®EJEPAJIBHOE NOCYJIAPCTBEHHOE BIO/UKETHOE HAYYHOE
YUYPEXK/JEHUE YOUMCKHAN ®EJEPAJIbHBIN UCCJEJOBATEJILCKUN
LEHTP POCCUICKON AKAJIEMUH HAYK

20,

NMPOT'PAMMA
KaHAMAATCKOro 3K3aMeHa Mo Hay4HO# CrieliuanbHOCTH

1.4.7 BbicOKOMOJIEKY/ISIDHbIE CO€IHHEHHS

[lporpaMma COCTaBieHa B COOTBETCTBHM C HAy4HOH CIELHMAIBHOCTRIO W OTPACIbIO HAYKH,
1pelyCMOTPEHHBIMU HOMEHKJIATYPOH Hay4HBIX CreIMaIBHOCTEH, M0 KOTOPBIM MPHCYKAAI0TCA
yuénsie crenenn (yrBepxaena [Ipukasom MunoGprayku Pocenn ot 24.02.2021 r. Ne 118).

Via - 2022



CocTaBUTENN:

%—/ 1-p xuM. Hayk, mpodeccop C.B. Konecos

R
[ a-p xuM. Hayk B.A. Kpaitkun
V\f/‘—'«/@ J-p XUM. HayK, JOLEHT H.I'. 'nnesa

CornacoBato: f 7 o
3aBe/yOLIMii OT/I€IOM acIMPaHTyphl YOUILl PAH : /M.IO. Tumodeena

Vuenstii cekpetaps Y OUX YOULI PAH ( % % /®.A. 'umanosa




[TIPOlPAMMA-MUHHUMYM
KaHIMIATCKOro 9K3aMeHa 10 CrelnalbHOCTH
1.4.7 «BpICOKOMOJIERYJIsIPHbIE COCTHHEHHSD)

Beeaenue

B OCHOBY HAcTOsiLueil MpOrpamMmbl MOJOKEHBI CICAYIOLIIE JUCUMUTUTMHBIL:
XUMHS [IOJMMEPOB M TOJMMEPHBIX KOMIO3HIHOHHBIX MaTepuaaos, (HU3MKa
MOAMMEPOB ¥ TOJMMEPHBIX ~ KOMIO3HIHOHHBIX MarepuasioB ¥ METO/bI
MCC/IeIOBAHKMS  TIOIMMEPOB M TOJIMMEPHBIX  KOMIO3HIMOHHBIX MaTepHalios.
JlasHas IporpaMMa SIBJISETCs eAMHOMN 110 CMEKHBIM OTPacyiM HayK —XUMHUYECKHM,
(hU3MKO-MaTEeMAaTUYECKHM M TEXHHICCKHM.

[Iporpamma pa3paboTaHa JKCIEPTHBIM COBETOM Boiciueil arrecTalMOHHON
KoMuccH MunucTeperBa 00pa3oBaHus Poccuiickoit deaepaidi 1o XuMHuM (110
OpraHnyecKo XMUMHH) NpH y4acThH MHCTHTYTA XMMHYECKOH (DH3HKH UM, H.C.
Cemenosa PAH 1 MHCTHTYTa CHHTETHUECKUX MOJIMMEPHBIX MaTCPHAIOB HM. H.C.
Enukosionosa PAH.

1. XuMHusi 10JIUMEPOB M N0JMMEPHbIX KOMIIO3HIIHOHHBIX
MATepPHaJI0B

1.1. BBbICOKOMOJEKY/IApHbIE  COCAMHEHMA  Kak  Hayka, o0beKTaMH
HCCIGIOBAHMH  KOTOPOM  SABJISIOTCS ~ MAKpOMOJIGKYJbl  CHHTCTHHECKOro M
[PUPOJHOTO TPOMCXOJKIEHHS, COCTOALME M3 MHOTOKPATHO MOBTOPSIOIINXCS
CTPYKTYPHBIX €IMHML, COEAMHEHHBIX XMMHUCCKUMH CBAIAMH, H cojepKalme B
[JIABHOII LIENN aTOMBbl YIJIEpO/ia, a TAKKe KUCI0pO/1a, a30Ta v CEpbL.

KnaccuduKaius 1 HOMEHK/IATypa MOHOMEPOB, OJIMIOMEPOB M TOIHMEPOB.
OcoGEeHHOCTH MX XMMHMuYeckoro crpoeHus. CHHTETHUECKHE OPraHUvCCKHE,
3/eMEHTOOPraHMYeCKHe, HEOPraHH4eCKHe U IPUPOAHEIC MOMMEDBI.

[TOAMAMCIIEPCHOCT, MOJIEKYJIspHas —Macca, CTeleHb  IOJMMEpH3ALLiH,
MOJIEKY/IIPHO-MACCOBOE M MOJIEKY/ISIPHO-UMCICHHOE paclpeac/Icie OJINTOMEPOB
1 nosmMepoB. CTepeoXuMHst OJMMEPOB.

1.2. Peakuuu T[OJYy4YEHMs OJMIOMEPOB M BbICOKOMOJICKYJIAPHBIX
coeuHennit. TlomuMepusalus W CONOJMMEPH3ALMs: PajiMKaIbHasd, KaTHOHHAL,
aHUOHHAs! 1 MOHHO-KOOpAMHALMOHHAs, 0coOeHHOCTH yKa3aHHBIX
MOJMMEpH3AIOHHbIX  nporeccos. [lonmmepusauus B pacTBOPE, B Macce, B
CyCIIeH3UH, B OMYJIbCHH, B TBEpAOH (ase. TepmoanHAMHKA OJIMMEPU3ALIMOHHBIX
POLIECCOB.



PaaukanbHas noaumepusaums v ee mexaHusM. CTpoeHHe MOHOMEPOB U
CcocOoOHOCTL MX K [OJMMEpPU3ALMHM, METOAbl MHUUMMpOBaHMs. Kuneruka
paavKaJbHON MOJUMEPU3ALMHU U YPaBHEHUE CKOPOCTH MoJIMMepu3aunu. BiusHue
pasaMyHbIX (AKTOPOB HA MOJEKYJISAPHYIO Maccy H MOJIEKYJSIPHO-MacCcoBOe
pacripezenenue nojnumepa. [lonsatue o 1MHe KHHETUYECKOM LICIH.

WMuruburopel U peryastopel paaumkaabHOW noaumepusauuu. OOpatumoe
uHruOuposanue. PanukanpHas nonmmepusauust npu TIIYyOOKMX — CTEIEHSX
MpeBpalleHus. ["enb-2pPexT. CriocoOnl MPOBEICHUS paInKaJIbHOM
MOJMMEpPH3aLlMK: B MAcce, pacTBOpe, TBep/oi ¢ase, B CyCIEH3UsIX.

OMyJIbCHOHHAsL  roJiumepusauuss M ee ocobenHHoctH. KuHernka w
MEXaHU3Mbl SMYJIbCHOHHOMN MOJIMMEPU3ALIMH.

ComnonuMmepusanus, €e MeXaHu3M U OCHOBHbIE 3aKOHOMEPHOCTH. Y paBHEHHE
cocraBa cononumepa. KOHCTaHTBI COMOIMMEpU3allUd U UX (U3NYECKHI CMBICIL.
CBsI3b CTPOCHHSI MOHOMEPOB ¢ MX PEaKUMOHHON CroCOOHOCTBIO. Biusinue cpensl,
nasneHus u temnepatypel. Cxema Q-e Andpess u I[lpaiica. CraTucruyeckue,
MPUBUTBIE U OJIOK-COMOJIMMEPBI.

MonHas, KaTMOHHas M  aHMOHHAS, TNoJUMepu3auus. PeakuumoHHas
CIOCOOHOCTH MOHOMEPOB B MOHHBIX peakuusx. KaraauzaTtopel 1 cokaTaan3aTopsbl.
Mexanusmbl npouecca. OOpazoBaHHe aKTUBHOIO LEHTpA, pOCT M OOpBIB LIEIH.
CkopocTu aeMeHTapHbIX peakunil. CKOpocTh MpOUECCOB KATHOHHOM M aHHOHHOM
MOJMMEpPH3allMK,  BJIMSHME  CpeIbl M  TEeMIepaTypbl Ha KHHETHKY M
MOJMAMCIIEPCHOCTL  OOpasyrowuxcs  noiaumepos.  [Ipumepsl  oOpasoBanus
(OKMBBIX» TTOJIMMEPHBIX LIEIIEH,

Cononumepusanus KaTHOHHAS U aHUOHHAS.

MOHHO-KOOp/IMHALIMOHHAS  TOJMMEpU3alMs M ee  OCOOEHHOCTH.
Karanusaropsr Lurnepa—Harra. MoHHO-KOOpAMHALIMOHHAS [OJMMEpU3aLHs Ha
JIMTHEBBIX KaTajiu3aTopax.

MeTanoueHOBbIN KaTaau3, MEXaHU3M U KUHETHKA peaKLni.

CtepeoperysisipHble I[OJIMMEPbl M YCJIOBUS HX TMOJy4YeHHs. MeXaHH3M
cTepeocrneunPuuecKoi noauMepu3alnm.

[Tonunpucoeaunenue. MexaHusm oOpa3oBaHusi MOJINYPETAHOB,
MOJMKapOaMHUI0B U AMOKCH/IHBIX MOJMMEPOB.

[lonukoHaeHcaums: paBHOBeCHass M HepaBHOBecHas, THIBI XMMHYECKHX
peakuuii NoJIMKOHAeHCaluH. DYHKUMOHATIBHOCTh MOHOMEPOB, OJIMIOMEPOB M €€
3HayeHue. PeakumoHHas criocoOHOCTh (PYHKUMOHAIBHBIX TPYIIIL.



PaBHOBecHas MOJMKOHAEHCALMs M ee MexaHu3M. KuHeTnka paBHOBECHOM
[MOJUKOHAEHCAUMH. 3aBUCHUMOCTb  MOJIEKY/SIpHOM  Macchl  rojumepa  OT
COOTHOLLICHHUSI MCXOAHBIX MOHOMEPOB; [IPaBHIIO HEIKBUBAJIEHTHOCTH
dyHKUMOHAIBHBIX Py, CriocoObl MPOBEAEHHs PABHOBECHOH MOIMKOHICHCALIUA.

HepasHoBecHasi nonukonaecauusi. THIbl  HepaBHOBECHBIX peaKLui.
CriocoObl  MPOBEJIEHMs] HEPABHOBECHOM MOJMKOHJIEHCAUMH. 3aKOHOMEPHOCTH
HEpPaBHOBECHOW MMONMKOHIeH AU, MexaszHas MOJMKOHICHCALHS. Mexanusm
peakluy ¥ ee OCHOBHbIE 3aKOHOMepHOCTH. HepaBHOBeCHas MOJMKOHACHCALUS B

pacTBope.
CoBMecTHasl NMOJMKOHEHCALMSI U ee XapaKTepHble 0COOEHHOCTH B Cilyvae
paBHOBECHOI i HepaBHOBECHOM IOJINKOH/ICHCALIMH. Tpexmepnas

[MOJMKOHAGHCALIMS M €€ 3aKOHOMEPHOCTH. Bimsnue (QyHKUHOHAIBHOCTH
MCXOIHBIX COEAMHEHMH. Pa3HO3BEHHOCTb IOJIMMEPOB, MMOJIy4aeMbIX METOAAMHU
IMOJINKOH/ICHCALIMH.

|.3. CHHTE3 MOHOMEPOB M MOJMCONPSHKEHHBIX MOJMMEPOB Ha MX OCHOBE,
XHMHUECKOE CTPOEHHE, MOJICKYJISIpHAs M HAaJMOJIEKYJIsipHasi CTPYKTYpa THITHYHBIX
MOJIMCONPSIKEHHBIX TMOJIMMEPOB: IMoJIMaleTUIIeHa, MOJTMINALETHIIEHOB,
[OJIMAHHIIMHOB, MOIM(EHUIeHBUHIIEHOB, MTOIMTHO(GEHOB M JIp., MOHATHE 00 HX
IEKTPOHHON cTpykType. CBsi3b MEKIY METOJAaMH HMX CHHTE3a M CTPOCHHEM.
Xumudeckass M JIEKTPOXMMHYECKas — MOAM(HKALMS  [OJHCONPSKEHHBIX
MOJIMMEPOB.

1.4. OcHOBHBIE MPHU3HAKK Pa3BETBJCHHLIX IOJIMMEPOB M METOJbl CHHTE3a,
uX KOH(urypauusi (Ha YpPOBHSX 3B€Ha, LENH, I[PUCOCIMHECHHUS 3BEHBLEB,
npucoeauHenns  GnokoB) M KoH(opmauus.  DakTOpbl,  ONpeAesAIOLIHe
KoH(pOpMalMOHHBIE repexo/bl. CTPYKTypHas MOJAM(UKALMSA U HAIMOJIEKYJIApHAs
crpykrypa. CBepxpa3BeTBJIEHHbIE IOJMMEpPbl M [ACHAPUMEpbl, HX CHHTE3 H
0COOEHHOCTH CTPOEHHMSI.

1.5. Cuwmtble nojmMepbl. THIbI CHIMTBIX MoaMMepoB. PopMupoBaHHE
TPeXMEPHBIX CTPYKTYp B IpOLECCe CHHTE3a M XHMHYECKHMX IPEBpALLeHUH B
makpomosieKysnax. CluuTele  JKeCTKOLENHble W JIACTHYHBIC  TOJMMEpBI.
CTaTUCTUCTHYECKME METOJbl OINKCAaHWs [poleccoB 00pa3’oBaHMsl  CLIMTBIX
noaumepoB. [lapamerpel cetok. OCHOBHBIE 3aBUCHMOCTH MEKIY CTPYKTYpPHBIMH
XapaKTepUCTUKAMK  IIPOCTPAHCTBEHHO — CUIMTBIX — nonaumepos.  OOpasoBanue
POCTPAHCTBEHHBIX CTPYKTYP B 2JaCTOMEpax M MX AMHAMHUKA. BH/bI CluMBarommx
areHTOB M OCOOEHHOCTH CTPOEHMsI CETOK. BiiMsiHMe THIA MNOIepeyHbIX CBsA3el Ha
MeXaHHYeCKHe CBOHCTBA CLIUTBIX 3JIACTOMEPOB.



1.6. Cmecu momumepoB. McTHHHBIE M KOJUIOWIHBIC PACTBOPBI cmecei
MOJMMEPOB, MEXaHM3M CMEIICHHs ¢ THIIbI (a3oBbIX CTPYKTYp B CMECsX
nommmMepos. CMecn MOJIMMEPOB KaK MaTpHLbl UL MOJIy4yeHHsl TOJTUMEPHBIX
KoMIosuimonnbIx Marepuaios (ITKM), cneunduka CHHTE3a [IKM ¢ wux
npuMeHeHneM. MHOrOKOMIIOHEHTHBIE CMECH MOJIMMEPOB.

1.7. TlpupoaHble MOMMMEPbI U UX PasHOBHAHOCTH, METO/bI BBIJICJIEHUST U3
[PUPOHOTO CBHIPbS M MACHTH(QUKALMHK, METOJIbI moauukaunu. Ilemonosa,
XHTHH, XMTO3aH ¥ UX MPO3BOHbIe. [IpuMeHenne NpupoAHBIX MOTHUMEPOB.

1.8. Xumuueckas Moaupukaius nonumepoB. OCHOBHbIC 3aKOHOMEPHOCTH
MOAM(UKALMK TTOTMMEPOB. PeakinonHas crocoOHOCTE (PYHKLMOHAJIBHBIX TPYIII
MaKpOMOJIEKYJl ¥ HU3KOMOJICKYJISPHBIX coeuuennit. DPGEeKTb Lem U COCeHeH
FpyINIbl, KOH(UIYpaUHMOHHBIC M koH(opmaunorHbie  dpdekTr.  Peakimn
jaMellleHns B TOJMMEpHOH uenu. Bnusuue ycioBuii Ha  KHHETHHIECKHME
3aKOHOMEPHOCTH M CTpoeHHe 00pasylomXcs MOITHUMEPOB. Kommno3uunoHHas
HEOAHOPOIHOCTD. PeaKluu CTPYKTYPUPOBAHHS MOJTHMEPOB W HX 0CcOOEHHOCTH.
UsMeHeHHe  CBOMCTB  TOJMMEpPOB B pe3ylbrare  CTPYKTYpHPOBAHHL.
MeskMoJIeKy/IsapHble  peakuuu W o0pasoBaHue TPEXMEPHbIX  CETOK. Peaxuum
NpUCOeAMHEHN, OTILEIVICHHs 1 N30MEPH3aL1H.

1.9. Kiaccudukauusi MOJMMEPHBIX KOMIIO3MLMOHHBIX MATCpHAIOB M
MOJMMEPHBIX HAHOKOMIIO3MTOB. BHbl  MaTepHasos: [OJIUMEP-TI0JIMMEPHBIC
cmecu, TIKM, apMupoBaHHble HENpepbIBHbIMU, KOPOTKMMH BOJOKHAMH H
JIACTHHYATBIMH HAIOJIHUTEISIMH, JIMCIIEPCHO-HAIOJTHEHHBIE [TKM,
[eHONnoMMepbl, MHOrokomnoxenTHbie [TKM.

BonokHooGpasyolme MoiMMepbl H BOJOKOHHBIE I10JIMMEPHBIC KOMIIO3HTDI,
METO/IbI MOJIYUEHHUS ¥ CTPYKTYpa.

Tun, ¢opmMa M OCHOBHbIE CBOHCTBA ApMHPYIOLIMX HAIOJHUTEJIeH:
HerpepbIBHbIE CTEK/IAHHbIE, YIJIEpOHbIe, OOpHbIE, OPraHUuecKUe 1 /p. BounokHa,
HUTH, JKIYTbl, POBMHIH, JIGHTBI M TKAHW; KOPOTKME BOJIOKHA, MATbl W3 HHX,
HATIOJHUTENN  IUIOCKOCTHOW  CTpYKTypbl.  (DPH3HKO-XHMHA  TIOBEPXHOCTH
HaTOJIHUTEJIEH.

Tunsl W cBoOiicTBa Marpull  (TepMOIJIACTHYHbIE W TEPMOPCAKTHBHLIC
[OJMMEPBI, TIOJTMMEP-TIOIMMEPHBIE CMECH).

MeTOo/1bl 110/TyUeHH s TOJMMEPHBIX KOMITO3HIIMOHHBIX MATEPHATIOB.

1.10. MexdasHble sBIEHHs Ha TpaHHI@X pasjesa MOIMMEp-TIoJNMED,
nosnuMep-TBepaoe Teno. Axresus. Biusiue Gpopmbl, XUMHYECKOTO U ($u3nuecKoro



cocTOsIHMS noBepxHocTH Ha csoiicta [IKM. Anmpers. MeToabl XUMHUYECKOH H
(pu3nyeckoil MoAUpUKALMN KOMIIOHEHTOB [TKM.

1.11. HaHOKOMMO3UTbI. THIIbI MHIPEIUEHTOB, MaTepuaibl WU METObI,
npuMeHsieMble 18 TOJTy4eHHs HAaHOKOMIIO3HTOB. Oco0eHHOCTH HX IMOJIyYeHHUsS U
OCHOBHBI€ CBOIMCTBa HAHOKOMIIO3UTOB.

1.12. OCHOBBI TEXHOJIOIMH TOJIMMEPOB M TMOJMMEPHBIX KOMIIO3HIIHOHHBIX
MaTepranoB. MeTobl IOTyYCHHs HanojHuTenael, ux (pakUHOHMPOBAHHE H
obpaborka, crocoObl  COBMELICHHA ()yHKLIHOHAJBHBIX ~ MHIPEAMEHTOB M
nonuMepHbIX  MaTpuil. TexHomorus repepabOTKM  TMOIMMEPOB  H [IKM B
MOJIYIPOAYKTBI M M3,

TpaiMUMOHHbIE U HOBble 00JACTH MPUMEHEHHS OIHIOMEpPOB, MOIMMEPOB,
[TKM ¥ HaHOKOMIIO3MTOB IPH PELIeHNH HAYUHbIX W TEXHHYECKUX 3a/1ad.

1.13. JlecTpyKiHsi TIOJIMMEPOB M KOMIIO3HUHOHHBIX MAaTEPHAJIOB. OCHOBHBIE
BU/bl JECTPYKLMH: XUMHYECKasl, TepMHYECKas, TEPMOOKHCIHTEIbHA, Goto- u
mexannueckasi. Crapenue nonuMepos. CraOuiamsalus BbHICOKOMOJIEKYIISAPHBIX
COeIMHEHHUH. Kuneruka MeXaHOAECTPYKLIHH MOJIMMEPOB. [Tpenen
MEXaHOECTPYKILIMK M TMPUYMHBI €ro CyHIECTBOBAHUA. [Toustne O CTOHKOCTH
MOJMMEPOB M KOMIO3MLMOHHBIX MaTePHAIOB K BHELIHHM BO3/1eHCTBHSM.

1.14. T'oprouects nommmepos ¥ [TIKM. OcHOBHBIE TIPOLECCHI, NPOTEKAIOLIHE
[pH TOPEHMH B KOHIEHCHPOBAHHOI W Tra3oBOi (azax. MeToabl CHIKEHHS H
[TOBBIILIEHUS TOPIOYECTH.

1.15. Bropuunas nepepaborka nojumepos i [IKM, ocHOBHbIE TEHACHLUHMH 1
COBPEMEHHOE COCTOSIHHE. DKOJIOrMYecKne MpodsieMbl BTOPUYHON IepepaboTKu
nosmmepos 1 [TKM.

2. OU3MKA NOJUMEPOB U MOJIHMEPHBLIX KOMITO3HIHOHHBIX
MaTepHaJI0B

2.1. KoHopMaluoHHas CTaTHCTHKA MOIMMEPHBIX LeTei. Kondurypauus u
KoHpopMaLusi  MakpoMmosieKysl. OCHOBHbIE ~ MOJC/IH  TIOIMMEPHBIX Lernen:
CBOBOIHOCOUIEHEHHAs LeMb, Lenb ¢ PUKCHPOBAHHBIMHU yrlaMi. XapakTepuCTHKH
pasmMepoB ¥ (OPMBI MOJMMEpHBIX Uereil. BuyTpenHee BpalleHne W MOBOPOTHA
uzomepusi. [lomumepel ¢ XUpaJIbHBIMU LEHTPAMH. Kondopmauus MaKpoOMOJICKyYJ U
KoH(popmaluoHHas dHeprus. CrepeoperyIspHOCTb M MHUKPOCTPYKTYpa LEMHBIX
MOJIEKYJI.

'MOKOCTDb MOJMMEPHBIX Lienell U ee XapakTepucTHKU. TepmoanHamMuyeckas
U KHHeTHUYecKas ruOKOCTh MAKpOMOJIeKyl. biliknue U 1ajibHue B3aUMOICHCTBUL.



Pazmepbl ¥ (OpMbl peasibHBIX LEMHBIX MOJIEKYJ] M HMX SKCIEPUMEHTaJIbHOE
onpezaenenue. [ToHATHE O CTATUCTHYECKOM CErMEHTE.

2.2. BbicokOMONIEKY/IsipHbIE — COGJMHEHMs B  pacTBope.  Xapakrep
B3aMMOJIEHCTBUS B  pacTBOpax [oJMMepoB. TepmMoaMHAMMKa pacTBOPOB
nonumepoB. Teopusi Gnopu—Xarruuca. [ -remneparypa. O0bemHbIe dQHEKTHI.
KoHueHTpupoBaHHble pacTBOpbl nosnmepos. Pa3oBble JMarpaMMbl MOJIMMEP—
pacTBopuTeNb. [ MApoaMHAMHUYECKME CBOMCTBA MAaKpOMOJIEKYJ B pPacTBOpE.
Jnddysus makpomosiekys B pactsope. Metozbl (h)pakiMOHUPOBAHUS MOJIMMEPOB.
PactBopel  monmanekTposauToB. [lonmuMmepbl Kak — Marpuibl Ul TBEPHBIX
31eKTPOJUTOB. MloHOMEpBI.

2.3. dusuueckue M (pa3oBble COCTOSHHUS IOJMMEPOB: CTEKJIOOOpasHoE,
BBICOKO?JJAaCTHYECKOe M BSI3KOTeKyuee. AMOp(hHBIE M KPUCTAUIMYECKHE
nosuMepbl.  PazoBble MEPexojbl, MEXaHHW3M KPHUCTAIM3aUMH M IUIABJICHUS
KpUCTA/UIOB. BiMsHMe CTPYKTYpbl M BHELIHMX BO3AeHCTBUI Ha (a3oBble
Mepexo/Ibl.

2.4. Crpykrypa # cBoiicTBa mnoJuMmepHbIX cTekosl. CoBpeMeHHbIe
npeacTaBieHusi 00 aMOppHOM COCTOSIHUM M CTPYKTYpe CTeKJI000pasHbIX
nonuMepoB. CTeKI0OBaHME IOJMMEPOB M METOAbl €ero onpeznejleHus. Teopun
CTeK/IOBaHMsl. JSIBJeHMe BBIHY)KAeHHOM anactuuHocTH. [lpupona OGosbimx
nedopmaumii ¥ gedopmaunit B 06;1acTH KPUOr€HHBIX TEMIIEPATYp.

2.5 Bricokoanactuueckoe COCTOSIHUE. OcHOBHBIE CBOMCTBA
BBICOKOJIACTUYECKOrO  COCTOSIHMSL  nosinMepoB.  CraTUcTHYecKass — Teopus
nedopmanuu Makpomosiekys. CeToqHas Teopusi BbICOKOMIACTUUHOCTH. OCHOBHOE
ypaBHEHHE KHHETHYECKOH TEOpUM  BBICOKOZJIACTHUUHOCTH. TepMoaMHaAMHUKa
naedopmaumuu nactomepoB. Tepmoynpyras uuepcus. TerutoBeie 3¢pQeKTel 1pu
nedopmaumu. Kpucrtaumsauus 31actoMepos npu aedopmanu.

2.6. Bsskorekyuee COCTOSHME W  OCHOBBI  PEOJIOTMHM  IOJIMMEPOB.
3aKOHOMEPHOCTH TEUEHHs! paclljlaBOB I[OJMMEpPOB, KpHBbIE TEYEHHs, 3aKOH
TEUEHMsI, MEXaHU3M TEeYEHHUs. DHEprusi M IHTPONMs BA3KOIO TEYEHHs, HX
3aBUCHMOCTD OT MapaMeTpOB MOJIEKYISPHOM CTPYKTYpPbl U OT HAIPSHKEHHs CABUIA.
3aBUCHMOCTb TEIUIOTHl AKTHUBALMKU OT Temreparypbl. HblOTOHOBCKas BA3KOCTS,
METOJbl ONpEeHeNCHUs] M 3aBUCHMOCTb OT MOJIEKYJISIPHOW  CTPYKTYphl H
MOJIEKYJISIPHOH Macchl MOJaMMepa, Temreparypsl. Y pasHenue Bunbsamca-Jlanaena-
Geppu. [TpoyHOCTHBIE XapaKTEPUCTUKK PaCIl/IaBOB.

2.7. Crpykrypa ¥ CBOHCTBAa KpPUCTALIMYECKHUX IIOJIMMEPOB. Y CIIOBHS
00pa3oBaHusl KPUCTAJUIMYECKOIO COCTOAHMS B mnonumepax. OCHOBHbIE THITbI



KPUCTA/UIMYECKHX CTPYKTYP MAaKpOMOJIEKY/. YMaKOBKa LEMHBIX MOJICKY1 B
kpructainax. Mopdosords  KpucTamanueckux — noaumepos.  Jlamesnspubie
kpuctaibl. Ceponutbl. Kpucramisl ¢ BbIIpAMICHHbIMH HersaMu. CTeneHb
KPHCTA/LIMYHOCTH M METO/IbI e¢ onpe/eaenus. lepeKrbl moJMMepHbIX KPUCTALIOB
u ux npupoaa. IlomumepHble MOHOKpHCTaLibl, Kpuctayimsauus W MjaBieHAe
[MOJMMEpOB, MeTOAbl HMccienoBanus. Kpucramnmsauus U3 pasdaBIeHHBIX
pacTBOPOB ¥ PacIIaBoB. 3apo/ibilico0pasoBaHue W pocT. Kunernyeckas Teopusi
kpucTaumzauun. [lepBuunas W BTOpMYHAS  KPUCTA/UIM3ALM. YactuuHoe
nnasienne W pekpuctammszaumsi.  Omkur  nojumepos.  OcoGeHHOCTH
KPUCTAJLTM3ALMH MTOJIMMEPOB B IOJIMMEPHBIX KOMIIO3UTaX.,

2.8. JKMIKOKPUCTALIMYECKOE COCTOSIHUE MOJIMMEPOB. BImKHUi 1 JaJIbHUH
nopsnok. Tunbl cumMerpuu. Me3oMOpgHbIC COCTOSHHUS. OGnacTn NpUMEHEHHUs
JKHIKOKPUCTAJUTMYECKUX MTOJTMMEPOB.

2.9.  OpueHTMpOBaHHOE  COCTOsIHME  MoIMMepoB.  OcoOEHHOCTH
OPMEHTHUPOBAHHOIO  COCTOSIHMSL  moanmmepoB.  CTpoenue M CBOMCTBA
OpHEHTHPOBAHHBIX MOMMepoB. CTpykTypHble MoZen. OCHOBHbIE METO/bI
OpHEeHTALMH MOJTMMEPOB M METO/1bl OLCHKH.

2.10. MojenupoBaHne MOJICKYJISIPHOH ¥ HaAMOJICKYJISIPHOH  CTPYKTYp
OJIMFOMEPOB, MOJIMMEPOB M COINOJIMMEPOB B pacTBOpaXx, paciuiaBaxX U MOJIMMEPHBIX
TBEP/bIX TeJl B aMOP(PHOM, MOITYKPUCTAUTHYCCKOM KPHCTAITHYECKOM COCTOSHUAX.
Moze/MpoBaHHe  MPOLECCOB,  MPOTEKAIOMMX — Ha  CTagun  00pasoBaHus
MaKpoMOJIeKyJ/l. MozeibHble MPeICTaBIeHUs O CMECsX MOJMMEPOB U TOJIUMEPOB €
BBEAECHHBIMH B MX COCTaB (PYHKUHMOHAIbHBIMU HHIPEIMEHTAMHU.

2.11. PenakcauyoHHble ABJICHUS B rojuMepax. PesakcallMOHHbBIH XapakTep
npoueccos aepopmauuu. I'ucrepesucHbie npoueccsl. IonsydyecTs M pesakcarus
Hanpsokenusi.  [lpunumn — cyneprnosuund.  CHEeKTp BpeMeH pejakcaunu
sanas/piBanus. [MHaMUUYecKHe CBOMCTBA IOJMMEPOB: KOMIIJIEKCHBIH MOJY/b M
KOMILIEKCHas  1oAarauBocTb.  COOTHOLIEHHE  MEKIAY  KOMIUIEKCHBIM M
peNaKcalMoHHBIM  Momyismu.  Jlueiimas  Baskoynpyroct.  IlpuHimn
TEMIIEPaTyPHO-BPEMEHHOM SKBUBAICHTHOCTH.

2.12. ®usnKo-MexaHuyeckue cpoiicra nosumepos. JledopmaunoHHbIe
coiicta. Hanpsokenue, nepopmauus i ynpyrocts, O6o0umenHas Gpopma 3akoHa
I'yka, u3MepeHue MoayJei ynpyroctu. MaeanbHoe MiacTH4eCKoe TeJo, MpoLece
pasBUTHS MJIACTHYECKUX Jedopmanui. BiusHue ruapocTaTHYecKoro AaBIeHMs,
TEMIIEpPaTypbl U CKOPOCTH Ae(hOpMaLMK Ha MIPeiesl TEKYUEeCTH.



Me)kaToMHOE B3auMOJEHCTBHE B rnojumepax. JlMHaMMKa M SHEpreTvka
paCTSIKEHHs OT/ENbHON MeXKATOMHOI CBSI3M M LenHOH Makpomosexybl. [Tonstne
O TEOPEeTHYECKOM [POYHOCTH MonuMepoB. OCHOBHBIC TEOPHUH MPOYHOCTH:
Oposana, ['puddurca, TepModyKTyallnonHas, peakcalunoHHas.

JloaroseyHocTs. Kuneruueckas Teopust  paspymienus. OcoOeHHOCTH
paspylleHus TBEPABIX MOJIMMEPOB U 3J1acTOMEpPOB. MexaHW3M IJIaCTHYECKOro
Xpynkoro paspyuienus. O6pazopaHne MUKPOTPEIIMH. PacnpocTpaHeHne TpeIyH.
CraTuueckas U AMHAMHUYecKas yCTaloCTh.

2.13. DnekTpuuecKhe, ONTHYECKHEe M MAarHMTHbIE CBOMCTBA IOJMMEPOB M
[TKM. Jluseiiaple W HeJuHeMHble 3(@ekTsl B MojgumMepax M IOTUMEPHBIX
KOMITO3MTaX.

Cencopbl Ha ocHoBe nonumepos ¥ [TKM.

DJIeKTpUYECKHe CBOMCTBAa  MOJMMEPOB-ANIICKTPUKOB M IOJIMMEPOB-
MPOBOAHMKOB. JlMasieKTpuueckas TMOJSIpU3aLUs W JHUIOJbHBIE  MOMEHTBI
noauMepoB. JIuManekTpuueckas MPOHMUAEMOCTb M AMDICKTPUUCCKUE MOTEpPH,
anekTpuueckas npoyHocth noimmepos ¥ [IKM. Dsexrpusalus MoJMMEpoOB M
IEKTpUYeCKHii poOoi.

JlonupoBaHue MOJHCONPSIKEHHBIX TOJMMEPOB: CHHTETHYECKHE METAJIbl 1
METOAbl ~ MX  MOJy4eHWs.  DJEeKTpUYeCKHe M ONTHYECKHe  CBOHCTBA
MOJUCONPSIKEHHBIX MOJIMMEPOB. [lepcnieKTUBEI MCIIOJIb30BAHMS
[MOJMCONPSKEHHBIX  TOJMMEPOB Ul CO3/1aHMs  MOJIMMEPHOM  3JIKTPOHMKH,
BKJIIOUAIOIIEH  BBICOKOIPOBOJSALLME,  IOJIEBbIE,  3JICKTPOJIIOMHHECLIEHTHBIE,
HEJMHEHHO-ONTHYECKHE JIEMEHTBI U YCTPOICTBA

Marueroconporusienre nomumepos u ITKM. IIKM ¢ BbicOKMMH U
HU3KAMH  3HAYEHMAMH  KOMIUIGKCHOM  JIMAJIEKTPUYECKOM M MarHUTHOH
[POHULIAEMOCTEH, CBS3b MEK/Y COCTABOM M CTPYKTYPOH, METO/IbI ONpPE/IEIICHHUS.

2.14. OnTHueckre CBOMCTBA MOJUMEPOB: KOI(P(HULMEHT CBETONPOITYCKaHuS,
CHEKTPaIbHBIM KOI(PPUUHEHT MNPOIyCKaHHUs, CBETOCTOHKOCTDb, CBETOPACCESHME,
[oKasareab MpEJOMJIEHHS W ONTHYeCKMH KOI(DQUUMEHT HANpsUKeHUs M
OnTHYECKas HeTepMOCTOHKOCTh. MakTophl, ONpeIe/sIolIne ypPOBEHb ITHX
nokasareseit. CTapeHue ONTHYECKHX MOJUMEPOB.

2.15. Tenno¢usnueckue cBoiictea mnonumepos u  [IKM. IliotHocTh
nonumMepoB. OCoGEHHOCTH TEIUIOBOrO PACLIMpeHus MoJuMepoB. TermmoeMKocTs.
TenaonpoBOAHOCTL U TEMIEpaTyponpoBoHocTh nonumepos n IIKM. Monenn
TPAHCIIOPTHBIX IPOLECCOB. BiinsHME OCHOBHBIX MapaMeTPOB IOJHMEPOB 1 APYTHX
unrpeanentos [TKM Ha ux Tenyiopusnueckne CBOMCTBA.
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2.16. Tpenue u wusHoc nosumepoB. OCOOEHHOCTH TPEHHUsI IOJMMEPOB.
[lpupoga W MexaHU3M TpeHusl. 3aKOH TPEHHMsl, BIIMSIHME BPEMEHH KOHTAKTa,
CKOPOCTH CKOJIB)KeHHMsi M Temrneparypbl. M3Hoc mnonaumepoB. CBs3b sBJI€HHUH
TpeHHsi M M3HOCA. YCTAJOCTHbIH M3HOC, albpasuBHbIl W3HOC, 0o0WIKE
3aKOHOMEPHOCTH, BIIMSHUE BHEILIHUX (AKTOPOB.

2.17. IlponuuaemMoctb mnoauMepos. ['a30npoHMIAEMOCTE  IOJIMMEPOB.
Juddysus B nonumepax. Copbuust razos v napos. Monusiii oOmeH. CeneKTuBHasI
MPOHULIAEMOCTb MOJTMMEPHBIX MaTePHAJIOB, METO/IbI ONpe/Ie/ICHH .

2.18. TepMonuHaMUKa COBMECTUMOCTH nojumepoB. da3oBas CTpyKTypa M
mopdosiorusi. Mukpomexanuka cmeceit noaumepos. [ledopmanns U paspyuieHne
TBEPbIX T€JI HA OCHOBE MOJMMEPHBIX CMECeH.

2.19. Mexdasuble SBICHMS Ha TIpaHULAX pas/esa IOoJIMMEpP-TIoJIuMeEp,
MOJIMMEP-TBEP/10€ Teso. Aare3us. TepMoaMHAMUKA B3aUMOICHCTBHS KOMIIOHEHT B
nosmmepHbIx cmecsix U [IKM. CtpykTypa 1 cBoiicTBa MeK(Da3HBIX CIIOEB.

2.20. ®dusnueckue cpoiictBa [IKM: npouHOCTb, BA3KOCTH paspyIllIeHHMs,
YCTAJIOCTHAS BHIHOCIMBOCTD. YIpyrue u Bsskoynpyrue coiictsa IIKM. Monenu,
OnuchpIBalOIIMe 3aBUCHMMOCTh Moayns ynpyroctu IIKM ot  XapakrepucTHK
KOMITIOHEHTOB.

TennoBoe  paciuimpende, Tero- M 3nekrpornposoaHocte  [TKM.
OcobennocTty 3aBucumocted Gpusndeckux csorcts [IKM ot tuna HamnonHuTens u
pacnpeze/ieHus HAlOJHUTEeH B KOMIIO3MIIMOHHOM MaTepHalle.

2.21. Hanokomro3utbl. HarosHuTesam ¢ HaAHOMETPOBBIM pa3MEpPOBBIM
pazmepoM uacTul. CTPyKTypa M CBOMCTBA HAHOKOMIIO3MTOB. HaHOKOMIIO3HTEI ¢
HOBBIMH  ONTHYECKUMH, IJICKTPOHHBIMHM, MArHUTHBIMH, JJIEKTPUUYECKHMH U
APYTUMHM (YHKUHMAMH C [PUMEHEHHEM YIJIEPOJIHBIX HaHOTPYOOK, (ysuIepeHOB,
MEeTaIOB U OKCH/IOB METAJIJIOB.

2.22. Ilonusite o npumenenuu nojumepos ¥ [IKM B QyHKUMOHAJIBHBIX H
MHTEUIEKTYaIbHBIX (smart) cTpykTypax. [lonumepHbie Marepualibl, IpUMEHIEMbIC
JUISL UX TIOJIYYEHMsI: CBSI3b MEIK/Y MX KOMITIOHOBKOHM, BHEIIHUMH BO3/IEHCTBHAMU M
OTKJIMKOM. CEHCUTHBHBIE M QJIalITUBHbIE CTPYKTYPbl M IOJMMEPHbIE MaTepHallbl
s HuX. Tepmo- ¥ pOTOXpOMHBIE, XMMOTPOHHbIE, TEH30YYBCTBUTE/IbHBIE U JIp.
Marepuasel U151 HHTEJUIEKTYaJIbHBIX CTPYKTYP.
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3. MeToabl HCC/1e10BAHUSI IOJIHMEPOB H M0JIHMEPHbBIX
KOMIO3HUHOHHBIX MATEPHAJIOB

3.1. OcobGeHHOCTH TNpUMeHeHHs (U3NYECKHX METOHAOB VIS H3Y4eHMs
CTPYKTYpbl MU CBOHCTB OJMIOMEPOB, [OJMMEPOB, IOJUMEPHLIX MaTepualoB M
MOJMMEPHBIX KOMMO3MTOB. MeTtozpl 00paboTKu dKCrEepUMEHTAIbHBIX JAaHHBIX H
onpe/eNeHde  JOCTOBEPHOCTH  IOJYYEHHBIX  pPe3yJIbTAaTOB:  JOBEPUTE/IbHBIA
MHTEpBAJ, OTHOCHTE/IbHAS U a0COIOTHAS MOTPELIHOCTH H3MEPEHHIL.

DKCIEepUMEHTAIbHbIE METO/bl MCCIIEIOBAHUS CTPYKTYPbl MaKpOMOJICKYJ B
pacTBope  (BHCKO3UMETpHs,  CBETOpAacCesHMe, — CEAMMEHTalMs,  JIBOHHOE
JIy4YeInpesIOMIIEHHE ).

3.2. Cnextpockonus nosumepos: UK, MHIIBO, KP. Cneuupuka MeTo10B 1
3a/1a4uM, pelaeMble ¢ UX IIPUMEHEHHEM.

3.3. GuyopecleHTHBIH aHAJIM3 NIOJIMMEPOB.

3.4. DNeKTPOHHBIH M sIEPHbIH MapaMarHUTHBIA pe3oHaHchl. CyLHOCTH
METOJIOB, arnmapaTypa, objacTd npumeHenus. Mertoa cnuHoBod merku. SIMP
BBICOKOI'O M HU3KOIO paspelieHus.

3.5. Tennopusuueckne metoabl. Jlunaromerpus. JluddepeHunanbHblii
TepMUuecKuit ananus. Kajopumerpuueckue MeTOAbI.

3.6. Macc-ciextpomerpusi. CyLIHOCTh MeTOJa, anmnaparypa, o0iacTu
npuMeHeHus. BpemsnposeTHas Macc-CrieKTpOMETPHsL.

3.7. PeHTreHOCTPYKTYpHBIH aHanu3 noiumepos. M3sydenue pasmepoB u
OpPMEHTALMK YNOPsAOYeHHbIX obnacTel KpUCTAIMYECKHX NOJAMMepoB. bosbiune
nepuo/pl B oanmepax. Crelduka neeieosanns cymecei nomumepos 1 IIKM.

3.8. Onruyeckas ¥ 3JIEKTPOHHasE MUKPOCKOITHSL.

3.9. Ousnko-MexaHHYeCcKue MeTobl. TepMoMeXaHHYeCKUH METO/.

3.10. Hepaspywatouue metosl ueesenoanus [TKM.

3.11. JlmHamuyeckue MeToAbl. JluonekTpuueckas ©M  MeXaHH4YeCKas
CIIEKTPOCKOITHSI.

3.12. DnekTpodu3rueckue METO/Abl MCC/Ie0BaHUs CBOMCTB IMOJTMMEPOB H
[TKM.

3.13. TyHHenbHasE MUKPOCKOIIHSI.

3.14. INonsporpadgus u Apyrue 3J1eKTPOXUMHUYCCKHE METO/bI.

3.15. TpaHcrniopTHbIe METOAbI /UIsl CCie0BaHus noanmepos. ObpalueHHast
M reJib-IPOHUKAKOLILAs XpoMarorpadusi.

3.16. Oco0eHHOCTH METOHOB MCC/AEJ0BaHMs HAHOKOMIIO3UTOB H HX
MHIPEIUEHTOB.



[lepeuenb PeKOMEH/1yeMOil IHTePaTypbl H PeCypeos uH(popMaUHOHHO-
TeJeKOMMYHHKAUNOHHOI ceTn «MuTepHem

OCHOBHAJSI JIMTEPATYPA K PA3JIEJLY 1

1. M.C. Apxakos u ap. (mox pea. A.b. 3e3uHa). BbICOKOMOJICKY IS pPHBIE

coeaunenns. M.: I0paiit. 2022. 340 ¢

B.B. Kupees. BblcOKOMOJIEKYIAPHBIC COCTHHEHMAL. Yacts 1. M.: IOpaiit. -

2017 365 c.

3. 10.M. Heitn, O. C. Ensuos, M. ®@. Kocrepuna. XUMHUS ¥ TEXHOJIOT U
BBICOKOMOJIEKYJISIPHBIX COeIMHEHNH / 10.U. Heitn, O. C. Ensuos, M. @.
Koctepuna. ExarepunOypr: M3zx-Bo Ypai. yH-Ta, 2018. — 116 ¢.

4. 10.J1. CemunkoB. BpejieHune B XUMHIO MIOJIMMEPOB / 10. J1. Cemunkos, C.®.
Kupuos, C.J1. 3aitues. — CII6.: U3, «JIaub». 2014. — 224 c.

5. B.W. Uprxak. ApXUTEKTYpa MOJMMEPOB: mosorpadus / B. . Upikak. — M.:
Hayxka, 2012. -368 c.

6. C.B. Bunorpanosa, B.A. Bacnes, [101MKOHICHCALHOHHDIC TTPOLECCHI 1
nonumepsl. M.: Hayka, 2000.

7. A.JL. Iomoraiino, A.C. PosenGepr, ULE. Y usiua. HanHouacTHibl METAIJIOB B
nomumepax. M.: Xumus, 2000.

8. WU.U. Tyros, .U Koctpbikuna. Xumus i GH3HKa NOTMMEPOB. M.: Xumus,

1989.
9. M. ®earke. XuMuueckne peakuun nomumepos. M.: Xumu, 1989.

[§)

10.H.A. Ilnats, A.E. Bacuibes. ®uU3n0J0rHYeCKH aKTHBHBIC MOJIMMEPBIL. M.:
Xumusi, 1986.

11.H.A. Inars. Makpomoneky./sipabie peakuun. M.: Xumus, 1977.

12.A.P. Xoxzos, C.W. Kyuanos. Jlexunu no pu3n4eckoi XUMHH IOIUMEPOB. M.:
Mup, 2000.

13. B.5. Kyne3ues. Xumus 1 (pu3HKa 10J1MMEPOB: yue6uuk / B. H. Kynesues, B.
A. Lllepunes. — M.: KonocC, 2014. — 368 ¢

14. C.C. Usanues. PagukanbHas nommmepusauus. J1.: Xumus, 1985.

15. TlpakTHKyM 110 XUMHH U (PH3HMKE [10JHMEPOB / Tloa pea. B.®. Kypenkosa. M.
Xumus, 19935.

16. H.A. I'lnar3. OcHOBBI XUMHH ¥ TEXHOJOTHH MOHOMEPOB yuebuuk / H. A.
[Liata, E. B. C;mBunckuii. — M.: Hayxa, 2002, — 696 c.

17. Topenue, AecTpyKuMs U CTaOMIN3ALMSA [IOTMMEPOB (noz. pex. I'.K. 3ankosa).
CI16: HOT. 2008. 422 ¢
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18. B.W. KiienuH. BbICOKOMOJIEKY/ISIpHBIE COCAMHEHUA. /B.W. Kienun, 1.B.
®enycenko. CI16: M3a. «Jlauby. 2013.512c.

19. Bounanerosa JL.U. [TonumepHbIe KOMIO3HIHOHHBIC MATEPHATIBI (uactb 1):
yueGHoe nocobue / JLU. bonnanerosa, B.I'. bounaneros. — Tomck: M3a-Bo
ToMCKOro NMoJIMTEXHUYECKOro YHUBEPCHTETA, 2013.-118c.

JIOTTIOJIHUTEJIbHAS JIMTEPATYPA K PA3JIEJTY 1

1. H.A. Inars. MakpoMoJieKy IsipHbIe Peaklnn B pacIliaBax i CMecsX IOJIMMEpPOB
/ H.A. TTnats, A.J1. JIutmanosuy, 51.B. Kyapasues. M.: Hayka. 2008. 380 c.

7. J1. HusibceH. MexaHnueckue CBOHCTBA M0JMMEPOB 1 TOJMMEPHBIX
xomnoszuumit. M.: Xumus.1978.

3. [poMBILLICHHBIE NOJMMEPHBIE KOMITO3HIIMOHHBIC marepuaisy/IToa pea. M.
Puuapacona. M.: Xumus, 1980.

4, CripaBOYHMK 110 KOMITO3HIIMOHHBIM MATEpHaIaM / Tlon pen. Jx. Jlio6una. KH.
1, 2. M.: MamumHOCTPOCHHE, 1988.

5. TTpuHUKITBI CO3/1aHUS KOMITO3NIMOHHBIX nosmmMepHbIx Matepuanos / C.A.
Boabsdeon, A.A. bepaun, B.I'. Ommsn, H.C. Enukosnornos. M.: Xumus, 1990.

6. Duumknonenus nonumepos. T. 1-3. M.: CoB. SHUMKIONCIN, 1972-1978.

7. T.H. baprenes, A.I'. baprenesa. PejlakcalOHHBIC cBoiicTBa noauMepoB. M.
Xumus, 1992,

OCHOBHASI JIUTEPATYPA K PA3JIEJLY 2
. A.A. Tarep. ®U3HKO-XUMUA [10JIAMEPOB. W3, yereproe /mo. ped. A.A.
Ackaznckoro. M.: Hayunpiit mup. —2007. - 576 ¢

2. B.E. 'ynb. CTpyKTypa i MEXaHUYCCKHE cBoiicTBa nosiuMepos : yueOuuk / B. E.
['yas, B. H. Kynesnes. — M.: JlaGupunt, 1994. — 367 c.

3. I'.H. baprenes, A.I'. baprenesa. PejlakcallOHHbIC cBoifcTBa NoaUMepoB. M.:
Xumus, 1992,

4. TIpMHUMIIbI CO3IAHMS KOMIIO3HLIMOHHBIX NOJMMEPHDIX matepuaios / C.A.
Bosbdeon, A.A. bepaun, B.I'. Ouimsn, H.C. Enukononos. M.: Xumus, 1990.

5. T.M. baprenes. [IpouHOCTb 1 pa3pyLICHHE MOJTUMEPOB. M.: Xumusi, 1984.

6. b. Bynzaepaux. Gusnka MaKpOMOJICKYJI. M.: Mup, 1978.

7. Y. Yopa. MexaHndeckue CBOHCTBA TBEP/BIX TIOTHMEPOB. M.: Xumus, 1974.

8. 10.K. Tonosckuit. Terodusnka nonumepos. M.: Xumus, 1983.

9. I'.B. Bunorpanos, A.Sl. Mankut. Peosiorus 1noJnMepos. M.: Xumus, 1977.

[a—

14



10.JI. Hunbcen. Mexanuyeckue CBOMCTBA MOJUMEPOB U IMOJTMMEPHBIX
KoMrno3uuuid. M.: Xumus.1978.
11.B.H. Kynesunes. Cmecu nonumepos. M.: Xumus, 1980.

JOITOJIHUTEJIbHAS JIMTEPATYPA K PA3/IEJTY 2

1. bonnanerosa JI.LU. [TonrumepHble KOMNO3MUMOHHBIE MaTepUabl (4acThb 1):
yueOnoe nocobue / JI.LU. bounanerosa, B.I'. bonganeros. — Tomck: U3a-Bo
Tomckoro nonurexunyeckoro yuusepceurera, 2013. - 118 c.

2. P.JI. Aunpuesckuii. HanoctpyktypHbie matepuanst / P. A. Anapuesckuii, A.
B. Parynsa. — Mocksa : Akagemus, 2005. — 192 c.

3. BoslokHHMCTBIE KOMIIO3ULIMOHHBIE MaTeprasbl / noa peaakuueit M. X.
Hlopwoposa. — Mocksa : MawmnHocTpoenue, 1983. — 320 c.

4. A.W. I'yces. Hanomatepuasbl, cTpykTypbl, TexHosoruu /A. U. I'yce. —
Mocksa : @usmaraut, 2007, — 416 c.

5. MarepuasnoBeieHue ¥ TexHosiorust marepuanon. B 2 vactax. Y. 2 /I, I1.
®ertucos [u ap.] ; orBercTBenHbli pepakrop I'. I1. derucos. — 8-e usn.,
nepepad. u gon. — Mocksa, 2019. — 389 c.

6. B.A. Poros. TexHonorust KOHCTpYKLUHOHHBIX MaTtepuasos. Hanorexnosnorum :
yueOHuk 151 By30B / B. A. Poros. — 2-e u3n., nepepad. u gon. — M., 2019,
— 190 c.

7. YO.I1. Connues. HanorexHosnoruu u cneuuanpuele Marepuaisl / 1O, I1.
Connues, E. U. Ipsaxun, C. A. Bonorkauuna, A. I1. Ilerkosa. — CIIG :
Xumuzaar, 2009. — 336 c.
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Hosropoa: Hukeropoackuii rocynusepcuter. — 2012, — 90 c.

. 10. ABepko-Anronosuy, P.T. bukmysinn, MeToas! ucciie10BaHus
CTPYKTYpbl U ¢BOiCcTB nosumepos. Kazaues: M3a. KI'TY. —2002. - 604 c.

3. 10.K. I'onosckuit. Tenopuszuka nomumepos. M.: Xumusi, 1983.

4.1".B. Bunorpanos, A.fl. Mankun. Peosiorust nonumepos. M.: Xumus, 1977,

5. JI. Hunbcen. Mexanuueckue CBOMCTBA [OJIMMEPOB U MOJIUMEPHBIX

KOMITO3uUMi. M.: Xumus.1978.
6.P. Jlparo. ®usuueckue meroanl B xumuu. T. 1, 2. M.: Mup, 1981.
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