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M3yuensl ycinoBus nonydeHus yriaepoaHbix KBaHTOBbIX Touek (YKT) ¢ 3enenoit diryopeciieHumein myrem
YJABTPa3BYKOBOW 0OpaOOTKM MHOIOCIOMHBIX YIJIEpOAHbIX HAHOTPYOOK B cMecu HNO5; u H,SO, (YKT-1)
1 MUKPOBOJIHOBOTO paszyioxkeHus 9,10-guHutpoanTtpatieHa B ataHose (YKT-2). Merogom aToMHO-CUIIO-
BOI1 MUKpOCKOIIMU olieHeHbI pa3Mephbl YKT, a MeTogamu cnekTpodoToMeTpuu U (hJIyopecleHLIMN UX OTl-
THYecKue cBoiicTBa. JJtst BeIsiBlieHUsT Ha ToBepXHOCTU Y KT akKTUBHBIX (DYHKIIMOHAJBHBIX TPYIIIT, Y9aCTBY-
IOIIMX B 00pa30BaHUM YCTOMUYMBBIX CBSI3eil MPU CUHTe3e TpeiicepoB, mpuMeHeH Meton MK-crnekrpomer-
pun. IlokazaHa BO3MOXHOCTh mnpuMeHeHus YKT B KauecTBe METOK B IOJSAPU3ALMOHHOM
dayopecueHnTHOM uMMyHoaHanu3se (ITOUA). PazpaboTaHbl METOIUKM ONPEACIACHUS] aMUHOTJIMKO3UIHBIX
aHTUOMOTUKOB FeHTAMULIMHA, CTPENITOMULIMHA U aMuKalnHa MmetogoM [TMOUA na TDx-ananuzarope (Ab-
bott Diagnostics, CIIIA), mpuBeneHbl UX MeTpoJoruuyeckue xapakrepuctuku. [Ipenen ooHapykXeHUs1 co-
crapisiet (Hr/mi) 20, 10 u 3, a mnama3oH omnpenesisseMbIx conepxaHuit (Mkr/mi) 0.05—3.00, 0.02—6.00 u
0.01—3.00 g1 reHTaMUILIMHA, CTPENITOMULIMHA U aMUKalIMHA COOTBETCTBEHHO. MeTOaMKM alrpoOUpOBaHbl
MIPY OTIpeNIeJICHUY TeHTaMHUIIMHA, CTPETITOMUIIMHA Y aMUKaIlHA B MOJIOYHBIX IMTPOIYKTAX.

KuroueBble ciioBa: yriepoaHble KBAHTOBBIE TOYKU, (hJTyOPECIIEHTHBIE METKU, TIOJISIPU3ALIMOHHBII (hyopec-

LIEHTHBII1 UMMYHOQHAJIM3, aMUHOITIMKO3UAHbIE aHTUOUOTUKHU.
DOI: 10.31857/S0044450222110068, EDN: KKHWLP

B uMMyHOXMMMYECKHUX METOAAX aHajau3a s
KOHTPOJISI HajJ NpOoTeKaHMEeM WMMYHOXUMUWYECKUX
peaxkiuii IPUMEHSIIOT pa3JIMYHble METKU, HauboJjee
qacTo ¢pepMeHTHBIE MU (payopeciieHTHBIE. HeBBICO-
Kasgd CTaOMIBHOCTh IIPUMEHSIEMBIX (PEepMEHTOB U
¢iryopeclieHTHBIX OpraHM4eCKMX KpacuTelieil B Ka-
YeCTBE METOK CHIKAET BOCIIPOU3BOAUMOCTD PE3yJIb-
TaTOB aHa/IM3a, IIO3TOMY aKTyaJIeH ITOMCK HOBBIX M€-
TOK, JUIIEHHBIX TAKUX HEJJOCTATKOB, B TOM YMCJIE Ha
ocHoBe HaHovacTull [1, 2]. HaHoyactuiisl ¢ pasmepa-
MU, OJIM3KMMU K JJTAHE BOJIHBI 971eKTpoHa (1—10 HM),
HazbeiBaloT KBaHTOBbIMU ToukaMmu (KT). muHoii Bo-
Hbl TIODIOIIEHUS WIA JIOMHHECUEHINU JIETKO
YIIpaBJIsITh, MU3MEHSSI pa3Mephl caMoOii KBaHTOBOM
Touku. B HacTosimee Bpemst KT akTMBHO UCHOJb3Y-
IOT B aHAJIMTUYECKOM XMMMU B KadyecTBe (payopec-
LIEHTHBIX METOK C YHUKAJbHBIMMA ONTUYSCKUMMU
CBOIICTBaMH, B HECKOJbKO pa3 IIPEBOCXOMSIIUMU
CBOIICTBA TPAAUIIMOHHO HCIIOJb3YyeMBIX OpTraHuYe-
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CKUX KpacuTesen (Bbicokasi hOTOCTaOUIBHOCTD, MO~
IJIOIIEHWE CBeTa B IIIMPOKOM CIIEKTPaJIbHOM IMara-
30HE, IJUTEIbHOE BpEeMs KM3HU BO (DIIyOPECLIEHT-
HOM cocTosiHuM). KBaHTOBble TOUKM Ha OCHOBE
xajnbpKoreHuaoB MeTasioB (CdSe, ZnS, Pble) mmpo-
KO MPUMEHSIIOT B UMMyHOxpomartorpadum [3, 4] n
TBepaodazHoM (hIyopecliIeHTHOM WMMYHOAHaIN3€e
[5, 6]. TeM He MeHee TOKCUYHOCTb UCXOIHBIX MaTe-
pMaoB, MHOTOATAIHBIN IIPOLIECC TTOJYyYSHUST U He-
00XOAUMOCTb TUAPOMUIN3ALNN TTIOBEPXHOCTU He-
CKOJILKO OorpaHu4YmuBaioT npumeHeHue takux KT B
uMMyHoaHaiu3e [7].

Vraeponusie kBaHTOBBIEe ToukM (YKT) pazmepom
<10 HM — HOBBII TUIT (PIYOpEeCLEHTHBIX HaHOYa-
ctull. B otmnune or KT Ha oCHOBe XaJlbKOI€HUOIOB
MmeTtamioB, YKT o61amaioT He TOIbKO YHUKAJTBbHBIMU
ONTUYECKMMHU CBOMCTBaAaMU, HO U BBICOKOH TUAPO-
(MIBHOCTBIO, HU3KOI TOKCUYHOCTBIO, a TAKXKE MOTYT
OBITh MTOJTYYEHBI ITPOCTHIMU crtocobamu [8]. K HacTos1-
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meMy BpeMeHN YKT 1otoskuresbHO 3apeKOMEHIOBA-
JIn ce0s1 Kak 3 PeKTUBHBIE (hTyOPECIIEHTHbIE METKU B
uMMyHoxpomatorpaduu [9, 10], MukpodarougHOM
[11] m TBepmodazHOM (IIyOpeCIIeHTHOM HWMMYHO-
aHanmzax [12, 13].

IMonsipuzalluoOHHBIN (PIyopeceHTHBIA UMMYHO-
ananu3s (ITPUA) — 3T0 TOMOTeHHbI METO/I, OCHOBAH-
HbIii Ha M3MEPEHUM TMOoJISIpU3aluu (yopeclieHIIur
¢IyopeclieHTHO-MEUEHHOTO aHajJiuTa — Tpeicepa,
KOHKYPHPYIOIIIETO C OIpeae/sieMblM KOMIIOHEHTOM B
aHAJIM3UPYEMOM MPoOe 32 OrpaHMYEHHOE YUCJIO CTie-
HUPUUECKUX CAaUTOB CBSI3bIBaHUS aHTUTEN. Meton
ITDUA xapakTepusyeTcsi IPOCTOTOMN, DKCIIPECCHO-
CThIO M TOYHOCTBIO, & OTCYTCTBUE CTaAUU UMMOOU-
JIM3allMM U Pas3fesIeHUsT CBOOOMHBLIX M CBSI3aHHBIX
¢dpakumii UMMyHOpeareHTOB JejaeT ero MpuBJeKa-
TEJIbHBIM LISl ONpeaeieHUs] HU3KOMOJEKYJISIPHbBIX
COCIMHEHUIi, B YaCTHOCTU aHTUOUOTUKOB [14], Mu-
KOTOKCUHOB [15], mecTtuiiunos [16] u ap.

B kauectBe ayopecueHTHOil MeTku B [TDUA
HauOoJiee 4acTo IMPUMEHSIOT OPraHNYeCKU Kpacu-
TeJib (PIYyOpecleuH U €ro CTPYKTYypHbIE W30MEpHI,
MMeEIOIINEe HEBBICOKYIO MOJIEKYJISIPHYIO MaccCy, XOpO-
IIIY}I0 OMOCOBMECTUMOCTh U OTHOCHUTEIHLHO BBICOKUIA
KBaHTOBBIU BbIXOJ hiryopeciieHiuu [17]. OnqHako cy-
IIECTBEHHBIM HETOCTAaTKOM TaKUX (h1yopodOpoOB IB-
JISTIOTCSI OTpaHMYEHHBbIEC CIEKTpPajbHbIE XapaKTepu-
CTUKM, HU3KAS (pOTO- U XUMUUECKasl CTAOUIbHOCTD,
BIIUSIIONIE Ha 4yBCTBUTENLHOCTE [IDUA-MeTomnkK
omnpeeneHus aHaIUTOB.

CieqyeT OTMETUTD, YTO OOJIbIIIAs TPyIIIia Mpruodo-
pOB, MpeAHa3HAUYEHHBIX JJIsI U3MEPEHUsT MOoJsIpu3a-
1K payopecueHIINY, OPUEHTUPOBAaHA Ha IIpUMeHe-
HUe (GIIyopeclieMHOBBIX KpacuTteneit. K Takum mpu-
0opaM OTHOCUTCSI U IIMPOKO WCIIOJb3yeMblii B
JabopaTopHOil mpakTuke aHanmm3aTop TDx (Abbott
Diagnostics, CIIIA), ocHall€HHBI CBETODMIBTPpaMU
¢ JJIMHAMU BOJIH BO30YXIEHUST U dBMUCCUU 485 HM U
525—550 uM cooTBeTCcTBEHHO [ 18]. DTO HAaKNAmBIBACT
omnpeleJeHHbIe OTrpaHWYEHUS Ha IPUMEHSIEeMYIO
¢dayopeclieHTHYI0O MeTKy. MccienoBaHa BO3MOX-
HOCTh TTpuMeHeHus B [IOUA ToIyITpoBOTHUKOBBIX
kBaHTOBBIX Touek CdTe, CdTe/CdS, CdTe/CdS/ZnS
[19, 20]. YcraHOB/IEHO, YTO MeIJICHHOE BpallleHUe
cBobonHoro KT-MeueHHOrO Tpeiicepa 3a cueT 6OJIb-
1I0¥ MOJIEKYJISIPHOM MacChl 3HAYUTEIbHO COKpalla-
eT JMaIa3oH OIpeaesieMblX KOHIIEHTpalluii aHaIu-
Ta, Jaxke HECMOTPS Ha ero IJIMTEIbHOe BPEMsI XKN3HU
BO (JIyOpeCLIEeHTHOM cocTossHUU [21]. YrimeponHbie
KBaHTOBbIE TOYKU B MOJSPU3ALMOHHOM iiyopec-
IICHTHOM HMMMYHOAQHaJIN3e paHee He IIPUMEHSIIN.
B 10 Xe BpeMs yHUKaJIbHbIE ONITUYECKUE XapaKTepu-
cruku YKT, npeBocxoagimme XxapakKTepUCTUKKN Opra-
HUYECKUX KpacuTeliell, 1 UX MEHBIIAasT MOJIEKYJISIp-
Hasi Macca I10 CpaBHEHUIO ¢ XaJIbKOTeHUIaM1 MeTaJl-
JIOB Jal0T OCHOBaHME MPEANojararb 6oJjiee BLICOKYIO
YyBCTBUTEJILHOCTD OIIPEACICHMUS HU3KOMOJIEKYISIP-
HBIX coenuHeHuit MmetogoM [TOUA.
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Lems HacTogmIEeTO MCCAemOBaHUS — pa3padboTKa
METOJIMK OIpeneseHus psga aMWUHONIMKO3UIHBIX
aHTUOMOTUKOB — TEeHTaMUIIMHA, CTPEeNTOMUIIMHA,
aMuKallMHa — METOJIOM MOJIsIpU3allMOHHOro (Gyo-
PECIIEHTHOTO MMMYHOAHaJIM3a Ha aHaJM3aTope I10-
Jasspu3anuu ¢ayopecueHIuu TDX ¢ IprUMeHEHUEM B
KayecTBe (QIyOpeCUEeHTHbIX METOK YIJIEPOIHBIX
KBaHTOBBIX TOYEK.

OKCITEPUMEHTAJIbHAA YACTb

Marepuanasl u oOopynoBanue. sl moaydyeHUs
VKT wucnonb3oBajy: MHOTOCTEHHBIE YIJIEPOTHBIE
HaHoTpyoku (MYHT) “Taynut” (muametp 20—50 HM,
nnuHa ~1 cm) (HanoTexLlentp, Poccust); azoTHyto
kucnory (p = 1.513 r/mMi), cepHyl KHUCIOTY (p =
= 1.8356 r/mm), 9,10-muHUTpOAHTpALICH, 3TaHOJ
(p = 0.7893 r/mn) (Xummen, Poccus).

Jnss cuHTe3a TpeicepoB TIPUMMEHSUTM  CyJIb(aThl
crpenromuiiiHa (CTP), rentamuniuaa (F'EHT), amu-
kanmHa (AMMK) (Sigma-Aldrich, CIIA); 1-3Tm-3-
(3-AMMeTUIaMUHOIIPOITNI) KapOOAUUMUIA TUIPOXIO-
pun; N-rugpokcucykumaumug (Termo Fisher Scien-
tific InP., CIIIA); ueHTprdyXHbIe KOHIIEHTPATOPHI
3 x[la ¢ monuapupcynbpoHoBoii (ITDC) meMmOpaHoit
(Pall Life Sciences, CIIIA).

B ananu3se mpuMeHSIJINM MOJMKIJIOHAJIbHBIC aHTHU-
TeJla (MAH) K TCHTAMULIMHY, CTPEIITOMULIMHY, aMU-
KauuHy (Abcam, BenmkoOpuranus). PazbasieHue
nMMyHopeareHToB ocyiectsisia 0.1 M docdar-
HBIM OydepHbIM pacTBopoM (PBP) (pH 7.6), conep-
xkammuMm 0.1% asuma HaTpus.

st monyyenuss YKT wncnonb3oBanu yabTpa3By-
koByto BaHHy [ICB-2835-03 ¢ pabGoueii yacToToii
40 xI'm (IICb-T'anac, Poccus), HacTOJbHYIO IlI€H-
tpucyry LHJITH-2 (KuprusMHTH, Kuprusus), Muk-
poBoHOBYI0 nieub Elenberg MG 2025 ¢ perynupye-
Moii MottHocThIo u3nydeHus 100—700 Bt (Elenberg,
Poccust), ruapoduiibHbIA TOIUTETPAPTOPITUICHO-
BeIi (IITPD) drmisrp ¢ nuamerpom mop 0.22 MKM
(AxkBaAHammTukc TexHuka, Poccus).

CrekTpbl nomtoiieHuss u gayopecueHun YKT
perucTpupoBaIn Ha crieKrpodnyopumerpe OJIHOO-
PAT-02 ITAHOPAMA (JItomekc, Poccus). Ilpucyr-
cTBUE (PYHKUMOHAJILHBIX TPYIII Ha IIOBEPXHOCTU
VKT ycranaBnuBanu metonoM MK-cnekrpomerpun
B o6ustactu 4500—400 cm~! Ha ciektpomerpe IRA(fTin-
ity-1 (Shimadzu, Amnonus). Pasamep YKT oueHnuBanu
C MOMOIIBIO CKAHUPYIOIIETO 30HI0BOTO MUKPOCKO-
na Solver P47-PRO (Hanorexxonorus-MJT, Poc-
CHsl) B KOHTAKTHOM PEXMMe CKaHUPOBAaHMSI Ha MO/ -
JIOXKKe U3 ciaoabl auameTrpoM 15 X 0.1 mm. M306pa-
XKEHUSI, MOJy4YeHHBIC METOIOM AaTOMHO-CHIOBOM
mukpockoruu (ACM), ob6pabaTbeiBaid ¢ IIOMOIIBIO
nporpamMmmbl Image Analysis 3.5, cpemHuii pasmep
YKT paccuuThiBaJIM CTaTUCTUYECKMM METOOOM aHa-
jm3a 100 caydaiiHBIX YacTULl, UCHOJIb3YS (DYHKIIMIO
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Grain Analysis ¢ moctpoenreM KpuBoii I'ayccoBoii
anmnpoKCUMAalIVN.

IMonspuszanuio GayopecLeHInr U3MEPSUIU B pe-
xnme Photo Check Ha ananmszatope TDx (Abbott Di-
agnostics, CIIIA). JlnuHa BOJHBI BO30YXXICHUS
(Aey) — 485 1M, amuccnn (A,,,) — 525—550 HM.

ITosydenne yriaepoaHbIX KBAHTOBBIX TOYEK OCY-
IIECTBJISUTU CJIETYIOIIUMU CIOCOOaMU:

1) YKT-1 — cmemmuBaiu 7.5 M a30THOM U cepHOI
KUCJIIOT B cooTHomeHun 1 : 3, moOaBnsiam 2.5 Mmr
MVYHT wu noaseprajiu yjabTpa3ByKOBO 00pabOTKe
npu 120°C B TeueHue 15 u;

2) YKT-2 — pactBopstaiu 50 mr 9,10-nuHUTpOaH-
TpaueHa B 5 M1 20%-Horo 3TaHoJIa U TIOABEPTraid 00-
paboTKe MUKPOBOJITHOBBIM U3JIy4deHUEM MOILIHOCTBIO
700 Bt B TeueHue 4 MUH.

IMponykrel peakiyu, npombiBaau 20%-HbIM 3Ta-
HoJioM, ieHTpudyruposamu npu 10000 06/MuH B Te-
yeHre 20 MuH u dunprpoBann ueped [ITDI-
GunBTp.

Cunre3 tpeiicepoB. Tpeiicepsl ¢ MeTkoii YKT-1
CUHTE3UPOBAIU CIEAYIOIIUM OOpa3oM: B 3TaHOJb-
b1t pactBop YKT-1 (800 Mmxi1, 0.8 MKT) BBOOMIN 1-
9TWI-3-(3-TMMEeTUIaAMUHONPONWI) KapOOIMUMU/I
rugpoxitopun (100 mxi1, 10 MkMoib) 1 N-TUIpOKCH-
cykumHumun (100 mxi1, 15 Mkmoib). CMech Iiepeme-
muBajad B TedyeHue 15 muH npu 37°C u nobasisiu
antuounotuk (I'EHT, CTP, AMMK) (800 wmxi,
10 MKMOJIb), 3aTeM MHKYOMPOBAJIM B TeUCHUE 4 4 IIpU
KOMHATHOI TeMIiepaTtype.

ITpu cunte3e TpeiicepoB ¢ meTKoit YKT-2 B mx
aTaHOJBHBINA pacTtBop (800 Mk, 0.8 MKr) BBOOWIN
n3oeiTok antuobumoruka (F'EHT, CTP, AMMK)
(800 Mk, 50 MKMOJIB) M TIEpEMEIINBAIN PeaKIIMOH-
HYIO cMecCh B TeueHue 12 1 mpu 24°C.

CuHTe3UupOBaHHbIC Tpeiicephbl OYUIIATA METOIOM
ynbTpadUIbTpalud C MCIOJb30BAHMEM LEHTPU-
¢yxubix koHueHTpatopoB 3 kJ/la c¢ IIDC-mem-
OpaHOIi.

WN3smepenue mnoaspusamyu  duayopecuenmyu. [ls
YCTaHOBJIEHUS ONTUMAaJIbHOW KOHLIEHTpAlluu aHTU-
TeJl TIPOBOAWIIM UX MOCJeaoBaTeIbHOe pa3baBiecHUe
B 1000 pa3 0.1 M dpocdaTHBIM Oy epHBIM pACTBOPOM.
B xroBeTsl BHOCHIIM 110 500 MKJI pacTBOPOB aHTUTEN
U Tpeiicepa U U3MepsUIv NoJsspu3ainio QiryopecieH-
uu. ITo pesyabraTam u3MepeHusi CTPOUIIU TpadrKu
3aBMCUMOCTU BEJWYMHBI Mosipudaluu diyopec-
1eHuuu (mP) ot pazdaBaeHUs aHTUTEN.

g mocTpoeHus TpagyMpOBOYHBLIX T'padUKOB
50 MKJI cTaHZAPTHOTO pacTBOpa aHTUOMOTHKA C KOH-
ueHtpatueit 1—10000 Hr/ma cmemmBanu ¢ 500 Mk
pacTBOPOB Tpeiicepa U aHTUTEN C BLIOPAHHON KOH-
nentpauueii. Cmech WHKYOMpOBaJM B TeUeHUE
10 MUH ¥ U3MEPSIIIN NOJISIpU3aLNIo (QIIyOPECLICHIIN.
ITo pesynbraTaM M3MEpeHUs CTPOWIM rpacduKH 3a-
BUCUMOCTU OTHOCUTEIbHON BEJMYUHBI TOJISIpU3a-

KYPHAJI AHAJIMTUYECKOWN XUMUWU

uu dayopecueHunu (mP/mbP,) ot norapudma KoH-
LIEHTPALIMY CTAHJAPTHBIX pACTBOPOB aHTUOMOTHUKOB.

IIpoGonoaroToBka mnpod MOJOYHOH NPOIYKIHUH.
ITpoOBI MOJIOYHBIX MPOAYKTOB CMeEIIWBaIU ¢ doc-
daTHBIM Oy epHBIM PaCTBOPOM B COOTHOIIeHUM | : 1
¥ QUILTPOBAIY Yepe3 HEMJIOHOBBII (DUIBTP.

PE3VJIbTATbBI 1 UX OBCYXIEHHUE

ITosyyenne U McclieIOBAHHAE CBOWCTB YIJIEPOIHbBIX
KBAaHTOBBIX TOYEK. YCIIOBUEM IPOBEIEHUS M3Mepe-
Huit Ha TDx-aHanu3arope sIBisieTcs IPUMEHEeHUe Me-
TOK, (QIIyOPECLIUPYIOLINX B OGIACTH A, 525—550 HM,
ITO3TOMY M3YYaJIM CITOCOOBI MOJIyYeHUS YTIEPOTHBIX
KBaHTOBBIX TOUEK C 3eJICHOM (pIyopecleHLIMEN.

HccnenoBanu nBa crioco6a cuHTe3a KT: “cBepxy-
BHU3” (YKT-1) u “camnsy-BBepx” (YKT-2). IlepBoiii
CIoco0 BKJIIOYaeT 00pabOTKy MakKpooObeKTa C €ro
IOCJICIYIOIINM ITOCTEIICHHBIM YMEHBIIIEHUEM JI0 Ha-
Hopas3MmepoB [22]. B kauecTBe MCXOIHOTO MaTeprajia
BeiOpasiu MYHT, npencrapisiomine coboii JIMCThI
rpadeHa, CBEpHYTbIE B LIMJIMHAP C TOJIIUHOIO CTE-
HOK B oguH aToM, moatoMy YKT-1 yciioBHO MOXHO
Ha3BaTh “‘TpadeHOBBIMM” TOYKAMHU. YTJIEPOIHBIN
MaTepuraa 0opadaThIBaIM CMEChIO a30THOI U CEPHOI
KMCJIOT B cooTHoIreHuu 1 : 3. CepHas KMCIOoTa YCKO-
psieT npoiiecc paspyuieHuss MYHT, nmockoibKy MOH
HUTPOHMS U3 a30THOM KMCIIOTHI 00pa3yeTcsl TOJIBKO B
Kkucioii cpene. st nanumanmm paspyienuss MYHT
HE TOJIbKO B MecTax JIe(eKTOB, HO U BAOJb 0a3ajib-
HBIX Tpa(UTOBBIX INIOCKOCTEM MPUMEHSUIM YJIbTpa-
3BYKOBOE€ Bo3ueiicTere [23].

Pesynberarel ucciegoBanus MetonoM ACM noka-
3ayiu, yto YKT-1 umerot opmMy yactuii, 61M3Ky10 K
chepuyeckoii, co cpemHuUM auameTrpom 2.7 £ 0.2
(puc. la). CnexTp nomiolieHus (puUc. 2a) UMeeT ABa
nuka npu 225 u 290 HM, TIepBbIif U3 KOTOPBIX MOXXHO
00BSICHUTH T—T* mepexogamu B cBsa3ssx C=C. Pa3-
MBITHE BTOPOTO TTMKA B CTOPOHY JIJINH BOJIH C MEHb-
et aHeprueit cBsA3aHO ¢ n—mt* nepexogamu hyHK-
LMOHAJIbHBIX I'pyHIl (KapOOHWI/aMUH) Ha IOBEPX-
Hoctu YKT. DnyopecueHuust HabGaomaeTcss Ipu
525HuM (puc. 2a), 4TO COOTBETCTBYET 3aJaHHBIM
YCIIOBUSIM.

Ilpu cuHTEe3e HAHOCTPYKTYpP CIIOCOOOM “CHU3Y-
BBepX” IMPOUCXOIUT BHICTPAaMBaHME OTIEILHBIX aTO-
MOB WJIM MOJIEKYJI B YIIOPsIIOYEHHYIO cucTeMy. PaHee
YCTaHOBJICHO [24], YTO N3 MOJUINKINIECKIX apoMa-
TUYECKUX YIVIEBOJOPOJOB MOXHO mNojaydyuTh YKT
KPUCTAJUIMYECKOI CTPYKTYpPBI, a IPUMEHEHNE MUK~
POBOJIHOBOTO BO3ACKMCTBUS, COIPOBOXKIAIOIIETOCS
OBICTPBIM paBHOMEPHBLIM HAarpeBOM peaKIIMOHHOM
CMECH, CIIOCOOCTBYET YBEJIIMYCHUIO OUCIIEPCHOCTU
yactull. B cBs13u ¢ atum pasznoxeHue 9,10-muHUTpO-
aHTpalleHa B 3TaHOJIE IO/ AeiICTBUEM MUKPOBOJHO-
BOTO U3JIYYECHUST OCYIIECTBIISIM, KOHTPOJIUPYS pa3-
MEp CUHTE3MPYyeMbIX KBAaHTOBBIX ToueK (YKT-2).
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Puc. 1. ACM-cHUMKA M paclipelenuTe/IbHbIE TUCTO-
rpaMMbl IMaMETPOB YIJIEPOIHBIX KBAHTOBBIX TOUEK: (a) —
VKT-1; (6) — YKT-2.

YcTaHOBICHO, UTO YaCTHUIIbI, (DIyOopeCUpYIOIIe
B nuamna3oHe 525—550 HM, oOpa3yioTcs Ipr BO3IEi -
CTBUM MHWKPOBOJHOBOIO W3JIYYEHHUS MOIIHOCTBIO
700 Bt B Teuenue 4 muH. Cpennuit nuametrp YKT-2
cocrapiget 4.1 = 0.5 HM, TIpA 3TOM 1T OONBIINH-
CTBa YaCTHMI] XapaKTepHa »JUIMINTHYecKas dopma
(puc. 1a). Criektp payopecueHuuu ajist YKT-2 ume-
eT “mpenrmK”’, MOSBJIEHNE KOTOPOTO OOBSICHSCTCS
IIPUCYTCTBHEM MOBEPXHOCTHBIX JIOBYIIIEK — HedeKT-
HBIX YYaCTKOB B CTPYKTYpP€ OTIEIbHBIX HAHOTOYEK
(puc. 30). CaMm UK pa3MbIT, HO COOTBETCTBYET HEO0-
XOJIMMOI 001aCTU CBEYCHUSI.

XUMMYECKYIO CTPYKTYpy noBepxHocT Y KT u3y-
yanu metogoM MK-crekrpockonuu. Jlanasie MK-

KYPHAJl AHAJIUTUYECKOU XUMHUU  Tom 78
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Puc. 2. Cnexrpsl YKT-1: (a) momiomieHus:; (6) BO30yxK-
IeHUS U UCTTyCKaHUS (PIIyopeCleHIINH.

CIIeKTpoMeTprYecKux wucciaenmoBanmin i YKT-1
MOATBEPKAAIOT  MPUCYTCTBUE HA  MOBEPXHOCTU
KapOokcibHBIX rpynn C=0 (1730 cm~!) u cymiecTBo-
BaHMe TonuapoMaTtuueckoil csasu C=C (1520 cm™!)
MeXIy oTmenbHbiMu aTtoMamu. Ilmkm mpu 3550—
3200 cm~!' u 1780 cm~! B ciextpe YKT-2 ykasbIBaoT
Ha BaJleHTHble KoJjiebaHus cBszeit O—H/N—H u
kapookcunbHBIX Tpyrnin —COOH cooTBeTCTBEHHO.
BMmecte ¢ 3TuM auHuUM nomioiieHus cBsszeir C=N
(1640 cm~ ') 1 cBasu C—N/C—0 (1390—1360 cm1),
MOATBEPKIAIOT IIPUCYTCTBUE aTOMOB a30Ta B CTPYK-
Type YKT-2.
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Cunre3 TtpeiicepoB. CuHTe3 Tpelicepa SIBISIETCS
KPUTUYECKUM 11aroM B pazpadbotke [IONA-meTonM-
K. MosiekyJisipHasi CTpyKTypa Tpeiicepa, BKIouaro-
111as1 aHTUTEH, JIMHKEPHYIO 1IETNb U (PIyOpeClIEeHTHYIO
METKY, MOXET HamnpsMylO BJIUSTb Ha YYBCTBUTEJb-
HOCTh ormpeneyneHus. [Ipu cuHTe3e TpelicepoB HuC-
noab3oBanu Tpu aHtnonoruka 'EHT, CTP, AMUK
(puc. 4) u paznuunbie 1o cTpykType YKT-1, YKT-2.
Tpeticepsl ¢ MeTkoil YKT-1 cuHTE3npoBaIiN KapOo-
JTUAMUIHBIM METOIAOM ITYTEM COMPSIXKEHUS aMMHO-
TPYIIITBI AaHTUOMOTHUKA C KAPOOKCUIILHOM T'PYIIITON Ha
nosepxHocTr YKT [25]. XapakTep cBsi3u, 0Opas3yto-
Ieicsa mpu CUHTe3e TpeiicepoB ¢ “rpadeHOBHIMI”
KBAaHTOBBIMU TOYKaMM, Ha MOBEPXHOCTU KOTOPBIX
Mpeo0J1anaT KapOOKCUIIbHbIE TPYTIIbI, JOCTATOUHO
MOAPOOHO U3YYEH U OTNUCAH ISl YIJIEPOAHbIX HAHO-
TpyoOOK [26].

st BEISIBJICHUSI CBSI3eii, 0Opa3yIOLIMXCSI MEXIY
aMMHOIJIMKO3UIHBIMU aHTUOMOTUKaMu u YKT-2
cpaBHUBaIM X MK-crieKTpbl O CieKTpaMu CUHTEe-
3UPOBaHHBIX TpericepoB. CMelleHe KA HOITOIIEHIS
cBs13um C=N Ttpeiicepa [EHT-YKT-2 B KOpOTKOBOITHO-
ByIO oOJyacThb criekrpa (puc. 5) ¢ 1640 no 1648 cm~!, a
TaKK€ CYIIECTBEHHOE YIIMPEHUE 1 CMEILEHUE CBSI-
3eit C—N/C—O0 ¢ 1360 no 1420 cm~! npu onHOBpe-
MEHHOM OTCYTCTBMM ITMKOB IIOIJIOIIEHMS CBSI3€i
N—H (2920 cm~ ") u C—N (1520, 1377, 1280 cm~'), xa-
paKTepHBIX IJIsI aMUHOIPYIIIT TeHTaMUIIMHA, CBUJIE-
TEJILCTBYeT 00 oOpa3oBaHMM aMHUIHOM CBSI3U
—CONH— (1580 cm~!) ¢ MoseKyn0ii TeHTaMUIIMHA.
ITockonbKy HaOMIOJaeMBIN UK B CIIEKTpE Tpeicepa
I'EHT-YKT-2 gocraTo4yHO Maj, MOXHO FOBOPUTH O
conpscxkenun YKT-2 ¢ MoJieKysoi TeHTaMULIMHA Ye-
pe3 OIHY aMMHOTIPYIIITY.

Takum o06pa3oM, oO6pas3oBaHUE CBSI3U 4Yepes
KapOOKCHIbHBIE Tpymnbl Ha moBepxHocTH YKT mo3-
BOJISJIO HE3AaBUCUMO OLIEHUTDh BIUSIHUE CTPYKTYPHI 1
pa3Mepa (IIyOpeCLEHTHOM METKU Ha YyBCTBUTEIIb-
HocTh [TPUA, uckitoyas IJIUHY JMHKEPHOM LieNU
Tpeiicepa 1 ero BapnuabdebHOCTb, CBI3aHHYIO C U3Me-
HEHUEM CTPYKTYPHI aHTUONOTHKA.

WN3smepenne moaspusamun duayopecueHmun. Bax-
HO 3agaveii mpu pa3dpadborke Mmetoauku [TOUA sB-
JISIeTCSI BEIOOP ONTUMAJIbHBIX KOHILIEHTPALIUA UMMY-
HOpPEeareHTOB, MOCKOJIbKY OT 3TOTO 3aBUCUT YYBCTBU -
TeJIbHOCTb aHaiau3a. PabGouyyl KOHUEHTpalUIo
TpelicepoB ycTaHaBIMBaIU, ucxons u3 10-KpaTHOro
YBEJIMUSHUSI CUTHAJIAa UHTEHCUBHOCTU (hJIyopeCLIieH-
LI 10 cpaBHEHMIO co 3HayeHueM 1y 0.1 M OBP.
OnNTUMAJIbHYI0 KOHILIEHTPALIMIO ITOJUKJIOHATBHBIX
aHTUTEJI HaXonwiIu u3 pacdera 50%-HOro CBI3bIBa-
HUS C TpelicepoM, MpUHUMasi BO BHUMaHUe JIMHE -
HOCTh KPUBOI B MONyJI0rapuMHUIECKUX KOOPAUHA-
Tax B quarazoHe ot 80 1o 20%. Ucnonb3ys rpaduue-
ckue 3apucumoct, B [IOUA CTP, TEHT (puc. 6) u
AMMUK BpIOpanu KoHueHTpamuu antuten 1/2000,
1/800 1 1/3000 cooTBETCTBEHHO.
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Puc. 3. Cnexkrpsl YKT-2: (a) momiomieHus:; (6) BO30yK-
IIEHUST U UCITYCKaHUsI (hJIyOpeCLeHIIH.

Ilpu nocTpoeHur TrpaayupOBOUYHBIX TpadUKOB
HCITOJIb30BAJIM 3aBUCUMOCTH OTHOCUTEIBHOI BeJIM-
YUHBI NoJigpu3auuu dayopecueHuuu (mP/meP,) ot
JiorapvdpmMa KOHLIEHTpALlMY CTAaHAAPTHBIX PACTBOPOB
aHTUOMOTUKOB. [pagynpoBouHble Tpadukud s
OMpENENeHNUsI TCHTAMULIMHA W aMUKallMHa TIpell-
CTaBJICHBI Ha pUC. 7, aHAJIOTUYHBIN TpaUK MOCTPO-
VIA JJIs1 CTpeNTOMUIIMHA. JInana3oH onpeneiasseMbIx
KOHIIEHTPAILIMI IJI1 BCEX WCCIEIYEMBIX aMUHOTIN-
KO3UJIHBIX aHTUOMOTUKOB MPY IPUMEHEHUU Tpeiice-
Ne 1
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Puc. 4. CtpyktypHbie (hOpMYJIbl FeHTAaMUIIMHA, CTPENITOMUIIMHA U aMUKAallHA.

poB ¢ MeTKoil YKT-1 3HaUMTENbHO IIMpE, YeM OIS
TpeiicepoB ¢ MeTkoi YKT-2, a mpenen oOHapyXKeHUsI
coctraBuia 20, 10 u 3 vur/miu nast TEHT, CTP u AMUK
COOTBETCTBEHHO. [Ipu MCronb30BaHUM TPEcepoB ¢
metkoit YKT-2 npenen ooHapyxenuss TEHT u CTP
B IBa pa3a HMKe Mo cpaBHeHMIO ¢ MeTKoit YKT-1, a
JUIST aMMUKallMHa HaOJmomaeTcss oOpaTHbBI 3¢h@EKT.
OnHako [Mana3oH ompeaesseMblX COIep>KaHU
cyxaerca npu npumeHeHun YKT-2. Crour orme-

O—H/N-H |
35503200

[TpommyckaHue, OTH. €ll.

O—H/N-H
3700—2980

THUTh, YTO CEpeIHA TPAIPOBOYHBIX IpadUKOB, TaK
HasbiBaeMbIit mapameTp 1Cs, (KOHLIEHTpaIys aHaIH -
Ta ipu 50%-HOM MHTMOMPOBAHUM CUTHAJIA), TaKKe
cymiectBeHHO Hmxke 11d CTP mpm mpuMeHeHUM
VYKT-2 u Bomuie it AMUK, 4to Hy>KHO yIUTHIBaTh
npu pa3padboTKe METOAUKU aHanu3a. B tadn. 1 misa
CpaBHEHUSI MPUBEIACHBI METPOJIOTUYECKUE XapaKTe-
PUCTUKHU OTIpenesIeHs] aMIHOTJIMKO3UIOB C Tpeiice-
paMM Ha OCHOBe QJIyopeCcleMHU30TUOILIMOHATa

3400 2900 2400

BonHoBoe YHCJI0, CM

1900 900 400

1

Puc. 5. UK-criekrpsl renTamuiinia cyibdara (), YKT-2 (2), tpeiicepa TEHT-YKT-2 (3).
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Puc. 6. 3aBUCMMOCTH CBSI3BIBAaHMSI aHTUTEI C Tpeiicepa-
MU OT cTteneHu ux pasBeneHus: (a): TEHT-YKT-1 (1),
TEHT-YKT-2 (2); (6): CTP-YKT-1 (7), CTP-YKT-2 (2).

(®UTII), 3aumMcTBOBaHHBIE 13 paGoTHI [27], HeMOH-
CTpUpYyIOllIMe OoJiee BBICOKUE IIpeaeabl OOHapyxKe-
Husg. Hanpumep, ot T'EHT npenen oOHapyXeHUs
Ha IIOPSIIOK BHIIIE COOTBETCTBYIOIINX 3HAYCHUI, IT0-
JIydeHHBIX C Ucnojib3oBaHueM Tpeiicepon ¢ YKT.

B »T10I4 CBSI3M MOXXHO TOBOPUTH O TOM, UTO Tpeii-
cepbl ¢ MeTKaMu YKT-1 snerko o6pa3yroT UMMYyHO-
KOMILJIEKChl C aHTUTEJIaMM, MOCKOJbKY WX Masbli
pa3Mep UCKII0YAET WA CHUXAET BEPOSITHOCTb CTE-
puyeckux KoHdbopMaluii, YTO OJHO3HAYHO TO-
TBEpKJAeTcsl TpU omnpeleieHUuM amukanuuvHa. Ho-

KYPHAJI AHATUTUYECKOM XUMUU
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Puc. 7. I'panyupoBouHble TI'padUKU IJIsI ONpenaeaeHUs:
(a) rentamuuuHa ¢ Tpeiicepamu TEHT-YKT-1 (1),
T'EHT-YKT-2 (2); (60) amukauuHa c Tpeiicepamu
AMUK-YKT-1 (1), AMUK-YKT-2 (2) meTomoM MoJIsi-
PU3aLMOHHOTO (DJIyOpECLIEHTHOIO MMMYyHOaHaI13a.

MOJIHUTEJILHOE  MPUCYTCTBUE  a30TCOIAEpXKalIUX
rpynn Ha noBepxHocTu YKT-2 mpu omnpeneneHuun
reHTaMuIMHa W CTPEeNTOMMIIMHA, IMO-BUIAMMOMY,
00€ecIeunBaloT CTPYKTYPHYIO CXOXECTb Tpelicepa ¢
MUMMYHOTEHOM, 4TO obecredyrBaeT 0oJiee BBICOKYIO
YyBCTBUTEJIbHOCTh. OHAKO X OOJIBIINI pa3Mep co-
KpalaeT auaria3oH ompeleisieMbIX KOHLIEHTpalUii
3a cueT cTepryecKux 3(pPeKTOB KOH(pOopMaLIWii IpU
BBICOKO KOHIIEHTPAILIMU aHTUTE.
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Taomuuna 1. MeTpojornyeckue XapakKTepUCTUKU OMpeAeIeHIUS aMUHONIMKO3UIHBIX AaHTUOUOTUKOB METOAOM ITOJISIPU-
3aIIMOHHOTO (PIyOpPEeCIeHTHOTO UMMYHOAaHaIn3a

JunamnazoH
AHTHOUOTUK Tpeiicep Comin> HI/MIT ICsp, MKT/MIT OHpC)ICI[HeMbIj(
KOHIICHTpALIiA,
MKT/MJT
T'EHT I'EHT-YKT-1 20 0.5 0.05—-3.00
T'EHT-YKT-2 10 0.4 0.02—1.00
T’EHT-OUTL 110 — 0.15—4.50
CTP CTP-YKT-1 10 0.8 0.03—6.00
CTP-YKT-2 5 0.3 0.01-3.00
CTP-OUTI] 15 — 0.02—10.00
AMMK AMMUK-YKT-1 0.1 0.01-3.00
AMMUK-YKT-2 0.2 0.01—-1.00
AMUK-OUTI - 0.02—1.40
Tao6mmnua 2. KoaduiLmeHTsI TepeKpecTHOro pearnpoBanus (%) MOJUKIOHATBHBIX aHTUTEN
PoncrBeHHBIE CTPYKTYPEI T'eHTamMuLIH CTpenToMULIMH AMukanuH
lenTamMuuH 100 5 4
Kanamunyx 2 5 2
CrpenToMuH 5 100 <1
AMUKaIUH 4 <1 100
Heomuinun 4 3 1

OuneHka cnenupuIHOCTH onpeeeHns TeHTAMHUIIM-
Ha, CTPENTOMHUIIMHA W AMHAKAIIMHA METOIOM TOJIApU3a-
IMOHHOTO (PJIyOpPEeCIIEHTHOT0 MMMYHOaHa/m3a. [lpu
pa3paboTKe UMMYHOXUMHYECKIUX METOINK HEe0OX0-
IUMO OIICHUBATh CHEIMU(PUIHOCTD MCITOIb3YEMBIX
IUTst aHanu3a antute. KoadhduimeHT nepekpectHo-
ro pearupoBaHUs (%) TONMKIOHAJIBHBIX AHTHUTEI
PACCUMTHIBAIIM B IPUCYTCTBUM POICTBEHHBIX CTPYK-
TypHbIX aHajioroB 'EHT, CTP u AMUK (tabi. 2).

Anturena k TEHT, CTP u AMUK He nposBASIOT
BBICOKOI MEPEKPECTHON PEaKTUBHOCTU K POACTBEH-
HbIM CTPYKTYPHBIM aHaJloraM, YTO TO3BOJISIET TOBO-
PUTb O BO3MOXHOCTU BbICOKOCTIELIM(PUUHOTO onpe-
nenenust FTEHT, CTP u AMUK no pa3paboTaHHBIM
[MDPUA-MeTOOTUKAM.

OmnpeneneHne aMMHOITIMKO3UIHBIX AHTHOMOTHKOB B
MOJIOYHBIX MpoaykKTax. IIpaBMIbHOCTH pa3paboTaH-
HbIX MeTonuk ITDUA-onpeneneHuss reHTAMULIHA,
CTPENTOMUIIMHA U aMMKAallMHA B 00pa3lax MOJIOU-
HOM TIPOAYKIIMM OILIEHWBAJM METOAOM BBeEJIe-
Ho—HaiineHo (tabj. 3). C ucrnojb30BaHUEM KpUTE-
pust CThIofeHTa IT0Ka3aHO OTCYTCTBUE CUCTeMaTH4e -
CKOM MOrpetHoCTH (4, < trpy = 2.78).

koK ok

Takum o6pa3oM, IpUMEHEHNE YIJIEPOTHBIX KBaH-
TOBBIX TOUYEK UIST ONpenesIeHNs] aMUHOTITMKO3UIHBIX
AHTUOMOTUKOB METOJOM MOJISIPU3ALIMOHHOTO (hIyo-
pPECIIeHTHOTO MMMYHOAHaJIN3a MMO3BOJISIET TOOUThCS

Ta6mma 3. Pe3ynbTaThl onpeneieHuss TeHTaMUIIMHA, CTPENTOMUIIMHA, aMUKalIMHA B MOJIOYHO# MpOAyKuuu (n = 5,

P=10.95, t,,5, = 2.78)

Haiineno,

IMponykr AHTUOMOTUK BBeneHo, MKT/KT MKT/KT S, Loken
Mouoko (2.5%) leHTamMuH 50.00 50.02 £ 1.55 0.02 0.04
CrpenToMuLiH 50.00 50.58 £ 2.07 0.02 0.60

AMuKanuH 50.00 50.68 = 1.05 0.03 1.39

Kedup (1%) lentTamMmuuuH 100.00 101.80 = 2.22 0.02 1.74
CrpentoMuLH 100.00 100.40 = 1.11 0.01 0.77

AMMKaIIMH 100.00 100.82 + 1.34 0.01 1.32

JKYPHAJT AHAJIUTUYECKOU XUMHUHN  Tom 78 Ne 1 2023
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0oJiee BBICOKOI YyBCTBUTEILHOCTH OMNpeaeeHUs 10
cpaBHeHUIO ¢ faHHBIMU [TPUA ¢ ucnosib30BaHUEM B
KauecTBe (yopeciieHTHO# MeTku OUTLI.

HUccnedosanue evtnoaneno 6 pamkax Ilpoepammbt

pazeumus  MexcoucuyunaunapHoii HayuHo-o6pa3osa-
menvHoll wxoavt Mockoéckoeo yHusepcumema “bydy-
wee naanemol U 2100a1bHble USMEHEHUS OKPYICaroujeli
cpedol”.
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