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BEJITTVIEYJIEP MEH KBICKAPTYJIAP

TA — TEPMUSUIBIK TaJAay

TG — aTepMOTIPABUMETPUSIIBIK TaJaay

DTG — mudpepeHImanab TepMOrpPaBUMETPHS

DTA — mudpepeHIuanabI-TePMUSIIBIK TaJI1ay

DSC — mudpepeHImanabl-ckaHepiaeyil KaJopuMeTpHs

ICTAC - International Confederation of Thermal Analysis and Calorimetry
(XanpIKapasablK TEPMHUSUIBIK TAJIAY KOHE KATOPHMETPHS
KOH(eAepaIUsIChI)

n-O0I'd  — nonudTUICHTIUKOIb(Pymapat

AK — aKpUJ KBILIKbUIBI

KIIHI — KaHbIKIaFaH NoJu3(UpPIIl ManlbIp

MEMCT — meMJIeKeTTIK cTaHaapT

K.C. - KBIIIKbUI CaHBI

I'.C. - TUIPOKCUJI CaHbl

K — UHGPaKbI3bLUT

MC — Macc-CEKTPOMETPUS

SIMP — SITPOJIBIK MAaTHUTTIK PE30HAHC

FT-IR — Fourier-transform infrared spectroscopy (pypbe Typiienaipyi 6ap
UHQPAKBI3BLI CIICKTPOCKOTTHS)

KAC — Kuccenxep-Akaxupa-CaHoy3 afici

oy — OzaBa-OnounH- Yot amici



KIPICIIE

KYMBICTBIH ~ KaJINIbI cunarramacobl.  JluccepranusuiblK — KYMBIC
MOJIMATUIICHTIIMKOIb( yMapaTieH aKpuil KbIIIKbUIBI COMOJUMEPIIEPIHIH TEPMHUSIIBIK
JNECTPYKIMSICBIHAAFE TEPMOXUMUSUIBIK ©3T€pICTEP/AIH EpEeKIIENIKTepIH 3epTTeyre
apHanraH. JKyMbICTa COMONUMEPJEPAIH KHUHETUKACHl MEH BbIJbIpay MEXaHU3MIH
AKCTIIEPUMEHTTIK 3€PTTEY >KYPri3iii.

JuccepTanusibIK KyMbIc 03eKTijiri. Kasipri yakeitra Oipereii >koHe KYHJIbI
KacueTTepi Oap ’kaHa MaTepuaiiapra TYpPakTbl cypasbic Oap. [lomumepnepnin
TEPMUSUIBIK BIABIPAY MPOIIECIH KaH-KaKThl 3ePTTEY OHIMILIIT KaKCapThUIFaH jKaHa
MaTepuaIapAblH JaMyblHa OKeNyl MyYMKiH. TepMUSIIBIK AECTPYKIMS MEXaHU3MIEPIH
TYCiHYy MOJMMEpJIl MaTepUaIAapAbl KOJIere JKapary jKoHe KailTa eHAey MpolecTepiH
OHTAWJIAHJBIPYFa KOMEKTECE 1. 3epTTEY HOTHKECIHJIE aJIbIHFAH MAJIIMETTEP 9PTYpJl
cayanap, MeIMIMHA, ayblJ IaPyallIbUIBIFBI )KOHE T. 0. YIIIIH Maigaisl 00Iybl MyMKIH

XKana momumepii 3atTapabl (moauddupiepl) MakcaTThl TYple >Kacay KoHe
OJIap/IbIH KaCHETTEPIH 00JDKAy OChI 3aTTapAblH TEPMOKWHETUKAIIBIK CUITATTaMallapbiH
O0JKaYIBIH KETKUTIKTI CEHIM/I1 9AICTEPIHCI3 MYMKIH emec. bormmkamaap KWHETUKAIIBIK
TaJaayabIH JKETKITIKTI 91 oficTepl KOJAaHbUIFaH Ke37e FaHa CeHIMIl 0oJia ayiajibl.
AppeHuyc TeHJIEyIHIH MapaMeTpiepl (PKCIOHEHIUAMAbl (DAKTOp KOHE aKTHUBTEHY
OHEPTHUACHI) E€PEKIe KbI3bIFYIIBUIBIK TYABIPAIbl. TEPMUSIIBIK bIABIPAYbl AKTUBTCHY
DHEPrUACHIHBIH IIaMaChl MOJHUMEPJEPAIH JKOFapbl TeMIepaTypara Te3IMAUIIIH
CUMATTAUTBIH KOHE TEPMUSIIBIK BIABIPAY, KapTaro >KoHE MOJMMEPIIl MaTepuaIaapabl
TYpPaKTaHIBIPY MEXaHU3MIEPiH 3epTTeyae KOJIIaHbUTAThIH MaHBI3/IbI
KepceTKiTepaiH Oipi Oombin TaObutanbl. byn 61311 tepmorpaBumetpusiabl (T1),
mupdepenunanapl TepMusblK Tangayabl (JITA) xkoHe NMHAMHKaNbIK CKaHEpJey
kamopumetrpin  (JCK) Ttanpmay nepektepiH maijanaHa  OTBIPbIN, MpoLEcc
KBUIIAMIBIFBI, KOHBEPCHUS IOPEKEC] MEH TeMIIepaTypa apachlHIarbl MATEMaTHKAJIBIK
KAaThIHACTAP/Ibl OpHATYFa OAaFbITTAIFaH KYMBICTAP KJIachlHA oKeleal. EH oHall »KoJbl
KHUHETUKAJBIK TpUILIETTI - A, E, u f(a) miu g( ) Oip >KMBIHTBIFBIH CUIIATTAY YIIIH JKHi
KOJIIaHBUIATBIH TEPMUH, aHBIKTAy OONBIN TaOblmaabl. KaTTel 3aTTapAblH, COHBIH
IIIHIE TEPMUSIIBIK BIABIPAY pEaKUUsIapbIHBIH KAaThICYBIMEH OOJIATBIH peaxiusiiiap
KaTThl PEareHT IMEH peaklus OHIMIHIH peakius alMarblHBIH JIOKaJIU3aIUsChIMEH
CUMATTaJIaThIH TOMOXUMHUSIIBIK MPOLIECTEP IIH €PEKINe KIaChIHA )KAaTaIbl.

Axkanemuk E. A. bexeroB artwbiHmarbl KaparaHabl yHUBEPCHUTETIHJE,
OpPTaHUKAJBIK XHMHS KOHE MoJuMepiiep KadenpacklHma KOmTereH KbuUigap Ooibl
KaHBIKMIaFaH TMOJIMA(PUP IIAWBIPIAPBIHBIH COTOJUMEPJICPIHIH CHHTE3CY JKOHE
KACHETTEpIH 3epTTey OOWBIHINA 3epTTEyJIep COTTI KYPri3umm Keledi, Oy Korapbl
PEUTHHTTI JKypHAJIJApAarbl KONTEreH OacbulbIMIapaa KepiHemi.  AJIIBIHFBI
KYMBICTapAa 013 KaHBIKIAFaH MOIMAPUP MankIpIapbiH OipKaTap KaHbIKIIaFaH KapOOH
KBIIITIKBUIIAPBIMEH  PAJUKaJAbl  COMOJUMEPIJICY apKbUIbI OYHipiiK —Ti30eKTepae
KapOOKCHJI TOMNTapbl Oap KoHE KOpIIaFaH OPTaHBIH OPTYPJl ©3repicTepiHe
CE3IMTaJIBIKTHI KOPCETETIH COMOJIMMEPJIEP/II CUHTE3ETIK.

byn aucceprauusibK *KyMbIC OacTankKbl MOHOMEPJIEPAIH 9PTYPJIl KaTbIHACKI
Oap  MONMATWICHIIUKOJNbGyMapaT  JKOHE  aKpui  KBIIIKBUIBI  HETI31HAETi
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COTIOJTUMEPJICPIEPIH  (PU3NKA-XUMISUTBIK KAaCUETTEpiH 3epTTeyre OarbITTalFaH
FBUTBIMHU-3€PTTEY )KYMBICBIHBIH KaJIFAChl O0JIbIT TaObLIaIbI.

JluccepTanMsiJIbIK KYMBICTBIH MAaKCATHI - TMOJUATHWICHIIIMKOIbGyMapar
YKOHE aKpUJI KBIIIKBLIbI HET131HAET1 COMOIMMEPIIEPIH TEPMUSIIBIK bIIBIPAYBI KE€31HIE
KYPETIH TPOLECTEPAl 3epTTey, TEPMOJECTPYKIUS MPOUECTEPIHIH KUHETUKACHIHBIH
EPEKIIETIKTEPIH JKOHE OJIAPJbIH MaTeMaTHUKaIbIK MOJIEIbICPIH THIM/II €CEeIKe aly
YIIiH opTYpJl (haKTOpJIapAbIH 9CEPIH 3epPTTEY.

3eprTey MiHAeTTEPI:

- CHHTE3/ICNTeH NOJUATHICHTIUKONbpyMapar >KoHE aKpPWJI KbIIIKbLIbI
COTIOJIMMEPIIEPIHIH KYpaMbl MEH (PU3HKA-XUMUSIIBIK KACHETTEPIH 3EPTTEY;

- KUHETUKAJBIK dicTep MeH nuddepeHuranapl CKaHepiey KalopuMeTPHUsIChIH
KOJIJTaHa OTBIPHIT, OPTYPJIIi CYHBIK OPTaIaFkl COMOJIMMEPIIEPIIH dPEKETIH 00IDKay;

- CKaHepiyeymi  d3JeKTPOHIBl  MHKPOCKOINTHIH  KOMETIMEH  IOJIHMEp
MaTPHUIACBIHBIH KYPBUIBIMBIH KAJIBIITACTHIPY MEXaHU3MIH aHBIKTAY;

- Op TYpAl KypamJiarbl MOJMATUIICHTJIMKOIb()yMapaTneH aKpWil KbIIIKbLUIBI
COTIOJIUMEPJIEPIHIH KOHE AECTPYKIUS OHIMIEPIHIH 2JIEMEHTTIK KYpPaMblH aHBIKTAY;

- ®puman-Koppon, Axap, [llapmn-YsHTBOPT CBIBBIKTBIK Iu]hepeHIIra bl
onictepin xoHe Koyrc-Pendepn uHTErpasapl 9iCIH KOJJIaHAa OTBHIPHIT, TEPMUSIIBIK
BIIBIPAY/IBIH KHHETUKAJIBIK TTapaMeTpIIepiH aHbIKTAY;

- COMOJUMEPJIEPIH TEPMUSIIBIK bIJbIpAy MPOILECIHIH KHUHETHUKAIBIK >KOHE
TEPMOJUHAMHKAIBIK  IMapaMeTpepiH  KUHETHKAIBIK  JEPEKTEPAi  CHI3BIKTAy,
M30KOHBEPCHUSIIBIK OICTEPMEH JKOHE CBI3BIKTHIK €MeC JKYBIKTay KypajaapbiMeH
aHBIKTAY;

- 1-DI'®: AK cononumepiepiHiH TEPMUSIIBIK bIABIPAY MEXAHU3MIH AECTPYKLIHS
OHIMIEPIH (DU3NKA-XUMUSIIBIK TAJIJIAy apKbUIbl 3€PTTEY;

- perpeccusUIbIK TalAay SICiH KOJIaHa OTBIPHII, COTIOINMEPICPIIH TEPMUSITBIK
BIIBIPAY TPOLIECIHIH KWHETUKAJIBIK JKOHE TEPMOJMHAMUKAIBIK IapaMeTpiiepiH
aHBIKTAY;

- TEPMUSUTBIK JIECTPYKIIMS IPOIIECIHIH MaTeMaTHUKAJIBIK MOJEIIIH aBTOMATTHI
TYpJIe Kypy YIIiH OaFaapiamMaibiK jkacaKkTama skacay.

3epTTey HBICAHAAPbI. 3€pTTEy HBICAHAAPHI PETIHIAE YII HSKBUMOJSPIBIK
kareiHacta (7,95: 92,05 moa. %, 44,05: 55,95 mon. %, 89,05: 10,95 mon. %)
CUHTE3/ICITeH MOJMATUIICHTIIUKOIb()yMapaT koHe aKpHJI KBIIIKBLIBI COMOJIMMEpIepi
KOJITaHBUIBI.

3eprTey omicTepi - TEpPMOIPaBUMETPUSUIBIK Taygay, AuQdepeHuanibl
CKaHepJeylll KaTOPUMETPHs, TeNb-0TKI3T1I XPOMOTOrpadusChl, APOIbIK MATHUTTIK
PE30HAHC, CKaHEPJIEYIi SJICKTPOHIABl MUKPOCKOMHUS, WH(QPAKBI3BLI CHEKTPOCKOMHS,
XpOMaTo-Macc-CneKTpoMeTpusi, auddepeHnnanipl KUHETUKAIBIK oaictep, Koartc-
Pendepn  unrerpanmast  omici, ®puaman  xoHe  DnmHH-O3aBa-Y 0JUIIBIH
M30KOHBEPCUSIIBIK 9/IICTEP1, MapaMeTPIIiK eMeC KHHETHKA dIIC1, PETPECCUSITBIK Talaay
OMICTEPI, HOTHUKENEP/Il CTATUCTUKAIIBIK OHJIEY .

AJIBIHFAH HOTH KeJIePAiH )KaHAJIbIFbI MEH MaHbI3IbLIBIFBIH Heri3ey:

- TEPMOTPABUMETPUSIIBIK TalNayAblH HW30TEPMUSIIBIK €MeC JePeKTEepiH
naijjamana OTBIPHII, aJIFall PET MOJUATUICHTIUKOIb(YMAPATICH aKpU KBIITKBIIBI
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COTOJIUMEPJIEPIHIH ~ KHUHETUKAJIBIK JKOHE TEPMOAMHAMUKAIBIK IapameTpiepl
aQHBIKTAJIIBI. Op TYPAl ouicTepll KojiaaHy (uHTerpanabl, auddepeHnnanbl,
M30KOHBEPCUSIIBIK, PErpPEeCCHsUIBIK) TMOJUMEPNIEPiH bIAbIpay KHUHETHUKAChl MEH
TEPMOJIMHAMMKACHI TYypasibl JONIPEK >KOHE TOJBIK MOJIIMETTEp allyFa MYMKIHIIK
oepeni. by o3 keserinae MarepuaniapAblH TYPAKTBUIBIFBI MEH OCPIKTITIH TYCIHY/IE
HICIIYII PO aTKapaJibl )KOHE OJ1ap bl MPAKTUKAIBIK KOJITAHY YIITH MaHbI3IbI.

- OpTYpil  (QUBMKA-XUMHSUIBIK — TallJlay OICTEpiH  KOJJaHAa  OTBIPHIII,
MOJIMATUJICHTIIMKOIb(yMapaTeH aKpui KBIIIKBUIBI COMOJMMEPIEPIHIH  BIABIpAY
MexaHu3Mi anram per 3eprrenmi. [lomumepnepaiH bLABIpay MeXaHHU3Mi BIIbIpAY
YKOJITaphl MEH OHIMJIEP1 Typasbl akmapat oep/ii, Oyi1 opTypJIi caanapaa SKOIOTHSIIBIK
Taza XoHE (YHKIMOHAIIL MaTepHaijapabl jkacayra MYMKIHAIK Oepexi. JKana
OouoderpafauMsIaHaTBIH - MaTepUaiapAbl d3ipJey KoHE OJapIblH KacHUeTTepiH
OHTAWJIAHBIPY YIIIH i€ MaHbI3Ibl OOTYbl MYMKIH.

- 3epTTey HOTHXKEJEPIH TOJUMEPICPIIH TEPMUSIIBIK J€CTPYKIUACHIHBIH
MaTeMaTUKaJIbIK MOJIEJBACPIH KYpYy aJrOpUTMIH KYypy YIIIH mHaiigananyra OoJiajibl.
OCBIHBIH HETI3IHIE TEePMOTIPABUMETPUSIIBIK MOJIMETTEP/l OHICYAl KEHUIIETETIH
KOHE Te3/IeTETIH KHUHETHKAJIBIK napameTpiepai ecenTey IPOLIECiH
aBTOMATTaH/bIPaThIH Oar/apiiaMaliblK KamMTaMmachl3 €Ty kacauibl. barmapnamaibik
KaMTaMachl3 €Ty COHBIMEH KaTap 3epTTeYJEP/IiH ISJIIr MEH KalTalaHy MyMKIH/IIT1H
KaKcapTa ajalibl JKOHE Ipreiii 3epTTeysiep VIIIH Je, MOJUMEpP *KOHE KOMIO3UTTIK
MaTepuaiap CaJachblHAAFbl KOJJAHOAIBl Mocenenep YUIIH e naijanbl O0oTybl
MYMKIH.

FouibiMu 1amMy OarbITTapblHA HeMece MeMJIEKeTTIK Oaraapiamajiapra
carikecTiri. XXymbic «KypbulbIC )oHE KOpFaHbIC ©HEPKACIOIHIH KaXKETTUTIKTEP] YILIH
KaHbIKIIaFaH MOIUA(PUPJIIl IaibIpiaap HET131HAET1 XKaHa TePMETUKTEP MEH >KeJIMIep/l
Kacay»  TaKbIpplObl ~ OOWBIHIIIA  OaFmapiaamMaiblK-HBICAHATIBI  KAPXKBUIAHIBIPY
mreHoepinae xyprizinai (2021-2023 rr., BR10965249-0T-23).

TeopusiJbIK Ko9HEe NPAKTHKAJIBIK MaHbI3AbLILIFBI. bi3NiH pecmyOnnka
ayMarbIHJIa Ja, OYKLI ojeMjie jJe Oap TEePMUSIIBIK Tajaay OMICTEPiH alTapibIKTait
OHTaMNIaHBIPY MYMKIHIIT1. [IpakTHKaIBIK 3€pTTEYIEP/IIH OH HOTIKENEP1 d/licTeMe e
7€, TIOJIMMEPITl IIalbIpJIapAblH MPAKTUKAIBIK OHIIPICIHIE 1€ KONTEreH Macelenep/ii
IIeIIe aaaibl.

TepMmusiiblk  Tanmpay 3epTTeyliepl >KOFapbl MOJICKYJAIBIK MaTepualaapibl
3epTTeyae MaHbI3bl (paktopra aiHamyna. OcbklFaH OalIaHBICTBI KUHETHUKAJbBIK
ecenTeysiep YIIiH TePMUSIIBIK Taijay NEePEeKTEepiH KWHAY OOWBIHINA YCHIHBICTAPIBI
a3ipJiey KaXKETTUIIr TYBIHJIAWAbI, OYJ1 TepMOAHAIM3ATOPJIAP/IbIH JKaKCapyblHA JKOHE
JION KYMBIC 1CT€YIHE BIKMaJ eTenl. bys TepMorpaMmanapibl TipKey napameTpiepiH
JKOHE OJIap/bl KEWIHT1 OHJeY/l OHTalJIaHIbIpyFa MYMKIHIIK Oepeni. byrinri tanma
TEPMUSIIBIK JKaOJBIKTBI OHAIPYMEH alHAJIbICATBIH MaMaHmap, OACTTE, JKOFAPHI
MaMaHAaHABIPBUIFAH OJICTep MEH OarmapiiamManapibl KOJIJaHaJabl, Oy opKallaH
OapIBIK MOceIeNnep i menryre MyMKIHIIK OepMen/Il.

Koprayra ycbIHBLUIATBIH HETi3ri KaFuaaaap:

1. TMonwsTuneHrmmkogb(pyMapaTieH akpuil KhIIMIKBLIIBI COMOJMMEPIICPiHIH
ICIHyl MEH TEpPMUSUIBIK TYPAKTBUIBIFBIHA OPTYpil (akTopiapasH (Temmeparypa,
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epITKIIITEPiH, TY3AapAblH OO0NIybl, dCEp €Ty yakbIThl) ocepi 3eprrenai. [[-DI'D:AK
7,95: 92,05 moi1. % comosumMepi YIIIiH MaKCUMAJIBI 1CIHY JI9pexect omax—=305,81%. I1-
OI'd:AK 89,05:10,95 mon. % comonmmepi ICIHTEHAE TY3/bl JKOHE TYIIBI Cyjaa
WHBAPUAHTTHl KWHETUKAIIBIK IapaMeTpiiepl TOMEH MOoHJIEpre ue O0oJiabl >KOHE
COMOJUMEDP KYpPaMbIHIaFbl KaHbIKIAFaH MOJUA(DUp MIalbIpAbIH YJIECl a3aiffaH cailbiH
kerepuieni. Jduddepenumanapi-ckanepiiey kamopumeTrpus HoTkenepl m-O1'd:AK
7,95:92,05 Moi1. % KypambIHBIH 1CIHTE€H COTIOIMMEPIIEP] TEPMUSIIBIK bIIbIpAY KE31H1e
(taza cynma 1259,917 JIx/r xone nac cyna 795,441 JI/r) buly CiHIPY apKbUIbI CY
OeJeTiHIH KOPCEeTTI.

2. TlonusTUIEeHTIMKOIb(pYMapaTHeH aKpui KBIIIKbUIBI COMOJMMEPIICPiHIH
TEPMUSUIBIK bLABIpay KHHETHKAachl Axap, Lllapn-YsutBopr *)0He dpuman-Ksppoi
mudepeHnuanapl  OMICTEpiH KoJAaHa OTHIphIT  3epTrenmi. Ocbl  omicTepMeH
ecenrtenreH n-OI'D:AK 7,95:92,05 mon. % comonuMepi YIIiH HMHEPTTI OpTaja
aKTUBTEHY dHEPTHUsACHIHBIH MoHJIepl 104~153 k/I>/Monb apanbiFrbinga, an n-O0'd:AK
89,05:10,95 momn. % kaTterHack! yiriH MoHaep 90~130 k[ / MoJIb apalIbIFbIH/Ia O0JIa b
(aya atmocdepacsinna 15-20% TeomMen).

3. ComnonumepiepaiH TEPMUSIIBIK bIIBIPAYbl 3€PTTEN/lI KOHE CHI3BIKTHIK
KYBIKTAY  apKbUIbI MOJIMATUIICHTIIUKOIb(G yMapaTiexH aKpuia  KbIIIKbUIBI
COTOJIUMEPJIEPIHIH ~ TEPMUSUIBIK  BIIBIPAYBIHBIH ~ KUHETHKAJBIK  IMapaMeTpliepi
anbIKTanael. 7,95:92,05 xome 89,05:10,95 mon. % kypampapeiMern n-DI'd:AK
COTIOJIUMEPJIEPIHIH ~ TEPMHSUIBIK ~ Tajjaybl  COMOJUMEPIEPIIH  TEPMUSUIBIK
nectpykuusicel 150-nen 550 °C-ka geitin (a3otr atMmocdepacwinna) xoHe 150-meH
700°C-xka neiiiH  (aya armocdepacbiHia) OOJATBIHBIH KOPCETTI.  OpTypil
MOJICJIbJIEPIMEH AJIBIHFAH aKTUBTEHY SHEPIHSCHI IIaMallbl ©3rep/il KOHE 1C JKY31HJIEe
TEPMUSUIBIK JECTPYKIIUS KYPT131IT€H SKCIEPUMEHTTIK JKyHere Toyesn i 00JIMalThIHbIH
KOPCETTI.

4. ChI3BIKTBIK €MEC KYBIKTAY apKbUIbI TTOJUATUICHTIUKOIb(YMapaTIeH aKpuil
KBIIITKBUTBI COTIOTUMEPJICPIHIH TEPMUSIIBIK BIIBIPAYBIHBIH TEPMOIMHAMUKAIBIK JKOHE
KMHETHKAJIBIK TapaMeTpiiepl aHbIKTAIAbl. ©Op Typal OIICTEpPMEH  aJIbIHFaH
KMHETHKAJIBIK TapamMeTpiiep >KakKchl coiikecTiriH kepcerrti. /7,95:92,05 mon. %
KypambiHaarel M-I’ @:AK comonmumepi yIIiH TEPMUSUIBIK BIABIPAYABIH aAKTUBTCHY
sHepruachiHblH MoHAepi (Ea = 204.10+1.16 x/x/momp) 89,05:10,95 mon. %
Kypambiaaarel m-OI'®:AK conmonumepimen canbicteipranaa (Ea = 199,21£11,06
k/[/Monb) sxorapbl 0onabl. ComoauMepiepaiH TEPMUSUIBIK bIAbIpAY MEXaHH3MI
seprTenai. KoceumbicTapabH OY3bUTYbI Cy MOJIEKYNalapblH KYBICTaH, COAaH KeWiH
aKpWJ KBIIIKBUIBIH IIIBIFAPYAaH, COHBIHJA KaHBIKIIAFaH IMOIMI(PUP IaHBIPBIHBIH
TEPMOJCCTPYKIIMACHI OpBIH ananael. JKorapbl TeMIiepatrypaja COMOJIUMEPIIEPIiH
BIIBIPAYbl HET131HEH MOJMATUIICHTIIMKOIb(YyMapaTThlH 3(hupiik OaliaHbICTaphl
apKbUIBI XKYpei, koHe a3 Memepae CO; ra3bl OosiHe .

ABTOPJABIH JKeKe YJieci - DKCIePUMEHTTIK >KYMBICTApABl JKYPri3zy
(cuHTE37Cy, ChIHAMa JalbIHAay, (DU3UKA-XUMUSIIBIK OICTEPMEH Tannay), omeou
JEPEeKTEP/ 1371ey JKOHE JKAIbUIAY, 3ePTTEy HOTHKEJIEPIH OHCY, COHAAN-aK FHUILIMU
JKETEKIIIl MEH IIETEIIK KOHCYJIbTAHTTAPJbIH KAThICYBIMEH aJbIHFaH HOTIDKEIEp/l
TaJKbLIAY.



JIOKTOpaHTThIH 9pOip KapHsUIaHBIMIIbI JaiiblHAayFa KOCKaH yJecl oaebu
JKOHE aKbLIbl 13/I€y JKYPridy, ajblHFaH HOTIDKENEPl TYCIHAIPY, >KypHaagapIblH
peakuusIChIMEH JKOHE PELIEH3eHTTEPMEH XaT aliMacy, COHJIali-aK KeJiecl MaKajanap/a:

1. «The use of differential calculation methods for the destruction of copolymers
of polyethylene glycol fumarate with the acrylic acid»
https://doi.org/10.31489/2020Ch3/4-10 -  op Typii opTama COHOJUMEPJICPIiH
TEPMOTPaBUMETPUSIIBIK Tangay xyprizyi, ®puman-Kappon, Axap xone [lapn-
YouTBOpT MUdGEpeHIHANIB OMICTEPIMEH TEPMUSUIBIK BIABIPAYIBIH aAKTHBTCHY
DHEPTUSACHIH ECENTEY;

2. «Integral Ways of Calculating the Destruction of Copolymers of Polyethylene
Glycol Fumarate with Acrylic Acid» https://doi.org/10.1134/S0036024421100034 -
comoyMuMepiepain TepMusuiblk  Tangaybl, Koyrc-Pendepn xome Kuccunmxkep-
Axaxwupa-CaHy3 HHTETpaIbl 9/IiICTEPIMEH aKTUBTEHY SHEPTHACHIH €CEIITEY;

3. «Study of Thermal Decomposition of the Copolymer Based on Polyethylene
Glycol Fumarate with Acrylic Acid» https://doi.org/10.1155/2022/3514358 -
COTIOJIUMEPJIEP CUHTE31, TEPMOTPABUMETPHUSUIBIK Taljay XKyprizy, @pujiMan >xoHe
Kuccunmxkep-Axkaxupa-Cany3 oficTepiMeH TEPMUSUIBIK JE€CTPYKIUSHBIH aKTUBTCHY
DHEPTUACHIH  €CeNTey, HWHBAPUAHTTHI-KUHETUKAIIBIK  TapameTpiiep  9iciMeH
KUHETHKAJIBIK MapaMeTpiiep/il aHbIKTaY;

4. «Kinetic parameters of thermal destruction of the copolymer of polyethylene
glycol fumarate with acrylic acid in inert medium» https://doi.org/10.15328/cb1260 -
WHEPTTI OpTaja COMOJUMEpJIepre TEPMUSUIBIK Taumay >Kyprizy, dpuaMaH >KoHE
Kuccenmxep-Akaxupa-Cany3 oJICTEpIMEH TEPMUSIIBIK bIABIPAYAbIH aKTUBTEHY
DHEPTUSACHIH  €CENTey, WHBAPWAHTTHl KHHETHKAIBIK IapaMeTpiiep OIiCiMeH
HKCIIOHEHIMAJIbl KOOSHTKII IEH PEeaKMsi MOJCIIH aHbIKTaY;

5. «Study of thermal stability and determination of effective activation energy
values during degradation of unsaturated polyester copolymers in the air atmosphere»
https://doi.org/10.31489/2022Ch1/86-91 - aya armocdepacblHa COMOJUMEpPIIEPTe
TEPMOTPABUMETPUSIIBIK TNy JKYPri3y, U30KOHBEPCHSUIBIK JIICTEPMEH TEPMHUSIIBIK
BIIBIPAY/IBIH AKTUBTEHY SHEPTHUSICHIH €CETITEY;

6. «Effect of Heat Treatment on the Supramolecular Structure of Copolymers
Based on Poly (propylene glycol fumarate phthalate) with Acrylic Acid»
https://doi.org/10.31489/2959-0663/2-24-9 - cornoaumepIep CUHTE3I,
COMOJIUMEPIIEPre TEPMOTPABUMETPUSUIIBIK TalJay KYprizy, YJATUIEpAIH NUPOIU3
OHIMJIEPIH ally, TaJJayJblH (U3UKA-XUMUSIIBIK OIICTEpl HETI31HAE COMOJUMEP/IIH
TEPMUSIIBIK BIIBIPAY MEXaHU3MIH CHUTIATTAY.

KapusiiansIMaap KoHe JKYMBICTBIH ampodamusicel. Jlucceprarus
TaKpIpbIObl  OOMBIHIIA 6 JKYMBIC >KapusUIaHnbl, OHBIH imiHzae: Kazakctan
pecnyOnuKachl FUIBIM KQHE KOFapbl 011IM MUHHMCTPIIITIHIH FBUIBIM KOHE YKOFAPHI
OUTIM caiachIHIAFbl CalaHbl KamMTamachki3 €Ty KomureTi yceiHFaH OacbutbiMaapnaa 4
makana (Bulletin Of The Karaganda University, Chemical Bulletin of Kazakh National
University), Web Of Science xoHe Scopus MomiMertep 0a3achiHa KIpeTiH
XaJbIKApaJbIK PeleH3usIanFa xypHainapaa 2 makana (Russian Journal Of Physical
Chemistry A 19%, Q4), (Journal Of Chemistry 66%, Q3).

10


https://doi.org/10.31489/2020Ch3/4-10
https://doi.org/10.1134/S0036024421100034
https://doi.org/10.1155/2022/3514358
https://doi.org/10.15328/cb1260
https://doi.org/10.31489/2022Ch1/86-91
https://doi.org/10.31489/2959-0663/2-24-9

Kymbic  HOTHKENEpl  XalbIKapalblK  KOH(pepeHuusuapaa  OasHAaabL:
«HccnenoBanue TEPMUYECKOTO Pa3NoKEeHUS COMOJUMEPOB
MOJIMATUJICHTIIMKOIb(yMapaTa ¢ akpuiioBol kucioroi» CoBpeMeHHbIE MPOOIEMBbI
HayKu o nonumepax: ¥Y30ekcko-Kazaxckuit cummnosuym (Tamkent, 2020); «['enp -
MPOHUKAIOIAss XpoMoTorpadus B HCCIEIOBAHWM HEHACBHIIICHHBIX MNOJUA(UPHBIX
cmoi», «Teopernueckass M OJKCINEpUMEHTalbHas xumus». Marepuansr VI
MexayHapoiHON Hay4dHO-TIpakTUueckoi koHdepennuu (Kaparanma, 2023).

3eprrey HoTmKenepi OoitbiHIa "ThermoGrav Activation Energy" OEM ymiin
OarmapiaMalblK KaMTaMachl3 €Ty KYPbULIbI JKOHE aBTOPJBIK KYKBIKIICH KOpPFalaThIH
OO0BEKTIIepre KYKBIKTapJblH MEMJIEKETTIK Ti3UTIMIHE MONIMETTEp/ll €HTI3y Typasbl
Kyaunik anbIHabl (Ne40925).

JAuccepraunsiHbIH KYPbLILIMbI MeH KoJeMi. J[uccepranusibik xymbic 141
Oerre KepceTreH, 17 kecte MeH 52 cyperTi KaMTuabl. JKymbIc KipiclieieH, HET13r1
OemiMHeH (91€0U I0JTy, MPAKTUKANIBIK 06J1IM, HOTHIKEJIEP KOHE OJIap/bl TAJIKbLIAY),
KOPBITBIH/IBIJIAH, MaiigalaHblIFaH 9eOueTTep Ti3IMIHEH (OTAHMABIK JKOHE INETEIJIIK
aBTOpJApAbIH 213 5KYMBICHI) KOHE KOCHIMILIAJAH TYPAIb.
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1 9AEBUETTIK IOJIY

1.1 TepMusuIbIK 3epTTEY dAICTEPIHIH NMaiaa 00JYBIHBIH KbICKAIIA TAPUXBI

XVIl-uni raceipian G6actanm My3 epireH JKarjaija TemiepaTypa TYpPakKThl
OOJIBINT caKTaJaThIHBI Oenrim Oosapl. banky ne3ze kpligaM >KYpMEWTiHI, Oanky
yaKbIThl MY3JbIH MaccacblHa OallaHbICTBl  OOJIaThIHBI, OajKy MpOIECIHAC
TeMIlepaTypa TYPaKThl OOJIBIN KaJaThIHbI OalkanraH. 1724 KbUIbl MIBIHBL YpJIEYIIi
@dapeHredT CcyablH TYpakThl  0apoOMETpiiK  KbICBIMAA  KailHaybl  TYpaKThl
Temreparypaja 600JaTbIHBIH aHBIKTAARI [1]. Bl TypakThl HYKTEHIH allbLTybl SpTYpIl
TUNITET1 TEPMOMETPIIEPAIH TEMIIEpaTyPaIbIK IIKaJalapbiH KYPY YIIIH Hai1aaaHbUIIbL.
bipak 6yn dakrinepai naitnanana oteipbin [xo3ed bk 1755 Kbuibl MONEKYTIAIBIK
(bu3MKaHBIH 6T€ MaHBI3/Ibl YFBIMBI — KaCBIPBIH OaJIKy JKbUTYBIH alnThl [2]. Bridkke aeliin
€MIKIM MY3AbIH €py IMpOLECIH KbUTyAbIH €I9ylp MeJIepiH CIHIpyMEH
OaliIaHBICTBIPFaH JKOK. OJeTTe, OaJKy TeMIepaTypachlHa JIeHIH KbI3IbIpbUIFaH JCHE,
TEMIIEPATYypPaHbl CAJl KOTEPY YILUIH KaKET a3 MOJIILEp/Ie Kby OepreH Ke3ze Oaaku Ibl
nen ceHreH [3]. BIdKTiH AKCIEpUMEHTTEpl *Kalmbl KaObUIJaHFaH TiKIpre Kapama-
Kapchl, OQIKBITY asKTajJFaHHAH KEHiH TepMOMETPIiH KOPCETKIIIIHEH dJAcKai1a Korl
JKBLTY aJlaJibl IETEH TY>KbIPHIMFa OKEJIJII.

1764 sxb11b1 Bk OynanyAbIH KaChIPbIH KbUTYbIH allIThI [4] xoHe DapeHTeUTTIH
CYJIbIH TYPaKThl KallHay TeMIIEpaTypachiH allyblH pacTaisl [5].

bipa3 yakpiTTan keliiH, 1780 *bUIbl A€HEHIH CYIBIK KYHIEH KATThl KYWUre XKoHE
KepiciHie ayblcyblH MaTeMaTuk Jlamnacrnen Oipre JIaBya3be TONBIFbIpaK 3epTTeal [6].
JlaBya3be xacaraH My3 KaJJOpUMETP1 apKbUIbl MYKHUSAT KYPri3uireH Toxipuodenep «oip
KYHJIEH eKIHILI KYWre ayblCaThlH JCHeNep )Kyhecl 0acTaH KellpreH >KapaMbl JKoHE
KOPIHETIH 0apiibIK e3repicTep Kyile OacTankbl KyHiHE OpaliFaH Ke3/e Kepi TOpTINTe
KalTallaHaThIHBIH» KepceTTl [7]. Ochuiaiiina, CynblH My3fa aybIiCybl MY3JIbIH CyFa
aybICybl Ke31HJIe OOJTHETIH KOIl MOJIIIEPAET] KbLTyIbl OAIaHBICTHIPAIBI.

XIX raceIpaplH OIpiHII KapTHICHIHBIH COHBIHA Kapald TEPMUSIIBIK Tajjaay
UJICSICBIHBIH HET131H KYPAWThIH OapJjblK MPUHIUNTED TYKBIPHIMIAIIBI KOHE OHBI
MPAKTUKAJIBIK 1CKE achIPY/IbIH aJIFalIKbl dpeKeTTepl xkacanbl [8]. Ochl yakpITTa 9poip
KEKE XMMHUSIIBIK KOCBUIBIC TE€K ©31HE FaHa ToH OalKy TeMmIepaTrypachbiMeH (KoHE
KaifHay TeMIIepaTypachIMEH) CHUIATTaJaThIHbIHA >KOHE OepulreH mapTTapiaa Oy
TeMIIepaTypa opKaliaH O1pKaJIbIITHI 00JIaTEIHBIHA KYMOH OOJIFAaHXOK.

TepMusnblKk TangayaelH JaMyblHA COJI Ke3[erl TEXHOJOTHSHBIH JKaJIIbl
JEHreiiHiH TeMeHIIr1 Keaepri 6oasl. JKorapbl TeMneparypajia >KyMbIC Kacay YILUiH
CEHIM/I1, J19JT TEPMOMETpJIEp KETKUTIKCI3 00Jiabl. Ko eHOeKTI KaxeT eTyAeH Oacka,
MYHai 9J1ic CyObEKTUBTI KaTesep 001ybl MYMKIHIITIMEH OaillIaHbICThI OOJIIbI.

1886 xbuibl atakThl (paniy3 raneiMbl AHpu Jle Illatenbe >xorapbl
TEeMIEpaTypaHbl OJIIIeYy YIIiH TEpPMONapaHbl KOJAaHYbl YCHIHIBI [9], OHBIH HKYMBICHI
1821 xbutet 3eedek [10] amrkan TepMOIIEKTPIIIK KYObLIbICKA HeT13AenreH. Coll )KbIIIbI
Jle Illatenbe KaNbUUTTIH TEPMHUSJIBIK BIABIpayblH 3eprrey ymiiH Pt-Pt+10% Rh
TepmomnapachiH Koinanael [11]. Tepmonapamen Oipre FHUIBIM MEH TEXHUKA JKOFAPHI
TEeMITepaTypaHbl JI9JT OJIIIEyTe KapaM bl Tamala Kypaj ajijbl.
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1887 »xbutbl Jle [llaTenne [12] GipHemie ca3 MUHEpaIIapbiH TEPMUSIIBIK TalIAay
apKbUIbI 3€pTTEM, OJapbl TEPMUSIIBIK Talay JACPEKTEpl HETI31HAE JKIKTEYre opeKeT
’Kacajbl, HaKThl alTKaHAA 3aTThIH (pa3achlH cUMaTTay YIIH TEPMUSUIBIK Talgay bl
Oipiam pet xKoimauabsl. Con xpuagapbl (1886-1890) d. Ocmonn [13] GonaTThiH
noJIUMOPGTHL  TYPJIGHYIH 3€pTTEH OTBIPHIN, TEPMUSUIBIK KHUCBIKTap OalKBITY
JTUarpaMMallapblH KypyFa apHallFaH MaTepualliaH dJiJIeKaiiia Kol akmapat 0epe anajibl
JIET€H KOPBITHIH]IbIFA KEJ/I.

1891  xbutel  PoGeprc-Octun [14]  Oykim  mpomecTi  TOJBIFBIMEH
aBTOMATTaHABIPYFa MYMKIHJIK O€peTiH TePMHUSIBIK KUCBIKTApAbl jKa3yFa apHaIFaH
KYpbUTFbIHBI  VChIHABL. Jle IllaTenpe KOHIBIPFHICBIHAH aWBIPMAIIBUIBIFBI, 3aTTHIH
TEPMUSIIBIK KHUCHIKTAphl TEMIIEPAaTypa-yaKbIT KOOPAWHATACBIHAA Y3IIKCI3 KHCBIK
TYpiHZe ka3buinbl. Kucbikrap OipKenki Ko3ralaThiH (DOTOMIACTHHAFA JKa3bLIJIbI.

1895 xbubl (paniry3 unxeHnep-meramtypri Jx. apnu [15], Pobeprc-Octun
KYPBUIFBICBIH JKETUIIIPE OTHIPHIN, (oToriacTuHanbl (GOTOKAFa3ra aybICTHIPIbI, OYII
KHCBITApJIbl JKa3y TEXHUKACBHIH OipiiaMa >KeTULIIpAl. OMICTIH Ce31MTaIbIFbIH
apTTBIPYIBIH alFamkel opekerrepiHiH Oipi 1989 xwpuibr A. Cranchung [16]
CE3IMTAIIBIKTEL  APTTHIPY YIIIH KOMIICHCAIMSUTAUTBIH OICTI YCBHIHFAH Ke3JIeH
OacTayiajpl.

1899 xbubl PobGeprc-Octun [17] KeiiHHEeH KeH TaHbIMAaJIbIKKAa ue OoJraH
OMICTI YCHIHABI *OHE IIBIH MOHIHJIE YJI1 TeMIlepaTypa-yakKbIT KUCBIKTaphl OJICIH
aybICTBIpAbl. PoOGepTc-OcTHH KapanaiibiM TepMoNapaHbl ©31 )acaraH €Kl TYHiH1 O0ap
i pepeHnmran sl TepMoTapara ayBICTBIPIBI, oIl KOCBLUTBICTaP IBbIH
TeMIlepaTypajapblHbIH albIpMAIIbUIBIFBIH TIpKEW anaabl. bip TepMonapa TyiHicyi
YJIrire, €KiHIIICI - CHIPTKbI KEHICTIKTIH KaHai 1a O01p HYKTeCIHE OpHaNaCThIPbLIA/IbI,
ocbUtaiima auddepeHunanapl TepMorapa yiari HYKTECIHIH TeMmIepaTypachl MEH
CBIPTKbl KEHICTIK HYKTECIHIH TEeMIepaTypachl apachlHIArbl albIPMAIIbLIBIKTHI
Tipkei . JKbUTy IbIK KUCBIKTApAbl TIpKEyaiH OyI1 ofici AuddepeHnnanibl TEPMUSITBIK
tanaay d/ici ger ataidaas [18 p]. JKeuryabIK KUCBIKTapIbIH KA TaIaHYbl MEH CarachbliH
KaKcapTy YIIiH oi auddepeHuaiablK TepMONapablH eKIHIIN TylicylH OepiireH
KaOBIK YIIIH TEPMOMHEPTTI JeN caHayFa 00JaThlH 3aTKa OPHAIACTHIPY/IbI YCHIH/IBI.
by tepmouneptTi 3aT cranmapt aen aranisl [19 p].. Oceuaiima, quddepenunanapi
TepMomnapa YTl HYKTECIHIH TeMIlepaTypachl MEH TIpeK HYKTECIHIH TeMIepaTypachl
apachbIHJaFbl alBIPMAITBUTBIKTHI jKa3a 0acTabl.

bipkatap apThIKIIBUIBIKTapFa KapaMmacTaH, Jaud@epeHIHrangbl TEePMUSIIBIK
tangay (JATA) Oipnen Ttasmbiia ammansl. Conay XX FaceIpAbplH — OlpiHIII
OHXKBUIIBIFBIH/IA TEPMUSUTBIK TaJJayAbIH HET13T1 9/1iC1 PETIH/IE YATIHIH TeMIlepaTypa-
yakbIT ~KHCBIFBI  9ici  KapacTelppuiapl. Kimiripim  kbity  3ddekrici  6ap
TYPJICHAIPYIEPAl TIpKEY YIIiH KeJIecl Mpolieaypa KOJIaHbUIIbL: YT TeMIIepaTypachl-
YaKbIT KHCBIFBIMEH Oipre MemTi KbI3ABIPY KUCHIFBI Ka3bULIbl. | paduKaiblK KyphLIbIC
OOWbIHIIIA YATl TeMIepaTypackl MEH TeHITIH TeMIeparypachl apachIHIAFrbl
alBIPMaITBUTBIK TAOBUIBI, COAAH KEHIH TeMIIepaTypa alblpMAaIIbUTBIFIHBIH KUCHIFBI -
YaKbIT TYPFBI3BULALL. byi omicTiH OipHemie HycKamapbl OoJabl, Oipak oiapbIH
OapJBIFBIHBIH CXeMachl maMameH Oipaeid Oonbim Kamapl. OcChbUIaiIma, CBHIPTKBI
YKaFTaiIapablH 9CEPIH JKOI0 KOHE dJICTIH Ce3IMTANABIFRIH apTThIpy yiniH onap JATA
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OMICIHJIET1IeN JKBUTYNIBIK KUCBIKKA OKENEeTIH omepanusFa kyrianai, Oipak tek JTA
OMICIHAEC KUCHIK aBTOMATThI TYpPJI€ *a3bUIJbI JKOHE COHIBIKTAH ©T€ OPECKeN 9JIICTI
KOJIIAHBII, KUCHIK KOJIMEH KYPacThIPBUIIBL.

1904 xbutel axkamemuk H.C. KypnakoB [20] yari TtemmepaTypa-yakbIT
KUCBIKTApbIH Ka3y YIIIH TUPOMETP JIEM aTaraH KypbUIFbIHBI YChIH/IBI. KelinHeH Oy
KYPBUIFBl OHBI JKacaylIbIHBIH KypMeTiHe KypHakoB nupomeTpi Jien artanisl. bipkenki
KbUTTaMIBIKIICH alfHaIaThIH O0apaOaHHBIH HWJIMHAPIIK OeTiHe opasiFaH (poTokarasra
TEPMUSUIBIK KHCBIK CBI3BIFBIH jKa3y MJEACHl epekiie coTTi Oomapl. bacramkeina
KypHakoB mnupomeTpi TeK VATIErl TeMIepaTypa-yakplT KHCBIKTAphIH >Ka3yFa
apHanran, Oipak 1910 xbuiel A.A. baiikoB [21] KypnakoB mnupometrpin JATA
KHCBIKTApBIH jkKa3yFa OerimMae .

JXKaptb! FaceIpian actTaMm yakbIT OoNFaHbIHA KapamacTaH, KypHakoB mupomeTpi
KYHI1 OyTiHTe JeliH ©3 MaHbI3bIH XOWFaH KOK. [LIbIH MoHIHIE, TEPMUSAIIBIK TaJlayFa
apHallFaH  3amMaHayd  KypaujgapablH — kemmuiniri  KypHakoB — mupomMeTpiHiH
MoJiepHU3aIMsIaHFan Moaudukanusuiapel fana [22 p]. TepmorpaBumerpus (TI) —
TeMIiepaTypara OaiJIaHBICTBl YJIT MAacCCaChIHBIH ©3repyl Ka3bUIAThIH TEPMUSUIBIK
Tanaay 9ici [23 p]. TepmorpaBUMETpUSHBIH YIII TYPIH aXKbIpaTyFa 001aibl: a) YATIHIH
Maccachl TYpPaKThl TemIeparypaia Oenriai Oip yaKbIT apajiblfbIHIIa ©JIICHETIH,
U30TEPMUSIIBIK HEMECE CTATUKAJBIK; 0) KBa3UCTATUKAJIBIK, YJITIHI TYPAKThl MACCAIIBIK
MOHI€  JKETKEHIIE  SKOFapbUIANUTBIH  TeMIeparypajapAblH  OpPKalCHICHIH]IA
KBI3IBIPFAaHa; B) JUHAMHUKAIBIK, KBI3ABIPBUIFAH YJTIHI KOpIIAaraH OPTaHBIH
TeMmrepaTrypachl OEpUIr€H 3aHFa COMKeC 6©3TrepeTiH Ke3le (9JIeTTe TYpaKThl
KBIIIaMJIbIKTa) [24-26].

ToxipuOe Ky3iHI€ alblHFAaH MACCAHBIH TEMIEpPaTypara KapChl ©3repy KUCHIFbI
YJITiHIH OacTankbl KYHIErT TePMUSIIBIK TYPAKTBUIBIFBIH KOHE KYPaMbIH, MPOLIECTIH
apanblK Ke3eHACpIHAE TY3UICTIH 3aTTapAblH TEPMESUIBIK TYPAKTBIIBIKTH JKOHE
KypaMbIH, jkoHe 0ap 00Jica, KalablK KYpaMbIH Oaragayra MyMKiHik oepemi [27-30].

«TepMUSATIBIK TYPAKTBUIBIK» TEPMHUHI OACTTE 3aTThl KbI3ABIPFAH Ke3fAe 1C
KY3IHJIE ©3TepMEUTIH KACHETTEepiH cakTay KaOumeTiH Ouimipedi. 3aTThIH op Typii
JKaraliaapaa e31HIH MaccachlH cakTay KaOuleTi JKbUIy TepMoTapasbl apKbLIbI
Oaramananel [31].

TepmoTtapa3butapJpIH OpTYPJl TYpJiepi, KOMMEPIHUSIBIK KOHE 3epTXaHAIBIK
yJrinep OipkaTtap moigyjap MEH Kitantapaa cunartairan [32-34]. lamacel, GipiHti
tepMoTapasbiabl 1915 xbuiel Honda [35] cunattaran KypbUIFsl A€ caHayFa 00Jiajibl.
by KypbutFbIia kBapi| 0anaHckl 0ap Tapasbuiap O0JIbI.

Tepmorapasbl - Temmeparypara OalIaHbICTBI VJATIHIH MAacCachlH Y3IKCI3
aHBIKTayFa MYMKIHAIK O€peTiH KYpbUIFbl. YJTiHI Oenriai Oip >KbUIAAMIBIKIECH
KBI3JIBIPyFa HEMECE CaJKbIHIATyFa, HeMece TYPaKThl TeMIepaTypaga H30TePMUSIIBIK
Kyiae ycrayra Oosanbl [36-38]. EH kem TapanraH ojic memrti 5-10 rpan/mun
KBUTTAMIBIKIIEH KBI3JBIPY Ke31H/E YATIHIH MaccachlH oiey Oobin Tabbuiaas [39,
40]. bapmplk gepiik 3amMaHayd TEPMUSIIBIK Tapasbliap OJIIey HOTWKEIEPiH
aBTOMATTHI TYPJIE TIPKEUTIH KYPBUIFbLIAP OOJIBIT TaObLIa b

JIMHAMUKAIIBIK TePMOTPABUMETPHUSIIBIK Talaaydsl >kyprizy yuriH [laymuk,
[Maynuk »xome Oppner >xyheciniH nepuBarorpadsr (Benrpus), JIAM (Dpanims)
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¢bupmaceiabiH B-60 TepMusiibik Tapassuiapsl [41], Dpay a1eKTpoHAbI KbLUTy OamaHChI
)yhecinig mkangackl (AKII) sxoHe 6acka KypbUIFbLIAp KOJIAaHBLIA b

KbI3abIpy KbU1IaMIbIFbIHA OalIaHBICTHI 3€PTTEETIH YATIHIH CalMakK >KOFalITy
KHUCBIFBI 0acKa MiliHAe O0Tybl MYMKIH, KbI3JIBIPY JKbUIAAM/IBIFBl HEFYPIJIBIM KOFaphl
0oJca, MONUMEP/IH TEPMUSUIBIK TYPAKTBUIBIFBI COFYPJBIM KOFapbl Oonaabl [42].
JlocTypai 3epTreynepe JMHAMUKAIIBIK TEPMOTPaBUMETPUSIIBIK TAJIAy YIIIH OHTAMIIbI
KbI3JIBIPY SKbUIAAMIBIFBI IaMaMeH 3-4 rpaji/MUH.

JInHAMUKAIIBIK TEPMOTPABUMETPHUSIIBIK TajlAay BaKyymjza, a30T, TeIuii, aproH
KoHEe 0acKa MHEPTTI ra3zgap arMocdepachlHaa HeMece ayaaa OTTETiHIH KaThICYbIMEH
Kyprizuteni. Bakyymma Hemece nHEpTTI atMocdepasia KbI3AbIpFaH/Ia MOTHMEPIIEPIiH
TEK TEPMUSUIBIK BIABIpAyHl Kypeal [43]. Aya Hemece oTTeri aTMocdhepachiHIa TOTHIFY
e3repictepi MaHBBABI pes aTkapaabl [44]. CoHABIKTaAH OPTYpJl Karmaiimapaa
OPBIHIAJIATHIH TUHAMHUKAJIBIK TEPMOTPABUMETPHSITBIK TAIAAYIbIH HOTKETIEP] 9/IeTTe
alitapibIKkTait e3repei. CaliMakThl )KOFAITYABIH OacTallybl FaHA EMeC, COHBIMEH KaTap
OTTETiHIH OOJyblHa OalIaHBICTHI ayaja TEPMHUSIIBIK BIIBIPAYIBIH OYKLI Mporect
oNJIeKan1a KeuiIam xxypeal [45].

Keitbip mnomuMmepsiep VIIIH TOTBIFY ocepiHEH aya armocdepachiHaa
KBI3JIBIPBUIFAH KE€3/I€ YIINa TOTBIFY OHIMJIEpl TYy3UIedl, COJaH KEHiH cajJMarblH
YKOFaJITY IbIH OPHBIHA aJIbIHFAaH YJIT1HIH CAJIMAaFbIHBIH JKOFapblIaybl OalKanaabl. ¥Kcac
OciiHe TONMATWIICHAE, COHAaM-ak KeWoip TMOoJuCHUIaHAap MEH OpraHoOOpoH
nonumepiepinae Oaiikananael [46-50]. Conpaii-ak, keWOip monumepsiep YIIiH
TEPMOTPABUMETPHUSIIBIK Talfay JKYPrizy Ke3iHAe calaMakK >KOFalTy eTe TOMEH
TeMIiepaTypaja 6acranaabl. by omeTTe rurpoCKONUSITBIK CY/IbI AKOOFa HEMECe CY/IbIH
HeMece 0acka yIimna eHIMAEP/IiH nakaa OoTyblHa OKEJIETIH peakiusra OailslaHbICThI
[51].

Bakyymma TepMorpaBUMETPHSIIBIK Tajaay JKYPTi3reHae BaKyyMHBIH IIaMachl
MaHBI3IBI PO aTKapaasl [52]. MoHoMep OybIHBIH OOJTYBI BIIBIPAYIbl OOCCHACTETIHIH
aTan oTKeH xoH. MHepTTi raz arMocdepacbiHaa TEPMUSUIBIK Tajlfay >KYpri3reHjie,
MUPOJIU3 OHIMIEP! Y3IKCI3 JKOWBUIFaHa, MPOIIECC BaKyyMIa CHSKTHI Kypeni [53].
Bakyymma oxoHe a3oT arMmocdepachliHIa H30TEPMUSIIBIK KaFdaijia bIabIpay
TEMIEPATypPAChIHbIH ~aWbIPMAIIBUIBIFBI  [IaMalibl koHe ~ 30°C  Kypailabl, an
TeMIIepaTypaHbIH Y3/1KCi3 >KOFapbuiaybiMeH (5 rpagyc/muH) aitbipMambuiblk 60°C
HEeMece OJIaH Jia ket 0onaasl [54 p].

ComonmMepiepIiH TUHAMUKAIBIK TEPMOTPaBUMETPHUSIIBIK TalAaybl EPEKIIe
kepiHic 6epeni. T KUCBIFbIHAH COMOJIMMEPJIEP/IIH KYPAMBIH FaHa €MeC, COMTOJIUMED
albIHFAaH MOHOMEpPJEPAIH CaHABIK KaThbIHACBIH Ja Oaramayra Oosanbl [55].
[TormmepaepaiH TEPMUSIIBIK bIABIpAY MEXaHHU3Mi Typajibl €peKIle KYHIBI MOTIMETTED
MOJIUMEPJIEPIIH TEPMUSIIBIK JECTPYKUHUACH Ke3iHAe OeNIHETIH CYMBIK >KOHE ra3
TOpI3A1 OHIMIEPAl 3epTTey apKbUIbl Oepiiei. ¥IIKBIII MapaMeTpiiepAl Tajaay bl
Macc-CIEeKTPOMETPUSIMEH Jie, XpoMaTorpadusiMeH Jie )Kyprizyre 6omaasl [56].

Mapdu men [oitn [57] monumepnepaidH TEPMUSIIBIK TalAayIbIH KaHa JMICIH -
MOJIMMEPJIIH, TEPMUSUTBIK BIIBIPAYbl Ke3iHJe Taiga OoyiFaH KOHACHCAIMSTAHFaH
OemIIeKTepal aHBIKTayFa HETI3[CNTreH KOHJSHCAIMsJIaHFaH OeJIeKTep oICiH
xacanpl. by afic acipece Oy3pUTy OacTanaThlH TeMIEpaTypaHbl aHBIKTAYFa bIHFAIIbI.
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Koinyra TO3IMIUTIKTIH CaHBIK OaraceIH M30TEPMUSIIBIK
TEPMOTPABUMETPHUSIIBIK TaJJIay apKbLIbI MOJMMEP/Il OepiiareH Temieparypaaa Oenriil
Oip yakpIT OOWBI KbI3IBIPFaH KE3JET1 CalIMaK >KOFaNTYbIH OJIIIIEY apKbUIbl Ja anyFra
oonmaabl [57]. KeutelTy He uWHEpTTI raz armocdepacblHla, HE ayaja Ky3ere
aceIpblIabl. BipiHI )KaFaai1a MoJIMMEP/IiH Ta3a TEPMUSUIIBIK BIJBIPAYHI, €KIHIIICIH/IC
TEPMUSIIBIK-TOTBIKTBIPFBIIITHIK BIBIPAYbl OPBIH anajibl. KpI3nblpyasl Bakyymaa aa
Kyprizyre 0onaapl, OYJI HHEPTTI ra3jia aJiblHFaH HOTHKEJIepre YKCac HOTKeE Oepel.

AKBIpBIHZIA, BICTBIKKA TO3IMIUIIK KOOiIHECE ChIHAK YJTICIH Oenrim Oip yakbIT
imrHae ayagarel Oenrim Oip TemmepaTypara YIIbIpaTy >KOHE MOJMMEpIiH cajiMak
YKOFAJITYbIH aHBIKTAY apKbLIbI OaralaHa b,

Keiine monmumepnepaiH TEPMUSUIBIK TYPAKTBUIBIFBI  KBI3ABIPBUIFAH  KE37e
MOJIMMEPJIEPIIH  MEXaHWKAJIbIK KACHETTEpiHIH e3repyiMeH OaramaHanasr [43].
CoHbIMEH, TAJIIIBIK YIIIH OHBI ayana Oenrun Oip TemiepaTypada YCTaraHHaH KeilH
OHBIH OEpIKTIT1 TYIHYCKajaH MaibI30€H OpHEKTeNe .

Texen  [44] KoFapbl  MOJIEKYJAJBbIK  KOCBUIBICTAPJBIH  TEPMUSUIBIK
TYPaKTBUIBIFBIH Oarasiay Ke31HJe MaTepuaiblH Oenrii O6ip KacueTTepi alTapbIKTai
HalapjiaMaiThIH MaKCHUMAaJ[bl TeMIlepaTypaHbl FaHa €MeC, COHBIMEH Oipre Oochl
TeMIlepaTypajarbl MOJIUMEP/l KbI3JBIPY *KaFJaiapblHIaFbl 9CEp €Ty YaKbIThIH Ja
eCKepy KaKeT eKeHIH kepcerenl. Pykcar eTireH ycray yakbIThl adWTaplibIKTan
TeMIiepaTypara O0aiJlaHbICTHI.

1.2 KuHeTHKAJBIK TAJJayAbIH MOHI

KunetukanblH WIBIFY Terl KUHE3UCTEH (KO3FANbIC) IIBIKKAH, OJ OJETTE
KYOBUIBICTAP/Ibl YaKbITKA KATBICThI CUIATTayFa KOJJIAHbUIATBIH TEPMUH [45]. OpOip
OJIIIICY YaKbIT (PYHKUMSICHI PETIHJIC OPBIHIANAIbI, COHIBIKTaH 9pOIp IKCIEPUMEHT
YUIIH TIOTEHIHUANAbl KUHETUKAIBIK d3JIEMEHT Ooiybl MymkiH. O peakius
KBUITAMIBIFBIH  3€PTTEY MEH TYCIHAIPYAl KaMTUTBIH XUMUSJIBIK KHHETHKara
OarpITTasIFaH. MyHJa peakiysi MEXaHW3MIH aHBIKTAy VIIIH XUMMSUIBIK 3aTTapablH
KOHIIEHTPAIUSChl HEMECE JKaFqailiapbl YaKbIT OOUBIHIIIA OJIIICHE]I.

KuneTnka KOHIEHTPALMSHBIH SPTYPJIl TYPJIEpiH aHBIKTAY YIIIH dMIUPHUKAIBIK
TYpJle 7€ KOJJIaHbUTYbl MYMKiH. ByJ1 KenTereH KIMHUKAJIBIK ChIHAKTAP YIIIH HET13Ti
opic [46]. KuneTuka akybi31ap MEH HYKJIEHH KbIIIKbUIBIHBIH XUMHUSICBIHBIH KOIITETEH
aCTMeKTIICPIHIH  HETI31HAC  JKaThlp, MbICAIbI, OCJIOKTApJbIH JIMTAHJITapMCH
OallIaHbICYbI, KaTalll31 HEMECe KaTmnapjaaHysbl [47].

On0eTTe, KUHETUKANIBIK 3epTTeyiiep (epMEHTTEpAIH KaTaau3aTopiap peTiHe
CHUIIaTTaMacChIH/Ia MaHBI3IbI OOJBITT TaOBLIAABl KOHE OMOXMUMUSIIBIK KWHECTHKAHBIH
KOINTETeH MPUHITUIITEPl OCBhIHAAN OeloKTapAbl KOJIIaHy apKbLIbl aHBIKTAJFaH.
Jluranapl OalIaHBICTRIPYIBIH KAJIbl MaFbIHACHl 0ap; AEreHMEH OJ1 KeOiHece Tere-
TEeHJIIK >karnaiibiaaa 3eprrenenl [48]. OckliFaH KapamacTaH, KUHETHUKAIIBIK TOCUIIEP
apKBUIBI KOI HOpCEre KOJI >KeTKizyre Oomanbl. BipiHmmijeH, >KocrapiaHFaH Tere-
TEHJIKKE KOJ JKETKI3UITeHIH aHbIKTay YIIH KHHETUKAJIBIK OJIIIIEMHIH KaHmai 1a oip
TYypi KaxeTt. byn, ocipece, peakimsira Tene-TeHAIKKE KETy YIIH MHUHYTTap HEMece
TINTI caraTTap KakeT OOJaThIH KOFAphl KAKBIHJIBIKTHI pEaKIUsIap YIIiH OTe
MaHbI3el.  ExiHIIEeH, acconuanus MEH JUCCOIUAIUS  KbUIIAMIIBIFbIHBIH
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KOHCTAHTAChIH aHBIKTay apKbUIbl [49] Toyernci3 enieMin ecenteyre 00apl, o1 Tere-
TEHJIK COTIHJE /1971 aHBIKTAJIFaH KOHIIEHTPALMAaH ajJbIHFAaH MOH/I pacTaybl Kepek.
YUrHuiieH, peakiusiHblH OUOJIOTUSUIBIK MaHBI3bl COHFbl KOHLIEHTpalusijaH repi
OHBIH KHHETHKAachlHa KeOipek OailnaHbicThl 60sysl MyMKiH. Kasipri yakeitra Ca?t
CUTHAJIBI OPTYPJIl PELENTOPJIBIK aKybl3Japra OeHIMIEeNreH KypJaenl AMHaAMUKaJlaH
TYpaTbIHBI O€JNTiT, COHJBIKTAaH TeK Ky MOHIEpiH aHBIKTaybl KONTETE€H MaHbI3]IbI
byHKIUsIapabI Ki0epin amysl MyMKIH [50].

AKBIpBIHA, MEXaHUKAHBIH CYpaKTapblHa (SFHU TaHJIaJFaH >KOJI) TeK KHHETHKa
FaHa »ayarn Oepe ajalbl, ©MTKeHI OacTanKpl )KOHE COHFBI KYWJIEpHiH aHBIKTaMachl,
DHEpPrusiChl TaHJAAJIFaH >KOJFa TOyenai emec. MpIcanbl, JUTaHATHIH OEIOKIEeH
OaiinaHpICybl KeOlHECEe aKybI3JIbIH KYPBUIBIMIBIK ©3repyiMeH Oipre xypeai [S1]. On
OeJICeH/Il TOpamNTHIH allbIK KYWIMEH OaiylaHpica ajaapl, KeHiHIpeK KOJIaliIbl e3apa
OpeKeTTEeCYJIep JKacay YIIIH KaObuiaibl (MHAYKIUSAJIAHFAH COWKECTIK MEXaHHU3MI).
AliTa KeTy KepeK, KYPBUIBIMJIBIK OJICTEP KUHETHKAJIBIK 3€pPTTECYJIEPl TOJBIKThIpA
anajipl, Oipak oJap/blH ©3/epl Je TYCIHIKCI3 00Tybl MYMKIH €KE€HIH opKalllaH eCKepreH
HKOH.

XUMUSUTBIK KUHETUKAJIaH aliblHFaH KOHIeNIUsuiap Ouodusnkaga Karibl
KOJJIAaHY MYMKIHJITIHE H€ KOHE TEK Teme-TeHIK dICTepIMEH albIHOAMTHIH *Kyile
Typaibl Oipereil akmapaT Oepy MyMKiHairine ue. Herizinae kaTkaH KOHIEMIUSIIAP
MEH aHATUTUKAIIBIK TOCUIZCP Y3aK TapuxkKa ue OOJIFaHBIMEH, JKaHa dKCIEPUMEHTTIK
TOCUIZIEp €K1 Fachlp OOMBI 3€pTTEy CallachlH OAMBITY/bI JKalFacThIpabl [52]. MyHaa
OepuIreH Moy 6acka KHHETHKAJBIK aClEeKTIIepre Kipicle PpeTIHAE KbI3MET eTel.

1.3 AKTMBTEHY JHEPrusichl KIHE KUK PakTOpbI

benrini 6onrannaid, 6ip XUMUSUIBIK KYPbUIBIMHAH €KIHLIICIHE aybicy YIIiH (Es
xoHe E; — Typa >koHE Kepl aKTHBTEHY HEpIUsChl) peaKUsIapJblH Kemnumiri, 1-
CYpeTTe CXeMaJblK TYpJE KOpCETUIre€HAEH, SHEPreTUKaJbIK KEICPriieH oTy Kepek

[54].
o0 ©0 O

peaxyus OHIiMOep

DHOOMeEPpMUANLIK peaKyus DK30MepMUSNILIK peaKyusl
E

T

peakiusi AE (+) enimMaepi peakuus AE (-) enimaepi
K — peakius )KbU1IaMIBIFBIHBIH KOHCTAHTACHI

Cypet 1 — XUMUSIBIK peaKIUsHBIH YHEPTeTUKAJIBIK KEJAEPTICIHIH CXEeMaJIbIK
CHUIIaTTaMachl
Peaknusinap Oip mMosiekynanbl (01p XUMUSIIBIK 3aTThIH OY3bLIYbl) HEMECE Kol
MoOJIeKyJIanbl 00ybl MyMKiH ekeHl Oenriml. CoHpail-ak peakuus SHIAOTEPMUSIIBIK
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00ybl MYMKIH, SIFHM SKbUIy/bl XKYTBIM, 9JICi3 OainmaHbicTapbl Oap eHIMIEp Ty3emdl
HEMece OJI IK30TEPMUSIIBIK O0JTybl MYMKIH, SIFHU bUTYJIbl OOCATHIMN, OaillaHbICTaAPhI
KYIITI eHIMAep Ty3edi [55, 56]. DHTanbnus o7 peakius HOTHXKeCIHJe OeJiHeTiH
HEMece JKYTBhUIFaH XbUTy Meuiepi 0onaabl. OHBIH MOHI 1-cypeTTe KepceTuireHaeH
Kepi KOHE Typa aKTHBTEHY JHEPTUsUIapbIHBIH AE albIpMambuIbIFbIHA TCH. OJETTE,
TEeMITepaTypa >KOFapbUIaFaH CAWbIH PEaKIHs KbUITAMIBIFbI YKCIIOHEHITUAIBI TYPIE
aptanbl. by anpiktama 1889 xbutel (1) Appenuyc [57] TeHACYIMEH CHIATTalFaH,
MYHJIa PEakIus KbIIaMJIBIFBIHBIH KoHCTaHTachl (K) kemeci ¢opmynara coiikec
apTajibl:

k — Ae—E/RT (1)

MyHIa A — XUUTIK KO3GUIIMEHT1, O©UTKEHI peakius TypiHe OaillaHbICThI OHBIH OacKa
OipiikTep/eH 6acka e3apa yakbIT OipJikTepi 6ap;

E — peakuusiHbIH aKTUBTEHY YHEPTHSICHI;

R — oMm0eban ras TypakThIChI;

T — abcomoTTi TEMIIEpaATypA.

Tanpanran sHeprus OipiikTepine OannanbicTel R 1,987 xan/(mone K) Hemece
8,314 Jlx/(monb K) monine une. KonmaHbliaThlH emIeM OIpJIIKTEPIH KOHE OJIapbl
naijanany KesiHjae KeOeuTyal ken TYpJieHAIpyAl OOJplpMay YIIIH BIHFAWUIbl OOy
yiriH KensBUH/ET aKTUBTEHY HEPTUSACHIH MaliJaTaHy YChIHBLIAIbI.

TemnepaTypara TOyenAUIIK JKOFapblOarbl CypeTT€ CXEMajblK  TypJe
KkepceTired. Kepinm oOTbIpFaHbIHBI3AN, MOJEKyJanap OepuireH TemrepaTypaHblH
MOHIHE KapamacTaH dHEPTUsIIap/IblH CTaTUCTUKANIBIK TapaiybiHa ue 0oanbl. by 6emy
bonbiman  yrectipimi  gen  artanaabl  (2) [58]. bBapnelk  MomekymianapbiH
OHEPreTUKAIIBIK KEIEPriHi KeHY YIIH >KeTKUIKTI YHEPTHUSCHI JKOK, OipaK oJiapAblH
YJIECIH peakius TeMIlepaTypachlH apTThIpy apKbUIbl apTThIpyFa OOJabl.
PeakuusnapablH MOJNEKYJSIPIBIFBIH €CKEPIeH KOH, OWTKEHI OMMOJIEKYJSPIIBIK
peakius yuriH gpaxuus xpuiaaMasirsl MakcBesut-bonbiiman Tapanysinaa (3) 6enruii
Olp IIeKTI MOHHEH acaThlH MOJICKyJallapAblH YJeciHe Toyenai Oonamsl [59].
bipMmonexkynansik guccoumanus yuiH bonbiman yiecTipiMi OepiireH OaillaHbICThIH
JTUCCOLMAIMSIaHY YIIIH KETKUIIKTI 3HEPreTUKAIBIK Kyiae 00y BIKTUMAAbIFbIH
kopcereni [60]. Peakumsuiplk Oerer KOK peakuusuiap jna Oap — ocipece
KOMIPCYTEKTEP/AIH KPEKUHTIHAE aWTapiblKTail MaHbI3bl O0ap 0O0C paaukanigapAbiH
PEKOMOUMHAITUS PEAKITHSIIAPHI.

Ken monexynanbl ra3 (asanblk peakuusiap Kem Karfaiia dKCIIOHEHIHAIbI
TOYENIITIKTeH 0acKa, COKTBIFBICY KHUITITIH, COHJIali-aK TeMIEpaTypPaHbIH TOPEKEITIK
TOYENIIITIH €CKepyre apHaJIFaH:

k = AT Pe 5T (2)

myHa b 0,5-Ten 1,5-xe aeiin aybITKHIBL.
OKCIOHEHIIMANIBl TeMIeparypara JeHIHr1 TOYeNJUIK KaHma pa  Oip
MPaKTUKAJILIK MOHTE e 00oJy YIiH OipHeIe )KYy3 IpaayCThl eHcepy kepek. bepHxom
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meH bpayn [61] rambimMaapel (4) THIMAI AaKTUBTEHY SHEPTUSCHIMEH KYThUIATHIH
uaeanabl ChI3BIKTBIK TemIiepaTypa Kod(pGhUIMEHTIHIH MbICAIbIH KedaTipal. Tuimmal
akTuBTeHY 3Heprusicbl S00°C nuana3oHbIHAA 10* moniKIeH IIbIHANBI TOYEIAUTIKTI
KOPCETEeTIHI  FBUIBIMU  JI9NeNJieHreH. byn  Mblcammgad  THIMIL  OKbUIIAMJIBIK
KOHCTAHTaChIMEH OpHEKTENreH peakuusd xkpupaamaeirsl 7000°C  nuana3oHbIHIA
uneansbl MoHHIH 10% 1ierinae OoJaThIHBI Typalibl KOPBITBHIHABI Kacayra 0o0Jiajibl.
TemnepaTypanbl KaIUOpIIey Ke31H1€ JoJI COMKECTIKKEe KOMbLIAThIH Tasantap 0oimaca,
Kanmbl KaTeHi (Tek Oip OarbITTarel KaTe) 5%-1aH acmalThiH a3aTyra OOJATHIHBIH
eckepy KakeT. TeMmriepaTypara SKCIIOHCHITHAIBI TOYEIIUTIKTI KOJIJIaHy TeK OipiHIIi
MPUHITUNITEPICH OeNTin 0oJiFaH Ke3/le FaHa MarblHAJIBI OOJATBIHBIH YMBITIAY KEPEK,
OYJ1 97IeTTE KOMIPCYTEKTEP IIH IMUPOJIN31 MEH KaHY PeaKIUsIapbIHbIH eTyKeH-TerKei
MEXaHUKAJIBIK MOJICIIBCYIHE KATHICTHI.

OTneni Ky TEOpUACH peaKIus JKbUIIaMIbIFBIHBIH KOHCTAHTACKIH (5) JKaKCHI
CUIIATTalbl, OJ PEaKIUs TOCKAYBUIBIHBIH IIBIHBIHAA OCJICEHMIPIITeH KEeIeHHIH
0omybiH O60omkaiiapl. CoHa aKTUBTEHY SHEPTHUSIChI OChl aKTUBTEHIPUIreH KEIeHHIH
Ty3uty sHTanbnusicel AH OGomamer [62]. XKuimik koddduimenTi Oip MOJEKYJIabl
BIJIBIPAY pEAKIUSIAPHl YIIIH aKTUBTI KOMIUIEKCTE Y3UIETIH OaillaHbICThIH TepOeic
JKHULTIriMeH OaiaHbICThI koHe BosbiMaH TypakThiChiHa, Kp, Ilmank TypakTeichiHa, h,
abCOJIOTTI TeMIlepaTypa MEH OEJICEHIIPUITeH KOMIUIEKC TY3UIy 3HTpomnuscbiHa AS
TOYEIIIl, OJ1 TYPAKTHI KbUTIAMIBIKTHI Oepei [63]:

k — kB_T e—AG/RT: kB_-I- eAS/Ree—AH/RT (3)
h h
ke T 13 -1 :
Erep mon e 0omca, oHa TUPOIN3 TeMiepaTypanapbl 10-° ¢ peTTi 6omanb.

[IpakTuKanblKk MakcaTTap YIUIH TYPJICHAIPY JOPEKECIHE, TEMIIepaTypara *KoHe
KBICBIMFA TAYEJIIIKTI Oesyre Oonanasl nen 6omkanansl (6). XKamracteipMac OYpbIH,
OapIBIK XUMUSUIIBIK peaKIUsIap 9peKeTTeCYlIl 3aTTap MEH OHIMAEPiH KOFadybl MEH
naiga 0oMybIH cUNATTalThIH AU( depeHInanablK TeHIEyIep TYPIHAE OpHEKTENETIHIH
Tyciny kepek [64]. Conpaii-ak, eHIMIe KIPETIH pEaKTHBTEP YIIH pPeaKius
KbUITAMIBIFBIHBIH, 3aHBIH OepeTiH auddepeHuanaplK TeHAeYy TYpiHAC KOPIHETIH
KenTereH 0acka peakiusuiap O6ap, OyJ1 skaFdaiiia Keidip peakuusiiap peakTUBTEPIIH
OHJIaFaH >KOWBLTY OIpJIKTEPIHAET] KbUIIAMJIBIK 3aHBIMEH CHIATTaNajbl, X HEMece
Oacka TaHOa, an keibipeynepi eHIMACPIH CHIPTKBI TYPIH MaiiganaHasl, a. OJI0eTTe,
x=1-a.

(4) TeHmey TEpMMSUIBIK bIAbIpAY KHHETHKACBIHBIH MPOLECIHIH KbICHIM
KepceTKilliHe (6) TOyeNIUTIrH aHbIK KOpCeTe/Il.

dx/dt = —k (T ) f(1— x)h(P) (4)

KOHC
dav/dt = —k(T ) f(c)h(P) (5)

19



myHaa P — kpicbiM. KaTThl fieHeiK peaknusiap YIiH TePMUSUTBIK Tanaay OOWbIHIIA
onebuertep f(a) dyHKUMATApBIH KOHE HMHTErpaiaAblK TypiH g(a) Oepemi [65-70],
MYHJIaFbl:

gla)= [ 2% (6)

Kartel nenenep yIriH, coHAai-ak MOJIUMEPJIEp YIIIH bLABIpAY IOPEXKECIHIH
peaKiMsl KbUIIAMJIBIFbIHA TOYENIAUTITH «MOJACIbAEPAIH» KEH JHaIa30Hbl apKbUIbI
kepcetyre Oonanbl [71]. Toemenne 1-kectene keibip KUHETUKAIBIK MOJIEIbIEP aHBIK
KOpCeTINreH. bymapael  HyKJIealusiHbIH — ©Cy  CUIaTTamMallapblHa,  SIPOHBIH
KUBIPBUTYbIHA, Oemmiek 1mmik adddys3usra Te3IMAUIITIHE KoHE OeIiHTeH
PEaKTUBTUIIKKE (MbICAbl, YaKbIT OOWBIHIIA KyaT 3aHbl) KaThICTBl JKaFdailiapra
KaTKpI3yFa Oonanel. Hykmeanust - Oyl opekeTTecyllll 3aTTapblH a3/laraH KeJIeMiH
TYpPaKThl 6HIM OeJIIeKTepiHe ailHaNabIpy mpoleci. KelliHHeH peakiys Heri31HeH OChI
eki (pa3za apaceiHAarbl OailmaHbIC aiMarbIHJA KYpeal (SAPOHBIH ecy mpoiieci) [72].
Peakiusi Tek peakTHBTIH O€TiHIE OpHalTacKaH >Kepyepie OacTamajibl KOHE >KHI
OomkamaanFaHaai, >KepriTikTi PeakTUBTUIIKTIH KoFapbuUiaybl Oonanbl. Saponany
MPOoILIeC OChI apHAMbl y4acKeNIep/IiH TOJBIK TYTHIHBLTYbIHA OKEJIE/l KOHE YaKbIT oTe
Kelle JKeKe sApoiap >KaHa (a3aHbIH ©OCYIH DSJEKTPOH/IBl HEMECE OINTHUKAIBIK
MUKPOCKOITUSIHBIH KOMETIMEH aHbIKTayFa OoJaThiH Medriepre xeteai. Ochliaiiiia,
HyKJIealusi MPOLIECIHIH MEXaHU3Ml MEH E€peKIICTIKTEpiHE KaThICThl ManbIMaaysap
HET131HEH aJIBIICATapIIbIK OOJIBIN TAOBLIAIBI.

Kecte 1 — KaTThl neHenep yiniH KOJIAaHbUIATHIH KUHETUKAJIBIK MOJICIIbIIEP

KaTTe! neHenep yiiiH KOJIIaHbIIaThIH

KI/IHCTI/IKI;.J'IYBIK MOJETbIEp Hlngp S &(@)
Mawmmnen (OipiHIIi PeTTiK) F1 1-a -In(1-a)
XKaran N-peTTik Fn (1-a)" 1/(n-1)[(1-a)tM-1]
KpIChUTIaTBIH IMIIMHAD R2 2(1-a)2 1-(1-a)'2
KpicbutaTeiH chepa R3 3(1-a)??® 1-(1-a)'®
Aspaamu-Epodeen Ap p(1-o)[-In(1-)]®- PP [-In(1-0)]*P
IMpayt-ToMIKuHC ePT (1-a)"a™ —
bip enmmemui auddysus D1 1/2at 0
Exi emmemai muddy3us D2 [-In(1-0)]" (1-0)In(1-a)+o
Y enmemai nudpdysust (Sanep) D3 3/2(1-0)?[1-(1-0) 3]t [1-(1-0)%]?
Ym enmeMV)]i mud¢ys3us (I'mHTCANHT- D4 3/2[1-o ¥3-1] 1-20/3-(1-a)?
BbpoyHmirelin)

Prout-Tompkins »xone Avrami-Erofeev [73] MopmenbaepiH CUTMOUITHIK
peakuusiap (saposiaHy-ecy) YIIiH OajlaMa MaTeMaTHUKAJBIK TOCUIAEp JEN caHayfa
OoJlazbl, COHBIMEH KaTap oOJlap Kbl HWHUIMALMSI-TApaTy peaklusuIapbIiHa
KOJITaHOATBI KoJIanyra xapambl. XKauaep sxone ['mactimar-bpynmreiin [74] (G-B)
TEHJIeyJIep1 TOJBIKTHIK YIIIH €HI131ITeH JKOHE JKETKUIIKTI Aayiikke ue (mamamer 50%
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TYPACHIIPY), OipaK HMUIMHAPIIK, Ka3bIK XKoHE chepanblK O6IIeKTep YIIIH JaIipeK
TeHeynep aibiHabI (7).

h(P) ¢yHKuIMsSCH 3MIHUPUKAIBIK HEMece ipreiii 00Jybl MYMKIH €KEHIH KOHE
KBICBIMFa TOYEIILIIKTI 06J1y opKalllaH aypbic 001a OepMENTIH KYybIKTay €KEHIH €CKepy
KaxeT [75]. KeicbeiMm kepcetkimiine (P) keneTin OoJsicak, oy rasgap KaTbICaThIH
TEPMUSUIIBIK BIJBIpAay TPOIECIHIH KUHETHUKAChIHA aWTapiIbIKTaik ocep €Tyl MYMKiH.
Peakiusi sKbUIIaMIIBIFBI TA3 TOPI3EC OPEKETTECYIIl 3aTThIH MaplHalIbl KbICHIMbIHA
TOyeINIi OOJIAThIH KBICBIMFA TOYEJNII PEaKIUSHBIH €H alKbIH MBICAIbl PETIHAC Ta3-
KAaTThl pEaKkIMsHbl KapacTelpyFa Oosambl. by Toyenmimik KyaTr 3aHbl HeMece
aJcopOmus M30TEPMAChIHBIH KelOip Typi O0omysl MyMmKiH (8). /lereHMeH, KbIChIMFa
TOYCNIITIKTI 1C JKY3IHIE aXbIpaTyra OOJMaWTBIH Oacka >karmaiimap Oap. Meican
peTiH/e KOMIPCYTEeKTEepIiH KPEKUHTIH KeNTipyre 00aabl, KbICBIM ©3TepreH Ke3/e ol
aKTUBTCHY SHEPTHACHIHBIH ©3TepyiHE OKEJETIH WHHIIMAIWS, Tapally XoHE asKTary
peaklMsUIapbIHBIH  CaHbIHA KaTbICThl Kypedl (9). ExiHmi Mbican, KbICBIMHBIH
JKOFappuiaybl — aBTOKatanu3aiH  (10)  korappliayblHa — OailIaHBICTBI  PEAKIIMS
KBUITAMIIBIFBIH a3/1all KECNICTEeTIH KaFaai, MyHJIa KbICHIM KOFapbllaraH CaWbIH
peakIus SKbUIIaMABIFI ©3 Ke3eTiHAC alTapiiblKTail Oasynaiipl, OHBIH cebell
T Py3UsIIBIK KAPCHUTBIKTHIH YKOFApbLIayhbl OOJIBIT TaObLIAIbI.

KbI3BIKTBIpAThIH aKMmapaT 9JIETTE 9PTYpJl PEaKTUBTLIIN Oap KypamjaactapjaH
Typajbl [76]. COHABIKTaH peaklUsHbl KbIChIMFa O1pJIeit HEeMece Tyelll eMecC TOYecCi3
napaieb peaKIusiap )KUbIHTHIFBIHA 00Ty OPBIH/IBI IICTITIM ST caHayFa OO0JIa IbI:

dx, /dt =k, (T)f (1-x, ) (7)

KongaHplmaTelH KHHETUKAIBIK MOJEIBIACPAIH OapJibIK adyaH TYpPJUTITIMEH YII
HEri3rl TYpPIH aXbIpaTyFa OoJaabl: YACTKIINI, OasylaTaThlH >KOHE CHUTMOUITHI
(aBTOKATANMUTHUKAJIBIK). Byl TypiepiH opKaiChICHIHBIH ©31HE TOH Mpoduil Hemece
CKUHETHKAJIIBIK KUCBIK» Oap [77-80]. Mpicainbl, curma Topi3/ll peakiusaap, ojapaa
yAeTkim (a3acel, oJlaH KeHiH Texeny ¢aszacel 0ap. Y aeMenl CUMaTTarbl XUMHUSIIBIK
peakiusiapra KejeTiH OoJicak, ojlap eTe cupek kesneceni. Mmean mbican - Oy
Iap/blH OpTachblHAH OacTalbIl, COJaH KEHiH CBhIPTKA TapallaTblH KAaTThl JCHE
peakuusicsl. Tarbl Oip MbIcan, TapMakTainy KoddduireHTi OipeyeH acaTblH TI30€KTi
TapMakTally pPEaknuschl. HUTPOIHEPTETUKANBIK MaTepUaIAPIAbIH  BIIBIPAYHI
OacTankplia aBTOKaTaIW3 €CEOIHEH XKeneNAeTuieNl, KeWlH TY3UITeH bUTy MeH
KBICBIMHBIH HOTHIKECIHJIE OJIap BbIJbIpall, KeWiH curMa Topi3/l Kyire eremi [81].

Ocpunaiiia, curma Topi3i peakuusiap 6acTamnkpl )KOHE COHFBI (hazaap yAeTKIII
JKOHE OasyiaTtaTblH TUNTEPAIH YJITIIEPIH KOPCETETIH MPOILECTeP Al CUTIATTalIbl et
KOPBITBIHIBI Kacayra O0oJafbl. Peakius >KpIIIaMIbIFbl BIIBIPAY AOPEKECIHIH KEeHoip
apaJIbIK MOHI KE31HJIe TIPOIIECTIH OpTAChIHIA €H >KOFaphl JICHIeHTe >KEeTETIHIH aTtall
©TKEH OH.

Mynbr ABpaamu-Epodees yirinepi (8) apKbUibl aHBIK cunatTayfa 0onaasl [82,
p. 567-578]:

f(a) = n-(1-&)-[-In(1-a)] D" (8)
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Ochbl kuHeTUKANBIK TeHeyal (ABpamu-EpodeeB TeHaeyl) KaHaFaTTaHABIPATHIH
OPTYPJIi MOJICTIBIIEP CYpETTEe KopceTiIreH (2-cyper). by skepae sapo Ty3uyl Te3 )KoHe
TOJBIK XKypeai aen 6oimkanansl [83]. OceiFan coitkec =0 »oHe siaposap eki OarbITTa
oecemi (A = 2, couapikTan N = f + A = 2). Erep peareHTTiH XyKa TaOaKIIaJapbIHaa
SIpoJIap TY31JICe, OHJIa OJIAPJIBIH 6Cyi 2 a CypeTTe KOPCETUIreHAeH TTacTHHKAIAPIbIH
IICTTEPIMEH IIEKTEIIC I, ajl aJIbIHFaH SAPOJIap KYKa KOHE )KapThutai meHoepii. Erep
saposiap Oip-OipiHe JKaKbIH HYKTEJIEPAE TY31ICE, KPUCTAIIBIK KOJIEMIET] CHI3BIKTHIK
oenrinepae (aucnokanusiiap OoiibiHIIa 00Iybl MyMKIH) HEMece OETTIK ChI3BIKTAPIbIH
OolibHIa opHAacea (2, o-cyper), oHaa OyI1 siapotap Te3 KabaTracasl )KOHE OJIapAbIH
OJIaH opi ©Cyl OHIMHIH UWJIMHIPIIK KOJIEMIHIH TUAMETPIH YIFANTy apKbUIbI KYpel

®).
T H

7FEN

2 ...\u ¥
I L0 IIIIl]_l

a 9

a - peareHT IUIacTMaccajlapblHJIa ©CETIH SAApojap KapThUlail MmeHOepJl MIIIiHTe ue: o -
peareHT inrH/e eCeTiH AApoap MMIMHAPIIK MIIHTe He

Cypert 2 — Kimri @ ymrid n=2 KyaT 3aHbIHA HEMECE 0. MOHIEPIHIH KEeHIPEK
nuana3oHbIHIarel ABpamu-EpodeeB n =2 TeHeyiHe coilkec KeNeTIH ekl
TE€OMETPUSIIBIK PEAKIUS MOJICI

Eckepry — Eki *armaiia 1a >xpUIaM HyKJealus Ke3eHiHeH Keilin (B=0) exi emmemi ecy
(A=2) Gaiikananapl.

Faneimpap Cectak nen beprpen opTypiii peakuusi MOJAEIbACPIH CUMIATTAUTHIH
m, n, p ko3pPUIMEHTTEPIHIH MOHIEPIHIH KOCBHIHIBICHIHA TYENl AMIUPHUKAIBIK
MoOJebAl eHrizal. Oaerre (9) TeHaey KbICKapThUIFaH Typae KoigaHaawl (P=0), oHbI
keine «xkeHenTinren [poyr-Tomnkunc yarici» aen te araiinsl [84]. Kecinren Cecrak-

beprpen Mojen aBTOKaTaIUTHKAIBIK MOJEIbIIH KOPHEKI MBICAJIbI OOJIBIIT CaHaIa bl
[85, p. 567-578].

f(a) =o"(1-0)" [Hn(1-)} 9)

Kaz6a oTbiHgapbiHa KBI3BIFYIIBUIBIK TYABIPATHIH PEAKITUSAIAPIbIH YIKCH CaHbI
apTTa KajJfaH HEMECe CUrMa Topi3l. ©3 Ke3eriHjie KeIKTIPUIreH peakusiap/bl yiil
Heri3ri Typre Oesyre OoNaabl: peakIus >KbUIIAMIBIFBI AKCIIOHEHIIUAIABl TYPIE
BIBIPANTHIH O1PIHIII PETTI peaKIusIap KOHE SKCIIOHSHIIUAIIIbIFA KapaFraH1a )KbUIIam
BIIBIPDANTHIH €KIHII PETTI peakiuusiap >KOHE SKCIIOHCHIMAJbIFa KaparaHjaa Oasy
BIIBIPANTHIH COHFBI YIITIHIII THII.

bastynaTaTeiH Mopjenbaep TPOLECTIH OachlHIa MaKCUMyMFa >KETETIH JKoHE
BIJIBIPAY TOPEKECIHIH )KOFAPhIIAYbIMEH Y3/1KC13 TOMEHICHTIH MpoIecTep Il OUIIIpei.
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bepuxsm men Bpayn [86] sxymbic 6appicbiHaa 1-KecTeHi cumaTTaMaiblK KUCHIKTapMEH
TOJBIKTRIPY KEPEK Jen caHayra OeiiMm 0oJibl (3-cyper).

nth-order Gaussian Distribution in E

\\
‘\\ / sigma = 2%
\\\

Reaction rate, s™
1
Reaction rate, s™

sigma = 0%

0 20 40 60 80 100 120 0 20 40 60 80 100 120

Time, s Time, s

a 9

Cyper 3 — IllemimHiH rpaduKanblK HYCKAchl

3 - cypeTTeH KepiHil TypFaHiai, N-11i peTTi peakuusiap (MyHaarsl n<l) ToMeH
Kapail OHWBbIC, SIFHM TOMEH TYPJCHIIPY Ke3iHAe OpeKeTTecylll OIipiHII peTTi
peaKIMsIHBIH 0acTanKbl KbUIIaMABIFBIHAH OOJDKaHFAaHHAH Te31peK oFanaspl. [Icesmo
N-1I1 PeTTl peakuusiap, MYHIaFbel n>1, JKOFaphl Kapai oiibic, OyJ1 Kapama-Kapchl MoH
Oepeni. MyH/ia iceB0 ChIH €CIMI €HTI131JINeH, OMTKEHI ra3 (ha3achiH/ia HEMECE epITiH/II
peakIMsUIapbIHIA N-111 PETTI eMec peakuusiap KoJJanbuiaabl. MyHaal sxaraaniapaa
BIHFAIIBI OOJTy YIIIH PEeaKIHs PeTi Hapluaiibl KbICHIM HEMECe KOHLEHTpaLus TYPiHIe
KOpCeTLIeIl.

Ynemeni Moaenbaep bIAbIpAY JIOPEXKECIHIH JKOFapbUIAybIMEH — peaKIus
KBULAAMJIBIFBl  apTHIN, TPOIECTIH COHBIHIA MaKCHMyMFa JKETETIH TMpoIecTepi
cunarTaiapl. by TunTeri MoxenbAepAl KyaT 3aHBIMEH CUIIaTTayFa O00Ja Ib:

fa = n'a(n-l)/n (10)
MYHJ4 NN — TYPAKTBI MOH.

1.4 KuHeTHKAJBIK TAJaay daicTepi

KuHeTukanelK TanmayabplH MPaKTUKANBIK JKOHE TEOPHSUIBIK MaKcaThbl OOJTybI
MYMKIH €KEeHAIr JonenaeHAl, Oipak Oy TajjayldblH HETi3r MPaKTUKAIbIK
KOJITAHBUTYbI MaTEPUAJIJIbIH PEAKIUs KbULIAMIBIFBIH KOHE OMIPJIIK IIUKIIH O0Kay
oosbin  TaObutaAbl  [87,88]. KuHeTWKaNbIK TanmaylblH TEOPHUSIIBIK MaKCaThl
OKCIIEPUMEHTAJIIBl TYPJE AQJIbIHFAH KUHETUKAIBIK TPUIUIETTI TYPJICHIIPY OOBII
caHananbl [89]. OpOip KMHETUKAIBIK TPUILIET MOHI Iprelli TEOPUSIMEH OaiIaHbICThI
€KCHIH YMBITIAy KepPeK. AKTHUBTEHY DHEPTHUSCHI DHEPTETHKAIBIK TOCKAYBIIFA >KOHE
AKCIIOHEHIAIIB (haKTOpFa OCJICEHIIIPIITeH KeIIeHHIH Tepoenic kuimrine, an (o)
HeMece g(0) peakiys MeXaHu3MiHe KaThICTHI.

Konnencamusmanran (a3agarbl XAMHSUIBIK — PEAKIUSHBIH ~ KHHETHKAJIBIK
napamMeTpyiepiH aHBIKTAy VIIIH HW30KOHBEPCHUSUIBIK —Tajljay JKOHE MOJENbII
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COMKECTeHIIPY 9/11C1 CUSKTBI KONTEereH apTyp:i Tocinaep 6ap [90]. Exi HyckaHbIH 1a
apTBIKIIBUIBIKTApPBl MEH KEMIIUTIKTepl ©Oap, ojap YilleciMal Typle JKaKChl
KOJIIaHbLIAIbI.

OJIeTTe, U30KOHBEPCHUSUIBIK onicTep AuddepeHnanablK TeHIeyIep apKbUIbl
cumarTajgaabl, MyHaa KbickiM Kepcetkimi h(P) eckepiameiini. byn omictep keiime
«MOJIENIbCI3 KUHETHUKa» JIEN aTajajbl, ce0edl O 9/1ic MaTEMaTUKAJIBIK JKYBIKTAYIbI
KOJITAHYIbl KaMTBIMAibI, OipaK TYPJICHIIPY >KbUIIaMIbIFeIH Y {)) maiinananysl
tajan erei. Herisri 6omxam, peakiusiHBIH Ke3 KeJITeH JopeKeci YIIIH TeMIiepaTypara
KapamacTaH OipJeil peakius Oipael KaTelHacTa Xypesi. I30koHBepcHs MPUHIIUITIHE
HETI3/IeJIMETeH XUMUSIIBIK PEAKIUSHbI KYPri3yJe KUbIH CIITeHE >KOK, OMTKEeH1 Oy
oliCTep CIIKAHAAW >KYBIKTayJlapFa HETi3[eJIMETEH, COHJABIKTAaH HWHTETPaIbIK
o/licTepre KaparaHia MOTEHIUAIbI TJIpPEK.

MBeIca peTiH/ie TYPaKThl TYPJICHIIPY TOPEIKECIHICT] peaKIns KbUITaMIbIFbI (o)
TEeK TeMmepaTypaHblH (YHKIMACH OO0JIATHIH Mapajijiesiblil TIYeJNICi3 peakiusiiap
YKUBIHTBIFBIH KeNTIpyre 001anl. Tarbl Oip MbICal - SPTYPJIl aKTUBTEHY DHEPTUACHI Oap
Oocekesec peakiusiiiap, COHbIH HOTHKECIHE OPTYPIIl TeMITepaTypajia >Kajbl PeaKius
YKOJIBI QPTYPJii 00T bl.

3epTTey OapbichiHaa (U3-XUMUKTEP Bsi30BKMH MeH JIECHUKOBUYTIH Ha3apblH
MU30TEPMUSIIBIK MOJTIMETTEp OOWBIHIIA €CENTENreH KHHETHKAIBIK TapameTpiepaiH
TaHJAJIFaH KHHETHKAIBIK MOJICITBIe €PEKIIIE TOYEIIl eMECTIrl, aJl U30TEPMUSIIBIK €MEC
oICTEp YILIH KEPiCiHIIE O0MaThIHABIFBI KbI3BIKTHIPAKI [91].

[Mamamen 50 b1 OYpPBIH HM30KOHBEpPCHUS QIICTEpiHIH Aamybl Dpuaman
nuddepeHnanabIK dICTI alFall kacaraH kesnue Oactamabl [92]. bipa3 yakeiTTan
keiiin O3zaBa, OnUHH XoHE YOJT MHTErpaJIbl M30KOHBEPCHS OJIICTEpiH aepdec
TaMbITTHI [93]. OuHH MHTETpaIABIK 9MICTEP/Il JaMBITY OOMBIHIIA OipHEIIe KbICKA,
Oipak aKknmapartThl TaNKbLIayaap 6epai [94-97], onapasiH cxemanblK KopiHici 4-cypeTTe
KOPCETUIrEeH.

/ AT&Z
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Aer eX[{T—Fij( 2)
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T T2T,.1 T2

Cypet 4 — MHTerpanibIK 9ICTEPIIH CXEMaJbIK KOpPIHIC]
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Opunman omici [92, p. 189] eH kem TapanFraH W30KOHBEPCHS OIICI OOJBIM
TaObUTaAbl. Bys of1ic keneci TeHaeyre Her13/1e/IreH:

In(— —j: InA+ Inf(x)— E/RT (11)

f(X) a-HBIH Ke3 KeJreH TIPKEITeH MOHI YIIIH COHFbI MYIIEIET TYPaKThl IIaMa
OonrauabikTan, dX/dt TypneHaipy >kbuigamabirbl jgorapudminiy 1/T-re Toyemaiiiri
TY3Y, OHBIH eHici E/R, jkoHe OHBIH OpauHaTa OCiHJE KeCill ajaraH Kecinmici, nfAf(x)]-
Fa TEH.

Kernreren sxybIKTayap *aimbl TYPAET] CHI3BIKTHIK TCHICYA1 YCHIHA/IBIL:

B _ _ | B
In(_l_ 7 ] = const C( RT J (12)

myH1a B sxoHe C TeMmriepaTypaiblK HHTETPAIIBIK KYBIKTAy TYPIH aHBIKTAHTBHIH
napameTpJep.

Meicansbl, JloinnbiH ete epecken xkybikTaybl B=0 nen Oomxaiiner; C=1,052.
Ocpunaiinia, (12) renaey O3apa - @nunn — Yot (ODY) (14) nen Te Genrisii HbICAH IbI
anazael [93, p. 1884]:

In(,)= const — 1.052[ RET0 j (13)
i) |- e, (14)

Hotmxenepain nepeki MHTETpaiabl KybIKTaybl E, aKTUBTEHY SHEPTHSICHIHBIH
TN eMec MoHJIepiHiH ce0ebi aen caHayra O0omaabl. Mioppeit MeH YalTThiH A9lipek
KybiKTaybl B=2, C=1 nen Oopkaiinbl, Oy O0acka >kKui KojimaHbuiathiH Kuccenxep-
Axkaxupa-Cyno3 (KAC) tenaeyin tynbipans! [98, p. 28]:

m(T/j;i]:const_(;ij (15)

OzaBa-®dauHH-Y 011 91iciMEH canbIcThipcak, Kuccenxkep-Akaxupa-CyHo3s afici
E. akTUBTEeHY >HeprusiiapblH I9JIpeK aHbIKTayFa MYMKIHIIK Oepeni. bipak CrapuHk
ecentereHyiei, E, akTUBTEHY SHEPrUsCBHIHBIH €H a1 MoHAepi B = 1,92 kesinze
aneraagsl; C=1,0008.

TemneparypanbiH KBagpathiH 1,92 KyaTneH aMacThIpy )KOHE OH KakK MYIICHIH
anneiHa 1,0008 k0oaddUIMEHTIH KOCYy apKbUIbl a3fam, Olpak JdNIpeK aKTUBTCHY
SHEPTUSIIAPBIH amyFa 0omaapl, 6ipak Oy aii e E TypakThl nereH TeHaey 0o KanThIH
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MOCEJIEeHI mienmnen 1. Bs3oBkuH Oy ecenTi ©Te a3 yakbIT apalbIFbIHAAFEl TEHICY/ I
UHTETpalay apKbuisl merrri [99, p. 23]:

J[E, T(t,)]= jt t exp{ F:TE(:Jdt (16)

Bs30BKUHHIH KETUIMIPUITEH HWHTETPAABIK oJiCi ©31HIH MOH1 OOMBIHIIA
dpuaman xKoHe OacKaylap cUIaTTaraH 9/IICIIEH COMKeC KEJICTiHIH aTall eTyre 0oaibl.

Karrel pgeHenmep VIIH BIOBIpAY JIOPEKECIHIH pPEaKIMs O KbUIIaMJIBIFbIHA
toyenainiria Koyre-Pendepn tenneyi [100, p. 69] apkpuibl epHEKTEyTE 00Ia b

In{M} = _R_ET + In[— AR(l —~ ZR?TjﬁE} (17)

TZ

Kesinge XanblKapalblK TEPMUSUIBIK AHAJIN3 JKOHE KAJIOPUMETPUSI KOHTPECIHIE
(ICTAC) osbl Xy3ere acbIpyIblH MNPUHUUNTEP], KE3E€HIAEPl KapacThIPbUIbIN, OYJI
OICTIH 9JIC13 KaKTapbl aHbIKTAN K [101, p. 25]:

In{ﬂi /(Tofi (1 - ZR?Tm =In[- A,R/(E, In(x))]- E, /RT,, (18)

Herenmen, Koiitc-Pendepn amici (1) Kaifta peTTey apKbLiIbl K30KOHBEPCHSIITBIK
o/licKe TypaeHaipyre 0omaibl.

JlereHMeH, €H TaHbIMaJl M30KOHBepcus dicTepiHiH Oipi Kuccunmkep omici
OO0JIBITT TAOBLTAIBI, OHBI «M30KOHBEPCHS» JCT aTayFa 00JIMaii bl )KOHE eIIoip sKaF 1aiia

Kuccunmkep-Akaxupa-Cano3 H30KOHBEPCHS 9IICIMEH maTtacteipMay kepek [102, p.
1704]:

| BE ~E \df(x)
0" |: RTrr?ax ’ Aexp{ RTmax j dx ] (19)
df(x)/dx = -1,

Kapamaiibim Kaiita perreyneH kediH Oyin Tenney Kuccuumxkep TeHueyiHe

allHaIabl:
In( _ZB J: __E . In[ARj (20)
T RT,.. E

max m

Korappiia aWThbUTFaHIAPABIH OapibIFbIHAH HW30KOHBEPCHUSIIBIK OMICTEPAIH
KYLITI 5KaKTapbl MEH IIEKTEYyJIepiHE KaThICThI O1pHEIIe KOPHITHIH/BI TYCIHIKTEME Oepy
OpbIHBI Oonanbl. M30KOoHBepcHUs oiCcTepiHIH 631 TaOUFaThl OOMBIHIIA PEAKIIUSHBIH
reTepOreHAUIIriH  MOUBIHIANWAbI, Oys kahaHAbIK TpaHCc)OpPMALUSHBIH OpTYpIIl
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Ke3CeHJIepIHAe IpTYpil eHIMAEpAiIH TYy3l1yl MYMKIH ekeHiH Oungipeni. Erep ci3 ochwl
oficTepAl maijanaHa OTBHIPBIN, OacTanKbl MaTepUaNIbIH >kahaHIBIK TYpJICHYIH
ecenTeil OacTacaHbl3, OHJA HOTHXKE MOJIENBJI OpHATYyFa KaparaHJlla »KakCchl HeMece
TINTI %KaKChl 00Tyl MYMKIH, OUTKEH1 OYJI *Karaaiaa TpaHchopMalusIra TOyeIUTIKKe
A xone E Oeitimaeny oHaiibipak O0osianbl. bypein bepaxam men bpayn [103] timTi
oJIapJibl KOMIPAIH NUPOJU3IHIAE KOJAaHy MYMKIHJITIH TaJKplJIaFaH OOJIaThIH, aj
Huxkman [104] onmapapl MyHal Ty3UIylH MOJENBACY/AE KOJIAaHYFa KbI3BIFYIIBLIBIK
TaHbITKaH. Onap TUOTIK MYHaid Oap KeporeHaepre KaThICTBI OCHI KATHIHACTHI
JTMArHOCTHKAJIayFa KOMEKTECETIHI TIXKiprOe KYy31HAE IoJCNCHIeH, COHBIMEH KaTap
MYHail @H1Ipy YIIIH KeHIpeK TeMIeparypa Juana3oHblH O0Kai anajsl.

JlereHMeH, oJlap/bIH, Ke3 KelreH Oacka omicTep CHSKTHI, ©3 MIeKTeynepi 6ap.
Mpeicanbl, TpaHchopMmaiusi  (QYHKIHMSICH — pETIHAE  JKacalFaH  eHIMepAeri
alBIPMAITBUTBIKTAPABl  MOJICTBACY KAXKETTUIIT TybIHJAca, OHBI HW30KOHBEPCHS
oficTepiMEeH jkacay OHail OonMaijabl. PeaknusHBIH €Ki TYPJl KbUIJaMJIbIFbIH
MOJICTIbJICY/Il KajdacaHbl3, OYJI KbUITAMIBIKTAP YIIIH W30KOHCEPBATHUBTI KHHETHKA
MyJzieM Oackaiia 00Jiybl MyMKIH, MBICAJIbI, SHIOTEPMUSIIBIK XKOHE SK30TCPMMUSIIBIK
Ke3eHepl KabarracaTblH MaTepuall VIIIH CajdMakK KOFalTy MXKoHE JKbUIy Oely.
KopbITbiHABIIAN Kenle, U30KOHBEPCHUS OMICTEPIHIH €H MAaHBI3Jbl MIEKTEYl peaxius
apayblK OHIMJICPIHIH MYMKIH coikecci3airi 0ombim Ttabbutanpl. Cebebl, eHmIpICTIK
JKOHE TYTBIHY pPEaKIMUIAPBIHBIH YiIeCyl peakuus IKEeNICIHIH KypAeNiIiriHe
OallIaHBICTHI TYPJCHIPYA1 KapanabiM aHBIKTAay bl KHBIH HEMECe MYMKIH eMeC €Te/Il.

1.5 HoaudgupJiepain TEPMUSIIBIK bIABIPAY epeKIIeTIKTepi

[Honuagupnep — ken Heri3al KbIIIKbUIIapAbl HEMECE OJap iblH aHTUAPHUITEPIH
KON aTOMJbl CIUPTTEPMEH TMOJHUKOHJCHCAMSIAY APKBUIBI aANBIHATHIH JKOFAPHI
Mosiekynanel  KocbuibicTap [105]. Tlomuadup Tizberi omerre  KYpbUIBIMABIK
OIpJIKTEpAIH VI HETi3rl TYPIH KaMTHABI: KAHBIKKAH KBIIMIKbUIIAP, KaHBIKIaraH
KBIIITKBUIIAD JKOHE TJIMKOJIBbJEP. OPTYpJl TaOMFATTaFrbl KaHBIKIAFaH TMOIUIPUPII
maiibIpiaapra HETI3JeNreH MOJIUMEPIl KOMITO3UIMSIap SPTYpIl cananapaa KeHIHEH
Kostnanbutazel [106-110]. Byt xkarnaiina, eH MaHBI3ABICHI, OAHIaHBICTRIPYIIIBI, ICHKA
TY3€TiH, CIHJIPY >KOHE KOMIIO3UTTIK MaTepHaJIapAblH KyiMa KOMITO3UIIUSIIAPHI
peTiHAe KOJAaHbUIAThIH KaHBIKMAaFaH MOJUA(UPII MadkIpIapabl MaiganaHy OOk
TaObLIABI.

[Tonumep Ti30€riHe OTTErl aTOMBIH €HII3y MOJUMEPJIIH KAacHUETTepIHE OTe
MaHBI3/IbI dcep eTeai. by )karmaiina, opuHe, MAaKpOMOJIEKYIaHbIH KacueTTepine 0acka
dakTopiap Aa TOJNBIK dcep eTenl: TI30eKTIH KajFaH OeJIriHIH KYPBUIBIMBI, OYiip
aJIMACTBIPFBILITAPHI )KOHE MOJIUMEP/IIH 0acKa KYPBUIBIMIBIK €PEKIIEITIKTEPI.

[TonmuMeTunenaeri MeTuiaeH TOOBIH OTTETi aTOMBIMEH aybICTBIPY METHJICH
TOMNTAPBIHBIH OTTET1 aTOMJIapbIHA KaThIHAChIHA OAMIaHBICTBI OPTYPJIL dcepiiep Oepei.
Ocbunaifiima, Oy angsiMeH Oaliky TeMIlepaTypachlHbIH JKOFapbUIayblHAa OKeJell,
mbicanbl, 185°C nomudopmansaerun [111], an nomumetmnen 142°C Gankunast [112].
bipak MeTuneH TONTapbIHBIH CaHbl apTKAaH CalbIH JKYMCApTy TeMIEpaTypacsl
TOMEHCHI1, COMaH KeiiH KaWTamaH >xkorapbutaiinbl [113]. Bipkarap kapamnaiitbim
apoMatThl moauddupiepae 6anKy TemnepaTypackiHbIH TOMEHICY1 Je OaifKanabl.
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[Monmusdupnep kapamaiipiMaapaan Tek d3¢upiik otrerimen — CO-O-
OaliylaHBICKAH KapOOHUI TOOBIHBIH 00JTyBIMEH epeKILeIICHEe 1.
['MIpOKCUKBIIIKbUIIApAAH aJbIHFAH MOJUI(PUPIIEPAIH CaHbl a3, ajl TJIMKOJbIEP MEH
JTUKApOOH KBIMIKbUIAAPBIHAH CUHTE3JICITCH MONUAI(PUpIEp MNOTUMEPIEPIIH YIKEeH
TOObIH Kypaiinbl [114]. ConablkTan nonaudupiep KaTapblHIAFbl KYpPbUIBIM MEH
KACHETTEp apachIHAarbl OailIaHBICTHI KAapacThIpFaHAa EKIHII TUOTI MbICATIAapbl
KOJIJIAaHAMBI3.

[Momumerunenai (anudarTeiK) noaudupiaep MeH noaudeHuIeHHIH (apOMaTThI
nosudpuUpiiep) KacueTTepi OOWBIHINIA €H TOJBIK Marepuasn Oap [115-119].
[Tommpupnepain KyMcapTy *KoHe O0alKy TeMIIEpaTypachIHbIH 63Tepyi IMIBIHBI ayBICY
YKOHE KPUCTANIIaHy TeMIlepaTypajlapbIHbIH ©3TepyiMeH Oip Me3riine OOJaThIHBIH aTar
oTkeH koH. COHJBIKTaH OalKy TemrepaTypachiHa OalaHbICTBI OepiiareH OapIibIK
OMJIap MIBIHBI AYBICY TEMIIEpATypachiHa Oipeii KOJIIaHbUIa bl METHUIICH TONTAPhIHBIH
XYM caHbl 0ap moJudduUpiep MOJIEKYJIAaChiHa METUJICH TONTAPBIHBIH TaK CaHbl Oap
TJIMKOJIb KOHE JUKApOOH KBIIIKbULIAPBIHBIH MOJUA(DUpIIEpIHE KapaFaHla KOFaphbl
TeMIiepaTypaja kymcaptaabl. byn «maputer dhakTopbl» nen aTanaTtbhlH KYObUIBICTHI
MOJISIPJIBIK OCEPJIEPMEH, COHJIal-aK MOJUMEPJIEPIIH KYI KOHE TaK KaTapbIHJAFbI
KpHUCTaJIap/bIH TaOUFaThIMEH TyciHipyre 6omaabl [120]. by yarini 6acka aBTopiap
atan oTTi [121-125]. Ocipece «maputeT (QaKTOPBIHBIHY) ocepl MoJUdIPUpIEPIIH
TOMOJIOTTBIK KaTapbhIHBIH aJIFAIIKbl MYILIEJIEPIHIH MbICATIBIH/IA aWKBbIH KOPIHE/I].

[Hommagupain O6anky Temmneparypachkl noau3dup OipiiriHe KIpeTiH METUJIEH
TONTAPBIHBIH KBl CaHBIHA FaHA €MeC, COHBIMEH KaTap OJIAPABIH KBIIMIKbUT MCH
TJIMKOJIb KaJABIKTapbl apachIHIAFkl TapadyblHa OalIaHBICTHI €KCHIH aTal eTy oTe
MaHBI3bI. Byl allbIpManIbUIBIKTAD KOHABIPFBIIAFEI METHJICH TOTTAPBIHBIH JKaJIIIbI
CaHBIHBIH OCYyIHE Kapail Terictesce e, oyiap OapiblK yaKbITTa JKETKIIIKTI JopexKeae
cakramanpl. Ocpuraiima, Xwwur MeH Yoakep [126] kepceTkeH yCTaHBIMBI
nosmdupnepain  O6anky Temmeparypackl monuddup  OipiiriHAeri  METHIICH
TONTAPBIHBIH JKaJIbl CaHbIHA FaHA TOYEJl >KOHE OJapJIbIH KBIIIKBUT MEH TJIMKOJIb
KaJIJIBIKTaphl apachlHIAFbl TapaTyblHa OalIaHBICTHI €MEC.

bynan aBtopnap cinremeneri 3¢upiik OalIaHBICTBIH OPHBI MaHBI3IBI PO
aTKapaJbl JereH KOPBIThIHABIFA Keiaal [127]. Merunen OaililaHBICHI apKbLIbI eMec,
MoJieKyJia dGUpIIiK Oailianpic OOWBIMEH OHAM alHaNATHIHABIKTAH, d(GUp OaiIaHbICHI
OYBIHHBIH OpTachlHAA OpHajackKaHma, Oyn OaitmaHbic OybIHHBIH  COHBIH/IA
OpHAJIaCKaHFa KaparaHJa, MOJIEKyJa oHail aiHamanbl. COHIBIKTaH OallaHBICTAPHI
KBITITKBUT MEH TIUKOJIBIIH Oipaei KaJabIKTaphlHAH TYPATHIH MOMUA(DHUPIEPIiH 0Ky
TEeMITepaTypachl TOMEH YKOHE OJIap IbIH Y3bIHIBIFBI OOMBIHINIA epeKIeeHe 1. MbIcabl,
nonvdTHIIeHOamanat 72°C, an u3oMepiii MOJMIeKCaMeTHIIeH aaunuanaTel 55°C-Ta
Oankuael  [128]. bactankbpl TIUMKOJIb  HEMece  JUKApOOH  KBIIIKBUIBIHBIH
MOJIEKyJachIHAAFbl ~ OYMIpJIK ~ METWJI  TONTapbl  mojuddupsepain  Oalky
TEeMIIEpaTypachIHbIH TOMEHAeYiHe aKeneni [129].

bacrankel aukapOOH KBIIKBUIBIHBIH HEMECE TJIMKOJBIIH MOJICKYJIaChIHAA
OTTET1 HEMece KYKIPT TeTepOaTOMBIHBIH OO0ybl MONMMAIPUP/IIH KACHETTEPIHE KaTThl
acep eteni [130]. by monmumepnep yiriH maputeT GakTopbl Ja 9JICi3 HEMece MYJIIeM
xoK. [lomsiprmeik TomTapmabiH Oonysl eTe ocepii ocep erenmi. Ochuiaidmia,
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CyabGOHUIANBANED  KbIUKBUIBIHBIH — moiamddupriept  cyabQOHABIK  TONTHIH
NOJISIPJIbIFBIHA OaMIaHBICTBI THOJWBANIEP KBIIIKBUIBIHBIH YKCac MOJud(UpiepiHe
KaparaHJa alTapibikTail skorapel  Oankuael [131]. DOdupaik O aTOMBIHBIH
nodGUPIIH  KYMCapTy TEeMIEepaTypachlHbIH JKOFapbUIayblHA 9cEpl TJIMKOJIb
MOJIEKYJIACHIHBIH KYpaMbIHa KIPTeH 1€ alKbIHbIPAK OOJaTHIHBIH aTam eTyre 00Jajbl.

BipiikTte kemipTeri aroMaapbl CUMMETPHUSUIBI €MEC ONTHKAIBIK OeICeH/Il
nonuddupaep OelceHl eMec Me30-U30MepiiepAcH KAacHETTEpPIMEH epeKIeacHe Il
[132]. KpImKpUT MOJEKYyJAChIHAA OpblHOAcapiapAblH OO0dybl OpKalllaH OalKy
TEMIEPATYPAChIH TOMEHICTICH/ 11 3KOHE KPUCTAIIBUIBIKTHI Oy3a/1pl. ON0eTTe, eIy
dbakTOop ONTHKAIBIK OCJICeHII W30Mepiiep JKaFJalbIHAAa J>KCHUIIETIITCH >KOHE
Me3o(opmanap yiriH KAbIH 00JIaThIH KPUCTAABIK KYPBUIBIMIA Opay KabiseTi O0bI
TaObLIabI, OYJI mIapam MeH o, -AMMETOKCUKCHH KbIIIKBUIBIHBIH TOJUIPHUPICPiHIH
MbIcanbiHAa kepineai [ 133]. [omuacrep 2,3,4 - TpuMeTUIKapOOH KBIIIKBUIBI, OYHIpIIiK
JIMACTBIPFBIIITAP/IBIH (METOKCH TOMTAphl) KOMTITHE KapaMacTaH, CAJbICThIPMAaIbl
TYplle >KOFaphl Oaliky TemmeparypacbiHa wue [134], OwIl onTUKaNbIK OelceHIl
3aTTapaH ajblHFAH MOJUMEpJIepre TOH THIFBI3BIPAK KalTaMaHbIH Taiiga OoJyblHA
OaitmaHbICTBI. OeNTLI 01p KEHICTIKTIK KOH(GOpMAaIIHs.

AmudatrTeiK moaudGUpIepAiH MaKpOMOJIEKYJachlHA apOMATThI SPOJIAPIbIH
€Hyl aWTapJbIKTaili >KOFapbl JKyYMcapTy TeMmIepaTypachiMeH CHUIIaTTajJaThiH
noM(EeHWICHMETHIIEH KYPBhUTBIMIAPBIHBIH TY3UTyiHe okeneni [135].

Xom wicTi N-AUKapOOH KBIIKBUIAAPBIHBIH MOAMA(UpPIIEp] YIOIH OAUIIIK
(bakTOpbl MaHBI3AbI OO Kaja Oepe/il JKOHE HKYIT CaH bl [IIMKOJIbJIEP/ICH albIHFaHAAP
TaK CaH/bl TJIMKOJIBACP/ICH aJbIHFAHIApFa KaparaHja skorapbl 0ankuasl [136]. bipak
M- 5k9HE 0-AUKAPOOH KBIIIKBUIIAPBIHBIH MOIUA(PUPIIEP] YILUIH TAPUTETTIK (PAKTOPAbIH
acepi Kol XKaFJiaiiia aJicipeiii, TInTi MyJieM *KoFasaabl. KpuctainaslK apoMaTThl n-
JTUKApOOH KBIMIKBUIIAPBIHBIH MONMU3QUpIEpIHE A€ TOH, ajl m- XoHE O-IUKapOOH
KBIIIKBUTIAPBIHBIH MO (HUPIIEP] KOl Karaaiaa aMopThl O0IaIbI.

Xomr MicTi TUKApOOH KBIMIKBUIBIHBIH MOJEKYIachlHa anu(aTThIK OipIaiKTepal
EHT13reH 1€, a(aTTHIK KAJIJIBIK Y3bIH/IBIFBI YIIFAFaH CailblH colikec monudGupiepiin
O0anky Temmeparypacbkl TeMeHaewmi [137]. IloamoxcuddupiepaiH  KbI3BIKTHI
EpeKIIeNirt - €Ki TeMmIepaTypaiblK aybicyAblH Oo0mybl. bipinmi aysicy -70°C
TeMIlepaTypaja, ajl eKiHIICl opOip MOTMOKCUI(PUPTE TOH KOFAPBIPAK TEMIIEpaTypaaa
oonanpl. [lomumep MosekynackiHbIH opOip OipiiriHae Oip-OipiHe YKCaMalThIH €Ki
Oemim Oap OosraHAbIKTaH, PeiikuHr sxoHe T.0. [138] Oipinm aysicyasl Ti30ekTiH (I)
IJIMLEpUH OONIKTEpiHIH KaThayblHA KATKbI3aJlbl, ajl €KIHII ayblCy KaTThl (peHUICH
O6JIKTEepIHIH KaThIll KAJTybIMEH OailllaHbICTBI. mojauMepil Ti30ek. bipiHumi aysicy
OOJIIMIIICHIH KYpPBUIBIMBIHA OalJIaHBICTBI eMec, OipaK eKIiHIIICI paJuKaIbIH
KYPBUIBIMBIHA OTC KAaTThl 0alJIaHBICTHI.

Xour uicTi TUKapOOH KBIIKBUIIAPEl MEH €Ki aTOMIbI (DeHoJaapAaH ajlbIHFaH
XOIII MICTI MONMMAIPUPIEPAl SACTTe MOIMaApUIaTTap Aemn aTaiiapl. OmapabiH KyMcapTy
TEMIIepaTypachl  JKOFapblAa KapacThIpbUTFaH  anudarTel KOHE XOII  MICTI
noamdGUpIIEpaiH  KYMcapTy TeMIepaTypachblHaH aWTapibikraii sxorapbl [139].
['unpoxuHOH >KoHE IUKApOOH KBIKBULIAPHIHBIH N, N - JUGEHUIKAPOOH >KOHE
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TepedTan CUSKTHI moiau3(upiepl ocipece KOoFapbl KYMCapTy TeMmIepaTypachbIMEeH
cunaTTanabl.

buc-peHon  MonekynacblHa,  COHJaW-aKk  AMKApOOH  KBIIIKBUIBIHBIH
MOJIEKYyJlachiHa ~ anuaTThIK  TONTApPAbIH €HYl KOl  KarFjaija >KyMcapTy
TeMIlepaTypachiHbIH TOMEHIeyiHe okeneni. Ochuiaiina, THAPOXUHOH MEH TepedTat
KBIIIKBUIBIHBIH ToTudcTepl 500°C, an 4,4-nmuoxkcuaudeHUIMETaH KoHe TepedTal
KBIIIKBUIBIHBIH MOJIMACTEPI 360°C-ta AKYMCapTAbI [140]. 4.4-
JTUOKCUIN(DEHIMETAHHBIH OPTAJBIK KOMIPTEri aTOMbIHA METHJI TONTAPBIH EHT13y
nuaHa nonmddupiepine okeneni. Ockuraiiima, AuaHa MeH TepedTan KBIITKbBUIBIHBIH
nomddupi 350°C TemmepaTypana epuil, SFHU. COJ TOMEHIpEK. Alaliia OpTasbIK
keMmiprerire Tek Oip ¢enun ToObHBIH eHyl 280°C Temen OankutbiH 4,4-
TUOKCUTpUEHUIMETaH oM PUpiHe okene . MeTui xoHe (heHUIT TONTaphIHBIH €HY1
OaIKy TeMIlepaTypachblHbIH a3damn >KorapbUlayblH Tyablpanbl. Ocbuiaima, 4,4-
nukapookcutpudenmi-1,1,1-stan nommaprnarel 290°C-ta 6anKuIb.

Exi denun ToObIH eHri3y Jie 0ajaKy TeMmIlepaTypachlH a3jan apTThIpajbl XKoHE
4 4-nmuokcuterpadenunmerad nommddupai 300°C Gankuasl. TepedTan KbIIIKBLIBI
MeH (deHondTallenHHIH MoJrMapuiaThl OfaH Jia >KoFaphl, atan adTkanga 320°C-ta
Ooankunel [141]. 4,4-nuokcudeHnamMeTan MojeKyaackiHa GTOp KaJJABIFBIH €HT13y, 013
TepedTan KbIIIKbUIBI ToJMapuiar neH 4,4-nuokcuiuermnToper MpicaabiHIa Kopim
OTBIPFAHBIMBI3/IAl, OJIaH J1a XKOFaphl OANIKy TeMIiepaTrypacbiHa, atan aitkanga 370°C-
Ka okenendi [142].

ApmaTypanaHfaH TutacTMaccaliapAbl aly YIIiH KOJAaHBIIATBIH KaHBIKIIaFaH
noJud(pUpIEpIIH TEPMUSIIBIK BIIBIPAYbl Typasibl oAcOHeTTepAe a3 akmapar Oap.
Kanbiknaran noim3Gupiaep/IiH 5KoHe 0JIap/IbIH COMOJMMEPIIEPIHIH KbI3bIPY KE31HAET1
calMaK >KOFaJITybl TypaJibl KeHOip nepekTep kenripiireH [142-145].

OpTYpJli TOJUMEPJEPAIH, COHBIH IMIHJAE KaHBIKIAaFaH MoJudGUpiIepaiy
TEPMUSIIBIK BIBIPAYBI TypaJIbl 9JICOMET IEpEKTEPiHE CYMEHE OTHIPHIIN, OKIHIIIKE OpaH,
MOJIUMEPJIETT OPTYPJl TONTApJIbIH TEPMUSIIBIK TYPAKTBUIBIKKA OCEpIH aHBIKTAy
opllalbIM MYMKIH €MeC, OWTKEeH1 TePMUSIIBIK TYPaKThUIBIKTBI Oaranay ofici >KOHE
TOKIpUOETIIK 9TIC KOIl XKaFaaiga opTypii.

Kenripinren [146] >kyMBICTBIH MakcaTbl KaHBIKIAFaH TMOJHAPHIATTAD MEH
OJIap/bIH HETI31H/ET] COMOJMMEPIEP/IIH TEPMUSIIBIK TYPAKThUIBIFBIHA MOJICKYJIATBIK
caJIMaK TieH moaudGup Ti30eri KYPBUIBIMBIHBIH oCepiH 3epTTey O0mabl. Toxipubemik
Matepuan periHae deHondranenH, auauMadan, ¢ymap, tepedran xoHe uzodTan
KBIIITIKBUIIAPbIHAH aJIbIHFAH apajiac KaHBIKIaFaH IOoJHapuiiaTTap, COHAAN-aK OCHI
MOJIMAPUIIATTAPABIH OPTYPJII KYPBUIBIMIAFBl a/UIAJI KOHE BHHHJI MOHOMEpJepi Oap
comomMepIepi TaHIaJIIbl. Y arinepaig TEPMUSIIBIK TYPAKTBIIBIFBI
TEPMOIPaBUMETPUSUIBIK Tasaay koHe 300 °C ayana U30TEPMUSIIBIK KbI3ABIPY APKBLIbI
OarajiaH/bl.

Keneci [147] xymbicTa moiauddup Ti30€riHIH MOJEKYJANbIK CalMarbl MeH
KYPBUIBIMBIHBIH ~ KaHBIKIIAFaH  [OJMapujaTTap MEH  OJapiblH  HeTi3iHaeri
COTIOJIUMEPJICPAIH TEPMUSUIBIK  TYPAKTBUIBIFBIHA 9cepi 3epTTenal. Toxipube
Matepuaniapsl petiaae GdeHondTanenH, AuauauaH, (ymap, TepedrTan KoHE
n30(Tan KBIIKBUIIAPbIHAH aJIbIHFAH apajiac KaHBIKIAFaH MOJUAPHUIIATTAP JKOHE OCHI
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MOJIMAPUIIATTAPABIH OPTYPJIl KYPBUIBIMIAFBl aJUIAJ KOHE BUHWI MOHOMEpJepi Oap
cornoJaumepIiepi TaHJaJ/Ibl. Y arinepaig TEPMUSIIBIK TYPAKTBUIBIFBI
TEpMOTpaBUMETPUSIIBIK Tanaay xoHe 300°C ayana U30TepMUSIIBIK KbI3bIPY apKbLIbI
Oaramanapl. Ounapabl  CaNbICTHIPY  MOJIUMAPUIATTBIH ~ MOJIEKYJAJbIK  Maccachl
MOJIMMEPAIH BIJBIPAybIHBIH OacTallyblHa alTapJIbIKTal ocep eTIECUTIHIH KepceTe/l.
Amnaiifa, piblpay KEHEHTeH CailblH, OJIap IbIH MOJIEKYJIAJIbIK CajJMarbl apTKaH CalbIH
MOJIMMEPJIEP/IIH calMakK >KoFaaybl OipmiaMa a3 0onaasl. deHondranend MeH Gymap
kKoHe u30()Tan KbIIKBUIAPbIHAH AallbIHFAH apajiac KaHBIKIaraH IOJHapuiIaTTap
EpeKIIeNiri  oJapAblH  TepepTalenH  KBINKbUIBIMEH  (eHondTamens  MeH
TUAINTMAMaHHAH —alblHFaH apajiac  KaHbIKMaraH [OJMapuiIaTTapra KaparaHjaa
TEPMUSIIBIK TYPAKTHUTHIFBI TOMEH.

Kypambinaa peakTHBTI Koc OaiiiaHbIChl 6ap KaHBIKIAFaH TOJUIPUPIIEP aJLTUIT
JKOHE BUHWJI MOHOMeEpJepiMeH comnosnmepiieHyre kaouierti [148]. byn xargaiina
OacTankpl MOJMAPUIIATTAPIBIH KAaHBIKIAY Jopexkeci OacTankbl KOMITOHEHTTEP/IIH
KYPBUIBIMBbIHAH 0acKa COTIOTUMEPIICHY OHIMIEPIHIH TEPMUSUIIBIK TYPAKTHUIBIFBIHA 9CEP
eteni. [lonuapunaTThl KaHBIKIAY JOPEKEC] AKOFaphLIaFaH CailblH OHBIH MOJIMMEPIICHY1
Ke31HJIe KoJIJIcHEH OalaHbICTap CaHbl apTajbl, HOTHXKECIHAE Olp MaKpOMOJEKYJa
naiga 6oxaapl. OHBIH TEPMUSIIBIK TYPAKTHUIBIFBIHBIH apTybIHA Ja OChl cebern Oolica
Kepek. bactanmkbl Kocmagarbl MOHOMEp KOHIEHTPAIMsChl apTKaH CailblH, T.
MoJIMapuiIaT: MOHOMEp KAaThlHACHI TOMEHJIETEH CaWbIH COMOJMMEPJIIH TEPMHUSIIBIK
TYpPaKTBUIBIFBIHBIH TeMeHJeyl Oalikananel. CebeOi, Oy skargaiia MOJUMEpACH
KalTaJlaHaTbIH MOHOMEpP OIpJIIKTEpPIHEH TYPaThIH TOMOIIOJIMMEP HEMECE Y3arbIpak
allkacranel OainaHbICTap Ty3y MYMKIH Ooisiajapl. Onap OipiHII OOJIBIN BIABIpAyFa
YIIBIpalIbl, OUTKEHI KOJJAHBLIATHIH MOHOMEPJIEPIIH TOMOMOINMeEpIepi OacTamkpl
MOJIMApUJIATTAPMEH  CAJIBICTBIPFaHJa KEWAe alTapiblKTalik TOMEH TEPMHUSIIBIK
TYPaKTBUIBIKIIEH cUmaTTanaabl. JleMek, cOmoIMMepiiepliH TEePMUSUIBIK bIABIPAYBI
KE3IHJE ©€H aJJbIMEH TOMOIOJUMED bIAbIpayFa YIIbIpaibl, COHBIMEH KaTap
COTIOJIUMEPJICHY YIIIH KOJJIaHbUIATBIH MOHOMEP OIpJIIKTEepIHEH TYPATHIH COMOJIUMEDP
OeiMIepiHJIe JIe bIABIpayFa YIIbIPAabl JeT 00JpKayFa 00J1abl.

Kenripinren sxymeicta [149] MBIpBIII THAPOKCUCTAHHATHIMEH OTKA TO3IMJI1
KaHbIKIIaFaH MaJeuHAl (PTaluK MoaudPUPIl IIaAWbIpIapAbIH TEPMUSIIBIK bIABIPAY
KMHETHKAChl  OPTYPJIL  KBI3ABIPY KbUIAAMABIKTAPBIHAA TEPMOTPABUMETPHSIIBIK
Tajnaayabpl KOJIJIaHy apKbLIbl 3epTTeial. bipiamn ke3enne ®@puaman xone O3aBa —
@muHH — Yol 9IUICTepIMEH HW30KOHBEPCHUSUIBIK Taljay Heri3iHae, (KOpIHETiH)
aKTUBTEHY SHeprusichiHbIH (E) MoH1 Aerpaganus Ke3iHae yIlI Ke3€H 1€ CUMIATThl Typ/e
©3repeTiHl aHbIKTaAbl. ChI3bIKTHI €MEC PEerpeccust 9ICTepiH KOJIAaHAThIH dpi Kapa
KUHETUKAJBIK 3EpTTEyJiep Taza KOHE TYPaKTaHIBIPBIIFAH IIaWbIpIapIbIH KAKCHI
eKeHIH KepceTTi. MbIpbiil TuapokcuctanHathl (0,8) Oap malbipiaapblH bIIBIPAYBI
ke3inae E koHBepcusira (o) Toyenaumiri xorapbl E MoHIepiMeH cumnaTTajaThbIHBI
Oaiikanapl, Oyl KYOBUIBICTHI JKaJbIHFA TO3IMIUTIK TYPFBICHIHAH TYCIHIIPYTe OOJabI.
MBIphITI THAPOKCUCTAHHATHI HET131HEH KOHACHCAIMsIaHFaH (a3aaa opeKeT eTell Aem
canananbl. Keneci ke3eHne biapipay mporiecinig f(o) QyHKIUSCHIHBIH KUHETUKAIBIK
MojeliH Ta0y yuriH Oeiperpeccust 9JiCl apKbUIbl KHHETHKAIBIK Tajaay >KYpTi3iiii.
CoHppIKTaH Ta3a MIAWBIp YIIIH €H JKaKChl colikecTik ABpamu-EpodeeB moneni yuiin
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(simponapbIH ©cyl) TaObUIABI, ajl TYpPaKTaHABIPbUIFaH YITLIep YUIIH KaTanusi 6ap n-
I peTTi (PYyHKIMS €H >KaKChl KYybIKTay OOJbIN TaObuLabl. E TypiHzeri ajabIiHFaH
KHUHETHKAJBIK ITapaMeTpiiep, SKCIOHSHIMAIBI A (aKTOPBI KOHE MOJEIBAIK (PYHKIIUS
f(a) TypleHmipydiH, YakKpIT TII€H TeMIepaTypaHblH AKCTPaINoOJsSIUsIaHFaH
JIMara3oHbIHAa TOMMA(PUPIII MARBIPABIH TEPMUSIIBIK OPEKETIH OoJrKayFa MYMKIHJIIK
oepeni.

Kenripinren >xympicta [150] monau(3THIICHTIIMKOJIB)pymMapaT MaKpoMepepi
HETi31H/Ie OWOJOTHUSIIBIK BIIBIPAUTHIH TUAPOTENBACP 3ipiaeHal. byn makpomeprep
OPTYPIl MOJIEKYNANBIK CaJIMAaKTaFbl MOJUATUIICHIJIMKOIbL MEH (ymMap KbIIIKBUIBIH
TIKeNeH MOJMKOHJICHCAIUSIAY apKbUIbl Aunukiorekcmikapooguumuari  (DCC)
3Tepu(UKAIMSIHBI BIHTATAHIBIPYIIBI areHT PETIH/E MaiiajgaHa OTBIPBINT CUHTE3IE/].
Onap CHeKTpOCKOMUSANBIK omicTepMeH (arHu Dypbe TypieHAipy HHPaKbI3bLUI
CTHIEKTPOCKOHSICHI KOHE TIPOTOH/IBI STIPOITBIK MarHUTTIK-PE30HAHCTHI
CHEKTPOCKONHMS), COHJAl-aK TelibJl ©TKI3y XpOMaTorpaduschl XKOHE TEPMUSIIBIK
Tanjaay omictepiMeH (siFHU quddepeHnnanapl cKaHepiiey KaTOpUMETPHSIChI) TOJIBIK
cunatTanbl. TepMUSUIBIK CUTaTTaMajap HOTHXKECIHJAE alblHFAaH MaKpOMepJep/liH
OacTtankel MOHOMeEpJepre KaparaHJa KpUCTaJIAbUIBIFBI TOMEH €KEHIH KOPCETTI.
MaxkpomeprepaiH MOJIEKyJIalblK CaIMarbl MEH OJUTOMEPJICHY JI9peKeciHe OacTanKpl
PEG-tepnin MosekynanblK cajiMarbl Ja aWTapiibIKTaii ocep erTi. Makpomepiep
amMmMoHUIl mepcyibdarbiHaH koHe N, N, N’, N’-rerpaMeTuIdTHICHINaMUHHEH
TYPaTBIH CyAa €PHUTIH WHUIIMAINSA JKYHECIHIH KaTBICYBIMEH TOTBIFY-TOTBIKCHI3IaHY
MEXaHU3Ml  apKbUIbl  aiikacnanbsl  OainaHbickaH. Kpocc-OalinaHbICTBIPbUIFaH
rejapAepaiy iciHy Kacuertepi ae 3eprrenal kxoHe PEG Oactamkbl MOJEKYJIaIbIK
caJiIMarblHa AaWTapJIbIKTall TOyeNAUIriH KepceTTi. bi3aiH HoTtmxkenepiMmiz Oy
OMOJIOTUAIIBIK BIIBIPANTBIH THAPOTEIBIAEPAIH JISPUIIK 3aTTapAbl KETKI3yA€ >KOHE
TIHJIK MH)KEHEPUsa JIeYeTTl KOJIAaHy MYMKIH/ITTH KOPCETTI.

Kansiknaran nommaduprnepaid (KII) KbpuTylblK opekeTi Typaibl 3epTTeysiep
COHFBI JKbUIJIAPhI KaPHUTAHIIbI, OlpaK Jerpajalvs KUHETHKACHI Typalibl IepeKTep a3
[151].

bonpu xone Gackamapsel [152] nuknoneHtaaueaMeH askranaTbiH KITHI-Tig
TEPMUSIIBIK ~ JIETPAJAlAACHIH  3epTTell. TepMUsUIBIK JerpajalusiHblH — OachIHIa
akTuBTEeHy SHepruscbl (E) momuctuponnbiH nenonuMepusanusacbiHa coiikec 100
kJ>x/mMoib mamaceinaa exeni anbikTanabl. KT sxemiciHig aerpaganuscbiHa Colkec
keneTiH 0,5 Typaenaipy aopexect (o) yurid Ea 170 k/{»/Monb 60161

backa 3eprreyme ArpaBan koHe Oackamapbl  [153]  u30TEpMUSIIBIK
TepMorpaBuMeTprsuTbIK Tamaayasl (TGA) maiigamaHa OTBIPBIN, JUITHICHTIUKOJb
XKoHe u30(TaN/anun/mMalienH Hemece (Qymap KbIIMIKbUIbIHA HETI3IENTeH YII JKaHa
KaHbIKMaFraH MONMA(DUPIEPIIH bIAbIpAY KHHETHKAChIH 3epTTell. bipiHmi perTi
KMHETUKAIBIK TEHJACY/l ajia OTBIPBIN, aBTOpPJIAp BIABIpAyAbIH €Ki Ke3eHl yinH Ea
ecenteni. Ea merpamanustHeiH OipiHII CATBICBIHIA YKOFAphl MOHIECpPTe WMe OOJIFaHBI
JKOHE PEHTTeHIIK audpakius YATUIEpIMEH pacTaafaH PETTENreH KOHE TYPAaKThI
KYPBUIBIMBI Oap MIaibIpiap YIIH JIe >KOFapbl OonFaHbl Oaiikanapl. MHBapuaHTTHI
kuHeTHKaIbIK mapamerp (IKP) omicin MopTtaitH xoHe OacKamapbl IIaibIpiiapablH
KBUTYJIBIK ~OPEKETIH 3epTTey VIIIH maimananjsl. ABTOpiap KHHETHKAIBIK
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byHKIHUSIMEH OaTaHBICTHI BIKTUMAJIBIK YIECTIPIMIH €CeNTel, bIABIpay MEXaHU3MIHIH
alTapibIKTal KYpJenl €KEeHIH aHBIKTaJbl. Oip MIaWpIp YIIIH BIABIpAY ITUIWHJIPIIK
CUMMETPHUSIHBIH KapanaibiM ToMeH Tud@y3usuIblK YITICIH YCTaHAThIH CUAKTHIL. by
3epTTEY/IH MaKCaThl aKTUBTCHY PHEPIUSACHIH (KOPIHETIH) MOJIEIbCI3 OaFraiaybl )KOHE
peakius (GYyHKIHUACHIH CBhI3BIKTBI €MEC PerpeccHsi HEri3iHAe aHbIKTayJbl KaMTUTHIH
KCHEUTIITEH TocUIl maijanaHa otTeipein, ZHS-xanasipeuiran NPS  tepMusibiK
BIIBIPAY MPOLIECIHIH KHHETUKAJIBIK [TapaMeTpJiepiH aHbIKTay OOJIIbI.

Ocpuraiima, oaeOMeTTepl MOy KaHBIKMaraH mommdPupii  manbIpiaap
HETI31HAET]  CONMOJMUMEPIEPAIH  SKBUTYJIBIK  KacHeTTepl MEH  KHHETHKAJIbIK
napameTpiiepiH 3epTTey OOMBIHINA NePEKTEPiH KETICTICYIIITITIH KOPCETTI.

Ocpiran  OaillaHBICTBI  MOJMATHIICHTIIMKOIb(pYMapaT  COMOJIUMEPIIEPiHIH
MOH/IBIK MOHOMEPJIEPMEH TEPMUSIIBIK BIBIPAY 3aHIBUIBIKTAPBIH 3€PTTEY TCOPUSITBIK
KOHE NPAKTUKAIBIK TYCIHIKTEpAl KEHEWTIN, NoJu3(dUpiep XUMUSACHIHAAFBI JKaHA
3aHABUIBIKTAP/IBI alllyFa MYMKIHIK Oepe/l.
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2 TO/KIPUBEJIIK BOJIIM

2.1 TloamdTUIEHIIMKOIb(YMAPAT KOHE AKPHJ KbINIKbLIbI Heri3iHaeri
HOHOT€H/IBIK CONOJIUMEPJIEPAIH CUHTE3]

[TonmuaTHIIEHTIUKOIB(pYMapaT, STHICHTIIUKOIb MeH (pyMap KbIIKbIIBIHBIH 453-
473 K TteMmmeparypa apaibiFbIHAA MOJTHKOHICHCAINS PEaKIHUICHl apKbLIbl aJbIHIIBI
[154]. KaxxeTci3 »kenaTrHU3ALKS IpoIecTepl O0IMay YIINH peakiius a30T aFbIHBIHIA
ATIOMUHUN XJIOPUJI KaTaIM3aTOPBIHBIH KATHICYBIMEH CTaHIAPTTHI Oic OOWBIHIIA
xyprizuim [155, c. 3]. IlomukonaeHcarust 16 carat Ooibl kyprizinm. CuHTes
PEaKIUsIChl CXeMAJIBIK Typie OepisireH:

(0]
/ OH + HO\/\ —_— _H2O
HO OH

o}

Yarinaepaeri KbIIIKbUT KoHE THIPOKCUIT CAHBIHBIH MOJIIIEP] TUTPUMETPUSIIBIK
onicrien anpIKTamabl. Kpimkeut canbl K.C. keneci popmysa OoMbIHIIIA ecenTeNe/Ii:

88 8

(21)

myHzaa 0,00561 - 0,1 1 KOH epitinaicidiyg TUTPI, T/MIIL.
I'unpoxcun cansl I'.C. keneci popmyra OOWbIHIIA ecenTene/i:

(V, =V, )x f x0.028x1000
a

rc.= (22)

myHzaa 0,028 — 0,5 1 KOH epitiHaiciHiH TUTPI, T/MIL.
benrini O1p KbIIIKBUIIBIK CAHAAFbl OHIMHIH MACCaJbIK IIBIFBIMBIH €CENTEY
0 g g8 TCHJICY apKbUIbI €CETITEI/Ii:

0 g5 —sa—— (23)

myHaa ! - K.C.= 0 ke3iHer1 MbIFBIM MaCCacChl.
OpekerTecnereH KapOOKCUJI TONTAPBIHBIH CaHbl MbIHA (hopMylaMeH
aHBIKTAA]IbI:
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, 88 s

(24)
Oprarra MOJIEKyJIaIbIK Macca keseci hopmysia OOMBIHIIIA AaHBIKTAJIA b
[} _ 88
3] —_— (25)
myHaa Ky — TONMKOHIEHCAaus KOHCTAHTAaChl, OJ Keneci ¢opmyrna OOWBIHIIA
CCEeIITEIITCH:
Ny + Veoon
Ky = (26)

n,

[TonmmaTreHTIUKOMb()YMApaTThIH KBIIIKBIT JXKOHE THAPOKCHI CaHIaphl 2-
KecTee KeNITIPIITreH.

Kecte 2 — HOJII/I3TI/IJIGHFJ'II/IKOHB(I)YMapaTTBIH KBIMIKBII JKOHC THAPOKCHII
CaHIapbIHBIH KOPCETKIMITEP1
Kepcetkimr
K.C. I.C.
KIITHI “r VCOOH, I VOH Ao, T Ax.c. Ku Cy, M,
KOH/r | MO | wop/e | MOT® r r r/MOIb
n-OI'd | 16246 | 041 | 247,43 | 0,58 | 1907,97 | 2026,35 | 6,55 | 197,00 | 7220,59

AJBIHFaH MOTIMETTEP/ICH KOPIHIN TYPFaHIaid, alblHFaH OHIMHIH KbIIIKbLT CaHbI
peakius Ke3iHAe KapOOKCUII TONTAPhIHBIH CAHBIHBIH alTapJIbIKTall a3aiiFaHbIH aHBIK
Kopcerenl (KbImKbUl canbl 162,46 mr KOH/r apansirbinaa). benriai Oip KbIIKbLUT
canziarbl 1-OI' D MaccanblK WBIFBIMBL O gg M-DI'® MaccanblK ILFRIMBIHAH 8 &0

(0 ) Tysinren cy memmepi OOUBIHILIA XKOFApPbI, JEMEK, MOJUMEPIIEHY KOHCTAHTACHI
0 p. OpekerTecrereH KapOOKCHUJ TONTApbIHBIH CaHbl a3asijibl, ajl apThIK
TUIPOKCUIT TONITAPBIHBIH CAaHBI COMKECIHIIE apTaIbl.

Opi Kapaid, n-OI'd MoneKylnanblK CajaMarblH aHBIKTAy YIIH Telb-©TKI3TiII
xpoMarorpadusi KeMeriMeH acmanTblK Tannay Kyprizuiai. [1-OI'd monexynanbik
canMarbiHbIH GPC 3epTTeynepiniH AepeKTepi S-CypeTTe KoHe 3-KecTee KeNTIpUIreH.
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FT-IR cnextpnepinae kKapOOKCHII TONTapblHA TOH XKYTHULY OJakKTapsl 1724,
2980 cm™? Gaiikanmanel. I1-OI'®D KanbIKmaran nmoau>Gupsti maibpeiHa ToH 1636-1724
cm ! aiimakta —C=C— cinipy »onarsl Gailikamamel, 1152 cm ! nenreitinge C—O-C—
Kypaeni a¢up Gaiinansicel xkoHe 1152 cm ! C—O To0bHbIH Tepbemnici 6ap. I1-OI'D FT-
IR cnexTpiHAe TMIPOKCUI TONTAphIHA TOH CIHIPY KOJAKTApbIHBIH OonMaysl xkoHe [1-
OI'® kypouibiMbiHAa —C=C— GaiaHbICTapBIHBIH 00Jybl KaHBIKIAFaH MOJUAPUPIIH
TY3UIylH KepceTei.

[1-2I'® nonuMepiHiK Ty31TyiH pacTaiThIH aKIapaTThIK daicTepain 6ipi *H SIMP
CHEKTPOCKONMMSUIBIK 9nic Oombin Tadbuaabl. [1-OI'®  comommumepiHiH KypamblH
TYCIHIIPY KOHE CaHIBIK ecenTey Ke3iHae OyJ MmoJmMepae MPOTOHAAPAbIH YII TOOBI
0ap exeni eckepinai: 6ipiami =HC-CO- 6ipnecken Tontap — pymap COMOHOMEpPiHIH
Kypamaac Oemikrepi, exinmrici —CHp-O- >xome CH Ttomrapsl - STHJICHTJIHKOJb
COMOHOMEPIHIH KYpPbUIBIMIBIK OYBIHBIHBIH Oejiktepi, yuiHmici —CH3 Tonrapsi-
OPOITUIICHTNIMKONL ~ Kypamaac Oemiri. =HC-CO- nOpOoTOHAAPBIHBIH — TONTAPHI
MHTErpanabl 5,38 cudrier Typinge 5-7 M.a. alimarsinaa Gaiikanaer. ‘H IMP —CH2-O-
»oHe CH TOOBIHBIH CIIEKTpIIEPl UHTETPAIIbl KAPKBIHABUIBIFBL 4,74 GONaThIH 2-5 M.]I.
aliMarbIHJIa JKOFapbl KapKbIHJBI MYJIbTHUIUIETTIK CUTHaigap Typinae kepinmai. CHs -
TONTApP-3TUICHTIUKOIb Kypamaac 0eiri 0-2 M. 1. aitmarbiaga 1,25 M.J1. OpTasIbIKTaphl
Oap myonerrepmen curnan o6epai. 3J 6.1 ', 1.19 m.a. ¢ 3J 6.7 ', 1.14 M. ¢ 3J 5.9
I sxome 1,5 ma. ¢ 37 5.9 Tu (cnekrp H SIMP n-DI'®) kannbl MHTErPANIbIK
KapKbIHABUIBIFBL D,65. CrekTpaiH 0Oacka alWMakTapbhIHAAFbl KINITIpiM CUTHAIAP
IPOTOHHBIH 0acKa PyHKIMOHAJIbI TONTAPBIHBIH 00TYybIH O0mKaiiab! (7, 8-cypeTTep).

37



13 14 13 12 11 10 ] i ) G ] 4 3 2 1 0 -1 -2 =3 -4 =3
Chemical Shift (pom)

Cyper 7 — [I-OT'® H IMP — cnekrpi

38



.CH?2-,-CH-

Lo
-
e
==
CH=
-CO0- -CO0OH-
[~
I~ |
T At et et Jqulﬂt- BN S e i g el ’ LMW‘,:.
1198 2706 ot
[— [T

o T Li T I T I T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 1Y0D 160 150 140

1 1 1
110 100 a0 ao 70 B0
Chemical Shitt (prom)

I I
130 120

Cyper 8 — II-OT'® ¥C SIMP — cnekrpi
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[MommaTuneHrmmKoabyMapaTThiH =~ aKpuUid  KBIIKBUIBIMEH — PaJHKaJIbl
COTIOJIMMEPJICHY1 JUOKCaH epiTiHaiciHAe (canmak OoibiHIIA 1:1) MHULIMATOP peTiHe
OcH30ua TepokcHuaiHIH KaTeicybiMeH 333 K Temmeparypaga xyprizinm [154].
Awmnynanap uHeptti razoed (Nz) 30 mun Tazapteuiasl. Cunte3 52 carat OOMbI
KYPri3inmi. AJTBIHFaAH COMOJHMMEP JHUOKCAHMEH JKYBUIIBI KOHE BaKyyMIIbl KEITipy
mKaQbHIA TYpPaKThl cajdMaK OpHATBbUIFaHIma kenTipiigi. TemeHae akpui
KBIIIKBIBIMEH KaHBIKIaFaH TMoMd¢Gupi manbipasiH (-O1'®) cuHTE31HIH cXeMachl

OepinreH.
~ \/\\| : \/”\oH T
&Y N )Si\’( AN

HOOC—CH HOOC—CH

2
AJNBIHFaH —COMOJIMMEPJCPIiH KypaMbl Ta3 XpomaTorpaduschl  apKbLIbI
aHBIKTAIIBI (4-KeCTe).

Kecte 4 — n-OI'®D: AK cononumepiiepiHiH Kypambl MEH KacUETTepi

My, Mz, ms, ma, e
MoI1.% Mou1.% Mo1.% Mou1.% %
n-OI'd:AK
10,09 89,91 7,95 92,05 83,23
50,01 49,99 44,05 55,95 75,32
90,08 9,92 89,05 10,95 73,83
Eckeptynep:

1. My sxoHe M — 6acTanKbl KOCTIaHBIH KYpPaMbl, MOITb.%;

2. m1 xoHE M2 — COMOJIMMEPIiH KypaMbl, MOJIb.%0;

3. { — HIBIFBIM

2.2 TepMHUAJIBIK aHAJIH3

DOKCHepUMEHTTEepl JKYPri3y Ke3iHAe JOKTOPJBIK AucCCepTalus aschblHAa
cuHXpoHAbl TepMmusaslk Tanmay ymin LABSYS™Evo TG-DTA/DSC  acna0bl
naiiganansabl (SETARAM, @pannus) (9-cyper).
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Cyper 9 — LABSYS™Evo TG-DTA/DSC
byn monens tepmorpaBuMmetpusiibik (T10) xone nuddepenHnnanabl TEPMUSITBIK
tangpayasl (JATA) Oip yakeITTa KYprizyre MYMKIHIIK Oepeai. S-KecTele OChl

KYPbUIFbIHBIH MAHBI3IbI CUITaTTaMaJIaphbl KGpCGTiJ’IFeH.

Kecte 5 — KypbUIFbIHBIH HET13r1 cUuaTTamanapbl

Temmeparypa 1uana3oHbl 30°C - 1600°C
Temneparypa nonjiri +1°C
BarmapnamananaTeia Temmepatypansl ckanepiiey keurmamaeirsl | 0,01 ger 100°C/muH newin
(5KBUIBITY YKOHE CAIKBIHJIATY)

Kopiaran opTaHbIH )KYMbIC TEMIIEpATypachl 5°C - 40°C
Canmak auara3oHbl +£1000 mr - £200 mMr
Omnmrey goniri +0.01 mr
DTA/DSC axbpIpaTbIMIbIIBIFBI 4mxBt / 10 MxBT
Bakyym <10 m6ap

bipkarap »skcnepumenTTepAi Oactamac OYpbIH, KYpPbUIFBl IIBIFApaThIH
CUTHAJAApABIH JIYPBICTBIFBIHA K63 JKETKi3y Kepek. Ocbl MakcaTTa KYPBUIFbIHBI
MacCaHbIH >KOFaJlybl MEH OTIeNl >KbUTYIbIH Oedriai MoHzaepi 0ap KOCBUIBICTapbl
KOJIJTaHa OTBHIPHITT KAMOPIIeY KYprizuial. Maccanblk Kamuopiiey Kaabliuid KapOOHATHI
(CaCOg) yarinepin KoJgaHy apKbUIbI XKYPri3ijiii; TeMIepaTypaHbl KaIuOpiiey WHIAN
aHBIKTaMaJIbIK MaTEepUaJIbIH KOJIIaHa OThIPhIN Kypri3uial (In, Ty, = 156,4°C)
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2.3 IIuposu3 eHiMAepiH PU3UKA-XUMHUAJIBIK TAJAAY JAiCTepiMeH 3epTTey

Koeapipy kesinge n-OI'@:AK comonumepnepiHiH YATUIEpIHEH —TiKeIel
Oeminerin rasznmapabl aHbikray STA 449 F5S Jupiter (Perkin Elmer, ['epmanus)
KYpBUIFBICBIHAAaFEl Dyphbe TypiieHaipeTiH uHPpake3bu1 crekrpockonusmed (FT-IR)
oipikTipiiren TGA KeMeriMeH Ky3ere acblpbUIbl.

Cononumepiiep XKoHE NUPOIM3AIH KAaTThl OHIMICpIHE JJIEMEHTTIK Taaay
EA3100 (EuroVector, Utanust) — CHNS-O sneMeHT aHaTU3aTOPBIHAA KacaIbl.

Comommmep yaritepinin 0etki mMopdomorusicel MIRA3 (TESCAN, Yexwus)
CKaHEPJICHTIH 3JEKTPOHIbl MUKPOCKOIIIIEH 3€PTTEN/Il

FT-IR criextpnepi 4000-400 cm-1 nuanmazonbiaga Agilent Technologies (AKIII)
dupmaceiabig Cary 600 cepusiibl @ypbe TYpIeHIIpY UH(PPAKBIZbLT CIIEKTPOMETPIHIH
KOMET1MEH abIH/bL. YJTiep 3epTTeneTin 3arTapaan xxone KBr-nan 1:100 maccanbik
KaTbIHACTA JAibIHIAIIBI.

'H sxone ¥C SIMP cnexrpnepi CdClz epirkimin naiinanansm JNM-ECA Jeol
400 cnextpomertpinne (tuicinme 399,78 sxone 100,53 MI'1 xuimiri) »as3bULIbL.
XUMMSUIBIK,  BIFBICYJIAD JENTEPICHTeH XJIOPOPOPMHBIH KAJIJBIK MPOTOHIAPhIHAH
HEMece KOMIPTEK aTOMJapblHaH KEJIETIH CUTHAJJIapFa KaThICThI OJIIICHEI].

2.4 JKCIIEPUMEHTTIK MJJIIMeTTepAi CTAaTUCTHKAJIBIK OHICY

Ym mapamiensil TOXIpuOene ajablHFAaH TEPMOTIPAaBUMETPUSIIBIK TaJIIayIbIH
TOXKIPUOEINIK JEpeKTepiH eHaey YyuIiH Oipaei »xargailnapaa Microsoft Excel
OargapiiaMacblHa  €HTI3UITeH  CTATUCTUKANBIK — (QYHKUUSATIap — MaidlajJaHbUIIbL.
[exTeynepaiy Ooybl XoHE Oacka AepeKkTep OypMaliaHybl HOTHXKENIEpIl OHJIEyTe
apaanran TGA «Processing» Oarmapiamaibik KypaibivMeH xoHe «MS Excel Analysis
Package» xonaplpMa MmakeTTepi apKbUIbl >KOWBUIABL. JKCIEPUMEHT HOTHKEJIEPIHIH
Kaitanany MyMKiHiT1 keseci (27), (28), (29), (30), (31), (32),popmynanap apKbLibl
ecenTenai:

OIIIeHeTIH IaMaHbIH OpTaIla MOHi:

o =F 27)

MYH/Ia N — ©JIIIEM/ICP CaHbI,
() — OJIIIeY HOTHKECI,
‘Q enmeyiH CepUSIBIK HOMIPI.
OpOip esniieM OoMbIHIIIA OpTallla MOHHEH aybITKY:

Yo of ® (28)
CranaapTThl aybITKY:

v 2T (29)

ApudMeTuKanblK OPTaHBIH CTAaHIAPTTHI AYBITKYHI:
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vs}
—

Yoo (30)
Jucniepcus:
o Y CHN (31)
CeHIM apasbIFbl:
Y (32)

MyH1a O — CTBIOIEHT CHIHAFBL;
0l — CEHIMIUIIK BIKTUMAJIBIFbI.
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3 HOTU/XEJIEP ' KOHE OJIAPAbI TAJIKBIJIAY

3.1 3amanayu 3epTTey dicTepiH KOJJaHA OTHIPHIN KAHBIKIAFaH NoJaudpup
IIAMbIPJap Herisinaeri conoJmMepJiepaiH KypaMbl MeH KacHeTTepiH 3epTrey

[lonmumepniepaiH iCiHY MpoOLECTEPIH 3epTTEyiHAE ICIHY KbUIIaMIbIFBIHBIH
MaHBI3AbUIBIFBI a3 eMec. OHBIH MOHIH OLTy opTYpJli CYMBIK OpTajarbl HOTUMEPIIEPIIH
OpEeKeTiH OoMKayFa MYMKIHJIIK Oepe/il.

250 — 40

T 35\
2004 -2 N |2

a3 ) e 30-,\\* .3

150 A Iy 210

o, %

. 9o ormin 201 4
f VAM”VAnWﬂ T \ \

100 4 "

W/ 10 RN
50 1 /:’,r f i\\

10 20 30 40 50 0 50

T, min

ma1:mgz, mom.%: 1 —7,95:92,05; 2 — 44,05:55,95; 3 — 89,05:10,95

Cypet 10 — n-OI'®-AK m1:m; moiib.% KaThIHACBIHIAFBI COMIOIUMEPIIEPIIH ICIHY
nopeskeciHig kpaH cybiMeH (pH 7,1) skaHacy yakbIThIHaH TOYEIILIIT

10-cypeTTe KenTipiIreH MoTIMETTEPICH KOPIHIT TYpFaHaai, COMoJIUMEepIep/IiH
arbIH CYyMEH JKaHACy YaKbIThIHA KATBICTBHI ICIHY JOPEKECIHIH KUHETUKAIBIK KUCHIKTAphI
HIEKTEITeH ICIHYy MpoueciHe coiikec kenal. KucelkTap anfamksl 5 MUHYTTa 1CIHY
JIOPEKECIHIH  CBI3BIKTBl YJIFAIOBIH KOpCeTTl, Oyl TuAparanus Ke3€HIHE >KOHe
OailllaHbICKAaH Cy KaOaTbIHBIH TY3UIylHE TOH; ICIHY AQPEXKECIHIH OJaH dpl Teric
YKOFapblIaybl OHBIH MaKCUMaJAbl MOHIHE (OCMOCTBIK Ke3€HIe) coiikec kemai. MyHa
60c cynbiH AudPy3uscsl MoauMeEpsIl MaTpuliara Terne-TeHAIK MeH MIEKTI MOHHIH 1CIHY
Jopesxect OenruIeHreHre IeiiH Kypel.

[1-OT'®-AK conmonmumepnepiniy kpan cybiMeH (pH 7,1) kaHacy yakbIThbIHA
KATBICTBI ICIHY JOPEXKECIHIH KOOPAMHATTAPBIHAAFbl KUHETHKAJIBIK KUCHIKTap (10-
CypeT) MbIHA TEHJEYMEH CUIIATTaJIa bl

i 7

(33)

MYHJA a,, — €H OFaphl iciny gopexeci (%);
T — YaKbIT (MUH);
i — YMITUPUKAJIBIK KOHCTaHTa OOJIbIN TaObLIa b,
(33) TewumeyiHiH AepekTepiHe KipeTiH TYpaKThLIapAbl aHbIKTay yuriH a=f(7)
TOYENIIIT] KYBIKTAIl ajJbIHA/bI, COJaH KEeWiH 7-Ke Kapchl da/dt KOOpAMHATACBhIHIA
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rpaduK TYpFeI3bUIAALI. HoTmkeciHne iCiHY KbUIIAMIBIFBIHBIH ICIHY yaKbIThIHA
TOYeJAUNNiH amambi3. Typaktburapael ecentey (o, koHEe |) Tpadukaibk-
aHAJIMTUKAJIBIK 9/11C apKbUTBI OpbIHAanaabl. O yIIiH SKcriepuMeHTTiK Manimertep (11-

CypeT) ——= KOOpAWHATAJlapFa KaWTa peTTeNeai JKOHEe Kejleci TEeHACYMEH
a T

cuiiarrajiajabl.

1 1 1 1
LI R (34)
O Oy G Imax T

0,024 0,030

(@ (b)
0,021
7.95:92.05 mol.% 0,025 4 +  44,05:55,95 mol.%

0,018
y=0,02171x + 0,00327

00204  y=0,02714x + 0,00409
R? = 0,99736

R?=0,99736
0,015

o, %!
%41

~ 0,015
0,012

1/o

0,010 -
0,009 -

0,006 0,005 -

0,003 T T T T 0,000
0,0 0,2 0,4 0,6 0,8 1,0

‘ ‘
0,0 02 04 06 08 1,0
1/t, mint

0,045

1/, min?t

(© :

89,05:10,95 mol.%

0,040

0,035

00304 y=0,04342x + 0,00654
R?=0,99736

%41

~ 0,025 4

1/o

0,020

0,015

0,010

0,005 T T T
0,0 0,2 0,4 0,6 0,8 1,0

1/t, min?t

m1:mz, mon.%; 1 —7,95:92,05; 2 — 44,05:55,95; 3 —89,05:10,95

Cyper 11 — [1-OI'®-AK conosmMepiepiHiH rpapuKaiblK-aHATUTUKAIBIK )KYbIKTAY
oz1ici OOMBIHIIIA KOHCTAHTAJIAP bl aHBIKTAY CXEMAChI

1 0-re skcTpanofsuusiaragaa n-21'd:AK (7,95:92,05 m0:1.%) cononumepiHiH
T

ICIHYIHIH MaKCHMaJIJbl Jopexeci aHbIKTamaabl (0max=305,81%), am sMIUpHKaIbIK
TypakThl 1=0 TY3ydiH TaHTCHCHIHAH aHBIKTAJNaAbl. |l-cypeTTe KenTipiireH
MOJIMETTEpIeH  iciHy  XKbpuigaMaeirbl  M-DI'@:AK  comosmmMepine — epiTKimd
MOJIEKYyJIadapbiHbIH Tu(hPYy3UsICHIMEH aHBIKTAJIaThIHBI aHBIK, COJAH KEHiH 1CIHYII
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XUMUSUIBIK aHAJIOTHUsI OOMBIHINA OIpiHIII PEeTTI KUHETUKAJIBIK TEHICYMEH CUIATTayFa
oonanael. A — B TUNTI peakuusiiap, SFHU 1CIHY KbULIAMJIBIFBI ICIHY JIOpEKECiHe Typa
npornopitmonan O6onaapl. [IpormecTiH opTamia >KbUIIAMABIFBIH ecenTey 33-TeHuey i
nuddepennpangay apkplIbl ajblHFaH (opmysia OOWBIHINA JKYPri3uial. AJIbIHFaH
mamimerTepal Tangay n-OI'@:AK comonumepiHiH aFblH CYMEH >KaHacy YaKbITbIHBIH
»korapbeuiaysiMeH (pH 7,1) iciHy npoIieciHiH KbUIaM/IbIFbl TOMEHICUTIHIH KoHe 17
MUHYTTaH KeiH 4,15%/MuH neiiin aTapiablKTail TOMEHIEHTIHIH KopceTTi. bys ochl
da

YaKBbIT iHIiHI[C KOHTAKT —— HOJII'C YMTBUIATBIHBIH KOHC IIPOLCCC TeHC-TeHI[iKKe

dr

KETKEH1H, O1paK o TYpaKThl OOJIBIT, ©31HIH MAKCUMAJAbl MOHIHE KETETIHIH KOPCETTI.
Kunerukanslk ecenrteynepain Tangaybl (12-cyper) kpan cysiHgarbsl m-O0'D:AK
COTIOJIUMEPJICPIHIH ICIHY TPOIECi JKEeTKUTIKTI KOFaphl KbUITAMIBIKIIECH KYPETiHIH
kepcerti (k=1,08 c¢?). m-OI'®:AK comonuMepnepiiH iCiHymiH MaKCHMAIIbI
JIOpEXKECiHIe aFblH CYMEH JKaHacy yakbIThl oTe xbuiaaMm (5-10 mun) (12-cyper), on
KarbiHacel 7,95:92,05 monp % n-OI'®:AK cononuMepine KipeTiH KOMIIOHEHTTEP/IiH
ruApodUIBAUITH KOPCETETIHIH aliTa KETy KepekK.

1,8 18

1 1,64
1,6 ]

1,4 -

—=—7.95:92.05 mol.%

1,24

T
0,6 0,8 1,0

1 .
=, min?
T

m1:mz, mon.%: 1 —7,95:92,05; 2 — 44,05:55,95; 3 —89,05:10,95

Cyper 12 —n-OI'®:AK cononumMepepi YUIiH iICIHY KbULIaM/IbIFbl KOHCTAHTAChIHBIH
yaKbITKa TOYEJIJILIIT1

AJBIHFAaH MONIMETTEPJIIH AYPBICTBHIFBIH TEKCEpy YIIIH 013 MaTeMaTHKaJIbIK
9MIICTI KOJIIaHa OTBIPBIN, SKCIEPUMEHTANIbl KUHETUKAJIBIK KUCHIKTap bl €CENTeNreH
KHUCBIKTaPMEH CaJIbICTBIPBIN KopAiK. KHHEeTHKaNIbIK KUCBIKTapABbIH MYMKIH HBICAHBI,
arau m-21' @:AK conmonmmepinia a=f(z) Toyenniniri (7,95:92,05 moinb.%) 13-cyperte
KOPCETUITEeH.
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250

—— experimental curve
—— calculation curve
200
Model LognormalCDF
Equation y=y0+A*normcdf( ( In(x)-xc )iw );
150 + Plot v]
X yO 2,58861 + 16,35301
iy A 252,59747 + 19,30364
8 XC 1,42428 + 0,10671
w 1,25486 + 0,1237
100 + Reduced Chi-Sqr 12,30074
R-Square (COD) 0,99803
Adj. R-Square 0,99744
50
0 T T T T T T T T T 1
0 10 20 30 40 50
T, Min

Cyper 13 — Iciny nopexecinin n-OI'®:AK cononumepiniH arbiH cybiMeH (pH 7,1)
)aHacy yakpITbiHA 7,95:92,05 Moib.% KaThIHACHIHIAFBI TOKIPUOESTIK )KOHE €CEMNTIK

TOYEJILIIIT]
10 6~
5
4 4
T . . g
" [ - 24
-5 "
T T T T T T T T T T d 0 T
0 5 10 15 20 25 30 35 40 45 50 -6 -4 -2 0 2 4 6 8 10
Observation Order Residual
10 4 99,5 -
95 =
5
= . 704
= " :
- '. 10
-5 "
14
T T 1 05 T T T d
0 100 200 300 5 0 5 10
Fitted Value Residual
Cypet 14 — DKCIepUMEHTTIK JEPEKTEP/Il CTATUCTUKAIIBIK OHICY
14-cyperteH kepiHin typranaai, n-2I' @:AK cononmMepiHiH ICIHY AOPEKECIHIH
mouzepi (7,95:92,05 mois. %), Poly (byskuust ypi: (0 @ O MT'Q )
MOAENBIIK  (YHKIUACHI ~ apKbUIBI  €CENTENreH, TOXIPUOENiK  JIepeKTepMEH
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KaHaFraTTaHAPJIBIK KOHBepreHiusra wue, xoHe 44,05:55,95 wmonb.%; 89,05:10,95
MOJIb.% KaTbIHachIHAAFbI -2 ®:AK cononumepinepiHiy yAriiepiHne ToH.

n-OI'®:AK cononumeprnepiHiy 1CIHYy KHHETHKAChIH 3€pTTEyl JKalFacThipa
OTBIPBIN, 013 TY3IbI >koHE TYIIBI cy ocepiH 291, 295 xone 303 K temmeparypa
JIMaIa30HbIHAA 1CIHY KBUIIAMIBIFBIH 00JDKanbIK (15-cyper, 6-kecte).

41,2 1
-1,4 H
_1’6 -

-1,8

d—a,%/ min
de 2,0 4

" [Equation y=a+bx
22 Plot 1 2

! Weight No Weighting

- Intercept -18,85735 + 0,39177 -22,62882 + 0,47013
pe 511293 £ 0,11605 6,13552 £ 0,13926
pd Residual Sum of Squares 1,28915E-4 1,85638E-4

24 4 M Pearson's r 0,99974 099974

’ R-Square (COD) 0,99949 0,99949
Adj. R-Square 0,99897 099897

-2,6 —T - T - T T T T T T T T 1
328 330 332 334 336 338 340 342 344 3,46

1000/T, Kt

Cyper 15 — Iciny kbuinaMIbIFbIHBIH TYIIB (1) oHE TY3/bI (2) cynarsl Kepi
TeMIiepaTypara ToyeJIuIir

Kecte 6 — n-OI'®: AK cononumepiiepidiH (U3MKaIbIK KOHCTaHTATAPBIHBIH MOHIEP]

mfﬁrﬁ:?;?f o, Opta ocep Typl E, x/Ix mMomp ! A, MuH?
1959205 %HX%;I;III:II ?}]’ 19177’,7372 ZI(.3 ,Zlg 11(? 12
44,05:55,95 %;‘;; o Teiny 21‘7‘2 735120 118'191
soosings | Ty e | 2l

6-kecrenen n-OI' ®:AK cononmumeprepiHiH iciHy cuUmaTTaMmaiapbl MOJIHMEp
TOPBIHBIH THIFBI3IBIFbIHA KOHE CYIBIH KYpaMbIHA OalIaHBICTHI €KeHIH KOpyTe 00IaIbl.
ConbiMeH Katap, m-2I' d:AK cononaumepi Ty3/b1 cyaa icinres keszae (7,95:92,05 mounb
%) MHBAPUAHTTHI KWHETHKAIBIK mapaMeTpiaepi E=117,32 kJlx Monb ™ sxone 4=1,48-10"
10 sxorapel MoHzepre me Gonanbl, OYJI ONAPABIH iCIHYIHIH KOFAphl >KbULIAMIBIFBIH
kepcetemi. m-OI'D:AK 89,05:10,95 monb % KaThIHACHIHAAFBI COTIONUMEPI YIIIIH iCIHY
aKTUBTECHY PHEPTUSCHI TOMEH MOHJIEpIe HeE.

KyMmpIcThIH  KanFacbiHAa Au(GdepeHuanabl  CKaHepiaey KaJlOopUMETpHs
OMICIMEH ICIHTEH COMOIMMEPIIEPIIH TEPMUSIIBIK CUTIaTTaMajlapbl 3ePTTEI/I.

Conrpl  KbBUIAAPHl  TOJUMEPJl  Marepuagaapiasl  3epTTey  Ke3iHJe
nuddepennmangpi-ckanepiney kanopumetpusicsl (JICK) omici KeHiHEeH KOJIaHbLIa b
[156]. ICK oniciMeH ajbIHFaH JEepPEKTEP IO KOHE CeHIMI1 OOJbIN TaObLIabl, KOHE
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3aTTaplblH TEPMUSAJIBIK CHUIATTaMalapblH 3€pTTEYIIH €H THIMJI 9MICTepiHiH Oipi
OOJIBIN, FRUIBIM MEH OHEPKOCIIITIH OPTYPJIl cajajapblHia ©3 MaiaacekiH Turizesnl [157,
p. 1254] CononumepiepAiH TEPMUMIBIK TalJay KYPrizy HOTHXKECIHAE KBLIY
aFbIHBIHBIH TEMIIEpaTypara Toyesaitiri aasiaasl (16, 17-cypertep).

350 A Exo Heat : -751.524 (Jig))
T:345.76 and 459.76 (°C)
Heat : -1 095464 (Ji
300- Heat: 1 258917 (Ui L51015.820 2450 512) 75453 36 and 543(559%%:)
et 917 (Jig) Peak Maximum : 421.437 (°C) /22208 (s) R
250 (a) T: 5038 and 185.42 (°C) Peak Height - 178 432 (i) ! 1 and 28538 (3)
1:204.3 and 945.0 (5) Sith 5 Peak Meximum : 507.325 (°C) /2 716.2 (5)
nset: 410,266 (°C) /2 165.194 (s)
Peak Maximum : 126.448 (°C) £ 660.3 (s) > Peak Height : 295.411 ()
200- Offset: 434.33(°C) 12 288.01 (s) 5
Peak Height | -156.63 (M) Onset: 474.244 (°C) 2 541583 (5)
g Onset: 83.185 (°C) /401161 baspins Dipe o Offset: 518.726 ("C) /2 788.367 (s)
£ 1501 nset : C) ] Mass Used : 47 mg (initial) s 2
= Offset: 174.024 (°C) /834.915 (s) Baseline Type : Linear
T 100 Baseline Type : Linear \Mass Used: 47 mg (intel)
H Mass Used . 47 mg (intial)
| TES
B 604
@
T
-50
1004 Heat : -1 224.448 (Jig)
3 T:380.21 and 456.33 (°C)
150 1:2008.1 and 2 4402 (s)
- Peak Maximum : 437,855 (°C) 12 327.7 (s)
- Peak Height : 114.923 (mW) Heat : -330.412 (Jig)
Exo Onset: 433616 (°C) /2 302875 (s) T 45791 and 49043 (°C)
200- Offset: 443.154 (°C) 12 357 607 (5) t:24498 and 2636 4 ()
Baseline Type : Linear Peak Maximum : 478,634 (°C) / 2 566.5 (s)
Heat : 795441 (Jig) Mass Used : 20 mg (iniial) Peak Height - 143,444 (mA)
(b) T: 43.96 and 166.00 (°C) A Onset: 474.685 (°C) 12 546.711 (5)
150- t:147.0 and 8232 (s) Offset: 484.491 (°C) /2597171 (s)
s Peak Maximum : 115,303 (°C) £ 565.2 (s) BaeraTis: Lheer
= Peak Height : -54.942 (m¥V) Mass Used : 20 mg (initial)
= Onset: 70.831 (°C)  314.437 (s) ] |
o 1004 Offset: 138.939 (°C) /657 .858 (s)
§ Baseline Type : Linear
2 Mass Used : 20 mg (intial)
8 504
T
0
-50-

50 100 150 200 250 300 350 400 450 500 550 600 850
Sample Temperature (°C)

a—Tasa cyna; b — mac cyna

Cyper 16 — Iciaren n-OI'®:AK 7,95:92,05 mon. % cononumepnepinig JJCK
KUCBIKTAPhI

16-cypeTTeH Kopim OTBIPFAHBIMBI3ANH CYJbIH KeTiyMeH OalaHBICThl KEH
SHIAOTEPMUSILIK MmbIH 7,95:92,05 KaThIHACBIHIAFHI COMOJMMEPIHIE Ta3a CyIarbl ~
1259,917 Jlx/r sHTanbnusIMEH OalIaHBICTBI JKOHE Jlac cyna < 795,441 Jhx/r
SHTANBMUSAMEH a3  KapKblHABI  mbIHFA  oteml.  350-450°C-marbl  JKOFaphI
temmneparypanapaa KIIIII-ka ToH keH SK30TEpMUSIIBIK BIAbIpAY IIBIHBI OalKanaaabl,
KBLUTYBI colikecinme = 751 sxone 1200 J[x/r. Opi kapaii, 480°C-ta coiikecinme ~ 1000
xoHe 300 JIK/T sKbUTybl 0ap SK30TEPMUSIIBIK IIBIHIAAp OalKaiasbl.
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A Exo

(@)

Heat : -2 720619 (Jig)

T:464.91 and 539.42 (°C)

t:2494.2and 32778 (5)

Peak Maximum : 546.482 (°C) /29535 (s)
Peak Height : 200003 (mA)

Onset: 490.353 (*C) / 2 640.476 (5)
Offset: 588,437 (°C) /3 090.267 (5)
Baseline Type : Linear

Mass Used : 20 mg (intial)

)
(=]
=]

Heat: -1 023,952 (Jig)

T: 364.42 and 464.12 (°C)
t:1921.2and 24897 (5)
Peak Maximum : 422,888 (*C) /2 2395 (s)
Peak Height : 124.387 (mV)

Onset: 411.725(°C) /2178141 (s)
Offset: 401.448 ("C) 12122.021 (s)
Baseline Type : Linear
Mass Used : 20 mg (initial)

@
=]

HeatFlow1 (mw)
=]
=

o
o

o

4 Exo

w
=1
=]

2504 (b ) Heat : -3 685 663 (Jig)
T: 465.05 and 578.91 (°C)
t:2495.4 and 31578 (s)
Heat : -1503.232 (Jig) Peak Maximum : 537.884 (°C) /2 898.9 (s)
200 T: 336.59 and 465.05 (°C) Peak Height : 276.903 (mw)
t:17637 and 2495.4 (s) Onset: 511.512("C) / 2758.764 (5)
50 'Izaai mgxmum;z gig iv;\go 12019(s) Offset: 552179 ("C) / 2 989.036 (5)
d eak Height : i Baseline Type : Linear
Onset: 3686 (°C) /1 940.411 (s) Mass USee\{P 15 mg (initial)
Offset: 422146 ("C) /2242254 (5)
1004 Baseline Type : Linear
Mass Used : 15 mg (initial)

HeatFlow2 (mw)

50 100 150 200 250 300 350 400 450 500 550 500 850
Sample Temperature (°C)

a—Tasa cyna; b — mac cyna

Cypet 17 — Iciaren n-OI'®:AK 89,05:10,95 mon. % comomumepinepinin JJCK
KHCBIKTaphI

Kypamsr 89,05:10,95 monb. % comonmmMepaiH cCOpOIUSIIBIK KaOiaeTi TOMEHIEY,
coHAbIKTaH ~ 75°C-pma mamanel e3repic Oalikamanbl. Opi Kapail, 350 ~ 450°C
TEMIIepaTypa apajbIFbIHAA KATThl TOJUMEPAl  KBI3ABIPY  Ke3iHAe  "CYBIK
KpUCTaJIaHyMeH'" OaiyIaHbICThI SK30TepMUSIIBIK oacep Oap. 470-550°C nuanazoHbIHAA
taza cyna 2720 JIx/r xoHe nac cyaa 3685 JIk/T *KblUTy MIBIFapaThIH KAPKBIHABI IITBIHJIBI
Oaiikayra Oosanbl. KOpbITBIHABUTAM KeJe, €Kl TypJil KyYpaMJarbl COMOJUMEPICPAiH
YJIT17IEp1 JKbUTY aFbIHBIHBIH KHUCBHIK CBHI3BIFBIHBIH O1p-OipiHEH epeKIleIeHEeTIHIH aTamn
etyre Oonaapl. bipak coraH KapamacTaH, KUChIKTapaa YKcac IMIBIHIAp Taiaa 60asl,
OyJ1 camasiblK JKOHE CaHIBIK JKaFbIHAH OPTYPJl Kypambl COTOJMMEpPJIEpPIH/IE YKCac
KacUeTTepAiH OOJIYbIH AJICIACH/II.

[Momumepnepneri n-OI'D:AK  OipaikTepiHiH  YJECIHIH  JKOFapbUIaybIMEH
reNbAepAlH COpOUMSIIBIK MYMKIHAIKTEpl TeMmeHAeial. KapacThlpbuibll OTBIpFaH
KaTtapJarbl KapOOKCHUJI TONTAPBIHBIH CaHBIHBIH apTybl TOMEH MOJICKYJAIBIK TY3
KOCIaJapblHa CE3IMTAIIBIKTBI apTTBIPAABI, al COHFBICBIHBIH KOHIICHTPAIUSICHI
JKOFapbUIakapl. ['maporenbaep/iiH ICIHFeH KYHIeH MaKCHUMasjibl KbICBUIFaH KYHIe
aybICybl JUCKPETTUIINIMEH cHUmaTrTajajgbl. AKpWUI KBIIIKbUIBI OipJiikreplt Oap
comoJIMMepJiep YIIiH Oy KyObutbic n-DI'® TeMmeH KOHIEHTpalusIapbiHa
OaifKkaaThIHBIH aiiTa KETY KEPEeK.

ANBIHFAaH ~ HOTWXKENEp  TOJMMEP  KOMIO3UIMSCHIHBIH  KYpaMbIMEH
WHIYKIUSTIAHFaH TOIMATHIICHIJIMKOJIb(PyMapaT *KoHE aKpPUJ KBIMIKBUIBI HET131HACT1
comoJuMepIIepAiH (PU3NKa-XUMHUSIIBIK KACUETTEPIH OaKbUIay MYMKIHAITIH KOPCETEe ],
OWJI ajaplH ajla OSITUICHIeH MiHEe3-KYJIBIK OaFaapiaMachIMEH YKaHa MaTepHalIapIbl
)Kacayra MYMKIHIK Oepel.

50



3.2 ConoaumepJepain 0errik MOP(OJIOTrUsICHIHA TEPMHSJIBIK OHACYIIH
dcepiH 3epTTey

[1-OT'®:AK cononmMepepiHiH KOFapbl TeMIEpaTypaHbIH OCEpiHEH JpTYypJi
KaTbIHACTap/a KaJlall ©3TepeTiHiH JKOHE OHBIH OailIaHBICTBIPYIIBI (YHKIUSITAPIBI
OJlaH opi OpPBIHAANW aaTBIHBIH TYCIHY VIIIH a30T aTMOC(epachHIarbl TEPMUSIIBIK
OHJICY TIPOIIECIHIC TOIUMEpP MOP(OJOTHICHIH 3€PTTEY KBhI3BIFYIIBUIBIK TYIbIPAIbI.
Kyiinipy, dazanelk e3repicTepii, KalTa KpUCTAIJaHYAbl JKOHE IOJIUMEpPIEPIiH
MOp(hONOTHICHl MEH CHUNaTTaMallapblHBIH ©3repyiH Tyaelpybl MyMKiH [158].
[TonmuMmepaiH MONEKYIaNIBIK T130€TiHIH KO3FAIFBIIITHIFBI TEMIIEpaTypara OalIaHbICThI
YKOFAPBUTAUTHIHBI Oenriii. Ti30€KTiH KO3FaJIFBIIMITHIFBI KOHE TOJUMEPIICPIiH KaiTa
KpHUCTaIIaHybl Ke3iH/Ie He O0NaThIHBI OHBIH MopdoorusiceiHa ocep eteni [159-161].

B N )
a— 150°C: b — 200°C; ¢ — 350°C; d — 400°C; e — 450°C; f — 500°C

Cyper 18 - 7,95:92,05 mon. % kaTteiHacTapaars! kKyiaipiires n-2I' d:AK
conojuMmepIepi
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150°C TemmiepaTypana TepMusUIbIK oHaeyAeH keiid m-21' d:AK (7,95:92,05 momn.
%) comoyiMMepiHiH penbedi capraroMeH KeHUT nedopmanusimMen cunatTtanasl (18 a-
cyper). 200°C Temneparypaaa Kyiaipy AeHeCTep MEH OUBIKTap TYpiHAE >KepriliKTi
Ty3uTniMAepi 6ap TOJKBIH Topi3al penbedreH cumartananbl. Kyiaipy KOHBIp TyCKe
JeliH alTapibIKTail KapatoMeH cunarrtaianbl (18 6-cyper). Cononumepiepaiy OeTki
penbediniH e3repyi TemmneparypanblH 350°C naeifiH KorapbUlaybIMEH alKbIHBIPAK
00JIaJIbl: KEPrUTIKTI TY3UTIMIEp KOpFaH ap MEH MIYHKBIpJap TYpiHE IMaifaa 0oasl,
arHu OeTi kenip-Oynabip Oomaner (18 c-cyper). 400°C Ttemmeparypana KyHaipy
comonuMep OeTiHIH MOPQOJIOTUSACHIHBIH alTapibIKTall e3repyine okenmenai (18 d-
cyper). 450°C temmeparypana KyWmipiireH comoiaumep OeTki penbediniH Keuoip
TericrenyiMeH, Oipak aWKbIH Kapa >XOHE METaUl >KbUITBIPHIMEH CHIIaTTajlajlbl.
[Tomumep yarizmepi KarThl >koHE ChIHFBII Oomamgel. 500°C  temmeparypana
KYHJIPUIT€HHEH KEeWiH CHIHFBIII COTIOJMMED bIAbIpai OacTailbl XKoHE YTITUIII KETeIl,
OyJ1 OJTMMEP/IiH TOJIBIK bIAbIpaybiH kepceTeni (18 f-cyper).

CoiHaManapiblH =~ MOPQOJIOTHACBIHBIH —~ ©3Te€pyl  PacTpPiblK  DJIEKTPOHJIbBI
MUKPOCKOIUS apKbUIbI 1a Tanaauasl (19-cyper). [lonustunenrnukonashymapar xoHe
aKpuJ KbIIIKBUIBI MUKpocypeTTepi 19 (a, b)-cyperrepinne kepceTuired. AJbIHFaH M-
OI'd:AK (7,95:92,05 mon. % apakaTbiHacTa) CONOJMMEPIHIH 0€TKI MOP(HOIOTHUSCHIH
3epTTey COHFBICHI ©T€ KYPEi KYPbUIBIMIBIK-MOP(OJIOTUSUIIBIK YIBIM €KEHIH KOPCETTI.
Ynriaig MUKpO(OTOCYpETTEPIH/IE KIMIITIPIM OUBIKTAPAbIH KOIl MeJIepl 6ap epekie
KYpbUIBIMBI KepiHeal (19 a sxone b-cyperrepi).

Cyper 19 - 7,95:92,05 mo1. % 6aCTKIKaI[FBI m-DI'd:AK
conosiumepiHiH %3000 yiakelTy Ke3iHae, CKaHEePJIEHTEH JICKTPOH IbI
MUKpPOCYpeTTepi

Comomumepnepni  290°C  Ttemmeparypaga  KYWaipy — HOJIHMEPIEPAiH
nepopmanusceina akeneai (20-cyper). 20 a-cyperre n-DI'd:AK OesekTepiHi
OPTYpPJIi MIMIIHAESPI MEH ejmeMaepi OipHEIIe OHJaFraHHAH JKY3JACTeH MKM-TE JICHIH
©3repeTiHIH Kepyre 001abl.
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W i !
SEMHV: 7.0 kv
View field: 37.4 pm
SEM MAG: 9.24 kx

a— x500; b — x1500; ¢ — x3000; d — x10000

Cypet 20 — m-OT'®:AK 7,95:92,05 monb. % conommmepinia 290°C TepMUSIIBIK
OHJICYICH KeH1H O1pi3/1l YWIFalobIMeH MOP(OIOTUACHIHBIH MUKPO(OTOCYpETI

20 (a) Cyperre yaTiHIH O€TI TETEPOTeHAI OOJBINT KOPIHETIHIH KOHE KONTETeH
MUKPOCKOIHUSIIBIK TOMITCIIIKTEp MEH TecikTepi 6ap (~20 nm) opTypii KYpBUIBIMIBI
ekeHiH kepyre Oomanel. m-DI'®:AK comonmmMmepiniH aeHec O6iri TEPMHSUIBIK
eHaeyneH keiin 7,95:92,05 Oacrankel KaThIHAChIHAA arJioMepalvsjiaHFaH
OemmexkTepaen Typaabl (20 a - cyperi). Opi Kapall YIKEHTy Ke3iHJe
arJioMepanysUIanFal 0eJiK KINNpeK, ThIFbI3JaIFaH OOIKTEPICH TYPAThIHBIH KOpyTre
6omansl (20 b, ¢ - cyperi). betin oman opi ynraiiran ke3zae 6emmextep 400-700 um
apanbirbiaga 0onaasl (20 d - cyper).

¥ ChIHBUIFAH MUKPOCYpPETTEp IIIHEH MOMEKTI YIKEHUTy Ke3iHJAE OJIIeMIUIIKKEe
OaiJIaHBICTBI KYPBUTBIMJIBIK OOJTIKTEPTIH ©31HIK YKCACTHIFBI aliKbIH Oalikanansl. SEM
KECKIHJEpl COMOJIMMEp KYPBUIBIMBIHIA MUKpOdazalapAblH OOJybIH KOpCeTemi, Oy
290°C temmepatypaia TEepMHSUTBIK OHACYAIH canaapbl 60mysl MyMKiH. 20 (b) sxoHe (C)
CYpETTEPJICH KOPiMl OThIpFaHbIMbI3Ial, conoauMepiiH 0eti 10-HaH 65 MKM-Te JAeHiHr1
OeJrici3 Mzl araoMepaTTapMeH dpTYPIIl MIIIHACTI XKoHEe eJIeM/Ieri riaooyanap
MEH KeYEKTepJIeH TYPaThIH OOPHBLIAAK KOHE T€TePOreH/ Il KYpbIIbIMFa He.

Opi kapait, 440°C temnepaTypajaa TEPMUSUIBIK OHJCYJCH KEHIH COIMOJUMEp
YJITUIEpiHIH MUKPOCYpeTTepi alblHAbl (21-cyper).

53



o
d =932.54 nm

d=81091 nm

g 3118.34 nm

Serb261 nm
——— ™

10 pm

View field: 37.4 ym
SEM MAO: 9.24 kx

a—x500; b—x1500

Cypet 21— n-DI'®d:AK 7,95:92,05 monb. % conoaumepini 440°C TepMUSITBIK
OHJICYJICH KeHiH JOHEeKTI1 )KOFapbliaybiIMeH MOP(OIOTHUSACHIHBIH MUKPO(DOTOCYPETI

Mukpocyperrep 440°C  Temmeparypama TEpPMHSUIBIK — OHACYISH  KEHiH
MOJIMATUJICHTIIMKOIb(GyMapaT >KOHE aKpUJ KBIIMIKBUIBI  COMOJIMMEPIHIH  OeTiH
KepceTeai. YJTiHIH OeTi eHJeNMereH Yirire KaparaHjaa aWTapiiblKTail e3repreHi
kepineni (21-cyper). Kenreren ycak aeHec *koHe OacbUIFaH TY3UIiMaep/l Oaifkayra
oonaapl. by kypsuibiMaapasiH enmemaepi ~1,5 mxm (20 a - cypert). CoHpaii-ax,
YJITiHIH O€T1 CalbICTBIpMAIIbI TYPE TETIC KOpiHel, Oipak MUKPO ACHI e 1e KIIIKeHTAa
epekmieniktepi  O6ap. Comonumepae akpuil — KbIIIKBUIBIHBIH ~ OOJYbl  OHBIH
MOpPGOJIOTHICH MEH KYPBUIBIMBIHA dcep eTyi MyMKiH (20 b - cyper).

JKorappima  KepceTiITeHIeH, TEpMUSUTBIK — oHuey  kesiage  1m-OI'D:AK
COTIOIMMEPIHIH arjoMepamusi Mpoleci >KOHE COMKECIHIIEe KYPBUIBIMABIK TY3LIyl
©3JIT1HEH JKYPETIiH MPOIECC eMec.

OcwIFaH cyleHe OTBIPBIN, TEPMUSIIBIK OHJIEY Ke3iHAC KaHBIKIaraH Moauddup
manblpbliblH = T-OI'®:AK  comosmMMmepiHiH  KYpPbUIBIMBIHA — ocepl  3€pTTENl.
Cononumeperi MoJMATHICHTIIUKOIB(GYMapaTThIH MeJIepl KoOipeKk COmoIruMepiHe
MUKPOCKOIHUSIIBIK 3€PTTEYIIEP JKYPTi3iiii.

" e ]

S\ P B
v\ 4

seiiv 70w

View bl 12 m

sEiAG: 292 x

SEM HV: 70KV WO: 5,09 mm
View field: 37.4 ym Det: SE
SEN MAG: 8.25 kx
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%328.71 N

11421 fim

| WAV
View feld: 20.0 pm " View fieid: 6.00 ym
SEMMAG: 17.3 kx erformancs SEM MAG: 692 kx

a— x500: b — x1500; ¢ — x3000; d — 10000

Cyper 22 — n-OI'd:AK 89,05:10,95 monb. % conmomumepiniy 240°C TepMUSITBIK
OHJICYIeH KeiH O1pi31l YIIFalObIMEH MOP(OTOTHICHIHBIH MUKPO(POTOCYPETI

22-cypetrTeH Kepim oOTbIpraHbiHbI3Aal, M-OI'D:AK (89,05:10,95 wmoms. %)
comonumMepiHiH 240°C TepMUSUIBIK OHACYACH KEeWiH comoauMep Mop(hoIOTHsIChIHAA
aliTapieikTail e3repictep Oomapl. 240°C TepMUSUTBIK OHACYIEH KEHiH COIMOIMMEp
MOpPQOJOTUACHIHAA aWTapibIKTall e3repictep Oonmbl. byn  esrepictep Oayky
mpoliecTepine, KypbUIbIM/IBI KailiTa KYpyFa HEMece MYMKIH XUMHUSUIBIK peaklusiapra
OailylaHbICTBl 00yl MYMKIH. KypbUlbIMIapablH eJjmemaepi MeH MilliHAepIHAer1
alBIPMaIIBUIBIKTAP OHJICYICH KEHIHT1 YAT1IET] TeTepOreHIUIIKTI KOPCEeTyl MyMKIH.

Opi Kapai, 440°C neliiH TepMUSIIBIK oHeyAeH kel 6actankel 89,05:10,95 moub.
% KaTbhIHACBIH/IA COMOJIUMED YJITUIEPIHIH MUKPOCYPETTEPI aldbIHIbI (23-CypeT).

SEMHV: 70KV WO: 522 mm i MIRAS TESCAN|
View feld: 119 pm Det: SE 20pm
SEN MAG: 291 kx Performance in nanospace

SEMHV: 70KV WO: 528 mm
View feld: 37.6 pm Det: SE 10 pm

SEM MAG: 8.24 kx. erformance in n: SEMMAG 173kx  Performance in nanospace

a— x500: b — x3000; ¢ — x3000: d — x10000

Cypet 23 —n-0I'd:AK 89,05:10,95 moib. % cononumepinin 410°C TepMUsIBIK
OHJICYIeH KeWiH JOMEKT1 KOFapbliIaybIMEeH MOP(OJIOTUACHIHBIH MUKPO(OTOCYpETI
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23 Cyperre nuamMetpi mamameH 1-5 MuUKpoMmeTp OO0JIaThIH KONTETeH YCaK JIOHEC
Ty3utiMaepai Oaiikayra Oomaapl. bynm tysumimaep yiariaig Oykin OeTiHe Oipkemki
Tapanajabl XKoHE OPTYpJl cumarramanapbl 0ap (aszansik aiiMakTap OOTYbl MYMKIiH.
Cypertepae keyekTep MeH OemekTepiH Oenriiai 0ip OarbIThl KOpIiHOEH I, OYJI OCHI
AIIEMEHTTEPIH OETIHJe Ke3JeHCOK JKOHE peTCi3 TapalyblH KepceTyl MYMKIiH.
Muxkpocyperrep comonumepai Oacrankel 89,05:10,95 wmonb. % KaTbIHAChIHIA
TEPMUSUIBIK OHJCY OHBIH OCTIHJE KeyeKTep MEH YCaK OeJIIeKTepIiH maiiaa 00IybiHa
OKEJITeHIH KepceTelll. byl KypbUIBIMABIK ©3TepiCTepiH opTypial cedentepi OOy
MYMKIiH, MBICAJIbl, Ta3Jap/IbIH 06JIIHYl, KPUCTAIABIK KYPBUIBIMHBIH ©3repyl HeMece
XUMUSUIBIK peakuusiap. Keyekrep men 6emnmexrep n-20'd:AK 89,05:10,95 mons. %
COTIOJIUMEPIHIH (PU3UKANBIK KOHE XUMUSIIBIK KACUETTEPIHE 9CEP €TEIl.

22 sxoHe 23-cyperTeplieH Kepil OThIpFaHbIMbI3/Ial, COMOJIUMEPJETi KaHBIKIAy
JOpeXKeCiHIH KorapbuiaybiMeH (comonumepaeri n-2I'd:AK mMemiepi) karalThuiFran
OHIMJIEP/IIH KaTThUIBIFbl TOMEHICH/I1 ’KOHE TYTKBIPJIBIK XKOFapblUIaibl. ToyenainiKTiH
Oyn cumaTel adkacmaibl OaWJIaHBICTHIH TBIFBI3IBIFEIHBIH TOMEHICYIMEH, IEMEK,
KYKTEMEHI KOTEPETIH TI30€KTep CaHbIHBIH a3al0bIMEH OANTAHBICTHI.

3.3 CHNS ananu3aTopablH KeMeriMeH CONOJIHMEepPJIePAiH KoHe MHPOJIN3
OHIM/IEPiHIH JIEMEHTTIK KYPaMbIH 3epTTey

Marepuanablk OOBEKTUIEPAET1 SJIEMEHTTEP/IIH Ma3MYHBIH Tajlaay oiCIMEH
OpBIHIAJIFaH AJIEMEHTTIK TajJay HOTHUXKEJepl 7-KecTelle KeNTIPUIreH, COHBIMEH KaTap
KamOpiaey rpadUKTEpiHIH KaHaraTTaHAPJBIK METPOJIOTHSUIBIK —CUIATTaMallaphbl
anblHFaH (22-cyper).

a) _ b

R=0.99866
R=0.99749

c)

R=0.99606

a — KeMipTeri YIIiH; 6 — cyTeri YIIiH; B — a30T YIIiH

Cypert 22 — Kanmubpiiey rpaduxraps
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25000 25000

a) b) \

19800 19800 ‘

4200

19800 [

14600 [ ‘!

-1000

|
\LJ‘ | |L4 ]

0 a 80 240

a—7,95:92,05; b — 44,05:55,95; ¢ — 89,05:10,95

Cypert 23 — CHNS »51eMeHTTIK TalJIaybIHbIH XpoOMaTorpammaiapbl: M1:M; OacTankel
KaThIHACBIHIAFbI COMIOJUMEPIIEDP, MOJIb. %o

25000 25000

|
19800 | 19800

14600 ‘ 14600 ’ '

4200 4200

1000

-1000
0 40 80 120 160 200 240 0

a—7,95:92,05; 6 —44,05:55,95

Cyper 24 — CHNS-aniemMeHTTIK TanaayablH XpoMaTorpaMmmaiapbl: Mi:M; 6acTankel
KaThIHACBIH/AAFBI COMOJIMMEPIIEP, MOJIb. %, napax 1
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25000

19800 - |

c—89,05:10,95

Cyper 24, napak 2

Kecre 7 — ABromartel CHNS ananuzatopnapeinga n-2I'd:AK cononumepiepiniH
CaH/IbIK DJIEMEHTTIK TaJaybIHbIH HOTHXKEIEPI

MaccaibIk Yoarinig Opranita MoHHIH CanpicThIpMabl
yineci, Tabbimmst (X + 8 X ), % | CTAHIAPTTHI CTaHJAPTThI CTAHIApTTHI
C;H; N, % aybITKYBI, S ayBITKYBL, S X aybITKY, Sr
7,95:92,05 m01.%
C C: 53,533+ 0,03 0,380 0,400 0,005
H H: 5,736 = 0,04 0,081 0,074 0,012
N N: —
S S —
44,05:55,95 m01.%
C C: 53,020 £ 0,05 0,100 0,094 0,005
H H: 5,403 = 0,04 0,087 0,080 0,013
N N: —
S S: -
89,05:10,95 mom1.%
C C:53,895+0,04 0,200 0,021 0,004
H H: 5,496 = 0,04 0,079 0,072 0,015
N N: —
S S: -

7-kecte nepekrepl m-OI'D:AK comommumepnepiHaeri dIeMEeHTTepl aHBIKTay
kareniri 0,4-1,5 (abcomoTTi %) nUama3oHpIHAA €KeHIH KopceTe/l.

KopeITbiHABI: amarrapMeH TipkenareH kommnoHeHTTepAl ['X Oeny apKbuUIbl
Hromac-IIpern anicin xy3ere acsipaThid aBToMatrthl CHNS ananuzaTtopiapbl apKbUIbI
MOJIUMEDP KOCBUIBICTAPBIHBIH CAHIBIK JEMEHTTIK TalJaybIHBIH KaJIbl SICTEMEIiK
TOCTL 931pACHI.

3.4 II-OI'®P:AK comosiuMepJiepiHiH TePMHUSUIBIK TYPJeHYiHe KbI3AbIPY
KBLIAAM/BIFBI MEH YaKbITTBIH dcepi
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Enpi 613 KMHETUKANBIK TapaMeTpIIepAiH IIaMackl TemrepaTypara OailIaHbICThI
KaTThl 3aTTapbIH BIIBIPAY PEAKIUSCHIHBIH JKbUIIAMIBIFbIHA Kallall ocep CTETiHiHe
ToKTamambi3. On yuiiH Oackanapbl TYpPakThl OOJIFaH Karjai]a KHUHETHKAJBIK
napaMeTpiaepaiH Oipi e3repreH Kesjue ecenrteireH auddepeHnuanapl  bIablpay
KUCBIKTApBIHBIH (dTG KHUCBIKTapBIHBIH) MIMTIHIH CANBICTBIpaMbI3. ¢(T)=k(T)=k,e ="'

xoHe f(a)=(1-o)" TOyenmimKTEpAI €CKEPE OTHIPHII Z—a=(p(t)f(a) TeHAey i
T

KOJIJIaHAMbBI3, SFHU KapamaibIM BIIbIpAy IPOIECIHIH JKbUIIAMJIBIFBI OChI TCHJCYTE
OarbpIHAIBI JIET €CEITENMI3.

% =k exd—-E/RT)1-a)" (35)

DOKcnoHeHan el (PaKTOpAbIH >KOFapblUlaybIMEH AU(QepeHiuanipl babIpay
KHUCBIKTapbl TOMEHI1 TEMIIEpaTypaFa, ajl akTUBTEHY dHEPTUACHIHBIH KOFapbLIaybIMEH
JKOFapbl TeMIepaTypara Kapail BbIFBICATBIHBIH JKCIEPUMEHTTEp KepceTTi. by
TOYENAUNIKTEp AppPEHHYC 3aHbBIMEH OailllaHbICTBl. AKTHUBTEHY HSHEpPrHUsIChl HEMECe
HKCIIOHEHLIMAJIBl KOOCHTKIII e3repreH kesfae auddepeHUHANAbIK KUCHIKTapIblH
BIFBICY OAFBITHI N KOPCETKIIIIHIH K€3 KEJITeH MOHI1 YILIH CaKTalajbl, 1ereHMeH 25, 26,
27 cypertepinge 1-re TeH mopeke kepcetkimi n O6ap [162] peaknusiap yuriH KUCHIK
CBI3BIKTap KOPCETUITEH.

Huddepenunanasl bIAbIpay KUCBIKTAPIHBIH MIIIIHI 1€ N KOPCETKIIIIHIH MOHIHE
- peakuusi petiHe OailyaHbICThl. Ke3 KelreH peTrTuliK YUIIH KUCBIKTapIblH ©CETIH
TapMakTaphl Oipel eHicKe he, OyJ1 peakIUsiHbIH OacTanKbl KE3CHICPIHIET] PeaKIlus
PETIH aHbIKTay Ke31HJE KaHbUIBICTRIPYbl MYMKIiH. [{ndpepeHnnanapik KUCHIKTapIbIH
TOMEHJCHTIH TapMaKTapbl HEFYPJIbIM TIK €HICKE e 00Jica, COFYPJIbIM pEaKIUsHBIH
peTi TeMeH 6omansl (25, 26, 27-cypertep).

0.016 0.016

@ 4, 208 min® (b) —— 20.0 k/mol
0.014 4 W 3 10° min 0.014 4 —— 40.0 kJ/mol
{ | n 2 ———60.0 kd/mol
| ‘ ——10*min* N 0.0 kJ/mol
0.012 - o 0.012 - -
\‘ | \‘ \‘ 10* min* ‘ “ \ 100.0 kd/mol
| I 2 \
0.0101 B 7\ 0.0101 i
[ [ /1
= B 5 I 1 3
< 0008+ / I R 1 < 0.008 1 } “ ‘ I
© I /\ © | A 4
0.006 [ I A /o 0.006 | | | I \
/ |/ ‘\ / \ /) | “ \ [ i 5
| \ [ [ [
/ \‘ /! | “\ \“ \\ ‘ I “ “ “‘ “
0.004 [y | / o/ \ 0.004 | | ‘\‘ [ [
' Y |/ 1R A I I O R
[ \ B /R A
0.002 4 / / A \/ 0.002 4 / [ |/
/ \‘ al X \ / / | W/
L/ \ ‘ /] \/ | ‘
00004 L L N 0.000 72 Uy A U S— A SN
250 300 350 400 450 500 550 600 650 0 200 400 600 800 1000
T, °K T, °K

a — SKCTIOHECHIHAIITBI (DaKTOPIIBIH MOHIHEH: 1-108; 2-10'%; 3-10'%; 4-10" munt; b — AKTHBTEHY
SHEPrUsCHIHBIH MoHI OoiibiHma: 1 — 20; 2 — 40; 3 - 60, 4 — 80 u 5 — 100 x/[x/Monb

Cypert 25 — bipinuii petti DTG KUCBIFBIHBIH MillIIHI MEH OPHBIHBIH TOYEILIIr
(KpI3ABIPY JKbUTIAMABIFBI — 2.5°C MuH-1)
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0.012

00104 — 10 A

0.008 [ A

do/dT

/ \/ |
0.006 - / ) \/ \
0.004 / AR /\

00024 /) /N VN “‘

0.000 —
0 100 200 300 400
T, °C

560 ' 600
1-0;2-05;3-1,0;4—- 1.5 xone 5 — 2.0 (KbI3IbIPY XKbIIAAMIBIFEI 2.5°C mun?, E = 50
kJlx/Monb, A = 10710 mun?)

Cypet 26 — dTG KUCBHIFBIHBIH MilIIHI MEH OPHBIHBIH N KOPCETKIIIIHIH MOHIHE
Toyenaimiri ( f(o)=(1-a)" TeHneyinmge)

100 - -

80

60

Mass, %

40 1

20 4

T
0 20 40 60 80 100
Time, min

T
120

KBI3IBIPY KbUTAaMABIFEL: 1 — 5.0°C muat; 2 — 10.0°C munt

Cypet 27 — n-OI'®:AK 7,95:92,05 momb.% comnosmMepiHiH TepMOTrpaMMachl,

TepMmusuiblK Tangay Ke3iHJe 3aTTapbIH bIABIPAY MPOIECTEPIH 3EPTTEY YIIH
YJITIHIH KbI3Y KbUIIAMJIBIFBI MaHbBI3bI (akTop 00BN TaObUTaNbl. YJTIHI KBI3ABIPY
KBUTTAMIBIFBI APTKAH CAalbIH PEaKIlis aliMarbl )KOFapbIpak TeMIEpaTypara ayblCaIbl
[163]. Conpaii-ak, KbI3ABIPY KBUILIAMIBIFBI JAH(PQPEPEHINAIIB  KUCHIKTAPIbIH
nimriHiHe acep eTeai: AuddepeHuanibl KUCHIKTAaFbl MIBIHAAP )KOFAPBIPAK KOHE OTKIP
oonanel, Oipak auddepeHIUanIblK KUCBIKTAPMEH IIEKTEITeH ayJaHaap JIepiik
e3repicci3 Kajaabl. JlereHMeH, IMIbIH MINIHIHIH e3repyl TeK aWHbIMalbl KbI3JbIPY
KBUITAMIBIFEIHA ~FaHA €MeC, COHBIMEH Karap VITiHIH JKOHE

ATaJIOHHBIH
TeMIIepaTypajblK CUIaTTaMalapbIHbIH ©3repyiHne OalIaHbICThI.
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KeBaplpy  KbUIZAMABIFBIH ~ apTTRIpy  AuddepeHnuanabl  Ka3yIblH
CE3IMTaJIBIFBIH aPTTHIPHII, 0asty KbI3IBIPY KE31H/1e KOPIHOCHTIH ocepiiep/li aHbIKTayFa
MYMKIiHJIK O6epeni. Erep peakius OipHeie ToMeKTI Ke3eHaep 0osica, OHJIa KbI3IbIpY
KBUIIAMBIFBIH apTTBIPY Oasty KbI3IbIpY Ke3iHjae Oip-OipIMEeH KOCBUIATHIH Te3 Maija
OoJIaTbIH KE3CHJEp/ll aHBIKTaybl MYMKIH. JIereHMeH, ChIHAaK YTICIHIH VJIKEH
OeJIKTepiH Naiananrad Ke3/e, TIMTI KOFapbl KbI3bIPY KbUTIaMIBIFbIH/IA 1a, aPAJIBIK
KOCBUIBICTAp/Ibl aHBIKTay Oip-OipiHE ocep eTyAiH CyNepHO3UIMsIChIHA OalIaHbICTHI
KUBIH 00JIyBl MYMKIH.

[Tapannensai mporecTep OpbIH ajlFaH Ke3/e, oJap sl 06y YIIiH 0asy KbI3AbIpY
KBUTTAMIBIFBIH MTal1aJIaHy KUAIpEK 00JIaIbI.

KatTtel nenenepain siasipay mporeci KypAeil MeXaHu3M apKbUIbl XKypce, OHIa
KUHETUKAJBIK KUCBIKTApAbl TYCIHIAIpY Oip Me3rijie XypeTiH (u3NKa-XUMUSIIBIK
nporiecTepre OalIaHbICThI KypAeal 0onaabl. Anaiiia, erep mporecc napajiieib KoHe
peTiMeH KYypeTiH OipHelle Ke3eHAEepJeH TYpaThiH Oosica, oHna auddepeHnranabk
KHCBIKTApJIbIH KapamaibiM Typi O0JIybl MYMKIH.

Exi Typai OipiHmi peTTi peakuusuiapabl 3epTTeyie, Oipaei Temmeparypa
JTMana3oHbIHAa 00JIaThIH, 9pOip Ke3E€HHIH KUHETUKAIBIK MapaMeTpIIepiHiH KaThIHACHI
OJIap/IbIH KUHETUKAJIBIK KUCHIK OOMBIHIIIA TapaJlyblHA Kalai ocep €TeTiHI aHBIKTAJIIbI.
Erep eki peakuusarsl npeadKnoHeHuuanaap 0ipaeit 6osuca, onna Oyl KaTblHAC OJ1aH
J1a MaHBI3AbIPAK 00JIa IbI.

OKCHOHEHIMANAbl (aKkTOp/bl AaHBIKTAUTBIH A TmapamMeTpl perTi peakuus
MEXaHMU3MI >KaFJalblHa KMHETUKAIBIK KHCBIK IIIIIHIHE Je YJIKEH acep eremi (28-

Cyper).

BK - CK + ras

0.10 — 2

0.08

0.06

do/dt

0.04 4

0.02

0.00 4

T T T T T T
0 100 200 300 400 500 600

Temperature, °C

1-5.0°C murt; 2 — 10.0°C mun?

Cypert 28 — Kp3apIpy KbUTIaMIBIKTapbIHIA MTapauiens peakuusuiap kesinae dTG
KUCHIKTAPBIHBIH ITBIHIAPBIHBIH MIIITHI MEH OPHBI
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bipueme mnapamiens mnpouectepaiH Oip Mesruige maiga O0dybl Ke3iHae
KUHETUKAJIBIK KHCBHIKTAP Ibl MHTEPIIPETAHSIIAY KUBIH MiHIET O0JbIn TaObutaasl. TimTi
TOMEH KbI3BIPY KbULIAM/IBIFBIH MalIaTaHFaH Ke3/1¢e /I apajljiesb mpoiectep i 0ip-
OipiHEH aXbIpaTy KHBIH OOJIybl MYMKIH. 29-CypeTTe aKTHMBTEHY SHEPTHUSACH OpTYpJIi
(48-nmen 62 xJ1x/Monbre aeitin), 6ipak 10%° mun 6ipaeit skcnoneHIMan Bl PaKTOPMEH
napajuIeNbAl peakusuIap YIIiH eCeNnTeNTeH KUCHIK CBI3BIKTap KopceTireH. JKammbl
pEeaKIMsIHBIH KMHETUKAJBIK MapaMeTpiiepiH ecentey KesiHae (9-KHUChIK) eCenTeNreH
napaMeTpiiep MapajUiellb peaKIMsUIapIblH OpPKAaHCBICHIHA IKEKe-KEeKe KaparaH/aa
alTapiBIKTall TOMEH eKeHAiri ambIKTammel: £ = 20 xJ[x/moms, 4A=10* mum™.
Ocplnaifma, 6y Karaaiiia >kaimbl TPOLEeCcTiH napaMeTpiiepl Tek Gopmanasl 60aaabl.
Kanmer anFanga Kypaeli TEPMUSIIBIK BIABIPAY MPOIECTEPiHIH KUHETUKAIBIK
napaMeTpliepiH ecenTey TeK KOMIBIOTEPIIK eCenTeyep apKbUIbl HICHIICTIH KYypAei
MIHIET OOJIBIIT TAOBUIA .

devdT

T, °C

Cypert 29 — blasipay nporieciHiH mapajiieiab MeXaHu3Mi 0ap ecenTereH KoHe
Toxipubenik dTG KuChIKTapbIHBIH (9) JKambl KepiHic

EckepTy — (kuchik 1-8) mapamnensai Gipinmi perti peaknusiap A = A=10" mun? sxone
aKTHBTEHY 2Hepruschl 48-nen 62 kJlx/Monbre aeitin. JKanmsl KuckK yimid (kucsk 9), A=10% mun
E=20 x/Ix/monb

3.5 H3oTepMuSJIBIK eMeC JepeKTepAeH KHHETHKAJBIK MNapaMeTrpJiepai
ecenrTey MYMKIHIITIH NPAKTUKAJBIK Heri3aey
TepmorpaBuMeTpusi IepEKTEPIHEH KMHETUKAIBIK MapaMeTpiiepl ecenTey YIiH

KOJJaHBIIATBIH  OapibIK — JEpIiK  OmicTep g—?_zkoexr(—E/RT)(l— o)"-TeHIeyiHe

Heri3genreH. M3oTepMusIbIK  eMec jKaFjaija, TeMIlepaTypaHbIH 631 yaKbITKa
OalIaHbICTHI OOJICA:

de dT dr
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CBI3BIKTBIK KBI3IBIPY JKBUIAMIBIFBIHIA TEMIIEPATyPAHBIH YaKBIT TYBIHIBICHI
TYpaKThl OOJIAJIbI:

dT
b (37)

MyH/Ia b - KbI3JbIPY JKBUIIAM/IBIFBI, TPaayC/MHH.
Kemnecine

_do_Ko e gy (38)

(38) Terneyai uaTETpaIay 6ACTANMKBI MIAPTTAp/Ia OPBIHIAIAIHI:

t=0, T=T,,
a=0 (39)

AWiHBIMaTBIIAP Ikl OOJITEHHEH KEeHiH Keleci TeHACY/Il alambi3

T

¢ da ko _E/RT
- _ = %o [g=RTgT 40
laay o (40)

TepMorpaBUMETPUSUIIBIK, JI€PEKTEpP HETI31HE€ KUHETUKAJBIK MapameTpiiepai
ecenTeyiH KemnrtereH anicrepi (40) TenneyiH maiinanaHaibl. Temmeparypa yakbIT
GbyHKIUsACH 00JaThIH U30TEPMUSIIBIK €MeC peakiusiiap xaraaiibiaaa (40) TeHaeyain
OH JKarbIHIAFhl WHTETPAIABl CaHABIK HEMECE aHATUTUKAIBIK OJICTEPMEH TalyFra
Ooonmanpl. Keibip omicrep aKTUBTEHY OHEPIUSICHIH, pPEaKlUs PETIH JKOHE
OKCIIOHEHIMAMABl  (GakTopAbl Oip yakbITTa aHBIKTall anajbl, anx Oackaiapsbl
napameTpiepaid OipeyiH FaHa ecenTtey YIiH KojaaHbsuianasl. Keitbip omictep OypbiH
Oenrial mapaMeTpi KakeT erefl, Oipak 0acka mapameTp/il ecenrtey Ke3iHae IaJipeK
HOTIKE Oepei.

OpOip omicTiH o3 OoKaMaapsl Oap, COHBIH INNHAE KBUTYJBIK KOHE
T Gy3UITBIK KeIepTiIepIiH a3abIFbI:

— PEAKIUSHBIH TEPMUSIIBIK XKoHEe TP PY3USITBIK KeIepriiepi as;

— AKTHBTCHY DHEPIHsCHI JKOHE JKCIOHCHIHAIABI (akTop Temreparypara
Toyel i eMec (KapacThIPBUIBIT OTBIPFaH TeMITepaTypa JUana3oHbIH/IA);

— TOXIpuOe OacTanaTblH TOMEH TEeMIeparypajia peakiusl >KbUIIaMJIbIFbl ©Te
TOMEH.

Bapneik omictepai kenecire Oesyre Oonanbl: (35) TeHaeynl maiganaHAThIH
muddepennmanapl, (35) TeHIEyAIH HHTETPANIBIK TYPIH KOJJAHATHIH HWHTETPAJIJIbI
xoHe (35) TeHaey oOpTYpil JKYbIKTay OAICTEpIMEH NICHIICTIHAITIHEH TYPAThIH
KYBIKTAY JKoHE JU(PEepeHINANIBIK KUHETUKAIBIK KHCBIK I;m €H JKOFapbl
TEeMITepaTypachl PEaKIysl KbUIIAMIBIFEI MaKCUMAJIbl OOAaThIH TeMIepaTypara TeH
JIeT ecernTenel.
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@®puman MeH Koppon nuddepeHnmanasl TEpMHUSIIBIK Tangay JIepeKTEpiHEH
KMHETUKAJIBIK TapaMeTpiiep/ll ecenTey OMICIH »KacaraH ajFallKbUIapIbIiH O01pi OO b
[164 p.5]. byn axic (@puman-Kappour afici) peakius kburgamMabirsl (40) TeHaCYIMEH
cunarTanaabl xkoHe eki Tq xkoHe T, Temneparypaja calbICTRIPBUTA B IS OOTHKANIBI.
(40) TenneyiHiH Jorapu(MiH aJlFaHHAH KeH1H €K1 TeMIiepaTypa YIIiH JorapupmaepaiH
aliIpMachIH aTyFa OOJa bl

{3
T

j TYpaKThl OOJIBITT Kajica, OHAa OJI Alg(l— oc)—re CBI3BIKTBIK

Alg(daj: nAlg(1- oa)—i (41)

dt 23RT

do
dt
Toyenal. byn ToyenaumikTiH TrpaduKaablK KOpiHICI aKTHUBTEHY HSHEPTUSCHIH >KOHE
peakuusl pETiH AaHbIKTayFa MYMKIHIIK Oepeni. Peakuus O KbUIgamablFbl MEH
KOHIICHTPAIUSCHIH aHbIKTay YiIiH 1/T-re TeH mHTepBamAapbIHIAFbl YKCIIEPUMEHTTIK
TEPMOTPAaBUMETPHSUIBIK KUCHIKTap KOJTaHbBLIA B

@puman xoHe Kappon sxiciven n-OI'd:AK cononumepnepiHiH, TEPMUSIBIK
JECTPYKIIHUS MOTIMETTEPiH oHAeyl 30-cypeTTe KOpCeTIITreH.

Erep Ai — Alg(

3
- b
N
.-, (a) . (b)
2 N \\\.
b N
= ™ - AN
Z 4 jaN S \\!
[=2) N = -
< L E=Rr o
56 g o
= 2
2 = ~
5 . k=l .
=3 N [+
3 8- N g \\
< o S <| Equati y=a+bx AN
Equation y=Ea+hpx ~ 5 quation \\
10 - | Intervept 029341 + 043904 y Intercept 0.18016 + 0.0257 N
Slope 586102 4 0.4282 N Slope 281193 + 0.049 .
R-Sguare (COD) 086382 b . R-Square (COD) 0.09843
-12 T T T — T
0.5 1.0 1.5 2.0 0.0 05 1.0
ANT*10%AlogWr AUT*10%AlogWr
0 0
L]
[
. C Y
- (© <, (d)
=14 . -14 A
o~ Y
- .
i —
227 o 52 *
4 . = -~
Z = o
k) . ) .
3 34 L S 3 ~
N
% 8 b
g LN g .
= \\ = .
Equation y=arbx \Q Cquian Er N .
Intercept 0.39119 + 0.16041 . Intereept 0.31251 £ 0.13172 &
54 Slope -6.36887 £ 0.3142 N - 54 S\n?c . E,ZB&::E!E;ZEBM
R-Square (COD} 0.8832 “ e R-Square {GOD) .

00

T
05

AUT*10%AlogWr

0.0

0!5
ANT10%Alog\Wr

R — koppemsiius ko3hPUinenTi; q — IKCIEPUMEHT HYKTENEPiHIH CalbICThIPMaIIbl KaTelirl

Cypet 30 — ®puman xone Kappon opicimen n-OI'd:AK cononumepiiepi 6oiibIHIIIA

TOXKIpUOEIIK AEPEKTEPAl OHICY
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KuHeTHKanelK mapamMeTpiiepli aHBIKTAyAbIH KapamaibiM AudQepeHInaiIbK
onicrepiniy Oipi Herokupk omici [165 p.6] Gosbin TaObUIagsl, 0J1 T€K OipiHIINI PETTi
peakusutapra Koymansuiaael. Tp xkoHe T, Temmepartypamapel ymiiH (1—oy) KoHE

. do, do.,
(1—0) wmoHzEpi vy JKOHE o peakius KbUIIAMBIFBl  TEPMOTPABUMETPUS

kuchirbiHaH (TG) aHbIKTanaasl. Peakiuys sxpuimaMabIkTaps 1 sxone 2 nykrenepaeri TG

KHUCBIFbIHA KaHaMallapIblH KeJ0ey OyphITapbIHbIH TAHT€HCTEP] PETIHE €CeNTENeI].

BipiHmn peTTi peakmus YIIiH ?j—?:k(l— a). da/dt moHzepiniH norapudmaepi

TaOBUIBIT, KEpi TeMIeparypara OailTaHbICThI TPadUKTE CHI3BUIAMBI, Al aKTUBTEHY
1 . ..
sHepruscel Igk = f(?J TY3Y/H eHiCiHeH aHbIKTaabl (31-cyper).

OKCHOHEHIMAIBI KOOCHTKIIITIH MOHI OpAMHATa OCIHAE TY3Y ChI3BIKIICH
KECIJITeH KECIH/I1 PETIH/IC aJIbIHAIbI.

l-a, 1-a,
N

1-a

T T T T 1
LT
T

Cypet 31 — TepMOTpaBUMETPHSUIBIK KUCBIK apKBUTBI peakIvst )KbliaaMapirbiH dou/dt
KOHE OpeKeTTecnereH 1—ol 3aTThIH YJIECIH aHbIKTAY

Erep 2—“ = o(t)f (o) Ternneyneri f(@) GyHkumschHBIH TYpi Oenrini Oonca, E xoHe
T

A ecernitey Ke3iHe CEHIMAIPEK HOTHXeNepAl anyra 0onanbl. by, meicanra, AxapsiH
nuddepeHmanabk dmiciniy Herizi [166 p. 8]. JKbuTyablH CBI3BIKTBIIBIFBIH JKOHE

KBUIIAMIBIKTBIH APPEHUYCKA TOYEILTITIH €CKepPe OTHIPHIII, Z—a= (t)f (o) epHEKTIH
T
jorapuMiH ajblll, KeJIeCiHi Oepeni:

In{id—ﬂzlnﬁ—E (42)
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f(a) QyHKUMACHIHBIH TYypiH Oine otTbipbin, 1/T-re

rpaduri canbiHanel, onad E jxoHe A aHbIKTanabl.

24 . (a) 24 0 . (b)
.
3 2 .
. ~ 31 ~
= L = o
3 s = .
-4 LN =
= . ° o
B . 3 44 LI
g . - R
z e c L
< -5 ® e =
< . .
\\_‘ -5 - |Equation y=a+b'% b4 “‘.‘
Equation y=a+bx . Intercept 15.872+ 1.11735 e
6 |intercept 1744341 + 152705 “. Slope 12.76533 £ 0.7092 S
Slope -13.72516 £ 0.95164 e RSquare (GOD) e \‘
R-Square (COD} 095413 ™
-6 T T T T T T
-7 T T T T T T T 1.356 1.40 1.45 1.50 1.55 1.60 1.65 1.70
1.45 1.50 1.58 1.60 1.68 1.70 1.75
1/T*10%, K
1/T*10°%, K
o >
4 1 e
2{ (© 2 o (d)
O\\ .\‘\ .
e LS
-3 N -3 S
. ™
7 e £ X
= 4 = 4 “e
= LN = .
] o 3
£ 5+ .o £ 5+ .
o RN
Equation y=a+bx - Equation v=a+b'x LN
B Intercept 20.33842 + 062338 e 6 |Intercept 19.5283  1.08309 N
Slope -16.01676 + 0.40959 Y Slope -15.43121 + 0.7116 N
R-Square (COD) 0.89221 ~ R-Square (COD) 0.97511
'? T T T T T T '7 T T T T T T
1.35 1.40 1.45 1.50 1.55 1.60 1.65 1.70 1.35 1.40 1.45 1.50 1.55 1.80 1.65 1.70
1T*10%, K1 1T*10%, K1

R — xoppensiuus ko3pPUIHEeHTI;  — SKCIEPUMEHT HYKTEJIEPiHIH CallbICThIPMAaJIbl KaTeiri

Cyper 32 — Axap oaaiciMeH anbiaFaH 3eprreireH n-21' @:AK cononmmmepiepiHiy
TEPMOTPaBUMETPHUSIIBIK KHUCHIKTAPBI

[Hapm meH YoHTBOPT YCBIHFaH Tarbl Oip omic [167 p. 12] kMHETUKAIIBIK KHCHIK
CBHI3bIFBIHBIH 0acTamnKbl >KOJbI JIEPJIIK TEK TeMIepaTypara Toyelal EKEHJITHe

dc
Alog| —

dt A
[ Nl |Og_ —

1-c B

HHEPrUAChIH ecenteyre 0oyaabl. byl oICTIH apTHIKIIBUIBIFBI - PEaKlus PETi Typajbl
anjapiH aja OutiM KaxkeT emec. COHbIMEH Katap, OyJ1 of1ic OipHele napajiieiab HeMece
JIOUEKTI MpoIeCTepAiH Maiiia 00ybiHa OalIaHbICThI 3ePTTENIETIH Ke3EeHHIH 0acTarnKsbl
Oedmiri FaHa Oenrii O0JFaH KaFaaiIapaa bIHFAMIbI 00Tybl MYMKIH.

HaﬁﬂaﬂaHBIH, AKTUBTCHY

) E .
HET13ICJITCH. T -TOYEIAUITTH
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. a
1.0 (@)
.
=15 L
=
E-204 .
L ‘\.\
Equation y=arbx \-
Intercept 7.57558 £ 0.66319 .
-2.5 Slope -5.96076 = 041329 .\
R-Square (COD) 0.95413 .
T T T T T T =
1.45 1.50 155 1.60 1.85 1.70 1.75
1T*10%, K
1.0
~2 (
-
.
1.5+ S
\"\
= e
5 | .
g2 AN
5} .
=2 LN
£ S
*
2.5 -
Eguation y=a+bx \-\!
Intercept 8.83286 + 0.27073 . »
Slope -6.95599 £0.1778 T
R-Square (COD) 0.89221
3.0
T T T T T
1.45 1.50 1.55 1.60 1.65 1.70
1T*10°% K

In{dc/dt/f(a)

In(dc/dt/f{ee))

-0.5
. (b)
1.0 Y
. Q‘\
\,‘\
‘\.
1.5 \
.o
o
.
2.0 .
Equation y=a+b'x *
Intercept 7.42008 +0.47085 0‘\\ °
Slope -5.66365 + 0.29343 ‘\\
25 R-Square (COD) 0.97386 ]
T T T T T T
1.45 1.50 1.55 1.60 1.65 1.70 175
1T10%, K
o] . (@
.
1.5 .
\\.\
2.0 LN
o
N
254 o
25 Equation y=a+b'x \\.
Intercept 8.48103 +0.47038 “-\‘
Slope -6.70169 + 030906 b
R-Square (COD) 0.97511
3.0
T T T T T
1.45 1.50 155 1.60 1.65 1.70
1T*10%, K

Cyper 33 — [llapm nieH Y HTBOPTTHIH TEHJICYIH NaiiaiaHa OTIPBIN, aKTUBTEHY
DHEPTHUSACHIH KOHE IKCITOHESHITMANIBI (PaKTOP/IbI €CeNTeyre apHaliFaH rpaduk

Oniey KateniriH CTaHIapTThl Oaranay YIIiH OipJed >karaailyiapaa ajlblHFaH

TepPT TepMorpamma naiganansuiibsl. Karenepai ecenrtey 8-kectene KeNTIpiITreH.

Kecte 8 — HotmkenepiiH KaillTalaHybIHBIH CaHIBIK CUIIATTaMalIaphbl

Cononumep
ma.mz, (lr w [ “Yr 0 - ydr r'], %
Mo %
a30T aTMocQepachiHaa
n-OI'd:AK 0,7525 | 0,3474 | 0,0174 2,09 0,0363 0,0018 | 0,24
(7,95:92,05)
n-2I'd:AK 0,8887 | 0,6394 | 0,0337 2,09 0,0703 0,0037 | 0,42
(89,05:10,95)
aya atMocgepacblH1a
n-OI'd:AK
(7,95:92,05) 0,7853 | 0,3809 | 0,0190 2,09 0,0398 0,0020 | 0,25
n-OI'd:AK
(89,05:10,95) 0,8233 | 0,5890 | 0,0327 2,09 0,0684 0,0038 | 0,46
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8-KkecTeqeH Kopil OThIpFaHBIMBI3Al, TOXKIpUOe HYKTENEPIHIH CaIbICTHIPMAIIbI
kKatemri 0=0,95 ceHiMal BIKTUMaIABIFBI Ke3iHuae 0,5%-man acnaibiael. MyHnai
KIIITipiM KaTeiK eJIIIey d9/IICIHIH CeHIMAUTITIH FaHa CUTIaTTaMaiIbl, COHBIMEH KaTap
KMHETUKAIBIK TMapaMeTpiiep/il aHbIKTayJarbl >KOFapbl JOJIIKTIH JoJeil  OOJIbIM
TaObLTAbL.

AJNBIHFAaH aKTHBTEHY OSHEPIUSACHIHBIH MOHJICPIH TMalgalaHa  OTBIPBII,
TEPMOJMHAMUKAIBIK cHumarramanapasl — I1n66c (AG*) SHepruschIHBIH KOHE
sHTporusAchHHEIH (AS*) e3repyin ecenrenik (kecte 9).

Kecte 9 — II-OI'®:AK comommMepnepiHiH TEPMUSIIBIK JIECTPYKITUSICHIHBIH
KHHETHKAJIBIK JKOHE TEPMOJIMHAMUKAJIBIK TTapaMeTpiepi
Karbinac Axap [Tapn-YuTBopa | ®pumen-Kappoa _AS, AGH,
msi.mg, E, A, E, A, E, JIox/ kJx/
MoiL. % il MuHL o/ MuH il n (Mmons'K) |  Mounb
MOJIb MOJIb MOJIb
a30T arMocdepacbiHaa
m-2I'®:AK
(7,05:92,05) 153,26 | 27,34 |153,27 |13,38 104,42 0,18 246 87
m-2I'®:AK
(89,05:10,95) 112,84 | 23,04 |116,83 |12,03 83,45 0,29 259 65
aya atMocepacbinia
m-OI'®:AK
(7,95:92,05) 128,29 |19,53 |128,32 | 8,48 92,20 0,31 195 64
m-0I'®:AK
(89,05:10,95) 108,43 17,08 |114,13 | 7,42 65,39 0,56 178 78
JlecTpyKIMSIHBIH TEPMOANHAMUKAIIBIK [ramMaJjapsnl KYypaMbIHIa

MOJIMATUJICHTIIMKOIB(GyMapaT a3 MeJmiepi 0ap comojaumepiiep MHEPTTI opTaaa ja,
ayama Ja OHAW OKOHMbUIATBIHBIH KepceTTi. Ocplnaiima, 013 ajFam  per
MOJIMATUIICHTIIMKOIB(yMapaT sKoHE aKpWJI KBIIIKBLIIBI COMOJIMMEPIIEPIH CHHTE3IEIK
JKOHE KHHETUKAIIBIK CcHUMaTTamMasapbl MEH TEPMOJWHAMUKAIIBIK TapaMeTpiepi
AHBIKTA/IBIK.

3.6 UnTerpanasl daicrep
Koyrc-Pendepn omici [168 p. 13] acumnToTukanbiK biasipayabiy oenrii f(o)

. . da .
Toyeniniringeri - —- =o(T)- f(e) TeHImEyiHIH WHTErpambl OONBIT  TaOBLIATHIH
T

T
_[exp[— %)dT 9KCIIOHCHIMAJIAbI MHTCTpAJI KaTapblHa XbLJIAAM KOHBCPIrCHIHACBIHA
0

HETI3/Ie]ITeH. OMICTI KOJJaHy VIIH WHTETpaJlarbl allHIMAJIUIAD AYBICTHIPHLIAIIBI
JKoHE KaTtapra keHeuTinemi. JlorapudmaeyneH KediH aKTUBTEHY SHEPIHsChiH E
ecenTeyre MyMKIHJIIK OepeTiH KeHeUTY Kod(hPUIIMEHTTEpl aHbIKTaIaIbl.

9 glo) _ lg{koR (1_ 2RTH E (43)

T? b-E E )| 23RT
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MYHJa

f(a)=(1-a)" ke3inme

ola)= | e (44)
o (1—a )N :

Nzl ymin g(a)z.[(lijz)n :l (ll—n) } (45)
i 0

n=1 ymrin g(a)=Inl-a) (46)

Tenaeynin oH >xaK OeJiriHiH OipiHII MylIeci 0ap, OHbI peakIusap KypeTiH
TeMIlepaTypa UHTEPBAIIAPBIHBIH KOIIIUIIT YIIIH 1C KY31HAEe TYPaKThl JIEN CaHayfa
oonaapl. Conpapikran log(g(o))-ueiH T-Fa ToyenAulriH TrpaduriH caiafraHga >KOHE
peakius peTiH AYPHIC TaHJaraH7a, KeJaOeyliri akTUBTEHY SHEPTUSICHIH aHBIKTayFa
MYMKIHZIIK OepeTiH Ty3y anyra Oonanbl. Koarc-Peadepn omici 6ip yakpITTa peakius
PETIH KOHE aKTUBTEHY YHEPTHUSCHIH aHBIKTAy MYMKIHJIIT1HIH apTHIKIIBLUIBIFIHA UE, OV
OHbl 0acka ojicTepre KaparaHaa JQNIpeK eTenl. AMWTBUIFaH ONICTI aKTHUBTEHY
DHEPTUSACH MEH PEAKIUs PETiH aHBIKTAYIbIH €H IO OICI JIeTl CAaHAWTHIH KONTEeTCH
JKaKTayuibLaap oap.

Koarc-Pendepn tenneyin nuddepenunanabik-repMusiibik Tangay (ATA) [169
p. 4] xe3iHje ajbpIHFaH JepeKTep Il OHICY YIIiH Koianyra 0ojaabl. by skarmaiiaa o
0acka gopmara aitHanaabl.

A
In

9 A-a_ lg{koR (1_ 2RTﬂ E (47)

T2 bE E )| 23RT

n=1 ymrix

g

Sl

@-n)T? bE E 2.3RT

MyHJa A — JITA KuchIFbl acThIHAAFHI JKAJIBI ayJlaH; o — TeMrneparypa; To-1eH
T-re e3repren ke3ne I TA KUCBIFBIMEH IIEKTEITECH ay/JlaH.

AHpnepcoH xoHe 6acka aBropiap [170] skcroHeHIIMaIAbl HHTETPANIIbI KaTapra
BIIBIPATY KE31HJE KONTereH Mymienepi eckepe oToiphin, Koyrc-Pendepn tenneyine
YKaKCapThUIFaH TY3€TYyJIep €HTi3yl YChIH/bI. AJlaiiia, OChl TY3€TyJIepi KOJgaHAThIH
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ecenTeysiep KYPACHUIIKTI aKkTamaiiapl, OWTKeHI aKTHBTEHY JHEPTUACHl MEH KUK
KO3 hUIIMEHTIHIH TY3€TUIT'eH MOHAepl oferTeri (45) xone (46) TeHaeynepi apKbLIbl
€CeNTeJITeH MOHJIEp/ICH alTapibIKTal epekiesenoeiai (33-cyperTi KapaHbI3).

Hotin omici [171] xoFapbl MOJEKYJANbIK KOCBUIBICTApAAH JKOFAPhl YIMKBIII
3aTTap/blH OyJlaHy NPOILIECTEPiHIH KUHETHKAJIBIK IapaMeTpJiepiH ecernTey YIIiH
apHaiFad. MyHaal nporectep YIIiH peakiys JopeKeCciH aHbIKTay MYMKIH eMec, O1paK
Meva-HBIH OyJlaHOAFaH MAacCCAChIHBIH aWKbIH YJIECIH KOHE Myem 3aTBIHBIH OyJIaHFaH
MacCachIHBIH alKbIH YJIECIH ecenTeyre 00abl.

Meva = 1-Myem (49)

TI' KUCBHIFBIHBIH Koj0eyiHeH OylaHyIbIH aWKbIH KbUIIAMIBIFBIH aHBIKTayFa
OoJIaabl:

dmeva —b dmrem (50)

de dT

Ig(ga/T?)
N

0.5 ' 1.0 ' 15 ' 2?0 ' 2?5 ' 3.0 ' 35 ' 4.0
1/T10°
Cypert 33 — Koyrc-Pendepn tenaeyin (43) naiiganana oTeIpbin, AHAEPCOH
TY3€TYJIEpPIH €CKepi (TYTAC ChI3BIK) KOHE eCKepMEil (Y31K ChI3bIK) AKTUBTEHY
SHEPTUSCHIH KOHE SKCIIOHEHIMAN bl (PaKTOP/IbI ecenTey rpaduri

Erep 6enrium 6ip Mrem caThIChIHAA OyJIaHFAH Kbl MACCAIIBIK YJIEC )KOHE OChI
Meva CATHICHI TOJIBIFBIMEH asIKTAJIFAaHHAH KEW1H KaJIFaH MaccajblK yiec Oenriii 0olica,
oH/a ocbl Ke3eHHiH (N) HaKTBI TopeKeciH Keecinel ecenteyre 0oabl:
m,,.—M

h — eva rem
e e 51)

eva

Conpa
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% =-M eva@ (52)
dr dr

Ockhl ke3eH/1er1 OyJIaHy KbUIIaM/IbIFbI

—~ % =rf (h) (53)

MYHJIa T — OyJaHy *bUIIaMIbIFbIHBIH KOHCTAHTACHI, all

f (h) — peakius petiMeH aHBIKTAIFaH TOYEIIIIK.

JloWib e31HiH o/iciHer1 OyIaHy KbUIIaMIbIFbIHBIH TYPAKTBICBIH KOPCETY YILIiH
r OeNriciH KOJIaHFaHbIMEH, deTTer1 k OeNnricineH albIpMaIIbUIBIFbI, aTMOC(HEPaHbIH
KYpaMbIH J>KOHE OKCIIEPUMEHTTIH 0acka IIapTTaphlH Koca aifaHaa, oSpTypil
dakTopsapra OailJlaHBICTBI (TUTENbIH MaTepUalibl MEH IMIIIiHIH) OChl IIaMaHBIH
IMIUPUKAIIBIK CHUITATHIH KOPCETE/II.

Amnaiina, 3KCHEPUMEHTTIH TYPaKThl KaFJaWbIHIA >KbUIIAMIBIK KOHCTAHTACHI
TeMIlepaTypara TOYEIAUNKTIH APpEHHYC TYPIH CaKTailabl:

r=y-ef (54)

OKcnepuMeHTTIH Oenrunl Oilp MIapTTapblHAAa € KOHCTAHTAChIH TeMIIEparypa
WHTEPBAJbIHBIH KeM JereHne Oip Oeniri yuIiH akTUBTEHY JHEPrUsACHl PETIHE
tycinaipyre 6onansl. (51), (52), (53) xxone (54) TenaeynepiH OipiKTipim, KeJeciHl
aJlaMbI3:

Meva'x'e_E/RT f(h):bdr;_rlf:m (55)

WuTerpannaraHHal KeHiH CBhIHAK JKOHE KATENIK apKbUIbl KHHETHKAJBIK
napameTpiiep y, E xoHe peakuus peTi aHbIKTaIa Ibl.
BynanynblH KUHETHUKANBIK MMapaMeTpiiepiH aHbIkTay Ke3inae TI' KUCBIFBIHBIH

dm . .. . . .. .
—d'rl'em KeJI0€ylH eJlley AAIIIITIH apTThIpY YIIiH 9I€TTE OpTallla TIK OOIIKTIH KIIIKEHE

Oemiri KosaaHbUIabl. AJaiijla U30TEPMUSIIBIK €MeC JKaraailiapaa TeMeH OyliaHy
KBUTTAMIBIFIHIA MYHIAW aliMaK op TeMIeparypajia YCTay YaKbIThl JKETKUTIKCI3
OOJIFaHIBIKTAH SpAaibIM aHbIKTaIMaiabl. JIOW oicTepiHIH KEMIIIIKTEPI COHBIMEH
KaTap opOip KeKe KE3eH[I aHBIKTayAblH O0jbl TaObLIagbpl. MyHIal xaraannapaa

YKaKbIHJay MapaMeTpieplH aHbIKTayMeH IIeKkTenyre Typa kenexi. XKako xone O3aBa

amictepi [172] Z—az (T)- f(a) xuHETHKANBIK TeHzaeyiHe HerizgenreH xoHe k(T)
T

KBUITAMIBIK ~ KOHCTaHTachlH ~ AppeHuyc  o(T)=k(T)=k,e ™%  ToyemmimirimeH

anMacThIpaThiH J{o¥n omiciHiH MoaupUKAIUACH! OOJIBIT TaObLIA b,

do

— =k,& " f(a) (56)
dt
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by Tenneyai uaTerpaiiacax

(o2

| % - j k, exd— E/RT)dt (57)

dT/dt = b ekeHin eckepin, UHTCTPAIALIK TaHOAAaH TBHIC TYPAaKThl MOHICPII
aJIbIN, KEJIECIHI aJITaMbI3

T% - g(a)=*Ep(x) (58)
MyHJIa
p(x)= —j i: du (59)

myHzaa u=E/RT
X — YJT1 TeMIIepaTypachbIHAAFbl U MOHI.
HNuTerpanapiy mamacsl

du (60)

Hoiin x = —10-50 ymiiH KypacTeIpFaH KecTesep/ie KeITIPiIreH.

Hoitn opiciane TG KUCHIFBIHBIH KOJIOSYiH OJIIIeY TQJIITIH apTTHIPY YIIIH 9ACTTE
opTamia TIK CBI3BIKTBIH KIIMIKEHE O6Jiri KoyaaHbuianbel. JlereHMeH, ToMeH OylaHy
KbUITAMABIFBIHAA U30TEPMUSUIBIK €MeC JKarjaiaapaa Oyl aiiMak op Temrmeparypaja
aCep €Ty YaKbIThI )KETKUIIKCI3 OOJIFaHIBIKTaH aHbIKTaIMaybl MyMKiH. COHBIMEH KaTap,
Joiin oniciHiH KehOip KeMIIUTIKTepl O0ap, MbIcalbl, dpOip JKEKe KE3€HJ1 OKIIayJay
#oHE Meva MEH Miem aHBIKTAY KUBIHIBIFBI, COHBIMEH KaTap XYbIKTAy MapaMeTpiIepiH
AHBIKTAYIaFbI MEKTEYIIEP.

XKako men O3zaBa omicrepi Z—a— (T)- f(0) KMHETHKAIIBIK TEHACY HeTi3iHje

T
—E/RT

anbiaibl, MyHAa K(T) Appennyc Toyenainiri ¢(T)=k(T)=k,e
Kako omicinae (58) renneyiniy norapudmin Kabbuinarana ko sxone E remmneparypara
Toyenaunik eckepinmece, log(g(a)) xoHe log(p(x)) MoHAEPIHIH apachIHAAFbI
albIpMAaIIBUIBIK 1C KY31HJAE TeMmmepaTypajaaH Tayenciz 0omnaapl. XKako omicinaeri E
MOHIH aHBIKTAy YIIiH, opTypii Temmeparypaaa g(o) ecenrtey ymriH T[T KUCBHIFBI
KosmanblIaapl. ComaH KeiiH, ChIHAK JKOHE KaTesik apKelibl, MoHI E, onma log g(o) men
log p(x) apackIiHAaFEl ABIPMAIIBIIBIK TYPAKTHI 001161, MYHJIA P(X) MOHAEPI op TYpJii
T xone E yurin kectenenei.

-KC ayBICTBIPbLIA/bI.
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Jlerenmen, JKako oiCiHIH KeMILLTIT - TaHAAJFaH aKTUBTEHY SHEPIHSICHIHBIH
g(0) OYHKIUACHIHBIH TYPIHE TOYEJILIIr, COHBIMEH KaTap aJlIbIMEH peaklus peTiH
opHary kKaxertumnri. MakKamnym sxone Tanuep omici [173] Hoitn xoHe Skot
omicTepinae Heri3aenreH. Log(x) kecrenepin Tekcepy kesinae JKako, MakKamiym
xkoHe TanHep MakkallyM MeH TaHHep OMiCiHIE KOJJIAHBUIATHIH JMITHPUKAIIBIK
OPHEKKE KeJi.

—logp(x) = 048284 +(0.449+ 0.217E)/ T x10° (61)

Erep log p(x) ecentey ymin Makkanym MeH TaHHEp YCBIHFaH dMIUPHUKAIBIK
OPHEKTI KOoJAaHCcaK, oHaa Oyi1 MoHaep MeH JKako KecTelepiH/ie KeATIPUIreH MOHIEp
apacblHIarbl ailbipMaiblibiK 1%-1an acnaiiasl. G(a) ecenrtey yuniH (61) TeHaeyiH
KOJIIAHBII, OHBI (62) TeHJIeyTe aybICTBIPY apKbUIbI 10g p(X)MOHIH aimyFa 60Jabl.

lgg(e)=1g % — 0.48E°* —(0.45+ 0.22E/T-10°) (62)

Ocpuraiima, log g(a) 1/T CBIBBIKTBIK GYHKUIUACH OOMBIT  TaObLIAIBI.
lgg(a) = f(?j TY3YiHIH €HICl aKTUBTEHY SHEPTHUACHIH aHBIKTayFa MYMKIHIIK Oepeti.

(62) Tenaey apTypIai KbI3ABIPY KbUIIAMIBIFBIMEH TOXKIpHOETEp )KYPri3y Ke31HIe
KHMHETHKAJBIK ITapaMeTpiIep il aHbIKTayFa KOChIMILIAa MyYMKIHAIK Oepeni. by Tenaeyi
KeJiecl TypJie KailTa sxazyra 00Jajbl:

lgg(a)=1g KB 4gg0m_ (0.45+0.22E/T, -10°) (63)

gla)-R

0. TapaMeTpiHiH OEKITUIreH MaHI YIiH (63) TeHACY/IH OH >KaFbIHAAFbI O1piHIII
MYIIECI TeMmreparypara TIyellJll eMeC KOHE TYpPaKTbl OoJbIl TaObLIaabl. Op Typl
KbI3JBIPY JKbUIJAMJBIKTApPbIHAA aJIbIHFAH TEMIEpaTypaHblH YaKbITKa KapcChl
rpadukTepinae o TmapameTpiHiH Oipjael MoHAEpiHE KOJI IKETKI3yre ColKec
TeMIepaTypaiapipl Tayblll, coaaH KediH ¢(o) (YHKIHMSCHIHBIH JorapuMiHiH
ToyenAUTriH Typrei3ambi3. Kepi temmeparypa 1/T, Gosca, oHIa oChl TY3Y[iH €HIiCI
aKTUBTEHY DHEpPrusicblH  Oaramayra  MyMKiHAIK  Oepemi. (63) Tenueyin
nuddepennnanaay peakiuys KbUlIaMIbIFBIHBIH OpPHETH alyFa MYMKIHIIK Oepe/ii, OHbI
KMHETUKAJIBIK TTapaMeTpJiep/ii Talay YIiH KOJJIaHyFa 00oJiaibl.

olgb | -3
{ml = (0.45+0.22E)-10 (64)

TEH/IEY aKTUBTEHY SHEPTUSCHIH XKblJIaM Oarajayra MyYMKIHJIIK Oepei.
OnunH xoHe Yot [174, p. 10-12] anran (64) TeHaey KoHE KYBIKTay TEHILYI
(65) O6ip-OipiMeH >kakchl KemiciMai KepceTemi. byn (65) TeHmeylH KUHETHUKAIBIK

73



3epTTeyJiepAe AKTUBTEHY DSHEPrUSCHIH JKbUIIAM OHE IlIaMaMmeH Oaranay YIIiH
KOJIJTaHyFa O00JIaThIHBIH OUIIpe/Il.

olnb 3
| =-028FE-10
{6(1/ TQ)L (65)

Paitx omici [175, p. 8-10] muddepeHumanapl CKaHepiey KaJOpUMETPHUSICHI
apKBLIBI aJIBIHFAH JICPEKTEP/Ii MakaiaHa OTBIPBIT, PEAKIIHs )KbUIIaMIBIFBI YIIIiH (65)

TEHJICYl KEHUIJAETyre Heri3AenreH. bysm Tenmeyae | myleci jKakiiaaarbl €KIHIII

MYIIECiHEeH Kinri rmama peTi 6obin Tabbutansl. by mymmeni enemeii, bopxapar [176 p.
62-9] xybIK (66) hopMyIaHbl aaabl

—_———_— e

- 66
dt dt A (66)
Patix peakius xbpaaMabiFbiH K- (1—a)" xkone o-He1 DTA (1-a)= , [IBIHBIHBIH
ay/iaHbl OOMBIHIIIA KOPCETTI, MYHJAFbl A — Kbl IIBIHHBIH aydaHbI.
A= j ATdt (67)
0

JKOHC a — T YaKbITbIHat' bl A xoHe CH JXOraphbl aydaH apaCblHIarbl aﬁBIpMaMBIHBIKZ

a= T ATdr —T ATdr (68)
0 0

On peakius KbUIAAMIBIFBIHBIH TYPAKTHICHI K YIIIIH 6pHEK anjibl:

n-1
A AT
K=|—| — (69)
W, o
MyH1a Wo — 6acTankpl caiMak (QyHKIUSCHI.
Tenaeyneri KblIgamMablK KOHCTAaHTAChIHBIH AppeHuyc epHeriH (35) TeHaeyre

KO#bI, 0T-1bI1 ~ “MEH aybICTLIpHIL, jorapudM/Ii ancak, KeJeci OpHEKTI alaMbl3:

AT-b a. E
| =n-lg—/—-——+B 70
g A, gAT 23RT (70)

o0

myHza A; = jATdt

T
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]
ATdt - [ ATdt (71)

Ti

a -

—He—3

*)oHe B - Wy GyHKIUACH, peakius peTi KoHe SKCIOHEHITUAABI (paKkTop.
Exi Typmi KbI3ABIpY JKbULIAMIBIFBIHAA AU GEPSHINAIIB TEPMISUIBIK Talaay
(ATA) omiciH KoJijaHa OTBIPHIN SKCIEPUMEHT KYPri3y Ke3iHAe Kejecl TeHACY

AJIbIHA/bI:
A ar | [A
. (ATJ (T] _nig [aT] [_TJ b (72)

MyHJa | jkoHE 2 UHIEKCTEP1 SPTYPIIl KbI3ABIPY KbLIJAM/IBIFbIHA KATHICTHI.
ar | (A :
(72) Tenney Ig (ATJ X(ATJ )KoHe Ig (ATJ x(_-r} rpaduriH cay apKbUIbl
N peakiys PeTiH aHbIKTAy YIIH KOJAaHbu1aabl. Peakius peTi 6enruii O0aFaHabIKTaH,

aKTUBTEHY SHEPruschiH ecenrtey yuiiH (71) TeHaey konmaHwsuianbl. O YIIIH Kepi

AT | A, . .
TeMIiepaTypara Kapchbl nIg:—IgE MOHIHIH Tpaduri TYpFbI3bUIAJIbI. AJBIHFAH
ar

TY3YAiH Keyi0ey OypbIIIbIHBIH TAHT€HCI 5 I:R -T€ TEH.

AmnaxBepnoB koHe Crenun omici [177, p. 4-6] 6ip muddepeHmanp
TepMorpadusiblK KHCBHIK HETI31HAE KapanaibiM Oip caTbUIbl MPOLIECTIH OapbIK
KMHETHKAJIBIK MTapaMeTPIIepPiH ecenTeyre MyMKIHAIK Oepe/i.

Opmunata oci (o) sxoHe abcmmcca oci (B) OoibiHIa Ko3dUIHEHTTEP I
EHT1311e/11.

Conpa

ao =97 xome pt=t
dt

MYHJa (O — OpJAMHATA;

t — abcucca;
dm/dt — canmak »oFanTy >KbUIIAMIBIFBI, T/MHH
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Cyper 35 — Paiix ogiciMeH peakuus peTiH aHbIKTay
I sxone Il urmexcTepi opTYpIl KbI3IBIPY KbUIAAM/IBIFbIHA COUKEC

Erep Gapinbik ra3 topiznec peakuus eHiMjepi Oipaei TemmepaTtypaaa OemiHce
xkoHe nuddepennuanasl TepmorpaBuMmeTpus (JATI) KuCBIFBI xanmbl S aygaHbIH
IIIEKTECE, OHJIa a3 TOPi3/1 ©HIMHIH O0apJIbIK Maccachl OCHI ayIaHMEH CHUITaTTaJIa Ibl.

wdm ty
m=[—dt=y[odt=yS (73)
Ty dT to
MYHJIa 7) — PEaKIUSHBIH OacTaay YaKbITHI;
Tk — PEAKUUSIHBIH asKTAIly YaKbIThI,
to xoHe tx , 7 KOHE 7k COMKEC OpAUHATaJIap

Y — TypacHaipy kodddunmenti (y=o)
Ti yaKBITBIHJIA BIIbIparaH OHIMHIH CaJMaFbl KATBIHAC APKBLUIBI AHBIKTAIA IbI

T to
m= 5= yodt=15 (74)
Ty t

T

MyHa Si — to JKoHe tj opiMHaTaIapbIiHbIH apachiHaarel 1T KUCHIFBIHBIH aCTBIHIaFbI
ayJaH.
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nlg(AT/ci;)-lg(A/AT)

UT-10° G tcOH

Cypert 36 — (70) Tenney apKbUIbl aKTUBTEHY SHEPIrUsiChbIH aHbIKTay: I skone II —
OPTYPJIL KbI3ABIPY KBUIIAMIBIFbI YIIIIH aJIbIHFaH TY3YJep

Erep maccanbig e3repyiH emmieyaeH N OacTtamkpl 3aTTBIH MOJIb CaHBIHBIH
©3repYIH OJIIIIeyre KOIICEeK, OHIa KeleCl OpHEKTI jka3yFa 00Jabl.

_dN_Ny;dm_ N

dr yS dt BS (75)
MyHa No — BIJIBIPAUTBHIH 3aTTHIH MOJIBACPIHIH 0ACTaIKbl CaHBI.
Ti yaKbITbIHA Kapail 0acTanKbl 3aTThIH MOJIb CaHbI ObLJIall ©pHEKTEINE 1
N, = Nq Tf—adr—N _N_SOT{C(IJI_TCI (76)
HeMece (73) eckepe OTBIPHIT
N, = Np o2 (77)

(75) xone (77) epuextepai (53) TeHaeyiHE KOMBII, 0L OPHBIHA NﬁayHCTmpcaK,
0

KeJlecl TeHCY/ll aJaMbI3.

S i ®
= o

Erep Gipaeii opaunaTanapmer (w;=wy) T1xoHe T2 TeMneparypanapbl TaHaajica,
OH/1a OYJT TeMITepaTypajiapaarbl )KbUIIAM/IBIK KOHCTAHTAIAPBIHBIH KATIHACHIH ObLTai
KepceTyre 00Jaabl:
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& _ (S_Sl)n _ RTz (79)
K, (8-S,)" ayp E
eXpR—_I_1

by KaThIHACTHI MIBIFApFAH Ke3/1e €Ki Temmeparypana 11 xoHe T2 KbUIIaMIbIK
KOHCTaHTaJapbl TCH Jem ecentenedi, sFHu Koi= Koz, ce0ebi AppeHuyc TeHICYiHiH
KOepCeTKIITIiK Oemiri Ko Kuigik Ko3(pGUIUMCHTIHE KaparaHaa TeMIepaTypara KaTTbl
Toyenai 6onanpl. (79) TenaeyiHiH orapudMiH aJraHHaH KeWiH KeJIecl pHEK IIbIFa Ibl:

E Nl pS=3

R T,-T, S-S (80)
HCMCCC
%zﬂ@, (81)
MyHJa
TT, ,.S-S
@=_—12|
T,-T, 55, (82)

(81) Ttenmeymeri E MOHIH Taijananbit, (78) eckepe OTBIPBIN, OJIapibl

AppeHunyc TeHJeyIHEe aybICTBIPBIN, KEJIECIHI allyFa 00JajIbl:

s\ o, noe
“ :(N_o) Bs-sy eXF{_ Ti] (83)

(83) Temmeyin sorapudmuaeyre >koHE€ N PETTI PEAKIUSHBIH CBHI3BIKTHIK
KATBhIHACKIH Ty YIIIH TYPJACHAIpYTe 00JIabl.

S 0 kS
n[lg N.G_S) + 2303 } =lgk, +Ig e (84)

(84) Tenmeymi n peakiys PETiHIH MOHIH *XoHE Ko peakius >KbUIIaMIbIFbIHBIH
TYPAKTBICHIH aHBIKTAYy YIIiH rpadUKaIbIK JKOJIMEH MIeNIyre Ooyaabl. AKTHBTCHY
sHeprusgcbiHblH E MoniH (81) Tenney apkpuibl Tabyra Oonanbl. DTG KUCHIFBIHBIH
aynaHaapbiH efey yiriH CeMeHToBcKui oficiH [178, p. 1728-5] nemece JI.I'. beprrig
MoHOrpadusicbiHaa cunarraarad [179] Oacka omicTepal KoJjjgaHyFa OoJiajibl.
AnnaBepnoB xoHe CrenuH omiciHiH [180] apTHIKIMIBLIBIFEI OapibIK KHHETUKAIBIK
napametpiaepai 6ip DTG kuceirbiHaH aHbIKTayFa 0607161, byit o/icTiH KeMITiKkTepi
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T1-T, TemnepaTypa quana3zoHbIHIA PEAKIUS MEXaHU3MIHIH ©3repylH aHbIKTay MYMKIH
€MEeCTIr, COHAal-aKk ayMakThl OJIIey/lH TOMEH JOJIIriMEeH OalIaHbICTHI
ecernTeyaepaiH TOMEH AT OOJIBIN TaObLIa/Ibl.

3.7 KuHeTMKAJBIK MJJIMeTTEPAi CBI3BIKTBIPY AaPKbLIbl TEPMUSIIBIK
bIIbIPAY MPOLECiHIH TEPMOAUHAMUKAJBIK KOHe KHHETHKAJBIK NMapaMeTpJiepin
aHBIKTAY

Asor men aya armocdepacsinga 30-800°C Temmeparypa auanasoHbIHIA
TYPaKThl KbI3ABIPY JKbULIaMABIFEl 10 Tpaj/MUH MONMMATUICHIIIUKOIb(GYMapaT KoHE
aKpWJI KBIIIBIKBIIBl  COTIOMUMEPIIEPIHIH TEPMOTPABUMETPUSIIBIK KHUCHIKTapbl 37
CYpeTTe KOPCETUITEH.

Kypamsr 7,95:92,05 monb.% xone 89,05:10,95 moinb.% xypaiiteiH n-OI'd:AK
COTIOJIUMEPJICPIHIH TEPMOTPAaBUMETPHUSUIBIK KUCHIKTAPhIH CaIBICTBIpa OTHIPHIT (37-
cyper), 613 OapJIbIK TOPT YJIT1JE JECTPYKIIHS MPOIIEC] €K1 HEeT13T1 Ke3eH 1€ XKYpe/l JeTeH
KOPHIThIHABIFA Keemis. 150°C TemmepaTypara AeiiH TIpKENreH CalMak JKOFATy a30T
YKOHE aya KarJdailbIH/Ia CyIbl KeTipyMeH OailiianbicThl. COHBIMEH KaTap, €Kl epeKIIeITiK
kepinexi: 7,95:92,05 monb.% KaThIHACHIHA a30T MEH aya aTMocdepachl Kar1aibIHIa
Herisri maccanslk sxoranty 290-460°C nuanasonsiHa OaiiKamaasl, MaKCHMYMEI
cotikecinme 391°C xone 389°C ripkenren. ConbiMen Katap Kypamaaps! 89,05:10,95
Moutb. % m-DI'®:AK conomumepnepi ymin 381°C xone 375°C.

100+

P (a)_? moi

80+ 80 4

60~ 60

Mass loss, %
Mass loss, %

40+ 40 -

Derivative mass loss, %/min
Derivative mass loss, %/min

—T1G ! i 20
---dTG F-o

20 — TG |
| ---dTC

o]

T T T T T T T
T T T T T T T -
0 100 200 300 400 500 GO0 700 8OO 0 100 200 300 400 500 600 700 800
0,
Temperature, °C Temperature, °C

100 ) Lo 100 4

80+ 80

60 4 60 o

Mass loss, %
Mass loss, %

404 40

erivative mass loss, %/min
rivative mass loss, %/min

T
=]
D

204 [—T6
---dTG !

201 —TG
P ---dTG !

T T T T T T T T T T T T T T
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 800 700 800

Temperature, °C Temperature, °C

Cypet 37 — [1I-OT'®: AK cononumepiiepiHiy €Ki KbI3ABIPY UK KE31HI€ TYPAKThI
KbI3BIPY KbUTAaMAbIFel 10 rpag/muH: a30T (a,c) xoHe aya (b,d) armochepaceiana
ansiaraH TG/DTG KuchIKTaphl
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3eprrenreH n-O1'®:AK cononmMepiHiH TEPMUSUIBIK JTECTPYKIMAAAH KEHIHT1
KayibIkTap MK-CrieKTpoCKONUsIIbIK 91icTIIeH 3epTTedai (38-cyper).

1.0

0.9 =S

N

0.7

0.6

Transmittance, %

0.5

n-ar@AK
—— n-3r®:AK 290°C
n-3rd:AK 440°C

0.4

0.3

T T T T
4000 3000 2000 1000 0
Wavenumbers, cm™

Cyper 38 — [1I-OT'®:AK cononumepinig MK cniekrprepi

38-cyperren kepinin Typranmaii, 2800 cml ciHipy XONaFrel OpPraHUKANBIK
NOJINMEPJIEP]IE KU1 KE3AECETIH METUJI )KOHE METHIIeH TonTapbiHaarel C-H BameHTTIK
TepOemicrepine ToH. 1750-1600 cM™ nuanasoHBIHIAFEl KAPKBIHABI LIBIH XOII HiCTi
CaKWHaJIapIaFbl C=C BAJICHTTIK TepOeicTepiH HEMece KapOOHMII
KocbubicTapbingarsl C=0 Ttepbemicrepin kopceremi. 1400 cm! xomarel meTmi
tontapbiHgarel  C-H  nmedopmanusaneik  tepOemictepimen  Hemece  C-O
OaliaHBICTApBIHEIH Ae(opManusaapeiMed OainanblcTel. 1150 cM™ aiiMarbiHars!
xoinak a¢upnepaeri C-O-C rtepbemnicrepine coiikec keneni. Kypambiaga s>¢upiiik
OailylaHpICTapbl Oap TOJMMEpJEp YIIH TEeMIEepPaTypaHblH >KOFapblIaybl OJIApAbIH
OY3bLTybIHA JKOHE COMKECIHIE JKOJAKThIH KAPKBIHIBUIBIFBIHBIH TOMEHJICYIHE
HeMeceMeNIbICYbIHA dKeayl MyMkiH. [llamamen 1000 cm™ quanasonsl cmpTreperi,
saupnepaeri xxoHe 0acka orreri 6ap Ttontapaarsl C-O Tepbenictepine ToH. 290°C
TeMIiepaTypaja TEPMUSIIBIK JAECTPYKUHUS KE31HJE JKOJAaK CaKTaldybl MYMKIH, Oipak
440°C TeMmepaTypajga OTTeri Kemipjiepl MeH OaljaHbICTapbIHBIH OY3bUTybIHA
OailianbIcThl kMl anicipeial. JKammbl, Temnepatypa 440°C-ka neiiiH KeTepuUIreHae
conosuMmepaidy UK crextpriepinae alTapibikTail e3repictep Oailkammaiiabl, Oy
aJIBIMEH JICTIOIMMEpHU3allis, COJaH KeWiH MOJIEKyIailIiIik OalaHbICTapAbIH Y3UTY1H
KOpCeTe/Il.

OkcnepumenTTik TG/DTG nepexrepi (37-cypeT) peakmusi >KbLIIaMIIBIFbI
KOHCTAHTAChIHBIH TEMIIepaTypara >koHe (QopMaapl KHHETHKAIBIK TeHaeyre (87)
TOYENITITIH KepceTeTiH Appennyc Teneyi (94) nerizinae Koyrc-Peadepn yeoinran
omic OOMBIHINIA OHICI/I.

k= Aexp(— %) (85)
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d—mz—k(m—mf )” (86)

MYH/Ia N — peakIus peTi;

M — TOK Maccachl;

Mt — TOXKiprOE COHBIHAFBI OOJIIIIEK MacCachl;

A — DKCIIOHEHIUAIAbI KOOESUTKIIII,

E — aKTUBTEHY HEPTHUSCHI;

R — om0e0bart ra3 TypaKkThICHI.

benmek m; MaccacbiHa jxeTKeHIe peakius TokTaiabl (dm/dt = 0). Maccanbig
CaJTBICTBIPMAJTBI ©3repici a = (Mo — m)/(mo — M¢) popMysIackIMeH aHBIKTa bl (MYH/IA
Mo - OOJIIEeKTiH OacTaIKbl MacCachl).

da n
da _da dT _da,, (88)
dt  dT dt dT

MyHaa H-Oepinren  KbI3nplpy — KbulgaMaelFbl.  ToxipuOeneri  peakuus
YKbUTIaMIBIFBIHBIH KOHCTAHTACBIHBIH AppPEeHHUYCKa TOYSIIUIITIH ajcak, 013/1e

E do A E i
k=Aexpl - — | — 9% _ Ao - = 1
eXp( RT) dt HEXp{ RT}( a) (89)

(89) Tenneyin MHTErpaNIaFraHHaH KeHiH KeJlecl TeHICY/I1 ajlaMbl3:

z (1_la)n do = S j(; exp(— %de (90)

(90) Terneyzeri x = E/RT aliHbIMaJIBbICHIH aybICTHIPY KOHE MHTETpasAay IIeTiH
©3repTy KeJiecl OpHEKTI Oepei:

fte- QEIGXF’X(;%X (91)
9(00)= T(l_%)nda , p(x)zTeXpX(; X) gy, (92)

benrinepai enrizy apkbiisl (91) TeHaeyi TypiHae KaiTa ka3aMbl3

9(a)= 5 p(x) (93)
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Tannay apKpLIbl 00 MAacCAachIHBIH CaJbICTBIPMAIIBI ©3TEPYiHIH TeMIlepaTypara
TOYEJIUTITIH CUIMMATTANThIH KOJAlabl MOACIBAI TaOyFa OoJiaabl KoHE Oip yaKbITTa
aKTUBTCHY OJHEPrUsAchl E JkoHE HKCIOHCHIMAIIBI KOOCHTKII A-HBI aHBIKTayFa
0omasel. 30TepMUSIIBIK €eMeC MOAETbAEP Al TaHIayAbIH OipHeIIe o1ictepl 6ap. ByHbIH
mIiHae eH TaHbIManaapbiabiy 0ipi - Koyre-Pendepn oxici. by omic (8) Tenneyaeri
KOPCETKIMTIK (QYHKIUSHBIH HHTETPAJIBIH XKYBIKTAY YIIiH aCHMIITOTHKAJIBIK KEHEHTY Ti
nangagaHajbl:

) f 2y 7)€ o)
T HE E RT
2RT/E<I ekeHiH eckepcek, 013/1e
gl@) , AR E
In=>~=In—-—
72 " "HE RT (95)
Exi1 OouikTi IoTeHIMaIJaraHHaH KEeWlH aJlaMbI3
g(a) AR Ej ( AR)/ E AR /E
2 eXp(nHE rT ) PP hE )/ ®PRT T HE/ RT (%6)
KeHiH
AR E
=|T2 22 | Jexp—
g(a) ( HE)/ XP o (97)
(98) Typrenipe OThIPHII, €K1 KaFbIH JorapupMaenmis:
ART? E
_ _ = 98
In(g(a)) In( HEJ In(eprT] (98)
ART?) E
_ _ = 99
In(g(ct)) n{ HE] = (99)
MYH/1a
@ q ~Inl-a)<«n=1
= do = (1o )" 100
g(a) '([(l—ot)n a 1 (i_—(::) «~n=1l ( )

In(g(a)) 1/T Toyenniuiiri akTMBTEHY SHEPTUSICHIH aHBIKTayFa MYMKIH/IK O€peTiH
ke6ey (—E/R) Ty3y ChI3bIK OOJIBITT TaOBLIAABI. DKCIIOHEHITUAIBl KOOCUTKIIT A-HBI

82



(95) Tenmeyal maiimamaHbIN, TY3Y CBI3BIKTHI KOOPAMHAT OCIMEH KHUBUIBICYFa
AKCTPATOJISIIHSIIAY )KOHE aKTUBTEHY SHEPTHUSCHIH 01Ty apKblIbI eceniTeyre 6omasl. EH
YKaKChl KHHETUKAJIBIK MOJEIbA1 TaHaay YIIiH g(o) Kejecl aaredpaliblK epHEKTepMEH
ceiHaiFaH koHe 10-kecteme OepinreH. 10-kecTeae €H Kol TapalifaH peaklus
MeXaHU3MepiHeri QYHKIUIAPAbIH areOpaliblK OpHEKTEP1 KOPCETIITEH.

Kecte 10 — Kunetukanbik Mojaenbaep yiriH f(a) xoHe g(ao) anredpaiblK 6pHEKTED

Mexanu3mi f(a)=(1/k)(do/dt) g(a)=kt
ABTOKaTaIMTUKAJIBIK (1-o)" a™ —
Aspam-Epodees (An) n(1-a) [-In(1—o)]¢-N [-In(1-a)](1-1/n)
Aspam-Epodees (A2) 2(1-a) [-In(1—0)]*? [-In(1-a)]Y?
Aspam-Epodees (As) 3(1-a) [-In(1—0)]?3 [—In(1-o)]¥3
Bipiami perrik (F1) (1-a) —In(1-a)

Exinmi perrik (F2) (1-a)? (1-a) -1
Ywinmi perrik (Fs3) (1-a)® [(1-a)2-1]/2
Keicbuiateia chepa (R2) 2(1-0)*? [1-(1-a)Y?]
KeicbutareiH muuaap (Rs) 3(1-0)?® [1-(1-)*]

Mogens  omictepidiH rpadukanslk  TyciHaipmeci 39, 40-cypertepne
KOPCETUITEH.

+ model A, 1+ modela, R'=09765
* model A, 2

+ model A,

-7.04

7.0 -
|Og Inf(a) 9 Inf(a)}
2
T 2 75 T 754

8.0

-8.04
-85 (b)
-9.0 —— T 85 T T T T T T T )

130 132 134 136 138 140 142 144 146 148 150 134 136 138 140 142 144 146 148 150

604 1.% 64+ 7.0

= modelF, * model F,

R’= 0,916 R’=0,9765
N

* model F, * model F,

51 . model F, 1+ modelF,

© ©)

130 132 134 136 138 140 142 144 145 148 150 136 136 138 140 142 144 146 148 150

6.0+ 1%
= modelR,

= model R,

R'= 09915 > R’=0,9886
+ modelR, . + modelR, T

754

8.0

()

T T T T T T T T T 1 T T T T T T T 1
130 132 134 136 138 140 142 144 146 148 150 134 136 138 140 142 144 146 148 150

c 1.%

Cyper 39 — Aszortsl opraga 10°C/MuH Ke13as1py *KbuigaMabrbaga n-0®:AK
COMOJUMEPIHIH TEPMOTPABUMETPUSIIBIK Ty AEPEKTEPIHIH ChI3BIKTHIK KYBIKTAYbI
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-6.04 -5.6 4

* model A, R’=0,9840

= model A

*  model A, 6.04 - model A, R’=0,9985

6.5

+  model A, +  model A,

6.4
-7.04

Iog{—ln fz(a)} 5]

-8.04

-6.84

|og{—|” f(a)} -7.24

2
T -7.64

-8.04

-8.5
8.4

@) ' (b)

-9.0 T T T T T T T T T " -8.8 T T T T T T T T T T 1
134 1.36 138 140 142 144 146 148 150 152 154 1.34 1.36 1.38 1.40 1.42 1.44 1.46 1.48 1.50 1.52 1.54 1.56
-6.04 -6.0 1
*  model F, T.°C 604, model F, T,°C
R’=0,9923
* model F, R?= 0,9917 N 64 * model F,

-6.5

+  model F, 4 model F,

-6.8 4

Iog[—lanz(a)} 721

-7.64

-7.04

Iog[7 Ianz(a)]

-7.54

-8.0 4

© @

-85 T T T T T T T T T T 1
1.34 1.36 1.38 1.40 142 1.44 1.46 1.48 150 152 1.54 1.56

T T T T T T T T T T 1
1.28 1.30 1.32 1.34 1.36 1.38 1.40 1.42 1.44 1.46 1.48 1.50

6.8+ T,°C 6.8 T.°C
= model R, 2 = model R
R°=0,9917 2

R’=0,9920

*  model R, * model R,

72/ -7.24

-7.64

Iog[i_ |an2((1 ):i -8.0

-8.44

it 76
Iog[_ nTz(u)} 80

-8.4 4 881

© 0

88 T T T T T y T T T T )
1.28 1.30 1.32 1.34 1.36 1.38 140 142 144 146 148 150

T T T T T T T T T T "
1.34 1.36 1.38 140 142 144 146 148 150 152 154 1.56

T.°C T,°Cc

Cyper 40 — Ayanarsr 10°C/MuH KbI3ABIPY KbUIIaMAbIFbIHAA T-DT ®:AK
COMOJUMEPIHIH TEPMOTPABUMETPHSIIBIK TaJAAYy JEPEKTEPIHIH ChI3BIKTHI )KYBIKTAYbI

39, 40-cypertepaeH kepiHin typrangail, m-OI' @:AK comonnmMepiHiH anbIHFaH
KHHETHKAJIBIK CHITaTTaMallapbl KOMITCHCAIIMSIIBIK oCep/l KOepceTenmi, SFHH. Keleci
KMHETUKAJIBIK YATUIEPl 0ap ChI3BIKTHIK TOYESAUTIKIICH cunatTanaabl: As... As, F1... F3
xoHe Ry, Ry (oprama xysikTay ceHimainirinig moni R?=0,99).

(1-o)

: 1-
Kypaeni mpouectep ( 1 < n=#1) 6onran xarnaiga oyi rpadukrep (39,

40-cypeTTep) CBHI3BIKTHI OOJIMANTBHIHBIH €CKepy Kepek, coHiabikTaH Koyrc-Pendepn
OMICIH KOJITaHy MYMKIH eMec.

AJBIHFaH HOTIDKENIEPre CYWEHE OTBHIPHIN, TEPMUSIIBIK Tajfay HOTHKeIepl
OOWBIHIIIA  HETI3rl KUHETUKAIBIK  MapaMeTpiepll  eCeNnTeyAiH  YCHhIHBUIFaH
OMICTEMECIHIH MaTeMaTUKAJIBIK JOJAIr Typajbl KOPHITHIHIGI JKacayra Oomaner (11-
KecTe).

Kecre 11 — n-OI'd:AK cononumepiepidiy, TEPMUSIIBIK JECTPYKLIUICHI MPOLECIHIH
KMHETHKAJIBIK MTapaMeTpIiepl

Moueis, AKTHBTEHY 9KCH0H€HHIfIaH AH?, AS?, AG?,
e Kateinac sHepruscs, | [bl KOOCHTKILL, kJx/ kJx/ kJx/
TYpi - 9
E, xJI>x/Momnb A (s1) x10 MOJTb Monb-K MOJIb
A3oT atmMocdepacsiHa
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Kecrte 11 xanracer

7,95:92,05 216,27 18,7 210,78 51,55 176,71

216,27 9,40 210,78 45,83 180,49

216,27 7,53 210,78 43,98 181,71

216,27 12,70 210,78 48,33 178,84

A1 219,58 16,10 214,09 50,59 180,84
A 222,95 15,10 217,46 49,76 184,57
Az 213,02 7,48 207,53 43,93 178,50
F1 213,02 5,99 207,53 42,08 179,72
F2 89,05:10,95 174,96 9,61 169,47 46,05 139,04
Fs 174,96 4,84 169,47 40,35 142,81
R2 174,96 3,87 169,47 38,49 144,03
Rs 174,96 6,54 169,47 42,85 141,15
176,85 7,47 171,36 43,95 142,31

178,77 6,32 173,28 42,56 145,51

174,02 8,28 168,53 44,81 138,91

174,40 10,60 168,91 46,86 137,94

Aya arMocdepachiaia

7,95:92,05 214,49 19,70 208,99 51,98 174,65

214,49 9,91 208,99 46,27 178,42

214,49 7,94 208,99 44,42 179,64

214,49 13,40 208,99 48,78 176,76

AL 217,71 16,90 212,22 50,70 178,71
Az 220,94 21,30 215,45 52,62 180,67
Az 212,93 16,10 207,44 50,30 174,19
F1 213,56 21,10 208,07 52,55 173,34
F2 89,05:10,95 166,89 6,55 161,39 42,87 133,07
Fs 166,89 3,29 161,39 37,14 136,85
Rz 166,89 2,64 161,39 35,31 138,06
Rs 166,89 4,45 161,39 39,66 135,19
169,22 5,27 163,43 41,06 136,59

181,57 1,30 176,08 29,41 156,64

165,74 5,54 160,25 41,48 132,84

166,20 7,14 160,71 43,59 131,90

11-xecTeHiH Tamgaybl OpTYpPJdl MOJAENBIAEPMEH OCpuUIreH  aKTUBTEHY
OHEPTUACHIHBIH (OaFraHIaFbl VIIIHII MOH) a3[al ©3repeTiHIH JKOHE TEePMMUSUIBIK
JECTPYKIIHS JKYPT131ITeH TOKIPUOEIIK JKYHere i Ky31H/Ie TOyeJICi3 €eKeHIH KopceTe/i.
byn >xarmaiiia SKCIIOHEHITMAIABI KOOSHTKIII CHIPTKBI MapaMeTpIIepiH ©3repyiHe
YKOHE IIaMajapiblH OipHeIIe PeTTIK e3repyiHe ce3iMTan 0okl TaObuIabl. JKarb
alFaHa, OpTypJii MOJeNblIepMeH aHbIKTanFaH E MoHmepi Oipaed e3repy ypaiciH
KepceTeal, Oy TaObuIFaH MOHJIEPAl CEHIMII Jen caHayFa MyMKIHAIK Oepemi. g(a)
(G YHKIUSCBIHBIH MaTeMaTUKAJIBIK OpPHET1 OOMBIHIIA SKCTIEPUMEHTTIK KUCHIK ChI3BIFBIH
JKaKChl CHUTIATTAWUTBIH TaHIAJIFaH YJTl TYpPiHE COMKEC KWHETHKAJBIK TapameTpiiepi
TaObuIAbl. 10 Tpag/MUH KbI3ABIPY JKbUINAMIBIFBl YIIIH KapacThIPbUIFaH OapiibIK
MOJICTIB/ICP AJIbIHFAH KWHETUKAJBIK MapaMeTpiepIiH YKCACTBIFBIH KopceTeai. OHney
KE3IHJET1 OJIIey HOTWKEIepl AaKTUBTCHY DJHEPTHUSACHIH JKOHE OKCIIOHCHIIHAJIIBI
(dakTopra MOJENb/Al COMKECTEHIIPY CEHIMIUIITIH OaraniayMeH ecenTeyre MYMKIHAIK
oepai.  Ocelnaiiima,  anplHFAaH  KUHETHKANBIK  mapamerpiaepai  n-OI' d:AK
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COTIOJIMMEPIHIH TEPMUSIIBIK bIABIPAYBIHBIH JKETKUTIKTI CEHIMI JKaJlbl CUMIATTaMachl
YIIiH nakananyra 00abl.

3.8 ChIBBIKTBIK eMeC KYBIKTAay apKbLIbl TEPMUSAJIBIK bIABIPAY NMPOLECIiHIH
TEPMOAUHAMMKAJIBIK KOHe KMHETHKAJIBIK MapaMeTpJepiH aHbIKTAay

Kana OyblH MaTepuajgapblH >Kacay YIIIH €H OacChIMIBIFBI TOJIHAIPUP
manbIpyIapbl MEH OJIapJIbIH OepuUIreH Kacuerrepi Oap COmoJIMMEpJICpIH allyFa
OarpITTaj]IFaH 3eprreyiiep Oombin Tabbutansl [181-186]. IMommadup maiibiprapeix
TaHgay KkeOilHece KOMIO3UIUSIIBIK MaTepHalapAbl ©OHJIPY TEXHOJIOTHSICHIH
AHBIKTANIBI KOHE AJIbIHFAH OHIMIEPIIH KACUETTEPIH KAIBINTACThIPyFa alTapIIbIKTan
ocep ereni [187]. IMommddupni mraiibipiapabl KOJAAaHY >KETEKII POl aTKapaThlH
OHJIIPIC CalaJIapBIHBIH ayKbIMbI alTaPJILIKTAl YIIKEH, OJapFa aBTOMOOMIIbL OHEPKICiOi,
3aMaHayH KYPBUIbIC MaTEpUaIAapbIH OHIPY KoHeE T.0. KoHe Oy TaHKanapIbIK emMec,
OUTKEH! MYHBIH alKbIH ceOenTepi Oap - onapablH (aKkTOpbl KYMBIC MPOLECIHIH
OarachlH aWTapibIKTall >KEHUIIETyre >KOHE TOMEHJIIETyre, COHBIMEH KaTap ©HIM
camachlHbIH apTyblHa bIKNan eredi [188]. Ailita kery kepek, Oyl KacHeTTep €H
anjpIMeH oA GupIl makbipiaapaa kepiHeai. MyHbIH 69pi ojap/bl NaigananyabiH
OesiceH/Il OCyiHE >KOHE OJIapJbl OHJACY/IH KoHE TMalJallaHyAblH NPUHIMITI *KaHa
QNiCTEPiHIH KEH CIEKTPiHiH maiaa 0onybiHa okenai [189]. IMomumepi maibipiaapaan
)KacalraH OYMBIMIApIbIH (YHKITMOHAIABIK MYMKIHAIKTEPIiHIH OacTankel OEpiKTIiriHe
KapaMacTaH, yaKbIT ©Te KeJle oj1ap e3/1epiHiH 0acTankbl (PU3UKAIIBIK KOHE XUMMUSIIBIK
KACHETTEPIH JKOFaITA/bl )KOHE CHIPTTAH KEJIETIH OpTYPJIl 3USAHIBI acepiepre Oerim
oomamer [190].

FrimpiMma akTUBTEHY OJHEPTUSACHIHBIH TaOWFaThl MEH CHUIaTTaMajlapbliH
aHBIKTAY IbIH TaHBIMAJ 9IICTEP] PETIHJIE OIpPHEIIE FHUIBIMU TOCUIIEP KapacThIPhLIAIbI.
EH e3ekTinepiHiH Oipi — TepMusiiblK Tanaay ajici (TA). Xanbikapanblk TEpMHUSIIBIK
tanaay koHgpenepauusaceiiblH (ICTAC) ycbiHbiMaapeiHa coiikec TA omicTepiHe
OarapiamMalaHfaH KbI3JIbIPY JKaF1aiibIH/1a 3€PTTEIETIH 3aTThIH Ke3 KEJITeH KAaCUETIHIH
TeMIepaTypara TOyeJAlIri OenriieHeTiH emmey omictepi kartamsl [191, 192]. TA
OMICTEPIMEH 3€pTTEJETIH 3aTThIH KACHETTEPIHIH ayKbIMbl ©Te aimyaH Typii. Kazipri
yakpITTa TA 9omiciHiH aHBIKTaMachIHa xkaTaTtbid 100-1eH actam agictep Oenrimi [193].
TepMusIbIK Tanmay oicTepl FHUIBIMH 3€pTTEyJiepAe KEHIHEH KOJJAaHbLIaAbl >KOHE
oJIapFa JIET€H KbI3BIFYIIBUIBIK TYPAKTHI 6Cyie. bysl aknaparTsl any >KbUIIaMIbIFBIMEH,
3aTTBIH OPTYPJl KAaCHUETTEpiH 3epTTEy MYMKIHIITIMEH XOHE 3EpTTEYIiH YIIKEH
TeMIIepaTypajblK IUAMA30HBIMEH TYCIHAIPUIEI].

Ocpiran colikec, OyJI )KYMBICTBIH MakcaThl MOJMATHICHTIIMKOIb(pyMaTa >KoHE
aKpUJI KBIIIKBUTBI HET131H]IET1 COMOIUMEPIIEPIHIH TEPMUSIIBIK IECTPYKIUSACHIH 3€PTTEY
YKOHE JICCTPYKIMSHBIH KHHETHKAJIBIK TTapaMeTPJICPiH aHBIKTAay OOJIBIIT TaObLIA b,

bypein kepcerimrenneit [194-196], n-OI'®:AK comomumeprepi  OGipkarap
MPAKTUKAIBIK ~KYHABl KAaCHUETTEpre HWe, COHIBIKTAH OJapIblH  TCPMUSIIBIK
TYPaKTBUIBIFBIH ~ Oarajiay KbI3BIKTHI  OOJIBINT  KOPIHAL. OPTYpJl TeMreparypa
nuanazoHbiHaarsl M-21'@:AK cononmMepiepiHiy TEPMUSIIBIK TYPAKTHUIBIFBI OJap bl
Oenrini Oip altMakTap/a naiganany MyMKIHIITIH O0bKayFa MYMKIHIIK Oepei.

3eprrey OapbichbiHAa 013 M30KOHBEPCHUS MOJEIBIEPIH MaiaiaHa OTBIPHIM, -
OI'd:AK  7,95:92,05 wmomp.% xoHe 1-OI'd:AK  89,05:10,95 wmomb.%
86



COTIOJIMMEPJIEPIHIH BIABIPAYBIHBIH HETI3T1 KWHETHKAIBIK MapaMeTpiiepiH aHbIKTal
aNJIBIK. 3epTTEy HOTHXKENepl OV 9/IICTEMEHIH MPAKTUKAIBIK KYHJIBUIBIFBIH KOPCETTI.
AJIBIHFAaH TEPMOTPABUMETPHUSIIBIK ~Tajjay JKOHE BIABIpAY JKbUIIAMIBIFBIHBIH
KHUCBIKTaphI 41-cyperTe OepiireH.

100 ——5.0°C min”!
‘ ——7.5°C min”!
——10.0°C min!

e ——12.5°C min”!
80 I

80+

Mass loss, %

40

Derivative mass loss, %

——5.0°C min”

——7.5°C min”!

124 ——10.0°C min”!

——12.5°C min”' (b)

20

(a)

T T T T T
T T T T T
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Temperature, °C Temperature, °C

100 4
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60+

Mass loss, %
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Derivative mass loss, %
co
1
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0,
Temperature, °C Temperature, °C

a, b—7,95:92,05; ¢, d — 89,05:10,95 (a3ot armochepachina)

Cypet 41 — n-OI'd:AK cononmMepepi yIllliH MacCaHbIH ©3repyl MEH MacCaHbIH
©3repy JKbUIIAM/IBIFbIHBIH TEMIIEpAaTypaFa TOYEIIUIIrT M1: My, MOJb.% KaThIHACKIH/IA

41a cyperinae kepcerinrenaei, m-2I'@:AK comonumepinin yarici (7,95:92,05)
azoT armocdepackiaaa ~100°C-ga siapipaii O6actaiiapl. Opi Kapaii ~150°C-ka neitin
YKOFaphI YVIIKBIII 3aTTapAbIH O6JIIHYyIMEH YIATIHIH IIaMalibl bIAbIpaysl Oaiikanamsl. [1-
OI'®:AK comonuMepiHiH TEpPMHUSIIBIK bIAbIpaybIHBIH Herisri keseHi (7,95:92,05)
~250°C-nen ~450°C-neitin apanbirbiHga 0omaasl. OcblaH KeliH YT MacCachIHBIH
TypaKkTaHybl Oaiikanaapl. MaccaHbIH KOFaly XKbUIIaMIbIFbl (41 b-cyper) KbI3abIpy
KbUTIaMIBIFBIHBIH KOFapbuiaybiMeH 5°C/MunyTTan 12.5°C/MunyTKa A€l e3repe/l.
['padwkTep KHCBIKTApIbIH >KOFApBIpAK TeMIIepaTypa aiMarblHa BIFBICYBIH aHBIK
kepcetreni, Oyn n-OI'd:AK conmomumepinig (89,05:10,95) maccanblk sxoraity
IIBIHBIHBIH MimIiHIMEeH (41d-cyper) kepceTuireH, oiapJblH CUMMETPHUSIIbI UBIKTaphI
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Oap, Oy COmoJMMEpAiH BIABIPAYbIHBIH Kypaenal mexanusMmid, 300°C-ta Typakchi3
a(upiK OalIaHbICTHIH Y31UTylHEe OalIaHBICThI 00JIATHIH HET13T1 Ke3eHIePiH KOpCceTe/Il.
Keit6ip ymma mnoguMep eHIMIEpiH NHUPOJIW3 OHIMJEPIHIH ra3 (a3achlHbIH
Kypamzaac Gemikrepi Herizinen CO; (2310 cm!) xome CO (2000 cm ') Gonmarwin
WH(PAKBI3BLT CIHIPY/A1H aHBIK IIBIHBI ApKBUIBI aHbIKTayFa 00J1asibl. byt TyxbipeiM K
CTICKTPOMETPHUSIIBIK TaAayAbIH HOTIKEIepIMEH pactanasl (42 -Cyper).
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Cypert 42 - 200 gen 500°C neiiinri Temneparypa apaiblFbIHAa TIPKEITeH 0aCTaNKbI
mM1:my Mo:1.% KateiHackiHAare! M-D1' @: AK sigsipay enimaepinin UK cnextpiepi
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n-OI'®:AK cononmumepinin (7,95:92,05) sinpipay enimaepinin UK cnekrpinme
(42, a cyper) C=0-HbIH cO3bUTY TepOeNiCTEpiHE >KATATHIH KapOOHUI TONTAPHIHBIH
6aitnanbicel 1700,11 cm ™! MakcuMyMBbIMeH KeH konak naiaa 6omansl. Conpaii-ak CH
xoHe CH, ronrapsingarsl C—H GaiinanbicTapbIiHBIH TepOeicTepiH co3y yiuiH 2944,55
cMm ! xkyThuTy *k0mnarkl sxoHe C—H C-O xone C-O-C tonTaps! 6ailIaHbICTaAPBIHBIH Uiy
Tepbemici ymin 1450, 1253, 1060 cm? xyreiny sxomakrapel Oap. II-DI'®:AK
(89,05:10,95) cononmmepiniH biabIpaybiHbiH TipkeareH MK crnektpinge n-DI'd:AK
cormosimMepiniy  (89,05:10,95) wIiapIpaybIHBIH TEPMHSUIBIK JACCTPYKITUACHI  YKCac
xonMmeH xypeni, Temneparypa 400-nen 600°C-ka neitin CO; tonTapbiabiy (2310-
23170 cmt) co3bury TepOeic JKONaFbIHBIH KaPKbIHBUIBIFBI aPTaIbL.

n-OI'd:AK (7,95:92,05) (42 a-cyper) xome (89,05:10,95) (41 ©6-cyper)
comoaumepiiepinia Tepmorpammackiaaa m-OI'd xone AK ekeyine e THECLT KBLTY
ocepiepid KamTuabel. AK-nan (42-cypet) xoHe onapabiH n-O1'@ 0ap 3KBUMOJISIPIILI
KOCIajapblHAaH aWbIpMAIIBUIBIFBL, comnoiumepiepaert AK-HbIH kbUty dddexrinepi
JKOFaphl TemIeparypaibl aWMakka aybicaabl, comnoinumepinepiae AK —OGanky
TeMIlepaTypajapsl Ja skorapbutaiiibl. by notmxenep n-OI'®@:AK MoHOMEpiHIH XoHE
COTMOJUMEpIIepiHIH OanKy TeMIiepaTypajapblH Tikejed anbikrayra (12-xecre, 43-
cyper), coHbiMeH Katap m-OI'®:AK cononumepriepidin wiabipay eHiMaepin MK-
CIEKTPOMETPUSIIBIK 3€pTTEy HOTIDKENEepiHe coiikec kenemi. Kp3aplpran kesne
KOCBUIBICTAPBIHBIH, OY3bUTYBl QJIJIBIMEH KYBICTaFbl Cy MOJEKyJlallaphbl, COJIaH KEeWiH
aKpUII KBITITKBLTBIH IIBIFapyIaH OacTaaspl, COHBIH/A
MOJIMA TUJICHTITUKOIB() YMapaTThIH TEPMUSIIBIK BIIBIPAYhI OacTamaIbl.

Kecre 12 — II-OT'®:AK conosuMmepnepiHiH opTypil KarbiHackiHaa 10°C/mun
KbI3ABIPY JKbUIIAM/IBIFbIH/Ia MEHIINKTI KbUTY CHIMBIMIIBUIBIFBI
banky MeHIIIKTI )KbUTY
. banky aunamna3oHsl N
Yori OHTAJIBITHSICHI CBINBIMTBUTBIFBI
Ti,°C Tt,°C AHg, JIx/T Cp, x/r °C
n-OI'd:AK (7,95:92,05) 313,47 373,98 66,47 26,50
n-OI'd:AK (89,05:10,95) 315,64 382,83 100,98 25,37
i:< ——DSC (@) ® (o)
Hp 35 AH /¥ ”%) 40
o 304 i // o B T,
dn. . Temperalure,//lc 0330‘

204 204

154

104

5 T T T T T T T 0 T T T T T T T
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800

Temperature, °C Temperatur e, °C
a—7,95:92,05; b —89,05:10,95

Cypert 43 — [1-OI'®:AK comonmmepsepi yITiH MEHITIKTI KbUTY ChIMBIMIBLUTBIFBIHBIH
TeMIepaTypara ToyeJIUTir
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Juddepentmanapl TEpMUSIIBIK TAJJAy HOTHXKEJIEPIHEH KOpiHin Typranaai (12-
kecre, 43-cyper), n-OI'd:AK (7,95:92,05) cononmumepi ymin Cp = 26,50 Ix/r °C,
coman keiiH m-ODI' ®:AK ymin. comomumep (86,67:13,33 ) — ACp=25.37]1x/r-°C.
Tepmorpammanap kpucTaiablK (Ga3zaHbIH €H KOFaphl 0Ky aiMarblHIa €H MaHbI3/IbI
esrepictepre yisipaiinel. Erep n-OI'®:AK (7,95:92,05) comonmmepi yiIiiH KeH
ACUMMETPHSUIBIK OanKy mbIHBI Oalikanca Ty=340°C (AH: moHi 68,52 JIx/T 00bI),
onna n-OI'd:AK (86,67:13,33) cononumepi yuiin ATy, =350°C (AHf moni 100,98
JIx/r Gonabl). byn HoTwkenep Oanky IIBIHBIHBIH €HIHE HETI31IHEH ocep €TeTiH
KPUCTAJUIUT OJIIIEMIEPIHIH JUCIIEPCUSCH OapJibIK COMOJIMMEpJiep YIIIH [IaMaMeH
Oipyeli lereH KOpBITHIHBI XKacayFra MyMKiHAiK Oepeni. byran n-DI'®:AK (7,95:92,05)
xoue m-O'D:AK (89,05:10,95) 6anky TepMorpaMmanapbIiHbIH KAKBIHIBIFI TOJIEN.

OprasukanblK 3aTTapJbIH XUMUSUTBIK KYPBUTBIMBI Typasbl aKmapaTThl alyIdblH
Tarbl O1p KAKChI 9J1IC1 MAaCC-CIEKTPOMETPUSIHBI Kosany Oounbln Tadbutansl. TI'A/JICK
o/iciH Macc-cnektpomeTpMmer (MS) OipikTipy KochajnaplblH 6T€ TOMEH MeJIIEepIH
aHBIKTay KaOluieTiHe OalaHbICThl TaHbIMAJ 00J1a OacTa bl
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44 44
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a—7,95:92,05; b - 86.67:13.33

Cypert 44 — [1-OT'®: AK cononumepiiepiHiy TUPOIU3 OHIMACPIHIH
XpOMaToTrpaMMachl

44-cypeTTeH xpoMarorpammana dp Typil dparmertrepre xoHe mn-O'D:AK
MOJIUMEP TI30€KTEPIHIH OPTYPJIl Y3bIHIABIKTAPbIHA COMKEC KEJIETIH MUKTEP/IiH a3 CaHbl
Oap exeHiH kepyre Oonaabl. EH KbicKa cakTay YakbIThl JKCHUTIPEK KypamjaacTapra
colikec KeJeTiHl aHbIK. bi3iH xarmaiiaa n-OI'D:AK conommmMepiiepiHiH «eH KEHL»
dbparMeHTTepl KbI3ABIPY MPOIECiHIH eH 0achiHIa AecopOusiananbl. 44 a xoue 44 0
cyperTepinae opTypii KarbiHacTa n-21' @:AK cononumepiepiHiy TEPMUSIIBIK bIABIpAY
OHIMJIEPIHIH MaccallblK CrekTpiaepi kepceriuiren (7,95:92,05  monbs.% koHe
89,05:10,95 m011b.%). Tmax=340°C ke3inge n-2I'd:AK (7,95:92,05) conmonumeprepi
yIiH Macc-criekrpe (44 a-cyper) xone n-2I'@:AK (89,05:10,95) cononumepiaepinie
Tmax=350°C wunTeHcuBTi 1bIH (M/Z=44) Oaiikamanbl. COHBIMEH Kartap, COJ
TeMIlepaTypa Irara3oHbIHa a3 Meepae M/Z=45 mbIHbI MIbIFapbUTYhl OaliKaTabl.
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byn macc-cnektpnepae (44-cypeT) eH KapKbIHIbI IIbIHAAap Maccackl 44 a.M.0.,
MOJIEKYyJaiblK HOHFa colikec kenemi. NIST macc-cnekTpiHiH nepektep Oa3achiHa
KApChl 13]1ey HOTHKeJep1 OYJI IBIHHBIH KOMIpKbIIKbLI ra3biHa (CO2) coiikec KelleTiHIH
kepceteni (44-cyper). Azmaran CO; memnmepiniy Oeininyl n-OI'd:AK (7,95:92,05
MOJIb.%) comosmMepiiepi  ymiH ge ~538°C xone n-OI'd:AK (89,05:10,95)
conoaumepiiepi yiuiH ~550°C ke3iHje OpbIH alajbl. YATUIEpAiH TepMOTrpaMMaliapbiH
canblcThipy ke3inge n-OI'D:AK cononumeprniepi TEepMHUSUIBIK TYpaKThl JETeH
KODPBITHIH/IBI Jkacayra 6onaznbl. A3ot armocdepachinga 800°C neiiin KbI3ABIPHIIFAH 9P
Typai Kypamasl n-OI'®:AK cononumepnepinig MK-cnekTpiepine canbICThIpMab
Talnjgay KepCEeTKEHJIeW, TeMieparypa korapsuiaraH caiibin C—O TomTapblH
cunarTaiiteie 1155 cM™ KOmaKkTaphIHBIH KapKbIHABUIBIFBL GipTe-0ipTe TOMEHAEH
(44-cyper), Oyl HEri3iHEH MONMATHICHTINKOIb(pYMaparrta KypAeli 3Pupiik
OailylaHbICTapblHAA OY3bUIFAHBIH KepceTel. DPup OalliaHbIChl APKbLIbI MOJTUMEPIIH
YKOWBUTY MPOLIECIH, COHBIMEH KaTap TEPMUSIIBIK JECTPYKIUS KE31H/1€ KOMIPKBIILIKbLI
ra3pIHbIH OOJIIHYIH KeJeCl cXeMaMeH KepceTyre 6omaasl (45-cyper).

() a 0

S~
n

HOOC——CH o) HOOC——CH 0]

O O
a —3¢up GaitnanbIchIHBIH Y3iyi; b — CO2 Geninyi

Cyper 45 — [lonusTuneHrIuKoIb(GyMapaT KkoHe aKpUJT KbIIITKbUIBI COTIOJIMMEPIIEPIHIH
TEPMUSUIIBIK BIJIBIPAY CXEMAaChI

TepMUsIBbIK TECTPYKUUSHBIH a3 Topizaec eHiMIepiH Ttangay nm-21'd:AK
COTIOJIMMEPIIEPIHIH TePMUSUIIBIK BIABIpaybl HOTHKECIHAE (Tmax = 340-350°C) kemipTeri
TOThIFbl CO, keMipKbIKbIT Ta3zbl COy CHAKTHI OHIMAECP TY3UICTIHIH KOPCETE/Il.
TG/DSC-MS  TtanmmaybiHa  cobikec, n-DI'®:AK  comonuMepiHzmeri — akpuiar
OipiikTepiHiH yieciHiH yiFawobl (7,95:92,05 wmonb.%) kemipreri toThirel CO,
KOMIPKBIITKBUT Ta3bl COz CUSKTBI YIBI Ta3 TOPI3Nl OHIMIASPAIH TY3UIylHIH €Kl ece
a3arobIHA OKelel. (45-CypeTTi KapaHbI3).

KomnonenTrik kateiHacel 7,95:92,05 sxone 89,05:10,95 monp.% n-DI'd:AK
COTIOJIUMEPJICPIHIH TEPMUSUIBIK ACCTPYKIIHS MPOIIECIH OOBEKTUBTI TaJay MPOILECTIH
aKTUBTECHY DHEPTUSJIAPBIH CAIBICTHIPY apKbUIBI MYMKIH Oonanbl, ce0e0l aKTUBTEHY
DHEPTUACH TIKENEH CaNBICTRIpYFa OOJIATHIH CEHIMAI KPUTEpUl OOJIBIN TaObLIAIBI.
Kunerukansik Tasgay ICTAC-2000 xaTTaMachliH €CKepe OTHIPHIT KYPTi3UIIi.
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TG xuceiFbl OOHMBIHIIA KHHETUKAJBIK MapaMmeTpiepal ecentey (opMaibabl
KWHETHKAIIBIK TEHICYTe HEeT13/1e/reH:

doo  do E,
X % (1)i(a) Aexp{ jf(a) (101)
MYH/Ia 0. — POIECTIH asKTally I9pPExKeci;

t — yakpIT;

T — remnepartypa;

B — Kp13aBIpY KBUTAAMIBIFB! (K/MuH);

f(0l) — KHHETUKAJIBIK MOJICTIb;

K(T) — >KpurHamMIbIK KOHCTAHTAChl, OJ TAYyeNAl TeMmIeparypa OOWBIHIIIA
AppeHunyc TeHieyiHe colikec napameTpiaepi A (3xkcrnoHeHmanasl (haktop) xoHe Ea —
(axTUBTEHY 2HEprusichl), R — amMOeban ras TypakThICHI.

Bipaeme Tiz0ekTi-napamienbal Ke3eHAEPJl KAMTUTBIH Kypleli MpoIecTep
JKarJablHIa  M30KOHBEPCHS  QNICTEpIH  KOJJaHy  YChbIHBUIAAb:  Dpuaman
HM30KOHBEPCUACHIHBIH  AuddepeHmanaplk  omici  koHe Ozaa DnuaH-Y o0
M30KOHBEPCUSCHIHBIH HHTETPAJIJIBIK SIICI.

N3okoHBepcust d1icTepl MPOIECTIH MEXaHU3MIHE KOHE OHBbI CUTIATTANUTHIH f(a)
GyHKUMSIChIHA KapaMacTaH, KOPIHETIH AaKTUBTEHY OHEPTUACHIHBIH MPOIECTIH
TEepEeHAIT1HE TOYEJIUIITIH allyFa MYMKIHJIK Oepeai MoJib.%.

dpuaman 9iciH KOJJaHFaHIa TeHICY Kenecl Typae oepineni [92 p. 170]:

m(gcf?“} “nfa, (o) -E2 (102)

o

f(0) a-HBIH Ke€3 KeJNreH TYpPakThl MOHI YIIIH TYPAaKThl IIamMa OOJFaHABIKTaH, dp
KbI3JIBIPY KbU1AaMIbIFbI YiiH do/dt morapudminiy £ -re Toyenaumri 1/T eHicTiri TeH
TY3y CBI3BIK OOJIBIN TaObLIambl, E./R, jkoHE OHBI Kecim aiFaH KECiHJII OpJauHaTa oci
In{Auf(c)} Ten. Dxcronenmanapl pakropra AeHiHT KO3DPHUIUEHT ofeTTe APPEHHUYC
TeHJeyiHeH Oipinin petTi peakiussbiH f(a) = (1 — o) xopamangapbl OOMBIHIIIA
OaranaHajpl, OapiblK JUHAMMKAJIBIK KbI3ABIPY KbUIAAMJBIKTapbl  OOWBIHILIA
opTallaJaHajbl.

O3zaBa-®auHH-Y 0JUT 9/11C1 KeJieCl TYpAETi UHTETpaIAbIK TeHACY/ 11 Nak/1aJaHa bl
[93 p. 76]:

E, R ¢ dU
log f = -1052—2- + 53305+ In{ —— | —==
09/ RT, ! n{AEU l f(U)} (103)

TypaenaipyaiH o TYPaKThI JOPEKECIHIEC op TYPIIl KbI3ABIPY >KbULIaMIBIFBIHIA
[ KYprizuireH ejiieyliep KaTapblHIa ajdblHFAH MOJIMETTEp YIIIH TEHAEYre CoMKec
In(p) 1/T-re Toyenainiri TeH kenbdey Ty3y 6omamsl —1.052 E,/R.
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AJlbIHFaH MOTIMETTEpi AppeHHYC KOOpAMHATAChIHAA Tangay k= A-exp &%

TEPMUSUTBIK ~ BIABIPAYABIH KWHETHUKAJBIK TEHACYJIEPIHIH MapaMeTpiiepiH aiyFa
MYMKIHJIIK O6epei, onap 13-kectene xoHe 46-CypeTTe KOpCeTiIreH.

Kecte 13 — A3oT armocdepackiama opTyp:ai kateiHacTa -2 @:AK  comomumepepi
YILIiH aKTUBTEHY SHEPTUACHIHBIH MOHIEP1

Ynri A, Err: A, Erwo.
¢t kJIx momp ™t 1 kK Moib ™
n-0I'd 1,81x10'® 237,62 22,35 234,41
n-2I'd:AK
(7,95:92,05) 3,53x10%8 204,02 15,87 202,87
n-2I'd:AK
(44,05:55,95) 3,00x10% 195,40 14,06 192,12
-2l d:AK
(89,05:10,95) 6,08x10%° 198,57 14,89 195,73

13-kecreaeri mamimertepaeH n-2I'd = 237,62 kJx MoJTb MOJIMMEPIHIH €H
YKOFaphl OpTalla aKTUBTEHY 3HEprusickl 0ap ekeHi aHblK. [lemek, n-OI'® s¢upnik
OallJIaHBICTHI Y3y YILUIH KOOIpEK SHEPTUSIHBI KaXKET €Te/ll IeT€H KOPBITHIH/BI KacayFa
oomanel. KommonentTik KatbiHacel 44.17:55.17 xone 89,05:10,95 n-DI'd:AK
COMOJIMMEPJIEPIHAETT aKTUBTEHY SHEPIUACHIHBIH OIpAeil MOHIEPIH OJIApABIH TY3LIyl
OipJell MOJIEKyJIaapallblK dPEKETTECYJEep apKbUIbl KYPETIHIMEH TYCIHAIpYre O0Iaabl
(13-kecte). n-DI'D:AK cononumepiHiH aKTUBTCHY SHeprisicbiHbIH MoHi (89,05:10,95)
n-OI'® nonuMmepiHeH alTapibIKTail TOMEH, OYJ1 MOJIEKYyJaapasiblK OalilaHbICTap IbIH
QJICI3/ITIH KOpPCETE/Il.
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3,24 3,09

462 Sample 1 Sample 2
50 () ) 28.3 7p5.00c mint (®) —ps 0°C min’?
' ----7.5°C min? 254 ----7.5°Cmint
284 650 14.9 10.0°C min* 10.0°C min™
0.3 -~ --12.5°C min* 2,0 9.1/ - - --12.5°C min*

da) *°]
In[[}ﬁ) 2a]

2,24

da
In(ﬁﬁj 154

1,04

3.0

%0,
9.9

0.9

204 98.9 !

0.3 0,54
1,8 4 0.0
0.0
16 . . . . . . , 0,0 ——
1,35 1,40 1,45 1,50 1,55 1,60 1,65 1,70 1,30 135 140 145 150 155 160 1,65 1,70 1,75
1000/T, K1 1000/T, K1
Sample 1 327 (d) Sample 2
= 0.0 = 00
0.3 0.9
4+ 19 2,81 3.0
6.3 7.7
14.9 15.9
<« 283 244 <« 280
In - 462 134
B . 650 Inp 60.7
« 80.3 2,04 76.8
90.9 89.1
96.0
1,6 98.9
12 . . . . . . . . 12 . . . . . . . :
135 140 145 150 155 160 165 1,70 1,75 135 140 145 150 155 160 165 1,70 1,75
1000/, K1 1000/T, K*

(Sample 1) — 7,95:92,05; (Sample 2) — 89,05:10,95

Cypet-46.Dpuaman (a, b) sxone @nuaA-O3aBa-Y o (¢, d) omiciMeH aHBIKTaIFaH

In[ﬂ d%T } MeH 1000/T apacbiHaarbl rpadUKalIbIK TOYEIIUTIKTED

JKyMBICTBI KaJFacTeIpy/ia KOPIHETIH aKTUBTEHY SHEPTUSACHIH aHBIKTAY YIIiH
napameTpiiiKk eMec KMHETHKa ofici Konmanbuinbl [197 p. 41]. 46-cyperte Oepinarex
TEPMOTPaBUMETPUSIIBIK KUCBIKTapAbl MaTeMaTukaiblk eHaey (101) tenneyine
HETI3[Ie]ITeH MapaMeTpiiK €MeC KUHETHKa OJICIH KOJIJaHA OTBIPBIN, KOPIHETIH
aAKTUBTEHY DHEPTUSACHIHBIH MOHIH aHBIKTayFa MYMKIHJIIK Oepei.

r=Kk(T)- f(«) (104)

byn omic Oip carbuibl MpOUECTiH OapiblK KMHETHKAIBIK NapameTpiiepiH Oip
nuddepeHuanibpl TepMOrpaBUMETPUSIIBIK KUCHIK ChI3BIFBIHAH €CENTEYTre MYMKIHJIIK
oepeni (460, 46r-cypeT). byn omicTiH apTHIKIIBUIBIFEI MBIHA/A: PEAKIUs PETIHIH
maMachbl Typajibl >XKOHE KHHETUKAJBIK TEeHACY (QYHKIUSACHIH TaHjaayJa apHailbl
KopamasaapabiH KaxeTi koK. [198, 199] ABTopiapsl mapaMeTpiiik eMec KHHETHUKa
(ITEK) amicinae peakius >KbUIIaM/IBIFBIH MaTpUIlA TYPIHJE KopceTyre 00aabl 1eTeH
OomKamMFa HET13/IeTTeH.

M :{mij}:{k(-ri)f(aj)} (105)
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byn omictin eH MaHb3abl epekmieniri - [IEK omiciHae CHHTYIApIBIK MOHHIH
nekoMrno3unuschl (SVD) anropuTMi KoJiIaHbLIa kL.

M =USV' (106)

Y cwapiaran U sxkoHe V MaTpula 3JeMeHTTepi KeJleci O@pHEKTEPMEH aHbIKTaIa 1bl
f(a):[ul’UZ"“ui] 51 k(T):[W1V1’W1V2’"-W1Vi] (107)

OPTYPAl  KBI3ABIPY JKBULIAMIBIKTAPBIHAA OCBhUIAWINA aJBIHFAaH —PEeaKIus
KBUTTAMIBIFEIHBIH MOHJIEP] MapaMEeTPIIiK eMeC KMHETHKA 9ICIMEH >KaKbIHIAThIIIbI
xoHe 3D keHicTiringeri Oer peTiHae uHTepnossmusuianasl (B-da/dt, o, T) (47-
cyper). by Oer Marpunia peTiHae YWBIMIACTBIPBUIFAH, OHAA XKOJJAp «,-JACH «¢; -Te
AEUIiHr TYPISHAIPYAIH OpTYpii AdpexeciHe, an Oaranmap T,-TeH T,-Ke JI€HiHTi
OPTYPJIi TEMIIepaTypaapra CoMKec KeeIl.

0.000
10.00
20.00
30.00 &0
40.00 70
50.00 60
80.00 o, % 50
70.00 40
80.00 30
90.00 20

100.0 10

10"
6 " p.dos/dT, %/min

(a) — 7,95:92,05 u (b) — 89,05:10,95

Cypert 47- Y enmemai kenictikreri n-OI'd:AK cononuMmepiepiniH 6eTi: peakius
KbUTIaMIBIFBIHBIH (- da/dt ) TemmepaTypara (T) jxoHe TypiieHy JopeKecine
(o) Toyemmimiri

ANTApIBIKTal HMHAYKIUMJIBIK KE3€HHIH OOJIybIMEH, COJaH KEWiH peakius
KBUTAMIBIFBIHBIH KYPT JKOFapbUIAYBIMEH CHITATTAJIAThIH PEaKIUsIap IbIH OapbICHIH
YKAKChl CUITATTAUTHIH TeHEYIepiH Oipi skannbsuianraH [llectak-bepren kuHeTHKATBIK
TeHaeyi 0o Tadbbimaabl, oHbl kUl [IpoyT-Tomnkunc (I1-T) gen Te ataiasl.

3—‘: —k-a"(1-a) (108)

OyHKIUSHBI TaHIAY OPTYPJi KbI3ABIPY XKbULIamabiFel [ kesinme do/dt — o
KOOpJMHATAJIApbIH/Ia €H KOJIAHIBI MOJIE/IbIl TaHIay apKbLIbI XKYy3ere achpbuiasl. f(o)
(GYHKIMACHI PeTiHAEC Keaeci TeHaeyai KOMAaHmablK: f(a)=a"(1-a)'. m jkoHE n
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napametpiiepi do/dt KUCHIFBIHBIH MAaKCUMYMBIHBIH MIIITIHI MEH OpHBIHA cep eTel (48-
cypet). Kunetukanslk Tayiay HoTwxkenepl 48-cyperre xoHe 14-kecTeie KopceTiareH.

1@ L. 18] (B)

164 —=—5.0°C min™*
14 1 ——7.5°C min*
12 10.0°C min™*
1 —— 12.5°C min]

144 —=—5.0°C min™

——7.5°C min*
10.0°C min*

1 ——12.5°C min*

Reaction rate, % min™
Reaction rate, % min™

T T T T T T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Conversion Conversion
a—7,95:92,05; 6 — 89,05:10,95

Cypet 48 — m1:my, MoJib.% OGacTankbl KaTbiHachIHAaFbl -2’ @:AK cononumepiiepi
YIIiH peakius xpuaaMabirbiabig (do/dT) koHBepeust nopexkecine (o) Kapeol
KHUCBIKTAPBI

Kecre 14 — Ilapamerprnik emec kuHetuka (HIIK) omiciMen ecentenren op Typii
KarbiHacTarbl  M-DI'®:AK  comonmumepliepiHiH  TEPMUSIIBIK  BIIABIPAYBIHBIH
KMHETHKAJIBIK ITapaMeTpIiepi

_ Ilecrak-beprrpen _
Yo E ek, A ot (SestéE-Ber%gren) Eos, A ol
kJIx Monp ™t ’ - a"(1-0) - K JIk Mo ,

n-0I'd 237,62 1,82x10'8 0,98 1,01 237,84 4,29x108
n-0I'd:AK

(7,95:92,05) 204,01 3,70x10%® 0,60 0,40 205,50 1,75%x10%°
n-0I'd:AK

(44,05:55,95) 195,40 3,00x10% 0,63 0,37 197,67 2,07x10%
n-0I'd:AK

(89,05:10,95) 198,82 3,81x10%° 0,52 0,48 203,74 2,65x10%

n-OI'd:AK  comommmepitepi  (7,95:92,05) (48-cyper, 14-kecte) YIIH €H
komaitnel pynkuus f(a) = o1 — «)%, an n-OT'®:AK comnonumepepi yuuin
(89,05:10,95 ) - f(a) = a®°(1 — a)%“8. 48 (a) cypeTineH KeopiHin TypraHIail, bIABIPAY
OacelHIa O3MINHEH YAeyAeH OO0JaThiH >KbULAAMABIK TE€3 apThill, Omax — 0.60
MaKCUMaJIJIbl MOHTE JKETe/Il, COJaH KeHiH bIIbIPAY TOJIBIFRIMEH JEPJIIK TOKTAFaHIIIa TE3
temenzeial. n-OI'D:AK comonumepnepiniy (89,05:10,95) siasipay nporeci ae o= 0,5
JIeH1H e3/iTiHeH yaeyMeH xypeai. ColaH KeiH KbUIIaM/IbIK O1pTIHIET TOMEHACHII.

96




250 250

240 240 4

230 230
220 220
210 210

200 4 200

Energy activation, kJ mol™
Energy activation, kJ mol™

190 4 " 190 -

180 T T T T T T 180
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Conversion Conversion
a—7,95:92,05; 6 — 89,05:10,95

Cypert 49 — bactankel Mmi:my, Moib.% KaTbiHackiHa M-O'@:AK cononumeprepi
YIIiH aKTUBTEHY 3HeprusicbiHbIH (E) KoHBepcHs nopexecine (o) ToyesIiiri

OpOip xeke aaic ymiH E—a kuceikrapel (49-cypet) Oipaed mimnare ue. I1-
OI'd: AK conomumepiepi yuiis (89,05:10,95) Typrenaipy aopexeciHiH Kol Oeiriiae
aKTUBTEHY SHEPIHACBHIHBIH JKOFapbuiaybl Oalikananel (49 6-cypet). blabipayasiH
OacTankpl CaThICBIHJIA KHUCHIK CBHI3BIKTApAarbl OCYAIH IIaFblH ayJaHbl OaliKy
MPOILIECIHIH dcepiMeH OaIaHbICThI OOTYbl MYMKIH. 49-CypeTTeH KOpiHil TypraHjai,
(a) m-OI'd:AK comomumepiepi yinH E-o kucbikrapbiabiy mimnidi (7,95:92,05)
KYpJeIipeK KopiHicke ue, OV bIAbIpay MPOLIECCIHE Ta3 TOPi3/il OHIMAEPIIH dCepIHEH
00Jybl MYMKIH.

byn xymeicta n-OI'@:AK cononumepiiepiHiH TEPMUSUIBIK bIIBIPAYbl dpTYpJIi
KBI3JIBIPY KBUIIaMIBIFBIH/IA 3€PTTEN/I1, COHFBICHIHBIH JKOFaphLIayhl bIABIpAY OacTary
TEMIIEPATyPAChIH KOFaphIpaK aiiMakKa >KbUDKBITATBIHBI KepceTireH. KnHeTnkaibk
napametpiep @Ppuaman xkoHe DnuHH-O3aBa-Yomn oaicTepIMEH, COHJal-aK
napametpiik emec kuHetuka (IIEK) omicimen ecentenai. byn omicrep m-OI'd:AK
COTIOJIMMEPJIEPIHIH TePMUSUIBIK BIABIPAYBl CHSKTHI KYpJEdi MPOLECTEp/IeH allbIHFaH
TEPMOTPABUMETPHUSIIBIK MOIIMETTEP/Il KUHETUKAJIBIK WHTEpHpeTalusiay YIIiH eTe
naianbl JKOHE bIABIpay MPOIIECIHIH peakius peTiH OluIMei-ak KoJjjaaHnyra Oojabl.
CononuMeprep/liH TEPMUSUIBIK TYPAKTBUIBIFBI KeJIeCi peTreH TOMEHJICHUTIHIH aTar
oTkeH xoH: M-DI' O:AK>n-OI'd:AK (7,95:92,05)> n-OI'd:AK (89,05:10,95)> n-
OI'd:AK (44,05:55,95). Ochunaiiiia, TEpMUSIIBIK TYPAKTBUIBIKTEL 3€pTTEY OOMBIHIIA
TOXKIPUOETIK MOIIMETTEPAl JKalmbuiaid oThIpbi, 013 m-OI'D:AK conmonumMepepinig
(7,95:92,05, 44,05:55,95 oxome 89,05:10,95) KpI3ABIpYFa  TO3IMILTITIHIH
CaJIBICTBIPMAJIBI TYP/JIC JKOFaphI Iopekecide ue nen ecenrterimis. Conpaii-ak OP xoHe
DOV onicTepiMeH ecenTelNreH akTUBTEHY SHEPTUSCHIHBIH MOHIEP1 TapaMeTPIIiK eMec
OIICTI KOJIAaHy apKbLIbI €CETTEY HOTHXKEIEPIMEH KAKChl COUKEC KEIETIH1 aHBIKTaJIJIbI.
Conppikran, ICTAC ychiHBIMIapbiHa COMKEC, allbIHFaH KUHETUKAJIBIK apaMeTpiep/ii
n-OI'®:AK conmonumepiiepin any YIIIH peakiusl >KarJailjlapplH CHUIATTAy >KOHE
OHTaWIaHIBIPY YIIH Maigananyra 601abl.
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3.9 UHBapuAHTThl KHHETHKAJIBIK MapaMeTpJiep dAiCiH KOJAaHy

JKyMBICTBI KaJIFacThIpya SKCHOHEHIHAIIL (aKTOp MEH peakius MOJEIiH
aHbIKTay YIIiH Axap-bpungmu-Ilapn omici [200] skoHe HHBaApUAHTTHIK KMHETHUKAIBIK,
napameTpiep oaici Koaaaneuabl. [lapamerpai O6aranay yiIriH KaKeTTI KUHETHKAIBIK
napamerpiaepai ecenteyre Axap-bpunamm-1lapn ozici nomipex 60bI TaObLTAIbI.

Kecte 15 — Tepr typai Kei3aslpy >KbuigamMabsiFbiHga n-OI'D:AK comoguMepiHig
TEPMUSUIBIK BIBIPAYBIHBIH KOMIICHCAIMSIIBIK 9CEPIHIH MapaMeTpliepiHiH MoHAEp1

B (°C/mun) a b R?
5.0 0,1979 | -5,8526 | 0,9989
75 0,1956 | -5,3131 | 0,9994

10.0 0,1922 | —4,6068 | 0,9994
125 0,1887 | -3,8044 | 0,9994

Ocel 3epTTeyne mNaiialaHbUIFaH MoJenbaep 15-mn  kecrene OepiireH.
[Tapametpniep f(0) MoHIMEH KEH TypHe e3repce Jie, OJIapblH OapJibIFbl ©TEMaKbl
addexTict peTiHae Oenruii KymTi KOPpesusIHbl KOPCeTeIl:

INA, =a’E, +b (109)

KepineTiH ereMakbl ocepiHiH KO3()(UIIMEHTIH MNaiganaHa OTBIPBIN, 9dpOIp
KbI3/IBIPY JKbUIIAMJIBIFbI YIIIH ©TEMaKbl apaMmeTpiepi aHbikranaabsl. COHbIMEH, a*vs
b* rpaduri Ty3y CBI3BIKTBI KOpCETEeAl, OHBIH IapaMeTpiiepl HMHBAPHUAHTTHIK
KMHETHKAJIBIK MapaMeTpiep/l Oaranayra MyMKIHIIK Oepei:

b=InA+aE (110)

Exi mapameTp/i /e aHbIKTaFaHHAH KEWIH PEAKIUs MOJEIbIACPIH Ke3 KeJreH
UHTETpabIK HeMece auddepeHimanabl Typae CaHabIK TypAe KalTa KypyFra 0oJiajibl.
Nurterpanapik mimmaal E sxone A monaepin (111) Tenaeyre eHrizy apKblUIbl KaalblHA
KeJTipyre 00Jabl:

(o) = %Tj:exp(gjdt (111)

111 Tenpeyin nmaiganansin, 4-KecTeAeri peakius yiaruiepine coilikec oH yur E
#oHe InA MoHzepi anbiHIbL. S50-111 CypeTTe 3KCHOHEHUUANAbl (AaKTOPABIH TOPT
KBI3JIBIPY KBUIAAMIBIFBIH/IA aKTUBTEHY JHEPTHUSChIHA TpadUKAIBIK TOYEIAUTIKTEPI
KOPCETUITEH.
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40 40
(@) (b)
30 30 4
20 20
~ 104 -~ 10
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0 - 0
= 50% min
e 75% min
-10 4 A 100% min -10 4
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-20 -20
T T T T T T T T T
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E;, kJ mol™* E;, kJ mol*
40
301
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£
0 -
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_20 .
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Cyper 50 — Cononumep/IiH TEPMUSIIBIK bIABIPAYBI YIIIH 3KCIOHEHIHAIIIBI (PaKTop
MEH aKTHUBTEHY SHEPTHSICHI apachIHIarbl OaKblIIaHATBIH KOMIIEHCALMSUIIBIK 3D PexT

51-cyperTeH OapabIK TOPT KbI3ABIPY KbUITAMIBIFEIHBIH HYKTEJIEP1 OTE JKaKbIH
OpHAJIaCKAaHBIH JKOHE >KaKChl KOppENsIHsSfa W€ eKeHIH Kepyre Oomanbl. Axap-
bpungmu-1llapn  omiciMeH anblHFaH KOMIIEHcalMs Tapamerpiepi  15-kectene
KEJITIPIJITEeH.

51-cyperTte eTemMakhl mapaMeTpiepiHig rpaduri KOPCETUIreH.

55 -5.5
6.0 6.0
-6.5 4
.65 -
‘o .
7.0 ©
7.0
-7.54
Equation y=a+bx Equation y=a+b*x
Intercept 31.63143 + 1.9222 -7.5 Intercept 34.93965 + 1.07
Slope -208.29464 + 10.3 223.80613 + 5.7
8.0 R-Square (COD) 0.99504 Slope X +5.
R-Square (COD) 0.99867
T T T T T T
0.180 0.182 0.184 0.186 0.188 0.190 -8.0 T T T T T
. 0.182 0.184 0.186 0.188 0.190 0.192
b b

Cypert 51 — Cynepkoppensauusuiblk KaTbiHac rpaduri (a* vs b*), mapaxk 1
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-5.5

-6.0

-6.5 4

-7.0

Equation y =a+b*x
-7.54 |Intercept 34.34126 + 2.067
Slope -220.12807 + 11.0
R-Square (COD) 0.99497 [ ]

-8.0

T T T T T
0.182 0.184 0.186 0.188 0.190 0.192
b

Cyper 51, mapaxk 2

I'paduxTiH eHici MeH KUBUIBICHI HeriziHae (51-cyper) comoauMmepiepiH
BIIBIPAYBIHBIH WHBAPUAHTTHl KUHETHKAJBIK MapaMeTpiepi TaObUIAbl. AKTUBTEHY
OHEPTUACHl U30KOHBEPCHUS OMIICTEPIH KOJIJIAHY apKbUIbl AJIbIHFAH MOHJEPTe >KAKCHI
colikec Keneai. 9-TeHaey/IiH KoMETIMEH TYPJICHAIPYIIH OpTYPJIi Jopekenepi yiriH g(o)
CaHJIBIK MOHIEPIHIH )KUBIHTHIFBI AJIBIH/IBI. Peakiius Mo iHIH TYPJICHAIPY J9pEkKECIHE
TOYENITIK Tpaduri xKeaenaeTy peakusiapbia ecke Tycipetid npoduibre ue (F1, D1,
R3 xone T1.0.). CoHapbIkTaH 013 €CeNnTelreH MAIIMETTEPAl 52-CypeTTe KOpCeTUIreH
g(0)-HbIH OYpbIH TaHAAJIFaH TEOPUSIIBIK IPpaUKTEPIMEH CANBICTBIPY MYMKIHAITIHE HE

OOJIIBIK.
1.5

1.0 +

()

0.5+

0.0 —== T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Cypert 52 — bipHeliie KHHETHKAIBIK MOJEIbACP YIIIH O TYPAEHAIPY GYHKIMICHI
PeTIHJIE TEOPHUSIIBIK g(a) KUCHIKTaphl xKoHe D3 KMHETHKAIBIK MOJIEI YIITTH

CCCIITCIIICH KUCBIK

52-cypeTTeH KepiHiN TypraHaai, HoTwkenep D3 MojerniHe Kakchl COMKECTIK
TaOBUIIBL.
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Kecte 16 — UKII onmiciMeH aibiHFaH SKCTIOHCHITHAIIBI KOOSUTKIIT MOHIEP1

CocraB
coroaumepa InA A ct
- ®:AK
7,95:92,05 17,15 2,8-107
44,05:55,95 25,31 9,8-10%
89,05:10,95 | 31,84 6,7-10%

Jlemek, KHHETHKAJIBIK MOJICIh PETIH/IE €Ki JOHEeKTI Ke3eH Il TaHaayFa 00aibl,
OHBbIH OIpiHIIICI, MBICAJbl, ABTOKATATUTHKAIBIK PEaKIUs, ajl eKIiHIIiCcI n-Iii perTTi
peaxiusi.

3.9 PerpeccusuiblK Tajgay apKbLIbl TEPMHSJIBIK bIAbIPAY MPOLECiHIH
TEPMOAUHAMMKAJIBIK KOHE KMHETHKAJIBIK MapaMeTpJepiH aHbIKTAY

TepMUsIBIK BIABIPAY SKBULAAMABIFBIH CHIATTAYy YIIIH ApPpEeHHYC TEHIEY1
Kosimanbutaasl [201, p. 5].

dor —E/RT
pres (112)

Appennyc TeHjeyl 0i3re ChI3BIKTBHIK eMec Tpaduk Oepesi, Oipak €Ki *KaKThIH
HaTypajaAbl JorapudMiH KaObUIJAy apKbUIbl, CBI3BIKTBIK TYpre KeJITIpUIreH
TeHaeynepai anamei3 [202, p. 8]:

Ind—a:InA— E,
dt RT

(113)

Ocwiran OaiimanbIcThl (2) TeHaeymi h=mT+b mem xaszyra 607aapl, MYHIAFbI

11 1
h=(In(h),,In(h),,> ,In(h),) xone Toz(t_’t_P ’t_j’” JIEPEKTEP IKUBIHTBIFBI  YIIIiH,
1 "2

n
do
conmaii-ak N mamacer, |t uamackina OaiinanbIcThI 60mazsl. Coll JKaraaiina MaTpuia

BEKTOPJIBIK OHIM PETIH/E:
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180635 1 051964

179788 1 058972

178120 1 068936

177303 1 073383

176490 1 076521

175685 1 080123

174886 1 086909

174091 1 094295

173300 1 102887

172532 1 106736

171762 1 112460

171002 1 117300

170245 1 125191

T 1 H 169493 1 140506
1 831 168748 1|- 1 |145794
2 [b}: 2 |=|168011 1 b}: 151256
@ @ %@ 167278 1L 162605
T, 1 (h). | |166552 1 172091
165831 1 181002

165100 1 190780

164410 1 200781

163701 1 211436

163023 1 220645

162342 1 228914

161667 1 237627

161001 1 246473

160337 1 255908

159677 1 263404

159029 1 268024

158384 1 273851

157745 1 279695

MoHJep dKCIepUMEHTANIBI TYpAe TaObUIFaHAbIKTaH, N Oaran T KeHicTiriHme
OONybl eKiTajail *oHe ochUIalla >XKYHeHIH OapiblK AEpJliK SKCIEPUMEHTTEPIHIH
memriMi KOK. OHBIH OpHBIHA BEKTOP MEH IIEHIiM apachbIHAAFbl KaIIBIKTHIKTHIH
KBaJIpaThIH a3alTaThIH €H Killli KBaJpaTTap BEKTOPHIH ecenteyre 00Iabl.

3.9.1 KansinTel TEHALY
Teopema 1. Ecenri en kinn kBaaparrtap oxiciMed menry T(X)=h, conpimen

katap T TX =T 'h KanbInThl TeHey LIeLIiMi 60IbIT TaObLIaAbI, MyHaa I(X) =||TX - h||2
GyHKIUSICHl MUHUMYMFa JICHIH a3asibl.
Mlonen. N BekTOpBIH BeKTOpHApABIH Kypamaac Oouikrepine Genyre Gomaisl,

MYH/J1aFbl hH T one N, Garan kemicririnme opHanmackan op | Garanma hH -I'€ KaTBICTBI

oproronanzsl, h =h, +h, . Ocpuraiima Th, =0.

X - eH KiIlIl KBaJipaTTap 9AiCIMEeH ecenTiH memnrimMi necek. CoHma

TTx =T *hH

=T*(h-h))
-Th-T",
=T
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Ocepunaiitiia, X, T'TX =T 'h Tenneyinin memimi. Erep T TonbIk mopexere ue

Gonca, oaga T T sxoHe X KaJbIITHI TEHJIEYNEp KyHeci CHHTYISpIIBI eMec HeMece
nerpaganysiaanoarat skoHe X eH Killli KBaJpaTTap 9iCIMEH €CeNTiH KaaFbl3 MyMKIH
mentiMi 6o Tadbutaas! [203].

MyHnpain  karmadaa  TYpakThbl  OKbUINAMABIKTAD MEH  TeMIepaTrypaiap
SKCIIEPUMEHTAIIIBI TYP/IE OJIIICHETIH €Ki aifHbIMAIIbI IIamMa OOJIFaH/IBIKTAH, | OpKallaH
M2N Gomaxel, MyHgarel N opkamian 2 jkoHe M rpadukTeri SKCHEPUMEHTTIK
HYKTEJIEp CaHbIHA TEH,.

Teopema 2. Eeep T onuemi MXN-men M2N -xe Oetiin 601ca , onoa T monvlk
Oapediceze ue 601a0vl, COOaH Kelin eaHa OHblH 0A2AHOAPbl CLI3BIKMbIK MIVENCi3
HCUBIHOAPObL KYPALOb.

Jlanen. (=) Erep T TONBIK nopesxere ue 6011ca, OH/1a aHBIKTaMa GOHBIHIIA OHEIH
nopexeci N . Heri3ri 6umiMHeH 0i3 N gopekere >KoHE Jerpajamus JOPEKeciHe TeH
CKEHIH OijiemMi3 T MyH/JIa Jerpajamus Jopekeci HOJIIK KeHICTIKTIH oJeMide ue. by
xarmaiina nopexke N Gonrammsikran, gerpaganus gopeskeci T men. Ockburaiima, T
CHUHTYJISIPJIBI HEMECE JIeTEHEPaTHBTI €MEC JKOHE CHHTYJSAPIBl e€MeC MaTpHIaHBIH
KacHeTTepiHeH 0i3 GaraHmap ekeHiH OineMmi3 |  CHI3BIKTBIK TOYEJCi3 IKUBIHIBI
kypaiinel. (<) Erep T 6arasmapsl CHI3BIKTBIK TOyelci3 60Jca, OHIA Aerpaiarus
nopexect T Hes. CoHpua r(T)+0:n, ocblnaiima, | gopexe Oarangap N caHbHa TeH.
ConbiMeH, aHbIKTamachl OoibiHmA T TOJBIK gopexere wue. Tx=h -KyleHiH
KYPBUIBIMBIH/IA KOPCETUITEHAEeH, O1piHIII T OaraHbIHAA SKCIEPUMEHTTIK TEMIIEpaTypa
Oonazabl, an ekiHi OaraHAa op 3JeMeHTTe Oipiik Oosanabl. Ockliaimia, OipiHIII
OaraH/IBl ajJaThlH CKaJAp JKOK, OChLIaiima [ OaraHbl OpKalllaH CHI3BIKTHIK TOYeJCi3
JKUBIHJBI KYPau/Ibl.

Conma 2 Teopema OolibIHINIA, | OpKallaH TOJBIK Jopekere ue 6onaapl. OcbiFaH
OaiimaHpICTBl T OpKalllaH TOJBIK JOpEKere ue 0oJaapl, €CemTi X €H Killli KBaapaTTap
omicimMeH mienry 1 TeopemMachl OOMBIHIIIA OpKAIIIAH JKAJIFbI3 00JIaIbI.

CuHTE3[eNreH  COMOJUMEPIIEPAIH  TEPMOAMHAMHUKAIBIK  TapaMmeTpiepi
aHBIKTAY YIIIH KAJBIIThHI TEHACY 9/11C1 KOJIAaHbLIA b

TTx =T
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180635 1||180635 1| |180635 1||051964
179788 1||179788 1| |179788 1|| 058972
178120 1}|178120 1| |178120 1| | 0.68936
177303 1}|177303 1| |177303 1||0.73383
176490 1||176490 1| |176490 1||0.76521
175685 1||175685 1| |175685 1||080123
174886 1||174886 1| |174886 1|| 086909
174091 1||174091 1| |174091 1| | 094295
173309 1||173309 1| 173309 1|| 102887
172532 1||172532 1| 172532 1|| 106736
171762 1||171762 1| |171762 1|| 112460
171002 1}|171002 1| |171002 1|| 117300
170245 1||170245 1| |170245 1|| 125191
169493 1]|169493 1| |169493 1| | 140506
168748 1||168748 1| |168748 1||145794
168011 1||168011 1|=|168011 1||151256
167278 1||167278 1| |167278 1||162605
166552 1||166552 1| |166552 1||172091
165831 1||165831 1| |165831 1||181002
165100 1||165100 1| |165100 1||190780
164410 1||164410 1| |164410 1|| 200781
163701 1||163701 1| |163701 1||211436
163023 1||163023 1| |163023 1| |220645
162342 1|(162342 1| |162342 1||228914
161667 1||161667 1| |161667 1||237627
161001 1||161001 1| |161001 1||246473
160337 1||160337 1| |160337 1||255908
159677 1||159677 1| |159677 1||263404
159029 1||159029 1| |159029 1| |268024
158384 1||158384 1| |158384 1|| 273851
157745 1]|157745 1| |157745 1| | 279695
91178 53972| m|_|87.269
53972 32 b| 52689

m = -10.732=E .= 2.3mR = 205219/[x/ Mob
b=19748= A =e"=3.771x10°

3.9.2 Xonenkui iz bIabpIpaybl

KanbiTel TeHaey a11c1 X0NeUKUHAIH bIABIPaYbIH KOJIJaHybIHA YKcac. KanbmTsl
TEHJEYIEH TT CHUMMETPHsUIBI MaTpuia OOJbI TaObLIaAbl, OJ KOHBIOTAlUsJIaHFaH
MaTpUIIAHBIH KOOCUTIHAICIHE OalIaHbICTBI. AppEeHUyC TEHJICYIHJe TeMIieparypa

KenbBuH apkbuisl oanieneni, MyHaarsl 0°C 273K-re TeH, COHABIKTaH eHrisiared T T
JepEeKTepl opKaliaH oH O0JaIbI.

Anpikrama [204, p. 153]. Erep (X,AX)>0 Gapabik X ymin Gonca, onma A
CHMMETPHSILI OH aHBIKTAIFaH MaTpuia 6okl Tabbutansl, MmyHga X =0,

Ocpuraiima, T T aHbIKTaMachbl OOMBIHIIIA CHMMETPHUSIBI OH AaHBIKTAJIFaH
MaTpuIiia OOIbIN TaObLIAIbI.

Teopema 3. Erep T T cummerpusibl OH aHBIKTaaFaH 0o0jica, OHIA OH
JMArOHAJBbI AIIEMEHTTEpl Oap Oipereil >koraprbl YIIOYPHIITE G MaTpuIlacekl 6ap,
HoTmkeciaeTT=G'G [205].

Honen. T'T MaTpuIlachl OH AaHBIKTAIFAaH CUMMETPHSUIBI OOJFaHIBIKTaH, OHBI
OJIOKTBHIK JUArOHAIbIbl MaTpHIlaFra Oemyre 6omaapl, MyH1a OipiHi 610k 1x1 MaTpuiia
Ooonpim  TaObutambl. Koyl yCTiHAEri omepanusiiapabl  KOHE KeHiHri  OaraH
onepaunusiIapeld Naigaganrad Kesge 1 1T  OIpiaik MaTpMLACHIHA TYpJIEHIIpiayi
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MyMKiH. JKommapnarbl onepanusiapAblH KAkl ocepl TOMEHT1 YIIOYPBIIITHI
MaTpulla/la KUHAKTalIaabl >KOHe OaraHajbl ONEPAlMSHBIH >KAIbl dCepi >KOFAPFhI
YIIOYPBIIITH MAaTPUIa/la CaKTalaIbl.

_A-la Y
r-afe 1]
va ot o ]s 1y
- 1 1. Jfa
—Yy | |0 B-=wy
Ja a 0 |
=G'A,G,

TT DpMUT MaTpumachl OOJFaHIBIKTAH, OJ JPKAIlaH HAKThl AMArOHAJb/IbI
3JIeMEHTTEpre ue 0onanbl. B-ly MaTpULACHIHAA KaiiTa BIABIPAY, CalibIl KEITEHJIE,
a

OipJik MaTpuLacklH Oepeal. bepinren MaTpUIlaHbIH KOFapFbl OH JKaK OYpbIIIbIHIAFbI
AJIEMEHT OpKalllaH OH 00Tyl KepeK, OTKeHI T "T CHMMETPHUSIIBI OH aHBIKTAJIFaH:

a= <e2,AlGl‘1e2> >0 x=G;:le,
O3apa n opeKeTTeCy/IeH KeiH:
A=G}> G,G;IG,G,> G,=G'G
Conna:
TT=G'G->G'Gx=Th

[1I-2I'd:AK CUHTE3/EITeH COTIOJIUMEPIIEPAIH TEPMOIUHAMUKAIIBIK

napameTpiiepiH aHbIKTay YIIiH XOJSIKUNAIIH bIIBIPAybIH KOJIAHY apKbUIbI, KeJECiHl
KopeMmis:

_[91178 53972
T’T‘[ss.g?z 32}

Jor178 o1 0 JoTi7s 53972
91178
=| 53972 { _539722] 91178
Jo1178 91178 0 1
Jo1178 0 . Jor1i7g 23972
=| 53972 ,, 53972 | ¢ ‘1) «/%%77222
J 91178 0 32-
91178 Soi
_[9549 0 To549 5652) .
=15652 0228] 0 0228~
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. * v (9]
W ymin G -matpunansl N -pexTopmen keGeiiTy soHe kO01ap CaHbIH a3aiTy
* w . . o . s . . .
apkputbl, G'W=T N >xyitecin mememis. Coman keifin 6i3 GX = W -xyiieHiH memiMia
KOJIJIaHa OTBIPBIIN, €H Killli KBaapaTTap 9AiCIMEH €CeNTiH IIemiMid Taba amambi3, X
yuiin G -marpunansr W -BekTopMeH KOOEHTII, 5KOJIIap CAHBIH a3aiiTa aJaMbl3.

m=-10.832=E ,=2.3mR = 207.208x/I>x/ Mmonb
b=19917= A=e"=4.465x10°

3.9.3 QR sbiabIpaysl

['pam-IImuar npouenypacs apkbuibl QR biabIpay 9/1ici TEHACYIEp Kyhecl YIIiH
KO3 GUIIMEHT MaTPULIACHIHBIH K3 KEeJNreH TYpl YIIIH €H Killll KBaJpaTTap apKbLIbl
€CENTI eIyl KaMTaMachl3 eTell, OyJI OHBI ocipece Maniaanbl 9IC TeIi.

Teopema 4. (I'pam-IImunar mnpouenypacsl) [206, p. 262] S :{31,32,33> 3p}
BEKMOPAAPObIY CHIZLIKMbIK, MIYECI3 HCublHmblebl Oenik. U;, 1<i<p BexTOpnapsiH
AHBIKTaUBIK

Coman KeniH Tz{ul,uz,u3> up} HOJJIIK €MeC BEKTOPJapJblH OPTOTOHAIIBI
JKUBIHTBIFBI )KOHE (T)=(S).

Teopema 5. [207, p. 345; 208, p. 128; 209-211] T - n oOapeoswceciniy mxn
mampuyacer oenik. Conda mxn 6ap mampuya Q, ouviy 6azanoapel 0pmo2oHAILObI
JHCUBLIHOBL KYPALObl JHCIHE IHCOAPRbl YUOYPulUmMbl Mampuya R OH OUA2OHAIbOb
anemenmmepi 6ap N, COHObIKMAH T = QR -

Jlonen. I'pam-11LIMuaT mpoiieaypackl Ke3-KeareH MaTpUllaHbl KaObUIIAabl dKoHE
MaTpuIla OaraHIapbIMEH KOIITEIreH OPTOTOHAJBILI BEKTOPJIAP MIbIFApaabl. AJIBIHFAH
JKUBIHHBIH 9pOip BEKTOpHI OacTamkbl MaTpulla OaraHIapbIHBIH CHI3BIKTHIK TIPKECIMI
00JbIN TaObUIABl. OpOip CHI3BIKTHIK KOMOWHALUUSHBIH KOA(()UIHEHTTEpPl HKOFapPFbI
yIOyYpsIIITEL R MaTpuuackiHaa cakranabl. Ocbuiaiiiia, opOip OpTOroHaNbAbl BEKTOP
OpTOHOPMAaJbAbl OOy YIIIH OHBIH HOpPMAChlHA Kepl PETIHAE ecenTenreHe, R -
MaTpHIla OnepausaapIbl CAaKTalIbI:

T=[tt,
1 _t;tZ
=ufu,] ™ T
0 1
1 -t
_[ala Ju tit,
1112 0 1
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T=QR

Moaudukanusuianrad ['pam-1LImuar
myHga Q-ma oproHOpManbael OaraHmap Oap KoHE R TONBIK JOPEXKE >KOFapFbI
YIIOYPBIIITE MaTPUILIAHBIH KBaJpaThl OOJBINT TaObUTaabl. KalbInTel TeHACYJIEpACH
KeJIECiH1 KepeMi3

TTx=T"h
Q'Q'Rx=R'Q’h
Rx=Q"h

Erep T Ttomslk nopesxere ne 6oica, Rx=Q' sxyiieci cunrymsapmsr emec [212, p.
203]. byn opmic opKallaH €H Killll KBaJpaTTap apKbUIbl €CENTIH Olpered MmeniMiH
YCBIHAJIbl, OUTKEHI 2-Teopema OOWBbIHIIA T OpKallaH TOJBIK JI9PEXKEre Wue.
Cunre3nenren n-OI'@:AK cononumepiepiHiH TEPMOAMHAMUKAIBIK MMapaMeTpiiepiH
aHpIKTay yiIiH QR bIIbIpaybIH KOJIJIaHY

180635 180635 0189
179788

179788 0188
178120

178120 0187
177303

177303 0187
176490

176490 0186
175685

175685 0185
174886

174886 0184
174091

174091 0183
173309

173309 0182
172532

172532 0181
171762

171762 0181
171002
1a00e 171002 0180
RITE 170245 0179

168748 ~tit, | |169493 0178

1 —t2| |168748 0178 ~
ig?g%g tit, |=|168011 0177 TR,=U
w28 1o 1 167278 0176
100552 166552 0175
165831 165831 0174
Loo100 165117 0174
164410 164410 0173
163701 163710 0172
163023 163023 0171
102342 162342 0171
101001 161667 0170
16100 161001 0169
16083/ 160337 0169
159018 159677 0168
159029 159029 0167

157745 158384 0167

PPRPPPRPRPPRPRPRPRPRPRPRPRPRPEPRPRPRPRRPRPRPRPRRRERERR
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180635
179788
178120
177303
176490
175685
174886
174091
173309
172532
171762
171002
170245
169493
168748
168011
167278
166552
165831
165100
164410
163701
163023
162342
161667
161001
160337
159677
159029
158384
157745

1

PPRPPPPRPPRPPPRPPRPRPRPRPRPRPRPRPRRERRRERERRRRRRER

QR1=|4896-10°

_titz

Au] ity

1
Ju|

[ -0303

-0281
—-0.259
-0238
-0217
—-0196
-0175
-0154
-0134
-0113
-0.093
-0073
—-0.053
—-0034
-0014

0024
0.043
0062
0.080
0.099
0117
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biz Q’h=b-marpumanslH BEKTOPJIBIK KOOSHTIHIICIH ecenTeliMi3, ColaH KEiiH

X -ke apHaiarad RX =Db -xyiteni b -BexTopsl 6ap R MaTpunanblH KeHEIOIMEH KoHE
YKOJIJTap CAaHBIHBIH a3al0BIMEH IIEIIeMi3

m=-10785=E = 23mR = 206233k/[/ Moinb
b=19838= A =e°=4126x10°

QR babIpaybl Ke3-KeNreH MaTpulamMeH — Kipic petigae rpam-lImuar
OpPTOTOHATHM3AIUS TTPOIIETYPAChl apKbUTbI THiIMII 00sianbl. COHBIMEH, MIEITMIl COTTI
ecenTey MaTpuila dJIeMEHTTEpiHe Tayel 1 emec. Ocbutaiiia, TeHrelIeKTey KaTeIiKTepl
OoJFaH XKaraiia 01 TYPaKThI )KOHE SKCIIEPUMEHTTIK HOTIDKETIEP YIITiH KYH/IBI eCenTey
KYpaJjbl 00JIbIN TaObLIaIbI.

3.9.4 CuHrynspibIK bIIBIpAY
Teopema 6. Erep T maxkrel MXN enmemzai MmaTpuiia 60iica OHIa OPTOrOHAIIBIbI
Martpuianap oap,

0= ] ore V=l ]

mynga U emmemi M sxome V. emmemi N, colikecinme T=USV". S -nmaronansmsr
AJIIEMEHTTEpl Oap IMaroHaIbJIbl MaTpHIa \/(5>1,> \/a , MYHJIAFbl 0,,> J,-MaTPULIAHbIH
MEHIIIKTI MoHaepi T'T [213, p. 374]. IlomumepnepaiH TepMOJAMHAMUKAIBIK
napameTpJiepiH aHbIKTAY YIIIH CHHTYIISIPIIBIK BIIBIpayAbl KOJIaHa OThIPHII, 013 T°T ,
d,, 0, MeHIIKTI MoHAepiH kepemi3. Ocpuraiimia, |  CHHTYISPJIBIK MOHIEPI
s,;= /0, =11.097 JKOHE S,=+0, =0.197 GONBIN TaObLIaABl. MaTPULAHBIH AUATOHAIIbI
AIIEMEHTTEP1 PETIHAEC CUHTYJISIPIBIK MOHIEP/Il OPHATIACTHIPY:

S = [sle1|sze2]:

MartpunaublH J, jkKoHE J, MaTpUILIAJIaphbl YIIIH MEHIIIKTI BeKTopiap T'T, X,

XKoHEe X, MaTpHIIAHBIH OaFaHIaphl PETIHAC KOPCETIITCH

v *:[X1|X2]* [— 0548 - 5.654}

-0.1 0.169

. 1 1
YHUTAPIIBIK MaTPUIIAHBIH QJIFAIIKBl €Ki OaraHbl Y,= ——TX; JKOHE Y,= —TX,,

\/51 V52
COJIaH KEeH1H MEHIIIKTI BeKTopjaap T T HOJIIK MEHIIIKTI MOH YIIIH Y,; Y,; Ys JKOHE

Ys, KQJIFaH OaraHap OOJIbIN TaObLIA kI, OChUIAMIIA:
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U=[y1| y2| y3| y4| yn]

—2049 -0051
—2042 -0.047
—-2035 -0.043
—-2028 -0.039
-2021  -0035
-2014 -0031
—2008 -0027
—-2001 -0.023
-1994 -0019
—-1987 -0015
—-1981 -0011

-1974 -7.030-10°°
-1968 -3198-10°°
-1962 -5980-10°*
-1955 4353.10°
U=|_-1949 808810°

-1943 0012
—-1936 0015
—-1930 0019
-1924 0.023
-1918 0.026
-1912 0.030
—-1906 0.033
-1901 0.037
—-1895 0.040
—-1889 0043
—-1883 0047
-1878 0050
—-1872 0053
-1867 0057
-9548 0100

U’h BekTOpsI Oap SV’ MaTpuUIlaHbI YIIFAUTY 5KOHE KOIAAPABI KBICKAPTY apKBLIBI
X ymin SV'x=Uh xyitecin mrermemis. Anaiina, U'h-Bektop SV'-0araH KEHICTIriHIE
KOK COHJABIKTaH KYHe 32x3 MaTpHIaHbl JUAroHalb OOMbIHIIA OIPIIKTEPMEH >KOHE
OapJBIK Keple HOeJre oTe JKaKbIH CaHAapMEH OCWHENeUTIH TypakThl eMec. EH ki
KBaJIpaTTap apKbUIbl €CENTIH MICeUIiMIH Taly VIIIH >KYHEHI KaJbINThl TEHACYJIEp
TYPFBICBIHAH CHITaTTaiMbI3. C=SV" sxoHe b=U’h nenik, cogaH KeHiH €CEnTi ISy YIIiH
C'Cx=C’b xyieciH eH KIIIl x KBaapaTTap djiciMeH miememi3. by 6epeni

m =—-10.785=E = 2.3mR = 206.233k /I / MoIb
b=19.838=A=e"=4.126x10°

T MaTpHIAChl TOJIBIK JOPEKETre We KOHE OChUIAMINA JUaroHadbIbl KyHe
CUHTYJISPJIBI €MEC JKOHE €H Killll KBaJapaTTapAblH 0acka oJICTepiH KOIAaHy bl KaKeT
ereqi. | TONBIK eMeC MaTpuia OOJBIN TaOBUIATBIH 0acka KOCBIMIIAIapia OHBIH,
CUHTYJISIPJIBIK BIIBIPAYBI €H Killll KBaIpaTTapbIH €KIHIII 9IICIH KOJAaHOai, eH Kill
KBaJpaTTap 9/1iCIMEH MICTTIM/II TIKeJIel OEpeTiH TeHeYyIep )KYUECIH MIbIFapaIbl.
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Kecre 17 — n-OI'®:AK comonumepriepiHiH TEpMOAECTPYKLHMS IMPOLIECIHIH
KUHETHKAJIBIK ITapaMeTpiiepi

XOJIEeNKUIBIH KanemTer CuHTYJIpIIbI QR-
BIIBIPAYBI TEeHJIeY BIIBIpAY BIIBIPAYBI
- o - <
2 | E 4 | E 4| 2| E
. ~ @ ~ b ~ @ ~ b
g - AR - 3 I - O R - QS
< * < * < N < *
> [SANNEY < SANEY; < [SANEY < Mo <
asom
)
o
~ — N ) ™
R ™ © N r~ N ™ N ™
. - N~ Ln (o] [{e]
g o < o M~ o - o —
NG I3V < Y ™ Y < I3V <
o)
52
S e T T o)
o N o ks o NG <t N N
0 < r~ N~
S o)) o o)) < o Lo o <
2 — ™ P ™ P ™ — ™
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o)
o
~ — N ™ ™
R o © 1 r~ — Ioe) 1 Ioe)
‘A L0 O (o]
i) S S 9 ~ S S = S
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o)
o)
S © T T o)
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< ol ~ N~
ot S Q. o r~ o 0 o Q.
3 13N o I3Y ) I3Y o I3V o

En kimn  kBagpaTTapabl  e€cenTey OMICTEPiHIH OpPKANCBHICBIHBIH — ©31HIIK
apTHIKIIBUIBIKTAphl MEH KeMmuiutikrepi ©Oap. byn omicrepain  keibipeynepi,
OackagapMeH CaJIbICTBIPFaH/a, APTHIKIIBIIBIKTAPFA ME KOHE TOIIIKKe ue. 17 —kectene
KOPCETUITeHJEH, OChl QIICTEPAIH OpPKAMCBHICHI AaKTUBTEHY DHEPrUSICHIH JKOHE
OKCIIOHEHIMAABl  (haKTOpABl TiKeNel Oaranay oniciMeH jkacayra OoJaThIHHAH
onJieKaiia 1o ecenrteiiii. bapibik eH kil KBaapaTTap 9/IicTepre MIelliM akKTUBTEHY
DHEPTUACHIHA J1a KAThICThI, SKCITOHSHITHANIBI (PaKTOpFa Ja KaThICTHI TOPTIHII Oenrire
teH. [lapagokcanbabl Typae, KajablThl TeHaeysiep MeH QR wimbipay omictepi ykcac
Hotmxenep o6epeni. by ['pamm-11Imuar oproronanuzamms nporemaypacsl apkbuibl QR
piibipaybl  RDF  (pagmannmer Tapary GyHKOHSACHI) ©pici  apKbUIbI  €CenTeyliep
OapbICBIHIIA JEpEeKTep MOHACPIH Non cakranael. Hotmxkecinme QR wimbipay omici
oIETTE KAJIBITITHI TEHALY 9/1iciHe YKcac. JlerenMeH, Oip MaHbI3 bl allbIpMAIIBUIBIK Oap
— Ooy1 QR wimpIpaybl JepekTepiil JOHTeNIeKTey KaTrelepl OoJifaH Karaailiapna
onjeKaiaa TypakTel. JleHrenekrey Karesiepi mnpoOsjeMa TyablpMaraH Karjaija,
KAJIBINTHI TEHJEY 9/1iC1 aHAFYPJIbIM KOJIalIbl, O©MTKEH1 OHbIH OapbichiHaa QR biabipay
o/liCiHAE KOJIJAHBUIATBIH €cenTeyiep oijaeKkainaa a3 Kosjganbuianel. Ocbliaiiiia,
€CEeNTEY JKBUIIaM/IBIFBI €H KOJIAWJIbI O0JIFaH Ke3/1e, X OJICIIKUIIIH KAJIBITIThI TCHICYIepi
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MeH (hakTopu3arys omici aHAFYPJIBIM KOJaiibl, cebebi ojapabl KOJJIaHy IIemIiMIi
Te3IpeK ajyra MYMKIHOIK Oepesl, ocipece YJKEH JepeKTep IKUBIHTHIFbIHIA.
CHUHTYISpIBIK BIABIPAY/IBI €CETTEeY 911 /1€ KUbIH, O1pak Oy 7 TOJBIK €MeC JopeKere ue
OOJIFaH Kar/1ai1a KoJaHbUIaThIH KaJIFbI3 91c. byt oiictep omap GepeTiH aknmapaTka
71a, €CeNTeY KbIIAM/IBIFBI MEH UKeM/IUTITIHE J¢ 6T¢ KYH/IBI.
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KOPBITBIHIBI

JluccepTalMsuibIK ~ JKYMBICTBI ~ OpPBIHJIAy OapbIChIHJIA aJbIHFAH  FHUIBIMU
3epTTEY/IH HOTHKeJIepl OOMBIHIIA KeJleCiIed KOPBIThIHABLIAP KacayFra 00JIaIbl:

1. KuHeTHukanblK ecenTeyjep HOTIKEIEpl MOJUITHICHIINKOIb(pYyMapaTieH
aKpUJl KBIIIKBUIBI COTMOJIMMEPJICPIHIH 1CIHY TIpOIeCi JKOFaphl KbUIIAMJIBIKIICH
xypetTiHiH kepcerti. [I-OI'D:AK 7,95:92,05 mons % cononumepi iCIHTeH Ke3ze
WHBAPUAHTTHl KHUHETHKAJBIK IMapaMeTpiiepl >KOFapbl MoHAEpre ue OoJajpl, JKOHE
nonumepe KIIII ynecinin apTybIMeH MoHEp ToMeH e 1. KapacTIpbLIbITT OThIpFaH
KaTtapJarbl KapOOKCHUJI TONTAPBIHBIH CAHBIHBIH apTybl TOMEH MOJICKYJATBIK TY3
KOCIaJapblHa CE3IMTAIIABIKTEI apTTHIPAAbl, al COHFBICBIHBIH KOHIICHTPAIHSICHI
YKOFapbhUTaiael. ['uaporenpaepAiH ICIHIeH KYHIEH MaKCHUMAaJJbl KbICBUIFAH KYHTe
aybICybl JUCKPETTUIINIMEH cHUMOaTTajagbl. AKpHUI KBIIIKbUIBI OipiikTeplt Oap
comojumepiiep yirH Oyl  KyObuibic nm-OI'd  TeMeH KOHIEHTpalusIapbIiHaa
OalikaJIaTBIHBIH aliTa KETy Kepek.

2. Op Typili TeMmIiepaTypaja ajblHFaH COMOJUMEP KaJAbIKTapbIHBIH
Mukpocyperrep anbigabl. T-OI'D:AK 7,95:92,05 mon. % OeriHiH MOpdOIOTHSCHI
KOIITEreH YCcaK JeHeC TY3UTIMACP/IIH O0IybIH KOPCETTi. YJITiHIH O€Ti CAIbICThIPMAJIbI
TYplle Teric KepiHei, Oipak MHUKpPO JEHrehje KIIIKeHTal epeKHemiKTepl Oap.
ComnonuMepie akpuil KBIIIKbUIBIHBIH KON 0OJybl OHBIH MOP()OIOTUSICH MEH
KYpbUIBIMBIHA ocep eTyi MyMmKiH. 89,05:10,95 mon. % xypambigarsl m-D0'@:AK
COTIOJIUMEPJIEPIHIH, MUKPOCYPETTEP1 COMOMMEPA]L TEPMUSIIBIK OHJICY OHBIH O€TIHJIE
KEYEeKTep MEH ycakK OeJIIeKTep/IiH maiiia 00IyblHA OKEITeHIH KOPCETTI.

3. TepMOTpaBUMETPUSIBIK TalAayIblH JEPEKTEpiH IMMaiagaHa OTBIPHIN II-
OI'®:AK cononmMepriepiHiH KHHETUKAJIBIK CUIIATTaMalIapbl MEH TEPMOIUHAMUKAIIBIK
napameTpJiepl anFaml per aHblKTamabl. Juddepenumanasl omicTepMeH anbIHFaH
aKTUBTCHNIIPY OHEPTUSCHIHBIH MOHJIIEpPl JKaKChl COMKECTIK KepceTTi. Aya
aTMoc(epachiHa KHHETUKAJIBIK MapaMeTpiiep HHEPTTIre KaparaHjaa TOMEH MOHEPTe
W€ €KEH/IIT1 aHBIKTAJIIbI.

4 KuHeTUKAJIBIK JEPEeKTeP/l ChI3BIKTAHABIPY 9p TYPJl MOJENIbICP KENTIpreH
AKTUBTCHJIIPY DHEPIHsCHl IIaMalibl ©3TE€PETIHIH KOHE TEPMUSIIBIK JECTPYKIUS
JKYPTi3UIreH dKCIIEPUMEHTTIK KYHere Toyenii eMec eKeHiH kepceTTti. by sxarmaiiga
HKCIIOHEHITUAJIBl KOOCUTKIII CBHIPTKBI TapaMeTpiiepAiH ©e3repyiHe ce3IMTal KOHE
OipHele peTke e3repel. Tyracrail anranna, opTypii MOJEIbACPMEH aHbIKTalFaH E
maMajnapel OipJiei e3repy TEeHACHIUSACHIH KepceTell, OyJl TaObUIFaH MoHAEpP.l
YKETKUTIKTI CEHIM/II JIeTT cCaHayFa MYMKIHIIK Oepe/ii.

5. TepMUANBIK bIABIPAYIbIH OHIMAEPIH (PU3MKA-XUMHUSIIBIK Talaay oAicTepi
keMeriMeH N-OI'@:AK cononmumepnepidiy kemipTeri TOThiFbl CO, KOMIPKBIIIKBLI
ra3zpl CO; cusiKThl ©HIMAep Ty3uieTiHiH kepceteal. TG/DSC-MS Ttannay Hotmxenepi
n-OI'd:AK conmonumMepingeri akpwiat OipJiKTepiHiH yieciHiH yiratobl (7,95:92,05
MOJTb.%) KeMmipTeri ToTbiFbl CO, KoMIpKBIIIKBUT Ta3bl CO2 CHUSKTHI YIIBI Ta3 TOPi3i
OHIMJICP/IIH TY3UTYIHIH €Ki €Ce a3al0blHa JKEJIE/I.

Kotivinean minoemmep wewiminiy moavlkmolebii Oaeanay.
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[lonusTHneHrmukoabpyMapaTneH akpuwil  KBIIIKBUIBI  COMOJUMEPIIEPIHIH
TEPMUSIIBIK TYPaKTHUIBIFBl MEH TEPMHUSUIBIK BIIBIpAY KUHETHUKAChl Oarajiay apKbLibl
JUCCEPTALMSUIBIK ~ JKYMBICTA KOWBUIFAaH MIHACTTEP TOJBIFBIMEH  OPBIHIANIbI.
TepMorpaBUMETPUSUIBIK ~ TAJIJAyAbIH H30TEPMUSIIBIK €MeC JIePEKTepiH KOJAaHy
KMHETHKAJIBIK ITapaMeTpJiepl aHbIKTay1a 5KOFapbl TIQJAIKKE KOJ AKETKI3yre MYMKIHIK
Oepai, O MoAMMeEpIEpAiH TYPAKTBUIBIFBIH 3€PTTEYTe KO3KAPACTHIH TOJIBIKTHIFbI MEH
YKaH-KaKTBUIBIFBIH KOpCeTell. 3epTTey HOTUXKECIHIe OaFaapiaMaibIiK KYpiiaIblH KOJIbI
xa3puabl (Koceimmma A). Con Garmapiamara aBTOPIBIK Kyouik anbrabin (KockiMia
b), oky mpornecine enri3zy aktici (Koceimmia B) jkoHe yHHMEBpCHTETKE MaiimanaHy
KYKbIFbIH ~ Oepy  kemiciM-mapTel  ckacaiabl  (Koceimma T7).  KuneTukambik
napameTpiiepl €CenTeyre apHajaFaH OaraapiiaMaliblK JKacaKTaMaHbl 931piiey Tajjay
MIPOIIECIH aBTOMATTAHIBIPYIbI KAMTAMACKI3 €TTi, OVJI abIHFaH HOTYDKEIISPIiH JOJIIIT
MEH KalTalaHybIH apTTBIPBI.

Homuoicenepoi nakmwvl natioanany mypanvl YCblHbiICmap MeH Oacmankbl
Oepekmepoi a3ipiey:

- benrini Oip KHHETHUKANBIK JKOHE TEPMOJMHAMUKAIIBIK MapameTpiepai
TEPMUSIIBIK KOHE XUMUSJIBIK ocepre TO3IMIUIIN KOFaphl JKaHAa TMOJUMEpI
KOMITO3UIIMSUTIAPBI JKacayia KoJaHyFa 00oJabl.

- 3epTTedreH  akpwi  KbIIKBUIBI ~ 0ap  MOJUATHUICHIIMKOIb(pyMapar
COTIOJIMMEPJIEPIHIH bIIBIpAY MEXaHW3M1 OpraHU3M MEH KOpIllaFaH OopTa YIIIH Kayirci3
OouonerpaganysiiaHaTblH MaTepUalapAbl *Kacay YIIIH maiijaibl AepekTep Oepel.
Hotmxenep OHONOTUAIBIK BIABIPAWTHIH KanTamanapJbel *oHe Oenrim Oip blabIpay
KBUTTAMIBIFEIMEH HMMIUIAHTAIASIIAHATEIH MEIUIIMHAIBIK KYPBUIFBUTAPBI  931pJey
Ke31HJ€ HYCKAYJIbIK PETIH/E Maii1ajJaHbLTybl MyMKIH.

- Kunetukanmelk mapameTpiiepai  €cenTeyre apHajgFaH OarmaapiamMaiiblK
KacaKTama MaTepHuaAapblH TYPaKTHUIBIFBIH TalJayMEH aWHAaJbICATBHIH FHIIBIMH
3epTXaHaJap MEH OHJIPICTIK KOCIMOPBIHAAP VIIIH CTAaHAAPTThl Kypajdl pETiHAe
YCBIHBUTYBI MYMKiH. OJ Tayijay IpoleciH aBTOMAaTTaHABIPYIbl KaMTamachl3 eTejl,
KATCMKTEPJIH BIKTUMAIBIFBIH a3alTaZbl JKOHE HOTIDKEICPIH KaWTalaHybIH
apTThIpaabl, OYJ o3ipiiey JKOHE camaHbl OakpUIay KE3€HIHJE MaTepuaiaapiblH
KACHETTEpIH CeHIM/II OarasiayFa bIKIajl eTell.

Homuoicenepoi enecizyoiy mexHuxkaivlK-3KOHOMUKANBIK MULMOLLIZIH Oazanay.

OHIMI1 K11 ayBICTBIPY KQXKETTIIITIH TOMEHACTETIH KOHE OHIIPIC IIBIFBIHIAPBIH
a3alTaThIH TYPaKThl MaTepuajaap *xacay. MaTepuangapabl KoJere JkapaTy MEH KaiTa
oHJieyre OallTaHBICTBI HIBIFBIHAAPABI a3alTy, COHAal-aK JailblH ©HIMHIH CalachiH
KakcapTy. O3IpJCHTeH OargapiiaMaliblK JKacaKTamMa KHHETHKAJIBIK IapamMeTpiiepi
€CENTEY i aBTOMATTAH IBIPAJIbI, OYJI Talaayabl KbUIIaMIaTa b, CHOCK IIBIFBIHIAPBIH
azalTajapl JKOHE KaresepAl azadTanbl. HoTmxkeciHze 3epTxaHalnap MEH 3e€pTTey
OeJiiMepl KYMBICBIHBIH THIMAUIT apTajabl, Oy KaHa OHIMJAEPJl 93Ipjiey MeH
HapblKKa IIBIFAPY YaKbITBIH KBICKAPTyFa BIKMAT erefi. Marepuanmapabia
TYPaKTBUIBIFBI MEH BIIBIpAY TapaMeTpiiepiH ANIpeK TYCIHY OHIMHIH CanachiH
OaKpUIayABI XKAKCAPTYFa MYMKIHJIIK Oepei.

Ocsl canagarbl V341K )KETICTIKTEPMEH CabICThIPFaHa OPBIH/IATFAH KYMBICTHIH
FBUTBIMH JICHT€H1H Oaranay.
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[lonuaTHieH comonuMepiepiHiH bIAbIpAY MEXaHU3MIH 3€pTT€y MaHbI3/bI
JKETICTIK OOJBIN TaObLIA/bl, OWTKEHI OYJ acleKT FBUIBIMU JJIeOUETTEp/e >KAKCHI
TyciHUIMEeTeH. JKYMBICTBIH HOTHDKEJIEpl SKOJIOTHSJIBIK Tas3a >XKoHe OuoyiiiecimMal
MaTepuaggapabl OJaH Opi 3epTTEyre KoHe d31piieyre Heri3 00J1a anajbl, Oy 3epTTeyai
noJIUMEpIIEPTiH OMOoIerpadaysiChl CaTachIHIaFbl €H JKaKChl dKYMBICTApMEH JICHTeHTe
KOSIZIBl. AJIBIHFAH MOJIMETTEp MEH YCHIHBICTAP KOJIaHYAbIH KCH CIEKTPiHEe He JKOHE
oJIap/ibl OMOMETUITMHAIaH OacTall OHEPKCIITIK OHIIPICKe ISHIHT1 op TYpJIi cajajgapra
Oeiiimaeyre Oosanabpl. Bynm Tocim FRUTBIMM HOTIDKENEpPl TMpakTUKara OIpIKTIpYIiH
QNIEeMIIIK TEHICHIUsJIApPhIHA COMKeC Kenemi, Oyl KYMBICTHIH KOFaphl FHUIBIMU
JIEHTCHiH JKOHE OHBIH MaTEepPHAITaHy MEH KOJAaHOAIbI XMMHS CalTachIHIAFBl O3BIK
KETICTIKTEPTe COMKECTIT1H KOpCeTeIi.

115



MMAHJAJTAHAJIAFAH 9JIEBUETTEP TI3IMI

1 Menmytkun b.H. Wctopus tepmudeckoro ananuza // 13B. Cexropa ¢us. —
xuM. ananmza MOHX AH CCCP, — 1936. — Ne8. — C. 373.

2 Anukun A.I'., lyraueBa I''M. OmnpeneneHue Majibix TEIJIOBBIX 3()(PEeKTOB
metoaom tepmorpacduu // Tokn. AH CCCP. — 1961. - Ne3. — C. 135.

3 Arees H.B., llloiixer [I.C. Tepmuueckuil aHaau3 METaJJIOB U CIUIABOB. —
JleHuHIpaACKUl MHTyCTPUAIIBHBIN UHCTUTYT, 1936. — 182 c.

4 Bbepr JL.I'. CoBpemMeHHOE COCTOSTHUE TepMOorpaduu U MyTH ee pa3BuUTus //
Tpynst 1-ro coemanus no Tepmorpaduu. — M.; JI.: Usa-so AH CCCP, 1955.-C. 15-
18.

5 bepr JL.I'. Benenue B Tepmorpaduto. — M.; JI.: U3n-Bo AH CCCP, 1955. —
396 c.

6 bepr JLI'., SIrdapos M.III. O BAMSHUK HEKOTOPHIX (PAKTOPOB Ha XapaKTep
tepmorpaduyeckoit 3anucu // Tpyasl 1-ro Cosemr. o repmorpaduu. M. — JI.: U3a-Bo
AH CCCP, 1955. - C. 114-118.

7. Qunaxropckuit H.JI. Metons! Tepmuueckoro ananmmsa // U3s. AH 3¢tCCP, —
1952. — T.1. Ne 3. — C. 35-37.

8 KazakoB A.B., AnnpuanoB K.C. Meroauka tepmudeckoro anaiusza // CO.
nocesl. Akaa. BepHanckomy, 1.2. M: 1936.

9. Banosa B.II. TepmoBecoBast yCTaHOBKa U €€ TPUMEHEHUE 11 CKOPOCTHOTO
dazoBoro ananuza. Mudopm. CO. Beec. H. — H. reon. un-ta, 1955, Nel.

10 Karam 1O. b., bamxkxwupoBa A.H. Ilpumenenme muddepeHnmnanpbHOn
Tepmonapsl 17151 kuHetnyeckux uzmepenuit // U3s. AH CCCP, otn. Texn. Hayk, 1948,
No 3, ctp. 349.

11 Kpamapyxun HO. E. Ilpubopsl ang uaMepeHus temneparypbl. — M.:
Mammnoctpoenue, 1990. — 208 c.

12 Kanyctunckuit A.®. bapckmit FO.II. Tepmorpaduueckuii mMeton
onpeneneHus TerioBbix dddexTor / U3B. CekTopa dus.- xum. Anammza MOHX AH
CCCP, 1950. 20, ctp. 317.

13 Kunmxepu B.J[. U3mepenus npu BeICOKUX Temreparypax. — M., 1963.

14 3axapoB M.B. VcraHoBieHHEe ONTUMAJIBHBIX PEXHMOB HarpeBa u
oxnaxaenus npu {TA // 3aBoackas gadop., 1939, 8, Ne 9.

15 Daniels T.C. Thermal Analysis. — NY.: John Wiley & Sons, 1973.

16 TTonoB M.M. Tepmometpus u kanopumerpus. — M., 1954,

17. Ramachandran V.S, Paroli R. M., Beaudoin J. J., Delgado A. H. Handbook
of Thermal Analysis of Construction Materials. — New York: William Andrew
Publishing, 2002. — 680 p.

18 Brown M. Introduction to Thermal Analysis Techniques Applications. — New
York: Kluwer Academic Publishers, 2004. — 264 p.

19 Speyer R. F. Thermal Analysis of Materials. — New York: Marcel Dekker,
1993.- 285 p.

20 Kypnaxos H.C. HoBerit mpubop 111 3anucu kpuBbix HarpeBanus. — JK.Poc.
¢uz.-xum. O6-Ba, 1904, 36, ctp. 841.

116



21 bepr JL.T'., Uypunos I'.I". [Tupometp Kypnakosa. —3n-so AH CCCP, 1942

20 bepr JI. I'.. Brenenue B Tepmorpaduto. Bropoe qomojiHeHHOE H3IaHUE. —
M.: Hayka, 1969. — 396 c.

21 Illecrak . Teopus Tepmudeckoro ananmmsa: OU3NKo-XUMHUYECKHUE CBONCTBA
TBEPABIX HEOpranmdeckux BemecTs: Ilep. c. anri. — M.: Mup, 1987. — 456 c.

22 T'occopr XK. Undpakpacnas repmorpadus. OCHOBbBI, TEXHUKA, TPUMEHEHHE.
— M.: Mup, 1988. — 383 c.

23 I'epamenko O. A., ®enopos B. I'. TemnoBsie u TemnepaTypHble U3MEPEHUS:
crpaBoYHOE pyKoBOACTBO. — Kuer: HaykoBa qyma, 1965. — 304 c.

24 VVyazovkin S., Burnham A.K., Criado J.M., Pérez-Maqueda L.A., Popescu
C., Shirrazzuoli N. /[ ICTAC Kinetics Committee recommendations for
performingkinetic computations on thermal analysis data, Thermochim. Acta. — 2011.
—Vol. 520. - P. 1-19.

25 Vyazovkin S. The handbook of thermal analysis and calorimetry, in: Brown
M.E., Gallagher P.K. (Eds.). — Recent Advances Techniques and Applications Elsevier,
2008, P. 503-538.

26 Gallagher P.K., The handbook of thermal analysis and calorimetry, in:
M.E.Brown (Ed.), Principles and Practice, vol. 1: Elsevier, Amsterdam, 1998, P. 225—
278.

27 Gallagher P.K., Blaine R., Charsley E.L., Koga N., Ozao R.,. Sato H,
Sauerbrunn S., Schultze D., Yoshida H. Magnetic temperature standards for TG // J.
Therm. Anal. Calorim. — 2003. — Vol. 72. — P. 1109-1116.

28 McGhie A.R., Chiu J., Fair P.G., Blaine R.L. Thermogravimetric apparatus
temperature calibration using melting point standards // Thermochim. Acta. —1983. —
Vol. 67. — P. 241-250.

29 Vyazovkin S., Dranca I. A DSC study of a- and b-relaxations in a PS-
claysystem // J. Phys. Chem. B. — 2004. — Vol. 108. — P. 11981-11987.

30 Chen K., Vyazovkin S. Isoconversional kinetics of glass aging // J. Phys.
Chem. B. —2009. — Vol. 113. — P. 4631-4635.

31 Chen K., Vyazovkin S. Temperature dependence of sol-gel conversion
Kinetics in gelatin-water system, Macromol. Biosci. — 2009. — Vol. 9. — P. 383-392.

32 Vyazovkin S., Yancey B., Walker K. Nucleation driven Kkinetics of
poly(ethyleneterephthalate) melting // Macromol. Chem. Phys. — 2013. — Vol. 214. —
P. 2562-2566.

33 Vyazovkin S., Yancey B., Walker K. Polymer melting Kinetics appears to be
driven by heterogeneous nucleation // Macromol. Chem. Phys. — 2014. — Vol. 215. —
P. 205-2009.

34 Bawn C.E.H., in: W.E. Garner (Ed.), Chemistry of the Solid State,
Butterworth, London, 1955, pp. 254-267.

35 Vyazovkin S., Clawson J.S., Wight C.A. Thermal dissociation kinetics of
solid and liquid ammonium nitrate // Chem. Mater. — 2001. — Vol. 13. — P. 960-966.

36 Hedvall J.A. Changes in crystal structure and their influence on the reactivity
and catalytic effect of solids // Chem. Rev. — 1934. — Vol. 15. — P. 139-168.

117



37 Gallagher P.K. The handbook of thermal analysis and calorimetry, in: Brown
M.E., Gallagher P.K. (Eds.), Applications to Inorganic and Miscellaneous Materials,
vol. 2, Elsevier, Amsterdam, 2003. — P. 191-260.

38 Galwey A.K. Structure and order in thermal dehydrations of crystalline solids
// Thermochim. Acta. — 2000. — Vol. 355. — P. 181-238.

39 Koga N. Tanaka H. A physico-geometric approach to the kinetics of solidstate
reactions as exemplified by the thermal dehydration and decomposition of inorganic
solids // Thermochim. Acta 388 (2002) 41-61.

40 Khawam A., Flanagan D.R. Solid-state kinetic models: basics and
mathematical fundamentals // J. Phys. Chem. B — 2006. — Vol. 110. - P. 17315-17328.

41 Koga N., Malek J., Sestak J. H. Tanaka. Data treatment in non-isothermal
Kinetics and diagonostic limits of phenomenological models // Netsu Sokutei. — 1993.
-Vol. 20. — P. 210-223.

42 Koga N., Criado J.M. Kinetic analyses of solid-state reactions with a
particlesize distribution // J. Am. Ceram. Soc. — 1998. — Vol.81. — P. 2901-2909.

43 Tanaka H., Koga N. Self-cooling effect on the kinetics of nonisothermal
dehydration of lithium sulfate monohydrate // J. Therm. Anal. — 1990. — Vol. 36. — P.
2601-2610.

44 Koga N., Criado J.M. The influence of mass transfer phenomena on the
kinetic analysis for the thermal decomposition of calcium carbonate by constant rate
thermal analysis (CRTA) under vacuum // Int. J. Chem. Kinet. — 1998. — Vol. 30. — P.
737-744.

45 Koga N. Goshi Y., Yamada S., Pérez-Maqueda L.A. Kinetic approach to
partially overlapped thermal decomposition processes // J. Therm. Anal. Calorim. —
2013. —Vol. 111. —P. 1463-1474.

46 Tanaka H., Koga N., Galwey A.K. Thermal dehydration of crystalline
hydrates: microscopic studies and introductory experiments to the kinetics of solidstate
reactions // J. Chem. Educ. — 1995. — Vol. 72. — P. 251-256.

47 Koga N., Goshi Y., Yoshikawa M., Tatsuoka T. Physico-geometrical kinetics
of solid-state reactions in an undergraduate thermal analysis laboratory // J. Chem.
Educ. — 2014. — Vol. 91. — P. 239-245.

45 Brown M.E., Maciejewski M., Vyazovkin S., Nomen R., Sempere J.,
Burnham A., Opfermann J., Strey R., Anderson H.L., Kemmler A., Keuleers R.,
Janssens J., Desseyn H.O., Li C.-R., Tang T.B., Roduit B., Malek J., Mitsuhashi T.
Computational aspects of kinetic analysis. Part A: The ICTAC kinetics project: data,
methods, and results // Thermochim. Acta. —2000. — Vol. 355. —P. 125-143.

46 Sestak J., Thermal Analysis. Part D: Thermophysical Properties of Solids:
their Measurements and Theoretical Thermal Analysis. — New York: Elsevier, 1984.

47 Sestak J., Science of Heat and Thermophysical Studies. A Generalized
Approach to Thermal Analysis, Elsevier: Amsterdam, 2008. — P. 503.

48 Burnham A.K., Weese R.K., Wemhoff A.P., Maienschein J.L. A historical
and current perspective on predicting thermal cookoff behavior // J. Therm. Anal.
Calorim. — 2007. — Vol. 89. — P. 407-415.

118



49 Vyazovkin S. Kinetic concepts of thermally stimulated reactions in solids:
aview from a historical perspective // Int. Rev. Phys. Chem. — 2000. — Vol. 19. — P. 45—
60.

50 Vyazovkin S. On the phenomenon of variable activation energy for
condensedphase reactions // New J. Chem. — 2000. — Vol. 24. — P. 913-917.

51 Burnham A.K., Braun R.L. Global kinetic analysis of complex materials //
Energy Fuels. —1999. — Vol. 13. — P. 1-22.

52 Burnham A.K. An nth-order Gaussian energy distribution model for sintering
// Chem. Eng. J. — 2005. —Vol. 108. — P. 47-50.

53 Sestak J., Berggren G. Study of the kinetics of the mechanism of solid-state
reactions at increased temperature // Thermochim. Acta . — 1971. — Vol. 3. - P. 1-12.

54 Burnham A.K., Braun R.L., Gregg H.R., Samoun A.M. Comparison of
methods for measuring kerogen pyrolysis rates and fitting kinetic equations // Energy
Fuels. — 1987. —Vol. 1. —P. 452.

55 Roduit B., Folly P., Berger B., Mathieu J., Sarbach A., Andres H., Ramin M.,
Vogelsanger B. Evaluating SADT by advanced kinetics-based simulation approach //
J. Therm. Anal. Calorim. — 2008. — Vol. 93. — P. 153-161.

56 Sbirrazzuoli N. Is the Friedman method applicable to transformations with
temperature dependent reaction heat? // Macromol. Chem. Phys. -2007. —Vol. 208. -P.
1592-1597.

57 Starink M.J. Activation energy determination for linear heating experiments:
deviations due to neglecting the low temperature end of the temperature integral // J.
Mater. Sci. — 2007. — Vol. 42. — P. 483-489.

58 Vyazovkin S., Sbirrazzuoli N. Isoconversional kinetic analysis of thermally
stimulated processes in polymers // Macromol. Rapid Commun. —2006. — Vol. 27. —
P. 1515-1532.

59 Braun R.L., Burnham A.K. Analysis of chemical reaction kinetics using a
distribution of activation energies and simpler models // Energy Fuels. — 1987. — Vol.
1.—P. 153-161.

60 Starink M.J. The determination of activation energy from linear heating rate
experiments: a comparison of the accuracy of isoconversion methods // Thermochim.
Acta. — 2003. — Vol. 404. — P. 163-176.

61 Doyle C.D. Estimating isothermal life from thermogravimetric data // J. Appl.
Polym. Sci. — 1962. —Vol. P. 6639.

62 Ozawa T. A new method of analyzing thermogravimetric data // Bull. Chem.
Soc. Japan. — 1965. — Vol. 38. — P. 1881.

63 Flynn J.H., Wall L.A. General treatment of the thermogravimetry of
polymers, J. Res. Nat. Bur. Standards, Part A. — 1966. — VVol. 70. — P. 487-492.

64 Akahira T., Sunose T. Method of determining activation deterioration
constant of electrical insulating materials // Res. Report Chiba Inst. Technol. (Sci.
Technol.). — 1971. — Vol. 16. — P. 22-31.

65 Flynn J.H. The isoconversional method for determination of energy of
activation at constant heating rates // J. Therm. Anal. — 1983. — Vol. 27. — P. 95-102.

119



66 Sbirrazzuoli N., Girault Y., Elégant L. Simulations for evaluation of kinetic
methods in differential scanning calorimetry. Part 3—Peak maximum evolution
methods and isoconversional methods // Thermochim. Acta. — 1997. — Vol. 293. — P.
25-37.

67 Vyazovkin S., Dollimore D. Linear and nonlinear procedures in
isoconversional computations of the activation energy of thermally induced reactions
in solids // J. Chem. Inf. Comp. Sci. — 1996. — Vol. 36. — P. 42-45.

68 Vyazovkin S. Evaluation of the activation energy of thermally stimulated
solidstate reactions under an arbitrary variation of the temperature // J. Comput. Chem.
—1997. — Vol. 18. — P. 393-402.

69 Vyazovkin S. Modification of the integral isoconversional method to account
for variation in the activation energy // J. Comput. Chem. — 2001. —Vol. 22. — P. 178—
183.

70 Budrugeac P. Differential non-linear isoconversional procedure for
evaluating the activation energy of non-isothermal reactions // J. Therm. Anal.
Calorim. — 2002. — Vol. 68. — P. 131-1309.

71 Vyazovkin S. Vincent L., Sbirrazzuoli N. Thermal denaturation of collagen
analyzed by isoconversional method // Macromol. Biosci. — 2007. — Vol. 7. — P.1181-
1186.

72 Chen K., Vyazovkin S. Temperature dependence of sol-gel conversion
Kinetics in gelatin—water system // Macromol. Biosci. — 2009. — Vol. 9 —P. 383-392.

73 Dranca l., Vyazovkin S. Thermal stability of gelatin gels: effect of preparation
conditions on the activation energy barrier to melting // Polymer. — 2009. — Vol. 50. —
P. 4859-4867.

74 Chen K. Vyazovkin S. Isoconversional kinetics of glass aging // J. Phys.
Chem. B. — 2009. — Vol. 113. — P. 4631-4635.

75 Vyazovkin S. Dranca I. Isoconversional analysis of combined melt and glass
crystallization data // Macromol. Chem. Phys. — 2006. — Vol. 207. — P. 20-25.

76 Alzina C. Sbirrazzuoli N., Mija A. Hybrid nanocomposites: advanced
nonlinear method for calculating key kinetic parameters of complex cure kinetics, J.
Phys. Chem. B —2010. — Vol. 114. — P. 12480-12487.

77 Kissinger H.E. Reaction kinetics in differential thermal analysis // Anal.
Chem. — 1957. — Vol. 29. — P. 1702-1706.

78 Chen D., Gao X., Dollimore D. A generalized form of the Kissinger equation
// Thermochim. Acta. —1993. — Vol. 215. - P. 109-117.

79 Braun R.L., Burnham A.K. Analysis of chemical reaction kinetics using a
distribution of activation energies and simpler models // Energy Fuels. —1987. — Vol.1.
—P. 153-161.

80 Criado J.M., Ortega A. Non-isothermal transformation kinetics: remarks on
the Kissinger method // J. Non-Cryst. Solids. —1986. — VVol.87. — P.302-311

81 Criado J.M., Ortega A. Non-isothermal crystallization kinetics of metal
glasses: simultaneous determination of both the activation energy and the exponent n
of the JMA Kkinetic law // Acta Metall. -1987. — Vol. 35.— P. 1715-1721.

120



82 Budrugeac P., Segal E. Applicability of the Kissinger equation in thermal
analysis: revisited // J. Therm. Anal. Calorim. — 2007. — Vol. 88. — P. 703-707.

83 Farjas J., Butchosa N., Roura P. A simple kinetic method for the
determination of the reaction model from non-isothermal experiments // J. Therm.
Anal. Calorim. — 2010. — Vol. 102. — P. 615-625.

84 Sanchez-Jimenez P.E., Criado J.M., Perez-Maqueda L.A. Kissinger kinetic
analysis of data obtained under different heating schedules // J. Therm. Anal. Calorim.
—2008. — Vol. 94. — P. 427-432.

85 Vyazovkin S. Is the Kissinger equation applicable to the processes that occur
on cooling? Macromol. Rapid Commun. -2002. —Vol. 23.—P. 771-775.

86 Burnham A.K. Application of the Sestak—Berggren equation to organic and
inorganic materials of practical interest // J. Therm. Anal. Calorim. — 2000. —\Vol. 60.
P. 895-908.

87 Braun R.L., Burnham A.K. Pyrolysis kinetics for lacustrine and marine
source rocks by programmed micropyrolysis // Energy Fuel. -1991. —Vol. 5. — P. 192—
204.

88 Takhor R.L., in: L.L. Hench, S.W. Freiman (Eds.), Advances in Nucleation
and Crystallization of Glasses // Amer. Ceram. Soc., Columbus, OH, —1971. — P. 166—
172.

89 Mahadevan S., Giridhar A., Singh A.K. Calorimetric measurements on As—
Sb-Se glasses // J. Non-Cryst. Solids. —1986. — Vol. 88. — P. 11-34.

90. Starink M.J. Comments on “Precipitation kinetics of Al-1.12Mg2Si—0.35Si
and Al-1.07Mg2Si—0.33Cu alloys” // J. Alloys Compd. — 2007. —Vol. 433. — P.4-6.

91 Lesnikovich A.l., Levchik S.V. A method of finding invariant values of
Kinetic parameters // J. Therm. Anal. — 1983. —Vol. 27. P. 89-93.

92 Friedman H. L. Kinetics of thermal degradation of char-forming plastics from
thermogravimetry. Application to a phenolic plastic // Journal of Polymer Science. —
1964. — Vol. 6. — P. 183-185.

93 Flynn J.H., Wall L.A., A Quick, Direct Method for the Determination of
Activation Energy from Thermogravimetric Data // Polymer Letters. —1966. —-\Vol. 4. —
P. 323-328.

94 Budrugeac P., Criado J.M., Gotor F.J., Malek J., Perez-Maqueda L.A., Segal
E. On the evaluation of the nonisothermal Kkinetic parameters of
(GeS2)(0.3)(Sh2S3)(0.7) crystallization using the IKP method // Int. J. Chem. Kinet. -
2004. — Vol. 36. — P. 309-315

95 Budrugeac P. The Kissinger law and the IKP method for evaluating the
nonisothermal kinetic parameters // J. Therm. Anal. Calorim. -2007. —Vol. 89. — P.
143-151.

96 Vyazovkin S. A unified approach to kinetic processing of nonisothermal data
//'Int. J. Chem. Kinet. -1996. —Vol. 28. —P. 95-101.

97 Malek J. The kinetic-analysis of nonisothermal data // Thermochim. Acta. -
1992. —Vol. 200. —P. 257-269.

98 Kissinger H. E. Reaction kinetics in differential thermal analysis // Analytical
Chemistry. — 1957. —V. 29. —P. 1702-1706.

121



99 Criado J.M., Malek J., Ortega A. Applicability of the master plots in
Kineticanalysis of non-isothermal data // Thermochim. Acta. —1989. —Vol. 147. —P.
377-385.

100. Vyazovkin S., Wight C.A. Model-free and model-fitting approaches to
Kinetic analysis of isothermal and nonisothermal data // Thermochim. Acta. —-1999. —
Vol. 340-341. — P. 53-68.

101 Perez-Maqueda L.A., Criado J.M., Gotor F.J., Malek J. Advantages of
combined kinetic analysis of experimental data obtained under any heating profile // J.
Phys. Chem. A. —2002. — Vol. 106. — P. 2862—-2868.

102 Perez-Maqueda L.A., Criado J.M., Sanchez-Jimenez P.E. Combined kinetic
analysis of solid-state reactions: a powerful tool for the simultaneous determination of
Kinetic parameters and the kinetic model without previous assumptions on the reaction
mechanism // J. Phys. Chem. A. — 2006. — Vol. 110. — P. 12456-12462.

104 Opfermann J. Kinetic analysis using multivariate non-linear regression 1.
Basic concepts // J. Therm. Anal. Calorim. — 2000. —Vol. 60. — P. 641-658.

105 Chabros A., Gawdzik B., Podkoscielna B., Goliszek M., Paczkowski P.
Composites of unsaturated polyester resins with microcrystalline cellulose and its
derivatives // Materials. — 2020. — Vol. 13. — P.62—75.

106 Gawdzik B., Matynia T. Synthesis and modification of epoxy-based divinyl
ester resi // J. Appl. Polym. Sci. — 2001. — Vol. 81. — P. 2062-2067.

107 Kandelbauer A., Tondi G., Zaske O.C. Goodman S.H. Unsaturated
polyesters and vinyl esters. In: Dodiuk H., Goodman S.H., editors. - Handbook of
Thermoset Plastics. 3rd ed. William Andrew; San Diego, CA, USA, 2014. — P. 111-
172.

108 Jozefiak K., Michalczyk R. Prediction of structural performance of vinyl
ester polymer concrete using FEM elasto-plastic model // Materials. — 2020. — Vol. 13.
— P. 4034.

109 Sokoli H.U., Sogaard E.G. Supercritical degradation of unsaturated
polyester resin composites using alcohols // Chem. Eng. Trans. — 2015. — Vol. 43. —
P.967-972.

110 Marcovich N.E., Reboredo M.M., Aranguren M.l. Mechanical properties of
woodflour unsaturated polyester composites // J. Appl. Polym. Sci. — 1998. — Vol. 70.
-P. 2121-2131.

111 Ali J.B., Musa A.B., Danladi A., Bukhari M.M., Nyakuma B.B. Physico-
mechanical properties of unsaturated polyester resin reinforced maize cob and jute
fiber composites // J. Nat. Fibers. — 2020. — P. 1-12.

112 Ikladious N.E., Shukry N., El-Kalyoubi S.F., Asaad J.N., Mansour S.H.,
Tawfik S.Y., Abou-Zeid R.E. Eco-friendly composites based on peanut shell
powder/unsaturated polyester resin// Proc. Inst. Mech. Eng. Part L J. Mater. Des. Appl.
—2017. —Vol. 233. — P. 955-964.

113 Tran D.T., Nguyen D.M., Ha Thuc C.N., Dang T.T. Effect of coupling
agents on the properties of bamboo fiber-reinforced unsaturated polyester resin
composites // Compos. Interfaces. — 2013. — Vol. 20. — P. 343-353.

122



114 Wahono S., Irwan A., Syafri E., Asrofi M. Preparation and characterization
of ramie cellulose nanofibers/CaCO3 unsaturated polyester resin composites // ARPN
J. Eng. Appl. Sci. — 2018. — Vol. 13. P. 746-751.

115 Ismail M., Foisal M.R.A., Kumer A., Nasrin O.T., Islam M.Z. The
Investigations on the physico-mechanical properties of jute fiber reinforced
unsaturated polyester resin (UPR) composites // Chem. Sci. Int. J. 2018. — VVol.22. —P.
1-14.

116 Nagaprasad N., Stalin B., Vignesh V., Ravichandran M., Rajini N., Ismail
S.0. Effect of cellulosic filler loading on mechanical and thermal properties of date
palm seed/vinyl ester composites // Int. J. Biol. Macromol. — 2020. — Vol. 147. — P. 53—
66.

117 Vohlidal J. Polymer degradation: A short review // Chem. Teach. Int. —
2021. — Vol. 3. —P. 213-220.

118 Brebu M. Environmental degradation of plastic composites with natural
fillers—A review // Polymers. — 2020. — Vol. 12. — P.166. 119 Tokiwa Y., Calabia
B.P., Ugwu C.U., Aiba S. Biodegradability of plastics // Int. J. Mol. Sci. — 2009. — Vol.
10. — P. 3722-3742.

120 Breister A.M., Imam M.A., Zhou Z., Ahsan M.A., Noveron J.C.,
Anantharaman K. Soil microbiomes mediate degradation of vinyl ester-based polymer
composites // Commun. Mater. — 2020. — Vol.1. — P. 101.

121 Paczkowski P., Puszka A., Miazga-Karska M., Ginalska G., Gawdzik B.
Synthesis, characterization and testing of antimicrobial activity of composites of
unsaturated polyester resins with wood flour and silver nanoparticles // Materials. —
2021. - Vol. 14. - P. 1122.

122 EN 1SO . 868:2003 Plastics—Plastics and Ebonite—Determination of
Indentation Hardness by Means of a Durometer (Shore Hardness) International
Organization of Standardization; Geneva, Switzerland: 2003.

123 Silva M.P., Santos P., Parente J.M., Valvez S., Reis P.N.B., Piedade A.P.
Effect of post-cure on the static and viscoelastic properties of a polyester resin //
Polymers. -2020. —Vol. 12. —P. 1927. doi: 10.3390/polym12091927.

124 Paczkowski P., Puszka A., Gawdzik B. Green composites based on
unsaturated polyester resin from recycled poly (ethylene terephthalate) with wood flour
as filler—Synthesis, characterization and aging effect // Polymers. — 2020. — VVol.12. -
P. 2966.

125 Bélan F., Bellenger V., Mortaigne B. Hydrolytic stability of unsaturated
polyester networks with controlled chain ends // Polym. Degrad. Stab. —1997. —Vol.
56.—P. 93-102.

126 Visco A.M., Brancato V., Campo N. Degradation effects in polyester and
vinyl ester resins induced by accelerated aging in seawater // J. Compos. Mater. —2011.
—Vol. 46. — P. 2025-2040.

127 Sampers J., Hutten E., Gijman P. Accelerated weathering of unsaturated
polyester resins. Aspects of appearance change // Polym. Test. — 2015. — Vol. 44. — P.
208-233.

123



128 Ariawan D., Salim M.S., Taib R.M., Thirmizir M.Z.A., Ishak Z.A.M.
Durability of alkali and heat-treated kenaf fiber/unsaturated polyester composite
fabricated by resin transfer molding under natural weathering exposure // Adv. Polym.
Technol. — 2018. — Vol. 37. — P. 1420-1434.

129 Azwa Z.N., Yousif B.F., Manalo A.C., Karunasena W. A review on the
degradability of polymeric composites based on natural fibres // Mater. Des. — 2013. —
Vol. 47. —P. 424442,

130 Alia C., Jofre-Reche J., Suarez J.C., Arenas J.M., Martin-Martinez J.M.
Characterization of the chemical structure of vinyl ester resin in a climate chamber
under different conditions of degradation // Polym. Degrad. Stab. — 2018. —Vol. 153. —
P. 88-99.

131 Michaille S., Arlaud P., Lemaire J. Photolyse et photo-oxydation de
polyesters insatures—1. Comportement du polymaleate de propylene glycol reticule
ou non // Eur. Polym. J. -1992. —Vol. 28. — P. 321-331.

132 Cicala G., Saccullo G., Blanco 1., Samal S., Battiato S., Dattilo S., Saake B.
Polylactide/lignin blends // J. Therm. Anal. Calorim. —2017. —Vol. 130. — P.515-524,

133 Jacob J., Chia L.H.L., Boey F.Y.C. Thermal and non-thermal interaction of
microwave radiation with materials // J. Mater. Sci. -1995. —Vol. 30. — P. 5321-5327.

134 Bai X., Mu Z. Research and development of microware irradiation
technology in polymer synthesis // I0P Conf. Ser. Mater. Sci. Eng. — 2019. —
P.562:012120.

135 Boinard E., Pethrick R.A., Dalzel-Job J., MacFarlane C.J. Influence of resin
chemistry on water uptake and environmental ageing in glass fibre reinforced
composites-polyester and vinyl ester laminates // J. Mater. Sci. — 2000. —Vol. 35. — P.
1931-1937.

136 Marais S., Metayer M., Nguyen T.Q., Labbe M., Saiter J.M. Diffusion and
permeation of water through unsaturated polyester resins-influence of resin curing //
Eur. Polym. J. — 2000. —Vol. 36. — P. 453462,

137 Lawson DF. Methods for reduction of smoke from burning polymers. In:
Lewin M, Atlas SM, Pearce M, editors. Flameretardant polymeric materials, vol. 3.
New York: Plenum Press; 1978. — P. 39-46.

138 Albano C, Gonza'lez J, Ichazo M, Kaiser D. Termal stability of blends of
polyolefins and sisal fiber. Polym Degrad Stab, 1999. —P.66-71.

139 Marcovich NE, Reboredo MM, Aranguren MI. Modified woodflour as
thermoset fillers 1. Thermal degradation of woodflours and composites // Thermochim
Acta. -2001. —P. 372-375.

140 Ganan P, Garbizu S, Llano-Ponte R, Mondrago 'n I. Surface modification of
sisal fibers: effects on the mechanical and thermal properties of their epoxy composites
// Polym Compos. — 2005. —Vol. 26(2). — P. 121-126.

141 Dash BN, Rana AK, Mishra HK, Nayak AK, Tripathy SS. Novel low-cost
juteepolyester composites. 111. Weathering and thermal behavior // J Appl Polym Sci.
—2000. - P.78 - 85.

124



142 Wielage B, Lampke Th, Marx G, Nestler K, Starke D. Thermogravimetric
and differential scanning calorimetric analysis of natural fibres and polypropylene //
Thermochim Acta. -1999. —Vol. 337. —Vol. 169-177.

143 Kandachar P. Agricultural fibers for product design and development. In:
Proceeding of workshop ‘‘Development by design’’. Cambridge: MIT; July 22, 2001.

144 Ferdous D, Dalai AK, Bej SK, Thring RW. Pyrolysis of lignins:
experimental and kinetics studies. Energy pyrolysis of lignins: experimental and
Kinetics studies // Energy Fuels. — 2002. — Vol. 16. —P.1405-1412.

145 Kumar SP, Singh RP, Sarwade DB. Degradability of composites, prepared
from ethylene-propylene copolymer and jute fiber under accelerated aging and biotic
environments //Mater Chem. Phys. — 2005. — Vol. 92. -P. 458-469.

146. Sarkar S, Adhikari B. Jute felt composite from lignin modified phenolic
resin // Polym Compos. — 2001. — Vol. 22(4). —-P.518-527.

147 Troitzsch J, editor. International plastics flammability handbook. New York:
Hanser Publishers; 1990.

148 Lu S-Y, Hamerton I. Recent developments in the chemistry of halogen-free
flame retardant polymers // Prog Polym. Sci. — 2002. —Vol. 27. —P. 1661-1712.

149 Schartel B, Braun U, Schwarz U, Reinemann S. Fire retardancy of
polypropylene/flax blends // Polymer. — 2003. —Vol.44. —P.6241-6250.

150 Roy S, Maiti S. Design of multiple flame-retardant polymers // J. Appl.
Polym. Sci. — 2001. —Vol. 81. — P. 785-792.

151 Hakkarainen M, Gallet G, Karlsson S. Prediction by multivariate data
analysis of long-term properties of glassfiber reinforced polyester composite. Polym.
Degrad. Stab. -1999. —Vol.64. —P. 91-99.

152 Kicko-Walczak E. New ecological polyester resins with reduced
flammability and smoke evolution capacity // Polym. Degrad. Stab. -1999. — Vol. 64.
—P. 439-442.

153 Whiteley RH. Short communication: some comments concerning the
measurements of smoke. Fire Mater. — 1994. —Vol. 18. -P.7-9.

154 Burkeev M.Zh., Kudaibergen G.K., Burkeeva G.K. et al. The number
average and mass average molar masses of polyethylene (propylene)glycol fumarates
// Bulletin of University of Karaganda. Series «Chemistry». — 2018. — Ne 2 (90). — C.
17-22.

155 bypkee M.K., Taxx0aes E.M. Henacpiienuble noausupHbIE CMOJIBI B
peakuusX paguKadbHON comoaumepu3auuu: MoHorpadus. — Kaparanmpa: HOWMIL
«Parasat - M», 2016. — 96 c.

156 Danley R.L. New heat flux DSC measurement technique // Thermochim
Acta. —2002. —Vol. 395. —P. 201-208.

157 Weber P.C., Salemme R. Applications of calorimetric methods to drug discovery
and the study of protein interactions // Curr Opin Struc Biol. — 2003. — Vol. 13. —P. 115-121

158 Wu Y., Li K. Acrylated epoxidized soybean oil as a styrene replacement in
a dicyclopentadiene-modified unsaturated polyester resin // Journal of Applied
Polymer Science. — 2018. — Vol. 135, Ne19. — P. 1-8.

125



159 Kraut K. Unsaturated polyester structure and properties // Ann. Chem. —
1869. — Vol. 42, Ne 1. -150 p

160 Park J.G., Kim D.H. & Suh K.D. Blends of Polyethyleneterephthalate with
EPDM through Reactive Mixing // J. Appl. Polym. Sci. — 2000. — Vol. 78, Nel12. — P.
2227-2233.

161 Boenig H.V. Unsaturated Polyesters. — New York: Elsevier, 1964. — 222 p.

162 Sarsenbekova, A.Zh., Bolatbay, A.N., Havlicek, D., Issina, Zh.A.,
Sarsenbek, A.Zh., Kabdenova, N.A., & Kilybay, M.A. (2024) Effect of Heat Treatment
on the Supramolecular Structure of Copolymers Based on Poly(propylene glycol
fumarate phthalate) with Acrylic Acid. Eurasian Journal of Chemistry, 29, 2(114), 61-
73.

163 S. Vyazovkin K., Chrissafis M. L., Di Lorenzo et al. ICTAC Kkinetics
committee recommendations for collecting experimental thermal analysis data for
Kinetic computations // Thermochimica Acta. — 2014. —-Vol. — 590. — P. 1-23.

164 Freeman E.S. The application of thermoanalytical techniques to reaction
Kinetics: The thermogravimetric evaluation of the kinetics of the decomposition of
calcium oxalate monohydrate / E.S. Freeman, B. Carroll // J. Phys. Chem. 1958. — Vol.
62 (4). — P. 394-397.

165 Roduit B., Hartmann M., Folly P., Sarbach A., Baltensperger R. Prediction of thermal stability of

materials by modified kinetic and model selection approaches based on limited amount of experimental
points // Thermochim. Acta. — 2014. — Vol. 579. — P. 31-39.

166 Achar B.N. Kinetics and mechanism of dehydroxylation processes, Ill,
applications and limitations of dynamic methods / B.N. Achar, G.W. Brindley, J.H.
Sharp // Proc. Int. Clay. Conf. — 1966. — P. 67—73.

167 Sharp J.H. Kinetic analysis of thermogravimetric data // J.H. Sharp, S.A.
Wentworth // Anal. Chem. — 1969. — Vol. 41 (14). — P. 2054-2060.

168 Burkeev, M.Zh., Bolatbay, A.N., Sarsenbekova, A.Zh., Davrenbekov, S.Zh.,
& Nasikhatuly, E. (2021). Integral Ways of Calculating the Destruction of Copolymers
of Polyethylene Glycol Fumarate with Acrylic Acid. Russian Journal of Physical
Chemistry A, 95, 2009-2013.

169 Coats A.W., Redfern J.P. Kinetic Parameters from Thermogravimetric Data
// Nature. — 1964. — Vol. 201. — P. 68-69.

170 Varhegyi G. The effects of imperfect temperature programming on the
kinetic evaluation of thermoanalytical curves. Part 3. Error bounds for the activation
energy and the formal reaction order // Thermochim. Acta. — 1983. — Vol. 65. — P. 333-
350.

171 Biader Ceipidor U., Bucci R., Magri A.D. Using thermoanalytical data. Part
2. The dependence of kinetic data available from thermogravimetry on sample and
instrument parameters: a method for calculating “true” kinetic parameters //
Thermochim. Acta. — 1990. — Vol.161. — Vol. 37-49.

172 Lyon R.E., Safronova N., Senese J., Stoliarov S. Thermokinetic model of
sample response in nonisothermal analysis // Thermochim. Acta. — 2012. — VVol.545. —
P. 82-89.

126



173 Armand J.Y., Vergnaud J.M., Effects of the value of heating rate in DSC
on the kinetic parameters, when there is high enthalpy of reaction // Thermochim. Acta
—1988. — Vol.131. — P. 15-27.

174 Gao X., Chen D., Dollimore D., The effect of the reaction heat on kinetic
analysis by TG under a rising temperature program, part 3 // Thermochim. Acta. —
1993. - Vol. 221. - P. 1-12.

175 Ninan K.N. Thermal decomposition kinetics. XIII. Effect of sample mass
on the thermal decomposition kinetics of CaC204 H20 from isothermal mass loss data
/[ Thermochim. Acta. — 1984. — Vol. 74. — P. 143-150.

176 Koga N., Tanaka H. Effect of sample mass on the kinetics of thermal
decomposition of a solid. Part 3. Non-isothermal mass-loss process of molten
NH4NO3 // Thermochim. Acta. — 1994. — Vol. 240. — P. 141-151.

177 A.K. Burnham, R.K. Weese, Thermal Decomposition Kinetics of HMX //
LLNL Report UCRL-TR-204262-Rev-1. — 2004.

178 Ticmanis U., G. Pantel, S. Wilker, G. Holl, New setup for microcalorimetry
of dangereous reactions- estimation of critical data of propellants // Proceedings of 37th
International Annual Conference of ICT, Karlsruhe, Germany, — 2006. — P. 31.

179 T. Yoshida, Y. Wada, N. Foster, Safety of reactive chemicals and
pyrotechnics, industrial safety series // Experimental Evaluation of Fire and Explosion
Hazard of Reactive Substances. — 1995. — Vol. 5. —P. 73-86.

180 B. Roduit, P. Folly, B. Berger, J. Mathieu, A. Sarbach, H. Andres, M.
Ramin, B. Vogelsanger, Evaluating SADT by advanced kinetics-based simulation
approach // J. Therm. Anal. Calorim. — 2008. — Vol. 93. — P. 153-161.

181 bypkeea I'.K. PamgumkampHas Tep -  (CO)mOIUMEpHU3aLUS
MOJIMOTUIICHTITIMKOJIbMAJICHHATA C HCKOTOPbIMHU BHHUJIOBBIMU MOHOMCpAMM: IUC. ...
nok. ¢punoc. (PhD). — Kaparanna: Kapl'V um. E.A.bykerosa, 2015. — 143 c.

182 CapcenbexoBa A. K. CuHTe3 U HCCIEIOBAaHUE COMOJIUMEPOB
IMOJIMITPOITUJICHITINKOJIbMAJICHHATA ¢ HCKOTOPBIMHU BUHHUJIOBBIMHU MOHOMCpaMHU: JHC.
... moktopa punocoduu (PhD). — Kaparanna: Kapl'V um. E.A.byketona, 2015. — 142
C.

183 [llonn6ekoBa C.A., Hukutnaa A.W., MonpaaraseieBa JK.bl., MyxutannoBa
B.A. u Ap. PaI[I/IKaJ'IBHaSI COMMoJIMMEpH3alug aJlJIMJIIbHBIX U BUHUJIIBHBIX MOHOMCPOB Ha
ocHoBe 1,4-0eH30xnHOHA ¢ akpmioBol kuciotou // KIIX. —2005. — T. 78, Ne 12. — C.
2041-2044.

184 Elham S., Seyed J.A., Seyed M.R., Nader P. Thermal and corrosion
resistance properties of unsaturated polyester/clay nanocomposites and the effect of
electron beam irradiation // Polym. Bull. — 2017. — Vol. 74, Ne5. — P. 1629-1647.

185 Burkeev M.Zh., Kudaibergen G.K., Tazhbayev Ye.M. et al. Synthesis and
investigation of copolymer properties on the basis of poly(ethylene glycol fumarate)
and methacrylic acid // Bulletin of University of Karaganda. Series «Chemistry». —
2019. — Ne 1 (93). — C. 25-31.

186 Sideridou-Karayannidou 1., Seretoudi G. Synthesis and characterization of
copolymers of N-vinylcarbazole and N,N-dimethylaminoethyl acrylate // Polymer. —
1999. — Vol. 40, Ne17. — P. 4915-4922.

127



187 Lorenzo A.V. Unsaturated polyester resinous compositions // Ann. Chem.
Phys. — 1863. — Vol. 67, Ne 3. — 293 p.

188 Muta H., Kawauchi S., Satoh M. lon-specific swelling behavior of
uncharged poly(acrylic acid) gel // Colloid & Polymer Science. — 2003. — VVol. 282(2).
— P. 149-155.

189 Chu M., Zhu S., Li H., Huang Z., Li S. Synthesis of poly(acrylic
acid)/sodium humate superabsorbent composite for agricultural use // J Appl Polym
Sci Vol. —2006. — Vol. 102. — P. 5137-5143.

191 Vyazovkin S. The Handbook of Thermal Analysis & Calorimetry, in: M.E.
Brown, P.K. Gallagher (Eds.), Recent Advances // Techniques and Applications. —
2008. — Vol. 5. P. 503.

192 Burnham A.K., Weese R.K., Wemhoff A.P., Maienschein J.L. A historical
and current perspective on predicting thermal cookoff behavior // J. Therm. Anal.
Calorim. — 2007. — Vol. 89. — P. 407-415.

193 Sestak J., Berggren G. Study of the kinetics of the mechanism of solid-state
reactions at increased temperature // Thermochim. Acta — 1971. — Vol. 3. -P. 1-12.

194 Burkeev M.Zh., Kudaibergen G.K., Tazhbayev Ye.M. et al. Synthesis and
investigation of copolymer properties on the basis of poly(ethylene glycol fumarate)
and methacrylic acid // Bulletin of University of Karaganda. Series «Chemistry». —
2019. — Ne 1 (93). — C. 25-31.

195 Tazhbaev E.M., Burkeeva G.K., Kovaleva A.K. Nanocatalytic Systems
Based on Poly(ethylene glycol maleate) — Acrylamide Copolymers // Russian Journal
of Applied Chemistry. — 2015. — Ne2 (88). — P. 314-319.

196 Tazhbaev Ye. M., Kudaibergen G.K. et. al. Synthesis of copolymers based
on (poly(ethyleneglycol)fumarate) with acrylic acid // Theoretical and experimental
chemistry: Abstracts of the VIth International scientific conf. — Karaganda: Publ.
House of KSU, 2017. — 85 p.

197 Lesnikovich A. 1., Levchik S. V. A method of finding invariant values of
kinetic parameters // Journal of Thermal Analysis. —1983. — Vol. 27. — P. 89-93.

198 Shirrazzuolli N. Determination of pre-exponential factors and of the
mathematical functions f(a) or G (a) that describe the reaction mechanism in a model-
free way // Thermochimica Acta. — 2013. — Vol. 564. — P. 59-609.

199 Burkeyev M. Zh., Tazhbayev Ye.M., Bolatbay A.N., Minayeva Y.V.,
Davrenbekov S. Zh., et al. Study of Thermal Decomposition of the Copolymer Based
on Polyethylene Glycol Fumarate with Acrylic Acid // Journal of Chemistry. — 2022.
—P. 1-8.

200 Achar B. B., Brindley G. W., Sharp J. H. Kinetics and mechanism of
dehydroxylation processes, I11. Applications and limitations of dynamic methods // in
Proceedings of the International Clay Conference, Israel Program for Scientific
Translations. Jerusalem: Israel, 1966. — P. 45-48.

201 Schott H. Swelling kinetics of polymers // J. Macromol. Sci. Phys. — 1992,
—Vol. 31, Nel. —P. 1-9.

202 Gikarakis T., Pappas I., Arvanitaki P. et al., Thermal stability and kinetics
of thermal decompositions of statistical copolymers of N-vinylpyrrolidone and alkyl

128



methacrylates synthesized via RAFT polymerizations // Journal of Chemistry. — 2021.
—Vol. 2021. - P. 1-12.

203 Beebe N.H., Linderberg J. Simplifications in the generation and
transformation of two-electron integrals in molecular calculations // Int J Quantum
Chem. —1977. - Vol. 12. — P. 683-705.

204 Jafri J.A., Whitten J.L. Electron repulsion integral approximations and error
bounds: molecular applications // J. Chem. Phys. — 1974. — Vol. 61. — P. 2116-2121.

205 Bischof C.H. A block QR factorization algorithm using restricted pivoting
/l Supercomputing — 1989. — Vol. 89. — P. 248-256.

206 Abdelmalek N.N. Roundoff error analysis for Gram-Schmidt method and
solution of linear least squares problems // BIT. —1971. — Vol. 11. — P. 345-368.

207 Aquilante F., Lindh R., Pedersen T.B. Analytic derivatives for the Cholesky
representation of the two-electron integrals // J Chem Phys. —2008. — Vol. 129:034106.

208 Pedersen T.B., Aquilante F., Lindh R. Density fitting with auxiliary basis
sets from Cholesky decompositions // Theor Chem Acc. — 2009. — Vol. 124. — P. 1-10.

209 Aquilante F., Boman L., Bostrom J., Koch H., Lindh R. Sanchez de Meras
A, et al. Cholesky decomposition techniques in electronic structure theory. In:J
Leszczynski, editor. Challenges and advances in computational chemistry and physics
// Netherlands: Springer. — 2011. — Vol. 93. — P. 301-343.

201 Harbrecht H., Peters M., Schneider R. On the low-rank approximation by
the pivoted Cholesky decomposition // Appl Numer Math. — 2012. — Vol. 62. — P. 428—
440.

211 Koch H, Sanchez de Meras A, Pedersen TB. Reduced scaling in electronic
structure calculations using Cholesky decompositions // J. Chem. Phys. —2003. —
Vol. 118. — P. 94819484,

212 Aidas K., Angeli C., Bak K.L., Bakken V., Bast R., Boman L., et al. The
Dalton quantum chemistry program system // Wiley Interdiscip Rev: Comput Mol Sci.
—2014. —Vol. 4. — P. 269-284.

213 Lesiuk M. Implementation of the coupled-cluster method with single,
double, and triple excitations using tensor decompositions // J Chem Theory Comput. —
2019. — Vol. 16. — P. 453-467.

129



KOCBIMIIA A

“ThermoGrav Activation Energy” 6armapiamMachiHbIH OargapiaMaibiK KOIbI
unit AbyMain;
interface

uses
Winapi.Windows, Winapi.Messages, System.SysUtils, System.Variants,
System.Classes, Vcl.Graphics, Vcl.Controls, VVcl.Forms, Vcl.Dialogs,

VclTee. TeeGDIPlus, Vcl.Menus, Vcl.StdCltrls, Vcl.ExtCirls,
VCLTee.TeEngine,

VCLTee.TeeProcs,VVCLTee.Chart, VVclTee.Series, VVcl.Grids, Excell, xalglib,
MyWord, Vcl.FileCtrl,, Winapi.ShellAPI;

type

TForm3 = class(TForm)

strngrdl: TStringGrid,;

chtl: TChart;

rgl: TRadioGroup;

mml: TMainMenu;

Filel: TMenultem;

OpenExcell: TMenultem;

OpenCSV1: TMenultem;

Savel: TMenultem;

Helpl: TMenultem;

Help2: TMenultem;

Aboutl: TMenultem;

dlgOpenl: TOpenDialog;

digSavel: TSaveDialog;

SaveExcell: TMenultem;

btnl: TButton;

mmol: TMemo;

btn2: TButton;

SaveWord1: TMenultem;
SaveFilesKitl: TMenultem;

procedure FormCreate(Sender: TObject);
procedure OpenExcel1Click(Sender: TObject);
procedure btn1Click(Sender: TObject);
procedure btn2Click(Sender: TObject);
procedure Help2Click(Sender: TObject);
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/lprocedure jarqueberatest(const x: TVector; const n: TALGLIBInteger; out p:
Double; const _xparams: UInt64 = 0); HOpMaJIbHOCTb

private

{ Private declarations }

public

{ Public declarations }

end,;

var
/[TIVector - 1-dimensional integer array
/[TVector - 1-dimensional real (double precision) array
/[TIMatrix - 2-dimensional integer array
/[TMatrix - 2-dimensional real (double precision) array

Form3: TForm3;

Path: string;

Median: Double;
SelectedFolder: string;

implementation
{$R *.dfm}

procedure TForm3.btn1Click(Sender: TODbject);
var

I: Integer;

X: TMatrix;

Y, Ytemp, Ytempl, Ytemp2: TVector,
Data: TMatrix;

s: string;

c: TVector;

resids: TVector;

rep: Tlsfitreport;

Pts: TPointSeries;

Lin: TLineSeries;

h, Min, Max, p: Double;

begin

SetLength(Data, 3);

fori:=0to2do

SetLength(Data[i], strngrd1.RowCount - 1);
SetLength(X, Length(Data[0]) - 2);
for i := 0 to Length(Data[0]) - 3 do
SetLength(X[i], 2);

for i := 0 to Length(Data[0]) - 3 do
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begin
X[i, 0] := StrToFloat(strngrd1.Cells[4, i + 2]);

X[i, 1] :=1;

end;

for i := 0 to strngrd1.RowCount - 2 do
begin

Data[0, i] := StrToFloat(strngrd1.Cells[O0, i + 1]);
Data[1, i] := StrToFloat(strngrd1.Cells[2, i + 1]);
Data[2, i] := StrToFloat(strngrd1.Cells[3, i + 1]);
end,

mmol.Clear;

if rgl.ltemindex = 0 then

begin

mmol.Lines.Append('Akhara‘method’);

if strngrd1.ColCount =4 then
strngrd1.ColCount := strngrd1.ColCount + 1;
strngrdl.Cells[4, 0] := ‘In(da/dt/fa)’;
SetLength(Y, Length(Data[0]) - 2);
SetLength(resids, Length(Data[0]) - 2);

SetLength(Ytemp, Length(Data[0}]));
SetLength(Ytempl, Length(Data[0]));
SetLength(Ytemp2, Length(Data[0]));
Ytemp[0] :=0;

Ytemp[Length(Ytemp) - 1] := 1,

fori:=1to Length(Ytemp) - 1 do

Ytempli] := (Data[1, 0] - Data[1, i]) / (Data[1, 0] - Data[1, Length(Data[0]) - 1]);
/I 510 @

for i :=1to Length(Ytemp) - 1 do

Ytempl[i] := (Ytempl[i] - Ytempli - 1]) / (Data[O0, i] - Data[O, i - 1]); // aTo da/dt
for i := 0 to Length(Ytemp) - 1 do // ato fa
Ytemp2[i] := 1 - Ytemp[i];

fori:=0to Length(Y) - 1do

Y[i] := Ln(Ytempl[i + 1] / Ytemp2[i + 1]);
chtl.SeriesList.Clear;
chtl.BottomAxis.Automatic := True;
chtl.LeftAxis.Automatic := True;

Pts := TPointSeries.Create(chtl);
Pts.SeriesColor := clRed;

fori:=0to Length(Y) - 1 do

begin

Pts.AddXY (X[i, 0], Y[i]);

strngrdl1.Cells[5, i + 2] := FloatToStr(X[i, 0]);
end;
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chtl.AddSeries(Pts);

Isfitlinear(Y, X, c, rep, 0);

Lin := TLineSeries.Create(chtl);

Lin.SeriesColor := clGreen;

Min := X[Length(Y) - 1, 0];

Min := Min - Min * 0.01;

Max := X[0, 0];

Max := Max + Max * 0.01;

h := (Max - Min) / 10000;

Lin.AddXY (Min, Min * c[0] + c[1]);

fori:=1to 10000 do

begin

Min := Min + h;

Lin.AddXY (Min, Min * ¢[0] + c[1]);

end;

chtl.AddSeries(Lin);

mmol.Lines.Append('Ea=" + FloatToStr(8.314 * c[0]) + 'kJ");
mmol.Lines.Append('R2="+ FloatToStr(rep.r2));
for i :=0to Length(Y) - 1do

resids[i] := YTi] - c[0] * X][i, 0] + c[1];
mmol.Lines.Append(‘Jarque-Bera test:");
jarqueberatest(resids, Length(Y), p);
mmol.Lines.Append('p-value="+ FloatToStr(p));
if p>0.05 then

mmao1l.Lines.Append('Regression residuals are normally distributed’)
else

mmol.Lines.Append("The distribution of regression residuals is significantly
different from normal’);

end;

if rgl.ltemindex = 1 then

begin

mmaol.Lines.Append('Couts-Redfern method');

if strngrd1.ColCount = 4 then

strngrd1.ColCount := strngrd1.ColCount + 1;

strngrd1.Cells[4, 0] :="In(ga/T2)';

SetLength(Y, Length(Data[0]) - 2);

SetLength(resids, Length(Data[0]) - 2);

SetLength(Ytemp, Length(Data[0]));

SetLength(Ytempl, Length(Data[0]) - 1);

SetLength(Ytemp2, Length(Data[0]));

Ytemp[0] := 0;

Ytemp[Length(Ytemp) - 1] :=1;

fori:=1to Length(Ytemp) - 1 do
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Ytempli] := (Data[1, 0] - Data[1, i]) / (Data[1, O] - Data[1, Length(Data[0]) - 1]);
/Il 510 @

for i :=1to Length(Ytemp) - 2 do

Ytempl[i] :=-Ln(1 - Ytemp]i]); // ato ga

for i :=0to Length(Ytemp) - 1 do // 3o T2

Ytemp2[i] := Sqr(Data[2, i]);

for i :=0to Length(Y) - 1 do

Y[i] := Ln(Ytempl[i + 1] / Ytemp2[i + 1]);

chtl.SeriesList.Clear;

chtl.BottomAxis.Automatic := True;

chtl.LeftAxis.Automatic := True;

Pts := TPointSeries.Create(chtl);

Pts.SeriesColor := clRed,;

for i := 0to Length(Y) -1 do

begin

Pts.AddXY (X[i, 0], Y[i]);

strngrd1.Cells[5, i + 2] := FloatToStr(X[i, 0]);

end;

chtl.AddSeries(Pts);

Isfitlinear(Y, X, c, rep, 0);

Lin := TLineSeries.Create(chtl);

Lin.SeriesColor := clGreen;

Min := X[Length(Y) - 1, 0];

Min := Min - Min * 0.01;

Max := X[O0, 0];

Max := Max + Max * 0.01;

h := (Max - Min) / 10000;

Lin.AddXY (Min, Min * c[0] + c[1]);

for i :=1to 10000 do

begin

Min := Min + h;

Lin.AddXY (Min, Min * c[0] + c[1]);

end;

chtl.AddSeries(Lin);

mmol.Lines.Append('Ea="+ FloatToStr(8.314 * c[0]) + 'kJ");
mmol.Lines.Append('R2="+ FloatToStr(rep.r2));

fori:=0to Length(Y) - 1do

resids[i] := Y[i] - c[0] * X[i, O] + c[1];
mmol.Lines.Append(‘Jarque-Bera test:');

jarqueberatest(resids, Length(Y), p);
mmol.Lines.Append('p-value="+ FloatToStr(p));

if p>0.05 then

mmol.Lines.Append('Regression residuals are normally distributed’)
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else

mmaol.Lines.Append('The distribution of regression residuals is significantly
different from normal’);

end;

if rgl.ltemindex = 2 then

begin

mmaol.Lines.Append(‘Freeman-Carol method’);

end:
end:

procedure TForm3.btn2Click(Sender: TObject);

var

Options: TSelectDirOpts;

begin

SelectedFolder:=Path;

SelectDirectory('Select” files folder:', “, ' SelectedFolder, [sdNewUI,
sdNewFolder], nil);

digSavel.InitialDir:=SelectedFolder;

end:;

procedure TForm3.FormCreate(Sender: TObject);
begin

Path := ExtractFilePath(Application.ExeName);
FormatSettings.DecimalSeparator :=".",

if CheckExcellnstall then

begin

OpenExcell.Enabled := True;
SaveExcell.Enabled := True;

end

else

begin

OpenExcell.Enabled := False;
SaveExcell.Enabled := False;

end;

iIf WordlInstalled then

SaveWordl.Enabled := True

else

SaveWord1.Enabled := False;

end;

procedure TForm3.Help2Click(Sender: TObject);
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begin

ShellExecute(0, PChar(‘Open’), PChar(‘Bolatbai.chm’), nil, nil, SW_SHOW);
end;

procedure TForm3.0penExcel1Click(Sender: TObject);
var

I: Integer;

begin

dlgOpenl.Filter := 'New Excel|*.xIsx|Old Excel|*.xIs|All Files|*.*";
if digOpenl.Execute then

begin

Xls_To_StringGrid(strngrdd; digOpenl.FileName);

for i := strngrd1.RowCount - 1 downto 0.do

if strngrd1.Cells[1, i] =™ then

strngrd1.RowCount :=strngrdl.RowCount - 1

else

Break;

with strngrdl do

begin

ColCount := strngrd1.ColCount + 1;
Cells[strngrd1.ColCount - 1, 0] := T, K;

for i := 1 to strngrd1.RowCount - 1 do

Cells[3, 1] := FloatToStr(StrToFloat(Cells[1, i]) + 273.15);
ColCount := strngrd1.ColCount + 1;
Cells[strngrd1.ColCount - 1, 0] :='1000/T",

for i :=1to strngrd1.RowCount - 1 do

Cells[4, 1] := FloatToStr(1000 / StrToFloat(Cells[3, i]));
end;

end;

end;

end.
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KOCBIMIIA b

“ThermoGrav Activation Energy” 6arnapiamMacbiHa aBTOPJIBIK KydJIiK
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“ThermoGrav Activation Energy” 6armapiamMachiH OKy HpOIIECIHE €HT13y aKTici

«YTBEPIKIAION
YUnen IMpasnenus — [Ipop
no HayyHo¥ pabore Kapé
yHuBepcuTeTa uM. E.A., I\iyk
1.X.H., npodeccop TaxGaes
«__» 2%24\1 %

N J,'“'osu}
XEvy %

AKT
BHEJIPEHUS PE3yIbTAaTOB HAYYHO-HCCIIEIOBATELCKOM
paboTsl B yueGHBII npoLece

Marepuains! HayuHO-HCCIE0BaTENbCKON paGoTsl (mporpamMma mis OBM
«ThermoGrav Activation Energy») mokropanta PhD xadenpsl (usHueckod u
QHAINTHYeCKOH Xumum BomarGaii A.H., B coasropctBe ¢ mupextopom JIUIT
«DH3HKO-XUMHYECKHE METObl HCCIeoBaHusmY, K.X.H. PomuHom B.H. 1 accor.
npodeccopom  Kadeapsl (busuuecko W  aHanMTH4YecKod xmmmH, PhD
Capcenbexopoit AJK. ucronpsyercs B ydeGHOM npouecce KaparanawHckoro
yHuBepcureTa uM. E.A. BykeroBa, mpu usydeHunm aucuMiumHbl «Pusndeckas
XuMHSD (2 Kype 1o obpasosatensHoit nporpamme «6B05301 — Xumus»).

O6nacte npumenenus: Ilporpamma i pacyéra OSHEpPruHM aKTHBAlHH
npouecca TEPMUYECKOMH JECTPYKLMH NOJIHMEPOB 1o JIaHHBIM
TePMOrpaBUMETPHYECKOI0 aHAJIN3A.

Hasnauenue: B nporpamme peanusosanst Merozst dpumena-Kappona, Axapa
1 Koyrca-Pendepna. C ucrnonb3oBanueM ykasaHHBIX ypasHeHmH, 1O mossonser
NOJTY4YHTh 3P YEKTUBHBIE 3HAYEHUS IHEPTHH AKTHBALIMH TEPMHUUYECKOM IeCTPYKIHH.

D YHKUMOHATLHBIE BO3MOKHOCTH:

1) Bes pabota ¢ nporpaMMolt OCYIIECTBIISETCS Yepes NeMeHThI uHTepdelica

PacIoIO/KeHHbIE B ITIABHOM OKHE.

2) —Yepes MeHIO (aiii OCYLUETCBIAETCS 3arpy3Ka AaHHbIX U3 haiiist excel u

CVC, ocyecTsiseTcst 3KCMOPT rpaMuecKuX ¥ pacueTHBIX JJAHHBIX.

— Yepes meHio help ocyliecTsseTcs BEI30B CrpaBOYHOMN CHCTEMBL.

3) B Tpex Bu3yalbHBIX 3JIEMEHTaX INPOrpaMMbl OTOGpaXkaeTcs TabmHua

MCXO/THBIX IaHHBIX, WLTIOCTPUPYIOIIMHA rpaduK U pe3yIbTaThl pacyeTos.

4) PaIiOKHONKAaMH OCYIIECTBIAETCS MEPEKTIOYCHHST MEKILY NIPUMEHSAEMbIMH
pacyeTHBIMH (HOpMYJIaMH.

OCHOBHbIE TEXHUYECKHE XaPAKTEPUCTHKH:

ITporpamma coctTouT U3 3-X (aiinos: 1) ucnonusemoro ¢aiina Bolatbai.exe,
2) ¢aitna cnpasku Bolatbaichm u 3) alglib400_32free.dll, KoTOopas il
aKaJeMHYECKOr0 MCIOIb30BAHMS PACIIPOCTPaHITCS GecriaTHo.,

IIporpamma He TpebyeT yCTaHOBKH M PerHCTpaLHH.
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Crpykrypa paGoueii ANPEKTOPHI MPOrpaMMBbI:
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A3bIK nporpammuposanus: [porpamma paspaborana B cpee Embarcadero
Delphi 11  Community Edition, KoTopasi sBiasercs OecruiaTHOM Ui
HCKOMMEDUCCKOTO M, YaCTHYHO, A KOMMEpPYECKOro HCMONb30BaHuA. Jlts

COBMECTHMOCTH C aKTyajlbHBIMH BepcHsimu Windows Henosns3osan 32-X 6UTHbII
KOMITHJIATOP.

Tun peanus et DOBM:

Tepeonanbiibiit Komnbiotep noa ynpasaenuen OC cemeticrsa Windows
Ipoueccop 1 T 21 X86 u x64 &
03y 1 T (x86), 2 TG (x64)
Buaeoanantep | IMomaepsxa DirectX 9, we menice 2 [B* BHICONaMATH
HKecrkuit auck He menee 10 MB cBoGoatoro mecra. b
ocC Windows 8 nan Gonee nosnuss

* - wim Bbme o TpeGosanuam OC.,

3aBesyromuii kadenpoit

(u3KYecKol 1 aHANTHTHYECKON XHMHM i
A

A.X.H., poeccop Hukonsckuii C.H,

Hexan xumuueckoro bakynbTera

A.X.H., ipodpeccop // /{/,% Ubpaes MK,
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KOCBIMIIA T’

VYuuepcuretke “ThermoGrav Activation Energy” OarnapinamMachiH naitnanany
KYKBIFBIH O€py KeJiCIM-IIapThl

' TK-/{H.HI1.06.02 \ Peniana Ne 2 ot 01.03.2022 r. B3amen pesusuu Nel 19.03.2021r. l Crpannua 1 u32 n

HOFOBOp Ha UCMOJIb30BaHHUE CJ'I}’)KCﬁHOFO IIPOU3BECACHHS

r. Kaparanna Neo j?? or ﬁ Y I'Z 20 ‘Zér

HekomMepueckoe aKIHOHEpHOe OOIIECTBO «Kaparan uMHCKHif YHUBEPCHTET WM. aKajeMuka
E.A.Bykerosa» B juie wuieHa [IpaBneHus - NpopeKTopa IO HayuHoii paGote TaxGaesa EpkeGrana
MyparoBuua, AefcTBylomero Ha ocHosanuy Ilpukasa Ne806 ot 14.06.2023, uMeHyeMoe B NalbHEHIIEM
«Yuusepcuter», U bonarGait AGbuiaiixaH Hypnanyis, ®omun Buranuit Hukomaesud, CapcenbexoBa
Axmapan JKakaHoBHa HMMEHyeMble B JallbHEHIIEM «ABTOpBI», COBMECTHO HMeHyeMble «CTOPOHED,
3aKITIOYHIIM JIOTOBOP O HHIKECIIEAYIOLIEM:

1. Ipeamer aorosopa
1.1. TlpeameroM HACTOSNIErO JOroBopa SABISCTICS Iepeaata aBTOpaMH HMCKJIFOUMTEIPHOrO IpaBa
Vuusepentery Ha porpammy i 9BM — «ThermoGrav Activation Energy».

2. IIpaBa H 00513aHHOCTH CTOPOH.
2.1. CTOpoHBI IPU3HAIOT, YTO yKa3aHHAA B II. 1.1. macrosuuero Jorosopa nporpamma a1 9BM BbinonHeHa
B paMKax Cily’keGHOrO 3a/[aHusl M Ha e¢ PACTIPOCTPAHSIOTCS TMOTIOKEHI JIeCTBYIOIIETO 3aKOHO/ATEIbCTBA,
perIaMeHTHPYIOEro BONPOCkI HCMOJIb30BAHHS ciy keOHBIX TPOU3BEICHHH.
2.2. ABTOpY B OTHOLUEHHH UX IPOM3BECHIS IPHHAIUIENKAT CICAYIOMHE JIMIHBIC HEUMYIIECTBEHHBIE [IpaBa:
1) mpaBo MpHM3HABATHCSA ABTOPAMH MPOM3BENACHHUS H TpeGoBaTh TAKOTO NPH3HAHHS, B TOM YHCIE MyTeM
yKasaHUs WMeHH aBTOPOB HaUIeKalldM O0pa3soM Ha OK3eMIUIApax IIpOM3BENEHHs. H TpH JHO0OM ero
IyGIMYHOM HCIIOJIE30BAHMH, €CITH 3TO MPAKTHYECKH BOIMOXKHO (mpaBo aBTOPCTBA);
2) mpaBo yKaspIBaTh W TPeOOBATh yKa3aHHs Ha IK3EMIUIAPAX MPOM3BE/CHNS 1 IPH moOOM ero IyOIMIHOM
HCIIONIb30BAHMK BMECTO IOUIMHHOTO WMEHM aBTOPOB HMX BBIMBIIUICHHBIX HMEH (TICEBIOHUMOB) HIIH
OTKa3aThes OT YKA3aHUs MMEH, TO €CTh AaHOHUMHO (IIPaBo Ha nMs);
3) mpaBO HA HENPHKOCHOBEHHOCTb IPOM3BEICHHS, BKIOYAs €ro HasBaHHE, NPOTHBOJEHCTBUE THOOOMY
M3BPAIIEHHIO, HCKAKEHHIO HIM WHOMY W3MEHEHHMIO NPOM3BEICHHA, 24 TaKKe JrodoMy JIpyromy
[OCATATeNbCTBY, CMOCOGHOMY HAHECTH ymep0 YeCTH HIM pelyTaldd asTOpOB (mpaBo Ha 3aIIUTY
peryTaluy aBTopa).
2.3. Imy1iecTBEHHBIC (MCKITIOUHMTENIBHBIE) TIPaBa Ha IIPOrpaMMy JULs DBM, ykasauHble B I1.1.1. HACTOSIIETO
Jloropopa IpHHAAIEKAT Y HUBEPCHTETY U 03HAYAIOT Npasa Ha HCTIONB30BaHKe 3Tol mporpammoit as 9BM
B J11000H (opMe U JIHOOBIM CIIOCOOOM.
2.4. VckmounTelpHble TpaBa YHHBEPCUTETA HA HCIONB30BAHHC TPOrpaMMbl DBM 03Ha4aloT NpaBo
OCYILIECTBIATH, Pa3pelliaTh WK 3aNpeLaTh OCYIIECTBICHAE CAYIOMHX JIeUCTBHUH:
1)BOCIIPOM3BOAT HIEKTPOHHOE yueOHOe noco6ue (IpaBo Ha BOCIIPOM3BEICHHE);
2)pacmpoCTPaHsITh OPUTHHAN WM SK3EMIUIAPBI MPOrpaMMbl UL DBM mobbM Croco0oM: IMpPOAaBaTh,
c/1aBaTh BHAEM, MyOIHUHBIH IPOKaT U poyee (I1paBo Ha pacmpoCTpPaHEHHE);
3)peocTaBATh OJB30BATENAM GuGIHOTEKM YHHBepcHTeTa (10 HX 3ampocy) KOMHH OTAeTBHBIX dacTeil
5IEeKTPOHHOTO MaTepuasa InporpaMmbl ULs DBM, ¢ obs3arensabM ykazanuem ®.1.0. aBTOpoB MaTepHala;
4)pasmemiaTh OTHETBHBIE HacTH JJIEKTPOHHOro Marepuala nporpammsl i 9BM B HHOPMAIMOHHO-
oOpa3oBaTeNbHbIX pecypcax PecnyGnuKaHCKOM MEXKBY30BCKOM snextponHoit 6ubimmorexku (PMOB), ¢
obszarensHbM ykazanuem ®.1.0. aBTopoB MaTepuania;
5)MMIIOPTUPOBATH IK3EMIUIIPEI MPOrpaMMBI LA DBM B LelsX pacnpocTpaHeHus (paBo Ha UMIIOPT);
6)nyGIMUHO MOKA3BIBATH IPOrPaMMBbI UIs DBM (mpaBo Ha MmyOIIH4HblH 110Ka3);
7)nepeiesbIBaTh HiIK JPYTUM 00pasoM nepepabarbiBaTh IPOrpaMMBbl U DBM (1paBo Ha epepaboTKy).
2.5. YHHBepCHTET BIpaBe MNpH JOOOM HCMOJIB30BAHHH nporpammsl it OBM  ykaseBaTh  CBOC
HapMeHoBaHue 100 TpeOoBaTh TAKOro yKa3aHuUs.
2.6. Tlepenaua HCKIIOUMTEBHOTO PaBa HACTYNACT B CIyHae HQIMYMs PEKOMEHAIUU YUYeHOTO COBETa K
onyGIMKOBaHMIO K OTKPBITOH TIeyaT y4eGHOTO H3/aHHUs.
27 Tlo WCTEUeHMM MACCATH JET C MOMEHTa 3aK/IIOYEHHs HacTOAIICTO noropopa mpasa ABTOPOB Ha
pcronp3oBanue nporpammsl s OBM n mosyueHue aBTOpPCKOro BO3HATPAXKIECHUs IPUHAUICKAT MM B
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nonHom oOwBeme. JlaHHOE TIIOJOKEHHE HE OrpaHMYMBAcT IpaBa VHuBepcuTeTa Ha CBOOOAHOE H
Ge3B03ME3IHOE HCTIONb30BaHKe B JabHelIneM porpamMmel it OBM u ee KOIHH JiyIsi COOCTBEHHBIX HYXKII.
3.0TBETCTBEHHOCTh CTOPOH
3.1. ABTOp HeECeT MOJHYIO OTBETCTBEHHOCTH 33 COJACpIKAHHE pa3paGOTAaHHOTO BJIEKTPOHHOTO y4eGHOro
W3aHus, 3a paspaGoTKy U (YHKLHOHHPOBAHHE NPOrpaMMHOMN 060JI0UKHY IEKTPOHHOTO YU4eOHOTO U3IaHH.
3.2. CropoHa, He HCIOIHMBINAS WIH HEHAUICHKAIIUM 06pa3oM HUCHOJTHHBINAS 0053aTEIBCTBA 11O
HACTOSIIIEMY JIOTOBOPY, HECET OTBETCTBEHHOCTD B COOTBETCTBUU C JeHCTBYIOIIMM 3aKOHOIATEIbCTBOM.
4, Ilpoune yca0BUst

4.1. Bee W3MEHEHWS | IOTIOMHEHHMS K HACTOSIIEMY I0Tr0BOpPY AeHCTBUTENBHEI JIULIb [PH yCIOBHH, €CIIH OHH
BBIMOJIHEHbl B MIHCHMEHHOH (opMe H IOJMHMCAHbl yHOTHOMOYCHHBIMH Ha TO JHLEAMHA C o0eux CTOpOH U

TIPpEeJCTaBJICHBI B OpUTHHAJIC.

4.2. Bce CropsI H Pa3HOITIACHS PEIIAIOTCs B COOTBETCTBHHU C NEHCTBYIOLIMM 3aKOHOAATELCTBOM.
4.3, HacTosimmil IOrOBOP COCTABIEH B ABYX 9K3EMILISpaX, HMEIOIMX OJIMHAKOBYIO IOPHIMHECKYIO CHILY,
BCTYITAeT B CHJTy C MOMEHTA €TI0 MOHCAHUs CTOPOHAMH.

5.IloanucH CTOPOH

YHuBepcuTeT

HAO «KaparanaMHCKuil yHHBEPCHTET HMEHH
axagemuka E.A. Bykerosa»
Pecniy6muka KasaxcraH,

100024, r.Kaparanna,

yi. YHuBepcuTeTcKas, 28
Ten/axc: 8 (7212) 35-63-98.

PHH 302000033720

UUK KZ796010191000077867
BUK HSBKKZKX

BUH 990540002444

AO «Hapozusiit bank Kazaxcrana»
K6e 16

E.M. Tax06aeB

.
}‘C’“’
revy
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ABTOD:

Bona%_ﬁ%maﬁxaﬂ Hypnanysr

V. muuroct Ne052757812,

seygano MBJI PK ot 11.05.2022

WMH 960429350929

100022, r. Kaparanna, yi1.Kepamuueckas,
oM 148

do Buranuit Hukonaesuu
2y
V! nuanoctu Ne051049208,

seyiano MBJI PK or 13.08.2021

MMH 740613350345

100020, r. Kaparauza, 23-if MEKpOpaiioH
oM 13, kB 2

CapceHGﬁBa Axmapan JKakanosHa

V1. muanoct# Ne049536348,

seimano MBJI PK ot 30.12.2020

VHWH 850617450261

100024, r. Kaparanaa, Mxp.CTenHoi 3,
oM 1, kB 47



