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OT3bIB BEAYUIEA OPTAHU3ALIUU
®eiepanbHOTO roCy1apCTBEHHOTO GIOKETHOO YUPEXK/ICHHs HAYKH
HMHcTutyTa snemenToopraniyeckux coenunennit um. A.H. HecmesHosa
Poccuiickoit akaiemun Hayk
Ha IUCCePTaliMOHHY0 paboTy
Kysnenosa Jlanuisl Anekcanaposuya
«CerMeHTHbIE MONIMY peTaH-MMH/IHbIE COTIOINUMEDBI, COZIepPIKALLIHE apoMaTu4eckue
1 anudarnaeckue 610Ky, PEJICTaBIEHHON HA COUCKAHNE YIEHOMH CTeNneHH
KaH/luara XUMUYECKUX HayK 110 CIeIHaIbHOCTH
1.4.7. BBICOKOMOJIEKYIISIPHBIE COEIUHEHMS

Cpemn  retepouenHbIX —KOHIEHCALMOHHBIX — TOJHMEPOB MOJINYPETAHBI
SIBIISIOTCS. ONIHMMH M3 HauboJiee NIMPOKO W3BECTHBIX M MAcCOBO NPUMEHSEMBIX B
PasiM4HBIX 00NacTAX JKM3HeAesTenbHOCTH. Ilpexkae Bcero 3To 00yCcoBIIEHO
MPOCTOTOH MX TMOJNYYeHHs M pPa3HOOOpasHeM IPOSIBISEMbIX MEXaHUYECKHUX,
M30JIALMOHHBIX W TIPOYHX CBOMCTB, CTAOWJIBHBIX MPH MOHWKEHHBIX M YMEPEHHO
MOBBIIIIEHHBIX TemrepaTypax. Us [IOJIMYPETAHOB M3rOTaBINBAIOT
KOHCTPYKLHOHHBIE U3/1e/1Us, JIACTUYHbIE U KECTKHE NIEHBI U MOKPBITHS, Pa3THYHbIE
M3HOCOCTOHKHE MaTepuanbl W T.1. OCHOBHBIM HEIOCTATKOM, OrpaHMYUBAIOIIHM
etle Oosblliee TIPUMEHEHHE MOJIMYPETAHOB, SIBISETCS WX HU3KAS YCTOWYMBOCTh K
HarpeBanuio. Tak, Hanpumep, MeXaHMYECKHe XapaKTepPHCTHKH MATePHUATIOB M3
[OJMYPETaHOB CYIIECTBEHHO CHHXXAKOTCA NMpH Temmepartypax Bbime 80°C, a mx
TepMUYECKas NeCTpyKUMsA HauuHaeTcs okoso 200°C. HeemoTps Ha 310 exeroaHoe
MHMpPOBOE ITOTPeOIIeHNE NIONTMYPETAHOB BO3PACTAET NPHUMEPHO Ha 5 % u OXKHjaercs,

410 B 2022 r. cocraBut okono $74 mipa.



[loBbllieHHe Temao- M TEPMOCTOMKOCTH TIOJMYPETAHOB  BO3MOJKHO
BBEJICHHEM B OCHOBHYIO IleNlb MojJuMepa (ParMeHTOB HKECTKOLEMHBIX
BBICOKOTEPMOCTOUKHX MOJIMMEPOB, APKUMH MPECTABUTENSIME KOTOPBIX SBJISIOTCS
apoMaTrnyeckue mnonuuMHuIbl. CerMeHTHbIe OJIOKCOTONMMEpHI, COCTOSINUE M3
KECTKUX OUCYPETaHUMHU/IHBIX M TMOKUX OJMrO3(pUPHBIX (PparMeHTOB, CKIOHHBI K
NPOCTPAHCTBEHHOMY pasJieieHHI0 U o0pa3oBaHUIO MHKpo(das, 4To aeiaeT ux
YHUKQIbHBIMUA ~ MaTepualaMM, COYETAlOIMMU CBOMCTBA  WHIMBHUJYalbHBIX
KOMIIOHEHTOB B OTJIHYHE OT CTATUCTHYECKUX COMOJIUMEPOB, B KOTOPHIX 3TH
cBoWcTBa  ycpenHsrorcs. Hayunesle nyGmukauuu 10 HoaMypeTaHUMHIAM
paccMaTpUBalOT B OCHOBHOM BIIMSHUE CTPOEHMSI U JJIMHBI THOKHX MOIHUIDUPHBIX
0J10KOB Ha CBOHCTBA 6JIOKCOMONTMMEPOB H MaTEPHAIIOB HA UX OCHOBE. B ToXe Bpems
3G ekt CTpoeHNs U UTHHBI KeCTKUX OUCYpPETAHUMHUIHBIX GPAarMeHTOB HCCIIeN0BaH
HeJocTaTouHo. Jlydiiee NOHMMaHHWE OKa3blBAEMOIO JKECTKMMH ()parMeHTaMu
BO3JCUCTBHUS SABJISETCS HEOOXOAUMBIM YCIOBUEM COBEPIIEHCTBOBAHUS MOIXOI0B K
MOJIyYEHUI0 HOBBIX IIOJIMMEPOB € TpeOyeMBIM KOMILJIEKCOM CBOMCTB M
YCTaHOBJICHHUs 3aBHCHMOCTH CTPYKTYpa-CBOWCTBA CErMEHTHOIO GJIOKCOMOIMMEpa
¥, COOTBETCTBEHHO, M3JeNusi W3 Hero. BapbupoBanue pasmepos rubkoro u
KECTKOro  (parMeHToB, a TaKkKe CTeNeHH pasjelieHus (a3  MO3BOJIUT
LieJIeHaNpaBJIeHHO YNPABIISATH CBOMCTBAMU GJIOKCONOIUMEPHBIX MAaTEPUATIOB.

B cBsi3u ¢ BBILICH3NIOKEHHBIM H3YYeHHE BIMSHHS CTPOEHHS U Pa3sMepoB
KECTKHX OHCYypeTaHUMUIHBIX (PAarMeHTOB Ha CBOWCTBA [ONMYPETAHUMHU/IOB
Mpe/ICTaB/IsIeT HECOMHEHHBIH HAYYHbIH M NPAKTHYECKHH HHTEpec W SIBJISEeTCS
AKTyaJIbHOH 3a1a4ei.

Llenblo  AMCCEPTALIMOHHOTO  HCCIIENOBAHMS  SBISUICS CHHTE3  HOBBIX
TOJIMy PETAHUMHIHBIX  TEPMODIIACTOIIACTOB, XHMHYECKas CTPYKTYpa KOTOPBIX
COCTOMT U3 TMOKHMX GJIOKOB MONUANITHIIEHIIIMKONBAAUIIMHATA W KECTKHX OI0KOB
OHCypeTaHMMH/I0B PA3IMYHOTO CTPOEGHHS, a TAK)Ke H3ydeHHe HX TePMHYECKHX W
MEXaHUYEeCKHUX CBOMUCTB.

Hay4nas HoBH3HA pabOThI 3aKITI0Ya€TCs B CHHTE3€ W HCCIIEJOBAHMHI CBOHCTB
HOBBIX IOJIMYPETAaHUMH/IOB, PA3IHYAIOIIUXCS XUMHUYECKAM CTPOCHUEM M JUTHHOM

JKECTKOTO OUCYpETaHMMHUIHOTO OII0Ka, YCTAHOBIICHHH 3aBUCHMOCTEH TepMIYeCKUX



U J1eOpMallMOHHO-IIPOYHOCTHBIX CBOWCTB IUIGHOK M JIMTHEBBIX H3IEIMi OT
CTPOCHUSI  JKECTKUX  OJIOKOB  NOJIMYPETAaHUMHIOB, W3yYeHMH  BIUSHUS
NOMUJNUCTICPCHOCTH  THOKMX ONUIo3QHUPHBIX OJIOKOB HAa TepMHUYECKHe u
NPOYHOCTHBIE CBOMCTBA IUIEHOYHBIX 00pasloB MOIMypeTaHuMKI0B. Kpome Toro,
[OKa3aHO, YTO OJIMH U3 CHHTE3UPOBAHHBIX MOJIMYPETAHUMHUIOB 00azaeT s dexrom
namsTi (popMBl.

IIpakTHYyeckass 3HAYUMOCTL PpaboOTBI COCTOMT B pa3paboTke HOBBIX
COCTaBOB 3JIACTHUYHBIX MOJHYPETAHUMHUAOB C BBICOKHMHU JIe(OpManOHHO-
MIPOYHOCTHBIMH TOKa3aTelsiMd U TEPMHUUYECKON YCTOHYMBOCTBIO, YTO JejiaeT MX
NEPCTIEKTUBHBIMU JJIsl pa3IMYHbIX obnacteil nmpuMmeHenus. U3 nonuyperaHuMuIoB
Ha OCHOBE MeTa3aMelIECHHBIX TMAMHHOB U AMaHruapuaa P wiu quavnruapuna A
H3TOTOBJICHBI JINThEBbIC OJIOYHBIE MBS, IIPEBOCXOMSLINE COBPEMEHHbIE
TMOJIMYPETAHOBbIE AHAJOIW IO TMPOYHOCTU M 3NACTHYHOCTH. PaspaboraH cunTe3
rMOKOLIETHOIO  MOHOMAaKpOJIHHM30LHaHAaTa, comepxauero MeHee | Mon%
JIMYPETAaHOBBIX ~ 3BEHbEB,  KOTOPbIA  obecrneyWBaeT  MOJyYeHHE  HOBBIX

NOJIMYPETAHUMHI0B 3aJJTaHHOIO CTPOCHHA.

O60cHOBaHHOCTEL M 10CTOBEPHOCTD IPE/ICTABICHHBIX pe3ylbTaToB, KaK U
C/ICJIAHHBIX BBIBOJIOB M 3aKJIFOYE€HWH, HE BBI3BIBAET COMHEeHUH. OHU OCHOBAHbLI HA
MHOTOCTODOHHMX M COBPEMEHHbIX METOAaX  aHaldM3a [MOIMMEPOB U
U3rOTaB/IMBa€MbIX M3 HHUX MarepuanoB. Pesyneratel wuccnenoBaHuii  ObLIH
onybnukoBatsl B 10 OpHIMHANBHBIX CTAaThsX, BXOASIMX B nmepeders BAK, u B 18
T€3uCax JOKJIal0B, MNPEACTABICHHBIX Ha 12 MOJONEKHBIX, BCEPOCCUICKHUX H

MEXK Ty HapO/IHBIX KOH(epEeHLIHSIX.

Jluccepraiis COnepKUT BBeNIeHHE, 0030 JTHTEPATypbl, SKCEPUMEHTAIBHYO
4acTh, pe3ynbTaTbl M HX OOCYXIEHHE, BBIBOABI M CIMCOK WCIOJIB30BAHHOM
nureparypbl. OHa u3noxeHa Ha 124 crpanuuax u Bikmouaer 10 Tabmum, 37
PUCYHKOB W CIHMCOK MCIOJB30BAaHHOW JjuTeparypsl u3 140 my6Gnukarumii.
ABropedepaT CONEPKUT BCE OCHOBHBIE IIONOXKEHHS JIHCCEPTALMOHHOIO

MCCIIeOBaHUA.



Bo BBezeHMH aBTOp OTpaXkaeT aKTyalbHOCTh BBIGPAHHOIO HCCIIEIOBAHMS,
(opMyJTHpyeT ero el U 3a/1a4i, OCHOBHbIE ITOJIOXKEHNs!, BBIHOCHMBbIE HA 3aLIUTY,
MPUBOAWT HAy4YHYIO HOBH3HY H MPAKTHYECKYIO 3HAYMMOCTH JOCTUTHYTHIX

pe3yJIbTaToB.

OG3op suTepaTypbl MOCBSIIEH aHAIM3y COBPEMEHHOTO COCTOSIHMS
MCCIIeIOBAaHUH B 00J1aCTH CHHTE3a M NepepabOTKH MOINYPETAHOBBIX TaCTOMEPOB,
MoIUbUKAITHH [I0JINY PETaHOB KECTKOLIETTHBIMU UMMU/JICOAEPIKALUMH
(dparMeHTaMu, TO3BOJSIIOLIMMHU ~ MOBBICHTH WX  JKCIUIyaTallHOHHbBIE
XapaKTePUCTUKH, PACCMATPHUBAETCS BIMSHUE MPUPOJABI U CTPYKTYphl OJIOKOB Ha
TEPMHUYECKHE M MEXaHHeCKHEe XapaKTePUCTHKM U3/ICNHI, a TakoKe (hOpMyITHpyeTCs:

MOCTaHOBKA 3a/1a4 JINCCEPTALMOHHOM paboTEHI.

B 9KkcrepuMeHTanbHOM 4YacTH OMMCAHBI CHOCOOBI OYHUCTKH HMCXOIHBIX
peareHTOB M pacTBOPHUTENCH, CHHTe3a TI'MOKOLEITHOrO MaKpOJMHM30lMaHaTa,
MPUBOAATCS METOAMKHM CHHTE30B [OJHAMHUIOKHCIOTHBIX MPEKYPCOPOB M HX
MOCNeYIONIeH TePMHYECKOH MMMIM3ALMM /10 MOJUYPETaHHMUIO0B. OTpakeHsI
MEeTOAUKHU SAMP- u HK-cnexrpockomnuu, TEPMOI'PaBUMETPUYECKOTO,
PEHITCHOTPaQUIECKOr0 W JMHAMHYECKOIO  MEXaHMYeCKOTO0  aHAIM30B,
nupdepeHnUATBHON CKaHUPYIOLIEH KaJIOpUMETPUH, aTOMHO-CUJIOBOM
MUKPOCKOTIHH, reJIbIPOHMUKAIOIIeH xpomarorpaduu, AedopMaluOHHO-
MPOYHOCTHBIX HCHBITAHHH, PEOJOTHYECKUX M BHCKO3UMETPHUYECKUX METO/IOB

HCCJICNOBaHUA MOJTUMEPOB.

OO6cysxieHre pesynbTaToB COCTOMT M3 TPeX OCHOBHBIX IIaB: 1) cuHTe3a
HOBBIX MOJIMYPETAHUMH/IOB, 2) UCCIIENI0BAHHS CBOMCTB HOBBIX MOIHYPETAHUMHUJIOB
M 3) MCCIIeJIOBaHUs CBOMCTB MOIMMEPHBIX MATepHAsIOB, TONYUYEHHBIX U3 HOBbIX

NOJIHY pETAHUMH/JIOB.

3HaYUTENIbHOE BHUMAHHE aBTOpa OBLIO YACJIEHO 0Tpa60Tl<e CHHTE3a
MOHOMAaKpOAHH30LHaHara H3 NONMUAHUSTHIICHITIMKOJIbaAUIIUHATAa H 2,4—
TOIIYWJICHAHWH30IHaHaTa. CTGXHOMeTpH‘{eCKOG COOTHOILIEHHE HCXOIHBIX
KOMITOHEHTOB W BapbHMpPOBaHHE pPa3IHYHbBIX [TapaMeTpoOB pPEaKUuM IMPUBOIUIO K

(hOpMHUPOBaHUIO 3HAYMUTEIBHOTO KOJIMYECTBA IHYPETAHOBBIX 3BEHBEB. YKA3aHHbII



HEXKeNaTesIbHBIH IPOLEeCcC yAanoCh MOJABUTh HCIONB30BAHUEM H3OEITKA 2,4-
TOTynJIeHAMU30LMAHATa, 4YTO [OTPeDOBaO OT aBTOpa OTPABOTKH METONHKH
OYHMCTKH TMOJTyaeMOr0 MOHOMAKPOJHH30LMaHaTa OT H30BITKA MCXOHOTO peareHTa
METOZOM SKCTPaKUMH. M3y4eHO BIMSIHME NHypETaHOBHIX (ParMeHTOB B I'HOKOM
6ii0Ke, a TaKKe TPeX JUAHTUIPHIOB aPOMATHYECKHX TETPaKapOOHOBBIX KHCIIOT U
ACCATH PA3MYHBIX apOMATHYCCKUX JAHAMHHOB HA TEPMHYECKHE U MEXAHHYECKUE
CBOMCTBA (hOPMUPYEMBIX oMMy peTaHuMuioB. CTpoeHue Beex COIIOJTUMEPOB OBIIO
MOATBEPIKIEHO pa3TUYHBIMU CIIEKTPaJIbHBIMHU METOJaMH a”ayiusa.
CHHTe3MpOBaHHBIE  CErMEHTHBIE  OJIOYHbBIE MONUYpPETAHUMH/IBI  00JIa1at0T
XOPOUIMMH  TJICHKOOOPa3ylOIUMH  CBOMCTBAMH, YTO TO3BOJIMIIO POBECTH
A€TallbHOE MCCJIE0BaHHE MX MEXaHWYECKUX CBOWCTB, YCTAHOBHTH B3aMMOCBS3E
«CTPOEHME-CTBONCTBA» M  BHIBHTh Hau0oOJee IEePCHEeKTHBHLIE COCTABbI
COMOJIMMEPOB. A /ISl MOJUYPETAHUMHIA HA OCHOBE MOHOMAaKpOIHUU30LIMAHATA,
MTMPOMEJUIMTOBOTO THAHTHAPUAA U n-(eHUIeHIHaMUHa ObLT NPOJIEMOHCTUPOBAH

3(deKT mamsaTu GopmeI.

Ilpi O3HaKOMIICHHH ¢ JMccepTalyell BO3HUKIHN CIelyloIIHe BOMPOCH U

3aMCYaHUA:

I. B rabauue 1 nureparyproro o63opa u B COOTBETCTBYIOLLEM TEKCTE OTCYTCTBYET
OMHCAHUE WCTONB3YyeMOIO MM3OLMOHATA, & MNPUBOAATCS JHIIb CTPOSHUE
Pa3JIMYHBIX JHOJIOB, YTO HCKJIOYAeT TOHMMAaHUE 3aBHCHUMOCTH TEMIIEPATy Pbl
CTCKJIOBAHHUS ONMCHIBAEMBIX 3JIaCTOMEPOB OT HX CTPOCHHS.

2. Ha crtp. 48 npexncraBnen pexxum TepMOOOPABGOTKH  MOJMAMHUIOKHCIIOTHOTO
fipeKypcopa 1o nojiuyperanuMua. ONTUMATBHbIN JIM 3TO PEKUM HMUIM3ALNN |
(puKCUpOBaIOCh NI OTCYTCTBHE AMMIOKMCIIOTHBIX ¢dparmeHTOB mocne
TepMooOpaboTKu?

3. B nynkre 2.2.7. onmcan cuute3 MOJIMYPETAHUMHUIAOB METOIOM XHUMHUYECKOM
UMHUTIU3AIMA  T[IOJIMAMUJIOKUCIOTHOTO  mpekypcopa.  OpHAaKO  JaHHbIe
MOJIMypeTaHUMUBI UMeroT mHudpsr 2b, 2g, 3b, 3g, KOTOpble aHAIOrMYHBI
NOYpETAaHMMHUIAM TaKOTO e COCTaBa, HO MOJTyYaeMbIM TepMOOGPaBOTKOM. K
TOMY K€ B OOCY)XIEHHWH Pe3yNbTaTOB OTCYTCTBYeT COMOCTABICHHE CBONHCTB

NoJTy4aeMbIX pa3jIuvYHbIMH CIIocOo0aMu NOJIYpeTaHUMHMIOB.



4. Ilpu onucaHnu 3aBUCHMOCTEH CBOMCTB ITONHYPETAHUMMIOB OT MX CTPOCHHS
aBTOp MHIIET 00 «yBEIMYEHHH COIePIKAHUS KECTKUX OJI0K0BY. BozmoskHO, Gomnee
KOPPEKTHBIM OBLIO ObI HCIIOIBb30BaHUE MOHATHUS pa3Mepa UIIH JJIMHBI JKEeCTKOTO
GnoKa, a TakXkKe COMOCTaBICHHE MAPAMETPOB MX JKECTKOCTH, T.K. OHH SIBHO
pas3MyaroTCs.

5. B obcyxnenun pesynbratoB Ha puc. 18, 19 u 21, 3a uckmouenuem puc. 22,
OTCYTCTBYIOT KOHKPETHBIE IIOJyY€HHbI€ JKCIEePUMEHTAIbHBIE 3HAYEHUS, YTO
HECKOJIBKO 3aTpyIHSET aHAJIN3 TIOCTPOSHHBIX KPHUBBIX.

6. B Tekcre nucceprauuy HMeeTCs He3HaYUTEIbHOE KOJIMYECTBO ONEYaToK, OIIHO0K
UM HeToYHocTeH: Ha cTp. 2: DPII Bmecto DIID, Ha puc. 8 B cuiuBKe H0IKEH
OBITH OCTaToK MOJIM3TUIIEHIIIUKOJIbAIUITHHATA, a He

MOHO3THJICHITIMKOJIbaAUITHHATA H T.II.

Yka3aHHbIe 3aMe4aHHsl W BOIPOCHI HE 3aTParkBarOT OCHOBHBIE Pe3y/IbTaThl H
BBIBOJIbI  JIHUCCEPTALIMOHHOIO  HUCCIIEIOBAHUS W HE CHHXKAIOT  00IIero
TOJIOKUTENIBHOTO BrievatiieHus oT paborel. [TomyueHHble B paMKax 11poBeIeHHOro
MCCIIEZIOBAHUS PE3YNbTAThI MOTYT ObITh PEKOMEHI0BAHBI JUIsl CIIE/YIOIIMX HAyYHbBIX
U Hay4YHO-TPOU3BOACTBEHHBIX opranusauuii: UX® PAH, UTTXD PAH, MI'Y um.
M.B. Jlomonocosa, UCIIM wum. H.C. Enukononosa PAH, PXTY um. J.W.
Menneneea, MUTXT um. M.B. JlomonocoBa, MI'TY wum. H.D. baymana, AO
«HuctutyT mnactmace» uM. I.C. Tlerposa, HITO «COMDKCy, HITIT CYPOJI, TTK
«Onact-I1¥» u ap.

Hucceprauus  Kysnemosa JlaHuabl AJleKCaHAPOBHYA 3aciylliaHa u
00Cy»/IeHa Ha CeMHHape OT/eNa BBICOKOMONEKYapHbIX coenunennit UHDOC PAH

(nmporokon Ne 2 or 25 mast 2022 ).

Jucceprauuonnas pabora Kyswemoa J[lanuasl AslexcanapoBHua
«CermeHTHbBIE NOJINy peTaH-HMH/HbIe CONOJINMeEPbl, cojiepsKalnue
apoMaTH4YecKHe M ajauparuyeckue OJIOKH» TOJIHOCTBIO COOTBETCTBYET
KPUTEPUSIM, YCTAHOBICHHBIM nIl. 9-14 TlonoxeHHs O NPUCYKIEHHH YyYEHBIX
CTeneHeH, yTBepXkIAEHHOro nocraHoBieHueMm [lpaButenscTBa  Poccuiickoit

@enepanun Ne 842 or 24 cenrsbps 2013 r. B pemakuuu c W3MEHEHUSIMH,



YTBEPXKCHHbIMU NocTaHoBneHusiMH [IpaBurenscTa PO Ne 335 or 21 anpens 2016
. 1 Ne 426 or 20 mapra 2021 1., a e€ aprop, Ky3nenos lannaa AjiekcanapoBuy,
3aCly)KMBAeT NMPUCYKACHHs YYEHOM CTeNeHH KaHAMAATa XUMHYECKUX HayK II0

crienHagbHOCTH 1.4.7. BeicOKOMONEKYISipHBIE COEUHEHUS.

OT3BIB IOATNOTOBUJIN:

3amecturens qupektopa MHOOC PAH,

3aBejlyrollias Jjaboparopueil moJIMMepHbBIX MaTepUalos,
JOKTOp XUMUYECKUX HayK, podeccop

(02.00.06 — BeicokoMouneKyJsipHble COeIMHEHH S ),

[JIaBHBIM HAyYHBIN COTPYIHUK

Cepenko Ounbra AHaTonbeBHA & f//"/ T

« A5 » mas 2022 1.

3aBenyrouuii jaboparopueii
BBICOKOMOJIEKYJISIPHBIX COeTMHEHU I

MHS50C PAH, xaniuaar XuMU9YeCKUX HayK
(02.00.06 — BeicokoMOeKyIsipHbIE COETMHEHHUS ),
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