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MUKPOIUAJIN3 K MUKPODITHOHUAUKA - COBPEMEHHBIE METO/bI

B BHOMEIUIIUHCKHX UCCIIEJIOBAHHUAX
Bepeunora A.B., Kynemosa JI.M., 3aBaauesa /LIL., Biacosa A.A.

DIBOY BO «Baneospadexuit 2ocyoapemaeniivit Meotmguiexuts ynusepcumem» Munuemepemsa

sdpasooxpanenua P, Boreoepad, e-mail: larisa kuleshova28(@yandex.ru

Hunonzums 15 passuTie Texnenonti 1 0Gaacys GHOAOMIN i MEIHUIILL HE CTORT Ha Mecre. OHInG N3 8eKTO-
POB 3TOTO JBINKCHHA, ABIACTCA PR3PATOTKA KOMIAKTHLIX 1 MIOFODY HEUHONLIBHLIX CHCTEM HECICAOBANMA, ¥ KO-
TOPEIM, B HACTHOCTH, OTHOCKTCA MHKPOIBRINZ 3 MUKPOPIIONANED. JTHne CHcTemit, OCHOBIIIIE 1Ha H3yYeH
NHMHHECKOIO COCTABE TKANH N HGLARKOCTH, RAINIOTCR BBICOKOYYBCTBHTCARAEIMI 3 TPeGyiorT Masui obvesm obpai-
UOoB. MUKPOAMBINS 3T0 METO/ HCCACIOBAHMR XHMUHECKOM COCTARR BHCRACTOMION0 NPOCTPANCTIA KUBOT TR,
NO3BONROMIA NONYYRTE IENOCHEACTBENNOC NPEACTARICHHE O NPOIECCAN, NPOHCXOANNX B KIBOM OPraiHIMe,
Jlenneit veron araneres sukHeH M mpoprisoM i ofnacTi nelipodnanonorii. C ero noMonkIo iyHaKTes Heil-
POMCARATOPHBC 1 MeTROONHYCCKUE NPONCCCHE B MMMOBHOM MO3NE — KAk B HOPMAILHLIX YCIOBHAX, TAK ¥ NPH BO3-
ACACTBIHY PALULIX (IapAAKDIOMHYCCKIX I TOKCHKONOIHecKiX arcnTor. Jlpyroft MiorooGeimaionien i GuicTpo
PUIBHBMOWIETHICH MEACTHCUMNAHIAPHOR OAIRCTHIO HCCACAOBANIGE XHMI, GHONOTHIE W MEAHIEHBI, SBAFCTCA MH-
Kpohmonanka, Mikpoquioika Jexir 8 OCHOBE TAK HATMBREMLIX JAGORITOPIIT Ha YHIE, YTO JACT BOIMOKHOLTE
MPORONTE TPATHIHOHHLIC 1 OPHTHHATLHEIE NCCICIORANNHS B MuIHariopiom dopsare, Jlamini MeTos mnposo
HCNONBTYETCR B IRCHEPHMEHTANRHOI 1 QHANITHSECKON IMOPHONOTII, A TRK e ARIACTCA PACHPOCTPRIEH LM Bit-
PHAHTOM MPH CCRBCIIIPOBANING H aMTHBHEALNIE HYKICHIouMX KitcaoT. B cTarse packphIBECTCH aXTYRNBHOCTE
¥ CYUIHOCTS AAHHEIX METOZIOR, OMNCAHRE OATRCTH NPUMCHCHIE, 8 TAXKE HX MPEHMYINECTHa.

Kuimosessie ciioBa: MHEKPORARAINS, \lllk'pllqlﬂlollﬂllﬂﬂ, GROTEXHOOTNS

MICRODIALYSIS AND MICROFLUIDICS - MODERN METHODS
IN BIOMEDICAL RESEARCH

Bervinova A.V.,, Kuleshova L.M., Zavalieva D.P., Vlasova A.A.

e-mail: larisa. kuleshova28@yandex.ru

Innovations and the development of technologies in the ficld of biology and medicine are not standing stll
One of the vectors of this movement is the development of compact and multifunctional research systems, which, in
particular, include microdialysis and microfluidics. These svstems, based on the study of the chemical composition
of tissue and fluid, are highly sensitive and require 2 small volume of samples, Microdialysis is a method of studying
the chemical composition of the extracellular space of living tissue, which allows o get a direct idea of the processes
oceurring in & living organism. This method is the most important breakthrough in the field of ncurophysiology
It is used 1o study neurctransmitter and metabolic processes in the brain. both under normal conditions and when
exposed to vanous pharmacological and toxicological agents. Microfluidic is another promising and rapidly
growing interdisciplinary field of research in chemistry, biology and medicine, Microfluidics underlies the so-called
laboratories on a chip, which makes it possible to conduct waditional and eriginal research in a miniature format
This method 15 widely used in experimental and analytical embryology, as well as & common option for sequencing
end amplifying nucleic acids. The anticle reveals the relevance end nature of these methods, describes the scope, as
well as their advantages.

Keywords: microdialysis, microfluidics, biotechnology

Volgograd State Medical University of the Ministry of lHealthcare of the Russian Federation, Volgograd,

Mukpoanaians

Mukpoauanani 210 MeTOA HCCneJoBaHHA
XHMHUCCKOTO COCTaBa BHEKJNETOYHOIO Mpo-
cTpaHcTBa #uBoil Tkauu, Jlawueni Meton ro-
IBOJIART HEMOCPEACTBEHHO MOIYYHTH Mpes-
CTaBlIecHHE O npoleccax, [POHCXOASUINX
B TKaHH, /10 TOrO KaK OHM MOABATCA B BUE CH-
CTeMibIX u3meHenuax. OcHoBa MeToaa 3aKiio-
uaercst B naccusHoit Anddy3sny seulecTs, Ha-
XOAALMXCA B HHTEPCTHLHANLHOI JKHAKOCTH,

Jina npoBeaeHHs MHKPOAHAMN3A HCMOb-
IVIOT CIICUHANBHDIC 30H/LI, UMILIAHTHPYEMbIE
B TK@Hb, OJIHH KOHELl H3 KOTOPOro NpeacTaBiIeH
noaynponuuaemoit memopanoii. [Tocne nwm-
MIAHTALMH 30H/A, K €0 BHYTPEHHEMY Kavaly
MOAKIOUAIOT CNeUHaNIN3HpoBasHblil HH(Y3H-
OHHBI HAcOC, B KOTOPOM HAaXOAMTCA PacTBOp

CXOFKHIT 1O DNEKTPOIHTHOMY COCTaBY € TKaHe-
BO# JKHJIKOCTEIO,

B paiione mMemOpaHbl, Kyaa J0XOAMT pac-
TBOP, [IPOMCXOAUT YPaBHORELIHBAHHE XHMHYE-
CKHX COCTaBoB (HM3HOMOTHYECKOTO PacTBOpa
¥ BHEKJIETOYHOI JKHAKOCTH, TaK YTO coiuep-
FKAHNE KOMIMOHEHTOB B nepdyzare CTAHOBHT-
€A MPOMOPUHOHANBHEIM HX COAEPHEHHIO BO
BHEKISTOMHOI JKHAKOCTH. AHaluu3 nepdysara
MO3BOJAAET NONYHHTh MPEACTABIEHHE O XH-
MHYECKOM COCTaBe H3yyaemoit Tramu., 30H1
A MHKPOAMANN3A YCTPOCH KaK CHCTEMA KOH=
UEHTPHYECKHX TPYOOK; nepdy3HoHHas Kui-
KOCTb MOJaeTcs Mepe3 BHYTPEHHIO TPYOKY.
JIOXOAMT JI0 @8 AWCTANTBHOTO KOHLA, TAe Mo-
CTYNACT B NPOCTPAHCTBO MEXKAY BHYTpPEHHeil
TpyOKoi n BHEWwHel auannsuoii MemOpanoii.
Hanpasnenne noToka KMJAKOCTH MEHsICTCH

B HAYYHOE OBO3PEHME Ne5, 2019 W
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Hd TIpDOTHBOMONOKHOC: meply3HoHias K-
KOCTh BLITCKACT U€pe3 BbIBOAHON WNaHT i co-
OHpaeTest AN NOCHe/YIOWEro aHaN3a. Koraa
nephy3HOHHAR KMAKOCTH HAXOHTEA MEM 1Y
BHYTpenneil Tpy6xoii 1 ananusnoii memopa-
HOIi, MPOHCXOANT MpolECe Anannaa.

Tak kax MonekyApHbIIT 0GMeH uepes aua-
AM3HYIO MeMOpaHy npoHCXOAUT B JBYX Ha-
[paBACHHAX, MMKPOANANH3HLI 3011 MOJKET
HCTIONB30BATLCA 1M1 OAHOBPEMEHHONO otbopa
IH/OIMCHHLIX KOMIIOHEHTOB W JA0CTABKH XHMH-
HECKHX BCILECTB (HanpyumMep, Jlekapers) Heno-
CPEACTBEHHO B Tkanb. Ipanuent otaeasHoro
KROMIIOHEHTA 3aBHCHT HE TONLKO OT PasHMLbI
MEAAY KOHUCHTPALUMAMMU [JaHHOrO BellecTsa
B nepysate 1 BHEKIETOYHOI AHH/KOCTH,
HO 1 OT CKOPOCTH NOTOKA JKHAKOCTH B 30HE.

OcHOBLI NOCTAHOBKH MHRDOAMMINZHOIO
IKCNMEPHMEHTA

Cymeeryior napamerpsi i YCIIOBHSA, KOTO-
pule HEOOXOUMMO VuHTEIBATE IIPH MHKPOjIHa-
nuze:

1. INpeaen orcevenns MemBpaiibl 20144,

2. lnusa memOpanbl (vem anuinee MeM-
OpaHa, Tem Beiue BbIXO: HCCIGAYCMbIX Be-
1ecTn),

3. CkopocTh notoka nepdy3uonHoil skua-
KOCTH (HCMOAB30BAHHE BBICOKHX cKopocreii
MO3BOJINT YAWIHTE/ A0CTaBHTEL BO/IbILICe KO}
HECTBO MOJIEKYII B €AMHIHLY Bpemenn),

4. Cocras nepdrysuonnoii sumxocrs {co-
CTaB Nephy3HOHHOIN KUAKOCTH AOMKEH OLITh
MAKCHMATBHO NPHOIMAKEH K XMMHTECKOMY CO-
CTaBy BHEKACTOMHOI M1 /koCTi),

5. Tun 3onga(kecrruii sou, ang crepeo-
TAKCHYCCKHX 3KCIIEPUMEHTOR B MO3re; rHOKHMii
30HA —1118 NePH(PEPHUICCKNX OpraHoR).

6. Bpems, nHeobxoanmMoe ans aocTisxkenns
PABHOBCCHOMO COCTOSHIIA,

7. Konrponsuwiii IKCIIEPHMEHT.

8. DkenepuMentsl «103a-0r8eTS,

llc.rlesble Oprav. B MIKpoanau3e

Muxkpoananusneii meroas LIHPOKO M-
Noap3yloTes Ans orfopa npob BHekaeTOY-
HOH KMOKOCTH B JKMBBIX opravax. Ilepsoii
UC/IBIO  NPHMEHEHHAJAHHOIO Metoma, Oblia
UeHTpaibian HepsHas cucrema (LJHC) oke-
NEPHMEHTAIBLHBIX KHBOTHLIX. OCHOBHAR Leh
HCCACA0BAHMIT -HCCIe0BanIe DYHKUMKH MO3-
I'd, U3MEHEHIEe YPOBHEll IHIOreHHBIX coemu-
HEHRIT (HelipoTpaHcMHTTEPbI, MeTaboNThI).

Hecaeaosannax [HC ofparubiii mukpo-
ANann3 (PETPOIHANM3) TAKKE MOKET IHPOKO
HCIIONBL30BATLCA AMd HeCAe0BaHus ddeKToB
PA3AHUHLIX QAPMAKOTOrHUECKHX M TOKCHKO-
JIOIHYECKUX areHTOB (AHTHACNPECCANTR, ai-
THTCHXOTHYECKHE CPECTBA, aHTHNAPKHHCOH-
HLIE  MOJIEKYIIbI, aIKOFOAb, FANAIOLHHOMeHS]
H IKCnEpUMEHTa/IbHbIe nipenapatsl) [1, 2, 3).

Taxum  obpazom, mertoast MHUKPOAHanH-
34 B 3HAYNTCALHON CTeneHM cnocobeTBopan
HE  TOMBKO BLIACHEHHIO (H3HONOrHYECKoi
POAH  CCPOTOHUHEPriYecKUX, A0aMuHeprit-
HCCKHX,  IyTAMATepruyecknx, HeilpoHHbIX
CHCTEM, HO W pa3paloTke TepaneBTHYCCKHX
CTpaternii Ans nenekua paja Heliponcuxua-
TPHYECKUX paccTpoiicTs [4].

Hecaenoranus B3aHMOACTICTBHS HOCHTC el
€ HCNOABL30BAHHEM MHKPOAHAINZA

CyuiecTnyeT MHOTO pasHbIX cnocoGos aHa-
J3a o0pasoB MHKpOAHAIN3A Ji1g Heeieay-
CMbIX Mozexyn. Obpasusr MoryT aHanu3upo-
BaTECA aBTOHOMHO WITH HANPAMYIO ¢ NOMOLLBIO
AATHHKOB. [I1A aHANM3A B ABTOHOMHOM ek~
MC OnpejieieHHbl o0bem BRIGOPKH (06BIYHO
1-20 mxn) cobupaeres Bo duiakonax mim npo-
DUpkax s nocTenylowero ananusa. Bpe-
MCHHOE paspeilieHie, KOTOpoe MOMET ObiTh
TIOMYHYEHO B I9THX 3KCHEPHMENTAX, OObIMHO
ONPE/C/ISETCH CKOPOCTLIO NOTOKA MUKpPOIa-
fIN34, BOCCTAHOB/ICHUCM aHANHTA M YYBCTBH-
TEILHOCTRIO  aHAJNTHUYECKOrO MeTona. Omn-
JIaiiH-aHAIH3 0DPA3LOB NPeTAraeT HECKOALKO
MOTCHUMANBHBIN NPEHMYLIECTB Nepex asTo-
HOMHBIM ananuzom. B onnaiiH-cucTeMe stanst
cOopa, MaHUIYTHPOBAHNA, HHBCKUNE ¥ aHa-
Ausa o0pa3nos HHTErpHPOBAHLI B NIOCKOE
YCTPOIHCTBO HenpepbIBHLIM, ONTHMH3NPOBaK-
HBIM criocoGom. [Tostomy npodieMsl, cagsan-
Hble ¢ ofpaboTkoii oGseMoB cyOMHKpOTHTEpa
ofpasiia (noreps odpasua, HenpasuabHas Map-
KHPOBKa, HCTapeHne 1 MOBEPXHOCTHOE HaTH-
KCHHE), & TaKXe Jierpajaums olpazua, koTopas
MOIKET BO3HMKAThL npH Bo3jelicTBuu ofpasua
Ha BO3YX (Hanpumep. ackopbHHOBas KHci0-
Td M KaTexonaMmHHbl) MOKHO H3bexars. Takue
CHCTEMBI O0BIMHO CITOCOBHI MaHHTYIHpOBaTh
H aRaH3upoBate 06beMbl POl cyOMHKpoIH-
Tepa. KOTOpBIC [103BO/AIOT NPOBOANTE AHANN3
BLICOKOI'0 BPEMEHHOTO paspelueHnsd i 61u3kye
K AQHHBIM B peaZlbHOM BPEMEHH AAHHbIE, KOTO-
Phie 00eCMeYHBAIOT HeMEICHHYIO obparHy
CBA3E C HCCACAYEMBIM OHONOIMYECKUM TpO-
LEeCCoM,

Bonbumuetso npuaosenuii TpedyIoT pas-
ACJICHHA aHannTa B o0pasuax auanuzara 1o
obnapy:xenns, HauGonee wacto HCTIO/Ib3Y e~
MBIMIH METOAGMH PA3AENeHHs ABNAIOTCS KU~
KOCTHAA XpomaTorpaus. u anekrpoopes (B
RAIUANAPHOM Wil B (opMare MHKpotmna),
Takke MoryT GbITh HCNOMBI0RAKBI RERHETVALS
METO/bl OOHAPYKEeHHA, BKIIOYAs YAbTpacpHo-
7IETOBOE, (UIYOPECUCHTHOE, INEKTPOXHMUYe-
CROE M Macc-ClieKTpoMeTphieckoe obHapy-
aeHue. Huakocthas Xpomarorpadus (FKX)
ABMACTCA HanGONe. YACTO HCMOABYEMBIM aHa-
JIUTHYCCKHM METO0OM AIS pasaeneHns aHany-
TOB, MPHCYTCTBYIOINX B 0DPA3IaxX MUKPO/IHa-
auza. Meron ofuapykenns, HCTIONb3YeMBbli

B SCIENTIFIC REVIEW Ne35.2019 W
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ana KX-aHanu3a, 3aBHCHT OT HHTEPECYIOILEro
aHanuTa. YiaeTpaduoneToBoe oOHApYKeHHE
NONYAApHO AN OOHapY:KeHHA 7NeKapcTB BO
BpeMs (PapMaKOKMHETHYSCKHX MCC/Ie[0BaH M
[5]. Dnexrpoxumuueckoe obHapysenne Hc-
nonep3yerca AnA oOHapyKeHHA KaTexonamu-
HOB W APYIHUX OKHUCAHTEILHO-AKTHBHBIX CO=
enMHEeHHI], NPeACTARNAIOIUX OHOnOrHYecKii
HHTEpEeC, TAKHX KaK THOIBI H apoMaTHHecKHe
amunel. OBnapyxenie (pnyopecUeHUn TakAe
OLINO NOMYJAPHLIM, HO 00LMHO Tpedyer je-
pUBATH3AINY aHANNTOR nepea asanuzom. Ha-
KoHell, Macc-crexktpometpud (MC) craHoBuT-
ca Bee Dosiee MOnyAspHoil Ui BHEIHHEHHOrO
aHannza obpasios MEKPOANAIN3A [TOCTe Hull-
KOCTHOTO XPOMaTorpaduieckore pasieneHus.

Kanunnapuslii  anexkrpodopez ocobeHHo
pUBMEKATeNeH 15 aHaau3a o0pa3lloB MHKPO-
AMANH3a, NOCKONLKY OH HMeeT OueHb HU3KNe
TpeboBanud k obbeMy oOpa3loB (HAHOMWTEI
JUTS ITMKOJTHTOB) N MOXKET BbIMOJHATE YpesBbl-
yaiino OeicTpoe pasaenedie, MoryT Hcnons-
30BaThCA PazTHYHBIE JAETEKTOPLI, B TOM YHC/E
yABTPaHOIIETOBbIE, JIa3epHbIe; MHYIIHPOBaH-
Haf  (uyopecueHuus, S1eKTPOXMMHUECKasn
(aMnepoMeTpiyecKkan i NPOBOANMOCTS),

3a nocneguiee aecaruaerue anexrpodopes
B MHKpOUHIE MpeBpaTiiIcs B MpHBAEKaTeNb-
HYIO aHANHTHYECKYIO NAaTdopMy AnsA oHAalin-
aHanu3a obpasuos Mukposnanusa. Hanpumep,
y yerpoiiers Microchip ectb Kak MUHHMYM JBa
OCHOBHbIX NpeHMyllecTBa: OueHs» OblcTpoe
pa3/IENeHNe Ha KpHCTAWIE AN8 MOHMTOPHHIA
ObICTPBIX OHOXMMHYECKHX MpPOLECCOB M MH-
HHATIOPH3ALMN CHCTEMb] B IKCNIEPUMEHTAX Ha
AHBOTHBIX,

[ToMiMO aHATHTHYECKHX MOAXOA0B, OCHO-
BAHHBIX Ha pasje/ieHi, CYLICCTBYIOT TaKkwxe
Hecenapaluonnele MeToAsl Ans OuoaHalu-
3a ofpa3uoB MuUKpoguamniata. buocencopet
NpeCTABNAIOT CODO0I ANAAUTHYECKHE YeTpOit-
CTBA C MTEMEHTOM OMOJOTHYECKOrD pacno3Ha-
BAHWA, KOTOPBIE TEHEPHPYIOT JAEKTPHUYECKHH
CHIHAI B OTBET Ha OHONOIHYECKHE H3MEHECHNS,
Maeansuelii O1ocercop aomkeH OLITh cnoco-
GeH BBITIONHATL HETIPEPBIBHBIN 1 HAZSKHBI
MOHHTOPHHI @HAJIMTA N3 CIIOAKHBIX HHUAKOCTEH
OpPraHn3Ma B TeYeHME 3HAUMTENBHOIO MepHo-
aa spemex, CyulecTyer MHOro THnos Guo-
ceHCopoB. BONbIINHCTBO H3 HHX OCHOBAHBI Ha
thepMeHTax H HCMOAB3YIOT JINDO NWIEKTPOXHMH-
yeckoe, JINDO ONTHYECKOE JIeTeKTHPOBaHHE,

JlpyruM aHanmuTHUECKHM MOAX0A0M «be3s
pasfeneHuay» ABAATCA MMMYHOIOINUECKHi
ananus., MMMyHoaHalnsbl HCNOIL3YIOTCH [10-
cne otOopa 00pa3LoB MHKpOAHANN3a [Uld W3-
MEPeHHA NMEeNTHIOB 1 HEKOTOPBIX JIeKAPCTREH-
HBIX BEULECTB B [aHHbIX 0Dpasiiax.

Mukpoauanis ofHapyKHBAET MperMyLLe-
CTBA OKOHYATENbHOIH MASHTH(MNKALMH ananu-
TA HA OCHOBE MOJIEKYJIAPHOIH MAccChl, a Taxxke

YYBCTBHTEIBHOCTH K ODHapyXKeHHIO HHMIKHUX
KOHueHTpauuii anaanta (oB), 4acTo MPHCYT-
CTBYIOUHX B 00pasuax Mukpoauannsa, Hanpu-
MEp: HeliponenTH bl MPHCYTCTBYIOT NPH HAHO-
MOJIIPHO=MHKOMONAPHBLIX KOHUSHTPAaUNsX BO
BHEKJIETOHON H/AKOCTH [OJOBHOIO MO3ra,
Kpome TOro. BoccTaHoBneHHE MENTHAOB ‘ie-
pe3 auanu3nyio memOpany, KaK npaBuno, 3ma-
YHTEJIBHO HHiKE, UeM BoccTanosieHue donee
MEJIKOr0 MOJIEKYIApHOro Beca Helipomeauaro-
pbl, reHepupys upessbluaiino pasbasnennbie
o0pasibl aHanuTa.

BoccraHoBnesHe aHanu3a ABageTCA OMEHb
BAMCHBIM napameTpoMm npu otbope u Guoana-
auze Mukpoananusa. lpn THNNYHBIX pacxo-
nax, ucnoibyeMsix npH orbope obpasua (or
I mo 5 MxMOne/N), HEJOCTATOMHO BpPEMEHH
UL TIOJIHOTO YPABHOBELIMBAHNA MEXIY Mep-
(ysaTom K OKpyKaloLlelf Cpenoi, n nodTomy
KOHLEHTpaLus aHanuTa B nepdysare orpaxaer
TONBLKO APOLEHT OT 0B1Iero KOIHYeCTsa, NpH-
CYTCTBYIOUIETO BO BHEKJICTOYHOM NpPOCTpaii-
cTBe MK obpasue.

Bocceranosnenne onpenensercs Kak or-
HOLIEHNE KOHLUEHTpauuu Auanuiata K dak-
THYECKOI1 KOHLUEHTpauun B TKauax. Jas co-
C/AMHEHNIT, KOTOPbIC NPUCYTCTBYIOT MPH O4EHb
HHU3KHX KOHIEHTPAUMAX BO BHEKAETOUHOI
JKUAKOCTH, OJHHM M3 CMOCOOOB YMEHbIIHTh
3ABMCHMOCTb AHAJIM3a OT YYBCTBHTENLHOCTH
AHAIMTHYECKOIO METO/A ABNAETCH Y BEJIHYEH e
BbI3I0POB/CHHS.

D710 MoweT OblTh JOCTUTHYTO 3a CHET
yMEHbIIEHHA PacXoaa UM nyTem aodasneHus
setectsa  (DeTa-UMKAOAEKCTPUHA, OblYbero
ChIBOPOTOMHOrO anbOyMuHa U T. A.) k nepdysa-
TY, KOTOPbIi HMEET CUITBHOE CPOACTBO K npea-
CTABIAIOLIEMY HHTEPEC COCJIHHEHHIO.

Mugkpoduiionanka

Mukpoduiioninka — MHoroodeuarouas
1 OBICTPO PA3BHBAIOLLAACH MEAKAUCUHTIHHAD-
Has oD1acTh HCCaeI0BAH I, H3YUatoLILas Teve-
HHE JKUAKOCTH B MiKpoKaHanax. OHa ocobeH-
HO BocTpeDoOBaHa B XUMNH i OHOMEANUHHCKIX
HCCIC/0BAHMAX, [71¢ BO3HMKACT HEOOXOMH-
MOCTb MPOBECTH XHMIUYECKMIl CHHTe3 MalblX
7103 BELUECTBA WIH BEINOIHUTL pazieneHue Jya-
cruu Onomarepnana.

Miukpodnionaika 1eKNUT B 0CHOBE Tak Ha-
3bIBAEMBIX JTabopaTopuii Ha YHTE — MHUHHATIOP-
HBIX MPUOOPOB, MO3BOMSIOUIMX OCYUIECTBAATH
MHOTOCTAJMHHBIE  XHMHYECKHe MpPOLECChl,
BKJTIOMAIOLINE XHMHYSCKHE PeaKLy, nepemMe-
WNBAHNE, KOHUEHTPHPOBANHE K Cenapalio Ha
OJHOM YHIE PAsMEPOM C MANEHBKYIO MOHET-
Ky. Taxkne cucTeMbl MepCneKTHBHBI HE TONLKO
B KaUeCTBE MUKPOPLAKTOPOB B CHHTETHYECKOI
XHMIH, HO ¥ B KavyecTBe MOPTATHBHBIX aHa-
THTHYECKHX YCTPOICTB, HanmpHMep, ANf aua-
FHOCTHKH OHKOMOTHYECKUX W MHPEKUHOHHEIX
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3a0onesanuii. JlaGoparopus Ha ynne asnsercs
OfIHMM M3 CaMbIX BOCTPEOOBAHHBIX MCTO/I0B
MHKpoQUTIOMIHKH [6].

Mukpodatonanas cucrema (M®C) npea-
cTaBasgeT co00i MHOrOCIONHHYIO KOHCTpPYK-
UHIO, COCTOALLYID M3 HECKOILKMX Marepna-
Jos, nanpnmep NMMMA — [TJAMC. Tononorus
H KOHCTPYKUHS MHKPOMMNA A7# HCCIEA0Ba-
1A OHOIOrHYECKHX O0bEKTOB ONpeACasIoTes
TEMH ONEpalHAaMK, KOTOPbIE MIAHUPYETCH pea-
JIM30Bath Ha YKune. B npocreiiwenm cayyae M-
KpomonAHbIi 4N npeacrapnser coboil KoH-
CTPYKLUHIO M ABYX FEPMETHUMHO COEAMHENDIX
NIAacTHH: Ha oauoil nuactune GopMmpyloTes
MUKPOKaHa/bl, PEAKTOPhI, KilanaHbl, eKTPos
H apyrie Gy HKUHOHAIbHBIE 3IEMEHTBI, APYras
MIaCTHHA — 3ALHTHAS.

Baxnpivm MoMenToM B ofecnedeHin pabo-
Thl MUKPOQUUOMIHOIO YCTPOHCTBA ABNAETCH
OpraHu3anysa JABHKCHUA NOTOKOB JKHAKOCTH
no MuKpokauanam. B ofwem ciyyae crnioco-
Obl M METOJIBI YNPAB/ICHUA ABMEHHEM HacTHI]
H MOTOKOB B MHKPO(AOMAHLIX VCTPOICTBax
MOMKHO KaaccH(HUUPOBaTH, MCXOA% M3 NpH-
pobl  BOZACHCTBYIOLLEIO Moaf, Mody#ciao-
LEro JABMMKEHHE MOTOKOB YacTHIL CHIIOBbIE
nojs (AaBNeHHE, paspexeHHe, IpaBHTaLius,
HeHTPODEKHbIE CIbl W Ap.); SNEKTPHUCCKUE
NOCTOAHHBLIE (DIEKTPOOCMOC, IneKTpodiopes)
H nepeMeHHbie noaa (Ausnexrpodopes, nex-
TPOPOTALUH W T.J.): 2ASKTPOMArHUTHLIC [0S
(thorohopes, onrodopes, amekTpoMarHuTogo-
pe3, ONTHYECKHI NHHLET); MArHNTHLIE Nos
(MarunTohopes U T.4.); YILTPazByKOBBIE [0,

TpaauuuosHbIMY MaTepHantaMu 1A% M-
KPOUHIIOBbIX YCTPOICTB SBIAIOTCA KpeMHHUil,
KBApLl H cTeK10. ONTUYECKHE XapaKTepHCTHKH
H JEKTPONPOBOIHOCTE KPEeMHHA HECKOIBKO
OTPAHHYHBAIOT €ro NpUMEHeHMe B MUKpO-
thmonaHeIx unnax. Keapi n ¢tex:1o sgisiorcs
ONTHYECKH MPO3PavHBIMH B IHPOKOil 061acTy
CMCKTPA, YTO TMO3BOJIAET NPUMEHATh ONTHE-
CKHE MeTOAbl JeTexTHporanus, B nocneanee
BpeMs HaMeTHIach YCTOHYIBAA TCHACHIMS He-
MOJL30BAHNA IOJIMMEPHBIX MATEPHAJIOB, TAKHX
KaKk MOAMANMETHICIIOKCAH, NOAHKapDoHaT,
MOJMMETHIMETAKPHIAT. NOAHATHIICHTEpe(Ta-
Jar, noausmil, noauMep SU-8 u ma.. [Monn-
MeEpPBl NOJYYHIM LUMPOKOE PacrpocTpaHeHne
Gnarosiaps HH3K0i cebecTOMMOCTH 1 OTHO-
CUTEIbHO HH3KOIN CTOMMOCTH MPH MACCOBOM
npon3BoacTBe. bonee npocThIMN  ABNSIOTCH
H €nocodbl repMeTH3ally NOANMEPHBIX Tia-
cTuH. Ho TesM He MeHee KpemHMii 1 CTEKIIAH-
HBIE MATEPHAbI OCTAOTCA BOCTPECOBANHbIMH
[pH CO3AAHNM MUKPOAHAIHTHUECKHX CHCTEM,
B OTHOLICHHH KOTOPBIX NPEABABAAIOTCH NOBbI-
IEHHbIE TPEOOBAHMI K MCTPONIOrHYECKHM Xa-
PAKTePHCTHKAM.

JKHAKOCTH, 3aKJIIOYEHHBIE B MUKPOMKILIL-
KOCTHYIO Cpe/ly, B3aUMOALHCTBYIOT ¢ HECKO/Ib-

KuMit (msuveckumu  abekTaMi,  KOTOphIe
MPHBOAAT K BapHaHTaM (JH3NUECKHX CBOIHCTB
MHAKOCTEH, ABIKYLIMXCA N0 GOABUIMM Ka-
Hanam. MukpodmoninkaM y1a10cs HCnonb-
30BaTh pasiMubsA, CYWECTBYIOUME MEMLy
KMAKOCTAMM, TEKYIHMI B Makpomacturade
1 ABIDKYLMMHCA HepPe3 MHKPOKaHAN b, YTO o=
3BO/ACT BbINOAHATL METOAbI H IKCTIEPUMEHTBI,
KOTOpbIE HEBO3MOKHBI B MakpoMactuTabe.

B tunuynoM sHuskom pexnme Peiinonn-
Aca ¢ MUKPO(IIOHANKOH BA3KNE CHbI Mepe-
IPYKAOT HHEPLUHOHHBIE CHIILL H JKHAKOCTH,
NpHHUMaA JaMuHapHeiii norok. Dror (paxr
MMEET BAXMHBIC [OCACACTBHA M COCTABIALT
OCHOBY MHOPHX TEXHOIOPHH HA OCHOBE Mi-
KpohaionanKm.

[TepeMeLHBaHUE KUAKOCTH B MUKPOKHA-
KOCTHOM pexuMe MpoHcXOAuT yepes ndidy-
3110, YTO NPUBOAMT K AMHTENIBHOMY BPEMEHH
CMELUHBAHHS.

IpumeHenne MeToAa MUKPOIIOHANKH

MuKpoQONAMKa KaK MeTos Halna croé
TIpHUMEHeHe i OKCIEPHMENTAIbHOI I aHanu-
THYECKOI aMOpHonorun.

Miukpoatonasble  YCTpoicTea  npeso-
CTaBIAIOT BOSMOIKHOCTE BLINOMHATE JKCNIEpH-
MEHTbI, KOTOPbIE MPAKTHUCCKY HEBBINOAHIMbI
ApyruMn nozaxogamu. Takue ycTpoiicTea no-
3BOJAIOT ABTOMATH3HPOBAHO, OBICTPO, HAlCHK-
HO W MPaBWIIbHO pa3MellaTh MHOIO IKHBLIX
IMOPHOHOB Ha MOVIOKKE 118 NapannensHOro
KOH(OKAILHOTO  CKaHIPOBalug, OTCOPTHPO-
BbIBATh HX, HIIH HHBELHMPOBATL WX Pa3iHulibl-
MU areHTami. Takue ycTpolcTBa No3BONAIOT,
B YACTHOCTH, CO31aBaTb KOHTPOIHPYEMBIS
IPaHEHTbl  NAPAMETPOB  MHKPOOKPYHCHNS
B10Nb PAAa pa3BMBANOLIMXCA AMOPHOHOR WITH,
JlaKe, CKa4yOK NapaMeTpoB B npejaenax MHKpo-
OKPYACHHS OJIHOTO SMOPHOHA, TaK YTO 008~
Hasd MOMOBHHA HAXOAHTCA B JIPYTHX YCIOBMAX
110 CPABHEHMIO C XBOCTOBOIT (TIpH HEnpepbiB-
HOM ckauupoBsarnn). Takue noaxols! HaxousT
NpHMEHEHHE KaK B akaJeMHUYecKMX Mcclie-
noBaHNAX (YHKUME reHHbIX aHcamOnel KoH-
TPOJS PANHEIO PasBUTHS BKIOYAS NPodIeMb]
YCTOHUMBOCTH PaHHUX MAaTTEPHOB K BO3MY1LE-
HHAM, TaK H B TECT-CHCTEMAX UIA CKPHHHMHTa
XHMHYECKUX areHTOB Ha pa3BHBANXOLLNXCH M-
Opuonax [7].

JBe O0CODCHHOCTH THNNYHOIO MHMKPO-
ycTpoiicTBa A paboThbl ¢ IMOPHOHAMH — 210
€ro HHTerparsa ¢ CHCTEMOI1 MHKPOCKONHPOBa-
Hus (O0BIMHO KAK KOMIIOHEHTA aBTOMATH3UPO-
BAHHOTO MHKPOCKOMHOTO CTONHKA) H TeXHHYe-
CKHE petleHns, odecneyuBaloLie yCneuHoe
MaHUYIHPOBAHHE NMEHHO ¢ TAKHMI HEOObIM-
HBIMH MHKPOOOBEKTAMH KK AHBbIE IMOPHOIIBI
(oBecneueHne HX KHCIOPOAOM, NP e BCEro).

Mukpodiionnbie yetpoiicTa Obutn pas-
paboTaHbl A4 YNpaBieHns MUKPOCPeio,
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B KOTOPOI TOMeuIeH IMOPHOH, ANs TOro, 4To-
OB NOKaIbHBIMHY BOIMYUICHHAMH B 11POCTPaH-
cTBe (MOKANM30BAHHLIE H3IMEHEHMH MHKPO-
oKpyxeHus 5MOpHOHA) W/HAH My/Jhcami BO
BpEMEHH BO3/EIICTBOBATL HA MHAMBHyaNTbHOE
passurne. [lepcnektuBias uens noaoGHbIX
paspaborok — MmaciuTabHble aBTOMATH3NPO-
BaHHbIE IKCTIEPHMEHThI CO MHOMHMH pa3BuBa-
JOUMMHUCA IMOpHOHAMK napannensHo (i Tak
uTobbl MOpHOHE! Obii Ha OAH3KMX dTamax
pa3zBHTHA).

Taxxe pacnpocTpaHCHHBIM — BApHAHTOM
NPUMEHEHNA  MUKPO(UIIOWAMKH  ABIAETCA
CEeKBEHHpOBAHHE M aMnindukauns Hykne-
HHOBBIX KncnoT. Hanpimep, koraa umeercs
orpannuenHoe konuuecrso JIHK, ocobenHo
KOrjla aHaju3upyercs OHONOrHYeCKni  Ma-
Tepuan u3 o0pasioB uenoseka. ITo crpa-
BEINBO, M TOIMA, KOrua, Hanpusmep, OyayT
paccMOTpeHbl  UMpKYAHpYlouas  GeckieToy-
Haa (eranpias JIHK B marepuHckoil KpoBu
uan MyTtanTHaa JHK B peakux mupKyjInpyo-
WX omyxonesbiX knetkax. IToaoOHble orpa-
HHYEHUSA TaKwe 00HAPYKHBAIOTCA B Cyae0HbIX
NPUIOKEHHAX N3-3a HEDOJBLIOND KOAHYECTBa
GHONOTHYECKOr0 MaTepuaia, KOTOpbii MOXKET
GbITh M3BJICHEH N3 HEKOTOPHIX 00pa3LoB Me-
cra npectynienus. B 1ol nepcnextise Obiau
NpeANpHHATLI YCHAus no paspadorke Oonee
4YBCTBUTE/IbHBIX METOA0B OOHApy#eHHA HYy-
KJIEHHOBBIX KHCJIOT, CIOCOOHBIX Henocpen-
CTBEHHO TPaHCAyUHPOBATH MPOUECCH! THOPH-
AM3AUMM W3 OrPaHHYEHHbIX OHONOrHYECKNX
oOpasuoB. MimeHHo no 370/l npntuxe Kiove-
BbIM 3TANOM B POTOKOAAX ODHAPYKEHHA HY-
KIEHHOBLIX KMCJAOT SBAAETCH amiiudukaums
NOCNEN0BATEIbHOCTH — MHLUEHH. YCuieunue
reHepupyer 0onblIoe KONHYECTBO UENEBBIX
KOTHIf, YTO 3HAYHTENBHO NOBBIIIACT YBCTBH-
TeABHOCTE K aHanudy. Haubonee 1Hpoko npH-
MeHAeMble MpOLEeTYps! aMmiHuKauuy nc-
MOJL3YIOT NOJUMEPasHyi0 LENHYI0 peakuuio
(I1L[P) Ha ocHOBe MojUMepa3Hoil akTHBHOCTH
2719 HanpaseHHON Ha npaiiMep amrMQmKa-
uui. O/IHAKO, HECMOTPA Ha MHOTOUHC/IEHHbIE

npenmMymectsa, [ILP umeer n HepocTarku,
KOTOpbIE MPHBEIH K pa3paboTke ansTepHaTHB-
HBIX MeTO/10B amnandukauin. Ilo cpaBHeHHIO
¢ merogamu TTLIP MeToabl H30TEPMHYECKO
amnanduraunn, He Tpebylor xakoro-nnbo
TEPMOLINKIHPOBaHis, flerye padoTaiorT u Tpe-
OyoT Menblue sHeprun, yem [1LIP-meTons:,
KOTOpbIE BMECTO 2TOr0 TpedytoT OBICTPBIX CTy=
neHeil Harpesa M OXJAKACHNA. DTH (hyHKUHH
FHAYNTENILHO  YNPOLIAIOT Peanu3alumio  H30-
TePMIYECKOT0 YCHACHUA B JANArHOCTHHECKHX
yCTpoiicTBax ¢ TOUKK 3penns yxoma. Kpome
TOr0, MCIOAL30BAHNE MONHOCTHIO 3&KPBITHIX
MHUKPOCTPYKTY PUPOBAHHbBIX YCTPOHCTB, B KO-
TOPBIX BBIMONHACTCH H3OTEPMHUECKAR aMIlin-
duKaLus, CHIKAET PHCK 3arpasnenns obpasua
1 [ojpasymeBaeT Huskoe norpebnenne npod,
syneTinnexcusii ananus JIHK, unrerpauito
1 MOPTaTHBHbIE YCTPOHCTRA,
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