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dTopcoaepKalIue NOJIMAZOMETUHBI: CHHTE3 U CBOICTBA
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HMHCTUTYT XMMUU BBICOKOMOJIEKYIISIpHBbIX coenrHennii HAH Ykpaunbt

48, XapwkoBckoe mocce, 02160, Kues, Ykpanna

Paccmompenvl 06uue nooxodvl K NOIYUEHUN) NOAUAZOMEMUHOE, COOEPICAWUX 8 CBOEM COCMAGe
@mopuposannvie ppacmenmul. [Ipednodicena knaccugukayus Gmopcooepircauux noIua3oMemuHos,
Komopas 6a3upyemcs Ha cnocobe 66e0eHuUsl 8 COCMAs NOAUMEPOS A30MemUHO80U epynnbvl. B pamrax
npeodnioNCeHHOU KIACCUPUKAyUU npedcmagienvl no0xXo0vl K NOLYYEHUI0 mopcodeprcaujux
NOIUAZOMEMUHOE MPAOUYUOHHBIM CROCODOOM (83aumoldelicmeue OUaAMUHO8 ¢ OUAIbOe2UOam) u
ANbIMEPHAMUGHBIM CROCOBOM (NPUMEHEHUe a30MemuHcooeplHcawux MoHomepos). Ilpoanaruzuposano
BAUAHUE NPUPOObL  PMOPUPOBAHHOU  KOMROHeHmMbl  (mpugmopmemuncodepiicawue,
nepgmopapomamuieckue, MOHOGMOpOGeH301bHble ppacmenmol), QYHKYUOHATbHBIX 2PYNN
(2UOpOKCUNbHBLE, CLONCHOIPUPHDBIE, UMUOHBLE U OP.) U PPacMenmos (OKCu@eHUIbHbLe, aludamuyeckue
u 0p.), a maxoice cnocob608 GopMuposanls NOIUMEPHOU Yenu HA CEOUCMEd CUHMESUPOBAHHBIX

noaua3omMemuHos.

KuroueBble ciioBa: Gpropcosepikaliie mona3oMeTHHBI, pTopcomeprkaiire MOHOMEPBI, CHHTE3, CTPYKTYpa, CBOICTBA.

Cpenu momuMepoB ¢ CONMPSDKSHHBIME (hparMeHTaMu
0CO0BII1 IHTEpEeC BEI3BIBAIOT Tonna3zoMeTHHE ([TAM) [1—
5]. OH cBs3aH ¢ PSIIOM X YHUKAJIBHBIX CBOWCTB, TAKHX
KaK BBICOKAs XUMHUYECKasl CTaOMIBHOCTD, JIEKTPOHHAS
MPOBOAUMOCTE [6—11], Tbe30- ¥ MHUPOIITEKTPHICCKHE
[12], ontaeckue, snexTpoontaeckue [§, 13, 14], xua-
KOKpHCTaJTHIecKue cBoiicTBa [15-18], a Taxke ¢ BO3-
MOXHOCTBIO KOMITJIEKCOOOPa30BaHMs C NOHAMH Pa3iIid-
HBIX MeTaluioB [1, 13, 18-24]. Onu HaxomAT MpUMEHe-
HHE B KauyeCTBE CBeTOM3Nydaromux nuomoB («light-
emitting diodes» (LED)) m1st 1€KTpOIIOMITHE CLIEHTHBIX
MprOOPOB, TEPMOTPOIHBIX M IEKTPOHTPAHCIIOPTHBIX
MaTepUaoB Ui ONTORJIEKTPOHHBIX YCTPOUCTB, HEIMHEH-
HO-ONTHYECKUX MAaTEPHAIIOB VI CO3/IaHNs Ha X OCHO-
BE ONTUYECKUX NEPEKIIIoYaTesell U YCTPOUCTB AJIs 3aIH-
CH | XpaHeHUs roiorpapudeckoil mHGopMauu 1 T. 1.
[2-5].

B 10 k€ Bpems1, muTepaTypHbIe JAHHBIE TOKA3bIBAIOT,
YTO OAMH M3 CIIOCOOOB YIYUIIEHUS ONTHYECKNX, B TOM
YHCIIE W 3IEKTPOONTHUCCKHUX, & TAKXKE JPYTHX CBOWUCTB
TIOJIMMEPOB CBSI3aH C BBEICHHEM B HX COCTaB aTOMOB (hTO-
pa [25-29]. B cBs3u ¢ 3THM, 0COOBIN HHTEPEC MPEICTAB-
nseT 0000IIeHHe OAX0A0B K IONYYeHHI0 (ropcoaep-
skamux [TAM, a takke ux coiictB. Hecmotps Ha psig
OOMIMPHBIX 0030POB, TOCBSIIEHHBIX PACCMOTPEHHIO CIIO-
co0oB cuHTe3a U cBoicTB [IAM, ¢propuposannsie [IAM
B JaHHBIX paboTax MpaKTHYECKH HE MPEICTaBICHBI [2—
51

B macrosmiem 0630pe pacCMOTPEHBI 00IIHE TOAXO0-
IIBI K morrydeHuto ¢propcoaepkantix [IAM u ocHOBHBIE
ITyTH BBEACHUS B X cocTaB aroMoB (ropa. [Ipeamoxe-

Ha Kkiaccudukanus Gropcoaepxammx [1AM, xoropas
0azupyeTcs Ha crioco0e BBEJCHHUS B COCTAB MOJINMEPOB
A30METHHOBOM IpyIIbI M aTOMOB (Topa. B pamkax npen-
JO)KEHHOHN KiIacCU(pHUKALUU TPENCTaBICHBI TOAXOIBI K
nony4yenuro gropcoaepxarmux [TAM, ocobennoctu ¢op-
MHUPOBaHUsI MMOJMMEPHOH LIENH, JaHbl XapaKTePHCTHKH
NONy4YeHHbIX PpTopcoaepkamux [TAM.

O0mue mMoaX0abl K MOJY4eHHI0 (TOPCOAEPKALMX
MMAM.

Ha ocHoBe nuTepaTypHBIX TAaHHBIX MOKHO BBIJICJIUTh
JIBa ITOJX0/Ia K BBE/IEHHUIO B COCTaB MOJIUMEPOB a30METH-
HOBO¥ Tpynmebl. [1epBblii, TpaqUIIMOHHBIN c1TOCOO, OCHO-
BBIBA€TCS Ha B3aMMOACHCTBUN JUAMUHOB C JHaJbJIETH-
namu [12, 30-35]. bonbmmnacTBO [TAM, TIONTyUeHHBIE
TaKUM CIIOCcOOOM, XapaKTepH3UPYIOTCS HEeI0CTaTOYHOM
PacTBOPUMOCTBIO M HU3KUMH 3HAYEHUSMH MOJIEKYJISIP-
HBIX Macc (MM). B npenenax TpaJuiMoHHOTO ITOX0AA
TaK)Xe MCIOIb30BAaH OJMTOMEPHBIH MyTh MOJYyYECHHS
ITAM, 3axnrouaromuiics B MpeJBapUTEIEHOM CHHTE3€
OJIMTOAMUOKUCIIOT C KOHIIEBBIMU aMHHOTpyInamu [35].
[IpMeHeHne MOHOMEPOB, COIEPIKAIINX B CBOEM COCTa-
BE a30METHHOBBIE TPYIIIbI, MPEICTABISIET BTOPOH, Tak
Ha3bIBa€MBIH AJBTEPHATHBHBIA crtocod cunTteza [IAM
[36-39]. B paMkax BTOpOTo moAX0/ia POCT MOJIUMEPHOIt
nernu ¢ropcoaepxamux [IAM ocymiecTBIsIOT 3a cyer
oOpa3zoBanus >QUPHBIX, YPETAHOBBIX MIM MMHJIHBIX
rpynm. CoOTBETCTBEHHO OBLIH MOTYyYEHBI TAKHUE KJIACCHI
MOJIUMEPOB Kak moiuazomMeTuHdGupsl (ITAMD) [37],
nonuazomeTrnyperansl ([TAMY) [36] u momua3zomeTu-
Humuael (ITAMU) [38, 39]. Takue [TAM, B GonbnH-
CTBE CIIy4aeB, paCTBOPUMBI B OPraHUUYECKUX PacTBOPU-
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TEJIAX ¥ XapaKTePHU3yIOTCA BRICOKUMH 3HaYeHUsIMA MM.
O0a yka3zaHHBIX CITOCO0A MCIIOIF30BAHBI M IIPH CHHTE3E
¢dTopconepxammx [TAM.

B nacrosimiee Bpems B IIAM BBoasT aToMbl pTOpa B
coctaBe TpUPTOPMETHIICOAEpKAIIHUX, MOHODTOpOEH-
30JIGHBIX U TIepdTopapoMarndeckux ¢pparmenTon [40—
44]. Cpenu TpupTOpMETHICOASPKAMUX (HPAarMEHTOB
HauboIIee MHUPOKO MCTIONB3YIOT TeKcad TOPH3OMIPOITHIH-
nenosyio rpymny (-C(CF,),-), Bxomsutyro, Kak IpaBuio,
B cocTaB (TekcaTOPHU30MPOIIINICH )IN(ESHUITEHOTO
(parMeHTa COOTBETCTBYIOMMX MOHOMepoB [12, 30, 33,
37-39]. Topazno menee m3yuensl [IAM c tpudTopme-
THIQEHUITEHBIMH, Ouc(TpudTopMeTHI)0N()EHIITEHBIMA
1 IepQTOPUPOBAHHBEIME aPOMATHYECKAMHU (parMeHTa-
Mmu. B nureparype usBectHo asa ITAM, copeprxarue nep-
¢TopupoBaHHBIE sAApa: pparMeHT TeTpadTopOeH30Ta
[34] u oxradTopObupennma [31].

IIpu cunrese ITAM ¢ npumMeHEeHUEM TPAAULIIOHHOTO
MOAXO0/Ia UCTIONB3YIOT, B OCHOBHOM, (hTOpCOAEpIKaIINe
nmuamueb [12, 33, 35] u, B MeHbIIEH cTeneHu, GTopco-
JieprKalire OJIMTOINaMIHBI Wi Auaiabaerunsl [30, 31].
Uzsecten taxoke [TAM, monmydueHHBIH HA OCHOBE GTOP-
comepxamux quamuHa U nuanpaernna [30]. B pamkax
anprepHaTHBHOTO TIoxona [TAMD u ITAMY nony4aror
Ha ocHOBe (propcomepkamux 6rchenomnos [36,37], a s
nonyuerust [IAMU ucnons3yrot gpropconepxamue am-
aaruapugs! [38, 39]. IIpu sTOM a30MeTHHOBas TpyIIa
BXOJHUT B COCTaB AWTAIOTCHCOACPKAIINX MOHOMEPOB,
O6ucdenonoB u tnaMHOB Tpu cuHTe3e [TAMD, [IAMY
n ITAMU cooTBETCTBEHHO.

OcobenHoCTH TIpOBeNeHUsT cuHTe3a (propconaepixka-
mmx [TAM TpaguIMOHHBEIM CIIOCOOOM BO MHOTOM aHa-
JIOTUYHBI TAKOBBIM HeToprupoBaHHEIM [TAM 1 monpo6-
HO OTFCAHKI B psizie 0030poB [2-5, 45]. YenoBus cunTe-

3a [TAM anprepHAaTHBHBIM CITIOCOO0M, a UMeHHO [TAMD,
TTAMY u ITAMMU, majo 4eM OTANYAarOTCs OT KJIaCCHYeC-
KHX CIIOCOOOB CHHTE3a IO (PHUPOB, IOy PETAHOB H T10-
JUHAMHUIOB COOTBETCTBEHHO.

OTMeTHM, 4TO B CBSI3W C OTPaHMYCHHOW PAaCTBOPH-
MOCTBIO TIPHUBEICHHBIC 3HAUCHHUS XapaKTePUCTUIECKOH
Bsa3kocTH ([1]) ans propcomepxanx [TAM onpenene-
HBI B TIOJIAPHBIX allPOTOHHBIX PACTBOPUTEINAX, JINOO B
cepHoii kuciote. Tak, 3HaYCHUS [1]] B ONAPHBIX ampo-
TOHHBIX PacTBOpHUTENsAX He mpesbimator 0,57 a/r. Uc-
KJIIOUEHUE COCTaBIA0T HekoTopele IIAMU, BenmuuHb
[7] xoTopeIX MOTyT mocturatrs 1,4 mu/r. B 10 e Bpems
3HaueHus [ 1] g [IAM B cepHOI KUCIIOTE HE TIPEBHIIIa-
mm 0,48 i/t [35-39]. K coxkanennto, MONeKyIsIpHO-Mac-
COBBIE XapaKkTepucTuku Ppropconepxamux [IAM mpuse-
JICHBI TOJIBKO B €IMHUYHBIX CITydasX.

Cunre3 ¢ropcoaepxamux [TAM TpaanuuoHHBIM
crnocooom.

BsaumopeiictBuem 2,2-6nc(4-ammHopeHm)rexcad-
Topnpornana (6F-muamun) ¢ TepedTaneBsM 1 n30QTae-
BBIM aJIBJIETUAAMHU MOIYYECHBI C BBICOKUMH BBIXOIAMH
tpudropmetmnconepxkamue [IAM I u ITAM II cootser-
ctBeHHO (Tabm. 1) [12]. TToka3ano, uro [TAM I u [TAM
I xapakTepn3yIoTCsi BRICOKOH TepMHUYECKO# CTaOMIBHO-
CTBIO U XOpOLLIEH pacTBOPUMOCTHIO B N-METUIITUPPOIIU-
noue (N-MIT), N,N-gumerundopmamune (IMDA), N,N-
mumernnaneramune (IMAA), rekcametuindochopTpu-
amuge (TM®TA). [Tocaennee, 04eBUIHO, CBSI3aHO C HHU3-
KO SHEpTHeH MeXMOJIEKYISIPHBIX CBsA3el aToMOB (pTopa,
Tak Kak HepTopupoBanusie aHamoru [IAM I u ITAM I
MIPAKTHYECKN HE PACTBOPHMBI B OPraHMYECKUX PAcTBO-
putensax. 3aMeHa napa-QpeHUICHOBEIX (ParMeHTOB B
[TAM I Ha mMema-(eHnIeHOBBIC TPUBOANT K IIOHIKCHHIO
3raueHus (1] ITAM 11, HO Tpu STOM TOBBIMIAETCS €TO

Tabmuma 1. Ctpykrypa u cBotictBa [IAM Ha 0CHOBE IMaMUHOB C TPHU(PTOPMETHIFHBIMA TPYIITIAMH, TIOTyICHHBIC

COTJIACHO CXCME: KN. . NH; + Py — %N~X~N§/Y\%

n

IMAM X

Breixon, %

M,/M|o, MITal , % | 75%(T10%):
w 2 b OC

(7], (m'r)

95

0,26 - - - - | 443 (473)

85

| <50~

021 - - - - | 486 (513)

- (O-o-O-HO-o--

97

041 - - 26 | 3 | 467 (501)

v KO- OO

99

0,36 - - 20 2 490 (520)

CF,

v
HO CH OH

96

QA

- 15200 | 2,2 . ; ;

[17] — xapakTepucThyeckas Ba3kocTh u3mMepena B N-MII npu temneparype 30 °C; M| — cpetHeMacCoBO€e 3HAYEHUE
MOJIEKYIISPHON Macchl; M — CpeJHEUHCIIOBOE 3HAYE€HIE MOJIEKYIIAPHOM Macchl; M /M| — Mepa HoJIMAMCIEPCHOCTH;
0 — IPOYHOCTH HA PA3pPhIB; € — OTHOCHUTENbHOE yunuHenue; T, — Temmeparypa 5 Y%-HOU morepu maccel; I

temneparypa 10 %-Hoii moTepu Macchl.

5 10%
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tepmocTtadbmibHOCTS (cp. [IAM I u [TAM 11 B Ta6m. 1).
[HAM I u ITAM 11 GopMupPYIOT JOBOJIBHO XPYIKHE
MJICHKH, TTOATOMY JJISl yIydIIEeHUs] KaK MEXaHUYECKHUX,
Tak u Apyrux cBorcts IIAM mnpensioxkeH moaxof, cBs-
3aHHBIN C yBEITMUEHUEM JUTHHBI CONPSHKCHHBIX (pparMeH-
TOB U yMeHbIIIeHHeM KoHIeHTparun —C=N-rpynn. aH-
HBII TOAX0 OBLT pean30BaH Oarogaps GyHKIIMOHAIN-
3areit OF-nuamMiHa TOTIOHUTEIbHBIMU OKCH(DEHUITbHBI-
mu ¢pparmentamu (ITAM III u [TAM 1V). Britouenne
nocienuux B coctas [IAM III u ITAM 1V no3Bosnuiio He
TOJIBKO MOBBICUTH 3HAUCHNE [/]] yKa3aHHBIX TOJUMEPOB,
HO | YITy4IIUTh UX TEPMHUCCKUE 1 MEXaHNUECKUE CBOH-
ctBa (Tabmn. 1) [12]. Tak, 3Ha4eHNEe MPOYHOCTH HA pa3-
peiB (0) ykazanusix [IAM pocturaer 26 MIla, mpu 3Tom
I[TAM II umeet monyns ynpyroctu 1,1 I'Tla, a IIAM IV
— 1,6 I'lTa. Cnenyet otmetnts, uto [TAM I u [TAM 111,
MOTy4IEeHHBIC Ha OCHOBE Tepe(TanieBoro anpaernia, yc-
TYTIAIOT 10 TepMudeckort crabmnpHOCTH [TAM 11 11 [TAM
IV, cuHTEe3MpOBaHHEIX HAa OCHOBE M30(TAIEBOTO aJbje-
THa.

HanpHelimmas ¢yHKmonanm3anus 6F-1rnamMuHa -
POKCHIIBHBIMH TPYTIIIaMH TTO3BOJIHIIA MOIYIHUTH C BBICO-
KHMM BBIXOJIOM THAPOKCH(PYHKIINOHAIN3NpOBaHHBII [TAM
V (tabm. 1), KOTOPBIH XapaKTepU3UPYETCS paCTBOPUMO-
cteio B N-MII, IM®A wu strmtaktare [33]. Yeranosie-
HO, uTo ripu HarpeBaunnu [IAM V no temneparypst 350 °C
B TE€YEHHE | 4 HA BO3JIyXE OH MOJABEPIraeTCsl BHYTPHUMO-
JEKYISAPHBIM H3MEHEHHUSM C 00pa30BaHUEM OIHOCH30K-
ca3ona Va COTacHO CXeMe:

< N b N 350°C, 14 N Fe
PO ot e Oy,
MAM V

ITonyuyennslii monubeH3okcazon Va xapakTepusnupy-
€TCs TaKOH e pacTBOPUMOCTHI0, uTo M [IAM V, a Takke
o0nasiaeT HU3KOM JMAJIEKTPUYECKON NMPOHUIIAEMOCThIO,
3Ha4YeHHe KOTOopoi paBHO 2,76 npu 1 MI'm.

C nenblo perynupoBaHus KOJIMYecTBa aTOMOB (Topa,
¢usuko-xumMnaeckux coiicts [IAM I — [TAM 1V npu
UX CHHTE3e HapsIy ¢ (ropcoiep)KaliuMu THaMHHAMH
(comoHOMEpBI), OBUTM UCTIONB30BAHBI U HEPTOPHPOBAH-

Moaubensokcasoa (Va)

HBIC THAMHUHBL. DTHUM TyTeM ObutH orydeHs! [IAM VI —
I[TAM IX (Tabm. 2) [12]. Yka3aHHBIE CONOTMMEPHI XapaK-
TEPU3UPYIOTCS XOPOILIEH TepMOCTAOMIBHOCTBIO M pPa-
CTBOPUMOCTBIO B OPTaHHMUYECKUX PACTBOPUTENAX, U3 KO-
TOpBIX (hopMupYIOT XpynKkue rieHKH. Kak u B ciaydae ¢
ITAM III u ITAM 1V, BBenenue B coctas [IAM VIII u
I[TAM IX nONOTHUTENBHBIX OKCU(PEHUITBHBIX (pparMeH-
TOB TIO3BOJISIET TIOBBICUTH 3HaUYCHHUE [1]] mOCIeqHUX B 2
pasa o cpaBHeHuto ¢ [TAM VI u I[TAM VII. OtmeTum,
gro 11 [IAM VIII u ITAM IX naGmrogaercst Takast ke
3aBUCHMOCTD IOBBIIICHNS BEINYUH [/]] U TEMIepaTypsl
5 %-no norepu maccol (7, ), kak u uist [TAM T u ITTAM
IV, cBs3aHHas ¢ BBEACHUEM JOMOJHUTEIBHBIX OKCH(eE-
HUJIBHBIX ()ParMEHTOB B COCTAB MOMUMepHOH enu. Ha-
pAOy ¢ 3THUM, YMEHBIIEHHE KOJMYecTBa aTOMOB (hropa
Ha 3JIEMEHTApHOE 3B€HO PACCMOTPEHHBIX COMOIMMEPOB
HEraTUBHO CKa3bIBACTCS HA MX MEXaHMYECKUX CBOMCTBAX.

B pa6ore [31] npeanoxeHo UCTIOIb30BaTh B KAUECTBE
(TOpPUPOBAaHHOW KOMITOHEHTBI JHAIbACTUIbI, COAEpIKa-
e TpudTopmeTmidheHmIbHbIe Hiu Ouc(TpudTopMeTH-
nm)oudenmnpable pparmentsl — [IAM X u I[TAM XI co-
oTBeTCTBEHHO (Tabu. 3). OnHaKo, TakoH MOAX0 OKa3all-
cs1 9 PEeKTUBHBIM ISl TOJYYESHUS TOJIBKO YaCTHYHO pa-
ctBopumbix ITAM X u ITAM XI B nupunune, N-MII,
T'M®TA, nosmomy, no-euoumomy, Gu3uKo-xumuyeckue
ceolicmea makux noIuMepos 8 OdlbHelueM He U3yya-
Jaucs. B TO e Bpems, UCHOIb30BaHHE AMAIBICTUIIOB,
cozieprkalux GpparMeHTsl rekcadToprponana, mo3BoJu-
10 mosryunts [TAM XII — ITAM XIV ¢ BEICOKUMU BBIXO-
JlaMHu | Xopolell pactBopumocthio (tadm. 3) [30]. Ta-
kue nonuMepsl pactBopumbl B CHCL,, JIMDA, numeTui-
cynbdorcune (JAMCO), N-MII, terparunpodypane
(TT'®) 1 HepacTBOPUMEI B TOJNYOJIE M alleTOHE. 3aMeHa
xecTkoro oudennnenosoro gpparmenrta B [IAM XII Ha
6onee rudkue nudenmnupusie ([TAM XIIT) wu 4,4'-
(u3omponunuaeH)-ouc(n-hpeHOKCH)-TUPECHUIBHBIC
(ITAM XIV), H03BOJIHIO MOBBICUTH TIOKA3aTelNb [1]] mo-
mumepoB 1o 0,49 n/r. BennunHbl TemMmeparyp CTekIo-
Banus (T g) 1 MexaHudeckue cBovictBa miad [TAM XII —
ITAM XIV 3aBHCAT OT CTPOEHHUS UX NONUMEPHON LEImn

Ta6nuua 2. Cononumepst [IAM Ha 0CHOBE TMaMHUHOB € TPU(PTOPMETHILHBIMHU IPYIIIAaMHU, HOITYy4YEHHbIE COIVIACHO

cxeme: nHoNo . NHy + mHN, NHy + oY S — ;%N‘X'NVY\){N‘Z‘NVY%[
n n+m

[#] B N-MII Teo (T
MAM| X Y z Beixox, % | mpwm 30 °C, S%ECIO%)’
(wv/r)

CF, CH;

VI @7 89 027 | 448 (481)
CF; CH,

viI 93 0,20 478 (508)
3 3
CF CH

vitt | -0~ HO--0- KOO0 ) = 04 | 455 (489)
CF, CH.

X (<0~ O-F 0O~ -O+ 0O 1 98 038 | 485 (499)
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Tabnuua 3. [IAM Ha ocHOBe AMAJBICTHAOB C TPUPTOPMETUIBHBIMU TPYIIIAMH, TTOJyYEHHBIE COTIACHO CXEME:

BN N+ 0Py — {LN\X,NVY\%
n

[TAM| X Y

[n] B
Brixon,| IM®A| o.

% |30 °C, |MIla
(wvr)

8,% Tg,°C T5%,OC

CF;
Xi _Q“’O@— 89 | 039 | - - 196 | 489

XIII —@—o@— —@—00@— o4 | 042 | 26 | 7 | 182 | 491

CH 3
x| <0000~ —Q-OO-@— 92 | 049 | 31| 8 | 215 | 458

Xv—O—OOQ——Q-OO-C}— 89 | 057 | 38 | 8 | 211 | 481

(tabm. 3). Tak, [TAM XIV xapakTepu3upoBaJICsi HAUBBIC-
el 7, 1o CpaBHEHHIO C ITAM XII - ITAM XIII. Ot™me-
tuM, 4t0 [TAM XII — [TAM XIV numeror Xoporuryro Tep-
MHUECKyI0 cTabmibHOCTb. [Tpn aTom [TAM XII xapakre-
pu3syeTcs ciaabol TIeHKooOpasyonied crnocoOHOCTHIO,
Torga Kak miaeHkd [TAM XIII u [TAM XIV umeror 3Ha-
4yeHus O Bolire 25 MIla.

Kak ocoOslif cryuait monyuenus Gropcojepxanux
ITAM mosxHo paccMatpuBats [IAM XV, nonydeHHsIi Ha
OCHOBE IMaM{Ha U ANANBAETHA, COllep KallnX Kak (par-
MEHTHI rekca)TOpIponana, Tak 1 OKCH()EeHHIIbHBIE pa3-
Bsi3ku. [lomyuennsIi Takum oopazom [TAM XV, nomumo
XOpouIel TepMUYECKOH CTaOMIBHOCTH, XapaKTepHU3yeT-
Csl CaMbIMHU BBICOKMMH 3HA4YEHUSIMHU [/]] U O cpean Bcex
BhIconucanubix [TAM (tabm. 3) [30].

Ecmu TTAM, conepxainue B KauecTBe NephTOPUPO-
BaHHBIX (PparMeHTOB TPUPTOPMETHIIBHBIE TPYIIIBI, AOC-
TaTOYHO LITMPOKO OMHUCAHBI B IUTeparype, To IIAM c nep-
¢dTopapomMaTuueckuMu (parMeHTaMH MPaKTHYECKU He
n3yueHsl. B nureparype n3BeCTHO 1Ba TaKUX MOJIUMeEpa.
[TepBblit comepkUT PparMeHTsl okTagTopOudeHma B
coctaBe quamuHHOM kommnoHeHTsl (IIAM XVI) [31], a
BTOpO#i — TeTpadTopOCH30I1a B AUAIBIETHIHON COCTaB-
nsromedt (ITAM XVII) [34]. Beenenue B coctaB [IAM
XVI ¢parmentoB okradTopOHdeHua NpuBOIUT K HO-
JIy4EHHIO HEPaCTBOPHMOTO IojiMepa (Tadi. 4), Torna kak
npucyrcrBue B cocrase IIAM XVII ¢parmenros ter-
padTopOeH30Ma, HAPSY C OKTHIBHBIME ()parMeHTaMU,
MO3BOJISIET MOJNYYUTh MOIUMEp, PACTBOPUMBII NpHU Ku-
msraeHnn B IM®A, IMCO, 1,2-muxnopoensone u N-MIT.
Haiinennsie 3navennss MM pactBopumoii ppaxunu [TAM
XVII npu KOMHaTHOM TeMIIepaType OKa3alnuch J0CTaTOU-
HO HU3KUMH (Tabm. 4). JlaHHBIC peHTTeHOTPahUICCKOTO
aHayM3a nokaseiBatoT, uto [IAM XVII obnanaer kpuc-

TAIIMYECKON CTPYKTYpOW M HpeTepreBaeT oOpaTuMble
M3MEHEHMsI KpUCTAJUTMYHOCTH B MHTEPBaJIe TEMIIEPaTyp
90-150 °C. Harpesanue IIAM XVII no temneparypsl
300 °C npuBOIUT K HEOOPATUMBIM U3MEHEHHSIM pacceu-
BAaIOILINX CBOWCTB PEHTIEHOBCKUX JIyded (1o kpaitHeil
Mepe, HeoOpaTHUMBIM B MaclITabe BpeMEHH 3KCIIEpUMEH-
Ta).

Jnst cunreza [TAM kak TpaJWLMOHHBIM, TaK U ajb-
TEPHATUBHBIM CIIOCOOOM, B HACTOSIIEE BPEMsI, UCTIOIb-
30BaH TOJIBKO (pparMeHT MOHO(TOpOeH307a (Tabm. 5)
[32]. ITpu nomyuenun yka3aHHbx [IAM TpaauiuoHHBIM
croco0oM OBLIH MCIONB30BaHbl JUAMUHBI, KOTOPHIE Ha-
psny ¢ MOHOQTOPOEH30IBHBIMU (parMeHTaMH, COJep-
kar 1,6-auokcurexkcanossie (ITAM XVIII u ITAM XIX)
unu 1,12-nmuoxcunonexanonsle (ITAM XX u ITAM XXT)
cnelicepbl. OTUM ImyTeM O0buTH norydeHs [IAM XVIIT —
IMTAM XXI (tabin. 5), pacTBOpHMBIE TOJIBKO B KOHIICHT-
PHPOBaHHBIX CEPHOI M TPUPTOPYKCYCHOU KHchoTax [32].
B cBs13u ¢ 9TUM X 3HaueHus [1]] onpeneneHsl U3 pacTBo-
POB KOHLIEHTpUPOBaHHOM cepHoit kuciotel. [TAM XVIIIL

Tabnuma 4. IIAM c nepdropapoMaTudeCKUMH
dparMeHTaMu, IIOJIy4eHHbIE COIJIACHO CXEMe:

BN NHy & 02y g ——»> %N_X,NQ/Y\%
n

[AM X Y M, | M,/M,
F F
WSS |
F F F F
CHi; [ T F
XVl 1865 1,15
GgHy7 F__F
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Tabauma 5.

ITAM ¢ wmoHOGTOpOECH30JbHBIMH (parMeHTaMH,

BN NH + 0P Yy — %N\X,NVY\%
n

IMOJIYYE€HHBIE COIJTaCHO CXEME:

[7] 8 HySO4 mpu o
o,
[TAM X Y Brexon, % 30 °C, (ui'r) T, °C
H 0 0
XVIII ‘QO{C%(;@* —Q—'LOGOJ—@— 91 0,48 176
F F
H 0 0
XIX —@-0 C 0—@— — >—‘LOI>OJ—©— 9 0,48 163
F 6 F Cl Cl
H 0 o
xx |-Qrotéio -Oloryol - | o 0 6
R
H (0} (0}
XXI ‘QO'C 0@* — Foﬁo‘”{ >— 88 0,37 138
F 12F Cl Cl

T  — TeMIiepaTypa IUIaBICHUS.

— ITAM XXI sBisieTCsl 4aCTUYHO KPUCTAJUIMYECKUM I10-
nuMmepamiu. [Ipr 3TOM pocT YuClia METHIIEHOBBIX TPYIIT
anudarniecknx OI0KOB OT 6 10 12 BeeT K MOHIKESHIIO
temmneparyp mwiasnenns (17 ) (IIAM XVII u [TAM XIX
¢ [IAM XX u [TAM XXI B Ta6. 5). Hapsanay ¢ aTum BBe-
nenue B coctaB [IAM XIX u [TIAM XXI atomoB xsiopa
TO3BOJISIET NOTIONHUTENBHO MOHU3UTE BENUUMHy T .
I[TAM XVIII popmupyeT HeMaTHIECKUH THIT JKUIKOKPH-
cTayumgeckoit (hassl B odmacTu remmeparyp 176-259 °C,
a cblie 259 °C nepexoaur B W30TPOITHOE COCTOSIHUE.
g ITAM XIX Taxke XapakTepeH HeMaTU4ecKuil Tun
Me30(asbl, KoTopast Ha4nHaeT pOPMHUPOBATHCS IIPH TEM-
neparype 163 °C u cyniecTByeT BILIOTh JI0 pa3pylleHuUs
nonmumepa. [IAM XX ¢opmupyer cMekTHYECKyI0 Me30-
(hazy, koTopas CyliecTByeT B o0mactu Temmeparyp 166—
213 °C, a [TAM XXI — B paMkax HeMaTHUYECKON KHJIKO-
KPUCTAJITMYECKOM Me30(ha3bl IPSIMOYTOJIbHYIO HAKJIOHEH-
Hyr0 OaHaHOMOMOOHYIO (ha3y «rectangulartilted banana
phase» nipu remneparype 138—179 °C. OtmeTHM, 4TO 115t
OO0JIBIIMHCTBA HE()TOPUPOBAHHBIX aHAJIOTOB PacCMaTpH-

BaeMbIX [IAM ompenenuts 007acTh CyIIECTBOBAHUS
KUIKOKPHUCTAIITNIECKOH (pa3bl HE yAaloch, TaK Kak MO-
JMMEPHI pa3pyIIatoTcsi B Me30MOp(HHOM cocTosTHIH. BBe-
nenne atoMoB ¢pTopa B coctaB [IAM XVIII - [TAM XXI
MO3BOJIMJIO CIBUHYTH Ipouecchl aecTpykuuu [TAM B
001acTh OBHIMIEHHBIX TEMITEPATYP, IIPH 3TOM HE ITOBITH-
SB CyIIECTBEHHBIM 00pa30M Ha TeMIIepaTypHBIA HHTEP-
BaJI CYyIIECTBOBaHMS Me30(a3ml.

C menpr0 yBeIWUYEHHUS MPO3PAaYHOCTH IIICHOK U
YMEHBLIEHUS AUIJIEKTpUUECKON npoHunaemoctu ITIAM
B HIX COCTaB IIOMAMO aTOMOB (h)TOpa OBLIH BBEACHBI UMHUI-
Hble retepouukibl. Takue IIAM cuHTE3UpOBaHBI B TPU
CTaJIu¥ C MPUMEHEHUEM OIMToMepHoro noaxozna [35]. Ha
TIepBOH CTaanuu B3anMojeiicTeueM 2,2-0uc(Tpudropme-
tin)oudenmn quamuHa (ON) ¢ 1,2,3,4-1mka00y TaHOBEIM
(IBA) mmu mupomermutoBsiM (ITMA) nuanruapuaamu
TTOJTy9eHBI COOTBETCTBYIOIIHE (hTOPCOACPIKAIIIIE OJUTO-
amupokuciiorsl OAK I n OAK 11 ¢ KOHIIEBEIMHA aMHUHOT -
pyTIIaMH COTIIACHO CXEMeE:

Tabnuua 6. [IAM Ha ocroBe OAK ¢ Tpu(pTOpMETHIBHBIMU TPYINaMH, NMOJYyUYECHHBIE COIIACHO CXEMe:

CF;

()H
O e
+ X /-Y—/

\rrOH

CF3 HOJ-l\
HN = Q
F3C

1) ITonuko H 1 eH cany st
_
2) Um nam3anus

CF;

—~Fpfalde

F3C

AM X % (1] I\éhgﬂff 130 | 1 oc| Ty oC
XXII ):( — ) 0,15 348 422
XXIII T — ) 030 32 | 460
[0]
XXIV :@: —©—</O_©_ 0,17 260 433
10]
XXV :@i )—@—é) 0,14 247 448
oo
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Tabnuma 7. ITIAMD, comepxanue GparMeHThl rekcadTOPIponana B coCTaBe OMCHEHONBHOW KOMIIOHECHTHI,

\ \
MOJYYCHHBIC COTTIACHO CXEME: F‘@*ﬁ:N*X*N:ﬁOF + 7S‘i*(¥Y7075‘i7—> ﬁthfoEﬁ—Qf(}Y*O
n

(7] 8 IMAA nipu ° 0 o
MMAMD X Y 25'°C, (wr) Tha, °C| Ty,°C | T59°C
CF,
wi | <O O R I R
CF,
H, [
CF,
CF;
XXVIII —@—o @—@*@* 0,42 310 149 487
CF,
MONAPHBIX cioxHO3pupHBIX Tpynn B [IAM XXIV u
CF; H()Jk )—LV O O NH, ~
MNH,M 9 g @\( — s . . \rr"“ 2l ITAM XXV mnoBbIIIaeT 3HAYCHUS UX TUAISKTPUIECKOM

LBA wn [IMA

rae: X = 1 (IIBA, OAK I); JUI_ (IIMA, OAK II).

MonbsHoe cooTHOmeHUe AuamMuHa O u TuaHrUApuU-
na (IIBA numu TIMA) cocTtaBmiio 5 : 2 COOTBETCTBEHHO.
Ha Bropoii cranuu nonukonaencamnueit OAK I unu OAK
II ¢ pasmuYHBEIMH TUANBIETHIAMHA CHHTE3UPOBAHBI a30-
METHHCOIEpKAIINEe TMOTHAMIIOKHCIOTH, KOTOpPBIe Ha
TpeThel CTauu MOABEPTaINCh TEPMUICCKON HMHIU3a-
nuu npu temneparype 330 °C. Takum obpazoM, OBLIH
nmony4deHsl [IAM XXII — ITAM XXV (tab:x. 6). Beime
6510 MOKa3aHo, uto [TAM XI, conepxamuii Ouc(Tpud-
TOpMETHN )ON(EHIITFHBIE (PPArMEHTHI, PACTBOPUM TOJb-
KO B KOHIICHTPUPOBaHHOH cepHO#l kuciore [31]. IIpu-
MeHeHue Ouc(TpudTopMeTni)ondeHnIcoIepKanmx
OIIMTOMEPOB B paMKax TPAIUIIMOHHOTO MOIXOAa IPH
nonyuernu [TAM XXII — [TAM XXV no3Boimiio npu-
JIaTb UM PacTBOPHMOCTH B TAKUX PACTBOPUTEIIAX Kak N-
MII, AM®A u AIMCO. Ucnons3oBanue [IMA npu cus-
teze IIAM XXIII mo3BossieT, HapsAAy C yBEIHUYEHHEM
BA3KOCTH IOJINMEPA, IOBBICUTh U €T0 3HaueHus 1 LM T,
B cpaBHeHUM ¢ [TAM XXII, nony4eHHbIM Ha OCHOBE
HBA. Onnako ITAM XXII xapakTepu3yeTcs MCHbITUMH
3HAYCHUSMHU JUAIEKTPUUECKON MpoHUIaemMocTu (2,83
st TTAM XXITI u 2,93 mns [TAM XXITII) u ko3¢ pumm-
eHta asoitHoro mydenpenomiienus (0,0640 xns [TAM
XXII u 0,1155 nns I[TAM XXIII). B 10 e Bpems mpo-
3pavyHOCTh IICHOK PACCMOTPEHHBIX IOJIHMEPOB OKa3a-
JIOCh HemocTaTouHoM. Tak, JIMHA BOJHBI OTCEUKH, CO-
m1acHo naHHbIM Y®-cniektpockonun, st [TAM XXII co-
craBuia 422 um, a s [TAM XXITIT — 425 uM.

C 1emnbio MOBBIIICHUS TPO3PAaYHOCTH IUICHOK B [TAM
XXITI 6515111 BBEICHBI CII0XKHOI(PHUPHBIE TPYIIIBL, UTO O~
3BOJIMJIO ITIOHU3UTH 3HAYCHUE JJINHBI BOJIHBI OTCECUYKHU 10
362 um st [TAM XX V. OnHako, HaTMuue ciI0xHOIGHp-
HbIX rpymni B coctae [IAM XXIV u ITAM XXV npuso-
JIUT K YMEHBIICHUIO UX 3HaueHui 1], T u T, , B CpaB-
Hennu ¢ [TAM XXIII (tabm. 6 ). Eonee TOTO, HAJTM4He

OAKIu OAKII

nponutaemoct (3,03 ais [TAM XXIV u 2,97 nns [IAM
XXV) u ko3 duiipeHra ABOWHOTO JTyUYCSHPETOMICHHS
(0,1521 pnsa ITAM XXIV u 0,1309 nnsa I[TAM XXV).
Crnenyer otmeTuts, uto IIAM XXIV xapakrepusyercs
HHU3KUM 3HauYeHHEM KOd(Q(HIMEHTa TEIUIOBOIO PACIIH-
penus (0,81 ma-K') 11 BBICOKHM MOZIYJIEM YIIPYTOCTH HPH
pactsoxenuu (6,3 I'Tla). Torna kak 3HaueHUs KOIPPUIIH-
eHTa TemoBoro pacmupenus ans [TAM XXII, ITAM
XXIII u I[TAM XXV nHaxoasatcs B untepnaie 6,7-32,7
ma-K!, ipu 3TOM 3HaYEHHS MOIYJISI YIIPYTOCTH TS [aH-
HbIX [TAM He npuBeznens! [35]. B nanHoii paborte Takke
OTMEUYEHO, YTO PEryJIMPOBaHUE PACCMOTPEHHBIX BBILIE
CBOWCTB B HE3HAYUTENBHBIX MIPe/IesIaX BOSMOXKHO 3a CUET
WU3MEHEHHsI COOTHOIICHUSI UMUIHONH U a30METHHOBOM
COCTaBIIAIOIIEH.

Cunre3 ¢ropcoaepxkamux [IAM ajbTepHATUBHBIM
crnocodom.

[onyuenue dropconepxamux [TAM ycnemso ocy-
IIECTBIISIETCS M C UCIIOJIb30BAaHHEM TOTOBBIX a30METHH-
cozieprKaluX MOHOMEPOB. TakuM criocoOOM IOy4YeHBI
¢ropconepxkamue [TAMD, [TAMY u ITAMU [36-39].
AtoMbI (hTOpa B TaKMX MOJIMMEpPaX HAXOAATCS Kak B CO-
cTaBe TPU(PTOPMETHIBHBIX TPYTII, B YACTHOCTH NepTo-
pHUpOBaHHbBIE TeKCadTOPU3ONPOIHIHICHOBBIE (pparMeH-
ThI [37-39], Tak 1 B MOHOPTOPOCH30JIBHBIX (hPparMeHTax
[36]. IIAM c nepdTopapomMarnieckuMu (hparMeHTamu,
MOJTy4YEHHbIE aJIFTEPHATHBHBIM CIIOCOOOM, B JINTEPAType
HE ONMCaHbI.

B pamkax maHHOTO moaxoa moirydeHa cepus ¢rop-
conepxamux [IAMD XXVI - [TAMD XXVIII (tabm. 7)
C MCIIOJIb30BaHNEM a30METHHCOIEP)KAIINX I TOPHIOB
n 6ucdenona ¢ pparmenTamu rekcadropnpornana (6uc-
¢denon AD) [37]. TpaquiIMOHHO TP MOIYYEHUH IPOCTHIX
o3 (GUPOB UCHONIB3YIOT KapOOHAT KaJIvsl B KaueCTBE Ie-
Heparopa ¢eHonsaT-noHoB [37, 43]. Ognaxko, B pabote [37]
OTMEYEHO, YTO IIPUMEHEHHE TAKOTO IOJX0/a MIPUBOJUT
K YaCTHYHOMY THIPOJIN3Y ITPOLYKTa peaknuu. B cBszm ¢
STUM OBUT IPEANIOKEH HHOHM myTh momydenus [TAMDO —
B3aMMOZAEHCTBHE A30METHHCOAEPKAIIEH TUTaIOTCHKOM-
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Tabauna 8. IIAMY, coxepxaniie MOHOGTOPOEH30IbHBIE (PArMEHTHI, MOJYYCHHBIE COTIIACHO CXEMe:

(0] (0]
o Yo Nx N Yoy 4 oonENco —> {\OX\;NX NQ/Y\O)LE_ZQJL}
o [#] 8 AMAA npu 27,5
ITAMY X Y Z Brexon, % °C. (1)
F H,
XXIX C 80 0,32
H,
| S [AEOEO] = | =
F H,
XXXI OC 90 0,26
OCH;
XXXI QF 0 QCI‘B 80 0,18
XXXIII < E*F —< 2 ~< E—(,H_,, o 014
XXXIV ‘< Z‘F <2 —< 2—013 %5 018
OCH,

v (CHy)g 85 0,22
XXXVI < 2 F < 2 —(CHy)— 23 017
XXXVI C\( ' C< —(CHy— 0 021

OCH;,

MIOHEHTHI C CHJIMJIMPOBAaHHBIMHU MIPOM3BOHBIMU OHche-
Hona AD B npucyrctBuu CsF. ITAM XXVI pactBopum
JUIIb B KOHIICHTPUPOBAHHON CepHOH KHCIOTe. 3aMeHa
JKeCTKoro (peHneHoBoro gparmenra B noiaumepe XXVI
Ha Oonee rnOkue Au(EeHUIMETaHOBbIEC WIIH TU(EHNUITOK-
cugHele, no3Bommwia npuaars [TAM XXVII u I[TAM

XXVIII pactsopumocts B CHCI,, CH,Cl,, JIMAA, N-
MII. Ilpu stom ITAM XXVII ¢ ¢pparmenTom nudeHm-
MeTaHa oOmaman HanOobIer BETUIuHON 1 o> TOTZIa KaK
ITAM XXVIII ¢ ¢pparmMeHTOM 1r(hEHUITOKCHIA B COCTa-
BE a30METHHCOAEpKae TUPTOPUIHON KOMITOHEHTHI —
Hamtyuieil TepmoctadmibHocThio. [IAM XXVIII s1B-

Tabnuma 9. ITAMU, coxepxamue TpuGTOPMETHIBHEIE (pPAarMEeHTHI, MOJYyYEHHBIE COTIIACHO CXEMeE:

0, o

o [0
.0 eOs
H,N—X—NH, + O, 0 — X—N, N
IS Y
o o) o 0 |n
Tso,
Bexon,| [#7], T, ’
[MAMHU X Y % | My My/Myi o (T%/u),
CF;
XXXVIHOO C=N o@— - 0,79 - - 2721360 (-)
H CF,
HoN CFs3
woax |~ )N-eveg 95 [1.40°(60201| 1,36 [272] - (514)
CF
Cl ’

@b _ xapakrepucTHiecKas Ba3kocts u3mepera B IMCO mpu temneparype 30 u 25 °C cOOTBETCTBEHHO.
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JAeTCA YaCTMYHO KPUCTAIIMYecKuM nonumepom, T
KpHcTainyeckor (asel kotoporo npessimaia 300 °C.
OtmeTtnM, yTo HeTopupoBaHHbIe aHamoru [TAMD 00-
JAJIAl0T MCHBIINMH 3HAYCHUAMH T, 1 MCHEE CTOMKH K
TEPMOOKHCIUTEILHONW JIECTPYKLUHU, HEXKEIN COOTBET-
crBytomue ¢ropconepxanme [IAMI XXVI — TTAMD
XXVIII [37].

Beenenue B [IAM ypeTaHOBBIX OJIOKOB, HapsiLy € MO-
HO(TOPOEH30JILHBIMU (hparMeHTaMH, JOCTUTAIOCH B3a-
MMO/ICHCTBHEM U30MEPHBIX a30METHHCO/IEPIKAIIHNX OHC-
(heHOIOB C TMHM30IMaHATAMU Pa3IMYHOI0 XUMHYECKOTO
CTpOCHHUS, a UMCHHO: 4,4'-MeTUICH U ECHUITTUH30IHA-
Harom (M), 2,4-tonyunennuuzornuanarom (TIU) u
rekcamerwienauuzonuanarom (IMAN) (ITAMY XXIX
— [TAMY XXXVII, ta6xa. 8) [36]. Cienyer OTMETHTS,
4yTO BCce ykazaHHble [IAM, copeprkaliue Hapsiay ¢ MOHO-
(bTOpOEH30IBHBIMU (parMeHTaMH ¥ yPETaHOBBIE TPYI-
IIBI, XapaKTePU3UPYIOTCSI XOPOIEH pacTBOPUMOCTHIO B
IAMAA, AIM®A u JIMCO. Ananu3 IaHHbBIX, TPUBECH-
HBIX B TaOn. 8, ceuaerenscTByet, uto [IAMY XXIX,
[MNAMY XXXII u I[TAMY XXXV, nony4eHHble Ha Oc-
HOBE napa-a30MeTHHCOJEepIKAIINX OUC(HEHONIOB, Xapak-
TepU3YIOTCs OOJce BBICOKUMHU 3HAYCHUSAMH [1]], YyeM
MMAMY (ITAMY XXX, [TAMY XXXIII, [TAMY
XXXVI) Ha ocHOBe Mema-a30MEeTHHCOIepIKaIINX Ouc-
(deHONOB. AHamornyHas KapTHHA HAONIOZAaeTCs U MpH
UCIIONIb30BaHUM NApa-a30METHHCOEPKAIMX OucheHo-
noB ¢ Metokcurpynnamu (ITAMY XXXI, [TAMY
XXXIV, I[TAMY XXXVII). U3y4yenue TepMUIeCKOii cTa-
omnsHOCTH ITAMY XXIX — I[TAMY XXXVII nokasaio,
YTO MX AECTPYKIHUS NMPOXOAWUT B JBa dTana. Ha mepBom
stare (175-400 °C) mpoucxomuT 0CHOBHOM IpoIiecc pas-
JIOXKCHMsI, CBI3aHHBIA C JAECTPYKIUEH ammdaTndecKux
(parMeHTOB W ypeTaHOBBIX Ipymil. Bropoi sTam pa3sio-
serus (400—750 °C) cBs3aH ¢ OKHCICHUEM OCTATOTHBIX
apOMaTHYECKIX a30METHHCOAEpKamux pparMeHToB. OT-
METHM, YTO Cpear omucaHHbX [TAMY nydmeit TepMu-
YEeCKOH CTaOMIIBHOCTHIO 00J1aIal0T MOJMMEPHI, TOTYICH-
HBIE Ha OCHOBE 1apad-a30METHHCOICPIKAIINX ONC(HEHOIIOB.
CpaBHEHHE TEPMHUUYECKOW CTAOMIBHOCTH yKa3aHHBIX
napa-ITAMY Ha ocroe M/ (ITAMY XXIX), T/I1
(ITAMY XXXII) u IMJI1 (ITAMY XXXYV) nokazaio,
g10 [IAMY Ha ocHoBe M/IU mMeeT mydmryro TepMudec-
KyI0 CTaOMIIBHOCTH U 00TagaroT 60ee BEICOKUMH 3Haue-
HUsSMU [N].

BBenenne umuanbIx rerepouukiioB B [TAM, kak u B
caydae umuacoaepxauux IAM XXII — [TAM XXV
[35], mO3BOMIIIO MONYYHUTH PACTBOPHMEIE B TMOJSPHBIX
npoToHHBIX pacTBopuTesix [TAMU XXXVIII u [TAMU
XXXXI (tabm. 9). Ilpu aTom aTtombl (TOpa BBOIIIN B
COCTaBe TeKCa(TOPH3ONMPOIAIHICHOBEIX OJIOKOB TOJB-
KO B TUAHTHAPUAHYIO COCTABIISIONIYTO, & A30METHHOBYTO
TPyNIly — B THAMHHHYIO KommoHeHTy [38, 39]. [TAMU
XXXIX, nmosyuyeHHbIN Ha OCHOBE a30METUHCOACPIKALLETO
JIMaMUHa ¢ THOAMUHOU IPYyIIION, XapaKTEpU3yeTCsl Hau-
OonpImIMMU 3HAYeHUSAMU [)] cpean ykasanHbIX [IAMU.

Jlyis naHHOTO TIONIMMEpa HalAeHBl U MOJIEKYJISIpHO-Mac-
coBble xapakTepucTuku (tabm. 9) [39]. IlokazaHo, 4To
Bce nonyueHHble [IAMU UMeroT BBICOKYIO TepMOCTa-
OUIBHOCTD, & UX BEIUYUHBI T , COCTaBJISIOT 272 °C.
3akioueHue.

PaccMoTpeHHbIe BBIIIE JaHHBIE TOKA3bIBAIOT, YTO CY-
IIECTBYET J1Ba MOAX0/1a K MOJIYYEeHUIO (TOPCOACPIKAIINX
ITAM. IlepBblii — TpaJULIMOHHBIN CIIOCO0, peamu3yeTcs
B3aMMOICHCTBHEM IMAMHHOB MJIH OJINTOJJMAMUHOB C JIU-
anpaeruamMu. Bropoii — ainpTepHaTHBHBIH, OCHOBBIBAET-
Csl Ha IPUMEHEHHH MOHOMEPOB, COZIEPIKAIX B CBOEM
COCTaBE a30METUHOBBIE TPYIIIBI.

OCHOBHBIM ITyTEM BBEICHUS aTOMOB ()TOpa B COCTAB
ITAM, He3aBUCHMO OT METOJIa MOITY4EHHS, SIBJSIETCS HC-
nonb3osanue CF,-rpynm, koTopble BBOAAT B COCTaB (Tek-
ca(Topu30NpONMINACH )T (pEHUITBHBIX, TPUPTOPMETHII-
(eHUNBHBIX WK OUC(TpUPTOPMETHI)ONPEHUIBHBIX
¢parmentoB. [opasno menee usydyensl [IAM, comepika-
mue nep@ToprupoBaHHBIE aPOMATHYECKHE U YaCTUYHO
¢dTopupoBanHble pparMeHTsl. B KauecTBe mocneHux, B
HaCTOsIIee BPEMsl, HCII0JIb30BaHbI TOJIHKO MOHO(TOPOEH-
301bHBIE (PparMeHTHl, a pTopupoBaHHBIE B sinpo [TAM
MOJy4YeHBbI ¢ IPUMEHEHHEM TeTpadTOpOEH30I- MU OK-
TadpTOpOHDEeHMICOAEPKAIMX MOHOMEPOB.

[Tpu nonmyuenun 1AM TpagMLIMOHHBIM CIIOCOOOM
(TOprpOBaHHBIE PpParMeHTHI BBOJST B COCTAB JUAMHHOB,
OJIMTO/IMAaMHMHOB WIIU JIMAJIbJIETUA0B. B MeHbIei cerne-
HU UCIIONIB3YIOT 00a YKa3aHHbIX (TOPHPOBaHHBIX MOHO-
Mmepa. dToprupoBaHHBIE (HPArMEHTHI TAKKE MOTYT HaXo-
JIUTBCS B COCTABE a30METHHCOAEPIKAIIIX MOHOMEPOB HITH
B JPYTHX COOTBETCTBYIOIIMX MOHOMEpAaX MPH CHHTE3E
I[TAM anprepHaTiBHBIM crtocoboM. Takum 06pa3om ObLTH
MOTy4YeHBI MTOJINAa30METHHA(HUPEI, TTOTHa30METHHYPETA-
HBI ¥ TOJTMa30METHHUMH/IBI.

OrpanndeHHas paCTBOPHMOCTS SBISIETCS OOIITIM He-
nmoctatkoM Beex [TAM, B Tom gmciie u GTOPHPOBAHHBIX,
YTO CIEPXKHUBACT UX npuMeHenue. [loatomy cpean ¢pro-
PUPOBAHHEIX (PparMeHTOB 0C0O0E MECTO 3aHUMAET (TeK-
caTopu30NPONTUINACH) TN EHIITBHBIN (parMeHT, Tak
Kak IOJIMMEPHI C yKa3aHHBIMHU ()parMeHTaMH, HE3aBHCH-
MO OT CIT0c00a X IMOTyYeHHs, 00JIaTat0T XOPOIIIHMH Tep-
MHYECKOH CTaOMIFHOCTHIO M PacTBOPUMOCTHIO. Jlaib-
Helmas pyHkunoHanu3anus Takux [IAM oxcudermns-
HBIMH ()parMEHTaM1 U THAPOKCHUIGHBIMH IPYIIIaMH T10-
3BOJIMJIA 3HAYMUTENBHO YJIYYIIHTh UX MEXaHHYECCKHE
CBOIICTBA.

Hcnonr3oBanne TpupTOpMETIII)EHUIBHBIX, OMC(T-
puGTOPMETIIT)ONPEHUIBHBIX, TePPTOPAPOMATHIECKUX
1 MOHO(TOPOEH30IBHBIX (PParMEHTOB B PaMKax TPaIu-
IIMOHHOTO Croco0a He MPHUBEJIO K MOTYYEHUIO XOPOIIO
pactBopuMbIXx ITAM. IlonyyeHHbIE TONUMEPHI B OCHOB-
HOM XapaKTepHU3HPOBAINCHh YaCTHYHOH PacTBOPHMOC-
TBIO, JINOO PACTBOPSUINCH TOJIBKO B KOHIICHTPUPOBAHHBIX
Kkuciorax. TpaIuIIMOHHBIM CITIOCOOOM yZIaJIOCh MOTYIUTh
pacTBOPHMEIC B MOJISIPHBIX aIIPOTOHHBIX PACTBOPHUTEIAX
ouc(tpudropmernn)oudenmiconepxamue [1AM Tomb-
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KO Oyaroziapsi UCIIOJIb30BaHUIO OJTMTOMEPHBIX IHAMHHOB
Y JIOTIOJIHUTENILHOTO BBEJCHUSI MMUIHBIX TETEPOIMKIIOB
B COCTaB YKa3aHHBIX TIOJIMMEPOB.

Peanu3oBaTh BO3MOYKHOCTH MOHO(TOPOEH30JIEHBIX
(bparmenTOB Hapsny ¢ (rekcadropusonponuiuicH)aude-
HWJIBHBIMH YAaJI0Ch TOJIBKO B PaMKax ajJbTepHaTUBHOTO
cniocoba cunte3a [IAM. Brirouenue B cocta [TAM mpo-
CTBIX D(MPHBIX U YPETAHOBBIX IPYIIT WM UIMUIHBIX Te-
TEPOIMKIIOB MOBBIIIAET PACTBOPUMOCTD U BSI3KOCTH
¢dTopconepkamux nonmumepos. [lomrmo 3Tor0 HaIHYKe
NPOCTHIX 3QUPHBIX Ipynn B cocraBe [TAM mo3Bomser
3HAYUTENBHBIM 00pa3oM YIyYIIUTh MX MEXaHHYECKHUE
CBOICTBA, a BBEJICHUE CIIOHOI(DHUPHBIX CBsI3eH IpUIaeT
KOHEYHBIM TOJIAMEpPaM JKUIKOKPHCTAIIHYECKUE CBOM-
ctBa. IIpucyTCcTBUE KE UMHIHBIX OJIOKOB BENET K HU3-
KUM 3HaYCHUSIM K0dPHIIMEHTA TETUIOBOTO PACIIUPEHHS
Y BOJIOITOTVIONIEHUSI, BBICOKOMY MOJIYJIIO YIIPYTOCTH NPH
pacTsDKEHHM U JU3JIeKTpudeckoil mponumnaemoctu. Cie-
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dTopodmMicHi moia30MeTHHN: CHHTE3 Ta BJACTUBOCTI

AJL Koozap, 1. M. Traueuxo, O.B. lllexepa, B.B. Illesuenko

IHcTuTyT XiMil BHCOKOMONEKysipHUX crioinyk HAH Vkpainn

48, XapkiBcrke moce, Kuis, 02160, Ykpaina

Poszenanymo 3azanvni nioxoou 0o ompumaHHs noaia3oMemunis, AKi Micmamos y C80EMY CKAAOI
@dmoposani ppacmenmu. 3anpononosana Kiacugikayis ¢mopoemicmuux noiia3omMemuHis, aKa
0CHOBAHA HA CNOCOOI 88edeHHs 00 CKAAdy NONIMepie asomemunosoi epynu. B pamxax sanpononosanoi
K1acugixayii npedcmagneno nioxoou wooo OmpuMants GmopoeMiCMHUX NOTIA30MEMHI8 MPAOUYIUHUM
cnocobom (83aemodia diaminie 3 dianvoezioamu) i albMepHAMUBHUM CHOCOOOM (8UKOPUCMIAHHSA
asomemunHoemMicmuux monomepis). Ilpoananizoeano enaue npupoou ¢pmopoeanoi KoMnoHenmu
(mpugmopmemun-emicmui, nephmopapomamuyni, MOHOQmMopobeH301Hi ppazmermit), PYHKYIOHATbHUX
2pyn (2iOpoKcunbHi, ecmepHi, iMioni ma in.) i ppacmenmis (okcugeninbhi, arighamuuni ma in.), a maxkoxic
cnocobié hopmyeants noliMepHo20 NaHYl02a HA 6AACMUBOCTI CUHME308AHUX NONIA30MEMUNIG.

Kurouosi ciioBa: ¢pTopoBMicHI momia3oMeTHHH, HTOPOBMiCHI MOHOMEPH, CHHTE3, CTPYKTYpa, BIACTUBOCTI.

The fluorine-containing polyazomethines: synthesis and properties

Ya.L. Kobzar, IM. Tkachenko, O.V. Shekera, V.V, Shevchenko

Institute of Macromolecular Chemistry NAS of Ukraine

48, Kharkivske shose, Kyiv, 02160, Ukraine

General approaches for obtaining of polyazomethines containing fluorinated fragments have been
considered in the review. The classification of fluorinated polyazomethines based on the routs of
introduction of azomethines groups in polymer chain has been suggested. The effective approaches to
obtain polyazomethines containing fluorinated fragments by traditional method (interaction of diamines
with dialdehydes) and alternative method (application of azomethine-containing monomers) have been
presented in the frame of proposed classification. Influence of nature of fluorinated components, such
as trifluoromethyl-containing, perfluoroaromatic, monofluorobenzene moieties, and functional groups,
such as hydroxy, ester, imide, etc, and fragments, such as hydroxyphenyl, aliphatic, etc, and methods of
polymer chain forming on the properties of synthesized polyazomethines has been analyzed.

Keywords: fluorinated polyazomethines, fluorinated monomers, synthesis, structure, properties.
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