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BCTYII

[HnuBiMyanbHUNH PO3BUTOK OpraHi3My, aboO OHTOTeHe3, - 1€ CYKYIHICTb
MOCJTIIOBHUX TIPOIIECIB 3 MOMEHTY BHHUKHEHHS 3UTOTH JI0 YTBOPEHHS CKJIAIHOTO
0araTOKJIITUHHOTO OPraHi3My 3 BEIHKOIO KIJIBKICTIO MO-Pi3HOMY AHQEpeHIiHoBaHIX
KJIITUH, TKAHUH 1 OpraHiB; PO3BUTOK CKJIAJHUX OPTaHi3MiB 13 MOPIBHSJIBHO MPOCTHX
3a OyZI0BOIO SIMIICKIIITHH.

OcCHOBY 1HJIUBIyaJIbHOTO PO3BUTKY CKJIAJa€e MOCTITOBHA peari3allis CraaKkoBoi
iH(opMallii Ha BCiX CTaigX ICHYBaHHS OpraHi3My (BiJ 3UTOTH JI0 CMEPTI) 3a NMIEBHUX
YMOB 30BHIIIHBOIO cCepeoBulia. ['0JOBHY O0COOJMBICTH PO3BUTKY CTAHOBUTH
3pOCTaHHS CKJIQJHOCTI Ta PI3HOMaHITHOCTI, a00 TU(EepEeHITIFOBaHHS.

Tepmin «oHTOreHe3» BuUKoOpuUcTOBYBaB E. I'ekkens y 1866 poui mpu
(dhopMmyItoBaHHI O10r€HETUYHOTO 3aKOHY, MAlOUM Ha yBa3l MijJ OHTOT€HE30M TIIIbKHU
MPOIIEC BHYTPIIIHBOYTPOOHOTO PO3BUTKY. B maHuil yac 3 1M TEpMiHOM 3B'SA3y€EThCS
BECh CHEKTP MOCIIJOBHUX NEPETBOPEHB: PICT, TU(EPEHIIIOBAHHS, IHTETPALlisl YaCTHH
OpraHi3My, 110 PO3BUBAETHCS BiJl MOMEHTY TOSIBH JI0 3aKIHUCHHS KUTTEBOTO ITHKITY.

OHToreHesy BlacTUBa Mepiojau3allis: J0eMOploHalbHUM  (TIporeHes),
eMOpI1OHAJIBHUH 1 TICsIEMOPIOHATBHUIN TIEPIOJIN.

[Iporenes - BUHUKHEHHS 1 PO3BUTOK CTATEBUX KJIITHUH Y 0aThKIBCHKUX OCOOUH.

EmOpioHansHuii mepiof - 4ac Bii MOMEHTY 3aIuUliIHEHHS 10 (opMyBaHHS
OpraHi3My 1 BUXOJy 3apoJiKa 3 I€YHUX 00O0JOHOK.

[TocTemOpioHanbHUM TIEPIOJ - YAC BiJl HAPOKEHHS IO CMEPTI 1HIMBIAyyMa.

Jlo mocTeMOpioHATBHUX TPOLIECIB BIIHOCATHCS PICT, MeTaMOp(do3, HEeCTaTeBe
PO3MHOXEHHSI 1 pereHepailis. [HIIMMH ClIOBaMH, HaBITH JOPOCIHI OpraHi3M
PO3BUBAETHCS, TAK SIK KIIITHUHH 1 TKAHUHU O0€3MEPEPBHO OHOBIIIOIOTHCA.

BusiBieHHsT MeXaHi3MIB KIITHHHUX 1 CHUCTEMHHUX IMpPOILECIB MPOCTOPOBHX 1
JaCOBUX MEPETBOPEHD Y KUTTEBOMY ITHKJI1 OPTaHi3My CTaHOBUTH OCHOBHY MpoOIemMy
cydacHoi 0100r1i po3BUTKY. CydacHa 010J10Tisl pO3BUTKY PO3TJIsiIa€ Taki MEXaHI3MU
OHTOT€HE3Y: B3a€MOJis Ta NU(EepeHLIFOBaHHS KIIITUH Ha PI3HUX €Tarax OHTOTEHE3y,
perynsdiiss  audepeHiiaibHOi aKTUBHOCTI TEHIB Ta OCOOJMBOCTI TEHETUYHOTO
KOHTPOJIIO PO3BUTKY opraHi3miB. Ilpu 1poMy OCHOBHa yBara JOCJIJIHHUKIB
30Cepe/DKeHa Ha TMTAaHHAX, SKI BHUCBITIIOIOTH XiJI aBTOHOMHOI 1 3aJIeKHOI
JeTepMiHaIlii, crmocodu ynpaBimiHHS IU(epeHIiaTbHOI0 aKTUBHICTIO TEHIB B MEPIO
PO3BUTKY 0araTOKJIITHHHHUX OPTaHi3MiB.



B3AEMOISA KJIITUH B OHTOI'EHE3I
Ioxia KiaiTHH

[Tomin xmituH (PO3MHOXEHHS, TpoJideparis) Bigirpae BEIUKY poOjib ¥y
nporecax oHtoreHesy. llo-mepiie, 3aBOsKd TOAUTY 3 3UICOTH, SKa BIAMOBiIAe
OJIHOKJIITUHHIM CTajll pO3BUTKY, BUHHMKA€E OaraTOKJIITHHHHHI opraHizMm. Ilo-mpyre,
npodidepanis KITHH, [0 BiAOYyBa€TbCcsl MIcHs cTafli apoOsieHHs, 3abe3mneuye
3pocTaHHsi opraHizmy. I[lo-Tpere, BHOOpYOMY pPO3MHOXCHHIO KIIITHH HaJCKHUThH
NOMITHa poJib y 3a0e3mneueHHI MOpP(OreHeTHYHUX MpoIeciB. Y MOCTHATAIBHOMY
nepiofl 1HAWBIAYaTbHOTO PO3BUTKY 3aBAAKH KIITHHHOMY TMOMAUTY 3H1HCHIOETHCS
OHOBJICHHA 0araTbOX TKaHWH Y TMPOLECI KUTTEAISUIBHOCTI OpraHi3My, a TaKOX
BIJIHOBJICHHSI BTPAU€HUX OPraHiB, 3aTO€HHS PaH.

VY nepioa ApoOaeHHS KIITHUHHU TIISTHCS MIBHUIIE, HIXK Ha OUIBII Mi3HIX eTarax
oHtoreHesy. I1ij yac racTpynsilii Ta opraHoreHe3y mojai Bi0yBaeTbcsi BUOIPKOBO B
MEBHUX 00JIACTAX 3apojika. PO3TAryBaHHS KIITHH MPHU iX PyCl CTUMYJIIOE 1 KIIITUHHUM
nofin. [lomiueHo, 1mo TaM, e MBUAKICTh KIITHHHOTO JIJIEHHS BUCOKA, B1IOYBAIOTHCS
1 SKICHI 3MIHM B CTPYKTypl €MOpIOHAJIbHOI 3aKjaJKd, TOOTO OpraHOre€HETHYHI
MPOLIECU CYNPOBOKYIOThCSI aKTUBHUM PO3MHOKEHHSAM KIITHUH. OcO0IMBE 3HaYCHHS
B1JIiIrpa€ HEPIBHOMIPHICTh PO3MHOKEHHS KIIITUH y XOJIl OpraHOTEHE3y 1 riCTOreHesy.
Ctumynamu, 110 CHOHYKAIOTh KIITUHHU J0 MOALTY, € (PaKTOpH pocCTy.

@dakTopu poOCTy - 1€ MPHUPOJHI CIONYKH, 3[aTHI CTUMYJIIOBATH 3POCTaHHS,
nposidepaitiro 1 / abo audepeHiitoBaHHS KUBUX KIITUH. SIK MpaBwiio, e NenTUIHI
a00 cTepoigHi TOPMOHU, (PYHKI[IOHYIOTh SIK CUTHAJIbHI MOJICKYJIH JIJIsl B3aEMOJIIT MiX
KJIITUHaMH. [TpuKkiIagamMu € MUTOKIHU 1 TOPMOHHM, SIK1 3B S3YIOThCS CIEUU(DPIUYHUMHU
KIITUHHUMH  peuentopamu. IlMTOKIHM - HEBeNWKI MNenTHAHI 1HQOpMaliiiHi
MoJiekynd. [{luTokiHM MaroTh MOJIEKYJIIpHY Macy, mo He nepesutrye 30 kD. [{utokin
BUJIUISIETBCS Ha TIOBEPXHIO KIITHHU A 1 B3aEMOJIIOTH 3 PELENTOpPOM, IO
3HAXOJUThCS TOPYyY 3 KimiTuHOIO B. TakuM umHOM, Bijg KIMITHHH A 10 KiIiTHHU B
MepeIacThCsl CUTHA, SIKAW 3ammycKae B KIITHHI B moganpin peaxiii.

Opnnak (akTop poCTy, 10 aKTUBYE MITO3 KIITUH OJHOTO TUITY, MOXE JIIATH SIK
1HT101TOp TIposidepartii KIiTHH 1HIIOTO TUMY. Hanpuknan, ¢pakrtop pocTy eniaepmicy
(epidermal growth factor, EFG) moxxe mnpurHidyBatu mpomidepario KITHH
KHUILIKOBOTO EMITEN0 IIypiB. BIabHIICTh (PakTopiB pOCTy HaAae MITOTEHHY IO,
3B'SA3yIOUYUCh 3 pelentopaMd MeMOpaHM KIITHHH, 10 MNPU3BOJIUTH 10 aKTUBAIlli
(dhepMeHTy, acolioOBaHOTO 3 IIMMHU pEleNnTOopaMy 1 3allyCKae CUTHAIIHT 1 KacKaj
MITOI€HAKTUBYIOUMX MPOTEIHKUHA3, K1 3aITyCKAIOTh €KCIPECIIO MEBHUX I'EHIB.

[Topsinm 3 dakTopamMu pocTy Bigoma Ilijla HU3KA MOJIMENTUIHUX I1HTIO0ITOPIB
npoidepanii kmTuH. TkaHMHOCTIEU(IYHUMEU 1HT101TOpaMHU KIITHHHOTO JIJICHHS €
KeiiJioHu. BoHM SBISAIOTH cO00I0 OUIKHM 1 TIKOMPOTEiNH, SKi, BUXOASYN 3 KIITHHH,
NPOHUKAIOTh y KPOBOTOK a00 AU(PYHAYIOTh y MDKTKaHWHHIA PIOUHI 10 1HIIUX
kiituH. [lepenbavaerbes, 1O BIUIMB KEIJIOHIB HA KIITHHY TIOB'SI3aHUM 13
raJbMyBaHHSIM BCTYITy KJIITHHH B MiTO3 3 Qa3u G, abo 3 ¢pasu G; y S dazy, a Takox 3
BriMBoM Ha mpouecu cunresy JHK y S ¢asi. Lle npusBoauts A0 mpurHidveHHs abo
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YIOBUIBHEHHSI HIBUAKOCTI AUIEHHS KIITUH Y THUX TKAHWHAX, AKi 1X BHUPOOJISIIOTH.
ITeBHa KOHIIEHTpAIll KEUJIOHIB TAaHOTO BUY KJIITHH Y KPOBI HE J1a€ MOYKJIUBOCTI I[IUM
KJIITUHAM HEOOMEXEHO PO3MHOXKYBATUCA, MIATPUMYE iX ONTHUMAIbHY YHCEIIbHICTb
JUIs. BUKOHaHHS (YHKIII Ha MEBHOMY piBHI, a TaKoXX 3a0e3rnedye piBHOBAry MiXK
OKPEMUMH KJIITUHHUMH TMOMyIAisIMU. [Ipu 3HMKEHH1 KOHIIGHTpaIlli KEWJIOHIB Yy
KpOBl1 (Hampukiaa, TMpU Ppe3eKIlli YacTUHU OpraHy) KJIITUHH IOYMHAIOTh
npoJigepyBaTd 10 TUX MIp, MOKHU IX YHCEIBHICTh HE 3pOCTE HACTUIBKH, I100
KEWJIOHY, SIKH BUPOOJSETHCS HUMH, OYyJIO MOCUTH ISl TMPUTHIYCHHS IOJAJBIIOTO
PO3MHOKEHHS.

Keitslonn MaroTh TKaHWHHY, aje HE MAaloTh BHUIOBOI CHIEIH(IIHOCTI.
Hampukinaz, keiionu, mo BUPOOJISIOTECS KIITHHAMU TEYIHKH, «BIUTUBAIOTHY TITBKH
Ha KJITUHU TIEY1HKH, aJie HE Ha KJIITUHU HUPKHU.

Buxin xmtunu 3 ¢gasu Gg 1 BCTyn il 10 MITOTMYHOIO LMKIY I1HILIFOETHCS
PI3HMUMH 30BHIIIHIMA CTUMYJaMH, B TEpUIy Yepry pI3HUMHU IUTOKIHAMH, IO
HaJeXaTh 10 TPYNU YMHHHKIB 3pocTaHHs. Kpim 1boro, s moauty OLIBIIIOCTI TUIIIB
HOPMAJIbHUX KJIITHH HEOOXIJHA TaKOXX 1 B3aeMOJis CHenu(IUHUX PpelenTopiB
KJIITUHU - IHTETPUHIB, 3 TIEBHUMH OUIKAMH TMO3aKIITUHHOTO  MAaTPUKCY
(p16pOHEKTHHOM, KOJIAaT€HOM ).

Perynsiisi KIITHHHOTO MOAUTY MOKE 31ACHIOBATUCS TaKOX 3a JIOMOMOTOIO
KOHTAaKTHOTO TaJbMyBaHHS MPU BCTAHOBJIEHHI MDKKIITHUHHUX KOHTakTiB. bararto
KJITAH 3/1aTHI JUIMTHCS TUIBKU OyAy4Yd NPHUKPIIUIEHUMH 10 30BHILIHIX CTPYKTYP.
Hanpuxnan, 1is emiTeNniouuTiB TaKO CTPYKTYypor € 0OazaibHa mMeMOpaHa, a IS
¢10po0nacTiB - KOJareHoBl BOJIOKHA MDKKJIITHHHOI PEYOBUHU. SKIIO KIITHHA
BCTAHOBJIIOE€ KOHTAKT HE 3 MO3AKJIITUHHUM MATPUKCOM, a 3 1HIIUMHU KJIITUHAMH, TO
P NEBHIM UIUIBHOCTI KJIIITUH CIIOCTEPIraeThCs MPUITMHEHHS MOALTY.

BBaxkaeTbcs, 10 KUIBKICTh IUKIIB KIITHHHUX TMOJAUIB Y XOAl OHTOTCHE3Y
TeHEeTUYHO BU3HaueHa. [loni KIITHH MpOTIKA€E 3 PI3HOIO 1HTEHCUBHICTIO, B PI3HUIMA
gac 1 B PI3HUX MICHAX, HOCUTh KJIOHAJIBHUM XapakTep 1 MiIJaeThCS MYyTalliiiHUM
3MmiHaMm. Bce 1ie xapaktepusye KITHHHUN MOAUT SK CKIAQMHY (DYHKIIIO I[IITICHOTO
Opra”iamMy, IO TMIIKOPSETBCS PETYNIOIOYMM BIUIMBAM Ha PI3HUX  PIBHIX:
TeHETUYHOMY, TKAHUHHOMY, OHTOT€HETUYHOMY, O10T€OIIEHOTHYHOMY .

Mirpanist KJIITHH

Mirpamiss KmTUH (KIITHHHI TEpeMILIEHHS) TOpsAld 3 IHIIUMH KIITUHHUMU
MPOLIECAMH Ma€ JyX€E BEJIMKE 3HAUCHHS, MOYMHAIOYM 3 MEepIoAY racTpyJsisiii 1 gaii B
xolil MoporeHe3zy. KiiTHHM Me3eHXHMHOIO THUITYy MITPYIOTh MOOJMHOKO 1 / abo
rpynaMy, a KJIITHHM emliTe/il0 - MOro/jKeHo, rmactoM. KIlTHHH ME3eHXHMMHOTO
TUITy HAOUIbII PYXJIMBI, TaK K HE YTBOPIOIOTh Mi’K COOO0 CTIMKMX KOHTAKTIB.

Jlo y3roKeHUX TEpeMillleHb IJIACTIB CMTeNalbHUX KIITHH BITHOCSITHCS
BATMHAHHS  KIITUHHUX  [UIACTIB  IUIIXOM  BHUIWHAHHA a00  1HBarigaii,
BIJIITHYPYBaHHSM, YTBOPEHHSI IOTOBILIEHb - IJIAKOI.



[Tpuknagom Mirpairii Me3eHXUMHHX KJIITHH TOB'S3aH1 3 MEPEMIIIIEHHSIM KIITHH
HepBOBOro rpedens (puc. 1; 2) 1 MEpBUHHUX CTATEBUX KJIITHH 13 »KOBTKOBOI
CHTOJICPMH B 3a4aTOK CTATEBOI 3aJ103H.

KmitnHa HEpBOBOro rpeOeHs MOXKE JaTH IMOYATOK Pi3HHM KIIITHHHHM THIIAM
3JICKHO B1J Miclid i1 MalOyTHBOT JIOKaTi3aIlii.

Puc. 1. lllnsaxu mirparii kiiTHH HepBOBOTO rpedens (3a ['indeprom, 1993):
1 - nepumii nuIAX; 2 - Apyruil LUisx; 3 - TPETik MUIsaX

Iepwuii winsix TPOCTITaeTbCAd Y BEHTPAIBbHOMY HANpPSIMKY 4Yepe3 MNepeaHii
BT coMmiTa (B 3aJHIM BUIAUI COMITa KJIITHHU HEPBOBOTO IpeOEHs BCTyNaTU HE
MOXYTb). Jlesiki 3 IuX KJIITHH AOCATAlOTh CIIMHHOI aOpTH, € 3 HUX (POPMYIOTHCS
CUMIIATUYHI TaHTIi1. [HIII KINTHHM, 110 TOTPAIUISIIOTh B KpaHiallbH1 Ta MIMIHI 001acTi
3apojKa, MalTh IMOYATOK IMApACUMIIATUYHOMY BIAJITY TepudepuvIHOi HEPBOBOI
cucteMu. B ocoOnuBuX 00JacTsIX TiNa KIITHUHU HEPBOBOTO TpeOEHs, 110 MIrpyBaslud
UM K€ MUISTXOM, YTBOPIOIOTh CKYIMUEHHS XpoMa(iHHUX KIITHH MO3KOBOI PEYOBHHU
HAJHUPKOBHUX 3aJ103.

Jpyeuii winax nepeMileHHs] po3TalloBaHUX MOOIU3Y 3aJHBOTO BIJILTY COMiTa
KJIITUH HEPBOBOTO I'peOCHS - Y3MIOBXK HEPBOBOI TpyOKW Bmepen abo Hazaa. [lotim
BOHM BCTYIAIOTh B MEpEeAHI BIAIIIM BIaCHUX a00 MpUWIETIUX 10 HUX cOMITiB. TyT
BOHU OO0'€THYIOTbCA 3 JESIKUMH 3 KJIITHH HEPBOBOTO TIpeOeHs, CIOoYaTKy
pO3TAllIOBAaHUX HABIPOTH TMEPEJHBOTO BIJAULY coMmiTa, 1 (OpMYIOTh TaHIJil
JOPCAIbHUX KOPIHI[IB CITMHHOTO MO3KY.

Tpemiti wwnax Mirpaiii KJIITUH HEPBOBOIO TI'pebeHs MpPOXOIUTh Yy
JopcojaTepaIbHOMY HAMpsIMKY MM MOKPUBHUM emiTenieM 3apojka. Jleski 3 1ux
KIITUH OU(EpEeHIlIoIThCA B MIrMEHTHI KIITUHU (Y CCaBIiB - MEIAHOLUTH). BoHH
PYXalwThCs 3 IIEHTPAIBHOI JOpCalbHOI 00MacTi MO BEHTPaIbHIN MOBEPXHI
MOKPUBHOTO EMITENI0, JOCITAI0YH IIKIPU )KUBOTA.



Puc. 2. Mirpariii ki1iTuH HepBOBOTO Tpedens (3a SApurinum, 2003):
a-TIoTepevyHuil 3pi3 3apojKa, O-MOX1AH1 KJIITHH HEPBOBOI'O IpeOEHs y JOPOCIOTO
Oprasi3my;
1-HepBoBU TpebiHb, 2-BY30J1 CHUHHOTO KOPIHI, 3-MITMEHTHI KIIITUHH,
4-cUMIaTUYHUN BY30J1, 5- HAAHUPHHUK, 1110 PO3BUBAETHCSA 6-HEPBOBE CIUIETIHHSA B
CTIHII KHILIKH, 7- KJIITUHA IIBaHIBCbKOT O00JIOHKH, §-YHIMOJISPHUI Yy TIMBUI
HEUPOH, 9-KJIITHHA CYNTyTHUK, 10-MyIbTUNOIAPHUN HEHPOH CUMITATUYHOTO By3Ja,
11-xpomadinHa KJIITHHA B MO3KOBiM peUOBHHI HaJHUPHUKA, 12- peBepTeOpaibHe
CILICTIHHS, 13- mapacUMIIaTHYHE CIUICTIHHS B KHUIIIIIL;

CTpUJIKAaMH TIOKa3aHO HANPSIMOK MITpallii KJIITHH HEPBOBOTO IPeOCHS.

[Topymennsi, wirpamii KITHH y X041 eMOpioreHe3y MpU3BOAHUTH 10
HEJIOPO3BUHEHHS OpPraHiB abo J0 1X reTepoTorii, 3MiHM HOPMaJIbHOI Jokami3aiii. Te
W 1HImIE € BpPOHKCHUMHU BaJaMH PO3BUTKY. SIKIIO TOPYIIYETHCS Mirparis
HeWpoOIacTiB, TO BUHUKAIOTh OCTPIBLI CipOi PEUOBUHU B OLTIM peuOBUHI, IPU LILOMY
KJIITUHA BTPayaloTh 3JATHICTh 10 AU(EpeHIitOBaHHS. bbbl BUpakeHl 3MIHU
MIrparii Tpu3BOAATH 0 MIKPOTipii 1 MOJIripii (BeJUKEe YUCIO IPIOHUX 1 aHOMAJIBHO
pO3TalllOBaHUX 3BUBMH BEJIMKWMX TiBKYJb), a00, HaBMNaku, JO MakKporipii
(MOTOBIIIEHHSI OCHOBHMX 3BHMBHH), a00 10 aripii (TJ1agkuii MO30K, BIICYTHICTh 3BUBHH
1 00pO3€H BEJIUKHX IMBKYJIb).

He menm 3Haunma poiib Mirpaiii KJIiTHH 1 B TOCTEMOPIOHAIBHOMY PO3BUTKY.
Tax, ameboimuuii pyx MakpodariB 3abe3meuye peamizalilo peakiiii IMyHITETY;
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MEePEMIIIIEHHST CIEPMAaTO30iiB HEOOXIMHUX I 3alUliHEHHS; MIrpamii KIITHH
eniJIepMICy MPU3BOJATH IO 3aKPUTTSI PAHOBOI MOBEPXHI MPHU MOIIKOIKEHHSX IIKIPH.

Mirpariis KJIITHH 3IHCHIOETBCS Ha OCHOBI JUCTAHIIMHMX Ta KOHTAaKTHOT
B3a€MOJIINA. JI0 TUCTAHTHUX BIIHOCUTHLCS, HAMPHUKIIAJ, NMEPEMILIEHHS 3a TPaIi€HTOM
KOHIICHTpAIlii - xeMoTakcuc. OCHOBOIO MIrparlli KJIITUH 0araTOKJIITUHHUX TBApUH SIK
B eMOpioreHesi, TaK 1 B MMOCTHATAIbLHOMY PO3BUTKY € KOHTaKTHI B3a€MOJIi, MepI 3a
BCE, cepell MDKKIITHHHOTO  MaTpPUKCY 1 Mirpyrounx KmiTuH. KommnoHeHTu
MDKKIITHHHOTO MaTpHUKCy (KoiareH, (piOpOHEKTHH, JIaMiHIH, TJKO3aMiHOTJIIKAHU 1
1HIII PEYOBMHU) HAJAIOTh CTUMYJIIOIOUUH e(PEeKT Ha MEePEMIIIeHHS KIIITHH.

B3aeMO03B's130K MITPYIOYUX KIITHH 3 KOMIIOHEHTaMH MIKKIITHHHOTO MaTPUKCY
3MIIACHIOETHCS. OCOOJIMBUM BHIOM KITHHHHX PEHENTOPiB - OUTKaMH-1IHTEIrpUHAMH.
HamnpsiMmok wmirpamii Moxxe OyTH 3aJaHO HEOAHOPIAHICTIO KOMIIOHEHTIB MAaTpPHKCY,
KPUBU3HOIO HOr0o MOBEpXHI ab0 MiKpopenbedoMm, sKi CIyXaTh PO3Mi3HABATIHLHUMHU
3HAKaMU JIJIsl BUOOPY HAMPSIMKY TEPEMIIIICHHS 1 30CePe/IKEHHS MEBHUX TUITIB KIITHH
B JIUJISTHKAX 3aKJIaJIKM MalOYyTHIX opraHiB abo pereHepariii.

KpiMm goctaBky KJIITUHHOTO Martepiaiy B MOTPIOHY 00JacTh 3apojiKa, Mirparlis
3a0e3mneuye MEBHUM XapakTep pO3TalllyBaHHS KIITHH Yy 3a4aTKy CTPYKTYPH, IO
(dbopMyeThCs, BHACHIJIOK YOro OCTaHHIA HaOyBae (opmy. Hampuknaa, B 3adatky
TOJIOBHOTO MO3KY KJIITHMHHM NEPEMIIIAIOTHCS 13 30HU PO3MHOKEHHS, MPHIIETIIOl 10
MOPOKHUHU HEBPOLIENIO, 70 30BHIIIHBOI CTOPOHU HEPBOBOi TPYOKH 1 yTBOPIOIOTH
PSAJl BUIIMHAHB, TaK 3BAaHUX MO3KOBUX MIXYpIB.

TakuM 4YUHOM, MIrpaiisi KJIITHH 3HAXOJUThCS 1]l TEHETUYHUM KOHTPOJIEM 1 €
OJHUM 3 HaWBAXKJIMUBIIIMX MEXaHI3MIB PO3BUTKY, II0 BHU3HAYa€ MPABUIIBHICTD
(dbopMyBaHHS CTPYKTYpH, (POpMHU OpraHiB, iX JOKaII3aLIoO.

CopryBaHHA KJIITHH

VY mporieci emOpioreHe3y KIITHUHU HE TUTbKM aKTUBHO MEPEMINIAIOTHCS, alle i
«BMI3HAIOTH» OJ[HA OJIHY, TOOTO YTBOPIOIOTH CKYMYEHHS 1 IJIACTU TUIBKU 3 TIEBHUMH
KJIITUHaMHA. 3HA4YHI KOOPJAMHOBAHI MEPEMIIIEHHS KIITHH XapakTepHl HJs Mepioay
racTpyssinii. CeHe 1UX MepeMillleHb MOJsTac B YTBOPEHHI BIOKPEMIICHUX OJWH Bij
OJIHOTO 3apOJKOBUX JHCTKIB 3 a0COJIOTHO TEBHUM B3a€EMHHUM PO3TAIIyBaHHSIM.
KiiTuHu cOpTyrOThCS YHOPSAKOBAHO B 3aJIeKHOCTI BiA 1X BJIacTUBOCTEH, TOOTO
BHUOIpKOBO. HeoOXi1HOIO yMOBOIO COPTYBAHHS € MEBHA CTYIIHb PYXJIMBOCTI KIIITHH 1
0COOJIMBO PYXJIUBICTh iX MEMOpaH.

Brnepiiie Ha BIAMIHHOCTI B PYXJIMBOCTI 1 3[aTHOCT1 JI0 3JIMNaHHS (aare3ii) Mix
KJIITUHAMHU, SKI HaJekaTh JIO0 PI3HUX 3apOJAKOBUX JIMCTKIB, 3BEPHYB yBary
I'. Tonprdperep y 30-x pp. XX cTOMTTS, AKUK MPOBIB P JOCHIAIB. Y MOAAIBIIOMY
BUCHI MOAM(IKYBaJIM HOTro AOCHIAA 3 pi3HUMH KiaiTuHamu. CeHC LMX JOCI]iIB
MoJIsira€ B TOMY, IO 3apOJKH TPUTOHIB ab0 IHINIWX TBAapWUH Ha CTadll TacTpyiu
JAUCOLIIOITh 32 JONOMOTOI0 (PepMEHTY TpPUIICHHY, AKHH pyilHYye Mmarepiai, IIo
3'eMHye KITHHU MK co0oro. JlucoriiioBani (e3arperoBani) KIITUHH PETEIHHO
NepeMillyBaid 1 TMOTIM CTBOPIOBAIM Taki YMOBH, 1100 KJIITMHH MOIJM BUIBHO
nepeMimarucs 1 3'egHyBaTucs OAHA 3 oAHOW. CHoyaTKy KIITHHHM TNPEACTaBISIH
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Oe3magHy CyMill, TMOTIM KIITHHH €KTOJAEPMH, ME30JepMH 1 EHTOAEPMHU
pos'enHyBanucs (cerperyBajii) 1 30MpajMcs B OKpeMi TpPYINH, KOXHA 3 SKHUX
IpelcTaBiisyia coO00 KIITUHHUM arperat 3 OJHOPIAHMX KIITHH. Y TBOPIOBAIHCS
3HOBY 3apOJKOBI JINCTKH, PO3TAIIIOBAHI 1HO/1 HaBITh Y 3BUYAHHOMY JJISl HUX TTOPSIKY

(puc. 3).

Puc. 3. Anresist KINITHH 3apOJKOBUX JHUCTKIB (3a Apurinum, 2003):
a-CyMIII JUCOLIIOBAaHUX KIIITUH racTpyiau amQi0iii, O-KIITHHU €KTOIEPMHU,
ME30JI€PMH 1 EHTOJAEPMH, 110 TPYMYIOTHCS MOMAPOBO MUISIXOM aresii.

BubGopue copTtyBaHHsA 1 aares3is KJIITHH 3a0e3MeuyeThCs HAsSBHICTIO Ha iX
MeMOpaHax MoJiekyn MDKKITHHHOI axare3ii (CAM, Bim aurn. celladhesion
molecules), ski moB's3aHi 3 MeMOpaHOK KIITHHH 1 3a0€3MeUyr0Th MEXaHIYHY
B3a€EMOJIII0 KIITUH. YacTo BOHM MPOHU3YIOTH MEMOpaHy 1 MNPUEAHYIOTHCS JO
IUTOCKENEeTy. B 0araThoX BHITaJIKax OKpeMa MOJIEKyJia 3/laTHA B3a€EMOJISITH HE 3
OJIHI€10, a 3 IEKUIbKOMa PEYOBUHAMM, IS YOTO CIIYXKaTh PI3HI JIJISHKU 3B'SI3yBaHHS.
3a3Buuail OUTKM MDKKIJIITHHHOI aJre3ii po3TalloBaHi KJacTepaMu 1 YTBOPIOIOTH
TUJISTHKY 3B's13yBaHHA. J{o Mosekyn aaresii BiqHOCAT 4 ciMelcTBa OUIKIB: KaJIr€pUHH,
CEJICKTUHU, IHTETPUHU 1 IMyHOTJIOOYIIIHH.

Ha etamax paHHbOTO eMOpPIOHAIEHOTO PO3BUTKY OCHOBHA POJIb y 3a0€3MEUeHHI
MEXaHI3My BHOOpPYOro COpPTYBaHHS 1 aAres3ii KIITHH HAJEKUTh TJIIKOMPOTEIHAM
1a3MaTHYHOT MeMOpaH! - KaJrepruHam.

B3aeMosiro MoJiekys ajaresii OMMCaHO Ha MPHUKIIAl PAaHHBLOTO €MOpPIOTeHE3y
ccaBuiB. Ha mouatky npoOseHHs OyiacToMepu pO3TalloBYIOThCS puxio. [lotim
BiI0OYBA€ThCS KOMIIAKTH3allisl KIITUH — OJIACTOMEPU TYJATHCA OJIWH IO OJIHOTO,
HIUIBHO YTaKOBYIOTHCA 1 3B'SI3yIOTHCSI MDKKIITUHHUMH criofilykamu. Tak, aHTUTLIa 710
E-xaarepuniB  OJIOKYIOTh KOMMAKTH3alil0 OjacToMepiB, OepyTh ydacTtb Y
dbopMyBaHHI IMUIBHUX KOHTAKTIB MiX KIITHHAMU Tpodobimacta B OJIACTOIMCTI
rarneHTapanx ccasiliB. Kpim E-kanrepusiB, BaXJIMBY poJib B IMIUIAHTAIlll 3apojKa
O0epyTh yuacth P-kaarepunu. MoJiekynu 3a3Haue€HHUX CYOKJIaciB JIOKaJIi30BaHI Ha
MOBEPXHI KIITUH Tpodobiacta 1 MaTKu Ta 3a0e3MeuyroTh NPUIUIAHHS 3apojiKa 10
eMITeJIII0 MATKH Ha TTIOYaTKOBOMY €Talll IIbOTO MPOIIECY.

MexaHi3M BUOOPYOTO COPTYBAHHS 1 aATe31i JIEKUTh B OCHOBI 1 0araTbOX 1HIIUX
MPOIIECIB OpraHoreHe3y, 30kpema, (OpMyBaHHsS M'SI30BUX BOJIOKOH TIPH 3JIUTTI
M100J1aCTiB, BCTAHOBJICHHSI KOHTAKTIB M1 aKCOHAMM KJIITUH CITKIBKHA 1 HEMpOHaMH
IHIIKUX BUIAUIIB 30pOBOTO aHamizaropa 1 T. iH. IlopyiieHHs MexaHi3My BHOOPYOTO
KJIITUHHOTO COPTYBaHHS Ta aaresii B X011 OpraHOTe€HE3y MPU3BOIUTH 10 (OPMYyBaHHS
TaKMX BaJ PO3BUTKY, SIK HE3POIICHHS HEPBOBOI TPyOKH, HE3MHUKAHHS
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BEPXHBOIIENENHNX KICTOK 1 iX MiAHEOIHHUX BIAPOCTKIB (yILIEIHMHA TBEPIOTO
i HEeO1HHS ).

Y mocTHaTamTbHOMY OHTOTEHE31 NMPHU TMOPYIICHHI CHHTE3Y MOJCKYJ aaresii
MOKE CIIOCTepiraTucsi TMOpYIICHHS TpoJidepaliii KIITHH, IO MPU3BOIUTH 0
yTBOPEHHsI MyXJIMH. BTpaTa KIiTHHAMU MOJIEKYJ aare3ii CympoBOKYETHCS CTIHKOIO
JecTadlai3aIie€ro MOKKIITUHHIX KOHTAKTIB 1 MOJaIbIIIUM METacTa3yBaHHSIM.

3aruoeiib KJIITHH

Y pO3BUTKY 3apOAKiB TOPSA 3 PO3MHOXKEHHSIM KIITHH BaXIUBY pPOJIb
BIJIITPalOTh MPOLIECH 3arubesi KITHH.

Ha nanuii yac po3pi3HSIOTh ABa NPUHIMIOBO PI3HUX TUIX KIITUHHOI 3arudeni:
anonTo3 (B MEPEKIIa/Il 3 TPELBKOTO «BIANAAA€») 1 HEKPO3.

AmNONTO3 - 3amporpamMoBaHa 3aruOenb KIITHH, MOIIMPEHUH 1 TUMOBUM IS
¢i13iomoriunux ymoB. llopsn 3 omMcaHMMHM BHINE PO3MOJLIIOM, COPTYBAaHHSM 1
MITpaIli€ro KIITHH, BIH CIIPUSi€ JOCATHEHHIO XapaKTePHUX JUIsl IEBHOTO 010JIOTTYHOTO
BUly pucC Horo MopdodyHKIIOHATBHOI opraHizaiii. OTxe, anonTo3 € MPUPOJIHUM,
€BOJIIOLIIMHO  OOYMOBJIEHMM 1 T€HETMYHO  KOHTPOJIbOBAaHUM  MEXaHI3MOM
MopdoreHesy.

VY nocTHaTadbHOMY PpO3BHUTKY aronTo3 3abe3mneudye 3arubenb KIITHH Ha
CTaAisX AUQEpeHIIIOBaHHS (HAIPHUKIaA, €pUTPOLUTIB), CTAPIFOYMX 1 MOIIKOKEHUX
KJIITHH, 3HUIICHHS ayTOPEaKTUBHUX (IIFOYMX TPOTH BIIACHUX KJIITHH) KJIOHIB
mimpouuTiB 1 T. 1H. KpiM 1bOro, mpoOTAroM YChOTO PO3BUTKY MEXaHI3M
MPOrpamMoBaHOi KJIITUHHOI 3arubesni 3a0e3nedye perysisiiio YUCEIbHOCTI KIITHH, a
came - BCTAaHOBJIEHHS MMOTPiOHOI piBHOBAru MiXx IMpoiiecamu npoJidepartiii 1 3arudent
KJIITHH, 1110, B OAHUX CUTYallisiX, 3a0e3neuye cTablIbHUNA CTaH OpraHi3My, B 1HIIUX -
3pocTaHHs 200 aTpo(iro TKAHWH 1 OPTaHiB.

[Iporpama anonTU4HOT 3aruOei CKIaa€ThCs 3 HACTYITHUX OCHOBHUX €TaITiB:

- IHITyK11is1, 200 3ayCK MPOrpamMu arornTo3y;

- aKTHBAITIS MPOATTONTUYHUX O1JIKIB;

-Kackaj kacna3 (IpoTeasy, 10 MaloTh B AKTUBHOMY IIEHTP1 3aJUIIOK [IUCTETHY,
1 PO3PI3HAIOTH CBOI CYOCTpaTH MO CHEelM(piuHOMY 3aIHUINKY acrapariHoBoi KUCIOTH),
110 PO3IICTUIIOIOTH O1IKU-MIIIICH],

- pyiiHYBaHHS BHYTPILIHbOKJIITUHHUX OpraHes ado ix nepedyoBa;

- ¢pparmMeHTAlllS] KJIITUHU HA alONTUYHI TUIBLIS;

- MIArOTOBKAa KIITHUHU 1 1 (PparMeHTiB a0 (arouuro3dy makpodaramu ado
CYCIAHIMU KJITITHHAMH.

VY 3amycky amonrTo3y OepyTh y4acTh pi3HI OpraHend, aje Tepil 3a Bce -
mia3MaTHYHa MeMOpaHa 1 MiToXoHApii. [HAykmis amonmTo3y Ta aKTHUBAIis
NpOANONTUYHUX OUIKIB Bele N0 akThBamii kacma3 (MUCTETHOBHX MpOTeas)
IHIIATOPHUX 1 €(PEeKTOPHUX, sIKI (PYHKIIOHYIOTh SK MPOTEONiTHYHI Kackaau. Lle
NPU3BOAUTH 10 PYHHYBaHHSA CTPYKTYpHUX OLIKIB, OLIKIB-PEryIATOPIB KIITHUHHOTO
UKy Ta IHIIUX. AKTHUBOBaHI Kacma3zol (epMeHTH (HalpHKIal, €HAOHYKJIEa3H)
OepyTh ydacTb Yy pyHHYBaHHI siiepHOi Jaminu, nopymeHHi mimicHocti JIHK,

10


https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%B5%D0%B0%D0%B7%D0%B0
https://uk.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%B8%D0%B9_%D1%86%D0%B5%D0%BD%D1%82%D1%80
https://uk.wikipedia.org/wiki/%D0%A6%D0%B8%D1%81%D1%82%D0%B5%D1%97%D0%BD
https://uk.wikipedia.org/wiki/%D0%A1%D1%83%D0%B1%D1%81%D1%82%D1%80%D0%B0%D1%82_(%D0%B1%D1%96%D0%BE%D1%85%D1%96%D0%BC%D1%96%D1%8F)
https://uk.wikipedia.org/wiki/%D0%90%D1%81%D0%BF%D0%B0%D1%80%D0%B0%D0%B3%D1%96%D0%BD%D0%BE%D0%B2%D0%B0_%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D0%B0

KOMIaKTU3alli XpoMaTUHY, pyiHYBaHHI anapary [ oybaxki, MITOXOHIPIH, €IeMEHTIB
IIUTOCKEJETY Ta IHIINX OpraHed.

Kpim kacmazHoro MexaHi3my, € HEKacla3HU MeXaHI3M alloNTHYHO1 3aruderi.
3 MITOXOH/Ipil BUXOAATH 1 MIrpytoTh B siaipo (iaBonpoteinu AlF (apoptosis inducing
factor) i emmonykneasu G, 1o BuKIMKaiOTh po3nan saepHoi JIHK wa Benumki
¢parmentu. KoHnneHncaniss xpoMatuHy 1 ekcno3uiisa (docdartuauicepuHa B
30BHIIIHBOMY IIIap1 TIa3MAaTUYHOI MEMOpPAHHU BiJINOBIIal0OTh O3HAKAM aIrloNTo3Yy.

MopdosoriuHi nepeTBOpEeHHsI B MPOLEC] aloNTo3y BHPAXKAIOTHCS B PIZHOMY
CTYNEHl po3Majy BHYTPINIHBOKIITUHHUX KOMIIOHEeHTiB. KiHneBumu etamamu
arionTo3y € YIIUIbHEHHS IMTOIUIa3MH, (parMeHramis siaep 1 caMHuX KITHH 3
YTBOPEHHSIM aroNTUYHUX TUIElb, B IKUX MOXYTh OyTH (hparMeHTH siiep, eIeMEHTH
anapaty ['oibak1, MITOXOHJIPIH 1 T. 1H.

HaiiGinb1 sckpaBl NpUKIaaAd PyWHYBaHHS KIITHH 1 OPraHiB BIAHOCATHCS 10
MOCTEMOpIOHATIBHUX CTald MeTaMop(o3y 3eMHOBOJHUX 1 KOMax. Y TMyTrOJIOBOK
pe30pOyIOThCS (PO3CMOKTYIOTBCS) XBICT, KUIIIEYHHUK 1 35I0pOB1 KPHIIKH, Y JTMIHUHOK
KOMax pPYHHYETbCS OUIBIIICTh BHYTPIIIHIX Opra”iB. Y XoAi eMOpiOHaJIbLHOTO
PO3BUTKY BHILUX XpEeOETHHUX 1 JIIOJMHU TAKOK MAlOTh MICIl€ MPOLECH JereHeparii
OpraHiB, sIKl CIIOYaTKy 3aKJIaJar0ThCs, a MOTIM 3HUKAIOTh. ¥ OCOOMH KIHOYOI CTaTi
JereHepyoTh Boib(poBl MpoTOKH, Y OCOOUH YOJIOBIYOi CTaTl - MIOIepoOBl MPOTOKH,
mo €, MaOyTb, pe3yJbTaTOM BIUIMBY CTAT€BHX TOPMOHIB. Y eMOpioHa JIOJAWHU
CIIOYaTKy 3aKJIaJaloThcsl pedpa y 7-ro muiiHoro xpeodus 1 9-10 xBocToBUX XpeOlliB,
MOTIM BOHM 3a3BMYail 3HMKAIOTh, TAK IO IIMIHI XpeOlll, SK MpaBWiIo, pedep He
HECYThb 1 B M'ATIM TOULI 3aJIUIIAETHCA 4-5 XpeOiB.

Yumanie 3HAYEHHS HAJEXHUTh Ipoliecam 3aruleni KIITUH MpU YTBOPEHHI
MOPOKHUH Tij1a a00 CyJIMH (TaK 3BaHa KaBiTallisl), 110 MAlOTh CIIOYATKYy BUIJIS TSXKIB
0e3 MpOoCBITY.

VY 1eHTpasibHIi HEPBOBIA CUCTEMI CIOYATKY YTBOPIOETHCS O1IbIIE HEPBOBUX
KIITHH, HIXK TIOTIM 30€pIiraeThCcs, TaK SK YaCTHHA HEUPOHIB, SKI HE BCTAaHOBWJIN
3B'SI3KY 31 CBOIMHU MIIIIEHSMHU, THHE.

HaiiGinpmr BuBYEH1 mpollecd 3aruOeni KITHH (amonTo3) TpH YTBOPEHHI
nediniTuBHOI (OpPMHU KIHIIIBOK MTaxiB 1 CCaBIB. Y Kyp4yaTH HHUPKH KIHIIIBOK
3aKJIQIAI0ThCSA Yy BUTISAAI OIYHMX TMOTOBIIEHh COMATOIUICBPH MPUOJM3HO HA S55-i
TOJIMHI PO3BUTKY. BOHM BUpOCTAIOTh 3 TiJia 3apOJKa y BHUTJISI BUCTYMIB, TOKPUTHX
€KTOAEPMOIO 1 3alOBHEHHX ME30JEPMAIbHOIO TKaHUHOIO. Y MIpYy iX 3pOCTaHHSA
MOYMHAIOTh TMPOCTYMATH KOHTYpH KIHIIBOK. Ilpomec QopmyBaHHS KOHTYpIB
CYNPOBO/KYETHCSL BIIMUPAHHSAM KIITUH Y Psiil ME30JACpPMaJIbHUX JUISHOK HUPKU
KIHI[IBKU.

Tak 3BaHa 3aqHs1 HekpoTuyHa 30Ha (3H3) 3a0e3neuye popmyBaHHS KOHTYpIB
MIPOKCUMAaIBHUX 00JacTed KiHIIBOK. MakcuManbHOi nipoTsikHOCTI 3H3 gocsrae mo
96-1 roguau po3BUTKy. Jlo nporo uacy ruae 1500-2000 KIiTHH, 110 MOTJIMHAIOTHCS
npubim3Ho 150 makpodaramu. [HII KITITHHA ME30AEpMH, IO TPUMHUKAIOTH IO 30HU
HEKpo3y, He TuHyTh. ['pyna kmituH MmaitOytHboi 3H3, mepecamxeHa 31 CBOro
MICII€3HAaXO/KeHHsI Ha OlYHy MOBEpXHIO Tina 3aponaka 3a 40 roguH 10 MOYaTKy
OY1KyBaHOTO HEKpO3y, BCE OJIHO TMHE B Ti K TEPMIHH, IO 1 HA CBOEMY 3BHYAHOMY
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Mmicii. B ganoMy npukiaail mposiBIS€ThCS T€HETUYHA 3alporpaMOBaHICTh 3aruoernt
MEBHUX KJIITHH, Ky MOKHa 00pa3HO Ha3BaTU «BHYTPIIIHIM TOAUHHUKOM CMEPTI».

3arubenb KIITUH KOHTPOJIOETHCS HE TUIBKA TE€HETUYHO, a W Ha pIBHI
KJIITUHHHAX B3a€MO/IIN.

[{ixaBe TOpPIBHSHHS BIUIMBY YMOB Ha MPOIECH 3aru0esi KIITHH JUCTAIBHOL
YaCTUHU JIAlOK y KypyaTd 1 KaueHATU. SIK BIOMO, y KadyeHST 3aruoOeiib KIITUH
JTUCTANbHOI YACTUHU JIAIIKK HEBEJIMKA, BHACIIZAOK YOTO Y HUX MIXK JAPYTUM, TPETIM 1
YeTBEPTUM TAaNbLSIMH YTBOPIOIOTHCS TepeTUHKU. Komm CTBOpIOBajiM XUMEpH,
MOETHYIOUA ME30[IepMy 3 HUPKH HOTH Kaykd 3 €KTOJAEPMOIO KypyaTH 1 HaBIIaKH,
MiJCa/DKYIOUd TOTIM XHMMEPHI HUPKH KIHIIIBOK Ha OIYHY MOBEpPXHIO KypsS4Oro
3apojika, B 000X BUIMAJKaX OTPUMYBAIIM PO3BUTOK IO TUITY KaYMHOI KIHIIIBKH, TOOTO
3 MIEPETHHKOO MIXK HaIbIsiMHu (puc. 4).

Puc. 4. Po3BuTok 3a1ub01 KiHIIBKH Kyp4aTH (A) 1 kauensatu (b); myTartis
talpid (B) 1 mocmiam 3 mepecasiky ME30ICPMH 1 eKToJIepMHU B HUpKaX KiHiiBok (I7) (3a
Apuriaum, 2003):

1-Me30/1epMa HUPKHU KIHIIBKH, 2-alliKaIbHUN €KTOIepMaJIbHUI TPeOiHb,
3-IUITHKYA HEKPO3y MiX MaJIbISIMH Y 3apoJiKa Kyp4aTH, 4-XUMepH1 HUPKHU KIHIIIBOK,
5-Me3oaepMa Kauku, 6-eKToiepMa Kypuartu, 7-Me30[epMa KypuaTH, §-eKToepma
KauKd
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[TopymieHHss MexaHi3My amnonTo3y MPHU3BOAUTH 10 (POPMYBaHHA aHOMAIIH
PO3BUTKY, TaKMX SK CHHAAKTHIIIS (3pOINEHHS MalbliB), TrimepTpuxo3 (ImiIBHIICHE
OBOJIOCIHHS ), TIOJIIIAKTUIIIs (OaraTomaiocTi).

Hekpo3 € marosnoriunor GopMoro 3arudenni KIITUH Y pe3ybTaTi iX rOCTporo
NOIIKOJDKEHHsI.  BiH  XapakTepusyeTbCs  pO3PUBOM  IMTOIIA3MATHYHOI 1
BHYTPIIIHbOKIIITUHHUX MeMOpaH, W0 TMPU3BOJAUTH JI0 PYWHYBaHHS OpraHed,
BUBUIBHEHHIO JI30COMAJbHUX (EPMEHTIB 1 BHUXOAY BMICTy LHUTOIUIAa3MH B
MDKKITITHHHHHA TPOCTIP, MPHU I[bOMY PO3BUBAETHCS 3amaibHUN mporec. [IpudanHoio
3aruOeni Mpu HEKpo3i, B OCHOBHOMY, BBaXKaloTh pi3ke mamiHHsa BMicTy ATD y
KIIITUHAX JI0 TAKOTO PIBHSI, KU HE CyMICHMI 3 )KUTTAM. « EHepreTruHa kartactpodan
MOke OyTH BUKJIMKaHa, HAPUKJIA], TOKCUHAMU 200 (DI3MYHUMU YIIKOKEHHSIMHU.

Mop@donoriyHuMu 03HaKaMu HEKPO3Y €:

- HaOyXaHHS KJIITUH 1 X MEMOpaHHUX OpraHelr;

- Hecrienn(iyHa KOMIAKTU3AaIlisl XpOMaTUHY;

- BaKyoJTi3aIlisl IUTOIIa3MHU;

- MOPYIICHHS LUIICHOCTI TUIa3MaTHYHOI MEMOpaHHu;

- BUX1Jl BMICTY KJIITUH Y TIO3aKJIITUHHUN MIPOCTIP.

B pesynpTaTi y 0aratokJIiTUHHOMY OpraHi3mMi TpH HEKPO3l PO3BUBAETHCS
3anajibHa peakiisl.

IIuTaHHS 1J CAMOKOHTPOJIIO:

1. TlosicHiCTh MeXaH13M MOATY KJIITUH B OHTOT€HE31.

2. Sk BigOyBa€eThCs Mirpariist KITiTHH?

3. IIlo Take copTyBaHHS Ta aaAre3is KIITHH?

4. B 4oMy noJisirae MexaHi3M ymi3HaBaHHS OJHIEI0 KIITHHOIO 1HIILY?

5. HaBeniTh mnpukiamum 3amporpaMoBaHOi 3arubeni KIITAHH y MPOIleci
OHTOI'€HE3Y.

6. B yomy monsirae nporpaMa anonTHYHOI 3aruoesi?

7. Illo Ttake Hekpo3? Ha3BiTh MOp(dOIOTIYHI O3HAKUA HEKPO3Y.

JAAO®EPEHIIIOBAHHSA KJIITUH B OHTOI'EHE3I
Jerepminanis, mo nepeaye audepenuiamii

JeTepMiHanisi - mporiec BU3HAYEHHS J0JII JaHOT YaCTUHM 3apojka. YacTtuHu
3apojKa, J0JIs SAKHX Ie He BU3HAYCHA, HA3UBAIOTHCS HEACTCPMIHOBAaHUMHU, YaCTUHH 3
y>K€ BU3HAUYCHUM IUISIXOM PO3BUTKY - IETEPMIHOBAHUMH.

IMoTeH1ist 1esIKOT YaCTUHU 3apojKa - T, IO BOHA MOXE JaTH 33 OYIb-SKHX
YMOB.

MexaHi3M CTaHOBJICHHS JETEPMIHAIN] MMOKH HEBIJIOMHIA, TPOTE SICHO, IO Y
0aratb0X TBAapWH TEPBUHHA JETEPMIHAIlIS TMOB'sI3aHA 3 XIMIYHOK HEOIHOPITHICTIO
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PI3HHX JUISTHOK SIHIEKITITHHU. BimoMo, 10 KOXXEH OaraTOKIITHHHHA OpraHi3M
pPO3BUBAETHCS 3 OJHIET KITHHU - 3urotd. [lpum mnepmmx JUIEHHSX 3UTOTH
YTBOPIOIOTHCS OJIHAKOB1 KIITHHH, MK SKUMH 3 KOXXKHHUM TIOCIIJJOBHUM TIOJILJIOM
30UIBIIYIOTECS BIAMIHHOCTI. [IpHyYnHOI0 IILOTO € Te, IO PI3HI KIITHHU 3apojKa
BUSBJISIIOTHCS B PI3HUX yMOBaXx.

[To-nepie, 3urora cama 1o codi HECUMETPUYHA, 1 IIIJIBHICTh PI3HUX PEYOBUH Y
pi3HUX 11 JOUISHKAX BIJPI3HAETbCS. TOMy MpH PO3MOJUII 3UTOTH KIITHHH, IO
OTpUMaNIM PI3HI AUISHKA LUTOIJIa3MHu, OyayTh Tpoxu pizHutucs. I[lo-mpyre, Ha
KIITUHU B PI3HUX JUISIHKaX 3apojka TO-pi3HOMY BIUIMBAIOTh MEBHI (Pi3nyHi
napaMeTpH, HapuKiIaja, cuja TSDKIHHA: KIITHHY B HIDKHIA YacTHHI 3apojKa BOHA
Oyae «TATHYTU» B Ty CTOPOHY, € HEMAa€ IHINUX KJIITHH, a KIITHHY Yy BEpXHii -
HaBMNaKW, TyIH, A€ 3HAXOIATHCS 1HIIN KITHHU. [lo-TpeTe, MoCcTynoBO cami KIITHHU
MOYMHAIOTh BIUIMBATH OJIHA HA JIPYTY, CHAHTE3YIOTh 1 CEKPETYIOTh PEYOBUHU OLIKOBOI
a00 1HIIOI IPUPOIH, BOHU 3MIHIOIOTh META00JI3M CYCIIHIX KITHUH a00 1X OTOYEHHS.
[le mpu3BOaUTH A0 3amycKy a00 BUKIIOYEHHS B KIITHHAX OTOYEHHS EKCIpecii
MEBHUX T'€HIB, BU3HAUAIOUH MTOJAIIBIIY «IOJIF0)» KIIITHH.

TakuM ynHOM, IeTepMIHAIIIS sSIIep, sIKI OMMMHUIMCS B X0/l IPOOJICHHS B pailoH1
BETETATUBHOIO MOJIOCa, Oy/le 1HIIOW, HIK y THX, SIKI HOTPAIUITh Yy IUTOIUIa3My
aHIMaJgpHOTO TMoJtoca. Tak, GiacToMepu aHIMAJIbHOTO 1 BEreTaTHMBHOTO IOJIOCIB
yCHaJAKOBYIOTh PI3HI IUTOIUIa3MaTUYHI JIeTepMiHAHTU. biacTtomepu BereTaTUBHOTO
MOJIIOCa  IHAYKYIOTh  OJacCTOMEpU aHIMAJIbHOIO MOJIOCY [0 PO3BUTKY 11O
Me30JIepMaIbHIUM HUIIXaM, 32 BIJICYTHOCTI TaKOTO BIUIMBY aHIMallbHI OJlacTOMEpH
JA0Th MMOYATOK €KTOJIEPMI.

3 KOXXHUM MOJIJIOM KJIITUHU BCE CHJIBHIIIE BIIPI3HSAIOTHCS OJHA BiJ OJIHOI 1 BiJ
3urotd. 1locTymoBO KIITWHU YTBOPIOIOTH TPH LIApU - €KTOAECPMY, ME30JepMy Ta
eHToznepMy. KiiTHHYM TphOX 1IapiB, y CBOIO Yepry, MOYMHAIOTh BIAPI3HATUCS OJHA BiJ
OJIHOT TiJ] BIUTMBOM OTOYEHHS 1 Pi3HMX (i3WYHUX (PAKTOpiB, MO0 MPHU3BOJIUTH O
VTBOPEHHsI BCIX TKaHMH 1 OpraHiB opranizamy. Tobto 3  abCOIIOTHO
HeAU(pepeHIHoBaHOI ~ 3UTOTH  YTBOPIOIOTHCS  TEPMIHAJIBHO  JAuepeHIiiiioBani
(cmermianizoBaHi) KJIITHHHU.

Opnak TepmiHaIbHO AWQEPEHIIHOBaHI KIITUHU HE MOXYTh IUIMTHCA. A
OCKUIBKM BC1 BOHM PaHO YM MI3HO CTapiiOTh, TO, SIKIIO B OpraHizMi He Oyae myiy
HeuBepeHITIHOBaHUX KITITHH, OPTaHi3M JIyXKe MBUAKO «3HOCUTHCS» 1 3aruHe. Takum
pecypcom HeaudepeHIioBaHUX KIIITUH € CTOBOYPOBI KJIITHHHU (BIIEpIIE Il TEPMiH
OyB 3amponoHoBanuii rictrojorom O.0. MakcumoBum y 1909 p.). CtoBOypoBI
KJIITUHU (T€MOIMOETUYHI, ME3eHXUMaJbH1, TKaHUHOCTIEIM(]iuHI CTOBOYPOBI KIITHHH
Ta 1HII1) Y JOPOCJIOMY OpraHi3Mi MiATPUMYIOTh KJIITUHHUN 1 TKAHUHHUN TOMEOCTa3.

OpHak y mpoiieci MoCTynoBOro Iu(epeHiitoBaHHS Y CTOBOYPOBHX KIIITHHAX
BiIOYBalOThCSI 3MiHHU, SIKI CHOPUAIOTh 3HIDKEHHIO 1X «IMOTEHTHOCT». Tak,
TOTUMIOTEHTHI CTOBOYPOBI KIITHHH (MOXYTh JIaTH MOYATOK YCIM KJIITUHHUM THUIIAM
JOPOCIIOTO  OpPraHi3My) TEPETBOPIOIOTHCS B IUTFOPUIIOTCHTHI, a TOTIM - Y
MYJIBTUIIOTEHTHI, OJIITOTIOTEHTHI (Haf0Th MOYATOK TIILKA HEBEJIMKIM KUTBKOCTI THIIIB
KJIITUH) 1 YHIIOTEHTHI (J1al0Th MOYATOK TUILKH OJHOMY THUITY) KIIITHH.
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3HAYHOIO MIPOK0 3 MOMEHTY OJHOKJITHHHOI CTajli 3UrOTH PO3BUTOK 3 HEl
OpraHi3My IEBHOT'O BHIY BXKE KOPCTKO JieTepMiHoBaHUM. [10TpiOHO 3p03yMiTH, IKHUM
YUHOM KJIITHHH, 1[0 BOJIOJIIFOTh HAMYACTIiNIe OJTHAKOBUMH KapiOTHIIOM i TEHOTHUIIOM,
TU(GEPEHITIIOITHCS 1 OepyTh Y4acThb y TICTO- 1 OpraHoreHe3i B HeOOXiTHUX MICISX 1 B
MEeBHI TEPMIHHU BIAMOBIIHO 0 HLJIICHOTO «00pa3y» TaHOTO BUIY OpPraHi3MiB.

Cnoco0u nerepminauii

BuninsroTs 1Ba ciocodu merepMiHallii - aBTOHOMHY 1 3aJIeKHY.

ABTOHOMHA AeTepMiHaLis. OO0ymoBIIeHa MaTepUHCLKUMHU
[IATOTUTA3MATHIHUMHU  (paKTOpaMH, IO BHPOOJSIOTHCS B TMEPIOA OOTEHE3Yy TMij
KOHTPOJIEM TE€HIB MATePUHCHKOTO OpraHi3My, 1 JOCSATA€TbCSI B  PE3YJIBTaTi
HEPIBHOMIPHOTO posmoaiTy B OOIINTI TPAHCKPUTITIHHAX dakTopiB
(ImMTOTUTA3MaTHYHA CeTrperalis).

Po3BuTok OaraTh0X OpraHi3miB BIJIMOBIA€ YSABJICHHIO TPO 3apOJIOK SIK
«MO3aiKy, YaCTHUHHM SKOI camMoJIu(epeHIioI0TbCS», KOHCTPYIOETHCS HA OCHOBI
iH(pOopMaIlii, 3aKJ1aIeHOT B IUTOILIA3M1 OOIUTA.

Lumonnazmamuuna cneyughixayis. Y MOKpUBHUKIB IUTOILIa3Ma 3aIlIiTHEHOTO
SUIST CETMEHTYETHhCS Ha PI3HI 3a 3a0apBiIEHHSM 00J1acTi, IO PO3MOJAUISIOTHCS 3a
pizHuMH Oiiactomepamu. [IpocTexuBiy 3a A0JIEI0 KOKHOTO OjacToMepa y 3apojka
acriumii  (Styela partita), mocmigauwku me y 1905 pomi mokasanaw, IO KOXHA
nodapOboBana oOnacTh Mae cBOw jofro. Jlocmimu 3 13oismii GiactomepiB 8-
KJIITUHHOTO 3apojika Ha 4 YacTUHM, TOKa3ajdu, II0 3 KOXXHOI mapu OyacToMmepiB
(OopMyIOThCS TIEBHI CTPYKTYPHU.

Lumonnasmamuuna noxkanizayisi. Mo3aiyHUN PO3BUTOK XapakTEPHUN 1 IS
MOJIIOCKIB. Y 1bOMY BHUIQJIKy MOPGOTCHETUYHI JETEPMIHAHTU 3HAXOASTHCS B
cnenudiuniii cepi oonura. Pobotu E. Bincona, nposeneni y 1904 porii, 3 i3ossiii
panHix OnactoMepiB MoJrocka Patella coerulea mokasanu, 1o ix qudepeHiiroBaHHs
B1I0yBaJIOCS BIJMOBIIHO JI0 NMPOCHEKTUBHUX 3HAUYCHb, BOHU 3a3HABAJIM TAaKy CaMy
KUTBKICTh TOJIIIB, TOMI K 1 OJIaCTOMEpH B CKJIaJl 1HTAKTHOTO 3apojka. Takui
PO3BUTOK CTa€ MOKJIMBUM BHACIIJIOK PO3MOALTY MOP(HOTCHETHYHHUX JIETEPMIHAHT.
30kpeMa, y MOJIFOCKIB MaTepiall MOJSIPHOI JIOmaTi, BUPOCTY, IO 3'SABJISETHCS TEpPe
MEPIINM TOALIIOM JAPOOJICHHS, TOBHICTIO TOTpaIUisie B OJacToMep, 3a0e3Meuyrdu
PO3BUTOK MOXIAHUX ME30JIePMHU 1 crielu(ikaliro JOPCOBEHTPAIBHOT OC1 3apOJIKa.

Lumonnazmamuuna  nokanizayis — oemepmiHaHmMie  cmamesux  KIimuH.
HaiiGinpm nmommpeni MOp(OreHeTHYHI YMHHUKH, BIJMOBIJAIbHI 32 JETEPMIHAIIIO
crateBux kmtuH. e y 1910 poui T. boepi omucaB eniMmiHaIIlO XpPOMOCOM
(IMMIHYLIST XpOMATUHY) 1 MO JIiHIT COMAaTUYHUX (HAIIaJKU 0JIacTOMEpIB, B SKUX
cTajacs JUMIHYILISA) 1 cTaTeBUX (MOXOMASITh BiJ OJIaCTOMEpIB, 110 30eperiivu MoBHUMN
HaOlIp reHiB) KIITHH. Y KOMaX IOJIIPHA ITUTOIIa3Ma 3aIHHOTO TOI0CA SHIIS MICTUTh
NOJISIpHI TpaHynu. fapa, 1o MIrpyBajlid B II0 00JAcTh MICis ApoOJeHHs, OepyTh
y4acTh B YTBOpPEHHI 001acTi KIITHHHOI OJacToaepMu, 3 SIKOI B MOAAIBIIOMY
PO3BUHYTHCS MEPBUHHI CTATEBl KIITUHU 3apOjKa, B TOHM Yac, sk Oljibllla YaCTHHA, 1110
3aMUIIMIAcs MICHst IpOOJNeHHS siiep, BTpadae 4YacTHHY XpoMocoM. bimbiie Toro,
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BUSABHJIOCS, IO Y Ap030(1UTH MOJIIpHA LUTOMIIa3Ma 37aTHA JETEPMIHYBaTH PO3BUTOK
OyIb-SIKOTO si/ipa IUIIXOM CTaTeBUX KIIITHH.

3anexHa JgeTepMiHALIA BCTAHOBIIOETHCA 32 JOMOMOIOK MDKKIIITUHHOI
B3a€EMOJII1 BHACIIJIOK IMepe/iaul CUTHAY BIJl OJHUX KJIITHH 1 JCTEKTYBaHHS CUTHAITY
IHIMAMHA  KJIITHHAMH €MOpiOHa, CIIOHYKAaloud iX CIHeIliagi3yBaTUCSd B TICBHOMY
HaIpPSIMKY.

3anexkHa (mporpecuBHa) JeTepMiHallisi O0yMOBJIEHA 30BHIIIHIMUA CUTHAJIaMH 1
B1IOYBA€ETHCS MPAKTUYHO HA BCIX €Tamax OHTOTEHE3y, HEePiJIKO BHSBIISIOUNCH BKE B
nepiof npobieHHsa. Bona xapakTepHa At TBAPHUH 3 PErYISITUBHUM PO3BUTKOM.

Bucynyra y 19 ct. A. BelicManom rinmoresa 3apoAKOBOi M1a3Mu nepeadayana
MOBHY HE3aJE)KHICTh JIiHIT CTATEBUX KIITHUH BiJ COMAaTUYHUX. 3TIAHO TIMOTE3U BXKE
nepiie ApoOJIEHHS pPO3AUILE€ 3apOJOK Ha MpaBy 1 JIBY MOJOBUHHU, PO3MOALISE
BI/INOBITHUM YMHOM JIE€TEPMIHAHTH MPABO- 1 JJIBOCTOPOHHOCTI.

Himeupkuii emOpionor B. Py y 1888 poril muisixoM eKCHEpUMEHTY JIOBIB:
AKIIO Y 3apojika »*abu Ha cTalii JBOX OJacTOMEPIB, 3a JOIMOMOTOI0 Tapsa4doi TOJIKU
3pyiHYBaTH OJHMH OJIacTOMED, TO 3 TOro OJaCTOMEpA, 10 3ATHIIUBCS, PO3BUBAETHCS
MOJIOBUHA HEUPYJIM Ta MICTUTh MOBHUI HaO1p OpraxiB mpaBoro adbo JiBOro OOKy Tiia
(puc. 5). B pe3ynbrari OyB 3p00JieHHI BUCHOBOK PO MO3aiuyHUN XapaKTep pO3BUTKY,
KOJIM KOXKHa KJIITMHA OTPUMY€ CBIM HaOlp JNETEpPMIHAHTIB 1 BIAMOBIAHO O IIHOTO
T EepEeHITIOEThCS.

P Hopmamsnaa
Topsryan ol et TIO TOBHHA
S IO TOBHHA
3ap ogBINIA R
[ — > |
OnmogoTB 0PE HHoE Cramns 2-x Heitpyma
SO JIAT YUK K GmacTorepos

Puc. 5. Cxema exciepumenTty B. Py (3a I'inbeptom, 1993)

Cxoxi pmocmigyd 3 13071l OmactoMepiB (B SIKOCTI 00'€kTa AOCTIHKCHHS
BUKOPHCTOBYBAIM MOPCHKUX TkakiB) Oymu mposeneHi . Jpimem y 1891 pori. Ilpu
IIbOMY KOXKEH 3 JIBOX OJIacCTOMEPIB JIBOKIITHHHOTO 3apOJKa PO3BUBABCS B TMOBHY
nuarHKY. HaBiTh y pa3i BUKOPUCTAHHS OKpEMUX OJaCTOMEpIB, 1301b0BaHUX 3 4- 200
8-KJIIITHHHOTO 3apOJIKiB, MOXKHA OYJIO CIIOCTEPIraThH HOPMAIBHHUI PO3BUTOK OCOOMHH.

Takum uymHOM, OYyJ0 TOKa3aHO, MO JEsKa YacTHHA 3apojKa MOXE IaTh
IIJTICHUM OpTaHi3M HOPMaJbHOI CTPYKTypH. Lle sBule 0ya0 Ha3BaHO PEryJsIiHHUM
PO3BUTKOM 200 eMOPiOHAJBLHOIO PeryJsiliclo.
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Hocmimu C. Tepcramiyca y 20-30 pp. XX cT. mokasamu, IO pO3Mip
PO3IIJIEHUX HABM 8-KIIITHHHUX 3apOJIKiB MOPCHKOT'0 TXKaka 3aJIekKUTh Bl XapaKTepy
NOJUTy: morepeyHe abo mo3aoBxkHe. OTpuMaHi pe3yiabTaTd Oyl MOBTOPEHI Mpu
MOIUT SMIEKJIITUHN MOPCHKOTO TKaka Ha JIB1 MOJOBUHU 1 TOJAJBIIOMY 3aIljIiTHEHHI
KO>KHO1 TIOJIOBHHH CIIEPMATO3017[0M.

Buenumu 1oBecHO, 110 6JaCTOMEPH 3aTHMINAIOTHCS 3aTHUMH JI0 PETYJIIAIIT 10
THUX Mip, TOKK HE OyayTh (OpMyBaTHCS BUKIIOYHO 3 aHIMaJIbHOI a0 BEreTaTUBHOI
uTOoIIa3Mu. ToMmy GiracToMepu MOPCHKOTO 1Kaka, MOYMHAI0UH 31 cTajii 16- abo 32-
KIIITUHHOTO 3apojka (pi3Hi OiacTomMepu MO-pi3HOMY), BiKE HE 3[1aTHI JaTH MOYAaTOK
IUTiH TravHIi. [HImMuy cioBaMu, HaBiTh IJIsE OPTaHI3MIB 3 PETYIISAIIMHAM PO3BUTKOM
HACTae€ 4ac, KOJIU MOTEHIMT HOro KIITHUH CTAalI0Th OOMEKEHUMU.

JAundepenuianisa KIiTUH

HNudepenuianis - 1€ 1nporec, y pe3yibTaTi SKOro KIITHHA CTae
CHeIiagizoBaHolo, TOOTO HaOyBae XiMiuHI, MOPQOJOTiuHI Ta (YHKIIIOHAJBHI
0CO0MBOCTI. Y HaBY>KUOMY CEHCI 1€ 3MIHH, 10 B1I0YBAIOTHCS Y KIITUHI IPOTATOM
OJIHOTO, HEPITKO TEPMIHAJIBHOTO, KIITHHHOTO ITUKIY, KOJM TOYMHAETHCS CUHTE3
TOJIOBHHX, CIEHU(BIYHUX JUIS JAHOTO KIITHHHOTO THITY, (DYHKI[IOHAJIBHUX O1JIKIB.
3MIMCHIOEThCS TU(PEPEHIIIIOBAHHS B Tepiof 1HTepdasu 1 € peanizalielo sIepHoi Ta
LIUTOIUIA3MAaTUYHOI Te€HETH4HOi 1Hdopmalli. 3acHoBaHe AU(EpPEHIIIOBaHHS Ha
PI3HOTPUBAJIOMY BCTYII TEHIB Yy JETEPMIHAII0 OHTOTCHE3y, Ha AuQepeHITanbHIN
TPAHCKPUIIIi TeHiB, 10 (YHKIIOHYIOTh y Ppi3HI (Pa3u OHTOTEHE3y 1 KOAYIOTh
pizaoManiTHi PHK mMonekynm, sixi 6epyTh y4acTh y cCHHTE31 crielu)iqHuX 11 KITITHH
JaHO1 TKAHWHU OUIKIB 1 3a0€3MeUyI0Th NPOTIKAHHS B KIITHHAX MEBHUX O10XIMIYHUX
peaxiiii, cienuiuHicTh iX 0y10BHU 1 QyHKIIII.

st HeaudepeHIliioBaHOTO CTaHy XapaKTepPHI BIJHOCHO BEJIMKE SIAPO 1 BUCOKE
SICpHO-TIUTOIIa3MaTHIHe BigHOmeHHs V sapa / V  murormasmu  (V-00'em),
JUCTIEPrOBaHUNA XPOMATHH 1 J00pe BUpaXKeHe sjepiie, YUCICHHI pUOOCOMHU 1
iHTeHcuBHUM cuHTe3 PHK, Bucoka MiTOTMYHA aKTUBHICTh 1 HecnenupiyHun
MeTaboiizM. Y xoai nudepeHiiroBaHHs KIITHH 3MIHIOEThCS: (opma KIITHH; Oy10Ba
KJIITUHHUX MeMOpaH; Habip opraHoimiB.

[lpuknagomM MoOXe CHOyKUTH JudepeHIialis KIITUH emiaepMmicy MIKIpu
JIOJIMHU, TIPU AKIM y KIITUHAX, IO NPSIMYIOTh 3 0a3aJ1bHOTO B LIMITYBAaTUH 1 MOTIM
MOCNIIOBHO B 1HII, OUIBII TOBEPXHEBI IIapH, BIAOYBA€TbCS HAKOIMMYEHHS
KepaToriajiiHy, 0 MePETBOPIOETHCS B KIITUHAX OJMCKYUYOTO IIapy B €JCi/iH, a MOTIM
B pOroBoMy miapi - B kepaTud. [Ipu 1npoMy 3MiHIOIOTBCS (opma KIITHUH, OymoBa
KJIITUHHUX MeMOpaH 1 Ha0lp OpraHoiIiB.

[lepmi xiMiyHI Ta MOP(GOTreHETHYHI BIAMIHHOCTI MDK KJIITHHAMH, IO
0OYMOBJIIOIOTHCSI CAMUM XOJIOM €MOpIOTeHE3y, BUABISIIOTHCA B MEPIO TacTPyJIsIIii.
3apoaKOBI JMCTKK Ta iX MOXIAHI € MPUKIAJIOM PaHHBOTO U(GEPEHINIOBAHHS, IO
MPU3BOIUThL O OOMEXKEHHS TOTEHI KmWTHH 3apoaka. [lpukmagom €
auQepeHIifoBaHH Me301epMHu (puc. 6).
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FMOPUOHLILH e Hacmu franessre

IHAMKH npou3ao0HbE
HepMaToM CocauHNTENBHO-
TKAHHAA OCHOBI KOXKH
CoMuT Cxneporam XpAlesas TKaHb

KocTHasi TKaHb

Muorom — TTonepeyRO-NONOCaTaA
(ckeneTHas)
MBILLCHHAA TKaHb

//Bnurennﬁ noyex
HedpoTtom

DnrTennit cemsa-
BbIBOJALMX NYTEH

ME3OAEPMA=— r1apamesoned- Snutenuii aiiuenoaa
PABHBLA KAHAT T ————Dpureauil MATKH

Meszorenni

Kopkogoe BELieCTBO
CraHXHOTOM \Haunoqe‘mﬂxa

MeunueyHasa TKaHb

cepllia

KrneTrku KpoBY
CoeonHUTEARHAA
/ncm{h

Mezenxuma Cocynst
CTTAHXHOGTOMA I'maaxasi MblIICUHas
\TKaHb
Mukpornus

Puc. 6. Cxema nudepenuiroBanns me3onepmu (3a SApurinum, 2003).
JAundepenuianbHa eKcnpecisi reHiB

VY mporeci po3BUTKY OpraHi3MiB CHEHIATI3aAlI€l0 KITHH € Ppe3ysibTaT
nudepeHuianbHoi (a0o BUOOPUOi) ekcrpecli reHiB, TOOTO crenianizalis KITUH - 11e
pe3ynbTar All BIAMOBIIHUX IPYI I'€HIB, XapAKTEPHUX ISl KOKHOTO TUIY KIITUH. [{to
3araJIbHOBU3HAHY TOYKY 30py 3amponoHyBaB 1. MopraHna, SIKMi, CIMPAlOYHUCh Ha
XPOMOCOMHY TEOpII0 CIMAJKOBOCTI, MPUITYCTUB, IO AU(PEPEHLIIOBAHHS KIITUH Yy
MPOIIEC] OHTOTEHE3Y € PE3YIbTATOM MOCIIIIOBHUX PEIUIPOKHUX (B3a€EMHMX) BILJIUBIB
[UTOTUIa3MHU 1 MIHJIMBUX TPOJYKTIB aKTUBHOCTI SIIGPHUX TEHIB, TOOTO 1/I€I0 MPO
nudepeHniaJbHy eKCIPecilo reHiB Ik OCHOBHHUIM MEXaHi3M ITUTOAU(EPEHITIFOBAHHS.

BimomMo, mo B OUIBIIIOCTI BHMAJAKIB COMATHYHI KIITHHH OPTaHi3MiB HECYTh
MOBHUW JUIUIOIMHUNA HaOlp XpOMOCOM, a TCHETHYHI MOTEHUIl silep COMAaTUYHUX
KJIITUH TaKOX TOBHICTIO 30epiraroThbCs, TOOTO TEHH HE BTPA4yalOTh IMOTEHINIHHO
(GyHKIIOHATBHY aKTUBHICTh. Jl0 HETaBHHOTO 4Yacy BBaXKaju, IO JU(EpPEHINIFOBAHHS
CreriagizoBaHuX 3piux KIiTHH HemoxiauBa. Ane J[x. I'epaon ta C. AAmanaka y 2012
pori  orpuMasii  HoOemiBCbKy — mpemMit0  3a  «BIOKPUTTS ~ MOXKJIMBOCTI
nepenporpaMmyBaHHs TUPEpEeHIIHOBaHUX KIIITUH Y TUTFOPUTIOTEHTHD.

[lle B 60-1i poxu XX cromitts k. ['epaoH mpoBOaAUB AOCHIIN 3 MEpPECcaKu
A/lep COMATMYHUX KIITUH B SWIEKIITUHY y TBapUH JJIS BUSBJICHHS 30epekeHHs
FeHEeTUYHUX TMOTEHIIN snep. BuxopucroByroun adpukaHChbKYy HINOPLEBY Kaly
(Xenopus laevis), BiH y HEBEIMKOMY BiJICOTKY BHITaJIKiB OTPHMMAB PO3BHTOK JIOPOCIIOT
0coOWHM 3 eHyKIioBaHOiI (M030aBieHOl siapa) SIMIEKIITHHN, B Ky IepecaKyBaB
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AP0 3 eMiTeNiaNnbHOI KIITUHYU MIKIpH jkabu a0 KHUILIEYHHKA myrojioBka (puc. 7). s
JI0Ka3y TOro, II0 B PO3BUTKY 3apojika Oepe ydyacTb mepecajikeHe SapOo COMaTHYHOI
KJIITHHH, 3aCTOCYBAJIM TeHETUYHE MapKyBaHHI.

OcTaHoBXa
PasBHTHA

Puc. 7. Cxema ekciepumenTty JIx. I'epnona (3a I'indeprom, 1993):
A - He3arutigHeHe sifie XeNnopus TUKOro THITY (JIiHIs 3 2-Ma SASPISMH);

b — nyronosok Xenopus (iiHis 3 1 simepuemM); B - TpaHcruianTaiis siapa 3 KINITHHHA
KHILIEYHUKA ITyTOJIOBKA B €HYKJIIMOBaHE siifIe (XpOMOCOMM 3pyHHOBAaHI
ynbTpadiosneToBuM onpoMineHHaM); I', K — yrBopenns 0nactynu; [l - BiACYTHICTh
noxini; E - myronoBok; 3 - mopocia xada (iHis 3 1 saepiiem); M — aHoManbHAN
3apOA0K

['onoBHUI BHCHOBOK IBOTO JOCTIAY - CHAIKOBH MaTepiall COMAaTHYHHX
KJIITUH 3JaTHUM 3aJMIIATACS TOBHOIIHHUM HE TIUIBKHM B KUIbKICHOMY, ajle 1 B
¢dbyHKIIOHATEHOMY BifHOMIeHHI. OCHOBHA iesl Toyiirae y BUOOPUYOMY TIPOSIBIICHHI
reHiB B O3HaKy abo B audepeHmianbHii ekcrpecii rediB. Jocmiau x. ['epnona
BUSIBWIM U 1HIII BaXJMBl 3aKkoHoMipHOCTI. [lo-mepie, BupiliagbHEe 3HAYECHHS
B32€EMO/IIT LIUTOIJIA3MU 1 AJIpa B )KUTTEIISTILHOCTI KIITHUH 1 PO3BUTKY OpPraHi3My.

[To-apyre, Oy0 mokaszaHo, 110 YMM CTapllle CTadis 3apojKa-I0HOpa, 3 KIITHH
SKOTO Opayi sSiApO IS TEpPecajkd, TUM MEHIIHM BIJCOTOK BHUMAAKIB PO3BUTKY
BUSIBJISIBCSI TIOBHICTIO 3aBEPIIEHUM, TOOTO JOCITaB CTaJlii MyrojioBKa, a MOTiM Ka0Hu.
VY O11bIIOCTI BUTIAJKIB PO3BUTOK 3yNUHABCS Ha OLIBII paHHIX CTadisuX.

Binkpurrs Jx. ['epgoHa mepeBepHyNIO BCi TMOMEPENH] YSABICHHS TIPO
IUQEPeHLIIOBaHHs, MICAs dYoro Oylno MNpPOBEACHO MUIMH psAl  JOCIIHKEHb 3
kinoHyBaHHA. Y 1987 poui Bueni B IlymuHCHKOMY HAayKOBOMY LIEHTP1 3A1MCHUIH
nepuie KIOHyBaHHS wmumm. A B 1996 poimi MOTIAHACRKUMH BUYEHUMH TIiJ
KEepIBHULTBOM JIOKTopa Hayk . Binmyra Bpamocss KJIOHYBaTH IIOTIAHACHKY
YOPHOMOpPAY BiBIIO. byB 3po0iieHMII BHUCHOBOK PO Te, MO au(epeHIiroBaHHS
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KIITUH MOXe OyTH OOOpOTHMM, OCKUIbKM SAPO AudepeHIiioBaHOi KIITHHH,
MOMIIIICHE B CIPUSTIMBI YMOBH, 3/IaTHE JaTH MOYATOK HOBOMY OpTaHI3My.

VY 2006 pori C. SImanaka 31 CIiBpOOITHUKaMH 0€3 Mepecajiku siapa 3A1MCHUIN
neaudepeHIlitoBalHs 1 TepeTBopuian audepeHiiiioBanuii Mumaduii Gpidpodiact B
IUTIOPUIIOTEHTHY CTOBOYpoBYy KiiTuHy. Kpim Ttoro, C. SImanaka mokasaB, WIO
OTpUMaH1 TUTFOPUIIOTEHTHI CTOBOYPOBI KIITHHU MOKYTh Ha3aJ TU(epeHIIIOBaTUCS B
KJIITUHY P13HUX TKaHUH, HAIIPUKJIJl, HEPBOBOi a00 TKAaHWHU KHUIIICYHUKA Ta 1HIIII.

Y 2014 poui Buenumu O6okara X., Bakasma T., Cacai 1. OyB BcTaHOBIeHMI
dbeHoMeH KITiTHHHOTO perporpamyBanus - STAP (stimulus-triggered acquisition of
pluripotency), skumii He BHMarae TIIEpSHECCHHsS sJep 1 TEHIB 1 BBEICHHS
TPAHCKPUILIHHUX (PaKTOPIB.

OTxe, mpouecu KITHHHOrO AU(PEPEHIIIOBaHHS 1 JeTepMiHalli JiekKaTh B
OCHOBI OHTOI€HE3y BCIX >KMBUX OpraHi3MiB 1 BH3HAYaIOThCS AU(PEPEHIIATBHOIO
AKTUBHICTIO TE€HIB, aJie JlaHI MPOIECH € OOOPOTHUMHU TMpPHU 3MiHI KIITHHHOTO
OTOYEHHSI, BUKIIUKAHOTO PI3HUMU (haKTOpaMHU.

IuTaHHs AJ51 CAMOKOHTPOJIIO:
VY yomMy nosiArae poib erepMiHalii B TudepeHiitoBaHH1 KIITHH?
Yomy MexaHi3M JIeTepMiHaIlli € OCHOBOIO PO3BUTKY OpraHizMy?
Ski cnocobu nerepminarliii Bam Bigomi?
OnuIiTh TOCTIIU 3 BUSBIICHHS aBTOHOMHOI Ta 3aJIEKHOI JIeTepMIHAIli.
HaeniTe npuxiaan JOCHIiIIB YUYEHUX, K1 TO3BOJIUIN BUSIBUTH 30€pEKEHHS
TCHETUYHHX TTOTESHITIH sSaep.
6. IlosicHITH, SIKI OCHOBHI €Tany BUIUISIIOTh B PETYJALIl aKTUBHOCTI T€HIB B
OHTOTE€HE31?
7. Ska ponp sapa i1 nuTomuia3Mu B AU(EpEeHIiaNbHIA aKTUBHOCTI T€HIB B
OHTOIr'eHE31?

oM E

EMBPIOHAJIBHA THAYKIIA

Ha cranii emOpioHadbHOTO PO3BUTKY Opra”i3MiB Ha JAu(EpeHIaTbHY
AKTUBHICTh TEHIB BIUIMBAE eMOpiOHa/JbHA iHAYKIiS — B3a€EMOJis  €JIEMCHTIB
3apoJiKa, MPHU SIKOMY BIUIMB OJHOTO 3 HUX 1HAYKYE PO3BUTOK iHIIOTO, 3alyCKaruu
JAHIIOT MOP(POreHETUYHHX MTPOLIECIB.

SABuie emMOpioHaNbHOI THAYKIIT 3 moyaTKy XX CT. BUBYA€ €KCIIEPUMEHTAIbHA
eMOpi0JIoTis.

Kimacnunumu BBaXkaroTh gociiau HiMenbskoro BuexHoro I'. Illmemana 1 ioro
criBpoOiTHUKIB (1924) Ha 3aponkax amdi6iii. {ns Toro mo6 MaT MOXKJIUBICTH
MPOCTEKUTU 32 JOJICK0 KIITUH MEBHOI IUISTHKU 3apojaka, lllnemaH BUKOPUCTOBYBaB
7IBA BHJM TPUTOHIB: TPUTOHA IpeOIHYACTOTO, UL SIKOTO M030aBJi€HI MITMEHTY 1
TOMY MalOTh OUIMH KOJIp, 1 TPUTOHA CMYTacTOro, SHIS SKOTO 3aBIASKU MITMEHTY
MaloTh KOBTO-CIpU KOJIp.
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OauH 3 JOCHIAIB MOJSTaE B HACTYIMHOMY: IIIMATOYOK 3apojaka 3 o0acTi
TopcaibHOI TyOm Ojacromopa Ha CTajali TacTpyldd TPUTOHA TIpebIHYACTOrO
nepecapKyloTh Ha OidHy a00 BEHTpajdbHY CTOPOHY TacTPYIH TPUTOHA CMYTacTOTO
(puc. 8). Y wmicui mepecanku BiAOyBaeTbCcs PO3BUTOK HEPBOBOI TPYOKH, XOpAH 1
iHMX opraHiB. PO3BUTOK MOKe JTOCSATTH CTaJii 3 YTBOPEHHSIM JJOJJaATKOBOTO 3apOJIKa
Ha OiuHIM ab00 BEHTpaJbHIN CTOPOHI 3apojika peruiieHTa. J[oJaTKOBUN 3apoI0K
MICTUTh B OCHOBHOMY KJIITMHHM 3apOjKa PELMITIEHTA, aje CBITIl KIITHHU 3apojKa-
JIOHOPA TEX BHUSIBIISIIOTHCS B CKJIAJll PI3HUX OpTaHiB.

IIpes yprmr e HuLi
A { BracTo uens
IIpes yprmrne:
AR ., Ilep B HuHoE
Crmasnry@a  Npeyymrim. BN OEANe
GnacTomopa HAS IHTOJEPIIA
BTOPHYHEIE INEPBHYHLIE
CTPYKTYPEI CTPYKTYPEI
Bropxwoe - A N P " N
GO T IlpocBeT KHIIKH
\ Hepenaa Tpybxa - Xopaa
Hopma ComMHT
IIpocBeT xHIIKH
5 Hepenan Tpydxa
Ilep B ruHoe
BRI MM EANHE
b

i e gt S o i T T e
e AL RN BTN,

Puc.8. Cxema nocniny I'. [llnemana i I'. Manronsa (3a ['iinbeprom, 1993,
Macnosoto, Cunoposum, 2012):

A - mepecajika CIMHHOI r'yOu OJ1acTOnopa Ha MiClie MPE3yMIITUBHOTO
enifiepmicy 4YepeBHOI CTOPOHHU; b - popMyBaHHSA KOMILJIEKCY OCHOBUX
CTPYKTYp B 001acTi TpaHciianTaTa; B - dopMmyBaHHs 1pyroro

3apojiKa, 3'€JHAHOTO 3 MEPIIHM.

3 110T0 1 MOAIOHMX TOCIIIIB MOKIJIMBO 3pOOUTH KiIbKa BUCHOBKIB. [lo-miepre,
TUISTHKA, 0 B3siTa 3 COHHHOI TyOW Oiiactomopa, 37aTHAa HANpaBisITH a00 HaBITh
3MIHIOBaTH PO3BUTOK TOTO MaTtepiaiy, SKHil 3HaXOAUTHCSI HABKOJIO HHOTO, HA TICBHUN
HUIAX pO3BUTKY. BiH HIOM opranizoBye, a00 I1HIYKy€, PO3BHTOK 3apojiKa fK Y
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3BHYalHOMY, Tak 1 B HeTunoBomy Micui. [lo-gpyre, 6iuHa 1 yepeBHa CTOPOHHU
racTpyJd BOJIOAIIOTh OUIBII IMMPOKUMH IOTCHISIMA JO PO3BUTKY, HDK iX
NPEe3yMNTUBHUNA MPOCTIEKTUBHUM HANMPSAMOK, TaK SIK 3aMICTh 3BMYalHOI MOBEPXHI
TiJla B yMOBaX €KCIIEPUMEHTY TaM YTBOPIOEThCA 1IN 3apoaok. [lo-Tpere, nocuth
TOYHY OyJ0BY HOBOCTBOPEHHMX OpPTaHIB y MICIIl IIepecaki BKa3ye Ha eMOpIOHAJIbHY
perymsamito. Ile o3Hagae, 1o (akTop IIJIICHOCTI OpraHi3My IMPU3BOIAUTH 10
JOCSITHEHHSI XOPOIIOr0 KiHIIEBOTO PE3YJbTATy 3 HETUIIOBUX KIITUH y HETUIIOBOMY
MicIll, HIOM KEpYyIOUd MPOILIECOM, PETyNIOYM HOro B IUIAX JOCSTHEHHS IIOTO
pe3ybTaTy.

I'. [llmeman Ha3BaB CIUHHY Iy0y OJiacTOonopa MepBUHHUM eMOpPiOHAJIBLHUM
opramizatopom. [lepBuHHMM TOMY, IO Ha OUIBII pPAHHIX CTaAisIX PO3BUTKY
MOAIOHMX BIUIMBIB BHUSBUTH HE BJIaBajoCs, a OPraHizaTopoM TOMY, IO BIUIWB
B110yBaBca came Ha Mopdorene3. Bimomo, mo roioBHa posib y CHHUHHIN Try0i
0J1aCTOINOpPa HAJIEKUTh XOPIOME30IEPMAIBHOMY 3a4aTKy, SIKUH Ha3BaJl NePBUHHUM
eMOpioOHAJIbHUM IHAYKTOPOM, a caMe SBHIIE, NMPU SKOMY OJHA JUISTHKA 3apojKa
BIUTMBAE Ha JI0JI1 1HIIOT, - eMOPiOHAIBbHOI0 IHAYKUIEIO.

Y 30-11 pp. MOCHIIHUKK HaMarajlucs BCTAHOBUTH NPUPOAY 1HIAYKYIOUOTO
edekty. Heszabapom 3'scyBasiocs, 10 pi3HOMaHITHI BOWTI TKaHWHU, BUTSKKH 3
HaWpPI3HOMaHITHIIIUX TKaHUH 0e3XpeO0eTHUX 1 XpeOETHUX TBapHH, a TAKOX POCIIHH,
KUIbKa KJAaciB XIMIYHUX CHOJYK (OUIKM, HYKJIEONPOTEiHH, CTEpOiAu 1 HaBITh
HEOpraHiuHl PEYOBMHU) MOXKYTh BHUKJIMKATH 1HAyKIi0. Takum yuHOM Oyna
BCTAHOBJIEHA XIMIYHAa TMpupoja opraHizaropiB. OAHOYACHO CTalO SICHO, WIO
creuu(piyHICTh BIAMOBIAI MOPsIMO HE TOB'A3aHa 3 XIMIYHMUMHU BJIACTUBOCTSIMH
IHIYKTOpA.

YBara eMOpi0JIOriB MEPEKIIOYMIACA Ha 1HAYKOBAaHI TKaHWHU. BusBuiocs, mo
cnenuIvHICTh J1i IHAYKTOpa-MoApa3sHUKa MOXe OyTH Ay e pPi3HOI0, a caM e(eKT
1HYKYIOYOTO0 BIUIMBY OOMEXKYETHCS 3[QTHICTIO Ti€l YW 1HINOI IJISSHKH 3apojKa
CIIpUHMATH IIeH BIUIMB 1 BIJMOBIIATH HA HHOTO.

Hesiki iHAYKTOpH, MaOyTh, OUIbII-MEHII coerudivyHl y BU3HAYEHH1 01
TKaHWHH, 10 1HAYKYEThCA. [Ipo 1e cBig4aTh HACTYIHI JOCHian. SIKIO mepecaauTy
CHOUHHY T'y0y paHHBOI TacTpyiH, TO aKTUBYETbCS PO3BUTOK CTPYKTYp IMEPEAHBOTO
MO3KY (TOJIOBHUH 1HAYKTOP), SIKIIO K MEepecajuTy COUHHY I'y0y Mi3HbOI racTpyJiiu, TO
PO3BUBAIOTHCSA CIIMHHUMA MO30K 1 M€30/IepMajibHI TKAaHUHHU (TYJIyOOBHI 1HIYKTOD).

[Hmn  iHAYKTOpM [JiIOTH SIK  Hecneuu(iyHi MYCKOBI MEXaHI3MH, HIOU
BUBUJIBHSIIOYM BIJIMOBiAbL, BXKE JACTEPMIHOBAHOI B KJIITUHAX 1HAYKOBAaHOI TKaHWHHU.
Byno moxazaHno, 1110, HaNpuUKIaaA, CIYXOBUN MyXHUpEIlhb BUCTYIA€ HE TUIBKKH B PO
IHAYKTOpa CIyXOBOTO amapaTy, a W € aKTHBaTOpOM pi3HUX MOP(HOTCHETUIHHUX
nporieciB. bynyun mepecamxeHuMm B o0jiacTh O14HOT JiiHII eMOpioHAa TPUTOHA, BIH
TATHE 3a CO0O0I0 IHAYKIIIO KiHIIBKA. KiHIIBKY MOXHa I1HIYKYBaTH TaKOX
Iepecagkor0 HOCOBOI Iutakoau abo rimodiza. Haiinerme momaTkoBi KIHITIBKH
1HAYKYIOTbCS B 00s1acTi 614HO1 JIiHI1, ajle BOHU MOXKYTh OyTH OTpUMaHi 1 Ha YepeBHIN
croponi. Lli mpuknaam BKa3zylOTh Ha Te, MO crenudivHa BIAMOBIIb 3aJEKUTh HE
CTUIBKH B1J IHIYKTOpPA, CKUIBKH B 00J1aCTi, sIKa BiApearye.
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3naTHiCTh eMOpIOHAIBFHOTO MaTepially pearyBaTH Ha PI3HOTO POAY BIUIUBY
3MIHOIO CBO€i MPE3yMNTUBHOI J10J1I OTpUMaljia Ha3By KommeTeHuii. BcTaHosieHo,
HaIPUKJIQJ, 110 KOMIETEHIIIs 10 YTBOPEHHS HEPBOBOi cUcTeMHU y amdiOiil 3adinae
BCIO eMOpIOHAJIbHY €KTOJIEpMY 1 BUHMKAE 3 MOMEHTY IMOYaTKy ractpyssiii. Jlo KiHis
racTpyJsIIii 1 KOMIIETEHIIIs] MPUMHUHSETbCS. TaKuM YHMHOM, 3MiHA XOIYy PO3BUTKY
MO>KJIMBA JIMIIE B TOMY BHIAJIKY, SIKIIO 00JACTh KOMIIETEHIIIi 10 YTBOPEHHS JESKOi
3aKJIa/IKU IIMpIIE, HIXK 00J1acTh, 3 SIKOI BOHA B HOPM1 PO3BUBAETHCA, & TAKOXK, SKIIO
THAYKITIHA 15 BiIOYBAETHCS B TIEBHUM 1HTEPBAJI OHTOTCHETUIHOTO PO3BUTKY.

[anykuii yucnenti 1 pizHomaniTHi. KpiM nepBuHHOI 1HIYKIT 3 OOKY CIIMHHOI
ryou Omacromopa, omMcaHl 1HAYKIIMHI BIUIMBU Ha OUTBII Mi3HIX, HIXK TacTpPyJIALisd,
eTamnax po3BUTKY. Bci BOHM € BTOPMHHMMM i TPETHHHUMM, TIPEICTABISAIOUN COO0I0
KACKaJHl B3a€MOJIl, TUIOBI M1 AU(PEPEHIIIOBaHHSA, TOMY IO 1HAYKIisA OaraTbox
CTPYKTYp 3aJICKUTh BIJl MONEpPEAHIX IHAYKUIMHUX noAid. [Ipukiagom BTOpMHHOL
iHayKHIii MoXke CIIy’)XKUTH i1 O4YHOTO OoKaja (BUIMHAHHS TMEPEAHHOTO MO3KY) Ha
MPWIETINI MOKPUBHUM €miTeNiH, MiJ] BIUIMBOM YOTO EMITeNii BrUHAETHCS, a TOTIM
BIJIIIHYPOBYETHCS KPUINTATUKOBUN IMyXHUpElb - 3a4aTOK OYHOTO KPHUIITAJIHKA
(puc. 9). PosramoBanuii HajJ KPUINTATUKOM TMOKPUBHUHN EIMITENNA TEX BIIUyBae€
CKJIQJHI 3MIHM, BTpaya€ MITMEHT 1 CTa€ poriBKoBuUM emiteniemM. lle npuxnan
TPeTHHHOI iHayKuii. TakuM YUHOM BHUXOJUTH, II0 OYHUMA OOKal BUHHMKAE TUIBKU
MICAsE PO3BUTKY IMEPEAHBOI YACTUHU TOJIOBHOTO MO3KY, KPHUINTAIMUK - MICIHS
(dhopmyBaHHs O0Kaja, a poriBKa - Micjsl yTBOPEHHS KPUILITAJIUKA.

Pazom 3 THM 1HOYKIIA MOXXEe OYTH HE TIIbKH KACKAJAHOM, ajie i Takoro, 1110
NnepeiTacTbesi, TOOTO B 1IHAYKIIL Ti€T UM 1HIIOI CTPYKTYPH MOXe OpaTH y4yacTb HE
OJlHA, a KiJTbKa TKAaHUH. Y CBOIO Yepry, Taka CTPYKTypa MOXKE CIYKHTH 1HIYKTOPOM
JUISl KUTBKOX 1HIIUX TKaHWH. Hampukian, ouHuid OOKasl CIIY»UTh TOJIOBHUM, ajie¢ HE
€IMHUM 1HAYKTOPOM KpuUIITaquka. Mopdorenes 3aBkIu CyNpOBOIKYETHCA
3HAYHUMHU TICPEMINIEHHSIMH TKaHWH OJIHA BIMHOCHO iHINOI. Tak, mpe3yMITHUBHUN
KPUINTAJIUK, TOOTO emiaepMmic, 3 SKOro B MOJAJbIIOMY IOBHHEH PO3BHHYTHUCS
KPUIITAINK, M1 4ac TacTPYJIAIi JISKUTh HaJl €HTOJAEPMOI0 MaHOyTHHOI TJIOTKH, SKa
CIIYXUTh TEPIIUM IHIYKTOpOM Kpuintanuka. [loTiM mig 1muM  emigepMicoMm
BUSIBJISIETHCST CEpIIeBa ME30JIepMa, SKa TEX i€ K 1HIYKTOp. | TiabKM Mi3HIIIe, mij
yac HEeWpyJAllii, Ha MepeTHbOMY KiHIII HEPBOBOI TPYOKH BUIIMHAIOTHCS OYHI MIXYpH,
10 YTBOPIOIOTH OYHHM OOKAJI 1 CITKIBKY, 110 € TOJIOBHUM 1HIYKTOPOM KPHIIITATHKA.

Po3pi3HAIOTE TeTepOHOMHY 1 TOMOHOMHY iHAyKii. [0 rerepoHoMHOI
BIIHOCSITh BUITQJIKH, MOMAIOHI ONUCAHOMY, TIPU SKUX OJWH IIIMATOYOK 3apojiKa
1HAYKYy€e 1HIIMK oprad (XopaoMe3oJepMa 1HIYKYE MOsIBY HEPBOBOI TPYOKH 1 BChOTO
3apojIKa B IIIJIOMY).

T'oMoHOMHA 1HAYKIIS OJIATAE B TOMY, IO 1HAYKTOP CIIOHYKA€ HABKOJIMIIHIM
Marepiaia J0 PO3BUTKY B TOMY K HampsIMKy, IO 1 BiH cam. Hampuknan, obmactb
He(poTOMa, TMepecajykeHa IHIIOMY 3apOJKY, CIpPHSE€ PO3BUTKY HaBKOJUIIHHOTO
MmaTtepialy B Oik (opMyBaHHS TOJOBHOI HHUPKH, a IIOMOBHEHHS B KYJbTYypi
¢$16pobnacTiB  ceplsl MaJeHbKOro IIIMAaTOYKa Xpslia TiIrHe 3a co0O00 MpoLec
YTBOPEHHS XPSIIIA.
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Puc.9. Po3Butok (A - I') oka y xBoctaroi amdi6ii (3a Apurinum, 2003):
1- nnakoja KpUIlITaavKa, 2-MrMeHTHUHM enitenii, 3-CiTkiBka, 4-poriBka,
S-KPUIITAJIMKOBI BOJIOKHA, O-KPUIITAIUKOBUN €MiTeNiH, 7-04HU OOKaI.

{06 cnipuiinaTH Aii 1HAYKTOpA, KOMIETEHTHA TKAHWHA TTOBUHHA MaTH Xo4a 0
MiHIMaJIbHY oOprasizaifito. [I0oAMHOKI KJIITUHM HE CHOPUHAMAIOTh M0 1HAYKTOpa, a
guM OUIbINE KJIITHH B TKAHMHI, 110 pearye, TUM aKTUBHiIIe 11 peakitis. Jjisi HamaHHS
THIYKYI4Oro eeKTy 1HO/Il JOCTATHHO JIUIIE OJHIET KIITHHHU 1HAYKTOpA.

Takum 4MHOM, 1HJIYKIII1 BUSBJICHI HA CAMUX PI3HUX €Tarax po3BUTKY Oaratbox
xpebeTHux. B akTi iHIYKIIT il pO3pI3HATH JBa KOMIOHEHTH: 1HAYKTOP 1 00JacTh,
1o pearye. BukiianeHi BUile MoJIoKEHHsI KOPOTKO y3araiabHeHi B cxemi (puc. 10).

Cxema 8.4. 3aKoHOMEpPHOCTH HHAYKIHH

HHayKTOp

KomrereHTHad (pearupyionias) obaacts

B3AHMHO¢ BIHAHUE

I. KackagHast cMEHa HHIYKTOPOB
a) MepBUYHBIH,
6) BTOpHYHEIH,
B} TPETHMHBIA U T.1.
2. TieperuteTalondecss HHAYKTOPHI
(ceT HHIYKTOpOB)

3. XuMmdeckas NMpUpoNa UHAYKTOPOB
4. CrnemnGHIHOCTE HHIYKTOPOB

a) OTHOCUTETTHHO CElHpUIHEE

0) HecrieMdpUUHbIE
5. T'etepoHOMHEIE ¥ TOMOHOMHELE
HHIYKTOPH
6. MoxeT ORTH IPEACTaBICH OXHOMH
eIMHCTBEHHOM XIETKOH

1. Onpenenser crelMPHYHOCTE OTBeTa IIPH
MHAYKIMOHHEX B3aHMOIEHCTBAAX

2. OTpaHMYHBAeT OTBETHYK PpeakiMi® Ha
MelCTBHe HHAYKTOpa pasMepoM pearupyiouei
ob1acTH H cTamMelt oMOpPHOHAILHONO Pa3sBHTHA
3. Bcernma rpynna KineTok

4. OOnacT¥ M CPOXKH KOMIICTCHIIHHM PAVIHYHH Y
Pa3THYHREX XOPIOBHIX

Puc. 10. Cxema 3akOHOMIpHOCTEH eMOpIOHAILHUX IHAYKIIH (32 Apurinum,
2003).
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IIuTaHHs AJ CAMOKOHTPOJIIO:
[Ilo Take eMOpioHaIbHA 1HIYKITIS?
Onumrite pocaiau [lnemana 3 BUABICHHST eMOPIOHATBHUX 1HIYKITIH.
YuM BiApI3HAIOTHCS MIEPBUHHI, BTOPUHHI Ta TPETUHHI 1HIYKITIT?
[Ilo Take reTepOHOMHI Ta TOMOHOMHI 1HIYKIIii?
[TosICHITH PI3HUIIO MDK KAaCKaJHUMHM 1HAYKIIAMH Ta 1HAYKIISIMH, 10
NepeIuTTaloThCA. HaBeaiTe mpuKiIaam.

Ok whE

TEHETUYHWI KOHTPOJIb PO3BUTKY

Poab MmyTanii y 10CHiAKeHHI TeHeTUKH iHIMBIAYaJIBbHOT0 PO3BUTKY
Oprasismis

Y 3urori 3akiageHa mporpaMa pO3BUTKY, SIKa peaji3yeTbcs B IpolEcl
OHTOT€HE3Y BHACIIJIOK B3a€MOAII siipa 1 LMUTOIUIA3MM, PI3HUX YaCTUH 3apOJKa;
MOJICKYJIIPHO-TEHETUYHUX (HaKTOPiB, 3 OAHOTO OOKY, 1 30BHIIIHIM CEPEIOBHUILEM, 3
iHImoro. Peanizarisi mporpamM MopgoreHe3y BiIOyBa€ThCS IiJ BIUTMBOM KOMILIEKCY
TeHETUYHUX 1 HETeHETUUHUX YMHHUKIB.

[cHyBaHHSI T€EHETUYHOTO KOHTPOJIIO 32 PO3BUTKOM € OUEBUIHHUM Y 3B’S3Ky 13
30epexKEeHHS CTAN0CTI MOP(OJIOTIi KOKHOTO BUAY B PSAAY MOKOJiHb. OHAK F€HETUYHI
CUCTEMH, 1110 3a0€3MeuyIoTh mpoiiecu MophoreHesy, JOCIiKEeH] B TaHUI Yac JaJIEKO
HE MOBHICTIO.

['omoBHMM  mpuiOMOM, IO  JIO3BOJIAE  JOCHIDKYBaTH  TE€HETUKY
1HIUBITyaIbBHOTO PO3BUTKY, € BHKOPHWCTaHHS MyTamid. BusBuBmm wmyrtarii, 1o
3MIHIOIOTh OHTOTE€HE3, MOYKHA MPOBECTU MOPIBHAHHA (DEHOTUIIB MyTAaHTHUX OCOOMH
3 HOpMaiabHUMU. Lle momomorke 3po3yMmiTH, K JaHW T€H BIUIMBAE HA HOPMAJIbHHMA
PO3BUTOK.

AHai3 reHeTUYHOTO KOHTPOJIKO PO3BUTKY YCKJIAJHIOETCSA THUM, 1110 POJb I'€HIB
HeoJHakoBa. YacThHa TeHOMY CKJIAJA€ThCsl 3 TEHIB, 110 BU3HAYAIOTh TaK 3BaHI
KUTTEBO BaXJIMBI (PYHKINT 1 BiAMOBigatoTh, Hanmpukiad, 3a cunre3 TPHK 1 JIHK-
noJyiiMepasu, 0e3 AKX HEMOXKJIMBE (PYHKIIOHYBaHHS KOAHOi KiIiTuHU. L1 reHu
Ha3BaHi house keeping, a0o reHamMm «IOMAIIHBOI'O TOCIIOAAPCTBAY. [HIIA YacTHHA
reHiB 0e3nocepeHbo Oepe yyacTh B JeTepMiHalii, qudepeHiioBaiHi 1 MopdoreHesi,
T00TO  QyHKUIA iXx Oubm crneuudiyHa. /s aHamizy reHETHYHOrOo KOHTPOIIIO
HEOOX1HO 3HATH MiCIle MEPBUHHOI A1l JaHoro reHa. OTKe CIijl pO3pI3HATH BUIIAIKU
B1JIHOCHOT (3aJI€KHO1) MIIEHOTPOIIIi Bl MPsAMOi (A1MCHOT).

VY pa3i BigHOCHOI nu1eoTpomil, HapUKIIa] IpU CEPIOBUIHOKIITUHHIN aHEMI],
ICHy€ OJIHE TIEpBMHHE MicClle Jii MyTaHTHOT'O TI'€Ha - TeMOrjo0iH B €pUTPOIUTAX.
CumnTomu (TOPYIIEHHS PO3yMOBOi Ta (hi13UYHOI TISIILHOCTI, CEpIieBa HEIOCTATHICTD,
MICIIEBI MOPYIIEHHS KPOBOOOIry Ta 1H.) BHHHUKAIOTh K HACIIJIOK MPHUCYTHOCTI B
epUTPOLIUTAaX aHOMaJbHOro remornodiny. [Ipu nmpsimiii mieitorpomii Bci nedextu,
[0 BUHUKAIOTh B TKAaHWMHAX a00 opraHax, BUKJIMKAIOTHCS O€3MOCepeHIM BIUTMBOM
OJIHOTO 1 TOTO K T'€HA CaMe B IIUX MICIISX.
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Craig po3pi3HsATH ABa crmocoOu il mMyTauid Ha (DEHOTHI, 10 BUKIMKAIOTH
AU3PYNTHBHI 200 roMeo3HCHi 3MiHM. Y MepHIOMy BHUMNAJAKy HaWyacTilie MyTarlii
NPU3BOATH 10 MOPYIIEHHS HOPMAJIbHOTO PO3BUTKY, BIICYTHOCTI a00 aHOMAaJIbHIM
OyzloB1 OpradiB. Y JpyroMy — BIIXWJICHHS BiJi HOPMHU MOJIATalOTh B TOMY, IO i
J€I0 MyTaIlii TUIIOBUM OpraH 3aMilaeThCs TOMOJIOTTYHUM a00 30BCIM 1HIIUM, aje 3
HOPMAaJIbHOIO 0Y10BOIO.

€ MyrTarlii, sKi BKa3yloThb Ha ICHyBaHHsS y 0araThbOX BHJIIB TBapUH TI'EHIB 3
MaTepUHCHKUM e(DeKTOM. X 0COOIUBICTE MONArae B TOMY, IO MaTePUHCHKHI FeHOM
miJ 4ac OOreHe3y NpoAyKye (QepMeHTH, HeoOXimHl Ajii MeTabomi3My paHHBOTO
3apojiKa, 1 TAKUM YHMHOM BIUIMBae Ha MopdoreHe3. ToMy camka, TOMO3UTOTHA 3a
PEIIECUBHOIO MYTAaHTHOIO ajielli0 TPOAYKYE aHOMAJbHI SIS, HaBITh MpH
CXpEIlIyBaHHI 3 HOPMAJIbHUM CaMIIEM J1a€ HEKUTTE3AaTHE MOTOMCTBO. Cama K BOHA
pO3BHUBAJIACS LLJIKOM HOPMAJIbHO, OCKUIBKM 11 MaTH B IIbOMY BHUIIQJKy Morja OyTH
TUTBKM T€TEPO3UTOTHOIO 1 B ii sAilsx Oynu Bci (pakTopu, HEOOXiAHI JJI PaAaHHBOTO
po3BuTKy. llikaBo, 1m0 sKmO B Je(EKTHI SIS pPEeLEecCUBHOI CaMKHU BBECTH
LUTOIJIa3MY B1J] HOPMaJbHUX SI€Llb, TO 3aPOJKU MPOJIOBKATh HOPMAJIbHUN PO3BUTOK.
®dakTopu, L0 JAETEPMIHYIOTbCS TI€HaMH 3 MaTEPUHCHKUM €(EeKTOM, 3a3BUYail
BIIMBAIOTh Ha 3apOOK JI0 MEPIoly racTpyJIsLii.

Bimomi myTarii, siki BIUIMBAlOTh Ha paHHIA PO3BUTOK, aj€ HE TMOB'S3aHI 3
MaTepUHCHKUM edekToM. Jlo HUX BITHOCSATHCA MyTallli pubocoMHUX TeHiB. Ha
KJIITHHHOMY PiBHI BOHH MPOSIBIISIIOTHCS] B IOBHOMY 200 4acTKOBY 00csi31 (BiICYyTHICTh
saepis). 3apoJKH MPH TOMO3UIOTHOMY CTaHI MYTaHTHHX ajelliB HEeKUTTE3IATHI Ha
CTajll BUIYIJIEHHS 3 O00JIOHOK SIMLIA, TaK SIK Y HUX HE YTBOPIOIOTHCS HOBI puOOCOMHU,
a Ti, o OyyM 3amaceHi B AMlIl, BXK€ MOBHICTIO BUKOPUCTAaHI.

Jis myTtamiii B HalOLIbIIIN Mipl TPOSABISIETHCS B MEPIOJ OPraHOTEHE3Y.
PO3BUTOK KOXXHOTO OpraHy 1 THUM OUIbLIE CUCTEMH OpPraHiB KOHTPOJIIOETHCA
CYKYITHOIO KOOPJMHOBAHOIO Ji€I0 COTeHb T'eHiB. Bimomi monan 120 ¢opm cmankosoi
TJIyXOTH JIIOJIUHU, SIKI BUHHKAIOTh B PE3yJbTaTl €KCrpecii MyTaHTHUX TEHIB, IO
BIJINOBIJIal0TH 32 (hOPMYBaHHS CIIyXOBOT0 aHanmizaTopa. Onucano Takox 01u3bko 250
CIIaJIKOBHUX ITOPa30K ouer, 61m3bko 150 cnagkoBux aHoMamii ckeiera, He MeHIe 18
TeHIB, 10 BIAMOBIAAIOT, 3a HOpManbHy nudepeHiiamiro crari. [Ipo 3HaveHHS
TeHETUYHOTO KOHTPOJII0 OHTOTEHE3y TOBOPSATh YHCICHHI XBOpOOHW, TOB'S3aHl 3
TeHHUMU 1 XPOMOCOMHUMH MYTAIliSIMH.

TakuM YMHOM, TE€HETUYHUKA KOHTPOJIb OHTOIECHE3Y OYEBUIAHHUM, MPOTE B
MpoIeCi PO3BUTKY 3apOJOK 1 WOTO YacCTUHU MAarOTh 3/JaTHICTH /IO CAaMOPO3BUTKY,
peryjaboBaHUM CaMOIO LIJTICHOK CUCTEMOIO, 110 PO3BUBAETHCS.

I'enn, 110 KOHTPOJIIOIOTH OHTOT€HE3 OPraHi3MiB

Bunainstors 3 rpynu rediB (3a peHotuniyHuM edekTom), ki 6epy ydactb B
pO3BUTKY opraHi3miB (Ha mpukitaai Drosophila melanogaster):

1. 'enu 3 MaTepUHCHKUM €(PEKTOM a00 MAaTEPUHCHKI T'€HHU, SIKI KOHTPOJIOIOTh
dbopMyBaHHS TIOJSIPHOCTI s (MO3WIiNHOT 1H(pOpMarii) 1 CTaHOBIEHHS WOTO
MIPOCTOPOBUX KOOPJMHAT.
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2. 'enn cermenTanii, ki BU3HAYaIOTh YHUCIIO 1 MOJISIPHICTH CETMEHTIB eMOpioHa
IUISIXOM YWTaHHS MO3UIINHOI 1HGopMaIlli 1 nepeBeAcHHs ii B cierudiuHuil 1madioH
cerMeHrarii.

3. l'omeo3ucHI reHu, K1 BU3HAYal0Th CYTHICTh CETMEHTIB, XapaKTep 1 HampsM
iX qudepeHIIitoBaHHS.

IcHye nymka, 1m0 TeHM 3 MATEpUHCHKUM e(EeKTOM [UIAThCA Ha 2 KIacu
3JIEKHO B1J MicCIIS iX eKcIpecii:

1. T'enn, sKi EKCHOPECYIOTbCA B COMATHYHUX KIITHHAX MAaTEPUHCHKOTO
Oprasizmy, ajge MaiTh €(pEeKT Ha PO3BUTOK SHISI — MATEPUHCHKI COMATUYHI T'€HU
(«maternal somatic genes»). ExcrpecyroTbcsi B (GOJIKYISIpHUX KITHHAX (THIIOBI
COMATHUYHI KIITHHHU) 1 OepyTh ydacTh y (OpMyBaHHI JOp3aJIbHO-BEHTPAIBHOI OCI
eMOpioHa.

2. I'eHn, SIKI €KCHPECYIOTHCA B KJIITMHAX 3apOAKOBOIO IIISAXY - MATEPUHCHKI
T'eHHU 3apojiKoBoro nuwixy («maternal germline genesy). /lana rpyma retiB akTHBHA B
OOIMTI ab0 KJIITHHAX, M0 HOro >KHUBIATH (TPO(OIMTH) 1 BIAMOBINATBHI 3a
dbopMyBaHHS TIEPEIHbO-33/IHBOI OCl eMOpioHa. [IponykTu reHiB 3 MaTEepUHCHKUM
e(eKTOM (JIaHuX TeHIB Yy Ipo30dinu 6;u3bK0 30) AEMOHYIOTHCS B SIMIl 1 BUBHAYAIOTh
IIPOCTOPOBI OC1 eMOpioHa, MOJIOBXKHIO (3aHBO-TIEPENIHIO) 1 10pPCO-BEHTpaabHy. ['eH
bed (Bicoid) excnpecyercs B XOAi 00OreHe3y B KIITHHAX TPOQOLMTAX, IMICIS IBOTO
HOT0 MEepBUHHI TPAHCKPHUIITH HAAXOASATH B MEPEAHIN MOIIOC M1, B 30HY KOHTAKTY
TpoQOLMTIB 1 OOIMTa, L0 JA03piBae. Takuili KOHTAKT TPOQPOIMTIB 3 MEpPEAHIM
MOJIFOCOM SIMIISl 3yMOBIIIOE HAPSIMOK TPAHCIIOPTY MEPBUHHUX TPAHCKpUNTIB reHa bed
0e3nocepeIHbO B MEPE/IHIN MOJTIOC.

3a ymoB HopmaibHOTO po3BuUTKy MPHK rena bcd 3akpimmororsest Ha EITP
TUIBKM B TEPEeIHbOMY TNOJItOCl. MOXKIUBO, IO Take JIOKaJbHE pO3TallyBaHHS
3M1MCHIOETHCS 3aBSIKUA CIIEM(IYHOTO 3B'SI3yBaHHA 3 O1JIKOM, SIKMH KOAY€ETHCSI TEHOM
swallow (swa). Kpim mporo, reau exuperantia (exu), staufen (stau) Takox OepyTb
y4acTh B PO3MO/IiJI TPAHCKPHUIITIB TeHa bed B IUTOIIIA3MI SIAIS 1po30¢iu.

Tpancnsmis iPHK renma bed moumHaeThes He3abapom Mmicis 3aIiliIHEHHS, 1
OJTHOYACHO (DOPMYETHCS TPATIEHT KOHIEHTpalii Oinka bcd B mepeaHbo-3aHBOMY
HanpsiMKy. Ha mapameTpu rpajiieHTa BIDTMBA€E YHCIO KOmid TeHa bed, 301MbIICHHS
YyyCcia KOMIM TMIJABHILYE TPATIEHT 1 PO3MIUPIOE 30HY (OPMYBAHHSA MEPETHIX
CErMEHTIB, 1 HaBIIaKW, 3HIKCHHS 4YHCJIa KOIM mocnaljifoe  #oro, 1o
CYNPOBOIKYETHCS 301TIBIICHHSIM 30HU 3aJHIX CETMEHTIB B MEPEIHBOMY HAIPSMKY.
Takum unHOM, Oitok Bicoid moBomuThes sik MOp(hOTeH, SIKUH B 3aJIC)KHOCTI Bil HOTO
KOHLIEHTpalli BU3Hayae (GpopmyBaHHS MOP(OIOTTYHUX CTPYKTYP Y3A0BK MEPEIHBO-
3a1HbO1 Oci. BakiauBoro BiacTuBicTIO Oinka bed € Horo 3gaTHICTH 3B'A3yBaTvCA 3
JIHK. TTpu npoMy 610K po3mi3Hae crnenudiudi Hykiaeotuani nociigoHocti JJHK 1
3B'SI3Y€THCS 3 HUMU.

3a ¢dopMmyBaHHS 3aTHBOTO TOJIOCA €MOpPIOHA BIAMNOBITAJIbHA BEJHMKA Tpylia
rediB (He Menmie 10), mpoTe MPOAYKTH JHIIE JEIKUX 3 HUX MarOTh MOpP(OreHHi
BIacTUBOCTI. Tak, reH Nanos (nos) BiamoBigae 3a (GopMyBaHHS 3aJHBOI KOOPAUHATH
AL, BIH eKcIpecyeTbes B TpodormTax, micisa yoro ioro iPHK tpancnopryerbes B
3aqHIA TOMIOC SHIS, MPOXOJSYM Yepe3 BCIO0 LUTOIUIA3My B MEPEIHbO-33JIHBOMY
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HanpsIMKy. TpaHCKPUNTH KOHIEHTPYIOTHCSI B 3aJHROMY IOJIIOCI Ha PaHHIX CTaaifix
PO3BUTKY.

TpaHcasiiss TOYMHAETBCA He3abapoM TIICHS 3allliIHCHHS, a OUIOK, o
CHUHTE3Y€EThCS HAKOTIMIYETHCS B 3/IHIN 4aCTHHI eMOpioHa.

[Ticnst cTaHOBJIEHHSI MPOCTOPOBOI OpraHizailii, IO PETyIIOEThCS TeHaMH 3
MaTEPUHCHKUM €(GEKTOM, MPOAYKTH iX AaKTUBHOCTI B XOJ1 OOr€HE3y YTBOPIOIOTH
rpajieHTH 3 MOpP(OreHeTUYHHMMHU aKTUBHMMHU Oinkamu. Ilicis yoro BigOyBaeThes
3aIuTiIHeHHS 1 ApoOsieHHsT 3apoaka. DopMmyBaHHS OJlacTOACpMH TIOB'SI3aHO 3
BKJIFOUEHHS 3UTOTHYHUX T'e€HIB a00 I'eHIB CErMeHTallll.

[TounnaeTpcst mocCHiOBHE (OpPMYBaHHS CETMEHTApHOTO IJIaHy Tila
npo30o(disn, JTUYUHKH 1 JOPOCIi OcoOMHHM (IMaro), SKi CKIAMaloThCs 3 TEPeTHIX
TOJIOBHUX, TPHOX TPYAHUX 1 BOCBMH YE€PEBHUX CETMEHTIB.

B pesynbrari B3aeMojii rpaai€eHTIB MOP(QOTEHETHYHO AKTUBHUX OUIKIB, IO
MEePEKPUBAIOTHCS 1 SIKI € IPOYKTaMU reHiB bed 1 nos, akTUBYIOTHCSI TEHU TPYIIU gap,
[0 PO3AUIAIOTH 3apPOJIOK Ha IMUPOKI JomMeHu. Ha TenepimiHiil yac onvcano 6 reHis 3
rpynu gap, 70 uucia ronoBHux ciin BimHectn rern hunchback (hb), Krippel (Kr) i
knirps (kni). Kosxen 3 HUX €KCITPeCy€eThCs B IEBHUX CErMEHTaX eMOpioHa.

[IpomykTy akTHBaIlli TeHIB gap 3allyCKalioTh (YHKIIIOHYBAaHHS TPYNH TEHIB
pairrule, 1o ckiamaeTbes 3 8 reHiB 1 00YMOBITIOE TIAPO3ILT 3apoAKa Ha OLIbII JpiOHi
JIOMEHH, 10 CKJIAJAI0ThCS 3 JIBOX TaK 3BaHUX MapacerMeHTiB. [Ipuyomy B oHOMY 3
napacerMeHTIB TeHu 3 rpynu pairrule aktusHi, a B nIpyromy - Hi. 3 Tpynu TeHIB
pairrule y npo3odinu B mepiry 4epry eKcripecyrThes TeHu runt (run) i hairy (h), B
apyry - fushi tarazu (pemykrop umcna cermenriB) (ftz) i even-skipped (pemykTop
napHux cerMeHTiB) (eve). [lepioguyna 3MiHa piBHIB eKcrpecii TeHiB rpymnu pairrule
MPU3BOJUTH JI0 JIOKAJIBHOI €KCHpecii TeHIB CaMOi YMCJIEHHOI IPYNH - CErMEHTHOT
nossipHocTi. [lig Aiero iX MPOAYKTIB 3apOJOK CTA€ PO3AIIEHUM IO BCiM MO3J0BKHBOT
oci Ha ocrarouHi cerMeHTH. OTxe, 3a KUIBKICTh C(HOPMOBAHHX CETMEHTIB
BIJINOBIJIaJIbHA  1€papXi4HAa TMOCHIJIOBHICTh €KCIpecii OCHOBHMX TPyl TEHIB
CerMeHTallli.

VY ccaBIiiB €, mpuHaMHI, Tpu romojiora TreHa hedgehog 3 rpymu reHiB
cerMeHTHOT moJisipHOCTi: Sonic hedgehog (shh), desert hedgehog (dhh) i indian
hegdehog (ihh). Bonu BiAmoBigarOTh 3a KOHTPOIb JIBO-IIPABOi aCHUMETPII,
JETEPMIHAINIIO TIOJMSIPHOCTI B KJIITHHAX IEHTPAIBHOI HEPBOBOI CHCTEMH, COMITIB 1
KIHI[IBOK, a TakoX 3a (hopmyBaHHS ckenera. Tak, OUTKOBHM mpoAyKT reHa shh rpae
HaWBAXJIMBILIY POJIb B PO3BUTKY BEHTPAJIbHOI HEPBOBOI TPYOKU 3apOjKa JIFOAWHH.
red dhh KOHTpoOJIO€ BCTYN CTaTeBUX KIIITUH B KIITUHHUNA PO3MOJLI, HOTO €KCHpecis
Bi/I3HauaeThbesi B KiiTHHaX Ceprosi CiM'SHUKIB Ticis akTtuBaiii reHa SRY (Sex
determining region on Y chromosome).

I'omMeo3HCHI TreHHu - TpyIa pPeryasTOPHUX T'eHiB, IO KOHTPOJIOIOTH B MPOIIECi
e€MOpPI1OHATFHOTO PO3BUTKY CETMEHTAIIIO Tijla y TBAPHWH 1 JIIOAUHUA. ['OME03UCHI TeHH
BH3HAUAIOTHCA 3a HasABHICTIO XapakTepHoi nocaigoBHocTti JJHK 3aBgosxku B 180 map
HYKJICOTHIIB (TOMEOOOKCIB), 0 KOYIOTh KOHCEPBATUBHY AUISTHKY O1IKa JOBXHHOIO
61 map HykieotuaiB (romeogoMeH). bijku, ki KOJYIOThCS TOMEO3HCHUMHU TeHAMH, €
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TPAHCKPUILIHHUMU (pakTOpamu, sIKi MaroTh MOP(OTEHETUYHY [it0 1 OepyTh y4acTh B
mporiecax KJIITHHHOTO Tu(epeHIIFOBaHHS.

OpToJNOTiYHI TOMEO3MCHI TE€HHM Yy BCIX TBApUH I[I03HAYAIOTHCS SK TEHU
cimeiictBa Hox. Bonm, sk mpaBuiio, OpraHi3oBaHi B KJacTepHu, 1 iX eKcIpecis
301iraeThCcsl 3 MOPSJIKOM pO3TalllyBaHHsA T'eHIB B kiacTepi. ['enu cimeiictBa Hox €
pEeryJiATOpaMH  IHAWBIAYadbHOTO  PO3BUTKY  TBapwH, BOHH  KEpYIOTh
nu(dEepeHIlitoBaHHIM YacTUH iX Tijga. Tak, T€HH TOMEO3MCHHUX KJIACTEpIB MHMII 1
JIOAVMHU KOHTPOJIOIOTH METaMepil0 3aJHbOTO BIAJLTY TOJOBHOTO MO3KY 1
(dhopMyBaHHS CHUHHOTO MO3KY. Y OibIocTi TBapuH HOX-TeHIB KijbKa, 1 BOHU MAlOTh
aBi1 BractuBocTi. [lo-nepiie, mytaiiii Hox-reHiB BUKIMKAIOTh MEPETBOPEHHS OJTHUX
yacTUH Tina B iHmI. Hampuknaza, y xomax mytanii HoX-reHiB MOXyTh BHKJIMKATH
MIEPETBOPEHHS YEPEBHUX CETMEHTIB B Ipy/HI a00 BycuKiB B jnanku. [lo-npyre, Hox-
T'CHH €BOJIIONIHO KoHCcepBaTuBHI. Hanmpukiran, y komax (Drosophila melanogaster) i
y xpedetnux (Mus musculus, Homo sapiens) ix HyKJICOTHIHI MOCTIIOBHOCTI JyXKe
O0ym3bKi. 'OMe0OOKC-BMICHI T€HM 3HAWJICHI TAKOX Y POCIHH.

OTxe, B TEHOTUIl BCIX OpraHi3MiB TE€HU (EBOJIIOIIHHO KOHCEpBATHBHI 1
crienndiyHl) B3aEMOIIIOTH MDK €000, 3a0e3MeuyroTh IUTCHICTh, PO3BHUTOK,
KUTTEIISUILHICTD OpraHizmy, 10 CKJIaJAa€ThCS 31 creriaai30BaHnX
nudepeHIliioBaHNX KIIITUH, a TaKOX (DEHOTHUIIYHI MPOSIBU O3HAK HA TKAHUHHOMY 1
OUTBbII BHCOKMX pIBHSX opraHizamii >xuBoro. I[loenHaHHS TeHIB B OpraHi3Mi
00yMOBITIO€ O6€37114 1HUBIAyaJTbHUX BIAMIHHOCTENH OCOOWH OJTHOTO BUY.

IIuTaHHS 1J CAMOKOHTPOJIIO:
1. Po3kpuiiTe MUTaHHS MPO BUKOPUCTAHHS MYTAlllll y JOCHII)KEHHI T€HETUKU
1HAMBIYaJIbHOTO PO3BUTKY OpraHi3MiB.
[I{o Take mpsiMa Ta BIJHOCHA MJIEHOTPOITIS?
[Ilo Take AU3pynTHBHI a00 TOMEO3UCHI 3MIHU?
4. SIki BUAUIAIOTH TPYNH TeHiB (32 PEHOTUITIYHUM €PEeKTOM), 110 Oepy ydacTh
B PO3BUTKY OpraHi3MiB?
[Ilo Take MaTepUHCHKI T'€HH, SKY POJIb BOHU BIITPAIOTh B OHTOTEHE31?
6. OnumiTh posib TOMEO3UCHHUX T'€HIB Y 1HAUBIAYaIbHOMY PO3BUTKY TBAPHH.

w N

o

PICT TBAPUH

VY X0/l OHTOreHe3y BC1 OpraHi3Mu 3a3HalOTh POCTY Ta PO3BUTKY.

Pict — 11e moctynoBa 3MiHa (30UIBIIIEHHS) MacH 1 PO3MIpIB OpraHi3My, OpraHa,
KJIITUHU 32 PaxyHOK IPOLECIB METa0O0JI13MY; 11€ HE3BOPOTHE 301JIbILIEHHS Macu CyXoi
MpoToIIa3Mu. P NOCHIAHUKIB BUAUISIOTh HETATUBHUM PIiCT - 3MEHIIEHHS Macu i
PO3MIpiB (HAMIPUKIIAI, IPU CTAPIHHI UM TPOPOCTAHH] HACIHHS).

Tunu pocry TBapuH

Po3pi3HsAI0TH JEKiIbKA TUIIB POCTY.
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HeoOmesxxennii pict (MOJNIOCKM, CTPIYKOBI 1 KIJIbYacCTI 4YEpBH, puodH,
36MHOBOJIHI, J€peBHI (OPMHU pOCIMH) TPUBAE MPOTATOM YChOI'O OHTOTEHE3Y
OpraHi3My J10 HOro 3aruoer.

[Ipu odMe:xkeHOMY pocTi 0COOMHA JOCSTae MEBHUX PO3MIPIB B OCHOBHOMY [0
cTaaii mpuaOaHHS 3JaTHOCTI 1O PO3MHOXEHHS, MICJIS YOro NPUIHHSIE POCTH
(O1TBIIICTh WICHUCTOHOTHX, IITAXH, CCaBIIl).

[akoMM BUAULIIOTH 1€ TaK 3BaHUN mNepepuBYacTHil picT. HalGiabim
XapaKTepHUM MPHUKIAJOM TAaKOTO THUIy POCTYy € KOMaxXxu Ta PakomoAiOHi. Y mux
TBApUH HAsSBHUM J>KOPCTKUH EK30CKENeT, SKUH 3aBakae 30LIbITYBATH JIIHIWHI
po3mipu. A ToMy 30UTBIICHHS JIHIHHUX PO3MIPIB y LIUX OPTaHI3MiB MOXJIHMBE JIUIIIE
MiJ] 9ac JWHBKUA, TIOKM HOBHM EK30CKEJeT HE CTaHe TBEpAMM. B mepiom ke Mix
JUHbKaMH 30UIbIICHHS JIHIAHUX pPO3MIpPIB MPAKTUYHO HE BiAOYyBaeThCi. A TOMY
KpHBa pOCTY TaKMX OPraHi3MiB Ma€ BUIJISIT CXOJIUHOK.

Pict Takoxx mMOAUISETbCS HA aJOMETPUUYHUN Ta 130MeTpuuHHi. PicTt €
i3oMeTpMYHMM, SKIIO BCl YacTMHM TiJa YW OpraHa pOCTYTh 3 OJHAKOBOIO
HIBUJAKICTIO (HaNpUKiaa, y puod, y KoMax 3 HEIOBHUM MEPETBOPEHHAM). PicT neBHOrO
OpraHa TakoX Oy/e 130METpUYHMM, SKIIO L€ OpraH pocTe 3 TaKOK CaMOIO
IIBUJKICTIO, K 1 Bce 1HIIE Tio. [lpu 13oMeTpuyHOMY pOCTI MPOMOPINi TijIa HE
3MIHIOIOThCS. SIKIIO K OpraHu YM YACTHUHU TiJIa POCTYTh 3 PI3HOIO MIBUJIKICTIO, 200
AKIIO OpraH pocTe€ 3 IHIIOK IIBUAKICTIO, HDXK BCE IHIIE TUIO, TO TaKUil picT
HA3UBAETHCS ajloMeTpUuYHMM. Hampukiazn, aqmoMeTpuyHUM € pICT MTaxiB, CCaBLIB.
[Ipu TakoMy TUI pOCTY IPOMOPIIii TUJIa 3MiIHIOKOThCs. Harpukiaz, npu HapoaKeHH1
y JIIOJIMHU TOJIOBA 3aiiMae 3HAYHO OUIBLIMK BIJCOTOK TiJ1a, HDK Y AOPOCIIOi JIFOJAWHH;
KIHI[IBKM Y HOBOHAPOJIXKEHOT'0 € 3HAYHO KOPOTUIMMH 1O BIJHOIIEHHIO 10 BChOTO TiJIa
MOPIBHSHO 3 JOPOCIION0 JTHOAUHOK. OCKUIBKM rojioBa, TYyJIyO 1 KIHIIBKH Yy JAUTHHH
POCTYTh 3 PI3HOK IMIBHJAKICTIO, TO MPOMOPIii TiIa MOYUHAIOTH 3MIHIOBATUCH 1
MOCTYIOBO HAOJIMKAIOTHCS 10 MPOMOPIIiH, XapaKTepHUX Il JOPOCIIOTO.

PicT kiiTun

Pict BinOyBaeThcsi a00 MUISIXOM 30UTBIIIEHHST PO3MIPIB KIIITHH, SIKI MPU I[LOMY
HE JUIATHCS, a00 TOB’SI3aHMM 13 KIITUHHUM pPO3MHOXKEHHsM. [lepmmit (Oinbin
PIAKUI) THUI POCTY HA3UBAETHCS AYKCETHUHUM, APYTwi (OUTBIN 3BUYAMHMI) —
npoJiiepaniftHuMm.

AYKCeTHYHMI PiCT CIIOCTEPITaeThCs y KOJIOBEPTOK, KPYTIIUX YEPBIB, JIMYUHOK
KoMmax. Y mmux ¢opM YUCIO KIITHH 3aJUIIAEThCS MOCTIMHUM (siBuIe eBTenii). [Ipu
bOMY PICT PO3MIpPIB OKPEMHUX KJIITHH HEPIAKO MOB’S3aHUN 3 MOJIIJIOIAU3AIIEI0
KIITUHHUX ~ g7aep. Y  XxpeOeTHUx 3O0UIbLIEHHS pO3MIPIB  KIITHUH  HUISIXOM
MOMIIJIOTAN3alli HE BHOCHTH IMOMITHOTO BHECKY B Tmpoiiecu pocty. [lomimnoinis
3YCTPIYAEThCS TYT JIMIIE B ICIKUX OpraHax (HampHKiam, y TMediHIl). SKmo B3ITH 10
yBaru, M0 MOJIIUIOIIS BEeIe J0 MPUITMHEHHS PENpPOAYKIlli, TO OYEBUIHO, 110 BOHA
rajibMy€ MOTeHIIMHUINA PICT.

Ipouidepaniitnmii picT 311iCHIOETHCS 32 PAXyHOK MOAUTIB KJIITHHU:

1. IToain HaBMIiI.
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2. MHOXWHHUI TOILI.

3. BpyHbKyBaHHS (APIKIIKI).

Haifuacrimie KITHHA JUIATHCS IUISIXOM MITO3Y.

[IposmidepartiiftHuit picT BiIOMUN Y AEKUIBKOX (opmax:

MyabTUIIIKATUBHUN PicT XapaKTepu3yeThCs TUM, IO OOWJIBI KIIITHHH, SKi
BUHUKJIM B PE3YJIbTATI MOJAUTY JAESIKOI POJIOHAYANIbHOI KJIITHHH, 3HOBY BCTYHAlOTh Y
TIOI1JI.

Yucno kiitun N pocte y reomeTpuyHiil mporpecii:

N,=2",

ne: N, — KUTBKICTh KJIITHH MICIIs N OB, N — HOMEP MOALTY.

[leit MexaHI3M J1a€ HaMOUIBIIMK BHECOK y 30UIBIICHHS Macu OpraHi3my, IO
pocre.

SKIo TomyCcTUTH, IO HE BIIOYBAETHCS BTPAT KIITHH, YC1 KIITUHU JUIATHCS 3
0IHAKOBOIO IIBU/KICTIO i pO3Mip KJIiITHHH HE 3MIHIOETBCS, TO 3uroTi Macoro 107° r i 1i
HallagkaM JTOCUTh 12 TOCHIAOBHUX MOAUNB, 100 chopMyBaTH OpraHizM Macoro
100 xr; a HOBOHApO/KEHINH IUTHHI, SKa BaXUTh 4 KI, JOCUTh 4—5 MOLIIB, 1100
MEPETBOPUTUCH Y J0pociy JojuHy. OMHaK MyJIbTHUILUTIKATUBHUM PICT Y YUCTOMY
BUTJISIAI a00 HE 3yCTpidaeThCs B MPUPOJl, a0 MIBHAKO 3aKIHUYEThCS. XO4a PICT
OUIBIIOCTI OpraHi3MiB B €MOpIOHAJbHUN 1 paHHIM MOCTEMOpPIOHAIBHUN NEpioan
O1IbIIIE BCHOTO BIJMOBI/IA€ MYJIbTUILTIKATUBHOMY POCTY.

AKKpeniiHu# picT NOB’s13aHUMN 3 TUM, IO MICJISI KOXKHOTO HACTYITHOTO MOJLTY
JUIIE OJ[HA 3 KJIITUH 3HOBY AUIMTHCS, a 1HILA MOAUIA NPUITUHSIE.

[Tpu 11bOMY YMCIIO KIIITUH POCTE B apu(METUYHIN TPOrpecii:

N, =2n,

ne: N — KUTBKICTh KIIITHH MCIs N OB, N — HOMEP MOLTY.

AKKpemiiHuid picT TMOB’S3aHUM 3 TMOJIJIOM OpraHa Ha KaMmOlanpHy 1
nudepeHiioBaHy 30HH, 1 3 MOCTIMHUM NEPEXOAOM KIITHH 3 MEPIIOI 30HU B JAPYTY,
NpU4YoMy 30epiraroThCs MOCTIMHI CHIBBIIHOUIEHHS MDK po3MipaMud 30H. BiH
XapaKTEepHUI JI1 OpraHiB, /€ BiAOYBA€TbCS MPUPICT YU BIJIHOBJIEHHS KIITUHHOTO
CKJIaJly MPOTATOM YChOT'O MOCTEMOPIOHAIBHOTO KUTTSI OCOOMHU. AKKpEUIMHUN THM
POCTY BJIACTUBHI TaKUM CHUCTEMaM, K €MiJEepPMIC LIKIpU, CUCTEMa KPOB1 (OHOBJICHHS
(hOopMEHNX €JIEMEHTIB KPOBI y YEPBOHOMY KICTKOBOMY MO3KOBI1), CIM30BI MOKPUBU
KUIIIEYHUKA 1 JUXaTbHUX NUIX1B. TyT KIITHHU, 1110 BUXOJSATH 13 30HU PO3MHOXKEHHS,
Ta TPOWIIIM BU3HAYCHWM NUISIX IU(EpPEHIIOBaHHSA, THHYTH 1 PyWHYIOTHCS.
AKKpeIiiHANA PICT BIACTUBHI TAKOXX CHUCTEMaM, Yy SKHX KIITHHHU, 110 BUXOIATH 13
30HA PO3MHOXKEHHSI CTalOTh MEPTBUMH, aje 30epiraioThcs y ¢dopmi poris, 3yOiB,
PaKOBUH.

PexypenTHHii picTt Mae Taky 0COOJIUBICTH, IO B ILOMY BHTIAIIKY JUITUTHCS
JUIIE OFHAa 3 JBOX HOBOYTBOPEHHX KIITHH 1 BCl KIITHHH, [0 HE TUIMIIACS
nonepeaHboro pazy. HapocTaHHs KUJIBKOCTI KJIITHH BiJOYBAa€TbCs 3a TaK 3BAaHUM
psanom ®i6onauui: N=1, 2, 3, 5, 8, 13, 21, 34, 55, ... . Koxkxna HactynHa uudpa 1s0ro
pSy OTPUMYETHCS TOJaBaHHAM JBOX MONEPEIHIX HUudp.
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I'opmonanbHa peryJsinist pocry

Pict y XpeOeTHUX peryareThCs, B OCHOBHOMY, TimoTanamMo-TinodgizapHOIO
cuctemoro (puc. 11).

OcHoBHUM € TOpMOH azieHorinodiza — comarorponin (CTI), saxuit ctumyntoe
MpolleCH pOCTy opra”izmy. [Ipudomy, y TKaHHH, 110 3pOCTAIOTh CHOCTEPIraroThed 1
aHaboM4HMM, 1 TiposidepaTuBHUN eDEeKTH, a y 3pUIMX TKAaHWHAX — Malke TUIbKU
aHaOoMYHUH.

Jlo coMaToTporniHy HalOUIBII YyTIMBa XPpAIMIOBa TKAaHMHA, 0COOIMBO, emidi3zu
TpyOuactux Kictok. CoMaTroTpomiH TYT CTHUMYJIIOE€ XOHApPOTeHe3, ToOTo,
npodtihepaltiro XpsAIMoBUX KIITHH Ta CHHTE3 OUTKIB (KOJIareHy, MYKOTIOJIiCaxapHIiB),
TpyOYacCTi KICTKH POCTYTh y JAOBXHHY. A OCKUIBKH PICT BChOI'O Tila 3aJIEKUTH Bij
POCTY CKEJETY, TO BiIOYBAETHCS PICT BCHOTO OPraHi3My.

MmnoTanamyc

>Kupoeasn 4 yTVNMSaumMs (MIoKO36!

TKaHL
T cunTes Genka T poct T cunTea Genka

T cunTes Genka | JWMnonmM3
4 YTUNUSaUMSA rTIIOKOS3BI

Puc. 11. Bionoriuna aist ropmony pocty (3a Cesepurum, 2003).

CoMaroTpomniH y BIAacHE CHOJYYHIA TKaHUHI MOCWIIOE Tpodidepariro
¢di6podactiB (cnpusie ix mepexony 13 Gi-dasu B S-daszy), CTUMyIIOE CHUHTE3
KOJIareHy Ta XOHAPOITHHCYJb(aTy (OCHOBHOIO KOMIIOHEHTAa MDKKJIITHHHOT
amopduoi pedoBunn). COMATOTPOMIH CTUMYJIOE TAaKOX TMpodiidepariro KITHH Ta
OlocuHTE3 OUJIKa Yy BHYTPINIHIX MapeHXIMAaTO3HUX OpraHax. Y THUMYCI COMaTOTPOIiH
MOCUJTIOE IMYHOIIOE3 1 CTUMYJIIOE€ CUHTE3 TUMO3HMHIB. CTUMYJIAIIA Ol0cUHTE3y OlKa
BIIOYBAETHCS Y TPU CTafli: CMOYATKy — IMOCHJICHHS TPAHCIOPTY B KIITHHY uepes
rIa3MajieMy aMiHOKHCIIOT Ta TII0KO03U (B1AOyBaeThCs Kpaile 3a0e3neueHHs KIIITUHA
OyAiBeIbHUM MaTepiajioM JUIsl CHHTE3y O11Ka), MOTIM — MPUCKOPEHHS TPAHCIALIT Ha
pubocomax, 1 HapemTi — nocuinennsa cuatesy pPHK.

CoMaToTpomiH OKpiM MPsAMOi Jii, CTUMYJIIOE CHHTE3 COMATOMEAiHIB y MEeUiHIl
Ta JIESIKUX IHIIUX OpraHax, siki B MOJAJbIIOMY CTUMYJIIOIOTh MPOIIECH POCTY MEBHUX
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TkaHuH. J[o comaromeniHiB MoxHa BigHecTH: comaromeniH C (iHCYTiHOMOIIOHMI
daxTop pocty I), pakTtop pocty HepBiB, hakTOp POCTy TPOMOOIUTIB, (PaKTOP POCTY
eniiepMicy, TAMO3UHH, MPOCTATJIaHUHU. 32 PUHIIMIIOM HETaTUBHOTO 3BOPOTHHOIO
3B’s13Ky comatomeniH C 1Hri0ye CHHTE3 COMATOII0EpUHY 1 COMAaTOTPOIIIHY.

OkpiM CHCTEMH COMATOTPOINIH—COMATOME/IIHU, SIKa € TOJIOBHOIO B pEryJisiiii
IIPOIIECIB POCTY, HA PICT OPraHi3My BIUTMBAE 1 PsiJl IHIIUX TOPMOHIB.

Incyain ctumynroe OiocuHTE3 OlIKa B M’si3aX, MEYiHIl, CIOMY4YHIN TKaHWHI,
MPOTE Ha XPAIIOBY TKAaHUHY Jis ciabka. [HCymiH CTUMYIIOE CHHTE3 COMATOII0epUHY
1 IPUTHIYY€E CUHTE3 COMATOCTATHHY T1IOTalaMyCOM.

Tupeoigni ropMoHm (TUPOKCHMH Ta TPUMOATHPOHIH) B HU3BKHX J03aX
aKTUBYIOTh, @ Y BHCOKHX JI03aX — MPUTHIYYIOTh picT. g ix nmia, maOyTsb,
OMOCEPEAKOBYETHCS YEPE3 CTUMYJIIOIOUHI BILUIMB HA IHTEHCUBHICTHh METa00II3MYy. 3a
111 THPEOiTHUX TOPMOHIB Y MaJIUX J103aX BIIOYBAETHCS CTUMYJIALIS O10CHUHTE3Y OlKa
Ha PiBHI TpaHCKpUMIii (y M’si3ax, MEUiHIll, ajle He y Xpsliax), a 3a iX i y BeJIUKUX
7103aX — rajbMyBaHHSI O10CHHTE3y OUTKa (4epe3 po3’€lHAHHS MPOIECIB OKUCIEHHS 1
dbochopuitoBaHHSL y MITOXOHAPISIX, BHACIIOK YOTO CTBOPIOETHCS aAedinuT ATO).
Tupeoingni TOPMOHU TaKOX CTHUMYJIOIOTH COMATOTPOMIH-TIPOAYKYIOUl KIITHHU B
azeHorinogisi.

AHAporeHn (TECTOCTEPOH), CTUMYNIOKOTH aHA0ON3M, IO BeAe [0
iHTeHCU(DIKaIli MPOIECiB POCTY, OCOOIMBO, MiJ Yac CTATEBOro J03piBaHHSA. BoHM
CTUMYJIIOIOTh PICT M’531B, OpPraHiB 4YOJOBIYOi CTaTEBOI CHCTEMH, aj€ Ha TUMYC
aHJIPOTEHHU JIIFOTh KaTabOJIYHO.

Ecrporenn (ectpanion), CTUMYJIIOIOTh 3aKPHUTTS emidi3apHUX XPAIIB, IO
BeJle J0 MPUIUHEHHS POCTy TPyOUacTUX KICTOK y JIOBXKHHY, 1, K HACIiIOK, IO
NPUIMHEHHSI POCTY OpraHizmy. EcTporeHum CTUMYIIOIOTH PICT M s31B, IEYIHKH,
OpraHiB *I1HOYO0i CTATEBOT CUCTEMHU.

IIponakTuH y HIWKYUX XpeOETHUX HAPIBHI 13 COMATOTPOMHUM TOPMOHOM
aKTUBY€ TPOIIECH POCTY OpraHi3My. Y NTaxiB Ta CCABI[IB MPOJIAKTHUH TPa€ MEHIIY
pOJib; BIH AKTUBYE PICT BOJIOCCA, MIp’s, MOJIOYHHMX 3aJI03, JESKUX BHYTPIIIHIX
OpraHis.

I AKoKOPTHKOIIH (KOPTH30/IM) MalOTh KaTaOOMUHUE epeKT (TaabMyOTh
OlocuHTE3 OUTKa HA PiBHI TPAHCKPHIIIIi), a TOMY TaJIbMYIOTh PICT Opradizmy. Ale B
IICYIHII BOHU MarOTh aHAOOIYHHH €EeKT.

MinepajakopTukoinu (aJibJOCTCPOH) aKTUBYIOTh HaTpid-kamii-ATdazy, 1e
BE€ JO 3pOCTaHHS KOHIIEHTpallli KaJlilo B KJIITHHI, IO Ja€ 3MOTY [isTH
COMAaTOTPOITHOMY F'OPMOHOBI, COMaTOMEiHaM Ta 1HCYJIIHOBI.

IMapaT-ropmMoH Ta KaJbUMTOHIH PETYIIOI0Th OOMIH KaJbIIil0, Y 3B 53Ky 3 YUM
MarOTh BIUIMB Ha PICT CKEJIETY.

IIuTaHHA 1J9 CAMOKOHTPOJIIO:
1. IIlo Take picT xuBHUX oprani3MiB? Ha3BiTh TN POCTY TBAPHUH.
2. Po3kpuiiTe mUTaHHS MIOJ0 POCTY KIIITHH.
3. JlaiiTe XapaKTepUCTUKY TOPMOHAIBHIN PETyJIslLii pOCTy.

33



N

CIIMCOK JIITEPATYPHU

. buonorus: B 2 xH. : yueb6. nus meaunl. crei. By30B / B. H. Spweirun, B. .

Bacunwesa, . H. BoikoB u ap. — 5-e u3f., nom. u ucnp. — M. : Beicui. mik.,
2003. — 432 c.

buoxumus: Yue6. nis By3os, [loxa pen. E.C. Cesepuna., 2003. - 779 c.
Bapentok .M. biojoris mocteMOpiOHAIbHOTO PO3BUTKY (KypcC JeKIii)/
.M. Bapentok. - Kuis, 2009. — 157 c.

['un6ept C. buonorus pazsutus : B 3 T. / C. ['unbept. — M. : Mup, 1993. —
228 c.

[Nazapsu K. I'. buonorus uHAMBUIyabHOTO pa3BuTHs KUBOTHBIX / K. T.
["azapsn, JI. B. benoycos. — M. : Beicas mkona, 1983. — 287 c.
MexaHu3Mbl OHTOTE€HE3a : KypcC JIeKIuH (Il CTYJAEHTOB OMOJOTHYECKUX
cnenuanbHocter) / coct., H. B. Konot, H. E. Bonkoga, JI. . BopoObéBa. —
X. : XHY umenn B. H. Kapaszuna, 2015. — 220 c.

Macnosa, I'. T. buonorus pasBUTHS: OPraHOTE€HE3 W MEXAHU3MBI
oHTOreHesa : kypc jekuuid / I'. T. Macnosa, A. B. CunopoB. — MuHCK :
bI'Y, 2012. - 104 c.

34



