


OI'JIABJIEHHE

BBELEHUIE. ... 5
YEJIOBEK (OOIIHE JAHHBIE) . . . .\t ot et et e te et et e et e e e e e e e e 7
KUIETKA. « o oo 9
XUMUUECKUTL COCMAG KICTIKIUL . . .« o v e it e e et et e et et e e 9
CMpOeHUE KIETKU UETIOBEKAL . . . . ..o vt e et e e e et et et et 13
HeMeMOPAHHDIE OP2AHOIIIDL . . . . .. ..o\ ottt e ettt e e et 16
Membpaniwvie opzanennvl. Tpancnopm uepes MEMOPAHDL . . .. ........c.ouerenrnnenin. 19
KRemounvitl YUKl . . . ..o 29
L[umo30sb. PUGOCOMBL U CUHMES OCTKA . . . . ..o oo oo e e et e e 34
721 . 35
INUMETUATOHBIE MKAHU « . . . o o e oe e et et e et e et e 35
CoeOUHUMENDHBLE U OMOPHBLE MKAHU . . . . o+ o oo\ oot e et et et e e e e e aa s 38
KDOBD . . . 38
MObLUUEUHASI MKAHD . . . oottt e e e e e e e e e e e e e 56
HepoHuas muann . .......... . 60
Oprasbl, CHCTEMBI M AITTTAPATBI OPTAHOB - . . . ¢+« ottt ettt e e et e et e e e e e eeee s 67
OcCOGEHHOCTH CTPOEHUS, POCTA W PASBUTHS YETTOBEKA . . . v o veteee e et e e e aeee e 69
OIOPHO-IBUTATEJIBHBIN ATITTAPAT. .. ... 77
CHCTEMA CKEITETA . .+ e ettt ettt e e e et e e e e e e e e et e et e et e 77
CHCTeMA COEIMHEHUIM KOCTEI . . .« ottt ittt e et e e e e et e e e e 82
Ly 070C3 517 (& Y (< P 88
OCEBOTL CKOTIN . . . . oottt e e e e e e e e e 88
CoeOunenust NO360HOUHOZ0 CIMOMOM - . . . . . oot e ettt et 95
UEPOM . . . oot 98
Kocmu u coedunenust KoCmei KOHEUHOCEI . . . . .. .. ..o\ v e 118
MUOTOTHST (YUEHUE O MBITITIIAX ) « + + « + et e e eee e et e e e e et e e et e et e eeee e 138
CMPOCHUC MBIUIL . . . . oottt e e e e e e e e e e e et et 138
ONEMEHIMDL CUOMEXAMUKIL . . . . . ..o\ e e e e e e e e e e e ettt 140
MOIUYDL 20TI0BDL . . . . o oo oo et e e e e 141
MBUUUDL WU . . . . .. .o oot 145
B B ey 146
MbLUbL 2DYOU. . . ..o 148
MBUUYDL HCUBOMUA . . . . .o v et et e e e e e et e e e 150
Mblilitypl BEPXHET KOHEUHOCTU . . . . o o o\ et eo e et et ettt e e et e e e e 154
Moltutyol HUNCHETE KOHEUHOCIIUL . . . . o o o\ o v oot ettt e e e et e e e e et e e e e 156
DOyHKINS OMOPHO-ABUTATEIBHOTO ATITAPATEA. « « « « .t vt et ate e ete e et et e ae e aeenes 159
PaboTocrnoco6HOCTD, PAGOTA, YTOMIIEHUE W OTIBIX .« .. vt veseeesetetetananananenannn. 161
DUBUUECKAST AKTHBHOCTD - « .« .« o et etete et et et e e e e e e e et 165
BHYTPEHHUE OPTAHDI. .. ... e 167
[TUTIIEBAPUTEIIBHAS CHCTEMA - . .+« o ettt et e et e e e e e et e e e e e e e 168
TIoNOCI® PMQA . .. ..o 174
R 175
BYOBL . . oo 177
THOMKG . .. oo 181
TTUWIEBOO. . . ... o 182
JREIYOOK. . ..o e 183
TOHKAA KUUIKQ . . . ..o oo oo e e e e e e e e e e e e e e e e e et 185
TONCMAA KUMIKQ. . . . ..o ottt e e e e e e e e 190
TIGUCHD . ... o 194
JKEUHDIT NYBOIPY . .. . oo 199
TT00KHCEYOOUHAI HCONCIA . . . . ..o\t ettt e 200
DOyHKIUY TUTEBAPUTETHHON CHCTEMDBI . .+« .t o te e ete et e et e et et ae et eeeeene s 201



OIJIABJIEHHE

— 4

TTUWEBAPEHUE . . ... .. o 222
JIBIXATEIIBHAS CHCTEME . . . oot e ettt et e e e e e e e e e e e e et e e e e e 229
TIOMOCIID HOCQ .« o v oot e e e e e e e e e 230
Topmann . ... 231
TDAXCA. . ... oo 234
BPOHXU . . oo 234
JIOZKUC. . . oo 237
HIMEBPA . . . . . oo s 241
DYHKIUST ABIXATETBHOM CHCTEMBI .+ . vttt et et e et e e et et e et e a e i eae e 241
Ta3000MEH 8 NEZKUX U MKAHSIX . . . .o o ottt e et e e e e e e 244
MOYEMOMOBOM ATITTAPAT . . . .+ o ettt et et e et e e et e e et e e et et e e 245
MOUCBDIC OPZAHDL . . . ..o oottt e e e e e e e 247
Muyorcckue nonoBvIe OP2AHDL. . . . .. ... 252
JKeHCKUE NONOBDLE OPZAMDBL . . . ...\ o oottt e e 260
TI071080€ COBPEOAMUE . ... ... ..\o oot e e e e et 270
Buonozuuecxas u coyuanvuast CYyuHOCMs NOAA YCTOBEKA . . ... ....ooueurunennennn.. 271
Hon0BOU YUKTL UCTIOBEKA . . . ..ottt et et 273
[TomoCTh KUBOTA. BPIOTIIITHA . . . .o oottt e e e 277
CepHeTHO-COCYMUCTAST CHCTEMA . .« « .« e v et tte e et e e et e et e ettt e e et e s 280
COPOUE . . ... e e 282
QYHKUUU CEPOU . . . . oottt et e e e e e e e e e 286
KDOBOCHAOHCEHUC OPZAMUBMA. . . .. ...\ttt 290
DyHKIUST CEPAETHO-COCYTMCTOM CHCTEMBI . . .+ et v et et e et et e et e e ee e eane e 298
Pezynsyusn Qynxuuil cepoeuno-cocyOUCOT CUCTIEMDL. . . . . .. ..o v e e e aeennn. 302
JIMM@PATHIECKAST CHCTEMA. . . . v o vttt ettt ettt e et e e e et e ettt e e e eae s 303
JInmdongnas cucrema (opraibl KPOBETBOPEHUSA U UMMYHHOIN CUCTEMBL). .. oo vt .. .. 303
TMMyHUMEN . . ..o 303
JIUMPOUOHBLE OPZAHBL . . . ... oot et e e et 304
HEPBHASA CUCTEMA . .. e 313
LenmpanvHas HEPEHASL CUCTIEMA . . . . . ..ottt e e e et e e 314
Tepugpepuneckas HEPEHASI CUCTIEMA . . . . . ... ..o\ e e e et e 334
Aemonomnulii omoen nepugepuneckoll HepeHOU CUCEMbL
(Be2emamuBHAst HEPBHASL CUCTIEMA) . . . . . . o v v s et e e et e et e et e e e 339
Boicuuast HEPEHASL OCAMENLHOCTID . . . . .. .o\ o e et e et e et 343
NurterpatnBHast QYHKIUS HEPBHOM CHCTEMBL. . . ..ttt vte ettt e et e eaeaieeae s 346
PummvL mo32a .. ... 346
COH U BOOPCIMBOBAHUE . . . . . ..\ e e et et e e e e ettt 347
COSHAMUE U MOIUTIEHUE . . . . .. oo vttt e e e e e e e e e et 347
YACHOPAZOCTOHAS PEUD . . . . .\ o oot e et e e e e e e e e e e e et 347
Hayuenue u namsimo . .. ... 348
TIOBEOCHUE . . ... oot e e e e 350
MOMUBAUUSL. . . . .o oo oot e e e e e e e e e 351
HHMENACKIN . . oo oo e 353
OHAOKPUHHAA CUCTEMA. . .. e 354
OHOOKDUMHDIE HCOIOIDL. . . . . ..\ oo et e et e et et e e et e 354
OPTAHDBI UYBCTB. . ..o e 367
OPTAH BPEHIST . . .\t eeett e ettt et e e et e e e e e e et e e et e e et et 368
THABHOC SOMOKO . . . .o oottt e e e e e e e e e 368
Bcnomozamenvtvie OP2atvl ZIA3A . . . ... ..o vt e 372
YO e 373
OPTaH OOOHIHYIS .. . .ot ettt e e e e e e e e e e e e e e e e e e e 378
L0 0) i 5 0 3o PPt 379
(©737111757 81 (0] 14 170 ) - 18U 379

Koorcnast uy8CmBUMENDHOCID. . . . ..ottt e et et e 383



BBEAEHHWE

Enonomﬂ — 9TO COBOKYITHOCTb HAyK O JKU-
BOIl TIpUpOZie O CTPOEHUU, PA3BUTHHI
U MHOTOOOpa3Wu KWBBIX CYIIECTB, WX B3aUMOOTHOIIEHUSX W CBSI3SIX
¢ BHeIIHEeN cpenoil. Byayuu eaunoii, 6Guosorusi BKIOYaeT B ce0st Ba OC-
HOBHBIX pasfesna: mMopdosoruto u dusnosoruo. Mopdosaorus mnsyuyaer
dopmy U cTpoeHue KUBBIX CYIIECTB; (PU3UOJIOTUS — HAayKa O >KU3Hees-
TEJIBHOCTH OPTaHU3MOB, TIPOIIeCCax, MPOTEKAIOIINX B MX CTPYKTYPHBIX dJie-
MeHTax, o peryusiuuu GyHkiumil. CTpoeHne BceX CTPYKTYP HePa3pbIBHO
cBs3aHo ¢ ux ¢yHkimen. K ynciy Mmopdoaornyecknx IUCIUIIINH OTHOCHT-
csl M aHATOMWUS (B IIUPOKOM CMBICJIE) YesloBeKa — HayKa o (hopme u cTpoe-
HUU, TPOUCXOXKJIEHUH W PAa3BUTUU YeJIOBEYECKOTO OPTAaHU3MA, €r0 CUCTEM
¥ OpPraHoB, BKJIIOYasg WX MUKPOCKOMUYECKOE M YJIBTPAMUKPOCKOITIYECKOe
crpoerne. CoBpeMeHHasd aHATOMUSA SIBJISIETCS (PYHKIIMOHATBHOM.

HeB0o3MOXHO TIOHSATH aHATOMUIO YeOBeKa, He 3HAs €T0 MPOUCXOXKIIe-
HUST KakK BUa aHTpororenesa (ot rped. anthropos — «uemoBek», genesis —
«TTPOUCXOKIEHHES ), UCTOPUYECKOTO IBOJIOIMOHHOTO PAa3BUTHSI OPTaHU3-
MoB (umorenesa (ot tpeu. phylen — «pom») wu mporecca ero
VH/IUBU/IyJIbHOTO Pa3BUTHs, HAYMHAS C OIJIOZIOTBOPEHUS U KOHYAsl CMep-
ThIO — OHTOreHes3a (0T rped. onthos — «cyiee»).

YesioBeK Kak OMOJOTHYECKOE CYIIECTBO MPUHAIIEKHUT K KUBOTHOMY
mupy. [ToaTOMy aHATOMUST M3yYaeT CTPOEHUE YeJOBEKa ¢ yYeTOM OUOJIOTH-
YeCKMX 3aKOHOMEPHOCTEN, TPUCYIINX BCEM JKUBbIM OPraHU3MaM, B TIEPBYIO
o4epesb BBICITNM TTO3BOHOYHBIM, a TAKKe BO3PACTHBIX, MOJOBBIX 1 MHIUBU-
JyalbHBIX 0COOeHHOCTEN. YeT0BeK OTIMIAETCS OT JKUBOTHBIX HE TOJBKO O
1IeJIOMY PSITy aHATOMUYECKUX MTPU3HAKOB, HO M KaUeCTBEHHO (9T0 ryaBHOeE!)
GJyaroapsi pa3BUTHUIO MBIIILIEHUST, CO3HAHUS, YIEHOPA3IeTbHON peun MH-
TEJIIEKTY, CBOEH COIMATbHOI CYNTHOCTU. YeloBeK — eIMHCTBEHHOE CyTIle-
cTBO, obJajalolee cBO60L0I BHIOOPA.

Anatomud ¥ (HU3NOJOTUS TPAAUITMOHHO (M 3aCTYKEHHO) SIBJISIIOTCS OJ1-
HUMU 13 DYHIAMEHTAIBHBIX AUCIUILIMH B CHCTEME MEMITHHCKOTO 00pa3o-
BaHust. Crenyer Mo4epKHyTh, YTO ITU TUCIUTIIIMHBI SIBJISIOTCS €/IMHCTBEH-
HBIMU, KOTOPBIE 3HAKOMSIT OYAYILYI0 MEAUIMHCKYIO CECTPY CO CTPOEHUEM
TeJia YeJIoBeKa ¥ 3aKOHOMEPHOCTSIMU €T0 JKU3HeIesTeTbHOCTH.
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Anatomus n GU3NOIOTHS YeJI0BeKa CIYKUT (DYHIAMEHTOM psia Teope-
TUYECKHUX U KIUHUYECKUX AUCIUIIINH: TUCTOJIOIUH, IIUTOJIOTHH, 9MOPUOJIO-
T'YH, MATOJOTUYECKOW aHATOMWH U MATOJOTUIECKON (PU3NOTIOTHH, TEpATTy,
XUPYPruu, HeBponatoaorun u Jp. ViMeHHo anaToMust u pU3UOJIOTHS JTeKaT
B OCHOBE CECTPHUHCKOI'O JeJia.

Anatomust ¥ (HU3UOIOTHST PACKPBIBAIOT BaskHelIe 001eOnoIornyae-
CKHe 3aKOHOMEPHOCTHU, PAa3BUBAIOT MUPOBO33PEHNE MEAUITMHCKON CECTPHI,
€€ MbIIIIJIEHUE, BOOPY-KAIOT 3HAHMEM CTPOEHUS TeJla YeJIOBEKa, PACKPbIBAIOT
€T0 CBSI3U C OKPYJKaIOIIEl Cpe/oi, a TakKe TI03BOJISIOT MMOHATH (hopMoobOpa-
3YIOILYO POJIb QYHKITHH, CBSI3b OMOJOTMYECKUX M COIMATBHBIX (DAKTOPOB.

[MoaroToBKa COBpEMEHHON MEIUITMHCKON CECTPbI, CECTPBI MUJIOCEPAUS
JIOJDKHA HAYWMHATBCS C M3YyYEHUST CTPoeHUus M (hYHKIIMOHWPOBAHUS Tesa
37I0pPOBOTO («YCPETHEHHOTO» ) YesoBeKa. be3 3Toro HeBO3MOKHO TIO3HATH
CYIIHOCTh YeJIOBEKA KaK OUOJIOMMYECKOTO CYIIEeCTBa, OObICHUTh OCOOEHHO-
CTH €T0 IICUXUKH, TOBEJACHN U TIOBCEIHEBHO 3aHUMATHCA MPEAYITPEKICHN -
eM 3a00JIeBaHNil U aKTUBHO y4acTBOBATh B JiedeHNN. B ocHOBe mpenogaBa-
HUS Kypca «AHatromMur v (HDU3UOJOTUUY JIEKUT MPUHIAI TEJTOCTHOCTH,
KOTOPBIN TIpe/IoJiaraeT n3ydeHrne CTPOEHUs Tesia yesioBeKa Ha BCeX YPOB-
HAX (YIBTPACTPYKTYPHOM, MUKPO- ¥ MAKPOCKOITUUECKOM, TIOTYISAIITUOHHOM
1 BUZIOBOM ) C YIETOM €IMHCTBA ¥ B3aMMO3aBUCUMOCTH CTPYKTYPBI 1 (DYHK-
. HacTtostimmii yueOHUK HAIMCaH ¢ yY4ETOM CIeln(UKHU TTOATOTOBKU Me-
JIMIIUHCKON CECTPBI, B TOM YKCJIe C BBICITUM 00Pa3sOBaHEM.

Ceroatist OOJIBITUHCTBO JIOJE OYeHb Majo 3HAIOT O CBOEM TeJie, TI0-
CTPOEHHOM 110 00KeCTBEHHOMY 00pasy ¥ MOA00UIO, O TOM, KaK OHO (DYHK-
IUOHUPYET, O CyTH 3/I0POBbSI U NPUHIUIIAX €TO COXPAHEHUs. JTa KHUTA
JIOJKHA CTaTh HACTOJIHOW IS KasK[IOTO YeJIOBEKa, KOTOPBIH 3a00THTCS
0 cebe 1 0 CBOEM 3/[0pPOBbe — TJIABHO EHHOCTU B )KU3HIL.

Asmopuwi



YEJIOBEK:
OBLUHE AAHHBIE

Bnpouecce U3yYEHUsT YeJI0OBEKA €r0 CTPYK-
TYPBl YCJIOBHO TOAPA3/ETSAIOT HA KJIETKH,
TKaHU, OPTaHbl, CHCTEMBI U aIllapaThl OPTaHOB, KOTOPbIE U (POPMUPYIOT OP-
ranuaM. OIHAKO cIefiyeT MpeaocTepedb ynTaTeis OT OYKBaJIbHOIO MOHUMA-
Hust 91010 fenenns. OpraHusM erH, OH MOKET CYIECTBOBATH JIUIIb OJ1aro-
71apst CBOEH 11eJIOCTHOCTH, HO B HEM BBIJIEJISIIOT PSI/L MEPAPXUYECKUX YPOBHEN:
KJIETOYHBIH, TKAHEBbII, OPraHHbIN, CUCTEMHBII, OpraHu3MeHHbIi (Tabur. 1).

KJIETKA

Kretka siBsieTcsi OCHOBHOW CTPYKTYPHOU U (hyHKIIMOHAJIBHOUN enu-
HUIIEN KUBBIX OPTAaHU3MOB, OCYIIECTBIISIIONIEN POCT, Pa3BUTHE, OOMEH Be-
IECTB U IHEPTHUH, XPAHSIIIENcs], mepepadaThiBAIONIEN U PeaTH3yIolieil reHe-
Trdeckyo uHbopmainuio. Kirerka mpeacrasisier co00il CIOKHYIO CHCTEMY
OUOMOIMMEPOB, OTAEJIEHHYIO OT BHEIIHEH CPEeIbl IIa3MaTHYeCKON MeMOpa-
HOH (IIUTOJIEMMOM, TIJIA3MAJIEMMOI ) U COCTOSIIYTO U3 SI/Ipa W IIUTOILIA3MBbI,
B KOTOPOU PacioJiaraloTcs OpraHesibl U BKIIOUEHMSI.

Hewmenxuit yuenniii T. IlIBann B cepennne XIX Beka co3ziai KJIeTOUHYTIO
TEOpHUIO, OCHOBHBIE TOJIOKEHUS] KOTOPOH CBUIETENBCTBOBAIN O TOM, UTO
BCE TKAaHW U OPraHbl COCTOAT U3 KJETOK; KJIETKU PACTEHWUU W KUBOTHBIX
MPUHIUITHAIBLHO CXOMHBI MEKIY COOOM, BCe OHM BO3HUKAIOT OJNHAKOBO;
NesITeIbPHOCTh OPTaHU3MOB — CYMMa JKU3HEESTebHOCTA OT/IEJIbHBIX KJe-
ToK. Bosibiioe BinsgHue Ha fabHeliliee pa3BuTHe KJIETOYHON TEOPUU U BO-
0011le Ha yYeHUe O KJIeTKe OKa3asl BEJIUKWI HeMelKkuil yuenbiii P. Bupxos.
OH He TOJTBKO CBeJl BOEMHO BCe MHOTOYNCJICHHBIE Pa3pPO3HEHHbIE (DaKTHI,
HO U yOeAUTENbHO MOKa3aJl, YTO KJIETKU SIBJISTIOTCSI TIOCTOSTHHON CTPYKTY-
POii ¥ BO3HUKAIOT TOJIbKO IIyTeM Pa3MHOKEHUSI.

Kaemounass meopust B COBpeMEHHOIT WHTEPIIPETAIIMY BKIIOYAeT B ceOst
cJeytolye TIaBHBbIE TIOJOKEHUS: KJIeTKA SBJSETCS YHUBEPCAJIbHON aJie-
MEHTAPHOW eIMHUIIEH KMBOTO; KJIETKU BCEX OPTaHU3MOB IIPUHITATINATBHO
CXOJTHBI TI0 CBOEMY CTPOEHUI0, (DYHKIIUU U XUMUYECKOMY COCTaBY; KJIETKU
Pa3MHOXKAIOTCS TOJIBKO IyTeM JleJIeHUsI NCXOAHON KJIETKU; MHOTOKJIETOY-
Hble OPTAaHU3MBI SIBJISTIOTCSI CJIOKHBIMU KJIETOUHBIME aHCaMOJISIMU, 00pasy-
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Tabauya 1

l/lepapxw{ecm/le YPOBHH CTPpOEHHA OpraHru3Ma

Moutekybt

Cy6KIeTouHbBIE CTPYKTYPBI

Kaerkn n ux IIPpOU3BO/IHBIE

Tkanu (anuTesnanbHble, BHYTPEHHEN Cpe/ibl, MblllIeyHble, HEHTPaJIbHbIE)

MopdodyHKInoHaIbHbBIE €IUHHIIIBI OPTAaHOB

Opranbt

Al'[l'[apa'l'bl N CUCTEMbBI OPraHOB

CHUCTEMBI

AIIITAPATDBI

OMnopHO-ABUTATENbHDIIT
MouernosioBoit

OHIIOKPUHHBIN

CeHCopHbIi

MpimieuHast, KOCTHas, COeTUHEHNS] KOCTeH
MoueBas

[Tonosas

Oprasbl 4yBCTB

[MummeBapurenbHas
JlpIxaTesibHas
CepiiedHo-cocyucTast
KpoBeTBopHas u MMMYyHHas

Hepsras (annmManbHast 1 BereTaTuBHAS )

Enunerit oprannsm

IONUMU 11eJIOCTHBIE CUCTeMBbI. bilarofapsi coBpeMeHHBIM MeTO/IaM UCCJIIe0-
BaHMs OBLIM BbISBJIEHBI [[Ba OCHOBHBIX THIA KJETOK: 0oJiee CJIO0KHO
OpraHn30BaHHbIE, BHICOKOAN(DhEPEHITMPOBAHHBIE JYKAPUOMUYECKUE KAem -
Kku (pacTeHusi, KMBOTHbIE U HEKOTOPbIe TPOCTEHIIe, BOJOPOCHU, TPUOBI
W JIAMAWHWUKU) W MeHee CJIOXKHO OPTaHW30BAaHHBIE NPOKAPUOMUUECKUE
xaemku (cuHe-3eJieHble BOJOPOC/IN, aKTUHOMUIIETBI, OaKTEPUH, CIIUPOXETHI,
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o__

MWKOIIJIa3Mbl, PUKKETCUHU, XJaMUUN). B oTMdme OT MpoKaproTUYecKoi
ayKapuoThiyeckas KJeTKa UMeeT S/[PO, OrpaHUYeHHOe IBOWHON SIepHOM
MeMOpaHoii, 1 OOJIBIIIOE KOJMYECTBO MEMOPAaHHBIX OPTaHeJII.

> BHUMAHHE

KneTka siBnsieTcsi OCHOBHOM CTPYKTYPHOW M (bYHRLUMOHA/JbHOW eAuHHULEN
JKMBbIX OpPraHW3MOB, OCYLLECTB/SIOLEH poCT, pa3BUTHe, OOMeH BellecTB
M SHEpPIvH, XpaHsllel, nepepabarblBalOlled U pealysyollied reHeTuye-
CRy0 MH(popMaLHio.

C toukn 3peHrst MOPGOIOTHH KITETKA MPEACTABIISIET COOOIT CAOKHYIO CHC-
TeMy OUOTIOJIIMEPOB, OT/IEJIEHHYIO OT BHEIIHEN CPe/Ibl MIa3MaTHYeCKOi MeM-
Gpanoil (T71a3MOJIEMMOIT) U COCTOSIIILYIO U3 si[pa U IUTOILIA3MBI, B KOTOPOI
pacroyiaraloTcst Opranesiuibl U Bkiodenus (rpanyJisl) (puc. 1). Kietku pasno-
0Gpa3HBI TI0 CBOEiT (hopMe, CTPOEHHIO, XUMUYECKOMY COCTABY U XapakTepy 00-
MeHa BellecTB. Bce KJIeTKH TOMOJIOTUYHBI, T.€. UMEIOT Pl OOIIHMX CTPYKTYP-
HBIX TIPU3HAKOB, OT KOTOPBIX 3aBUCUT BBITIOJHEHNE OCHOBHBIX (DYHKITHIA.
Kiterkam mpucyiiie emHCTBO CTpoeHusi, Metabosmama (0OMeHa BEIEeCTB) U
XUMHUYECKOTo cocTaBa. Bmecte ¢ TeM pasmuHble KJIETKU UMEIOT U crienuduye-
CKHe CTPYKTYPBL JTO CBSI3aHO C BBITIOJIHEHUEM UMHU CIIETIUATbHBIX (DYHKIIUT.

XHWMHUYECRHUI COCTaB RJIETRU

B cocrag kirerku BxoauT 6osiee 100 XUMIYECKHX HIEMEHTOB, Ha JIOJIIO Ye-
TBIPEX M3 HUX MPUXOAUTCSA OKOJO 98% Macchl, aTO opearozeHbl: KIUCIOPO]]
(65-75%), yraepon (15—-18%), Bomopox (8—10%) m azor (1,5-3,0%).
OcrajbHble 2J1eMEeHTBI TIO/IPA3ENSIIOTCA Ha TPUA TPYIIIBL: MAKPOIJIEMEHTHI —
ux cozepskanue B opranusme rpessbimiaer 0,01%); mukpoasementsi (0,00001—
0,01%) n ynsrpamukpoasementsl (Menee 0,00001). K makpoasiemenTam oTHO-
caTcst cepa, dhocdop, XI0p, Kajauil, HaTpui, Maruuii, Kaabiuit. K Muxpo-
aJieMeHTaM — JKeJie30, ITUHK, Me/lb, 1o/, (DTOp, amoMIHUHN, Me/lb, MapraHell,
kobGasbr u Ap. K yasrpaMukposieMenTaM — ceJieH, BaHauii, KpeMHUIA, Hil-
KeJIb, JINTHH, cepeOpo u 10. HecMoTpst Ha oueHb Majioe cojiepskaHue, MUKPO-
3JIEMEHTHI W yJIbTPAMUKPOIJIEMEHTBl UTPAIOT OY€Hb BaXKHYIO PoJib. OHuU
BJIMSIIOT, TJIaBHBIM 00pa3oM, Ha 0OMeH BellecTB. bes HUX HEBO3MOKHA HOP-
MaJIbHAS JKM3HEEeATETbHOCTh KayK/I0N KJIeTKU W OpraHu3Ma Kak I11eJIoTo.

Kierka cocTouT M3 HEOPraHMYeCKUX M OPraHMYecKux BellecTB. Cpean
HEOPraHMYecKuX HarboJIbIIee KOJUIeCTBO BOAbl. OTHOCUTEIbHOE KOJINYe-
CTBO BOXbI B KJeTKe cocTaBisieT oT 70 no 80%. Boma — yHuBepcasbHblii
PacTBOPUTEJIb, B HEll IIPOUCXOAUT BCe OMOXMMUYECKUE PeaKIUuU B KIIETKE.
[Ipu yyacTum BOJBI OCYIIECTBJISIETCS TeNoOperyJsius. Beiectsa, pacTBo-
psatorrecst B Bojie (COJIM, OCHOBAHMS, KHCIOTHI, OEJIKH, YIJI€BO/bI, CIIUPTHI
U Jp.), HasbIBalOTCsS TUAPOGUIbHBIMU. [uapodobHbie BemecTBa (SKUPHI
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Puc. 1. YibTpaMMKpOCRONMMYECKOE CTPOEHHUE RIETRU
1 — LHTOJIEMMa (l'[}'[aSMaTI/I'-[eCKaﬂ MeM6paHa) ; 2 — THMHOLHMTO3HbIE [1y3bIPbKH;
3 — LeHTpOCOMa RIETOYHbIN LIEHTP (LMTOLIEHTP); 4 — rhanoriasMa; 5 — sHAoriasMaTUdeckasi
ceTb: a — MeMb6paHa 3epHHUCTOM ceTH; 6 — pUBOCOMBI; 6 — CBSI3b NEPHUHYRJIEAPHOTO NMPOCTPaH-

CTBa C TOJIOCTSMHU DHAOM/Ia3MaTHYeCKoW ceTH; 7 — sapo; 8 — sgepHble MOpbI;
9 — He3epHHCTas (Iagrast) sHAoMIa3MaTHYecKas ceTb; 10 — siapbiiko; 11 — BHYTpeHHHM ceT-
yaTblii anmnapar (Romrieke [onbasku); 12 — ceRpeTopHble BakyosH; 13 — MMTOXOHAPHS;

14 — nunocomsl; 15 — Tpu nocrenoBaTeNbHblE CTaauK arourTosa; 16 — CBsi3b KIETOYHOM
060JIOYRH (LIUTONIEMMBI) C MEMOpaHaMH 3HAOTIa3MaTUYECKOM CETH
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U JKUPOTIOI00HbBIE) HE PACTBOPSIOTCS B Boje. [[pyrie HeopraHWYeCcKye Be-
mecTBa (COJH, KUCJIOTBI, OCHOBAHUS, TOJIOKUTEIbHbBIE W OTPUIATE/IbHbIE
noHbl) coctasisior ot 1,0 1o 1,5%.

Cpenu oprannueckux Bemiects npeobianaor 6enku (10-20%), Kupb,
win gumuasl (1-5%), yraeBogst (0,2—2,0%), HyKJIE€HHOBbIE KHCJIOTHI
(1-2%). CopepkaHue HHU3KOMOJIEKYJISIPDHBIX BEIIECTB HE IIPEBBIIIAET
0,5%.

Moutekysia 6esKa siBJSIETCS] TIOJTMMEPOM, KOTOPbIiT COCTOUT U3 GOJIBIIO-
r0 KOJIMYECTBA TOBTOPSIIONIMXCS €UHUIl MOHOMePOB. MoHOMepbI Geska
aMuHOKUCTOTB (X 20) coemHeHbl MEKIY cOOO0 MENTHIHBIMU CBSI3SIMHU,
obpasysi MOJUMENTUAHYIO Telb (MEPBUYHYIO CTPYKTYpy Oeska). OHa 3a-
KPYYUBAETCs B CUPaAJb, 06pa3ysi, B CBOI0 0YEPE/lb, BTOPUUHYIO CTPYKTYPY
Genka. Biaromapsi onpeseseHHON MPOCTPAHCTBEHHON OPUEHTAIUU IOJIH-
METTUHON e BO3HUKAET TPETUIHAST CTPYKTYpa Oeslka, KOTopast ompee-
JIsIeT CrenuuIHOCTb U GUOJOTHYECKYIO aKTHBHOCTD MOJIEKYJIbI Oeka. He-
CKOJIKO TPETHYHBIX CTPYKTYP, OOBEAUHSISCH MEXIYy c000M, 00pasyioT
YETBEPTUYHYIO CTPYKTYPY.

Besku, BX0Oz1s1 B cOCTaB BCEX KJIETOUHBIX CTPYKTYP, BBITIOJHSIOT TLTACTHYe-
cKylo (cTpouTesibHyI0) DyHKIMIO. [[BUKEHUST KIETOK TaKKe OCYIIECTBIISIOT
Geskn. OHI 00eCTIeYNBAIOT TPAHCIIOPT BEIIECTB B KJIETKY, U3 KJIETKU U BHYTPU
KIeTKr. BaskHoil siBisteTcst 3ammTHas GyHkuus OenkoB (anturesna). beskn
SIBJISTIOTCST OJTHUM M3 UCTOUHUKOB dHeprin. DepMeHTDI SIBIISTIOTCST GETKAMIL.

YraeBoapbl 1ozipasnenAoTCa Ha MOHOCAXapuabl U mojucaxapuibl. [lo-
CJleTHUE MOCTPOEHBI U3 MOHOCAXAPUIOB, SIBJISIFONIMXCS, TMOXOOHO aMUHO-
KucsgotaM, MoHoMepamu. Cpein MOHOCAXapu/loB B KJeTKe HanboJiee Baxk-
HBI TJII0K033, (PYKTO3a (COMEPIKUT IIECTh aTOMOB YTIJepoja) U IMeHTO03a
(1T aTOMOB yrJieposia). IIeHTo3bl BXOAST B COCTaB HYKJIEUHOBBIX KUCJIOT.
Monocaxapuibl XOpoIIo pacTBopsitoTcs B Boje. [losmcaxapupl 1oxo pac-
TBOPSIOTCS B Bojie (B KMBOTHBIX KJIE€TKAaX TJIMKOTEH, B PACTUTEThHBIX —
KpaxMaJjl 1 IeJITI0JI03a. YTJIeBOABI ABJSIOTCS NICTOYHUKOM 9HEPIUH, CIO0XK-
Hble YTJIEBOJIbI, COeMHEeHHble ¢ Oesqkamu (TJMKOIPOTENIbI), KUPAMU
(TJIMKOJIMTIN/IBI), YYaCTBYIOT B 00Opa3oBaHUM KJIETOYHBIX MMOBEPXHOCTEN
U B3aUMOJICHICTBUAX KJIETOK.

K sunmaam oTHOCSTCS JKUPBI U sKUPOIOA00HBIE BerecTBa. MOJIeKy bl
JKMPOB MOCTPOEHDI U3 TJINIIEPUHA U KUPHBIX KKCIOT. K JKUpOmoo6HbIM Be-
IIecTBaM OTHOCSTCS XOJIeCTePUH, HEKOTOPbIe TOPMOHBI, JTeUTUH. JIuTtupt,
SIBJISIFOTIIECS] OCHOBHBIM KOMIIOHEHTOM KJIETOYHBIX MeMOpaH (OHM oInca-
Hbl HUJKE), BBIITOJHAIOT TEM CaMbIM CTPOUTENbHYIO0 (DyHKIMO. JInmmmasr —
Ba)KHEHIINe UCTOYHUKYU dHEPruu. Tak, ecjiv TpU MOJHOM OKucjieHun 1 T
Gejka WK yriieBoJoB ocBoboxkaetrcst 17,6 k/[)k aHeprum, TO MPU MOJTHOM
okucyaennu 1 rxupa — 38,9 k/lx. JIumuber ocyIecTBAIIOT TEPMOPETYJIs-
1IM10, 3AIMUIIAIOT OPraHbl (3KUPOBbIE KAIICYJIbI).
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HyxkienHoBbIe KHCIOTBI SIBJISTIOTCST TIOJIMMEPHBIMU MOJIEKYJIaMu, 0Opa-
30BaHHBIMU MOHOMepaMu HyKJeoTunamMu. HykieoTus coctont us mypuHo-
BOTO WJIM NMUPUMU/IMHOBOTO OCHOBaHMS, caxapa (IIeHT03bl) 1 ocTaTka doc-
opHoii kuca0oTEL. BO BCcex KieTkax CyllecTByeT JBa TUIA HYKJIEHMHOBBIX
kucaor: pesokcupubonysiennosas (JJHK) u pubonykneunnosas (PHK),
KOTOPBIE OTJIMYAIOTCS 110 COCTaBY OCHOBaHUiI 1 caxapoB (mabu. 2, puc. 2).

Mounexyna JIHK cocrout n3 ByX NOJMHYKJIEOTUIHBIX TeTIeH, 3aKpyUeH-
HBIX OJHA BOKPYT JPYTOW B BH/E ABOWHON cIMpasi. A30TUCTble OCHOBAHUS
006erX TieTeii CoeIMHEHbI MEsKLy COO0N KOMILIEMEHTAPHO BOOPOHBIMU CBsI-
35IMU. AIEeHHH COe/IMHSIeTCS TONbKO C TUMHUHOM, a IIUTO3UH — € TYaHUHOM
(A — T, T — II). B IHK 3anucana reretnyeckas uadOpMAaIUs, KOTOpas
ompesesisieT CuelupUIHOCT CHHTE3UPYEMBIX KJIETKON OEJIKOB, T. €. OcJIe-
JIOBATEbHOCTh aMUHOKUCIOT B nosmnentuaHon 1enu. JJHK mepenaer no
HacJseficTBy Bce cBoiicTBa kietku. /[THK comepxurcs B sape 1 MUTOXOH-
TPUSIX.

Puc. 2. [lpocTpaHcTBEHHasi CTPYKTypa HYRJI€UHOBbBIX RUCJIOT
(no B. An6epTtcy ¥ CoaBT., C U3M.)
| — PHK; Il — AHK; neHtbl — caxapodocdatHbie octoBbl; A, C, G, T, U — a3oTHCThIE OCHOBa-
HHS$1, pELLUETRU MeRAY HUMH — BOAOPOAHBIE CBSA3M
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Mosekyna PHK obpasoBana ofHOIT TOJMHYKICOTH/IHON 1Iebio. B kier-
kax cymectByet Tpu tuna PHK. Undopmarnmonnas, nmm meccenprep PHK
TPHK (0T anri. messenger — «I0CpeHUKY ), KOTOPas TepeHOCUT MHMOpMa-
110 O HYKJIeOoTHHOU TtocsenoBareabioctu JIHK B pubocombr (cM. HITKe).

Tpancnoptaas PHK (TPHK), xotopas mepeHOCUT aMUHOKUCIOTHI
B pubocombl. Pubocomanbrass PHK (pPHK), kotopast yuacTByeT B 06paso-
saruu prbocom. PHK comepikurcs B sipe, pubocoMax, IUTOIIA3Me, MUTO-
XOHIPUSX, XJIOPOTIIACTaX.

Tabauuya 2
CocTaB HYRJIEHHOBBIX KHCJIOT
A30THCTBIE OCHOBAaHUS
Kuciora Caxap
nypunoevLe nupumMuounossLe

PHK Pubosa Anennn (A) Hurosun (1)

Iyanun (I') Yparua (Y)
JITHK Jlesokcupubosa Anennn (A) Hurosun (1)

Iyanun (I') Tumun (T)

CtpoeHue RJI€TRY YeJ/IOBERa

Jl1s1 Bcex KJIeTOK TUIMYHO HaJuyue IUTOIIa3Mbl U sapa (cm. puc. 7).
[TurormasMa BKIOYaeT B cebst ruajiomiazmy. B KieTkax BCTpeyaTcst Tak-
’Ke BpeMeHHbIE KJI€TOYHBIE CTPYKTYPBI BKIOYEHMSI.

Pasmeppl KJIETOK 4eloBeKa BapbHPYIOT OT HECKOJbKMX MUKPOMETPOB!
(nartpumep, mastbiii umponut) 10 200 MM (sittiexeTka). B opranmsme ve-
JIOBEKA BCTPEYAIOTCS KJIETKU Pa3InIHON (POPMBI: OBOWIHBIE, TAPOBUIHBIE,
BEPETEHOBU/IHbIE, TIOCKUE, KyOMYecKue, IPU3MATHYECKIE, TTOJTUTOHATbHBIE,
MUpaMUIaTbHble, 3B€3/[4aThi€, YellyiuaThie, OTpOocYaThbie, aMeOGOBHU/THDIE.

CHapy:kM Kak[Ias KJIeTKa MOKPbITa ILIa3MATHYECKOH MeMOpaHoi
(mra3manemmoii) tommuuoit 9—10 HM, orpaHUYMBAIONIEN KJIETKY OT BHE-
KJIETOUHOU cpezibl. OHU BBITIOTHSET cyeayoie (hyHKIINU: TPAaHCTIOPTHYIO,
3allUTHYIO, Pa3rPaHUYUTENIBHYIO, PeleNTOPHYI0 BOCHPUSATHS CHUTHAJIOB
BHeIIHel (111 KJIETKK ) CPejibl, yyacThe B UMMYHHBIX IIpolleccax, obecrede-
HIU€ TOBEPXHOCTHBIX CBOMCTB KJIETKH.

Bynyun ouenb TOHKOI, TiJIa3MaieMMa He BU/IHA B CBETOBOM MHKPOCKO-
ne. B aJIeKTpOHHOM MUKPOCKOIIE, €CJIM CPe3 IIPOXOAUT MO/ IIPSIMBIM YIJIOM
K MJIOCKOCTH MeMOpPaHbl, MOCJHEIHsS MPEACTABISIET COO0N TPEXCIONHYTO
CTPYKTYPY, Hapy:KHasl TIOBEPXHOCTH KOTOPON MOKPBITA TOHKO(DUOPUILIISIP-
HBIM TJIMKOKAJTMKCOM TOJIIUHOM 0T 75 110 2000 A °, COBOKYITHOCTH MOJIEKY.I,
CBSI3aHHBIX € OEJIKaMU [1Ia3MOJIEMMBL.

11 mukpomerp (Mxm) = 1076 M; 1 manomerp (um) = 19 m; 1 anrcrpem (A°) 10710 a.
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[Lra3manemMma, Kak u Apyrue MeMOpaHHbBIE CTPYKTYPbI, COCTOUT U3 IBYX
coeB aMUIATHIECKUX! MOJEKYJ] JUIUAOB (OMIMIUAHBIA CIOH, nau
6ucioii). VIx ruppoduibHble «rOJOBKKM» HAlpaBJIeHbl K HAPY/KHOI ¥ BHY-
TPeHHell cTopoHaM MeMOpaHbl, a THAPOGOOHBIE «XBOCTBI» OOPAIEHBI APYT
K Ipyry. B Onnunuaabtii cJoil morpyskeHbl MosieKyJibl Oeka. HekoTopbie 3
HUX (MHTErpajibHble, WM BHYTPEHHUE TPaHCMeMOpaHHbIe OEJIKI) MPOXO0-
JSIT Yepe3 BCIO TOJIIYy MeMOpaHbl, apyrue (mepudepudecKue, UM BHEIII-
HI€) JIe)KaT BO BHYTPEHHEM WJIM Hapy:KHOM MOHOcJI0e MeMOpanbl. HekoTo-
pble MHTerpajbHble OEJKU CBSI3aHbl HEKOBAJEHTHBIMU CBS3SIMU ¢ OeJIKaMu
murorniasMel (puc. 3). IlogobHo numiaaM, 6eJKOBbIe MOJIEKYJIbl TAKKe SB-
JISTIOTCST aM(DUIIATUYIECKUMU UX THAPOGOOHBIE YUYACTKU OKPYKEHBI aHAIIO-
TUYHBIME «XBOCTaMU» JINITH/IOB, a THAPODUIbHBIE OOPAIEeHbI HAPYIKY WU
BHYTPbH KJIETKH WJIM B OJTHY CTOPOHY.

> BHUMAHHE

Benru ocywectsasor Oosbluylo yacTb MeMOpaHHbIX (DYHKLMEI: MHOrHe
MeMOpaHHbIe GeslKU SBISIOTCS peLenTopaMH, Apyrue epMeHTaMH, TPeTbH
MepeHOCYHKaMH.

[Trasmaemma oOpasyer psii CreluUIECKUX CTPYKTYP. DTO MEKKIIe-
TOYHBIE COeINHEHUs,, MUKPOBOPCHUHKHU, PECHUYKHU, KJIETOYHbIE MHBATMHA-
IIUA U OTPOCTKH.

MUKPOBOPCUHKH — 3TO JIUIIEHHbIE OPTaHET TaJbIIEBUIHBIE BHIPOCTHI
KJIETKW, TIOKPBITHIE TIJIa3MaJieMMOH, MIWHON 1—2 MKM M aUaMeTpPoOM [0
0,1 mxM. HekoTOpble antuTenaibHble KJIETKU (HAllpUMep, KUIIEYHbIE ) UMe-
10T OYeHb OOJIBIIOE KOJIMIECTBO MUKPOBOPCUHOK, 00pa3yst TaK Ha3bIBAEMYTO
IETOYHYI0 KaeMKy. Hapsizy ¢ 0ObIYHBIMI MUKPOBOPCUHKAMU Ha TIOBEPXHO-

Puc. 3. CtpoeHue rneToyHor MeMbpaHhbl, cxeMa (ro A. Xamy v [. KopMary)
1 — yrneBoaHble Lenu; 2 — NIMKOJIMNKA; 3 — MIMKOMPOTeNa; 4 — yreBOAOPOAHBIN «XBOCT»;
5 — nonsipHas «rojioBKa»; 6 — 6ejIoK; 7 — xojecTeprH; 8 — MUKPORTPYOOURH

! Mogsekyuaa, yactb KOTOpOii ruApodUIbHAS, @ APYTash YacTh THAPO(pOGHasL.



YEJIOBEK: OBLLME AAHHbBIE

— 16

CTH HEKOTOPBIX KJETOK MMEIOTCS KPYITHbIe MUKPOBOPCUHKHU CTEPEOITHINN
(HaTIpUMep, BOJIOCKOBBIE CEHCOPHbBIE KJIETKU OPTaHOB CJIyXa U PaBHOBECHUS
AMUTETNONUTHI TPOTOKA MPHUAATKA AMIKA U JIP. ).

HeMeMb6paHHbIe opraHesuJibl

PecHWYKH M JKTYTHKHU BBITOJIHSIOT QYHKIMIO ABMsKeHust. [lo 250 pecHu-
yek aanHoi 5—15 MM aquamerpom 0,15—0,25 MKM ITOKPBIBAIOT allUKATIbHYIO
MOBEPXHOCTb SMUTETUATBHBIX KJIETOK BEPXHUX JIbIXaTEIbHBIX MyTEH, MaTOY-

v

Puc. 4. PecHuura

| — pecHHyRa Ha npoaobHO-NoNepeyHoM pa3spese; || — BHerneTo4yHas yacTb; [l — nonepeu-
HbIF Cpe3 yepe3 BHEK/IETOUHYIO YacTb; |V — nonepeyHslii cpes yepes NpoMeRyTOUHYIO
061acTb, COeAUHSIIOLLYIO aRCOHEMY C GasabHbIM TesblieM; V — cpes Yepes 6a3albHOe TeNbLE;
1— pecHuuka; 2 — nepudepryeckue aynieTsbl; 3 — LeHTpabHbIN AyNJeT; 4 — LeHTpajbHas
Raricyna; 5 — MURpOBOPCHHRH; 6 — HapysKHble MURPOTPY6OURH; 7 — GasaibHOE TeJbLE;

8 — GaszanbHbli Kopellok; 9 — uuronemma; 10 — nepudeprueckue aynnetsl; 11 — LeHTpab-
HbIA ayrnneT; 12 — ueHTpanbHasi Rancyna; 13 — cnuua; 14 — cy6dbubpunna a; 15 — cy6-
dubpuina 6; 16 — auHeunH; 17 — TpurieTsl MURpOTPYyOOUeK; 18 — Tpunnetsl; 19 — cnvbl;
20 — ueHTpabHbIN LMIUHAD
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HBIX TPYO, CEMSIBBIBOIAIINX KaHaIbIleB. PecHruKa 1ipesicTaBisier coG0i BbI-
POCT KJIETKH, OKPY’KEHHBIN T11a3MOJIEMMON. B 11eHTpe pecHUYKN TPOXOIUT
oceBasi HUTh, WJIM aKCOHeMa, oOpa3oBaHHast 9 nepudepuuecKuMu IyIiera-
MU MHKPOTPYOOYEK, OKPY KAIOIIUX OHY IleHTpajibHyio napy. Ilepudepuue-
CKHUe IYILIEThI, COCTOSINUE U3 ABYX MUKPOTPYOOUEK, OKPYKAIOT [[EHTPAJIb-
Hylo Karcyuy. Ilepudeprdeckue IymieThl 3aKaHUYMBAIOTCS B 0a3abHOM
Tesiblle (KMHETOCOME ), KOTOPOe 00pa3oBaHo U3 9 TpuilieTaMu MUKPOTPYHO-
yek. Ha ypoBHe 1y1a3maieMMbl alTiKaJbHOM YaCTU KJIETKU TPUILIETHI Tiepe-
XOJIAT B AYILIETHI, 3716Ch JK€ HAYMHAETCS U IEHTPaJIbHAs Mapa MUKPOTPYHO-
yek (puc. 4). JKryTuKkm syKapuoTHIecKnX KJIETOK HAlIOMUHAIOT PECHUYKHU.
PecHUYKM COBEPINAIOT KOOPAMHUPOBAHHBIE KOJIeOaTeIbHbIE [BUKECHIS.
Kierounblii eHTp, 06pa3oBaHHBIN ABYMS HEHTPHOJISAMH (JUILJIOCOMA),
HAXOJMTCS BOJIM3U sI[pa, PACIOJOKEHHBIMU I0J] YIJIOM IPYr K JIPYTY
(puc. 5). Kaxkzpas 1ieHTpUOJIb NIpecTaBisieT coO0M HUIUMH/ID, CTEHKA KOTO-

Puc. 5. KneTouHblii LEHTP U ApyrHe CTPYKTYPbl LIMTOIIa3Mbl, CXeMa
(no P. Kpctuuy, ¢ usm.)
1 — ueHTpocepa; 2 — LIEHTPHUOJIb Ha MOTNEPEYHOM Cpe3e (TPUILIETbI MURPOTPYO0YER, paarasibHble
CMHLBI, LEHTpaibHas CTPYKTypa «Rojleca Tejerw»); 3 — LEHTpHOMb (MpOAOJbHBIM paspes);
4 — careqmtel; 5 — OKalMIIEHHblE My3bIpbKHM; 6 — 3€pHMCTas 3HAOIUIAa3MaTHYecKasl CeTb;
7 — MUTOXOHAPHS1; 8 — BHYTPEHHHI CeTYaThIM anmnapat (KoMruieke [onbakH); 9 — MURPOTPYGOURH
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