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CMUCOK YCJI0BHbIX COKPALLEHUI

AI® — aneHosnHandocdar

AT® — aneHosuHTpudochar

JHK — ne30kcuprnbOoHyKIeMHOBAsK KUCI0Ta
KOE — konoHueobGpa3sytoiias equHuIa

K®K — knerka, hopMupyrolias KOJOHUNA

JII' — MOTeMHU3UPYIOLINUI TOPMOH TUITO(hU3a
JIAT — nmaxkraTtmeruaporeHasa

PHK — puboHykiIenHoOBast KUCI0Ta

CIAI' — cykuuHaTaeruaporeHasa

DOCI' — PoMUKYTOCTUMYJIMPYIOLIAI TOPMOH TUIIO(pU3a
IHHC — ueHTtpanbHasi HepBHas CUCTEMa

OMOD — seKkTpoHHass MUKpodoTorpadus

IgA  — MMMyHOTrI00YIMHEI KJlacca A



LAUTOJIOINNA

IIuronorus — Hayka 0 3aKOHOMEPHOCTSIX CTPOEHUSI,
Pa3BUTHS U XXKU3HEACSITEIbHOCTU KIETKU. B mocienHue
TOJIbI IIMPOKOE PACIIPOCTPaHEHKE TIOYYM OJIU3KHUIA TI0
CMBICITY TEPMUH «0U0102UsI KAemKU», KOTOPBI 0COOEH-
HO 4aCTO MCIOJIb3YIOT B T€X CIIydasix, KOrjaa pedb UIeT 00
M3ydYeHUM (PyHIAMEHTAJIbHBIX 3aKOHOMEPHOCTEH XKM3-
HEJEeSTeIbHOCTU KJIETKU. TepMUH <«ILIMTOJOTHUSI» CTajl
HCIIOJIb30BaThCS 00JIee OrpaHUICHHO JUTST 0003HAYCHUS
MPUKIIAJAHBIX, B YACTHOCTH, TUAarHOCTUYECKUX HCCIIe-
JIOBaHUI KJIETOYHOTO Matepuajia. B oTevyecTBeHHOI
HayJYHOU U Y4eOHOI JuTepaType TEPMUH <«IIUTOJIOTHSI»
YacTO HCITOJIB3YeTCS B O0OMX YKa3aHHBIX 3HAYCHMSIX.
LluTonoruio mompasaestoT Ha OOIIyI0 M YacTHY0. O6-
was yumonoeuss N3ydaeT HauboJjiee o0IIre CTPyKTYPHO-
(YHKIIMOHAIbHBIE CBOMCTBA, MPUCYIIIUE BCEM KJIETKaM
opranusmMa. Kak mpaBuiio, ee U3ydeHue MpeaniecTByeT
OCBOEHMIO Kypca rucTosioruu. Yacmuas yumonoeust pac-
CMaTpUBaeT CHEIMOUUECKUE XapaKTePUCTUKN KIIETOK
KOHKPETHBIX TKaHell U OpraHoB, OOYCJIOBJICHHBIE 0CO-
OCHHOCTSMM MX Pa3BUTHSI, KU3HEIESTSILHOCTH U BbI-
nojHsgeMbIX (GyHKIUNA. OObIYHO M3y4YeHHEe BOIIPOCOB
YACTHOW ILIMTOJIOTMM BKJIIOUEHO B MaTepuall COOTBET-
CTBYIOIIUX Pa3/Ie/IOB YaCTHOM TUCTOJIOTHH.

Knetka — aeMeHTapHasi CTPYKTYpHasi, (DyHKIIMO-
HaJIbHasl U TeHeTUYeCcKasl eMHUIIA B COCTAaBe BCEX pacTHU-
TEJIbHBIX 1 XKMBOTHBIX OPraHU3MOB. OpraHu3M B3pOCJIO-
IO YeJI0BeKa COCTOUT ITprMepHo 13 10'? KJIeToK, KOTophIe
noapasaessior oonee yeM Ha 200 THUIMOB, CYIIECTBEHHO
Pa3IMYAIOIINXCSI CBOMMM CTPYKTYPHBIMU M (DYHKIIMO-
HaJIbHBIMU 0COOEHHOCTSIMU. BMecTe ¢ TeM, KIIETKU BCex
TUIIOB XapaKTEPU3YIOTCSI CXOACTBOM OOIIEl OpraHM3a-
LIMM ¥ CTPOEHUS BAXKHEHIIIMX KOMIIOHEHTOB.

Ha cBeToonTnueckoM ypoBHE KJIETKM OOBIYHO M3Y-
YaloT Mocjie Uux (pUKcaly U OKpalluBaHUsI — B UCCIIe-
JTyeMOM LIMTOJIOTUIECKOM MaTepHae (Ma3kax, oTreyaT-
Kax) WIK Ha TUCTOJIOTMYECKUX Cpe3ax TKaHei 1 OpraHoB
(puc. 1 u 2). ®ukcanys obGecrieYnBacT COXPAHHOCTH
Pa3IMYHBIX CTPYKTYP KJIETKHU, OKpalllMBaHUE CII0CO0-
CTBYET MX BBISBJICHMIO OJlaromapsi HEOIMHAKOBOMY

CPOJCTBY MAHHBIX CTPYKTYP K THMCTOJOTMYECKUM Kpa-
cutenissm. Hanbonee pacnpoctpaHeHHast o011e0030pHast
OKpacka COYeTaeT OCHOBHOI KPaCUTEIb eeMamoKcuiut
C KUCIBIM KpacuteseM ao03unom (cM. puc. 1 u 2). Iema-
TOKCWIMH, KaK U IPYrue OCHOBHbBIE KPACUTEIH, CB3bI-
BaeTCs CO CTPYKTYpaMu, CoaepKallluMU KUCIOThI, KOTO-
pble UMEHYIOTCS 6a3oghuavHbimu. K HUM OTHOCSITCS SIAPO
(BcneactBue Bbicokoro comepxkanust JJHK u PHK), a
TaKXe LUTOIIa3Ma — TIPU BICOKOM CONEPXKaHUU B Hell
PUOOCOM WU TPaHYJISIPHOM SHAOTIa3MaTUIYECKOM CETH.
D031H, NOLOOHO OPYIMM KHUCJBIM KPAaCUTENSIM, OKpa-
IIMBAET Pa3JIMYHbIe CTPYKTYPhI, COAepKaIIe OCHOBHBIC
BelecTBa (oKcuguabHble, VA ayudopuibHbie) — 1LUATO-
IJ1a3My KJIETOK (B OCOOGHHOCTH, TIPU BBICOKOM COIep-
J)KaHUW B HEl MUTOXOHIPHUI U HEKOTOPBIX OETKOBBIX
CEKPETOPHBIX TPaHy/), a TAKXKE OTIEIbHbIC KOMITOHEH-
Thl MEXKJIETOUHOTO BellleCTBa (HampuMep, KoJjlareHo-
Bble BOJIOKHA). OLEHUTHh CIMOCOOHOCTb TeX WJIM MHBIX
KOMITOHEHTOB KJIETKU CBSI3bIBATBCS C OIpPeneIeHHbIMU
KpacuTeJsIMU MOXHO, COITOCTaBJISISI KJIETKU Ha cpe3ax,
OKpallIeHHBIX pa3IMYHBIMU criocobamu (CM. puc. 2).

Komnonentsl KiaeTku. Kaxxnass KjieTka cOCTOUT U3
JIBYX OCHOBHBIX KOMIIOHEHTOB — sIIpa U LIMTOIIa3Mbl
(cM. puc. 1). fAdpo oTnenaeHO OT LIUTOIIA3MBI 0epHOil
000104K0il; TIPU CBETOBOM MUKPOCKONWM B HEIENs-
mieiicss (MHTepdas3Hoil) KJIeTKe B HEM BBISBISIOTCS
TEMHO OKpAallleHHBIN (eemepo-)Xxpomamun, s0pbUKO
B BUJE TEMHOU KPYITHOI I'paHy/Jbl U OECCTPYKTYpHas
xapuonaasma (cm. puc. 1). bonee Menkue CTpyKTypHbIe
JleTaju siapa He ONpeaeIsiioTcs .

Ilumonaazma otaeneHa OT BHEIIHEW (OJs1 OaH-
HOM KJI€TKW) Cpeabl IIa3MOJeMMON (KJIEeTOUHO
MEMOpaHoOil) U CONCPXKUT opeaHnesnbl U BKANYEHUs
(puc. 10), morpyxXeHHble B HECTPYKTYpPUPOBAHHYIO
MPO3pavyHyIo euasrontasmy. Opeaneatvlt — MNOCTOSTHHO
MPUCYTCTBYIOLINE B LIMTOMIa3M€e CTPYKTYPbI, BBITTOJI -
HSIOILIME OIpenesieHHble (YHKIUU B KJIeTKe. Br.aro-
YeHUuss — BpeMEHHbIC KOMITOHEHTHI IIUTOILJIa3Mbl, 00-
pasyloluecs: B pe3yjbTaTe HaKOIUIEHUs MPOAYKTOB
MeTaboar3Ma KJIeToK.

CTPYKTYPbI ULUTONJIASMb,
BbIFABJISEMbIE NP CBETOBOM MUKPOCKOMNMUU

CTpyKTypbl UMTONJIA3MbI, BBISBJISIEMbIe MPHU CBeE-
TOBOHi MHMKPOCKONWH, CPaBHUTEIbHO HEMHOTOYMC-
sieHHbl. C TTOMOIIBIO CTIEIIMATbHBIX METOIOB OKpac-
KA B HEW MOXHO BBISIBUTH JIUIIbL OTACIbHBIC BUMIBI

opTraHeJJ, B YaCTHOCTHU, mMumoxoHdpuu (puc. 3)
u komnaexc loavdncu (puc.4 u 101). BompmmHCTBO
JK€ OpraHesul BBISIBJISIIOTCS JIUIIb IIPU UCIIOIb30BAHUI
3JIEKTPOHHOM MUKpockomnuu (puc. 10—16).



uuToJsiorna

C TOMONIBI0 TUCTOXUMHYECKMX METOHNOB Ha
YPOBHE CBETOBOTO MMKPOCKOTIA B IIUTOILJIa3Me KJie-
TOK MOXXHO BBISIBUTH Pa3HOOOpa3HBIE TTO0 CBOEMY XU-
MUYECKOMY COCTaBY BKJIIOUYECHMU ST, B YACTHOCTH,
epanynvl enuxoeena (puc. 5) v aunuousie kanau (puc. 6
u 7). Cexkpemophoie exatoueHuss (CEKpEeTOPHbIE IpaHy-
JIBI) OTYETJIMBO BBISIBJISIOTCS B allMKaJbHOM YacTH
KJIETOK KOHIIEBBIX OTIEIOB ITOIKETYIOUHOM XKeJIe3hI

(TTaHKPEeaTOLUTOB) U C TTIOMOIIBIO CTAHZAPTHBIX Me-
TOIOB OKpacku mnpenapatoB (puc. 8). [luemenmuoie
8KAIOYEHUsT TTMTOTIIA3MbI OTIpEIeNISIIOTCST Oyarogapst
MX COOCTBEHHON okpacke (puc.9); sapo Ha 3TOM
Mperapare BBIICJICHO C ITOMONIBIO JOTIOJTHUTEIbHOU
OKpacKu (KakK ¥ Ha IIperapaTax, IpeacTaBIeHHBIX Ha
puc. 4—6) [y OLIEHKM €ro pacloioXeHusi, GopMbl
" pa3MepoB.

CTPYKTYPbI ULUTOMNJIASMbI,
BbIFBJIAEMbIE NMPU 3JIEKTPOHHOU MUKPOCKOMNUN

CTpyKTypbl HUTOIIA3MBI, BbISIBJISIEMbIE TP JJIEKT-
POHHO¥ MUKPOCKOTHUH, BOOOOIIIEHHOM BUJIE ITPEICTaB-
JIeHbl Ha OOBEMHOI1 cxemMe YJIbTPACTPYKTYPHOU Op-
raHW3aluyu KJIETKU, KOTOpasi IeMOHCTPUPYET TakKe
U YJABTPACTPYKTYPY KJIETOUHOTO siapa (cm. puc. 10).
Ha oroii cxeMe nmokaszaHa naazmosemma (KJIeTOUHAS
MeMOpaHa), KOTopasi 3aHUMAeT B KJIETKE MOTpaHnyd -
HOE TIOJIOXeHWEe M obecreyMBaeT MHOTOOOpasHbIe
MPOLIECCH B3aUMOICHCTBUS KJIETKM C OKPYKaromlen
ee cpenoil (IpyruMu KieTKaMu, MEXKJIETOUHbIM Be-
mectBoM). [TOBEpXHOCTh KJIETKHU, TOKpPHITas TJIa3-
MOJIEMMOI, MMEeT pa3MUuHbIi peiabed: Ha ONHUX
ydyacTKaX OHa MOXKET ObITh CPaBHUTEIBHO TJAIKOM,
Ha JpYTuX — COJEPKUT 30HBI CIEIUaTN3UPOBAH-
HBIX MEXKJIETOUHBIX COeIUHEHUN (Ha JaTepaybHbBIX
y4acTKax), Ha TPEeTbUX (HAa almUKaIbHOM MOJIOCE) —
TMOKPbHIBAET MUKPOBOPCUHKHU U pecHUUYKHU (Ha puc. 10
ToCJIeHUE HE TTOKa3aHbl) — CIElUau3UPOBAHHbBIE
BBITISTYMBAHUS LIUTOTIJIA3Mbl, OCHOBY KOTOPBIX 00-
pa3yioT BHICOKO OPTraHU30BaHHbBIE JIEMEHTHI IIUTOC-
kenera. Ha puc. 10 moka3zaHo Takxke ydacTue Tjia3-
MOJIEMMBI B npoyeccax 3HOOUUMO3a WM 3IK30UUmo3a.
OTtnenbHBIE OpraHe/UIbl M UX TPYIIbLI najiee Oosee
JeTalbHO M300pakeHbl Ha PUCYHKaX, CAEJTAHHBIX C
BJIEKTPOHHBIX MUKpodoTorpaduit (puc. 11—16).

Mumoxondpuu — meMmOpaHHbBIE OpraHeJTbl JJTU-
Hoit 2—10 MxM n guameTpoM 0,2—2 MKM, oOecrieunBa-
I01lIe KJIETKY 9HEpTUel, KoTopasi T’eHepupyeTcs Oa-
rojapsi mpoieccaM OKUCIEHUSI U aKKyMYJINPYeTCs B
Bune pochartHbx cBsa3eit AT®. MUTOXOHIPUM TaK-
K€ yU4acTBYIOT B OMOCUHTE3€ CTePOUIOB, OKUCICHUN
KMPHBIX KUCJIOT U CUHTE3€ HYKIEMHOBBIX KUCJIOT.
HauGonee TunuuyHoe CTpOeHUE WUMEIOT MUMOXOHO-
pUU € NAMEANAPHBIMU KPUCMAMU — TUTACTUHYATHI-
MM CKJIaJKaMM BHYTPEHHEN MUWTOXOHIPUAIbHOMU
MeMOpaHbl. KpucTsl oOpanieHbl B MUTOXOHApUAIb-
HBIII MaTPUKC — 3epPHUCTOE BEIIECTBO yMEPEHHOU
TJIOTHOCTU, 3arOJIHSIONIEE MOJIOCTh MUTOXOHAPUU
(cMm. puc. 11) u cogepkainee MHOXECTBO (DEPMEHTOB,
KPYITHbIE MUTOXOHJpUAJIbHBIE TPAHYJBI (C MOHAMU
Ca?* u Mg?"), a Takxe (He BUIHBI HA PUCYHKE) MHU-
TOXOHJIpUATbHbIE PUOOCOMBI 1 MUTOXOHIPUAIBHYIO

JHK. Pexe BcTpeuaroTcst Mumoxonopuu ¢ myoyasp-
HO-8E3UKYAAPHLIMU KPUCMAMU, KOTOPbIE COBMECTHO
C MIaKOM SHIO0TUIA3MAaTUYECKOU CEThIO TPUHUMAIOT
yJacThe B CMHTEe3¢ CTepoumoB (cM. puc. 12). Muro-
XOHAPUU PACTIOJIaTAIOTCS B TE€X y4acTKaX IIUTOILIA3-
MBI, TI€ TIPOUCXOIUT aKTUBHOE MOTpPEOIeHUE dHEP-
WU, HATIpUMeEp, B 00JIACTU OpTraHesI, yYacTBYIOIINUX
B CUHTEe3€ 0eJKOB (cM. puc. 11).

Pubocomot — menkue (muametp — 15—30 HM) TUTOT-
Hble HeMeMOpaHHbIE OPTAHENJIbI, COCTOSIIIIE U3 IBYX
ACUMMETPUYHBIX CYyOBETUHMI] U OOeCcreynBaloline
cHUHTe3 OeJika N3 aMUHOKUCIIOT (B 0COOEHHOCTH, MOJIe-
KYJI, KOTOpbIE TTOCJIe CUHTe3a OCTAIOTCSl B TMAJIOTUIa3-
Me). OHM 00pa3yloT LETOYKY (1noaupubocomsl, WA NO-
AUCOMbL), CBOOOJTHO pacIioyiaraloiimecst B THajioria3me
WUV CBSI3aHHBIE C TIOBEPXHOCTHIO MEMOpPAH SHIOTUIA3-
MaTU4YeCKOU CeTH.

Indonaazmamuveckass cemv — opraseia, odec-
MEeYMBAIOIIasl CUHTE3 YIJIEBOAOB, JIUTUIOB U OETKOB,
aTakke HadaJbHbIe TOCTTPAHC/ISIIUOHHBIE W3MEHE-
Husl nocnenHux. OHa MMeeT MeMOpaHHOE CTpOeHUe
U COCTOUT M3 CUCTEMbl YIUIOMIEHHBIX, YIUIMHEHHbIX,
TPYOUATBIX U BE3UKYJISIPHBIX 00pPa30BaHMUIA.

Ipanyaspnas smndonnazmamuueckas cems obecrie-
yrBaeT OMOCHMHTE3 U HavyaJIbHOE TIMKO3WIMPOBAHUE
MEMOpaHHBIX OEJKOB U OENKOB, MpeaHa3HAYEHHBIX
IU1sT 9KernopTa u3 kietku. OHa oOpa3oBaHa YIJIONIEH-
HBIMM MEMOpPAHHBIMU LIMCTEPHAMU U TPyOOUKaMU, HA
HapY>KHOU MOBEPXHOCTH KOTOPBIX PACIIONIATAIOTCS PU-
0OCOMBI U TIOJIMCOMBI, TIPUIAIONIEe MeMOpaHaM 3ep-
HUCTBIN (TpaHy/sipHbIi) Bua (cM. puc. 11).

ArpaHynsipHasi 9HAOIIa3MaTUYECKAs! CeTh Tpell-
CTaBJISIET COOOI TPEXMEPHYI0 CHUCTEMY MEMOpPaHHBIX
AHACTOMOBUPYIOIINX TPYOOUYEK, KAHAIBIIEB, LIUCTEPH
U TY3bIPHKOB, Ha TIOBEPXHOCTU KOTOPBHIX PUOOCOMBI
OTCYTCTBYIOT (CM. puc. 12). ArpaHyisipHasi SHIOTUIa3-
MaTUYecKasi CeTh y9acTBYET B CHHTE3€ JINTTUIOB (B YacT-
HOCTHU, CTEPOUIOB — COBMECTHO C MUTOXOHAPUSIMU
¢ TyOyISIpHO-BE3UKYISIPHBIMU KPUCTAMU, C KOTOPBIMU
OHAa OOBIYHO COCEACTBYET), IJIMKOTEHA, O0eCTIeunBaeT
JIETOKCUKAIIVIO PAa3IMYHBIX BEIIECTB M HAKOIUJICHUE
noHoB Ca?".



CTpyKTYypbI LUTOMJIA3Mbl

Komnaexc Ioavdxcu coBMeCTHO ¢ pudocoMamu
U DHJIOTIa3MaTUYECKOl CEThI0 00pas3yeT cunmemuyec-
Kuii annapam kKaiemku. DTO — CJIOXHO OpraHU30BaH-
Hasl MoJISpU30BaHHAs MeMOpaHHasl opraHesuia, KOTo-
pasi TIpeACTaBJeHa TPEMs OCHOBHBIMU 3JIEMEHTAMMU:
(1) cTONKO# W3OTHYTHIX VYIUIOWIEHHBIX, PACIIUPSIIO-
IIKUXCS TIO KpasiM MEIIOYKOB (LIMCTEPH), (2) My3bIpb-
KaMu U (3) KPYIMHBIMUA BaKyOJISIMU, WU CEKPETOPHBI-
MU Ty3bIipbkamu (cM. puc. 13). B kommuiekce Toabaku
BBIICJISIIOT IBE MOBEPXHOCTU, OOalaloNIe CTPYKTyp-
HBIMM U (DYHKIIMOHAJILHBIMU PA3TUIMSIMU: (a) yuc-no-
gepxnocmy (He3penyro, (GOPMUPYIOLIYIOCS) — BBITTYK-
Jioil (popMbl, OOpallleHHYI0 K SHAOIUIa3MaTUYECKOW
cetu; (0) mpanc-nogepxrnocms (3peayr0) — BOTHYTOI
¢dopMbI, OOpallleHHYIO K TJTa3MOJIEeMMe U CBSI3aHHYIO
C OTHENISIONIMMHKCS OT IIUCTEPH BakyossiMu., DyHKINN
KoMIutekca [ObIXM: CUHTE3 MoIMCcCaXxapyua0B U TJIUKO-
MPOTEUHOB (IJIMKOKAJIUKCA, CIU3U); XUMUIYECKUE U3-
MeHeHUs (TTPOLECCUHT) MOJIEKYJT, TPAHCITOPTUPYEMBbIX
U3 TPaHYJISIPHOU SHIOIJIa3MaTUYECKON CeTU, KOHACH-
calus CEKpeTOPHOro MpoaykKTa M 0oOpa3oBaHUE CEK-
PETOPHBIX TpaHyJs; obecreyeHrne HOBOOOPa30BAHHBIX
rpaHyl MeMOpaHOI M YIaKoBKa B Hee CEKPETOPHBIX
MPOAYKTOB; COPTUPOBKA OEJIKOB Ha TpaHC-TIOBEPX-
HOCTHU Mepe]l UX OKOHYATETbHBIM TPAHCTIOPTOM.

Dndocomol u auzocomor 00pPA3YIOT annapam GHym-
DUKAeMOoYH020 nepegapusanus, GYHKUWS KOTOPOTo
COCTOUT B PETYJIUPYEMOM BHYTPUKJIETOYHOM pacIiel-
JICHUM MaKpOMOJIEKYJ BHEKJIETOUYHOTO U BHYTPHUKIIE-
TOYHOTO MPOUCXOXACHUS.

DHdocombl — MEMOpaHHbIE TY3BIPbKM C TOCTE-
MEHHO 3aKUCILIOIMMC comepxXuMbiM (pH 6,0—5,5),
KOTOpbIE 00ECIIeUnBaIOT MEPEHOC MAaKPOMOJIEKYJI C T10-
BEPXHOCTHU KJIETKM B JIM30COMBI M UX YACTUIHBIN WIIN
TOJTHBIN TUAPOJIU3 HA CTAAUSIX, IPEAUICCTBYIONINX JIU-
30COMaJIbHOMY YPOBHIO JIeTpaallvu.

Jluzocombr — MeMOpaHHBIE OpraHesIbl AMaMeTPOM
0,1—2 MKM, aKTMBHO YYacCTBYIOIIIME B 3aBeplIAIOLIUX
aTanax IMpouecca MOJHOTO BHYTPUKIETOUHOIO Iepe-
BapuBaHUS 3aXBAYEHHBIX KJIETKOW MaKpOMOJIEKYJ T0-
CPEACTBOM IIIMPOKOTO CIEKTPa TUTUYECKUX (DEPMEHTOB
npu Hu3Kux 3HaueHusx pH (5,0 u Huxe). JIuzocomsl,
He CIIOCOOHBIE MOJHOCThIO TIEPEBAPUTH HAXOISIIIUECS
B HUX MOJIEKYJIbI, TIPE0OPA3YIOTCS B OCMAMOUHble Menb-
ya, KOTOpble MOTYT JOJITO HAXOAUTHCS B LIMTOILIA3Me
WIN BBIIEJSATH CBOE COAEPXKMUMOE 3a Mpenesibl KIETKU.
PacrnipocTpaHeHHBIM TUIIOM OCTaTOYHBIX TeJIell B Op-
TaHW3ME YeJIOBeKa SIBJISIIOTCS AUNO@YCyUHo8ble 2epa-
Hyabl — MeMOpaHHBIE MY3BIPEKU, COIepXKallue TPYI-
HOPaCTBOPUMBI KOPUYHEBBINI SHAOTCHHBIN TTUTMEHT
aunodycunH (cM. puc. 12), KOTOphIii paccMaTpuBalOT
KaK «[TUTMEHT CTapEHUST» WU «U3HAILIMBAHUSI».

Ilepoxcucomovr (MUKpoOTEsIblA) — MEMOpaHHbIE ITy-
3bIpbku auamMeTpoM 0,05—1,5 MKM ¢ yMepeHHO TJI0T-
HBIM OTHOPOJTHBIM WJIM METKO3EPHUCTBIM MAaTPUKCOM,

collepKalliM MHOTOYMCIIEHHBIE (hepMEHTHI, KaTaju-
3UPYIONINE OKUCIUTEIEHO-BOCCTAHOBUTEIbHBIE peak-
U1, W KaTajazy. B MaTpukce WHOTIA BBISIBISIETCS
Oojiee TUIOTHAs KPUCTAJIOMAHAS cepaieBrHa (HYyK-
Jneoun), (cm. puc. 14) — obiacTb KoHIeHcauu ¢ep-
MEHTOB. [lepOoKCHCOMBI YYacTBYIOT B pacIIEIICHUMN
SKUPHBIX KUCJIOT M JIPYTUX METa0OJMIECKUX peaKIlv-
sx (0OMEeH aMMHOKWCIJIOT, OKcajlaTa W TTOJIMaMUHOB,
CHUHTE3 HEKOTOpbIX dhochomununos). OHU 3alIUIIAIOT
KJIETKY OT JIEWCTBMS TIEPEKUCH BOJOPOJA, OKAa3bIBAIO-
11elt CUJbHBIN TToBpeXaatouii 3¢ ¢eKT, a TakxKe pas-
PYIIAIOT PsSI TOKCUYECKUX BEIIECTB.

Iumockeaem nipeicTaBisIeT COOOI CIOXHYIO TUHA-
MUYHYIO CUCTEMY MUKPOMPYOOHeK, MUKPOPUAAMEHMOB
U NPOMENCYMOUHbIX (puaamMeHmos. DTU KOMITOHEHTbI
LIUTOCKEJIETa SIBJISIIOTCSI HeMeMOpaHHBIMM OpraHeJiia-
MU, 00pa3yloINMHU B KJIeTKe TpexMepHble ceTh. OHuU
BXOJSIT TaKKe B COCTaB psiia IPYrux Oosiee CIO0XHO
OpraHM30BaHHBIX OpraHes (PEeCHUYEK, XIYTUKOB,
MUKPOBOPCUHOK, KJIETOYHOTO IIEHTPA) U KIETOUHBIX
COCMMHEHU (IECMOCOM, TIOJYIECMOCOM, OTIOSIChIBA-
IOIIUX IECMOCOM).

Mukpompybouxu — Haubosee KpymHbIE KOMIIO-
HEHTBhl LUTOCKeNeTa (OuameTp OKoyio 24—25 HM) —
TTOJTble TMJTMHIPUIEeCKe 00pa3oBaHus [UIMHOM 10 He-
CKOJIbBKMX MUKPOMETPOB (CM. puc. 15).

Nx cteHka cocTouT M3 auMepaMu U3 OETKOBBIX
MOJICKYNT o- W P-TyOynwHa. Baxueiimue GyHKIMM
MUKPOTPYOOUEK: MoaepKaHue GopMbl U TIOJIIPHOCTH
KJIETKU, oOecrieueHre BHYTPMKIETOYHOTO TPAaHCIIOP-
Ta, MBIKEHWST PECHUYEK U XPOMOCOM B MuUTO3¢e ((hop-
MUPYIOT aXpOMaTUHOBOE BEPETEHO, HEOOXOIUMOE JIJIsT
KJIETOYHOTO JieIeHUs ). MUKPOTPYOOUKU B LIMTOTLIA3ME
0o0pasyloT ceTu, 100 pacroiaraloTcs B BUIE My4YKOB,
HampuMep, B OTPOCTKAX HEHPOHOB, B COCTABE MUTOTH -
yecKoro BepereHa (cM. puc. 15).

MuKpoTpyO0oUKr 00pa3y0T OCHOBY APYTUXOPTaHET
(TieHTpUOoNeit, peCHUYEK, XKTYTUKOB), YACTUYHO CIMBa-
SICh IPYT C IpyToM ¢ (hopMUPOBAHUEM TIap, WK JTyOIie-
TOB (B aKCOHEME PECHUYEK U XTYTUKOB — CM. puc. 37),
U TPUTUIETOB (B 0a3a7IbHOM TEJbLIE U LIEHTPUOJIN).

Llenmpuons (cMm. puc. 16) — MWIMHAPUYECKAS
ctpyktypa mauHoi 0,3—0,5 mxkm u auamerpom 0,15—
0,2 MKM M3 NEBSITH TPUILIETOB YaCTMYHO CIIMBIINX-
Cc MMKpPOTpPyOOUueK, OOBEIMHEHHBIX IOTIEPEUYHBIMU
OEKOBBIMU MOCTUKaMU («pydykamu»). C KaxXabIM
TPUIIJICTOM TOCPEICTBOM HOXEK CBSI3aHBl CATEJII-
Thl — TJIOOYJISIpHBIE OEJKOBBIE TeNbIla, KOTOPHIC SIB-
JITIOTCS  LIEHTpaMu  00pa3oBaHUs MUKPOTPYOOUeK.
B xjieTouHOM 1IeHTpe conepKaTcs IBe IEHTPUOJIN, KO-
TOpBIE PACIIONATAIOTCSI BO B3aMMHO TIEPIICHANKYJISIP-
HBIX TUTOCKOCTSIX.

Mukpoghuramenmsr — TOHKHWE HUTU JUAMETPOM
5—7 HM, oOpa3oBaHHbIE MPEUMYIIECTBEHHO OEIKOM
aKTUHOM, JIEKaT B IMTOIUIa3Me IMOOAMHOYKE, B BUJIE



ceTell WJIM MyyKamMu. B GOJIBIIMHCTBE KJIETOK KOHLIEH-
TPUPYIOTCS B 00JIACTU KOPTUKAJIBHOM (TEPMUHATBHOMN )
CeTH MoJ, r1a3MojieMMoii. BzaumoneicTBys ¢ apyrumMu
OenKamu, 00J1agal0T COKPAaTUMOCTBIO, B YaCTHOCTU, OHU
00eCTIeunBarOT COKPATUMOCTh MBITIIEUHBIX KJIETOK, TIPO-
1IeCChI K30~ 1 9HAOLIMTO3a, 00pa30BaHUE MCEBAOTTOINN
U MUTpAIUIo KJIETOK. MUKpoduIaMeHThl YJacTBYIOT
B OpPraHU3aIMU CTPYKTYPHl HEKOTOPBIX MEKKIETOUHBIX
COCIMHEHUI (OMOSICHIBAIOIIUX TECMOCOM), 00pas3yroT
OCHOBY («KapKac») HEKOTOPBIX OpraHeUl, Hampumep,
MMKPOBOPCUHOK (puC. 35), CTepeOLIUIn.

uuToJsiorund

Ilpomescymounvie guramenmosr — OEITKOBbBIE HU-
TU TOJIIMHONW oKojo 10 HM, pacmnoJararoiiuecs
B IIMTOIJIa3Me B BUIE TPEXMEPHOM CETH, OKpyXKa-
foueir gapo. OHM o0OecrnmeynBalOT pacrpeneieHue
OopraHeJul 0 OIpeNeJICHHBIM yJyacTKaM IMTOIUIa3-
MBI KJICTKM, Y9aCTBYIOT B 00Opa3oBaHMU POTOBOTO
BEIIECTBA B SIUTEINM, BXOIIT B COCTAB JECMOCOM
U TIOJTYyJIECMOCOM.

B kjeTKax pasaWYHBIX TKaHEH IPOMEXYTOUHEIC
duImaMeHTHI pa3TMJaloTCs 0 CBOSH XMMIUYECKOM TTPH-
polie U MOJIEKYJISIpPHOI Macce.

AAPO, AEJIEHUE U TUBEJIb KJIETKW

Anpo knerku. Ilpu wncciaenoBaHUM KJIETOK IOJ
5JIEKTPOHHBIM MMKPOCKOIIOM B siape (puc. 17) oOHa-
PYKUBAIOTCSI MHOTHME CTPYKTYpPHBIC HETalld, KOTOPHIC
HE BBISIBJISTIOTCSI IIOA CBETOBBIM MMKPOCKOIIOM (Cp.
¢ puc. 1).

SHoepnas 06040uxa, KOTOpas MPaKTUIECKH HE OIIpe-
JIEJISIeTCSI TIOMl CBETOBBIM MUKPOCKOITOM, MMEET CITOXK-
HYIO YIBTPAaCTPYKTYPHYIO OpTraHM3aIlii0: OHA COCTOUT
U3 08yx sdepubix memOpan (HapyKHOI M BHYTPEHHEI),
pa3IeIeHHBIX Y3KUM HepUHYKAeAPHbIM NPOCMPAHCMBEOM
U COIEPXKUT sidepHble nopwl, Iepe3 KOTOPhIE OCYIIeCT-
BIIICTCSI OOMEH MOJIEKYJIaMU MEXIY SIIPOM M IIMTO-
wia3Moii. Ha moBepXxHOCTH HapyKHOU SIAEPHON MeM-
OpaHBl UMEIOTCS pHOOCOMBI, K BHYTPEHHEH SIepHOM
MeMOpaHe IIPWIeTaeT YacTh CKOIICHMI XpOMaTHHA.

Xpomamun cocrout u3 komruiekca JHK u Genka
1 COOTBETCTBYET XpOMOCOMaM, KOTOphie B MHTepda3-
HOM SIIIpe TIPeaCTaBIeHbI ITUHHBIMA, TOHKUMH HUTSI-
MM 1 Hepa3INIMMBbI KaK MHINBUAYAIbHBIC CTPYKTYPHI.
Brimensior 3y- 1 reTepoxpoMaTiH.

Dyxpomamun — NeCTIAPATU30BaHHBIC W IIPAKTH-
YeCKM He OKpaIlleHHBIE YYaCTKM XPOMOCOM, KOTOPEIE
aKTUBHO YYAaCTBYIOT B TPaHCKpUNILINHU. lemepoxpoma-
MuH COOTBETCTBYET KOHICHCUPOBAHHBIM MHTCHCUBHO
OKpAaIIeHHBIM y4acTKaM XPOMOCOM, HE YJaCTBYIOIIAM
B TpaHCcKpuniny. CKOIUIEHUS TeTepoXpoMaTHHA pac-
IIOJIaTalOTCsI TION SIAePHO O0O0JI0YKO U BOKPYT SII-
pHIIIKa, O0Jiee MEJIKUE TIIBIOKM pa30pocaHbl IO BCEMY
Aaapy.

Hopotuko 00pa3oBaHO CIICLIMATN3UPOBAHHBIMU
y9acTKaMH XPOMOCOM — SIIPBIIIKOBBIMUA OPTaHM3a-
TopamMu. OyHKIINY SAAPHIIITKA 3aKTI0UAIOTCSI B CHHTE3¢
pubocomanbHoii PHK u ee cOopke B mpenliecTBeH-
HUKU CyObenuHUIl pudbocoM. B mHTepda3zHoM sape
Ha CBETOOIITUYECKOM YPOBHE OHO BEISIBIISICTCSI KakK
MeJIKasl TIJI0THasI 6a3oduiapHasI rpaHyia (cMm. puc. 1).
ITox 371eKTPOHHBIM MHKPOCKOIIOM OOHAapYy:KHWBacT-
CsI CJIOXKHASI CTPYKTYpPHAasl OpraHU3allus SIAPBIIIKa, B
YaCTHOCTHU, BBISIBJISICTCS 0Opasyiomias ero IUIOTHas

IIUPOKOMETIUCTAsT CEeTh — HYKAe0A0HeMa (SIAPBIII-
KOBasi HUTh), KOTOPasi COCTOUT U3 80A0KHUCIMOU HaC-
mu (Monekyn pubocomanbHoit PHK) u epauyasproii
yacmu (CyobenuHUI pudbOCOM).

Hykaeonaazma (kapuonaasma) — XUIKUM, HE OK-
palIMBaOIIMIICS KOMIIOHEHT SIipa, B KOTOPOM pacIio-
JIaraloTCsl XpOMaTUH U sIAPBIIKO. OHA CONEPXUT BOILY
U PSiJI PACTBOPEHHBIX M B3BELLIEHHBIX B HEW MOJIEKYII.

KeTounblii MK — COBOKYITHOCTD SIBJCHUI MEXIY
JIByMsI TIOCJIE€OBAaTEIbHBIMU ACJCHUSIMU KJIETKU WU
MeXJy ee obpa3oBaHueM U ruoenblo. OH obecreuynBa-
eT (YHKLMIO BOCIIPOM3BEACHMS 1 TIepeaauyl reHeThye-
cKkoit uHpopMauyu. KneTouHbli HUKII BKII0YaeT COOCT-
BEHHO Mumo3, uau ¢aszy M (MUTOTUYECKOE JEJICHUE),
U uHmep@azy — MPOMEKYTOK MEXKIY NeICHUSIMMU.

Humepgaza 3HaunTeIbHO 0oOJiee JUIUTENIbHA, YeM
MUTO3 (00BIYHO 3aHNMaeT He MeHee 90% Bceit mponoJ-
SKUTEIBHOCTU KJIETOYHOTO LMKJA) U TMOApa3esisieTcs
Ha Tpu 4acTu (puc. 18): MOCTMUTOTUYECKUIT MHTEPBA
(G,), dasy cunresa IHK (S) u nmpeMuTOoTHYECKMIA MH-
tepsan (G,).

Ilepexon ot onHOro nepuroaa MHTEP(as3bl K APYromy
(B ocobennoctH, oT G, K S), a TAKXKE BCTYTUIEHNE KIIETKU B
MMTO3 PETYIUPYIOTCS CIOXKHBIMU MOJIEKYJISIPHBIMU MeXa-
HU3MaMU U ONOCPEAYIOTCS CIIeHaTbHBIMU (haKTOpaMHU.

Mumomuueckoe deaenue xKaemox (MUTO3, UJIU He-
MpsiMOe JIeJIeHUe) SIBJISIETCSI YHUBEpPCaJbHBIM MeXa-
HU3MOM JeieHus KIeToK. OHo cnenyeT 3a G,-uHTEP-
BaJIOM M 3aBeplliaeT KJIETOUHBIN LIMKI, obOecreuyunBas
paBHOMEpHOE pacripeie/ieHue TeHeTUYeCKOro mare-
puaja B JouepHUe KIeTKU. MUTO3 BKIOYaeT 4 OCHOB-
Hble (a3bl: Tipodasy, Metadasy, aHadazy u Tenodasy
(puc. 19).

Ilpoghaza HaumHaeTCsl ¢ KOHAEHCALMU XPOMOCOM,
KOTOpbIE CTAHOBATCS BUAMMBIMU KaK HUTEBUIHBIE
CTPYKTYpHI. SNpBIIIKO U siaepHas 000J0YKa K KOHILY
npodasbl MCUE3aloT, KapuoIia3Ma CMEIIMBAeTCs C LU~
ToriasMoi. LleHTpuosn MUTPUPYIOT K TPOTUBOIO-



Anpo, neneHue u rnéenb KNeTkn

JIOXKHBIM TIOJIIOCAM KJIETKW W TAl0T HavyaJlo BOJIOKHAM
MUmMmomu4eckoeo (aXpoMaTUHOBOTO) 6éepemeHa, 9acTb
KOTOPBIX TIPUKPETUISTIOTCS K XPOMOCOMaM.

Memagpaza cOOTBETCTBYET MaKCUMaJIbHOMY YPOB-
HIO KOHJIEHCAIIMM XPOMOCOM, KOTOpPBIE BBICTpaWBa-
J0TCsI B 00JIaCTM 3KBaTOpa MUTOTUYECKOTO BEpeTeHa,
o0pasdysl KapTUHY 32KeamopuaivHou (memaghasHoil)
naacmunku (BUJ COOKY) WU MamepuHcKoil 36e30b! (BUJ,
CO CTOPOHBI TIOJTIOCOB).

Anagaza HAYMHAETCS ¢ CHHXPOHHOTO paclierie-
HUS BCEX XPOMOCOM Ha CECTPUHCKUE XPOMAaTUIBI 1
IBVIKCHUS TOUYEPHHUX XPOMOCOM K IIPOTUBOITOJIOXK-
HBIM TIoTIocaM KJiieTku. OHa 3aBeplraeTcs CKOTLIe-
HUEeM Ha MoJIiocaxX KJIEeTKW ABYX MICHTUIHBIX Ha0O-
POB XpOMOCOM, KOTOpbIe 00pa3yioT KapTUHBI 3BE3[T
(cTagust IOYEPHUX 3BE31).

Tenoghaza — xoHeuyHas CTaaudsl MUTO3a, B TeUEHUE
KOTOPOI PEKOHCTPYUPYIOTCS siipa JIOUYEPHUX KIIETOK U
3aBepIaeTcsl X paszeieHne. Bokpyr KoHIeHCHpOBaH-
HBIX XPOMOCOM JOYEPHUX KJIETOK BOCCTAHABIMBACTCS
KapyoJjieMMa, BHOBb TTOSIBJISIFOTCST SIAPBIIIKA. XPOMOCO-
MBI TIPOTPECCUBHO JIECTTMPATTU3YIOTCS M NCYE3al0T, 3aMe-
11asICh KapTUHON XpomaTuHa uHTepdasHoro sapa. Of-
HOBPEMEHHO TTPOMCXOIUT TEPEHTHYPOBKA ITUTOTLIA3MBbI
¢ (bopMHupoBaHMEM ABYX JOYEPHMX KIIETOK, MEXIY KO-
TOPBIMU OCYIIECTBIISIETCS] PABHOMEPHOE pacripenie/ieHre
OpraHes.

I[u6enp KiIeTOK, Hapsily C WX pa3sMHOXCHHEM
1 1 depeHIPOBKOI, SIBISIETCS OMHUM U3 KITIOYEBBIX
npoueccoB U (GakTopoB B oOecreyeHU HOpMabHO
JKU3HEIESITEIbHOCTY pa3IuUHbIX TKaHel. [Tpu rubdenun
KJIETOK MOTYT HaOJI0JaThCs JBa TJIaBHBIX MTPUHIUAMU-
aJlbHO Pa3/IMYHBIX BUAA MOP(OJOTHUECKUX U3MEHE-
HUI, KOTOpPbIE COOTBETCTBYIOT Pa3IMYHbIM MEXaHU3-
MaM ee pa3BUTHUSI — HEKPO3 U aroriTo3.

Hexpo3 BO3HMKaeT 1o OEMCTBUEM PE3KO BbIpa-
JKEHHBIX MOBpexaalolmx (akTopoB (meperpeBaHusl,
nepeoxJIaxkaeHus, HelocTaTKa KUCI0pOoaa, HapyleHUst
KPOBOCHA0XEHMSI, XMMUYECKUX MperapaToB, MEXaHU-
4yecKol TpaBMbI U Jp.). OH OXBaThIBAaeT pa3UYHbIE 1O
YUCJIEHHOCTU TPYMIIbl KJIETOK, COIMPOBOXIAETCS Ha-
OyxaHMEeM LUTOIUIa3Mbl U OTIEJbHBIX OpraHej1, 00-
ILIUPHBIMU MOBPEXACHUSIMU MeMOpaH, YIJIOTHEHUEM,

CMODIIMBAaHKUEM, PacIiagoM 1 JIU3UCOM siapa. Boimessi-
foIIKecs TIpU pa3pbiBe MJIa3MOJIEMMBbI TIPOAYKTHI pac-
Mmaja KJIETKW TPUBJIEKAIOT JEHKOIMTHI U Makpodaru,
CITOCOOCTBYST BOCTIAJTUTEILHON PeaKIINy.

Anonmo3 — @u3suonoeuueckas (3anpoepammupo8aH-
Has) eubenv Kaemok — AKTUBHBINA, PeryJupyeMblid Te-
HETUYECKOW TIPOTpaMMON TPOILIECC, KOTOPBIN 3aIryc-
KaeTcs BHEITHUMU pakTopamu. OH OOBIYHO MTPOTEKAET
ACMHXPOHHO B OTHEJBHBIX KJIETKaX MM METKUX KJle-
TOYHBIX TPYINaX, pa3nejeHHBIX YMCIEHHO IPEeBOC-
XOISIIMMU KU3HECIIOCOOHBIMU KJIETKaMU. ATIONTO3
HaOJTI0/1aeTCs B pa3IMYHbBIX TKAHSX YeJI0OBEKA 1 XKUBOT-
HBIX B HOPME, TTaTOJIOTUH, SMOPUOHATEHOM Pa3BUTHHI
W Y B3pOCJIOTO, SIBJISISICh OMHUM U3 (hyHIaMEHTaTbHbIX
W YHUBEPCATbHBIX OMOJIOTMYCCKUX MEXaHW3MOB TKa-
HEBOTO roMeocTa3a. AIOINTO3 Pa3BUBACTCS TIOJ BIIWS -
HUeM (UBMOJOTMYECKUX aKTUBATOPOB (UHAYKMOpPO8
anonmo3a), Pa3sHOOOpa3HbIX ITOBPEXIAMIINX (PU3M-
YECKUX U XUMUYECKUX (PaKTOPOB, HapyIlleHUs OayaHca
PETYJISITOPHBIX BO3ICHCTBUIA, HEKOTOPBIX MHUKpPOOOB
(B OCOOEHHOCTU, BUPYCOB).

Mopgoaoeuueckue nposeaenus anonmosa o0Ja-
Jal0T XapakTepHbIMU ocobeHHocTsamu (puc. 20). Ha
PaHHUX CTaJUSIX MpoIlecca MPOUCXOIUT yTpaTa KJIeT-
KaMH CIICIIMAIN3UPOBAHHBIX CTPYKTYP Ha UX ITOBEPX-
HOCTH (HaIlpuMep, MEXKXKIIETOIHBIX COeTUHEHUIT), NX
oTnmeJieHne OT cocemaHuX. Ilpoucxomst ynaomuenue
adpa (¢ nepudepruIecKUM OTJOXEHUEM TeTepPOXpO-
MaTuHa B BUJI€ KPYITHBIX HOAYAVHUIL) U KOHOEHCauus
YUmonaazmol, KOTopast IpUuBOAUT KO BCe 0oJiee KOM-
MaKTHOMY PACITOJIOKEHUIO OPTaHesII, COXPaHSIOINX
CBOIO IIEJIOCTHOCTh. Hapacratomiasi KoHAeHcaIMs
IIUTOIJIa3Mbl COYeTaeTcs] C W3MeHeHUueM (QopMbl
KJIETK — OHa o0pa3yeT MHOTOYMCIECHHBIE KpYT-
HBIC B3AYTHUSI W BBIMSTYMBAHUS, SIIPO OKOHYATEIBHO
YIUIOTHSIETCSI, CMOpPIUMBaeTCs (KapuonukHo3) U pac-
majaeTcs Ha (hparMeHThI, OKPY>KeHHbIE MEMOpPaHOIA.
BrimsiynBaHus  KJIETKM, coaepKallue OpraHeUIbl
¥ bparMeHTHl Sapa, OTIITHYPOBHKIBAIOTCS, (GOPMUPYS
KpYITHBIE OKpPY:KeHHBIC MeMOpaHOW (parMeHTHl —
anonmomuueckue meavya. IlocneqHue OBICTPO 3aXBa-
THIBAIOTCS U TIEPEBAPUBAIOTCS COCETHUMM KIETKaMM
WJIN MECTHBIMM (harolMTaMU; BOCIIAJIUTEIbHAS pe-
aKIIvs TIpY 3TOM He pa3BUBAETCS.



Puc. 1. CTpoeHue KneTku no AaHHbIM CBETOBOWM
MMKPOCKONUU

(Ha npuMmepe HepBHOW KJIETKU YYBCTBUTEJIbHOIO
y351a CMIMHHOMO3roBOro HepBa)

OKpaCKa.’ remMatokcuinH—3031H

1 —aqapgpo: 1.1 —anepHas obonoyka (kapuonemma),
1.2 — xpomatuH, 1.3 — aopbiwko, 1.4 — kapruonnasma;
2 — ymTonnasma

Puc. 2. KneTtkn Ha rucTosiorM4eckmnx cpesax, okpallueHHbIX pa3sin4yHbiMU cnoco6amm:

A — HeoKpaLLeHHbI cpe3; b — cpesd, oKpaLLEHHbI FeMaTOKCUANHOM; B — cpes, okpalleHHbIN 903UHOM; [T — cpes,
OKpaLueHHbIVI remMaToKCUIMHOM U 903UHOM: 1 — A0P0; 2 — umTonas3ma



CTpPYKTYpbI LUTOMJIA3Mbl

CTPYKTYPbI LUTOINJIASMbI
(BbISIBNIIeMbI€ NPU CBETOBOU MUKPOCKOMNUU)

Puc. 3. MutoxoHgpumn
(B anuTenuanbHbIX KJieTKax No4Ye4YHOro KaHasnbua)

Okpacka: xese3Hbiti reMaTtoKCUInH

1 — uyuTonnaama KIeTku noyeyHoro kaHanbua: 1.1 —
anukanbHas 4acTb, 1.2 — 6a3anbHas yactb, 1.2.1 — mMu-
TOXOHOPUK; 2 — A0p0

Puc. 4. Komnnekc lNonbpoxn

(B donnuKynsapHbIX KNneTkax WToBUAHON

)Xenesbl — TUpouuTax)

Okpacka: a30THOKMC10€ cepebpo—remMaToKCUIINH

1 — umtonnasma TupouuTta: 1.1 — anmkanbHasa 4yacTb,
1.1.1 — komnnekc lonboxu, 1.2 — 6asanbHas 4acTb;
2 —agpo

MpumeuyaHue. 30echb 1 ganee UCNONb30BaHHbLIN Ba-
pUaHT oKpacku (MMMperHaummn) asoTHOKMCbIM cepeb-
pPOM He yKa3biBaeTcs

Puc. 5. BknloyeHnsa rmmkoreHa
(B KNeTkax ne4eHn — renaTouunTax)

Okpacka: LLIVIK-peakumsi  reMaToKCuiInmH

1 — umTonnasma renaroumTa: 1.1 — rpaHysbl MNKOreHa;
2 —a0po




uuToJsiorna

Puc. 6. JiunugHblie BKJIOYEHUSA
(B KNeTkax Nne4eHu — renaTounTax)

Okpacka: cyaaH 4epHbli—cagppaHuH

1 — umTonnaama renartoumta: 1.1 — nunugHble Kkannu;
2 —qaapo

Puc. 7. JiInnupgHblie BKNIOYEHUA

(B XXMpPOBBIX KJIETKaX — agunoumrtax)

Okpacka: cygaH Il

1 — ymTtonnasama agunouuTta: 1.1 — nunuaHaa kanns,

3aHuMaoLLaa 60nbLIyD YacTb uMTOnnasmel; 2 — 06-
NacTb PaCMoIOXeHUs aapa

Puc. 8. CekpeTopHble BKJIIOYEHUSs
(B KNeTkax KOHLUEBbIX OTAEJIOB NOMKENYA04YHOM
xenesbl — NaHkpeaTouuTax)

Okpacka: reMaTtoKCUIMH—3031H

1 — umtonnasma naHkpeatoumTa: 1.1 — anmkanbHasa
yacTb, 1.1.1 —rpaHynbl cekpeta, 1.2 — 6asanbHas
yacTb; 2 — A4P0

Puc. 9. MurmeHTHbIE BKJIIOYEHUS
(B NTUrMEeHTHbIX KNIeTKaX KOXXU aKCOJIOTNSNA):
NJIOCKOCTHOM (NJIeHO4YHbIW) Nnpenapar

Okpacka sapa: KapMuH

1 — uyuTonnasma NUrMeHTHoM knetkm: 1.1 — OoTpoCT-
K1, 1.2 — rpaHynbl NUrMeHTa (MenaHmHa); 2 — 94po



CTpPYKTYpbI LUTOMJIA3Mbl _

CTPYKTYPbIl LUTOMNJIASMbI
(BbiIIBNIIEMbIE NPU 3NTEKTPOHHOU MUKPOCKOMUUN)

3.7 1.4 1.3

Puc. 10. O6beMHag cxema ynbTPacTPYKTYPHO OpraHu3aumm KNneTku:

1 — nnasamonemma: 1.1 — y4acTkn MexXKNeTOYHbIX COeAMHEHNIN HA NaTepasibHOM noBepxHocTn, 1.2 — aHaoum-
TO3Hble My3blpbkM Ha 06asanbHOM MNOBEPXHOCTU, 1.3 — MUKPOBOPCUHKM Ha  anukanbHOW  MNOBEpX-
HocTW, 1.4 — y4yacToK BblAeNeHUs cekpeTa; 2 — aapo: 2.1 — apepHas obonoyka, 2.1.1. — agepHble
nopbl, 2.1.2 — pnbBOCOMbI Ha MOBEPXHOCTU SAEPHON 0060sI04KN, 2.2 — XpomaTuH, 2.3 — SOPbILLKO;
3 — umtonnasma: 3.1 — rpaHynsgpHasa aHponnas3maTuyeckas ceTb, 3.2 — komnnekc fonbgxu, 3.3 — mMuTto-
xoHapuu, 3.4 — nnM30CoMbl, 3.5 — KJETOYHbIN LEHTP, 3.6 — MUKPOTPYOOUKU, 3.7 — CEeKPEeTOPHbIe rpaHysbl




: Puc. 11. MutoxoHapus
- S p oo C lJaMeNNaPHbIMU KpUcTamMmm
1.2 3 ' V /& n rpaHynsipHas aHAaorniaamaTu4eckas
\:Ir o y ) ceTb

ZE % - PrCyHOK C 371EKTPOHHON MUKPOGOTOrpa-
b (M)
1 — mutoxoHgpua: 1.1 — HapyxHas MUTO-
XoHOpuanbHass MembOpaHa, 1.2 — BHyT-
PEHHAS  MUTOXOHApPWanNbHas MemOpaHa,
1.2.1 — kpucTbl, 1.3 — MUTOXOHOPUANBHbIN
mMaTpukc, 1.4 — muToxoHapuanbHble rpa-
HYNbl; 2 — rpaHynsipHas  aHgonnasmaTun-

2.1.3 yeckass ceTb: 2.1 —umnctepHbl, 2.1.1—
21 -1 MembpaHa, 2.1.2 — NpoCBET UMCTEPHDI,
2.1.2 2.1.3 — pubocomsbl; 3 — rnanonnasma

Puc. 12. MutoxoHapus

C TYyOYyNnApHO-BEe3UKYNSAPHbIMU
KpuctamMmu, arpaHysspHas
aHaonJIasmMmaTnyeckas cethb,
nunodycuuHoBas rpaHyna

U rpaHyJibl JIMKOreHa

PucyHok c OM®

1 — muTtoxongpusa: 1.1 — HapyxHasa Mwu-
TOXOoHApuanbHas membpaHa, 1.2 — BHyT-
PEHHSAS  MUTOXOHApPUanbHas MembpaHa,
1.2.1 — kpucTbl, 1.3 — MUTOXOHOPWNANBbHBIN
MaTpuKC, 1.4 — MUTOXOHAPUANBbHbIE FPaHy-
Nbl; 2 — arpaHynsipHas 3HAonnasmMatu-
yeckass ceTb: 2.1 —umctepHa, 2.1.1 —
MembpaHa, 2.1.2 —npoCcBeT UMUCTEPHbI;
3 — nunodycunHOBas rpanyna; 4 — rpaHy-
Nbl FNKOreHa; 5 — rmanonaasma




CTpPYKTYpbl LLUTONNA3Mbl

Puc. 13. Komnnekc lNonbmxun Puc. 14. Nepokcucoma

PucyHok ¢ OM® PucyHok ¢ OM®

1 — UMC-NOBEPXHOCTb; 2 — TPaHC-MOBEPXHOCTb; 3 — UMC- 1 — membpaHa; 2 — maTtpukc: 2.1 — kpucTannomgHas
TEePHbI (MELLIoYKK); 4 — Ny3bIPbKK; 5 — BaKyonn cepauesunHa (Hykneoun)

Puc. 15. MUkpoTpy604Ku MUTOTUYECKOIO BepeTeHa
PucyHok ¢ OM®
1 — NpoAoNbHbLIN CPe3; 2 — NMonepeyHbIn cpes



Puc. 16. LleHTpuons:
A — 06wmin BUA (06beMHas PEKOHCTPYKLNS); B — nonepeyHsiii cpes (prucyHok ¢ OM®)
1 — TpUNAeTbl MUKPOTPYOOYEK; 2 — LEHTPUOJIIPHBIE CaTeNNTbI (LLEHTPbI OpraHM3auum MMKPOTPYOoYek)



Anpo, neneHue u rnéenb KNeTkn

A40PO, OEJIEHUE U TUBEJIb KJIETKU

PR

i
I3

DRSS

Puc. 17. YnbTpacTpyKTypHas opraHn3auus aapa KneTku
PucyHok ¢ M

1 — apepHasa obonoyka: 1.1 — HapyxHasa sagepHass membpaHa, 1.1.1 — pnbocomsbl, 1.2 — BHYTPEHHSS siaepHas
MembpaHa, 1.3 — nepuHykiieapHoe NPoCcTPaHCTBO, 1.4 — aaepHble nopbl; 2 — Hykeonnasma (kapuonnasma);
3 — xpomaTtuH; 4 — 90PbILKO
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