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Ot aBTOpOB

Kuura npexncraBisier co6oft yueGHoe mocobue K IPaKTH-
neeKkolf wacTH Kypca aHaTOMHH pacteHuii. CosmaBas 3To
noco6ue, aBTOPHl CTABHJIH CBOell 3ajmauefl He TOJbKO O3Ha-
KOMHTb CTYAEHTOB CO CTPOEHHEM pacTeHHH, HO U NPHBHUTH
I'IM HaBBIKM CaMOCTOATEJNBHOro HcciaenoBaHus. Bosblioe
BHMaHHe B IOCOGHHM OTBELEHO MeETOAMKEe MPHUIOTOBJEHHS
pclapaToB M TeXHHKe PDHCYHKa, TaK KaK 3apHCOBKa Ipe-
napara — He TOJbKO crnoco® (UKCHPOBAHHS De3yJbTaTOB
1a0OJI0eHNs, HO U aKTUBHEIH MeTOX HMCCJeN0BaHUs.

[IpakTHKyM HOArOTOBJIEH KOJIJIEKTHBOM IIpenofaBaTese
Kadenprl BHICIIMX pacTeHHH OuoJiornyeckoro ¢axyJabrera
MockoBckoro rocyzapcTBeHOro yHHBepcuTeTa. Pasmeiibl
«Mukpockon», «JleneHné siapa u KiaeTku», «Crebejb» Ha-
nucaun . A. Tpankosckum, «Kierka» — Q. H. Yucrsko-
noit, «O6osouka» u «Tkauu» — U. I1. KouemapoBoi, «Cre-
Genb apeBecHbiX pacrenuit» — JI. U. Jlorosoii, «Kopenb» —
. Il. Bapweikuno#t, «JIucts —JI. H. Kocrpukosoi#i. Ilpak-
THKYM WJIJIOCTPHPOBAH B OCHOBHOM OPUTHHAJIbHBIMH PHCYH-
KaMH, M3TOTOBJIEHHBIMH aBTOpaMH. B HEM HCIOJIb30BaHbI
TakxKe WLIIOCTpauuH, clenannue M. A, Bopsosoi,
I' B. Keapossim.

B xoHue NpaKTUKyMa NPpUIIOXKEH KpaTkui rnepeyeHb He-
06XOMHUMBIX 1J1 pabOThl HHCTPYMEHTOB H DEAKTUBOB H IIPH-
BELEeHbI PElEeNnTbl UX NPUTOTOBJIEHHS.

Hns Hosoro usnanusi «[IpakTHKyM IO aHaTOMHHM pacTe-
\Hi» CyLeCTBEHHO nepepaloTaH M paciunpeH. B Hero buwe-
CeHBl OMHCAHHS HOBHIX OOBEKTOB, CleNaH PAA PUCYHKOB.

ABTopH ri1y60KO NPH3HATENbHBl COTPYyAHHKaM Kadeaphl
0oTaHHKH JIEHHHIPaACKOroO YHHBEpCHUTeTa 3a BCe 3aMeya-
1iMs, GOJIBIIMHCTBO KOTOPHIX YUYTEHO IPH NOATOTOBKE PYKO-
fIUCH K IeYaTH.



BBEIEHUHE

Anatomus pacTeHu#l mpexncrasissier co6o#l pasmen 6ora-
HHKH, B KOTOPOM pacCMaTpHBaercsi BHyTpeHHee CTPOeHHE
pactenufi. TepMHH «aHaTOMHUSI», NPOUCXOASLIMH OT rpede-
CKOTO CJIOBA «aHATOMe», 4TO 3HAYUT paccedyeHHe, yKasblBaeT
Ha MeTOH M3YUeHHMS CTPOEHHS pacTeHuii. ITOT METOH MNPH-
MeHSIeTCHd M B AHATOMHH MXHBOTHLIX, HO aHAaTOMHS JKHBOT-
HBIX H3yyaeT Tomorpaduio H BHeLIHCe CTPOEHHE BHYTPEHHHX
OpPraHoB, a aHaTOMMS pacTeHHH — cTpoeHlie TKaHeH U opra-
HOB Ha KJIETOYHOM YpPOBHe.

ITockosbKy pasmepsl KJIETOK H3MepSIIOTCS MHKPOMETpa-
mu (1 mxm = 0,001 mM), OHH HeZOCTYNHBI AJIS1 HAGJMIOAEHHS
HEBOOPYKEHHBIM TJIa30M M JAJi MX H3yueHHs HEOOXOIHM
ClienuaJbHbIN ONTHYECKHH HHCTPYMEHT — MHKPOCKOIL.
B 3toM oTHOWIEHMH aHATOMHSI pacTeHH# CXOAHA C THCTOJO-
THell — 300JI0THYeCKOH HAYKOH, Lesb KOTOPOH — TaKkKe H3y-
ueHHe HEJOCTYNHbIX HEBOOPYKEHHOMY TIJIa3dy KJETOUHbIX
CTPYKTYD U TKaHeH >XMBOTHBIX OPTaHHM3MOB.

[IpakTHuecKne 3aHATHA HO anaTOMHMH PAacTEHHI 3HAKO-
MSAT CTYIEHTOB C pasHOOOGpa3HeM CTPOEHHs KJETOK, TKaHei
H BereTaTHBHHEIX OpPraHOB.

MuKpOCKonHyecx0e H3ydeHHe HeKOTOPHIX 00BEKTOB BO3-
MOXHO Ha TOTa/bHBIX Ipenmaparax, T. €. Ha 4acTAX pacre-
HHUH, B3ATHIX UeJHKOM. OMHAKO YHCJAO TaKHX OOBEKTOB He-
BesMKo. T103TOMY HcC/efOBaHHEe pacTeHHH B OCHOBHOM IIPO-
BOAMTCHA Ha Cpe3ax, U3TOTOBJSEMbBIX CTYAEHTaMH, HIH Ha
poCTOSIHHBIX, 3apaHee IPHTOTOBJEHHLIX NpenapaTax.



MHUKPOCKORN

Muxkpockon mpeicraBiasieT co60H ONTHKO-MEXaHHIECKUH
1pHGOp, MO3BOJSIOMUH NONIY4aTh CHIBHO yBEJIHYEHHOE H30-
OpaxeHHe paccMaTpHBaeMOro IpenMera, pasMepel KOTOpPO-
ro JIexart NaJieKo 3a Hpeie]aMH paspellalolleil CrocoGHoO-
CTH HEeBOOPYXKEHHOro ryasa. YemoBek ¢ HOPMaJbHBIM 3pe-
IIHeM pasJyinyaeT JAB€ TOYKH KakK JBe HUJHM [B€ JIMHHH Kak
JIB€, @ He OJHY, JHULIb B TOM CJIyyae, eCiud PACCTOSIHHE MeX-
1y HuMH He MeHee 0,1 MM, 1. e. 100 MmxM. Takum 06pasom,
paspewmiaromas CnocoGHOCTb TIjas3a HeBesiHka. [Tpu pabore
¢ JIyYIIHMM ONTHYeCKUMHU NPHOOpAMH pacCTOSHHE MEeXAy
JIByMsl TOYKaMH HJIH JIMHHAMH, H2 KOTOPOM OHH He KaxyTcs
CJIMBLUIMMHCS, COKpalllaeTcsl A0 JeCATHIX NoJeH MHKPOMeETpa.
WnbiMu croBaMu, paspemiaiolasi CnocoGHOCTb — CBETOBBIX
MHKpocKomnos B 300—400 pa3 Bhille paspellaomel crnoco6-
1I0CTH HEeBOOPYKeHHOro rJasa.

[Tosesnoe yBesnyeHHe COBPEMEHHEIX ONTHYECKHX MHKPO-
ckonoB! nocruraer 1400 pas, BHfB/sSA IpH 3TOM MeJbyaii-
1iMe JeTaH CTPOeHHs uaydaemoro oGbekra. Ilonbsysch pas-
JIHYHBIMH MeTOJaMM (HampHMep, mpoekuuedl Ha 3KpaH),
MOXHO IIOJIYYHTh H 3HAYMTEJbHO OOJBINHE YBEJHYEHHS —
B IECATKH THICAY pa3, HO HHKAKUX HOBHIX MOAPOOHOCTEH MpH
nroM Habmoaate He ypaercd. HaoGopor, MHOrme Meskue
JlCTad yTPAuHBaAIOT YETKOCTb. DTO TaK HasbiBaemoe Oecrmo-
Jic3l10e yBeJHYEeHHe.

B mukpockone (puc. 1) pasnuuaoT onTHYECKylo H Mexa-
INIMCCKYIO CHCTEMBI.

OnTHueckas cHCTeMa COCTOMT H3 TpeX dyacrefi:
OCBETHTEJbHOTO ammnapara, o0beKTHBa H OKyJaspa. Mexny
00LeKTHBOM H OKYJISIpOM pacmoJsiokena Tpy6a, uan Ty6yc.
ee 3TH YacTH CTPOro HEHTPHPOBAHH H BMOHTHPOBAHH B
NITATHB, MPEACTABJSAIOUIHA co00f MexaHHUYECKYO CH-
¢ emy MmuKpockona. IlltaTHB cocToHT H3 MAacCHBHOrO OC-
NONNIHS, UMelollero y GOJIbUIMHCTBA MHKPOCKOINOB MOIKO-

KpoMe ONTHYECKHX CYIIECTBYIOT H  3/eKTPOHHbIE MHKPOCKOTHI,
ANKIIe YBENTHYEHHS B AECATKH H JaXKe COTHH ThICAY pas.



BooOpa3Hyo ¢opMy, MPeAMETHOro CTOJNMKA, AYLH, WIH Ty-
OycomepikaTensi, W INOJAIOUIHX MEXaHH3MOB, IepelBHrao-
mux Ty6yc B BEPTHKAJIbHOM HaNpaBJeHHH.

OcBeTUuTenbHBH anmnmapaT HpeiCcTaBJeH KOHIEH-
COpOM ¢ HpHCOBO# jauadparmoii u 3epkajoM. Konaencop

, pacnosaraercst B KOJblie INOJK
CTOJIMKOM MHKpockona. OH
COCTOMT M3 JBYX HJH Tpex
JINH3, BCTaBJEHHHIX B IH-
JIHHJpHYECKYI0 ompaBy. KoH-
JLeHCOp CJYXXHT JJid HaWuayd-
IIero OCBellleHHsI H3y4aeMoro
npenapara. ®poHTanbHAS
JINH3a KOHJEeHcopa MOXKeT
OBbITL yCTaHOBJNEHA BPOBEHb
CO CTOJIMKOM MHKPOCKOIa HJIH
HECKOJIbKO HHIKe ero.

B HuXHeHd yacTH KOHJeH-
copa HaXONHUTCHA HpPHCOBas
nuadpparma. Ona mnpenpcras-
asier cob0d cucreMy MHOTO-
YHCJEHHBIX TOHKHX IUIacTH-
HOK («J1ernecTKoB»), MOJABHXK-
HO YKpelmJeHHHX B KPYIJOH
onpaBe. C nmoMmoIbi0 He6OJb-
Puc. 1. Pabounii Gnosornueckuif  1I0r0 pHIYaXKKa MOXKHO H3Me-
, MHKPOCKOIL MBI:'I: HSITb pa3Mepbl OTBEPCTHS IH-
pomexammoon, 3 ryeyconepna. adparmbl, KOTOpoe BCerAa
TeJb, 4 — npeAMeTHBIA CTOJIHK ¢ COXpaHHQT HeHTpaJ’IbHOG no-

KJIeMMaMH, & — KOHIEHCOp ¢ JHa-

dparmoit, 6 — sepkano, 7—pesoin-  JIOXKEHHE. DTHM peryaupyercs
Bep ¢ oO6beKTHBaMH, 8 — Tpyba (Ty-

6y¢) o okynspoM, 9— suat rpy6on ~AHAMETP IyyKa CBeTa, HIY-
LR REKIONCTESIMY . LI€TO_OT  3€pKAa B KOHAEH-
MeTperHbiii) cop. ITox nuadparmoit ykpen-
JIEHO KOJBbLO, B KOTOpOE

BCTaBJISIETCS CBETOPHNBLTP OOBIUHO H3 MaTOBOTO CTEKJa.
ITox KOHAEHCOPOM HaXOAUTCS IOABHIKHO COeNHHEHHAs
CO IUTATHBOM MHKDPOCKONA BHJIKA C 3epKaJjioM, OflHa CTOpPOHA
KOTOpOro IJjockas, Apyras— Bornyrtas. HasHaueHue 3epka-
Jia — HANpaBJsTb Jy4Yd OT HCTOUHHKA CBETa B KOHJIEHCOD.
DTo NOCTHUraeTcs COUeTaHHeM JBMXKEHHH 3epKaja M BHJKH,
KOTOpble MOKHO BpalllaTb BO B3aHMHO NEPIEHAUKYJSPHBIX

HanpaBJeHHsIX.

[Tpoiias yepe3 KOHAEHCOpP W HPEJNOMHBILIHCh B €ro JHH-

3ax, Jydu, HAyuiue oT HCTOUHHKA CBETA, OCBEILAIOT Mpena-
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par, Jexalmuli Ha CTOJNHKe MHKPOCKONA, NPOXOAAT CKBO3b
HCro M Jajiee B BHAE pacxojslierocss mydyka BXOJST B 00b-
¢KTHB.

YacTHuHO 3aKpHIBasi HUXKHIOK JHH3Y KOHAeHcopa, nuad-
parMa 3anep:xuBaeT G0KOBLIe JyyH, 6sarojaps 4emy noJy-
vacrcsl 6osiee pe3koe H3oOpaxeHHe o0beKTa.

[lnockas cropoHa 3epkaja ynorpebsasiercs npu pabore
¢ 06beKTHBAMH C OOJbIIHMH yBeanueHuaMu (60X, 90X),
KOTOpBle JAIOT MaJjble NOJIS 3peHHs U Bceraa TpebyloT mpH-
MCHEHHSI KOHJeHcopa. BoruyTo#i cTopoHOil 3epkaJia Mmosb3y-
10TCSl B TeX CJAydYasix, Koraa pa6GoTaloT ¢ 0ObeKTHBAMH, HMe-
lowuMu yBeaudenus 8%, 10X, 20X, 40X.

OG6beKTHB mpejcTaBaseT coboit HauboJiee BaXXHYIO 4acTh
ontngeckof cucreMbl. OH COCTOMT H3 HECKOJbKHX JIHH3,
BIPaBJIEHHBIX B METAJJIHYECKYIO rHiIb3y. OOGbEeKTHBH ¢ 60JIb-
IIMMH yBeJIHYeHUSMH BKJouaoT 8—10 auu3 u 6osee. O6b-
CKTHB HaeT n3o6paxeHHe o6beKTa ¢ 0OPaTHHIM pacHOJIOXKe-
ndeM uacreft. [Ipy 3ToM oOH BHSsABJIAeT («paspeliaers)
CTPYKTYPHI, HEJOCTYIHbIE HEBOOPYKEHHOMY TIiasy, ¢ GOJb-
INHMH HIM MEHBHIMMHU NOJAPOOGHOCTAMU B 3aBHCHMOCTH OT
kKauectBa oGbekTuBa, Y306paeHne CTPOHTCA OGBEKTHBOM
It JIOCKOCTH AHa(parMel OKyJaspa, pacrnooXKeHHOro B BepX-
et yactu Tpyosl (Tybyca) MuKpockoma. OnTHuecKue CBOM-
¢TBa OObEKTHUBY 3aBHCAT OT €r0 yCTpoOHCTBa M KauecTBa
auns (rab6a. 1). HauGosee cuibHble OOBEKTHBH JalOT

Ta6auuna 1. XapakTepucTuka 0GeKTHBOB-aXpOMAaTOB, MCNOJb3YEMbIX
Aqs HaGJaiofenns B npoxojsinem cBere (AJuMHA TPYObl 160 MMm)

ndp Cucrema YBemmuenue Aneprypa iig?;:;;ee ,p;c[;
0C-37 Cyxoit 1,5 0,06 74,6 ,
(OM-30 > 1x 0,03 32,02
OM-12 > 3,7X 0,11 27,7
M-42 > 8% 0,20 9,2
OM-5 > 10X 0,30 7,77
OM-27 > 20X 0,40 1,8
MIL > 40X 0,65 0,6
OM-14 > 60X 0,85 0,41
OM-101 Macasnas

HMMepCHs 90X 1,25 0,12

120-kpaTnbie yBennyeHnsi. Ha mpakTudecknmx 3auaTtusix mo
A11aTOMUU PACTEHHH 06BIYHO PAGOTAIOT C OGBbEKTHBAMH, YBe-
suuusaomumMa B 8, 40, pexxe —90 pas. Paspemaromas
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crnoco6HOcTh 0o6bekTHBa 8 paBHa npubausurenvHo 1,5 MKwM,
o6bektuBa 40 — 0,5 MkM u o6bektuBa 90 — oxoJso 0,25—
0,30 MxMm.

Bosbiioe 3HaueHne npu pabore ¢ MHKPOCKONOM HMeeT
pabouyee paccTosiHHe OOBbEKTHBA, T. €. PACCTOSITHHE OT HUXK-
Hell (¢poHTanbHOH) JHH3K 06bEKTHBA g0 oO6Bekra (mo
BepXHell MOBEPXHOCTH NPEIMETHOro CTekJa). ¥ 00beKTHBOB
¢ 8-KpaTHbIM YBeJHYeHHEM 3TO pacCTosiHHe paBHO 9,2 Mu;
¢ 40-kpatubiM — 0,6 Mm. ITosToMy XKesaTesbHO MONB30BATH-
Csl NMOKPOBHBIMH CTeKJIaMH, TOJIIHHA KOTOPHIX MeHblle pa-
6ouero paccrosiHus. HopMmajbHass TOJIIHHA HOKPOBHOTO
crekaa 0,17—0,18 mm.

OKyJangap NOCTPOEH 3HAUYHTENIbHO Ipolle OGBEKTHBA.
Hekoroprle OKyJasippl COCTOSIT JIMLIb M3 ABYX JIHH3 M Aunag-
parMel, BCTaBJEHHBIX B LHJIMHAPHUECKYIO ompaBy. Bepxusas
(okynsipHast) JIMH3a CAYXHUT JJIg HaOJIIOfeHHUs, HIXKHSASA
(«KOJJIeKTHBY) HrpaeT BCIOMOTaTeabHYIO POJb, (HOKYCHPYS
n3o6paxenne, nocTpoeHHoe obbeKTHBOM. [lnadparma oky-
Jsipa OIpefessieT TPaHUIBl NOJs 3peHHs.

Oxyaspsl Tolirenca

Lugp Yeeauuenue Ioae spenus,
MM

AM-6 4 24

M-7 7X 18

M-10 10X 14

M-11 15X 8

Tpy6a, unu Ty6yc, npeacraBasier cob6oi HOJbIE LH-
aunHap. Ha ee HMXKHeM KOHIe YKpelJieH TaK Has3blBaeMBIH
peBOJIbBEp — BpallaloUUics AHCK C THe3laMH, UMeEIOIINMHU
Hape3Ky [1Js1 BBHHUHBAaHUS 0ObeKTHUBOB. XOJ BHHTOBOH Ha-
pe3Ky THe3l peBoJbBepa M OGBEKTHBOB CTaHAAapTH30BaH,
M03TOMY OGBEKTHBBHI MOAXOASAT K MHKDPOCKONIAM pa3HBIX
Mopnesett.

MHUKpOCKON CKOHCTPYHPOBAH TakK, 4TO IpemnapaT pacro-
Jaraercss Mexny TJIaBHBIM (okycoM 0OBEKTHBA H €ro
IBOHHBIM (OKYCHHIM paccTosiHHeM. B TpyGe MHKpOCKoIa,
B IJIOCKOCTH AuadparMbl OKyJspa, Haxonsimiedcss MexAay
rJIaBHLIM (POKYCOM H ONTHYECKHM LEHTPOM BepXHeH JIHH3BL
OKyJsipa, OGbEKTUB CTPOHT [eHCTBUTENbHOE YyBeJHYeHHOe
o6patHoe m306paxkeHue npeamera. llefictBys kak Jyna,
BEPXHssl JIMH3a WJIHM CHCTeMa JIMH3 OKyJaspa JaeT MHHMOe
npsiMoe yBeJHueHHOe H3oOpaxeHune. Takum o6pasom, H30-
GpakeHHe, KOTOPOEe IOJy4YaeTcss ¢ NOMOIIBIO MHKPOCKOIa,
OKa3biBaeTcsl ABAXKAH YBeJHUeHHBIM H OOpPaTHBIM IO OTHO-

8



IONKIO K M3yYyaeMOMY NpeiMeTy (pnc 2). OGmee yBeanye-
IHe MIIKPOCKOMa IpH HOopMaJbHoH (160 MM) mianue TpyGHl
PABIO yBCJAHYEHHIO 00BbEeKTHBa, YMHOXKEHHOMY Ha yBeJHUe-

e okyaspa.

To, uTo Ha6aOxaTeNb HMEET
A®JIO ¢ MHHMEBEIM, a He JeHCTBH-
TeJALILIM H300paxKeHneM, cylle-
CINCIIIOrO 3HAYeHHs] He HMeer.
V1o n3obpaxkeHue MOXKHO He
TOJLKO BHIETb, HO TaK¥XKe H3Me-
pirn, 3apucoBaTb H cdororpa-
(pupoBath. HekoTopoe neynober-
O BO3HHKaeT H3-32 TOrO, 4TO
nsobpaxkenue o6paTHoe, a He
upsimoe. IloaTomy, ecau HyKHO
PaCCMOTPETh JIEBYIO 4acTb Jie-
MALEro MOJ MHKPOCKONOM mpe-
llapaTta, ero HPUXOAUTCS Iepe-
J\MIraTh BIPaBo, 1 Ha0GOPOT.

Kpyrabiit uau KBazpaTHBHIH
HpeIMEeTHH U CTOJHUK
IIMCeT B LIEHTPe OTBEPCTHUE, B KO-
Topoe BXOOUT BEpPXHAA YacCTh
KongeHcopa. ¥  MHKpOCKoma
MDBP-1 xpyrablif CTOMHK COCTOHT
13 IBYX yacTell: HUXKHeH, HeNMox-
BIXKHO COeJUHEHHOM C OCHOBa-
1ieM, H BepxHell, KOTOPYIO MOXK-
110 nepelBUraTb Ha OrpaHUYEH-
lloe pacCTosiHMe BIepel, Haszan,
nupaBo u BaeBo. J[nsa a3toro
¢ayXaT JBa BHHTA, pacHoJo-
JeHHBle 1o  6GOKaM  CTOJIHKA.
(0 MX NOMOIIBIO MOXHO LE€HTPH-
POBATh CTOJHK IIO OTHOLIEHHIO
K ONTHYECKHM CHCTEMaMm H CJIer-
Ka mepeNBHTaTh MNpenapaT, 4YTo
BAXKHO IpH paboTe ¢ GONBIINMU
yBeJHIeHHIMH.

FA W

1 \\ \\\
I’// X
/I// \
| \
//5 A0 b

Puc. 2. Cxema xopa ayuer
B MHKDPOCKOIE:

O — o6pekT, O;— 0GBeKTHUB,
Oz — oxynsp, F — rnapubiit
¢okyc oGbektuBa, Fj;— riaas-
Hblit doOKyc oKyaspa, F!'— oG-
paTHoe NeACTBHTENBHOE 43006-
paxenne o6bekta, O’ — nps-
Moe MHHMoe H3o6GpaxeHHe,
o6pasyeMoe OKYJIspOM

[Ipenapar 3akpenysiior ABYMS NPYXHUHALIUMH KileMMa-
MIl, BCTABJIEHHHIMH B OTBEPCTHS CTOJIMKA. ¥ HEKOTOPHIX CO-
BpeMeHHBIX MHKDOCKONOB, IpeJHa3HAYeHHHIX I/ TOHKHX
IICCTIeOBAHUM, CTOJNHKH CHAOXeHHl IpernapaTOBOAHTESMH.
Y MHKDOCKONOB, CJIyKAalIHX JJs yIeOHBIX LieJel, HX HeT.



Hdyra, wiu ty6yconep}karedb, HOABHKHO COELH-
HeHa co wratuBoM. C NOMOIIBIO MORAIOLINX MEXaHU3MOB ee
MOXKHO NepeIBHraTh IO BEPTHKAaJH [JIs HaBeLeHUs Ha ¢o-
Kyc. ¥ GOJIbLIMHCTBA COBPEMEHHBIX MHKPOCKONOB 3TH MeXa-
HU3MBI (BHHTBI) YKpENJeHbl B OCHOBAHHH IITATHBA.

Y MHKPOCKONOB C BePTHKaJbHOH TpyOo# ayra couseHeHa
C OCHOBaHHEeM IIpH IOMOIIM WIAPHHpA, NMO3BOJSAIONIEr0 CTa-
BHUTb TPyOy B HaKJIOHHOE NOJIOXKEHHE. ¥ TaKHX MHKPOCKOIIOB
NpeIMEeTHBIH CTOJNHK COeJHHEH C AYyrod H MeHSieT MOJIoXKe-
HHe IIPH HaKJoOHe TpyO6ul. Ilonaloline MexaHU3MBl B 3TUX MO-
gensix (M-9, M-10) pasmeleHb B BepxHefi 9acTH AIYIH.
Y mopeneit MBP-1, MBU-3, MBH-4 cTOJMHK HENOABHKHO
COefMHEH C OCHOBaHHeM MHKpockoma (cm. puc. 1), TpyGa
YCTaHOBJIEHA NOJ HEKOTOPHIM YIJIOM HO OTHOIIEHHIO K CTO-
JIHKY; B HHXKHeH yacTH TPyObl MMeercsl IPH3MeHHOEe YCTPOi-
CTBO. MeHsIOLIee XOJ Jydel, HAYMHUX OT 06OBEKTHBA.

I'py6as ¢hoKycHpPOBKa OCYLIeCTBJSETCS C IOMOIIBIO MaK-
pOMETPeHHOI'0 BHHTa (KpeMaJsibephl), COCTOSILEr0 U3 Bpa-
maeMoro 3y6uaToro KoJseca, BXOASILIEr0 B Hasbl pedKH C
rpebeHuaToli Hapesko#l. ¥ Mmukpockoma M-10 sta peiika
ckpenJeHa ¢ Tpy6o#l, mosToMy Tpy6a MOXKET HepeiBHUraThCs
B BePTHKaJbHOM HalpaBJIeHHH, a AYra OCTAeTCS HeNOJABHNK-
Ho#. ¥V mukpockoma MBP-1 3ybuaras peifika KpeMaJjbephl,
COeJMHEHHasi C OCHOBaHHEM MHKDOCKONA, HEMOABHXKHA, a
Bpalawlascs ocb ¢ 3ybuaToff HapesKoH, pacmnoJioKeHHas
B HIXKHeH YacTH AYTH, nepenBHraercs sMecTe ¢ nyro#i. ToH-
Kasi (POKyCHPOBKa OCYILeCTBJISeTCS MHKPOMETPEHHHIM BHH-
TOM, KOTOPBIH MOCTPOEH MO HPHHINNY B3aHMOXEeHCTBYIOUINX
LIecTepeH pa3HOro JHaMerpa, NOAOOHO HMeEIOUIUMCS B 4aco-
BOM MexaHu3Mme. DTO HaeT BO3MOXKHOCTb OIyCKaTh MJH IOJ-
HUMaTh TPYOy Ha pacCTOSIHUS, H3MepsieMble MUKPOMEeTpaMHu.
Ha 6apabGaHe MHKPOMETPEHHOTO BHHTA HaHeCeHBl JAesleHHS.
[TepenBuxkeHne Ha OJHO [eJieHHE COOTBETCTBYeT IIOAbeMY
wIn omyckaHuio TpyO6e Ha 2 MkM. [lpm nonHom ob6opore
puHTa Tpy6a nepensuraercs Ha 100 Mxm.

MexaHH3MBl MAKPOMETPEHHOH H 0COOeHHO MHKPOMETpeH-
HOH IOJa4YM HM3TOTOBJISIOTCH OYEHb TOYHO H TPeGyIOT OCTO-
poKHOro o6palleHusi. Bpamarh BHHTH CleAyeT NJIaBHO, 6e3
PHIBKOB M NIPHMeHEHHS CHJHL.

Pa6otra ¢ MHKPOCKONIOM

1. Pa6orath ¢ MHKPOCKOIIOM CJeAfyeT Bceraa CHAfl. Brl-
cora tafypera HJH CTyJa HOJ2KHA OBITb TaKOH, 4TOOHI Ha-
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Garonaresb, CUAA NMPSAMO, BINIOTHYIO K cTOJy, MOT 6bl paGo-
TaTh 6e3 HaNpsKEHUS.

2. C npaBofi CTOPOHH OT Habuiofaresss Ha CBOGOLHOM
yyacTKe CTOJIa JOJIXKHBI HaXOAUTbCS HEOOXOAHMMBIE HHCTPY-
MeHTHl (IIpenapoBaJjibHble HIVIB, OpUTBA), HPeAMETHBIE H II0-
KPOBHbBIe CTEeKJa, KaleJbHHIH C peakKTHBAMH, ajJbOOM MJs
32pHCOBOK.

3. MuKpocKoll yCTaHaB/IMBAIOT NPSMO Iepen co6oil H BO
BpeMs paboThl He CABHraloT. 3epKajo MHKPOCKONA JOJIXKHO
ObITh HANpaBJeHO K HCTOYHHKY CBeTa.

4. Hauynnas paboTy, nmpexzae BCero HYXKHO JOOHTbCS
PaBHOMEDHOrO OCBellleHHs1 moJsisi 3peHus. [lis ocBelleHHs
MOXKHO HCIIOJIb30BaThb €CTECTBEHHBIH pacCesiHHBIN CBeT (He
IPAMON COJTHEUHBIH) MJH HCKYCCTBEHHBIH— OT 3JIeKTpHue-
CKOH JIaMIIBI, JIy4llle MOJIOYHOH HaH MaToBoH. Jlyuuee ocBe-
IleHHe AT cnenuanbHele ocserurenn (OM-7, OH-19, OU-
9M u np.).

11 npaBHJIBHOTO OCREUleHHs CleldyerT:

a) yCTaHOBHUTb (DPOHTAJNBHYIO JIHH3y KOHAeHcCOpa Ha
yPOBHE CTOJIMKa MHKPOCKOIa;

6) OTONBHHYTb KOJBLO CO CBeTO(GHIBTPOM, Haxonsllee-
sl IO KOHZIEHCOPOM;

B) INOJIHOCTBIO OTKpPHITh quadparmy;

T) YCTaHOBHTb OObEKTHB MaJIOTO YBeJHUYEeHHs TaK, 4YTOOBI
PACCTOSTHHE MeXJy HHM M CTOJHKOM MHKpOCKOIa He Ipe-
noiano 1 em;

J) TISAS B OKyJsp, ABMXKEHHSMH 3epKaja M BHJIKH, B
KOTOPOH OHO yKpelJeHO, HAallpaBHTb CBeT Tak, 4YTOOBl NIpoO-
meAwWnd gepe3 06beKTHB pacXoisALIMACS MYy4oK JydeH moJ-
IOCTBIO H PAaBHOMEPHO OCBelllaJl NoJie 3peHHs;

¢) npu pabore ¢ 3JeKTPHUECKOH JaMIIOH C MPO3PadYHBIM
OAJITIOHOM J1J1s1 paBHOMEpPHOI'O OCBellleHHsT HeoOXOLHMO IIO-
¢TABHTh HAa MECTO MaTOBBIH CBETOGUJBTP.

5. ITomoxuTh mpemapart Ha CTOJHK MHKDOCKONA U IBH-
KCIHEeM KpeMaJibepbl YCTaHOBUTh TPYOy ¢ OOBEKTHBOM Ma-
NOT0 YBeJHYeHHs Tak, 4ToObl H300paxKeHHe oObeKTa ObLIO
\OPOLIO BHIHO.

CmoTperb B MHKPOCKON DEKOMEHIyeTCsl JIeBHIM IJIa30M,
He 3QKpbIBAs MPaBHIH.

6. IIpexne uem nepefiTu X paboTe ¢ GOJNBIINM yBeaHUe-
ieM, HeoGXOAUMO HOCTaBHTh OOBEKT HJIM HHTEPECYIONIYIo
waerh 06beKTa B LEHTpP INOJIs 3peHHusi, Tak Kak npu 6oJib-
oM yBeJTHYeHHH pa3Mep INOJsl 3peHHsl CHJIBHO COKpalaer-
vy llocae aroro ciaemyer cmeHuTh 00beKTHB. is aToro,
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He MOJHHMMas TPyObl, NOBEPTHIBAIOT PEBOJBLBEP N0 TeX MOp,
noka 00beKTHB 0OJIbIIOrO yBeJHUYeHHs] He OYIeT yCTaHOBJIEH
CTPOr0 BePTHKaJ/JbHO OTHOCHTEJBHO cTosHKa. O mpaBHJIbHOH
yCcTaHOBKe OOBeKTHBAa CYHSIT IO JierkoMmy Imenuky. Ilocie
CMeHbl OObeKTHBAa B MHKPOCKONe OOBIYHO BHAHO HesCHOE
usobpaxeHnue o6bekra. [Ipu oTcyTcTBUH H306paKeHHUs OCTO-
POXHBIM [BHXKEHHeM KpeMaJjibepbl CHauaja HYIKHO CJerka
NOJHATb, @ 3aTeM, eCJH OKaxKeTCsl HeOOXOIHMBIM, ONYCTHThb
Ty6yc Mukpockona. IlosiBuBllleecsi HesicHoe H300paxKeHHe
GOKYyCHPYIOT MHKPOMETDEHHBIM BHHTOM, KOTOPHI MOXKHO
noBepTHIBATh He Gosiee ueM Ha !/, man 3/, moaHOrO OGoOpOTA.
PeskocTe H300paxeHHs peryJupyloT ¢ MOMOLIbIO auacg-
parmsl.

7. Ilo oxonuaHuu paboTbl MHKPOCKON CHOB2 NEPEBOASAT
Ha MaJjioe yBeJHYeHHe H TOJbKO TOCJIe 3TOr0 CHHMAIOT IIpe-
mapaT C IPeAMETHOTO CTOJTHKA.

¥Yxon 3a MHKPOCKONOM

IIpn paboTe ¢ MHKPOCKONOM HeoOXOZHMO COOJIIOLATh
clenylolllie npaBuJa;

1. IlepeHocHTb MHKPOCKON C MecTa XpaHeHHsl Ha pabo-
yHi CTOJ HYXKHO IBYMS pyKaMHu: oJHOH pyKoit 6epyT MHKpO-
CKOMN 3a u3rub Ayrd, a apyroil — nongAepKUBAaIOT OCHOBaHHUE.
D10 ocoGeHHO BaXKHO HPH paboTe ¢ MHKPOCKONIaMH, HMe-
IIHMH HakJoHHBIA Ty6yc (MBP-1, MBH-3), y KoTophXx mo-
Jaolle MeXaHu3MBl PACNOJIOXKEHbl B HIXKHeH yacTH LITaTH-
Ba U mepeiBHramT TpyOy BMecTe C Iyroi.

2. B cayyae kakux-nubo 3aTpyLiHeHHH NpH oOpallleHHH
C PEBOJIbBEPOM H APYTHMH 4acCTSIMH MHKDOCKOIIA He CIeAyeT
npuMeHsiTh cuny. Heo6XoquMO BBISICHHTE IPHYHHBI 3THX 3a-
TPYAHEHHH H YCTPAHHTb HX C MOMOIULIO NPENoaBaTe/s HJH
KBaJH(pHUHUPOBAaHHOI'O MacTepa.

3. Oco6eHHO THIATENIbHO HYKHO CJIEAUTh 33 YHCTOTOH
ONTHYECKOH CHCTEMBl MHKpPOCKOmNa (OCBETHTEJNBHOro amma-
para, 06’beKTHBOB, OKYJAApOB), MpPefOXpaHATb MX OT MeXa-
HUYECKHX NOBpexJeHun# (ymapos, lapalnHH), CONPHKOCHOBe-
HHSI C XHUIKOCTSIMH, OCOOEHHO XHMHYECKH aKTHBHBIMH (KHC-
JIOTHI, IIEJ0YH, Pa3JHYHble PACTBOPHTENH), NPHMEHsSIEeMbIMH
B KauecTBe pPEaKTHBOB M Cpel [IJs1 IIPUrOTOBJIEHHS Ipena-
paros.

CoBepllIeHHO HEeIOMYCTHMO NMPOTHPaHHe JIMH3 INaJbllaMH,
OGymaroff M T. M., TaK KaK ONTHYECKOE CTEKJIO MOXKHO JIETKO
nounapanars. Jlaxe He6oJbllINe [apaMHHE CHILHO CHHXKAIOT
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GliTliuecKHe KauecTBa Mukpockona. Cierka sarpsisHeHHble
/3D IPOTHPAIOT CYXOMH YHCTOH TPAMOUKOH U3 XJA0muaToby-
maxHol TKaHu. Ecam rpsasp He ynasnsiercs, TpANOUYKYy cMa-
41I3aI0T 6€H3HHOM ILJH cMechblo cnupTa ¢ 3¢upom. Tpsanouky
JUISL IPOTHPaHHS OOBEKTHBOB 11YXHO XPaHUTbL B 3aKPBITOH
(ailke, yTO6bl IPELOXPAHHTD HX OT TBLJIH.

4. TTo okoHuaHuu pabOTLl NPOTHPAIOT JIMH3BI H CTOJHK
1, HIOCTaBUB OOBEKTHB MaJoro yBesJHyeHus, yo1paloT MHKPO-
cKom B yTasip uau wkKagp. MHKPOCKON MOXHO OCTaBHTb U
11 cToJIe, 06513aTENBbHO HAKPBIB €r0 4eXJOM.

MHWKPOTEXHHKA

Pa6ota 6putBOii

Ha npakrHueckux 3aHATHSX 1O aHAaTOMHMM pacTeHUH
GOJIBIIHHCTBO OOBEKTOB H3Yy4aloT Ha Cpe3ax, KOTOphie CTy-
JICHTBl AenaloT OpUTBOIl OT pyKH. JIyullle BCEro NoJb30BaTh-
¢5l OGBIYHBIMH «OTIACHBIMH» (ITapHKMaXepCKHMH) OGpHUTBaMH.
Jlis Msirkux 06beKToB (HCTbs, cTebJU TpaBSHUCTHIX pa-
cTeHHit) HaubGosiee yAOOHLI GPUTBBL C LIHPOKHMH JI€3BHAMU
Il CPAaBHUTENBHO MaJIBIM YoM 3aTOukd. Ilys TBepABIX 06b-
CKTOB, HaIpuUMep JpeBeCHHHl, NpeANOuYTHTeIbHee OGPHTBH
¢ 6oJiee Y3KUMH JIE3BHSIMH H OOJIbIIHM YTIJIOM 3aTOYKH.

Heo6GxonumMo 3anoMHHTh OCHOBHBIE mpaBuja o6palleHHs
¢ OpHTBOHL.

1. ¥YnoTpebasito 6PHTBY TOJbLKO [JIs NPHI'OTOBJEHHS aHa-
TOMHYECKHX CpPe30B, HH B KOeM ciydae He pe3aTb el Oy-
Mary H He TOYUTb KapaHJallH.

2. Ilocne padoTel GPUTBY TILATEIbHO BhITHPAIOT YUCTOM
CYXO# TPSMOYKOM, NPH 3TOM OPHUTBY CjaelyeT hJ1acTb Ha TpH-
104Ky OOYIIKOM H Iep¥XKaThb GOJbIIMM H  YKas3aTeJbHbIM
naJbllaMy J1e3BHEeM BREPX.

3. He ocraBasTb 6pUTBY OTKPBITOH BO H36exkalHe MOPYH
JIC3BUS O TBEPIBIC G[PEAMETDL.

4. BputBy cjelyer pery/asipHO NpPaBHTb H BpPeMs OT Bpe-
MCHH TOYHTb.

IlpaBKka U Touka GPHTBEI

[TIpaBuTb GPHTBY HYXKHO Iepej HAuaJoOM KaxkKAOIO 3aHd-
Tlisl, 2 IpU HeOGXOAHMOCTH H B mpouecce paborul. Ilpasar
OpITBY Ha peMHe, HaTAHYTOM Ha KOJIOAKY, HJH id OObIMHOM

13



peMHe, OJIHH KOHeN KOTOPOTO 3aKpEeIISIOT HENOABHKHO, a
Apyro# HaTarusarT JeBol pykoi. Ha pemeHb HaHOCAT cre-
IHaJIbHYIO0 MacTy AJd NpaBKU OpHTB. M3 uMeromuxcs B npo-
JAaxe ImacT KOPHYHEBOTO, 3eJIeHOro HJH 6eJOBaToOro IBeTa
npeanoyTHTe/NbHee 3eJleHas, colepiKallasi OKHCb Xpoma.
[Ipu npaBke GpHTBH Mmacra paBHOMEPIIO pa3MasbiBaeTCs MO
pemuio. Eciu pemenb aBycroponHui#t (puc. 3), macry HaHo-
CAT TOJNILKO Ha OXHY ero cropoHy. CHauaja GpHTBY mpaBsT
C macToi#, a 3aTeM Ha YHCTOH CTOpOHe pPeMHS, 4TOGH OKOH-
4yaTeJbHO OTUJIHGOBATL 3aTOYEHHBIH Kpai.

=]

Puc. 3. Cxema npaBKH GPHTBEI

IIpaBka 6puUTBLI TpeGyeT onpefeaeHHbIX HaBbIKOB.

BpurBy nepxar 3a «ilefiky» GOJbIIHNM M YKa3aTeJbHbIM
najbllaMH NpaBoH PYKH, OCTaJbHble MaJjblbl HaXOAATCA Ha
pyuke OpuTBbL. JlesBue KjaayT Ha peMeHb IJAlIMs, 3aTO-
YeHHbIM KpaeM K cebe. [TinoTHO npuxkumas Je3BHe K peMHIO,
ero BenyT obyuikom BHepen (ot ce6d). Ha kKoHue pemHs
Jie3BHe MepeBepTHIBAIOT, He OTphIBasi OT peMHs, Ha 180°
(uepe3 00yIIOK), NPH 3TOM INOJIOXKEHHE DPYKH He MeHseTcs.
Henp3si nmepeBepThiBaThb OpUTBY uepe3 3aTOYEHHBIH Kpay
JIe3BHsi, KOTOPBHIH OdeHb Jjierko moBpenuTb. Ilocie moBopo-
Ta GpPUTBY BeAyT B oOpaTHOM HanpaBJeHHH, ONATh OOYLI-
KoM K cebe. O6biyHo penator 20—30 TaKHX ABHIKEHHH.

Tak Kak peMHH, IpUMeHseMble /S IPABKH GPHUTB, OObIU-
HO y3KHe, JIe3BHEe KJaJlyT Ha peMeHb IIOJ YIJIOM HJH Iep-
MEeHHKYJISpHO ero JJuHe. B mepBoM ciydyae GpUTBY BeLyT
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10 PCMIIIO [IOJ YTJIOM, MEeHSIsl TMpH NOBOPOTE YroJ HaKJOHA.
I'0 nTopoM ciydae ee BEAYT IO PEMHIO B KOCOM Halpabile-
NI, OT KOHIA JIe3BHSl K €ro OCHOBAHHIO, TaK 4YTOOBI Bech
HITOUCHHBIA KpaH NMPOXOAHJ IO PeMHIO.

Ecnu Ha 6purBe o6pasoBanuch 3a3yOpHHBI HJIH OHa
CIJILHO 3aTyImuJaach, ee He06XOAUMO HAaTOYHTb Ha CIelHalb-
HOM KaMHe, IOBEPXHOCTb KOTOPOrO HOJXKHa OBITb POBHOH
(Ges yray6maeHuit u mep6un). Has Gosiee OblcTpPol H Ipy-
O0i1 3aTOYKH OYEHb TYIbIX JIe3BHH WM JIe3BHH ¢ 3a3y6pH-
N'MH KaMeHb CMauHBalOT KepOCHHOM, MBIBHOH HJIM YHMCTOH
nojoft. JIus Gosiee TOHKOA 3aTOUKH IMOJb3YIOTCS Ba3eJHHO-
HLIM HJIM MalIHHHBIM MacyioM. OCHOBHBle MpaBHJA /Sl TOY-
niE OPUTB Te 2Ke, 4TO M JJIs NPaBKH, HO NPH TOYKe OPHTBY
NCJIYT JIE3BHEM BIepel, NMPHKHAMAas ee K KaMHIO NaJblaMH
nepoit pyku. IlepeBepThiBaloT GpHTBY uepe3 OOYLIOK, HHAue
IIPH HEOCTOPOXKHOM JBHXKEHHM 3aTOUEHHBIH Kpall J1e3BHs
MOXKeT 0Ka3aTbCs 3aBepHYTHIM H OpUTBA BHIAJET H3 CTPOS.
Ifocne Touku 6pUTBY 0053aTeNbHO HYXKHO NpPaBHTh.

HsroTosjeHune cpe3os u Npenaparos

Tak kak cBexkuil marepuaj, HeoOXOZHMBIH A/ H3yde-
nsl, He BCeraa [JOCTyHeH, OOBIYHO IOJIb3YIOTCS MaTepHa-
N0M, (GHKCHUPOBAHHBIM CIHHPTOM HJIHM (opmMannHOM. Msarkue
TKaHH pacTeHHs Nnpu (HKCALHH CIHPTOM YMJIOTHSIOTCA. Ta-
KO MaTepuas Jierde pe3arhb. Ecian 06beKT oueHb TBepAbIH,
To mocje (QHUKCAnMH CHUPTOM €ro XpaHsIT B CMeCH CIHpTa
Il raunepuHa B otHoweHuu 3:1, 1:1 uan B cMecH u3 pas-
1IX yacTefl CIHpTa, TVIMLEPHHA U BOABL.

IToBepxHOCTh OyAylllero paspesa NOJXKHA OBITb BLIPOB-
1ICHAa HOXKOM HJIH cKajbneneM. Markuff, MHymufics marepu-
A1 32XKHMalOT MeXAYy KyCOYKaMH CepAleBHHB Oy3uHH,
1IPOOKH WM neHomjacra. TonmuHa cpe3a 3aBHCHT OT IeNH
nccnenosanus. Tak, Ans paccMoTpeHuss oO6ulell KapTHHBI
¢TPOEHMS] BereTaTHBHLIX OPTaHOB NpPH MaJIOM YBeJHUYEHUH
MHKPOCKOIIa Cpe3bl MOI'YT OHBITb 3HAUHTENBHO TOJILIE, 4YeM
IS H3YYeHHs] MeJIKHX JAeTasedl HX CTPOEHHS NpH 6GOJbIIOM
VBeJHYEHHH.

OO06bekT nmepxKaT B JIEBOH pyKe TpeMsl majbliaMH. BoJib-
noil maJsien AOJXKeH OBITb HHMXKe BepXylIKH oObekTa. YKa-
JATEJbHBI TaJjel CAYXKHT ONOPOH AJsi GPUTBHL, NO3TOMY OH
JOMKeH ObITh MOYTH Ha OJHOM YPOBHE C NOBEPXHOCTBHIO OY-
jylero paspesa (puc. 4). Ilns nonydeHus: CTpOro OpHEHTH-
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POBAaHHOTO MOMEPeYHOro cpesa, MeplneHAHKYJISIPHOrO TpPO-
NOJIbHOH OCH opraHa, 06beKT AepKaT BepTHKaNbHO, a GpHT-
BY — rOpH30HTaNb10. /IS H3rOTOBJNEHHS NPOLOJLHBIX Cpe-
3CB KOHULI O0beKTa 3a:KMMalOT MeXKJAy YKas3aTeJbHbIM U
GOJIbIINM NafbUaMH i AepaT ero rOpu3OHTadbHO, TaK XKe
Kak 0 6putsy. Ilpn pabore pyku AOMKHBI GbITH CBOGOMHBI,
YyIUpaTbCs B CTOJ JIOKTIMH He PEKOMEHyeTcs.

BsaB 3a «miefiky» GpUTBY GOJBLIHM M yKa3aTeJbHbIM
naabuamMi NpaBoi PYKH 3aTOUEHHBIM KpaeM K cebe H 10J0-
XKHB JIe3BHe Ha J100YI0 4acTb BBIPOBHEHHOH MOBEPXHOCTH
00beKTa, OAHHM KOCBIM CKOJIL3SIIIHM JBHXKEHHEM AeJaloT
TOHKHII Cpe3 MJOLIaAbl0 B HECKOJIbKO KBaAPATHLIX MHJIJH-
mMetpoB. Ilpu sToM HanmpaB/ieHHe IBIDKCHIS GpUTBLI 3Ha-

Prc. 4. Tlosoxenne GPUTBBI DPH H3TOTOBJIEHHH CPE30B

YeHHs He MMeeT: ee MOXXHO BeCTH cJleBa HalpaBO U ClpaBa
HaJIeBO, T. €. OT HapyKHOI'O KOHIA JIe3BHSl K BHYTPeHHeMY
uiu HaoGopot. Ecau HyKHO NPHTOTOBHTBL cpe3 cO Bcell mo-
BEPXHOCTH 0O'beKTa, pe3aTb HAYMHAIOT ¢ Kpasd obbekra. He
cienyer BeCcTH OpHTBY IO NMPSIMBIM YIJIOM K OOBeKTy, Tak
KaK B 5TOM CJyyae MSATKHe TKaHH CHJbHO CMHHAIOTCH.
Henb3s Takxke «OHJIHTb» OPUTBOH, T. €. JelaTh HECKOJBKO
KOPOTKHX IBHXXEHHH B pa3Hble CTOPOHBI.

Cpesbl CHUMAIOT C JIe3BUSI KHCTOYKOH HJIM NpernapoBalb-
Ho#t MrJIof, He Kacasch 3aTOUYeHHOro kpasi 6pHTBH. Cpessl
KJIaAyT Ha NpeIMeTHOe CTeKJO B BOAY H IPH MajOM yBe-
JIMYEHHH MHKDOCKONA OTOMPAIOT H3 HHX JyullHe.

Ha npakTHyeckuX 3aHATHSIX OGLIYHO FOTOBAT BPeMeHHbIe
npenapathbl, 3akiaouas OOBeKT B XKHIAKYI0 Cpedy, KamJio
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KOTOPOH HaHOCAT Ha CepeNHHy mpeAMeTHOro creknaa. Ilpen-
NAPHTENBHO CPe3bl MOXKHO 06pa6GoTaTh TEM HJH HHBIM Deak-
111BOM. 3aTeM IoJ OCTPbIM YIJIOM K NPEIMETHOMY CTeKJY
PUKJI2NbIBAIOT IOKPOBHOE CTEKJO, TaK 4ToOb OHO Kaca-
JIOCb XKHUAKOCTH, H OCTOPOXKHO ONMYCKAIOT €ro Ha NpeJMeTHOe
crekso. Hesb3st onyckaTh MOKPOBHOE CTEKJIO Pe3KO, TaK Kak
I 3TOM CJIydae B KHAKOCTH, B KOTOPYIO NOTpy2KeH OOBeKT,
MOKET OKa3aThCsi MHOTO MY3LIPbKOB BO3AYyXa.

O®OPMJIEHHUE PE3YJIbTATOB HABJIIOLEHHHA

Ha npakTuyeckux 3aHITHSX 10 aHATOMHH PaCTeHHH 60/b-
j1I0e BHUMAaHHe JOJIKHO OHITh yiesneHo pHcyHKy. Ilo o6pas-
1IIOMY BBIP@XKEHHIO OJHOTO H3 KJAaCCHKOB MOP(OJOTHH pa-
crennfi, C. I'. HaBamuHa, «pHCyHOK — 3TO fI3HIK MOpPdOJIO-
I'nu». PHCYHOK JNOJ/IXKeH GBITh YeTKHM H TOHSITHHIM HE TOJIb-
KO €ro aBTOPY, HO H JIOGOMY CIelHaJHCTy B 3TOH 00/1aCTH
sHaHusg. OH HOJIXKeH ¢ BO3MOXHOH HOJHOTO OTpaxarth pe-
3yJbTaThl HAaGJIOJeHHs] H TPAKTOBKY HCCIEI0BAHHBIX CTPYK-
Typ.

PucyHOK — 3TO He TOJBKO MeTOJ (PHKCHPOBAaHHS De3yJib-
TaToOB HaGJIOJIeHNsl, HO U MeTOJ MCCJIeJOBaHHus, TaK Kak B
upoiecce 3apUCOBKH Npenapar aHajausupyercsi GoJiee BHHU-
MaTesJbHO H HOAPOGHO.

HepauuonajabHO nenaTh JeTajbHble PHCYHKH C H300pa-
»KeHHeM BCeX KJETOK CO CPe30B KPYIHBIX, aHaTOMHYeCKH
CJIOXHBIX OOBEKTOB, TAKHX, KaK BereTaTHBHble OpraHbl pa-
CTeHHH, TaK Kak IIpH 3TOM He BBIAEPKHBAIOTCS MaclITalObl
1306paKeHHs] U DHUCYHOK He OTpa)KaeT HCTHHHOH CTPYKTY-
pBl KJIETOK H TKaHell. B 3Tux ci1yuasix nesaloT CxeMHl, Ha
KOTOPBIX YCJOBHO, ¢ cobuiofeHneM Maclitaba o603HayaloT
pacnoJioXKeHHe OTAEJNbHbIX TKaHell. CXeMy CTpOeHHs opraHa
PHCYIOT OOBIYHO UPH MaJIOM YBeJHYeHHH MHKPOCKOIA, AeTa-
JIU3UPOBAHHbIE PUCYHKH OTAEJbHBIX KJIETOK HJIH HeGOJbLINX
Yy4acTKOB TOHM MJIM MHOH TKaHW — IPH GOJIBILIOM YyBeJHYEHHH.
HanGoJsee TOUHBE PUCYHKH J€NaIOT C NOMOILBIO PHCOBAJIb-
HOTO ammapara, KOTOpblil MPUKPEMJASIOT K Ty6ycy MHKPOCKO-
na. PuCyHKH, TaK Xe KaK H CXeMbl, JOJKHbI ObITh JOCTaTOY-
110 KPYIHBIMH, CHeJaHHBIMU OT pyKH (6e3 JuHEeAKH W LHUp-
Kyas). CxeMbl M HeTajbHble PHCYHKH CHA0XalOT MOSICHH-
TeJIbHBIMH HaANUCSMH.

Insi 3apucoBOK HeoS5XOguMbl aqbbOM HJIH  OTHeJbHbIe
Juctel (pasMepoM !/g uiu !/ig CTAaHAAPTHOTO 4YepTEKHOTO
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JIHCTa) MJOTHOR Gymaru 6e3 nuHeeK, rpadHTOBHIA mpocToi
Kapanpaw cpenneil reeproctu (T, TM, H, HB), msarkas pe-
3MHKa.

B HeKOTOpEHIX CiIyuasx MOMKHO IT0JIb30BATHCS IIBETHHIMH
KapaHjamamH, HO TpeJINOYTHTeNbHee uepHO-Gesble pH-
CYHKH H CXEMBI,

PucyHxkn, cresanHble Ha NPaKTHIECKHX 3aHATHAX, 00Jer-
4aloT OCBOEHHE TEOPETHUECKOro Kypca.

BBOJHOE 3AHAATHE

[JIYBUHA T10J1d 3PEHMSY. 3HAYEHHUE CBOMCTB
CPEIbI, B KOTOPYIO 3AKJ/IIOYEH OBBEKT

Ilpu pa6oTe ¢ MHKPOCKONOM HeOGXOJHUMO IIOJIHO M Ipa-
BHJIBHO HCIIOJIb30BaTh BCE €r0 BO3MOKHOCTH.

B MuKpockon MOXHO pacCcMaTpHBAaThb He TOJBKO IOBepX-
HOCTb 00'b€KTa, HO U BHYTPEHHIOIO €ro 4acTb, TaK KaK CBeT,
nosydaeMH OT HCTOUHMKA, IPOXOAS Uepe3 oO'bEKT, OCBella-
€T BCIO €ro TOJIIY.

Onyckas win noguuMasi Ty6yc MHKpOckoma, MOXKHO I10-
CTaBHUTh B (DOKYC M pacCMaTpPHBATH JIOOblEe yUaCTKH 00beK-
Ta, HaxoAsiliuecss Ha pasHofl riay6GuHe, T. e. MOJYyYaThb «O II-
THUECKHEe CeYeHHa».

PeskocTp u306pakeHHs] y4acTKOB, JeXXalluX HAa pPa3HbIX
YPOBHAX,—TJyOGHHA NOJS 3peHHUS— 3aBHCHT OT pas-
MepoB OTBepcTusi pnHadparMel. YMeHbIIasg 3TO OTBepCTHe
(3akpbiBasg nuadparmy), MOXKHO NOJYYATb OGOJBIIYIO TJIy-
OUHY [OJISI 3peHHus.

UeTkoCTh U300paKeHHs CYyLeCTBEHHO 3aBUCHT OT N O K a-
3aTeNsl NPEeJOMJIEHUSA Cpelbl, B KOTOPYIO 3aKJ/IOueH
o6bekt. [lokaszatenu mpesoMieHHsi cpeibl H OOBbeKra He
JIOJIZKHBI OBITH COBEPLIEHHO OJUHAKOBHIMH, TaK KaK B 3TOM
ciyyae oObekT Oyler CJAHLUIKOM mnpo3payHbiM. Ecam moxa-
3arejb NpeJoMJeHHss 00beKTa 3HAUHTeNbHO O6OJblle, 4eM
MOKa3aTeJb IPeJOMJIeHHs Cpelibl, 00beKT OyAeT BHITJISALETb
[OJ MHUKPOCKONOM OYeHb TeMHBIM, TaK KaK 4aCTb IPesoM-
JIEHHbIX H OTPa)K€HHbIX HM Jyued He Nomaner B OODBEKTHB.
[Iysbipbku BO3ayXa, HaXO#slIHecs: B BOJAeE, IVIHIEpPHHE HJIH
KakoH-nu60 HHOH cpefe, KaXyTCsl TEMHBIMH, YePHBIMH HJIH
OKpY2KeHHBIMH 4YepHOH KaHMOH.

Huxe npuBejeHB 3HaueHHs IOKa3aTesleH MpesOMJeHHS
CBeTa JJIsl HEKOTOPHIX cpel H 0OBbEKTOB.
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Cpeda IToxasamens O6serxmol IToxasament

npesoMmienus uccredosanusn npeaomrenus
Bosnyx . . . 1,00
Boma .. . . 1,33 Kanerounwmit cox  1,33—1,34
I'nuuepun-xe-
JaTHHA . 1,41—1,42 —
JlakrodeHod . 1,44—1,48 —
I'nuuepun . . 1,47 O6o/N04UKH  KJle-
TOK . . . . 1,48—1,49
Crekao . . . 1,50 Kaeruatka 1,50
Kananckuit
Ganb3aM . 1,52

Ilas paccMOTpeHHst KOHTYPOB KJIETOK JIydlle BCero Hc-
110JIb30BaTh KaHAaACKHH 6asb3aM; ero nokasaTelb HpPeJOM-
JICHHSI OueHb OJIM30K IIOKa3aTesio IpeJoMJeHHs 0060J0ueK
KJIETOK, COCTOSIIIMX M3 KierdaTku. Kamajckuit 6Gajabsam
ynoTpe6JIOT AJS U3TOTOBJIEHHS] TaK Ha3blBaeMbIX IIOCTOSIH-
IBIX, T. €. JJHUTeJbHO COXPaHSIOUIMXCA IpenapaTtoB, IIpH
JTOM JI0 3aKJI0YeHHsl B 6ajb3aM Cpe3bl OKPAlLIHBAIOT CIelH-
QJIbHBIMH KPacCHUTeJSIMH, IPOMBIBAIOT CIIHPTOM M 00e3BOXKH-
natoT. ITocKolbKy 3TO cBsi3aHO ¢ 60JbLIOH 3aTpaTodl BpeMme-
11, HAa NMPaKTHYECKHX 3aHSATHAX MO aHATOMHH PacTeHHH Je-
JIAIOT TOJIbKO BpeMeHHBle mpenaparhl, GoJbllell 4acTbio He-
OKpallleHHble, 1 B KauyecTBe cpej AJS IPHUTOTOBJIEHUS Mpe-
11apaToB OOGBIYHO YNOTPebJISIOT BOLY, IVIMIEPHH HJIH JAaKTO-
(henou.

Ha BBOJHOM 3aHSITMH cJlelyeT O3HAKOMHTBbCS C OCHOB-
IILIMH IpHeMaMH paboThl C MHKDOCKOIIOM, BHISIBUTH 3Haue-
1IHe cpenbl, B KOTOPYIO 3aKJ/I0UeH 0ObeKT, 3HaueHHe IiIy6H-
1Bl TOJIS 3DeHHsl W onTHuecKoro ceueHusi. Hambosee yno6-
1ible 06'bEKTH— CIIOPH! U NBLIbIEBLIE 3epHA.

Cnopwbl naayua Gynasosuanoro (Lycopodium clavatum L.)

[Tnayn — pacrteHne, BcTpeualolileecss B XBOHHBIX Jiecax.
EEro cnopsl MOKHO MpUOGPECTH B anTeKe, Te HX NMPOAAIOT
0] Ha3BaHUEM <«JHKOMOAHH», HJIH NMOJYYHTb U3 KOJOCKOB,
CcOOpaHHBIX B Jiecy. 3pesible KOJIOCKHM HOACYIIHBAOT Ha Oy-
Mare, NpH 3TOM CHOPH BhICHmMaloTcs. CIOpH XpaHAT Cy-
XHUMH.

[IpenapoBasbHON HIJIOH CyXHe CIIOPbl HAHOCAT Ha Npen-
MCTHOE CTEKJO ¥, He HaKpblBas NOKPOBHBIM CTEKJOM, pac-
(MaTpHBAIOT CHauaja IpH MaJIOM yBeJIHYeHHH MHUKPOCKOIa
B BO3AyXe, T. €. B Cpelle, IOKa3aTeJb NpeJOMJeHHs] CBeTa
KOTOPOH HHIKe IIOKasaTessl NpeJOMJIeHHS 0060JI0YeK CIIOop
(cm. Bhie). B sToMm ciyuae cnophl BUIHHE KakK TeMHBIE yT-
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JioBaThie 00pasoBallisl C eJBa 3aMEeTHBIMH CKYJBITYPHBIMH
YTOJILIEHHAMH 060JOUKH.

3aTeM cnophl 3aKMI0Yal0T B KaILlIO JlaKTodeHoJa, MoKa-
3aTe/ib NPEJOMJIEHHs] KOTOPOro JIMIIb HEMHOT'O MeHblle Io-
KasaTessi NpeJOMJeHHS OOOJIOYKH CHOpBl, U HAKpPHIBAIOT
MOKPOBHLIM CTek/a0M. CIOopbl CTAHOBATCA INPO3PayHbLIMY,
C YeTKO BBHIpaXKEeHHOH CTPYKTYpO# 060JIOUKH.

®opMy cnopbl H CTpOeHHe ee OGOJOYKH pPacCMaTpPHBAIOT
npu 6OJIbIIOM yBeJHYEHHH MHKPOCKONA.

Cnopbl pa3BHBAIOTCS BHYTPH CIOPAHTHA B pe3yJbTare
PEenyKIHOHHOTO JIeJeHHsl SAep MaTepHHCKHX KJETOK CIOp.

H.C.

Puc. 5. Cnopnl niayHa. A — o6wuil BHL cBepxy; 5 — cnopa ¢ BHYT-
peHHeil CTOpPOHb; B — cropa B 60KOBOM MOJIOXKEHHH:

CK — CKYJBOTYPHbIi PHCYHOK SK30CHODHS B ImJaHe, CK. P. — CKYJbNTYpHble
YTOJNILEHHS] B pa3pe3e, 6. C. — BHYTPEHHAS CTOPOHA CIMOpHl, H. C. — HapyXKHas
CTOPOHA CHOpbI

M3 kaxpo#f KneTKH BO3HHMKAIOT dYeThipe CcHOPH (TeTpana
cnop). Cnopa npencrasasier coboil KJIeTKy B ¢opMe Tpex-
rpaHHOH NMUPaMHIBl C BHIOYKJIBIM OCHOBaHHeM. B Terpane
KaxkJasi TpaHb CIOPHl CONpHKacaercss ¢ OmHOH M3 rpanef
Tpex ocraabHblXx crmop. CHOpH IUlayHa OYeHb MeJiKHE, HX
pasMep 25—35 MKM B MoOnepedHHKe.

Ecan cnopa ob6pamena K Ha6JIOfaTeNi0 BB/ KJIOH
CTOPOHOH, OHAa MMeeT OKpYTJO-TPeyroJbHble OYepTaHHs
(puc. 5,A4). Ecnu Brimyknasi cropoHa o6pallleHa BHH3, TO
XOpOlIO BUAHB TPH Jyuya (TpexJyuyeBas llelb pa3Bep3a-
HUsS), OpoxoAsiue 1mo pe6pam nupamunabl (puc. 5,5).
B 6okoBo#i mpoekIuu ciopa HMeeT BUI TPeyroJbHHKA C ILH-
POKHM yIJIOM Ha BepliHHe M BBHIIOYKJIBIM OCHOBaHHEM
(puc. 5, B). Tlo TpeM mpoeKUHsIM MOMKHO BOCCT2HOBHTb HC-
THHHYI0O 06'beMHYIO KOH(QHI'YPALHIO CIOPHI.

Ha nosepxHocTu cnopsl npx 60JbLIOM YBeTHYEHHH BHA-
Ha ceTuaTasi CKyJbnTypa. B y3nax ceTOUKH MMeIOTCS YTOJ-
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IleHHs, KOTOpHIe CBepXy KaxyTcsl KpyxKKamu. [Ipu pacemort-
PEeHHH Cophbl B GOKOBOM MOJIOXKEHHH HETPYNHO YCTAaHOBHTD,
4TO CETOYKY COCTaBJISIOT HeGOJIblIHE YTOJNLIEHHS 060J0UYKH
(3k3ocmopusi), HUMewllHe BHA CTOJNOHKOB. CKyJbITYpHBIE
YTOJIIIleHHs] MMEIOTCS Ha HapyXXHOH TNOBEPXHOCTH CIOPBI
H YaCTHYHO Ha ee BHYTPEeHHeH CTOpOHe.

3ananue. 3apuCcOBaTh CIHOPY B TPeX MOJOXKEHHAX H
CKyJILOTYypHble YTOJIIIEHHSI OCOJOYKH CBepXy H COOKy IpH
6OJIBIIOM yBeJHYEeHHH MHKpPOCKOIA.

INbiibueBsbie 3epua Maabebl (Malva sp.)

THIUMHKH, Cpe3aHHble H3 PaCHyCTHBILINXCS IBETKOB, (HK-
cupyior 90—96°-HbiM cnupToM. IIBLIBIIA, BHICHIIAIOLIASCH
M3 PacKpHITHIX NBIJIbHHKOB, MajfaeT Ha JOHO COCyAa. B3Bech
STOH MBUJIbIBI MHIETKOH NepeHOCAT Ha HPeJMETHOE CTEKJO.
[Tocne ucnmapeHus cnupTa B mbUIbLY A0GaBJASIOT  KaIJlio
JIAaKTO(EeHOJa 1 HAKPHIBAIOT MOKPOBHBIM CTEKJIOM.

[IblbeBble 3epHA MaJbBbl OYEeHb KPYIHbIE, IIapOBHI-
uete, ux guametp 0,3—0,5 mum. IIpu Masom yBennuenuu mu-
KPOCKOIa Ha NMOBEPXHOCTH MBLJIbIIEBOrO 3epHa BHAHBI MHOTIO-
YHCJeHHBle WHNOBHAHBIE BuIpocTH (puc. 6). IlepeBenst mu-
Kpockon Ha Gosbuioe yBenndeHne (o6bektus 40), 06beKTHB
YyCTaHABJHMBAIOT C NOMOLIBI0 MHKPOMETPEHHOTO BHHTAa TaK,
uTo6bl B (hOKyCe OKas3ajach BepXHfASi UYacTb ChepHUecKoH
[I0OBEPXHOCTH IBIIbLEBOrO 3epHa. IIpn aToM ero kpas 6yayt
He B (pOKyce H HesicHO BUAHB. Ha MOBEepXHOCTH MBLIBIIEBOrO
3epHa KpOMe WIHIOBHAHBIX MMeIOTCA M 6oJjiee MeJKHE Bbl-
POCTHI, TOYeYHBble MJH 6OpOonaBUaThle YTOJLIEHHS, a TaKkKe
H OKpyrible 06pa3OBaHHSi —IIOpBl, 4epe3 KOTOpHE MNpH
NpOpacTaHUH MbLIbLEBOrO 3epHa BLIXOLHT IbLIbIIEBAs
Tpy6ka. Ilopa nMeeT HOBOJNBHO CJIOXKHOE CTPOEHHE M 3aTs-
HYTa TOHKOH 3epHHCTOH MeMOGpaHOH.

OnycruB HeMHOro Ty6yc MHKPOCKONA JIBHXKEHHEM MHUK-
POMETPEHHOr0 BHHTA, MOXHO PacCMOTpeTh NbLIbIEBOE 3€p-
HO B ONTHYECKOM ceuyeHHH. CKyJbITypa NMOBEPXHOCTH IblIb-
IIEBOrO 3epHa NpH 5TOM He BHIHA; B (OKyce OKa3blBAETCH
Kak OBl ero cpes, B KOTODOM MOXHO Da3JIHYHUTh I'yCTOE CO-
Jiep:KHUMoe H 060JI0UKY, COCTOSILYIO H3 ABYX CJIOEB: HapyX-
HOro (2K3MHA) M TOHKOTO BHYTpPeHHero (HHTHHAa), TecHO
NpHJIeraollero K CONepKUMOMY KJIEeTKH. BHIpOCTH M wiHubI
06pa3oBaHbl HapYXKHBIM CJIOEM SK3HHBIL.

3ananue. [Ipn GonblUIOM yBeTHYEHHU 3apHCOBATH ILLIb-
1leBOEe 3epHO C NOBEPXHOCTH M B ONTHYECKOM paspese.
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BMecTo NBIIBIBI MaJbBE MOXHO HCIOJB30BATh MBLIbILY
IPYTrUxX ImpeicTaBHTENedl ceMeHCTBa MaJbBOBBIX: XaTbMHI,
ajres H Jp.

Puc. 6. ITelabueBoe 3epHo MadbBul (puc. M. A. Bop3osoi):

Nl — Nnophbl, 8. 3. — BBIPOCTHl 9K3HHBI, & — 3K3HHA, 4 — HHTHHA, O. p. — o6oJ04-
Ka B OIITHYECKOM paspese

Ibiibna cocHbl 06bikHOBeHHOM (Pinus sylvestris L.)

3pesble MYXCKHe WIHIIKM COCHBl MOACYIIHBAIOT Ha Oy-
Mare. BrichinaBiylocs U3 HHX NbUIbIY (PUKCHPYIOT CIIUPTOM.

IlpenapoBanbHOf HIVION HJIM MUOETKOH B3BeCh NHLIbLE-
BBEIX 3€peH IEPEHOCAT Ha IpPeJMeTHOe CTEeKJIO B KaIllio JaK-
TOo(eHOJIa B HAKPHIBAIOT MOKPOBHBIM CTEKJIOM.

[IplnbueBoe 3epHO COCHBL (pHC. 7) mpexcraBiser coboit
OKPYIJIYIO WJIM OBAJbHYIO KJETKY C ABYMSI MeLIKOBHIHBIMH
WJIH Iy3BIpEBHAHBIMH BHIpOCTaMHU. JlmaMeTp TNBJIBLEBHIX
3epeH COCHBl CHJIBHO BapbHpyeT, H Ha ONHOM Iipemnapare
MOTYT BCTPETHTBbCS NblJIbLIEBble 3epHa CaMBIX pa3HbIX pas-
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mepoB. HauGosbiinii nuamerp NBIIbIEBOTO 3e€pHA JOCTHUra-
er 100 mMgm. Dk3uHa, HapyXKHbIfI cJa0fi KOTOpol o6pasyer
BO3AYIIHBIE MEUIKH, HMEeT ceTyaThie yToseHna. Memku —
cBOoeoOpa3Hoe MpHCHocobJeHue [Jis NepeHoca IBLIbIBL 110
BO3JyXy Ha OOJIbLINE PACCTOSIHUSA.

;
i
'
H
|
1
\

Puc. 7. Iblbuesoe 3epHo cocHsl. A — o6muit BuA; 5 — B 60KOBOM MOJIO-
XKeHHH; B — BHJ CHH3Y:

06 — o6osouKa, 8. M.— BO3AYIIHble MEIUKH, C. C. — CeTdaras CKyJbnTypa 060-
JIOYKH

B npenapare MemKOBHAHbEIE BHIPOCTHl 3aNOJHEHHI JIAKTO-
(denosoM. B HekOTOpHIX M3 HHX HHOrJa COXPaHSIOTCA Iy-
3LIDbKH BO3JlyXa, UMeIOIHe 110J MHKPOCKONOM BHJ TEMHBIX
1wapukoB. B mpemapare nbliblieBble 3epHa BHIAAAT Pas-
JUYHO, TAaK KaK OHH MOTYyT OHITb IO-PAa3HOMY OPHEHTHPO-
BaHHI.

3apanue. [1pu GoablIOM yBeIHYEHHH MHKPOCKONA 3apH-
COBaTh MBUIbIEBOE 3€PHO COCHBI B Pa3HbIX MOJIOXEHHSX.



KJIETKA

Kierxka npencrasiser co6olt  OCHOBHYIO CTPYKTYPHYIO
CIMHALY TeJa pacTeHUsl. Y ONHOKJIETOUHBIX PACTEHHH KJeT-
Ka ocyuiectsiser GYHKIHM, XapaKTepHBe JJS BCero opra-
HH3Ma: NHUTaHHe, NBIXaHHe, HAKOIJIEHHE U BHIJEJNEHUE Be-
IIECTB, Pa3MHOXKeHHe U T. . TaKOBBE HEKOTOPBIE BOJLOPOCIH
W TPHOBL. Y MHOTrOKJETOUHLIX pacTeHH#t 3TH (YHKUHUH BHI-
NOJTHAIOT KOMIIeKCH KJeTok. [lostomy dopma, crpoeHue
H Da3Mepul KJIeTOK B MHOTOKJETOYHOM OpraHu3aMe OdYeHb
pasHoo6pasHbL.

Tunuynass kneTka COCTOMT M3 MPOTOMJACTa, HIH
AHBOTO  CONEPKHMMOTO, H OKpy:Kalollefi ero 060J04KH,
KOTOPYIO 4acTO Ha3bIBAIOT CT € HKO i, 0COGEHHO B TeX Cay-
dasix, KOrja peuyb HAET O KJeTKax, COeJHHEHHBIX MeXJy CO-
6oit. KieTku 6Ges 060s0YKH, MMEIONIHe OHH NPOTOILIACT,
Ha3kBaOTCA roJ bl MH. OHM BCTpewaloTcss Yy  HEKOTODPHIX
HU3WIHX pacrtenuil. Hepenko K/eTKH BHIIOJHAIGT Ty HJIH
HHYI0 GOYHKIHMIO W 1OCJAe OTMHpaHHA NpoTomsiacra. B atux
ClIydasix KjeTKa NpelCTaBjeHa TOJbKO 000J0YKOMH.

IIporonsiacr Bk/AOYAeT HECKONbKO KOMIOHEHTOB, Ha3bi-
B4€MBIX OpPraHOHAAMHU HJIH OpraHeJJaMH KIer
KH. Baxnefiune u3 HUX — U TOMaAa3Ma, AAPO, MH-
TOXOHADHHU UM NJACTHJABL, NMOCIEIHHE BCTpPEYAOTCA
TOJIbKO B KJIeTKaX pacCTeHHil. 3ejieHble, GOTOCHHTE3HPYIOLLHE
I1aCTHABl HA3LIBAIOT XJOPOMNJACTaMH, XeJlThle, OpPaH-
XKEBble WM  OpaHXKeBO-KpacHble —XpPOMOTMJAaCTaMH,
GecuBerHble — e KOMaacCTaM H.

Paspemalomas cnoco6HOCTb CBETOBHIX MHKPOCKONOB He
IIO3BOJIIE€T BHAETb TOHKYIO BHYTPEHHIOIO CTPYKTYPY OpraHo-
HIOB KJIETKH— 3HJOIIa3MaTHYECKYI0 CeTb (pEeTHKYJIOM),
PHOOCOMBI, TOHKYIO CTPYKTYPY IJIAcTHA (JaMeJlIbl, TpaHbl)
H sipa, MUTOXOHAPHHU U T. 1. JI/1s UX M3yUeHHs HCNOJb3yeTcs
SJIEKTPOHHBIN MHKPOCKOT !,

' DTH BOmpOCH H3MOKCHB B CJEAYIONHX PYKOBOACTBAX: AtJac
YJIbTPACTPYKTYpLl pactuTe/bHbiX Kaetok. [Tog pex. I. M. Kosy6osa H
M. auugoBoil. IlerposaBonmck, 1972. MaJwii npakTHKyM MO oObmIei
uironorud. [Mox pen. 10. C. Yennosa. M., 1977.
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IHutonmasama GecuBerHa, UMeeT CAH3HCTYIO KOHCH-
CTEHIMIO H CONEpPXKHT pasjuuHble BellleCTBa, B TOM YHCJE H
BHICOKOMOJIEKYJISIDHbIE COEeNUHEHUS, Hanpumep OesIKH, NMpH-
CYTCTBHE KOTOPBbIX OOYyC/JOBJIHMBaeT KOJJIOMIHBIE CBOHCTBa
IIATOMJIA3MBL.

B oueHb MOJIOABIX KJETKaxX HUTOIJIA3Ma 3alOJHAET NOY-
TH BCIO MX moJioctb. ITo Mepe pocTa KJIeTKH B LHUTONJIA3Me
NOSIBJAIOTCS MeJKHe BaKyOJ H, 3al0JHEHHble KJeTO U-
HBIM COKOM, NpeACTaBasiomuM co60fi BOLHLIH pacTBOp
pPasJMYHBHIX OpraHMYeCKHX BellleCTB. BrocaencTBuH, IpH
JanbHefllleM POCTe KJETKH, BAKYOJH YBeJUYHBAIOTCS B pas-
Mepax H, CAUBAsICh, Yacto 06pasyloT OnHy GOJBIIYIO LEHT-
paJbHYI0 BaKyoOJb, OTTECHSIOILYI0 LUTOINJIa3My K 060J0uKe
KiaeTkd. B Takux KieTkax Bce OpraHOHAB pacloJararTcs
B TOHKOM IIOCTEHHOM cJioe mutomnasmul. MHorma sippo oc-
TaeTcs B IeHTpe KJeTKH. B sroM ciayuae muromsaasMa, o6-
pasyiollass BOKPYT Hero siiepHblil KapMallleK, COeJHHSeTCs
C NOCTEHHBEIM CJOEM TOHKHMH LHTOILIa3MaTHIeCKUMU TH-
)Kamu., V3yueHHe aHaTOMHHM pacTeHH# OOBLIYHO HAaYHHAIOT
C PacCMOTpPEHHS JXHBOH KIIETKH.

OBLIUA NMJIAH CTPOEHHUSA KJETKH

Kaerku aucra anopen kanapackoii (Elodea canadensis
Michx.)

OnxnuM u3 Hambosee YHOGHBIX OGBEKTOB MJIsl U3YUEHHS
JKUBOH KJIETKH CUHTAIOTCS JIHCTbS 3JI0JeH— BOLHOI'O pacTe-
HHSl, PACIPOCTPAHEHHOIO B INPECHBIX CTOSIYHX M MeJJIeHHO
TeKyIIUX BoxoeMax. DJofes XOPOIIO Pa3BOAMUTCH B aKBa-
pHyMax, no3ToMy B JI060e BpeMsl rofia MOXKHO HMeTb CBe-
KHH MaTepuaJl.

Cupsune JuHeHHO-JaHIETHbIE JIMCTbS JJHMHOH He Gojee
1 cM pacmoJioXeHBl MyTOBKaMH Ha TOHKOM cTebue. [lis Ha-
6arofeHu#t Jyulle 6paTh JHCTbS C MOJIOABIX BeTOYEK, Ha
paccrosHuH 1—2 cM OT BepxyllukH. JIUCT 3J710/€H COCTOUT U3
IBYX, a IO Kpalo naxe u3 OXHOro cjos kjerok. OH jpocra-
TOYHO [pO3payeH, HOTOMY ero MOXKHO paccMaTpuUBaTh Ie-
JaukoM. OTHenuB nHCT OT cTe6Jis, ero KJaAyT B Kallio BOAbI
a IpeAMeTHOe CTEKJIO H HaKPHIBAIOT NOKPOBHBIM CTEKJIOM.
BepxHsig, cierka BhINIyKJas CTOPOHA JIMCTA JHOJXKHA OBITH
obpalleHa KBepXy, TaK KakK KJETKH BepXHero CJos KpylnHee
KJIETOK HHXKHETO.
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HecMmorps Ha HeGoJjbline pasMephl, BeCh JIUCT He IOMe-
I1aeTcs B II0Je 3peHHs MHKPOCKOMA JaKe NP MaJoM yBesH-
4eHHH, [OITOMY €ro HpPHXOAUTCA paccMaTpuBaTh MO Ya-
CTSIM, IlepeliBUTas Ipenapar.

YxKe npu OeryioM OCMOTpe JIHCTA MOXKHO BHAETh, 4TO
cjaraiolllie ero KJIeTKH HeCKOJbKO pasiHuHbl. Kpaesbie
KJeTKH y3KHe, BHITSIHYThle B JJIHHY, IPO3payHble, HEKOTOPHIE
U3 HHUX 00pasyioT 3y0UHKU, HalpaBJeHHBE K BepXYIUIKe JIH-
cra. B ocHOBaHUHM JIMCTOBOM MJIACTHHKH 3YGUUKOB MaJjo HJH
Her coBceM. Bpousb Jimcra mocepeiHHe NMPOXOLMUT CpeNHAS
JKUJIKa, COCTOSAIIAsT M3 HECKOJbKHX PSNOB Y3KHX, HOBOJIBHO
NPO3payHBIX CBETJHX YIJUHEHHHX KiaerToK. OcranbHas, 6o-
Jlee TeMHasl 4acTb JHCTa COCTOHT U3 Gojiee HIHPOKHX KJe-
TOK — OKPYIVIO-NIPSIMOYTOJNIbHBIX HJIM, peXKe, MHOIOYTOJbHEIX
B O04YepTaHHHU. KJIeTKH pacrnosioxkeHH NPOJOJbHBIMU PSAAAMHU.
Bce kiseTku, ciarapllue JIHCT, ¢ TOHKHMH OGOJIOYKaMH, B
KaxJOM H3 CJIOeB IJIOTHO COMKHYTH. ONHAaKO KJIETKH BepX-
HEro CJIOsSl COEIHHEHB! C KJIeTKaMH HHMKHETO JOBOJBHO PHIX-
JI0, MEXJLy HUMH HMEIOTCSI M € 3K KJI € T H H K H,— NPOCTPaHCT-
Ba, YaCTHYHO 3aNOJNHEeHHBle Bo3ayxoMm. Ha mpemapare oHu
BBINJISIASIT KaK AJHHHBIE HIH KOPOTKUE TeMHBIe HITPUXH, pac-
HOJIOKEHHEIe BIOJb JIHCTa [apajljleIbHO CpelHeH KHIKe.
MeXKJIeTHUKH KaXyTCs TeMHBIMH BCJeJCTBHE 3HATUTEIbHO-
ro pas/juyus B NOKA3aTeNdsX IpEIOMJeHHs Bo3ayxa (n = 1)
u obojouek kKinetok (n = 1,49). Korma Bo3nyx Gyzer BHI-
TEeCHEH BOJOH, NIPOHUKAOUled B MEXKJIETHUKH uepe3 IO-
BpeXIEHHBle MeCTa, TeMHBIe IITPHXH Ha IpernapaTe HCYes-
HYT.

Crpoerue Kaetox

CTpyKTypHBle OCOGEHHOCTH KJIETOK H3Yy4aloT mnpu 60Jb-
IIOM yBeJIUYeHUH MHuKpockona (o6bektuBbl 40 uam 60).
Cuaenyer NOMHHUTb, YTO BHauajle, IPH MaJjoOM YBeJIHUYEHHH,
HYXHBI#l yYacTOK JIUCTA CTaBSIT B LEHTD MNOJS 3PeHHus H
JIMIIb [OCJ€ TOr0 OCTOPOXKHO IEepPeBOAAT MHKPOCKON Ha
Gonbuioe yBennyeHue, Visyuenne KiIeTOK 0OBIHO CONPOBOXK-
Jal0T JeTaJbHbIMH 3apUCOBKAMH.

3HaKOMCTBO CO CTPOEHHEM KJIETOK MOXKHO HayaThb C pac-
CMOTpeHHs1 3yGUHKOB, PACIOJOXEHHBIX MO Kpaio JHCTa
(puc. 8,). B kierke Xopoulo BHAHa KpacHo-Oypas 060-
Jouka, OCOGEeHHO TOoJICTasi Ha KOHUe 3y6ua. Maunyrpu o6o-
JIOUKAa BBICTJIaHA TOHKHUM CJIOEM HpPO3payHOil IHUTOMIA3MH,
B KOTOPOM MOXHO BHJIETb HEMHOTOYHCJeHHEIe 3eJIeHHe
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Teblla — XJIOPO(HATOBbE 3€pHA, WIM XJOPOMNMJacTHhl.
BoJbinasi yacTh KJAETOYHOH IIOJIOCTH 3aHATA BaKYOJbIO
¢ GeCluBETHBIM KJETOYHBIM COKOM.

SInpo mpexncraBasier coboft HeGOJbIIOE CBETJIO-CEpoe
TeJblle CO CJerka 3epHuCTOH crpykrypoit. Ha c¢done nuro-
[1a3Mbl KOHTYDHl fiipa BHAHHE He OYeHb OTYETJIHBO. YBeJH-
YHTh PE3KOCTb €ro H306paKeHHS] MOXKHO C IOMOIIbIO AHad-

Puc. 8. Jlucr snogen: A u b — kJetku Jucra csepxy (4A) u B on-

THyeckoM paspese (5); B u I’ — KJleTKH JIHCTA B COCTOSIHHH MJa3-

momu3a; [] — KpaeBble KJETKH JHCTa; E — KJeTKa Tmocje INpoBe-
JleHHs DeakKUMH lla Kpaxmas:

3 — 3yGUMK, Y — LUUTOMJa3Ma, XA — XJOPOMJIACThl, A — AP0, 8 — BaKyoJb,
n. K. — NOJIOCTb KJETKH, 3aloJIHeHHasi NJIa3MOJHTHKOM, 0. K. — o6oJouka
KJEeTKH, d. K. — 3epHa acCHMUJISLUOHHOTO KpaxMmasna

parMbl. B 3aBHCHMOCTH OT pacHmoOJIOKeHHsI B KJIeTKe siapo
BHIIVIIIUT Pa3/N4YHO: OHO OKPYIJIOE, eC/H HaXOJUTCH y HHXK-
Hell WM BepxHeH CTEHKH KJETKH, MJH HMeeT BHJ INOoJylla-
pus, ecau mpujeraer K 60koBoii creHke. MaMeHenune hopMmbr
sinpa oOBbSICHAETCA ero MJIACTHYHOCTBIO HJIH 3JaCTHYHOCTBIO.

Jnsi naydeHuss GopMbl XJOPOIJIACTOB H HX Paclosoxe-
HHSl B KJIeTKe, CBOHCTB LMTOMJIAa3MBbl H KJIETOYHOIO COKa
Jyullle pacCMaTpHBaTbh KPYNHbBIe KJETKH, HaxoAsflluecss B
HHXKHell 4acTH JIHCTOBOH IJIACTHHKM, BO3Jie CpenHel KHIKH.
JIBHXXeHHeM MHKDOMETPEHHOro BHHTa TPyOy MHKpPOCKONa
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HaJ0 YCTAHOBUTb TaK, YTOOBI KJEeTKH OBbLIH BHAHHL B MJaHe
(puc. 8,A4).

B 3THX KJIleTKax OYeHb MHOTO XJIOPOIJIACTOB, 3HAUHTEJb-
HO GoJjblile, YeM B KJeTKaxX, PacloJIOXKeHHBIX N0 Kpaio JIH-
CTa M B cpelHeH XuiKe. 3eeHass OKpacka XJIOPOIJIACTOB
00yc/IOBJIeHAa MNPHUCYTCTBHEM B HHX IHIMEHTa — XJ O p O-
¢duana. Xiopomiaacthl, pacHoJIOXXeHHble B CJOe IIHTO-
MJa3Mbl, BBICTH/IAIOILEM BEpPXHIOK CTEHKY, BHAHHI B IJIAaHE.
OHn npencTaBJisiioT CO60f NMOYTH OKPYrJbe WJIM CJerka
oBaJIbHble Tesibla. V3penka MOMXKHO BCTPETHTb IJIaCTHIBI,
fepeTsiHyThle mocepeqHHe. Takasi KapTHHAa OGBIYHO HalbJio-
JlaeTcsl mepen MOATOTOBKOH XJIOPOMJIacToB K neseHuio. He-
MHOT0 ONYCTHB TPyOy MHKPOCKONA C NOMOIIbIO MHKPOMET-
PEHHOT'0 BHHTa, MOXHO PacCMOTpeTb Ty e KJEeTKy B ONTH-
YeCKOM CeueHHH. DOKOBble CTeHKH OyAyT BHAHBI YeTKO,
BEpXHSIsl NIpOo3payHas CTeHKa BMeECTe C IpHJeramolief muro-
nna3Moii 3amMeTHa He Oylder. BHyTpeHHsis 4acTb INOJOCTH
KJETKH 3aM0JIHEHa KJETOYHBIM COKOM H He COLEpXKHT XJIO-
pomyactoB. [lmacTuasl, pacrnoyioXeHHble B LIHTOMNA3Me, BBI-
cTunapomeli G0KOBble CTEHKH, BUAHBI B GOKOBOH MpPOEKLHH,
OuepTaHUs HX OBAJbHBIE WJH 3JIHINCOBHAHBIE (puc. 8, B).
Takum o6pa3om, 3Has, Kak BHITVISAST XJOPOIJIACThl B IJIaHe
n c6OKY, JIeTKO YCTaHOBHTb, YTO OHHM HMeIOT (opmy, cxon-
HYI0 C JBOSIKOBHINIYKJOH JHH30H. $apo B KiaeTrke OGBIYHO
HEe3aMeTHO, TaK KaK [OKa3aTesJH NPeJOMJEeHHs SiApa H IH-
TOMJIa3MBl OueHb Oiu3kH. Kpome TOro, saipo MacKHUPYIOT
MHOTOYHCJIEHHBIE XJIOPOMJIACTHI.

OnycTuB ellle HeMHOro Tpy6y MHKpOCKOIa, MOXKHO pac-
CMOTPETb HHXKHIOIO 4acTb KJETKH, KOTopas BBIIVIIAMT TakK
XKe, KaK U BepxHssl. 3eseHblHt (OH, HA KOTOPOM BHJHHI KJeT-
KH, CO3al0T Gorathle xJopomiaacraMu 6oJiee MeJKHe KIeTKH
HukHero cinos. OuepraHUS 3THX KJETOK INPOCBEYHBAIOT
CKBO3b BEPXHHH CJIO{ NMPH HH3KOM IIOJIOXKEHHH TPyOBI MHK-
pockorna.

Heuxcenue yuronaazmol

HenospexmeHHbIe KJIeTKH JHCTa B KalJjae BOAbI OOJTo
OCTaloTCs XHUBBIMH, IIO3TOMY B HHX MOXKHO Ha6JIIOlIaTb on-
HO U3 HauboJjiee HHTEPECHBIX CBOHCTB XHBOH IUTOMJIa3Mbl —
ee JABHXKEHHe.

OprIBaHHe JucTa OT cTelbJig BBLI3BIBAET MeXaHHUYecKoe
pasapaxKeHue, B CBA3H C UeM ABH2KeHHe IHTOMJIa3Mbl B KJeT-
KaxX Ha HEKOTOpOe BpeMs 3aMelJisieTCsd H He 6GbLIBaET 3aMeT-
HBIM. Hpe}Kne BCero OHO BOCCTaHABJHUBAETCA B YAJHHEHHBIX
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KJeTKax CpefHell XHJIKH, a 3aTeM M B OCTAJbHBIX KJeTKax
Jaucta, DTo ABHKEHUE HA3LIBAIOT BTOPHYHBIM. Ecin Kierky
C IIEHTPAJbHON BaKyoJbI0 pacCMaTpHBaTh B ONTHYECKOM
pa3pese, TO MOXKHO BHAETb IepeMelleHHe MJIacTHA BAOJb
CTEHOK, BOKPYT BaKyoJH. DTO mepeMellleHUe MJIacTHA 06bsc-
HseTCs ABHKEHHEM IUTONJIAa3Mbl, KOTOpas yBJeKaeT MX 3a
cobofi. [IBHKeHHe LHTOMIa3Mbl BOKPYT LIEHTPaJbHON BaKyo-
JH Ha3blBaeTci KPYTOBBIM HIHM pPOTAIHOHHB M.
Y ssonen uuronsasmMa JBHIKETCS CO CKOPOCTbIO  OKOJIO
0,1 mm/mun. Tlpn yBennuennu B 400—-600 pas ono apen-
CTaBJseTCH A0BOJBbHO GuicTphiM. [To nepemellenuio niacTun
MOXKHO CYIHTb H O HalpaBJeHHH ABHXKEHHS LHTOMIa3MB,
KOTOpOe B Pa3HbIX KJIETKaX MOXKeT OBbITb Pa3JIHuHbIM.

Ecnn nBHXKeHHe He3aMeTHO HJIM OYeHb 3aMelJIeHO, ero
YyLaercsi YCKOPHTb, NOJIOXKHB Ha HECKOJLKO MHHYT BETOUKH
WJIM OTOpBaHHBIE JIMCTOYKH B mojorperyio no 37—40° C Bo-
Iy WM 1o6aBHB B BOAY HECKOJBKO KameJb CIHpPTA.

IToctynaenue 5006t 8 KAETKY

Kirerounblft cok, Haxomsiluiicssi B BaKyoJsiX, NPeACTaB-
JsieT co60f BOAHBIH pPacTBOpP pa3HYHBIX BellleCTB: OGEJKOB,
yrJIeBOAOB, IATMEHTOB, OPraHHuYeCKHX KHCJIOT, cojel, anka-
JounoB u T. n. KoHmeHTpauusi BellecTB, HaXOISALIHXCS B
KJIETOUHOM COKe, OObIYHO BBIllle KOHIEHTPAIHH BellleCTB BO
BHellHe# cpene (moyBa, BomoeMbl). Pasnnune KOHILEHTpa-
IMH B N3BeCTHOH Mepe 00ycJOBIUBaET BOSMOXHOCTb NMOCTYII-
JIeHHs1 B KJETKY BOJAbl M MOYBEHHBIX PacTBOPOB, YTO 10 He-
KOTOPOH cTeleHH 00bsICHsIeTCS SBJAEHUSMH OCMOCa: eCJIH ABa
pacTBopa pasfesieHbl MOJYIPOHHIIAaeMOH MJeHKOH, To BOAa
M3 pacTBOpa C Melbllefl KOHleEHTpalHe#l BeliecTB (THIOTO-
HHyeckoro) Oyner AMdQyHAHpPOBATL B pacTBOp C GoJblied
KOHUEHTpauued BelUleCTB (THIepTOHHUECKHH) 6oJiee aKTHB-
110, yeM B o6paTHOM HanpasJeHud. [lucddysus soawl O6yner
MPOUCXOAUTH [0 TeX IOp, MOKa KOHLUEHTPalUHH BeIleCTB B
060HX pacTBOpax He CTaHyT ONHHAKOBBIMH. B K/eTke pousib
nolynpoHuuaeMoi Mem6paHel Hrpaer uuromsnasma. Ilorpa-
HHHUHbiE CJIOM ITMTOMJIA3MBI, BBICTHJIAIOIHE 000JOUKY H Kie-
TOUHYIO BaKyoJIb, IPOHHIIAeMbl TOJbKO AJISl BOABI H HEKOTO-
pLIX PACTBOPOB, HO HENMPOHHLaeMBbl IJIsi MHOTHX PacTBOpEH-
HBIX B BOJE BeLIeCTB. DTO CBOHCTBO LHUTOMIA3MBI MOJIYYHJIO
11a3BaHHe MOJYNPOHHLAEeMOCTH HIH H30HpPaTeNbHOH
NMpOHHLIaeMOCTH. B OTJIHYHe OT LHTOMIa3Mbl 0060J0YKa Npo-
linlaemMa AJs BCeX PacTBOPOB, HENPOHHI@aeMa OHa TOJbKO
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IJsi TBepABIX yacTHL. IlocTymieHue BOAbI B KJETKYy H ee
BBIXOJ OTTYAa HeJb3sl CBOAMUTH TOJBKO K OCMOTHYECKHM $IB-
JIEHHSIM, KOTOpble BhIpaKeHH BO B3POCJBIX KJETKax C XO-
pomIO PasBHUTHIMH BakKyoJAsiMH. B meHCTBHUTEJNBHOCTH 3TO
OY4eHb CJIOXKHBIH mpolecc, 0OyCJOBJIEHHbIH MHOTHMH (ak-
TOpaMH. AKTHBHOe ydYacTHe B IOIJIOIEHHH BOABI NPHHUMA-
€T BCS CHCTEMa KOJJIOHLOB LHTOMJIA3MbL.

Cuna, ¢ XOTOpO#l KJIeTKa HacachlBaeT BOLY, Ha3BIBAETCs
cocymeid. Ilpu mocrymieHnH BOABEl OGBEM  KJIETOUYHOTIO
COKa yBeJIMYHMBAeTCsl, BHYTPHKJIETOYHOE NaBJIeHHE MOBLIIIA-
eTcs, IUTOIJIa3Ma CHJbHee NPHKHMAaeTcs K CTeHKaM H KJerT-
Ka IPHXOAUT B HANPSKEHHOEe COCTOSIHHE, Ha3blBaeMoe T Y p-
TOpOM.

[TocrynieHne BOAB B KHBYIO KJIETKY, HOJIYIPOHHIAe-
MOCTb M 3JaCTHYHOCTb LMTOMJA3Mbl MOXKHO HJJIIOCTPHPO-
BaTh ciaeAylomuM onbiToM. CHSB mpenapar co CTOJIMKA MHK-
pOCKONa, Ha NpeAMeTHOe CTeKJIO, BIJIOTHYIO K IOKPOBHOMY
CTeKJay, MOA KOTOPbIM B BOJE HaXOAHTCSl JIUCT 3JIOJEH, Ha-
HocsAT Kammio 6—8%-Horo pactBopa KamuiHOH CeJHTpPH
(KNOs3). C npoTHBONOJIOKHONR CTOPOHBE! TOKPOBHOTO CTEKJIA,
TaKKe BIJIOTHYIO K HeMy, KJaiyT NOJOCKY (HJIbTPOBa/b-
HOlt O6yMaru, KOTOpo# OTTATHBAIOT BOAY JO TeX IOp, MOKa
pacTBOP CeJHTPHI, BOHAS NMOA NOKPOBHOE CTEKJIO, IIOJTHOCTBIO
He 3aMeHHT ee. Uepe3 HeKOTOpoe BpeMsl Jaxke HPH MaJjoM
yBeJHUEHHH MHKPOCKONA MOXKHO BHAETb, 4TO NPOTOMNJIACT
HAaYHHAET OTXOAUTb OT OGOJIOUKH KJIETKH. DTO sBJIEHHE MO-
JY4YHJ0 Ha3BaHHe N1a3MONH3a OHO OOBACHSETCH TeM,
YTO IJIa3MOJIH3UPYIOMIMH pacTBOp — MJIa3MOJHTHK (B AaH-
HOM cJiyyae pacTBOP CeJHTPHI, THIEPTOHHYECKHH IO CpaBHe-
HHIO C KJIETOUHBIM COKOM) — OTTATHBaeT BOJLY H3 BaKyoOJH,
o6beM BaKyosiM NPH 3TOM YMeHblIaeTcs, Typrop Ianaer.
[Iporomsact cHayasa OTXOLUT OT 0OOJIOUKH B Yriax KIeTKH,
3aTeM OH OCTaeTCsl COelMHEHHBIM C HelO JIMIIb B HEKOTOPHIX
mecrax. Ha sTofl cragum oH MMeeT HempaBHJ/bHbIE, YIJIOBa-
Thle ouepraHus (BOTHYTBHIH mjaas3Moaus, puc. 8, B).
[io3nHee mpoTOMJIacT OTAENAETCS OT BCeH BHYTpDeHHeH Io-
BEPXHOCTH OO0OJIOYKH, OKDYIJIsieTcss H pacliojaraercs B ce-
pelnHe KJIETKH HJIM BO3Je OLHOH M3 ee CTeHOK (BBINY K-
AbH maasmonau3s, puc. 8 ). IlpocTtpanctBo Mexnay
MNPOTOMJIACTOM H O0ONOYKAMH KJETKH 3aloJHSeTCs pacTBo-
pPOM IJIa3MOJIUTHKA.

ITiasMo/in3 MOMKHO BEI3BaTh PAacTBOPOM JIOOOH HeHT-
pajbHOH COJIM HJIH pacTBOpaMM caxapa, IJIMIepHHa H Apy-
rux He yOHMBAIOIIMX HPOTONJIACTH BelleCTB, KOHIEHTpalHs
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KOTOPHIX HOJIXKH2 OBITb BhIIe KOHIEHTPALHH BELIeCTB KJje-
TOYHOTO COKa. B mia3Monu3upoBaHHHIX KJIeTKaX NPOTOIJa-
CThl OCTAIOTCS XKHBBLIMH.

Ecnn, He cHHMas NOKPOBHOrO CTeKJa, IMJIa3MOJH3UPYIO-
HIMH pacTBOp OTTAHYTh (PHJABTPOBaJbHOM OGymaroil H 3ame-
HUTb €ro BOJOH, TO NpOH3oiiner oOpaTHOe sBJEeHHe — ] e-
NJ1a3MOJH3: KJIETOUHBIH COK C OTHOCHTEJNBHO BLICOKOH
KOHLleHTpanuel BelllecTB GyneT OBICTPO HacachlBaTb BOLY
BHYTPb KJIETKH, 00beM BaKyoJU NPH 3TOM YBEJHUYHTCS, LH-
TolasMa 3afMeT IOCTeHHOe IIO0JIOXKeHHe, BOCCTAaHOBHTCS

Typrop.

O6Hapyscenue acCUMUNAYUOHRO20 KDAXMALA

JesaTeNbHOCTbI0  XJIOPOIJIACTOB OOGYCJIOBJEH IIpOIece
boTOCHHTE3a—CO3JaHHe OpPraHHYeCKHX BellleCTB H3
HeOPraHHYeCKHX — YTJIEKUCJIOTH U BOAHI IIPH 0653aTelbHOM
y4acTHH CBeTOBOH 3Hepruun. PoTocHHTe3 Bo3MOxKeH Oaaro-
Japs NPUCYTCTBHIO B XJIODOMJIACTAaX 3eJeHOr0 IHIMeHTa —
xnopoduaaa. B npouecce porocuHTe3a HPOCTHE yrJe-
BOJbI NIIPH IOJHMepH3aLuH 06pa3yloT Kp a X M aJi, NoJyYHB-
IIHH Ha3BaHWe ACCHMMUJISLHOHHOIO HIH NIEepBHIU-
Horo. OH OTKJajbIBaercsi B XJOPONJAcTe B BHIE OJHOTIO-
IBYX, PeXKe HEeCKOJIbKHX MEJKHX 3eDeH.

AccuMHASIIMOHHBEI KpaxMaJ MOXKHO OGHapyKHTb C IIO-
MOIIbI0 HONHOH peakuuu. IlJsT 3TOr0 CBEXUH JHCT 3J0JeH
NoMelllaloT B pacTBOp HOJA B BOZHOM PacTBOPe HOIHUCTOIO
Kanus. PeakTuB, npoHHKas B KJleTKy, yOUBaeT ee, IpU 3TOM
IIMTOIIa3Ma H ApyTrue OPraHOMIbl KJETKH CTaHOBATcH Oy-
pBIMH, NuacTuibl cuibHO Habyxalor. Kpaxmasn, Haxonsmui-
Csl BHYTPH XJIOPONJIACTOB, OT JeficTBUA peakTHBa mpuobpe-
TaeT TeMHO-CHHHH IBeT.

AcCUMHIIALMOHHBI KpaxMmaJj Jierde BCero OGHApYKHTb
B KJIeTKax y ocHoBaHus Jucra (puc. 8,E), Kyna peakTus
NpPOHHKAaeT B MEePBYI0 Oouepelb U IJe KpaxMaJs COXpaHseTcs
posblie. KieTkH ¢ acCHMHJISIIMOHHBIM KpPaxMajioM B Iia-
CTHIAX CJelyeT pPacCMaTPHBaTb IPH GOJNBLUIOM YBeJHUYEHHH
MHKPOCKOIA.

VIHTeHCHBHOCTD HaKOIJIEHHS aCCHMMJISIIMOHHOTO Kpax-
MaJjia 3aBHCHT OT yCJOBHH OCBelleHus. B suCTBAX 3j0xeH,
BeIpocllleff (B eCTeCTBEHHBIX YCJOBHSIX) Ha XOpOIIO OCBe-
U[eHHOM OKHe HJIM NOA JAOCTATOYHO SPKOH 3JeKTpUUeCKOil
JaMIol, ero 6osblile, 9eM B JIHCTbSX 3aT€HEHHBIX pacTeHHH.
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3anauue. 1. [Tpu MasoM yBeJHUCHHH MHKPOCKOTA HapH-
COBaThL CXeMy CTPOeHHS JHCTa, NI0Ka3aB Ha Hell CPEeAHIoN
KMJKY, MEXKJCTHHKH, 3y6unku no kpato. Ilpu sapucosxe
CXeMBl KJIETKH PHCOBaTh He HYXKHO.

2. Ilpu GosbLIOM YBeJIHYEHHH MHKPOCKONA 3apHCOBATh:

a) Kuaerky 3y6unka, oTMeTHB 0G60JIOYKY, TOHKHH CJIOH
IUTONJNa3MBl, PO, MAACTHABI H BaKyOJIb.

6) Heckonbko K/eTOK JIHCTOBOH MJIACTHHKH GJH3 Cpen-
HeH JXMJKH C IOBEPXHOCTH (B IJaHe) HB ONTHYECKOM pas-
pe3e; mokasaTb OGOJOYKY, MOCTEHHBIH CJIOH IHTONJAa3MBbl
H IJaCTHAB, 06paTHB BHHMAaHHE 11a pa3/HUHble OUepPTaHHS
niacTuj B miaHe U B GokoBo#i mnpoekuun. Hanpasienue
JBHXEHHS IUTONJIa3Mbl 10Ka3aTh CTPEJIKaMHU.

B) KieTku Ha pas3HbIX CTaJHSIX NJIa3MOJU3A.

r) Knerky c¢ xjopomnacramu, comepxallHMH 3epHa ac-
CHMHJISILHOHHOIO KpaxMmadJa.

KieTkn BoJIOCKAa THIYMHOYHOIH HUTH TPaJeCKaHUHU
Buprunckoit (Tradescantia virginiana L.)

OGbekToM mJs1 M3YYEHUS KUBOH KJIETKH pacTeHHH Mo-
TYT CAYXHTb TaKXe BOJOCKH, OTXONsLIHE OT OCHOBaHHS
TBIYHHOYHOH HHTHU I[BeTKA TPajeCKaHLUHH BHPIHHCKOH, KOTO-
pasi Jlerko pasBOAMTCH B TeIJIULAX, OpPaHXepesiX, B OTKPHI-
TOM TPYHTe H HepelKO KyJbTHBHPYeTCS KaK KOMHAaTHOe pa-
CTeHHe.

CuHe-(HOJETOBHI 1[BeT BOJOCKOB OOYCJIOBJIEH TeM, UYTO
B KJIETOUHOM COKe COCTABJSIIOIIHX ero KJIeTOK pacTBOpeH
NUCMEHT M3 TPYNNBl aHTOIL M aHOB, ITHPOKO pacmpocTpa-
HeHHHIX B pacturesibHOM Mupe. ITono6HO JakMycy, aHTOLHA-
HBl CIHOCOOHBl MEHATb OKPacKy B 3aBHCHMOCTH OT peaKlHH
Cpellbi: B KHCJOH CpeJile OHH KpacHHE, B IIeJOYHOH — CHHHe,
B HeHATpajbHOH — (HOJETOBHIE.

TOHKHM NHHIETOM WJIH IpenapoBaJibHOH HIJION BOJIOCKH
OTHENSIOT OT THIYHHOYHOM HHTH, KJAaAyT Ha IIpefMeTHoe
CTEKJIO B KaILlio cjaaboro pacrsopa caxaposbsl! H 0CTOpPOXK-
HO, He HaJaBJuBasi, YTOOH He NOBPEIHThb KJIETKH, HaKphiBa-
I0T MOKPOBHHIM CcTeKsaoM. I[Ipu mpuroroBleHHH mpenapara
HeJIb3s ynoTpe6/siTh BOJONPOBOAHYIO BOLY, TaK KaK COfep-
)amufics B Hell xnop yOuBaer KJeTKM H o0eClBeuHBaeT
KJIETOYHBIA COK.

110—12 r caxapHoro mnecka (onua ualinas JIOXKa) Ha 100—120 cm®
(moscrakana) KUNSIYEHOH HJH JHCTHJJIHPOBAHHOH BOMIbIL.
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Bosocok coCTOMT M3 OJHOTO psila TOHKOCTEHHBIX Kile-
ToK (pHc. 9). Knerku, pacnosoxeHHble B BepxHel yacTH BO-
JIOCKA, NOYTH LIAPOBUJHBIE, C TEMHO-(DHOJETOBHIM KJIETOU-
HBIM COKOM. B OCHOBaHHH BOJIOCKA2 KJeTKH 6oJiee KpYNHEIE,
OBaJIbHBIX WJIM TNPOJOJTOBAaTO-OBAJbHHX OUYepTaHHH, HX

KJIETOUHBI! COK OKpalueH cialee.

Ilpn GosblIOM yBeJHYEHHH B KJeTKe XODOILO BHAHO OK-

pyrioe KpynHOe $ApO, OKPYKeH-
110€ ITUTOMJIa3MaTHYECKHM 5P HBIM
KapmamkoM. OH coeauHeH ¢ IO-
CTEHHBIM CJIOEM IUTOIIa3MbI TOH-
KVUMH TSXaMH, IepeceKalomuMHu
BaKyoO/Jlb.

B Taxax BHUAHB MeJKHe Oec-
IBeTHHE IJIACTHAH W 3EpHUCTHIE
BKJIIOUEHHS, KOTOPHIE MepeMeniaT-
Cs BCJIENCTBHE JABHXKEHHS IHTO-
miasmel. LluTonnasma aBuxkercs He
TOJILKO BJIOJIb OOOJIOYUKH, HO H IO
TsxkaM. Takoe JBHXKEHHE LHTO-
mIasMbel Ha3blBaercs cTpyHua-
TH M. JIBHIKeHHe MOXET MPOUCXO-
JIUTHb B Pa3HHIX HANPaBJIEHHSIX.

3ananue. IIpu GoublioM yBesu-
YeHHH 3apHCOBATh ONHY-IBE KJIETKH
BOJIOCKA, OTMeTHB 000JI0UKY, pac-
IOJIOJKEHHE IIMTOMJIa3MBl, SIAPO H
BaKyoJlb C OKpaUIeHHEIM KJeToY-
HBIM COKOM; HampaBJleHHe CTpyH-
4aTOro ABHXKEHHS IMTOIJAa3MHbl 1O-
Ka3aTb CTpPEJTKaMH.

Kaetku anupepmuca yemyu
JYKOBHIbI JIyKa PenyaToro
(Allium cepa L.)

C HapyXHO# CTOPOHBl MSICHC-
TOH uellyH JyKa KpPacHOro copra
CKaJblejeM, INHHLETOM HJH mpe-
napoBaJibHOH HIVIOH cHuUpaloT He-
OOMbLIOH KyCOYeK 3MuaepMuca u
NMOrPy2KaloT €ro B KamJIlo BOLHI MOJ
nokposHOe crekso. Ilpn Gosbuiom
YBEJIMYEHHH MHKDOCKOIla paccMmar-

2—1536

Puc. 9. Kuerkn BoJocka
THIYHHOYHOH HHTH Tpajec-
KaHIIHU:
an — nefikonaacTsl, f — AAPO,
A0 — AAPLILKO, T. Y. — TAXKH
LOUTOMJNIa3Mbl, 8 — BaKyoJH,
0. K. — 060J104Ka KJIETKH
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pHBAIOT YYaCTKM, TIJe KJIETKH pAacCloJOXeHE B OIHH
CJIOH.

Knerku snupepMuca TOHKOCTEHHBIE, BHITSIHYTHE B JJIH-
HY, COeMHeHb MJIOTHO, 6€3 MeXKJIeTHUKOB. Ha GOKOBBIX
CTeHKax KJETOK HHOrna BUAHH HeOoJbluue GoJiee TOHKHE
MecTa — MOPHl, H3-32 KOTOPHIX CTEHKa KaXKercsl NpEephIBH-
croii (yerkoBuAHOH). IToIOCTL KJIeTKH 3aHATa KPYNHOH Ba-
KYOJIbIO C KPaCHO-(hMOJIETOBEIM KJIETOUHBIM COKOM. [IpHKpHIB
nuadparmy, B 6ojiee MEJTKHX KJIETKaX MOXHO OOHapyXHTb
TOHKMH NOCTEeHHBIA cjI0# murominasmbl. OT Hero, nepecekas
BAaKyoJIb, OTXOINSAT TSXKH LUTOMJIA3Mbl, KaXylluecs 3epHH-
CTBIMH OT MeJKHX BKJIOueHHH. OHH XOPOILIO BHJAHH Ha (OoHe
OKpalleHHOT0 aHTOLMAaHOM KJIEeTOYHOro coka. B cpenHeit ua-
CTH KJIETKH HJM OKOJIO OZHOH M3 ee CTEHOK TSXKH COeIHHS-
IOTCSl B SAlepPHBI KapMallieK, OKPYXaouHi aApo, B KOTOPOM
HepeiKO MOXKHO OGHapyXHUTb OJHO HJIH HECKOJbKO MEJNKHX
SIIPHIIEK, CHIbHO MpesoMJsiiomux cBeT. OObIYHO B KiIeTKax
XOpOLIO BHIHO CTPyHYaTOe JBMIKEHHe HUTOIJIa3MbL. 3ame-
HYMB BOJIly, HAXOASLIYIOCA IIOA MOKPOBHBIM CTEKJIOM, PacTBO-
pPOM CEJNHTPHl, MOXKHO HabJI0AAaTh Mi1a3Moans (cM. c. 30).

Tak kak NJa3MOJH3UPYIOMIast XKHAKOCTb H3BJeKaeT H3
KJIETOTYHOTO COKa BOJAY, KOHIEHTPALUHs CONepKallerocs B
HeM NurmeHTta ysejanumBaercs. Ilo Mepe cokpallleHHsl Baky-
OJIM KJIEeTOYHBIH COK npuobperaer Gojiee HHTEHCHBHYIO OK-
packy.

3ananue. [Ipu GosnbuIOM yBeJHYeHHH MHUKPOCKONA 3apH-
COBaTh HECKOJbKO KJIETOK 3MUAEepMHCa, OTMETUTh 060JIOUKY,
SIAPO, TSIXKU LUTONJIA3MBl H OKpAalleHHBIHl KJeTOYHHIH COK.
[IpoBecTd ma3MoOJH3 ¥ 3apHCOBATh IJIA3MOJU3HPOBAHHYIO
KJIETKY.

* * *

OxpallleHHbIH KJIETOYHBIH COK M fIBJIEHHME IJIa3MOJIU3a
MOXHO Hab/10aTh TaKXKe B KJeTKax MuAepMHCA OKpallleH-
HBIX JIUCTHEB HEKOTOPBIX ADYTHX BHIOB TpajecKaHIWH, Ha
cpesax JIHCTbeB OerOoHMM, KpacHOH KamycCThl, B CHHHX H Kpac-
HBIX JIe[IeCTKaX I[BETKOB MHOTMX DacTeHHH.

JleiikonaacTsl B KJeTKax 3MHAEPMHCA JHCTA TPajecKaHUMH
Bupruickoit (Tradescantia virginiana L.)

Decusernbie  maacTHAB — JIEHKOMJACTHl — HEPEeiKo
BCTPEYAIOTCH B KJETKax SMNHIepMHCa JHCTbeB MHOTHX pa-
CTeHHH. YHIOOHHIM OGBHERTOM [JA HX HaOJMIOLEHHS CJIyxKaT
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JIACTbsl TPAJeCKAaHIMH BHPIHHCKOH HJIM APYyTHX BHIOB 3TO-
ro pojaa, JIerko pasBOAMMBIX B KOMHATHBIX YCJIOBHSX.

Jlaisi npuroTOBJIEHHS NMpenapaTos Jyuuie 6paTb MOJIOJbIE
auctbs. C HHMIKHeH CTOPOHBI JIHCTOBOH NJIACTHHKH, BO3JIE ee
OCHOBaHHS, CHHPAIOT KyCOUeK 3SNHAepPMHCA, IOALENHB €ro
TOHKHM NMHLETOM WJIH IPenapoBajbHON HIJIOH. DIMHAEPMHC
paccMaTpHBaIOT MOJ MOKPOBHBIM CTEKJIOM B cJaboM pacTBO-
pe caxaposbl. PacTBop caxaposbl NPUMEHAIOT MOTOMY, YTO

Puc. 10. Knerkn snuiepMHca Jucra Tpa-
JIECKAHIMH C YCThHIEM:

i — SIAPO, AN — JeHKOIacThl, X7 — XJoponaac-

TH, T. 4. — THXHM LHTOMJIASMEI, 3. K. — 3aMbIKalo:

LI¥e KJETKH YCTbHIA, Y. Uf. — YCTbHYHAs LIeJb,
8 — BaKyoJu

B YHCTOH BOZe JIeHKOMJIacThl GHICTPO HabGyxaloT H PaCHJbl-
BaloTCA.

SnuaepMuc COCTOHT M3 MPO3PAYHBIX TJIOTHO COMKHYTBIX
TOHKOCTEHHBIX KJIETOK, CJIeTKa BHITSHYTBHIX IO AJHHE JHCTa
(puc. 10). B cpennefi yactH KJETOYHOH MOJIOCTH XOPOILO
BHJHO OoKpyrJoe s A po. lluronaasma, o6pasymomas BOKPYT
IIero ssepHBH KapMallekK, COeIHHEHa C MOCTEHHLIM
CI0eM TOHKHMH TSXKaMH, KOTOpble JIyullle 3aMeTHBI IPH He-
CKOJIbKO CyXKeHHOH nuacdparme. B nuronnasme, okpyxato-
el f4po, U Koe-rle B ee TsXKaX BHAHBI MeJKHE IIapOBUI-
Hble TeJbIIa, CHJIbHO MpPEJOMJSIOIHE CBeT. DTO J e K 0-
nJjactel. MHOrga oHM HAacTOJbKO TECHO TIPYHIHPYIOTCS
BOKPYT SIpa, YTO MOJHOCTBIO 3aKPBLIBAIOT €rO.

Cpenn 6ecClBETHBIX KJETOK B 3MHAEPMHCE PacCIOJIOXKeHbl
ycTbHIla. YCTbHIE NPEIACTABAACT COo60H COBOKYIHOCTb
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JBYX MEJKHUX KJEeTOK, Ha3blBaeMblX 3aMBIKAIOIHM H.
OHu umeloT ¢GopMy ceMeHH (acosn U obpalleHH OfHA K
JLpYro#l BHYTPeHHHMH BOTHYTHIMH CTOPOHAaMH, MEXIY KOTO-
DBIMM HaXONUTCS MEXKJIETHHK —yCTbHUYHAas IleJb.
Ha koHIax kJeTKH IJOTHO coefHHEHH. B JHcTe TpajgeckaH-
IHH KaXJoe yCTbHILe OKPYXKEHO 4YeThpbMs HeOOJbIIUMH
OKOJIOYCTbHYHBIMH (IOGOYHBIMH) KJIETKAMH, UMEIOUHMH 60-
Jee WM MeHee TpamneLHeBHAHblEe OYepTaHHS. B oTauume oT
OKOJIOYCTBHYHBIX KJIETOK H OCTaJBbHBIX KJETOK 3MHAepMHCA
3aMBbIKAIOlI{e KJEeTKH yCTbUIA CONepKaT 3eJIeHble IIacTH-
IObl — xjoponsacTbl. CTEHKH 3aMBIKAIOMUX KJIETOK YTOJ-
IIeHbl HepaBHOMEPHO: CPeIHSsT 4YacTb CTEHKH, oOpalieH-
HOH K YCTBHYHOH IleJH, YTOJLIEHAa, OCTaJbHBIE CTEHKH
TOHKHE.

3apanue. 3apHcoBaTh NpH GONBLIOM YBEIHYEHHH MHKDO-
CKONla YCTbHIle C XJOPOINIACTAMU B 3aMBIKAIOIIUX KJeTKax
H OKOJIOYCTbHYHblE KJIETKH SIHJIEpPMHCA; OTMETHUTb B HHX
Anpa, JeHKOmJacThl H TSXKH LHUTONJIA3MBl, OTXOISLIHE OT
spa K IOCTEHHOMY CJIOIO.

XPOMOHJIaCTbl B KJIeTKax 3peJblX njaonaos

[lAaacTunpl pas3jHYHBIX OTTEHKOB KEJITOI'0 M OpaHKeBO-
ro IBETOB HasbBalOTCd xpomonaacTamu. OHu comep-
JKaT OUTMeHTHl U3 I'PYNnbl KapOTHHOMJIOB: JKeJATHIH KC a H-
ToGuIN UM opaHXKeBb#l KapoTHH KaporuHouasl nu6o
pacTBOpeHBl B XHPOBO# (JMUMOMAHOM) YacTH CTPOMHI IJa-
CTHIBI, 1M60 BHINANAOT B BHAE KpHCTAJJIOB, pacTsirupas
CTPOMY. XpOMONJACTH OOBIYHHE JJIS KJETOK OKOJIOUBETHH-
KOB M IIJIOLOB MHOTHX pacTeHMH, sipKas OKpackKa KOTOpPbIx
NpHUBJEKaeT HaCeKOMHBIX-ONBbIINTEJEH, cTOCOGCTBYET pacnpo-
CTPaHEHHIO IJIOAOB H CEeMSIH NTHUAMH H APYTHMH KHBOTHBI-
MH. XpOMOIJIACTHl HMEIOTCS TaKXKe B KJETKaX <«KOPHeMJOo-
JI0B> MOPDKOBH M HEKOTODHIX IPYruX pacreHufl. B kieTkax
He3peJsblX JIOJOB MHOIO 3eJIeHbIX MJIaCTHI — XJOPOIJIacToB.
Kpome xsopodunma OHH comepKaT TakKe KapOTHHOMIDI,
OIHAKO HX OKpacka Mackupyercs xjopoduiiom. Ko Bpeme-
HH CO3PeBaHHSl NJIOAOB XJOPOodHJJ paspyliaercs, KOJHYe-
CTBO KapOTHHOHAOB YBeJHYHBaeTcss M ITACTHABI NpHOGpe-
TalOT OKPAaCKy, CBONCTBEHHYIO 3TUM NUrMeHTaM. Takum 006-
pasoM, MeXAy ABYMS THOAMH IJACTHA CyLIeCTBYeT OHpele-
JIEHHAs CBS3b.

st 03HAaKOMJIEHUS C XPOMOIJIACTAMH MOTYT CJIYXKHTb
CBeXHe 3pesible MJOJBI JaHAba, PAOHHB, CIIapKH, XyPMHI,
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KpPacHOro mneplia, LIMIOBHUKA M apyrux pacrexuit. IIpu or-
CYTCTBHH CBEXEro MaTepuaja MOXHO HCIOJb30BaTh IJIOMIHI,
¢urcupoBaHHble 2—4 % -HBIM (HOpPMATHHOM.

He6oabioit kKycouek MSKOTH 3pesblX IIOLOB Npenapo-
BaJIbHON HIJIOH IepeHOCAT B KalJo BOIBl HAa NpeIMEeTHOe
CTEKJIO M HaKpLIBAIOT MOKPOBHHEIM crekaoM. IIpn mocrykusa-
HHMH WMIJIOH MO MOKPOBHOMY CTEKJY KJIETKH JIeTKO pasbeli-
HSAIOTCS, TAK KaK KO BpeMeHH CO3peBaHHs IJOAOB NMPOUCXO-
JIHT eCTeCTBEHHAs Mallepalus, T. €. pasbelHHEHHe KJIETOK
BCJIEICTBHE pa3pyLIeHHUs
COEJUHSIIONIETO UX MeX-
KJETOYHOI'O  BelllecTBa.
PaccmarpuBath Jayulie
OTJE/bHElE KJIETKH.

B nsonax nanpeia
(Convallaria  majalis
L.) Knerku OOGBHIYHO OK-
pyrasle, ¢ TOHKOH 060-
JIOYKOH, CHJBHO BaKYyO-
JIU3HPOBaHHbIE. B 1uTo-
IJ1a3Me XOpOLIO BHIHBL
PO U HOBOJILHO KpyII-
HBEle OKPYTJIble HJIU CJIer-
Ka yraosathle (puc. 11,
A) SIPKO-OpaHxkeBble Puc. 11. XpomoniacThl B KjaeTKax MMo-
XpOMOILIACTBl, KOTOphIE noB. A — naugbima; b5 — mmunosHuka,

pasbpocaHbl IO Bceil 2 np0 xpB—xpmnm:

— anpo, — XPOMOILIACTH, — nuTo-
KJETKE 1 pacnonara}oT- ninasMa, B—nax}?omi, 0. K. — 06(:‘.7[0!:11(3
csl BOKPYr sijapa. YV mu- KJIETKH

nosHHka (Rosa) xpomo-
IJ1aCTH HaxXOAATCA B KJIETKaxX TaK Ha3blBAEMOro FHNAHTHSA —
OpaHXeBOro OOKaJIOBHAHOTO 00pa3OBaHHf, OKPYKAaIOUIEro
MeJIKHe OJJHOCeMEeHHble CyXHe MJIOAMKH. B xpomomiacrax
LWIHIIOBHMKA MHOr0o KapoTHHa. Kpucrannusysick, oH o6pasy-
€T MHOTOUHCJIEHHble KPHCTAJIJIbl, KOTOPbIE CHJBHO PacCTSrH-
BAIOT IJIaCTHAY B pasHBIX HampaBleHHsX, MOpujaaBas efl
HenpaBuibHEIe ouepraHusa (puc. 11, b). ®opma xpomonna-
CTOB 3aBHCHT OT CTEIIeHH CO3peBaHHUs MJIONOB H PACIOJNOKe-
HHS KJIeTOK B COYHOM TMIIAHTHH: B HaPYXKHBIX KJeTKaX OHH
06bI9HO Gosiee MJIM MeHee OKDPYIJIble, B KieTKax riy6ikede-
KalllUX CJOEB — YIJIOBATHIE.

B miopax psabunwl (Sorbus aucuparia L.) xpomomiacrsl
CHJIBHO BHITAHYTH (pHc. 11, B), uro Takxke o0OBsCHSIETCS
0CO6eHHOCTSIMH KPHCTAJJIH3AllMH KapOTHHA.
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3apanue. [Tpn GoabIIOM yBeNHYEeHHH MUKDOCKONA 3apH-
COBaTb OTHeJbHblE KJIeTKH MSKOTH IJIOLOB Y ABYX-TPex
BHIOB pacTeHHMH, HMeIOMmMHX XPOMOIIACTH Pa3JIHYHOH

(hopMBHL.

AaPoO

Snpo HapsaLy c UMTONJIa3MOH IHpencTaBiasieT cOGOMH
06s13aTeNbHBIE OpraHoujA XKHBOH KiaeTkd. Kak npasuio, B
KJeTKe OJHO fpO, HO HEPEeNKO BCTPEUaloTCss KJETKH, CO-
Jep:aliue 1Ba, HeCKOJIbKO U JlaxKe MHOTO Siep.

B XHBHIX K/JeTKax siApO OKPYIJVIOE HJH CJerka BHITSHY-
toe. OHO Bcerza pacnoJiaraercs B HHTOmIasme, B mosonof
KJeTKe sApo OOBLIYHO HAXONUTCH B CepeiMHe, B KJeTKax
C LIeHTPaJbHOH BaKyOJshI0O — B IIOCTEHHOM CJIO€ LHTOIVIa3MBbl
HJIH B LIUTOIJIA3MEHHOM slepHOM KapMallke, KOTOpPHIf moj-
BellleH K IIOCTEHHOMY CJ0K0 LHTOINIa3Mbl TOHKHMH TSXKa-
Mu. Slnepraag MmemM6paHa oTgelseT SAPO OT IHUTO-
NJ1a3MBl.

BHyTpu siApa HaxoAMTCS IpO3payHas CTyAeHHCTas XKUI-
KOCTb —KapHOJHUM G a, uan snepublii cok. Colepxumoe
iIpa BHITJSAUT cJ1a603epHHUCTHIM.

B XuMHuecKOM OTHOIIEHHH $JpO, KaK H LHUTONJIA3Ma,
npejacraBiaseT co60H CJOXKHYIO KOJJIOHZHYIO CHCTEMY, HO B
OTJIHYHE OT UUTOIJIAa3Mbl B HeM MHOT'O HYKJIEHHOBBIX KHCJIOT,
npexje Bcero Je30KCHpHOGOHYKJIenHOBOH kucaorel (JIHK).
JHK BxoauT B cocTaB XpoMOCOM, CTPYKTypa KOTOPHIX BHI-
ABJSETCS B AeNSIIUXCS sipax.

B sinpe conepXHUTCs OXHO WJIH HECKOIbKO HeOOJBLINX 11a-
poo6pa3HbIX A pH I eK. X MOXHO OGHJIO BHIETb B Kpa-
eBBIX KJIeTKax JHCTa 3JI0AeH, KJeTKax SIHIepMHca JIHCTa
M BOJIOCKOB THIYMHOUHBIX HUTeH TpajmecKaHuum (cM. c. 33).

st 6osiee moAPOOGHOrO 03HAKOMJIEHHS CO CTPOEHHEM SifI-
pa u ocofeHHO AJS H3ydYeHHS IpoIecca ero HeseHHs Ma-
TepHaJ NOBOJILHO CJIOXHO obpabarwiBaooTr. Ilpexnae Bcero
ero (GUKCHPYIOT, MOTPYyKasi B KHUAKOCTH 0COGOTO COCTaBa,
KOTOpble yOHBAIOT KJETKH, CYIIeCTBEHHO He Hapyuas IpH
JTOM HX INPHXH3HEHHOro cTpoeHus. B cocraB duxcupyio-
KX XHAKOCTel ((HKCaTOpPoB) OOGBIYHO BXOAST PacTBOPHI
XpOMOBOH, YKCYCHOH M ocMHeBo# KHcaoT u  QopMmasuHa.
ITocne npoMBIBKH BOMOH, 00€3BOKHBAHUS COIHPTOM H IOCJE-
pymooilell 06paboTKY, 3aKaHUMBAKOLIEHCS 3aKJIIOUEHHEM Ma-
Tepuasna B mapaduH, ¢ nomoupio ocoboro npubopa — MHK-
poroma — genatoT cpesbl ToaMUHOK 10—20 mxM. Takum
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06pa3oM, H3 KyCOuKa TOJUIMHONH 1 MM H3roToBisioT oT 50
no 100 cpesoB. Cpe3sl ocBoGoxknaloT OT mapacduHa, OKpa-
muBaoT (Yalle BCEro TeMaTOKCHJIMHOM), 06e3BOXKHBAIOT,
3aKJI0YAI0T B PACTBOP CMOJIHCTOTO BemecTBa (KaHAa/JCKOTro
WJIH IHXTOBOTO 6asib3aMa) W HAKpPHIBAIOT NOKPOBHHIM CTeK-
aoM. Ha Taknx NOCTOSIHHBIX HpenapaTax JAeTajJH CTPOeHHus
KJETKH, B TOM YHCJ€ H fpa, BHAHB 3HAUUTENbHO Jydllle,
YeM Ha HeOKpalLleHHHIX BpEeMEHHbIX Ipenaparax.

Jlenenne aapa B KIeTKaX KOpemKa penyaToro ayka
(Allium cepa L.)

Jlenenne sigpa H3yyalOT Ha NOCTOSIHHBIX Ipenaparax
KOHYHKOB MOJIOABIX KOpHefl. XOpoIIHM MaTepHAJIOM HIJs
9TOr0 CJYXKaT KOpeImKH OOLIYHOTO penyarToro Jyka.

JeneHne spa HccaenyloT HNpH GOJBIIOM yBeJUUEHHH
MuKpockona. YKenaTesJbHO HCIIOJIL30BATh OKYJISP C YBETHUE-
HHeM He MeHee 15X, a 1Js paccMOTpeHHsS HeKOTOpHIX (a3
JeJIeHHST MOXHO NMPHMEHHTb HMMePCHOHHBIH 06bekTHB 90X
C BBICOKOH paspeluapllell ClocO6GHOCTHIO.

Hau6osiee HHTEHCHBHO Sipa M KJETKH NEJATCS B MOJIO-
IOM pacTylleM yuyacTke KOpHs. Ha KOHume KopHs, mox Kop-
HEBHIM YeXJIHKOM, HaXOJHTCAd TaK Ha3niBaeMas 30Ha Je-
JeHHU . Ha nmpomospHBIX cpe3ax KOpHedl BHIHO, 4TO OHa
COCTOMT M3 IVIOTHO COMKHYTHIX TOHKOCTEHHBIX OYeHb KOpOT-
KHX KJETOK, pACIOJIOKEHHHIX BEPTHKAJbHBIMH pPSlaMH.
Knerku 3amosiHeHH rycTofi HUTOMIa3MOlH Ge3 3aMeTHHIX Ba-
KyoJieH, iApo 3aHHMaeT OOJIbIIYIO 4acTh KJAETKH. Ha 1o-
CTOSIHHBEIX IIpenaparax fiApa B KJEeTKaxX 3TOH 30HH BHIIVIA-
JSIT HEOJIMHAKOBO, IIOCKOJBKY OHHM OKa3aJHCh 3a(UKCHPO-
BaHHBIMH B Pa3HBIX ()a3ax TaK Ha3bIBAEMOrO HEIPSIMOTrO
NeJieHHs], IPH KOTOPOM B SIIpEe NPOUCXOAAT CJIOXKHBIE Tiepe-
CTPOfAiKH. DTOT THN JEJNEHHS, UIIHPOKO PacnpoCTPaHEHHBIH
B PACTUTEJbHOM H XHBOTHOM MHpE, Ha3hbIBAIOT MHTO30M
HIM KaDHOKHHEe30M (OT rped. «KapHOH» — SIpO, <KH-
HE3HC» — JABHIKEHHE).,

MuTto3 npexcraBasieT co6ofi HempephIBHHIA mpouece, HO
YCJIOBHO €ro MOAPAasnessioT Ha HECKOJbKO OCHOBHLIX CTa-
auf, uan ¢das, Kaxnas u3 KOTOPbIX HMeeT psil 0COGEeHHO-
crefti: 1) uHTepdasa (uHTepkuHe3), 2) mpodasa, 3) mera-
da3a, 4) anada3sa, 5) renodpasa (puc. 12).

B 30He meseHHst GOJBIIHHCTBO KJIETOK HMEET siipa, Ha-
Xoxamuecs B HHTepdase, Tak Kak 3Ta ¢asza HauGosee npo-
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Puc. 12. Muto3 B KJETKax MEepHCTeMbl KOpHS JykKa. A — sSapo
dasa; J — niactuika XpoMmocoM ¢ moJioca; E — pauusas aHa-

CKHe KJETKil:
Y — nuTtomyiasma, fA. M. — sigepHas MeMGpaHa, ﬂa—;mpbuuxo. KA — KapHo

UM — LleHTpOoMepa, 7. X. — IJIEYH XPOMOCOM, Cn — CIYTHHK, 4. 8. — axpo
THHOBas Nneperopoixa,



J

B HHTepbase;, b — pauHsasa u B — no3nusaa npodasH; I — Mera-
¢asa; )K — no3pusis aHadasa; 3, H — tenodasn; K — cecTpHuH-

JUM@a, X. H.— XPOMAaTHHOBasi HHTb, Xp — XPOMOCOMBI, XT — XPOMAaTHAHI,
MaTHHOBOE BepeTeHo, ¢hp — dparMonsact, 3. n. — 3aKJaAbIBAIOULASCH IMeK-
¢. a. — bopmupyloueecs SIPO



pomxuTeabHa. intepdasHsie sapa OKpyribe, ¢ ICHO 3aMeT-
HOH AnepHON MeMOGpaHO, ¢ OMHMM HJIH HECKOJbKH-
MH TEMHOOKPalleHHHMH fAApH M KaMmMu (puc. 12,4).
B anpe xopomo BHIHA TOHKas CeTb, KaK OB COCTaBJIEHHAsI
MEJIKHMH OKpalleHHbIMH 3epHuIIKaMu. OKpamuBamouiascs
yacTh siipa MOJIyynsa HasBaHMe xpoMaTHHa (OT rpeu,
«XpoMa», «XpoMaTOC» — IIBET).

Y HEKOTOPHIX pacTeHHH XpOMaTHH B HHTep(dase MOKeT
ObITH IPENCTABJeH MAOBOJbHO KDPYINHHIMH CKOIIEHHSIMH.
B neTyaX XpoMaTHHOBOHM CeTH pacIOJIOXKeHa HeOKpallHBa-
omasfcs KapHoauM @ a, HIH SIIEpHHIH COK.

XoTra HHTepda3HOe SIAPO HHOIAA HA3HIBAIOT MOKOSIIMM-
cs1, HMEHHO B 3TOH (ase sApo HauboJsiee aKTHBHO (H3HOJO-
THYECKH: B HeM IIDOHCXOJHT BaxKHeHIIMH IpoliecC YABOEHHS
mosiekya JTHK, KOTOpHH H JIEXXHT B OCHOBE TaK Ha3hBae-
MOH pefyIIMKAal{H XPOMOCOM.

ITepexon ot uHTepdas3s K mpodase IOCTENEHHHH, MO-
3TOMY HayHHawuylocs Hpodasy oT HHTepdasbl OTJIHUYHTH
TPYZRHO.

Mpodasa xapakrepusyercss yBeJHYeHHEeM pa3MepoOB S-
pa (puc. 12, 5). XpomaTuHOBass ceThb CTAaHOBHTCS rpybee.
ITocTeneHHO B siApe HAUHHAIOT BHIABJSTHCS AJHHHBIE TOHKHE
H3BUTHle HUTH, CKDyYeHHble B PHIXJBIH Kay6ok. OHH mpen-
CTaBJSIOT cO60H XPpOMOCOMEBE, T. €. OKpalluBalouluecs
Tesa (OT Ipeu. «XpoMa» — LBET, KCOMa» — TeJI0), HOCTeNeH-
HO yKopauuBammuecs H yronumamomuecsi. K korny npoda-
36l OHH CBOOOIHO JieXXaT B KapHoJHMbe IO SHepPHOA MeM-
6paHoft (puc. 12, B).

Sl ApHIIKH, XOpOLIO 3aMeTHBIE B Hayaje npodaskl, K KOH-
ny npodassl HeuesawoT. K 3ToMy BpeMeHH Ha ABYX IPOTHBO-
IOJIOKHBIX CTOPOHAX KJIETKH B IIUTOIINIa3Me NOSBJASIOTCA He-
GosibIlle KOHYCOBHJHBIe 0Gpa30BaHHS B BHIE KOJIAUKOB,
OTJIMYAIOMIMecss IO CTPYKTypPe OT 3epHHCTOH IHTOIIA3MBL
Pacnosnoxenne 3THX KOJMNAYKOB ONpelessieT HalpaBleHHe
OCH JIesleHMs sinpa. DTo Hayanso oOpa3oBaHHs TaK Ha3bBae-
MOrO aXpPOMAaTHHOBOTO BepeTeHa, KOTOpOe XOPOILIO
BBIpaXKeHO B cienyloulell ¢ase meneHus siapa — meradase
(puc. 12,T). SInpa B cocrosuuu Meracdash BCTPeyaloTcs
OTHOCHTEJNBHO penKo, TaK Kak 3Ta (asa Haubosee Kpart-
KOBpeMeHHa.

Ilpu nepexozme ot mpodassl K Meradase HcuesaeT siuep-
Hasi MemOpaHa. AXpOMaTHHOBOe BepeTeHO, 3a0CTPeHHOe Ha
KOHIIAX H paCUIHpPEeHHOe B CpPefHell UYacTH, IPEeACTaBJISET
coGo#i CTYmEHHCTYI0 Maccy, NPOHH3aHHYIO OeCIBETHHIMH
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TOHYAHINIAMY BOJIOKHAMH. B mIHpoKO# yacTH BepeTeHa, B ero
9KBAaTOPHAJBHOH IJIOCKOCTH, PACHOJIOXKEHH XpOMOCOMBl. Hn-
CJI0 XpOMOCOM B COMATHUYECKHX KJeTKaX IIOCTOSIHHO IJIsi
Kaxzaoro Buga pacrenus. OHo Bcerga yeTHOe, THIJIOHAHOE
(oT rpeu. «ZMIIOOC» — NBOMHOM), TaK KaK B KaXIOM siIpe
HMEIOTCSl ITaphl HAEHTHYHHIX II0 CTPYKTYPe XPOMOCOM, KOTO-
pHe Ha3HBAIOT FOMOJIOTHYHB MH. ¥ JyKa IUIUVIOHIHOE
4HUCI0 XpoMocoM 2 n = 16.

Ilpu TmaTespHOM HaGJ/II0JEHHH MOXKHO BHIETh, YTO KaX-
gas XpoMocoMa COCTOHT H3 [BYyX OTDPe3KOB, HJIH IjIed
(puc. 12, ). Ilo cooTHOUIEHHIO IJIHHBI IJIed PasjuyaioT
XpOMOCOMBl paBHOIJICUHe, HIH MeTaleHTPHUECKHE,
HepaBHOIJIeUHe, HJH cyOMeTalneHTpDHUYeCKHe, H
XPOMOCOMEI C OYeHb KODOTKHM BTODBIM IJIeUOM, Ha3blBae-
MBIE XDOMOCOMaMH C TOJIOBKOH HIH aKDOILEeHTpHYe-
CKHMHU. MecTo CoeflMHEHHSI IJied XDOMOCOMH OTMEYeHO
TOHKHM Y4aCTKOM— IePeTAXKKOH, WIH aXpDOMATHHOBHM
nepeph BoM. [Ipy nNpuMeHeHHH CHelHaJbHBIX METOJOB
NPHTOTOBJIEHHS] IPeNapaToB B HHX MOXHO OGHApyKHTb 0CO-
Oble TeJblla —IeHTPOMEDPH HIH KHHeTOXO0ph. OHu
urpaioT GOJBINYI0 POJb B NOBEIEHHH XPOMOCOM H IIDH [e-
JIEHHHU SIIpa.

B Meradase meHTpOMephl YCTaHABJIHBAIOTCS CTPOTO B
S5KBAaTOpHAJBHON IJIOCKOCTH BepeTeHa. [lneun XxpoMocoM Mo-
ryT ObITh HANPaBJEHH B Pa3Hble CTOPOHHL.

B meradasze xpoMocoMbl BHIVISAST ABOHHBIMH. OHH co-
CTOAT W3 IBYX OJHHAKOBHIX yacTefi —XpoMaTHJ, pasje-
JIEHHBIX Y3KOH MLlesbio. XPOMATHAL HepelKO Ha3bIBAT HO-
yepHHMH XxpomocoMaMu. O6pa3oBaHHe XpOMAaTHA — CJEACT-
BHe pelylJHKalHH (yZBOEHHs) XPOMOCOM, NPOHCXOAsLlefl
B HHTep(dase.

B cnenyomeli ¢dase npenenus —anadase (puc. 12,
E, )K) — xpoMaTHAB OTXOAAT OAHA OT APYrod H IBHXKYTCH
[0 HampaBJEHHIO K IOJI0CaM BepeTeHa, o6pasysd IBe 3ep-
KaJbHO nono6Hee urypsl. Ha panuux sramax Takoro pac-
XOXKIEHHUS, MONb3YACh NpeleJbHHMH YBeJHUEeHHSIMH MHUKDO-
CKOINla, yAaerTcsl 3aMeTHTb, YTO IyYKH BOJIOKOH aXpOMaTH-
HOBOI'O BepeTeHa NpPHKpPeIJIeHH K XpOMOCOMaM B MecTax
COeIMHEeHHsI HX Iiey, T. e. K neHTpoMepaM. Co3znaercsi Bre-
gyaTJieHHe, YTO Iapa TaKHX IOYYKOB BOJOKOH OTTSACHBAaET
XpOMAaTHIH K IPOTHBOMOJIOXKHBIM IOJIOCaM KJIeTKH. Beien-
CTBHE DacXOX/JeHHsS XPOMAaTHJ y KaxKJOoro IHoJIoca KJIeTKH
OKa3bIBaeTCsl ONMHAKOBOE YHCJIO XPOMOCOM, paBHOE YHCIY
XPOMOCOM HCXOJHOTO SApa.
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CTpyKTypa HMX COBepIIEHHO HJIEHTHUHA CTPYKType Xpo-
MOCOM MAaTepHHCKOro siipa.

B cragun temodasbl (puc. 12, 3) XpoMOCOMBEI, pacmoJso-
JXEHHHE Y PasHBbIX MOJIOCOB KJeTKH, HaGyxaiT, COMUKAIOT-
¢ ¥ 00pasyioT ABa IJVIOTHBIX TeMHOOKDAIIeHHBIX CTYCTKa.
B Temodase, Tak ke kak B nmpotdase u anadase, MOKHO
pasnnuyath paHHHe, CPeJHHe M IO3[HHe 3Tanbl. PaHHssA Te-
Jodasa xapakKTepH3yeTcs TeM, YTO C BHYTPeHHeH CTOPOHHI
CTYCTKOB KOe-TZie ellle 3aMeTHBI BBICTYIEI, MPeNCTaBISIONIHe
co6ofl KOHIBl HaHboJiee AJHHHBIX XpoMocoM. ITo3nHee 3TH
CTYCTKH IIOCTeNIeHHO OKPYIVIAIOTCS H pas3phxjsiorcs. Bo-
Kpyr HHX BO3HHKaeT sinepHasi MeMOpaHa, T. e. oOpasyercs
oopMJIeHHOE SIAPO, BHYTPEHHee COLEPIKUMOe KOTOPOro HMe-
€T BHJ, HeCKOJIbKO HallOMHHAIOIH{ CTPYKTYpY fIpa B IIpO-
tase. B HeM HOSIBASIOTCS SAPBHILIKH, XPOMOCOMBl PacTSATH-
BaIOTCs, YTOHYAIOTCS, B SIAPe BO3HUKAET TOHKAS XPOMAaTHHO-
Bast ceTb. HoBrle ctopmupoBaBiinecs sigpa OTJIHYAIOTCS OT
HCXOJHOTO sipa MeHbIUNMH pPasMepaMH H 3JJIHICOHIaJMbHON
dbopmox.

[enenye sapa Ha 3TOM 3aKaHuMBaeTcs. SImpo mocrenel-
HO YBeJHMYHBAETCS, OKPYIJISeTCs H CHOBA IePEeXONHT B HH-
Tepdasy.

Taxkum o6pasom B mpomecce MHTO3a o06pasyloTcs ABa
OOMHAKOBBIX fpa, COXPaHSIOIIHE HCXOXHOE YHCJIO XPOMO-
COM.

B anacdase u tenodase Mexay pacxoislIUMHCS Ipynna-
MH XPOMOCOM OCTaeTCsl CpeIHsIsl 4acTb BepeTeHa — G par-
MoIJacT, 6ecCTpyKTypHass Macca KOTOPOro IPOHHM3aHA
BOJIOKHHCTEIMH 0oOpasoBaHusMH. B Temodase B 3KBaTOpH-
aJbHOH IJIOCKOCTH (parmomnacrta MOXKHO 3aMeTHTb 3aJIO-
XKeHHe OoueHb TOHKOH 3epHHCTOH MeMOpanbl. Pparmonsact
mocreneHHo pacmupsiercss (puc. 12, M) m mocturaer 6oKo-
BbIX CTEHOK KJIETKH. BMecTe C HHM B [eHTPOOGeXHOM Ha-
npaBJeHUH paspactaeics H MemOpaHa, pasfensoolias Ipo-
TOIJIACT KJeTKH Ha aBe yacTH. OHA COCTOHT H3 IEKTHHOBBHIX
BelleCTB U NpeAcTaBisieT co00H MPOCIOHKY MeXKKJIeTOUHOro
BellecTBa. Bekope moBepx Hee ¢ 06eHX CTOPOH OTKJIaAbIBa-
eTcss Kjaetyarka M obpasyeTcs Hacroduass o0060/0YKa
(puc. 12, K). Takum o6pa3oM, AesieHHe KJIeTKH — ILH T O K H-
H e 3 — IPOUCXOMUT BejeX 3a jgeneHueMm sunpa. O6pasyrorces
JIB€ KJEeTKH, KOTOpHIe MOCJe HEKOTOPOTo MepHoia pocTa Mo-
IYT CHOBA NPUCTYIIHTH K AeJIeHHIO.

3ananue. Ilpun GoapmIoM yBesJMYeHHH 3apPHCOBATb OCHOB-
Hble (asbl JejeHus fapa U KIETKH.
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Meiio3, nau peRyKLHOHHOE NelNeHHe AApPA
B KJeTKax nblabHuKa Juauu (Lilium sp.)

Mefi03 — 0CcOGBIl THII HeJieHHs s1Apa, B pe3yJbTaTe Ko-
TOPOT0O M3 HCXOLHOTO fipa C AUIJIOMIHBIM (ABOHHBIM) Ha-
60pOM XpPOMOCOM BO3HHKAIOT YeThIpe f4pa C TalJIOHIHBEIM
(OT rpey. «IUIJIOOCY H «TalJI00C» — ABOMHOH M ONHHAPHBIH)
YHCJIOM XPOMOCOM.

Y XHBOTHBIX OPTaHH3MOB M OYeHb HEMHOTHX HH3IIUX
pacTeHHil BcJencTBHe Mel03a o0pa3yloTcs INOJIOBHE KJeET-
KM —raMeThl. ¥ BBHICIIMX pacTeHHH Mefio3 Bcerja mpeauecT-
ByeT 06pa3oBaHHUIO cmop. ¥ MXOB H NamoOpOTHHKOOOpa3HBIX
pacTeHH# MeH03 DNPOHUCXOAHUT B KJeTKaX, HaXOASUIUXCS
B CIOPAHTHAX, Y NOKPHITOCEMEHHBIX — B THe3[aX MblJIbHH-
KOB H B CeMSIOUKaXx.

XopomuM 0O6BEKTOM JJIsI H3yueHHs] OCHOBHHIX (a3 Mel-
0332 MOTYT CJYXHTb MOJIOJble IBUIBHHKH JHJIHA H APYruUx
npefcTaBuTesiell cemelicTBa JHAeRHBIX. 11X mpeHMyILIeCTBO
3aKJII0YaeTcsl B TOM, YTO MAaTepHHCKHE KJIETKH CIOp, HX fI-
pa H XpOMOCOMBI JOCTAaTOYHO KDPYIHHE, @ YHCJIO XPOMOCOM
CPaBHUTEJNBHO HEBEJIHKO: AHILUIOMAHOE YHCAO 2 n = 24. dTo
N03BOJISIeT O3HAKOMHTBbCS C OCHOBHEIMH (pazaMu Mefiosa
Ia)Ke TPH CPeNHHX VBEJHYEHHAX MHKpockona (400—
600 pas); K o6beKTHBaM C GOJBIIUMH yBeJHYeHHSIMH Npube-
raloT JULb 45 6ojee AeTaNbHOIO PACCMOTPEeHHs IJ1aBHBIM
o6pa3oM paHHHX ¢as.

Mefi03 COCTOMT H3 JBYX NOCJENOBATEJNbHBIX HeseHHH —
nepBoro u Broporo. Ilepex nepsuM nejeHHEM B HH-
Tepda3se HauHHaeTCs Npolecc PeAyIVIHKAIHH XPOMOCOM, KO-
TOPHIH MOJHOCTBIO He 33aKaHYMBAETCd H IIPOLOJIKAETCH B
npodaze. ITostoMy mpodasa nepBoro AejieHHS OdYeHb IIPO-
Jo/kHuTenbHa. Ee mozpasmensior Ha HECKOJbKO CaMOCTOS-
TeJbHHIX (as.

Camasi paHHss M3 HHX — JenToHemMa ((asa TOHKHX HH-
te#t) (puc. 13,A4). Bo BpeMst 3T0# ¢a3n XpOMOCOMBI HMEIOT
BHJl OAMHOYHBIX OUEHb TOHKHX HJIMHHBIX HHTEH, CKPYYEHHBIX
B Kiay6ok. IIpH BHUMaTeJlbHOM HCCJIELOBAHHH MOXKHO yCTa-
HOBHTb, UTO HHTH HECyT TECHO PacCIOJIOXKEHHble OTHEeJbHbIe
yTOJIIEeHHss —XpoMOMepH. B crenyome#r dase (puc.
13, 5) —3uroneme (dasa ABOMHBIX HHTel) — HauMHaeTCs
nonapHoe cOJIHXKeHHe HHTeH — rOMOJIOTHYHBIX XPOMOCOM H
HX COeINHeHHe —KOHBIOT al ¥ . B orAeapHBIX MecTax ro-
MOJIOTHYHBIE XPOMOCOMBI IIJIOTHO COeNHHEeHb, B APYTHX elle
ocraiorcsl 6osee WM MeHee cBOOOAHHIMH. K 3TOMY BpeMeHH
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JHJIHH, A — JIeNTOHeMa;

5 — 3uronema; B — naxunema; [ — nuakuHes; /] — GUBaJIeHTH,

E — meragasa 1 ¢ nomoca; )X — anadasa I; 3 — tenodasa I;
H — auadasa II; K — teTpaga MHKPOCHOD:

0. K. — o6oJlouKa KJeTKH, A. M. — sinepHass MemOpaHa, 20 — SIADHILKO, Y —

LHTOMJNIa3Ma, XM — XpPOMOMEDHI, K. X. — KOHBIOFHPYIOIIHE XPOMOCOMBI, 68 —

6HBaJ'IeHTbl, X — XHa3MHl, XT — XpOMaTHA b, Xp — XpOMOCOMBI, 4. 8. —

axpoMaTHHOBOE BepeTeHo, de — dparMonyact, Mc — MHUKPOCNOPHI, £ — SO~
pPo, KA — KaJulosa

Puc. 13. Meiio3 B KJeTKaX INblIbHHKA



Puc. 13. ITpogosxkenne



OOBIYHO 3aKaHYHEUeTCS peAyIIHKanus xpoMocoM. Kownbio-
raiysi roMOJIOTHYHBIX XPOMOCOM 3aBepllaercsl B CileLyloliel
t¢aze (puc. 13, B) —naxuneme (¢dasa TOJCTHIX HHTeH).
ITaphl TecHO cO/MMXKeHHBEIX HAa BCceM NMPOTSI?KEHHH TOMOJIOTHY-
HBIX XPOMOCOM Ha3uBaloTcsl 6 HBaJeHTaMH. Uneno Gusa-
JIEHTOB COOTBETCTBYET TaIUIOMIHOMY UYHCJIY XPOMOCOM.
B xoHue 310! (ha3kl MM B HauaJse cienyoollel — AUNJIOHEME
(dasa cnBoeHHBIX HHTell) —B KaxJIoM OHBAJeHTE MOKHO
Pa3JIMUATh yKe ABe Mapel XpoMaTH]I (MO IBe B KaxAoH
U3 FOMOJIOTUYHBIX XPOMOCOM).

B TeueHne omucaHHBIX (a3 INPOHMCXOLHUT HOCTEIleHHOe
YKOPOUEHHE U YTOJIIIEeHHE XPOMOCOM BCJENCTBHE UX CIHHpa-
ausanuu. [TomuMo sToro B nunnoHeMe HaBJIONAIOTCS MECT-
Hble OTTAJKHBAaHHS [ap XPOMATHJ TOMOJIOTHUHBIX XDOMO-
coM, coctaBasomux 6GuBansent (puc. 13, ), u BHABASIOTCS
MecTa, rle maps XpOMaTHI, NpHHALJIeXallue Pa3HbIM Xpo-
MOCOMaM, CHasfHbl IPyT C ApyroM. B 3Tmx yuacrkax, Hasw-
BaeMBIX xMa3MaMHu (cMm. puc. 13, /), npu pacxoxjieHHH
FOMOJIOTHYHBLIX XPOMOCOM MOXKET OCYLIeCTBJATbCH 0OOMeH
YaCTSIMH XPOMaTHI — KPOCCHHTOBeED.

[Ipomomxkalomascs cOupasu3andsi XpOMOCOM NPHBOIHT
K TOMY, YTO B mocjaenHel ¢ase npodasrl mepBoro JeneHus —
nuakunede (puc. 13,I') (uTo o3HauaeT MABHKEHHE Iap) —
XPOMOCOMBI CTaHOBATCS Haubosiee KOPOTKHMH. ¥ OIHHX pa-
cTeHHH OWBaJIEHTH HMeloT (GopMy KpecTa, KOJblla HAH Ja-
THHCKON GYKBHL «X», y HPYTHX — MOTYT BHIVIIIETh Kak Ia-
pbl HeGOJBIIHX IIapHKOB. BuBameHTH pacnoJaraloTcs IO
nepudepun saapa. B Teuenne Bce#t mpodassl SAPO OKpyXKe-
HO MeMO6paHON ¥ CONEpPXKHT OJHO-IBA A PHIIIKA.

Ilepexon kK Meradase mepBoro Henenus (meradasa I)
(puc. 13, E) xapakrepusyeTcs HCUe3HOBEHHeM sAepHOMH
MeMOpaHbl, BO3HHKHOBEHHEM aXPOMAaTHHOBOT'O BepeTeHa
H pacloJiokeHHeM OMBaJIeHTOB B ero 3KBaTOPHAJBHOHN IJIOC-
KOCTH.

B anagase I (puc. 13, )K) or kaxzaoro 6HBajeHTa K Ipo-
THBOMOJIOXKHEIM IIOJ1I0CAM KJETKH OTXOAMT IO OJHOH TOMO-
JoruyHo# xpomocoMe. Tak Kak pacxoisTcs LeJbe XpOMO-
COMBI, TO Ha MOJIIOCAaX KJIETKH OKa3blBaeTcs BABOe MeHble
XpoMocoM, YyeM OBIJIO B HCXOAHOM fnape, T. e. IPOH30ILIA
PEeNYKIHMs YuCIa XPOMOCOM: M3 IHIIONJHOro Habopa Xpo-
MOCOM BO3HHMKJIM JBa ramiougsbix. Kaxmas xpomocoma
ramIoOnIHOro Habopa COCTOHT M3 JBYX XPOMATHI.

3ateM sizpo mepexonuT B Tedodasy I, cxomuyio ¢ Teso-
¢basoit 06LIYHOrO MHTOTHYECKOTO aeneHus (puc. 13,3).
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Mexny dopMupyOIIMMHCS JAOYEPHHMH SIAPAMH OCTaeT-
cA 6040HKOOOpasHoe NPO3payHoe TeJO, IPOHH3AaHHOE HHTe-
BHUAHBIMH CTDYKTypaMuH,— pparmonsact. ¥ JHIHH H
IPYruX pacTeHH#, NpeHMMYIIeCTBEHHO OIHOIOJBHBEIX, BO
dparmMonacre 3ak/JIaAbIBaeTcsl IEperopojKa, pasiensio-
Hias KJETKy Ha JBe.

MHTepdasza Mexny mepBHIM H BTODHIM JeJeHHEM OUYeHb
KpaTkoBpeMeHHa. HMHorna rtenodasa I cpasy mepexomur B
npodasy Broporo AeneHus (npodasa II). Ilpodasa, mera-
¢asa, anadaza (puc. 13, H) u temodasa BToporo meneHus
CXOJHBI C COOTBETCTBYIOUIMMH (a3zaMH MHTO3a.

TakuM o006pasoM, BCJIENCTBHE IBYX IIOCJIEIOBAaTENbHBIX
IoeJeHHHA MeHo3a M3 ONHOH KJETKH BO3HHKAIOT YeTHIpe KJIeT-
Ku (TeTpaza) ¢ AApamy, CONepKallUMH TalJOUIAHbIE YHCIA
xpomocoM (puc. 13, K). B oranune oT suauu y G0ONBLUINHCT-
Ba JIBYNOJIbHBIX DPACTEHHIl pasjesieHHe MaTEePHHCKOM KJIEeTKH
IIPOHUCXOAHT TOJBKO IIOCJIE€ BTOPOTO JeJIeHHs, T. €. YeThipe
JOYepHHe KJETKH, COCTaBJSIOIHe TeTpany, o6pasyioTcs on-
HOBPEMEHHO.

3ananne. Ha roToBbix mpenapaTtax npH GOJIBIIOM YBeJH-
YeHMH MHKPOCKOIIa PacCMOTPeTb M 3apHCOBATb OCHOBHHIE
(dasbl Mefio3a, o6paTuB ocofoe BHMMaHHe Ha npodasy mep-
BOTO JleJIeHHs.

BEHIECTBA 3ANTIACA

OcHoBHas Macca 3amacHBIX BellecTB, BCTpeyaloluxcs B
pacTeHHAX, NpeACTaBJeHa TpeMs TPYNNaMH OPraHHYeCKHX
COeIHHEHHH: YyrJeBoflaMH, XKHPaMH H GesKaMH. YTJeBOAbI
U XHPH — 6€3230THCTHIE BElIeCTBA, MOJIEKYJIBl KOTOPHIX CO-
CTOSIT M3 yIJyiepoja, BOZOpoAa M KHCjloponaa. B cocraB Mo-
JekyJs Oe/lKOB KPDOMe 3THX 3JIeMeHTOB BXOAAT a30T, cepa H
dochop.

¥raeBonb —Haubojee pacnpoCTpaHeHHHIH THN 3a-
nacHbelx BemecTB. OHH MoryT OBITb NpeACTaBJIEHB MOHOCA-
XapHiaMH, AHCaxapuAaMu ¥ noaucaxapugamu. M3 MoHo-
caxapHAOB yallle BCero BCTPeyaroTcs rekcosnl. HMx o6-
mas ¢opmyna CgH;30s. K HHM oTHOCATCA IJIOKO3a, HJIH
BHHOTpanHHH caxap, H ¢pykro3a. JJHcaxapHIH ¢ 00-
utelt popmysoit CioHgeO;1 BO3HHKAIOT BC/ENCTBHE COENMHE-
HHAA (IOJMMEepH3alHH) OBYX MOJIEKYJ rekco3 ¢ Hmoreped oj-
HOH MoJieKynbl Bonbl. K3 maHcaxapuioB B pacTeHHsIX pac-
IpoCTpaHeHb TPOCTHHKOBHIN HJIM CBEKJOBHYHBIHA caxap. Mo-
HocaxapHAbl M AMCAaXapHABl HAXOHATCA B KJIETOYHOM COKe
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H TPeJCTaBJasOT cobo# GeclBeTHBHIE BeLleCTBa, XOPOUIO pa-
CTBOPHMBIE B BOfe. DTH caxapa MOIYT OHITb OGHApyKeHH
B KJIeTKe TOJIbKO CHEeIlHaJTbHBIMH pPeaKIHsIMH.

[Tomucaxapunab o6pasyloTcd INPH MOJHMEPH3ALHH
GosIbLIOTO yHCaIa MOJIeKyJ MoHocaxapoB. Ofmasa dopmyaa
nonucaxapuoB (CgHioOs)». K 3amacubiM mosmcaxapumam
pacTeHHH OTHOCSITCA KpaxMaJ, HHYJHH H TeMHUIe -
JIOJ03H, WIH NOJNYyKaeTuaTKH. Kpaxman u moay-
KJIETYaTKH HEPAaCTBOPHMB B BOJE H CIHPTE, IOSTOMY HX OT-
JIOXXEHHS JIeTKO HabJloJaTh Nox MHKpockomoM. MHynauH co
CPaBHHTEILHO HEBLICOKHM Ko3()()HIHEHTOM HOJHMepH3alHH
pPACTBOPHM B BOJle, B CIHPTE OH BHIaxaeT B 0canok, obpa-
3yt chepOKpPHCTAJJIH.

Y GOJILIIMHCTBA pPacTeHH# B 3amac OTKJaJAblBaeTcs Kpax-
MaJ. IToMHMO mepBHYHOrO, WJIH aCCHUMUJISAIHOHHOIO, Kpax-
MaJsa, o6pasyoouierocss B XJOPOIJIACTaX NpPH (OTOCHHTE3E,
B KJeTKaX, He HMeIOUIHX 3eJeHbIX IJIacTHJ, B Pas3jHYHBIX
JyacTsaX pacTeHHs (B KODHSX, KJIYOGHSX, ceMeHaX, BO BHYT-
pPeHHUX 30HaX cTe6Jid) BCTpeuaercs BTO D HYHBI H, HJIH 3a-
NacHOH, KpaxMaJn B BuJe 3epeH, GOPMUPYIOUIHXCA B JIeHKO-
niacrax. 3anacHoll 6esok (anefpoH) OTHOCHTCSA K BOJOpa-
CTBOPHMBIM OejKaM M HakamjauBaercsl B Bakyosasx. HawuGo-
Jee 6oraThl 3alacHBIM 6eJKOM CeMeHa.

Ilpu cospeBaHHH CeMSIH KOJIMYECTBO BOALI B BAKYOJSIX HX
KJIETOK IOCTENEeHHO yYMEeHbIlaeTcs, a KOHIEHTpaluus GenlKoB
H cosielf, HAXOASAUIHXCS B KJIETOYHOM COKe, YBEJHUHBaEeTC.
B kJsieTkax 3peJblX CeMSH Ha MeCTe BBICOXIIHX BaKyoJiel
OCTalOTCA CJOXKHBIe 00pa3oBaHH —aJeHAPOHOBH e 3ep-
Ha. Ocaxmasich IO Mepe BHICHIXaHHS BakyoJell, 4acTh Genka
o6pasyer KpHCTaMIONOAOGHEE TejJa —KDHCTAJJIHTHL
Conepxamuecss B BaKyoJsiX MHHePaJbHBIE COJH KaJjblusd,
marHus, ¢ochopa U IPYrux 31eMeHTOB, BHIALAasi B 0CanoOK
BMecTe ¢ GesnikoM, oOpa3yor OJecTsiliHe GeClBETHHEIE OKPYT-
Jble Teabna —rJao6oungH. Melkne ajefipoHOBLIE 3€pHA,
6e3 3aMeTHOH B CBETOBOH MHKPOCKOI CTPYKTYDBHI, NMOJYYHJIH
Ha3BaHHE NPOCTHIX, a OTHOCHTEJbHO KPYIHHE, B KOTOPHIX
XOPOIIO Pa3JHYHMBI IVIOGOHABI H KPHCTAJJIHTH,— CJIOXHBIX.

JKupbel 1 Macna BCTpevalOTCd B IMTOITa3Me B BHIE OT-
JeJbHEIX MEJIKHX Kaledb HJIH COLepKaTcs B O0COGHIX CTPYK-
Typax —3nafionsacrtax (OT rpey. «3JaHOH» — XKHD).
Boublile Bcero xupa OTKJaJAblBaeTcsl B ceMeHax.

IMo THOy BelllecTB, OTKIANBIBAIOLIMXCS B 3amac, B XO-
31HCTBEHHOH NpaKTHKe PasJHYaloT KpaXMaJsIOHOCHHE, caxa-
POHOCHBIE, MaCJIHYHEIEe H OeJIKOBHE PaCTeHHs.
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3anacHot KpaxMaa B kay6GHe kaptrodens KiyGHeHOCHOro
(Solanum tuberosum L.)

Paspesats kay6enb kaptTodeins. He6oablioe KoJHIeCTBO
MyTHOH, MouTH 6esiof XKHIKOCTH, BHICTYNHBINEH Ha NOBEpX-
HOCTH CBEXKero paspesa, IepeHeCTH CcKaJjblleneM Ha Ipef-
MEeTHOE CTEeKJIO B BOAY M HAKPHITb NOKPOBHEIM CTEKJOM.

JKumkocth, Haxomsimiasicssi NOJA IOKPOBHEIM  CTEKJIOM,
npejacTaBiaser co0of B3Bech KpaxMasbHBIX 3epeH. Ecinu
JKHIKOCTb OYeHb MYT-
Ha U HMeeT T'yCTO-MO-
JIOYHHIH IIBEeT, 4YacThb
ee yAaJsIoT I10J0CKOH
¢unbTpoBasbHON OY-
Marg U [H006aBAaSIOT
YHUCTYIO BOJY.

Ilpu 6oablioM yBe-
JIHUEHUH MHKDPOCKoNa
MOXKHO BHJETb, UTO
3epHa KpaxMaJia HMe-
IOT pasJauyHylo ¢op-
My 4 BejquuuHy. Ha-
nboJsiee KpymHbIE U3 Puc. 14. KpaxmasibHble 3epHa KapTo-

HHX HeNpaBHJIbHO-SIH- n q’e”’;’ I

-~ npocToe 38epHO, ¢4~ CJOo bI 3€] ,
HeBHUOHBIE, Gogee nc— llpOlec.YIO)l(ng SepHO, C — CJNOH Kpax-
MeJIKHEe — OKpYTJIbIe, Mana

BOKPYT  HEKOTODHIX

3epeH HaO6JIOfaeTcs] TEMHBIH, MOUYTH YepHHIH 0GOJOK. DTO
YHCTO ONTHYECKOe sIBleHHe, 00yCJOBJEHHOE 3HAUHTENbHBIM
pas/jMyueM B N0Ka3aTelsX NPeJOMJEHHS KpaxMaJja H BOJHL.
HsMensas nosmoxeHne TPyOGH MHKPOCKONA IOBOPOTOM MHK-
POMETPEHHOT0 BHHTA, HY>KHO HNOOHTbCS HCUE3HOBEHHS 3TOrO
o6oaka. KpaxmanbHule 3epHa cioucts (puc. 14). Cuaon-
CTOCTb, KOTOpas Jyvylle 3aMeTHa NPH INOYTH 3aKpPHTOH
nuagparme, — cle[CTBHe IOCTENEHHONO Pa3BHTHA Kpax-
MaJIbHOTO 3epHa.

[TepBbie MoseKyJabl KpaxMaJia, NOJHMeEpH3YIOLIHecs H3
caxapoB, NOCTYNAWIIHX M3 XJOPOIJIACTOB B JIEHKOIJIACT,
CTaHOBATCS IEHTPOM KpaxMaJjoobpasoBaHusd. Bokpyr Hero
B JaJbHeHIIeM OTKJIAaXbIBAIOTCA cJoH Kpaxmaja. OHH HMe-
I0T BHJ YepeAyIOUIHNXCSl TeMHBIX M CBETJHIX IIOJIOC, YTO, IIO-
BHAHMOMY, OODBSCHSIeTC HEOJAHOPOAHOCTBIO HX CTPYKTYDHI
¥ Pa3JIHYHBIM COJepXXaHHeM B HHX Boxbl. IIpm BrICyIHBa-
HHH 3epHa CJIOH CTAHOBSITCS He3aMeTHHIMH. MesKue OKpyT-
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Jble KpaxmaJsibHble 3epHAa HMeEIOT KOHIIEHTPHYeCKHe CJIOH,
Goslee KPYIHbIE 3€pHA SKCUEHTPHYHHI, TaK KaK LEHTP Kpax-
Majoo6pasoBaHHsl y HHX CMellleH K NepHbepHH JeHKoIa-
CTa, IO3TOMY C TOH CTOPOHBHI, Tlle Macca IIAaCTHAB GoJbllle,
KpaxMaJibHble CJIOH LIHpE.

BoJsbIIMHCTBO KpaXMaJibHEIX 3€peH HMeeT ONMH IEeHTP
ob6pasoBanus. Takue 3epHa Ha3bBaIOT NP ocCTH MHU. Haps-
Jly C MPOCTHIMH B KAYOHSX KapTodess BCTPEUaroTcs CJI 0 K-
Hble U NoaycaoxHb e 3epHa. CloXHHeE 3epHa 3HAYH-
TeJbHO MeJibue NPOCTHIX H MMEIOT ABa HJIH HECKOJBbKO LEHT-
poB 06pa3oBaHus, BOKPYT KaxKI0ro H3 KOTOPHIX OTKJAaJblBa-
I0TCS CJIOM KpaxMaJja. Eciu B pasnbHefilleM BOKPYT HHX 00-
pasyloTca obliye KpaxMaJsbHble CJI0H, BO3HHKAET MOJIYCI0XK-
HOe 3epHo.

3ananue. ITpu GosbIIOM yBeJHYeHHH MHKPOCKONa 3apH-
COBaThb IIPOCTHIE, CJOXKHBIE M IOJNYCJIOXKHBIE 3epHa Kpax-
MaJa.

B 3akmouenne paGoTH clefyeT IPOBECTH LIBETHYIO peak-
I[AI0 Ha KpaxMmaJ C HOMOIIbI0O pacTBopa HojJa B BOAHOM pa-
CTBOpE HOJHCTOrO Kasusg. 3epHa KpaxMaJjia CTaHOBATCA CH-
HUMH, TEMHO-CHHMMH HJH IIOUTH YEePHBIMH B 3aBHCHMOCTH
OT KOHIIEHTpPAlM¥ HoJa B peaKTHBe, a MeJKHe KPHCTaJlIbl
Oesika, HepeJKO BCTpeyalollHecs B mpenapare, NpHoOpeTanT
XKEJITHH IBET.

KpaxmaJsbHbie 3epHa B 3¢PHOBKE OBCA NOCEBHOT'O
(Avena sativa L.)

Jns u3yueHHsi KpaxMaJbHBIX 3epeH OBca CJeAyCT pas-
MOYHTb B BOJEe 3€PHOBKY M HeGOJbIIOe KOJHYEeCTBO PasMo-
YeHHOI'0 COAEpIKMMOro 3anacalo-
7 mell TKaHH (3HAOCIEpMa) mepe-
HeCTH IIpenapoBajibHOH HIJION
HJIH CTeKJSHHOH IaJIoOYKoH B
Kamjilo BOJAbH Ha IpPeIMeTHOe
cTek/J0. BMecTo 3epHOBOK MOXK-
HO HCHOJb30BaTh Kpyny «I'epky-
Jecs.
KpaxmanbHbie 3epHa oBca
Menkue (okoso 50—80 MKM B
(I) HorepevHiKe), OKPYIJIO-OBaJjb-
unle, cinoxHee. Ilpu ux passu-
Puc. 15. Cnoxuse xpax-  THH B JIeHKOMIacTax BO3HHKAIOT
MaJbHble 3epHa OBCA MHOLOYHCJE€HHHIE ILEHTDH o6pa-

52



30BaHUSl KpaxmaJja, KoTophie B C(HOpPMHDOBAaHHOM 3epHe,
KaK NPaBHJ/IO, He BHIHH], HX CJIOHCTOCTb TaKXe He3aMeTHa.
CnoxHOe 3epHO JIETKO pacnajaercs Ha OT/eJbHble COCTaB-
JIAIOIHE ero 3ePHBIIKH HJIH HX He6Gosbuine rpynnel. Ilosro-
My B IpenapaTe Hapsfjy C LeJbHbIMH CJIOXKHBIMH 3epHaMH
BCerjia BMJAHbBI MHOTOYHCJ/IEHHble OYeHb MeJIKHe YIJIOBaThle
IpOCThble 3epHbIIKH (pHC. 15).

3ananue. [1pu GosblIOM yBeJHYEHHH MHKDOCKONA 3apH-
COBaTb CJIOXKHOe KpaxMaJsIbHOe 3epHO H HEeCKOJIbKO OTHeJb-
HBIX COCTaBJISIIOIUX €ro 3epHHIIIeK.

dopma, pasMeps H CTpOeHHe XpaxXMaJbHBIX 3epeH Clle-
UUHYHBL AJs ONpefeseHHBIX BHAOB DACTeHHH H KPYNHHIX
pacTHTeJbHBIX rpynn. Hanpumep, y 6060BHX KpaxMaJbHble
3epHa OBaJIbHblE, JOBOJIbHO KPYIHBbIE, C YETKO BHIpaXKeHHOH
CJIOMCTOCTBIO M XOPOIUO 3aMeTHOH moJiocKo# BHYTpH. Kpax-
MaJibHEE 3epHA KYKypY3H OKDYIJIO-YIJIOBaThle, MeJKHe, OT
2 mo 28 MKM B nomepeuHHKe, ¢ XODONIO 3aMeTHHIM LEHT-
pom o6pasoBanus. CJIOHCTOCT B HHX, KaK IIPaBHJIO, He
BHJHA.

Y pX¥M M NUIeHHUB KpaxMaJjbHble 3epHa OOBIYHO ABYX
THIIOB: MEJIKHEe OKDYIJble JHaMeTpoM 2—9 MKM H KpyNHble
JauH30BHAHble, 30—40 MKM B momepeyHHKe.

Ilpn HajgaBiIMBaHMM Ha IpenapaT HOKPOBHEIM CTEKJIOM
B 3epHAX NOSIBJASAIOTCS PajHajbHble TPEUIHHBL. ¥ PKH OHH
o6pa3yioTcs Ha nepudepHu 3epHa M 10 LEHTpa He NOXOHAT,
a y NIIeHAnbl PacXomATCs OT LEeHTPa, He NOXOAS IO IepH-
tdepuu 3epHa.

B sepHOBKax pHuca, TaK XKe KaK y 0BCa, HMEIOTCH KpyI-
Hble CJI0XKHble 3epHa, COCTOsLIHe H3 OOJIBIIOrO YHCIA OYeHb
MeJIKHX, OJHOPOJHBIX IO pasMepaM H (opMe OTHeJbHbIX
3epHBIIEeK.

Y rpeunxm KpaxMaJbHble 3€pHA CHJIBHO BBITSHYTHI
B JIJIMHY, CJIO0XHBIE, C OYeHb GOJIbIUHM YHCJOM LIEHTPOB 00-
pasoBaHusa KpaxmaJja.

"HYJIHH B MOJA3EMHbBIX OpraHax CJOXKHOUBETHbIX

HHynuH comep:XKHTC B KODHEBBIX LIMIIKAX 3eMJSHOH
rpymn (Helianthus tuberosus L.), reoprunsl (Dahlia sp.),
B CTaphHXx KopHsx onyBaHuHKa (Taraxacum officinale Web.
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ex Wigg.), B KopHeBulax nessicuna (/nula helenium L.)
H y IPYTHX NpencTaBUTeNell ceMefiCTBa CJIOXKHOIBETHEIX.
HHynuH pacTBOpeH B KJIETOYHOM COKE€ H MOXKeT OHITb
OCaxKJeH H3 Hero KpemkKHM CIHPTOM. )
C marepuana, (pHKCHPOBAHHOTO CIHPTOM, HENAIOT MPO-
JIOJbHblE MJIH INONEepeYHBle CPe3bl H PacCMaTpHBAIOT UX B
ranuepure. OTJIOXKeHHUS HHYJIHHA HMelOT BHE chepoOKpH-

Puc. 16. MiHyquH B kJeTkax KJay6Ha TomHHamOypa (3eMJsiHOH
TPYLLIH):
€. u. — chepOKpPUCTaANBEl HHYJIHHA, O. K. — 0GOJIOUKHM KJETOK, 7. K. — Io-
JIOCTb KJIETKH, M — MEXKJEeTHHK

craanos (puc. 16), mpexcraBagiomux co6oi 1apoBHA-
Hble WU 6oJiee HIM MeHee OKPYIJIbIE CKOILJIEHHS HroJbua-
THIX KPHCTaJIJIOB, JIYYHCTO PacCXOASIMINXCS OT YIJIOB KJETKH.
WUnorna B cthepokpHCTaMIaX XOPOIIO BHUIHE KOHIIEHTpHUE-
CKHe CJIOH W pajHasibHBIe TpeHIHHb. B Kaxnoll Kierke Mo-
JKeT ObITh HECKOJIBKO CepOKPHCTAJIOB.

Ecnu ranuepuH, B KOTOPOM pacCMaTpPHBAIOT CPe3Hl, 3a-
MEHHTb TelJIOoH BOLOH, chepoKpUCTANIBI HCUE3HYT, TaK KakK
HHYJIHH JIETKO PacTBOPHMM B BOJE.
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JanacHble BellleCTBA B CEMEHH rOpOXa MOCEBHOIO
(Pisum sativum (L.) Cov.)

Jnsi u3ydyeHHsl 3amacHBIX BeIIECTB NMPHIOLHBI (PUKCHPO-
BaHHbBIE B CIHPTe HeJO3peBLIHe CeMeHa ropoxa HJH 3pe-
Jble ceMeHa, KoTophle 3a 12—24 u no paboThl cllefyer 3a-
MouuThb B Boje. CHSIB CeMEHHYIO KOXYpy, GPHTBO# HenaioT
TOHKHH cpe3 /1060 yacTH MacCHBHHIX ceMsinoJeli. Cpes
KJIaAyT Ha NpeAMeTHOE CTEKJO B BOLY, H0OaBJSIOT MaJieHb-
KyI0O KaIII0 pacTBopa HOZa B BOAHOM PacTBOpe HOIHCTOTO

Puc. 17. Knetka ceMsjpoau ropoxa ¢ Kpax-
Ma/JbHBIMH H  aJIeHpOHOBHIMH 3epHaMH:

K. 8. — KpaxMaJbHble 3epHa, 4. 8. — aJefipoHO-
Bble SepHa, MH — MEXKJETHHK, 0. K. — 060J01-
Ka KJIeTKH

KaJiis M HaKpHIBAlOT MOKPOBHBIM cTekJoM. ITocie mposene-
HHUA [IBETHOW peaKIHW HAa KpaxMaJ Cpe3 MOXKHO paccMaTpH-
BaTh U B IyiunepuHe. Ha cpese HyXHO HafiTH TOHKOE MECTO,
rie KJIEeTKH JieXXaT B OJHH-IBA CJIOS.

[Tpu GosbllOM yBeJHYEHHH MHKDOCKONA XOPOLIO BHIHBI
Gosiee MJIH MeHee OKPYIJIble KJIETKH C HeCKOJbKO YTOJIeH-
HBEIMH cTeHKaMH (puc. 17). B MecTax coegHHeHHS HECKOJb-
KHX KJIETOK HMEIOTCS MEXKJIeTHHKH. IlolocTh KJeTKH 3a-
IOJTHEHA KPYNHBIMH HPOJOJIOBaTHIMH KPaxMaJsIbHBIMH 3€p-
HaMH, MeX1y KOTOPHIMH HaXOJSTCS MHOTOYHCJEHHBIE, OUeHb
MejiKHe 3epHa 3amacHoro Gesaka (anefipona). ITocne o6pa-
60TKH HOJHBIM PacTBOPOM KpaxMaJibHble 3epHa NpHoOpesH
CHHHH, a ajefpOHOBble — 30JI0THCTO-XKeJITHIH IIBET.

3ananue. [Ipu GosnbliOM yBeJHYEeHHH 3apHCOBAaTh He-
CKOJIbKO KJIETOK CEMSIIOJIH rOpoxa, OTMETHTb HX OGOJIOUKH,
MEXKJETHHKH, KpaxMaJsbHble H aJlepOHOBLIEe 3epHa.
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* %k 0%k

[Ipemapar MoxeT ObITh NPHUTOTOBJIEH H IPYIHM CIIOCO-
G6oM. JIj1s1 TOro ¢ MOBEPXHOCTH CEMSZIONH CKaJjblleJeM Co-
CKab/nuBalT HeMHOro 6esloBaTol Macchl,, KOTOPYIO NOMeIla-
10T B BOAy, NOOaBHB B Hee KaIllJIO HOAHOro pacrsopa. Ha
TaKOM ITpenapaTe MOXKHO BHAETb JIUIIb CONEPKHMOE KJETOK.
Cam¥u KJIeTKH pa3pylIeHbl H [03TOMY He BHIHBIL.

AuneiipoHoBbIe 3epHA M XKHP B CEMEHH KJeILeBHHbI
(Ricinus communis L.)

KneleBuHa OTHOCHTCS K TPyNIle MaCAHYHBIX pPacTeHHH.
Macsio KielleBHHBI M3BECTHO IIOJ Ha3BaHHEM KacCTOPOBOTO.
B sanacarmwillei TKaHH CeMEHH — 3HIOCIHepMe — Hapsany ¢
JKHPOM COLEpKHUTCH 60oJbIIIOe KOJHYECTBO GesKa.

OuHIIEHHBIM OT KO-
XypHl 3HAOCHEPMOM Ha
CyXoe NpeiMeTHOe CTeK-
JIO HAHOCAT WITPHX (Ma-
30K), KOTOpHI# paccMar-
PHBAIOT B PacTBOpE HOMA
B BOJHOM  pacTBope
HOJMCTOTO KaJsHusl, cMe-
MIaHHOM C CaXapHHIM
cuponoM !, yToGHl mpen-
OTBpaTHTh 06pa3oBaHHe
SMYJBCHHM XKHpa H Ha-
6yxaHHC  ajefiPOHOBHIX
sepeH. [Ipu OGoubiiom
yBeJHYEHHH MHKPOCKOIA
B Ma3Ke MOXHO YBHJETb

p 18, Anedi KeJIThle KallIh XHpa H
HC. 18. AneApoHOBLIE 3epHa H3 KJe- _
TOK 3HLOCIEPMA KJIelleBHHbI: Z0BOJILHO KPYNHbIE (2

2 — rI0GOHAB, K — KDHUCTANJIHThl, 006 — 4 MKM) aﬂeﬁpOHOBHe

000sI04Ka anefpoloBOro 3epHa 3epHa (pﬂc, 18) OBaJb-

HOH MJIM yalle rpylle-

BUnHOH (dopmul. KieTkn snmocmepMa He BHAHBI, Tak Kak
IPH M3TOTOBJIEHUMH IIpenapaTa OHH Pa3pylIaloTCs.

AnefiporoBrie 3epHa KJelleBHHH CJAOXHB €. B Kax-

JIOM 3€pHe XOpOIUO BHAHO OJHO HJH ABa 30JI0THCTO-OYPHIX

MHOTOrpaHubIX 06pa3oBaHusl, NpeJCTaBSIOMHX cO60f K p H-

cTaanaHuTH Genaka. B cyxeHHO#t yacTH 3epHa HaXOAAT-

! HacwilesHbI BOAHBIA PACTBOpP Caxapo3Hl.
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csl OJHO, IBa, Pexe HEeCKOJNBbKO OeCUBETHHX II1apOBHAHBIX
TeJlell, COCTOSIIMIHX M3 KaJIbIIHEBBIX H MarHHeBHIX coJiefl HHO-
surdocdhopHOfi KHCIOTH. DTO rao60HAB. KpHCTanauTs
U IJI0GOUABI OKPYKeHH aMOP(hHEIM GelKoM.

B npenapare xesaTeabHO HAHTH 3epHA THIHYHOH Tpy-
MmIeBHAHON (GOPMBI, y KOTOPHIX TIJIOGOHABI H KPHCTAJIHTH
pacnoJIoXKeHbl B OXHOH IJIOCKOCTH. Eciin 3epHO JIeXHT Tak,
4TO II060HA HAXOAHTCS MOX KPHCTAJIHTOM, TO OGHAPYXHTh
ero o4eHb TPYIHO.

HecMoTpst Ha TO 4TO 3epHa pacCMaTpHBAIOT B KPENKOM
pacTBope caxapa, MX KPHCTAJJIHTH JOBOJBHO OLICTPO Ha-
OyXaloT H OKPYIJISIOTCS, TePsis MPH 3TOM KPHCTAJLIONON00-
Hble OYepTaHHS.

PeakTHBOM Ha XHMDH H HEKOTOpble XKHPONOXOOHHE Be-
mecrBa cayxur 0,5%-ubit couproBoit pactsop cynzana III
HaH cygaHa IV, KoTopeifi OKpalluBaeT XHpPHl B OpaHXeBO-
KpacHb#l nBer. O6paboTKy pacTBOpOM CyAaHa MOXHO IIpO-
BOIMTb Ha cpe3ax M Ma3Kax J0 HOXHOH pPeaKIHH.

3apnanune. [Ipn GoJbIIOM yBeJHYEHHH 3apHCOBATh He-
CKOJIbKO HENOBPEeXIEeHHBIX aJeHPOHOBHIX 3epeH, OTMETHB
B HHX [VIOGOHIBI H KPHCTAJIIHTHL.

3anacHbie BelleCTBA B 3€PHOBKe NMIUEHHUIbI MATKO#
(Triticum aestivum L.)

B 3epHOBKax 3/71aKOB OCHOBHasl Macca 3anacHHIX ITHTa-
TeJIbHBIX BellleCTB JIOKAJH3yeTcsl B 3HAocmepMe. B HuxXHeH
4aCTH 3€DPHOBKH PacHoJioxeH 3apoxwiu (puc. 19).

Jlnsl NpUroTOBJIeHHs NMpenapata Heo6X0JHMO CAeaaTh IIo-
nepeyHbI MJIH NPOJOJbHEIA Cpe3 3epHOBKH, IpelBapHTENb-
HO DPa3MOUYeHHOH B Boje H 3aTeM (DUKCHPOBAHHOH CIHPTOM.
Cpes kmaayT Ha NmpeiMeTHOE CTEKJO B BOJY, HAHOCAT Kall-
JIO pacTBOpa HOZa B BOJHOM pacTBOpe HOJHCTOrO KaJHsd,
H06aBJSIOT TVIMIEPHH M HAKPHIBAIOT MOKPOBHBIM CTEKJIOM.

Ha ToHkoM yuacTKe cpe3a BHAHO, UTO SHAOCIEPM pac-
T0JIOXKEH 110 MHOTOCJIOHHBIMH MOKPOBaMH 3€PHOBKH, COCTO-
AIYMH H3 NeGOPMHPOBAHHBIX KJETOK ¢ 6oJjiee HJIH MeHee
YTOJIIeHHEIMH CTeHKaMH (puc. 19,B). BHemnuit cio#t suno-
crepMa, JeXXalui HeloCPeACTBEHHO IOJ NMOKPOBaMH, Ipel-
CTaBJeH ONHHM PSJAOM IUIOTHO COMKHYTHIX, B OYepPTaHHH
MOYTH KBAJPATHHIX KJIETOK, 3alOJHEHHBIX MeJKHMH aJefl-
POHOBBIMH 3€pHaMH. JTOT CJOH KJIETOK Ha3bBalOT ajeHpo-
HOBBEIM.
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ITpn 400—600-KpaTHOM yBeJHUYEHHH MHKPOCKONA aJiedi-
POHOBHIEe 3epHa KaXXyTcsl IpocTeIMH. IIpH mpenenbHBIX yBe-
anyenusax (1200—1400 pas) B HHX MOXHO OOGHapyKHTb
CJIOXXHOE CTPOEHHEe, CXOJHOe CO CTPOEHHEM 3epeH KJelleBH-

1 IBEPAER TS

—ooneras

Puc. 19. Crpoenne 3epHOBKHM muieHHnsl. A, b — CxeMB CTpPOEHHs IIpoO-
noJapHoro (A) u nomepeyHoro (B) ceueHHS 3epHOBKH; B — KJeTkn Ha-
PYXHBIX CJIOEB SHAOCIEpMa HPH GOJIBUIOM YBEeJHYEHHH MHKPOCKONa:

0. n.— 060J04YKH MmJa0Za, 3 — 3apoanill, 6 — Gopo3na, a C.— ajefpOHOBHIA cJoR,
K. 9. — KpaxMaJIOHOCHBle KJETKH 3HOoclepMa, K. 3. — KpaxMaJjlbHble sepHa, 4. 3. —
ajiefipoHOBHIE 3epHa, £ — SAIPO

Hel. KyteTku asnefipoHOBOrO €105l MeJibue KJETOK 9HIOCIIepMa,
3aI0JTHEHHBIX MHOT'OYHMCJAEHHEIMH KpPaXMaJIbHEIMH 3epDHaMH,
IOCHHEBIIHMH TOcJe HOonHo# peakumn. KimeTku snmocmepMma
riy6Ke pacroJIoKeHbl H 0OLIYHO BHITSHYTHI NepIeHIHKYJIsP-
HO TOBEPXHOCTH 3ePHOBKH.

Ha mocrosiHHBIX mpemapaTax, OKpAaUIeHHEIX TeMaTOKCH-
JIUHOM, aJIeHDOHOBBLIf CJIOH HMeeT I'PSI3HO-(DHOJNIETOBHIA HIIH
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Oypeiit 1BeT. B cpemHell yacTH KJIETOK 3TOTO CJIosi OOBIYHO
XOPOILUO BHAHO SAPO. DHIOCIEPM HE OKpallleH.
3ananue. [Ipy GoabLIOM yBeJNHYEHHH 3apHCOBATb He-
00JIbIION y4acCTOK 3HAOCIEPMa, OTMETHB OCOGEHHOCTH Kiie-
TOK aJIeHpOHOBOrO CJIOS.
* s %

Kanerkn anefipoHOBOTO €JIOSI MOXKHO TaK¥Xe pPaccMOTPeThb
B 3ePHOBKAaxX DXH, KYKypy3H H fluMeHs. B oTinuue or miue-
HHUIB y SlUMEHs aJeApOHOBHIH CJIOfi COCTOHMT HE H3 OXHOTO,
a M3 Tpex CJIoeB KJETOK.

KPUCTAJIJIBI

B kJeTOYHEIX BaKyo/siX HepegKko oG6Gpa3yloTcsl KpH-
CTa/Ibl PA3JHYHHIX coJsiefi. Uame Bcero BCTPeYalOTCs Kajb-
nueBble cosu miaseneBoii Ca(COQO),, pexe yroapHolt CaCO;
KHCJOT. KpHcTamae BCTpeualoTcs BO BCeX OpraHax pacre-
Huil. Bosblle Bcero X B JHCTBSAX U nepHdepHUECKHX CJIO-
X KOPH cTebJed.

dopMa OTNOKEHHS IIABEJEBOKHCJOrO KaJjblus (OKca-
JaTa KaJbllHsl) HHOraa crnelubwuyHa AJS KPYNHBIX CHCTe-
MaTHUYeCKHX TIPYNI PacTeHHH.

Ilon meficTBHeM COJISIHOM KHCJOTH KPHCTaJJbl OKcaJaTa
Ka/JbUusl pacTBOpSOTCs. Ilpu meficTBHM CEPHON KHCJOTH
OKCaJaT Kasbllis NePEeXOJHT B HepacTBOPHMBHII CEpHOKHC-
JBl  Kanbpuu#  (runc), oOpasylollHH  MHOTOYHC/IEHHHIE
HroJibyaThle KPHCTAaJJIHL.

Kpucranasl B yemye JyKOBHIbI JyKa pendaToro
(Allium cepa L.)

Menko HapesaHHBle cyXHe IJIeHUATHle YellyH JYKOBHIILI
HEeCKOJIbKO IHeH BEIIEPKIBAIOT B CIHPTE HJIH B CMeCH
cuupra ¢ raulepuHoMm. HeGoabmofi Kycouek uyemyd pac-
CMaTPHUBAIOT B IVIMLUEPHHE NPH GOJIBIIOM YyBeJIHYEHHH.

Yelyst COCTOUT H3 HECKOJHKHX C/I0€B YAJHHEHHHIX KJje-
TOK. 6e3 cojepxumoro. llouTH BO Bcex KJeTKax XOPOLIO
BHJHBl OJHHOYHBIE NPH3MATHYECKHE KDHCTAaJJIbl, KOTOPHIE
MHOTZA cpacTalTcs MO A3a wiad o TpH. VX HaswBaioT
JBOHHHKOBBIMH HJIH TPOMHHUKOBBIMH KPHCTaJJIaMH.

3ananue. 3apucoBaTk NPH  GOJBIIOM  yBEJHYEHHH
OJHHOYHbIE, IBONHHKOBbE H TPOHHHKOBBIE KPHCTAJLJIBL.

59






