JonaTkoBi MmaTepianu 1o posainy 1, tema 1.3 «CTpykrypa

Ta QyHKIIOHYBAHHA €yKAPiOTHYHUX KJIITHH», CJIOBHUYOK /10 TEMH

Icmopin eueuennsa KiimuHu

CBIT KIITHH, HEBUAUMHUNA HEO30POEHUM OKOM, 3aJMIIABCS MOBHICTIO
HeBigoMuM 110 cepeauau XVIII cTomiTTs, moku goau He HaBYWIUCS NUTIPYyBaTH
J1H3U 1 BUKOPUCTOBYBATH iX JJISl pO3LIMPEHHS MOKIMBOCTEN 30pYy.

OpHuM 13 nepummMx TBOPIIB MiKpockomna OyB anriiens Pobept ['yk — di3uk,
METEeopoJIoT, O10JI0T, IHXKEHEP, apXITEKTOp, OJHMH 31 HANUYAOBIIIMX MPECTAaBHUKIB
cBoro 4acy. Y 1665 poui BiH omyOJikyBaB ajgbOOM MAaJIOHKIB i Ha3BOIO
«Mikporpadis», y sSKoMmMy OyId TpeACTaBlieHI HOro CIOCTEPEKEHHS IiJl
MmikpockorioM. Cepen HuX OyB 1 TOHKMK 3pi3 NPOOKOBOI TKAHWHH JIepEBa,
CTPYKTypa SIKOTO HarajayBaja CTUIBHHKH, YITKE 1 MpaBUJIbHE pPO3TallyBaHHS
«MIKPOCKOITIYHUX TMOP» a00 «KIITUH». ['yK BUKOPUCTOBYBAB CJIOBO «KJIITUHA» B
Horo crpaBXHbOMY 3HAU€HHI, MAalO4Yd Ha YyBa3l MaJieHbKI KaMepu Ha 3pa3oK
yepHeuux Kenid. Lle cioBo 3akpinuiocss B Hayll, HaOyBIIM 30BCIM 1HIIOIO

3Ha4YCHHAI.

Pobepm I'yk Mikpockon I'yka



Knimunni cminku pocnun, siki Pobepm I'yx nobauus nio mMikpockonom

OpuuMm 3 obmapoBanux cydacHukiB Pobepra ['yka OyB rosianiens AHTOHI
BaH JIeBeHIyk, SKWU CTBOPUB IIOHAJ JBICTI MIKPOCKOMIB 3a BJIACHUMHU
0COOJIMBUMU KOHCTPYKILIAMHU. BOHU ckiajmanucs 3 HEBEIMKOI CKJISHOI KYJIbKH,
BCTaBJICHOT B M1JIHY IIJIACTUHKY. TpHUMaroun Take MPUCTOCYBaHHsI OJIU3BKO JI0 OKa 1
pO3TIsaloul 4Yepe3 KyJbKy pi3HI TpeAMETH, YKpPIIJIeHI Ha KIHYUMKY TOJIKH,
JleBeHTyK 3MIr JOMOTTHCS 301uIblIeHHS 00'ekTiB y 270 pa3iB 1 3poOUB 4ya0BI
BIJIKPUTTSL.

JIMBOBIKHO, 10 JIeBeHTyKy Baanocs moOayuTH HaBiTh OakTepii, sfKi BiH

3aMalllOBaB 3 TAKOIO TOUHICTIO, IO (haxiBIll 1 3apa3 MOXKYTh iX PO3MI3HATH.

Anmoni ean Jlegeneyk Mikpockon Jlesenzyka
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Manrwonku Jleseneyka. Takumu 6in nobavus baxmepii

Y 1827 poui itamificekomy Gi3uky JIkoBanHi baricte Awmivi Baayiocs
BUMNPABUTH OCHOBHI ONTWYHI aOepariii jiH3. P. bpoyn y 1833 pomi BigkpuB y
kimituHl sapo. Ilicas 1825 poky . IlypkiHbe po3poOHB ePEeKTUBHI METOIUKU
MPUTOTYBAaHHS 1 3a0apBJICHHS MpeIapaTiB I MIKPOCKOINIYHOI TEXHIKHU.

301IbIIEHHS. YITKOCTI 300pa)K€HHSI Majo TakKli Ba)KJIMBI HACHIJIKH, IO BXKE
yepes3 KUIbKa poKiB MOKHa Oysio chOpMYIIFOBATH 3aralibHy TEOPit0, 3TiTHO 3 KOO
BC1 POCJIMHM 1 TBApUHM CKJIAJIAIOTHCS 3 OJHOTO a00 OUIbIle €JIEMEHTIB — KJIITHH.
[ls xmiTHHHA Teopid Oyia 3amponoHOBaHa sl pocivH y 1837 pouil HIMEIBKUM
ooranikoM MattiacoMm lllnelieHoM 1 momupeHa Ha TBAPUHHUM CBIT HOTO JIPyroM,
¢i13ionorom Teomopom IlIBanHOM. Tpoxu mi3HimIe i JONOBHUB Matoyior Pynonbd
Bipxos, skuit y 1885 poui chopmymoBaB nosioxeHHs: «KokHa KIITHHA TOXOAUTH

3 MOMEPETHbOI KITITUHUY.

Mammiac Ilnetioen Teooop llleann Pyoonvgh Bipxos



VY cepenuni XIX CTONITTS KJIITMHHA TeOpif CTana 3arajJbHOBU3HAHOIO 1
cTaJla OCHOBOIO JUIsSl HAyKU MPO KIITUHY — rutosorii. JJo kinusg XIX cromiTTs Oynu
BIIKPUTI Pi3HI KOMIIOHEHTH KJITUHHM. HaykoBui ommcanu iX i1 Jand iM Ha3BH. 3
4acoM, OJHaK, JTOCIIJHUKU 3ITKHYJIHMCS 3 MEpelIKOoJo, sika Oyiga oOyMoBieHA
3akoHaMH (izuku. HaBiTh 3a JOMOMOrorw BeJIbMHM JOCKOHAJIWX MIKPOCKOINB HE
MOXHa OyJI0 TOOA4YUTH Ti AeTall KIITUHHU, PO3MIPH SKMX OyJIM MEHIIE MOJOBUHU
JOBXHUHU XBWII CBiTIa (TOOTO MeHmie 0,25 MKM). Y CBIiTI KIIITUH Taki pO3MIpH €
3BUYAHUMU. AJle ysIBITH CO01, 1110 B HABKOJHUIITHBOMY CBITI, IKMM HaC OTOUYE, MU
HE MOXXEMO PO3PI3HATU MpEeIMeTH, MeHIm 3a 25 cMm. Sk Garato panTtom 3HHUKHE,
CTaBILIA HEBUJIUMHUM!

Y 1945 poui uuTONIOrM BHEpIIE 3ariiiHyJd B KIITUHY 32 JOIMOMOIOIO
€JIEKTPOHHOTO MIKPOCKOIIA 1 T00auniau 6araTo HeBIJJOMHX paHiIle CTPYKTYP.

BupimansHa posib Y pO3BUTKY LMTOJIOTI] HaJ€)KUTh HOBUM BIJKPUTTSIM B
IHIIMX Haykax, 30kpema y ¢izumi. [Iporpec y murosorii 6yB HEMOXIUBUN 110

MOSIBY HOBUX TEXHIYHUX 3aC001B, HAIIPUKIIA]] €JICKTPOHHOTO MIKPOCKOTIA.

| —

Enexmponnuu mikpockon



Ckramnyrouuii enekmpoHHUl MiKpOCKON

MeToau HMTOJIOTIYHUX JOCJIIKEHb

OCHOBHHUM METOJIOM, SIKHM KOPUCTYIOTHCSI LIUTOJIOTH, € METOX CBITJI0BOI
Mikpockomnii. Bin mnepen0ayae BHKOPHUCTaHHS CBITJIOBOTO MIKpPOCKOIIA, aje
MOJMBUTHUCS MiJT CBITJIOBUM MIKPOCKOIIOM MOXXHA HE BCE IO 3aBTOJHO, a TUIHKU
CIleliaIbHO MPUTOTOBJICH MpenapaT. [ mpuroryBaHHs mpemnaparTiB IUTOJIOTH
BUKOPHUCTOBYIOTh TOKPUBHI 1 TpPEIMETHI CTEKJa 1 CHeliaJibHO IirOTOBJIEHI
00'eKTH, SIKI MOKHa po3rjsigaTd. ['ojoBHE, MO0 HEOOXiAHO, — 1€ OTPUMATH OJUH
map KJIITHH, Tak, 100 BOHM MPOMYCKaJIX CBITJIO 1 X CTPYKTYpH MOXKHa Oyjo O
noOauyntu B Mikpockomn. Haituacrimie 111 ctpyktypu 0e30apBH1, TOMY iX HEOOX1IHO
nie i apOyBatu creriaJbHUMH OapBHUKAMU, IOpa3y Pi3HUMH, 3aJI€KHO BiJl TOTO,

AK1 CTPYKTYPH MU XOTUITH O MOOAYUTH.



Tlokpusne cxno

Ilpeomemne ckno

Ilpueomysannus npenapamy KIimux WKIpKU yubyri i me, WO MOIICHA

nooauumu, po32nsa0anyu 1Uo2o nid MiKpoCcKonom

€ nBa MeroaM MpuUroTyBaHHsl mpenapariB. [lepmuii meTon nependayae,

MO JOCTIKYBaHUN OO0'€KT TPOCTO PO3YABIIOETHCS B OJWH IIAP KIITHH MiX



IPEeIMETHUM 1 TOKPUBHUM CKJIOM, a JPYTHid METOJ — IPUTOTYBAaHHS TOHKUX 3Pi3iB
TaKUM YHHOM, 1100 3pi3 CKJIaJaBcs 3 OJHOTO Iapy KITHUH. [[isi mpurotyBaHHS

TaKuX TOHKHUX 3pI31B € CIleiabH1 TPUIaJN — YIbTPaMiIKPOTOMHU.

Yaevmpamikpomom

O6uaBa METOAM NPHUIYCKAIOTh, 10 MU BUBYAEMO BXKE€ HEXHUBI KIITHHH.
OOugBa MeToIM MAO3BOJSIOTH 3pOOUTH SIK THMYAcOBl IpenapaTtd, sKI MOKHA
pO3TISAATH MPOTITOM JACKUIBKOX JHIB, TaK 1 MOCTIMHI Mpenapard, IO MOXKYTb
30epiratucs A0BT1 poKH (iX 3aIMBaIOTh CIICHIAIbHUM Oab3aMOM).

JUis  BUBYEHHS JKMBUX KJIITHH BUKOPHUCTOBYIOTH MeTOd (pa30BoO-
KOHTpPAcTHOI Mikpockomnii. BiH 3acHOBaHMII Ha TOMy, IO OKpeMi UISHKH
KJIITUHU XO0Y 1 Majo, ajie BCE XK BIAPI3HAIOTHCS OJHA BiJ OJHOI 3a IIUIBHICTIO 1
CBITIIO3aJIOMJICHHSIM. € Tpuiaau, SKi JOMOMAararTh IF0 PI3HUIIO BIOBUTH 1
NpEJACTAaBUTH  HAIIOMY  OKY  CBITJIO-TEMHE  KOHTpPAacTHE  300pakeHHs
He3a0apBIEHOTO JKHBOTO 00’ €KTA.

Audepenuiiine HeHTPUPYTYBAHHS € METOJOM OTPUMAHHS OKPEMHUX
KJIITUHHUX KOMITOHEHTIB JIJI HACTYITHOT'O O10XIMIYHOTO aHali3y, SKU BPaxoBYE ix
PpisHy winvHicms. OCKiIbKU Pi3HI KNIMUHHI KOMIOHEHRMU MAOMe Pi3Hy TIBHICTS,
TO Mg 4Yac JyXKe IIBUIKOro oO0epTaHHd B CIHEHIaIbHOMY MpUIal —
yIbTpalleHTpu(y3i — BOHU BHUMANAIOTh B 0CaJ, PO3TAIIOBYIOYHCH IIapaMu
BIAMOBIAHO 1O CBO€l IMUIBHOCTI. II[iIIbHIIII KOMIIOHEHTH OCIJAalOTh 3a OLIBII

HU3BKUX IIBUJKOCTEU IEHTPU(PYTyBaHHSA, a MEHII ILILJIbHI— 3a OUIbII BHCOKHX



mBuaKocTel. 111 mapyn MokHa BIIOKpEMITIOBATH 1 BUBYATH 3a JOTIOMOTOO 1HIIIHMX
010XIMIYHHUX METO/IB.

BuBuaroun XuBI KJIITHHH, 3aCTOCOBYIOTH TaKOXX MeTOA (hIyopecueHTHON
Mikpockomii. 3MicT HOro MoJjsrae B ToMmy, 1o 0araTo peuoBUH MarOTh 3aTHICTb
CBITUTHUCS B MpOIIeCi MOTJIMHAHHS HUMHU CBITJIOBOi eHeprii. Hampuknaz, skio y
bayopeciieHTHUH MIKPOCKOI PO3TJIAIaTH KIITHHU POCIIUH, TO HA TEMHO-CHUHBOMY
T11 OyJie BUJHO YEPBOHI 3€pHa, L0 SICKPABO CBITATHCS, — 11€ XJIOPOILIACTH.

ABTopangiorpagia (Meroaq MiYeHMX AaTOMIB)— 1€ METOJl BHUBUYCHHS
PO3MOAUTY PaJiOaKTHBHUX PEUYOBHMH B JIOCIIKYBaHOMY OO'€KTi, 3aCHOBAaHUU Ha
dboTorpadiuniii peecTpallii BUIIPOMIHIOBAHHS, III0 HUMHU BUITYCKAETHCS.

B 1mpoMy MeToni BUKOPHUCTOBYIOTHCS MiueHi amomu — aTtoMu, SKi
BIJIPI3HSIIOTHCS BiJl 1HIIMX aTOMIB TOTO K XIMIYHOTO €JIEMEHTa Pajll0aKTUBHICTIO
abo Baror. MoieKynu 3 MiY€HHMH aTOMaMd JOJAl0Th y KIITHHH, IO Ja€
MOJKJIMBICTh TIPOCIIJIKYBaTH HUIAX a00 MIBHIKICTH MEPETBOPEHHS TAKUX MOJEKYII
y XIMIYHHUX TpoLecax.

MeToa eeKTPOHHOI MiKpOCKOMmii BIJIKPUB MJIs ITUTOJIOTIB Ti CTPYKTYpHU
KIIITUHH, K1 MAIOTh PO3MIpH, MEHIII 3a TOBXHHH CBITIOBOI XBUJI1. 3aBISKU LIBOMY
METOJy 3'SBUJIACS MOKJIMBICTh PO3IVITHYTH BipycH 1 puOOCOMHU — OpraHelu, SKi
CIIYTYIOTh JIJI1 010CUHTE3Y OlJIKa.

[{uTomorn MOXYTh TaKOX OTPUMYBATH 1 BUBYATH Pi3HI KOMIIOHEHTHU
KJIITHHY 32 JIONIOMOTO0 (DpakiioHyBaHHs KITUH. KiiTHHY crioyaTky pyHHYIOTh, a
NOTIM BUAUIAIOTH KJIITHHHI CTPYKTYPH, BUKOPUCTOBYIOUM CHELIabHUN MpHIIaj —
nenTpudyry. Bugineni opraneny KITHH MOXHA BHUBYATH 3a JTIOTMIOMOTOIO 1HIIHMX

010XIMIYHHUX METO/IIB.




Pizni yenmpughyeu

CydacHa KJIITUHHA 1HXXEHEpIs MOXK€ CTBOPIOBATH KJIITMHU HOBOT'O THUITY Ha
OCHOBI X Ti0puau3alii, peKOHCTPYKLIi 1 KylbTUBYBaHHA. KiiTHHHA 1HXXEHepis €
OJTHUM 3 OCHOBHHUX METO1B O10TEXHOJIOTT].

MeTo BHKOPHCTAHHSI KYJAbTYPH KJITHH — II€¢ METOJ TPHUBAJIOTO
30epexeHHsI 1 BUPOIIYBAaHHS B CICIIAIBHUX IMOXUBHUX CEPEIOBHUINAX KIITHH,
TKaHWH, HEBEJIMKHUX OpPraHiB a0o iX 4YacTHH, BUJUICHHX 3 OpraHi3My JIOJWHH,
TBapuH abo pociauH. BaxInMBOIO MepeBarol0 MbOIO0 METOAY € MOXKIUBICTh
CIOCTEPEIKEHHS 32 KUTTEAISIIBHICTIO KIITHH 3a JIOIOMOT0I0 MiKpockomna. Meroau
KYJbTYpPH KJIITHH 3HAWIUIM IIUPOKE 3aCTOCYBAHHS ISl PEKOHCTPYKINT PI3HHX

TKaHUH 1 OpTaHiB.

Ilpobipku ons supouyysants KLiMUHHUX KVIbIYP

3Hauenna yumoaoZiMHUX Memooie 6 OiacHOCMUYI 3aX80PIO6AHb JII0OUHU

[{utosoriuni MeTOaM BUKOPUCTOBYIOTHCS B MEIUIIMHI JUIS JTOCTIIKEHHS
(b1310JI0TYHOTO CTaHy OpraHi3My JIIOJWHUA Ha MiJACTaBl BUBYEHHS MOPQOIIOTrii
KITUH. BOHU 3acTOCOBYIOTBCSI Ui BUSIBJICHHS XBOPOO KpOBI, PO3Mi3HABAaHHS
3JIOAKICHUX 1 JOOPOSIKICHUX TYyXJWH, pO3Mi3HaBaHHsA 0araTbOX 3aXBOPIOBAHb
OpraHiB JWXaHHS, TPABJICHHS, CEYOBHUIUICHHS, HEPBOBOI CHUCTEMH Ta OIIHKU
pe3yJIbTaTIB iX JIKYBaHHS.

OmuH 13  poO3AUIIB  KIITHHHOT MEIMUIIMHU TPUCBIYECHUNW BHUBUCHHIO
cToBOYpoBUX KIITHH. CTOBOYPOBI KIITUHU 37aTHI O CAMOOHOBJICHHS 1 PO3BUTKY

B CHEIialdi30BaHl KIITUHUA Opra”izMy. Y J0pociioOMy OpraHi3mi CTOBOYpOBI



KJIITUHU 3HaXOASTHCS, B OCHOBHOMY, y KICTKOBOMY MO3KY 1 B JYX€ HEBEIHUKHX
KUTBKOCTSIX Y BCIX OpraHax 1 TKaHUHaXx.

OckibKM CTOBOYpPOBI KJIIITUHM MOXYTh TEPETBOPIOBATUCA Ha OYIb-sKl
KJIITUHU OpraHi3My 3ajJeKHO BiJI TOro, J€ BOHHM OCiIal0Th, TO iX MOXKHa
BUKOPUCTOBYBATH JJIS JIIKyBaHHs OaraThOX 3aXBOPIOBaHb 1 po3ianiB. Hampukman,
eMOpioHaIbH1 CTOBOYPORBI KJIITUHH MO>KHA BUKOPUCTOBYBATH SIK JKEPEJIO IMYHHUX
KJIITUH, 3JaTHUX aTaKyBaTH 1 3HUILYBATH PAKOBI KIITHHHU, a TAaKOX, MOXJIHBO,

O0pOoTHUCS 3 PI3HUMH THDEKITISIMHU.

BynoBa kiaiTHH npokapiorTiB i eykapioTiB

Bigomo, mo KITHHU € [JQyXe pI3HOMaHITHUMHU. Ix PI3HOMAaHITHICTh
HACTUIbKHM BEJMKA, L0 CIOYaTKy, PO3IJIAJAI0YN KIITHHU B MIKPOCKOII, HAYKOBII
HE MOMIYaJIi B HUX CXOXKUX PHUC 1 BJACTUBOCTEH. Ajie MOTIM BUSBUIIM, L0 32 BCIM
PI3HOMAHITTSM KJIITHH KPUETHCS iX MPUHIIMIIOBA €JIHICTh, 3arajibHi, XapaKTepHi
JUISL HUX TIPOSIBY JKUTTS. Y YOMY K KJIITUHHU OJHAKOB1?

Bwmict Oynb-sKOi KJIITUHU B1JIOKPEMJICHUH BiJI 30BHIIMIHBOTO CEPEIOBHINA
0COOJIMBOIO CTPYKTYpOIO — IUIa3MaTHYHOIO MemOpaHowo (ruasmanemoro). s
B1JIOKPEMJICHICTD JI03BOJISIE CTBOPIOBATHU BCEPE/IMHI KIIITUHU a0COIOTHO 0COOIMBE
cepe/loBUIlle, HE CXO0Xe Ha Te, sKke il orouye. Tomy y KIITHHI MOXYTh
3iliCHIOBATUCS IIPOLIECH, HE IIPUTAMAHHI HEXMBii IpPUPOMi. IX Ha3MBAIOTH
NMPOLEeCAMHU KUTTEAISIIILHOCTI.

BHyTpimne cepepoBuie JKMBOI  KIITHHH, OOMEXEHE 30BHIIIHBOIO
MEMOpPaHOI0, HA3MBAETHCS IUTOIUIA3MOIO (Bim Tpernbk. KoTtog— «KIITHHA» 1
wAdouo — «BMicT»). LluTomiaazma MICTUThH Tiajoria3My — OCHOBHY IPO30PY
pEUOBUHY, KIITHHHI OpraHeild, a TaKOoX Pi3HI HEMNOCTiHHI CTPYKTYpH —
BKJIFOUEHHSI.

OpranejamMu Ha3UBaIOTHCS MOCTIHHO MPUCYTHI CTPYKTYpPU KIITHHH, SIKI
MaloTh TMEBHY OYyJIOBY, MiClle pO3TallyBaHHS 1 BHUKOHYIOTH MEBHI (yHKIII.
Oprasenu, siKi TOCTIMHO NPHUCYTHI y BCIX KJIITHHAX, OTPUMAaJM Ha3BYy OpraHel

3arajbHOrO 3HA4YEHHS. [HIII opraHenu MPHUCYTHI TUIBKK B ACSKUX KIITHHAX Y



3B'SI3KY 3 BUKOHAHHSIM NEBHUX cleuu(iuHUX A7 JaHUX KIITHH (QyHKUiA. Taki
OpraHeNld Ha3MBAaIOThCS OpraHelaMu CHeIlaJibHOTO 3HayeHHs. OpraHenu
IIUTOIIJIA3MH 3a MPUHITUIIOM CBO€ET Oy0BHU MOJUISAIOTHCS Ha JIBI TPyHu: MeMOpaHHI
Ta HeMeMOpaHHi.

Bko4YeHHSI IIMTOILUIA3MH — II¢ HEOOOB'SI3KOB1 KOMITOHCHTH KIIITHHH, SKI
BUHUKAIOTh 1 3HUKAIOTh 3aJI€KHO Bl CTaHy KIITHH. PO3pi3HAIOTH BKIIIOYCHHS
TpOo(iyH1, CEKPETOPHI, EKCKPETOPHI 1 MIrMEHTHI.

Jlo TpodiuHMX BKJIIOYEHb BIJTHOCATHCS KpamneabKH HEUTPAIbHUX KHUPIB,
Kl MOXYTh HAaKOIWYYyBaTUCS 1 BHUKOPHCTOBYBATHCS 3a HEOOXimHOCTI. I[HImm
BUJIOM BKJIIOYEHb PE3EPBHOTO XapaKTEPy € TIIKOTEH — TMOoJjicaxapujl, SKUh Tex
MO>K€E BIIKJIQJATHUCA B rlajiomia3Mi.

CekpeTopHi BKJIIOYEHHSI — YTBOPEHHS PI3HUX PO3MIpIB, IO MICTATH
010JIOT1YHO aKTHUBHI PEUOBHHHU.

ExckperopHi BKIOYEHHS — 1€ 3a3BUYail MPOAYKTH OOMIHY PEYOBHUH, IO
MUIATal0Th BUOAJIECHHIO 3 KJIITHHH.

IlirMeHTHI BKJIIOYEHHSI MOXYTh OYTH €K30reHHI (KapOTHH, WHUJIOBI
YACTUHKM, OApBHUKH) i eHI0TeHHi (TeMornobin, 6inipy6in, Menanin). Ix HasBHiCTH
y LIUTOIIa3M1 MOKE€ 3MIHIOBATH KOJIIp TKAHWHU, OpraHy TUMYacoBO ab0 MOCTIHHO.

B eykapioTuyHuX KJIiTHHAX € ABOMEMOpaHHA OopraHenia — spo.

SAnpo — 1ne HalOUIBIIa oOpraHena e€yKaplOTHYHOI KIITUHH, Y SKIA
30epiraeTbcs cagakoBa iHGoOpMaIlis, 3arMcaHa B XpoOMOCOMax.

3HaueHHs s/pa SK OpraHeH, sKa MICTUTh CHAJKOBY iH(opmailito, Oyso
BCTAHOBJICHE €KCIIEPUMEHTAIIBHO. Himeupkuii 61oJoT XaMMepiHT
MPOJIEMOHCTPYBAB HAMBAXKIIUBIIILY POJIb S/Ipa B €KCIEPUMEHTAX HA OJTHOKJIITHHHIN
MOPCBKIA BoOAOpocTi aneTadymsapii. Pi3Hi Buau anetralynsapii BiIpi3HSIOTHCS
nepeayciM  OyJOBOIO — «IIIAalOYKW». Y  CEepeA3eMHOMOPCHKOI  areTadysspii,
HaIPUKJIaJ, «IIAM0YKa» Kpyria i yBirHyTa, a B aueralyisapii BerrmreiiHa BoHa
po3ciueHa Ha JiomaTi 1 cXoXa Ha KBITKy. Byno mpoBeneHO Takuii €KCIIEpUMEHT:
HDKKY 0€3 «IIamo4ku» BiJI CEpelI3eMHOMOPCHKOI aneralyssipii mepecaauii Ha

pusoinu ameralynsapii Berrmreiina. OtpuMmanu «BereTaTUBHUW TiOpua». Bin



MIBUAKO HaJOyAyBaB cO01 «IIAmoOYyKy», 1 BOHA BUSBUJIACS PO3CIYEHOIO HA JIOMATI.

Lle o3Hauano, mo caMme Aapo BU3ZHAYAE OCOOTMBOCTI OYJOBH IIIATTIOUKI.

Cxema  excnepumenmy HA  OOHOKIIMUHHIL — MOPCOKIlL  8000pOCMi

ayemaoynapii

SAnpo Oepe ydacTh y 30epekeHHI, Imepeadi Ta peaiizarfii CragkoBOl
1H(popMallii, a TAKOXK y PETyII0OBaHHI MPOIECiB OOMIHY PEUOBHH, 1110 BiOYBaIOThCSA
y kmituHi. CaMe B siApi MICTATBCS XpoMOCOMHU. be3’simepHa KIIITHHA HE MOXKE
JIOBTO ICHYBaTH, 1 PO TaKOXX HE 3JaTHE J0 CaMOCTIMHOTO ICHYBAaHHS, TOMY
IIUTOIITIa3Ma Ta SIPO YTBOPIOIOTH B3a€EMOTIOB SI3aHY 1 B3a€MO3AJICIKHY CUCTEMY.

Xpomocoma — 1ie rirantceka mosekyna JIHK, interpoBana 3 Oinkamu. Y
AOpl € sneple — Miclie, /i€ YTBOPIOIOThCS PUOOCOMH — OpraHenu, siki O0epyTb
y4acTh y CHHTe31 Oulka. PuOOCOMM CHHTE3YIOTBCS Y SlIpl, a MPaIlor0Th, TOOTO
CUHTE3YIOTh 010K, y muTormiasmi. YactuHa pubOCOM 3HAXOAUTHCS B IIUTOILIA3MI,
a YaCTUHA MPHUKPITLUTIOETHCA 10 MeMOpaH, K1 YTBOPIOIOTh MEPEXKY, 110 OTpuMasa
Ha3BY €HOIIA3MAaTUYHOI CITKH.

EnponnasmarnyHa ciTka— 1i¢  Mepeka  KaHajbIIB, OOMEKEHHX
MeMOpaHamu. IcHye JBa THOM €HJOIUIA3MAaTUYHOI CITKM: 3€pHHUCTa, abo
rpaHyJIsIpHA, Ha AKiH 37IHCHIOETHCS CHUHTE3 1 TPAHCHOPT OUIKIB, Ta HE3EPHUCTA,
abo arpanynspHa, Ha SKIH 3IACHIOETbCS CHUHTE3 1 TPAHCIOPT BYIJIEBOJIB Ta
mniai. Ha rpanynsapHiid eHnonia3MaTiyHIf CITII poO3TalloBaHi pubOCOMH, came

TOMY Ha Hill CHHTE3YIOThCSl OLIKH.



CuHTe30BaH1 OUTKM CHOYATKy HAKOMUYYIOTbCA B KaHajaxX 1 MOPOXKHHHAX
eH/IOIUIa3MaTUYHOI Mepexi, a MOTIM TPAHCIOPTYIOTHCA O OpraHen 1 AUISHOK

KJ'IiTI/IHI/I, J€ BOHH CIIOKHUBAKOTBHCA.

Pubocomu na membparnax epanynsapHoi eHooniasmamudroi cimxu

Jlns cuHTe3y OUIKIB, BYIJICBOMAIB 1 JKHPIB HEOOXigHA €Hepris, SKy B
eYKapIOTHYHOI KJIITLI BUPOOJSIOTH €HEPreTHUYHl CTAaHIl KIITUHU — MITOXOHAPII.
MiToxonapii — 1BOMEMOpaHHI oOpraHend, Yy SKHUX 3JIHCHIOETBCS MPOIEC
KIITUHHOTO JuxaHHsA. Ha MeMOpaHax MITOXOHIpPIM OKHCIIOIOTHCS OpraHiuHi
CHOJIYKH 1 CUHTE3YEThCS MOJIEKyTn AT® — akyMynsITOpH 1 IEPEHOCHUKU €HEPrii.

Y kimiTHHI € opraHena, sKa MOXKE HAKONMUYYyBaTHU 1 TPaHCIOPTYBaTH
OprasiuHi cnoiayku — ue anapar I'oabaxi. Bin 6epe yyacts y TpancnopTi OUIKIB,
JIIIITIB, BYTJIEBO/IIB 1 OHOBJICHHI TIJIa3MaTUYHOT MEMOpaHHU.

Amnapar 'onpmxi OyB Biakputuil y 1898 pori iTamicbKUM AOCTITHUKOM
K. Tompmxi. [eranpHy OynoBy amapaTy ['onbmki Oyno omucaHo HOOETIBCHKUAM

naypeatom Jxk. [Tanane Ha nmoyatky 50-x pokiB XX CT.

Pizni 306pasicenns anapamy I onv0oxci

I[lo kaHamax  eHJOIJIa3MaTU4YHOI  CITKMU A0  amapaty [ onbmaki

TPAHCHIOPTYIOTHCA O17IKM, BYIJIEBOAM 1 JKUpPU. YCl Il PEUOBHHU CIIOYATKY



HAaKOMMYYIOThCA B amapari [oipmki, a MOTIM Yy NyXUPILX HAIXOIATh 0
IIUTOTIa3MHU, a00 BHKOPHUCTOBYIOTHCS CaMOIO KIIITHHOIO, a00 BUBOISTHCS 3 HET 1
BUKOPHUCTOBYIOTHCSI B OpPTaHi3Mi.

B amapari ['onbaki YTBOPIOIOTBCS OpraHead BHYTPIIIHbOKIITHHHOTO
TpaBJIeHHs — Jii3ocoMH. lle omHOMeMOpaHHI OpraHenu, XapakTepHi s KIITUH
TBAapHH, 110 MICTITh (DEPMEHTH, sIKI MOKYTh PyHHYBATH O1JKH, BYTJI€BOIHU, i1 IH.

Jlizocomu (Bi TpELbK. 1i3uc — pO3KJIaIaHHs, 1 coma — Ti0) OyJu BIIKPHTI B
1955 pomi Oenprifickkum  OioximikoM Kpicrianom Jle [lioBom, skuii 3a
JOCIIJKEHHSI CTPYKTypHu 1 (GyHKIINH ji3ocoM OyB ymoctoeHuit HoOGemiBchkoi

npemii 1974 poky. Kpictian /le [10B BIZKpUB TaKOK NEPOKCUCOMH.

Kpicmian /le /o6

[Tepokcucomu — 1€ yHIBEpCaJIbHI OpraHeIN €yKapiOTHYHUX KIITHH, SKI €
MeMOpaHHuMU nyxupismMu aiametpoM 0,15-0,25 mxm. DyHKIIS MEPOKCUCOM —
PO3IIETIJICHHS JOBTOJIAHIIOTOBUX JKUPHUX KUCIOT, K1 HAAXOAATh A0 KimiTuHU. Ha
BIJIMIHY BiJ1 J1i30COM, HOBI IEPOKCUCOMH YTBOPIOIOTHCS JIUIIIE UISIXOM MOALTY BXKE
ICHYIOUMX, TOMY KIJIITHHA, SIKa BTpaTHJia BCl MEPOKCUCOMH, HE 37aTHA BIJIHOBUTHU
1X.

€ oprasenu, XapakTepHi TUABKA IJs POCIWHHUX KIITUH — TUJIACTHAM.

[Tnactuam OyBarOTh TPHOX THUITIB: XJOPOIJIACTH, XPOMOILIACTH i JIeHKOMIACTH.



Y pocauHax € Takok BakKyoJi 3 KJIITHHHAM COKOM — I[I€ MpPOAYKTH
KUTTETISTBHOCTI KIITHUHH, pe3epByapHt BOIU 1 pO3YMHEHUX Y Hil CHOIYK.
IuTockeser — 11e KIITUHHUN KapKac, 10 3HAXOAUThCS B IUTOIIA3MI1 KHUBOI
KIiTiHA. OYHKISIMU TUTOCKEIETa € MiATPUMAHHS Ta aaanTtaiis GopMHu KIITHHU
JI0 30BHINIHIX BIUIMBIB, YyYacTh Yy IIpoIlecax €K30LMUTO3y 1 EHAOLMTO3Y,
3a0€3MEeUCHHS PYXy KIITUHM SK IJIOr0, AaKTUBHUW BHYTPIIIHHOKIITUHHUM
TpaHcnopT. lluTockener yTBOopeHmit OiikamMu. Y HBOMY BHIUISIOTH KiJIbKa
OCHOBHUX CTPYKTYpPHHX €JIEMEHTIB: MiKpo(dUIaMeHTH, MNPOMDXHI (lIaMEeHTH,

MIKpOTPYOOUKH.

.
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Cell membrane
Aclin filament

Lumockenem eykapiomuunoi KiimuHu

Tax suenaoae yumockenem nio MiKpOCKONom

KiiTuHHUA 1eHTpP € HeMeMOpaHHUM OpPraHOiOM €yKaplOTUYHUX KIITHH.
Jlo ckiamy KIITHHHOTO IEHTPY BXOMSTH JABI IeHTpiosi. KokHa meHTpions — 1ie
UTIHAP PO3MIPOM OJU3BKO 1 MKM, MO KOJIy SIKOTO MICTSATHCS JI€B’ATh TPHUILICTIB

MIKpOTpyOOoUOK. LleHTpiomi po3TaloByOTECS MiJl NPSIMUM KyTOM OAHA /10 OJHOI.



KniTuHHUI 1EeHTp BiAirpae BaXXJIUBY pOJib B OpraHizaiii IIUTOCKENeTa, 3 Mi€i

JUISTHKA PO3XOJISTHCS B YCI CTOPOHH LIUTOIIA3MATUYHI MIKPOTPYOOUKH.

[lin d4Yac mMArOTOBKM KIITHH [0 TOAUTY BIAOYBA€THCS TOJABOEHHS

neHTpionel. Bix 1eHTpiosnel MpocTAraloThCS MIKPOTPYOOUKH, $IKI yTBOPIOIOTH

BEPETEHO IMOILITY.

BaxmBa QyHKIIS 1EHTplodeH Mojisrae B TOMY, IO BOHHM HEOOXITHI s

dbopMyBaHHS KTYTHKIB 1 Biiok. Ilicnst pyliHyBaHHS LIEHTpiOJIeH KIIITHHA BTpavae

31aTHICTh YTBOPIOBATH TaKl OpraHeI pyxy. Y BUIIMUX POCIUH IEHTPIOJ1 BIJICYTHI,

TOMY B HUX HEMA€ KJIITHH 13 JUKTYTUKaMU a00 BIHKaMU.

XapakTepuCcTHKA eyKapiOTHYHHUX pudocom

Jlyig IKMX opraHi3MiB

MicTsThCS B KIITHHAX YCIX )KMBHX OpPTraHi3MiB

XapakTepHi

dopma Cdepuuna abo 371erKa eincoigHa

Jiametp 25-30 aM a1 puboCOM y IUTOTLTIa3MI
15-20 ©wM gus pubocoM Yy  MITOXOHAPIAX 1
XJIOpOTUTIacTax

bynosa Koxna pubocoma ckiagaeTbes 3 JBOX HEOAHAKOBHX 3a

pO3MipaMu YaCTHHOK: MaJioi Ta BEJUKOI CyOOJUHUIIb

KinpkicTe B OJIH1H

KJIITUHI

Bbararo tucsd. 3anexuTh Big notped KIITHHHU B O1IKaxX

Po3sranyBanHs B KJITHHI

Ha MemOpanax rpaHyJsspHOi €HJ0TIa3MaTHYHOI CITKH,
BUIBHO B IMTOIUIa3Mi, YyCEpeauHl MITOXOHApPIN Ta

IJ1aCTHu g

XIMIUYHUM CKJIa

Pubocomanbhi 61s1ku Ta pudbocomanbai PHK

DyHKIII1 Cunres OLIKa
Micue, ne cunTe3yethbes | Snepie
pPHK

Micrie, 1€ yTBOprOOThCS | Snepiie




CyOOIMHUIT PUOOCOM

[IBuakicTs ocimanss | Y pub0OCOM MPOKAPIOTIB TUX, IO € B MITOXOHAPISAX 1
npu XJIopoIutactax, Benuka cybomuHuiss wmae 50S, a
ynbTpaneHTpudyryBansi | majgenbka — 30S. Ilpamtoroua pubocoma, sika MiCTUTH
o0Ou/B1 cyOoIMHuUIIl, Ma€ XapakTepuctuky 708S.

VY pubocom eykapioTiB Benuka cyboaunuils mae 60S, a
manenbka — 40S. Ilpamtoroua pubocoma, sika MICTUTh

0o0M/IB1 CYOOIUHMIT, MA€ XapaKTepUCTUKy 80S

Ribosome

Amino acid

Ribosome Ribosome
large
subunit

Large
subunit

Pisni 300pasicenns pubocom

KapioTun — 1e xapakTepucTuka XpOMOCOMHOTO KOMIUIEKCY — iX YHCIIO,
po3mipu, OyaoBa. Uucio XpomMocoM Yy KIITHHAX OUIBIIOCTI BHJIIB OpraHi3MiB
napHe. lle MOsCHIOETbCS THUM, IO B COMATUYHUX KIITHHAX 3HAXOASATHCS [IBI
OJTHAKOBI 32 (HOPMOIO 1 PO3MIPOM XPOMOCOMH: OJIHA 3 OATbKIBCHKOI'O OpraHi3my, a
Jpyra — 3 MaTepUHCHKOTO. XPOMOCOMHM, OJHAKOBI 3a (POPMOIO 1 po3MipoM, SKi
HECYTh OJHAKOBI T€HHM, Ha3UBAlOTh TOMOJIOTIYHHMH XpOMOCOMaMH, abo
XPOMATHIAMHU.

XpOMOCOMHOMY KOMILJIEKCY, a00 KapioTHIy, BJIACTUBI CTAaTEB1 BIAMIHHOCTI.
Habopu xpoMocoM camis 1 camuill BiIpI3HAIOTBCS IO OJHIM Mapi CTaTeBHX
xpomocoM. Hampukian, y BCiX cCaBIliB CTaT€Bl XpOMOCOMHU B CaMUIll TOMOJIOT14HI
1 Ha3MBAIOThCS X-XPOMOCOMaMH. A B CaMIlsl CTaTeBl XPOMOCOMH HETOMOJIOTIUHI,
T00TO pi3HI. OmHa-— 1e X-XpoMocoma, a iHma Y-xpomocoma. B X 1 VYV

XpOMOCOMaXx pi3Hi T€HH, 1 111 XPOMOCOMH BIAPI3HSIIOTHCS MOPQPOJIOTTIHO.




VY B1IOMOTO MOJAEIBHOTO T€HETUIHOTO 00’ €KTa IUIOA0BOI MYIIKU IPO30(1IH
BICIM XpPOMOCOM (YOTHpH mapu). Y caMull JIpo30(iin KoXKHA Mapa— e JBi
romoJioriyHi xpomocomu. Ilim 4ac ¢opmyBaHHI TaMmMeT KUIBKICTh XPOMOCOM
3MEHILY€EThCS BJABIYI, 3aIMIIAETHCS TIIBKU MO OJHOMY TOMOJIOTY 3 KOXHOI mapu
TOMOJIOTTYHUX XpPOMOCOM. TOOTO 4YOTHPH XPOMOCOMH, SIKI BCl € PI3HUMH, HE

TOMOJIOTIYHUMH.

Kapiomun camuyi ma xapiomun camys
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Kapiomun scinku Kapiomun uonosixa

AHaJi30M KapiOTHUITIB OPraHi3MiB 3alMaEeThCsl Hayka Kapiocucremaruka. Lle
PO3MLT CUCTEMATUKH, SIKHH BHUBYAE CTPYKTYPH KIITHHHOTO siipa B PI3HUX TPYIl
OpraHi3MiB. YTepIlle BU3HAYCHHS YHCiia XpOMOCOM Y pOCivH npoBenu y 1882 porti
E. CtpacOyprep 1 JI. I'tapsip. Y 1915 poui Himenpbkuii nurosor I'. Tinuiep onucas
xpoMmocomHi Habopu y 400 BumiB pocnuH. Y 1967-my Bxke Oynum omucani
kapiotunu noHaa 35 000 BUIIB KBITKOBUX POCIIHH.

Kapiocucremaruku 10oBey, 10 BCl TOPOJM JOMAITHIX OBEIh MOXOISITh Bif
MyQIIOHIB, a JOMAIIHIX KOHEH — BiJl TapraHiB, ajie He Big KoHs [IpkeBaibChKOTO,
SK YBa)KaJld paHilie.

Kapiocucrematnka wma€e mNpakTUYHE 3HAYEHHS B CEJEKI[ll: BHUBYCHHS
KaplOTUITIB Ma€ MepeayBaTH J0CIijIaM I0JI0 BijjlalieHoi riopuauzaiii. BuBueHnHs
KApUOTHUIIIB OpPraHi3MiB pI3HUX BHJIB € BaXJIMBUM JJI1 BHUPIIMIEHHS MpoOsieM
CUCTEMATUKH, EBOJIOLIMHOTO BYEHHS, CEJEKIIHOI mpakTuku. BuBdeHHs
KaplOTUITY JIOJIUHU € BAXJIMBUM JJIs1 JIarHOCTUKHU Ta MPO(MUIAKTUKH CHAIKOBHUX

3aXBOPIOBAHb JIFOJIWHH.
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Kapiomun scinku i3 cunopomom ayna

InToTexHo0riI

[{uToTexHONOTIi — 1€ CYKYHHICTh METOJIB, $IKI BHUKOPHCTOBYIOTBHCS MJIs
KOHCTPYIOBaHHS HOBUX KJIITHUH. Po3poOjeHi MeTonud KyJIbTUBYBaHHS Ta
KJIOHYBaHHS KJIITHH Ha CIeMialbHO TMiAI0paHuX CepeloBUINAX, TiOpuau3aIlii
KIITHH, TIEPECaJKu KIITUHHUX siaep Ta iHm metonu. KIiTHHHI TEXHOJIOTIT —
OCHOBa KJIITUHHOI 1H)KEHEpii, sKa € TEePCHEeKTUBHUM HANpPSIMKOM PO3BUTKY
Cy4JacHOi O10TeXHOJIOT1.

[TouaTox KJIITMHHOI iH:KeHepil BigHOCATH 70 1960-X pOKIB, KOJIM BUHHK
MeTOJ T10puM3aIii COMaTUYHUX KIITHH. 3a MEBHUX YMOB BIJOYBA€THCS 3IUTTS
JIBOX PI3HUX KJITHH B OJHY T1OpHAHY, 110 MICTUTh OOMBAa T€HOMHU KIIITUHH, SIKI
00’emHanucs. OcoOJMBO YCIIIIHO PO3BUBAETHCS KIITUHHA 1HXEHEPis POCIUH. 3
OKpEeMOi KJIITUHU a00 IIMAaTOYKa TKAaHWHU B MEBHUX YMOBaX MO>KE€ BUPOCTHU IIiJia
pOCIIMHA, 3/aTHA 10 HOPMAJIBHOTO POCTY 1 PO3MHOXKEHHS. MeToau KIITHHHOI
1HXKEHepli JO3BOJISIOTh 3HAYHO MPUCKOPUTH CENEKIIMHUM Tpolec I Yac
BUBEJICHHSI HOBUX COPTIB pOCIMH. METOIOM 3IIUTTA KJIITHH OTPUMAaHI1, HAIIPUKIA,
riOpuau pi3HUX BUJIIB KAPTOILUI, TOMATIB, parcy 1 TYpHEICY.

Benuki ycmixu JOCSATHYTI KJIITUHHOK 1HXKEHEpIE0 B Tally3l IMYHOJIOTII:
pO3po0JIeHI METOIM OTPUMAHHS OCOOJMMBUX TIOPUAHUX KIITHH, 11O BUPOOJISIOTH
IHIUBIAyallbHI, a00 MOHOKJIOHAJbHI, aHTUTIIA. Ile J03BOJMIO CTBOPUTH
BUCOKOYYTJUBI 3acO0M JIarHOCTUKH HU3KH BaXKKMX 3aXBOPIOBAHb JIFOJIWHU,
TBApWH 1 POCIIUH.

[{uTtoTexHO0T1i BUKOPUCTOBYIOTh JIJIsl JIIKYBaHHS 1 MPOQIIAKTUKA XBOPOO
moauuau. Hampukiaa, Ha KyJdbTypax KIITUH OTPUMYIOTh BaKIIMHU TPOTH KOPY Ta

MOJIIOMIETITY.

IopiBHsIHHA opraHi3amii KJIITHH POCJUH, rpudiB, TBapuH. Ilpnunnun

BiAMiHHOCTeH y OyA0Bi KJIITHH POCJIUH, TBAPUH, TpU0iB



TBapunu, pocnuHu Ta TpuOM € eykapioTaMd 1 OOOB’SI3KOBO MAarOTh
Ia3MaTUYHy  MeMOpaHy, IUTOILIa3My, SApPO, XPOMOCOMH, PHOOCOMH,
MITOXOH/IPIi, IUTOCKENET, TOOTO B iXHIX KJIITHHAX 0arato CHiJbHUX OpraHes. Ase
ix OyJ0Ba BCE K TaKH pi3HA caMe TOMY, III0 BOHH TO-Pi3HOMY OTPUMYIOTH €HEPTito
JUISL CBOET JKUTTEIISUIBHOCTI, Ta M OOMIH PEUYOBHMH Yy HHMX TEX MAa€ CYTTEBI
BIZIMIHHOCTI.

Ha BigMiHy KIITUH pPOCIAMH 1 TBapuH, KAimuha 2pudie Mae TIEBHI
0co0JIMBOCTI. Y KJIITHH TpuOiB € KJIITUHHA CTIHKA, ajleé BOHA HE CXOXKa Ha Ty, IO
MalOTh POCIIMHU, 00 i TOJIOBHUM CTPYKTYpHUM HoJjicaxapuaoMm € [-1,3-rirokan, a
aMmOp(HUM «HANOBHIOBaueM» — XITUH. CHiJ MIAKPECIUTH, L0 XITHH HE €
000B’SI3KOBUM KOMIIOHEHTOM KJIITUHHOI CTIHKM T'pUOIB 1 BUKOHY€E B HUX (DYHKIIIIO,
aHaJIOTIYHY POJIi JIITHIHY, @ 30BCIM He Lemtoi03u. KITUHHOI CTIHKM HeMae y
300CIIOP 1 BEr€TaTUBHOTO Tija JACSIKUX HAUMPOCTIMIUX TpUOIB.

Cknaz KITHHHOI 000JIOHKY B PI3HUX BUAIB I'puOIB BiApi3HsAeTbesa. Kiitunna
obonoHKa y TpuOIB MOXKE 3MIHIOBaTH CBiMl CKJIaJ, KOJU 3a OMAHIEI (a3oro
3pOCTaHHs HACTaHe iHIIa abo 3aJIeHO BiJ TUILY POCTY.

Knituan rpubiB BUKOPUCTOBYIOTH B SKOCTI 3amacHOTO MOJicaxapuiy
[JIIKOTEH, 10 BJIACTUBO TaKOX TBapuHaM. Y OUIBIIOCTI T'pUOIB OCHOBHUM
CTPYKTYPHHUM TOJIICAXAPHUIOM € XITHH, & B OOMIIIETIB — LIEJIF0JI03A.

VY TpulbHIN KIITHHI — BiJ OJHOTO JO JEKUIBKOX SJep, €HIOTUIa3MaTHYHA
CiTKa HE TaK CHJIBHO PO3BMHEHA, SIK Yy POCIWH 1 TBApUH, anapat [ obIKi € Janexko
HEe y BcCiX BuaiB rpu6OiB. KiiTuHu TpuOiB MarOTh crnenudiuyHi OpraHeu, sKi
BIJICYTHI B 1HIIUX €YKapioTiB (amiKajJbHI KOMIUICKCH, SIIEPHI TOJISIPHI TIIBIA Ta
0araro 1HIIUX).

VY rpubHMl KIITHHI € JJOMAacOMU — MEeMOpaHHI CTPYKTYpH, BUSBICHI MK
KJIITUHHOIO CTIHKOIO 1 KJITUHHOIO MeMOpaHow Tid rpuliB 1 HU3KK BOJOPOCTEH.
HayxkoB1i BBaxaroTh, 1110 JOMacOMU O€PYTh y4acTh Y CUHTE31 KIIITHHHOI CTIHKHU.

VY rpubHMI KIITHHI € MITOXOHpI, IKi B OCHOBHOMY CXO01 B Oy/JIOB1 Ha TakKi

’ Y BUIIUX POCIIHH JI30COMH 3 MPOTEOJITUYHUMHU (DEPMEHTaMH, IO 3/I1HCHIOIOThH



po3mieruieHHs OuTKiB. € Bakyoji, IO MICTATHh 3amacHi TOXXWBHI PEUYOBUHU:

BOJIFOTHUH, JIIITI/IA, TJIIKOTEH, a TAaKOX JKUPH.

IHopiBHsIHHA opraxizauii KJIITHH POCJMH, TPU0iB, TBAPUH.

XapakTtepuctuku | Pociuau TBapunu ['pubu
KIIITHHA
Crnioci6 orpumanss | € pororpodamu € rereporpopamu | € rereporpodamu
€Heprii KIITUHOIO
HasBnicTh € kiitTiHHA | Hemae  xmituHHOT | € KJIITUHHA
KJIITUHHOI CTIHKH | CTIHKA, CTIHKH, 30BHI | CTIHKA,
noOy/10BaHa 3 | KIIITUHHA € | moOyaoBaHa B
LETI0I03U TIIKOKAJTIKC, OutpmocTi  rpudiB
noOy/IoBaHUN 13 | 13 XITUHY
BYTJICBO/IIB
HasBHicTh € IUIACTUIU
IIaCTH]T (xJopormuiactu, [Tnactua Hemae [Inactun Hemae
JICUKOIIJIACTH,
XPOMOILJIACTH)
HasiBHiCTh € BakyoJi, | € apiOHi Bakyoul, | € BaKyoJIl,
BaKyoOJIeh 3aIOBHEHI SKI HE  MAaloTh | 3aIIOBHEHI
KJIITUHHUM COKOM | KJIITHHHOTO  COKY | KIITUHHUM COKOM
(TpaBH1  Bakyoul, | (ale  BOHH  3a
BUJUIbHI  BaKyolll | pO3MIpOM  MEHIII,
a00  CKOPOTJIMBI | HI)K Y POCJIMH)
BaKyoJIi)
HasiBHicTb PyxnuBi KiiTUHU —
opraHe’ pyxy 300CIOpHU 1 FaMEeTH
MalOTh JUKTYTUKH
Knituaauii nentp | € BHKIIOYHO B | € Hemae




(menTpocoma,

HHW)KYUX POCIINH

LEHTP10J11)

HasBHicTh Vv BULIANL | Y BUrIANl | Y BUTJISA1

BKJIFOUEHD BKJIFOYEHD — BKJIFOYEHD — BKJIFOYEHD —
3a3BUYal 3a3BUYal 3a3BUYai

KPOXMallb, a TAKOXK
OLIKM, Kparuti oJIii,

KPUCTAJIU COJIEH

TJIIKOT€H, a TaKOoX
O1IIKH, KUPH,
KIHIIEBl MPOIAYKTH
00MIHYy, KpHUCTalu

COJIEH, MITMEHTH

TJIIKOT€H, a TaKOX
Kparuii JIMOIAIB,

rpaHyJiv OLIKiB

CJIOBHUYOK 10 TEMHU

AKmMueHUIi mpancnopm pevyoeun 4epe3 MeEMOpaHy — TPAHCIIOPT PEYOBUH 13

30HM 3 MEHIIOK iX KOHIICHTPAII€I0 B 30HY 3 OUIBIIOK KOHIEHTPAIE 13

3aTpaToro eHeprii y Bursiai ATO.

Brnrwuenna — Heo00B’ A3K0B1 KOMIIOHEHTH KJIITHHH.

I'annoionuit naéop xpomocom — XpOMOCOMHHUN HAOIp KIITUHHU, y SKOMY

KOXXHa XpoOMOCOMa HE Ma€ I1apu, IMMO3HAYAECThCA 1.

Tomonociuni

xpomocomu —

e XPOMOCOMH,

dbopmotro, mudepeHIiiHIM 3a0apBICHHSM 1 CKJIAJIOM TEHIB.

Jlennazmoniz —

IUIa3MOJII3Y Y BUXITHUN CTaH.

MMOBEPHEHHS IUTOIJIa3MU KJIITUH POCIMH 31

OJTHAKOBI 3a PO3MIpOM,

CTaHy

Jlunnoionuit Ha6op Xpomocom — XPOMOCOMHHUN HaOIp, y AKOMY KOXKHA

XpOMOCOMa Mae Iapy, o3HavaeThes 2n.

Ex3oyumo3 — akTUBHUW TPOIEC TPAHCIOPTY PIZHUX PEUOBUH Uepe3

MeMOpaHy 3 KJIITHH.

EHOOyumo3 — axTUBHHUIA TIPOIEC TPAHCIOPTY PI3HUX PEUOBUH Yepe3

MeMOpaHy 10 KJIITHHHU.




Eykapiomu — xnituHu, y sSKux xoda O Ha OJHIN 31 cTafiil iX PO3BUTKY
HasiBHE SAPO.

Kapionnazma — 1€ BMICT KIITUHHOTO s1pa, Y SKOMY 3HaXOIsThCA
XpOMAaTHH, SJEPLs, a TAKOXK Pi3H1 BHYTPIIIHbOSICPHI KOMITIOHEHTH.

Kapiomun — CyKylHICTb XapaKTEpPUCTUK XPOMOCOMHOIO KOMIUIEKCY:
KUIBKICTh XPOMOCOM, iX po3MipH, popma, nudepeHIiiine 3a0apBiacHHs.

Kpucmu — cxnanku BHyTPIIIHbOT MEMOpaHU MITOXOHAPIH.

Jlamenu — MeMOpaHHI CTPYKTYpH, SKi TO€IHYIOTh TpaHu (CTOIMKHU
THJIAKO1/TiB).

Mampukc — ogHopiaHa abo IpiOHO3EpHUCTA PEYOBHHA, 1110 3aIIOBHIOE Pi3HI
OpraHesu 1 MPOCTIp MI’K HUMHU.

Hykneocoma — 1€ CTpYKTypHa YaCTUHKA XPOMOCOMH, 1[0 YTBOPEHA 3aBJISIKH
MO€THAHHIO MEBHOI AissHKU Mosiekynu JIHK 3 rictoHoBuMuU Olikamu.

Opzanenu — MOCTIHI KOMIIOHEHTH KJIITUHH, >KUTTEBO HEOOXITHI IS 1l
ICHYBaHHSI.

Ilacusnuit mpancnopm pevosun depe3 MeMOpaHy — TPAHCIIOPT PEUOBUH 13
30HA 3 OUIBIIOI X KOHIEHTPAIIEI0 B 30HY 3 MEHIIOK KOHIIGHTpAIli€n 0e3
3arpatu eHeprii y Bursiai ATO.

Ilinoyumo3 — NOTIMHAHHS KIITHHOO PIIUHU.

Ilhazmodecmu — UUTOMNA3MATUYHI MICTKHM, IO 3’ €IHYIOTh CYCIAHI
POCIMHHI KJIITHHHU.

Ilnazmoniz — BITOKpPEMJIEHHS LMTOIUIa3MHM BiJl KJIITMHHOI CTIHKH MpH
3aHYpPEHHI KJIITUHU B TIIEPTOHIYHUI PO3UHH.

Ilneui xpomocomu — 1¢ JBI YaCTHMHH, Ha SKI IIEHTpoOMEpa AUIHTh
XpOMOCOMY.

Cmpoma — TIPOCTIp MDK BHYTPIIIHBOIO MEMOpaHOK XJIOPOIUIACTY 1
MeMOpaHOI0 THIIAKOIY.

Tunakoiou — nuckomnofiOHI MeMOpaHHI MIIIEYKH, SKI PO3TaIIOBaHI
BCEPEIMHI XJIOPOIIACTY 1 B AKUX MIPOXOIUTH CBITJIOBa (haza (OTOCUHTE3Y.

d)azouumw — MOTJIMHAHHSA KJIITUHOIO TBCPAUX YaCTOK.



Xpomamun — HAIMOJIEKYJSIDHAM KOMIUIEKC, IO CTAaHOBUTb OCHOBY
xpoMocowm, ckianaerses 3 JIHK, OikiB-TiCTOHIB Ta IHITUX KOMIIOHECHTIB.

Xpomocoma — xoMIuiekc Mojekysd, skui Mictuth JIHK, Oinku-ricronu 1
1HIII KOMIIOHEHTH, HaJAMOJIEKYJISIPHUI pIBEHb OpraHi3allii FTeHETUYHOIO MaTepiamy.

Ilenmpomepa — ninsiHKa XPOMOCOMH, JI0 SIKOi KPIIJIATHCS BOJIOKHA BEPETEHA
MOALTY 1 SIKa MOEAHYE CECTPUHCHKI XPOMATH/IH.

Humonna3zma — HaMiBPiIKUI BMICT KJIITUHH, i BHYTPIIIHE CEPEIOBHUIIIE.



