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BBEIIEHWE

[{utonorus — Hayka O KJETKaxX — O3JEMEHTApPHBIX €IWHHIIAX
CTpPOEHHUS, PYHKIIMOHUPOBAHUS U BOCHPOU3BEICHUS )KMBOM MaTEpHUH.
OHa u3y4aeT coCcTaB U CTPOCHUE KJIETKH KaK OTIEIbHO B3STOM, TaK U
B COCTaB€ KUBOT'O OpraHU3Ma.

3ajaya UTOJIOTMM KaK HAYKHU Ha COBPEMEHHOM 3Tare — UCCIeA0-
BaHME MPOIIECCOB CEKPELUH, aBTOPETYIUIUN U SHEPTETUKH KIIETKH, a
TaK)Xe PEIICHHE NMPOOJIEMBbI IBOJIOLNUN KIJIETOUYHBIX CTPYKTYp U aBTO-
pENpOAYKIMHU, T.€. TE€HETUYECKHE CIOCOOHOCTH POCTa, PA3BUTHS,
muhPepeHITuPOBKH KIETKH.

B naHHOM mpakTUYECKOM MOCOOUM OMHMCAHO 25 MpernaparoB, KO-
TOpPBIE COMPOBOXK1at0T 80 PUCYHKOB (B TOM 4MCIie 28 pUCYHKOB MpH-
JIO’)KE€HMI), YaCTUYHO 3aMMCTBOBAHHBIX M3 pa3HbIX PYKOBOJICTB U
y4eOHbIX TOCOOUM (OTPEIAKTUPOBAHHBIX C MTOMOIIBIO KOMITBIOTEPHOM
nporpamMmmbl HP Photo&Imaging). IlpennoskeHHbli MpenapaTUBHBIN
MaTepuaj MO3BOJIUT B MOJHOM 00bEME U3YyUUTh CTPOEHUE COCTABHBIX
KOMIIOHEHTOB U KJIETKHU B II€JIOM, a TaK)K€ MTOMOXKET MOJYyYUTh HABBI-
KU IPUTOTOBJICHUS] BPEMEHHBIX ITPENapaToB.

OnucaHve UMTOJIOTMYECKUX IMPENapaToB CAEJIAHO IO EIUHOMY
IUJIaHY ¥ PACCUUTAHO HA aKTUBHYIO U MaKCUMAaJIbHO CaMOCTOSITEIbHYIO
paboTy CTYAEHTOB Ha Ja0OpaTOPHBIX 3aHATUAX. ONUCAaHUE ITUTOJIOTH-
YECKUX CTPYKTYpP BEIETCSA OT MPOCTOro K CIOKHOMY. M3ydeHne kax-
JI0TO IIUTOJIOTMYECKOTO O0BEKTA CITY>KUT WITHOCTPAUEH MOJOXKEHUH O
eAMHCTBE (POPMBI U COAEpP)KAHUS: CTPYKTypa — MaTepUAIbHBIA CYO-
CTpaT (PYHKIMI OpraHn3Ma; HET CTPYKTYpPbl 0€3 QyHKIMH U DYHKIUU
0e3 cTpyKTyphl. B 00bsicCHEHNH (hYHKIIMOHAIIBHOTO 3HAYEHMSI IIUTOJI0-
TMYECKUX CTPYKTYp, M3YYaEMbIX MPU CBETOBOH MUKPOCKOIUH, OTpa-
’KEHbl HOBBIE JAHHBIC, MOJYYEHHbIE TPHU 3JIEKTPOHHO-MUKPOCKOIU-
YECKUX, TMCTOXUMHYECKUX U JPYTUX UCCIEAOBAHUSIX.

[IpakTueckoe mocoOue CTAaBUT CBOEH LEIbIO ONTUMH3UPOBATH
y4eOHO-TIO3HABATEIbHYIO JIEATEIbHOCTh 10 YCBOCHHUIO MaTepuaia
kypca «Llutonorus». [IpakTnueckoe mocoOue BKIIIOYAET TEOpETHYE-
CKMM W IPAKTUYECKUU Pa3leiibl, a TakKe NpHIoKeHUs. OHO MOXKET
OBITh MCIIOJIb30BAHO KAaK Ha JAOOPATOPHBIX 3aHSTHUSX IO COOTBETCT-
BYIOIIUM TeMaM Kypca «l{uTonorus», Tak U AJid CaMOCTOSITEIIbHOM
MOJATOTOBKH.

AJpecoBaHO CTYyJIEHTaM OMOJOrUYeCKOro (akyJbTeTa.



Temal OBIIAS MOP®DOJIOIMA KIIETKN

1 IlonsiTHE «KIIETKA»; KJIETOYHAS TEOPHS

2 BuTanbHbBIE METOJbI U3YYCHHUS KIIETKH.

3 CpaBHUTENbHAS XapAKTEPUCTUKA MPO- U 3YKAPUOT.
4 YCTpOMCTBO CBETOBOIO MUKPOCKOIIA.

OcHobBHble nonamusa no meme

Knemka — »inemeHTapHas CTPYKTypHas €IWHMIIA >KHUBOTO, CO-
CTOsIIAs U3 sIAPA, [IUTOIIa3Mbl M1 O00JIOUKH U TIPOSIBIISAIONIAS BCE MPHU-
3HaKW >KMBOIO: POCT, pa3BUTHE, Pa3MHOXXEHHUE, Pa3ApakMMOCThb, 00-
MEH BEIIECTB U PHEPTUM (ACCUMIIISIIUS U TUCCUMUIISIITNS ), U3MEHYHU-
BOCTb.

B 1838-1839 rr. lllsanu v Ilnetioen chopMynupoBaad OCHOBHBIE
MOJIOKEHUS KIeMOYHOU meopuul, YTBEPKAAIOIIHUeE, YTO BCE KUBBIE Op-
raHU3MbI COCTOSIT W3 KJETOK. B Hacrosiee BpeMsl KIETOUHAsi TEOpUs
BKJIIOYAET 4 mocTyJsara:

1 Knerka — sneMeHTapHas €IUHULIA )KUBOTO.

2 Knerku pa3HbIX OPTaHM3MOB TOMOJIOTHYHBI IO CTPOCHUIO U
AQHAJIOTUYHBI IO QYHKITUSIM.

3 Pa3MHOXEHHE KJIETOK MPOUCXOJIUT IyTEM JEJECHUS HCXOIHOU
KJIETKHU.

4 MHOTrOKJIETOYHbIC OpPraHU3Mbl — 3TO CJOXKHBIE aHCAMOIM Kiie-
TOK, HHTETPUPOBAHHBIE B CUCTEMbI KJIETOK (TKaHU, OpraHbl), COMOJ-
YUHEHHBIX U CBSA3AHHBIX MEXAY COOOM MEXKKJIECTOYHBIMU, TYMOpaJib-
HBIMU Y HEPBHBIMU (JOpMaMHU PETYJISIIIUM.

g

MeToapnl IIUTOJIOTUHU

.

Bumanvnwvie Hesumanvnwvie

(paccMaTpuBaroT KUBYIO KJIETKY): (paccMaTpuBarOT MEPTBYIO KJIETKY):
—CBETOBask MUKPOCKOIIHS, —3JICKTPOHHAS MUKPOCKOIIHSI;
—(a30BO-KOHTpACTHAS MUKPOCKOIIHSI; —METO/] aBTOpaarorpaduu;
—TIOJISIpU3AIIMOHHAS MUKPOCKOITHS; —METO/] 3aMOpaKUBAHUS WIIH TPaB-
—METO/]1 KYJIbTYPbI TKaHEH; JICHUS )KUJKUM a30TOM;
—KHHO- U ()OTOCHEMKA; —MeTO]1 (PpaKIIMOHUPOBAHNS,
—MUKPOXUPYPIHIECKas TEXHUKA,; —MeTo]1 (PUKCUpPOBAHUS.

—METOJ KPACUTEIIEH.



CymiecTByeT JiBa THIIA OPTaHU3AINH KIIETOK:

1) npokapuomu! (osiACpHBIE) — TEHETUYECKUM MaTeprall HE OTIENICH OT
IIUTOILIa3MbI 000JIOUKOM; OHM COJIEP)KaT OYEHb Maj0 OPTaHOW OB U
UMEIOT Cielu(pUIecKuii crioco0 eeHns KISTOK;

2) aykapuomol — JIHK nexur B sigpe, KOTOpoe OTaeIseTcs 0007I0UKOM
OT ITUTOILIA3MbI M COICP>KHUT OJTHO MJIM HECKOJIBKO SIPBIIIICK.

Bonpocwt ona camoxonmponsa:

1 Kakne MeTompl MCHONB3YIOTCS I HU3YYEHUS CTPYKTYPbl H
(YHKIIMOHUPOBAHUS KIIETKU?

2 KakoBbl OCHOBHBIC MOJIOKEHUS KJIETOUHOU TEOPUU?

3 B yeM oTiiM4Me CTPOCHUS MPOKAPHUOTHYECKOW U DYKAPUOTHYEC-
CKOM KJIETKU?

4 Kakne cocTaBHBIE YaCTH HUMEET TUNUYHAS JYKAPUOTHYECKAs
KJIETKA?

5 KakoBbl OTIMYMUTENIbHBIE OCOOCHHOCTH PACTUTEIILHOU U KHU-
BOTHOU KJIETOK?

JlaGopaTopHnas padoTa 1
«Yempoiicmbo u npunyun pabomut c6emoBozo0 muxpockona»

Heab: n3ydeHre CTpOeHHsI CBETOBOIO MUKPOCKOIIA, MPUOOpPETEHNE
HABBIKOB TOJIb30BaHUS UM.
Mamepuanst u oo6opyooeanue:
- CBETOBOW MUKPOCKOII;
- TOTOBBIE NPEMAPATHL.

Xoa padoThI

B anbbome nns pucoBanus (mpusoxkeHue A, puc. A.l) HeoOxo-
IUMO CHIENIaTh PUCYHOK CXEMbl CTPOCHUSI TUITMYHOTO CBETOBOI'O MUK-
pOCKoOMa C yKa3aHHEM BCEX COCTaBJsIomMX yacteit (puc. 1, 2). Uc-
M0JIb3Yysl TOTOBBIE IUTOJIOTUYECKUE MpenapaThl MOJIYYUTh HABBIKH pa-
OOTBI CO CBETOBBIM MHUKPOCKOIIOM KaK Ha MaJioM, Tak U Ha OOJIbIIIOM
YBEJIUYEHUHU.



Pucynok 1 — CoBpemMeHHBIN CBETOBOW MUKPOCKO [2]
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Pucynok 2 — Xox myyen B cBeTOBOM MUKpockore [11]:

1 — ucTouHuK cBeTa, 2 — KOJUIEKTOP, 3 — nosieBas quadpparma, 4 — anepryp-
Has 1uadparma, 5 — KoHAeHcop, 6 — penapar, 7 — 00bEKTUB, 8 — BBIXOAHON
3padoK OOBEKTHBA, 9 — NEUCTBUTENBHOE H300paXkeHue npenapara, 10 — oky-

nsip, 11 — rnma3 Habmoparens, 12 — MHUMOe H300paXkeHHe Mpenapara.
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JlaGopaTtopHas pabota 2
«Obwaa mopgporoeua Kiemxu»

Heab: n3yuenue oo1eit MOpPoIOTUH KIETKH.
Mamepuanst u oo6opyooeanue:

- CBETOBOW MUKPOCKOII;

- CTEKJISIHHbIE MaJIOYKHU;

- MpPEIMETHbIC U MOKPOBHBIE CTEKIIA;

- MpenapoBAbHBIC UTJIBL;

- CKaJIbIIEb;

- pernyarsli JyK;

- JUCTWLUIMPOBAHHAA BOJA;

- MUIETKY;

- TOTOBBIE MPENAPaThl: HAJINHIPUUECKOTO SMUTEIHS, TIaJKOMBIIIIECY-
HBIX, HEPBHBIX U KOCTHBIX KJIETOK.

Xox padoTsI

1 Hpuzomoeumb npenapam nji0CKo0o20 numeiiuia nojiocmu pma
yejioeeKka

Cnusucras 000JI04Ka MOJIOCTH PTa MOKPHITA MHOTOCIOMHBIM 31U~
TEJIUEM, COCTOSIIIUM U3 HECKOJIBKUX CJIIOEB KJIETOK, PAa3JIUYHbIX IO BeE-
muyuHe U ¢popme. [Ipy HE3HAUNTETHHOM MEXAHUYECKOM BO3JEHCTBUU
ATU KJIETKH OTIEISAIOTCS APYr OT JAPYra M CTAHOBATCS JOCTYIHBIMU
IUISl U3YyYCHMUSL.

JI1s1 IpUrOTOBJIEHUS MpENapara, JOCTAaTOYHO CTEPUIIBHBIM CTEK-
JISTHHBIM IIIATEJIEM MPOBECTH € JETKUM HAXKMMOM I10 CIIM3UCTOU 000-
JIOUKE IIEKH, TBEPJOro Heba uim aecHbl. [Ipu 3TOM Ha KOHUYMKE Ia-
TEJS B KAIEIbKE CIFOHBI OKAXKYTCS CIYIIEHHBIE KIJIETKH snutemus. [1o-
JYYEHHBIN COCKOO HAJI0 TOMECTUTh Ha MPEAMETHOE CTEKIIO U HAKPHITh
MOKPOBHBIM (TpuiiokeHue A, puc. A.2). BeICTynuBIIyIO U3-110]] KpacB
MOKPOBHOT'O CTEKJIA JKUJIKOCTh MOXKHO YAAJIUTh (DUILTPOBAIBHOU OY-
Marou 4epe3 HECKOJbKO MHHYT, IMOCJIE TOrO0 KAK KJIETKH OCSAYT Ha
IPEAMETHOM CTEKIIE.

[Tpu Masiom yBenmmueHuu (puc.3 A) BUIHO 3HAYUTEIHHOE KOIMYECTBO
KJIETOK, Pa3IM4HbIX 10 BEIMYMHE U (PopMe, JexaluX N0 OJUHOYKE U
rpynnamu. Hazo BeIOpaTh U M3YyUUTh OTIEIBHO JIEKAIINE KIETKH.

Haubonee kpynuvle U3 xiemox UMEIOT IUIOCKYIO, uepenuyeobpas-
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nyto dopmy (1) ¢ kpyervimu unn oganvhvimu siopamu (2). ITH KIETKU
pacroyiarajiuch B TMOBEPXHOCTHBIX CIIOSIX SMUTETHAIBLHOTO IUIACTa |
BBITOJIHSJIM 3alIUTHYI0 MEXaHW4YecKyro (QyHKiuio. B sapax 3tux kie-
TOK OTCYTCTBYIOT s0pbluiku (3) UM OHU OYEHBb MEJIKHE.

bonee menxue knemku yununopuveckot Win oanvHot Gopmsl (4)
C BBITSHYTBIMH CMPYKMYpUposanHoimu aopamu (5) pacroyiaratorcsi B
OoJiee TIIYOOKHUX CIIOSIX AMUTENUs. MOryT BCTPETUTBCS MeIKuUe OKpye-
avte kaiemxu (6) ¢ OJECTALIUM Jlonacmubim Uiau kpyanvim siopom (7) —
JICUKOITUTHI, KIETKHA KPOBH, MPOIIE/IIINE Yepe3 CTEHKY COCY/IOB U HaXO-
JVBIITUECS MEXKY dMTUTEIHATbHBIMU KIJIETKAMHU.

JlanHblil mpenapaT JEMOHCTPUPYET, YTO OJIMH U TOT K€ OOBEKT
(Hampumep, SMUTEIUN CIM3UCTON 00O0JIOUKU TOJIOCTH PTa) MOCTPOEH
U3 KJIETOK Pa3IUYHbIX B MOP(OIOrHUecKOM M (PYHKIIMOHATIHHOM OT-
HOIIICHUSIX.

Pucynok 3 — KiteTkn niioCKoro snuTenus NoJIOCTH pTa yesoBeka [9]:
A — Marnoe yBenuuenue; b — 0omblioe yBeauyeHue

Ecnu B3siTh COCKOO 3THX KJIETOK Yy >KeHIIUMHBI (puc.3 b), To BO
MHOTHX KJETKaX, B sf0pax (1) mpu OOJIbIIOM YBETUYEHUU MOKHO YBH-
JI€Th TaK Ha3bIBaeMble menvya bappa — n1oa0Byr0 X-XpoMOCOMY B UH-
TepdasHOM SApe — 3TO IJIOTHBIA Y4acTOK xpomamuHa (2), npuiexa-
I HEMOCPEACTBEHHO K nepudepun siapa.

2 Ilpuzomosums npenapam INUOEPMUCA YeULyu Penydamozo JyKa

J1s IpUrOTOBJIEHHUST BPEMEHHOI'O Ipernapara Hajgo OTHAEIUTh OT
JIYKOBUIBI JIyKa MACUCTYIO YELIYIO JMCTA, BBIPE3aTh U3 HEE CKaJblie-
JIEM WM JIe3BUEM OpUTBBI Kycouek BenuuuHou npumepHo 0,5 x 0,5
MM. C BEpXHEHN MOBEPXHOCTH JINCTA HAJIO CHATH ITUHIIETOM HAPYKHYIO

9



OJIHOCJIOWHYIO KOXKHUILY (3MUAEPMHUC), MOJOXKUTh €€ B KaIlJIl0 BOJbI Ha
OPEAMETHOE CTEKJIO U HAKPBITH MMOKPOBHBIM. [Ipu Masiom, a 3atem npu
OOJIBIIOM YBETUYECHUM BUIHBI KPYIHBIE KJIETKH MHOTOYTOJIbHOU (op-
MBI CO CMEKXHBIMU CTEHKAMMU.

Knerkn xkoxunpl pas-
HBIX  pa3MepoB, MHOTO-
yIOJbHBIE C  TOHKHMH,
IJIOTHO COMKHYTBIMH CTEH-
kamu (puc.4). B kietke xo-
porio BUAHO #0po (1) ¢ s0-
pouwkom (2). SAnapo okpyxe-
HO IIMTONJIa3MOM, COCTaB-
JIAIOIEN TakK Ha3bIBa€MBIU
s0epublil kapmawex (3), co-
CAMHCHHBIA TSHKaMU C TIPH-
CTCHHBIM CJIOEM ITUTOILIA3-
MBbL. Tsoicu yumonaasmol (6),
nepecekas KJICTKY B pasHBIX
HAIIPaBJICHUAX, Pa3JIEIIIOT
sakyoau (4), 3amoJIHEHHBIC
KJIECTOYHBIM COKOM. B Ba-

Pucynok 4 — Knetku snuaepmuca KYyOJIAX BCTPCIAIOTCA MCIIKHC
BHYTPEHHEH YelIyn KyOuueckue Wi Ipu3Ma-
JIYKOBUIIBI JyKa [ 7] TUYECKUE KPUCMAJlbl OKCA-

aama xanvyus (5), a B IUTO-
miasme — kanau dguprvix macen (7).

B ornuyme oT JKMBOTHBIX KJIETOK, PACTUTEIbHBIE KJIETKH UMEIOT
TUIOTHYIO 000JIOUKY — KJIETOYHYIO CTEHKY, B KOTOPOU UMEIOTCS nOpbl
(8). Kitetounast cTeHka SBIISIETCS MIPOLYKTOM XKU3HEAEATEIILHOCTH HPO-
TOILIACTA.

Kpome kpymHBIX KJIETOK MOXHO HaWTH MEJKHUE KJIETKH, UMEIO-
me ouepraHua ceMeHu ¢aconu. OHM pacIONOKEHbI MapaMu U 00-
palleHbl IPYT K APYry BOTHYTHIMH, CHJIBHO YTOJIIIEHHBIMU CTEHKAMH,
MEXJy KOTOPBIMH HaXOJIUTCS MEXKIETHUK. [lapa Takux KIIETOK CO-
CTaBJSIET YCTBHIIE, KJIETKW HAa3bIBAIOT 3AMBIKAOWUMU KIEMKAMU
yembuya (9), a MEXKIETHUK — yemobuurou wenvto (10). 3ambikatoiue
KJIETKU cojiepKaT naacmuodwl (11).
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3 H3yuums paziuunsie opmuvl KiemoK HA npumepe 20MO8blX
npenapamos yuauopuiecKo2o INUmenus, MbliuleYHvlX, HePBHHIX

U KOCMHbBIX K/IEMOK

[Ipenapam 1 Kaemxu yuiundpuueckoeo snumesus kanasvye8 novex

Kiletku snurtenusa TeCHO NpWIEraloT ApYr K JApyry, oo0pasys
CIUIOIIHOW CJIOW WJIM IJIACT KJIETOK. OHM UMEIOT npusmamuieckyro,

Kyouueckyro WIH  NJIOCKYHO
dopmy. OnuTenuaabHbIe
KJIeTKH yJ00HO H3y4yaTh Ha
TKaHW TI0YeK, 0O0pa30BaHHOM
CJIO)KHOM CHUCTEMOM MOYEY-
HBIX KaHaJbIIEB (puUC. 5).

IIpu MamoM yBenu4YeHUU
BUJIHBl NOYeYHble KaAHAIbYbL,
UMEIOIIME Ha TONEPEYHOM
paspese OKPYIIYI0 WU OBaJlb-
Hyt0 hopMy ¢ npocsemom (2)
BHYTpU. Cmenka xananoya (1)
BBICTJIaHA OJHUM CJIOEM KJie-
ToKk. Ha ogHOM cpese BcTpe-
YaloTCsl KaHaJbIbl, BBICTIIAH-
Hble  KJETKaMH  BBICOKOH
OpU3MAaTUYECKOH U KyOuue-
CKOU (POpMBI.

Lununopuueckue Kiemxu
(3) UMEIOT BBICOKYIO MpU3Ma-

Pucynok 5 — KneTku nuiamHIpudecKoro
AIUTEIINS MOYCYHBIX KaHAIbIIEB [7]

THYECKYI0 ()OPMY: OCHOBAHHE UX B HECKOJBKO pa3 MEHBIIIEC BHICOTHI.
Kaxnas kjeTka COJIep>KUT OKPYTIIoe WM OBaIbHOE #0po (4). B Hux
HAXOMATCS XPOMAaTHUH U SAPBIIKH. [[umonnazma (5) UMeeT MENKO-

3€pHUCTYIO CTPYKTYPY.

[Ipenapam 2 Hep6rvie kremxu

HepBHble KJIETKH MO3BOHOYHBIX JKMBOTHBIX HMEIOT 0OmMpocHa-
myto ¢opmy. Hanuure OTpOCTKOB SIBISETCS MPUCTOCOOTIEHUEM K BOC-
OPUSATUIO U TIPOBEICHUIO HEPBHOTO UMITYJIbCA.

KpynHble 1BUraTebHble HEHPOHBI HAXOAATCS B MEPEIHUX LIUPO-
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KMX porax ceporo BemiectBa. [Ipu OomnbiioM yBenuueHuu (puc. 6)
ciaenyer Oosnee MOAPOOHO PacCMOTPETh (POpPMY JBUTATEIIbHBIX HEM-

ponoB. Ot mena neupona (1),
cojepkariero s0po (2) ¢ xkpyn-
HbIM si0pbiuikom (3), OTXOOUT
HECKOJIbKO ompocmkos (4). OHu
OpUAAIOT KIETKE CJIOXKHYIO pas-
BETBJICHHYIO HENPaBHIbHYIO
dbopmy. OTpPOCTKH OTXOIAT B
pa3IMYHBIX HANpaBJICHUSIX, MO-
I'yT U3ru0aThCsl B pa3HbIX ILIOC-
kocTsix. [loaToMy mpocnenutsb
UX Ha OOJIBIIIOM PACCTOSIHUU B
cCpe3e  HEBO3MOXKHO;  BUHBI
JUIIb HavdalbHBIC, OTXOJSIIUE
OT TeJla KJIETKU YYaCTKH OTPOCT-
koB. Tena HEMPOHOB 00pazyrOT

Pucynok 6 — Heriponsl nepetHux cepoe seuecmso (5).
POTrOB CIIMHHOTO MO3ra [7]

[Ipenapam 3 I ra0komvluieurvle Kiemku

Pucynok 7 — I'mankue
MBIIICYHBIC KJIETKH [9]

[Ipu MajgoMm yBEJIMYEHUU CPEau Ky-
COYKOB TJIaIKOW MBIIIEYHON U PBIXJION CO-
CAUHUTEIIPHON TKAaHU HAXOMSIT H30JIUPO-
BaHHBIC TIJIAJKUE MBIIICUHbIC KIETKU U
M3Y4alOT TMpU  OOJIBIIIOM  yBEJIWYCHUHU
(puc.7). DTH KiemKku 6blMAHYMOU, Bepe-
meHooOpasHoU ¢hopmol, PaBHOMEPHO CY-
KUBAIOTCS B TNepUPepUUECKUX OTAeNax,
00pa3ysi 3a0CTpEHHBIC KOHUBL. [[umonna3z-
ma-capronnasma (1) 0OBIYHO TOMOTEHHAsI.
Temnvle nonocwl (2) B OTACIBHBIX MBIIICY-
HBIX KJIETKaX SBJISIIOTCS BOJHAMM COKpa-
IIIEHUsI, BbI3BAHHBIMU (QuKkcanueil. B cpen-
HEM OTJEbl KJIETKU HaxomutTcs s0po (3)
najJoukoBUHON (Gopmbl. Ha moBepxHOCTH

MBIIIEYHBIX KJIETKH MOTYT OBITh 00pbléKuU OazanvHou memoparnst (4),
OJIEBAIOLIEH KAXIYIO KIIETKY.
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IIpenapam 4 Kocmmuvie kiemxu

IIpu MajioM yBEIMYEHUM HAJ0 HAWTU TOHKUK YYaCTOK KOCTHOWM
TKaHHU, B KOTOPOM Ha (JOHE TOMOTEHHOI'O0 CBETJIOT0 OCHOBHOTO Bellle-
CTBa PacIoJiaraloTCs KOCmHble mebyd, JIydllle BUAUMbIC B 3aTEMHEH-
HOM I10J1€ 3pEHHUSI.

[Tpu Gonbiiom yBenuueHuu (puc.8) BUTHO, YTO KOCMHblE melbyd
NPEJICTAaBISAIOT OECHOpsIIOYHO PACIOJIOKEHHBIE KOCHHblE HOA0CMU
(1), popMa KOTOpBIX 3aBUCUT OT KOJMUYECTBA OTXOASAIIUX KOCHIHBIX
Kkananvyes (2), TPOHU3BIBAIOIINX TBEPJOE, MPONUTAHHOE H3BECTKO-
BBIMU COJISIMU NPOMEIICYMOUHOe Gelye-
cmeo (3). KocTHble KaHAIBIIBI, TTPOXO/IS-
IIKe B MJIOCKOCTH MPEIMETHOTO CTOJIMKA
MUKPOCKOIA, BHUJHBI KaK BETBSIIHECS
JUHUM; KAHAlbybl, UOyWue nepneHou-
KVJIAPHO WU KOCO K 3TON TUIOCKOCTH, B
MECTaxX W3TUOOB TIPENICTABISIOTCS OJle-
cmawumu moukamu (4). dopma KOCTHBIX
MOJIOCTEH M KaHAJIBIEB MMOBTOPSIET POopMY
pacroJyiaraBIINXcs B HUX KOCTHBIX KJIETOK
— ocmeoyumog. 1lpu U3roTOBICHUM TIpe-
nmapara KJIETKH pa3pyllalTcs U B KOCT-
HBIX MOJOCTAX BUAHBI MX OCTATKH B BUJIC
3epHucmou maccwl (5).

Pucynok 8 — KoctHbie
KJIETKH [9]

CpaBHEHHE OMMCAHHBIX BBIIIE MPENAPATOB JEMOHCTPUPYET MPUH-
UMHUATBHYIO OOITHOCTb CTPOEHUS >KMBOTHBIX M PACTUTEIBHBIX KJIE-
ToK. CyIecTBeHHbIe MOP(PO-PYHKIIMOHATIbHBIE OTJIUYMS KJIETOK pac-
TEHUM (HaJIU4YKWE KJICTOUYHOW CTEHKH, MOCTOSIHHON BaKyOJSIPHOW CHC-
TEMbI, XJIOPOIUJIACTOB, CIHOCOOHOCTh HAKOIUIEHUSI APracTUYECKUX
BKJIIOUCHUHN U OTCYTCTBHE HEOOPATHUMOM CHEIUaIU3allUK KUBBIX KJIe-
TOK) OT KMBOTHBIX KJIETOK CBSI3aHbI C OCOOEHHOCTSIMU B CIIOCOOE TH-
TaHUS U 00pa3e )KU3HU ITUX OPTraHU3MOB.

4 Paccmompemb cxemy CMPOEHUA NPOKAPUOMUUECKOU U IYKapu-
OMuUYecKoil (PacmumenbHou U HCUGOMHOI) KI1emoK; 3apucoeanbs
ux (npunoscenue A, puc. A.3 u A.4).
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Tema 2 TMAJIOIUIASMA M KJIETOUYHDBIE BKJIFOUEHWJI

1 IloHsaTHnsa nmuTOIIa3Ma U rHajoIIa3Ma.
2 XUMHUYECKHU COCTaB I'MaIOIIa3MBbl.

3 CBoiicTBa U PYHKIIMU THATIOIIA3MBI.
4 KieTtouHble BKIIOUYCHUSL.

OcHobBHble nonamusa no meme

L{umonnazma — 3T0 BCe BHYTPEHHEE COJEPKUMOE KJIETKU 3a HC-
KIIroueHueM siapa. OHa HEOTHOPOHA 110 CBOEMY COCTAaBY M CTPOEHHIO
M BKJIFOYAET B CE€0sl paCTBOPUMYIO YaCTh — cUAIONIA3M), & TAK)KE Opra-
HOWIBI ¥ MHOTIA BKJIIOYEHHUS. | MaioruiazMa UMeeT BHJ TOMOI€HHOI'O
WJIM TOHKO3EPHHUCTOTO BEIIECTBA ¢ HU3KOW 3JICKTPOHHOM IIJIOTHOCTBIO
U 110 (PU3UKO-XMMHUYECKUM CBOMCTBAM IMPEACTABIISET COOOM CIIOXKHYIO
KOJUTOUHYIO CHCTEMY, B KOTOPOM €CTh M HCTHHHBIC PACTBOPHI.

CBoiicTBa TUajOIIa3Mbl HANPSAMYIO CBSI3aHBI C €€ KOJUIOHIHBIM
COCTOSIHUEM:

—CcmabuibHOCMb — CBOMCTBO HE JIaBaTh OCaJKa MPH JIUTCILHOM OT-
pe3Ke BPEMEHH;

—Koaeynsayus — GopMHUPOBAHUE arperaToB U B KOHEYHOM MTOTE OCaJIKa;

—olceamuHu3ayus — 3aryCTeBaHue pacTBopa: 30J1b MEPEXOINT B Tellb;

—Koayepsayusi — CBOMCTBO KOJIJIOMIOB MPU OINPEIACICHHBIX YCIOBHUIX
paccianBaThCs Ha JBE HeCMelIuBaroniiecs ¢Gaspl C pa3IMIHON KOH-
[IEHTpaleld OPraHNYECKOTO BEIIECTRA,;

—muKkcomponusi — ClIoCOOHOCTh U3MEHSTh U 00pAaTUMO BOCCTaHABJIU-
BaTh BA3KOCTH IIPH JICUCTBUN MEXaHHUUECKUX CHIT;

—CuHepe3uc — COKPaTUMOCTbD TeJIel C BBIJICIICHUEM KUIKOU (pa3bl;

—YUKI03 — SABJICHUE aKTUBHOTO JABMKCHHUSI, B KOTOPOE BOBJICKAETCS BCS
[IMTOILIa3Ma KUBBIX KJIETOK.

Knemounvie eéxnrouenuss — HENOCTOSHHbIE OOPA30BaHUS KIIETKU.
[To xapakTepy MPOUCXOKIEHUS — 3TO MPOAYKTHI KJIETOUHOIO METabo-
Jau3Ma.

Dopmul 6KAOYEHUN: TPAHYIIBI, KAIUIM, KPUCTAILIbI, 3€pHA WIHA CO-
NEPKUMOE BaKyouu. [lo xumuueckomy cocmagy: HEOPraHUYECKHUE U
OpraHUYECKUE BELIECTBA.

PaznuyaroT 3 rpyniiel BKIIOUYEHUN:
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— mpoghuueckue (yTiI€BOJAHBIC, )KUPOBBIC);

— nuemenmusle (IK30T€HHbIE — KapOTHUH, HEOPTaHUYECKUE BELIECTBA;
SHJOT€HHbIE — MPOAYKTHI pa3pyllieHusl reMoriooruHa (OuimpyouH,
OWJIMBEPAMH ), MEJIAaHUH, JIUTTO(YCIUHH);

— ceKkpemopHbvie U IKCKpeMmopHble.

Bonpocwt ona camoxonmponsa:

1 Yto Takoe ruajoriazma?

2 Kakoi xuMu4ecKuil CocTaB UMeEeT rruajioruia3ma’?
3 Kakumu cBoricTBaMu o0JiagaeT ruajporiazma?

4 XapaKTepHUCTHKA KJICTOUYHBIX BKIIOUCHUM.

JlaGopaTopHas paboTa
«U3yuenue 2omoBuix u npuezomobienue Gpementvix
npenapamob xiemounuvix BraroueHui»

Heab: n3ydeHUe KIETOYHBIX BKIOYEHUN HA MpPUMEPE TOTOBBIX U
BPEMEHHBIX MTPENapaToB.
Mamepuanst u oo6opyooeanue:

- CBETOBOW MUKPOCKOII;

- MpPEIMETHbIC U MOKPOBHBIE CTEKIIA;

- MpenapoBAIbHBIC UTJIbI;

- CKaJIbIIEb;

- Kaptoderb;

- HapyXHBIE CyXHe MJICHYAThIE YEIlyH JTYKOBHUIIBI PEMYATOTO JIYKA;

- JUCTWLIMPOBAHHAs BOJA;

- TJUUEPHH;

- TIUIETKY;

- TOTOBBIE MpenapaThl: >KUPOBbIE BKJIIOYEHHS B KJIETKAX IE€YCHU;
BKJIFOUEHHMSI TJIMKOT'€HA B KJIETKAX MEYEHH; KEJITOYHbIC BKITIOUCHMUSI;
IpaHyjbl 3UMOI€Ha B CEKPETOPHBIX KJIETKAX; MUTMEHTHBIE KIIETKU-
XpOoMaTo(opBl.

Xoa padoThI

1 H3ylmmb PAa3/ludUHble K/IIEMOUHbIEe 6K/IIOUEHUA HA npumepe 20-
moeblx npenapamoe
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[Ipenapam 1 2KupoBvie bxatonenus 8 kiemkax neweHu aKkcoi0mAs

[Ipu ManoM yBEIMYEHUH BUIHBI MIPUIICKAIINE APYT K IPYry KIET-
KM MHOT'OYT'OJIBHOM U OKpYTrioil popmsl. [Ipu 0OpaboTKe TKaHU YETHI-
PEXOKHUCHIO OCMHUSI BUJHO, YTO B LIUTO-
ia3Me TenaTOIUTOB JIOKAIU3YIOTCS
yepHble (aAcOpOMpOBaBIIME OCMUM)
KUPOBBIE KaILIH.

Hano m3yuuts npu OOJBIIOM yBe-
JMYEHUH TPYIINY NEYEHOUYHBIX KJIETOK C
OTYETIMBO BUAUMBIMH  KUPOBBIMU
BKIIOUeHUsIMU  (puc.9). T'emarouuTsl
pasleneHbl KIemOUYHbIMU — 2PAHUYAMU
(1). Knerku uUMEIOT Kpyrible CTPYKTY-
pupoBaHHbIe s0pa (2). Lumonnazma (3)
UMEET KEITOBATO-3€JICHOBAThIM OTTE-
HOK, B HEW HAXOJAATCS B BHJE Kalenlb
YepHBIE Jicuposuvle eKaoyeHus (4).

IlepBoHaYaJIbHO  CUHTE3UPOBAH-
HBII KU OTKJIAQJIBIBAECTCS B IMEUYEHOU-
HBIX KJIETKax B BHJI€ MEJIbUYaWIINUX Ka-
nejb, KOTOPhIE, CIMBAICh MEXIY COOOM, 00pa3yroT Karuikd OOJIbIIEro
pasmepa. Kaxnas >xupoBasi Karisg OKpy>KeHa MeMOpaHo#, 00pa3oBaH-
HOM IIPU y4aCTUU KOMIUIEKca [ onbKu.

Pucynok 9 — JKupossie
BKJIIOUEHHUS B KJIETKAX [TEYCHU
aKcoJIoTJs [9]

[Ipenapam 2 Bxawouenus 2Auko2eHa
6 K1emxax neweHu aKcoAomAs

IIpn Manom yBEeIWYEHUU B LIUTO-
IJIa3M€ TEIaTOLMTOB BHUIHBI BKJIIO-
YEHUSI TJIMKOIEHA, OKPAIICHHBIC B
KpacHO-puosieToBblid 1BeT (puc.10).
Hano BbIOpaTh TpyIily KJIETOK C XO-
POIIO 3aMETHBIMU TPAHUIIAMU U U3Y-
quTh (GOpPMY M paclpeliesICeHUE ATUX
BKJIIOUCHUH TIpHU OOJIBIIIOM YyBEIUYe-
HUU. B HEOKpallleHHOW LHUTOIIa3Me
IeIaTOIMTOB HAaXOAUTCS OOJBIIOS

Pucynok 10 — Bximtouenus rim-
KOreHa B KJIETKaX IeUeHHU [9]
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KOJIMUECTBO 2nuKozeHa 6 sude 2nviook (1) pa3innMuHON BEIMYMHBI U
(OpMBI, 3aTOHSIONINX MMOYTH BCIO KICTKY. CTPYKTypHpOBaHHBIC 50-
pa (2) KIEeTOK 3aMETHBI 110 (ProJIETOBOM OKpacke. BerpeuaroTes rena-
TOILIMTHI, B KOTOPBIX 21UKO2eH B BUJI€ KPYITHBIX IJIBIOOK CKanIU8aemcs
Ha 00HoU cmopore kiemku (3): 3T0 apTedakT, CBSI3aHHBIN C POHUK-
HOBEHHUEM (UKcaTOpa B KIETKY.

B nuromiazMe renaTonuToB, OTHOCUTEILHO CBOOOJHOM OT TJI-
KOT€Ha, BUJIHBI IYCThI€, HEOKpallleHHbIe 6akxyoiu (4), KOTOpbIE
PEACTABISIIOT COOOM TMOJIOCTHU, OCTABIIMECS Ha MECTE KUPOBBIX
BKJIFOUCHUM.

[Ipenapam 3 Keamounvie bxatonerus

[Ipn manoM yBEJIWYEHHHM BHJIEH 3apOABIII JIATYIIKA HA paHHEU
CTaJUM Pa3BUTHUSL — JIPOOJICHUS OILIO-
JOTBOPEHHOM sIMEKIEeTKU. [louTn BCs
nurToriazMa onacromepa (puc. 11) 3a-
MOJIHEHA JCEIMOUHbIMU BKAIOYEHUAMU
(1) — rpa"nynaMu >KenToro IBeTa, Ma-
JIOYKOBUJIHOM, OKPYIVIOW WM OBAJIb-
HOU (popMbl. XKenTouHble BKIIOUEHUS
oOpa3zoBaHbl TNpoTeuHamH, (Gocdoiu-
NUJAMU U YTIIEBOJIaMH.

[ToMUMO >KENTOYHBIX TpaHyJ, B
qUTOIUIa3Me 0JaCTOMEPOB BCTPEUAIOT-
Csl MeJIKue OypOBaTO-KOPUYHEBBIC nue-
MeHnmHvle KkatoyeHuss (2), KOTOpbIe
OPEACTAaBISAIOT COOOW 3alIUTHOE MPHU-
CIOCOOJIEHHE OT CUJILHOTO BO3/IEUCTBUS CBETOBBIX JTyUEH.

; f A iegy
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Pucynok 11 — ’Kenrounsie
BKJIIOUCHU [9]

[Ipenapam 4 I'panyavl 3umoeeHa 8 cekpemopHbiX KAeMKAX
100XKeAYOOUHOU Keae3bl KPblChl

[Ipy MamoM yBeNMYEHUH HAJ0 HAWTH CEKPETOPHBIC OTJIEIIBI JKe-
JIe3bl OKPYTJION WM OBajbHOU (hOpMBbI, 0Opa30BaHHBIE OJHUM CJIOEM
KEJNEe3UCThIX KJIETOK. B KieTkax M B IPOCBETE ITHX OOpa3oBaHUI
BUJIHBI OKpAaIllCHHbIE B YEPHBIM IBET TpaHyJbl 3uMoreHa (pwuc.12).
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[Ipu GonbIIOM yYBEIMYEHUN HAI0 M3YUYUTh KOHUUYECKHUE Jicenes3ucmole
knemku (1), B anukanvruoix omoenax (2) KOTOPbIX HAXOJATCS epAH)ibl
sumoeena (3). basanvras 30na (4) BeITASAIAT TOMOTreHHOM. Ha rpanu-
e 0a3aJbHOW M alMKaJbHOW 30H HAXOJHUTCS OTHOCHUTEIBHO KPYITHOE
s0po (5) ¢ adpviuxom (6) u enviokamu xpomamuna (7).

Ha pasnmuyubIX ydacTKax mpemnapara BHIHO, YTO COOTHOIIEHHUE
0a3aJpHOM M alMKaJbHON 30H MEHSETCS B 3aBUCHMOCTH OT (PU3HOJIO-
THYCCKOTO COCTOSHUS
KJICTKH: TIepe]l BhIc-
JICHUEM CeKpeTa rpa-
HYJIbI 3WMOTEHa CO-
CPEIOTOYMBAIOTCS Y
alMKaJbHOrO0 KOHIIA
KJIETKH, a SApO OT-
TEeCHsICTCS OJIKEe K
OazanbpHOM MemOpa-
HE; MOCJIC BBIJCICHUS
CeKpeTa 3WMOTCHHAas
30Ha yMEHBIIAETCH,

Pucynok 12 — I'panyiisl 3MMOreHa B CEKpe- M3MCHACTCA TaKiKE H
TOPHBIX KJICTKAX MMOKETYI0UHOM kene3nl [9]  ITOTOIKCHUE ANPa.

[Ipenapam 5 Iluemenmibie KAEMKU-XPOMAMOPOPDL.
Kosxxa eonobacmuxa

[Ipu mManom yBeNMUYEHUU BUIHO, YTO HEOKPAIICHHBIC 3JIEMEHTHI
KOH TOJOBACTHKA MPEACTABIISIIOT Kak Obl (JOH, HA KOTOPOM BBIJIEIS-
IOTCS KPYIHBIE NMUTMEHTHBIE KJIETKH C OTPOCTKAMU — MeJIaHO(OpbI
(xpomaTodophr).

[Ipu OGonbuioM yBenuyeHuu (puc. 13) B HUTOIIA3ME MOKHO
YBUJIETh 3HAYUTEIIBHOE KOJMYECTBO 216100k menanuna (1), KoTopbie
MOTYT MacKUpoBaTh f0pa (2) 3tux kinerok. Ompocmxu (3) menanodo-
POB CIIOCOOHBI U3MEHSTH JUIMHY, BCIEACTBUE YEro MEHSETCS KOJIude-
CTBO MUTMEHTHBIX BKJIIOUEHHM Ha €IMHHILY OObeMa IUTOIIa3Mbl U
MHTEHCUBHOCTH OKPACKH 3TUX KJIETOK, a, CJIEIOBATEIBHO, U IIBET KOXKH
’KUBOTHOTO.
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Pucynok 13 — IIurmMeHTHBIE KJIETKH — XpoMaTo(hopsl [9]

2 Ilpuzomoeumos epemeHHbLI Npenapam KpaxmaibHblX 3epeH 6

K1yoHnax kapmodghens

JI1s mpUroTOBJICHUA TpenapaTa HY>KHO paspe3arh KiyOeHb. He-

OOJBIIOE  KOJIMYECTBO  BBICTY-
MUBIIEH HA MOBEPXHOCTHU pa3pe-
3a MyTHOM Oenoil KUIAKOCTU
CKaJIbIIEJIEM WJIM TpenapoBaib-
HOM MIJVIOW IEPEHECTH Ha Ipel-
METHOE CTEKJIO B KaIlIIO BOABI U
HAKPBITh MOKPOBHBIM CTEKJIOM.

[Ipu manoM 1 6OJIBIIIOM YyBe-
JUYEHUSAX MHUKPOCKOINA OOBIYHO
XOpOIIO BHUIHBI MHOTOYHUCIIEH-
HbI€ 3€pHa, pa3Mepbl U OyepTa-
HUS KOTOPBIX OYEHb BapbUPYIOT
(puc. 14). IIpu mWUPOKO OTKpPHI-
TOM auadparMe OHM BBITJISIAST
NOYTH MPO3PAYHbIMU, TPU He-
CKOJIKO 3aKpbITOM nuadparme
KOHTYpBI 3€pHA U €r0 CTPYKTypa
BUJIHBI O0JI€E PE3KO.

Llenmpor  0bpazosanus (3)
KpaxMaJbHbIX 36pEH UMEIOT BUJ

Pucynok 14 — KpaxmanbsHble 3epHa
kapTodens [7]
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CWJIBHO TPEIOMIISIOIINX CBET OJECTSAMIMX TOYEK, BOKPYT KOTOPBIX
pacrnojiaralorcs crou kpaxmaia (2) pa3IuduHoN mUpuHbL. YeTkas rpa-
HUIIA MEXIY OTIEIbHBIMU CJIOSMH Kpaxmalia OOYCJIOBJICHA pasliv-
YUSIMU B TIOKA3aTeNsAX MPEIOMIICHUS CBETa MEXIy BHYTPEHHEH U Ha-
PYKHOM 30HaMUu JABYX cOoceIHUxX cyoeB. CHapyku KpaxMajbHBIE 3ep-
Ha OKPYKEHbI 00o.10ukamu naacmuo (1).

BonbIIMHCTBO 3€peH UMEET M0 OJJHOMY IIEHTPY 00pa3oBaHUsI — ATO
npocmoie 3epua (4). B npenapare MOXXHO YBUJIETb 3€pHA C ABYMS U
OOJBIIMM (IO MATH) YUCIOM LICHTPOB 00Opa30BaHuUsA, KaXKIblii U3 KOTO-
PBIX OKPYEH COOCTBEHHBIMU KpaxMallbHBIMH CIIOsIMHU. Takue sepHa
Ha3bIBAIOT crodicHbimu (5). YacTo B HUX BHJIHA TPEIIMHA, IO KOTOPOU
MOKET TIPOM30NTH pazziesieHue 3epeH. Eciu BOKpyT Kaxkaoro u3 ¢hop-
MUPYIOLIUXCS B JIGUKOIJIACTE 3€PEH 3aTeM BO3HUKAIOT OOIIME CJIOH,
OKpY>KarollIre 3TH 3€pHA, TO 00pa3yeTcs noayciroxcHoe 3epHo (6).

3 Ilpuzomoeumsv npenapam Kpucmanioe OKcaiama Kaibyus 6
K1emKax HapyydcHolX Yewlyi JyKOGUUbl Penuamozo JyKa

bonbiioe KOIMYECTBO oOKcajlaTa KaJbIMS HAXOJUTCS B CYXHX
TJICHYATBIX YEIIysAX, OKPYKAIOIIUX CHapYyXu JykoBuily. CHSITBIE ¢
JYKOBHUIIBI MEJIKO Hape3aHHBbIE YCHTyH JJIUTEIHHOE BPEMS BBIJICPIKHU-
BalOT B IimMIepuHe. [ paccMOTpeHHs
KPUCTAJIJIOB KYCOUKH ITHUX YTy Iepe-
HOCSIT B TJIMIIEPHH Ha MPEIMETHOE CTEKJIO
1 HAaKPBIBAIOT TTOKPOBHBIM CTEKJIOM.

Yenryst COCTOUT U3 HECKOJBKUX CIIOCB
KJIETOK, (hopMa, pasMepbl U OpHEHTAIUS
KOTOPBIX B Ka)KOM CJIO€ CHJIBHO BapbH-
pyer. HeoOxoammMo HallTH y4yacTOK Yellyu
C OJHUM CJIOEeM KJIeTOK (puc. 15). Bo mHo-
IMX KJIETKax XOPOIINO BHIHBI IPU3MaTH-
Pucynok 15 — Kpucramiel  yeckue oouroywnvie xpucmaiiwvt (1) unu

OKcajlaTa KajblLsd B CPOCTKM U3 2-3 KpHUCTAJUIOB OKcajiaTa
TUICHYATBIX HeHTysiX Kbl — O8olinble (2) u mpoiunvle (3)
perrdaroro syka [11] KPUCMAJLbL.
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Tema 3 KJIETOUHAJI OBOJIOUKA N
EE IITPOHNITAEMOCTDb

1 Knerounas o0Gosouka.

2 buosoruyeckass MeMOpaHa.

3 JlepuBaThl KJIETOYHON 0OOJOUYKH.
4 MeEXKIEeTOUYHbIC KOHTAKTHI.

OcHobBHble nonamusa no meme

OO6om0uka KJIETKU UMEET CIEAYIOIINE COCTABHBIC YACTHU: HAPYXK-
HBIA CJIOW 2IUKOKAIUKC, BHYTPEHHUN CJIOM KOopmeKc, MEXIy HUMHU
ouonocuveckas memoparna. B XMMHUYECKOM OTHOIIEHUU Ouoouye-
CKasi MemMopaHa — 3TO JIUMO-TIPOTEUHOBBIN KOMILJIEKC, OOBIYHO B Be-
COBOM OTHOIIECHUH |:1.

VY pacTUTENbHOM KJICTKU U HEKOTOPBIX JKMBOTHBIX KJIETOK, a TaK-
e KIJIETOK MPOKAPUOT €CTh KIeMOUHAsi CMeHKd, KOTOpasl pacrnoJjiara-
eTCsl HaJ TJIMKOKAJUKCOM U SIBIISIETCS MIPOJYKTOM >KHU3HENEATEIbHO-
CTH KJIETKH, TIO9TOMY Y MOJIOJBIX KJIETOK OTCYTCTBYyeT. Bcerna u B
000JI0YKE KJIETKHA U B KJIETOYHOU CTEHKE €CTh OTBEPCTHS — NOPbL.

Kierounass memOpaHa oOnafgaeT u3zbupamenvHou HNPOHUYAEMO-
cmbio, U 3Ta CIOCOOHOCTh MEHSIETCSI B 3aBUCUMOCTHU OT (hHU3HOJIOTHYE-
CKUX YCJIOBHM, TEMIIEPATYPHBIX (PaKTOPOB, ACHCTBUS HEKOTOPHIX HOHOB
u 1p. [1nazmonemma obsagaeT cBOMCTBaMU ocMoMempa, KOTJa Mpy Ha-
JMYUU TPAJMEHTA KOHIIGHTPAIMU BOJA JIETYe MPOHUKAET Yepe3 MEM-
OpaHy, 4YeM pPacTBOPEHHOE BeIIecTBO. Uepes KIeTouHyr0 000JI0UKYy MO-
T'YT IPOXOJUTH BEIICCTBA MPOTHUB IPaJMCHTA KOHIICHTPAIUU (aKTHBHBIH
TPAHCIIOPT).

Bce depusamul kiieTouHOM 00070YKH (€€ IPOU3BOIHBIE) CBA3AHBI
C IESITEIHLHOCTBIO TIA3MOJIEMMBI: U emoYHAsl KaeMKa PECHUYHOTO JI11-
Tenusi, neantuxyavl (y IpOCTEUINX), UHBAUHAYUY BHYTPh KIICTKH, Jil-
HOCOMbL U JIP.

Bonpocwt ona camoxonmponsa:

1 Kakwme cocTaBHBIE YaCTH UMEET KJICTOUYHAST 000I04YKa?

2 Kak yctpoeHa Ouonoruyeckas meMopana?

3 Yewm oOycioBieHa u3bupareibHas MPOHUIIAEMOCTh OHUOJIOTHYe-
CKOW MeMOpaHbI?

4 Kakoe 3HaueHuE I KJIETKH UMEIOT KOPTEKC U TIIMKOKAJINKC?
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JlaGopaTopHnas padoTa 1
«Kaemounaa oboarouka u ee depubamor»

esb: n3ydeHne CTpOSHUs KJIETOUHOM 000JIOUKU U €€ JIeprBaTr.
Mamepuansl u oo6opyooeanue:

- CBETOBOW MUKPOCKOII;

- TOTOBBIEC MpENapaTbl: PECHUYHbBIA SMUTENNN KUIIEUHUKA 0€33y0-
KH; MEPLIATEIbHBIN SMUTEINN Tpaxenu COOaKHu.

Xoa padoThI

1 Paccmompems cxemy cmpoenusn 0uo102udeckol memopansl u
3apucoeams ee (npunosxcenue b, puc. b.1)

Kaxnas kjeTka MmokpsiTa MUTOILIa3MaTUUYECKOM MeMOpaHoi (puc.
16) — nnasmonemmoti (A), KoTopasi OTTPAHUYUBAET KJIETKY OT BHEKJIE-
TOYHOU CpEJlbl, UMEET JHUMNONPOTEUIHYI0 CTPYKTYpy (7,5-10 HM™M). B
oununuornom cioe (1) BHyTpb (ApYT K APYTY) CMOTPST 2uopogoobHuvle
xeocmul (2), a KHAPYXH (B CTOPOHY O€JIKOB) — 2uodpoduibHvie 20108KU
(3). XBOCTHI JIMNHUAOB YAECPKUBAIOTCS MPU MOMOILIUA TUAPO(YOOHBIX
CBS3EH, a MEXIy roJIOBKAMU JIUITUAOB M OCIIKOBBIMU MOJIEKYJIaMH Ha-
XOJATCS TUAPO(QUITbHBIE CBSI3U (MOHHBIE U KOBAJICHTHBIE).

CornacHo mo3auuHot cmpyKmypvl OUOMEMpaHsbl BBIIETSIOT TPU
TUMa OEIKOB: nosepxrHocmuvie (4), noepyscennvie (5) U NpPoHU3bI-
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sarowue (6).
I nuxoxanuxc (b) —
ATO  HAIAMEMOpaHHBIN

KOMIUIEKC, KOTOPBIN
npeacTaBiIsieT  coOoM
YIJIEBOIHBIN KOMIIO-

HEHT B NMPOCTPAHCTBEH-
HOM OTHOIIICHUU MOJIe-
KyJdbl B BHUJE AaHTCHH,
HIDKHUM KOHIIOM CBSI-
3aHHbIE C OeakamMu —
2NIUKONPOMEUHDL (7)
WIH C JINOUJAMHA — 2/1U-

Kounuowl (8).



2 H3yyumo ouppupenyuposKy KiemouHnwvix n08epxXHoCHmell HCUGom-
HbIX K1emok (npunoxcenue b, puc.b.2, b.3)

Ha cB00OOHONM MOBEPXHOCTH MHTEHCHUBHO BCACHIBAIOIINX KJIETOK
KUBOTHBIX HMMEKOTCS MHUKPOBOPCUHKH, YBEIMYMBAIOIIUME BCa-
CBIBAIOIIYIK0 IOBEPXHOCTb KaXXIOW KieTKu. Ha ypoBHE CBETOBOro
MHUKPOCKOMNa OHM 00pa3yloT B COBOKYIHOCTH TaK HAa3bIBAEMYIO uje-
mouHyto kaemky (ripenapatsl 1 u 2).

BaxHoil QyHKIMEH MIa3MOJEMMBI SIBIIIETCS TaK)K€ COCIMHEHUE
KJIETOK APYr C APYrOM M 00pa30BaHME CHEHU(PUYECKUX MEKKIECTOU-
HBIX KOHTaKTOB (npuioxkenue B, puc. B.1, B.2).

[Ipenapam 1 Pecruunwiil snumeauti kuuieuHuxa 0e33yoxu

Ha manom yBenuueHun HeEOO-
XOJUMO BBIOpATh CJIOW DIHUTEIH-
QIbHBIX KJIETOK, KOTOPBIC BBHICTH-
JAI0T U3HYTPU MPOCBET KUIICUHUKA
0e33yOku (MUMeeT BHJ  TEMHO-
OKpAIlIEHHOM TMOJOChI) U PaCCMOT-
peTh ero Ha OOJIBIIOM YBEIUYEHUU
(puc. 17).

Inumenuanvuviti  naacm (1)
pacmojlaraeTcsi HajJl COCIUHUTEIb-

HOM TKaHbIO. BBICOKME yununopu- 4 3
yeckue snumenuanvhvie Kiemxu (2) PucyHok 17 — PeCHUYHBIH 3muTe-
pacmosaratotcsi B OMH CJIOH Ha 0a-  npif kumeunnka 6e33y6Ku [9]

3anbrou memopane (3). OBasibHBIC

s0pa (4) ¢ 3epHUCTBIM XPOMATHHOM H SIIPBIIIKOM JIeXKAT Ha Pa3HbIX
YpOBHSX, HO Bcerjga B OaszanbHOM 4YacTu kjeTku. CBoOojHas (amu-
KaJIbHas) TTOBEPXHOCTh KJIETOK OOpallleHa B MPOCBET KHIICYHHKA M
MOKPBITA OJIM3KO PACIIONIOKEHHBIMU JAPYT K APYTY pecHuykamu, oopa-
syrowumu wemounyro kaemxy (5). llleTounas kaemMka B KHUIIIEYHUKE
YBEJIMYMBAET BCAChIBATEIHHYIO TOBEPXHOCTD.

[Ipenapam 2 MepyameavHolil Snumesuti mpaxeu cobaxu

Ha manoMm yBenndeHuu ciieyeT HaWTU MHOTOPSAIHBIA MEpLATENb-
HbII DIUTENNM, BHICTAIAIOIIUN BHYTPEHHIOK MOBEPXHOCTb TPAXeU IO-
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BEPXHOCTH DJIUTEINS, W PACCMOTPEThH
€ro Ha 0oJpIIOM yBeNnUYeHUH (puc. 18).

B cocraB snutenus Tpaxeu BXOJAT
KJIETKH JBYX THUIIOB: HH3KHE MEJKHE
ecmasounvle kaemku (1), He HOXOms-
e J0 TIOBEPXHOCTH OIUTEIUSA, U
mepyamenvtole Kiemku (2), Cy>KCHHbBIC
KHU3Y M TOKPBITBIE Ha CBOEH CBOOOI-
HON TOBEPXHOCTU pecHuuKamu, oopa-
3YIOWUX CHJIOWHOU CIIOU UWemO4YHOU
kaemxu (3). DnurenuanbHbIe KIIETKH
cojaepxar sopa (4).

[Ilerounass kaeMKa STHUTEIHS Tpa-
XEHM BBIMOJHSACT 3aIIUTHYIO (DYHKITHIO:
HaXOJIICh B HENPEPHIBHOM JIBHKCHHH,
OHM TOHST CJIU3b, BHIACISIEMYIO CIIHU3H-
CTBIMH KJIETKaMH, U3 BO3yXOHOCHBIX ITyTEH HAPYXKY.

Pucynok 18 — MepuarenbHslii
AIIUTENIUN Tpaxeu cobaku [7]

3 Paccmompemdb cxemy cmpoeHus KiemouHOou 0007104Ku pacmu-
MmenbHOUl K1emKU U 3apucoeams ee

)
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B omimune ot OOJBIIMHCTBA
7  JKMBOTHBIX KJIETOK, IMTOIUIa3Ma
KOTOPBIX OKpY>KE€Ha IlIa3MajieM-

;:

R

.
\\\\_\}\\\\;\}}\,5?3%}}\:}

.’ N\

//

i§ﬁ \ MOM, KIETKM PAcCTEHUH HMEIOT

\] . Y10 06 19), Ko-

§ E‘ . IJIOTHYIO0 000704Ky (puc. 19), ko
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B MHOTOKJIETOYHBIX OpraHM3-
MaX OOOJIOYKH COCEOHUX KIIETOK
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Z pa3elieHbl CPeOUHHOU NIAACTMUH-
Pucynox 19 — Cxema CTpoeHmA KIle- 457 (), cocrosiuieil U3 nexmuHo-
TOYHBIX 000J104YeK pacTeHuit [12]: sbix seujecms. Ha Hee ¢ obemx

I[IM — miazmaruueckasi MeMOpaHa,
B — Bakyous, A — saxpo. 24



CTOPOH OTKJIQJABIBAETCSI TOHKas nepsuunas ooonouxa (1), B koTopou
Hapsay ¢ IEKTHHOBBIMHU BEIIECTBAMU MMEETCS OOJIbIIIOE KOJIUYECTBO
2eMUYeL0I03bl.

[Tocie oxkoHYaHMsI POCTa KJICTKH M3HYTPH Ha MEPBUYHYIO 000-
JIOUKY OTKJIQJbIBAETCs OoJjiee KecTKasi emopuunas ooonouxa (2), co-
CTOSIIIAs TPEUMYILIECTBEHHO W3 yennronoswl (MpuilokeHue b, puc.
B.5). VYTonieHnue BTOpUYHOW OOOJIOYKH MPOUCXOAUT HAJIOKEHUEM
IJIOTHBIX CJIOEB IapajuIelIbHBIX MaKpO(QUOPHILI EJUTFOI03bI, UMEI0-
IAX B KaXIOM CJIOE€ OIPEACICHHYI0 opueHTauuio. [log BTopruHOMN
000JI04YKOM pacmoiiaraeTcsi TOHKasi mpemuunas 06ooyka (3) — caMblid
BHYTPEHHUI U HanboJsiee MOJIOAO0W 10 BpEMEHH 00pa30BaHus CJIOM.

JlaGopaTtopHas pabota 2
«U30upamesvnan npoHuyaemocms 010402U1ECKOT MeEMOPAHbLL»

Heab: n3ydyeHre MPOHUIIAEMOCTH OMOMEMOpaH Ha MpHUMEPE IMPo-
[IECCOB IJIa3MOJIN3A U ACTIa3MOJIH3A.

Mamepuans u oo6opyooeanue:

- CBETOBOW MUKPOCKOII;

- MpPEIMETHbIC U MOKPOBHBIE CTEKIIA;

- TIUHIIET;

- JIMCTbS DJIOJEH;

- JUCTWLIMPOBAHHAA BOJA;

- (uabTpoBanbHas Oymara;

- TJUUEPHH;

- 6-8 % pacTBOp caxapo3sbl;

- TIUIETKHU.

Xoa padoThI

JIMCTOK 3JI0/1€M, aKKYpaTHO OTOPBAHHBIM IUHIETOM OT CBEXKEU
BETOUYKH, IIOMENIAIOT Ha MPEAMETHOE CTEKJIO B KAIUIIO BOJbI U HAKPHI-
BAIOT MNOKPOBHBIM CTEKJIOM.

Kammo 6-8 % pactBopa caxapo3bl HAHOCAT Ha MPEIMETHOE CTEKJIO
BIUIOTHYIO K MOKPOBHOMY CTEKJIy, MOJI KOTOPBIM B BOJI€ HAXOJUTCS
muct 3ojer. C MpOTHUBOIOIOKHON CTOPOHBI TAKKE BIUIOTHYIO K TIO-
KPOBHOMY CTEKJIY KJIAAYyT MOJIOCKY (UIBTPOBAIBHOM OyMaru, KOTopas

25



JOJDKHA OTTATHBATh BOMy. UToOBI pacTBOp OBICTpee BOIIEN TOJ TO-
KPOBHOE CTEKJIO, MPEAMETHOE CTEKJIO MOYKHO CJIETKa HAKJIIOHUTD.
PaccmaTpuBas UCT, MOKHO BHJIETh, YTO CHayaja B KPaeBhHIX, a
3aTEM W B OCTAJIbHBIX KJE€TKax mpomonnacm (1), coaepxamuit nia-
cmuosl (2), HAYMHACT CKUMAThCS U OTXOIUTh OT KJIETOYHBIX CTECHOK
(puc. 20). DTOT mpoIEeCcC OTACICHUS MPOTOIIACTa OT CTEHOK KJIETKHU
HA3BIBAIOT MAA3MOAU30M. XaAPAKTEP IIJIA3MOJIM3a ONMPEACIIICTCS BSI3-

Pucynok 20 — [limazmonus B
KJIETKaX JINCTA 3J10]1eu [ 7]

KOCTBIO IUTOIIA3MBI. Y 3jojaeu (¢
HU3KOM BSI3KOCTBIO IIUTOILIa3Mbl) Ha-
OJIFO1aeTCsl BBIMYKJIBIN TIJIa3MOJIN3, TIPU
KOTOPOM  IIUTOILIa3Ma, OKpPY>KECHHas
naazmonemmot (3), 6onee WIM MEHee
PAaBHOMEPHO OTXOJUT OT KJIETOYHBIX
cTeHOK. Ilma3sMonM3MpoBaHHYIO KIIETKY
MOKHO BEpHYTh B IIEpBOHAYAJILHOE CO-
CTOSIHHE, 3aMEHHMB THUIIEPTOHUYECKUU
pacTBOp, B KOTOPOM HaXOJUTCS JIKCT,
BOJIOW. B 3TOM Ciiy4yae KJIETOUYHBIN COK,
OCMOTHYECKOE  JIaBJIEHHE KOTOPOro
OKa)XETCSl BBIIIE, YeM B OKpYXKaroIiei
cpezne, OyAeT akTUBHO BCaChIBaTh BOAY.
OO0BbeMbl KJIIETOYHOTO COKa M BaKyoOJId
yBEJIMUATCs, IUTOIUIa3Ma OKaXeTCs
OTTECHECHHOM K CTEHKaM KJIETKU —
POU3OUJIET OeNIAIMOU3.
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Tema 4 OPTAHOWMIbI MEMBPAHHOI'O
ITPOMNCXOXXOEHWII

1 Crpoenue u QpyHKIIMU SHAOMIA3MATUYECKOTO PETUKYIYMA.
2 Crpoenue U PyHKIHH BaKyOJIEH.

3 Bunpl, ctpoeHue U PyHKIUU JTU30COM.

4 Crpoenue u pyHkuuu amnmapara [ onbpxu.

5 JIBymeMOpaHHbIE OPraHOUIbl: MUTOXOHIPUH, IJIACTH/IBI.

OcHobBHble nonamusa no meme

Opranonipl MEMOPAHHOTO MPOUCXOXKACHUS MPEACTABISIIOT COOOM
OTJIETIbHBIEC JTMOO CBSI3aHHBIE JAPYT C JAPYTOM OTCEKH B LIUTOILIA3ME,
COACPKMMOE KOTOPBIX OTJEIECHO COOCTBEHHOW MEMOpaHOW KakK OT
UTOIUIa3MBbl, TaK U OT IJ1a3MOJIEMMBI.

CymiecTByeT AB€ rpyIibl MEMOPAHHBIX CTPYKTYP:

1 comepxumMoe 00HOMeMOPaAHHBIX OP2AHOUO0E OTTPAHUYCHO OT rha-

JIOTJIa3Mbl OJITMHAPHON OMOJIOrMYeCKOM MeMOpaHOM:

— oHOoNnIazMamudeckuti pemuxyaym (TpaHyISpHbIA U arpaHyJIsipHbIN );

— annapam I onv0oxcu;

— Ju30combl (IEPBUYHBIE, BTOPUYHBIE, TPETUYHBIE U YETBEPTUYHBIE);

— gaxyoau (IEPOKCUCOMBI, CPEPOCOMBI, aJICHPOHOBHIE U IICH-
TpajbHas BaKyOJIn);

— CceKpemopHble NY3bIPbKU.

2 0symemoOpanHble Op2aHOudbl UMEIOT 3aMKHYTHIE U HE3aBUCH-

Mble (HE mepexojslue APYyr B Apyra) BHEUIHIO M BHYTPEHHIOIO

OMOJIOTUYECKYI0 MEMOPaHBI:

— MUMOXOHOPUU,

— naacmuodsl (XJIOPOIJIACTBI, JICMKOIIACTBI, aMUJIOIIACTHI, XPO-
MOILJIACTHI).

Bonpocwt ona camoxonmpons:

1 Kakoe cTpoenue 1 3Ha4€HHE IS KJIETKA UMEET IHAOIIIa3MATH-
YECKUM PETUKYITYM?

2 Kaxkune pa3HOBHUIHOCTH BaKyOJIEH BCTPEYAOTCS B KIIETKE?

3 Kakue QyHKIIMHU B KIJIETKE BBITOJHSAIOT JIM30COMBI?

4 KaxkoBo 3HaueHue anmnapara ['onpmxu?

5 Kakoe cTpoeHre UMEIOT MUTOXOHIPUH Y TITACTUIbI?
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JlaGopaTopHas paboTa

«Cmpoenue memOpantvix opeanoudoB na npumepe
eomobuix u Bpemennvix npenapamob»

Henab: nu3yyenue crpoeHrs U GyHKUIMUA OpraHOUI0B MEMOPAHHOTO
POUCXOXKICHUSL.

Mamepuanst u oo6opyooeanue:

- CBETOBOW MUKPOCKOII;

- MpPEIMETHbIC U MOKPOBHBIE CTEKIIA;

- MpenapoBAbHBIC UTJIBL;

- CKaJIbIIEb;

- MOpPKOBB;

- JJoAes;

- JUCTWLIMPOBAHHAA BOJA;

- MUIETKY;

- TOTOBBIE Tpenapathl: ammapar ['oJabIKM B HEPBHBIX KIETKAX
CIIMHHOTO TaHIJIUs KOTEHKA; MUTOXOHAPUU (XOHIPHUOCOMBI) B TIO-
YEUHBIX KaHAIbIAX.

Xoa padoThI

1 Ilpucomoeums npenapam Xa0ponaacmos 6 TUCmbAX I100eu

[IvHIIETOM aKKypaTHO OTOPBAaTh MOJIOJOM JIMCTOK 3JIOJEH, MOJIO-
KUTb €r0 HUKHEN CTOPOHOW B KaIUIKO BOJIbI HA MPEIAMETHOE CTEKIIO,
HAKPbITh MOKPOBHBIM CTEKJIOM M PACCMOTPETh MPHU MaJIOM U OOJIBIIOM
yBEIMYEHUAX MUKpockona (puc. 21). JIUCT cocTOUT M3 ABYX CIIOEB
KJIETOK, MPUYEM KJIETKH BEPXHEro CJIos, 0OpallleHHOIro K HalJroaTe-
JII0, KpyIIHEEe KIJIETOK HUXKHETro ciiosi. Pasmepsl, oopma KIETOK, a Tak-
KE YHCIIO COAEPKAIIMXCS B HEW 3€JIEHbIX IUIACTHI — XJIOPONIACHO8
(1) — BapbupYIOT.

Kpaesvie knemku nvucta moutu npo3padHbie. HeKOTOpble KIIETKU
BBICTYNAIOT HAPYXKY 6 8ude ocmpuix 30406 (2), BEPUIUHBI KOTOPHIX
oOpalieHbl K Bepxyuike aucrta. KieTku, pacroiioKeHHbIe 110 Kparo JIHC-
TOBOM IUIACTUHKH, BBITSAHYTHI B JUTMHY, HO 3HAUYUTEIILHO KOPOUYE KIETOK
cpennent ik, Knerku OenHbl colepKUMbIM, HaXOASAIIUECS B HUX He-
MHOTOYHCIIEHHBIE MIACTUABI (1) 3HAUUTENILHO MENIbYE, YEM B OCTAIBHBIX
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KieTkax. Aopa (3), pacnonoXeHHbIE B IIEHTPE KIIETKH, OOBIYHO chepruye-
CKHE, a MPIKATHIE K CTEHKE KJIETKH - TIOTycepruecKue.

Pucynok 21 — Knetkn mucra smoneun: A — KpaeBble KIETKH,
b — xneTkn cpeiHen JKUIKU U ITPUJIETAOIINE K HUM KJIIETKH [7]

Knemxku cpeoneti orcunxu (4) y3Kue, CUIIbHO BBITSHYTHIC MO JTMHE
aucta, mnactua (1) B HUX HEMHOro, OOJBIIMHCTBO M3 HUX pacroia-
Taro0TCs BJIOJIb OOKOBBIX CTEHOK.

Kietku, npuieratroniye K cpeaHen >kuike, 0ojiee MUpPOKUe, KBajl-
patHbie WM TpojosroBarbie. B Hux muoro ruiactup (1), B TuiaHe oHH
OKpYTJIble, B OOKOBOW MPOCKIIMH — OBAJIbHBIC WU AJUTUNTHYECKUE. [[u-
monnazma (5), OKpyXkarolas KpylnHYyI yeHmpaibHyto 8axyoas (6), 3a-
HUMAET MPUCTECHOYHOE MOJIOKEHUE.

2 Ilpucomoeums npenapam XpomMonaacmos 6 KOpHenai00ax mop-
Kosu

Heo0Oxoamnmo caenaTh
TOHKHW MPOJOJIBHBIN WIH I0-
IIEPEUHBI CpE3 KOPHEIUIOJA
MOPKOBU U TTOMECTUTH €ro Ha
OPEAMETHOE CTEKJIO B KAaIlIko
BOAbl WM TIJIMIEPUHA, MpPHU-
KpPbIB TTOKPOBHBIM CTEKJIOM.

Paccmotpers npenapar Ha Ma-
JIOM ¥ GOJIBIIOM YBEIHYCHHH Pucynok 22 — XpoMOIIacTsl B KJIIETKaxX

KOpPHEILI10/1a MOPKOBH [ 7]
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(puc. 22). Knetku okpyxeHbl 060.10uxou (1) U COAEPKUT MEIKUE Kan-
au 3gpupruix macen (2). B kiieTkax KOPHEII00B MOPKOBH COACPIKUTCS
OOJIBIIIOE KOJUYECTBO Kpucmasios kapomura (3) opaHKEBOro IIBETA,
KOTOpbI€ OOBIYHO CBOOOJHO JiexaT B yumonaasme (4) KIETOK, OKpY-
KeHHbIe saxyonsimu (5). KapoTuH Takke MOXKET HaKaIlIMBaThCs B
xpomonnacmax (6).

3 Paccmompemb 20moeble npenapambsl U 3apuUcoeambs ux

[Ipenapam 1 Annapam oav0xu 8 HepBHbIX KiemKax
CNUHHO20 2AH2AUS KOMeHKA

[Ipn manom yBenuueHuH (puc. 23) BUIHBI KPYIHBIE HEPBHBIC
KJIETKU — Hetiponwl (1), pacroyiararomniuecs NpeuMyIliecTBEHHO B MEepHU-
(deprueckux oTAeNax CHMHHOMO3TOBOTO Y3JIa.

Pucynok 24 — Anmapar ['onbxu B
HEPBHBIX KJIETKAaX CIIMHHOTO FaHTJIUS
KOTeHKa (0oJbIoe yBenudeHue) [9]

Pucynok 23 — CnMHHOMO3TOBOM
y3€J1 IPA MAJIOM YBEIUYEHUH [9]

Mexnay CKOIUIEHUSIMH HEHMPOHOB HAXOASTCS HepsHbvle 8010KHA (2)
U COCIUHUTENbHAs TKaHb. BOKpYr HEMpOHOB BUIHBI B BUJIE TEMHBIX
TOYEK s10pa Kiemok-cameaniumos (3).

Hano HailTu HEHPOHBI, B KOTOPBIX BUAHBI CTPYKTYPHBIE KOMIIO-
HEHThI, 1 U3YyYHUTh UX MpHU OO0JbIIOM yBeluueHuu (puc. 24). Bokpyr
sa0pa (1) Ha cBetsioM oHE Hetiponnazmul (2) BbIACISACTCS YepHAs U36U-
aucmas cemsv annapama I onvoocu (3), KOTOpas BIUIOTHYIO NPUIIETAET
K spy JMOO pacmojiaraercs, HECKOJIIbKO OTCTymas OT sjipa, o0pasys
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BOKpPYI' HETO Kak Obl kop3uuky (4). BcTpewaroTcs HEWpPOHBI, B IIUTO-
ma3sMe KOTOpbIX annapam [ 01v0dcu COCTOUT U3 omoelbHblX pae-
menmog (5), He CBA3aHHBIX MEXAY CO00M M pa30pOCAHHBIX MO BCel

HEeWpoIuIa3me.

[Ipenapam 2 Mumoxondpuu (xoHOpuocomsl) 8 noueuHslx KaHAALYAX

[Ipr mManom yBEJIIMYEHUM BUJHBI PACIOJIATAIOIIMECS MTPU3MATH-

YECKUE KJIETKH C TOHKUMH KJIETOYHBI-
MU TrpaHuIiaMu. Mex 1y rne4yeHOUYHbIMU
KJIETKaMH 3aMETHBI IHUPOKUE KPOBE-
HOCHBIE KaIMIISIPBI, B KOTOPBIX HAaXO-
ASTCS KJIeTKH KpoBH. [lpu OGosbiiom
yBeaudyeHuu (puc. 25) B Kiemkax no-
yex (1) Ha xenroBatoM (oHe yumo-
naasmsl (2) BUAHBL s0pa (3), pacno-
JIO’)KEHHBIE B 0a3aJIbHOW YaCTH KIIETKH.
B anukanbHOM 4YacTH KIJIETKH OoJjiee
WIM MEHEe PaBHOMEPHO PacCMOJIOKEH-
Hble MumoxorHopuu (4) KOPUYHEBOTO
BeTa, UMEIue (HopMy OKPYIIIbIX
3epeH WM MaJIOYEK.

Pucynok 25 — Mutoxonapuu B
KJIETKaX MOYCYHBIX KaHAIBIEB [9]

4 Paccmompemdv u 3apucosams 0p2aHOUObl MEMOPAHHO20 NPOUC-
xoxcoenusn (npunoxcenue I', puc. I.1-1.6)

Pucynok 26 — Cxema ctpoe-

Hus armapata ['ombmkm [12]: O

I1 — MIPOKCUMAaJIbHAS 4acCTh
IUKTHOCOMBI; 1 — TUCTaIb- '
Hasl 4aCTh JUKTHOCOMEBI, O
B — BaKyoJly;

O
11 — IIJIOCKHE MEMOpaHHEIE |
O

.

IIUCTEPHBI, A — aMITyJISIpPHBIC S ~ O O 0 DC'J::‘Q o

pPacCIINpPEHHS TUCTEPH. O
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Pucynok 27 — Ctpoenue pa3inuHbIX BUIOB uractuf [12]:
xJjioporuiacra (a), jgeikoruiacta (0), amuioniacra (B), xpomoruiacra (T):

1 — BHeLIHASE MeMOpaHa, 2 — BHYTPEHHsIsI MeMOpaHa, 3 — MaTpuKc (CTpo-
Ma), 4 — JIaMeJUJIbl CTPOMBI, 5 — TpaHa, 6 — TUJIAKOUT;, 7 — KpaxMallbHOE
3€pHO; 8 — IUNUAHAS KaIlisi C TUTMEHTaMHU.

PucyHnok 28 — Cxema o0uieil opraHu3aiuu
MUTOXOHAPUH [2]:

1 — BHelIHASI MEMOpaHa; 2 — BHYTPEHHSIS
MeMmOpaHa; 3 — BISTYMBAHUS BHYTPEHHEN
MeMOpaHbl — KPUCTBI; 4 — MAKPUKC.

Pucynok 29 — BapuaHTbl CTpO€HUS KPUCT MUTOXOHApHM [12]:

a — IJIaCTUHYAThIE TIEPErOPOJIKH, COOCTBEHHO KPUCTHI (ITI€U€Hb KPBICHI);
0 — nepdopupoBaHHbIE KPUCTHI (JIETATEIbHASI MBIIIIIIA MYXH);
B — TpyOUYaTble KPUCTHI; T — BOJTHUCTHIE KPUCTHI (aMe0a).
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Pucynok 30 — Cxema 00pa3zoBaHue JIM30COM U CEKPETOPHBIX IpaHyl [7]:

| — rpaHyJIIpHBIN HIOIUIA3MATUYECKUN PETUKYITYM;
2 — anmapart [ onbxuy; 3 — cekpeTopHas rpaHyiia; 4 — nepBUYHas JIN30C0Ma;
5 — BTOopuyHas Jm3ocoMa (paronmszocoma); 6 — TpeTUIHAS TU30COMA;
7 — yeTBepTUYHASI TU30CcOoMa (ayTOJIM30COoMa), 8 — SHIOILUTO3HBIN Ty3bIPEK;
9 — ocTaTOYHOE TEIBIIC;

A — oOpazoBanue (HarojlmM30COMbI ITyTEM CIVSHUS IEPBUYHOM JTU30COMBI U
SHJOLIUTO3HOIO My3bIpbKa, 5 — 00pa3oBaHKE ayTOIM30COMBI U3 HECKOIBKUX
MIEPBUYHBIX JIM30COM, OKPY>KaIOITUX MOJIOMKH B KJIETKE, B — 00pa3oBaHue
OCTaTOYHOTI'O TEJIbLIA U3 TPETUYHOU JIN30COMBI, /' — BBIBEJICHHUE HETIEPEBA-
PEHHBIX OCTATKOB U3 TPETUYHOM JIM30COMBI ITyTEM 3K30LIMTO3A.



Tema 5 OPTAHOWIbI HEMEMBPAHHOI'O
ITPOMNCXOXXIOEHWII

1 IluTockeneT: CTpOeHUE, COCTaB, (PYHKIIUH.

2 CrpocHuE UEHTPHUOJIEU U KIIETOYHOIO LIEHTPA.
3 PecHWYKHU U KTYTUKH, O0a3aJIbHOE TENbIIE.

4 Crpoenue u pyHKIIUU PUOOCOM.

OcHobBHble nonamusa no meme

K HemeMOpaHHBIM OpraHOMJaM OTHOCST OPraHOUIBI KJIETKH, I10-

CTPOCHHBIC 110 GUOPHUIUTSIPHOMY U TPAHYJISIPHOMY THITY.

1 opranounasl puopunnaprnozo muna — 310 OCIKOBBIC MPOU3BOIHBIC
B BUJIC HUTEH, TOHKUX U TOJICTBIX (DMIIAMEHTOB WJIM B BUJIE TPYOO-
YeK:

~— MUKpOHUMU,

— MUuxpoguiamenmai,

— MUKpogubpub,

- mukpompybouxu (npunoxenue I, puc. J1.1),

— YeHmpuou,

— KJIemoO4Hbll YeHmp,

— baszanvHoe menvye,

— 8epemeHo OeneHusl,

— PeCcHUYKU Y HCCYMUKU,

— yumockejem B BUJIE MUKPOTpaOETyIsIpHON CETH (COCTOSIIIEH U3
MUKpPOHUMEU, MUKPOQDUIAMEHMO8, MUKPODUOPUILT N MUKPOMP)-
Oouex) pa3feseT ruajoniasMy Ha JaBe (asbl: Jcuoxyro (pacro-
JIO)KEHHYIO B MPOMEXKYTKaX MEXIy TpaOeKylaaMu) U noumep-
Hyto (OoraTyro OelIKaMH).

2 OpraHoOW[Ibl ZPAHYAAPHO20 MURA TIOCTPOEHBI U3 OEJIKOB U OpraHuYe-
CKHX BEIIECTB BbICOKOM MoJiekyssipHoit Macchl (PHK):

— pubocombl,

— NOJIUCOMUL.

B pubocoMax CHMHTE3UPYIOTCS OCNKH MO MPUHIIMITY MaTPUYHOTO

cunresa (npunoxenue [, puc. 1.4, J1.5).

Pu6ocomMpbl COCTOSIT U3 2 CyObEIUHUIL MAJIOW M OOJIBIIION, KaxK 1ast

U3 KOTOPBIX UMEET TOJIOBKY, MIEUKY M Teno. CyObeIUHHIIBI YACPKH-

BAIOTCSI BMeCTe Oarozapsi vonam Mg”".
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B coctaB pubocom BxoasaT moisekynsl pPHK (50-65%), pacnosio-
KEHHBIC B IIEHTPE, U MOJIEKYJbl OeliKka, KOTopble MO mepudepuun mo-
KPBIBAIOT CEPJILIEBUHY KXKIOU CYOBbEAUHUIIBI PUOOCOMBI HE CILIOII-
HBIM CJIOEM, & CETEBUIHBIM

MonekynsapHyt0 Maccy puOOCOM OINMMCHIBAIOT 4Yepe3 KOHCTaHTY
ceaquMmeHTanuu S uwin kodgduiment Crendepra, KOTOPbIE 3aBUCIT OT
dbopMbI OMoTOIMMEpPa 1 €ro TIIOTHOCTH.

YV mpokaproT B kierke comepxarcs 70S-puGocomsr (10%-10°), y
sykapuoT 80S-prO0COMBI (OT HECKOJIBKUX THICSY JIO COTEH ThICAY B
3aBUCUMOCTH OT (DYHKIIMOHAJIbHON OCOOCHHOCTH KJIETKH).

benku, Bxoasiiue B cOCTaB puOOCOMBI OCYIIECTBIISIIOT B OCHOB-
HOM ()EPMEHTATUBHYIO (PYHKIMIO 1O 3 TUIIAM PEAKIIUH:

- MHUIMALMs (Havalo cCuHTe3a Oelka);

- 3JIoHTalUs (TPOIOIKEHUE CUHTE3a OeKa);

- TepMUHaIMs (OKOHYaHUE CUHTE3a OelKa).

Jns cunTe3a Oenka pudOcOMa MMEET PsiJ aKTUBHBIX y4YacTKOB
«CMPYKMYPHBIX KAPMAHO8», HEOOXOAUMBIX ISl MPUCOCAUHEHUS
nPHK, mnomanxy mis npucoenquuenust TPHK, mecra nis pacrionoxe-
HUsI GEPMEHTOB U MeCTa JJIsl CHHTE3UPOBAHHOW MOJICKYJIbI O€JIKa.

DT MecTa pacioyIOKEHBI B Y3KUX KaHaIaxX WM IeidKax OO0JbIIon
U MaJIOW CYyOBEUHUIIBI.

[To ¢hbyHKIIMOHATBPHOMY NMPU3HAKY BCE HEMEMOpPAHHBIE OPTraHOUbI
TaK>K€ MOKHO Pa3JIeJIUTh Ha JBE FPYIIIIbIL:

1 opeanouowr obweco nasnauenusi, KOTOpble MPUCYTCTBYIOT B KaxK-
J0M KJIETKE: pUOOCOMBI, MUKPOHUTH, MUKPO(DHUIAMEHTbI, MUKPO-
TpyOOUKH, KJIIETOYHBIN LIEHTP (J1J1s1 KIETOK KUBOTHBIX);

2 op2aHouobl CneyuaibHo20 Ha3HA4eHusi — BCTPEUaroTCsl B TOM KIIET-
K€, KOTOpast BBIMOJIHSET CIEHHANbHYI0 (PYHKIHIO: MUKPODUOPHII-
JIbl, PECHUYKH, )KTYTUKH, 0a3aJIbHOE TEJIbIIE, BEPETEHO JCICHUS.

Bonpocwt ona camoxonmpons:

1 B uyeM npuHIMOUATBHOE OTIMYME HEMEMOPAHHBIX OPTaHOMIOB
(GUOPMILISIPHOTO U TPaHyJIAPHOIO TUMA APYT OT Apyra?

2 Kakue u3 HeMeMOpaHHBIX OPTaHOMJOB OTHOCSTCS K OpraHOM-
J1aM CIIEUAJILHOTO Ha3HAYEeHUA?

3 N3 Kakux COCTaBHBIX YACTEH MOCTPOCH IUTOCKEIET?

4 Kak B3aMMOCBSI3aHbl MEXAY COOOW KJIETOYHBIN LIEHTP, LIEHTPH-
0JIb U 0a3aJIbHOE TENblIe?

35



5 B 4eMm omiinune peCHUYEK OT KT'YTUKOB?
6 Kakoe cTpoeHne UMEIOT puOOCOMBI, U KaKyl0 POJib OHU BBIIIOJI-
HSIOT B KJIETKE?

JlaGopaTopHas paboTa
«Cmpoenue nemem0Opannoix op2anoudob»

Henab: nzyuenue ctpoeHus U GyHKUUNA OPraHOUI0B HEMEMOPAHHO-
'O TPOUCXOKICHU.
Mamepuanet u oo6opyooeanue:
- CBETOBOW MUKPOCKOII;
- TOTOBBIE Mpenaparbl: HeMpoGUOPUIUIBI B HEPBHBIX KJIETKAX CIUH-
HOTO MO3ra COOaKH; IIEHTPOCOMBbI (MUTO3 SMIIEKJICTKH JIOIIaUHON
acKapuibl).

Xoa padoThI
1 Paccmompems 2comogvle npenapamul u 3apucoéams uUx

[Ipenapam 1 Hetipogpubpusivi 6 HepBHbix KaemKax
CHUHHO020 MO32a CODAKU

B nepegHux porax CIIMHHOIO MO3-
ra HaJ0 HaWTH KPYITHBIE MYJIbTHUIIONP-
HbIC MOTOHEHPOHBI, BEIOPATh U3 HUX TE,
OTPOCTKH M sJipa KOTOPBIX IOMAad B
Cpe3, U M3y4YHUTh UX IPH OOJIBIIOM yBE-
auyeHu (puc. 31).

Aopo momoneupona (1) KpymnHoe,
OKPYTJIOW WM OBaJIbHOW (opMmbl, Oeli-
HOE XPOMAaTUHOM, C KPYIHBIM A0pblitl-
kom (2). Ompocmku WMEIOT W3BUJIU-
CTBIM XOJ U IONAaJar0T B CPE3 B HEIO-
CPEACTBEHHON Oau3ocmu om HeupoHa
(3) unu na paccmosanuu om Hezo (4), u
TOTJIa OHHM Ka)KyTCSl BHE CBSI3HM C HEHPO-
HamMd. B HeWporasMe BHUIAHBI TOHKHUE
4yepHbIe Helpogdubpuitvl (S), UaylUe B
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Pucynok 31 — Heitpoduo6-
PULIBI B MOTOHEUPOHAX
CIIMHHOI'0 MO3ra cobaku [9]



TeJIe HEMPOHA B Pa3HBIX HAMPABJICHUSX, & B €T0 OTPOCTKAX — Mapaj-
JIEIIbHO MPOAOJILHON OCH.

[Ipenapam 2 Llenmpocomsl (Mumo3 anyexiemu
A0WAOUHOT ackapuobl)

Ha manom yBenuueHun B IO-
JIOCTM MAaTKU BUAHO OOJIBIIIOE YHC-
JIO SHIIEKJICTOK, HaXOISIIUXCs Ha
pa3HbIX CTaausx ApooOieHus. Hamo
BBIOpATh JICJICHUE HA CTaauu SULIE-
KJIETKM WA ABYX OJIACTOMEpPOB U
pPaccMOTpPETh Ha OOJIBIIIOM YBEIH-
yeHuu (puc. 32).

Kaxmas sinekneTka OKpy>KeHa
TOJCTOM obonoukou (5). IluToras-
Ma SWLEKJIECTKU 3al0JHEHA MEJIKUMHU
BAKYOJISIMU; B HEH JIEKUT OKpyrioe  Pucynok 32 — Ilentpocoma —

PO C SAAPBIIIKOM U MEJKUMHU TJIbIO- BEPETCHO JCIICHUS

kaMu XpomaTuHa. OKOJO SiI[pa MHO- (MHTO3 B IPOOSTIIUXCS
ria BUJCH KJICTOYHBIM IIEHTp, CO- STMIICKJIETKAX aCKapHUIbl;
CTOSIIIUN W3 LIEHTPUOJICU U LEHTPO- cramus Meradassl) [7]

chepbl. Heobxooumo umaumu Kiemxu
Ha cmaouu memagasol.

B meradaze mutoTHuecKkuil anmapar JIeneHus (yeHmpocomul, ge-
pemeHo Oenenust) COCTOUMT U3 HUTEH, UAYIIUX MEXKIY YeHMPUOTAMU
(2) u oOpa3zywolux axpomamurnosoe epemerno (4), 1 KOPOTKUX TOH-
KMX HUTEH, OTXOIAIINX OT IEHTPUOJICH K neprudepun KIeTKu 1 oopa-
3YIOIIMX TaK HazbiBaeMoe Jiyuucmoe cusnue (3). Xpomocomuwr (1) pac-
MoJIaraloTCs MO KBATOPY BEpETEeHA.

2 Paccmompembd u 3apucogams op2aHoudbl HemMemopaHHo2o npo-
UCXO0MHCOCHUSA

Muoghuopunst — ocoobie _ 3
muddepeHIMpoBaHHbIE  CO-
KpaTUMbIC DJIEMEHTBI KJICTKH, J
32 CYET KOTOPBIX MPOUCXOJST
JBYKEHHUST MBIIIIII.

Pucynok 33 — CxeMa CcTpoeHUs ydacTka
MuopuOpusuisl [11]
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B ka)x10M MBIIIIEYHOM BOJIOKHE COACPKATCI MUODUOPUILIbL, PAC-
MOJIOKEHHBIE MapalIeIbHBIMU psaaMu. MuodubpuiiaM CBONWCTBEH-
Ha HUTEBUAHAs (GopMa, W MO BCEH JJIMHE OHW MMEIOT MHOTOYMCIICH-
HbIC 1 MHOTOKPATHO MOBTOPSIOMINECS MONEPEUHBIC TOJIOCHI, MU JHC-
Kk (puc. 33). OnHu aucku OoJiee MUPOKUE U TeMHble — duck A (1),
npyrue xe 0ojiee y3kue u cBeTibie — ouck I (2). Yuactok muoduo-
PWILIBI, OTPAaHUYEHHBIN NBYMS aunusmu Z (3), Ha3bIBa€TCS capromep
(4) m mpeacTaBiISIET OCHOBHOW IOBTOPSIIOIIUMCS AJIEMEHT Ka)KIoi
MUO(UOPHUIIIBL.

Kaxnas MuoguOpuiia COCTOUT U3 MyYKa OYE€Hb TOHKUX HUTEH —
muodunamenmos (puc. 34). ToJCTbIe MUO3UHOBbIE MUOPDUIAMEHMBL
(1) (10-20 M) pacronokeHbl TOJIbKO B mipenenax oucka A (2). ToH-
Kue akmunosvie muogpunamenmot (3) (4-5 HM) THYTCA OT Oucka I (4);
OHM 3aXOISAT CBOMMH
KOHIIaMU B Juck A (2), 2 2 2

— et

HO HE€ OYEHb Jajeko, a ¢ ) 34 p
TaK, 4YTO MEXIY HHUMU | — I - / I

— *—- ——— A
octaeTcd  cBOoOOIHAs I !
nonoca H (5). B nucke e M re———
A KOHIIBI TOHKUX (Puo- . '_:...a-"' ; ."" e
puJu1 paciiojiararorcsa B . 0, e ® I S R . 00

' DI B LI I I o's!s’e’s &
MIPOMEXKYTKE MEXKITY T SO0 i lvive
TOJICTBIMU  (puOpHIIIa- > o0 c o PR

MU. TOJICTBIE U TOHKHE
MHOGUOPUIIIBI  CBsI3a- Pucynok 34 — CxeMa pacronoKeHusi TOHKUX
HEl MEXIy coOOM IIo- Y TOJCThIX MUOpUIaMeHTOB [11]:

MILL b — ygactku capkoMepa B IONIEPEYHOM pa3pese.

IIpu cokpamenuu
MBIIIIIBEI TOHKHE W TOJCThIE MHO(PWIAMEHTHl HE H3MEHSIOT CBOCH
JUTUHBI, HO CMEIIAIOTCS, T. €. KaK Obl CKOJIB3AT 110 OTHOIICHUIO JAPYT K
apyry. Bo Bpemsi cokpalieHus ToJICTbIe MUO3UHOBBIE MUO(PUIAMEHTHI
OCTaIOTCS B MpeJieNiax JUc-Ka A, a TOHKHE aKTUBOBBIE TIEPEMEIIa0TCS
u3 nucka | B muck A. PaccrosiHue Mexly KOHIITaMU TOHKUX MHO(]MIIa-
MEHTOB YMEHBIIIA€TCA. JTa TEOPHUS MBIIMIEYHOTO COKPAILEHUS HOCUT
Ha3BaHUE meopuu « cKoab3auux Humeily (npunoxenue [, puc. J1.2).

Ienmpuonu 6vun onucanbl Puemuncom B 1875 1. OCHOBY
CTPOCHHUS YeHmpuoiel COCTABISIOT PACTION0KEHHBIE MO OKPY>KHOCTH
IEBATh TPHUILIETOB MHUKpOTpyOouek (mo dopmyne (9x3)+0), obpa-
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3yrone noiblii nwmmHAp (puc. 35) mmpunoit 0,15 mxkm U JJIMHHOU

0,3-0,5 mrm.

IlepBass MukpoTpyOOoUKa TpurieTa — A-
mukpompybouxa (1) umeer nuamerp 25 Hm
Y TOJIIUHY CTEHKH J HM, KOTOpasi COCTOUT
u3 13 rnoOynsapHeIX cyObenunul. Bropas u
TpeThs B- u C-muxpompybouxu (2 u 3) co-
nepxat no 11 cyobenunun. Kaxnapiii Tpu-
IJIET pacrojaraeTcs K paauycy HIWIHHAPA
oz, yriiom 40°.

OT A-MUKPOTPYOOUKH OTXOHAST «P)yy-
kuy (4) — HUTH U3 O€lIKa JUHEHHA, OJHA U3
KOTOpBhIX (BHelIHsAs) HampaBieHa kK C-
MUKPOTPYOOYKE COCEIHEr0 TpHUIUIETa, a
apyrast (BHYTPEHHSs) — K LIEHTPY UUIIMHpA,
I7Ie HAXOJUTCS YyeHmpaavHas «emyaka» (5)
TMaMeTpoM okojio 25 um u 9 cnuy (6), Ha-
IpaBJICHHBIX 10 OAHOM K A-MHKpO-
TpyOOUKE KaXXJIO0ro W3 TPUIUIETOB. Takue
CTPYKTYPhl BHYTPU ILIEHTPUOJIN PACTIOJIONKE-
Hbl Ha €€ MPOKCHUMaJIbHOM KoHIe. Ha muc-
TaJbHOM KOHIIE IIEHTPUOJIM BHYTPHU €€ Ta-
KX CTpyKTyp HeT. OO0beM, 3aHUMaeMbIil
«BTYJIKOW» CO CIMIIAMH, MOXXET COCTaBJISITh
y Pa3HbIX KJIETOK OT 3/4 110 1y s JJIMHBI 1ICH-
Tpuonu. CHapyXu IEHTPUOJb OKpPYXKEHa
amop@rvim komnonenmom (7).

LleHTprONM NaOT HAYAIO OaA3a1bHOMY
meapyy, KOTOpOE MMEET AaHaJOTHUYHOE
ctpoenue (puc. 39).

[{eHTpHOJIM COCTABJISIIOT OCHOBY KJje-
mouno20 _uenumpa (puc. 36): LEHTPUOJIH
00BIYHO B TIape — ounjiocoma (1), OKpy>KeHbI
30HOU OoJnee ceemnou yumonaazmol (2), OT
KOTOPOW OTXOHSAT pajuaibHO TOHKHE (PUO-
PUILIBI — yeumpocghepa (3).

Juriocoma (puc. 37) COCTOUT U3 Ma-
mepunckot (1) u douepreti (2) yenmpuorneu,
PACIONIOKEHHBIX MEPIEHAUKYIISIPHO APYT K
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Pucynok 35 — Cxema
MTOTIEPEYHBIX CPE3OB
LIEHTPUOJIEN
(6azanbHBIX TEnen) [12]:
A — cpe3 mpokcumab-
HOU yactu, b — cpe3
IUCTaJILHON YacTH.

Pucynok 36 — Knertou-
HBIU LIEHTpP B CIIEpMarTo-
TOHUHU cajaMaHIphI [12]



npyry. Ha MaTepuHCKONW HEHTPUOIN HAXOIATCS:

- camennumvl, COCTOAIINE U3 Hodicku (3), PacIoI0KEHHON Ha CTEHKE
LEHTPUOJIHU, U 201068KU (4) 3aKaHUMBAIOIIEHCS HA ATON HOXKKE;

- gokycwl cxoocoenus mukpompyoouexk @CMT (5) — IIOTHBIE MeTI-
kue Tenbla (20-40 HM), K KOTOPBIM MOJAXOASIT OJHA UJIU HECKOJIBKO
MUKpPOTpYOOUeK (6); HAXOAATCS PSIAOM C JUILUIOCOMOM, HO HE CBS-
3aHbI C HEN CTPYKTYPHO.

Takum o0pazom,

2 G JOTIOJITHUTEIbHBIE MUK-

Q / porpyoouku (6), oOpa-
Sy 3yIOLIUE yenmpocgepy,

HE OTXOIAT HEMOCpe-

CTBEHHO OT MHKpPOTPY-

Oouek IeHTpUOJeH, a

CBSI3aHbl WM C camei-

aumamuy v ¢ DCMT.

LlenTpuonu xapax-

TEPHbl U 00s3aTEJIbHBI

JUISl KJIETOK >KUBOTHBIX,

UX HET y BBICHIHMX pac-

TEHUH, Yy HU3LIHUX T[PU-

OOB U HEKOTOPBIX MpPO-

CTCUILIUX.
Pucynok 37 — Cxema cTpoeHuUs AUTLITOCO- Llenmpuonu  (Oun-
MBI JIEUKOIUTA aKCOJIOTA [12] nocomwr) (1) B gens-

IIUXCS KJIETKAaX MPUHU-
MaroT y4yacTue B popMUpOBaHUM gepemena deaenus (puc. 38) u pac-
moJlaratroTcsl Ha ero mojrocax. OT HUX OTXOIAT K TOJIIOCaM MUKDO-
mpyoouxu yenmpocgepwi (2), a MEXKIy HEHTPUOIIMU TPOXOIAT:
- XpomocomHvle 80710KHA (3), KOTOPBIE HA DKBATOPE KJIETKH COCIUHSI-
I0TCS1 ¢ XpoMocomaMu (5);
- MeAHCXPOMOCOMHbIe 80on0KHA (4), UIylHe OT OAHOM JTUIIIIOCOMBI K

IPYTOW.

Pecrhuuku v 3c2ymuKu y 3yKapuoT NPEACTABISAIOT COOOH BBIPOCT
[ATOIIa3MBbl, MOKPBITHIA IIa3MoieMMou, nuamerpom 200 HM, HO
pasHoi mmHbI OT 0,2 MkM, 10 15-20 MxMm. [IpuHIMIIHATBHBIX pa3In-
yuil Mexay HuMu Het (npuiioxkenue [, puc. J1.3). Korna Ha noBepx-
HOCTH OJIHOW KJIETKUA UMEETCSI OYEHBb OOJIBIIIOE KOJINYECTBO BHIPOCTOB
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C HEOONBIION IMHOMN, UX HA3BIBAIOT PECHUYKAMU, €CIIA TaKUX BbI-
POCTOB Majio W JJIMHA WX 3HAYMUTEIbHAsA, TO OHU HAa3bIBAKOTCS JfC2)-
muxamu (puc. 39).

Pucynok 38 — CtpoeHue BepeTeHa JeJIeHUsl KIETKH )KUBOTHOTO (aHadaza) [12]

PecHUYKM U KTYTUKU NOKPBITHI naasmaremmou (1). CpenuHHas
COCTaBJISIONIASl — AKCOHeMa TOCTPOCHa U3 Mukpompyobouex (2) 10
dbopmyne 9:2+2. Kaxawlil u3 AeBITH nepugepuueckux oyniemos (3)
COCTOMUT U3 A-mukpompybouxu (4), Bkirovarornied 13 cyobeauuui, u
B-muxpompybouku (5), Bkirovarorieit 11 cyobenunuir.

A-MHUKpOTpyOOUKa HECeT Ha cebe Jduneeunosvie pyuxu (6), oaHa
U3 KOTOPBIX MOXET COCAMHATHCA ¢ B-MHUKpOTpyOOUKOM COCEemHEro
nyosera. OT A-MUKPOTPYOOUYKH K IIEHTPY aKCOHEMbI OTXOAUT Pajy-
anbHasl CBsA3Ka, WM cnuya (7), KOTOpasi COSAUHSIETCS C 08YMs YeH-
mpanvHoiMu Mmukpompyoouxamu (8). Ilocaegnue aexaT OTACIBHO
OpPYr OT Apyra Ha PacCTOSIHUU OKOJIO 25 HM. [IpomexyTtku mexnay
MUKPOTPYOOUKaMH 3aII0JIHEHBI TOMOTEHHBIM BEIIECTBOM.

[lepudepuueckue MUKPOTPYOOUKU MPOXOIAT BHYTPh KJIETKU U
BXOJIAIT B COCTaB CTEHKH 0A3a1bH0O20 mend, Vi Kunemocomwl. ba-
3anvHoe menvye (puc. 39 B, I) u axcomema CTPYKTYPHO CBSI3aHBI
APYT C IPYTrOM U COCTABJISIOT €AuHOE 11e7ioe: A- 1 B-MUKpOTpyOOUuKH
mpuniemog (9) 0a3zanbHOrO Tenbla SBISAIOTCS A- U B-mukporpy-
OoukamMu JyOJE€TOB aKCOHEMbI, HO B KaXKJIOM TPHUILIETE MOSBISETCS
eme u C-wukpompybouxa (10). OgHako BHYTPEHHHE YAaCTH aKCOHE-
MBI ¥ 0a3aJIbHOTO TeJIa 3HAYUTEIBHO OTJIMYHBI JPYT OT Jpyra. B 1en-
Tpe 0a3ajJbHOTO TEbIla HET MUKPOTPYOOUEK, HO €CTh YeHMPAIbHAS
«emyaka» (11), coemunennass cnuyamu (7) ¢ nepudepuyecKUMu

41



mpuniemamu (9) MukpoTpyoouek. T.0. 6azanbHOE TeJbIlE TOCTPOECHO
o ¢hopmyiie (9x3)+0 (1o NpUHIKUITY [IEHTPUOJIEH).

YacTo B 30HE mepexoja 0a3ajabHOrO Tejla B aKCOHEMY HaOJIrO-
NAI0T AMOpPHYI0 NONepeyHyr0 NIacCmuHKy, OT KOTOPOH HAYMHAIOTCA
yenmpaibHvle Mukpompyoouxu (8) akCOHEMBI.

HoBpile pecHuuku u
KT'YTUKH BBIpAcTaloT u3 Oa-
3aJbHOTO 3€pHA. BO3MOXKHO
MIPEBPAILICHUE LIEHTPUOJIEH B
OazalibHBIE TeEJNbIlA: TIEepe
0o0pa3oBaHMEM HOBBIX pec-
HUYEK OJIHA WJIH HECKOJIBKO
LHEHTPUOJIEN CMEIIAOTCA K
MOBEPXHOCTH KIJIETKH U OT
HUX PECHUYKH HAYMHAIOT
CBOM POCT.

PANN

% 4 Pucynoxk 39 — O0muiee ctpoe-
5 HUE€ PECHUYKU (KTYTHKA) U
0azaiapHOro Tebla [12]:

8 A — IpOoAOJIBHBIN pa3pes;

b — noniepeyHsli cpe3 PECHUYKY,
B, I'— noniepeyHble cpe3bl

6 0a3aJIbHOTO TeJbLA
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Tema 6 PO

1 Snepnas obosiouka.

2 Kapuomnnasma, coctaB, OMOJI0OrHuYecKas poJib.
3 XpomaruH, cTpoeHue, PyHKIUU.

4 Anpsimko.

OcHobBHble nonamusa no meme

Anpo — o0s13aTenbHas cOCTaBHas YaCTh YYKAPUOTUUECKOM KIIETKHU.
Tepmun «aapo» BBen bpoyu B 1833 r. @opMa U pa3Mepsl sSaep pas-
JUYHBIX KJIETOK M3MEHYUBBI M 3aBUCAT OT BHJIA OPraHM3Ma, a TAKKe
OT BO3pacTta U (PYHKIHMOHAJIBLHOIO COCTOSIHMS KJIETKU. Sapo Moxker
OBITh IAPOBUAHBIM, BEPETCHOBUAHBIM, JIEHTOBUIHBIM, MHOTOJIONACT-
HbIM. Pasmepsl siapa BapeupyroT 5-20 mxm. Kak npaBuiio, B KIIETKE
COJIEPKUTCS OAHO SIPO, HO BCTPEYAIOTCS M MHOTOSIAEpHbIE (MOIie-
PEYHO-TI0JI0CATOE MBILIEYHOE BOJIOKHO, KAPAUOMHOIIUTHI).

[IyreM peanuzanmu 3aKIFOYEHHBIX B F€HAX NPU3HAKOB BUJA WU
HACJIeICTBEHHOW MH(GOPMALIMK PO YIPABISIET OCJIIKOBBIM CHUHTE30M,
(U3HOTOTMYECKUMH U MOP(HOJIOrMUYECKUMU MPOLIECCAMHU B KIIETKE.

OcHoBHbIE cocTaBisitomue siapa (puc. 40): s0epras obonouxa,
S0epHblL COK, XpomMamuH, sopvliuiko. PaboTa BceX KOMIIOHEHTOB Ha-
paBj€HA HA BBINOJHEHHE T€HETHMYECKON (DYHKIMH XPOMOCOMHOIO
marepuana — permkannto JIHK u cuare3 PHK.

VY NpoKpHUOT SAAEPHBIN MaTEepual NPeICTaBISAET COO0N KOJIBIIEBYIO
mouiekyny JIHK, nuimeHHyro OeIKoB U HE OTACIICHHYIO OT LIUTOILIA3-
Mbl. Ee Ha3bIBalOT OakTepHaIbHOM XpOMOCOMOM MU reHoopom (Ho-
cuTesieM reHoB). 3ony, rjae Haxoautcs: [JHK Ha3pIBarOT HyKII€OUI.

Bonpocwt ona camoxonmpons:

1 Kakue (pyHKUMM BBINOJMHAET Ka)KJas U3 COCTaBHBIX 4YacTei
anpa?

2 B 4em 3akimro4aeTcs poib SAPhIIIKa?

3 Kak yCcTpoeH KOMIUIEKC SIAEPHBIX Op?

4 T'me nokanu3oBaHbl U B 4eM (PYHKIHMOHAIBHOE OTINYUE JY-
XpOMAaTHHA U TeTepOXpoMaThHa?

5 Kakue ypoBHU KOMITAKTH3alMU T€HETUYECKOrO0 MaTepuasa Bl
3Haere?

6 Kakyro yapTpacTpyKTypy U MOP(OJIOTHIO UMEIOT XPOMOCOMBI?
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JlaGopaTopHas paboTa
«Cmpoenue adpa u eco cocmabBnuix uacmeii»

esib: u3ydyeHune CTpOSHUS Spa U €ro COCTABHBIX YacTeil.
Mamepuansl u oo6opyooeanue:

- CXEMaTUYHOE H300paKEHHUE Sipa M €ro OTIACIbHBIX COCTAaBHBIX
yacren.

Xoa padoThI

Pucynok 40 — Cxema
CTPOEHHMSI KIIETOYHOIO
anapa [12]:

1 — anepHas obonouka,
2 — anepHas opa, 3 —
KOHJEHCUPOBAaHHBIN XPO-
MatuH, 4 — TudPy3HbII
XPOMATHH, 5 — SAPBILIKO,
6 — MHTEpXPOMAaTHHOBBIE

rpanyisl (PHIT),
'] — IEPUXPOMATUHOBbIE
rpanyisl (PHIT),
8 — IEpUXPOMATUHOBBIE
bubpusl (PHIT),

9 — kapuorazma.

Hoepnaa 00010uKka — OTACIAET SAPO OT [IUTOIIA3MBI; COCTOUT U3
IBYX MEMOpaH TUIMUYHOTO CTPOEHUS (HApPY>KHOW W BHYTPEHHEN), Me-
KAy KOTOPBIMU HAXOAUTCS nepuHykieapuoe npocmparcmeo (1). Ha-
py)XKHasi MeMOpaHa NEpPEeXOJUT HEMOCPEACTBEHHO B MeMOpaHbl OP,
MOXET OBITh yC€siHa pUOOCOMaMH, B KOTOPBIX HJET CHUHTE3 Oelnka.
BHyTpeHHsIs1 MeMOpaHa KOHTaKTUPYET C XPOMOCOMHBIM MaTE€pUaoM
anpa. SlnepHas 000J04Ka MPOHU3AHA A0EPHbIMU HOPAMU TAAMETPOM
50-100 aMm (puc. 41), yepe3 KOTOpbIe MPOUCXOIUT OOMEH pa3IUuYHbI-
MU BEILIECTBAMU MEXKY SIAPOM U LIUTOIIA3MOM.

[Topbl UMEIOT OMPENEICHHYIO CTPYKTYPY, MPEACTABISIIONIYIO CO-
OOl pe3ysbTaT CHAUSHUSA HapyxcHou (2) u enympenueti memopar (3)
s0eprou 00010uky. CHOXKHBIA KOMIUIEKC MOP UMEET OKTarOHAIbHYIO
cumMetputo. [1o rpaHuile OKpyTiioro OTBEPCTHs B SAECPHONM 00OJIOUKE
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pacriojaratotcs Tpu psifa nepugepuyeckux 2cpanyn (4) nuameTpom
OKOJIO 25 HM, M0 8 MITYK B KaXJAOM: OJUH PsiJ JISKUT CO CTOPOHBI 51~
pa, IPyro — cO CTOPOHBI IMTOILIA3MBI, TPETUH PACIIOJOKEH B IICH-
TpajdbHOM YacTu Mopbl. OT KaXKIIOW TpaHyJibl OTXOMIT (ubpuniapHie
ompocmku (6), KOTOpbIE MOTYT CXOJUTHCS B IIEHTPE M CO3/laBaTh KaK
OBl Ieperopoaky, ouagpaemy (7) monepek nopel. B 11eHTpe oTBEpCTHS
MOpPBl YaCTO UMeEETCS yermpanvHasa epanyna (5). Uuciao mop 3aBUCUT
OT METabOJMYECKOM aKTHBHOCTH KJIETOK: YE€M BBIIIC CHHTETHUCCKHE
IPOIIECCHI, TeM OOJIbIIIE TIOp Ha €AMHUILY TOBEPXHOCTH SpA.

Pucynok 41 — Tonkast opranuzanus ssaepHou nopsl [ 12]

HAopvluiko — NOCTOSIHHASI YaCTh TUIMYHOTO
uHTep(da3Horo sjapa. Pazmepsl ero CUIbLHO Baphb-
UPYIOT U 3aBUCIT OT (PYHKIIMOHAJIBHOTO COCTOSI-
HUSA KJIETKHU.

Snpeimko (puc. 42) — 3TO COBOKYIHOCTh
yuacTtkoB 10 xpomocowm (13, 14, 15, 21 u 22 na-
pbl), KOTOPbIE HA3bIBAIOTCS AOPLIULKOBHIMU OD-
eanuzamopamu. OHU HAXOMSITCA B 00JacTU BTO-
puuHbIX nepetsikek. B sapeimkax ¢ JIHK npo-
ucxonut cuutka uHopmauuu B Buie pPHK.
CocTaBHBIC YACTH S/IPHIIIKA:

Pucynok 42 —
Cxema ctpoeHus
saapsbimka [ 12]
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- B 1ieHTpe Qubpurnapnas 3oua (1) — yuactku JHK nmsa cautku
uH(popManuu;

- o nepudepuu epanynsaprasn 3oxa (2), coctosimas u3 rpanyn 15-
20 aM B auametrpe (oOpazyromuecs CyObeIUHUIIBI PUOOCOM); MEXKIY
rpaHyjaMy BUAHBI PHIXJIO YIIAKOBAaHHbIE (hubpunivl xpomamuna (3).

SAApBIIIKO — ATO HEMOCTOSIHHASA CTPYKTYpa; OHO MCYE3aeT B Haya-
Jie MUTO3a U CHOBa 00pa3yeTcs B KOHIIE TeIoda3bl.

Xpomamun nipencrasisier coooit kommuieke JIHK ¢ 6enkom. Ha-
3BaHME «XpOMaTUH» ObUI0 JaHO Dremmuneom (1880). B unrepdas-
HBIX KJIETKaX XpPOMAaTUH MOKET PAaBHOMEPHO 3aIOJIHATh O0OBEM Sapa
WJIU pacriojaraTbCs OTAeIbHbIMU crycTkamu (puc. 40). Paznuuaror:

1 syxpomamun — MOMHOCTBIO JEKOHJIEHCUPOBAH, C HEr0 MJIET CUMTKA
uHpopmManuu B Buje monekys nPHK;
2 cemepoxpomamun — 4aCTUYHO KOHJECHCHUPOBAH:
- KOHCIMUMYMUGHbILI — HUKOT1a TIOJTHOCTBIO HE KOHACHCUPYETCS U
C Hero Hukornaa He Tpackpudupyercs uPHK; B xpoMocomax 310
o0JyacTy BOJIM3U LIEHTPOMED;

- (hakynbmamueHslii — €ro KOJIMYECTBO BAPbUPYET, T.K. OH MOXKET

JEKOHJIECUPOBATHCS U MEPEXOJIUTh B AYXpPOMAaTUH (KUIET TpaHC-
kpunius uPHK).

B xpomarune BoigBisitorcs ¢ubOpumisl JHIT (ne3oxkcunykieo-
npoTHuaa). benku-eucmonwt (1, 2) pacronokeHbl N0 IJIUHE MOJIEK) bl
JIHK (4) e paBHOMepHO (puc. 43), a B Buj€ rpynn (MMEIOT BUJT HAaHU-
3aHHBIX HA HUTKY OycuH). Hykceocoma (3) («0OycuHkay») — BkiaroyaeT 200
HYKJICOTHIHBIX Tap, CBSI3aHHBIX C 9 MoJeKynaMu OETKOB-TUCTOHOB. &

MOJIEKYJT OEJKOB: IO
JIB€ MOJIEKYJIbl 2UC-

2 3
monos H,, H,, H;,
H, (2) o6pa3ywT
f cepoyesurny  (Okmo-
' p mep), BOKPYT KOTO-
a

¢ poii 140 map Hykie-

OTHJIOB 00pasyroT 2

wm 1,75 Butka; 60

HYKJICOTHIAHBIX  Iap

numu /[HK (4) oGpa-

3YIOT MEKHYKJIEOCOMHBIM y4acTOK — quxkep. 1 monekyna 6eaxka H; (1)
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CBA3BLIBACTCS C OKTAMCPOM U C JIMHKCPOM, YACPIKUBAA 3THU Y3CJIKU MC-

KTy COOOM.

Pucynok 44 —
Cxema koMm-
MaKTU3ALNH
JAHK B xpo-

MaTuHE (HYK-

neomepa) [12]

Jlns xpoMatnHa B HHTEp(aA3HOM sApe Xapak-
TEpHBI JBa YpoBHs kommnaktuzamuu IHK: mykneo-
coma u HykJeoMepa (puc. 44). IIpu cOnmxenuu. 8-
10 HyKJI€OCOM C TIOMOIIBIO HETUCTOHHBIX OEJIKOB 00-
pasyercsi «cBepxOycuHka» — Hykreomep (1); npowuc-
xomuT 20-kpatHoe ykopaunBaHue Moiiekyisl JIHK;
muameTp 30 HM.

Hykneocomul (2) M COCTUHSIONINE UX YUACMKU
JIHK — nunkepot (3) IIIOTHO yaKOBaHbI B BUJIE CIIH-
pamu, oopasys uopunny /[HII ¢ ouamempom 25-30
Hm (4).

Crnenyrone ypoBHM KOMITAKTU3ALUU TOSBIIS-
I0TCSI, KOTJ]a KJIETKAa TOTOBUTCS K JEIEHUIO: XPOMO-
mepa, xpomonema U xpomocoma (npunoxenue E,
puc. E.1).

Xpomocomubl TPENCTABISAIOT COOOM MaJOUYKO-
BUJIHBIC CTPYKTYpPBl Pa3HOM JJIMHBI, KOTOpPHIE nep-
BUYHOU NnepemsadtcKou NEIUTCS Ha JBa mieda. B 3a-
BUCHUMOCTH OT TIOJIOKCHHUS TEPBUYHOM MEPETIKKH
BBIIIETSIOT (puc. 45):

- Memayenmpudeckue (8) — paBHOIJICUHE;
- cyomemayeumpuueckue (6) — HEpaBHOIJICUHE;
- akpoyenmpudeckue (@) — ¢ O4eHb KOPOTKUM OJHUM TLICUOM.

B obOmnactu nepBUYHON TepeTsKKU (puc. 46) pacronokeHa yeH-
mpomepa (1), K KOTOpoil BO BpeMsl MUTO3a TOJIXOIIT MUKPOTPYOOUKH
KJIETOYHOTO BepeTeHa. HekoTophie XpOMOCOMBI MUMEIOT GMOPUYHYIO

nepemsdicky (2), Kotopas OOBIYHO
HaXOJMUTCS  BOJM3M  JUCTAJIBHOTO
KOHIIA XPOMOCOMBI W OTACIISAECT Ma-
JeHbkui yuactok, cnymuux (7). B
00JJaCTH  BTOPUYHBIX  IEPETIKEK
OOBIYHO HAXOJATCS SAOPbIUKOBLLE OP-
eanuzamopult (8). B kaxaom sape co-
JIepKaTCs OOBIYHO JBE XPOMOCOMEI C
SIPBIITKOBBIMU OpraHU3aTOPaAMH.
OcranpHble BTOPUYHBIC TEPETSHKKH
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HE CBsI3aHBI C (HOPMHUPOBAHHUEM SI/IPHIIIIKA.
OCHOBY XpPOMOCOMBI COCTaBJIAIOT XpomoHembl (3), pacmooKeH-
HbIE BHYTPH XPOMOCOMHO20 Mam-
pukca (6). B meradaze xaxmas us
IBYX XpPOMaTHJ XPOMOCOMBI HMEET
10 JIB€ XPOMOHEMBI — NOJIYXPOMAMU-
obt (4). XpOMOHEMBI UMEIOT T10 BCEl
JUTMHE YTOJIIEHUS — Xxpomomepuwl (5),
KOTOpBIC MPUJAIOT UM BHUJ] YETOK.
Jyxpomamunosvie yuacmku (9)
XpPOMOCOM COJIEpP>KaT BeChb OCHOBHOM
KOMIUJIEKC TE€HOB. [ emepoxpomamu-
Hoevle yuacmku (10) comepxkar
oonpmyto noio JJHK ¢ moBTopsito-
IITUMUCS MIOCJIeIOBATEIIbHOCTSIMU,
KOTOpasi HEaKTUBHA, M OOBIYHO pac-
I0JIAralOTCsl B TEIOMEPHBIX, IIEHTPO-
MEPHBIX, OKOJIOSIPBIIIKOBBIX —paii-
OHaX XPOMOCOM.

Pucynok 46 — Cxema
cTpoeHus meTada3zHou
XPOMOCOMBI [J]
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Tema 7 PEITPOOAYKIMI KIIETOK

1 bunapnoe nenenue.

2 KieTo4HBIN IUKII.

3 AMHTO3 — IpSIMOE JIETIEHUE KIIETKH.
4 MwuTO3 — HENPAMOE JECTICHUE KICTKHU.
5 Melios.

OcHobBHble nonamusa no meme

Pa3zMHOXeHUE, BOCIIPOU3BEICHUE ce0e MOJ0OHOro — OJHO M3 OC-
HOBHBIX CBOMCTB HBOI'0. Pa3MHOXKarOTCA OJHOKJICTOYHBIE OPTaHU3-
MBI, YBEJIMUMUBAs pa3Mepbl CBOMX MOIMYJISINM; pa3MHOKAIOTCS KJIETKU
MHOTOKJIETOYHBIX OPTaHU3MOB, 00ECIEUrBasi POCT, MOSBJICHUE HOBBIX
TUIIOB KJIETOK WJIM 3aMEHsIsl OTpabOTaBIINE, YMUPAIOIIUE SIUHUIIBI.

JleneHro KJIETKU MPEAIIeCTBYET MEPHOJ TOYHOTO BOCIPOHU3BE-
JIEHUsI TeHeTh4YecKkoro marepuana, moyekyn JIHK, xpomocom (mpuso-
xenue K, puc. XK.1).

Knemounwii yuxn (drcuznenusvii yuxa) — 3TO BpeMsl CYIIECTBOBA-
HUSI KJIETKW OT Hayaja JIeJICHUs KJICTKH J0 CIEAYIoIIero AejaeHus (ec-
JIM KJIETKAa CIOCOOHA K MUTO3Y) WX JI0 THOEIU KIIETKHU.

Y OAHOKJIETOYHBIX OPraHU3MOB KJIETOYHBIA IHUKJ COBIIQJAET C
KU3HBbIO 0COOM. Y HEKOTOPBIX KJIETOK (HEHPOHOB) KU3HECHHBIM ITHUKII
pPaBEH MPOJOJIKUTEIBHOCTH KU3HU MHOTOKJIETOYHOI'O OpraHu3Ma.

B cpenneM KJIETOUHBIM LIMKJI >KUBOTHOM KJIETKHM COCTaBJisieT 24
yaca. Muro3 — 1 4gac, 23 gaca — nepuoJl pocta KJIETKU U NOATOTOBKHU
€€ K JICJICHUI0 uHmepghasa, KOTopasi BKIIOYAET 3 nepuoja:

- npecunternaeckuii G; — 10 yacos;

- CHHTETHUYCCKMU S — 9 4acos;

- noctcuHTeTnuecknii G, — 4 4gaca.

[IpokaprOTHYECKHE KIIETKU NENATCS MYyTEM OUHAPHO20 OeneHusl,
AYKAPUOTUYECKUE — amumo3zom (psMoe JIeJIeHue), Mumosom (Hempsi-
Moe AereHue) u metiozom (nipunoxenue XK, taomn. XK.1).

Bonpocwt ona camoxonmpons:

1 Kakum 00pa3oM MPOUCXOAUT PA3MHOKEHHE MPOKAPUOTHUECKUX
KJIETOK?

2 Kakue BUIbI IEJICHUS XapAKTEPHBI JJISI 3YKAPHUOT?

3 B uem 3akmitouaercs OMOIOTUYECKHUI CMBICT aMUTO3a?
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4 Yto 0o01Iero U B 4eM pa3Iuyus MEXKIy MUTO30M M MEHO30M, a
TaKX€ MEKJIy MUTO30M U OMHAPHBIM JICJICHUEM ?
5 Kakue yacTHbIe ciIydau MUTO3a Bbl 3HAETE?

JlaGopaTopHas paboTa
«Penpodykyua npoxapuomuueckux u
IYKAPUOMUUECKUX KACMOK»

Heab: uzydyeHre pa3iMuHbIX CIOCOOOB JIEJICHUS KJIETKU: OUHAap-
HO€ JIeJICHUE, MUTO3, ME103, aMUTO3.
Mamepuanvrt u oo6opyooeanue:
- CBETOBOW MUKPOCKOII;
- TOTOBBIE MPENapaTbl: MUTO3 B KOPEILIKE JIYKa; MUTO3 B KMBOTHOM
KJIETKE; aMUTO3 B KJIETKaX MOYEBOT'O Iy3bIpSl.

Xoa padoThI

1 Paccmompemb u zapucoeambp CxXemobl OCHO6HbIX munoe oejleHus
KiiemokK

[TpokapuoTHYECKUE KIECTKHU JIeIATCS -~ |
NyTEM TMPSMOTO OUHAPHO20 O0e/eHUs
(puc. 47). Monexyna /IHK (1) mamepun-
ckou kaemku (2) TpPUKpEIUIAETCS K
naazmonemme (3), MOCII€ Yero HayMHa-
ercs perumkanus mojekyiasl JJHK (B
moukax Havana penauxayuu (4), oOJlHa U3
KOTOPBIX OJHOBPEMEHHO SIBJISIETCS MOU-
kou cesazvieanus [JHK ¢ naazmonemmoti
(3))-

ITocne penukanuu  MOJIEKYJIBI
JIHK ocTaroTcst CBSI3aHHBIMHU C I1J1a3Ma-
TUYECKOW MeMOpaHOW, KOTOpas Haudu-
HAeT PAacCTH MEXKJYy TOYKAMHU CBS3bIBA-
Hus JIHK u tem campiM Kak Obl pasHo-

CUT UX B pa3HbI€ y4aCTKU KJIETKU. [Ipu Pucynok 47 — Mexanusm
3TOM IIPOUCXOJUT TOYHOE MepeMelle- PaclpeaC/ICHAA ICHCTHICCKOTO
Hue AByX HOBBIX Mojekyn JIHK mo oo- MaTCpHalia y IpOKapHuoT BO
ueprum xiemxam (6). BpeMs OMHapHoro JeneHus [12]
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[Tocne pernukanuu ucxoaHot monekyiasl JIHK Ha 006eux douep-
Hux monexkynax J[HK (7) MOXET CHOBAa HauyaThCS HOBBIM ITUKJI PEILIU-
Kalluy ele J0 3aBEpIICHUs JIeJICHUS MC-

XOIHOM MPOKAPUOTUYECKON KIIETKHU. 1 z

Amumo3s (puc. 48) — 3TO JelCHUE IKa- 3
puomuuecxou kiemku (1), y KoTopoi s0po
(2) HaxoauTCsl B UHTEPPA3HOM COCTOSHHUH.
AMHUTO3 HauMHAETCA C W3MEHEHUH 4
dbopmbl U uucna sadpsiuiex (3), KOTOpbIE
MOTYyT (pParMeHTUPOBATLCS U yBEIWYH-

BaThCsl B YHUCJIE WJIM K€ JCIUTHhCSA nepe-
msiockou (4). Benen 3a AeneHUEM sIPBIIIEK

MM OZHOBPEMCHHO C HUM NPOHUCXOANT 1e-  5¢ (@) 5
JmeHue aapa. llpu 3TomM reHeruyeckuii Ma-

Tepual pacupeessercss MexIy 0ouepHu-
mu kremxamu (5) cloydaliHBIM 00pa3oM Pucynok. 48 — Cxema
(4are HepaBHOMEPHO). amurosa [12]

Mumo3 — venpsiMoe JIeJICHUE KJIETOK, KOTOPOE MPUHSATO MO Ipa3-
JIesTh Ha HECKOJBKO OCHOBHBIX (pa3: mpodasza, Meradasa, aHadasa,
tenodasza (mpunoxenue K, puc. 2K.2).

MuTo3 BKJIIOUaeT B ce0sl HECKOJIBKO HOBBIX COCTOSTHUHM KJIETKH,
KOTOpbIE HE BCTpEYaroTCs B MHTepdasze: mHTepPa3HbIe TEKOHICHCU-
pPOBaHHBIE U YK€ PEAYIUTMIIUPOBAHHBIE XPOMOCOMBI IMEPEXOIAT B
KOMIIaKTHYI0 ()OpPMY MUTOTHYECKHUX XPOMOCOM, OOpa3yercs CHelu-
aJIbHBIN annapar, y4acTBYIOLIUM B CErperaluu U IepeHoce XpoMoCoOM
(BEpETEHO JEJIEHUSA), XPOMOCOMBI PACXOAATCS K MPOTHUBOIOIOKHBIM
MOJIFOCaM KJIETKM U TPOUCXOJUT pa3lieJIeHUE HUTOIIa3Mbl KJIETKU —
IIUTOTOMUSI, ITUTOKUHE3 (puc. 49).

Pucynok 49 — [luroTomMusi KJI€TOK BBICIITUX PacTeHUH (a) U )KUBOTHBIX (0) [12]
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Y pacteHud UUTOTOMHS MPOUCXOAUT ITyTEM BHYTPUKIETOYHOIO
0o0pa3oBaHus KJIETOYHON MEPEropoJKH, a y KMUBOTHBIX MyTEM IEpe-
TSDKKU, BISTYMBAHUS [IA3MOJIEMMBI BHYTPh KJieTkH. [Ipu aTom npowuc-
XOJIUT TACCHUBHOE PACIPEICIICHUE OPraHOUAOB IO JOYEPHUM KIIET-
KaMm.

Meuio3 COCTOUT U3 IABYX JICJIICHUM, KAKI0E U3 KOTOPBIX BKIHOYACT
no 4 da3sl: npodaza, Mmeradaza, anadaza, Tenodaza (nmpunoxenue XK,
puc. K.3). Mexay neneHusMu HeT MHTepdas3bl U CHHTETHYECKOTO Tie-
puoja (puc. 50).

Meiio3 I (penykimonHoe aeaeHue) Briaodaet (4-3):

1 Ilpogpasa I (A-/]) Bkiroyaer 5 cTagui:

—nenmomena (A) — HoOpMUpPOBaHUE XPOMOCOM U3 2-X CEeCMPUHCKUX
xpomamuo (1);

—3ueomena (b) — cTagusi Kowvbrocayuu 2oMoN0cUYHBIX Xpomocom (2);
IPOUCXOTUT (POPMUPOBAHUE CUHANMOHEMANbHO20 KOMNIeKkca (TIPU-
noxenue XK, puc. XK.4) — compkeHne TOMOJOTHYHBIX XpOMOCOM (C
oOpa3oBaHHEM OWBAJIEHTOB) IOCPEACTBOM CPEIUHHOTO TSXKa W3
OEJIKOBOr0 KOMIIOHEHTA;

—naxumena (B) — cranus kpoccuneosepa (npunoxenue XK, puc. XK.5) —
0OMEH TOMOJIOTUYHBIMU Y4aCTKaMHU XpOMOCOM B Ousanenmax (3);
MeCTO Tepekpecta xpomocoM — xuasma (4). Ilocne oxoH4YaHUs
KPOCCHUHIOBEpa OTJICJbHBIC YYACTKH XPOMOCOM JIEKOHJICHCUPYIOTCS
st cantku uHpopmanuu B Buae pPHK u uPHK. Buemne xpomo-
COMbI HAITOMUHAIOT JIaMIOBBIE 1mIeTKH (Tipriioxkenue XK, puc. K.6);

—ounnamena (I') — KOHJACHCAIIUSI YY4ACTKOB XPOMOCOM JO TMPEKHET0
COCTOSIHMSI, YKOpOUECHUE O6usaienmos (3);

—ouakune3 (/) — pacXoxJI€HUE XPOMOCOM OTHOCUTEILHO JAPYT JApYra,
pacTtBopeHue Aopuviuika (5) u pacnan soeproti obonouxku (6); dhop-
Mupyetcs gepemeno oenerus (7).

2 Memacdgpaza I (E) — o 5KBaTOpy KJIETKH BBICTPAUBAIOTCS OUBANECH-

mul (3) —Kax bl U3 2-X TOMOJOTHYHBIX XPOMOCOM U 4-X CECTpUH-

CKHX XpOMaTHI.

3 Anaghaza I (VK) — x nosrocam KJIETKH OTXOJAT MO OJHON TOMOJIO-

TUYHOMN xpomocome (8) OUBAJICHTA.

4 Tenoghaza I (3) — popmupoBanus siep, HUTOTOMHUS.

B KoHIle peayKIMOHHOTO JEJIeHUS W3 MAaTEPUHCKON KIIETKH

(2n4c) obpazoBaUCh ABE Jo4YepHUE KieTku (1n2c).
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Pucynok 50 — [locimenoBarenbHbie CTaaAuN MEW03a
(moBeneHue siapa KIeTkn) [12]
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Metio3 11 (3KBaIIMOHHOE JICACHKE) UAET 10 IPUHIUITY MuTOo3a (M-M):
1 npogpaza Il (M) — GOpMUPYIOTCS XpOMOCOMBL U3 2-X CECMPUHCKUX
xpomamuo (1);
2 memadhaza Il (K) — B 00;1aCTH SKBAaTOpa BBICTPAUBAIOTCS XPOMOCO-
mot (8);
3 anagpasza Il (JI) — x noarocaM KJIETKU pacXoaarcs xpomamuowt (9);
4 menoghaza Il (M) — bopMupyrOTCs sA/1pa, IPOUCXOAUT IIUTOTOMHUS.

B KoHIle SKBallMOHHOTO JeJieHUs1 oOpasyercsi 4 rariouJIHbIe
kietku (Inlc).

2 Paccmompemb 20moeble npenapambsl U 3apucosambs ux

[Ipenapam 1 Mumo3 6 xopeuixe ayxa. IIpodosvHbiil cpes.

[Ipy MamoM yBeNMYEHHH B KOHUYMKE KOPHS JYKOBHUIIBI JyKa BH-
HBI TPU PE3KO paznuyarorniuecs 30Hbl. KoHIeBas ero yacte 006pas3oBa-
HA KOPHEBbIM HeXAUKOM, COCTOSIIIIUM U3 HECKOJBKHX CJIOEB TIOCKUX
KJIETOK, KOTOpBIE IMOCTEIICHHO CIIYIIUBAIOTCA. 32 KOPHEBBIM YEXJIH-
KOM HaxOJIUTCSA 30HA PA3ZMHOMCEHUS KIemOoK — mepucmema (nemns-
mascsl TKaHb), oOpa3oBaHHAs KJIETKaMH KyOudecko (hopMbl, pacro-
JIO’)KCHHBIMH TTPOJIOIBLHBIMU PSIaMH. 32 30HON pa3MHOXKCHHS CIICTyEeT
30Ha 8blMAHYMbLX (BIOJb OCU KOPHSI) K/IeMOK.

Ha GonpmioM yBenmnueHUH HEOOXOAUMO H3YYUTh 30HY PAZMHO-
JiICeHUs1, KOTopasl TPEJICTaBJIeHAa B OCHOBHOM MOJIOJBIMH KJIETKAMHU
(puc. 51):

—4aCTh KJIETOK HE JIETUTCS, HaXOsCh B cTaiuu urmepgaszwl (1): s0-
po (2) umeer okpyriyro popmy, 000co0eHO OT yumonaasmsi (3)
s0epHou obonoukou (4), COOEPKUT xpomamunogyro cemwv (5),
MeTKue 2nvloku xpomamuna (6) u 1-2 sopwvuuxa (7);

—OOJIBIITMHCTBO KJIETOK HAXOAUTCS HA Pa3IMYHBIX CTAIUSIX MUTO3A!

1. B rauane npoghaszer (8) B sanpe yBeIMYMBACTCS KOJIMYECTBO U BE-
JUYUHA 2nvlbok xpomamuna (6). Ilpu nanpHEWIen KoHACHCALIUU
XPOMOCOMBI HAXOJIATCS B SIAPE B BHUJIC IUNIOTHO 3aKPYyUYCHHBIX HUTCH
— cmaous naomuozo kayoka (9). JlanpHeliass KOHJAEHCAIUS U
YTOJIILIEHUE XPOMOCOM MPHUBOJIUT K cmaduu puixaoco kiyoka (10).
B konye npoghazer (11) pactBopsieTcs sAPHIINIKO U sI€pHAsT 000-
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JIOYKa, BCIEJICTBUE YETO Mumomuyeckue xpomocomul (12) nexar B
nuToIiazmMe; popmMupyercsi gepemero oenerus (13).

2. B memacghaze (14) XpoMOCOMBI MEPEMENIAIOTCI K LIEHTPY KIJIETKH,
pacroJyiarasich B 9KBaTOPHAJIbHON MIOCKOCTH TaKUM 00pa3oM, 4YTO
[IEHTPAJIbHBIE OTMEJIBI XPOMOCOM C yermpomepou (15) oOpareHbl
K LEHTPY KJIETKHU, a meaomepHvle Konyvl xpomocom (16) — Ha ne-

pudeputo.

Pucynok 51 — MuTO03 B paCTUTEIBHOM KIIETKE (B KOpEIIKE JIyKa) [9]
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3. B panneu anaghaze (17) kneTka HECKOJIBKO YIJIUHSICTCS, HUMU Ge-
pemena Oenerus (13) HATATUBAIOTCS, BCICACTBUE YETO XPOMATHU/IBI
Ka)KI0M XpOMOCOMBI HAYMHAIOT PACXOJIUTHCS K MOII0CaM KJIETKU. B
nozoHeu aunagasze (18) pacxoxaeHue xpomaTtuj (KOTOpbIE CTaHO-
BATCS CAMOCTOSITEIIPHBIMH XPOMOCOMAaMH) 3aBEPINACTCS, U OHU CO-
OHMparoTCsl y MOJIFOCOB MATEPUHCKOM KIICTKH.

4. B menoghaze (19) mpoucXOoauT PEKOHCTPYKIUS IOYEPHUX SIEp
(XpOMOCOMBI JIECTIMPATU3YIOTCS, O0pa3yeTcs siiepHas 000Jj0uKa U
SIPBIIIKK ); Pa3pyIIAIOTCS HUTH BEPETCHA, Pa3eisieTCs] UTOINIA3-
ma. Dopmupyercs @paemonnacm (20), cocTosUNA W3 HUTEH,
c(hOPMHUPOBAHHBIX TIPU YYaCTHH MHUKPOTPYOOUYEK M IY3BIPHKOB
["onbmxu. dparMonIacT BCTpEYaeTcs TOJIBKO Y PACTUTEIbHBIX KJle-
TOK ¥ y4acTBYET B 00pa30BaHUU KJICTOYHON CTEHKH.

[Ipenapam 2 Mumos 6 xubommnoi kiemxe

Ha OGonpmiom yBenmuueHnM HEOOXOJAMMO HAWTH U PacCMOTPETh
KJIETKM Ha Pa3HBIX CTAAMAX MUTOTHYECKOTO ITMKia (MHTEepdasza, mpo-
daza, meradasza, anadaza, Tenodaza). CoObITHUS, MPOUCXOIAIINE BO
BpEeMsI MHUTO3a, B PACTUTEILHOW M JKUBOTHOM KJIETKE APYT OT JIpyra
CYILIECTBEHHO HE OTJIMYAIOTCS, KpOME IIUTOTOMUU (Y JKHBOTHBIX KIle-
TOK 0Opa3yercss TepeTsiKKa, BISYMBAHUS IUIa3MOJIEMMbI BHYTPb
KJIETKU U HE o0pasyeTcst (pparmoriacra).

[Ipenapam 3  Amumos 6 kiemxax mouebo2o ny3svips

[Ipu masiom yBenTWYEHUU BUIHBI pa3-
JUYHON BENMYMHBI U (POPMBI (OT OKpPYT-
JIOW 710 TaHTeNneo0pa3Hoi) sapa SMUTETU-
QIBHBIX KJIETOK, OKpAIICHHbIE B PO30BbIT
nBer. HeoOxoaumo wu3yuuTh 3TH szpa
npu OoJiblioM yBenudeHuu (puc. 52). B
Havaje aMmuTo3a s10po (1) BBITATUBACTCS B
JUIMHY, B CpeJHeW JacTu oOpas3yercs ne-
pemsdicka (2), KoTopasi ObICTPO UCTOHYA-
€TCS U pa3pbIBacTCs, BCJIECACTBUE YETO

KlemKka CTaHOBHTCS oOsgysioeprot (3). B 2 1
JNAJIbHEUILIEM MOXKET IPOU3OUTH YUMo- Pucynok 52 — AMuToO3 B
momus (4). OxHako, HEPEAKO ITUTOTOMUS KJIETKaX MOYEBOTO
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3aJIEpKUBAETCS WIM BOOOIIE HE HACTYIAET, B pE3yJbTaTe 00pa3yroT-
cs1 MHOo20s10epHble Kiemku (5).

AMUTO3 BCTpEUYAETCs B KJIETKaX OTKHUBAIOUINX, OOPEUCHHBIX Ha
ru0esib U JIET€HEPUPYIOIINX, JIMOO, CTOSIIUX B KOHIIE CBOETO pas-
BUTHSA U HECIIOCOOHBIX JAaTh B JaJbHEHUIIIEM >KH3HECIIOCOOHEBIE Die-
MECHTEI.
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ITPUJTOXEHMNUA

58



IIpwioxenme A

TPEBOBAHWM K O®OPMJIEHNIO PMICYHKOB B
AJIbBOME JIs1 JIABOPATOPHBIX PABOT IIO KYPCY
«OUTOJIOI'M» ITPU USYUEHWVW IIPEITAPATOB

3apuCcOBBIBaHUE MperapaTa UMEET UCKIIOYUTEIBHO BaXKHOE 3HAUE-
HUE B MPOIIECCE €r0 U3YUEHHUS: MPHU 3aPUCOBKE CTYJIEHT 00Jiee BHUMA-
TEJIbHO PAcCMAaTPUBAET Mpernapar v OOpalllaeT BHUMAHUE Ha JIETalH,
no4yac OYEHb BaXKHBIE, HO KOTOPBIE MOTYT OCTaThCsl HE3aMEUEHHBIMU
Opv OJTHOM TOJILKO MpocMoTpe mpenapara. [Ipoiiecc 3aprcOBKU yuuT
CTYJIEHTa «4UTaTh» Ipernapar, MOHMMAaTh CBOeoOpa3ue M OOIIHOCTH
pa3IMYHbIX KJIETOK U TKaHEH, MIy0Ke OCMBICIIMBATh UX Mopgoioruye-
CKHE, TeHeTUYEeCKHEe U (DyHKIMOHAIbHBIE 0cOOeHHOCTH. Hakonen, Ona-
rofaps pPUCYHKY Mpernapar Jydllle 3allOMHUHAETCS, 3aKpEIUIIETCS €ro
3pUTENILHOE MPEJICTABJICHUE U TEM CaMbIM OOECIIEUMBAETCS JIydlllee U
Oosee riry0okoe BocHpUsITHE (PAKTUYECKOTOo MaTepHaia.

3apuCOBKY HAJ0 MPOBOJUTH HEMOCPEICTBEHHO C CaMOro Ipera-
pata, cpa3y B TeTpaab 0e3 4epHOBHUKOB. Henb3s mpu 3TOM MOJIb30-
BaTbCA TOTOBBIMU PUCYHKAMH M TAOJMIIAMHU: UX MEXaHUYECKOE KOIH-
pOBaHUE C aTjaca, MPaKTUKyMa UM y4eOHUKA MOJHOCTHIO UCKIFOYAET
IUAAKTUYECKOE 3HAUEHHE IPollecca BOCIPOU3BEACHUS MpernapaTa Ha
oymare. IIpu 3apricoBke HalO cOONIOAATh COOTHOLIEHUSI B pa3Mepax
OTJIETIbHBIX YacTel oO0bekTa. B pucyHke HEOOXOAMMO OTpa3uTh MO
BO3MOXHOCTH TPABJIMBO TO, YTO HAOIIOJAETCS. DTO MOXKET CHAENATh
KXl CTYACHT, NPEABAPUTEIHLHO Pa300paBIIMIiCS B Mpenapare u
oOnagaronIuii U3BECTHBIM TEPIEHUEM U cTapaHueM. M3yuenue mo0o-
ro TMCTOJIOTMYECKOTr0 Mpenapara o0s3aTeIbHO HYKHO HAaUMHATh C Ma-
JIOTO YBEJIMYEHUS, TP KOTOPOM JIETYE PACCMOTPETh BECH CPE3 U BBI-
OpaTh B HEM TakuM€ MECTa, TJi€ BUIAHBI MHTEPECYIOLIME HAOMt01aTems
TUIIUYHBIE JIETaIN, YAOOHBIE JIJIS JAJIbHEUIIIETO U3YUYEHUSI.

B npemnapare BaXHO HaMTH HEOOXOAMMBIE CTPYKTYPHI, pa3pe3aH-
HbIE€ MPOAOIBHO WM MOIMEPEUHO, U MBICJIEHHO BOCCO3/1aTh UX KapTUHY
LEJIMKOM. 3apUCOBBIBasl MpernapaT Npyu MajloM YBEJIMYEHHUH, HAJO (CO-
IJIACHO YKa3aHWSM HACTOSIIEro MocoOus) BpeMsl OT BPEMEHH, IO X0y
U3Yy4YEHUs Cpe3a, MPUMEHATH OOJIBIIIOE YBEIUYEHUE JIJISl pACCMOTPEHUS
OTJENbHBIX JIETAJEH; MOJIE3HO PAJOM C PUCYHKOM, CIIETaHHBIM IIPU Ma-
JIOM YBEJIMYEHUH, AaTh OTACIbHBIC JIETAIN Mpenapara, HapruCOBAHHBIE
pu OOJIBIIIOM YBEJIMYCHHH.
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J1J1s1 3apuCOBKYM NIpeNapaToB cHIYOEHN QONHCEH UMEND:

- TeTpajab AJisi PUCOBAHUSI;

- MATKHAM IPOCTOM KapaHaaul;

- Ha0op IBETHBIX KapaHjaliel (COOTBETCTBYIONIUX IIBETaM JeTayel
npernapara);

- JIe3BHE JUJIS YMHKU KapaHjamiei (MociaeIHue JOJKHBI ObITh OCTPO
3a4MHEHBI ellle JI0 Havyasa 3aHsATHH);

- MSTKUU JACTHK.

PucyHku ciemyeT BBINOJHATH Ha OJHOM CTOPOHE JIUCTA, 1Mo 1-2
HA CEPEIMHE KAXKIOM CTPAHULIBI.

Chavana Hajgo O00O3HAUYUTh HA PHUCYHKE OCHOBHBIE JJIEMEHTHI
npernapara U JMIIb MIOTOM BBIPMCOBBIBATH JeTanu. Hax pucyHkom
CIEAYyET yKa3aTh AaTy, TEMY U MOPSAJIKOBBIA HOMEp 3aHsATHi. CripaBa
OT PUCYHKa 3alMChIBAIOT Ha3BaHHWE Iperapara, BUJ KUBOTHOTO, OT
KOTOPOTO B3SIT Marepuayl, U YBEJIMYCHHUE, NMPU KOTOPOM BBINOJHEH
pucyHok. O0o3HaueHHs HEOOXOAUMO AenaTh Iudpamu, psaoMm a-
BaTh B BUJIC KOJOHKH OOBSICHEHHE 3TUM IudpaM (puc.1).

Pucynok 7 — Muto3 B Ipo0sux-
Csl SIMIEKJIETKAX acKapuabl; CTaaus
MeTadasbl:

1 — xpomMocomsl;

2 — IEHTPHOJIH;

3 — custHUE BOKPYT LIEHTPUOJIEH;
4 — axpOMaTHUHOBOE BEPETEHO;

5 — 00on0UKa SMIEKIETKH.

Pucynok A.1 — ITpumep opopmiieHUs ITUTOJIOTMYECKOIO PUCYHKA
B abOOMe 1 pucoBaHus 1o Kypey «Lluronorus»

60




[Ipenaposannuas
Hrna

Torposnoe cTeidto

Onyckafite noKposuoe
CTeKIC MENeHHO,
w00kt uzbexarts
TMONAOAHMA NY3LIPhKOS
BOJAYXA IOT HeT0

Cpens ana saxmovenun  ITpexmernoe crexno

Pucynok A.2 — ITpuroroBiieHre BpeMEHHOr0 IIpenapara (3akjiroueHue
o0pa3slia 1 HaJIO’KEHHUE TTOKPOBHOTO CTEKJIa Ha MpeaMeTHOE) [2]

Pucynok A.3 — KoMOuHUpOBaHHAas
CXeMa MPOKAPUOTHYECKON KJIETKH [ 12]:

1 — xeToyHas CTEHKA,

2 — mia3mMaTudeckasi MeMOpaHa;

3 — IHK B 30HE HyKJI€OMA;

4 — nonmupuOOCOMBI IUTOTIIA3MBI;

5 — Me30coMa;

6 — TaMeJUISIPHBIE CTPYKTYPHI;

7 — BKIISTYMBAHUS T1JIa3MaTUUECKON
MEMOpaHblI;

8 — xpoMatoopsl;

9 — BaKyoOJIi C BKJIIOUEHUSIMU;

10 — xryTuku;

11 — mmacTUHYATEIE TUJIAKOUIBI.
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Pucynok A.4 — KoMOMHHUpOBaHHAs CXeMa CTPOEHUS
AYKAPUOTUUYECKON KJIETKH [12]:

a — KJIETKA KUBOTHOT'O MPOUCXOXKICHHS; O — pacTUTEIbHAs KJIETKA.
1 — a51po ¢ XpOMaTUHOM M SIAPBILIKOM, 2 — IJIa3MaThyecKass MeMOpa-
Ha, 3 — KJIETOYHAs CTEHKA, 4 — I1a3MoJiecMa, 5 — rpaHyJIMPOBAHHBIN
DHIOIUIA3MATHYECKUN PETUKYITYM, 6 — TJIAJIKUN PETUKYIYM, 7/ — IUHO-
IATO3HAs BaKyoJb, 8 — anmapart ['onbmxu, 9 — nuzocoma, 10 — xupo-
BbIC BKJIFOUECHUS B TJIAJIKOM PETUKYIyME, 11 — EHTpHOIb 1 MUKPO-
TpyOouku eHTpocdepsl, 12 — mutoxonapus, 13 — noaupudocomsl
ruajioria3Mbl, 14 — ieHTpaabHas Bakyoib, 15 — XJI0poIuiacT.
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Pucynok b.1 — A. IInockoctHOE M300pakeHue KUAKOCTHO

MOACIHN MeM6paHBI. FJII/IKOHpOTeI/IHBI U TJIMKOJIUITUAbBI CBA3aHbI

TOJIBKO C HAPY’KHBIMHU ITIOBECPXHOCTAMUA MeM6paHBI.

b. Tpexmepnas Mmozaesnb MeMOpaHsl [2].
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Pucynok b.2 — Cxema ctpoenus
najgouku (A) u konodouku (b) [12]:
HC — HapyXHbI CErMEHT,
6C — BHYTPEHHUM CETMEHT,

5 — AP0, ¢ —CUHAINITHYECKAs 30HA,

BT — 6azanbHOE TENbIE PECHUYKHU.
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Pecruyry

MTyyru O aoomu
puopuan - peanuKynsi

Pucynok b.3 — Cxema
CTPOCHHMS TTIOBEPXHOCTH
KJICTKH KTYTHKOHOCIIA

Opalina ronarum [12]



J— Bropuiias KIeToumas
CTEHKA POOHTENRC KON
KITeTKH
[lepRuswHAR KNETOYHAR
[__'creumt poauTensc kot
KIIeTKH

MexxaerowHoe
OPOCTPAHCTRO

HouepHAR KACTKA

i
i
|
CpensuHHAA MNACTHHKA i
I
}

——

-— CpEAHMHHAA TIACTHH IS,

Pucynok b.4 — CtpoeHue KJI€TOYHOM CTEHKH, 00pa30BaBIIICIiCS B pe3YJib-
TaTe ACJCHUS POAUTEIBCKON PACTUTEIILHON KIIETKHU [2]
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Yacmo Ilonepeunwiii Onemenmaphas
Makpogubpunivl  paspes uepes Quopuina [-enrokoza
Maxkpoguopuiy (muyenna)

Pucynok b.5 — CtpykTypHBIE 3JIEMEHTBI LIEILTIOIO3BI
Ha Pa3JIMYHbIX YPOBHAX Opranu3anui [12]:

60-100 mapayutesIbHO PACIIOI0KEHHBIX MOJICKYJ LEIJUTI0JI0O3bI COCTABJISIOT
MEJIbYANIITYIO CTPYKTYPHYIO €IUHUITY HEJUTIOJIO3bI — MUYe/LLy; arperaTbl
13 HeCKoJIbKUX AecatkoB mutlesu (1500-2000 monekys) oOpa3yroT
muxpogpubpunny; komriekc u3 200-250 mukpoduodpriut (500000 mosexyi)
COCTaBJIICT MAKpOGhuOpuLIy.



Pucynok B.1 — Cxema
CTPOEHUS MEKKIIETOUHBIX
KOHTAKTOB [12]:

[ — IpOCTOM KOHTAKT;
2— «3aMOK»; 3 — IIJIOTHBIU
3aMbIKAIOIIMU KOHTAKT;
4 — IpOMEXYTOYHBIN KOHTAKT;
5 — 1ecMocoMa;
6 — IIEeJIEBUIHBIA KOHTAKT.

ITpunoxenne B

Pucynok B.2 — Cxema cTtpoeHus
MEKKJIETOYHBIX KOHTAaKTOB
rernaToUTOB KPbICHI [ 12]:

TIC — IIPOCTOM KOHTAKT;

3 — «3aMOK»; O — JECMOCOMa;
CK — COCTUHUTEIILHBIA KOMIIJIEKC;
3C — 30HA CIIMITIAHUSI, TNIOTHBIN
KOHTAKT; J#CK — KCJTUYHBIN KaITi-
JSAP; WK — LIEJEBUIHBIA KOHTAKT.



ITpunoxenne I'

INOPONINCTE BryTpesAn
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Pucynok I'.1 — Cxema ctpoenus xyoporacra [2]

Tonorka
ATemeHTapHOR
HaCTHLIM
{AT®aza)

Hoskxa

OcHoBaHHWe Hpyrie daxropu

CONpSXeRHA

Kowmn
ObIXATENBHON ey

Hapywnan

memOpara Marpuke
BuyTpeHHAan Marpuke ImemeHTaApHAR
mMemMbpana YacTHIA
A B B

Pucynok I'.2 — CxeMa CTPOCHMS] MUTOXOHAPHH [2]

o
SE
N AU

Wepoxonarwit (rpaHynapHbii) Tnanxuit avporTaaMaTHIeCKHi
3HOOMNIAaIMATAYECKUA peTHRyTY™M PETHKYTYM

rom_ ] @ ©C -

Pucynok I'.3 — TpexmepHas Mozelb SHIOIIA3MATHYECKOTO PETUKYIIyMa [2 ]



Pucynok I'.4 — I[Ipumepsl TpeXMEPHOU PEKOHCTPYKIIMN TUKTHOCOM
(anmapata ['oibaK1) pacTUTEIBHBIX KIETOK
(A — o Drawert, Mix, 1961; b— no Mollenhaurer, Morre. 1966) [12]

Mnasmonemms  CEKRETORHEE ANNSRAT  FHAONNEIMATHHECKMN

$\\\\\jffffffi\\\\\\\\\i Ty 1, EE FETHEY YR

BTopr4Hee EHADUHTDSHHE MNepEKr4HER AnepHaa Chepocaml,

NHME0C0OME Bakyon € nM30COmbl ofonoqkEE MEROKCHCOME,
UEHTpanEHaa
EakyOne

Pucynok I'.5 — Cxema B3auMHBIX IEPEX0/I0B MEMOPAH B COCTaBE
Pa3JIMYHBIX MEMOPAHHBIX OPTaHOU OB [12]
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Pucynok I'.6 — Cxema Tpex npoueccoB, B KOTOPBIX YYaCTBYIOT
IIEPBUYHBIE JIN30COMEI [2]



ITpunoxenne [

Ty6ynyHOBLIe CYOLheHHHILL,
COCTOALIME H3 ABYX He BIIOSHe
OMHAKOBLIX MNOJIOBHH

5 HM
//CEG'bem—mmm
obpaTMo
acCOUMHPYIOT
H [UCCOUHHPYIOT
= 24 HMm -

CnupansHoe pacnongxeHHe
INonepeunoe ceueHite TyOyIMHOBRIX CyOBheIMHMI,

Pucynok JI.1 — BeposiTHOE pacnofyioxkeHrue TyOyIMHOBBIX
CyObeIMHUI] B MUKPOTPYyOOUKE [2]

| A
z M o z

==

Pucynok /1.2 — Cxema cokpamieHusi capkoMmepa
(aKTUHOBBIC HUTH CKOJIB3ST BJIOJIb HUTEH MUO3UHA) [2]:

[ — 2 nu3oTponHoOro aucka; A — aHM30TPONHBIN JUCK;
Z-IAHUS — menogpazma — MECTO TIPUKPEIICHUS] AKTUHOBBIX
(¢uaaMeHTOB (IpaHUIA MEXIY COCETHUMH CapKOMEPaMHu);
M-nunus — me3o¢ghpazma — MECTO IPUKPEIIICHUS
MHUO3UHOBBIX (DUJIAMEHTOB.



§ Pucynok /.3 — CtpoeHue
= PECHUYKH UJIH KT'YTUKA [2]

A — cXeMaTu4ecKoe
PacCIoIOKEHUE
MUKPOTPYOOUEK

U COMYTCTBYIOITUX

KOMIIOHCHTOB
(BUI COOKY)

NpPOTO(HHNAMEHTERI

Obume

b — noniepeunsIit
paspes

B — nyGner
MUKPOTPYOOUEK
B YBEJIMUEHHOM BU/IE

memOpana
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Pucynok /[.4 — YnpoliieHHas cxemMa OCHOBHBIX CTPYKTYP M ITPOLEC-

COB ACTBYIOIIIUX B OCJIKOBOM CHHTE3E [2
b



Monexyna TPHK Bosspatuaerca
B UHTOMIA3IMY
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OnHouenovexnag MPHK

Pucynok /1.5 — Cxema niporiecca Tpanciasiuuu [2]

AHTHKOJIOHOM KaxbIi crienuduueckuii komruieke TPHK-
AMUHOKHCJIOTA CAPUBACTCS C KOMIUIEMEHTAPHBIM €My KOJIOHOM
MPHK Ha pubocome.

B nanHoM ciydae nmenTuaHas CBs3b JOJKHA OOPa30BBIBATHCS MEXKTY
JICUIIMHOM U TJIMIMHOM, B PE3YJIbTATE YEro K PACTYIIEH MOJIUITCTITH/I-
HOU Ienu 100aBUTCH €lle 0JJHa aMUHOKHCIIOTA.



IIpunoxenne E

Pucynok E.1 — Mojenb XpoOMOCOMBI — CKJIaI4aTOM HUTU B UHTEp(Jaze
(A), npu perumnkanuu (b), B Metadaze (B) (mo Du Praw, 1986) [12]



IIpunoxxenmne 2K

AEJIEHWE
IMATOIINTA3MH

da3za

CoObITHSI, MPOUCXOAIINE B KJIETKE

NuteHcuBHBIE mpoliecchl OnocuHTe3a. OO0pa3zoBaHWE MHUTOXOH/I-
puid, xjoporiactoB (y pacrenuii), OP, nuzocom, Al', Bakyonei,
ny3bIpbKoB. SAapsiko npoayuupyer pPHK, MPHK u TPHK; 006-
pa3yroTCs puOOCOMBI; KJI€TKA CUHTE3UPYET CTPYKTYPHBIE U (PYHK-
IIUOHAJIbHBIC OeIKU. IHTEHCUBHBIN KJIETOUYHBIM METa00IM3M, KOH-
TposmpyemMbiit pepmentamu. Poct kietku. OO0pa3zoBaHUE BEIIECTB,
MOJABJISIFOIIMX UJIU CTUMYJIMPYIOIIUX HA4yajlo cieayroie dasspl.

Permukanus JIHK. CuHTe3 0eIKOBBIX MOJIEKYJI, HA3bIBAEMbIX THC-
TOHAMH, C KOTOpbIMHM CBsi3bIBaeTcs Kaxaas HuTh JIHK. Kaxmas
XpOMOCOMA MPEBPALIACTCS B IBE XPOMATHUIBI.

HNHTeHCHBHBIE Tpollecchl OnocuHTe3a. JleleHne MUTOXOHAPUN U
XJIOPOILJIACTOB. YBEJIMUECHUE IHEPTreTHYECKUX 3amacoB. Permka-
U LIEHTPUOJIEH (B T€X KJIETKaX, IJI€ OHM UMEIOTCS) U Hadaylo 00-
pa3oBaHUs BepeTeHa JICJICHHUS.

JleneHue sapa, COCTOSAIIEE U3 YETHIPEX CTAIHM.

PaBHOMEpHOE pacmpesieieHue OpraHeJll M IMTOTUIA3MBI MEKITY
JOYEPHUMH KJICTKaMH.

Pucynok XK.1 — Knerounsiii nuki [2]



Ta6nuna XK.1 — Paznuuusa Mexay cTaausiMi MUTO3a U Melo3a

Cragus Mumo3s Meiio3
IIpodaza XpOMOCOMBI HE BUHBI XPpOMOCOMBI BUJTHBI
['oMonornuHbIe XPOMOCOMBI ['oMonornuHbIE XPOMOCOMBI
000c00IeHBI KOHBIOTUPYIOT
Xua3zMbl HE 00pa3yIOTCS Xua3zmbl 00pa3yroTCs
Kpoccunrosepa He npoucxo- Kpoccunrosep Mmoxetr UMeTh
AT MECTO
Meradaza [Taper xpomaTuy pacriosiara- [Taper xpomocom pacriosiara-
FOTCSl HA DKBATOPE BEPETEHA FOTCSl HA 3KBATOPE BEPETEHA B
Menose I, a mapel Xxpomatug — B
meiiose 11
[lenTpomeps! BeicTpauBarotcst | LleHTpoMepsl B Meriose I pac-
B OJIHOM IVIOCKOCTH Ha PKBATO- | IIOJIaratoTCs HaJ U I10J] DKBa-
pe€ BepeTeHa TOPOM Ha OJITMHAKOBBIX pac-
CTOSIHUSX OT Hero, B Meno3se 11
— Ha DKBATOpE
Anadaza LlenTpoMeps! gensTes [lenTpomMepsl AETATCSA TOJIBKO
B Metio3e 11
XpoMaTuasl pacxomsaTcs B wmeiiose I pacxoastces xpo-
MOCOMBI, B Meio3e I — xpoma-
TUOBI
Pacxopngimmecs xpoMaTuibl Pacxopsimmecss XxpoMOCOMBI MO-
UACHTUYHBI T'yT OKa3aThCsl HEUJACHTUYHbI-
MM BCJICICTBUE KPOCCUHIOBEPA
Tenodaza Huciio XxpoMocoM B JoYEpHUX | UMCIIO XpOMOCOM B JOUYEPHUX
KJIETKaX TaKO€ )K€, YTO U B PO- | KJIETKAX BJIBOE MEHBIIIE, YEM B
JIUTEIBCKUX POIUTETBCKHUX
JlouepHue KIeTKu comepxar JlouepHue KIeTKHu coepxar
00€ TOMOJIOTHUYHBIE XPOMOCO- | TOJIBKO IO OJTHOW M3 KaXKI0M
MblI (Y TUTIJIOUIOB) Mapbl TOMOJIOTUYHBIX XPOMO-
COM
I'ne npouc- | Bo3MOXHO B rarsioniHbIX, AU- | TOJIBKO B JUIIJIOUAHBIX U I10-
XOJIUT Je- TUIOUHBIX W MOJIMIIJIOMIHBIX JIMIUTIOUHBIX KIEeTKaX
JICHHE JaH- | KJIIETKax
HOI'O THUIIa IIpoucxoaut nmpu odpazoBanuu | [Ipu rameTo- uiau croporeHese

COMAaTHYECKHUX KJIETOK U HEKO-
TOPBIX CIIOP, a TAKKE IIPU 00-
pa30BaHUM TaMET Y PACTCHHU,
IJI1 KOTOPBIX XapaKTepPHO Ye-
pEIOBaHUE MOKOJCHUN




Pucynok 7K.2 — IlocnenoBatenbHOCTh CTaANi MUTO3a (2-5)

B ’KUBOTHOU KJIETKE [2]



Jlannoumuan pOXHTeNSCKAR KneTKa ( ¢ odxod
(2n) Rapoil roMONOTHMHEL]

Koxian xpoMocomMa yapasnaercs (cumres [THK), o6pasya
ABe Mapul XPOMATHI,

O1 marepi

e;:noe nenesme Meﬁoal

(Meitoa 1)
eﬁo@

/ \':”?332“3? 7 \

(n) (n) (n) (n)

Tannoxmiie raMeTs!

Pucynok 7K.3 — Cxema OCHOBHBIX ATallOB MEN03a
(IyTUIMKamusl OAHOW XPOMOCOMBI U JBa MOCJIEIYIOIINE
JeJaeHus Meio3a) [2]



Pucynoxk K.4 —
CuHanToHeMaJIbHBIN
KOMIUIEKC [12]:

A — cxeMaTuyeckoe
U300paKeHUE;
b v B — »3Tanel KOHbIOTa-
AU XPOMOMCOM H
00pa3oBaHUsI CUHAIITO-
HEMaJIbHOTO KOMILICKCA;
I’ — neranb CTpoeHUs
CHHAIITOHEMAJIbHOTO
KOMIIJIEKCa
(cornmacHo rumnote3e Kunra).

CK — cuHantoHemasb-
HBIM KOMILICKC,
53 — GokoBbIE A1EMEH-
Thl, [[D — HEeHTpaIbHBIN
3JIEMEHT, B — nomnepey-
HbIE BOJIOKHA,
Xp — XpOMaTHH.

Pucynok 7K.5 — Cxema
KpoccuHrosepa [12]:
N —-<"""SF 1 — mapHbic TOMOJIOTHYHbIE XPO-
i | MOCOMBI, JIEKAIIUE OTHAENBHO;
m 0 — UX 3aKpy4YMBaHUE B NIaXUTeE-
g HE; 6 — PaCIIOJIOXKCHUE XPOMATU
B JIUIUIOTEHE; 2 — TUAaKUHE3.

Crpenkuy yKka3pIBatOT HA MECTA
KPOCCHHIOBEpA.



Pucynok 7K.6 — CxemMa TUIIIOTEHHBIX XPOMOCOM,
CTaIusA «JIAMITOBBIX IIETOK» [12]:

A — OMBAJIEHT C ABYMS XHMa3MaMu, apHOE PACIIOI0KEHHE OOKOBBIX
nerenb; b — mapa nerenb Ha CECTPUHCKUX XpoMaTHuaax.
Martpukc netiu oopazoan PHII-pubpunnamu,
OPOJYKTAMHU T€HHOM aKTUBHOCTH 3THX YYaCTKOB XPOMOCOM.
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