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N3006peTeHre OTHOCUTCS K TPOU3BOAHBIM KMHYPEHUHA, KOBAJIEHTHO CBSI3AHHBIM C
HUTPOKCUJIbHBIMU PaJIMKAJIaMU, KOTOPBIE MOTYT ObITh UCIIOJIL30BAHBI JIJISI CO3JAHUSI HOBBIX
TUIOB AKTUBHBIX KOMIIOHEHTOB COJIHLIE3AIIUTHBIX MIPENapaToB.

J1J1s1 321U ThI KOKHBIX IOKPOBOB OT U30BITOYHON COJTHEYHOMW paiMallid COBPEMEHHbIE
(hapMakoIorusi U KOCMETOJIOTUS MPEITIararoT IMMPOKUI BIOOP COJTHLE3AIIUTHBIX KPEMOB U
J0CbOHOB. OCHOBHBIM JICUCTBYIOIIMM KOMITIOHEHTOM 3THX COCTABOB SIBJISTFOTCSI XpOMO(DOPHBIE
OpTraHUYECKHe MOJIEKYJIbI, 3¢ dekTrBHO nornomaronme YD uznmydenue B auamnazone ot 300
110 400 HM. OcHOBHBIE TpeOOBaHUs, TPEABIBIISIEMbIE K 9TUM COETMHEHUSIM - 3TO BBICOKOE
niorstonieHue B oonactax YD-A u YD-B o6myueHus, Bbicokast poTOCTaOUIBHOCTD, a TAKKE
HU3Kasi TOKCUYHOCTD U (OTOTOKCMUHOCTh. Hanboiee uzsectuoiM YO puibTpom,
UCIOJIb3YEMBIM B KOCMETOJIOTUH, SIBIIeTCS 3TUIreKcriI MeTokcuaHaMmat (OMC). HenaBuue
UCCIIETOBAHUS TTOKA3aJIM, YTO MPUCYTCTBUE B COJTHIE3AIUTHBIX MpernapaTax paauKaaibHbIX
JIOBYIIEK MOJKET 1aTh 3aMETHbIN MOJI0KUTETbHBIN 3(EKT KaK C TOUKH 3PEHUS 3aMeJICHUS
CTapeHUsI KOXKH, TaK U JIJIs YMEHbIIIEHUS (POTOTIOBPEKACHHIM KOKHBIX ITOKPOBOB, BEI3BAHHBIX
MPOJIOKUTEILHBIM COJTHEUHBIM 00TydeHueM [ 1-4]. Taxum o6pazom, Hanbosee 3pGeK TUBHBIM
KOMITOHEHTOM COJTHIE3aIUTHOTO TIpernapara sSBisuics 061 YD GuinbTp, o01agaromnmii
AHTUOKCHJIAHTHOM aKTUBHOCTHIO. B paboTax [5, 6] ¢ 3TOM 1eIbio ObLI MPEI0KEH CUHTE?3
xpoModopa - OMC, KOBaJIEHTHO CBSI3aHHOTO ¢ HUTPOKCUIBHBIMU paJuKaiaMu. Beiio
ITOKa3aHo, YTO MOJTyUYEeHHBIE COCTMHEHUS 00J1aJaF0T BBICOKOM (POTOCTAOUILHOCTHIO, 4 TAKKE
00J1a1a10T aHTUOKCUIAHTHBIMU CBOMCTBAMMU, 0OYCIIOBIIEHHBIMU CIIOCOOHOCTHIO HUTPOKCHUIOB
3aXBaThIBATh CBOOOHBIE PAIUKAJIBI.

B namux npenpayumx padorax [7, 8] 6bU10 MOKa3aHO, YTO HUTPOKCUBI CIIOCOOHBI HE
TOJIBKO 3aXBaThIBATh CBOOO/IHbIE PAAUKAIIBI, HO TAKXKE TYIIUTh TPUILIETHBIE COCTOSIHUS
(hoToB0O30Y)KAEeHHBIX MOJIeKYI. [Ipr 3TOM B kauecTBe XpoModopa UCTTOTB30BAJICS KUHYPEHUH
(KN) - mpupoiHast aMUHOKHUCIIOTA, SIBJISOIIASICS IMTPOYKTOM MeTaOOIMYECKUX ITpeBpallieHuH
TpunTodaHa v coAepKaIasics B XpyCcTajluKe I1a3 psijia MIIEKOIUTAIOIIHX, BKITIOUasl YeJIOBEKA.
B xpycTranuke KUHYpEHUH U €ro MPOU3BO/IHbIE BBITIOIHSIOT (DYHKLIUIO MOJIEKYISIpHBIX Y D
bunbTpoOB, 3anminas ceTyatky ot YD nospexaeHuit. Ha ocHOBaHMM NOJTyYeHHBIX paHee
pe3yabTaTOB, OblLJIa MPEANPUHSTA MTOMBITKA CHHTE3a TPOU3BOAHBIX KWHYPEHUHA, KOBAJICHTHO
CBSI3aHHBIX C HUTPOKCUIAMU, U UCCIIEAOBAHUS (POTOXUMHUECKUX CBOMCTB 3TUX COCIUHECHMIA.

Hamu Obu11 cuHTe3upoBaHbI Mpou3BoAHbIe KuHYpeHuHa KN 1-KN3, KOBaJIGHTHO CBSI3aHHBIE
C HUTPOKCUAAMU, U UCCIIEAOBAHBI (POTOXUMUUYECKUE CBOMCTBA ITUX COETUHEHUH [8].
[TonyueHnHble pe3yabTaThl TOKA3AIM, YTO CUHTE3 CIIMH-MEUYEHBIX TPOU3BOIHBIX KUHYPEHUHA
MMEET 3HAYUTEIIbHBIN MOTEHIMAI JIJIs1 CO3/IaHUs 60Jiee COBEPIIIEHHBIX COJTHLE3AIIUTHBIX
CPEJICTB, a TAKXKe psijia IPYTUX MpUMEHEeHHI B (hapMaKoJIOru U KocMeTosiorui. OJTHaKO
(hbOoTOCTaOMIIBHOCTH TAKUX COJIHIIE3AIUTHBIX aHTUOKCUIAHTOB OKa3ajlach HETOCTATOYHOM,
YTO CBSI3aHO, B UACTHOCTH, C PEAKLUe BHYTPUMOJIEKYJISIPHOTO MIEpEHOCA JIEKTPOHA,
MTPOUCXOIAIIEN MEXKTY (POTOBO30OYKACHHON KHHYPEHUHOBOM YaCThIO MOJIEKYJIBI U
HUTPOKCUIIBHBIM paaukainoM. [loaTtomy s cuHTE3a HOBBIX TPOM3BOIHBIX KUHYPEHUHA
MPEIIOIaraeTCsl UCIOIb30BATh 00JIee yCTOMUNBbIE HUITPOKCUIIbHBIE PAAUKAIIBI, COAEPKALINE
3KpaHUPYIOITUE 0O BEMHBIE 3AMECTUTENH, OKU/IAasl yMEHBIIIEHUE CKOPOCTH PeaKIMU ITepeHoca
3JIEKTPOHA U, KaK CJIEACTBUE, YBEIMUCHHE (DOTOCTAOMITbHOCTH.

[TporoTunom npemyiaraeMbIX COEAUHEHUN SBIISIIOTCSI CTUH-MeUeHble KUHYpeHUHBI KN 1-
KN3, cunTe3 1 (poTOXMMHUYECKHE CBOMCTBA KOTOPBIX OBLIIM ONUCaHbI B paboTe [8].

CTpyKTypHBIE (POPMYJITBI ITUX COCTUHEHUI ITPUBEICHBI HIKE:
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Bru10 ycTaHOBIIEHO, YTO BCIIEACTBUE CIMHOBOTO OOMEHA MEXy KMHYPEHUHOBOM U
HUTPOKCUIIBHOM YaCThIO MOJIEKYIIbI, BPEMs JKU3HU TPUILIETHOI'O COCTOSIHUS KOHBIOraTa
3aMETHO MEHBIIIE I10 CPAaBHEHUIO ¢ MOJIeKyI0M KN, 0JHaKO KBAaHTOBBIN BBIXOJ TPUILIETA
3HAYUTEIBHO BbIlIe. OCHOBHBIM (DAKTOPOM, OIPEEIISIIOIIMM KBAHTOBBIN BBIXOT
doTopasnoxenust kKoHbIoraToB KN1-KN3, siBriseTcs BHyTPUMOJIEKYISPHBIN IIEPEHOC
3JIEKTPOHA OT (POTOBO30OYKAEHHON KHHYPEHUHOBOM YacTH K HUTpOKCcUiIbHOM. Kak ciencrsue,
KN1-KN3 KoHBIOraThl B BOAHBIX PACTBOPAX (POTOXMMHUYECKH MEHEE CTAOMIBbHBI [10 CPABHEHHIO
¢ ucxoiHom moJtekyJion KN.

OCHOBHBIM HEIOCTATKOM IIPOTOTHUIIA SIBJISETCSA €r0 OTHOCUTENIBHO HU3Kas
(hOTOCTaOMIIBHOCTB: €CIH TSI PUPOTHOTO KUHYPEHUHA KBAHTOBBIN BBIXOT (DOTOPA3TIOKEHHS

B BOJHOM aHa3pOOHOM PacTBOPE COCTABIISIET 2x107 , TO JUUISl CIIMH-MEYEHbIX KUHYPEHUHOB
KN2 1 KN3 310 3HaueHue Ha 2-3 mopsiika Bbiie (cM. Tadmuiy). OCHOBHBIM KaHAJIOM
(hOoTOpA3TOKEHUS ITUX COCTUHEHUI SIBIISIETCSl peaKiysl BHYTPUMOJIEKYISIPHOTO TIepeHoca
3K TPOHA, TPOUCXOASIIASI MEXTY (POTOBO30YKIEHHOM KUHYPEHUHOBOM UaCThIO MOJICKYJTBI
Y HUTPOKCUJIBHBIM PaJIUKaJIOM.

M300peTenue peraeT 3a1a9y yBeIMUeHUS pOTOCTAOMILHOCTH CITMH-MEUCHBIX KUHYPEHUHOB.

3aaya peraercs 3a cueT ocodoro Au3aHa paguKaaIbHON YacTH MOJIEKYJIbI C
SKPAHUPYIOUIMMH PAAUKAIIBHBIN HEHTP 0OBEMHBIMU CIIUPOIUKIMUECKUMU 3aMECTUTEIISIMU.

CuHTe3 cnuH-MeueHoro D,L-kuHypeHrnHa ¢ MOIU(PUIMPOBAHHON CTPYKTYPOM.

CHHTE3 CIMHOBBIX METOK.

JI71s1 cuHTEe3a CIUHOBBIX METOK B KA4€CTBE OCHOBBI HAMM OBLJTH BHIOpaHBI HUTPOKCUIIbHBIC
paavKaIbl TUPPOIUAMHOBOTO Psifia, KAK HaubojIee yCTOMYMBBIE K BOCCTAHOBJIEHUIO [9].

[TpocTpaHCTBEHHO-3aTPYIHEHHBIN PAIMKAI-U30LMAHAT 3 CUHTE3UPOBAJIM U3
CYKIMHUMUTHOT O MIPOU3BOTHOTO 2, KOTOPOE MOJIyHaIh U3 KAPOOHOBOM KUCIIOTHI 1, ONTUCAHHOMN
B pabote [10].

Q NCO

OH 0

JINER:

+ HO-N —_—

1 2

CuHTE3 CIMH-MEYEeHOr 0 Mpou3BoAHOrO D,L-kuHypeHuHa.

Hcnonbp30BaHKe M301MAHATOB B KAUECTBE CIIMHOBBIX METOK JJIS1 AMUHOKHUCIIOT
MpeAIoaaraeT BBEACHUE 3alIUTHON I'PyMIIbI IO OJHOM U3 pyHKumMid. JlocTHxkeHne
MaKCUMaJIbHOT'O CXOJICTBA B CTPYKTYPE € ITOJIyYEHHBIMU paHee CIIMH-MEYEHbIMUA KUHY pPEHUHAMU
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O3HAYaeT BBEJICHUE METKU 10 aMUHOTPYIITe KUHypeHUHa. JIJ1s 3amuThl KapOOKCUIIBHOM
(hYHKIMM UCTTONTH30BaIach TPUMETHUIICUIIMITBHAS 3alIuTHAS rpynna. Hwke mpuseneHa cxema

CHHTE3a CMIMH-MEYEHOT0 MPOU3BOAHOIO KMHypeHHHa KN4,
NCO ) o
Q NH )J\
2
o= L)\COOH + [@l H,N HN NH
= 0
NH, HOOC

3
KN o]

OO1ast METOAMKA MOJIYYEHUSI CYKIIMHUMUIHBIX IIPOU3BO/THBIX.

Kap6onosyto kucioty 1 (1 3kB.) U N-(ruapoxcu)cyKuMHUMU (1 5KB.) CYCIIEHAUPYIOT B
EtOAc u oxytaxaaroT B 6aHe co JIbIOM. 3aTeM IpU NIEpeMEIIUBAHUU 100ABIISIOT
mukorekcuiikapoouuvu (JILIK) (1.5 3xB.). Uepes 15 MUH peaKIMOHHYIO CMECh BHIHUMAIOT
u3 0aHU ¥ TPOAOJDKAIOT MepeMENIMBAHKE TPYU KOMHATHOM TeMIiepaType ele 2 4. 3aTem
00pa30BaBIIUICS 0CAIOK OTHUIBTPOBBIBAIOT U TpOMBIBaIOT Ha GuiibTpe EtOAc. Ocamox
OTOPACHIBAIOT, PACTBOPUTENIb OTTOHSIOT ITPU TOHM)KEHHOM JIABIIEHUM, ITPY 3TOM I1OJIy4aAETCs
TBEPOE, HO CJIErKa MACIISTHUCTOE JKEJITOE BEIIECTBO, KOTOPOE XpoMaTOrpaupyroT Ha KOJIOHKE
(SiO,, amroent - CHCl3). @pakuuu coOuparoT, pACTBOPUTEID OTTOHSIOT IIPU HOHUKEHHOM

JIaBJICHUH, TOJTYyYaIOT CYKIIMHUMUIHOE TPOU3BOIHOE B BUE OJIETHO-KEIITOTO MOPOIIKA.
OO1as MeToauKa MTOJTYYEHUST U30LMAHATOB.
CyKuMHMMUHOE Tpou3BoHOE 2 (1 3KB.) paCTBOPSIIOT B CMecH aneToH/Boja (2:1) u
OXJIAXKJAIOT B OaHE CO JIbAOM. 3aTeM J0OABIISIIOT MIPY NIEPEMEIIMBAHMM 110 KATUISIM BOJIHBIN
pactBop NaN3 1 TpogoIDKarOT nepeMeinBaTh ee 3 4. OTTOHSIOT aeTOH IIPU TIOHWKEHHOM

JaBiieHUy 6e3 HarpeBa. [1oyueHHbIN B pe3yibTaTe peaKuuu auuii-a3ua sKkeTparupyot EtOAc
Y OCylIatOT pu oMoy MgSO,4 Ipu UHTEHCUBHOM T€peMelIMBaHUM 0K010 30 MUH. 3aTeM

OCYIIUTENTh OT(UIHBTPOBBIBAIOT, PACTBOPUTEITb OTTOHSIIOT ITPU TOHWKEHHOM JaBIICHUU.
OcTaToK KUIIATSAT B CYXOM T'eKCaHe B TeueHHe 1 4, pacTBOpUTENb OTTOHSIOT. [ToryyeHHbIi
U30LMAHAT UCIIOJIB3YIOT B AaJbHENIIEM 0€3 OUUCTKH.

OO1ast MeToauKAa MOJTYyYeHUS] CTUH-MEUEHOT O MPOU3BOJHOIO KUHYPEHUHA BBEJIEHUEM
0oJiee yCTOMYMBOIO - SKPAHUPOBAHHOTO OOBEMHBIMU 3aMECTUTEISIMU - HUTPOKCUIIBHOTO
pauKaia, UMEIOIIEeTo CIEAYIONIYI0 CTPYKTYPHYIO GOpMYITy:

=
P
N HN NH
HOOC
|
-

XapaKTepU3yeTcsl TEM, UTO €€ OCYIIECTBIISAIOT CIeIYIOLIMM 00pa30oM: K CyCIIeH3UU
KUHYPEHMHA B CYXOM 3(upe 100aBISIOT TPUITHWIAMUH U XstopTpuMmeTiiicuiad (CH3);3SiCl,

Crp.: 5
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00pa3yoONIMIACS 0CAJIOK YAAJSIOT, PACTBOPUTEIb OTTOHSIIOT, OCTATOK PACTBOPSIOT B CYXOM
xsopodopme CHCI3, 106aBISIOT M30IMAHAT, 3aTEM BOY, CO3/IAIOT IIETOYHYIO CPEy U

9KCTPATUPYIOT XJIOPO(HOPMOM, IKCTPAKT OTOPACHIBAIOT, BOAHYIO (Da3y JOBOAST IO KUCIIOM
pH ¥ cHOBa 3KCTParupyroT XJI0POPOPMOM, IKCTPAKT CYIIAT.

Bonee nogpoOHO c1oco0 OCYIIECTBIISIOT CIIEAYIOMIUM 00Pa30M: K CYCIIEH3UU KUHYPEHUHA
B CyXOM 3¢upe 100aBISIOT U30BITOK TpUITHIIAaMHUHA U XIopTpuMeTwicunana (CHz)3SiCl,

MepeMENIMBAIOT ITPU KOMHATHOM TeMIiepaType He MeHee 6 4. O6pa30BaBIIMICS 0CAT0K
OT(GUIBTPOBBIBAIOT U OTOPACHIBAIOT, PACTBOPUTEINb OTTOHSIOT ITPU MOHMKEHHOM JIaBJICHUHU.
OctaTtok pacTBopsitoT B cyxoM xsiopodopme CHCl3 u 7o6aBistoT M30BITOK N30IMaHaTa 3,

OCTaBJISIIOT HA CYTKU. 3aTeM J00aBISAIOT BOAY, lepeMenBatoT 5-10 MUH, TOBOAAT 10 pH=
8-10 nobasnenuem NaOH u sxcrparupyroT CHCls, skcTpakT otropackiBatoT. Bognyto dasy

noBoaAat 10 pH=3-4 u cHoBa sxctparupytor CHCl;. OkcTpakT cymat Haj Na,Sy.

CyHoCTb U300pEeTeHUSI ULTIOCTPUPYETCS CIETYIONIUM TPUMEPOM.

ITpumep 1.

K cycnien3uu 1 5KB. KUHYpeHHHA B CyXOM 3(pupe 100aBIIOT 2.5 3KB. TPUITWIAMUHA U 2.5
3kB. (CH3)3SiCl, nepeMemMBaroT Npyu KOMHATHOM TeMiiepatype 24 4. O0pa3oBaBLIMICS

0CaJ0K OT(GUIHTPOBBIBAIOT U OTOPACHIBAIOT, PACTBOPUTEIIH OTTOHSIOT MTPU TOHW)KEHHOM
nasieHud. Octatok pactBopstoT B cyxoM CHCl; u no6aBisitor 1.5 5kB. uzonuaHara 3,

OCTaBJISIIOT HAa CYTKH. 3aTeM J00aBJISIIOT BOAY, epeMelrBatoT 10 MuH, 1oBoaAT 10 pH=8-9
no6asnenneM NaOH u sxctparupytor CHCl3, skcTpakT oTOpacsiBatoT. Boanyto dasy noBoast

1o pH=4 u cnoBa s3xcrparupyror CHCI3. Okcrpakt cymat Hag NaySOy. [TonyuenHbie

COEIMHEHUS MMEIOT KUHYPEHUHOBBIN Y D-crieKTp, mo gaHHbiM BOXKX npeacrasisior coboi
JIMACTEPEOMEPHYIO CMECH U TIO MACC-CIIEKTPAM BBICOKOTO Pa3pEIIeHUsI COOTBETCTBYIOT CIIMH-
MEUEHBIM KUHYPEHUHAM.

HccnenoBanue GoTOXUMUIECKUX CBOUCTB CITMH-MEUEHOTO KMHYPEHUHA

®oTOBO30YXKAECHHUE KUHYPEHUHOBOM YacTh KOHbiorata KN RNO" IIPUBOJIUT K
00pa30BaHUIO CUHTIIETHOTO BO30YKIeHHOTO S1 cocTosiHust. OCHOBHBIMU MYTSIMU THOEIH
3TOT'0 COCTOSTHUS SIBIISIIOTCSI BHYTPEHHSIS KOHBEPCHS B OCHOBHOE COCTOSIHHE, (hJIyOpeCeHIIs,
WHTEPKOMOMHAIMOHHASI KOHBEPCHUS B TPUILIETHOE COCTOSTHUE, & TAK)KE PEaAKIIUS
BHYTPUMOJIEKYJISIPHOTO TEPEeHOCca JIEKTPOHA MEXITY KUHYPEHUHOBOM U HUTPOKCUIIBHOMN
yacTsIMU MOJIEKYJIbI [8]. Peakuust nepeHoca 3J1eKTpoHa MOKET TaKKE MPOUCXOIUTH U U3
TPUILIETHOT'O COCTOSIHUSI.

3aMeTuM, YTO BHYTPEHHSISI KOHBEPCHUs U (IIyOpEeCLEHIUs MPUBOIST K BOCCTAHOBIIEHHUIO
OCHOBHOT'O COCTOSIHUSI UCXOJIHOT'O COEIMHEHUSI, B TO BpEMS KaK B Pe3yJIbTaTe
WHTEPKOMOMHAIMOHHON KOHBEPCUU U PEAKIMU TIEPEHOCA JIEKTPOHA 00pa3yIOTCS aKTUBHBIE

+e
KOPOTKOXMBYIIIME YACTHIIBI - TPUILIETHOE cocTosiHUE U paaukail = KN-RNOH. O6pazoBanue
3TUX YACTHII PUBOJIUT K POTOPA3T0KECHHUIO HCXOTHOTO COSAMHEHHUS, a TAK)KE MOXKET
MIPUBOJIUTH K MOBPEKICHUIO OKPYKAIOIIKX MOJIEKYJI. Takum 0Opa3oM, KBAHTOBBIE BBIXOIbI

poTopasnoKeHHs, 06pa30BaHUS TPUILIETHBIX COCTOSHUI M 00pa3oBaHus paauKkanos ~ KN-
RNOH sBisiF0TCS TPUHIMIMAIIBHO BaXKHBIMU ITapaMeTpaMu, XapaKTePU3YIOIUMU
3¢ (HEeKTUBHOCTH MOTEHIMAIIBHOTO COJTHIE3AIIUTHOTO aHTHOKCHIaHTa. [[poBeaeHo n3MepeHue
3TUX MTAPAMETPOB 11 BHOBb CHHTE3UPOBAHHOTO CITIMH-MeYeHOTro KUHypeHuHa KN4 u
comnocTaBiieHre ux ¢ JaHHbIMM 17151 KIN1-KN3.

Nzmepenue hpoTocTabUIbHOCTH CIMH-ME@UEHOT0 KUHYPEHUHA

PactBops! 1151 poTOpa3IOKEHHUS UCCIEAYEMbIX COSAMHEHUN OBLIM PUTOTOBIICHBI B

Crp.: 6
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dbochatHom 6ydepe (pH 7.2) ¢ koHueHTpauusimMu okoJio 1 MM. O6pa3ipl 06beMoM 1 Mt ObLTH
MOMeIIeHbI B kBapueByto AMP-amnymy (5 MM 1uamMeTpom) U 00J1y4aJIuch IPU OMOIIH
pryTtHOi1 mamisl (JIPLI-1000). MudpakpacHas yacTh CrieKTpa 00aydeHus Oblia oOpe3aHa
P MIOMOIIY BOJHOTO (PUIIbTPA, HAOOP YyIbTPa(PHUOIETOBBIX CTEKIISTHHBIX (PUIBTPOB CyXKaJl
cnekTp obnyuenus 1o auanazoHa 300-400 um. O6pa3sipl TPOAYBAIUCh APTOHOM WU
KUCIIOPOJIOM B TeUeHHe 15 MUH 10 00JIyueHus U B mmpoiiecce o0ayueHus. B xone obmyueHus
yepe3 paBHbIE TPOMEKYTKU BpeMEHU 3a0Upalivi aJTMKBOTHI (00beM 15 Mki1). Jlanee 3Tu oopasibl
pa3BoOIMIIH B 185 MKJI BOJIBI M 10 XpOMATOTparMUecKOro aHaIu3a XpaHUIu IIpU TeMIepaType
4°C B TepmocTtate xpoMmaTtorpada. JIJist KOHTPOJISI UBMEPEHUS aHAJIOTUYHO OBLT 00 TyUeH 1
MM pacTBOp KMHYPEHUHA, Yel KBAHTOBBII BbIX0 1 (POTOPA3TI0KEHUS XOPOILIO U3BecTeH [11].
KoHueHTpaimo NCXOAHBIX BEILIECTB U UX MPOIYKTOB B OOJIYYEHHBIX 00pa3luax ompeaessiia
Meto oM BOXKX ¢ onTuueckuM 1eTeKTUPOBAHUEM. AKTUHOMETPHUSI IIPOBOAUIIACEH C
UCIOJIb30BAHUEM BOJHOTO pacTBOpa peppuokcaata kanus. Paccunrannas u3 moryd4eHHbIX

JTAHHBIX UHTEHCUBHOCTB M3iyuyeHus B pernoHe 300-400 HM cocrasisina 1 .0£0.2x10'® kBanTOB
B CEKyHIY.

Ha ®wr.1 npencrasiena 3aBUCMMOCTb KOHIEHTpauuu KN4 B pacTBope OT BpeMEHU
00J1y4eHus B a9pOOHBIX (KBaJpaThl) U aHA3POOHBIX (KpYkKKH) ycroBusx. Ha HauanpHOM
y4aCTKE KMHETUUECKOW KPUBOM HAOII0JaeTCs JIMHEMHAs 3aBUCUMOCTb KOHLEHTpaLUi OT
BPEMEHH, 3aTEM CKOPOCTh PA3JIOKEHUS YMEHbIIaeTcs. 1 pacyera KBAHTOBOI'O BBIXO1A
(boTOpa3II0KEHUS UCTIOTB30BAIIN TOIBKO HAYAIbHBIE YUACTKA KHHETUUECKUX KPUBBIX (TIPSIMBbIe
JuHuM Ha Pwr.1.)

KBaHTOBBIN BbIXO (POTOPA3IOKEHUS PACCUUTHIBAIIM KAK OTHOIIEHUE YUCTIa
PAa3JI0KUBILNXCS 34 EAMHULYY BPEMEHU MOJIEKYJI UCXOJHOTO BEILIECTBA K YMCITy KBAHTOB CBETA,
MOIJIOIIEHHBIX 00PA3LI0M 32 3TO XK€ BpeMsl. Pe3yIpTaThl u3MepeHHii IPEeACTABIIEHbI B TAOIHULIE.

N3zmepenne GoTOAaKTUBHOCTU CIIMH-MEUYEHOT'0 KUHYPEHHUHA.

B nanHoMm cnyuae, moa ¢pOTOAKTUBHOCTBIO MbI OyIeM MOHUMATh BEJIMUMHBI KBAHTOBBIX

BBIXOJ0B TPUILIETHOTO COCTOSIHUS U paaukanoB - KN-RNOH, o6pasyromuxcs nox Y ®-
o0yueHueM. {1 u3MepeHust 3TUX BeJIMYMH UCIIOIb30BAIACh YCTAHOBKA JIA3€PHOTO
UMITYJIbCHOTO (DOTOIM3a, onrMcaHHas B padoTte [11]. B 3aBUCUMOCTH OT HEOOXOIMMOM JITMHBI
BOJIHBI, ICTOUHUKOM BO30YKJI€HUSI MOXKET ObITh 3KcuMepHbIi XeCl nazep (Lambda Physik
EMG 101, A=308 uM, sHeprus ummyibca 10 120 MJIk; TIUTETbHOCTh UMITYJIbCA 15 HC) WK

TBEPIOTEIbHBIN Nd**:YAG nazep (Quanta-Ray LAB-130-10, A=266, 355 u 532 HM; 2Heprus
umnysibea g0 70, 150 u 300 M Ik 17151 KaXk 10 JJIMHBI BOJIHBI, COOTBETCTBEHHO, NIMTEIbHOCTh
uMItyjbca 8 He). Ha mytu mazepHoro jyda pacnosaraercsi KBapueBasi IJIACTUHKA U OTPAXKaeT
YacTh Jiydya Ha (POTOIMOJ, 3AIMyCKAIOLIMI ocuIIIorpad U mpoInycKarouil U31y4eHue Ha
uzmeputenb MoiHocTH (Model 1918-C). Curnai ¢ u3aMepuTensi MOIIHOCTH, TOCTYN A0
B KOMIIBIOTED, ITO3BOJISIET HENIPEPBIBHO OTCIIEKUBATH PEAIIBHYIO SHEPTHIO JIa3epa BO BPEMS
MIPOBEAECHUS SKCIIEpUMEHTA. ICTOYHMKOM 30HIUPYIOIIETO U3TTYUECHUS SABJISETCSI KCEHOHOBAS
namma JKclI-150 (nmmurenbHOCTh uMIyJibca 2 Mc). Bo30yxkaaroriee u 30HAUpYolee
U3JTyYEHHUs MePECeKat0OTCs MO/ MPAMBIM yriioM. Cuctema u3 chepuiecKux JIMH3 TO3BOJISET
CKOHLIEHTPUPOBATD JIyY JJa3epa (II0NepeyHbIi pasmep 3X8 MM) U JIaMIIbl (IIONIEPEYHBIN pa3mep
1x3 MM) Ha TOBEPXHOCTh KBApIEBOM KIOBETHI. TakuM 0O6pa3oM, BO BCEX IKCIIEPUMEHTAX
JUTMHA TTYTH ONTUYECKOTO BO30YKIEHHUSI COCTABIIsUIA | MM, @ PETMCTPUPYIOLIETO U3ITYUSHUS
- 8 mm. ITocre npoxoxaeHus yepe3 o0pasel 30HAUPYIOILIEe U3ITYyYeHHUE MTONaaaeT Ha
MoHoxpoMmaTop (30-1000 uM, 1 am/aen.) u uamepsiercs ¢ momoiso @IV (Electron Tubes
Ltd. 9794 B), curnan ot kotoporo ouudposbiBaercs 11-outabim ALIT AByXKaHAIBHOTO
g pooro ocuuiorpada LeCroy 104MXi (1 I'Ty). YcraHoBKa MOJTHOCTBIO YITPABISETCS
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IIEPCOHAIBHBIM KOMIIBIOTEPOM.

Ha ®wur.2 npeacrasieHbl KWHETUYECKUE 3aBUCUMOCTH ITPOMEKYTOUYHOTO MOTJIOLIEHUS,
[IOJIyYeHHBIE Ha JIMHE BOJIHBI 430 HM (MAKCUMYyM ITOTJIOLLEHUS TPUILJIETHOTO COCTOSIHUS
KUHypeHuHa) pu ¢poTtonuze pactBopoB KN u KN4 B aHa9pOOHBIX YCIIOBUSX B BOJHOM

pacTtBope. Bo30yxaeHue mpor3BOIUIOCH C UCTIOIb30BaHUEM Nd**:YAG nazepa (355 Hm),
OTNTHYECKAs INIOTHOCTh BCEX PACTBOPOB HA 3TOM JUIMHE BOJIHBI OblIa oguHAaKOBOM (0.96 Ha
1 cm). I1pu poTonuze KN 0OCHOBHBIM TPOMEKYTOUHBIM COEIMHEHUEM SIBIISIETCS] KUHYPEHUH

B TPUILJIETHOM COCTOSIHUU TKN, rubemns KOTOPOTO MIPOUCXOUT IO MEXaHU3MY TPHUILJIETHON
AHHUTWIAIUK. B MUKPOCEKYHIHOM BPEMEHHOI IIIKaJIe CI1a]l CUTHaJIa Masio3aMeTeH (Dur.2).
[Tpu poTonmze criMH-MeYeHOTO KUHYpEeHWHA HaOMo1aeTcst popMupoBaHUe ABYX
KOPOTKOXHBYIIMX UHTEPMEIUATOB: TPUILIIECTHOE COCTOSIHUE, 00pa3yroleecs cpasy mocie
JIa3epPHOTO MMITYJIbCa U OBICTPO THOHYIIIEE B MUKPOCEKYHIHOM BPEMEHHOM JHaIia30He, U

panukan **KN-RNOH, cursan KOTOpOro Ha Mur.2 BEIMIAIUT KaK OCTATOYHOE MOTJIOIIEHHE

T
nocie rudemm - KN.

ITpu pacuere KBAaHTOBBIX BBIXOJ0OB KUHYPEHUHA B TPUILIETHOM COCTOSIHMU U PaIMKAJIOB
OBLIU ClIeIaHbI CIICAYIOIINE IIPEIOI0KEHUS: a) TPUILIeTHOE cocTossHue KN4 Ha uiiHe BOJTHBI

430 HM UMeeT TaKoM ke KO3(PPHUIUEHT MOTIIOMIEHUS, UTO U TkN (3.7><103 M em! [12, 13]);
6) paaukan KN4 Ha jutiHe BoTHBI 430 HM UMeeT TaKoi ke Kod(pOUIMEHT HOTIOLIeH s, UYTO

u KN (2.6><103 M em! [13]). Pe3ynbTaThl M3BMEpEHU TPeACTABICHBI B TAOJIMIIE COBMECTHO
C paHee MOJIyYeHHbIMU TaHHBIMU 111 KN ¥ criuH-MeueHbIX KUHYpeHHMHOB KN 1-KN3.

N3 Tabnuipl BUAHO, YTO KBAHTOBBIN BBIXO TPUILJIETOB KOHBIOraTa KUHYPEHUHA C
HUTPOKCUJIIBHBIM PAJIUKATIOM CO CTEPUUYECKH IKPAHUPOBAHHBIM PAAUMKAIIBHBIM LICHTpoM KN4
HECYIIECTBEHHO OTJIMYAETCSl OT 3HAYEHMUI, IOJTyUEHHBIX JJIs1 pAHEE CHHTE3UPOBAHHBIX U
W3YYEHHBIX CIIMH-MeUYeHbIX KUHYpeHHHOB KN1-KN3. 9T0 HeyAMBUTEIbHO, TOCKOJIBKY
KBAHTOBBIN BBIXOJ] TPUILUIETHOTO COCTOSIHUS OIIPENIEIISIETCS B IIEPBYIO OYEPEAb CKOPOCTHIO
OCHOBHOTI'O KaHaJja JIe3aKTUBALMU CUHTJIETHOT'O BO30YKIEHHOT'O COCTOSIHUS S 1
KUHYPEHUHOBOM YaCTH MOJIEKYJIbI, U CTPYKTYpa HUTPOKCUIIBHOTO (hparMeHTa BPSI/ JIM MOKET
OKa3aTh HA HEE 3aMETHOE BIIMSTHHUE.

Tabmuua.
BpemMeHa skM3HHM TPUILIETHOT'O COCTOSIHUS T ¥ KBAHTOBBIE BBIXO/bI (JOPMUPOBAHUS TPUILICTHOTO cocTossHUs D, popMupoBanus paau-

kasos Mg, anaspobroro @, u aspobHoro M, horopasnoxkenus koubioratos KN-RNO® (KN1-KN4) u kunypenuna (KN) B BogHOM
pactBope.

CoenuHeHne Tr, S Dr g Dy Do
KN4 195 0.039+0.010 (7.4+2.0)x10733 (8.5+2.5)x10™* (1.540.4)x107
KN >10* 0.0070.002% - (2.020.2)x107 (2.8+0.5)x10*
KNI 100 0.045+0.011° 0.01620.004° - -
KN2 145 0.0530.012° 0.0150.004° (2.9£0.4)x1073 (3.320.6)x1073
KN3 59 0.04320.010° 0.062+0.014° (2.5£0.5)x1072 -

43HaueHue B3sTO M3 [11]

53Hauenne B3aTO N3 [8] 1 mepecunTaHoO ¢ y4eTOM YTOUHEHHOTO B [11] 3HaueHHs1 KBAHTOBOTO BbIXoaa TpuruieTa aiast KN.

B T0 ke Bpems 11t BoaHbIX pacTBopoB KN4 HabsrogaeTcst cyuecTBeHHoe (B 2-3 pasa)
YMEHBIIEHUE KBAHTOBOTO BbIxo1a paaukaioB+'KN-RNOH 1o cpasrenuto ¢ KN1 -KN3.
OueBuaHO, 3TO SBJIEHUE CIEYET OTHECTU K U3MEHEHUIO CTPYKTYPbl HUTPOKCUIIBHOTO
dbparmMeHTa: 3KpaHUPOBAHUE PATUKATBHOIO LEHTPA OO BEMHBIMU 3AMECTUTEISIMU TPUBOIUT
K YMEHBIIEHUIO CKOPOCTH PeaKIMU IepeHoca J1eKTpoHa. Kak pe3yiabraTt, HOBbIN CIIMH-
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MEUEHbIN KUHYPEHMH SIBJISIETCS 3aMETHO O0Jiee CTAOMIIbHBIM: €CIU JIJISl paHee N3yUEHHBIX
KOHBIOTATOB KBAHTOBBIN BBIXOJ (POTOPA3TIOKEHUS B BOJHOM PACTBOPE B aHAIPOOHBIX

YCIIOBUSIX COCTABIISIT BETUUMHBI OT 2.9><10'3 oo 2.5><10'2, TO JJISI HOBOTO COEIMHEHUS dTa

BEJIMYMHA HE MTPEBOCXOIUT 1107 , TO €CTh HAaOJII0/TaeTCs 110 MEHBIIIEH Mepe TPeXKpaTHOE
yBemMuYeHUe POTOCTAOUILHOCTH. AHAIOTUYHBIM 00pa30M yBeIMUMBaeTCs (DOTOCTAOMIIBHOCTh
HOBOT'O COEMHEHUS U TIPY OO0TyUEHUU B A9POOHBIX YCIIOBUSIX.

Takum 00pa3oM, OCYIIIECTBIIEH CUHTE3 KOHbIOTaTa KUHYPEHWHA C HUTPOKCUIIBHBIM
PAAUKATIOM CO CTEPUYECKU IKPAHUPOBAHHBIM PAJIMKAJIBHBIM HEHTPOM, U UCCIIEIOBAHBI
(hoTOXUMHUECKHE CBONUCTBA 3TOTO COEMHEHHS. Y CTAaHOBJIEHO, UYTO HOBBIM CITMH-MEUCHBIM
KUHYPEHUH SIBIISIETCS (POTOXMMUYECKU TOpas3io 0ojiee CTaOMIBHBIM, YeM CUHTE3UPOBAHHbBIC
paHee COeIMHEHMS ITOr0 Kjlacca. DTO OTKPHIBAET XOPOIIIUE NMEPCIIEKTUBBI [IJ1s1 pa3paboTKu
HOBOT'O TTOKOJICHUSI COJTHIIE3AIIMTHBIX IIperapaToB.
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dopmya uzodpeTeHus
1. CiuH-MeueHOe MPOU3BOHOE KUHYPEHUHA, 00J1a1a10111ee BBICOKON (POTOCTAOMIbHOCTBIO,
U UMEIOIIIee CIIEIYIONIYIO CTPYKTYPHYIO (OpMYyITy:

o 0
H2N HN/U\NH

HOOQC
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2. Crioco0 mostyueHust CIIMH-MEUeHOT O TPOU3BOAHOT0 KMHYPEHUHA, UMEIOLIee CISAYIOIYIO
CTPYKTYPHYIO GOPMYIY:

C o
HzN HNJLNH

HOOC

XapaKTEePU3YIOLIUICS TEM, YTO €r0 OCYIIECTBIISIOT CIIEAYIOMUM 00pa3oM: K CyCIICH3UH
KMHYPEHUHA B CyXOM 3(upe 100aBISIOT TPUITHIAMUH U xstopTpuMmeTuiicuinal (CH3)3SiCl,

00pa3yIONIUIACS OCAIOK YAAISIOT, PACTBOPUTEIIb OTTOHSIFOT, OCTATOK PACTBOPSIIOT B CYXOM
xsopodopme CHCI3, no6aBisitoT nzonuaHat GopMyJIb:

NCO

N
le

)

3aTEM BO/J1y, CO3/IAIOT LIEIOYHYIO CPEAY U IKCTPATUPYIOT XJIOPO(POPMOM, IKCTPAKT
OTOPaCBIBAIOT, BOJHYIO a3y JOBOASAT 0 KMCIIOM pH 1 CHOBA 9KCTParupyroT X10poGopmMom,
3KCTPAKT CylIaT.

3. Crtoco06 110 11.2, OTIIMYAOIIMIACS TeM, YTO CYCIIEH3UI0 KUHYPEHUHA B CYXOM 3upe Iociie
no0aBiIeHus TpUITUIaMUHA U xstopTpuMmeTuiicunana (CH3);SiCl nepemenivBaioT npu

KOMHATHOH TeMIeparype.
4. Crioco6 1o 1.2, OTJIMYAIOIIHUICS TeM, YTO MOCTIe JOOABIEHUS! TPUITUIIAMUHA U
xnoprpumeruiicuinana (CH3)3SiCl k cycnieH3un KWHypeHUHA B CyXOM 3(Upe MOy IMBIIHNCS

0CaIOK OTHUIBTPOBBIBAIOT.

5. Crioco6 1o 1.2, OTIMYaIoLIUICs TEM, YTO MOCTIE YIAJIEHHUS OCA/IKa PACTBOPUTEID
OTTOHSAIOT IIPY HOHW)KEHHOM JIaBJICHUM.

6. Crioco06 1o 11.2, OTIMYAIoLIUiCs TEM, YTO MOCJIE PACTBOPEHHUSI OCTaTKa B CyXOM
xsopodopme CHCI; 1 1o6aBiieHus: U301MaHaTa, MOJTyYUBIIUNACS PACTBOP BBLIEPKUBAIOT,

MPEUMYIIECTBEHHO, OCTABJISIOT Ha CYTKHU.

7. Crioco06 1o 1.2, OTJIWYAIOIIMHCS TeM, YTO Mociie JO0OaBIEeHUS BOIbI, TPOU3BOISIT
MepeMeIBaHUE.

8. Crioco0 1o 11.2, OTJIMYAIOIIUICS TeM, UTO MOCIE J0OABIECHUS BOAbI CO3/1AI0T IETOYHYIO
cpeny nmo0OaBlIeHUEM IeJIoUuH, peuMyIecTBeHHo 10 pH=8-10

9. Cntoco0 1o 1.2, OTIMYAIOLIUNCS TEM, UTO MOCIIE€ OJJHOKPATHOMN MPOLEYPhl SKCTPAKLUU
xjiopodopMoM, BOAHYIO (ha3y JOBOAAT 10 Kucion pH=3-4.
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