkynAapHo-reHeTU4Hi MmeToau — ye Memoou 00CAIOKeHHA cmpyKmypu U MiH-
JIUBOCMI 2eHeMUYHO20 anapamy, 3 AKUM Noe’s3aHi npoyecu 36epexxeHHs U peanizauil
cnaokosoi iHgopmayii. 3a X JOMOMOrOK HAayKOBLi MOXYTb BM3HayaTV NOAiOGHICTb Ta
BIAMIHHOCTi FeHOMIB Pi3HVX OPraHi3MiB, BUABNATU YWKOAXKEHHA cTpyKTypn JHK, BCTa-
HOBJIOBaTW HYKNEOTUAHI NOCAIAOBHOCTI reHiB Yy HOPMI 11y pa3i 3aXBOPIOBaHb TOLLO.



Ona npoBefeHHA MONEKYNAPHO-TEHETUYHUX AOCNIAXEeHb BMKOPUCTOBYIOTb He
Bcto [JHK, a nvwe HeBenuKi dparmeHTH, WO € Pi3HUMU B Pi3HUX 0COOUH. Tak, CTyniHb
nofibHOCTi reHOMIB pi3HUX Ntofel cTaHoBUTb 99,9 %. | nuwe 0,1 % nocnigoBHOCTEN
OHK matoTb MiHAUBICTb, WO 1T Ha3MBalTb CTPYKTYPHUM nonimopdizmom [HK. Ha no-
yatKy 80-x pokiB y monekynax [HK nioguHu 6yno BuABNeHO AiNAHKM, YHiKabHi 3a
CBOE€to 6yf0BOIO B KOXHOI NtoanHu. Li ainAHKK Ha3mBatloTb sapiabesnsHUMU maHoem-
Humu noemopamu (BTI). MacwTabu Ui€i BapiaTUBHOCTI TaKi, WO MiX NOCigOBHO-
ctamu JHK gBox nogen (AKLWO BOHU HE MOHO3UTOTHI GNIM3HATA) iCHYIOTb MiNbAOHN
BiAMIHHOCTEN, WO AOCUTb YacCTO Y OpraHiamiB ¢eHOTUNOBO He BUPAXKEHO.

0na BuABNeHHA HeobXigHUX parmeHTiB 3aCTOCOBYIOTb MeTog ribpuansauii JHK
3 BUKopuctaHHam [JHK-3oHgiB. BupizaHHA BignosigHux ¢parmenTis JHK 3aiicHio0TH
3a [OMOMOro 0CobNMBUX GEePMEHTIB-«HOXULb» — pecmpukmas. Pi3Hi pecTpukTasu
po3ni3HaloTb TiNbKK BIANOBIAHI NOCNIAOBHOCTI HyKNneoTuais i po3pizatots AHK y Bu-
3HAUYEHMX MiCLAX.

HacTynHMM eTanom MONEKYNnApPHO-TeHETUYHOrO aHanily € Ofep)KaHHA Konii 3
pocnigpxyBaHux ¢parmenTis HK. OTpumaHHA fOCTaTHbOI KinbKocTi parmenTis [HK
BigOyBaeTbCA wWnaxom amnnigikayii JHK 3a ponomoroto noniMepasHoi flaHLrosoi
peakuii. KonitoloTb BroKpemseHi pparmeHtn AHK 3a nonomoroto cneuianbHux dep-
MeHTiB — nonimepas. KonioBaHi ¢parmeH-
™ JHK 3a gonomoroto enektpodopesy Ha
reni po3ginAwTb Ha ¢pakuii. Mig gieto enek-
TpuyHoro nona ¢parmeHTn AHK pyxatoTb-
Cs B refi 3i WBMAKICTIO, LLO 3aNeXnTb Bif iX
JOBXWHN: UNM BOHM KOPOTLLi, TUM LIBWS- w_“
KicTb GinbLia. Y pe3ynbraTi Uboro ¢pparmeH-
™ OHK uepes geAknn yac 3aimatoTb NeBHe
Micue Ha reni y BUrIAAi OKpemMux CMy»oK, In. 90. Tenetnurui ananisatop
Wwo pae 3mory OLiHUTN HEeMOBTOPHICTb Vfc;:gf::n;ZZL:; ::gﬂer;:xs:::m
cTpykTypu OHK (in. 90).

EEREEE

OTXe, 0CO6NMBOCTAMYM OpraHisaLii MOneKynAapHO-reHETUYHMX METOAIB JOCi-
IXKeHb € BUKopucTaHHA ¢parmeHTiB OHK, depmeHTiB-pecTpurKTas i cnevjianb-
HUX METOAIB ANA OTPUMAHHA, PO3MHOMEHHA 1 BUBUYEHHA AinAHoK OHK.

flke 3HauyeHHA HaMNOLWMWPEHIWNX MOJNEKYNAPHO-
reHeTUYHUX MmeToAiB?

[o HanBa)KNUBIWNX METOAIB MONEKYNAPHOI FreHeTUKN,
WO NieXkaTb B OCHOBI reHOMHuX TexHonorin i JAHK-giarHo-
CTVIKU, HanexaTb: CEKBEHYBAaHHA reHiB, nosimepasHa naH-
LIOroBa peakLia, 3aCTOCYBaHHA reHeTUYHUX MapKepiB Ta iH.

CeKkeeHyB8aHHA 2eHie (Bif naT. sequentum — nNocnifos-
HiCTb) — Memodu 8CMAHOB/IEHHA NOCI00BHOCMI HyKJeo-
mudis y monekynax [JHK (in. 91). BuHalijeHO 6pUTaHCbKUM
yueHum Opegepbikom CeHrepom y 1977 p. Benuka wenga-
KiCTb CEeKBEeHYBaHHA, WO CTasa AOCTYMHOK Ha MNoyaTKy In. 91. CeKBeHyBaHHA
XXI CT. 3aBAAKN HOBUM TEXHONOTIAM, CMPUANA BCTAHOBNEH-  gnarmenta JHK pisHUMM
HI0O NOBHOI NOCNIJOBHOCTI reHoMy ntognHN. CeKBeHyBaHHA meToAamu

P<ppPpRpEPOdnPabPoOOn-Adna]

a
(4]

§ 37. CyyacHi MoneKynapHO-reHeTUYHi MeToan AOCHiAKeHb CNafKOBOCTI NIOANHMN
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30iMCHIOITb 3@ JOMOMOrol0 aBTOMaTUYHUX CEKBEHATOPIB, B AKMX 3aCTOCOBYIOTbCA
¢dnyopecLeHTHO-MiueHi npaiMepu. [na KOXKHOTO 3 YOTMPbOX HYK/eoTuaiB 6epyTb
YoTUpU Pi3Hi PriyopecUeHTHI MiTKK, KOTPi BUMPOMIHIOIOTb CBIT/IO B Pi3HWX CrieKTpasb-
Hux piana3oHax. CKaHyBaHHA rento nicnA enektpodopesy flazepHUM MPOMEHEM,
wo 36ymKye dnyopecueHLito, Ja€ 3MOry BU3HauYUTU Pi3Hi HyKneoTuau i npountaTtu
MocnifoBHICTb.

MonimepasHa naHyrozoea peakuyia (MJIP) - memod 36ibWeHHS KilbKOCMi
¢pazmermis [JHK y 6ionoeiuHomy mamepiani. MeTof WMPOKO BUKOPUCTOBYIOTb Y
GioNoriuHiNn i MeguUYHIN NpPakTULi ANA KNOHYBAaHHA TeHiB, AOCIIKEHHA MyTauil,
BUAINIEHHA HOBUX TFEHIB, CTBOPEHHA TeHeTUYHO MopfidikoBaHMX OpraHiamis, Aia-
FHOCTUKM 3aXBOpPIOBaHb, ifeHTUdiKauii manux Kinbkocten [HK, BcTaHOBNEHHA 6aTb-
KiBCTBa TowWo. BrHaxigHUK meToay — amepuKkaHcbKuin 6ioximik K. Mannic Tak nucas
npo Hboro: «[loyuHatouu 3 eOuHoi monekynu [JHK, Hocia eeHemuyHoT iHhopmadyii, /1P
moxe Haoamu 100 minbapdie nodibHUX MOoJIeKys 3a KiflbKa 200UH. Peakyito 0y»e sie2ko
nposecmu, 80Ha 8UMA2Ad€ OOHI€EI Mecmogoi mpy6Ku, He3HA4YHOI Kislbkocmi peazeHmie
ma Oxxepesnia mensomu.

lFeHemuyHi mapkepu — cneyudiyHi HykneomuoHi nocnidogHocmi 3 gidomotro nep-
BUHHOIO CMPYKMYypolo, AKi 0arome 3Moz2y ideHmMugikysamu aHanizo8aHy HykiaeiHosy
Kucsiomy. MonekynapHoO-reHeTUYHUMI MapKepamy MOXYTb OyTu OiNku Ta BinsHKM
IOHK'y Burnagi reHiB abo KOPOTKUX NOCNifOBHOCTEN HYKNeoTuAiB. Ha cborofHi reHe-
TUYHI MapKepu BXKe 3aCTOCOBYIOTbCA B TaKMX rany3ax AiANbHOCTI NIOAUHK, AK KPUMI-
HanicTuKa, 6ioTexXHOOrifA, ceneKuis, aHTPOMOJOrifA, reHETUYHA iHXXeHepis, MeaAnLMHa,
crnopT Ta iH. Tak, y reHeanorii AnA BCTAHOBMIEHHA CMIOPIAHEHOCTI NO YOMOBIYiN NiHIT
aHanisyTb Y-xpomocomu 3a gonomoroto STR-TecTiB. [InA uboro BUKOPMCTOBYOTbCA
cnedianbHi JHK-Mapkepu, HyKneoTugHa NocnifoBHICTb y AKMX NMOBTOPKETHCA 6e3-
niv pasiB — «KOPOTKi TaHAEMHI noBTOpW» (aHrn. Short Tandem Repeats, STR). Ockinb-
K1 Y-XpoMocoMa MepefaeTbCA TibKM Bif 6aTbKa, TO YMC/IO MOBTOPIB Y MapKepax
CMHa 6yae Takum camum, LWo 1 Yy 1oro 6aTtbKa. Y cinbcbKomy rocnogapcTsi STP-aHa-
ni3 cnyrye ana gocnigxkeHb BapiabenbHOCTi reHoMy Ta nonimopdismy, Lo BRAnBaE
Ha NPOAYKTUBHICTb COPTIB, Yy MeANLMHI iCHYIOTb MapKepy CnagKoBMX i OHKOMOTYHNX
3aXBOPIOBaHb, Y CNOPTi — AA BU3HAUYEHHA CXWUbHOCTI CMOPTCMEHIB A0 3aHATb MeBs-
HUM BUOOM CMOPTY. Y KPUMIHaNICTULI WMPOKO 3aCTOCOBYETbCA METO «reHeTUUHUX
BiAOUTKIB NanbLiB».

OTke, CeKBEHYBaHHA reHiB, NofliMepasHa JlaHLroBa peakuis,
3aCTOCYBaHHA FEHETUYHMX MapKepiB fOoMoMaraioTb BMBYATK NpoLecu
MKUTTERIANBHOCTI HA MONEKYNAPHOMY PiBHI OpraHisauii »uTTa
N 3aCTOCOBYBATU Li 3HAHHA B Pi3HWX rany3ax AianbHOCTI NOANHN.

AIANbHICTb
M CamocrTiiiHa po60oTa Ha 3icTaBneHHsA

3icTaBTe 3anNpOMNOHOBaHI TEPMiHU i3 BU3HAaYEHHAMU. 3aNOBHITb TabNMuKy Bigno-
Bifel Ta oTpMmanTe Ha3By HayKu, Wo BuByae [JHK ogHoro opraHismy. MNoAcHiTb nep-
CMEeKTUBY L€l HAyKN.

1/ 2|3 4|56 |7 8




1 Penapauin A BukopucTaHHA cnagkoBoi iHpopmauii reHis ana cuHtesy 6inkis i PHK
2 Pennikauis I' Mpouec BUNpaBneHHA KNiTMHO nowkogkeHb il HK

3 TpaHckpunuia |E lMpouec camonoaBoeHHA monekynu HK

4 TpaHcnauia I CykynHicTb BCi€i cnagkoBoi reHeTn4YHoI iHpopmaLii opraHiamy

5 KpocuHrosep |K MMpouec yTBopeHHA goaaTkoBux Konin dparmeHTta AHK

6 leHom H Mpouec nepenucysaHHsA iHpopmauii 3 IHK Ha iPHK

7 Amnnidikauis | M O6MiH ginsiHKaMn MiX roMOIOTiYHMYK XPOMOCOMaMu

8 Ekcnpecin O CuHTe3 6inkiB Ha maTpuui iPHK, wo BigbyBaeTbca Ha pnbocomax

bionorisa + MNpakTuka. leHeTUYHI mapKkepu

MeTon «reHeTUUHuX BiAOWTKIB NanbLiB», abo
iHeepnpuHmuHe (Bif aHrn. fingerprinting — 3HATTA
BiAOWTKIB ManbLiB) — MeTofd PO3Pi3HEHHA iHAWBI-
AYYMIB 3a AONMOMOrOK BUKOPWUCTAHHA 3pa3KiB IXHiX
OHK. Mepwwuin BapiaHT meTopy 6yB po3pobneHuii
A. Dxeddpecom y Jlectepcbkomy yHiBepcuteTi B
1985 p. «30N10TUM CTAaHOAPTOM» Ha CbOTOAHI BBaXa-
€TbCA JOCNIAKEHHA IHOMBIAYaNbHOCTI NOAUHN 33 JOMOMOrOl0 MONIMOPGHMX reHe-
TUYHUX MapKepiB. MOACHITb NepcneKkTNBM 3aCTOCYBaHHA FeHETUYHUX MapKepiB Ha
npakTuui.

CTABJIEHHA

bionorisa + MeguuyunHa. Metop CeHrepa

@pedepik Cenzep (1918-2013) — 6puTaHCbKMI Gioxi-
MiK, ABiui naypeat HobeniBcbkoi npemii 3 ximii (8 1958 p.
«3a BCTAHOBJIEHHA CTPYKTYyp OiflkiB, 0CO6MMBO iHCYNiHY»
i 1980 p. — «3a BHECOK LWOAO BM3HAYE€HHA NOCAIfAOBHOCTI
OCHOB Y HYKJ/IEIHOBUX KM1CSI0Tax»). ¥ 1977 p. 3anponoHyBaBs
MeTOA POo3KoAdyBaHHA NepBUHHOT cTpyKTYpr [IHK, 3acHoBa-
HUIN Ha depMeHTaTUBHOMY CMHTE3i BUCOKOPAaLiOaKTUBHOI
KoMnyieMeHTapHoi nocnigosHocTti JHK Ha ofHOHWTKOBIN
OHK, wo pocnigKyerbea, AK Ha maTpuui. Ha3siTb uen metoq
Ta OLiHITb NOro 3HaAYeHHA OANA MeauunHN N [OCNIOKEHHA
CNagKoBOCTi NOAVHN.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. o Take monekynapHa reHeTnka? 2. Ha3BiTb OCHOBHI ranysi 3acTocyBaHHA [O-
CArHeHb MOMeKynApHoOi reHeTukun. 3. LLlo Take monekynAapHO-reHeTUYHi MeToaun?
4. Ha3BiTb cy4yacHi MONeKynApHO-reHeTUYHi MeTOAN AOC/iAXKEeHHA CNagKoBOCTI.
5. LLlo Take cekBeHyBaHHA? 6. LLlo Take reHeTUyHi mapkepu?

7. Wo € npegmeTom focnigKeHb MOSIEKYNIAPHOT reHeTrKK? 8. AKi 0cobnmnsocTi Mo-
7 -9 | nekynAapHO-reHeTUYHNX BOCNIAXKEHDb CMafKoBOCTI? 9. flke 3HaYeHHA HaNNOLINPEHi-
LUINX MOJIEKYNIAPHO-TEHETUYHUX MeTOofiB?

§ 37. CyyacHi MmoneKkynapHO-reHeTUYHi MeTOAN AOCTiIAXEHb CNaAKOBOCTI NOANHN

10-12 | 10. M0oACHITb 3aCTOCYBaHHA reHeTUYHUX MapKepiB.

157




Tema 3. CMAOKOBICTb | MIHJTUBICTb

158

Kpawe sug4umu 3atige, aHi Hi4020 He Bug4yUMU.
CeHeka Cmapwiuti

§ 38. OPTAHI3ALIA CNAAKOBOIO MATEPIAJTY
EYKAPIOTUYHOI KNITUHW TA MOTO PEAJII3ALLIA

OCHOBHi NOHATTA 1 KNovoBi TepmiHn: TEHOM. EKCIMPECIA FEHIB.
MpurapanTe! Lo Take eykapioTnyHa KNiTnHa?

Momipkyiite!

HalnbinbLwmnii reHoM BUSIBNEHO B POC/IVIHM
BOpPOHsAYe OKo (Paris japonica). BiH mictuTb 149 mnpg
nap Hykneotugis. o UbOro BigKpMTTA HalbiNbLLIMM
reHOMOM BBa)KaBCA FEHOM ABOAMWLIHOI pubu npo-
Tontepyca (Protopterus aethiopicus) — 130 mnpp
nap Hykneotugis. leHoM NOANHW CKNAAAETLCA 3 3,2 MAPA Nap HyKeoTuais. Yomy x
TOZi B JIIOAUHU OpraHisalis 6yaoBu, XUTTEQIANBHOCTI 1 NOBEfiHKY € CKNaAHiWwow?

3MICT

Aki ocobnuBocTi opraHisauii cnagkoBoro matepiany eykapioTuu-
HUX KNiTUH?

FEHOM - cykynHicme cnadkogoi iH- FEHOM eyKapioTU4YHMX KAITUH
opmayii y KnimuHax op2aHiamy nesHoz2o QDyHKUioHanbHWI HedyHkKuio-
8u0y. [eHOM NO€EHY€E OCHOBHI KOMMOHEHTH, KOMMOHEHT HanbHUM

C'rpyK'rypHa YacTWHa KOMMNOHEeHT

AKUMU € TeHW Ta HedyHKUioHanbHi nocni- - -
1. CTPYKTYpHi reHun 3 iHTpo-| lNcesgorenn,

posHocTi [JHK. HalixapakTepHiwi ocobnu-

. i - HaMu 1 eK30HamMu TaHAEMHI
BOCTi opraHisauii cnagkoBoro matepiany |2 pogunu renis (knactepu)| nosTopwu,
eyKapioTiB Taki. PerynatopHa YacTmHa reHeTUYHi
+ HasaBHicTb B eykapioTUYHUX KAiTUHaX . MOGinbHi ene-

. . |1. PerynaTopHi reHu .

TaknX BUAIB reHOMY, AK A0epHul, Mi- |5 PerynATopHi enlemeHTI MeHTW, cnewt-

moxoHOpianoHul i nanacmuoHud. Xa- CepnTa IH.

paKTepHO 0CcobnMBICTIO AlepHOro reHoMmy € 38’30k [JHK 3 6inkamu-eicmoHamu
N YyTBOPEHHS [e30KCMPUOOHYKNEONPOTETHOBUX KOMMJIEKCIB — XPOMOCOM.

+  Po3mip reHomy eyKapioTUYHUX KIiTUH Ma€ TeHAeHUilo JO 36inbleHHA B Mipy
YyCKNagHeHHA opraHi3miB. Tak, reHOM KMULWKOBOI NannyKy Hanivye 4,6 MiH, reHOM
apo3odinm — 130 MAH, a reHOM NoANHY — 3,2 MAPA Nap HYyKNeoTuaiB.

+ OCHOBHUMYW KOMMOHEHTaMVN eyKapioTUYHWX reHOMIB € (hyHKUIOHAMbHI noc1idos-
Hocmi Hykneomuodig [JHK.

« Y cknagi ¢yHKUiOHaNbHOT 1 HedyHKLiOHaNbHOT YaCTUH FreHOMY eyKapioTUYHUX
KNITUH € YHiKanbHi NOCNIfOBHOCTI (NpeAcTaBfieHi B reHOMi OfHI€0 KOMi€lo) 1
NMOBTOPIOBAHI MOCNIAOBHOCTI (NpeacTaBlieHi AeKinbkoma abo 6aratbma Koniamu).

+  [InAa CTPYKTYPHOI YaCTUHM reHOMY eyKapioTiB XapaKTepHUIN MO3aiyHul npuHyun
6yoosu. CTPYKTYpHi FreHn MaloTb QiNSHKY, WO KOAYITb CNafKoBy iHGopmalito, —
€K3O0HM, i JiNAHKM, WO il He KoAYIoTb, — iIHTPOHN.

+  YreHomi eykapioTiB Bifi6yBatoTbCA YCKNafHEHHA 1 ypi3HOMAHIMHeHHA OiNIAHOK pe-
2yJIAMOpPHOI yacmuHu (HanprKnag, eHxaHcepw i canneHcepwy, Wo NocunoTb abo
nocnaboTb TPAaHCKpUMNLito). KntouoBy posb B eBONOLiT eyKapioTiB Bigirpae He
noABa HOBMX KOAYBaNbHWX MOC/IAOBHOCTEN, a HOBI KOMGiHaUii cTapux i nosaBa
HOBUX PerynsTopHux AinsaHok. Mpu ubomy y GopmyBaHHi HOBMX PErynsTOPHUX



nociJOBHOCTEW 3HaUHY POJib BifirpatoTb MOGINIbHI FeHETUYHI eNneMeHTu.

«  binblwy yacTVHY eyKapioTMYHOro reHOMy CTaHOBUTb HAOIUWKOo8A (HedyHKLio-
HanbHa) JHK, wo He mictutb iHbopmaLii npo cMHTe3 QyHKLiOHaNbHUX NPOAYKTIB.
Tak, y KMLWKOBOI Nanuukm yactka Takoi IHK ctaHoButb 15 — 20 %, y gpo3odinu -
90 - 95 %, a B ntoanHM — axk 95 — 98 %.

« B eykapioTMuHoMy reHomi cnoctepiraeTbca 36ibWeHHA po3mipie cnelicepis — fi-
naHok JHK, wo BigoKpemniooTb reHn OguH Bif OfHOro. Y npoKapioTiB cnencep
CKNafa€eTbCA 3 AeKiNIbKOX nap HyKneoTuAis, a B eyKapioTiB Ui AiINAHKM 3HAaYHO
Ginbuwi (in. 92).

Cnencep EHxaHcep Onepatop Ek30H IHTpoH Ek30oH IHTpoH Ek30oH  TepmiHaTop
JHK

TpaHcKpunuia

npoziPHK
X e e BMpi3aHHﬂviHTpOHiB

| | | | 3pina iPHK

In. 92. OcobnmBOCTi opraHi3auii reHoTUMy eyKapioTUUYHOT KNiTUHN

« [eHOM nepeBaxHOI GiNbWOCTI eyKapioTiB 3aBAsKM CTAaTEBOMY PO3MHOMXEHHIO
OTpMMYE ABa Habopw anesibHUX FreHiB Bif ABOX O6ATbKIB Pi3HOT CTaTi.

OTXe, reHOM eyKapioTiB Biipi3HAETbCA 0COONMBOCTAMU OpraHi3auii
byHKUiOHanbHOT 1 HedyHKLIIOHaNbHOT YaCcTWH, cepef AKMX BUOKPEMUMO
36iNbleHHA PO3MipiB, HAABHICTb MO3aiYHOT CTPYKTYPU, HAANULIKOBICTb

Ta YCKNAAHEHHA PerynaTopHUX nNocnifoBHOCTEN.

Aki ocobnuBocTi peanisauii cnagKoBoro marepiany eykapioTuuHoi KnitTuHmn?

EKCNPECIA TEHIB - npouyecu sukopucmaHHsa cnadkosoi iHgopmauyii zeHie 0ns
cuHmesy yHkyioHanbHUX npodykmie — monekyn PHK i 6inkis. KO KiHLeBMM NpoayK-
TOM eKCnpecii reHiB € 6iNoK, To Npouec ekcnpecii HasuBaeTbcA 6iocuHmesom 6inkie,
areH - 6inkosuM. IHbopMaLin 3 Taknx reHiB nepenucyeTbesa Ha iPHK, wo nepeHocntb
ii jo pnbocom — opraHen cuHTe3y 6inkis. AKwo Ha reHax [HK BigbyBaeTbca cuHTE3
TpaHcnopTHUX PHK, To ue reHn TPHK; saikwo cnHTe3 prnbocomanbHux PHK, To ue reHn
pPHK. biocnHTe3 PHK Ha3uBaeTbcA mpaHckpunyiero. TakMm YMHOM, 3aBAAKM eKcnpe-
cii reHiB y KnitnHax 3'asnatotbca 6inku, iPHK, TPHK i pPHK.

EKCMPECIA TEHIB B eykapioTM4HNX KniTuHax

PHK-renn binkoBi reHun

TpaHckpunuia biocuHTes 6inkiB

OcHOBHiI cTagii OCHOBHi eTanu
1. Iniuiauin 1. TpaHcKpunuisa 3 yTBopeHHAM npo-iPHK
2. Enonrauin 2. MpouecuHr i3 cnnancrMHrom Ta ekcnopt iPHK
3. TepmiHauin 3. TpaHcnauia
Pesynbtat: ytBOpeHHa TPHK i pPHK | 4. MicnaTpaHcnauiina moandikadis

Pe3ynbTat: yTBOpEHHA 6inkis

OcobnuBocTi: 1) BilOKpeMneHicTb TpaHCKpUNUIT 1 6iocuMHTe3y 6iNnKiB; 2) HafABHICTb NpoLe-

CUHTY i3 CNAancmMHrom; 3) akTMBHA 1 CKNafHa perynauia akTMBHOCTI reHiB

AKi ) 0COONMBOCTI eKCNpecii reHiB B eyKapioTUYHMX KNiTUHax?
1. Ha BigmiHy Big npokapioTis eykapioTnyHa iPHK cnHTe3yeTbca y KNiTMHHOMY AAPI
(TpaHckpunuia iPHK), 3Bigkn TpaHcnopTyeTbca Ao uutonnasmu (ekcnopt iPHK)

§ 38. OpraHi3aujif cnaikoBOro matepiany eykapioTUYHOI KNITUHW Ta oro peanisauisa
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Lns cMHTe3y 6inkiB. TakUm YMHOM, mpaHckpunyis U 6iocuHmes3 6isiKig € okpeMumu,
8iddineHUMu y npocmopi U yaci, emanamu ekcnpecii zeHie.

2. IHWa BiAMiHHICTb NonArae B Mo3aiuHin OyAoBi reHiB, WO MakTb iIHTPOHU Ta eK-
30HU. CnoyvaTKy iHpopmaLis 3 6iNKOBUX reHiB NEPENUCYETbCA Ha NonepeaHnKa
iPHK (npo-iPHK), a noTim HeiHbopMaTVBHI iIHTPOHHI JiNAHKM BUpi3aloTbca (cnnai-
CUHT) 1 NEPBUHHUIN TPAHCKPUNT NepeTBOPIOETbCA Ha 3piny iPHK (npouecuHr).
Tomy npouyecuHz eykapiomu4Hoi iPHK € Hegid0'eMHOI0 4acmuHoOl MpaHcKpunuyii.

3. [na eykapioTiB xapakTepHa gudepeHLUianbHa eKCcrnpecia reHiB y pisHUX Knitu-
Hax opraHiamy, Tomy 6araTOKNITUHHI OpraHi3aMy MalTb Pi3HOMaHITHI andepeH-
LinoBaHi KNiTUHW. Xo4a B YCiX KNITMHAX MiCTATbCA OfHAKOBI reHu, IXHA ekcnpecia
BigOyBa€eTbCA HeoAHaKoBO. Perynsauis KniTMHHOT AgudepeHuiauii 30iNcHI0ETbCA 3a
gonomoroto cneundivuHmx 6iNKiB — TPAHCKPUNUINHUX YMHHMKIB. Ha peanizauiio
cnapKkoBoi iHbopMaLii BNIMBaTb AK BHYTPILHI (ropMOHU, BINKOBI TpaHCKpun-
LifHI YAHHUKK, BINKK-iHOYKTOPK, BINKN XpOMaThHY, ManeHbKi aaepHi PHK), Tak
i 30BHiWHI (TeMnepaTypa, BUNPOMiHIOBAHHA, aHTUOIOTUKM, TOKCUHK). Taknm yn-
HOM, eKcnpecia eykapiomuy4HuX 2eHi8 AKMUBHO pe2ysToEMbCA | € OCHOBOIO pocmy,
po3sumky U ougeperyiayii knimuH ma ixHeoi adanmayii 00 yMo8 Ha8KOIUWHbO-
20 cepedosuwya (in. 93).

OTXXe, eKcnpecis reHiB € peanisaui€to cnagkoBoi iHpopmaLii KNiTUH
3 yTBOpeHHsaM PHK i 6inkiB, sika B eyKapioTMUHUX KNiTUHaX BigOyBa€eTbcA 3

In. 93. OcHOBHI eTanu ekcnpecii 6INKOBKX reHiB: 1 — TPAHCKPUNUifA; 2 — MPOLEeCUHT
i3 cnnancrHrom; 3 — ekcnopt iPHK; 4 — TpaHcnauis; 5 — nocTTpaHcnAUinHa MoandiKaLis

NeBHMMN 0COBIMBOCTAMMN.

Tema 3. CMAOKOBICTb | MIHJTUBICTb

@ AIANbHICTb
M CamocrTiiiHa po6oTa 3 Tabnnuero
3a gonomoroto Tabnuui BM3HauTe 0COBAMBOCTI OpraHi3aLlii cnagkoBoro maTepia-
Ny eyKapioTUYHMX KNiTVH. 3aMoBHiTb y po60o4oMy 30LWKTi TabnuLio Ta 3po6iTb 3aranb-

HWU BUCHOBOK NPO BigMIHHOCTi reHOMY eyKapioTiB Bifj reHOMy apxeli Ta 6akTepiii.
Ta6nuua. XAPAKTEPUCTUKA FTEHOMY EYKAPIOTUYHUX KNITUH
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O3Haka XapakTtepucruka

Buan reHomy

Po3mipu reHomy

Ocobn1BOCTi AAEPHOro reHoMy
KomnoHeHTn reHomy

Cknap GyHKLiOHaNbHOro KOMMOHEHTa
Cknap HedyHKLiOHaNbHOIro KOMMOHEHTa
Oco6n1BOCTi 6yA0BY CTPYKTYPHOT YaCTVHM
Oco6nrBOCTi PErynATOPHOT YaCTUHN

Bionoria + AHTpononoriA. Oco6nMBOCTi reHOMY NIOANHN

B >kypHani Nature mi>HapoaHWiA HAayKOBUIA KOHCOPLiyM ony6sikyBaB pe3yanaTV|
LOCNIAKEHHA reHOMY LWMMMaH3e — TBapUHU, AKa Hau-
6inbl cxoxa 3 Homo sapiens. LlnmnaH3e cTaB yeTBep-
TUM CCaBLieM, FeHOM AKOro MOBHICTIO po3lwundpyBanu
BUEHi MNicna reHoMiB muLi, wypa Ta noguHn. Lo Take
reHoM NtoAnHNU? Y YoMy nonfAraloTb MOro oco6/mMBoCTi
NOPIBHAHO 3 FEHOMOM LWNMMaH3e?

CTABJIEHHA

bionoris + EnekrpoHika. biouinu

Biouin (aHrn. biochip) - maTpuuAa 3 HaHeceHVMMM Monekynamu 6inkiB abo
HYKNTIEIHOBMX KNCNIOT ANA OfHOYACHOro BMKOHAHHA BENMKOI KiNbKocCTi aHanisis. Oc-
HOBHA YacTKa Cy4yacHux Giouinis npunagae Ha OHK-
yinu. JHK-6iouinamn Ha3MBalOTb TaKoX TEXHONOTIT Ans
ineHTUdikauii monexkyn [JHK ta aHanily ekcnpecii reHis.
[HK-6iovinn cTBOpEHO aHaNoriyHo 3 eNeKTPOHHUMU
MiKpocxeMamu-dinamm, TOBTO B HUX Pi3HE MNOXOAKEHHS
1 nopi6Hi GyHKLUIT. ke )X Npr3HayeHHs yinis? B AKux ra-
ny3ax 6ioyinu MaloTb HalLIMPLLIE 3aCTOCYBaHHA?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. o Take reHom? 2. Ha3BiTb KOMNOHEHTN reHOMY eyKapioTUYHMX KNiTUH. 3. HaBe-
AiTb NPYIKNaan 0cobnmMBOCTEN reHOMy eyKapioTUUHUX KNiTUH. 4. Lo Take ekcnpe-
cia? 5. o € dyHKUioHanbHMMN NpoayKTamu ekcrpecii reHis? 6. Ha3BiTb OCHOBHI
eTanu eKkcnpecii 6iNKoBMX reHiB.
7. ki ocobnmBoCTi OpraHisauii cnafkoBoro matepiany eykapioTMyHuX KnitTuH? 8. Aki
7-9 |ocobnusocTi peanisaLii cnagkoBoro matepiany eykapioTUuHoi KnituHm? 9. Yum ekc-
npecia PHK-reHiB Bigpi3HAETbCA Bif ekcnpecii 6iNKoBuX reHis?
10. Y yomy nondAratoTb BiMIHHOCTi reHOMY eyKapioTiB Bifi reHOMy apxeii Ta 6aKTe-
pin?

§ 38. OpraHisauia cnagkoBOro matepiany eykapioTUUYHOI KAITUHK Ta MOro peanisauin
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leHemuka 88axde, a enizeHemuKd — y/1AWMOBYE.
1. Medasap

§ 39. TEHWN. PErynauiad AKTUBHOCTITEHIB

OCHOBHi NOHATTA 11 KN4oBi TepMiHn: F'EH. CTtpyKTypHi reHn. PerynatopHi
reiun. PEFTYIALUIA AKTUBHOCTI FEHIB. EnireHeTuKa.

MpurapanTe! Lo Take reHn?

'\ HoBuHN HayKun

lpyna HaykoBUiB AoBena, WO BOCbMWHO-
MM Ta iHWIi rofIoOBOHOr MOJMIOCKM 3f4aTHi pedaryBaTtu
BnacHy iPHK ana perynauii cuHTtesy 6inkis, He 3mi-
HIOIOUM CcaMUX FeHiB. Y Takuin cnoci6 BigbyBatTbCA
wemaka mogmoikaLisa 6inkis i 3miHa ixHix GyHKUIN, Wo
3abe3neuvye NIaCTUYHICTb NOBEAIHKM. A L0 TaKe reHn
i AK peryneTbca iXHA aKTUBHICTb?

3MICT

Al opraHisoBaHa fiANbHICTb reHiB?

FEH (Big rpeu. genos — pif, NoXomXeHHs)) — ye OinaHka [HK, wo micmume
iHghopmauito npo nep8UHHY cmpykmypy mosiekynu 6inka abo PHK. 3a3Haunmo, wo €
rpyna HeKkniTMHHUX GOPM KUTTHA, B AKUX reHeTnYHa iHpopmauia 3anncaHa Ha PHK. Lle
PHK-BmicHi Bipycu i Bipoigu.

KoxeH reH micTuTb KofyBanbHy MOCNIfOBHICTb, e 3anncaHa iHdopmadia npo
NPOAYKT, Ta NEBHUN Habip pPerynaToOpHUX efleMeHTIiB, WO KOHTPOJTb MOro Ai-
ANbHICTb. PerynaTopHi nocnifoBHoCTi MoXKyTb nepebyBaTn AK y 6e3nocepenHiin
6113bKOCTI Bifj KOJYBasIbHOI MOCiAOBHOCTI HYKNeOTUAIB (HanpyKnag, npoMomopu —
LiNAHKN, 3 AKX NOYMHAETLCA TPAHCKPUNLiA), TaK i Ha BiACTaHi (Hanpuknag, eHxaHce-
puU — BiNAHKK, L0 NOCUIOTb TPaHCKPUNLio).

HakonunueHi 3HaHHA MpPO reHy 3yMOBIOKTb iCHYBAaHHA [EKifIbKOX BapiaHTIB
Knacuoikauii. 3a po3TallyBaHHAM Yy KNiTUHAX BUOKPEMIIOOTb A0epHi 2eHU N yumo-
naasmMamuyHi 2eHU (po3TalloBaHi B MITOXOHAPIAX | XnoponnacTtax).

3a PyHKLUiOHAaNbHUM 3HAaUYEHHAM FeHV MOAINAITb Ha CTPYKTYPHI I perynaTtop-
Hi. CTPYKTYpHi reHn kogytoTb 6inok a6o PHK, a perynatopHi Br3HaualoTb NMovyaTok,
WBUAKICTb N NOCNiAOBHICTb npoueciB cnHTe3y PHK Ha maTpuui [HK. Po3mipu pery-
NATOPHKX reHiB, AK NPaBuUII0, HE3HAYHI — KiNlbKa AeCATKIB Nap HYKNeoTufiB, CTPYKTYp-
HUX — COTHI N TUCAYI HYKNEeOoTUAIB.

3a o¢yHKUiOHaNbHYM NPOAYKTOM €KCMpecii BMOKPeMIoTb 6iNKkoBi reHu i
PHK-reHu. binkoei 2eHu MicTATb iHPOpPMaLilo NPO NepBUHHY CTPYKTYpy Oinka, ans
6i0CMHTE3y Ha OCHOBI UMX reHiB yTBoptoloTbcA iPHK(abo matpuuHi MPHK). PHK-2eHu
KOAyloTb BENWKY KinbKicTb pi3Hux BuAaiB PHK, aki He nigpaoTbca TpaHcnauii. Lle
TpaHcnopTHi PHK (TPHK), pu6ocomHni PHK (pPHK), maneHbki agepHi PHK (MaPHK), mi-
Kpo-PHK (MkPHK).

3a aKTMBHICTIO PO3PIi3HAITb KOHCTUTYTUBHI I HEKOHCTUTYTUBHI reHn. KoHcmu-
MmymueHi 2eHU - ye 2eHuU, Wo € NOCMIUHO AKMUBHUMU, Yepe3 me wo binku, AKi HUMU
KOOytombCs, HeobXiOHi 0118 nocmiliHoi KnimuHHOI disneHocmi. Lli reHn 3abe3neyvytoTb
cuHTe3 6inkis, pepmeHTIB i He NoTpebyloTb cnevianbHOI perynauii. Y 6araTtoknituH-



HVX eyKapioTiB IX LWe Ha3MBalTb «reHaMy AOMaLIHbOro rocnogapcTea». HekoHcmu-
mymueHi 2eHu - ye 2eHu, AKi cmarome akmugHUMU siuie modi, Koau 6inok, AKUU 80HU
kodyrome, nompibHUl KaimuHi. BOHW perynioTbca KNiTMHOW abo opraHi3MoMm i 3a
yyacTi KofoBaHuX 6inkiB 3abesneuyiotb agndepeHuialito KNiTuH. Ui reHn y knitnHax
eyKapioTiB Ha3MBalOTb «<reHamMn PO3KOLLi».

OTxe, reHn — Ue He Tinbku dinaHkn AHK, wo mictatb neBHy iHdopmaluito,
a  cuctema enemeHTiB, Wo 3abe3neyye ekcnpecito Uiei iHpopmaduii.

flke 3HaYeHHA Ma€ perynsALlia akTUBHOCTI FeHiB ANA KNiTUH?

PErynaula AKTUBHOCTI TEHIB - ye cknadHa cykynHicme MoseKysiapHUX me-
XAHi3Mi8, 3a80AKU AKUM KJIMUHU MOXyme 36ins6Wwysamu abo 3MeHWwys8amu Kinekicme
yHKYioHaneHUX npodyKmia ekcnpecil negHUX 2eHig y 8i0N08i0b HA 3MiHy 308HIUWIHIX
ymos. MuTta 6yab-AKOI KNITUHN BU3HAYAETLCA CYKYNHICTIO i reHiB. 3aBAAKN reHam
30iMCHI0ETbCA BYAb-AKMIA NPOAB Ta OYAb-AKi 3MiHW XXUTTERIANBHOCTI Ha BMJIVBU YMH-
HUKiB cepepoBuLLa. KNiTHa XMBe B 3MiHHMX YMOBax cepefioByLLa i Ma€ pearyBaTtu Ha
Ui BNIMBKM 3MiHaMu1 CBOIX BioximiuHux npouecie. Came perynauia akTMBHOCTI reHiB i
3abe3neuye Lo MiHAMBICTb KNITUH 63 3MiH reHoTUMY. A Lie, B CBOIO Yepry, 3yMOBJIOE
FHYYKICTb BNAaCTUBOCTEN XNBUX CUCTEM i MOXKNUBICTb NPUCTOCYBAHHA A0 3MiHM YMOB
cepepfoBuLLa. [CHY€e HaBiTb HayKa NPO TaKi MexaHi3mu — enireHeTnKa.

EnireHeTtuka - Hayka, wo susyae 3miHU ekcnpecii 2eHis, Wo 3yMmos ieHi MexaHiama-
MU, He N08’A3aHUMU 3i 3MiHAMU nocnidogHocmi Hykneomudig [JHK. Taki 3MiHU MOXyTb
3aNMWaTCA BUAUMUMN BMPOAOBXK AEKiNbKOX KNITMHHUX NMOKOMiHb abo HaBiTb Kifb-
KOX MOKOJiHb XKMBWX OpraHi3miB. IKLLO reHeTVKa BMBYaE NPoLEecy, Lo BeJyTb A0 3MiH
y reHax opraHi3miB, TO enireHeTMKa AOCNIAKY€E 3MIHU aKTMBHOCTI TeHiB, 3a AKUX
cTpykTypa [OHK 3annwaetbca He3miHHO. EnireHeTMKa BMBYa€E npouecy, Wo aKkTu-
BYIOTb ab0O MPUrHiYYIOTb aKTUBHICTb FeHiB Yy BigNoBiAb Ha NpUAMaHHA iXi, GisnuHe
HaBaHTaXXeHH#A, CTpec TOLLO.

> OMNEPOH =
CTPYKTYPHI TEHN
Perynatop MpomoTop OnepaTop TepMiHaTO|
AHK [

¢ ¢ TpaHckpunuia
1 I [ [ JiPKH
\ * * ¢ TpaHcnauia
IHAYKTOP
(edexTop) % —

HeakTtnBHMiA AKTUBHUIA
penpecop penpecop

binok Z BinokY Binok A

In. 94. Cxema perynauii akTMBHOCTI reHiB 3rigHO 3 KOHLienLi€lo onepoHa

Bneple mexaHi3amMy 3MiHW aKTMBHOCTI reHiB moAcHUAM ¢paHUy3bKi HayKoBLi
®. Kakob i XK. MoHo y 1961 p. BoHn 3anponoHyBanu KOHLUenNuio onepoHa, 3rigHo
3 AKOIO Ha aKTMBHICTb CTPYKTYPHUX MEHIB y NPOKapioOTUYHMX KNiTMHAX BMIMBAE pe-
rYNSTOPHUIA TeH, WO BiAMOBIAAE 3a CUHTE3 perynaTtopHux 6inkis (in. 94). Ui 6inku
6/10KYI0Tb TPAHCKPMMLito, afie 3 MoABOI B KNITUHI NEBHOro cybcTpaTy (Hanpuknag,
MOMOYHOIO LyKpPY — IaKTO31) BOHW IHAKTUBYIOTbCA, LLO YMOXKNNBIIOE TPAHCKPUMLit0

§ 39. TeHw. Perynauia akTMBHOCTI reHis
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1 yTBOpEHHA GpyHKLioHanbHOro npoaykTy. Llum npogyktom € depmeHTy, Lo po3Lyen-
NIOI0Tb JIAKTO3Y 1 CNPUAIOTb Ti 3aCBOEHH!IO.

Halkpawmm npruknagom enireHeTUYHNX 3MiH AnA eyKapioTUYHUX KNITUH € Npo-
uec ougpepeHyiayii knimux. OpHa 3annigHeHa ANUEKNITUHA — 3UroTa AiNUTbca 1
andepeHLiloeTbCA B Pi3Hi BUAKW KNITUH, AKI HAABHI B XX1BOMY opraHi3mi. Lie 3gincHto-
E€TbCA WNAXOM aKTMBAaLil OQHUX FEeHIB Ta MPUrHIYeHHA iHLWKX, a rinoTes3a, Wo NOACHIOE
Ui 3MiHW, Ha31BAETbCA 2inome3oto dughepeHyianbHOT akmueHocmi 2eHie.

OTxe, 3aBAAKM perynsauil akTMBHOCTI reHiB BigbyBaloTbCA BignoBigHa
MPUCTOCOBAHICTb KMiTUH Ta OAHOKNITUHHUX OPraHi3mMiB 40 3MiHHUX
YMOB CepefoBuLla Ta AndepeHuialia KNiTiH nig yac po3BUTKY
6araToKniTMHHMUX OpraHi3miB.

AIK perynio€eTbca akTUBHICTb reHiB B eyKapioTU4Hil KNiTUHi?

KnituHm 6yab-AKOro eykapioTMYHOro opraHiaMy MicTATb OHAKOBY FreHeTUYHY iH-
¢dopmaLito, ane nig Yac iXHbOro PO3BUTKY BOHA peani3yeTbcs BUbipkoBo. OgHoYacHo
yCi FeHu, Lo € B reHOMIi KJiTUH, HIKOMN He «MpaLoloTby, TOOTO aKTUBHVIMU YCi FeHn
BOJHOYAC HiKONU He B6yBaloTb. fKi K MexaHi3mu 3a6e3neuytoTb perynauito akTMBHOCTI
reHiB B eyKapioTUUYHUX KNiTUHax?

Perynauina akTMBHOCTI reHiB 3rifHO 3 KOHLENLi€ ONnepoHa XxapakTepHa nuwe gna
reHiB, po3TalloBaHMX y MiTOXoHApPIAX 1 nnactugax. CucteMa perynauii AaepHuX re-
HiB € HabaraTo CKfnafHiWow N pi3HOMaHiTHiWo. HaaBHICTb AApa N HYKeOCOMHOT
opraHisauii XpomMaTUHY CYTTEBO PO3LUMPAE MOXIMBOCTI perynauii. ¥ eykapioTM4Humx
KNiTMHaX eKcnpecia reHiB perynioeTbCa Ha KOXKHOMY 3 eTaniB — Ha PiBHI TpaHCKpun-
uii, npouecunry PHK, ekcnopty PHK, TpaHcnauii 1 nocTTpaHcnAuinHoi moandikauii
6inkis. Haib6inblu yHiBepcanbHUMK enireHeETUYHUMY MeXaHi3MaMu perynauii € Taki.

Peaynayis 3a yuacmi manux PHK. PHK-iHmepgepeHuyia — mexaHi3m perynauii, wo
3[iNCHIOETbCA 3a fonomMorot manux (20 — 25 HykneoTtuais) monekyn PHK. OcHOBHuU-
My Mosniekynamum € maneHbki agepHi PHK (MaPHK) ta mikpoPHK (MkPHK), aki B>ke nicna
TPaHCKPUMLUIT MOXYTb BCTyNaTW y B3aEMOZIIO i3 KOMMIEMEHTaPHUMM NOCNiIAOBHOCTA-
Mn iPHK Ta 3MiHIOBaTW IXHIO aKTUBHICTb.

Peaynayia wnsaxom memuno8aHHsA. Lle Habinblw JOCNigXKXeHNA MexXaHi3m pe-
rynaAuii, NoB'A3aHNI i3 NprefHAHHAM MeTUnbHOI rpynu (CH,) Ao uNTO3MHY B CKNagi
Hykneotugis [HK, wo 3a3Bnyan NpuUrHiyye akTUBHICTb FeHiB Ha PiBHI TPaHCKpUNLi.

Peaynsayis Ha pieHi xpomamuHy. Lle Hanbinblu yHiBepcanbHMiA cnocib perynauii
3a AONOMOrOK 3MiHW CTaHY XPOMaTUHY BMPOAOBX XUTTA KNiTUHWN. [leKoHaeHCcoBa-
HWU eyXpPOMaTVH CTBOPIOE MOXKIIMBOCTI AN1A 3UNTYBaHHA iHbOopMaLii 3 reHis, a ywinb-
HEHWI KOHAEHCOBaHUM reTepoXpoMaTuH — HIOKYE.

OTx¢e, ONA eyKapioTUUYHMX KNITUH XapaKTepHi CKNagHi N Pi3HOMaHITHI
MOJIEKYNAPHI eniereHeTUYHi MexaHi3Mu, Lo 3MiHIOIOTb aKTUBHICTb reHiB
i He 3auinatloTb NepBUHHOT CTPYKTypn OHK.

BIANBbHICTb

ﬂ‘ 3aBaaHHA Ha GOPMYBaHHA NOLWYKOBUX YMiHb

3icTaBTe npi3BULLA BYEHNX Y ranysi 6ioNorii i3 MOAENbHMM OpraHi3Mamm, AKKX
BOHUW BMKOPWCTOBYBaNW, Ta OTPMMainTe Ha3By rpynu GinkiB, HeOOXigHUX AnA yTBO-
peHHA XpomaTurHy. [laliTe KOPOTKY XapakTepuCTUKY Ui rpyni 6inkis. Ak BindyBaeTbcA
perynauia akTMBHOCTI reHiB 3a IXHbOT yyacTi?




1 B. Mak-KniHTok I Kykypyasa L~ .

2 I. MeHpenb N Auetabynapis B T LY

3 T.X. MopraH I Topox nociBHMIA R -

4 [1.bigniE. Teiitym |H lec cBicbkui ?;-'-’-‘ o

5 A. OneminHr O lleHiynn Nno3HayeHnn b ;

6 I.11.MMaBnos C [po3oodina yopHouepea 1 2 /3| 4|5 |6/|7
7 C.bpeHep T Helpocnopa rycrta

bionoria + PauwioHanbHe xapuyBaHHA. DonieBa Kucnora

HuHi HayKoBUAM yXe BIAOMO, O KOMMOHEHTM Xap-
YOBUMX MPOAYKTIB YNHATb BMAUB Ha enireHeTUYHi npo-
uecn. Mame BCi XiHKW 3HaloTb, WO MiJ Yac BariTHOCTI
Ly>e BaXkNIMBO BXMBaTW [OCTaTHIO KinbKicTb donieBoi
Kucnotu. EnireHeTMka gonomara€e 3po3ymiTv Baxnu-
BiCTb UbOro BiTaMiHy B paLioHi. Cnpasa B ToMy, Lo ¢o-
nieBa KMcnoTa BNaMBae Ha metuntoBaHHA [HK. Lo Take
¢donieBa KncnioTa i B YoMy nosiArae ii 38's130K 3 METUJTIO-
BaHHAM?

CTABJIEHHA

bionoria + MeguuuHa. NepcoHidpikoBaHa meguumHa.

Ha cborogHi gomiHaHTHUM (NepeBakawunm) y
[iarHOCTWLI ¥ nikyBaHHI OyAb-AKMX 3axXBOPIOBaHb . *ﬁ* *i
€ Nipxia, AKUN FPYHTYETbCA Ha TOMY, WO MiCNA BCTa-
HOBNEHHA fAiarHo3y BCi nofanblui 3ycunna nikapa © —=
CNPAMOBaHO Ha NiKyBaHHA XBopobu 6e3 ypaxyBaHHA .-
iHoMBigyanbHUX ocobnuBocTel nauieHTa. Ane mamn- . m—
6yTHE 3a nepcoHidikoBaHow MeguumHotw. Lo Take & -
nepcoHidikoBaHa MeanLMHa i AKe 3HaUeHHA Y ii po3-
BUTKY MOXe MaTu reHeTunka?

PE3VJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take renun? 2. lLlo Take perynATopHi n cTpyKTypHi reHn? 3. LLlo Take perynauia
aKTUBHOCTI reHiB? 4. LLlo Take enireHeTnka? 5. Ha3BiTb 0OCHOBHWIA cnoci6 perynauii
aKTUBHOCTI TreHiB y MPOKapioTMUYHMX KniTuHax. 6. Ha3BiTb Halbinbw yHiBepcanbHi
MeXaHi3Mu1 perynauii akTMBHOCTI reHiB B €yKapioTUYHIN KITUHI.
7. ki opraHizoBaHa AiAanbHICTb reHiB? 8. Ake 3HaYeHHA Ma€ perynauia akTUBHOCTI
reHiB Ana KNitnH? 9. K perynioeTbCca akTUBHICTb reHiB B €yKapioTUYHIN KNITUHI?
10. O6r'pyHTYiTe 3HAUEHHA eNireHeTVKIN LA PO3BUTKY MeAVLMHM Ta NPodinakTuKm
3aXBOPIOBaHb.

§ 39. TeHn. Perynauia akTMBHOCTI reHis

10-12

165




Tema 3. CMAOKOBICTb | MIHJTUBICTb

166

Kapiomun — ue KinbKicmes i 8u2/190 XpoMOCom
8 A0pi eyKkapiomuyHoT KIimuHu.
Bikinedis

§ 40. KAPIOTUN JIIOAUHWU. XPOMOCOMHWI AHANI3

OCHOBHi NOHATTA N Knto4oBi TepmiHv: KAPIOTUMN JIKAUHU. Xpomocomu.
XpomaTtnH. XPOMOCOMHUIA AHAJI3.
MpurapganTe! Lo Take kapioTmn i xpomocomu?

'\ 3HaliomTecs!

Ao Xin Tio (1919-2001) — amepUKaHCbKUIA re-
HeTUK, AKUN ynepLue po3ni3HaB HOPManbHY KiflbKiCTb Xpo-
MOCOM Yy KNiTuHax ntoguHu. s nogia sigbynaca 22 rpygHs
1955 p. B IHCTUTYTI reHeTukn JlyHACbKOrO yHiBepcuteTy
B LLBewji, Kyan HaykoBeub OyB 3anpoLlUeHMI afis AOCHi-
keHb. [lo ui€l maTn BBakanocd, WO B KiiTMHax Homo
sapiens, AK i B LUMMMaH3e Ta ropunu, € 48 XxpoOMoCom.

L 24 3mict

A0

Aki oco6nuBocTi KapioTuny niognHnN?

KapioTnn noanHN XxapakTepusyeTbCa 3a TUMU CaMUMK NpaBuiamMu, Wo 1 Kapio-
TUNK eyKapioTUYHMX opraHi3miB. Lle cneyugiyHicme, cmabinsHicme, napHicme, iHOU-
8idyaneHicme Ta HACmynHicme. Ana focnigxeHHA oco6nMBOCTeN KapioTuny noauHm
il XpoMocomum po3TallLOBYIOTb y BUMNAAI igiorpamm (Bif rpeu. idioc — cBoepigHUNn, 2pa-
ma - Hanuc). CKnagaHHA igiorpamu, Ak i cam TepMiH, 3anNpPOMNOHOBAHO YKPAIHCbKUM
uutonorom C. I HaBawwmHum.

Y 1960 p. 6yno po3pobneHo nepuly leHBepCbKy MiXKHapoAHY Knacudikadito Xpo-
MOCOM ftoAMHKW. Y OCHOBY i1 6yno noknageHo ocobnmBoCTi po3MipiB XPOMOCOMM Ta
po3TallyBaHHA LieHTpomepu. B igiorpami XxpoMocoMu po3TalloBYyIOTbCA NONAPHO Yy
nopAAKY 3MeHLLEHHA PO3MIpiB (KPiM CTaTEBMX XPOMOCOM). 3 LIi€I0 METOIO BUMIPIOOTb
JOBXMHN XPOMOCOM y MiKpomeTpax. [JoBXnHa XPOMOCOM KONIMBAETbCA Bif 2,3 A0
11,0 MKM. Bu3HauatoTb TakoX CNiBBiAHOLWEHHA JOBXWUHM KOPOTKOrO njeya Ao fOBXU-
HW BCi€i xpomocomu. 3a GopMoto, po3mipamu, NepeTaKKamm BCi XPOMOCOMU JTIOAUHM
noginAlTb Ha 7 rpyn; iXx No3HavyaloTb NATUHCbKMMK niTepamu (irn. 95)
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In. 89. |giorpama noguHu: 1 — yonogiya cTaTb; 2 — XiHOYa CTaTb



Y HOpMi KapioTun MAMHN CKNajaTtbca i3 46 XpOMOCOM, 3 HUX 44 ayTocomMu
(22 napw), o matoTb 0OAHAKOBY 6YJ0BY B YOSTOBIYOMY 11 )KiIHOYOMY OpraHi3max, Ta OgHa
napa crateBmx xpomocom (XY -y yonosikis i XX — y iHOK). XpomocomHa dopmyna
XKiHouoro Kapiotuny — 44A+XX, yonosiyoro — 44+XY. Takuii KapioTun 3anmwaeTbCa
HE3MiHHMM YMPOJOBX YCbOro »KMUTTA. Bigomo, wo noasiiHa fo3a reHHNX NPOAYKTIB
X-XpoOMOCOMM € CMepTeNbHOIO ANA OpraHiamy. Yepes Te B XiHOUMX KNITUHAX BUHUK
cnevianbHUN MexaHi3Mm, Wwo 3abe3neyye NocTiiHe nepebyBaHHA OfHIET X-XpoMoCcoMu
B iHAKTVMIBOBAHOMY CTaHi y BUrnAAi Tinbus bappa (abo ctateBoro X-xpomaTtuHy). BoHa
iHAaKTUBYETbCA Lie B paHHbOMY eMbpioreHesi 0 PO3BUTKY CTaTeBMX 3a03.

Omxe, KAPIOTUI NNIOOUHN - ue KinbKicHa 1 AkicHa
BupocneundiyHa cyKynHicTb 0cobNMBOCTEN XPOMOCOMHOFO Habopy
COMATUYHUX KNITUH NIOOUHMN.

Ak opraHizoBaHi Xxpomocomu B KapioTuni nioguHn?

Xpomocomu (Bif rpeu. xpomamoc — 3abapBneHuin, coma — TinbLe) — cmpykmypu
KJimuH eykapiomis, wo 3abesnedytoms 36epexeHHs, po3nodin ma nepedayy cndoko-
goi'iHopmauii. Lii maTepianbHi HoCii ana nepepavi iHdopmauii HaCTYyNHOMY NOKONiH-
HIO KNiTUH GOPMYIOTbCA i3 XPOMATUHY Nepes NoAiNom KnituH. XpomatuH (Big rpeu.
Xpoma - 3abapBneHHs) — komnaexc JHK 3 6inkamu, wo gpopmye xpomocomu. OCHOBHa
yacTKa B cKknagi xpomaTuHy npunagae Ha [IHK i agepHi 6inkun-ricToHu, wo yTBopto-
I0Tb [e30KCMPUOOHYKNEeoNnpoTeiHOBI Kommnekcu. HykneonpoTeiHOBMIA KOMMEKC 3
ofHieto monekynoto [JHK i € xpomocomoto. Hanpuknag, y KnituHax noguHn € 46 xpo-
MOCOM, i BignoBigHo, 46 monekyn [HK. Po3pi3HAtoTb ABa GyHKLiOHaNbHi CTaHW Xpo-
MaTUHY: eyXPOMaTUVH Ta reTepoxpomaTiH. LlinbHo ynakoBaHuiA, abo KOHAeHCOBaHMNA,
XPOMaTUH Ha3nBaloTb 2emepoxpomamuHom. [IHK retepoxpomaTvHy HepoCTyrnHa
[NA TPAHCKPUNLIT, | TAKMI CTaH XapaKTepHWI Ana 6araTbox HEKOAYBanbHUX AiNAHOK
abo reHiB, ekcrnpecia AKMX He NOTPiIOHA B KOHKPETHOMY TUMi KNiTUH. AKLWO Xpoma-
TUH YNaKOBAHWI HeLifIbHO, NOro Ha3vBaloTb AEKOHAEHCOBAHMM XPOMATUHOM, abo
eyxpoMamuHom. Y LibOMy CTaHi BiH 6inbLl JOCTYMHWIA ANA Pi3HOMaHITHUX GepMeHTiB
i 3a3BMYAN € TPAHCKPUNULINHO aKTUBHUM.

OcCHOBHVMW PiBHAMU OpraHisauii XpoMaTuHy B AApI KNITUH € HYK/1e0COMHUU,
HyKieomepHuUl, XxpoMomepHul, XxpomamuoHul Ta xpomocomHud. Lo 6aratopiBHeBy
CTPYKTYpOBaHicTb 3abe3neuyloTb Npouecy chipanisadii Ta KoHaeHcauii. IxXHi moxnu-
BOCTi BparkaloTb. Tak, y NOANHN [OBXMHA PO3Kpy4e-
HoT [JHK HaliMeHLLOi XpOMOCOMM CTAaHOBUTb GNM3bKO
14 000 MKM, a 1T [OBXMHa NiCNA YLWiNbHEHHA nuwe
2 MKM.

XPOMOCOMHMIN piBeHb OpraHi3awii XpoMaTuHy BU-
HUKae Ge3nocepedHbo nepep noginom KnitnH. Oop-
MYIOTbCA OQHOXPOMATMAHI XPOMOCOMM, WO nicnA
pennikauii AHK ctatoTb gBoxpomatugHumu. MNepeq no-
JiNoM y KNiTUHaX NOANHU MICTUTbCA 46 ABOXpPOMaTUA-
HUX XPOMOCOM. Xpomamuou (1) NOEAHYIOTbCS B QiNsHLi
nepBUHHOI NepeTAXKKY, Aie po3TalloBaHa YeHmpomepa
(2) - HeBenuKa HiNAHKa, WO NOAINAE XPOMOCOMY Ha ABi
YacTVHKM, YTBOPIOYUN NpU LiboMy dogee niede (4) i Ko-

) In. 96. Cxema 6ynoBu
pomke nneye (3) 3 Tenomepamum (5) (in. 96). MITOTMUYHOT XPOMOCOMM

§ 40. KapioTvn niognH1. XpOMOCOMHWIA aHani3
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OTXe, Nig Yac NOAiNy XpoMaTH KOHAEHCOBAHUN y XPOMOCOMMU,
O TX YiTKO MOKHa PO3rediTv HaBiTb Mif CBITIOBMM MIKPOCKOMOM,
Tofi AK y nepiof iHTepda3n XPoOMaTUH Po3cnabneHnii i po3gainaeTbca
Ha ey- Ta reTepoXpoMaTuH.

flke 3HaUYEHHA XPOMOCOMHOrO aHanisy?

XPOMOCOMHUW AHAJI3 - ye Oo- 4 3
CNioXeHHA ( aHaniz mopgonoeii, Kineko- E II
cmi G cmpykmypu okpemux Xxpomocom abo E ||
Kapiomuny & yisomy. [locnigXeHHA Xpo-
MOCOM € OCHOBOK YUMmoz2eHemu4yHo20 Trans ﬁ 10 8811 -
mMemody [OCNioKEHHA CNafKoBOCTI. Y nio- II EE g II II “
OVHU HaN3PYYHiLLUMM 06'€KTOM A aHanisy Dele
e. KyNbTVBOBaHi B CI'I'eJJ,IaJ".IbHOMy. PO3YKHiI 13 14 2= 15 516 '17 Iw
nimeoumnTtn nepudepinHoi Kposi (Memod “ " EE
Kynemypu kaimuH). lig yac BUroToBneHHA L
MiKpornpenapaTiB XpOMOCOM [0 KyJbTypu g8'c 880 B8E: BB IX 8Y
KNiTMH goAdaloTb ankanoig KONXiuuH, Wo
3yMUHAE NOAIN KNITHW Ha CTaAil MeTada- In. 97. XpomocomHuMIn aHani3 Kapiotuny
31. ToTim KNiTHM 06po6nAITL FiNOTOHIY- MIOAVHIN: KNacuHe (3 Anckamu) i cnek-
HUM po3unHom KCl, akmii Bigokpemntoe TpanbHe (B KONbOPI) KapioTunyBaHHA 3
XPOMOCOMU OfHY Bifi OOHOI, NicNA Yoro ix BUABJIEHNMMN XPOMOCOMHUMM MyTaLisi-
dikcytoTb i dpapbytoTb. 3aBAsKM Takiin 06- Mu 3a 1, 3 i 9-Tot0 Napamm xpomocom
pobui KoXHa XpOMOCOMA CTA€ BUAMMOIO Y CBITIIOBOMY MiKpOCKOMi. XpOMOCOMM Ha
Ui cTapii cknagaoTbca 3 ABOX XpoMaTug i MatoTb X-nofaibHy popmy. KoxHa xpomo-
CcoMma Npwu 3acToCcyBaHHi Memody K1dCUYHO20 KapiomunysaHHA NO CBOIN [OBXMWHI Au-
depeHLiloeTbcA Ha TeEMHI Ta CBiTRI cMyrn — AUCKK. MocnifoBHICTb po3TallyBaHHA LMX
ANCKIB, X popMa € crneundiyHMMN ans KoXKHOT Xxpomocomu. CneuianicT 3a gonomo-
rot KOMM'toTepHOI Nporpamu 36rpae Xxpomocomu, 3adikCoBaHi Ha 3HIMKY, NOMapHO
1 MOPIBHIOE, UM BCi CMY>KKM Ha MicCLli, Y/ HeMa€ 3ainBUX abo BiACYTHIX AiNAHOK (is1. 97).
Memoo cnekmpasnbHO20 Kapiomuny8aHHs fA€ 3MOTY MapKyBaT/ KOXHY i3 XpPOMOCOM i
BOAHOYAC AOCAifXKyBaTK yBeCb Kapiotun. OCTaHHIM YacoOM Yy XPOMOCOMHOMY aHani3i
LNA BUABJIEHHA XPOMOCOMHUX My TaLill BUKOPUCTOBYIOTb Memoo ¢/1yopecyeHmHoi 2i-
6pudusayil, aknit nonsarae y dapbyBaHHi xpomocom dnyopecLeHTHUMN bapBHKamMu,
Lo 3B'A3Yy0TbCA 3i cneundiyHMY SiNAHKaMy XPOMOCOM.

3a [OMOMOro XPOMOCOMHOIO aHanizy B MeANYHI reHeTuLi 4OCiAXKY0Tb Kapio-
TWN NIOAVMHK B HOPMI 1 'y pa3i naTtonorii, y ¢inoreHeTuli BMBYaOTb AeAKi 3aKOHOMIp-
HOCTi MyTaUinHOro Ta eBOJMIOLINHOro npouecis. BumiptoBaHHA JOBXWHWN Tenomep
Ha KiHLeBUX AiNAHKax XpOMOCOMU Ja€ 3MOry crnewianictam-repoHTONnoram ouiHUTK
WBUAKICTb NpoLecy CTapiHHA OpraHiamy NI0ANHN, OCKINIbKM TeTIOMEPU 3MEHLYIOTbCA
3 KOXHUM NOAINOM KiTUH. Y CyAoBi MeanLHi XpOMOCOMHUI aHani3 3aCTOCOBYOTb
ONA BU3HAUYEHHA CTaTeBOI HANEXXHOCTI KPOBI.

OTXe, BUABMEHHA NOPYLUEHb Yy CTPYKTYPi KapioTuny 3acHOBaHe
Ha BMBYEHHI XPOMOCOM NIOAMHN B HOPMi N Yy pasi maTonorii.



AIAJIbHICTb
CamocrTillHa po6oTa 3 intocTpaui€to. OpraHisauia xpomaTuHy

3icTagTe piBHI OPraHizaUil XxpOMaTUHY i3 2pm 11nm 30nm 300nm 700 nm 1400 nm
MO3HaYeHHAMM Ha imlocTpalii Ta 3amoBHiTL 1 %% % <% <% <> <>
y pobouomy 3owuTti Tabnuuto. MoACHITb,
AKMM UYMHOM CTBOPIOETLCA [lyXKe BUCOKUN
piBeHb YLiIbHEHHA XPOMOCOM, O [OCATraE
7000 - 10000 pasis.

2 3 4
Ta6nuua. XAPAKTEPUCTUKA PIBHIB OPTAHI3ALIT XPOMATUHY
PiBeHb opraHi3sauii xpomaTuHy | [lo3HauyeHHA Mpouecn i1 piBeHb yLiNnbHEHHA

bionoria + AHTponoreHes

LLinmnaH3e KapnukoBuii, abo 60Ho60 (Pan paniscus), -
BV NIIOANHOMOAIOHMX MaBM 3 pOAMHM romiHifiB. KBy Tb 60-
HO60 B TponiuHux nicax LleHTpanbHOT AQprKKN Ha HEBENVKIN
TepuTopii Mix piukamu KoHro i Jlyanaba. YncenbHicTb cTaHo-
BUTb e 6nn3bko 10 TMcAaY ocoburH. boHo6o cTaB WKpoKo
BifoMUM Hayui B 1960-X pokax i MOKM 3anMWaeTbca ManoBu-
BUEHUM BMAOM. [loBefiTb 3a JOMOMOro LUUTOreHETUYHOrO MeToAy, WO WUMNAH3e
Kapaukosul € HaNGNMXKYMM A0 JTIOAVHN PO3YMHOI 3 HVHI iCHYIOUMX BUAIB TBAPUH.

CTABJIEHHA

n

bionoria + MeguuyunHa. XpoMmocoMHMIA nacnopTt

XPOMOCOMHMI aHani3 € OCHOBOI CTaH-
JapTHOrO KapioTUNyBaHHA, WO MPOMOHYETb-
cA mMeguyHUMKM nabopaTtopismu N LeHTpamu
ANA OUiHIOBaHHA penpoayKTUBHOIO 340POB'A
noApyxHix nap. Taki uMTOreHeTUYHi pocni-
OXEeHHA OTpMManM Ha3By «XPOMOCOMHOrO
nacrnopta». Aka iHpopmauia BigobpakeHa B I
XPOMOCOMHOMY MacnopTi? BUCNOBITb CBOI CyAKeHHA WoA0 3HaYEHHA XPOMOCOMHOIO

aHanisy ana npodinakTukm cnagKoBux XBopoob NoanHN.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take KapioTun nioanHn? 2. Kol € XPOMOCOMHa GOpMya KapioTUMy »KiHKK
1-6 |1nuonogika? 3. Lo Take xpomocomu? 4. LLlo Take xpomaTtuH? 5. LLlo Take xpomocom-
HWU aHani3? 6. Ha3BiTb ranysi 3acTocyBaHHA XPOMOCOMHOTIO aHanisy.

7. Aki ocobnmBocTi KapioTuny nioanHK? 8. AK opraHizoBaHi XpOMOCOMU B KapioTuni
noanHn? 9. Ake 3Ha4YeHHA XPOMOCOMHOrO aHanisy?

10-12 10. flke 3HAaUEHHA XPOMOCOMHOTO aHanisy Ana npodinakTMKM CNagKoBMX XBOPO6

nognHn?

§ 40. Kapiotun ntogmHn. XpOMOCOMHWIA aHani3
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[eHom /1100UHU 3HaMeHYe cob60to0 Ha0baHHsA 1ACcMaa.
I3 3aeanvHoi 0eknapayii npo 2eHOM JIIOOUHU | Npasa IroOUHU

§41. TEHOM NIOAUHN

OcHOBHi NOHATTA 1 Knto4oBi TepmiHn: FTEHOM JIIOAUHU. NreHomika.

MpuraganTe! Lo Take reHom?
& MomipkynTe!

MixkHapogHun  JOKymMeHT «3aranbHa pe- A
Knapauif npo reHoMm AIOAVHMN | NpaBa NIOANUHW» Of- NN

HOrOSIOCHO MPUNHATO [eHepanbHO  KOHepeHLUiEw

IOHECKO Ha i1 29-n cecii 11 nucrtonaga 1997 p. II

Y  BCTYMHIW  YaCTUHI  JOKYMEeHTa  3a3Haya€TbCA:

«...Haykosi 00c/1i0)eHHS uj000 2eHOMY IOOUHU i NpAKMUY- —  e—
He 3acmocy8aHHs IXHix pe3ynemamie giokpusarome 6e3-

MeXHi nepcnekmuagu 0718 NoslinweHHs 300p08’s okpeMux sitodell i 8Cb02o 00CMEd. .. ».
LLlo Take reHOM NOANHN | AKe 3HAYEHHA MaloTb NOro AocChigkeHA?

3MICT

AKi Han3aranbHiWi 0co6nMBOCTI reHomy NOZUHU?

FEHOM JIIOAUHWU - cykynHicmeb ycix 2eHig i MmixeeHHUX npomixkie mosekyn [JHK
JII0OUHU, W0 MicmAMbCA 8 A0pi U MimOXOHOPIAX KAIMUHU. TeHOM NIoANHN Ma€ 3HauHy
NoZibHICTb JO iHWKX eyKapioTUYHUX reHOMIB,

a came: Mo3aiyHuUl npuHYun 6y008uU KOOy8asib-
HOI YaCMUHU, HAABHICMb (PYHKYIOHA/IbHUX ma
HeyHKUioHanbHux nocnidosHocmeli JHK, Had- o= EE EE HH E EEEE
JIUWKOBICMb  HeQYHKYIOHAbHUX NOCi008HO-

cmet [JHK Ta iH. Y TOW e yac reHoMm NIoAnNHN 1 2 3 4 5 6 7 8 9

Ma€ HK3Ky ocobnusocTei (is1. 98). EE BB HE ax == EE -}
[eHOM noAUHU YTBOPEHUN AQEepPHOI Ta EE EE EE EE EE E EE

MiToxoHgpianbHoto [OHK. MitoxoHapianbHun 0 11 12 13 14 15 16 17 18

OHK po3mipom 65n13bko 16 500 nap Hykneo-
TUAIB, AKa MicTUTb 37 reHiB. binbWwicTb i3 HUX
BiANOBINalOTb 3a KWUCHEBWI eTan KiTUHHOro In. 98. TeHoM noAMHN B HOPMI
ONXAHHA.

AoepHuin reHom NMANHN CKNAAAETbCA 3 22 nap ayTOCOM i ABOX CTaTeBUX XPO-
Mocom (X Ta Y). 3anexHo Big po3mipiB Ta Mopdonorii XpomMmocomu NoanuHN NogineHo
Ha 7 rpyn (A, B, C, D, E, F, G). Hain6inbLuoto 3a po3mMipamu € xpoMocoma 1, o Hane-
XWUTb Ao rpynu A (pisHonneuosi xpomocomu). i monekyna JHK mae maiixke 248 mnH
nap OCHOB, WO CTaHOBUTb 6nn3bko 8 % Bcboro maTepiany AHK niogcbkoi KnitnHM.
Ha cborogHi BBa)Ka€eTbcA, Wo B 1-1 XxpoMocomi MicTutbcA 3 511 reHis. HalimeHwoto €
Xpomocoma 21, Mpo Wo CBiAUUTb KiNbKicTb HYKNeoTuAiB B ii cknagi — 47 mnH nap, abo
1,5 %. Xpomocoma 21 Hanexutb go rpynu G (LeHTpoMepu pO3TallOBaHi Ha KiHLAX
XPOMOCOM), i y Hin € Big 300 fo 400 reHi..

reHoOM NpeacTaBieHNN KiNbLEBOIO MOMIEKYNO ... EE _____ EE ..... EE ..... éé‘ ....... E ...... E .......
X X



3aranbHi po3mipu agepHux monekyn JHK nto- Mostopu
OVIHW CTAHOBNATb 61M3bKO 3,2 MAIpA Nap HyKeo-
TUAIB. Y reHoMi IOAVHY KiNbKiCcTb BiNIKOBUX reHiB
popisHioe 21 tuc. n redis PHK — 4 tuc. 3aranbHa
[OBXMHa KOAyBalbHNX AINAHOK reHis gopisHioe .
34 MnH nap HykneoTtuais i ctaHoBUTb 1,2 % re-  [OHK _  Ek30Hu
HoMy. KinbKicTb reHiB nogvHu He € HanbinbLwo IHTPOHM
(Hanpuknag, y muwi xatHboi 22 000, y Hematoau In. 99. BiHOCHMI1 BMICT
(Caenorhabditis elegans) — 20 000), ane B nOAUHN MOC/ILOBHOCTEI PI3HIX TUMIB
€ anbmepHamueHuli cnaadcuHe, Wo [Ja€E 3Mory y TeHOMI NIOAVHN
KNiTMHaM OTPUMYBATU Pi3Hi 6iNKK 3 04HOrO reHa.

XapakTepHolo 0COONMBICTIO FEHOMY NIIOAVMHN € HU3bKMIA BiZHOCHUI BMICT eK30-
HiB (1,5 %) 1 iHTPOHIB (6n113bKOo 34 %) (1. 99). InA NOPIBHAHHA B reHOMi HemaToau
(Caenorhabditis elegans) 27 % npunapa€ Ha ek30HW i 26 % — Ha iHTpoHu. Cepep NOBTO-
piB BUCOKMM BMiCTOM XapaKTepPU3yloTbCsl FeHETUYHI MOGiNbHI eniemeHTV (Hanpuknag,
OHK-TpaHCNO30HM), WO MOXYTb nepemillyBatnca B reHomi. OKpiM Toro, 6513bKo
1 % reHomy niofMHK 3alimatoTb BOyaoBaHi reHn peTposipycis (poguHa PHK-BMmicHKX

BipycCiB).

OTXe, HaM3aranbHilLMMN OCOONMBOCTAMMN FeHOMY NOANHN €
AQEPHUI Ta MITOXOHAPIAIbHUIA KOMIOHEHTW, 0CO6IMBA XPOMOCOMHaA
OpraHisauif, He3HauyHa KinbKicTb QYHKLiOHAaNbHMX FeHiB i BMCOKa
HaQIMLWKOBICTb HEeYHKLIOHANbHUX MOCNiLOBHOCTEN.

AKNMN € OCHOBHI HaNpPAMU JOCAIAKeHb reHoOMY NANHN?

leHomika — Hayka, Wo 8uBYA€E 3AKOHOMIpPHOCMI op2aHizayii ma ¢yHKUioOHy8aHHA
2eHoMy. B cyuacHin reHomiui BUOKPEMIIOIOTb HN3KY HanpAMiB, cepep AKUX npiopum-
TETHUMW € CTPYKTYPHUIA, GYHKLIOHANbHWIA, MOPIBHANBHUIA, 6i0iHGOPMATUBHUIA.

MNpeameTom cmpyKkmypHoOi 2eHOMIKU € CeKBEHYyBaHHA F€HOMIB i CTBOPEHHA X
KapT. Ana yboro y 1990 p. 6yB po3noyaTuii Mi>kHapOAHUI NPOEKT «[eHOM NIoANHWY.
Y 2003 p. npoeKT B OCHOBHOMY 3aBepLUnBCA. [0JIOBHOK MeTO NpoeKTy OyNo BM3Ha-
YeHHA TOYHOI MOCNIAOBHOCTI HyKneoTuais y monekynax [HK KoxHoi xpomocomu.
Kpim Toro, noTpi6HO YN0 ofepaTui FeHETUYHI KapTu XPOMOCOM 3 iHpopMmaLi€eto npo
HasABHICTb Ta pPO3TallyBaHHSA reHiB, a TAKOX MPO Te, IK FeHU BM3HayvatloTb Ti a0 iHWi
O3HaKM opraHiamy. Afxe 6arato 03Hak 3anexatb Bif [eKiNbKOX reHiB, 4acTo po3Ta-
LIOBAHMX Y Pi3HMX XPOMOCOMaX.

QDyHKYioHanbHa 2eHOMiKa [oCNifXye 0COb6NMBOCTI eKcnpecii Ta B3aeMogii reHis
y HOpMi Ta B pa3i naTonorin. Baxxnuerm ii HanpAMOM € BMBYEHHA GiONOriyHNX OyHK-
Uil NpoAyKTiB akTUBHOCTI reHiB — PHK Ta 6inkiB. MounHatoum 3 2003 p. noHag 400 yue-
HuX i3 Benukoi bputaHii, CLUA, Icnanii, CuHranypy, AnoHii npavosann Hag NpoeKTom
«EHUMKnonegia enemenTtis JHK» (Encode), 1o maB Ha MeTi BCTAaHOBUTU MPU3HAYEHHA
yCiX HePYHKLiOHaNbHMX YacTUH reHoMy. Y paMKax Liboro AOC/ifKeHHA BUABMMOCSA,
O MOro «3alBi» YaCTUHW PEeryntoloTb akTUBHICTb iHLWKMX reHiB. Kpim Toro, HaykoBLUi
BVMIOKPEMUIIN KJIaC FreHiB-«nepemMmurKauiBy» — ginaHok [JHK, wo BmMrKaoTb abo BUMMKa-
I0Tb Y KNITUHAaX NeBHi reHu.

MMopiBHAHHA CTPYKTYpU Ta OYHKLiOHYBaHHA reHOMY JIIOAUHU 3 FeHOMamu pis-
HUX OCOBWH i BUAIB € NpeAMeTOM NOpieHANbHOI 2eHOMIKU. [laHi i3 ceKBeHyBaHHA

§ 41. [eHOM nOANHN
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YMOXIIVBIIIOIOTb BUABMEHHS iHAUBIAYaNbHUX 0COBNMBOCTEN reHoMIB. BcTaHOBREHO,
Wwo 6yab-AKi ABi MOAVHM MAOTb iI€HTUYHI NOCNIAOBHOCTI HYKNEOTUAIB i NofibHI Ha
99,5 %. | nuwe 0,5 % 3ymoBAIOOTb iIHANBIAYaNbHI BIAMIHHOCTI — KOAip O4Yen, picT, 0co-
6/MBOCTI TeMMNepaMeHTY, CXUbHICTb [0 3aXBOptoBaHb Ta iH. HaABHICTb ogHaKoBUX
LiNAHOK Y reHoMax pi3HMX BUAIB Ja€ 3MOry BCTaHOBUTW GinoreHeTUYHi 3B'A3KN MiX
HUMW Yn NporHo3yBaTy GYHKLUIT reHiB. Tak, HayKoOBLi BUABMAN NOLIOGHICTb perynaTop-
HUX eNeMeHTiB NIOAUHN 11 prbu ¢yry, ane reHom puby Mae HabaraTo MeHLUY KifbKicTb
HedyHKUioHanbHOI [HK, 10 3HaUHO Noneriye NoLwWyK i BUBYEHHSA LIUX PEryNATOPHUX
efleMeHTiB.

bioiHhopmamueHuli HanpAM JOCNIAXeHb FeHOMY CNPAMOBaHN Ha OfepP»KaHHA
BMCOKOSAKICHUX HYKNIEOTUAHUX NOCNIAOBHOCTEN reHOMIB i3 dparmeHTiB, OTPUMaHUX
3a JOMOMOrolo TpaauuinHnx meTtodis cekBeHyBaHHA [JHK. OcHoBY LbOro Hanpamy
CTaHOBMATb KOMMN'tOTEPHI MeToAM aHanisy nocnigosHocten AHK, PHK Ta 6inkis.

OTXe, OCHOBHMMM HanpAMamMn JOCNiAKEHb FrEHOMY NIOAVHUN € CTPYKTYp-
HUN, PYHKLiOHaNbHWIA, NOPIBHANBHWI Ta 6ioiHGOPMaTVBHUN.

flke 3HaueHHA gocnigKeHb reHoOMY NIOANHN?

3HaHHA reHoMy NOAVHY BifKPUIOTb HOBI WAAXW ANA AiarHOCTYBaHHA Ta NiKyBaH-
HA CNagKoBKX XBOPOO Y MeOUYUHi. Ha CborofHi BXXe onmncaHo reHu, BiinoBiganbHi 3a
TaKi 3aXBOPIOBaHHSA, AK XBOpoba AnbLreiMepa, MyKoBicUMA03, Wn3odpeHis. Hangi-
€BIilIVIM CNOCO6OM NiKyBaHHA Oyna 6 3amiHa fedeKTHOro reHa Ha HOPMasnbHWI i3 3a-
CTOCYBaHHAM MeTofiB reHoTepanii. LLle ogHm BaXKnmBmMm pe3ynbTaToM AOCHIAXKEHb
reHoMy NIOAVHWN € BUABMNEHHA MeHiB, WO BU3HAYyaloTb CXWUbHICTb A0 aNKoronismy,
HapkoMaHii abo iHWKx HabyTux xBopob. Lle gactb 3mory 34ilcHIOBaTM paHHIO fia-
FHOCTUMKY 1 MPodinakTKy XBopoob.

BigoMmym dakToMm € Te, WO NiKM MOXYTb 3yMOBJIOBATW Pi3HY peakLilo B Pi3HUX
mogen. GapmaueBTUYHI KOMMaHii BXe NNaHyloTb BUKOPUCTOBYBATY JOC/IIXEHHA re-
HOMY ANA PO3BUTKY NepcoHigikoeaHoi MeOUyUHU i hapmakozeHemuKu.

AHani3z noai6HocTi B nocnigoBHocTax OHK pi3HMX opraHi3amiB BigKpWBa€E HOBI
MOXNUBOCTI AnA ¢GinoreHeTUYHUX AOCNIQKEHb Y cucmemamuyi 1 esostoyiliHil
6ionoaii.

BuBUeHHA Pi3HOMAaHITTA NIOACBKOrO reHoMy B pi3HMX BUAiB poay JliogmHa, pis-
HUX eTHiYHUX rpyn Buay JlloanHa po3yMHa AacTb 3MOTy OTPMMaTK HOBI AaHi LWOAo
3aKOHOMipHOCTEN iICTOPUYHOIO PO3BUTKY B aHmponosoeii. BapiabenbHicTb reHomy
NOAVHW CripuAna noABi HOBOro HanpAMy reHOMiKW — emHO2eHOMIKU, fika CBOIMU
LOCNIIXKEHHAMUN CNpUAE PO3BUTKY eTHorpadii, ictopii, apxeonorii, niHreictnku. We
Of4HUM LiKaBMM HaNPAMOM reHOMIKWN € nasie02eHOMIKd, 10 3aiMAETbCA BUBYEHHAM
paBHix OHK, oTpumaHumx i3 BUKOMHUX pewTok. Tak, gocnigkeHHa OHK 3 KicTok He-
aHpepTanbLUiB BUABWUAW, HaNpUKiag, He3[4aTHICTb iXHiIX OpraHiamiB nepeTpasnaoBaTh
NaKkTo3y.

OTXe, [OCNigKEHHA reHOMY NIOAVIHY BiAKPUBAE 6e3MEXHI NepCcnekTUBn
Ana 6aratbox ranysen QiANbHOCTI NIOAMHK, ane NPy LbOMY BOHW HE MaloTb
CTaTU OCHOBOIO ANA NMPUHUMXKEHHA NIOACHKOI FiAHOCTI N HEXTYBAHHSA
npaBamu NOAUHN abo OKpeMux rpyn Nogen.



BIANbHICTb

CamocTilnHa po6oTa 3 Tabnuueto

3a gonomoroto Tabnuui BM3HauTe 0COBNNBOCTI FreHOMY NIOAMHNW. 3aMOBHITb Yy PO-
60uomy 30LWNTi TabnamLio Ta cGopMynoNTe BUCHOBOK NPO NPUYNHN NOAIGHOCTI i Big-

MiHHOCTel reHOMY JIIOAMHU 1 FEHOMY iHLINX €YyKapioTUYHMX OPraHi3miB.
Ta6nunua. OCOBJINBOCTI TEHOMY JIIOAUHIA

O3HakKa

Oco6nuBocTi

PostawysaHHAa HK

OpraHisauia xpomocom

KinbKicTb nap ocHoB

KinbKicTb reHis

CniBBiAHOLLIEHHA €K30HIB Ta IHTPOHIB

O3HaKy NoAibHOCTi A0 reHOMIB iHLLUX eyKapioTiB

bionorisa+ BigkputTa. [lo60Bi puTMU 1 eKcnpecis reHis

Naypeatamn Hobeniscbkoi npemii B
ranysi ¢izionorii i meguuunHmn 2017 p. cTa-
JIN TPOE amepuKaHCbKNX yyeHnx — [1. Xonn,
M. Po36aww ta M. AHr. JocniaHNKn BUABWUIN
reHu, Wo KOHTPOnioTb f060Bi 6iopuTMM
i noACHUNM Mogenb X perynauii, Wwo rpyH-

TYETbCA Ha NMPUHLMMI 3BOPOTHOTO 3B'A3KY Ixeddpi Maiikn Maiikn

MK 6inKaMn 11 iHTEHCMBHICTIO eKcnpecii Xonn Pos6aw Anr
reHiB: HaKOMUUYEeHHA GinKka ranbmye TXHill CMHTe3 i HaBnaku. Ha npuknagi uboro Bia-
KPUTTA OLiHITb HAYKOBE 3HAaYEHHA [OC/iIAXXEeHb FreHOMY NOANHN.

CTABJIEHHA

bionorisa + Hayka. leHom niogniHn

MpoekT «[eHoM nogMHM» BapTicTio B 3 MnpA fonapis OyB 3a-
nyweHun B 1990 p. MiHictepctBom eHepreTuku CLUA # [HCTUTyTOM
oxopoHu 3popos’a. Okpim CLUA go MiXkHapogHOro KoHcopuiymy
BBiNWAM reHeTukn Kntato, ®paHuii, HimeuunHu, AnoHii i1 Bennkoi
BpuTanii. Yomy ana peanisauii npoekty 6yno no€gHaHoO 3ycunis

6aratbox HaykoBLiB? Yomy Ha emb6riemi NpoekTy «[eHoM NoAaUHN»
Ha3BaHO TaKi HayKu, AK 6ionoris, Ximif, di3nKa, eTrKa, iHbopmaTrKa Ta iHKeHepia?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. Wo Take reHom nioguHn? 2. HaBepitTb Nnprknagn ocobnnBocTell reHomy noguHu.
3. Wo Take reHomika? 4. Alka ronoBHa meTa NpoeKTy «[eHoM noanHN»? 5. HaBeaiTb
npuKnagy NpakTMUYHOro 3aCTOCYyBaHHA Pe3ynbTaTiB JOCIAMKEHHA FeHOMY NIOANHMN.
6. Ha3BiTb ranysi 3actocyBaHHA 3HaHb NPO reHOM JIIANHN.

reHoMmy NoANHU?

7. AKi Hal3aranbHilwi 0cob6aMBOCTI reHoMy NtoanHN? 8. AKUMUK € OCHOBHI HanpaMK
7-9 | pocnigxeHb reHomy noanHN? 9. AKe HayKoBe 1 NPaKTUYHe 3HaYeHHA [OCNIgXKeHb

10-12

10. Yomy Ha embnemi npoekTy «[eHOM NoAMHN» Ha3BaHO TakKi HayKu, AK Gionoria,
ximisi, Gisvika, eTuka, iHpopmaTuka Ta iHxeHepia?

§ 41. TeHOM noANHN
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Cepe0 ycix xuux op2aHiamig 1to0UHA — Haubinbw yikaguli 2eHemu4YHUl 06’ekm.
3 niopyyHuka zeHemuku

§ 42. TEHETUKA TIOAVHNA

OCHOBHi MOHATTA N KnwuoBi TepmiHu: TEHETUKA JNIIOOUHW. JlioguHa
pO3yMHa.

MpuraganTe! Lo Take reHeTuKa?

& Momipkynite!

CepepHA TpUBaNiCTb akTMBHOIO XUTTA IIOAVHN
6e3nepepBHO 3pocTa€. Hanpuknag, B 6aratbox KpaiHax €B-
ponu cepefHA TPMBANICTb KNTTA CTAaHOBUTb 76 POKiB AnA
yosoBikiB i 81 pik — ana XiHokK. Lle Ha 30 pokiB 6inbLue, HiX
CTONITTA TOMY. IKLLO HUHILIHA TeHAeHLiA 36epexeTbca, no-
NOBWHA fiTen, HapoaxeHux nicnAa 2000 p., AoXKKMBe A0 CTa, @ OKPeMi i 11 fo cTa ' atge-
CATW POKIB. A AKY porb y Uil TeHAEHLil Bigirpae reHeTKa NIoANHN AK HayKa?

3MICT

flke 3HaYEHHA MA€ reHeTVKa NIOANHN AK HayKa?

FEHETUKA NIOAUHW - 6ionoziyHa Hayka, wo 0ocioxye ocobnugocmi cnadko-
8ocmi U MiHnU8oCM| /IIOOUHU. YCi OCHOBHI 3arasibHi 3aKOHOMIPHOCTI CMagKOBOCTI, WO
X YCTaHOBMIEHO ANA TBAapPWH | POCANH, cnpasefnuei n ana nioanHu. OgHak y JliognHu
PO3YMHOI € couianbHi 1 6ionoriuyHi 0cobNMBOCTI, L0 3yMOBUII BUOKPEMIIEHHSA reHe-
TUKN NIOAVHN AK CAMOCTINHOT HayKMW.

Baromnin BHECOK Yy pPO3BUTOK FEHETUKM JIIOAUHU 3pobuB
aHrnicbknn 6ionor @. fanemon (in. 100). AHanisyloun cnagko-
BICTb psgy CimMel, yyeHWn AiNOoB BUCHOBKY, WO OCOGAMNBOCTI
NIOAVIHM 3YMOBJIEHI He Nnlle yMOBaMy CcepefioBuLLa, a i cnajKo-
BicTio. CyyaCcHMIA eTan PO3BUTKY aHTPOMOreHeTUKU XapaKkTepu-
3YETbCA CTPIMKMM 3POCTaHHAM 00CAry 3HaHb MPO MOJSIEKYNAPHY
6yOBY reHeTMYHOro MaTtepiany Ta MexaHiamu myTareHesy. CBig-
YEeHHAM Takux YCMixiB € peanisauia miXkHapogHoi nporpamun «le-
HOM NIOANHN>. In. 100. ®. Fanb-

leHeTMKa NOANHM MAE Pi3HI HANPAMW, WO PO3BUHYNCA B Ca-  ToH (1822-1911)
MOCTIlHI ranysi. MeduyHa 2eHemuKka BUBYaE CNagKoBi XxBopobu,
po3pobnsAe MeToAU AiarHOCTUKMK, NiKyBaHHA N NpodinakTuku. LjumozeHemuka Bu-
BUYAE XPOMOCOMM JIOANHY, iX CTPYKTYPHO-bYHKLiOHaNbHY OpraHisaLito, KapTyBaHHS,
po3pobnse MeToaM XPOMOCOMHOTO aHanisy. llonynayitiHa 2eHemuka LOCNiAXKY€E reHe-
TUYHY CTPYKTYPY NIOACbKUX MONYAALUiNA, 4aCcTOTy 3yCTpivyanbHOCTI anenis | reHoTMNIB,
OLHIOE reHeTUYHi HacniaKu 3abpyAHeHHs OOBKiNAs. bioxiMiyHa 2eHemuKa BUBYAE
WNAxy peanisauii reHeTUYHOI iHopMmaLii Bif reHa fo o3Haku. Po3pobka cuctemu
3axMCTy reHopoHAy ntogen Bif MOHi3ylouoi pagiauii — ogHe 3 OCHOBHMX 3aBAaHb
padiayitiHoi 2eHemuku. IMyHO/I02i4HA 2eHeMUKA BWBYAE TF€HETUYHY 3YMOBIEHICTb
iMyHONOTYHMX O3HaK OpraHiamy, iMyHHUX peakuin. QapmakonoeiyHa 2eHemuka
LOCNIXKY€E FeHETUYHY 3YMOBJIEHICTb PeaKL il OKpeMmMX NIIOAEN Ha NiKapcbKi 3acobu Ta
[il0 OCTaHHIX Ha cnagKkoBuUi anapar.




MigrpyHTAM ANA BUBYEHHA 3aKOHOMIPHOCTEN CNagKyBaHHA B IOAUHU CTano [o-
CNiIKEHHSA CMAaIKOBUX XBOPOO, AKMX HUHI onucaHo BXe 6a13bko 9 000 (oHKosoriu-
HUX, CEPLEBO-CYANHHUX, NMCUXIYHMX TOLLO).

OTXe, reHeTMKa NIOANHU € OCHOBO Gionoril NoANHY;
BOHA AOCIIAXKY€E MOAIOHICTb N BIAMIHHOCTI MiX NlogbMK
Ha Pi3HUX PiBHAX OpraHisauii XuTTA.

fAki oco6nanBoCTi NOANHN AK 06’'€EKTa reHeTUYHMX AocnigKeHb?

JliopmHa posymHa — 6iocoyianeHuli 8ud, Ha iCMOpPUYHE CMAHOBJ/IEHHSA AKO20
8nJuHynu 6iono2ivyHi U coyianbHi YUHHUKU dHmMponozeHe3y. [locnif)eHHA NIOANHN AK
reHeTMyHoro ob’'ekTa NoB’'A3aHe 3 NeBHMMM TPYAHOLLAMW, ane Mae I CBOT nepesaru.

1. Hemo)knugicmes ekcnepumeHmasibHUX cXpewjyeaHs y WITy4YHUX yMmoBax. He
MO»Ha BifibmpaTn 6aTbKiB i3 NOTPIOGHNMM reHOTUMaMM Ta OfepPKyBaTH 11 aHani3yBaTu
IXHIX HaWaAKiB. Y pa3i reHeTUYHOro aHasi3y CTOCOBHO NIIOAUHN 3HMKAE MOXNUBICTb
3aCTOCYBaHHA OCHOBU riGPMAONOriYHOrO MeToayY.

2. Mi3HA cmameaa 3pinicme i 0082a mpueanicme 2eHepay,iti — [nNA 3MiH OJHO-
ro NOKONiHHA B NOANHMN NOTPiI6HO 20 — 30 pPOKiB, WO YTPYAHIOE aHani3 ycnaaKyBaHHA.

3. Hesenuka KinbkKicme Haujaokis, y Tol 4Yac K NPOBeAeHHs CTaTUCTUYHOrO
aHanisy posLiensieHHs 03HaK NOTPebye AOCTAaTHbO BENMKOI KiNbKOCTI HallaaKiB Big
OfHi€l napu 6aTbKiB. [InA po3B’sA3yBaHHA Li€i npobnemMun BefyTb NOWYK 6aratofiTHMX
poAnH abo 1obupatoTb NOTPIOHY KiNbKiCTb HEBENKIUX CiIMEN, Y AKX CNOCTEPIraeTbCA
03HaKa, WO LUikaBUTb AOCNiAHMKA.

4. BiocymHicme yucmux AiHill i HeMOXNMBICTb IXHbOrO OTPVMAHHA € e OfHI€El
06'EKTUBHOIO NPUYMHOLD, AIKA YTPYLHIOE aHaNi3 ycnaAKyBaHHA O3HaK.

5. Benuka Kinekicme xpomocom (2pyn 34ensieHHs1). XpOMOCOMHUI Habip noau-
HW CKNagaeTbca 3 23 nap XPOMOCOM i, BiAMOBIAHO, 23 rpyn 3uenneHHA. Bennka Kinb-
KiCTb XpOMOCOM YTPYAHIOE TXHE FTEHETUYHE 1 LMTOMOTiYHE KapTyBaHHs, 0CO6MMBO 3a
JOMOMOro0 MeTOAiB KNaCUYHOT reHeTUKM.

6. Hemoxnueicme cmeopeHHss cmaHOApmMHUX yMO8 iCHY8AHHA [NA Pi3HNX
rpyn iHAUBIAYYMiB 3HAUHO YTPYLHIOE BUBUYEHHA yCMafKyBaHHA 6araTbox O3HaK Jto-
OVIHW. HaBKONVLWHE cepeloBULLE YNHUTD BENIMYE3HUI BIIMB Ha GOPMYBaHHS HU3KM
03HakK, OfIHaK Liell BM/IMB HE MOXe 3MiHI0BATMCA 33 Ba’kaHHAM JOCNigHMKa.

He3Barkaloun Ha BKa3aHi Npobnemu, NiognHa SK reHeTUYHUI 06'EKT MA€E TaKOX
pAL BaXKNMBMUX NepeBar: iCHYe BEIMKUA MacuB [laHMX LWOoAO aHaTomii, disionorii Ta
Gioximii NOANHK; iICHYE MOXNMBICTb CMiNKyBaHHA 3 00'€KTOM AOCHiIAXKEHHSA, WO noner-
Lye OTPUMaHHA iHbopMmaLii Npo Noro poamnyis i gonomarae foCnigKyBaTu O3HaKU,
noB'A3aHi 3 BigUyTTAMN, eMoLifAMY, iIHTENIeKTOM; NPAKTUYHO MOBHICTIO BCTAHOBJIEHO
reHOM NIIOAVHN.

OTXe, reHeTUYHI AOCNIAKEHHA NIOAUHM NOB'A3aHi 3 HU3KOK TPYAHOLLIB
1 mepeBar, 3yMOBJIeHMX i 6iocoLianbHO NPUPOAOIo.

AKMNM € 3B’A3KN Ta OCHOBHI MeTOAMN AOCAIAXKeHb Yy reHeTuLi nloguHK?
[eHeTVKa NoAUHN TICHO CNiBMpaUtoe 3 iHWKMK GionoriyHumu (eBonouiiHa 6io-
Norisi, aHTPOMNosorisA, repoHTosNOrisA, 6ioximia, uuToNOria, MonekynsipHa bionoris) i
HebionoriyHumm (PismnkKa, ximia, reorpadia, matemaTnka) Haykamu. PesynbtaTtv gocni-
[XeHb reHeTUKU NI0AMHM 3aCTOCOBYIOTbCA Y MeAMLMUHI, €KONOril, TCUXOoNOorii, CnopTi,

§ 42. [eHeTWKa NOAVHN

175




Tema 3. CMAOKOBICTb | MIHJTUBICTb

176

nepgaroriui, KpumiHanicTuui, inocoodii, couionorii Towo. BogHouac noTpebu reHeTU-
K1 IOAUHU CTUMYJIOIOTb PO3BUTOK CyYaCHUX HanpAMIB 3arajibHOT reHeTUKM, MOJIeKy-
nApHoi bionorii, 6ioTexHoNorii Ta iH.

MeToan, WWo X BUKOPUCTOBYIOTb Y reHeTULi NIOANHN, MPUHLMMAOBO He Bifpi3HA-
I0TbCA Bif 3aranbHOMNPUNHATMX ANA iHWKNX 06'€KTIB — Lie reHeanoriyHui, 6aIN3HIOKO-
BWI, LUTOrEHETUYHIIA, MONYAALINHO-CTaTUCTUYHMIA, BioXimiuHWA, fepMaTornidiuHmi,
MOJIEKYNAPHO-TEHETUYHI, OHTOTeHETUYHMIA Ta 6araTo iHWMX.

leHeanoziyHuii Memoo nonArae y Bu-

BUYEHHI NIOACbKIMX popoBopis. Lie Aae 3mory é i ié;.lj Ij Ij

BM3HAUMTUN Ta NPOCTEXUTY XapaKTep ycnag-
KyBaHHA O3HaK Y pAgi nokoniHb (is1. 107).
bnusHiokosuli Memod NONArae y BU-
BUEHHiI MOHO3UIOTHUX GNM3HAT (OpraHi3mis, In. 101. PogoBig cim'i, B Akii
AKi NOXOAATb 3 OAHIET 3UroTN) Ta MOPIBHAHHI TpannAeTbcs anbbiHizm
X 3 AN3UTOTHUMYK BAn3HATaMU. JocnigxKyto-
4K TaKi OpraHiammn, Mo>kHa 3’ACyBaTh BMANB YNHHUKIB AOBKINNA Ha MPOABU FreHOTUNY.

LjumozeHemuy4Huli MemoO 3aCHOBaHWUI Ha MiKPOCKOMIYHOMY BMBYEHHI XPOMO-
coM. MeTo fa€ 3mMory BMBYATU CTaHAAPTHUIW KapioTuM NMIOAUHK, @ TaKOX BUABNATA
CnagKoBi XBOPOOU, CMPUUYUHEHI TEHOMHVMM | XPOMOCOMHUMU MyTaLlisiMu.

bioximiyHuii memod p[omnMomarae BWU3HAUUTU MEBHi PEYOBUHU (MEpPeBaKHO
bepmeHTN) 3 MeTol [iarHOCTYBaHHA CMaAKoBMX XBOpob. [locnigKeHHA € ayxe Tpy-
OOMICTKMMM, NOTPebyioTb cnevianbHOro obnagHaHHA, TOMY iX He BUKOPMCTOBYIOTb
ANA MacoBUX NONYAALINHUX OOCIAXKEHb.

MonynayiiliHo-cmamucmuy4Huli Memod [a€ 3MOry aHanisyBaTu MOWWPEHHSA
CnagkoBMx XBOpoO NOAUHN Ta MPOrHO3yBaTKM iX YacTOTY B HACTYMHUX MOKOMIHHAX,
OUiHIOBaTV HaCNigKN cropigHeHrX Wno6iB, BM3HAYATX BIMUIMB YMHHUKIB HA MiHU-
BiCTb NtOAVIHN.

OTXXe, cepep YCiX »KMBUX OpraHiamiB NoAnHa — HanLiKaBiwmn
i HAVCKNaZHIWWA reHeTUYHUI 06'EKT, TOMY ANA AOCTiAKEHHSA
BYKOPUCTOBYIOTb Pi3Hi METOAM N MOXKIUBOCTI iHWNX HayK.

BIANbHICTb
CamocrTiiiHa po60Ta Ha 3icTaBNneHHA

3icTaBTe MeToAM reHeTUKN NIAMHA i3 IXHIM BU3HAYEHHAM Ta OTpMManTe TEPMIH,
AKMM NMO3HaYaloTb BUEHHS NPO cnadkose 300p08’s IOUHU Ma Wiaxu 020 noslinuweH-
HA. TligroTynTe NOBIAOMIIEHHA NPO L@ BUEHHS, WO CTasio OQHUM i3 PO34iNiB reHeTnKmn
NOAVHN.

1 leHeanoriyHun A BriBUeHHsA NpoABYy O3HaKM B NpoLeci iHAMBigyanbHOro PO3BUTKY
2 bnusHokoBuUi B [locnigkeHHA poni cnagkoBOCTI Ta cepefoBuLLa B NPOABI O3HaKN
3 UutoreHetuynnn | [na gocnigeHHA KapioTuny NloguHu
4 [lonynAuinHumn E BuBYeHHA reHeTUYHOT CTPYKTYPU BUAOBUX rpyn
5 bioxiMmiuHui € BuBYeHHA pogoBoOAiB NOAUHN
6 [epmatornidiunuin |1 TPyHTYETbCA Ha BUBUYEHHI penbedy LWKipy Ha Nasblis, AONOHAX
7 MonekynapHo- -
FeHETAHI K YmoxnuBnioloTb BUBUEHHA OpraHisaLii reHeTUYHOro anapary
8 OHToreHetTuuHun | H 3acHoBaHi Ha BUBUYEHHI MeTabonizmy




bionoria + flaktunockonisa. lepmarornipika

€runeTcbKa CUHb — 34aBHa Bigoma cuHA ¢apba ans
XnBonucy, ABMsE cob6oi0 NofpibHeHe migHe ckno. Ons
11 NPUroTyBaHHA CNAABNAIOTb MiCOK i3 Kpenaoto, cofoto
1 kynpym(ll) okcmpom. HewogpaBHi JOCNigXKXeHHA BUABK-
NN, WO ACKPABO-CYHI MOPOLLOK MAE€ e OAHY BRacTu-
BiCTb, KA POOUTb NOro ifeanbHUM ANA 3HATTS BiOUTKIB
nanbuis. Lo Take gepmaTornidiuHnin meton? Y aknx ra-
Ny3AX MeTO[, 3aCTOCOBYETbCA HanwmpLie?

CTABJIEHHA

bionoris + leorpadis. NMpoekr «feHorpadis»

3 2005 p. peanisyeTbcA MiXKHapofHUIN NpoeKkT «leHorpadia», WO 3aMaeTbcA
pocnigeHHAmM mitoxoHapianbHoi (MTOHK) Ta Y-xpomocom HaceneHHs Ha TepuTopii
3eMni 3 MeTOK CKNajaHHA JeTasibHOro reHeTMYHOro aTnacy Hapopfis CBIiTY Ta BU-
BUYEHHS JaBHiX Mirpauin niogen. LLlo Take reHoreorpadis Ta sike NpakTUYHe 3HaYeHHs
npoekTy «feHorpadia»? BUCNOBITb CyAKeHHA WoJ0 HeoOXiAHOCTI 3B'A3KIB reHeTMKM
JIOAVHM 3 iHWUMKN HayKamu.

TR L - e WP el 7 el 8

\

PE3VJIbTAT

3aBAaHHA anA CaAMOKOHTPOJI0

1. Wo Take reHeTuka nognHu? 2. Lo Take eBrerika? 3. Yomy niogrHa € 6iocouianb-
HUM BMaom? 4. HagegiTb npuknagn oco6nnBoCcTen NIOANHN AK FEHETUYHOIO 06'€K-
Ta. 5. 3 AKMMM HayKamm HalTiCHilLe «cniBnpawuoe» reHeTuka nognHu? 6. Haseitb
OCHOBHi METOAN FEHETUKUN NIOAUNHMN.

7. flke 3HaUEHHA Ma€E reHeTMKa NAVHN AK HayKa? 8. Ha3BiTb 0co6NMBOCTI Nt0ANHM
7 -9 |AK 06’€KTa reHeTUYHUX AoCNigKeHb. 9. AKUMK € 3B'A3KN Ta OCHOBHI MeToAn A0C/Ii-
OXeHb Yy reHeTuui nognHn?

10. Yomy JTtognHa po3ymHa € 0cO6nMBUM I LiiKaBUM O6'€EKTOM FreHeTUYHMX JOCTi-

10-12
IKeHb?

§ 42. [eHeTWKa NoaVHN
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HedocmamHbo 3HaHH#A, He0bXiOHe MAKOX IXHE 3aCMOCYBAHHS.
W. B.Teme

§43. YCINNAAKYBAHHA O3HAK Y JIIOANHNA

OCHOBHI NOHATTA N KntouoBi Tepminm: YCMALKYBAHHA O3HAK.
MpuraganmTte! Lo Take cnagKoBicTb?

X Momipkyiite!

Y Hapoai AMOYKM Ha LOKax Ha3uBalTb «MIiTKO
wacTa» i «MouinyHKOM aHrena». 3a3Buyail AMOYKK 3'ABNA-
I0TbCA Ha 000X LWOKax, ane B AeAKMX BUMafKax 3anafnHKa
BVMHUWKAE TiNbKN 3 0fHOro 60Ky. BoHM MOXyTb OyTu pi3HOT
dbopmMu, po3mipy i rMOUHKU. BueHi cTBepaXyloTb, WO Ue
reHeTuYyHa ocobnmBICTb, AK i Konip oyeln um Gopma poTa.
A AK yCnagKoBYIOTbCA AMKN Ha L ivyKax?

3MICT

Yum po3pi3HAITbCA MOHOreHHe 1 MnojireHHe ycnagKyBaHHA
O3HaK ngnHn?

YCNAOAKYBAHHA O3HAK - ye nepedaya 2eHemuy4HoI iHhopmauii Ha pieHi Krii-
MUH YU YinicHo2o opeaHiamy 8i0 6amekig 0imam abo 8io npeodkis Haujaokam. Bci o3Ha-
KW OpraHi3my fIlog1MHN NpoABAAIOTLCA Nif fi€to oAHOro abo 6araTbox reHis.

MoHoreHHe ycnagKyBaHHA — ye ycnaoKyeaH-
HA 03HAK, WO KOHMPOJOMbLCA aneamMmu 00HO20
2eHa. Tak ycnafKoBYIOTbCA AKICHI O3HAKU, WO YiTKO
BMABNAIOTLCA Y PeHOTUNI 1 MaloTb KOHTPACTHI (anb-
TEePHATMBHI) NPOABK, WO iX NIerko BigpisHMTK. Ha-
npuknag, y MoanHM MOHOFEeHHO YCnafKoBYHOTbCA
AMKM Ha Wiykax abo AamKa Ha nigbopinai. PeHoTu-
NOBUI NPOAB L€l O3HAaKN BM3HAYAETbCA JOMIHAHT-
HUM reHOM, @ MiHNIMBICTb AMOK Ha LWiuKax 3aNeXnTb
Bil ocobnusocTen 6y10BM BUTMYHOIO M'A3a 1 M'A3a
cMmixy, Wwo 6epyTb yyacTb y GOpMyBaHHi MOCMILIKK
nognHn. TobTo NPoAB AKICHMX 03HAK 3aN1eXNTb, AK
npaBuio, Bif OQHOrO UYMHHMKA, TOMY MOHOreHHe
ycnagKyBaHHA Ha3UBaloTb LLie MOHOGAKMOPHUM. 3a
MOHOIEHHOrO YCNafIkyBaHHA MaloTb Miclie B3aemo- 1. 102. Mpuknaan MoHoreHHoro
[iii anenbHNX reHis. (dopma BoONOCCA) | nonireHHoro

Ane vacrTiwe 3a Bce OyBag€, WO Bigpa3sy Kinbka (3abapeneruA wikipu) ycraaKy-

o . L . . BAHHA B JIOAVHN
reHiB BigMoBigaloTb 3a NPOAB Ti€El UM iHLWOI O3HaKM.

MonireHHe ycnagKyBaHHA — ycNAOKy8aHHsA 03HAK, NPOA8 AKUX BU3HAYAEMbCSA 83AEMO-
0i€to Kinbkox abo 6azameox HeanenbHUXx 2eHig (in. 102). HaykoBo foBefieHo, Lo ANA Nio-
OVIHU CTYNiHb NPOABY TaKMX O3HaK, AK KOJTIP LLKipW, BOIOCCA, OYeld, CTYMiHb PO3yMOBOTO
PO3BUTKY, PICT, 3aNeXnTb Bif AiANbHOCTI Bigpa3y 6araTbox reHis 1 6araTboxX YNHHUKIB
HaBKOMMLLHbOrO cepefoBMLLa. Tak, y NIOAMHM PiCT BM3HaYaloTb 5 nap noniMepHnx He-
anenbHUX reHiB. Ha pict pisHoHanpAmneHo BNAMBaoTb Gi3nyHa akKTUBHICTb, CK1ag i,




LKIANMBI 3BNYKM TOLLO. BOHM MOXYTb 3MiLLyBaTV CTYMiHb NPOABY POCTY B MO3UTUBHUI,
abo HeraTVBHWI GiK, TOMY MOJireHHe yCrnajKyBaHHA Ha3MBaloTb e NOJihakmopHUM.
MonireHHO ycnapgKoBYIOTbCA KiZlbKiCHI 03HAKU, WO, AK MPAaBUJIIO, € MIHAMBIWNMM 3a AKiC-
Hi. lnA HUX HEMaE YiTKO po3mexxoBaHMX GeHOTUMOBKX KNaci., i Nif Yac aHanisy Takmx
03HaK CrocTepiralTbcA NOCTYMNOBi ManonoMiTHI Mepexoamn Mix ocCobUHamu.

OTxe, ycnagKyBaHHA O3HaK Y JIIOANHWN 3[iNCHIOETbCA 3a YYacTi
AOMIHAHTHUX N PeLeCUBHUX, anefibHUX Ta HeaneslbHUX FeHiB,
pO3TallOBaHMX Y XPOMOCOMax Afpa abo MITOXOHAPIAX LUTONIA3MN.

AKMMK € OCHOBHI TUNN ycNagKyBaHHA O3HaK y nioAgnHN?

3a xapaKTepoMm NMpoABY KiNbKICHMX Ta AKICHUX O3HaK BMOKPEMJIIOTb OMiHAHT-
He Ta peuecrBHe ycnagkyBaHHA. 3a AOMIHAHTHOro ycnagKyBaHHA CNOCTepiraeTb-
CA NPUrHIYEHHA OQHOrO anensa iHWWM, BHACifAOK YOro JOMIHAHTHUIM CTaH O3HaKu
NPOABAAETbCA B KOXKHOMY MOKOJIiHHI. YCNafAKyBaHHA, 3@ AKOrO OAMH i3 anefbHuX
reHiB NMOBHICTIO MPUrHiYyEe MPOAB iHWOro y GeHoTMMi HalaAKiB, Ha3MBaETbCA NOB-
HUM OOMiHY8AHHAM (HanpvKnag, TEMHe BOIOCCA B JIOAUHN). AKLIO X JOMIHAHTHI
aneni nvwe 4acTKOBO MepeBakaloTb Haj peLecUBHUMU, HACNiAKOM 4YOro € nosBsa
NMPOMIXHOFO MPOABY O3HAKW, TO CMOCTepiraeTbCcsi HenoeHe 0OMiHY8AaHHA (Hanpu-
Knag, ycnagkyBaHHs GOpMM BONOCCA B JIIOAMHUN: KyyepsiBe — JOMIHAHTHUI NPOSB,
npAme — peLecMBHUIN, XBUNACTE — MPOMiIXKHUIA). € Lie KOOOMIHYB8AHHA, 33 AKOTO Cro-
CTepiraeTbcs BUAB 000X anesiB reHa 3a OfHOYACHOI HAaABHOCTI iX y reTepo3urort. Ha-
npuknag, yeTsepta rpyna Kposi (1*1%) 3a cuctemoto ABO € pe3ynbTaTom B3aEMogil BOX
OOMiHaHTHUX anenis | 11 IB, 3a peLlecMBHOro ycnagKyBaHHA CTaH O3HaKWU nepega-
€TbCA CNAAKOBO, ane NPUrHIYyeTbCA | He MPOABNAETLCA Y FreTepO3nUroTHNUX HallafKiB
(Hanpuknag, cBiTe BONocCcs, 6NaknTHI oui).

[eHV, WO BM3HAYaKTb KiNbKICHI N AKICHI O3HaKM NOANHMW, PO3TallOBaHi B XPO-
MOCOMaX; X MOZINAITb HAa ayTOCOMM Ta CTaTeBi XPOMOCOMU (FOHOCOMM). 3anexHo
Bifl LbOro KpMUTEPIilo PO3PIi3HAITb ayTOCOMHE 11 3UernseHe 3i CTaTTio yCnagKyBaHHA.
YcnagKyBaHHA 03HaK, AKe 3[iNCHIOETLCA 32 YYacTi reHiB XPOMOCOM, WO € NoAiOHUMN
Y YONOBIUMX I KIHOUMX OPraHi3MiB, HA3MBAETbCA @yTOCOMHUM. TaKMM YAHOM yCnag-
KOBYETbCA B NIOAUHU KONip o4yel abo pe3syc-dbakTop. YcnagKyBaHHA O3HaK, WO 34ilc-
HIOETBbCA 3a YYacCTi FeHiB CTaTEBMX XPOMOCOM, Ha3UBAETbCA 34YensiIeHUM 3i CTaTTIo.
OckinbKku ctateBUMKN € X- Ta Y-XpOMOCOMM, BUOKpeMoTb X- Ta Y-34enneHi Tnnum
ycnaaKyBaHHA.

MNoepHaHHA BUAIB yCNagKyBaHHA 3a XapakTepoM MpoABY O3HaK i po3TallyBaH-
HAM reHiB y XpOMOCOMaXx, Aa€ 3MOTY BUOKPEMUTM TUNW yCnagKyBaHHA. [na nognHu
XapakTepHi yci OCHOBHI TUNW YyCMNafKyBaHHA O3HaK — ayTOCOMHO-JOMiHaHTHUIN,
ayTOCOMHO-peLeCcMBHIIA, 3YenIeHniA 3i CTaTTIO JOMIHAHTHUI, 34enieHnin 3i cTaTTio
peuecuBHU. Y NiApyyYHMKax 3 reHETUKM NIIOANHU ab0 MeanUHOI 6ionorii BUOKpeMITio-
I0Tb LWe ronaHapuyHnin (Y-34enneHunin) Ta MiTOXOHAPIaNbHUI TUNW YCNaAKyBaHHA, ane
MU 03HAaNOMUMCA NKLLE 3 OCHOBHUMMU.

OTXe, OCHOBHMMW TUNaMM YCMaaKyBaHHA O3HaK Yy JIOAVHN
€ ayTOCOMHO-JOMIHAHTHUI, aQyTOCOMHO-PELIECUBHUIA, 3UEMNSIEHNT
3i CTATTIO JOMIHAHTHUI, 3UenieHniA 3i CTaTTIO PeLecUBHUN.

§ 43. YcnapKyBaHHA 03HaK Y NOANHN
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AK BU3HaUYNTN TMN ycnaAgKyBaHHA O3HaKN B nloanHN?

YHiBepcanbHUM MEeTOAOM, AKUN YMOXINBIIOE
BM3HAYEHHA TUNy YCNagKyBaHHA O3HaK, € meTof : T | 2

CKNafjaHHA Ta aHani3y poaoBofiB. ‘ é)

[na pogoBoay, B AKOMY CNoOCTepiraeTbca aymo- i - *ﬁ) . = I;hé
COMHO-00OMiHaGHMHe ycnafKyBaHHA O3HaKM, Xapak-
TEPHVMW € HAABHICTb HOCITB JOMIHAHTHOIO MPOABY " 6&6*&‘6
O3HaKWU B KO>KHOMY MOKOJIiHHI Ta OfHaKoBa YacToTa T 23 456 7 89
NpoABY O3HaKM cepef YOJNOBIKIB i XIHOK, WO BKa-

s In. 103. AyTOCOMHO-AOMIHaHTHUI
3y€ Ha po3TallyBaHHA reHa B aytocomi (in. 103). 3a MM ycnagKyBaHHs

AyTOCOMHO-AOMIHAaHTHUM TUMOM YCMNaAKOBYIOTbCA
3e/1eHi O4i, KOPOTKO30pPIiCTb, AOBTI Bii, HAABHICTb pe-

3yc-daKTopa. 1 2
Y popgoBojax 3 daymocOMHO-peyecusHum

yCnafKyBaHHAM XapakTepHUMIN € HasBHICTb noko- ! 3 3 Y 7 5

NiHb, Y AKX PELLECUBHIN NPOSAB He CNOCTepira€Tb- W

A, a TaKOX OJ]HAaKOBa YaCToTa NPoABY O3Hakm cepen Il =9 ?ﬂ

YONOBIKIB i XiHOK (/1. 104). 3a ayTOCOMHO-peLecns-

HUM TWUMOM MepeaalTbcsi 6MaknuTHI oui, Hopmanb- M- 104. AyTocomHO-peLecuBHmit
TN ycna,quBaHHﬂ

HUIM 3ip, KOPOTKi Bii, BiACYyTHiCTb pe3yc-dbakTopa,
anbbiHi3m.

X-34yennieHe OoMiHAHMHe YycnafKyBaHHA Xa-
pPaKTepur3yETbCA Pi3HOK YaCTOTOK MPOABY O3HAKM
cepep, YOnoBIKiB i XXiHOK (cepef *KiHOK BOHa Tpannsa-
€TbCA YacTilwe) i TUM, Wo 03HaKy 6aTbKa ycnagKko-
BYIOTb BCi JOHbKW i HIKONW — CUHW. 3@ TaKUM TUMOM
nepenalTbCA TeMHa emManb 3y6iB, paxiT, He uyTnu-
BiCTb o BiTamiHy D (is1. 105).

3a X-3yensieHo20 peyecusHO20 yCrnaaKyBaHHA
NpoAB O3HaKM TPANIATUMETbCA MalXKe BUKIIIOUHO Y
YOJIOBIKIB, O3HaKa HiKO/M He NepefaBaTUMETbCA BiJ
6aTbKa 4O CVHA, a TiIbKA [0 OHYKa Yyepe3 AOHbKY.
Take ycnapgKyBaHHA XapaKkTepHe AnA JaNbTOHI3MY,
remodinii (in. 106). I

In. 105. X-3yenneHuin gOMiHaHT-
HWUA TUN YCNafKyBaHHA

OTxxe, ANA BM3HAYEHHA TUMy
yCrnaAKyBaHHA O3HaKW HalvacTiwe
3aCTOCOBYIOTb MeTOA CKlafaHHsA
N aHanisy pogoBopis.

In. 106. X-3uenneHnin peuecns-
HWUA TUN YCNafaKyBaHHA

Tema 3. CMAOKOBICTb | MIHJTUBICTb

BIANIbHICTb
M CamocriliHa po6oTa 3 Tabnuueto

3a gonomoroto Tabnuui NopiBHANTE MOHOreHHe Ta NoJlireHHe ycrnagKyBaHHA 03-
HaK y NtoauHU. 3p06iTb BUCHOBOK NPO NOAiGHICTb Ta BIAMIHHOCTI LiMX BUAIB YCMAAKy-
BaHHA O3HaK.

180




Ta6nuua. NOPIBHAJIbHA XAPAKTEPUCTUKA MOHO-
M NONIFEHHOIO YCNAAKYBAHHA

MoHoreHHe MonireHHe
ycnagKyBaHHA | ycnafKyBaHHA

O3HaKa NOPiBHAHHA

YuacTb reHis

Bupu o3Hak 3a GeHOTMMOBVM MPOSIBOM

Oco6nrBoCTi GeHOTUMOBYKX NPOABIB

Ha3Ba 3a xapaKkTepom BMIMBY YNHHWKIB CepefoBMLLa
Bu3HauanbHi BUAK B3aEMofii reHiB

CamocTiiiHa po6oTa 5

CKnafjaHHA cxemu pofoBoay
3aBpaaHHA 1. [Insa cKnajaHHSA poLOBOAIB KOPUCTYIOTbCA CTaHAAPTHMMU MO3Ha-
yeHHAMK. B3HauTe CyTHICTb OCHOBHMX YMOBHMX NO3HAUYeHb A1 po6OTH 3i Cxemamm

ponoBogis. |:| O DTO - ‘/D/,O

3aBgaHHA 2. O3HanomTecCh i3 NpaBuiamu, WO AOMNOMOXKYTb CKNACTU CXeMY PO-
posogy: 1) ocoba, pofoBif AKOT CKNafQa€TbCA, HA3UBAETbCA NPOOGAHAOM; ii Ha cxemi
MO3HAualTb CTPINKOIO; 2) 0Ci6 )KIHOUOT CTaTi NO3HAYAITb KPY>KEUKOM, OCib YONIOBIYOI —
KBaJlpaTVMIKOM; CMBOJIM OCOOUH i3 NPOSIBOM JOCNifKYBaHOT O3HAKN — 3aTOHOBYIOTb;
3) KOXXHOMY MOKOJIHHIO BUAINAIOTb OKPEeMUI PAROK, HAa AKOMY 3/1iBa HanpaBo B pAj
PO3MIiLLYIOTb UfeHIB POAVHU B MOPALKY HAPOMKEHHS; 4) CMBONY OCib, siKi nepeby-
BalOTb Yy W06, 3'€AHYIOTb NiHi€I0; 5) NOCNIQOBHI MOKONIHHA NO3HAYaloTb PUMCbKIMU
umdbpamm, HallaaKiB OAHOTO MOKOJIHHA — apabCbKUMM.

3aBgaHHA 3. CTBOPITb CxeMy POJOBOAY 3a YMOBOI 3agaui. «[TpobaHO — 0i8UUHKG,
AKA MAE CUMNAMUYHI AMKU Ha WoKax. bpam i cecmpa it — amok He marome. Mamu 0ig4uH-
KU MAkoX Mae SMKU HA WoKax, a 6ameko — Hi. Y mamepi 0ie4uHKU 08a 6pamu, 0OUH i3
HUX — 3 AMKamu, opyeuli — Hi. babycsa npobaHOa 3a MamepuUHCbKOIO JIiHIE — 3 AMKAMU,
a 0i0 — Hi. ki 2eHOoMuNuU ycix YneHis cim’i?». Bu3HauTe xapakTep ycnafKyBaHHsA O3HAKW.

CTABJIEHHA
bionoria + MepguuuHa. Pesyc-dpakTop

Cnctema «Pe3yc» 6yna BigkpuTa y 1940 p. K. JlaHawTeliHepom
i O. BiHepom 3a gonomoroto KpoBi Makakmn-pesyc. BaritTHum xiH-
KaM i3 pe3yc-HeraTMBHO KPOB'lo (3a YMOBM, AKLLO iXHil YONOBIK
€ pe3yc-No3nTMBHMM) PEKOMEHAO0BAHO MpoBefAeHHA npodinak-
TUKKN aHTupesyc D-imyHornobyniHom y TepMmiHi 28 — 30 TUXKHIB
BariTHOCTi. A AK yCnagKoBYeTbCA pesyc-dakTop?

»

PE3YJIbTAT

OuiHka 3aBAaHHA ANA CAMOKOHTPOJIO

1. Llo Take MOHO- 1 nonireHHe ycnaakyBaHHA? 2. HaBefiTb Npuknagm MOHOreHHUX
1 NONIreHHUX 03HaK y NOANHN. 3. Ha3BiTb OCHOBHI TMMKW yCNaAKyBaHHA O3HaK Y Jto-
AvHn. 4. HaBediTb NprKnagn o3Hak, Wo yCnagKkoByoTbCA 3a uummu Tmnamu. 5. Wo
Take ayToCcoMHe ycnagKkyBaHHA? 6. LLlo Take 3uensieHe 3i CTaTTiO ycnagKyBaHHA?

1-6

7. Y1Mm pi3HATbCA MOHOreHHe 1N NonireHHe ycnagKyBaHHA O3HaK NtognHn? 8. Aknmn
7-9 | € OCHOBHI TMNW ycnaKyBaHHA O3HaK y NtoAnHN? 9. AK BU3HAUNTV TUN yCrnaAKyBaH-
HA O3HaKW Y OANHN?

10-12 10. Ha KOHKpPEeTHOMY anKnap,i [oBefiTb 3HaYeHHA 3HaHb npo TMNn ycnagkyBaHHA

O3HakK.

§ 43. YcnapKyBaHHA O3HAK Y JIIOANHN

181




Tema 3. CMAOKOBICTb | MIHJTUBICTb

182

3yenneHi 2eHU, W0 JTOKATI308AHI 8 OOHIU XpOMOCOMI,
yCNAaoKos8yloMbCs pA3oM i He 8UABIAOMb HE3ANIEXHO20 PO3N00isy.
3akoH MopzaHa

§ 44. 34EMNEHE YCNAAKYBAHHA. MTO3AXPOMOCOMHA
CNAAKOBICTb Y IIOAVHIA

OCHOBHi NOHATTA N Knwo4oBi TepmiHm: 3YEMJIEHE YCMNAOKYBAHHA
O3HAK. 3uenneHe 3i cTtaTTi0O ycnapgKyBaHHA o3Hak. LimtonnasmarmnuyHe
ycnapgKyBaHHA O3HaK.

MpurapanTe! Lo Take ycnagKyBaHHA O3HaK?

& Momipkynite!

T. X. MopraH cxpelyyBaB apo3o¢in i cnoctepiras
33 yCnaAKyBaHHAM BeNMKOI KinbKOCTi IXHiX O03HaK. AHani3
pe3ynbTaTiB AOMOMIr AiNTM BUCHOBKY, WO AeAKi O3HaKu
nepeparnTbCA Halwaakam pasom. Yepes e MopraH npuny-
CTUB, WO reHun, AKi BU3HaAYaloTb Li «MOEQHAHI» O3HAKW, He
PO3KMUAAHO Mo BCi KNiTUHI, a 3i6paHo B 0CO6MMBKX OCTpIB-
uAx. Yepes Tte BMxoauno, WO BCi CNagKoBi O3HaKM ApO30-
bin noginalTbcAa Ha YoTMpKy rpynu. MOACHITb, YoMy.

3MICT

CKinbKwu rpyn 3uensieHHA € B nioguHn?

3YEMNEHE YCMAOKYBAHHA - cnadkysaHHs 2eHis, ujo Micmamaecs 8 00Hil xpo-
Mocomi. A came ABuMLLE PO3TalllyBaHHA reHiB B OAHIN XPOMOCOMI Ha3Basn 34enIeHHAM
reHiB. YCi reH/ OfHi€i XpOMOCOMM NepefalTbCa CNagKoBO Pa3oM N YTBOPIOIOTb OAHY
rpyny 34enneHHA. OCKiNbKN B FOMOMIOTYHMX XPOMOCOMaX PO3TaLLOBYOTbCA OfHAKO-
Bi reHu, rpyny 34ensieHHA YTBOPIOKTb ABi FOMONOriYHi XpoMocomu. ToMy KinbKicTb
rpyn 34ersieHHs BiAMOBIAAE KiNbKOCTi Map roMosioriyHX XpOMOCOM, abo KilbKOCTi
XPOMOCOM FannoifgHoro Habopy. TakMm YMHOM, y NIIOAVHU HaiuyoTb 23 rpynu 34e-
NAeHHA y NpefCcTaBHUKIB »KIHOYOI CTaTi i 24 rpynu 34enneHHs y NpeACcTaBHUKIB YOJ0-
Biuoi cTaTi (22 ayTocomu Ta ABi ctaTteBi xpomocomu X 1Y) (in. 107).

Y nognHM aHani3 rpyn 34enneHHsa KnacuyHMmn MeTogamm HeEMOXNNBUIA BHACI-
[OK BiICyTHOCTI MOX/IMBOCTEN eKCNepUMEHTaNnbHUX CXpeLlyBaHb. [InA KapTyBaHHA
XPOMOCOM JIOAMHN HalyacTile 3aCTOCOBYBaNny MeTOh aHanisy poJoBOAIB i meTon
ribpuansauii comaTMyHmX KNiTWH (NepeBaxHo 3 KniTmHamm muwi). Ha cborogHi Bigo-
Mi yCi 24 rpynn 34ensieHHA. Y NIOANHN 34enneHo
ycnafKoByloTbCA pe3yc-bakTop 1 oBanbHa popma
epuTtpoumTiB (1-wa xpomocoma), rpynu KpoBi 3a
cuctemoto ABO 1 cuHgpom gedekTy HirTis i KoniH-
HOT Yaweuku (19-tTa xpomocoma).

HalnoBHiwe nobygoBaHO KapTy X-Xpomo-
comu, y AKin 6nmsbko 1400 reHis; 3 HUX 6inok-
KopyBanbHuUX — 841. Hamsigomiwmmn o3Hakamu,
3a AKMX FeHW po3TalloBaHi B rpyni 34enneHHA 3
X-Xpomocomoto, € remodinisi n 4anbTOHI3M.

In. 107. CraTeBi xpomocomu
X iY niognHun



lpyna 3uenneHHA Y-XPOMOCOMU € Habarato MeHLUIO 3a 06CAroM i Ma€ 6M3bKO
90 reHiB, 6inok-KoayBanbHUMM 3 AKUX € 23. HalBigomiwyMy reHamm Y-XpOMOCOMY
€ reHy HagMipHOro OBOJIOCIHHA BYLIHUX PaKOBUWH (FiNepTprxo3), pOroBux IyCOK Ha
WKipi (ixTio3), a HaMBaxxnMBiWMUM — reH SRY (Big aHrn. sex determining region Y — pinan-
Ka Y-XpOMOCOMMU, WO BM3HAYa€E CTaTb), WO € K/IOYOBMM FrEHOM PO3BUTKY OpraHiamy
3a yonoBiumm TUNom. Hesenvkunin o6car Y-xpomocomu i NoCTyrnoBa BTpaTta Helo reHiB
CMOHYKaNM OKPEMUX YYEHVX 3aABUTK, LIO B MaibyTHbOMY BOHa B3arasi 3HuKHe. Op-
HaK MOJIeKyNAPHO-reHeTUYHI AOC/IAXKEeHHA MOKa3anu, Wo npouec «3HOWEHHA» YOso-
BiUOT XPOMOCOMM 3YMMHUBCSA, i BOHA 3a/IMILAETLCA CTabiNibHOW yNpoaaBX OCTaHHIX
25 MAIH pokiB. LA cTabinbHICTb MOXOAUTD i3 XKUTTEBO BaXK/IMBOIo ocepefka Y-Xpoco-
MOMM i3 12 reHiB, AIKi He MaloTb HIYOrO CMNiNIbHOIO 3 BU3HAUYEHHAM CTaTi Y/ PO3BUTKOM
Yyonogiyoi cTaTeBoi cucTemMu. BoHU «BignoBigaoTby 3a Taki GYHKLUIT, AK cMHTe3 GinkiB i
perynauia TpaHCKPUNUil iHWNX reHis.

HaABHICTb y NoANHM ABULLA 3YenieHHA O3HaK HaJa€ HaA3BUYAMHO BaXKNTNBY iH-
dopmauito ona BUABNEHHA Ta [iarHOCTUKM CNafKOBUX 3aXBOPKOBaHb. 3 BUCOKOIO Bi-
POrigHiCTIO MOXHa nepen6aunTyi reHoTUNY Ta GEHOTUNU CUHIB | JOUOK MOJPYXKXKA,
AKLO 6aTbKO, MaTK abo 060€ MatoTb O3HAKM, L0 YCMAKOBYIOTbCA 3UEMIeHO.

OTXe, y NoanHN PO3pPi3HAIOTb 23 rpynn 3uenneHHA (KiHouya cTaTb)
abo 24 rpynu 3uenneHHA (YonoBiya cTaTb).

Aki oco6nuBoCTi 3uenneHoro 3i cTaTTio ycNnagKyBaHHA O3HaK Y NOAVNHN?

YcnagkyBaHHA, 34ensieHe i3 cTaTTio — ye ycnaoKy8aHHA 03HAK, 2eHU AKUX pO3-
mawoeaHi 8 cmamesux XpomMocomax. Y NOAUHN BUOKPEMIIOTb TPY TPynu reHis
CTaTeBMX XPOMOCOM, AKi YCNaAKOBYIOTbCA MO-Pi3HOMY: FeHV po3TallOBaHi TiNbKu
B X-XPOMOCOMi, reHV pO3TalloBaHi Ti/IbKM B Y-XPOMOCOMI, i reHu, HasiBHi B 060X cTaTe-
BMX XPOMOCOMaX. YCnafKyBaHHA O3HaK, 3UenneHunx 3i CTaTTio, Ma€ CBOI NMeBHi ocobnu-
BOCTI, AKi BiAPI3HAIOTb NOrO Bif iHWMX TUMIB YCNaAKyBaHHA:
¢ O3HaKW, FeHn AKNX NT0Kani3oBaHi B X-XpOMOCOMI, yCNagKOBYIOTbCA YOSIOBIKaMu

1 XKiHKamu;

+  AKLWO peLecrMBHUI anefbHUN reH 34ensieHnn 3 X-XxpoOMOCOMOIO, TO B »KiHOYOI CTa-

Ti BiH NPOABNAETLCA IMLLE B TOMO3MIOTHOMY CTaHi, @ B YONIOBIYOI — 3aBXKAW;

«  0O3HaKW, 34enieHi 3 Y-XxpOMOCOMOI0, YCMagKOBYOTbCA NMLIe NpeacTaBHUKaMM YO-

NoBIYOI CTarTi.

OpHieo i3 HamBigOMIWMX O3HAK, WO YCNagKOBYETbCA 34YenneHo 3i CTaTTio,
€ 0a/IbMOHI3M — He3[aTHICTb PO3PIi3HATM YePBOHWI i 3efIeHUI KoNbopu. BuHMKae
BHacnifok fedekTy B reHax X-xpoMOCOMY, L0 BM3HAYaOTb PO3BUTOK KONOOUOK CiT-
KiBKMW, YYTANBUX OO LMX KONbOPIB. IHWW NpUKnag peuecuBHUX, 34enyieHnx 3i cTaTTio
03HaK, — 2emoginisa, o NPOoABNAETLCA B NOPYLUEHHI 3CilaHHA KPOBI.

Po3rnaHemo ana npuknagy ycnafkyBaHHA JanbTOHi3My. BcTaHOBMEHO, Wo uen
NPOoAB O3HaKM BM3HAYa€E peLecnUBHU anesnb, IOKanisoBaHUn y X-XxpoMocoMi. AKLLO
YOsIOBIK 3 JANbTOHI3MOM (XY) OAPYXKYETHCA 3 FOMO3UIOTHOO >KiHKOIO 3 HOPMaJSIbHUM
KonipHMM 30pom (XPXP), To BiporigHicTb NOsIBY AaNbTOHI3MY cepefi HallaaKiB JopiB-
HI0€ Hymo. BCi Hawaakm 3a ¢eHOTMNOM MaTMMYTb HOPMAbHUIA KONipHUIA 3ip, ane B
reHeTuLi JoYOK Oyae HasiBHUI PELIeCUBHII anefib.

OTXe, ycnafKyBaHHA, 34ernsieHe 3i cTaTTio, MAaE 0COGNBOCTI,
O BM3HAYalOTbCA PO3TallyBaHHAM FeHiB y CTaTeBMX XPOMOCOMAX.

§ 44. 3yenneHe ycnaakyBaHHA. [103aXxPOMOCOMHa CMafKOBICTb Y NOAVHN
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Yum BU3HaAYaETbCA LUTOMasmMmaTUYHe ycnagKyBaHHA noguHn?

Mo3axpomocomHa (LMTONNasmMaTnu4Ha) CNagKoBIiCTb — CNOCi6 36epexeHHA U
nepedaui zeHemu4HoI iHhopmauii 3a 00NOMO20t0 opeaHes1 Yumonsasmu, 30amHux 00
camosiomeopeHrHs. Y KniTUHax NIOAUHN € opraHenu, Wwo micTaTb BnacHy IHK i1 BnacHi
reHu. Lle miToxoHApii, Wo mictaTtb iHdopmaLito Npo depmMeHTH 1 perynioTb KNiTUH-
HWU meTaboni3m. Ha BigmiHy Bif ctanoi kinbkocti IHK y cknagi xpomocom KinbKicTb
IOHK miTOXOHAPIN MOXe 3MiHIOBaTKCA 3 BIKOM 3aNeXHO Bifj YMOB cepeoBULLa, aKTWB-
HOCTI ToLLO.

OcCKinbKn MITOXOHAPIT MIiCTATbCA B UUTO-
naasmi KNiTUH, To, O4eBUAHO, yCNaAKyBaHHA iXHiX
reHiB matume sAkicb ocobnusocTti. OcobnMBOCTI
LbOro ycrnagkyBaHHA 3yMOBJIeHi nepefycim Tum,
O rameTu pi3HUX CTaTel MaloTb Pi3HY KinbKicTb

MiTOX?HApiIﬁ. HanuacTtiwe AnugeknitTMHa mMicTuTb iw/?i mw ?“\’“ *“ éw

TUCAYI MITOXOHAPIN, @ CNepPMaToO300H — OAUHU- o S A P S

ui. OKpim TOro, MITOXOHAPIA YONIOBIYOI rameTu f* ’W ’w "H "ﬂ' fmﬂ‘
B3arani He noTpannA€ B AWLEKNITUHY MiA YaC |y 108, MaTepuHCbKMit xapaKTep
3annigHeHHA. Y pe3ynbTaTi B 3UroTi nepeBa)ka-  LuTOMAasMaTUYHOrO YCNaaKyBaHHSA
I0Tb MITOXOHAPII ANUeKniTuHW. Llntonnasmartny- B NOANHN

Ha CragKoBiCTb MA€E MATEPUHCBKUIA XapaKTep — YCMagKoOBYOTbCS i BUABNAIOTL cebe
NIVLLIE TeHU, WO MICTATbCA B uuTonnasmi anyeknituHm (in. 108). ditam nepepatoTbca
BUKJIIOYHO MITOXOHAPIT MaTepi, Y pe3ynbTaTi YOro YOMoBiKM Ta XKiHKU MOXKYTb MaTu
BiANOBIAHY O3HaKY, ane TiNIbKW XiHKW nepenatoTb il CBOIM LiTAM.

Ockinbkn miToxoHapianbHa OHK HanexuTb Tinbku ogHOMY 3 6aTbKiB, TO pekom-
6iHauiiHMX 3MiH, BacTuBKx ana saepHoi OHK y menosi, Hemag, oTke, HeMa€ 1 KOM-
6iHauiiHOT MiHNMBOCTI. HykneoTuaHa NocnigoBHICTb 3a3HA€E 3MiH Bil MOKOJMiIHHSA [0
MOKOJTIHHA TiNbKM 3a paxyHOK MyTalLlili, Lo Bif0yBalTbCA B JeCATOK Pa3iB iHTEHCUBHI-
we, HiXK y agepHin AHK. HanpukiHyi XX cT. BUHUK HOBUI po34in MegULNHN — MiTOXOH-
ApianbHa natonoria. KnacuyHumm npossaMm MiTOXOHAPiaNIbHMX XBOPOO BBaXKatoTbCA
mMionarii Ta eHuedanonarii.

OcTaHHiIM Yyacom MiToxoHapianbHy JHK BUKOpPMCTOBYOTb B MONYAALiNHUX JOCi-
O>KEeHHAX, BUPILWEeHHI NMTaHHA nownpeHHA Homo sapiens Ha NnaHeTi Ta NOXOAXEeHHA
NOACBKNX pac, MOXOAMXEHHSA | FEHETUYHOT CTPYKTYPU OKPEMMX €THOCIB i nonynAuin.

OTXe, unTonnasmaTuyHe (NnosaspepHe, NO3aXPOMOCOMHE)
ycnagKyBaHHA — L€ YyCNafKyBaHHA reHiB, WO BM3HAYAETbCA IXHIM
po3TalyBaHHAM y LMTOMIA3MaTUUYHNX CTPYKTYpax.

RIANbHICTb

x\f‘ CamocriiiHa po6oTa

Po3B’A3yBaHHA TUMOBUX BMpaB 3 reHeTUKN. YcrnapaKyBaHHS, 3UenseHe 3i cTaTTio

BnpaBa 1. [JlanbToOHI3M — peLecrMBHU NPOAB O3HAKWU, FeH AKOI pO3TalloBaHUN

B X-Xpomocomi. flKnx pitell MOXHa ouvikyBaTu Bif Wwnoby: a) YONOBIK 3 HOPMaNbHUM

KOJIipHMM 30POM, XiHKa 3 FeHOM [a/IbTOHI3MY B reHOTUNi; 6) YONOBIK 3 AaNbTOHI3MOM,

XKiHKa 3 HOPManbHNM KONIbOPOBKM 30POM; B) YONOBIK 3 1a/IbTOHI3MOM, XiHKa 3 reHOM
JanbTOHI3MY B reHOTuMNI.




BnpaBa 2. YonoBik 3 panbToHi3aMoM

OAPYXYETbCA 3 KIHKOK 3 HOPManbHUM T

KOJipHVM 30poM, 6aTbKo AKOT ByB 3 Aanb- gﬁ £E

TOHi3MOM. KM Byae 3ip Y iXHix giTeir? [3' "
yae sipy a X"y xHxH

BnpaBa 3*. 3gopoBa 3a ¢eHoTMNOM

XKiHKa, y MaTepi AKoi 6yB AaNbTOHI3M, a B M\
XY

6aTbka — remodinia, ogpyxeHa 3 4OOBi-

KOM, AKUII Mae obupBa 3axBOPIOBAHHSA. EY Uﬁ ]
o . . - ] | 1]

Br3HauTe MMOBIPHICTb HAPOIPKEHHSA B Lil uﬁ HH 1]
i v i

CiMi iTen, AKi TaKOX MaTUMyTb 06UABI Ui
xBopobwu (in. 109).

"
X"y xHxh xHy

In. 109. Cxema ycnagKyBaHHsi remodinii B
CTABJIEHHA cim’i, ge 6aTbKo 3 remodinieto, a MaTn 3

Bionoria + NeHeanoris. HOPMaJibHUM 3CIAaHHAM KPOBI

YcnapgKyBaHHA remoinii

MprKknagom reHeanoriyHoOro AepeBa, y AKOMY NPOCTEXYETbCA 34ensieHe 3i cTaT-
TIO ycnagKyBaHHA remodinii, € pofoBsif aHrincbKoi Koponesu BikTopil, y reHoTuni
AKOT BYB reH LbOro 3axBopiloBaHHsA. Yepes Halagkis Koponesu Biktopii remodinia
nepepanacb y KOponiBCbKi poanHM He Tinbku Bennkoi bpuTaHii, a i1 Icnanii Ta Pocii.
o Take remodinia? 3a JONOMOroto cxemu BU3HauTe TUM ycnagKyBaHHA remodinii.

BikTopis,
Koponesa Benukoi bputanii
Anica, repyoruHa Ensapa VI, Beatpuca, npuHueca
lecceHcbKa i PeitHcbka Koposnb Benukoi bpuTanii Benm«inmraHiT
JNeononbp, ¢ |£' |£| (5
repuor On6aHi Jlopa fleononba
Opipix MayHt6atTeH

Anica, rpaduHs
ATnoHCcbKa

hoo oomume m m

Onekcanpapa |[Mukonalll, IpeHa, npuHLeca AnbdoHc Xl BikTopis €BreHis
OepopisHa |IMnepatop Pocii  leccen-[lapMwTaaTchka I’erE Koponb lcnanii| bateHbep3bka

m.0000m mUNMOOOD N

Onekciit Banbpemap Anbd)OHFP, .
Mukonaitouy npuHL ACTYpilicbKmin
MO3HAYEHHA:
O D XiHKa 6e3 remodinii, XiHKa, B reHoTUni .. XiHKa 3 remodinieto O I:, NpeaKu cyyacHoi 6puTaH-
yonoBik 6e3 remodinii AKOI € reH remodinii Y0nI0BiK 3 remodirnieto CbKOI KOPONiBCbKOI CiM'T

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take 3uenneHe ycnagkyBaHHA? 2. HaBeiTb NprKnaamn 03Hak, LWo ycnagkosy-
10TbCA 3uenneHo B noanHu. 3. Lo Take 3uenneHe 3i cTaTTio yCnaKyBaHHA O3HaK?
1-6 |4.HaBepiTb NpuKnagn o3Hak, Lo YCNafKOBYOTbCA 3UEMIEHO 3i CTATTIO B NIIOAVHN.
5. Lo Take yuTonnasmaTmMyHe ycnagkyBaHHA? 6. HaBeniTb nprknagu ymMtonnasma-
TUYHOIO yCnagKyBaHHA O3HakK.

7. CKinbKu rpyn 3yenneHHs B nioanHn? 8. fAKi ocobnmnBocCTi 3uensneHoro 3i cTaTTio
7-9 |ycnapkyBaHHA O3HaK y NoAuHN? 9. YiM BM3HaYa€ETbCA LMTONNa3MaTUyHe ycnaa-
KyBaHHA?

10-12 10. Ha KOHKpeTHOMY NpuUKNaai oBediTb BaXK/UBICTb BUBYEHHA 34erneHoro ycnaa-

KyBaHHS O3HaK.

§ 44, 3uenneHe ycnaakyBaHHs. [103aXpOMOCOMHA CMAAKOBICTb Y OAVHN
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XKummasa miHnuse, Haye mope...
Jlone Oe Beza

§ 45. 3BAKOHOMIPHOCTI MIHJINBOCTI IIOAVHIA

OCHOBHi NOHATTA 11 KNtouoBi TepmiHn: MIHJIUBICTb. MogudikauiriHa MiH-
nuBicTb. MyTauiiHa miHnMBicTb. Komb6iHaLifiHa MiHANBICTD.

Mpurapaiite! Lo Take miHnuBicTb? Lo Take HecnagkoBa i cnagkoBa popmu
MiHNMBOCTI?

Momipkyiite!

OpHosnueBi 611M3HATa € reHETUYHO OAHOPIA-
HUMW, Y HUX NoAibHa 1 KUTTEBa Nporpama. HasiTb AKLLO
ZiTn 6ynu po3nyyeHi Bigpasy MiciA HapoOKeHHs, 3ro-
JOMBMABAETbCA, O BHUX OAHAKOBI CMaKM 13aX0OMnJ1eH-
HA, BOHV NPUBAN3HO B TOMY CaMOMY BiLli OAPYXKYy0TbCH,
Yy HUX HapoXKylTbCA AITU ofHiei cTaTi (Hanpuknag,
CUHWK), | BOHW patoTb iM GnM3bKi 3a 3ByYaHHAM iMeHa.
A AK MiXK HAMW BUHUKAIOTb BigMiHHOCTI?

3MICT

AKi MonekynsapHi mexaHi3mMmu MiHnNBOCTI?
MIHJIUBICTb - 30amHicme opeaHizmige Habysamu HOBUX O3HAK, WO CNPUYUHA-
oMb 8iOMIHHOCMI MiX 0cObUHAMU 8 mexax 8udy. Po3pi3HAOTb ABi OCHOBHI dopmu
MiHAIMBOCTI — CMagKOBY 1 HecnagkoBy. [puunHaMy CnagkoBOI MiHANMBOCTI € 3MiHN
CTPYKTYpM abo AisaNbHOCTI reHeTMYHOrO anapaTy, a NPUYMHAMK HeCrnagKoBOT — BNIMB
YMOB CepeaoBuLLa.
Ta6nuua 5. NOPIBHAJIbHA XAPAKTEPUCTUKA ®OPM MIHJIUBOCTI
O3Haka HecnapkoBa CnapgkoBa
BUHUKHEHHA 3MiHU peHoTuny [os’A3aHa 3i 3MiHOO reHoTUNY

TMyuacoBicTb, MacoBicTb, cnpamo- | CTanicTb, iHAUBIAYaNbHICTb, HECNPAMO-
BaHICTb, BU3HAUYEHICTb, KMPUCTO- | BaHiCTb, HEBU3HAYEHICTb, BiACYTHICTb

3aranbHi Bna-
CTUBOCTI

CYBa/bHICTb» «NPUCTOCYBaNbHOCTI»
BnnvBe UnHHUKIB cepefoBuLLa 1 BHY-
MpnyunHn 3MiHM YMOB cepefioBuLLa TPILWHI NPUPOAHI MexaHi3mMu (Meinos,

3annigHeHHA)
Mpouecn, Wwo € | 3MiHM eKkcnpecii reHiB, upepeH- | 3MiHU reHeTUYHOro anapaTy WAAXOM

OCHOBOIO LianbHa aKTUBHICTb reHiB MyTauin, pekombiHauin JHK

3HaueHHA gnA | ApanTauis o yMOB cepefoBulla, |HenTpanbHe, WKianMBe, NPUrHiYeHHA

0CObUH nigBULLEHHA XUTTE3QATHOCTI KUTTERIANBHOCTI

Bugn MopwndikauiiHa, oHToreHeTMyHa | KombiHauiHa, myTauiiHa

3akoHoMip- . 3aKOH roMonoriYHnX pAaaiB cnagkoBoi
. CTaTUCTUYHI - :

HOCTI MiHINBOCTI

MonekynapHumm mexaHiamamu HecrnagKoBOI MiHIMBOCTI € 3MiHU eKCnpecii reHis.
BinbyBa€eTbcA Le 3aBAAKM MpoLiecam perynsLii akTMBHOCTI reHiB Ha piBHI TpaHCKpU-
Lii, NpouecuHry, TpaHcnaLii i nicnaTpaHcnAuiiHoT moaudikauii 6inkis.

OCHOBHUMM MexaHi3MaMK CMafKoBOi MIHNMMBOCTI € MyTauil Ta pekoMbiHaLil.
MyTauii MoXyTb BigOyBaTUCA B CTaTeBUX I COMATUYHUX KMITUHAX, Ha PIiBHi reHi.,



XPOMOCOM, KifibKOCTi XPOMOCOM. YNPOJOBK XKUTTA MOXKYTb NPOABAATUCA MyTaLlil co-
MaTUYHUX KNITWH, @ reHepaTUBHI MyTauil — Yy HalWaaKis.

Ponb ¢opm MiHNMBOCTI AnA opraHi3miB € pi3HOW. [3 CNagKoBOK MiHAMBICTIO
nos’A3aHa NoABa HOBMX O3HAK YMPOJOBX XUTTHA, @ HeCNajKoBa — 3abesneuye iHAU-
BiAyanbHUN PO3BUTOK i MPUCTOCYBaHHA OPraHi3amiB O YMOB CepefoBuLLa, WO 3Mi-
HiolTbCA. HoBi HabyTi 03HaKWM € iHOAI WKIANMBUMY, IO NPU3BOAATb 4O 3aXBOPIOBaHb
(Hanpwuknag, OHKONMOFiYHMX).

OTxe, MiHNMBICTb MOB'A3aHa 3i 3MiHaMK reHOTUNY 1 GEHOTUMY Ha MOMNEKY-
NAPHOMY PiBHi, TOMY BUOKPEMIIIOTb CNagKoBy N HecnagKosy ii dopmu.

Aki 3akoHoMipHOCTI Mogu¢ikauinHOT MiHNMBOCTI NloANHK?
Mopaudikauiiina miHnMBIcTb — Ye popma Hecnaokosoi MiHIUBOCMI, WO NOB’s-

3aHa 3i 3MiHamu ¢peHomuny 8HAc1i0o0K 8nusy ymos icHysaHHA. MogmndikauinHi 3mi-

HW O3HaK He YCMafKOBYOTbCH, afe iX HopMa peakuii, TO6TO Aiana3oH MiHAMBOCTI, €

CNafKoBOW i BU3HayaeTbcA reHoTunom. MogudikauiiHa MiHAUBICTb, AK NpPaBWO,

Ma€ AOLINbHUI XapaKTep, BiAMOBIAAE yMOBaM iCHYBaHHA i € MPUCTOCYBasbHOIO.

BuHuKHeHHA mopmdikauin nos’A3aHe 3 TWM, WO YMOBU cepefoBULLa BMAMBAOTb

Ha ¢pepMeHTaTVBHI peakLii, Lo BigbyBalTbCA y OpraHi3mi i NeBHUM YMHOM 3MiHI0-

I0Tb iX Xif. AK npuknag npucTocyBasbHUX Moaudikauili PO3rfsSHEMO MeXaHi3Mm

YTBOPEHHS MirMeHTY MeJlaHiHy. 3a Noro BUPOOIeHHs BiAMOBIAAOTb YOTUPU FeHH, L0

pOo3TalloBaHi B pi3HMX xpomocomax. ig aieto ynbTpadioneToBoro BUNPOMiHIOBaHHA

3 KNITUH WKipKn (KepaTMHOLKMTIB) BUBINbHIOTHCA B MXKKIITUHHWUIA NPOCTip 0cob6numBi

MikpoPHK. Lle 3ymoBnioe akTrBaLito Ta nocuneHuin 6iocnHTes pepmeHTy TMPO3MHa3uy,

IO KaTaNi3y€ OKMCHEHHA aMiHOKNCIOTU TUPO3UHY 1 Nofanblue yTBOPEHHA MeNaHiHy.
Mpu gocnigeHHi moandikauint BUABNAKTbLCSA 3aKOHOMIPHOCTI, WO MaloTb CTaTu-

CTUYHUI XapaKTep.

«  Pi3Hi 03HaKu marome pi3HUl po3max Hopmu peakyii. Hopma peakyii — mexi mo-
ougpikayitiHoi MiHIUBOCMI 03HAKU, WO 8U3HAYAOMbCA 2eHOMUNOM. Mexi Hopmu
peakuii 3yMOBJIeHi reHOTMMOM, ane NPoAB O3HAKM B MeXax HOpPMK peakLii 3mi-
HIOETbCA Nif Qi€ YMOB cepefoBMLLa.

«  byoe-aka o3Haka moxe 3miHI0O8aMUCh sluWe 8 Ne8HUX Mexax. [eHV BU3HayaloTb He
roTOBi NPOABU O3HaK, @ HOPMY peaKLii O3HaKu.

«  binbwicme opzaHizmie marome eapiaHmu, 6/1U3bKi 00 cepeOHb0o20 3Ha4YeHHs. Lle
NMOACHIOETLCA TUM, LLO NOEAHAHHA NULLE CNPUATINBUX aB0 HECMPUATINBMX YMOB
TPannAEeTbCA PiAKo.

«  Ha po3max modugikayiliHoi miHnugocmi enausarme 308HiWHI Ma 8HyMpiliHi
ymosu. YvM OfHOPIZHIIMMN € 30BHIWHI YMOBY PO3BUTKY AAaHWX OCOOUWH, TUM
MEHLLO Mipoto NPoABNAETbCA MoamndikaLliiHa MiIHANBICTD.

§ 45. 3aKOHOMIPHOCTi MiHANBOCTI NIIOANHMN

OT>xe, 3aKOHOMIPHOCTI MoANPIKALINHOT MIHMBOCTI € CTAaTUCTUYHUMN,
TOMY LLO MPOABAATLCA NPY AOCNIAKEHHI 6araTbox BapiaHT
Ti€l UM iHWOI O3HAKMW.
flke 3HaUeHHA cNAagKOBOI MiHNMBOCTI gnaA nlognHn?
Kom6iHauiiina miHnuBicTb — ye popma cnadkosoi MiHAUBOCMI, AKA BUHUKAE
3a80AKU nepepo3nodiny 2eHemuyHo20 Mamepiany 8 Hawaokis. 3a KOMOiHaLiNHOI

MiHANBOCTI YCMaAKOBYIOTbCA HOBi MOEAHAHHA FeHIB, @ CaMi FeHM He 3MIHIoTbCA. 187
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MpUUYMHOK BUHUKHEHHA MNPOSABIB KOMOiIHALiNHOT MIHAMBOCTI € romosioriyHa Ta
HeromonoriyuHa pekomb6inayii JHK. [xepenamm KombiHaUilNHOT MIHNMBOCTI €:
1) KPOCMHIoBep; 2) He3anexHe PO3XOAXKEHHA FOMOJIOTIYHMX XPOMOCOM MpU Me-
no3i; 3) BMMagKoBe 3NUTTA rameT Nif yac 3annigHeHHA. 3aBAAKN He3aneXHoMy Ta
OAHOYACHOMY 3[INCHEHHIO LMX NpoLueciB BUHUKAE BeMKa Pi3HOMAHITHICTb reHo-
Tunis. fomonoziyHa pekombinayia — ye npoyec oO6MiHy HyKIeomuoOHUMU NOCi-
008HOCMAMU MiX 20MOJI02IYHUMU XpomMocomamu abo nayreamu AHK. Llen Ttun
pekombOiHaLil BUKOPUCTOBYETbCA KNITMHAMW AN BUMPABJIEHHA nowwkomkeHb OHK,
YTBOPEHHA HOBMX KOMOiHaLil reHiB nig yac Meno3y, nepeHeceHHsA MOBINbHYIX reHe-
TUYHUX eNeMEeHTIB, FOPM30HTAIbHOIO NepeHeCeHHA FreHiB MiXK PiI3SHUMWU KNITUHaMW.
HezomonoziyHa pekom6iHayia — ye npoyec 06MiHy HyK1eomuoHUMU NOC/1i008HO-
CMAMU MiX He20MoJ102i4HUMU Xpomocomamu abo nanuroeamu [JHK. Mpuknagom Takot
pekombiHaLii € BuUNagKose BOY[OBYBaHHA BipyCHMX abo 6aKTepianbHUX dparmeHTiB
OHK'y OHK kniTuH niogrHn.

MyTauiina miHnuBicTb — ye popma cnao-
KosoI' MiHAUBOCMI, WO NOoB’S3aHa 3i 3MiHamu
2eHomuny 8Hacniook mymayid. Lio miHnusicTb
3YMOBJIOKOTb 3MiHW TeHOTUMY OCOBGUH Ha piBHi
reHiB, XpOMOCOM i KilbKOCTi XpOMOCOM. BuHU-
KaloTb MyTaUiHI 3MiHWM Nig Qi€ BHYTPILWHIX Ta
30BHILWWHIX YNHHMKIB. MyTauiiHi 3MiHN reHOTU-
My 3yMOBJIIOIOTb MOABY O3HaK, O MOXYTb MaTu
pi3He 3HayeHHA. binbLlwicTb MyTaUil, WO NposAB-
NATHCA B OPraHi3mMiB, MatoTb LWKIGNMBUN XapaK-
Tep, OCKINIbKM 3HWXKYIOTb MPUCTOCOBaHICTb go 1. 110. TeTepoxpomis (pisHe 3abaps-
YMOB cepefioBulla (Hanpuknag, remoinis). Ce-  J1€HHA ouet) AK HeinTpanbHa MyTaujis
pefn npoABiB MyTaLinHOI MiHIMBOCTI € 1 HENTPanbHi NPOABK O3HaK, LLIO He BIINBaOTb
Ha NPMCTOCOBAaHICTb, aNne 3a NEBHUX 3MiH CepefoBMLLa iCHYBaHHA MOXYTb BUABUTUCA
KopucHUMK (Hanprknag, retepoxpomia ouen y noguHun) (ia. 110). MyTauinHi 3miHun
MOXYTb MaTW M aflanTUBHE 3HauyeHHs, 3abe3neuyoum NPUCTOCYBaHHA 4O YMOB ce-
peposuwa. Came MyTaLisMu 3yMOBIEHMI NONIMOPGI3M NIOACLKUX NONYNALUiN: pi3Hi
nirMeHTaLis WKipwy, Konip ouein, dopmMa HocCa, BYX TOLLO.

OTXe, cnagkoBa MiHNMBICTb 3abe3neyye reHeTUYHy Pi3HOMaHITHICTb
OCOBUH i € A>Kepenom noABN HOBUX O3HaAK.

BIANBbHICTb

x\//‘ Na6opaTtopHa po6oTa 2

BuBYeHHA 3aKOHOMIpPHOCTEN MiHANBOCTI B IIOAVIHU

Meta: dopmyBaTV JOCNIAHMLbKI YMiHHA BM3Ha4yaTU 3aKOHOMipHOCTI moaundika-
LifHOT MiHNMBOCTI, ByayBaTn BapialiHWiA pAd, BapiauiiHy KprBY, BU3HauyaTh cepefi-
HE 3HaYeHHA O3HaKM.

O6napgHaHHA i MaTepianu: poCcTOMip UM rOTOBI AaHi ANA aHani3y.

Xig po6oTtu

1.  Bnbupaemo o3HaKy AnA AOCNIOXKEHHS | BU3HAYAEMO CYKYMHICTb CMOCTEPEXEHD

KinbKiCHOT 03HaKu, TO6TO BUGipKY.




2. Bu3Hauyaemo giana3oH MiHAMBOCTI 03HaKW,
To6TO HOpMY peakLii. Bu3Hauaemo xapak-
Tep ycrnafKyBaHHA O3HaKu (KinbKicHa abo
AKiCHa, MOHOreHHe abo nonireHHe ycnag-
KyBaHH3).
3. O6uncneMo 4YacToTy 3ycTpivyanbHOCTI
BapiaHT 0O3HaKW. Pe3ynbraty 3anmcyemo
B Tabnuulo i CcKknagaemo BapiauinHun — e
pAag.

alisnliedinl 3

[T T PRP PRV YR O 1

BapiauiniHuii pag ana aHanisy pocty
Okpemi BapiaHTh, v [145-149/150-154(155-159|160-164(165-170|171-174({175-179|180-184

Kinbkictb
crnocrepexeHb, p

4. bypyemo BapiauiiHy KpuBy.
5. BwusHauyaemo cepefHe 3HaYeHHA O3HaKW. [1nA xapakTepuUCTUKN MiHIUBOCTI O3Ha-
K1 obumcnioloTh i cepeiHe 3HaueHHaA (M) 3a dopmynoto:
M=% (v-p)/n,
ne M — cepefiHE 3HaYeHHA O3HaKW; V — BapiaHTa O3HaKK; p — YacToTa 3ycTpivanib-
HOCTI BapiaHTW; N — 3arafbHa KiNbKiCTb BapiaHT.
6. [incymok po6oTu.

CTABJIEHHA

bionorisa + JlioguHa. bnnsHioKkoBMin meTop,

bnnsHoKoBMIA MeToA Aa€ 3MOry Aa€ 3MOry BCTaHOBUTU
BMAINB reHOTMMY Ta YMOB cepefjoBuLla Ha GOpMyBaHHsA nes-
HOT O3HaKu. Y ONU3HIOKOBUX JOCHIAKEHHAX BMKOPKCTOBY-
I0TbCA AK MOHO3UIOTHI, TaK i AU3UTOTHI 6NM3HATA. YMM BOHU
Pi3HATbCA MiX co60t0? flke 3HAUEHHA [OCNIAKEHDb ONU3HAT
ONA BUBYEHHS MIHNMBOCTI B IlOAUHN?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take MiHnmBicTb? 2. AKi € dopmun miHAmBoOCTI? 3. LLlo Take HecnagKoBa MiH-
nuBictb? 4. HaBepitTb npuknagm moandikauinHoi miHnMBOCTI B NtoguHu. 5. Lo Take

1-6 . . . RV o
cnapkoBa MiHAMBICcTb? 6. HaBefiTb NprKnagn Kom6iHaLinHOT Ta MyTaLinHOT MiHAK-
BOCTI B JIIOANHMN.

7_9 7. Ha3BiTb MonekynapHi MexaHiamu MiHnMBOCTi. 8. AKi 3akoHOMipHOCTI Moandika-

LiHOT MiHNMBOCTI ntoguHn? 9. Ake 3HAYE€HHS CNaAKOBOI MiIHNVMBOCTI ANA NoANHKU?

10 - 12 | 10. OuiHiTb 3Ha4YeHHA 6/IM3HIOKOBOIO METOAY ANA BUBYEHHSA MiHIMBOCTI IIOAUHN.

§ 45. 3aKOHOMIPHOCTi MiHAMBOCTI NIOANHN
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byOb-siKa 3MiHa NpoKAAOAe WAX iIHUWUM 3MiHAM.
H. Makiasenni

§ 46. MYTALIT TA IXHI BNACTUBOCTI

OCHOBHI NOHATTA i1 KNlouoBi Tepminn: MYTALLII. MyTareHes.

MpurapanTe! Lo Take myTauii?

&

3Hanomrecsa!

lyzo 0e ®pi3 (1848-1935) - HigepnaHa-
CbKUI OOTaHiK, reHeTuK. MNepeBiakpuBs i NiagTBEpANB
y 1900 p. ogHouacHo 3 K. KoppeHcom Ta E. Yepma-
KoM 3akoHu . MeHpens. BeiB y HayKy noHATTA Npo
MyTaLii Ta po3pobus MyTaLiiHy Teopito. Mogenb-
HVM OpraHi3MoMm ANa NOoro AoChiAKeHb cTana poc-
nuHa eHotepa Jlamapka (Oenothera lamarckiana).

3MICT

Ak KnacneikyoTb myTauii?

MYTALIT (sBig nat. mutation — 3miHa) — cmiliki 3MiHU 2eHemu4HO20 anapamy,
WO BUHUKAMb panmoago i npu3800ame 00 3MiH mux dbo iHWUX cnadkosux 03HAK U
¢yHKyil opearizmy. MyTauii MoxkHa knacnikyBaTy 3a XxapakTepoM NposBY, 3a MicLieM
BMHWKHEHHSA, 32 XapakTepOoM 3MiH CNaaKoBOro anapary, 3a MOXOA4XeHHAM TOLLO.

3a xapaKkTepom NpoABY MyTaLii NOAINAIOTb Ha AOMiIHAHTHI 1 peLecusHi. binbwictb
3 HUX € peLeCcMBHUMM 1 He MPOABNAIOTLCA B reTepo3uroT. JomiHaHmui mymayii — ue
MyTaLii, Lo NPOABAATbCA Y FOMO- | reTepO3UroTHOrO OPraHi3My Ta 3'ABNAIOTLCA BXKe
B nepLlIomMy NOKONiHHI. Hanpuknag, nonigaktunia, abo 6aratonanicTb, € MyTaLi€lo, WO
yCnajKoBY€ETbCA 3@ ayTOCOMHO-AOMiIHaHTHUM TUNom. PeyecusHi Mymauii — ue myTa-
L, Lo He NPOoABNAIOTLCA Y reTepo3nroT i 3'ABAAIOTLCA TiNIbKW B APYroMY i HACTYNMHUX
NOKoMNiHHAX. Tak, y NoANHN peLecnBHUI XapaKTep Ma€e Taka MyTaLis, AK anbbiHi3m.

3a BNAIMBOM Ha XUTTELIANBHICTb PO3PIi3HAOTb NeTasibHi, CybneTanbHi Ta HENT-
panbHi. JlemanoHi Mymayil CipyYnHAOTL 3armbesib OpraHiamis Lie 4O MOMEHTY Ha-
pomeHHA abo [0 HAaCTaHHA 30aTHOCTI 10 PO3MHOXEHHSA. Y NMIOAVHM A0 TaKUX MyTaLii
HanexuTb remodinia. MyTauii, AKi 3HVXKYIOTb XKUTTE3AATHICTb OCOBVH i YacTKOBO abo
MOBHICTIO 3yNNHAIOTb PO3BMTOK, Ha3MBalOTbCA cybemanbHUMu. AKLWO X MyTaLii 3a
3BUYHUX YMOB He BMJIMBaOTb Ha XKMUTTE34ATHICTb OpraHi3miB, TO iX Ha3MBaloTb Helim-
DabHUMU.

3a MmicueM BUHUKHEHHA MyTauii KnacudikyloTb Ha COMaTUYHi Ta reHepaTuBHi.
ComamuyHi Mymauii BUHUKaOTb B COMATUUYHUX AUMANOIAHUX KIiTUHAX, 4acTo He
nepenaTbCsA CNAAKOBO 1 OOMeXeHi TiElo 0CcoOMHOI0, B AKOT BUHMKAW. Hanpuknag,
y NOAVHW COMaTUYHUMKU MyTauigsMy € Mo3ailum3m abo NyxauHHe nepepopKeHHsA
KNiTMH. MyTauii, WO BUHUKNN B rameTax Ym KNiTUHaX, 3 AKUX BOHW YTBOPIOKOTbCS, i
nepefaloTbCA HawaAKam y BUNaAKy IXHbOT y4acTi B 3an/ifHeHHi, Ha3nBaloTb 2eHepa-
musHUMU Mymayismu.

3a xapaKkTepoMm 3MiH CMaIKOBOTO anapaTty MyTauii 6yBaloTb FeHHUMM, XPOMOCOM-
HUMM Ta FEHOMHUMW. [eHHI MyTauii — CTiNKi 3MiHWN OKpPeMUX reHiB, CNpUYMHEHI Nopy-
LWEeHHAM NOCNIJOBHOCTI HYKNEOTUAIB Y MOMIeKynax HyKneiHoBmx Kucnot. Ui myTtauii



BMHMKAKOTb BHACNiAOK BUMadiHHA MEBHUX HYKNeOoTNAiB, MOABU 3aMBMX, 3MiHU NOPAL-
Ky X po3TalyBaHHsA. [eHHMMM MyTaUisMy B IIOAUHN € NONiAAKTUAIA, anbbiHi3m. Xpo-
MOCOMHI MyTaUii — ue MyTauii, Lo BUHMKalOTb Y pe3yfbTaTi NepebynoBy XPOMOCOM.
BOHM MOXyYTb BUHMKATK AK B MeXKax OAHIEI XPOMOCOMMU, TaK i Mi>K FOMONOTiYHUMM 1
HEromosioriYHMMK XpomocomamMu. MPUKNagomMm XpOMOCOMHMX MyTauil € CUHAPOM
«KOTAYOro KpUKy» (46,5-), roctpuin neiikos (46,21-). leHomHi mymauyii — ye mymauyi,
W0 no8’a3aHi 3i 3MiHoo Kinbkocmi Habopie xpomocom. OCHOBHMMM BUAAMU FEHOMHMX
MyTaUil €: 36iNblUeHHSA KiNIbKOCTi XpPOMOCOMHUX HabopiB (Non1innoidin), 3MeHLWweHHs
KiNnbKOCTi XPOMOCOMHUX HabopiB, 3MiHa YMCa XPOMOCOM OKpemux nap (aHeynsoi-
0iA). MpuKknagamy reHOMHUX MyTaLil € cuHapom [ayHa (47, 21+) B noguHu.

OTXe, NPUYMHOIO MYTaLiNHOI MIHAMBOCTI € MyTauii,
WO KNnacudikyoTb 3a PisHUMN KpUTEPiAMMU.

Yomy BUHMKaloTb MmyTauii?

O>xepenom myTauiin € nepebyaoBy HyKneoTnaHMX nocnigosHoctein AHK, 1o BuHM-
KatoTb y pe3ynbraTi: 1) mogudikauin monekynu JHK nig yac pekombiHauiii; 2) nomunok
nig vac pennikauii 1 penapadii; 3) iHTerpauii yyxopigHoi (Hanpuknag, BipycHoi) AHK;
4) wkipnunBoi Aii peyoBUH-MeTaboniTiB (Hanpuknag, soan, H,0,); 5) nepemiweHHA
reHEeTUYHNX MOBINbHUX eNeMEHTIB; 6) MOPYLLEHb LiTICHOCTI XPOMOCOM Ta iX KiflbKOCTi.

NowkopxeHHa OHK, wo € npnynHO MyTauil, BUHMKAOTb BHACAifOK BNAMBY
30BHILLHIX Ta BHYTPILLHIX YAHHUKIB, AKi HA31BalOTb MyTareHamu, a IpoLec yTBOPEHHA
MyTauin — myTareHe3om. MyTareHHi YNHHUKN 32 fKepesiom BMIMBY MOAINAIOTb Ha eK-
302eHHi (HanpuKnag, pagiauia, EK30TOKCMHW OpraHiamiB) Ta eH002eHHi (Hanpvknag,
NoMunKK pennikauii, penapauii, pekomb6iHauii), a 3a nprpoaoto BNAUBY — Ha Pi3uydHi
(ramma-npomeHi, ynbTpadionetose BUNPOMiHIOBaHHSA, TeMnepaTtypa), XimiyHi (nectu-
uuan, aHTUBIOTUKYM, CIONYKM BaXKKMX MeTaniB) Ta Gioso2idHi (Bipycu rpuny, yncTa
OHK, aHTreHn mikpoopraHi3mis, «cTpubatoui reHu» Ta iH.).

MyTtareHe3 — npouyec 8UHUKHeHHA Mymauil nio Oi€to 308HIWHIX i 8HYMPpIWHIX
YUHHUKIB. 3[aTHICTb MyTyBaTW MpuTamaHHa BCiM dopmaM XMUTTA Ha 3emni, BOHa €
OCHOBOI MiHNMBOCTI. MyTareHes, wWo BiAOYBaEeTbCA Nif fi€0 NPUPOJHUX YMHHUKIB
(npupogHun pagiauiiHnin GoH, eKCTpemasbHi BUCOKI UM HU3bKI TemnepaTypu), — Le
npupoOdHuli (cnoHmaHHull) MymazeHes, a cami MyTaLii, O BUHMNKAIOTb, Ha3MBalOTb
CMOHTaHHMUMU. AKLWO MyTaLil CIPUYNHEHO Ai€I0 WTYYHUX MyTareHis, TO MAETbCA NPO
wmyyHul (iH0yKkoeaHuli) MmymazeHe3. Hanpuknag, pagioakTvBHI BUKMAW 1 Bigxo-
LV, BUNPOMIHIOBAHHA rafkeTiB, LiIOKCMHU, MeCTULMAN, LITYYHO CUHTe30BaHi aHTubio-
TUKKM TOWoO. [HAYKOBaHWU MyTareHe3 y CyyacHUX nonynauisax noguHn Bindysaetbca
iHTEHCUBHO.

MNoaBa myTauin y KNiTMHaxX NOAVHN € HOPMaNbHUM NPUPOAHUM ABULLEM i3 NPU-
POAHOI0 YacTOTOO, siKa OLiHIETbCA B 10*—10° B ofHiln KNiTUHI 3a fo6y. MNepeBaxkHa
YyacTKka UMX NOLWIKOAXeHb BUAANAETbCA CUCTEMaMM penapauii, i TiMbKM HeBenuka
KiNbKiCTb 3aNMWa€eTbCA Y BUFNAAI MyTaLiiA, O MOXYTb OYTU WKIANMBUMU, HENTPasb-
HUMW 1 iHOAI aAanTUBHUMN.

OT1xe, MyTaLii BUHMKAOTb BHACNiAOK nepebynoBn HYKNeOTUAHUX
nocnigosHocten OHK nig gi€to BHYTPILWHIX Ta 30BHILLHIX YAHHUKIB.

§ 46. MyTaUii Ta ixHi BnacTMBOCTI
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AKNMN € OCHOBHI 6ionoriyHi aHTUMyTaUiHi MexaHi3mn?

MyTareHn B CyyaCHUX yMOBax CYMpOBOMKYIOTb NOANHY BCOAW: HAKOMUUYIOTb-
cA'y GpyKTax 1 oBOYax, yTBOPIOKTbCA MNif Yac NPUIroTyBaHHA i, BXOAATb A0 CKnagy
KOCMEeTMYHIX Ta NiKapCbKurx 3acobis, npenapatiB NobyToBOT XiMii, HaABHI Y BUXJIOMHUX
rasax aBTomo6inis i NPOMUCNIOBUX BUKMAAX. JIIOAN KOHTAKTYOTb 3 HUMW Mg Yac pobo-
TV 3a KOMMN'loTepoM abo TeNlepOHHOT PO3MOBMU. 36ifbLLUEHHS YaCTOTU NOSIBU LWIKiANMBUX
MyTaLil y I0AVHM MOB'A3aHO i3 36iNblIEHHAM KOHLEHTPALIT Yy JOBKiNI MyTareHis, po-
CTOM KiNbKOCTi HaceneHHaA Ta nocnabneHHAM iMyHHOT CTIIKOCTi IOAUHN.

0na 3axucTy Bif WKiZNMBUX MyTareHHVX BMIMBIB YCi XUBi opraHiamu matoTb 6io-
NOTiYHi aHTUMYTaUiHi MexaHi3mu. Y NIoAUHN BOHWU peani3oByoTbcA 34e6inblworo Ha
MONeKyNAPHOMY, KNITMHHOMY Ta OPraHi3aMOBOMY PiBHSAX.

Ha monekynapHomy pigHi BinbyBaeTbca penapadyis [JHK — cykynHicTb npoLiecis, 3a
[OMOMOTOI0 AKNX KNITMHA 3HAaXOA4UTb 1 BUNPaBAA€E NowkogkeHHA. OCHOBHMMY BMAa-
MW penapadii € Bupi3anbHa Ta pekoMbiHauiiHa. e ogHUM BaxXnuBMm monekynsp-
HUM MeXaHi3MOM € 8UpPOOXeHicmb 2eHemuy4Ho20 KoOy. OfHY aMiHOKMCIIOTY MOXYTb
KoAyBaTV AeKinbKa pPi3HMX TPUNNETIB, 3aBAAKM YOMY BMMNAAKOBa 3MiHA OJHOroO Tpu-
NNeTy He 3aBXM CYNPOBOMAXKYETbCA 3MIHOK CTPYKTYpU 6inka. Ha piBHi reHis icHytoTb
CBOi MexaHi3mu, AK-TO N0BMOPIOBAHICMb 6a2amMbOX 2eHig y reHOMi, HaABHICMb iIHMpPoO-
Hig, WO € NacTKaMn Ana myTauin Ta iH.

Ha knimuHHOMY pigHi 3aXWCT Bifi MyTareHiB 3abesneuye anonmos. Lle 3anporpa-
MOBaHa 3arnbenb COMaTUYHMX KNiTWH, O CNOCTePIraeTbCs B pasi 3aKiHUEHHA TEPMiHY
MKUTTA KNITUHK, @ TAKOX Y pasi Pi3HMX 3aXBOPoBaHb. ANOMNTO3 He AOMNYCKaE MyTaHTHI
KNiTUHW fo nopiny i 36epexeHHA MyTaLii B opraHiami. Y KniTMHax opraHiamy icHye
SOS-cucmema, wo ii Bigkpue y 1975 p. M. PagmaH. Lia cnctema BMUKAETbCA, AKLLO
nowkoaxeHb [HK cTae 3abaraTo i BUHMKAE 3arpo3a XUTTIo KNiTUHNU. SOS-cncTema ak-
TUBYE rPynu reHis, WO 3yMOBIOIOTb 3aXMCHY BiANOBIAb Ha nowwKkogxeHHA JHK.

Ha pigHi opeaHizamy aHTUMyTaLinHUI 3aXUCT 34iINCHIOE iIMyHHA cucmema, fika po3-
Ni3Ha€ KNITUHW 3 MyTaLiaMM 11 3a yyacTi cneumdiuHnX peyoBUH i KNITUH iX iMMobinisye
Ta po3Lensioe. 3HELWKOXKEHHA XIMIYHUX MyTareHiB B opraHiami nogunHu Moxe Bigoy-
BaTUCA 3aBAAKM NpoLecam 6ioTpaHchopmalii. HallakTrBHile Taki npouecu BigdyBa-
I0TbCA B MeUiHLi 3a yyacTi crneuianbH1X peLenTopis 1 GepmMeHTIB.

OTxe, 6ionoriyHi aHTUMyTaLiNHI MexaHi3M1 peani3oByOTbCA
Ha MONEKynAPHOMY, KNiTMHHOMY Ta OpPraHi3aMOBOMY PiBHAX.

BIANIbHICTb

M CamocriiiHa po6oTa 7

Po3B’A3yBaHHA BpaB Ha MyTauii

Bnpaea 1. BusHaute, fAKi 3 HaBefeHUX 3MiH € B NOAUHU MyTauiamn (A), a aki —
moaundikauiamm (b): a) paxiT; 6) 3acmara Ha COHLU; B) anbbiHi3Mm; I) NiABWLLEHHS KiTbKOCTI
epUTPOLIMTIB Y KPOBI JTIOAVHUN Yy BUCOKOTiPHMX YMOBaX; A) remodinis; e) deHinkeToHypis.

Bnpaea 2. B ofHi i3 nonynAuin TBapuH KifbKiCTb XPOMOCOMHUX MyTaLiln CTa-
HOBUTb 6nM3bko 7 Ha 1 000 HoBOHapogXeHux. O6UMCHiTb YacTOTy BUHUKHEHHA
XPOMOCOMHMX MyTauill y AaHin nonynayii. (HactoTy myTauin MoXKHa obumcnnti 3a
dopmynoto: P, = M / 2N, pe P, — yactoTa nosABmM MyTaLii; M — KinbKicTb BUABNEHMX
MyTaHTHUX deHoTMniB; N — 3aranbHa KinbKicTb 006CTeXKeHUX OpraHi3mis.




Bnpaea 3. Y pesynbtaTi MyTauil Ha ginadui reda - ML TI'T WAL AUT AT LIAA -
BifOynocs 3amileHHA B TPETbOMY TPUMJIETI: 3aMiCTb afeHiHy BUABNEHO LUTO3VH. 3a-
NUWITb aMiIHOKUCAOTHUI CKNag noninentuay Ao myTauil i nicna Hel.

Bnpaea 4*. flka 3miHa KofyBanbHoro naHutora AHK — AT TTA UTL AL ATT -
6inbLUIOO MipPOIO BNIMHE Ha NEePBUHHY CTPYKTYpY binKa: BUNagiHHA OAHOro NepLioro
HyKneoTuay 3 Apyroro TpunaeTy abo BMNagiHHA yCbOro Apyroro TpunneTy? 3anuwitb
BiAMOBIAHI AiNAHKM 6iNKOBMX MONEKYN y HOPMi Ta NicnA MyTaUiiHMX 3MiH Y reHi.
bionoria + BiakputTa. TayToMmepis HiTpaTHUX OCHOB

Onvea bpoeapeuysb (Hap. 1986) — cTapLia HayKoBa CniB-
po6iTHULA IHCTUTYTY MoneKynapHoi 6ionorii i reHeTukn HAH
YKkpainn B KueBi, AKa 3axmctuna JOKTOPCbKY AucepTauito
«MiKpOCTPYKTYpPHI MEXaHi3MN BUHUKHEHHSA CMOHTAHHWX TOY-
KOBMX MyTaLin» i Ha noyaTKy 2016 p. cTana HaMMoNOALWNM
LOKTOPOM HayK YKpaiHu. 3rigHo 3 ii fOCNigXeHHAMU, OAHUM
i3 mKepen MyTaUiHKX 3MiH € «MyTareHHa TayTomepu3aLis
HiTpaTHMX OCHOB». LlikaBo, a un 3moxxeTe BM po3ibpaTnca B
CyTi Uiei HayKoBOI ceHTeHUL;ii? Lo Take TayTomepia?

CTABJIEHHA
2 Bionorisa + 3a0poB’a. TIOTIOHOKYPIiHHHA AK MyTareHHUIA YMHHUK
Cepeqn 3BUYOK BUOKPEMIIOOTb Hal- KanM HikoTun
WKINMBIWI: Ue HapKOMaHifA, ankoronisam, CMOHM I%”,ffo?;"" A

TOKCUKOMaHIsi 1 TIOTIOHOKYpiHHA. LUKig- nHUNEHA AmoHiak
NUBI  3BUYKN MepeLlKkogalTb JIIOANHI FeKcaNuH lapmoni

. Knevn HoprapmomH
PO3BMBATMCA SIK PO3YMOBO, TaK i $pi3MUHO, EVTaH

MOXYTb CNPUYMHATY MyTauii. OBrpyHTY-

Au,eTOH
Te CY[PKEeHHSA LWOAO WKiANNBKX 3BUYOK (Ha- [160roTh
NpVKNag, TIOTIOHOKYPIHHA) AK MyTareHHnx Nanip / quH
YNHHUKIB. MertaH ras

MI/ILIJ aK =) l'

BbeH3nipeH ®apba

MonoHii MeTaHO“

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Lo Take myTauii? 2. HaseaiTb npuknagn myTtauin y noanHu. 3. Lo Take myTare-
He3? 4. Ha3BiTb OCHOBHI Axepena myTauin. 5. Ha3BiTb OCHOBHI aHTUMYyTaUilHi Me-

1-6 . . Lo L .
XaHi3mu B noanHW. 6. HaBefiTb NpuKnagn aHTVMyTaUiiHUX MeXaHi3MiB Ha Pi3HKX
piBHAX OpraHisayii opraHiamy nioguHu.

7.9 7. Ak knacndikytoTb MyTauii? 8. Yomy BUHMKaTb MyTauii? 9. AKUMN € OCHOBHI 6io-

NOTiYHI aHTUMYTaLiiHI MexaHi3mun?

10-12 | 10. O6rpyHTYNTE CyIKEHHA WOAO WKIANNBUX 3BUYOK AK MyTareHHUX YNHHUKIB.

§ 46. MyTaUii Ta ixHi BnacTMBOCTI
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Hemae Hivo20 6intblu cmasno2o, Hix 3MiHU.
Kapn bepHi

§47. 3AXUCT rEHOMY JIIOAUHMU BIA WKIAJIUBUX
MYTAIreHHUX BIrJinBIB

OcHOBHi NOHATTA 1 Knto4oBi TepmiHu: MYTATEHU. AuTumyTareHn.

MpurapanTe! Lo Take myTauii?

'\ 3HaiiomTecs!

Cepeiti Muxatinosu4 lepwieH30H (1906 — 1998) - BU-
JaTHUI YKPATHCBbKMIA yUEeHWI y rany3i moneKynsapHoi bionorii Ta
reHetTuky, akagemik AH YPCP, oguH i3 3aCHOBHUKIB IHCTUTYTY
mMonekynapHoi 6ionorii i reHeTukn HAH YkpaiHu, aBTop rino-
Te3n MyTareHHoi fii ek3oreHHol [IHK AK NOTYy>XHOro YMHHMKa
BMIMBY Ha MIHAMBICTb Ta aganTawito >KMBUX CUCTEM.

3MICT

AKi mexaHi3Mu WKigNMBOro BNANBY MyTaLili?

MYTATEHW - ye YuHHUKU, AKi MOXymb cnpuduHAmu mymayii. ns Toro wo6 YnH-
HUK OYyB MyTareHOM, BiH MA€ NIerko NPOHUKATU B KNiTWHK, 36epiraty IXHE XNTTA Ta
BMIMBATW Ha reHV 1 XPOMOCOMU. 3a MPUPOAOIO LiMX BNIMBIB MyTareHn NoginAatoTb Ha
bi3nyYHi, XimMiuHi 1 6ionorivHi.

Cepep ¢pisnuHux myTareHiB Hanbinblue 3HaUeHHA Ma€ NOHi3yloue BUNPOMIHIO-
BaHHA (peHTreHiBCbKe, ynbTpadionetoBe, raMma-npomeHi). [poHmKawum B KNiTUHY,
NPOMeHi PYMHYIOTb BOAHEBI 3B'A3KN MiXK HyKneoTuhamu, BUOUBAKOTb eNeKTPOHM i3
30BHILIHbOT 06ONOHKM aTOMiB abo MONEeKyn, yHacnifjok Yoro BMHUKATb BUCOKO-
aKTUBHI 8iNbHIi padukanu. Lle atomy yn Monekynu 3 HecnapeHWM enekTPOHOM Ha
op6iTanax, WO MaloTb BUCOKY XiMiYHY aKTUBHICTb, 3yMOB/IEHY HAsABHICTIO BiIbHUX Ba-
neHTHocTel. BoHn nopyuwyioTb CTPYKTYpY 6inkiB, y monekynax AHK BuHukatotb pos-
puBY, 3'ABNAIOTLCA XPOMOCOMHI 1 reHHi myTauiil. o ¢pi3nyHmMx myTareHis HanexaTb
TaKoX pomoHu ceimna, nidsuwjeHa abo 3HUXeHa meMmnepamypa ToLo.

XimiuHi myTareHu Oyno BiZKpuUTO Mi3Hiwe 3a Qi3nyHi. 3HAUHUN BHECOK Y TXHE
BMBUEHHA 3pobuna yKpaiHCbKa LWKOa reHeTuKK, ovontoBaHa akagemikom C. M. lep-
lweH30HoM. HuHi Bigomo 6arato ximiuHux myTareHiB. Lle 2idpozeH nepokcud, Himpam-
Ha Kucioma, ggopmasneoezio, xnopogopm, inpum. OfHUM i3 HaNMaCoBIWNX MyTareHiB
€ 6eH3nipeH, WO YyTBOPIOETLCA Mif Yac 3ropAHHA OeH3MHY UM ropiHHA HIKOTUHY. HaBiTb
MiHiManbHi 103K i€l peYOBMHN YNHATb KaHLEPOreHHNn Ta MyTareHHun snnus. [lo
XiMiUHMX MyTareHiB HanexaTb TaKOX necmuyuodu, desKi slikapceki npenapamu (aHTW-
6iOTUKM 3 MPOTUNYXSIMHHO Ai€l0, XiHiH, aHAPOTeHW), 8aXXKi Memasnu (KagMmii, pTyTb,
CBUHeUb), AenAkKi xapyosi 006asku. MyTareHHWIN BMIVB YMHUTb 1 BiOMUIA ankanoig
KOMXiUUH, WO PYNHYE BepeTeHO NOAINY Ta NPU3BOAUTb A0 NOABOEHHA YMCIa XPOMO-
COMHUX HabopiB y KNiTUHI. [lo Hebe3neyHKX XiMiYHUX MyTareHiB BigHeceHO azbecm Ta
0iOKCUHU, AIKi YTBOPIOKOTbCA BHACNILOK TEPMIUYHOI NepepobKu opraHiuHOl CMPOBUHN
ab0 xnopyBaHHA Nig Ai€ BUCOKMX TemmnepaTyp. MexaHi3m WKignnBrx BRMBIB aHa-
NOTiYHMIA ONPOMIHEHHIO, ane AifA € 6inbl cneyndiyHoI0 N TpMBaniwWwoto.



[o 6ionoriuHnx myTareHiB HanexaTb Bipycu (Hanpuknag, Kipy, KpacHyxu, rpu-
ny), TOKCVIHM refibMiHTiB, rpubiB-napa3sunTis, UBineBux rpnbis (Hanpuknag, adpnatokcu-
HW acneprinis) OTPYMHUX POCSIVIH 1 TBAPUH. Y KNITUHAX, ypaXXeHX Bipycamu, MyTauii
cnocTepiralnTb 3HaYHO YacTille, HiX Y 340POBUX. Bipycn BHOCATb BRacHy reHeTU4Hy
iHbopMaLito B reHOM KNiTUHU, 3MIHIOIOUM CTPYKTYPY FeHiB.

OTXe, MyTareHamy € 30BHilWHi abo BHYTPiWHi, Gpi3nyHi, XimiuHi 1 GionoriuHi
YNHHUKN, WO CNPUYMHAIOTb 3MiHW B CTPYKTYPI FeHiB i XpPOMOCOM.

AKnMmu € 3axoan WOA0 3aXMCTY FeHOMY JIIOAVHM Bif WKiAAMBUX MyTareH-
HUX BNANBIB?

Y Hal Yac BUOKPEMIIOTb AeKiflbKa OCHOBHUX Niaxo4iB AnA opraHisauii coyiane-
HO20 3axucmy reHomy NIoANHN Bi WKIANMBUX MyTareHHUX BNAMBIB: 1) CTBOPEHHA
6e3BiAXOAHUX TEXHOJOTIN, 3aMKHYTUX LIMKJIiB BUPOOHMLTBA y NPOMUCIOBOCTI; 2) ne-
pexig Bif XiMiuHMX 3acobiB 60POTbOU B CilbCbKOMY rOCMOAAPCTBI A0 HELKiAnnBMX
6ioNoriyHNX; 3) CTBOPEHHA CTINKMX COPTIB POC/IMH, WO He NOTPebYTb XiMiYHKX 3a-
cob6iB 3axumcTy; 4) TeCTyBaHHA Ha MyTareHHicTb GapmaLeBTUYHNX NpenaparTis, NecTu-
unais; 5) BUNyYeHHsa abo HelTpanisauia MyTareHHWX UYMHHUWKIB Y HaBKOJIULLIHbOMY
cepefoBuLLi Ta iH.

Hai6inbw peanbHUM 3acobom ansa iHoueidyanvHozo 3axucmy NHK nognHu Bif
HEe3BOPOTHUX 3MiH € BUKOPUCTAHHA aHTUMYTareHiB A 3HMXKEHHA TeMniB MyTauin-
HOro npouecy. AHTUMYTareHm — pe4yosuHU, WO 3HUXYIOMb Yyacmomy mymayit. Bonn
HelTpanisyoTb MyTareH o Moro peakuii 3 monekynot [HK ab6o 3HimMaloTb MOLIKO-
axeHHA [IHK, wo 3ymoBneHi mytareHoM. AHTUMYTareHHy Aito MaloTb BiTaMiHW, Kapo-
TUHW, FNyTaMiH, CEPOTOHIH, a TaKoX AedAki Gpi3nyHi YNHHUKK (geHHe ¢BiTno). Bingomo
noHapg 500 cnonyk, AnAa AKMX foBedeHO 34aTHICTb 40 3aXMUCTy reHoMy Bif Ail myTare-
HiB. Tak, npuinom KapoTunHy, BiTamiHy C i BiTamiHy E 3MeHLIy€e CNOHTaHHe NOLKOAXKEeH-
HA OHK y nimdoumnTax KpoBi. AHTMOKCMAAHTH, WO MICTATbCA B 3€JIEHOMY Yai, 3Ha4YHO
3MEHLUYI0Tb YacTOTY XPOMOCOMHUX MyTauil. [ina 3anobiraHHA WKiANMBOMY MyTareH-
HOMY BM/INBY 3a JOMOMOTO0 aHTUMYyTareHiB NIOANHI NOTPIOGHO BXMUBATK Hinblue HaTy-
panbHUX CBIXKMX NPOAYKTIB, 0COBNNBO KanycTu i 3eneHi, Kpyn, xniba 3 Buciskamu. Y
IXHbOMY CKNagi € BiTaMiHW 11 KNITKOBMHA. BXK1BaHHA KNITKOBMHN NPUCKOPIOE NpoLec
NMPOXOAXKEHHSA Ki CTPAaBOXOAOM i, IK HACiAoK, 0OMeX-
Y€ PYWHIBHY Ail0 Ha KAWEYHUK AeAKMX WKIAANBUX pe-
YOBWH, LLIO MICTATbCA B 1Xi.

Benuke 3HaueHHA ana 3anobiraHHA WKIAAMBUM My-
TareHHWM BMNAMBaM Ma€ CMAH iMyHHOI cucmemu Noan-
Hu. Tomy He cniig BigKnagaTny «4OBrmm AWMK» NiKyBaHHA
XPOHIUHMX XBOPOO, Lie MOCNabI0E iIMYHITET 1 MOCUITIOE
WKIANMBMAA  MyTareHHUn BnAue. Lopocnum nogam
cnip nepiofMyHO BUKOPUCTOBYBATU TpaB'AHi 360pwu
[NA OUMLLEHHA NeYiHKY, B AKiN BifbyBalTbCA OCHOBHI
npouecu 6ioTpaHchopmauii wKignnsmx peyosuH. Oco-
651BO KOPWCHI renaTonpoTEKTOPHI BACTUBOCTI MalOTb
po3zmoponwa naamucma (Silybum marianum), nacka-
seyb sonomucmuti (Bupleurum aureum) (in. 111). He |5 111, Postoponwa i nacka-
cnip BXnBaTn 6e3 KOHCYNbTalil 3 Nikapem HeBiAOMI Nli-  Beub — fikapcbKi POCINHM
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KapcbKi npenapat, 0cobnmBo aHTUGIiOTU- Tabnuusa WKigNMBMX XapuoBuX
K1, @ AKLLO BXXe NPOXoAnTe aHTUOIOTUUHUN Ao6aBoK

Kypc NiKyBaHHs, TO 060B'A3KOBO NOTPIOHO | [lyxe
BXMBATU NpenapaTti 3 KOPUCHUMK BGakTe- | HebesneuHi
piamu, Wo 3abe3neuyioTb MEBHUI 3aXMCT E102,E110, E120, E124, E127,
Big MyTareHis. LUkignmeun Bnnus myTtare- E129, E155, E180, 201, E220,

. . . He6 . | E222, E223, E224, E228, E233,
HIB MOXYTb nigcunioBat AeAKl pedyoBu- eoe3neyHi E242, E400, E401, E402, E403,

E123,E510, E513, E527

HU, WO Ha3nBalOTb KOMymazeHamu. BoHu E404, E405, E501, E502, E503,
cami no cobi He 34aTHi O MyTareHHol Aji, E620, E636, E637
He MaloTb BJlaCHOI MyTareHHOI akTUBHOCTI. E131,E142,E153, E210, E212,

KaHuepo- E213,E214, E215, E218, E219,
reHHi E230, E240, E249, E280, E281,
E282, E283,E310, E954

Tak, KoMyTareHamy BBa)kalTbcA KodeiH,
TOKCVHW refibMiHTIB, AesKi papMaKkonoriyHi

npenaparwu. . LUnyHKoBI E338, E339, E340, E341, E343,
Hxepenom  WKIANNBUX  MYTareHHWX | 3axgopio- | E450, E461, E462, E463, E465,

BMVBIB €  fesKi xap4yoei 0ob6aeku. Tak, |gaHHA E466

npu KOHCepPBYBaHHI BUKOPUCTOBYIOTb Ha- E151, E160, E231, E232, E239,

LKipHi 3a-
Tpiit rnytamat (E621). HebesneuHum npn | ygoposans | oo - b 12 E320,E907, 951,

HarpiBaHHi TaKOX MoXe Oy Tu HaTpIl HITpUT E1105

(E 250), Wo MicTUTbCA Yy BapeHux KoBbacax. | Posnagu £154,£626, E627, £628, 629,
o y Bap : L E630, E631, E632, E633, E634,

Hatpin HiTpuT - Oyxe wkignvea peyosu- | KAWEUHNKY | - o

Ha, ocobnueo 3a HarpiBaHHA. [lo3a y 2 I |Tuck E154, E250, E252

34atHa youTtn nioguHy. | ua npobnema € | HeGesneui

aKTyasibHO0, 3 OrnAdy Ha 3BUYKy GaraTbox | Ans fitei

nofen BapuTh COCUCKM Ta CMaXkUTK fikap- E103,E105,E111, E121, E123,

cbKy KoB6acy. LUKIANMBAM cTaHe HagiTh |3300POHeHi |E125 E126,E130, E152,E211,

E270

. . o . E952
3BUYaNHUN KOpP, AKWO WMNOro TepmiyHO
6006 U'y., P H p Minospini E104,E122,E141,E171,E173,
oopoounTK: 3a NOTO TPUBAJTIOIFO HArpiBaHHA ao3p E241, E477

YTBOPIOETbCA HebesneuHa AnAa 340poB'A
opraHiyHa crnonyka rigpokcumeTtundypdypon. AHanisytoum cyyacHuin cTaH y coepi
BMKOPWCTaHHA XxapuyoBux 4OOABOK, MOXKHa AiT BUCHOBKY, L0 LLifIKOBMTO y6e3neun-
T cebe Bif WKiANMBOro BNAMBY Hebe3neuHrX NPOAYKTIB HEMOXIUBO. Afle HaM Lin-
KOM Mig cunly 3MEHLUWTA PU3KKK, NMOB'A3aHI i3 BXXMBAHHAM LWIKiANMBUX f06aBOK. [AnA
LibOro BapTO 3anaM'ATaTy TaKi NpaBuna: a) He MOXHa KyrnyBaTu MPOAYKTU KYCTapHOro
BMPOOGHULTBA; 6) Kynyoum NPOAYyKTU, BAPTO YHMUKATU TaKUX, O MiCTATb ACKPaBi CUH-
TETUYHI 6aPBHMKMN, HE BXMBATM COMOAOLLIB, COKIB Ta Fra30BaHOT BOAM i3 CUHTETUYHUMN
6apBHMKaMK; B) He BapTO 3/T0BXMUBATU NPOAYKTaMU, L0 MiCTATb KOHCEPBAHTH; T) Clif
YHUKATK BXMBAHHA MPOAYKTIB, WO MICTATb 3aMiHHMKU LYKPY, Hanpuknag acnapTam
(E 951), HaTpin unknamart (E 952), caxapwvH (E 954). 3a3Bnuaii Ui fo6aBKM MiCTATbCA Y
JeLleBrX COIOAKNX HAMOAX Ta B XKYBaJIbHUX FyMKax.

Tema 3. CMAOKOBICTb | MIHJTUBICTb

OTxXe, WKIigNNBUN MyTareHHU’ BMIMB Ha Fr€HOM JIIOAMHN MOCUITIOETbCA
y 3B's3KY i3 cyyacHMM cTaHoM 6Giocdepun. OCHOBHMM 3aBLAHHAM €
nonepea)keHHA nofdanblworo 3abpyaHeHHsA 6iochepn myTareHamu i nowyk
cnocob6is 3axucty JHK noguHun Big yparkatoyoi fii myTareHis.
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BIANbHICTb

x,/‘ 3aBiaHHA Ha 3aCTOCYBaHHA 3HaHb

3anoBHiTb Y poboyomy 30wwuTi Tabnuuto i chopmynionTe OCHOBHI 3axoan LWoJ0
3aXUCTY NIOANHM Bif, WKIAANBUX MyTareHHUX BM/NBIB,

pyna MpepcTaBHUKN OCHOBHI 3aX041 W00 3aXUCTY Bif MyTareHis
Di3nyHi MyTareHu
XiMiyHi MyTareHn
bionoriuxi mytareHu
bionorisa + JlikapcbKi TpaBu. AganToreHHi BNacTUBOCTI JliKapCbKUX POCVH

ApanToreHu — Lje rpyna npenaparis, WO
NiATPUMYITb POBOTY IMYHHOI cucTemu Jito-
AVHW Ha JOCTaTHbOMY PiBHI 1 NiABMLWYIOTb
MNOro CTINKICTb NPOTY WKIgNANBUX Gi3UYHKX,
XiMiuHMX Ta GionoriyHux myTareHis. Lii npu-
poAHi 3acoby CTUMYNIOIOTb 3aXMCHI cun
OpraHiamy noguHN, NPUCTOCOBYIOTb MOrO
[0 3MiH MOroAu, KonmBaHb aTMOCHEPHOro TUCKY, NiABULLYIOTb CTiMKICTb [0 CTPeCiB,
bi3nyHy 11 po3yMoBY npale3aaTHICTb. AganToreHHi BacTMBOCTI MaloTb TaKi pociu-
HU, AK iIMOUp, acTparan, poaiona poXea, 0b6AinNMxa, MMMOHHIK, exiHales. CTBOPITb
6ykneTt, noctep abo npeseHTauilo LMX afanTOreHHNX POC/INH | BU3HauTe 3aranbHui
MeXaHi3M IXHbOT Ail Ha OpraHi3m NanHN.

CTABJIEHHA

bionorisa + Ximia. «<beHzon»

BeH3eH (6eH30M) — Nnepwwni npeacTas- T — e ="
HUK TOMOJOFIYHOTO PAAY apOMaTUYHMX @w !i -‘%

BYrneBoAHiB, monekynsapHa popmyna CsHs.  nnactmaca Kayuyk  Jliku  PO3YMHHVKM

I3 cepeaunHm XX cTopiyua npakTUYHO BeCb \\ f/
o H
NMPOMUCNIOBUIN 0OCAr OGeH3eHy BUpobNA- oL
. L . | T NSO T e e ]
I0Tb Ccrnocobom AerigporeHisauii HapToBOI & Eod -ﬁ .
H NP Ny =

CUpOBUHW. beH3eH Ma€e LUiHHI BNacTMBOCTI i

. BornokHa H BbapsHuKK
AK PO3YMHHUK, ane uyepe3 NOro BUCOKY
TOKCUYHICTb | KAHLLEPOreHHICTb Take BUKOPUCTAHHA HUHI fiy>Ke oOMexeHo. AKnin me-
XaHi3M WKiANMBOro MyTareHHOro BrvBYy 6eH3eHy Ha opraHi3m ftoguHn?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIIO

1. Wo Take myTtareHn? 2. Ha3BiTb OCHOBHI rpynu myTareHis. 3. HaBegitb npuknagm
1-6 |myTareHis 3 KoXHoi rpynu. 4. LLlo Take aHTUMyTareHn? 5. HaBefiTb npuknagn aHTu-
MyTareHiB. 6. LLlo Take komyTareHn?

7. fKi MexaHi3mu WKignmeoro BNAMBY MyTaLin? 8. AKMMuK € couianbHi 3axoan 3axu-
7-9 | cTy reHOMy NIOAVHU Bifi WKiANNBUX MyTareHHUX BNAuBie? 9. AKMmun € iHanBigyanbHi
3aXOAM 3aXUCTY Bif MyTareHis?

10. Ha3BiTb Ta 06I'pyHTYITe OCHOBHI 3aX0AM LWOAO0 3aXWCTY NIOANHY Bif WKIQINBUX

10-12

MyTareHHUX BranBiB.

§ 47. 3aXUCT reHOMY JNTIOAMHW Bif LWKIAANBUX MyTareHHUX BNAVBIB
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Tema 3. CMAOKOBICTb | MIHJTUBICTb
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Kumu — o3Hauae peazysamu, a He bymu xxepmaoro.
I1. [pace

§ 48. TEHETUYMHUW MOHITOPUHT Y NNIOACbKUX
CrJIbHOTAX

OCHOBHI NOHATTA N KNouosi TepmiHn: FTEHETUYHNIA MOHITOPUHT. lene-
TUYHUIA CKPUHiHT. MoneKynAapHo-reHeTU4YHa fiarHOCTMKa.

Mpurapaiite! Aki € meTogm 6ionoriyHMX JocnigKeHb?

& Momipkynite!

CNnoBO «MOHITOPUHI» 3ano3nyeHe 3 aHMNiNCbKol
mMoBU. Mloro 3HaueHHA — Le BiACNiAKOBYBaHHA, MOCTiliHe
cnocTepexeHHsA. TepMiH O3Haya€e cMCTEMU Y MeToAN Op-
raHizauii gocnig)eHb 3 METOK BM3HAUYE€HHA AWMHaMIKN B
Pi3HMX rany3ax JianbHOCTI NIoANHN. Tak, € eKONOTiYHUN MO-
HITOPWHT, GiHAHCOBWI MOHITOPWHT, OCBITHI/i MOHITOPVHT.
A W0 TaKe reHeTUYHNN MOHITOPUHT?

3MICT

flka meTa N HaNpPAMU reHETUYHOIO MOHITOPUHry?

FTEHETUYHUIA MOHITOPUHT - ye cucmemamuyHe cnocmepexeHHs 3a CMAaHoM
2eHooHOY nonynauil, wjo 0ae 3moey ouyiHloeamu HasgHuUl MymauitiHuli npoyec ma
npozHo3ysamu Uozo 3miHu. Llel Bug cnoctepexxeHHs nepeabavae 36npaHHA, 06po6b-
Ky, aHani3, 36epexeHHs iHpopmaLii Npo BUHUKHEHHA 3aXBOPIOBaHb, 3yMOBNEHNX MY-
TareHHVIM BIMJIVBOM CepeoBMLLa.

OCHOBHOIO METOI TeHETUYHOIO MOHITOPUHIY € KOHTPOJSib Ta MonepenXeHHs
CraKoBUX WKigANBMX nopyeHb. OKpiM TOro, 3a JONOMOTOK MOHITOPUHTY MOXHa:
a) BM3HauyaTU CMPAMOBAHICTb CMAAKOBOI MiHAMBOCTI B MONYNALiAX NIOQUHY;

6) BM3HAuaTW YACTOTY AeAKMX MyTaUill Ta iIHTEHCMBHICTb MyTaLiliHOro npovecy;
B) MPOBOAWUTU «iHBEHTapu3aLjito» Ta CTBOPIOBATW PEECTP CNafKOBKX 3aXBOPIOBaHb

NoaANHNY;

r) MNpPOrHo3yBaTu KiNbKiCTb Nogen 3i cnagkoBMMK 3a-
XBOPIOBaHHAMU;

[) OUiHIOBaTU LWKIAANBUIA BNANB MyTareHHUX YNHHUKIB
cepeposuLa.

[eHeTVYHNIA MOHITOPUHT 34INCHIOIOTb Y TaKUX Hanpsa-
Max, fiK gheHomuniyHUl MOHIMOpuUH2 (CNOCTEPEXEHHS 3a
YaCTOTOW JOMIHAHTHUX MyTaLil), 6ioxiMiyHUU MOHIMOpPUH?
(BMABNEHHs GiOXIMIYHMX MOPYLUEHb), YumozeHemuy4yHuUl
MOHIMOpUH2 (CNOCTEPEXEHHA BUBYEHHA YaCTOTU XPOMO-
COMHMX Ta reHOMHUWX MyTaLliin), MOJIeKYIApHO-2eHemuYHUU In. 112. CKPUHIHF HOBO-
MOHIMopuH2 (PO3pP06AATL 3 METOIO BUABNIEHHA FreHeTUY- HapOMPKEHUX — BaXKNMBa
HUX MOpYLUeHb), MOHIMOpUHe apxigHux 0okyMeHmig (ona  NpPoueaypa, Aka Aornomarae
BU3HAUYEHHS TEMMIB MyTaLifiHOrO Mmpouecy 3a 3miHamu — 30€PerT! 3H0POB'A i XUTTA
YacToT NeTaNIbHUX MyTaLii). AVITURW




OTKe, reHeTUYHWIA MOHITOPVIHF € CYKYMHICTIO 3aXOAiB AnA
BifCNiAKOBYBaHHA MOABM 1 MOWMPEHHA CNAafKOBUX 3aXBOPIOBAHb.

[nAa yoro 34ifiCHIOIOTb CKPUHIHT Yy MeguLuHI?

CKpVHIHT (Bif aHrn. screening — NpoCiloBaHHA, COPTYBaHHA) — CTpaTeria B OpraHi-
3aLil OXOPOHM 3[0POB'A, CNPAMOBaHa Ha BUABIEHHA 3aXBOPIOBaHb Y NIOANHN B NPO-
Leci MacoBOro o6CcTexxeHHs HaceneHHs. Y MeuLHi 3aCTOCOBYIOTb MACOBUU CKPUHIH2
BCbOrO HaceneHHsa, npeHamanbHul CKPUHiH2 HOBOHAPOOXeHUX, KapdionozidyHul, ypo-
n02i4HUl, 2iHeKono2i4HUl cKpuHiHe Towo (in1. 112). CKpUHIHr-Nporpamu JailoTb 3Mory
BMABWTM 3aXBOPIOBAHHA ab0 CrnafKoBy MaTosoOrito Ao 1i KNiHIYHOro NposBy i, 3aCTo-
COBYIOUM NPOdinakTUUHe NiKyBaHHSA, 3a6e3neunTy 300POoB's MIOAMHM B CYCMiNIbCTBI.
CKPUHIHTOBI AOCHiOKEHHA He BCTAHOBJIOIOTL AiarHo3u, ue pobnATtb Nikapi. BoHu
nvlLe BUABNAIOTb JIOAEN 3 BUCOKOI MMOBIPHICTIO XBOPOOU. Pe3ynbTaTi CKpUHIiHro-
BUX OOCTEXEHb BUKOPVCTOBYIOTb TAKOX [/11 BUBYEHHSA MOLUIMPEHOCTi 3aXBOPIOBAHHA,
UMHHVKIB PU3UKY Ta IXHbOrO 3HaYEHHA B PO3BUTKY XBOPOOU.

OCHOBHVMMN YMOBaMy NPOBEAEHHA CKPVHIHT-MPOorpam € nigroToBfeHWi nepco-
Han, CTaHJapTHa 1 HECKaAHa MeTOAMKA BUABNIEHHA O3HaKM Ta OLiHIOBAHHA OTprMa-
HUX pe3ynbTaTis.

3HaueHHA CKPMHIHTY 0cOONMBO BaxMBe Nif Yac gnucnaHcepusalii HaceneHHs. B
NpaKTULi OXOPOHW 340POB'A BXKe CTanu 3BMYaiHUMM MacoBi NpodinakTuyHi megmy-
Hi ornagwn, ¢nooporpadia 1 mamorpadis.
CKpVIHiHT-NporpamMmm Mno4YrMHalTb 3acTOCO-
BYBaTW B Kapgionorii (AnA BUABNEHHA iwe-
MiYHOT XBOpOOM cepus Ta apTepianbHOl
rinepteHsii), oHKonorii (4nA BUABNEHHA
NyXJMHHKUX XBOP06), dapmakonorii (ana Bu-
ABJIEHHA BMMBIB TUX UM iHWNX NpenaparTiB)
N MeaunyHin reHetuui (in. 113).

FeHeTUYHMIA CKPUHIHF — ye Memod
PAHHbO20 BUABJIEHHA 2eHeMUYHUX nopy- .
weHb. Hanmaromiwmx pesynbTtatisa 6yno In. 113. Cpuninrose obctexenta y

. CYYacHUX nepecyBHUX LUPPOBILX
LOCATHYTO Nif 4YaC BUABMEHHA CMagKOBUX dnioopomobinax
nedekTiB 06MiHY peuoBUH (PpeHinkeTorypi,
ranakTo3emii TowWo) Yy HOBOHAPOAXKeHMX. [eHETUYHNI CKPUHIHT HOBOHAPOOXKEHUX 3
METOI0 BMABMIEHHA MepeniyeHnx CnajkoBuX 3aXxBOploBaHb, 6€3 CyMHiBY, € OfHUM i3
CepMO3HUX JOCATHEHb MeANYHOT reHeTMKW. BiH gae 3mory gocartm npakTMyHO NOB-
HOro BMMNpaBneHHA GeHOTHMNY, a OTXKe, NiKyBaHHA JOCUTb BENUKOI KiNnbKOCTi 0Cib, AKi
B iHWOMY BMMafKy cTanu 6 noabMu 3 iHBanigHicTio. CKPUHIHF HOBOHAPOAXKEHNX Ha
deHinkeToHypilo B 6aratbox KpaiHax 3[iMCHIOETbCA BXe BNPOLOBXK KiNlbKOX AecATu-
NiTb, NiATBEPAXKYHOUM CBOIO BUCOKY e(EKTUBHICTb.

OTXKe, CKPUHIHF Y MeguUMHI — e cucTema NepBUHHOIO OBCTEXEHHSA
rpyn KniHiYHO 6€3CMMATOMHMX OCi6 3 MeTO BUABNEHHA BUMNAAKiB
3aXBOPIOBAHHA.

§ 48. [eHEeTMYHUIN MOHITOPUHT Y NIOACbKMX CRiflbHOTax
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Y yomy nepeBara MeTofiB MONEKYNAPHO-TeHETUYHOI fiarHOCTUKN?

MonekynsapHo-reHeTu4Ha fiarHocTuka — 2pyna memooig 0ocnioxeHHa JHK 3
Memoto 8UABJIEHHA 2eHEMUYHUX NopyweHs y it cmpykmypi. Ina umx gocnig»eHb BUKO-
puctoBytoTb [1HK, AKy BUAINAIOTb i3 BEHO3HOI KPOBI, C/INHW, HABKONONAIAHOI PiAnHN,
3i cnn3oBoT 060/1I0HKK poTa Towo. JoCUTb YacTO BUCTAYA€E HaBITb KPamniMHKK KPOBi,
3cKpibKa 3 enitenito WOKM abo ofHIET BONOCAHOT LLMOYNHM.

OCHOBHMMU MeTofaMV MOJIEKYNAPHO-TEHETUYHOI [iarHOCTUKM € YyumozeHe-
muyHuli Memoo (BUBYEHHS XPOMOCOMHUX MOPYLUEHb 3a [JOMOMOIO0 MiKpOMaTpULb,
HaHeceHux Ha [HK-uinn), memod nonimepasHux naHyrozo8ux peakyili (BUABNeH-
HA BipyciB, iHdeKUilh 3a fonomoroto 6aratokpaTHoro AybnioBaHHA 0OpaHoi AinAHKN
[HK), memood ¢pepmenmHoi 2i6pudusayii (BukopncTaHHs reHeTndHux OHK-mapke-
piB ANA BUABNEHHA NOPYLWEHWX reHiB), MiKpo4iny8aHHA (MeToA NOPIiBHAHHA BUAine-
HuX ginaHok OHK i3 reHeTMYHMMN Mapkepamun Ha [JHK-uinax).

MoneKynapHo-reHeTMYHa AiarHOCTMKA Ha CbOrofHi aKTMBHO 3aCTOCOBYETbCA B
Me[WYHIl reHeTuUi, a TaKoX y papmaKkoreHeTuLi, CNOPTUBHI MeduLMHi, Mikpobiono-
rii, 6ioTexHonorii, BeTepunHapii, CinbCbKOMY rocnofapcTsi:

a) AnA BUABNEHHA iHbeKUiNHMX 3axBoploBaHb NtoanHu (BipycHi renatutu, CHIA, en-

uedaniT, iHdeKuii, Wo nepeaaTbCA CTAaTEBMM LAXOM) Ha PaHHIN cTagii 6e3 Ha-

ABHUX 30BHILLHIX MPOABIB, WO IX HEMOXK/IMBO BU3HAYUTU 3BUYANHVMU METOAAMU;

ONA JOCNiAXKEeHHA anepriyHnX peakuin NioguHu;

ONA [iarHOCTVKM cnagKkoBux XBopob (cuHapomu dayHa, Ensapaca, Matay);

ONA BM3HAYeHHA iHAMBIOYaNnbHUX reHeTUUYHUX ocobnumBocTen N edeKTUBHOro

NepCcoHanbHOro NiKyBaHHS;

Z) OnA OUiHIOBaHHA CNOPTUBHUX NEPCNEKTUB Y AiTeNn;

€) ANA BYBYEHHS FTeHETUYHOro Pi3HOMAHITTA HalWoro reHohoHAY, Y AKOMY MOXYTb
6yTV 1 KOPUCHI MyTauil. Tak, BYUEHi BIGKPWAW HaBiTb reH HeECMPUNHATANBOCTI JO

BINl-indekuii. 3a npoBegeHMN focnigXeHHAMK, 2% HaceneHHa YKpaiHu 3aBAsAKN

HaABHOCTI B HMX ABOX KONi LibOro MyTaHTHOrO reHa He 3axBopitoTb Ha CHI[;
€) ANA MOHITOPUHTY iHEeKUiNHNX 3aXBOPOBaHb Yy AOMALLHIX TBapWH Ta KOHTPOJIO

AKOCTI 11 6e3neKn reHeTUYHO MOAUPIKOBaHUX MPOAYKTIB

22

OTX¢e, MeToan MONeKyNnApPHO-TeHETUYHOI AiarHOCTMKN MatoTb nepeBaru
B OHK-giarHocTuyi NOpiBHAHO i3 iHWUMKW MeTogaMn MeguvHol
reHeTKy B TOMY, WO AaloTb 3MOry BUABUTY Ta JOCAIAUTY Came nep-
LIONPUYMHY 3aXBOPIOBAHHA Ha MONEKYAPHOMY PiBHI.

AIANIbHICTb
ﬂ‘ Bionorisa + Jliteparypa. Knacn¢ikauisa saxsopioBaHb

«fkocb 00 Yexosa npuliwia o2paodHa, 300p0o8a, 2apHo 00d2HeHa 0amda i MITOCHO no-
ckapxunaca:

— HyoHo xumu, AHmoHe lNasnosuyy! Bce make cipe: noou, Heb6o, Mope i Hagime Kei-
mu meHi 30atomecA cipumu. | Hemae 6axaHe. .. [lywa e Hyoe3i. HanegHe Akace xgopoba.

- LJe x8opoba! - snesHeHo ckazas AHMOoH [lasnosuy. — Lje xgopoba yoasaHHs. Jla-
muHoro ... pritvorialis».



3icTaBTe Ha3BaHi MeTOAN MeANYHOrO fiarHOCTYBaHHA 3 OpraHamu, WO AOCiAXKY-
I0TbCA Ta OTPUMaNTe NAaTUHCbKE CNOBO, AKMM NO3HaualoTb XBOPOoOy. AK knacndikyotb

XBopobu?

1 Cniporpadis b meTon 06CTEXEHHA LWNYHKY

2 Oniooporpadis 0 MeTopA AiarHOCTyBaHHA OPraHiB rpyaHOI NOPOXHUHM
3 Kapgiorpadia m MeToA BUMipIOBaHHA 06'eMy nereHb

4 Tactpockonis r MeToA BUBYEHHA poboTM cepusa

5 Peorpadis S MeTof AiarHOCTYBaHHA rOIOBHOIO MO3KY

6 EHuedanorpadia |u mertop fAiarHOCTYBaHHA KPOBOTOKY

MpoekTt

CKPWHIHTy MegULMHI — Lie NpoBefeHHA HU3KN 6e3neyHunx
i NPOCTUX [OCHiAMXeHb BENINKOI FPYNy HacesleHHs, Wo AalTb
3MOry BUABUTY TPYNU PU3KKY LWOAO PO3BUTKY Oynb-KOro
3axBOpPOBAHHA. CKPUHIHT HOBOHAPOLXKEHNX — Lie 0OCTEXEH-
HA BCiX HAPOMKEHUX AiTei AnA BUABNEHHA MEBHUX BaXKKUX
CragKoBUX 3aXBOPIOBaHb. Y CBIiTi CKPMHIHroOBe JOCNIAXEHHA
oxonuoe 6n13bko 40 cnagkoBrx xBopob. s yoro i Ak 34ii-

CKPIIIHIHI'-HPOI'PaMIII ana HOBOHapOA)KeHIIIX

CHIOKTb CKPUHIHI-NPOrpamMy HOBOHAPOLXKeHNX?

B YkpaiHi B 2012 p. 3aBAAKM ycniwHin pobo-
nporpamu «3ynnuHUMO TybepKynbo3 B YKpaiHi»
BrepLue Moyvyanan 3acToCcoByBaTUCA iHHOBaLiiHI MO-
NEKYNAPHO-TEHETUYHI MeTOAN AiarHOCTUKN Ty6epKy-
Nbo3y. 3aCTOCyBaHHA TaKMX METOAIB A€ 3MOry BxKe
B [IeHb 3[ayi aHani3iB NOCTaBUTW NOANHI AiarHo3 i
CBOEYACHO PO3MoYaTH KYpC NiKyBaHHA. A AK 3a Jomno-

CTABJIEHHA

Bionoria + MeguuvHa. Ty6epKynbos B YKpaiHi

moroto gochigxeHb AHK BuasnaTb Ty6epkynbo3? OuiHiTb nepeBary MoneKkynapHo-
reHeTUYHUX MeTOZIB nepes TybepKyniHOBOW NPo6oto, B OCHOBI AIKOT — TecT MaHTy.

PE3VJIbTAT
3aBAaHHA ANA CAMOKOHTPOJIO
1. lLlo Take reHeTUYHMIA MOHITOPUHT? 2. Ha3BiTb OCHOBHI HANPAMMW reHETUYHOTO MO-
1-6 HiTopurHry. 3. Lo Take CKpuHIHr? 4. AKa MmeTa reHeTUYHOro CKpuHiHry? 5. LLlo Take
MONeKyNAPHO-TeHeTNYHa AiarHocTrka? 6. Ha3siTb MeToan MonekynapHo-reHeTny-
HOI fiarHOCTMKK?
7. flka MeTa 1 HaNPAMW reHeTUYHOro MOHITOPUHIY? 8. [1nA Yoro 3AiNCHIOITb CKPU-
7 -9 | HiHr y meguumHi? 9. Y yomy nepeBara MeTOAiB MOJIEKYNIAPHO-TeHETUYHOI AiiarHo-
CTUKN?
10-12 | 10. 4nA yoro i K 3QiNCHIOITb CKPUHIHT-MPOrpamm HOBOHaPOAXKEHNUX?

§ 48. [eHeTUYHMI MOHITOPUHT Y JIIOACBKNX CifIbHOTaX
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JlloduHa — ye biocoyianeHa icmoma, meopeub Ky/1bmypu ma ii meopiHHs.
NN

§49. OCOBJINBOCTI TEHO®OHAY JIOACBKUX CMIJIbHOT

OCHOBHI MOHATTA I KNoYoBi Tepminn: NMONYNALIN JIIOAUHW. FeHeTnuHa
XapaKTepucTuka nonynsuin. FleHo¢poHA nonynALin nioguHu.

MpurapanTe! Lo Take nonynawii?

& MomipkynTe!

HauioHanbHa 6ibnioteka YkpaiHu imeHi B. |. Bep- P
HafCbKoro — Haubinblia 3a o6cArom GoHAY Ta NOLWE - |
npuMmilleHb 6ibnioteka Ykpainu. Ii 6i6nioteunnin dorg ak 1y T S\ Poet|

. . = e S N
roONOBHOIoO HayKOBO-IHd)OpMaLI,II/IHOI'O LUEeHTPa [nOepXaBu “

CTaHOBUTb 6AN3bKO 15 MSTH OAUHMLL 36epiraHHA. A Lo Take “!

reHoGOoHS NoACbKMX MONynALin?

3MICT

LLlo BupisHA€e nonynauii nioguHn?

TepmiH «nonynayina» B 6ionorii npuBHeCeHO i3 NIOACbKNX CNiNbHOT. BiH noxoautb
Bifl TaTUHCbKOro cnosa populus, wo noro B laBHbOMYy PuMi BXrBanyu CTOCOBHO Cy-
CMiNbCTBA B 3HAYEHHI «Hapo[», «rpyrna Jofein».

nonynaula JILAWHW (noacbke yrpyrnoBaHHsA) — ye 8i0HOCHO cmabinbHa U 8io-
HOCHO i30/1b08aHa epyna ocobuH 8udy JTloOuHa po3yMHd, AKi MewKarome Ha cnineHid
mepumopii, 8inbHO 8cmynaomes y w6 U marome cnineHul 2eHoghoHO. OCHOBHOIO
YMOBOIO iCHYBaHHSA JIIOACBKMX MONYAALiN € BIIbHUN W6, y TOM Yac AK Y TBAPUH — Lie
BiflbHe cxpellyBaHHA (MaHMIKCiA). 3a3BUYan NpuUKIagom NoACbKMUX NONynALin € Ha-
cefleHHA MiCTa, cefla Yn NeBHOI MiCLeBOCTI. 3a KpUTEPIEM UMCeNIbHOCTI PO3PIi3HAIOTb
gesluki nonynayii (noacbKi pacn) Ta mani nonynayii (pemu, isonatn). Jemu — mani no-
nynauii yncenbHicTio 1 500 — 4 000 oci6, a izonamu - po 1 500 oci6. Y Taknx nonynsaui-
AX MOXKIIMBUI Nepexif peLecMBHUX FreHiB y roOMO3MIOTHUIA CTaH, WO 36inbluye YacToTy
CrafikoBMX 3aXBOPIOBAHb. |30M15LilHI 6ap'epu, WO NepeLKoaKatloTb WOHUM BigHO-
CMHaM 1 yTBOPEHHIO CiM'l, MaloTb couianbHWIA XxapaKTep, TOMy y GopMyBaHHi nonynsa-
Lt NIOANHN OCHOBHY POSib BifirpaloTb He TepUTOpianbHi, a POAUHHI 3B'A3KN.

JliopunHa AK 6ionoriyHmii BUA yTBOPIOE TaKi cami NonynALil, AK i iHWi BUAM opraHis-
MiB. OCHOBHMMM XapaKTepucTrKamu nonynaAuin € mopdoddisionoriyHa, ekonoriyHa 1a
reHeTnyHa. MopdodisionoriuHa xapaktepucTrka nepegbavae onmc ocobnmBocTen
30BHILIHbOT OY10BYM Ta XXUTTEBUX GYHKLiMI OpraHiamiB nonynAuin, ekonoriyHa — cTo-
CYETbCA BNACTUBOCTEN NONyNsALin, wo GOpMyOTbCA Y B3AEMOBIJHOCUHAX 3 YMOBaMU
cepenoBuLLa (YNCENBbHICTb, MPUPOZHUI NPUPICT, WiNbHICTb, CTPYKTYpa Towo). leHe-
TUYHa XapaKTepucTrka nonynauin — ye s8usHayeHHa ocobausocmel ii 2eHemuy4Hor
cmpykmypu, mobmo AKicHo20 cknady 2eHie, yacmomu asenie ma 4acmomu 2eHomu-
nig. BUBYEHHAM reHeTUYHOT CTPYKTYPY NONYAALiN Ta TUX NpoLeciB, Wo BiAbyBaloTbCA
B HUX, 3aIMa€ETbCA reHeTUKa nonynauin. [na gocnigxeHHA NOACbKUX NonynAuin
3aCTOCOBYIOTbCA TaKi cami Nigxoam n meToau, Wo 1 AnA NpUpoagHuX nonynauin. Ane
npu LUbOMY BPaxoBYOTb 0COBAMBOCTI NOANHM AK GiocouianbHOro Bugy, Wo nopo-
IXKYIOTb coyianbHi 8i0mMiHHOCMI NoCbKUX NonynAuii. BoHM BU3HavaloTbCa npaveto,



CYCNiNbHM CNOCOOOM XUTTA, YUNEHOPO3AINbHOK MOBO, abCTPAKTHUM MUCTIEHHSM,
HaABHICTIO APYroi CUrHanbHOI cmcTemu Towo. MNonynAauinHi apeanu NoACbKUX CAinb-
HOT MOB'A3aHi i3 couianbHM cepefoBULLEM ICHYBAaHHSA, CBOEPIAHMM € OCOBNNBOCTI
nosefiHKKM (TiNbKW NoAMHa BifYyBaE COPOM, CTBOPIOE KyNbTypy, Nam’ATae MUHYIe,
BMi€ CMiATMCA N NaKkaTy, 3HA€E NPO CBOK CMEPTHICTb). CKNagHilWMMM € CUCTEMIU KOMY-
HiKaLii Ta BHYTPIiLLHbONONYNALiAHI 3B'A3KN Mi>K 0COOMHaMU, Y NOACHKMX MONynALiax
€ reHU, BifCYTHI y TBapUH (HanpuKnag, <reHun iHTeneKTy») Ta 6araTo iHworo. Lli Ta iHwi
03HaKM NPAMO UM ONOCepPefKOBaHO BMJIMBAOTb Ha FTEHETUYHY CTPYKTYPY 1 npouecu
B nonynAyisax.

OTxe, nonynauii NIOAMHN BUPI3HATHCA COLiafibHUMK 0COBNMBOCTAMY,
O MO3HAYaKTbCA Ha iXHIN MopdodisionoriuHin,
€KOJIOTiYHI Ta reHeTUYHIN XapaKTepucTuKax.

Aki oco6nuBocTi reHopoHAY NOACLKNX NnonynALin?
0na XxapakTepUCTUKM reHETUYHOI CTPYKTYpY nonynAuin we y 1928 p. 6ys BBae-

LEHWIA TepMiH «reHOQOH[», WO MNOro 3anpornoHyBaB BiOMUIA Y CBili Yac reHeTuK

O. C. Cepebposcbkuii (1892-1948). FleHodoHA — cykynHicmeb ycix anenis, 2eHig i 2eHo-

munig oOHiel nonynayii opeariamie. Cepepi reHiB nonynaAuii € ofgHaKoBi Ans ycix oco-

OWH, a € 11 BiAMIHHI, TOMY BUOKPEMJIIOIOTb TaKi BMAaCTUBOCTI reHOMOHAY, fIK 2eHemuyYHa

OOHOPIOHICMb Ta 2eHemMuUYHa pizHopioHicMb. OKpiM Toro, Anst reHopoHAY NonynAuin

XapaKTepHi 1 Taki BMACTUBOCTI, AK LiNiCHICTb, BIAKPUTICTb, ANHAMIUHICTb.

CKnagHWin  Pi3HOMaHITHMI reHodoHf 3 6araTbma BapiaHTaMM OKPeMUX TFeHiB
CNpuAE KpaLlii MPUCTOCOBAHOCTI NONyNALIN A0 HAaBKOMUIIHbLOrO cepefoBuila. Ha
HUHILWHbOMY eTani Po3BUTKY BUAY ANs reHobOoHAY NIOACBKUX NONYyNALi XapakTepu-
HUMM € TaKi 0COBNNBOCTI.

o 3pocmae 2eHemu4Ha pi3HopiOHicmb 2eHOoMunie npu 36epexxeHHi 3a2anbHoOI
CYKYNHocmi 2eHig. [eHeTVYHa reTeporeHHicTb (pisHOPigHICTb) nonynAuin 3mi-
HIOETbCA BHACNIJOK MyTaLil i pekombiHauin JHK, wo gocutb yacto npuBoauTb
[0 reHeTnYHoro nonimopdiamy. Jlloamn pisHATLCA Midk COO0I0 3a aHTUFreHamu rpyn
KpoBi ABO, pesyc-cuctemu, cuctem Haddi, Jibioic, Kenn, 3a BapiaHTamu remo-
rno6iHy, pepmeHTiB TOLLO.

« Cnocmepizaembca 3anexHicmo 2eHOhOHOY Cy4acHoi NOOUHU 8i0 2eHOOHOY
iT npedkie. eHeTVYHA reTepPOreHHICTb AA€ 3MOry MonynsAuii BUKOPUCTOBYBaTK
ANA NPUCTOCYBaHHA He NNLe 3MiHW, WO BUHNKAOTb, @ N Ti , WO BUHUKNN fJyXKe
[aBHO 1 iCHYIOTb Y NpXoBaHOMY BUrAAAi. 3i 36inbleHHAM YacToTH 3yCTpivasb-
HOCTI peuecrMBHUX anenis, WO BiANOBIAaOTb 3a MyTalii, BOHU MOXYTb NepenTn
y rOMO3UrOTHWIA CTaH i NpoABMTUCL Y deHoTuni. PeuecrBHi MyTaLii € pezepgom
cnaodkoeoi miHausocmi nonynayid.

e 3pocmae 2eHemu4yHe 06MsAKeHHA (2eHemuyHUli 8aHMax), TOOTO HasABHICTb
cepep peuecnMBHUX MyTauill y reHOQOHAI WKiANMBKX CNafKoBMX 3MiH. YUeHi BBa-
XaloTb, WO 3pOCTaHHA YMCa TaKMX MyTaLiin Nig Ai€lo MyTareHis cepefoBuLLa He-
raTUBHO NO3HAYAETbCA Ha PO3BUTKY NOACTBA.

OT>Ke, OCHOBHUMW O0COBNNBOCTAMU JIIOACHKUX MOMYNALUIA € 3pOCTaHHA
reHEeTUYHOI Pi3HOPIAHOCTI BHACNI[OK HAaKOMMYEHHA B pe3epBi CnagKkoBol
MiHIBOCTI WKIZANBUX peLecBHUX MyTaLin.

§ 49. OcobnmBoCTi reHobOHAY NOACHKMX CMiNbHOT
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AKi YMHHVKM BNAMBaOTb Ha popmyBaHHA reHopoHAy nonynAuiin nio-
AVNHN?

leHopoHp nonynAuin  GOPMY€ETbCA  YNPOAOBXK BuixigHi reHoTMnu i eHoTunu
eBonoLii. Yepes Te UMHHMKamK, WO BMAUBAIOTb Ha ® & o o
reHoboHA nonynAuiin Ta 3MIHIOITb TXHIO reHeTny- TI
Hy CTPYKTYypy, €: 1) npupogaHin fo6ip; 2) myTtauiiHmi

npouec; 3) nonynaAuiiHi xeuni; 4) opend reHis; 5) i3o-
nAUis, Wo 06MeXYE BibHe CXpeLlyBaHHA (MaHMIKCito);

6) mirpauii.

PywiiiHoto cunoto ¢dopmyBaHHA reHodoHAy no- » «
nynsyuii niogeit € npupodHuli d06ip — npoyec, sHAC- lvc')“c”K"c')*;"'(;_
JII0OK AK020 8uXusdloMb | JUWAKMb NOMOMCMBO o uyioTb

6 3 3 YncenbHiCTb
nepesaxHo 0COOUHU 3 KOPUCHUMU 8 O0GHUX yMOBAdX chao- nonynai

Kosumu 3miHamu. Ioro TUCK y MIOACLKUX NOMyNALiax
nocnabluae, WO 3YMOBJIEHO 3POCTAaHHAM 3HAUYeHHs
couianbHUX YMHHUKIB. OfHaK 3a NpnpogHMM Jo6opoM In. 114. ipeiid revis
3anuwwunaca ¢byHKuia crabinisauii reHodoHais i nig-

TPVYMKK CMaikOBOro PisHOMAHITTA nonynAuin. YCi iHWi YAHHUKN € eneMeHTapHUMU.
BoHn B3aemonoB'sizaHi Mix coboto i nepebyBaloTb Mif KOHTPONEM NPUPOAHOrO A0-
60py. MymayitliHuli npoyec € NepBNHHUM IXKEPESIOM HOBMX O3HaK, a cami MyTauii —
efleMeHTapHUM eBOMIOLINHUM MaTepianom. Y AaHnin Yac MyTauinHUI npouec y nto-
OViHW BigOYyBa€eTbCA Ha TNi NigBMLEHOT KOHLeHTpauil myTareHiB. MonynayiliHi xeu-
A1i — nepiognYHi KONMBAHHA YMCeNbHOCTI nonynALii. 3aBAAKY NONYNALIAHUM XBUNAM
MOXe LWBMUAKO 36iNbluyBaTUCA YacToTa 3yCTPiUanbHOCTI OAHUX anenis, TOAI AK iHLWi
B3arani MoXyTb OyTu BTpaueHi. [Jpeli¢h 2eHie (reHeTVIKO-aBTOMATMYHI npouecu) —
sunaokoea U HecnpsaMOB8dHA 3MiHA ydcmom 3ycmpiyansHocmi anenie y nonynauii
(in. 114). HanuiTkiwe Le ABMLLe BUABNAETbCA B HEUNCIEHNX nonynAuiax. Hacnigkamm
Apendy reHiB € NOWMPEHHA MYTaHTHUX PeLLeCUBHUX aneniB Hanepekip NpUpoaHOMyY
nobopy. I3onayia — 8UHUKHeHHA 6YO0b-AKUX hepeuwKoo, W0 NOpyuwyrome 8illbHe cxpe-
wysaHHs (i 06MiH cnadkosoto iHpopmayieto. OCHOBHUMU dopMamu i3onAuii € reo-
rpadiyHa Ta ekonoriyHa. 13onauis K eBONMIOUINHUIN YNHHUK 3aKPIinioe 1 Niocuioe
YTBOpPEHi B NONynALifAX reHOTUMHI BigMiHHOCTI. Miepayiamu Ha3nBaoTb nepemiujeH-
HA ocobuH abo ixHix eamem 3 0OHiei nonynayii 8 iHwy. BHacnigok mirpauii Binbysa-
€TbCA MOTIK reHiB, WO 3MIHIOE FeHeTUYHUI cKnag nonynauin. Mirpaudinni npouecn B
NOLACBKUX NONYNALIAX 3@ OCTaHHI Yacy 36inbwnnmca.

MifgcymkoBuii reHoTvN i eHoTHN

OTe, reHopoHA MonynALii, WO € eNeMeHTapHO eBOMNOUIMIHOK OANHU-
Leto, PopMyeTbCA Ta 3MIHIOETLCA Nif Hi€0 €BOMIOLINHUX YMHHMKIB.

AIANIbHICTb
M CamocriliHa po6oTa 3 Tabnuueto

3a gonomoroto TabnuLi NnopiBHANTe no-
nynayii niognHn n tBapuH. Lo € cninbHoro
1 BigMiHHOIO Mi>XK HUMU? 3PO6iTb BUCHOBOK
NpPO NPUYMHY NOZIGHOCTI 1 BigMIHHOCTEN.




O3Haku Monynsayia nioanHu | MonynAuia TBapuH
AKi 38’A3KN MaloTb BU3HavanbHe 3HaYeHHA?
LLlo € o0cCHOBHOIO YMOBOIO iCHYBaHHA?
AKi 0cobnnBOCTi € NepeBaxaturmm?
AKi YMHHMKN MaloTb BUpPiLLaNbHe 3HaYeHHA Y
dbopmyBaHHi?
AKMMU € 0CO6NMBOCTI reHodoHAY?

bionoria + CrapogaBHs icTopis. IHGpegHi wnobn

Y cTapopaBHi Yacu B 6araTbox LapCbKUX JMHACTIAX YKNa-
Janucs TiNbKM CiMeiHi abo, K rOBOPSATb Y reHeTuLi, iHopeaHi
wnobun. 3 NOKONIHHA B NMOKOMIHHA B CyAUHax 6araTbox €ruvi-
neTcbknx ¢apaoHiB, NpaBUTENiB FPeKO-MaKefOHCbKOI Au-
HaCTil, BOXXAiB iHKIB TeKa TibKu «6naknTHa» KpoB. Ha »anb,
AK BUABUIIOCb, BOHA He rapaHTyBasia HapomKeHHA MyApUX,
CUJIBHUX JYXOM i Tinom Hawagkis. Tak, y TyTaHxamoHa 6yno
KiflbKa reHeTUUYHUX BiAXWneHb, BKIOYAOUM XBOPOOY KiCcTOK
i KnuwoHoricTb. MoACHITL, YoMy B Takux Cim'ax 3'aBnanuca
ATV 3 NCUXiYHUMKU Ta Gi3UYHMM BagamMu.

CTABJIEHHA

Bionoria + Couionoria. JlioacbKi cninbHOTH | NtogcbKi nonynsauii

CouianbHa cninbHicTb — rpyna nojen, wo cknanaca
06'EKTMBHO B MpoLeci iICTOPUYHOTO PO3BUTKY, PeasnbHo ic-
HYE, XapaKTepu3yeTbCA BIAHOCHOIO LiNiCHICTIO | CaMOCTiNHUM
Cy6'eKTOM coLiafibHOT Ta iCTOPWYHOT gii. Y € BigMIHHOCTI MiX
TepMiHaMK «NonynALia logen» Ta «MoACbKi cnibHOTU»? AKi
rpynu niogen MoXkHa BBaXKaTy nonynauiammn?

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. lo Take nonynauia niogen? 2. LLlo Take reHeTMYHa XapaKTepucTnka nonynauii?
3. o Take reHodoHA nonynAuii? 4. Ha3BiTb OCHOBHI BNAacTMBOCTI reHOGOHAY.
5. Ha3BiTb pywinHmWii YMHHUK GOpMyBaHHA nonynAuii. 6. Ha3siTb enemeHTapHi
UYMHHUKIN GOPMYyBaHHSA MonynaAuii.
7. Wo Bippi3Hae nonynauii nlognuHn? 8. Aki ocobnmBocTi reHoGoHAY NIOACLKMX MO-
7-9 | nynauin? 9. AKi YNHHVKM BNAMBaloTb Ha popMyBaHHA reHOdOHAY MonynAuin nio-
ONHN?
10-12 | 10. Wo cninbHOro 1 BigMiHHOIro Mi>k NONynAUiAMN IOANHN 1 TBaPUIH?

§ 49. OcobnmBoCTi reHoGOHAY NOACLKMX CMiNIbHOT
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3akoH — kamezopis, Wo 8idobpaxxae HeobxioHe,
icmomHe, cmilike, noemoptosate, 3az2asibHe. ..
MinocogcbKuli CIOBHUK

§ 50. 3AKOHOMIPHOCTI PO3MNOAY ANENIB Y nonynauli

OCHOBHI NOHATTA i KNo4osi Tepminmn: TEHETUKA NMONYNALINA. 3akoH re-
HEeTNYHOI piBHOBaru. 3aKOH roMosoriYHNX pAZiB cNagKoBOi MiHANBOCTI.

MpurapanTe! Lo Take nonynawyii?

3Hanomrecsa!

Jlyioxi Jlyka Kaeanni-Cepopya (Hap. 1922) — itanincoKuin
reHeTUK, OAMH i3 HaMBIAOMILINX Y CBITi Cy4acHOI NONyNALIAHOI re-
HeTUKW. Y3arafibHUBLUN Pi3HY FEHETUYHY, apXeosioriuyHy N NiHrBi-
CcTUYHY iHpopMaLlitlo, CTBOPUB TEOPilo NOXOAXKEHHSA pac 1 HapoAiB.
Pe3ynbtaTtn oro npadi 3i6paHo B KHWXKKax «lctopis 1 reorpadin
reHiB noguHu» Ta «feHun, Hapoam N MoBU». A ANA AKUX ile ranysemn
MaloTb 3HaUYEHHA JOCNIAXKEHHA reHeTUKN nonynauin?

3MICT

flke 3HaYEHHA Ma€ reHeTUKa nonynAyuin?

FEHETUKA NMONynawin - HAyKad, Wo 8UBYAE 2eHeMUYHY CMPYKMypy NpupooHUX
nonynayiti, a makox 2eHemuyHi npoyecu, Wo 8 HUX 8i06ysaomMbcA. 3aCHOBHMKaMU
Hayku € P. Qiwep, Ix. XongenH, C. PanT, C. C. YetBepukos, C. M. leplueH30H Ta iH.
OCHOBHOIO MeTO foCAiAXKeHb NONYNALINHOI FeHETUKI € Mi3HAHHA 3aKOHIB, Lo NOAC-
HIOKOTb 3aNeXHOCTI MiXK reHoTMNaMu Ta GeHoTUNamm ocobuH Ha NonynALinHo-BMAO-
BOMY PiBHi nonynayin.

Tema 3. CMAOKOBICTb | MIHJTUBICTb

In. 115. NowwnpeHHsa JlognHn po3ymHoi 3 AGprKM No CBIiTY
(lwnAxm mirpauii 1 KinbKicTb pokiB Tomy)

leHeTMKa nonynAUi Ma€e 3HaUYEHHA ANA PO3BUTKY e80sT0YiliIHOI meopii. Tak, 3aB-
OAKN 1T JOCATHEHHAM BCTaHOBJIEHO, WO efleMeHTapHOI OAMHMLEK eBonouil € no-
nynAaLlia, a He oKpema 0CobMHa, WO NPUPOLHI NonynALUil HacKYeHi pi3HOMaHITHMK

peLecuBHUMM MyTaLifAMK, AKi € «pe3epBOM CNaKOBOT MiHANBOCTI» Ta iH. (i1. 115).
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MeToamn poCnifKeHHA reHeTUYHOro CKnagy MonynAuil BUKOPUCTOBYIOTbCA B
aHmMponos1o2ii pNA BUBYEHHA iICTOPUYHOTO MOXOLKEHHA Ta CTAHOBJIEHHA JNIOOVHM
PO3yMHOI.

leHeTnKa nonynAuii Bigirpae BaXxknnBy posnb B emoJio2ii AnA AOCAiAXeHb NoBefiH-
K1 OopraHi3miB. PiBeHb reHeTUYHOro noniMopdiamy BBaXKaeTbCA B MONYNALiNHIA reHe-
TULi BaXXNMBUM NOKa3HMKOM, Bij AKOTO 3anexaTb eBONoLiHa NNacTUYHICTb BUAY Ta
NOro NpUCTOCOBaHICTb A0 3MiH cepefoBuLa. AK 3'ACyBanocs, HU3bKWUIA reHeTUYHUIN
nonimop®iam NpuUTaMaHHUI BUAAM, Yy AKX HEUUCIIEHHI, ane BeuKi 1 3axuLLeHi Ha-
WaAKKW, a BUCOKUN — BUAAM, Y AKUX HaLaAKW YNCTEHHI, APiIOHI 1 He3axuLeHi. Takui
pe3ynbTaT 3MyLUy€E NO-HOBOMY OLiHATW €BOMNIOLiNHY Posb TypboTU NPO NOTOMCTBO.

3HaHHA 3aKOHOMIPHOCTEN MONYNALINHOT reHeTUKM AaloTb KoY AN1A PO3YMiHHA
eBOJIIoLiT CNOPIAHEHNX rPyN Y cucmemamudi, NONerwyTb NOWYKW BUXIGHOMO cnaj-
KOBOrO MaTepiany B cesiekyii Ta BUBYEHHS CMaJKOBMX 3aXBOPIOBAHb NIOAVHN Y Medu-
UYUHI TOLLO.

OTXe, [OCNIAKEHHA TeHETUKM NOMNYNALIA € akTyanbHUMK 1 3aTpebyBaHi y
6araTtbox ranyssax gisnbHOCTI NOGVHN.

Y yomy cyTb 3aKOHY reHeTU4HOI piBHOBarn?
MaTemaTnyHy 3anexHicTb MiX YyactoTamu ane-
niB | reHOTUNIB B iAeanbHin nonynALii BCTaHOBMAN
opHo4yacHOo y 1908 p. i He3anexHo OAMH Bif OAHOro
BUOATHUN aHTNINCbKMA MaTemaTuk . Xapgi (1877-
1947) i HimeubKunin Nikap B. BaliiH6epr (1862-1937)
(in. 116). Lia 3aKoHOMIpHICTb BijoMa AK 3aKOH Xap-
Oi — BaliHbGepra (3akoH reHeTM4HOI piBHOBaru), In. 116. Ox. Xapai (nisopyy)
AKNIN € OCHOBHUM 3aKOHOM reHeTUKM Nony nALin. i B. Bainnbepr
YacToTu anenei i reHoTUNIB Y nonynAuii 3annwaTMMyTbCA CTaNMMN 3 NOKONIHHA
B NOKOJIiHHA 3a HAABHOCTi NeBHNX YMOB.

PisHAHHA Xappai — BaliHbepra:
p(A)+qg@)=1
(ANA BU3HaYEHHA reHeTMYHOI CTPYKTYpPKY NONYNALiN 3a YaCTOTOlo anenen);
p? (AA) + 2pq (Aa) + g° (aa) = 1
(BNA BM3HAYEHHA reHeTUYHOI CTPYKTYPUY NOMYAALi 33 YaCTOTOK FreHOTMNIB).

Y nonynAuinHin reHeTuui 4acToTy AOMiIHAHTHOrO
anena A nosHavalTb uyepes3 p, YaCTOTy peLecMBHOro (;,\) (2)
anensa a - yepes g. 3a yMoBWU, WO A i a — €AnHi aneni reHa, \/\/
p+qg=1(abo 100%). Dopmyna

(p+q)?=p*+2pg+qg?=1(abo 100 %)
€ anrebpaiyHnm BUpa3om 3akoHy Xapai — BaliHb6epra
ONnA OBOX anenis, e p — YactoTa fJOMIHAHTHOrO anena A;
q - 4acToTa peLecMBHOro anens a; p? — Yactota fomi- | @) (23) @
HaHTHUX romo3uroTt AA; 2pq — YyacToTa reteposunroT Aa;
g? - YaCTOTa peLecuBHYX roMo3unroT aa (in. 117).
Monynsuis, B AKi 36epiraeTbca reHeTMYHa piBHOBA- In. 117. Cxema oTpumai
anrebpaiyHoro Brpasy 3a-
ra, Ha3MBa€ETbCA i0easibHOIO NonynAyielo. YMoBamu ic- KoHy Xapai — BaiiH6epra
HYBaHHA ifeanbHUX NONynAUin €: 1) BeNrMKa YNCeNbHICTb

A AA Aa
(p) ) (pq)

§ 50. 3aKOHOMIpHOCTi po3nogainy anenis y nonynawii
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nonynAwii; 2) BinbHe BMMNagKoBe cxpeLlyBaHHA B nonynAuii (MaHMmikcia); 3) BigCyTHICTb
MyTaLiin; 4) BiCyTHICTb fO6OpPY 3a MEBHO 03HAKOM; 5) BiACYTHICTb FEHHOTO MOTOKY,
TO6TO MirpaLin reHis i3 cycigHix nonynauin. AKLWO NopywyeTbca xoua 6 0gHa yMOBa,
TO reHeTMYHa CTPYKTypa nonynAuii SMiHIOETbCA.

Y npupogi igneanbHi nonynauii He TPannAwTbCA, iICHYIOTb peasibHi nonynsayii, B
AKMX YNCENbHICTb 0COOMH He ByBa€ HECKIHUEHHO BENMKOI, BiflbHE CXPeLLyBaHHA He-
abcontoTHe, BigbyBalOTbCA MyTaUiliHMIA NpoLec, NpupoaHui fobip, mirpauii. Ane ue
He 3MeHLy€e LiHHOCTI 3aKoHy Xapgi — BanHOepra. BiH BY3HAaYa€ yMOBU reHETUYHOT
piBHOBarm nonynAdii Ta yMoBWy, WO il NOpyLwyoTb.

OTXe, 3aKoH Xapgi — BanlHb6epra fa€e 3Mory BU3HAUUTU FEHETUYHY
CTPYKTYpY nonynAuii Ta TeHAeHUii 3MiHM reHOTMNIB 0COOMH Y monynaLiax
nig Ai€lo ymoB cepefoBuLLa.

flke 3HaUYEHHA 3aKOHY FOMOJIOTiIYHMX PAAIB CNagKOBOI MiHANBOCTI?
MopiBHIOLUYM O3HAKM Pi3HUX COPTIB KYNbTYPHUX POCIUH i 6NIM3bKMX AO HUX AU-
kux Buais, M. |. BaBunoB (1887-1943) BusiBMB 6arato CrnifibHUX cnagkoBux 3MiH. Lle
gonomorno oMy cbopmynoBati y 1920 p. 3aKOH rOMOJIOFIYHUX PARIB CNagKoBOT
MiHANBOCTI.
FeHeTMYHO 6AM3bKi BUAN Ta poAU XapaKTepusyloTbCcA Nogi6HuMu pagamm
CnagKoBOi MiHAIMBOCTI 3 TaKOI0 NPaBUWIbHICTIO, WO BMBUYMBLUM pAag dopm
y MeXaX oAHOro BUAY 4u poAy, MoXKHa nepep6auntul HaABHICTb Gpopm
i3 NoAiGHMMM NOEAHAHHAMY O3HaK Yy MeXaxX 6NMM3bKNxX BUAIB um poais.

M. |. BaBnnoB 3a3HayaB, WO roOMOJIOTiYHI PAAM YacTO BUXOAATb 3a MeXi pofiB i
HaBiTb poAuH. KopoTKonanicTb BigMiUeHO Yy NpefCcTaBHMKIB 6araTbox pAAiB CCaBLiB:
y BENMKOI poraToi Xynobu, oselb, cobak, niognHu. Anb6iHi3M NOWMpeHUn y BCix nog-
CbKUX pacax i cnocTepiraeTbca B yCix KnaciB XxpebeTHNX TBapyH.

OCHOBOIO FOMOJIOTIYHUX PAAIB € NOAIOHICTL GeHOTUMIB, WO BUHUKAE AK pe3ysib-
TaT B3aEMOLiT OfHAKOBUX reHiB Y reHOTUMAaX 0COOVH Pi3HMX NonynAlii. TeopeTnyHo
OCHOBO rOMOJOTii PAAIB CMAaAKOBOT MiHAMBOCTI Y 6/IM3bKNX TAKCOHOMIYHUX FPYynN €
YABMIEHHA NPO €AHICTb iIX NOXOMAMKEHHA LWAAXOM AMBepreHuil nig Ai€lo NpupogHoro
nobopy.

MuTaHHA nikyBaHHA | NpodinakTNKM cnafkoBux XBOpob He MOXHa po3B'A3aTtu
6e3 JOoCNigXKeHHA Ha TBapuHax i3 CNagKoBMMK aHOManiaMu, AKi NoaibHi 4o Tux, Wwo
crnocTepiraloTbCa y niognHW. barato naTtonoriyHMX CTaHiB, WO X BUABNEHO Y TBapPWH,
MOXYTb OyTU MOZEeNnAMU CMAflKOBUX XBOPOO NtoauHU. Tak, y cobak crnocTepiraeTb-
cAa remooinia, AKa 3yenneHa i3 ctaTTio. [AnAa BUBYEHHA M'A30BOI AUcTpodii cayryioTb
MULLi, BeNMKa poraTa xygoba, KoHi, eninencii — Kkponi, nautoku, muwi. Cnagkosa rny-
XOTa iCHY€E y rBiHENCbKMX CBMHOK, MuLLen i cobak. Bagu 6ynosm obnuuua nioguHu,
rOMONOrivHi «3anuii rybi» Ta «BOBYIl Malyi», cnocTepiraloTbCcA B NMLbOBOMY BigAini
yepena muwieli, cobak, cBuHen. CnagkoBMMM XBOPOHaMU 0OMiHY, TaKUMU AK OXKMPiH-
HA | LYKpOBWIA fliabeT, XBOPilOTb MULL.

OTXe, 3riHO i3 3aKOHOM FOMOJIOTiYHUX PALIB, BUBUMBLUW pAL GopMm Y
MeXKax OQHOro BUAY YM POAY, MOXHa nepenbaunT HasBHICTb popm i3
nofibHMMM O3HaKaMy B MeXax 6JIM3bKUX BUAIB Yi POAIB.



BIANbHICTb

X,/‘ CamocriiiHa po6oTa 8

Po3B’A3yBaHHA BNpas 3 reHeTUKN Ha 3acToCyBaHHA 3akoHy Xapgai - Balrin6epra

Bnpasa 1. [lpoaHanisynTte etann po3s'asy-
BaHHA 3anponoHoBaHoOI 3afayi Ta chopmynioii-
Te 0O KOXHOro 3 HUX BignoBigHi ail.

«B €8poni Ha 20 mucay HacesneHHA npunadade
1 1t00uHa 3 anvbiHismom. CKinbKu 8iocomkie sto-
Oeli € 26mepoO3U20MHUMU HOCIAMU peyecusHo20
anens anvbiHiamy?»

1
9*= 76000

1 _ -
a= /55000 = /0.00005 =0,0071

p=1-0,0071=0,9924

2pg= 2 x0,0071 x 0,9924 =0,014=1,4 %

Bnpaga 2. [Jo cki1iady nonynsayii nodeti 8xo0ams 9 % zomo3uzom AA, 49 % 2omo3u-
2om aa i 42 % 2zemeposuzom Ad. BusHayme yacmomy anenie A i a 8 nonynayii.

BnpaBa 3*. Y nonynauii nucuys Ha negHili mepumopii eusgneHo 9 991 pydux oco-
6uH i 9 nucuyb-anvbiHocie. AnbbOiHI3M KOOYeEMbCA peyecusHUM asnenem, a pyoe 3ab6aps-
JleHHA — 00OMiHaAHMHUM. BusHayme 2eHemuy4Hy cmpykmypy uiei nonynayii nucuyp.

bionoria + Anre6pa. biHom HbloToHa

HaBepeHi dopmyna 1 BrM3HaueHHA € OKpe-
MWUM BunagKkom biHoma HbtoToHa. HasBiTb i nosc-
HiTb L0 anrebpaiuHy 3aKOHOMIPHICTb. B AKux wwe
iHLWMX rany3ax 6ionorii oKpiM reHeTnKK nonynsa-
Uil 3aCTOCOBYIOTbCA 3HAHHA anrebpu?

CTABJIEHHA

bionorisa + Ximia

3akoH romornoriyHux pagis M. |. Basunosa
nopisHioTL i3 [lepiognyHMm  3aKOHOM
[.1. MeHgeneeBa. [ToACHITb, Yomy. ke NpaKkTny-
He 3HaYeHHA MaloTb 3HAHHA 3aKOHOMIPHOCTEN
po3noainy anenis y nonynauiax? Ake 3HayeHHA
MNepiognuHoro 3akoHy [l. |. MeHgeneesa?

PE3YJIbTAT

(a+b)*=a’+2ab + b’
Keadpam cymu 0sox supasie dopigHoe
K8adpamy nepuiozo 8updasy nioc
No0BoEHUL B06YMOK Yux 8UpA3i8 NiIC
K8adpam 0pyz020 8UpPaA3y

3aBaaHHA ANA CAaMOKOHTPOJII0

1. o BMBYae reHeTrKa nonynauin? 2. Ha3siTb OCHOBHI ranysi 3acTocyBaHHA nomny-
1-6 |nAuiiHOT reHeTMKK. 3. XTO i B AKOMY poLji CGOopMynioBaB 3aKOH reHeTUYHOT piBHOBa-
rn? 4. AK GopmMynioeTbCA 3aKOH FreHeTUYHOT piBHOBaru B nonynayiax?

7. flke 3HauUeHHA Ma€ reHeTKa nonynAuin? 8. B YoMy cyTb 3aKOHY reHeTUYHOT piB-
HoBarun? 9. ke 3HauYeHHA 3aKOHY rOMOJIOTIYHMX PAAIB CMAaAKOBOT MiHINBOCTI?

10-12

y nonynauiax?

10. lke NpaKkTNYHe 3HaYeHHA MaloTb 3HAHHA 3aKOHOMIPHOCTE po3noginy anenis

§ 50. 3akoHOMIpHOCTI po3noAiny anenis y nonynauii
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BmineHHsa 8 Xumms HayKo8oi icmuHuU npo 3aKOHU CNaoko8ocmi
donomoxxe no3basumu 1l00cmaeo 8i0 6azamweox ckopbom i 20pH.
I.11. lMasnos

§51. CYYACHI 3ABAAHHA MEAWYHOI TEHETUKU

OCHOBHi NOHATTA N KnouoBi Tepminm: MEUYHA TEHETUKA. Mepguko-
reHeTNYHe KOHCYNbTyBaHHA. [eHOoTepanis.

MpurapanTe! Lo Take reHeTnKa?

'\ HoBuHN HayKun

Y 2013 p. €BponericbKka KOMicCia 3aTBepania MoX-
NUBICTb 3aCTOCYBaHHA MPOAYKTa reHHoi Tepanii Glybera pna

. . . . .. .. (RIS s - S
BUNIKOBYBaHHA BIf PIAKICHOI CNagKOBOI XBOpO6V|, Lo cnpu- ﬁ,ﬁ #
UYNHAE CMepTeSibHO Hebe3neuHnmn naHKpeaTuT. Glybera 3a et - ..m;;n‘

. . . o . g sttt
LOMOMOroto BIPYCY OOCTaB/IAE B KNITUHU I'IOTp|6HI/II/I reH, |

BXEe uepes AeKiNibKa TVXHIB KNiTUHN NOYMHATb HOPManbHO GyHKUioHyBaTK. Lie 6yB
nepLnin reHoTepaneBTUUYHUI NPOAYKT, CXBANIeHW Y 3aXifHOMY CBITi.

3MICT

AKi cyyacHi 3aBgaHHA MegNYHOI reHeTUKN?

MEOWUYHA TEHETUKA - ye po30in eeHemuku /1100UHU, WO 8UBYAE poJib Cndo-
KOBUX YUHHUKI8 ¥ pO38UMKY 30X80PI08AHb. bypXnnBuim po3BUTOK MONEKYNAPHOI re-
HeTWKK, 6ionorii KNiTMHK, MoNeKynAapHOI 6ionorii po3WMPUB MOXINBOCTI MeANYHOI
reHeTKM LWOoAO0 PO3YMiHHA BGiOXiMIUHMX Ta MONEKYNAPHO-TeHETUYHMX npoueciB —
OCHOBU CMafKoBMX 3axBoptoBaHb. CyyacHi MefMKO-reHeTUYHi JOCNifKeHHA 0CO6-
NIMBO iHTEHCMBHO 3AiNCHIOITLCA Ha MONEKYNAPHOMY, KNITUHHOMY, OPraHi3aMOBOMY,
nonynALuinHO-BMAOBOMY PiBHAX 3a JOMOMOIOK TakKUX METOIB, AK LIUTOreHEeTUYHNN,
meTog ribpuansadii AHK, meToa nonimepasHUX NaHLIOroBrx peakLyii, MOgentoBaHHs
Ta iH.

OCHOBHMMW Cy4YaCHUMM 3aBAAHHAMMW MeAUNYHOT reHeTUKU €:

+  BUABJMIEHHA Ta OMWC CMAaKOBUX 3aXBOPIOBaAHb, KiNbKICTb AKMX 36inbLyeTbcA. Ha
CbOrofHi Bxe onncaHo 2 200 ayTOCOMHO-AOMiIHaHTHMX, 1 420 ayTOCOMHO-peLie-
CUBHUX, 286 34enieHnX 3i CTaTTio reHHUX Ta 6113bkKo 800 XPOMOCOMHUX 3aXBO-
ploBaHb;

+  BW3HAYEHHA POJi FeHOTUNY N YMHHUKIB CepefoBULLA B PO3BUTKY NOJli2eHHUX
(MynemugakmopiansHux) 3ax8opo8aHs, AKNMU € ilueMiyHa xBopoba cepus, Ly-
KpoBuii fiabeT, BMpa3KoBa XBOpoOa, rinepTeHsia Towwo;

+  po3wundpyBaHHA NPUPOAY BENMKOI KiflbKOCTI CMaIKOBUX 3aXBOPIOBaHb OOMiHY
PEeYOBVH i po3pobneHHs edeKTUBHUX MeTOLiB NPOQINaKTUKM N NiKyBaHHA (Ha-
npuknag, HenepeHoCUMICTb N1akTo3u, PeHINTKETOHYPIs);

+  Mi3HaHHA CKNagHOI NPUPOAN CXUNBbHOCTI 4O OHKOJOTIYHNX 3aXBOPIOBaHb Ta Me-
XaHi3miB il peanisauii;

«  pO3pob6neHHA JOCNIAHULBKUX MPOrpam i METOAUK ANA PO3LWNPEHHA MOXITMBO-
CTell MeOUKO-2eHemu4H020 KOHCY/IbmYyB8aHHS;

« npodinakTvka Ta BUIIKOBYBAaHHA CMaJKOBUX XBOPOO 3a AOMOMOrOK HOBITHIiX
TEXHOJIOTIi 3MiHW TeHiB Ta MeToiB 2eHomepanit.



Benuky ponomory y BupilleHHi npobnem mennuHol
reHeTUKM HafalTb NabopaTopHi TBApWUHU. TaK, CTBOpe-
HO TUCAYI PI3HUX JiHIN HOKAYTHUX MULLEN, KiflbKa COTEeHb
3 AKWX CNYryloTb MOAENbHVMMN 06'€EKTaMN ANA BMBUYEHHSA
XBOPO6 NoAMHN. «<HOoKayTHa MuLa» — Lie MyTaHTHI MuLui,
B AKUX BMMKHEHO MeBHi reHu. IHaktusytoun cneundiyHmii
reH y muwi xamHeoi (Mus musculus) Ta gocnigxytoun 3mi-
HW 1T deHoTMNY, AOCNIAHUKN MOXYTb 3PO6UTU BUCHOBKM
wono GyHKUiT AaHoro reHa. MNicna po3wmndpyBaHHA reHOMy
wnopkosoixabu (Xenopus tropicalis) BueHi BUABMAN 6113b-
Ko 80 % reHiB, NnogibHKX Jo TuX, WO BiANOBiAaloTb y Noau-
HU 32 BUHUKHEHHSA CNaAKoOBUX 3aXBOPoBaHb (is1. 118).

CyyacHa MeAMyHa reHeTMKa iHTEHCMBHO pPO3LIMPAE

CBOI JOCNIOXKEeHHA B Pi3HNX HanpAMmax: BUBYEHHA FreHOMY In. 118. Muwa xaTHA
NOANHN, MITOXOHApPIaIbHA reHeTrKa, IMyHOreHeTnKa, reHe- i Wwnopkosa xaba
TUKa PO3BUTKY, KNiHIYHA reHeTMKa Ta iH. TponiyHa

OTXe, NpegMeToM MeAVNYHOI reHEeTUKN € CMAAKOBI FreHHi 1 XPOMOCOMHI
XBOPO6M, BaAn PO3BUTKY Ta XBOPOOW 3i CMAgKOBOK CXUJIbHICTIO B IOAUHWN.

Ik opraHi3oByeTbCA MeNKO-TeHEeTNYHE KOHCYNIbTYBaHHA?

Mepuko-reHeTYHEe KOHCYNbLTYBaHHA — Ye npoyec, N08'a3aHull 3 8UPILUEHHAM
npobsiem, w0 npu3eodame 00 noAsu abo pu3uKy NOABU CNAOKOBUX 30X80PHOBAHb Y PO-
OuHi. Lle cBo€epigHa MeanyHa gonomora i HalnbinbLw po3noBciogXeHa dopma npoodi-
NAaKTUKM CNagKoBUX XBOPOO.

MepuKo-reHeTUYHe KOHCYNbTYBaHHA A€ 3MOry
nikapsAM He TifbKW AiarHoCcTyBaTn XBOpoby, a i Ha-
JaBaTu MauieHTaM KOHKPEeTHi pekomeHAauii wopao
nikyBaHHA. 3rifHO 3 OTpMMaHVMMK pe3ynbTaTaMu
NiKapi-reHeTUKN MOXYTb HanpaBnATY Naui€HTIB JO
cneuianictis By3bkoro npodinto, nosigomnatu im
Npo iCHyBaHHA cneuianbHUX JOCNIAHULbBKNX NPO-
rpam (in. 119).

OCHOBHUMW  3aBAAHHAMW  MefMKO-TeHeTUuY- _In.119. Koncynbrauis N
HOrO KOHCYNbTyBaHHA €: 1) BCTaHOBNEHHA JjiarHo3y NNIKApKI-TEHETIIKA MONOAIN
CNagKoBOro 3axBOPIOBAHHA; 2) BU3HAUEHHA TUMy rIoAPYHIA Nap!
ycnagKyBaHHA 3aXBOPIOBaHHA; 3) PO3paxyHOK CTYMeHA PU3KKy MOBTOPEHHA 3axBO-
PIOBaHHA; FTEHETUYHUI PU3KK, WO He nepeBULLYE 5 %, PO3LIHIOETLCA AK HU3bKUIA, [0
20 % - AK nigBurLeHnn i noHag 20 % — AK BUCOKUN; 4) NOACHEHHA 3MiCTY MPOrHo3y;
5) cnocTepexeHHA | BUABMEHHA rpynu MNiABULLEHOrO pU3NKy cepef, pOAunYiB; 6) no-
LWMPEHHA MeANKO-FeHETMUYHUX 3HAHb cepep HaceneHHs.

Mepauko-reHeTYHa KOHCYNbTaLiA CKNIaaeTbCA 3 YOTMPbLOX eTanis: 0ideHo3, Npo-
2HO03, BUCHOBOK, nopada. MNpu Lbomy HeobXiIHVM € BifBepTe | OOPO3NUNMBE CMINKY-
BaHHA NiKapA-reHeTnKa 3 poANHOI XBOPOTO.

OTXe, opraHi3auia mMeguKo-reHeTUYHOrO KOHCY/IbTYBaHHA NOB’A3aHe 3
iHpOpMyBaHHAM NIOAUHN NPO PU3MK PO3BUTKY CMaJKOBOro 3aXBOPIOBaHHA,
nepepavi MOro Halwakam, a TakoX MPO AiarHOCTMYHI Ta TepaneBTUYHI Aii.

§ 51. CyyacHi 3aBAaHHA MEANYHOI reHeTUKM
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AKnMn € ycnixmn Ta nepcnekTUBM reHoTepanii?

leHoTepanis — ye s1iky8aHHsA 3aX80PI0BAHb WIIAXOM 3aMiHU 0e(heKMHUX 2eHig Hop-
masneHumu. OCHOBOI reHoTepanii € CYKynHiCTb MeTOfiB NiKyBaHHA CNafKOBUX, OH-
KOMOTiYHMX, AeAKNX BipyCHUX 3aXBOPIOBaHb LUIAXOM BHECEHHSA 3MiH Y FreHeTUYHUN
anapart KNiTKUH NauieHTIB 3 METOI CMPSAMOBaHOI 3MiHW reHHUX aedeKTiB abo HafaHHA
KNiTUHaM HOBUX QYHKLiN.

MNepwnm ycnixom reHoTepanii CTaB BUNagoK BUIKOBYBAHHA AUTUMHN Bif TAXKKOIO
imyHopediunTy 3a pepmeHTOM afeHo3nHAe3aMiHa3n. 14 BepecHA 1990 p. OiBUMHLI
6yno nepecafXeHo BRacHi nimoounTy i3 nonepesHbO 3MiHEHVM FeHOMOM. 3rofoM
6ynu 3aincHeHo yeprosi TpaHcdysii reHeTUYHO 3MiHeHnX T-nimdoLKMTIB i 3aranbHUM
pe3ynbraToM JliKkyBaHHA CTano 3HayHe MONInwIeHHA CTaHy Naui€HTKN Ta il HopMalb-
HWU CNOCi6 XNUTTA.

Y reHoTepanii BUOKpeMoTb Taki BUAW, AK: @) COMaTMUHa reHoTepanisa — BBe-
[EHHA reHiB y COMaTUYHI KNiTUHW NauieHTa; 6) no3aopraHiaMoBa reHoTepanisi — BBe-
[AEHHA reHiB y KyNbTUBOBaHI KNITUHN | nepecajKka LUMX KNiTUH NalieHTam. 3anexHo Bif
cnocoby BBefeHHA [IHK y reHOM naLjieHTa reHoTepania moxke BifbyBaTUCA B KyNbTypi
KNiTuH (ex vivo) abo 6e3nocepeaHbo B opraHismi (in vivo).

CraHZapTHa cxeMa 3aCTOCYBaHHA reHoTepanii CKNagaeTbCa 3 AEKiNIbKOX NOC/i0B-
HMX eTaniB: 1) CTBOPEHHA reHEeTUYHOI KOHCTPYKL(; 2) BUbIp BeKTopa Ans 4OCTaBKM B
KNiTVHU-MiWeHi (HanvyacTiwe ue ageHoBipycu, 6bakTepiodparn); 3) nepeHeceHHs BEKTO-
pa i reHEeTUYHOT KOHCTPYKLUIT Y KNiTUHM (32 AONOMOro HaHOYACTMHOK abo ninocom);
4) ouiHIOBaHHA epeKTUBHOCTI NepeHeCceHHsA B yMOBaX KIITUHHWX KYNbTyp; 5) oLiHoBaH-
HA edeKTMBHOCTI Ha NabopaTopHMX TBapUHaX; 6) KNiHiYHI BUNPOOGYBaHHSA Ha NTIOAMHI.

HuHiy cBiTi B>Xxe 6n113bKo 400 NpoeKTiB NPOX0oAATb KNiHiYHI BUNPOoOyBaHHSA, cepes
AKMX MPOEKTU NiKyBaHHA MyKoBicLungo3y, remodinii, imyHozediunTis, cepnonogioHo-
KNiTMHHOI aHeMmil Towo. OgHMM i3 OCHOBHMX iIHCTPYMEHTIB AN1A CyYaCHUX reHoTepa-
MeBTUYHMX NPOeKTIB € bioTexHonoria peaarysaHHa OHK CRISPR/Cas9. La cuctema
pefaryBaHHA reHOMy BUKOPUWCTOBYETbCA AN1IA BHECEHHA 3MiH Y reHeTUYHMI anapar,
BMAANIEHHA UM pefaryBaHHA MyTaHTHUX reHis. TexHonoria CRISPR-Cas9 BukopucTo-
Bye depmeHT-«HOXHMLI» Cas9, Wwo 3a gonomoroto PHK-riga po3ni3Hae Ta po3piszae
OHKy noTpibHOMY MicLi. 3a LONOMOrOt0 i€l cucTemm po3pobnstoTbCa TEXHOMOTIT AnA
BuAaneHHs BIJ1 3 KNiTWH XNBOTo opraHiamy, NikyBaHHA XxBopobu MapkKiHCOHa, amaB-
po3y Jlebepa, Nyx/IMH MO3KY, paky KpoBi Ta iH.

OTXe, reHoTepania CTa€ OQHWM i3 HaNBaXXNUBILLMX iIHCTPYMEHTIB
MmegnumHm XXI ctonitra.

RIANBbHICTb

x\/‘ CamocrTiliHa po6oTta 9

Po3B’sAA3yBaHHA BNpaB 3 MeANYHOI FeHeTUKMN

BnpaBa 1. Ha cxemi 306pakeHo poposig cim’i 3 03- !
HaKo CMBOro nacma BonoccaA. BusHaute Tmn ycnagky-
BaHHA Li€i 03HaKM i reHoTunu oci6: 1 - 1,11-2,3i4; 11l -2,

3TalV-1,2. n
BnpaBa 2. OgHa 3 ¢opMm Wwm3odpeHii ycnagkosy-

€TbCA AK peLecnBHa O3HaKa. BusHaute MMOBIpHICTb Ha- T2 3




pOOXKEHHA AUTKHM i3 Wn3odpeHieto Big 6aTbKiB, AKi HE MalOTb LIbOro 3aXBOPIOBAHHA,
AKLLO Bifomo, wo 6abyca 3 60Ky 6aTbKa i Aig 3 60Ky MaTepi Manu Lje 3aXBOPIOBAHHSA.

BnpaBa 3. Y floanHY FeH, Wo CNPUYMHAE OgHY 3 $OpPM CMafKOBOI FyXOHIMOTH,
peLecmMBHMN BIZHOCHO A0 FreHa HOPManNbHOroO ciyxy. Big wnoby rnyxoHiMoi XiHKK 3
YOJIOBIKOM, Y AKOFrO HOPMaNbHUI CAYX, HAPOAMBCA FMYyXOHIMUI XNonN4YnK. BusHaute
reHOTUNM BCiX UNeHiB cim'i.

MpoekKT «leHoTepania Ta il nepcnekTUBU»

Po3srnaHbTe intocTpadito, nepeknagitb TEKCT i 3aNpPONOHYNTe NOro MOACHEHHS.
Bukopuctante moxnusocTi IHTepHeTy (Hanpuknag, http://www.livemd.ru/tags/
genoterapija) Ta NiAroTynte NPoeKT NPo NepcneKkTnBM reHoTepanii.

RN Ex Vivo Gene Therapy

copics of therapeatic gene

Ex vivo gena tharapy is performed with
the genetic alterations of patent's target
ceils happening outside of the body Ina
culture, Target celis from the patient are

Infacted with & recombinant vinus
containing the desired therapeutic gene.
These modified cells are than

reintroduced into the patient's body,
where they produce the needed proteins
that cormespond 1o the inserted gene

CTABJIEHHA

3aBAaHHA Ha 3icTaBneHHA «Bnan Tepanii»

Tepanm — L& KOMMJieKcC 3axois, cnpA- 1 Anitepanis A, MeanuHi n'sesku

MOBaHUX Ha YCYHEHHA AKOro-Hebyab - - - -
2 TipypoTtepania | A;JlikapcbKi pocnmHm

3axXBOpPOBaHHA, NoJierieHHA noro cmmn-

TOMiB abo BifHOBMEHHA MicNA TpaBMW. |3 ApomoTepanis I' Xonoawi i rapavi

3 . . KaMeHi
icTaBTe BuMAW Tepanii 3 BigNOBIAHUMN

A. P A . A 4 Qitotepanis H 3anaxu netkmnx
YMHHMKaMM NiKyBaHHA Ta OoTpumanTe Tep- p peyoBNH

MiH, AKAM MO3HavyalTb Yy MeguLUnHI npouec C MpoaykTn
: , 5 Apt-Tepania .
O3[10POBJIEHHA, BIAHOBNEHHA 340POB'A. 6 KinbHULTBa

Yum reHoTepania Bigpi3HAETbCA Bif iHWMX . MwncTeuTtso i
. p Ap A 6 CroyH-Tepania u .Ll
BMUAiB Tepanii? TBOPUYICTb

1 2 (3 /4 5|6 |7 7 Menotepania |A JlikyBanbHi rpasi

PE3VJIbTAT

3aBAaHHA AnA CaAMOKOHTPOJI0

1. o Take mepgnuHa reHetnka? 2. o € npeameTom focnigeHb MeQUYHOI reHe-
Tnkn? 3. LLlo Take MeanKo-reHeTuYHe KOHCYNbTyBaHHA? 4. Ha3BiTb OCHOBHI eTanu

1-6 . .
MeANKO-TeHEeTUYHOro KOHCYNbTyBaHHsA. 5. LLlo Take reHoTepania? 6. Hasegitb npu-
Knagm ycnilHMX reHoTepaneBTUYHUX TEXHOSOTIN.

7.9 7. fIKi cyyacHi 3aBgaHHA MeanYHOT reHeTnKIn? 8. Ik OpraHi3oBY€ETbCA MeANKO-TeHe-

TUYHE KOHCYNbTYBaHHA? 9. AKMMU € yCNiXun Ta NepcnekTUBY reHoTepanii?

10-12 | 10. OuiHiTb NepcneKkTNBM reHoTepanii.

§ 51. CyuacHi 3aBAaHHA MeAUYHOT reHeTUKN
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OcmaHHi 0ocszHeHHsA 2eHeMUKU 0arome Hose pO3yMiHHS X80po6,
W0 NOYUHAMbCs 8i0 MOJEKYJIU, AKA KOOYE O3HAKU.
T.I. byxiescbka

§ 52. XBOPOBU CINMAAKOBOI'O NOXOAXEHHA

OcCHOBHi NOHATTA N Knto4oBi TepmiHu: CMTAJKOBI XBOPOBU. XBopobu i3
CnNagKoBOIO CXWbHicTIO. BpopkeHi Bagwn.

MpuraganTe! Lo BMBYaE MeanyHa reHeTUKa?

X

Momipkyiite!

CnagkoBi xBopob6u Bigomi 3aaBHa. Tak,
apaxHofakTunia («naByyi nanbLi») 306paxeHa Ha
kapTuHi C. botTtivenni «[opTpeT oHaKa», axoHAPO-
nnasia («kkapnmKkoBiCTb») — Ha KapTuHi [l. Benackeca
«[JoH CebacTbAHO aenb Moppa». fKi X 0cob6nBOCTI
Ta NPUYUHU LNX 3aXBOPIOBaHb i YOMY BOHU BUHU-
KaloTb 3HOBY 11 3HOBY?

3MICT

Aki xBOpo6M BUBYaE cyyacHa MefMvHa reHeTuKa?

CyyacHa MefMyHa reHeT/Ka BMBYA€E poJib CMAAKOBOCTI B PO3BUTKY NATONOMiYHUX
CTaHiB ab0 3aXBOPIOBaHb. 3aNeXHO Bifi BHECKY CMAfKOBOCTI 1 UNHHWKIB CEpefoBMLLA
yci xBopobu nopinAoTb Ha: 1) cnadkoesi (Bu3HavanbHa ponb CNafKkoBOCTi); 2) Xxeopo-
6u i3 cnadkoeoro cxusbHicmio (PO3BMTOK 3aXBOPIOBAHHA 3yMOBJIEHUN B3aEMOJAI€0
reHoTuny N cepenoBuLla); 3) 8pooxeHi aou OOUHU (XBOPOOY, CMPUUYNHEH] BHY-
TPILWHIMW Y 30BHILLHIMN YMHHUKaMK CEPEefOBULLA, L0 BUHMNKAIOTb 4O HAPOLAXKEHHSA).
3a3HauMMOo, O MeXa MiX LMK rpyrnamu € fye yMOBHot. MNpaKkTUUHO BCi XBOpobu
NIOAVHN MaloTb reHeTMYHY CKNaAoBY | MEBHOIO MipOIo 3aneaTb Bif 30BHILLHbOrO ce-
penoBua. [locUTb YaCcTO O3HaKM 3aXBOPIOBaHb € KiHLEBMMY BapiaHTaMy MPOABIB Y
HOPMI peakLii HOpManbHNX O3HaK.

CMAJKOBI 3AXBOPKHOBAHHA - cnadkosi po3nadu opzaHiamy, nos’a3aHi 3 no-
DYWEHHAM 2eHemu4YH020 anapamy (2eHie, YinicHoCmi XpoMOCOM YU KislbKoCmi xpo-
mocom). CyTo CNafiKOBMMU XBOPOHaMU € 3aXBOPIOBAHHSA, MPUYMHAMY SKUX € 3MiHU
CMagKoBOro anaparty — reHHi, XpOMOCOMHI Ta FreHOMHI myTauii. BignosigHo go uyboro
BCi CNajIKOBi 3aXBOPIOBAHHA NIIOANHN MOXHa 06’eHaTV Y ABi rPyNu: 2eHHi Ta XpOMo-
COMHI. 3a NoKanisaui€lo reHis, AKi CMIPUYMHAIOTb PO3BMTOK CMAAKOBUX 3aXBOPIOBaHb,
X nopinATb Ha A0epHi Ta MiMOXOHOpPIiasbHi. 3a y4acTio reHiB y PO3BUTKY CrMafKo-
BUX 3aXBOPIOBaHb cepef HUX BUOKPEMIIOIOTb MOHO2eHHIi Ta noJlieeHHi XBOpOOWU.
MoHoOreHHi 3yMOBneHi i€t O4HOrO reHa, Lo 3a3HaB MyTalii, a nonireHHi (MynbTudak-
TOpiasibHi) — BU3HaYalTbCA A€ MHOXKUHHMX FEHIB Y KOMMEKC i3 6araTbma YNHHN-
KaMu cepefioBuLa.

XBopo6u i3 cnafKoBO CXMAbHICTIO — Y€ 3aX80PIOBAHHS, O/1 PO3BUMKY AKUX
HeobxiOHa 83aemMo0is 8BHYMpIiWHiX cna0KOB8UX MA 308HIWHIX HECNPUAMJIUBUX 8NJ1U8I8
cepedosuwa. o ui€i rpynu xBopo6b HanexaTtb GifblUiCTb 3aXBOPIOBaHb NIOAVHM, Ce-
pen sKMx nogarpa, LyKpoBuii giaber, rinepTeHsis, BUpa3koBa XxBopoba, 6poHxianbHa
acTMa, Wr3odpeHis, eninencia Ta iH. CNagKoBa CXMIIbHICTb 4O XBOPOOU TaKOX MOXe
MaTV MOHOTFeHHy abo nonireHHy npupoay.



BpopykeHi Bagu po3BUTKY — cmiliki cmpykmypHi yu Memo6o/idHi 3MiHU opaaHis,
iIX yacmuH yu OinAHOK Mind, Wo 8UXo0AMb 3a Mexi HopMasnbHUX edpiayili 6ydosu ma
nopywytlome ix pyHKUi. NIPUYMHN PO3BUTKY Baf Pi3HOMaHITHI — AK 30BHILLHI, TaK i BHY-
TPiLWHi. HUMn MoXyTb 6TV MyTalii, Bik 6aTbKiB, eHLOKPUHHI XBOPO6U, NOPYLLEHHA Me-
Taboni3my, a TakoX eK30reHHi YAHHUKN HaBKOJMLLIHbOTO CepefloBULLa, LU0 NMOPYLUYIOTb
eMbpioHanbHUN PO3BUTOK (OKpPeMi NiKuy, ankorosb, BipycK). 3anexHo Bif NPUYNH YCi
BPOAPKEHI Baan PO3BUTKY MOAINAIOTb Ha CMAZKOBI, EK30reHHI Ta MynbTUpaKTOpiasbHI.
Hanbinbw Baxkkumu € Bagu po3sutky LIHC, cepus, TpaBHOI cucTemu, HAPOK, a Halmno-
WMPEHIWMMI — PO3LLENSIEHHA BEPXHbOT ry6u Ta nigHe6iIHHA, BUBUX CTETHA, KITMLLOHO-
rictb Towo. CnagkoBumy Bagamu Metabonismy € xBopobu, NOoB'A3aHi 3 MOPYLUEHHAM
06MmiHy amiHOKMCNOT (beHinkeToHypiA), ByrneBoais (ranaktosemis), ninigis (xsopoba
Tea — Cakca), HeopraHi4YHKX NOHIB (MyKoBicLMA03). [prKnagom ypoaxeHunx Hecnagko-
BUX Baf € TaNnigoMiaHu, CUiniTMYHWIA, ankorosibHUN i gesAKi iHWi CMHapPOMN.

OTxe, cyyacHa MenyHa reHeTrKa BMBYAE XBOPOONUBI cTaHM abo 3axBo-
ploBaHHSA, AKi HalvacTile NoginATb Ha CrnagkoBi XBopobu, XxBopobu i3
CNaAKOBOI CXWUJIbHICTIO Ta BPOAXKEHI Bagw.

AKi ocHOBHI rpynu Ta 0co6aAMBOCTI cNafKoBUX 3aXBOPIOBaHb?

Cepep 3aranbHOi 3aXBOPIOBAHOCTI HAaCeNEHHA CnalkoBa CTaHOBUTbL 15 — 25 %. Ha
CborofHi Bigomo 6n13bko 3 500 cnafKoBKX 3aXBOPIO-
BaHb i X KiNbKicTb 3pocTae. CnagKosi xBopobu nogina-
I0Tb Ha reHHi Ta XPOMOCOMHi.

leHHi x8opobu - cnadkosi x8opobu, cnpuyuHe-
Hi 2eHHUMuU mMymayiamu. Lli xBopobu nepepatoTbcs
Bifl MOKONIHHA 4O MOKOJMiHHA 6€3 3MiH i MOXYTb 6yTK
LOMIHAHTHMMK ayTOCOMHUMU (nonigakTunisa), peue-
CMBHVMMM ayTOCOMHUMM  (anbbiHi3M), peuecMBHUMY
3yensieHMMN 3 X-XpoMocomoto (remodinis, ganbTo-
Hi3Mm), 3uenneHnmm 3 Y-xpomocomoto (ixTios). Mnero-
TPOMHOK [i€l0 OJHOrO reHa MOACHIETbCA XBOPOOa
MapdaHa. HannowmpeHiwot cnagkoBoo NaTosorieto,
LL{O BM3HAYAETbCA FreHaMU, € KOpomKo3opicme (mionis).
HaykoBLUi BCTaHOBUAN, WO CNajKoBa KOPOTKO30pPiCTb
HasBHa Yy 30 % npeAcTaBHUKIB €BPOMEOIAHOI pacK i
Bpaxae€ fo 80 % ypoaxeHuis Asii (in.120).

XpomocomHi xeopobu - Le cnafkoBi XxBopoo6U, In. 120. OCHOBHOI NPUUMHOIO
CMPVYMHEHI XPOMOCOMHUMM Ta FEHOMHUMM MyTa-  Mionii € BufoBXeHa popma
uiammn. CnifnbHAM AN BCIX XPOMOCOMHMX XBOPOb6 € ouHoro AGMyka
MHOXWHHI ypaMeHHA N CTilKa CYKYMHICTb CUMNTOMIB, O Ha3NBAETbCA CUHAPOMOM.
XpoMocoMHi MyTaLii 34e6inbloro CNpUYMHAITL TAXKKI @aHOManii, HECYMICHi 3 »KuUT-
Tam (Hanpuknag, dinagenbdiicbka XpPoOMocoma, CUHLPOM «KOTAYOro KpUKy» (46,5-)),
TOMy B3arasi He ycrnakoByTbcA. [prknagamy reHOMHUX MyTauin € cuHapom JayHa
(47, 214), cunppom Matay (47,13+4), cuHppom EpBappca (47,18+), cuHppom TepHepa
(45,X0), cuHppom KnanHdenbrepa (KnacnuyHui kapiotnn 47, XXY) Ta iH. Hannowwpe-
HiLLOI0 XPOMOCOMHO XBOPObOIO € cUHOpOM JlayHd, o BU3HAYAETbCA MOABOID Tpe-
TbOI 3aMBOi XxpomocomMu 3a 21 napoto (Tpucomia 21). YactoTa 3axBoploBaHHA cepeq

§ 52. XBOp0o6M CNafKoBOTO MOXOAPKEHHS
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HOBOHapOAXeHUX cTaHoBUTb 1 : 700. CniBBi4HOLWEHHA XBOPUX XJIONYUKIB i fiBYATOK
popisHioe 1: 1. YacToTa 3aXBOpPIOBaHHA JiTen i3 cMHAPOMOM [layHa 3anexkuTb Bif BiKy
maTepi. llicna 35 pokiB CyTTEBO 3pOCTa€e YacToTa HAPOAXKEHHA fiTen i3 CUHAPOMOM
[ayHa, a y BiLi 45 poKiB BOHa cTaHOBUTb Bxe 1:12.

OT>Ke, OCHOBHUMM FpynamMy CMagkoBUX 3aXBOPKOBaHb € FE€HHi Ta XPOMO-
COMHi XBOPOOU, MPUUYNHAMN AKUX € F€HHI, XPOMOCOMHI Ta reHOMHi MyTaLlii.

Aknmum € 3axoau npodinakTMKM cnagKkoBmxX XBopo6 nognHmn?

MpodinakTuka cnagkoBuxX NaTosOri MOXe OyTU NEPBUHHOI, BTOPVHHO Ta Tpe-
TUHHOIO.

lMepsuHHa npoginakmuka nepepbavae nonepeKeHHs 3a4aTTa XBOPOI AUTUHU,
AKe 3abe3neuyloTb MNaHYBaHHAM HapOMKEHHA AiTell Ta NONIMNWEHHAM KUTTEBOFO
cepenoBuLLA NTOAVHN.

MnaHyBaHHA HAPOMXKEHHS AiTel 3A4INCHIOITb 3a TaKMMM NPUHLMNaMK: 06paHHA
OMNTUMANbHOrO PENPOAYKTUBHOIO BiKY, AKWI AN1A XIHOK CTaHOBUTb 21 — 35 poOKiB; Hag-
TO paHHi abo Ni3Hi BariTHOCTI 36iNbLUYIOTb PU3MK HAPOLOMKEHHA AUTUHN i3 BPOOMXKEHOI0
naTonori€to; BiAMOBa Bifj AiTOHAPOAXKEHHA Y BMMaAKax BMCOKOrO PU3MKY CMajKoBOi
UK BPOAXKEHOT NaTosorii; BigMOBa Bif AiTOPOAiIHHS B 6/1M3bKOCNOPigHEHNX Witobax.

BmopuHHy npoginakmuky 34iCHIOITb LIASXOM NMPUNUHEHHS BariTHOCTI B pasi
BICOKOI BipOrigHOCTI 3axBOploBaHHA naofy. /loro moxHa npoBoguTyi TinbKn y Bigno-
BifiHi TEPMiHM Ta 33 3rof0t0 XiHKWU. 3BNYaNHO, NPUNNHEHHA BariTHOCTI — He HarKpalle
pileHHA, ane nuLle BOHO MOXMBE 3a OiNbLIOCTI TAXKKNX reHeTUYHIKX fedeKTiB.

TpemuHHa npoghinakmuka nonarae B KOpeKLii BUABY aHOManbHUX reHiB, ocobnu-
BO YycnillHa B pa3i XBopoO 3i CNafikoBOK CXWAbHICTIO. 3a ii JONOMOrolo MOXHa [o-
CATHYTW NOBHOT HOPMani3aLii ab0 3HUXKEHHA CTyNeHA BMABY NaTONONYHOro npoLecy.
30iMCHIOITb TPETUHHY NPOQINAKTUKY AK [0 HAPOAXKEHHA (Hanpuknag, pesyc-Hecy-
MICHICTb, ranakTo3emis), Tak i micna HapoaXeHHA (GeHinkeToHypiA, rinoTNpeos).

OcHoBoto cy4acHoi npodinakTMKM CnagkoBOi NaTonorii € TeopeTWyHi 3aca-
OV TeHeTUKW NIAMHY Ta MeAuLMHW, AKI AalTb 3MOry yCBigoMuTu: 1) MOneKkynapHy
npupoay CnaikoBnx 3aXxBOPIOBaHb 1 MexaHi3mMu iX pO3BUTKY; 2) 3aKOHOMIPHOCTI 36e-
peXeHHA MyTauin y ciMm'ax Ta nonynAauiax; 3) MexaHisamm BUHUKHEHHA MyTalin y 3a-
POAKOBUX i COMAaTUYHNX KNITUHAX.

OTXe, ans 3anobiraHHA CNagKoBMM 3aXBOPIOBAHHAM iCHYIOTb
3axoAn NePBUHHOI, BTOPUHHOI N TPETUHHOT NPOdiNakTUKN.

@ BIANBHICTb

CamocrTinHa po6oTta 10

3acTocyBaHHA 3HaHb
Bnpaga 1. [1o Akoro Tuny myTauili (A — reHHi, b - XpOMOCOMHi, B - reHOMHiI) Hane-
aTb Taki xBopobu: 1) cuHapom [ayHa; 2) cuHapom MNaTtay; 3) KOPOTKO30piCTb; 4) anb-
6iHi3M; 5) CMHOPOM «KOTAYOTO KPUKY»; 6) cuHgpom Easapaca; 7) «pinagenbdincbka»
XPOMOCOMa; 8) MyKOBICLINAO03.
BnpaBa 2. Y nognHu fanbToHI3M (NOPYLUEHHA KOMiPHOro 30py) KOAYETbCA pe-
LEeCUBHUM reHOM, NOKanizoBaHUM Yy X-XpOMOCOMi. HONOBIK 3 HOPMaJibHUM KONiPHM



30POM OJPYXMBCA 3 reTePO3UTOTHOIO 3a LLIEID 03HAKOI »KIHKO10. IKa MMOBIPHICTb Ha-
POAXKeHHA B LN ciM'i giTen 3 fanbToHI3MOM?

BnpaBa 3*. Y noanHu remodinis — peLecusHa, 3yenseHa 3 X-XxpoMoCOMOIo 03-
Haka. Anb6iHi3m (BifCYTHICTb nirmeHTauii) 3yMOBNEHWI A ayTOCOMHVM peLecUBHUM
reHoMm. B ogHin pofuHi, Ae YonoBiK Ta XiHKa HOPMaJIbHO MirMeHTOBaHi Ta MalTb
HOpMarbHe 3CifaHHA KPOBi, HAPOAMUBCA CMH 3 06oMa aHOManiAMU. YKaXiTb reHoTNu
6aTbKiB. AKOI MOXe OyTU NMMOBIPHICTb NPOABY 060X aHOManil y Apyroro cuHa? Akoto
MO»e 6y TV NMOBIPHICTb HAPOLXKEHHA HACTYMHOIO Pasy AiBUMHKM 3 HOPMasbHOLO Mir-
MeHTaLi€l0 Ta HOPMaNbHUM 3CiAaHHAM KPOBi?

bionoria + CycninbcrBo. [litn CoHuA

Hitok i3 cuHgpomom [layHa 4acTo Ha3nBaloTb MDKHAPOZHWUA OEHD NIOAUHM
«gitbMn CoHusAx». Y 2006 p. 6yno Bu3HayeHo Bce- 3 CUHAPOMOM JAYHA

CBITHII fleHb Niofelt i3 cuHAPOMOM [layHa, L0  [Hesiiiii st gl
cobe MM,

BigMmivatoTb 21 Gepe3HA. B uel geHb NpuiaHATO (s
UE HWTH HE TAKWMM, BK BCl,

opAraty 6arato KOJIbOPOBMX LUKAPMETOK, KpaBa-  frasii i

, . . NOTARZAMM iHLIWX
TOK, MOB'A3yBaTV KONbOPOBiI XyCTVMHW Ta wWani and o o DS TSR
TOro, Wob BiguyTW, WO Take ByTu iHWMMK. Ha ga- e il
HUIN MOMEHT € BeJIMKa Nnpobsiema B CYCMiNibCTBI, IKE He 3aBXAU roTOBe CNpUAMaTL
«iHWnx». Yomy piten i3 cuHgpomom [layHa HasmBaTb «aiTbmu COHLA» | UM BOHM
BifPi3HAIOTbCA Bif iHWNX AiTen?

CTABJIEHHA

bionorisa + PenpogykTtusHa meagunumnHa. KputnuHi nepiogn possuTky niogei

Mig yac BariTHOCTI B NMIOAVHM BUOKPEMIOIOTb
neBHi nepiogu, konm GopmMyBaHHA OpraHiB i cmMctem
nnopy BifbyBa€TbCA HabINbLL IHTEHCUBHO, | BiH OCO-
6/11MBO YUY TNUBMI [0 Al 30BHILLIHIX YAHHUKIB, TAKMX K
XiMiuHi (Hanpwknag, Tanigomig, ankoronb, HIKOTUH),
6ionoriyHi (Hanpuknag, Bipyc Kipy um KpacHyxw),
bi3nuHi (Hanpuknag, pagiauin). Mepiogn embpiore-
He3y, ANA AKMX XapaKkTepHa NigBuLLeHa YyTImMBICTb
[0 BNIVIBY MOLIKOIXKYBaNIbHUX YMHHUKIB, Ha3MBalTb KPUTUYHUMK nepiogamn. Konm
CNoCTepiralTbCa KPUTUYHI Nepioan embpioreHesy B nognHn? O6rpyHTYNTe CyIKEHHSA
LLOZO BM/IMBY LIKIQJIMBUX YNHHMKIB Ha GOPMYBaHHA CNAafKOBMX BaJ PO3BUTKY.

PE3YJIbTAT

3aBAaHHA AnA CaAMOKOHTPOJI0

1. Ha3BiTb OCHOBHI rpynun xBopo6, Lo iX BUBYAaE MeAnYHa reHeTmka. 2. Lo Take
cnagkosi xsopo6bu? 3. Ha3BiTb ABi rpynu cnapkoBKx 3axsBoploBaHb. 4. HasepgiTb
npuKnag cnagkoByrx 3aXBOPoBaHb. 5. AKi MyTaLii € nprunHolo cnagkoBux xopo6?
6. LLlo Take KpUTUYHI Nepiofmn 3apoAKOBOro PO3BUTKY?

7. Aki xBOpobY BMBYAE CyyacHa MefnyHa reHeTnka? 8. Ha3BiTb OCHOBHI rpynu Ta
7-9 | 0cobnuBOCTi CnagKoBUX 3axBOpioBaHb. 9. AKMMYK € 3axofm nNpodinakTuky 1 fia-
THOCTUKM CMaKOBUX XBOPOO NnoanHn?

10-12 10. O6rpYHTYINTE CYOMEHHA WOAO BIUIMBY LWKIAAUBMX YMHHUKIB Ha GOpPMYyBaHHSA

CnagkoBuX Baf PO3BUTKY.

§ 52. XBOp0o6M CNafjKoBOrO MOXOAPKEHHS
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Y3aranbHeHHA Temu 3. CMAAKOBICTb | MIHJIUBICTb

Ta6nuua 6. TUNU YCNAAKYBAHHA

A. 3anexHo Bifg nokanisauii reHiB

flnepHe ycnafKyBaHHSA

YcnaaKyBaHHA 3a y4acTi reHis, po3TalloBaHMX Y XPOMOCOMaX Aapa
eyKapioTiB UM HyKneoifa NpPoKapioTiB

LlutonnasmatnyHe YcnafKyBaHHA O3HaK, FeHU AKUX PO3TalloBaHi B CTPYKTYpax LUTO-
ycnagkyBaHHA nnasmm (MiIToxoHApIn, NnacTug, nnasmiag)

AyToCcomMHe YcnapKyBaHHA 3a yyacTi reHiB ayTocoM. BrokpemnioloTb ayTocom-
ycnagkyBaHHA HO-AOMIHAHTHUI Ta @y TOCOMHO-PeLeCMBHUI TN YCNagKyBaHHA
3yenneHe YcnaakyBaHHSA, WO 3AiNCHIOETbCA 3@ YYacTi reHiB, po3TalloBaHWX B
ycrnagKyBaHHA OfHi XPOMOCOMi

3yenseHe 3i cTaTTiO

YcnagKyBaHHA 3a y4acTi reHiB CTaTeBMX XPOMOCOM. BuokpemniooTb
X-3uenneHunn (QOMIHAHTHWI | peLecnBHU), Y-34enneHui Tmnm

CnagKyBaHHA
yenanky yCnagKyBaHHA
B. 3ane)Ho Bif KiNnbKOCTi reHiB, L0 BUSHa4aloTb NeBHY O3HaKy
MoHoreHHe Tun ndaAKyBaHHH, 3a AKOro CcrnagKkoBa O3HakKa KOHTpOHIO€TbCF|
OQHNM reHOM
MonireHHe YcnapKyBaHHs, 3@ AKOro 03HaKa KOHTPOJIOETbCA AEKINIbKOMA reHamu

B. 3anexHo Bif NpoABYy O3HaK y reTepo3unror

YcnapgKyBaHHA 3 NOB-
HUM JOMiIHYBaHHAM

YcnapgKyBaHHA, 32 AKOrO OAUH i3 anenbHNX reHiB NOBHICTIO MPUTHi-
Yy€e NPOAB iHLWWOro, BHaC/iJOK YOro y reTepo3nroTHMX opraHiamis
BUABNAETLCA NIMLLE OJMH NPOAB O3HaKM (Hanpurknag, 3abapBneHHs
i popmu HaciHHA ropoxy)

YcnagkyBaHHA 3
HEMOBHUM [OMiHYBaH-

YcnaakyBaHHA, 3a AKOro JOMIHAHTHI afneni nuile YacTKOBO NnepeBaXxa-
I0Tb HaA, PeLeCBHUMY, HACMIKOM YOTO € NoABa NPOMIXXHOrO NPOABY

HAM

03HaKM (HanpvKnag, cnagikyBaHHA GOpMK BONOCCA Y NOLNHN)

Ta6nuua 7. OCHOBHI 3AKOHOMIPHOCTI
CNAAKOBOCTI 1 MIHANBOCTI OPTAHI3MIB

HasBa

®opmynioBaHHA

3aKoH AOMiHYyBaHHA
(I 3akKoH MeHpens)

Mpw MOHOTiIBpPUAHOMY CXpeLlyBaHHi 6aTbKiBCbKNX OCOBUH, L0
BiAPi3HAIOTbCA NPOABaMM OfHIEI O3HaKK, y MOTOMCTBI cnocTe-
piratoTbca nuLle JOMiHaHTHI MPOABK O3HaKMW, i YCi HalagKu
6yayTb OAHOMaHITHUMU AK 3@ FeHOTUMOM, TaK i 3a peHoTMNoM

3aKOH po3LuiensieHHA
(Il 3akoH MeHpens)

Mpw moHoribpraHoOMy cxpellyBaHHi ABOX ribpuAiB nepLuo-
ro NOKONIHHA, AKI € reTepo3nroTamu, y moToMcTBi cnocTte-
piratoTbca po3uennieHHa 3a dpeHoTnnom 3 : 1i3a reHoTU-
nom1:2:1.

3aKOH He3aNeXXHoro
ycnagKyBaHHA O03HaK
(Il 3akoH MeHpgens)

Ko»kHa napa 03HaK yCcnafgKoBY€ETbCA He3aeXHO Bif iHWNX
03HaK

3aKOH YnCTOTK ramet

Mip yac yTBOPEHHA CTaTeBUX KNITUH Y KOXKHY rameTy noTpan-
JIAE Nie OAWUH anefb 3 KOXKHOI Mapu anefibHUX reHis

3aKOH 34ensieHoro
ycnagKyBaHHA
(3akoH MopraHa)

3uenneHi reHu, AKi NoKanizoBaHi B OAHI1 XPOMOCOMi, yCnagKo-
BYIOTbCA Pa30OM i He BUABNATb He3aNleXHOro po3noginy

3aKOH roMoJIOriYHNX
pAagiB y cnagKoBin
MiHAnBOCTI

(3akoH BaBunosa)

leHeTUYHO 6NM3bKi BUAW Ta POAY XapaKTepu3ylTbca NofAibHM-
MU pAgamMn CNagKoBOi MiHIMBOCTI 3 TaKOK NPaBUIIbHICTIO, LLO
BMBUMBLUY pAJ GOPM Y MeXKax OQHOro BUAY UM poay, MOXKHa
nepenb6aunTi HasaBHICTb GOPM i3 MOAIBHMY NOEQHAHHAMY
03HaK y MexKax 61M3bK1x BUAIB Y POAIB.




10.

11.

12.

CamMOKOHTpPONb 3HaHb

Tect 4. CMAJKOBICTb TA MIHJIUBICTb
3aBAaHHA 3 BU6opom npaBuIbHOI BignoBifi (no 1 6asy 3a KOXHY npasusibHy
8i0N08iob)
CxpellyBaHHs, 3a AKOro 6aTbKiBCbKi 0COOMHM PI3HATLCA Pi3HUMK CTaHaMKW ABOX
03HaK, Ha3VBaETbCA

A MOHOTiIGpUAHUM B TpuiribpugHum
B puri6pnaHum I TeTparibpngHum
YKaxiTb 06'eKkT gocnigxeHHs T. X. MopraHa.

A myxa-gpo3odina B mopcbKa cBMHKa
B ropox nocisHum I ry6bka-6opara
CyKynHiCTb yCiX 0CO6UH nonynALii Ha3MBAETbCA
A reHodoHIOM B reHoTMINOM

b peHoTMNOM I 6ioTonom

MeTopn BMBYEHHA ycnafKyBaHHA O3HaK, WO NOJSIATa€E B CXPEeLLyBaHHi OpraHismis,
AKi PiI3HATbCA NEBHUMM CTaHAMW O3HaK, Ha3MBAETbCA

A GioxiMiuyHUM B reHeanoriyHum

b ribpugonoriuHm I ynTOreHeTUYHMM

Mopgudikauii - ue

A cnapKoBi 3MiHM reHeTUYHOro Matepiany B BikoBi 3MiHU reHOTUNY

B peakuii Ha 3miHy yMOB cepefioBMLla I HecnagkoBi 3MiHK reHOTUNY
YKaxiTb ponb MyTaLin Ana esontouii.

A npuncTtocyBaHHA [0 yMOB CepefoBULLA B camoBoCKOHaneHHA opraHi3mis
b 36inbweHHA MiHNNBOCTI I 3MeHLWweHHA MiHNNBOCTI

YKaxiTb po3LiensieHHs 3a ¢eHOTMNOM NpY MOHOFIGPUAHOMY CXPELLyBaHHI reTe-
PO3UTOTHUX 6ATbKIBCbKUX OCOOVIH.

A3:1 B1:1

B1:2:1 ro:3:3:1

KpocuHrosep — ue

A 06MIiH AinAHKaMM rOMOJIOTiYHUX XPOMOCOM

b 06MiH fiinAHKaMU HEFOMOOTYHMX XPOMOCOM

B 06MiH pinfAHKaMm ayTocom

I 3nmTTA XPOMOCOM

[lo XimiYHMX MyTareHiB BiAHOCATb

A Bipycn b TemnepaTtypy

B ynbTpadioneTosi npomeri I ankanoig KonxiymH

Y rapbysa 6inuit konip Nnoais fOMiHYe Haa XOBTUM. BusHaute konip y F, npu
CXpelLyyBaHHi TOMO3UTOTHUX OCOOMH 3 BiNlMM | )KOBTVM KOSIbOpPaMu.

A yci 6ini b yci oBTi

B 50 % - 6ini, 50 % — »xoBTi T 75 % - 6ini, 50 % — »OBTi

CKinbKu anenbHWX reHis, WO BM3HavaTb rpynu Kposi cuctemn ABO, € B 3pinin
cTaTeBil KNiTUHI ntognHn?

A1l b2 B3 r4 A6
I3 3aNpONOHOBaHMX MOHATb YKaXiTb O4He, 3aBe 32 3HAaUYEHHAM.
A reHHi myTauii B xpomocomHi myTauii

B comatunuHi myTauii I reHoMHI myTauit

CaMOKOHTpOHb 3HaHb
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Tema 4. PENPOAYKLIA TA PO3BUTOK

TA PO3BUTOK

HeckiHueHicmb CKiHUeH020, 6e3cmepms CMepmHo2o.
OcHosu cucmemHor bionoaii
H. I. OkonimeHrko, []. M. [pod3uHcbkuli

§ 53. PENPOAYKLUIA AK MEXAHI3M 3ABE3MNEYEHHA
BE3MNMEPEPBHOCTI ICHYBAHHA BUAIB

OCHOBHi NOHATTA 1 KNto4YoBi TepmiHn: PO3MHOEHHA (PEMPOAYKLIA).
HectateBe po3MHOKeHHA. CTaTeBe PO3MHOMEHHS.

MpuraganTte! Lo Take po3MHOXeHHA?

Momipkyiite!

Po3rnaxbTe intocTpauii Ta 3anponoHynTe NOACHEHHS.
T2p e e I

3MICT

flk 3a6e3neuyeTbca 6e3nepepBHiCTb iCHYBaHHA BUAIB y Yaci?

PO3MHOKEHHA, a6o PEMPOAYKLIA (Big nat. re- — npedikc, Wo 03Hayae 3B80-
pOTHY abo MOBTOPHY Aito, i produco — cTBOpIOIO), — Bid0maopeHHA cobi N00i6HUX, WO €
0CHOB0I0 be3nepep8HOCMI iCHy8AaHHA 8Udy. 30ATHICTb PO3MHOXKYBATUCh NPUTaMaHHa
BCiM »KMBMM OpraHiamam, i peanidyeTbca LA YHiBepcasibHa BAACTUBICTb XXMBOFO Ha
KOXXHOMY 3 pPiBHIiB opraHi3aLuil.

Ha monekynspHomy piBHi cnagkoBa iHpopMaLiis BiATBOPIOETbCA 3aBAAKN NPOLiecy
penpoaykuii AHK, wo Ha3nBaeTbca pennikauieto. 3 ogHiel monekynu IHK yTeopiotoTb-
cA ABi fouipHi. BinbyBaeTbca npouec camonoasoeHHa HK nepep noginom KnituH.

Ha kniTuHHOMY piBHi BifbyBa€eTbCA penpoayKLifa KNiTUH LWAAXOM MiTO3Y 1 Meno3y
3 YTBOPEHHAM HecTaTeBUX AUNNOigHnx abo ——

CcTaTeBUX ranioigHUX JOYIPHIX KNITWH, AKi :
6epyTb yyacTb Yy penpopyKLii opraHiamis.

Ha opraHizamoBomy piBHi penpoaykLuito
XMBMX iCTOT 3abe3neuyloTb [ABi OCHOBHI
bopMM PO3MHOXKEHHA — HecTaTeBe 1 CTa-
TeBe. [InA 3[INCHEHHA PO3MHOMXEHHA Yy
6araToKNiTMHHMX OpraHi3MiB iCHylOTb pe-

) > In. 121. CuHi K1T i prba-micalb — TBapPUHA
NPOAYKTUBHI CNCTEMU OPraHIB. 3 Pi3HVMMK CTPATETIAMY PO3MHOXKEHHS



Ha nonynauinHo-B1goBOMY piBHi BiATBOpPEHHA BMAIB NOB'A3aHe 3i cTpaTeriamm
po3mMHOXeHHA. Lli ABi ronoBHi cTparerii Bigomi Ak K-cTpateria (BigTBOpeHHA He3Hau-
HOT KiNbKOCTi Hawapkis) i R-cTpateria (penpoaykuia BeNMKOI KinbKOCTi HalafKiB).
K-cTpaterom y TBapuUHHOMY CBITi €, HanNpuKnag, cuHit kum (Balaenoptera musculus) —
Hanbinbwa TBapuHa Ha 3emni, CaMKM AKMX HAPOMXKYIOTb OfHE ManA B fBa POKM
BNpofAoBx 40 —-45 pokiB XUTTA. «<HansmnpgatHilwmm R-cTpaterom» TBapmHHOIO CBITY €
puba-micaye (Mola mola) — Haibinblia 3a Macoto Bigoma KicTkoBa purba i Hannnogtoui-
wa pmba y cBiTi (0fHa camka moxe Bigknagat o 300 MAH iKpUHOK) (. 121).

OTXKe, penpoayKLif € HEOAMIHHOK YMOBOIO
icHyBaHHA 6iofOriYHUX cUCTEM Y Yaci.

Aki oco6nnBocTi HectaTeBOi GOPMU PO3MHOMKEHHA?

HecTtaTteBe po3MHOXKeHHs — ye 8i0maopeHHA cobi no0ibHUX 3a y4acmi Hecmame-
sux KaimuH. NepeBaroio TaKoro PO3MHOXEHHSA Y TBAPUH € Te, Lo BOHO BigOyBaeTbCsA
6e3 3aTpaT eHeprii Ha MOLWYKN NapTHepa NPOTUSIEXHOT cTaTi. BogHouyac HecTaTeBe
PO3MHOXEHHs Ma€ N CYTTEBMI HeoONIK — NOAiOHICTb HawaakKiB. AKLWO cepefoBuLle
iCHYBaHHs OpraHi3amiB 3 HECTAaTEBMM PO3MHOMXEHHAM 3MiHUTbCA, TO NOAIOHMM opra-
Hi3MaM OHOrO BMAY 3 OAHAKOBMMY MPUCTOCYBAHHAMM 3arpoKye 3arnbenb. Yepes e
HecTaTeBa GOPMa PO3IMHOXEHHSA XapaKTEPHa /1A HUXKUMX OpraHi3mis i BinbyBaeTbcA
TOAi, KON B HABKOINLIHbOMY CepefoBULLi € CNPUATANBI YMOBMU.

OcCHOBHUMY cnocobamy HeCTaTEBOrO PO3MHOXEHHSA € MOAIN HaBnin, CNopoyTBO-
peHHsA, dparmeHTauia Ta 6pyHbKYBaHHS.

Moodin Hagnin — cNocid PO3MHOXKEHHS B OQHOKMITUHHUX, 3a AKOTO 3 OfHI€l MaTe-
PUHCBKOI KNITUHW YyTBOPIOKTLCA [Bi JOYiPHI, NPUYoMy yaBidi APiOHiLLi, KOXKHa 3 AKMX
[la€ HOBMI CaMOCTIHWIA opraHi3m (Hanpuknag, y 6akTepiin, apxein, ameb, iHdy3opin).

MHOXUHHUU NOOiN (WU3020His) — CNOCIO PO3MHOXEHHA OQHOKITITUHHUX, 3@ AKOTrO
3 OfiHIi€ET MaTePUHCBKOT KNITUHUN YTBOPIETHCA B6araTto AouipHix. Takui cnocib HecTaTe-
BOrO PO3MHOEHHA CNOCTEPIraeTbCA y CMOPOBUKIB, NPeACcTaBHUKOM AKMX € N1a3mo-
Ain ManapinHnn.

BbpyHbKyB8aHHA — CNOCI6 PO3MHOXEHHS, 3a AKOFO Ha KIITVHI (Hanpuknag, y apix-
IXiB) abo Tini (Hanpwuknag, y rybok, rigp, KopanoBux noninis) ¢popmyeTbcs 6pyHb-
Ka-KNiTMHa un 6pyHbKa-6araToKNITMHHUIA YTBIp, WO 3rofoM BifOKPeMeTbcA abo
3aNMILIAETbCA Ha BCE XUTTA.

CnopoymeopeHHsa — Cnocib PO3MHOMXEHHS, L0 3[iNCHI0ETbCA 3@ YYacTi cnop, LWo
bopmytoTbca BcepeHi OQHOKNITUHHMX OpraHi3miB (Hanpuknag, xnopenu, xnamigo-
MOHaAu) abo B crelianizoBaHUX opraHax 6araToKNITUHHUX OpraHi3MiB (Hanpuknag, y
BULLMX CMOPOBUX POCIINH)

OpazmeHmauis — cnocié PO3MHOXEHHS, 3a AAKOro Tiflo 6araToKNiTMHHOI TBapUHU
LinMTbCA NONepeyYHrM NOAINOM Ha 6araTo YaCTVH, KOXHa 3 AKUX POCTE 1 YTBOPIOE HO-
BUI OpraHiam. Y Taknii Cnocié MoXyTb PO3MHOXYBATUCA HATYACTI 3eMeHi BOQOPOCTI,
6araToLeTNHKOBI YUepBY, MOPCbKI 3ipKU.

BezemamusHe po3MHOXeHHsA — CMOCi6 PO3MHOMEHHS, WO 3AiIMCHIOETbCS GaraTo-
KNITUHHUMW YacTUHaMW, AKi BiJOKPEMIOITBCA Bifl MaTepPUHCbKOro opraHismy. Moro
OCHOBY CTAHOBUTb fABULLE pereHepadil. Lia dopma po3mMHOXKeHHA HalbinbL Xapak-
TepHa AnA KBITKOBUX POCUH.

OTXe, HecTaTeBe PO3MHOKEHHA o6me>Kye pi3HOMaHiTHiCTb O3HaK Yy HOBUX

0COOVH, afie MOXe 3a KOPOTKUI CNpUATAMBUIA Nepiod 3abe3neunTtu WBna-
Ke YTBOPEHHA BENUKOI KiNIbKOCTi HawagKiB 3 nogibHMMY 03HaKamu.

§ 53. PenpogyKLuis ik MexaHi3m 3abe3neueHHs 6e3nepepBHOCTI iCHyBaHHS BUAIB
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flke 3HaYeHHA CTaTeBOro PO3MHOXXEHHA B Npupoai?

CraTeBe PO3MHOMEHHSA — 8i0meopeHHs cobi NodibHUX 3a yuacmi cmamesux KJii-
muH. Li KNiTHM MicTATb ranioigHMin Habip XPOMOCOM, OCKINIbKM Y CTaTEBOMY PO3-
MHOeHHi 6epyTb yuacTb fBi 6aTbKiBCbKi 0cObMHM. O60B’A3KOBOI YMOBOIO CTAaTEBOMO
PO3MHOMEHHA € 3yCTpiy raMeT i IXHE 3ANTTA — 3amifHEHHA, WO CYyNnpPOBOAXKYETbCA
YTBOPEHHSAM MOBHOTIO 1 HEOOXiAHOrO ANiA PO3BUTKY HOBOFO OPraHiamy AUMIOIAHOMO
Habopy xpomocom. FameTy, Lo X yTBOPIOE YONOBiUYa OCOOVHA, HAa3MBAKTbCA CNepMa-
TO300HaMU (cnepmisiMin), a XKiHOYi raMeTu — ANLEKNITUHAMM.

OCHOBHMMK CrOCOb6aMM CTaTEBOrO PO3MHOXKEHHSA € MoJlieMOpioHia, napTeHore-
He3, po3AinbHOCTaTEBICTb Ta repMadpPogUTH3M.

lMoniembpioHia — npoLec po3BUTKY KiIbKOX 3apOAKIB 3 OfHI€l 3annigHeHoi anue-
KniTHW. MNMoniembpioHia JOCUTb MOLWIMpPEeHa cepel Pi3HUX rPyn TBAPWH (BivacTUx
i KinbuacTux yepBiB, iHOAI UNEHMUCTOHOTMX, PKb, NTaxiB, ccaBUiB). K cTane ABuLe
noniembpioHia nNpruTaMaHHa AesaKMM Komaxam (Hanpuknag, i3guam) i ccaBusam (Ha-
npuknag, 6poHeHocuUAM). MNonieMOpioHiA TPANAAETLCA TaKOX Y POCVH. Mpy ubomy
B OfHIi HaCiHWMHI PO3BMBAETbCA KiflbKa 3apOoAKiB (ToNbnaHu, Ninisa, nataTrd, CyHuUi
Towo). [logaTKoBi 3apOoAKM B HACIHVHI MOXYTb PO3BMBATUCA He TifIbKK i3 3annigHeHOI
ANLEKNITUHN, @ 1 3 IHWKWX KNITUH HaCiHWHK 6e3 3anfigHeHHs.

lMapmeHozeHe3 — CNoOCi6 PO3MHOMEHHS, 3@ SKOFO PO3BUTOK HOBOFO OpraHi3my
30iNCHIOETbCA i3 He3anigHEHO! ANLEKNITUHW. 3a NapTeHoreHe3y AOYipHi opraHiamm
MaloTb iAEHTUUYHUIN 3 MATEPUHCbKUM Habip cnagkoBoi iHpopMauii i po3BMBalOTbCA
y BUAIB, OCOOUHUN SIKMX PigKO 3yCTpivyaloTbCa MiX coboto. MNputamaHHmin 6araTbom
pocnunHam (KBiTKOBUM) i 6e3xpebeTHUM TBapUHaM (Nonenuusm, NanoyHrKam, Komo-
BEPTKaM, JesAKM B/AAM LBIPKYHIB, METENUKIB Ta OC), @ TAaKOX AeAKMM XpebeTHUM
(pnbam, amodibisim, silipkam). MapTeHoreHes Moxe 6yTW ranioigHUM (Hanpuknag, y
MEe[OHOCHOT 6K0N1) N AUNNIOIAHNM (HanpuvKnag, y nonenvub), GakyibmamusHUM
(Heobo8's3k08UM) (Mypaxm) Ta obrieamHum (0608’A3k08uM) (KaBKa3bKa CKeJibHa
AwWipka). MapTeHoreHes WMPOKO PO3MOBCIOAXKEHUN TAaKOXK Y POC/IVIH, HabyBatouu pi3-
HuUx dopm. Hanpuknag, napteHokapnis y 6aHaHiB abo LUTPyCOBMX.

YoroBiui 1 XiHOYi raMeT MOXyTb YTBOPIOBATMCA B OL4HOMY OpraHi3mi abo B op-
raHi3amiB pi3HOT CTaTi, TOMy 3a LM KPUTEPIEM BUOKPEMITIOTb TaKi Cnocoby poO3mMHO-
YKEHHS, fIK PO3[iNIbHOCTATEBICTb 11 repMadpPOaUTH3IM.

Po30dineHocmamesicme — cnocib CTaTeBOro PO3MHOXEHHS, 3a AKOFO CepmMaTo30-
OHV YTBOPIOKOTHCA B YONOBIYOMY OpraHi3mi, ANLEKNITUHY — B XXiHOYOMY (Hanpuknag,
Y UNIEHUCTOHOTMX, XpebeTHuXx). MNowunpeHe Le ABKLle i cepel KBITKOBUX POCIIVH, Y
AKNX PO3PIi3HAIOTb OOQHO- Ta ABOAOMHI POCIIVNHN.

lepmagppodumusm — crnocid CTaTeBOro PO3MHOMEHHS, 3a AKOro YOJoBidi Ta XKiHO-
Ui rameTV PO3BMBAOTLCA B OAHOMY OpraHi3mi (Hanpuknag, NocKi Ta ManoLeTUHKOBI
yepBwu, N'ABKYM). TakniA CNOCI6 3MEHLLYE 3aTpaTu eHeprii Ha MNOLWYK NapTHepa, NigBULLYE
MMOBIPHICTb 3anNMWNTN HaWAAKIB Yy OpraHiamis, WO BedyTb NPUKpPINIeHni, napasmn-
TUYHUIA, MaNIOPYXIMBWIA, FMMOOKOBOAHMI CMOCI6 XNTTA. Y repMadpoaunTiB iCHYOTb Me-
XaHi3Mu, SIKi 3ano6iraloTb camo3ansifHeHH. Y TBApUH Lie HeoJHOYaCHe [03piBaHHA
YOIOBiUMX i XKIHOUKX rameT, NeBHi ocobnMBoCTi BynoBM CTaTeBOl CUCTEMU. Y POCANH —
ofHOCTaTeBi KBiTKM (y 080- Ta 00HOOOMHUX pOC/IUH), PO3TaLlyBaHHA TUUMHOK | MaTOUOK
Ha pi3HMX PiBHAX 3a JOMOMOrOI CTOBMUUKIB Pi3HOT JOBXMHM (2emepocmurii), HeOQHO-
YacHe [03piBaHHA TUUMHOK | MAaTOUYOK B OfHIN KBITLi (Ouxo2amis) Ta iH.

OTe, CTaTeBe PO3MHOXEHHS MA€ nepeBaryl Haj HeCTaTeBMM, OCKiNIbK/ HOBI
0COOMHY yCMaAKoOBYIOTb O3HaKM 060X 6ATbKIBCbKMX OCOOVMH i TOMY MatoTb
MOX/MBICTb Kpalle NPUCTOCOBYBATMCA A0 HABKOJIMILHBOIO CepefoBuLLa.



BIANbHICTb

CamocTinHa po6oTa 3 Tabnuueto

MopiBHANTE 03HAKU HECTATEBOrO 1 CTaTEBOIO PO3MHOMXEHHS Ta chopmynionTe
BMCHOBOK MNPO iXHI0 posib y 3abe3neyeHHi 6e3nepepBHOCTI iCHyBaHHA BULIB.
Ta6nuua. MOPIBHAJIbHA XAPAKTEPUCTUKA ®OPM PO3MHOKEHHA
OPTAHI3MIB

O3Haka HecTateBe po3mHOXeHHsA | CraTeBe pO3SMHOMEHHA
Mogin KniTnH
YyacTb KNiTUH
Habip xpomocom y KniTrHax
[xepeno MiHAnBOCTI
YyacTb 6aTbKiBCbKUX OCOOUH
|geHTMYHICTb HawaaKiB
OCHOBHi cNOCO6M PO3MHOXKEHHSA
bionoriyHe 3HaueHHsA

bionoria + PocavHu. Uukn BigTBOpEeHHA CNOPOBUX POCAVIH

MpuraganTte UMKN BiATBOPEHHA NanopoTein Ta Has- Cnopodir
BiTb M0ro cTapil. ke 3HaueHHA Ma€ HaABHICTb Y IXHbOMY =
LMK MOKONiHb, WO PO3MHOXYIOTbCA HecTaTeBO (Cro-
poodita) Ta cTateBo (rametodita)? OUuiHITb NepeBaru
HecTaTeBOl Ta CTaTeBOI penpoaykKuil y npupogi. Yomy
6arato BUAiB POC/INH MOEAHYIOTb Y CBOEMY UMK Bifl-
TBOPEHHA HecTaTeBe I CTaTeBe PO3MHOMXEHHA?

CTABJIEHHA

bionoria + Mucreurso. Penpogykuia

MopiBHANTe penpopyKuii KapTuH «CoHAWHMKN» Knoga MoHe, BaH lTora i Mapii
MpuiiMayeHKo i3 MPMPOJHMM COHAXOM — pe3ynbTaTom GionoriyHoi penpogykuii. Lo
€ CNiNbHOTO 1 BIAMIHHOTO MiX XY OXXHbOIO 1 6ionoriuHo penpoayKuien?

PE3YJIbTAT

3aBfaHHA ANA CAMOKOHTPOJI0
1. lLlo Take penpopaykuia? 2. Ha Akux piBHAX BifOyBa€eTbCA penpoayKuia 6ionoriu-
Hux Buais? 3. Lo Take HecTaTeBe PO3MHOXeHHA? 4. Ha3BiTb OCHOBHI dopmMu He-
CTaTeBOro po3MHOXeHHsA. 5. Lo Take cTaTteBe po3MHOXeHHA? 6. Ha3BiTb OCHOBHI
HOpPMU CTAaTEBOIO PO3MHOMKEHHS.
7. Ak 3abe3neuyeTbca H6e3nepepBHICTb icCHyBaHHA BMAIB Y yaci? 8. Aki ocobnmeo-
7-9 |cTi HecTaTeBOi GOPMM PO3MHOXKEHHA? 9. AKe 3HAUEHHA CTAaTEBOIO PO3MHOXEHHSA
B NPUpPOAI?
10-12 | 10. [MopiBHANTe HecTaTeBe Ta CTaTeBE PO3MHOMEHHS.

§ 53. PenpogyKLuis ik MexaHi3m 3abe3neueHHs 6e3nepepBHOCTI iCHyBaHHS BUAIB
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Mpupo0a He nuwe OUBOBUXHILIA, AHIX MU 1 yA8/19EMO, —
80HA OUBOBUXXHIWA, AHIX MU MOXeMO cobi yasumu.
[x. XonoelH

§ 54. OCOBJINBOCTI PETEHEPALII OPTAHI3MY JIIOAUHU
OCHOBHi NOHATTA 1 Kno4oBi TepmiHn: PEFTEHEPALLIA. ®isionoriuHa pere-
Hepauina. PenapaTnBHa pereHepadis.

MpurapanTe! Lo Take pereHepauia?

X

Momipkyiite!

ly6KM 3a CBOEIO 3aaTHICTIO O pereHepadii ne-
peBepLyTb YCi Bigomi 6araToOKNiTUHHI TBapWHHI opra-
Hi3mu. MpoBeaeHi gocnign Nnokasanu, Wo HaBiTb NPOTePTi
Kpi3b CUTO OKpeMi KNiTUHU ry6oK 3aaTHi y BoAi 36upatu-
CA B CKYNYEHHA 11 yTBOPIOBATU MNOBHOLiHHI 0COOMHU. AKa
BNIACTUBICTb »MBOrO € OCHOBOIO Lli€l 30aTHOCTI?

3MICT

AKi MexaHi3mMun pereHepauii?

PETEHEPALLIA (Big nat. regeneration — BiHOBNIEHHA) — ye npoyecu 8i0HOB/IeHHSA
Op2aHi3MOM ympayeHuUx abo NOWKOOXeHUX YaCMUH, a MAaKox 8i0meopeHHA yinicHo-
20 Op2aHi3My 3 NegHoI io2o YacmuHu. TepMiH «pereHepadia» 3anponoHyeaBy 1712 p.
dpaHuy3bkun yueHuin P. Peomiop (1683-1757), Asknin BYBYAB pereHepawito KiHLiBOK
piukoBOro paka.

PereHepauia € 3aranbHo6ionoriyHMM ABMLLEM | BiOYBaEeTbCA Ha YCiX PIBHAX Op-
raHisauii »KuBMX iCTOT B yCix opraHiamiB. Ha monekynapHomy pieHi Bin6yBaioTbCA
BiZIHOBJIEHHA MONIEKY/, CMHTE3 PerynaTopHux 6inkis (Hanprknag, KennoHis, WO ranb-
MYIOTb MiTO3), BifANIbHICTb reHiB pereHepadii Towo (Hanpuknag, y BiAHOBMEHHI XBO-
CTa y AWipKM 3agiaHo 326 reHiB). Ha knimuHHoMy pieHi 30iicHIOETbCA pereHepalis
BHYTPIWHbOKNITUHHOI Ta KNITUHHOT dopmu. Ina 8HympiwHb0KNimuHHOT pezeHepayil
XapaKTePHVIM € BifHOBMEHHSA YAaCTUH KNiTUHW, OpraHes abo iXHiXx KOMMOHEHTIB, 36ib-
LeHHA KiNbKOCTI KNiTWMH abo iX po3mipiB. KnimuHHa pezeHepayis, TO6TO BiAHOBNEHHSA
BTPayeHnx abo MOLWKOLMXKEHUX KNITUH, 3AINCHIOETbCA 3aBAAKN MiTO3Y i amiTo3y. Mpn
LibOMY HalvacTille 3aMiHIITbCA KNITUHW Tina (Hanpuknag, 3a y4acTi NPOMiIMHUX K-
TUH Y rY6OK 1 KNLIKOBOMOPOXHUHHMX), KNITUHY MOLKOLMXEHOT TKaHUHWN Y opraHa
(Hanpurknag, 3a yyacTi CTOBOYpPOBMX KNiTUH) ab0 CTUMYNIOETLCA MOAIN KNIiTUH, WO 36e-
pernuca (HanpukKnag, 3a y4yacTi YAHHUKIB pOCTy).

Ha mkanuHHOMYy pieHi pereHepaliisa BnacTBa TKaHNHaM YCiX TUNIB, ane HanBuLa
3[aTHICTb 4O CAMOOHOBJIEHHA MPUTaMaHHa Y POCAVH TBIPHUM TKaHMHaM, y TBapUH —
eniTenianbHUM i cnonyyHUM. Y BUNafKy NosHoi pezeHepayii BinbyBaeTbCA BifHOBNEH-
HS TKaHVHW, NOAIGHOT Ao BTpayeHoi (Hanpurknag, pereHepadia cirM30Boi 060IOHKM
KULIEYHNKY), @ Y BUNAfKY HeNnoB8HOI pezeHepayii — Ha MiCLii MOLWKOAKEHOI TKaHUHN
YTBOPIOETLCA iHWa (HanpyKnag, y pa3i NOWKOAXeHHA enigepmicy WKipn dopmyeTbea
CNONTYYHOTKAHUHHWIA pyOeLb).

Ha pieHi opaaHie 3paTHiCTb 1O pereHepalii He 3HMKNa, a Habyna ¢opmu (BHY-
TPILWHbOKANITMHHOI ab0 KNITUHHOI), WO BiANOBiAa€ iXHiN cneuianizauii. OTxe, BCi TKa-
HUHW 1 OpraHn MatoTb 34aTHICTb 10 pereHepadii, pisHUMK € nuwe it dopmu.




Ha opeaHizmoeomy pieHi pereHepauis, Hanpuknag, € OCHOBOI iXHbOro HecTa-
TEBOTO PO3MHOXEHHS. TaK, y OeroHin 3 MMCTKOBOro XuBLA GOPMYy€ETbCA LiniCHNN
opraHism.

OTXe, 3aaTHICTb OO pereHepalii € yHAAMEHTaNbHO BACTUBICTIO YCiX
OpraHi3miB i BiffOYBa€ETbCA Ha BCiX PiBHAX iXHbOT OpraHisaLii Ta BCix eTanax
IXHbOro PO3BUTKY — Bif 3apOAKiB 4O HaNCTapiWmMx NpeACcTaBHMKIB NONynALil.

AKi BMAN Ta 3HaUeHHA pereHepauii?

OcHoBHVMW BUAamMu pereHepalii € gpisionoriyHa Ta penapaTtrBHa.

QizionoriyHa pereHepauia - ye npouyec 8i0HO8/IEHHA PYHKUIOHYIOHYUX CMPYK-
myp op2aHiamy (opeaHesn, KAimuH, MKaHuH, opzarie). BoHa € npoasom Takoi dyHAa-
MEeHTaNbHOI BNACTUBOCTI XUBOrO, AIK CaMOOHOBJIEHHA. 3aBAAKWU Uil pereHepauii
3a6e3neuyloTbCA CTaNiCTb CKNafy BHYTPIWHbOIO CepefoBULLa Ta HOPMAsbHA »KUT-
TeRianbHicTb. MNpuknagammn ¢isionoriyHoi pereHepadii € BifHOBNEHHA eniTenito cnu-
30BUX OOOMOHOK, POriBKMN OKa, KNiTUH KPOBI, HENPOHIB, KICTKOBOrO MO3KY, MeYiHK/
Towo. Y 6aratbox TKaHMHaXx iCHYIOTb cnelianbHi Kam6ianbHi KIiMuHU, WO NOCTINHO
NMOMOBHIOKTb HEOOXIAHWIA CKNaf KNiTMH. Hanpuknag, HepBoBa TKaHWHA MICTUTb Hell-
pobnacTtu, KicTkoBa — 0CTeo61acTu, XPALWOBa — XOHAPOONACTY, KiCTKOBUIN MO30K —
CTOBOYpPOBI KNITVHW. Y M'A30BMX TKaHWHAX HELOAABHO BiAKPUTO KNiTUHU-CATENITL,
O MOXYTb 3aHYpIOBATMCA BCEPEeAMHY M'A30BMX BOJIOKOH i MepeTBOPIOBATUCA Ha
Anpa abo capkonnasmy. IHTEHCUBHICTb BIAHOBNEHHA B AiNAHKax, WO MiCTATb KaMm-
GianbHi KNITUHK, € fy»Ke BeNnnKot. Tak, LMNiIHAPWUYHWUIA eniTeNil TOHKOro KULLEYHUKY
BiJHOBJIIOETbCA Uepe3 KOXHi 2-3 fo6u, KNiTUHW POFiBKN OKa pereHepyoTbca yepes
KOXHUX 7-10 ai6, eputpouuntn — 100-120 gi6.

PenapaTtuBHa pereHepaLiisi — npoyec 8i0HO08/IeHHA NOWKOOXEeHUX CMPyKMyp op-
2aHi3My (opzaHen, KJIIMUH, MKAHUH, op2aHig). Llen Bup pereHepalii po3roptaeTbca Ha
NigrpyHTi $pizionorivuHoi, TO6TO Ha OCHOBI TUX CAMMX MEXAHI3MIB, i Bif3HAYa€TbCA NuLIe
6inblUOI0 IHTEHCUBHICTIO NPOABIB. Yepes Te penapaTUBHY pereHepaLito po3rnaaatoTb
AK HOPMaJibHY peaKLilo OpraHiaMy Ha YLWKOMMEHHS, O XapaKTepu3yeTbCA Pi3KNM
nocuneHHaM $i3ioNoriyHrx MexaHi3mis BigTBOPeHHs cneundiuHnx cTpykTyp (in. 122).

Monea kicTok
Ta TKAHWH

In. 122. MexaHi3m penapaTBHOI pereHepaLii BTpaYeHoi KiHLiBKN Y IMYNHKN
ambictomm — akconoTna

§ 54. Ocob6nMBOCTI pereHepalLii opraHismMy JOAVHN
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Y GionoriyHoMy acnekTi pereHepadifa € MPUCTOCYyBanbHUM Mpolecom, chop-
MOBaHVM Yy XOfi eBosiioLil, AKNA NPUTaMaHHWIA YCbOMY XXUBOMY i CPAMOBaHUI Ha
BIIHOBJIEHHA CTPYKTYpW Ta GYHKLiT TKAHWHW. 3HaUeHHA pereHepadii nonAarae B Ma-
TepianbHOMy 3a6e3nedyeHHi 20Meocmasy Ha Pi3HUX PIBHAX CTPYKTYPHOI opraHi3auii.
PereHepauia 3abe3neuye 8i0HO8/1eHHA BTpayeHUX abo YLWKOMKEHUX CMpPyKmyp op-
raHiamy ab6o uinoro opraHiamy. Kpim Toro, 3aBasKku pereHepadii opraHiam BiiHOBIIOE
BTPaueHi y npoueci »KUTTEQIANbHOCTI KNITUHW 1 TKaHWHW (HanprKnag, OHOBEHHSA
KNiTMH KPOBI, WKipW, eniTenitlo TpPaBHOro KaHany). Y BOJOPOCTEN 1 3eIeHUX POCVH
pereHepaLia € 0CHOB0I 862eMamu8H020 PO3MHOXEHHH.

OTXe, pereHepalis — npouec BiAHOBNEHHA
bYHKUIOHYIOUMX 1 NOLWKOOXEHUX CTPYKTYP,
a TaKOX 3[iNCHEHHA PO3MHOXYBaNIbHOT QYHKLT.

AKi YMHHVKN BNIMBaOTb Ha NpoLecn pereHepauii B opraHismi nioguHn?
BuBueHHA npouecis pereHepaduii Aano 3Mory BCTaHOBUTHU, WO pereHepadia no-

nibHa o embpioreHesy. TinbKu B pasi embpioreHe3y opraHu yTBOPIOKTLCA BRepLue,

a B pasi pereHepauii — Bgpyre. CnagkoBa OCHOBa UMX npoueciB ogHakosa. [Mig vac

pereHepadii AitoTb Ti caMi MexaHi3mMu, BHACNiOK AKUX BifbyBa€eTbCA akTMBaLia TUX

reHis, Wo Oyny akTUBHI B eMOpioHanbHOMY nepiogi. PereHepauito BapTo po3rnaga-

TV AK NOBTOPHWI PO3BUTOK, Y AKOMY FOJIOBHY POJib BifirpaloTb HENpOrymopasnbHa

perynauia, iMyHONOriYHi YNHHUKN N PYHKLiOHaNbHe HaBaHTaXKEHHSA, WO CTUMYJIIIOE

BifHOBIOBaNbHUN NpoLec.

Mpouec pereHepaduii y MTIOANHN 3aNeXUTb Bif LiNIOl HU3KN eHOOTreHHNUX | eK30reH-
HUX YMHHUKIB, AKNMW BN3HAYalOTbCA iIHTEHCUBHICTb PO3BUTKY i KiHLEBMI pe3ynbrat
npouecy. Halibinbw BaroMMmMm YMHHMKaMWU, IO BMJIMBAOTb HA MpOLeC pereHepadil,
€ TaKi.

1. Bik.Y nignitTkoBomy i1 loHaLbKOMY BiLli npoLecu pereHepalii BigbyBaloTbcaA iHTEH-
CUBHiLLe i 6iNbLll fOCKOHANO, HiXK Y NiTHIX abo Ntofe cTapeyoro BiKy.

2. XapuyBaHHA 1 06MiH. BucHaxeHHA, HepoigaHHA, rino- abo aBiTamiHO3M (0cobnu-
BO AediunT BiTamiHiB C i D) iCTOTHO 3aTpUMYIOTb 1 YNOBINIbHIOTb pereHepaLiHi
npowecu.

3. TopmoHanbHu ¢oH. MNopylieHHA GyHKLIOHYBaHHA 3an03 BHYTPIWHbOI cekpelii
(0co6nMBO HagHUPHMKIB, FiNOgi3a, CTaTeBMX 3a/103) 3MEHLUYE WBUAKICTb NpoLe-
CiB pereHepauii.

4. CraH KpOBOTBOpPEHHA 11 KpoB0oobiry. HasBHiCTb aHeMil € JoBeAeHO0 Yy NpaKTuLi
03HaKOI0 3HUKEHHSA pereHepauiiHOi 34aTHOCTI opraHismy.

5. CraH ueHTpanbHoi HepBOBOI crcTeMu. foCTpi abO XPOHiUHI CTpecn nocnabnoTb
npouecu pereHepadii.

Mo>nunBOCTi 3aCTOCyBaHHA pereHepadii Ana NikyBaHHA NIOAVUHN BUBYAE pe2eHe-
pamueHa meduyuHd. Hanbinblu Barommx pesynbTaTiB JOCATHYTO B CTOMATOSOTIi, Ni-
KyBaHHA 0BGMMNCIHHA, OYHWX, HEPBOBUX, CEPLIEBO-CYAMHHMX XBOPOO.

OTXe, BUBYEHHsA npobnem pereHepalii BifKpBaEe nepcnekTnsm
Ni3HaHHA 3aKOHOMIPHOCTENM, YMOB, MeXaHi3MiB NpoLeciB BigHOBEHHA
i po3po6eHHA MeTOAIB BMINBY Ha HUX.



BIANbHICTb

CamocrTiiiHa po6oTa 3 Tabnuueto

MopiBHsAlTe BUAKW pereHepadii i cbopmyniolite BUCHOBOK NPO 3arasibHi I BigMiHHi

0cob6nnBOCTi.
Ta6nuua. MOPIBHAJIbHA XAPAKTEPUCTUKA BULIB PETEHEPALLIT
O3HaKa QisionoriuyHa pereHepauis PenapaTtuBHa pereHepauis

BusHaueHHA
3HaueHHA
IHTEHCUBHICTb
Mpuknagn

bionoria + MeguunHa. PereHepauif KicTKOBOI TKAHVUHWN

MowkKopXeHa KiCTKOBa TKAaHWHA MOXe 3a3HaTW HU3KWU CTagil penapaTMBHOMO
npowecy 1 BiAHOBUTX CBOI aHaTOMiuHy $opMy, CTPYKTYpYy i dyHKUioHanbHy npu-
JATHICTb. Y npoueci BigHOBMIEHHS KiCTKOBOI TKaHUHU Big0yBaloTbCs CKMagHi 3MiHK,
WO 3ane)kaTb Bifj KPOBOMOCTaYaHHA KiCTKMW, BiKY NIOAUHK, 3arafbHOro CTaHy opra-
Hi3My. Ha3BiTb OCHOBHI CTafii i NOACHITb, AK BifOYBaE€TbCA 3POLLEHHA KiCTOK micnA
nepenomy.

CTABJIEHHA

bionoria + Midponoria. Oco6nuBocti pereHepaii y nioguHun

flBuwe pereHepadii Bigome noasm 3 rMO0KOT AaBHUHM i
BifobpaxeHo B 6araTbox midax abo kaskax. HaTak Ha BigHOB-
NeHHA OpraHy €, Hanpuknag, y rpeybkomMy midi npo MNpomeTes.
Konu BiH 6yB NprKyTWiA O CKeni 3a BUKPaAEHHA BOTHIO, LLO-
[eHHO open B1iAaB NeYiHKy, i LWogeHHO BOHa BigHOBMIOBanacs.
MNigTBEepOXKeHHAM TOMY € 1 OAWH i3 noasuris [epakna — noeau-
HOK 3 JIepHENCbKOIO rigpoto. A SKMMN € 0COBNMBOCTI pereHepa-
Lii B opraHi3ami niognHM NOPiBHAHO 3 riapo NPICHOBOAHOW?

PE3YJIbTAT

3aBAaHHA AnA CaAMOKOHTPOJI0

1. Wo Take pereHepauia? 2. Ha3siTb aBi popmu pereHepadii 3. Lo Take ¢isiono-
1-6 |riyHa pereHepauia? 4. Hasenitb npuknaan ¢isionoriyHoi pereHepadii. 5. Lo Take
penapaTtusHa pereHepauia? 6. HaBefitb npuknagm penapaTtmBHOi pereHepadii.

7. AKi MexaHi3amun pereHepadii? 8. AKi BUAW Ta 3HaYeHHsA pereHepauii? 9. AKi YUNHHK-

7-9 .
KW pereHepadll BNAMBakTb Ha Npouecn B OpraHI3mi noguHn?

10-12 | 10. Ha KOHKpeTHOMY NpuKAagi MOACHITb 3HaYeHHA pereHepadii.

§ 54. Ocob6nMBOCTI pereHepalLii opraHismMy JOAVHN
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KoxHa ntoouHa - ye icmopis, wjo 8iopizHAEMbCA 8i0 6yO0b-AKOI iHWOL.
A. Kapperno

§ 55. TPAHCIUJIAHTAUIA TKAHWUH TA OPTAHIB Y NIOAWHIA

OCHOBHi NOHATTA 1 KNto4oBi TepmiHn: TPAHCIJTIAHTALIA. TpaHcnnaHTo-
noria.

MpurapanTe! Lo Take TKaHMHW 1 opraHn?

&

3Hanomrecsa!

HayKoBy TpaHCMIaHTONOr 10 3anNo4YaTKyBaB MeTOA Cy-
OVHHYWX WBIB, AKMIA po3pobus y 1902 p. dpaHLy3bKMiA Xipypr
Anekcic Kappeneo (1873-1944). Llein meTof yMOXNVBUB TPaHC-
nnaHTauilo opraHis i3 36epexeHHAM KpoBoobiry. Haykoselpb
CTaB 3aCHOBHUKOM eKCrepuMeHTasIbHOI TPaHCNNaHTaLil KUTTE-
BO BaXKJIBUX OpraHiB 1 oTprmas HobeniBcbKy npemito 3 ¢isio-
norii i meguuuHm (1912). A wo Take TpaHcnnaHTauia?

3MICT

AKi pocArHeHHA cyyacHoi TpaHCMIaHTONOTi?

TPAHCIUJTAHTALIA (Big naT. transplantatio — nepecag»KyBaHHs) — ye 3amiujeH-
HA NOWKOOXeHUX Yu 8i0CYMHiX MKAHUH abo opedHi8 81ACHUMU MKAHUHAMU d60
mKaHuHamu U op2aHamu, wo ix 83amo 8i0 iHwo2o opeaHismy. MNepecagKy opraHis
i TKAHUH Ha3MBalOTb TPAHCMNAHTALIEID, @ HayKy, WO 3aMAETbCA BMBYEHHAM LIbOroO
npouecy, — TpaHcnnaHTonorieto. [linAaHka opraHa, Wo nepecagytTb, Ha3UBaA€ETbCA
TpaHcnnaHTatom. OpraHism, Bifl AKOro ofepXKyoTb MaTepian gna TpaHCniaHTauii, Ha-
3MBAETbCA [JOHOPOM; OPraHi3M, AKOMY nepecagKyloTb TPaHCIMIAHTAT, — PELUNIEHTOM
(in. 123).

Mepuwy y cBiTi TpaHCNNaHTaLil0 HAPKMX Bif MOMepPNOi NIOANHN 3[iINCHUB YKpPaiH-
cbkui nikap 0. 0. BopoHnuin (1895-1961). Binbynacs ua nogia 3 keitHA 1933 p.

Mepecaska opraHiB i TKAHWH MOXe Bif0yBaTUCA B MeXax TOr0 CaMmoro opraHiamy
(asmompaHcnnaHmayis), Mixk opraHiamamu 0OgHoro Buay (asompaHcnaaHmayis) abo
Mi>K OpraHiamamu pisHUX BUiB (KceHOMpaHcnaanmauis).

Y KNiHiYHIA npakTuLi HalbiNbLIOro NOWNPEHHA
Habyna nepecafKka TKaHWH i YaCTUH OpraHiB, Hanpu-
Knag m'a3iB, CYXOXKMMOK, LKipW, KiCTKOBOI, XpALLO-
BOT i XMPOBOT TKaHWH, CYyANH, HEPBOBUX CTOBOYPIB,
KiCTKOBOro MO3Ky, neuiHku, cepua. Ocobnnsum Bu-
[OM TPaHCNNaHTaLii € nepennBaHHA KpoBi, 3a aAkoro [ | /""
BPaxoBYOTbCA rpyna Kposi i pesyc-daktop foHOpa |
i peunnieHTa. B opTanbmonorii WMpoko BUKOPUCTO-

BYIOTb MepecajKy poriBk/ OKa 3a MeTofoM, pO3po-
6neHum akagemikom B. M. Qinatoum (1875-1956). 3

ymncna opraHis, WO X TPAHCMNAHTYOTb, HaMvacTilwe
30iMiCHIOITL Mepecafky Hupku. O6Hagiinuei pe-
3ynbTaTu OTPMMAHO B pasi TpaHCnnaHTauil wkKipwy,
eHOOKPUHHMX 325103, 30KpeMa AEYHMKIB, AEYOK, K- In. 123. Opramm nioANHN —
TOMOAIGHOI Ta BMIOYKOBOI 3a/103. TpaHcnnaHTaT!




OTxe, ycnixu cy4acHoi Xipyprii AaloTb 3MOry 34iINCHUTM TEXHIYHO Mepecaa-
Ky HaBaXKNMBILLNX ANA KUTTERIANBHOCTI TKAHWH Ta OpPraHiBs.

AKM € ronoBHe 3aBAaHHA Cy4YacCHOI TpaHcnaHTonorii ?

TpaHcnnaHToNoOria — po3din MeauLMHK, WO BUBYAE NepecaKy TKaHWH, OpraHis
a60 X WTyYHMX 3aMiHHUKIB. LLlopiuHo B CBIiTi 3giicHI0ETECA 6M3bko 100 TUC. Nepeca-
[OK OpraHiB (HUPOK, cepua, NeyiHKK, NigLWwWnyHKOBOI 3a1031, NIereHb).

BBefieHHs B opraHiam uyopigHux 6inkiB, He BNAacTMBUX AaHili 0COOUHI, BUKNN-
Ka€e iIMyHHi peakLii, cnpAMOBaHi Ha 3HULLEHHA 4yXOpigHOro 6Ginka i 36epexeHHn
CTanocTi BNacHoro 6inkoBoro cknagy. BigToprHeHHA TpaHcnnaHTaTa BigOyBa€TbCs
yepes aHTUreHHy BiAMIHHICTb NOro Bil aHTUreHiB peuunieHTa. Peakuia BigTOPrHeHHA
TpaHCnnaHTaTa 3yMOB/ieHa aHTUTINaMn. Y LbOMy NOAAra€ TpaHCNAaHTaUinHUM iMyHi-
TeT — HafiNHWI 3aXUCT OpraHi3my Bif Yy»KopigHux 6inkis. byab-AKui opraHiam npar-
He 10 36epeXkeHHs iIMyHOJIOriYHOro romMeocTasy, TO6TO CTaNoCTi AHTUTEHHOTO CKNagy
TKaHVH. Yepe3 me no0os1aHHA iMyHOM02i4H020 6ap'epa HecymicHOCMi MKAHUH — Hal-
CK/Ia0HiWa npobaema mpaHcniaHmosnoeil.

MpoTe iHOAI OpraHi3am MoXKe CPUNMATI YyXKi aHTUTeHN AK
CBOT BRacHi 11 He BUPOGNATU NPOTN HMX aHTUTIN. Take ABMLLE
Ha3BaHe iMyHOJI02iYHOO mosiepdHmMHicmio, TO6TO TonepaHT-
HICTIO OQHOrO OpraHiamy A0 aHTWreHiB iHWoro. fiBuuwe imy-
HOJOriYHOI ToNepaHTHOCTI 6yno Bigkpute B 1953 p. uecbkmum
embpionorom M. lawekom i aHrniicbkum 30050rom . Mepa-
Bapom (in. 124). NMpoBefeHi HAMN eKCnepruMeHTX MoKasanu:
AKLO Ha eMOpPiOHaNIbHOMY eTani PO3BMTKY BBECTU B OpraHi3m
yyKopigHi 6inkn (@HTUreHn), To Hagani BXxe [OPOC/i TBapUHU
CNPUAMATUMYTb 1X AIK CBOT BNacHi. OpraHiam 6yae Ao HUX Tone-  In. 124. . Mepasap
paHTHUM. JocnigxkeHHs M. laweka i M. MegaBapa niarsepannu (1915-1987)
rinote3y O. bepHeTa (1949) Npo Te, WO CTBOPEHHA iIMYHOJIOFiYHOIrO roMeocTasy Bif-
6yBa€TbCA B paHHii Nepiofl PO3BUTKY OpraHiamy, Kofv 3aknafgaerbca i bopmyeTbesa
nimdoigHa TKaHMHa.

[na nogonaHHA TKAHWHHOT HECYMICHOCTI Nif Yac TpaHCMaHTalil BUKOPUCTOBY-
t0Tb Pi3Hi MeTogu. [lo cneynoivuHUX MeTOAIB HaeXaTb: a) Ao0ip AoHOpa i peLunieHTa
3a TKaHVMHHOI CYMICHICTIO; 6) ranbMyBaHHA TpaHCMNaHTaLinHOroO iMyHiTeTy (Hanpu-
Knag, 3aCToCyBaHHA LMKIOCMOPUHY UM iHWNX NpenapaTiB Ana npodinakTnkm peakuii
BiATOPrHeHHsA); B) GOpMyBaHHA TONEPaHTHOCTI B peunnieHTa O aHTUreHiB JoHOopa.
HecneundiuHi meToaw AitoTb Ha iMyHHY CMCTEMY BCbOrO OpraHiamy. BoHu ranbmyoTb
He TiNbKW TpaHCNMaHTauinHWn, a i iHdeKUinHWiA iMyHiTeT. Liboro gocaratoTb pi3HO-
MaHITHMMM 3ac06amMu: raibMyBaHHAM aKTUBHOCTI iMyHHOI CUCTEMMW, ONMPOMIHEHHSIM,
BBeAEHHAM creLiafibHOI CMPOBATKM, FOPMOHIB Ta iH. [poTe HanBaXkNuMBilLe 3aBAaHHA
CyYacCHOI iMyHOOTii — He MPOCTO 3arafibMyBaTW IMYHITET, a 3aralbMyBaTu caMe TpaH-
CNnaHTauinHmi iMyHiTeT, 36epirwm GyHKL 0 3aXMCTy opraHiamy Big iHpeKkuil.

§ 55. TpaHcnnaHTawiA TKaHVH Ta OPraHis y NIOANHN

OTXe, rOfIOBHMM 3aBAAHHAM TPAHCM/IAHTONONIT € MOAONAHHA
6ap'epa 6ionoriyHoi HeCymicHOCTI.

AKMMN € OCHOBHI HaNpPAMN TPaHCNIAHTONOrT?
B ocTaHHi gecATUniTTA PO3BMBAIOTLCA TP OCHOBHI HaNPAMU TPAHCMNAHTOSOrII:
1) OTPMMaHHA WTYYHNX OPraHiB; 2) BUPOLLYBAaHHA OPraHiB 1l TKAHWH METOLOM KNOHY-
BaHHA; 3) BUKOPUCTaHHA TPaHCMNAHTATIB Big TBapuH (in. 125). 229
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HoBum y TpaHCcnnaHTONOTrII € po3Ain, NOB'A3aHNI 3i CTBOPEHHAM | 3aCTOCYBaHHAM
WTYYHMX OPraHiB ANnA TMMYacoBOi abo MOCTINHOT 3aMiHM TOrO YN iHLIOrO OpraHa Jito-
AvHM (imnnaHTayia). Tak, Hanpuknag, iMNIaHTOBaHMM OPraHOM MOXYTb CNyryBaTu
WTYYHi KnanaHu cepusa, WO HUMK 3aMiHAOTb YparkeHi. 3aCTOCOBYIOTb TPaHCNIaHTaL o
npoTesiB CyAuH, KprLITanrKa oka, 3po0neHunx i3 CUHTETUYHUX MaTepianis. € mogeni
MiHiaTIOPHUX MeMOpPaHHNX OKCMreHaTopiB, NereHb, NigLWIYHKOBOT 3an03u, NeyiHKy,
HUPOK, cepuA. lNepcnekTBHUM € OTPMMAHHA OPraHiB 3a gonomorot 3D-npuHTepis.

p Cepue
MaHKpeaTnyHi [P
ocTpiBLi

- g \ Hupka
KnituHm : e e, ;
MO3KY : - 2
: . b g @ﬂeqiuka
YepBoHi A _ f N
KpOB'AHI = 2 ‘X 4
TinbuA ToHKa
KMLLIKa
TKaHVHW
Oka JNereHi

In. 125. TKaHWHW 1 OpraHn CBUHI, WO X BUKOPUCTOBYIOTb ANA TPaHCnnaHTauil

BupouwysaHHA okpeMux KaimuH, MKAHUH | Op2dHi8 no3d Op2dHi3MOM HA Xu-
8UJIbHUX CepedoBUWAX i 3a NeBHUX YMO8 HA3UBAEMbCA eKCnaHTauier. Lleli metog
BMKOPWCTOBYIOTb Y HayKOBUX AOCHIAXEHHAX ANnA 3'AcyBaHHA 6araTbox NuUTaHb TeO-
PETUYHOT i NpaKTMYHOI Gionorii Ta meguUUHNU. KNiTUHHI KynbTypy BUKOPUCTOBYIOTb
ANA OTPUMaHHA AiNAHOK WKipK, Aesaknx GepmeHTiB, aHTUTIN. OCTaHHIM Yacom Benunke
NPaKTUYHE 3HAYEHHA MAE MeTO KYNbTUBYBAHHA KNITUH KiCTKOBOro Mo3Ky. Kynbtu-
BYBaTM B MEBHUX YMOBaX MOXHa TaKOX Ljini i3011boBaHi opraHu, y3ATi Bif *k1Boro abo
3arnbnoro opraHismy. lns Uboro BUKOPUCTOBYIOTb CrelianbHi Kamepu, B SIKUX CTBO-
ptotoTb BifMOBIAHI yMOBW. Yepes cyanHM opraHa NponyckatoTb Kpos abo cneianbHi
PO34YMHU, HACMYEHI KNCHEM, ANA NIATPUMAHHA NOTo KUTTERIANBHOCTI. [locnian 3 Big-
HOBJIEHHA QYHKLi TakMx i301bOBaHUX OPraHiB, AK cepue i roNoBHUN MO30K, Manu
BeNnye3He 3HaYeHHA ANA PO3BUTKY peaHiMaTonorii.

Oyxe nofibHMMK 0O NMIOACBKUX € OpraHu CBUHI, Ko3u, npumartiB. Ha cborog-
Hi JOCNIAHWKM BXe YCMilHO BMAANATb €HAOreHHi PeTPOBipyCUM 3 reHOMY CBUHI,
BMKOPUCTOBYOUMN TexHiKy peparyBaHHA reHiB CRISPR-Cas9, i BupollyoTb cBUHER,
no3b6aBneHux Bipycis. Lle, y CBO uepry, ycyBa€e ofHy 3 Hanbinblumx nepewikos ans
TpaHCnnaHTauii opraHiB Bi CBUHEN [0 NIOAUHN.

OTe, NepcneKTVBY TPAHCMIAHTONOTT MOB'A3YIOTb i3 BMPOLLYBAHHAM

OpraHiB 1 TKaHWH, OTPMMAHHAM LUTYYHUX OPraHiB i BUKOPUCTAHHAM
OpraHiB i TKAHWH Bif OpraHi3miB iHWNX BUAiB.

@ BIANIbHICTb

x{‘ Po3B’aA3yBaHHA KpocBOpAa

CyvyacCHUIN CTPIMKNIA PO3BMTOK Bionorii cnpusAB NosiBi NPUHLMMOBO HOBKX Me-
TOAIB pereHepalii N TpaHCcnnaHTauil, WO € OAHIEI0 3 MPUYNH PO3BUTKY HayKn Npo
MOPanbHICTb NOBefiHKM NoAMHM Y GionoriyHO-MeanYHIn ranysi n B cdepi oXopoHu




300poB'A. Po3B’A3aBLIN KPOCBOPA, BU OTPUMAETE Y BU- 6 8
AineHnx KNiTMHKax Ha3By Ui€i Hayku. lligroTynte npo 4 |5
Hel KOpOTKe MOBIJAOMIIEHHA. T L B 7
1. Bug Tolypocladium inflatum, 3 NpogyKTiB XUTTERI-
ANbHOCTI AKOro AobyBaloTb NPUPOAHUN LMKIOCMO-
PVIH — e NapasnTUyHUM...
2. binbmo - Le NOMYTHIHHA...
OpraHi3m, Bif AKOro OTpMMyIOTb OPraHu Y TKaHHMW.
HaykoBeLb, AKMI 3anoyaTKyBaB y TPaHCMIaHTOMO-
ril MeTof CYANHHMX LUBIB.
PeyoBurHY, WO CNPUYNHAIOTDL BIATOPrHEHHA.
YKpaiHCbKMIA Nikap, AKWI 34iNCHMB NeplLuy y CBiTi TPaHCMAAHTaL 0 HUPKN.
OpraH, o Noro HanyacTille TPAHCMIAHTYOTb Y CyYacHin MPaKTUYHIA MeAULUHI.
HaykoBelb, 0OfVH i3 aBTOPIB BiAKPUTTA iIMyHOJIOTFiYHOT TONEPaHTHOCTI.
B|onorm + HaykoBa ¢aHTacTuka. MepcnekTuBu TpaHcnnaHTonorii
DaHTacTuKa — »KaHp XyJOXHbOI NiTepaTypu, B AKOMY
3a AONOMOroO AOAABAaHHA BUrafiaHuX, YABHUX efleMeHTIiB
CTBOPIETLCA CBIT, BIAMIHHUI Bii CbOroAeHHOro, peanbHo-
ro. Temy TpaHcnnaHTauii opraHiB po3rnaganu y cBoix ¢pax-
TacTnuHUx TBopax O. benses («fonosa npodecopa doyensay,
«JTioanHa-amoibis»), M. bynrakos («Cobaue cepue»), M. Pe-
Hap («[JokTop JlepH»), K. TpyHepT («fTonosa mictepa Creina»).
LL{o >k TaKOro HEMOXIMBOTO € B CYYaCHil TPaHCMAAHTONOTIT?
OuiHiTb HaNGAVXKYi NepPCNeKTUBN LibOro po3ainy.

CTABJIEHHA

W

10 N o W»

3 Yomy A. LiBapueHerrep 3aBiB MiHi-CBUHOK?

Kinbka pokiB Tomy Ha3ag aktopy ApHonbgy LUBapueHerrepy
3aMiHUAN OAMH i3 KnanaHiB cepuA. TpaHCOnaHTauilo 34iNCHUAN
YCMiLWHO, i WO LikaBo, AOHOPOM ANA akTopa CTana CBUHA. T we B
3apOAKOBOMY CTaHi Oyno BBeAEHO reHu NAVHY, WO AONOMOriu
YHUKHYTU npobnem BigToprHeHHsA. 3 Toro yacy LliBapueHerrep Bu-
K/0YYMB 3 paLioHy CBMHUWHY i NOTO fJOMALUHIMU yNo6eHUAMN CTanm
MiHi-cBUHKU. ChopMynioiTe BACHI CYAXKEHHSA LWOAO LbOro Hanps-
My TPaHCNAaHTauil TKAHWH 1 OpraHi..

PE3VJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. Lo Take TpaHcnnaHTawia? 2. ki € BuAM TpaHcnnaHTauii? 3. Ik Ha3nBa€eTbCA HayKa
npo TpaHcnnaHTauio? 4. Ha3BiTb OCHOBHY Npo6nemMy CyyacHOT TpaHCMIAHTONOTI.
5. Lo Take ekcnnaHTauia? 6. HaBefiTb NpuKnagn opraHiB i TKaHWH, WO iX TPaHC-
NNAHTYIOTb Y NIOAUHUN HakyacTiwe.

7. AKNMKN € [OCATHEHHA CyYacHOI TpaHCnaHToNorii? 8. AKNMM € rofoBHe 3aBAaHHA
7-9 | cyyacHoi TpaHcnnaHTonorii ? 9. Ha3BiTb OCHOBHI HanpAMK PO3BUTKY HaykKu npo
TpaHcnnaHTadito.

10-12 | 10. OuiHiTb NepcneKkT!BUN TPaHCMIAHTONOTI. 231
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KnimuHu He 8uHUKarome de novo, a ymeopioromecs
WISIIXOM penpoO0yKUil nonepeoHix KINimuH.
K. CeeHcoH

§ 56. PENPOAYKUIA KNITUH

OCHOBHi MOHATTA N Kno4voBi Tepminu: PEMPOAYKUIA KIITUH. MITO3.
AmiTos3.

MpurapanTe! Lo Take penpopyKuia?

& Momipkynite!

OpraHi3m nognHy, 3a OUiHKamMn HayKOBLiB, CKNa-
faetbea 3i 100 000 (10™) mnpg KNiTWH. | GinbwicTb i3 wi€l
KINIbKOCTIi KNITWH Tifla 3amMiHIOITbCA HOBUMU KOXHi 7—-10 po-
KiB. lpoLiec oHOBNEHHA KNITUH BifOyBa€TbCA NoO-pisHOMY B
Pi3HMX YacTUHaX Tina, ane NOBHE OMOJNIOLXKEHHA «3 HIir A0
ronosu» TpmBae 6nmn3bko 10 pokiB. 3aBAAKM YoMy BifbyBa-
€TbCA KOMOJIOAXKEHHA» OPraHi3My NiognHmu?

3MICT

flke 3HaYeHHA penpoayKuii KniTnH?

TepmiH «penpoayKLuif» € 3arasibHO6i0NOrYHUM NOHATTAM, IO XapaKTepPU3Ye Big-
TBOPEHHA Ha pi3HUX piBHAX. Tak, penpogykuia [IHK BigbyBaeTbcA Ha MONIEKyNAPHOMY
PiBHi, penpogyKLuia BipyciB — Ha CyOKNITUHHOMY, PenpPOAYKLiA KNITUH — Ha KNITUHHO-
My, penpoayKLia opraHiamiB — Ha OpraHiaMmoBOMy.

PEMPOAYKUIA KJITUH - 8iomeopeHHA HOBUX KIIMUH W/AXOM nooiny suxioHor
KnimuHu. BigTBOpeHHsA KNiTUH — Le He NPOCTO BMHUKHEHHA ABOX KIiTUH 3 OJHIEl, a
YTBOPEHHSA ABOX KNiTWH, AKi MiCTATb OJHAKOBY CMaZIKOBY iHOpMaLiito, Ta Lie 11 NofibHy
[0 iHbopMaLil 6aTbKiBCbKOI BUXiAHOT KNiTUHK (i1, 126). 3a 30aTHICTIO A0 penpogyKuil
KNiTUHW TBAPUHHOTO OpraHi3My NoAinAlTb Ha YOTUPU KaTeropii: 1) sucokocneyiari-
3080aHI KIMUHU, WO He RinATbCA (HEMPOHW, KNITUHW CKeNeTHUX M'A3iB, Kapaiomiouu-
TW); 2) NOHOBIBAHI KIMUHU (HanpuKknag, eHTePoOLUTN — KNiITUHK eniTenito CaIN30BOT
060JIOHKN KMLWEYHKKY, WO KMBYTb 5— 10 AHIB i OHOBMIOTLCA 3a JOMNOMOrol Kambi-
aNbHUX KNIiTWH); 3) cmosbyposi knimuHu (36epiratoTb 34aTHICTb 40O NOAINY NPOTArOM
BCbOrO »KWUTTA OPraHi3aMy i 3aMiHIOIOTb KNITUHU, AKI TMHYTb); 4) KNITUHK, AKi 3a3BUYal
He PO3MHOXYIOTbCA, afie 3a MeBHUX YMOB MOXYTb fefndepeHLiloBaTnca i BCTynatmy
MiTO3 (HanpuKnag, renatoynTn, AKi HabyBaloTb 34aTHOCTI 4O Nofiny 3a penapaTnBHOI
pereHepadii).

3 penpogaykui€lo KNiTUH NOB'A3aHi PicT opraHi3mis, ¢isionoriuHa 11 penapaTus-
Ha pereHepaldif, HecTaTeBe PO3MHOXEHHSA. 3aBAAKN KNITMHHOMY nopiny 3abesneuy-
€TbCA 6e3nepepBHICTb iICHYBAHHA HACTYMHWX NMOKOJIiHb KNITUH i LiNiCHUX opraHi3mis,
OCKiNbKW iHAUBIAYanbHe XXNTTA GiNbWOCTI KNITUH 0OMeXeHe MOPIBHAHO KOPOTKUM
TepMiHOM. Penpogykuia KniTuH y 6araToKNiTMHHUX OpraHiamiB pi3ko 36inbluye ix
aflanTUBHI MOXKNIMBOCTI 1 CTBOPIOE HEOOXiAHI NepedymoBU ANna iHAUBIAYanbHOro Ta
icTopnyHoro po3sutky. OCHOBHMM TMamun penpoayKLii KNiTuH € Mimos Ta amimos.

OT1xe, penpoayKuia KniTnH 3abe3neuye 6e3nepepBHiCTb iCHyBaHHA
HACTYMHUX MOKOMiIHb KNITWH i Linnux opraHi3mis.



Yum miTo3 BigpisHAETbCA Big amiTo3y?

Penpopykuia KniTH B opraHiami niognHM1
MOXe BifbyBaTnCA WAAXOM MiTO3y (HempAMun
nogin) i amitosy (npamuii nogin).

MITO3 (Big rpeu. mitos — HUMKa) — ye nooin
eyKkapiomuyHux K/1imuH, 8HAC/1i00K AKO20 ymeo-
ptorombcs 2 00YipHI KAIMUHU 3 MAKumM Camum
Habopom XpoMOCOM, Wo U Yy MamepuHCbKOI Kili-
muHu. MiTo3 y KNiITUHHOMY LUMKNi BiAbGyBa€eTbCA
nicna iHTepdasm, nig yac AKOI KNiTMHA pocTe,
CUHTE3Y€E OpraHiyHi CnonyKu, NogBOKE CnajKo-
BY iHpOpMaLiito, 3aMacae eHeprio Ta roTyeTbCA
[0 MiTo3y. MiTo3 YMOBHO noAinATs Ha 4 dasu:
npodasy, MeTadasy, aHada3y i Tenodasy (in. 126). [n. 126. KNiTWHHWI UmKA

Mpodasa - dasa KoHAeHcauii XxpoMocoMm.

OcHoBHUMYM Npouecamy Nnpodasu €: 1) KoHAeHcauis (YW inbHeHHA) ABOXPOMaTULHMX
XPOMOCOM; 2) pO3XOLKEHHA LEeHTpioNen fo NOMoCiB; 3) 3HUKHEHHA Agepua; 4) pos-
nag agepHoi 06010HKY; 5) popmyBaHHA BepeTeHa noginy.

Metadasza - pasa po3rallyBaHHsA XPOMOCOM Ha eKkBaTopi KNiTnHW. CnocTepira-
€TbCA NPUKPINIEHHA KOPOTKMX HATOK BEPeTEeHa NoAiny A0 LeHTPOMep i po3TallyBaH-
HA [BOXPOMATUAHUX XPOMOCOM Ha eKBaTopi KNiTUHW B OQMH pAfd.

AHadasza - paza po3xopKkeHHA xpoMmocom. B aHadasi BigbyBatoTbca ckopoueHHsA
HUTOK BepeTeHa Nnopfiny Ta Po3XoAXeHHsA OAHOXPOMATULHUX XPOMOCOM [0 MOJIOCIB.

Tenodasa - daza gekoHAeHcauii xpomocom. Lie cBoro pogy «npodasza HaBnakmy,
B fAKil BigbyBaTbCA: 1) JeKOHAEeHCalis OfHOXPOMATUAHMX XPOMOCOM; 2) po3Tally-
BaHHA LeHTpionen 6ins agpa; 3) bopMyBaHHs sgepeLb; 4) yTBOPEHHs AAepHOi 060-
NOHKW; 5) pyliHYBaHHA BepeTeHa noginy.

IHTepda3a

g
=i
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=
S

Mpodaza MeTtadasa Anadasa Tenodasa

BepeteHo PyiiHyBaHHA agepHol MeTadasHa YTBOpeHHA YTBOpEeHHA

AJacTUHKA
N

YTBOpEHHA
[IBOX XpomaTtung BepeteHo nopiny [loyipHi xpomocomu AfepHOi 06010HKMN

In. 127. ®a3n mito3y: 1 - npodasa; 2 — meTadasa; 3 — aHadasa; 4 — Tenodasa

BionoriuHa ponb MiTO3y nonArae B TOYHOMY BiATBOPEHHI KNiTUH, 3a6e3neyeHHi
PiBHOMIPHOrO PO3Mogisly XPOMOCOM MAaTEPUHCbKOI KNITUHW MiX ABOMa AOYipHIMK
KNiTUHaMW i NigTPUMaHHI cTanocTi Kapiotuny. MiTo3 € 0CHOBOIO POCTY, pereHepadii i
HecTaTeBOro PO3MHOMEHHSA OpraHi3mis.

AmiTo3 - ye npamuli nodin KNiMuH, wo 8iobysaemecs waAaxom nodiny Aopa, 6e3
pennikayii JHK G koHOeHcayii xpomocom ma 6e3 ymeopeHHA 8epemeHa nodiny. BiH
B/TACTUBUI BMCOKOCMeLiani3oBaHUM KNiTHaM (HEMpPOHaM, XOHAPOUNUTaM, NIeNKoL -
TaM KpOBi, KNiTMHaM eHJ0TeNit0 KPOBOHOCHUX CYAMH), KNITUHAaM NyXJIWH, CTapiloumnm
KniTMHam abo KNiTMHam, NpupeYeHrM Ha 3arnbenb (Hanpuknag, KniTuHam 3apopaKo-
BVIX OOOIOHOK CCaBLiB). AMITO3 MOXe CynpOBOAXKYBaTVCb MOAINOM KNiTUHY 3 YTBO-
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PEHHSIM ABOX KNITUH 3 NpubIM3HO OfHAKOBOK CMagKkoBo iHPopMaLi€, a MoXxe
obmerKyBaTVCb NoAinom agpa 6e3 noAiny UMTONNA3MU, WO NPUBOLUTL A0 YTBOPEHHSA
[BO- Ta 6aratoagepHux KNiTuH (i1, 128). AMiTO3 NOPIBHAHO 3 MITO30M TPaNAAETbCA
pigwe i Bigirpae gpyropAaaHy posb Y KNiTMHHOMY NOAiNI OpraHi3amMiB, OCKINIbKM KAITUHN
nicna amito3y 36epiraioTb GYHKLiOHaNbHY aKTUBHICTb, MOAINATCA YXKe He MOXYTb.
bionoriyHa ponb amiTo3y - Lie WBMAKe NONOBHEHHA KNITMHHUX NONYNALiN y npoueci
penapaTuBHOI pereHepauii.

OTXe, MITO3 € OCHOBHMM CNOCO60OM penpoayKLUii eyKapioTUUHNX
KNiTWUH Tina, Wo BU3Ha4yae picT, ¢isionoriuHy pereHepauito Ta HecTaTteBe
PO3MHOMEHHSA eyKapioTiB; amiTo3 — TpanisaeTbCA piglwe 11 3abe3nevye
penapaTnBHYy pereHepadwiio.

AKi YNHHVKN BNANBaOTb Ha MiTO3?

Ha miTo3 BNAMBaoTb 30BHILUHI 1 BHYTPILLHI, BHYTPILIHbOKAITUHHI 1 NO3aKNITUHHI
YNHHUKN. [TyCKOBUM YMHHUKOM ANA MITOTUYHOrO NOAiNy KNiTUH € CMiBBIAHOLWEHHA
o6’emiB Agpa i yuTonnasmu. Benuky ponb Bigirpae Takox cuHtes AHK i MiXKKNITUHHI
B3a€EMOfil.

[lo BaXNMBWX 308HIWHIX YUHHUKI8 perynsayii MiToly BigHOCATb fJO60BI puTMU. Tak,
y TBapWH, AKAM NPUTaMaHHUIA HIYHWUIA CNOCI6 XNUTTA, MaKCMMYM MITO3y NPUMNajaE Ha
JeHb, a Y AleHHUX TBapWH 1 NIOAUHN — Ha Hiy. [aMMa-nNpoMeHi BNANBalOTb Ha MIiTO3,
CNPUYMHAIOYN B KNiTUHaX rMUOoKi nopyweHHA. MiTOTUYHI XpOMOCoMM 3MiHIOTb dop-
My, PO3PUBAIOTLCA, OKPEMI AINAHKN XPOMOCOM MOXYTb 3HUKaTW. PeHTreHiBCbKi npome-
Hi NPM3BOAATb A0 TMMYACOBOrO MPUMMHEHHA MITO3Y, afne AKLWO KNITUHN He 3arnHynu
Bil ONPOMIHEHHSA, TO MITOTUYHUI MOAIN NOCTYMNOBO BiAHOBMETLCA. MiTO3 ranbmyeThb-
CA BMICOKOIO TeMMepaTypoto, BUCOKMMIM [03aMM NOHI3YYOIl pagiauii, Ai€0 pOCAMHHNX
OTPYT (HaNpWKNAZ, anKkanoig KONXiuvH, Wo BUAINeHUN 3 6ynb6ounbynvH nisHbOUBITY
OCiHHbOrO, MA€ 3aTHICTb NPUrHiYyBaTV YTBOPEHHA MITOTUYHOIO BEPETEHA).

BHympiwHimMu YuHHUKaMu perynauii MiTo3y € BNANBN CUCTEMU HENPOTrymoparb-
HOI perynauii, 3yMOBneHi Aiiel0 rOPMOHIB HaAHUPKOBKX 3ano3, rinodisa, Wmtonogio-
HOI i cTaTeBUX 3an03. Tak, Ana akTUBaLiT KNITUHHOTO LUMKNY NOTPIOHUIA NPOrecTepoH,
O € YNHHUKOM POCTY. MiTO3 XKOPCTKO pPerynioeTbCA AK CaMoto KNiTUHO (Hanprknag,
3MIHOI0 CUHTE3Y LMKIiHIB 1 LUKNiH-3aneXHNX GepMeHTiB), TaK i il OToueHHAM (Hanpu-
Knag, BiACYTHICTIO KOHTAKTIB 3 NMogibHUumu KnitmHamm abo BNAMBOM ropMoHiB). LLle
OAHVUM YNHHUKOM perynauii € NoCcNifoBHICTb 3[iMCHEHHA CTagin MiTo3sy. Kpim Toro,
BCTAHOBJIEHO, WO NiC/1A NEeBHOI KiNbKOCTI NOAiINIB BMUKAETbCA reHETUYHA NPOrpama,
L0 He AOMYCKAE PO3MHOMKEHHA HaLaAKIB L€l KNITUHN.

OTKe, Ha NoYaToK, nepebir i 3aBepLUeHHA MITO3y BNIMBAKOTb Pi3Hi
30BHilHI Ta BHYTPIWHI YAHHUKMW.
AIANIbHICTb

M CamocTiiHa po6oTa 3 Tabnuueto

Po3srnaHbTe cxemy amitosy. [opiBHANTE Lein Nogin COMaTUYHUX KNITUH i3 MiTO-
30M. 3anoBHiTb Y po6ouyomy 3ownTi Tabnuuto «MopiBHANbHA XapaKTeprCTUKa MiTO3y
1 amiTo3y» Ta cGOpMyoiTe BUCHOBOK MPO TXHIO MOAIOHICTb 11 BigMIHHOCTI.




In. 128. Cxema amiTo3y 3 yTBOPEHHAM ABOX KNiTUH (A)
i nBoAgepHoi KNitTnHu (B)

O3Haka Mito3 Amito3
1. AnAa AKnX KNiTUH BRacTnsmin?
2.Mopin apgpa
3. Cnipani3auia 1 KoHgeHcauia XpoMoCcoMm
4. YTBOpPEHHA BepeTeHa noginy
5. KnitnHwn, yTBOpeHi 3 MaTepUHCbKOT
6. OYyHKLiOHYBaHHA KNiTWH
7.bionoriyHa ponb
Po3B’A3yBaHHA BnpaB. MiTo3

BnpaBa 1. O6uncniTb, CKiNbKW KNITUH YTBOPUTHLCA BHACNifOK
8 nocnigoBHMX MITO3iB 4 COMaTUYHUX KNITUH B OpraHi3mi nognHun.
CKinbKy XpoMocom Oyaie B KOXHIll 3 HUX, AKLO B MAaTEPUMHCbKUX
KNiTUHaX iX MicTUTbcA no 23 napu?

BnpaBa 2. B agpi comatuyHoi KNiTMHW Ha cTagii npodasn mi-
TO3y MicTuTbCA 13,68 - 10~° mr [HK. flka kinbkictb AHK 6yae B Agpi
COMATUYHOI KNITUHW OApPa3y Nic/A 3aBepLUeHHA MIiTO3y?

a CTABJIEHHS
-y —
ﬂj Bionoria + BiakpurTa. Perynauia KniTmHHoOro ynkny

J1.Tapteenn, P.TanT i . Hepc oTpumann
HobeniscbKky npemito B ranysi isionorii i
meanumHu 2001 p. 3a BIAKPUTTA KNOYo-
BVIX PErynaTopiB KMNTMHHOrO UMKny. BoHu
BiAHAMLWN K/IIOYOBI MONEKYN — LIMKNIHN i
LUUKNiH-3aNeXHi pepMeHTH, L0 perynioTb
KNITUHHWA LMKN B eyKapioTiB. AKe 3HayveH-
HA Ma€ BiAKPWTTA perynatopHux monekyn J1-Tapteenn P. TaHT M. Hepc
KNITUHHOTO UuKny?

PE3YJIbTAT

§ 56. PenpopykKuia KniTuH

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take penpopykuia KniTnH? 2. Ha3BiTb OCHOBHI TMNU penpoayKLuii KNiTUH.
1-6 |3.lWo Take miTo3? 4. lLlo Take amiTo3? 5. HaBediTb NpuKNagn 30BHILLHIX YMHHUKIB
perynayii mito3sy. 6. Ha3BiTb NpnKnagn BHYTPILLHIX YAHHWKIB perynauii MiTo3y.
7. flke 3HayeHHA penpoAykuii KAiTMH? 8. Yum MiTO3 BIAPI3HAETbCA Bifg amiTo3y?
9. AAKi YNHHVKM BNIMBAOTb Ha MiTO3?
10 - 12 | 10. ke 3HaYEHHA Ma€ BIAKPUTTA PErynAaTOPHUX MONTEKY KNITUHHOTO LMKIy?

7-9
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3miHa 6ymma... ye nepexio KislbKiCHO20 8 fIKiCHe i Ha8NakKu.
I B. @. [ezenb

§ 57. PICT I PO3BUTOK KJNITUH TA YYHHUKH,
O HA HbOI'O BIJIMBAIOTb

OCHOBHi NOHATTA N Kno4voBi Tepminn: LUMTONEHE3. Pict knituH. AUODE-
PEHUIALIA KNITUH. JeTtepmiHauifa KNiTUH.

MpuraganTte! Lo Take KnitnHa?

& MomipkynTe!

3aKoH B3aEMHOro nepexopay KiNbKiCHUX 3MiH B
AKICHI — e 3arafibHNIA 3aKOH PO3BUTKY: Ki/IbKiCHi 3MiHU nocmy-
nogo Hakonu4ylomsca U CNpUHUHAIOMb 3MiHY AKOCMi 06’ekma
abo Asuwa, wo 30ilicHEMbCA cmpubkonodibHo. byab-akuii
npegmeT abo ABKLLe MaE NeBHY AKICTb, WO BiApPi3HAE Oro Bif
iHWMX NpeaMeTiB Ta ABWLY, | NeBHY KiNbKiCTb, O XapaKkTepusye
X Wwogho po3mipis, 06'emy, macu Towo. Y cnpaBegnuBuii Len
3aKOH ANA XUTTA KNITUH?

3MICT

AKi Bin6yBaloTbCA PicT i PO3BUTOK KNITUH?

LIUTOTEHE3 - ye picm (i po38UmMOoK K/1imuH, ujo Cynpo8o0KyrmbCs 830EMONO0B -
30HUMU KisTbKICHUMU U AKICHUMU hepemeopeHHAMU. [1icna CBOro yTBOPEHHA KAITUHU
MOUMHAIOTb «KifIbKICHO» POCTUN I «AKICHO» po3BMBaTUCA. MPUKIAAOM LUTOreHeTNY-
HNX NepeTBOPEHb € YTBOPEHHA KNITUH KPOBI, ClepMaToreHes, oBoreHes ToLo.

Pict kniTuH — ye cykynHicme KineKicHux }
3MIH, WO 3yMO8/100Mb 306i/TbLUeHHS PO3Mi- __.4@__0__@__ .__e
pie, macu ma o6’emy knimuH. PicT KniTuH ; L 9 &
BM3HAYA€ETbCA MNepeBa)kaHHAM aHaboniy- u I L__,\ I

—_— U [ —

HMX NPOLECiB CUHTe3y Hafj KaTaboniyHumm Ul I_I«
npouecammn posnagy peyvyoBuH. YCi KNiTUHW } — Iﬂ — =
3[aTHi 4O POCTY, asne B KOXKHOI 3 HMX BiH BiA- ]"J ] 1 m[ 1 ! NI |
6yBaTUMETbCA 3 MEBHUMU OCOGNMBOCTAMM, i =
O 3aeXaTb Bif 30BHilLHIX Ta BHYTPILIHIX In. 129. PicT i pO3BUTOK epUTpOLMTA
UMHHKKIB. Ha picT KNiTMH BNAMBalOTb TeM- (820pi) i POCAVHHOT KNiTUHW (8HU3Y)
nepartypa, HafBHICTb NOXMBHUX PEYOBUH 1

BOAM, BIACYTHICTb LWIKIANMBUX YNHHUKIB, GYyHKUIT, pH cepepoBuLla ToLLO. I3 BHYTPIiLLIHIX
UMHHVKIB BUOKPEMIUMO FreHeTUYHY iHGOopMaLLilo Ta HAABHICTb YAHHUMKIB pocTy. YUHHU-
KU pocmy — NpUpPOAHi OiNKK, WO 3B'A3YI0TbCA i3 peLlenTopamm Ha NOBEPXHI KNIiTWH i
CTUMYIIOIOTb Apouecn pocTy. Kpim TOro, YAHHUKN POCTY BaxNuBi ANA perynoBaHHA
Pi3HOMaHITHOCTI KNITUHHMX NPOLECIB.

Po3BUTOK KNITUH — ye CYKynHicme AKICHUX 3MiH, o 8edyms 00 nodsu 8iOMiHHO-
cmeU NOpiBHAHO 3 NonepedHiMu cmadiamu. Y pe3ynbTaTi PO3BUTKY BUHMKAE HOBUIA CTaH
KNiTVHK, L0 BU3HAYA€ETbCA 3MiHamMK iT XiMiuHOro cknagy, 6ynosu i XUTTegianbHocTi. Ll
3MiHM MalOTb HE3BOPOTHUI, HAaMPAMIEHUIN Ta 3aKOHOMIpHUI xapakTtep. [ig yac pos-
BUTKY BifOyBalOTbCA 3MiHM B LUTOMIa3Mi KNiTUH YHACNifoK ii B3aemogii 3 AApom.



Mpouecam pocCTy " PO3BUTKY MpUTaMaHHI NEBHI OOMEXEHHSs, WO CTPUMYIOTb
36inblUeHHA PO3MIpIB 1 3MiHY dopMU B NeBHUX Mexax (1. 129). 3i 36inblueHHAM ni-
HiIIHMX PO3MipiB BABIYI NNOLA NOBEPXHi KNITUHN 30iNblIyeTbCA B 4 pa3n, a 06'em —
y 8 pasiB. Lle mae BaxniBe 3HaueHHA AnA 0OMiHY peyoBUH, eHeprii Ta iHbopmauil
i3 30BHILIHIM Ana KNiTMHK cepegoBuiLemM. Po3mipu KniTuH obmexytoTbca nepegycim
edekTuBHicTiO Andysii, Wo 3abe3neuye TPAHCMNOPTYBAHHA BAaXXJIVBUX MOHIB, efleMeH-
TiB | MOMIeKyn y UMTONNAa3Mi M Kpi3b KNITUHHY MeMOpaHy.

3HaHHA UUTOreHe3y KOXKHOT KNITMHK i TOFO, AK reHW KOHTPOJIOOTb iXHi HOpManb-
HUI PO3BUTOK, JOMOMOXYTb HAaYKOBLAM PO3KPUTM MEXaHi3MN BUHUKHEHHA 3aXBO-
ProBaHb i BNAMBATN Ha CAMOOHOBIEHHA KNITUH.

OTXe, UMTOreHes3 KNiTMH € HEPO3PUBHOK B3aEMOMOB'A3aHO EAHICTIO
npoueciB IXHbOro POCTy N PO3BUTKY.
AKi KniTMHM € BUXigHMMN B npouecax unroandepeHyiauii?

OudepeHuiauia (Big nat. differentia — BigMiHHICTb) KNITUH — Le YyTBOPEHHA pi3-
HUX KNiTVH i3 NOYaTKOBO OAHOPIAHUX, WO 3a6e3neuye TakKy BaxK/IMBY AJis OpraHi3miB
pisHOMaHITHICTb (i1. 130). TeHeTUUYHMIA MaTepian KNITUH NPU LbOMY 3aNMLIAETHCA He-
3MiHHUM. ludepeHuiauia KNiTMH CTBOPIOE pisHOMaHITHICTb dopmu, GyHKLUIN i noBe-
AiHKM, He MOPYLLYYN NPU LibOMY €EAHOCTI OPraHi3aMiB. A BIiAMIHHOCTI MiX KRiTUHaMW,
AKi MalOTb OfHaKOBMIA Habip reHiB, BM3HavYa€ dughepeHyianbHa akmueHicmo 2eHie.
Y npoueci andepeHuiaLii BMUKAOTbCA reHK, Nig Qi€ AKUX KNiTUHA NepeTBOPOETHCA
Ha NEBHUN OWH TUM, | NPUrHIYYIOTLCA 3a yYacTi cnelianbHMX GiNKiB reHu, Aki mornu 6
cnpsaMyBaTy ii Mo iHWoMy Wnsaxy andepeHuialii.

OvdepeHuiauia KNiTUH B opraHiami tognHn
N XpebeTHUX TBapVH BiLOyBaeTbCA B embpiore-
He3i 3aBAAKM 3apoOKOBUM CMOBOYPOBUM Kili-
MUHAM i NPOAOBXKYETbCA Yy MocTembpioreHesi
3aBAAKM CMOBOYPOBUM KJiMUHAM 00pOC/i020
op2aHiamy. IX MOXHa BUABNATA MPAKTUYHO B
KOXHi TKaHVHi JOPOCIOro opraHiamy, B AKOMY
BOHM 6epyTb yuyacTb B pereHepauii, 3aro€HHi
paH. MNoka3aHo, WO KinbKicTb CTOBOYPOBMX Ki-
TWH B OpraHi3mi 3pocTae npu ¢isnyHNX HaBaHTa-
EHHAX, Y CTPeCOBUX CUTYaLifAX i 3MEHLLYETbCA
3 BiKOM.

CToBOYPOBI KNiTVHM 3a CBOIMU MOXMBOC-
TAMU (NOTEHLIEW) NOAINATb Ha TaKi OCHOBHI

KniTnHa cnonyuHoi

TKaHUHN
W

OcTteouunt

Nenkouunt
KaTeropii:1) momunomeHmHi KaimuHuU — Knitu-
HU, AKI MOXXYTb AndepeHUitoBaTCA B Oyab-AKUN e BN
TUN KNITUH OPraHi3mMy i 3 AKNX MOXe YTBOPUTUCA Eputpouut HelipoH

uinuin opraHiam (Hanpuknag, 3urota, 6nacto-
Mepu); 2) nJropunomeHmHi KaimuHu — Knitu-
HW, AKI TaKOXX MOXYTb AaTV NMOYATOK KOXHOMY
TUNY KNiTWH, ane HOBUIM OPraHi3m 3 HUX YTBOPUTUCA BXe He Moxke (Hanpuknag,
Me3eHXiMHI KNITUHU, AKI JaloTb NOYaTOK KNiTMHaAM KPOBI, XPALOBOI, KiCTKOBOI Ta
rnagkoi M'A30BOT TKaHWH); 3) YHINOmMeHmMHi KnimuHu — KNiTUHK, AKI MOXYTb nepe-
TBOPIOBATUCA NNLLE HA KNITMHW OAHOro TUny (Hanpuknag, KNiTMHW eniTenito Wwkipwy,
CMepMaToroHiiB).

In. 130. Cxema andepeHuiadii KNiTMH
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Omxe, QAUOEPEHLUIALIA KJNITUH, abo untogndepeHuiayin, —
npouec BUHNKHEHHA CTPYKTYPHUX i GYHKLiOHANIbHUX BiAMIHHOCTEN MiXK
KNiTMHaMK, B pe3ynbTaTi Yoro Ui KNiTUHW CTaloTb crneuianizoBaHuMn gna

Pi3HUX NPOLIECIB XUTTERIANBHOCTI 6araTOKNITUHHNX OpPraHi3MiB.

AKi YAHHVIKN BU3Ha4aloTb PO3BUTOK KNITUH?

[etepmiHauia knitTuH (Big nat. determinatio — BU3HaueHHA) — CyKynHicme npo-
yecis, AKi cnpamMosyoms po38UMOK KimuH. Lle npouec BU3HaUYeHHA LWAAXY PO3BUTKY
KNITUHW Ta BUHUKHEHHA AKICHOT CBOEPIAHOCTI KNITUH. EANHOI Teopil MexaHi3my fe-
TepMiHaLii y Hayui noku Wo Hemae. HayKoBLi BBaxaloTb, WO feTepMiHaLis BigbyBsa-
€TbCA BHACNIAOK Ail HU3KN YUNHHMKIB, OCHOBHUMMU 3 AKX € TaKi.

1. JugpeperuyianeHa akmugHicme 2eHig. OudepeHuialis KniTuH BigOyBaeTbca 6e3
3MiH reHoTuny, TO6TO BCi KNITUHU MAlOTb NEBHUIN Habip reHiB, BNacTUBMIA opra-
Hi3My, ane eKkcrnpecia UMX reHiB perynoeTbCA TakMM YMHOM, WO Pi3HI KNITUHN
CMHTE3yloTb pPi3Hi B6iNKM i cTaloTb cneuianizoBaHUMK KniTMHaMu. OCHOBHMMM
MexaHi3Mamu, Lo 3yMOBIOIOTb BUGIPKOBY AifNbHICTb FEHIB, €: a) reHeTUYHI Me-
XaHi3amu perynsauii (Ha piBHi TpaHckpunuii, npouecuHry PHK, TpaHcnauii i nic-
nAaTpaHcnauinHoi mopmdikauii 6inkis); 6) enireHeTWYHiI MexaHi3mu perynayii
(PHK-iHTepdepeHLin, meTuntoBaHHA, perynauia Ha piBHi XpoMaTUHy).

2. UYumonnasmamuyHul po3no0in (cerperauis), B pe3ynbtaTi Yoro AKiCHO BifMiHHi
JINAHKM LMTONNA3MuM 3MroT1 NOTPANAOTb B Pi3Hi OYipHI KNiTMHK. LMTonna3sma
BM/IMBAE MEBHUM YMHOM Ha aKTVBaLito abo ranbMyBaHHA reHis, WO NPYBOANTb 0
cuHTe3y neBHuX Monekyn PHK, a Tum camum i cuHTe3y 6inkiB, JaHOMO TUMNY KNiTUH.

3. Em6pioHasnbHA iHOyKYiA — B3aEMOBIIMBU MOPYY PO3MILLEHUX KITITVH.

4. IHmezpayia KnimuH — ye CyKynHicms npouyecis, wo 3abesneqyomso iCHy8aHHs Kili-
MuH y cmanux abo mumyacosux KAimuHHUX KOMNJIeKCax 0718 8UKOHAHHA NEBHUX
¢yHKyit. Y TakKnx KOMMeKcax nepLioyYeproBy posb BifirpaoTb MiPKKNITUHHI KOH-
TaKTW. 3aBAAKM iHTerpauii NposiBAATbCA BAACTUBOCTI BiONOriUHMX CUCTEM, L0 €
edpeKkTOM B3aemofii KNiTuH. Lli HOBI BNAacTMBOCTI, AKUX HEMAE B OKPEMUX KAIiTUH
i AKi BUHMKaIOTb B KNITUHHUX KOMMAEKCax, Ha3nBalTbCcA eMepOxeHMHUMU (Bif
nat. emergo — BUHMKalo).

OT>e, OCHOBHUMUW YMHHMKaMW JeTepMiHauii pO3BUTKY KIITUH € HM3Ka
BHYTPILUHIX i 30BHIWHIX ANA KNITUHW 6i0NOFiYHNX, XiMIYHUX Ta Pi3NUYHNX
BMAMUBIB Ha ii cnagKkoBy iHPpopMaLlito.

AIANbHICTb

x‘{‘ 3aBaHHA Ha 3aCTOCYBaHHA 3HaHb

Mepen Bamu intocTpauia npouecy andbepeHuiauii eputpouuTia (eputponoesy).
3acTocynTe CBOI 3HAHHA Ta iINCTPaLilo ANA BUKOHaHHA TECTOBOrO 3aBAaHHA. 3a yMo-
B/ MpaBUIbHMX BiAMNOBIAeN OTpMMaETe Npi3BuLLe HAayKOBLA, AKUI BiAKPUB epUTPO-
unTn. Ha3eiTb 0COBNMBOCTI PO3BUTKY EPUTPOLUTIB, BifoOparkeHMX Ha intocTpadii.

Tema 4. PENPOAYKLIA TA PO3BUTOK

I. CroB6yposi  Il. Hanis- Ill. YTBOpeHHA cnevjiani3oBaHuX KNiTWH
KNITUHN CTOBOYpPOBI

@P2a®9e

PaHHi Mi3Hi
[emouyunto-  lNpoeputpo- epuTpo-  epuTpo-
238 bnact 6nactu 6nactu  6nactu K200

Hopmobnactu Petn- Eputpo-
unTY




TecT-KOHCTpYlOBaHHA «PO3BUTOK epuUTpOLMNTIBY
1. [e yTBOPIOKOTLCA €PUTPOLUTL B OpraHi3mi LOPOCNoi niognHn?
K y neuinui J1y yepBOHOMY KiCTKOBOMY MO3KY
My Hunpkax Hy cenesiHui
2. YKaxiTb BUXiOHI KNITUHW, 3 AKUX NOYNHAETbCA epuUTpornoes.
[ yHinoTeHTHi cToB6YpOBI E nnoprnoTeHTHI remaymutobnacTu

€ npoepuTtpobnactu K petukynountu
3. CKinbkm TpmBae npouec gudepeHuiauii epuTpoLmTiB y HOpMi?
A 100 - 120 gHiB b 50 - 60 gHiB
B3 -5 pHiB I ynpopoB» ogHOro gHA
4, AKi KNiTMHU € 6e3nocepeHiMM NonepegHNKamMm epUTPOLUTIB?
B remouunTtobnactu I eputpobnactu
[ HopmobnacTu E peTukynouuntun
5. [le yTBOPIOETLCA FOPMOH €PUTPOMOETHH, O PErynioe eputponoes?
Ky HagHWpKoBIl 3an03i J1y neyvinHui
My Tumyci H y Hupkax
6. AKi BiTamiHV HeOOXigHI ANA POCTY N PO3BUTKY epUTPOLUTIB?
A TiamiH 1 ackopb6iHOBa KncsoTa b peTuHON i HIKOTMHOBA KNCNOTa
B eprokanbuudeponu I uiaHko6anamiH i poniea KucnoTa
7. Aki 6ioenemeHTN HeOOXigHI Ana epuTponoesy?
Y Oepym i Kobanbt ® Hatpin i Kanbuin
X Xpowm i Hikenb L} AntomiHin i MarHin
8. fAka dyHKUiA BU3Hauae ocobnmnBocTi 6yLoBU epuUTPOLUTIB?
K aunxanbHa J1 3axuncHa
M 3cigaHHA KpoBi H noxvsHa

CTABJIEHHA
Bionoria + BigkpurTa. IHA_yKosaHi cToB6YpOBi KNiTUHN

NaypeaTtamn Hobeniscbkoi npemii 2012 p. 3 dpisionorii i megnumnHy ctanu 6putaH-
cbkui Gionor [. TfepgoH Ta ANOHCbKMI HaykoBelb C. fiIMaHaka «3a poboTu B ranysi
6i0n0rii pO3BUTKY i OTPMMaHHA iHOYKOBaHMX CTOB-
6YPOBMX KNiTUH». IXHi eKCneprMeHTV JOBOAATD,
LL|O KOXHa KNiTMHa Ma€ 34aTHICTb nepenporpamy-
BaTW cebe, 1106 3HOBY CTaTW OHOIO | NepeTBOPU-
TUCA Ha Byab-AKYy KNITVHY OPOC/IOro OpraHismy.
B uomy cyTb IXHiX eKCnepuMeHTIB i AKe 3HauYeHHA
LbOro BifKPUTTA ANA N0gNHN?

PE3YJIbTAT [. lfepgoH C. ImaHaka

3aBAaHHA ANA CAMOKOHTPOJIO
1. LLlo Take umToreHes? 2. ki npouecu € noro ocHosoto? 3. LLlo Take audepeHuiadis
1-6 |kniTMH? 4. Ha3BiTb OCHOBHI KaTeropii cToBOypoBux KnitnH? 5. Lo Take getepmiHa-
Lis KNiTUH? 6. Ha3BiTb OCHOBHI YMHHWKY, WO BM3HaYaloTb AudepeHuiaLito KNiThH.
7. ki BigOyBaloTbCA PiCT i PO3BUTOK KNITUH? 8. AKi KNITUHW € BUXiZHMMU B NpoLiecax
uutoandepeHuialii? 9. AKi UNHHUKKU BU3HAYAIOTb PO3BUTOK KIITUH?

10-12 10. Ha KOHKpeTHOMY npuKnafi oxapakTepusyiiTe npoLec YTBOPEHHSA, POCTy i Aun-

depeHuiaLil KNiTUH.

§ 57. PicT i pO3BUTOK KNITUH Ta YNHHUKM, LLO Ha HbOTO BM/IMBAIOTb
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Je noyamok moe2o KiHys, AKUM 3a8epuyemsCsa NOYAMOK?
Kosema lMpymkos

§ 58. CTAPIHHA TA CMEPTb KJ1ITUH

OCHOBHi MOHATTA N KmoyoBi TepmiHu: CTAPIHHA KJITUH. CMEPTb
KNITUH. AnonTo3. Hekpos.

MpurapanTe! Lo Take KNITUHHWI LMKN?

& Momipkynite!

Y ¢BiTNi CyyacHuMX rinoTe3 CTapiHHA OpraHis-
MiB, AKMX HanivyoTb noHap 200, HayKoBUi BUOKpeMm-
NOKTb  HaluacTiwe 9 KIYOBUX O3HAK: 2eHOMHY
HecmabinobHicms, menomMepHi CKOPOYeHHS, MiMmOXOHOpi-
anbHy OucyHKUito, enieeHemuyHi 3MiHU, 8mpamy 6isKo-
8020 20Me0CcMasy, Hecmady U NOpyweHHs HAOXOOXeHHS
NOXUBHUX peyoBUH — HymMpi€eHmis, BUCHAXEHHsA Cmos-
6yposux KaimuH, 3MiHU MIiXKAIMUHHOI KOMyHikauii ma
KimuHHe cmapiHHA. A Wo Take CTapiHHA KNITUH (QHMNin-
cbKot moBolo — cellular senescence)?

3MICT

AKi 03HaKM cTapiHHA KNiTUH?

Ynepuue KniTMHHe cTapiHHA onucas B 1965 p. J1. Tendnik (Hap. 1928). byno BcTa-
HOBJIEHO, WO HOPMaJbHi KNITUHM BTPayaloTb 34aTHICTb 4O penpoayKuil nicnA nesHol
KinbKocTi noginie. Moganbli JOCNIAXKEHHA Y LibOMY HanpAMi BUABUAN, WO B NpoLe-
Ci CTapiHHA KITVH 3MIHIOETbCA He nuLle IXHA 3AaTHICTb [0 NOoAiny, a n CTpyKTypa Ta
bYHKUiOHYBaHHA yCix ii CKnagHWKIB.

MoBepxHeBUin anapar. Y KNiTUHHI MemMbpaHi cnocTepiratloTbCs YLiNIbHEHHSA i
NOTOBLUEHHA, 3MEHLIEHHA IHTEHCMBHOCTI TPAHCMOPTYBaHHA PEUYOBUH, KiNbKOCTi MiX-
KNITUHHNX KOHTaKTIB

UunTonnasma. 3MiHIOETLCA WiNbHICTb riafonaa3mu, Wo No3HaYaeTbCs Ha iHTEH-
CMBHOCTI GioXimMiuHUX peakuiin 1 6iodizmuHmnx npoueciB. OfpHieD 3i cTannx 0O3HakK
CTapiHHA KNITUH € MOPONOriyHi i PpyHKLiOHaNbHI 3MiHM MiTOXOHAPIK. Konu cTapi-
oya KNiTUHa BUABNAE 3HaYHe ylWKogXeHHA cBoel [1HK, BOHa npoayKye curHanu, wo
CMOHYKaTb MITOXOHAPIT O YTBOPEHHA BifIbHMX PanKanis, AKi «<3MyLIYIOTb» KNITUHY
rMHYT abo NpunuHUTK Npouec nogdiny. e ogHieto 3 BikoBMX 3MiH KNiTUHK € 36inb-
LUEHHSA KiNbKOCTi Ni30COM, TX PYHYBaHHSA 1 BMUBINIbHEHHA GEePMEHTIB, WO CNPUUNHAE
MOLIKOZXKeHHs opraHesn i MembpaHu. O3Hakamu KNiTMHHOTO CTapPiHHA € 1 HAKOMUYEH-
HA B 3a/IMLIKOBMX TiflbLAX MirMeHTY CTapiHHA (ninodycuuHy), 3mMiHa Bignogigi Ha fito
YNHHUKIB POCTY.

FeHeTnYHMIN anapat. 3 BiKOM KNiTWH 3MIHIOETbCA CTPYKTypPa XPOMaTUHY, 3MeH-
WYETbCA TPAHCKPUNLiNHA aKTUBHICTb eyXpoMaTuHy Ta WBUAKICTb pennikauii OHK,
BTpayae edpeKTMBHICTb cucTema penapauii AHK. MoTy>KHMMM akTMBaTOpamMm CTapiHHA
€ aBOHUTKOBI po3puen [HK, wo BrHMKaTb BHacNifoK Aii NoHisyouoi pagiadii (anb-
¢da-, 6eTa-, raMmMa- 1 peHTreH-NPOMEHi).



Y KniTMHaXxX 3 BIKOM NPOABAAIOTLCA He NMLLE NPOoLEeCcU CTapiHHA, @ 1 PO3BMBAOTLCA
npouecy aHTcTapiHHA. Ix nepebir 3abe3neuyoTb NPUPOAHI FeHOTUMHI (HaNPYKNag, cMc-
Temun penapadii JHK, cnctema aHTMOKCMAAHTIB, CUCTEMA MiKPOCOMASIbHOrO OKMCHEHHA
YyXKOpifHUX peyoByrH) Ta GeHOTUMHI (HanpuKnag, NiABULLEHHA IHTEHCUBHOCTI FMiKoni3y,
nosea 6aratoagepHOCTi 11 NONINAOIAIT y KniTnHaX, 36inbweHHA 06'eMy MiTOXOHAPIN 3a
YMOB 3HVXEHHSA iXHbOro Yncna, rineptpodia anapaty fonbaxi) MexaHiamu.

TakMM YMHOM, HaBiTb Lie faneko He NOBHUI Nepenik BikOBUX 3MiH yKa3ye Ha Te,
O CTaPiHHA KNITWH € Jy»e CKNagHMM MpoLecoMm, Lo OXOMNIE YCi Ti cknagosi. lNonpu
6araTopiyHi 'PyYHTOBHI AOCNIAXEHHSA Le He 3'ACOBaHO NPUUMHK CTapiHHA. IcHye pag
rinoTes KNiTMHHOIO CTapiHHA, cepef AKNX: MOJIeKy/IApHO-2eHemuUYHi 2inome3u (BiKOBI
3MiHM € CMagKOBO 3anporpamMoBaHUMK), mesioMepHa 2inome3d (CKOPOYEHHA Teno-
Mep MiCNA KOXKHOro NoABOEHHA XPOMOCOM i BTpaTa 34aTHOCTI 4O MOAiNy), 2inomesa
8i/IbHUX padukasig (MPUYMHOI KNITUHHOTO CTAapPiHHA € WKiANMBI BNMBK BiflbHUX pa-
LVIKaniB), 2inome3a 8UCHAXxeHHA cmo8byposux KaimuH (yNoBiNbHIOIOTb CBill MOAIN i He
TaK YaCTO NepeTBOPIIOTLCA HAa COMATUYHI KIITUHN), 2inome3a nopyuwieHHA 6ifIko8o2o
2o0mMeocmasy (HaKOMMUYEHHS MOLIKOLXKEHUX A 3MiHEeHKX BifKiB) Ta iH.

O1xe, CTAPIHHA KJIITUH - ue npypoAHU 3aKOHOMIPHWIA | HE3BOPOTHUI
npotec BiKOBUX 3MiH OyfoBUW i GYHKLIN KNITUH, WO CNPUYUHAE 3HUXKEHHA
IXHiX aganTUBHUX MOXXTMBOCTEN.

Yomy KRiTUHN TMHYTb?

CmepTb KNITUH MOXe HacTaBaTu AK Y HOPMiI, TaK i B pa3i natonorii. [MHyTb KAITUHK
B embpioHanbHOMy po3BUTKY (Mig Yac dopmyBaHHA TKaHUH i OpraHis) i1 y Jopociomy
opraHi3mi BHacnigokK cTapiHH=A, B pa3i BTpatu GyHKUiN i nig gieto WKignMBMX YNHHUKIB.
Po3pi3HAoTb ABa BUAM 3arnbeni KNiTuH: anonTos i Hekpos (in.1317).

AnonTos — 2eHeMUYHO 3aNPo2PAMO8aHa 3a2ubesib KJIimuHuU, 8 AKil Npo8iOHY posib
BUKOHYIOMb BHYMPIWHbLOKIIMUHHI MexaHizmu. Lieli Bug 3armbeni KnitTvH € eHepretuy-
HO 3aNeXXHMUM N perynboBaHMM npoLecom. Y pasi anontosy Agpo 1 uutonnasma gi-
NATbCA Ha KiflbKa YaCTWH, He Bif0yBaeTbCA PyNHYBaHHA
KNITUHHOT MemMbpaHu, BMICT KNITUH He NOTpansAe B no-
3aKNITUHHE cepefoBULLE N He CMPUYNHAE 3ananeHHs.
OcobnumBe 3HauyeHHA arnonTo3 MaE B eMOpioHanbHOMY
pO3BUTKY, KONM BifbOyBaeTbCsA 3MiHA emMOpioHanbHUX
3ayartkiB. Y 3pinomy opraHiami anontos 3abesneuye Ki-
TUHHWIA TOMeOoCTas — BifHOCHY CTaniCTb CKNagy TKaHWUH
i opraHiB, a B pasi CTapiHHA YM NaTONOrii Perynioe Kib-
KiCTb KNiTVH B OpraHax BifnoBiAHO 4O 3HMXEHHA GYHK-
LiOHaNbHNX MOXMBOCTEN OpraHiamy. ANOnNTo3 TakoXK
Bifirpae BaXknMBYy pofb B pasi 3apakeHHA iHGeKUinHK-
MU areHTamu, 30Kpema BipyCHUMW, y NikBigauii nyxnmH-
HUX KNITUH.

Hekpos - ye 3a2ubenb knimuH y pe3ysnbmami He380-
POMHO020 NOWKOOXeHHA nio Oi€l0 WKIOIUBUX YUHHUKIB.
[lo HuX HanexaTb neperpiBaHHA, NEPEOXONIOAXKEHHS,
HecTaya KWCHIO, MOPYLUEHHA KPOBOMOCTayaHHA, Aid
OTPYT, XiMiYHMX MpenapaTiB, MexaHiyHi Tpasmu. Llen

In. 131. 3arubenb KNiTUH:
1 — anonTo3; 2 — HeKpo3

§ 58. CrapiHHA Ta cMepTb KIITUH
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npouec reHeTUYHO He 3aMpPOorpamoBaHIiA, € MACUBHUM i He NOTPeObye 3aTpaT eHepril.
Y pasi Hekpo3y BifbyBalTbCA XaOTUYHE PYNHYBaHHA KNITUHHMX MEMOPaH 1 opraHern,
BMBINIbHEHHA GEPMEHTIB I PO3LUENSIeHHs BMICTy. HEKPO3 KNITUH CYynpOBOAXKYETbCA
3ananeHHAM, WO CnpuYnHeHe npodyKTamu po3nagy KniTuH. Peakuis 3ananeHHAa —
Lie ocHOBHa ¢isionoriyHa BigMiHHICTb HEKPO3Y Bif anonTosy.

OTxe, 3arnbenb KNiTUH Moxe 6yTn npupogHMM abo naTonoriyHum
npouecom, Wo BigbyBa€eTbCA Nif Ai€to reHiB abo WKignnmemx
UMHHMKIB cepeaoBuLLa.

AKi NnpyYvHM i HacNigKN NopylleHb KNITUHHOTrO UMKNy?

KniTmHHMI 4MKN — Le nepiof iCHYBaHHA KNiTu-
HW Big ogHoOro noginy go iHworo (is1. 132). Perynauia
KNITUHHOIO LUUKNY 34iNCHIOETbCA TOPMOHAMM, YUH-
HUKamy pocCTy, 6inKamun-UnKniHamu i LMKNiH-3anex-
HUMW depMeHTaMu, 6e3 AKUX HEMOXKIUBWIA Nepexig,
o noginy.

Hacniokamu nopyweHHA KRITUHHOFO LUKy €
BTpaTa 34aTHOCTI NEBHUX KIITUH A0 NOAiny, CTapiHHA
KNiTUH, 3arnbenb KNiTUH, BUHUKHEHHSA NMYXJINH.

lMpuyuHamu nopyweHs KNITUHHOTO LUUKY MO-
XKyTb OyTU HecTaya MOXUBHUX PEYOBMH, 3MiHU
BMJIMBIB YMHHUKIB POCTY, nowkomxeHHa OHK, no- In. 1.32~ Eranu i1 dasu
pylleHHs nofBoeHHA Monekyn IHK i po3xoaxeHHs KNITUHHOTO LKIy:

. . Lo . M - mito3; | - iHTepdazmn
XpOMaTug, BipyCHi reHu, 30BHiLHI WKiaANBi BNAMBU (G, - NpecuHTeTMUHa dasa:
17 ’
Touwo. S — cMHTeTUYHa da3sa;
OCHOBHMMU eTanamm KNiTUHHOTO LMKy € iIHTep- G, - nocTCcuHTeTUYHa dasa;
¢daza Ta mMiTo3. OgHaK He BCi KNiTMHM NPOXOAATb Ui Go — dasa cnokoto)

etanu. Tak, HecTauya MOXMBHUX PEYOBUH ab0O YMHHWKIB POCTY 3MYLUYE KNiTUHY nepe-
xopuTtn y pasy cnokoio (G -$asa), ynpofosx AKoi noginy He BiabyBaeTbCA.

MNpuknagom nopyweHHA perynAauii KNiTMHHOTMO LWKNY € HEKOHTPONbOBaHWI
noZin KNiTMH N BUHUKHEHHA NyXJINH. Y HOPMI KNiTUHA, B AKOI nowkomxeHa AHK, He
BCTynae B S-¢pasy. Y pasi myTauiin abo enireHeTMYHMX 3MiH FeHiB, WO BigNoBiAaloTb 3a
nogin KNiTMH i LinicHiCTb reHoMy (MPOTOOHKOreHW, aHTUOHKOTEHW, FeHN-MyTaTopw),
AHOPManbHi KNiITUHW MOYMHAKOTD WBUAKO PO3MHOXYBATUCh. K HAaCNifOK PO3BMBa-
I0TbCA HOBOYTBOPeHHA. OfHMM i3 MexaHi3MiB 3aXMCTy Bif HUX € anonTo3. BogHouac €
reHy (QHTMOHKOTeHN), WO NPUTHIYY0Tb YTBOPEHHA PaKOBUX MYXJIH.

OTXe, NOPYLEeHHA KNITUHHOFO LMKIY 3YMOBIOIOTb FrEHETUYHY
HecTabiNbHICTb Ta NopyLweHHA andepeHLialii KNiTuH.

BIANBbHICTb

x\//‘ CamocrTiliHa po6oTa 3 intocTpaui€to

[epoHTONOriA — HayKa, WO BMBYAE NpoLeC CTapiHHA OpraHiamy noguHn. B cyyac-
Hil repOHTONOrIT WBMAKO PO3BMBAETHCA HOBUIN HaNpAM JOCAigXeHb, MOB'A3aHUN 3
OMMCOM enireHeTUYHNX MeXaHi3MiB BiKOBMX 3MiH. Po3rnaHbTe cxemy, AKa inocTpye
enireHeTNYHi YNHHMKK, WO BNAMBAIOTb Ha MPOLIeC CTapiHHA NIOAUHK, NepeKknagitb
1 Ha3BiTb ix. CbopMynioliTe BNaCHi Cy[»KeHHA Npo BB CNOCOOY XKUTTA Ha npoLec
CTapPiHHA NIOAVHN.
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Bionorisa + lepoHTONOriA. AjanTauiliHo-perynATopHa rinoresa crapiHHA

ExerciseT \
Microbioma Financial

OpHOoYacHO 3 pyrHYBaHHAM i Aerpaaali€to, XxapakTepHUMM
ANA npoLecy CTapiHHA, B XO4i eBONoUil BUHUKAM 1 npoLecu,
CNpPAMOBaHi Ha BUXMBAHHA W MiABULEHHA CTINKOCTI Giono-
riyHMX cuctem. Lle mexaHi3mun aHTUCTapiHHA. Bneple Ha Hux
3BEPHYB yBary BUAATHN yKpaiHCbKMI yueHun B. B. ®ponbkic
(1924-1999). Y yomy cyTb aganTauiniHO-perynaTopHoI rinoTe-
3u cTapiHHA OponbkKica?

CTABJIEHHA
Bionoria + NleHeanorif. YcnagKyBaHHA O3HaK Yy NIOAVIHN
CnHpakTunia y NIogWHN € Bafolo PO3BUTKY |
N CNagKoBMM 3axXBOPKOBAHHAM, WO XapaKTepu- 1._|_<2)

Hir. PO3BMBaETbCA BHACIAOK NOPYLUEHHA 3aru-
6eni KNiTUH, 3aBAAKN YoMy B HOpMi flocaraetbea Il
po3AineHHA nanbuis. A AKMIN TUN YCNaAKyBaHHA

Yy L€l 03HaKn?

3Y€ETbCA NMOBHVIM UM YAaCTKOBVM 3POLLEHHAM MiX ' ‘ é
coboto fBoX i bGinblue cycifHix nanbLiB pyk abo I Ty 5|7 5 Ak
3 4

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO
1. Wo Take cTapiHHA KNiTMH? 2. HaBeaiTb NprKnagn o3Hak CTapiHHA KNiTuH. 3. Lo
1-6 |Take anonTto3? 4. LLlo Take Hekpo3? 5. HaBediTb NPUKNaAM YMHHUKIB, WO NOPYLLY-
10Tb KNITUHHUI LMKA. 6. Ha3BiTb OCHOBHI HAaCNiAKMN NOPYLUEHHA KNITUHHOTO LIMKIY.

7. AKi 03HaKM cTapiHHA KNiTNH? 8. YoMy KNiTUHU ruHyTb? 9. AKi NpUYMHM i HacnigKKn

7-9 .
nopyLueHb KNiTMHHOTo LuKy?

10 - 12 | 10. O6rpyHTYINTE CyAKXEHHSA NPO BMNB CMOCOBY XKUTTA Ha NPOLLEC CTapPiHHA NIOAUHN.

§ 58. CTapiHHA Ta cMepTb KNITUH
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Pak - He 8UpOK, a 0iazHO3 3aX80PHOBAHb.
Bucnie medukis

§ 59. OHKOJ1Or'4YHI 3AXBOPIOBAHHA TA OHKOrEHHI
YAHHUKN

OCHOBHi NOHATTA 1 Kn4voBi TepmiHn: OHKOJIOTYHI 3AXBOPHOBAHHA.
OHKOreHHi YMHHUKW. NMpo¢inakTnka OHKONOriYHNX 3aXBOPIOBaHb.

MpurapanTe! Lo Take 3axBoptoBaHHA?

'\ HoBuHN HayKn

Y KUBIii NPUPOAi € TBaPUHU, AKI Ma>Ke He XBO-
pitloTb Ha pak. [lna npuknagy AOCUTb YacTO Ha3MBalOTb
CNOHIiB. YoMy X CIOHM He BPa3fvBi 4O OHKOJMOFiYHMX 3a-
XBOpPIOBaHb? B iXHbOMY reHOMi HafBHi reHu, WO BUABNATb
YWKOOXKEHHA | BMUKaOTb MeXaHi3mMn anonTosy. Y noguHn
Leln reH HafABHUI B €4MHOMY €K3eMMAApi, B TOM Yac AK Yy
cnoHiB ix € 20 Konin. LLlo Take OHKONOriYHI 3aXBOPIOBaHHA
Ta AIKa POJib FeHIB Y IX BUHUKHEHHI?

3MICT

flka ponb reHiB y BUHMKHEHHi OHKOJNOTiYHMX 3aXBOPIOBaHb?

OHKOJIOTI4YHI 3AXBOPIHOBAHHA (Big rpew. OHKOC — MyXWHa i J1020C — HayKa) —
ye cnaodkosi NopyweHHs, ujo 3yMo8JieHi N0ABOIO 8 Op2aHi3mi 3MiHeHUX (mpaHcgopmo-
8aHUX) comamuyHux KaimuH. Lli xBopoby cynpoBOAXKYOTbCA YTBOPEHHAM MyXJINH
fobposkKicHoro (ageHoma, naninoma, ninoma) abo 3n0AKiCHOro (pak, capkoma, age-
HOKapLuHOMa, Nnimdoma) xapaktepy. OHKO3aXBOPIOBAHHA — Lie Apyra 3 OCHOBHUX
NPUYUH CMEPTHOCTI Y CBITi NicnA cepueBo-CyaAMHHUX. HarinowmnpeHiwmmmn oHKono-
FMYHUMU 3aXBOPIOBAHHAMU € PAK JieeHb, MOJIOYHUX 3a/103, hepedMixyposoi 3a103u,
mo8ecmoi KUWKU, WKipu, 1eUKo3.

TpaHcdopMOoBaHi KNITUHU XapaKTepur3yTbCA HU3KO OCOONUBOCTEN: Hepery-
NbOBaHUN 6e3MEXHUIN PICT, HEKOHTPONbOBAaHWUI Nodin, nopyleHHs audepeHuialii,
30aTHICTb fo iHbINbTpaLii (BpOCTaHHA B HABKOMMILHI TKAHUHN) Ta 3HULLEHHSA CYCifHiX
HOPMasnbHUX KNiTVMH, MOXNMBICTb MirpyBaTyi NO OpraHi3my 1 yTBOpBaT! Memacma-
3U — BTOPWMHHI KOJIOHIT B opraHax i TKaHnHax. B opraHiami TBapuvH 1 NOANHN TpaH-
chopmaii 3a3Ha0Tb HAMGINbLIOK MiPOIO KNITUHK eniTenianbHNX TKAHVH.

MepeTBOpPEHHA HOPMaNbHUX KNiITUH Ha TpaHCGOPMOBaHi BU3HauaoTbCA 3MiHAMU
2eHig, BIANOBIJanbHWX 3a perynsauito KNiTMHHOro LuuKny, audepeHuialii Ta 3anporpa-
MOBaHoI 3arnbeni KnituH. Kpim myTauin y TpaHchopMoBaHUX KNiTMHaX BigbyBaloTbCA
1 3MiHW eKcnpecii AeAKux reHis. [eHn, NpuYeTHi 1O PO3BUTKY OHKO3axBOpPIOBaHb, 3a-
3BMYaN NOZINATb Ha TPY FPYNM — MPOTOOHKOIEHW, aHTUOHKOT€H W Ta reHN-MyTaTopu.

lMpomooHKozeHU — reHun, HopManbHa GYHKLIA AKX NONArae B CTMMynAuii nogi-
Ny KNITUHW Ta NPUrHiYeHHi anonTo3y. [lo ui€i rpynu BiAHOCATb TaKOX reHw, Wo CTu-
MYJIOI0Tb MPOPOCTaHHA CyAMH B opraH abo TKaHuHy. MyTaLii uux reHis cTumynioTb
PO3BUTOK HOBOYTBOPEHD, i NPY LibOMY BOHV NEPETBOPIOOTLCA HAa OHKO2eHU. AHmu-
OHKO2eHU, abo 2eHU-cynpecopu NyxyviH, — FeHW, HopMmasibHa GYHKList AKUX NONAraE B
3aTPMMaHHI NpoueciB NOAINY KNiTMH Ta akTMeauii anonto3sy. [1na po3BUTKY HOBOYTBO-



peHHA B OinblIOCTi BUMNaAKiB NoTpiOHa iHaKTMBaLiA 0box anenis reHis. leHu-myma-
mopu — reHu, HopMasnbHa OYHKLiA AKUX NONAra€ B NiATPUMAaHHI UiNiCHOCTi reHomy.
IxHsa iHaKTUBaLiA yHACNiAOK MyTaLlill € TPUYMHOIO 36iNbLIEHHA YAaCTOTV MyTauin 6yab-
AKWX FeHiB, y T. 4. MPOTOOHKOrEHIB i reHiB-CynpecopiB.

OT>e, BAHUKHEHHA Ta PO3BUTOK OHKOMOFiYHMX 3aXBOPIOBaHb NMOB'A3aHi 3
JiANbHICTIO MPOTOOHKOrEHIB, OHKOreHiB, aHTMOHKOIEHIB i reHiB-MyTaTopIB.

AKi YNHHMKN CNPUYNHAIOTL OHKOJOTiYHi 3aXBOPIOBaHHA?

OHKOreHHi YMHHMKN - Y€ YUHHUKU, WO MOXymb CNpU4YUHAMU abo npuckopio-
8amMu po38UMOK HOBOYyMBOpPeHHA. BOHN MOXyTb NpM3BeCTM A0 HE3BOPOTHOI il abo
NOLUKOZMXEHHA B TUX YaCTMHaAX reHETUYHOro anapary, Wo 34iNCHIOTb KOHTPOMb Haj
COMATUUYHUMU KNITUHAMW.

MpuYunHamy 3MiH reHiB i PO3BUTKY HOBOYTBOPEHb MOXYTb OYTV 30BHILUHi Ta BHY-
TPILWHI, NPUPOAJHI N aHTPOMOTreHHI, HEOPraHiYHi N opraHiuHi YNHHMKKN. Bnn3bko 80 %
yCiX BUNafKiB OHKO3aXBOPOBaHb BUHUKAOTb NifJ Ji€0 30BHILIHIX XiMIUYHMX, Gi3NUHKX
1 6ioNOriYHNX KOMMOHEHTIB CepefloBMLIa i MAlOTb BUMAAKOBUN (CNopaanyHuiA) Xa-
pakTep (Hanpuknag, TpaBmaTu3aLif WKipU N CNM30BMX 0O0NOHOK). [1o BHYTPILLHIX
UNHHUKIB, WO CNPUAIOTb PO3BUTKY OHKOJIOMYHMX 3aXBOPIOBaHb, HaneXaTb reHeTny-
Ha CXWIbHICTb, MyTauil, NOPYLIEHHA IMYHHOT CUCTeMM Ta BiANbHOCTI eHOOKPUHHUX 3a-
J103 TOLLO, WO € NPUYKHOI 6113bKOo 20 % OHKOXBOPOO.

3a npiopuTteTHicTio Hebe3neKn Ha NepLoMy MicLi Ha3nBaloTb XiMiYHi OHKO2eHHi
YUHHUKU (6eH3nipeH, HITPO30CMNONYKN, BaXKKi MeTanu — Hikeflb, XpOM, MULL'AK, Kaj-
Min, 6epunii, KobanbT, CBUHeLb, fiokcUHWM). Li XimiuHi cnonykn noTpannsaTb fo op-
raHiamy JIIOAMHY Pi3HUMM LWAAXaMU: Yepe3 NOBITPA (Hanpuknag, Npu BAMUXaHHI nuay
i3 a36ecTy abo TIOTIOHOBOrO AMMY), TPABHUI KaHan (HanprKnag, HiITPO30CNonyKu, Lo
YTBOPIOIOTLCA MNif Yac CMaKeHHA M'Aca, BXMBaHHA afIkoroso), Kpisb WKipy (Hanpu-
Knag, NpoAyKTW ropiHHA nanvea).

QDi3ud4HUM OHKO2@HHUM YUHHUKOM € WOHi3yloue BUMPOMIHIOBAHHA. 3acTocy-
BaHHA PEHTreHiBCbKOrO BUMPOMIHIOBAHHA B MeAULMHI 36iNblUUIO 3arpo3y pusmnKy
nif Yac oOCTeXXeHHA Ta NiKyBaHHA, TOMY iCHYIOTb CyBOPI NMOKa3aHHA 4O NPOBeLeHHA
peHTreHorpagdii. YnoTpadionetoBe onpomiHeHHA B HaAMipHUX J03aX CNpUAE pPo3-
BUTKY paKy LWKipu i menaHomu (0cobnmBo y Ginowkipnx g Gt U i S
i pyaoBonocux nogen). Py N

[lo 6iono2iyHUX OHKO2eHHUX YUHHUKI8 HaneaTb
Bipycu, 6akTepii (Hanpuknag, renikobakrep ninopi), poc-
JIVHHI ankanoign, MiKoTOKCUMHM (Hanpuknag, adnaTokcu-
HU UBineBuUx rpubis), MapasnTUYHi TBApUHU. Bipycu, wo
CMPUYMHAIOTb HOBOYTBOPEHHA, Ha31BaloTb OHKOBIpyca-
Mu. [lo i€l rpynn Hanexatb peTpoBipycy Nenkomu fo-
OVIHW, afeHOoBipycn capkoOMMW, MamnoBaBipycu naninom,
repnecBipycu paky WNNKM MaTKK Ta iH. OHKOreHHi Bipycu
TpaHCHOPMYIOTb 3aparkeHy KNiTUHY 3a paxyHOK OHKore-
HiB, HaABHWX y reHoMi Bipycy. [lo OCHOBHMX iHdeKLil, Wwo
iHILilOIOTb OHKOMNOTiYHI 3aXBOPIOBAHHA, HaneaTtb Bipycu
naninomun noauHu, renatuty B i C. Lli Bipycn HavacTiwe

In. 133. Maninoma i
BipyC nmaninomm
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BiANOBIAaNbHi 33 pakK WWAKN MaTKK, WAYHKa Ta neyiHkuy (1. 133). NpuynHamu oHKo-
NOTIYHKX 3aXBOPIOBAHb MOXYTb Oy T 1 renbMiHTK. Y pasi WmMcTocomaTosy (MPUUNHOL0
€ KPOBSAHi CMCYHM) B CEYOBOMY MiXypi 1 MPAMIN KULILi HepiAKo yTBOPIOWTbCA nani-
NOMMU i KapLMHOMM, OMNICTOPX03Y (MPUUYMHA — KOTAUYUI CUCYH) — YacTO PO3BUBAETHCA
paK neviHKun.

OT)Xe, BUHUKHEHHA TPaHCHOPMOBAHOI KNITMHY | HAABHICTb YMOB
AnA il PO3MHOKEHHA B OPraHi3mi BM3HaYalTbCA A€ 30BHILLHIX
i BHYTPILIHIX OHKOFeHHUX YMHHUKIB

Aki 3axoan npodinakTUKN OHKONOTiYHNX 3aXBOPIOBaHb?

MpodinakTka oHKO3axBOpIOBaHb — Ye KOMNJIeKc 3axo0is, CNpAMOBAHUX HA NO-
nepeodxeHHs 3aX80PBAHb MA YCYHEHHA YUHHUKI8 pu3uKy. OCHOBHUM YMHHUKOM, L0
3YMOBJIIOE PO3BUTOK OHKOJIOTIYHUX 3aXBOPIOBaHb, € CTapPiHHA. 3 BIKOM 36inbluyeTbCs
MMOBIPHICTb BUHVKHEHHS OHKOKNITVH i nocnabneHHa GyHKLii iMyHHOI cucTemu. binb-
LWiCTb OHKO3aXBOPIOBaHb PO3BKBAIOTHCA B OCIO CTapLUMX 3a 55 POKiB, TOMY A1 L€l Bi-
KOBOI KaTeropii 0co6/1MBO BaXKNMBO 3BepPTaTh yBary Ha NoABY HE3BUYHWX CUMMTOMIB
i perynapHo o6cTexyBaTumcs.

3HauHy ponb Y PO3BUTKY OHKOJIOTIYHOIO 3aXBOPIOBAHHA Bifirpae cnagKoBiCTb:
3a HasIBHOCTi OHKOJIOTiYHOI naTosiorii y 6aTbKiB, 6paTiB Ta cecTep pU3NK BUHUKHEHHS
TaKOro CaMoro 3axBOploBaHHA NiABMWYETbCAY 1,5 — 2 pa3n. Y po3BMTKY OHKOMOTMYHOT
NaToslorii Ma€e 3HaYeHHA paLioOH XapyyBaHHSA, WO MICTUTb BEINKY KiNbKiCTb TBAPUH-
HWX XWPiB, CONi, BYrNeBOAiB, KOHCEPBaHTIB ab0 XiMiuHUX GaPBHMKIB, BXKMBaHHA KOM-
YeHOl, KOHCEPBOBAHOI, CMaXeHOoI iXXi. KopeKuia CTUI0 XUTTA Ta 3MEHLEHHA BNJINBY
UMHHUKIB PU3UKY 3HMXKYIOTb IMOBIPHICTb 3aXBOPITM Ha pak Npu65n3Ho Ha 40 %.

Y 6araTbox BMMNagKax pak MOXKHa nonepeanTt npodinaktmuyHnumm 3axogamu. Mo-
pagu ayxe npocTi. [oTpi6HO BiAMOBUTUCSA Bif KYPiHHS, BXXMBAHHSA afIKOTOJIbHUX Ha-
MoiB, perynapHo 3anmatmca ¢Gi3nyHo KynbTypoto 1 NigTPYMyBaTh HOpManbHy Macy
Tina. TakoX NoTPiOHO NPaBUAbHO XapuyBaTUCA, BXMBATN OBOYI, GPYKTH, KIITKOBUHY,
06MeXNTN BXMBAHHA KOHCEPBIB, KONYEeHUX CTpaB, KoBbac, cocmcok. Kpale 3'ictn
LUIMaTOYOK BigBapHOro m'aca. CMaXkutu CTpaBU He peKOMEHIYETbCA, OCKINbKY Mifg Yac
CMaXkeHHs BUAINATbCA KaHLEepOreH; Kpalle Baputy abo Tyl KyBaTu. 3giicHIONTe
npodinakTuky iHPeKUinHNX XBOPOO, 3axuLiaiTe WKipy Bif ynbTpadioneToBOro Bu-
NPOMiHIOBaHHA i NpoxoabTe NpodinakTUyHI ornaau. AKLWO JOTPUMYBATUCA LUX NPO-
CTUX nopap 3i 30POBOro cnocoby XWTTA, TO MOXHa BifUyTHO CKOPOTUTU PU3MK
3axBopiTu.

OTXe, HaM3aranbHiWNMK 3axofamn NPodiNakTUKN OHKO3aXBOPIOBAHD €:
1) opraHi3auia npaBUIbHOrO XxapuyBaHHA; 2) BigMOBa Bif WKiAANBUX
3BMYOK; 3) MO3UTUBHI eMoLil; 4) aKTUBHUI CMOCIO XUTTS;

5) npodinakTnyHi ornagun.
@ DIANIbHICTb
W‘ CamocrTiiiHa po60Ta Ha 3icTaBneHHs

MixxHapoOHuli Knacugpikamop xeopo6 € 3aranbHONPUNHATOW Knacudikauieto
ANnA KofyBaHHA MefMUHUX 3axBOploBaHb. Knacudikatop cknagaeTtbca 3 21 posginy,
KOKEH 3 SIKUX MiCTUTb NiAPO3AiNM 3 Kofamu XBopob i CTaHiB. 3icTaBTe Ha3BM 3anporno-



HOBAHVIX 3aXBOPIOBAHb i3 pO3AinamMuy MiXkHapogHOro Knacudikatopa xsopob. 3a ymo-
BM NpaBWIbHMX BiANOBiAeN OTpUMaETe iM'a NikapA, AKAM ynepLue Ha3BaB 3/10AKICHY
NyXJnHY KapunHOMOIO (Bif rpeL. KapyuHoc — Kpab). [loBefiTb 3B'A30K HOBOYTBOPEHb

3 iHWUMK 3axBOPOBaHHAMM NOANHN.

HoBoyTBOpeHHA

A TacTpuT, naHKpeaTuT

Mapa3uTapHi 3aXBOPIOBaHHA

' MenaHoma, nenkos

XBOpO6M KPOBI

I EHTepob6io3, onictopxo3

XBOpPO6YM eHOOKPUHHOI CUCTEMY

K Katapakra, rnaykoma

XBOpOo6Y HEPBOBOT CCTEMM

O MeHiHriT, eHyedanit

XBOpOO6U OKa

M, AHemifa, meTremornobiHemis

XBOpPOO6U OpraHiB fUXaHHA

N, Llykposuii giabert, rineptupeos

XBOpO6M OpraHiB TpaBAeHHs

P ®apwuHriT, nHeBMOHIA

W O NG Wnh WIN | =

XBOpOoO6W LWKipn

T Bituniro, gepmatnTn

bionorisa + NMcuxonoris. Cnoco6u 60poTb6M 3 HeraTUBHNMU emMmoLiAMN

JlioguHa, AKa XuBe 3 MNO3UTUBHUMU
emouiasMn 1 fyMKamu, He CXWibHa [o 3a-
XBOPIOBaHb. [ly>ke BaXN1By poJsib y npodi-
NaKTULi NYXKH BiAirpaloTb came onTuMi3m
M YMiHHA CNPaBnATMCA 3i CBOIM HEraTUBHM-
MW eMOoLiiM/ B Pi3HOMAHITHUX CTPECOBUX
cuTyauinx. A AKMMM € OCHOBHI cnoco6u 60-
poTbOU 3 HeraTMBHMMU eMoLiAaMIA?

CTABJIEHHA

Bionoria + CycninbcTBO. BcecBiTHill AeHb 60poTb6M NPOTU paKy

Llen geHb Big3HauyaloTb WOPIYHO 4 ko

TOI0 MPOBeAEeHHA 3aXO[iB y Uen AeHb € NiaBuLeH-

HA 006i3HAHOCTI WOAO OHKOJIOTIUHUX 3aXB
Bigomo, o0 BUHUKHEHHIO Malixke 50% Lnx

BaHb MOKHa 6yno 6 3anobirTi 3a 4ONOMOrow HOpPM
340POBOI MOBeAiIHKN. AKNMU € Lii HOPMU NOBERIHKIN?

Toro. Me-

4 atomozo -
OPIOBaHb.  @egcaimuiii dens
3axBoplo- bopomsbu npomu
paxy

OuiHiTb BaxknuBicTb MNPOdINAKTUKN OHKONOTIUHMX

3aXBOpPIOBaHb.

PE3YJIbTAT

3aBAaHHA AnA CaAMOKOHTPOJI0

NPodiNakTMKN OHKO3aXBOPIOBaHb.

1. LLlo Take oHKONOriYHi 3axBOPIOBaHHA? 2. HaBediTb NprKnaam OHKO3axBOPIOBaHb.
3. LLlo Take OHKOreHHi YNHHMKIN? 4. Ha3BiTb OCHOBHI rpyny OHKOFeHHUX YNHHUKIB.
5. o Take npodinakTnka oHKo3axBopioBaHb? 6. Ha3BiTb Hal3aranbHiwi 3axoau

7-9

7. AKi reHn 6epyTb yuyacTb y PO3BUTKY OHKO3axBOptoBaHb? 8. AKi YAHHUKM cnpuym-
HATb OHKO3axBoptoBaHHA? 9. AKi 3axoamn NpodinakTUKM OHKO3axBOPOBaHbL?

10-12 | 10. OuiHiTb BaXnuMBicTb NpodinakTnk

1N OHKONOTIYHNX 3aXBOPIOBAHb.
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Melio3 — ye «<3MeHWeHHs», 6e3 AK020 HeMOoXK/1uge «36i/IbLUUeHH».
OO0uH i3 6ioso2iYHUX napadokcie

§ 60. MENO3. OCOBJINBOCTI TAMETOTEHE3Y B JIOAUHW.
CTATEBI KNITUHWU

OCHOBHi NOHATTA i Kno4oBi TepmiHn: MENO3. TAMETOTEHE3. CTATEBI
KNITUHWN.
MpuraganmTte! Lo Take cTaTeBe PO3MHOMEHHA?

X 3HaiiomTecs!

OfHUM i3 3aranbHUX 3aKOHIB PO3BUTKY € 3aKOH €AHO-
cTi Ta 60poTHO6Y NpOTUNENKHOCTEN: KOXHUU npedmem, AsUWe,
npouyec € cynepeysiugoro eOHicmio npomusexHocmed, Wo 83aEMo-
NpoHUKarme, nepexodsame 0OHA 8 OOHY, nepebysdrome y CmMaHi
€0HoCcmi G 6opombbu. Yn cnpaBeanvBUIA 3aKOH AfiA Melo3y Ta ra-
MeToreHesy?

3MICT

flke 3HaYeHHA meno3y B 36|nbu1eHHi 6iop|3HomaH|TTﬂ opraH|3M|B7
MEO3 (Big rpeu. meliosis — 3meH-

LEHHS) — ye nNoOin eykapiomuyHUX KAimuH,

8HAC/IOOK AKO20 yMBOpPIOMbCA 00YIpHI KJli-

MUHU 3 y08i4i MeHWUM Habopom XpOMOCOM.

3HaueHHA Meno3y nondArae y nigTpumui cTa-

6iNbHOCTI XPOMOCOMHYX HabOoPIB, Lo 3a6e3-
reuye cnaokogicme, Ta B CTBOPEHHI HOBUX
cnonyyeHb 6aTbKIBCbKUX M MaTEPUHCBKUX
reHiB, WO cnpuAae miHausocmi. Meno3 mae

HM3KY 0COONMBOCTEN, WO BifPi3HATb Oro In. 134. Cxema Mmelio3y:

Bif iHWIMX cnocobiB noginy KniTvH, a came: meino3s | (1) i menos Il (2)

+  BiAbyBaeTbCA Y 2 NOCNIAOBHI eTanu — Melio3 | Ta Meino3 Il, KOXHWIA 3 AKNX CKnaaa-
€TbcA 3 4 ¢pa3: npodasn, metadasu, aHadpasu i Tenodasu (in. 134);

+  Ha neplomy eTani Mero3y PO3NOAINAITbLCA FOMOJIOTiIYHI XPOMOCOMM 3 YTBOPEH-
HAM rannoigHoro Habopy XpPoOMOCOM, TOMY Lieil NOAiN Ha3nBaloTb peayKUinHUM
(Meln03 1); 3MeHLLIeHHs KiNlbKOCTi XpOMOCOM YABiUi 3abe3neuye MOXKNUBICTb NOEA-
HaHHA KNiTUH i BIAHOBNEHHA HOPMaJIbHOro AUMIOIAHOIO KapioTuny;

«  CTaH cnagkoBol iHGopMaLUil NicnsA Neplworo noginy BXxe BUAO3MIHEHU 3aBASKN
pexkomGiHayii JHK, wo 3abe3neuye nepepo3nofin reHeTn4Hol iHGopmauii Ta
BUHWKHEHHA HOBUX KOMOiHaLil reHis; pekombiHauia JHK mix romonoriuHumun
XPOMOCOMaMu € OHMM i3 BM3HavanbHUX NpoLeciB 36iNbleHHA CNaKoBoi pi3-
HOMAHITHOCTI O3HaK;

+  HaApyromy etani po3xofAAaTbCA XPOMATUAN FOMOJIOTIYHMX XPOMOCOM, TOMY NOAiN
HA3MBAETbCA eKBaLiHUM (Menos3 II);

«  3araibHYM pe3y/bTaTOM MeNo3y € YTBOPEHHA KMITUH 3 ranjioigHuM Habopom
XPOMOCOM i Pi3HMMMK KOMOIHaUifMK reHiB; came Ui KNiTMHU 6epyTb yyacTb Yy 3a-
NAigHEHHI 1 cTaTeBOMY PO3MHOMEHHI, AKOMY XMBa NpUpPoAa 3aBAAYYy€E CBOIM pi3-
HOMaHITTAM.




OTXXe, Meno3 € KUYOBMM MexXaHi3MOM CMafgKoBOI MiHAMBOCTI, WO NpuTa-
MaHHUI YCiM OpraHiamam, AKMM BfIaCTUBE CTaTEBE PO3MHOMEHHS.

Aki oco6nuBocTi rameToreHesy B nognHA?

FTAMETOTEHE3 - npoyec ymgopeHHs Ui 003pieaHHA cmamesux KiimuH. PO3BUTOK
rameT y NOAUHY BifOYBa€ETbCA B AEYHMKAX | CiM'AHMKAX A€YOK. MpoLecn yTBOPEHHsA
YONOBIYMX 1 KIHOUMX FrameT € MOCNifOBHMMM 11 BifOyBaloTbCA ynNpoaoB cmaditi pos-
MHO>XeHHsA, pocmy, 003pi6aHHA I hopMyBaAHHA 3 NEBHMU OCOBNNBOCTAMM.

Ta6nuus 8. MOPIBHAJIbHA XAPAKTEPUCTUKA PO3BUTKY
HONOBIYUX | KIHOYUX TAMET
Crapgis CnepmaroreHes OBoreHes
B embpioreHesi 3 yTBOpeHHAM

Po3mHoOXeHHA B embpioreHesi 3 yTBOpeHHAM OBOTIOHiiB
crnepmMaToroHiis
Y ctateBO3pinomy Bili 3 yTBO- . . .
. B embpioreHesi 3 yTBopeHHAM OBOLTIB
Pocty peHHAM cnepmaTouuTiB I-ro

NopAAKY |-ro nopagky

MourHaeTbcA B embpioreHesi i Npoaos-
»KYETbCA 3 HACTAHHAM CTaTeBOI 3PiNoCTi.
Mel103 HepiBHOMIHWI 3 YTBOPEHHAM OBO-
uuTa ll-ro nopAagKy Ta HenoNAPHUX Tineub

Y cTaTeBO3pinomy Biui 3 yTBO-
[o3piBaHHA peHHAM cnepmaTna. Meno3s
piBHOMipHWIA

Y ctateBo3pinomy Bili 3 yTBO-

. Hemae
PEHHAM CrepmaTO300HiB

DopmyBaHHA

Y piBuaToK [0 7 mMicAuA embpioreHesy yTBOPIOETHCA 6/IM3bKO 7 MiNbAOHIB OBOrO-
HiiB, ane pani 6inbLWicTb i3 HXX 3a3HAaE anonTo3y; y HOBOHAPOXKEHOT AiBUNHKN 3ann-
WwaeTbca 6nusbko 400 000 osouuTiB I-ro nopagKy. [lani BOHM BCTynaTb B npodasy
Meno3y, i NoAiNn 3ynnHAeTbeA. lMig yac ctateBOro 4o3piBaHHA NePBUHHI OBOLUTY NPO-
JOBXYIOTb MENOTUYHWUI NOZIN, CTaloTb BTOPMHHUMM OBOLMUTaMU | NOYNHAIOTb BUBIMb-
HIOBATNCA OANH 3a OJHUM, Y npoueci oBynAuil. OfgHaK 3aBepLlUeHHA Meno3y B IIOANHN
BifOyBaEeTbCA BXe nmicna 3annigHeHHsA. MNepexig oBoUNWTIB y CTafito fJo3piBaHHA NPO-
[OBXY€ETbCA YNPOAOBK YCbOro penpoayKTMBHOrO nepiofdy i 3a3BmMyai 3aKiHUyeTbCA
Ha 45 — 50-my poui Xu1TTA.

Y 4yonoBivyOMy OpraHi3mi, Ha BigMiHY Bifj >KiHOUOrO, yTBOPEHHA raMeT NOYNHAETb-
CA NiCNA HaCTaHHA CTaTeBOI 3PiNOCTi N MPOJOBXKYETbCA A0 CTAPOCTI.

OTxe, oBOreHes BiApPI3HAETbCA Bif cnepMaToreHesy 3aBepLueHHAM cTagii
PO3MHOXEHHA LWe B eMOpioreHesi Ta BiACyTHicTIO cTagii popmyBaHHS.

Yomy uonoBgiui Ta XiHoui rameTu pi3sHATbCA MiXK co6010?

CTATEBI KNNITUHU (rameTn) — ye K1imuHuU 3 2anJ10iOHUM HA60POM XPOMOCOM, AKi
BUKOHYIOMb (hyHKUitO hepedadi cnadkosoi iHghopmayii 8i0 0cobuH 6ameKigcbko20 no-
KOJTIHHA HAWaokam nio 4ac cmamesozo PO3MHOXEHHH.

Yonogiui rameT Ha3nBaloTbCA criepmaTo3ooHamu. Lle 3pe6inbworo pyxnusi
KNITUHK, AKI BUKOHYIOTb TaKi yHKLUIT: 1) nepefatoTb NONOBUHY cnagkoBoi iHpopma-
Lii Big 6aTbKiBCbKOro opraHiamy; 2) 3abe3neuyioTb akT1BaLito NpoueciB ANLEKTITUHN
nicna il 3annigHeHHs; 3) BHOCATb B ANLEKNITUHY LeHTpioni Ana opraHisadii ii nogi-
nis. OyHKLii cnepMaTO300HIB 3yMOBIIOOTb iXHi BUAOBXEHY dopMy, ApibHI po3mipu
" cneundiyHy 6ynoBy. Po3mipn 4onoBiuMx rameT y NIOAMHN KONIMBAIOTbCA B Mexax
50 - 70 mkM. HopmanbHi cnepmaTo300HM MaloTb FOSIOBKY, MPOMIPKHY YacTUHY i
XBicT (1. 135). fonoska mMicTUTb ARPO 3 ranoigHM Habopom xpomocom (22A+X abo
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22A+Y), TOHEHbKMI Wap LUTONAA3MU i akpoco-
My 3 depmMeHTaMun Afis po3LensieHHsA 060I0HOK
oBouunTa. Y wulyi MiCTATbCA ABI LleHTpioni, ogHa
P 3 AKNX PO3POCTAETLCA N YTBOPIOE OCbOBY HUTKY.
IHWa yeHTpioNna 3aNnIIAETLCA Nig ALPOM i pa3om
i3 HUM MOXe NPOHUKHYTU B ANLEKNITUHY. [Ipo-
MIXHG 4acCmMuHA MiCTUTb MITOXOHAPIT Yy BUrNAgi
cnipanbHoi HUTKK, ATO Ta rnikoreH Ansa pyxis
KNiTuHW. Xgicm ma€ anapat 3 20 MiKpoTpyb0oUOoK,
AKi 3a0e3neuyoTb NepemillleHHA KNiTWH 3i WBng-
3 KicTio 6nm3bKo 50 MKM/C.

ANUeKNiTUHM — XiHoui cTaTeBi KniTUHW. Lle
30e6inblworo HepyxnuBi KNiTUHK, WO MalTb Ky-
nacty GopmMy AnA Kpaworo nepemilieHHsa da-
nonieBuMU Tpyb6ammn 1o mMatku. [na AnueknitmH

1 - ronoeka; 2 - Npomixkda BRacTuBi Taki GpyHKUii: 1) nepegaBaHHA cnagko-
YaCTUHa; 3 — XBOCTOBA YaCTUHa; . . .
4 - aKpOCOMa: 5 — ALPO; BOI iHbopMaUii Bif MaTepMHCbKOro opraHismy;
6 — LeHTpioni KNITUHHOIO LEHTPY; 2) ynopaaKyBaHHA NpoLeciB 3annigHeHHs; 3) Ha-
7 - WWIKa; 8 — MITOXOHAPIA KOMWUEHHA 3amaciB MOXWUBHUX PeYoBUH ANA
cripanenopi6Ha; 9 - MikpoTpyGoKki PO3BUTKY 31UroTn. Yepes Te ANLEKNITUHN MalOTb
3HaYHO Ginblli PO3MipK, HIXK CNEepPMaTO300HMU.
Tak, giameTp ANUEKNITUHN NIOAUHN CTaHOBUTb
130 - 200 mKM. Y ntoanHM B 3anfigHeHHi 6epe
yyactb oBouuT Il nopAagky (in. 136). 3308Hi 0BO-
UWUT BKPUTUIA pOsTiKyAAPHOI 060/I0HKOK, WO
YyTBOpPEHa Le KNiTMHamu aevHuKka. QonikynapHi
KNiTVHW YTBOPIOOTb BOPCUHKY, WO GOPMYIOTb
npomeHucmul 8iHeyb Ta O6/IUCKYYY OOOJIOHKY.
3aranom 060NOHKM BUKOHYIOTb 3aXMCHY, MOXNMB-
Hy Ta 6ap’epHy ¢yHKuii. Mg Heto po3TawoBaHa
naasmamuy4Ha Memopaxa, a fasni KopTUKanbHNIA
wap i3 rpaHyn. Liutonnasma AanueknitTmMHn Hasn-

0 NO

In. 135. Cxema 6ynosu
CnepmMaTo300Ha:

In. 136. Cxema 6ynosu osoumTa Il no-

oo o pAaKy B noguHmn: 1 - agpo;
BA€ETbCA 0BONJIA3MOIO | MICTUTb BENVIKY KiNlbKICTb 2 — ENC; 3 - oBonnasma; 4 — miTo-

YKOBTKOBMX BKJIOYEHb, 6GaraTo MIiTOXOHAPIN, XOH[pIf; 5 — KoMnneKc fonbai;
pubocom, po3suHyTi EMNC n komnnekc fonbaxi. 6 — XXOBTKOBI BK/IIOUEHHSA; 7 — KOp-
A9po nexwnTb B QiNAHL, BINbHIiA Big uuTONNasmy, — TWK/IbHI rpaHynw; 8 — nnasmatniHa

MemMbpaHa; 9 — 65McKyya 060M0HKa;
10 - donikynapHa ob6onoHKa

OT1xe, ocobnmsocTi 6ygoBu, XimiyHOro cknagy Ta mpouecis
XKUTTERIANBHOCTI raMeT BM3HAYaTbCA IXHIMU dYHKLiAMN.

i Ma€ rannoigHuit Habip xpomocom (22A+X).

Tema 4. PENPOAYKLIA TA PO3BUTOK

BIANIbHICTb

%//‘ JlabopartopHa po6ota 3

BuBueHHsA 6yf0BuY cTaTeBUX KNIiTVIH NIOANHN
Meta: o3HaioMUTUCb 3 OCOGMMBOCTAMU OYyAOBU CTAaTEBUX KAITUH JIOOQUHN;
3aKpinuTK 3HaHHA NPo Gy[OBY raMeT NIIOAVHUN Y B3aEMO3B'A3KY 3 IXHIMU QyHKLiAMY;
3aKpPIiNUT HaBUYKM POBOTU 3 MIKPOCKOMOM.
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O6napgHaHHA: MiKPOCKOMKW, MiKponpenapaTtu, efnek-
TPOHHO-MiKpOCKoNiuHi poTorpadii ANLEeKNiTUH i cnepma-
TO300HIB, ANAAKTUYHI KapTKK 3i cxemMamuy 6yaoBY ramer.

Xig po6otn
1. Po3rnAHbTe OBOUUT NIOAUHW Mif MIKPOCKOMOM, Ha
intocTpauiax nigpyyHrka i 3anponoHoBaHi Mikpodo-

Torpadii. 3amantoinTe B poboUniA 30WNT Ta NiZNUWITb

enemeHT OygoBwM, WO BY IX po3ni3Hanu.

2. Po3rnAHbTe CNepmaTo300HU MOAMHN Mif MiIKPOCKO-
noMm, Ha inCTpaLiax NigpyyYHMKa, Ha 3anponoHoBa-

Hin MmikpodoTorpadii. 3amantolite B poboumnii 3oWnT

Ta NiANVWITh enemeHTn ByaoBK, AKI BU po3ni3Hanu.
3. TllopiBHANTe rameTu NIOANHN | 3aNOBHITb TabNNL0.

MopiBHANbHA XapaKTepucTUKa ANLEKITUH | CnepMaTo300HIB

O3Haku AnuekniTuHn CnepmaTo300HM
Habip xpomocom
OcobnusocTi 6ynosu
[e yTBOptotoTHCA?
Po3mipn
Dopma
[MoX1BHi peyoBMHMU
3paTHICTb A0 PyXy
OyHKUiT
4. CdopmynionTe BUCHOBOK

Po3B’AsyBaHHA BnpaB. Mei1o3

Y agpi NnepBUHHOI CTaTeBOI KNiITUHM MOPCbKOrO XKaka
Mictutbes 3,6 - 1072 mr JHK. Aka maca [IHK micTutumeTbca
B KJIiTUHaX: a) Ha cTadii npodasu I; 6) Ha cTagii npodasu II;
B) B AQpI ANLeKNiTMHY nicna menio3y Il; r) B Agpi cnepmaro-
300Ha nicna menosy |1?

CTABJIEHHA

bionorisa + JlatuHa. Ab ovo

Ab ovo - y pocniBHoMy nepeknagi «3 anuar. CTiikuii ppaseonoriuyHunii 3Bopor,
AKNI 03HAYAE «i3 CAMOro MoyYaTKy». 3aCToCyliTe 3HaHHA NPo 6y[O0BY 1 YTBOPEHHA ra-
MeT Yy NIloANHY Ta JOBeAiTb CNpaBeAnvBiCTb NaTUHCbKOro Bupasy Ab ovo.

PE3YJIbTAT

3aBAaHHA 4NA CAMOKOHTPOJIO
1. Wo Take menos? 2. Ha3BiTb ABa eTtanu menosy. 3. LLlo Take rametoreHes? 4. Ha-
1-6 |3BiTb cTagii rameTtoreHesy. 5. LLlo Take rametun? 6. Ha3BiTb ocobnmsocTi 6yaosu Ain-
LeKNiTUH Ta CNepMaTO300HIB NIOAUHMN.
7. flke 3HaUeHHs Meli03y B 36inblUeHHi 6iopi3HOMaHITTA opraHi3mis? 8. ki ocobnu-
7 -9 | BOCTi rameToreHesy B fitognHn? 9. YoMy 4onosiui Ta XiHOUI rameTn Pi3HATbCA MiX
coboto?
10-12 | 10. MopiBHANTe CTAaTEBI KNITUHW TIOANHN.

§ 60. Mei103. Ocob6n1BOCTi rameToreHesy B noanHW. CTaTeBi KNiTNHM
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JuBo 3apo0xeHHS HOB8020 XUMMS NOYUHAEMbCA i3 3aNJ1IOHeHHS.
Jumsaua eHyuknoneois

§61. CYTb TA BIOJIOINYHE 3HAYEHHA 3ATJIIAHEHHA

OCHOBHi NOHATTA 11 KntouoBi TepmiHun: SAMJTIAHEHHA. 3uroTa.
MpurapanTe! Lo Take 3annigHeHHA?

&

3Hanomrecsa!

«[lepw aHix 6yde yonosik, Mmae 6ymu xnonyuk. [lepw Hix
XJION4UK — 6ys1a OuMuHa, a neped Heto —3apodoK. Bapmo zanuma-
mu G dani, a wo X 6ysno neped 3apookom? [lepwi HUMKU npupoou
Mmaldixxe 3a8X0U NPUXOBAHI, HI6U 8 HiYHIil mempsAsi, U Yepe3 c80t0
MOHKICMb MAK camo He NiOKOPAIMbCA 20cmpomi po3ymy, sK i 20-
cmpomi oka». TUM He MeHLU, ONMpPaKyncb Ha pesynbTaTn CBOIX
Jocnig»KeHb, BUOAaTHUM Nikap i npupogo3Haseub Binbam Mapsen
(1578-1657) chopmyntoaB cBiln Binomuin npuHuun Omne vivum
ex ovo («Bce xuBe 3 anya»).

3MICT

B yomy cyTb Ta GionoriuHe 3HaUeHHA 3anNigHeHHA?

SANNIAHEHHA - npouec 3nummasa 4Yono-
8iyoi eamemu 3 AUUEKTIMUHOIO 3 yMBOPeHHAM
ounsi0ioHoOI 3uzomu, AKa 0A€ NOYAMOK HOBOMY
ope2aHi3my. B OCHOBI 3annigHeHHsA, 3n1UTTA Afep
>KIHOUOI 11 YOJIOBIUOI CTAaTEBUX KJIiTUH, WO AOBIB
we B 1875 p. HimeubKknn 300nor Ockap lepTsir
(1849-1922) Ha OCHOBI goCNiAXeHb 3annigHeH-
HA B MOPCbKOTO KakKa.

3annigHeHHA XapakKTepu3YyeETbCA 3HAYHOI
Pi3HOMaHITHICTIO pi3HOBMAIB. TaK, y CNpaBxHiX
TBAPWUH PO3PI3HAIOTb 308HIWHE N BHYMPIWHE,
y 3efleHunX pO(.ZJ'IVIH — 00UHApHe Ta noat.smHe. :“aa In. 137. 3annigHeHMi OBOLWT Mloav-
y4acTio YONOBIUMX ramMeT y 3arliAHeHHI PO3pPi3- . 1 - nonounTy; 2 — NPOMeHNCTMIA

HATb MOHO- i noslicnepmito. FameTn MOXyTb pi3- BiHeLb; 3 — AQPO CNepMaTo300Ha;
HUTUCA GYAOBOIO, WO 3YMOBJIIE Pi3Hi cnocobu 4 - 6nmckyva 30Ha; 5 — AAPO
CTaTEBOrO PO3MHOXEHHS: i302amis (rameTn 060x osouuTa

OopraHiamiB OHaKOBi 3a po3Mipamun N PyxNnuBi), aHizoeamia (rameT HeogHaKoBi 3a
po3Mipamu i pyxnuBi), 002amis (ANLEKNITUHA BeNIMKa HEPYXJIMBa, YONOBiYa — ApibHa
" pyxnusa) (in. 137).

Mig yac 3annigHeHHA BiAOYBaETbCA 3NUTTA ANLEKNITUHN 1 CMepMaTO300Ha i no-
€[JHAaHHA NuLle ABOX Afep 3 rannoigHMMK Habopamu XpPOMOCOM. Y pe3ynbTaTti BUHU-
Ka€ 3urota — 3anjioHeHa AlyekimuHa 3 0unioiOHUM HaAbopOM XPOMOCOM | HOBUMU
KomMbiHayismu 2eHis. TepMiH BBiB HiMmeLbKnin 60TaHiK E. CTpacbyprep (1844-1912).

3annigHeHHA € OOCUTb CKNAAHOK CYKYMHICTIO Pi3HMX npouecis, Yy AKux bepe
yuyacTb 6araTo pi3HUX PeUYOBUH, HaNpUKNag CTaTeBi rOPMOHU (aHAPOreHn 1 ecTpore-
HW) Ta 2dMOHU (@aHBPOramMoHM 1 riHOramoHN). TAMOHM — Lje PeYOBUHM, LLLO BUAINAOTb-
CA rameTamu i BMIMBAKOTb Ha 3amn/ligHEHHA.



BionoriuHe 3HauyeHHA 3annigHeHHA nonsarae B Tomy, wo: 1) BigbyBaeTbcA Bia-
HOBJIEHHA XPOMOCOMHOIO Habopy, NpMTaMaHHOTO AaHOMY BuUAy; 2) 3abe3neuyetb-
cA 6e3nepepBHICTb Mi>K MOKOMIHHAMYK OpPraHi3mis; 3) cnocTepiraeTbca 36iNbleHHs
CMaflkoBOrO Pi3HOMAHITTA, OCKINIbKN HAlaAKN MOEAHYIOTb Yy COOi O3HaKM AK maTe-
PVIHCbKOTO, TaK i 6aTbKiBCbKOro opraHiamis; 4) 3aBaAKK BUOGIPKOBOCTI 3anfigHeHHA 1
KOMOiHaLiNHI MiHNMBOCTI 3a6e3neuyeTbCA iCHyBaHHA BUAY B Yaci.

OTxe, 3annigHeHHA — Ue CKNagHMIM npouec, CYyTHICTb AKOro MosAra€ B
3MIUTTi raMeT 3 YTBOPEHHAM 3MroTi, a 6ioNIoOriYHMM 3HAYEHHAM
€ 3abe3nevYeHHsA Pi3HOMaHITHOCTI 0OCOOUH.

flk Bin6yBaeTbCA 3annigHeHHA B NIogNHN?

Y KOXHOTO BUYy OpraHi3amiB € neBHi 0CO6MBOCTI 3anlifHEHHS, afie OCHOBHI CTa-
Aii nogibHi. Y npoueci 3annigHeHHA pPO3pi3HATb 3 eTanu: AUCTAHTHY B3aEMOZIO Ta
aKTMBaUifA CNepMaTO300HIB, KOHTaKTHY B3a€EMOfI0 1 aKTUBi3auilo ANLUEKAITUHN Ta
NPOHUKHEHHA CMepMaTo300Ha B ANLEKAITUHY 3 HAaCTYMHUM 3AUTTAM Agep. 3annia-
HEHHA B NIIOAVHW BHYTPILIHE, 3AIMNCHIOETLCA LWAAXOM MOHOCNEPMIT Y BEPXHIN YacTUHI
MaTKOBMX TPY6 XiHKM Nicna oBynALii — BUXOAY OBOLMTa 3 A€EYHNMKaA (1. 138).

| etan. JucmanmHa 63aemodis ma akmueayid cnepmMamo300Hie NoYNHa-
I0TbCA i3 BHYTPILIHbOro OCIMEHiHHA, Wo 3abe3neyye NOTPanaAHHA YONOBIUMX rameT
y XiHouunii opraHiam. CnepmMaTO300HU HabyBalTb 34AaTHOCTI [0 3an/ifgHEHH: Nulle
nicna Toro, AK NpoBeayTb 61K3bKO 7 FOf Y CTaTeBUX WAAXAX KiHKW. IxHA akTVBaUiA
3[IMICHIOETbCA CeKpeTamMun 3an03 MaTKU Ta aHApOramoHamu, Lo YTBOpPHOTbCA Oa-
raTbMa YOJNIOBiUMMU rameTamu. Y CrepmaTo300HIB nepebynoBYeTbCA MNikoKanikc,
NOCUNIOETbCA PYXJINBICTb, 3MIHIOETbCA MPOHUKHICTb A4N1A NOHIB TOLWO. 3AaTHICTb A0
3annigHeHHs YonoBiui rameTu 36epiratoTb ynpogosx 36 — 88 rof.

Il etan. KonmakmHa e3aemodis U
akmueizayia aliyeknimuHu € ctagieto ne- 3urora

pexony KIHOUMX rameT Bif CTaHy CNoOKo 3nuTTA Aapa @_) @ @ @
4

Mopin

A i ANLEKNITUHN Ta
[0 aKTUBHOTO PO3BUTKY. 3annifHEHHA Bifj- cnepmato3ooHa

OyBa€TbCA NuMlLEe 3a NEBHOI KOHLUeHTpauii
YOJIOBiUMX ramet. Lle noscHIETbCA Heob-
XigHICTIO HAABHOCTI NEBHOT KinbKocTi dep-
MeHTy (rianypoHigasu), wWo po3Lensioe
donikynapHy obonoHky osouuta. lametun
3yCTpivaloTbCA Y MaTKOBUX TPpybax Bxe 3a
KiflbKa rofunH nicna crateBoro akry. Jlnwe
OAVH 3 6n13bKo 450 MNTH CNepPMaTO300HIB

. Osynauia
MOXe 3annigHUTN O0BOUUT. [MPOHNKHEHHA
CNepmaTo300Ha B >KiHOUy rameTy Kpisb In. 138. MNocnigoBHicTb Npouecis
il 06ONOHKM BifOYBAETbCA TaKMM YMHOM. 3annifHeHHA y NIOANHN

MicnAa peuenTopHoOi B3aemogii 3 yuTonnas-

MM oBOLUTa B Micui Aii bepMeHTIB akpoCoOMU YTBOPIETLCA CNPUNMANbHUN ropbuk
(akpocomanbHa peakuis), AKUN 3axOMNJIlOE rONOBKY 1 WNIAKY i BTATYE iX BCepepnHy
Pa3om i3 LeHTpioNnAaMM Ta CnipanbHO MIiTOXOHAPIE. [1icna NPOHNKHEHHA BTOPUH-
HUIA OBOLMT 3MiHIOE OOMiH PeyoBIH, BTpayae GonikynAapHy 060NOHKY, i 3 KOPTUKasb-
HUX rpaHyn popmye 060NOHKY 3annifgHeHHA (KopTUKanbHa peakLis).

§ 61. CyTb Ta GionoriyHe 3HaUYEHHA 3annigHeHHA
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Il etan. 37umms aannoidHux sdep 060x KNiIMUH (CiHKapioramis) CynpoBOAXy-
€TbCA BIAHOBJIEHHAM AUMNIOIAHOrO Habopy xpomocom. Ha Uil cTagii BinOyBaeTbCs re-
HeTUYHe BM3HauYeHHA cTaTi. CTaTeBi KNITUHM XiHKM MatoTb 22A+X, a rameTu YOJOBIKiB
MicTaTb 22A+X abo 22A+Y (ge A — HecTaTeBi XxpoMmocomu; X, Y — cTaTeBi Xpomocomu).
AKLWO Nig yac 3annigHeHHA [0 ANUEeKNiTMHN 3 22A+X XpoMOCOMaMuy NOTpannae cnep-
MaTO300H 3 22A+X XpOMOCOMaMu, TO YTBOPIOETbCA 3aPOAOK XKiHOYOI CTaTi, @ AKLLO 3
22A+Y xpomocomMamm — 3apOfOK YONOBIYOI cTaTi. AKTMBALiA 3UroTn Ao Noginy pos-
NMOUYMHAETbCA BXKe 4yepes KiNbkKa rognH nicna 3anfigHeHHA. BOHO npodoBXyeTbcA
BMPOAOBX KiNbKOX [1i0 3@ paxyHOK HAaKOMUYEHMX MOXMBHUX PEUYOBUH LIUTOMIA3MU.

OT)Xe, OCHOBHMMW CTafiAMM 3anfigHEeHHA € aKTMBaLis CMepMaTO300HiIB,
aKTMBaLiA ANLUEKNITAH Ta IXHE 3MUTTA N 3NUTTA ranioigHNX Aep.

AKi NpUYNHM NOpyLLIEeHHA NpoueciB 3annigHeHHA B NoguHN?

Y 3annigHeHHi 6epyTb yyacTb rameTu, WO YyTBOPOIOTLCA CTaTeBUMM 3ano3amu. [lo
3HVXKEHHA YHKLi CTaTeBMX 303 Y YONOBIKa 1 XKIHKWM MOXYTb MPU3BOAUTY LIKIANUBI
3BUYKK, onepauii 1 TpaBMK, ONPOMiIHEHHSA, XiMioTepanis, 3anafieHHA ceyocTaTeBol CUC-
Temu, Pi3HOMaHITHI BipyCu Ta 3aXBOPIOBaHHS, WO NepefanTbCA CTaTEBUM LIAXOM (x1a-
Mifiio3, roHopes, cudinic, TPUXOMOHiIa3), NopyLeHHA GYHKLIN eHOOKPUHHOT CUCTEMU.

CTaH 340pOB’A )KIHOYOro OpraHiamy — Lie OCHOBHUI YNHHMK YCMILLIHOTO 3anifHeH-
HA. [TprYMHaMM NOpYyLLEHHA HOPMANIbHOTO CTaHY XIiHKM MOXYTb OyTI: HeperynapHui
MEHCTPYanbHUA LUMKA i BiACYTHICTb OBYNALii, FOPMOHaNbHi NOPYLIEHHA, HOBOYTBO-
peHHs, ocobucTa ririeHa Towo. Ha 3anfiigHeHHA YMHUTL BNAMB 1 BiK XiHKKU. Hankpa-
WM Nnepiof ANA 3a4aTTa gUTrMHN — be 22 - 30 pokiB. KiHOYa penpoayKTnBHa cnctema
NpPaLoe MeHLW akTMBHO MicNA 35 POKiB, 3HUXKYETbCA AKICTb FreHETUYHOro maTepiany
ANLEKNITVH, 3pOCTAE KiNbKiCTb NopyLleHb GYHKLiN }KiHOUMX CTaTeBUX opraHis. Mpu-
UYMHO MopYLIEeHb NpoLueciB 3annifHeHHA MoXe 6yTN HeNPOXiAHICTb MaTKOBUX TPYO,
L0 BMHVKAE Yepes 3anasbHi 3aXBOPIOBaHHSA Ta YTBOPEHHs crariok. MeguuHuii abopt
pi3KO MiABKLLYE PU3NK BUHUKHEHHSA 3ananbHOro npouecy B Tpybax. BuckobnioBaHHA
NOPOXKHMHN MAaTKM Nif Yyac BUAANeHHA 3anfaigHeHol ANLEKNITUHN HEMHYYe TPaBMY€E
i MicLA 3'€eAHaHHA 3 Helo MaTKOBUX TPYO.

FameTn NoAVHM MATb OOMEXKEHY TPUBANICTb XUTTHA i e MEeHLU TPVBaNWiA TEPMIH
30aTHOCTI A0 3anNigHeHHA. Tak, y nioguHM oBouUnT 36epirae CNPoOMO»KHICTb J0 3annia-
HeHHA nrwe BNpoaoBX 24 rog. CnepmaTo300HM YONIOBIKa B CTaTEBUX LLIAXAX KiHKM
3annigHoBanbHy 34aTHICTb MOXYTb BTpPayaTu Bxe vepes 48 rog. Takum YnHOM, 38aT-
HiCTb rameT [0 3anigHEeHHA 3aneXuTb Bif YMOB CepefoBULLA BHYTPILLHIX XiHOUYMNX
OpraHis.

Crpax BiANoBiAanbHOCTI 3a ANTMHY, XBUJIIOBAHHA Yepe3 HEBMEBHEHICTb B yCMill-
HOMY BMHOLLYBAHHI NI0AY TaKOX MOXKYTb NepeLuKoaXKaTth 3anigHeHH!O.

OTXXe, NpYUYNHaMM MOpYLIEeHb NPOLECiB 3anfifHEHHA B IIOAMHU MOXYTb
6yTn QisionoriuHi N NCMXONOTiUHI YNHHUKN.

RIANBHICTb

M 3aBAaHHA Ha 3icTaBNIeHHA. 3anNigHeHHA B NIOQVHN

3icTaBTe 3anponoHoBaHi 6ionoriuHi TepmiHM Ta oTpumarTe y Tabnuui Bignosigen
HayKOBY Ha3BY MpoLeciB 3an/igHeHHA. AKe NOXOM4KeHHA Uboro NnoHATTA? BusHaute
3a JONOMOrOI0 LIUX TePMiHIB 0COBNMBOCTI MpoLiecy 3aniigHeHHSA B NIOAVHN.



1 OsynAuin A KiHoui cTaTeBi rOpMOHMK

2 3uroTa E 3annigHeHa anueknituHa

3 CuHkapioramisa 3 Yonosiui cTaTeBi rOPMOHM

4 lianypoHigasa l; YTBip cnepmMaTo300HiB 3 pepmeHTamu

5 Eakynauia I, CrateBni opraH Ana po3BUTKY 3apojKa

6 lamoHu N Cim'ABUNOPCKYBaHHA

7 Akpocoma J1 PeyoBunHM rameT AnA BNAUBY Ha 3annigHeHHA

8 AHAporeHu P 3nuTTA rannoigHux sgep YonoBivoi i XKiHo4Yoi rameT
9 EcTtporeHun T QepmeHT akpocomm Ana posLuenneHHA 060NOHOK ANLA
10 KpocuHrosep ® Buixig ANLEKNITUHM 3 AEYHUKA

11 Matka L| O6MmiH AinAHKaMm1 Mix FOMOMOTiYHUMMN XPOMOCOMaMM
12 XosTe TiNO A YTBip, WO BNHMKAE B AEYHUKY Nicna oBynAuii

Bionoria + XapuoBa npomucnosictb. [M1BoO i1 cTaH penpogyKTUBHOI cucTemMu

CopTiB NrBa HanivyloTb HaBiTb He JECATKW, a COTHI
™mcay. Cepen obuBaTenis nNobyTye AymKa Mpo Kopuc-
HICTb LbOro CNMPTHOro Hamotw. be3ymoBHO, y nuBi €
KOPWCHI BiTaMiHW, MiKpoenemeHTWN, OpraHiyHi KUCnoTu.
BopHouac BOHO MICTUTb TaKOX €TaHO, CMONYKN BaXKNX
MeTanis (Hanpuknag, Kagmito), pOCINHHI aHanoru xiHo-
UYMX CTaTEBUX FTOPMOHIB. KM BMIMB MatOTb HaBEeAEHI WKiANBI peYOBMHU Ha 3annia-
HEHHA 1 CTaH penpoayKTUBHOI CUCTEMU NIOANHN?

Q CTABJIEHHS
» [
;\ﬁ bionorisa + Ximia

[POHVKHEHHA  CcnepmaTo300Ha B
OBOLUT 3MiHIOE B HbOMY OOMiH PEeUYOBUH:
NigBUWYETbCA  MPOHUKHICTb  KNITUHHOT
MeMOpaHy, MOCWIIOETbCA  MOTIMHAHHSA
®ocdopy i Kanito, Buginaetbca Kanbuin,
36inblyeTbcA OO6MIH BYrneBopfiB, aKTu-
BYETbCA CUHTE3 BiNKa. Y neplui XBUAUHU NiCIA KOHTAKTY 3i CNepmMaTO300HOM sliLe-
KNiTHa BUKMZA€E Ha30BHI LMHK, AKMA go 3annigHeHHA iHTEHCMBHO HaKomnuuyBana.
HaykoBuUi Ha3Banu Le ABKLle «LUMHKOBOIO iCKPOIO». ke 6ionoriuHe 3HaueHHs Ha3Ba-
HUX GioenieMeHTIB ANA ANLEKNITUHN Ta PO3BUTKY 3UroTH?

PE3YJIbTAT

3aBfjaHHA ANA CAMOKOHTPOJI0
1. LLlo Take 3annigHeHHA? 3. LLlo Take 3uroTa? 4. Ha3BiTb Tpy OCHOBHI CTagii 3annig-
1-6 |HeHHA B NOANHN. 5. HaBediTb NPMKAaAN 30BHIWHIX YNHHUKIB, WO NOPYLLYIOTb 3a-
naigHeHHA. 6. AKi BHYTPILIHI YAHHUKX NOPYLIEeHb NPOLECiB 3annigHeHHs.
7.Y yomy cyTb Ta GionoriuHe 3HaueHHs 3annigHeHHA? 8. AK BinbyBaeTbcA 3anigHeH-
HA B N0AMHN? 9. Ha3BiTb NPUYMHM NOPYLIEHHA NPOLECiB 3anigHEHHA B NIOANHN?
10. O6rpyHTYyIiTe CyAXeHHA NPo HeoOXiAHICTb BiANOBi4aNbHOIO CTaBNEHHA [0 Nna-
HYBaHHA Cimi.

10-12

§ 61. CyTb Ta 6ionoriyHe 3HaueHHs 3anigHeHHA
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JlroduHa po3ymHa — ye biocoyianeHuli 8uO0.
3 niopyyHuka

§ 62. OCOBJINUBOCTI PENPOAYKLITI NIOAUHU

Y 3B’A3KY 3 11 BIOCOUIAJZIbHOIO CYTHICTIO

OCHOBHi NOHATTA 1 Kno4voBi Tepminn: PEMPOAYKLUIA NIOOUHWN. Penpo-
OYKTUBHE 340pOB’A. PenpoayKTnBHa meguumiHa.

MpurapanTe! Lo Take po3mHOXeHHA? XTO Takuii Homo sapiens?

&

3Hanomrecsa!

AnuekniTMHY Nig Mikpockonom nepwnm nobauns Kapn
bep (1792-1876). Cranoca ue B fanekomMy 1827 p. 3a HayKoBi 3a-
cnyrn 6yB HaropomeHunin 30N10TO Mefanio, Ha AKi BMKapOy-
BaHO NatuHCbKU Bucnis: Orsus ab ovo hominem homini ostendit
(«MoyaBLWwy 3 ANLA, BiH NOKa3aB NIOAVHI NIOANHY»).

3MICT

Y yomy GiocoujianbHa CyTHiCTb penpoayKuii nioguHn?

BionoriyHnmm ocobnmueoCTAMY penpoayKLUii NOAUHN €
PO3A4iNbHOCTATEBICTb 3 BUCOKUM CTyNeHeM CTaTeBoro Aumop-
bismy (in. 139). Kpim pi3HUUi y penpoayKTuBHIA cucTeMi Ta
NepBUHHUX CTaTEBUX O3HAKaX € BIAMIHHOCTI 1 Yy BTOPUHHMWX
CTaTeBMX O3HaKax i mosefiHui. Y nogcbKomMy CycninbCTBi nowm-
peHMI € coLianbHi MOrNAAM NPO reHAepHY PiBHICTb YONOBIYOT
1 >KiHouvoi cTaTeln. leHOep (aHrn. gender — cTaTb, Big nat. genus —
pig) — couianbHoO-6ionoriyHa xapakTepucTrKa, yepes AKy Bu-
3HAYalOTbCA MOHATTA «YOJIOBIK» i «KiHKa», MCUXocouianbHa,
COULiOKYNIbTYPHA POJib YOJIOBIKA i XKIHKU AK 0CObMCTOCTEN, Ha
BigMiHY Bif CTaTi, O No3Hayae 6ioNoriyHi BiAMIHHOCTI.

Mpouec pO3MHOXEHHA B NIOANHW NOB'A3aHNI 3 BHYTPILL-
HiM 3annigHeHHAM (3a4attam). Lle 6GionoriyHMin MexaHi3m
3IUTTA CNepmaTo300Ha 3 OBOLMTOM, AKMM PO3MOYMHAETHCA
PO3BUTOK HOBOrO OpraHiamy B Tini matepi. binbw HiX y 98 %
BMMaAKIB Mif Yac 3a4aTTA BiAbyBaeTbCA 3anfigHeHHA Tinbku - 139. Penpopyk-
OAHIET ANLEKNITUHMN, O 3yMOBJIOE PO3BUTOK OAHOIO NioAaa. Y ;:I::; (CG"'ZZLEI;V';
1,5 % BUNaaKiB PO3BUBAIOTLCA ABIiNHI (61113HATA). MprbnnsHo wonosika (@Hu3y)
B ofHOMY 3 7 500 BMNaAKiB BariTHOCTi PO3BMBAOTLCA TPINHI.

3paTHicTb Jo penpopyKLuii MatloTb TinbKy GionoriyHo 3pini iHAuBIAN. Y nognHm
cTaTeBe A03piBaHHsA BigbyBaeTbcA Big 9 o 16 pokis y gisuaT Ta Big 11 go 18 po-
KiB — y xJlonuiB. 34aTHICTb f0 penpoAyKLUii 36epiraetbca y xiHok o 40 — 45 pokis, y
YOJOBIKIB — O NITHbOrO BiKY, HaBiTb YNPOAOBX YCbOro XMWTTA. Y I0HaLbKOMy BiLli 3a-
BepLIyeTbCA NybepTaTHUN nepiof, TOOTO Nepiof cTaTeBOro Ao3piBaHHA. Lle o3Hauae
30aTHICTb MONOAMX NtofieN A0 3a4aTTa AUTUHU 6e3 KoM ANA CBOro 340P0B'A, a AnA
ZiBUMHM WWe N 30aTHICTb BUHOCUTW i HAapoAnUTK 3g0poBy AntuHy. CtaTteBa 3pinictb —
OfiHa 3 HaMBaXKNMBIWNX 3acag noapy»xA. [poTe cTaTeBa 3piNicTb — LWe He NOKa3HMK
coujiaNibHOI FOTOBHOCTI O Wio0y.




3apofoK NAUHM PO3BMBAETLCA B MaTLi XiHKM Mig Yac BariTHOCTI BMNPOOOBXK
265 — 270 pHis. MNonoru B NOAUHM 3a HOPMaNbHUX YMOB BifibyBaloTbCA HaNPUKiHLi
40-ro TVXHSA BariTHOCTI (CTPOKOBI, a0 cBO€YacHi, nonoru). TpyMBaTb NOIOTN y Nep-
wopoginen 6nm3bko 18 - 20, y TuX, WO NOBTOPHO HapoaXytTb, — 12 — 14 rop. Lle
6ionoriuHi ocobnmeocTi. CoLlianbHMM acnekTOM HanpuKnag € Te, LWo KiHKaM y cyvac-
HOMY CYCNiNbCTBi HaJa€TbCA AeKpeTHa BignycTKa. B YkpaiHi Taka Bignyctka 3 30-ro
TVXKHA BariTHOCTI TepMiHOM Ha 126 AHIB | BMNNaToO MaTepianbHOI 4ONOMOr no Ba-
FiTHOCTI 1 nonoram.

Omxe, PEMPOAYKLIA NIOAUHU - 6ionoriyHa 3aaTHICTb NtoguHu
BiATBOpIOBATU COBI MOAiIOGHMX, WO BigOYBaETHCA i3 BU3HAYANIbHUM
BM/IMBOM COLjiaIbHUX YMOB.

AKNMIN € YNHHNKN PUBUKY ANA PenpoayKTUBHOrO 340pOB’A?

PenpogykTuiBHe 3[0pOB’A — ye CMAH NOBHO20 (hi3UYHO20, NCUXiYHO20 U CO-
uianbHoz20 671a20N0/1y4Ys, A HE NPOCIMO B8iOCYMHICMb 3dX80PHOBAHbL, WO CMOCYIOMbCA
penpodykmusHoi cucmemu, if pyHKyiti i npoyecie. Lle noHATTA 6aratonnaHoBe i1 3acTo-
COBYETbCA He nuLle y 6ionoriyHomy, a 1 colianbHOMy acnekTax. Tak, po3pi3HATb pe-
NPOoAYyKTUBHE 340POB’A NiANITKIB, »KIHOK, YONOBIKIB, MONOAi, Haujii Ta iH.

PenpoaykTrBHe 300pOB'A, AK | 340POB’'A B LiNOMY, BUSHAYAETLCA Pi3SHUMUN YNHHN-
Kamu. [o-nepLue, BOHO 3aNeXnTb Bif CNagKoBOCTI. baTbKy nepepany Ham CBOT O3HaKM
1 BNACTMBOCTI, 30Kpema 1 Ti, L0 BM3HaYaloTb penpoayKTnBHe 3q0pos’a. [lo-gpyre, pe-
NPOAYKTUBHE 30POB’A 3aNeXMNTb Bif, CNOCOOY XNUTTA, KOPUCHUX i WKIZNNBUX 3BUYOK.
[lo nopylieHHA penpoayKTMBHOIO 340POB’'A MOXYTb Mpu3BecT 6e3signosifanbHe
CTaBNieHHA o cebe, BiACYTHICTb aHani3y Hacnigkis cBOIX Aii, HenpaBuibHe iHPopMy-
BaHHSA NPO cnocobu n Mmetoaun NpodinakTMky HebaxxaHoT BariTHOCTI, NPO 3anobiraHHaA
iHpekuiam, wo nepedaromecs cmamesum WJiAXoM. 3a BULOM 30yOHVIKIB 3aXBOPIOBAH-
HA, WO nepepatoTbca ctateBuM wnaxom (3MNCLL), noginaoTbca Ha: BipycHi (CHIL, re-
HiTaNbHUI repnec, renatnt B), 6akTepianbHi (cndinic, roHopes, xnamigios), NPOTO30MHiI
(TpuxomoHia3, nambnios), rpubkoBi (KaHAMAO3M), NapasnTapHi (KopocTa, NobKoBuMiA
negnKynbo3). 1o YNHHUKIB pU3UKY AN penpoayKTUBHOMO 300POB'A HanexaTb: a) He-
CNPUATANBUIA ANA 300POB'A CNOCi6 XuUTTa (CTpec, rinoagnHamis, HepalioHanbHe Xap-
uyBaHHs); 6) WKIANUBI 3BMYKK; B) HECMPUATIMBI €KOJIOTUHI UMHHUKN CepefoBULla
(3abpynHeHicTb JOBKINAA, BUCOKMIA piBeHb pafdiaLii TOWo); I) HeraT!BHI YWHHWKK CO-
LianbHoro cepefoBuLLa (HU3bKNIA piBeHb »KUTTA, 6€3p06iTTA TOLO); ) CNafKoBi Nopy-
LIEHHSA; €) HeJOCTYNHICTb MeANYHMX MOCAYT i MOCAYT 3 KOHCYNbTYBaHHA.

MnaHyBaHHA Ta peTenbHa NiAroToBKa ManbyTHix 6aTbKiB JO BariTHOCTI, 310POBUN
Cnoci6 Xn1TTs, BiAMOBA Bif WKigINBMX 3BUYOK CNPUAIOTb HOPManibHOMY nepebiry Ba-
riTHOCTI Ta NONOTiB, HAPOAKEHHIO 3[0POBUX AiTEN.

OT1Xe, TypbOTa NPO CBOE 340POB'A, Y T. Y. i PENPOAYKTVBHE, MaloTb CTaTy
HOPMOIO 1 KyNbTYpPOIO MOBEAIHKM KOXHOI JII0AUHM Ta CYyCnifibCTBa B LinoMy.

AKi cyyacHi MOXXNMBOCTi Ta NepPCNeKTUBY penpoayKTUBHOI MeanunHn?

PenpoaykTuBHa mefguLMHa — ye 2as1y3b MeOUYUHU, AKA 3aUMAeEMbCA 8i0HOB/IEH-
HAM penpo0yKmugBH020 300p08’s ma 8upiuleHHAM npobsiemM HapoOxeHHs dimel i nna-
HY8AHHA CiMT. Y penpopyKTUBHIA MefULMHI BUKOPUCTOBYIOTbCA 3HAHHA FeHeTUKMU,
riHekonorii, Kpiobionorii, uuTonorii, MonekynapHoi 6ionorii.

§ 62. OcobnMBOCTI penpoayKLii NoguHN y 3B'A3KY 3 i 6iocouiaibHO CYTHICTIO
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OCHOBHOIO METOANKOI PEenpPoAYKTUBHOI MeAULMHN € eKCTpaKoprnopasnbHe 3a-
nnigHeHHs (EK3, «wTy4yHe 3annigHeHHA», «3anigHeHHs B Npobipui»). Lle meToauka,
3rifHO 3 AKOK ANLEKNITUHN KIHKM 3anigHI0ITbCA N03a il OpraHiamoMm i yepes Kifibka
0i6 BBOAATLCA B MOPOXHWHY MaTKU 3 METOK PO3BUTKY BariTHOCTI. EKcTpakopnopanb-
He 3annigHeHHA BNepLue B icTopii NntogcTea 6yno nposefeHo B 1978 p. 3aCHOBHUKOM
eKcTpakoprnopasnbHOro 3anigHeHHs BBaxaeTbcA P. EnBapAac, AKun 6yB Haropogxe-
HUM y 2010 p. Hobeniscbkoto npemieto 3 dizionorii i meguuunum (is. 140).

=

',
OTpumaHHA
AVLEKNITAH MNMepeHeceHHs embpioHa Ha
cTagii 2-4-8 6nactomepis
| { y MaTKy
[loHopcbKa
3annigHeHHs — ¥
«B NPo6ipLjs o
B Gy

Crapin 2-4-8 6nactomepis
(ppobneHHA

- )
R
Cragis 1
3AUTTA rameT “ a a
(3annigHeHHA)

In. 140. Cxema WITYYHOrO 3annigHeHHA

PenpofykTMBHa MepuuUMHa iIHTEHCUMBHO pPO3BMBAETbCA. Po3pobneHo HOBIT-
Hi MeTOAMKY, CNPAMOBaHi Ha peani3alilo penpofyKTMBHOI GYHKLIT nap, AKi He Mo-
KYTb 3a4aTl AUTUHY NPUPOSHMM LWAXOM: @) iH'EKLIA CMepMaTo300Ha B LUTOMIa3my
ANUEKNITUHKY; 6) MeToAMKa AOHOPCTBa AWUEKMITUHU; B) CYypOraTHe MATepUHCTBO;
r) MeToAVKa 3aMOpPOXKYBaHHA eMOpiOHiB; ) 6aHK AOHOPCBHKOT Cnepmu; €) MeToAMKa
CTUMYNbOBAHUX LUUKAIB Ta iH. Ha novaTtky 2017 p. penpoayKkTonoru Knidiku «Hagis»
BUCTYMWN i3 3aABOIO MPO HAPOAXKEHHA B YKpaiHi nepLuoi y CBiTi ANTUHN Nicna 3a-
CTOCYBaHHA METOAUKM MPOHYKIEapHOro NepeHeceHHs («4UTUHN Bifi TPbOX BaTbKiB»).
CyTb MeTOZy NONAra€ B TOMy, WO NaUi€HTLi BBOAATb JOHOPCbKY ANLEKNITUHY, 3 AKOT
BMOANEHOo BflacHe AAPO Ta BBEeAEHi ranoigHi Agpa YofoBika 1 XKiHKKW, AKi CTaHYTb
reHeTUYHUMU 6aTbKaMun AUTUHW. B pe3ynbTaTi uiei maHinynauii 6yno otpumaHo «pe-
KOHCTPYOBaHy» ANLEKNITMHY, WO Mana reHeTu4yHui Habip agepHoi AHK Big matepi
i 6aTbKa i unTonnasmaTtuyHoi [AHK Big noHopa, TOOTO ANTNHA MA€E «TPbOX 6aTbKiB».

3a3HauMMOo, WO AOCATHEHHA YKPaAIHCbKUX CneLianicTiB y ranysi penpoayKT1BHOI
MeAVLUNHM He MOCTYNalTbCA AOCATHEHHAM B iHWMX KpaiHaX. [HCTUTYT penpopyk-
TUBHOI MeanunHN B KMEBI — Lie BXKe Mi>KHAapOAHUIN MeQUYHWIA LEeHTP 3 NiKyBaHHA AK
XiHOYOro, TaK i Yonosivoro 6e3nnigaA. LleHTp Mae BnacHi BiggineHHa emo6pionorii,
penpoayKTonorii, BnacHM KpiobaHK.

OTKe, MOXNIMBOCTI Cy4YaCHOI penpoAYKTUBHOI MeANLVHN € AyXe ONTUMi-
CTUYHUMWN — 3aBAAKN ePEeKTMBHUM MeToAMKAM Nikapi 34aTHi 4OMNOMOrTHr
cim'AAM peanisyBaTy Mpito NPO MaTePUHCTBO, BUiIKOBYBATU 6e3nninas
i 3aranom cnpmATY NONIMWEHHIO PENPOAYKTUBHOIO 340POB’'A Hauil.



BIANbHICTb

X,/‘ CamocrTiiiHa po6oTa 3 Tabnuueto

3a gonomoroto Tabnuui BM3HauTe GionoriyHe i colianbHe y HaBefeHNX NposABax
pPO3MHOMXeHHA noanHn. Chopmyniolite BACHOBOK Npo 6iocoLlianbHy CYyTHICTb penpo-
AyKUii nioguHn.

MposB BionoriuHe CouianbHe

CraTeBe PO3MHOXEHHSA
CraTb
CraTeBa noBefiHKa
3annigHeHHA
BaritHicTb
Monorn
bionoria + CumBonika

Yomy B Hapogi KaxyTb: «Jlefieka MpUHIC JUTUHY»?
Mo-nepue, AK NepeniTHi NTaxu, 6ini nenekun BigniTaloTb Ha
niBAeHb BOCEHM | MOBepTalTbCcA B EBpONy yepes AeB’ATb
micauis. [Mo-gpyre, NiTHA Hiv Ha 21 yepBHA — Le 6yno A3NY-
HMUbKe CBATO WOy N HapOAXKYBaHOCTI, 3 AKMM MOB'A-
3yBanv 3a4aTTa fAiTel, a IXHE HapoaXeHHA BigbyBanoca
NPU6/IM3HO B TOWM Yac, KON NeNeKkn Npuitanu 3 BUpito.
Arne OCHOBHOIO MPUYMHOIO MOABU LIbOrO BUPA3Y € BCe-TaKy Te, Lo 6aTbKam HeNpoCcTo
BiANOBIAATW Ha HE3PYYHi 3anNMTaHHA Manux AiTen Ha TeMy 3a4aTTA. 3acToCcynTe CBOI
3HaHHA penpoayKLuii NoAVHY | CTBOPITh TBIP-NOACHEHHA «3BigKku 6epyTbca OiTn?».

CTABJIEHHA
bionoris + OxopoHa 3g0poB’sa

BcecBiTHA opraHisauia oxopoHu 3gopos’a (BOO3)
onpunoaHuIa CyMHy cTatuctuky: 39 % xiHok i 20 % yono-
BiKiB € 6e3nnigHMMM. HanuyacTiwe npuunHamu 6e3nnigas
€ 3ananbHi 3aXBOPIOBAHHA CTaTeBOI CUCTEMU, NOPYLLUEHHA P
po60TN iIMYHHOT Ta EHLOKPUMHHOI CUCTEM OpraHi3my, Kce- =/
HOGIOTMKN. Ane Hambinbw nownpeHo Ccyb'eKTMBHOK
npuyrHoto 6e3nnigaa ” nopyleHb PO3BUTKY € WKigNuUBi 3BuuKkn. OBrpyHTYITE CY-
I KeHHS MPo BMNB CMOCOBY KMUTTA Ha PenpoayKTUBHE 340POB's.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. Wo Take penpopykuia nognHu? 2. Hasegite npuknagu 6ionoriyHnx oco6nu-
BOCTel penponykuii noguHu. 3. HaBeliTb Npuknagm couianbHUX ocobnrBocTen
penpoaykuii niognHu. 4. LLlo Take penpopykTrueHe 3g0pos’a nognHn? 5. Lo Take
penpoayKTnBHa MeauLumnHa? 6. Y YoMy CyTb eKCTpakopnopanbHOro 3anaigHeHHA?
7.Y yomy biocouianbHa CyTHICTb penpoayKuii niognHn? 8. AKUMK € YNHHWKIN PU3N-
7-9 | Ky OnAa penpoayKTUBHOro 340poB’'Aa? 9. AKi cyyacHi MOXNMBOCTI Ta NepcnekTusu
penpoayKTMBHOT MeAULNHIA?

10. O6rpyHTYyTE CYyA>KEHHA MPO BMIMB CMOCOOY XWUTTA Ha PenpOAyKTUBHE 3[0-
pOB'A NOANHN. 259

§ 62. OcobnMBOCTI penpoayKLii NoauHY y 3B'A3KY 3 1i 6iocoLianbHO0 CyTHICTIO
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MooHa yacmuHa matibymHb020 N100a He iCHYE 8 AUYi aKmyasbHO,
ase 8c¢i HaCMUHU ICHYrOMb Y HbOMY NOMeHYid/1bHO.
B. [apseti

§ 63. EMBPIOINEHE3 JIIOAUHU

OCHOBHi NOHATTA 1 KnovoBi TepmiHn: EMBPIOINEHE3 JIOAVWHWU. Em6pio-
HanbHa iHAYKLiA. 3apoaKoBi 06010HKU.
MpurapanTte! Lo Take oHTOreHes?

Momipkyiite!

«3annioHeHa AlyekaimMuHa — ye He Npocmo KJaimuHHA
maca 6e3 ocobu8uUX 8/1IACHUX Xapakmepucmuk. BoHa Ha uil cma-
0ii 8iopi3HAEMbCA 8i0 NyNn’AHKA K8IMKU Yu 3apo0ka meapuH. BoHa
nosHicmio U abconomHo € XUTTAM nrwodcekoi icmomu, i 8oHa
MAde me came Xumms, wjo U HOBOHAPOOXeHUU MAtoK, OUMUHA,
nionimok abo 3pina 1t0UHA», — TaK NCaB aMepPUKaHCbKNI Nlikap
E. XaHT. A AKolo € Bala AyMKa LOAO NpaBa 3apofka Ha XKutra?
3apofoK — Le BXe HOBUI | HEMOBTOPHUI OPraHi3Mm Ym Anile YacTuHa OpraHiamy ma-
Tepi, WO NOBHICTIO 3aNeXNTb Bif Hei?

3MICT

AKi nepiogn em6pioreHesy nioguiHn?

EMBPIOTEHE3 JIKAWHW - po3sumok opaaHiamy st00uHU 8i0 3uzomu 00 Hapoo-
XXeHHA. BiH TpuBae 40 TUXHIB, i 3a Lie Yac 3 OJHI€El KNITUHM BUPOCTAE OPraHi3m, AKMI
CKNaJa€eTbCA 3 MiNbAPAIB cneuianizoBaHnx KNiTMH. EM6pioreHes noguHm nig vac Ba-
MTHOCTI NojinAlTb Ha TpW nepioan: nepensapoakoBuin (1 TMXKAEHb), 3aPOAKOBUN
(nepwi 2 — 8 TvKHI) i NAigHUA (9 — 40 TUXKHI).

Mepep3sapopkoBuin nepiof — ye nepiod 8i0 3uzomu 00 opMy8aHHA iIMNIAHMO-
8aH020 3apooka. MNicns 3annifHEHHA 3UroTa akTMBHO AiNTLCA WAAXOM MiTO3y i nepe-
MiLLY€ETbCA NO MATKOBIN TPY6i Ao MaTKU. Yepes Tpu fobn GopMyeTbCa CKynUeHHs i3
12 - 16 KNiTUH, SiIKe Ha3MBAETbCA Mopyd (Big nat. morula — Aarigka woskosuui). Moginu
KNiTVH NPOLOBXYTbCA | Yepes 5-6 Aib nicns 3annigHeHHA BUHUKAE CcTagia (611M3bKo
100 KniTWH), BCepeayHi AKOI € NOPOXKHMHA. Tenep Le ofHolwapoBa 6araToKNiTMHHA
cTafifa-6nactyna, sika y MiogVHW Ma€ Ha3By 6iiacmoyucma (in. 141).

LpobneHHs

Appo

] 3urota [ i
ANLEKNITUHN

Appo
CnepmaTto300Ha

\ 3anfigHeHHs

. Cnepma-
OeynAuia TO300HU

! 3pinian
g donikyn .
IMnnaHtoBaHa wr BTopuHHuin

6nacroumncra Tino oount

In. 141. Cxema noyaTKOBMX CTafill embpioreHesy NOANHN



Yca cykynHicme MimomuyHuUx nodinie 3ueomu, W0 3asepuytomsca YmMeopeHHAM
61acmoyucmu, Ha3vBaloTb Opo6ieHHaAM. Ha 7- feHb nicns 3annigHeHHA 6nacto-
LMCTa 3aHYPIOETLCA B C/IM30BY 0O0SIOHKY MaTKVM 1 MPUKPINIIOETLCA A0 HeT (iMnnaHTa-
LjifA) 3a JOMOMOTOI0 BUPOCTiB-BOPCUHOK. [TOUMHAETHCA PO3BUTOK 3apofKa.

3apoakoBuil nepiog — ye nepiod opmy8aHHa 3apooKd, Wo Mpusde 8i0 Mo-
MeHmy imnaaHmayii 00 ymeopeHHs niody. MNoTpanuslwy B MaTKy, 3apOA0OK NOUNHAE
WBMAKO PO3BUBATMCA. B npoueci eacmpynayii BuHMKaloTb TpU 3apOAKOBI MCTKM
(ekTopepma, Me3ofepmMa 1 eHToAepMa) N YTBOPIOKOTbLCA 3apOoAKoBi 0060noHKK. [dani
PO3NOUYNHAETLCA 2iCMO- Ta Op2dHO2eHe3 — YTBOPEHHSA TKaHUH Ta OpraHiB. Y Hbomy
BMIOKPEMIIIOTb (ha3u HelipynAayii (yTBOPEHHA 0CbOBOro KOMMJIEKCY OpraHiB: HepBOBa
TpyOKa, TpaBHa TPybKa, xopha) Ta popMy8aHHA iHWUxX op2aHis. Ha 16 — 18- feHb y
3apopAKa, AKMI He BiNbLINI 32 PUCOBE 3EPHO, BXKeE € CeplLie, 3a4aTKu BYX, OUel, PyK, Hir,
rONOBHOro MO3Ky. HanpukiHui 3apogKoBOro nepiody 3apofoK yXe Ma€ yCi opraHu,
npuTamaHHi fOPOCAI NOANHI; NOro Ha3MBaTb NJI00OM.

MnigHunit nepiop — ye nepiod pozsumky naooa, Wo Mpusde 3 NOYAMKY Mpemsbo-
20 MicAaya 00 HapoOXeHHsA. PO3BMBAETLCA NN Yy NJ10008OMY MiXypi, WO PO3MILLEHUNI
BCEPEAUHI MaTKM 1 YTBOPEHUIN TKaHWHaMK OpraHiamy MaTtepi 11 3apoLKOBUMU 060-
noHKamu. Ha 9-my TvxHi nnig pocarae gosxuHm 3,0 — 3,5 cm i macn 4 r. 13 12-ro Tmx-
Hs BiIOYBAETbCA CKOCTEHIHHA CKesleTa, NoYrHaTb GyHKLioOHYBaT M'a3u, 3 18-20-ro
TWXKHA MANif MOYMHAE pyxaTuCs, 3 28-ro TUXKHA BiH 34aTHWIA pearyBaTu Ha 3BYKu. Ha
9-my micAui BariTHOCTI Maca nnogy gocarae 3,2 — 3,8 Kr, a foBXunHa — 50 — 54 cm. Ta-
KM YMHOM, y NnigHOMY nepiogi BifbyBalTbca npoLec mopghozeHesy opraHis (yao-
CKOHaneHHA Gopmu, NPUAHATTA HOBOTO BUMMAZY 3aBAAKU NpoLecam eMbpioHanbHOT
iHOYKLUiT, anonTo3y, poCTy TOLO).

OTXKe, OCHOBHUMW eTanamu eMOpioHasIbHOro PO3BUTKY JIIOAUHW €
nepen3apofKoBUi, 3apoAKOBUIA Ta MAIAHUN Nepiogu.

Ak Bin6yBa€eTbCA B3aEMOAiA YacTUH 3apofKa, AKNIA pO3BUBAETbCA?

CnpAmoBaHicTb eMOpPiOHaNbHOro PO3BUTKY Ta MOABY Pi3HUX KNITWH i3 OQHOPIAHMX
BUXiAHNX BU3HaYaloTb Pi3Hi YMHHMKKU. Lle umntonnasmaTnyHmnin po3nogin OBTKOBUX
BKJIOUYEHb, HaAcNnabke ynbTpadionetoBe BUMNPOMIHIOBaHHA, MiXKKNITUHHA KOMYHiKaLlif,
Mirpauii KNniTMH, @ TaKoXK B3aEMOZIA YaCTWH 3apOofKa.

Em6pioHanbHa iHAyKUia — As8uwe 83deMOO0ii MiX YacmuHamu 3apooKd, 3a80s-
KU YoMy OOHQ i3 HUX BU3HAYAE HANPAM pPO38UMKY CyCiOHbOI. EMbpioHanbHa iHAYKLUiA
Cnpuse 36iNblIEHHI0 PiI3HOMAHITHOCTI KNITUH i 3[iNCHIOETbCA 3a 6e3nocepeaHboro
KOHTAKTY KNiTUH Mi>k C06010. [loCnig»KeHHs B3aEMOAIV Mi>K KNiITUHaMK Nif Yyac embpio-
reHesy 3amnoyaTkoBaHi HimeLbKuM 300510rom B. Py (1850-1924). Baromuin BHECOK y
PO3BUTOK yABMEHb NPO Le AsuLe 3pobunu [. fepgoH, Y. Yanng, X. TugemaH Ta iH. 3a
BIIKPUTTA opraHisytounx edekTiB y emOpioHanbHOMY PO3BUTKY HiMeLbKUA embpio-
nor I. WinemaH (1869-1941) otpumas HobeniscbKy npemito 3 disionorii i megnumnHmn
(1935). Mi3Hiwe 6yno BCTaHOBMEHO, WO Li B3aEMOBMINBM 3[INCHIONTbLCA 3a YYacTi
cnevianbHuX 6iNKOBMX peyoBUH-iHAYKTOPIB. EkKcneprmeHTanbHo 6yno foBefeHo, Wwo
6inKM-iHQYKTOPU € BXe y He3anigHeHOMy AN, ane nepebyBalTb Y HEAKTUBHOMY
CTaHi Yepes HafABHICTb iHri6iTopiB. INig Yyac embpioreHe3y 3MiHIOETLCA NOHHUI CKNag
LMTONMAa3Mu i MO3aKITUHHOIO CepefoBULLa, WO NPUBOAUTD 0 BMXOAY iHribiTOpPIB i3
KNITUHK | pO36JIOKYBaHHA iHAYKTOPIB. AK HAacNigOK iHAYKTOpY BXOAATb B AAPO 1 aK-
TUBYIOTb BiANOBIZHI reHy, WO cnpusae audbepeHuiauii KNiTuH, ricTo- i opraHoreHesy.
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OTKe, B3aEMOJiA YaCTUH 3apOAKa, O PO3BUNBAETLCH,
3abe3neuye CnpPAMOBaHICTb PO3BUTKY.

flke 3HaueHHA 3apoAKOBUX 060/I0HOK B eMbpioreHesi nioguHmn?

3apoakoBi 06010HKI (MN03a3apOKOBI OpraHy, NPOBI3OPHI OpraHn) — mumya-
C08i Op2aHu, Wo ix ymeoproe 3apo0okK nid Yac embpiozeHe3y i Aki 3abe3nedyoms 1io2o
picm i po3sumok. [1Jo N03a3apOAKOBMX OPraHiB MOAVHN HaneXaTb XOPiOH, aMHiOH,
nfiaueHTa, anaHToiC, )KOBTKOBUI MILLOK, MYMKOBUI KaHATUK Ta iH. (in1. 142).

Y nioanHY x08mkoeuli MiwokK 6epe aKTUBHY YUacCTb Y XKUBEHHI 1 AVXaHHI eM6-
pioHa, ane GyHKLiOHYe HeOBroO — 1O 8-TO TWXHA, a NOTIM 3a3Ha€ 3BOPOTHOMO PO3-
BUTKY. AMHiOH GOpMY€E aMHIOTMYHY OBOMOHKY, O BUPOOGIAE aMHIOTUYHY PiAUHY, AKa
CTBOpIOE HeobXilHe AnA PO3BUTKY 3apofKa BofdHe cepepnosuuie. OKpiMm TOro, amHi-
OH 3abe3neuye nnig NOXUBHMMM PEUYOBUHAMMU, BUKOHYE 3axX1CHY GYHKLiO, amopTu-
3yl04n MOXNMBI CTPYCK Ta yAapu, nonepenXa€e noTpaniaHHA 40 NAoAY LWKIAANBUX
areHTiB. AJIAHMOIC € OPraHOM >KMBJEHHSA, rA3000MiHYy Ta eKCKpeLil Ha nepLnx eTa-
nax po3BUTKY 3apopfKa, i Ha 2-My MicALi embpioreHesy anaHToic penyKyeTbcn Xopi-
OH, ab0 BOpCMHKOBa 060NOHKA, MPOHWKAE B CIN30BY >
060JIOHKY MATKM i Pa3oM 3 Hel YTBOPIOE MiaLEHTY.
Mnayenma (Big nat. placenta — KOP>KUK) € 0COGNNBUM
opraHoMm, AKWIA 3abe3neyye MAig NOXUBHUMYK peyo-
BMHaMU i KUCHeM, BOMpaE KiHLeBi NpogyKtu obmiHy,
CEKPEeTYE rOPMOHW, i clyrye 6ap’epom ana WKignnsmux
peuoBrH. OpfHielo 3 HalBaxnNUBIMX GYHKLIA Lboro
6ap’epa € 3abe3neyeHHs imyHonoriyHoro 3axucty. Og-
HaK Kpi3b nnaueHTapHuii 6ap’ep nerko MpoHKKaloTb
aNkoroJib, HAPKOTWYHI PEeYOBUHM, HIKOTUH i 6araTto ni-
KiB. DopMyBaHHA NNaLEHTN 3aKiHUYETbCA HaNPUKiHUI  |n. 134. PosTallyBaHHA niofa

3-ro micauA BariTHOCTI. B MaTLi nepes HapOL KEHHAM:
Jo BaXnMBMX NO3a3apOAKOBMX OpraHis foguHu 1 - M'A30Ba 060N0HKa MaTKy;
HaNeXuTb TakoX Nnynkoeuli KAHAMUK, iKW 3abe3- 2 - cnmM30Ba 06ONOHKA

MaTKW; 3 — amMHioH; 4 — nnig;
5 — aMHIOTMYHa pPigVHa;
6 — NYNKOBUI KaHaTUK;
7 — nnaueHTa

neyye eMOpPiOH MOMXUBHMMU PEUYOBUHAMU Ta KUCHEM,
nepeLwKoaKa€ NPOHNKHEHHIO WKIANMBUX PEYOBUH 3
nnaueHTy o eMOpioHa, BUKOHYUM B TaKuiA Cloci6b 3a-
XUCHY QYHKLito.

OTXe, B eMOpioHaNbHOMY PO3BUTKY NIOAUHU BaXKNUBY posb
BiAirpaloTb TMMYaACOBi MPOBI3OPHI OpraHwn, AKi YyTBOPIOIOTbCA
n GYHKLUIOHYIOTb y 3apofKa i AKX HEMAE B JOPOCSIOMY CTaHi.

@ JIANBHICTb

M Jla6opaTtopHa po6oTta 4

BuBueHHs eTaniB em6pioreHesy
Meta: 3akpinuTM 3HaHHA Npo nepiogm
Ta OCHOBHi npouecu embpioreHesy nOANHN;
pO3ni3HaBaTX Ha iNMCTPaLiAX OCHOBHI cTagil
embpioreHesy, 3apOAKOBi IMCTKM Ta 3aPOLKOBI
0060JIOHKNM NJIoAY.
O6nagHaHHA: inocTpauii, Tabnuui.




Xig po6oTtu

1. Po3rnaHbTe intocTpauii cTtagin nepensapopkoBO-
ro nepiogy po3BuUTKy ccaBLiB. Bukopucrante 3a-
NPOMNOHOBaHI TePMiHM 1 YTBOPITb 3 HUX pAf, LWO
BifobOpaxae NpaBunbHy NOCNiIJOBHICTb CTaAi Opo6-
JIeHHA: 6;1acmoyucma, 3uzoma, Mopysa, cmaodis 080X
611acmomepis, cmadis 8ocemu b1acmomepis, cmadis
yomupeox 6iacmomepis.

2. Po3srnaHbTe intocTpalii cTagin 3apogKoBoro nepiogy
PO3BUTKY NaHLUETHUKA. 3amantonTe i Nignuwite Taki
enemeHT ByfoBU, AK: ekmodepma, eHmooepmd, Me-
300epma, Hepgosa mpybka, xopdd, mpasHa mpy6ka.

3. Po3rnaHbTe cTagilo naigHoro nepiopy nAUHK
Ha 4-5-my micAui BariTHOCTi. 3icTaBTe MO3HaueHi
YacTMHW GyJoBU 3 Ha3BaMW: NJli0, XOPIOH, AMHIOH,
X08mKo8UU MiWOK, NYyNKOBUU KAHAMUK, niayeHmd,
AMHIOMUYHa piduHa.

4. 3anoBHiTb Tabnuuo: «<XapakTepncTrKa nepioais eMopioreHesy NOANHNY.

5. TMigcymok po6oTu.

HasBa nepiogy TpuBanictb OcCHOBHI npouecn

1. Meped3apodkosuii

2. 3apoodkosuli

3. MnioHui

CTABJIEHHA
bionoria + Mucreurso. lMnaueHTa nognuHN

OfgHuMm i3 HamBigomiwmnx mantoHKiB JleoHapgo aa BinHui
(1452-1519) € 306pa’keHHA NOACHLKOro NoAa. 3aBAsKU Ll
po6oTi J/leoHapao BBa)KAaETbCA MNepPLLOO IIOAMHOLO B iCTOPIT,
AKa NPaBWUIbHO NOKa3ana po3TallyBaHHA nnody NoANHN B
MaTLi, MONIOKEHHA roNIoBY, PYK, Hir, NyNnoBUHN, CYANH. €an-
He, B YUOMYy MUTeLb NPUMYCTUBCA MOMWIIKY, Lie 306paKeH-
Hs MnaueHTU. Ha mMantoHKy 3apofika NioAuHN BiH 306pa3uB
NAaueHTy... KOpoBU. flke 3HaUeHHA NNaueHTN AnA ccasBuiB?
Yum nnaueHTa NOANHW BIJPI3HAETbCA Big NNaLeHTX iHWnX
nnaueHTapHux ccasLiB?

PE3VJIbTAT

3aBAaHHA 4NA CAMOKOHTPOJIO
1. Wo Take embpioreHe3? 2. Ha3iTb nepiogn embpioreHesy noanHu. 3. LLlo Take
1-6 |embpioHanbHa iHAYKLiA? 4. fAKe 3HaueHHA embpioHanbHOT iHAYKUii? 5. LLlo Take 3a-
ponkoBi 06onoHKK? 6. Ha3BiTb 3apoaKoBi 060NOHKM MIOANHU.
7. Aki nepiogn emb6pioreHe3y nioanHn? 8. K BifOYBaeTbCA B3aEMOAIA YaCTWH 3a-
7-9 |popaka, Wo po3BMBaETbCA? 9. AKe 3HaUEHHS 3apOAKOBMX 060OHOK B eMOpioreHesi
noanHn?
10-12 | 10. OxapaKkTepu3yiiTe nepioan embpioreHesy NoANHM.
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Xoua cgim 3a2asnom pyxaemscs 8neped, Mosio0b Ujopasy po3no4UHAE 8ce CNOYAmKYy.
1. B. feme

§ 64. NOCTEMBPIOHAJIbHUW PO3BUTOK JIIOAUHN

OcHOBHi NOHATTA 11 Knto4oBi TepmiHn: MOCTEMBPIOTEHE3. CrapiHHa nio-
AVHW.

MpuraganTte! Lo Take OHTOreHes?

& MomipkynTe!
LLlo € cninbHOro 1 BiAMIHHOIO MiXK
noctembpioreHe30M NOAVHN | MeTenmnKiB?

3MICT

Aki GionoriuHi 1 couianbHi 0co6nMBOCTIi nocTemGpioreHesy
nognuHn?

MOCTEMBPIOFEHE3 JIIOAUHU - ye pos-
8UMOK 8i0 HAPOOXEHHA 00 CMepmi Op2dHi3my,
AKul e8Hacniook 6iocouianeHoi hpupoou sIOUHU
mae ocobusocmi. OfHI€ 3 OCHOBHUX NOAiN No-
cTembpioreHesy € cTaTeBe A03PiBaHHS, 33 HACTaH-
HAM AKOI Y HbOMY BMOKPEMJIIOTb TpU nepiogu:
nepeapenpoayKTUBHUI, PENPOAYKTUBHUI Ta Mic- 1. NepeapenpoayKTUBHMI nepiof
NAPENpPOAYKTUBHMIA. 2. PenpofyKTnsHuMI nepioa

MepedpenpodykmueHuti nepiod - ue nepiod |3 MicnapenpopyKTuBHMII nepios
XUumms opeaHiamy 8i0 HapOOXeHHA 00 HaCMaH-
HA cmameesoi 3pinocmi. NOpiBHAHO 3 TBapuHamm
CTaTeBe [03piBaHHA NIIOAVHU BifbyBa€TbCA AOBONI Mi3HO, i CaM Nepiof BiApPi3HAETbCA
BiIHOCHO GiNbLIOIO TPUBANICTIO, OCKINIbKU OKpPiM ¢i3ionioriuHoro i ¢isnyHoro po3BuT-
Ky BigOyBaloTbca NCUXiYHWIA PO3BUTOK N popmyBaHHA BHI, mucneHHsa, posymoBoi
HiAnbHOCTI Ta iH. JlioAnHa po3yMHa — Lie BMA 3 HAaNMOBINbHILIOK 3MiHOK MOKOSiHb.

PenpodykmueHuli nepiod — ye nepiod cmamegoi 3pisnocmi op2aHiamy, wo xapak-
mepu3yembCa 30amMHiCMIo JII0OUHU 00 PO3MHOXeEHHS. Y XIHOK Liei nepiog TPMBAE Bifg
9 - 16 pokiB go 45 - 50 pokiB, y yonosikis Big 11-18 pokis. MiHounn opraHiam nic-
NA HaCTaHHA CTaTeBOIl 3PINOCTi 34aTHWI 3aBariTHITU KOXHOMO MicALUA, y TOM Yac AK
y 6inblIOCTi TBapVH LA 30aTHICTb 3'ABNAETLCA Y NEBHUI Nepiof PO3MHOXeEHHA. Ane
GiNbLUICTb XXIHOK He MOXe HapoAUTM BiNbll HiXK 6 — 11 AiTel 3a BCe XUTTA, OCKINbKN
OpraHiam 3HOLWYETbCA Big nonoris. | UA noTeHUiHa NNigHICTb He peani3oBYETbCA B
Cy4yaCHOMY CyCninbCTBi. BaXK/MBO yMOBOIO CTaTEBOI 3PINOCTi € BU3HAYEHHA KOXHOO
NOAVIHOI CBOEIT cTaTeBOi couianizauii. LLlo6 ctatu gopocnoto noanHo0, HeobxigHo
Kpim ¢isionoriyHoi 3pinocti cdopmyBaTh couianbHi yctaHOBKKU. OKpiM TOro, Ha pe-
NPOoAYKUito MIOANHN BAAMBAIOTb i collianbHi HOpMU. TakK, 3rigHO i3 3aKOHOM MONOAUM
noaAM B YKpaiHi MOXHa ofpy»KyBaTnca 3 18 pokis..

MicnapenpodykmuseHuii nepiod — ye nepiod, Wo xapakmepu3syemocs 8mpamoro
0p2aHi3My 30amHOCMi 00 PO3MHOXeHHsA. B opraHi3ami NognHM 3MeHLWWyloTbCA BMICT
BOAW, IHTEHCMBHICTb OOMiHY peuyoBYMH, NOCNAbNOITLCA KUTTEBI QYHKLIT, 3MeHLLy-
l0TbCA Maca Tina Ta oro po3mipu. Ha Lbomy eTani BigbyBaeTbcA CTapiHHA OpraHis-

OHTOrEHE3
Em6pioreHes

1. Nepensapogkosuin nepiog
2. 3apogKoBuii nepiog,
3. MnigHnn nepiop

Moctemb6pioreHes




My. CepefHA GakTMYHA TPUBANICTb XNUTTA NIOAEN Y PO3BUHYTUX KpaiHax CTaHOBUTb
74 poKu, a B KpaiHax, WO pO3BUBalTbCA, — 56 pokiB. B YKpaiHi cepegHa Tpusanictb
XUTTA YONOBIKIB CTAHOBUTb 66,4 POKY, XKiHOK — 76,3 poKy. Y ANOHIT XiHK/ AOXKMBalOTb
[0 86,8 poky, a yonosikn y LLisenuapii 4o 81,3 poKy — Le HanKpalli MOKa3HUKK Yy CBITi.
BepxHbo BNOOBOI MeXeto AnaA noanHn BBaxatoTb 115 — 125 pokis.

OT1xe, ana noguHu Ak GiocouianbHOro BUAY XapakTepHi Mi3HA cTaTeBa
3pinicTb, 6inblwa TpMBanicTb Nepea3apoaKoBOro nepiody, HM3bKa
NOTEHUiNHa N peanbHa NAiQHICTb, HANNOBINbHILA 3MiHa MOKOJiHb, MOABA
nepexigHoOro nepiogy Mix nepiogamu ctaTeBol 3pifOCTi Ta NITHbOrO BIKY.

AKi YAHHMKM | AK BNAMBaKOTb Ha PicT i po3BUTOK Yy noctemb6pioreHesi
nwoanHn?

PicT i pO3BMTOK NMIOAVHMN € CYKYNHICMIO KiTbKICHUX MA AKICHUX 3MiH Op2aHi3my,
wo 3abesneyyoms i XummeoianbHicme ma adanmaduito 0o ymos cepedosuwya. Lli
npoLecy CTaHOBAATb LiNiCHY AMHaMiyHy 36anaHCcOBaHy €AHICTb, AKAa 34IMCHIOETHCA
npu B3aemofii eH0oz2eHHUX (TeHOTWM, TOPMOHW, MIXKMITVHHI B3aEMOZil, CUrHabHi
peyoBMHUW, MyTaLii) N ek302eHHUX (HaBKONWULILHE CepefoBULLE: NOXKMBHI 1 [OAATKOBI
peyoBMHY, eHepris, iHpopMaLia, 6iOTUYHI 1 abiOTUYHI B3AEMOBIAHOCKHN, WKIigNWBI
3BMYKM, XBOPOOOTBOPHI BMIMBU) YMHHMKIB. BrOKpeMniolTb HU3KY 3aKOHOMipHO-
CTel, WO XapaKTepusyioTb BMMBU YNHHUKIB Ha PICT 1 PO3BUTOK JIIOANHMN.

HenepepeHicme. PicT i pO3BMTOK KNiTUH, OpraHiB, CUCTEM OPraHiB, opraHiamy
MOXYTb OYyTN OOMEXEHUMU I HEOOMEXEHUMU, MPOrPECUBHIIMU I PErpecuBHIMM,
WBMAKAMM A NMOBINBHUMM 3aN€XXHO Bif Ail YNHHKKIB, ane y Oyab-AKoMy BUMNAAKY Ui
npouecu BinbysatoTbca NMOCTIVHO i HEMEPEPBHO.

TemepoxpoHHicmMb (<Pi3HOUYACOBICTb») MONATAE B TOMY, O Pi3Hi CTPYKTYypu dpop-
MYIOTbCA B MEBHUI YaC XUTTA OPraHiamy B TOMy MOPAAKY, LLO NOro BU3HAYAE reHOTUn.
Tak, MONOYHi 3y6r GopMyIoTbCA paHille 3a MOCTilHI, CNoYaTKy 3'ABNATLCA 3apOAKO-
Bi INCTKK, a BXe NOTIM TKaHWHWN.

HepieHomipHicmb NpoABNAETLCA Pi3HUMU TeMNaMM POCTY N [O3piBaHHA opra-
HiB abo cucTem ynpopaoBs oHToreHesy. Tak, OKpeMi YaCTUHN HEPBOBOI CUCTEMU PO3-
BMBalOTbCA | GOPMYIOTbCA Pi3HUMU TeMNamK i B pi3Hi cTpoKku. BereTaTuBHa HepBOBa
cncTema € JOCUTb 3PIiNOt0 BXKe NP HAPOXKEHHI, a COMAaTUYHaA — [O3PiBaE Mi3Hiwe.
BypxnvBui picT Tina B JOBXUHY Ha NepLIOMY POLLi >KUTTA NOB'A3aHWI 3i 36iNbLIEHHAM
MacK Tina, a ynoBiflbHEHHA POCTY B HACTYMHI POKM 3yMOBJIeHe akKTUBHUMM npoLeca-
MK gudepeHLiauii KNiTWH, TKAHUH, OPraHiB.

Haoitinicmb. OpraHiam nogvHM Big Npupoav HadineHnn MexaHiamamu Hagmip-
HOCTI, MNacTUYHOCTI, Ay6noBaHHA yHKUiN. Tak, AnA reHeTUYHOro Kogy BracTuBa
BUPOAKEHICTb, Y pa3i BTpaTu 30pY BifOYBAETbCA KOMMEHCaLiA WOoA0 OTPUMAHHS iH-
dopmaLii uepes fJOTUK.

TemepoceHcumueHicme («pi3HOUYTNUBICTb») Nepefbayae pPisHYy CNPUNHATIU-
BiCTb KJiTWH, OPraHiB Y CMCTEM OPraHiB WOAO TUX UM iHWKMX BMIBIB CepefoBULLa
Ha NeBHOMY eTani po3BUTKY. Tak, NiANITKN Y CBOEMY BiLli fy»Ke YyTN1Bi 4O BNMBIB Ce-
pefoByLLa Yepes ropMOHANbHUI <LUTYPM», @ KPUTUYHUMM Nepiogamu 4a PO3BUTKY
3apofjKa € imnnaHTauifa i nnaueHTauin.

IHOuegidyanbHicmb xapakTepusye ocobNMBOCTI POCTY i PO3BUTKY KOMXHOFO KOH-
KPEeTHOro opraHi3my, Lo BM3HAYaloTbCA B3aEMOAIEI0 reHOTUNY 1 YMOB cepefoBuLLa.
HaBiTb MOHO3UTOTHI 6IM3HATa 3 OAHAKOBMM FEHOTUMOM BiPi3HATUMYTbCA TUMU a60
iHWMN NPOABaMM O3HaK.
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OTXXe, yClo Pi3HOMaHITHICTb YMHHUKIB, O CNPaBAATb NO3UTUBHUN
ab0 HeraTvMBHWI BMJIMB HA OPraHi3m, MOAINATb Ha €HJAOrEeHHi
Ta eK30reHHi, @ OCHOBHVMM 3aKOHOMiPHOCTAMM IXHbOFO BMUBY
€ HenepepBHICTb, FreTeEPOXPOHHICTb, HEPIBHOMIPHICTb, HaZiINHICTb,
reTepOCeHCUTUBHICTb, IHANBIAYaNbHICTb.

AKi npyuunHM cTapiHHA nloguHN?

CrapiHHA nNOANHN - Nnpoyec 3aKOHOMIp-
HO20 BUHUKHEHHA B8iKOBUX 3MIH, AKi nNocmynoso
npu3800sme 00 CKOPOYeHHsA NpuCmMocy8anbHUX
moxnusocmeu opzaHiamy (in. 143). O3HaKu cTa-
PiHHA NPOABNAIOTLCA Ha BCiX PIBHAX OpraHisauii
»KNBOrO opraHi3my. Tak, y KniTuHax 3HMXYETbCA
aKTUBHICTb depMeHTiB, MOPYLIYETLCA CaMoBifa-
HOBJIEHHA BiNKiB, HYKNeIHOBUX KACNOT TOLLO.

Hayka, Wo BMBYAE 3aKOHOMIPHOCTI CTapiH-
HSl, Ha3MBAETbCA repoHTONOriE (Bia rpeub 2e- In. 143. CrapikHa niognHN
pPOHMOC — CTapui, s1020¢ — HaykKa). CyyacHy repoHTonorito 3acHysaB |. MeuHUVKOB, a
nofanbLioro po3BUTKY LA Hayka Habyna B npauax O. boromonbus, O. HaropHoro, I.
LWmanburayseHa, O6pi gi Mpes.

HuHi icHye noHag 300 rinoTes WOAO NPUUUH CTapiHHA, cepel AKMX HaWuika-
BilULMMU €: «eHepreTnyHa» rinote3a M. PybHepa (KOXHWI B Ma€ CBil eHepreTmy-
HUN GOHA, WO BUTPAYAETLCA MPOTArOM MKUTTA); «T€HETUYHI» rinote3n (MexaHismu
CTapiHHA NOB’'A3aHi 3i 3MiHOIO CTaHy reHeTUYHOro anaparty KJiTMHK); rinoTe3a camo-
OTPY€HHA |. |. MeuHrKoBa (3 BIKOM B OpraHi3mi HarpoMag»KylTbCA NPOAYKTM a30Tu-
CTOro 06MiHy, THUTTA, WO CNPUYNHAE IHTOKCMKALLi10); «CMONYYHOTKaHUHHa» rinoTesa
0. O. boromonbuA («/Il0ANHA Ma€E BiK CBOEI CMONMYYHOI TKAHNHWU»); HEPOreHHa Teopia
I. M. MaBnoBa (CTapiHHA BU3HAYa€TbCA CTAaHOM HEPBOBOI CUCTeMM); «biNIKoBa» rino-
Te3a O. B. HaropHoro (cTapiHHA — Lje pe3ynbTaT 3racalouoro CaMOOHOBJIEHHS GiNKiB);
rinotesa MiTOTMYHOro «1imiTy» J1. Xendnika (gna KNiTMH opraHiamis BnacTnsuin 06-
MEXEHUN MITOTUYHUI NoTeHLUian); «rinoTanamiyHa» rinote3a B. M. [linbmaHa (3 Bikom
3MIHIOETbCA aKTUBHICTb rinoTanamyca, AKUIN € BULMM LLEeHTPOM perynauii BeretaTus-
HUX YHKLUIN); aganTauiiHo-perynsaTopHa rinote3a B. B. ®ponbkica (BigbyBaeTbcA
MOO6ini3auia afanTMBHKX MeXaHi3MiB, HanNpUKag NoCUIeHHsA rikonisy, rineptpodis
i noninnoigia KNiTuH Ta iH.), Teopia HakonuuyeHHA myTauin 1. MepaBapa (3 Bikom yac-
TOTa MyTaUili, WO 3a/MIIAETbCA B reHOPOHAI, 36iNbluy€eTbCA), TefIOMepHa rinoTtesa (y
6araTbox KNiTUHax NOANHN BTPaTa 34aTHOCTI A0 MOAINY NoB'A3aHa i3 BTPaTOlO Teno-
Mep Ha KiHLAX XPOMOCOM).

OTXe, CTapiHHA — Le HeMUHY4YMin npoLec, ane NioanHa CNpPoOMOKHa
YNOBiNbHUTY NpupogHi disionoriuHi Nnpouecy cTapiHHA. [na uboro
NOTPIGHO perynApHO 3aMmMaTCA CIOPTOM, pPaLlioHaNbHO XapyyBaTuCs,
YHMKaTX CTPECOBUX CUTYaUiln, BIMOBUTUCA Bif WKigANBUX
3BUYOK i YepryBaTu akTUBHY LiANIbHICTb 3 BiAMOUYNHKOM.
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BIANbHICTb

3aBAaHHA Ha 3aCTOCyBaHHA 3HaHb

BikoBi nepiogu — Le nepiogu XXNTTA NIOANHMY, O Pi3HATLCA 0COOBNMBOCTAMU POCTY
" po3BUTKY. Ha3BiTb MeXi BiKOBUX NepiofiB NoANHN Ta HaBeiTb NPUKAaAnN BiKOBUX
ocobnusocTeil.

Mepiog TpuBanictb BikoBi 0cO6nMBOCTi pOCTY i1 pO3BUTKY

HoBoHapopeHicTb

lpyAaHWUR BiK

OunTtuHcTBO

MigniTkoBnin nepiog

lOHaubKMI Nepion

3pinun BiK

Moxunui BiK

Crapeuni BiK

bionoria + AHTpononoria. AKcenepatisi OHTOreHesy

MpuckopeHHAa TemniB iHAMBIAYanbHOro pPoOCTy Ta
pPO3BUTKY AiTel i NianiTkiB NOPIBHAHO 3 nonepegHiMmu
NOKOMIHHAMW B MeXaX NMeBHOro iCTOPMYHOro 4acy Ha-
3MBAETbCA aKcenepauiel. Lle ogHa 3 ocobnuBocTen
noctembpioreHesy MOAVHU. AKUM € NPOTUIEXHE A0 aK-
cenepadii noHATTA? [NouikaBTecA N Ha3BiTb OCHOBHI riMno-

Te3n, WO NOACHIOKTb aKcenepauilo.

B aHrnincokoro nnucbmeHHuKka fadiena Oedo (1660-1731), aBTo-
pa pomaHy «He3BuualiiHi npurogu PobiH3oHa Kpy30», AKUiA 3 nprmMxm
[oni NPoXunB 28 pokKiB Ha 6e3MAHOMY OCTPOBI, € TaKi pAgKu: «...Have
Kpeoumop i 6opXXHUK, s NOOINU8 CMOPIHKY HABNIM | Hanucas nigopyy
«N02aHO», a Npagopyy «0obpe, i 0cb Wo 8 MeHe guliwsio...». LlikaBo,
a wo X 3anuncas PobiH30H Kpy30 Ha umx ctopiHkax? Moginite i BU ap-

CTABJIEHHA

Bionoria + Jlitepatypa

i o .
' Pominzon Y
0 4

KyLU HaBMin, ane NiBopyY Hanuwitb «HeraTMBHI YNHHKKK», @ MPaBoO-
pyy — «[103UTUBHI YNHHMKW». Ha3BIiTb MO TPM HaMBaXNMBILLi, Ha Bally YMKY, MO3UTUBHI
Ta HeraTVBHI YUNHHWKM N OLHITb IXHi BB Ha PICT i PO3BUTOK NIIOANHN.

PE3YJIbTAT

3aBAaHHA ANA CAMOKOHTPOJIO

1. o Take noctembpioreHes nioguHn? 2. Ha3eiTb nepioan noctembpioreHesy o-
annHn. 3. Wo Take picT i po3ButoK nognHn? 4. Ha3BiTb OCHOBHI 3aKOHOMIPHOCTI
pocTy i po3BUTKY NtoAanHN. 5. LLlo Take cTapiHHA nognHn? 6. HaBediTb npuknagm
rinoTes, WO NOACHIOKTb CTapPiHHA.

7. fki 6ionoriyHi i couianbHi ocobnmnBocTi NocTembpioreHesy nognHN? 8. AKi i AK
YVHHVIKM BMIMBAKOTb Ha PIiCT i1 PO3BUTOK B nocTembpioreHesi noanHu? 9. HasgiTtb
NPUYMHN CTapPiHHA NOAVHN.

10-12

10. OUiHITb BMANB NO3UTUBHUX | HEraTUBHMX YNHHWKIB Ha PICT i PO3BUTOK NIOAUHN.

§ 64. NocTemMbpioHaNIbHUIN PO3BUTOK JOAVHU
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Y3aranbHeHHA Temu 4. PEMPOAYKLIA TA PO3BUATOK

PEMPOAYKLIA (po3MHOXKeHHSA) — 8i0meopeHHs cobi nodibHUX, 3a80KU YOMY 3d-

6e3neuyromsca 6e3nepepsHicms i cNAOKO8ICMb XUMmmA.

Ta6nuuya 9. MOPIBHAJIbHA XAPAKTEPUCTUKA ®OPM
PO3MHOEHHA OPrAHI3MIB

O3HakKa

HectaTeBe po3MHOEHHA

CraTeBe PO3MHOXEHHA

Mopain KNiTWH, WO € OCHOBO

MiTo3

Mewos

KniTnHu, aki 6epyTb yyactb

ComaTuyHi

CraTeBi

®asn (rannoigHa, AgunnoigHa)

LunnoigHuin Habip xpomocom

FannoigHuin Habip Xxpomocom

[>xepeno MiHNMBOCTI

MyTauii

MyTauii. leHeTnYHa pekom-
6iHauinA

YyacTb 6aTbKiBCbKMX OCOOUH

3pe6inblioro ogHa

3pe6inbluioro ABi

|A@HTUYHICTb NOKONIHHA

[eHeTUYHO TOUHI Konii 6aTbKiB

[eHeTMYHO BiAMIHHI Bif

6aTbKiB
. . . . MapTeHoreHes
Mogain HaBnif, MHOXVHHWIA NOAIN, . S
. Moniemb6pioHin
OCHOBHI BUAM 6pPYHbKYBaHHSA, CIOPOYTBOPEHHS,
lepmadpoanTam

BeretaTMBHe PO3MHOXeHHA

Po3ginbHocTaTeBicTb

bionoriuHe 3HaueHHA

Cnpuse 36epexxeHHI0 HabinbLLOT
NPUCTOCOBAHOCTI 3@ HE3MIHHUX
YMOB iCHyBaHHA.

3abe3sneuye WBUAKE BIATBOPEHHA
BEJINKOI KibKOCTI HallaaKiB

Cnpuae reHeTUYHOMY pi3HO-
MaHiTTIO OCOBGUH i CTBOPIOE
nepeaymoBU 1A OCBOEHHA
HOBUX YMOB.

3abe3neyye NoBinbHe BigTBO-
PEeHHA HEBENMKOT KiNIbKOCTi
Halwaakie

IHOAUBIAYAJIbHUA PO3BUTOK (oHTOreHes) — ye po3sumok ocobuHu 6id it 3apo-

0)KeHHA 00 cMepm.

Ta6nuua 10. NEPIOAU3ALIA OHTOTEHE3Y BAFTATOKNITUHHUX OPTAHI3MIB

Y TBapuiH (Ha NnpuKnagi XxopAoBUX TBAPUH)

Y pocnuH (Ha npukKnagi NOKPUTOHaCiHHUX)

|. EMGpioHanbHMi nepiog,
[pobneHHs

lacTpynauia

[icToreHes Ta opraHoreHes

IIl. MocTembpioHanbHMiA Nepiof

HectateBo3pinun nepiog

Mepion cTateBOro fo3piBaHHA

MNepiop cTaTeBoi 3pinocTi

MNepioa cTapiHHA | cMepTb

MNepiog 3pinocTi

|. EMGpioHanbHuMi nepiog,

MNpopyKyBaHHA 3apOAKOBOI MepucTemMn
YTBOpPEHHA 3apoAKOBOro KOPiHLA Ta NaroHa
®opMyBaHHA HaCiHUHY

Il. MocTembpioHanbHU nepiof

Mepioa npopocTka

Mepiog monogocTi

Mepioa cTapiHHA | cMepTb

Tunu nocrem6pioreHesy TBapuH

MpAMNin PO3BUTOK — Ue PO3BUMOK, 3d AKO20 WOUHO HAPOOXeHd MeapuHa 3aearom Hdzadye
dopocsy (ccaBuji, MNasyHU, NTaxu, XPALWOBi puby, NaByKW, CKOPMIOHW, BINYACTi Ta MaOLLETVHKOBI
yepsw). bionoriuHe 3HaYeHHsA NPAMOro PO3BMTKY MOJIATAE B TOMY, O 3MEHLIYETLCA BPA3/MBICTb

HapOAXKeHOI TBAPUHU LLIOAO 30BHILLHIX YAHHUKIB.

Henpamwuii po3BUTOK — ye po38UMOK, 3a AKO20 YMBOPIOEMbCA TUYUHKA, AKA NepemaoploeEMbCA HA
dopocsy 0cobuHy 6e3nocepedHbo abo Yepes nepemasopeHHs (3eMHOBOAHI, KICTKOBI pnbu, Komaxu,
Kniwi, 6inbwicTb MoNOCKiB, YepBiB). bionoriyHe 3HaUYeHHA HENPAMOro PO3BUTKY: >KUBUIbHA
ObyHKUinA, paLioHanbHe BUKOPUCTaHHA PeCypCiB, pO3ceNieHHs, 3abe3neyeHHs 3apaxeHHs xasdiB

Pi3HOBMAM HENPAMOTO PO3BUTKY:

e HenpAMuUU pO38UMOK 3 NOBHUM NepemeOpeHHAM — L& PO3BUTOK JINUMHKM, AKUIA Cynpo-
BO[XKYETbCA NepebynoBoto BCiX i opraHiB i cnctem (Hanpuknag, y TBEpAOKPUIINX, KICTKOBMX

pu6, 3eMHOBOAHNX);

®  Henpamul po38UMOK 3 HeNOBHUM NepPemBOPeHHAM — Lie PO3BUTOK JIMUMHKM, AKa MA€ CiNbHi
pricy 6y[OBM 3 AOPOCAUMI OCOBMHaMY, B 3B'A3KY 3 UMM MepPeTBOPEHHA CTOCYBATMMYTbCA

OKpeMux opraHiB i cuctem (Hanpuknag, y NPAMOKPUINX, TapraHiB, KNomnis, TEPMITiB).




CaMOKOHTpPOJIb 3HaHb

Tect 5. PEMPOAYKLIA TA PO3BUTOK
3aBpaHHA 3 BU60poM npaBubHOI BigNoBiAi (no 1 6asy 3a KOXHY npasusbHy
8i0N0BIOb)

fIK Ha3MBaETbCA NPOLEC PO3BUTKY KiNIbKOX 3aPOJKIB 3 OfHIE 3urotn?

A naprteHoreHes b noniembpioHis

B pparmeHTauia I 6pyHbKYBaHHA

flka 3 HaBeeHMX iCTOT 34aTHa 10 pereHepaLii HanbinbLIO Mipoio?
A ry6ka-6opgsdra b ackapuvpa nogcbka

B BOCbMUHIrT I )Kyk-oneHb

YKaxiTb OCHOBHY Npobnemy Cy4YacHOi TPaHCMIAHTONOTIT.
A nepecapxyBaHHsa opraHis b nigbip aHTureHis
B nogonaHHA cymicHoCTi I nogonaHHA HeCYMiCHOCTI TKaHVH 11 OpraHiB
Da3a po3xoAKeHHA OAHOXPOMATUAHUX XPOMOCOM A0 NMOJOCIB KNITUHY — Lie
A npodasa b meTadasa B aHadasa I tenodasa
leHeTMYHO 3anporpamoBaHa 3arnbenb KNiTWH - Le
A HeKkpo3 b miTo3 B anonTo3 I ymTo3
3aBAaHHA Ha BCTAHOBJIGHHSA BiANOBIAHOCTI (2 6a/1u 3a npasusibHe 3icmasieHHS)
3icTaBTe Cnoci6 HecTaTeBOro PO3MHOMXEHHA 3 OpraHiamamu, 4na AKX BRacTu-
BUN.
A nogin HaBnin 1 apixkaxi
B 6pyHbKyBaHHA 2 mManApivHWA NnasMogain
B cnopoyTBopeHHA 3 xnamigomoHaga
I MHOXMHHWI Noain 4 ameba nNpoTen

5 Awipka
3icTaBTe CTafilo cnepmaTtoreHesy noAnHN 3 KNITMHaMK, AKi yTBOPIOIOTbCA.
A cTagia po3amHoXeHHA 1 cnepmatouunTu |-ro nopaaky

b cTapia pocty 2 cnepmaTo300HM
B cTagia go3piBaHHA 3 cnepmaTtoroHii
I ctagisa dopmyBaHHsA 4 HenonApHi TinbuA

5 cnepmatngm
3aBpaHHA 3 BU6OpOM npaBWIbHOI KOMGiHauii Bignosigen (3 6anu 3a npa-
8UJIbHY KOMbIHAUi0)
YKaXiTb 03HaKW, WO XapaKTepunsyloTb eMOpioHanbHy CTagilo, No3HaueHy Lud-
poto 5.

A Hassa b Kinbkictb B Y aknx opraHi3mis
3apPOAKOBUX NNCTKIB HasABHa?
1 3urora 1 oauH 1 BogopocTi o o ﬂ
2 Gnactyna 2 aBa 2 BULLi POC/INHN 1 2
3 ractpyna 3 Tpu 3 xopgosi
4 Henpyna 4 yotumpm 4 yneHWCToHOT I

CaMOKOHTpPOSb 3HaHb
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