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CIIMCOK COKPAIIIEHUI U YCJIOBHbIX OBO3HAYEHMI1
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BBEJIEHUE

AKTyaJabHOCTH TeMbl uccaegoBanus. Cononumepsl N-sunwicykunaumuaa (BCU) ¢
JPYTMMU BUHWJIBHBIMH MOHOMEpPAMH MPEXKJE BCETO U3BECTHBI KaK OCHOBA JUISl MOJIyYEHHUS
BOJIOPACTBOPUMBIX HETOKCUYHBIX MOJUMEPOB, COJAEPKALIMX 3BEHbsI N-BUHUIAMUI0SHTAPHOM
KHCTIOTBI, CIIOCOOHBIX K CBS3BIBAHWIO HU3KOMOJICKYJISIPHBIX BEIECTB, HANpUMEp, aMUHOB,
KOTOPBIMH MOTYT OBITh aKTHBHBIC (DapMalleBTHUECKUE WHTPEOUCHTHL. JlocTOMHCTBaMu
MOJIMMEPHBIX  (OpM OHOJIOTHYECKH AaKTUBHBIX BEIIECTB SIBISIOTCA IPOJIOHTHPOBAHHOE
JEMCTBHE, MOCTEIIEHHOCTh BRICBOOOKICHHS M, COOTBETCTBEHHO, YMEHBIIICHHUE MTEPEI03UPOBOK
U pHUCKa HEXENaTeIbHOTO TOOOYHOTO ACHCTBUS, BOZMOKHOCTh TOTYYSHHS BOJOPACTBOPHUMBIX
dbopM cyOcTaHIUii, HE PACTBOPSIOMIMXCS B BOJE, OOECIeUeHHE HAMPaBICHHOW JOCTaBKU
CyOCTaHIIMM B OpraH-MHILIEHb, €CIH TOJUMEpPHAs MaTpulla COACPKHUT COOTBETCTBYIOIIHUN
BeKTOp. [ToMMMO OTCYTCTBHSI TOKCMYHOCTU K TaKUM HOJIUMEpPAaM MNPEIbSBIAIOT PNl IPYTrUX
TpeOOBaHUIL, Cpelld KOTOPBIX 0CO00E 3HAYCHHE UMEIOT OTPaHUYCHUE TI0 MOJIEKYIIIPHOM Macce,
BBI3BAHHOE HEOOXOAMMOCTBHIO TOJHOTO BBIBEACHHS TIOJUMEpa W3 OpraHu3Ma TOcCie
MPOSIBIICHUSI aKTUBHBIM (hapMalleBTHUECKUM HMHIPEIUCHTOM TepamneBTHdeckoro 3ddekra, u
JIOCTaTOYHAasi KOMIIO3MLIMOHHAS OJHOPOJHOCTh, KOTOpas TPYAHO JOCTIKMMA IpHU
CONOJUMEPHU3allUd  MOHOMEpPOB, CHJIBHO pa3lMYyalonuxcs IO CBOEM peakiuOHHOU

CIIOCOOHOCTH.

VY10BNAE€TBOPUTH ATUM TpeOOBAHMSAM IMO3BOJISIET NPUMEHEHUE Uil  CHHTE3a
COTOJIMMEPOB KOHTPOJIHMPYEMON paJAMKaIbHON MONMMEpPU3alui, B YaCTHOCTH caMou
MEePCIIEKTUBHOM HA CETOTHSIITHUIN JIeHh TEXHUKH — MOJIMMEPU3AIIU C 00paTuMOi nepeaadei
nenu (OINI) mo mexanusmy mnpucoenuueHusi-pparmentanuu. Ol momumepusarus (v
RAFT — reversible addition-fragmentation chain transfer — monaumepusanus) Mno3BojseT B
YCIOBUSIX, HE OTIMYAIOIIUXCS OT MPOBEICHUS KIACCUYECKON paguKaibHOW MOJIMMEpHU3aIIH,
peanu3oBaTh MOYTH O€300pBIBHBIM MEXaHHW3M Tpoliecca, obecrneunBaronnii 3P GEeKTUBHBIN
KOHTpPOJIb HaJ MOJEKYISIPHO-MAaCCOBBIMU XapaKTEPUCTUKAMH U BBICOKYIO KOMIIO3UIIMOHHYIO
OJHOPOJHOCTh. YuuThiBas, uto OIIL] monumepusanusi paHee He NPUMEHsIIACH JUIsl CUHTE3a
MOJIMMEPOB MEAMKO-OMOJIOTHYEeCKOro HaszHaueHus Ha ocHoBe BCHU, wuccnemoBanue ee

BO3MOYHOCTEH B IaHHOM HANpaBJIEHUU MPEACTABISAETCS aKTyalbHbBIM.
CreneHb pa3padoTaAaHHOCTH TeMbI HCCJICJOBAHUS.

OOBIYHO UIEI0 COBMEIIECHUSI YHUKATIBHBIX CBOMCTB MOJIMMEPOB U HU3KOMOJIEKYISIPHBIX

JICKapCTBCHHBIX BeIlecTB cBs3biBalOT ¢ mMeHamu H. Ringsdorf m J. Kopecek, ornocs



3apOKACHHE 1IeJICHANIPABICHHOTO UCTIOIb30BaHUs MOJIUMEPOB ISl YITYUIICHUS XapaKTePUCTUK
JeKapcTBeHHbIX BemlecTB K 70-bIM rogam XX B. OIHAKO BIEPBBIE ITO HAMpPaBJICHHE OBLIO
chopmymupoBano C.H. VmakoBeiM B MoHorpadpum 1962 1. m mmonepckoi padore H.
Jatzkewitz 1954 r. B manpHeliiieM OCHOBHOM BKJIAJ B €r0 pa3BUTHE BHECIW OTCUECTBCHHBIE
mKkoJiel nof pykoBoactsoM H.A. Ilnats, A.®. Huxonaesa u E.®. [Tanapuna. HampasneHnue,
CBA3aHHOE C CHUHTE30M MoJiuMepoB Ha ocHoBe BCU M ucnonp3oBaHMEM HX B MEAUIIMHE,
3apOJIMJIOCh M PA3BUBAETCS B TEYCHUE HECKOJBKUX JECATUICTAM HAaydHOW mmIKkoiou A.D.
HuxonaeBa. BepmmHoii aTux pa3zpaboTok crajno coznanue npemnapara «llommpem» — ogHOTO U3
MEPBLIX TOJIMMEPHBIX MPOTUBOBUPYCHBIX IMPENApaToB, PA3PEIICHHOTO K MPAKTHYECKOMY
MPUMEHEHUIO U BBITyCKaBUIErocs npombinieHHo. B cocraBe «llonmnpema» wucnosib3oBaH
nonumepanaior comnoiumepa BCU ¢ BuHMIIaneTatoM [Uis HEKOBAJIEHTHOTO CBSI3bIBAHUS
pemanTanuHa. EcTh OCHOBaHUS 1mojaraTh, 4YT0 JOCTOMHCTBA IIpenapara A0 CHX Op HE OIICHEHbI
B TIOJTHOM Mepe, a OTEHIIMAT oauMepoB Ha ocHoBe BCU 1uist co3maHus moauMepHBIX Gpopm

JICKApPCTBCHHBIX CPCACTB UCIIOJIb30BAaH JIUIIb B caMoi Majoi CTEIICHH.

[Tonmumepuszanust ¢ oOpaTUMOIl mepenadedl LEMU MO MEXaHU3MY IPHCOCANHEHMS-
(parMeHTaly Kak MeTo ] KOHTPOJIMPYEMOTO CHHTE3a MOJIMMEPOB ObliIa MpeII0KeHa IPYIIIOi
YYEHBIX TOCYJapCTBEHHOTO OOBEIUMHEHMS] HAyyHBIX U NpUKIAaTHBIX uccienoBanuit CSIRO
(ABctpayusi) B 1998 1. Urtorm OypHOro pasBUTHS JTOM TEXHUKH KOHTPOJIUPYEMOU
panuKanbHOM monuMepuzanuu o0oOmeHsl B MoHorpagusx 2008 r. (mox pexa. C.Barner-
Kowollik) u 2021 r. (mox pen. G.Moad, E.Rizzardo) Tak, 4ro B menoMm B3TJIsAbl Ha €€
MEXaHU3M, KHHETHKY M BO3MOXKHOCTH SBJSIOTCS YCTOSBIIMMHU M NPUHATBIMA B Hay4YHOM
coobmectBe. OHAKO PsT BOTPOCOB OCTAETCS OTKPBITHIM. DTO OTHOCHUTCS K LEHTPAIbHOU
npobiemMe — CBA3M CTPOCHUS MOHOMEpa M areHra oOpaTMMOW mepefayd Lenu ¢
3pPEKTUBHOCTHIO OCYIIECTBISIEMOTO KOHTPOJIS MOJEKYISIPHO-MACCOBBIX XapaKTEPUCTUK MU
BBIOOpa MepenaTyuKka LEnu Ui TMPOBENCHUS TOJMMEPH3alnH, OCOOCHHO TaKOro Majo

M3y4YeHHOTro MoHOMepa kak BCH.

Heau u 3agaum uccienoBaHus. llenpio mccienoBaHUS SBWIOCH HCCIEIOBAaHHE
3aKkoHOMepHocTell (co)nmonmumepuzanuu BCU B ycnoBusix oOpaTtuMoil mepefaud LEmd IO
MEXaHU3My MpHCOeANHEHU-(pparMeHTauy, obecrneunBaommX SPPEKTUBHBINA KOHTPOJIb

MOJICKYJIAPHO-MACCOBBIX XAPAKTCPHUCTUK, KOMIIO3UIIMOHHYKO OJHOPOJHOCTH W 3aJdHHYIO

MUKPOCTPYKTYPY LIETIH.



B pamMkax moctaBieHHOMU 11eJi B paboTe pelarTcsl caelyonme 3a1aun:

1. Ouenka s>¢dextuBHOCTH nubeH3unTpuTHOKap6oHata (BTK) B momumepuzarmu
BCH.

2. UccnenoBanue kuHeTHKH romonoiuMmepuszannu BCHU u MoJeKynsipHO-MacCOBBIX
XapaKTEepPUCTUK MOJIMMEPOB, MOJYUYEHHBIX B IPUCYTCTBUM areHTa 0OpaTUMON Mepeaayu Lenu
— BbTK.

3. Uzyuenune conomumepusauun BCU ¢ BunminaneraroMm, N-BUHUIIUPPOIUIOHOM,
XOJIECTEPUIIAKPHIIATOM, XOJIECTEPUIMEAKPUIIATOM B IPUCYTCTBUU TUOCH3UIPUTHOKAapOOHATA.

4. N3yuenue coiictB (co)noaumepo BCH, nomyuennsix B npucyrctsuu bTK.

Hayuynass HoBuM3Ha. BrniepBbie MoiydeHbl aHHBIE O KOHTPOJIHMPYEMOM paguKaIbHOMN
NOJMMEPHU3alMd B YCIOBUSX OOpaTUMOM MepeAadyd IO MEXaHW3MY MPHCOCANHEHHUS-
¢parmentaimn BCU u ero comosmMmepusanui ¢ BUHWIANETATOM, N-BHHHIITHPPOIUIOHOM,
XOJIECTEPHIIAKPUIIATOM U XoJiecTepriiMeTakpriiatoM B ipucyrctBuu bTK. BriepBbie nomydeHbl
HEeCIIUThIE ToauMepbl nonumepusanueir BCU B macce B mpuCyTCTBUU areHTa oOpaTuMoi
nepeqaun  1nenu — BTK. OnpeneneHsl Temiopu3MUecKue XapaKTEPUCTUKU MOJU-N-
BuHuicykuuHumuaa (IIBCU) B 3aBUCMMOCTH OT €ro MOJIEKYJISPHONM Macchl U COJCpPKAHUS
TPUTUOKAPOOHATHBIX I'PYIIIL.

BrnepBeie mokazano, yto comonsumepbl BCU moryr ObITh MOJY4YeHBI B YCIOBUSAX
«okuBbIX» 1enel B npucyrcreun bTK gaxxe ¢ comoHoMepamMu, o OTHOHIEHUIO K KOTOpbIM BTK
He sBisieTcs 9(Q()EeKTUBHBIM areHTOM 00paTUMOM Tepeadn Hemnu.

[Ipennoxken cnoco® omucaHus TPATUEHTHOCTH MHUKPOCTPYKTYPHl COMOJIUMEPOB,
OCHOBaHHBI Ha ONPEJEIICEHUU TPUAIHOTO COCTaBa U CpPeAHEH JUIMHBI MOCIIE0BaTEIbHOCTEN
3BEHBbEB Ka)kKJJOTO MOHOMEpa Ha OTAEIBHBIX YYacTKaX MaKpOMOJIEKYJN, IOCIJIEIOBATEIbHO
o0Opa3yromuxcs B ycJI0BUAX 0€300pbIBHON MOIMMEPU3ALINU.

Teopernyeckasi W mnpakTUdeckass 3HAYUMOCThL. s monumepusamuun BCHU B
npucyrctBurn BTK ompenenen ocHOBHOM mnapamerp, XapakTepusyromuid 3((eKTHBHOCTh
KOHTPOJI MOJIEKYJIIPHO-MACCOBBIX XapaKTEPUCTUK — KOHCTaHTa nepegauu uenu Ha bTK u Ha
MOHO3aMEIIICHHBIN TPUTHOKApOOHAT, 00pa3yOIIUIACs Ha IEPBOM CTaIuu mpoliecca. BrisiBieHo,
YTO B IAaHHOM MOJUMEPU3ALUOHHON CUCTEME POCT LIETIEH MPOUCXOIUT C PA3HOW CKOPOCTHIO IO
o0e CTOpPOHBI OT TPUTHOKAPOOHATHOTO (pparMeHTa, YTO MOXKET OBbITh CBSI3aHO TOJBKO C
3aBHCHMOCTBIO BEPOSATHOCTEH MPUCOEIMHEHUSI MAaKpopaauKajga K LEHTpY Nepeladyd Lenu U
(¢parMeHTallMM  paJAUKAIbHBIX HHTEPMEAMATOB OT JUIMHBI Lened. ITO  MO3BOJIHIIO

KJIaCCU(PUIMPOBATH MUKPOCTPYKTYPY MOJIy4aeMbIX B JaHHBIX YCIOBHUSAX IOJUMEPOB Kak
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ACUMMETPUYHYIO B OTHOUICHHWH IMOJIOKEHHUS TPUTHOKApOOHATHOrO (parMeHTa B LEMAX
[OJINMEpA.

IIpakTnyeckas 3HAYMMOCTh 3aKJIIOYAaeTcss B pa3paboTKe CHOcOOOB —CHHTE3a
(YHKIMOHAIBHBIX TOJUMEPOB C 33JaHHBIMH MOJIEKYJISPHO-MACCOBBIMH XapaKTepUCTUKAMU
MIEPCTIEKTUBHBIX B KA4E€CTBE HOCHUTENEH HHU3KOMOJIEKYJISPHBIX OMOJIOTMUECKH aKTHBHBIX
BEIIECTB, UMEIOIIMX B CBOEM COCTaBE aMUHOTPYMIIBI U CIIOCOOHBIX 00pPa30BBIBATH MOHHYIO
CBSI3b C KapOOKCHUJIBHBIMHM TIpYIIaMH 3BE€HbEB N-BHUHUIAMUIOSHTAPHONW KHUCIOTHI, JIETKO

MOJTyYarOIIMXCs TUAPOJIU30M 3BeHbeB BCU.
MeTtoabl UCCIeT0BAHUS.

B pabGote ucnonp3oBanbl chegyromme (GU3NYECKHe W (PU3UKO-XUMHUUYECKHE METOIbI
uccinenoanus: SIMP-criektpockonmsi Ha crekrpomerpe Bruker Avance III ¢ paboueit
yactoToit Ha aapax 'H 400 MI'L; renp-npoHHKaomas XxpomaTorpadgus Ha xpomatorpade
Shimadzu ¢ pedpakTomMeTpu4ecKiM IETEKTUPOBAHKUEM, OCHAIIICHHOM NPEIKOIOHKON Agilent
PLgel 5 um Guard 50%7.5 mm u 2 konmonkamu Agilent PLgel 5 um MIXED-D, 300x7.5 mm, a
Takke Ha XpomarorpapuueckoM komiekce “Knauer” cemeiictBa “‘Smartline” ¢
peppakTOMETPUUYECKIM M CIIEKTPO(HOTOMETPHUECKUM JICTEKTOPAMHU, OCHAIIIEHHOM KOJIOHKOM
PL gel MiniMix-B; HUK-cnektpockonus Ha Pypne-UK cnexrpomerpe Tensor 37 dupmbl
Bruker ¢ momomsio mpucrasku HIIBO MIRacle ¢pupmst Pike ¢ kpucramiom ZnSe ¢ alnMasHbIM
HanbuieHHeM; ¢ depeHInaTbHas CKaHUPYOIas KaJOpUMETPHUs OCYIIECTBIECHA HA TPUOOpe
NETZSCH DSC 204F1 Phoenix, TepMOTrpaBUMETpUYECKHIA aHAIN3 MPOBOJIWIN Ha
ananuzarope 209 F1 Libra (Netzsch), snemMeHTHBIN aHanu3 HA aBTOMAaTUYECKOM aHAIH3aTOpe
mapku Vario EL CHNOS Elementar Analyzer. baktepuiuinas akTHBHOCTb UCCIIEI0OBAIAch Ha
rPaMOTPUIIATEBHBIX OakTepusix Escherichia coli W TpPaMmOIOXKHUTEIBHBIX OaKTEPUIX
Staphylococcus aureus w Bacillus cereus. 4icTble KyJIbTYpbl KOTOPBIX OBIIM IMOJTYYEHBI U3
My3esi  KyapTyp Kadeapbl TEXHOJOTUH  MHUKpoOHMonormueckoro cuHre3a  CaHKT-
[TeTepOyprckoro  roCyJapCTBEHHOTO  TEXHOJOTHMYECKOTO  WHCTHTYTa  (TEXHUYECKOTO
YHUBEpPCUTETa). MOHUTOPUHT TOJMMEPHU3AIMA  HEMOCPEJACTBEHHO B  sueiike SAMP
CHEKTPOMETpPAa OCYLIECTBSUIM B  CHEUUAIbHBIX aMIlyJlaX, [peJHa3HAYCHHbIX U1

Jerazanun/BaKyymMmupoBanus npoussoacrsa WILMAD.
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HO.TIO)KCHI/IH, BBIHOCMMBIC HaA 3aIIIUTY.

1. B mpucyrctBun BTK nonumepusanus BCH, ocymiectBisiemas B pacTBope U B OJ0Ke
(pacruiaBe) MOHOMEpA, NMPOXOJUT B PEKUME «OKHMBBIX» LIENEH, YTO IO3BOJIAET IOJIy4aTh
Y3KOJUCIEPCHBIE TOJMMEPHl B LIMPOKOM JHMANa30HE MOJIEKYJSIPHBIX Macc, CHOCOOHBIE K
JanbHENIIeMy poCTy Lenei.

2. BTK ofecnieunBaeT  JIOCTAaTOYHBIM  KOHTPOJb  MOJIEKYJSIPHO-MAacCOBBIX
XapaKTEepPUCTUK ITPU coBMecTHON noaumepuzaunu BCU n BuHnianerara, HECMOTps Ha MOJIHOE
uHruOuposanue noiaumepusauuss BA B npucyrcrsun BTK, mo3Bossis monydars conoaumepbl
BCU c¢ BuHMIALETaTOM, XapaKTEpU3YIOIIMECSd Y3KMM YHMMOJAJIBHBIM MOJIEKYJISIPHO-
MaccoBbIM pacnpeneneHueM (MMP) u rpaanieHTHOM MUKPOCTPYKTYpPOIA.

3. Cunre3 cononumepoB BCU u N-BUHMWINUPpPOIMIOHA C XapaKTepUCTUKaMH,
ofOecreynBarOIMMU BO3MOXHOCTh MPUMEHEHUS HUX B OMOMEIUIIMHCKUX LEJSAX, pelaercs
IIPOBEJICHUEM CONOJIMMEpPU3allul B NPUCYTCTBMM NoceBHoro comnoaumepa BCU ¢ N-
BUHUJIIIMPPOIUIOHOM, TIOJYYEHHOTO IIPU BBICOKMX KOHIEHTpauusax naunuatopa u bTK.

4. bnok-conomumepsl BCHU u  N-BHHUIMUPpPOIWAOHA MOTYT OBITH  YCIICUIHO
CHUHTE3UpOBaHbl IpU YCIOBMM HapamuBaHusi Onoka 3BeHbeB BCU Ha mnonu-N-

BUHWIMTUPPOJIUIOH, COJIEPKAIIUN TPUTHOKAPOOHATHBIE TPYIIIBI, @ HE HA000POT.

CreneHb 10CTOBEPHOCTH M anipodanus pe3yJibTaToOB.

JIOCTOBEPHOCTh IOJYYCHHBIX PE3YJIbTAaTOB 0a3upyeTcsi Ha BOCHPOHM3BOIUMOCTH
OKCMEPUMEHTAIBHBIX JAaHHBIX W HUCIOJBb30BAaHUHM IOBEPEHHBIX MpHUOOpPoB. OCHOBHBIE
pe3ysbTaThl OBUTM MPEICTABICHBI HA Psijie MEKIAYHAPOIHBIX KOHPEPEHIINH U KOHTPECCOB: Ha
eBporeiickux nomumepHbix koarpeccax EPF 2009 (Graz, Austria), EPF 2013 (Pisa, Italy), 2015
(Dresden, Germany), Ha MEpOBOM ToJIMMEpHOM KoHrpecce Macro 2018 (Cairns, Australia),
Oantuiickux monuMepHeix cumnosuymax BPS 2009 (Ventspils, Latvia), BPS 2013 (Trakai,
Lithuania), BPS 2014 (Laulasmaa, Estonia), BPS 2015 (Sigulda, Latvia), BPS 2016 (Klaipeda,
Lithuania), BPS 2018 (Jurmala, Latvia), BPS 2019 (Vilnius, Lithuania), na “The 4™ Asian
Symposium on Advanced Materials — Chemistry, Physics and Biomedicine of Functional and
Novel Mateials”, 2013 (Taipei, Taiwan), na «World Congress on Living Polymerizations and
Polymers», 2016 (Budapest, Hungary), Ha MeX1yHapOAHBIX KOH()EPEHIUAX MOJIOIBIX YUEHBIX
«Modern Problems of Polymer Science» 2015, 2016, 2017, 2018, 2019 (CankTt-IleTepOypr,
UBC PAH), na «The 8™ International Symposium "Molecular Order and Mobility in Polymer



12

Systems", 2014 (Cankr-lIlerepOypr, MBC PAH), Ha MexayHapoaHOH KoH(pepeHInu
«[IpupogHble U CHHTETHYECKUE MOJIMMEPHI MEAMLMHCKOIO M TEXHMYECKOTO Ha3HAYEHUs»,

2022 (Munck, benapycs).

y6ankamun. Ilo pesynpratam paboThl OMyOJUKOBAHO S5 cTaTed B U3AAHMSIX,
pexomeHnoBaHHbIX BAK, Te3ucel 27 n0KIAnoB, NMpPEACTaBICHHBIX Ha MEXIyHAapOJHBIX

KOH(EpEeHIHIX.

O0béM M cTpykTypa amccepramum. /[uccepranmvonHas pabora u3jaokeHa Ha 162
CTpaHMIAX MAIIMHOMMCHOTO TEKCTa, COMAEPKHUT 66 pucyHok W 12 Ttabmwmi. Jlucceprarus

COCTOMT U3 BBEACHUS, IISTH IJI1aB, 3aKiItoueHus1, Oudauorpadpuu (230 HauMeHOBaHUM).

JInyHblii BKJIAA aBTOpa. ABTOPY NPHHAUICKUT peliaronias pojib Ha BCEX dTamax
UCCIIEIOBAaHM: B BBIOOPE HAIIPABIICHHUs, TIOCTAHOBKE 3a/1a4 Ha Ka)I0M 3TaIle, INIAHUPOBAHUU
U MIPOBEJICHUH SKCIIEPUMEHTOB, 00pa0OTKE MOIyYEHHBIX JaHHBIX, 00CYKIEHUU 1 0POPMIICHUU

pe3yJIbTaTOB.
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1 KOHTPOJIMPYEMAS PAIUKAJIBHASA ITIOJIMMEPU3ALIUA B YCJIIOBUAX
OBPATUMOM MEPEJIAYM IIENIN ITO MEXAHW3MY NTPUCOEJJUHEHUSI-
OPAI'MEHTAIIMU 1 EE BOSMOXKHOCTHU AJIA CUHTE3A ITIOJIMMEPOB —

HOCHUTEJIEA ®U3UOJOT'MYECKH AKTUBHBIX BEIIECTB

1.1 TEPMUHOJIOTHS, UCIIOJIb3YEMAS ITPU ONMUCAHUU «KUBOW» U
KOHTPOJIMPYEMOM NOJIMMEPU3ALIUA

JIro60ii U3 TEXHUK KOHTPOJIUPYEMOW paJUKAIbHON MOJUMEpH3AlMM TaK WM WHA4de
COIYTCTBYIOT OINPEACTICHUSI «GKUBash», «IICEBIOKUBAsH, «0e300pbIBHAS». DTa TEPMHUHOIOTHS
BeneT Hadano ¢ pabotr M. Szwarc (1956) [1, 2] u OTHOCUTCS TIpeXAe BCEr0 K aHMOHHOMN
noJIuMepHU3aluy. B MOHATHS «OKMBas MONMMEpPU3ALUsA» U GKUBOW IOJIMMEP» BKJIAJbIBAIACh
CIOCOOHOCTH YK€ 00pa30BaBIIMXCA LENel K JalbHENUIIEMY POCTY MTOCIIE TOJHOTO UCUYEPITaHUs
MOHOMEpA MPHU BBEJCHUH B PEAKIIMOHHYIO MacCy HOBOM NOPLUUU MOHOMEpA. DTO 03HAYAET, YTO
B YCIIOBUSIX, XapaKTE€PHBIX JJIS )KUBOU MOJMMEPHU3AIIH, OTCYTCTBYIOT peakiuu HeoOpaTuMOro
o0OpbIBa MaTEepUAIBHOM IIETIN 32 CYET peKOMOMHAIMN/ AUCTIPOTIOPIIMOHUPOBAHUS HITH TIEpeIadn
nen [3]. Emte Ba)XKHBIM yCIIOBHEM SBJISIETCS BBICOKAsi CKOPOCTh MHULIMMPOBAHUS, 3HAUUTEIBHO
MpeBBILIAIONIasl CKOPOCTh pocTa meneid. [Ipu ero obGecrieueHUH KOIMYECTBO KUHETHUECKUX
LEeNnel OCTAaeTCs MPUMEPHO IMOCTOSHHBIM Ha MPOTSDKEHMHM BCErO0 CHHTE3a, YCIOBUS pOCTa
UJCHTUYHBIMU M, KaK CJeICTBUE, 3(PPEKTUBHOE yCPEAHEHHE MAKpPOMOJEKYN IO JJIMHE, a B
cllydae CONOJIMMEPHU3alluU — U TI0 COCTaBY.

TepmuH «koHTpoIupyMas noauMepusanus» (BBeaeHHbl B 1987 K. Matyjaszewski u
A. Miiller) [4] monpa3ymeBaer J1ir0060# METO ] OCYIIECTBICHUS MOJTMMEPU3AIUH, TO3BOJISIOIIUI
MOJIy4yaTh TOJUMEPHl CTPOrO OINpPEAEICHHONW TOIMOJIOTUM (JIMHEHHbIE, 3BE31000pa3HbIE,
NeHIpUMEpbl W T.M.), KOHIEBOW (YHKUMOHANM3AIMKM, C 3aJaHHBIM paclpeaeieHHeM
MOHOMEPHBIX 3BEHBEB B IIETSIX (CTaTUCTHYECKHE, OJOUHBIE, MYJIbTH OJOYHBIC, TPAAUCHTHBIE U
c 6oJiee CII0KHOM CTPYKTYPOI) M ¢ BOBMOKHOCTBIO TOYHO OTIPENENATh MOJIEKYISIPHYIO MacCy
KOHEYHOT'O IPOAYKTAa COOTHOLIEHHUEM KOMIIOHEHTOB PEaKIMOHHOM CHUCTEMbI M, B KaKO-TO
Mepe, XapakTep U MIUPUHY MOJICKYJIIpHO-MaccoBoro pacnpeneneaus (MMP). Oto o3nauaer,
YTO KOHTpPOJHpYyeMasi MoJuMepH3alys He 00s3aTeNIbHO JKUBas, U PEAKO el ObIBaeT, T.K. B
LEMHbIX PAJAMKAJIbHBIX IPOLECCaX IOJHOCTBIO HCKIIOUUTh OOpPBIB IErell HEBO3MOXKHO.

HOBTOMy HWHOrJa 1o OTHOIICHHUIO K TCXHUKaM KOHT’pOHpreMOI;'I MMoJIMMEpHU3alli UCITIOJIB3YIOT
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TEPMHUH «IICEBAOXUBas» nonumepusanud. [loznueimeint pexomennanueit IUPAC saBnsercs
TEPMHH «paJMKaIbHAs MOJMMEpHU3aIs ¢ 00paTUMON JeakTuBamuein» [5].

CamMble MHTEPECHBIE U TMEPCIEKTHUBHBIE TEXHUKU KOHTPOJIUPYEMOW MOIMMEpPU3ALUHU
CBSI3aHBI C 0OPAaTUMBIM OOPHIBOM WJIH 0OpaTHUMOM Tiepenayei meneid. 9To 03Ha4aeT, 4To 4acTh
BPEMEHM DPACTYyLIM pajguKal HAaXOAWUTCA B aKTUBHOM COCTOSIHMM, a 4acTb — B COCTaBe
MIPOMEKYTOUHOTO TMPOJyKTa, 00pa30BaHHOTO B pe3yibTaTe Iepeiayd Ienu HiIu oOpbiBa Ha
CHeuaIbHO BBOJMMOM B CHUCTEMY COeIMHEHMHM X. B CBsI3M ¢ 3TMM HCHOJIB3YyeTCs TEPMHH
«CIIAIIEE» COCTOSTHUE MAaKpopaJuKaia B MPOTUBOBEC AKTUBHOMY, KOTJIa IMPOUCXOIUT POCT
LEMY aHAJIOTHMYHO KJIACCHYECKOW pajuKaibHOU mosmMepusanuu. Llens nmubo «cmuty, mudo
«0XHMBAET» M IMEPEXOJUT B aKTUBHOE cocTosHuE. COOTHOLIEHHE MEXIy BpEMEHAMU

HpeGHBaHI/IH B TOM U JPYI'OM COCTOAHUAX OIIPECACITIACTCIA KOHCTaHTOMU PaBHOBCCHA:
kd eact

SN s X == Sy D
Kact

Ecam ckopocTh 0OpbIBa leneli PEKOMOMHAIMEH WM IUCHIPONOPLUOHMPOBAHUEM
3HAYUTEJIBHO HIDKE CKOPOCTH OOPAaTUMOM JICaKTUBALUHU PATUKAIOB, TO KBaJIPATUUHBIH 0OpHIB
MPAKTUYECKU HE BIMSET Ha OOIIyI0 CXeMy DJIEMEHTapHBIX pPEaKIHil, W MOoIMMepu3alus
MIPOXOJUT B PEXKHUME KHUBBIX IIETICH, T.€. ABISETCS KOHTPOJIUPYEMOU HITU «IICEBI0KHUBOIN.

[Tonumep, mostydeHHBIN B YCIOBUSIX KOHTPOJIUPYEMOM MOJIUMEPHU3ALUU, UMEET B CBOEM
cocraBe (hparMeHT, MO3BOJISIOMINN eMy «OKUBATH TIOJ IEHCTBHEM TeX ke (PaKTOpOB, KOTOPHIE
MNPpUBOAWIIM K aKTHUBAllUH ueneﬁ BO BpCMA C€ro CHHTC3a, WU MOKCT YYaCTBOBATH B
MOJMMEPU3ALMU C HOBOHM MOpIMEH TOro X€ MOHOMepa uiu Apyroro. Bo BTopoMm ciydae
obpasyetcsi 6sok-conosmmmep [6]. [IpuHIMIBI WCTIOMB30BaHUS TE€X WM WHBIX TEPMHUHOB B

00J1aCTH «GKUBOI» U «TICEBIIOKUBOI MOTMMEpHU3aIiu 00001eHbI B padote [7].

1.2 MECTO KOHTPOJIMPYEMOM MOJIMMEPHU3AILIVMH B YCJIOBUAX
OBPATUMOM NEPEJAYM LEIN ITO MEXAHU3MY ITPUCOEJIUHEHW -
®PATMEHTAIIMN CPEJIU IPYTUX TEXHUK «KWUBOW» 1
KOHTPOJIMPYEMOM NOJIMMEPU3ALIUA

HepBHMI/I, KTO Ha6moz[an 66306pBIBHy'IO MMOJIMMCPU3ALIUIO 6YT8.I[I/ICH8. B IPpUCYTCTBUHU

Metamudeckoro Hatpusi Obutu K. Ziegler [8, 9] u A. A6kun u C. Menseznes (1936) [10].
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Opnako TOorzIa 3Ta OCOOEGHHOCTH HE ObLIa OTMEYEHa, W JHIIb yepe3 20 JeT MosBHIACH
nyonukaust M. Szwarc co 3HakoBbIM Ha3zBaHHeM « Living’ polymers» [2].

AHWOHHAas )KUBas oJUMepHu3anus, onmrucanHas M. Szwarc (1956), [1, 2] u mo3nHee, kKak
€€ pa3HOBUAHOCTb, NOJUMEpPU3ALMS C IEPEeHOCOM TIPYyNIbl aroMoB — group transfer
polymerization (GTP), Merox OTIMYHO MOAXOASIIUN JJIs aKpUIATOB, METAKPHUIATOB,
HUTPUJIOB, T.€. MOHOMEPOB, CKJIIOHHBIX K AHMOHHOW INOJMMEpHU3alNU, NpeiokeHHbIn O.
Webster (1983) [11-15], packpblid BO3MOXXHOCTH, KOTOpPBbIE€ OTKpBIBaeT 0€300pBIBHBIN
MexaHu3M nosmMepusanuu. GTP npucymn A0CTOMHCTBA, TUIMYHBIE ISl )KUBOW AHMOHHOMN
MOJIMMEPU3ALMU: MTPEKPACHBII KOHTPOJIb MAaKpOMOJIEKYJISPHOW apXUTEKTYphl IMOJIy4aeMbIX
MOJIMMEPOB, OYEHb HU3KHH KO3((GUIMEHT noiuaucnepcHocty (BioTh A0 1.03), kpome Toro
OTCYTCTBHE T'aJIOTEHOB U METAJIJIOB B BUJI€ IPUMECEH U HEMPUITHBIX 3a1aX0B, HO U HEJJOCTATKU
— OrpaHMYEHHE MO TUIy MOHOMEPOB, HEBO3MOXKHOCTH MOJUMEpPU3ALUA MOHOMEPOB,
COJIeprKaliX MOBUKHBIE IPOTOHBI, U, COOTBETCTBEHHO, B TAKUX )K€ CpellaX, a TAKKe BHICOKAs
CTOMMOCTbh MHULIUATOPOB.

XKuBas kaTMoHHas monuMmepu3anus, pazpadoranHas M. Miyamoto, M. Sawamoto u T.
Higashimura (1984) [16, 17], u nanee nonmy4uBIias pazButue B cepuu padot R. Faust u J.P.
Kennedy [18, 19], mpoaoimkuia UL «KUBBIX» MPOLIECCOB, HO YK€ JJISI CUCTEM C aKTUBHBIM
LHEHTpOM KapOKaTHOHOM. OcoObIM BHUAOM KOHTPOJUPYEMOW TMOJUMEpPU3ALNN SBISETCS
MeTaTe3ucHas MoJuMepu3alus ¢ packpeitueM ukiaa ROMP (1986) [20].

Ho Bce ’xe HMOHHasg mnonuMepu3alus HMEET TaKHE CEPbE3HbIE OrpaHUUYEHUS U
CIIOHOCTH B  MPAKTHUECKOW  peanu3alid, YTO OCHOBHBIM  CIIOCOOOM  CHHTE3a
BBICOKOMOJIEKYJISIPHBIX COEIMHEHWIl Oblla W OcCTaeTcsl paAuKalibHas MOJMMEpH3alysl.
WctunHblll peHeccaHc B ee pa3BuUTHe HacTad B 90-ble TOJbl MPOLUIOTO CTOJETHS, KOI/a B
o0MXOJl CHHTETHMKOB BOUUIM pa3MyHbIe CIIOCOOBI KOHTPOJHPYEMOW  paJuKalbHOM
NOJMMEpHU3alMy, NpPUOOpETIIME XapaKTepHble YEpThl <«OKMBOW» moiuMepusauuu. Ha
CETOAHSIIHUMN IEHb U3BECTHO HECKOJBKO PA3JIMUHBIX TEXHUK KOHTPOJIUPYEMOU paTuKaIbHON
nosuMmepuzauu [21, 22]. X MOXHO pa3fenuTh Ha TpU TPYHNbl [0 TUIY aKTHUBAILUH
MaKpoOpaIuKaia: MpoIecChl, OCHOBAaHHbIE HAa OOpPAaTUMOM HWHTMOMPOBAaHUM (MHU(eEpTepHas
noauMepuszanus [23, 24], nmonumepusanus B MPUCYTCTBUHM CTaOMJIBHBIX PaaAMKaiIoB [25] u
CIIMHOBBIX JIOByIIeK [26]), Ha oOparmmoMm miepeHoce artoMa (atom transfer radical
polymerization, ATRP) [27], u Ha BbIpOXACHHOW Tepenayu nenu (Ha aJKuiITaoTeHHIAX,
COCIMHEHUSIX MBIIbSIKA, TETypa, BUCMyTa U KobambTta [28, 29, 30, 31], o1HOSIEKTPOHHON

nepefayn nenu [32] v no MexaHu3My npucoenHeHus-(pparmMenTanuu — reversible addition-
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fragmentation chain transfer unmu RAFT).

Hacrosimas paboTa nocsiieHa IpUMEHEHUIO TEXHUKH KOHTPOJIUPYEMOH paJuKaibHON
nojauMepu3anuu B ycloBusX oOparumoi mnepemaun  uenu (OIIL[) mno MexaHusmy
IPUCOETUHEHUS (PparMEHTAlMK Ul CUHTE3a IOJIMMEPOB Ha OCHOBE N-BHHMIICYKLIMHUMUJA.
Ee Bb10Op He cityyaeH. OO0 orpaHMueHUsX MIOHHOW NOJIMMEpHU3aK yxe Obl1o ckazaHo. Cpeau
TEXHUK KOHTPOJUPYEMOW paJMKaIbHOW MOJMMEPHU3ALUU TAKXKE MPUXOAUTCS CTAIKUBATBHCS C
psanom npobieM. Hampumep, /Uis moauMepu3alMd B MPUCYTCTBUM CTAOMJIBHBIX paJUKalIoB
TpeOyeTcsl TUIaTeabHbI BBIOOP, OOBIYHO, HUTPOKCUIBHOIO paaukana. OHM OTIMYAIOTCA
CJIOHOCTBIO CUHTE3a, BBICOKOM CTOMMOCTBIO, OAXOASIT K y3KOMY KPyry MOHOMEPOB, 4acTO
uHrubupyror nonumepuszanuioo. g ocymectBienuss ATRP momumepusamuun tpeOyrorcs
KOMIUIEKCHI ME/IM, B KOTOPBIX JIMTAHbI JTOJDKHBI 00E€CIIEUUTh JIETKOCTh NIEPex0/1a MeIu MEKIY
CTENEHS MM OKHUCIJIEHUs, paCTBOPUMOCTb B Cpele, BbIOpaHHOHN A monuMepusauuu. Kpome
TOTO, YAQJICHHE MEIHU TOXKe MOKeT ObITh mpobiemoii. OINL momumepusanust OTaIu9YaeTcss OT
KJIACCUYECKOH TOJIBKO JOOaBIIEHHMEM CIENMAIbHOrO MepeAaTyruka Iend. UTo HemMaloBaXKHO,

BBIITYCK TaKHUX NCPCAATYUKOB YK€ HAYAT IMIPOMBIIIJICHHO.

1.3 OBIIASI CXEMA KOHTPOJIMPYEMOM PAJIUKAJIBHOHN
IMOJIMMEPHU3AIIMM B YCJIOBUSIX OBPATUMOM NEPEJIAYM IEITH I1O
MEXAHW3MY NPUCOEJUHEHUS-®PATMEHTAIIMA

[IpencraBnenuss o mexanusme U 3akoHoMepHocTsX OIIL] monumepusanuu SBISIOTCS
YCTOSIBIIUMUCS, XOTSI CaM METOJ] IOCTaTOYHO MoJIof0H. OH ObUI MPEeAsoKeH COTPYTHUKAMU
rOCYJapCTBEHHOTO OOBEIWHEHUs HAydyHBIX W mpukiaaaHbix —wucciaenoBanuii  CSIRO
(ABctpayust) B 1998 1. [33]. XoTa mpaBwiIbHEE OTHECTH 3apOXKIACHUE HJIEH OOpaTUMOM
nepefadn Ienu 4uepe3 mpucoenuHeHue-gpparmenranuio k 1988 r., xorma G.F. Meijs u E.

Rizzardo w3yunnu uctopudeckyto ans pazputus Ol monmumepuzanum cucteMy, B KOTOPOH K

0OBIYHBIM KOMITOHEHTAM OBLT TI00ABJICH O-O€H3MIOKCUCTUPOIT [34]:

CH,Ph CH,Ph
- /O/ O/
Po + HC=C_ > P—CH,—C

Ph N Ph

O
] .
P.— CH,—€&—Ph + PhCH,
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o CH,Ph o CH,Ph
. / ]
Phn + HxXC= C\ - > Pr— CHy— d
Ph “Ph
O

I _
P—CH>—€—Ph + PhCH:

PhCH, + nM —» Pa

rae Pne — pactymuii pagukan, M — MmoHOMED.

3neck yxxe BuiHa ocHoBHas ujes OINL monuMepusanuu: npucoenHEeHUe 0 KPaTHOM
CBSI3U ¢ 00pa30BaHHEM paJUKaIbHOTO MHTEPMEIHATa, KOTOPBIH MOXKET (parMEeHTHPOBATh B
CTOPOHY OTLICIUICHHUS JIETKO YXOASALIeH TIpymHmbl, CIOCOOHOM K pPEMHUIIMHPOBAHHIO
noJMMepHu3alvi. B gaHHOM ciydae N0 peanM3alMy «IICEBIOKMBOIO» pEXHMMa HE XBAaTUIIO
BO3MOKHOCTH BOCCTaHOBJICHHMsI KPAaTHOM CBSI3U, 10 KOTOPOH BO3MOYKHO IPHUCOEIUHEHUE
pacTyiero Makpopaaukaia, nocie hparMeHTauy paJuKalbHOTO HHTEpMEInaTa.

OcHOBHas1 Huzes HOBOW TEXHMKM KOHTPOJIMPYEMOM NOJUMEPH3ALMM 3aKIH0Yalach B
UCIOJIb30BAHUHU  CIIEHUAJIBHO BBOJUMBIX B PEAKIMOHHYI0 MacCy CEpOCOACPIKAIINX
coenuHeHuH oomieit popmynoii:

R
s 8
oo
I
Z

rae R sBnsercs nerko yxopsmieidl rpynmnoid, a Z Ha3bpIBaeTcsl CTaOWINM3HUpPYIOIIEH
TPYILION.

CymectByer 4 Kiacca TakuX COCIMHEHMH, Ha3bIBAEMBIX areHTaMu OOpaTUMOM
nepenauyn nenu wiu, kopoue, OINLl arenramu (RAFT agents B aHIIOS3bIYHON JIUTEpATYypE)

[35]:

S—R
R—S R—S S—R s=c~
\ \C_S / \
C=S S S=C{ —Ri
7 R'—S 0—Z R

TUTHOA(PUPBI TPUTHOKAPOOHATHI KCaHTaThbl JUTHOKapOaMaThl
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Mexanusm OIIL] nonuMepu3anuy Xopouo U3ydeH, U IPEACTABICHUS O HEM IIOUTH HE
BBI3BIBAIOT CIIOPOB, 32 HCKIIOYEHHEM OCOOCHHOCTEH TOBEIEHUSI KOHKPETHBIX CHCTEM,
MOOOYHBIX PEaKIMil U IPUYUHBI TAKUX SBJICHUH, KaK 3aMeJICHUE WU MIOJIHOE MHTMOMpOBaHHE
MOJIMMEPU3AIMN B HEKOTOPBIX ciydasx. OnpeaeeHHpIMA BEXaMH B Pa3BUTHUH STOTO METO/a
MOJIMMEPHU3AIMU SBUIICA BBIXOJ ABYX MoHoTpaduii B 2012 r oz pea. C. Barner-Kowollik [36]
u B 2021 r. mon pen. G. Moad u E. Rizzardo [37]. Csemenus o mexanusme OIIL]
MOJIMMEpU3aIii 0000IIEeHbl B CTABIIMX KJIaCCHYeCKUMHU o030pax [38 — 44] m o030pe Ha
pycckom si3pike [45]. Pomp OIIL] areHTOB 3aKimrodaercs B TOM, YTO HAa HUX MPOUCXOIUT
Je3akTuBauus uend. [Ipu 3Tom, B OTVIMUME OT KJIACCUYECKOW PAJAMKAIBbHOW MOJIMMEpU3alUU
BO3HHUKAIOT 2 PaBHOBECHS:

Hcxoanoe PaBHOBCCHC:

13 kad llz kfr l;)n
Pp* + S55..5 == _S.s.S X R P - @)
\z_) C Pn C k C
| kﬁ. | ad I
M Z Z M Z
OIIL] arent uaTepmenuat Mut-1 moauOIlL] arent
OCHOBHOE paBHOBECHSI:
P . o RIE
n. + S\\ /S —_— /S\',S = P e + S\\ ,S
W) i 0 " &
M Z Z Z

uHTepmenuar Mut-2

Pactymmii pagukan Pne, Haxoa4ch B COCTaBe pajAMKalbHBIX MHTepMenuaToB MHT-1 u
WHT-2, OKasplBacTcd B «CcIAOIEM» COCTOSHUM. [Ipu oOTINENmIeHMH OT paauKaabHBIX
MHTEPMEIUaTOB OH BO3BpalllaeTcsi B AaKTHMBHOE COCTOSIHHE, B KOTOPOM CIOCOOEH
IIPUCOECIMHATBLCS K MOJIEKYJIaM MOHOMEpA, T.€. Y4acTBOBaTh B pocTe uenu. IIpu BeICOKOU
BeposiTHOCTH nepenaun nenu Ha OIILl areHTt, 3HaYUTENBHO NMPEBOCXOJIAIIEH BEPOSTHOCTH
IIPUCOEIUHEHNS 0YEPEAHOIO MOHOMEDPA, B TAKOM CXEME HET MECTa PEAKLMAM KBAaJPAaTUYHOIO
oOpbIBa LIEMH, T.€. PEATU3YETCs OCHOBHOE YCIIOBUS KOHTPOJIUPYEMO MOIUMEPU3ALIUH.

Ilockonpky B nmaHHOM  pabore B kadectBe  OIILl  arenra  BbIOpaH
mbensmntputuokapoonar (bTK), B monekyne kotoporo Z u R rpynmbl OAMHAKOBBI U

MPEACTABISIIOT CO00M OCH3WIBHBIA pajMKail, HEOOXOAMMO OCTAHOBUTHCSA HAa OCOOCHHOCTSX
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MOJMMEPHU3AMd B TPUCYTCTBHM CHUMMETPUYHBIX TPUTHOKApOOHATOB, TJe 00€ TpYIIIbI
ABIISAIOTCS yXoAauMMH. [1oHas cxema BBITIISAUT CIeIYIOLUIM 00pa3oMm:
Cranus MHULMUPOBAHUS (HUYEM HE OTJIMYAIOMIAsCs OT KIACCHUYECKOM paJuKalbHON

MOJIUMEPU3AIIHN):

t
—] — 2 1 4)

I+ M o Py
Hcxonnoe paBHOBecHE:

I|{ Kadi I|{ k' II{
f’n + S\‘\\C/S R/S\C/S R + S\}C/S )
\_/ . k | Kadr' V | (gg
M |S frl |S M |S
R P, P,
POCT IENH PEHHHIINHPOBAHNE
Hnt-1 noauOITIT1

3/1ech MPOUCXOIUT OOpa30BaHHME TPUTHOKAPOOHATA, B KOTOPOM OJMH M3 UCXOIHBIX
panukanoB R 3amemnieH Ha monuMmepHbld pagukan. Ero mpunaro o6o3nauyars monuOITL[1.
Uto0Obl paBHOBECHE OBLJIO CABUHYTO MaKCHUMAaJbHO BIPaBO, R M0KeH OBITH JIETKO yXOJSIIeH
rpynmnoii, kak B ciydae BTK (OeH3unabHBIN pamukain). ITo TpeOOBaHHWE HAXOIUTCSA B
MPOTHBOPEUYUH C IPYTUM: 3TOT PAIHMKaJ JOJDKEH OBITh JOCTATOYHO AKTUBHBIM, YTOOBI UMEThH
BO3MOKHOCTh PEMHHLIMUPOBATH MosiuMepu3aiuio. [losTomy 31ech mpaBUIIBHBIM BBIOOPOM
Bceraa Oynetr komnpomucce. CIHIIKOM BBICOKas YCTONYMBOCTh PaJUKaIbHOTO MHTEpMEIraTa
WuT-1 3amenisieT peakuuio U yBeIMYUBACT BEPOSTHOCTh MPOTEKAHUSI MOOOYHBIX peaKlUid, B
TOM YHCJIe 0OpbIBa IIETIH.

OcHOBHOE paBHOBECHE HECKOJBKO CIIOKHee, 4yeM B o0mei cxeme. CHauana
MPOMCXOIUT 00pa3oBaHME OU3aMelIeHHOro TpuTHokapOoHata noiauOIIL[2, B kotopom o6a
3aMECTUTEIS SIBJISIFOTCS TOJIMMEPHBIMHU:

R P

| Kaqa2 1 ki "
* S S —_— S-S R S
P + X O A + A
S N C
M ? Ko ? ad2 M ?
P, P, peuHuLMUpoBaHne P
poCT Henu

momuOITLL1 HHT-2 noauOI112
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3nech NENUCTBYIOT Te ke npuHIuMIbl. Ecau R — ropasgo serde yxonsmas rpymmna, 4yeM
MOJIMMEPHBIN pajiuKaj, TO JAOCTATOYHO OBICTPO MPOMCXOJUT €ro OTIICIJIEHUE, BO3HUKAIOT
HOBBIE KUHETUYECKHE 1IEeTIH, U 00pa3yeTcsi KOHEYHBINA MPOAYKT nosmmepu3aruu noanOTIL2.

[IpoomxeHreM OCHOBHOTO paBHOBECHS SIBJISIETCS] OCTOSTHHBINA OOMEH MOJIMMEPHBIMU

panuKaniaMu MEeXIy IEHTPaMHU pOCTa IeTr — TPUTHOKapOoHaTHEIMU (parmenTamu CS3:

l: m kad3 II) m kﬁ 5 - II) n(m)
pk' 4 S§C/S _-‘_h. Pk/S\(.j/S —‘-—_-_ \Plyll) + S\\_C/S
*_/ I | ' I (7
kg Kqa3
S [r3 S ad: S
M | i M :
POCT LIeTH P, Py pOCT LENH Py
Hnur-3

[TockonbKy pocT 1emneil ocymiecTBisS€TCs B CTPOro YHU(PHUIMPOBAHHBIX YCIOBUSIX,
IIPOMCXOJUT YpaBHHBAHHME MakKpomojekya no MM, a B ciyyae conoiaMMepu3aluu, U IO
coctaBy. [locnenHee paBHOBecHEe MOKET HE PeaIM30BBIBATHCS, €CIU MO KaKUM-TO IPUYHMHAM
npucoenuuenne K cBs3n C=S nomuOIIl[2 HeBO3MOXHO, Hampumep, H3-3a CTEPUUECKUX
3aTpyaHeHui. Tak MpoOUCXOAUT MpU MOJIUMEpPU3AIMU MeTUIMeTakpuiaaTa B mpucyrcTBun bTK
[46].

Mepoit 3¢pdexruBHOCcTH OIILl arenra siBisieTcss KOHCTaHTa nepenadn enu Cn, 10
ONpECICHUI0 paBHAs OTHOLIEHUI0 KOHCTAHT CKOPOCTEH Iepenaud LEnu U pocTa IEMNH,

KOTOPYIO MOKHO OLIEHHUTH 110 ypaBHEHHUIO [45]:

k  d(In[OIIII])
G =7r= : (8)
k d(In[M])

p

rae kn ¥ kp— KOHCTAHTBI CKOPOCTEH peakuuii mepeaadn U pocTa el COOTBETCTBEHHO,
B UYHCJIHUTENIC W B 3HAMEHartele mpupamieHus jorapudmoB kouueHntparuit OIIL] arenra u
MOHOMEpA Ha Ha4YaJbHBIX CTAOUSAX PEaKIMU, KOrja nepenaded nenu Ha noiaumepHbiid OITL]
areHT MOXHO MpeHeOpedb. IT0 0OBIYHO COOTBETCTBYET OU€Hb HU3KUM KOHBEPCHUSIM MOHOMEDA,
1o 0.1 %. lns onpenenenust BenuuuHbl Cn UCIOJIB3YIOT YPaBHEHUE!

¢ n(-qomm)

In(1-q) ’ )
rzae qormi ¥ q — crenenu npespanienus OIlL[-arenTa 1 MOHOMEPA COOTBETCTBEHHO.
VYuuteiBas, 4TO pOCT I€Ned MIAET B OCHOBHOM Ha CEpOCOJEpKallUX LieHTpax, MM

moJmmMepa MOKET OBITh BBIYHCJICHA TCOPCTUUCCKU. Ecmm KOHLCHTpalusA HMHUIHUATOPA Ha
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nopsAoK min 6osee mensble, yem OINL] arenra, unm B yca0BusIX MEYICHHOTO HMHULIMUPOBAHUS,

3TO MOKHO C/I€NIaTh MO ypaBHEHUIO [45]:

_ ﬂ[M]L
Mn _Monu Ml MM , (10)

[on],

rae Momu Mm — monekynsipasie macesl OlIlL[-arenTa u monomepa, [OIILJoun [M]o—
WX MOJIIpHBIE KOHIICHTPAIIMH, COOTBETCTBEHHO,  — KOHBEPCHsI MOHOMEpA.

[IpucTynass K H3y4EeHUIO KaXIOHW HOBOM IOJIMMEPHU3ALUOHHOM CHCTEMBI, HEIb3s
3a0bIBaTh O TMOOOYHBIX PEAKIUSAX, KOTOPBIE MOTYT YCJIOXHATh WJIH JCNaTh HEBO3MOXKHOU
peanuzauuto onucannoi cxembl OINL nmonumepuszanuu [47-49].

W3 nmpuBenenubix peakuuii (4)—(8) BUIHO, YTO MOJyYEHHBIE MOJMMEPHI COAEPXKAT B
CBOMX LIETISAX Ty ke rpynmy, uto u ucxoaueix OINL] arent. U3 ocHoBHOTO paBHOBecHs (3) TaKkxke
BHUJIHO, 4TO OHH (pakTmuecku BeIMONHSIOT (yHKuio OIIL] arenra, TOIbKO HE OCIOKHEHHYIO
(dbparmeHTanei B CTOPOHY OTIICTUICHUS paJuKaia R ¥ peMHUIIMUPOBAHUEM MTOJTMMEPU3AITIH.
[TosTomy, Oyayuu BeIIEIEHHBIMHU, OHA MOTYT Urpath poJib OIIL areHTa ¢ HOBO# MOpIKEH TOTO
K€ WIM IPyroro MOHOMEpa M HOBOW Mopuuei mHuuuaropa. Eciam mpu 3TOM HUCTOIb3yeTcs
JIpyroii MOHOMEp, TO Ha BTOPOW CTaJUU MOKET OBITH IMOJIy4eH JUOJIOK-COMOJIMMEp WITH, B
cilydae CUMMETPUYHBIX TPUTHOKAPOOHATOB, TPUOIOK-COTIOJIMMED.

OcHoBbiBasgch Ha Jsoruke cxembl OIILl monmmepusanuu, nepBbIM JOJDKEH OBITH
CHUHTE3MPOBAH MOJIUMED ¢ O0JIee JIETKO YXOASIICH TPYIIOn, MOCKOIbKY, B TPOTUBHOM CITy4ae,
npu  QparMeHTaluyd pPaJUKaIbHBIX HWHTEPMEIMATOB B AaKTHBHOM COCTOSIHUU OYyOyT
MPEUMYIIIECTBEHHO OTPBHIBAThCS MaKpOpPaIUKaibl, 00pa3OBaHHbIE M3 3BEHBEB BTOPOTO
MOHOMEpa, U OCHOBHBIM HaIpaBlIEHUEM PEaKIMH OKaXeTCS TOMOIOJIMMEPHU3alus BTOPOTO

MOHOMeEpa:

0I0K-COTIOMM epus3alma

(1\;12);1 " S‘l‘c/S_(Ml)m —_— (MZ)H_S‘“(E/S_(M])I“ — (MZ)H_S\C/’S |\ Min

|
| TOMOITOJIMM €pHU3aliia |
7 pH3an 7 Z
M,

+M,

’ Ecnu 3apanee yCTaHOBUTH OYEPEAHOCTh MPOBEAEHUS MTOJIUMEPU3ALUMU C MOHOMEPaMU

Mi u M2 3aTpyIHHUTENIBHO, €€ ONPEICIAIOT 3KCIEPUMEHTAIBHO: NOJIYYEHUE UPOKOrO WU

nonuMoaaibHoro MMP  cBuaeTenbcTBYET O HENpPaBHILHOM BBIOOpE TOpsIKAa BBEICHUS
MOHOMEPOB B PEAKIIHIO.

[Ipyaumas BO BHMMaHUE€ TakoW MexaHu3M, NHoHATHO, uto OIILl nmomumepusanus

00Ja1aeT BCEMU MPEUMYIIIECTBAMHU, MPUCYIIMMH KOHTPOJIUpyeMoi nonumepu3aruu [50, 51]:
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» CuHTe3 y3KOAHCIEePCHBIX JHHEHHBIX TIOJIMMEPOB
» ITlonydeHue mosMMepoB, CHHTE3 KOTOPHIX B TPAJAUIOHHOM MPOLIECCE OCIO0KHEH
peakuMsiMM Mepeaayvy ey U CIIMBKOM
» Coznanne "MATKHX" YCIOBHM CHHTE3a MOJMMEPOB, /Ul KOTOPBIX XapaKTEpeH relib-
3¢ dexT 1 MpodJIeMbl ¢ TEMI00TBEICHUEM
» CHHTE3 CJIO0KHBIX apPXUTEKTYP JIMHEWHBIX TIOJIUMEPOB: epaduenmmuvle, OJ0K,
MYIbmubnoK, yHKyuonanuzuposanusie (puc.l)
» CuHTE3 Y3KOAWCIEPCHBIX, KOMMO3MIMOHHO OJHOPOAHBIX CONOJMMEPOB U3
MOHOMEPOB, CUJIBHO PA3JIMYAIOIIUXCS 10 CBOEH aKTUBHOCTH
Kpowme Toro, B oTiimuue oT Apyrux TEXHUK KOHTPOJIUPYEMON MOJUMEPU3ALINN:
» BO3MOXXHOCTh MOJMMEpPHU3AINY MPAKTHYECKH BCeX H3BECTHBIX MOHOMEPOB
» TpOCTOTAa TEXHUYECKOW peaju3allMi, HE OTJIMYAOUICHCS OT KIACCHYECKOU
MIOJIMMEPU3ALIH
» TOJIEPAHTHOCTD K Pa3HBIM cpeniaM U (GYHKITMOHATBHBIM TPYIIITaM
Crartuctuueckass MUKpPOCTpYKTypa ooOpasyercs, ecnu B OIIL nomumepuzanuun
y4acTBYIOT MOHOMEpPbl HPUMEPHO OJMHAKOBOM akTuBHOCTH. Ilpm mnonumepuzaiyu
Pa3sHOAKTUBHBIX 00pa3yeTcss TIpaJMeHTHas MHUKpPOCTPYKTypa, T.K. B Hauajle B LeNu
BCTPaMBAIOTCSl B OCHOBHOM 3BEHbsI 00Jiee akTUBHOTO MOHOMepa. [1o Mepe ero ncuepnanus Bce
¢ 0oJIbLIEH CKOPOCTHIO K paJiuKally IPUCOEAUHSIOTCSI MOHOMEPHI MEHEe aKTUBHOTO MOHOMeEpa.
T.k. monuMepusanus UAET B PEXKUME OKMBBIX» I€TIel, 3Ta KOHBEPCUOHHAs! KOMIIO3UIIMOHHAs
HEOJHOPOAHOCTh OKa3bIBAECTCS 3aKJIIOUEHA B IPEJENax KaXI0H OTAEIBHON MaKpOMOJIEKYIIbI,
TOT/Ia KaK MEXIy co00il OHM pa3inyaroTcs HE3HAYUTENbHO. BMecTo Habopa MakpOMOJIEKyI
Pa3HOro COCTaBa IOJIy4aeTCs KOMIIO3MIIMOHHO OJAHOPOJHBIN I'PAaJWEHTHBIN cononuMmep. [Ipu
NOJIMMEPHU3alMi B TMPHUCYTCTBUM CHMMETPUYHBIX TPUTHOKApOOHATOB, €CIM POCT Lemnen
npoucxXoauT 1o o0e ctopoHsl oT CS3-hparmenta, oOpazyercs OUrpajiueHTHasE CTPYKTYpa, I71e
KOHIIBI MAaKPOMOJIEKYJI COIEPKAT MPEHMYIIECTBEHHO 3BEHBs 00Jiee aKTUBHOI'O MOHOMEPA, a UX
KOHLEHTpauusi K LEHTpY yBenunuyuBaercs. JIMOIOK-cONOIUMEpPHl MOJIYy4aroTCs, €clu
IpeBapUTENbHO CUHTE3MpoBaHHbIM B npucyrcteun OIILl arenta monuMep MCMoJb30BaTh B
kauectBe nonumepHoro OIILl areHTta Ui mosmMMepu3aluu BTOPOro MOHoMmepa. B ciyuae
CUMMETPHUYHBIX TPUTHOKApOOHATOB HAa BTOPOH CTAJAUU MOTYT OBITh MOJYYEHBI CPa3y TPUOIIOK-
cononumMepsl. Ilponomkas cUHTE3 € HOBBIMM MOPLUUSMHU MOHOMEPOB MOXHO IOJy4aTb

MYJIbTHOIOK-COMOJIUMEPBI.
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JIUHElIHble comonoaumepbsl

cmamucmuvdecKue cConoaumepsl

OuUbOI0K-cononumepul

000000004 gev@00e8 000 T O0

MpubIOK-CONnOIUMEPbI

Pucynox 1 — Buasl apXuTeKTypbl JHHEHHBIX MOJHMMEPOB, KOTOPHIE MOTYT OBITh

noxydersl Ol momumepu3sanuei.

Kak yxe oTmeuanoce BbIlIE, NMPH MOJUMEPU3ANUN B MPUCYTCTBHH CHMMETPUYHBIX
TPUTHOKAPOOHATOB MOKET HE MPOUCXOAUTH 00pPa30BaHUS TU3aAMEIICHHOTO TPUTHOKApOOHATa.
JIubo poct uemneit mo ode ctoponsl 0T CS3-pparMeHTa MOXKET UATH C Pa3HOH CKOPOCTHIO,
BBI3BaHHOH 3aBUCHMOCTBIO BEPOSITHOCTH (hparMeHTAIlH PaJAUKaIbHBIX HHTEPMEIUATOB B TOM
WIA WHOM HampaBJICHWH OT JUTMHBI MOJUMEPHBIX 3aMmecTuresneid. Torma moJoxeHne
TPUTHOKAPOOHATHOM TPYIITBI MOXET OBITh MO LEHTPY MaKpOMOJIEKYJ, Ha OJJHOM W3 KOHIIOB
WM OnmKe K OJHOMY W3 KOHIOB. Takue MHUKPOCTPYKTYpPHI HAa3bIBAIOT CHMMETPHYHOM,

KOHIIEBOM U acCHMMETpUYHOM [46, 52 — 58].
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CUMMETpUYHAs CTPYKTYypa

aCUMMETpUYHasl CTPYKTYpa

) @
‘:M
-
@

KOHIIeBas (TEpMUHAIBHAS ) CTPYKTYypa
@

S ‘e
H-._‘_‘.

o - MoHOMep My
o - MOHOMEP M»
® - yxomamas rpynna R arenra OIIL] (R-S-C(S)-S-R)
&, - TpuTHOKapOoHaTHBIH (parmenT CS4

“+x» - OJIMT'OMEPHBII pajiuKa

Pucynox 2 — Bo3MOXHOE TMOJOKEHHE TPUTHOKApOOHATHOTO (PparMeHTa mpu

MOJIMMEPU3AIMH B IPUCYTCTBUH CUMMETPUYHBIX TPUTHOKApOOHATOB.

Onpenenute nonoxxenue CS3-rpynmsl MOKHO, MpoaHaiusupoBas MMP nomumepa u
MIPOJYKTOB, MOJTYYAIOIIUXCS MOCHEe YAAJEeHUs] TPUTHOKapOOHaTHOTO (hparMeHTa u3 nenu [59—
61]. beuta paspaboTaHa MeETOJMKA TMPOBEICHUS TaKOTO HKCIIEPUMEHTa, OCHOBAHHAs Ha
HAKOIUICHHOM 53KCIIEpUMEHTAIbHOM OIIBITE M0 YAAJEHUI0 THOKAPOOHWITHO TPYNIbI IMPU
peakuuu c OOJIbIIMM M30BITKOM paJUKaIOM, HMCTOYHHKOM KOTOPBIX OOBIYHO SBIISETCS
OOBIYHBIN MHUIIMATOP Toaumepu3anuu [62, 63]. HaBecka mommumepa HarpeBaercs npu 80°C B
teyeHue 24 yacoB co 100 kpaTHBIM M30BITKOM IO OTHOIICHHIO K THOKAPOOHWITHO IPYIIIIaM.
IIpu 3TOM NPOTEKAIOT ClIEAYIOIIME peaKkMy (Ha IpUMepe CUMMETPUYHOrO0 TPUTHOKAapOOHaTa,

TaK KaKk IMEHHO OH MCIIOJIb30BaH B IaHHOW paboTe):
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80°C CHs
JAK ——> 2 H3C—{- + N, (1D
CN
CH3
®7CH2—(M)TS—”%S—(M)&1—CH24© n H3C4{- Pa——
S CN
. CHa—~(M),-S—C—S— (M),-CH; 1
B | (12)
S

HsC

CN H;C

— — e H,C §—C—S— CH;
Oromrrgrfin oo
Q (M)m—CH;,@ QCHE—EM)H

CH;
CH;
+ HsC .
. chg{- l Al l (13)

N
CN OO0JIBIIION N30BITOK
OOJIBIIION U30BITOK

H.C Hs;C
3

H;C M)CH
ch%(M)wcm@ ﬁ; (M- 2@

NC

O6p8.30BaBIJ_II/II\/’ICSI IocCJic YAQJICHUA epBoOro MOJIMMCPHOT'O 3aMCCTUTCIIA

HpOMe)KYTOIIHBII\/’I MMPOAYKT Yy4aCTBYCT HaJjic€ BO B3aUMOJICHCTBUSIX C paavKaliaMu:
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CN CH;
CHa—(M)r-S—C— SAQCHz + Hsc—{- a——
) CN
— > CHZ—(M)n—S—C— S%CH3 -
- (14)
CH;3
HsC
CH3
CHj3

HiC
= (M) CH2© ¥ Hgﬁ — H3C?7(M)WCH24©
N N

OOJIBIIION M30BITOK

[Tockonbky n30bITOK MHUIIMATOPA (JIAK, Hanpumep) OOJIBINION, TPOTEKAET MOOOYHAS

peaKIys:
CH3 CH3 CH3CHs
H3C—{' + -}—CHs —» HC CH3 (15)
CN CN CN CN

Torpa, ecnu nonoxenue CS3-rpymnibl KOHIIEBOE, TO XpoMaTorpaMmma rnojumepa mnocie
B3aUMOJICHCTBUS € U30BITKOM paJWKaIOB HE M3MEHHUTCS (MOSBUTCS CHUTHal OT
HU3KOMOJICKYJISIPHBIX MPOAYKTOB peKOMOMHAIMK pajaukanoB) (puc. 3,0). Ecim CSs-dpparmenT
HaxoJUTCA 10 cepeanne, T0 MM nposykra Oynet B 2 pa3a HIKe HCX0aHOH (puc. 3,a). B cimydae
ACHMMETPUYHOTO PACIoNioskeHus: (hparmeHTa MM CTaHOBHUTCS HECKOJILKO HIKE, M TIOSIBIISICTCS
CUTHAJ OJIMTOMEPHBIX MPOIYKTOB peKOMOMHANINHU (pUC. 3, B).

Bbi10op arenTa o0OpaTuMoii nepeaayu uenu

VuuepcansHoro OIIL| arenTa, k coxaneHuto, He cymectByer. [lo oTHomeHuto k
pasHbiM MoHoMepaMm paznuunbie OIIL[ arentsl BenyT cebs mo-pasHomy. OnHako, Bce
MOHOMEPHI MOXKHO pa3OuTh Ha JBe OoJbIne TPymImbl [35, 64], IO OTHOIIEHHUIO K KOTOPBIM OJHHU
u te xe OIILl areHTsl OyAyT NpOSBIATH Ce0s CXOXKHM 00pa3oM: aKTUBHBIE MOHOMEPHI
(0003HaUAIOTCS B aHTJIOSI3BIYHOM UTEepaType kak MAMs — more activated monomers), 1 Majno
aKTUBHBIE MOHOMEPHI (0003HAYAIOTCS B aHTJIOSI3BIYHOM uTepaType kak LAMs — less activated

monomers). K akTUBHBIM MOHOMEpaM OTHOCATCSL T€, B KOTOPBIX JBOIHASI CBSI3b BUHUJIBHOM
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IPYNIIbIl CONPSPKEHAa € apOMaTUYECKMM IUKIOM (CTHpOJ), APYroil BHUHWIBHOW TpyNIOn
(muensl), KapOOHUIIBHOM IPyMNION (aKpUIOBas U METAKPUIIOBAst KUCIOTHI M UX 3(DUPbI, aMUJIbI,
HUTpUiIbl). K Mano akTUBHBIM MOHOMEpaM OTHOCSTCA T€, B KOTOpPBIX [JBOWHas CBS3b
BUHUJIBHOW TPYNNbI CBsi3aHa C OJHUM M Ooisiee 3ieKTpooTpuuareabHbiM atoMoMm (O, N,
raJloreHsl) (BUHWIALETaT, N-BUHIIbHBIE MOHOMEPHI, BUHWIXJIOPH/I, BUHWINJIECHXIOPUA) WIN

HACBIIICHHBIM aTOMOM YIJICpOJa (aJ'IJ'II/IJIBHBIe MOHOMCpBI).

(®)

L - S oo oo —

10 10° 10*

Pucynok 3 — XpomarorpamMmsl MOJIMMEPOB €  Pa3HbIM  IOJIOXKEHHUEM
TPUTHOKAPOOHATHOMW TpymnIiel B 1ien# 10 (/) u nocie (2) 06paboTKi M30BITKOM paIuKaIbHOTO
MHUIMATOpa: TPUTHOKapOOHAaTHas TIpylna B IeHTpe uenu (a), Ha KoHue uenu (6) u

ACUMMETPHUYHO IIEHTPY 1ienu (B) [45].

Hekotopbsie MoHOMEpHI, HampuMep, N-BUHMIIKapOa30i1, MHOIA YCIOBHO OTHOCST K
IpyIIe MOHOMEPOB CpEAHEN aKTUBHOCTH.

[IpaBunbHbIil Be10Op OIIL] arenTa cBsi3aH ¢ 04E€Hb CIIOKHON U TOHKOM MOJCTPOUKON
000MX paBHOBECHH — HAYaJIHHOTO (2) M OCHOBHOTO (3).

Ha nauanvnom paenoeecuu:
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1. Ilepenaua nenu Ha arent OIIL] nomkHa IporucxoaAuTh ObICTpee, yeM pocT 1enu. Eciu
pPOCT LIeNU 3HAYUTENBHO ObICTpee Mepeaud LEMu, TO MOJIMMEpHU3aIUs BBIPOKIACTCS B €€
KJIACCUYECKUI BapUaHT.

2. OOpa3zoBaBuIuiics paJuKalbHbIi HMHTEpMEAUAT JIOJDKEH IMPEUMYILECTBEHHO
(dbparMeHTHpOBaTh B CTOPOHY OTIIeIuIeHus panukana R. T.e. R momken ObITh Oosiee yerko
yXOJdIEeH TpyNIon, 4eM NOJUMEPHBIN paaukan. AKTUBAllMOHHBIN Oaphep (parMeHTalnuu B
CTOpPOHY MOJMMEPHOI0 paguKaia J0JKEH ObITh KaK MOKHO BBIILIE, @ B CTOPOHY paaukana R —
HUKE.

3. CxopocTh npHCOeIMHEHNs paguKkaia R Kk MOHOMepy oykHa OBITH FOpa3/io BhILIE,
yem Kk areHTy OIIL[ (oOpaTHblif X04 mpolecca) W BBIIE, YeM CKOPOCTh pocTa uenu. Eciu
CKOpPOCTh IpUCOETMHEHUS R K MOHOMEpy (CKOpPOCTh MHHUIMHPOBAHWsS) OyneT HH3Kas, 3TO
MOXKET MPUBECTU K BO3SHMKHOBEHHIO MHAYKIMOHHOIO MEpUOJa, B TE€YEHHE KOTOPOro Oynaer
IIPOMCXOIUTH MocTeneHHas Tpancdopmarus HaganbHoro OIILl areHTa B monuMepHBIi.

Ha ocHoBHOM paBHOBecHH:

1. B wupeambHOM ciydae MeEXAYy COCEIHMMM aKTaMHM IIepeAadd Lenu JOJDKHO
IIPOUCXOJUTH TPUCOETUHEHUE TOJIBKO OJHOTO MOHOMEpPA. OJTO IOJPa3yMEBAET BBICOKOE
3Ha4YeHue KOHCTaHThI nepenaun uenu (100 u BbIme), T.K. KOHIEHTpAIMs LIEHTPOB Mepeaayunt
LEeNH ropa3fo HUWXKE, YeM MOHOMEpPAa, U YTOObI BEPOSTHOCTH Neperadyu Obljla CpaBHUMA WIIH
BBIIIE BEPOSATHOCTH NPUCOEAWHEHUS K OYEepeAHOW MOJIEKyJle MOHOMEpPA, COOTHOIIEHHE
KOHCTaHT CKOPOCTEH 3TUX peaKUUi JOKHO ObITh BHICOKUM.

2. PagukanpHbplii MHTEpMEIUAT HE JOJDKEH ObITh CIMIIKOM CTaOWIBHBIM M 00JIafaTh
JOJIT'MM BPEMEHEM KU3HH, T.K. 3TO IPUBOJUT K 3aMEJICHUIO IOJMMEPHU3ALUIO U, YTO XYXKE, K
YBEJIMYEHUIO pUCKA MOOOYHBIX peakiuil, B TOM uucie oOppiBa LENeld C YydacTueM
UHTEPMEINATOB.

Otcrona cnenyroT HEKOTOphIe MpaBuia npaBuibHoOro Beidopa OIIL] arenra. Z-rpynna.
Hampumep, s MeTakpwiIaToB M METAKPWIAMHIOB C PaJMKalaMd HHU3KOM PEaKIMOHHON
CIOCOOHOCTH JiydmuM BbIOOpoM OyayT aktuBHble OIIL[ areHTsl — apoMaruyeckue
TUTHOXGHUPEl W auTHoOeH3oathl (puc. 4). Ho monumepwsanus B HMX TNPUCYTCTBUHU
MOHO3aMEIIEHHbIX aKTUBHBIX MOHOMEPOB YacTO COMPOBOXKAAETCS MOOOYHBIMU PEAKLUUSIMHU U
CHJIBHBIM 3aMeieHneM. TputnokapOoHaThl OOBIYHO JMIIEHbI HEJOCTATKOB TUTHOOEH30aTOB
1 niposiBIIH ce0st kKak dpdexTrBHbIe OIIL] areHTs M0 OTHOMIEHUIO K aKTUBHBIM MOHOMEpaM U
MOHOMEpaM CpeJHel aKTUBHOCTH. JluTnokapOamMaTrel U KCAaHTaThl OOBIYHO peIarT IpodiaeMy

KOHTPOJIA MPU MMOJIUMEPU3AIUU MaAJI0O AKTMBHBIX MOHOMCPOB, HO XOpOIIO pa60Ta10T " 1Ipu
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MOJIMMEPHU3AIMA MHOTUX 0oJiee aKTUBHBIX MOHOMEpOB. OcoObI KiIacc MPeICTaBIsIOT cOO0H
nepexiouaemplie OIIL] areHTsl, KOTOpBIE UMEIOT OCHOBHYIO U TPOTOHUPOBAHHYIO (DOPMBI, U B
3aBUCUMOCTH OT TOTO, B KOTOpPOH HaxoAsaTcs, 3P(GEKTUBHBI JUOO MO OTHOIICHUIO K OJHOU
rpyIie MOHOMEpPOB, MO0 10 OTHOILEHHIO K JIpyroi [65—69].

Bbi6op R rpynnbl. 31echk TpeOoBaHMs TOCTaTOYHO MPOTUBOPEUYMBEI: YeM CTaOHMIIbHEE
panukan R, TeM OH jerde oTLIEIUIAETCS, HO MeJUIEHHEee MPUCOEAUHSAETCS K MOHOMEpY. DTO
mposBisieTcs, kKorma R mpencraBiser coOoit OCH3WIBHYIO WM 3aMENICHHYI0 OCH3WIBHYIO
IpyImily, a MOJUMEPHU3YIOLIUICS MOHOMEP OTHOCHUTCS K KJIacCy MaJjlo WJIM CPEJHE aKTUBHBIX
(puc. 5). MHOTOUNCIICHHBIN OTBIT, HaKOIICHHBIH B BbiOope OIIL] arenToB, 00001IeH B BUie

cxeM (puc. 4 u 5) [51].

O
— /Me /N ~ \\ /Me /Me
Ph>>SMe>‘\<j> N ~ Me ~ N\j >> N >0Ph >OEt ~ N ~ N >N(Et)
= —
B S
NH NZ
o)
<« MMA,TTIMAM ————— oot >
<« Cr,MA,AAAH——— >
<« BK >
5 S -  BAB—m . >

Pucynox 4 — PexkoMeHmanuu 1o BBIOOPY CTPOCHHS CTAOWJIM3UPYIOMICH Tpymmbl Z.
Cxkopocts nepenaun nenu Ha OIIL] areHT 1 KOHCTaHTa MepeJaul yMEHbIIAETCS CJIE€BA HAIIPaBo.
CkopocTh (pparMeHTallMd paJuKaIbHOTO HHTEpPMEIHaTa YBEIHMUMBACTCA CJIEBAa HAIpaBo.
[Tynktupom 0003HaueHBI 00aCTH, TJIe KOHTPOJIb UMEET OTPAaHUYCHHUS (3aMEJICHHE PEaKIIHH,
mupokoe MMP), HO Bce Taku Bo3MOkeH. KpacHbIM 1BeTOM 00O3HAuU€HBI AKTHBHBIC
MOHOMEpBI, CHHHM — Majo aKTHUBHBIE, YEPHBIM — CO CpeaHell akTUBHOCThIO. MMA —
MetunmMmerakpuiar, ['TIMAM — rugpokcunponunmerakpunamua, Cr — cruposn, MA —

Metunakpuiar, AA — akpunamu, AH — akpuionurpuin [51].
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CH3 CH3s H CH;3 CH3 CHs CH3 H CH;3 H H
CN ~ Ph > Ph > l—COOEt >> l—CH2+CH3 ~ PCN ~ FPh > FCH3~ FCN ~ }—Ph
H; Hs N Hs Hs CHs H CH3 CH3 H H
<«—— MMA, TTIMAM ——------ >
< Cr, MA, AA, AH >
€ ——— . BA, BII, BK  ---- e _— - >

Pucynok 5 — Pekomennanmu mno BeIOOpY cTpoeHHs yxozsuieid rpynmnsl R. Ckopocts
(¢parMeHTalMu pagUKaJbHOIO HMHTEpMEIMaTa yMEHbLIaeTcsi cieBa HampaBo. [lyHkTHpowm
0003HaYeHbI 00JaCTH, T/I€ KOHTPOJb UMEET OTrpaHUYCHHS (3aMEJICHHE PEaKIUH, ITUPOKOe
MMP), Ho Bce-Taku Bo3MOkeH. KpacHbIM 1IBETOM 0003HaY€Hb! aKTUBHBIE MOHOMEPBI, CHHUM
— MaJIO aKTUBHBIE, YEPHBIM — CO CpeHEN akTUBHOCThI0. MMA — MeTtunmerakpuiar, ' TIMAM
— ruapokcunponuiMerakpwiaMug, Ct — ctupon, MA — metunakpunat, AA — akpuinamug, AH

— akpwyioHuTpua [S1].

[IpencrasnsieT 0OMBIION MHTEPEC MOMBITKA MPEITIOKUTh YHUBEPCATBHBIN MEpeIaTINK
JUId TOMUMEpPU3allud MaJlo aKTUBHBIX MOHOMEPOB, MPEICTABISIOMIUNA CcOOON KcaHTar,
obpa3yromuiics in situ ipu B3aumoaeicteun JJAK ¢ nzonponmnkcantun qucynbdumom (UI11T)

[70]:

A\ non LN os 3\ S\_04< (16)
P )l

S—S

Ha stoii cucteme IMOJIYy4YCHBI 06H3I[6)KI/IB3IOH_II/Ie JaHHBIC JIs1 TAKUX MaJI0 aKTHUBHBIX

MOHOMEpOB, Kak BUHMUJIaLeTaT, N-BuHmikap6azoun u BII.
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1.4 IOJIUMEPU3AIIMSA B YCJOBUSX OBPATUMOM IEPEJJAYH IIENHA 1O
MEXAHU3MY IPUCOEJUHEHUA-PPAI'MEHTAIIUA
N-BUHHUJIBHBIX MOHOMEPOB

K N-BHHWIBHBIM MOHOMEpPaM OTHOCUTCS psAJ IPAKTUYECKH LIEHHBIX COEIUHEHUI:

N
AN
\ \ | o N _ O
| N _ 0] ~
N I N R; O = !
O Ro ’
N-BuHHITKApOA307T N-BUHUIMHIOI N-pununhTansumMu N-BUHUITHAPTATEUMET

N_ O _0 _ SN
Q“*Q T

N-BUHUIIKANpOJIaKTaM

N-BUHWITUPPOIHAOH N-BUHUICYKIIMHUMU ] N-punuiahopmamua N-BUHUTIAIICTAMU/T
N N N 3
N

o

QN

N-metun, N-BuHunaueramuj N-BUHWIMMHUAA307 N-BUHWITPUA30J  N-BUHWITETPA30JI
brnarogaps cnenuduke CTpOCHHsS 3TH MOHOMEPHI YacTO BBIJACISAIOT B OTICIHHYIO
kareroputo [71-80].

B oTimume OT MHOTMX BHUHUJIBHBIX MOHOMEPOB HECOIPSIKEHHbIE N-BHHUJIbHBIC
MOHOMEPHBI BBI3BIBAIOT HEKOTOPHIC CIIOKHOCTH TPH TMOMBITKE MOTYYUTh U3 HUX TOJTHMEPHI B
YCJIOBHSX 00paTUMOM JCaKTUBALMK IenH [78], Toraa Kak OHU MPEJICTABISIOT cO00M 0COOBIi
uHTEepec Onaroaapsi MHUPOKUM BO3MOKHOCTSIM CHHTE3a (PYHKIIMOHAIbHBIX MOJMMEPOB Ha UX
OCHOBE. DTO BBI3BAHO BBICOKOW PEaKIIMOHHOW CIIOCOOHOCTBIO UX PAIUKaJIOB, 00YCIOBICHHOM

OTCYTCTBHUEM COIPSDKEHUS U HAIMYUEM IEKTPOHOAKLIEITOPHBIX 3aMeCTUTENIeH. B 0CHOBHOM
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9Ta npobJemMa yCIEHO pemaeTcs: NoJuMepHu3alel B IpUCYTCTBUU KCaHTAaToB, T.H. MADIX

(macromolecular design via the interchange of xanthates):

/S S\ S S

. / /

Pn \( Pm — > Pn \( . Pm
) 0]

(17)

S. S s. S

Pn” N Pn” N
- ] (18)

(O rO(Er)
HeiictBue crabunmsupytomeit rpynnsl Z = —OR obecneuunBaer OBICTpYIO

(parMeHTalMI0 paJUKAIBHOTO WHTEPMEIuaTra, HEeCMOTpPs Ha TO, YTO MaKpOpaIuKal
HECOMNPSDKEHHBIX N-BUHWJIBHBIX MOHOMEPOB SBJISIETCS TPYAHO YXOJSIIEH TPYMHIOH.
OnextpoHooHopHas rpynmna OR, Bcrymaer B compspkeHne ¢ C=S CBs3bI0, CTAOMIM3UPYS
OPOAYKT (pparMeHTaLuy U 3aMeJIsis Tiepeiady Lemu.

bnmxaiimum ananorom N-BUHWICYKIIMHUMUA, HA KOTOPOM COCPEIOTOYEHO BHUMAHUE
B 31Ol pabote, sBusercs N-puHuinnuppoauaoH. OIILl nmomumepusanuu BII nmocssieno
HeMHOTro paboT (oxHa u3 HUX 0030p [81]), HO oHM oxBaThiBalOT Bce kiacchl OIIL areHTOB:
kcaHTaTol [38, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91], nuTuokapdamarsl [91, 65, 92],
TpuTHOKApOOHaTHI [86, 93, 94] u nuTHO3uUpHI [82, 94, 93]. OcoOEHHO IIEHHBI PE3YIbTATHI
UCCIIEIOBAHUM, NPOBEJECHHbIE B MJAEGHTUYHBIX yciloBusx ¢ psgom OIIL[ arenTos,
pa3IMyarolUXCcs, HalpuMeEp, CTPOCHHUEM YXOJIIEW TIpyIIbl, KaKk 3TO CAEIAHO C TPEMs
KcaHTaTtaMu B pabote [87]. B pabote [93] Oblia n3yueHa B HACHTUYHBIX YCIOBUSAX U B PAMKax
enuHoro moaxona mnosumepusanus BIl B mpucyrctBum AuTHO(DUPOB, OTIUYAIOMIMXCS
CTpoeHueM yxozsmeid rpynnsl: Oensuwinutnodensoara (BTh), mpem-0yrunantnobensoara
(TBTB) u 4-S-nutnobenszoara 4-mmanoneHtanoBoi kuciotel (LIB), a Takke ABYX
TpuTHOKapOboHaToB: nuoeH3mnTputnokapbonara (bTK) u nu-mpem-GyrunrputnokapOoHnara
(UTBTK). Cambie pannue ucciepoanusi OIIL[ momumepuszanus BII otnocarcs k 2004 r u
ObUTH BBITIONHEHBI TOJ pyKoBojacTBOoM E.B. Uepnukomoit [95-97]. B panpHelinmiem oHH
MOJIYYMJIM Pa3BUTHE IPUMEHUTEIBHO K COBMECTHOM nosmmepusanuu BII, B yacTHOCTH € H- U
mpem-0Oytunakpunatamu [98-100]. Pesynbratel uccnemnoBanuii OIIL] mommmepu3zamuun BII

000011eHs! B Ta0uI. 1.
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[90] mocBsmeHO TOOOYHBIM  PEAKIHSIM

npu

noJmmMepuru3alin BIl B IMPUCYTCTBUHU O-STHHKCaHTaTOB, K KOTOPBIM OTHOCATCA: 06pa30BaHI/Ie

mumepa BII, oOpazoBanme um ¢parmeHranus ajgykra ojgHoro 3BeHa BII ¢ kcantatom ¢

00pazoBaHHeM HOBOTO KCaHTaTa W HEKOTOPBIC Apyrue. Tam e mpUBOASITCS JOKA3aTeIhCTBA

CWJIBHOTO BJIMSIHUS HAa OJUMEPU3ALINIO TpUMecel, coaepxkaiuxcs B arente OIILL, yame Bcero

— HCXOJHBIX COCZ[PIHCHPIIZ, HCIIOJIb30BABIINXCS IIPU CUHTE3C.

Tabmuna 1 — Ocobennoctu noaumepusanuu BI1 B mpucyTcTBIH areHTOB 00paTuMoi

nepeaadyun nenu pa3jIndHbIX KJIIaCCOB.

OIIL] arent

D¢ heKTUBHOCTH KOHTPOJIS

Uctou-
HHUK

KCAHTATBI

o
_,-HOA{S

O-31un S-(2-heHrTITIIT)KCaHTaT

Arent OIIL] ¢ BeicOKO# 3PPEKTUBHOCTHIO B
nomumepusauuu BII. MM xopoio
coryiacyeTcs ¢ pacueTHOU, HaOmoqaeTcs
MHAYKIMOHHBIN nepuo (6 4 npu
nojumepusanuu B Macce, 60°C), KoTopbIit
OOBSICHAIOT HU3KOW aKTUBHOCTHIO
METHJIOEH3UIIbHBIX PaJUKaJIOB IIPU
pEeMHULIMMPOBAaHUHU nonMepusanuu BII.
VY naercs nonyuuts [IBIT ¢ MM 60 000 u
b=1.75.

OnTuManbsHas TeMIepaTypa,

o0ecreurBaroasi BHICOKUH BBIXOJI U Y3KO€
MMP 60°C.

82, 83

O-31un S-(6eH3uin)KcaHTar

Menee 3(ppeKTUBHBIN KOHTPOJIIb, YEM B
npeaslayeM ciydae (pacuetnas MM
HEMHOTO HIKE KCIIEPUMEHTAIBHOM, UTO
SIBJIIETCS. KOCBEHHBIM CBUJIETEILCTBOM
60o1ee Hu3Koro 3HadeHust Cn IO CPAaBHEHUIO
C TPEIBIIYIIIM ), HAOII0JaeTCs
WHIYKITMOHHBIN niepuoy (1 1 mpu
nojaumepusanuu B Macce, 60°C,
3HAYUTENILHO HIKE, YeM B IIPEIBITYIIEM
cllydyae, 4To, OYEBUIHO CBSI3aHO C OOJIbIIEH
AKTUBHOCTHIO HE3aMEIIEHHBIX OCH3UIIbHBIX
paauKaioB B PEMHULIMMPOBAHUM ), KOTOPBIN
OOBSACHSIOT HU3KOM aKTUBHOCTBIO
OCH3UJIBHBIX PAUKAIIOB MPH
PEUHULIMUPOBAHHU.

[IpoBenenune nonmumepuszauu npu 120°C
YBEJIMYUBAET HauYaJIbHYIO CKOPOCTh
peaxiuu, Ho yMEHbIIAeT MpeeabHO
JOCTHUKUMYIO KOHBEPCHIO MOHOMEpA.

82, 83
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[Iponomxenue Tadbauis 1

OIILI arent D¢ heKTUBHOCTH KOHTPOJIS Ucrou-
HUK
MMP npu 120°C ymupsiercs, BUIumo, 3a
CYeT MOOOYHBIX peaKlUi (3TO OTHOCUTCS U
K mpeasiaymemMy) OntumanbHas
TeMIlepaTypa, 00ecreurnBaromiasi BBICOKHI
BbIXOJ U y3k0e MMP 60°C.
.S OTiMYHBIA KOHTPOJIb IIPU NTONIMMEpU3auuu | 84
O— C/ B BOJE, I/IHI/IHI/H/IpOBaHHOI‘/'I pEaoKc CHCTEMOH,
_/ \S 25°C. JInnennslii poct MM ¢ koHBepcuei
OCH; OuYeHb OJIM30K K TeopeTudeckomy, 1.15<P<
O/ 1.30, xouBepcuu Boie 90%
O->tun-S-(1-
METOKCHKapOOHMII)3THIT
JTUTHOKapOOHAT
[BIT]o/[OITL1]o=100, xouBepcus 80%, 85
5 mupokoe MMP, (B>1.5), MM xoporiio
044 COTJIaCyeTCs C paCYeTHOU
_
C5Hs
o
S-(2-3tunmponeonat-2)-O-3Tuin
KCaHTar
g [BIT]o/[OIIL1]o=50, xouBepcus 53%, MM 38
XOPOIIIO COTJIACYeTCs C pacueTHOM
o é (monumMepu3anus B MeTanosze, 8.5 4, 60°C,
—/ S—x\ MM 17000, b=1.35)
CH
O-31un S-(1IMaHOMETHIT)KCAaHTaT
O N Orinunblii KOHTpOJIb. [lonHoE ncyepnanue | 86
// S /: arenta OIILI, Ctr~4, uHIyKIIMOHHOTO
N / 0 nepuoa HeT. OTaTbUMUIOMETUITBHBIN

™
b

O-3tun S-
(pTamuMuIUIMETHIT)KCAHTaT

panukain 3¢pGeKTUBEH B PEUHUITUUPOBAHUHI
MOJIMMEPHU3ALIMHN U €r0 OTIIEIITICHUE OT
paguKaIbHOTO HHTEPMEIuaTa He0OPaTUMO.
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[Iponomxenue Tadbauis 1

OIILI arent D¢ heKTUBHOCTH KOHTPOJIS Ucrou-
HHK
S [Tpu nonmumepuszanmu B Macce, 60°C, 3a 64 87, 88
o—4 noiydes noiumep ¢ MM 14400 u B=1.32
/ \ S \/ ([BII)/[xcanTaT]=450, [kcanTaT]/[ JAK]=10)
CN
O-31un S-(2-1umMaHo-2-npornun)
KCaHTaT
[Ipu nonumepuzauuu B macce, 60°C, 3a 6u | 87
nostydeH nosmmep ¢ MM 15500 u b=1.34
S ([BIT])/[kcanTat]=450, [kcanTaT]/[ JAK]=10)
O‘/< CH3
VAN
COOH
O->Trt S-(2-TTpOTIeOHMIT )KCAaHTAT
S [Ipu nonumepuzauuu B macce, 60°C, 3a 6u | 87
// nosydeH noaumep ¢ MM 31900 u B=1.74
0—X ([BIT})/[kcanTaT]=450, [kcanTaT]/[ JAK]=10)
— S
O-3tun S-(mpem-0yTuin)KcaHTaT
[Homumepuzanuen npu 60°C nonxydex &9

O
O S O
~ \Q/ W)‘\O/\/ Wg)\(:l

S-[1-metnn-4-(6-
XJIOPOIPONHOHAT)3Tu arerar] O-
9THJI KCAHTAT

nojuMmep ¢ Boixoaom 18.8%, MM 4500,
b=1.15 (ucxonnas 3arpyska : BIT 9.85
MMOUIb, KcanTaT 49% 107 mmons, JJAK
25x107 Mmoib). Poct MM ¢ koHBepcueii
JUHENHBIN, OTU3KUN K TEOPETUUECKOMY
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[Iponomxenue Tadbauis 1

OIIL] arent

D¢ heKTUBHOCTH KOHTPOJIS

Hctou-
HUK

A

COOH

R4 Rs Rs

Ha nannoii rpynne O-3TUIKCAaHTaTOB
3aJ1a4M UCCIIEN0BATh BIMSIHHAE yXOAAIEN
IPYyMNIIbl HA KAYECTBO KOHTPOJIS HE
CTaBUJIOCH. M3ydanuch NoOOUYHBIE peaKIH
U IPOAYKThI, COIPOBOKIAIOIINE OCHOBHYIO
cxeMmy nonumepusannu. Ha kcanrare ¢
yxoJei rpynnoid R4 6bu1 momyuen 3a 6 4
nosmmepusanuu (60°C) ¢ Berxogom 51%
[IBIT ¢ MM 3600, b=1.33 (3arpy3ka BII
9.9x107, kcanrar 1.87x107, JAK 2.4x10*
MOJTb).

90

oy o

H OC,Hs

Crenenp nonumepuzanuu PEG 75

[Honumepuzanus B pactBope TI'® npu 60°C
3a 15 4 NpUBOAUT K MOJIyYEHUIO [TOJIMMEpa
MM 12 200, B=1.35 ¢ Beixomom 98%
(cooTHOIIEHHE KOMIIOHEHTOB
MoHoMep:kcanTaT:JJAK=98:1:0.2), MM
5700 ¢ BbIxo10M 65% (COOTHOIIEHNE
KOMITOHEHTOB
MoHoMep:kcanTaT:[JJAK=70:1:0.2), MM
52300 ¢ BbixoaoM 77% (cooTHOLIEHHE
KOMITOHEHTOB
MoHoMep:kcanTar:JJAK=428:1:0.24),

91
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[Tponomxenne Tabauiml 1

OIILI arent O} PexTUBHOCTH KOHTPOJIS Ucrou-
HUK
[Monmumepu3zaiius UHTHOUPYETCs, BEIXO 91
nonumepa 2-5%
8< H OC2Hs
Crenenp nonumepuzanuu PEG 75
JAUTUOKAPBAMATDBI
MM ynoBIE€TBOPUTENIBHO COTJIACYETCS C 91
pacuetHoii. [Tonmmmepuzanus B TMOKCaHe,
o 80°C. KonBepcust CHIILHO 3aBUCHUT OT
f< KOHIIEHTPALlMU UHUILIMATOPA: [IPH €ro JI0Jie
N CO2CH;s 0.06 ot arenra OIIL] BbIx0o Hy/IEBOH, a TpH
5 npone 0.5 ot arenra OIIL gocturaeT 93%
COaCHs (otHOmEeHue MmoHoMepa k areHTy OINL]
paBHo 100, Bpems nmosmmMepusanuu 44 ),
MM 14500, b=1.5
S-(musTnmanonar) N-
T eHnIITHOKapOamar
[IpencraBuTens rpyIIbl NEPEKITIOYAEMbBIX 65
N C arentoB OIIL] s cunTesa 6y10K-
S— CH ~o— CH; COTIOJIMMEPOB aKTUBHBIX M HEAKTUBHBIX
N MoHoMepoB. [Ipu 60°C B pactBOpe
/ aneroHuTHpuiia 3a 16 4 ¢ Beixoaom 83%
noxydex [IBIT MM 29400, b=1.19
([BI1]=4.68, [kapbamat]=1.25x102, [[JAK]
N‘(4‘HHPHHHH)‘N- =(0.3x 10-2 MOHI)/H]
METWJIIUTHOKapOamar
O/\ [Tonumepuzauus B 20% pactBope B Tonyose | 92
_ npu 55°C B TeueHue 9 u mpuBesna K
N / nouyuennio IIBIT MM 9430, B=1.15 ¢
BBIXOJI0M 72% (COOTHOIIIEHHE
S MoHoMmep:arent OITLI:

MPOIHHUI MOP(OITHH-4-
KapOoAUTHOAT

nnunuatop=100:1:0.2)
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[Iponomxenue Tadbauis 1

OIILI arent D¢ heKTUBHOCTH KOHTPOJIS Ucrou-
HUK
TPUTUOKAPBOHATDBI
g [JIAK]=107 mons-1"!, 80°C, 93
S—{ MOJIMMEPHU3aLUS UHTHOUPYETCs TPU
@_/ 4 [OTTL]>310" momb-r”
JuOeH3miTputnokapooHar
o [AAK]=10" mons-ar!, 80°C, 93
3_4 MOJIMMEPH3AIHSI HHTHOUPYETCS TIPU
7< 2 E [OIL]>1-10"" monp-a!
Hu-mpem-0oyTuntpuTuokapOooHaT
(ATBTK)
O S [TonuMepu3anus B Macce XapakTepU3yeTcst 86
// S /< WHIYKIIMOHHBIM ITePUOJIOM (OKOJIO 4 d,
N—" S 60°C), mociie yero mpouecc MPOTEKaeT C
x oOpa3zoBaHuem nosmmMepa ¢ MM
\ 3HAYUTENILHO MPEBHIMAIONIEH paCYeTHYIO.
0 D=1.48-61, xousepcust 48% 3a 16 .
byrundranumugomeTunTpuTHOKApO
OHaT
S [Ipu nonumepuzanuu B macce, IMDA u 94
/) BoJie, 80°C, MM HeckoJIbKO MpeBbIIIana
HOOC—y—s—4
pacyeTHYI0, MOJTY4YEHbI TTOJTUMEPHI C
S COOH | \VM=6300-14700, D=1.9-2.1, koHBepcHn
53-65% (20% B IM®A)
11 (2-KapOOKCHHM30TPOITIIT)
TPUTHOKApOOHAT
[Tpu nonumepuszannu B Macce, MDA u 94

S
Clezs% S%
s;é COOH

2-METUITETPANCIIII, 2-KapOOKCH-
U30IPONUITPUTHOKAPOOHAT

Boze, 80°C, HaOmrogaI0Ch TydIiee
cootsBercTBue MM ¢ pacyeTHoM 110
CPaBHEHUIO C MPEIBITYIAM, TTOTYICHBI
noxumepsl ¢ MM=7000-97000, B=1.5-2.3,
KoBepcuu 10 50%.

Ha ogHoM 13 006pa3iioB yaayHo MOJTydeH
OJIOK-COTIOIMMED C 2-BUHIITUPUIUHOM
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[Iponomxenue Tadbauis 1

OIILI arent D¢ heKTUBHOCTH KOHTPOJIS Ucrou-
HUK
AUTUODPUPHI
S I/IHrI/I6I/IpyeT MoldyMmEPu3aLHIO B yjacCe 82
| (60°C)

o8 “b

(S)-1-benun>Tin guTHOOEH30aT

[Ipn nonumepunzannu B Macce MM Bcerna 94

S
MpeBbIIIaNa pacyeTHyro, D=1.6-1.9,
S/\© koHBepcus 20-40%

KYMUJI TUTHOOEH30aT

[JAK]=10" mons-1!, 80°C, 93
/S MOJIMMEPU3AIUST HHTHOUPYETCSI IPH
\ [OI1]]>3-10" momnp-a!
bemsunautno6ensoar (bTh)
S TO K€ 93
C :3%
Tpem-6yrunauruooensoar (THTH)
TO K€ 93

4-S-nutnoodensoar 4-
MaHOTIEeHTaHOBOM KKcIoThI (11B)

L OOH
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B paGore [95] Omaromapss mNpOJODKUTENFHOMY BpPEMEHH JKU3HU paJuKalbHBIX
untepmenuaroB MHT-1 u MHT-2 ynanocs 3adukcupoats ux merojgom JI1P. KoneuHo, kapTuna
onpenensiercs ctpoenueM OIILL arenra. B mpucyrcrBumn mpem-6yrunautuooden3oata (THETH)
Habmoganu obpasoBanue MHT-1 U BbIXOA €ro Ha CTAllMOHAPHYKO KOHLIEHTPALUIO HMPUMEPHO
yepe3 30 MuHyT cuHTe3a [93]. DT0, 0YEBUIHO, CBSI3aHO C €r0 BBICOKOW YCTOWYHMBOCTBIO U
SBJIAETCS MOATBEPKICHUEM TUIIOTE3BI O IPUYMHE 3aMEUIEHNUS [TOJIMMEPU3ALMH B IPUCYTCTBUU
TUTHOOEH30aTOB,  3aKirovaronielics B  crabwibHOCTH  WHTepMmenuartoB [101]. s
nuTHOOEH30aTa ¢ OEH3WIBHOM, Jerde yxonsamed rpymmoi OemsumautrnodOenzoata (bBTH)
oOpazoBanus UuT-1 3adukcupoBaTh He yIanoch, HO ObLI 3aperucTpupoBat crektp UuT-2. 310
O3HAYaeT, YTO C TAaKOH yXoJIsIield Ipynmnoid MHULIMAIMU3ALUS MPOXOJUT OBICTPO, U CHUCTEMA
NEePEeXOIUT K OCHOBHOMY paBHOBecuto [95]. [lns tputnokapbonara bTK, ucnonbp30BaHHOTO B
JTaHHOUW paboTe, (PUKCUpPOBAICS TOJBKO CrEeKTp MHT-1, MHTEHCHBHOCTH KOTOPOTO OBICTPO
JOCTHUTrajia MaKCHUMyMa | IJIaBHO majaia 10 ypoBHs mymoB 3a 130 mus (80°C). UaT-2 1 UnT-3
o0nagaoT, MO BUAMMOMY, HHU3KOH YCTOWYMBOCTBIO, MU HMX CIEKTP 3aperucTpUpoBaTh HE
yIajaoch. DTO O3HAYAET, YTO MPHU UCTHOIb30BaHUM TpuTHOkKapOonata BTK ynaercs uzbexath
UHTHOMPOBAHUS, XapaKTEpHOTO Uil JUTHOA(GUPOB. DTO B TMOJHOW Mepe MpOsBIsSETCS B
KMHeTuke nonuMepusanuu (puc. 6 u 7). B npucyrctun BTh (a xak mokasaiu skcriepuMeHTbI
[93], w B mnpucyrctBuM mpem-OyTHnauTHOOEH30aTa U 4-S-nutHoOeH3zo0ata  4-
IIUAaHOTICHTAaHOBOM KHCJIOTHI, T.€. HE3aBUCHMO OT YXOASALIEH Ipymrmbl) HaOII0JaeTCsl CHIBHOE
3aMejUIeHHe, W MOMMMEpU3allis MOIHOCThI0 MHTHOUpyercss npu [BTB] > 3x103 monpxa!,
torga kak B mnpucyrctBuu bBTK 3amemienue ropa3go MeHblIe, W MOJUMEPHU3ALIMS
unru6upyercsa npu [BTK] > 107! monexa! [102]. B npucyrcrsun BTK momyueHs! nuHeiHbIE
3aBucuMocTd MM OT KOHBEpCMHM MOHOMEpA, 4YTO SBJISETCS IEPBEUIINM MPU3HAKOM
MPOTEKaHUsl Peakluu B KOHTposupyemoM pexume (puc. 8) [103]. 3nauenus MM nonumepa,
nostyueHHoro nmpu 80°C 3aMeTHO NMpeBbILAT TeopeTndeckue. Onenka 3HadyeHni Cn okasaia,
910 Cn~15 mpu 60°C u Cn~4 npu 80°C, 4T0 MOXKET OOBSICHATHCS MPEBBIIICHUEM SHEPTHU
aKTUBALMU PEAKLUHU POCTa LENN PHEPIHUM aKTUBALMKU peakuuu nepenaun nenu Ha bTK [103].
Koneuno, xoutpons B npucyrcteuu bTK 31ech xyxe, yem as cTupojiia U akpuiIaToB, HO OH
SBHO JIOCTaTOYEH J/JIsi pEelIeHHs] MPaKTHYEeCKOM 3aJayl CHHTe3a MOJMMEpPOB C 3aJaHHON
(meBbicokoi)  BenmumHoM ~MM.  OmnumcanHas  KapTUHA  OTIMYHO  WJUIIOCTPHPYET

3aKOHOMEPHOCTH, OIIMCAaHHbIE B pa3ziese, nocBauieHHoM Beioopy OIIL] arenra.
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| / __,_,_,_,__,_,_3,._,_,_,
’ | 1 ‘ ‘I‘II _.,.,_,._,_“..‘,_,__,_
) _5 | ‘II‘I — —
6" )X 1 O ] ‘

4,0x10% 20

2,0x10™*

a, %
Pucynok 6 — IlpuBeneHHass CKOpOCTh MOJMMEpU3alui N-BHHHIIHPPOJIUIOHA B
npucyrcTBun GensunautHodenszoara, 80°C. [JIAK]=107 monsxx!, [BTB]= 0 (1), 3x10* (2),
102 (3), 3x107 (4), 102 (5), 3x102(6), 10! mompx! (7) [102].

6x107 | {
f‘f 5
R/M], s
6x1073 1 3x10°- J.‘"
' 6
\//8 ‘H\
10 15
3x107 A
0 100
q,%

Pucynok 7 — IlpuBeneHHas CKOPOCTh MNOJHUMEpH3aUMH N-BUHWINUPPOIUIOHA B
npucyrcetsun BTK, 80°C. [JAK]=10" momsxa!, [BTK]= 0 (1), 107 (2), 3x107 (3), 107 (4),
3x1072(5), 10 (6), 0.3 (7), 0.6 Mmonmbxa! (8) [102].



42

g
M x10
i _
m ]
2 || ///
(] ] s ,/'/
8 4
///',J.
41 ~ il
/'/4(/'
0 40 Q0

KoHBepcud, %o

Pucynox 8 — 3aBUCHUMOCTB CpeIHEUHCIEHHON MOJICKYJIIPHON MacChl OT KOHBEPCUU N-
BUHUJIIMPPOIMUJIOHA ITpH noiaumepusauuu B macce mpu 80°C (1) u 60°C (2) B npucyrcTBuu

nubeH3unTpuTHokapooHara. [Ipsimas nuHUsA — TeopeTndeckas 3aBucumocTts. [103].

[Tonmumepuzamus BCU B mpuCcyTCTBHHM TpUTHOKapOOHATOB paHee He M3ydanach. Jlo
MMOCTAHOBKM HAcTOsEeH paboTel Obula mpoBeAeHa ToJibko mnoiumepusanus BCHU B
npucyrctBun  OenszunguTuoOenszoara [93, 104, 105]. CxopocTs mnoauMepu3alvdyd B
MNPUCYTCTBUH OCH3MIIUTHOOEH30aTa PE3KO CHUXKAETCS, KaK 3TOTO U CJIE0BAJIO OKUAATH (pHC.
9). Ilpu ero koHneHTpauuu Bblme 102 MombJI | Tpolecc MONHOCTHIO MHrUOHMpyeTcs. B
CHIDKEHHU CKOPOCTH €CThb, OJHAKO, U TOJOXKUTENbHbIN 3ddekt. [lpu yBenuueHun
KOHIICHTpalMu OCH3WIIMTHOOCH30aTa CHUKACTCS U JaKe TIOJTHOCTBIO MCcYe3aeT reib-3()(PexT,
xapakTtepHbli st nosmmepusanuun  BCU.  Ilomumepusanust B NPUCYTCTBUU
OeH3MIIMTHOOCH30aTa TO3BOJIIET TOJYYUTh C BBICOKMM BBIXOJAOM (puc. 9) moamMepsl,
XapakTepu3ymmuecs YHUMOJAIbHBIM y3KUM MMP (Mw/Mn~1.3) (puc. 10) ¢ HeBbICOKOI
(HECKOIBKO ThICSY), Kak u B ciaydae BII, MM. O6pamaer Ha ceOst BHUMaHUE, YTO HECMOTPS Ha
JMHENHBIN pocT MM ¢ KOHBepcuelh MOHOMEPA, SIBISIOUNCS TPU3HAKOM IPOTEKAHUS PEAKIIUU
B «IICEBJIOKUBOMY PEXUME, MPIMOTUHEHHAS 3aBUCUMOCTh IIPU €€ SKCTPATOJISILINY MepeceKaeT
0Ch MOJIEKYJISIPHBIX MacC MpPH JA0CTAaTOYHO BBICOKOM 3HaueHnH MM (puc. 10). 310 roBopuT o
TOM, 4TO KOHCTaHTa nepenayn nenu Cn Ha OCH3MIIMTHOOCH30aT UMEET HU3KOE 3HAUCHHE.

Xopomuii  koHTpodabr B mpucyrctBun bTK HaOmomaercs Tmpu  COBMECTHOM

nosmmepusaiuu BCU ¢ BA B npucyrctBun BTK [106—-111]. Oto He yauBuTenbHO, T.K. 1O
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OTHOIIICHUIO K aKpHjlaTaM TPUTHOKApOOHATHI SBJISIOTCS 3((EKTUBHBIMU areHTaMu Iepeiadn
uenu, a B mape ¢ BCU OyrunakpwiaT K TOMY e HpOSBISET OOJbIIYI0 AKTHUBHOCTb.
TputrokapOoHaATHBIN (pparMeHT HaXOaUTCs 0 cepeanHe mneneit conoaumepoB BCU ¢ BA, a

CaMHM COMOJIMMEPBl UMEIOT OUTPaUEHTHYIO MUKPOCTPYKTYPY.
R/M]x 10°

K
100 3,0t 1
. a
1 (2 6
] 3 2,0f
|
I‘I
50 | / 1,00 2

| - 3
' 0,2}
j :
4
0 50 K

800 100

Pucynok 9 — 3aBucumoctu konBepcuu K(%) oT npoomKUTenbHOCTH HOIUMMEPHU3alluu

\
1

1 (mMun) (a) u npusemeHHoli ckopoctd Rp/[M] (c¢!) or xomeepcun K (%) (6) mpu
nomumepusaruu BCU B IMCO (BCU:IMCO=1:1) npu 60°C B npucyrctsuu 1072 momnb/1
JIAK 1 paznuunbIx KoHuenTpanusx Bb: 1 — 0,2 — 1073, 3 -3x1072 u 4 — 102 mons/1 [93].

] ; M M /M
3000 6 . 120
a [ ]
-~ = 11,8
2000

11,6
11,4

1000 + — o o
. 11,2
10° 10° 10° MM 0 i g 0

T

Pucynox 10 — MM-xapakTepucTUKu M0JIU-N-BUHUICYKIIMHUMHU/IA, ITOJYYEHHOIO

nomamepusarmeit BCU 8 IMCO (BCH:JIMCO=1:1) npu 80°C B mpucyrctBun 1072 Momb/1
JAK n 3x107 mons/n Bb: ['TIX—xpuBbIe MOTUMEPOB, BHIJCICHHBIX yepe3 [ —2,2—4,3 -6, 4
— 8 u monmuMepuzanuu (a); 3aBUCUMOCTH CPEJHEUUCICHHONW MOJEKYISIpHONH Macchl Mn u

ko3¢ dunmenta nonuaucnepcHoctd Mw/Mn monumepos (6) OT MPOIOKUTEIIBHOCTH PEaKIUU

T, 9) [93].
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skeksk

B 3axiroueHuM [JaHHOTO pas3jena MOXHO chaenarh cienyromue BbeIBoibl. Jlims N-
BUHWICYKLIMHUMMJA, Kak  Omwxkaifmero  aHamora  N-BUHWINUPPOJIMJOHA,  JOJDKEH
OCYILIECTBIIATHCS XOPOIIMI KOHTPOJIb MOJIEKYJIIPHO-MACCOBBIX XapaKTEPUCTHK B IPUCYTCTBUU
KCaHTaTOB M JUTHOKapOamaroB. OJHAKO IMJIOCKOE CTPOCHHME LMKJIA U HAJIM4YUE B HEM JBYX
KapOOHMJIBHBIX T'PYIII, COCEACTBYIOIIMX C aTOMOM a30Ta, JIeJIaeT BECbMa BEPOATHBIM HaUUne
COMPSDKEHMS MEXKIY IBOMHON CBSI3bI0 BUHUJIBHOW I'PYIIIIBI, HETIOEIEHHOM 3JIEKPOHHOM Mapon
a30Ta 1 ABYMs KapOOHMJIaMH. JTO MO3BOJIAET OTHECTH €r0 K MOHOMEpaM CpeJHENH aKTUBHOCTH,
110 OTHOIIEHHIO K KOTOPBHIM 3(PPEKTUBHBIMU MOTYT OBITH TPUTHOKAPOOHATHI.

Bri6op auben3untputrokapOoHaTa, B MPUCYTCTBUU KOTOPOTO pPaHEe MOJIMMEpHU3aLus
BCU He usyuanach, CTAaHOBUTCSA TOIJlAa OYEBUAHBIM, YUUTBIBasi €r0 HU3KYID CTOMMOCTb
Onmarozapss NIpPOCTOTE CHHTE3a W JIOCTYIHOCTH HCXOJHBIX KOMIIOHEHTOB, a TaKxke
3pPEKTUBHOCTD, MPOJEMOHCTPUPOBAHHYIO Ha OYEHb IIUPOKOM Kpyre aKTUBHBIX MOHOMEPOB,
NPECTABIISAIOMNX O0JIBIION HHTEPEC B KAUECTBE COMOHOMEPOB. ITO OTKPBIBAET MEPCIIEKTHBBI
JUI CHHTE3a CTaTHUCTUYECKUX, TpajueHTHBIX U Onok-conosumepoB BCHM ¢ Takumu
MOHOMEPAaMHU.

Kpome Toro, Ha OCHOBaHMH MPOAHATU3MPOBAHHBIX JTAHHBIX MOKHO c(hopMyIHpoBaTh
KOMIUIEKC 3KCIIEPUMEHTOB, KOTOpblE HEOOXOJUMO OCYIIECTBUTh, YTOOBI MOJIHOCTBIO
OXapaKTepU30BaTh MOBEJICHHE HOBOW MOJIMMEPH3ALMOHHON CHCTEMBI B YCIOBHIX 0OpaTUMOMA
nepeaayy Lenu Mo MeXaHu3My IpUCOeIMHEHUs -(hparMeHTaI[H:

1. YcranoBneHnue quHEeHOM 3aBUcMMOCTH MM nosimepa 0T KOHBEPCUM MOHOMEDA.

2. Nzyuenue usmenenuss MM xapakrepuctuk (MMP, nonuaucnepcHOCTh) ¢ X0a0M
peaKIum.

3. U3yuenue Bnusiaust OIIL] areHTa Ha KUHETUKY MOJIMMEPU3ALINH.

4. Jloka3aTenbCTBO BO3MOXKHOCTH JAJIbHEHIIETO0 pocTa Lienel ¢ HOBOM mopuuen
MOHOMEpa ¥ HHUIMATOPA («0KMUBAEMOCTHY LIETIEH ).

5. Omnpenenenne Nonokenuuss CS3 (parMeHra B ULelu IoaMMmepa B ciyda
MOJIMMEPU3ALMH B IPUCYTCTBUHM CUMMETPUUYHBIX TPUTHOKApOOHATOB.

B cBsi3u ¢ 3TM OBLT OTpeiesieH TUIaH paboThl B IJIaHe CHHTEe3a roMonoaumepos BCU

U Cro conojumepusanuu ¢ IpyruMu BUHUJIbHBIMH MOHOMCpAMU.
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1.5 HOJIMMEPHBIE ®OPMbI PU3HOJIOI'MYECKU AKTUBHBIX BEHLIECTB

WHTepec K CO3MaHUIO TOJMMEPHBIX (OpPM (PH3MOIOTHYECKH AKTUBHBIX BEIIECTB
(D®AB), ucnonp3yroImKXCcs B KAUECTBE aKTUBHBIX (papMaieBTUUECKUX UHTPEIUEHTOB B COCTABE
JIEKAPCTBEHHBIX CPEJCTB, HE yracaeT Ha MPOTSKEHUU HECKOJIbKUX JECATUIICTHH,
BBIJICUBIINCH B CAMOCTOSITENIBHYIO OOJIaCTh Ha CTHIKE XUMHUHU BBICOKOMOJIEKYISPHBIX
COEIMHEHUM, MeauuMHbl U Onojoruu. OOBIYHO HICI0 COBMEIEHUS YHUKAJIbHBIX CBOWCTB
MOJIMMEPOB M HU3KOMOJICKYJSIPHBIX JIEKAPCTBEHHBIX BELIECTB CBS3BIBAIOT ¢ WMeHamu H.
Ringsdorf [112, 113] u J. Kopecek [114, 115], oTHOCS 3apok[eHHUE IEICHANPABICHHOTO
WCIOJIb30BAaHUS MOJUMEPOB AJIs YIYUIICHUS XapaKTEPUCTHK JIEKAPCTBEHHbIX BelecTB K 70-
bIM rogaM XX B. OJHaKo BIIEpBbIE 3TO HarpasiieHue O0b1u10 chopmymmpoBano C. H. YimakoBeim
B MoHorpaduu 1962 [116] u mmonepckoit pabore H. Jatzkewitz (1954) [117], 3abbiToit
Hay4YHBIM COOOIIECTBOM Ha J0JTHe rojsl, ¥ aumb B 2020 1. 3a3ByuaBiiell BHOBb ycuiusiMu R.
Luxenhofer, omyOnukoBaBiiero mepeBOJA C HEMEUKOro J3TOi paboThl, CHAOXKEHHBII
komMeHTapusimu [118]. B nanpHelilieM OCHOBHOM BKJIaJ B €ro pa3BUTHE BHECIH
OTEYECTBEHHBIC MTKOJIBI 10,1 pykoBojcTBoM H. A. ITmats [119], A. ®@. Hukonaesa [120] u E.
@. [Manapuna [121, 120, 122]. IeHCTBEHHOCTH TAKOTO MOAX0/1a CBsI3aHA C MPOJIOHTHPOBAHUEM
JEUCTBHSI JICKAPCTBEHHBIX BEIIECTB, CBSI3aHHBIX TEM WJIM WHBIM CIIOCOOOM C TMOJMMEPHOM
MaTpHullel, 4To 00ecreurnBaeT TepaneBTUUECKYI0 KOHIIEHTPALIMIO B KPOBU B TEYEHHE JOJTOTO
Mepuoa BPEeMEHH (JI0 CYTOK), M30aBIseT OT TEPEIO3WPOBOK, XAPAKTEPHBIX TPHU TPUEME
HU3KOMOJIEKYIISIPHBIX (DOPM JIEKapCTBEHHBIX BEIIECTB, YACTO CHIKAET TOKCUYECKUN dPPEKT n
OTKpPBIBAET BO3MOKHOCTH [UIsl HAMPABICHHOTO TpaHCIOpTa (HU3HOJIOTHYECKA AKTUBHBIX
BEIIECTB B OINpE/ICJICHHbIC OPTraHbl Wiu TKaHu [ 123, 124].

I[Io mexanmsmy cBs3biBanuss DOAB mnonumepHOW MaTpHUIE MOXKHO BBIIEIUTH
crenyomue noauMepusie popmsl PAB:

1. OcHoBanHble Ha BKIOueHUU DPAB B CTpyKTypy MHOJMMEPHOrO THPOTENs Kak
MIPABHJIO 32 CUET CJIA0BIX (PU3UUECKUX B3aUMOJICHCTBUIA.

2. VYnaepxuparonme DAB 3a cyer KyJIOHOBCKHMX cul: KaTuoHHbie DAB Ha
IMOJIMaHNOHAX, aHHOHHEIE DAB — Ha MOJIMKAaTHOHAX.

3. SBnsromuecss pe3yabTaTOM KOBaJIEHTHOTO cBsidbiBaHus BDAB ¢ mnonumepHoi
MaTpHULIel, OT/IEJIeHHE OT KOTOPOH BO3MOKHO, Yallle BCETo, 3a CUET I'MAPOJIU3a XUMHUECKON

CBA3H.
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Cpeny moJmMepoB MaKCUMaJIbHO U3YyYEHHBIM U BOCTPEOOBAaHHBIM B IUIAHE MEIUKO-
OMOJIOTUYECKOTO TPUMEHEHHUS] Ha CEerOJAHAIIHUI JEHb SBJISETCS HOJMBHUHUIMUPPOJIUIOH
(ITBIT) — BogopacTBOPUMBIA, HETOKCHYHBIN, OMOCOBMeCTHMBIN monumep [125, 126]. Cam no
cebe OH He CIOCOOEH K HMOHHOMY WJIHM KOBaJIeHTHOMY cBs3biBaHMI0 DAB, HO sBisercs
OTIIMYHOM OCHOBOM JJISl BBEJICHHS B HETO «SIKOPHBIX)» 3BEHBEB IPYTUX MOHOMEPOB, CIOCOOHBIX
BBIMOJIHATE 3Ty (yHKIMI0. Ero GonpumM npeuMyniecTBOM KakK OCHOBBI JUIS CO3AAaHUS
MOJIMMEPHBIX MaTPHIl MEUKO-OHOJIOTHYECKOTO HA3HAYCHHUSI SBJIAETCS TOT (PaKT, YTO BBEJCHHE
JPYruX MOHOMEpHBIX 3BEHbEB B €ro LENMu B KoJudecTBe 5-25 Moia.% MpakTHUYeCKu He
NPUBOJUT K YBEIMUYEHHIO YPOBHS TOKCHYHOCTH. HamOoNbImMM TOKCHYHBIM 3PQeKToM
007a1at0T 3BEHbS, UMEIOIINE MPUPOAY KaTHOHOB [120].

Camoe paHHee YINOMHUHAHHME UCIOJIb30BAHUS KOBAJIEHTHOIO CBSI3BIBAHUS YEpe3
aKTUBUPOBAaHHBIE Y(PUPHI A npojoHruposanus naeiicteus ®AB otHocures k 1954 r. [117],
r7e npeOblBaHUE MECKAIMHA B OpPraHU3ME MBbIIIEH YBEIMUYMUIM OT HECKOJIBKUX 4acoB 10 17
CyTOK OJarojiapsi MpUBUBKE COCPIKAIET0 MECKAJIMH TUTENTHAA rauiuHa u L-nefinuna gly-L-
leucyl-mezcaline Ha comomumep BII ¢ akpuioBoil Kuciotoil, B KOoTOopoMm 3BeHbs AK
MpeIBapUTENbHO OB aKTUBUPOBAHBI:
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Ba)KHO, YTO BBCIACHHUC MbIIIaM MCCKAJIMHA WKW MCCKAJIWH-COACPKAIICTO JUIICTITHAA
coBMecTHO ¢ comonmMmepoM BII u AK He mpuBOAMIIO K YBETWYEHUIO BPEMEHU MPEObIBAHUS
CyOCTaHIIMM B OpraHU3ME; BCE BBEIEHHOE KOJIWYECTBO BBIBOAMIOCH MOJHOCTHIO B TeueHue 16

4acoB ¢ MOUOil. TOJIbKO KOBaJIEHTHOE CBS3BIBAHUE Uepe3 MENTUIHBINA MOCTHK JaBasio 3G GeKT
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npoJyonramuu 10 17 cyrok. Ho, 94To Toke HEe MEHee BaKHO, €CITM MECKaJuH OBLI CBS3aH C
MOJIMMEPOM HampsMyro, 0e3 ydacTus OWOJerpagupyeMoro IMENTHUIHOTO cIieicepa, TO ero
BOOOIIIE HEBO3MOKHO OBLJIO OOHAPYKUTH B MPOAYKTAX BbIJENEHUSA. ITO OOBSICHIETCS TEM, UTO
[IBII, ucnonp30BaBHIMIiCS B T€ TOAbl B KauecTBE 3aMEHUTENs IUIa3Mbl KPOBH (BOJHBIM
pactBop), xoTs u umen MM nopsiaka 20 k/la, Ho Takke u mupokoe MMP [118]. [lnst kaxmoit
(dpakIu XapakTepHa CBOsI CTENICHh TOYEYHOHN IKCKPEIMH, BIUIOTH JI0 TIOJHOTO €€ OTCYTCTBUS
(puc. 11). Ilpu 06b19HOM 1151 MoUMepoB mupuHe MMP ¢ D=2 3naunTenpHas yacth mojmMepa

C TaKOM CpelHel MOJIEKYISIPHON Maccoil He I0JKHA BBIBOJUTHCSA C MOYOM.
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MOJIEKYJIApHas Macca, Kr/MoJib
Pucynok 11 — KpuBble MOJIEKYISIpHO-MAacCOBOTO paclpeeseHuss mojuMepa ,

HUMCIOIIETO  CPEeTHEUYHCICHHYI0 MOJeKymsipHylo Maccy 20 k/la u  koaddunmenTs:
OJIMAUCTIEPCHOCTH 1.1 1 2, 1 30HBI PA3IMYHON CTETIEHN NTOYEYHON YKCKPELUHU B 3aBUCUMOCTHU

OT BCJIMYMHBI MOJ'ICKy.]'IinHOfI MacCcCHhI.

HuTepecHbie BO3MOXHOCTU Ui KOBalleHTHOro cBsi3piBanust DAB, conepxkammx
aMUHOTPYIITY, NPEACTaBIAIOT conoauMepsl BII ¢ auaneraneMm akposjenHa MOJIEKYJISIPHOU
Mmaccoit 15-30 x/la [127]. uameranb Jerko TUAPOIU3YeTCs, 00pa3ys aabJACTHIHbIC TPYIIIIBI IO

KOTOPBIM B MATKUX YCJIOBHUSX MOTYT ObITh pucoequHensl @AB-amuns [121]:
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HCIIOJIB30BaH KaK OCHOBA JUIsl TMPOTHUBOTYOEpKYJIE3HBIX mpenaparoB «COBHHAKC» U
«CoBunuzon» [120]. KoBaneHTHOE CBs3bIBAaHHE C aMHHAMH TaK)Ke OOECIICYMBAIOT 3BEHBS
MajenHoBoro anruapuaa [121, 128, 129] u akTuBUpOBaHHBIX CIOXKHBIX 3¢upoB [130] B

cocTase conoaumepos ¢ BII
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Jl1st kKoBasieHTHOTO CBsi3bIBaHUSI @AB OTIMYHO MOIXOJAT TAKXKE 3BEHBS, COJACPIKAIIUE
SMOKCHUJIHbIE, M30IMaHAaTHblE M H30THOLMaHaTHbe rpynnsl [120], obmamaroniue BBICOKOM
peakIMOHHON cnocoOHOCThIO. B cilydae AByX MOCHeIHMX 3HAYUTEIBHO PACIIUPSETCS PsII
BEIIECTB, CIIOCOOHBIX K JIETKOMY IPHUCOEAMHEHUIO0 K TMOJMMEpPHOM Ienu, T.K. K HUM

I00aBISIIOTCS. BCE COEAMHEHUs, MMEIOIIUE B CBOEM COCTaBE€ T'HIPOKCHIIBHYIO TPYIILY.
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OO6pasyroluecs: Py 3TOM YpETaHOBBIC, THOYPETAHOBBIC, MOYCBUHHBIE I THOMOYCBUHHBIC
TPYIIIBI CKIOHHBI K TUAPOJIN3Y B PU3UOJIOTUYECKUX CPellaX OpraHu3Ma.

N3 peakimmoHHOCTIOCOOHBIX TPYIMI, KOTOpPbIE MOTYT OBITh B IEMH TOJUMEpa,
HAaWMEHBIIINE TEPCTIEKTUBBI, KAXKETCS, UMEIOTCS y THUAPOKCHIBHBIX TPYII MO MPUYUHE WX
HU3KOW aKTUBHOCTH, XOTsI IPUMEPHI UX UCNOIb30BaHUsI A1 cBsi3biBaHMst DAB umerorcs [120].

Honnoe cpsm3uiBanue ®AB Bo3moxHO, ecnmu B cocraB [IBII BBoOuUTH 3BCHBS,
coZiep)Kalue MOHOTEeHHbIe Tpymmbl. Hampumep, ero comojumepsl ¢ BUHUJIAMHUHOM H

aJlJINJIaMHUHOM MOHCKYHﬂpHOﬁ MAacco#l OT HECKOJIbKHX THICSY J0 HECKOJBKHX ACCATKOB ThICAY

[131, 132]
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CHOCOOHBI K MOHHOMY CBSI3BIBAHHIO KHCJIOT, YTO OBLIO MCIOJB30BAHO MPHU CO3/IaHUU
MOJIMMEPHBIX (OPM aHTUCENTUKOB U aHTHOMOTHUKOB [121].

Ho, Tak kak uame Bcero momnekynsl @AB copepxaT aMUHHBIE TPYIMIBI, TO Hanbosee
uszyuenbl comnosnumepsl [IBIL, comepikamiue kapOOKCHIIbHBIE TPYIIBI B COCTaBE 3BEHHEB
aKpUJIOBOM, METaKpuIoBOil, N-aMHUI0SHTAPHOM, MaleMHOBOM, KpoToHOBOM [133, 121, 116] n

npyrux Oosee sk30THdeckux kuciot [120]:
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OnuH U3 OTEYECTBEHHBIX NMPOTHBOBHUPYCHBIX MpenapaToB «ApOUAON» OCHOBaH Ha

IIPOU3BOTHOM IIPUPOJIHOTO COeANHEHNs nHaona [ 134]:

(CH3):N
AN
CH:  cOOC,H;
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Br \

CHs

B «HUU rpunna» u UBC PAH pa3paboTanbl ero nojiuMmepHbie npou3BojHbie [135,
136], puyeM MOJIUMEPHI, coJieprKalue 3BEHbS 2-aKpHJIaMua0-2-

METUJINPONAHCYIB(OKUCIOTH 001a1al0T M COOCTBEHHOH MPOTUBOBUPYCHOM aKTHBHOCTBIO

[137]:
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W3BecteH  Takke  KOMIUIEKC ApOujgoiia ¢  NPUPOAHBIM  IOJIMCAXAPUIOM
apabunoranaktanom [138].

Jlpyroii mpumMep MMMOOWJIM3AllMM AHTUOWOTUKOB-OCHOBAHWN (MMEIOIIUX aMUHHYIO
TpyIIy) Ha TMOJHMEpax, CoJIepKaluie KapOOKCWIbHYIO TPYIITy, TPEACTaBIsACT COOOM
MOJTyYCHUE BOJIOPACTBOPUMBIX MOJIMMEPHBIX KOMIUIEKCOB aHTUOMOTHKOB-aMHUHOTIIFOKO3HIOB
(reHTaMUIMH, KaHAMUIMH, HEOMHUIIMH) C COIOJUMEpaMH aKpHjaMHla C aKpWIOBOW H

METAaKpUI0BOM Kucnoramu [139]: CH (H)
o /JC\HE'—E CH— j\—

HoN Ho o O
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JUist TOTy4eHus] KOMITJIEKCOB pU(aMIUIMHA C TIOHMKEHHON TOKCUYHOCTBIO U BBICOKOM
MIPOTUBOTYOEPKYJIE3HOM aAKTUBHOCTBIO  YCIEIIHO MCIOJB30BAIM  IOJIM-2-aKpUIaMUI0-
2MeTUIPONaHCyab(POKUCIOTY ((popMyna 3IEMEHTapHOIO 3BE€HA MPHUBEJEHA BhIIIE B COCTABE
COIOJIUMEpa ¢ aKpUIIaMHJIOM) ¢ MoJieKy sipHoi Maccoit 20—40k/la [140].

B xadecTBe MaTpuIl A1l CO3AaHUS MOJIMMEPHBIX (DOPM aKTUBHBIX (papMarieBTUYECKUX
UHTPEUEHTOB  HW3BECTHBI M  XOpowo ce0s 3apeKOMEHJOBaJM  COMoiuMepnl  N-
BUHWIaMHIOsTHTapHOU Kuciotel (BASIK) [120, 141, 142, 143], mpekypcopaMu KOTOPBIX
ABIAIOTCS  cononumepbl N-Bunuicykumnumuga (BCH) [144], nerko mnoaBepraroiuecs

LIEJI0YHOMY THIPOJIU3Y:

@
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N__© NH NH
=T ° °
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B kadecTBe BOIOPACTBOPUMBIX MATPHI], CIOCOOHBIX K KOMIUIEKCOOOpPA30BAaHHUIO C
®AB, nonyyensl u uccienoBansl romononumepsl BASK u ee conmonumepsl ¢ BUHWIOBBIM

cnuprom (BC), N-punwimmupponugonom (BII) [145], 2-ruapokcu3TUIMETaKpUIaTOM

(TOBMA) [120]:
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Bo Bcex wuccnenoBaHHBIX cuctemax cBsasbiBaHne PAB ocymiecTBiIAIOCH 3a CUET
00pa3zoBaHusi HOHHOW CBSI3M MEXy aMHHOTPYIIIOW aKTUBHOTO MHIPEINEHTA U KapOOKCHIIbHOM
rpynnoii BASK. IlpuueMm, yacto He pacTBOPUMOE B BOJIE BELIECTBO MEPEXOUIIO B PACTBOP

6naroaps KOMIUIEKCOOOpa30BaHUIO.
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Ha ocnose conomumepa BASIK ¢ BC u npoTMBOBHpPYCHOTO aKTMBHOI'O MHI'PEIUEHTA
peMaHnTanuHa Obul paspaboran mpemnapaT «[lommpem», obGiamarouuii MPOJIOHTUPOBAHHBIM
neiictBueM, 3((HeKTUBHBIN B OTHOIIEHUH BUPYCOB Ieprieca, TpUIIa, ManuuioOMaBUPYCHOU U
xnamuauiiHont  uHpexkmuu [146-148]. Chnektp ero JAelcTBUS HE HCYEPIBIBAETCS
MePEeYnCIIeHHbIM. braromapst monumepHoil Gopme mpemnapaT 007amaeT MPOTUBOBUPYCHBIM
neicTBUeM B 3 pa3za NPEBBIMIAOIIUM 10 IJIUTEIHHOCTH JEHCTBUE HU3ZKOMOJIEKYJISIPHOTO
aKTUBHOTO Hayalla peMaHTaJuHa 0e3 yBeJIMYeHHUs pa3oBOMl 03Bl MpUEMa U C MOHWKEHHBIM
PUCKOM OCJIOXKHEHHH.

Ta xe camasi cucrteMa, HO IPEACTABIICHHAs] B BUJE Telisl, MOCITYXUla OCHOBOW IMpHU
pa3paboTke «Bupo-can», peKOMEHIOBAHHOM K IIPUMEHEHUIO B THHEKOJIOTHH, CTOMATOJIOTUU U
kocMmeTonoruu [149—151].

[Tpumenenne ®AB pa3nuuHOro cTpoeHus B BUE KOMILIEKCOB ¢ cononumepamu BASIK
IIPUBOJUT K MPOJJIEHUIO CPOKA UX ACUCTBUS, HapuMep, 10 48 4 BMecTo 6—8 4 uiu 10 72-96 4
BMmecTo 24 4 [120]. D10 uaer B paszpes ¢ ganabiMu [117]. Hamo, koHEUHO, YUUTHIBATh, YTO €CIIH
B [117] xonTposmpoBanu coaepxxanue @AB B moue, T0 B [120] 3KCIEpUMEHTHI TPOBOAMIIUCH
in vitro myTeM Auanu3a 4epes MPOHULIaeMyI0 MeMOpaHy.

EcTh cBenenus ycrnemnon KoBaneHTHOH nMMmoounu3anuu ®AB n-amMmuHOcaTUIIOBON

KHCIIOTHI Ha conosimMepax BASIK 3a cuet oOpa3zoBanus nmenTuaHou cBs3u [152—154].

BBIBO/IbI IIO AHAJIMTUYECKOMY OB30PY

[Ipu co3pgaHuM MOJUMEPOB U MEIMKO-OMOJIOTMYECKOTO NMPUMEHEHUs B KadyecTBE
MaTpul] TOJIMMEPHBIX (OpPM  aKTUBHBIX (apmaneBTuueckux wuHrpeaueHtos  OIIL]
MOJIMMEpHU3alMs MPEJICTaBIsAET 0COOBIN MHTEPEC, TaK KAaK MO3BOJIAET PELIUTh OJHOBPEMEHHO
HEecKoJIbKo mpobiaeM. IIpexxae Bcero 370 BONPOC KOMIO3ULIMOHHOW HEOIHOPOIHOCTH,
XapaKTEpPHOU ISl COMOIMMEPOB, MOJIYUYAOIINUXCSl U3 Pa3HOAKTUBHBIX MOHOMEPOB, K KOTOPBIM
oTHOcsTCs, Hanpumep, BCU u BA. Jl[pyruM JTOCTOMHCTBOM SIBJIIETCS BO3MO>KHOCTh CHHTE3a
[IOJIMMEPOB € 3aJaHHON BEJIHYMHONW MOJICKYJSIPHOH MACChl U Y3KHMM MOJICKYJISIPHO-
MAacCCOBBIM pacnpejejeHHeM, YTO SIBJISETCS KIIOYEBBIM TpeOOBaHHWEM IPH BBEJICHUM UX B
COCTaBE JIEKAPCTBEHHBIX CPEACTB NnapeHTepanbHo [155]. Kak BUOHO M3 NIPUBENEHHBIX BBIIIE
MHOTOYHMCIICHHBIX NPUMEPOB, IMOJMMEPHbIE MaTpHLbl Ui 3akpemsieHus Ha Hux OAB B
MOJIABJISIONIEM OOJIBIIMHCTBE CIy4aeB NPEACTaBISIOT COOOW KapOOLENHbIE MOJUMEpHI, HE
CIOCOOHBIE K THIAPOJIMTHYECKOW Jerpajalud B (U3HOJIOTMYECKHX Cpelax OpraHu3Mma, U

MO3TOMY JJI UX IMOJIHOI'O BBIBCACHUA U3 OpraHru3Ma IMocCJjC OKa3aHus DAB TCPANICBTUICCKOI'O
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s dexTa npebsIBIIETCS CTPOroe OrpaHUUYEHHUE 110 MOJIEKYJISIPHOM Macce, KoTopasi He TOJDKHA
MIPEBBIIIATh HECKOJIBKUX JeCATKOB Thicsid klla [141], nanpumep, 25 x/la mist ruamypoHOBOi
KUCHoThI [156], oHako moporoBsie 3HaUeHUs MOryT gocturath U 30-50 x/la B 3aBucuMocT
OT THOKOCTU U apXUTEeKTypsl 1enu [155]. UtoOsl momacte B MOUy NpH YABTpaQUIBTPALUU B
noukax ®AB 10JKHO MPOUTH € TUIa3MOM KpOBH yepe3 QMIBTP B KIIyOOUKaX MOYEUHBIX TeJIell,
cpenHuil muaMeTp mop kKotopeix 2.9 M. [Ipu Takom pasmepe mop Bce BemiecTBa ¢ MM 1o 5
k/la cBOOOHO MPOXOAT C PACTBOPOM, 0Opa3yrOIIUM NEPBUYHYIO0 Mouy. BemectBa ¢ MM<65
k/la yacTU4HO MOTYT IPOHUKATh B IOpkl, a ¢ MM>65 k/la B mopel He npoHUKaroT [157].

JIOTIONHUTENBHO, HOJUAMCIIEPCHOCTh IOJIMMEpPA OKa3bIBA€T BIUSHUE Ha €ro
TOKCHYHOCTh. JTO OBLJIO OOHapyKeHO Ha oOpasmax comoisumepoB BIl ¢ BuHWIAMHHOM,
conepxkauux 10 mMo1.% 3BeHbeB BUHWIaMKUHA. PpakunoHupoBaHHble 00pasnpbl ¢ BD=1.5-1.8
MMCIOT  3HAaY€HHWE  MaKCUMaJbHO  mepeHocuMod  mo3el  2500-3000 wmr/kr, a
HedpakuonupoBannbsie ¢ P=3.2-3.6 — 1000—1500 mr/kr [120]. 3TO CBA3BIBAIOT C HATUYUEM
BBICOKOMOJIEKYIIApHOH (pakmmu B obOpasnax ¢ mupokuM MMP. IloHATHO, 9TO HHKaKMX
OTpaHWYCHUH MPHU NIEPOPATHLHOM HIIM MECTHOM IPUMEHEHUH noJiuMepHbIX hopm DAB Her.

B cBs3u ¢ 3TUM 1enb0 3TOM paboThl SIBMIIOCH NpUMEHUTH JoctomHcTBa OITL]
MOJMMEpU3allMi K CHUHTE3y IMoJauMepoB Ha ocHoBe BCHM u uX noiaummepaHalioroB —
coronumepoB BASIK, 3apexomenoBaBIIMX ceOsi B Ka4eCTBE MATPHIL IS TOJMMEPHBIX (OpM
®AB mnpexnae Bcero Onarogapss HU3KOM TOKCHUYHOCTH: Hampumep, conoiumepsl BASK-BC
SBIIAIOTCS HE TOKCHUHBIMH, MMes cpeaHeneTanbHyio no3y 5800 wmr/kr [141] (mommmepsl

cuyuTaroTcs “HeToKcHYHbIMK® Tipu LD50>5 r/kr mpu nepopaibHoM mipueme [ 158]).
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2 XAPAKTEPUCTHUKA UCXOJAHBIX MATEPUAJIOB U METOJIUKHU
IKCIIEPUMEHTOB

2.1 XAPAKTEPUCTHUKA UCXOJHBIX MATEPHUAJIOB

N-puaniacykuuauvug (BCH)!. J[Bax bl nepekpyucTaaIn30BEIBAIN U3 H30MPONAHONA
(Tun 48.5°C). Unentudukanus u olleHKa YUCTOTH 1o crnektpy 'H SIMP (400.13 T'u, JIMCO-
do6): 6 2.66 (4H, s), 5.02 (1H, d, J/=9.78 '), 5.95 (1H, d, J=16.38 I'n), 6.64 (1H, dd, J=16.38,
9.78 T'n).

N-punuianuppoyuaon (BII). Ilepen nonumMepuzanmeit aBaxapl NEPETOHSIN B
Bakyyme. nentudukanus u oleHKa YUCTOTHI 10 CIIEKTPY 'H IMP (400.13 I'y, CDCI3): § 1.70
(2H, m), 2.03 (2H, m), 3.09 (2H, m), 3.97 (1H, d, J=15.66 'n), 3.99 (1H, d, J=8.95 I'm), 6.62
(1H, dd, J=15.66, 8.95 I'n).

Bununnanerar (BA). Ilepen nonmmepusanumeid nBaxapl neperoHsid (Twm=72°C).
W nenTuduKanys 1 oleHka YucToThl o crekrpy 'H SIMP (400.13 I'u, IMCO-de): 8 2.13 (3H,
s), 4.64 (1H, dd, J=6.32, 1.47 I'y), 4.89 (1H, dd, J=13.94, 1.47 '), 7.21 (1H, dd, J=13.94, 6.32
I'm).

Xoaecrepuaakpuiaar? (XA), MM 440 r/monb, pactBopuM B Toiyose, TI'®D,
xnopodopme, amuiosoM crupre. Mnentudukanus no cnekrpy 'H SIMP (cM. paszen. 4.3.)

Xoaecrepuamerakpuiaar? (XMA), MM 454 r/mons, uneHTHOHKAIMS M0 crekTpy 'H
SAMP (cwm. pazgen. 4.3.)

JAuHuTpuI a306ucusomaciasiHoii kucaotsl (JAK)

Mounekynspras macca 164 t/moms, ds 2 = 1030xr/™®, & 104°C. Tlepen
HCIOJIb30BAHUEM JIBAXKbI MEPEKPUCTAIUIM30BBIBAIM U3 pacTBOpa B 3TaHoise npu (601+2)°C, u
cymmnu B Bakyyme npu 20°C. SIMP 'H (IMCO-ds, 8, m.x., J/T'm): 1.68 (c, 12H, CH3).

OcHoBHO#l ~ xapaktepuctukod JAK  npumeHuTenbHO K  MHULMUPOBAHUIO
MoJIMMEpH3aliK ABISETCS Bpems monypacnaaa. Hampumep, ti2=10 4. nmpu 64°C (tomyon),
t12=10 4. mpu 70°C, t12=1 u. mpu 8§1°C (6en3omn) [159, 160]. Bpems momypacnama JTAK cBszano
C KOHCTaHTOM CKOPOCTH TEPMHYECKOTO pacmaga (3HAYeHHs Ui HEKOTOPBIX YCIOBHM
MpUBEICHBI B Ta0IM. 2) K4 BbIpaxKeHHEM:

t12 = 0.693/ ka. (19)

'IT p emocraB 1 eH JI. U. Wan b HOB oM
2II p enocraB 1 en E T.K op X uxosol -Bn aXx M M.JLJIeB uT
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Tabnuna 2 — KoncranTtel ckopoctu TepMudeckoro pacrnanga JJAK.

PactBopurens Temneparypa, °C kg, ¢! Hcrounuk
Tomyon 69.8 0.38-10* 159
(Ea=142k/1x/mMo0mp) 80.2 1.70-10* 159
50 2.08:10°
Benson 60 8.45-10°
(Ea=123.4 70 3.17-10° 160
kJ[5x/MOIB) 78 8.02:107
100 1.52-10°

JAundensunrpurnokapoonar (bTK)

BTK cuntesupoBamu no meroauke [161]. s atoro 5.85 r (0.045 monp) cynsduna
HaTpus pactBopsuin B 50 mu Boabl, 3ateM jnoOaBimsuin 0.30 r 75% BomHOro pacrBopa
Metuntpudbyrunammonwuitxinopuaa u 3.54 r (0.046 moib) cepoyriepoaa. Peakmonnyro cmech
nepememnBan B Teuenue 1 4 npu 35°C. [lanee x peakumoHHONW cMecH B TedeHHE 15 MuH
npubassui 10.08 1 (0.08 M0Jb) OEH3UIXIIOPHIA U OCTABJISUTH P MIEPEMEIITUBAHUH B TEUCHUE
3 u npu 50°C, 3arem B Teuenue 30 mun npu 70°C. [{ns MOTHOTO 3aBEPIICHHS PEAKIIUU
no6asisi 0.15 T METHITPUOYTHIAMMOHUIXJIOpHIA M TIEPEMEIIMBAIN PEAKIIMOHHYIO CMECh
JIOTIOJIHUTENBHO B TeueHue 15 u npu KoMHaTHOM Temmeparype. [lo okoHuaHuM peakuuu
BOAHYIO (a3zy AEKaHTUPOBAIM, K IOJY4YEHHOW >xenToil Macce nobaBimsuim 70 mMi1 3TaHoIA.
Kpucraniauueckuif mpoaykT OTQUIBTPOBBIBANIM, INPOMBIBAIM 3TAHOJIOM M CYIIWIH [0
nocrostauHoro Beca. Brixox BTK, mpencraistromero co0oif KpUCTaJUIMYECKOE BEIIECTBO
’KEJITOro LBeTa, cocTapsn 83.6%. nentudukanus no cnekrpy SIMP 'H (400.13 MTI'u, 25°C,
CDCb) 6, m.1.: 4.69 (4H CHa, s), 7.28-7.42 (10H, Ar, m).

PemaHTagnH-0CHOBaHNE Y TPHMEKAMH-OCHOBAHHUE IOyl U3 COOTBETCTBYIOIIHNX
XJIOPrUApaToB. XJOPruaparT CyYCHEHAWPOBAIM B AUCTUUIMPOBAHHOM BOJAE U IpH
nepememmBanun 106apmsum 1M NaOH. Ilpu 5TOM BBIAETSUIM aKTUBHBINA (hapMarieBTUIECKUN
WHTPEMEHT-OCHOBAHUE, CHCTEMa pacclauBajlaCh Ha HWKHUW BOJHO-LIEIOYHOU CIIOH |
BEepXHHMI opraHuueckuid. L{eneBoil mpoayKT 3KCTparupoBalyd IUATUIOBBIM 3(DUPOM, CYIIUIN
ot cnenoB Bojbl cyxuM KOH u BbIIENSIINM OTTOHKOW 3(Hpa MpH BaKyyMe BOJOCTPYHHOTO
Hacoca. Pemantaguua neperonsuii B Bakyyme mpu 100°C/2 mwm. pt. cr. TpumekanH B BUje

IJIOTHOTO mopoika cymmin mpu 20°C/S M. pT. CT.
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Humernndopmamun u auMeTwicynbdokeua ( o6a — x.4., AO «Bekton») mnepen
UCTOJIb30BaHueM nieperonsuiu B Bakyyme. NaOH (98%), 4.n.a., KOH (86%), x.4. (06a — OO0
"HeBaPeaktuB"), mudtmnoBwiii 3¢up (u.jg.a., OO0 «Ky3bacoprxum), neHTepupOBaHHBIM
TUMETHICYTBGOKCUA U JIeHTepupoBaHHbIil ximopodopMm, 99.5% (0b6a — Cambridge Isotope
Laboratories), LiBr, >99% («Sigma Aldrich», Homep nipoaykra 73036), karnonut KY-2-8, H-
¢dopma (OO0 I10 «TOKEM»), pemaHnTaiuHa XJIOPTUAPAT U TpUMEKanHa Xjoprujapar (oba —
AO «Onmnaiinpapm»), cyxoit nuratensHblil arap (I'PM-AI'AP, AO «JlenPeakTtuB», Koa ToBapa
013057) wucnonb3oBanu 0e3 JIOMOJHUTEIBHOM MHOATOTOBKU. JIMCTHIUIMPOBAHHYIO BOAY
nojy4yanu Ha Ouguctwistope «Steuergerat purator-bi» (Kombinat Technisches Glas,
Ilmenau). Ecau Her crenuanbHBIX OTOBOPOK, TO JONOJHHUTEIbHOM OUYMCTKM PEAreHTOB HE

IIPOBOJIMIIOCH.

2.2 METOJAMKH SKCIIEPUMEHTOB

2.2.1 MeTtoauka npoBeieHUs1 aMIyJIbHOH COMOJIUMePH3ALHUHU

[Tonumepusanus BO BCexX Clydasix KpOME€ MOHUTOpPHUHTA B siuelike crnexkrpomerpa SAMP
MIPOBOAMJIACH B CIEHUANbHBIX amiyiaax oobemoMm 20 mu. Ilepex ucmnonb3oBaHHEM AMITYIIbI
00pabaThIBAIMCh TOPSUYECH XPOMOBOM cMechio B TeueHue 30 MUH, MHOTOKPATHO ITPOMBIBAIIUCH
JUCTUJUIMPOBAHHON BOJIOW, MPOMAPUBAINCH BOJASHBIM [IAPOM B T€UEHHE 4 4acOB U CYILMIHUChH
B TepMocTare npu 250°C B TedeHue 6 4yacoB. 3alOJHEHHE aMIyJl PEAKIUOHHONW CMECHIO
MIPOM3BOJIMWIIOCHE Ha BO3Jyxe. PaccuMTaHHble KOJMYECTBA COMOHOMEpOB, HHHUIMATOpa H
PacTBOPUTEIISI TO3UPOBATHUCH IO Macce ¢ TouHOCTHIO 0,0002 r miu mo 06beMy ¢ TOYHOCTBIO J10
0.1 mu1. 1151 yaaneHust KUCI0poJa BO3yXa COAECPKUMOE aMITyJT OXJIAKIAIOCH B BOJIE CO JIbJOM
U BaKyyMHPOBAJIOCh, 3aT€M 3alOJIHSUIMCh aprOHOM. OTH JIBE Olepaluy MOBTOPSIUCH 4 pasa,
[OCJIe 4Yero 3aloJHEHHbIE AaproHOM aMmIlyJibl 3alauBajiCh. 3amasHHbIE aMIOyibl CO
B3BELICHHbBIMH KOMIIOHEHTaMH MOMEIAINCh B TEPMOCTaT, B KOTOPOM IMOJAJEpP>KUBAJIACh
temneparypa ¢ TouHocTelo +0,1°C. Ilonmmepusanus npepbiBanach pPe3KUM OXJIAKICHUEM
peakuuoHHo# Maccsl 10 0°C, morpykeHueM aMiyJs B BOJY CO JIbJIOM.

2.2.2 MeTtoauka MOHMTOPHHIA MOJTUMEPH3alli HENOCPEACTBEHHO B sYeiKe
cnektpomerpa SAIMP
Mouurtopunr npooauiu B ammnyinax Wilmad Low Pressure/Vacuum NMR Tube, 5 mm.

(puc. 12), no3BOJAOIMX TPOBOAUTH ChEMKY CIEKTPOB B BaKyyMe€ WM IPEIBAPUTEIBHO
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CO3/IaHHOM BHYTPU aMITyJIbl HHEPTHOI aTMocdepe. PeakMoHHYI0 cMeCh 3aIMBai B aMITyiy,
3aTeM COJEPKMMOE aMIlyJl [OJBEpPrajii TPEXKPAaTHOMY LHMKIY 3aMOpPaXMBAHHE —
BaKyyMHpPOBAaHUE — pa3MOpa)XMBaHUE — 3allOJIHEHUE Ar, MOJCOENMHSAS COOTBETCTBEHHO K
BaKyyMHOW JIMHUU WM K UCTOYHHUKY AT MPU OTKPHITOM BEHTHJIE (KPACHBIHM 3J€MEHT Ha puC.
12). CopepxuMoe HM30JIMPOBAIM, 3aKpblBash BEHTWJIb, aMIyjbl MOMEIIAJM B TEPMOCTaT U
MPOBOJIWIN ToJiuMepu3anmio npu temmeparype 60, 70 wim 80°C B TeueHHE 3aJaHHOTO
BpeMeHn. IlepHoAMYecKH OCYIIECTBIANM perucTpamuio crekrpa SIMP  'H. Pacuers

MMpOBOAWIIM HA OCHOBAHUUN U3MCHCHU UHTCTPAJIBHBIX HHTEHCUBHOCTEI CHUTHAJIOB B CIICKTPC.

Pucynok 12 —YcrpoiictBo BepxHeit uactu ammynsl Wilmad Low Pressure/Vacuum NMR

Tube.

2.2.3 HUccaenoBanue KMHETUKHU roMonouMepu3anun N-BUHWICYyKuMHuMuaa B 1,4-
AUOKCAHe U MOJIEKYJISAPHO-MACCOBBIX XaPAKTEPUCTHK MOJIYYEHHBIX OJIMMEPOB

OOpa3npl A7 TPOBENEHHs TOJMMEPHU3ALMU B PACTBOPE TOTOBHIIM CIEAYIOLIUM
obpazom. [{ns monydenus pactBopoB ¢ koHIeHTparueit BTK 0.01, 0.03 u 0.1 mosb/n HaBecKu
BCH 3.1853 r u JIAK 0.0007 r pactBopsiu B 0.5 M JHOKcaHa MpH HarpeBaHuu. B Orokchl,
coaepxaintue ciuenytoume koauyecrsa bTK: 0.0232 r (0.1 M), 0.007 r (0.03 M) u 0.0023 r
(0.01 M) no6apns o 0.8 MJI MPUTOTOBJIEHHOTO pacTBOpa. ['0TOBBIE cMECH pa3IMBaJIH IO
amIryiaMm, JIeTa3upoBaIM W OTHauBaimM. JIg HW3ydyeHHS  MOJIEKYJISPHO-MacCOBBIX
XapaKTEepPUCTUK MTOJIMMEPOB aMITyJIbl IOMEIIAIN B TEpMOCTAT, pa3orpersiid 10 60, 70 unu 80°C,

B TCUCHUC 3aJaHHOI'0O BPCMCHHU. Ilo oxoHYaHHH MNOoJIMMEpU3allud aMITyJibl OXJIAXKIAIN U
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MOJIMMEP BBIJCISTA PAacTBOPEHUEM B XJIOpoopMe U OCaKIECHHUEM B JUATUIOBBHIA 3dup.
Ocanok oTGUIBTPOBHIBAIM U CYIIHIN B BAKYyM€ JI0 TIOCTOSIHHOTO Beca.

Uccnenosanue KUHETUKH paauKaIbHOM MOJIUMEPHU3AIIH MIPOBOIUIIH
KAJTIOPUMETPHUECKIM METOI0M Ha MU PepeHIINAITPHOM aBTOMAaTHUYECKOM MUKPOKAJIOPHUMETPE
HAK-1-la B pexume TUpAMOH perucTpanuu ckopoctu teruoBbiaenenus (dQ/dt) B
n3zorepmuueckux ycioBusax npu 60, 70 wiu 80°C. B pabGouyio sdeiiky moMemaay aMIyiy ¢
UCCIIeTyeMO CMECHIO C M3BECTHOM Maccoil 00pasiia, B KOMIIEHCAI[MOHHYIO slUeHKY CpaBHEHUS
— aMIyjay ¢ NpUOIU3UTENBHO PaBHBIM KOJMYECTBOM 3allOJMMEPU30BAaHHOIO MOHOMepa. [l
pacuera KOHBEPCHHM MOHOMEpa U CKOpPOCTH TMOJUMEPU3ALMU MCIIONb30BAIN SHTAJIBIINIO
nonumepuszaimu BCU, paBuyio —55 k/[x/Mob.

2.2.4 Tlonyyenne mnoauMepoB N-BHHWICYKIMHUMHUAA [JI1 HCCJEI0OBAHUA
MHMKPOCTPYKTYPbI LeNH U MOJIEKYJISIPHO-MACCOBBIX XapaKTePUCTHK MOJIMMepHu3anueil B
Macce B IPUCYTCTBUM IHOEH3WITPUTHOKAPOOHATA

[Tonumepsr IIBCU-1, IIBCU-2 u IIBCU-3 nonyyanu noiumepusamuei B macce, 80°C,
aTMocgepa aproHa, B CTEKJITHHBIX aMITylax, Kak omucaHo B paszaene 2.2.1. YcinoBus cuHTesa:
st [IBCU-1 6panu HaBeckn BCU 3.5868, 1AK 0.0006, BTK 0.0104 r., mpo10/KUTETHHOCTD
nomumepuzammu 8 4.; g [IBCU-2 — BCHU 3.0011, JAK otcyrcTtBoBan (TepMHuUEcKOe
ununuuponanue), bTK 0.0088 r., mpoaomkurenbHOCT nonuMepusanuu 2 cyrok; s [IBCU-3
— BCH 3.2475, JAK 0.0006, BTK 0.0941 r., npoaomkuTeIbHOCTh oduMepusanuu 24 4. [lo
OKOHYAHUH TMOJIMMEPH3AINH PEAKIIMOHHYIO MAacCy OXJIaXKIalll, pacTBOPSUIN B Xjiopodopme u
OTJIMBAJIM TOHKHME IUIEHKH, COJEpXkalllie MOJMMEp M HEeNmpopearupoBaBIIMI MOHOMED.
MoHoMmep yfansiiii 3KCTparupoBaHUEeM AUCTUILIMPOBAHHOW BOJAOM 10 OTCYTCTBHS B CLIEKTpaxX
SIMP 'H BricymenHoro noiamMepa curaanos BCH.

2.2.5 OmnpenesieHue Mo0JI0KeHUSI TPUTHOKAPOOHATHOTO (pparMeHTa B oOpa3uax moau-N-
BHHMJICYKIIMUHUMHU/IA, MOJYYEHHbIX MOJIMMepHU3alueil B Macce B IPUCYTCTBUM
AUOCH3WITPUTHOKAPOOHATA

VY nanenue TputnokapoonarHoro gparmenra B oopasmnax [IBCHU-1, [IBCU-2 u [IBCU-
3 npoBogwin HarpeBanueM Inpu 80°C B TedeHue 24 4acoB pacTBOPOB IOJIMMEpPA B CMECU
oensona (15 M) u xmopodopma (15 M) B armocdepe aprona, coxepkamux 100 KpaTHBIA
m30bTok  JIAK 10 OTHOmEHWI0O K TpUTHOKapOOHATHBIM TpymmaM. Bo Bcex ciydasx
xoHnenrparuu coctapumu [[IBCUJ=10", [[IAK]=10" mons/n1. CocTap peakMOHHEIX cMeceil

cremyromuit: [IBCU-1 (MM=67800) 1.0231 r, JIAK 0.246 r. ; [IBCU-2 (MM=50300) 0.7560
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r., IAK 0.2460 r.; [IBCU-3 (MM=4500) 0.2280 r, IAK 0.8200 r, cmecb 50 mur 6enzona u 50
M xsopodopma. [locne okoHUaHUS peakIi CMeCh BBICYIIMBANIACh OT PACTBOPUTEICH.

2.2.6 IIpoBepka cnocoOHOCTH Heneil moau-N-BUHUICYKIMHIMHA/IA, II0JIy4eHHOT O
NoJIMMepH3alueil B Macce B IPUCYTCTBUH AMOCH3WITPUTHOKAPOOHATA, K JaJIbHeleMy
pocty

[TpoBepka crocoOHOCTH TieTiel K aanbHelmeMy pocTy ("okuBaTh'") OCYIECTBISAIACH
Ha npumepe IIBCU-tputnokap6onara (IIBCHU-TK-1), nomydyeHHoro noiuMepusanueil B
macce npu [JJAK]=102, [BTK]=10" mons/1, 80°C. IBCU-TK-1 BbIENSIN PACTBOPEHUEM B
XJIopoopMe U BBICAKIACHUEM B TUATHIOBBIA 3¢up. JanpHelmas nomumepusaiuss BCU B
npucyrcteun I[IBCU-TK-1 ocymectsisnack B Macce npu [JAK]= 5,5-10%, [IBCHU-TK-
1]=5,5-10 mons/n, 80°C B Teuenue 24 4. Kousepcus MoHoMepa coctaBuna 50%. Y nanenue
TpuTHOKapOoHaTHOTO (parmenTa mpoBoawnn HarpeBanuemM IIBCHU-TK-1 u «BwIpOCHIero»
IIBCU-TK-2 co crokpaTHbIM MOJbHBIM  u30bITKOM JIAK 1o OTHOmIEHHIO K
TPUTHOKApOOHATHBIM Tpymnam B 6ensode, npu 80°C, B TeueHue 24 4 B atMmocdepe Ar.

2.2.7 Cunre3 conoiuMepoB N-BUHWICYKIIMHUMM/IA ¢ BAHWJIAETATOM B Macce
MOHOMEPOB B NPUCYTCTBHM THOCH3NJITPUTHOKAPOOHATA U3 MOHOMEPHOM cMecH,
coaep:xameii 25 M0a1% N-BUHIJICYKIMHUMHUIA

KonTpoaupyemsliii cuntes cononumepoB BCU ¢ BA npu coctaBe MOHOMEPHOI cMeCH
25 mon% BCH u paznuunbix KoHIEeHTpanusax arenta OIILl npoBoaunmu B Macce MOHOMEpPOB
npu 70°C B TeueHue 72 4 B CTEKJISIHHBIX aMITyJIax, Kak onnucaHo B pasaene 2.2.1. Mcnonb3oBanu
cinenyrourue 3arpysku: BCU 1.5017 r, BA 3.1951 r, BTK 0.0025 r, JAK 0.0007 r
([FTK]=1.8-10" moms/1, [JAK]= 8.6-10™* mons/n, BeIx0x 67%, conepsxanue 38eHseB BCU B
cononmumepe 34.8%); BCU 1.5009 r, BA 3.2176 r, BTK 0.0065 r, JAK 0.0007 r
([BTK]=4.5-10" mons/n, [AAK]= 8.6-10"* mons/n, Beixox 50%, conepxanue 3seHbes BCU B
cononumepe 45.8%); BCHU 1.5017 r, BA 3.2208 r, BTK 0.0127 r, JAK 0.0007 r
([BTK]=8.8-10" moms/x1, [JAK]= 8.6-10* mons/n, Beixox 35%, coaepsxanue 38ennes BCU B
cononumepe 50.6%). [lo okOHUaHMM NOJUMEPU3ALUU PEAKLUOHHYIO MAacCy pacTBOPSUIM B
JMOKCAaHE U ABaK]bl OCAXKJJAJIA B BOAY, CYIINIHN B BakyyMme npu 60°C 10 IOCTOSIHHOM MacChl.
2.2.8 Knaccuyeckas conojimmepu3anusi N-BUHHJICYKIMHUMHA/IA ¢ BHHIJIALETATOM NPH
Pa3HBIX COCTABAX MOHOMEPHO# cMecH
Knaccuueckyro conomumepusarmio BCU ¢ BA B IMCO ([JIAK]= 2.0- 107 moms/1) npu
pa3HbIX COCTaBaXx MOHOMEpPHOW CMECH NMPOBOJWIN B CTEKISIHHBIX aMIyjaX, Kak OMHCAHO B

paznene 2.2.1., npu 70°C B Teuenue 72 4. Micnoap30Banu CleayIOUINE 3arpy3KH: AJ1s1 UCXOTHON
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cmecu MoHomepoB coctaBa BCU:BA=25:75 (m0n1.%): BCU 0.1609 r, BA 0.3547 r, HAK
0.0026 r, AMCO 0.2800 r (Bbrxox 41%, conepxanue 38eHbeB BCU B comommepe 29.0%); s
coctaBa 50:50: BCH 0.2963 1, BA 0.2094 r, IAK 0.0033 r, IMCO 0.5552 r (Bb1xoxa 51%,
coaepxanue 38eHbeB BCHU B conmonumepe 49.3%); nnst cocraBa 75:25: BCU 0.4077 r, BA
0.1076 r, HAK 0.0039 r, AMCO 0.7625 r (Beixon 58%, conepxkanue 3BeHbeB BCU B
conosumepe 59.7%). [1o okoHYaHUM MOTMMEPHU3AIUN COTIOTUMEDP IBAXKIBI TIEPEOCANKIAIN U3
pactBopa B JIMCO B Boay, cymunu B BakyyMe npu 80°C 10 TOCTOSTHHON MacChl.
2.2.9 Cunre3 conojimmMepoB N-BHHWJICYKIIMHUMHU/A ¢ BUHIWJIALETATOM B Macce
MOHOMEPOB B NPUCYTCTBUM THOCH3WJITPUTHOKAPOOHATA U3 MOHOMEPHBIX cMeceil
Pa3HOIO0 COCTaBa

KonTtponupyemsriii cunte3 cononmumepoB BCU ¢ BA mnpu pasHblx cocTaBax
MOHOMEPHOW CMECH NPOBOJWIM B CTEKIIIHHBIX aMmIyjax, Kak omucaHo B pasneine 2.2.1., B
macce MmoHomepos 1pu 70°C ([JJAK]=1-10 mons/n, [BTK]=5-10 mons/n) B Teuenue 1, 2.5 u
4 4. Vcnonb3oBalu CienylOIIMe 3arpy3Ku: JUisi UCXOAHOW CMECH MOHOMEpPOB COCTaBa
BCU:BA=25:75 (M01.%): BCU 2.9618 1, BA 6.1242 1, BTK 0.0126 1, IAK 0.0015 r.; mis
cocraBa 50:50: BCH1 5.9207 r, BA 4.0835 r, BTK 0.0145 1, JIAK 0.0018 r; msg coctaBa 75:25:
BCH 8.8830 r, BA 2.0477 r, BTK 0.0162 r, JJAK 0.0018 r. [Io okOHYaHUU TIOJIUMEPHU3ALNU
PEaKIMOHHYIO MacCy PacTBOPSUIM B IMOKCAHE U ABAXKIBI OCAXK/IaJIH B BOJY, CYLIWIHA B BAKyyMe
nipu 60°C 10 MOCTOSHHOM MaccChl.

2.2.10 MonuTopuHr conouMepu3auui N-BHHHICYKIIMHUMH/IA ¢ BAUHHJIALlETaTOM B
fA4yeiike cnekrpomerpa SIMP

Mounutopunr conosumepuszatmu BCU u BA nposonumu npu 70°C B cneuuanbHON
amnyne s SAMP, kak onucano B pazzaene 2.2.2. Mcnonp30Baiu CIAEAYIONIUE 3arpy3Ku: ISt
MOHOMEpHOU cmecH, coaepxkamieit 50 mon% BCU: BCU 0.0450 r, BA 0.0310 r, BTK 0.0012
r, TAK 0.1 mx pactBopa 0.0012 r IAK B 1 M IMCO-ds; mis cmecu, coaepxkanieid 62.5 mon.%
BCHU: BCH 0.1052 1, BA 0.0434 1, BTK 0.0020 r, JJAK 0.2 mu pactBopa 0.0012 r JAK B 1 M
JIAMCO-ds; st emecu, coaepxkarieit 75 mon.% BCU: BCU 0.1308 r, BA 0.0300 r, BTK 0.0020
r, JAK 0.2 mn pactBopa 0.0012 r JAK B 1 man JIMCO-ds. UcxomHbie KOHIEHTpALIUU
KOMIIOHEHTOB COCTaBWIU: Juisi cMecH, conepxkaieid 50 mon% BCU: [BCU]=2.0, [BA]=2.0,
[FTK]=0.023, [HAK]=0.00082 w™omnb/m; nns cmecu, coaepxkamein 62.5 mon% BCU:
[BCU]=1.43, [BA]=2.37, [BTK]=0.0195, [ 1AK]=0.00083 momns/1; Ui cMecH, coliepkarieit 75
mon% BCU: [BCU]=0.95, [BA]=2.86, [ETK]=0.018, [ AAK]=0.00082 momns/m.
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Jlisa pacuera Texkynmx konuentpauuii BCU, BA u BTK npousBoaunu uaterpupoBanue
Bcero crekrpa ot 7.6 1o 0 M.a., U 3TOT MHTETpaJl HOPMUPOBAIM HA €IMHUYHYIO TUIONIA/Ib.
Jlanee MO W3MEHEHUI0 MHTEHCUBHOCTEW CHUTHAJIOB BHUHUIBHBIX IPOTOHOB MOHOMEPOB U
6en3niabHBIX TpoTOHOB BTK 1Mo OTHOIIEHWIO K MHTEHCHBHOCTSIM B MCXOIHOM CIIEKTPE [0
Hayaja peakluuu omnpenenisiim koHsepcurn MoHomepoB U BTK. Jlng mepexona K MOJIBHBIM
KOHIICHTPALUAM YYUTHIBAJIM U3MEHEHHE 00BhEMA pEaKIIMOHHON CMECH B X0/1€ TTOJIMMEPU3AIIHH.
OTO Aenany ¢ UCMOJIb30BaHHEM KO3()()UIIMEHTOB KOHTPAKIIMH MOHOMEPOB IIPHU TeMIIEpaType
cuHTe3a. [Ipu 3TOM YyNpoOIIEHHO NpEeAroarajii, 4YTo0 00beM pPEaKIMOHHOW CMECH SIBIISAETCS
MPOCTON CyMMOI 00bEMOB €¢ KOMIIOHEHTOB (MOHOMEPBI, IEPEJATUUK IIETIH U PACTBOPUTEIH —
JIMCO-ds, BkmamoM wuHHUIMaropa mnpeHeOperann). O0beM KaXIOro MOHOMEpa TpPU €ro
KOHBEPCUH ( MPHOIMKEHHO ONMCHIBACTCS JIMHEHHOH (pyHKIMEH:

V =Vo(1-kq), (20)

rae Vo — 06béM MOHOMEpaA B HCXOJAHOU CMECH, ¢ — €ro KOHBepcus, kK — ko dumumeHt
KOHTPAKIHH, ONpeNesieMblii Ha OCHOBAaHMM 3HAYEHWH IUIOTHOCTM MOHOMEpa U IOJIMMeEpa
(k=(1/pu-1/pu)/(1/pw)), THE Pu ¥ Pn — IUNIOTHOCTH MOHOMEpA W TIOJIHMMEPAa COOTBETCTBEHHO.
31eck UCTIOIB30BaHbI cienyromue 3nadenus k: aust BCU 0.104, nns BA 0.215.

2.2.11 TI'omonoaumepusanusi N-BUHHJINHPPOIHIOHA

[Tonumepuszanuio B Macce MOHOMEpA OCYIIECTBJISUIM B aMIlyJie, KaKk KaK ONMCaHO B
paznene 2.2.1., mpu 80°C, B Teuenue 48 u. /{st cuHTE3a UCIIOJIB30BAIN CIIEYIOLIUE 3arPy3KHU:
BI14.1600 r, BTK 0.0116 , IAK 0.0006 T (4 M1 pactBopa 0.0036 r JIAK B 24 mu BII), Berxon
nosumepa 12.3%. Ilonu-N-sunninupponuaon (IIBIT) ounmanu oT HempopearupoBaBILEro
MOHOMEpa TPEXKPATHBIM MEepPEeoCakKIeHUEM U3 XJIopodopMma B AUITHIOBBIN 3(up, CymUiIn B

BAKyyM€ JI0 OCTOSIHHOM MAacCBl.

2.2.12 Cunre3 0,10K-cOnoIuMepoB N-BUHIJICYKIMHUMH/AA ¢ N-BHHHINHMPPOJINIOHOM
HA OCHOBeE NMOJIU-N-BHHHJIIHPPOJIHI0HA
B cuntese ucnons3oan 11BII, nosryueHne KOTOporo onrucato B NpeAbIAyILEM pa3ee.
AmnynpHy0 nojaumepusanuio (cMm. paszaen 2.2.1.) npoBoaunu npu 85°C B Teuenue 72 u,
UCIIOJIb3YSl 3arpy3Ku: Jjsi  OJIOK-COMOJMMEpa C PACYETHBIM COOTHOILIEHHUEM 3BEHBEB
BCU:BII=1.5: TIBIT 0.2500 r, BCH 0.4228 r, 2 mn pactBopa 0.0010 r JIAK B 40 mu JIM®DA,
BbIxo1 50%; 1 OJOK-comojimMepa ¢ pacueTHbIM cooTHolneHueMm 3BeHbeB BCU:BII=3.0:

IIBIT 0.2531 r, BCU 0.8297 1, 2 mu pactBopa 0.0025 r JAK B 25 mu JIM®DA, Beixona 86%.
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bnok-comonumepsl nepeocaxaand U3 Xxjiaopodopma B AUSTHIOBBIA 3DUp W CYLIIMIH 10
IIOCTOSIHHOM MaccChl.
2.2.13 Cunre3 conojumepoB N-BHHHICYKIMHUMH/IA ¢ N-BHHHJINHMPPOJIHIOHOM

B macce monomepos: npoBoiuau B amirynax (cM. pasaen 2.2.1.), mpu 80°C B TeueHue
8 4, UCIOJIB3YsI 3arpy3KH: 111 MOHOMEPHOM cMecH, conepkaien 25 mon% BCU: BCH 0.9600
r, BII 2.5474 r, BTK 0.0450 r, TAK 0.0005 1; 50 Mmon% BCU: BCU 1.8550 r, BII 1.6494 1,
BTK 0.0470 r, JAK 0.0005 r; 75 mon% BCH: BCU 2.7010 r, BIT 0.8095 r, BTK 0.0489 r,
JAK 0.0006 r. [ToxyyeHHbIE COMOJIMMEPHI OTMBIBAIU OT OCTATOYHBIX MOHOMEPOB BOJION U
CYUIWJIU A0 NOCTOSTHHOW MacCBhl.

B pacmeopumensax: npooauwiu aHanorudo, npu 80°C B TeueHue 72 4, UCIONB3YS
3arpy3ky: BCU 1.8550 r, BII 1.6450 r, BTK 0.0470 r, JAK 0.0005 T, 4TO COOTBETCTBOBAJIO
AKBUMOJICKYISIPHON MOHOMEPHOM cMecu. B peakimonnyro Maccy no6asmsumm 3.5 r JIMOA wnu
JAMCO. ITonumepsl OTMBIBAIN BOJOW U CYIIMIIN A0 NOCTOSTHHONW MacChl.

2.2.14 CuHTe3 NOJIMMEPHOI0 areHTa 00paTUuMoi nepeaaym uenu

[TonumepHslit areHT 0OpaTUMOM Nepesadr LUenu, NpeAcTaBsonil co0oi conoaumep
10JI-N-BUHUICYKITMHUMUA-N-BUHHITHPpouaoH-TpuTHOoKapoonat (I1TK) cunTesnpoBanmu
nojuMepu3anuend B macce MOHOMepoB, Tipu 80°C, B TeueHue 72 4, ucnoianiys 3arpysky BCU
1.8636 1, BII 1.6580 , BTK 0.4306 1, IAK 0.0048 r. Beixox cononumepa 32.5%. Ilo nanuabiM
reNb-MPOHUKAIIEH xpoMarorpaduu onpeaeneno Mn=2200, Mw=2500, B=1.11.

2.2.15 Cunre3 conoimMepoB N-BUHWICYKIMHUMH/IA U N-BHHUJINNPPOJINIOHA B
NPUCYTCTBUH MOJTUMEPHOI0 areHTa 00paTUMON nepegavn Henu

Conoaumepuzayuro N-eunuicykyunumuoa u N-8UHUNNUPPOAUOOHA HA NOCEEHOM
conoaumepe N-gununcykyunumuo-N-euHUIRUPDPOIUOOH-MPUMUOKAPOOHAM e IITK
npoBoauiu npu 80°C B cnenuanbHou amityie s SIMP (cm. pasznen 2.2.2.), npeqHa3HaueHHOM
JUIs  Jierasanuu/BakyymupoBanus mpousBoictBa WILMAD. 3arpy3ka cooTBeTCcTBOBaia
COOTHOILEHHIO TPUTHOKapOoHaTHEIX rpynn B IITK k o6memy konudectBy MoHoMepos 1072 u
JIAK x o6memy konudecTBy MonoMepos 107: BCH 0.1007 r, BIT 0.0952 r, IITK 0.0360 .
Nuunmarop nodasisim k cMecH B Buje pactsopa B JIMCO-ds (0.0005 r JTIAK B 3.85 r JIMCO-
ds). B ammyne co3gaBanu atMocdepy aprosa, mpoBOAWIN MOJUMEPU3ALINIO B TEPMOCTATE, O
COCTOSTHHHM PEaKIMOHHOM Macchl CyIiiu o crektpam SIMP 'H.

Monumopunz cononumepusayuu N-6UHUNCYKUUHUMUOA U N-UHUIRUPPOIUOOHA
Ha nocesHom conoaumepe N-gununcykyunumuo-N-euHUIRUPPOIUOOH-

mpumuokapéooname IITK npoBonunu B Toi ke ammyne npu 70°C B aTtmocdepe aproHa
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HEIMOCPEJACTBEHHO B CHEKTpOMETpe, ucnonb3ys 3arpysky BCHU 0.0299 r, BIT 0.0257 r, I[ITK
0.0107 r, IAK 7.8-10° r B Buge pactBopa B JIMCO-ds (0.6 mi). Jlns monydeHus JaHHBIX O
MEPBOHAYAIEHOM COCTOSIHUM PEAKIIMOHHOW CMECH PErHCcTpUpoBaiu criekTp mpu 25°C, 3ateMm
M3MEPUTEIIbHYIO siueiiKy HarpeBanu 10 70°C, omyckaics ucciaeayeMbiil 00pasel, 1 IpuMEpHO
KaXKible 6 MUH TPOBOMIIN PErUCTPAINIO CIIEKTpPA.
2.2.16 Conoanmepusanus N-BHHWICYKIMHAMM/IA C X0JI€CTEPHUIAKPUIATOM B
NMPUCYTCTBUHU TUOEH3WJITPUTHOKAPOOHATA

3arpy3ku TOTOBUJIH u3 pacdera [BTK]/([XA+BCH])=0.01,
[JAK]/([XA+BCH])=0.001. JIns 3arpy3ku HHHIIHATOPA UCIIONIb30Bau pacTBOpbl 0.0010 wmmm
0.0020 r JAK B 10 mn neiitepupoBanHoro TI'®, Ttak, yro 1 Mia 3TUX pacTBOpOB
cootBercTBOBa] 0.00010 mym 0.00020 r JIAK, cooTBeTcTBeHHO. [[pOBOIMIN MOTUMEPU3AIAIO
B Te4YeHHE 12 4 B CTEKIISTHHBIX amITysax (cM. paszen 2.2.1.), ucronb3ys 3arpy3ku, yKazaHHbIE
B Tab. 3.

2.2.17 Cononnmepu3anus N-BUHHJICYKIMHUMHAA C X0JeCTEPHIMETAKPHJIATOM B
NPUCYTCTBHU AN0CH3WITPUTHOKAPOOHATA

3arpy3ku TOTOBHJIH u3 pacdera [BTK]/([XMA-+BCH])=0.01,
[JAK]/([XMA+BCH])=0.001. JIns 3arpy3ku MHHUIHATOPA HCIOJB30Bamu pactBopbl 0.0010
wm 0.0020 v JAK B 10 mn pgeitrepupoBanHoro TI'®, tak, uto 1 Mi1 3TMX pacTBOpOB
cootBercTBOoBa] 0.00010 mmm 0.00020 r JIAK, cooTrBeTcTBeHHO. [IpoBOAMIN TOTUMEPHU3ALIUIO
B Te4YeHHE 12 4 B CTEKJITHHBIX amITysax (cM. paszen 2.2.1.), ucromb3ys 3arpy3ku, yKazaHHbIE
B Tab. 4.
Oopa3zuvl cononumepoes 011 uccinedosanusn usmenenus MM xapakmepucmuk ¢ Xxo00m
noauMepusayuu T0JTy4ay MpH MOCTOSTHHOM COCTaBE MOHOMEPHOH cMecH, cojeprxkarieit 15
Mon% XMA. 3arpy3ka: XMA 0.1500 r, BCH 0.2343 r, BTK 0.0032 r, 1.8 ma pactBopa JIAK
koHueHTpauueit 0.0002 r JJAK B 10 mu geitrepupoBansoro TI'® (0.00036 r JJIAK). 3arpy3ky
roroBw u3 pacuera [BTK]/([XMAK+BCHU])=0.005, [ JAK]/([XMAK+BCH])=0.001.

2.2.18 IlosyyeHue 00pa3uoB MoJau-N-BUHIJICYKIIMHUMUAA /151 HCCIEI0BAHUS UX

CBOICTB

[Tonumepu3ainio OCyIecTBISIN B CTEKISTHHBIX aMITyiax (cM. pazaen 2.2.1.) mpu 80°C
B TeueHue 12 4 B cpene aprona. J{is cuHTE3a MCMOIB30BANIN CIIEAYIOUINE 3arpy3Ku: 0Opazel
IBCH I: BCH 3.0016 r, BTK 0.0009 r, IAK 0.0005 r; o6pazer; IBCH II: BCH 3.0016 1,
BTK 0.0091 r, JAK 0.0005 1; o6pazer; IBCH II1: BCU 3.0029 v, BTK 0.0436 t, IAK 0.0005

r. B xaxnayio amnyny B kadectBe pactBoputens aoOasisiu 3 mu JIM®A. TlomyyeHHbIN
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MOJIMMEDP BBICAKIAIM B BOJY, MHOIOKPaTHO OTMBIBAIW JUCTWLIMPOBAHHOM BOJOM [0
OTCYTCTBUSI curHasioB MoHoMepa u JIM®A B cniektpax AIMP, cymmnu B Bakyyme. Konsepcuto

OTIpEeIeIISIIN IPABUMETPHUUECKH.

Tabnuua 3 — 3arpy3Ku HCXOAHBIX KOMIIOHEHTOB, HCIIOJIb30BAHHBIE B CHHTE3€

cononumepoB BCU ¢ XA (yka3zaHbl KOJTU4ECTBA B MOJL.).

Conepxanue
XA B
O6paser Ig;’;‘gﬁmﬂ XA BCHU BTK JIAK

MOHOMEPOB,

Mon1%
BCH-XA-3 3 1.636-10* | 5.29-10 5.448-10° | 5,488-10°
BCU-XA-7 7 6.027-10* | 8.01-10° 8.586-10 | 8,537-10°
BCHU-XA-10 10 2.275-10% | 2.05-10° 2.276-10° | 2,256-10°
BCH-XA-20 20 3.422-10* | 1.36-107 1.689-10° | 1,707-10°
BCH-XA-30 30 3.425-10* | 7.99-10* 1.138-10° | 1,158-10°

Tabnuua 4 — 3arpy3ku HCXOIHBIX KOMIIOHEHTOB, UCTIOJIb30BAHHBIE B CUHTE3€E

cononumepoB BCU ¢ XMA (yka3aHbl KOJIHMYECTBa B MOIL.)

Conepxanue

XMA B

HNCXOOHOU
O6paser CMeCfI XMA BCU BTK JIAK

MOHOMEPOB,

Mon%
BCHU-XMA-3 3 2474-10% [ 8.02-10° |8276:10° |8.537-10°
BCHU-XMA-7 7 6.024-10% | 8.02-10° | 8.621-10° | 8.537-10°
BCHU-XMA-10 10 2207-10% [ 1.98-10° |2.207-10° |2.195-10°
BCHU-XMA-20 20 3315-10% | 1.34-10° | 1.655-10° | 1.646-10°
BCHU-XMA-30 30 3.802-107 | 8.832-10% | 1.241-10° | 1.280-10°

2.2.19 CuHTe3 rpaJHeHTHOr0 conoinMepa N-BHHHJIAMHUIOAHTAPHOH KHCJIOTHI €
N-BHHWINHPPOJIUIOHOM 1JIsl IOTEHIHOMETPHYECKOr0 THTPOBAHUS H MOJTyYeHHs
BO/I0PACTBOPUMBIX KOMILIEKCOB C PEMAHTAIMHOM H TPUMEKANHOM

Chravana nonyvanu conosumep BCU-BII nonumepusanuein Ha noceBHoM IITK (cm.
2.2.14.) (Ma=2200) sxBumouisspHoii cMecu BCU u BII B teuenune 72 4., 80°C, ucnomnb3ys
3arpy3ky: BCU 2.6740 r., BII 2.3716 r., I[ITK (0.01 ot olmero koaudecTBa MOHOMEPOB)
0.9600 ., TAK (0.001 ot o6miero konuaectsa MoHomepon) 0.0070 r. Berxon nonumepa 85.2%.
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3areM IpOBOAMIM €ro Iuapoiun3 5%-HeiM BogHBIM pacTBopoM NaOH B Teuenue 48 4 npu
KOMHATHOU Temrieparype. OT u30bITKa MIENOYH COTOJIMMEp OYMIIAIN TUATU30M, UCHOIB3YS
MeIIoK ¢ pazMmepoM stueiiku 1 k/la, 3arem nmuoduasHO cymmid. [lomydeHHyo coneByro hopmy
cononumepa BASK ¢ BII nepeBoaunu B kucioTHyto Gopmy Ha HOHOOOMeHHOM cmoe KY-2-8,
B3iATO B KoimyectBe 10%-HOro M30BITKA K MaKCUMAJIbHOMY pPAacYeTHOMY KOJIHYECTBY
3seHbeB BCU. Comomumep BASIK ¢ BII moxaseprann auanusy U JHOGHIBHO CYIIWIH.
AHAJOTUYHO MPOBOAMIIN THAPOJIA3 U IEPEBO] B KUCIOTHYIO (hopmy comommmepoB BCH-BA.

Jlnst moTeHoMeTpuyeckoro TuTpoBanus 100 Mr momumepa pacTBOpWIM B 4 M
TUCTUIUIMpOBaHHOM Boabl U TuTpoBaiu 0.0452 M BogueiM pactBopom NaOH. Ilo
SKBUBAJIEHTHOMY 00BEMY IIEJI0YU OBLJIO ONPENEIIEHO COJIEepKaHne KapOOKCHIIbHBIX T'PYIMI B
HaBecke: 3.59-10™ monb / 100 Mr nomumepa. 35ast MM BASIK 143 1/Mo71b, ONIpe/ieNTiiIN COCTaB
cononumepa: 45 mon.% BASIK, 55 mon.% BII.

2.2.20 HU3yuyeHue OaKTepUUMIHON AKTUBHOCTH CONOJHMEPOB
N-BHHHJIAMHIOSAHTAPHON KHCJIOTHI®

bakrepunmanyro aktuBHocTh cononumepoB BAAK-BC u BAAK-BII B Buse BoaHbIX
pactBopoB koHteHTparueit 0.1, 0.01, 0.001 mr/mMr H20 nccnenoBaim KIacCHYECKUM METOJIOM
kojomueB. [lns ananuza OakTepUIMIHON AKTHBHOCTH MCIIOJIB30BAalld TPH CYTOYHBIE TECT-
KYJIBTYpbI OaKTepuil: rpaMOTpULIaTeIbHbIe OakTepun Escherichia coli m TpaMIIONOKUTENbHbIE
Oaktepun Staphylococcus aureus u Bacillus cereus. UncTble KynbTYpbl MOJyYadud U3 My3es
KyIbTyp Kadeapbl TEXHOJOTUM Mukpobuonorundeckoro cuHresa Cankr-IlerepOyprckoro
rOCY/IapCTBEHHOTO  TEXHOJIOTUYECKOTO MHCTUTYTa (TEXHHYECKOTO YHHBEPCHUTETa) U
BbIpAlllMBAJIM B T€YEHUE CYTOK Ha cpeie cyxoro nutarenabHoro arapa npu 30°C. CyrouHbie
KYJIBTYpPBI 3aceBalid ra30HOM Ha MOBEPXHOCTh CPEAbl CYXOTO MUTATEIBHOTO arapa B YallKH
[leTpu, mocne 4ero B 3TOW arapu3OBaHHOM cpeje JAeNalid KOJOJIbl CTEPUIBHBIM CBEPIIOM.
3areM KOJOJIbl MOJHOCTHIO 3alOJHSUIM HCCIEAYyeMbIMU PAacTBOpPaMH IMOJUMEpOB. OMBIT
MPOBOAMIN B JIBYX HMOBTOPHOCTSX JUIS KaXKIOW KOHIIEHTPAIMM COMOJUMEpoB. Yamiku, He
nepeBopaunBasi, nomeianu B tepmoctat npu 30°C Ha Tpoe CYTOK AJi pOCTa TECT-KYIbTYP.
Amnanu3 0aKTepUIIUTHON aKTUBHOCTH MTPOBOIMIIM BU3YaJIbHO M0 HATMYHKIO (OTCYTCTBHIO) POCTa
TECT-KYJAbTYp Ha TIOBEPXHOCTH CYXOrO MHUTATeNbHOTO arapa BOKPYT KOJIOALEB C

HCCIICAYCMBIMHA COIIOJIMMCpPAMMU.

*Bemoi sewo JAB.I' p urop b eB Bl M mnoA pykosoxctB oM T. b. JI wucnikoi
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2.3 ®U3UKO-XUMHNYECKHUE METO/IbI AHAJIN3A

TI'enb-nponukarouwias xpomamozpagusn

MonexynapHno-maccogvle xapaxmepucmuxu noau-N-8UHUICYKYUHUMUOA, TIOTTyYEHHOTO
B pacTBOpe B JAMOKCaHE W B Macce (pasgen 3.4.), u3ydalnu METOJIOM TIellb-IIPOHUKAIOIIEN
xpomarorpadpun (I'TIX) nHa xpomartorpade GPC-120 dupmber «PolymerLabsy. Amnamu3
npooawnu npu 50 °C B JIM®DA, conmepxamiem 0.1 mac.% LiBr, co ckopocthio motoka 1
MI/MuH. JIs paszieneHus UCIob30oBamy ase kononku PLgel 5 pm MIXED C (M = 5x10% —
1x107). ins aHanu3a roTOBMJIM PACTBOP MOJMMEpPA B 3JIFOEHTE C KOHIEHTpaLKel nmommepa 1
Mmr/mi. MM paccuutsiBaiiu o ctanaaptram [IMMA

Monexynapno-maccosvie xapakmepucmuku cononumepos BCH-BA, NOIy4EeHHBIX
oJIMMepu3aIeil B Macce MOHOMEpPHOU cMecH, coaepkaiieit 25 mon% BCHU, nipu paznudHbIx
koHueHTtpauusx bBTK wu  comomumepoB BCHU-BA, 1ody4eHHBIX  KJIACCUYECKOM
conomuMepuzaueii BC ¢ BA B JIMCO mnpu pasHBIX cOCTaBaX MOHOMEPHOH CMeECH,
cononumepos BCH-BII w3ydanu METOJIOM Telb-IIPOHUKAOUIEH Xpomarorpaduu Ha
xpomarorpade Shimadzu ¢ pedpakTOMETPHUUECKUM NETEKTHPOBAHHEM C TNPUMEHEHHEM
Y3KOIHUCIIEPCHBIX TOIMMETHIMETAKPUIATHBIX CTaHAapToB (muanason macc (1+400)x10°%);
yCIIOBUS TIpOBeneHMs: MoOwiIbHas ¢aza — nmumetmidopmamun ¢ podasnenuem 0.1% LiBr,
40°C, cxopoctb notoka 0.7 mi/mMuH, npenkoionka Agilent PLgel 5 um Guard 50x7.5 mm u 2
xononku Agilent PLgel 5 um MIXED-D, 300x7.5 mm, 2+-400x 103,

Monexynapno-maccogoe pacnpeodenenue conoaumepos BCH-BA, nonyuennvix 6
npucymcmeuu BTK npu pasnvix cocmagsax MOHOMepHOU cmecu, UCCIEAOBAIN C MOMOIIBIO
BBICOKOA((DEKTUBHOM AKCKJIIO3MOHHOU JKUJIKOCTHOM xpomatorpadun Ha
xpomatorpaduueckom komriekce “Knauer” cemeiictBa “Smartline” ¢ pedpakromeTpudecKkum
U CHEKTPO(POTOMETPUYECKUM JIETEKTOPAMU Ha OCHOBE JHOJHON MaTpHIlBl, C MPUMEHEHHEM
Y3KOJUCIIEPCHBIX MOIMCTHPOIBHBIX CTaHAapToB (auamasoH Mace )1.8+3100)x10° kJla);
ycinoBus mpoBeneHus: MoOminbpHas daza — 0.5 M pactBop LiBr B JIM®A, 30°C, ckopocTh
noroka 0.3 mui/muH, kononka PL gel MiniMix-B.

JueMeHTHbIN aHaau3. CoctaB conosnMepoB BCU ¢ BA omnpenensiiiun Ha 0OCHOBaHUM
JaHHBIX O COJCpXKaHWM B oOpa3nax as3ora. OJEMEHTHBIM aHajdW3 OCYIISCTBISUIM Ha
aBToMaTnueckoMm aHanu3atope mapku Vario EL CHNOS Elementar Analyzer (Elementar
Analysensysteme GmbH, ®PT"). Onpenensum coaepxkaHue yriepoaa, BOIOPOa, a30Ta U CEPHI.
[IpoBommnu He MeHee TpeX OomnpeAeNeHuid g Kaxkaoro oOpasma. O TOrpemHocTH

OTpeeNIEHUI CyIMIM 110 BOCIIPOU3BOIUMOCTH PE3YyJIbTaTOB, KoTOpas coctaBuia +0.1 %.
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JuddepennuaibHas CKaAaHUPYIOINAsA KajJopuMerpusi. TepMorpaMMsl MOIy4EHb! Ha
npudope NETZSCH DSC 204F1 Phoenix. Ycnosus ananusa: macca HaBecku 8.180 (ITBCHU 1),
5.628 (ITBCHU 1I), 5.658 (IIBCU III) mr, Turens Al (3akpwITHIii), CKOpOCTh HarpeBa 10°/MuH,
atMocdepa azora (40 mu/MuH) B Auana3zone Temmnepatryp ot 25 1o 400°C.

TepmorpaBuMerpuueckuii aHaau3 mnposoawtd Ha aHammzarope 209 FI1 Libra
(Netzsch). Usmepenus npoBoauinu co ckopocthio 10°C/mMuu ot 25°C no 900°C B moTtoke
razoobpasHoro azora 50 MJI/MUH, UCTIOJB30BAIM MACCy HaBECKH 00pasiia MpUOIU3UTETBHO 5
M.

HK-cnexkrpockonus. VK-cniekrpel nosnyuens! Ha @ypre-UK-cniekrpomerpe Tensor 37
¢upmer Bruker ¢ moMomIpi0 NPUCTaBKH HAPYIIEHHOTO TOJHOTO BHYTPEHHETO OTPaKCHUS
MIRacle ¢upmer Pike ¢ xpucrauiom ZnSe ¢ anmasHbiM HambuieHHEeM. CHEKTpbI

! ¢ paspemenuem 2 cm”!' u ycpennenuem no 32

peructpupoBanu B nuanazone 6004000 cm
CKaHHUPOBAHMSM.

Cnexrpockonusi SIMP. Cnekrper IMP 'H 3amuceisamu 8 JIMCO-ds, CDCl3 mim
neiitepuposanHoM TI'® Ha ciextpomerpe Bruker Avance 111 ¢ pa6oueii yactoroii Ha sapax 'H

400 MI'u u Ha siapax 13C 100 MTI'm.
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3 TOMOHNOJIMMEPU3AIIA N-BUHWICYKIIMHUMHUIA B YCJTOBUAX
OBPATUMOM NMEPEJAYHA [ENU IO MEXAHU3MY ITPUCOEIVWHEHUS-
OPAI'MEHTAIIHU B TIPUCYTCTBUU JTUBEH3UJITPUTUHOKAPBOHATA

B xozxe BbImosHeHHs 3TOM pa®OTHI ObLT BBHIPAOOTAaH IUIaH SKCIIEPUMEHTOB, KOTOPHIE
HE00XOIUMO OCYIIIECTBHUTD, YTOOBI MAKCHMAJIHHO TOJIHO 0XapaKTePH30BaTh OBECHUE HOBOI
MOJIMMEPU3AIMOHHOW  CHCTEMBl B  YCIOBHUSIX JEaKTHUBAllMM IENH [0 MEXaHU3MY
npucoenHeHus-PpparmMenTanuu [162-168]. OH 3akimro4aercs B CIeIYIONIEM:

1. Onenka 3HaueHMs1 KOHCTAHTHI Niepenadn nenu Cy, CaMbIM JJOCTYITHBIM METOJIOM ISt
KOTOPOU SIBJISIETCSI MOHUTOPHUHT TEKYIIUX KOHUEHTPALMI KOMIIOHEHTOB PEAKIIMOHHOW MacChl
(B mepByto ouepenr — moHoMmepa U OIIL] arenrta) u Beiuncinenue no ypaBHenuio (9) Cn Ha
OCHOBaHUH JIaHHBIX, TOJIyY€HHBIX HA MAKCUMAaJIbHO BO3MOYKHO HU3KUX KOHBEPCHSIX.

2. IloarBepxaeHue nuHeHHOro pocta MM ¢ KOHBepcHEl MOHOMEpPA U COOTBETCTBHE
TEOPETUYECKON 3aBUCUMOCTH, OMUChIBaeMoii ypaBHeHueM (10).

3. YcraHoBieHre CKOpocTu pacxoaoBanusa ucxogHoro OIIL] arenta u Toro, Ha CKOJIBKO
OBICTPO 3aKaHYMBAETCS CTAAMA WHUIMATIM3ALUU (2), U MPOUCXOAUT HEPexo] K OCHOBHOMY
ypaBHeHUIo (3).

4. llpoBepka, sBisgercs gu MMP KOHEYHOro mNpoOAyKTa YHMMOJAJIBHBIM U
XapaKTEePU3YIOUUMCS JOCTaTOYHO HU3KUM 3HaueHHeM D.

5. IlpoBepka «OXKHUBIISIEMOCTH» LIENEH MOJYYEHHOTO MOJIMMEpa MOJUMEPU3ALMEN ¢
HOBOM MOPLHUEN TOTO K€ CaMOTO WJIM APYroro MOHOMEpA.

6. Jlns cimydas CHUMMETPHUUYHBIX TPUTHOKApOOHATOB OIPEIENICHHE IOJI0KEHUS

TPUTUOKAPOOHATHOM TPYIIIBI B LIETIH.

3.1 ONPEIAEJEHHMUE KOHCTAHTHI IEPEJJAYH LEIIN HA
JUBEH3WITPUTUOKAPBOHAT IIPU NIOJIMMEPU3AIINN B MACCE

HauOonee noctynHbeIM criocoboM ompeneneHusi KOHCTaHThl nepenauu nenu Ha OITL]
areHT SBJSIETCS HCHOJb30BaHUE ypaBHeHUs (9). s sToro Hajo umerh HHGopMaluio 00
n3MeHeHnHu TeKymux koHueHtpanuii OIILl arenra u MmoHomepa. Ee ¢ qocTaTOuHON TOYHOCTBIO
MOXET MPEJOCTaBUTh aHAIN3 CIEKTpoB SMP peaknMOHHONM Maccel Ha pPa3HbBIX CTaAMIX
nporekanusa npouecca [169-174]. Cnenyer  cka3aTh, 4YTO  MpeaABapUTEIbHBIMU

OKCIICpUMCHTAMHU ObLIO YCTAHOBJICHO, 4YTO B IMPUCYTCTBUU BTK Bo3MmoxHO MMPOBECTU
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nosmmepuszauio BCH B pacruiaBe MoHOMepa 0Oe3 pHcKa MOJIYyYUTh B3PBIBHYIO KUHETUKY U
0o0pa3oBaHMsl TPEXMEPHOIO CHIMTOTO HE PAcTBOPUMOIO HU B OJIHOM W3 pacTBOpUTeNei
MPOJYKTa, KaK JTO BCErjJa IMPOUCXOAUT B YCIOBHUAX KJIACCUYECKOM paJuKalIbHOU
noaumepusanuu [175-177].

[Monumepuzanuio ocymecTBasuIM B Macce (pacruiae) MoHomepa npu 80°C, B
atMocepe Ar B CTEKISIHHBIX aMIlyllaX, Kak omucaHo B pazgene 2.2.1. Hcmonb3oBanu
cnenyromye konuenTpanuu OINL] arenta u nammaropa: [BTK]=3x102, [[JAK]=10" mos/m.
B xone monmumepuzanuu mpou3BOIMIA OTOOP MPOO uepe3 TepMETHYHYI0 PE3MHOBYIO IPOOKY
HIIpUIEM, KOTOpble OBICTPO 3aMOpaXUBANId ISl TMOCTEAYIOIEr0 aHallu3a CIEeKTPOCKONUeH
SIMP 'H. Cnekrpbl chauManuch B JIMCO-ds, mpu 25°C. CurHanbl G€H3HIBHBIX IIPOTOHOB B
ucxogqioM BTK u momuOIILl]l ynoBneTBOpUTENbHO pa3felieHbl B CIEKTpax PEaKLUOHHON
Maccbl. Xopoio BUAHO (puc. 13), 4To B HayanbHbIA MOMEHT BPEMEHU NPU HYJIEBOM KOHBEPCUU
MOHOMeEpa B CHEKTpe HaOmronaeTcs Tolbko cuHrier 4.68 m.a. (I) o GeH3UIBHBIX MPOTOHOB
BTK. I[lo Mepe npoTekaHusi NOJUMEPHU3ALINH, YK€ TTPU KOHBepcuu 2.6% MOosBIsSeTCs rpynna
CUTHAJIOB, CWJIBHO YIIMPEHHBIX, YTO XapaKTEPHO JIsi BBICOKOMOJIEKYJISIPHBIX BEIIECTB, CPEAU
KOTOpBIX 4eTKO Bbiaensitorcs curnaisl 4.67 (II) u 4.66 (I1I) m.1., oTHOCAIIMECS K OSH3UIBHBIM
MPOTOHAM MOHO3aMEIICHHOTO TpPUTHOKapOoHaTta (CTporoe UX OTHECEHHWE TIOKa He
MPEJICTaBIsIeTCS BO3MOXKHBIM, HO HE BBI3BIBAET COMHEHHUH, YTO 3TO CHUTHAJIBl OCH3UIBHBIX
MIPOTOHOB, CBSI3aHHBIX HETIOCPEACTBEHHO € cepoid, HO He B bTK, a ciienoBaTenbHO OHU IOJKHBI
npunamiexkate  nonuOIlL[1). Jlamee ¢  yBenWueHHWEM KOHBEPCHH  COOTHOIICHHUE
WHTEHCHUBHOCTEH YKa3aHHBIX CHUTHAJIOB IUIABHO MEHSETCA CJICAYIOIUM  00pazoMm:
MHTEHCUBHOCTH curHana I magaer, cymmapnas uateHcuBHOCTh curdanos II u III Bo3pacraer,
pryeM cliabo BBIPpaXKEHHBIN Tpu KOHBepcrur MoHOMepa 2.6% curhan Il oka3siBaeTcs paBHBIM
no uHrencuBHoctu curHany Il mpu xouBepcuu 4.2% U 3aTeM yBEIMYMUBAETCS, CTAHOBSCH K
KoHBepcun 18% TpPaKkTUYECKH EAUHCTBEHHBIM CUTHAJIOM OEH3WIBHBIX TMPOTOHOB TPHU
TpuTHoKapboHaTHOM (parmente. CurHan I mMOTHOCTBIO HMCYE3aeT U3 CIIEKTPOB PEAKIIMOHHON
Macchl K KOHBepcuM MoHoMmepa 17%, 9TO COOTBETCTBYET MOJHOMY MCUEPIIAHUIO MCXOIHOTO
BTK.

Ha ocHoBanuu mpeacTaBieHHBIX Ha puc. 13 ¢QparMeHTOB CHEKTPOB OKazajcs
BO3MOKHBIM pacueT Tekymux KoHueHtpauuid bTK u monuOIIL[]l B nuanazoHe m3ydeHHBIX
koHBepcuii MoHOMepa 0-24%. CoOTBETCTBYIOIIKE 3aBUCUMOCTH IPEACTABIEHBI Ha puc. 14.
Bunno, yto xoHuentpauus ucxogHoro bTK pe3ko nmagaer Ha HadalbHBIX KOHBEPCUAX. JTO

NPUBOAUT K ObIcTpoMy HakoruieHuto moaunOIL1.
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Pucynok 13 — ®parmentsl crnektpos SIMP 'H, oTeuaromue curaagam OeH3HIBHBIX
MPOTOHOB, TPU  pa3IMYHBIX  KOHBepcHsX  N-BUHJICYKUMHHMHJIA B  XOJ€  €ro

TOMONIOJIMMEPU3ALIMY B IPUCYTCTBUM TUOCH3WITPUTHOKApOOHATA.
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0.03

0.02

0.01

Pucynok 14 — 3aBucumocTts Tekymux koHnentpanus C (mons/n) BTK (/) u

nos(OI1LL)1 (2) mpu romononumepuzaunu BCU ot konBepcun monomepa K (%).

Kak HeogHokpaTHO oTMeuanoch [42, 178—182], BeposATHOCTh Nepenauyu LEenu Ha
nomMepHbiit areHT OIIL] 0OpIYHO BBINIE, YEM HAa MCXOIHBIM, TIOITOMY IOCHE JOCTHKCHUS
MaKCUMyMa Ipu KOHBepcUuu MoHoMepa 4%, HaUMHAETCSl PE3KO€ YMEHBIIEHUE KOHIIEHTPAaLuu
nonuOII1 B  pe3yabTare  oOpa3oBaHMS  JIBYX3aMEUIEHHOTO  TpPUTHOKapOOHara,

MPEACTABIISIIONIETO COO0M KOHEYHBIM MPOAYKT MOJMMEpHU3aluu. TakoBa KadeCTBEHHAas
KapTHHA MPOUCXOJAIMINX B Xonae romonoiumepusauuu BCU peaxnuii ¢ yuactuem BTK,
Jarolas HarjasiIHOE MPEICTaBICHHUE O PEaIbHOM COCTOSIHUM PEaKIIMOHHON CUCTEMBI BIUIOTH JI0
nostHoro ncuepnanus ucxogHoro bTK u momuOIIL[1, 1 mo3BosisroNIas Ha OIEHOYHOM YPOBHE
3aKTI04YUTh 0 JoctaTouHoi addextuBHocTr bTK kak arenrta OIIL] mpu monmumepuzanuu BCH.
st pacuera Cn ypaBHeHHE (9) MOKHO KOPPEKTHO MCTIOIB30BATh MPU YCIOBUH, YTO
paBHOBecHE (2) CHJIBHO CABHMHYTO BMPAaBO, T.€. OCH3WJIbHBIN pajlKal y4yacTBYET TOJIbKO B
PEMHULIMUPOBAHUH U HE TpucoeauHsieTcst o0patHo k OIILL arenty, npu oTCyTCTBUU MOOOYHBIX
peakiuii, UcKaxaroumx cxemy peakiuil (2)—(7) u npu HpeHeOpekuMo MajoM BKJaze
nepesadyy Iend Ha MOHO- M Ju3aMellleHHble npou3BoaHble ucxonHoro OIIL[ arenTa.

HOCHG)IHCFO H30eKaTh HEJIb35, HO MOXXHO MUHUMHU3UPOBATH BKJIA/ 3TOT'O ITpoLecca. B JaHHOM
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cllydyae 3TO yHaeTcsl clenaTh, UCMOJIb3ys sl pacyeTa Cn MOJIMMEPU3AIIMOHHBIA MHKPEMEHT,
COOTBETCTBYIOIIMIM KOoHBepcuu MoHoMmepa 0-2.6%. Ha »ToM HayanbHOM ydacTke
MOJIMMEPU3AIMN  TTPOUCXOAUT ToJibko HakoreHue monuOIll[1, HO ero KoHIEHTpanus
ocTtaeTcs cymectBeHHO Hmke ucxomHoro bTK; nammumem monuOIIL2 moxxHO Tem Ooiee
npeneOpeys. Takum 00pazoM, MPOUCXOTUT Mepeiada ey NPaKTUYECKU TOJIbKO Ha HCXOIHBIH
BTK. Pacuer mo d¢opmyne (9) npuBoautr k 3HaueHuro Cn=19. Ilo knmaccudukamnmm,
npemnoxenHoi B padbote [103], BTK B monmumepusaruu BCU M0KHO OTHECTH K OTHOCUTEIHLHO
s pextuBHOMY arenty OIIL] (1 < Cr<50).

Emie Oosiee OlIeHOYHBIN XapakTep HOCUT, OYEBUIHO, MOMBITKA ONMPEACTUTh TaAKUM KE
oOpazom koHcranty nepenaud nenu Ha mnonuOIIL[l. OpHako mnpaBWIBHBIA BBIOOP
MOJIMMEPU3AIMOHHOTO WHKPEMEHTa MOJKET MO3BOJIUTH XOTSI ObI OIEHUTh HIDKHIOI TPAHUILY
BennuuHbl Cn. JIJ1s1 3T0T0, BO-NEPBBIX, CIEAYET MPAKTUYECKU MCKIIOYUTh Nepenady Lenu Ha
ucxonuslii BTK. Haunnas ¢ xonBepcun ~10% tekymas konuentpauus BTK Gonee yem Ha
nopsAoK Hike KoHueHTpauu noauOlIIL1, u moaToMy fJaHHOE ycioBUE BBINOIHSAETCS. B 3TOM
Jana3oHe KOHBEPCUN HAJI0 BHIOPATh TAKOM Yy4acTOK, HA KOTOPOM MPOUCXOIUT MaKCUMAIIbHOE
n3MeHeHue KoureHTpanuu noauOIIL[1, moToMy 4TO 3TO O3HAYaeT, 4TO Mepenayda LEenu Ha
nonmOIIL[1 uaer akTUBHO, U Kak Obl HE BeNMUKa OblJIa BEPOATHOCTH Mepefayd LEMu Ha yiKe
obOpazoBaBmmiics B noctatoyHoM kosmuecTBe monuOII2, nons momuOIIL[l B mganHOM
nporiecce Bce paBHO OyzeT 3ameTHOH. Heo0X0MMO TMOTHOCTBIO UCKITIOUUTD U3 PACCMOTPEHHUS
MOJUMEPU3ALMOHHBIE MHKPEMEHTBhI, Ha KOTOPBIX HW3MEHEHHE KOHUeHTpanuu mnoiuOIIL[1
HEBEJIMKO, MOCKOJIbKY 3TO MOXET O3HauaTh JIUIIL OJHO: 4YTO B "Hrpy" BCTYNWJI B OCHOBHOM
nomuOIIL2. B pganHoM ciydae, Hambosee ONaronmpusTHBIM JUIsL pacueTra sBJSIeTCS
MOJIMMEPU3AIMOHHBIA WHKPEMEHT, COOTBETCTBYIOIIMI KOHBepcusM MoHomepa 11.4-13.4%
(mpakTudecku Ha mosiropa nopsaka konrneHTpanus moauOIll[1 Beime, yuem BTK; konBepcus
norOIIL[1 moutn 50%), a HE MOAXOIANTUMHU ISl pacyeTa MHKPEMEHTHI B auamnazoHe 13.4—
24.0% (oueHb He3HauuTeNbHble H3MeHeHMs KoHueHTpauuu nonuOIllll). Ha puc. 15
npuBeieHbl  pe3ynbrarel  pacyera Cn  Ha nonuOIILl, BeimonHeHHblE Ha  BceX
MOJIMMEPU3AIMOHHBIX HHKPEMEHTAX, €CTECTBEHHO TOJBKO B 00JIACTH MAJCHUSI KOHIIEHTPAIUH
nomuOIlIL[1. Xopomio BUIHO, YTO MakcuMaibHOE 3HadeHHe Cn TOJY4YEHO MPHU pacueTe Ha
yuactke koHBepcud 11.4-13.4% wu cocraBuio Cn=29. DTO NO3BOJSIET 3aKIIOYUThH, YTO
uctuHHoe 3HaueHue Cn > 29. Benuuunbl Cn, BBIYUCICHHBIE HA JPYTHX MOJIHUMEPU3AIUMOHHBIX
WHKPEMEHTaX, UMEIOT SIBHO 3aHWKEHHOE 3HAYCHHE: MPHU 00Jie€ HUBKUX KOHBEPCHUSX H3-3a

3HAYMUTEILHOTO BKIaaa nepeaaun nenu Ha bTK, npu 6osee Beicokux — Ha moaunOITI2.
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3.2 ONPEJAEJIEHUE KOHCTAHTBI IEPEJJAYH LHEITN HA
JUBEH3WITPUTUOKAPBOHAT IIPU ITIOJIMMEPU3ALIUU B PACTBOPE

B mpenpinymeM pasnesie MOHUTOPHHI COCTOSIHMS PEAKLMOHHOM MAacChl IPOBOIUIICA
NEepUOIMYECKUM OTOOpPOM NpoO M aHATU30M UX € MOMOINbBI0 crekTpockonuu SIMP. 3nech
ONMCAHBl PE3YJIbTAThl, MOJYYEHHbIE HEIPEPHIBHBIM (YCIOBHO) MOHUTOPUHIOM pPEAKLIMOHHON
CUCTEMBI HEIIOCPEJICTBEHHO B SYEHKE CIEKTPOMETPA MO METOJMKE, IPUBEIACHHON B pasjeine

2.2.2.

O T I 1 I 1 I T I 1 I 1 K
8 12 16 20 24

Pucynoxk 15 — 3aBucumocts koHcTaHThl nepepaun Cn Ha mnoauOIILl mnpu
nomuMepuzannu BCU ot auanaszona konBepcuit MmoHomepa K (%), MCHoiab30BaHHOTO JUIs

pacuera.

MownuTopunr npoBoawics npu temneparype 60 u 80°C B JIMCO-ds, atmocdepa Ar,
npu KoHIEHTpanusx komnoHeHtoB [BCU]=0.8, [BTK]=2.5x102 [JJAK]=8x10* mons/n. B
JTAHHOM citydae 3HaueHune Cy OLIEHUBAIH, OTIPEIEIisAs ero Kak mapaMerp ypaBHeHus qsrk=1-(1-
qeen)™  [mpyras  ¢opma ypasHenus (9)], HawIyuymuM 00pa3oM  ONHCHIBAIOLIMM
IKCIIEPUMEHTATILHYIO 3aBUCUMOCTh KOHBepcuu ncxoauoro bTK ot korBepcun Mmonomepa (puc.

16).
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2)
1 O oskcnepumentanbubie 3nadenus, 60°C /
0,6 = {1- Cn
annpokcumauus ypasnennem 1-(1-q_ ) . H
' D[Sj
0.5 - Ellé:‘
O
] O
0
0.4 - i
]
1 Model NewFunction1 (User)
=034 0 =y Equation  1-(1-a*x)'b
o = Reduced 0,0020
l . g Chi-Sqr 5
DD Adj. R-Squar 0,9453
02+ i Value  Standard Err
i 0 a 1 0
O B
O b 22,1405 0,559203
0.1 - 5
] 0
0;0 T I T I T I T I T I 1
0,00 0,01 0,02 0,03 0,04 0,05
YBcu
06 O  sKCHepUMEHTAILHBIE 3HAYeHUS, 80°C
VT Cn
] annpokcumanus ypasuenuem 1-(1-q, ) 5O
0,5 4
0.4
o]
E 0,3 T
o Model NewFunction1 (User)
| Equation 1-(1-a*x)"b
- Reduced 0,00107
0,2 Chi-Sgr
1 Adj. R-Squar 0,96388
Value Standard Erro
0,1 4 a 1 0
& b 19,4122 0,4527
0,0 T I T l T I T I T I 1
0,00 0,01 0,02 0,03 0,04 0,05
Ascn
Pucynok 16 — annpokcumanus ypasHenueM qstk=1-(1-qaci)*" aKcIepuMeHTaIbHbIX

3apucumocteit kouBepcun bTK ot kouBepcun BCU nipu 60 (a) u 80°C (6).
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[Momyuennsie 3uauenuss Cn~22 (60°C) u Cn~19 (80°C) OTIAMYHO COTIACYIOTCS CO
3HAYEHUEM, OTPEACICHHBIM METOAOM OTOOpa MNpod MpH MOJUMEpHU3alMH B Macce, U
MTO3BOJISIFOT CZI€aTh JBA BaXKHBIX BBIBOJA:

1. 3aBucumocts Cr OT TeMIepaTyPhbI €CITU U €CTh, TO BbIpa:keHa ¢J1a0o (B AuamnazoHe
60-80°C), u Ta TOYHOCTH OICHKH 3HaYeHU Cu, KOTOPYIO MIpPEIaraloT CYIIECTBYIOIINE
METO/1bl, HE MO3BOJISIET €€ BbIABUTH. [10-BUANMOMY, aKTUBAaLIMOHHbBIE Oapbephbl TPUCOEIUHEHNUS
pacryuiero paaukana k Moaomepy U bTK npumepHo oinHaKoOBbIE.

2. BimsiHMe peaKNMOHHOH cpeAbl Ha 3HavYeHHe Cn TNPAKTUYECKH OTCYTCTBYET
(onMHAKOBBIE 3HAYCHMS TOJNYYEHBI M IS MOJUMEpHU3alMM B Macce, U B pa30aBICHHOM
(mopsiaka 10%) pactBope B JIMCO-ds).

Kak yxe roBopwioc, MU C TEOPETHUYECKOW M C MPAKTHUYECKOM TOYEK 3pEHHUs
UHTEPECHBIM INpeacTaBisercs Hailtu mecto BCU B psily Ipyrux BUHUIIBHBIX MOHOMEPOB, YTO
MPOILE BCEr0 MOXHO CHENaTh, ONpPEAENIUB, KAK OH COOTHOCUTCS €O cBOoMM aHaiorom BIIL
AHaJIOrMUHBI ONMCAaHHOMY BBIIIE 3KCIIepuMeHT ObuT npoBezeH ¢ BII npu temneparype 60 u
80°C B JMCO-ds, atmochepa Ar, mnpu KoHUeHTpanusix kommnoHentoB [BII]=0.9,
[BTK]=2.8x102, [MAK]=9x10* moms/m.

Annpokcumanus ypasHenueM qstk=1-(1-qam)"

IKCIEPUMEHTAIBHBIX 3aBUCUMOCTEN
koHBepcuu BTK ot konsepcun BII (puc. 17), monydennsix npu kouBepcusix BII no 1%, naér
saaueHust Cr~23 (60°C) u Cn~37 (80°C), 4T0 pacXoaUTCs ¢ JAHHBIMH, TIOJTYICHHBIMU B paboTe
[103] Bmmoth mo mportuBomosioxkHocTH B TeHmeHuuu: Cun~15 (60°C) m Ci~4 (80°C).
O06cyx1anoch, YTO Y€M HUKE KOHBEPCUU MOHOMEpPA, Ha KOTOPBIX MPOBOJUTCS TaKasi OLICHKa,
teM oHa ajaekBatHee. [Ipu 60°C mpu kouBepcusix BIT mo 0.5% Obuio mosrydueHO 3HaYEHHE
Cn~28, 1o 0.1% — Cu~28. ITpu 80°C npu xousepcusax BII 1o 0.2% Obu10 mosryuyeHo 3HaYeHue
Cn~40. Bce pe3ynbTaTbl HaxoAsaTCs B Npeleiax pa3yMHOHM MOTPEIIHOCTH, a TEHACHIIMS
yBenuueHust Cn npu yBenuueHun temiepatypsl ¢ 60 1o 80°C coxpansercs. Pacxoxaenue c
pesynbTaTamu padboTsl [103] MoxeT ObITh BBI3BAHO pa3HUIleH B MeTo e onpeneiacHust Cy. Tam

ObLI KCIIOJB30BaH aHainn3 MM MOJIYYCHHBIX IIOJUMCPOB. OI[HO?;Ha‘-IHO Ha JaHHOM OTallC

TPYAHO OTJATh NPEANOYTEHUE TOMY WIH APYrOMY METOLY.
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3.3 BJUAHHUE JUBEH3UWJITPUTUOKAPBOHATA HA KUHETUKY
IroOMOHIOJIMMEPU3AIIMU N-BUHWICYKIMHUMU A

Knaccuueckas nmonumepusanus BCU B pacTBope MpoTEKaeT ¢ BBICOKOW CKOPOCTBIO,
COTIPOBOXIACTCSI WHTECHCUBHBIM Telb-3pPEeKTOM U JOXOAWT 10 TIYOOKMX KOHBEPCHIA
MoHomepa [144]. Ha puc. 18 npuBeneHsl TUIUYHBIE 3aBUCUMOCTH KOHBEPCUHM MOHOMEpa OT
Bpemenu nosmmepusanuu BCU B 1,4-n1nokcane npu pasusix koHueHTpauusx bTK. Bunno, uro
Ha KPUBBIX HAOMIOJACTCS] MHAYKIIMOHHBIN IEPUO, TPOJOKUTEILHOCTh KOTOPOTO BO3PACTAET
oT ~ 10 mo ~ 20 mun npu yBenuueHuu kornmeHTpanuu bTK ot 0.01 go 0.1 monp/n. B aToM ke
nopsiaKe yobIBaeT W oOmIasi CKOpOCTh monmMepusanun. [loBeimenne Temmeparypst ot 60 1o
80°C mpuBOAMT K COKpAIICHHIO MHIYKIMOHHOTO IEPUOAA U TOBBIIIEHUI0 HadaJbHOU
CKOpocTH monuMmepusanuu. [Ipu 3TOM TmpenenbHass KOHBEpPCHsT MOHOMEpa C POCTOM
TeMIiepaTypbl moHmwxkaeTcs: B psiny konuentpaiuidi BTK 0.1 — 0.03 — 0.01 mous/n npenenpHas
KOHBEPCHS MEHSIETCS ClIeyroIuM oopazom: 28 — 92 — 95% nipu 60°C, 24 — 87 — 88% mnpu 70°,
21 — 80 — 86% mpu 80°C. Cienyer OTMETUTb, YTO NpHu noiauMepusauuu BII B aHanornyHsix
ycnosusax npu konuentpamun JIAK ~ 107 mons/n m BTK ~ 107" momws/n npenensusie
KOHBEpCHUM OKa3bIBaroTcs Ha yposHe 10 % [93].

[IpuBenennas ckopocTs noaumepusanuu Rp/[M] oTpakaeT nu3MeHeHHEe KOHIICHTPAllUU
paaukanoB pocrta B xoje mpouecca. Ha puc. 19 ganpl 3aBUCUMOCTH NPUBEJCHHONW CKOPOCTH
nosuMmepusanuu ot kousepcur BCU tipu 60, 70 u 80°C. Buano, uro npu koHuentpamun bTK
0.01 monb/n B obOnactu koHBepcuil Bbime 60 % MposBIsSETCS MHTEHCHUBHBIN reib-3PQeKxT:
OTHOLIEHUWE MAaKCUMAaJbHOM CKOPOCTHM K HayanbHOW cocraBisieT ~120. Ilpu noBbimenun
konnentpanuu bTK B 3 pa3za renb-addext Boipoxaaetcs. [loBrimenne TemmnepaTypsl TakxKe
MPUBOAMT K YMEHbIIICHUIO Telb-3¢dexTa: mpu 70°C ero MHTEHCUBHOCTH OJM3Ka K ~ 30, a npu
80°C — okouo 4.

Takum o6pazom, BBeaeHue bTK sddextuBHO TOmaBisieT aBTOYCKOpEHHE
nomumepusain BCU B pactBope B ntuokcane. CrieyeT OTMETHTb, YTO TIOJIMMED, BBIJICTICHHBIN

Jake B YCIOBHSIX HHTEHCUBHOTO Telb-2(deKTa, sIBISETCS pacTBOPUMBIM.
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a
0,2 5

0O 3KclepUMEHTallbHbIe 3HaUeH s, 60°C

anmpokcHManus ypasennem 1-(1 -qBH)C“

Model NewFunction (User)
Equation 1-(1-a*x)*b
Reduced 6,63865E-
Chi-Sqr 4

Adj. R-Square  0,78688
Value Standard Erro

a 1 0
& b 23,4112 1,03716
U |
0,00 0,01
an

O 3KcIepHUMeHTaNBHEIC 3HadeHus, 80°C

anmnpoxcumarns ypasauenueM 1-(1 -an)Cn

02

= O
4]
c Model NewFunction (User)
Equation 1-(1-a*x)*b
] Reduced 1,73378E-
Chi-Sqgr 4

Adj. R-Squar 0,98589
' Value Standard Erro

a 1 0

_ b 37,4248 0,84473

0,0 T | T l L) | T | T |
0,000 0,002 0,004 0,006 0,008 0,010

Pucynok 17 — anmpoxcumanusi ypaBHenueM qstk=1-(1-qam)™" sKkcHepHMeHTaIbHBIX

3apucumocteit kouBepcun bTK ot kouBepcuu BIT ipu 60 (a) u 80°C (6).
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Pucynok 18 — 3aBucumocth koHBepcun MoHoMepa K (%) OT mpoIoyKUTEeNTbHOCTH
peakuu T (MUH) TIpU pa3InyHbIX Temrepatypax. Konnentpamus bTK 7 —0.1, 2 -0.03, u 3 —

0.01 monw/n. [BCU]=6.97 mons/n, [JAK]=1.17-10" mons/n (pacTBOp B AHMOKCaHE).

JIONOTHUTENBbHYI0O ~ MH(GOPMAIIMI0  MOXKHO  IOJIyYUTh, OCYIIECTBUB  YCJIOBHO
HEMpepbIBHBIN  (crieKTp cHUMaeTrcsd Kaxkzable 250 CeKyHJ) MOHUTOPHHI COCTOSIHUS
PEaKLMOHHOM MacChl HENOCPEACTBEHHO B sguelke crnekrpomerpa SAMP. Takoi MOHUTOpHUHT
611 ipoBeeH npu 60 u 80°C ans BCU u BII. Curnamsl B CIEKTpax XOpOIIo pa3peiieHsbl (puc.
20, 21), 4TO MO3BOJIAET AaHATM3UPOBATh UX UHTETPAIbHbIC HHTEHCUBHOCTH U JIENIaTh BBIBOJ 00
M3MEHEHMHU KOHIIeHTpauuu MoHoMepa, BTK n nnuimaropa B xoae peakuuu. Cinenyer oOpaTUTh
BHUMAaHHE, YTO 3TOT MOHUTOPHHI mpoBogwics B pactBope B [IMCO-ds, B oriamume oT

AKCIEPUMEHTA C OTOOPOM P00 MpU MPOBEACHUH ToIUMepH3aluu B Macce (pasaen 3.1.)
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Pucynox 19 — 3aBucumocts npuBeaeHHOM ckopoctu noaumepusanun BCU Rp/[M] (¢

1) ot kouBepcuu MmoHomepa K (%) npu paznuunsix remneparypax. Konnenrpamus bTK 7 —0.1,

2 —0.03, u 3 — 0.01 moms/n. [BCU]=6.97 mons/n, [[JAK]=1.17-10 wmons/n (pacTBOp B
JTUOKCaHe).
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Pucynoxk 20 — Tunnunslii cniextp 'H IMP npu MOHUTOPMHIE TOMOIIOIMMEPH3auK N-

BUHHWJICYKIIMHUMHU A B IIPUCYTCTBUU I[I/I6CH3I/IJ'ITpI/ITI/IOKap6OHaTa.

Pucynoxk 21 — Tunmunslii ciiektp 'H IMP npu MOHUTOPHMHIE TOMOIIOIMMEPH3aIuK N-

BUHHWJIIIUPPOJIUAOHA B IPUCYTCTBHUU III/I66H3I/IJ'ITpI/ITI/IOKap6OHaTa.
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W3 npencraBieHHBIX Ha pUC. 22 3aBUCHUMOCTEM KOHBEPCHMM MOHOMEPOB OT BPEMEHU
MO>KHO CJI€NaTh HECKOJIBKO BBIBOJIOB.

1. ITpu 80°C ckopocts nonmumepuzaiuu BCH cymectBenHo Boiie, yeM BII, Torma kak
npu 60°C OHM IPAKTUIECKU OTMHAKOBBI.

2. IIpu 60° HabmrogaeTcs HEOOIBIION UHIYKIIMOHHBIN nepuo: ~37 mul st BCU u
~115 mun mnsg BII, uro OOBIYHO CBS3BIBAIOT C MEIICHHOM MHMIIMAIM3ALHEH OCHOBHOTO
MEXaHM3Ma Ha Ha4aJbHOM paBHOBecuH. CKOpee BCETO 3TO CBSI3aHO C MEHBIIEH aKTUBHOCTBIO
BII u meiennsiM 1o cpaBHeHuo ¢ BCU pennunmupoBanueM 6€H3UIbHBIME PaIUKaIaMH, 4TO
NPUBOAUT K MeuleHHOMY npeBpaiueHuto ucxogHoro bTK B monuOIIL[1 (puc. 23). ITpu 80°C
MHAYKIIMOHHBIN IEpHO/1 He HAOII0AaICH.

3. [lonmwxenue npenenbHbix kKoHBepeuil BCU ¢ yBennuennem temmneparypsl CBSI3aHO C
OBICTPBIM HCUEPIIAHMEM MHUIMATOpA U TAICHUEM IMOJIMMEPU3AIIH 33 CUET Peakimii 0OphiBa
uenu. Yto oOpaiaeT BHUMaHUE U SBJSETCS OY€Hb MHTEPECHBIM — nonuMepusanus BII nocrie
IIOJIHOTO HCYEpIIaHUs MHULMATOpa IPOJOJDKAETCS C HEU3MEHHOM CKOPOCTBIO BIUIOTH [0
OKOHYaHus MOHUTOpUHTa (920 MUHYT).

0,15 <

HeT curHana JIAK B cniektpe —&— BCH, 80°C
—O— BII, 80°C
| . B . O BII, 60°C
o TS ®  BCH, 60°C
=
/.I
_ o
0,10 J‘
ocrasniock 55% JIAK
C_E _p-0-©
Her curnana JIAK B cniektpe -0
0,05 - P "
O/O’ n .O
= M1 Op
-1;005550
MO
J"Ch
ocranock 57% JIAK

0 20000 | 40600 | 60600
Bpewms, ¢
Pucynok 22 — 3aBucumoctu konBepcun BCU u BII or mnponomxurensHOCTH
nosumepuszauu B npucyrctsun BTK mpu 60 u 80°C. INomumepuzanus BCU: [BCU]=0.8,
[BTK]=2.5x102, [HAK]=8x10* mons/n. Tomimepusamus BIL: [BI1]=0.9, [FTK]=2.8x1072,

[JAK]=9%10"* mos/m.
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3aBucumocts koHBepcur BTK ot xonBepcun monomepa npu 60 u 80°C ¢paktuuecku
uneatuaHa 1ys BCU (puc. 24, a), u cymectBenno otimuaercs s BII (puc. 24, 6): ckopocTh
pacxomoBanuss BTK mnpu 80°C myig Hero BbIlIE, 4YTO COIJIACYETCS C IOJYyYEHHBIMHU

pesynpraTamu 1no BenuyuHam Cr.

0,4 -
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.
]
[ ]
[ ]
u ()
J 0 C
. o 00099
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m® 000 ooo
u @]
0 2000 4000 6000 8000 10000
Bpewms, ¢

Pucynok 23 — 3aBucumocth konBepcun BTK 0T BpeMeHH Ha HAayalbHBIX CTaUAX
nomamepusarun (60°C). IMonumepusanus BCU: [BCU]=0.8, [BTK]=2.5x1072, [[IAK]=8x10*
mons/n. omumepusamus BIT: [BIT]=0.9, [BTK]=2.8x102, [[JAK]=9x10"* mons/m1.

B xone nomimepusauuu BCU u ocymiectBinenus paBHoBecHs (5) MPOUCXOAUT NMEPEXO]
BTK B mommOIILl1. 310 conpoBosxaaercs TpaHcopMalield curuaia OeH3MIbHBIX TPOTOHOB B
crektpe 'H SIMP (puc. 25). I'pynna yImMpeHHBIX CHTHANOB, HEMHOTO CABHHYTAs B CHIBHOE
1oJie, OTHOCUTCA K OeH3uIbHBIM IpoToHaM nosnOIILl]1 u npuHamIe)uT BTOpoi GEH3UIBHOIM
rpynne B cocrase bTK. Ha ocHOBaHMM aHann3a MHTErpaIbHBIX MHTEHCUBHOCTEH CUTHAJIOB

ObL1a mocTpoeHa 3aBucuMOCTh KoHneHTpanuu nmomOIIL1 ¢ xomom peakiuu (puc. 26).
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Pucynok 24 — 3aBucumoctu kouBepcun bTK ot kousepcuun BCH (a) u BII (6) npu ux
nomumepusaruu npu 60 u 80°C. Tomumepusanus BCU: [BCU]=0.8, [BTK]=2.5x102
[IAK]=8x10"* wmons/n. Iomumepuszauus BII: [BII]=0.9, [BTK]=2.8x102 [JAK]=9x10"*

MOJIB/J1.
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Pucynoxk 25 — DBoJolus curuajia 6eH3unbHeX npotonos BTK B cnexrpe 'H SIMP

peakMOHHOM Macchl pu noiauMepusannu BCHU.
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Pucynok 26 — 3aBucumocts Tekymux KoHueHTtpauui BTK u nmomuOIIL[l mpu

nomumepusaruu BCU npu 60 u 80°C. [BCHU]=0.8, [FTK]=2.5x1072, [AK]=8x10* mons/m.
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EcTb BaxkHOE OTJIMYME XOJa 3TOM 3aBUCUMOCTH OT TOTO, YTO OBUIO MOJYYEHO paHee
MeTosioM oTbopa mpol (puc. 14). B manHom ciydae, Korja MOJUMEpPHU3allUs MPOTEKAET B
pactBope B JIMCO-ds, a HE B Macce MOHOMepa, UIET nocTeneHHoe HakoraeHue nomuOITI1
JI0 ONPEIEJIEHHOW KOHLEHTpauuu, oxuHakoBod mpu 60 u 80°C, Torga kak yMeHbBLICHHE
koHueHTpauuu bTK npu 80°C 3nauntensHO cuibHee, yem npu 60°C. Ilpu nonumepusanuu B
Macce u3MeHenne koHuenTpauuu noanOIIL1 ¢ xonom peakuuy Npoxoauio 4yepe3 MakCUMYyM,
JOCTUTaBLIMHCSA JOCTATOYHO OBICTPO MOCJIE Hayajla peakiuH, U Hojaja 10 3HauYeHWH, elBa
JETEKTUPYEMBbIX B cHEeKTpe. M3 3Toro Mo>KHO chenaTh BBIBOJ, YTO HAJIWYHE PACTBOPUTEIS
cKa3zbiBaeTcsi Ha paBHoBecusix (5)—(7) u, B cilyyae MNOJIMMEpPU3ALUMU B Macce MHPOIYKT
npencraisier coboi moymOIIL2, Torna kak npu mosmmMepusaiuu B JIMCO-des B KOHEUHOM

MPOJYKTE COAEPKUTCSA 3aMETHOE KOJIMYECTBO MOHO3aMeleHHOro nmoanOITL1.

3.4 MOJIEKYJSAPHO-MACCOBBIE XAPAKTEPUCTUKHA
M CIIOCOBHOCTSH K JAJTBHEWMIIEMY POCTY HENER
MOJIN-N-BUHWJICYKIIUHUMUJIA, TOJTYYEHHOI'O B ITIPUCYTCTBUH
JTABEH3UJITPUTUOKAPBOHATA

Ilonumepusayus 6 ouokcane

B nmpucyrcteun bTK npu nommmmepuzarun BCU HabmogaeTcst TMHEHHOE YBEIUYCHHE
MM c¢ koHBepcued MOHOMEpa M TeHACHIUSA K cyxkeHuro MMP, dro xapakrepHo s
MPOTEKaHUs MPOIIECCa B IICEBI0KUBOMY pexume (puc. 27) [182—188].

JIuneapuzoBanHas 3aBucuMocTb MM OT KOHBEpCHM MOHOMEpA OTCEKAET "CTyNeHb' Ha
ocu opauHat 733 r/mounb (puc. 27, 0). YuutsiBas, yTo MojiekyisapHas macca BTK cocrasmuser
290 r/MOnB, MOMy4aeM CPEAHIOI CTENEHb IOJIMMEpPU3ALUd MEXAYy COCEIHHUMH aKTaMu
neperayy Lenu Ha TpuThokapOoHaTHbI ¢parmeHT 443/125=3.5 3Bena BCU (125 mounb/a —
MosiekyasipHasi  macca BCH). Drto 3HauMTenbHO HMXKE, UYeM ObIO B chydae
6ensnnnutnodensoata [93]. CnenoBarensHo, bTK sBisercs 6onee 3¢pdekTuBHBIM areHTOM
nepenavy 1eny, 4yeM OeH3WIAUTHOOEH30aT.

C mnpakTHUecKOW TOYKHM 3pEHHsT HaWOOJBLINA HMHTEpEC IPEACTaBIIAIOT 00pasIlbl,
MIOJIyYEHHBIE HA NPEIENIBHBIX Ul KOHKPETHBIX YCIOBHMM MOJIMMEpU3alluM KOHBEpCHsAX. B

naHHOM citydae Bce oOpasitel [IBCU, momy4ueHHbIe Ha TIPEISIbHBIX KOHBEPCHSIX MOHOMEpA MPH
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ucciaenoBanHblXx KoHueHTpauusax bTK, ornuyarorcs y3kMM yHUMOJAQIBHBIM MOJIEKYJISIPHO-
MacCOBBIM PpAacCHpE/ICICHUEM, HE3aBUCHMO OT HMHTEHCUBHOCTH renb-apdexrta (puc. 28), u
3Ha4eHusIMH MM, XOpomo COIVIaCylOIMMHUCA € TEOPETHUYECKHMMHM, BBIYHUCIEHHBIMU IO

dopmyne (10) (Tabm. 5).
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Pucynok 27 — HopmupoBanHble kK eqMHUYHOH 1iommaau kpusbie ['TIX o6pasnos
[IBCU, nonyuennsix Ha koHBepcusax 10, 20 u 30% (crneBa HanpaBo) noiauMepusanueil B
nuokcane, (a) ¥ 3aBUCUMOCTb Mi 0T koHBepcuu MoHoMepa K (%).[JIAK]= 1.17-103, [BTK]=
3x1072, [BCU]=6.97 mons/n, 70°C. IIpsmast IyHKTUpHAS JTMHUS — TEOPETUYECKAs

3aBUCUMOCTb, IIOCTPOCHHAS IO ypaBHEeHHIO (10).
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Tabnuna 5. MonekynsipHo-maccoBble xapaktepuctuku [IBCH, nmomyuennoro Ha
npeiebHBIX KOHBepcHsaxX MoHoMmepa npu 60°C ([BCU]=6.97, [IAK]=1.17-10" mons/m,

pacTBOp B AMOKCAHE).

s | vorowapavi | M| M P | MnGprcsen
0.1 28 2900 3800 1.31 2730
0.03 92 24300 32200 1.32 27000
0.01 95 56300 74100 1.32 83000

Ilonumepuszayusn ¢ macce

[Tonydyenue pactBopumbix noaumepoB [IBCH, a tem 6osee ¢ kouTpoaupyemoit MM u
y3kuM MMP, X0T4 1 ABsIeTCA aKTyalIbHOM MPUKIIATHOM 3a/1aueid, OJJHAKO HEBO3MOKHO B XOJI€
KJIACCUYECKOW PAAUKAIBHON MOJUMEpHU3allMM B MAacC€ B OTCYTCTBHE PACTBOPHUTENECH H
nepenatuukoB nenu [144]. B orcyrctBue BTK mnonuMepusanuss mpoTeKaeT B TEUCHHE
HECKOJIbKUX MUHYT U IPUBOAUT K 00pa30BaHUIO CIIUTOTO HEPACTBOPUMOIO MOJIMMEpPA 32 CUET

peaknuun nep€aadn ncnu Ha MCTUJICHOBBIC IPOTOHBI CYKIMHUMHUAHOI'O HUKJIA:
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Pucynox 28 — HopmupoBanHbie K enuHHYHOUN tutomaau kpusbie ['TIX oOpasios
[NIBCU, nonyyeHHbIX Ha KOHBepcusax MoHoMmepa 28 (1), 92 (2) u95% (3). [BCU]=6.97, [ HAK]=
1.17:107, [BTK]= 0.1 (1), 0.03 (2) u 0.01 (3) moms/1, 60°C, auoKcaH.
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[Tpu nomumepusanuu B paciuiase MoHoMepa (Tn=56°C) B nmpucyrcteun BTK npu 80°C
CKOpPOCTh TIOJMMEPH3AlNU TIOHIKACTCA 33 CUET TOJaBJICHUS aBTOYCKOPEHHSI M 0Opa3yeTcs
pactBopumblii monumep. [penensuas kouepcust BCU nonmxaercs ot 72 (8 1) 10 24 % (24 u)
npu ysenudenuu konnentpauuud BTK or 102 no 107 mons/n (Tabn. 6). UuTepecHo, 4to B
OTCYTCTBHE WHHUIIMATOpAa MOJUMEpPHU3AIHM TaKXKe IPOTEKAeT C 3aMETHOW CKOPOCTBIO H

KoHBepcus 54 % nocruraercs 3a 48 4 noJauMepu3aluu.

Tabnuua 6 — MonekynsapHo-maccoBble xapakrepuctuku [IBCU, nomydenHoro B

npucyrctBur bTK B pacrimaBe monomepa (macce), 80°C.

Obpazen [MIBCHU-1 I[MIBCH-2 IMIBCH-3
[JTAK] 1073 0* 107
YeIoBHA [6TK] 1072 102 10
CHHTE3a
Kousepcus, % 72 54 24
Mn (pacuernas) | 72000 54000 2400
Mn (rmix) 47800 54200 7000
. My (rmix) 88500 74900 8800
WCXOTHBIH
oOpaze
MoneKyaspHo- pasen Dmx) 1.85 1.38 1.25
MacCCOBBIE M.
XapaKTe- (SIMP)/crenens | 67800/540 | 50300/400 | 4500/34
PHCTHKH MOJTMMEpU3aIN
Mn 40500 36500 5300
obpaser mocie
ynanenus CS3 | Mw 66700 54000 7300
(dbparmeHTa
b 1.65 1.48 1.36

* TEPMHUYICCKOC NHUIUHUPOBAHUC B OTCYTCTBUC MHUIIUATOPA

Bce cunTe3npoBaHHbIe MOIMMEPHI XapaKTepU3yoTcsl yHUMoAanbHbIM MMP (puc. 29).
MMP nocratouno y3koe 3a uckiaodeHueM oopasia [IBCH-1, momydeHHOT0 moJimMepu3anuei
B Macce npu koHuenTpamuu BTK 10 mons/n B npucyrcteun JIAK. Tpuumnoil ymmpenus
MMP B 3TOM Citydae MOXeET ObITh BBICOKAsi BEPOATHOCTb PEAKIMH ITepeiadyy LIeNU Ha TOJIUMEp
BCJIECTBHE 0OJiee BHICOKON KOHIEHTpALKHU OJIMMEpa NP peakiMyi B Macce M0 CPAaBHEHMIO €
peakuueit B pactBope. Onanako B orcyrctBue JIAK B aHanoOruyHeIX yclIoBHSX oOpazyercs

nosmmep [IBCHU-2 ¢ y3kum MMP. BepostHo, O0ojee MeIEHHOE WHUIIMHPOBAHUE
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MMoJIMMEpHU3alu U, KaK CJIICACTBUC, HAKOIIJICHUC MTOJIMMEpPA B peaKHHOHHOﬁ cpeac nmpuBO AT K

YMCHBIICHUIO BCPOATHOCTH MMOOOYHOM pCaKkuuun nepeaavin neIiu.

10° 10° | M
Pucynok 29 — I'TIX kpuBsie o6pasuos [IBCU-1 (a), [IBCU-2 (6) u [IBCU-3 (8) mo

(croIIHBIE JTMHUM) U TTOCIe (MyHKTUPHBIE TMHUN) yaaideHus CSs ¢parmenra.

Kak 6s110 mokazano metoziom SIMP 'H panee, ipu HarpeBaHHH cMecH, cozepiKaliei
BCU, IAK u BTK, nabmrogaercs nocnenoatensrnoe npeBpamienne bTK B momuOIlL[1 u 3atem
B noynOIIL2 (peakuuu (6) — (7)). CinenoBarenbHO, OCHOBHBIM MPOJAYKTOM PEAKIMU JOJKEH
ob1Th ostuMep caexaytomiero crpoerust [IBCU1—S—C(=S)-S—-TIBCUz. Ognako meton SIMP ne
MO3BOJISIET OTBETUTH HA BOIIPOC, T/Ie pacmnojioxkeHa rpymnmna —S—C(=S)—S— B nienu. J[71s1 cCBOICTB
TOMOIIOJIMMEPA €€ MOJI0KEHNE HE UMEET CYILIECTBEHHOI0 3HAUEHMs], OJTHAKO 3TO BAXHO, €CIIH
I[MIBCHU Oynet ucnonsizoBathkes B kadectBe OIll[-arenTa mis cuHTe3a TPUOIOK-COTIOTMMEPOB.

Pacnionoxxenue TpuTHOKapOOHATHOM TPYIIIBI OMPENESISUIA 110 METOAHMKE, MOJAPOOHO
ONKCAaHHOM B aHanuTHYecKOoM 0030pe, HarpeBas oOpasusl [IBCU-1, IIBCU-2 u IIBCU-3 co

100-kpaTHBIM MOJIBHBIM HU30BITKOM pajukanbHoro wuHunuatopa JAK B wuHepTHOM
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pacTBopuTelie B OTCYTCTBUE KHciaopoaa Bo3ayxa. Ha puc. 29 mpusenens! kpusble ['TIX
UCXOJIHBIX MOJIMMEpOB U mpoaykToB peakuuu c¢ JAK (myHkrupHsle nuHuu). BugHo, yto
XpOMaTOrpaMMbl TMPOAYKTOB peaklIMU CMECTWIHCh B obOnacte Hu3kux MM. OpnHaxo
MI0JIO’KEHNE MacChl TMKa XpOMAaTOIPaMMbl OTHOCUTEIBHO HA4aJIbHOTO MOJIOKEHUS U3MEHUIIOCh
Ha ~ 7000 (IIBCHU-1), ~ 17000 (ITBCU-2) u ~ 1700 (IIBCHU-3), T.e. CYIIECTBEHHO MEHBIIIE,
4yeM B JiBa pasza. CieioBaTeIbHO, TPUTHOKApOOHATHAS TPYIIa pacloI0kKeHa aCHMMETPUYHO.

OnHuM U3 Ba)XKHEUIINX CBOMCTB MOJIMMEPOB, NOJMydyeHHbIX MeTogoM OIILL, sBasercs nx
CHOCOOHOCTH HapaluBaTh cBOI0 MM mpu UCHOIB30BaHUU B NOJUMEPHU3ALIMY HOBOM MOPLUU
MOHOMepa M MHUIHMAaTopa. [ 5Toro sKcrnepuMeHTa ucnos3osaau [IBCU ¢ My = 6x10° u D
= 1.22 NBCH-TK-1, cunrtesupoBaHHbl nonumepusamueii B Macce npu [JAK]=1072
[BTK]=10" wmons/n, 80°C. NMBCHU-TK-1 u JAK c¢ xoHuenrpamusamu 5.5x102 (no
mpumuoxapbonamuvim  2pynnam!) m 5.5x103 MOJB/I, COOTBETCTBEHHO, MOOABIANH K
MOHOMEPY M TPOBOJWIM mojumepu3ainuio B macce npu 80°C B TeueHue 24 4; KOHBEpPCHUS
MoHoMepa coctaBuna 50%. Ha puc. 30 npusenenst kpusbsle I'TIX wucxomnoro (/) u
«BbIpocieroy nonumepa [IBCU-TK-2 (3). BugHo, yto nocie nonuMepusauuu kpusas ['TIX
MoJIMMepa OcCTajach yYHUMOJIAIBHOM, HO CIABHUHYJIAaCh B 00JacTh BBICOKMX MM, m ciems
UCXOAHOrO noiuMepa He HabmoatoTes. «Boipocuuity IIBCU-TK-2 xapakrepusyercs Mn =
9x10° u B = 1.23. Takum 06pazoM, mpakTuuecku Bce Makpomoiekyasl IBCU-TK-1 spastorcs
(OKUBBIMU» U COJEPKAT TPUTHOKAPOOHATHBIM (parMeHT. OKCIEPUMEHT [0 YyIalleHUIO
TputHOKapOoHaTtHOrO (hparmenta Obu1 mpoBeneH Ha IIBCHU-TK-1 u «BeIpociiemM» Ha HEM
IBCU-TK-2. HaGmonaroTcs 3aKOHOMEPHOCTH, aHanoruyusie oopasuam [1BCHU-1, [IBCU-2
u [IBCH-3: xpoMarorpamMmsbl CIBHTAOTCS B 00y1acTh MeHbIMX MM, HO He BaBoe (puc. 30,
kpuBbie 2 U 4). CinenoBarenbHO, C POCTOM IEMTA AaCUMMETPHUYHOCTh COXPAHSETCS, YTO MOXKET
OBITh ClIeICTBHEM 00Jiee BEPOATHOIO pOCTa LIENH Ha 0oJiee IIMHHBIX pajnKaax.

3ak/r04eHue no riaase 3

Juben3untputnokapOoHat mposiBui cedst mocrarouno ¢ dexruBHbM OIIL] arerToM B
romomnoiaumepusanuu N-BUHWICYKIMHUMU/IA: KOHCTAHTHI IIEPEIayy LIEMH HAa HETO COCTaBIISIOT
Cn~22 (60°C) u Cu~19 (70, 80°C), 9yTO HaXOAUTCA MPUMEPHO HA TOM K€ YPOBHE, KaK U JJisi N-
Bunuianupponnona: Cn~23 (60°C) u Cn~37 (80°C), nnu no nanusiM padotsl [103] Cp~15
(60°C) u Cu~4 (80°C). Oto mo3soaser noiydars B npucyrctBuu BTK y3komucnepcHeie c
yHUMOAaIbHBIM MMP nonmMepsl N-BHHHICYKIMHAMHIA B JUANla30HE MOJIEKYJISPHBIX Macc

OT HCCKOJIBKHMX TBICAY 10 HCCKOJIbKHUX ACCATKOB THICAY.
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Pucynok 30 —I'TIX kpuBble, HoOpMupoBaHHbIe K eanHUyHOU Tutomaau, [IBCU-TK-1 (7),

[NIBCU-TK-2 (3) u npoaykToB ux B3aumoaenctBus ¢ u30biTkoM J{IAK (2 1 4 COOTBETCTBEHHO).

[IpucyrctBue BTK BbI3BIBaCT 3aMeneHuE pEakUWH W YMEHBIICHHE IIPEAEIbHO
JOCTH>KUMBIX KOHBEPCHH, OJJHAKO JIETTAeT BO3MOKHBIM MPOBEJICHHUE MOJIMMEPHU3AIIMU B Macce
(pacruiaBe) MOHOMEpA, YTO B YCIOBHUSAX KJIACCHYECKOW paJMKAIBbHOM MONIMMEpPHU3alluu BCeraa
COTMpPOBOXKAAETCA 00pa30BaHMEM HEPACTBOPUMBIX CIIMTHIX MPOJYKTOB 32 HECKOJBKO MHUHYT
CUHTE3a.

enu nmonu-N-BUHWICYKIIMHUMUAA, ToydyeHHOro B mpucyrctBuu bTK, conepxar CS3
(GbparMeHT U CHOCOOHBI «OKMBATh», YTO MOXET OBbITh HCIOJIb30BAaHO [yl CHHTE3a OJIOK-
cononumepoB. [lonoxxenne CS3 @parmeHTa B MakpoOMOJIEKyJIax acCUMMETPUYHOE, YTO
HEO0OXO0IUMMO YUUTHIBATh, MPECTABIISASL MUKPOCTPYKTYPY COMOJIUMEPOB, MOTYYEHHBIX Ha MOJIU-
N-BUHUJICYKUMHUMUJ TPUTHUOKApOOHATE KaK IIOCEBHOM IOJIMMEpE.

B wnemoMm, mnosiyueHHble JaHHbIe TO3BOJAOT cuutath BTK mnoaxomsmum st

npumenenus B kauectse OIIL] arenta nmpu romo- 1 cononumepuzanuu N-BUHUICYKIIMHUMU/A.
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4 CONNOJIMMEPUM3ALIMA N-BUHWJICYKIIMUHUMHUJIA C APYT'UMHU
BHUHWJIBbHBIMU MOHOMEPAMMU B ITPUCYTCTBUHU
JUBEH3UJITPUTUOKAPBOHATA

4.1 COIIOJIMMEPU3AIUA N-BUHUWICYKIIMHUMHUIA C
BUHUJIIALHETATOM B [TIPUCYTCTBUU JUBEH3UJITPUTUNOKAPBOHATA

VY3ke 0TMeuanock, 4To CONoJuMepbl N-BUHHIAMUOSHTAPHONW KUCJIOTHI C BUHUJIOBBIM
CIMPTOM, MPEKYpCOpaMH KOTOPBIX SBJSIOTCS COMOJIMMEpPbl N-BUHWICYKUMHUMHUAA C
BUHUJIAIIETATOM, MPOSIBUIM ce0si KaKk OTJIMYHAS OCHOBA JUIsl CO3JaHMs MOJUMEPHBIX (opm
®OAB. Panee Takue mnoauMmephl MOJydYaad KIACCHYECKOW paguKadbHON MOJMMEpHU3aLUEH.
[Mpumenurensno k HuM OIIL] momumepuzamus NpeAcTaBiIsieT OCOOBIH HMHTEpPEC, TaK Kak
MO3BOJISIET PEIIUTH OJHOBPEMEHHO HECKOJBKO mpodiem [189—194]. IIpexne Bcero 3To Bompoc
KOMIO3UIIMOHHON HEOJHOPOJHOCTH, XApAKTEPHOW [UIsl COIMOJIMMEPOB, MOIYYAIOIIMXCS W3
pa3HOAKTUBHBIX MOHOMepoB [195-197], k kotopeiMm oTHOcAaTcs BCU u BA. [pyrum
JOCTOMHCTBOM  SIBJISIETCSI  BO3MOXHOCTh CHHTE3a IIOJUMEPOB C 3aJaHHOM BEIMYMHON
MOJIEKYJISIPHOM Macchl M Y3KHUM MOJIEKYJISPHO-MACCOBBIM pAacHpEe/IeIEeHUeM, 4TO SBISETCS
KJIFOUEBBIM TpeOOBaHUWEM Il TPOXOXKIEHHUS OWOJIOTHYEeCKuX OapbepoB opranm3ma [155].
Kpowme storo npumenenne OIIL] nonumepusanuu mo3BossieT u30exaThb psii TEXHOJIOTHUECKUX
TpyaHoctel. Ilpu nmpoBenennn romo- u cononumepuszanuu BCHU B macce MOHOMEpa KMHETHKA
SBIISIETCS HEKOHTPOJIMPYEMOH, XapaKTepH3yeTCsl IPKO BBIPAXKEHHBIM Telb-3(Q(GEKTOM M 4acTo
ABJISIETCSI TPUYUHOM IOJIYYEHHsI CIIMTBIX, HEPACTBOPUMBIX HU B OJIHOM H3 PACTBOPUTENEH
npoayktoB [198-199]. Amnamoruuynas mnpobirema CylmecTBYyeT U B paJuKaIbHOU
nosmMmepusau BA, ocnoxHstomasics ele peakuuen nepeaayuu nenu Ha mosomep [160, 200].
DddexTuBHBI KOHTPOJIB, oOecieunBaeMblii areHToM OIILl, cHmkaeT Wi Jaxke MOJNaBIsSET
refnb-3QQGEeKT, yMEHbIIAET pOJIb MPOIECCOB IMepeAayd LENU Ha MOJIUMEp, SBISIOLUIMXCS
MPUYMHOM CIIUBKH [45].

Takum o00pazoMm, LeNbI0 JAHHOTO pasfenia ObUIO H3Y4YeHHE comosiuMepusanuu N-
BUHWJICYKUMHUMHUIA C BHUHUJIAIETaTOM B NPUCYTCTBUU JUOECH3UITpUTHOKapOOHATa B
yCIOBUSAX OOpaTUMOW Tepenadd IEeNny M0 MEXaHW3My HpPUCOCTUHEHHE-(parMeHTaIus s
IIOJIyYEHHS Ha UX OCHOBE BOJOPACTBOPUMBIX CONOJINMEPOB N-BUHUIAMUIOSIHTAPHOW KHCIIOTHI

C BHUHHIIOBBIM CIIMPTOM, CIIOCOOHBIX K CBSI3BIBAHMIO HU3KOMOJICKYJIIPHBIX BCIHICCTB,
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UCTIOJB3YIOUIMXCSI B KAaueCTBE AaKTHBHBIX (apMaIleBTHUECKHX WHIPEAUEHTOB B COCTaBe
JIEKapCTBEHHBIX CPEJICTB.

Conoumepu3anusi  N-BHHWICYKIIMHUMHAA ¢ BHHHJIAETATOM B  Macce
MOHOMEPOB

ITapa BCH u BA, kak yxe ObUIO CKa3aHO, OTHOCUTCS K CIIy4al0 MOHOMEPOB, CHIIbHO
pa3IMYaloNIuXcsi IO  PeakIMOHHOM  crmocoOHOocTH. B Kkimaccmveckoidl  paaMKanbHOU
MOJIMMEPHU3AIMM  3TO TPHUBOJUT K TOIYYEHHMIO IIOJIMMEPOB C SIPKO  BBIPAXKEHHOUN
KOHBEPCHOHHOW KOMIIO3MIIMOHHONW HEOJMHOPOIHOCThIO. Ee MOKHO M30ekaTh, OCYIIECTBIISSA
MOJMMEPHU3AIMI0O B PEXHME MOCTENEeHHOM 3arpy3ku OoJjiee akTMBHOTO MOHOMEpa B XOj€
peakuuu. KoHTponupyemasi paiukaibHas MOJIMMEpHU3alusl Ipeiaraet Oojiee HMPOCTOH B
MIPAKTUYECKOM IUIaHE CHOco0 YCTpaHEHHUs ATOro CYLIECTBEHHOro HexocraTka. llockonbky
IIPOLECC MPOTEKAET B TaK HA3bIBAEMOM IICBEBJOXKMBOM pPEXHUME, TO KOMIO3UIMOHHAs
HEOJHOPOAHOCTh PacIpenesieTcs M0 AJIUHE PAacTyIIMX B TEUEHUE BCETO BPEMEHU NIPOBEIEHUS
peaKiuy MakKpoOMOJIEKYII, TOTJa KaKk MeXay co00il OHM OTJIMYAIOTCSl B HAMMEHBIICH CTeleHU
[195-197].

OTtHocuTenbHas peaknuoHHas crocodHocTh BCU 1 BA cuiibHO 3aBUCUT OT IpUpPOIBI
cpenbl, IMO3TOMY KOHCTaHThl COMNOJUMEPU3ALNUN SBISIOTCS KOHCTAHTAMHU TOJIBKO IS
OIIpe/IeNIEHHBIX YCIOBHUI MPOBEJEHUs Mpolecca (pacTBOPUTEIb, KOHIIEHTPAIUsI MOHOMEPOB,
MHULMATOP, TemIiepaTypa). Tak, Ipu cONOIMMEPU3aLIUU B MACCE C UCIIOJIb30BAHUEM IIEPEKUCH
Oen3omna B kadectBe mHMIMATropa racu=5.10, r8a=0.17 (65°C) [201], rBcu=6.05, 18A=0.18
(60°C) [202], B aTaHONE € TeM ke HHHIUATOPOM rBCcu=35.62, rBa=0.17 (70°C), B IMCO c
unumatopom JIAK recu=2.78, r8a=0.04 (70°C, BCU:AMCO=1:3), recu=0.02, r8a=0.82
(70°C, BCU:AMCO=1:14) [203], B Boxge c¢ ununuupyromeit cucremoit NH4S205-Na2SOs
rBen=1.16, B8A=0.02 (25°C) [204] u Cc WHUIUHUPYIOUIEH CHUCTEMOHN TpHUCAIETHUIAIIETOHAT
Mapranua-ykcycHas kuciora recu=1.13, rBa=0.30 (25°C) [205]. 3a uckioueHueMm ciaydas
noauMepusanuu B pasdasieHHoM pactBope B JIMCO BCHU Bcerna mposiBiasieT OOMbILIyIO
AKTUBHOCTb.

JUis  OCTHKEHUS  JOCTaTOYHOTO  KOHTPOJIE  HAaJl  MOJIEKYJIIPHO-MAacCOBBIMU
XapaKTEPUCTUKAMHU TPUXOIUTCS YIUTBIBATh MO KpaitHedl mepe 2 ¢dakrtopa. C yBennmueHneM
KoHueHTpauuu areHta OIIL] ynydmaeTcss KOHTpOJIb, HO YBEJIWYUBAETCS BEPOATHOCTH
3aMeJICHUs MOJIMMEPH3aiy (BIJIOTH JO MOJIHOTO WHTHOMPOBAHUS), CHUKCHHS MPEACITHHO
JOCTHUKUMOTO BBIXOJIa IOJIMMEPA U OTPaHUYEHUs IO BeJIMYuHE AocTkuMoit MM. HaoboporT,

npu yMmeHbllleHuu KoHueHtpanuu arenta OIILl Teoperuuecku NOCTHKMMAasi CTEMEHb
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MOJIMMEPHU3AMM, pPaBHAs OTHOIIEHUIO CYMMapHOM KOHLEHTpallud MOHOMEpPOB K
konnentpanuu areHta OIIL [BCU+BA]/[BTK], yBenuuuBaercs, HO B yiiepO KadecTBY
koHTpoJia. ['omononumepuzanusa BA B npucyrcrBun BTK compsixena ¢ psgom TpyaHOCTEH
[206], cBs3aHHBIX ¢ HU3KMM KaueCTBOM KOHTpOJsi MM XapakTepUCTHK U MHTMOMPOBAaHUEM
MOJIMMEPU3ALMH IIPU NOMBITKE YBeIMUUTh KoHUeHTpanuto areHTa OIILl. ITo oTHomeHuro k
BCHU BTK, nanpotus, nposiisier cedst nocrarouno 3¢pdextuBupiM arentom OIIL (Cr = 19)
[169]. Tloatomy B mpucyrctBuu BCH cregyer oxuaaTh yIOBIECTBOPUTEIIBHOTO KadecTBa
KOHTPOJS, Kak »dT0 HaOmoAanoch Mpu conoiauMmepuszanmnuu BA ¢ Oonee aKTUBHBIM
oyrunakpuiaroM (BA) (rBa = 0.01 u rpa = 5.38), Korma 3aKOHOMEpPHOCTH TIpoIlecca ObLIH
6nmu3ku K romononumepuzanuu bA [207].

Cononumepuzanus BCU ¢ BA B npucyrcteuu bTK npu «HebmaronpusTHom» cocTtase
HUCXOJHOM MOHOMEpPHOM cMecH, conepxamed 75 Mon% BA, NpUBOIUT K MOIYYEHUIO
MOJIMMEPOB, XapaKTEPU3YIOIIUXCs 00JIee Y3KUM 110 CPABHEHUIO C TPAJUIIMOHHOM paauKalbHON
MOJMMEpU3ALMENd MOJIEKYJIIPHO-MAaCCOBBIM  PACHpPEACIICHUEM M MOJEKYISIPHOM Maccow,
3aBucsmerd ot koHuentpaimuu bBbTK (puc. 31). C yBenmuenwem koHuenrpamuu bTK
XpOMAaTOrpaMMBbl CIBMTalOTCA B 001acTh MeHbIUX MM, npudeM Tosbko npu [BTK]=8.8-10

MOJIB/JT MOJICKYJISIPHO-MACCOBOE paclpeielieHUe CTAHOBUTCS Y3KUM U YHUMOJQTbHBIM.

Bpems yaepixanus, MuH
Pucynok 31 — Xpomarorpammel conosimmepoB BCHU ¢ BA, nonydeHHbIX Ha npeAeabHbIX
KoHBepcusix B mpucyrctBum bTK mnpu nommmepuzanyu B Macce MOHOMEPHOM CMecH
BCU:BA=25:75: I — [BTK]=1.8-107, 2 — 4.5-103, 3 — 8.8:10° mons/n ([JIAK]= 8.6:10*
MOJIB/JT); B YCJIOBUSAX TPAAMLMOHHON panukanbHoi mnonumepmsamuu B JIMCO mnpu
[oJIMMEpU3alMl MOHOMEpHBIX cmeceil: 4 — BCU:BA=25:75, 5 — 50:50, 6 — 75:25 mon%
(70°C).
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OCHOBHBIM TIPU3HAKOM IOJIMMEPHU3ALMU B PEKUME JKUBBIX IENEeH SABJISETCS
yBenuueHne MM ¢ konBepcueit MmoHoMmepoB. [Ipu comomumepuzanuu BCU ¢ BA B macce
([BTK]=5-103, [JAK]= 1-103, 70°C) xpomarorpamMmbl 0O0paslOB, MOIyYEHHBIX IIPH
Pa3NUYHON MPOJODKUTENFHOCTH MOJIMMEPU3AIIIH, CABUTAIOTCS B 00JIaCTh OOJIBIINX 3HAUCHHUNA
MM c yBenuyeHHEM KOHBEPCHUM MOHOMEpOB (puc. 32), 4TO TaKke MOATBEPKIACTCS
3HayeHussMH MM, nojdydeHHbIMH u3 crekTpoB SIMP 'H nonmmepos mpu cpaBHeHHM
MHTETPaJIbHBIX HHTEHCUBHOCTEH CUTHAJIOB (Tal. 7), OTHOCSIIUXCS K (PEHUIBHBIM IPOTOHAM
KOHILEBbIX OCH3WJIBHBIX TPYNI M OCTAJIbHBIM IPOTOHAM MOHOMEPHBIX 3BEHBEB.

XpOMaTOFpaMMBI B OCHOBHOM YHUMO/JAJIbHBI.

Tabnuma 7. Xapaktepuctuku cononumepoB BCU ¢ BA, mony4eHHbIX B IPUCYTCTBHH
BTK ([BTK]=5-10 mons/1, [[JAK]= 1-107 mons/n, 70°C) nonumepusaiueii B Macce

MOHOMCPHBIX cMmeceit pas3jiM4HOro cocrasa.

CocTtaB UCXOIHOU

MOHOMEPHOH CMECH, BCU:BA = 25:75 BCU:BA = 50:50 BCU:BA =75:25
MOn%
ITponomKUTENEHOCTD I 25 |4 1 25 |4 I 25 4

noJimMepu3alu, 4

Brixon cononumepa, % | 3.4 | 17.5 | 244 |43 |29.5 | 50.6 341|582 |75.1

ConeprxkaHre 3B€HbEB
BCH B comonmmepe, 80 | 83 90 82 |85 91 89 |89 94
Mon%

Teopernueckas
CTENEHb 75 | 380 | 530 | 270 | 560 | 960 580 [ 990 | 1170

NoJinMCpu3aluu

Crenenn
nojMMepu3anuu (1o
JTAHHBIM 120 | 450 | 500 | 500 | 640 | 1060 700 | 1270 | 1560
criektpockonuu AMP
'H)
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9 10 11 12 13 7 8 9 10 11 12 13 14

Bpewms yaepikanus, MU Bpewa ynepxanng, mun

7 8 9 10 11 12 13

Bpems yacpiauus, MuH

Pucynok 32 — Xpomatorpammsl conosiumepoB BCH ¢ BA, nosiy4eHHbBIX B IPUCYTCTBUHU
BTK ([BTK]=5-10" mons/n, [[JAK]= 1-10" mons/1) monuMepusarueii B Macce MOHOMEPHOM
cmecu BCU:BA=25:75 (a), 50:50 (6), 75:25 (8) mon% (70°C). IlpomomKuTenbHOCTb

nomumepmzauuu: [ —1,2—-2.5,3 -4 u.

Conosnmepusanusa N-BUHWICYKIMHUMHAA € BHHWJIALETATOM B pacTBope B
aerrtepuposanHom IMCO

Ocob6ennoctu cononauMepuzauun BCU u BA u3ydyeHbl ¢ MOMOIIBIO MOHUTOPHHIA
COCTOSIHMSI PEAKIMOHHOM MacChl HENMOCPEJICTBEHHO B U3MEPUTEIBLHOMN SYEHKE CIEKTPOMETPA
SIMP nepuoaudeckum cHataeMm cnektpoB SIMP 'H u mocnexyromeli ux 06pabOTKOIA.
TUNHUYHBIA CHEKTP PEAKIMOHHOM MAaccChl IpenctaBiieH Ha puc. 33. IIOoHATHO, 4TO HU3Yy4UTH
COIOJIUMEPH3AIMIO B MACCE MOHOMEPOB TAKMM CIIOCOOOM HE MPEACTaBISIIOCh BOBMOKHBIM, U

MOHUTOPHUHT TIPOBOJMIICS B pacTBopax KoHmeHTpanueid mopsaka 10% B JIMCO-ds (3to
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JIOCTaTOYHO TOYHO COOTBETCTBYeT cooTHomeHnto BCU:IMCO=1:14, nansa KoToporo
omnpezeneHbl KOHCTaHThl —conojumepuzauuu [203]). Ilostromy mnpu wuHTEpHperanuu
MOJIYYEHHBIX JaHHBIX HAJAO0 YYWUTHIBATh 3aBHUCHUMOCTh OTHOCHUTENBHBIX aKTUBHOCTEM
MOHOMEpPOB OT cpefbl. [IoCKoNbKY MHTEpeC NPENCTaBISIET MOBEIEHUE CUCTEMBI B YCIOBHAX
3¢ eKTHBHOrO KOHTPOJIs, KoHIeHTpanus BTK 6bi1a ocTatouno Beicokoit: 2- 1072 Mobs/1 1 Bo

BCEX IKCIEPUMEHTaX MnpeBbIana koHentpanuto JJAK npumepno B 25 pas.

ARHNARAERREANEI L3RG E5R38850 g8 % B 900
PSR AENO OO W ST T T (3 s (3 1 —
e = g e | | L850
) 1 3 5 800
H <H o 2 750
3H N 6 7 8 -700
! i 650
7 5 4 600
H H
3 S - 1550
H o
6 -8 500
1 e
o’ CHs | 450
1400
1350
-300
1250
-200

=R -150
Ol g ul P
| c! &I E: S | ! 100

. [l B ™" H | L4 50
M“ILJ'& ., - I'-J"\_J:l\ A r_.'l I'._ _‘_Jl II".I.J \.__J__JII'LI Li" J. Lo

50

75 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 20 15 1.0
fl (1)

Pucynok 33 — Cnektp 'H SIMP peakuMOHHOI Macchl IIpU CONOJMMepu3aluu N-

BUHWICYKITMHUMHU 1A ¢ BuHMIamneraroM B JIMCO-ds (70°C).

C yBenmuenueM a0 BA B MOHOMEpHO cMecH CKOpOCTh conostnmepusanuu (Puc. 34)
1 BBIXO/IbI TIOJIMMEPA PE3KO CHUKAIOTCS, TaK yTo npu coaepxkanuu BA 50 mon.% noctuxenue
CKOJIKO-HUOY/Ib MHTEPECHBIX C MPAKTHUECKOW TOUYKH 3pEHHSI BEIXOJI0B HEBO3MOXKHO (puc. 35).
Ckopoctb pacxogoBanusi BCU u BA mensiercs ¢ xonom nonumepusanuu. Ilpu coaeprxanuu
BCHU 62.5 mon.% u Gonee nepBoHavyanbHO ObicTpoe BxoxaeHue BCU B monmmepHsie nenu
MPUBOJUT K CHIDKCHHUIO €r0 KOHIIEHTPAIMH TaK, YTO, HAUYWHAs C OMpPEIesIEHHOTO MOMEHTA,

CKOpPOCTh pacxofoBanust BA cranoButcs Bbiuie (puc. 36).
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Bpems, mun
Pucynok 34 — 3aBUCHMOCTb PHUBEEHHON CKOPOCTH conmonumepusanuu Rp/[M] (¢ )
OT MPOJOJKUTENHFHOCTH peakiuu npu cononumepusanuu BCU u BA B JIMCO-ds B
npucyrctsuu BTK ([JIAK]=8.0-10* mons/1, [BTK]=2:10"2 mons/1, 70°C). CocTaB HCXOAHOM
monomepHo cmecu BCU:BA: 1 —50:50, 2 — 62.5:37.5, 3 — 75:25 mon%.
Beixos conomivepa, %
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Puc. 35. 3aBucumocTh BbIX0/1a CONOIMMEPA OT IPOAOKUTEIBHOCTH PEaKuu Ipu

cononumepusaur BCU u BA B JIMCO-ds B npucytcrsun BTK ([JAK]=8.0-10* mons/n,
[BTK]=2-10" mons/n, 70°C). CocTas ucxoaHoi MoHOMepHOii cmecu BCU:BA: I — 50:50, 2 —
62.5:37.5, 3 —75:25 mon%.
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Jlo ompeneneHHON KOHBEPCHH MPOUCXOIUT OOOTAIICHHE IETel MoIrMepa 3BEHbSIMH
BCH, HO nociie n3MeHEeHUs! COOTHOLIEHHsI KOHLIEHTPALUKA MOHOMEPOB B CTOPOHY YBEJINYECHHUS
nosii BA mpoucxoauT He3HaunTeIbHOE CHIDKEHUs coaepxanus BCU B cononmmepe (puc. 37).
Ckopoctb pacxogoBanust BTK MoxkHO cuntath Mepoit ero 3ppeKTUBHOCTH KaK MeperaTunKa
nenu. B n3yuenHoM auanazone coctaBoB MoHoMepHoi cmecu bTK pacxomyercst Tem ObIcTpee,
4yeM BblIe cogepxkanre BCH, HO He3aBUCUMO OT cOCTaBa CMECH 3a 6 U CUHTE3a TPOUCXOIUT

noutH nojHoe ucuepnanue bTK (puc. 38).

KoHBepcuss MOHOMEPOB
10 -

0.8

100 200 300 400

HpO,D,OJD:KI/ITeJ'IbHOCTb NOJNHUMEPH3allii, MAH

Puc. 36. 3aBucumocth kouBepcun BCU (I, 2, 3) m BA (I', 2', 3') ot
MPOJOJDKUTEIBHOCTH peakuuu rnpu conosimmepusarun BCU u BA B IMCO-ds B mpucyTCTBUH
BTK ([JIAK]=8.0-10"* mons/n, [ETK]=2-10" moms/n, 70°C). CocTaB UCXOAHONH MOHOMEPHOI
cmecu BCU:BA: 1, I' —50:50, 2, 2' — 62.5:37.5, 3, 3' — 75:25 mon%.
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Copgepxanne BCH B comomuMepe, MO, TOIH
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[IposoTANTEIRHOCTE MOTAMEPH3AIINH, MAH
Puc. 37. 3aBucumocth coxaepxkanus 3BeHbeB BCHM B comoimmepe Ot
POAOJDKUTENBHOCTH peakuuu npu cononumepuzaun BCU u BA B IMCO-ds B mpucyTCTBUM
BTK ([JIAK]=8.0-10"* mons/n, [BTK]=2-10" moms/1, 70°C). CocTaB HCXOMHOH MOHOMEPHOMH
cmecu BCU:BA: 1 —50:50, 2 —62.5:37.5, 3 —75:25 mon%.
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I1poa0mKUTENEHOCTE MONUMEPHU3ALHI, MUH
Puc. 38. 3aBucumocts koHBepcun BTK 0T mnponoKuTeNbHOCTH peakuuu Ipu
conomumepusaun BCU u BA B JIMCO-ds B npucyrcteun BTK ([JJAK]=8.0-10* mons/m,
[BTK]=2-10" mons/n, 70°C). CocraB ucxomHoii MoHoMepHoii cmecu BCU:BA: 1 — 50:50, 2 —
62.5:37.5, 3 — 75:25 mon%.
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Ha ocHoBaHuM NMaHHBIX 00 M3MEHEHHH COCTaBa COTOJMMEpPA C XOJOM PEeakluu Tpu
Pa3IMYHBIX COCTaBaX MOHOMEPHOW CMECH BO3MOXKHA OI[EHKAa KOHCTAHT COIOJUMEpPH3AIINU.
Metonamu EspueneBa—bpoxunoii—Pockuna (EBP) [208] u Kenena—Trogoma (KT) [209, 210]
ObUTM pPAacCYMTAaHbl KOHCTAHTHI COMOJMMEpPU3alliK BUHMIIANeTaTa U N-BUHUJICYKIMHUMUJIA,
kotopsie coctaBuin: rea<0, recu=0.77+£0.09 (EBP) u rea<0, recu=0.79+0.09 (KT) npu yuere
JAHHBIX, TIOJIYYCHHBIX B JIMAIa3oHe BBIX0J0B comnosmmepa 10 10% u rea<0, recn=1.23+0.17
(EBP) u r8a<0, rcu=1.27+0.24 (KT) npu yuere JaHHBIX, HOJYYEHHBIX B IMalla30HE BBIXOJ0B
comomumepa 10 35% (merox KT MoxkeT NpUMEHSTbCS € JOCTAaTOYHOM TOYHOCTHIO C
UCIOJIb30BAHUEM JAHHBIX, IOJYYEHHBIX IIpH KOHBEpcHUAX MoHoMepoB 10 50% [210]).
OtpunarenbHOE 3HAYCHHWE KOHCTAHTHI COIOJIMMEPH3AINHN JIUIICHO (PH3UIECKOTO CMBICTA,
OJIHAKO MOJKET OBbITh MOJY4EHO MpU (POopMaTbHOM MPUMEHEHUH aIrOpUTMOB pacyera. Takoii
pe3ynbTaT MOKHO MHTEPIPETUPOBATH KaK 3HaYeHHE KOHCTaHThI Oyn3Koe K Hymo. MHTepecHo,
YTO B JAHHOM 3KCIIEPUMEHTE, OTIMYAIOIIEMCs OT OUcaHHOTO panee [203] TeM, 4To B KauecTBE
pacTBOpUTEINST HCIOJB30BaNu jaetepupoBanubiii [IMCO, He Ha0mI0AaTI0Ch WHBEPCUHU
akTuBHOCTE MoOHOMepoB, u BCH mnposiBisiia 3aMeTHO 0o0jiee BBICOKYIO PEaKIIMOHHYIO
CHOCOOHOCTb.

3akinroueHue

[IpoBenenue cononumepusanuu N-BUHUICYKIMHUMUA C BUHUJIAIIETATOM B YCIOBHSX
oOpaTuMoOi Tepefauu Ienu Mo MEeXaHU3My MPHUCOETUHEHH-PparMeHTallud B IPUCYTCTBUU
IUOeH3UNTpUTHOKApOOHATa  TMO3BOJSET  MOJYYUTh  KOMIIO3HIIMOHHO  OJHOPOJHbBIE
Y3KOAMCIIEPCHBIE COMOJIUMEPBI C KOHTPOJIUPYEMOUM MOJIEKYISIPHONH Maccoil, HECMOTpPs Ha TO,
YTO TOMOIMOJMMEpHU3alUs BUHWIALIETaTa B 3THX YCIOBHUSIX MOJHOCThIO MHrubupyercs. N-
BUHUJICYKUMHUMUJ TPOSBISAET OOJNbIIYyI0 AaKTHUBHOCTb, YE€M BHHUJIAIETAT, Kak IMpH
COMOJIMMEpHU3allMl B Macce MOHOMEpPOB, TaK U B pacTBOpe B JACUTEPUPOBAHHOM
JTUMETUIICYIb(GOKCHIE, YTO B YCIOBHSIX «IICEBI0KMBOIO» MpOIEcca MPUBOJIUT K MOTYUCHUIO

COTIOJIMMEPOB IPaIMEHTHON MUKPOCTPYKTYPHI.
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4.2 CONNOJIMMEPUM3AIMA N-BUHHJICYKIIMHUMMUJIA C
N-BUHHUJIIIUPPOJIMIOHOM B ITPUCYTCTBUU
JUBEH3UJITPUTUOKAPBOHATA

B otnnuune ot cononumepos N-BUHUIAMUAOSHTAPHON KUCIIOTHI C BUHUIOBBIM CIIHPTOM
cononuMepsl N-BUHUIAMUIOSIHTAPHOW KUCIOTHI U N-BUHWINHUPPOJIUIOHA MAJIO U3BECTHBI, a
UX MOTEHIMAN B CO3AaHUM TOIMMEpHBIX (opm PAB He ObLT UCTONB30BaH MpU pa3padoOTKe
npenapatoB. OJHAKO, YYMTHIBas HACKOJBKO XOPOILIO 3apeKOMeHJoBan cels monau-N-
BUHWIMUPPOJIUJIOH B KadyecTBE IMOJUMeEpa JUIsl MEIUKO-OMOJIOTUYECKUX HPUIOKEHUH, OHU
SBJIAIOTCS TEPCHEKTUBHBIMM B  KAueCTBE HETOKCHUYHBIX BOJOPACTBOPHUMBIX MAaTpHIL,
CIIOCOOHBIX K HOHHOMY cBsa3biBaHMi0 DAB. JlanHblli pa3znen MNOCBALIEH M3YYEHUIO
O0COOEHHOCTEM CcHHTe3a COmnoJuMepoB N-BUHWICYKIMHUMHAA C N-BHHWINHUPPOJIUIOHOM,
ABJIAIOIINXCS  MPEKypCOpaMu  CONOJUMEPOB  N-BUHWIAMUIOSAHTAPHOM KUCIOTBI M N-
BUHWIMUPPOIUJIOHA, B  YCIOBUAX OOpaTUMOW Mepelaud LEeNd B  HPUCYTCTBHU
TOSH3WITPUTHOKApOOHATA.

B otnuune ot N-BUHMICYKIMHUMU/A TPOBEIEHUE KOHTPOIUPYEMOH MOIUMEpPU3aLUU
N-BUHWINUPPOIUIOHA B NMPHUCYTCTBUU areHTOB OOpAaTUMOMN Iepeqadd LEenu COIpPSDKEHO ¢
OOJBIIMMU TPYTHOCTSAMH TI0 oOecrneueHuto 3pdextuBHOr0 KOHTpOos [82, 83, 86, 87, 91, 93,
94]. OHaKo OHM HE JOJKHBI MEIIaTh 3(PPEKTUBHOMY KOHTPOJIIO ITPU MPOBEJCHUN COBMECTHOM
nojuMepusaMu ¢ N-BUHWICYKIMHHMUJOM, TIO  OTHOLIEHHIO K  KOTOPOMY
TMOCH3MITPUTHOKAPOOHAT SBISIETCS TOCTATOYHO d(P(PEKTHBHBI areHTOM 00paTUMOM Tiepeiaun
LEIN.

I'omononumepuszanuss BII B nmpucyrctBun BTK mpoxoauTt ¢ HEBBICOKOW KOHBEpcHUEn
MOHOMEpa ¥ NOJy4eHHEM JA0cTaToyHo mupokoro MMP naxe npu xonuentpauuun BTK,
IIPEBBILIAIONIEH KOHLEHTPALMIO HHUIMATOpa Ha MOpsAJoK (Xpomarorpamma 1, puc. 39) [211,
212]. Ha momu-N-sununmupponugone (I1BIT) Obuta nmpeanmpuHsATa MONBITKA HAPACTUTH OJIOK
110J1M-N-BUHUJIICYKUMHUMUAA, ucnionb3ys [IBII kak moceBHON monuMep, UMEIOLIMM B CBOEM
cocTaBe TpUTHOKapOOHaTHyIo rpynny. llomumepuszaiuio NpPOBOAMIM C IOJYTOPHBIM U
TpPEXKpaTHBIM MOJIbHBIM U30b1TKOM BCH 110 oTHOMIEHN!O K 3BeHbsIM BII B HoceBHOM nosinmepe
1 HOBOM MoplLyel MHUIMATOpa, KOHLEHTpaluio KoToporo opanu B 10 pa3 Huke KOHUEHTpauu
tputuokapbonatHeix rpynn B [IBII. Konepcusi cocraBuna 50 u 86% coOTBETCTBEHHO 3a
Bpems nonuMepusamuu 72 4. Xots MMP koHewuHOro monumepa 3Ha4YMTENBHO LIUPE, YEM

MOCEBHOTO, MOJIa UCXOIHOTO MOJIUMEpPa OTCYTCTBYET, UTO CBUIETENLCTBYET O TpaHC(hopManuu
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[1BII B Tpubnok-conomumep ¢ BCU (puc. 39), nMmeronuit ieHTpaIbHYIO MOCIEI0BATEILHOCTh
oTHOcuTenbHO TUAPOo(oOHbIX 3BeHheB BCU (IIBCU He pactBOopuM B Boze) U OOKOBBIE

MOCJIEI0BATEILHOCTH TUAPO(PIIBHBIX 3BeHbeB BII.
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Pucynok 39 — XpomaTorpammsl nosnu-N-BUHUINUPpoauaoHa (/) 1 GJ10K-
COIOJIMMEPOB, CUHTE3UPOBAHHBIX C UCIIOJIB30BAHUEM €0 B KaUECTBE MOJIMMEPHOTO
nepenaTyrKa Henu, ¢ noixyropa (2) u tpexkpatabsiM (3) MosibHBIM u30bITKOM BCU 110

OTHOIIIEHUIO K 3BeHbsIM BII.

Bropas  kapOGoHunpHas  rpynnma B CYKUMHUMUAHOM  IUKie,  oOnanas
AJIEKTPOHOAKILICTITOPHBIM ~ ICHICTBUEM, JE€NIaeT, M[O-BUIUMOMY, MAaKpOpaguKan Moiau-N-
BUHUJICYKIIMHUMUIA XYXKE YXOJSAIIeH rpynmnoil B paBHOBECUH (2), 4eM MaKpopaauKail MOJH-
N-BUHUIMUPPOIUIOHA. DTHUM OOBICHSIETCS Heydaua MOMBITKH CHHTE3a OJIOK-COMOIMMEPOB

BCH u BII nonumepusanueit BII na nocesnom nomumepe [IBCHU, cunTe3upoBaHHOM npu
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Boicokoii koHnentparmu BTK ([BTK]:[JIAK]=49.3, [ETK]:[BCU]= 6.25-107, Ms=11200) u
SIBJISTFOIIIIMCSI CaMbIM y3KkoaucniepcHbiM (P=1.17).

Cononumepuzanus BCU ¢ BII B npucyrctBun BTK B Mmacce MoHOMeEpoB mpu
KOHIICHTPALMAX MepPeIaTunKa e U HHUIHATOPa, 00SCIeYNBAIOIINX XOPOIIHI KOHTPOJIb ITPH
nomamepusarmu BCU: [BTK]=5-102, [JJAK]=10 Momnb/1 mpoTeKaeT MeUIEHHO, C HH3KHM
BBIX0OJI0M comonuMmepa. [1pu coctaBe MoHOMepHOI cmecu 25 M01% BCU 3a 8 u Obl1 TOCTUTHYT
BbIX0J 13.2%, 50 M0n1% BCHU — 11.0% u 75 mon% BCHU — 9.3%. [IpoBenenune noiuMepusanu
B PAcTBOpE HE MPUBOJUT K YBEJIIMUYEHUIO BbIxoa: 3a 72 4 B 50%-HBIX pacTBOpax IOCTUTAETCs
koHBepcus 2% B [IM®PA u 5% B JIMCO. HU3BecTHO [45], 4TO MOIMMEpHBIE areHTbl 00paTUMON
nepenavy eny oTin4yaroTcs 6obiieit 23pPeKTUBHOCTHIO, YeM HU3KOMONIEKYsipHbIe. [loaTomy
B JAaHHOM CJlydae B KauyecTBe areHra oOpaTUMOW mepedayd LeNu HCIOIb30Balu
npenBaputensHo cuHTe3upoBaHHbI comomumep BCU u  BII (IITK), nomydeHHbII
nomuMepusarueit 8 macce npu [BTK]=5-10", [JAK]=102 moms/n ¢ BbIxOAOM 32.5%.
Vcnonb3ys ero ¥ MHHIMATOP yKe B THIHYHBIX KoHueHTpaumusx [[ITK]:[BCU+BII]=1-1072,
[JIAK]:[BCU+BII]=10" mons/n, yaanocs HOXy4HTh CONOIUMEPHI ¢ BhIXoaamMu 75-80% 3a 6 4
cuntesa (puc. 40).

B coBmectro# nomumepuzanun BCU sBisiercst 6osiee akTHBHBIM MOHOMEpPOM, yeM BIT:
KOHCTAHTBI COTMOJUMEPHU3AlLlMU, OIPEJCICHHbIE B pa3HbIX YCIOBUSX, COCTaBISIOT MIpH
nomumepuzaimu B Macce recu=1.40 u ren=0.37 (20°C), rscu=1.36 u ran=0.42 (35°C),
recn=1.30 u rn=0.41 (45°C), B pactBope recu=1.50 u ren=0.40 (3tanoin, 60°C), recu=1.54 u
rar=0.30 (auxsopartan, 60°C), recu=1.05 u ren=0.66 (Boga, 60°C) [145]. Tak uTo B ycIOBUSX
KOHTPOJIMPYEMOW MOJIUMEPHU3ALUN CIAEAYET 0KUAATh MOJYyYEHUsl MOJUMEPOB C TPATUEHTHOM
MHKPOCTPYKTYPOH.

Jlis Gonee nmeTanbHOTO MccienoBaHus kuHeTHku comnonuMepusanuu BCU u BII B
MPUCYTCTBUM  comoiuMepa N-BUHWICYKIUHUMU-N-BUHUINUPPOIUIOH-TPUTHOKApOOHATA
(IITK) Obl1 TpoBENCH MOHHUTOPUHT KOHIIEHTpPAIMii MOHOMEPOB HEMOCPEACTBEHHO B
u3MepurenbHoi sueiike SIMP-cnexktpomerpa, rae npu 70°C mpuMepHO Kaxasie 6 MHH
peructpupoanu crnektp IMP 'H u ananusupoBanu UHTerpaabHble MHTEHCUBHOCTH CUTHAJIOB
BUHWJIBHBIX IPOTOHOB MOHOMEPOB. TUMHMUHBIN CIIEKTP peaKIIMOHHOM MacChl TPUBEIEH Ha PUC.
41. WcxomHble KOHIEHTpALMM KOMIOHEHTOB cocTaBumu [BIT]=2.3-10%, [BCU]=2.4-10%,
[[ITK]=4.8-10°,  [JJAK]=4.8-107 wmons/m. DTO0  COOTBETCTBYeT  COOTHOIIEHHSM
TpuTHOKapboHaTtHoro (parmenta CS3 B cocraBe moceBHoro comnoiumepa IITK u JAK x

obmemy konudecTBy MoHoMepoB 1-102 u 1-10° coorercTBenHo. IIpuBe/ieHHas CKOPOCTh
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peakiuu (CKOpOCTb, OTHECEHHAass K TEKYyIIeH CyMMe KOHIICHTpaluii 00OMX MOHOMEPOB)

BO3pacCcTacT B TCUCHUEC NIPUMECPHO YacCa CUHTE3a, IPOXOAUT YCPE3 MAKCUMYM, U 3aTCM ITPOLECC

Konsepcus, %o

3aryxaet (puc. 42).
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Pucynox 40 — 3aBucumocts kouBepcun BCH (7), BII (2) u Beixona cononumepa (3) ot
MIPOIOJKUTENLHOCTH PEAKIIUU TpU comnojimMepu3anun skBumMossipuoi cmecu BCU u BII B
npucyTcTBUM noceBHoro cononumepa BCH ¢ BIT (IITK) npu koxnentpanusx [IITK]=1-102 u
[JIAK]=10" mons/n (80°C).
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Pucynox 41 — Cnekrp SMP 'H peakimoHHON Macchl HNpH CONOIMMEPU3AIMU Ha
MIOCEBHOM IMOJIMMEPHOM TpUTHOKapOoHaTe MmoHomepHoit cmecu BCU u BII, conepkareii 50.8

moi1.% BCH.
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Cocras comoimMepa B Havasie peakiuu oodoraimieH 3seHbsimu BCH, 94T0 cOOTBETCTBYET
JTUTEpaTypHBIM JAHHBIM O €r0 HECKOJBKO OOJbIIei aKTUBHOCTH (puc. 43), HO MOCTENEHHO
CTPEMHUTCSI K COCTaBy HCXOJHOM MOHOMEpPHOM cMecu. XoTs OpyTTO COCTaB COIOJIHMMEpa
MEHSIETCSI HE3HAYUTEIHHO, TPATUEHTHOCTh MUKPOCTPYKTYPBI BRIPa)KEHA IOCTATOYHO CHUJIBHO:
«MTHOBEHHBIN» (OPYTTO COCTaB Ha KaXKIOM MOJMMEPH3AIMOHHOM WHKPEMEHTE, BEIIMYHHA
KOTOPOTO OIpPEAENSIeTCs] MPOMEXKYTKOM MEXIy COCEIHUMH PETHCTpalUsMH CHEKTpa
PEaKIMOHHON Macchl) COCTaB MeHsieTcs OT cojaepkanus 3BeHbeB BCU moutu 70 mon.% B
Havajie MoJIMMEPHU3aIuH 10, TPAKTHIECKH, ToMomonMepu3aui BI1 Ha BRICOKHX KOHBEPCHUAX

(90% u BoImIE) (pHC. 44).
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Pucynok 42 — 3aBucumocTs nmpuBeeHHON ckopoctu conoiumepusaunu BCU u BII,

o 1
onpeenaseMoli ypapHenueM V = d([BCHI+IBI]) | oT IpoJ0IIKUTENBHOCTH HPOLIECCA.

[BCH]+[BIT]dt

Eciu nensro sBiseTCsl MONMydYeHUE TIpagueHTHbIX comnogumepoB BCHU ¢ BII
MOJIEKYJISIpHOM Maccoit Oosbliel, ueM Tpedyemasi i MPUMEHEHHs UX B KaueCTBE MaTPHIIbI
BBICOKOMOJICKYIIAPHBIX ()OpPM aKTUBHBIX (PapMaleBTUYECKUX HHIPEAMEHTOB, 3TO TaKXKe
noctmwxumo. Harpumep, T1pu  HeBbicokoii konuentpauuu OIILl arenta [BTK]=5-107,
[JIAK]=1-10" momw/n u3 sxBuMonspHoii cmecu BCH u BII nosnyuen conomumep ¢ Mn=66700
1 Mw=122600, uMmerommuii T0CTaToOvHO MUpoKoe (ko3 dumueHt monuaucnepcaoct D=1.84),

HO YHUMO/JIAJIbHOE MOJIEKYJISIpHO-MaccoBoe pacrnpenenenue (Puc. 45)).
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Pucynox 43 — 3aBucuMocTh cojepikaHusi 3BeHbeB N-BUHWICYKIMHUMUOA (/) u N-
BUHWINUPPOIUAOHA (2) B COMOJMMEPE OT MPOJODKUTEIBHOCTH  COMOJIMMEpPU3ALNH

MOHOMEPHOU cMecH, coaepxatieit 50.8 Mo1.% N-BUHUICYKIIMHUMHU/IA.

Coﬂepn{aﬂue MOHOMEPHBIX 3BCHLCB
B colmoJiMMepe, MOJI. 1011
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Pucynok 44 — 3aBucMMOCTb «MTHOBEHHOIO» COCTaBa  COIOJUMEPA  OT

IpOAOCJDKUTCIbHOCTU COIIOJIUMCEpPU3ALIUM: 1 — COACPKAHHUC 3BCHLCB BCI/I, 2 — COACPIKAHNC

3BeHbeB BII.
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Pucynok 45 — Xpomartorpamma conojgumepa N-BUHWICYKIMHMUMHAA C N-
BUHMIIIUPPONUIOHOM, momydeHHas mnpu [BTK]=5-103, [JAK]=1:10° wmoms/n wu3

sxkBuMoIIsipHOl cmecu BCU u BIIL.

IToydeHHbIe pe3yabTaThl MO3BOJIMIIN MPEIUIOKHUTE CXEMY CHHTE3a BOJOPACTBOPUMOMN
nosmMepHoi Marpuubl Ha ocHoBe cononuMmepa BASK ¢ BIl. Comonumep BCU ¢ BII,
SBIISIIOIIMIACS TIPEKYPCOPOM, 00pa3yeTcs MpH COMOIMMEPU3aLUU KBUMOJIIpHOH cmecu BCU
u BIl B npucyrctBun noceBHoro comnonumepa (IITK) c Boixomom 85.2%. Illenounsim
ruapoan3om 3BeHbs BCU Tpanchopmupyrorcs B coneByro ¢opmy BASK, kotopas B
pe3yiabTaTe MOHHOTO 0OMEHa MPEBPAIAECTCs B KUCIOTHYIO:
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B 3akmrouenue paszaesia MOKHO CIeNaTh CIEAYIOIIUE BBIBOIBIL:

Haxonsmas mpuMepHo Ha oguHakoBoM ypoBHE dpdexTnBHOCTh BTK kak arenra OIL]
no otHoweHuto k BCH u BII nenaet BO3MOXHBIM [TOJIy4E€HUE Y3KOAUCIIEPCHBIX MOJUMEPOB C
KOHTposupyeMoii MM Ha OCHOBE 3THX MOHOMEPOB, MUMEIOIIUX OJIOUHYIO U I'PaUEHTHYIO
MUKpOCTpyKTYypy. Comommmmepbt BCU ¢ BII 6:104HO# MUKPOCTPYKTYPBI MOTYT OBITH TIOJTy4€HBI
B npucyrctBun bTK nByxcraguiiHbIM CHHTE30M, 1€ BHadase noJyydaercs romonosumep BlI,
NPEJCTABISIOMNNA  COO0H  BBICOKOMOJICKYISIDHBI TPUTHOKAapOOHAT, a 3aTeM Ha HeM
HapamuBaercsi 610k BCU. Comonumepsl BBIp@XEHHOW TI'paMEHTHOH MHMKpPOCTPYKTYPHI C
BbIxozamu nopsiaka 80% Moryr ObITh MOJIydeHBI IIPU HCHOJIb30BAHUM B KauecTBE areHTa
oOpatumoii nepenaun nenu nocesHoro cononuMepa BCU ¢ BII, cunte3upoBaHHOro mnpu

BbIcokoi koHIeHTparuu BTK (0.5 mons/).
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4.3 COINOJIMMEPU3AIUA N-BUHWICYKIIMHUMUIA C
XOJIECTEPUJIAKPUIIATOM U XOJIECTEPUJIMETAKPUJIATOM B
NPUCYTCTBUU JUBEH3UJITPUTUOKAPBOHATA

[IpyMeHeHrI0 TOIUMEPOB, COJCPKAIIUX XOJNECTepUIbHBIA (parMeHT, B CHUCTEMax
JIOCTaBKH JIEKAPCTB TIOCBAIICH HEAABHO OINMyOJUWKOBaHHBIM 0030p [213]. OnmHum u3
KPUTUYECKHX BOIIPOCOB, CBS3aHHBIX C A(PPEKTHBHOCTHIO JIOOBIX HOCHUTENEH JIEKapCTB,
ABISICTCA WX B3aMMOJCHCTBHE C KJIETOUYHBIMH MeMOpaHamMu. Moaudukanus CTPYKTYphI
HOCHUTENSl JUTaHIOM, TMPOHHUKAIOIMIMM B KJIETKY, MpEACTaBIseT CO00H MepCHeKTUBHYIO
CTPAaTEeTUIO YIYYIICHHS 3TOW XapaKTePUCTHKU. XojecTepuH (puc. 46) — opraHuyeckoe
COEJIMHEHHE, CTEPOM]I, KOTOPBIM SIBISETCS BaXXHBIM CTPYKTYPHBIM KOMIIOHEHTOM MeMOpaH
kineTtok. OH OTBe4aeT 3a HHTErpaluio, HOJBWKHOCTb, MHUKPOJOMEHHYIO CTPYKTYpy H
MPOHMIIAEMOCTh MeMOpaHbl. TakuMu CBOMCTBaMHU XOJeCTEpUH OOs3aH CBOEW CTPYKType —
TUIPOKCHIIbHAS TPYIINa B3aUMOJCHCTBYET C MOJIEKYJaMU BOJbl aHAJIOTMYHO TUAPOPUIBHBIM
rpynnaM  GocQOIUNKUIOB, a YIJIEPOAHbIH CKENeT IMpPOSBISAET BBICOKOE CpPOACTBO K
rupodoOHBIM paarkaizaM dochonununos. XKecTkas 1 IIIOCKas TETPALMKINYECKask CTPYKTypa
peryaupyer MOJBHKHOCTb KJIETOYHOH MemOpanbl. Kpome Toro, xosjecrtepuH sBiseTcs
MPEIIIECTBEHHUKOM B OHWOCHHTE3€ IIHPOKOTO CHEKTpa OMOJOTMYEeCKH Ba)KHBIX BEIIECTB,
BKJIIOYasl JKEIYHble KHUCJIOThI, BUTaMMH D u monoBble TopMOHBL. braromaps cBoeit
THIPOKCWIIBHOM TpymIme, 1Mo KOTOPOM OTHOCHUTENBHO JIETKO MOYKHO NMPOBOJAUTH PA3IMYHOTO
THUMAa XUMHUYECKYI0 MOJM(UKALNIO, XOJECTEPUH HCIOIb3yeTCsl B KauecTBE MCXOTHOTO
MaTepuana JUisi CHHTEe3a Pa3IMuyHbIX CTEPOUTHBIX MPENapaToB.

Bricokas GMOCOBMECTHMOCTh U CIIOCOOHOCTh BCTPAMBAThCS B KJIETOYHBIC MEMOpPaHBI
JIENAI0T XOJIECTEPUH U €ro MPOM3BOJHBIC BCE YaIlle M Yalle MCIOJb3YIOUIMMUCS B CUCTEMAaxX
JocTaBku JiekapcTB. Kpome Toro, npumeHeHHe HOCUTENNEW JIEKapCTBEHHOI'O CpEACTBA Ha
OCHOBE XOJIECTEpUHA NMPUBOAUT K 00Jiee BHICOKOMY IOIJIOIIEHUIO JIEKAPCTBEHHOIO CPENICTBA
KJIETKaMH.

Jlia monydeHus MOJIMMEPHBIX HOCUTENEW JIeKapCTBEHHBIX CPEACTB C (hparMeHTaMu
XOJIeCTepHHA B KaueCTBE OOKOBBIX LI€TIEH MCIOJIB3YETCS pa3IMuHbIe METO bl MTOJTMMEpPU3aliy,
HauWHas OT TPAAWIMOHHOW CBOOOAHOPAIMKAIBFHONW TOJMMEpHU3AlMM W 3aKaHYHMBAs
pa3iaMuYHBIMM TUIIAMHU KOHTpoaupyemon nosmMepusauuu: RAFT, ATRP, nonumepusanus c
PACKpBITHEM KOJIbLIA, METATE3UCHAs MOJUMEPU3ALHNS C PACKPBITUEM KoJibla U Ap. CucteMbl

AO0CTaBKH JICKAPCTBCHHBLIX CPCACTB, B CUJIY UX HA3HAYCHHA — OPraHU3M KHBOI'O YCJIOBCKA,
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JIOJDKHBI IMETh KaK MOYKHO 0oJjiee YeTKO OIpeielieHHoe cTpoeHne. Yem oqHopoaHee oOpaserl,
TeM 0ojee TOYHO MOTryT ObITh MOJ0OpaHbl €ro CBOMCTBA JUISl BBIIOJHEHUS TPeOyeMbIX
¢dbyHKIIMEI B opranu3Me. B cioydae moamMepoB, XapaKTepU3YIOIIMXCS BBICOKOM TUCTIEPCHOCTHIO,
MPAKTHYECKH HEBO3MOXXHO OJHO3HAYHO Mpejacka3aTh MEXaHU3M JeHCTBHs, METaboIM3M H
OCOOCHHOCTH BBIBEJICHUS W3 OpraHm3ma. TakuM oO0pa3oM, METOJbl KOHTPOIUPYEMOU
MMOoJIMMEPpHU3allii, KOTOPLIC IIO3BOJIAIOT TOYHO KOHCTPYHPOBATH IOJHUMEPHLI C JKeJTaeMoH
MOJIEKYJIIPHON MacCOi, MUKPOCTPYKTYPOH M HHU3KOW THUCIIEPCHOCTHIO, SBISIOTCS Hamboee

MOAXOIAIIMMH SIS JAHHOU IENH.

A
300

XonecTepuH

Pucynox 46 — CtpoeHue XonecTepuHa U €ro B3auMOICUCTBUE C IBOMHBIM JIMITHIHBIM

cioem [213].

ITosToMy B naHHOW paboTe Obliaa OCYILIECTBIEHA IMEpBas NOIBITKA BBECTH B COCTaB
MOJIMMEPOB Ha OCHOBE N-BUHWICYKIMHUMHJAA 3BEHbs XoJjecrepwiakpunara (XA) u
xonectepuiMerakpmiata (XMA), umeromuye B CBOEM COCTAaBE XOJIECTCPUIIBHBIA (parMeHT
[214, 215]. KonBepcuio mo KakJI0My MOHOMEpPY M COCTaB OOpa3yIOIIErocs comojuMepa
ONPEEIISIN, AaHAIU3UPYS UHTETpAJIbHbIE MHTEHCUBHOCTH CUTHAJIOB BUHWJIBHBIX IIPOTOHOB XA
u XMA (puc. 47) B ciekTpax peakMOHHON Macchl J10 ¥ nocie noaumepusanuu. [Iposoaunu

MOJIMMEPU3AIMI0 MOHOMEPHBIX cMecei, conepkamux 3, 7, 10, 20 u 30 mon.% XA(XMA) npu
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[BTK]/([XMAK+BCH]=0.005, [IAK]/([XMAK+BCH])=0.001, TI'®, 70°C. Crexrpsr 'H

SIMP peakMOHHBIX CUCTEM IOCIIE MOJIMMEPU3aLliU IIPEACTABIECHBI Ha pUc. 48, 49.
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47 — cmektpel  SIMP 'H  xonecrepunakpuiara  (BBepXy) H

Pucynok
XoJecTepuiIMeTakpuiara (BHHU3Y).

Bo Bcex cinyuasx XA um XMA mnposBisooT OO0JbIIyI0 aKTUBHOCTh, ueM BCU:

COIOJIUMEP BCeTAa 00oTalleH X0JIeCTepUI-coIepKalluMu 3BeHbsIMH (Tabu1. 8). MonekynsapHas
Macca nuka Ha xpomartorpammax (puc. 50, 51) xopomo coriacyercsi ¢ TEOpPETHUECKUM

3HAYCHHEM MOJICKYJISIPHON MacChl COITOJIMMEpPA, PACCYUTAHHOW TI0 YPaBHEHUIO:
+ 290, (21)

4 [BCH]
XMAqXMA [BT[:] BCHU "BCH

_ [XMA]

[BTK]

MTl
rae [XMA], [BCH], [BTK] — xonuentpammu XMA, BCHU u BTK B wncxomHou

peakuuoHHon cmecu, MMxma, MMscu — Monekynsgpabie Maccbl XMA u BCU, gxma, gacu —

konBepcun XMA u BCH, 290 — monekynsipuast macca bTK.
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Pucynox 48 — Cnexrpsl SIMP 'H peakiMOHHBIX cHCTEM, IIOJYYEHHBIX IIPH

noauMmepuszanu MonoMepHsix cmeceit BCU u XA, conepxamux 3, 7, 10, 20 u 30 mon.% XA.

[IpoBepka pocta MM nonumMepa ¢ X0A0M NOJMMEPU3ALIMK OCYIIECTBICHA HA MPUMEPE
MOHOMEpHOH cmecH, comepxamieit 15 mon.%. HabGmromaercst xopoliee corjacue ¢ X0A0M
TEOpeTU4YeCcKor 3aBUCUMOCTH MM OT KOHBepcMH MOHOMEpoB (Tabn. 9). Xpomarorpammsl
COTIOJIMMEPOB MO Mepe MPOTEKaHUs PEeaKIMK CABUTAIOTCSA B CTOPOHY 00mbinx MM, miedo ¢
MM~2000-3000, oTBeuarouiee, no-suaguMoMy, moauOIIL[l ymeHbIIaeTcs M MPaKTUYECKHU
OTCYTCTBYET Ha XpoMaTorpaMMe oOpaslia, MOJIyYeHHOTO TMpH MPOAOJKUTEIBHOCTH

nojuMepu3aiuu 72 9 (puc. 52).

—
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Pucynoxk 49 — Cnektpel SIMP 'H peakimoHHBIX cHCTEM, IIOJYYEHHBIX MpHU

noauMmepuszanuu MoHoMepHbIx cmeceii BCU u XMA, conepxamux 3, 7, 10, 20 u 30 m01.%

XMA.

Tabnuna 8 — KonBepcuy MOHOMEPOB U XapaKTEPUCTUKH CONOJIUMEPOB, MOTYYEHHBIX

IpH noauMepu3anun MoHoMepHbIX cMeceit BCU u XA(XMA), conepxkamux 3, 7, 10, 20 u 30

MO0J1.% XOJIeCTepUII-COAeprKalllero MoHoMepa (ouMepu3anus B aeiirepupoBaniom TT'O,

70°C, 12 4, [BTK]/([XA/XMAK+BCH]=0.005, [IAK]/([XA/XMAK+BCH])=0.001).

Oo6pa3zert Konsepcus,mo. . Beixon | Comepxan | Teopernd | MMuux
nmo BCHU | mo XA/ | nonume | ue ecKas
XMA pa, % 3BEHbEB MOJIEKYJIS
XA/XMA | pHas
B macca, Mn
COIIOJIIME
pe, Mmon%
BCHU-XA-3 0.72 1 74 4 10300 5600
BCHU-XA-7 0.51 1 61 13 9300 6600
BCH-XA-10 0.34 0.73 45 19 7300 6300
BCH-XA-20 0.45 0.77 60 30 11700 13100
BCH-XA-30 0.51 0.53 52 31 11800 11300
BCHU-XMA-3 0.7 0.9 71 4 10000 6200
BCU-XMA-7 0.53 1 60 12 9600 7100
BCH-XMA-10 0.31 1 51 26 8300 11500
BCHU-XMA-20 0.44 1 71 36 13800 16200
BCU-XMA-30 0.55 1 82 44 19100 18900
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. OTHOCHTENbHAS MOJICKYJIIApHaA Macca
OTHOCHTETbHAS MOIIEKYIsIpHasd Macca

Pucynok 50 — Xpomarorpammsl COMOJMMEPOB, MOJYYEHHBIX MPH NOJUMEPU3ALUN
MoHomepHbix cmeceit BCU u XA, coaepxkantux 3 (1), 7 (2), 10 (3), 20 (4) u 30 (5) mon.% XA
(momumepuzanuss B AeirepupoBanHom TI'®, 70°C, 12 4, [BTK]/([XA+BCH]=0.005,
[AAK]/([XA+BCH])=0.001).

—— T ———— — 1 g
100 1000 10000

10

OTHOCHTENBHAS MOJIE KyIgpHa1 Macca

7

XMA

f T T T T T T T T T T T

100 1000 10000 100000

OTHOcHTeNbHAA MOJIEKYIApHas Macca
Pucynok 51 — XpomarorpamMMbl COMOJMMEPOB, MOJIYYEHHBIX HPU MOJUMEpPHU3ALUU

MoHoMepHbIX cMeceid BCU u XMA, conepxarux 3 (6), 7 (7), 10 (8), 20 (9) u 30 (10) mon.%
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XMA (momumepwusanus B aeiirepupoBanHoM TT'®, 70°C, 12 4, [BTK]/([XMA+BCH]=0.005,
[JAKJ/([XMA+BCH])=0.001).

Tabnuma 9 — KouBepcun MOHOMEPOB U XapaKTEPUCTUKU COTMOJIMMEPOB, MOTY4YEHHBIX
pu nosumepusanuu MmonomepHoit cmecu BCU u XMA, cogepxameit 15 mon.% XMA, npu
pa3HOM MPOIOJKUTENFHOCTH TIpoliecca (rmoumepusanus B aerepuposaniom TT O, 70°C, 12

4, [BTK]/([XMAK+BCH]=0.005, [[IAK]/([XMAK+BCH])=0.001).

Kounsepcus, Mo . Bixon Conepxanmne Teoperuueckas
B TOJIHU- sserpe XMA B MoJiekyigapHas | MM
PEI | 1o BCH | mo XMA | conomamepe, HICKYTUIp e
Mmepa, % o macca, Mn
Mon%
20 mun | 0.145 0.22 17.4 21.2 6100 7400
40 mun | 0.34 0.37 35.2 16.1 12300 11000
60 muu | 0.4 0.63 49.0 21.7 17100 13100
724 0.61 1 76.2 22.4 26600 21000
o 40 mMuH
{ o — 20 MuH
XMA A
~ i \ E 40 muH
/N — 60 muH
.I,w"l Wk 2 MHH nomrOTTLL1
/ ' 72 4

e

T T T T T 1
600 800 1000 1200 1400 1600

1000 10000 100000
OTHOCHTeNbEHAs MONIEKYIIpHAs Macca
Pucynok 52 — XpomaTorpaMMbl COIMOJMMEPOB, MOJYYEHHBIX MPHU MOJIUMEPU3ALUU
MoHomepHoi cmecu BCU u XMA, coaepxameit 15 wmon% XMA, mnpu pasHoi

MPOJOIKUTEILHOCTH  Tpoliecca (monuMepusanusi B aelrepupoBaHHoM TI'D, 70°C,

[BTK]/([XMAK+BCH]=0.005, [IAK]/([XMAK+BCH])=0.001).
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B maboparopun E.I'.KopxkukoBoiti-Bmax (MBC PAH) »10 HampaBieHue Hamuio
KOHKpETHOE BOILIOIIECHHE B CHCTEME JAOCTaBKH MPOTUBOpaKkoBoro mpemnapara Paclitaxel. Cam
no ceOe mpenapar B Bojie He pacTBopsercs. [loaTromy oH ObUT MHKANCYIMPOBaH B YaCTHIIBI,
obOpazoBaHHble aMPUPMWIBHBIMA  COMOIMMEpaMu  N-BUHUJIAMUIOSHTAPHON KHUCIOTHI C
XOJIECTePUIIMETAKPUIATOM,  TOJYYEHHBIMH  THUAPOJIU30M  OJIOK-COMOJUMEepoB  N-

BUHUJICYKLIIMHUMU/IA C XOJIECTEpHIIMETaKpuiIaToM [216]

m\[/ 1. 8H, H,0 T |
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5 CBOMCTBA IIOJIUMEPOB HA OCHOBE
N-BUHHJICYKIHMHUMMU A, IIOJTYYEHHBIX B ITIPUCYTCTBUH
JAUBEH3WJITPUTUOKAPBOHATA

5.1 CTEPEOU3OMEPHS NOJIN-N-BUHUWJICYKIIMHUMUJIA,
IHOJYYEHHOI'O B TIPUCYTCTBUU JUBEH3NJITPUTUOKAPBOHATA

Panee wuccnenoBanuii crtpoenuss [IBCHM ¢ mnoMoIbl0O COBPEMEHHBIX TEXHUK
ciexrpockonuu SIMP ne nposoamtock. Cniekrp AMP 'H TIBCHU, nosiy4eHHOTO KJIacCHYIECKOM
noJimMepu3anuen, npeacrasieH Ha puc. 53. Curnan 3.42 m.a. otHocurcd k CH mpoTtoHam
OCHOBHOM 1IemH, 2.52 M.JI. K METUJIEHOBBIM npoToHaM nukina BCH, 2.71, 2.33, 2.20 u 1.94 m.x.
k CH2 ocHoBHO# nenu. Kpome METHMHOBBIX NPOTOHOB OCHOBHOM LIENU OCTAJIbHBIE CUTHAJIbI
nepekphiBaroTcs. boee feTanbpHas HHPOPMALHs MOKET ObITh IoJTydeHa u3 crektpos SIMP 13C

1 KOPPECIHIIUOHHBIX CIICKTPOB.
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H
PYSI

M 3.4218
— M 2.7085
1-2.5292

M 2.3289

— M 2.2030
— M 1.9388

Pucynok 53 — Cnexrp SIMP 'H [IBCH, 110J1y4eHHOTr0 KIaCCHYECKOH MOIMMEpH3aLkei.

YBeNMUCHHBI PETHMOH CHTHAJIOB aTOMOB YIiiepoja KapOOHHIIBHBIX TPYII 00pasloB
I[NIBCH, nony4eHHbIX KlIaccuueckoi nmonmumMepu3anueii (cunue) u B npucyrctsuu bTK (ITIBCU-1
(o0o3Hauenue obOpasua u3 pasnena 3.4), KpacHble), mpeacTaBieH Ha puc. 54. CurHansl B
obnactsax 179.2-178.7, 178.7-177.7 u 177.7-177.2 m.A. oTHOCATCS K mm, mr(rm) # 1T Tpraaam
COOTBETCTBEHHO. METHHbI OCHOBHOW LIENIM JAlOT Ipynny curHaioB 45.4-44.4, MeTHieHBI
ocHoBHOM 1ienu 36.4 —31.0 u meTmiiensl nukia 29.0 — 27.3 m.a.. OTHeCEHUE CUTHATIOB CAEIAHO
Ha OCHOBAHUU aHAJOTMYHBIX AaHHbIX A [IBIT [217].

Xopomo BuAHO, uTO crekTpbl C yKe JaloT HpeICTaBlIeHHE O MHKPOCTPYKTYpe
MOJIMMEPHBIX mered. st pacuera TPUAAHOTO W TETPAJHOTO COCTaBa OBUIM HCIIOJIb30BaHBI
curHansl CH u CH2 ocHoBHo# nienu. Eciau pocT nenu noauuHsieTcs cratuctuke bepuysnu, To
MOXHO BBIBECTH IMpPOCThie 3aKoHOMepHOCTH [218]. Eciu BepoATHOCTH MPUCOECAUHECHUS
OuepeIHOro 3BeHa ¢ 0Opa3oBaHHEM Me30-Iuabl 0003HAYUTHh Kak Pm=(m), a panemuueckoin
mansl Kak Pr=(1-Pm)=(r), TO BeposATHOCTh 0Opa3oBaHHUA TpPEX THUIOB TPUAT BBIPA3UTCS
ClIeyIoIuM 00pa3oMm:

(mm)=Pn2, (rm)/(mr)=2Pm(1-Pm) u (rr)=(1-Pm)> (22)

[rel]

18
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Pucynox 53 — ®dparmMeHThl KapOOHWIBHBIX (@), TPETHYHBIX (0) W BTOPUYHBIX (B)
IPOTOHOB OCHOBHOH wHemu B cmektpe SMP '3C TIBCH, nosy4eHHOro KIaccHYecKoil

paauKaIbHOM NMOJIMMEpU3aLUEi.

Paccyncz[aﬂ AHaJIOTUYHO, MO>KHO BBIBCCTH (I)OpMy.]'IBI AJI1 BEPOSTHOCTU 06p330BaHI/I$I

TOOBIX «1-a7». 37eCh OBLIN MUCTIOIb30BaHbl BRIPAKECHHUS JJI pacdyeTa TeTpa;

(mmm)= P, (23)
(mmr/rmm)=2 Pm?(1-Pm), (24)
(rmr)= Pn(1-Pm)?, (25)
(mrm)= Pr?(1-Pn), (26)
(rrm/mrr) = 2P(1-Pm)?, (27)

(trr) = (1-Pm)’ (28)
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Ilo HHTCTPAJIbHBIM HHTCHCUBHOCTAM CHI'HAJIOB CH: B CIICKTpax 13C OBLIN BBEIYMCJICHBI

conepkanus Tpuaja (mm), (mr/rm), (rr) u Pm, a manee — monu terpan (tadn. 10). Kak Bugnm.

npotekanue nponecca B pexkume OIILl He ckasbiBaeTcsi Ha Mukpoctpykrype [IBCU. B

CpaBHCHUHU C HBH, IJIsL KOTOPOTO MHUKPOCTPYKTYpa BIUIOTH AO ICHTAAHOI'O COCTAaBa OblIa

onpesiefiena 1o crekrpam °N [217], TIBCU oTnuyaercss CyIIECTBEHHO OOJiee HU3KHUM

COACpIKaHUEM ME30-qUual,

4TO OOJIDKHO OBITH CBSI3aHO C CHJIBHBIMU CTCPUICCKNMU

B3aUMOJICHCTBUSAMU B Takux nocienoBarenbHocTsX. Ha cnekrpe HSQC [IBCH, nmomyuennoro

B YCJIOBHAX OHH, MOKHO BBIACIIUTL KPOCCIIMKH IMPOTOHOB MCTHJICHOB OCHOBHOH OCIIu,

COOTBETCTBYIOIINE PACCUUTAHHBIM TeTpaaam (puc. 55).

Tabmuma 10. Homm tpuan u terpan [IBIT u [IBCU, moixy4eHHOTO KIACCHYECKOW H

KOHTPOJIMPYEMOH MOJIMMEPU3ALUEH.

Crpykrypa I[IBCU** [IBCHU-1* [IBCU-2* [IBCHU-3* I1BII [18]
(mm) 0.15 0.16 0.11 0.16 0.35
(mr/rm) 0.45 0.46 0.46 0.42 0.49
1T 0.40 0.38 0.43 0.42 0.16
Pm 0.37 0.38 0.34 0.35 0.59
Pr 0.63 0.62 0.66 0.65 0.41
(mmm) 0.05 0.05 0.04 0.04 0.19
(mmr/rmm) 0.17 0.18 0.15 0.16 0.31
(rmr) 0.15 0.15 0.15 0.15 0.11
(mrm) 0.09 0.09 0.08 0.08 0.13
(mrr/rrm) 0.29 0.29 0.30 0.30 0.19
(rrr) 0.25 0.24 0.28 0.27 0.07

** — oOpasell, OTYYCHHBIN KIIACCHICCKON MOJTMMEpPHU3aIie

* — yCIOBUS MOTy4YeHUsT 00pa3oB cM. pa3aen 2.2.18, XxapakTepucTUKU CM. pasfen 5.2.
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F1 [ppm]

CH, of succinimic cycle

32
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rmr
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2.8 28 24 2.2 20 F2 [ppm]

Pucynox 55 — Cnexrpst HSQC o6pasnos [IBCH, noydeHHOT0 MoauMepu3anuei B

npucyrcreuu bTK.

5.2 CBOMCTBA 'OMOIIOJIMMEPOB
N-BUHHWJICYKIHIMHUMMUJIA, IOJTYYEHHBIX B TIPUCYTCTBUH
JUBEH3UJITPUTUOKAPBOHATA

Jns u3ydenus Toro, Kak BiuseT koHneHtpauus bTK npu cunTese u, COOTBETCTBEHHO,
collep’kaHue TPUTHOKApOOHATHBIX 3BEHbEB Ha cBoiictBa mnoiumepoB BCH, Obutn
CUHTe3upoBaHbl 3 oOpasua: npu koHueHTtpauuun BTK npumepHo paBHON KOHIIEHTpauuu
nnunuaropa JAK (IIBCU 1), npu KoOHIEHTpaluUH, TMPEBOCXOAANECH KOHIIEHTPAIUIO
ununmaropa Ha nopsaaok (IIBCHU II), uro noctaTo4HO THMHYHO Ui IOJOOHBIX MPOIIECCOB, U
npeBocxo e ee B 50 pa3 (IIBCH III). XapaktepucTuku oOpa3ioB MpeICTaBICHbI B Ta0JI.

11.



Tabnuma 11. YcnoBus cuHTe3a U CBOMCTBA MOJIN-N-BUHIWICYKITUHIMHU/IA,
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MOJIYYCHHOI'O ITPH PA3HbIX KOHLCHTPALUAX I[I/I6CH3I/IJ'ITpI/ITI/IOKap60HaTa.

O6o3HaueHue 00pasia TIBCU 1 TIBCU 11 [IBCH 111
[BTK], mons/n 0.50-10° 0.5-107 2.5:102
[1AK], monb/n 5.1-10 5.1-10 5.1-10*
[BTK]:[BCHU] 1.30-10* 1.31-10° 6.25:103
[BTK]:[XAK] 1.02 10.3 49.3
Konsepcus, % 93 62 44
MotekynsspHO-MaCCOBBIE XapaKTEPUCTUKH T10
nganabM [TIX
M, r/MOTB 52500 30700 11200
My, r/MOJIB 116100 47700 13200
b 221 1.55 1.17
Temnepatypa creknoBanus, °C 22743 22612 195.0+0.3

Takoit BbIOOp 0OycnoBieH Tem, 4TO yBenuyeHue koHueHTpauuu BTK moBblmaer

3QPEKTUBHOCTh KOHTPOJSI MOJIGKYJISIDHOM MacChl, HO OIPAaHHUYMBACT MAaKCHUMAJIbHO
JOCTUKUMYIO MOJIEKYJISIDHYIO MaccCy, TOIJa KaK yMEHbUIEHHE KOHLEHTPALUU IO3BOJISET
MOJIy4uTh 00Jiee BBICOKHE MOJIEKYJISIPHBIE MAcChl, HO YXYALIAeT KOHTPOJb. C yBelnueHUEM
koHueHTpauun BTK nmonumepuszanus 3aMeniisieTcsi, YTO MNPOSBISAETCS B CHMXKEHHM BbIXOJA
[I0JIMMEPA, JOCTUTaeMoro 3a BpeMs MOJMMepu3auuu 12 4, MOJEKyJsipHas macca MoJMMepa
ymenbmaercs, a MMP cyxkaercs (tabn. 11). ns obpasmor [IBCU 11 u [IBCU 11T MMP
ABJISIETCA YHUMOJIAJbHBIM, U JIMIIb IPU MUHUMaIbHOU KoHuEeHTpanuu BTK pacnpenenenue
CTAHOBUTCS SIBHO OWMOJAIBHBIM (Xpomatorpamma J3, puc. 56). O6pazen I[IBCU III
MPAaKTUYECKU HE COACPKUT (ppakiuu ¢ MosieKyasipHoi Maccoii Boie 30 000 1 cOOTBETCTBYET
TJIABHOMY TpeOOBaHUIO, C(HOPMYIHPOBAHHOMY IO OTHOIICHHIO MOJMMEPHBIM MaTpUlAM —
HOCHTEJSIM HU3KOMOJIEKYJISIPHBIX AKTUBHBIX (papMalleBTUYECKUX HHTPEIUEHTOB.

[Tony4yeHHbIe MOTUMEPHI UMEIOT UIEHTUYHOE CTPOEHHUE, YTO MOATBEPKIAETCS MOTHBIM
coBmazenveM ux MWK-cmextpo B amamasone 4000-500 cm!' (puc. 57). UK-cmekTpsl
romononimmepoB BCH xapakTepu3yroTcsi HaTMYUEM TUITHYHBIX I JAHHOTO BUAA COCTMHEHUI
[0JIOC ~ TOTJIOLIEHUS CHUMMETPUYHBIX W  aCUMMETPUYHBIX BaJCHTHBIX  KOJeOaHUM
KapOOHMIIBHBIX Ipyn UMU0B 1pu 1768, 1700 (Haubonee nureHcHBHBIN uk Ha MK-criekTpax
IIBCU) u 1664 cm'!, uro xapakrepHo misi N-3aMELIEHHBIX CYKIMHHMHUJOB, a TaKKe
HECKOJIbKUX II0JIOC TMOTJIOLIEHUsS] CPEAHEW HWHTEHCUBHOCTH, OTBEYAIOIIMX BAJIEHTHBIM U

ckeneTHbIM KoneOanusiM C—N cBsasu npu 1210 m 1165 em™.
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Hopmupogauiniid curuan
pedpakToMeTpHYECKOTO JATIHKA

0,006 — 3

0,004 |

0,002 -

1000 10000 100000
Ornocyrensuas Moiekyssapias Mmacea, Jla
Pucynox 56 — XpomaTtorpammsl 00pa3iioB moJin-N-BHHIICYKIIMHUMHE/IA, TTOJTYICHHBIX

npu cootHommenusx OINL] arenra u monomepa [BTK]:[BCU]= 1.30-10* (1), 1.31:107 (2),
6.2510% (3).

1700
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I ! I L | I t I
4000 3500 3000 1500 1000
1
Bonnosoe uucio, cm
Pucynok 57 — UK-cnektpsl 00pa3oB moyn-N-BUHHICYKITUHUMH/IA, TOJTYYEHHBIX MIPU
COOTHOIIEHHUSX TUOeH3UITpUTHOKapOoHaTa 1 N-ununcykuuaumuga [BTK]:[BCU]= 1.30-10*

(1), 1.31:10% (2), 6.25:10° (3).
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Takas BakHas xapakTepHCTHKa Kak TeMieparypa crekioBanus g [IBCU panee ne
onpenensnack. Ha TepMorpamMmax CTyneHb, OTBEHarollas 32 PacCTEKJIOBBIBAHHUE IOJIMMEPA,
HaOmomaercss npu temmeparype Beime 200°C (puc. 58). Hamuume B cocTtaBe moimmepa
TPUTUOKApOOHATHOTO (PparMeHTa CKa3bIBaeTCsl Ha €ro TepMocTadmibHOCTH. Ha Tepmorpamme
[IBCH 111, coneprxariero B cBoux nemsix 0ombiue rpymnn CS3, OTYETIUBO BUACH 3HJO0 MUK MPU
temmneparype okosio 350°C (puc. 58), oTBeuaromuii Hauany pasznoxkeHus. Ha 3aBucumocTsix
Maccel oOpas3lia OT TeMIlepaTypbl B TEpMOTPaBUMETPUUYECKOM aHallM3e dTa pa3HHIla
npociexxuBaercs oueBuaHee: 3ameTHas norepa maccol A [IBCU 1 u IIBCU Il naunnaercs

tonbko nociue 400°C, roraa kak st [IBCU T yxxe mpu 250°C (puc. 59).

Temmnosoi notok, MBt/Mr

l 3K30

A

1 MB1/™Mr

0 50 100 150 200 250 300 350 400
Temmneparypa, °C

Pucynok 58 — Tepmorpammsl auddepeHnnanbHOl CKaHUPYIOMIEH KalopUMETPHH
o0pa3uoB 10J1-N-BUHUICYKIITHUMU/A, MOJTy4EHHBIX npu COOTHOIIIEHUSIX
mubensunTpuTHoKap6onara u N-sunuicykiuaumuaa [BTK]:[BCU]= 1.30-10* (7), 1.31-107
(2), 6.25:10° (3).
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[Totepsa maccsl, %
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Pucynox 59 — 3aBUCMMOCTH TOTEpH MAaCChl OT TEMIEpPaTypbl 0Opa3IoB MOJH-N-
BUHWJICYKOIMHUMHAAQ, MOJTYUYCHHBIX IIPpHU COOTHOIICHUAX I[I/I6€H3I/IJ'ITpI/ITI/IOKap6OHaTa n N-

sununcykuuaumuaa [BTK]:[BCHU]= 1.30-10* (1), 1.31-107 (2), 6.25:103 (3).

5.3 MUKPOCTPYKTYPA COIIOJIMMEPOB
N-BUHHJICYKIIMHUMMUJIA, IOJTYYEHHBIX B TIPUCYTCTBUH
JUBEH3UJITPUTUOKAPBOHATA

Panee yxxe oTMedanoch, 4TO MOJMMEPU3ALNS PA3HOAKTUBHBIX MOHOMEPOB B YCIOBUSIX
0o0paTHMOM JIeaKTUBAITMH [IETTH MPUBOJIUT K 00pa30BaHUIO IPAIMEHTHON MHKPOCTPYKTYPBI, TJIe
COCTaB COIOJIUMEpPA TUITABHO MEHSETCS OT OJIHOTO KOHI[A MaKPOMOJIEKYJbI K Ipyromy (WIH OT
000MX KOHIIOB K LIEHTPY B ClIydae paCIOJIOKEHHs TPUTHOKapOOHATa B IEHTpPE LEeNU MpU
MOJIMMEPU3AIIH B TPUCYTCTBUHA CUMMETPUYHBIX TpUTHOKapOoHaToB [219-223]).

3HaHWE KOHCTAHT COMOJIMMEPU3AIMH  TPEJAOCTABISET BO3MOXKHOCTH  OIEHKH
MUKPOCTPYKTYPBI Ilenu cononumepa. s BepositHocTel oOpazoBanus nuaax Mi1-Mi (fi1), Mi-

Mz (fi2), M2-M1 (f21) 1 M2-M2 (f22) MOTYT UCTIOJIB30BAThHCS ypaBHEeHHS [224]:
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M,]*
fi1 = " Qo 29)
r ([[%[12‘1 + 2 I[l\%/ﬁﬁ ro
[Mi]
fiz =121 = (30)
r1 ([[_%) +2 L[—ll]+ r)
¢ 2
2 = e v
r ( ) +2 +r
PM Mo Gl

Ha ocHOBe 3THX ypaBHEHHI ObLTH BRIBEICHBI (DYHKIIUU pacpeaesieHHsI BEPOSITHOCTEH
00pa3oBaHus CTPYKTYpP, COCTOSIILIMX M3 N MOCJIEAOBATENBHO COCAMHEHHBIX 3BEHbEB KaXI0TO

tuna Fin 1yt MoHoMepa M1 u Fan 111 MoHOMepa M2 [225]:
f11 nt fia (32)

Fn:f - &1—4‘—, f
' 21(211‘|‘f12 2

n—1
f22 f21 (33)
m=fhe(@g=g T

3uas fi1, fi2, £21 1 £22, MOKHO BBIYUCIUTE CPEHIOO ATUHY OJOKOB MOCIEI0BATEIHLHO

COCIMHEHHBIX 3BEHBEB KXKI0TO THMA [225]:

. f11 + fi2 (34)
Li=——
f1,
f20 + 51
- | (35)
f21

JlaHHbBIE MTapaMeTpbl MUKPOCTPYKTYPBI OBIIIN OIpENEIEHbl Ha MPUMEPE COMOJIMMEPOB
BA ¢ BCH, n1s KOTOpbIX pa3HUIA B aKTUBHOCTSAX MOHOMEPOB BbIpa)K€Ha SIPKO, UCXOMs U3
3HayeHU KoHCTaHT conojguMmepuzanuu 18a=0.01, rBcr=0.79 (cm. pasgen 4.1). 3amena
OTPHLIATEIILHOTO 3HAYEHUS I'BA Ha J1I000€ YKCII0, OJM3K0€ K HYJIIO IPUBOIUT K OIMHAKOBBIM

pesynbTatam mis fi1, fi2 (f21), £22, Fin, Fon, Ln L(Tabm. 12).



127

Tabmuma 12. OcHOBHbIE MapaMeTpbl MHUKPOCTPYKTYpPHl IEMH  COMOJIUMEPOB

BHHMWJIALICTAaTa U N—BI/IHI/IJ'ICYKI_[I/IHI/IMI/II[EI B 3aBHCHMOCTH OT COCTaBa HMCXOJHOM MOHOMepHOﬁ

CMECH.
Bun Conepxanue Bunmianerata (M1) B MOHOMepHOI cMecH, MouL.%
CTPYKTYPBI 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

ri=0.01, r=0.79

fi1 0 0| 0.0001 | 0.0002 | 0.0004 | 0.0006 0.001 | 0.0018 | 0.0043
fi2=t21 0.1098 | 0.1938 | 0.2602 | 0.3139 | 0.3583 | 0.3955| 0.4272 | 0.4542 | 0,4769
2 0.7805 | 0.6124 | 0.4796 | 0.3720 | 0.2831 | 0.2083 | 0.1446 | 0.0897 | 0.0419
Li 1.0001 | 1.0002 | 1.0004 | 1.0007 1.001 | 1.0015 | 1.0023 1.004 | 1.009
La 8.11 4.16 2.84 2.18 1.79 1.53 1.34 1.20 1.09

r1=0.0001, r»=0.79

fi1 0 0 0 0 0| 0.0001 | 0.0001 | 0.0002 | 0.0004
fio=f1 0.1098 | 0.1938 | 0.2602 | 0.3140 | 0.3584 | 0.3958 | 0.4276 | 0.455| 0.4788
22 0.7805 | 0.6124 | 0.4796 | 0.3720 | 0.2831 | 0.2084 | 0.1448 | 0.0899 | 0.0420
Li 1 1 1| 1.0001 | 1.0001 | 1.0002| 1.0002 | 1.0004 | 1.0009
La 8.11 4.16 2.84 2.18 1.79 1.53 1.34 1.20 1.09

r1=0.00001, r»=0.79

fi1 0 0 0 0 0 0 0 0 0
fiz=t21 0.1098 | 0.1938 | 0.2602 | 0.3140 | 0.3584 | 0.3958 | 0.4276 | 0.4551 | 0.4790
2 0.7805 | 0.6124 | 04796 | 03721 | 0.2832| 0.2084 | 0.1448 | 0.0899 | 0.0420
Li 1 1 1 1 1 1 1 1| 1.0001
Lz 8.11 4.16 2.84 2.18 1.79 1.52 1.34 1.20 1.09

[Ipumeuanwue: fi1, fi2, f21, £22 — BeposiTHOCTH 0OpazoBanus auax Mi-Mi, Mi-M2, M2-Mi,
u M2-M2, rae M1 — 3BeHO BuHuMianerara, Mz — 38eH0 N-BuHWwiICykuuHuMuaa; L1 u L2 — cpenuss
IIdHa  OJIOKOB  IIOCIAEIOBATEIbHO COEOUWHEHHBIX 3BE€HBEB  BHHHJIAlETaTa ©W = N-

BUHWJICYKIMHUMHK A, COOTBETCTBCHHO.

[Ipu unTEepnpeTanuu JaHHbIX (Ta0. 12), mOMy4eHHBIX TP BEICOKOM coaepkannu BCU

B MOHOMEPHOM CMECH, HE CIEAYET CUUTATh, UTO, HapUMep, rnpu coaepxanuu BCU 90 mon%
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B CONOJIMMeEpe OJIOKU MpeuMyIiecTBeHHO U3 § 38eHbeB BCU uepenytoTcs ¢ MHAMBH Iy TbHBIMU
3BeHbsAMU BA. Pacnpenenenue BeposiTHOCTEH oOpa3oBaHusi mocienoBaTedbHOCTEH Fin, Fan
mupokoe (puc. 60), u 10 JIMHHBIX OJIOKOB, COACpKalIuX ACCITKU 3BeHbeB BCU, moxeT

OBITH CyIIECTBEHHOM.

0,08

0,06

0,04

J10:14 CTPYKTYP B COIONHMEPE

10 20 30 40 30

KomHaecTRO TOCTSTIORATENLIIO COSTHTISTITRIX 3Reimhes BCH

Pucynox 60 — 3aBucumocTs 1011 nocaeaoBaTenbHocTel 3seHbeB BCU B 1ienu
cononumepa BCU ¢ BA ot ux mnunabl. CoctaB MoHOMepHOU cmecu: [ — 90, 2 — 80 mon%

BCH.

3Has, KaKk MEHSETCs] COCTaB MOHOMEpPHOU cMecu B xojae peakuuu (Puc. 61), moxxHO
OLICHUTh W3MEHEHHE MHUKPOCTPYKTYpbl 1o anuHe uenu [195-197, 201]. Hanpumep, npu
CONOJIMMEPHU3AIIMM MOHOMEPHOU cMecH, coaepskaieit 25 Mon% BA, 3a 6 4 cuHTe3a ero aoms
Bo3pacTaer 10 57 mon% Omaromapst Obictpomy pacxomoBanwio BCU, uro mpuBoauT K
cokpaienuto anuHbl 610k0oB BCU m yBenndeHuio conxepkanuss BA Ha ydacTkax 1emnw,

MOJIyYEHHBIX Ha MO3HUX CTausX mpoiecca (puc. 62).



129

KoHueHTpanusi MOHOMEPOB, MOJIB/IT
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Pucynok 61 — 3aBucumocTh Tekymux konnentpamuid BCU (7, 2, 3) u BA (I, 2', 3")
OT MIPOJOJKUTENBHOCTH peakuuu npu cononumepusanuu BCU u BA B npucyrcteun bTK
([IAK]=8.0-10"*, [ETK]=2-102, 70°C). CocTap ucxoaHoii MoHOMepHOii cmecu BCU:BA: /,
1'=75:25,2, 2" — 62.5:37.5, 3, 3' — 50:50 mon%.
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Brexon nommmvepa, Y%
Pucynok 62 — M3MeHeHHE COOTHONIIEHHWS MOHOMEPOB MPHU MOJUMEPHU3ALUA CMECH,
comepxkameit 25 wmon% BA, c¢ BbixogoMm nomumepa. (Cxemartudecku HM300pakeHa
MHUKpPOCTPYKTYpa LIENH, COOTBETCTBYOMIAs coaepkanuto BA 25, 40 u 55 mos1% B MOHOMEpHO

cMmecu. / —3BeHbsa BA, 2 — 3Benbss BCH.
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5.4 ITIOJIYYEHHUE COIIOJIUMEPOB
N-BUHWIAMUJIOAHTAPHOM KUCJIOTHI U UX KOMILIEKCOB C
PEMAHTAJIMHOM U TPUMEKAWNHOM

[Tpu komHaTHOM Temneparype uin HeboabsioM HarpeBann (50°C) cononumepsr BCU-
BA n BCHU-BII nerko noaseprarorcs mWEI0YHOMY THAPOIN3Y, Aasas cononuMepsl BASK-BC

n BASK-BII, cooTBeTcTBEHHO, NOCIE NEPEBOJA IMOJYYEHHBIX IOJIMMEPOB B KHUCIOTHYIO

(opmy:
e
H.0, OH Ho
+cn—en EH:—CHz— Cg{_}m 02_> -ECH24IH Ehl[_cm%lH _}m — > -fCH—eH Eh[_cnzﬁelﬂ %m
b N OH NH (I)H NH
O—C/ OZQJ O:é O—?
AN
CHs
COONa COOH

IIporekanue runponusa conosumepa BCU-BA u nanpHelimuil nepexosa conoiaumepa
U3 coJieBoii (hOpMBbI B KUCIOTHYIO MOATBepkeH aHanu3oM MK-cnekrpos cononumepos BCU-

BA, BASIK(Na)-BC n BASIK-BC (puc. 63).

ITpomnyckanme

o
=~
o
—_—

3800 3400 3000 2600 1600 1200 800
BoJTHOBOE YHCITO, CM™
Puc. 63. UK-cniekTpsl conomumepoB BCU-BA (/), BAAK(Na)-BC (2) u BASK-BC

©)
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B cnektpe wucxomnoro comosumepa BCHU-BA wumeroTcs moJiochl MOTJIOMICHHMS,
COOTBETCTBYIOIME CUMMETPUYHBIM Vc-0=1768 cm! (11euo Ha unTeHcHBHOI nonoce 1731 e
") u acummerpuuHbIM Vvc-0=1693 cm! BanenTHBIM KoneGamumsmM C=0O cBssell B
CYKIIMHUMHUHOM [WKJIE, BaJICHTHBIM KoJjiebaHusiM C=0 CBsS3M BUHWIAICTATHOTO 3BEHA
vc=0=1731 cm!, BamentHeiM konebGanusM C-N cBa3u vcen=1369 cm’!, BameHTHBIM
xonebanuam C—O cBsA3M B cocTaBe ciloxkHOYQUpHOH Tpymmsl veo=1229 cm!. Tlocne
ruaponu3sa B cekrpe cononumepa BASIK(Na)-BC nosBisiroTcst XxapakTepuCTHUECKUE TTOJIOCHI
BaleHTHBIX Konebanuit OH-cBaseit vorn=3267 cm!' u cBasu NH vne=3082 cm! (mmpoxue
cursansl B o6mactu 3000-3600 cm™!). TTocne packpbITHS CYKIIMHUMHIHOTO IUKJIA B CHEKTPE
Habmogat0TCs BajeHTHbIe Kosebanus C=0O cBS3M B cOCTaBe aMHIHOTO (parmMeHTa ve=0=1637
cM! 1 B cocTaBe KapOOKCHIIBHOM Tpynmbl ve-0=1562 cm™'. MnTeHcuBHas monoca dncn=1403

em!

OTHOCUTCS K JAe(OopMalMOHHBIM KojeOaHHsM aMuaHoro ¢parmenta. Ilpu mepeBoje
COIOJIUMEpa B KUCIOTHYIO (DOpPMY IOJIOKEHHE TOJIOCHI BaJIeHTHBIX Kojiebanuit C=0O cBs3u B
cocTaBe aMUAHOTO (parMeHTa IPaKTHUECKH He MeHseTcss vc-0=1629 cm!, a monoca
BaJIeHTHBIX Kosiebanuii C=0O cBsA3u KapOOKCUIBHOM TPYIIBI CIBUTAETCS B 00JIACTH OOIBLINX
BONHOBBIX uncen vc-0=1714 cm'. Tlonockl BameHTHBIX konebanuit OH-rpynm u cessu NH
coxpansitorcss B obnactu 3000-3600 cm!, HO y momockl vor=3278 cm’! mosBnserca miedo
okono 3400 cm’!, WTo ABNISETCS CIEACTBMEM HAJIOXKEHHUsS IoJjoc, oTHocamumxcs k OH
kapOokcuiapHOM Tpynnmel W OH 3BeHa BuHWIIOBOrO chnupra. VHTEHCHBHas ToJjoca
nehopMaMOHHBIX KoseOanuii amuaHoro gpparmMenta dncu=1405 cm™! Takke NpaKTHUECKH HE
MEHSIET CBOETO MOJI0XKEHUS.

IIporekanne runponusa conoaumepos BCH-BII no cxeme, npuBeeHHON BBILIE, TAKKE
noarsepxaaerca nanueiMu MK-cexrpockomuu (puc. 64): B o6mactu 1800-1500 cm! na MK-
CHEKTpax TUIPOIM30BAHHOIO COMOJMMEpPAa BMECTO TPEX IOJIOC IOTJIOMIEHHUS BaJIEHTHBIX
KoNeOaHui KapOOHUIBLHBIX TPYIN UMKAOB TIpu 1767 cM™ 1 1692 cm™! u nakramos mpu 1659
cv!  mocie  menodHoro  ruaponmsa  comoiauMepa  N-BUHWICYKIMHMUMHAa C  N-
BUHWINHMPPOJIUIOHOM HaOIIoaeTcsl IIOSABJIEHHE MHTEHCHBHOrO IMka mpu 1558 cm™,
XapakTepHOro Juisd KapOookcmiaTHON rpynmsl (Na cob), ¥ IByX THIIMYHBIX JUISI aMUJIOB MOJIOC
norsomenus npu 1634 cm! (amupueii nuk 1) u npu 1545 em!' (amuansii nuk 11) mocne
nonHoro oomena. Ha MK-cnekTpe nmosmmepa B KUCIOTHON (opMe MPUCYTCTBYET TAaKXKe MUK

BAJICHTHBIX KOJIEOaHW KapOOHMIBLHOM IPYNIBI KapOOKCHIIa B MPOTOHUPOBAHHOM (opMe TIpH

1719 cm™!, oTcyTCTBYIOIIMIT B TTONTMMEPE 10 MFOHHOTO OOMEHA.
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Pucynok 64 — HK-cnektpel cononnMepoB  N-BUHWICYKIMHMMHIAa ¢ N-

BUHWIMIUPpOIuAoHOM  (/), Na comu  N-BHHWIAMHAOSHTAPHOM  KUCIOTHI C  N-

BUHUJIIHUPPOIUIOHOM (2) 1 N-BUHUIAMUIOSTHTAPHOU KUCIOTHI ¢ N-BUHUIIUPPOIUIAOHOM (3).
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COHOJII/IMepBI N-BI/IHHHaMHI[OﬂHTapHOﬁ KHUCJIOTBI ABJIAIOTCA ITIOJIHMKHCIOTaMH, COCTaB
KOTOPBIX  MOXKET OBITE OIpCACIICH KHCJIIOTHO-OCHOBHBIM  TUTPOBAHUCM. CreneHn

HEeUTpaIn3auu KUCIOTHBIX 3BeHbeB oL M pH mpu TuTpoBaHuM cBsizanbl ¢ pKa ypaBHEHUEM:

_a
pH= pKa +1g (36)
I-a

3aBucumocts pKa OT o B OTCyTCTBHE KOH()OPMAIIMOHHBIX MEPECTPOCK OOBIYHO
npeacTaBiasier coboil mpsmyro JuHHIO. [loTeHIMOMETpHUYEeCKUM TUTPOBAHHEM OO0pasia
conommepa BASK-BII (puc. 65), conepxarero 43 mo.% 3BeHbeB N-BUHIIIAMUIOSHTAPHON
KHCJIOTHI, ObLJIa MOJTyYeHa TaKas 3aBUCUMOCTb, SIBJIAIONIASCS MPAMOIHHEHHOH mpu o>0.5 (puc.
66). DxcTpanomsuen Ha =0 Ob17I0 TOTydeHO 3HauYeHHE PKa,0=4.9, COOTBETCTBYIOIIEE OTPHIBY

«IICPBOro» MMPOTOHA OT HEMOHN30BaHHOU KHUCJIOTBI, ABJIAIOIICCCA TUITMYHBIM JJIA IMTOJIUKHCIIOT.

Pucynok 65 — KpuBas noreHumomerpuieckoro tTurpoanus conoiaumepa BASK-BII,

cozepsxauiero 43 Mon.% 3BeHbeB N-BUHWIAMUJOSIHTAPHON KUCIIOTHI.
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Pucynok 66 — 3aBucumocts pKa comosmmepa BASK-BII, coaepxkamero 43 moin%
3BEHbEB N-BUHWIAMUIOSHTAPHOM KHUCJIOTbHI, OT CTEINEHUM HOHU3AUUU 3BEHbEB N-

BHHHH&MHHOHHTapHOﬁ KHCJIOTHI.

[Tomyuennsie B paboTe MOJMMEpPHl Ha OCHOBE N-BUHWICYKIIMHUMHUAA U UX
MOJIMMEPAHATIOTH MPEACTABISIIOT HECOMHEHHBIN MHTEpeC B kauecTBe Hocutene ®AB [226—
230]. Mna mnOATBEp)KJIEHUS COOTBETCTBHS IOJIyYEHHBIX MaTpull conoinumepo BASK
TpeOOBaHUSAM, IPEABSIBISAEMbIM K MEAUIIMHCKUM IOJIUMEPaM, ObLIIO MIPOBEIEHO HCCIIET0BaHUE
uX OWONOTMYECKON aKTUBHOCTH B Cpelax, coAepXkallux OakTepuaabHble KYIbTYpPbI
Escherichia coli, Staphylococcus aureus, Bacillus cereus. Bokpyr KOJOIIEB, 3alOJHEHHBIX
pactBopamu korneHTpamnueir 0.001-0.1 mr/mr H2O comommmepo BASAK-BC u BASAK-BII,
conepxkaumx 35-51 mon.% 3BenbeB BASK, ne nabmioganu 30H OTCYTCTBHSI pocTa TecT-
KynbTyp OakTepHii, 4TO CBUAETEIbCTBYET OO0 OTCYTCTBHHM OMOJOTHYECKON aKTHMBHOCTHU
comoiuMepa TO OTHOIIEHHIO K HCCIEAOBAHHBIM TUNaM OakTepwil. A Tak Kak
paccMaTpuBaeMble  00pas3lbl  OKA3alHuCh OHOJOTMYECKH TIACCUBHBIMH B OTHOIICHHH
Escherichia-coli — 6aktepuii HOpMaJaIbHON MUKPOOHOTHI KUIIIEYHHUKA YEIOBEKA, TO ¢ OOJIBIION
BEPOSITHOCTHIO OHU HE OKaXYT OTPHUIIATEIHHOTO BO3ACHCTBUS U HA IMOJIE3HYI0 MHUKPOdIOpY

KHIIICYHUKA YCJIOBCKA.
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CriocoOHOCTh TOy4eHHBIX BogopacTBopuMbix noaumepos BASAK-BC n BASK-BII
CBSI3bIBAHUIO HU3KOMOJIEKYISpHbIX DAB-oCHOBaHMI IPOJIEMOHCTHpOBaHA Ha IpUMEPE
pemMaHTaJMHa W TpUMEKaWHa, HMMEIOIIUX B CBOEM COCTaBE IEPBUYHYI0 M TPETUUYHYIO
AMHHOTPYINIIBI COOTBETCTBEHHO. JIJIsi MMMOOHIN3AMY UCTIONB30BAIM 00pa3Ilbl, MOIy4YEHHbIE
ruaposusom conoiaumepos BCHU-BA, cunresupoBaHHbix B Mmacce B npucyrctBuu bTK u3
MoHOMepHOU cMecu BCU:BA=25:75, xpomaTorpaMMmbl KOTOpBIX INpHUBEAEHbI Ha puc. 31.
Cononumeps! conepxkanu 35, 46 u 51 mo01.% 3BeHbeB BASIK, uTo siBisieTcs pa3yMHbIM JUis
konuuecTBa skopHbIX rpymnn. Comomumep BASK-BIT (Mn=16700, Mw=23900, D=1.43)
UCTIOJb30BaNH, coaepxammii 45 Mon.% 3BenbeB BASIK. O0a akTHBHBIX HHIpEIUEHTA HE
pacTBOPAIOTCS B BOJE, HO ITPU COBMEIIEHUN UX C BOAHBIMU pacTBOpaMu cornoinMepos BASK-
BC u BASK-BII konnenrpauumeii 0.01 ocHoBo-Momnb/i, B3aThIX U3 pacyera 10%-HOTO
MOJIbHOTO M30bITKa 3BeHbeB BASIK no oTHOmenuo k amuHorpynnam ®AB, npoucxoaut ux
pacTBOpEHUE U IEPEXOJ] B PACTBOP, UTO CBA3AHO C OOpa30BaHMEM HOHHOHN CBSI3U MEXAY
JIEKapCTBEHHBIM BELIECTBOM-OCHOBAHMEM U TIOJIMMEPHOW MAaTpHIEH, Kak I10Ka3aHO Ha

npumepe conosnnmepa BASK-BC:
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B 3aknroueHume JaHHOro pasfena MOXKHO cJelaTh BBIBOJ, UTO HalIU4yue
TPUTHOKApOOHATHOTO (pparMeHTa MNPHBOAUT K 3HauuTeNbHOMY (1m0 150°) cHUXEeHHIO
TEPMOCTAOMIBHOCTH MOJU-N-BUHWICYKIMHUMHIA, YTO JJIS MEIUIIMHCKOTO NPUMEHEHHs He
SBIIAETCS KpPUTHUECKUM. BrepBele omnpenerneHa TemmepaTrypa CTEKIOBaHMS —MOJIH-N-
BUHWJICYKIIMHUMUA, cocTaBuBIIas 195-227°C B 3aBUCUMOCTH OT MOJIEKYJISIPHOM MacCCBhI.

CuHTe3upOBaHHbBIC B pabore BOJIOPACTBOPHUMBIE COTIOJIUMEPBI N-
BUHUJIAMUJIOSSHTAPHOW KHCJIOTBl C BHHUJIOBBIM CIHUPTOM M N-BHHUJINHMPPOIUIAOHOM, HE
NPOSBIISIIONIIME  OaKTepULIMIHON aKTUBHOCTH Ha MOJENAX OaKTepHaJbHBIX KYJIBTYP
Staphylococcus aureus, Bacillus cereus, a Taxxe Escherichia-coli — poCTBEeHHON HOpMaIbHOM
MUKJIO(IIOpE KHUIIEYHHUKA, MOTYT OBITh MOJIYYEHbI IIEJI0YHBIM T'MIPOJIU30M CONOJUMEPOB N-
BUHMWJIICYKUMHUMHUA C BHHWJIALETaTOM W N-BUHWINMPPOIUAOHOM C  IOCIEAYIOLINM
NEepEeBOIOM B KHUCIOTHYIO (hopmy. Ha ux ocHOBe MOryT ObITh MOJy4€HBI BOJOPACTBOPUMBIE
(hopMBI  MacIOpPaCTBOPUMBIX AaKTHBHBIX (DapMalleBTUUECKUX WHIPEIUEHTOB, HampuMmep,

pe€MaHTaJuHa U TPUMCKAaWHaA.
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BBIBO/IbI

1. (Co)nonumepsl N-BUHUJICYKIIMHUMHJIA C 3aJIaHHBIMU MOJIEKYJISIPHO-MaCCOBBIMU
XapaKTEePUCTUKAMU W MHUKPOCTPYKTYPOM IIE€MH BIEPBBIC IMOJYyYEHBI KOHTPOJIUPYEMOI
panuKanbHOM monmuMepu3alMeld ¢ oOpaTUMOM mepenadedl Lemd B HPUCYTCTBUHU
JTUOCH3WITPUTHOKApOOHATA.

2. Tloka3zaHo, YTO KOHCTaHTa Tepeaadyd Iend Ha auOeH3uwniTpuTHokapOooHat Cn~22
(60°C) u Cn~19 (70, 80°C) obecnieunBaeT AOCTATOYHBIA KOHTPOJIb MOJEKYISIPHO-MAaCCOBBIX
XapaKTEepPUCTUK MPHU MOoJUMepu3anuu N-BUHWICYKIIMHUMUA B paCTBOPE M Macce MOHOMeEpa
Omaroaps OCYIIECTBICHHUIO MPoIlecca B YCIOBHUAX 00paTUMO Mepelaun 1Ty M0 MEXaHU3My
MIPUCOETUHEHUSI-PparMeHTaIUH.

3. BoIsiBIEeHO, 4TO B IPUCYTCTBUU TUOCH3WITPUTHOKApOOHATA TIPHU COMOIMMEPU3AIINN
N-BUHWICYKIIMHUMH/IA C BUHUJIAIETATOM JIOCTATOYHBIM KOHTPOJIb 00ECIIEYUBACTCS HECMOTPS
Ha TO, YTO TUOCH3UITPUTHOKAPOOHAT HE SIBISAETS APPEKTUBHBIM areHTOM TIEpeIauu e IS
BUHUJaleTara. [Ipu 3ToM Moay4daroTCsi CONMOIUMEPHI C TPAIUEHTHON MUKPOCTPYKTYPOil.

4. Tlpu conomumepuzaru N-BUHWICYKIMHUMHUAA C N-BUHUIMHPPOIHIOHOM
TIOBBIIICHUE BBIXOJA COIMOJIMMEPA OCYILECTBICHO C MOMOIIBIO MUCIOJIB30BAHUS MTOJTUMEPHOTO
areHTa nepeJadyd Lenu, Onarojaps dYeMmy IMOJYYEeHbl KOMIIO3MIIMOHHO OJHOPOJHBIC
COMOIMMEPHI B INMPOKOM JAUANAa30HE MOJIEKYISAPHBIX MACC — OT HECKOIBKHX Thicsd 10 ~10° Jla.

5. TlokazaHo, 4To JUIsi JBYXCTaJIMHHOTO CHUHTE€3a OJOK-COMOIMMepoB N-
BUHUJICYKUMHUMUAA € N-BUHWINHPPOJIUAOHOM  BHayale JODKEH OBbITh  IOJIyueH
roMononumMep N-BUHUINHPPOIUAOHA, NPEACTABIAIOMUNA COO0N  BBICOKOMOJIEKYISIPHBIH
TPUTHOKApOOHAT, a 3aTeM HA HEM HapaliuBaeTcs OJIOK 3BEeHbEB N-BHHHJICYKIIMHUMUIA

TpeOyeMOoil UITUHBI.
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