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MHKPOCKOIIHYECKUE METOABI M UX
BUOJIOTHYECKUX H

Bopoaun B.O., Cadupos JI.X
DIEOV BO «Bonel MY Munzopaca Poce

Jepoamsimes 8 XVI aexe OITHHCCXHE N
W B npusiaguol cdepax Gionoruneckix 1

HPEIBRYAIHO ManuIX PAIMEPOB 3 X OTACHS
IBOOLIIO, HACTORHID COSCPLICHCT Y ACK
MY, METORN MUKDOCKONIN HHCKUALKG e
TIpiMeIene o Giononecknx i MEAHUMHCKNX HEVKaX,
AR MIYRETE MOPOOrG 1 dizHorori K
HPEMENSHOTCA B HCCHCA0BANIRN HAKOMATCPH
HaK MUkpoxupyprud. C rogami Guum
[IHHIE, CTEPLOCKOIIMECKHE M
TaKiUX Kk cseInomo
it MYARTHAOTOHHAR Mk,
pebor, npw arom perya.

Kawuensie crona: onruaeckas MUKpacKonus,
Paz0BO-KOWTPRETIAN MIKPOCKOURMSI, 1
MUKPOCKOmI

MICROSCOPIC METHODS AND THEIR ROLE 1

PHOOPLI tponasenn nicros
1ayR. DTH MICTPYMeRTH Ble
I} MUD MUKDOCKOMINECKIS cyiiects i OTACALUBIX KILTOX, QW1 AOIMOKNOETE wayHar,
TBIE deMenTsl. T rex nop serouu MUEpOC
H Z0CTHIUR Bed Soanueii paspemalousedi o
NOTEPRIN CBoeh axTyantieeri o no ceii

1ETOX — CTPOHTELKEIN Glox
0B, NPH BUNOAHCHIY palor,
paspatorarel parianbie KOHCTPY KLY
PoCcx0NB), @ rakwe Goaswoe konHyectsa
MBI, (PIORO-KORTpRCTIAS, TEMHOMONL AR,
pockonis. Mixpockonus saaseresn HEOTBE
APNC MOFBEFIOTCA HOBLIL MCTOULE 1t fle

Guoaoruseckue neeaeonan s, futoa

POJIb B COBPEMEHHBIX
AYKAX

«+ Ubtbuna AH., 3saaa E.A.

Uy, Barzozpao, e-maif: vasbrdn@yandex, ru

YK PEBOTIONIND, X4k 8 Hay4HON, Tax
PBLIC NOINCHNE Yeaonery sammiy e
Guonormyeckue oGnexTH
KOUHM PO iy o
codiocri. Baarogaps ato-
ALy, HAXWLA camoe iipoKDe
KBHHIEYCCRUX. HOCNQUOBMIHAX, 10380~
B BUCX AKHBLIX cyniecrs. Tak we o
TPeGyIoumX ocoboii TonkoeTh, Taxiy
tH MIKPOCKON (npambie, #HBepTHpO-
MoandikaMin MeTona MHEDOCKOMN M,
MOMHHCCUCHTHRN, J23PHAR KORBOMLILHAY
MACMOTE HACTBIO MHOPIX HCCTSI0BETEAbCKIY
PCNCKTHALI UK HX IPHACHEH NS,

Aa0opaTopiLix i

pecucnTiag MIEKPOCKON 5,

CMIOHOL AN MHKPOCKOI IS, M,Wlel!q)l)l'ﬂllllllll

N MODERN

BIOLOGICAL SCIENCES

Borodin V.0., Sabiroy D.K., Tsibina A.N

Volgograd Medical State University,
Ornginating in the XVi century, o

microseopic creatures and individy
individual elements. Sinee then, the methods of microscop
and achieving ever grealer resolution. Due to this, the me
day, finding the widest application in biological
to study the morphology and phy
studies of nanomaterials, when performing exceptionally
microscope designs (dircet, iny
modifications of the microscop
and multiphoton microscopy.
for their use appear regularly

Keywords: optical microscopy,

biological research,
microscapy,

multiphoton microscopy

Mukpockonus — 310 H3vyeHue obbexkTon
11 EMEHTOB Upe3BbINaliHO Majibix pasMepos.
Yenoseuecknit rmaz mmeer npenen paspeiue-
HHUA | JeTanusaumm Takux obwekros, JIMKTYC-
MBIii €10 NPHPOAHBIMH CBOHCTBAMM. Hns npeo-
AOJICHHA 3TOro OHOMOTHYECKOro OrPAHMMCH IS
HCTIOAB3VIOTCA  pasiinyHble MPHEOPLI-MIKPO-
cxonel. Ha ceronuswmmii gens, OJHIM M3 Be-
AYIHX METO/IOB  MeCheioBaiis MHKPOODH-
CKTOB B OHONOrHYeCKIX HayKax sBnsercs
ONTHYECKas (OHA ke cBeToBas) MHKPOCKOTIIA,
CeeToBble MUKPOCKONLI ABNAIOTCH BAMKHe LU~
MH HHCTPYMEHTaMM Kak npH npoBefeHie He-
KOTOPLIX PYTHHHBIX MEAMUMHCKHX AHATH3OB,
TAK H 8 OHONOTHYECKHX I Mejlko-Ononoru-
HCCKHX HAYuHbLIX HeeaesoBannax. OHy Hesa-
MEHHUMbI TIpH  M3yuenun  Moponornueckix
CBOMCTB  MHKPOOHOMOrHYeCKIX o0bexTon,
K KOTOPLIM OTHOCATCA HACEKOMBIC 1 HX YACTH,

pticel instruments ushered
applied spheres of the biological sciences. These tools for
al cells, made it possibl

and medical sciences, laboy
siology of the building blocks of all living

efted, stereoscopic microscopes) have been ¢
v method, such as bright field, phase-
Microscopy is an integral part of my

wZvada E.A.

Volgograd, e-mail: vasbrdn@yandex.ru

a real revolution, both in the scientific and
the first time allowed humans 1o look into the world of
e to study extremely small biological ubjects and their
v have undergone a long evolution, constantly improving
thads of microscopy have not lost their relevance to this
ratory and chinical studies, allowing
beings — cells. They are also used in
microsurgery. Over the years, various
eveloped, as well as 2 large number of
contrast, dark field, luminescent, laser confocal,
any researches, and new methods and prospects

fine work, such as

Muorescence microscopy, phase-contrast microscopy, dark-field

MHOTHEC NAPa3HTeI, KICTKH pacTeHuil 1 %HBOT-
HBIX, npocTeiiuine i Gaxrepun. BoaMoxHocTs
H3yuenns ronorpadmu, Moponoruu, VABTpa-
CTPYKTYPbI MO3BOINIIO HEOBEKY 3HAYHTEILHO
PACILHPHTE CBOM 3HANHA 0 MHKPOOPraHnamax,
B memmumite, Mukpockonst nozgostaior 1poBO-
AT MTOACYET KNCTOK KPOBM, AHAMN3 GHONCHI
Ha CTPYKTYpY, Mopdionioriio 1 nanyyue orpe-
ACIEHHBIX BKMOMEHHI. C IpHMEHeHHEM MoTe-
KYAPHO-OHONOIHYECKHX TEeXHHK, MOSBHIACK
BOIMOIKHOCTE BBIABHTS AOKAIH3ALMIO OT/1e] )
HBIX XHMHYCCKHX BelecTn,

C)’lllllOCTb OINTHYCCKHX METOI0B

Cospemennas  cretopas MUKPOCKOIHS
obecneunsaer ysennuene 1o 2-3 ThICAY pa3s,
4TO ABMACTCA IOCTATOUHBIM A% M3y UCHHA pas-
THYHBIX QOPM KMIHN HA KTeToulom YPOBHE
1 Apyrux Guonoruyeckux obhekTos [1,2]. Oc-

B SCIENTIFIC REVIEW Ne 5. 2019 a
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HOBHBIMH XapaKTePHCTHKaMHU M060r0 MHKpO-
CKOMa ABAAIOTCH paspellarouias cnocobHOCTL
i KonTpact. Paspewalonas cnocobHOCTE — Mu-
HUMaJILHOE PacCTOAHHE, HA KOTOPOM HaxosT-
CA JIBE TOUYKH, pasiH4aeMble KaK pasje/ibHble
00bekTbl. KORTpacT —Bo3mMoXHOCTb pasanuars
00BEKTBI W OTAENbHBIC JieTany oT KX (oHa.
Ecny pasnuyue B sprocti o6bekra i gona co-
craBnseT mMeHee 3 — 4%, TO ero HeBO3MOKHO
PasINYUTh, AaKe eC/U ONTHKA MHKPOCKONa Te-
OPETHYECKM CnocofHa pazpelinTh ero AeTalH.
Ha KoHTpacT BAMAIOT Kak CBOiicTBa 00bexTa,
KOTOpbIE H3MEHAIOT CBETOBOH NOTOK No cpas-
HEHHIO ¢ (POHOM, TaK ¥ CNOCOGHOCTH ONTHKH
npubopa yIOBHTL BO3MHKAIOLIME pa3AHuns
B CBOMCTBax Jiyua. IMaBHbIM orpaHnueHneM
I8 BO3MOXKHOCTell CBETOBOrO MHKpOCKONa
ABNACTCSA BOMHOBAA MPHPOA CBETA, KOTOpOE
He TO3BOJISCT YBHAETh OOBEKTHI, pasMepbl
KOTOPBIX CONOCTABMMBI C BOJNHOBOH AJTHHOI
MEKTPOMArHUTHOrO H3MYYEeHHs CBETORBOIO [TH-
anasoHa, T.e. MeHbIIe 1 MUKpOMeTpa.

s pasaHuHBIX HYKJL CO3AAIOTCH ONTHE-
CKHE CHCTEMBI Pa3/InuHON KOHCTPY KUK (3, 4]:

[Tpamoii Mukpockon sensercs Haubonee
4acTo BeTpeuaeMoii koHeTpykumeit, Takasn cxe-
Ma HCTIONB3YETCHA Halle BCEro [pU H3yueHue
MPO3PaiHBIX ¥ NOAYNPO3PAYHBIX MHKPOOTLEK=
TOB pa3MepoB, CONOCTaBHMbIX ¢ KneTKamH, Jla-
SoparopHble MUKPOCKONEI 0CODEHHO HPOKO
NPHMEHAKTCA B pasaAHuHbIX obnacTax Ouoso-
run (GoTanuke, MUKPOOHOIOrHN, UHTONOHH)
N MeaUMHBL (00bIYHO 3T0 MHKpoOHOJIOrHYe-
CKHI 1 PHCTOIOrHYECKHIT aHAN3 MaTepHana).

HMusepTupoBanias cxema MAKPOCKONa OT-
JIMHA@RTCA OT NPAMON TeM, 410 B Hell ofbek-
THBbI HAXOIATCA HE HA[, @ 110 HCCAEAYEMBIM
MPeaMeETOM. DTO NO3BOAACT ONTHMH3NPOBATHL
KOHCTPYKUHIO HHCTPYMEHTA 118 paloThl ¢ J10-
CTATOYHO GONMBIIMMY MO CBOEMY 0OBEMY 00h-
SKTaMH, Bpojie (MIAaKOHOB JUTA Ky/ALTHBHpPORA-
HIA KIeTOK. B 3aBHCHMOCTH OT HazHaueHus
1 ocobeHHoCTel KOHCTPYKIMH, HHBEpPTHPO-
BAHHBIE MHKPOCKOIBI MOTYT OBITH GHOJIOrHYC-
CKHMH, JIIOMHHECUCHTHBIMH, MeTannorpadiu-
qecknMi M p. TTogoGHble npubops! WHPoKo
HCIOAB3YIOTCA TIPH PasIHMHBIX HAYUHBIX i Jla-
BOpaTopHBIX HCCNCAOBAHHAX B MHUKPOOHOIO-
THH 1 MC/IHLMHE,

Crepeockonuueckie WIH CTEPEOMHKPO-
CKOMBI HMEIOT B CBOC]T KOHCTPYKLIHH IBA Paciio-
JIOKEHHbIX 11071 ¥IIIOM 00beKTHBa, H Gnarojaps
ITOMY [O3BOJIAIOT M0JYYaTh CTEPeoCcKonue-
CKOC H300pakeHHe HCCAEAYeMOro o0beKTa.
CrepeomMukpockonsl 001ajaloT CyluecTBeHHo
Gonbiueit raybuHoit pe3kocTH, yeM obbIMHbIE,
HTO MO3BOET HCIOL30BATh HX JUIH W3y eHHS
OTHOCHTENBHO KPYNHBIX U BBIMYKIIBIX MHKPO-
OOBEKTOB — TAKHX KAK YacTH pacTeHmii, rpu-
00B, KOMOHHH MHKPOOPraHH3MOB. Briaensior
AB2 THIA KOHCTPYKIMH CBETOBBIX MHKPOCKO-

NOB: cXema [peny 1 onTHuUeCcKas cucTeMa ¢ 06-
LIMM TTIaBHbIM 00LeKTHBOM.

Bapuauun MHKRpoCKomim

Ceemuononsnan MUKPOCKORUA

CreriononsHas MUKPOCKONUA TO3BOIACT
HCCNEA0BaTh 0OBLEKTBI B MpPOXOAslIEM CBeTe
B cBeTioM nose [2,5]. JlauHbiii BUA MUKpo-
CKOIMHH MpeaHazHaMeH Uld  HMCCIeA0BaHMs
MOP(IONIOTHH, Pa3sMEPOB KICTOK, HX B3AHMHO-
I'0 PacnofioyKeHNs, CTPYKTYPHOI opranu3ain
KJIETOK W JIpYTHX oco0eHHocTeil. Y cBeTOBOro
MHKPOCKOIA MakCHManbHas pa3speliaiouasn
cnocobHoCTL cocrasnser 0,2 MrM, 4TO 0be-
CIIEYHBAET BBICOKOTOUHOE YBENHYCHHE MHKPO-
ckona 1o 1500x.

Dazo60-KOUMPACIHAR MUKPOCKORUA

(DazoBo-konTpacTHAR MHKPOCKOMHSA
(puc. 1) Mcnonb3yercs Anf MONYHEHHs BbICO-
KOKOHTPACTHBIX H300paskeHnii npo3pauHbix
00pasuos, TaKUX Kak HBblE KNETKH, MHUKpO-
OPraHu3Mbl, TOHKHE KYCOUKM TKaHM, JHTO-
rpauueckHe y3opbl, BOJOKHA, JIaTEKCHbIE
IHCHEPCHH, OCKO/IKH CTeKIa 1 CYOKICTOMHbIE
HACTHILBI, BKIIIOUAA S/1pa U IPYrUe OPraHe/isl.
MeTtoa KoHTpacTa yHacTka HCIONb3YeT ONTH-
YECKHIT MEXaHN3M [U1A TOro, YTo0kI epesecTH
MesibYaiiliie M3MeHeHHA B YWaCTKe B COOT-
BETCTBYIOLUHE H3MEHEHHs B aMIIMTYAe, KO-
TOPBIC MOZKHO BU3YaNU3HPOBATL KAK PazHHILbI
B KOHTpacTe uzobpawxenns. Oano M3 rias-
HBIX [PEUMYILECTS MHKPOCKOMMH KONTpacTa
YUYACTKA B TOM, YTO JKMBYILIME KIETKH MOMKHO
PaccMOTPETh B UX ECTECTBEHHOM MOJIOKEHUH,
Oe3 npeasapurebHOro ybuiicrsa. B pesynera-
Te JMHAMHKA NPOTEKAIOWMX OHONOMHYECKHX
NpOLECCOB MOXKET HAOMOAATLCA M PErHeTpH-
pOBaTLCH B BLICOKOM KOHTPACTE, C BbLICOKOIi
YETKOCTBIO Menkuaifituux netaneii oGpasia.

Teanononvnan m UKPOCKONUA

Yro0s1 XOpoIIo Bu3yanu3nposars i Guo-
JOTUYCCKHE MaTEPHALl, OHM JOMKHBl UMETh
KOHTPACT, BbI3BAHHbIH HAJUICKALIMMH MTOKa3a-
TENAMH NPENIOMIEHHA, HIH OKpacky. ITockomnk-
Ky KpacuTen OOLIYHO TOKCHUHBI, JUiA 70-
CTH/KCHMS KOHTpaAcTa MOKET HCMONh30BaTLCs
TeMHaA TO/APH3ALHOHHAN MUKpockonud [2,
6]. B TeMHOMONbHONH MHKPOCKOMHN KOHIEH-
carop npeanasuauen ana  (GopmMupoBaHHs
«rnonoro» KoHyca ceera (puc. 2). B temuoii
MHKPOCKOMHN OOBEKTHR HAXOAHTCA B TEMHOI
TOJIOCTH 3TOIO KOHYCA, @ CBET pacnpocTpaHsi-
€TCs BOKPYT OOBEKTHBA, HO HE BXOTHT B 30HY
KOHyca. Bce none 3peHus KaxeTcs TEMHBIM,
HO KOTJIa Ha MPEIMETHLIT CTOMHEK MoMel@ercs
0Dpa3sell, OH KaxeTcs APKHM Ha TeMHOM diolie,
Ou noxox Ha 3aliHee ocBellelne 00LEKTA, KO-
TOPLIT MOXKET GBITH TOTO e 1BETa, 4T0 1 (HoH,

B HAVYHOE OBO3PEHME Ne5, 2019 W
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H& KOTOPOM OH CHAMT, — 4TOOBI OH BhIjlenscs.
TemHononbuas MuKpokonua nossoaser yBI-
AeTh OGBEKTEL BeJIHYNHA KOTOPBIX H3MEPASTCH
COTBIMH J0JSMH MEKPOMETPA, 4TO HAXOAHTCA
3a npeienamu paspewalolmei ¢nocobHoCTH
0GbIMHOIO CBETIONOALHONO MHKPOCKOMa. Of-
HAKO BabaojieHie 3a o0LEKTaMH B TEMHOM
M0/1€ MO3BO/IAET HCCNEA0BATH TOALKO KOHTY bl
KJIETOK 1 HC JaeT BO3MOKHOCTH PaccMOTPETh

Hasepran kondorarsuan mukpocxonua

Koudokanshas  sukpockonus (puc. 3)
0071a71aeT TaKUMH 0COBEHHOCTAMH, KaK KOH-
TPoAMpyemas 1yOMHA pPe3KOCTH, ycTpake-
HHIE LIYMOB BHE (pokyca H BOIMOKHOCTH ¢BHo-
Pa NOCNEAOBATEIBHBIX ONTHHYECKUX CeKluil
H3 TONCTRIX 0Opasuos [5]. Kondokansnas
MHKPOCKONHS OCHOBAHA HA MCMOABIOBAHIHM
[[POCTPAHCTBEHHON PUABTPALIMM A1 YeTpaHe-

Undposan

HX BHYTPEHHIOK CTPYKTYpY.
NMnockocTs
naabpamenns
Audpariposax
HEE CBET
NpaMoi caar

OfuexTis

| Obpasey
g

.

[Oalanes

NNSCTIHE

saMeps

Sxonomyecrins
MIKROCKON
RUIET0 CEETA

Puc. 1. Humepnem: Stormoff; stormoffru, 2018

Puc. 2. Humepnem: Studopedia, studopedia.ru, 2018
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HUA cBeTA BHE (hoKyca i BCMbILIKK B 00pa3suax,
KOTOpBIE TOMIE MAOCKOCTH (JOKYCHPOBKH.
Korna dayopecuentibie obpasisl Buzyann-
IUPYIOTCA € MCHO/B3OBAHMEM OOLIYHOIO W=
POKOIOMIOCHONO  ONTHYECKOr0  MHKpPOCKONa,
BTOpHuHas  (ayopecueHlUns, Henyckaemas
ofpasuom Brann oT wHTepecylowei obnact,
YACTO MELIAET PaspellieHiIo TeX 00BEKTOR, KO-
topble HaxoaaTes B dokyce. KondokalbHbli
METO/l BU3yanu3aunn odecneynsaeT He3Hauu-
TENABLHOE YJy4llueHite KaKk B OCEBOM, TaK 1 B 10~
MepeyHoM paspelieHnH, Ho Takke obnajact
cnocoOHOCTBIO HCKIOYHTL U3 H300pakeHNns
BCOIBILIKY  «BTOPHUHYIO  (DIYOpPECLEeHIIonN,
KOTOpas BO3HUKAET B IyCTbIX (MyOpecleHTHO
MeueHbIX ofpasuax. I1a 0cobeHHOCTh BbI3Ba-
na Gonboil pocT NONyAAPHOCTH KOHPOKAE-
HBIX MHKPOCKOMOB. OCBElIEHHE JIOCTHIACTCHA
MYTEM CKAHHPOBAHHA OXHOIO MM HECKONBKHX
(hOKYCHPOBAHHBIX J1yueil cBeTa, 00bIMHO OT Ja-
3epa. M3o0paxenns, noayyeHHbIe fyTeM cKa-
HHpOBaHKMA ofpasua TakuM 00pa3oM, Ha3biBa-
IOTCH ONTHUECKUMMU CEYCHHAMH,

npyu paboTe ¢ TOACTHIMH 0OpasuaMH, Kak npa-
BHJIO, OrFpaHuueHa Benbimkoii Oes (okyca.
D70 OrpaHuveHHe 3HAUUTELHO COKpalaeTes
B KOH(OKXanbHOM MHKPOCKONE, € TOMOLLbIO
KOH(DOKAIBHOIO OTBEPCTHS JUIA OTKIOHEHHS
donoeoii  duyopecuenuun dokyca n o noay-
YEHW# HCCHKATBIX OMTHYECKHUX CEKUMiT MeHee
| mukpoMeTpa. MynbTH(OTOHHAS MHKPOCKO-
nus uMmeer npewmyuecrsa: . Beneacrsue
3HAYMTEABHO MEHBLIETO MOMIOLEHHS TKaHeil
u knetok B MK — 0bmacTn no cpasHeHn1o ¢ YO,
YMEHBLIAETCA NOBPEKACHHE JKHBBIX KICTOK
doToMHAY HpOBaHHBIMK npoueccamu. 2. Jlo-
cTuraercs Oosbiuas rayoHHa TPOHHKHOBEHHS
uanyyenns B Guonorudeckue oovextst, 3. OT1-
cyTeTBYeT BO30y:KAeHME M BbillBETaHHE (ury-
OpOXpoMOB Bie (oxansHOro MHKpooObema,
noatomy KondokansHas anadparma He Tpedy-
ercsl.

3akaoHeHHe

Dnoxa, Korjaa onTuyeckas MHKPOCKOINH
Obla YMCTO ONHCATENBbHbLIM HHCTPYMCHTOM

Rarunc [l
—— OrBepcTue
XOoxycngyvoman
nH3a
Nasep =——1(7 CseTopenurens
Cxan;;:#mmaa MnactuHa
> B YeTBEPTh BOJSHbI

JNMH3a o6bekTus

KOXHbIN NOKPOE

Puc. 3. Humeprem

Mynvmuchomonnas smuxpockonis

MyabTH(OTOHHAS  MHKPOCKONHA  CXOKA
¢ koHdioxanbHOil 1 ofecneunsaet YeTKHE fpe-
MMYLLECTBA JUIA TPeXMepHOil BH3yanu3auuu
[6]. OHa xOpoLIO NOAXOAHT ANA BH3YaIM3a-
UMM JKUBBIX KJIETOK, OCO0EHHO B WHTAKTHBIX
TKaHAX, TAKHX Kak cpe3bl MO3ra, SMOPHOHBI,
a TaK e LieNble OpraHbl M Hedomblune op-
raun3mel.  D(pQexTHBHA HYBCTBUTEILHOCTH
dryopeciieHTHOI  MUKPOCKONHH, 0CcODeHHO

: Sfan, Stan.ru, 2018

npouia. B nacrosuee spema hopmipoBanie
OMTHYECKOND H300pakKeHUus ABAAETCs JINb
MEPBBIM 1IATOM K aHamniy AaHuslX. Mukpo-
CKOM BBINOMHACT 3TOT MEPBLIH 1IAr B cove-
TaHHH C ICKTPOHHBIMK JETeKTOpaMH, 1po-
teccopaMi  M3obpaxkennit M YCTPOHCTBAMM
OTOOpAKEHHS, KOTOpPbIE MOZHO paccMaTph-
BATL KaK PacCLIMPeHHs cHcTeMbl (IopMNposa-
nua u3obpakenns. KoMobioTepH3HpOBAHHOE
yrpaenedue (OKYCOM, CUEHHYCCKHM Mo70-
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KCHHUEM, ONTHYECKUMM KOMNONEHTaMN, cTaa-
HAMB, QunsTpamn 1 ACTEKTOPAMH  [LHPOKD
PACNpOCTPAaHEHO 1t NOIBOALET MPOHOANTS IKe-
TNCPHMEHTANLHbIC MaHNMY s, KOTOpbIC He-
BOSMOAHbI 1718 4eJIOBEKA NPH HCNONb30BaN
MEXAaHHYECKHX  MMKPOCKOMOB. Bospacraro-
LEe [pHMEHEHME ITEeKTPOONTHN B (ayopec-
UCHTHOIH MHKpOCKONUK NpHBeNo Kk CO3AaHMIO
ONTHYCCKNX MHHUETOB, CNOCOBHBIX Mar-
MYAUPOBaTL  CYORNETOUHbIMY CTPYKTYpamu
WIH NACTHUAMH, H300PAKEHNAMMY OTACTbHEIX
MOJICKY/ W IIMPOKHM CREKTPOM  CAOMKHBIX
CICKTPOCKOMUUECKHX [1PHAGKEHHUIL
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