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(57) Cnoco6 nonyuenus (co)OIUMEPOB CONMPSKEHHBIX
JIMEHOB, BKIIIOUAIONIHI MMOJIUMEPH3AINIO 110 MEHBIIEH Mepe
OZIHOTO COTIPSDKEHHOTO JM€Ha B MPHCYTCTBUM KaTaTUTHIE-
CKO# CHCTEMBI, BKITFOUAFOIIIEH M0 MEHbIIICH Mepe OIHH Ouc-
HMMHHOBBII KOMIUTEKC BaHa s obmieit Gpopmyist (1)
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rae m pased 0 wm 1; Z npexacrasnser -CRsRg rpynmy, B
kxotopoit Rs u Rg, ognHakoBble UM pa3nuyHble, MPEACTaB-
JSI0T coboi atoMm Bogoponaa, min C-Cyp-aKWIbHYIO IPyII-
1y, npeanoutrutenbHo C;-Cys, MTMHEHHYIO WM pa3BETBIICH-
HyI0, WIA JBYXBAJIECHTHYIO apOMAaTHUYECKYIO TPYIIIY, BO3-
MOXKHO 3aMmelleHHyt0; R; u R,, oanHakoBble minu pasnuy-
HBIC, MPEJICTABIIIOT cOOOW aToM BOIOPOJA, HJIH UX BBIOH-
patot u3 C;-Cyp-anKuIpHBIX TPYI, NpeanoyTuTensHo Ci-
Cis, TMHEWHBIX WJIM Pa3BETBICHHBIX, BOZMOXXHO T'aJIOTCHU-
POBaHHBIX, IIUKJIOANKIIBHBIX TPYII, BO3MOXXHO 3aMEIICH-
HBIX, Wi R; m R, MoryT OBITH CBsI3aHBI APYr € ApPYyroMm
TaK, 4YT0 00pa3yrT BMECTE C JIPyIrMMH arOMaMH, C KOTO-

PBIMH OHH CBSI3aHBI, IIUKJI, COAEpX A OT 4 10 6 aTOMOB
yIJIepo/ia, HACHIIIICHHBIH, HEHACBHIIICHHBINA WX apoMaTHye-
CKui, BO3MOXHO 3aMelieHHbI Ci-Cyp-aNKHUIbHBIMU TPYTI-
namu, npeanouTutensHo Ci-Cs, TMHEHHBIMA W Pa3BETB-
JICHHBIMH, TPUYCM YKAa3aHHBINA UK BO3MOXKHO CONCPIKHT
reTepoaTOMEbl, TaKhe KaK KHCIOPOI, cepa, a30T, KpeMHH,
dhocdop, cenen; mau R, u Ry MoryT OBITH CBSI3aHBI APYT C
JIPYTOM TakK, 4TO 00pa3yloT, COBMECTHO C JPYTMMHU aroMa-
MH, C KOTOPBIMH OHH CBSI3aHBI, IUKJI, COACPIKAIIHIA OT 3 10 6
aTOMOB YTJIEpOJa, HACHIIIEHHBIH, HEHACHIIIEHHBIH WX apo-
MaTHYCCKUM, BO3MOXHO 3amerieHHbIA C-C,y-aJKHIbHBIMU
rpymmamu, npeanodtutenbHo C-Cis, TMHEHHBIMA WITH pa3-
BETBJICHHBIMH, IPHYEM YKa3aHHBIN IIKI BO3MOXHO COZEP-
JKUT JIPyTUe TeTePOoaToOMBbl, TaKUe KaK KUCIOPOJ, Cepa, a3or,
kpeMmHHui, pocop, cener; wmu R, u R3 Moryt ObITh cBsI3a-
HBI JIPYT C APYTOM TakK, 4TO0 00pa3yroT, COBMECTHO C APYTH-
MH aTOMaMH, C KOTOPBIMU OHH CBSI3aHBI, IIUKJI, COACPIKAIINI
oT 3 10 6 aroMOB yIVIepona, HACHIICHHBINA, HEHACKHIIICH-
HBIH WM apOMaTHYECKHUA, BO3MOXHO 3amenieHHbIH C-Cyp-
aJIKWIBHBIMH Tpynmnamu, npeanouturenbHo C-Cis, JIuHeH-
HBIMU WK Pa3BETBICHHBIMH, TPUYEM YKa3aHHBIN UK BO3-
MOXHO COIEP)KUT APYTHE reTepoaTroMbl, TaKUe KaK KUCIIO-
pon, cepa, a30T, KpeMHui, hocdop, cenen; X, X, u X3, ou-
HAKOBBIC HJIM PA3JIMYHbIC, IPEACTABISIOT COOOM aToM rajo-
reHa, TAKOW Kak XJIop, OpoM, oM, IPENNOYTHTENEHO XJI0p,
wi ux BeIOUparoT U3 Ci-Cyp-aIKMIBHBIX TPYIII, MPEIIo-
ytutenbHO Ci-Cjs, TMHEHHBIX WK pa3BeTBiIeHHbIX, -OCOR;
rpyrmn wim -OR; rpynm, rae R; Beiduparor uz C-Cyp-ain-
KWIBHBIX TPy, npeanodtuteabio Ci-Cs, THHEHHBIX WIN
Pa3BEeTBICHHBIX; Y BBIOMPAIOT U3 MPOCTHIX A(PHUPOB, TAKUX
Kak JUATHIOBBIN 3¢up, Terparuapodypan (TT' D), numerok-
CUATaH, MPEINOYTUTENILHO OH MpeACTaBisieT co0oil TeTpa-
runpodypas (TTD); n pasen 0 mm 1.
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PCT/IB2016/057991 CO8F 136/06; CO8F 136/08,
CO8F 36/06; CO8F 36/08

Cnoco6 nosyueHus (o) MOJTUMEPOB CONMPSIKEHHbIX INE€HOB B MPUCYTCTBHHU

KATAJIHTHYECKOH CHCTEMBbI, BKJIIOYAKOIIEH OMC-HMHHOBDBIN KOMILIEKC BAHAHSA

Hacrosimmee wu3o0pereHne OTHOCHUTCS K crmoco0y  ToOJydeHus  (CO)IMONUMEpPOB
COTPSDKEHHBIX JHEHOB.

bonee KOHKpeTHO, Hacrosiiiee U300peTeHHe OTHOCUTCA K Crmoco0y TONy4eHUs
(co)moMMepOB  COTPSKEHHBIX JTUEHOB, BKJIIOYAIOLIEMY IMOJMMEPU3ALMIO 0 MEHbILIEH Mepe
OJHOTO COIPSDKEHHOTO JIM€HA B MPUCYTCTBUU KATAJIUTHUYECKOW CHUCTEMBbI, BKIJIFOHArOIei Owuc-
UMHHOBBIN KOMITJIEKC BaHAIHS.

H3BecTHO, UTO cTepeocnenuduueckas NOJMMEPH3alns CONPSHKEHHBIX TUEHOB SIBJISIETCS
OYeHb BAKHBIM IPOLECCOM B XUMHYECKOH MPOMBIILIEHHOCTH, ITO3BOJISIIOIINM IIOJIy4aTh
NPOAYKTBI, KOTOPBIE SIBJISIOTCS ONHIUMHU M3 HanOOoJIee IMUPOKO HCIIONB3yEeMbIX KaydyKOB.

VkazaHHas crepeocnermuyeckas MOIMMEPH3alUs TO3BOJIAET IMONYYaTh IOJIUMEPHI C
pa3IMYHOU CTPYKTYPOH, & UMEHHO CTPYKTYpoOU TpaHc-1,4, cTpykrypoin nuc-1,4, ctpykrypoii 1,2
U, B CJIy4ae aCCUMETPUUHBIX CONPSIKEHHBIX TUEHOB (HAIIpUMeEp, U30MpPeHa), CTPYKTYpoii 3,4.

Karanutuyeckue cuCTeMbl Ha OCHOBE BaHaAMsA M3BECTHBI JAaBHO B 00JacTu
(co)monumepu3alui  COMPSDKEHHBIX THEHOB 3a WX CHOCOOHOCTh O0eCrevnBaTh TUEHOBBIE
(co)monumepnl CO CTPYKTYpoW TpaHc-1,4, M 3TU CHCTEMbl HA CETONHSLIHHIA JE€Hb SIBIISTFOTCS
HanboJee MUPOKO UCTIIONB3YEMbIMU CHCTEMaMH JJIs TIOJTyueHHs TpaHc-1,4 nonubyTaaueHa, Kak
onucaHo, Hanpumep, B Porri L. et al., “Comprehensive Polymer Science” (1989), Eastmond G.
C. et al. Eds., Pergamon Press, Oxford, UK, Vol. 4, Part II, pag. 53-108.

I'ereporeHHple  KATAINTHYECKHE CHUCTEMBI, I[OJNyYEHHbIE MyTeM OOBEIUHEHHUS
rajJoreHu1oB BaHaaus [Hanpumep, xiopuna sanagus (111) (VCl;), xnopuna Baragus (IV) (VCly)]
C aJKUJATIOMHUHHEM [Hampumep, TpudTwiamroMuHueM (AlEts), IU3THIATIOMUHHIXJIOPUAOM
(AIEt,Cl)], obecneunBaror Tpanc-1,4 monmubyranueH (comeprkaHue 3BEHbEB TpaHC-1,4 paBHO
97%-100%), KOTOPBIN SIBJISIETCS KPUCTATUYECKUM, UMEET BBICOKYIO MOJIEKYJSIPHYEO MacCy H
temneparypy (Tm) mnaBnenust mpubmusurenvHo 145°C. bonee moxpoOHyH HHGpOpMaLHIO,
KaCaroIyCs YKA3aHHBIX KAaTAJIUTUYECKUX CHCTEM, MOJKHO HalTh, Hanpumep, B Natta G. et al.,
“La Chimica e L’ Industria” (1958), Vol. 40, page 362 and “Chemical Abstract’ (1959), Vol. 53,
page 195; Natta G. et al., “La Chimica e L’Industria” (1959), Vol. 41, page 116 and “Chemical
Abstract” (1959), Vol. 53, page 15619.
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C  wucrnonp30BaHMEM ~ TOMOIEHHBIX KAaTAJIUTHUECKHMX ~ CHUCT€M,  TaKUX  Kak,
HanpuMmep, BaHanui(IlD)xnopun(Tpuc-rerparuapodypan)/ U3 TUIATIOMHUHUAXIOPH
(VCI5(THF)3/AlEt,Cl), BaHaaui(III)(Tpuc-anernnaneroHaT)/ I3 THIATFO MUHUHX JIOPUL
[V(acac)s/AlEt,CI] u BaHaaui(IIl)(Tpuc-areTnaaneToHAT )/ METHUIIATIO MUHOKCAH,

[V(acac);/MAQO] moxker ObITh MONy4YeH MOJMOyTaZAMEH C BBICOKMM COAEp:KaHUeM TpaHc-1,4
3BEHbEB, HO C OoJiee HU3KOW MOJIEKYJsipHOUW Maccoli,. Bbonee mompoOHyH WHGOPMALHUIO,
KaCaroLIYIOCs YKA3aHHBIX KAaTAJUTUYECKUX CHUCTEM, MOKHO HaiTu, Harnpumep, B Natta G. et al.,
“Atti Accademia Nazionale dei Lincei - Classe di Scienze fisiche, matematiche e naturali”
(1961), Vol. 31(5), page 189 u “Chemical Abstract’ (1962), Vol. 57, page 4848; Porri L. et al.,
“Die Makromoleculare Chemie” (1963), Vol. 61(1), pag. 90-103; Ricci G. et al., “Polymer
Communication” (1991), Vol. 32, pag. 514-517; Ricci G. et al., “Journal of Polymer Science
Part A: Polymer Chemistry” (2007), Vol. 45(20), pag. 4635-4646.

HekoTopble M3 yKa3aHHBIX BBIIIE TOMOT€HHBIX KAaTAJUTHYECKHX CHCTEM, HANpUMep,
BaHaawi([Il)(Tpuc-aunernnaneronar)/rpustunamomuanii [ V(acac)3/AlEt3],  mpencrasisroT
OTIpeNeNIeHHbIH HHTEpeC ISl rmonydeHust 1,2 monubyTanueHa, Kak OMHMCaHo, Harmpumep, B Natta
G. et al.,, “La Chimica e L’Industria” (1959), Vol. 41, page 526 and “Chemical Abstract” (1960),
Vol. 54, page 1258.

Karanutudeckue CHUCTEMBbI, TMOJY4YeHHblE IyTeM OOBEIUHEHHS  IMPOU3BOAHBIX
LIUKJIONIEHTaIUEHUIIBAHAIUS TaKHX KaK, Harpumep,
OnC( LM KIIONEeHTaANEeH I )XIOPBAHA M/ METUITATIOMIHOKCAH (VCp,CI/MAO) u
uKIoneHTaaueHmauxiaop(rpuc-rpustuwidocdun)sananusa(11l)/ MeTunamoMUHOKCaH
[VCpCIy(PEt3)s/ MAQO], mno3BONSAIOT O0eCneYuTh MOJUOYTAAHEH TMPEUMYIIECTBEHHO CO
cTpykTypoir mmc-1,4 (comepskanue 1uc-1,4 3BeHbeB paBHO mpubmM3uTENbHO 85%). Bonee
noapoOHY0 MH(POPMALIMIO, KACAOINYIOCS YKA3aHHBIX KATATUTUYECKUX CHUCTEM, MOXKHO HAWTH,
Hanpumep, B Ricci G. et al., “Polymer” (1996), Vol. 37(2), pag. 363-365; Porri L. et al,
“Metalorganic Catalyst for Synthesis and Polymerization” (1999), Kaminsky W. Ed., Springer-
Verlag Berlin Heidelberg, pag. 519-530; Porri L. et al., “Metallocene-Based Polyolefins” (2000),
Scheirs J. and Kaminsky W. Eds., John Wiley & Sons Ltd., pag. 115-141.

Taxke M3BECTHO, YTO KATAIUTHYECKHE CHCTEMbl HA OCHOBE BAHAIMs TAK)KE AKTUBHBI B
OTHOLIEHWH  MOJUMEPH3alMd  H30MpeHa. B YacTHOCTH,  KaTajluTHYeCKass  CHCTeMa
Tprankmwiamomunnii/Banaguii(llD)xnopun (AIR3/VCls, roe R = merun, stun, npormn, OyTw,
NPEANOYTUTENBHO 3THII), OOECIeYrBaeT IOJIMU3ONPEH C BBICOKUM COnepkKaHueM TpaHc-1,4
3BEHbEB, JJA)KE€ €CJIM YPOBEHb AKTUBHOCTH JOBOJBHO HU3KHH. [IpenrnouTHUTENsHO yKa3aHHYIO

NOJMMEPHU3ALMI0  OCYINECTBJIAIOT IPH  HCHOJBb30BAHWU  MOJSIPHOro  OTHomeHus Al/V,
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COCTABIISIFOIIETO MPEANOYTHTEIBHO OT 3 10 6, B MPUCYTCTBUHM aNn(aTHIECKOTO PACTBOPHUTE

(HampuMep, H-T€NTaHAa), NPH OTHOCUTEIbHO HHU3KOM TemmepaTrype, IpPEArNOYTUTENBHO B
auanaszone or 20°C go 50°C. ®axtuuecku, npu Temneparype csbiue S50°C BaHanuii-
yIJIepONHBIE CBSI3U CTAHOBATCSI HecTaOmnpHbIMH, BaHanuil (III) nmpespamaercst B Banagmii (1),
KOTOPBIN SBJISIETCS HEAKTHUBHBIM BELIECTBOM C KaTaJUTUYECKONH TOUKMU 3pEHHs, U CKOPOCTb
NOJIMMEpH3aLUU ObICTPO Magaer.

HenaBHO, 111 MOBBIIEHUS] CTOHKOCTH KaTAJIUTHYECKUX CHCTEM HAa OCHOBE BAaHAIUS K
Temreparype, ObUIO M3Y4€HO HECKOJIbKO HOBBIX CHCTEM Ha OCHOBE KOMILIEKCOB TPHXJIOPHAA
BaHAIUs C JIMTAHJAMH, COAEPIKALIIMMH aTOMBI a30Ta B Ka4€CTBE JOHOPHBIX aTOMOB (Hampumep,
NUPUINH-OUC-IMUHBI, OUC-UMUHBI), B COUETAHUU C MOIXOASIIUMH AJIKHIHPYOIIMH areHTaMU
[Hanpumep, xmopun guwsTwiamomuaus (AlEt,Cl)]: Obumm  monmydeHbl WHTEpECHBIE U
O0OHaIeKUBAIOLIHE PE3YIIbTATHIL, U 3TH HOBBIE CHCTEMBI JJOKA3aJIH CBOK) AKTUBHOCTD MPU FOMO- U
COTOJIMMEPHU3ALMH 3THJIEHa, OOeCIedrnBas 3JIaCTOMEPHBIE IONUONE(PUHBI, MPENCTABISIONINE
OTIpeNeNIEHHbIH HHTEePEC C MPUKIIAJHOW TOUYKH 3PEHHUs, KaK ONMMcaHo, Hanpumep, B Milione S. et
al., “Journal of the Chemical Society, Dalton Transactions” (2002), Issue 8, pag. 1839-1846;
Redshaw C. et. al, “Olefin Upgrading Catalysis by Nitrogen-based Metal Complexes I”’, Chapter
4, “Imine-Based Vanadium Catalyst for o--olefin Polymerization” (2011), Giambastiani G. and
Campora J. Eds., Springer Science + Business Media B. V., pag. 153-195.

B Colamarco E. et al.,, in “Macromolecular Rapid Communications” (2004), Vol. 25,
pag. 450-454, packpelT KOMIUIEKC BaHaaus C JIMTAHAOM, COJEpXKallUM a3oT, T.€.
Ouc(MMHUHO)MUPUANHOBBIM ~ koMmruteke  BaHanus  (II), akTUBHPOBAHHBIM  pa3TMYHBIMU
COKaTaIn3aToOpaMu [Hanpumep, xnopun muwdTHnamomunus  (AlEt,Cl), Tpuxmopun
tpwtuanuamomMunus  (AlEt;Cl5), wmeruwnamomokcan (MOA)], cnocobctByromuii 1,4
NoJIMMepH3ay OyTaaueHa MU PEeINTEIbHO HU3KIX 3HAUEHUSIX KATATUTHYECKOW aKTHBHOCTH.

ITockonbKy (CO)IOIMMEPBl COMPSDKEHHBIX TUEHOB, B YaCTHOCTH TMOMHOYTAaAMEH |
MOJIMU30MPEH, MOJKHO C MPEUMYLIECTBAMH HCIIOIb30BATh AJISI M3TOTOBJICHUS LIMH, B YaCTHOCTH
IUIS IPOTEKTOPOB IIUH, & TAK)KE€ B OOYBHOM NMPOMBILUIEHHOCTH (HAmpuUMep, MPH U3TOTOBJICHUH
NoNMOMmB JJisi OOyBH), HM3y4E€HUE HOBBIX KATAJIUTHYECKUX CHCTEM, CIIOCOOHBIX OOeCredHTh
yKa3aHHbIE (CO)OJIMMEPBI, MO-TIPEKHEMY TPEACTABIIET OONBLIONH HHTEPEC.

B Hacrosimmee Bpems 3asBUTENeM OOHApY)KEHO, YTO TOJy4eHHE (CO)IOIUMEPOB
COTPSDKEHHBIX JIUEHOB, TAKUX KaK, HAIPUMeEp, JIMHEHHBIN WJIM Pa3BETBICHHBIM MOIHOyTagneH
WU TOJUMU30MNPEH, ¢ MPEUMYLIECTBEHHbIM COnep:kaHueM TpaHc-1,4 u uuc-1,4 3BeHbEB, T. €.
UMEIOIIUX coneprkanue TpaHc-1,4 u uuc-1,4 3seHneB > 65%, npeanoururensHo ot 70% a0 90%,

MOXeET OBITb IIe1eCOO0pPa3HO NPOBOAUTH B IPHUCYTCTBUM KATAJIUTHYECKOW CHCTEMB,
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comepkamiel Mo MeHbIIeW Mepe ONWH OWC-UMUHOBBIM KOMIUIEKC BaHAIHWs OOIIei

dopmysl (I), ykasaHHOM HUXKe.

Takum oOpa3om, B HacTOsLmEM M300PETEHHH TPEAJIOKEH CIOCO0 IMOTydYeHUs
(co)nonMMepoB CONPSKEHHBIX AWEHOB, BKJIIOYAIOLINH TOJMMEPH3ALHUI0 0 MEHbIIeH Mepe
OJTHOT'O COIpPSDKEHHOIO AMEHA B IMPUCYTCTBUM KAaTaJUTUYECKONH CHCTEMBbI, BKJOYANOLIEH IO

MEHbIIIEeH Mepe OIUH OUC-UMHUHOBBIN KOMIUIEKC BaHaaust ooteit popmyisr (I):
Rg—]‘lx , —R,; @

rue:

- m paseH 0 miu 1

- Z mnpencrasnser coboit -CRsR¢ rpymnmy, B kortopoit Rs m Rg, onmmHakoBble uim
pa3NuuHbIe, MPENCTaBIAOT coOoi arom Bomopoma, wiu C;-Cyy anKuibHyK rpymnmy,
npeanoututensHo  C1-Cis, JHMHEHHYHO WM pa3BETBIEHHYK, WM  JBYXBaJEHTHYIO
apOMaTHYECKYH0 TPYIIY, BO3SMOKHO 3aMEILEHHYIO,

- R u R, ogrHaKkoBBIE WM pa3InYHbIE, MPEACTABIISIOT COOOM aTOM BOAOPOAA, MU HX
BoiOupatoT w3 C;-Cyy ankwibHbIXx Tpymm, npeanodturenbHo C-Cis, JUHEHHBIX WM
Pa3BETBIEHHBIX, BO3MOXHO TaJIOT€HUPOBAHHBIX, LUKJIOAJKUIBHBIX TPYII, BO3MOXXHO
3aMelieHHbIX, Wil R; 1 Ry MOryT ObITh CBsI3aHBI APYT C OPYTOM TaK, YTO OOpa3ylOT BMECTE C
APYTUMHU aTOMaMH, ¢ KOTOPBIMH OHHM CBsI3aHBbI, LMKJ, COAEP>KaIlUi OT 4 10 6 aTOMOB yIieposa,
HACBIIIEHHbIX, HEHACBHIIIEHHbIX WJIH apOMaTHYeCKUX, BO3MOKHO 3ameleHHbIX C;1-Cy
aJKWIbHBIMH rpynnamy, npeanoyturensHo Ci-Cis, TMHEHHbBIMU WIN Pa3BETBIEHHBIMU, IPUYEM
YKa3aHHBIN LIMKJI BO3MOXKHO COJEPXKUT IeTepoaTOMbl, Takhe Kak, Halpumep, KUCIOpPOJA, Cepa,
a30T, KpemHuii, pochop, cenex;

- R; u Ry, onnHaKOBBIE WJIM pa3jIMYHbIE, MPENCTABJISIIOT COOOM aTOM BOIOPONAA, WM HX
BeiOnparoTr 3 C1-Cyp ankumipHbIX rpynm, npeanoututenbHo Ci-Cis, JNHMHEHHBIX WK
Pa3BETBIEHHBIX, BO3MOXHO TaJIOTE€HUPOBAHHBIX, LUKJIOAJIKUIbHBIX T[PYII, BO3MOXXHO

3aMCIICHHBIX, apUJIbHBIX I'PYIIIT, BO3MOKHO 3aMCIICHHDBIX,
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- wm R, m Ry Moryr ObITh CBsI3aHBI APYT C APYrOM Tak, 4TO OOPa3yT, COBMECTHO

C APYrMMH aTOMaMmH, C KOTOPBIMH OHHU CBS3aHbI, LUKJ, COAEpKAIHMM OT 3 10 6 aTOMOB
yIJIEPOAA, HACHIIEHHBIX, HEHACBILEHHBIX WIM apOMAaTHYECKUX, BO3MOXKHO 3ameleHHbIX C1-Cyo
ANIKUIIbHBIMU Tpynnamu, npeanoututenbHo C;-Cs, TMHEHHBIMYU WK Pa3BETBIEHHBIMY, IPUYEM
YKa3aHHbIN LUK BO3MOKHO COAEPIKUT JIPYTUe reTepoaTOMBbl, TaKHe KakK, HalpuMep, KUCIOPOZ,
cepa, a30T, kpeMHuH, pocdop, cenen;

- wi R; u R3 Moryt ObITh CBSI3aHBI IPYr € APYrOM TakK, 4TO OOPa3yrOT, COBMECTHO C
APYTUMHU aTOMaMH, ¢ KOTOPbIMU OHHU CBSI3aHbI, LIMKJ, COAEPKaIIUNA OT 3 10 6 aTOMOB yIiepoaa,
HACBIIEHHBIX, HEHACHIIEHHbIX WJIM apOMATHYECKUX, BO3MOXKHO 3amemeHHbx C;-Cyg
ANKUJIBHBIMH TpynramMu, npeanouturenbHo Ci-Cs, THHEHHBIME WIH Pa3BETBJIECHHBIMH, IPHYEM
YKa3aHHBII LIUKJI BO3MOKHO COJEPXKUT APYTUe reTepoaToMbl, Takue Kak, Halpumep, KUCIOPO,
cepa, a30T, KpeMHHUH, pocdop, cenex;

- X}, X; u X3, OIMHAKOBBIE WIH PA3JINYHbBIEC, PEACTABIISIOT COOOW aTOM rajoreHa, Takon
KaK, Hampumep, XJop, OpoM, HOH, MPEenrouYTHTENBHO XJop, Win ux BbeOHparoT u3z C;-Cyg
ankuibHbIX rpynn, npeanoututenbHo Ci-Cis, nuHeNHbIX uian passersieHHbIX, -OCOR; rpynn
wm -OR; rpynm, rme R; Beibuparor u3 C;-Cyp ankunpHbix rpymm, npeanoututesibho Ci-Cis,
JMHENHBIX WIN PAa3BETBICHHBIX;

- Y BbOMparOT U3 MNPOCTBIX 3(PHUPOB, TAKUX KaK, HANpPUMeEp, IOUITHIOBBIA 3¢up,
terparunpodypan  (TI'®), nUMETOKCHITaH, NPENNOYTUTENBHO OH THPENCTaBsieT CcoOoi
terparunpodypan (TT' D),

-n paseH O umm 1.

Jis  ueneit  HACTOALIETO OMKCAHUS W TOcHeayromed ¢Gopmyisl  U300peTeHus,
ompeseNeH!s] YUCIEHHBIX IUANa30HOB BCErZa BKIIIOYAIOT IpefesibHble 3HAYEHHs, €CIU He
yKa3aHO HUHOE.

JUnst menedl HACTOSIIErO ONMUCAHMS M TOCHIeAyroued (GopMysbl U300peTeHus, TEPMUH
«BKJIFOYAIOIINNY TAK)Ke BKIIFOYAET TEPMHUHBI KOTOPBIE B OCHOBHOM COCTOSIT U3» WJIH «KOTOPBIE
COCTOSIT U3».

B cooTBeTcTBMM ¢ TPEANOYTUTENHHBIM BOIUIOIIEHHEM HACTOSILIEro H300pEeTeHus,
yKa3aHHas KaTaJUTU4YeCKas CUCTeMa MOKET BKJKOYaTh [0 MEHbIIEH Mepe OUH COKaTalu3aTop
(b), BEIOMpaemblii U3 OPraHWYECKUX COCAMHEHUH 3JeMeHTa M’, OTIMYHOrO OT YIJIEPOAa,
NpUYeM yYKa3aHHBIN 3j1eMeHT M’ BBIOUPAIOT U3 3JIEMEHTOB, PUHAIeKAIUX rpymmam 2, 12, 13
wm 14 Ilepuogudeckoii TaOJUIBI 3JIEMEHTOB, MPEATIOYTUTENBHO U3 O0pa, aTFOMUHUS, [IHHKA,

Martauys, rajuids, OJOBa, €1Ic Oouee NpEeATIOYTUTEIIBHO U3 aJIFOMUHUA, 6opa.
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B ofmewm, nonydeHne KaTaJUTUYECKOH CHUCTEMBI, conepkalen OMC-UMMHOBBIN

KOMIUTeKC BaHanusi oomeit popmyasl (I) u cokaranuzarop (b), mpeaAnoYTHTETHHO OCYIIECTBISIOT
B MHEPTHOM JXUIKOW cpene, Ooee MpennoYTUTENIbHO B YIJIEBOJOPOAHOM pacTBopuTene. Bribop
Onc-MMHHOBOTO KOMIUIekca BaHaaus oOwmeit ¢popmyinel (I) u cokaranuzaropa (b), Tak ke Kak u
KOHKPETHOT'O HCIIOJB3YEMOro Crocoda, OCYIIECTBISIIOT B 3aBUCHMOCTH OT MOJIEKYJISIPHBIX
CTPYKTYyp u TpeOyemMoro pesysibraTa, B COOTBETCTBUU C TE€M, YTO MO AHAJOTUU OMHCAHO B
JUTEpAType, NOCTYMHOH CHEeLMAIHCTY B JAHHOH 00JaCTH TEXHUKH, IJI APYTHX KOMILJIEKCOB
NEePEXOHbIX METAJUIOB C MMHMHOBBIMH Jurangamu, Hanpumep, B L. K. Johnson et al, in the
“Journal of the American Chemical Society” (1995), Vol. 117, pag. 6414-6415, and by G. van
Koten et al., in “Advances in Organometallic Chemistry” (1982), Vol. 21, pag. 151-239.

B coorBercTBMM ¢ eme OOHUM TNPENNOYTHTEIbHBIM BOIUIOLICHHEM HACTOSIIETO
nu3o0peTeHnst, ykasaHHbIl cokatamu3atop (b) BeiduparoT u3 (b)) aaKWIOB aJFOMUHUS OOIIEH
dopmynsr (11):

AlX")n(Rg)3-0 (I1)

rne X mpexactarisieT coOOW aTOM rajioreHa, TakoOH Kak, Hampumep, XJjiop, Opom, #onx,
¢Top; Rg BeIOMparoT u3 JaMHEHHBIX WM pa3BeTBIeHHbIX C1-Cpp amKWIBHBIX TPyIII,
LIUKJIOAJIKUJIBHBIX TPYII, apHJIbHBIX TPYIII, MPUYEM YKa3aHHbIE TPYIIIbl BO3MOXKHO SIBJISFOTCS
3aMeIIeHHbIMU OJTHUM HIIM Oojiee aTOMaMH KPEMHHUS WM IepMaHMs, U N MPenCTaBiseT coOon
nenoe yucio ot 0 go 2.

B coorBercTBHUM ¢ eue OJHUM IMPEANOUYTUTETIbHBIM BOIUIOLIEHHEM HACTOSILEro
u3o0perenusi, ykasaHHbi cokaramuzarop (b) BeiOuparor u3  (by): OpraHUYECKUX
KUCJIOPOJICONEP KAIUX COSIUHEHHUH 3JieMeHTa M', OTJIIMYHOTO OT YIJIEpOAd, OTHOCSIIErocs K
rpymnme 13 win 14 Iepuonudeckoil TaOIUIBI 3JI€MEHTOB; MPENNOYTHTENIBHO U3 OPTaHUYECKHX
KUCJIOPOZICONEPIKAIUX COCOUHEHUH aIFOMUHUS, TaJUIHs, OJIOBA. Y Ka3aHHbBIE OPraHHYECKUe
kucjaoponconepskamme coequHenus: (b;) Moryr ObITh ompeneneHbl Kak OpPraHUYECKHe
coequHeHust M', rae nocneaHuil COeANHEH MO MEHbLIeN Mepe ¢ OJJHUM aTOMOM KUCJIOpPOJa U I0
MEHBbIIEH Mepe C OJHOH OpraHM4YeCcKOM TIpPyNIoH, COCTOsLEeN U3 aJKWIBHOH TIpYyMIbL
coaepskaileit ot 1 70 6 aTOMOB yryiepoaa, NPEANOUYTUTEIBHO METUIIOM.

B coorBercTBMM ¢ APYrUM = TPEANOYTUTENbHBIM  BOIUIOLIEHHEM  HACTOSILETO
uzobpereHnst, ykasaHHbI cokaranu3atop (b) eeiOupator u3 (bs): coenuHeHUN WM CMecei
METaJUIOOPTaHUYECKHX COENUHEHHH »3JieMeHTa M, OTIMYHOro OT Yriepona, CHOCOOHBIX
BCTYIIATh B PEAKIHIO C OMC-MMHUHOBBIM KOMIUIEKCOM BaHanus obmelt ¢popmysl (1), ynamss us
HEro G-CBsA3b C 3amecTureseM X;, X; WK X3, C NOJYYE€HHUEM, C OAHOU CTOPOHBI, [0 MEHbLIEH

Mepe OAHOrO HEWTPAJIbHOTO COEAUHEHHs, a C APYroll CTOPOHBI, HOHHOTO COEIUHEHMS,
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COCTOSILIETO U3 KaTHOHA, copepskamero Metat (V), KOOpAMHMPOBAHHBIA JIMTAHAOM, U HeE

KOOPAMHUPOBAHHOI'O OPraHUYECKOT0 aHHWOHA, COAEpsKallero Meraul M', oTpuLaTenbHbIi 3apsia
KOTOPOro AEIOKAIU30BaH B MHOIOLIEHTPOBOH CTPYKTYE.

CrnenyeT OTMETHTD, UTO AJIS LEIN HACTOSIIEro U300peTeHns U mocienyoueil GopMyJbl
n3oOperenus, TepmMuH «Ilepnoguueckas Tabnuia 3JeMEHTOBY» OTHOCHTCS K Ilepropndeckoi
tabmure snementoB MIOITAK, Bepcust ot 1 urons 2012 ropa, mpencraBieHHOH Ha BeO-caiire:

www.iupac.org/fileadmin/user_upload/news/IUPAC Periodic_Table-1Jun12.pdf.

TepMuH  «IByXBaJIGHTHAsh apoMaTH4ecKas TpyMma» O3HA4aeT apOMAaTHYECKYIO
KapOOLMKIIMUECKYIO TPYIITY, COAEPIKALIYIO OHO WK OoJiee apOMAaTUYECKUX KOJel. Y Ka3aHHas
IBYXBAJIEHTHAs apOMaTHYECKasl TPYIa BO3MOXHO SIBJIIETCSl 3aMEIEHHOH ONHOW wmiu Oolee
IPYIIaMH, OAWHAKOBBIMU WJIM Pa3MYHBIMHU, BBIOMPAEMBIMH H3. aTOMOB TaJIOTeHA, TAKUX Kak,
Hanpumep, ¢rop, xaop, Opom; ruapokcuiabHbIMEA rpynnamu; C,-Cy; ankmmpHbiMu rpynnamu; Ci-
Ci2 aJKOKCHIrpynmamu, LOHAHOTPYNIIAMH, aMHHOTPYINaMH;, HUTporpynnamu. KoHKpeTHbIMU
NpUMEPaMH JIBYXBAJEHTHBIX apOMAaTHYECKHUX TPYII SBJISIOTCS: OPTO-(pEeHMIIeH, MeTa-(QeHnIIeH,
MeTUI(PEHNUTIEH, TpUMETHI()EHUIIEH, METOKCH(EHIIIEH, THIAPOKCU(EHMIIEH,
denmnokcupenuner, Qropdpenmnen, xnoppenuner, Opomdenuner, HUTPODEHHIIEH,
auMerunamuHpenuneH, HagruieH, pennnHadTieH, peHaHTPEeHUIEH, aHTPALleHUIICH.

Tepmunr «C;-Cyo alKUIbHBIE MPYNIbD 03HAYAET AJKHJIbHBIE IPYIIIBI, COAepsKaue oT |
no 20 aToMoB yriepoja, JUHeHHble wiu pa3BeTBieHHble. KoHkperHbiMu npumepamu  Ci-Cao
AJIKUJIbHBIX TPYIIT SIBJISFOTCSI METWJI, STHJI, H-TIPOIMJI, U30-TIPOIMII, H-OyTHII, BTOpP-OyTHII, U30-
OyTun, Tper-OyTwi, NMEeHTWI, T'eKCWJI, TeNTWI, OKTWI, H-HOHWI, H-Aeuwl, 2-OyTHJIOKTHI, S-
METHJITEKCHUJI, 4-3TUIITEKCUIT, 2-3TUJITeNITHJI, 2-3THJITSKCHUJI.

Tepmur «BO3MOXKHO ranoreHupoBaHHble C1-Cyy aJKMJIBHBIE TPYIIBDy O3HAYAET
AJIKUJIbHBIE TPYMIIBL, coaepxkamue ot 1 10 20 aTOMOB yriiepoia, JTUHEHHbIE W PA3BETBICHHBIE,
HACBHIIEHHbIE WJIM HEHACBILICHHbIE, B KOTOPBIX MO MEHbLIEH Mepe OAWH W3 aTOMOB 3aMeIleH
aTOMOM TaJIOT€Ha, TAaKUM Kak, Hampumep, (Grop, Xjop, OpoM, MpenmnouTHTeabHO GTop, XJIop.
KonkpernpiMu npumepamu C-Cyp aJKWIBHBIX TPYIII, BO3MOXKHO COAEPIKAIIHNX TETEPOATOM,
ABISIFOTCS:  pTOpMETIII, AU(TOPMETHI, TPUPTOPMETHI, TPUXJIOPMETUN, 2,2,2-TpUTOPITHIL,
2,2, 2-tpuxnopatuia, 2,2,3,3-rerpadropnponmn, 2,2.3.3,3-nentadpropnpomni, mnepdropdenm,
nepTOPOKTUI, EPHTOPACLINIL.

TepMHUH «UIUKIIOANKIIIBHBIE TPYIIBDY O3HAYAET LUKJIOATKUJIBHBIE TPYIIIBI, COAEPIKAIINE
or 3 no 30 aTtoMoB yriepona. YKa3aHHbIE LIHMKJIOAJIKUJIbHBIE IPYMIIBI BO3MOKHO MOTYT OBITH
3aMelleHbl OJHOW miu Oosee rpymnrmaMy, OAMHAKOBBIMU HIIM PA3JIMYHBIMHU, BBIOMPAEMbIMU U3

aToMOB rajoreHa, ruapokcuiibHbix rpymm; C;-Ciy ankunbHbix rpymnr; C1-Ciy amKOKCHIIbHBIX
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rpyn, LUAHOTPYII, amuHOrpynn, Hutporpymn.  KOHKpeTHbIMH — mpuUMepamu

LUKJIOANIKUJIBHBIX TPYNI SIBJSIOTCS LUKJIONPONWI, 2,2-A1u(TOPLUUKIONPONNI, LUKIOOYTHIL,
LUKJONEHTW],  LHUKJIOTeKCWJ, TIeKCAMETWILMKJIOIeKCHJ,  MEeHTAMETHWILHUKJIONeHTUN,  2-
LUKJIOOKTUIISTUI, METHJILUKIJIOTEKCUTL, METOKCULIMKJIOT€KCHIL, ¢ropLuKIOreKCHII,
(heHNITLHKIIOTeKCHIT.

TepMuH «apuiibHBIE TPYIIBIy O3HAYAET APOMATHUYECKUE KAPOOLMKIMYECKUE TPYIIIbL.
VYka3zaHHbIE apOMaTHYECKHE KapOOLMKIMYECKHE TPYIIbl BO3MOXHO MOTYT OBbITh 3aMEIIEHBI
omHOW wym OoJyiee TPYNNamMH, OAMHAKOBBIMU WM PA3JIMYHBIMH, BBIOMPAEMBIMH H3 aTOMOB
rajoreHa, TakKux Kak, Hampumep, ¢Top, xjop, Opom; ruapokcuibHbix rpyni; C;-C; anKuibHbIX
rpynr;  Ci-Cpy  ankoKCUrpynm, LHAHOTPYII, aMHUHOIrpynr; HuTtporpynn. KoHKpeTHbIMU
NpUMepaMu  apWiIbHBIX  TPYIN  SBISIIOTCSA:  (QeHmn,  MeTHideHWI, TpUMETWIhEHuU,
mertokcudennn, ruapokcudenun, ¢enmnokcudennn, ¢ropdenmn, xaopdenun, Opomdenun,
HUTpOeHW, TuMeTHIaMUHOpEeHWI, Ha T, PeHmTHAPTII, TEHAHTPEH, AHTPALICH.

TepMuH «UUKI» MOAPA3yMEBAET CUCTEMY, COIEPKALLYIO KOJIBLO, BKIIIOUAKOLIee OT 3 10
6 aTOMOB yryiepoa Wi OT 4 10 6 aTOMOB yIUIEpOJa, BO3MOXKHO COAEpIKallee, MOMUMO aTOMOB
yriepoaa, APyrHe reTepoaToMbl, BeIOMpaeMble M3 a30Ta, KHCIOPOAA, CEePbl, KPEMHMs, CENIeHa,
docdopa. KoHkpeTHBIMU TpuUMepamMH LKA SBISIOTCS: MUPUANH, THATAA30I.

B cooTBercTBUM € NPEANOYTUTENBHBIM BOIUIOIIEHHEM HACTOSIIEr0 H300peTeHus,
YKa3aHHBIN CONPSDKEHHBIA TUEH MOXKHO BBIOMpaTh, Hanpumep, u3 1,3-Oyraguena, 2-merun-1,3-
Oyramuena (uzomnpeHa), 2,3-numerui-1,3-0yraguena, 1,3-nenraauena, 1,3-rekcaareHa, LUKIIO-
1,3-rekcaguena wim ux cmecei. 1,3-0Oyranuen, U30NpeH SBISIOTCS MPEINOYTHTEIbHBIMH.

B cooTBeTCTBHMM € TPEANOYTUTESHHBIM BOIUIOIIEHHUEM HACTOSILEro H300peTeHUs, B
yKa3aHHOM OMC-UMHUHOBOM KOMILTEKCe BaHaaus oouieit hopmy.isl (1):

- m paseH 0,

- Ry u R,, oguHakoBble WM pa3iuyHble, MPEANOYTUTENBHO OJUHAKOBBIE, SIBIISTFOTCS
aTOMOM BOJAOPOAA, MJHM UX BBIOMPAIOT U3 JIMHEWHBIX WK pa3BeTBICHHbIX C1-Cyy aJKMIbHBIX
TPYII, MPENNOYTHTEIBHO OHH MPEICTABISIOT COO0H METHIIbHYIO IPYIIIY;

- R3 u R4, onHaKoBBIe MM pa3auyHbIE, MPENNOYTHTEILHO OAMHAKOBBIE, BBIOMPAIOT M3
(eHUIBHBIX TPYMI, BO3MOXKHO 3aMEIIEHHBIX JMHEHHBIMH wuiH pa3BeTBieHHbIMH C;-Cyg
ANKUJIBHBIMH TPYIIIAMH, TPENNOYTHTEIbHO 3aMEIIEHHBIMH OJHOM Wi OoJjieeé METHIIbHBIX,
M30TPOIMIIbHBIX, TPETOYTHIIbHBIX TPYIIIL;

- Xj, Xy u X3, OAMHAKOBbIE WM PA3JUYHBIE, MPEANOYTUTEIBHO OJMHAKOBBIEC,
Hampumep, xJjop, Opom, Honx,

NPEACTaBISIIOT  COOOM  aTOM TajioreHa, TakoW Kak

2

MPEANOUYTUTENBHO XJIOp,



- n paseH O niu 1,

- Y mpencrasisier codoit Terparunpodypan (TT'D).

buc-umuHOBEBIN KOMIUIEKC BaHaaus oOmel ¢opmyinsl (I) B COOTBETCTBHM € HACTOSIIUM
U300peTeHrneM MOXKET HaXOAWUThCsS B J000H (usmueckoil Gopme, Takol Kak, Hampumep, B
W30JJMPOBAHHOW W  OUMINEHHOW TBepHoil (opMme, B COJbBATUPOBAHHOW MOAXOISILINM
pactBoputeneM (opme, WIM OH MOXKET ObITh HAHECEH HA MOAXONSAIINE OPTaHUYeCKUe WU
HEOpPraHWYEeCKHe TBEpIble BELIECTBA, IMPEANOYTUTENIbHO B  TPAHYJIMPOBAHHOW  WJIH
MOPOIIKOOOpa3HO (pu3nueckoit popme.

buc-umuHOBBIN KOMIUIekC BaHaaust oOmeil dopmynsl (I) momydaroT W3 JUTAHIOB,
U3BECTHBIX B TEXHUKE.

KoHkpeTHbIE TpUMEpBl JIMTAHJOB, TMPUTOAHBIX U LEJIH HACTOSIIEro H300peTeHHs,

NPEICTAaBISIIOT coO0l nurannbl cnenyromux Gopmy (L1)-(L8):

(L1); jij L2);
\(KN@ \A\N @
N &

(L3); (LA);
™ s
N x
\(L [ ) PN
N N

(L6);
o N\/Q - 1'? 0

N
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(L8).
L; | N

\N
B N

N

Vkazanuele Jsmradgel  ¢opmya (L1)-(L8) wmoryr ObITh mOdy4eHBI criocobamu,
U3BECTHBIMH B TexHHKe. Hampumep, ykazamnblie nuranasl  ¢opmyn (L1)-(L8) momyuaroT
CIIEYIOIUM 00Pa3oM:

- IOCPENICTBOM PEAaKUMH KOHIEHCALMW MEXAY TNEepPBUYHbBIMM aMHUHaMH U o,[-
IVKETOHaMHM, Kak ommcaHo, Hampumep, van der Poel H. et al. B “Synthetic Communication”
(1978), Vol. 8, pag. 305, Svoboda M. et al. B “Zeitschrift fuer Naturfoschung” (1981), Teil B,
pag. 814-822; Dieck H. et al. B “Zeitschrift fuer Naturfoschung” (1981), Teil B, pag. 823-832;
Dieck H. et al. B “Zeitschrift fuer Naturfoschung” (1975), Teil B, pag. 922-925;

- IOCPENICTBOM pEeaKLUil KOHACHCALIMU MEXAY MEePBUYHBIMU aMHUHAMH U TIIMOKCAJISIMHU,
Kak onucaHo, Harpumep, Kliegman J. M. et al. B “Tetrahedron” (1970), Vol. 26, pag. 2555-25
60; Kliegman J. M. et al. B “The Journal of Organic Chemistry” (1970), Vol. 35(9), pag. 3140-
3143; Barney V. C. et al. B “Journal of Chemical Society” (1953), pag. 3610-3612; Horner L. et
al. B “Chemische Berichte” (1957), Vol. 90, pag. 2184-2189; Carson J. F. et al. B “Journal of the
American Chemical Society” (1953), Vol. 75, pag. 4337-4338,;

- IOCPENICTBOM  PEAaKIMi KOHACHCALMM MEXAy TEePBUYHBIMH aMUHAMH H  O-
KeTOAbJETUAaMH, Kak onucaHo, Harmpumep, van der Poel H. et al. B “Synthetic Communication”
(1978), Vol. 8, pag. 305; Svoboda M. et al. B “Zeitschrift fuer Naturfoschung” (1981), Teil B,
pag. 814-822; Dieck H. et al. B “Zeitschrift fuer Naturfoschung” (1981), Teil B, pag. 823-832;

- TIOCPENICTBOM PEAKIMI KOHAEHCALUN MEXKAY NMEPBUYHBIMH aMHHAMHU U [-TUKETOHAMH
WM B-auanpaerugamu, Kak omucaHo, Hampumep, Dove A. P. et al. B “Dalton Transactions”
(2004), Issue 4, pag. 570-578; Bourget-Merle L. et al. B “Chemical Reviews” (2002), Vol. 102,
pag. 3031-3065; Budzelaar P. H. et al. B “Furopean Journal of Inorganic Chemistry” (2000),
Issue 4, pag. 753-769.

buc-umnHOBBI KOMIIEKC BaHanus oOmiel (opmynel (I) moxker ObITh monydeH B

COOTBETCTBUM CO CIOCO0aMM, U3BECTHBIMU B TeXHUKe. Hanpumep, yka3aHHBIN OUC-MMHHOBBIN
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KOMIIJICKC BaHaausA MOXCT OBITh noJIydeH ImOoCpPEACTBOM PEAKIHUU MECKAY COCAUHCHUSIMU

BaHanaus obmeit popmynbr V(X);, roe X sBAseTcs aTOMOM Tajlor€Ha, TaKMM Kak, Harpumep,
XJop, OpoM, HOJ, MPEANOUYTHUTENBHO XJIOP, KaK TAaKOBBIMH MWJIM B COCTaB€ KOMILIEKCA C
IPOCTBIMH dpUpamu [HarpuMmep, TUITIIOBBIH 3¢up, Terparuapodypas (TI' D), numeTokcusTaH,
npennouyrutenbHo Terparuapodypan (TT'®)], ¢ muranmamu dopmyn (L1)-(L8), ykazaHHBIX
BbILIIE, MU MOJsIpHOM oTHomneHun jurann (L)/Banamgmii (V), cocraBmstomem ot 1 mo 1,5,
NPEANOYTUTENIbHO, B IPUCYTCTBHH MO MEHBLICH Mepe OIHOTO PAaCTBOPUTEINS, KOTOPBI MOXKHO
BBIOMpATh, HANIPUMED, U3 XJOPHUPOBAHHBIX PACTBOPUTENEH (HANpUMep, XJIOPHCTOrO METHIICHA),
a¢upHbIX pacTBOpuTeneil [Hanpumep, Terparuapodypana (TT'®D)], cnupToBBIX pacTBOpHTENEH
(Harpumep, OyTaHONa), YIIIEBOAOPOIHBIX PACTBOPUTENEH (HApUMep, TOJMyOJa) HITH UX CMECEH,
IpY KOMHATHOH TeMmreparype wid Bbime. Takum o00pa3oM TMOJyYeHHBIH OWC-MMHHOBBIN
KOMIUIEKC BaHAAMs 3aT€M MOXKHO M3BJIEYb CIOCOOaMH, W3BECTHBIMH B TEXHHUKE, TAKUMH Kak,
HarpuMep, OCAXKIAEHHEM C IOMOIIBI0 OCaauTeNsl (HampuMmep, INEHTaHa) C IOCIEAYIOIIUM
OTAENICHHEM IIOCPEICTBOM (HIIBTPALlMN WM AEKAaHTALUH M, BO3MOXHO, C MOCIEIYOLIEH
COMOOMIN3aLNeil B COOTBETCTBYIOIEM PAaCTBOPUTENIE, COMPOBOXKAAEMON KPUCTAIUTH3aLUeH Ipy
MOHMKEHHOU TeMIepaType.

JInst  memu  HACTOALIErO OMMCaHMA M mochenyromed  Gopmynbl  u300peTeHus,
¢dbopmMynHMpoOBKa KKOMHATHasl TEMIIepaTypay o3Haudaet Temneparypy ot 20°C no 25°C.

KoHKpeTHbIMM mpuMepaMu alkWioB amoMuHus obmeit ¢opmynsr (1), ocobenno

NPUTOHBIX IJISI LM HACTOSIIErO M300pEeTeHUs, SBISIOTCS TPUMETHIIATIOMHUHUS, TpH-(2,3,3-

TPUMETHIIOY T )aJTFO MUHHIH, Tpu~(2,3-AMMETHIITEKCHT )aJFO MIHHH, Tpu-(2,3-
AVUMETHIIOY THIT)aTFOMUHHH, Tpu~(2,3-AMMETUINIEHTU ) aTFOMUHUH, Tpu-(2,3-
OUMETHIITeTITI )aJIFOMUHUH, TpH-(2-MEeTUII-3 -3 TUIINEHTUI ) ATFOMHHUH, Tpu-(2-MeTni-3-
STHIITEKCHIT ) ATFOMUHUH, TpH-(2-MeTUII-3 -3 THIITeTITHIT )aJTFO MUHUH, Tpu-(2-MeTHi-3-

NPOTNMJIT€KCHIT)ATFOMUHUH, TPUSTIIATIOMUHUH, TPU-(2-3THII-3-MeTHIOYTHIT)ATFOMUHUH, TpH-(2-
STHJI-3-METHIIIIEHTHI ) ATFOMUHHH, Tpu-(2,3-AMATHIINEHTI ) ATFOMUHAH, TpHU-H-
NPONUJIATFOMUHHH, TPUHU3ONPONUIATIOMIUHNAN, TPHU-(2-TIPONHII-3-METHIOYTHII)aIFOMUHUH, TPHU-
(2-m3omponuI-3-MeTWIOY THI )ATFOMUHNH,  TPU-H-OYTHIIATIOMUHUN,  TPUH300YTHIIATIOMUHUN
(TUBA), TpuTperOyTHIAMIOMUHUH, TpH-(2-M300yTHII-3-METUIITNIEHTII)AIFOMUHIH, Tpu-(2,3,3-
TPUMETHIITIEHTHII )aJTFOMUHHUH, Tpu-(2,3,3-TPUMETHITEKCHII )aJIFOMIHNT, Tpu-(2-3T1031-3,3-
IVMMETHIIOY THI)AIFOMUHIH, TpH-(2-3THI-3,3-AUMETHIINEHTH )-aTFOMUHUH, TPHU-(2-U30MpOIniI-
3,3-AMMeTHIOY THI)AIFOMUHUY,  TPU-(2-TPUMETHIICHIINIIIIPONIMT)AIFOMUHUY, — TPH-2-MEeTHII-3-
beHnnOy T )aTFOMUHUH, TpHU-(2-3TU-3-HeHnI0y THIT)aTFOMUHUIH, Tpu-(2,3-numernn-3-

beHnnOy T )aTFOMUHUH, TpU-(2-PpeHUIIPONNIT )aTFOMUHUH, Tpu-[2-(4-
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bTopdeHnT)MeTII |aTFOMUHIH, Tpu-[2-(4- xnopheHmIT)MEeTUII|aTFOMUHNIH, Tpu-[2-(3-

nzonponuipennn|-rpu-(2-peHunoy T )-amfOMUHNH, TpU-(3-MeTHII-2-PeHIITOYTHIT)aTFOMUHHH,
Tpu-(2-peHunmnenTmn)amoMutull,  Tpu-[2-(nenrapTopdeHun)nponun|amroMuHni,  Tpu-(2,2-
AU EHUI T |AIFOMUHAH,  TpU-(2-heHUIMETWINPONIII|AIIOMUHUN, — TPUNEHTUIATIOMUHNH,
TPUreKCHJIATIOMUHUN, TPULUKJIOTEKCUNATIOMUHUY, TPUOKTHIATIOMUHUN, IU3TUIATIOMUHUSA
TUAPUA, AHU-H-TIPOTIMJI-AIFOMUHUSI TUAPHUI, IU-H-OYTHI-AIFOMUHHSI THAPHI, IJHH300YTHII-
amomunus runpun (JJUBAID), AUreKCUnaarOMUHUS TUAPUA, ITUU3OTEKCHIATIOMHHUS THUAPHI,
IVOKTWJIAIOMUHUS THAPHUA, IUU30OKTIJIATIOMHHUS THIAPWUZ, STHIATIOMUHUS JUTHIPHI, H-
NPONHI-AJFOMUHUS  TUTHAPUL, HW300yTUIAFOMUHHS AWTHAPHUI, IUSTHIATIOMHHUS XJIOPHA
(I2AX), wmonosTwnamomuHus — guxjopun  (QAX), AUMETHUNANIOMHHUS — XJIOPH,
IMU300YTHIIATFOMUHUS XJIOPUA, U300y THIIATIOMUHUS TUXJIOPHI, STHIIATIOMUHUS CECKBUXJIOPHI
(QACX), Takue COOTBETCTBYIOLIHE COEAWHEHHs, B KOTOPBIX OAMH W3 YIJIEBOIOPOIHBIX
3aMeCTHTEJIe 3aMelleH aTOMOM BOAOPOAA, W Takue, B KOTOPBIX OAWH WM JBa U3
YIII€BOAOPOAHBIX 3aMECTHTENEH 3aMeIeHbl N300y THIBHON Ipynnon. M3 THIIATFOMUHUS XJIOPHL
(A2AX), monostHnamomunust auxyaopun (QA/LX), stunamomunus ceckBuxiopun (QACX)
SBJISTFOTCSI TPEAIIOYTUTEIbHBIMH.

IIpennoyTuTeNnbHO, MPH UCTIOAB30BAHUU AJIsl (POPMHUPOBAHUS KATAIUTHUECKON CHCTEMBI
(co)monumepu3alui B COOTBETCTBUM C HACTOSIIIMM H300pETEHUEM, aJKWJIbI aJIOMUHUS O0IIei
dopmyabr (II) MOXKHO MPUBOIUTH B KOHTAKT ¢ OMC-MMUHOBBIM KOMIUIEKCOM BaHaausi oOen
¢dopmyusl (I) B TAKMX COOTHOWIEHHUSIX, YTO MOJIIPHOE COOTHOLIEHUE BAaHAVSL, TPUCYTCTBYIOLIErO
B OMC-UMHHOBOM KOMIUTEKCe BaHaaus obweit popmyibl (1), 1 amOMUHUS, TPUCYTCTBYIOLIETO B
ankuiax amoMuHust obmen ¢popmyisl (I1), Moxer coctaBsiTe oT 5 1o 5000, mpeanoYTUTENBHO
or 10 mo 1000. ITocnenoBaTeNnbHOCTb, B KOTOPOH OMC-MMHUHOBBIM KOMIUIEKC BaHagusl OOImein
dopmysl (I) u ankun amomuaus obmel popmyast (1) mpUBOAAT B KOHTAKT APYT C IPYroM, He
MMeeT 0COOO0r0o 3HAUEHHUS.

bornee nmonpobHY0 MHGOPMAIMIO OTHOCHUTENIBHO AJKWIIOB aFOMHHHS 00weil GpopmyIisl
(II) MOKHO HaWTH B MEKAYHAPOIHON naTeHTHOH 3asBke WO 2011/061151.

B cooTBercTBUM ¢ KOHKPETHBIM MPENMOYTHTENBHBIM BOIUIOLICHUEM, YKa3aHHbBIE
OpraHUYECKHE KHUCIoponcoaepx ame coenuHeHus (by) BRIOMPArOT M3 aTFOMOKCAHOB OOIIeit
dopmyst (111):

(R9)2-Al-O-[-Al(R19)-O-],-Al-(R 1), (III),

rne Ry, Rip 1 Ry1, onuHaKkoBbIe WK pa3iMyHbIe, MPEICTABISIIOT COOOM aTOM BOIOPONA,

aTOM TaJIoreHa, TaKoW Kak, HallpuMmep, XJiop, Opom, Hox, pTop, WM UX BBIOUPAIOT U3 JIMHEHHBIX

unu pasBerBieHHbIX C1-Cyo aJKMIBHBIX TPYMI, LUKIOAJKUIBHBIX TPYII, APWJIbHBIX TPy,
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npuicMm YKa3aHHbIC IPYIIIbI BO3MOXKHO ABJAKOTCA 3aMCINCHHBIMH OJHHM HIJIA Oonee

aTOMaMM KPEMHUs WJIM TePMaHUs, U P MpeacTaBisieT co0oii renoe uncio ot 0 go 1000.

Kax n3BecTHO, aJrOMOKCaHbI MPENCTABIAIOT COO0M COeANHEHNs, cofepKalue cBsi3u Al-
O-Al, ¢ nepemennbiM otHomeHneM O/Al, momyuyaemble B COOTBETCTBUU C H3BECTHBIMHU B
TEXHHKe Croco0amM, HarpuMep, MOCPEACTBOM IPOBENSHMS NPU KOHTPOJIUPYEMBIX YCIOBHSX
peaKkuuy ajKuwia aJFOMUHHMS WM TaJOT€HUIA aJKWia aJOMUHHS C BOAOH WIM C OPYTUMHU
COEAMHEHUSIMH, CONEPIKAIUMU 33JaHHOE KOJUYECTBO JAOCTYITHOW BOJBI, HAMPHMEpP, B Cliy4ae
peaKkLUy TPUMETHIIATFOMUHHS, C TEKCATHIPATOM XJIOPUIA ATFOMHUHUS, IEHTaruApaToM cysibghara
MENH WUJIH MEHTArHIpaToM CyJjibdaTa kejesa.

VKa3aHHBIE ATIOMOKCaHbl M, B 4YaCTHOCTH, MertuiamoMokcaH (MAQ) mpenctaBisioT
cOOOH COemUHEHHs, IOJy4yaeMble IOCPEACTBOM H3BECTHBIX CIOCOOOB METAJUIOPTaHUYECKON
XUMHH, HampuMep, TOCPEACTBOM A00aBIEHHS TPUMETUIANIOMUHHUSA B CYCIIEH3HMIO THApATa
cynb(darta aTFOMUHHS B TEKCAHE.

IIpennoyTuTeNnbHO, MPH UCIIOIB30BAHUU Uil (POPMUPOBAHMS KATAIMTUYECKOH CHCTEMBI
(co)monumepu3aul B COOTBETCTBUUM C HACTOSIIIUM H300pETEHHEM, aJlFOMOKCAHbI OO0mein
dopmyinbr (III) mpuBOASAT B KOHTAKT C OMC-MMHHOBBIM KOMITIEKCOM BaHAIMs OOIIel (hOpMyJIbI
(I)) mpu TakMX COOTHOIIEHHUSX, YTO MOJIPHOE COOTHOWeHne amomuHus (Al),
NPUCYTCTBYIOIIETO B antoMoKcane obueit ¢popmynsl (I1I), n BaHamus, npucyTCTBYIOLIEro B OHC-
UMUHOBOM KOMIUIekce BaHanusi obOmeil ¢opmyast (I), cocraBmser or 10 mo 10000,
npexnnouytutesbHo oT 100 o S000. ITocnenoBaTeabHOCTh, B KOTOPOIT OMC-UMHUHOBBINH KOMILIEKC
BaHanus obuieit popmysl (I) u amomokcan obmeri Gopmysnsl (III) mPpUBOAST B KOHTAKT IPYT C
APYroM, HE UMeeT 0COOOTO 3HAYCHHUSI.

B onpenenenue coenunenus: (b,) B COOTBETCTBUU C HACTOSIIIMM H300pPETEHHEM, TaKKe
KaK yKa3aHHbIE BBIIIEC MPENNOYTHTEIbHbIE aTIOMOKCaHbl oOmen (opmyner (III), BKIFOUYEHBI
rajuiokcanbl obmed Qopmyner (III), rme rammmii TPUCYTCTBYET HA MeECTe ATIOMUHUS, H
cTaHHOKcaHbl oOmei Qopmynsr (III), roe oNOBO NPUCYTCTBYET HAa MeCTe AJTFOMUHUS,
NPUMEHEHNE KOTOPBIX B Ka4eCTBE COKATAIM3aTOpa MOJIMMEPU3ALUU OJe(UHOB B MPHUCYTCTBUH
KOMILUIEKCOB ~METaJUIOLIEHA H3BECTHO. bosee moapoOHY HWHPOPMALMIO, KaCaArOIIYHCs
YKa3aHHBIX FAJUIOKCAHOB U CTAHHOKCAHOB, MOKHO HAaWTH, HAIPUMEP, B AMEPUKAHCKUX ITaTEHTaX
US 5128295 u US 5258475.

KoHkpeTHpIMU TpuMepamMu amoMoKcaHoB o0mei ¢popmyasl (I1), ocodeHHO mpUrogHbIX
IUISL [IeJTH HACTOALIEero n300pereHus, ABIsoTes MeTunamoMokcad (MAQ), sTunamoMoKcaH, H-
Oyrunamomokcas, Terpansodyrunamomokcad (THMBAO), TperOyrtunamomokcan, Terpa-(2,4,4-

tpumetminentun)amomokcad (TUOAO), rterpa-(2,3-numernndyrun)amomokcad (TIAMBAO),
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TeTpa-(2,3,3-TpUMeTHIIOY THIT)aTFOMOKCaH (TTMBAO). Merunamomokcan (MAOQO), kax

TakoBoW wmiun B cyxoi ¢opme (MAO-cyxoit), wumum Momuduuuposanueii (MAO-
MOAN(PHULIHMPOBAHHBIN) ABISAETCA OCOOEHHO MPEANIOYTUTENBHBIM.

bosnee nmoapoOHyr uHpOpPMAIIHIO, KACAIOIIYIOCS altoMOKcaHOB obmelt dopmynsr (I1),
MO)KHO HaWTH B MEXXAYHAPOAHOH nmareHTHOM 3asBke WO 2011/061151.

B CcOOTBETCTBUM € TPEANOYTUTENHbHBIM BOIUIOIEHHEM HACTOSIEr0 H300peTeHusl,
yKa3aHHbIE COCMHEHUS WU cMecH coennHeHuil (bs) BBIOMPAIOT M3 OPraHUYECKUX COSTUHEHUH
AIOMUHUST U 0OCOOEHHO 0OOpa, TaKUX Kak, HalpuUMep, MPENCTaBJICHHbIE CIEAYIOIUMH OOIUMHU
dopmynamu:  [Ro)wHawl*[BRp)];  B(Rp)s;  Al(Rp)s;  BRp)sP;  [PhsCI™*[B(Rp)a]’;
[(Rc)sPH]*[B(Rp)s]"; [Li]*[B(Rp)a]’; [Li] *[Al(Rp)s], Tie W siBIsieTCS LeIbIM YnciIoM oT O 10
3, kaxpas rpynna Re He3aBHCHMO TPEACTaBIIIET COOOM aNKWUIIBHYIO TPYIIY WM apUIbHYIO
rpymmny, coaepxkamyro ot 1 go 10 aromoB yriepoma, u kaxkaas rpynna Rp He3aBUCUMO
NpEeACTaBsieT COOOM apWIIbHYIO TPYIIY YacTHYHO WIH TOJHOCTBIO, MPEANOYTHTENBHO
MOJTHOCTBIO, (PTOPUPOBAHHYIO, comeprkainyro oT 6 mo 20 atomoB yriepona, P mpencrasisier
co0O0i MUPPONIBHBIN PaaHKaI, BO3MOKHO 3aMEIICHHBIH.

IIpenmoyTuTenbHO, MPU HCIONB30BAHUHM IJIs1 (POPMHUPOBAHHUS CHCTEMBI KaTaJIH3aTopa
(co)monumepu3aul B COOTBETCTBUH C HACTOSIIIUM H300pETEHHEM, COENUHEHHs WM CMECU
coenuHeHn (bs) MOXXHO MPUBOAUTH B KOHTAKT ¢ OMC-UMHUHOBBIM KOMIUIEKCOM BaHAAUs OOLIeiH
dopmynbr  (I) B TakoM COOTHOIIEHWH, 4YTO MOJIIPHOE COOTHOIIeHue Metaia (M)
NPUCYTCTBYIOIIETO B COSAMHEHHSAX UM CMecsiX coenuHenuit (bs), 1 BaHaIusl, NPUCYTCTBYIOLIETO
B OHC-UMHUHOBOM KoMmrIuiekce BaHanusi obwmeii ¢opmynsl (I), cocraBmser or 0,1 nmo 15,
npennoututesibHo ot 0,5 no 10, Gonee npennoututenbHo ot 1 go 6. IlociaenoBaTeNbHOCTh, B
KOTOpOii OWC-UMUHOBBIA KOMIUIeKC BaHamusi oOmeid ¢opmynsl (I) u coenuHeHue/cMech
coenuHeHui (bs) MPUBOAST B KOHTAKT APYT C APYTrOM, HE UMeeT 0COOOT0 3HAYESHHSI.

YkazaHHble COeNUHEHUs WU cMecu coennHennii (bs), oco0eHHo B ciydae, korma X, X;
wim X3 B OMC-UMHHOBOM KOMIUIeKCe BaHamust oOmed Qopmynsr (I) ornuusbl OT ankuia,
HEOOXOIMMO HCIIONIb30BaTh B COYETAHHH C arOMOKcaHoM obmed ¢opmyner (III), Takum kak,
HanpuMmep, Metunamomokcan (MAQO) wiu, mpennouTUTEIbHO, C AJKHJIOM AJTIOMHUHHS OOIIei
dbopmyel (II), Gonee MPenMOUTUTENBHO TPHANKIJIATIOMUHUEM, Conepskammm ot 1 1o 8 aToMoB
yriepoga B KaKAOM aJKWJIBHOM OCTAaTKe, TAaKUM Kak, HamnpuMmep, TPUMETHUIAIIOMUHHA,
TP THNATIOMUHUT, Tpun3zobytunamomunmii (TUBA).

ITpumeps! crocoOoB, OOBIMHO HCIIONB3YEeMbIX 7SI (OPMHUPOBAHMS KaTATUTHYECKON
CHCTEMBI (CO)IIONIMMEPU3ALIUM B COOTBETCTBHHM C HACTOSIIMM H300pETEHHEM B Clydae

UCTIOJIb30BAHMs COEUHEHUH HIIM cMecel coeanHeHuil (bs) KaueCTBEHHO CXEMaTHU3HUPOBAaHbBI B
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nepevyHe, MPEACTABIEHHOM Jajiee, KOTOPbIM, OJHAKO, HE OrpaHHYMBAET OOBEM 3aIUTHI

HACTOSIILETO U300pETEeHUS:

(m;) KOHTaKT OMC-UMHMHOBOTO KOMIUIEKCa BaHamus oOwmeit ¢opmyner (I), rme mo
MeHbIel Mepe oauH u3 X, Xp min X3 npeacrasisier coO0H aJKIIBbHYIO TPYIIY, 0 MEHbIIEH
Mepe C OIHUM COEIUHEHHEeM WM CMecblo coeamHeHui (bs), y KOTOPBIX KaTHOH CHOCOOeH
B3aMMOJICIICTBOBATh C YKA3aHHOW aJKWJIBHOW TIpynmoil ¢ 0oOpa3oBaHUEM HEUTPATbHOTO
COCMHEHUs] W WOH SBJSIETCSI OOBEMHBIM, HE KOOPAMHHUPOBAHHBIM U  CHOCOOHBIM
JEJIOKATN30BbIBATh OTPULIATEIIBHBIHN 3apsiy;

(m,) peakuusi OMC-UMHHOBOTO KOMILIeKca BaHaaust obmeit ¢Gopmyinel (I) mo mMeHbliei
Mepe C ONHUM alKWiIoM amoMuHus obmeit  ¢opmynsr (1), mnpenmouTuTensHO
TPHAJKWIATIOMUHUEM, HCIIONB3yeMbIM B MoJIsipHOM u30bITKe oT 10/1 mo 300/1, 3a koropoi

cienyer  peakuus € CHJIBHOM  Kucjiaorom  Jlpromca, Takol — Kak HaImpumep,

,
tpuc(nenraprophenun)oop [coequnenue (bs)], HOYTH B CTEXHOMETPUIECKOM KOJTHMUECTBE WJIH B
HeOOoNbIIOM H30bITKE OTHOCHTENBHO BaHaaws (V);

(m3) KOHTAKT W peakuuss OUC-UMHHOBOTO KOMIUlekca BaHanmus obmeid dopmynsl (I) ¢
B3ATBIM B MOJIsIpHOM u30biTke oT 10/1 mo 1000/1, mpemmouturensHo ot 100/1 mo 500/1, mo
MEHbLIEH Mepe TPUAIKIJIATIOMUHUEM WU TAJOT€HUIOM AaJKWUJIATFOMHUHUSA, KOTOPBIA MOXKET
ObiTe mpexnctaBieH (opmynon AIR’nZs;.m, rme R’ mpencrasmser coboit Ci-Cg amkuiibHYyIO
IPyINy, JIMHEHHYI0 WJIM Pa3BETBIEHHYIO, WJIH MX CMeCb, Z SBISETCS TaJOreHOM,
NPEANOYTUTENIBHO XJIOPOM HJIH OpPOMOM, M M TPEACTaBIsAeT COOOH AeCATUUHOE YUCOo OT 1 10 3,
C TIOCJIEAYIOMINM JOOABIEHHEM B TAKMM 00pPa30M MOTYYEHHYI KOMIIO3HILIMIO 10 MEHbLICH Mepe
OJTHOTO COETUHEHUSI UM CMeCU coequHeHn (b3) B TAKOM KOJIMYECTBE, YTO OTHOLICHUE MEXKIY
YKa3aHHbIM COEIMHEHUEM WM CMechlo coenviHeHud (b3) WM aJrOMUHUEM YKa3aHHOTO
coequHeHus win cMmecu coenuHeHuii (bs) u BaHagneM OMC-MUMUHOBOTO KOMITJIEKCA BaHAIHSI
obmeit popmysl (1) cocrasmsier ot 1,5 no 15, mpeanouturensho ot 1 10 6.

OmnwucaHbl MPUMEPBl COCUHEHUH WM CMeCH coennHeHHH (bs), CIIOCOOHBIX MPUBECTH K
NOJIYYEHUI0 HOHHOW KAaTaJIUTUYECKOM CHUCTEMBI IOCPEACTBOM pPEaKIHH ¢ OWUC-MMUHOBBIM
KOMIUTEKCOM BaHaawust oommeit popmyiel (I) B COOTBETCTBHU ¢ HACTOSIIIINM H300pETEHUEM, XOTSI
CO CCBUTKOM Ha (POPMHPOBAHME HMOHHBIX METAJJIOLEHOBBIX KOMIUIEKCOB, B CIEAVIOIIHX
nyOJIMKALHSIX, COAEPIKaHUE KOTOPBIX MPEICTABIEHO B TAHHOM JIOKYMEHTE B BUIE CCHUIKH:

- W. Beck et al., “Chemical Reviews” (1988), Vol. 88, pag. 1405-1421;

- S. H. Stares, “Chemical Reviews” (1993), Vol. 93, pag. 927-942;

- eBponerickue nareHTHble 3asBku EP 277 003, EP 495 375, EP 520 732, EP 427 697, EP
421 659, EP 418 044,
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- onyONMKOBaHHbIE MEXIyHApOAHbIE maTeHTHble 3asBku WO 92/00333, WO

92/05208.

KoHkpeTHBIMU TpuMepamMH COeAMHEHHUI mnu cMmeceil coenuHeHuil (bs), B YaCTHOCTH,
UCTIONIb3Y€MbIX s LeJH HACTOSIILETO n300peTeHus SBJIIFOTCSI:
tetpakuc(nentadpropdenmn)oopar TpuOyTUIAMMOHUS, TeTpakuc(rneHTadTopPEeHI)aTFOMUHAT
TpuOyTHUIaMMonusi, Terpakuc|(3,5-nu(tpudropdenun)]oopar TpubyTHIaMMOHUs, TeTpakuc-(4-
dropdennn)]|6opar TpUOYTUITAMMOHUS, teTpakuc(nenrapropdenma)oopar N,N-
IMMETWIOeH3WIaMMOHUs,  TeTpakuc(nentadgropdenmn)oopar N, N-IHMETHI-TeKCUITAMMOHHS,
terpakuc(nenrapropdhenun)-oopar N,N-numeTnnaHuInHUSA,
terpakuc(menrapTopdHeHm )aTFOMUHAT N,N-numeTnnaHuInHUSA,
teTpakuc(nentaproppenmn)oopar  aUOpoNHIAMMOHMS,  TeTpakuc(neHtadpTopderua)oopar
JOULMKJIOTeKCUIaMMOHUS, teTpakuc(nenradpropdennn)oopar TpudeHnIKapoeHus,
terpakuc(nentaproppenmn)amomunar  TpudeHmwnkapdbenus,  Tpuc(nenradropdenua)oop,
Tpuc(neHrapTopPeHNT)aTIOMHHUNA WM HUX  cMecH. Terpakuc(neHradropdenin)dopaTel
SIBJISTFOTCSI TPEANOYTHTEIbHBIMH.

JUts enu HacTOSINEro ONMUCAHWA M IMocienyromeil (GopMyibl U300pETeHUs, TEPMHHBI
«MOJIb» U «MOJSIPHOE OTHOLIEHHE» HCIOJb3YIOT TNPUMEHUTENbHO KaK K COEIUHEHHsM,
COCTOSILIIMM M3 MOJIEKYJI, TAK U K aTOMaM U MOHaM, OMYyCKas JJIsl OCIEHUX TEPMUHBI «TPaMM-
aTOM» WJIH «aTOMHOE OTHOLICHHUEY, NaKe eCJIN C HAyYHON TOYKU 3pEHHsI 3TO 0oJiee MPaBHIIBHO.

Moxuo poOaBnATh Jpyrue 1OOOABKM MM KOMIIOHEHTBI K YKa3aHHOW  BBIIIE
KaTaJUTUYECKOH CHUCTEME C TeM, YTOOBI MPHUCIOCOOUTH €€ I YAOBJIETBOPEHUS] Ha NPAKTHKE
onpeneneHHbIX TpeboBanui. CrenoBaTeNbHO, TOJYYEHHbIE TaKUM O0pa3oM KaTaJIUTHYECKUE
CHCTEMBbl TaKXe BKJIIOUEHBbl B O0JIACTh 3alIUThI Hacrosimero usodperenus. [loGaBku w/wim
KOMITOHEHTBI, KOTOPBIE MOTYT ObITh TOOABJIEHBI IPU MIPUTOTOBJICHUH H/HJIH COCTABJICHHH CMECH
YKa3aHHOW BBIIIE KATAJIHTUYECKOH CHUCTEMbI, NPEACTABISIIOT COOOH HampuMep, HHEPTHBIC
pPAacTBOPUTENH, TaKWEe KaK, HApUMep, anu(arnyeckue W/WId apOMaTHYEeCKHE YTJIEBOIOPOJIBL,
anudaTHuecKue /UM apOMAaTHYECKUE MPOCThIe 3(PUPHL, €Iad0 KOOPAMHHPYIOLIHE NOOaBKU
(Harmpumep, ocHoBaHuUs JIblonca), BEIOMpaeMble, HATPUMED, U3 HETIOJIMMEPU3YEMbIX OJIE(HHOB,
npoCThie 3PUPBI, KOTOPbIE SIBISIOTCS CTEPUYECKH 3aTPYAHEHHBIMU WJIM UMEIOT MOHWKEHHYIO
3JNIEKTPOHHYIO IUIOTHOCTH, TAJOTEHHPYIOIINE AareHThbl, TaKhe Kak, HAlpHMep, TaJOreHUAbI
KPEMHUS, TaJIOT€HHPOBAHHBIE YTJIEBOAOPOABL, MPEANOYTUTENBHO XJOPHPOBAHHBIE, HIH X
CMeECH.

VYka3zaHHas KaTaIUTUYECKasi CHCTEMa MOXET OBbITh NOJIy4eHa, KaK YK€ YKa3aHO BBILIE, B

COOTBECTCTBUU CO CHOCO6aMI/I, HU3BCCTHBIMU B TEXHUKE.
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Haan/IMep, YKa3aHHas KaTAJIUTUYECKass CUCTEMa MOXKET OBITh MMPUroTOBJICHA OTACJIBHO

(mpexBapuTenbHO CPOPMUPOBAHA) U BIOCIEACTBUM BBeNeHA B cpeny (co)monumepusanuu. [Tpu
STOM VyKa3aHHas KaTaJlUTHYecKas CHCTEMa MOXKET ObITb IPUIOTOBJIEHA MOCPEACTBOM
NPOBEACHUS PEaKIMU TI0 MEHbIIell Mepe OJHOro OMC-MMHHOBOIO KOMIUIEKCAa BaHAIus OOLIen
¢dopmyinbl (I) mo MeHblLIel Mepe ¢ OOHUM Cokatanu3aropoM (b), BOZMOKHO B MPUCYTCTBHH
Apyrux n00aBOK WJIM KOMIIOHEHTOB, BbIOMPAaEMbIX M3 YKAa3aHHBIX BbIIIE, B MPHCYTCTBUU
pacTBOpUTENS TaKOro Kak, HampuMep, TOJYoJ, rental, npu temneparype ot 20°C no 60°C, B
TeueHue nepuoaa spemeHu ot 10 cexyHn no 10 gacos, mpeanoututenbHO OT 30 cekyHA A0 5
YJacoB.

ANBTEpPHATUBHO yKa3aHHAsI KaTAJUTUYECKAs CUCTEMa MOXKET ObITh IPUTOTOBJICHA in Situ,
a WMEHHO, HEMOCPEACTBEHHO B cpene (co)noimmepm3aumu. IIpm 3TOM  ykasaHHas
KaTaJIUTHYECKasi CUCTEMa MOXET ObITh MPHUTOTOBJIEHA MYTEM BBEIEHHUS IO OTAEIBHOCTH Omc-
UMHUHOBOTO KOMIUIekca BaHamus oOmieir ¢dopmynbsl (I), cokarammsaropa (b) u BbIOpaHHOTO
COTPSDKEHHOTO JMEeHa (JUEHOB), TOAIEKAIIEro (CO)IMONMMEPU3ALIUH, B YCIOBHAX, IPU KOTOPBIX
OCYIIECTBJISIIOT (CO)IMOTMMEPHU3ALIHIO.

bonee monmpoOHy0 WHGOPMALMIO O TPHUTOTOBJICHHH YKAa3aHHOW KaTAJIUTUYECKOU
CHCTEMBbI MOYKHO HaWTH B IPUMepax, MPUBEIEHHBIX HUXKE.

JUis Lenu HacToALIero H300peTeHHsl YKa3aHHbIe KaTaJTUTHYECKHE CUCTEMbI TaK)XKe€ MOTYT
ObITh HaHECEHbl Ha WHEPTHBIE TBEPJIblE BEILECTBA, MPENNOYTHTEIBHO COCTOSIIUE U3 OKCHJIOB
KPEMHHsl W/WIM aFOMHMHUSL, TAaKUX Kak, HalpuMep, OHOKCHJ KPEMHHUS, OKCHJ ATFOMHMHUS WIN
ANIOMUHATBI KpeMHUsl. JlJIs1 HaHeCeHHMs YKa3aHHbIX KATAIUTHYECKUX CHCTEM HCIIONb3YIOT
U3BECTHBIE CIOCOOBI HAHECEHWs, BKJIIOYaromue, B o0meMm, obecreueHHe KOHTAKTa B
NOAXONAIIEeH WHEPTHOW JKHIOKOH cpene MeXIy HOCHTENeM, BO3MOXHO aKTHBHUPOBAHHBIM
MOCPENCTBOM Harpesa npu Temmepatype Bbime 200°C, U omHUM WM OOOMMH KOMIIOHEHTaMH,
T.e. OMC-UMUHOBBIM KOMILJIEKCOM BaHaaus oOmiei ¢opmynbl (I) u cokarammzaropom (b),
KaTAJIUTHYECKON CUCTEMBI 110 HACTOSIIEMY M300peTeHnto. sl 1eneil HacTosImero n300peTeHust
He TpeOyercsi HaHeCeHUs1 OOOMX KOMITOHEHTOB, TaKXKe TOJBKO OMC-UMHHOBBIH KOMILIEKC (a)
BaHaus odmei gopmyinsl (1) i cokaranuzarop (b) MOXKET MPUCYTCTBOBATH HA MOBEPXHOCTH
HocuTelnsi. B 3TOM mocnenHeMm ciydae KOMITOHEHT, OTCYTCTBYIOLIHMH Ha MOBEPXHOCTH, 3aTEM
NPUBOIAT B KOHTAKT C HAHECEHHBIM KOMIIOHEHTOM, KOrja TpeOyeTcsl MONyYuTh KaTalu3arop,
AKTUBHBIN B OTHOIIEHUH MTOJIUMEPHU3ALIIHL.

Kpome Toro, B 0ObeM 3aIIuThl HACTOALIETO M300PETEHHs] BKIKOYEHBI OMC-UMHHOBBINA
KOMIUIEKC BaHanusi obmeit Gpopmynsl (I) 1 karanuTHyeckne CUCTEMBI HA €r0 OCHOBE, KOTOpbIE

HAHECCHBI Ha TBEPAOEC BCIICCTBO IMOCPEACTBOM q)YHKHHOHaJII/ISaLII/II/I MNOCJICAHETO U 06pa3013aH1/m
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KOBaJIEHTHOM CBA3U MEXKAY TBEPABIM BCHICCTBOM U OMC-UMUHOBBIM KOMIIJIEKCOM

BaHaaws obwmeit popmyier (I).

KomuuectBo  Ouc-MMHHOBOrO  KOMIUIekca BaHaaus oOmeit  ¢opmynsr  (I) wu
cokaraimmuzaropa (b), KOTOpoe MOKHO HCIIOJIB30BATh B CIOCO0E MO HACTOSIIIEMY M300pETEHHIO,
3aBHCUT OT HMCIOJB3yeMoro crocoda (co)momumepusanun. ONHAKO yKa3aHHOE KOJHUYECTBO
SIBJISIETCSI TAKHM, 4TOOBI MOJYYUTh MOJSIpPHOE COOTHOIIeHue BaHaaus (V), MPUCYTCTBYIOILErO B
OUC-MMMHOBOM KOMILIEKCe BaHamusi oOmed ¢dopmynst (1), 1 MeTamioM, MPUCYTCTBYIOLINM B
cokaranmusarope (b), Hanpumep, amroMuHUEM, Koraa cokatanu3atop (b) BRIOUPAIOT U3 AJNKHUIIOB
amomunust (b)) wmm u3 amomokcanoB (by); 6opom, korma cokaranusarop (b) BbIOMPAIOT H3
coenMHeHUi uinn cMecei coenuaeHuit (bs) obmeit Gpopmynsl (III), HaxopsAmIeecs B yKa3aHHOM
BBILIIE HHTEPBAJIE.

B CoOTBeTCTBHM C TPEANOYTHTENbHBIM BOILUIOLIEHHEM HACTOSIIEr0 H300peTeHMs,
yKa3aHHBIH CIMOCO0 MOKHO OCYLIECTBJISAITh B MPUCYTCTBUM HMHEPTHOTO OPraHHYECKOrO
pacTBOpUTENs, BHIOMPAEMOro, HampHMep, M3 HACBIEHHBIX alu(paTHYeCKUX YIIIEBOJOPOIOB,
TAaKUX Kak, Hampumep, OyTaH, MEHTaH, TeKCaH, renTaH WIA HX CMECH, HAaCHIIEHHBIX
LMKJIOATN(ATUIECKUX YTJIEBOAOPOIOB, TAKHX KaK, HAPUMEp, LIMKJIONEHTaH, [IMKJIOTeKCaH MIIN
UX CMeCH, MOHOOJNEe(UHOB, TaKUX Kak, Hampumep, |-OyreH, 2-OyTeH WM HX CMeCH;
apOMaTUYECKUX YIJIEBOJOPOIOB, TAKHX KakK, HApUMep, OSH30J1, TOIYOJI, KCUIION W UX CMECH,
rajJlOreHNPOBAHHBIX YIJIEBOJOPOAOB, TAKHX KakK, HAMpUMep, METHJICHXJIOPHUI, XJOpPOohopM,
YETBIPEXXJIOPUCTBINA YITIEPOA, TPUXJIOPITHIICH, MEPXJIOPITIIIEH, |,2-AuXJIOpITaH, XJIOpOeH30I,
OpomMOeH30J, XJIOPTOJNyOJd MM HUX CMecH. [IpennodTuTenbHO YKa3aHHBIA pPacTBOPHUTENb
BBIOMPAIOT M3 HACHIIEHHBIX aTr(aTHIECKHUX YIIIEBOJOPOAOB, ApOMATHYECKHUX YIIIEBOJOPOIOB.

AJIbTEpHATUBHO, YKAa3aHHbIH CMOCOO0 MOXKHO OCYLIECTBJIATH C HCIOJb30BAaHHEM B
KaueCTBE PACTBOPHTEJISI TOTO K€ COMPSIKEHHOTO JUeHA (IHEeHOB), YTO M MpeIHA3HAYSHHBIN I
(co)nosmmepu3aliy, B COOTBETCTBUH CO CIIOCOOOM, H3BECTHBIM KaK «IIOJIMMEPH3ALIUS B MACCE.

B cooTBeTcTBHM C MPEANOYTHTENIEHBIM BOILJIOI[EHHEM HACTOSIIEr0 H300peTeHHsl,
KOHLIEHTPALMsI COMPSDKEHHOTO [MeHa, TMOAJexalero (Co)IoJuMepHu3ali, B YKa3aHHOM
MHEPTHOM OpPraHH4eCKOM pacTBOPHUTENE MOXET COCTaBsATh OT 5 macc.% po 50 macc.%,
npeanoututensHo ot 10 macc.% 1o 20 macc.%, OTHOCHTENbHO OOIIEH MacChl CMecH
CONPSIKEHHOTO JIieHa U HHEPTHOIO OPraHU4eCKOro PaCTBOPHUTEIS.

B cooTBeTcTBHM C TPEANOYTHTENBHBIM BOIJIOIIEHHEM HACTOSILIEr0 H300peTeHH s,
yKa3aHHBIN CIOCO0 OCYIEeCTBISAIOT npu Temmneparype ot -70°C no +100°C, npeanodTuTensHoO

ot -20°C mo +80°C.
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Urto kacaercss NaBJIEHUs, NPENNOYTUTENIbHO OCYIIECTBJATh IMPOLECC NPHU JaBJICHHUU
KOMIIOHEHTOB CMECH, TOJIeKAIIHX (CO) MOTUMEPU3ALIH.

BelteonucanHblil cmocod MOKHO OCYIIECTBIISATh KaK HEMPEPBIBHO, TaK U «TAPTHSIMID.

Kak oTMe4yeHO BbIllle, YKa3aHHBIH CHOCOO TMO3BOJIET MOJNYYUTh (CO)IOIUMEDPHI
COMPSI’KEHHBIX JAMEHOB, TAKMX KaK, HAIPUMED, JIMHEHHBIM WJIM PAa3BETBJIEHHBIH MOJUOyTaIUeH
WIA TOJMU30MPEH, ¢ mpeodiamarinuM coaepxkaHueM TpaHc-1,4 u uuc-1,4 3BeHBEB, T.€. C
conep:kaHueM TpaHc-1,4 u uuc-1,4 3BeHbeB > 65%, MpeanoUTUTENBHO cocTaBisIFOIUM OT 70%
10 90%.

JUist JIydinero MmOHUMaHUsSI HACTOSIIEro M300peTeHHs] U MPUMEHEHHs] €ro Ha MPaKTHKE,

Aajice MPUBECACHO HECKOJIbKO UIIKOCTPATHBHBIX U HECOTPAHUYUBAKOIIUX ITPUMEPOB.

IMPUMEPBI

PearenTel 1 MaTepuanbl, UCIONb3YEMBIE B HIDKECIENVIOIIUX NpUMepax H300peTeHHs,
BO3MOXKHAsE HUX IIpeaBapuTeNbHas o0paObOTKM H WX IPOW3BOAUTENH TIPUBEACHBI B
NPEACTaBICHHOM HIDKE TIEpEUHE:

- komruieke Tpuxyopun BaHamus . Terparupodypan (1:3) [VCI3(THF)s] (Aldrich):
CTENeHb YUCTOTHI 97%, UCTIONB3YIOT KaK TAKOBOM;

- metwnamomokcad (MAO) (10 macc.% TonyospHbIi pacTBop) (Crompton): UCHIOIB3YIOT
KaK TakoOBOH MM B cyxod ¢opme (cyxoit MAQO), moay4yeHHO!H myTeM ynaneHus CBOOOIHOTO
TPUMETHJIATIOMHHUSI COBMECTHO C PACTBOPUTENIEM K3 TOJIYOJbHOIO PACTBOPA MOJ BAKYYMOM U
CYLIKH MOJIyYEHHOT'O OCTAaTKa TaKXKe MOJ BAKYYMOM,;

- MOIU(UIIMPOBAHHBIA  MeTHJIAMOMOKCaH  (MomuduuupoBanubii  MAO) (7%
TONyOJIbHBIN pacTBOp) (Akzo Nobel): HCMONB3YIOT KaK TAKOBOIA;

- anuuH (Aldrich): UCTIONB3YIOT MOCTE OYUCTKH MOCPEACTBOM MIEPETOHKH,

- 2-tperOyTrnanmiuH (Aldrich): ncrmone3yroT kak TakOBOW;

- 2,6-nquuzonponwiadiwivH (Aldrich): HCHIOIB3YIOT KaK TaKOBOIA,

- o-tronyuauH (Aldrich): HCTIOIB3YIOT KaK TaAKOBOM;

- 2,4,6-rpumernnannind (Aldrich): HCOB3YIOT Kak TAKOBOH;

- metanon (Carlo Erba, RPE): ucnonb3yroT Kak TaKOBOW WUJIM BO3MOXKHO OO€3BOKEHHBIH
MOCPENCTBOM IEPETOHKH Ha MarHuu (Mg);

- MypaBbuHas kuciota (Aldrich): HCIONB3YIOT KaK TaKOBYIO,

- 2,3-0yrannnoH (Aldrich): nconb3yroT Kak TaKOBOW;

- riuokcaib (40% Bonubli pactBop) (Aldrich): ncrnonp3yroT kak TakKOBOM;
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- YKCyCHasl KHCJIOTa (Aldrich): wucronp3yrOT Kak TaKOBYIO,

-nentad (Fluka): cremenp uncrorel 99%, BblEpkaHHBIN NpU HarpeBe ¢ OOPAaTHBIM
xojoauinpHUKOM Ha Harpuw/kanmuu (Na/K) B TeueHne npubnmsurenbHo 84, 3areM
NOABEPTHYTHII EPErOHKE U XPAHSIIUICT Ha MOJIEKYJSIPHBIX CUTaX B aTMocdepe a3oTa;

- tonyon (Fluka): crenenp uncrorsr > 99,5%, BblmepKaHHBIN NpHU HarpeBe ¢ OOPaTHBIM
XOJIOAWJIBHUKOM Ha Hatpuu (Na) B TE€YeHHMH NPUOJU3UTENbHO 8 4, 3aTeM MOJBEPTHYTHIN
NePErOHKe M XPAHSILIUICS Ha MOJICKYJIIPHBIX CUTAaX B aTMocdepe a3oTa;

- 1,2-muxnopbenson (Aldrich): crenenp umctoThl 99%, BBIIEPIKAHHBIA MPU HArpPeBe C
00OpaTHBIM XOJIONMIBHUKOM Ha ruapuze kaibpius (CaH,) B Teuenne npubnusuTensHO 8 4, 3aTem
NOJBEPTHYTHIN MEPErOHKEe «H3 JIOBYIIKH B JIOBYIIKY» H BBIAEPKHBAEMbIil B aTMocdepe a3orta
npu temneparype 4°C;

- 1,3-0yraguen  (Air Liquide): uucrora > 99.5%, ucnapsiemblii U3 KOHTeHHepa mnepen
KQXIbIM TPOM3BOACTBEHHBIM ILIMKJIOM, BBICYLIEHHBI MOCPEICTBOM TIIPOMYCKAHUS Uepes3
KOJIOHKY, 3aIIOJTHEHHYIO MOJIEKYJIIPHBIMUA CUTaMH, U CKOHICHCHPOBAHHBIN B PEAKTOPE, KOTOPBIH
ObLT IpeABapUTENHHO OXJaxaeH 10 -20°C;

-nzonpeH  (Aldrich): umcrora > 99%, BbInepkaHHBII TpPU HarpeBe C OOpaTHBIM
XOJIOAMJIBHUKOM Ha THAPUIE KaJbIHs B T€UEHHE MPUOIU3UTENBHO 2 9, 3aT€M IOJBEPrHYThIN
NEPErOHKe «U3 JIOBYLIKHU B JIOBYLIKY» H BbIIEP)KUBAEMbIH B aTMOC(epe a30Ta Ipu TeMIIEpaType
4°C,

- ¢propucroBonoponHasi kuciora (HF) (40% Boamnslit pactBop) (Aldrich): ucmone3yror
KaK TaKOBYIO;

- cepHas kucnora (H2SO4) (96% Bonpnsblit pactBop) (Aldrich): CHONB3YIOT Kak TaKOBYIO
WK pa30aBIEHHYIO AUCTULIMPOBaHHOM Bonoit (1/5);

- asotHas kucjora (HNOj) (70% aqueous solution) (Aldrich): ucnons3yroT kak TakOBYIO;

- kap6onat Hatpus (Na;COs) (Aldrich): ucrmonb3yroT Kak TaKOBOM;

- HuTpat cepedpa (AgNOs) (Aldrich): uconb3yOT Kak TaKOBOM;

- neiirepupoBanHbii TeTpaxiopaTal (C,D;Cly) (Acros): HCIIONB3YIOT KaK TAaKOBOW;

- rexcametmiaucuiokcad (I'MJIC) (Acros): UCTIONB3YIOT KaK TaKOBOH.

Hcnons3oBanu METOAbI aHaJIn3a U OMPECACIICHUA XapaKTCPUCTUK, OITMCAHHBIC HUXKE.
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DJIEMEHTHBIN aHAJIN3
a) Onpenenenune V

Jlnst onpeneneHust MaccoBOro Kosmuectsa BaHaaust (V), B OMC-MMHUHOBBIX KOMILIEKCAX
BaHAAMs, MCIIOJIB3YEMbIX JJIS LIeJIeH HACTOSINero M300peTeHHs], TOYHO B3BELICHHYIO aJMKBOTY,
npu paboTre B CyxoM OOKCe B MOTOKE a30Ta, mpubnusutenbHo 30 mMr — S0 Mr oOpasia nomenianu
B IUIATHHOBBIA TUTENb O0BeMOM mnpuOmm3uTeapbHo 30 M BMECTe CO CMecbo 1 Mi
dropucroBogoponuoit kuciaotel (HF) mpu konuentpaumu 40%, 0,25 Mi CepHOW KHUCIOTHI
(H,S0O,) mpu xonnentpauu 96% u 1 mu azornoit kucnotel (HNO;) npu xonuentparmu 70%.
3areM THUreNb HarpeBaIM HA IUINTKE, YBEJIMYMBAs TEMIIEPATypy OO TMOsBJIEHUs Oeoro
cepHuctoro apiva (mpubnuszurensHo 200°C). TlonyueHHy0 TakuM 00pa3oM CMECh OXJIaKIAJIH
npu koMHaTHOH Temriepatype (20°C - 25°C), noGasnsmu 1 mn asotHol kucnorsl (HNOs) npu
koHUIeHTpanuu 70% U 3aTeM CHOBa JOBOAWJIM IO MOsiBJIEHHUs abiMa. Ilocie Toro, kak eme aBsa
pa3a MOBTOPsUIM 3Ty MOCIEAOBATENBHOCTb NEHCTBUM, MOJY4Yalu NPO3PAayHbI PacTBOpP, MOYTH
OecuperHbIil. 3atem nobdasmsum 1 Mt azotHOH Kucnotel (HNO3) u npubmmnsurensHo 15 M Boasl,
B XOJIOAHOM COCTOSIHWHM, TOCJ€ 4ero HarpeBasu A0 temneparypbl 80°C, mpuONU3UTENBHO B
teyeHue 30 muH. IlonxyueHHbll TakuM oOpazom oOpasen pa3OaBisUIM YHCTOM BONOHM KadecTBa
Milli-Q, noBoxst no maccel okono 50 r, TOYHO B3BELICHHOMW, C TOJyYE€HHEM pPacTBOpa, Ha
KOTOPOM  TNPOBOAMIM  HMHCTPYMEHTAJIbHO-aHAJIUTHUYECKOE  ONpENeNeHHe C  MOMOLIBIO
cnekrpomerpa ICP-OES (mmasmennoe onrudeckoe obOHapyxkenue) Thermo Optek IRIS
Advantage Duo, cpaBHMBasi ¢ pacTBOPaMH, KOTOPbIE MMEIOT M3BECTHYIO KOHLEHTpauuro. s
STOM LENU JIs1 KAKJIOTO aHAJIM3UPYEMOr0 BEIECTBA MOATOTABIMBAIHN KATHOPOBOYHYIO JINHUIO B
nuanazoHe O ppm - 10 ppm, u3Mepsis pacTBOPbI C U3BECTHBIM TUTPOM, MOJYYEHHBIM IyTEM
pa30aBieHUs IPU B3BELIMBAHUU CEPTHHULMPOBAHHBIX PACTBOPOB.

Ilepen ocymecTBieHHEM CHEKTPOGOTOMETPHUYECKOrO aHAIN3a, pPacTBOp 00pasia,
NPUTOTOBJICHHOTO KaK YKa3aHO BbIIIE, AOMOJHHUTENBHO Pa30aBisuId MPU B3BEIIUBAHHUH, YTOOBI
NOJIYYUTh KOHLIEHTPALMH, ONM3KHe K KOHIEHTPALUSM CPaBHUTENbHBIX 00pa3ioB. Bee oOpasubl
NPUTOTABJIMBAIN B JABYX 3K3eMIULIpax. Pe3yabpTaThl CUNTATN NMPUEMIIEMBbIMHU, €CJIA OTHENIbHBIC
JNaHHBbIE OYOJIUPYIOIIHMX WCIBITAHWA HE OTINYAIUCh Ooyiee 4yeM Ha 2 % OTHOCUTENBHO HX

CpeIHero 3HaueHHsI.

0) Onpenenenne conep kaHus XJIopa
ﬂJ’IH 3TOro O6pa31_[bl 6I/IC-I/IMI/IHOBI:;IX KOMIUJICKCOB BaHaAuWsi, UCIIOJb3yEMBbIC IJIs LECIU

HACTOALIET0 H300pereHusi, macco mnpudOanm3uTesbHO 30 Mr — 50 Mr, TOYHO B3BEIIMBAIU B
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CTeKJITHHOH eMkocTH oOvemoM 100 Mnm B cyxom Ookce B moroke aszora. [loGasnsmm 2 r

kapbOonara Hatpus (Na;COs) u cHapyxu cyxoro Ookca mobasisimu S0 Myt Boasl kadecta Milli-
Q. IlpoBommmm KuIsiueHWEe HA IUIMTKE IPU MArHUTHOM [EPEeMENIMBAHHM B TEUSHHE
npubnusutensHo 30 muH. [locne oxnaxnenus: 1o0aBsUM pa3daBieHHYO 1/5 CEpHYIO KUCIOTY
(H,SO4) no mosiBneHnst KMCJIOH peakluy U MPOBOAMIN TUTpOBaHKe ¢ nomoineio 0,1 H Hutpata

cepebpa (AgNQOs3) ¢ ucnosib30BaHueM prOOpa AJisk MOTEHIUOMETPUIECKOTO TUTPOBAHUSI.

B) Omnpenenenue conep:kaHus yriepoaa, BOIOPOaa U a30Ta
Omnpenenenue conep:kaHus yriepoaa, BOAOPOAA M a30Ta B OMC-MIMHHOBBIX KOMILIEKCAX
BaHA/WS, WCIOJB3yeMbIX JUIsi LEIH HACTOSIIEro W300peTeHus, a Takke B JIMTAHMAX,
UCTIONIb3YEMBIX ~ JUII  LENH  HACTOSINErOo W300pEeTeHHs, OCYINECTBISUIM C  IOMOLIBIO

aBTOMaTH3upoBaHHoro aHanusaropa Carlo Erba Mod. 1106.

Cnekrpsr "C-AAMP u 'H-IMP

CnekTpbl BC-AMP u 'H-AMP PErUCTPUPOBAIN C MOMOIUBK SIAEPHOTO MAarHUTHO-
pe30oHaHCHOTO criekTpomerpa mon. Bruker Avance 400, ¢ ncrnonbp30BaHHEM IEHTEPHUPOBAHHOTO
terpaxyopataHa (C,;D,Cly) mpu Temneparype 103°C u rexcamerunnucunokcana (I'MJIC) B
Ka4eCcTBe BHYTPEHHEro craHaapra. /[lias 5TOH Lenum HUCHOoJb30BaIM PACTBOp MOJMMEpa C
KOHIIeHTpanueit paBHoi 10 macc.% oTHOCHTENBHO O0IIel MacChl pacTBOpa MOJUMeEpPa.

Omnpenensiiu MUKPOCTPYKTYPY MOJIUMEpPOB [T.e. conmepskaHue uuc-1,4 3BeHbeB (%)]
NyTeM aHajh3a yKa3aHHBIX BBILIIE CIIEKTPOB B COOTBETCTBUH cO cTatbedl Mochel, V. D, in
“Journal of Polymer Science Part A-1: Polymer Chemistry” (1972), Vol. 10, Issue 4, pag. 1009-
1018.

UK cnextpsl ¢ npeodpaszoBanreM Pypbe (TBeproe cocrosiane, UATR)

HUK-®ypbe cnekrpel (TBepmoe cocrostane, UATR) peructpupoBaiii ¢ TOMOLIBIO
cnektpomerpa Bruker IFS 48, obopynosanHoro ropusonHrtaibHbiM ycTporicTBoM ATR Thermo
Spectra-Tech. Cekiusi, B KOTOPYIO MOMEIIAIOT aHAIM3HPYEMbIe OOpa3Ilbl, MPENCTaBIsieT cOOOH
ycrpoiictBo ATR Fresnel (Shelton, CT, CIIIA), B KOTOPOM HCHONB3YIOT KPUCTAJUIBI CEIEHUA
UpKoHMA (ZnSe) ¢ yriom nafeHus 45° B rOpU30HTAIbHOM HalPaBJICHUH.

ITonyuamu HK-®ypee cnexktpor (TBepmoe coctosinne, UATR) wncnomp3yembrx Omuc-
UMHHOBBIX ~KOMIUIEKCOB IO  HACTOSIIEMY HM300pETEeHHMIO IOCPEACTBOM  pa3MeIleHHUs

aHATM3UPYEMbIX 00pa3oB OMC-UMUHOBOIO KOMITJIEKCA BAaHAIUS B YKA3aHHOMN CEKINH.
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HK cnektpbl

UK cnexrpsl (MK-@ypre) perucrpupoBanu ¢ noMoInsio criekrpomerpos Thermo Nicolet
Nexus 670 u Bruker IFS 48.

UK cnekrpsl (MK-®ypbe) nuraHgoB, HCHONB3YEMBIX B HACTOSIIEM H300pETEHHH,
NOJIy4aJIi TP pacCTpeNeieHud aHaJH3UPyeMOoro Jiurasaa B Oe3BomHoM Opommuae kamus KBr
(mucku KBr) umm B cycnieH3uu Hy#ona.

UK cnektpsl (MK-®ypbe) moanuMepoB Mosydain U3 NOJUMEPHBIX IUICHOK Ha TabJjeTkax
Opomuna kamust (KBr), mpuyeM yKkasaHHbBIC ITUIEHKH TIOJy4Yajdd MOCPEICTBOM OCAKIEHHS
pacTBOpa aHaNIM3UPyeMOro mnojuMepa B ropsueM 1,2-guxnopbensone. Konnenrparms
aHATM3UPYEMbIX pPAcTBOPOB mosmMepa Obiia paBHa 10 mMacc.% oOTHOCHUTENBHO OOIIEll Macchl

pacTBoOpa mojumepa.

Onpenenenne MOJEKYJISIPHOH MacChl

Onpenenenue MonekysipHoit Maccbl (MM) mojy4eHHBIX MOIUMEPOB ¢ momornsio [TIX
(«renp-ipoHUKaroIIel XxpoMaTorpadgum») OCyIeCTBISUIN IPU padboTe B CIEAYIOUINX YCIOBHUIX:

- Hacoc Agilent 1100;

- nerexkrop LR. Agilent 1100;

- kononku PL Mixed-A,;

- pacTBOpUTENB/3MI0eHT: TeTparuapodypan (TTD);

- pacxox: 1 mu/muH.;

- remnepatypa: 25°C;

- pacyeT MOJIEKYJISIPHON MacChl: YHUBEPCAIbHBIN KATHOPOBOYHBINH METOI.

Onpenensiiu ~ CpeAHEMACCOBYHO — MOJIeKyJisipHyro  maccy (My) U TMOKasarenb
noymuaucnepcHoctu (UII), coorBercrByromuii orHomenmo M,/M, (M, = cpeaHeducieHHas

MOJIEKYJISIpHAsT Macca).
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ITpumep 1

Cuntes nuranna popmynst (L1)

(LD).

PactBop anmnmuHa (9,3 r — 100 mmonb) B Metanone (80 mu), pactBop 2,3-Oyragmona
(43r — S50mmonb) B MeraHose (20 MJI) M HECKOJBKO Kameidb MYpPaBbUHOW KHCIJIOTBHI
NOCJIEIOBATENBLHO U MPH NEPEMEIINBAHUH ITOMELIAN B peakTop o0bemMom 500 mul, OCHAIIEHHBIN
MarHUTHOW MeIankou. I1ony4eHHBIN XKeNThl pacTBOpP OCTABJSIM NPU MNEPEMELIUBAHUMU IPU
KOMHATHOH TeMmmeparype NpUOMU3UTENbHO Ha 2 4Yaca OO0 OCAKAECHUS JKEJNTOrO TBEPAOIo
npoaykra. Bece ocraBisinu B COCTOSAHMHM MOKOA Ha 14 4acoB, M 3aT€M yKa3aHHBbIM TBEPAbIHA
NPOAYKT U3BJIEKATH MyTeM (PUIBTPALIM U CYIIUJIH O]l BAKYyMOM IIPU KOMHATHOH TeMIlepaType
¢ nony4deHueMm 11,6 r xenToBaroro TBepaoro npoaykra (Bexon = 98%), umeromero Gpopmyiry
(L1).

UK-®ypbe criektp (nyiion): 1633 cm™ V(C=N)-

MonexynsipHast macca (My): 236,32.

OnemeHTHBIN aHanmu3 [oOHapyskeHo (paccumtano misi CicHigN3)]: C: 81,42% (81,32%);

H: 6,33% (6,82%); N: 11,92% (11,85%).

ITpumep 2

CunTes nmuranaa ¢popmyast (L2)

(L2).
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PactBop  o-tromymmunHa (9,6 — 90 mmonb) B meraHone (50 mu), pactBop 2,3-

Oyramuona (3,875t - 45 mmonb) B MeraHone (30 MJI) M HECKOJIBKO Kameslb MypaBbHHOM
KUCJIOTBI TOCJIEOBATENIbHO U TPU NEpeMEIINBAaHUM TOMEINAId B peakTop oobemom 500 mu,
OCHALICHHbII MarHUTHONM Mewankon. IlodmydeHHBI JKeNTBII pPAacTBOP OCTABISIM  IIPU
nepeMeIlnBaHUN TP KOMHATHOH TemrepaType NpuOJU3UTENbHO Ha 2 4aca A0 TMOJIy4YeHUs
0CaJIKka JKeJTOro TBEPJOro MpoAykTa. Bee ocTaBisiiu B COCTOSHUU MOKOS Ha 14 4acos, u 3aTeM
YKa3aHHBIHA TBEPHAbIH MPOAYKT U3BJIEKATH NMyTeM (PUIbTpAlMK M CYIIWJIM TOJ BaKyyMOM IPH
KOMHATHOHW TeMITepaType C moyiydeHneM 9,7 T jKeIToBaToro Teepaoro npoaykra (sexon = 81%),
umerorero Gopmyay (L2).

UK-®ypse criektp Dypoe (Hyiton): 1637 em™ vieon.

MonekynsipHasi Mmacca (My): 264,37.

OnemeHTHBIN aHanmu3 [0O0HapyskeHo (paccumrtano mis CigsHyoN3)]: C: 81,75% (81,78%),

H: 7,65% (7,63%); N: 10,58% (10,60%).

ITpumep 3

Cuntes nmuranna ¢popmynst (L3)

(L3).

PactBop 2-tperOytunanmnmuna (13,43 r — 90 mmonb) B MetaHosie (50 Mi1) U HECKOJIBKO
Karejab MypaBbUHOW KHUCIOTHI MOCJIEN0OBATENbHO U MPU MepeMeIlNBaHUM TIOMEIIalld B PEaKTop
o0bpemMom 500 M1, OCHAIEHHBI MAarHUTHOW MEINAIKOH, W 3aTeM MO KaruisiM TOOABIISIIH pacTBOP
2,3-0Oyrapuona (3,875 r — 45 mmons) B 30 M MeTaHONa npu nepeMemnBaHud. [lonyueHHBIH
JKENTBIM  pacTBOp OCTaBISAJAM NPU IEepPeMELIMBAHUM IPU KOMHATHOM  Temmeparype
npUOIM3UTENFHO Ha 2 Haca 10 MOJYYEHHUsST 0CaKa JKeJITOro TBEPIOro nMpoaykra. Bee ocrassm
B COCTOSIHMHM NOKOsi Ha 14 4acoB, W 3aT€M YyKa3aHHBIM TBEPAbIA NPOAYKT H3BJIEKAIU NMyTEM
¢unbTpauu U CYIIMIM TOJ BaKYYMOM IPH KOMHATHOW TeMmmeparype, ¢ mojydeHuem 14,11
JKEJITOBATOrO TBEPIOTO mponykTa (Berxon = 90%), umeromero ¢popmyiy (L3).

UK-Dypee criextp (uyiton): 1638 cm™ V(C=N)-

MonexynsipHas macca (My): 348,53.
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OnemenTHbld aHamu3 [oOHapyxkeHo (paccumrtano it CpHsNp)]: C: 81,95%

(82,71%); H: 9,26% (9,25%); N: 8.02% (8,04%).

ITpumep 4

Cunres nuranaa Gopmyibi(L4)

(L4).

PactBop 2,6-mum3onponmnanmimHa (15,96 — 90 mmone) B Mmeranone (80 mur) u
HECKOJIbKO KaIllelb MypaBbUHOM KHUCIJIOTHI MOCIENOBATENbHO U MPU MEePEMEIINBAHUN TOMELAIH
B peaktop oObemMoM 500 MJ, OCHAIEHHBI MArHUTHOH MEILIAJIKOW, U 3aTeM IO KaIusiM
nobasnsimu  pactBop 2,3-Oyramgmona (3,875t — 45 vmonp) B MeraHon (80 mm) mpu
nepeMeminBaHuM. IlonydeHHBIN SKENTBHIH pacTBOP OCTABJIAAM INPU MEPEMELIMBaAaHUU IIPU
KOMHATHOW TeMmIepaType NpuOIM3UTENIbHO Ha 2 Yaca A0 MOJYYEeHHUs] 0CaAKa TBEPIOrO JKEJITOrO
npoaykra. Bce ocTaBisaum B COCTOSIHUM MOKOs Ha 14 4acoB, M 3aTeM, YKAa3aHHBIN TBEPIbIH
NPOAYKT U3BJEKAJIM MNyTeM (uibTpauuy W CYLIMJIKM IOX BAaKyyMOM TIPU KOMHATHOM
TeMmreparype, ¢ mnoiydeHueMm 15,41 skenToBaroro TBepAOro mpoaykra (Beixonm = 84%),
umeroriero Gopmyay (L4).

UK-®ypse criextp (Hyiton): 1640 em™ vieon.

MonekymsipHast Mmacca (My): 404,64.

OnemeHTHBIN aHanmu3 [oO0HapyskeHOo (paccumtano mist CrsHyoN3)]: C: 82,86% (83,11%);

H: 9,97% (9.96%); N: 6,94% (8,92%).
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ITpumep 5

Cuntes nuranna popmynst (LS)

(o

N

(L5).

PactBop rmmmokcans (14,51t — 100 mmonb) (40 macc.% BOHmHBIA  PacTBOP),
JOTOJHUTENBHO pa30aBieHHbI MeTaHoJoM (80 MiI) M OUCTUIUTMPOBAHHOW Bomo (8 mur) u
nociie oxjaknaeHus npu temneparype 0°C Ha BomHOW/nensiHONW OaHe, PacTBOP O-TONYUAMHA
(21,43r — 200 mMosp) B MeTaHose (25 M) TOCHENOBATENbBHO W TPU TEPEMEIINBAHUH
noMemanu B peakrop odovemMom 500 My, OCHAINEHHBIM MArHUTHOW Mernankoil. [lomydeHHbIH
JKENTBI  pacTBOpP OCTaBISUIM TPU  TEPEMELIMBAHUM NPU KOMHATHOH  TeMIlepaTtype
npubnm3uTenpbHO Ha 30 MUH IO TOJNYYEHHUs] OCAJKa JKEJNTOrO0 TBEPAOrO MPOAYKTA. YKa3aHHBIN
TBEPAbIH MPOAYKT M3BJIEKATIH MyTeM (HIIBTpAllii, NMPOMBIBAIA METAHOJIOM, OCYIIECTBIISIIN
NEePEeKPUCTAIIM3AIMIO U3 METAHOJA U CYLIMJIN O]l BAKyYMOM IPH KOMHATHOH TeMIlepaTtype ¢
NOJIy4eHUEM 23 I' MUKPOKPUCTAJTMYECKOTO JKEJNTOBATOr0 TBEPAOro Mmpoaykra (Bbxox = 97%),
umetrouiero ¢opmyay (LS).

UK-®ypbe criektp (nyiion): 1605 cv™ V(C=N)-

MonexysipHast macca (My): 236,26.

OnemenTHbIN aHanmu3 [oO0HapyskeHo (paccumtano mist CicHigN2)]: C: 81,42% (81,32%);

H: 6,80% (6,82%); N: 12,00% (11,85%).

ITpumep 6

Cuntes nuranna ¢popmynsl (LO)

(L6).

(o

N
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2-TpeTOy THIIaHWITUH (14,924r — 100 MMOIB), PACTBOPEHHBII B CMECH METAHOJIA

U auctuutipoBanHoi Boxbl (50 M + 100 M) u mocne oxnaxkneHus: npu temmeparype 0°C Ha
BOJIHOW/NensiHOM Oane, pacTBop riuokcaist (7,26 r — 50 mmonb) (40 macc.% BOIHBINA pacTBOP)
TIOCJIEIOBATENIBHO U MPH NePEMEINBAHUN [TOMEINAIN B peakTop o0beMoM 500 M1, OCHAIIEHHbIH
MAarHUTHOM Mewankou. 11omyueHHbIN JKenThIlll pacTBOP OCTABJIAAU NPU NMEPEMELIMBAHUU IPU
KOMHATHOMW Temreparype mpuOIu3uTebHO Ha 30 MUH J0 MOJYYeHHUsT OCaKa JKEJITOrO TBEPIOTo
NPOAYKTA. YKAa3aHHbIA TBEPHAbIA MPONYKT U3BJCKATU MyTeM (UIBTPALIMU, POMBIBAIH
METAHOJIOM, OCYLIECTBJISIN MEPEeKPUCTAUIN3ALMIO U3 MEeHTaHa U CYLIWIH MOJ BaKyyMOM IpH
KOMHATHOH TeMIEPaType C MOJy4YEeHUEeM 12 r MUKPOKPHUCTAIINYECKOTO XKEJITOBATOIO TBEPAOTO
npoaykra (Bexon = 75%), umeromero gpopmyty (L6).

UK criextp ¢ npeobpasosarnem Dypse (Hyiton): 1608 em™ vieon.

Monekymsipaast Macca (My): 320,48.

OnemeHTHBIN aHanmmu3 [0O0HapyskeHO (paccumrtano mist CyHysNy)]: C: 82,42% (82,45%),
H: 8,80% (8,81%); N: 8,76% (8,74%).

ITpumep 7

Cuntes nmuranna ¢popmynst (L7)

(L7).

(o

N

PactBop 2,6-pu-uzo-nponmnanuwnuHa (17,73 r — 100 mmonb) B metaHone (25 mi),
HECKOJIBKO Kamellb YKCYCHOH KHCIIOTHI U pacTBop rmokcans (7,26 r — 50 mmonb) (40 macc.%

o (o]
BOIAHBIA pacTBOp) B MeraHosne (25 mi) mociae Harpesa ero mnpu Ttemmeparype S50°C
NOCJIEIOBATENBHO U MPH NMEPEMEIINBAHIH TIOMEINAIN B peakTop o0bemMom 500 mui, OCHAIIEHHBIN
MarHUTHOW MeIlankou. I1ony4eHHBIN KEeNThI PacTBOP OCTAaBJSUIM NPU MNEPEMELINBAHUU IPH
temneparype 50°C B TeueHne NpUOIM3UTENIBHO 15 MUH U 3aTe€M NP KOMHATHOW TeMIIepaType B
TeueHue 24 4acoB A0 MOJYyYEHUs] OCAAKa KEJNTOro TBEPAOrO MPOAYKTA. YKa3aHHBIA TBEPABIN

NPOAYKT M3BJIEKAJIM MyTeM  (UIbTpaluy, MPOMBIBATH  METAHOJIOM,  OCYIIECTBIISIIH
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MEPEKPUCTAIUIM3ALMIO U3 TMEHTaHA U CYIIWIM MOJ BAKyyMOM NPHU KOMHATHOM TEMIIEPATYpPE C

nosiydyeHueM 16,8 r MEKpOKPUCTAITMUECKOTO KeJITOBATOrO TBEPAOTo mpoaykTa (Bbxox = 90%),
umeroriero popmyay (L7).

UK-®ypbe crektp (nyiion): 1608 cv™ V(C=N)-

Monekynsipras macca (My): 376,59.

DnemeHTHBIN aHanmu3 [0O0HapyskeHo (paccumtano mist CrcH3zsN3)]: C: 82,91% (82,93%);

H: 9,80% (9,64%); N: 7,70% (7,74%).

IIpumep 8

CunTes muranna ¢popmysl (L8)

(L8).

[

N

2,4,6-tpumermnanmwmH (13,52 r — 100 MMOJIB), PacTBOPEHHBIH B CMECH METAaHOJA U
auCTHILTPOBaHHOM Boabl (50 M1 + 100 mum) u mocine oxnaxnaeHus: npu temmeparype 0°C Ha
BONHOI/ensiHoi Oane, pactBop riuokcans (7,26 r — 50 mmonb) (40 macc.% BOIHBINA PacTBOP)
NIOCJIEIOBATENILHO M MPH NMEPEMEIINBAHIH TTOMEIIAIN B peakTop o0bemMoM 500 mil, OCHAIIEHHBIN
MarHuTHOW Mermankoi. IToay4deHHBIN KeNThlil pacTBOpP OCTAaBIAIM NMPHU MNEPEMELIUBAHUU IPU
KOMHATHON TeMmepaType MpUOJM3UTENIbHO Ha 2 Yaca IO MOJYYEHHUsS OCaliKa JKEJITOro TBEPIOro
NpOAyKTa. YKAa3aHHbIA TBEPHAbIA NPONYKT U3BJCKATU MyTeM (UIBTPALMU, HPOMBIBAIH
METAHOJIOM, OCYLIECTBJISJIM MEPEKPUCTAIN3ALMIO0 U3 MIeHTaHa U CYLIMJIM MO BaKyyMOM IIpH
KOMHATHOH TEMIEPaType C MOJYyYEHHEM 12 I MUKPOKPHUCTAIIINYECKOTO KEeJITOBATOrO TBEPAOTO
nponykra (Berxon = 82%), umerorero ¢popmyay (L8).

UK-Dypse criextp (ayiton): 1616 em™ vieon.

Monekymsipaast Macca (My): 292,42,

OnemeHTHBIN aHaM3 [0O0HapyskeHOo (paccumrtano mist CyoHy4N3)]: C: 82,00% (82,15%),

H: 8,28% (8,27%): N: 9,50% (9,58%).
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ITpumep 9
Cunres xommiekca VCI3(L1)(TT'®) [obpazern; BIB1]

4

~--v—THF BIB1).
2N (BIB1)
o | a
Cl

Spko-kenTeiii  TONyONBHBIH pacTBOp (20 mu) gmrannma ¢opmyner (L1) (0,68 T
2,88 MMoub;, MousipHOoe oTHomeHue L1/V = 1), mojay4eHHOro Kak ONMUCAaHO B mpumepe 1,
nobapnsim 1o kKarmie B KOOy ¢ otBogoM  odvemom 100 M Kk cycnieH3uum
Ba”anusi(IID)xnopun(tpuc-rerparuapodypan) [VCI3(THF);] (1,08 r; 2,89 mmonb) B TONyOJIE
(15 mi). Bee ocraBisuin 71s1 peakMy IPpU KOMHATHOH TeMIepaTrype B T€UeHHE HOYH, TaKUM
o0pa3om mosyyasi IeEpBYIO YaCTh TEMHO-KPACHBIX KPUCTANIOB, KOTOPbIE OTAENSAIHN QuabTpanmei
U 3aTeM CYLIWJIN TOJ BaKyyMOM IIPH KOMHATHOW TemmepaType. PacTBop, monyudeHHBIH mocie
¢GunbTpaluy, KOHLEHTPUPOBAIM IOJ BaKyyMOM, U 3areM aobOaensinu neHraH (40 mu). Bce
OCTaBJSUTM B MOKOE€ NMPU KOMHATHOHM TeMmeparype Ha HOYb, HOJy4as TaKUM 0Opa3oM BTOPYIO
YaCTh TEMHO-KPACHBIX KPHCTAJUIOB, KOTOPBIE OTAESUIN (HIbTpALMEd W 3aTeM CYLIMIN IOA
BaKyyMOM IpU KOMHATHOH Temmneparype. B uenom nosiydeno 0,92 r (Beixox = 68,0%) TeMHO-
KPaCHOTO  KPHCTAJUTMYECKOTO  TBEPAOrO  MPOAYKTA, COOTBETCTBYIOILErO  KOMILIEKCY
VCL(L1)(TT' D).

OnemenTHbIli aHamu3 [oOHapyxkeHo (paccumrano st CyoHpCl3N,OV)]: C: 51,70%
(51,58%); H: 5,45% (5,19%); Cl: 23,00% (22,84%); N: 6,10% (6,02%); V: 10,80% (10,94%).

MonekymsipHasi Mmacca (My): 465,72.

UK-Dypoe criektp (Vimax) - oM ): 3057m, 3051m 2982br, 1592s, 1486s, 1451m, 1419w,
1380m, 1237s, 1140w, 1072w, 1015m.
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ITpumep 10
Cunres xommiekca VCI3(L1)(TI'®) [obpazer IP56]

e

N-. v—THF (IP56).

Cl ‘ cl
Cl

XKenterit TonyonpHbI pactBop (20 mu) auranna ¢opmynsl (L2) (0,613 r; 2,32 MMonb,
MoJisipHOE oTHOweHne L2/V = 1), mojydeHHbIH Kak ONMUCAHO B mpumMepe 2, B Tomyose (20 mu)
nobaBmsIM MO Karuie B kondy ¢ orBogoM obbemom 100 M Kk  CycneH3UH
BaHanus(1ID)xnopun(tpuc-rerparuapodypan) [VClI(TI'D);] (0,867 r; 2,32 MMosb) B TOJyoOJIE
(15 m). Bee ocraBisuin uisl peakiyl MPpH KOMHATHOW TeMIIEpaType B TEUCHHE HOYM. 3aTeM
nobaBmsuin  medrtaH (50 my) B TakuM  00pa3oM  TMOJYYEHHYK) CYCHEH3HIO, KOTOPYIO
orpunbTpoBbiBai. OCTaTOK, OCTABUIMICA Ha (DUIBTpE, CYIIMJIA B BaKyyMe NPH KOMHATHOMH
Temreparype, TakuMm obpazom mony4as 0,807 r xopuuneBoro mopoimuka (Berxon = 71,1 %),
cootBercTBytoiero kommiekcy VClL(L2)(TT®).

OnemeHTHbIH aHamu3 [oOHapyxkeHo (paccumrano st CoHyCI3N,OV)]: C: 53,65%
(53,51%); H: 5,85% (5,72%); CI: 21,45% (21,54%); N: 5,80% (5,67%); V: 10,40% (10,32%).

MonexynsipHasi macca (My): 493,77.

Ha @wur. 1 npencrasnen UK-®ypobe cniexp nonyuenHoro kommiekca VCl;(L2)(THF).

ITpumep 11
Cunres komriekca VCI3(L3) [obpasen [P61]

N ! AP61).

XKentorit TonyonpHbIi pactBop (15 mu) mwmrasma ¢opmyner (L3) (0,523 r; 1,5 Mmons,

MoJsipHOe oTHoweHne L3/V = 1), monyueHHBbIH Kak ONMUCAHO B puUMepe 3, 10OaBIISAIIH 110 Karuie
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B kondby ¢ orBogom obOvemom 100 mn k cycmensum BaHaausA(IlI)xmopua(Tpuc-
terparuapodypas) [VCL(TT'®)s] (0,560 r; 1,5 mmons) B Tonyosne (10 mi). Bee ocrasisuiu st
peakiLyy NPy KOMHATHOW TeMIIepaType B TeueHue HouH. 3areM nobOasisuin nenrtad (40 mi) B
TaKUM 00Pa3OM IOJYYEHHYIO CYCIEH3UI0, KOTOPYIO OT(GuiabTpoBbiBain. OCTAaTOK, OCTABLIMHCS
Ha (UIBTPE, CYLIWIN B BAaKyyMe MPU KOMHATHOH TeMriepaType, Takum obpa3om nony4yast 0,489 r
CBETJIO-KOPUYHEBOrO mopomka (Bexox = 64,5%), COOTBETCTBYIOIIETO  KOMILIEKCY
VCI3(L3)(TI' ®).

OnemenTHbIli aHanu3 [oOHapyxkeHo (paccumrtano mus CygHs;ClsN, V)] C: 56,86%
(56,99%); H: 6,10% (6,38%); Cl: 21,20% (21,03%); N: 5,35% (5,54%); V: 10,30% (10,07%).

Monekysipraast macca (MW): 505,82,

Ha ®ur .2 npencrasnen UK-®ypoe criektp nonmyuenHoro komriekca VCl3(L3).

IIpumep 12
Cunres komriekca VCl3(L4) [o6pazen; GL1403]

1|\1 / (GL1403).

XKenrorit/kopruuHeBblii ToNyoNbHbIH pactBop (30 mur) nuranga dopmynst (L4) (1,69,
4,18 mmonb;, MonsipHoe oTHomeHue L4/V = 1,1), mony4eHHBIH Kak OMUCAHO B mpumepe 4,
nobaBmsiM MO Karuie B kondy ¢ orBogoM obbemom 100 M1 kK CycneH3UH
Ba”anusi(IID)xnopun(tpuc-rerparuapodypan) [VCI(TT'D);] (1,42 r; 3,80 MMonp) B TOJIyOJIE
(60 mir). Bece ocraBisutn sl peakiyy MPpH KOMHATHOW TeMIlepaType B T€UEHHE HOYH. 3aTeM
NIOJIyYE€HHBIN PAcTBOP KOHLEHTPUPOBAJIH BBIITAPUBAHIEM B BaKyyMe 110 MPUOIU3UTENHHO 20 M,
3areM pobammsin meHtaH (70 Mi1) U BCe OCTaBsUIM Ha HOub npu Temmepatype -20°C.

ITonyuennyro cycnensuto oTduibTpoBbiBan. OCTaTOK, OCTABIIUICS HAa (UIbTPE, CYLIMIA B
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BaKyyMe IIpU KOMHATHOH TeMmIeparype, TakuM o0pa3oM  mojiydas  KOpU4YHeBBIH 1,66 T

MHKPOKPHCTANIMYECKOro nopouika (Bbxon = 78%), coorsercrBytouiero kommuiekcy VClz(L4).
OnemeHTHbI aHanmu3 [oOHapyskeHo (paccuutano mist CrgHyoCL3N2V)]: C: 59,70%

(59,85%); H: 7,10% (7,17%); CI: 19,20% (18,93%); N: 5,15% (4,99%); V: 9,20% (9,07%).
MonekynsipHast Macca (My): 561,93,

ITpumep 13
Cuntes komruiekca VCI3(LS)(TI'®) [oOpazew IPSS5]

™
-

1

{
Ne_w—THF (@55).

cl ‘\c1
Cl

XKénrerit TonyonbHbiid pactBop (15 mi) muranma gopmyner (LS) (0,583 r; 2,047 mmonb;
MoJisipHoe otHotnerune LS/V = 1), monydeHHbI Kak OMUCaHO B IpUMepe S, 100aBIsUIH 1O Karlie
B konmby ¢ orBogom obOvemom 100mn k cycnensum BaHaausA(IlI)xmopua(Tpuc-
terparuapodypan) [VCI;(TT'®)s] (0,906 r; 2,42 mmoub) B Tosyode (15 mi), Bee ocrasmsimu muist
peakuuy NMpu KOMHATHOW TeMIlepaType B Te€deHHe HOouu. 3areM nodbasisuu neHrad (30 mu) B
TaKUM 00Pa3OM IMOJYYEHHYIO CYCIEH3UI0, KOTOPYIO OT(HIBTPOBbIBaIN. OCTAaTOK, OCTABLIMHCS
Ha (pUIIbTpeE, CYLIMIN B BAaKyyMe IPU KOMHATHOW TeMIeparype, TakuM oopaszom nosy4asi 0,604 r
TEMHO-KOPUYHEBOrO0  mopomka (Bbxon = 53,6%), COOTBETCTBYIOLIETO  KOMILIEKCY
VCI(LS)(TT ®).

OnemenTHbI aHanu3 [oOHapyxkeHo (paccuutano muss CyHyiCIsN, V)] C: 51,54%
(51,58%); H: 5,40% (5,19%); Cl: 23,05% (22,84%); N: 6,18% (6,02%); V: 10,80% (10,94%).

MonekymsipHasi Mmacca (My): 465,72.

Ha @ur. 3 npencrasnen UK-®ypoe cnextp nonyuenHoro kommuiekca VCI3(LS)(TT®) .
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IIpumep 14
Cunres komriekca VCl3(L6) [oOpazern [P62]

N
N
-
N
=~V
/
ci |\01
Cl

(IP62).

XKentoiit TonyonbHelid pactBop (20 mun) juranza dopmyisl (L6) (0,839 r;, 2,6 Mmonb,
MoJIsIpHOE OTHOIIeHHe L6/V = 1), monyueHHBIH Kak ONMHCAaHO B IpuMepe 6, NoOaBISIIH 10 Karuie
B komdy ¢ orBogoM obOwemom 100 mn k cycmensum BaHaaus(Ill)xmopun(Tpuc-
terparuapodypan) [VCI(TT®)s] (0,964 r; 2,6 mmons) B Toayose (15 mi). Bee ocrasmisuim st
peakuuy Mpu KOMHATHOW TEMIlEpaType B TE€UeHHWE HOYM. 3areM noOamisuid neHTad (50 mu) B
TaKUM 00pPa3OM IMOJYUYEHHYIO CYCIIEH3UI0, KOTOPYI0 OTGUIbTPOBbIBaIN. OCTAaTOK, OCTABIIMNCS
Ha UIbTpe, CYIIMIN B BAKyyMe IMPU KOMHATHOH TeMreparype, TakuM odpaszom nosyyasi 0,864 ¢
TeMHO-(roeroBoro nopoka (Bexon = 70,4%), coorsercrByrouiero komruiekcy VCls(L6).

OnemeHTHBIH aHanmu3 [oOHapyxkeHo (paccumrano st CoHrCIz3N,OV)]: C: 54,95%
(55,31%); H: 6,08% (5,91%); CI: 22,70% (22,26%); N: 5,76% (5,86%); V: 10,60% (10,66%).

MonexynsipHasi macca (My): 477,77.

Ha ®ur. 4 npencrasinen UK-®Dypobe criektp noayderHHoro komriekca VCls;(L6).

ITpumep 15
Cunres komriekca VCI3(L7) [o6pasen BIB2]

™
N
L(‘\_ \;’ (BIB2).
c1/\\c1

Cl
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XKentoiit TonyonpHell pacteop (15 mir) ymranpa ¢opmyns (L7) (0,79 r; 2,09 mmons,

MoJIsIpHOE oTHOWeHne L7/V = 1), monmyueHHbIH Kak OMUCAHO B IpUMepe 7, 1OOABIISAIIH 110 Karuie
B kondy ¢ orBomoM obbemoMm 100 mn k cycmensun Ba"anusa(IIl)xmopun(Tpuc-
terparuapodypan) [VCI(TT'D);] (0,78 r; 2,09 mmonb) B Tosayose (10 min). Bee ocrasmsimu anst
peakuMu IpU KOMHATHOH TemrepaTtype B TeYeHHE HOUYM. 3aTeM IOJyYeHHBIH pacTBOp
KOHLIEHTPUPOBAJIM MOCPEICTBOM BBbINAPHBAHUS B BakyyMme npuOmusutenbHo no 10 mi, 3arem
nobasnsun meHtaH (50 Mi1) B BCe OCTaBJSLIM Ha HOYb mpu Temmeparype -20°C. ITony4yeHHyO
cycner3nto  punbrpoBanmu. OCTAaTOK, OCTABIIMICA Ha (UIBTPE, CYLIMJIH B BakyyMmMe IpH
KOMHATHOW TemmepaTrype, TakuM oOpasom mosy4as 0,66 r (Bbxom = 59%) KOPUYHEBOTO
nopotka, coorsercTByromero komruiekey VCI3(L7).

OnemenTHb aHamu3 [oOHapyxkeHo (paccuutano mst CycH3zsClsN V)] C: 59,00%
(58,49%); H: 6,90% (6,80%); Cl: 20,10% (19,92%); N: 5,10% (5,25%); V: 9,40% (9,54%).

MonexynsipHas macca (My): 533,88.

HUK-®ypbe crextp (Vimax) - CM'l): 2972s, 2926m, 2875m, 1580v, 1490m, 1461m, 1384w,
1364w, 1333w, 1174w, 1097m, 1056m, 1041m, 1010m.

IIpumep 16
Cunres komriekca VCI3(L8) [oOpazer IP68]

N (IP68).

XKentorit TonyonpHbIH pactBop (20 mu) auranna ¢opmynsl (L8) (0,680 r; 2,33 mmonb,
MoJisipHOe oTHowmeHne L8/V = 1,1), monyueHHbIH Kak OMUCAaHO B MpuUMepe 8, moOaBisuu 1O
karule B kojlOy ¢ orBomoMm obwemom 100 mn k cycmensun BanHaaus(III)xmopua(Tpuc-
terparuapodypan) [VCI3(THF)s] (0,779 r; 2,09 mmonsb) B Tonyoute (15 mut). Bee ocrassimu muist
peakuuy Mpu KOMHATHOH TeMmepaType B TeueHHe HOuYW. 3ateM nolamisiiu meHTad (50 mum)
TakuM 00pa3oM mojydass CYCHEeH3UI0, KOTOpyr ¢uubTpoBanu. OCTaTOK, OCTABLIMHICS Ha
¢unabpTpe, CylImIM B BaKyyMe NpH KOMHATHOH TeMmmepartype, TakuMm obpasom mojydas 0,890 r
(Berxonm = 95%) TEeMHO-KOpPHYHEBOT0/(pHOJIETOBOIO TOPOLIKA, COOTBETCTBYIOIIErO KOMILIEKCY

VCI(L3).
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OnemenTHbld  aHamu3 [oOHapyxkeHo (paccumtano mnsi CroHsClsN,V)]: C: 53,20%

(53,41%); H: 5,25% (5,38%); Cl: 23,55% (23,65%); N: 6,25% (6,23%); V: 11,40% (11,33%).
Monexynsipras (My): 449,72.

Ha ®uwr. 5 npencrasnen UK-®@ypre cnexrp nonyuenHoro kommiekca VCI3(L8) .

Ipumep 17 (GR1)

2 mn 1,3-OytagueHa maccoii, paBHOH mpuOmusuTenbHO 1,4 T, moxBepraiud XOJOTHOH
koHneHcauuu (-20°C) B mpoOupke odbemom 25 mu. 3arem nobasmsiu 7,37 MIl TONyona |
JOBOAMIA TEMIIEPATYPY TMOJYYEHHOrOo TakuM oOpasom pactBopa ao 20°C. 3arem nobasisiu
merunamoMokcan  (MAO) B TonyombHbli pactop (6,3 mm;, 1,0'107 moms, macca paBHa
npubmmutTensHo 0,58 1) m 3arem komrieke VCI3(L1)(TI'®) (obpazeny BIB1) (2,33 min
CYCNIEH3WH B TOJyOJ€ TPU KOHIEHTPALMH, PABHOH 2 Mr/mi, 1107 MOJIsI, Macca pasBHA
npubmu3uTeNnsHO 4,66 Mr), IONYYEHHBIN Kak onucaHo B mpumepe 9. Bce Brimep:kuBaimm mpu
MarHUTHOM IepeMeliuBaHuu mpu Temnepatype 20°C B TeueHue S dacoB. 3areMm
NOJMMEPH3ALMI0 MPEPhIBAIN N00aBIEeHHEM 2 MJI METaHOJA, COAEPIKAIIEr0 HECKOJIbKO Karelb
COJISTHOUM KHCJIOTBL. 3aTeM TMOJyUYEHHBINH MOJMep KoaryaupoBainn nodasnenuem 40 M1 pactBopa
MeTaHONa, coxepxainero 4% anTHokcuaanta Irganox” 1076 (Ciba), ¢ monyuenmem 0,215 T
nosubyTanueHa, UMEIOLIEro CMEIIaHHYI0 CTPYKTypy uuc-1,4/Tpanc-1,4/1,2 ¢ conmep:kaHuem
TpaHc-1,4 u nuc-1,4 3BeHbeB paBHbIM 85,5%. JlomonHUTENbHBIE XapaKTEPUCTHKHU MPOLIECCa U U
HOJIy4eHHOTO NONMUOyTaaneHa npeacrasieHsl B Tabauue 1.

Ha @ur.6 npencrasnen UK-®@ypbe criekTp MOJYyYEHHOTO MOJUOyTaaHeHa .

IMpumep 18 (GR2)

2 mn 1,3-OytamueHa maccoii, paBHOH mnpuOmmu3uTenbHO 1,4 T, moxBepraiu XOJOTHOH
koHneHcauuu (-20°C) B mpoOupke obdbemom 25 mu. 3arem poGasysimn 7,37 M Tojyojia |
JOBOIIIA TEMIEPATYPy IMOJyUYEHHOTO TakuM obpaszom pacteopa ao 20°C. 3arem, mobapmsiiu
cyxoii merunamomokcas (MAO-cyxoit) B TonyonbHEIA pacTeop (6,3 mm; 1,010 mosst, Macca
pasHa mpubmusurensbHo 0,58 r) u 3arem komruieke VCI3(L1)(TI'®) (obpazen BIB1) (2,33 mi
CYCIIEH3UH B TOJyOJIe MPU KOHILEHTPALUU, PaBHOH 2 Mr/mi, 1107 MOJIsI, Macca paBHa
npubim3uTeNnsHO 4,66 Mr), TOJIYyYeHHBIH Kak OMHCaHO B mpumepe 9. Bce BbimepkuBanu mpu
MAarHUTHOM mepeMeliuBaHuu 1pu Temmneparype 20°C B TedeHue S yacoB. 3aTem,
NOJIMMEPH3ALUI0 NIPEphIBAIN A00aBleHHEM 2 MJI METaHOJA, COAEPIKAIIEero HECKOJIbKO Karelb
COJISTHOM KHCJIOTBL. 3aTeM MOJy4YeHHBIN MMOJIMMep KoaryaupoBaiu nodasyieHuemM 40 M1 pactBopa

METaHoJa, copepskauero 4% aHTHOKCHIAHTA Irganox® 1076 (Ciba), ¢ momyuenuem 0,328 r
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nosubyTaiueHa, HMEIOIIEro  CMELIAHHYI0 CTPYKTYpPY iuc-1,4/rpanc-1,4/1,2 c

conepskaHueM TpaHc-1,4 u nuc-1,4 3BeHbeB paBHbIM 85,7%. JlONOJHUTENbHBIE XapAKTEPUCTUKH
IpoLecca U MONTYyYeHHOro NoIubyTagueHa mpeiCcTaBiIeHs! B Tadmune 1.

Ha ®ur. 7 npencrasnen UK-@ypre criekTp mony4eHHOro nonudyTaaneHa.

Ipumep 19 (IPS8)

2 mn 1,3-OytamueHa maccoii, paBHOH mpuOmmu3uTenbHO 1,4 T, moxBepraniud XOJOTHOH
koHneHcauuu (-20°C) B mpobupke odbemom 25 mu. 3arem nobasisuim 7,23 MIT TOJyOJNa |
JOBOIWJIM TEMIIEpPaTypy MOJYYEHHOro TakuM oOpa3oMm pactBopa no 20°C. 3arem mobasisuiu
mernnamomokcan (MAQO) B TonyombHbi pactop (6,3 i, 1,0'107 momst, macca paBHa
npubmmsuTensHO 0,58 1) 1 3arem komruieke VCI3(L2)(TT'®@) (obpazent IPS6) (2,47 mun cycnieH3nun
B TOJIyOJie TPU KOHLIEHTPALMH, PaBHON 2 MI/MI; 11107 wmomsi, macca paBHA MPUOIUZUTENBHO
4,94 mr), mony4yeHHBIH Kak ommcaHo B mpumepe 10. Bce BbimepkuBanmM mpU MarHUTHOM
nepeMeminBaHuu npu Temmneparype 20°C B TedeHue S yacoB. 3aTeM MOJMMEPU3ALIUIO
npepbIBaM 100ABIEHHEM 2 MJI METAHOJA, COAEPIKAIIEro HECKOIBKO Kamellb COJSTHON KHUCIIOTHI.
3areM TOJNyYeHHBIH NOJIMMEp KoaryjupoBanu poOasieHueM 40 MJ pacTBOpa MeETaHOJa
comepxamero 4% amTHokcumanta Irganox” 1076 (Ciba), ¢ momyuenmem 0,171 T
nosubyTaueHa, UMEIIEro CMELIaHHYI CTPyKTypy uuc-1,4/rpanc-1,4/1,2 ¢ copeprxaHuem
TpaHc-1,4 u nuc-1,4 3BeHbeB paBHbIM 85,9%. JlomoigHUTEIBHBIE XapaKTEPUCTUKH MpoLecca U
HOJIyYeHHOTO NOJIMOyTaAreHa npeacTasieHs! B Tadauue 1.

Ha @ur. 8 mnpencraBnena kpuBas I[TIX («reap mnpoHUKaromas XpomaTtorpadus»)

MOJIy4€HHOTO MOJUOYTaANEHA.

ITpumep 20 (GR3)

2 mn 1,3-OytagueHa maccoif, paBHOH mnpuOmmM3uTenbHo 1,4 T, mMoxBepraiu XOJOTHOH
koHneHcauuu (-20°C) B mpoOupke obdbemom 25 mi. 3areM poGasysimn 7,23 M Todyojia |
JIOBOIWJIM TEMIIEPAaTypy MOJYYEHHOro TakuM oOpaszoMm pactBopa no 20°C. 3arem moOamisuiu
merunamomokcan (MAQO) B TonyombHbi pactop (6,3 i, 1,0'107 wmomst, macca paBHa
npudmm3uTensHo 0,58 1) u 3arem komruieke VCI3(L2)(TT' @) (obpazen IPS6) (2,47 mu cycrieH3uu
B TOJIyOJIe C KOHIICHTpAIUeH, paBHOW 2 Mr/Mmi, 1107 MOJIS, Macca paBHA MPUOIUZUTEITHHO
4,94 mr), mony4yeHHBI Kak ommcaHo B mnpumepe 10. Bce BbimepkuBanmu mpu MarHUTHOM
nepeMeminBaHuu npu Temnepatype 20°C B TedeHue S uyacoB. 3aTeM, MOJUMEPU3ALIUIO
npepbIBau 100aBIEHHUEM 2 MJI METaHOJA, COAEPIKAILEro HECKOIBKO KaIlellb COJSTHON KHUCIIOTHI.

3areM TMOJNy4YeHHBIH NOJIMMEp KoaryaupoBanu poOasBieHueM 40 MJ pacTBOpa MeETaHOJa
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comepxamero 4% anmrHokcupanta Irganox” 1076 (Ciba), ¢  momyuenmem 0,256 T

nosubyTaueHa, UMEIOIEro CMEIIaHHYI0 CTpYKTypy uuc-1,4/Tpanc-1,4/1,2 ¢ conmep:kaHuem
Tpanc-1,4 u uwmc-1,4 3BeHbeB paBHbIM 86,5%. JlomonHuTenbHBIE CBOMCTBA crocoba u
MOJIy4€HHOTO MOJUOyTaareHa peacTaBjieHbl B Tadmuie 1.

Ha ®ur. 9 npencrasien UK-@ypre criekTp mony4eHHOro nonudyTaaueHa.

Ipumep 21 (IP63)

2 ma 1,3-OytagueHa maccoii, paBHOH mpuOmM3uTeNnbHO 1,4 T, mMoxBepraiu XOJOTHOH
korneHcauuu (-20°C) B mpoOupke obdbemom 25 mu. 3arem poGasmsimn 6,81 Mi Tonyona u
JIOBOIWJIM TEMIIEpPaTypy MOJYYEHHOro TakuM oOpaszoMm pactBopa o 20°C. 3arem mobamisuiu
merunamomokcan (MAQO) B TonyombHbi pactop (6,3 i, 1,0'107 momst, macca paBHa
npubmusutensHO 0,58 1) 1 3arem komruieke VCI3(L3)(TT'®@) (obpazen IP61) (2,89 mu cycnieH3uun
B TOJIyOJia C KOHIEHTpalueh, paBHOU 2 MI/MI, 1107 MoOJiel, Macca paBHa MPUOIUZUTETHHO
5,78 Mr), moOJy4eHHbIH Kak omucaHo B mpumepe 11. Bce BbimepxuBamu TpU MarHUTHOM
nepeMeminBaHuu npu Ttemmneparype 20°C B TedeHue S yacoB. 3aTeM MOJIMMEPU3ALIUIO
npepbIBaN 100aBIEHHEM 2 MJI METaHOJA, COAEPIKAIIEro HECKOIBKO Kamellb COJSTHON KHUCIIOTHI.
3areM TMONy4YeHHBI MOJUMEp KoaryaupoBanu nodaBiaeHueM 40 M pacTBOpa MeETAaHOIA,
comepxamero 4% amTHokcumanta Irganox” 1076 (Ciba), ¢ momyuenmem 0,299 T
noaulyTaaneHa, MUMEKIIEro CMEIIaHHYK CTpYKTypy iwc-1,4/Tpanc-1,4/1,2 ¢ comep:kaHuem
TpaHc-1,4 u nuc-1,4 3BeHbeB paBHbIM 85,7%. JlomoiaHUTEIbHBIE XapaKTEPUCTUKH MpoLecca U
HOJIy4eHHOTO NOJTMOyTaareHa NpeacTaBieHb! B Tabmune 1.

Ha @wur. 10 npencrasnen UK-Pypre ciekTp MOJyYEHHOTO MOJUOyTaTHEeH .

Ha @wr. 11 npencraBiena kpuBas [TIX («reixp mnpoHHUKaromas XpomaTtorpadus)

MIOJIy4€HHOTO MOJUOYTaANeHA.

ITpumep 22 (GR4)

2 mn 1,3-OyragueHa maccoif, paBHOH mnpuOmmu3uTenbHO 1,4 T, mMoxBepraiu XOJOTHOH
koHneHcauuu (-20°C) B mpoOupke obdbemom 25 mi. 3areM poGasmsimn 7,23 M Tolyojia |
JIOBOAWJIM TEMIIEpPaTypy MOJYYEHHOro TakuM oOpaszoMm pactBopa no 20°C. 3arem moOamisuiu
cyxoii merunamomokcas (MAO-cyxoii) B TonyonbHeIH pacTeop (6,3 mm; 1,010 mosst, Macca
pasHa npubnusuTensHO 0,58 1) 1 3aTem komruteke VCI3(L3) (obpazen IP61) (2,89 mn cycnieH3uun
B TOJIyOJIe C KOHIICHTpAIUel, paBHOW 2 Mr/Mmi, 1107 MOJIS, Macca paBHA MPUOIUZUTEITHHO
5,78 Mr), moOJy4eHHbI Kak omucaHo B mpumepe 11. Bce BrimepkuBany NpPU MarHUTHOM

nepeMeminBanuu npu Ttemmneparype 20°C B TedeHue S 4acoB. 3aTeM MOJUMEPU3ALUIO
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npepbiBaIn I[O6aBJ'IeHI/IeM 2 MI METAaHOJIa, COACPKAIIECTO HECKOJIbKO Kamejb COJISTHOM

KUCJIOTBI. 3aTeM TIOJNy4YeHHBbIH MOJuMep KoaryiaupoBaiu nodasineHueM 40 M pacTBopa
MeTaHONa, coxepxainero 4% amTHokcuaanta Irganox” 1076 (Ciba), ¢ monyuenmem 0,385 T
noaulyTajueHa, MUMEKIIEro CMEIIaHHYK CTpyKTypy iwc-1,4/Tpanc-1,4/1,2 ¢ comep:kaHuem
TpaHc-1,4 u uuc-1,4 3BeHneB, paBHbIM 84,2%. JlOoMONHUTENbHBIE XapPAKTEPUCTHKH IpoLecca U

HOJTy4eHHOTO NOJTUOyTaareHa NpeacTaBiIeHb! B Tabmune 1.

Ipumep 23 (GRS)

2 mn 1,3-OytagueHa maccoii, paBHOH mnpuOmmu3uTenbHO 1,4 T, moxBepraniu XOJOTHOH
koHneHcauuu (-20°C) B mpobupke odbemom 25 mu. 3arem nobasmsuim 6,90 Mi Tonyona u
JOBOIIIA TEMIIEPATypPy IMOJyUYeHHOTO TakuMm obpaszom pacteopa mo 20°C. 3arem, mobOapmsiiu
merunamomokcan (MAQO) B TomyombHbli pactop (6,3 i, 1,0'107 momst, macca paBHa
npubmusutensHo 0,58 1) 1 3arem kommekc VCl3(L4) (o6pazen GL1403) (2,8 mu cycneH3uu B
TONyOJIe C KOHLEHTpALKeH, paBHoit 2 Mr/mir;, 1107 Moiis, Macca paBHA MPUGIM3HTENBHO 5,6 M),
MOJIyYE€HHBIN KaK ONMUCAHO B npuMmepe 12. Bece BbiAep:KUBAIA TP MarHUTHOM NE€PEMEIINBAHUN
npu Temriepatype 20°C B TeueHne 5 4acoB. 3aTeM, NOJMMEPHU3ALMIO MPEePBIBATIN J00aBIEHUEM
2 M1 METaHOJa, COAEPXKALEro HECKOJNbKO Karellb COJNAHON KHUCIOTHL. 3aTeM MOJy4YeHHbIN
nojuMep KoaryiaupoBanu npobasieHueM 40 MJ  pacTBOpa MeTaHoJa, cozaepxkaiiero 4%
AHTHOKCHUJAHTA Irganox® 1076 (Ciba), ¢ monyuenuem 0,442 r nmonuOyTanueHa, UMEIOLIEro
CMEIIaHHYI0 CTPYKTypy uuc-1,4/Tpanc-1,4/1,2 ¢ comepxanuem Tpanc-1,4 u nuc-1,4 3BeHbEB
paBHBIM 82%. JlONMOJHUTENbHBIE XapaKTEPUCTUKU MPOLIECCa M MOJYYEHHOTo MonuOyTaaneHa

npeacTaBjeHsl B Tabmmme 1.

[Mpumep 24 (MM450)

2 mn 1,3-OytagueHa maccoii, paBHOH mnpuOmmu3uTenbHO 1,4 T, mopBepraiu XOJOTHOH
koHneHcauuu (-20°C) B mpobupke obdbemom 25 mu. 3arem pobaemsuim 6,9 M Tonyona |
JOBOIIIA TEMIEPATypPy IMOJy4YeHHOTO TakuMm obpaszom pacteopa mo 20°C. 3arem, mobOapmsu
cyxoii merunamomokcasn (MAO) B TomyonsHeIi pacTsop (6,3 mi; 1,010 moms, macca paBHa
npubmmsutensHo 0,58 1) 1 3arem kommiekc VCl3(L4) (o6pazen GL1403) (2,8 mi cycneH3uu B
TONyOJIe C KOHLEHTpALKeH, paBHoit 2 Mr/mir;, 1107 Moiis, Macca paBHA MPUGIM3HTENHHO 5,6 M),
MOJIy4E€HHBIN KaK ONMUCAHO B npuMmepe 12. Bee BbiAep:KUBANIN TP MarHUTHOM NE€PEMELINBAHUN
npu Temrneparype 20°C B TedeHue S5 4acoB. 3aTeM MOJUMEPU3ALIUIO MPEPBIBATN J00aBICHUEM
2 M METaHOJa, CONAEP>KALEro HECKOJNbKO Karelb COJIIHON KUCJIOTBHL. 3aTeM IOJIy4EHHBIH

nojuMep KoaryiaupoBanu npodasieHueM 40 Ma  pacTBOpa MeTaHoJa, cozaepxkauiero 4%
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anTnokcumanta Irganox” 1076 (Ciba), ¢ momydeHnem 0,515r noJauOyTaaneHa,

HMEIOIIEr0 CMEIIaHHYI0 CTPYKTypy Luc-1,4/Tpanc-1,4/1,2 ¢ conepxannem tpasc-1,4 u nuc-1,4
3BeHbeB paBHbIM 81,7%. JlomonHWUTENbHBIE XApaKTEPUCTUKU MpoLecca U IOJY4YEHHOTO
nombyTaaneHa nmpeacTaBieHsbl B Taduue 1.

Ha ®ur. 12 npenctasnen UK-®yppe CekTp NONTy4E€HHOTO NOJIUMeEpa .

Ipumep 25 (IPS7)

2 ma 1,3-OytamueHa maccoid, paBHOH mpuOmmM3uTenbHO 1,4 T, mopBepraiu XOJOTHOH
korneHcauuu (-20°C) B mpoOupke obdbemom 25 mu. 3arem poGasystmn 7,37 M Tojyojia |
JIOBOIWJIM TEMIIEpPaTypy MOJYYEHHOro TakuM oOpaszoMm pactBopa o 20°C. 3arem mobamisuiu
merunamomokcan (MAQO) B TonyombHbi pactop (6,3 i, 1,0'107 momst, macca paBHa
npubmm3uTensHo 0,58 1) u 3arem komrieke VCI3(LS)(TTI' @) (obpazen IPSS) (2,33 mut cycnieH3uu
B TOJIyOJIe C KOHIICHTpAIUeH, paBHOW 2 Mr/Mmi, 1107 MOJIS, Macca paBHA MPUOIUZUTEITHHO
4,66 Mr), TONy4eHHBI Kak omucaHo B mpumepe 13. Bce BbmepkuBaiu NpU MarHUTHOM
nepeMeminBaHuu npu Temmneparype 20°C B TedeHue S yacoB. 3aTeM MOJMMEPU3ALIUIO
npepbIBaN 100ABIEHHEM 2 MJI METaHOJA, COAEPIKAIIEro HECKOIBKO Kamellb COJSTHON KHUCIIOTHI.
3areM TMONy4YeHHBI NOJUMEp KoaryaupoBanu nodasiaeHueM 40 M pacTBOpa MeETaHOIA,
comepxamero 4% amTHokcumanta Irganox” 1076 (Ciba), ¢ momyuenmem 0,709 T
nosubyTanueHa, UMEIOLEro CMEIIaHHYI0 CTPYKTypy uuc-1,4/Tpanc-1,4/1,2 ¢ conmep:kaHuem
TpaHc-1,4 u uuc-1,4 3seHneB, paBHbIM 80,4%. JlomonHUTENbHBIE XapPAKTEPUCTHKHU IpoLecca U
HOJIy4eHHOTO NOJIMOyTaareHa npeacTasieHs! B Tabauue 1.

Ha @wur. 13 npencrasnen UK-Pypre ciekTp MoiyuyeHHOTO MOIUOyTaiueHa.

Ha ®ur. 14 npencrasienst crekrpsl 'H-SIMP (cHusy) u °C-SIMP (cBepxy) mOIy<4eHHOro

noJjmmepa.

ITpumep 26 (IP78)

2 mn 1,3-OyragueHa maccoif, paBHOH mpuOmmu3uTenbHO 1,4 T, moxBepranu XOJOAHOH
koHneHcauuu (-20°C) B mpobupke obdbemom 25 mu. 3arem pobaensim 7,4 M Tonyona |
JIOBOAWJIM TEMIIEpPaTypy MOJYYEHHOro TakuM oOpaszoMm pactBopa no 20°C. 3arem moOamisuiu
cyxoii merunamomokcas (MAO-cyxoit) B TonyonbHeIi pacTeop (6,3 mm; 1,010 mosst, mMacca
pasHa npubsusurenpbHo 0,58 r) m 3arem komruieke VCI3(LS)(TT'®) (obpaszen IPSS) (2,3 mi
CYCIEH3MH B TOJNyOJI€ C KOHIEHTpaLUueH, paBHOW 2 Mr/mi, 1'10° moms, macca paBHa
npubnu3uTenpsHO 4,66 Mr), MOJNyYeHHBIH Kak ommcaHo B mpumepe 13. Bce BbimepkuBanu mpu

MarHUTHOM nepeMemuBaHuu npu Ttemmeparype 20°C B TeueHue S dacoB. 3arem
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MOJIMMEPU3ALNIO  MIPEPhIBAIN I[O6aBJ'IeHI/IeM 2 M METaHOJIa, COACPKALIETO HECKOJIbKO

Karesb COJITHOM KHCJIOTBL. 3aTeM MOJYYEHHBIH MOJUMep KoaryiaupoBaiu aodasneHueM 40 mi
pacTBOpa MeTaHONa, coxaeprauero 4% aHTHOKCHUIAHTA Irganox® 1076 (Ciba), ¢ mony4ueHnem
1,020 r nonuOyTaareHa, HWMEIOIIEro CMEMIAHHYI0 CTPyKTypy uuc-1,4/tpanc-1,4/1,2 ¢
cozep:kaHueM TpaHc-1,4 u uuc-1,4 3BeHbeB, paBHbIM 77,2%. JlONOJHUTEIbHbBIE XapPAKTEPUCTUKU
nporiecca U MoJy4YeHHOro MoaudyTaareHa npeacTasieHnl B Tadmmme 1.

Ha @ur. 15 npexncrasnen UK-Pypbe ciekTp moinyueHHOro noaudyTaaueHa .

Ha ®ur. 16 npexacrasienst crekrpsl 'H-SIMP (causy) u °C-SIMP (cBepxy) MOIy4eHHOro
noJuOyTaueHa.

Ipumep 27 (IPS9)

2 mn 1,3-OytagueHa maccoi, paBHOH mpuOmmM3uTenbHO 1,4 T, moxBepraniu XOJOAHOH
koHneHcauuu (-20°C) B mpoOupke obdbemom 25 mi. 3arem pnoGasysimn 8,37 M Toiyona |
JOBOAMIA TEMIEPATYPYy MOJYYEHHOro TakuM oOpasom pactBopa a0 20°C. 3arem nobasisuiu
MOAN(PHUIMPOBAHHBIN MeTWIATIOMOKCaH (MonupuuupoBaHHblii-MAQ) B TOJIYyONBHBIA PacTBOp
(5,3 mur; 1,0'10™ mosst, Macca pasHa npuGusuTensHo 0,58 1) i 3atem komrreke VCI3(L5)(TT®)
(o6pasert IP55) (2,33 MIt CyCITIeH3HH B TOJIyONIe ¢ KOHLEHTpaLueii, paBHoii 2 Mr/mi;, 1°10™ mous,
Macca paBHa MNPHOIM3UTENBHO 4,66 Mr), NOJy4YEeHHBIH Kak ommucaHo B mpumepe 13. Bce
BBIJIEPKUBAIN MPH MAarHUTHOM IepeMelnnBaHuM npu temneparype 20°C B TeueHHe S5 4acoB.
3aTeM MOJMMEPH3ALHUIO MPEPbIBAIM J00aBIEHHEM 2 MJI METAHOJIA, COAEPIKALIEr0 HECKOJIbKO
Karejb COJISTHOW KHCJIOTBHL 3aTeM MOJIyYeHHbIH MOJUMep KOaryJupoBaiu poOasieHneM 40 miu
pacTBOopa MeTaHOa, conepskamero 4% aHTHOKCHUIAHTA Irganox® 1076 (Ciba), ¢ mony4eHnem
0,951 r mnonubyragueHa, WMEKIIEr0 CMEIIAHHYK CTPYKTypy uwuc-1,4/Tpanc-1,4/1,2 ¢
conepskaHueM TpaHc-1,4 u nuc-1,4 3BeHbeB paBHbIM 72,1%. JlonoJHUTENbHbBIE XapaKTePUCTUKH
nporiecca U MoJyYeHHOro MoMOyTaaueHa npeacTaBieHsl B Tadmure 1.

Ha ®ur. 17 npexcrasnens: criektpsl 'H-SIMP (causy) u C-SIMP (cBepxy) mOIy4eHHOro

noJuOyTaaueHa.

ITpumep 28 (IP64)

2 mn 1,3-OyragueHa maccoif, paBHOH mnpuOmmu3uTenbHO 1,4 T, moxBepranu XOJOAHOH
koHneHcauuu (-20°C) B mpoOupke obdbemom 25 mi. 3arem poGasmsimn 6,95 Mi Tonyona |
JOBOIWJIM TEMIIEPATypy MOJYYEHHOro TakuM oOpaszoMm pactBopa no 20°C. 3arem moOasisuiu
merunamomokcan (MAQO) B TonyombHbi pactop (6,3 i, 1,0'107 momst, macca paBHa
npubmmutensHo 0,58 1) u 3atem kommuieke VCl3(L6) (obpaszeny IP62) (2,75 mn cycneH3un B

o . 10
TOJIyOJIe C KOHIIeHTpauuel, pasHoi 2 mr/mir; 1'10™ Mounsi, Macca paBHa NPUOIM3UTENBHO 5,5 Mr),
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MOJIyYEeHHBIN KaK ONMKUCaHO B pumepe 14. Bce Bbiaep:kUBaId MPU MATHUTHOM ME€PEMELINBAHUN
npu temneparype 20°C B TeueHue 5 4acoB. 3aTeM MOJMMEPU3ALMIO MPEPBIBAIH 100aBIECHHEM
2 MJI METaHOJA, COJEPIKAIIEro HECKOJbKO Kameslb XJIOPHUCTOBOJOPOAHOM KHCJIOTHL. 3aTeM
HOJTyYeHHBIH MMOJUMeEp KoaryJupoBaiu podasieHrneM 40 Ml pacTBOpa METAaHOJA, COAEPIKALIEro
4% anrnokcunanta Irganox® 1076 (Ciba), ¢ momyuennem 0,157 r nonubyTaguena, HMEIOLIEro
CMELIaHHYIO CTPYKTypy wnuc-1,4/tpanc-1,4/1,2 ¢ conepxxanmem Tpanc-1,4 u mmc-1,4 3BeHbEB
paBHbIM 82,2%. JIOTIOJHUTENbHBIE XaPAKTEPUCTUKU MPOLECCa U MOJYYEHHOTO MOJIHOyTaueHa
npeacTaBieHsl B Tabmmme 1.

Ha @ur. 18 npencrasnen UK-Pypre criekTp MoiyueHHOTO MOIUOyTaIueHa.

Ha @uwr. 19 npencrasiens cmektpsl  H-SIMP (cumsy) u “C-SIMP (cBepxy)

MOJIy4€HHOTO MOJUOyTaANeHa.

ITpumep 29 (GRO)

2 mn 1,3-OyragueHa maccoi, paBHOH mnpuOmmusuTenbHo 1,4 T, mozpBepranu XOJOAHON
koHneHcauuu (-20°C) B mpoOupke obdbemoMm 25 mi. 3areM pnoOasmsmm 6,95 Ma Tonyona |
JOBOAWJIM TEMIIEPAaTypy MOJYYEHHOro TakuM oOpaszoMm pactBopa no 20°C. 3arem nobasisiiu
cyxoii metunamomokcas (MAO-cyxoil) B TonyonbHeIi pacTeop (6,3 mm; 1,010 mos, mMacca
paBHa npubnusurenbHo 0,58 r) u 3arem kommeke VCI3(L6) (obpaszen IP62) (2,75 mn cycnieH3un
B TOJIyOJie C KOHLEHTpAIMel, PaBHOW 2 Mr/mi, 1'10° moms, Macca paBHA TPUOIUZUTENBHO
5,5 Mr), moJy4eHHbI Kak omucaHo B mpumepe 14. Bce BbimepkuBamu MpH MAarHUTHOM
nepeMemuBaHuM npu Temmneparype 20°C B TedeHue S uacoB. 3aTeM MOJMMEPU3ALUIO
npepbIBaIN TOOABICHHUEM 2 MJI METaHOJA, COAEPIKAIIEero HECKOJIBKO Kamellb COJSTHON KHUCJIOTHI.
3areM MONY4YeHHBI MOJUMEp KoaryaupoBaiu nodasieHneM 40 M pacTBOpa METAaHOIA,
comepxkamero 4% amTHokcumanta Irganox® 1076 (Ciba), ¢ momyuennmem 0,378 T
nosubyTaiueHa, UMEIOIEro CMEIIaHHYI CTpYKTypy uuc-1,4/Tpanc-1,4/1,2 ¢ conmep:kaHuem
TpaHc-1,4 u uuc-1,4 3BeHbEB paBHBIM 76,6%. JlOMOMHUTEIbHBIE XapaKTEPUCTUKH TPOLIECCa U
MOJIy4€HHOTO MOJUOyTaANeHa peiCcTaBiIeHbl B Tabmmme 1.

Ha @ur. 20 npencrasnen UK-@ypre criekTp MonyueHHOTO MOIUOyTaiueHa.

ITpumep 30 (IP30)
2 mn 1,3-Oyranmena maccoll paBHOW npubmusuTenpbHO 1,4 T, moxBepraiu XOJOAHOH
koHneHcauuu (-20°C) B mpoOupke obdbemoMm 25 mi. 3areM poOasnsinu 7,37 Ma Tojlyoja |

JOBOAIIA TEMIIEPATypy MOJYYEHHOro TakuMm oOpasom pactBopa no 20°C. 3arem nobasisiu
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MOAN(PHUIUPOBAHHBIN METUJIAIFOMOKCaH (MoauduuupoBaHHbIH-MAQO) B TONYONBHBIN

pactop (5,3 m; 1,0'107 mons, macca paBHa npubmmsurensHo 0,58 T) M 3aTeM MONydalIH
kommiekc VCI3(L6) (obpazen IP62) (2,4 Myt CyCleH3UH B TOJNYOJI€ ¢ KOHLIEHTpALMEH, paBHOMN
2 mr/mi; 11107 moms, macca paBHa TPUONM3UTENBbHO 4,8 Mr), TMOJyYEHHBIH KaK OMHCAHO B
npumepe 14. Bce Bblaep:kuUBaiM MPU MarHUTHOM IepeMeluBaHuu npu Temmneparype 20°C B
teueHne 70 yacoB. 3aTeM TNOJMMEPH3ALMIO MpepbiBaiu A00aBleHHEM 2 MJI METaHOJA,
COZEPIKALIer0 HECKOJBbKO Kameslb COJSIHOH KHCJOTBL.  3aTeM TOJYYEHHBIH IMOJIUMEp
koarynupoBaiu nodasneHueM 40 MII pacTBOpa MeETaHOJA, coaepskamero 4% aHTHOKCHIAHTA
Irganox® 1076 (Ciba), ¢ monyuenmem 0,836 T MONMGYTAIMEHA, WMEIOLIErO CMELIAHHYEO
cTpykTypy 1uc-1,4/rpanc-1,4/1,2 ¢ conep:xanuem tpanc-1,4 u umc-1,4 3BeHbeB paBHBIM 76%.
JIOTIONTHUTENBbHBIE XaPAKTEPUCTUKU MPOLECca U MOIYYEHHOro NMOJNOyTaaneHa MPeICTaBlIeHb! B

Tabmure 1.

ITpumep 31 (GR7)

2 mn 1,3-OyragueHa maccoi, paBHOH mnpuOmmusuTenbHo 1,4 T, mozpBepranu XOJOAHON
koHneHcauuu (-20°C) B mpoOupke obbemom 25 mi. 3arem poGasmsmu 7,03 Ma Toiyona |
JOBOWJIM TEMIIEPaTypy IMOJNYYEHHOro TakuM obpa3zom pactBopa no 20°C. 3arem, nobasisiiu
merunamomokcan (MAQO) B TonyonbHbIi pactBop (6,3 M, 1,0'107 moms, Macca paBHa
npubnusutensHo 0,58 ) u 3arem kommiekc VCl3(L7) (obpasen BIB2) (2,67 mn cycrieH3uu B
TOJIyOJIe C KOHLEHTpAlMel, pPaBHOW 2 MI/MI; 1'10° moms, macca paBHA MPHUOIUZUTENBHO
5,34 Mr), mOJy4eHHbI KakK OMUCaHO B mpumepe 15. Bce BbImepKUBalud TMPU MArHUTHOM
nepememnBaHuM npu Temmneparype 20°C B TedeHume S uacoB. 3aTeM MOJMMEPU3ALUIO
npepbIBaIN TOOABICHHUEM 2 MJI METaHOJA, COAEPIKAIIEero HECKOJIBKO Kamellb COJSTHON KHUCJIOTHI.
3areM TMONY4YeHHBI MOJUMEp KoaryaupoBaiu nodasieHueM 40 M pacTBOpa METAaHOIA,
comepxkamero 4% Irganox® amtmokcmmanta 1076 (Ciba), ¢ momyuenmem 0,669 T
nosubyTaiueHa, UMEIOIEro CMEIIaHHYI CTpYKTypy uuc-1,4/Tpanc-1,4/1,2 ¢ conmep:kaHuem
TpaHc-1,4 u uuc-1,4 3BeHbeB paBHbIM 77,9%. JlOMOMHUTEIbHBIE XapaKTEPUCTUKH TPOLIECCa U
MOJIy4€HHOTO MOJUOyTaANeHa peiCcTaBiIeHbl B Tabmmme 1.

Ha @ur. 21 npencrasnens! cnekTpbl UK-@ypbe nonydeHHOro nonudyTaguexa.

ITpumep 32 (GR8)
2 mn 1,3-OyragueHa maccoi, paBHOH mpuOmu3uTenbHO 1,4 T, mozpBepranu XOJOAHOH
koHneHcauuu (-20°C) B mpoOupke obdbemoMm 25 mi. 3areM poGasnsiau 7,03 Ma Toiyona |

JOBOAIIA TEMIEPATypy MOJYYEHHOro TakuMm oOpasom pactBopa no 20°C. 3arem nobasisiu
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cyxoii mernnamomokcan (MAO-cyxoif) B TOmyombHbIi pacTBop (6,3 mm; 1,010 moms,

Mmacca pasHa npudbnusurensHo 0,58 r) u 3atem komruieke VCl3(L7) (obpasen BIB2) (2,67 mn
CYCIIEH3UH B TOJyOJIe C KOHLEHTpauuel, paBHOH 2 Mmr/mi, 1'10° wmoms, macca paBHa
npuOIM3UTENBHO 5,34 Mr), MOJy4YeHHbIH Kak onucaHo B mpumepe 15. Bcee BeimepskuBanu mpu
MAarHUTHOM IiepeMelnnBaHuu 1npu  Temneparype 20°C B TedeHue 5 4acoB. 3areM,
NOJIMMEPH3ALMI0 TIPEePhIBAIA A00ABIEHHEM 2 MJI METaHOJA, COAEPIKAILIEro HECKOJIbKO Karelb
COJITHOUM KHCJIOTBL. 3aTeM MOJy4YEHHBIN MOUMep Koaryiauposanu nqodasieHuem 40 Mi1 pacTBopa
MeTaHONa, coxepxamtero 4% anTnokcuaanta Irganox™ 1076 (Ciba), ¢ monyuenuem 0,669 r
noyubyTaueHa, UMEIOIEro CMEIIaHHYI CTPYKTypy uuc-1,4/Tpanc-1,4/1,2 ¢ conmep:xkaHuem
TpaHc-1,4 u uuc-1,4 3BeHpeB paBHbIM 87,2%. JlOMOMHUTEIbHBIE XapaKTEPUCTUKH TPOLIECCa U
MOJIy4€HHOTO MOJUOyTaANeHa peICcTaBIeHbl B Tabmmme 1.

Ha @ur. 22 npencrasnen cnektp UK-@ypbe mony4eHHOro nmonudyTagiueHa .

ITpumep 33 (IP71)

2 mn 1,3-OyragueHa maccoi, paBHOH mnpuOmmusuTenbHo 1,4 T, mozpBepranu XOJOAHON
koHneHcauuu (-20°C) B mpoOupke obdbemom 25 mi. 3arem poGasmsmu 7,09 Ma Tonyona |
JOBOAMIA TEMIIEPATYPy MOJYYEHHOro TakuMm oOpasom pactBopa ao 20°C. 3arem nobasisiiu
merunamomokcan (MAQO) B TonyonbHbIi pactBop (6,3 M, 1,0'107 moms, Macca paBHa
npudmsutensHo 0,58 r) u 3atem komruieke VCI3(L8) (obpazen IP68) (2,61 mn cycnensuu B
TOJIyOJIe C KOHLEHTpAlMel, pPaBHOW 2 MI/MI; 1'10° moms, macca paBHA MPHUOIUZUTENBHO
5,22 Mr), TOJIy4eHHBI KaK OMUCAaHO B mpuMmepe 16. Bce BbimepKUBalud TMPU MArHUTHOM
nepememnBaHuM npu Temmneparype 20°C B TeueHume S yacoB. 3aTeM MOJUMEPU3ALUIO
npepbIBaN TOOABICHHUEM 2 MJI METaHOJIA, COAEPIKAIIEer0 HECKOJIBKO Kamellb COJSTHON KHUCJIOTHI.
3areM TMONY4YeHHBI MOJUMEp KoaryaupoBaiu nodasieHueM 40 M pacTBOpa METAaHOIA,
comepxkamero 4% amTHokcumanta Irganox® 1076 (Ciba), ¢ momyuenmem 0,321 T
nosubyTaiueHa, UMEIOIEro CMEIIaHHYI CTpYKTypy uuc-1,4/Tpanc-1,4/1,2 ¢ conmep:kaHuem
TpaHc-1,4 u uwuc-1,4 3BeHpeB paBHbIM 70%. JlomoNHUTENbHBIE XapaKTEPUCTHUKU MpoLecca U
MOJIy4€HHOTO MOJUOyTaANeHa peiCcTaBiIeHbl B Tabmmme 1.

Ha @ur. 23 npencrasnen cnektp UK-@ypre momyueHHOro nonmudyraaueHa.

ITpumep 34 (IP69)
2wvn 1,3-Oyragmena paBHOro mnpuOIM3UTENBHO 1,4 T TMOABEPradd  XOJOIHOM
koHneHcauuu (-20°C) B mpoOupke obdbemoMm 25 mi. 3areM poGasnsiau 7,09 Ma Tonyona |

JOBOAIIA TEMIIEPATypy MOJYyYEHHOro TakuM oOpa3oMm pactBopa ao 20°C. 3arem nobasisiu
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cyxoii mernnamomokcan (MAO-cyxoif) B TOmyombHbIi pacTBop (6,3 mm; 1,010 moms,

Macca pasHa npudmausutensHo 0,58 1) u 3arem komruieke VCI3(L8) (obpaszen IP68) (2,61 min
CYCIIEH3UH B TOJyOJIe C KOHLEHTpauuel, paBHOH 2 Mmr/mi, 1'10° wmoms, macca paBHa
npuOIM3UTENBHO 5,22 Mr), MOJYYEHHBIH Kak onmucaHo B mpumepe 16. Bee BbimepskuBanu mpu
MAarHUTHOM nepeMmewmnBaHuM 1pu Ttemneparype 20°C B TedeHue 3 wacoB. 3arem
NOJIMMEPH3ALMIO TIPEePhIBAIA A00aBJIEHHEM 2 MJI METaHOJA, COAEPIKALIEr0 HECKOJbKO Karelb
COJISTHOM KHCJIOTBL. 3aTeM TMOJy4YEHHBIN MOJMMEP KoaryupoBaiu nqodasieHuem 40 M1 pacTBopa
MeTaHONa, coxepxamero 4% anTHokcuaanta Irganox® 1076 (Ciba), ¢ momyuenmem 1,2 T
noyubyTaueHa, UMEIOIEro CMEIIaHHYI CTPYKTypy uuc-1,4/Tpanc-1,4/1,2 ¢ conmep:xkaHuem
TpaHc-1,4 u uuc-1,4 3BeHpeB paBHbIM 71,6%. JlomoMHUTEIbHBIE XapaKTEPUCTUKH TPOLECCa U
MOJIy4€HHOTO MOJUOyTaANeHa peICcTaBIeHbl B Tabmmme 1.

Ha ®ur. 24 npencrasnen cnektp UK-Pypbe monydeHHOTo noudyTagueHa.

Ha ®wur 25 mnpencraBnena kpusas [1IX (“Gel Permeation Chromatography”)

MOJIy4€HHOTO MO0y TaANEHA.

ITpumep 35 (IP70)

2 mn 1,3-OyragueHa maccoi, paBHOH mnpuOmusuTenbHo 1,4 T, mozpBepranu XOJOAHON
koHzaencanuu (-20°C) B mpobupke oObemom 25 mu. 3arem nobasisn 8,09 M Tonyona u
TOBOIMJIM TEMIIEPaTypy MOJIYYEHHOro TakuM oOpazom pactBopa o 20°C. 3atem moOaBisuiu
MOAMGUIMPOBAHHbIA MeTUnamoMokcaH (Moauduuuposanubiii-MAQ) B TONYOJBbHBIH PacTBOP
(6,3 mu; 1,010 monsi, macca paBHa mpubnusurenbHo 0,58 r) wu 3atem komruiekc VCls3(L8)
(o6pasew IP68) (2,61 Mt CyCIIeH3MH B TONYONIE ¢ KOHLEHTpaLuel, pasHoii 2 Mr/mi;, 1°10™ mous,
Macca paBHa NPHUOIM3UTENBHO 5,22 Mr), TOJYYEHHBIH Kak OmMHMCaHO B mpumepe 16. Bce
BBIJIEP’KUBAJIM [P MarHUTHOM IepeMelnnBaHuu rnpu Ttemnepatype 20°C B TeueHue 24 4acos.
3areM MONUMEPHU3ALHUIO MPEepPhIBATH J0OABICHHEM 2 MJI METAHONA, CONEPIKAIIero HECKOJbKO
Kareyib COJITHOW KHCJIOTBHL. 3aTeM TOJYYEHHBIH MOJMMEpP KOoaryiaupoBaiu aobasinerneM 40 mi
pacTBOpa MeTaHOINa, coxepxainero 4% antnokcumanta Irganox® 1076 (Ciba), ¢ nmonydermem
0,132 r mnonubyTranueHa, HMEKOIIETO CMEIIAHHYK CTPYKTypy uwuc-1,4/Tpanc-1,4/1,2 ¢
conepskaHueM TpaHc-1,4 u nuc-1,4 3BeHbeB paBHbIM 72,4%. JIoNOJHUTENbHbIE XapaKTEPUCTUKU

nporecca U MOJy4YeHHOro MoNndyTaaueHa npeacTaBieHsl B Tabmure 1.

ITpumep 36 (MM451)
2 MJI U30TIpeHa Maccol, paBHOM npubnu3uTenpHo 1,34 r, BBOAWIN B IPOOUPKY 00BEMOM

25 mn. 3arem pobGaBmsuin 6,9 MuI TOJyoJla W JOBOAMIIM TEMIIEPATypy IOJYUYEHHOTO TaKHM
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obpazom pacteopa no 20°C. 3arem nodapnsimn  cyxoir Merunamomokcan (MAO-cyxoii) B

TONMyONbHBIH pacTBop (6,3 Mur, 1,010 mous, mMacca paBHa mpuGamsuTensHo 0,58 T) U 3aTeM
xkommieke VCIs3(L4) (o6pazen GL1403) (2,8 mi cycnieH3uH B TOJIyOJie C KOHIEHTpaLuel, paBHON
2 mr/mi; 11107 moms, macca paBHa MPUONU3ZHUTENBHO 5,0 MI'), TMOJyYEHHBIH KaK OMKHCAHO B
npumepe 12. Bce Bblaep:kuBaiM MPU MarHUTHOM IepeMeluBaHuu npu temmneparype 20°C B
TeueHne 21 daca. 3areM MONUMEPU3ALMIO MpepbIBAIM 100aBiI€HHEM 2 MJ METAaHOJA,
COZEPIKALIer0 HECKOJBbKO Kameslb COJSIHOH KHCJOTBL.  3aTeM TOJYYEHHBIH IMOJIUMEp
koarynupoBaiu nodasneHueM 40 MII pacTBOpa MeETaHOJA, coaepskamero 4% aHTHOKCHIAHTA
Irganox® 1076 (Ciba), ¢ mnonyuenueMm 0,257 I MONMH3OMPEHA, HMEIOLIETO CMELIAHHYEO
cTpyktypy 1umc-1,4/rpanc-1,4/3,4 ¢ conepxanunem TpaHc-1,4 u uuc-1,4 3seHbeB paBHBIM 84,6%.
JIOTIONTHUTENBHBIE XaPAKTEPUCTUKHU IPOLECCa W TOJIYUYEHHOrO MOJIMU30NPEHa MPEACTABICHbI B
Tabmune 2.

Ha ®ur. 26 npeactasinen cnexktp UK-@ypbe nonydeHHOro noIun30IpeHa.

Ha @ur. 27 npeacrasner crexktp H-AMP (camsy) u PC-SIMP (cBepxy) IMOTyH4eHHOTO

MOJIMU30IPEHA.

ITpumep 37 (IP79)

2 MJI U30TIpeHa Maccoi, paBHOM npubnusutenpHo 1,34 r, BBOAWIN B MIPOOUPKY 00BEMOM
25 mn. 3arem noGaBisid 7,4 M1 TOJyoJia M JOBOAWIM TEMIEPATYPy TMOJYYEHHOTO TaKUM
obpazom pactBopa nmo 20°C. 3arem nobaBisiiu cyxoii mermnamomokcaH (MAQO-cyxoii) B
TOJIyOJIbHBIN pacTBop (6,3 mu; 1,0‘10'2 MOJIsI, Macca paBHa npubmusutensHo 0,58 ) U 3arem
komiuieke VCI3(LS)(TI'®) (obpazen IP55) (2,33 mu cycneH3uu B TOJNYOJi€ ¢ KOHLEHTPALUEH,
paBrO# 2 mr/mi, 1107 moms, Macca paBHA NPUONMHTENBHO 4,66 MT), TONYHYEHHBIH Kak
onucaHo B npumepe 13. Bce Bpinep:kuBaiu Mpu MarHUTHOM IlepeMeIINBaHUY IIPU TeMIepaType
20°C B Teuenue 21 yaca. 3aTeM MOJUMEPH3AIHUIO MpepbiBAA HOOABIEHHEM 2 MJI METAHOJIA,
COJZIEp’KaIller0 HECKOJNbKO Karellb COJIIHONM KHUCJIOTBL.  3aTeéM IOJYy4YeHHBIH MOoJuMep
koarynupoBaiiu nodasneHueM 40 MII pacTBOpa MeETaHOJA, conepskamero 4% aHTHOKCHIAHTA
Irganox® 1076 (Ciba), ¢ mnonyuenueM 0,647 r MONMH3OMPEHA, HMEIOLIETO CMELIAHHYEO
cTpykTypy uc-1,4/rpanc-1,4/3,4 ¢ conepxanuem tpanc-1,4 u uuc-1,4 3BeHbeB paBHBIM 77,2%.
JlononHUTENbHbIE XapaKTEPUCTUKH Ipoliecca U MOJYYEHHOIO MOJMHU30MNpEHa MpPeCTaBIeHbl B
Tabnure 2.

Ha ®ur. 28 npeactasinien cnextp UK-@Pyppe nonydeHHOro nonnuu3onpeHa.

Ha ®ur. 29 npeacrasnenst crektps 'H-SIMP (cuusy) u °C-SMP (cBepxy) mOIy4eHHOro

HOJIMU30IIPEHa.
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ITpumep 38 (IP80)

2 MJI U30TIpeHa Maccol, paBHOI npubnusuTenpHo 1,34 r, BBOAWIN B IPOOUPKY 00BEMOM
25 mn. 3arem noGaBimsuin 7,4 M1 TOJyoJia M JOBOIWJIM TEMIEPAaTypy MOJYYEHHOTO TaKUM
obpazom pactBopa no 20°C. 3arem npobasnsuin metmnamomokcan (MAQ) B TOIyONbHBIN
pactBop (6,3 wmu; 1,0‘10'2 MOJIsi, Macca paBHa mnpuOmm3uTenbHo 0,58 ) M 3aTeM KOMILIEKC
VCI;(LS)TI'®) (obpazer; IPS5) (2,33 mn cycneH3ud B TOJyOJie C KOHLIEHTpalMel, paBHOMN
2 mr/mur; 1°107 mons, macca paBHa NPUOIU3UTETHHO 4,60 Mr'), MOJYYEHHBIH KakK OMUCAHO B
npumMepe 13. Bce BbaepkuBanu Mpu MarHUTHOM IMepeMelnBaHuM npu temmeparype 20°C B
TedeHne 21 yaca. 3areM MONUMEpPU3ALMIO TNpepbIBAIN A00aBJeHHEM 2 MJ METAaHOJIA,
COZIep>Kalller0 HECKOJbKO Kamelb COJIIHOH KHUCJOTBL. 3aTeM IMOJY4YeHHBIH MOJNUMep
koarynupoBaiiu nodasneHueM 40 MII pacTBOpa MeETaHOJA, conepskamero 4% aHTHOKCHIAHTA
Irganox® 1076 (Ciba), ¢ monyuenueMm 0,235 T NONMH3OMPEHA, HMEIOLIET0 CMELIAHHYEO
cTpykTypy uc-1,4/rpanc-1,4/3,4 ¢ conepxanuem tpanc-1,4 u uuc-1,4 3BeHbeB paBHbIM 80,9%.
JlononHuTENbHbIE XapaKTEPUCTUKH IpoLiecca U MOJYYEHHOIO MOJUHU30MNpEHa MPeCTaBIeHbl B
Tabnune 2.

Ha ®ur. 30 npeacrasnen cnextp UK-@yppe nonyueHHOro noIuu30npeHa.

Ha ®ur. 31 npexacrasnenst crexktps 'H-SIMP (cuusy) u °C-SMP (cBepxy) mOIy4eHHOro
MOJIMU3O0IPEHA.

Ha ®uwr. 32 npencrasnena kxpusas [TIX («remp mpoHuKaromas xXpomartorpadusy)

IMOJIyY€HHOT'O ITOJIMU3O0IIPEHA.

ITpumep 39 (IP81)

2 MJI M30TIPEeHa MacCOo, paBHOM npudam3uTenbHo 1,34 r, BBOAWIN B IPOOUPKY 00BEMOM
25 mn. 3arem nobaBmsuin 7,1 M1 TONyoJla M JOBOOWIIM TEMIIEPATYPY MOJYYEHHOTO TaKUM
obpasom pactBopa mo 20°C. 3arem polamisuiu cyxoil MerwiamomokcaHn (MAO-cyxoit) B
ToNyonbHbIH pactop (6,3 mir; 1,010 moust, Macca paBHa mpuGmusurensHo 0,58 r) U 3aTeM
kommuieke VCl3(L8) (obpazerr IP68) (2,61 M cycnieH3uu B TOJyOJie ¢ KOHLEHTpPAILUEH, paBHOM
2 mr/mm; 1°107 mons, mMacca paBHA NPHOIH3UTENBHO 5,22 MT), MONYYEHHBIH KAK OIHCAHO B
npumMepe 16. Bce BblaepkuBanu MpU MarHUTHOM MepeMemnBaHuu npu temmneparype 20°C B
teuenne 21 vaca. 3areM, MNOJUMEPH3ALMIO TNpepbIBAIM A00aBIEHHEM 2 MJI METaHOJA,
COZEPIKALIET0 HECKOJBbKO Kameib COJSIHOH KHCJIOTBL.  3aTeéM TOJYYEHHBIH IOJIUMeEp
koaryiupoBaiiu nodasnenueM 40 MiI pacTBOpa MeTaHOJa, conepskamero 4% aHTHOKCHIAHTA

Irganox® 1076 (Ciba), ¢ monyuenuem 0,14 r noauuzonpeHa, UMEIOLIET0 CMEMIAHHYIO CTPYKTYPY
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uuc-1,4/rpanc-1,4/3,4 ¢ conepxkanuem tpanc- 1,4 wu uwuc-1,4 3BeHpeB paBHbIM 80,6%.

ﬂOHOJ’IHHTeJ’IbeIe XapaKTEPUCTHUKU MpoHecCa U MOJYYCHHOI'0 NMOJUHU30NPECHA MPEACTABJIICHBI B
Tabnuie 2.

Ha ®ur. 33 npencrasnen crnektp UK-®ypbe nonydeHHOro nojJunu3onpeHa.

Ha @ur. 34 mnpencrasnena kpusas ITIX («rempnpoHuKaromas XpomaTtorpadusy)

MOJIYYCHHOI'O ITOJUHU30IIPCHA.

Tabnuna 1. IMonumepusanus 1,3-OyTagueHa ¢ MOMOIIBIO KATATUTHYECKUX CHCTEM,

BKJIFOYAKOIIUX OHC-UMHUHOBBIE KOMILIEKCHI BaHaaus

Mprvep Temnepa- Bpews (1) Konsep- | mmc-1,4 |tpanc-1,4 1,2 \Y NEY Y
Typa, (°C) cust (%) (%) (%) (%) |(rmomp™)
17 20 5 15,4 80,5 5,0 14,5 65000 2,0
18 20 5 23,4 82,9 2,8 14,3 125000 2,5
19 20 5 12,2 66,8 19,1 14,1 39000 1,8
20 20 5 18,3 64,7 21,8 13,5 95000 2,0
21 20 5 21,4 78,1 7,6 14,2 52300 1,9
22 20 5 27,5 75,9 8,3 15,8 135000 2,2
23 20 5 31,6 65,9 16,1 18,0 48700 23
24 20 5 36,8 61,3 20,4 18,3 87800 24
25 20 5 50,6 77,0 3,4 19,6 63000 2,5
26 20 5 72,9 61,8 15,4 22,8 115800 24
27 20 22 67,9 68,7 3,4 27,9 89800 2,6
28 20 5 11,2 63,3 18,9 17,8 42300 2,5
29 20 5 27 59,9 16,7 23,4 105000 2.4
30 20 70 59,7 61,5 14,5 24,0 59200 3,2
31 20 5 47,8 72,7 52 221 74500 2,7
32 20 5 66,3 68,7 18,5 12,8 148000 2,5
33 20 5 2,9 66,0 4,0 30,0 67600 2,8
34 20 3 85 61,4 10,2 28,4 111000 3,3
35 20 24 9,4 62,6 9,8 27,6 77900 3,0
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Tabmuua 2. [lonmumepusanust H30MpeHa

BKJIFOYAKO IIMX OHC-UMHHOBBIE KOMILIEKCBI BaHaaus

C IIOMOIIBIO KATAJTUTUYCCKUX CUCTEM,

Temnepa- Konsep- | uuc-1,4 |tpanc-1,4 3,4 My
[Tpumep Bpewmst (1) L Mw/M,
Typa, (°C) cust (%) (%0) (%0) (%0)  |(mxmoms™)
36 20 21 19,1 36,7 47,9 15,4 43700 2,6
37 20 21 47,6 70,6 6,6 22,8 105000 3,1
38 20 21 17,3 80,9 0 19,1 18900 23
39 20 21 10,3 73,8 6,8 19,4 24900 2,6




P®OPMYVYJIA H30BPETEHUA

1. Cnoco0 momyueHusi (CO)IOJIUMEPOB  CONPSDKEHHBIX — JAMEHOB,  BKITFOYAFO LM
NOJMMEPH3ALMI0 [0 MEHbIIEH Mepe OIHOTO COMPSUKEHHOTO JHeHa B TMPUCYTCTBHU
KATAJIUTHYECKOW CHCTEMbI, BKJIFOUAIOIIMN MO MEHbLIeH Mepe OAMH OMC-MMHUHOBBIM KOMILIEKC

BaHaaus obwmeit popmynsl (I):

rue:

-m paseH O wm I,

- Z npencrasiseT -CRsRg rpynmy, B xotopoii Rs u R¢, oanHakoBble WM pas3iuyHbIE,
MPeaCTaBISIIOT codoit atom Bomopona, i C;-Cyp aNkmibHYyO rpymmy, npeanodrurebHo Ci-
Cis, TMHENHYIO WK Pa3BETBJICHHYIO, WU JIByXBAJEHTHYIO apOMaTHYECKYIO IPYMIy, BO3MOKHO
3aMeLIEHHYIO;

- Ry u Ry, ogriHakoBbIE WM pa3inYHbIE, MPEACTABISIOT COOOM aTOM BOAOPOAA, WU HX
BeiOuparoT u3  C1-Cyp ankwnpHbIX rpymmn, npexnourutenbHo Ci-Cis, JUHEHHBIX WM
Pa3BETBIEHHBIX, BO3MOXXHO TaJIOTEHUPOBAHHBIX, LUKJIOAJKWIBHBIX TPYII, BO3MOXXHO
3aMelIeHHbIX, Wik R; 1 Ry MoryT ObITh CBsI3aHBI APYT C OPYTOM TaK, YTO OOpa3yrT BMECTE C
APYTUMHU aTOMaMH, ¢ KOTOPbIMU OHHU CBSI3aHBI, LMKJ, COAEPKaIUNA OT 4 10 6 aTOMOB yriepoaa,
HACBIIICHHBIN, HEHACHIIIEHHBIM WM apoMaTU4YecKuii, BO3MOXHO 3amemeHHbii C1-Cyg
aJKWJIbHBIMU rpynnamy, npeanodtutrensHo Ci-Cis, TMHEHHbBIMU WIIN pa3BETBIEHHBIMU, IPUYEM
YKa3aHHbII LMK BO3MOXHO COJEPKUT TIeTepoaToMbl, Takhe Kak KHCIOpOH, cepa, asorT,
KkpemHuii, hocdop, cenex;

- R; u R4, onniHAaKOBBIE WM pa3jIMUHbIE, MPENCTABJISIIOT COOOM aTOM BOIOPONA, WM HX
BeiOnpatoTr m3 C1-Cyp ankmnpHbIx rpynm, npeanoututenbHo C1-Cis, JNHUHEHHBIX WM
Pa3BETBIEHHBIX, BO3MOXHO TaJIOTEHUPOBAHHBIX, LUKJIOAIKUIBHBIX TPYII, BO3MOKHO
3aMelLE€HHBIX, ApUJIbHBIX PYII, BO3MOXHO 3aMELIeHHbIX;

- wm Ry m Ry MoryTt ObITh CBI3aHBI APYT C IPYroM Tak, 4TO OOPas3yT, COBMECTHO C

APYTMMH aTOMaMH, C KOTOPbIMU OHHU CBSI3aHbI, LIMKJI, COAEpKAIIUM OT 3 10 6 aTOMOB YIJepoaa,
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HACBIIIE€HHBIH, HEHACBIIIEHHBIN WM apOMaTHUYeCKUM, BO3MOXKHO 3amelneHHbii C-

Cyo ankunpHbIME Tpynnamu, npennoututenbHo C;-Cis, MTMHEHHBIMH WM pPa3BETBICHHBIMHU,
NpUYeM YKa3aHHBIH LIUKJI BO3MOXKHO COZIEPKUT APYTHe IeTepoaTOMbl, TaKHe KaK KUCJIOPOL,
cepa, a30T, kpeMHuH, pocdop, cenen;

- wi R} u R3 MoryT ObITh CBsI3aHBI IPYT C APYroM Tak, YTO OOpPasyrT, COBMECTHO C
OPYTUMHU aTOMaMHu, ¢ KOTOPbIMU OHHU CBSI3aHbl, LIMKJ, COAEPKaIIUMA OT 3 10 6 aTOMOB yIriepoaa,
HACBIIICHHbIN, HEHACHIIIEHHBbIM WJIM apoMaTU4YecKuii, BO3MOXHO 3amemeHHbli C1-Cy
ANKUJIBHBIMH TpynramMu, npeanoutureabHo Ci-Cs, TUHEHHBIMY WM Pa3BETBJICHHBIMH, IPHYEM
YKa3aHHBIH LHKJI BO3MOJKHO COAEPIKHUT JAPYrHe TeTepOoaTOMbI, TaKhe KakK KHCIOpOI, cepa,
kpemHuii, hocdop, cenex;

- Xj, X, u X3, OIMHAKOBBIE WK PA3JINYHbBIEC, TPEACTABIISIOT COOOW aTOM rajoreHa, Takon
Kak XJop, Opom, Hox, mpenrnouTUTEIbHO XJIOp, WK uX BeIOUpatoT u3 C1-Cyy aIKMIbHBIX TPYIII,
npennoututensHo C1-Cys, MMHeNHbIX win pa3BeTsiaeHHbIX, -OCOR, rpynn unu -OR; rpynm, rae
R; Beiduparor u3 Ci-Cyo amkwipHbIx Tpymm, mnpeanoututenibHo  Ci-Cis, JTUHEWHBIX WA
Pa3BETBIICHHBIX;

- Y BBIOMpAIOT W3 MPOCTHIX 3(UPOB, TAKUX KaK AMSTHIOBBIA 3¢up, Terparunpodypan
(TI'®), nMMeTOKCHITaH, MPEATIOYTUTENIBHO OH IpeAcTaBisieT codol Terparuapodypan (TT @);

-n paseH O mmm 1.

2. Cnoco® mony4eHus: (CO)IMOJUMEPOB COMPSDKEHHBIX TUEHOB MO 1.1, rae yka3aHHas
KaTaJUTUYECKasi CUCTEMa BKJIFOUAET 10 MeHbLIeH Mepe onuH cokaranusatop (b), BeIOMpaeMblit
U3 OpPraHMYeCKUX COEAMHEHMH 3jeMeHTa M’, OTJIIMYHOro OT yriepozia, NMpUYeM YyKa3aHHBIH
sneMeHT M’ BbIOMPAOT W3 JJIEMEHTOB, MNpUHAmNexamux rpynmam 2, 12, 13 wm 14
IMepuomuyeckoii TaOMUIBI 3JIEMEHTOB, TAKUX Kak OOp, aJIOMHUHHIA, [IMHK, MarHWM, TajuTd,

OJIOBO, MMPEAIIOUTUTEIBHO U3 AJIFOMHUHUA, 6opa.

3. Cnoco0 monyudeHus: (CO)NOJUMEPOB COMPSKEHHBIX JHUEHOB MO M.2, B KOTOPOM
yka3aHHbIH cokaTanu3aTop (b) BeiOuparoT u3 (b)): ankuios amomMuHus odmel dpopmysl (11):
Al(X)a(Rg)3.4 (ID),
rne X' mpencramisier coOOW aTOM TajioreHa, TakoW Kak XJyop, Opom, Hox, ¢rop; Rg
BBIOMPAIOT U3 JIMHEWHBIX WM pa3BeTBIEeHHbIX C1-Cy) aJKWIBHBIX TPYII, LUKJIOATKHIbHBIX
IPYII, apWIbHBIX TPYINI, MPUYEM YKa3aHHbIE TPYIIbl BO3MOMKHO SIBJISIOTCS 3aMELEHHBIMU
OIHUM HJIH OOJiee aTOMaMH KPEMHHUS WIIM TePMaHMs1, U N PeCTaBIsieT co00i nenoe 4rcio ot 0

Io 2.



4. Cnoco® mony4yeHus (CO)IMONMMEPOB COMNPSDKEHHBIX AHEHOB IO 1.2, B KOTOPOM
ykasaHHbIl cokatanu3atop (b) BbiOupaoT u3 (b)) OpraHUYECKHX KHCIOPOIACOMAEPIKALINX
COoeMHEeHU anemeHTa M', OTIMYHOrO OT yriepona, NpuHajexaiiero k rpynnaMm 13 wim 14
Iepunoanyeckoii TaOJTHLIBI 3JIEMEHTOB, IPEANOYTUTENEHO u3 OpPTraHMYEeCKUX

KHCJIOpOACOACPKAINX COeTUHEHUI AJIIOMHHUA, TaJIJINA, OJIOBA.

5. Cnoco0 monydeHusi (CO)IOJMMEPOB COMPSDKEHHBIX JTUEHOB NO 1.2, B KOTOPOM
yka3zaHHbI  cokaramm3arop (b) BeiOmparor w3 (bs): coemuHeHMH WM CcMeceH
METAJUIOOPTAHUYECKHX COENWHEHHMH »3JeMeHTa M, OTIMYHOro OT YIiepona, CHOCOOHBIX
BCTYIIATh B PEAKIHIO ¢ OMC-MMHUHOBBIM KOMIUIEKCOM BaHanus obwmeit gpopmyinsl (1), ynamsst u3
HEro G-CBSI3aHHBIN 3amecTuteNlb X;, Xp; Win X3, ¢ oOpa3oBaHUEM, C ONHOH CTOPOHBI, IO
MEHBIIEH Mepe OAHOIO HENTPAIBHOIO COEIMHEHNs, a C APYTOl CTOPOHBI, HOHHOT'O COEAUHEHUS,
COCTOSILIIETO M3 KaTHOHA, copepskamero metawt (V), KOOPAMHUPOBAHHBIN JIMTAHIOM, U HE
KOOPJIWHHPOBAHHOTO OPTaHUYECKOTO aHMOHA, COAepIKaliero Merajul M', OTpHLIaTeNbHBIN 3apsin

KOTOPOTO JENIOKaIN30BaH B MHOTOLIEHTPOBOM CTPYKTYpE.

6. Coco0 monyueHusi (CO)IOJUMEPOB COMPSDKEHHBIX JHEHOB MO JI00OMYy W3
NPEAIECTBYIOIINUX MYHKTOB, B KOTOPOM YKAa3aHHBIA COMPSDKEHHBIH THEH BbhIOMparoT u3 1,3-
Oyramuena, 2-metui-1,3-Oytanuena (u3onpena), 2,3-qumerui-1,3-0Oyraauena, 1,3-neHranaueHa,
1,3-rekcaguena, HuKiIo-1,3-rekcaauerHa WM Ux cMecel; mpeanoYTuTeNnsHo u3 1,3-0yraaneHa, 2-

metu- 1,3-0OytagueHa (M3onpeHa).

7. Cnoco0 monyueHusi (CO)IOJUMEPOB COMPSDKEHHBIX JHEHOB IO JIIOOOMY U3
NPEAIeCTBYIOIUX MYHKTOB, I7l€ B YKa3aHHOM OHC-MMHHOBOM KOMILIEKCE BaHamus oOuiei
dopmysr (I):

- m paseH 0,

- Ry u R,, onuHakoBble WM pa3iM4HbIC, MPEANOYTUTEIHHO OIUHAKOBBIE, SIBJISIOTCS
aTOMOM BOJOPOZA, WJIM MX BBIOMPAIOT U3 JIMHEHHBIX MM pa3BeTBIeHHBIX C1-Cyo aNKUIBHBIX
IPYII, TPEANOYTUTEIBHO OHU MPEICTABISIFOT COOOI METUIIBHYIO TPYIIY;

- R3 1 R4, OMHAKOBBIE MM PA3JIMYHbIE, MPEANOYTHTENHPHO OIMHAKOBBIE, BRIOUPAIOT M3
(peHUIBbHBIX TPYII, BO3MOXKHO 3aMELIEHHBIX JIMHEHHbIMH WK pas3BeTBiIeHHbBIMH C1-Cyo
AJIKWJIbHBIMH TPYIIAMH, TMPEANOYTHTEIbHO 3aMELICHHbIMH OIHOH MM 0ojee MEeTHIIbHBIX,

U30TIPOIUIIbHBIX, TPETOYTHIIBHBIX TPYIIIL;
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- X5, Xy u X3, OAMHAKOBbIE WM PA3JUYHBbIE, NPEANOYTUTEIBHO OAUHAKOBBIC,

NPECTABISIIOT COOOI aTOM rajloreHa, Takol Kak XJjop, OpoMm, HoA, NpeanouTUTEIbHO XJIOP;
-n paseH O unu 1;

- Y npexcrasisier coboii Terparunpodypan (TT D).

8. Cocob monyueHust (CO)MOJIMMEPOB COMPSDKEHHBIX JUEHOB MO 1.3, TIe yKa3aHHbIE
ankwibl amromubus (by) obmedt popmyner (1) npencTaBissroT cOOON AUITUIATIOMUHUN XJIOPUL

(A2AX); monoatunamomunmii auxiopun (JALX), stunamomunnii cecksuxyopun (JACX).

9. Cioco0 monydeHusi (CO)NOJUMEPOB COMPSKEHHBIX JHUEHOB MO 1.4, B KOTOPOM
yKa3aHHbIE OPTaHUYECKHE KHCIOpoAcoaepkamue coenuHeHns (by) BHIOUPAIOT U3 ATFOMOKCAHOB
obme#t popmysl (I1I):

(Ro),-Al-O-[-Al(R9)-O-],-Al-(Ry1), (1IT),

rne Ro, Rip 1 Ry, onMHaKOBbIE WM pa3jIMyHbIe, IPEICTABISIIOT COOOH aToM BOAOPOIa,
aTOM rajioreHa, TakoW Kak XJjiop, Opom, #ox, (Top, MiIM WX BBIOMPAIOT M3 JUHEWHBIX WIIH
pasBeTBiieHHbIX C;-C; aNKUIBHBIX TPYII, LUKJIOAIKIIBHBIX TPYII, apUIbHBIX PYII, MPUYEM
yKa3aHHbIE TPYIMIbl BO3MOXKHO SIBJSIFOTCS] 3aMELIEHHBIMH OHHM WK OoJjiee aTOMaMU KPEeMHHS

WA TePMaHUs, U p mpeacTaisieT codoii nenoe uncio ot 0 go 1000.

10. Cnioco6 monyueHusi (CO)IMONUMEPOB COMPSIKEHHBIX JAMEHOB MO 1.9, rie yKa3aHHOe
OpraHuvecKoe Kuciopoacoaepskamiee coenunenus (by) mpeacrasiser coOOW METHUIATIOMOKCAH

(MAO).

11. Cnoco6 mnosydeHusi (CO)IONUMEPOB COMNPSDKEHHBIX JUEHOB IO 1.5, B KOTOPOM
yKa3aHHbIE COCIUHEHUS WU cMecH coennHeHui (bs) BBIOMPAIOT M3 OPraHUYECKUX COSTUHEHHIH
AFOMUHUS 1 OCOOEHHO 0Opa, TAKMX KaK COCIUHEHUs, MPENCTaBJICHHbBIE CIECAYIOUINMH OOIIMMHU
dbopmynamu:

[(Ro)wHa-w]*[BRp)]; BRp)s; AlRp)s; B(Rp)sP; [PhsC] *[B(Rp)s];

[(Re)sPH]*[B(Rp)a]; [Li] *[B(Rp)a]; [Li] *[Al(Rp)a],

I71€ W SIBJISIETCS LeabIM yuciaoM oT 0 1o 3, kaxaas rpynna Re He3aBUCUMO NPEaCTaBIIsIET
cO0OH aNKWIbHYIO TPYIIY WM apUIIBHYIO Py, cofepxamyro ot 1 1o 10 atomoB yrieponaa,
U Kaxpgas rpynma Rp He3aBUCHMO mpeacTaBisieT cOOOW apuiIbHYIO TPYIITY, YaCTUYHO HIIH
MIOJIHOCTBIO, TPEANIOYTHTENBHO MOJHOCTHIO, (PTOPUPOBAHHYIO, CONEpsKaIlyio ot 6 10 20 aToMOB

yraepona, P npencrasisier coOol MUPPOJIBbHBIN paguKa, BO3MOXKHO 3aMELIEHHBIH.



12. Cioco®6 monmyyeHus: (CO)OJUMEPOB CONPSDKEHHBIX HUEHOB TNO JIEOOOMYy U3
MPEIIIECTBYIOINX MYHKTOB, 1€ YKa3aHHBINM CIIOCO0 OCYLIECTBISIIOT B IPUCYTCTBHUU MHEPTHOTO
OPTaHUYECKOTO PACTBOPUTEJSI, BHIOMPAEMOTO M3 HACHIIIEHHBIX anu(paTHYECKUX YIIeBOIOPOAOB,
TaKuUX Kak OyTaH, MEHTaH, T'eKCaH, FeNTaH WM UX CMECH, HACBIIIEHHBIX LUKJIOATU(PATHUECKUX
yTJIEBOIOPOAOB, TAaKUX KAK LHUKJIONEHTAH, IUKJIOMeKCaH WM UX CMECH, MOHOOJE(PUHOB, TaAKHX
kak 1-Oyten, 2-OyTeH WM HMX CMECH, apOMaTHYECKHUX YIJEBOIOPOMAOB, TaKMX Kak OeH30I,
TOJTyOJI, KCUJION WJTH X CMECH, raJIOT€HUPOBAHHBIX YIJIEBOAOPOIOB, TAKMX KaK METHIIEHXJIOPHI,
XJI0poOPM, UYETBIPEXXJIOPUCTBIN YIIIEPOA, TPUXJIOPITUIICH, MEPXJIOPITHIEeH, |,2-TuXJIOpaITaH,
xj10pOeH301, OpOMOEH30J1, XJIOPTOIYOJ WM UX CMECH; MPENNOuYTHUTENbHO, M3 HACBIIEHHBIX

annpaTHYECKNX YIIIEBOJOPOIOB, APOMATUIECKHUX YTIIEBOJOPOIOB.

13. Cnocob mony4eHust (CO)IOTUMEPOB COMPSKEHHBIX AMEHOB Mo M.12, B KOTOpOM
KOHLIGHTPALMsI COMPSDKEHHOTO JAMEHA, MOJUIeXkKAlero (Co)MoNMMepU3alid, B YKa3aHHOM
MHEPTHOM OpraHMYEeCKOM pacTBopuTene cocTaBiseTr oT Swacc.% 1o 50 macc.%,
npeanoututensHo ot 10 macc.% no 20 macc.%, OTHOCHTENbHO OOIIEH MacChl CMecH

COIIPAXKEHHOTO JUE€HA U HHEPTHOI'O OPraHUvY€CKOro paCTBOPUTEJIA.

14. Cnoco6 mojydeHus (CO)IONUMEPOB CONPSDKEHHBIX JUEHOB MO JII0OOMy U3
NPEAECTBYIOIINX MyHKTOB, I7I€ YKa3aHHBIH CrIOCO0 OCYINECTBISIIOT MPH Temneparype ot -70°C

no +100°C, npennoururensHo ot -20°C mo +80°C.
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