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NMPEOUCIIOBUE

CoBpeMeHHas aHATUTUYECKAst XUMUS XapaKTePU3yeTCsl OOJIBIIUM Pa3HO-
o0Opa3ueM 3a1a4 ¥ CPEJICTB MX JTOCTHKECHHS, OXBATHIBAIOIINX ITOMHUMO
TPaIUITNOHHBIX HANpaBiIeHUN (PKOJOTHS, KOHTPOIb KadecTBa JIeKap-
CTBEHHBIX TIPEMapaToB, MPOTYKTOB MUTAHUS 1 JIP.) TAKKE 00JIACTH, acCo-
UUPYIOMIMECs C MPOTPECCOM B HOBBIX O0JIACTAX 3HAHHS. XUMHYECKHE
CEHCOPBI NPeIHA3HAUCHBI YIS ONPE/ICIICHUS XUMUYECKUX DJIEMEHTOB U
WX COCIMHEHUI, HAJIMOJICKYJIIPHBIX 00bEKTOB CPEJICTBAMH, 00ECIICYHBa-
IOITMMHE OBICTPOE ¥ CBOEBPEMEHHOE TTOTYYCHNE aHAITUTHIECKON HH OP-
MAIIH C BO3MOXHOCTHIO MUHHATIOPU3AIINHU JATIMKOB M aBTOMAaTH3AIHeH
M3MepeHnid. MHOTHE XUMHUYECKHE CEHCOPBI SBISIOTCS MPOJIOIKEHUEM
TPAJUIMOHHBIX METOJIOB AHAJUTHYCCKON XUMUHU, M3MCHHWIUCH JIHIIb
(dbopMa 1 cIOCOOBI JOCTHKEHUS YKa3aHHBIX IIeJICH — aBTOHOMHOCTb, 3KC-
MPECCHOCTb, COBMECTHUMOCTh C CYIIECTBYIOIIMMH CHUCTEMaMHU aHajIH3a.
Bwmecre ¢ TeM, co3aHue ¥ BHEIPEHHE XMMHYECKUX CEHCOPOB TpeOyer
pelIeHus MHOXKECTBa CHEIM(PUUecKnX 3a/1ad, CBA3aHHBIX C oOecriede-
HUEM YCJIOBHU WX (DYHKIIMOHHPOBAHWUSA W TPEOOBAHUSIMH, MPEIbSIBIISIC-
MBIMU K aHAJIMTUYECKUM, METPOJIOTMUECKUAM M OTIEPAI[HOHHBIM XapaKTe-
puctukam ceHcopoB. OIHONW M3 TakMX 3a7ay SBJISETCA paclIUpeHue
MEPeYHs XUMHUYECKUX KOMIIOHEHTOB (MOAM(HUKATOPOB) B CEHCOpax,
o0ecreunBaroMX pacro3HaBaHue, pa3zelicHHe, KOHIICHTPUPOBAHHUE U
oTIpe/ieTIeHNe aHAJIUTOB. XUMHYECKHAE CEHCOPHI, OCHOBAaHHBIE Ha JOCTH-
JKEHUAX (PU3NICCKOM, OpraHUIECKOM, KOOPIUHAITMOHHON XUMHUN U MaTe-
puanoBeieHus, KaKk HUKaKHe APYTHE CPEJICTBA aHATUTUIECKONH XUMHH
YYBCTBUTEJIbHBI K UX XUMUYECKOU cocTaBisitonieil. [Ipu aTom coznanue
XUMHUYECKOT0 CEHCOopa, Jake MMEIOIIEero MPOTOTUIl B BHUJIE aHAJTUTHYE-
cKkoro npudopa — BosibTamreporpada nim cnexkrpodoromerpa, — Tpedyer
TIIATEIHHOTO UCCIIEAOBAHUS M ONTHMU3AINN COCTaBA €0 MOBEPXHOCTH,
nmu3aiiHa MOAM(HUKATOPOB ¥ MOWCKA ONTUMAIBHBIX CIIOCOO0OB MX BKIIIO-
YEHMsI B YYBCTBUTEIIbHBIH CIIOM.

OHaHTHOMEPHBII aHaJIN3 — CPaBHUTEIHHO HOBOE HANpaBiCHHE B
AHAIUTUYECKON XUMuUU. Ero 1enblo sBIseTCa pacno3HaBaHUE U OINpese-
JICHHE ONTUYECKHUX N30MepoB. CIOKHOCTh 3a/1auu 00yCIOBIIeHa OJIN30-
CThIO XMUMHYECKHX ¥ (U3NYECKHX CBOMCTB TAKMX COENWHEHHH, YTO
MIPEIBSIBIAET 0COOBIe TPEeOOBAHMS K CEJIEKTOpaM — BellecTBaM, 00pasy-
FOILTIM C HUIMH KOMITJIEKCHI, OTJIMYAIOIINECS IO XapaKTePUCTHKAM CBSI3bI-
BaHUS, JOCTATOYHBIM JUISl pa3fesbHOrO OIpeNeleHNs YHAHTHOMEPOB.
CI10’)KHOCTB 3aJla4M OIpeeisseT 0cooble (JOpMaThI MOTy4aeMoi HH(Op-
MalK — 3TO HE TOJBKO ONpEENIEHUE CTEPEOU30MEPOB B CMECH, HO U
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YCTaHOBJICHUE UX MPUPO/IbI B UHAMBUIYaJIbHBIX PACTBOPAX, & MHOTIA —
KOJIMYECTBCHHAS XapaKTePUCTUKA B3aUMOJICHCTBUS CEJICKTOP — CTEPEO-
u3omep. [Tog00HbIe 3a/1auK UMEIOT CBOKO 00J1aCTh PUMEHEHUSI, B OCHOB-
HOM CBSI3aHHYIO ¢ (hapMaleBTUKON M MEIUIIMHOMN, TJie Onogoruyeckas
AKTHUBHOCTh M (hapMako(pOpHbIC CBOMCTBA JICKAPCTBEHHBIX COCJTMHEHUN
MOTYT PaJIMKaJIbHO Pa3IU4aThCs ISl OTIECIBHBIX cTepeon3oMepoB. [o-
CKOJIbKY B HACTOSsIIEe BpeMsi OOJbIIasi 4acTh HOBBIX JIEKAPCTBEHHBIX
CPEACTB COACPKUT ONTHUYECKU YUCThIC ACHCTBYIOIIME BELIECTBA, SHAH-
THOCEJICKTHUBHBIE CEHCOPHI MOTCHIIMAIBHO BOCTPEOOBAHBI HAa BCEX CTa-
JIMSIX TTPOM3BO/ICTBA, XPAHCHHUS U MPUMEHEHUS JICKAPCTBEHHBIX Mpernapa-
TOB, BKJIIOYAsI BBISIBIICHUE TPUMECEH HEXKENIATEIbHBIX CTEPEON30MEPOB U
COBEpIICHCTBOBAHUE METOJIOB CTEPEOCENEKTUBHOTO CHHTe3a. [loMUMO
9TOT0, CAMOCTOSATENILHOE 3HAYEHHE UMEIOT XapaKTePUCTUKU XUPAIbHBIX
CEJICKTOPOB, KOTOPBIE MOTYT HAXOJIUTh IPUMEHECHUE B MEMOPAaHHBIX TEX-
HOJIOTUSIX OYMCTKU JICKAPCTBEHHBIX COCIUHCHHN U JIJISI M3TOTOBJICHHS
(hopM HX TOCTaBKH K OMOIOTHUSCKHUM MUIIICHSIM.

Crenyer OTMETHUTB, YTO CO3JaHUE YHAHTHOCEICKTUBHBIX CEHCOPOB
HE OTPaHUYMBACTCS TOJILKO IMOMCKOM XHUPAJIbHBIX CEJIEKTOPOB U CIOCO-
00OB WX BKJIIOUCHHS B U3MEPHUTEIBHOE YCTPOWUCTBO. [IpUMEHHTENLHO K
SHAHTHOCEJICKTUBHOMY aHaJIM3y TOBBIIICHHBIA UHTEPEC BbI3BIBAIOT MU-
HUMU3aIUsT (POHOBBIX CHUTHAJIOB, OCOOCHHO CBSI3aHHBIX C MATPUYHBIMHU
a¢dekramu mpo0, a Taxxke apTedaKkThl, BOSHUKAIOIINE BCICICTBUE B3aH-
MOJICHCTBUII CENIEKTOPOB M BCIIOMOTATEIBLHBIX DJIEMEHTOB C OpraHudve-
CKUMH PACTBOPUTEISIMH, JIETEPreHTaMH, (POHOBBIMHU IIICKTPOIUTAMHU U
np. VX ydeT u olieHKa BIUSHHS SBISIIOTCS COCTABHOW YaCThIO CO3JIAHMUS
PpaboTOCIIOCOOHOTO CEHCOpPa, JOJDKHBI O0ECIIEUUBATH €r0 HaJIeKHOCTh
(po0OacTHOCTB) TIPU aHAIM3€ peaNbHBIX MPO0. BhicOkas 4yBCTBUTEINb-
HOCTh aHAIMTUYECKOTO CUTHAJA K YKa3aHHBIM UCTOYHUKAM IIIyMOB CBsI-
3aHa KaK ¢ He3HAUYNTENbHBIMA (BO MHOTHX CITydasx) 2 deKTaMu cTepeo-
CENICKTUBHOCTU OTKIIMKA, TaK U ¢ OOJiee CIIOKHBIMH MHOTOTOYCYHBIMU
B3aUMOJICHCTBUSIMUA CTEPEOM30OMEPOB C IIEHTPAMH CBSI3BIBAHUS CeElleK-
TOpa, YTO OTIMYAET MoA00HBIE yCTPoicTBa OT OoJiee MPOCTHIX XUMHUE-
CKUX CEHCOPOB. B mccnenoBaHusx Takoro poja Kak HeOTheMJIEMOH ya-
CTH CO3JIaHMsI SHAHTUOCEIICKTUBHBIX CEHCOPOB €CTh CBOM 3aKOHOMEPHO-
CTH W OCOOEHHOCTH, HYXXJAIOIHecs B 000O0IEeHUsIX W pacmudpoBKe,
0COOCHHO ISl MCClieoBaTeNnell, HAaYMHAIONIMX CBOIO JICATEIHLHOCTh B
ATOH CIIOKHOHM, HO TIEPCTIEKTUBHOM 001aCTH aHATUTHIECKOW XUMUH.

ABTOpBI KHUTH UMEIOT OOJIBIION OMBIT B CO3JAHMU XUMHYECKUX
CEHCOPOB Ha OCHOBE MOJU(HIMPOBAHHBIX 3JIEKTPOAOB, IMpPEUMYIIE-
CTBEHHO C BOJIbTAMIIEPOMETPHUYECKON peructpanueii otkiuka. OmHaKko
paccMaTpuBacMbie B KHUI'E BOMPOCHI BBIXOJAT 32 PAMKHU JJIEKTPOXUMHUH
Y OXBATBIBAIOT TAKXKE ONTUUCCKUE U HHBIC TIPUHIIUIIBI PETUCTPAIIMU CHT-
Hayna. M3maHue 3akphIBacT CYIIECTBYIONIME B OTEUECTBEHHOH JUTEpa-
TYpBl IPOOEIIBI M0 000OLICHUIO CIIOCOOOB KOHCTPYHPOBAHUSI M ITPUHIIH-
0B ()YHKIMOHUPOBAHUS SHAHTHOCEICKTUBHBIX CEHCOPOB, YJEINsIeT MOo-
BBIIIICHHOEC BHUMAaHHUE BOIMPOCAM HUX IMPAKTHYECKOTO MPUMEHEHHS IS
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peleHust KOHKPETHBIX 3ajlad paCliO3HABaHMUS M OTIPE/IETICHNS CTEPEOn30-
MEpPOB, aKTYaJIbHBIX JIJISl MEJUIIMHBI U (papManeBTUKU. [IpecTaBieHHbIi
MaTepual CHUCTEeMaTHU3HMPOBaH MO MPUPOJE AHAIUTUYECKOI'O CHUTHAla,
MOJIX0JIaM K BBEIOOPY CEJNEKTOPOB (BKIHOYAst OMOCEHCOPHI JIJISl CEIEKTHB-
HOTO OTIPENICIICHNSI CTEPEON30MEPOB) U BCIIOMOTaTEIIbHBIX KOMIIOHEHTOB
CeHCOpOB. B KHHWTE TpuBeneHBl CBeJeHHS 00 OompeaeleHnH Hauboiee
BAXXHBIX KJIACCOB ONTHYECKH YHUCTBIX COCIMHEHWH — aMHHOKHCIIOT,
HEHPOTPaHCMHUTTEPOB, JIEKAPCTBEHHBIX CPEACTB U JO0ABOK K MHUILEBBIM
npoaykraM. M3noxeHune MaTepuana pacCUUTaHO Ha YUTATENs, UMEIo-
iero 6a30BbIe 3HAHUS B 00JIACTH aHATUTHYECKOW XUMHUH, JIIEKTPOXHUMHU
¥ ONITUYECKNX METOJIOB aHAJH3a, IIOATOMY B KHUTE MIPUBOIUTCS HH(DOP-
MaIs o crocofax (POpPMHUPOBAaHWS M PErHCTPAIN CUTHAIA B XHMHYE-
CKHX CEHCOpax, MX HHTeprperaunu. bubmmorpadus, mpuBonumas B
KOHII€ Ka)KJIO! TJIaBbl, TAK)KE OTPAXKaeT 3TOT MOJIXO/.

W3nanue npenHasHauyeHo Ui HAYYHBIX pPAOOTHUKOB U CIICLUATIH-
CTOB, pa0OTAIOMIUX B 00JIACTH aHATUTUIECKON U (hapMalleBTHIECKOH X1-
MUH, MpEnoaaBaTesiei, CTyJAeHTOB, MaruCTPOB U aCIUPAHTOB XUMHUE-
CKHX, OMOJIOTMYECKUX U MEUIIMHCKHX CIICIIMAIBHOCTEH By30B. X0UeTCs
HAJIESTHCS, UTO MOSBICHUE KHUTH OyJeT CIIOCOOCTBOBAThH OoJiee IIHpO-
KOMY HPHUMEHEHHMIO YHAHTHOCEJIEKTUBHBIX CEHCOPOB B aHAIMTHYECKOH
MIPaKTHUKE.

CuutaeM CBOUM TPHUSATHBIM JOJITOM BBIPA3UTh IITYOOKYIO MpH3HA-
TETBHOCTH PEIIEH3EHTaM — KOJJIEKTHBY Kadepbl aHATUTHIECKONH XUMUHT
Cankr-IleTepOyprckoro rocynapCcTBEHHOTO YHHBEPCHUTETAa U JIOKTOPY
xumuuecknx Hayk A.H. Kosumunoil, ubn 00cTosITENbHBIE 3aMEYaHus 1
COBETHI O0JIEryMiIN paboTy HaJl pyKOIHMCHIO U CIIOCOOCTBOBAJIHM €€ YIy4-
HIeHUI0. ABTOpBI OJNarofapHbl COTPYIHHKAM Kadeapbl aHAIUTHYECKON
xumun bamikupckoro rocynapctBeHHoro yuupepcutera HO.A. Spkae-
BoH, JI.P. 3arutoBoit u M.1. Ha3pIpoBy 3a moMolb IpHU MOATOTOBKE PYy-
KOITUCHU K U3JIaHUIO.

B.H. Maiicmpenxo, I'.A. Esmwozeun



BBEOEHUE

XUpanbHOCTh — KBUHTACCEHIIMS )KU3HU. JKHUBOE BELIECTBO, B OTIMYHUE OT
HEXHBOTO, 00J1a/1aeT XUPAILHOW YUCTOTOM: OCJIKU COCTOST U3 JIEBOBpa-
marommx amuHokuciot, a JIHK u PHK noctpoens! Ha npaBoBpaiiiaro-
meit pubo3e — MOHOCaxXapuae U3 TpymIbl menTo3 [1]. UMeHHo moaToMy
YeIIOBEYECKOE TEJO MMEET BBICOKYIO XHPAIBHYIO CEJIEKTUBHOCTh. bro-
MOJIEKYJIBI IPUCYTCTBYIOT B HEM MPEUMYIIECTBEHHO B OJJHOHM U3 ONTHYE-
CKU aKTUBHBIX (POpM. DTO B 3HAYUTEIHHOMN CTEIIEHU OOBSCHSET MTOHMMA-
HUE TOTO0, IOYeMY SHAHTHOMEPHI JIEKapPCTBEHHBIX CPEJICTB, TOMEIICHHBIE
B XHPAIBHYIO Cpely, TaKyI0 KaK JKHBOH OpraHu3M, JIEHCTBYIOT KakK CO-
BEPIIIEHHO Pa3HbIe MOJIEKYJIBI, TPOSBISAIOT Pa3TUIHyI0 (hapMaKoIoTHye-
CKYIO aKTHBHOCTb, & TAK)KE Pa3HuHble (hapMaKOKHHETHYeCKHe U papma-
koanHamuyeckue 3dexTs [2]. B mocnenHee BpeMsi SHAHTHOUYHCTHIE Jie-
KapCTBEHHBIE MpenapaThl COCTAaBISIOT OONBIIYIO YacThb U3 0JJ00PEHHBIX
JUTSL TEpaliii BO BCEM MHpE, BKIIOYask MHOTHE M3 CaMBIX BOCTPEOOBaH-
HBIX. VIX mpuMeHeHne mo3BoIsieT Ha3HadaTh Oollee HU3KUE 03Bl H, Ta-
KHM 00pa30M, TIOBBIIIATH TEPANIEBTHUECKYIO dPPEKTHBHOCTb.

B pesynbTaTe mOCTHXKEHHH B 00JACTH XMMHYECKOW TEXHOJIOTHH,
CBSI3aHHBIX C CHHTE30M, pa3leliecHHeM M aHaJM30M DHAHTHOMEPOB B
COOTBETCTBHH C MOCTICTHIUMHU MEXTyHApOIHBIMI HOPMaTHBHBIMU TpeOO-
BaHUSAMHU B 00JIACTH (papMaleBTHKH, KOIMYECTBO XHPAIbHBIX JIEKApCT-
BEHHBIX MIPENapaToB MOCTOSHHO pacTeT. XWpaIbHBIH aHajIu3 TOoCTe-
MIEHHO CTAHOBWTCS OPTaHMYHOW YaCThIO (hapMaleBTUYECKOTO aHAIH3a,
IJIe SHAHTHOCEJICKTUBHBIE CEHCOPBI HUIPAIOT BKHYIO POJIb U3-3a Oolee
MIPOCTOHM KOHCTPYKLUH, IPOCTOTHI M3TOTOBJICHUS, 0OCTYKHBaHUSI U IKC-
mwryaranuu [3—10]. DHaHTHOCENEKTUBHOCTh CEHCOPOB MOXKET OBITH OC-
HOBaHA Ha Pa3lIMYHbIX PUHIUIIAX MOJIEKYJISPHOTO pacliO3HABAHHS aHa-
JUTOB C HCIIOJIB30BaHUEM XHUPATbHBIX HHTEP(EHCcOB. ITO MOTYT OBITH
KBa3WXHpaIbHBIE KOMIIO3UTHI U3 MHOTOCTEHHBIX YTJIEPOAHBIX HAHOTPY-
00k u rpadena (BOCCTaHOBIEHHOTO OKCHA rpadeHa), XHupaiabHble HOH-
HBIE JKUIKOCTH, HOHOPOPHI, (PepMEHTATHBHBIE OMOCEHCOPHI U UMMYHO-
CEHCOpPBI, CHHTETHYECKHE XHUPAIbHBIE CENICKTOPHI Ha OCHOBE KOMITJICKCOB
BKJIFOUCHHUSI, MATEPHAIIOB C MOJICKYJISIPHBIMU OTIeYaTKaMu u np. [Ipun-
LIUTTHAIIEHAS CXeMa YHAHTHOCEIIEKTUBHOTO CEHCOPHOTO YCTPOWUCTBA MPH-
BejieHa Ha puc. 1.

Kak mpaBuio, NUCKpUMHHAIMS MEXIy DHAHTHOMEPAMH B TaKhX
JaT4rKax OCHOBaHa Ha Pa3NUUYUsIX B KOHCTAaHTaX YCTOMYMBOCTH
JIAaCTEPEOMEPHBIX KOMIUIEKCOB, OOpa3yIOUIMXCsl Ha TpaHHIE pasjena
YyBCTBHUTEJBHBIA CIIOH ceHcopa/pacTBOp WM razoBas ¢aza. OCHOBHOE
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OTIIMYME W B TO K€ BpeMs camasi 0oJblmas rmpodsieMa MpH XUpaTbHOM
S3O0HAWPOBAHUMU T10 CPABHCHUIO C XUPAJIbHBIM PAa3ACJICHUCM 3aKJIH04YacTCA
B OTHOCHTEIHLHO HH3KOH CEJIIEKTUBHOCTHU 1/13MepeH1/1171, IMOCKOJIbKY B
Clly4ae XHPaJbHOTO 30HJAMPOBAHHUS MPOUCXOJUT TOJNBKO OJIMH aKT
mporecca pas3/ielieHuss YSHAHTHOMEPOB, KOTOPBIH COOTBETCTBYET OJIHOM
TEOPETHUYECKOHN Tapenke, B OTIMYUE OT Xpomarorpadun. Tem He MeHee
SHAHTHUOCEJICKTHBHBIC CEHCOPHI BCE Yallle UCTIOML3YIOTCS 111 OOHapyIKe-
HUS M paclio3HaBaHMS YHAHTHOMEPOB B JICKAPCTBEHHBIX CPEJCTBAX M ITH-
HIEBBIX MPOAYKTAX, B TOM YHCIIC U3-32 BO3MOXKHOCTH X MacCOBOIO TIPO-
M3BOICTBA JIJISl OJTHOPA30BOTO aHalM3a, n30eras MepeKpecTHOTO 3arpsi3-
HEeHUs 00pa3ioB. OmpeneneHne SHAHTHOMEPHBIX (OPM XHPATHHBIX
COETMHEHUH MOXKET OBITh IIEHHBIM ITOKa3aTeNieM, 00eCTIeYMBaIOIINM Ka-
YEeCTBO U 0€30MMaCHOCTh MUIIEBHIX MPOoXyKTOB [11]. B wactHOCTH, 000HA-
pyXeHre B HUX D-aMHHOKHCIIOT TO3BOJISICT OIICHUTH OaKTepUaTbHOE
3arpsi3HCHHE.

3nekTpo-
XMMUYeCKHA

OnTHU4eckun

NPT X I B [T RPN P dornonngp [ RO——— Y
Ananut Cenektop TpaHcOwiocep Yeunutens Komnetotep

Puc. 1. Cxema 3HaHTHOCEIEKTUBHOIO JaTUNKa

Hapsiny ¢ onpeneneHneM colepKaHusl aKTUBHBIX KOMIIOHEHTOB U
MUKpOIIprMecell (HOpMUPYEMbIX 1 HEHOPMHUPYEMBIX) B (papmarieBTrde-
CKHX Tperaparax akTyalbHOU 3a7jaueil ABIsAETCS yCTaHOBICHUE MO JTHH-
HOCTH OpPUTHHAJIBHBIX JICKAPCTBEHHBIX CPEICTB, BHITYCKACMBIX Pa3jiny-
HBIMH TIPOU3BOJAUTENSIMH, @ TaKK€ MX BOCIPOU3BEACHHBIX KOMUH —
Ooicenepuxog. ConocTaBieHUE TEpaneBTUYECKOH 3¢ dekTuBHOCTH OpH-
THHAJIBHBIX MPENapaTroB U JHPKEHEPUKOB B PslIe CIydaeB MOKa3ajo, 4To
MOCTIEIHAE MOTYT yCTyNaTh OPUTHHATY B TeparneBTHYecKor 3dexTus-
HOCTH, TIPUYEM TSI JUKEHEPUKOB HEPEAKO HAOIIOJAI0TCS TOOOYHBIE (-
(heKThI, OTCYTCTBYIOIINE MTPU MPUMEHEHUU OPUTHHATIBHBIX MPErapaToB.
VYKa3aHHbIE pa3In4ys BO MHOTOM OOYCIIOBJICHBI IPUCYTCTBHEM IPHMeE-
Ceil, pa3MUHBIM Ka4eCTBCHHBIM U KOJIMYECTBEHHBIM COCTABOM BCIIOMO-
raTebHBIX BELIECTB, BXOSIINX B COCTAB JIEKAPCTBEHHBIX CPENICTB.
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Jlpyrue aHaIMTHYECKHE METOJIbI, IPUMEHSIEMbIC ISl PEIICHUs Ta-
KHX 3a/1a4, OOBIYHO MPEATOaraloT pas/elieHne XUpajabHbIX H30MEPOB B
xoze ananuza. [Ipexzae Bcero, 3To xupanbHas xpomatorpadust [11-16] u
KanmuuIapHbIA dnektpodopes [17-19], ocHOBaHHBIE Ha HCIOIB30BAHUH
XUPATbHBIX TIOJIBMKHBIX U HETIOJBIKHBIX (Pa3, yIepKUBAIOIINX OJTUH U3
SHAHTHOMEPOB 0oJIee NPOYHO, YeM Apyroi. XupanabHas Xpomarorpadus
TIO3BOJISIET MOJYYUTH HauboJIee TO0CTOBEPHYIO HH(POPMAIINIO O COCTaBE U
ONITHYECKON YUCTOTE 0o0pasla M MOITOMY SBISETCS IIUPOKO TpUME-
HSIEMBIM METOJOM DACHO3HABAaHMS W OIpEIeNCHUs HSHAHTHOMEPOB.
Hapsiny ¢ sTuMu MeTo1aMu B aHATUTHYECKOM MTPAKTHKE HAXOST pUMe-
HEHHEe MeMOpaHHOe pa3JelieHue, JKUIAKOCTHAS AIKCTPAKIHA, KpPUCTal-
mm3aryst uo ap. OIHAKO MHOTHE W3 YKa3aHHBIX METOJOB JIOCTaTOYHO
TPYJOEMKH, TPeOYIOT MPOJOJIKUTEIILHOTO BPEMEHH ISl BBIMOJHEHHUS
aHamm3a, JTOPOrOCTOSIINX TPUOOPOB M BBICOKOH KBalH(HUKALUKN MEPCO-
nasa. Kpome Toro, xpoMmaTtorpadguyeckue METOIbl U KalMJUISIPHBIN dJ1eK-
Tpodope3 He Bceraa moaxoaar s nuddepeHnranil SHAHTHOMEDOB.
B mobom cimydae HEOOXOIWM aJIeKBATHBIM BBIOOP XHPATHHOTO CEJICK-
Topa. lHave mporiecc pacro3HaBaHus SHAHTHOMEPOB MOXKET IIPUBECTH K
HEOIIPEeIeTICHHOCTSM.

B kadecTBe ajbpTEepHATHBBI MCIOJIB30BAHHE XHPAJIbHBIX CEHCOPOB
MO3BOJISIET HAJEKHO MACHTH(OUIUPOBATH SHAHTHOMEPHI Onarogapst ux
psiMOMY 0OHApPYKEHHUIO B MaTpwiie 0e3 IpeIBapUTEIBHOTO Pa3aeIeHIs.
B mocnename nBa pecATueTHs IPEUI0KEHO MHOXKECTBO CaMbIX Pa3HBIX
XUPAThHBIX TATINKOB, OITyOJIMKOBAHBI THICSYH CTaTel U 0030POB 110 3TOH
npobaeme. Bee Gorbiioe 3HaUE€HNE TIPU CO3TAHIH YHAHTHOCEIEKTHBHBIX
CEHCOPOB NPUOOPETAIOT HOBBIE XUpanbHble MaTepualsl [9, 10] u mepe-
JOBBIE METO/Ibl PETUCTPALIUH aHATUTUIECKOTO CUTHAA (TOBEPXHOCTHBIH
IUTa3MOHHBIM  PE30HAHC, TUTAaHTCKOE KOMOMHAIIMOHHOE paccesHHe
cBeta). C pa3BUTHEM TIOJXO0/I0B K XUPAITEHOMY 30HIUPOBAHHUIO HCCIIEIO0-
BaH LEJBIN PsIl MaTEPUAJIOB, TAKAX KaK HOBBIE XUPAJIbHBIE OPTaHUIECKHIE
COCIMHEHHS, KBAaHTOBBIE TOYKH, IOJIMMEPBI W ITOPUCTHIE METaJUIbl C
MOJICKYJISIPHBIMU OTTIEYaTKaMH, HAHOYACTHULBI M Jp. MHOTHE U3 ITHX
MaTepHajJoB MMEIOT YHUKAJIbHBbIE CBOWCTBA, KOTOPBIE MO3BOJISIOT HC-
MI0JIb30BATh MX B KAYECTBE XUPAIBHBIX CEIEKTOPOB.

KitoueBbIM TapaMeTpoM TIpH  CO3/IaHWU SHAHTHOCEIEKTHBHBIX
CEHCOPOB SBISIETCA pa3paboTKa COOTBETCTBYIOIIUX MOJEKYIISPHBIX
APXUTEKTYp, MO3BOJSIONINX CO3/1aTh CAWTHI PACIIO3HABAHUS C Pa3Iny-
HBIM CPOACTBOM K sHaHTHOMepaMm [20-27]. KoHcTpyKIus ceHCOpOB M1
ompeeNieHusT YHAHTHOMEPOB MpPU HHU3KHX TIpenenax OOHapyKeHHs B
OCHOBHOM 3aBHCHT OT HCIOJb30BAaHHS UYBCTBUTEIBHBIX 3JIEMEHTOB C
BBICOKMM CPOJICTBOM K aHAJUTaM. XHpallbHBIE CEJIEKTOPhl UTPAIOT HC-
KITFOUUTEIFHO BaKHYIO POJIb, TOCKOJIFKY MMEHHO OHH OITPE/IENIAIOT SHAH-
THOCEIIEKTUBHOCTb, KOTOPAs BIUSIECT Ha AaHAINTHYECKUE XapaKTEPUCTHKH
CeHcopoB. Pa3BuTHE MEKIMCIUIUIMHAPHBIX TEXHOJIOTHI OTKPBLIO HOBBIC
BO3MOXXKHOCTH B pa3paOOTKe XUPaJIbHBIX MaTEPUANIOB, IIPH B3aUMOJEi-
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CTBUM C KOTOPHIMH XHPONTHYECKasi aKTUBHOCThH HJIM PEIOKC-TMOTEHIH-
aJIbl SHAHTHOMEPOB M3MEHSIIOTCS MO-pa3HOMY. DTO MO3BOJIMIO CHU3UTH
CTOMMOCTH CEHCOPOB 3a CUET 3aMCHBI B HUX OMOMAaTepuaioB HAa OTHOCH-
TENBHO HEJO0pOrue U 0ojee yao0HbIe B AKCIUTyaTallMd XUPAIBLHO MOIH-
(hurmpoBaHHBIE CEJIEKTOPHI M, CIEIOBATENbHO, CAENATh YHAHTHOCEIEK-
THUBHBIE CEHCOPHI BIOJHE JOCTYIMHBIM WHCTPYMEHTOM JIJISI XHPAIBHOTO
aHanm3a [6].

Crenyer 3aMeTHTh, YTO MHPOrpecc B OONACTH XMMHYECKOW CEH-
COPHKH B TOCIIEHUE TOABI BO MHOTOM OBLT TECHO CBSI3aH C Pa3BUTHEM
HAHOTEXHOJIOTUH, TIOATOMY IMOHUMaHUe (DyHIAMEHTATbHBIX KOHIIETIIIHIA,
00yCITOBIIEHHBIX XUPAITBFHON CTEPEOCTIeIU(UIHOCTEIO HAHOMATEPHAJIOB,
SIBIISIETCS] HCKITFOYUTENHFHO BYXHBIM TIPY KOHCTPYHPOBAHWHU dHAHTHOCE-
JIEKTUBHBIX CEHCOPOB. Hampumep, cymecTBoBaHNE Ha HAHOYPOBHE «H3-
HaYyaJIbHO» XUPAJIbHBIX MeTautnueckux [28, 29] u nonumepusix [27, 30,
31] moBepxHOCTEN MO3BOJIMIO pa3paboTaTh «YMHBIE» CEHCOPBI, YHAH-
THOCETIEKTUBHOCTh KOTOPBIX MOYKHO PEryJIMPOBATh B MPOIlECCE U3Mepe-
uuit [32, 33]. Tem He MeHee, XOTS XUPATLHOCTH MHOTHUX COCTUHEHUH Ha
MOJIEKYJIIPHOM YpPOBHE XOpOIIO HW3ydYeHa, WCCIEeNOBaHHUS WX HaHO-
pa3MepHOil XHPaTbHOCTH JOBOJBHO CKYJIHBI. MeXay TeM HaHOMaTepu-
anbl 001aJar0T yIUBUTENBHOW YMOPSAOYEHHOCTBIO W OpHEHTALUEH,
MUMEIOT OOJIBIIYIO TJIOMIA b MOBEPXHOCTH, a TAKKE WHTEPECHBIC DIICKT-
poHHBIE, (OTOHHBIE, MATHUTHBIC U KaTAJIUTHYECKUE CBOWCTBA. MHOTHE
MOJIXOIBI K UX TIOJYYEHHIO W TPUMEHEHHUIO B DHAHTHOCEIEKTHBHBIX CEH-
copax pa3paboTaHBI, OTHAKO TO-TIPeKHEMY TPOOJIeMOi ocTaeTcs co3/a-
HUE KOMMEPYECKH JOCTYIHBIX TOPTATUBHBIX AATYUKOB JUISI XUPATLHOTO
30HIUPOBAHUS CO CTAOMIIBHBIM OTKJIMKOM. MOKHO OKHIIATh, YTO UHTET-
paiys HAaHOYACTHI] C XOPOIIO M3yYEeHHBIMU XUPAJIBbHBIMU CEIEKTOPaMHU
OTKpPOET HOBBbIE BO3MO>KHOCTH JUIsl CO3JJaHHsl SHAHTHOCEIEKTUBHBIX CEH-
COpOB.

J1s KOHCTPYHPOBaHUS YHAHTHOCETEKTUBHBIX CEHCOPOB OOJBIIINE
MIEPCIIEKTHBBI MMEIOT KOMITO3UTHBIE MaTepHaibl HA OCHOBE yTiepo/a, Ta-
Kre Kak rpad)eH U yriepoaHble HAHOTPYOKH, Oaronapst HX MPeBOCXO/-
HBIM 3JIEKTPOXUMUYECKUM XapaKTepUCTHKAM, XOPOILEH AIEeKTPOIIPOBO/-
HOCTH, OOJIBILION YAETbHOM MOBEPXHOCTH U OMocoBMecTuMocTH [34-37].
Bo MHOTHX THTEpaTypHBIX HICTOYHUKAX COOOIIAETCS O CHHTE3€ YTIIepo/I-
COJIepIKaIINX KOMITO3UTHBIX MaTEpPHANIOB ISl XMPAIBbHBIX CEJIEKTOPOB.
OCHOBBIBasICh Ha ITOW MEPCIIEKTHBE, B KHUTE BCECTOPOHHE PACCMOTPEH
NpOrpecc B CO3JaHUU XUPAIBHBIX HHTEP(EHCOB Ha OCHOBE YIIIEPOJICO-
JepKalluX MaTepualoB, a TaKKe 00CYKTAIOTCs JalbHEWIIHE MyTH UX
npumeneHust. CoraacHo MMEIOMNUMCS Iy OJIMKaLUsIM, MHOTHE XUPaJIbHbIE
CEJIEKTOPBI, COEpIKAIIUE YTIEPOTHbIE MATEPUANIBI, UCIIONB3YIOTCS IS
pa3pabOTKH DIIEKTPOXUMHUYECKUX XHUPAIBHO UYYyBCTBUTEIBHBIX HHTEP-
¢eiicoB, B TOM 4HcIie HA OCHOBE aMUHOKHCIIOT, O€JIKOB, TTOJINCAaXapuI0B,
MOJIUMEPOB, KOMIUIEKCOB METaJUIOB, LUKJIOJEKCTPUHOB, XHPAIbHBIX
HMOHHBIX KMJIKOCTEHN U Ap.
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B 3akimouenue ciemyeT OTMETUTD, YTO HCCIIEAOBAHMS, OCHOBAHHBIC
Ha NPUMCHEHUH HOBEHIIUX JIOCTIKECHUH XUMUH, (PU3UKH, OUOJIOTHU U
MAaTEepHANIOBEICHUS, MPUBEIN K 3aMETHOMY MPOTPECCY B CO3JaHUU
HOBBIX SHAHTUOCEJIEKTUBHBIX CEHCOPOB [38]. I Xx0Ts ycnexu 04eBUIHbL,
JIOCTIDKCHUST B OTOW OOJIACTH TPOJOIDKAIOT YAWBIIATE. COBEpIICHCT-
BOBAaHHE CEHCOPOB HIIET IO ITYTH TOIYUEHHUS TeX XapaKTePUCTHK HU3Me-
peHuil, KOTOpbIE CBOMCTBEHHBI COBPEMEHHBIM METOAAM aHAJIUTHYECKOU
xumun. [Ipy 3TOM cTaBATCS Te K€ 3alayd, 4TO W HpH pa3paboTke
METOIOB OIPEACICHHUS TPAIUIIMOHHBIX aHAIUTOB, HATPUMED, B CIIOKHBIX
[0 COCTaBy Marpuiax. lMMewTcs B BUIYy HaJIEKHOCTh, IPOCTOTA,
JyBCTBUTEIHHOCTD U CEICKTUBHOCTH OTpeneicHuil. He MeHee BaKHBIMU
SIBJITFOTCST MCTIOJIb30BaHUE MaJIoTO 00BheMa Mpo0, BO3MOYKHOCTH CKpH-
HUHTa, HU3Kas CTOMMOCTD aHaiu3a u Jap. HoBble moIX0bl K pa3padoTke
SHAHTUOCEJIEKTUBHBIX CEHCOPOB IO3BOJISIIOT TOIYYUTH JOTIOTHHUTENb-
Hy10 HH(pOpMaIUIo, KOTopas paHee Obuia HelocTynHa. YToOBI JOCTHUYB
ATOTO, CEHCOPHI JOJDKHBI OBITh YYBCTBUTEIBHBIMH TMPEHUMYIIECTBEHHO
TOJIBKO K OJTHOMY aHTHITOAY SHAaHTHOMEPOB. JlanpHelme uccieoBaHus
HEOOXOIMMO COCPEIOTOUNTh HAa YCTPAHCHWHW HMEIONIUXCSI MPOoOsIeM.
B sTom mmane OombINHE MEPCIEKTUBHEI MMEIOT CEHCOPHI HA OCHOBE
MAaTEpPHANIOB C KM3HAYATBHOI XUPAIbHOCTHIO, C BBIIAIOIIUMHUCS KCILTY-
ATAIMOHHBIMU U aHAIUTUYCCKUMHU XapakTepuctukamu [22, 33, 39, 40].
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®OPMNPOBAHUE BHAHTUO-
CENEKTUBHOIO AHAJIIMTUYECKOIO
CUIHANA

MHorue opraHd4yecKkue COCAMHEHHUsI, YIaCTBYIOIINUE B MpoIeccax, Mpo-
TEKAIONUX B KUBBIX OpraHM3Max (aMHUHOKHCIIOTHI, caxapa, MPOIYKThI
MeTabosM3Ma 1 JIp.), IPUCYTCTBYIOT B HUX B BUJIC ONITUYECKH aKTHBHBIX
dbopm — sunanmuomepos [1]. B wacTHOCTH, B cocTaB OCIKOB BXOIST
L-amunokucnotsl, a JIHK u PHK noctpoensl Ha ocHoBe D-yrieBosoB.
XOoTs B IPUPOAHBIX 00BEKTaX MPUCYTCTBYIOT U D-M30Mepsl aMHHOKHC-
JIOT, B OCHOBHOM OaKTEPHAJIBHOTO MPOUCXOXKICHHUS, OHU HE YYaCTBYIOT
B OCJIKOBOM CHHTE3€¢ W 3a4acTyl MPOSBISIOT TOKCHUYSCKUE CBOWMCTBA
TIPH TIOTIAJIAaHUY B JKUBBIE OpTaHU3Mbl. ONTHYecKass H30MEpHsl OpraHu-
YeCKHUX coennHeHnit 0blna oTkphITa JI. [lacTepom B 1848 romy, KOTOPHIi
o0OpaTui BHUMaHHE Ha TO, YTO BUHHAS KUCIIOTA U €€ COJH TPH KPUCTal-
JIU3AIUH U3 PACTBOPOB 00Pa3yroT /iBe (hOPMBI ¢ Pa3IMUHON ONTHUCCKOM
aKTUBHOCTBIO [2]. [T0100HYI0 KPUCTAIUIN3ALIMIO OH TIPOBEJI C TPUHAIIIA-
TBIO TapTpPaTaMu U BUHHOM KUCIIOTON M OOBSCHUI paHee HEH3BECTHBIH
BUJ u3oMmepud. HecMoTpst Ha TO, YTO UCTOPUSL ONTHUUYECKON HM30MEpUH
HacuuThIBaeT Oojiee 170 JeT, 10 CHX TOp OJHUM W3 HAanOOJee BaKHBIX
0CTaeTCs BOIPOC O TOM, KaK OIPENEIUTh YHUCTOTY ONITUYECKH aKTHBHBIX
coequHeHnH. Jlaxke Ha CEeromHAMIHMK JeHb Mpobiema pasfeneHHs U
AHAIM3a PALlEMUYECKUX CMECEU 3HAHTHOMEPOB HE SIBJISETCS PYTUHHOM
3agaudeil. [Ipu 3TOM peub UIIET KaKk O YHCTOTE BEIIECTB, TAK U O COAEP-
JKaHUHM B HUX ONTHYECKUX m30MepoB. [laHHast mpoOiema oOcyxkmaeTcs
Ha ypOBHE y4eOHHMKOB M MOHOTpadwuii [3—6], elf mocBsIMEeHo 0OIbIIoe
KOJIMYECTBO TEOPETHYECKUX W DKCIIEPUMEHTAIBHBIX CTaTel U 0030poB
[7-14].

Bompoc, moyemy OOJNBIIUHCTBO OMOJOTMYECKU AKTUBHBIX COCIIH-
HEHUN MPUCYTCTBYET B KMBBIX OpraHn3Max B BHUJC OINTUYCCKU YUCTBIX
¢dbopM 1 KakuM 00pa3oM MPOU30IIET UX OTOOP, IO CUX TIOP OCTAETCS 0
KOHIIa HE BBISICHEHHBIM. 3aMETHM, YTO B KJIACCUYECKOW XUMHH (PH3UKO-
XUMHYECKHE CBOHCTBA ONTHYECKUX H30MEPOB CUUTAIOTCS OJUHAKOBBHI-
MU. Pasmmuns MPOABIIAOTCA B JOCTATOYHO CHCHI/I(bI/I‘-IHI)IX YCIIOBUSIX,
HalpuMep, B pCaKkluiaxX C APYTHMMHU ONTUYCCKU YUCTHBIMH BEIIECCTBAMU,
B IIpolieccax, NPOTEKAIOMIMX Ha TpaHuLe pasaena ¢a3 Wid Ipu UCTIOJb-
30BaHUM B KAYECTBE PEAKLIMOHHOM CPEJbl CUCTEM, XapaKTePU3YIOIIUXCS
BBICOKOH CTENEHBI0 YMOPSAOYEHHOCTH Ha HaHOYPOBHE, B YACTHOCTH,
KUAKUX KprctamioB. [IpoGiema pasnmeneHus u ompeseneHus] onTHde-
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CKMX M30MEPOB aKTyallbHa €Ille U IMMOTOMY, YTO MHOTHE JIEKapCTBEHHBIC
COEIMHEHHS CYIIECTBYIOT B BUJE JIBYX WJIHM HECKOJIBKUX 3HAaHTHOMEPOB
[6], HO uX (apMakosoruyeckasi akTUBHOCTh OOBIYHO CBs3aHa C JCH-
CTBUEM JIMIIb OJHOTO M3 HUX. J[pyrue WM MpOSBIISIOT MEHEe BbIpa-
JKEHHOE JIEHCTBHUE, MIIH COBCEM HE aKTHBHBI.

KnmHnygeckne uCnbITaHus MOKa3bIBAIOT, YTO MCIIOJIB30BAaHUE YHAH-
THOYHCTBIX JICKAPCTBEHHBIX CPEJCTB yMEHbIIAeT 1mo0ouHbIe 3(h(HEKThI
UX JEWCTBUSL M, TakuM oOpa3zom, moBbimaeT 3¢dexruBHOCTh. Tak,
S-u3omep (ropxuHOIIOHA (JIEBO(IIOKCAIINH), TPUMEHSICMbI B Ka4eCTBE
aHTUMHUKpPOOHOTO Tpenapara, B 8128 pa3 akruBHee R-rokcannna. Ogn-
HaKO W3BECTHHI CITydaW, KOTJIa HEKOTOpPble SHAHTHOMEPHI, HAIpUMep
MIPaBOBPAIAIONIII CTEPEON30OMEp TaJHIOMHU/IA, TPOSBIAIOT TOKCHYE-
ckre 3¢ (eKThl, YTO MPUBOIUT K TPArHIECKUM IOCIEACTBHUIM. 3a BpeMs
MIPUMEHEHUS TAIMAOMHIa OepEeMEHHBIMH JKEHIITHAMU POAMINCEH Oojee
JEeCATH ThICSY JAETeH ¢ TeHEeTHYECKUMH H3MeHeHusiMH. Paspaborka
SHAHTHOMEPHBIX TMPETapaToB, a TaKXkKe 3a7adu UX KOHTPOJIS B MpoIecce
MIPOM3BOJICTBA W MEAMKO-OMOJIOTHYECKOTO TMPUMEHEHHUsT TpeOyIloT pas-
BUTHUSI COOTBETCTBYIOIIUX AHAJIUTHYECKUX METOJIOB OIPEICTICHHUS OT-
JIEJIBHBIX YHAHTHOMEPOB KaK B CMECSIX ONTUYECKH aKTUBHBIX N30MEPOB,
TaKk U B 00BEKTaxX MPOU3BOJIBHOTO COCTaBa Ha (POHE ONTHYECKH HEaK-
TUBHBIX BeUIeCTB. Bce 3T0 cTUMyHMpyeT pa3BUTHE HCCIIEOBAaHHN B 00-
JaCTH PACIIO3HABAHMS M OMPECICHUS HAHTHOMEPOB JIEKapCTBEHHBIX
coeauHeHuii [12]. TIoBbIlIEHHBIM UHTEPEC BBI3bIBAET TAKIKE XUPAIbHBIN
aHaIM3 TUMIIEBBIX TMPOIYKTOB W HANHUTKOB, MO3BOJISIONIMIA ITONYYNUTH
LEHHYI0 WH(pOpMAIMI0 00 WX PHAaHTHOMEPHOM COCTaBe W OHMOJIOTHYe-
CKOM aKTUBHOCTH, O€30MAaCHOCTH U MpOUcXoxkaeHuu [15].

Crenyer oTMETHTH, YTO (P (PEKTUBHOCTh PACIIO3HABAHUS SHAHTHO-
MEpOB OIpEeAeNsIeTcs, KaKk MPaBuilo, pa3HULEH B CBOOOJHBIX YHEPTHUIX
WX B3aHMOJICUCTBUSI C XUPAJIbHBIMH CEJIEKTOpPaMH JIM0O C APYTUMH
XUPATBHBIMI 00BEKTaMH, UMMOOMIIN30BAaHHBIMI Ha TIOBEPXHOCTH CEH-
copa. YHHUBEPCATbHBIX CEIIEKTOPOB, KaK M CIIOCOO0OB MX CHHTE3a W TPHU-
MEHEHMsI, HE CYIECTBYET M3-3a CIOKHOCTH PAclO3HAaBAaHUS OTAEIBHBIX
9HaHTHOMEpOoB. KaxkIplii celeKTop MMeeT CBOIO 00JacTh pacro3HaBa-
HUS, 9aCTO OTPAHUYEHHYIO OJIHUM KOHKPETHBIM COE€JUHEHHEM, KOTOpast
OTIpe/ieTIsieTCs IKCIIEPUMEHTATBLHO. | eTeporeHHbIe yCIOBHSI PeaKIiy Ha
MTOBEPXHOCTH CEHCOpa BHOCIT CBOM OCOOCHHOCTH B XapaKTEPUCTHKH
CBSI3BIBAHUS SHAHTHOMEPOB C CEJIIEKTOPOM. B CBsI3M ¢ 3TUM mapameTpsl
CEJIEKTHUBHOCTH CEHCOPOB MOTYT HE COBIAAATh C YCIOBUSAMHU JHCKPH-
MUHAIM1 SHAHTHOMEPOB B TOMOT€HHBIX YCIOBHUSX.

1.1. XupanbHoe pacno3HaBaHune

XupanbHblii aHAIH3 — 00JaCTh COBPEMEHHOTO XMMHUECKOTO aHAaIM3a,
OBICTPO pa3BUBAOIIASICS OJarofaps WHHOBAITUSIM B OTPACIIAX, CBsI3aH-
HBIX CO 3J0POBbEM JIFOJICH, KOTOPbIC OCHOBaHbI Ha MPOM3BOJICTBE H
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MPUMCEHCHUHN SHAHTHOYUCTBIX JICKAPCTBCHHBIX IPEIApaTOB M IMUIICBLIX
npoaykToB. OHAKO, B 3TOH 00J1aCTH CYIIECTBYIOT MPOOJIEMBI, KOTOPHIC
HEOOXOAMMO MPEoI0JIeTh. BO MHOTOM OHU BBI3BaHBI TEM, YTO YHAHTUO-
MEpbl MIMEIOT TOYTH HUACHTHYHBIC (U3UUCCKUE U XUMHUECKUE CBOMCTBA
U WCTIONIb3yeMbIC aHATMTUYCCKUE METOJbI HEe BCEraa MPUMEHUMBI IS
ux muddepennmuanui. ITy MPOOIEMy MBITAIOTCS PEIIUTH C TTOMOIIBIO
OHAHTHUOCCJICKTUBHBIX CCHCOPOB, KOTOPBLIC, B MNPHUHIUIIC, MOXHO pac-
CMaTpUBaTh KaK aHAJIMTHUYECKUE YCTPOMCTBA, CIOCOOHBIC pPa3nvaTh
3epKajbHbIE OTOOPAKEHUS XUPATHHBIX MOJICKYIIL.

1.1.1. OnTnyeckaa akTUBHOCTb U XUPaNbHOCTb

ITonsiTe 0 xupanabHBIX 00BEKTaX OBLIO BBeJCHO B KoHIEe XIX Beka
nopaom KenpBuHoM. CoTnacHO OINpENeiCHUI0, «I00as TeoMeTpHu-
yeckas (QuUrypa WM TpyINa TOYEK HA3BIBACTCS XHPAIbHOM, ecln ee
OTOOpaKEHWE B WACATHLHOM IUIOCKOM 3€pKajie HE MOXKET OBITh
COBMEUICHO ¢ Hell camoi». TepMHUH «XHPaJBbHOCTB» MPOUCXOIAUT OT
JIPEBHETPEUYECKOr0 Ha3BaHUsI PYKHU, MOCKOJIBbKY JIAJJOHU JIEBOW M MPaBoil
PYK SIBISIOTCSI 3€PKAJBHBIMU OTPAKCHUSIMHU APYT APyra U HE MOTYT
OBITH COBMEIIICHKI B ITpOCTpaHCcTBe (puc. 1.1).

Puc. 1.1. XupanabHble MOIEKYIbl aMUHOKHCIOT

B 3aBucuMoOCTH OT 37eMEHTa MOJIEKYJIbI, HAIMYue KOTOPOro MpH-
BOJIUT K BOBHUKHOBEHHUIO XUPAITHHOCTH, PA3IUYAIOT CIEAYIONINE €€ BH-
IIBI: TIEHTpaJIbHAS (IICHTP XHPATBHOCTH), aKCHabHAs (OCh XHPaJIbHOC-
TH), TUIaHapHas (TUIOCKOCTh XHPAJbHOCTH), CIHpasbHAs (MOJIEKYJIBI,
UMCIOIIE AJIEMEHTHl B (opMme crnupanu, Tporensiepa WM BHHTA),
TOIoJIOTHYEeCKast (CTPYKTYpHasi HECHMMETPHYHOCTh). B wacTHOCTH,
cnupainbHas XHUPAIBHOCTh HaONofaercss B Oenkax W HYKIEHHOBBIX
KHCJIOTaX, a TOTOJOTHYECKask XapaKkTepHa JIJIsl CYyIpaMOJIeKyII.
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Llenmpanvuas xupanrbHocnms BO3HUKAET B PE3yJbTaTe HAIHUUS B
MOJIEKYJIe XUPAJIBbHOTO IIEHTPA, KOTOPBIM, KaK IIPABHUIIO, SIBJSETCS aCUM-
METPUYECKUH aTOM yriepoja, MMCIOIIHMKA YEeThIPE Pa3INYHBIX 3aMec-
tutens (puc. 1.2, a). XupaabHbIMH IICHTPAMH MOTYT OBITh TaK)Ke aTOMBI
Si, P, S, pexxe N. MoJekyibl, XHPAIbHOCThL KOTOPHIX OOYCIIOBJICHA
HaJU4MEeM IIEHTpa XUPAIbHOCTH, O€3YCJIOBHO, CaMbIe BaXKHBIC CpEIH
JIPYTHX MOAOOHBIX 00BEKTOB. AKCUANbHASL XUPALbHOCHb HAOTIOJACTCS B
MOJIEKYJIaX C HEIJIOCKHM PaCIIONIOKCHUEM 3aMECTUTEIICH OTHOCUTEIILHO
OCH XHPaJIbHOCTH, HApUMep B HECHUMMETPHYHO 3aMEIICHHBIX aJlie-
Hax. OHa MPUCYTCTBYET TaKXKe B 3aMEIICHHBIX OM(EHMIAX, B KOTOPBIX
BpaIllecHUE BOKPYT CBSI3M, COCHAMHSIIONICH apoMaTHYECKHE KOJIBIIA,
3aTpynHeHo (puc. 1.2, 6). I[lianapnas xupanvrHocms XapakKTepHa IS
MOJICKYJI C XHPAJIbHBIM PACIOJIOXKCHUEM HEIUIOCKOCTHBIX 3JIEMEHTOB
OTHOCHUTEIBHO IJIOCKOCTU XUpaTbHOCTH (puUC. 1.2, 8).
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Puc. 1.2. Mimroctpanust TUIIOB XUPAJIbHOCTH

CoelMHEeHHUST CO cnupaibHol xupaiviocmvio (puc. 1.2, 2) umeror
3JIEMEHTHI B (hopMe CIIUpAJIM, IpoIeiepa Wil BUHTA, KOTOPbIE HE MO-
T'YT Pa3MECTUTHCS B OJHOM IUIOCKOCTHU, TO3TOMY 00pPa3yIOT CTPYKTYPHI,
3aKpyYeHHBIC BJICBO HJIM BIPABO, JiaBas SHAHTUOMEPHBIC CITUPAJIH.
Hakonen, mononoeuueckass xupaibHocms CBsi3aHa C HECUMMETPUYHO-
CTBhIO MOJICKYJI, XapaKTEPHOH MIJIs CYIPaMOJIEKY/ISPHBIX CTpyKTyp. He-
CMOTpS Ha TO, YTO B COCIWHEHHUSAX a30Ta, cepbl U (ochopa mpucyr-
CTBYIOT TOJIbKO TPU 3aMECTHTEJIsl, YETBEPTOS MECTO 3aHMMAET HEMoJe-
JICHHAS DJICKTPOHHAS T1apa ¥ BO3HUKACT IICHTP XUPAJIbHOCTH.
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Crepeon3omMephl, UMEIOIINE OJWHAKOBBIM COCTaB C OJMHAKOBOM
MOCJICIOBATEILHOCTRI0O XUMUYECKUX CBSI3€H, HO HE SBJISIOLIUECS 3ep-
KaJbHBIMU OTPAKEHUSIMH, HAa3BIBAIOTCS OJuacmepeomepamu. Jlnacre-
peoMeprsi BO3HUKAeT TOTJIA, KOT/a COCJMHEHHWE HMEeT HECKOJIbKO
XUpaJTbHBIX IIEHTPOB. Ecim aBa cTrepeon3omepa NMEIOT 3epKalbHBIE OT-
pakeHHUs IUIsl BCEX XHMPATBHBIX IIEHTPOB, TO OHU ABIISIOTCS SHAHTHOME-
pamu. Ecnu sxe KOH(GUTYparuy OTIUYIAI0TCSl Y HEKOTOPHIX (2 HE Y BCEX)
LEHTPOB, TO TaKHE CTEPEOMU30MEPHI SBISAIOTCS auactepeomepamu. Eciau
MPOCTPAHCTBEHHOE CTPOCHUE OTIUYAETCSI TOJIBKO IJIS OJHOTO IICHTPA,
TO OHU Ha3bIBAIOTCS Snumepamu. B OTIU4Ne OT SHAHTHOMEPOB, JAHacTe-
peoMepsl UMEIOT PA3NYHBIE XUMUYEeCKHe W (PU3NIECKHE CBOWCTBA U
pa3IMYaroTCs M0 PEaKINOHHON CTIOCOOHOCTH.

DHaHTHOMEPHI JIETKO OTJIUYUTH JAPYT OT APYyra 1o crenuduyecko-
MY B3aUMOJICHCTBUIO CO CBETOM, ITOCKOJIbKY OJMH HAHTUOMED BpallacT
IJIOCKOCTh MOJISIPU3AINH JIMHEWHO MOJSIPU30BAHHOTO (TUIOCKOMOJISAPH-
30BaHHOT0) CBETa Ha ONPE/IEIIEHHBIN yroJl BIIPaBo, a APYroil — Ha TOYHO
Takoi e yron BieBo. Pamemmueckne (3KBUMOJSPHBIE) CMECH JHaH-
THOMEPOB OCIA0NIAIOT HHTEHCHBHOCTh CBETOBOTO TOTOKA, HO COXpaHs-
I0T TUIOCKOCTH TOJIAPU3AINM, TaK KaK OJMHAKOBBIC IO BEIMYWHE, HO
MIPOTUBOIIOJIOKHBIC MO 3HAKY YIJIBI BpAllleHUS B3aUMHO KOMIICHCHPY-
oTca. V3MeHeHue yria BpalleHHs IDIOCKOCTH TOJSIpU3allid CBETa
UCTIONB3YeTCs ISl XapaKTEPUCTHUKU SHAHTHOMEPOB C IMOMOIIbI0 R/S-
0003HaueHUH — 10 9acOBOH cTpenke (IpaBoBparmiaronme R-crepeonso-
Mephl) WU NPOTHUB Hee (JIeBOBpaliaromue S-crepeonuzoMepsl). B 6uo-
XUMUHU, MEIHUIIMHE W psie APYTHX o0JacTed HayKd TPaIUIIMOHHO HC-
MOJIL3YIOTCS MPUHSITBIC paHee 0003HAUCHUSI ONTHYECKU aKTHUBHBIX CO-
equnennit — D/L wnm (+)/(-).

Kpome Toro, Bce ONTHYECKN aKTUBHBIE BEIIECTBA MOAPA3ACISIOTCS
Ha aBa BHa. K mepBoMy OTHOCATCS OOBEKTHI, KOTOPHIE XHUPAIbHBI B
KOH/ICHCHPOBAaHHOM COCTOSIHUW (KPHCTAJUIBI, ITOJUMEPHI, CaMOOPTaHH-
3YIOMINECS B CYTPaMOJICKYJIIpHBIE CTPYKTYPHI, 2D- 1 3D-KOMIIO3UTHI 1
np.). OnTudeckasi akTUBHOCTh y TaKUX BEIIECTB SBIISAETCS CBOWCTBOM
00BbEKTa KaK TaKOBOTO, HO COCTABIISIIOIINE €r0 MOJICKYJIbl MOTYT OBITh
KaK XUpPaJbHBIMU, TAK U aXUPAIbHBIMU, T. €. ONTUYECKH HEAKTUBHBIMH
[9]. ¥V BemecTB BTOpOTO THIIA XHPATHLHOCTH OOYCIOBIICHA MTPUCYTCTBH-
€M COCTABJIAIONINX ATH BEMIECTBA XMPATBHBIX MOJEKYI. Eciu 3epkaib-
HBbIE 0TOOPaKEHUS MOJIEKYJI HU KOMM 00pa3oM HE MOTYT OBITh HaJIOXKe-
HbI Ha OPUTHHA, TO TAKUE BEIIECTBA SIBISIFOTCS XUPATbHBIMH.

1.1.2. MexaHU3MbI XUpanbHOro pacno3HaBaHus

B 1menoM mMexaHW3MBbl XUPAIBHOTO 30HAUPOBAHUS B YHAHTHOCEICKTUB-
HBIX CEHCOpax OCHOBAHBI HA JBYX IPOIIECCaX: MOJEKYJSIPHOM pPacrmo-
3HaBaHUU U Mepeadye aHaTUTUUYEeCKOoro curxaia. [Ipu 3ToM KitoueBbIM
(akTOpoM SABISETCS apXUTEKTypa CEHCOpa, OOeCIeYMBaroOmiasi Celek-
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TUBHOC B3aUMOJICHCTBHE SHAHTHOMEPOB C Pa3IMYHBIM CPOJCTBOM K
XUPATBHOMY CEJIEKTOPY C 00pa30BaHMEM TUACTEPEOMEPHBIX KOMILICK-
coB [8]. [Ipyrumu cioBamu, Ha YyBCTBUTEIILHON MOBEPXHOCTH CEHCOPA
HEOOXOIUMO CO3/IaTh Cpeay, 00CCIeUNBAIOIIYI0 XUPATbHOE PACTIO3HA-
BaHMe I T depeHINAIT YHAHTHOMEPOB. DTO TpedyeT crenudrde-
CKUX B3aHMOJICHCTBUN MEXKIy XUPAITBHBIM CEJICKTOPOM U DHAHTHOME-
pamu ¢ 00pa30BaHUEM COCIUHEHHUM, KOTOPhIC UMEIOT pa3Hbie KOHCTaH-
Thl YCTOHYHMBOCTH (paBHOBecHs). MOJIEKyJISIpHOE —paclo3HaBaHUE
MIPOUCXOANT W3-332 Pa3induii B CBOOOJHBIX 3Heprusix ['mdoca (AGp u
AGL) Mexay oOpasyoIUMHCS JHACTEPEOMEPHBIMU KOMILJICKCAMHU
9HAHTHOMEp—ceneKkTop. Takoe B3auMOJICHCTBUE ONPEIeNseTCs HATHYK-
€M Y CeNIeKTOpa IEHTPOB CBS3bIBAHUS, B3aMMHOE PACIIOIOKEHUE U Xa-
PAKTEPUCTUKH B3aUMOJICHCTBHSI KOTOPBIX C SHAHTHOMEpPaMHU OIpejie-
JSIIOT CEJICKTUBHOCTh PaClO3HABAHUS.
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Puc. 1.3. Cxema «TpeXTOYCUHOTO» B3aUMOICHCTBUS YHAHTHOMEPOB

Jiiss oOBsICHEHHST MEXaHHW3Ma XHPAIbHOTO PACIO3HABAHUS JHaH-
THOMEPOB TMPEJIOKEH PsJl MOJENIEH, KOTOPbIE BO MHOTUX CIydasiX OC-
HOBaHBI Ha MOJIENIN «TPEXTOUYCYHOTO» B3aUMOJICHCTBHS aMHHOKHCIOT
A. Janrmumra [16], ompenensromeld yCaoBHs, JOCTaTOYHBIE IS BO3-
HUKHOBEHMSI SHAHTHOCCKJIEKTHUBHOCTH. COTJIACHO 3TOW MOJIENH, IS
XUPATBHOTO PacliO3HaBaHU HEOOXOJAUMBI TPH OJTHOBPEMEHHO pealiu3y-
eMBIX KOHTAaKTa MEXJy dHaHTHOMepoM u cenektopoM (puc. 1.3). [pu
ATOM OJIUH SHAHTHOMEP MMEET ONTHUMAIIbHOE CTPOCHHE U 00pa3yer 00-
Jlee YCTOMYUBOE «TPEXTOUYEHHOE» COeIMHEHHE C CEIEKTOPOM, B TO Bpe-
Msl KaK Jpyroil 3JHaHTHOMEP CBSI3aH C HUM MEHEe MPOYHO U3-3a HATUYMS
TOJIBKO JIBYX TOYCK KOHTaKTa. Takas MOICIb I[efICTBI/ITeJII)Ha JJIs1 OTHO-
CUTCJIBHO IIPOCTBIX CCIICKTOPOB C nnaHapHoﬁ XHUPpaJIbHOCTBIO U TOJIBKO B
TEX CIlydasx, KOTJa B3aUMOJIEHCTBUE XUPAIbHBIX MOJIEKYJ C CEIEKTO-
POM MIPOMCXOJUT HA TOBEPXHOCTH CEHCOpa, Oe3 ydyera Toro, 4To 0OJb-
IIMHCTBO CEJIEKTOPOB HE SBISIOTCS TUIOCKUMH, a MIPEICTABIISIOT COOOM
TpeXMepHble CTPYKTYypbl. HyXHO y4YMTHIBaTh TakKe, UYTO XHpPaJIbHOE
pacmo3HaBaHUEe — 3TO AUHAMUYECKHU IPOIECC, a HE CTaTHYECKHUM, KaK
0OBIYHO MOjIpa3yMeBaeTcs. MoOJIeNIb «TPEX TOUEK» SIBJISCTCS YIPOIICH-
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HBIM TIOJIXOZIOM K OOBSICHEHHUIO YHAHTHOCEIEKTUBHOCTH CEHCOPOB. Tem
HE MEHee OHA MO-IPEXHEMY JIOBOJIBHO YacCTO MCIIOJIB3YEeTCs AJIs MILTIO-
CTpalMK XUPATbHBIX B3aUMOICHCTBUM.

Jist Goree CIIOKHBIX MOJIEKYJI C TPEXMEPHOUM CTPYKTYPOH ycloBHe
«TPEXTOUYEHHOTO» B3aWMOJICHCTBHS HE BCET/Ia SBISAETCS HEOOXOAUMBIM,
a YMCJIO0 KOHTAKTOB MEXIy HSHAHTHOMEpPAaMH W CEJIEKTOpPOM He 00s3a-
TeIbHO OYJIeT COOTBETCTBOBATh TpeM. B ciyuae aumacrepeomMepoB Takoe
B3aMMO/IEHCTBUE 3a4aCTyI0 OMOCpEeNyeTcs depe3 BOZHUKHOBEHHE HEKO-
BaJICHTHBIX CBSI3€H: BOJOPOIHBIX, MOHHBIX, JUIOIb-IAUMONbHBIX, BaH-
JIepBaaIbCOBBIX W T-T-B3aWMOJICHCTBHUH, 0OpazoBaHHE CYIpPaMOJICKY-
JSPHBIX M caMoopraHusyrommxcs cTpyktyp [9, 17]. Kak cmencrsue,
ONIMH JMacTepeoMep MOXKET HWMEeTh Ooyiee «HaeanbHyr» (hopMy It
B3aMMOJICUCTBUS C CEJIEKTOPOM TI0 CPAaBHEHHUIO C JPYTUM, UMEIOIINM
MEHBLUIYIO BEJTMYMHY KOHCTAHTHI CBsI3bIBaHHA. CTepuueckue (akTopsl,
00yCJIOBJIEHHBIE HECOOTBETCTBUEM pa3Mepa IOJOCTH CeleKTopa MoJie-
KyJlaM 3HaHTHOMEPOB B CIIyyae B3aUMOACHCTBHUI THUIA «KIHOY—3aMOK»,
TaKk)Ke€ MOTYT OKa3bIBaTh BJIMSHHE HA YCTOMYMBOCTH OOpa3yIOMIUXCS
KOMILJIEKCOB. J{JIsl CEJIEKTOPOB, COAEPKAIIMUX >KECTKUE apOMaTHUYECKUE
KOJIblIa, TUCKPUMMHAIUS SHAHTHOMEPOB MOXKET MPOUCXOIUTH B COOT-
BETCTBUM C JABYXTOYEUHOW MOJENbIO B3auMojeiicTBus [7]. DHaHTHOCE-
JIEKTUBHOCTh B3aUMOJIEHCTBUH 3aBUCHUT TaK)Xe€ OT COCTaBa M MOHHOM
cuibl pacTtBopa, pH, mpuponbl pacTBOpUTENsl, HANUYUS TEX WX HHBIX
3aMECTUTENIE B MOJIEKYJIaX 3HAHTUOMEPOB. IIpocThie MEXaHU3MBI XU-
PaNbHOrO PacClO3HABAHUS BCTPEUALOTCS JOBOIBHO PEAKO.

B xupanbHBIX ceHCOpax sl CEJEKTHBHOTO PACIIO3HABAaHUS dHaH-
THOMEPOB OOBIYHO MCIIONB3YIOTCS JTMO0 MPUPOHEIE, THOO HCKYCCTBEH-
Hble cenekTopbl. [locieqaue BEIMIAAST Oosiee MpUBIEKAaTENbHBIME H3-32
BO3MOKHOCTH LI€JICHAIIPABICHHOIO PETYJIMPOBAHMS CIIEKTpa HEo0Xo-
JUMBIX CBOMCTB W KOHCTPYUPOBAHHUS aAalTHPOBAHHBIX K 3aJadyaM XU-
paNbHOrO aHalu3a CTPYKTyp. Pa3BuTHe HAHOTEXHOJOTUMH OTKPBLIO HO-
BbI€ MTEPCIIEKTHUBHI B pa3pabOTKe XUPATbHBIX ApXUTEKTYP: KOMIIO3UTHBIE
2D- n 3D-marepuansl, HOJUMEpPHl ¢ MOJIEKYJSIPHBIMU OTIE€YaTKaMH,
XHpallbHble HAHOYACTHIIBI U Ap. B wacTHOCTH, 60IBIION MHTEpEC Mpe-
CTaBJIAIOT CEHCOPBI, MOAU(MDUIIUPOBAHHBIE TOPUCTHIMH XHPAITbHBIMH
MOJIUMEPHBIMU IIJICHKAMU M IPYTUMHU IMOPUCTBIMU MaTepuaiamu [18,
19]. JIuckpuMUHAIMS aHATIUTUYECKUX CUTHAJIOB B HUX IPOUCXOIUT 3a
CYeT pa3IMYHON cKopocTh Mu(y3un SYHAHTHOMEPOB Yepe3 MOpPbI MO-
JuduKaTopa K MOBEpXHOCTH CEHCOpa.

Jig  ycTaHOBNIEHHMsSI MEXaHHW3MOB XHPaJbHOTO pPAaclo3HaBaHMS
SHAHTHOMEPOB MPUMEHSIOT TAKKE METObI KOMIIBIOTEPHOIO MOJAEIHPO-
BaHus [20, 21], mo3BONAONINE PACCYUTATH ONMTUMAIBHYIO KOH(MHUTYpa-
U0 00pa3yroImUXCs TUACTEPEOMEPHBIX KOMIUIEKCOB U MUHHMH3HPO-
BaTh 3HEPIUI0 B3aUMOACHCTBUS CEJIEKTOP — XUpalbHbIN Jiurana. B vac-
THOCTH, PaclpoCTpaHEHHUE IMOJyUYniIa MPoIeypa MOCTPOESHUS MOJIEKY-
nspHbIX Mozeneir QSAR (Quantitative Structure Activity Relationship),
MO3BOJISAIONIAsl O CTPYKTYpaM M CBOMCTBaM XHMHYECKHX COEIMHEHHH
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MPEJCKa3aTh CEJIEKTUBHOCTh B3aUMOJICHCTBUN XMPAIBHBIX CEIEKTOPOB
¢ sHaHTHOMepamu. OHa MpexycMaTpuBaeT IMpeBapUTEIbHOE «MAIINH-
HOe oOyueHHe» C TOMOULIbI0 aHanu3a OOJBIIMUX MAacCCHBOB JaHHBIX O
CTPYKType U cBoWcTBax BemecTB. I[Ipumenenne QSAR mo3Bonmio cy-
IIECTBEHHO CHU3UTH BapruadeNbHOCTh IIPU MOJIEINPOBAHUN XUPATBHBIX
B3aHMOJICHCTBHUI.

Jpyroii moaxo ] 3aKIr09acTcsl B UCTIOIb30BaHNN 0a3 JaHHBIX, CO-
JepKaux MHGOpMAIMI0 O XUPaJbHBIX B3aUMOJCHCTBUIX CEIEKTOPOB
W 3HAaHTUOMEpPHBIX Map. B aToM ciydae Ui yCTaHOBJIEHUS MEXaHU3Ma
XUPAJTBHOTO PACIO3HABAHMSI MPUMEHSIOT CTATUCTHUECKHE U BEPOST-
HOCTHBIE METOJII 00pa0OTKH MHOTOMEPHBIX MAaCCHBOB JaHHBIX. Pa3Bu-
THE CPEACTB OOINEHHUS UYEIOBEKAa W KOMIIBIOTEPa, OCOOCHHO KOMITHIO-
TepHOW TpaduKH, CrOCOOCTBOBAIO IOSBICHUIO BaKHEHIEro KaHaja
nony4deHus: uHopManuu — 3pUTeIbHOr0. Bo3HHKIA paHee OTCYTCT-
BOBaBIIasi BO3MOXKHOCTh HArJIsiTHOIO MOJIEJIMPOBAHUSI SHAHTHOCEIEK-
THUBHBIX B3aUMOJEHCTBUN, YTO IO3BOJIMIO PE3KO COKPATUTh IOUCK
HanbOosee PalnuOHATBHBIX MyTeH MOCTIDKEHHUS IIeTH, MPHUTOTHBIX IS
pelreHus MOCTaBICHHOH 3aa9i. DTO IPUHITUIHAIEHO U3MEHIIIO METO-
JIOJIOTHIO MICCTIEIOBAHUM MO CO3AaHMIO0 YHAHTHOCETIEKTUBHBIX CEHCOPOB
1 HOBBIX XMPAJIbHBIX MaTepHaJIOB.

[ToMuMO TpaBUIIBHOTO BBIOOpA BaKHOE 3HAYEHHUE HMEET CIOCO0
MMMOOMJIM3aLMHU CEJIEKTOpa Ha MMOBEPXHOCTH CEHCOPa, KOTOPHIH MO3BO-
JUT COXPAHUTh €r0 XUPAIbHYI0 KOH(QHUTYpaunuio u 00ecrneyuT >HaH-
THOCETIEKTUBHOCTh. Kpome TOro, cenekTop MOIHKEeH OBITh 3a(pUKCHUpPO-
BaH TakUM 00pa3oM, 4TOOBI M30eXKaTh CTEPUUECKUX 3aTPYIHEHUH CO
CTOPOHBI COCETHUX MOJEKYJI. [IpUBUTHIN CIIOM MOXKET OBITh MOHOMED-
HBIM WJIM MOJIMMEPHBIM, TUIOTHBIM WJIM HEIUIOTHBIM, MOHO- WJIM IOJIU-
(hyHKIIMOHATH3UPOBAHHBIM. Pa3IiaHBIM MOXKET OBITh M paclpeieeHne
MOJIEKYJI CEJIEKTOpa Ha MOBEPXHOCTH CEHCOpA: CTATHCTUYECKH OecITo-
pAA0YHOE, OCTPOBKOBOE MIM peryisipHoe. Ha cerogsmHuil 1eHp HeT
NPUHLIMIUAIBHBIX MPEMSATCTBUN JUId 3aKpeIUICHUs] Ha IOBEPXHOCTH
CEHCOPOB MPAKTUUECKH JIIOObIX MaTEPUAIIOB.

Kazanoch Obl, mMOHMMaHHEe MEXaHU3Ma XUPAJIBHOTO PACIIO3HABAHMS
MO3BOJISIET TPE/ICKa3aTh, KAKOM CEJIEKTOp JIydlle Bcero OyaeT pacro-
3HaBaTh YHAHTHOMEPHI U MOKET OBITh MCIIOJIb30BaH B ceHcopax. OHa-
KO MHOTHE CEJIEKTOPBI MPECTABISAIOT COO0M MaKpO- WM MOJIMMEPHbIE
MOJIEKYJIBI CIIO)KHOM CTPYKTYpPBI, TPOTHO3UPOBATh IHAHTHOCEIEKTHB-
HOCTb KOTOPBIX JIOCTaTOYHO HempocTo. CiemyeTr ydnThIBaTh TaKxkKe
KOH(OPMAIIMOHHYIO «KECTKOCTB» XHPAIbHBIX YaCTHI], WX IMPOCTpPaH-
cTBeHHOe cTpoeHue. Eme oqHa, Oonee TpuBHaibHAA, HO HE MEHEe pac-
NPOCTPAaHEHHAsl MPUYMHA OTCYTCTBUSl XUPAJIBHOH IOUCKPUMHUHALIUU
9HAHTHOMEPOB COCTOHT B TOM, YTO OHH 00pa3yloT OJUHAKOBO YCTONYH-
BbIE THAaCTEPEOMEpHbIC KOMILIEKCHl. TeM He MeHee Ul HeOOIbIINX MO-
JIEKYJl SHAaHTHOMEPOB 3HAHWE MEXaHM3Ma MX XHUPAJIbHOTO paclo3HaBa-
HUS UMEET IPOTHOCTUYECKYIO IIEHHOCTb.



1.2. XupasnbHble CEHCOPbI 21

1.2. XupanbHble ceHcopbl

Kak yxe oTmeuanoch, XupaiabHas JUCKPUMHHAIMS SHAHTHOMEPOB C
UCIIOJIb30BAHUEM CEHCOPOB SIBISCTCS aJIbTEPHATHBON KJIACCHYECKUM
AQHAJIMTUYECKUM METO/aM, IOCKOJIbKY MO3BOJISIET NMPOBOIUTH aHAIN3 B
PEeKUME PeaJbHOTO BPEMEHH, MCIIOIb30BAaTh OTHOCUTEIBHO MPOCTHIE U
HEeJIOporue MPUOOPBl U HMHCTPYMEHTBI, TPAKTUYECKH HE TPATHTH JOMOJ-
HUTeNbHBIE peakTuBhl [5, 12, 22]. Kpome TOro, XMpaibHBIE CEHCOPHI
MO3BOJISIIOT KOHTPOJIUPOBATH YHAHTHOMEPHYIO YHUCTOTY OMOJOTMYECKU
AKTHBHBIX COCAMHEHMH W JIGKAPCTBEHHBIX BEIIECTB B XO/AE ACHMMET-
PUYHOTO CHHTE3a, YTO JAEJaeT X HCIIOIb30BAHHE BECbMa IPHBIICKaA-
TEJIbHBIM HE TOJIBKO B JIa0OPAaTOPHBIX YCIOBHSX. [laTuMKu Ha OCHOBE
XHMpPaJIbHBIX CEHCOPOB MO3BOJIIIOT JOCTATOYHO OBICTPO U IIPOCTO OIIpe-
JISJIATH COZCPKAHNE PHAHTUOMEPOB B PA3UYHBIX Cpeax, B TOM YHCIIE
nocie pasJefieHuss Ha XpoMaTorpaguyeckux KOJOHKAaxX WM B MHKPO-
(IIIONAHBIX CHCTEMaX.

Baxuelmnmu ycrnoBUsMH BbIOOpa CEHCOPHOM IIaThOPMBI SIBIIS-
FOTCSI BO3MOKHOCTh MMMOOMIM3aLUU XUPAIBHOIO 3JIEMEHTa Paclo3Ha-
BaHUS (CEJIEKTOpa) Ha TIOBEPXHOCTH (MM B 00BEME) CEHCOpa M CIOco0
PETUCTpaIlii aHATTUTUYECKOTO CUTHAJIA TIPU B3aWMO/ICHCTBUH aHAJINTA C
XHUpaBHBIM CENIEKTOPOM, T. €. BBIOOp TpaHcablocepa. Hike paccmoTpe-
Hbl OCHOBHBIC NMPUHIMITEI (JYHKIMOHUPOBAHMS, a TAKXKE TUIIBI XUPAJb-
HBIX CEHCOpOB A AuddepeHnranuy YHAHTHOMEPOB. AKIEHT CAelaH
Ha OINMCAHWU OCOOEHHOCTEH MeXaHu3Ma ACHCTBHUS M aHAIUTHYECKUX
XapaKTepUCTUKAX JaTYMKOB HA OCHOBE DJIEKTPOXMMHYECKUX, ONTHYE-
CKHX W MTBE303JIEKTPUYECKIX yCTPOUCTB.

1.2.1. AneKTpoXMMmn4eckme ceHcopbl

DNEKTPOXUMUYECKIE CEHCOPBI MPUBJICKAIOT K ce0e MOBHIINIEHHOE BHH-
MaHHe MOTOMY, YTO OTJIMYAIOTCS OTHOCUTEIHHON MPOCTOTON M Ha/lexk-
HOCTBIO KOHCTPYKIHUH, @ TaKXe BBICOKOH UyBCTBHUTEIBHOCTBIO U BOC-
MPOU3BOAMMOCTBIO H3MEPEHUH, MO3BOJISIIOT OBICTPO M TOYHO MOJIYUYHUTH
nH(OpMaITHIoO 0 cocTaBe 00bekTa KoHTpoms [13, 14, 23-25]. Haubomnee
IIMPOKO CPEIU D3JIEKTPOXHMHUYECKHX CEHCOPOB, HApsAy C TOTEHIINO-
METPUYECKUMH, aMIEPOMETPUYECKUMH CEHCOpPaMH M CEHCOpaMH Ha
OCHOBE NIEKTPOXMUMHUYECKOW UMIEAAHCHON CIEKTPOCKOIUU, IPUMEHS-
I0TCSl BOJIBTAMIIEPOMETPUUECKUE CEHCOpPBl. BO MHOTOM 3TO CBS3aHO ¢
JIOCTOMHCTBAMHU 3JIEKTPOXMMHUYECKOW PETUCTPAllMM CHUrHajla, K KOTO-
PBIM OTHOCSITCSA:

® MTOPTATUBHBIA AM3aiH W OTCYTCTBHE CYIIECTBEHHBIX OTpaHHYe-
HUI 110 pa3Mepy U T€OMETPHH CEHCOPOB;

e pazHooOpa3ne XMMHUYECKUX COCAMHEHHH, CIIOCOOHBIX K OKHCIIH-
TEIbHO-BOCCTAHOBUTENBHBIM TPEBPAIICHUAM WIA WHBIM B3auMOJIEH-
CTBUSIM, PETUCTPHUPYEMBIM C TIOMOILBIO AJIEKTPOXUMHUECKUX CEHCOPOB;
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® BO3MOKHOCTH NMPUMEHEHUS] CEHCOPOB B Hamboliee pacrpoctpa-
HCHHBIX Cpe€laX — KUIAKOCTAX Ha BO,Z[HOI\/II WJin NpeuMylieCTBEHHO BOI-
HOH OCHOBE;

® JICIKOCTb IIOJIy4EeHUS IEPBUYHON MH(OpMAMK U MHTEpIIPETaluu
pe3yabTaTOB O XMMHU3ME MPOLIECCOB, MIPOTEKAOLINX HAa I'PAHULE 3JICK-
TPOJI/aHATN3UPYEMBII PACTBOD;

® OIepalMOHHBIC XaPaKTEPUCTUKU CUTHAJIA, TIO3BOJISIIOIINE ITPOBO-
JUTh M3MEPEHUs] B peajbHOM MacliTade BPEMEHH, B TOM YHUCIE B IO-
TOKE;

® HaJIM4Yue Pa3BUTOrO PhIHKA aHATUTHYECKUX MPUOOPOB M 000py-
JIOBAaHMSI, COBMECTUMBIX C OOJIBLIIMHCTBOM THUIIOB 3JEKTPOXMMHUYECKUX
CEHCOPOB (OKCHUMETPHI, HOHOMEPHI, BOJIbTaMITeporpadsl U Ap.);

® POTEKaHHE Ha MOBEPXHOCTH CEHCOPOB IPOIIECCOB, aHAIOTHY-
HBIX MIPOIIECCaM B JKUBOW (OKHCIIHMTEIbHO-BOCCTAHOBUTEIBHBIC MPOLIEC-
CBbl MeTaboMM3Ma U OMOCHHTE3a) M HeXXHUBOH ((POTOXUMHUYECKOE OKHCIIE-
HUe, KapOOHAT-THIPOKapOOHATHOE PABHOBECHE B IOBEPXHOCTHBIX BO-
Jax) Mpupoje, 00IeryaroInux NOHUMaHUE IEKTPOXUMUYECKUX JaHHBIX
B COOTBETCTBYIOLIUX OTPACIAX HAyKH (MeOULMHA, OMOIOTUs, T€0JIOTHs,
THIPOXUMHMS U IKOJIOTHS).

Crenyer 3aMETHTh, YTO Pa3BUTHE HJEKTPOXHUMHUU KaK YacTH (H3H-
YECKOH XMMHUHU JOCTaTOYHO AJUTEIBHOE BpEeMs IIUIO HE3aBUCHMO OT
BO3MOXXHOTO aHAJIUTHYECKOIO MPUMEHEHHUS MOTYUYECHHBIX PE3yJIbTaTOB.
B T0 ke Bpems mosiBiieHHE HOBBIX MHCTPYMEHTAJIbHBIX METOJOB, 3JICK-
TPOZOB U NPOTOKOJIOB M3MEPEHHUIl CBA3aHO C TaKUMHM (DyHIAMEHTAJIb-
HBIMU pa3zenamMu (pU3MUecKoil XUMHUH, KaK TepMOIWHAMHKA, COpPOIIH-
OHHBIC TTPOHECChI U TCOPUA PACTBOPOB. Mmuorue YpaBHEHUSA, AKTUBHO
HCIIOJIb3YCMbIC B IMPUKIIAAHBIX o6nacmx SJICKTPOXUMHHU, UMCIOT TEP-
MOJMHAMUYECKOEe 00OCHOBAaHHE M OE3YyCIIOBHO CHPaBEAIMBHI Ui 00pa-
TUMBIX npoueccoB. Tak, ypaBHenue HepHcra siBisiercst 6a30BbIM B I10-
TEeHUHOMeTpuH, a ypaBHeHus llleBunka u JleBuua ocHOBaHBI Ha ypaB-
HEHUSX, OMUCHIBaloIMX AU (}y3nio aHATUTOB K MOBEPXHOCTH CEHCOpA.
Nwmeetcst Oonblioe YMCIO ypaBHEHUH, OMMCHIBAIOIIMX MPOIECCHl Tepe-
HOCa 3apsDKEHHBIX YacTUI U3 OJHOH (a3l B APYrylo, BIUSHHE TEOMET-
pHH IEKTpoaa U ycinoBuid 1uddy3nn Ha GopMy U BEIUUYMHY aHAJIUTHU-
YECKOT0 CUTHAJIA.

Taxoro poaa ucciaeoBaHUsI HE TOJIBKO OOJIErYMId UCIOIb30BaHHUE
OJICKTPOXUMHHU JIA PCHICHUSA KOHKPCTHBIX 3aaay AHAJIMTUYECKON XH-
MU U XUMHYECKOH CEHCOPUKH, HO M CIIOCOOCTBOBAJIM MOIMYJISPU3ALIH
DJICKTPOXUMHYECCKHUX METOAOB B KOJIMYCCTBECHHOM U KaUCCTBCHHOM XU-
MHYECKOM aHajM3e. BBICOKHMI ypOBEeHb TEOpEeTHUYECKOH MPOpabOTKH B
JIEKTPOXUMHUYECKUX METOAAX aHajlu3a U €JUHCTBO IPOLIECCOB, JIEXKa-
LIIMX B OCHOBE PErHCTPAlMM U OOPaOOTKM aHAIUTHYECKUX CHUTHAJIOB,
CIOCOOCTBYIOT COBEPIICHCTBOBAHUIO MaTEpUAILHON 0a3bl dJIeKTpoaHa-
J¥3a U YCKOPSIIOT CO3/IaHHe CEHCOPOB Ha OCHOBE pa3lMYHBIX MaTepha-
JIOB, BKJIIOYasl XUPAIbHBIE CYNPaMOJIEKYIApHBIE CTPYKTYpPbl U HaHOMA-
TEpHUAIBL.
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1.2.1.1. MNoTeHUMOMeTPUUYECKME CEHCOPbI

DHaHTHOCEIEKTUBHBIE TTOTEHIIHOMETPUYECKUE CEHCOPHI — THIT JIEKTPO-
XUMHYECKUX CEHCOPOB, B KOTOPBHIX HM3MEPSEMBIM CHUTHAJIOM SIBIISETCS
OJIC ranpBaHUYECKOTO 3JIEMEHTA, BKIIFOYAIOIIETO WHIWKATOPHBINA (pa-
00uMif) ANIEKTPO M DIEKTPOJ CPaBHEHHUS, OTPYKEHHBIE B aHAIM3HUPY-
eMbIil pacTBOp. OCOOCHHOCTBIO MOTEHIIMOMETPUIECKOTO METOJIA SIBIISI-
eTcs TO, YTO B TIpOLIecce U3MEPEHUH TOK, MPOTEKAIOUIMK B LEMH, Ype3-
BBIYAHO Mall ¥ TIOATOMY MOTEHIMANl HHIMKATOPHOTO 3JIEKTPO/Ia MMOYTH
HE OTJINYAeTCs OT PABHOBECHOTO 3HAYECHWSI, OTICHIBAEMOT0 YpaBHEHHEM
Hepncra [26]. B kadyecTBe MHAMKATOPHBIX 3JIEKTPOJIOB B DHAHTHOCE-
JIEKTUBHBIX TMOTEHIIHOMETPHUYECKHX CEHCOPAaX B OCHOBHOM IPUMEHSIIOT
MeMOpaHHbIE 3JEKTPOABI, MOTEHIHAT KOTOPHIX JIMHEHHO 3aBUCHT OT
norapudma aKTHBHOCTH ONPEACISIEMOro COeMHEHHs (MOHa) B pacTBO-
pe, a B Ka4eCcTBE 3JEKTPOJAOB CPABHEHHS — XJIOPUACEPEOPSHBINA U Kajo-
MEJBHBIH TEKTPOJIBI.

BaxHoil XxapakTepUCTUKOW WHIUKATOPHBIX SJIEKTPOJOB SIBISETCS
UX CEJIEKTUBHOCTbB, KOTOPAsi KOJIMUECTBEHHO BhIpaxkaeTcs Koddduimen-
TOM CEJICKTHMBHOCTH, Ha3bIBAEMBIM TaK)Ke MOTCHIIMOMETPHUYECKOH ce-
JIEKTHBHOCTBIO. ET0 ycTaHaBIMBAIOT MO COOTHOLICHHWIO KOHIICHTpPAIUH
MEMIAMNIETO W OIPENeIsieMOr0 HWOHOB, BBI3BIBAIONINX OJMHAKOBOE
CMEIIeHUe MOTEeHIINAaNa MEeKTpoaa. UeM OH MEHbIIe, TeM BHIIIe KOH-
HEHTpAIs MEMIAONIero HOHA, He BIHSIOMAs Ha Pe3yiIbTaThl U3MEpe-
HUSI COJIep KaHUsl aHauuTa. DMIUpPUYECKoe ypaBHeHHe Hwukoibckoro,
OIMCHIBAIOIIEE 3aBUCHUMOCTD IOTEHIMANA DJIEKTPOJia OT CyMMbI KOH-
LHEeHTpaluil (akTUBHOCTEH) ompenenseMoro (a4) W Memawoounmx (a;)
MOHOB, YMHOXXCHHBIX Ha KO3((HUIMEHTHI CEJIEKTUBHOCTH (k4. ;) C y4eTOM
pasMuui B 3apsiiax, BIOCIEACTBUM ObUIO TPAaHC(OPMHUPOBAHO B ypaB-
HeHue Hukonbckoro—2Jii3eHmaHa:

ZA

E cr BT + zk Z
= cons —In|y a .
ZAF A . A,J j
J

DOHaHTHOCENIEKTUBHbBIE TOTEHIIHOMETPUIECKHIE DIEKTPOIBI NMEIOT
Pa3MYHyI0 KOHCTPYKIHIO, OTPEAENAeMyI0 KaKk TpeOOBaHHMSIMH aHAH-
THUYECKUX 3aJau, TaK U HEOOXOJIUMOCTBIO TOCTIKEHHS CEIEKTUBHOCTH
curHajia. BakHelnieil MX 4acTbrO SIBISETCS IOJYIPOHULAEMAs MEM-
Opana, cozaepKaas “oHo@opvl — BEUIECTBA, CENCKTHBHO B3aUMOJICH-
CTBYIOIIME C SHAHTHOMEPaMH M O00Opa3ylollde C HUMH KOMIUIEKCHI
pasIn4yHON ycTOWYMBOCTH. B KadecTBe MOHO(MOPOB MPUMEHSIOT KOM-
TUTEKCHl BKJIIOYEHHUS C MHKJIOAEKCTpuHaMu [27-33], xpayH-3pupamu
[34-36], makpormkiIndeckuMH aHTHOMOTHKaMU [37-39], cynpamorexy-
nsipHBIe CTPYKTYphI [40-42] 1 yriepoansie HaHOTPYOKH [43]. Paspabo-
TaHbl CEHCOPHI Ha OCHOBE ONTHYECKU aKTUBHBIX MOJIUMepoB [44] u mo-
JIUMEPOB C MOJIEKYJISIPHBIMU OTIEUYaTKaMu [45], a Takke KOMIUIEKCOB
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METAJUIOB C OPTaHWYEeCKHMHU JIUTaH/JIaMH, KOTOPbIE MOTYT B3aUMOEH-
CTBOBATh C YHAHTHOMEpPaMH, 00pa3ysi KOMIUICKCHI Pa3IMYHON YCTOWYH-
BocTH [46—48]. [lorck HOBBIX SHAHTUOCEICKTHUBHBIX NOHO(OPOB — OJIHO
Y3 BaXHEUIIMX HANpPaBICHWA pa3BUTUSA (TPEHIOB) MOTEHIMOMETPHH
KaK METO0/Ia XHPAJIbHOTO aHAJIH3a.

Ha panneit craguu ucciegoBaHUW ycrexa yJajoch JOCTUTHYTh
NPUMEHSIST M3BECTHBIC COCJMHEHHS, BBITIOHSIONINE (YHKIIMIO XUpPab-
HBIX CEJIEKTOPOB, HAIIPUMeEp, [IMKJIOAEKCTPUHBI [27-30] 1 MakpOLMKIU-
YecKue aHTHOMOTUKY [37—39]. DHaHTHOCEIEKTUBHOCTh MaKPOIUKIHYE-
CKHX MOHO(OPOB B 3HAUMTEILHOW Mepe OIpeeNseTcss TeOMeTpruel ux
MOJIEKYJI, TIpEeKIe BCETO pa3MepaMH W MPOCTPAHCTBEHHOW CTPYKTYpOH
dhopmupyembix mosiocteit. Eciim Mexy S- m R-sHanTHoMepamMu m Xu-
panbHBIM cenexTopoM (L) mpoTekaroT peakiuu

L+S2LS u L+R2LR,

TO KOHCTAHTHI YCTOﬁqHBOCTH o6pa3yfoumxc;1 MCIKAY HUMU KOMILJICKCOB
MO’KHO BbIPa3uTb YPABHCHUSMMU:

_AGs _AGg
Ks= e RT u Kg= e RT,

rae Ks m Kr — KoHCTaHTBl ycrolunBocTd, AGs 1 AGr — CBOOOAHBIC
9HEpPruM peakuuii oopazoanust kommiekcoB LS u LR. Ilpu stom s¢-
(DEeKTHUBHOCTb paclO3HABAHUS YHAHTHOMEPOB M PA3IMUUE MEXKAY I10-
TEHUUAJIAMHU 3JIEKTPOJIOB 3aBUCAT OT Pa3HHULbI MEXAY CBOOOIHBIMH
SHEPTHUAMH:

A(AG) = AGs — AGk.

BaxxapiM yciioBHEM YHAHTHOCETEKTUBHOCTH TaKUX JIEKTPOIOB SB-
nsieTcs 00pa3oBaHUE YCTOMYMBBIX KOMIUIEKCOB MEXKAY «X031€BaMm» U
«TOCTEBBIMM» MOJIEKYJIaMH, a TAaKKe HAJIUYHWE OTHOCHUTEIBHO OOJBIINX
9HEPTEeTHUYECKUX (XUPAIBHBIX) 0apbepoB, KOTOPhIE 00ECIIEUNBAIOT pac-
M03HaBaHUE SHAHTUOMEPOB. OCHOBHYIO POJIb WUIparoT 1Ba (axropa —
YKECTKOCTh MaKpOIIMKIOB W MHOTOTOYEYHOCTh B3aMMOJIEHCTBHIA, KO-
TOpBIE 00ECTIeYMBAIOT HEOOXOAMMYIO KOH(MOpPMAIMIO 00pa3yroInXCs
KoMIUTeKCOB. CTPYKTYypHasi KOMITJIEMEHTaPHOCTh MaKPOIIMKIIOB M YHAH-
THOMEPOB TapaHTHPYET BHICOKYIO 3((PEeKTUBHOCTH pacro3HaBaHHS I10-
CIIETHUX.

B uwactHOCTH, MOAXOJAIIMMHU pELENTOPAMHU ISl XUPAIBHOTO pac-
rmo3HaBaHus dQenpuna, rnceBaoddeapuHa 1 HopaeapuHa ¢ UCIOIb30-
BaHHUEM ITOTEHIMOMETPHUECKUX MEMOpPAaHHBIX 3JEKTPOJIOB SBISAIOTCA
MIPOM3BOHBIE ITUKIOJEKCTPUHOB, KOTOpbIe BBOIAT B [IBX-MemMOpans ¢
0-HUTPO(EHUIIOKTUIIOBBIM 3(UpOM W OUC(OYTHITICHTHI)aIUIIaTOM B
kauecTBe muactudukaropoB [27, 49]. Takue ceHCOpHI MMO3BOJISIOT TPO-
BOAMTH U3MEPEHHUS B CBIBOPOTOUHBIX JKUAKOCTSAX C BBICOKUM COJEpIKa-
uHueM noHoB Na', K™ u Ca*". [ToTeHIMOMETPUUECKUNA CEHCOp C KH/JI-
KOCTHOI MeMOpaHOW Ha OCHOBE MAaCTHI U3 TPaUTOBOTO MOPOIIKA U TTa-
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paduHOBOTO Macia, mpornuTaHHoW 1 MM pacTBOpoM Xyopupaa 2-THI-
POKCH-3-TPUMETHUIAMMOHHUOITPOITIII-B-IIUKIOIEKCTPHUHA, TTO3BOJIIET OIl-
penensaTh S-sHamanpui B (papMaleBTUYECKUX Iperaparax B AHara3oHe
KoHIleHTparmii oT 36 MKM mo 64 MM c mpenenom oOHapyKeHHUs
10 MmxM [50]. ITomoOHBIE CEHCOPBI TTO3BOJISTIOT KOHTPOJIHUPOBATH COMIEP-
JKaHWe S-KanToIpuiia, MPOJMHA, [HJa3anpuia, TMeHTONpHIa, TPaHIo-
nmanpwia u nepuHponpmia [28, 29, 51-53]. Cnenyer 3aMeTHTh, 4TO B
MOJIEKYJIaX 3TUX TEPANICBTHUECKU aKTUBHBIX MPEIapaToB UMEIOTCS TH/I-
podoOHbIe IUKIHUecCKUue (pparMeHThbl, KOTOPhIE MOTYT BXOJUTh B IOJIO-
CTH PELENTOPOB, TOTJa KaK MOJSAPHBIC (PYHKIIMOHAIBHBIC TPYIIIHI B3aK-
MOJIEHCTBYIOT C THAPOKCHUTPYIIAMH ITHUKIOJEKCTPUHOB, oOecreunBas
BBICOKYIO 2(()eKTHBHOCTH pacrio3HaBaHUsI YHAHTHOMEPOB.

J1sT M3TOTOBIIEHUST DHAHTHOCEICKTUBHBIX IOTCHIIMOMETPHYCCKIX
CEHCOPOB MPUMEHSUIH TaKXKe KUJIKOCTHBIC YrOJbHO-TIACTOBBIC MeMOpa-
HBbI, MOJU(DUIUPOBAHHBIC MAKPOIMKINYCCKUMHA aHTUOMOTHKAMH —
BaHKOMHUIIMHOM M TeWkorutanuHoMm [37, 39]. Jlis 3TOoro TIHIATENBHO
CMEIINBAJIN TPAQUTOBBIA MOPOIIOK W Ba3eTMHOBOE MAclo B MacCOBOM
cootHomeann 1:4. 3atem k 150 Mr moiydeHHOH T'padUTOBOH IMacThI
nobasmsin 100 mMxnm 2 MM Teiikonnanuna (pH 6) nian BaHKOMUITMHA
(pH 4) B docharnom OydepHOM pacTBOpE W MOMEIIAIN MACTy B CTEK-
JSTHHYIO TPYOKY nuameTpom 2—3 MM. DJIEKTPHUYSCKUI KOHTAKT obecrie-
yuBasia cepeOpsHasi MPOBOJIOKA, KOHTAKTUPYIOMas ¢ rpaduToBON Iac-
Toii. OOa »sJeKTpoma HWMENH HEPHCTOBCKHUH OTKIWK K ameTui-L-
KAPHUTUHY B KOHIEHTPAUMOHHBIX auamna3zoHax 10 MxM — 10 MM u
100 MxM — 10 MM c mpenenamu o6Hapyxenus 4,17 MmxM u 6,50 MkM
JUTsl BAHKOMUIIMHA U TEHKOIUIAHUHA COOTBETCTBeHHO. KoadduimeHTh
MOTCHIIMOMETPHUIECKOM CEJIEKTUBHOCTH AJIEKTPOJOB MPHU OMpPEACICHUU
aneTwi-L-kapHUTHHA B TIPUCYTCTBUU aneTWiI-D-KapHUTHHA COCTABUIIH
3,89 -107 u 4,04 -10°. Heopranuueckne KaTHoHbI, Takue kak Na®, K'n
Ca2+, HE MEIlIaJId ONPEACIICHUIO aleTHiI-L-KapHUTHHA.

B kadectBe monodopa IS pacmo3HaBaHUS HYHAHTHOMEPOB MHH-
JTAJIBHOM KUCIIOTHI TPEJIOKEH XMpabHbIM KoMIuiekc xiopuna Mn(I1D)
¢ (R,R")-(-)-N,N"-6uc(3,5-au-mpem-0y TuncanuuuianaeH)- 1 ,2-1ukiore-
KcanauaMuHoM [47]. B aToM cinyuyae xupaibHOE pacro3HaBaHUE MPOUC-
XOJIUT 32 CUET KOOPAWHAIMH SHAHTHOMEPOB MHHAAIBHOW KHUCIOTHI K
Mn(III) ¢ o6pa3oBaHHEM CMEIIAHHOJHMTAHIHBIX OKTA3IPHYCCKUX KOM-
MJIEKCOB PA3IMYHON YCTOMYMBOCTHU. J[JIsI yBEJIUYEHUS] YyBCTBUTEIHHO-
CTH M CEJICKTUBHOCTH CEHCOPOB B MEMOpaHbI BBOIMIM HAHOYACTHUIIBI
METAJJIOB M YIVIEPOJHbIE HAHOMAaTEpUasbl, MOIU(DUIUPOBAHHBIC XH-
panbHBIMU cenekTopamu [43, 54]. Tak, Ang TUCKPUMUHALMU CUTHAJIOB
S-3HaHTHOMEPOB aHTHJENPECCaHTa IMHUTAIONpaMa B MOYe B MeMOpaHy
u3 [IBX BBOAmIM X¥MpanbHbIE HAHOYACTHUIIBI C €TI0 MOJIEKYJISIPHBIMHU OT-
nedaTkaMu [54]. Tako#l ceHCOp MMeNT HEPHCTOBCKYIO 3aBUCUMOCThH TI0-
TEHIMAJIa 3JIEKTPOoJa OT Jiorapudma KOHIEHTpPAIlMH C HAKJIOHOM
50,77 mB B xonnentpanmonnoM auamnazone 0,25 MmkM — 1 MM.






MaiictpeHko Banepuii HukonaeBmu - [JOKTOP. XMMUYECKUX HayK,
npodeccop, 3acnyKeHHbIN geAaTenb HayKn 1 TexHukn Pb. YneH-koppec-
noHgeHT AH PB, uneH 6ropo HayuHoro coBeta PAH no aHanuTryeckonm
XUMUK, npegcepatens Kommccny no 3neKTPOXMMUYECKUM METOAaM
aHanu3a PAH, MHorve rogbl Bo3rnaenan Ypasnbckoe otaeneHune HayyHo-
ro COBETa Mo aHanUTUYeckon xumuu PAH, 6bin uneHom SKCMePTHOrO
coeTa BAK P®. ABTop 9 MOHOrpaduin 1 yuebHrKos, 200 cTaTeld B Hayuy-
HbIX »ypHanax, 16 naTeHToB Ha M3abpeTeHus. MpuknagHble acnekTbl
Hay4YHOW LeATeNnbHOCTI CBA3aHbl C Pa3paboTKON MeTOAOB onpenere-
HWA TOKCUYHbIX METAINIOB, CTOMKUX OPraHWYecKnx 3arpAasHuTenen,
AVNOKCMHOB 1 APYFUX OPraHNYECKX BELWLECTB B MPUPOAHbIX M MPOMbIL-
NeHHbIX 06bekTax, UX aTTecTaumelnt 1 BHeceHuem B locpeectp PO.
O6/afaeT WMPOKMMU 3HAHWAMM B OONMAcTVi aHAIMTUYECKON XUMUW,
YTUAU3aUNM MPOMBbILLIEHHbIX U ObITOBbIX OTXOA0B, Pa3paboTKM TEXHONMO-
rin NepepaboTKN OTXOA0B rOPHOPYAHbIX, XUMUYECKUX Y MALIMHOCTROW-
TeNIbHbIX NPeANPUATUN, peabunuTaLmMmn 3arpAa3HEHHbIX TEPPUTOPHUIA.

EBTiornH FeHHapgunin ApTypoBIUY — JOKTOP XUMUYECKMX HayK, Npodec-
cop, 3aBegyloWwmin Kadeppol aHANMUTUYECKON XUMUM XMMUYECKOrO
uHctuTyTa KasaHckoro (MprBomxckoro) dpeaepanbHOro yHMBepcuTera.
YneH 6topo HayuHoro coBeTa no aHanuTuyeckon xumum PAH, fenerat
HayuHoro coseta PAH B EBponeiickoin accoLpauny XMMNYecKmnx.1m Mone-
KyNAPHbIX HaYK (OTAeneHne aHanMTuyeckom xumun). YneH pegkonnerni
NepPUOANYECKNX HayYHbIX M3AaHWUIN «KypHan aHanuTUYeCcKON XUMumy,
«InekTpoxumusy, «Bioelectrochemistry» (Elsevier), «<Microchimica Acta»
(Springer). ABTop 60nee 300 HayuHbIX Ny6ANKALWNA, 7 KHUT, 7 NaTEHTOB
Ha U306peTeHUs. HayuHble MHTEpPECHl OXBaTbIBAOT Pa3/INYHbIE ACMEKTDI
3M1EKTPOAHANNTNYECKON XMMUK, BKIlOYaA CO3AaHME 1 NCMONb30BaHMe
HOBbIX HAHO- 1 KOMMO3WTHbIX MAaTEPUANOB A1 MOANGUKALINI CEHCOPOB,
pa3BuT/iE NPUHLMNOB KOHCTpyMpoBaHua AHK- 1 ¢pepmMeHTHbIX ceHco-
POB, co3faHne rMMbpuaHbIX GOCEHCOPOB Ha OCHOBE CYMPaMOJIEKYSIAP-
HbIX CTPYKTYpP O onpepeneHns 61onornyeckn akTuBHbIX COeUHEHN,
nccnepoBaHne 3NeKTPOAHbIX Peakunii OpraHNYecKMX COefVHEHUN n
TBEPAOKOHTAKTHbIX MOTEHLMOMETPUYECKNX CEHCOPOB.
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