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OBLLAA XAPAKTEPUCTUKA PABOTbI

AkTyanbHOCTb paboTbl. B nocnegHee gecarmnetve B NOIMMEPHON XMMUW aKTUBHO
pa3BMBalOTCA HanpaBfeHUsi, CBA3aHHble C CUHTE30M U UCCReAoBaHMEM pa3BETBIEHHbIX
NMOSIMMEPHBIX CUCTEM C XOPOLWO OnpeaeneHHONn CTPYKTYPOW, HOCALWMX Ha3BaHue
‘nonumepHbix weTok” (polymer brushes). Takue npuBuTbie COMNONMMEpPbI COCTOAT U3
“xpebTa” (OCHOBHOW LIEeNW) U KOBAanNeHTHO MPUCOEAMHEHHbIX K HeMy OOKOBbIX Lenen u
obnagatoT perynspHbIM CTPOEHMEM C Y3KOAUCNEPCHBbIM pacnpegeneHmem ginH 60KoBbIX
uenen. [logobHble  cononuMMepbl  CMOCOOHLI K (POPMUPOBAHMIO  Pa3MNUYHbBIX
NPOCTPaHCTBEHHO-PErYNSAPHbIX HAHOCTPYKTYp W, ©Onarogapss ocobown Tomonormn wu
XUMMYECKON  (PYHKUMOHANbHOCTWU, o06nagaloT YHWKanbHbIMW  CBOWCTBaAMM, KOTOpble
onpeaenstoT NepcnekTMBHOCTbL WX WCMNOMb30BaHWUS MNPU MOSTYYEHUN BbICOKOAKTUBHbIX
KaTtanu3aTopoB C pa3BUTOM MOBEPXHOCTbIO, HAHOPEAKTOPOB, HAHOKOHTEWHEPOB ANs
LueneBow OOCTaBKM NeKapcTB, HAaHOMOPUCTbIX mMeMbpaH u Aap. MowHbIM CcTUMynom Ans
pasBUTUSA CUHTETUYECKUX NOOXOAOB K MOMYYEHUIO PETYAPHbIX NPUBUTBLIX COMONMMEPOB
NOCNYXWUNN LOCTUXKEHUST B 06MacTM KOHTPONMPYeMow pagukanbHOM nonumepusaumnm
(KPTT), B 4yacTHOCTH, B 0611acTy pagmkanbHOW nonnumepusaumm ¢ nepeHocom atoma (Atom
Transfer Radical Polymerization, ATRP). lNpoBogswwmecs uccrneaoBaHUa OTHOCATCS, B
OCHOBHOM, K CWUHTE3y MOMEKYNSIPHbIX LETOK C OCHOBHbIMW LensaMn u3 kapbouenHbix
nonmMmepoB. 3BeCTHble AaHHbIE O CMHTE3€E, CTPYKTYPE Y CBOMCTBAX MNONIMMEPHbIX LLIETOK C
OCHOBHbIMM nosimapuneHoBbIMU unu nosiMreTepoapuneHoBbIMN (Hanpumep,
NONUUMUOHBLIMKU) LensAMM KpamHe OrpaHu4YeHbl, U B 3TOM HanpasneHun TtpebyTca
cucTemaTuyeckue uccrnegoBaHums.

Mo cpaBHEHWIO CO LieTKamMu, OCHOBHble U GOKOBblE LIENW KOTOPbIX MOCTPOEHbI U3
KapbouenHbIX NoNuMMepoB, MONMMMMUAHBIE LWETKM C KapbouenHbiMu GO0KOBbIMWU LiensiMu
npepocTaBnsalT  Oonee  WMPOKME  BO3MOXHOCTM  ynpaBneHus  KOHdopmauuen
MaKpOMOJSIEKYST B CENEKTUBHbIX PAaCTBOPUTENSAX BCNEACTBUE CYLLECTBEHHOrO pasnuuns
Npupoabl OCHOBHOM M GOKOBbLIX Lenen. Kpome Toro, 3Ha4yMTenbHO Gonbluee paccTosiHne
MeXay TOYKaMu MpuBMBKM GOKOBLIX LiENen B TakMX NONMMUMUOHLIX LEeTKax paclumpsiet
npegenbl KOHPOPMAUMOHHBbIX WU3MEHEHUA KaK B OCHOBHOW, Tak M B OOKOBbIX LUeENsx,
co3faeT BO3MOXHOCTU BBeAeHUs B OOKOBble Lenun 00beMHbIX YHKLMOHANbHbIX rpynn,
Hanpumep, HENMMHENHbIX ONTUYECKMX XPOMOMOpPOB, a Takke AenaeT Takne NonuuMuaHble
LLEeTKN NoTeHUMANbHO NEPCNeKTUBHbIMW B Ka4eCTBE HAHOKOHTEMHEPOB ANSA OpraHUYecKmx
MOMEKYI MU KOMMEKCoB 60MbLIOro pasmepa.

Takum o6pa3om, akTyanbHOM nNpobnemon sABnaeTca pa3sutme cnocoboB NonyyYeHus
MOJSEKYNSAPHbIX LWETOK ¢ XpebToBOW NONMMMWOHON Lenblo, KOTOpble B 3aBUCMMOCTU OT
npupoAabl 6OKOBbIX Lienen CnocobHbl codeTaTb pasnuyHble NPakTUYECKN BaXKHblE CBOWCTBA
(pacTBOPUMOCTb B  LUMPOKOM psidy pacTBOpWUTENEW, BKMYas BOAHbIE Cpeapbl,
NONNANEKTPONUTHbIE CBONCTBA, HENWHeNHbIe onTnyeckue CBOWCTBA, pH-
YYBCTBUTENbHOCTD, TEPMOYYBCTBUTESTbHOCTb, CnocobHOCTb conbununsnposaTtb
pasfiMyHble, B TOM Yncne — GUonormyeckm akTuBHbIE, OpraHN4Yeckne coeanHeHns).

Llenbto HacTosilwen paboTbl ABNAeTCA pa3paboTka METOAOB CMHTE3A MOJSIEKYNSAPHbIX
LWEeTOK C NONIMMMUAHOW OCHOBHOM LENb M Y3KOAUCNEPCHbIMU OOKOBbIMM LEeNsaMU
BUHWUIOBbLIX MOSIMMEPOB KOHTPOSIMPYEMOW AJSIMHBI, MUCCreaoBaHNEe MakKpOMOMEKYNAPHbIX
XapakTepUCTUK N onpeaeneHne NepcnekTuBHbIX obnacTen NpakTU4eCcKoro UCrnonb3o0BaHus
NOMy4YeHHbIX NOSIMUMUAHBIX LLETOK.

[na [ocTuxeHus ykaszaHHOW uenu Obinu nocTaBneHbl U peLleHbl creaytowue
3apjaum:

e paspaboTka HOBOro MeToda MOMy4YeHUs pPacTBOPUMbIX BbICOKOMOMEKYISPHbIX
NONMMMUOHBLIX MYJIbTULEHTPOBLIX MakpouHuumatopoB ATRP nyTtem KOHTponupyemom



dyHKUMOHaNM3aumm o-6pomM-apmMpHbIMK FpynnaMm rmapoKcuncoaepxawmx nonmnmmMnaos,
Nofny4YeHHbIX HA OCHOBE O-aMUHOMEHOSOB MUIU 0-aMUHOBUCHEHONOB;

e uccrnegoeaHme ATRP nonumepusauum paga BUHWIIOBBIX  MOHOMEPOB  Ha
NOMyYeHHbIX NOSIMMMUAHBIX MakpouHuumaTopax metogom “npusmskn ot” (“grafting from”)
C uenblo BbIbopa MOHOMepPOB, Hanbornee akTUBHbLIX B 3TUX NpoLeccax;

e onTummusaumsa ycnoeunm npoBegdeHuMss ATRP BblOpaHHbIX MOHOMEPOB C LEsbio
nonyyYeHnss MNONMMUMUAHLIX LWETOK C KOHTPONMUPYeMOW AOSIMHOM W MONUAUCNEPCHOCTLIO
GOKOBbIX NOSIMBUHWUMOBLIX Lienen;

e yccrnefoBaHusa KMHETUKM npoueccoB ATRP Ha nonvMnMmuaHbIX MakpovHuumaTopax u
onpefeneHne MONEKYNAPHO-MacCOBbIX XapaKTePUCTUK, KaK MNOSNyYEHHbIX MPUBUTBIX
COMoONMMMEpPOB, TaK W UX OCHOBHbIX U OOKOBbLIX LeENen; onpegeneHne obnactu
KOHTPONMpYyeMoCTn npouecca, 3(PEPEeKTUBHOCTM WHULMMPOBAHUSA U BO3MOXHOCTU €€
NOBbILLIEHNSA NyTEM BapbUPOBaHUSA SKCNEepUMEHTaNbHbIX YCIOBUNA;

e MoOnyYyeHne noNUUMUOHbLIX LWeEeTOK C OOKOBbIMW UensMyu MONMMETaKpPUIIOBOW
KACNOTbl NyTeM NpPOTOHOMM3a nonu-mpem-oyTunMeTakpunaTHblX OOKOBbIX —Uenewn
COOTBETCTBYIOLLMX MONMMEPOB-NPEKYPCOPOB;

e onpefeneHne nNepcnekTMBHbIX  obnacTterd  MpPakTUY4eCcKoro  UCNOoSib30BaHUSA
MONYYEHHbIX MONMMUMUAHBLIX LLETOK.

Metoabl wuccnepoBaHusA. B paboTe ucnonb3oBaHbl COBPEMEHHbIE MeTOoAbl
OpraHM4yeckoro CUMHTE3a M aHanusa, KMHeTU4eckme cnocodbl U3ydYeHus nonumepusauum,
COBpPEMEHHbIE PU3NKo-XuMmyeckne MeToabl nccnegoBaHus nonnumepos
(MynbTMaeTekTopHasa 9KCKMo3noHHaa (OXKX) u ToHkocnomnHasa (TCX) xpomaTtorpadums,
razoxpomaTtorpauyecknin aHanua, MonekynspHas rugpoguHammka un ontuka, VK-, YO- un
AMP-cnekTpockonusi, aTOMHO-CUITOBas U NPOCBEYMBalOLLLAsA NEKTPOHHAA MUKPOCKOMUS).

Hay4Hasa HoBu3Ha paboTbl COCTOUT B TOM, YTO:

e BrepBble MNOSiydeH psa  pPacTBOPUMBbIX  BbICOKOMOJSIEKYNAPHbLIX  NOSIMMMUOHbIX
MYNbTULUEHTPOBLIX MakpouHuuynatopoB ATRP ¢ nomowpb nonuMepaHanormyHoro
auMnupoBaHna (OeHOMbHbIX rPpynn ruapokcurcogepXalinx nosiMmMMmnaoB nog OencTBUeEM
o-bpoM-3ameLleHHbIX BpomMaHrnapuaoB B NPUCYTCTBUN noanaa Kanus;

e MeTogom ATRP nonumepusaumv BUHWUNOBBLIX MOHOMEPOB Ha MYMbTULEHTPOBLIX
NONMMMMWNOHBLIX MaKpOMHMUMATOPAX CUHTE3NPOBAHbLI HOBblE MPUBUTbLIE COMONMUMMWUAOLI C
OOKOBbIMM  MOMIMBUHWUMAOBLIMK  LEeNaAMW TFOMO- U BNOK-CONONMMEPHOM Npupoabl C
KOHTPONUPYEMbIMU  MOJSIEKYNAPHO-MACCOBbIMU  XapakTepUCTUKaMK; BNEPBbIE MOMy4YeHbl
CnMpTO- M BOAOPACTBOpPMMblE  MONUUMUAHbIE  LWETKM ¢ BGOKOBbIMM  UensMu
NONMUMETAKPUIOBON KUCIOTbI, MNPOSBAAIOWNE NONNINEKTPONUTHbIE U ampudunbHble
CBOWCTBA;

e paspaboTaH MeToA4 BblaeneHusi GOKOBbIX Lenen NonMMeTakpunaToB U3 NpUBUTbIX
COMONMUUMUAOB C  MOMOLLbI  CENMEKTMBHOro  LWENOYHOro  ruaponu3a  OCHOBHOW
NOAMUMUOHON LEeNu, He NPUBOASLLEro K OMbLINIEHNIO CMOXHOAMUPHBLIX rpynn ©60KoBbIX
uenen;

e Ha OCHOBE [JaHHbIX NO KMHETWUKE nonuMmepusauny MeTakpunaToB U MOMEKYNSPHO-
MacCCOBbIX XapaKTePUCTUK NOMYyYEHHbIX MPUBUTLIX CONOSIMMMUAOB BrnepBble onpeaeneHbl
YCINOBUA  OOCTMXEHUA  KOHTponupyemoctu npouecca ATRP  Ha nonMmMungHbiX
MYNbTULEHTPOBbLIX MakpoMHUUnaTopax.

MpakTnyeckasa 3HaYMMOCTb PaboTbl COCTOUT B TOM, YTO:

e paspaboTaH HOBbIA CMNocob MnONyyYeHUss PacTBOPUMbIX BbICOKOMOMNEKYNAPHbIX
NONMUUMWUOHBLIX MYNbTULEHTPOBLIX MakpouHuumatopos ATRP, nossonswowum nonyyatb
NONMUMEPHBLIE MHULMATOPbI C aKTUBHLIMU uHUUMMpylwWmMn ATRP UeHTpamMu B KaXxaom
NOBTOPSIOLLEMCS 3BEHE;

e NS aHanu3a MOIEKYNSPHO-MacCOBbIX XapaKTepUCTUK NONMBUHUNOBBLIX GOKOBbIX
uenen NPUBUTBLIX CONONUUMUAOB paspaboTaH yAobHbIM Ans nabopaTopHOM NPaKTUKK



MeTo4 WX BblOENEHUS C MNOMOLWbI0 CEMNEKTUBHOINO LWENOYHOro rnaponunsa OCHOBHOW
NOANUMUOHON uenwu;

e ONyYEHHbIE MONMUUMUAHbIE LETKN, pacTBOpUMbIE B CnupTe M Boae, C BOKOBbIMU
uensMm  MONMMMETaKPUIIOBOW  KMCMOTbl  MOTYT  WMCNONb30oBaTbCAd B KadecTBe
HAHOKOHTENHEPOB A1 NopduMpasnMHOBLIX areHToB (POTOAMHAMMYECKOW Tepanuu paka u
A9 CO34aHUA HAHOKOMMO3UTHbLIX MYMbTUCIIOMHBIX MPOYHbIX 060S1I04EK MOMbIX MWUKPO- U
HaHoKancyn Ans pasnuyHbIX NPUNOXEHWN.

Ha 3awmTy BbIHOCATCA crneaylowme nosioXKeHUs:

o NCNONb30BaHWE KaTanuUTMYECKOW CUCTEMbI, CoAdepXalien wnoama kKanus, ans
nonnmepaHanornyHoro auunMpoBaHus rMapoKcuncoaepaLmnx nonMMMNO0B,
NOfly4YeHHbIX Ha OCHOBE O-aMMHOMEHONoB unM O-aMMHOBUCHEHONoB, MO3BONSAET
OCYLLECTBIATb KOHTPONMpyeMytlo (OYHKUMOHaNM3aumio noammMMmmnaoB o-6pomM-acpmpHbIMn
rpynnamu B cpege aMnmgHoro pactBopuTens;

° metogom ATRP  nonumepusaumm Ha  MNONMIMUMMUAHBLIX  MYIbTULEHTPOBbLIX
MakpoMHMUMaTopax MOXHO MOMYYNTb MPUBUTbIE CONOAUUMWUAbLI C MONMBUHUIOBLIMU
uensaMuM pasfiMyHOW npupodbl, Npu 3TOM Haubonee 3PEEKTUBHO MNONMMEPUIYIOTCH
MeTakpunarhbl;

. KoHTponupyemsble  ycrnoBna  ATRP  nonumepusaumm  MeTakpuratoB  Ha
noNMMMUOHOM MakpouHuumaTope obecneymBaloTCcs NpPoOBEAEHMEM peakuun B cpede
NONAPHOr0 aMWAHOro pPacTBOPUTENSA MNPU OTHOCUTENBbHO HEBBLICOKMX KOHLEHTpaumsax
MoHomepa (12?20 %) n ero MofibHOM OTHOLUEHUWN K MHULMaTopy He 6onee 400/1;

. nposeaeHne ATRP nonumepunsaumm MeTakpunaTos Ha MOJSIHOCTbIO
PYHKUMOHANN3NPOBAHHOM MaKpoUHULMaTope MNpUBOAUT K MOMYYEHUIO MOSEKYNAPHbIX
LWEeTOK, KOMMO3ULMOHHO-OAHOPOAHbLIX MNPUBUTBLIX COMOMUUMUAOB C KOHTPONMpyeMou
MOMEKYIIIPHOM MacCol M Y3KMM MOSNEKYNAPHO-MAcCOBbIM pacrnpeaeneHmeM 6H0oKoBbIX
uenen;

o “mArkme” ycnoBus CENeKTUBHOIO LENOYHOro rmaponvsa obecnedmBaloT MNOSHYHO
AECTPYKUNIO OCHOBHbIX MOMUUMWUAOHbBIX Lenen u He BNUAKOT Ha CTPYKTYPY BblaensemblxX
BGOKOBbIX NONIMMETaKpUNaTHbIX Lienern MONeKynsapHbIX LWEeTOK;

o NPOTOHONM3 OOKOBbLIX Lenen nonu-mpem-6yTunMmeTakpunata nog Aencrtenem
6e3BoaHOM  TPUMPTOPYKCYCHOW  KUCNOTbl  MO3BONSET  MOAYYUTb  CAMPTO- W
BOAOPACTBOPUMbIE MPUBUTBLIE CONONUUMUAbLI C GOKOBbIMM LIEMNSAMM NOSIMMETaKPUIOBOM
KUCNOTBI.

O6OCHOBAHHOCTb U AOCTOBEPHOCTb 3KCMEPMMEHTANbHO MOSTYYEHHbIX AAHHbIX W
BbIBOJOB Ha MX OCHOBE MOATBEPXAAETCH XOpOLUen BOCNPOU3BOAMMOCTLIO pe3ynbLTaToB U
B3aMMOCOIrNacoBaHOCTbI XapakTePUCTUK MPUBUTBLIX COMOMUUMUAOB, MOMYYEHHbIX MpU
NCnonb30BaHUN HE3ABUCUMbIX METO0B UCCNELOBaHMUMN.

Anpobauua pabotbl. Pesynbtatel wuccnegoBaHun 6binnM  NpeacTtaBneHbl  Ha
cneaylwmnx pPOCCUNCKUX U MeXOyHapoOHbIX KoHdepeHuusax: XVI MexayHapogHas
KOH(bepeHUUnsa CTyAEeHTOB, acnUMpaHToOB U MonoAbiX yyeHbix “flomoHocoB” (Mockea, MY
nmenn M.B. JlomoHocoBa, 13-18 anpena 2009 r.), 5th, 6th, 7th, 8th Saint-Petersburg
Young Scientists Conference “Modern Problems of Polymer Science” (St. Petersburg,
Russia, October 19-22, 2009, October 18-21, 2010, October 18-21, 2011, November
12-15, 2012), V Bcepoccunckaa KapruHckas koHdepeHumsa “Monumepbi—2010” (Mockea,
21-25 nwoHa 2010 r.), 74th Prague Meeting on Macromolecules “Contemporary Ways to
Tailor-Made Polymers” (Prague, Czech Republic, July 18-22, 2010), Il International
Workshop on “Nanopatrticles, Nanostructured Coatings and Microcontainers: Technology,
Properties, Applications” (Antalia, Turkey, May 6-9, 2011), International Congress on
Organic Chemistry (Kazan, Russia, September 18-23, 2011), 7th International
Symposium “Molecular Mobility and Order in Polymer Systems” (St. Petersburg, Russia,



June 6-10, 2011), XIX MeHgeneeBckuin cbes3g no obWen M NPUKNALHON XUMUK
(Bonrorpag, Poccusi, 25-30 ceHTabps, 2011), 5th International Conference on Polymers
Behavior (Aveiro, Portugal, October 15-18, 2012).

My6nukauumn. [lo martepuwanam AauccepTauum onybnukoBaHo 3 cTatb B
OTeYECTBEHHbIX 1 3apybeXHbIX XXypHanax u Tesucbl 21 goknaga.

JlvuHbIn  BKkNag aBTOpa COCTOSANI B MPOBEAEHUM BCEX  CUHTETUYECKUX
3KCNEePUMEHTOB, Y4aCTUN B aHanuse MosfyYeHHbIX pe3ynbTaToB CTPYKTYPHbIX U (PU3nNKo-
XUMUYECKMX NCCNEeAOBaHNIN U NOArOTOBKE Ny6nukaunn.

Ctpyktypa paboTtbl. [JucceptaumoHHas paboTa COCTOUT U3 BBEAEHWS, TPEX Nas,
BbIBOJOB, CNncka ncnonb3dyemon nutepatypsl (171 HaumeHoBaHue). PaboTa nsnoxeHa Ha
142 ctpaHuuax 1 BkntoyaeT 13 Tabnuy u 44 pucyHka.

COOEP>XXAHUE PABOTDI
Bo BBEOEHWWU o6ocHoBaHa akTyanbHOCTb TEMbI AguccepTaumm, coopmMynnpoBaHbl Lenu
N 3agayn paboTbl, OCHOBHbIE MOMOXEHWUS, BbIHOCUMbIE Ha 3alUWTy, Hay4yHas HOBU3HA U
npakTnyeckast 3Ha4MMocCTb.

MMABA 1. OB30P JIUTEPATYPbI cogepxuT aHanutuyeckoe paccmoTpeHue 6a3oBbix
NMPVHUMMNOB U MEXaHW3MOB KOHTPOSIMPYEMOW pagukanbHOW nonumepusaumnm, cneumpukm
MeToda paguvkanbHOM nonumepusaumm ¢ nepeHocom atoma (Atom Transfer Radical
Polymerization, ATRP) n o0cobGeHHOCTEN MpPUMEHEHUA 3TOr0 MeToda AN CuHTes3a
nonumMmepHbix wetok. O6cyxaeH pag  CywecTBYOWUX MNOAXOAOB K MOMAyYEeHUto
NONMUMEPHbIX LLLETOK.

FMABA 2. SKCNMEPUMEHTAJIbHAA YACTb cogepXut onucaHue MeToAuK CUHTE3a
rmgpokcuncoaepxaLynx noMMMnaos, NONMUMUNOHbBIX MYNbTUQYHKLUNOHANbHbIX
MaKpOMHULMATOPOB, NPUBUTLIX COMONMMMUAOB C MNOMUBUHUMAOBLIMU GOKOBBLIMU LiEensiMu
pasnMyHoOn  Npupoabl, aMMPUMPUIbHbLIX  COMOAMMMMAOB C  OOKOBbIMM  LEensMu
NoNMMETaKpUnoBon KucnoTbl. PaccmoTpeHbl fgBa MeToda LWeNloyHoro rugponusa
NOMMMMUOHON OCHOBHOM Uenu, nNpuBeAeHbl Cnocobbl MoaudukauMm W aHanusa
BblAENEHHbIX BGoKOBbIX uenen. MpencraBneHbl MeToAabl KUHETUYECKMX,
XpoMarorpauyecknx u CnekTpockonuyeckux wuccnegosaHun. [lpy wuccnegoBaHun
MeTogoM KX NONUUMMUOHBLIX MaKPOUHULMATOPOB B KayecTBe 3r0eHTa UCMonb3oBanu
N,N-gumeTunauetamui, MONEKYNAPHO-MACCOBbIE XapaKTEpPUCTUKN paccyuTbiBanu Mo
NONUCTUPONbHLIM ~ cTaHdaptam. [lpy wnccrnegoBaHUM NPUBUTBLIX  COMONMUMMWUAOB U
BblAENEHHbIX K3 HUX OOKOBbIX LENen B KayecTBe JanteHTa ucnonb3oBanm TIP
(TeTparngpodpypaH), MONeKkyrnspHble Maccbl onpedensanu Mo NUHEeNHbIM cTaHgapTam
CTPYKTYpbl, COOTBETCTBYIOLLEN CTPYKType OOKOBbIX Lenen, a B criydae OOKoBbIX uenewn
Grok-cononMMepHo CTPYKType — CTPYKType Hanbonee AnnHHoro Groka.

FMABA 3. PE3YJIbTATbI U UX OBCYXOEHUE

BaxHon 3agaven npu CcuHTE3e MOMEKYNAPHbIX MOAMUMUAHBIX LWETOK MEeToAOoM
‘npmBmBkn o1’ (“grafting from”) aBnseTca CUMHTE3 MySbTULEHTPOBOrO MNOMUMUOHOIO
makpouHuumatopa (MAUN), npepctasnswowero cobon nonummugsl (MA) ¢ BGokoBbiMK
nHULUMMpyloWKMK - rpynnamn.  M3BectHble nogxogbl K nonydenuio  [MA nmetot
CYLLEeCTBEHHblE HeAOCTaTKW, [faBHble W3 KOTOPbIX — CPaBHUTENbHO HU3Kas CTerneHb
dyHKUMOHANM3aUnM C HeperynspHbiM XapakTepoM pacnpegeneHns UHULMUPYIOLLMX
rpynn, nNubo HeBbICOKas MOMeKynspHas macca nonMMMUOHOro MakpouHuumuatopa. B
HacTodAwen pabote paspaboTaHa HoBas apdekTMBHaAaA MeToauKa NoslyYeHus
MYIbTULEHTPOBbLIX MOMMUMUAHBIX MaKpOUHWLMATOPOB, no3sonswLwas perynuposats MM
MaKpouHMLMaTopa MU KONMUYECTBO NHULIMMPYIOLLIUX FPYNM B €ro Lenu.



3.1. NMony4yeHne MynbTULEHTPOBbLIX NOSIMUMUAHBIX MAaKPOUHULIMATOPOB.

MynbTULEHTPOBbBIE NONMMMUAHBIE MakpoOUHULUMATOpPLI (Tabn. 1) nonyyanu ¢ NOMOLLbIO
peakuMu rmapokcuncogepXawmx nonunmmnuaos ¢ 2-6pom-n3obytnponn Gpommaom nnm 2-
6pom-nponuoHun 6pomnagom B N-metunnupponugone (MI1) B npucyTcTBMM TpUITUNAMUHA
(pnc. 1). Tmapokcuncogepxawme A nonyyann nytem HU3KOTEMNepaTypHOro
nonvauMnupoBaHna anamvHoB (2,4-anamuHodeHon, 3,3-guokcnbeHsnanH u - 4,6-
anrngpoken-1,3-peHuneHanammH) MHorosiaepHbiMyu guadrngpungamm (4,4'-(1,3-beHnnen-
Anoken)-bucdtanesbin aHrugpua, 4,4'- (2,2-rekcadptopusonponunuieH)-bucpranesbin
ananrngpua u 4,4'-(4,4'-n3onponunuaeHandeHokcmn)-bnctanesbin aHrnapua) Ha nepBom
cTaguu 1 nocneaylolen BolCOKOTEMNEpPATYpHOW Luknogernapartaumen obpasoBasLuerica
nonuamugokucnotol (MAK) B pactBope Ha BTOpomn ctaguun (puc. 1). NonHoTy npoTekaHns
3TUX peakuuit KOHTponuposanu ¢ nomotubto MK n AMP *H cnektpockonum.
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Puc. 1. Cxema nony4yeHus MynbTULEHTPOBLIX NOMUMUAHBIX MakpouHuumaTopos (X = H, CH3).

Tabnuua 1
XapakTepuCTUKM NOSIMMMUAHBIX MYJTbTULLEHTPOBBIX MAaKpOUHMLMATOPOB
CTpyKkTypa MakponHULMaTopoB f* [n], an/r PactBopu-
(MI1, 207C) MOCTb
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f * - MakcMmanbHO [OCTUrHyTas cTeneHb (YHKLMOHaNU3auum makpouHuumaTtopa
(OAM® — N,N-gumetundopmamng, AMA — N,N-gumeTtmnavetamuma).

CTeneHb 3aMeleHust rMApPOKCUITbHBIX TPynn NonMMMunaoB 2-6pom-n3obyTvpaTHbIMK
rpynnamu, T.e. CTENeHb (YHKUMOHanNu3aumm MakpouHuumatopos f, paccuutbiBanu no
COOTHOLLUEHUIO UMHTErpanbHOM WHTEHCUBHOCTM CUrHaNoB apomMaTU4eckux MpOTOHOB
(6.5-8.5 m.4.) U curHanoB MeTUmMbHbLIX NPOTOHOB 2-6poM-n30byTnpaTtHbiX rpynn (1.9 m.a.)
B cnektpax AMP *H (puc. 2).

B kavectBe katanusaTtopa, obneryawuwlero oTwenneHme yxogswen rpynnol (Br-) ot
KapboHUNbHOro aToMa yrrnepoga a-opom-3alieHHoro 6pomaHrnapunaa, obin ncnonb3oBaH
nogng kanma (KI). Tlpn onTuManbHbIX TemnepaTypHbiX YCroBusAX (BBeAeHue
GpomMaHrmgpuaa B peakuMoHHY cMechb ocywecTtenanu npu 07C, a npoBeaeHne peakuum
— NpWY KOMHATHOW TemnepaTtype) U B NnpucyTcTBumn katanusatopa Kl 6einv nonyyvexsl MNMAN
CO cTeneHbl  yHKUnoHanusaumm pgo ~100 wmon.% (tabn. 1). CrpykTypa
MaKpouHuumnaTopoB noaTeepxaeHa gaHHbimu UK- n AMP-cnekTpockonun.

Puc. 2. AMP 'H cnekTpbl ocHoBe 2,4-anammHodeHona
n 4,4'-(1,3-hbeHunneH-gnokemn)-dbmuchtanesoro
anrugpuaa (1), MAUL (rabn. 1, M, = 21-10°, MM, =
2.4) 2) n NPUBNUTOrO cononnmepa C
nonMmMeTakpunaTHbIMM ©OKOBbIMM LensimMu,
nonyyeHHoro Ha MNMAN1 (3).

Sy, ML

[na romonoruyeckoro psga MakpouHuuuatopos [MUNA1 meTtogamn guHaMMYeCKOro
cBeTopaccessHUa W rMapoAvHaMMKM Obinn  onpegeneHsl KodMUUNEHTbI ypaBHEHUSA
Mapka-KyHa-XayBuHKa,

[n] = 0.018-M°%°, (cm3Ir)

a Takke AnuvHa cermeHta KyHa, paBHasa 2 HM. OTO 3Ha4YeHue npakTU4ecku cosnagaet co
3HavyeHMeM pasmepa cermeHta KyHa ons nonuctupona. [1osToMy MOXHO nonaratb, 4YTO
NONUCTUPON M MNONUUMUAHBIA MakpouHuumaTtop WAL ¢ 6nuskummn MonekynsapHbIMu
mMaccamu uMelT Takke 6nuskve rugpoanHammuyeckme obbemMbl. ITO  NO3BOMSANO
oueHuMBaTb  MONEKynsipHble  Maccbl  MakpouHuuymatopoB  Metogom  IXKX  no
NMONMCTUPOSbHLIM CTaHAapTaM.

Tabnuua 2
MonekynspHO-MacCoOBblE XapaKTEPUCTUKN MakpomHuumaTopos MNNN1
[aHHble [n], an/r
fanneie KX ceeTopaccesHus | (AM®, 207C)
Mw-10° | My/My My-10°

22.1 2.0 24.0 0.203

35.0 2.3 39.7 0.242

67.0 2.8 57.6

61.0 2.2 68.8 0.437

115.3 2.3 105.2 0.517

M3 npuBegeHHbix B Tabn. 2 [aHHbIX BUOHO XOpowee cornacue  Mmexay
MOMEKYNAPHLIMA  Maccamu, MOMYyYEeHHbIMU AOf1S MOMHOCTbI  (PYHKLUMOHANM3NPOBAHHbLIX
mMakpouHuumatopos MNMNNL (f = 96-100%) meTogammn IXKX n ceeTopaccesHus.



3.2. CuHTE3 NONMMUMUAHBLIX O00OKOBbIMM
NOSINBUHUNOBbLIMM LIeNSAMM.

ATRP nonumepusaunsa BUHMNOBBLIX MoOHOMepoB (6ytunakpunata (BA), mpem-
oytunakpunata (TBA), metunmetakpunata (MMA), mpem-bytunmetakpunata (TBMA),
cTMpona) nposoaunach B NPUCYTCTBUM KOMMNIeKcoB ogHoBaneHTHon meaun (CuCl) ¢ asoT-
cogepxalmmm niraHgamm (2,2'-6unupuann (BPy), 1,1',4,7,10,10'-
rekcameTunTpmaTunentetrpammd  (HMTETA) 1 N,N,N’,N”,N”-neHtameTunanatunex-
TpuamuH (PMDETA) B cpeae MI1 (puc. 3).

$0"0" 002 if“@jw

Puc. 3. Cxema cuHTe3a npmeutbix cononnummngoB. X=H, R=COOCH;, COOC(CHz)3, CeHs; X=CHjs,
R=COOCHS3;, COOC(CHy3)s.

NPUBUTbIX cononumMmepoB Cc

Br(Cl)

AMP 'H cnekTp npueuToro cononuummuaa ¢ 6okoBbiMK Lensimu NMMA, nonyYeHHoro
Ha MmakpouHuumaTtope NMNNN1, npusegeH Ha puc. 2 (3).

Metogom TCX ObIni0 NOKa3aHO, YTO BCE BbIAESIEHHbIE U OYULLEHHbIE MPOAYKThI
nonuMmepusauumn ABNAKTCA MHAMBMAYaNbHbIMA MONMMEPaMKU, a HEe CMECbIO NMPUBUTOMO
cononvMMepa 1 NMMHENHOro BUHNNOBOro roMononMmepa, obpaszoBaHne KOTOPOro BO3MOXKHO
npy nepegade uenu Ha MoHoMmep. [lo gaHHbiM 3IXKX, B MOMy4YEeHHbIX cononmMmepax
NpakTUYeCKNn OTCYTCTBYIOT HU3KOMOJSIEKYNSAPHbIE MNPUMECKH, XpomaTorpaMmmbl UMeET
CUMMETPUYHBLIN YHMMOZAnbHbIN BuA. [lonyyYeHHble MpuBUTbLIE cononvmepbl obnaganu
pacTBOPMMOCTbIO B LUMPOKOM psay O6bluHbIX opraHuyeckux pactsoputenen (TIo,
xnopodopmMe, XSIOPUCTOM MeTUNEHe n Ap.). XapakTepucTnyeckasa BA3KOCTb CONONIMMEPOB
[n] coctaBnsana 0.1-0.4 gn/r, YTO CYWECTBEHHO HWXe, YeM AN UCXOOHbIX MHULMAToOpPOB
(tabn. 1). JTOT dpakT noaTBeEpPXKAAET pPas3BETBIIEHHYIO aAPXUTEKTYPY MNOMyYEHHbIX
cononuumuaoB. CTteneHb nonumepusaumm OOKOBbIX Lenen m  npegBapuTenbHO
oueHuBanacb no fJaHHbM FMP 'H cnekTpoB BbiA€NEHHbIX W OYMLLEHHbIX NPOAYKTOB
(tabn. 3).

Taonuua 3
BrivsiHue ycnosui peakuun n npupoabl BUHUITOBOro MOHOMEpPa
Ha CpefHIol cTeneHb nonumMepusauun 6oKoBbIX Lenen NpMBUTLIX CONONMMMUAO0B.

Ycnosua ATRP: koHueHTpauus 30 mac.%, MONbHOE COOTHOLLEHNE

moHomep/MNMNN/CuCl/innrang=200/1/1/3, Temnepatypa 80°C, pactsoputens MI1
*

Bpewms Mep,
NN | MoHomep | T,2C MonMMepHsaLIM, T, 4 Nurang (HMFF; 1H)

BA 110 20 BPy 10

TBA 110 20 HMTETA 20
nnMni MMA 80 16 BPy 130
TBMA 80 20 BPy 90

cTmpon 80 4 PMDETA 25

BA 110 20 PMDETA 10

nnna BA 80 20 PMDETA -
nnin2 MMA 80 20 BPy 60
nnns MMA 80 20 BPy 100
nMmns™ MMA 80 20 BPy 25

*CpefHsis cTeneHb NonMMepu3aLmy NpuBKTLIX Lienei no AaHHbiM AMP H cnektpockonum.
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*pacTBOpUTESTb — JNOKCaH.

[MonyyeHHble OaHHble CBUMAETENbLCTBYKOT O TOM, YTO B UCMOSMb30BaHHbLIX YCNOBUAX
Hanbonee ycnewHo peanuayetcs ATRP meTakpunatos. [Ina ATRP ctupona n akpunaTos,
TpebytoTcsa 6onee BbiCOKMe TemnepaTtypbl unu 6onee acpdekTnBHble nuraHasl (HMTETA
n PMDETA) (tabn. 3). lonumepusaumm ATRP akpunatoB B Oonbliei cTeneHu
cnocobecTByeT  ucnonb3oBaHMe  MakpouHuuuatopa  MAN4,  cTpyktypa  2-6pom-
NPOMMUOHATHBIX MHULMUPYIOLWMX TPYNNUPOBOK KOTOPOro Grnvke K CTPYKType KOHLUEeBOro
3BeHa pacTyLuen uenu nonuakpunartos (Tabn. 3).

3.2.1. BbiaeneHune 60KOBbIX Lilenen NPUBUTLIX CONOSIMMMUAOB.

[na nokasatenbcTBa KOHTPONMpyeMoro xapakrepa npouecca ATRP nonvvepusaumm
BUHWIOBbLIX MOHOMEPOB NOA AENCTBMEM MONIMMMNOHBLIX MaKpOUHULMATOPOB HEODOXOAMMO
ObINO onpeaenaTb MOMEKYNAPHO-MaCCOBblE XapakTepUCTUKM OOKOBbIX Liener MpUBUTbIX
cononuumuaoB. [ns aToro crnegoBano BbIAENUTb UX U3 CUHTE3MPOBAaHHbLIX MPUBUTBIX
COMoONMMMMUAOB B BMAE MHAMBUAYANbHbIX NMMHENHBIX NoniuMmepoB. bbinv onpoboBaHbl ABa
nogxoda K BblaeneHnto 6OOKOBbIX MOMUBUHUIIOBLIX LUenen — nepeatepudukauns
CNOXXHO3(UPHON CBA3M MeXAY OCHOBHOW M GOKOBOWM LiENbk Nop AeWCTBMEM MeToKcuaa
HaTPUA U LWENTOYHOW rmaponn3 B MeTaHore.

OcHoBHOe BHMMaHue Obino yaeneHo MOWUCKY ONTUMAanbHbIX YCMOBWIA BblOeneHus
GoKOBbIX Monu(MeT)akpunaTHbIX Uenen, npu KOTOPbIX He MNPOUCXOAUT OMbINEHUS KX
CNOXHO3(MpHBbIX rpynn. Ha mogenbHon cucteme nuHenHoro NMMMA (“Aldrich”) 6binn
oTpaboTaHbl yCnoBust “MArkoro” LEeNoYHOro rmaponusa, npu KoTopbiX HE NPOUCXOAUT
OMbISIEHUS  CIOXHOAUPHBIX rpynn GokoBbIX uenen (koHueHTpaums KOH B cmecu
meTaHon:TT® 2 mac.%, Temnepatypa 65°C, Bpems 16-45 4). B WK-cnektpax kak
mogensHoro MMA nocne BblAepXUBAHUA €ro B pacTBope ruapokcuaa kKanvs B
yKa3aHHbIX ycrnoBusix, Tak n 6okoBbix Lenen NMMMA, BblAeneHHbIX U3 CONONMMMUAOB B
3TUX Ke YCNnoBMsX, He Habnwganocb MNOSBNEHNA XapakKTEPHOW AN BaneHTHbIX
konebaHu KapBOKCUITbHbBIX FPYNM LWMPOKON Nonockl nornowexHns B obnactn 2800-3200
cM *. XapakTepucTuyeckas BsI3KOCTb MoaenbHoro obpasua NMMMA ([n]=0,64 an/r (tonyon,
25°C)) npu 3TOM Takxe He MeHAnachb.

Mo aaHHbIM OXKX, 60koBbIE Lenu NMMMA, BblgeNeHHbIE N3 NPUBUTLIX COMONUMMNAOB
ABYMsl  yKaszaHHbiMW  cnocobamu, UMenu OOMHaKOBble  MOJSIEKYNSAPHO-MacCOBbIE
xapaktepuctuku. Onnpasicb Ha 3TK pesynbTaThl, AN BblAeneHnsa G0KOBbIX Lienen n3 Bcex
NOMyYeHHbIX MPUBUTLIX CONONMMMUAOB Bbin BbibpaH 6ornee NpocTon WenovyHon rmaponms
OCHOBHOM MONMUMMWOHOW Uenu MNpPUBUTOrO cononumMepa nog AencTBueM pacTteopa
rmgpokcnaa kKanua B cMecu MeTaHona v TI® (puc. 4). [llonHoTa AecTpykumm
NONMMMWOHON LEenn conorvMMmepa KOHTponvMpoBanacb Mo MCYE3HOBEHUKD XapaKTepHOro
Onsg apoMaTUyecKknx CoeaMHEHWi nornowenns B obnactn 210-280 Hm B Y®-cnektpe
nofIMMepHOro npoaykta ruaponusa. B ero cnektpe AMP 'H npucytctBoBanu nuiib
curHanbl, xapaktepHole ana NMMMA. lNonHaa gecTpykumsa noNMMMUAHBIX OCHOBHbIX Lenemn
B YKa3aHHbIX YCNoBUAX gocturanacs 3a 16 u.

CHs3
o o HOOD—|—E<H2— oH Puc. 4. BbigeneHnue
{—N @::N Kon_ )\, m 6okoBbIX Uenen MMMA u3
) ol cononMmepos MAN-npus-
o c% + NMMMA nog [geucTBuem

KOOX@Q@“’OK . “Z“@N”z rMapokcuaa Kkanus.
OK
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Mo aHanornyHon meToamke GbinM BblAeneHbl GOKOBbIE LiENN NPUBUTLIX CONONTMMEPOB
WHOW CTPYKTYpbl: nonu-mpem-6bytunmetakpunata (MTEMA) wn nonuctupona (MC).
HensMeHHOCTb XMMWUYECKOW CTPYKTYpbl BbIAEMEHHbIX B 3TUX Chy4YasaX JfMHENHbIX
nonMMepoB Takke Obina noaTBepXdeHa C nomowpbo AaHHbix WK- n AMP H
crneKkTpockonuu.

[na pokasaTtenbctBa MOMHOIO OTCYTCTBUS KapOOKCUMbHBIX TPYNn B CEpeauHHbIX
3BEHbAX BblAeNeHHbiXx 0okoBbIX Uenen NMMMA Obin ncnonb3oBaH MeTo[, OCHOBAHHbLIN Ha
UX peakuum c 9-aHTpUNgMasoMeTaHOM W MOCMeaylLWeM onpeaeneHnun copepXaHus
aHTpaLEHOBbLIX Fpynn B nNonnmepax, KoTopoe MoXeT ObiTb HangeHO C BbICOKON TOYHOCTbLIO
(Bnnote go 0.01 mon.%) metogom Y®-CneKTpockonun (€z7oum = 104). BbiaeneHHble
6okosble uenu NMMMA nocne nx obpaboTkn 9-aHTpUNAnasoMeTaHOM B TEeYEeHUe CYTOK U
TWaTenbHOM OYNUCTKN OT HU3KOMOSEKYNSPHbIX aHTpaLeHOBbIX NpuMecen cogepxanu 1.6—
1.9 aHTpaueHoBbIX (hparMEHTOB Ha OAHY MOMMMEPHYIO LEnb TOW MOMEKYAPHOM MaccChl,
KoTopasa 6bina nonyyvyeHa m3 gaHHbix IXKX. 3TO COOTBETCTBYET NPUCOEOUHEHUID OAHOWN
MoOneKkynbl 9-aHTpunanasoMeTaHa No KOHLEBOW KapOOKCMMbHOW rpynne B Kaxaown uenwu
BolgeneHHoro NMMMA, a Takke ero HenofiHOMYy MNPUCOEOMHEHWI0 MO BTOPOMY KOHLY
BblAE€NEeHHbIX OOKOBbIX Lenen. AHanornyHole pesynbTaTbl MNOMyYeHbl ANA MPUBUTBIX
CononMMepoB ¢ 6OKOBLIMM LiensaMu Nonu-mpem-bytunmeTtakpunara.

3.2.2. 3akoHoMepHocTM ATRP nonumepusauMum MeTakpunaToB Ha NONUUMUAHLIX
MYTNbTULIEHTPOBbIX MaKpouHULMuaTopax.

CBoeobpasne ATRP  nonumepmsauunm  MeTakpunatoB  Ha  NOSIMMMUOHOM
MakpounHuumMaTope COCTOMT B HEOOXOAMMOCTU MPOBOAUTbL peakuunto B cpeae NosisipHoOro
amuaHoro pacteoputens (MI1) npy OTHOCUTENBbHO HEBLICOKUX KOHLEHTpaUnsax MOHOMepa
(Hmxe 50%) M MONbHOM OTHOLUEHUM MHUUMATOp/MoHOMep He Gonee 1/400. B kayecTBe
Katanusatopa wucnonb3oBanu komnnekc CuCl c¢ BPy wuwnu HMTETA. C uensto
onpedeneHnsa CcTeneHn KoHTponupyemocTn npouecca ATRP  6bino  npoBegeHo
CPaBHUTENbHOE W3Yy4YEHME MPOLECCOB CUHTE3a NPUBMUTBLIX COMONMMEPOB C OOKOBbIMU
uenamm NMMMA un MNTBEMA, u3yyeHbl KMHETUYecKue napameTpbl 3TUX peakuun u ux
Koppensauma ¢ MM obpasytomxcs 60KOBbIX Lienen NonnMeTakpunaTos.

Ycnosusa peanusaumm KoHTponvpyemoro npouecca ATRP Obinv onpegeneHbl ans
nonumepunsauuu MeTaKkpunaToB Ha Hanbonee N3y4eHHOM NONMUMUOHOM
MakpouHuunartope NMAN1.

3.2.2.1. NpuBuBovHaa ATRP nonumepusauua meTurimeTakpunara.

Monumepusaums MMA Ha nonMMMUAHBLIX MakpouHuumaTopax B MI1 pasBuBaeTca
ObICTPO WM NpU KOHUEHTpauusx MoHomepa = 30 Mac.% ConpoBOXOAAETCA pPE3KNM
BO3pacTaHmeM BsA3KOCTU. YTobbl aToro nsbexartb, nonuvepmsaumo MMA nposogunu npu
bonee HWM3KON KOHLUEeHTpauunm moHomepa (16 mac.%). [Npu BapbMpoBaHUM TemnepaTypbl
nonuMmepmsauuMm U1 MonbHOro cooTHoweHuna [MNN1/CuCl/BPy/MMA B Ka4decTBe
onTUManbHbIX NapamMeTpoB Obin BbibpaHbl 807C n 1/1/3/200, COOTBETCTBEHHO.

KoHBepcusi MOHOMepa onpegenanacb MeTo40M ra3oBon xpomartorpaduun. BennuunHel
Mn BblgeneHHbix 6OokoBbix uUenen [MMMA oudeHmBanucb no pAdaHHbiIM  OXKX ¢
ncnonb3oBaHnem nuHerHbix ctaHgaptos NMMMA. 3ddektuBHocTb nHMumMmpoBanus (fin)

paccunTbiBanacb Kak OTHOWEHNE Mpreop)/Mn, A€  Mugeop)y OMpedensanacb  Kak
npovsBegeHne MOMEKYNSapHOM MacCbl MOHOMEPHOrO 3Be€Ha Ha MOSIbHOE OTHOLIEHue
MOHOMEpaA K MHULMATOPY U Ha KOHBEPCUIO.

B BbIGpaHHbIX ycrnosusx nonumepusaumm MMA HabnwogaeTcs Kak JIMHEWHOCTb
KMHEeTMYeckoro rpadmka nepsoro nopsigka (puc. 5, 1), 4TO cBMAeTEnbCTBYeT O
HEU3MEHHOCTU KOHLEHTpauun akTUBHbIX LEHTPOB pocTa, T.e. 06 OTCYTCTBMM peakuui
HeobpaTumoro obpbiBa Luenu, Tak U MMHENHOCTb 3aBUCUMOCTM BENUYNHbI My, BblAENEHHbIX
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6okoBbix uenen NMMMA ot koHBepcun (puc. 6, 1), YTO roBopuT 06 OTCYTCTBUM peakuni
nepegayn uenu. JIMHenHocTb oboux 3aBucumocTen cobniogaeTca BNMOTb A0 BbICOKMX
KoHBepcun (~60%).

Puc. 5. KuHetuueckun rpacuk nepsoro nopsigka ATRP
ans MMA (1) n TEMA (2) Ha MUAL (M, = 21-10%, MM,
= 2.4). Ycnosua ATRP: koHueHTpaumsa MMA 16 mac.%,
TBMA - 20 wmac.%, MOMbHOE COOTHOLUEHUE
MNN/CuCl/BPy/moHomep = 1/1/3/200/, Temnepatypa
80°C.

00 1 1 1 1 1 1
0 50 100 150 200 250 300

BpemsA, MUH

MHOekcbl NoNnMANCNEPCHOCTM BCEX BblaeneHHbix 6okoebix uenen NMMMA He Bbliwe 1.2
(puc. 6).

COBOKYMHOCTb  3KCMEpPMMEHTasbHbIX OaHHbIX, NpUMBEAEHHbIX Ha puc. 5 wn 6,
CBUOETENLCTBYET O KOHTponunpyemom xapaktepe ATRP nonumepusauum MMA Ha
NONMUMUOHOM MakpouHuumaTope B BblIbpaHHbIX ycnoBusx. Kak MOXHO BuaeTb u3 puc. 6,
3KCnepuMeHTanbHble 3HayeHus M, BblaeneHHbix 6okoBbix uenen NMMMA npumepHo B 2
pasa Bbllle TeopeTU4eCKuX, YTO COOTBETCTBYET IPPEKTUBHOCTU WHUUMMpOBaHMA fi, ~
50%. CHmxeHne 3 PeKTUBHOCTM NHULUNPOBaHUSA npuBnsovHon ATRP nonumepusauumn B
nutepaTtype CBSA3bIBAOT CO 3HAYUTENMbHBLIM MPEBLILWEHMEM CKOPOCTU pocTa GOKOBbIX
uenen Hag CKOpPOCTbI0 UX MHULMUPOBAHWUA, B pesyrbTaTe 4ero 4acTb MHULMUPYHOLLMX
rpynn He ydactByeT B npouecce ATRP u3-3a cTepumyeckux NpensTCTBUA CO CTOPOHBbI
COCeaHNX N0 OCHOBHOW uenu BbICTPO pacTywmx GOKOBbIX Lenen, MHULMUPOBAHHBLIX YYTb
paHee.

20000 5.0

n
]

§ 150001 — 140 Puc. 6. OkcnepumeHTanbHas (1) n TeopeTtnyeckas (2)
§ L 135 .- 3aBUCMMOCTM M, BblaeneHHbIX GOKOBbIX —Lenei
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Ha puc. 7 npuBegeHbl onpegeneHHole MeTogom JXKX MonekynspHO-maccoBble
pacnpegenenns (MMP) MNUA1 (1), npmBuTbix cononumepos [MA-npus-NMMMA Ha ero
OCHOBe, (2—4), a Takke BblaerneHHbIX U3 H1ux 6okosbix Lenen NMMMA (5-7).

Habnopaetca ywnpeHne MMP npuBuTbIX CONONUMEPOB MO OTHOLLUEHUIO K UCXOOQHOMY
MaKpouHuumMaTopy. JTO CBA3@HO C TEM, YTO MPU HEMOSTHOM WHULMUPOBaHWUK (B CpedHeM,
ogHa 6okoBasi Uenb Ha [Ba MOHOMEPHbLIX 3BE€Ha OCHOBHOM Uenu) 6okoBble Lenu
oKasblBaloTCs HepaBHOMEPHO pacnpegeneHHbIMu no OCHOBHbIM uensam
MaKpouHuuMaTopa, T.e. NNOTHOCTb NPMBUBKM BOKOBbIX Lienen B pasHbIX MakpoMoreKynax
NPUBUTLIX COMNONMUUMUAOB OTNNYAETCA OT CpedHel MIOTHOCTM MNPUBMBKA MO BCEMY
obpasuy. TeM He MeHee, HECMOTPS Ha HeMnosHoe NHULMUPOBaHUe, BblaeneHHble BoKoBble
uenn NMMMA poctaTtoyHo y3kogucnepcHol (M,/M,<1.3), 4TO yKasblBaeT Ha npoTeKkaHue
nonMMepusaumm B KOHTPOIIMPYEMOM PeXUME.
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Puc. 7. MonekynsapHo-maccoBble pacnpegenenus NAnN1
(cpegHsia cTeneHb nonukoHaeHcaumm n = 42, MM, =
2.0) (1), npuBuTtbix cononumepos MNN-npus-NMMMA Ha ero
OCHOBE, MOSTYYEHHbIX MPU NPOAOCIIKUTENBHOCTU CUHTE3a
40 muH (2), 80 mMuH (3) m 200 mumH (4), a Takxke
BblAeNeHHbIX 6okoBbix uenen MNMMMA, nony4YyeHHbIX npwu
NPoOaOMKNTENBHOCTN cuHTe3a 40 MuH (5), 80 MuH (6) n
10000 200 muH (7).

T T
1 10 100 1000
MMx10°

3.2.2.2. NpuBnBoyHaa ATRP nonumepusauna mpem-6ytunmeTtakpunara.

Mpn wn3yvyeHun ATRP nonumepusaumm TBMA 6binnM  ncnonb3oBaHbl  ABe
KaTanuTuyeckue cuctembl, npeacraBndaolme cobon KOMNNEKC xmnopmaa o4HOBANEHTHOM
mean ¢ BPy nnu ¢ 6onee aktuBHbiM nuraHgom HMTETA. KoHueHTpaums peakumoHHOro
pacTteopa no moHomepy coctasnana 12 n 20 mac.%, MOfbHOE COOTHOLUEHWE peareHToB
NMANL/CuCl/BPY/TBMA = 1/1/3/200 wnun TMANL/CuCI/HMTETA/TEMA = 1/1/1.5/200,
TemnepaTtypy peakuunn sapbuposanu ot 30 go 807C.

Monumepunsaumm TBMA npoTekaeT ropasgo mMeaneHHee, yem nonumepusauus MMA B
cxodHbIx ycrnosusax (puc. 5, 2). COOTBETCTBYKOLME 3HAYEHUSA KaXyLLeNCs KOHCTaHTbI
CKOpPOCTM pocTa uenu coctaenaoT 3.5:107° (puc. 5, 1) n 1.5:10° mun' (puc. 5, 2).
OueBungHO, 3TO CBA3aHO C 6onee MeaneHHbIM POCTOM Lienen, 06ycnoBneHHbIM 60MnbLWMMK
CTEPMYECKMMN NPENATCTBUAMU mMpem-6yTUnbHbIX rpynn.

JINHENHOCTb KMHETUYecKoro rpaduka nepBoro nopsigka gng nonumepusaumm TBEMA
nog JAencremem katanutuyeckon cuctembl CuCl/BPy coxpaHsieTcs [0 KOHBepcum
MOHOMepa He Bhbiwe 25% (puc. 8, 4). OgHako, Npu 3TOM AOCTUraeTcsa CyLecTBEHHO bonee
BblCOKasd 9(PeKTMBHOCTb UHUUuupoBaHua (~80%), 4YTO BUOHO W3 CpaBHEHUSA
aKCrepuMeHTanbHOM W TeopeTudeckon 3aBucumocted M, OT KOHBEpCUM B 3ITOM
AnanasoHe KoHBepcun (puc. 9).

Puc. 8. KuHeTtuueckne rpacukm nepsoro nopsiaka
ATRP nonumepusaumm TBMA wHa TMUNL (M, =
14.2.10%, MM, = 2.3) B N-MI noa ngeiictBuem
CuCIl/HMTETA (1-3) u CuCl/BPy (4) npn 807 (1, 4),
50?C (2) n 30T (3). KoHueHTpauusa moHomepa 20

mac.%.
0.0 T T T T T T T 1
0 20 40 60 80 100 120 140 160
BpemMsA, MUH
15000 45.0
< 445
=
£ 140 Puc. 9. OkcnepumeHTaneHasa (1) n TeopeTnyeckas
3 {35 (2) 3aBucuMocT M, Gokosbix Leneit MTEMA (o)
$ < Js0= M./M, (A) oT koHBepcuun. Ycnosusa ATRP: N-Mr1,
ool = J2s= CuCl/BPy, MoIbHOE COOTHOLLIEHNE
H . 20 MANL/TBEMA=1/200, koHueHTpauma TBMA 12
s A — . 18 mac.%.
0 1.0

L L
0 10 20
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Huskme 3HavyeHns uHOekca nonMAMCNepCHOCTU BblaeneHHbix 6okoBbix uenen MNMTBMA
(pnc. 9) cBUOETENbLCTBYOT O KOHTPONMMPYEMOM XapakTepe mnpouecca MpUBUBOYHOWN
nonumepusauun TBMA B aTux ycnosusx.

Mcnonb3oBaHne katanutudeckon cuctemol CUCI/HMTETA npu TemnepaTtype He Bblle
50°C nosBonseTr Joctnyb 6oriee BbICOKMX KOHBEPCUMWA NPU OTCYTCTBUM HeobpaTUMbIX
peakuun obpbiBa Uenu, 0 YeM CBUAETENbCTBYET JIMHEMHOCTb KMHETMYECKOro rpaduka
nepsoro nopsgaka (puc. 8, 1-3). B kadyecTBe onTuManbHoOW Obina BblibpaHa Temnepatypa
50°C, nossonswwas gocturatb KoHBepcum ~55%. lMNpu 3aTOM Kaxyllascs KOHCTaHTa
CKOpOCTK pocTa (4.8-10‘3 MUH ') B ~3 pasa Bbllle, YeM B cryyae nonumepusaumn TBMA
npun 807C noa gencremnem katanutnyeckom cuctemol CuCl/BPy, n 6nmska K 3Ha4yeHuto gnsg
nonumepunsaunm MMA B cxogHbIX YCNOBUSAX.

B BbiGpaHHbIX YCNOBUSAX CUHTE3a OTCYTCTBYHOT peakuMuM nepegadvm uenu, 4To
noaTBepXXaaeTcs JIMHEMHOCTbIO 3aBUcMMocTen M, BblaeneHHbix 6okoBbix uenen NMTEMA
OT KOHBepcuu MoHomepa (puc. 10, 1-2).

25000 5.0

£ ool ' 2 45 Puc. 10. OkcnepumeHTanbHble (1, 2) n
in {0 TeopeTnyeckas (3) 3aBucumoctn M, BblOENEHHbIX
% 150001 . 1ss 6okoBbix uenen NMNTBMA n M, /M, (B ycnosusix 2) ot
g . s Jso=  KOHBEpCMM MOHOMepa Ans ATRP nonumepusauunu
E 10000 | 1ss s TBMA Ha MWL noa genctemem CuCl/HMTETA B N-
g 120 M npu 507C 1 HavanbHOW KOHLEHTpauun MOHoOMepa
‘; 5000 lis 20 mac.% (1) n 12 mac.% (2). MonbHoe COOTHOLLEHME
- ' MAN1/CuCl/ TBEMA=1/1/200.
0 L L L L 1.0

0 10 20 30 40 50
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Bo Bcex wuccnegoBaHHbIX cryvasx, BblAENEHHble W3 MNPUBUTBLIX COMONMUUMUAOB
6okoBble uenu [TBMA pgoctatoyHo y3koaucnepcHol (M./M.<1.3), 4TO Takxe
CBMAETENLCTBYET O KOHTPONMMPYEMOCTU Npouecca nonuvepusauumm (puc. 9, 10).

Mpn wucnonb3oBaHuM KaTanutudeckon cuctembl CUuCI/HMTETA addekTnBHOCTb
nHnuumpoBaHnsa npu 50°C coctaBndeT okono 40% npu KOHUEHTpauuu mMoHomepa 20
mMac.% (puc. 10, 1). CHmxXeHne HayanbHOM KOHLEHTpauum MoHoMepa fo 12 mac.%
no3sonseT yBenninTb 3PPEKTUBHOCTbL MHUUMUpoBaHua Ao ~50% (puc. 10, 2). Takum
obpa3om, BUAHO, YTO yBENUYEHNE ckopocTu npouecca ATRP, kak 3a c4eT NCNosfib30BaHUSA
bonee aKTMBHOW KaTanUTUYECKOM CUCTEMbI, TaK M 3@ CYET MNOBbILEHUS KOHLEHTpauun
MOHOMEpaA, BbI3blBAET yMeHbLUEHNE 3(PPEKTUBHOCTM MHUUMMpPOBaHUSA. O4yeBUOHO, 3TO
CBSI3aHO C NOBbIWEeHNeM gucbanaHca cCKopocTen MHULMMPOBAHUA U poCcTa Lenu.

Takum o6pa3om, MO COBOKYMHOCTM MPUBEAEHHbIX OAHHbIX MOXHO yTBepXAaTb, YUTO
npusnsoyHasa ATRP nonumepusaums TBMA Ha NonMMMWOHBLIX MakpouHULMaTopax B
nccnefoBaHHbIX YCNOBUAX MNpoTeKaeT B KOHTPONMUMPYEMOM pPEXUME W HOCUT KUBOW
xapakrtep.

3.3. MocT-nonumepusauma meTunMmetakpunatra npu ATRP noa Apaencreuem
NPUBUTBLIX COMOSIMMMUAOB B Ka4vyecTBe MakpouHuumatopoB. CUHTE3 NPUBUTHLIX
nonMMMMMNAOB ¢ 60KOBLIMU LieNAMU G5I04MHON NpUPOAbI.

BaxHenwmnm KpuTepuem KuBylled nonumepusaumm  ABNSETCH  CNOCOBGHOCTb
BO30OHOBNATL Npouecc nNpu BBEAEHWW HOBOW MOPLMU TOrO Xe UNU OpYroro MoHomepa.
[na noaTBepXXOEHUS XMBOrO XapakTepa MofyyYeHHbIX npuBuUTbIX cononuumungos (MA-
npus-NMMMA, TN-npus-NTEMA, TN-npus-NC) oHn 6biNM UCNONb30BaHbI B KayecTse
MakpouHMumMaTopoB ansa noct-nonumepusavun MMA (puc. 11, Tabn. 4).
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Puc. 11. Cxema noct-nonumepusaumm MMA Ha npuMBUTBLIX MaKpOMHMUMATOPAX C OCHOBHOWN
nonuumuaHon ueneto MANL n 6okoebimu uenamm NMMMA (X=CHs, R=COOCH3;), NMTBMA (X=CHg,
R=COOC(CHy3)3) n NC (X=H, R=C¢Hs).

Tabnuua 4
XapakTepucTUKM NPUBUTLIX CONOANMNUMUOHBIX MAaKpOMHULIMATOPOB U NPOAYKTOB
noct-nonumepusauun MMA Ha nx ocHoBe

Ne XapaKTepucTukm XapaKkTepucTukn npoaykra
MaKpouHuumarTopa nocT-nonumMmepusauunmn
Cononuumug, BokoBble Cononunmug, BokoBble Lenun
uenu
1 | NMA-npus-NMMMA | TIMMA MA-npus-MMMA NMVIMA
M,=229-10° Mn=11.2-10° Mn=68-10°
Mu/M,=5.00 Muw/My=1.23 Myw/My=1.17
2 | MN-npus-NC rnc MA-npus- MC-6m0k-NMMMA
(NC-6r10k-NMMMA) Mn=79.5-10°
Mn=93.7-10° Mn=3.0-10° Mn=137.5-10° My/M,=1.88
Mw/Mn=1.99 Mw/Mp=1.14 Mw/Mn=3.27
3 | MA-npus-MNTBEMA | MTBEMA MN-npus- MTBMA-6r10kK-
M,=69-10° (NMTBEMA-6510k-NMMMA) | MTMMA
Mw/Mn=2.00 Mn=4.5-10° Mn=300-10° Mn=33-10°
Mw/My=1.40 My/M,=2.00 My/M,=1.10

Ycnosua ATRP: temnepatypa 807C; Ne 1: pactBoputenb N-MI1, KoHUeHTpauus no
MoHOMepy 16 wmac.%, wmakpouHuumatop/CuCl/BPY/MMA=1/10/30/1000; Ne 2:
pacTtBOpuUTENDb N-MTI1, KOHLeHTpauus no MOHOMepY 16 mMac.%,
mMakpouHuumatop/CuCl/BPy/MMA=1/1/3/400; Ne 3: pactBopuTenb TONyOr, KOHLEeHTpauuns
no MmoHomepy 30 mac.%, makpouHuumatop/CuCl/DNBPY/MMA=1/1/3/600.

XuMuyeckasi CTPyKTypa MOJSyYeHHbIX COMONMMEpOB noAaTBepXaanacs mMeTogom “H
AMP-cnekTpockonuu. PesynbTaTbl MCcCnegoBaHUs MOSyYeHHbIX NPUBUTLIX CONONTMUMUA0B
M BblaeneHHbIX U3 Hux 6okoBbix Uenen NMMMA, NMTBMA-610k-NMMMA n MNMC-6nok-NMMMA
meTogom OXKX npmeeaeHbl B Tabn. 4.

Bo Bcex cnydasx Habnioganack NOCT-nonumMepusauus, 0 4YeM CBUOETENbLCTBYET
ysBenudyeHne MM kak npoAykTOB MOCT-Nonumepusaumn, Tak U BblAENEHHbIX U3 HUX
ookoBbix uenen NMMMA nnu uenen 6nodHon npupoabl NTBEMA-610k-INTMMA, T C-6r10k-
NMMVMA.

Cnegyet otmeTtutb, 4Yto npu ATRP noct-nonumepusaumm MMA Ha npuButoMm
makpouHuumatope MU-npus-NC ¢ 6okoBbiMn MC-uenamn (Tabn. 4, Ne 2) BbligeneHHble
6okoBble Lenu nmenn umoganeHoe MMP. Npu 3ToM ocHoBHasa dpakums nmena M,/M,
~1.9. Tllony4eHHbIn pe3ynbTaT MOXHO OOBACHUTL MeANEeHHbIM  MHULMUPOBAHUEM
nonumepusauun MMA Ha npusntom MakpouHuumatope NM-npus-NC, koTopoe cBA3aHO C
CYLWWECTBEHHbIM pasfnnyMeM B CTPYKTYpPe WHUUUUPYIOLWEro LeHTpa W MOHOMepa W
NPUBOAUT K NOCTEMEHHOMY BOBJIEYEHUIO WHULMUPYIOLWMX TPYMM B MNONUMEPU3aUNOHHbIN
npouecc.

ATRP  noct-nonumepusauma MMA  Ha npuBUTLIX  MakpouHuumaTopax C
nonumeTakpunatHbiMum  6okoBbiMn  uenamu  MA-npus-NMMMA  n  TN-npus-MTEMA
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NPOTEKAET B KOHTPOSIMPYEMOM peEXUME, O YEM CBUAETENbCTBYET YHUMOOANbHOCTb
XpomaTtorpamMmm W Y3KOAUCMNEPCHOCTb BblAeneHHbIX O0koBbIX uenen (Tabn. 4, Nel, 3).
CywecTtBeHHoe cyxeHne MMP 6GokoBbIX uUenen B pesynbTaTe MoOCT-nonumepusaunm
MOXHO OOBACHMTL BONbLIMM BKNagoM yskoaucnepcHolx 6nokos NMMMA. B BblaeneHHbIx
OOKOBbIX LEenaxXx NPOAYKTOB 3TUX ABYX MOCT-MOSIMMEPU3ALNOHHBLIX NPOLLECCOB He Obino
oOHapyXeHOo bpakumin ¢ MOMEKyNApHbLIMA Maccamu, oTeevarwmmm MM BokoBbIX Lenen
NCXOAHBIX MPUBUTBLIX MAKPOUHULMATOPOB.

Taknm o6pa3om, N0 COBOKYMHOCTU BbILLEN3NOXEHHbIX JAHHbIX MOXHO cAenaTb BbIBOA,
yto ATRP nonumepmsauma MMA u TBEMA Ha nonuuMnaHbIX MakpouHuuMatopax B
BblOpaHHbIX YCNOBUAX NPOTEKAET KOHTPOSIMPYEMO M HOCUT KMBOW XapakTep.

3.4. CuHTe3 nONIMMMUOHbLIX TMPUBUTLIX COMNONIMMEPOB C OOKOBLIMKU LENSAMU
NONINMETaKPUIIOBON KUCNOTbI.

M3BecTHO, 4TO B pe3ynbTaTe Kucnoro rugponusa (B ©0e3BOOHLIX YCNOBUSX —
NPOTOHOMNM3a) nonn-mpem-eyTunmeTtakpunart MOXeT  ObITb npespaLleH B
nonumeTakpunoBy Kucnoty. [lpoBeaeHne atom peakumm B 6okoBbix uensx MNTBEMA
NPUBUTLIX CONONUMMNAO0B NoA AeCTBUEM TpUTopyKcycHomn kucrnoTbl (TPYK) nossonuno
nonyy4nTb NPMBUTbIE cononuUUMUAbl ¢ GOKOBbIMM LENsMU MONMMETAKPUNOBON KUCMOTbI
(MN-npus-NMMAK) ¢ coxpaHeHnem LLeNOCTHOCTU CTPYKTYpbl NPUBUTOrO cononumepa (puc.

|

0 o 0 o
Q 1 crcoon Q

N N N N + mn

@ J CH,Cl,

o o o _1, o o o _1h

0 ‘|3H3 o c|:
CH—C Br(Cl) CH—C Br(Cl) l
/})fo m HO o1m

Puc. 12. Cxema npoToHonu3a npuenutbix cononummunaos MNMA-npus-NMTEMA.

MpoayKTbl NPOTOHONM3a aHanManpoBanuch ¢ nomoLlbio MK n AMP *H cnektpockonuu.
CTeneHb MPOTOHONM3a OLeHMBanack ¢ nomoubio AMP 'H cnekTpoB no MHTEHCMBHOCTM
OCTaTOYHbIX  CUrHANoB  mpem-0yTUNbHBLIX  FPYNn  OTHOCUTESNIbHO  WHTErpasnibHon
WHTEHCMBHOCTU apoMaTU4YeCcKUxX nNpoTOHOB. [lpu BapbUpOBaHUM YCIOBUKA peakuum
(cooTHOLWEHNA peareHToB, Npupoabl pacTBopuTensl) 6bino HangeHo, YTo B ©e3BOAHbLIX
(“cyxux”) ycnoeusix B pactBope B CH,Cl, npu pecatukpatHoMm u3bbitke TOYK no
OTHOLLEHUIO K mMpem-byTunMeTakpunaTHbIM rpynnam 3a 5-8 4 nNpoTOHONM3 MPOXOoAuT
npakTn4eckn Haueno (cteneHb NpoToHoNM3a coctasnseT 99-100 mon.%).

Bce nonyyeHHble o6pasubl  [MN-npus-NIMAK  xapakTepuayloTca  XOpOLUen
pacTBOPMMOCTbIO B MOMSAPHbLIX OPraHU4eCcKMx pacTBOpUTENSX, B TOM 4Yucne, B CnvpTax.
Pan o6pasuyoB pacTBOpMM B BOAHO-CMMPTOBbIX cMecsaAx M Boge. [lokasaHo, 4To
pacTBOPMMOCTb B BOAHbIX Ccpedax 3aBuMCUT OT CTeneHu npoToHonuM3a mpem-
OyTMNMeTakpunaTHbIX rpynn, onpeaensowen rmapoduibHOCTb BOKOBLIX Lienen, a Takke
OT AnNuHbl rmapodunbHbix 6okoBbix uenen [MMAK, akpaHupylowmux rmapodobHyto
OCHOBHYIO MNONMMMMUAHYIO LUenb, W He 3aBUCUT OT AJSIMHbl 3TOM OCHOBHOM Lenwu.
OnpegeneHo, 4to o6pasubl [U-npus-NIMAK pactBopMMbl B BOAE nNpU CTeneHu
NpoToHoNM3a = 95 mon.% u cpegHen cteneHn nonumepusaumm 6okoBbix Lenen m= 100.
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3.5. BzaumogencTBue 60KOBLIX Lenen B NPUBUTbLIX CONONMMUMMAAX U €ro BrusiHue
Ha MoneKynspHble U KOHhOPMaLMOHHbIE CBOMCTBA NONIMUMUAHBLIX LETOK.

MeTogamn MONEKyNApHOW rMAPOAMHAMUKM W ONTUKM B pasbaBreHHbIX pacTBoOpax
nokasaHo, 4YTo obpasubl NPMBUTBLIX COMOSIMMUMUAOB XapaKTEPU3YHTCA OYEHb BbICOKOW
paBHOBECHOWN XecTKkocTblo. Hanpumep, anga obpasuos MA-npus-NMMMA (MakpouHuumnaTop
MAN1 co cpegHen cTeneHbld MNONMMKOHAEHcauMm n = 25, cpegHsst CcTeneHb
nonumepwmsauumn 6okosbix uenen NMMMA m = 100-130) anuHa cermeHTa KyHa A > 40 HMm,
YTO B [ECATKM pa3 NPeBOCXOOMT  COOTBETCTBYIOLLYID  XapaKTepUCTUKY  AONs
NCNONb30BaHHbIX MNONMMMMUAHBIX MakpouHuuyuaTopos (pasgen 3.1). 3HavyeHne napameTpa
dopmbl Rg/Ry (Rg — pagnyc uHepunn, Ry — ruapoanHamMmuyeckuin paguyc) ans Usy4eHHbIx
cononumepos [NN-npus-NMMA He Huxe 2, T.e. MakpOMOJIEKYIbl UMEKT KOHJOpPMaUuio
BbITAHYTOrO annuncouaa, Kotopasa Habnioganace Hamu Takke Ans cononumepos [A-
npus-NMMMA ¢ ocHoBOM Lenblo MakponHuuymatopa NNN2 (tabn. 1).

PacctoaHune mexgy cocegHumun npmsuteiMn NMMMA BOOME NOAMMMUAOHOW Uenu ons
aTnx obpasuoB cocTtaBnAet okorio ~2 HM. OueHka pasmepoB cBOOGOAHOro knyodka
nuHenHoro NMMMA c cooTBeTCTBYIOLWEN KOHTYPHOM AnMHoM uenu L = m-0.25 Hm = 25-32
HM B O-pacTBOopuTENE B MOAENM 3NNuUNcouMaa BpalleHus JaeT ero npogosibHbIA U
nonepeyHbln pasmepbl ~10 U ~5 HM, COOTBETCTBEHHO, a B XOPOLUNX pacTBOpUTENAX
pasmepbl mMakpomonekyn NMMMA 6yayT ewe Heckonbko Gonbwe. COOTBETCTBEHHO, B
obcyxxpgaembix obpasuax MA-npus-NMMMA 60oKoBble LIenM XOPOLLUO 3KPaHUPYKOT OCHOBHYIO
uenb. Mpn atom coceaHne 6Gokosble uenn NMMMA, B cuny cBoux pa3mMepoB, AOSMKHbI
CTEpPMYECKM B3anMOOEeNCcTBOBaTb Mexay cobomn, NoaXnmasCb B HanpaBneHUn OCHOBHOW
LUenu 1 BbITArMBasiCb B NepneHANKYNAPHbIX K HEN HanpaBneHusX.

Hannune Takoro B3aMMOAencTBMs, OOYCNOBMMBAIOLWIETO W3BECTHYK CKITOHHOCTb
NMOSIMMEPHBIX LWETOK K YMOPSiAOYEHMIO HA pasHbiX MNPOCTPAHCTBEHHbLIX MacliTabax,
nogTeepxagaetcsa GakToM NosiyYeHust CTabunbHbIX JISHIMIOPOBCKMX MOHOCHOEB NPUBUTBIX
cononuumuaos MNMN-npus-NMMMA un MNN-npus-NMTBEMA, nony4eHHbIX Ha MakpouHuumaTope
MANL co cpepHen cTeneHbld nonMKoHAeHcaumm n = 50 wn cpedHen CTeneHblo
nonumepmnsauumn 6okosbix uenen NMMMA m = 130 u 6GokoBbix uenen [MNTBEMA ¢
BenuunHamm m = 50 un 85. BbICOKMe 3HaA4YeHUst OaBneHus Konnanca Aansa 3Tux
JIaHrmiopoBckux MoHocnoeB (45-65 MH/m) roBoput 06 wX BecbmMa  BbICOKON
ctabunbHOCTM. OTO MNO3BONMMT B AanNbHEWWeEM nofnyyaTb MHOFOCHOMHbBIE MIIEHKU
JlaHrmiopa-bnogxeTT Ha 0OCHOBE NPUBUTBLIX CONONMUMUAOB.

3.6. BoamoxHble 06nacTu npuMeHeHust NONIMMMUAHbIX LWEeTOK C O0OKOBbLIMU LiensaMu
pyHKLMOHANN3NPOBaHHbIX NOSIMMETaKpUNaToB.

PaspaboTaHHble MeToabl npuBuMBOYHOM ATRP nonvmepusaumm Ha MONMUMUAHBIX
MakpouHMumMaTopax MoryT O6bITb MCNOMBb30BaHbI 4N NOAYyYEHUA NPUBUTBLIX CONONMMMNO0B
C NPaKTUYECKN BaKHbIMU (PYHKUMOHAIbHLIMM CBOMCTBaMWU. Takue nyTu MCNOSib30BaHUSA
pa3paboTaHHbIX NOAX0A0B OblnNn HaMeyeHbl B paboTe. Tak, 6binn cMHTE3npoBaHbl NepBble
obpasubl HOBbIX NPUBUTLIX COMOIMUMUAOB C TEPMOYYBCTBUTENBHLIMU GOKOBLIMU LIENSMU
nonun-N,N-gumeTnaMmmHosTUNMETaKpunara, a Takxe XpoModhopcoaepKaLLero
nonumMmeTakpunara, (npousBogHoro Kpacutens DR-1, 4-HnUTpOo-4'-[N-
MeTunakpunonnokcnatun-N'-atunjammHoasobeHsona). CTpykTypa nonyyYeHHbIX NPUBUTBIX
cononuMmuaoB 6bina gokaszaHa metogom *H AMP CNEeKTPOCKOMNUN.

Cpean cuHTE3MpOBaHHbLIX B paboTe NONMMMWUAOHBLIX LETOK cnefyeT ocobo BblAENUTb
npuBuTble cononuumuabl ¢ 6okoBbiMu uenamu NMMAK, pacTBOpUMOCTb KOTOPbIX B BOAHbIX
1 BOOHO-CNUPTOBBLIX Cpefax OTKPbIBAET LWUMPOKME BO3MOXHOCTU A1151 UX UCMONb30BaHUS B
pasnUYHbIX NPUNOXEHNSAX, BKItoYaa bnomeanumnHcKme.

[MepcnekTMBHBIM HanpaBfeHneM B Au3alHe HaHoMaTepuanoB SBMSETCA co3faHue
MUKPO- M HaHOKancCys C KOHTPONMPYEMbIM W3MEHEHWEM CBOWCTB WX 0OOMOYeEK,
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XapakTepuUCTMKaMn  KOTOPbIX  MOXHO  AWCTAHUMOHHO  yNpaBnsiTb  NOCPEACTBOM
3NEKTPOMArHUTHOrO U3fyyYeHus, ynbTpa3ByKOBOrO WM fla3epHOro BO3AencTBUA. Takue
Kancynbl MOryT HaWTWU NPUMEHEHNE B MUKPOINEKTPOHUKE, XMMNYECKON MPOMBILLSIEHHOCTMN,
B Guonorun n meguumHe. Tak, npusuton cononuumug MNMA-npus-NMMAK, nonyyeHHbIn Ha
MakpouHuunatope NMNN1 co cpeaHen cTeNeHbio NOMMKOHAEHCAUMN N ~ 45 N NMELLnI
CpedHol cTeneHb nonMmepusauum 6okosbix uenen NMAK m ~ 16, 6b11 ucnonb3oBaH B
KayecTBe nosiMaHuoHa ANA CO34aHUs MHOFOCMOWMHbBIX MOMMANEKTPONNTHBIX 060504ek
MUKpOKancysn, coAepXalimx HaHovacTuubl MarHeTuTa, MeTogoM MNOSIMMOHHOW COOpKK
(coBmectHo ¢  CapaToBCKMM  rocyaapCTBEHHbIM  yHuBepcutetoM  wum.  H.I.
YepHbiweBckoro). Cxema pacrnonoXeHus crioeB B 0605104Kax 3TMX MUKPoOKancyn U ux
ACM-n3obpaxeHus npuseaeHbl Ha puc. 13.

0,0um 50

Puc. 13. ACM-u3obpaxeHus (a)

e 86*‘1”"1 1 CXeMa pacrnonoXeHUsi CNoes B
obonouke (6) MwuKpokancyn co
s CTPYKTYpON
[ (N3W/Fe;0,/MANIMN-npue-

MNMAK),. (1, 3, 5, 7 - 13U, 2, 6 —

oooum Q@ 5] Fes0., 4, 8 — MN-npus-NMIMAK).

Mcnonb3oBaHne NONUUMUOHON LWETKM C OOKOBbIMM LENAMU MOAMMETaKpPUIIOBOM
KMCIOTbl, BMECTO IMHENHOMO NosivaHMoHa (NonMcTUporicynbdoHaTa), N03BOINIIO0 AOCTUYb
B 3 pa3a 6onee BbICOKOW CpeAHen TOMLWMHbI 060M0YKM Ha OauH LMKN coopkn (~11 HM).
OTOT pe3ynbTaT BaXeH AMs CO3[4aHMsA 3a MUHUMANbHOE YUCIIO LUKIOB MOHHOW COOpPKM
CcTabunbHbIX 06ONOYEK HaHOKaNcysn, KOTOpble MOryT WCNONb30BaTbCA ANA  LeneBow
AOCTaBKN NeKapCTBEHHbIX cpeacTB. Hannume B Taknx o605o4kax HaHOYacTuL MarHeTuTa
co3gaeT BO3MOXHOCTb MX ANCTAHLUMOHHOrO paspyLweHus nog gencresnem CBY-uanyyeHns
He6ONbLLON MOLLHOCTH.

[pyroe BO3MOXHOe HanpasneHue ucnonb3oBaHusa cononumepos [U-npus-NMMAK,
CBA3aHHOE C CO3[aHMEeM HAHOKOHTEMHepOB And conobunusaumm u LeneBon 0OCTaBKu
Takux areHToB hoTOAMHAMUYECKON Tepanum pakoBbIX ONyXOonen, Kak LmaHonopdupasuHbl
N nx meTtannokoMmnnekcol (puc. 14), 6bino anpobMpoBaHO B pamKax COBMECTHOW paboThbl C
WHcTuTyTOM MeTannoopraHudeckon xumum um. [A. Pasysaesa PAH (MMOX PAH) (r.
HwxHun Hosropop).

_— N e -l Puc. 14. LwnaHonopdupasunbl (a) n ux Yb(lll)-
Nij( NG NOR komnnekcol (6) (R = CN, Ph, 4-F-Ph).
N

B UMOX PAH 6binn cdopmMmpoBaHbl KOMMAEKChI MeXAY NPUBUTBIM COMOSIMMEPOM
MA-npus-NMMAK  (nonyyeH Ha makpouHuyuatope [MNN1 co cpedHen CTeneHblo
noniMKoHA4eHcauumn n ~ 16, cpeaHsas cteneHb nonumepusaumm 6okoBbIX uenen m ~ 150) n
Yb(lll)-unaHonopdpupasuHom (puc. 14, R = CN). Hannume B3aMmMoaencTBUS MPUBUTLIX
cononuumuagoB  MAN-npus-NMMAK ¢ Yb(lll)-unaHonopcurpasnHoBbIMA  MPOU3BOAHBIMU
noATBEPXKAAETCH AaHHbIMU NPOCBEYMBAtOLLEN SNEKTPOHHON MUKpockonum (puc. 15).
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5nm - 7 Ve

Puc. 15. 3nektpoHHaa MmukpodoTorpadusa (a) n cxematmyeckoe nsobpaxeHue (6) apxmTekTypbl
komnnekca npusutoro cononumepa MNM-npus-NMMAK n Yb(lll)-unaHonopdmpasuna.

Ha npuBegeHHOM Ha puc. 15a CHMUMKe BuAHa CTpPyKTypa nonuumuaHon wetku M-
npus-NMMAK, koTopas ctana Buanmon 6rnarogapsa KOHTpacTupyowemy apdekTy Tskenbix
noHos Yb(lll) B coctaBe umaHonopunpasMHOBLIX KOMMIEKCOB, aacopbupoBaHHbLIX B
obnactax mexay 6okosbiMu Lenamu NMMAK (puc. 156).

Kak BugHo u3 puc. 15a, paamep OCHOBHOW uenu npuBuToro cononumepa lMA-npus-
NMMAK (=30 HM) cooTBeTCTBYeT cpedHen cTeneHu MOSMKOHAEHCaununm OCHOBHOW LenMu,
paBHon 16 (gnMHa MOHOMEPHOro 3BeHa ~2 HM). YTo KacaeTca OOKOBbIX Lenewn
cononumepa [MA-npus-NIMAK, To Ha CHMMKE BMOHA TONbKO pacrnofioXXeHHas BONU3n
NOSIMMMNOHOrNO OCTOBa WX 4acTb, KOTOpas KOHTpacTUpoOBaHa 3aKOMMSIEKCOBAHHbIMU B
aTon obnactn monekynamu umaHonopdupasnHOBOro Komnnekca uttepbus. BHewHune
dparmeHTbl 60koBbIX Uenen MMAK obGpasyoT HeBuagumyro “kOpoHy” 4depBeobpasHomn
YHUMaKpPOMOMEKYNAPHON MULENSbI, S4P0 KOTOpoK 06pa3oBaHO NOANUMULHBIM XpebToM u
npuMbIKalWUMN K Hemy dparmeHTammn 6okoBbix uenen [MMAK, cBasaHHbIMK, no-
BMANMOMY, BOOOPOAHbIMU CBA3SIMU C LiMaHO-rpynnamMmn MeTannokomnsekca.

Ona onpegeneHus cnocobHocTn KOMMMeKcoB MU-npus-NMMAK C
unaHonopgupasnHamm  NpoHMKaTb B KNeTkM  onyxonn, B  Hwuxeropogckom
rocyaapCtBeHHoM yHuBepcutete um. H.U. JlobayeBckoro mMeTogoM MOMWHECLEHTHOM
CKaHUPYHOLLEN MUKPOCKOMUM M3y4eHa nokanu3auusa aTux ¢oTtoceHcnbunnsaTtopos B
KneTkax anngepMongHon kapumHomMbl Yyenoseka A 431 (puc. 16).

Puc. 16. BHyTpukneTtodHas  nokanusauus
unaHonopdupasuHa (puc. 1l4a, R = 4-F-Ph) B
KomMnnekcax c MA-npus-NMMAK (a) n
nonuatunernrnukonem (6). MacwTabHas wmeTka
cooTBeTcTBYEeT 20 MKM.

6

MokasaHo, 4TO wuccrnegyemble komnnekcobl [MU-npus-NMMAK ¢ nioMuHecumpyrowmnm
LUmaHonopgupasMHOM HakansmMBarTCa NPENUMYLLECTBEHHO B MrasmaTMyeckon membpaHe
(puc. 16a), yto aBnaeTca GnaronpuATHbIM OOCTOATENLCTBOM ANS POTOAMHAMUYECKOWN
Tepanun. Kpome Toro, no cnocobHOCTU MPOHUKATL B KMNETKW OMYXOSiM OHW 3HAYUTENBHO
NPeBOCXOAAT KOMMNIIEKChI TOTO Xe unaHonopdurpasmHa ¢ nonuatuneHrnukonem (puc. 166).
Mpn 93TOM, cCOrMacHoO pfaHHbIM MpeaBapUTENbHbIX WUCCNEeAOBaHWA Ha  KNETOYHbIX
KynbTypax, npusuTtble cononumumuabl MNMA-npus-NMMAK mManoToKCHUYHbL.

Takum obpasom, npmMBuTbIE conoNMMMMUAbI C GOKOBbIMU LensMu NoSIMMETaKpUIoBon
KAMCNOTbl MNEepCcnekTuBHbl AN O6MoM3NYecKMXx M  OUMOMEOULMHCKUX MNPUNOXEHWUNA, B
YacTHOCTW, Ansa conwbunu3auun umaHonpodupasMHoB U APYrMX  MAPOGOOBHbIX
COEAMHEHUIN, UCNOSb3yEMbIX B LIENAX AUarHOCTUKN U (pOTOgMHAMMUYECKON Tepanuu.
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BbIBOAbI

1. PaspaboTaHbl MeToAbl MOMyYEHMS HOBbIX MOMEKYNSAPHbIX LWETOK C XpebToBow
NONMMUMUOHON LENbio U BGOKOBbIMM MOSIMBUHUMOBLIMU LENSMU Pa3fiMYHON Npupoabl
npu Mcnonb3oBaHNN KOHTponupyemon ATRP nonumepusayuu.

2. Bnepsble CUHTE3MpOBaH psag BbICOKOMOMEKYNAPHbIX MYNbTULEHTPOBbIX
MaKpOUHULNATOPOB nonumMepusauyum ATRP C  perynupyemom CTeneHbo
YHKUMOHaNU3aLmMmM Ha OCHOBE rMapokcurcoepXalmx nonMMMmnaoB. YCTaHOBMEHDI
onTUMarsnbHble YCNOBUSA NONMMAUUNIMPOBAHUA MNONMUAMUAOB B Cpede  amMuAaHoro
pacTBopuTena noa aencrtemeMm 6pomaHrnapungos, obecneynsaroLmne KONMYECTBEHHYIO
YHKUMOHaNM3aumno nonMmMmnaoBs o-6pom-acprpHbIMM rpynnamu.

3. C NOMOLLbIO ATRP nonmmMmepmusaumu papa BMHUNOBbIX MOHOMEpPOB
(meTunmeTakpunarta, mpem-oyTunmeTakpunaTa, ctupona, H-Oytunakpunarta, mpem-
OyTunakpunata) Ha  MyfbTUUEHTPOBLIX  MOAUUMUAHBLIX  MaKpoOUHULMaTopax
CUHTE3NPOBAHbI HOBbLIE MNpPUBUTbIE cononuumuabl C  6GOKOBbIMW  LensaMu  Kak
roMononnmMepoB, Tak 1 610K-CoNoNMMeEpPOB.

4. PaspaboTtaH ahekTMBHbIN cnocob BblaeneHms GOKOBbIX NONIMMETaKpUNaTHbIX Lenen
U3 NPUBUTBLIX COMOMIMMEPOB C MNOMOLLBK LIENOYHOro rugponuMsa OCHOBHOM
NONMMUMUOHON LEenn, He BbI3bIBAKOLWEro OMbISIEHUSA COXHO3AMUPHBLIX rpynn ©OKoBbIX
uenen.

5. Ha ocHoBaHuKM gaHHbIX O KMHETUKe npoueccoB ATRP nog gencrtesMemM NosIMMMUOHBIX
MYNbTULEHTPOBbLIX MaKpOUHULMATOPOB, MNOCT-NoNMMepM3aunmn MeTunmMmeTakpunara Ha
NPMBUTBIX MaKPOMHMHLUMATOPAX U MOSMEKYNAPHO-MACCOBbIX XapakTepUCTUKax BOKOBbIX
uenen NpUBUTBIX COMONMMMMWOOB MOSyYEHbl AoKaszaTenbCTBa KOHTPONUPYEMOro U
XMBOrO XapakTepa 3TUX NpPoLeccoB.

6. BnepBble cMHTE3NpoOBaHblI aMPUPUbHbIE NONUMMUAHBIE LWETKM ¢ BOKOBbIMKU LensMu
NONMMMETAKPUOBOM  KUCMOTbl  MyTeM  MNpOTOHoNM3a  GOKOBbIX  MOnu-mpem-
OyTMnNMeTakpmMnaTHbIX Lenen npMBuTbIX CONONNMMUO0B.

7. Toka3aHa NepcnekTMBHOCTb NMPUMEHEHUA MOMEKYNSAPHbIX MONIMUMUAHBLIX LETOK ANA
nonyyeHMs maTepuarioB C HENUWHEWHbIMW ONTUYECKMMM CBOWCTBaMW, pH- u
TEPMOYYBCTBUTENbHbLIX Matepuarnos, nneHok JleHrmopa-brnogxeTt, obonoyek MUKpo-
M HaHOKancyrn, a Takke B KayecTBe COMOOMNU3NPYIOLWMX HAHOKOHTENMHEPOB ANd
rmapoobHbIX  COEQUHEHWR,  UCNONMb3yeMbIX B LUEnsX  AWArHOCTUKM U
doTogMHaAMMYECKON Tepanuu.
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