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NMPEAUCJIOBUE

[lpeanaraembliit yuTaTeNsIM Y4eOHBbIM atiac no
FUCTONOTUM, LIUTONOTMU U IMOPUOTIOTUH COCTOUT U3
WJJTIOCTPATUBHOM YacTH U COMPOBOXKAAIOLLIKX €e Mo-
SICHUTE/IbHbIX TEKCTOB. 3a OCHOBY WJ/UIOCTPATUBHOMN
YACTH B3SIT MATePUaJl KPaTKOro aT/laca no rucToN0ruu,
IWATOJIOTMH M IMOPHUOJIOTHH, paHEEe BbIMYLLEHHOTO aB-
TopamMu AByMsi u3nanusimu. IlepBoe u3naHue yBuoeno
cBeT B 2006 . ¥ MOJIYYNI0 BLICOKYIO OLIEHKY CrielMa-
AUcToB — noctaHosieHueM [Mpesnamyma lMpasneHus
Bcepoccuiickoro HayyHoro oo1ecTsa aHaTOMOB, THC-
ToJI0roB U 3MOpuosioros B 2006 . atnac «[ucronorus,
LATOJIOTUSI U 3MOPUONOTUSI» HArpaXKaeH MOOLIPU-
teabHbIM Jlunaomom BpHOAT 3. Bropoe, nepepabo-
TAHHOE M NOTNOJIHEHHOE W3aaHue, Ob10 BbIMYLIEHO
Ha pycCKOM W aHraInickoM si3bikax B 2007 r. ABTophI
MCKpeHHe BaarosapHbl YUTATEIsIM — CelMaIucTam-
rMCTONIOraM W CTYAEHTAM — 3a MHOTOUYUCJIEHHbBIE MO-
NOXUTEJbHbIE OT3bIBbl O BbIILUEALIMUX ABYX W3IAHUAX
arjaca, NnpeajoXeHMsl Mo ero nepers3aaHuio, a Takxe
MOXEAAHU U KOHKPETHbIE MPEMIOXEHUs, KOTOpbie
OblJIM YYTEHbl MPWU MOArOTOBKE HACTOSILLIEH KHUTH.
B uacTtHocTM, nasi yaoOCTBa MOAb30BaHMUSI aTiacoMm,
Kak yueOHbIM 1ocobueM, BO BCe €ro pasielibl, coaep-
KalllMe WUIIOCTpallMK, BBEOEHbI KpaTKue MOSCHU-
TeJibHble TeKCTbl. [Tpu cocTaBieHUM 3TUX TEKCTOB 3a
X OCHOBY Obl1 B3SIT MaTepuasl, U3J10XKEHHbIW B yueh-
Hukax B.Jl. beikoBa «LluTonorusi u obuiasi ructono-
rusi» (1998—2011) u «HacTHasi THCTOJIOTHSI YeT0BEKa»
(1997—=2011), BbllIEMLKWX HECKOJbKUMU W3IAHUSIMU.
O4yeBUAHO, UYTO MaTepuan 3TUX TEKCTOB HE MOXET
MOJHOCTLIO 3aMEHUThL CODOI yUueOHUK MO MPEeaAMETY,

B. JI. buikos,

doKmMop  MeOUUUHCKUX

OHAaKO OH 1aeT BO3MOXHOCTb M0JIb30BATLCS artia-
COM HE€3aBMCMMO OT Y4eOHMKA M CBsI3aTh BOCTIpUSITUE
MPUBOAMMBIX WJUTIOCTPALIW ¢ MOHUMAHUEM POJIU M
3HAYECHUS OTAEJbHbIX M300PAXEHHBIX HA HUX CTPYK-
TYPHBIX J€TaJIeH.

TepMuHosOTMSI B TEKCTOBOW 4acTh yueOHOro arna-
Ca U B MOAMKUCAX K PUCYHKAM MOJTHOCTbIO COOTBETCTBY -
er npuHsTok B 2009 . MexXayHapoaHOW TEPMUHOIOTU
Mo UMTOJOTMU U rucTosoruu udenoseka (Terminologia
Histologica. MexayHapoaHble TEPMUHbI 110 LIUTOJIO-
MU U TUCTOJIONUU YesioBeKa ¢ O(ULIMANbHBIM CITUC-
KOM pycckux akBuBaieHTos / [loa pea. B. B. banuHa,
B. JI. Boikosa. — M.: [DOTAP-Meawua, 2009).

ABTOpbI HANEKTCS, UTO UCMOIbL30BAHUE MpeacTaB-
JIEHHOTO aTjlaca B KayecTse y4yeOHOro mocobdbus Oyaer
CrnocoOCTBOBAThL MOBBILLEHUIO 3P DHeKTUBHOCTH OCBOE-
HUSI Kypca rMCTONIONUU, LIMTOJIOTUU U IMOPHUOSIOrMK BO
BPEMSI MTPAKTHUECKUX 3aHSITUIA U CAMOCTOSITENBLHOM MOJ1-
rOTOBKHM, a CaM aT/jlac CMOXET HE TOJbKO CTaTh HalexX-
HbIM UCTOMHUKOM BM3yaJibHOU HAY4HOU MH(MOPMALIUH,
HO W 1MOKa3aThb KPacoTy U rapMOHUIO CTPOEHMUSI KIIETOK,
TKAHEH W OPraHoB, 00Pa3YIOLIMX TENO YENOBEKA.

ATnac npeaHa3HaueH, B NEepBYIO OYepeb, CTYAEH-
TaM, U3YUYalolMM KYPC FrMCTONOTMA, LIMTOJIOTUU U IM-
OpuOIOrMM B MEAMUMHCKUX BY3aX, HO MOXeT ObiThb
nocooOueM JUlsl OCBOCHUSI 3TOro npeamera B OUMOI0-
FMYECKUX U BETEPUHAPHBIX yueOHbIX 3aBeaeHusx. OH
MOXECT TaKXe 0Ka3aTbCsl MOJIE3HbIM B KauyecrBe Ha-
[SIAHOMO CMpaBOYHMKA O CTPOEHMM KIETOK, TKaHei
M OpPraHoOB acrnupaHTaM, MpenoaasaTe/isiM M Bpauyam
pPa3AUUYHBIX CMELMATIbHOCTEMN.

Hayk, npogpeccop, axkademux PAEH,

sasedyrouuit kaghedpoir eucmonoeuu, yumonoeuu u Imbpuonoeuu Cankm-1lemepbypeckoeo
Tocydapemeennoco meduyuncko2o ynueepcumema umenu akademuxa M. I1. llasrosa
C. H. Dukanuesa, kandudam mMeOUUUHCKUX HAVK



BBEAEHWE

Llenblo HacTOsIIIEro M3naHWUS SIBASIETCSH TMOMOLLb
cryneHTaM B 3¢hGheKTUBHOM OCBOEHUM MaTepuana sa-
OOpaTOpHbIX 3aHATHI MPH MPOXOXKIAEHUM Kypca TMC-
TOJIOTUU, UUTOJIOrMK U IMOpuoaorun. OcHoBy atiaca
COCTaB/SAIOT OPUTHHANTbHbIE PUCYHKH € THCTOJIOTHYE-
CKMX MpEenapaToB, OTPaxKaloLIUX OCHOBHBIE pa3aeibl
CcTaHaapTHOro kypca no npeaMetry. OHU AOTMOJHEHbI
pPSIIOM PUCYHKOB C 3JIEKTPOHHO-MHUKPOCKOMUUECKMX
(portorpapuit u cxemamu. B coorsetcTBuM ¢ TpeboBa-
HUAMMU KPaTKOCTHU M ynoOCTBa MOJb30BAaHUA, B aTiac
BKJIIOUEHbI PUCYHKHW JIMLIL BaXKHEMULLIMX Mpenaparos,
OrpaHUYeHO KOJMYECTBO WUCMOJb30BAHHLIX METONOB
MX OKPACKWU U UCKITIOYEHBbI BO3MOXHbBIE MOBTOPEHMSI.

ATJIAC CONEPKUT UILTIOCTPALIMU U KPATKYIO TEKCTO-
Byt uactb. [1pu co3znanumu uanocrpauui Boibop Obin
CAenaH B MoJib3y PUCYHKOB C TMCTOJIOTMYECKUX Mpe-
naparos, a He MUKpodoTorpauin, NOCKOABKY PUCYH-
KM, XOTS M HECKOJIBKO MPOUTPbIBAIOT hoTOorpadusim i
NOKYMEHTAIbHOCTU, 00J1aaloT PsIIOM HECOMHEHHBbIX
npeumyliecTs. B uyacTHOCTM, PUCYHKUM NO3BOJASIOT
MaKCUMaJILHO SIPKO MpeacTaBuTh Hauboslee xapakrep-
Hbl€ YePThl U3yHaeMbIX CTPYKTYP, YTO 0COOEHHO BaXHO
NMpu HauaJbHOM OCBOeHMM Kypca. bonee Toro, pucyH-
KM MOTYT CJYXHUTb 00pa3LioM st CTYAEHTOB, KOTOpPbIE
B X0J/1¢ OCBOEHHs1 1abopaTOPHOro Kypca oObIMHO MpU-
OeraloT K 3apucoBKe TMCTOJIONMUECKUX MpenapaTos.
[Tpn BLINOJIHEHWH PUCYHKOB MCIOJAb30BAHBI MPEUMY-
LLIECTBEHHO Mpernaparbl TKaHel W OpPraHoB uesloBeKa;
C/lyuyau, KOraa Ha WJJIIOCTPauMnsX W300paxeHbl TKaHH
W OpPraHbl XXMBOTHbBIX, OTMEYEHbI B MOATMUCX.

Mnnwoctpaunmu, npuBoaMMbIE B [J1aBax, UMeElOT
CKBO3HYIO HyMepaumio. Cuctema undpoBbix 0603Ha-
UEHUH HA PUCYHKAX U B MOAMUCSIX K HUM COCTaBJIeHA
TakuM 00pa3om, 4TOObLI HaArISIAHO MOKa3aTb B3aUMO-
CBsI3b, COMOAYMHEHHOCTb U COOTHOLICH WS OTACbHbBIX
CTPYKTYPHbIX KOMMOHEHTOB (Tak, CTPyKTypa, 0603-
HauyeHHas kak «l.l.l1», siBnsgeTcss 4acTblo CTPYKTYPbI

«1.1», a Ta, B CBOKO Oo4€penb, BXOAUT B COCTAB CTPYyK-
TYpbl, OTMEUEHHOM KakK «l»). OBO3HAUYEHUSI K PUCYH-
Kam c/ieJlaHbl B COOTBETCTBMMU C HOBOM MexayHapon-
HOW TEPMMUHOJIOTMEN MO UMTOJOTHU M TUCTOJIOTUH
yesoBeKa, Bbllueawled Ha pycckoM sisbike B 2009 r
Jnsi obsieryeHust BOCTIpUSITUS psila HOBbIX TEPMUHOB
B CKOOKaX MpPUBEAEHbI UX paHee MPUHATBIE U ILUMPOKO
pacnpocTpaHeHHbIE B IMTEpaType 0003HAYEHUSA, B TOM
yucie 3NOHUMHYECKHE.

TekcTbl, JONOJHSAOUINE WANKIOCTPATUBHbIN MaTe-
puan, no 0ObLEMY HE MOTYT MOJIHOCTBIO 3aMEHUTh CO-
00l yueOHMK MO npeamMeTy M 3aBEAOMO He coaepxar
HEKOTOpbIE pa3ae/ibl, OIHAKO UX COAepXKaHUE HE CBO-
AUTCSI Cyrybo K mosiCHeHUsIM pUCYHKOB. [lpuBeneH-
Hbl€ B HUX JIaHHbIE 1aOT BO3MOXHOCTb MOJIb30BaHUsI
aTjlacoMm, Kak yueOHbIM mocobuemM, He3aBUCUMO OT
yueOHMKA M HaueleHbl Ha YraybAeHUE BOCIPUSITUS
NMPEACTABACHHBIX WJUIKOCTPALUMKH, pPACKPbITUE POJIU
M 3HAYEHUSI OTAEJIbHBIX U300pakeHHbIX HA HUX CTPYK-
TYPHbIX A€TAJIEN.

TeKCTOBbIC MOSICHEH WS, BKJIKOUEHHBLIC B pa3acibl
atjlaca, COAepXKaT OCHOBHbIE CBeAcHUsI 00 M3yuae-
MbIX KJETKaX, TKaHIX U OpraHax, UX CTPYKTYPHBIX
Aetansix U (PYHKUMOHA/JIBHOM 3HAY€HWUU, a Takxe
BaXHelwue onpeneneHus, NpeacTaBIeHuss U Kjac-
cudukaumMu, HeobXoaUMbIe JIsI MOJHOLIEHHOrO yC-
BOEHHSI M3YUAEMOro pasaesa npeameTa.

Ocoboe BHUMaHMUC yACJICHO OPraHU3alluK TCKC-
Ta, KOTOpPbIM pa30UT Ha CMbICIIOBbIE pa3aeibl U ab3a-
Ilbl; BaXHEWLLIME TEPMUHbI B HEM BbLAEJE€Hbl OCOOBIM
wpudTom. B uensix 6onee nosHoro u riybokoro Boc-
MPUSITUSI MATEPUAIA CCbIJIKM B TEKCTE 1AI0TCS HE TOJ1b-
KO Ha CTPYKTYPbl, OMUCHIBAaeMble B TEKYLUEH rjaBse, HO
M Ha QHAIOTUUHBIE CTPYKTYPbl, MPOULIKOCTPUPOBAH-
HblE€ B Apyrux raasax. st ObICTPOro Nnoucka UHTEpe-
cyounx Mopdooruueckux 00BHLEKTOB aTJ1ac CONEPXKMUT
NpeaAMETHBbIN yKa3aTeb.



LNTOJIOITUNSA

LlnTonorua — Hayka o 3aKOHOMEPHOCTSIX CTPOEH U,
pa3BUTHUS U XKU3HENETEIBHOCTH KieTKU. B nocnenHue
ro/ibl IMPOKOE pacrpocTpaHeHUe noayuua 6an3Kui no
CMBICNY TEPMUH «OUOA0UA KaemKu», KOTOPbIH 0CODEH-
HO YaCTO UCMOML3YIOT B TEX CAYYasiX, KOraa peub uaet odb
M3y4yeHUH (PyHAAMEHTANbHbIX 3aKOHOMEPHOCTEH XXM 3-
HeAesSITeJbHOCTU KJIETKU. TepMUH «LIMTOJOTUsI» CTall
MCMONb30BaThCsl 001€e OrpaHUUEHHO W1st 0003HAYEHMUSI
NPUKIAAHbIX, B YaCTHOCTHU, AUArHOCTUUECKUX HCCIe-
JIOBAaHWM KJIETOUHOro Matepuasia. B oTeuecTBeHHOMU
Hay4HOU W yuyeOHOM JIuTepaType TEPMUH «LIUTONOTHUSI»
4acTO MCMOJb3YETCs B 00OMX YKa3zaHHbIX 3HAYEHMSAX.
LiuTosiornio noapasnesitioT Ha obuLyio U YacTHyto. 06-
was yumoao2us uiyvyaet Haubosee obLIME CTPYKTYPHO-
(pyHKUMOHA/IbHbIE CBOWCTBA, MPUCYILLUE BCEM KJIETKaM
opraHusma. Kak npasuio, ee u3lyuyeHue mnpeniiecTByer
OCBOEHMIO Kypca ructonorun. Yacmuas yumonoeus pac-
CMaTpuBaer creuu@uueckue XapakTepuCcTUKU KJ1eTOK
KOHKPETHBIX TKAHEW U OpPraHoB, OOYC/IOB/IEHHbIE OCO-
OEHHOCTSIMU MX Pa3BUTUSI, KUHENESITENbHOCTU U Bbl-
nosHsieMblX yHKUMK. OOBIMHO M3YyuyeHUE BOMPOCOB
YACTHOM LIMTOJNOTMM BKJIOUEHO B MaTepuall COOTBET-
CTBYIOLLWX pa3aenon YaCTHOW TMCTONOTUH.

Knerka — snemMeHTapHasi CTpYKTYpHasi, (QYHKLKO-
HaJIbHasl U FEHETUUECKasi EAMHULIA B COCTaBE BCEX PACTU-
TeNbHbIX U XUBOTHbBIX OpraHU3MoB. OpraHuim B3pocio-
ro YesioBeKa CoCTOUT npumepHo K3 10" K1eTok, KoTopbie
noapasaemsioT 6onee ueMm Ha 200 TUMOB, CYLIECTBEHHO
pa3IMYaloOLLIMXCsl CBOUMU CTPYKTYPHBIMU U (PyHKLKO-
HaJIbHbIMHW OCODEHHOCTSIMU. BMecTe ¢ TeM, KJIETKH BCex
TUIMOB XapaKTepU3YyIOTCsI CXOACTBOM OOUIed opraHusa-
LMK U CTPOEHMSI BAXXKHEHU LLINX KOMTTOHEHTOB.

Ha cpetoonTHueCcKoM ypoBpHe KJIeTKU OBbIYHO U3Y-
yaloT nocsie ux (pukcallMM U OKpalluBaHUsl — B UCCE-
YeMOM LIMTOJIOrMUeCKOM MaTepuae (Maskax, orneyar-
Kax) WiK Ha T’MCTOJIOTHYECKHUX Cpe3ax TKaHel 1 OpraHos
(puc. 1 u 2). ®ukcaumsi obecrneynsaeT COXpaHHOCTb
pPasaUyHbIX CTPYKTYP KJIETKH, OKpaluMBaHUE Croco0-
CTBYET MX BbisSIBAEHWIO ©Onaroaapsi HEOIWHAKOBOMY

CPOACTBY AAHHbIX CTPYKTYP K FMCTOJOrMYECKUM Kpa-
cutensM. Haubonee pacnpoctpaHeHHast ob1ieob3opHas
OKpacka co4YeTaeT OCHOBHOW KPaCUTE/b ceMamoKcunut
C KUCJIBIM KpacuTeneM 303uHom (cM. puc. | n 2). Tema-
TOKCHITHUH, KdAK U ﬂpyrue OCHOBHBLIE K[f)ZlCI"ITf!J'IlfI.| CBSI3bl-
BaeTCs CO CTPYKTYpaMu, COAEPKaLIMMU KUCAOThI, KOTO-
pble UMEHYI0TCSI bazoguibHoimu. K HUM OTHOCSITCS sLIpO
(scnenctsue Bbicokoro coaepxauusi AHK u PHK), a
TaKXe [IMTOMJ1a3Ma — Mpy BbICOKOM COlEpXKaHUU B HEW
pUOOCOM WK FpaHyIsIPHOM HAOMAA3MATUUECKON CETH.
DO3UH, TOAOOHO APYTUM KWCAbIM KpacUTeIsIM, OKpa-
LLIMBAET pa3iMiHbIE CTPYKTYPbI, COAEPXKALLNWE OCHOBHBIC
BelecTna (oxcuguabkbie, UIW auudo@uibHbe) — LLIUTO-
naasMy KJ1eTok (B OCOOEHHOCTH, MPU BLICOKOM COaEp-
XAQHUU BHEWH MUTOXOHAPUA WM HEKOTOPbIX OENKOBbIX
CEKPETOPHbIX TPaHyJl), a TakXe OTAe/IbHble KOMIMOHEH-
Thl MEXK/IETOYHOIO BELIECTBA (HanpuMep, KOwIareHo-
Bbl€ BOJOKHA). OUEHUTL CMOCOOHOCTH TEX MAU MHBIX
KOMTMOHEHTOB KJIETKM CBSI3bIBATHCA C OTNpeaeneHHbIMH
KPaCHUTEISIMA MOXHO, COMOCTaBsisl KJIETKW Ha Cpe3ax,
OKpallleHHbIX pa3iMiHbIMU CriocobaMu (CM. puc. 2).

Komnounentsl KneTku. Kaxaasi Knerka cOCTOMT U3
ABYX OCHOBHBIX KOMMOHEHTOB — siApa U LIUTOTAA3MBbl
(cM. puc. 1). Hdpo otneneHo OT UMTOMNIA3MbI AdepHOil
000a04K0l; TIPA CBETOBOM MUKPOCKOMWUU B Heaes-
ueicst (MHTepda3HO) KNETKE B HEM BbIsIBASIIOTCS
TEMHO OKPALIEHHbIK (2emepo-)XpomamuH, SOPLIUKO
B BUAE TEMHOM KPYMHOM rpaHyabl U 6€CCTpYKTypHas
kapuonaasma (cMm. puc. |). bonee Meakue CTpyKTypHble
JI€TAIN sIApa HE OMpeaesi loTCs.

Humonaasma otneneHa Oor BHewHeW (anst naH-
HOW KJIETKM) Cpeabl naa3MoleMMOMl (KaeTouHou
MEMOpaHOW) U CONEPXKHUT Opeaneinvl N GKAIOHCHUS
(puc. 10), nmorpyxeHHble B HECTPYKTYPUPOBAHHYIO
Npo3payuHyo euatonaasmy. Opeaneaast — MOCTOSIHHO
MPUCYTCTBYIOULIME B LUTOMNA3ME CTPYKTYPbI, BbIM0/-
HSIlOLIIME onpeaeneHHbie PYHKUUU B KiueTKe. Bkaiwo-
YeHUA — BpEeMEHHbIE KOMMOHEHTHI LIUTOTIa3Mbl, 00-
pa3ylolimecs B pe3yabTaTe HaKOMJEHUS MPOAYKTOB
mMeTaboM3Ma KNETOK.

CTPYKTYPbl UUTOMJIASMbI,
BbISIBJISEMbIE NP1 CBETOBOX MUKPOCKOMNUU

CTpyKTypbl LIHTONIA3Mbl, BbisBJsieMble NpPH CBe-
TOBOW MMKPOCKOMHH, CPABHUTEIbLHO HEMHOTOYMC-
neHHbl. C mMoMOLLbIO CTIeMalbHbIX METOAOB OKpac-
KM B Heil MOXHO BBISIBUTb JIMLIb OTAEAbHbIE BUIbI

opraHenJj, B 4YaCTHOCTW, mumoxondpuu (puc. 3)
u komnaeke loavowcu (puc.4 w 101). boablMHCTRO
K€ OpraHeJu1 BbisiBASIOTCS JTMLUIb MPU UCIOAb30BAHUN
371EKTPOHHOU MUKpocKonuu (puc. 10—16).



C nomMolb rUCTOXMMUYECKHUX METO/l0B Ha
YPOBHE CBETOBOr0 MUKPOCKOMA B UMTOMIA3ME Kiie-
TOK MOXHO BbISIBUTb Pa3HOOOpa3Hbie MO CBOEMY XM-
MHUYECKOMY COCTAaBY BKJKWYEHUS, B YACTHOCTH,
epanyasl eaukoeena (puc. 5) n aunudnote kanau (puc. 6
n 7). Cekpemoprsie eKkaio4eHus (CEKPETOPHbIE rpaHy-
Nibl) OTYETAMBO BbIABAAIOTCA B alnuKajdbHOW 4acTu
KJETOK KOHUEBbLIX OTACNOB NOaXenyaoy HO# Xenesbl

LUTOJTIOrnUA

(MaHKPEeaToUMUTOB) U C NMOMOILUBIO CTAHAAPTHBIX Me-
TOLOB OKpacku npenaparos (puc. 8). [Muemenmuoire
BKAIOYEHUS LUMTOMAA3Mbl Oonpeneasilorcst 6aaroanaps
X coOCcTBeHHOW OKpacke (puc.9); saApo HA ITOM
npenapare BblI€JEHO € MOMOLLLBIO NOMOJHUTENbHOM
OKpackM (Kak U Ha npenaparax, npeacraBjieHHbIX Ha
puc. 4—6) nasi OUEHKHU €ro pacrnooxeHus, Gopmbi
U pa3mepos.

CTPYKTYPblI ULUTOMJIASMbI,
BbIAABJIAEMBbIE NPU 3JIEKTPOHHOW MUKPOCKONUMU

CTpyKTYpbl UHTONJIA3Mbl, BbISIBJISiEMbIe NPH JJIEKT-
POHHOH MUKPOCKONHH, BOOOOILIEHHOM BUAE NpeacTaB-
JieHbl HAa OOBEMHOM CXEME YAbTPACTPYKTYPHOU Op-
raHU3alUMuu KAETKU, KOTOpasi AEMOHCTPUPYET TaKxe
U YABTPACTPYKTYPY KJaeTouHoro siapa (cm. puc. 10).
Ha 3710# cxeme nokasaHa naasmonsemma (KAeTOYHAas
MeMOpaHa), KOTopasi 3aHMMAET B KJETKE MOrpaHuy-
HO€ nojoxeHue M obecneumBaeT MHOroobpasHbie
NMpoLECChl B3aMMOACUCTBHUS KIETKH C OKPYXKaloLIeH
€e Cpeaor (ApYyruMH KJeTKaMH, MEXKJICTOYHbIM Be-
wecrtsom). [MoBEepXHOCTb KAETKM, MOKPbITash naas-
MOJIEMMOI, MMEET pa3iMuuHblii peabed: HA OAHMUX
yuacTKax OHa MOXET ObiTb CPaBHUTEAbHO IIAAKOM,
Ha NIPYITMX — COAEPXMT 30HbI CMNEUWANW3UMPOBAH-
HbIX MEXKJCTOUHbIX COeIMHEHUI (Ha naTepaibHbIX
YYACTKaAX), Ha TPETbUX (Ha arMKalbHOM MOJOCE) —
NOKPbIBAET MUKPOBOPCHHKU U PECHUUKM (Ha puc. 10
MOCAEAHUE HE MOKA3aHbl) — CMEUHAIN3NPOBAHHBIE
BbIMSUMBAHUS LUMTONMANA3MBI, OCHOBY KOTOPbIX 00-
Pa3yIoT BbICOKO OPraHM30BaHHbIC 3JIEMEHTbl LIMTOC-
keneta. Ha puc. 10 noka3aHo Takxe yyacTue niaas-
MOJEMMbl B Hpoueccax IHOOUUMO3a W IK30UUMO3d.
OtaenbHbic OpraHennbl U MX Ipynnbl aasee Oonee
NeTanbHO U300paxXeHbl HA PUCYHKAX, CACNAHHBIX C
2NEeKTPOHHbIX MUKpooTorpaduit (puc. 11—-16).

Mumoxondpuu — memOpaHHbIE OpraHe bl MIU-
HOM 2—10 MkM u anameTtpom 0,2—2 MkM, obecreumnna-
IOLLLIME KNETKY IHEPrUei, KoTopasi reHepupyetcsi baa-
roaapsi npoueccaM OKMCACHUS U aKKYMYJIupyeTcs B
suae dochatHbix caizeit ATO, MUTOXOHAPUMU TaK-
K€ YyUacTBYIOT B OMOCHHTE3€e CTEPOULOB, OKUCIEHUM
KUPHbIX KHCNOT M CUHTE3e HYKJIEMHOBbIX KWUCJOT.
Haubosnee TUNMUHOE CTPOEHME MMEIOT MUMOXOHO-
pUU ¢ AAMENNAPHBIMU  KpUucmamuy — TJNACTUHUYATHI-
MW CKIAaAKaMW BHYTPEHHEH MUTOXOHIAPHAILHOMU
memOpaHbl. KpucTbl oOpaileHbl B MUTOXOHAPUAN b-
Hblii MATPUKC — 3EPHUCTOE BELIECTBO YMEPEHHOM
MJOTHOCTH, 3aNOJHSIOWIEE MMOJA0CTh MUTOXOHIAPHUHU
(c™. puc. 1 1) u conepxkaiiee MHOXECTBO (DEPMEHTOB,
KPYMHBIE MUTOXOHAPHANBHBIE TpaHyabl (C MOHAMM
Ca’* u Mg?"), a Takxe (He BHIHbl HA PUCYHKE) MU-
TOXOHAPHAJIbHbIE PUOOCOMbBI U MUTOXOHAPHANBHYIO

HAHK. Pexe BcTpeualoTcsi mumoxondpuu ¢ myoyaap-
HO-8€3UKYAAPHBIMU KPUCMAMU, KOTOPble COBMECTHO
C rNaaKoM1 2HA0MNAA3MATUUYECKOM CEThIO MPUHUMAIOT
yuacTue B CMHTE3e CTepounon (cM. puc. 12). Muto-
XOHAPUU PacnonaralTCcd B Te€X yuacTKax LUTOMIAa3-
Mbl, F1€ MPOUCXOAUT aKTUBHOE NOTpebieHUe IHEp-
MU, Hanpumep, B 001acTH OpraHes, yuacTBYOU X
B CUHTE3e Oenkon (cMm. puc. |1).

Pubocombt — menxkue (nmametp — 15—30 Hm) naot-
Hble HeMeMOpaHHble OpraHebl, COCTOsIILIME U3 ABYX
ACUMMETPHUUHBIX CcyObeanHul U obecneyusaroline
cuHTe3 6enKka U3 aMUHOKUCIOT (B OCODEHHOCTH, MoJ1e-
KYJl, KOTOpbi€ MOCJE€ CHHTE3a OCTAIOTCSl B rMaiorias-
Me). OHu 00pa3yloT uenouku (noaupubocomst, UKW no-
Aucomsl), CBODOAHO pacnofararollmecs: B ruansoniazme
MW CBA3AHHbIE C NMOBEPXHOCTBIO MEMOpaH 3HA0MAA3-
MATUUECKOU CeTH.

Indonaazmamuneckas cemv — opraHenna, obec-
neunBalollasl CUHTE3 yraeBoaoB, JUNUaos u 0enkos,
4 TAKXKC HAuyadbHbIC TOCTTPAHCASILMOHHBIC W3MEHE-
HUsi nocsaeaHux. OHa uMeeT meMOpaHHOE CTpPOEHMC
M COCTOMT M3 CUCTEeMbl YIMAOLIEHHbIX, YAJIUHEHHbIX,
TPYOUaTbIX U BE3UKYASIPHbIX 00pa3oBaHUMH.

Ipanyasipras sndonaazmamuueckas cems obecne-
unBaeT OGMOCHHTE3 U HauyalbHOE TIMKO3UIMPOBAHUE
MemOpaHHbIX Oenkon v Oenkon, npeaHasHa'ueHHbIX
NSt Kenopra U3 kietku. OHa obpasonaHa yrnjiouieH-
HbIMM MEMOpaHHbLIMW LIMCTEPHAMU K TPyDOUKaMHM, Ha
HApY>XHO NMOBEPXHOCTU KOTOPLIX PACONAraloTCs pu-
BOCOMbI U MOAUCOMBI, MpUaatolMe MeMOpaHaM 3ep-
HUCTBIN (rpaHyJsIpHbIA) BUA (CM. puc. 11).

ArpaHyasipHasl 3HAOMAa3Maruveckasi ceTb rnpea-
crapasieT Co00W TPEXMEPHYIO CHUCTEMY MeMOpaHHbIX
AHACTOMO3MPYIOLIUX TpybOueK, KaHasiblieB, LUMCTEPH
M MYy3bIPbKOB, HA MOBEPXHOCTU KOTOPbLIX pUBOCOMBbI
OTCYTCTBYIOT (CM. puc. 12). ArpanyasapHasi 3Ha0mnaas-
MaTUUeCcKasl CeTh yUaCTBYET B CUHTE3€ TUIHUI0B (B UacT-
HOCTH, CTEPOUIOB — COBMECTHO C MMTOXOHIAPHSIMHU
C TYOYNASIPHO-BE3UKYASIPHBIMU KPUCTAMHU, C KOTOPLIMU
OHa 00bIYHO COCENCTBYET), rMKOreHa, obecrneynpaer
NEeTOKCUKALIMIO Pa3IMdHbIX BELIECTB W HAKOIIEHUE
noHos Ca’'.



CTpyKTYypbI LUTONNA3MBbI

Komnaexc [oavomcu coBMecTHO ¢ pubocoMaMu
M DHAO0MIA3MaTUYECKOW CETbIO 00pa3yeT cunmemu4ec-
Kuit annapam kKaemku. IT0 — C/IOXHO OpPraHU30BaH-
Hasi Noasipu30BaHHas MeMOpaHHasa OopraHenajaa, KoTo-
pasi TpeacTaBieHa TPpemMs OCHOBHbIMM 3J1EMEHTaAMM:
(1) CTONKOM M30rHYTLIX YMJIOWEHHbBIX, PaCLIUpsIIO-
ILMXCS MO KpasiM MELIOYKOB (LMCTEPH), (2) ny3bipb-
KaMU U (3) KPYMHbIMYU BAKYOJISIMU, UINU CEKPETOPHbI-
MM Mny3bipbKaMu (cM. puc. 13). B komnuaekce lonbaxu
BbIZE/ISIIOT [1BE MOBEPXHOCTU, 0bBanaloLme CTpyKTyp-
HbIMWU U HDYHKLUMOHATIbHBIMU PA3TUIUSIMU (a) UUC-nO-
gepxHocme (Hespenyio, (GopMUPYIOLLYIOCH) — BbIMYK-
noi ¢dopmbl, O00paLIEHHYI K 3HAOMNAA3ZMATHUECKOM
ceTUu; (0) mpanc-nogepxnocms (3penyro) — BOTHYTOM
(hopmbl, 0OpalLLIEHHYIO K M1a3MOJEMME W CBSI3AHHYIO
C OTAENSOUIUMHUCS] OT UACTEPH BakyonsiMu. DyHKUUK
KoMmriekca [oabIkKHU: CUHTE3 MOAUCAXapUI0B U INTMKO-
NPOTEUHOB (MIUKOKAJIMKCA, CJIU3UN); XUMUYECKHUE U3-
MEHEHM S (MPOLECCUHT) MOJIEKY/, TPAHCMOPTUPYEMbIX
M3 TPAHYJSIPHOW 3HAOMIA3MATUUECKOW CETU, KOHIEH -
cauus CEKpPeTOPHOro Mnpoaykra v obpa3oBaHMe ceK-
PETOPHBLIX IpaHyj; obecreyeHUe HOBOOOPA30BAHHbIX
rpaHyan MeMOpaHOW M ynakoBKa B Hee CeKPEeTOpPHbIX
MPOAYKTOB, COPTUPOBKA OENIKOB Ha TpaHC-MOBEPX-
HOCTH rnepea UX OKOHYATESIbHLIM TPAHCMOPTOM.

Indocomobr u auzocomsl 0OPA3YIOT annapam 6Hym-
PUKNeMOHHOCO nepesapusarus, GQYHKUUSI KOTOPOro
COCTOMUT B PErYJIMPYEMOM BHYTPUKIETOUHOM paclier-
JEHUU MAKPOMOJEKY] BHEKJIETOUHOrO U BHYTPHUKJE-
TOYHOTO MPOHUCXOXKIACHUSI.

IHdocomb — MeMOpaHHbIe Ty3bIpbKM C MoOcTe-
NMEHHO 3akucasiiowmnmest conepxkumbim (pH 6,0—5.5),
KOTOpbie 0DecrneuuBaloT rnepeHoc MakpoMoJieKyJ ¢ no-
BEPXHOCTH KJICTKH B JIM30COMbI M UX YMACTHUHbBIW MU
MOJIHbIA TMAPOMIN3 HA CTAAUSIX, MPEALIECTBYIOLLIUX JU-
30COMA/IbHOMY YPOBHIO A€rpalaumH.

Juzocompr — MeMOpaHHbIE OpraHe/ibl 1IMAMETPOM
0,1—2 MKM, aKTUBHO yYacCTBYIOLLME B 3aBEpLUAIOLLIMX
3Tanax npoiecca fnojJHOro BHYTPUKIETOYHOrO nepe-
BapUBaHMS 3aXBAUEHHbIX KJETKOW MaKpOMOJIEKY Mo-
CPEACTBOM LLIMPOKOro CrieKTpaduThyeckux pepMeHTORB
npu HU3kux 3HaueHusx pH (5,0 u Huxe). JInzocombl,
He CrnocoOHbIE MOJHOCTLIO MEPEBAPUTL HAXOASLLIUECS
B HUX MOJIEKYJIbI, MPEOOpa3yOTCs B 0OCmamovtble meib-
U@, KOTOpbIE MOTYT A0JIF0 HAXOAMUTBLCS B LIMTOM1a3me
WKW BbIAESITb CBOE COAEPXKUMOE 3a Mpeaeibl KJIeTKH.
PacnpocTpaHeHHbIM TUIMIOM OCTAaTOYHbIX TEJEL B Op-
raHU3Me yYesloBeKa SIBASIOTCHA Aunogycuurosste 2pa-
Hyabl — MeMOpaHHbIE MY3bIPbKH, COAEPXKALLHWE TPYyad-
HOPACTBOPHUMbIH KOPUYHEBbIA IHAOTEHHbIA MUIMEHT
annodycunH (cM. puc. 12), KOTopblid paccMaTpuBaloT
KaK «[TUFTMEHT CTAPEHUSI» UINU «U3HALLIUBAHUS».

Iepoxcucomsr (MyKpoOTENbLA) — MEMOpaHHbIE my-
3bIpbku auameTpoM 0,05—1,5 MKM ¢ yMEPEHHO NnaoT-
HbIM OJIHOPOAHBIM WUJIH METKO3EPHUCTBIM MAaTPUKCOM,

coAepXalulMM MHOTOYMCIEHHbIE (PEPMEHTbI, KaTau-
3UPYIOLLIME OKHMCIUTEIbHO-BOCCTAHOBUTEIbHbIE peak-
uMu, u karanasy. B Marpukce uHoOraa BbIsSIBASIETCS
0ojsiee nAoOTHAA KpUCTAlJOMAHAA cepAucBuHa (HYK-
neoun), (cMm. puc. 14) — obnacTb KOHAEHcauuu dep-
MeHTOB. [lepokCMCOMbI YYacTBYIOT B paclUereHUH
KUPHBIX KUCJIOT U APYrUX MeTabOAMYECKUX peakliu-
X (0OOMeH aMMHOKMCIOT, OoKcanaTa U MOJAMaAMUHOB,
CHHTE3 HekoTopbiX (hocdoannuaos). OHU 3aLIMILAIOT
KJIETKY OT A€UCTBUsI NEPEKUCH BOAOPOAA, OKA3blBAO-
e cCHAbHbIN nospexaatolmnii G dexT, a Takxke pas-
PYLUAIOT Psil TOKCUUECKHUX BEILIECTR.

Humockeaem npenctasasieT coO0M CIOXKHYIO IMHA-
MUUHYIO CUCTEMY MUKPOMPYOOUEK , MUKPOPUIAMEHMO8
M NPOMENCYMOYHBIX (Duramermos. 3TU KOMMOHEHTDI
LMTOCKEIETa SIB/ISIIOTCSI HEMeMOPaHHBIMU OpraHellia-
MU, 00pasyloIllMMHK B KJIETKe TpexMepHbie ceTu. OHuU
BXOISIT TAKXE B COCTaB psaa Apyrux Oonee cloxHOo
OpPraHW30BaHHbIX oOpraHeal (pecHU'eK, XIyTMKOB,
MUKPOBOPCHHOK, KIETOYHOIO LEHTPA) U KIETOUHbIX
COEAMHEHUH (AECMOCOM, MOJYAECMOCOM, OIOsICbiBa-
IOLLMX 1ECMOCOM).

Mukpompybouku — Haubosnee KpynHbie KOMMO-
HEHTbl LMTOCKENETa (AMameTp OKOoNo 24—25 HM) —
noJible LMJIWHAPUUECKUe obpa3soBaHusl JUNTMHOM 10 He-
CKOJIBKMX MUKPOMETPOB (CM. puc. 15).

Mx creHKa COCTOMT U3 AMMEpPaAMU U3 DENKOBbIX
MoJiekyal o- M P-TyOyauHa. Baxueiwime GyHkumn
MUKPOTpYOOUEK: nmouiepxaHue (opMbl U NMOJISIPHOCTH
KJIETKW, 0DeCcneyeHUe BHYTPUKIETOUHOrO TpaHCMop-
Ta, ABUXEHUSI PECHUYEK U XPOMOCOM B MUTO3e ((op-
MUPYIOT aXpPOMATHHOBOE BEPETEHO, HeODXoanMoe sl
KJIETOUHOTO AeneHUs1). MUKPOTpYDOUKM B LUTOMNIA3IME
00pa3syioT ceTu, 1MOO pacnonaratoTcsl B BAAC MYUKOB,
HanpuMep, B OTPOCTKAX HEUPOHOB, B COCTABE MUTOTU-
yeckoro sepeteHa (cMm. puc. 15).

MukporpydbouKuobpa3yioTOCHOBY IPYTUXOpraHel
(LeHTpUOEH, PECHUYEK, KIYTUKOB), YACTUUHO CAnUBa-
SICh APYT € Apyrom ¢ (hopMUpOBaHUEM Map, Wau aybne-
TOB (B AKCOHEME PECHUYEK U XKIYTUKOB — CM. puc. 37),
M TPUMAETOB (B 0a3aIbHOM TEJIbLE M LEHTPUOIN).

Llenmpuons (cM. puc. 16) — uUUAMHAPUUECKASsI
crpykrypa winHoi 0,3—0,5 mkm 1 anametpom 0,15—
0,2 MKM M3 1eBSITU TPUNJIETOB YACTUYHO CAMBLUMX-
Csl MUKpOTPYOOueK, OOBEAMHEHHBIX MNOMNEPEUYHbIMU
OeNKOBLIMM  MOCTHKAMMU («pyukamu»). C KaxibiM
TPUILIETOM MOCPEACTBOM HOXEK CBSI3aHbl carelJin-
Tbl — r100yAsipHble O€NKOBbIE Teablla, KOTOPbIE SB-
NSTCSE  UeHTpaMu 0Dpa3oBaHUsl MUKpPOTpYOOuUEeK.
B KJ1€TOUHOM LEHTpPE COAepPKATCA ABE LLEHTPUOIU, KO-
TOpbIE PacnoJaralTcsi BO B3aUMHO MEPNEHAUKYAAP-
HbIX MJIOCKOCTSX.

Mukpounramernmst — TOHKWE HUTU IMAMETPOM
5—7 HM, 00pa3oBaHHbIC TMPEUMYLLIECTBEHHO OE/JIKOM
AKTMHOM, JieXKaT B UMTOIUIa3Me MOOAMHOYKe, B BUIE



ceteid uamn nydykamu. B BOJIbLIMHCTBE KINETOK KOHLIEH-
TPUPYIOTCS B O0JIACTU KOPTUKATIBHOM (TEPMUHANBHOM)
CeTH noa nia3mosieMMmoit. Bzaumoneicrsys ¢ apyrumu
Genkamu, 061a1a10T COKPATUMOCTbIO, B YACTHOCTU, OHM
obecrneynBalOT COKPaTUMOCTb MbILLIEUHbIX KJIETOK, MPO-
LIeCChI K30~ U 3HAOUMTO3a, 0Opa30BaHUE NMCEeBAONMOAUM
M MUrpaumrioo kKietok. MukpodunameHTbl y4yacTByroT
B OpPraHU3alnuu CTPYKTYPbl HEKOTOPBIX MEXKIETOUHbIX
COeIMHEHUI (OMosChIBAIOLLIUX 1€CMOCOM), 0Opa3sytoT
OCHOBY («Kapkac») HEKOTOpbIX OpraHes/uUl, Harnpumep,
MUKPOBOPCUHOK (pUC. 35), CTEpeOLIMANMA.

LUTOJIONMA

[Tpomescymounoie uramernmos — OENKOBLIE HU-
TH TOJWMHOU okoso 10 HM, pacnonaralouiuecs
B LIATOMJIa3ME€ B BMJIE TPEXMEPHOU CETU, OKpyxa-
towein ssapo. OHKM obGecnevyuBaloT pacrnpeneneHue
OpraHe no OfnpeaejeHHbIM yyacTKaM uUMTOMIa3-
Mbl KJI€TKHW, y4acTBYIOT B 0Opa3oBaHUM pPOroBOro
BELLECTBA B IMUTEJIMU, BXOAAT B COCTAB AECMOCOM
M MOJIYAECMOCOM.

B wierkax pas/iMMHbLIX TKaHEW MpPOMEeXYTOUHbIE
(unaMeHTbl pa3IMualoTCsl MO CBOEH XMMUUECKOU NpU-
poae U MOJIEKYISIPHOI Macce.

90PO, OENEHUE U TMBENb KJIETKU

Anpo knerku. [lpu wuccnenoBaHuM KIETOK Moa
3JIEKTPOHHbLIM MUKPOCKONOM B siape (puc. 17) obHa-
PY>KMBAKOTCs MHOTWE CTPYKTYPHbIE NETATH, KOTOpbIE
HE BbISIBJSIFOTCSI MOA CBETOBBIM MUKPOCKOMOM (Cp.
¢ puc. 1).

Hoepras ob6oaouKa, KOTOPAsi NPAKTUUECKHU HE OTpe-
NeSSIeTCsl MO CBETOBLIM MUKPOCKOMOM, UMeeT CJIOX-
HYIO YJAbTPACTPYKTYPHYIO OpraHU3alnio: OHa COCTOUT
U3 06yx sidepHbix Memopan (Hapy>KHOW U BHYTPEHHEN),
pasneNeHHbIX Y3KUM NePUHYKACAPHbIM NPOCMPAHCMEBOM
U CONEPXMT sidepHble nopsl, “epe3 KOTOpble OCYLIeCT-
BASIETCSE OOMEH MOJIEKYJJAMU MEXKIY SIIPOM M LIUTO-
naasMoi. Ha moBepxHOCTH HApyXHOW siAePHOK MeM-
OpaHbl MMeEIOTCsi pUOOCOMbBI, K BHYTPEHHEHW SIIEPHOM
meMOpaHe npuaeraer 4yacTb CKOMJIEHUH XpOMaTHHA.

Xpomamun coctout u3 komraekca JHK u 6enka
M COOTBETCTBYET XPOMOCOMAM, KOTOpbIE B MHTEpda3-
HOM sIApe MPEACTaBAeHbl ITUHHBIMU, TOHKUMU HUTSI-
MU M HEPAJIMUUMBbl KAK MHAUBUAYAIbHbIE CTPYKTYPbI.
Bbinensiior 3y- U reTepoxpoMaTuH.

Jyxpomamun — NECNUPATN30BAHHBIE W MPaKTH-
YECKM HE OKpalUeHHbIE YUaCTKH XPOMOCOM, KOTOpbIE
AKTUBHO YUacCTBYIOT B TPaHCKpUNuuu. lemepoxpoma-
MuH COOTBETCTBYET KOHACHCUPOBAHHBIM UHTEHCUBHO
OKpPALUEHHbIM YYacTKaM XpPOMOCOM, HE y4acTBYIOLLUM
B TpaHckpunuuu. CKOrieHUsl reTepoxpoMaTuHa pac-
MoJIaratoTCsl Moa sIAepHOU ODOJIOUKOW M BOKpPYr -
pbilika, bonee meakue rblOKKU pasdpocaHbl MO BCEMY
Sapy.

Hopovtwko o0pa3oBaHO crneuManu3MpoOBaHHbBIMU
yuyacTKaMM XPOMOCOM — SIAPbILLIKOBBIMU OpraHm3a-
TOopamMu. DYHKLM K AAPBILLIKA 3aKJII0YAKOTCS BCUHTE3E
pubocomanbHoii PHK u ee cbopke B npeatecTBeH-
HUKHU cyObeanHuu pubocom. B uHtepdaszHom gape
Ha CBETOONTHUYECKOM YPOBHE OHO BbISIBJISIETCS Kak
MeJikas niaoTHas 6a3zoduiabHas rpaHyaa (cm. puc. |).
[Ton 3neKTPOHHBIM MMKPOCKOMOM OOHapyXuBaeT-
Csl CIOKHAsi CTPYKTYpHas OpraHu3auuns sapbilika, B
YaCTHOCTH, BbIsBASiETCs oOpa3sylollas €ro rnjoTHas

LWIMPOKOMETAUCTAsI CeTb — HyKaeoaoHema (sinpbiill-
KOBasi HUTb), KOTOpPasi COCTOUT U3 BOAOKHUCMOU YaC-
mu (Monekyn pubocomansHot PHK) u epanyaapruoi
yacmu (CyoObeanHu pudocom).

Hykaeonaasma (kapuonaasma) — XWIAKUH, HE OK-
pallMBAKOLIMUCS KOMIOHEHT siapa, B KOTOPOM pacrno-
J1aratoTCs XpOMaTHH U siApbiliKo. OHa COAEPXUT BOLY
W pPsill pACTBOPEHHBIX U B3BELLIEHHbIX B HEW MOJIEKYJI.

KneToynblii MK — COBOKYMHOCTb SIBJICHWIH MeX1y
ABYMSI MOCJIEA0BATEeIbHLIMU NENEHUSIMU KIIETKH WU
Mexay ee obpasoBaHueM u rudenbto. OH obecneuunna-
eT (hyHKLIMIO BOCMIPOU3BENEHUSI U MEpPeladuy reHeTuue-
CKOU MHGpopMaumu, KieTOUH b1 LLIMKJ1 BKJ1HOUAeTCO0CT-
BEHHO mMumo3, usu ¢pazy M (MUTOTHUECKOE Ne/IeHUuE),
W umepghaszy — NpomMexyTOK MEXY AeSIeH USIMMU.

Humepghasa s3nauvtenbHO Oosiee ATUTENbHA, EM
MUTO3 (0ObIUHO 3aHUMaeT He MeHee 90% Bceid npoaon-
KHUTEABHOCTH KJIETOMHOIO LIMKJIA) U Moapa3ae/sieTcs
Ha Tpu 4yacTu (puc. 18): NOCTMUTOTUUECKUI UHTEPBAT
(G)). dasy cunresa AHK (S) u npemMutoTHYECKHIA MH-
Tepsan (G,).

[lepexon ot oaHoro nepuoaa uHtepdasbl K APYromy
(B 0cobeHHOCTH, 0T G K S), a TAKXKE BCTYIICHHUE KJIETKH B
MUTO3 PEryJupytoTCsi CIOXKHBIMU MOJIEKYJISIPHBIMUM MEXa-
HU3MaMU U OMOCPEAYHOTCSI CrneuraibHbIMK (hakTopamu.

Mumomuueckoe deaenue kaemok (MWUTO3, WKW He-
NpsiMOE NIEJIEHUE) SIBASETCS YHMBEpPCANbHbIM Mexa-
HU3MOM JesieHust KieTok. OHo cnenyet 3a G,-uHTep-
BAJIOM M 3aBepluaeT KIETOYHbIH LMK, obecneyuBsas
paBHOMEPHOE pacrnpeneleHue reHEeTUUeCKOro mare-
puana B 104epHHEe KJIeTKU. MUTO3 BKiItOYaeT 4 OCHOB-
Hble (a3bl: npoda3zy, metada3sy, aHadasy u Teaodasy
(puc. 19).

ITpoghaza HauMHaeTCS C KOHAEHCALUU XPOMOCOM,
KOTOpbI€ CTAHOBSITCS BWUIMUMBIMU KAK HUTEBUIHbIE
CTPYKTYpbI. Anpbiliko u snepHasi 0060J1I04Ka K KOHLY
npodasbl UCUe3alT, KapuorjaimMa CMeL UBaeTcs C 1u-
Tora3mMon. LIEHTpUOAM MUTPUPYIOT K MPOTHUBOMO-



Anpo, aeneHue v rmdbens KNeTkun

JIOXKHBIM MOJIIOCAM KJIETKM U 1al0T Hayalo BOJOKHaAM
mMumomu4eckoeo (axpoMaTruHOBOrO) eepemena, 4acThb
KOTOPbIX MPUKPENJIAIOTCS K XpOMOCOMaM.

Memaghaza cooTBETCTBYET MaKCHMa/IbHOMY YPOB-
HIO KOHAEHCAllUM XPOMOCOM, KOTOpble BbICTpauBa-
IOTCS B 001aCTH 3KBAaTOpa MUTOTMYECKOrO BepeTeHa,
obpa3yst KapTUHY 2IKeamopuansHoit (memadghaznoir)
naacmutku (BUA COOKY) MK MamepuHckou 36e30o (BUA
CO CTOPOH bl MOJIKOCOB).

Anachasa HauIMHAETCS C CHHXPOHHOTO pacuienJe-
HUS BCEX XPOMOCOM Ha CECTPUHCKME XPOMATHUIbl U
NABUXEHHSI A0YEPHUX XPOMOCOM K MPOTUBOMNOJIOXK-
HbIM nojiocaM kjaeTku. OHa 3aBepliaercst cKormnJje-
HUEM Ha NOJKCaX KJETKU ABYX WAEHTUUHbIX Habo-
POB XpPOMOCOM, KOTOpbI€ 00pa3ylOT KapTHHBI 3BE3.
(cTaaus 10YEPHUX 3BE31).

Teaoghasza — xoHeuHasi cTaiusi MUTO3a, B TeYEHUE
KOTOpPOU PEKOHCTPYMPYIOTCS sipa AOUEePHUX KIEeTOK U
3aBepliaeTcs Mx pasaeneHue. Bokpyr KOHAeHCHMpOBaH-
HbIX XpOMOCOM JOYE€pPHHUX KIETOK BOCCTaHaB/IMBACTCSI
KapuoJjieMMa, BHOBb MOSIBJISIIOTCS SIAPbILIKH. XPOMOCO-
Mbl MPOrPECCUBHO AECMTUPATUIYIOTCS U UCUE3ALO0T, 3aMe-
111asiCb KapTUHOM XpomaTtuHa uHTepdasHoro siapa. On-
HOBPEMEHHO MPOMCXOAUT MEPELLIHYPOBKA LIMTOMNIA3MbI
¢ (QOPMHUPOBAHUEM JIBYX A0YEPHUX KIETOK, MEXIY KO-
TOPLIMW OCYILIECTBJISIETCSI PABHOMEPHOE pacripeacjieHue
opraHeJui.

[ubenp KNETOK, Hapsily ¢ MX pa3MHOXEHUEM
1 anddepeHLIMPOBKOI, SIBISIETCSI OMHUM M3 KITIOUYEBbIX
npoieccoB U akTopoB B obecrneueHUn HOPMaibHOM
KU3HEAESITEJIbHOCTH pa3iniHbiX TKaHeu. [pu rubenu
KJAETOK MOTYT HabJIl01aThCsl ABA I1aBHbIX NPUHUMNK-
anbHO Pa3UYHbIX BUAa MOPGONOrMUecKuX M3MeHe-
HUI, KOTOpblE COOTBETCTBYIOT PalIMUHLIM MEXaHW3-
MaM ee pa3BUTUsI — HEKPO3 U anonros.

Hekpoz BO3HMKAET NOA AE€UCTBUEM Pe3KO Bblpa-
KEHHbIX MoBpexnawuux Gakropos (neperpeBaHMsi,
nepeoxJiaxaeHusl, He10CTaTKa KUCJI0pOoaa, HapyLLEHMUSI
KPOBOCHA0XEHHUsI, XMMHUYECKHUX MpenapaToB, MeXaHU-
yeckKoi TpaBMbl U ap.). OH OXBaTbIBAET pa3/IMUHbIe MO
YMCNEHHOCTH TPYNMbl KJIETOK, COMPOBOXAAETCS Ha-
OyxaHuem UMTOMAa3Mbl M OTAEJIbBHBIX OpraHesl, ob-
LIMPHBIMU MOBPEXIEHUIMU MeMOpaH, YNJIOTHEHUEM,

CMOpILLUMBAHHWEM, pacnaaoM U JU3UcoM siapa. Boiaens-
IOLLIMECS] MPU pa3pbiBe MJ1a3MOJAEMMbI MPOAYKTbI pac-
nana KJIeTKW NPUBJIEKAOT JEHKOUUTBI U Makpodaru,
crnocoOCcTBYsl BOCMATUTESIbHOMN peakiinm.

Anonmo3z — ¢uzuonocuveckan (3anpoepammupo8aH-
Has) eubenb Kaemok — aKTUBHbIN, PETYJIMPYEMbIN re-
HETUYECKOH MporpaMMoM rpouecc, KOTopblii 3anyc-
Kaercsi BHelWwHUMHU akTopaMu. OH 0ObIYHO NpoTeKaeT
ACMHXPOHHO B OT/JEJIbHbIX KJIETKax MU MEJIKMX Kie-
TOUHBIX Tpynnax, pasiea€HHbIX YUCAEHHO MNpeBOC-
XOMSILIIMMU  XKU3HECNOCOOHBbIMU KAEeTKAMU. ANoOnTo3
HabaoaaeTes B pa3aUdHbIX TKaHSIX Y€/I0BEKA U KUBOT-
HbIX B HOpMeE, MaToJOoruu, IMOPUOHABHOM Pa3BUTUH
U Y B3pOCJOro, SABASSICb OAHUM U3 (DYHAAMEHTANIbHbIX
M YHUBEPCANbHBIX OMOJOrMHYECKUX MEXaHHU3MOB TKa-
HEBOro roMeocTasa. ANonTo3 pa3BUBAeTCs MOA BJIMSI-
HUEeM (U3MONOTHYECKUX aKTUBATOPOB (UHOYKMOpPOE
anonmo3sa), pa3zHOOOpa3HbIX noBpexaawilmnx (usm-
YECKMX M XMMHUYecKuX (pakToOpoB, HapylLueHus banaHca
PEryJsiTOpHbIX BO3AEHCTBUIA, HEKOTOPLIX MHUKpoOOB
(B OCODEHHOCTH, BUPYCOB).

Mopghoroeuneckue nposeaenuss anonmosa obna-
Nal0T XapakTepHbiMu ocobeHHocTsIMU (puc. 20). Ha
PaHHUX CTAAUAX NPOLIECCA TPOUCXOAMUT yTpaTa KJeT-
KaMu CNelnalm3MpoBaHHbIX CTPYKTYP HAa UX MOBEPX-
HOCTH (HanpuMep, MEXKJIETOYHBIX COEIMHEHUI ), UX
otaeneHue or coceanux. [lpoucxoasit ynaomuenue
sdpa (¢ nepudeputecKuM OTIOKEHUEM TETEPOXPO-
MATUHA B BUWAE KPYMHBIX HOAVIVHUL) W KOHOCHCAUUA
{UMONAA3Mbl, KOTOpasi NPUBOAUT KO Bce DoJiee KOM-
NaKTHOMY PacrnosOXeHUIO OpraHesl, COXpaHs K LLMX
CBOW0 uesiocTHOCTh. Hapactawwasi KoHaeHcauusi
LUTOMJA3Mbl coOUueTaeTcsi ¢ W3MeHeHueM (HopMbi
KJE€TKHW — OHa o0pa3yeT MHOTIOUMCJ/ICHHbIE KpyMn-
HbI€ B3AYTHUSI U BbIMSIYUBAHUA, SAPO OKOHYATEJIBHO
YIJOTHSETCS, CMOPLUMBACTCS (Kapuonuknos3) n pac-
naaaercsi Ha parMeHTbl, OKPYXeHHble MCMOPaHOM.
BbinsiuuBaHust KJAETKW, coOAepXallMe OpraHes bl
u pparMeHTHl sLApa, OTWHYpPOBBLIBAKOTCA, hopMuUpysi
KpYMHbIE OKpYXeHHble MeMOpaHol ¢parMeHTbl —
anonmomuyveckue measya. [NocneaHue ObICTPO 3axBa-
THIBAIOTCSI U MEPEeBaApUBAIOTCSI COCEAHUMMU KJIeTKAMHU
MJU MECTHbBIMM darouMTaMu; BOCnaluTe/bHas pe-
4AKLUSI MPU ITOM HE pa3BUBAETCH.



LUUTOJIOINUA

Puc. 1. CTpoeHve KNneTku No AaHHbIM CBETOBOWN
MUKPOCKONUU

(Ha npyuMepe HepBHOM KNETKU YYBCTBUTEJIbHOIO
y3na CNUHHOMO3roBoro Hepsea)

Okpacka: remMarokCUInMH—303MH

1 —qaapo: 1.1 —agepHas obonoyka (kapuonemma),
1.2 — xpomaruH, 1.3 — aapsbiwko, 1.4 — kapuonnasma;
2 — uMTonnasma
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Puc. 2. KneTtkm Ha rucTofiorM4eckux cpesax, OKpaleHHbIX Pa3nuyHbiMu cnocobamu:

A — HeokpauweHHbi cpes; b — cpe3s, okpalleHHbIA reMaToKCUNMHOM; B — cpes, OkpalleHHbIn 303nHOM; [ — cpes,
OKpalLEeHHbIN FTeMaToKCUIMHOM U 303MHOM: 1 — aApo; 2 — uutonnasma



CTpyKTypbl LUTONNA3MbI

CTPYKTYPbl LUUTOIMJIASMbI
(BbIIBNSieMbie NPV CBETOBO MUKPOCKONUM)

Puc. 3. MutoxoHgpum
(B anUTEennanbHbIX KNETKaX NOYe4YHOro KaHanbua)

Okpacka: xene3Hbiv reMaTtoKCUIIAH

1 —uutonnaama KIeTtkn noyYyeyHoro kaHansua: 1.1 —
anukanbHas YacTb, 1.2 — 6azansHasqacts, 1.2.1 — mu-
TOXOHOPWK; 2 — AP0

Puc. 4. Komnnekc Nonsaxun
(B ponnuKynapHbIX KNeTKax WUTOBUOHOMW
xenesbl — TMpouuTax)

Okpacka: a30THOKMNCI0e cepebpo—reMarokCuInH

1 — umTonnasma Tupouuta: 1.1 — anukansHasi 4acTb,
1.1.1 — komnnekc lonepxn, 1.2 — BalanbHas 4acTb;
2 — aapo

NMpumeuyanune. 3peckL U aanee UCNONbL30BaHHLINA Ba-
PWAHT OKpacku (MMNperHaunm) asoTHOKUCILIM cepeb-
POM He yKa3sblBaeTcsl

Puc. 5. BknwoyeHvs rmukoreHa
(B KNeTkax neYeHun — renaroyurax)

Okpacka: LLUNK-peakumsi n remaTtokCcuimH

1 — umTtonnaama renatoumTa: 1.1 — rpaHynsl rukoreHa;
2 —anpo




Puc. 6. lunuaHbie BKNIOYEHUS
(B kneTkax neYyeHun — renaroumrax)

Okpacka: cynaH YepHbli—cagpaHnH

1 — uuTonnasma renarouuta: 1.1 — NMNUOHLIE Kannu;
2 — appo

UunToJsiorms

Puc. 7. JlunugHebie BKIOYEeHUS
(B XXVMPOBbLIX KNEeTKax — aaunouuTax)

Okpacka: cynaH Il

1 — uyutonnaama agunouuta: 1.1 — nunuaHaa kanng,

3aHumalowas 6onblyilo YacTe uMTonnasmbl; 2 — 0b6-
NnacTb pacnonoxeHus aapa

Puc. 8. CekpeTopHble BKNOYEHUR
(B KNeTKax KOHLUEBbIX OTAENOB NOAXENYA04YHOW
)enesbl — NaHkpearouurtax)

Okpacka: remMaroKkCu/IMH—303UH
1 — umtonnasma nankpearouurta: 1.1 — anukansHas

yactb, 1.1.1 —rpaHynbl cekpeta, 1.2 — 6asanbHas

4yacTb, 2 — 94p0

Puc. 9. NMurmMeHTHbIE BKNOYEeHUSs

(B NTUrMEeHTHbIX KNeTKax KOXXW akCoNoTns):
NNOCKOCTHOM (NNEeHO4YHbIW) Nnpenapar
Okpacka sapa: KapMnH

1 — unTonnasma nNnUrMmeHTHOW knetku: 1.1 — oTpocT-
k1, 1.2 — rpanynbl nurmeHTa (MenaHuHa); 2 — aapo



CTpyKTYpbl LUTOMNNA3MblI

CTPYKTYPbl ULNTOIMJIASMbI
(BbIIBNSiIEeMble NPU 3NEeKTPOHHOW MUKPOCKONUMU)

Puc. 10. O6bemMHas cxema ynsTpacTPYKTYPHOMU OPraHu3aummn KneTku:

1 — nnaamonemma: 1.1 — yqacTkn MeXKNeToYHbIX COEOAUHEHWIA Ha naTtepanbHOM NoBepxHOCTH, 1.2 — aHgoum-
TO3HbIE nNy3blpbkn Ha 6GazanbHOW NOBEPXHOCTW, 1.3 — MUKPOBOPCUHKKM Ha  anukansHOW nosBepx-
HocTKn, 1.4 — yyacTOoK BblaeneHws cekpeta;, 2 — agpo: 2.1 — apepHas obonoyka, 2.1.1. — anepHble
nopsel, 2.1.2 — pubocomMbl Ha NOBEPXHOCTU AaepHon o000n04kn, 2.2 — xpomaTtuH, 2.3 — SAPbLILKO;
3 — uutonnasma: 3.1 — rpaHynsipHas aHaonna3maruyeckas cetb, 3.2 — komnnekc lonboxun, 3.3 — MuUTo-
xoHApuK, 3.4 — nNN30COMbl, 3.5 — KNETOYHbIN LEeHTP, 3.6 — MukpoTpyBouku, 3.7 — cekpeTopHbLIe rpaHybl



UMTOJNTIOTUA

Puc. 11. MuroxoHgpus

C NnamMennsipHbiMu KpMcTamm

W rpaHynsipHas aHgonnasmarmyeckas
CEeTb

PucyHOK € 3n1eKTpOHHON MUKPOgOoTOrpa-
Py (BMP)

1 — mutoxoHgpusa: 1.1 — HapyxHas MUTO-
xoHapuansHas membpana, 1.2 — BHYT-
PEHHAA  MUTOXOHApWanbHaa membpaHa,
1.2.1 — kpucThl, 1.3 — MUTOXOHAPUANBbHBIN
MaTtpukc, 1.4 — MuTOXOHApWanbHblie rpa-
HyNbl, 2 — rpanynapHas aHgonna3martu-
yeckass cetb: 2.1 —uuctepHbl, 2.1.1 —
membpaHa, 2.1.2 —npocBeT UWCTEpPHBI,
2.1.3 — pubocomel; 3 — rnanonnasma

Puc. 12. MutoxoHgpwvs

C TYyOyNnApHO-BE3UKYNAPHBLIMU
KpUCTamMu, arpaHynspHas
3HAOMNNIa3MaTUYECKan CeThb,
nunodycumHoBas rpaHyna

M rpaHynbl rNMKOreHa

PucyHok ¢ SMP

1 — mutoxoHppua: 1.1 — HapyxHass Mu-
TOXOHApuansHas membpana, 1.2 — BHyT-
PEHHASR  MUTOXOHApWanbHas membpaHa,
1.2.1 — kpucCThI, 1.3 — MUTOXOHAPUANLHLIN
MaTpukc, 1.4 — MUTOXOHApPUanbHbIEe rpaHy-
nbl; 2 — arpaHynapHas 3Haonnasmarm-
yeckas ceTtb: 2.1 —uwucrepHa, 2.1.1 —
membpana, 2.1.2 — nNpoCBEeT UUCTEPHbI;
3 — nunodpycumHoBas rpaHyna, 4 — rpaHy-
Nbl rVKOreHa; 5 — rnanonnasma



CTpPYKTYpbl LUTONNA3MbI

Puc. 13. Komnnekc Nnneoxu Puc. 14. MNepokcucoma

PucyHok ¢ IMP PucyHok ¢ SM®

1 — LUMC-NOBEPXHOCTL; 2 — TPAHC-NOBEPXHOCTL; 3 — UMC- 1 — membpaHa; 2 — matpukc: 2.1 — kpuctannongHas
TEPHbI (MELLOYKN); 4 — Ny3blpbkuy; 5 — BaKyonn cepauesuHa (Hykneova)

Puc. 15. MukpoTpy604ky MUTOTUHECKOIro BEpEeTEHa
PucyHok c M@
1 — NPoAONbLHLIV cpes; 2 — nonepeyHbln cpesa



T uuTonorYs

Puc. 16. UenTpuons:
A — 06w Bua (obbemHas pekoHCcTpykums); B — nonepeuHbiv cpes (pucyHok ¢ AMD)
1 — TpunneTbl MUKPOTPYBOUEK; 2 — LEHTPUONAPHBIE CaTerNnTbl (LEHTPbLI OpPraHn3aunn MMKpoTpybo4ek)
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A0PO, OEJIEHUE U TUBEJIb KJIETKW

Puc. 17. YneTpacTpyKTypHas opraHn3auvs sapa KneTku

PucyHok c SM®

1 — anepHas obonoyka: 1.1 — HapyxHas spepHas membpana, 1.1.1 — pubocomebl, 1.2 — BHYTPeHHNAS spepHas
membpata, 1.3 — nepuHykneapHoe NpocTpaHcTBo, 1.4 — saaepHble nopbl; 2 — Hykneonna3ama (kapuonnasma);

3 — XpOMaTUH; 4 — SAPbILLKO



unuToJ10rud

Puc. 18. KneTouHblii yukn (cxema):

M — muTo3 (pasa M)

MNMeproawbt (4actn) nHTepgassl:

G -nepuoa, nnm ¢asa G, (MoCTMUTOTUHECKI MHTEPBAsT), HACTYNAET CPa3dy NOCNe MUTOTUYECKOr O AENEHUS KNETKW,
XapakTepu3yeTcs akTUBHbIM ee pOCTOM, BOCCTaHOBeHMeM Heobxoammoro Habopa opraHensn 1 CUHTe30M «3anyc-
Kaowmx» Benkos-akTneaTopos S-nepuoaa.

G,-nepnoa (¢asa G,) — penpoayKTVBHbI NOKOW. HacTo 310 NEPVO/, reTepoCcHHTESA, Koraa Knetka anddepeHum-
PYETCSs 1 BINONHAET CBOU cneundunyeckne GyHKUMK BNNoTe 40 ceoen rubenn (D). MNpu cTUMynauMm HEKOToOpbIe
KNieTk cnoco6HbI BO3BpawaTscs B G,-nepuog.

S-nepuoa, nnn ¢pasa cuHTesa AHK, xapaktepuadyeTtcs pennukauuein (yasoeHnem) cogepxanua AHK n cuHtesom
6enkos, obecneymsaloLLmMX ynakoBKy BHOBb cuHTe3npyemon [AHK. YaBanBaerca 4ucno ueHTpuonen.

G,-nepuoa, nnuv ¢pasa G, (NpemMuToTUYIeCKni nHTepBar), NPoAocIKaeTcs A0 Havana MutTosa. B TeueHne aToro Bpe-
MEHM B KNIETKE NPOMCXOAUT NOArOTOBKA K AENEHUID: CO3PEBaHune LLeHTPUOoNEen, HakonneHne aHepruu, cmHtes PHK
1 6enkoe, HeobxoAMBIX A5 NPoUEecca AeneHns
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Puc. 19. MutoTuyeckoe geneHve XXMBOTHbIX KNIETOK
Okpacka: xenes3Hbii reMaroKCHnH

1 —«knetka B wHTepdase: 1.1 —appo, 1.1.1 —apepHans obonouyka, 1.1.2 — xpomatuH, 1.1.3 — aapbIWKO,
1.2 — uutonnaama, 1.3 — nnaamonemma; 2 — MUTOTUYECKN aenswmecs knetku: 2.1 — npodasa, 2.2 — mera-
¢aza: 2.2.1 — metadasHan (sKkBaropuansHas) NnacTuHka, 2.2.2 — «marepuHckas 3sesnar», 2.3 — aHadasa:
2.3.1 — paHHa8a, 2.3.2 — no3aHaa, 2.4 — tenodasa

Puc. 20. Anonto3. Mopdonornyeckue uaMeHeHus KNneTok npm anonto3e (cxema):

A1 — Hayano anonTo3a: yrpara K/1eTKOW COeANHEHUI C COCEAHNMU NHTAKTHLIMU KJIETKaMu 1 ee OTAENEHNE OT HUX.
A2 — cxarve n ynjaoTHeHue unutonaasmsl U aapa, usMeHeHue Gopmbl KNeTku, pacnpeneneHne rerepoxpomarmHa
B BUAE NONyNyHWI nogd kapuonemmoin. A3 — HapacTtaLee cxaTne 1 yrnnoTHeHue knetku, obpazosaHue B3oyTuin
1 BbIDOCTOB Ha ee NoOBepxHOCTU, KapMonNUKHO3. A4 — pacnag kneTku Ha GparMeHTbl, OKPYXEHHbIE NNasmMoNneMmMon
(anonTtoTu4yeckue Tenbua), u ux paroumTo3 CoOCeaAHMMU MHTAKTHEIMW KNeTKkamMmn



















































































































































































































































































































































































































































































































































































































































































































































































































































