OT3bIB
O¢HuuHaNBEHOro ONMOHEHTa KaHAHAAaTa XHMHYECKHX HayK
Bonkoeoit FOnuu AnekceeBns! Ha nuccepraumio ITonskoBo# AnHbl CepreeBHEI
«Pa3paboTKa ONTHYECKHX XEMOCEHCOPOB Ha OCHOBE MOHO- H GHCXPOMO(OPHBIX CHCTEM HA
KATHOHBI PTYTH ¥ cepebpa B BOJHBIX PaCTBOPAX H KIETOYHBIX CPE/lax», MPECTaBICHHYIO Ha
COHMCKAaHHE Y4EeHOl CTENeHH KaHIUAaTa XHMHYECKHX HayK N0 CNeUHATbHOCTAM

1.4.3. — opraunyeckas Xumus, 1.4.4. — pusuyeckas XUMHAs

AxTyaasHocTh paborbl. B HacTosmee Bpems BCE Gosbluee 3HAUYeHHe mpHOOpeTaloT
HCC/IEIOBARHA B 0G/JacTH CO3aHMS HOBBIX (OTOAKTHBHBIX MATEpHAlOB, KOTOpBIC MO3BOJAIOT
pemaTh pasHooGpa3Hble 3aa9H B PA3THYHBIX 00MACTAX XHMHUH, OHONOrHH, MEMIHHEI A TEXHUKH.
OOHMM M3 TAKMX HANpaBleHHM SBIACTCA NETEKTHPOBAHHE KATMOHOB TDKENBIX M NMEPEXOMHBIX
METAJIOB B 06BEKTaX OKPYXKaloweH cpeibl H GHONOrHYeCKUX CHCTEMaX, MPEACTABIAIOMCE coboit
BAOXHYIO TEXHHYECKYIO 3a/lauyy TaK KakK, B MOJAaBsfiomeM OOJNBIIMHCTBE CIY4acB ULl KaTHOHOB
JAHHOTO pANa XapaKTepeH TOKCHUeckuit 3ddext. Jlns ompeneneHns HH3KHX KOHICHTpaimi
KAaTHOHOB METaIOB GONBIIYIO NMOMYISPHOCTb MOTYYHN CEKTPO-(IyOpHMETPHYECKHE METOX C
HCTIOJIb30BAaHMEM OPraHH4ecKHX (IyopecleHTHbIX xeMoceHcopoB. M3 o6mmpHO#N XUMHHECKOd
GHONHOTEKH CEHCOPOB MOXHO BBLAETUTH JIHTaHBI, CIOCOOHBIE K (IIyOPECHEHTHOH BH3YalTH3alHH
KaTHOHA MeTaLla B GHONOTHYECKMX OOBEKTaX, a TaKKe AETEKTHPOBAHHIO KOJIHYECTBEHHOH
KOHLEHTPAllMH AHAIATA B YCIOBHAX in Vifro. CTOMT OTMETHTb, YTO B HACTOSIIEEC BpEMSA
OTCYTCTBYIOT JAaHHBIE O CHCTEMaX, CMOCOOHBIX AETEKTHPOBATh PTYTh C TOYHO ONpEACIAEMOH
KOHIICHTpaLuel U npeaenoM oGHapy>KeHHs BHYTPH KJIETOYHBIX CPEJl, OHAKO CYLIECTBYIOT TaKHe
30HABI 1A OTpENeseHH!s APYrHX KaTHOHOB METAUIOB. B cBA3u ¢ yeM aucceprauuoHHAs pabora
IMonsxoBoli AHHbI CepreeBHBI MOCBAlUeHa AKTYaIbHOH M MpaKTHYeCKH BaxHO# mpobieme
COBpEMEHHBIX OpraHHY€eCKOM M QU3UUECKONH XHMHMU: CHHTE3Y HOBBIX OPraHHYeCKHX COeJHHCHHI,
KOTOpble MOrYT OBITb HCHONB30BAHBI B KauyeCTBE ()IyOPECLEHTHBIX XEMOCEHCOPOB UL
nerextupoBaHus KatHoHOB pTyTH(II) 1 cepeGpa(I) B BoAHBIX pacTBOpax M KJICTOUHBIX CPEAax.

B kauecTBe OCHOBHOM (POTOAKTHBHON COCTAB/AIOMEH CEHCOPHBIX YCTpOHCTB B pabore
Obutd  BeIOpaHel mnpou3BoAHble 1,8-HagTanMMHAA, KOTOphHIE HWHTEHCHBHO MOIJIOWAIOT H
¢myopecupyIoT B BUIHMOH 061acTH crieKTpa, 06N1aJa0T BRICOKOH TEpMO- H CBETOCTORKOCTBIO, 2
TaKXKe KPaCHTENH psja CTHPHINMHPHANHA, XapaKTCPH3YIOLHECS OTHOCHTENBHO JJTMHHOBOJTHOBBIM
HCITYCKaHHEM W BBICOKO{i pOHHKaiowme#t crocoGHOCTBIO B KNETOUHBIE CTPYKTYPbI. PellenTOpHBIM
(parmenTOM B ceHCOpax BeICTynaer N-(ennnazanutna-15-kpayH-5-¢up, obnanarounmi BBICOKO#H
CeNEKTHBHOCTBIO MO OTHOIIEHHIO K KaTHOHaM pryTH/cepefpa 3a cu¥T aToMa a30Ta H MATKHX

JIOHOPOB aTOMOB Cepbl. HMccnenoBanne MexauCOUIIMHAPHOE, NPEACTaBAeT coboii npeKpacHbIi



TIPEMEP pacClIHPEHUA BCeX acleKTOB CO3JaHUA (ITyOpeCLeHTHBIX CEHCOPOB B PALY KpacuTeneil Ha
ocHose I.8-HadranMMmMAa H CTHpWINMpHIMHA, BKMIOYas OTPaGOTKY CHHTE3a, H3ydYeHmHe
ONTHYECKHX CBOHCTB, YCTAaHOBJICHHE 3aKOHOMEDHOCTEH CTpYKTypa-cBOHCTBA H OLICHKY
NOTEHIHANA HX [IPHMEHEHHA.

CTpykTypa paGoThl H OCHOBHBIE pe3yJbTATBI Huccepraums ITonskosost A. C.
NOCTpOeHa TPAMMUMOHHBIM 00pa3oM M COCTOMT M3 BBeLeHHA, 0630pa JIMTEPATYpHl, 06CYXIeHHS
PE3YNbTaToB, JKCIEPHMEHTATIBHON YacTH, BLIBOJOB M CIIHCKA JTMTEpaTyphl. PaGora m3noxeHa Ha
197 cTpaHMIax MamMHOMHCHOIO TEKCTa, CRHCOK LIMTHPYEMOH JIHTepaTypsl BKmodaer 250
HaumeHoBauui#. PaboTa noctpoena noruuHo, a nanoxenue PE3YNBbTAaTOB Y€TKO CTPYKTYPHPOBAHO.
Jlareparypsiit 0630p nocesmen aHaTH3y JIATEpaTypHI NPEHMYIIECTBEHHO 3a nocnenxue 10 ner s
0071aCTH CO3MaHMS PAaTHOMETPHYECKHX (IIyOpECUEHTHBIX CEHCOPOB Ha KAaTHOHBI METAIUIOB.
PaccMoTpenn! pasHooGpasHbie MEXaHH3MBI BO3HHKHOBEHHS PaTHOMETPHYECKOIO CIEKTPaNbHOro
OTIJIMKE, BKIIOHAIOME B Ce0s pe30HaHCHBI! mepeHoc sHepruH no épcrepy (Forster Resonance
Energy Transfer, FRET), nepexauy 3HepruH vepes cBasb (Through-bond energy transfer, TBET),
oronnmynupoBaHHEf  mepeHoC anektpoHa  (Photoinduced electron transfer, PET),
BHYTPHMOJIEKY/IAPHEIH ~ mepeHoc  3apsna  (Intramolecular charge transfer, ICT) wu
BHYTPHMONICKY/IAPHBIA NEPEHOC MNpPOTOHa B BO3OYXHEHHOM cocTosHMm (Excited state
intramolecular proton transfer, ESIPT). ITogo6msrii ¢opmar npexcraBnsercs 060CHOBaHHBEIM H
LenecoobpasHbM B CHIy BHIGPAHHOTO OGBEKTAa HCCIIEIOBAHHA. IIpoBeneHHbI aHamm3
JIATCPATYPEl MO3BONACT JIETKO OLEHHTh 3HAYHTENBHBIA BKJIAJ aBTOpa B PasBHTHE 06/ACTH
HCCIICI0BAHUA W CPaBHHTb MOJNYYCHHBIC DE3YNBTaThl C MHPOBBIM YpOBHeM. OGCYKIeHHe
PE3YNIBTATOB COCTOHT M3 CEMH JIOTHYECKH BBITEKAIOMIMX JPYT M3 APYTa Pa3s/iesioB, BKIIOYAIONIHAX
CHHTE3 MOHOXPOMO(OPHLIX H GHCXPOMOGOPHBIX KpacHTeNeH, H3ydeHHe HX ONTHYECKHX CBOHCTB,
OLCHKY BO3MOXHOCTH MpOTEKaHHMs Ge3M3NMydaTeNlbHOTO DE30HAHCHOTO MepeHoca SHEpPrHH B
OHCXpoMOQOpPHBEIX  cHcTeMax, H3yueHne KOMIUIEKCOOOpa3oBaHHS IONYYEHHBIX MOHO- M
OHCXPOMO(OPHEIX XEMOCEHCOPOB ¢ KATHOHAMH META/VIOB B BOJHOM PacTBOpE M KHBLIX Cpenax.
Huccepraumonnas pabora ITomaxosoit A.C. MpEeACTaBNIACT CoOOM HCCNeNOBaHHE, YAadHO
coueralomee pemenne Kak QyHJaMEHTATLHBIX, TAK H NPHKIATHBIX Npo6eM B 0GNACTH XHMHH
CCHCOPHBIX ycTpo#cTB. B xoze paGoThl aBTOpoM GbUI MONyYeH M mMccieoBaH IMIUPOKHA pAn
MOHOXpOMO(OPHBIX B 6MCXpPOMOGBOPHEIX KpacHTeNeH Ha OCHOBE npou3BoAHkIX 1,8-HadTanmumuna
H CTHDHIIMApHIHMHA. BBUIO MpoBeeHo H3yueHHE MpPOLECCOB KOMILIEKCOOOpa3oBaHHs KaTHOHOB
pryTi(Il) u cepe6pa(l) ¢ nomyueHHEMH ceHcOpamH, CoAcpXalliMK B KadyecTBe peLeNnTopa
asanuTHa- | 5-kpayH-5-3¢HpHBIi ¢bparmenT. [IponemoncTpHpoRana BO3MOXXKHOCTD
JICTEKTHPOBAHHA YKA3AHHBIX KATHOHOB B NPHCYTCTBHH Pa3sHYHBIX KOHKYPEHTHBIX HOHOB, YTO
HMCET HECOMHEHHYIO MNpaKTH4YeCKylo 3HaumMMocThb. IlpencraBnenusle coemmnenus obnapator
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YHHKQJIbHBIMM H BOCTpeOOBAaHHBEIMH CBOMCTBaMM, B YacTHOCTH (POTOHMHIYLIHPOBAHHBIM
NEPEHOCOM 3JIEKTPOHA, BHYTPHMOJIEKYJIIDHBIM I€PEHOCOM 3apAja, Pe30HAHCHBLIM IEPEHOCOM
SHEpPrHH. braronmaps COYETaHMIO MEPEYHCJICHHBIX INPOLECCOB C PpE30HAHCHBIM IEPEHOCOM
3HEpruH, GHCXPOMOQOpHBIE CHCTEMBI MOTYT OCYIIECTBIATH J€TEKTHpOBaHHE KaTHOHOB Hg’' B
YMCTO BONHBIX pacTBOpaXx paTHOMETPHYECKHM METOAOM, YTO OTKPHIBAET BO3MOXHOCTD
KOJIMYECTBEHHOTO ONpENENeH:s IaHHOTO HOHA BHYTPH XHBBIX KJIETOK.

Hayunas HOBH3HA 3aKJTIOYAETCA B CIEAYIOMIEM:

1) ABTOpOM BMHEpBEIE CHHTE3HPOBAHbI MPOU3BOAHBIE 4-METOKCH- H 4-(amun)amuHo-1,8-
HapTaTMMUIa, ComepXKallMe NMpPH HMHAHOM aToMme a3oTa (parMeHT azaauTHa-1S5-kpayH-5-
a¢upa. [lokasaHo, UTO aMTHAKpayH-3QHpHBIE MpoM3BOAHBIE 1,8-HadTanuMuna ABIAIOTCS
cenextHBHEIMH PET-xeMoceHcopamu mo oTHomeHmio k KaTHoHam pryTH (II) M cepeGpa B
BOJHOM pacteope Ha yposHe ITJK.

2) Ilomywennas cepusi OGHCXpPOMOGOpPHBIX KpacHTeNed Ha OCHOBE mnapsl HagTanuMHN -—
CTHPHJIITUPHJIUH SBJISETCS HOBOH.

3) Ilokasano, 9ro mId KpayHcoAepKamMX OUCHAQTATAMHAHBIX MPOM3BOAHBEIX HMEETCS
BO3MOXHOCTb PaTHOMETPHYECKOIO OINMpelesieHHs] KOHIEHTPAllMd HOHOB METAUIOB B BOJHBIX
pacTBOpax H KJIETOYHBIX Cpeaax.

4) TlpennoxeH NMPOTOKOJ ONpeneNieHHUs KOHLEHTPALHM KAaTHOHA Hg2+ B YCIOBHSX in vitro Ha
OCHOBE H3MEHEHHH (JIYyOPECUEHTHBIX XapaKTEPUCTHK CEHCOpa, PpETHCTPHPYEMBIX C
HCIOB30BaHHEM KOH(OKAIBHOrO GIIyOpecLieHTHOrO MUKPOCKOMA.

IIpakTHYeckas 3HAYHMOCTb paboThl C TOYKH 3PEHHS CHHTETHYECKOM YaCTH CBA3aHA C
MOAYNLHBIM MOCTPOCHHEM OHCXpOMOQOPHBIX CEHCOPOB, KOTOpO€ IO3BOJSET HM3MEHSATH
KOMIIOHEHTBI CHCTEMBEI M PELIENTOPHYIO COCTAaBJAIOIIYI0 NOJA KOHKPETHEBIM [eTeKTHPYEMBIH
KatuoH. [IpencraBneHHble MOHO- M GHCXpOMOGOPHBIE COEAHHEHHA SBIAIOTCH CEJEKTHBHBIMH
xemoceHcopaMu Ha xaTHOHBI pTyTH(II) 1 cepebpa(l) B BonHOM pacTBOpe Ha ypoHe ux ITJK. B
YaCTHOCTH, [OKa3aHO, 4YTO KpayH-coAepkammue OHCXpOMOGOpHBIE CHCTEMBI IO3BOJSIOT
paTHOMETpHYECKH JeTeKTHpoBaTh KaTHOH pTyTH(I[) B KieTkax aJeHOKapUMHOMEI JIETKOro
yenoBeka. Kpome Toro, mpaktuueckas 3HaYMMOCTH pabGoThl 3aKJIIOYAETCA B TOM, YTO OBUIH
NpeUIOKEHDB! MTPOTOKOJLI NeTEKTHpoBaHHs KaTHOHOB PTYTH(II) B HMBBIX KieTkax He TOJNBKO Ha
Ka4€CTBEHHOM YpPOBHE, HO M Ha KOJIMYECTBEHHOM.

JocToBepHOCTb MOy eHHBLIX pe3yabTaToB. Jlucceprannonnas paGora Ilonsxosoit A.C.
npencrasiaser coboi Mccie10BaHHe, BEIIOJHEHHOE HA CAMOM COBPEMEHHOM 3KCIEPHMEHTAIBHOM
H TEOPETHYECKOM YpOBHE. B skcnepHMeHTaIBbHON YACTH NMPHBEACHBLI MCYEPNLIBAIOLIME JAHHBIC,
NOATBEPXKAIONIAE NOTYICHHEIE aBTOPOM pe3y/bTaThl. JIOCTOBEPHOCTh OTy4YEHHBIX PE3YILTATOB

COMHEHHH He BBI3BIBACT. AB’I‘OpOM JUIS oKasaTeJIbCTBA CTPYKTYPBRI H COCTaBa NOJYYEHHBIX
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COeNUHEHHN MCIONB30BaH KOMILIEKC (M3HKO-XMMHUYECKHX METOJOB aHajH3a, BKIIOYas

cnexrpockommo SIMP 'H, 1°C, macc-cniextpomerpuio u dnementHbif amamus. Jlns usyuenns

TPOLECCOB KOMILIEKCOOOPA30BaHNUA MOHO- M GHCXPOMO(OPHBIX CHCTEM ¢ KATHOHAMH METaIoB

O6LUT HMCIONB30BAH KOMIUIEKC METOZ0B, BKJIIOHAIOLIMiA 'H saMp CNEKTPOCKOTIHIO, Macc-

CTIEKTPOMETPHIO,  CIEKTPOOTOMETpHYECKOE M CHEKTPO(IyOPHMETPHYECKOE THUTPOBaHHe,

KOHQOKATBHYIO a3epHYIO GNyOpecteHTHYI0O MHKPOCKOMNHIO. AHATH3 PE3YILTATOB HPOBOMMICH C

MPABNCYECHAEM NAHHBIX KBAHTOBO-XMMHYECKHX PacyeroB,

3amevanun. [Ipn yreHun guccepraluu BO3HMK pSI  BOTIPOCOB M 3aMEYaHHi,

HaNmpaBJICHHBIX HA YCHICHHWE CHENaHHBIX BBIBOAOB, MojydeHHe Oosee monHo#i mHOpMammn o

TMIOYMCHHBIX BEMIECTBAX M paCUIHPEHHe MpeacTaBieHHs 06 HX CBOHCTBAX:

1. B mreparyprom of3ope i Gonee rny0oKoro NOHMMAaHHA OCHOBHBIX TEHIOCHIMA H
IPOGNEMATHKY HCIIONb30BAHMS paTHOMETpHYECKHX ()IIyOpECLIEHTHBIX CEHCOPOB Ha KaTHOHBI
MCTAIIOB HE XBaTaeT Tabmuubl, oObeAMHMOmEH M CHCTEMATH3HPYIOMEH MEXaHH3M
OOpa30BaHMS  PATHOMETPHYECKOTO OTKIMKA M doTodusuueckHe  XapaKTEPHCTHKH
00CY>XIaeMBIX BEIIECTB.

2. B rase «OGCyxkneHHe pesynsTaTOBY aBTOp INpPHBOJMT INOAPOOHOE ONMHMCaHHE CHHTE3a
HCKOTOPBIX COCNMHEHMH (Hampumep, coemMHeHus 61), KoTopsle GBUIH IMOTYYEHH HE JHYHO
JHCCEPTAHTOM, a IPYTHMH HCCIIEI0BATENISAMH, II09TOMY JETAIBHOE H3N0XKEHHE HX CHHTE3a HE
SBILIOCH HEOOXOIMMBIM M HECKOJBKO MEPErPYXAeT TeKCT. YUMTHIBAS MHOIOILIAHOBOCTD
HCCNIEJIOBAHHS, TPEOYeTCd YTOYHHTh, KAaKHE OKCIEDHMEHTAIBHBIE HCCIIENOBAHUS aBTOp
PpaboTHI BEIIOHSAI JIHYHO.

3. TlpoboBans MM HPOBECTH peaKIHIO 4-6pom-N-GyTunHadranumunom 20 ¥ AMOTAHONAMHHOM B
oTHIEEX 0T [IMPA anpoTOHHEIX MONAPHBIX PACTBOPHUTENSX, YTOGHI H3GexaTh M0GOIHOro
npouecca o6pa3oBaHus coequHeHus 257

4. Tlpu msygenmu MonoxpoModopusx ICT-cencopos 36 u 37 He coBceM MOHSTHa pa3HHIa,
nmodeMy B ciydae ceHcopa 36 kommiekcoobpasoBanne ¢ xatHoHoM Hg* COIIPOBOXKAAETCH
TymenueM ¢ryopecreHInHy, a ¢ KpacuteneM 37 pasropanuem?

5. Tlpoomamick nm aia GuexpoModopHEIX KpacHTeed 64 u 70 KOHKYPEHTHBIE KCIEPHMEHTHI
Ha XUBBIX KJIeTKaX B IPHCYTCTBUM TAKHX YaCTO BCTPEUAIOMHXCS B GHOMOrHYEcKHX 06pasuax
merawios kak K*, Na* u Ca?*?

6. B pabote umeercs PAA HeTouHOCTeH W onevatok: 1) Ha cxeme 15 (c. 47) u cxeme 17 (c. 54)
TOBTOPAIOTCA HOMepa coeannenu 18 u 19, X0TA BelecTsa pasHeie; 2) Ha cxeme 16 (c. 53)
HYMEpauus COCAMHEHHA HE COOTBETCTBYET HYMEPAUMHM B TeKCTe; 3) He NpHUBEAEH BEIXON
coemmuenns 65; 4) He o6cysxkaaeTcs cunTes coenuHeRHs 54; 5) B 06welt MeTouKe NOJTyYeHHS

UMHUApOBaHuA (C. 147) HekoppekTHO yka3aH o6heM pacTBopuTens,




Crenannbre 3aMevanns HHCKONBKO HE CHIDKAIOT 061ieH BLICOKOH OLeHKH paGoThI. Pa6orta
XOpOIIO HanMCaHa M TMO3BOJNAET OXAapaKTepH3OBATh ABTOPA KaK BHICOKOKBaMM(HUMPOBaHHOTG
CMEUMATHCTA, CIOCOGHOIO NAAHKPOBATH M PelliaTh COKHbIE HayYHblE 38/1a9n HA COBPEMEHHOM
ypoBHe. BhimonHenHoe MccnenoBaHue BHOCUT CYIECTBEHHBIN BKMAL KAK B XMMHIO CEHCOPHBIX
YCTPOHCTB, TaK H B METOJONOTHIO paspaGoTKy AETEKTHPOBAHHS KATHOHOB METAIOB B YCIOBUAX
in vitro.

3axnovenme. Ha ocHOBamMM mNpoBefEHHOTO aHAIH3A MOXKHO 3aKTIOYNTB, YTO
AMCCEPTAUMOHHAA paGoTa OTBEYACT BCEM TPEGOBAHUAM, MPEABABIAEMBIM K KAHIHAATCKAM
AWCCEPTANAAM, U KPHTEPUAM, H3NTOXKEHHBIM B M1, 9-14 «ITof0XKeHHS O MPHCYKACHHM YYEHBIX
CTENICHEH, YTBEP)KIEHHOTO IOCTAHOBIEHHEM [IpaButenscrea Poccuiickoit ®enepannu No 842 or
24 centsbps 2013 1. B felfcTyiomeit pemakuuu, a ec asTop Ilonaxosa AmHa Cepreesna
3aCIY)XMBACT NPHUCYXICHHUSA el YYEHOH CTemeHH KaHOMZATa XHMHYECKAX HAyK MO

cnenuanbHOCTM 1.4.3 - Oprannyeckas xumus, 1.4.4 - OusHueckas XHMHS.

Oguyuanvuwiii onnonenm:

KaHIHAaT XUMHYIECKHX HaYK M0 CIIEUHATLHOCTH

1.4.3. Oprannueckas xumus,

CTapUIMit HaYIHEIA COTPYIHHUK JlaGopaTopuu

X¥MHH CTEPOHAHBIX COEIUHEHHH

®eneparbHOro roCyAapCcTBEHHOTO GIOKETHOLO YUPEXIECHUS HayKH
HncrutyT opranmyeckoit xumum uM. H. J1. 3emunckoro
Poccuiickoif akanemun nayk (MOX PAH)

K.X.H., C.H.C. Bonkoga IOnua Anexceesna

KonraxTHbie naHHBIE: pab. Ten.: +7(499)13729474; e-mail: yavolkova@gmail.com
Anpec mecra pabotsl: 119991, Mocksa, Jlenunckuit npocrekr, 1, 47.

AiKa, K.X.H. Bonkosoit 10.A. 3asepsio:

K.X.H. Kopmesen H. K

Jlara 22 mas 2026 r.
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