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O0mas xapakTepucTHKA paboThI
AKTYaJIbHOCTDb H CTeNeHb Pa3paboTAHHOCTH TeMbI HCCJIEJOBAHHS.

B nocnennue pecsarunerus nepTopupoBaHHBIE LIMKIOANKAHBI HAXOMAT BCE
Oonblliee MpUMEHEHKWE B KayecTBE KOMIIOHEHTOB MEIMIMHCKUX mpermaparoB [1],
MHEPTHBIX pacTBopuTened [2] m cpen mns raszomepeHoca [3]. Ilpuuunoil sTomy
SIBIISIOTCSL  YHMKA/IbHBIE CBOMCTBA JTHUX BEIIECTB, TaKHMe KaK MHEPTHOCTh |
CIIOCOOHOCTH K PaCTBOPEHHUIO U IIEPEHOCY Ta30B, a TAKXKE THAPO- U JTUTIOGOOHOCTE.
B cBasu ¢ pocrom cmpoca M pacliMpeHueM obnacTtedl  MpHUMeHEHUs
neppTOPUPOBAHHBIX [MKIOAJIKAHOB CTAHOBUTCS aKTyallbHbIM [IOMCK HOBBIX
METO/I0B CUHTe3a M OYMCTKU JaHHBIX BeriecTB. ClieyeT OTMETHTD, YTO KOJIMYECTBO
paboT B 00nacTU TEXHOJOTMHU paszieneHus Nnep(TOPLUKIOAIKaHOB 3HAYUTEIBHO

MEHBbIIE KOJIMYeCTBa UCCIIeNOBAHUM, ITOCBIIIEHHBIX UX CUHTE3Y U IPUMEHEHHUIO.

B TPOMBILUIEHHOCTH Haubonee IITUPOKO UCIIOJIB3YIOTCS
nep@TopLMKIOaNKaHbl ¢ OOLIMM YMCIOM aroMoB yriepona, paBHbiM 10 (C10).
JlaHHbIe BellecTBa B OCHOBHOM IIOyYaroT (PTOPUPOBAHUEM HX YIVIEBOAOPOIHBIX
npexypcopoB. Ilpouecchl NPOMBIIUIEHHOTO (TOPUPOBAHUS XapaKTepU3YIOTCS
4aCTHUYHOH eCTpyKIMeH yIIepoAHOH Lenu 1 00pa3oBaHuEM OOJIBIIIOTr0 KOJIMYeCTBA
HENpeIeNbHbIX W YacTHYHO (TOPUPOBAHHBIX BEIIECTB, KOTOPBIE SIBJISIIOTCH
ToKCMYHBbIMUA. OOpaboTKa MOyHYEHHOT'O ChIplia Pa3JIuYHbIMH METOIaMHK T03BOJISIET
yIAJISATh U3 Hero OOJIBLIYIO0 YacTh TOKCUYHBIX IpUMecel, CHIDKAsl UX COJepiKaHue
J0 JIOMYCTHUMOTO JUIsl MCIIOJB30BAHUS TOJyYEHHbIX (pakuuil B MEIUIIMHCKUX
nensx. IlosydeHHbIE TOCHEe OYHUCTKH (pakLMH IPEACTaBIAIOT CO00M cmecH
onuskokunsimx — nepdropuuknoankanos C10, coxmepxaume B OCHOBHOM
nepdropaekanut, nepdrop(OyTUILUKIOreKcaH), nepPTop(AU3ITUILHUKIOTeKCaH) U
nepdrop(7-metnnduimkino[4.3.0Jnonan). CoOTHOLIEHHE KOMITIOHEHTOB 3aBUCUT OT

MeToz1a TOPUPOBAHKS U UCXOTHOTO CBIPbSL.

VkazaHHble TNEepPTOPLMKIOATKAHBl HAILIM IIAPOKOE IPUMEHEHHe B

pa3IUYHBIX OOJIACTSIX MEJMLUHBI U XuMudeckoi TexHonoruu. [lepdropaexanus,



BOCTpeOOBaH B KauecTBe KOMIIOHEHTa KpoBe3aMeHMTeNeH [1] u cuctem nepenoca
kucsopona 3], a Takxke B KauecTBe HHEPTHOI'O pacTBOPUTENs [2] M Apyrux obmacTsx
MEJIMIUHBI U XMMHYECKON TEXHOJIOTUH. 3/1eCh CIelyeT OTMETHTh, YTO B HACTOALLEE
BPEMsi YHCTOTA TIPOMBIIIIEHHO BBIITycKaemMoro nepdropaekanuya mo TY 95-1233-
92 cocrasnsger 93,0% Mac., OJHAKO B CBSI3U C BO3POCIHIMMU TpPeOOBaHUSIMHU K
KayecTBy MAHHOTO IPOAYKTa, OOYyCIOBIEHHBIMU NPUMEHEHMEM B MEIUIMHE WU
aHaJIUTHKE, CYIIECTBYeT HEOOXOOUMOCTH IOJy4aTh JAaHHOE BELIECTBO YMUCTOTOU
99% wmac. Ilepdrop(Oy THALMKIOreKCaH) UCTIONB3YeTCs B Ka4eCTBE MOHOMEpa s
NPOU3BOACTBA JTHOMOOHBIX MOJTUMEPHBIX MICHOK [4] U ONTHYECKHUX 3JIEMEHTOB [5],
u ap. [lepdrop(7-metunbunukio[4.3.0]HoHan)  sgBISETCS  KOMIIOHEHTOM
KpoBezaMeHUTeNel [6] 1 HaHOIMYJIBCHI Il MAPKUPOBKHU M BU3YalTU3aLMH KIIETOK

Ip¥ MarHUTHO-PE30HAHCHOU U oNTHYeCcKoi Tomorpaduu [7].

OnucaHHOe B JHMTeparype peKTU(QUKALMOHHOE pa3/ielleHne cMecei
OIU3KOKUIIAIIUX 1epPTOPLMKIOATKAHOB I103BOJISIET IIOBBICUTH KOHIIGHTPALUIO
nepdropaexkanina ¢ 94,6% wmac. 10 96,5% wmac. npu Beixoze 10% [8]. Taxkum
o0pa3oM, JaHHBIM MeTOJ He MO3BOJISeT JOCTHraTh TpeOyeMol YHCTOTHI
nepdropaekainHa U 06/1a1aeT HU3KUM BBIXOAOM. B iuTeparype Takxke npeiokeHo
MCIIONIb30BaHME KPHCTAJUITM3ALMOHHOTO pa3ie/leH|sl KOMIIOHEHTOB cMmecu [8].
JIaHHBIA METOJ MO3BOJIIET KOHIEHTpUpOBaTh Nepdropaekanun ¢ 93,2% mac. 10
99% wmac. npu Beixose ~50% OT MCXOHHOrO, OAHAKO TpyOHOMaciiTabHpyeM u
TpebyeT MHOTOCTanuiiHOCTU. Kpome Toro, Obl1a nmpeiokeHa nocie0BareIbHOCTh
CHHTE3a B JKECTKMX YCIOBUAX IepdTOpAEKalnHa M €ro IMoCcaeaylolei
MHOTOCTAJMHHON  OYMCTKM, BKIIOYAIOLIEH MPOMBIBKY  IIENOYBI0, BOJIOH,
nepeKpucTaIM3aliio, afcopOoLio U PEKTH(HUKALKIO C MMOJyYeHHEM MPOIYKTa,
ypctoToit 99,9993% wmac. [9]. OnHako, B JaHHOM ciiyyae He ObLI yKa3aH BBIXOJ

M0/Jy4€HHOr0 MPOAYKTa, a TAKXKe MapaMeTpsl POLIeCCOB pa3JeIeHHs.

B nureparype Takke NpeiokeHa MOoC/Ie0BaTeIbHOCTh CHHTE3a B JKECTKHUX
ycaoBuax nepdrop(Oy THILMKIOreKCaHa) M ero MocjeAyroued MHOroCTaJuiHONI

OYMCTKM, BKJIIOYAIOIIEH IMPOMBIBKY UIENOYbIO, BOIOM, IE€PEKPUCTAIIIM3AIINIO,
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aJIcOpOIIMIO ¥ PEKTU(MUKALMIO C MOMyYeHHeM MPOAYKTa, YUCTOTOH 99.999% wmac.
[9]. B naHHOM ciiyuae Takke OTCYyTCTBYeT MH(OPMAIMS O BBIXOJE MPOLYKTa M

napaMeTpax npoueccoB pa3cii€Hus.

Takum oOpasom, onucaHHBle B JIMTEparype METOABl IPEANoIaralT
BbIJIEJIEHHE M3 PEAaKIIMOHHON CMECH TOIBKO OAHOIO M3 KOMIOHEHTOB. OcTanbHble
OnM3KOKUIsALIMEe Tep(TOpUpOBaHHbIE IUKIOAJIKaHbl B JaHHBIX MeETOHax,
paccMaTpUBalOTCS B KaueCTBe MpUMecei U yIaIsFOTCS U3 CUCTEMBI BMECTE C HYaCThIO
LIeJICBOT0 KOMITOHEHTa B Ka4yeCTBE OTXOIOB, KOTOpbIE TpPeOyIOT CreluaibHON

YTHIIHM3alluH.

Beuay sTOoro, npexacraBisieTcss — akTyaJlbHOM — pa3paboTka  HOBOIO
pecypcocOeperaroiero  Merona  pasfelieHHsT  NPOMBIUUIEHHBIX  cMecei
OMM3KOKUIIALIUX NePPTOPLHUKIOATKAHOB, KOTOPBINA MMO3BOJUT BBIAENIATh U3 CMECH
BCE€ OCHOBHbIE KOMIIOHEHTBI € BBICOKOM YMCTOTOM M BBIXOAOM, a TaK)Ke€ CHU3UTH
KOJINYECTBO OTX00B. B nanHoi pabore uccienoBaHusi NPOBOAMWIMCH Ha MIPpUMeEpe
cMecHu nep¢TOPLUKIOATIKAHOB C10: nepdropaekannna,

nepdrop(OyTunuuknorekcana) u neprop(7-metundounuxino|4.3.0Juonana).

Pabora BeinonHeHa npu ¢puHaHCOBOM noauepxke MunobGpuayku Poccun B
pamkax rocynapctsennoro 3aganus MOHX PAH u npu ¢unancoBO# noaepikke

Poccutickoro HayuHoro ¢oH1a B pamkax rpoekra Poccuiickoro HayuyHoro ¢gonaa No

22-29-00791.

Ileas paGorsl cOCTOUT B pa3paboTke (HUMKO-XUMHUECKUX OCHOB HOBOIO
MeToza pa3neneHust [IPOMBILLTIEHHOM cMecH OJIU3KOKUTTSA X
nepGTOPLUUKIOATKAHOB, IIO3BOJISIFOIIET0  BBIAEIUTh M3 CMECH  OTZEJbHbIE

KOMITOHEHTBI YUCTOTOM He MeHee 99% mac. U yBEeIIUYUTh BBIXO/L IIPOLYKTA.

3axaum HecJ1e10BAHUA

L Pa3p3.60TaTb ¢H3HKO-XHMHHGCKHC OCHOBBEI Mmocjen10BaTe/ibHOCTH

pasaeiieHus HpOMBILHJIEHHOfI cMecCH 6}IH3KOKH1'IHLHHX



nepdropuuKIoankaHoB. Peanu3oBars MOCIeI0BaTENLHOCTE pa3/ieeHus
Ha TUIOBOM 00OpPYIOBAHUH;

2. Pa3paborarb TeopeTHuecKHe OCHOBBI MPOLIECCOB BBIJICIEHUs U3 CMECH
KOMITOHEHTOB YHCTOTOM He MeHee 99% mac;

3. UccnenoBath (pU3MKO-XUMHUYECKHE, TEPMO(PU3INUECKUE U CHEKTPAsIbHbIE
CBOMCTBAa KOMIIOHEHTOB CMECH U UX CHCTEM, & TaKXKe UX 3aBUCUMOCTH OT
pa3IM4HBIX [1apaMeTPOB;

4, Tlomy4yuTe B YUCTOM BHUAE U HWICHTHQHUIHMPOBATH OCHOBHBIC
nepTOPUPOBAHHBIE  KOMIIOHEHTHl ~ CMECH  IPOAYKTOB  pEaKluu

dbropupoBaHus HaQTAIUHA;

Havunasi HOBH3HA.

ITpencraBneHbl (U3MKO-XUMUYECKHE OCHOBBI HOBOIO METOJA pa3JiesieHus,
[TO3BOJISIONIETO BBIZENATh U3 MPOMBILIIEHHBIX CMecel MPOAYyKTOB (PTOpUpPOBAHUS
HadTaauHa OIM3KOKUIIALIME Nep(TOpUpOBaHHBIE LIMKIIOAIKAaHbI B TOBAPHOM BHUJIE.
JlaHHBINA METOJ| BIIePBLIE MO3BOJISIET Pa3/ielisiTh CMECh HA OT/e/IbHbIe KOMIIOHEHTBI 1
MoJ1y4arb uuc-repTopaeKanuH, TpaHc-nepTopaeKanu,
nepdrop(Oy TriLMKIOreKcaH ) u nepdrop(7-meTundunukio[4.3.0JHonan) 4HCTOTOMH
99,6% wMac., 99,8% wmac., 99,7% Mac. u 99,8% mac. coorBeTcTBeHHO. [loydeHs!
HOBBIE (PU3UKO-XUMHUYECKHE, TepPMODU3HUECKHE U CIIEKTPaIbHbIE IaHHbIE O LKC- U
TpaHc u3oMepax rnepdropaexanuna, nepdrop(OyTHnnKKIorekcane) u nepdrop(7-
metunbunukino[4.3.0]Juonane) u wux cmecsax. [locnennue wuMeOT 0colyio
AKTYaJlbHOCTh BBHJly OrPaHHYEHUH HA TEOPETHYECKUE HCCIIE/IOBAHUSI CBOWCTB
(pTOpUpPOBAaHHBIX COEAMHEHHH, HAKJIaJbIBAEMBIX HEBO3MOXXHOCTBIO INPUMEHEHHs

TeopuH (PyHKIHMOHAJIA [IJIOTHOCTH.

TeopeTnyeckas 3HAYMMOCTb PabOThL.

1. VccnenioBaHo BAMSIHUE psijia Pa3essionUX reTepoa3eoTpornoodpasyomux
areHToB Ha (pa30BOE paBHOBECHE KHIKOCTb—TIAP CMeced Luc-nepdropaeKanna,

TpaHc-nepdTopAeKaNInHa, nepdrop(Oy THILUKIOreKCaHa) 51 nepdrop(7-



MeTunouuukio[4.3.0]HoHana). Haiiiensr 3¢ heKTUBHBIE
reTepoaszeoTpornoodpasyrone areHTbl, KOTOpble IO3BOJSIIOT  3HAYUTENBHO

UHTeHCU(DULIMPOBATH PEKTHU(PHKALMOHHOE pa3/e/IeHUe UCCIIEyEeMBbIX CUCTEM.

2. UccrnenoBano a3oBoe paBHOBECHE JKUIKOCTh — TBEP/IOE CHCTEM IIHC-
nepdTopIeKaIMH  —  TpaHC-TiepPTOpAeKanuH,  LUC-NepPTOpIeKaInH  —
nepdrop(Oy TUILUKIOTeKCaH ), u TpaHc-nephTopAeKaTuH -
nephrop(OyTrinuukiorekcat). [lokazaHo, 4To JaHHBIE CUCTEMBI XapaKTePU3YIOTCS
HaJIMYKMEM 3BTEKTUK, KOTOPbIE HAKJIA/IbIBAIOT TEPMOAMHAMUYECKOE OrpaHUYeHHE Ha
pasienenne Kpucrauusauueid. CoderaHueMm MeTola KPUCTA/UIM3ALMHM U

peKTU(DUKALIMN TIPETIOKEH cr10co0 00Xoaa JaHHbIX OrpaHUYEHHUH.

3. [IlonmyuyeHbl HOBBIE (HUUKO-XMMHYECKHE, TepMODU3UYECKHEe U
ClIieKTpajibHble TaHHble Uil NepOTOPUPOBAHHBIX OIM3KOKHMIALIMX KOMIIOHEHTOB
cMecH MpOAYKTOB (TOPUPOBAHUS HA(PTAIMHA U ONpPEIESeHbl UX 3aBUCUMOCTH OT
pa3IMyYHBIX MapameTpoB. [lomyueHHbIE NaHHBIE HMMEIOT OCOOYIO aKTyallbHOCTh
BBUJIy OFpaHMYEHHMI Ha TEOpPETHYECKOe MCCIIEeOBAaHUS CBOMCTB (PTOPMPOBAHHBIX
COeMHEHWH,  HAKIaJbIBA€MbIX  HEBO3MOXXHOCTBIO  IIPUMEHEHHUsI  TEOpUHU

(py HKIIMOHaJ1a IIJIOTHOCTH.

[IpakTHYecKas 3HAYHMOCTb paboThbl.

[IpeqniokeH W peanu30BaH Ha THUIIOBOM OOOpPYIOBaHWM HOBBIA METO/
pasjiefieHysi MPOMBIIIIEHHOH CMecH ONM3KOKMISIIMX —NepHTOPHPOBAHHBIX
nuknoankanoB psaga C10 Ha mnpuMmepe NPOMBIIUIEHHONH CMECH TPOAYKTOB
¢GropupoBanusi HadTaaMHA, TO3BOIAIOUIMNA 3HAYMTENBHO YBEIHYHTH BBIXOJ
NpoyKTa U mojyyars nepdropaexanu nepdrop(7-merundunykio[4.3.0jnonan) u
nepdrop(Oy TraLnKIorekcan) yncroroif 99,5% mac 99,8% mac. u 99,7 % wmac.
COOTBETCTBEHHO, a Takke Ui CrhenuUYecKux Lened pasienarh Iuc-
nephTOpAEKaIMH U TpaHc-niep(TopAeKaniH, noiayyas Gpakiuu yucToroi 99,6%

mac. 1 99,8% mac. COOTBETCTBEHHO.

MeToao10rus 4 MeTOoAbI HCCJIeJOBAHHS.



MeTo0JOruUeCcKOM  OCHOBOH  paboThl  CTallM  9KCIEPUMEHTaJIbHbIE
uccaenoands  (DA30BBIX  PAaBHOBECHUHM  ONM3KOKMISALIMX  NEeP(HTOPUPOBAHHBIX
[MKJIOATKAHOB, a TaKkkKe MX KPHCTAJUIM3AlMOHHOTO U PEeKTH(PHUKALMOHHOIO
pasjieeHdss M MeTofoB MHTeHcHuKauuu mnociennero. Jlus onpeznenenus
KAueCTBEHHOI0 M KOJIMYECTBEHHOI0 COCTaBa CMeCeHd MCIOIb30Balld METO/IbI
pedpakToMeTpUH, JEHCUMETPUH, I'a30BoH xpomarorpaduu, a taxke JAMP- u MK-
criekrpockonuu. J{s mMareMaTH4ecKoro ONMCaHMs 3aBUCHMOCTEH IOKasarelien
MPOLECCOB OT PA3IMYHBIX 1aPaMeTPOB MCIIOJIL30BAIUCH METO/IBI MATEMATHYECKOIO

MOJCJIHPOBaHUA.
Ilos105xeHHsI, BLIHOCHMbIE Ha nyﬁ.ﬂnqnoe npeacraBjaeHHe.

1. duU3UKO-XUMUUYECKHE OCHOBBI HOBOIO pecypcocOeperaroiiero Meroja
paslieNieHusi NPOMBILUIEHHONH CcMecH  ONM3KOKMISLIUX — MepHTOPHPOBAHHBIX
[IMKIOAJIKAHOB HAa YWCThle KOMIIOHEHTBI Ha OCHOBE IeTepOa3’eoTpPOITHOM
pekTU(GUKALMKM ¥ KPUCTAIIN3ALNH, MO3BOJSIONIErO MOMy4aTh nepdhropAeKauH,
nepdrop(Oy THIHUKIONEKCaH), U nepdrop(7-meTunounukio[4.3.0]JHoHaH)
gyucroToii 99,5% mac, 99,8% mac. u 99,7 % mac. COOTBETCTBEHHO, U 3HAYUTEJILHO

YBEJIWYHUTH BBIXOA ITPOAYKTOB H CHHU3UTH KOJIMYECTBO OTXOH0B.

2. OU3NKO-XUMHUYECKHe OCHOBBI HOBOI'O METO/Ia pa3/iesIeHH s, IO3BOJISIFOLLEr0O
pa3fensTh CMech LuC-epTOpIeKaTnHa U TpaHC-TepTOpAEKaIMHa Ha YHCThIE
koMroHeHTsl (99,6% Mac. u 99,8% Mac. COOTBETCTBEHHO) /Ul CHELU(PHUIECKUX

3azad.

3. HoBble pHU3MKO-XUMUYECKHE, TEPMOXUMUYECKHE U CIIEKTPAJIbHbBIE IAHHbIE

JUIS MeclelyeMBIX ep(TOPUPOBAHHBIX [IMKJIOAJIKAHOB M UX CMECeH.

JlocToBepHOCTH pesyjbTaToB  obecrieynBaeTCs UCIIOJIb30BaHUEM
BBICOKOTOUYHBIX aHAJIUTHYECKMX METOIOB, COOIFOIEHNEM MaTepUallbHbIX OalaHCoB,
COrTacoBaHMEM JKCIIEPUMEHTANIBHBIX M PacY€THBIX NAHHBIX C JIMTEPaTypPHBIMH, a

TaKXe BOCIIPOU3BOJAUMOCTBIO pe3ysbTaToB SKCIICPUMEHTOB.



Anpobauusi paborel. OCHOBHBIE pe3yibTaThl pabOTHl MpeACTaBIeHbl HA
crenyromux kKonpepennusax: XIV u XV KondepeHimu MooasIX y4eHbIX 1o o0mieit
1 Heopranuyeckod xumuu (Mocksa, 2024 u 2025 r); III Bcepoccuiickoii
KoH(pepenuun um. akagemuka B.M. Osuapenko «OpraHudeckue pagukajibl u
OpraHu4ecKas >JIEeKTPOXUMHUS: (yHIAMEHTAJbHbIE W TIPUKIAJHBIE ACTEKThD,
(Mockaa, 2023 r.), MexayHaponsoM Hay4HO-TeXHHYecKoM cummosuyme (MHTC)
«lToBpiieHNE 3HEPropecypcodhHeKTHBHOCTH, SKOJOIHYECKOH M TEXHOIOTHYECKOM
0e30MacHOCTH MpOLECCOB M aNIapaToB XHMHYECKOM M CMEXHBIX OTpacieil
npomsinenHocT» (2023 ., Mocksa), XXII MenzneneeBckoM chesjie o obreit u

npukaagHoi xumuu (2024 r., Genepansras teppuropust «Cupuycy).
Hayunble nybankanum.

ITo Teme muccepranum omyOnuKoBaHO 6 CTaTel B PELIEH3UPYEMBIX HAYYHBIX
M3/IaHUSIX, HHIEKCHPYEMBIX B MEKIYHApOIHBIX pedepaTHBHBIX Oazax naHHbIXx Web

of Science u Scopus.

O0beM U CTPYKTYpa HAY4YHOIO A0KJIAAA.

Jloknaa rmnpencraBiser cobOM KpaTKylO XapaKTEPUCTHKY OCHOBHOIO

colep)KaHusi Hay YHO-KBaJTU(DUKALMOHHON paboThI (IHCCepTaLAHN).



OCHOBHOE COIAEPXAHUWE PABOTbI

Bo BBesenun 000CHOBaHa aKTyaJllbHOCTh TE€MBbI paboThl, CHOPMYTHPOBAHEL
LeqM W 3a/aud MCCJIe/I0OBAHMs, I0Ka3aHbl HAy4yHas HOBM3HA M IIpaKTHYecKas

3HAaYUMOCTH pa6 OTBI.

B nepBoii riaBe InpuUBelEeH JMUTEpPaTypHbIA 0030p, MOCBSIIEHHBIH
NPUMEHEHHUIO TIep(TOPUPOBAHHBIX UKIOAIKAHOB, @ TAK)KE METOAAM MX 11OJIYYeHMs

1 O4YUCTKH.

[IpoBeieHO cpaBHEHHE OCHOBHBIX NTPOMBIIUIEHHBIX METOOB (PTOPUPOBAHUS
npexypcopos nepdropuukioankaos psa C10. PaccmoTpen coctaB peakiinoHHOM
cMecH (TOpUpPOBaHHUS YyKa3aHHbIX IpeKypcopoB. Paccmorpensl obnactu
npuMmeHenuss OCHOBHbIX Cl10 nepTopLMKIOaNKaHOB, MPUCYTCTBYIOLIMX B

PEAaKITMOHHBIX CMECAIX.

OnucaHbl CyIIeCTBYIOIIHE METOAbI BeleneHus nepdropuukioankanos C10
13 UX NMPOMBILIJIEHHBIX CMeCe! M yKa3aHbl OCHOBHBIE MPEUMYIIECTBA ¥ HEJIOCTATKU
3TUX MeToA0B. (OCHOBHBIE CIIOXKHOCTH, BO3HHMKAIOILIUE IIPU CO3IAAHUM HOBBIX
MEeTO/I0B paszieneHus IIPOMBILLIEHHBIX cMmecen OIU3KOKUTIALIUX
nephTOPUPOBAHHBIX LIUKJIOATKAHOB, CBA3aHBI C OTCYTCTBUEM (PU3UKO-XMMUYECKHX

JaHHBIX JJI JaHHBIX BEIIECCTB U UX CMECEH.

IlpuBeZieHHBIH 0030p TMOKAa3BIBAeT, 4YTO KOJHYECTBO HCClIEIOBaHMUM,
HarpaBJIeHHBIX HA pasfelieHHe NnepGTOPUPOBAHHBIX LUKIIOAJIKAHOB, 3HAYUTEIBHO
MEHbIIIe, YeM MMOCBSIIEHHBIX UX CUHTE3Y U NpUMeHeHHI0. CylecTBYOLHe METOIbI
paszenenuss nepGTOPUPOBAHHBIX IMKIOAIKAHOB pa3pabOTaHbl HENOCTATOYHO U

TpeOyroT HHTEHCU(DHUKALIUH.

Bo BTOpOIi IVIaBe NPEJICTaBICHO HCCIEJOBAaHHE OCHOBHBIX KOMIIOHEHTOB
cMmecu 1ephTOPUPOBAHHBIX IUKJIOATKAHOB, IOTY4aeMOW IIPU IIPOMBIIILIEHHOM
(gropupoBanuu HadranuHa TpUdTOpUIOM Kobankra. K3 cMmecu BbiieNEHbI
ocHoBHble C10 nepdropluKIoanKabl, KOTOpbIe Janee ObUIM HACHTH(QUIHPOBAHbI

kak 1uc-niepdropaexanud (I1DJ]), tpauc-IIDO/, nepdrop(OyTHILHKIOreKCaH)
9



(L) u nepdrop(7-mernnouuukio[4.3.0]Jnonan) (MBLIH), a Taioke psix npumecei,
MICHTH(UKALMS KOTOPBIX HEBO3MOXKHA BBHUJY HENOCTaTka CIPaBOYHOM
UHGOPMALIMKM M OTCYTCTBUSI KOHLUEHTPUPOBAHHBIX O0pa3LiOB AITHX MNpHMECEH.

Crpyxrypel unuc-I1®Jl, tpanc IO, BLI" 1 MBIH, u peaknus ux nomyuyeHus

u3o00paxeHsl Ha Pucynke 1.

P PP e

| F | F

L - ~Fz  HenpeaenbHsie

- T . S 3 H YACTHYHO

; ! g L o [F3 +cbr0pupoaannme
S ] y e o
Hadranud : ! .

CF R [ F[F

Tpanc-M10 MBLH

Pucynok 1 — Cxema peakiuu propupoBaHus HapTaIMHA.

Janee, nns MBLIH, BLIL, uuc-T1®/] u Tpanc-I1®/ 66111 nonyuenst AMP, UK
u '’XMC — cnekTpsl, KOTOPbIE TAKXKe ITO3BOJIUIM IMOATBEPAUTE CTPYKTYPY AAHHBIX

BELICCTB.

Ha cnenytoiiem stare pabotel, i yKa3aHHBIX BELIECTB OBUIN TOTyUY€HBI
JIaHHbIE 0 3aBUCUMOCTSIX HACBIIEHHbIX 1apoB. Ha ocHOBaHMM 1OJTyYeHHBIX JaHHBIX
ObuK omnpesernieHbl ko3 GbUIMeHTsl ypaBHeHus AHTyaHa. I'paduk 3aBucumocTtei
JIABJICHUI HACBILIEHHBIX TApOB OT TEMIIEpPaTyphbl, BBIYUCIEHHBIX 110 YpPaBHEHHUIO
Auntyana uszoOpaxeH Ha puc. 2. Crnenyer OTMETHUTBH, YTO 3HAYEHHUs JaBJICHUS
HaceieHHbix mapoB st BLT mwme-I1®/ u Tpanc-IIDJ] Onusku, 9ro Moxer

OOBSICHUTH CJIOKHOCTh pasaeieHus JaHHbIX COEIMHEHUU MeTOIOM pEKTH(bHKa]_IHH.
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JlononHuTeNbHO, ObLI
NpOBENEH  aHallU3  HCCIIeyeMbIX
COeIMHeHU! METOJ/IOM
middepeHInanbHON  CKAHUPYIOILEH
KaJIOpUMETPUHU 7} ONpeie/IeHBI
TeMIiepaTypsl ux (ha3zoBbIX MepexooB

xunkocte-TBepaoe  (Puc.4). Beuto

5 - } t t } i } |
65 75 85 95 105 115 125 135 145 06Hapy>1<eHo, 4YTO BCe Hccﬂenyemme
i

PucyHok 2. 3aBucumocTu fapnenuii BEHIECTBA TIPOABIAIOT CKIOHHOCTH K

HACKHIIIIEHHBIX APOB OT TeMmmeparypbl, ~ CTeKIoBanuio (—131,57°C nns MBLIH,
BBIUMCIIEHHBIX 110 yPaBHEHUIO AHTyaHa: —119,68°C mns BLI, —90,94°C mns

cunnii — tpanc-TI®J], kpacupiii — e~ WHC-TIQJT 1 —90,93°C st Tpanc-
[1®D]1, yepusbiii — BLIT, sxenteiii — MBLIH. [1®[T).

1,
[Ma-c:

104 (6) My, (8)
160.0 1,3200 -
140.0 1,3175 +-
A 1,3150
1200 1+ 5 2tz
100,0 ‘n 1,3100
80,0 13075
60.0 4. R 1,3050
P G..‘_:ah.‘_ 1,3025
%0 "‘vu;“g---_“*-- I:xg 13000
20,0 T8y 12975 3
L e 2 0,0 bttt 1,2050 4= 2
15 20 25 30 35 40 45 50 55 60 5 10 15 20 25 30 35 40 45 50 55 15 20 25 30 35 40 45 50 55 60
T. OC T.DC T.OC

Pucynok 3. 3aBucuMocCTH (@) IUIOTHOCTH, (0) TMHAMUYECKOH BA3KOCTH U (B)
TroKasarejisi IpeJOMIIEHUS HHMBHIYalbHBIX BEIIECTB OT TeMneparypbl. Kpyr —

tpanc-I1®D/], kBaapat — uuc-I1®/1, pom6 — BLIT, Tpeyronsauk — MBLIH.

Taxke, BO Bcex cCilydasx HaONOfaeTcsi OTIMYHME MEeXAy TeMIlepaTypaMu
[UIABJE€HUsT W  KPUCTA/UIM3ALMU. OITO MOXeT ObITh OOBICHEHO HU3KOH
TEIJIONPOBOJHOCTRIO ~ BELIECTB UM TPYAHOCTBIO  (JOPMUPOBAHMS  LIEHTPOB
KpUCTA/UIM3ALMK, 4YTO NPUBOAMT K MepeoxiaxiaeHuro. OTMe4eHO OTIHYHe

temneparyp kpucrammsamun 1t nuc-I1dJ1 (=6,99°C) u tpanc-I1P/] (21,22°C) a

11



TaKXKe BecbMa HU3KHe TeMIieparyphl ¢azoBoro nepexoaa mis B (—-45,31°C). B
cBoto ovepenab oxiaxaeHue MBIIH He npuBoguno k obpa3zoBaHUIO KPUCTALIOB.
Kpome Toro Obuiu ormeueHbl 3¢gdexts penakcauud it MBIH (—119,27°C) u

tpanc-I1d/] (—0,74°C) u nepexon tBepnoe-tBepaoe aist uuc-I1d/ (—39,11°C).

(a) (6)
e
Crexnopapme (—131,57°0) Oxunaxenmue
1 + +
Kpueravuriaimg Oxnkenpe
[ (—49.78°C)
52 gt
.

Crexnonaume (—129.58°C) (—40.40°C)

Cregnopadne ?
Ilnapaenne

Harpes

— ( vi)
Harpen (—=119,68°C)

Pesragcanms

(—119.27°C)
T AeE EEE il A AR A - . B - - | . " » - L B L B L - N - -» 4 = u m ® - ne
(B) (r)
i OiuKieHHe ! N Oxuakiuenne
Kprctazmrsspm (- 1o, 24°0) ’ Epneranvmmamm {1 67°C)
Harpes Harpen
CTexnonasie Penakcanna Crekroraame . :
(—=90.94°C) (--39.11°C) i . (23 55%C)
: sy —490,93°C) _ 23,55%C)
[ansenne (~5,44%C) ( [rapnenne

A AR A AR A T T T A A A AL A A A A

PucyHok 4 Pe3ynbratel 1uddepeHnnanbHONi CKaHUPYIOLeH KaJlopUMeTpuu

HUCCIIENYEMBIX BEILECTB.

buHapHbIe cMeCH.

Jlng 6unapaeix cucteM TpaHc-I1D/] — nuc-I1D/I, tpanc-I1®/] — BLI" u nuc-
I1®]] — BLII" BU3yaabHO-MOTUTEPMHUYECKOT0 aHaIu3a ObLIIH MOy Y€HbI 3aBUCUMOCTH
TeMmreparypbl IuiaBneHust or cocraBa (Puc. 5). beuio obnapyxeHo, uTO
3KCIIePUMEHTAIBHO M0JIyYeHHbIE JIMHUH JIMKBH LYy ca Uit cucteM TpaHc-1 1M/ — muc-
TTD/1 v ruc-I1DJ] — BLII nexar cOOTBETCTBEHHO BBIIIE M HMXKE, YEM pacCUMTaHHbIE

110 YpaBHEHHUIO JIMHHUK JIMKBUAYCA A UACATIBbHBIX CUCTEM.

12



Eoh) (a) e (6) 0 (»)

o g 20 - A 1 o
m.] o a___.é -10 &

15 o 10 + & -20 °

10 . P o

5 0 0+t A z =30 A O

0 EE -10 + A -40 9 8

A oo ® 20 + A 4 o %
.10 0o -50 o &

I5 30+ 4 -60 Q0
20 L
25 -40 4;._4 A -70 + .

30 +—————+—+—+—+—+— S0 +—t—t——+—++++ | -80 +—————————t—y

0 010203040506070809 1 0 010203040506070809 1 0010203040506070809 1

Xy, MOJL L

x;, MoA, .

X, MOTL AL,

Pucynok 5. 3aBuCHMMOCTB TeMIeparypsl IUIaBlIeHUss OMHAPHBIX CMECeH OT COCTAaBa;
a) rpanc- 1@/ (1) — uuc-I1DJ (2); 6) Tpanc-IIO/] (1) — BLI (2); B) uuc-TTDOJT (1)
— BLI" (2). Touku — 3KCrIepUMeHTAIbHEIE JAHHBIE; IMHUS — JaHHbIE,

pacCHUTaHHBIE T10 YPABHEHUIO JIMHHUHK JIMKBUAYCA IS HII€AJIbHBIX CUCTEM.

Kpome Toro, st cucrem tpanc-I1®O/] — uuc-T1D/, Tpanc-I1®J — BLIT, muc-
[IdJI — BII" u MBIIH — BLII' ObuiM mony4yeHbl 3aBUCHMMOCTH ITOKa3arelis
MpEeJOMJIEHHS, TUIOTHOCTH M WM30BITOYHONO MOJBHOIO OOBEMa OT COCTaBa.

Pesynbrarel H300paXkeHbI Ha puc 6-8.

”IJM

- @ ny’* ©)
320 1320
. \-'B_E‘- B ’
h B8 B-m.g..q. g
1315 1315 §-8-3-. g
., e -E'-—E..__E_‘_D
N i ~~E-q3-.
G, ~ D
1.310 ... , 1310 + 0,‘__
,,,,,, o
130 + T Tte, 1305 + O
o
30+ ¥ " 1,300 1 ©.a
A I\'O‘I
1295 —t————————+——+—+—— 1,295 b ———————— O
0.0 0.1 02 03 04 05 06 07 08 09 1.0 00 01 02 03 04 05 06 07 08 09 10
X,y MOJL. 1L X, MOJIL 1L,

Pucynok 6. 3aBUCHMOCTD ITOKa3aTesis [IpeoMiIeHuss OMHAPHBIX CMeCcei 0T cocTaBa
pu (a) 15°C, (6) 25°C. Ksaapar — tpanc-ITDJ (1) — uuc-TIO/L (2); TpeyronbHuk —
BLII" (1) — tpanc-I1®/] (2); xpyr — BLII" (1) — muc-I1D/ (2); pom6 — BLII (1) —
MBIIH (2).
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p. rlem’
1,96 o}
195 + ™
1.94 +
1.93 =+
1,92«
1.91 +
1.90
1.89 +
1.88 +
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(a)

0

T T

X, MOJL L.

0.1 0.2 0,3 0.4 05 0.6 0.7 0,8 09 1

1.86 +—t—

0,1 0,2 0,

-+

Ll T Ll

3040506070809 1

X, MOJL. 1.

PucyHok 7. 3aBUCMMOCTB IJIOTHOCTH OMHApPHBIX cMecel oT cocrasa npu (a) 20°C,

(6) 25°C. KBanpar — tpanc-I11D/ (1) — uuc-I1D/ (2); Tpeyronsuuk — BLII (1) —
tpanc-11P/] (2); xpyr — BLII" (1) — uuc-ITD/ (2); pom6 BLII" (1) — MBLIH (2).

TpexKOMITOHEeHTHBIE CMECH.

Jlns cucremsl 1uc-IT®J — tpanc-ITO/ — BLI" 6pu1M nosydyeHs! JJlaHHbIE O

3aBUCUMOCTH TIOKazarejiad IMpeJIOMIICHUS, ITJIOTHOCTH, M HW30BITOYHOIO MOJIBHOTO

obbema (puc.9) OT cocTaBa IPHU pa3IUYHBIX TeMIlepaTypax.
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-0.01
-0.02
-0.03
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ca?Monb!
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/
m‘?_‘]
# 4

L~ \O

0,4

'ﬂ

0,3
Ny

\
\

. 02 /’0!3
\J\:l a/y
\~~ A

—_—

0.6

0.8 1

Xy

VE, 6 0.6 | VE
e mons™! : ; " v Mors! (2)
_—— 0.5 ;
/K A a F&' oo
Iél/ \‘Q 0,4 _ %
/ \ 7/ a
4’ X 02 l‘ E\
\ 0,1 \
A 0G D
0 0.2 0.4 0.6 0.8 1 0 02 04, 06 08 1

X

Pucynok 8. 3aBUCHMOCTB H30BITOUHOIO 00beMa OMHAPHBIX CMECEN OT COCTaBa IpU
temneparype 25°C : a) tpanc-I1®/] (1) — mue-TIOJL (2); 6) Tpanc-IID/ (1) — BLIT"

(2); B) uuc-TI1D/ (1) — BLI" (2). ToukH — 3KCIIEpUMEHTAJIbHEIE JAaHHbIE, TUHUS —

JlaHHbIE, pacCYUTAHHbIE TI0 ypaBHeHMIo Penuxa-Kucrepa nis u36b1ro4H0ro

MOJIBHOTO 0OBbeMa: KPAaCHBIH - 6€3 UCIOIb30BaHHS TEMIIEPATyPHO-3aBUCHMBIX

napamMeTpoB, CUHUM- C UCIT0JIb30BaHHEM TEMIIEPATY PHO-3aBUCHUMBIX MapaMETPOB
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Pucynok 9. 3aBucuMOCTH Moka3aTesis peaoMiIeHus (a) U U30BITOUHOTO MOJIBHOTO
oowema (0) mst cucremsl nuc-I1OJ] — rpanc-110] — BLII" ot cocrasa npu

temneparypax 15°C u 25°C cooTBETCTBEHHO.

Takum o00pazom, ObLIM BbIIENIEHBl B YMCTOM BUAE M MAECHTH()HULIUPOBAHBI
ocHoBubie Cl10 nepdropupoBaHHbIE LMKIOAJIKAHbI, BXOAJIIME B COCTaB
[POMBIIILIEHHON cMecH (GTOpupoBaHUA HaTaJWHA M ONpEAeNeHbl MX (QU3MKO-
XUMHYEeCcKHe, TepMO(HU3UYecKue U crekTpaibHble cBoicTBa. [lomyuennble
n300paxenus AIMP-cieKTpoB 1 3aBUCUMOCTH IIOKa3aTeJIs PeJIOMJICHHUs OT COCTaBa
MOTYT OBITH MCIIOJIB30BaHbl [JIsi KOJHYECTBEHHOIO aHAJIW3a UCCIIENYEMBIX CMECEH.
[Tony4yeHHbIe JaHHBIE O BA3KOCTH M TUIOTHOCTH CMECEH IIPUMEHUMBI IIPH pacyeTax
pasenuTeNbHOr0 000pyaoBaHus. belutd onpeneneHsl TOUKH 3BTEKTHK Ul CUCTEM
uuc-I1DJ] — tpanc-I1OJ, Tpanc-I1®/ — BLI, uuc-I1D/] — BILII, naknaasiBaromme

TepMOJUHAMHYECKOE OIrPpaHUYE€HNE Ha KpHCTaHJIHBaIIHOHHBIﬁ METOM pa3aciICHU.

TpeTbs r1aBa MOCBSIIEHA UCCIIEIOBAHUIO METOIOB Pa3/IENIeHUs CMECH LHC-
nepTopieKaiuH, TpaHc-nepdTopaeKaauH, nepOTop(Oy THILHMKIOreKCaH), W

nepdrop(7-merundunnkiof4.3.0]HoHaH) Ha OTAEIbHBIE KOMITOHEHTHI.

OaHMM M3 TPOMBIIUIEHHBIX METONOB pa3fielleHHs Nep(TOpUPOBAaHHBIX
[IMKJIOAJKAHOB sBIseTCs pektudukauus. s mpoBeleHHs 3KCIEPUMEHTOB 110
peKTU(GUKALIMOHHOMY pa3/ieJIeHHIO HCClelyeMbIX CMeCeH HCI0Ib30BaIach TUIIOBas
peKTH(HUKAIIMOHHAS KOJNOHHA 3(G(EKTHBHOCTBIO 85 TEOPETHYECKUX CTyIleHeH

paszeneHus, n3obpaxenHas Ha puc. 10.
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I avsocdupe F | ) 8

K npsovdiepe

Pucynok 10. Tunosas

pexkTuduKalMOHHAsE KOJIOHHA
nepuoaudecKkoro aecteus. 1 — ky06,
2 — HarpeBareb, 3 — BEHTHIIb
KyOOBOM MUAKOCTH, 4 — TpyOKa 11s
OIpe/esIeHUs] YPOBHS JKUIKOCTH B
KyOe, 5, 6 — HacalOuHbIN CIOM, 7 —
BEHTHUJIb OTOOpa JUCTHILIATA, 8 —
neguermarop, 9 — rpagyupoBaHHast
TpyOKa JuIsi 3amepa pacxona (JerMsl,
10 — TpyOka u1st onpeneneHus
YPOBHS )KHIKOCTH B IPHEMHHUKE
nuctuisTa, 11 — npueMHUK
JUCTHUILISATA, 12 — BEHTUIIb
quctmuisaTa, T u P—Touku uamepeHus

TEMIIEPATYPhI U NaBJIEHHUA.

BKCHepHMEHTbI 1o pPa3aciICHUIO

MPOMBILUIEHHOH  cMecH  (TOpUpPOBaHUS

HadTaTMHa METONOM peKTH(UKALUK Ha
THUIIOBOM KOJIOHHE MTOKa3ajM, 4YTO Ha epBOM
U3  CMecHu

JTare, MPEUMYIIECTBEHHO

BBIICNACTCA  (hpaKuus,

cozepxauias B
ocHoBHOM MBIIH (npumepno 80% wmac.),
He3HauuTenbHoe Konu4decTBo [1D]] u BIIT, a
TaKkke  HempeaenbHble M YacTHYHO
(TOpHpPOBAHHBIE IIPUMECH, UTO COIIACYETCS
C OKCIEpUMEHTAbHBIMH  JaHHBIMH O

JdaBJIEHUAX HaCBILIEHHBIX naposn

KOMITOHEHTOB cMecH. JlanbHelInas o4ucTka

MBIIH

pexTuhUKauu

OT npumecei METO/IOM

TIO3BOJISIET [IOJIy4arb

(pakuuyu YUCTOTOM oOKono 95-97 % wmac.

Jlanee, ¢ TIOBBIIIEHHEM KOHIIEHTPAIHHA
MBIIH  pa3genenue  yxyamiaercs |
MPaKTUYECKH OCTaHaBJIMBaeTCs IpH

KoHLeHTpauun 97,5% u He mno3Bossger
IoJIydarb HIPOMYKT uucTtoTod Oonee 98%

Mac.

s

OYHCTKH

UHTeHCUDUKAITTH

MBIIH ot

npoiecca
npuMeceid  ObLIO
MPEUIOKEHO

HCITOJIB30BaTh METO/

reTepoa3eoTpornHoi  pektudukanuu. B
KayecTBe reTepoaseoTponoodpaszyromx
pas3nensioUMX areHTOB ObUIM  BbIOpaHBI

arleron U guMmetwidopmamun (IAM®DA).
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Pe3ynbrarhl 9KCIIepUMEHTOB 10 pekTudukanuonHoi ounctke MBLIH ot npumeceii
0©e3 W ¢ HCMONb30BAaHUEM pa3leNsioUMX areHToB H300paxkeHbI B Tabm. 1.
Wcnonp3oBanue JIM®A 1103BONSIET HE3HAYMTENIBHO YBEJIUYUTh YUCTOTY MPOIYKTA.
B  Toxe BpeMsi  HCIOJb30BaHME  alleTOHA  TIO3BOJISIET  3HAUMTENILHO
MHTeHCHU(ULMpOBaTh Tpolecc pekTudukarmonnoi ounctku MBIIH ot npumeceii

W rostydarb Gppakuuu 4uctoTor. 99,8-99,9% mac.

Tabmuua 1. DxcnepumenrasnbHele faHHble 1o ounctke MBLIH Ha THOBOI

peKTU(PUKALMOHHOHN KOJIOHHE IIPH aTMOC(EPHOM JaBICHNH

No bes pazzensioiiero areHra
1 2 3
MaccoBas MaccoBas Maccoas
XZ', Xi, XZ:
Opaxnus H0J1st J0JIsI 107151
mac.% mac.% mac.%
¢paxuuu bpaxipu dpaxunu
JluctunnsT 96.791 0.80 97.412 0.79 97.411 0.78
Hcxonuast cmechb | 95.359 - 96.925 - 97.512 -
Ky6 89.557 0.20 95.066 0.21 97.516 0.22
C IM®DA C alleToHOM
No
4 5 6
MaccoBas MaccoBas Maccogas
Xl’, Xi, Xla
Opakuus 10Jist J10J151 10Jist
mac.% Mac.% Mac.%
bpakuuu dpaxuuu bpaxum
Juctunnst 97.835 0.89 99.912 0.87 99.835 0.87
Wcexoanas cmech | 97.410 - 96.400 - 98.379 -
Ky6 92.616 0.11 80.537 0.13 87.344 0.13

Wcxonst w3 3TOr0, peKTU(GUKAIUOHHBIH MeTox pasznenenus cmecu MBLIH —
BLII" — TI®J1 sddexruBen ans uBnedeHuss u3 cmecd MbBIIH, a nocnexyromas

pekTuukanus nomydeHHbIX ¢Gpakuuii MBIIH wmertomoM rerpoa3eorpornHoit

17



peKTHCbHKaU,HH C HCIIOJIb30BAHUEM all€TOHa B Ka4E€CTBE pas3/IC/IAIOILIero areHra

1103BoJsAT BbiensITh MBIIH BbICOKO# YHCTOTEL.

Jlanee Obl1 U3y4eH MpoLecc PeKTU(PUKALMOHHOTO pa3JesieHus TONyYeHHO
nocne u3sneuenuss MBILIH u HennenTuduumupoBaHHbIX npumeceii cmecu BLIIT —

uuc-I1D/ — rpanc-TID/I.

bbu1o onpezeneHo, 4To Ha HavyalabHOM 3Tare peKTU(GUKAIUK, TPU HAJTUYUU B
CHUCTeMe 3Ha4YuTeIbHOro KonruecTsa Tpanc-I11M/1, nabmonaetcs pa3nenenne Mexmy
uuc-I1D/] u BLI™ (Puc.11). Canenyer orMeTuTh, 4TO B JaHHOM ciy4ae TpaHc-I1D/]
BBICTYIIa€T B KayecTBE BBICOKOJIeTydero komrnoHeHta, BL{[" — cpennenerydero, a
tuc-I1®J[ — Huskonerydyero Takum obOpasom, B npucyTcTBuu Tpauc-I10J] BLI
SIBJISIETCSl BBICOKOJIETYYHUM KOMITOHEHTOM OTHOCHUTENbHO Luc-11D/I. Jlanee no mepe
uctornenus Tpanc-I1DJI >pdexTuBHOCTS pasnenenus nagaer. B orcyrcrsue Tpanc-
[1®]] paznenenue uuc-I1M/] — BLII" npakruyecku orcyrcryeT (Puc 12 u Tab6n. 2).
Takum oOpa3zoM, MeTol peKTU(UKALUKU HE TO3BONSIET (PPEKTUBHO BBIJEIATH W3
cmecu BLII, onnako nosBosnsier pasaenuts cMmech bLI — nuc-11®]] — rpanc-110]] na
cienyroume ¢ppaxuuu: 1) [1DJI, oborameHHbIH TpaHC-U30MepoM ¢ rpumechio BT
2) cmech uuc-I1MDJ] — BLII" ¢ npumecsio Tpanc-I1D/I.

X, MOJLA. (@) X, MOJL. (©)
100 1 PN, - SO

SN N 1 ST B g
035 s 098 D- + = g
0% + e .

&
&

0.05 4 T ep

cc@l A ; _ - G P T — : :I:: é,a-L@--rv@ﬁ

1 02 03 04 05 06 0,7
nN nwN

Pucynok 11. M3meHeHnue cocraBoB AucTriLIATa (a) U KyOoBOM uakoctu (0) ot
crenenu orbopa n/N npu pexrudukauu cmecu bLI — [TD/] B npucyrcTBrn

tpanc-I1®/]. Kanpar — uc-I1D/], tpeyronpnuk — tpanc-I1®/I, kpyr — BLII.
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Jlanee Obl1a paccMOTpeHa UHTEHCU(UKALUS Ipouecca pekTudukanuu. s
uHTeHcH(UKanMu Obul 1mogobpaH >PQEeKTUBHBIN reTepoa3eoTporoodpasyoumii
areHT — Boza. beuio onpeneneHo, 4To Boja o0pasyeT reTepoas’eoTporsl CO BCEMU

TpeMs Hep(t)TOpIIHKJIO&J'[KaHaMH, NPUCYTCTBYIONIUMH B pa3feIsI€MbIX CMeECX.

3KCHepHMeHTaHBHO orpesieiIiCHHbIE XapaKTepHUCTHKH rerepoaseoTporioB
IPHUBEJICHBI B Taﬁnnue 3
X, MOJLJL (a) X, MOJL. 1. (6)
| 1
0.9 U5 P TIE WE e C C
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PucyHnok 12. i3MeHeHue cOCTaBOB JUCTUILIATA (CUHUI) U KyOOBOM KUAKOCTH
(kpacHbI) oT cTenenn orbopa n/N npu pextudukauuu cmecu bBLIT-TTD]] B
orcytcrue Tpanc-11D/l, a — skcniepument 1, 6 — sxcnepument 2. KBaapar — uuc-
[1D]1, rpeyronsuuk —tpanc-I1M/1, kpyr — BLIT.

Tabnuua 2. [Tokazarenu crenenu pasaeneHus (Kjy.) 4 cpegnero koadduimenra

paszzeneHus (a?&) uuc-ITd/] npu pexTuduKauy Ha TUITOBON KOJIOHHE 110 JaHHBIM

JKCTepuMeHToB 1 u 2.

DkcrnepuMenT |
n/N 0 0.111 0.219 0.327 0.445 0.556 0.657
Kipe | 1.07616 | 0.97408 | 1.07715 | 1.04842 | 1.00621 | 1.02588 | 1.00846
ag | 1.00086 | 0.99969 | 1.00088 | 1.00056 | 1.00007 | 1.00030 |1.00010

I DKCIepUMEHT 2
n/N 0 0.085 0.207 0.332 0.386 0.504
Kiue 0.90091 | 0.96492 | 0.99957 | 0.96142 | 1.03107 | 0.99531
aco 0.99877 | 0.99958 | 0.99999 | 0.99954 | 1.00036 | 0.99995
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[ToMumo MHTeHCU(UKALIUU TIpoLiecca pa3zielieHusl, PEUMYIIECTBAMM BOJIbI
KaK TreTepoa3eoTporioodpa3oBatelns SBISIOTCS ee KpaliHe HH3Kas B3auMMHAas
pPacTBOPHUMOCTh C KOMITIOHEHTaMU pa3fiesieMOil CMeCH; pacTBOPUMOCTH BOIbBI C
paccMarpuBaeMbIMH NEepOTOPLUKIOATKAHAMUA COCTaBIsIET OKOJIO 15 ppm. Dto
SIBIISITCS CyIL@CTBEHHBIM IPEHMYIIECTBOM, TIOCKOJIBKY ITO3BOJISIET PA3/IENsiTh BOLY
JeKaHTauuend u, TakuM o0pa3oM, yCTpaHsSeT HeOOXOAMMOCTH B JOPOrOCTOSIIEM
Onoke pereHepalMM pasfenstoniero arenta. Kpome Toro, Boma sBIsi€TCH
Oe3omacHOM, HETOKCUYHON MPUMECHIO, YTO BaXKHO, ITOCKOJIBKY paccMaTpuBaeMble

nep$TopLUHUKIOATKAHBI IIUPOKO MCIIONB3YIOTCS B MEUIIHHE.

Tabnuua 3. MaccoBblif U MOJIBHBIN COCTAB reTepoa3eoTPONOB B CUCTEMAX TPaHC-
[1®]] — Bona, uuc-I1dJ — Boga u BLII" — Boxa npu remneparype T u

aTMOC(hepHOM JaBJICHUH.

Cucrema XBson4, Mac. Ji. XBOJA, MOIL. 1. T 7
tpaHc-I1DJ[ —Bona | 0,1012+0,0050 0,7429+0,0095 92,2
muc-IdJ] —Boma | 0,1111+0,0014 | 0,7622+0,0023 92,5
BLII" — Bona 0,1230+0,0024 | 0,7956+0,0032 | 93,8

DKCIEPUMEHTBI TI0 PeKTU(PUKALMOHHOMY pPa3felIeHUI0 IPOMBILIUICHHBIX
obpasuos cmeceit BLITI — muc-ITOJ] B npucyrcTBun Boasl (Puc.13) nokasanu, uto
Mpyu 100aBIEHHM BOJBI NMPOHCXOIUT CyLIECTBEHHAsh MHTEHCH(HMKAlMs Mpolecca
pasjeieHdss CMeCH [0 CpaBHEHHIO C peKkThukanuei 06e3 go6aBneHus
paznenstomux areHToB (Puc. 12). Kak BUAHO M3 pe3ysbTaroB 3KCIIEPUMEHTOB, B
npucyTcTBUM Bozbl HUC-I1M]] cTaHOBUTCS JIETKOJETYYUM KOMIIOHEHTOM BO BCEM
MCClleIOBAaHHOM jMana3oHe kouueHtpauui. Ilpm stom, BIIT mpopomxaer
KOHIIEHTPUpOBAThCsi B Kybe Jaxke npu ero koHueHtpaiusax Hiwke 0,01 mom. x. B
cBOIO ouepeb, Tpanc-I1DJ] Bo Beex OnbITax sBJISIICS JIETKOIETYYUM KOMIIOHEHTOM
U nocrarouHo jerko orneisercs ot cmecu BLI — uuc-T1MD/1. Tak, nanpumep, Bcero
3a OJMH TEXHOJIOTMYECKUM LUK METOJ] IeTepoa3eoTPOINHON PEKTH(HUKALMH C

HCIIOJB30BaHHUEM BO/IbI MO3BOJINWJI KOHUEHTPUPOBATE: B BUJIE K}’GOBOFO IpoayKra —
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BLII" ¢ 40.82 % mac. no 80.85 % mac.; B nuctumste — uuc-I1D/] ¢ 30.41 % mac. 1o
74.11 % mac. Mcnonp3oBaHue MeTO[a IeTepoa3eoTPONHON peKTU(hHKALIMHA CMECH
uuc-11dJ[ — BLII" ¢ Bomo#i no3sonser nomyuuts B Kybe ¢pakimu BLIIN uyncroroii
oonee 99,7% wmac. a B quctuiuisite nuc-I1M/] ¢ yucroroit 6oinee 99,5% mac. Takum
00pazoM MeToJ reTepoazeoTPOIHON PeKTU(UKALIUN C MCIIOIBL30BaHUEM BOIBI Kak
paszengolero areHra mnosposser 3GdexTuBHO pasnenats cMech [ID/-BLI na

YHUCThIE KOMITOHEHTHI.

X, MOILA (a) X, MOJLJL (6)
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0.9 + - R
’_,O' 2 0,9 /@
4 0.8 5
0.7 .- s ity | e
’ " o
0,6 i gt "
Piatie C Ll ST
& O S o--O=Ilg
0.4 R
03 Sl
. & b B BT R = N
. g 021 “ve-- e -8 s
= 0.1 ey X =
S CEREEE S, - LEES P R T N OB i, SR S —"
R 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
N n'N

PucyHok 13. 3aBUCHUMOCTb COCTAaBOB AUCTUILIATA (CUHUMN) U KyOOBOM HKUIKOCTH
(kpacHbIif) OT cTerieHu oTrbopa n/N MpH rerepoaseoTpOnHON PeKTU(PUKALIUYA CMECH
BLI-TI®/I ¢ Bomoii. a — 6e3 Tpanc-IIP/I, 6 — B npucyrctBun Tpanc-I10/1. Ksaapar

— uc-T1®/1, Tpeyronsuuk — Tpanc-I1M/1, xkpyr — BLII.

BBuay HeBBICOKHX IoKa3arenei pasnenenus s cMecu [TO/I-BLII" Mmetonom
pekTH(UKaMK 0e3 pa3ensrolero areHTa, HaMu TaKke OBl pacCMOTpeH JpyTroi
npombiuieHHbI MeTo ouncTku [1P]] ot mpumeceii - kpuctaammsanus. CornacHo
JaHHBIM Puc. 5 nUHUS JTUKBHIYyCaA BO BCEX TPeX UCCIENyeMBbIX CHCTeMax (TpaHc-
[MD)] — wuc-TIDJ, Tpanc-IIOJ] — BT u uuc-I1®J] — BLI') umeer munumym
TeMIIepaTyphbl IUIABJICHUS, YTO HAKI/Ia/IbIBaeT TEPMOAMHAMUYECKHE OrPAaHUYEHHS HA
5TOT MeToj paznenenus. Ciexyer OTMETUTb, YTO paHee KPUCTAIUIA3ALINSA KaK METO/l

pasjienenus HerocpencTseHHo cMecu BLT-TTD/I He paccmarpuBanacs.

BblIM TpOBeIeHbl SKCIIEPUMEHTHI 110 Pa3[elIeHUI0 IPOMBIILIEHHON CMecH
uc-I1PJI — tpanc-II®J] — BLI" Meronom o00beMHON KpuCTalau3auuu. bbuio
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OIpE/IeNIeHO, YTO pas/elieHue B JaHHOW CMECH CYILIeCTBeHHO 3aBMCHT OT
cootHomenus: Tpanc-I1D/I/uuc-IIMO]] B ucxonnom pactBope. Tak, ¢ pocrom
cooTHomenus Tpanc-I1d/1/uuc-I10/] konnentparus BLI" B kpucTammdeckoii dasze
YMEHBILIAETCsl, OJIHAKO YMEHbILIAETCSl U KOHLEeHTpupoBaHue nuc-I1DJ] B tBEpa0it
(aze, a Takke oOmee oborawenue TBepaoi ¢aszel 1D, BcaenacTBHE uero
KPUCTAJNTM3aLMOHHOE pa3/ielieHue (pakuuil ¢ BBICOKUM conepxanueM TpaHc-I1M]]
MeHee 3(PdeKTUBHO, YeM ¢ BbicokuM conepxanueM uuc-IID/. B o xe Bpems, ¢
pocToM  TeMIeparypbl IIpPOBEIEHMs Ipolecca OObBEeMHON KpuUCTaUIH3alUK

MPOUCXOAUT 3HaUUTebHAs UHTeHCUupuKauus ounctku I1D]] ot BLIT.

Jlanee OblLIM NPOBENEHBI ODKCIEPUMEHTBl MO KPUCTAJUIM3ALUOHHOMY
pasnenenuto cucremsl nuc-I1@J — BLII. beuto omnpeneneno, uro xwuakas ¢asa,
noJiydeHHass B Tipoliecce OOBEeMHON KpUCTAIM3ALMK, COAEPXKHUT MEHBIIE
JIErKOMJIAaBKOTO KOMIIOHEHTA, Y€M COCTaBbl, OIpPeeIeHHbIe METOAOM BU3yaJlbHO-
MOJMTEPMUUECKOTO aHaju3a IpH TeX JKe TeMIeparypax. JTO MOXeT ObITh
00yCJIOBIEHO YaCTUYHBIM 3aXBaTOM MaTOYHOI'O pacTBOpa MPH KPUCTAIU3ALUN U

nornajaHueM MEJIKUX KpUCTaJlJIOB B KUAKOCTh NPH pa3faelIeHuH cba:;

CTOUT OTMETUTH, YTO, HECMOTpPS Ha TEepPMOAMHAMHYECKOE OrpaHHYeHHE,
KOTOPBIM SIBJISIeTCSl Hayinuue 3BTeKTUKH B cucteme unuc-IIDJ — BLI, obbemuas
KPUCTAJLTM3ALUS MOXKET ObITh 3((PEKTUBHOM NPHU pa3/ieJIeHHH CMECEH C COCTABOM,
OTJIMHAroIIUMCs OT 3BTekTHYeckoro. Tak u3 cmeceit nuc-I11MJ] — BLII" ¢ ucxoaupim
copeprkanueM nuc-I1M/ = 0.7348 u 0.6447 moin. 1. 3a 3 LMKIA yAAIOCh BBIAEIUTH
muc-T1dDJ1 uncroroit 6omee 0.99 moun. x. Onnaxo, Ayst koHUeHTpaiui nuc [/ Huxe
0.6 mou.ja. Temneparypsl (pa3oBOro Iepexoja sBISIOTCS BECbMa HHU3KHMH, 4TO
3aTpyqHSET peann3anuio npouecca. CHIKEHHE TeMIleparypbl Npolecca B CBOO
ovuepe/ib 3HAUYMTEIBHO CHIKaeT 3((QeKTUBHOCTh mpouecca. Kpome Toro, maHHbIA

MEeTOJ1 TpyJHOMacLITabupyeM U TpedyeT MHOrOCTaIuHHOCTH.

C Y4€TOM YKa3aHHOI'o, KpHCTa/UIU3alusd MOXKET OBITH HCITOJB30BaHA B

kauectBe (puHanbHOM crazuu ounctku uuc-IIPJ1 or BLI, oxHako He mo3Bonser
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3(1)([.)G‘I{THBHO pa3feiiaTh CMEeCh YKa3aHHBIX BCIICCTB HAa YHUCThBIE KOMITOHEHTHI M

TpeOyeT KOMOMHHPOBAHUS C APYTHMH METOIaMH

[Tonyuennslii Ha npeapiaymx cragusax [1DO/] npeacrasnser coboii roToBbli
KOMMEPYECKUM MPOAYKT, KOTOPLIN /I crieuu(PpUIecKux 3azad MOXKeT ObITh jJaliee

pas3zielieH Ha OTACJIbHBIE U30MEPBHI.

OKCTIepUMEHTHI 110 pasneneHuto cucteMsl uc-I1DJ — rpanc-I1dM]] meTorom
00bEeMHOW KpHUCTANIM3ALMU TOKA3aJld, YTO HECMOTpPS Ha HaJW4Me 3BTEKTUKU B
JaHHOW cucTeMe (puc. 5), naHHbld MeTon 3h(EeKTUBEH IPU pa3lielieHuu cMmeceil
uuc-I1®/[ — rpanc-I1DJ] B 061acTH COOTHOLIEHUH H30MEPOB MY YUCTHIM TPaHC-
IIDJl u ero KoHLEHTpalUed, COOTBETCTBYIONIIEH TOYKE OSBTEKTHUKH, TO3BOJISS
BpiiensATs  TpaHc-1I1®J[  yucroroit 99.8% wmac. MUcxoms w3 sroro,
KPUCTA/UIM3ALMOHHBI METOJ pasfelieHUusi MOXET OBITh HCIONb30BaH JUls
Beiiesienust TpaHc-11M/ u3 cmecu uuc-I1PJ] — tpanc-I1dD/l, ogHako orpanuyen

TOYKOU 3BTEKTUKH.

Jlanee ObLIO MCCIIEI0BAaHO PEKTHU(UKALMOHHOE pa3jelieHue CUCTEMbI LIMC-
[1D]] — Tpanc-11D/I, koTopoe nokazano, 4To BBUAY OIU3KUX TeMIEpaTyp KUIEeHUSs
JAHHBIX BEUIECTB M HU3KUX KOA(PHULIHUEHTOB pa3leseHus NaHHbIH mMeron Tpelyer
OoNBIIONO KONMMYecTBa cTyneHen pasaenenus. C apyroi CTOpOHBI, peKTH(hUKAIUS
MoKasaja, JOCTaToO4yHYyI0 3((EeKTUBHOCTH Uil MPEOIONeHUs TOYKUA IBTEKTUKU W

pasziesieHus B 00J1aCTH MKy TOYKOW 3BTEKTUKU U YUCThIM 1uc-I 1D/,

Wcxoas u3 BeILLIECKA3aHHOTO, KOMOMHHPOBAaHUE KPUCTAIIIU3ALMM B 00nacTi
MeXy 4YuCThIM TpaHc-ITMJ] ¥ TOYKOW 3BTEKTHKHM M PEKTH(PUKALUU B 0OIACTH
MEXK/IY TOYKOM 3BTEKTUKU U 4nucThIM nuc-I1D]] no3ponser nomyvars Gppakiuu muc-

[1D]1 u Tpanc-T1D/] yucroroit 6oee 99,6 u 99,8 mac. %, COOTBETCTBEHHO.

YerpepTas rijiaBa MoCBALIeHa pa3paboTKe HOBOIO METO/1a pa3/ieieH s CMeCH
nuc-nepropaeKanut, TpaHc-nepdToprexanuH, nepdrop(OyTHILHUKIOreKCaH),
nepdrop(7-metmnonuukio[4.3.0]HoHaH) Ha  OTHAENbHbIE  KOMIIOHEHTBI M

peau3aluy OTAEIbHBIX Y3JI0B HAa TUIIOBOM 00OPYIOBaHHH.
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[Ipennoxken u peanu3oBaH Ha THUIOBOM OOOPYIOBAaHMM HOBBIH METOJ

pasaenenus npombiiuieHHoM cMecd MBIIH — BLT™ — uuc-I1®]] — tpanc-T1d]] Ha

oT/eNbHble KOMNOHEeHTHI (Puc.14).

f |
i | MBITH(99.8% mace.)
f_w_w?.w_...... |
MBIH |
(>95% macc.)
|
R we-11]1 —— —eey ppase-110J1
npHMecH ] (99.6% macc.) | 1(‘)9.8% Mace,)
R ’2 | =. -4 L .................. -
; ' ' '
I L
|
mbi | A 10oi
(80% mace.) i~ (99.5% macc.)
1 BUrI0N o)1 R
ool 27l g (ODem)] 55
cMeECh | ’ | +BII g
BI(99.7% macc.)

Pucynok 14. Meton pa3nenenust npomsiieHHon ecmecud MBIIH — B — muc-
[ID/] — tpanc-IID/I. 1.1 u 1.2 — pextudukauus; 1.3 — rerepoaseorponyas
peKkTh(HKALKs C alleTOHOM; 2.1 — rerepoa3eoTponHas peKTU(GUKaLus ¢ BOLOH; 2.2
KpHCTANIU3aLUs WK peKTUdUKauus 1 3 — KOMOMHUPOBAaHUE KPUCTAILIM3ALUU U

peKTUdUKALIIH.

[locnenoBarenbHOCTh oOmepaluil BkiIOYaeT B cels peKTH(UKAIIMOHHOE
Beiieniende  MBIIH (cramgus 1.1) ¢ nocnenyromeld OYMCTKOH METOHOM
pektudukamuu (cragus 1.2) W JOOYHUCTKOM METOAOM TIeTepOa3eoTPOITHON
pekTU(dUKALMKU B TNPUCYTCTBUM aleToHa (cramusa 1.3) ¢ nonydeHuem Qpaxuuii
MBILIH uuncrotoit 99,8 % mac. [anee, u3 nomyuyenHas B Ky6e cmecs BLII™ — I1D]]
pazJensieTcss MeTOJIOM I'eTepoa3eoTPONIHON pPeKTU(UKALMU B IIPUCYTCTBUU BOJIBI C
nonydenuem ¢paxumii BLIT (99,7 % mac.) B ky6e u I[IDJ] (97% mac.) B nuctusire
(Cragus 2.1). ®pakuuu [IDJ] nanee npoxomaaT DONOTHUTEIBHYXO OYHMCTKY OT
npumeceid BLI" metomom xpucramnusanuu unu pektupuxanuu (Cragus 2.2).
[Tonyuennsiit [1D/] (99,5 % mac.) MoxeT OBITH fajee paszeeH KOMOMHMPOBAHHEM
KPUCTA/UIM3allMK U peKTh(UKaluu Ha oraensHble u3omepsl: TpaHc-IID/I (99,8 %

mac.) u muc-ITD/I (99,6 % mac.) (cragus 3).
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OcHoBHBIE Pey3JibTaThbl H BbIBOAbI

1)

2)

3)

4)

S)

Pazpaboranbl  TeopeTHYeCKMe  OCHOBBI  HOBOW  TEXHOJOTHMYECKOM
MOCJIe/IOBAaTEIBHOCTU IPOLIECCOB  pa3/ieNieHUss TMPOMBIIUIEHHOM CcMecH
nep(TOpUpPOBaHHBIX LIMKJI0ATKAHOB. TexXHOIOru4YecKas nociea0BaTeIbHOCTh
peayM30BaHa Ha TUTIOBOM 000OPYIOBaHUHU

Paszpaboranb! IIPOLIECCHI pazneneHus cMecH nepgrop(7-
meTwiiounukio[4.3.0]Jaonan) — nepdrop(OyTHILMKIOrEeKCaH) —  IHC-
neppTopaeKaiuH — TpaHC-NepPTOpJeKaJuH HAa YUCTble KOMIIOHEHTBI H
MccieI0BaHbl (PU3UKO-XUMHYECKHE OCHOBBI JAHHBIX MPOLIECCOB.
[Tpennoxens! 3¢ (deKTUBHBIE TIeTepPOa3eoTPONOOOPa3yroIIUe areHThl s
MHTEHCU(UKALUHU TpoLecca peKTU(PUKALMOHHOIO BhiAeaeHus nepdrop(7-
meTunouukio[4.3.0Jnonana) u nepprop(Oy TUILMKIOIeKCaHA) YUCTOTOM
99,7% mac. 1 99,8 % Mac. COOTBETCTBEHHO;

[TpeutoxeH MeTo/l, OCHOBaHHBINH Ha KPUCTAJUTU3ALMHA U PeKTU(DUKALIUKN TS
nojiyueHus nepdropaexanuHa yuctoroi 99,5% mac. U ero nocienyomero
pasjieleHust Ha OT/eNbHbIe IHC- U TPaHC- U30MEPbl YUCTOTOH 99,6% Mmac. u
99,8% Mac. COOTBETCTBEHHO.

Wnentudunuposansl ocHoBHble C10 mepdToprpoBaHHbIE LUKIOAIKAHBI,
BXOJSIIME€ B COCTAB IIPOMBILLIEHHON cMecu (TopupoBaHus HadTaluHa U
onpeesieHbl UX (QU3NKO-XHUMHYECKHe, TepMO(pU3UYECKHe U CIIeKTpabHbIe

CBOMCTBA.

Cunucok padoT, onyOITHKOBAHHBIX MO TeMe AHCCePTANHH

Crarpy B )KypHaiaX, BXOASLIMX B MEeXIyHapOIHbIE CUCTeMbl LuTHpoBanus Web of

Science u Scopus:

1. Polkovnichenko, A.V.; Lupachev, E.V.; Kisel’, A.V.; Kvashnin, S.Y.; Kulov, N.N.
Perfluoro(7-Methylbicyclo [4.3.0]Nonane) and Perfluoro(Butylcyclohexane):

Physicochemical, Thermophysical, and Spectral Data. J. Chem. Eng. Data 2023, 68,
499-517.
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2. A. B. l'lonkoBHuuenko, E. B. Jlynaues, A. B. Kuceas, C. 5. Ksamaun, H. H.
Kynos. Paznenenue npoMbllieHHOH cMeCH MPOAYKTOB (hTOpUPOBAHUS JEKaIMHA
WU HadTanuHa. Pazpabotka TEXHOJIOTUHU OUUCTKHU nepprop(7-
meTunOuumkino[4.3.0JHonana) Or  ONU3KOKMISIIIUX  TNPUMECed  MEeTOIOoM
reTepoas’eoTponHod  pekTHdHUKauuun TeopeTHYeCKHe OCHOBBI  XHMHUYECKOM
TexHojioruu, 2023, Tom 57, Ne 5, ¢. 495-506 [Polkovnichenko, A.V.; Lupachev, E.V.;
Kisel’, A.V.; Kvashnin, S.Y.; Kulov, N.N. Separation of an Industrial Mixture of
Decalin or Naphthalene Fluorination Products. Purification of Perfluoro(7-
Methylbicyclo[4.3.0]Nonane) from Close-Boiling Impurities by Heteroazeotropic
Distillation. Theor. Found. Chem. Eng. 2023, 57, 779-790].

3. A. B. IlonkoBuuuenko, H. H. Kynos, A. B. Kuceas, H. H. Kypuipin, C. 5.
Kpammnun, E. B. Jlymayes. Pasnenenue mNpOMBILUIEHHOH CMeCH IPOIYKTOB
¢bropupoBaHus AekanuHa MWIM HapranuHa, DOUBHKO-XUMHUYECKHE OCHOBBI
KpPUCTAJUIM3aLMM OMHAPHBIX CMeceil 1uc- W TpaHc-nepdTopAeKaiuHa U
nepdropOyTHILMKIOreKcaHa. TeopeTuyeckre OCHOBbI XUMUYECKOW TEXHOJIOTHH,
2023, tom 57, Ne 6, c. 638-645 [Polkovnichenko, A.V.; Kulov, N.N.; Kisel’, A.V.;
Kuritsyn, N.N.; Kvashnin, S.Y.; Lupachev, E.V. Separation of an Industrial Mixture
of Decalin or Naphthalene Fluorination Products. Physicochemical Foundations of
Crystallization of Binary Mixtures of Cis- and Trans-Perfluorodecalin and

Perfluorobutylcyclohexane. Theor. Found. Chem. Eng. 2023; 57]

4. Lupachev E.V., Voshkin A.A., Kisel’ A.V., Kulov N.N., Zakhodyaeva Yu.A.,
Polkovnichenko A.A. Separation of an Industrial Mixture of Decalin or Naphthalene
Fluorination  Products:  Cis-Perfluorodecalin, Trans-Perfluorodecalin  and

Perfluoro(butylcyclohexane): Physicochemical, Thermophysical, and Spectral Data
Processes. 2023.V. 11,Nel1

5. Polkovnichenko A.V., Lupachev E.V., Kisel’ A.V., Kvashnin S.Ya., Kulov N.N.
Perfluoro(7-methylbicyclo[4.3.0]nonane)  Purification  from  Close-Boiling

Impurities by Heteroazeotropic Distillation Method. Engineering Proceedings. 2023

V.37, Ne 1, 72
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6. Kisel A.V., Polkovnichenko A.V., Lupachev E.V., Kuritsyn N.N., Kvashnin S.Ya.,
Kulov, N.N. The Process of Isolation, Using Crystallization of Cis- and Trans-
[somers, of Perfluorodecalines from an Industrial Mixture of Electrochemical
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