OT35bIB O®PHUITUAJIBHOI'O OIIIIOHEHTA

na mpcceprammio ®enoposa Hukutsr Anexcanpoprya «CHHTE3 U HCCIIEIOBAHUE TBEP/IBIX
IIOJIMMEPHBIX DIEKTPOIMTOB Ha OCHOBE MONKYPETAHOBOTO IMACTOMEPay, PE/ICTABICHHYIO Ha
COMCKAHME YYEHOM CTEIeH! KaHIU/IaTa XUMIIECKHX HayK M0 CIeHHaTbHOCTH 1.4.15. Xumus
TBEP/IOTO Teja

AKmyansrocmb HeMbl QUCCEPMAKUOHHOT pabombl

Pa6oTa CBS3aHa ¢ AMEKTPOXHMHUYCCKHMH YCTPOHCTBAMHI HAKOTLICHHS ¥ XpAHCHHA SHCPIHH,
a MIMEHHO - K TBEP/IbIM IOTAMEPHBIM IEKTpoJATaM. JKUIKHIe dMEKTPOJIATEL, MPUMEHAIOMHECH B
JIMTHIA-HOHHBIX AKKYMYJISTOPaX M CyNEPKOH[CHCATOPAaX HECTOMKA BO BIAKHOH Cpefe M
HecTaGHIBHEI TIPH Tepenajgax TeMieparyp. TBEpABIC IOIMMEPHBIC SJIEKTPOIHTHI MPOSBIIAIOT
GONBIIYIO CTAGHILHOCTD, HO M3-32 B3aUMOJIEHCTBHS KaTHOHOB C IOJMMCPOM NMPOBOIUMOCTE ¥
GONGIIMHCTBA M3 HAX HW3Ka W JOCTHraeT NPHEMIIEMBIX 3HAYEHHH JHIIL IIPH BBICOKHX
Temueparypax. IlepClieKTHBHBIMH IIOMMEPaMA MOTYT CIIYKHATh IOJHYPETAHOBBIC IACTOMEDYI,
Habyxalomue B TMOJSPHBIX cpefaX. OHM 00eCIeYHBAIOT BEICOKYIO IPOBOXMMOCTE M BBICOKYIO
MEXaHHIEeCKyI0 MpPOYHOCTh. OHAKO Takue MATpHIBI CME MAN0 H3YYeHBI, UTO JCIacT HX
pa3paboTKy aKTyanbHOH 3amadei.

Jucceprarus ®exopora H.A. nocesmena CHHTE3y TBEP/BIX MOTHMEPHBIX JJICKTPOIHTOR
(TIID) KOMIIOHEHTAMH KOTOPBIX SIBJISIOTCS IIONHYPETAHOBBIC SMACTOMEPBI M pacTBOPEI conei
IMETOYHBIX METAIUIOB ¢ HEKOOPIWHHPYIOIMMHCS aHHOHaMH B OPraHMYeCKHX DACTBOPHTEILIX,
HCCITEIOBAHIIO UX (PH3MKO-XMMHUECKUX CBOMCTB H IIPUMEHEHHIO B THOKHX JNIEKTPOXHMICCKUX
yerpoiicTrax. Ha ocHOBE 0OGIIHPHOTO JTUTEPATyPHOrO 0030pa CHCTEMATH3MPOBAHE! COBPEMEHHDIC
J@HHEIE: PACCMOTPEHBI JIMTHII-HOHHBIE AKKYMYISSTOPEI H CYNEPKOHJICHCATOPHI, MPOBEICHO
CpaBHEHHE UX XapaKTEePUCTHK, 0XapaKTCPH30BAHb! KIIACCHI JICKTPOIHTOB € aKICHTOM Ha TBEPIBIE
TTOJMMEPHBIC SIEKTPONUTEL M 000CHOBaHA IEPCICKTHBHOCTD pa3paboTKH DJIEKTPOIIHTOB Ha

OCHOBE IOJIHYPETaHOBBIX DTTaCTOMCPOB.

Ananu3s codepacanus OUCCEPMAYUORHOU pabomyl
Tluccepranus u3jioxkena Ha 111 cTpanunax, Brirodast 13 TaGIuIl ¥ 56 PACYHKOB, H COCTOHT
Y3 BBEICHNS, ISITH [IAB, 3aKITIOUEHNs, BEIBOJIOB, CITMCKA IIATHPYEMOH JTUTEPATYPEL, CONCPHKAIIETO
145 UCTOYHHUKOB.
Bo 6eedenuu B pabore apryMEeHTHpOBaHA BaKHOCTD HCCIIEAYeMOM  TEMBI,
IIPOJIEMOHCTPHPOBAHA CTEIEHb e OCBEIEHHOCTH B HAYYHOM JTATEPATyPe, chopMyIHPOBaHLI lIENb

¥ KOHKpeTHBIe 3aadd. [lokazaHa HayyHas HOBH3HA IONYYEHHBIX PE3yIBTATOB, o0ocHOBaHA HX
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TeopeTHdeckas M  [paKTHdeckad 3HaIMMOCTh. OXapaKTepu3oBaHbl ~ METOJONOTHS M
HCIONB30BAHHbLIE METOABl HUCCIENOBaHMs, a TaKKe IPHBEICHBl OCHOBHBIC IOTOKCHHUA,
BLIHOCHMEIE Ha 3allUTY.

B nepeoii znage NpOBEIEH aHAIU3 JMTEPATyphl MO TEME JMCCCPTAIlNH. PaccMOTpeHEI
OCHOBHBIE THIIBI JIEKTPOXHMHYECKHX HAKONHUTENeH OSHEPruH, BKIIOYAd JIUTHHA-HOHHEBIE
aKKyMyIATODHl ¥ CYIIEPKOH/EHCATOPH, BBIIOIHEHO CPAaBHCHHE HX SKCIITyaTalHOHHBIX
xapakTepucThK. OXapaKTepH30BaHBl OCHOBHBIC KJIACCHL SNICKTPOIUTOB, ocoboe BHUMAaHHE
yaeneHo TBEPABIM MOJMMEPHBIM 3JICKTPOIHTaM ¥ HX POIH B obecreueHnr OE30IACHOCTH U
5 PEKTHBHOCTH HAKOIHUTEILHBIX YCTPOHCTB. TToipo6HO PacCMOTPEHBI MOIMYPETaHbL: OMHUCAHO
AX XUMHYECKOe CTPOCHHE, METO[Bl CHHTE33, MOP(OIOrHICCKHE 0COOEHHOCTH, a TaKKe
yCTAHOBIICHA B3aUMOCBA3b MEKIY CTPYKTYpOH H (pYHKIMOHAIBHEIMH CBOMCTBAMH JIAHHBIX
MaTepUaioB.

Bo emiopoii 21age W3N0XKEHBI METOJMKH CHHTE3a HCCIELyeMBIX TBEP/IBIX MOTMMEPHBIX
SIEKTPOJHTOR HA OCHOBE IIONHYPETAHOBOTO 3/IaCTOMEpa, BKIIOYAs OIMCAHHC ycnoBuit
IPUTOTOBJIEHAS, COCTABA PEAKIMOHHBIX CMeCeH H IapameTpoB ¢dbopMuEpoBaHUS MOITMMEPHBIX
wiénoK. IIpuBeéH nepedeHb PH3HKO-XUMHYECKHX METO/IOB aHAJIA3a, HCIIO/Ib30BAHIbIX B pabore,
C JeTaJbHBIM YKa3aHHEM NPHMCHAEMOTo 00OpyIOBaHHS, PEKUMOB M3MEpPEHHH U YCIOBHH
IPOBEICHUS YKCIIEPHMEHTA.

Tpemps 2naea, BKIIOYAIONIAs BOCEMb DAa3fENoB, IOCBAICHA H3YUCHHIO MEXAHH3MOB
HabyXaHus [OIMMEPOB U BEIOOPY ONTHMAIBHOM CHCTEMBI IIOJIHYPETaH—PACTBOPUTEIIE. OcHoBHas
3371893 3aKTIOIANACE B 000 TaKoi KOMOMHAIIHH, KOTOPAs IIO3BOJIIIA OBl MOy IHTh amop(HEIE
TBépaple mommaMepusle dnekTpomuThl (TII9) Ha OCHOBE NONMHYPETAHOBBIX 3J1aCTOMEPOB,
CTAOHIBHBIX B IIMPOKOM MHTEPBANE KOHICHTpAIHH 1 Temueparyp. B pesynbrare ycTaHOBICHO,
Yyro  HAWIYYNIHMH  DPACTBOPHTENSME  SBISIOTCA — TOJSPHBIC  ANPOTOHHBEIE  CPEAEL
XapaKTepu3ylomuecs: OIH3KAMH 3HAYCHHSMH apaMeTPOB PaCTBOPHMMOCTH XaHceHa U BEICOKHM
nosopasM umcaoM (NMP, TT'®, IM®A). OHr 00€CIeMBAIOT BBICOKYIO CTEIICHD HaOyxaHus,
DABHOMEPHOE PACIpE/IeiCHHe HOHHBIX KOMIIOHEHTOB H dhopmupoBanue CTAOMIBHBIX, THOKMX
3IEKTPONHTOB ¢ BHICOKOH MOHHOH IIPOBOAMMOCTBIO, NPHIOMHEIX JUIid MCHOJIL3OBAHMA B
CYIEPKOH/ICHCATOPaX ¥ IMTHH-HOHHBIX HCTOTHHKAX TOKA.

DKCIepPUMEHTATFHO [I0KA3aHO, YTO CTETEHb HaOyXaHHs MONMYPETAHOBOTO MACTOMEPa B
NMP B IpHCYTCTBUH COJleH IIENIOYHBIX METaJuIoB MOHOTOHHO yOBIBaET C YBEJIHYCHHACM
KOHIIGHTDAITHH COJH, TPHYEM 5Ta 3aKOHOMEPHOCTb COXPAHAETCA HE3aBHCHMO OT IPHPOZRI
xarmona (Li*, Na*, K*) u Tuma pactsoputens. McciefoBaHue TEPMHICCKHX XapaKTePHCTHK
cucrems: JIMCO-LiBFs B nonmyperaHOBOH MAarpHIe BBIABMIIO CYIICCTBEHHOC NOHIDKCHHC

temneparypbl mwiasnesns JIMCO, oGycloBlieHHOE pasMCpPHBIM addextom. Mexanuueckue
2



MCIBITAHHS TIPOJEMOHCTpHpOBANK, uro KoHnenTpamus LiBFs oxaseBaeT BimsHHE HA
neOpMaIHOHHEIE CBOMCTBA SIaCTOMEPA: 3aBHCHMOCTh HAIPSKCHUS OT Y/UIHHCHIA npuobperacT
TOYTH JTHHEHHBIA XapakTep, 4TO HE XapaKTePHO UL THIMYHOTO NOBEJCHHS 31aCTOMEPOB.

B uemeépmoii 2nage TIPENCTABICH aHAIH3 3IEKTPOXMMHYCCKHX XAPAKTCPHCTHK
CHHTE3HPOBAHHBIX MaTEPHAIIOB. YCTAHOBIIEHO, YTO IIOJIMYPETAHOBRIE JIEKTPOIHTEL C PACTBOPAMH
coJIel IeIOYHEIX METAIIOB 06JIAIaI0T IMMPOKMM OKHOM 3JIeKTPOXHMHYECKOH CTaGUIBHOCTH, IIPH
3TOM HaMTYdINH TOKa3aTelh HAOMONACTCS JUIs CHCTEMBI HA OCHOBE JIHTHEBOH COJH. CpaBHeHHE
IEKTPOJIATOR, HPATOTOBIEHHBIX C MCIIOIB30BAHMEM PasIHIHBIX PACTBOPUTENEH, MOKA3ao0, YO
3aBHCHMOCTh HOHHOM TPOBOJMMOCTH OT KOHIIEHTPAIUH COJIM ONPENCIACTCS [NIaBHBIM obpazoM
CBOMCTBAME IOJIMYPETaHOBOHW MATPHIEL, a HE NMPHUPOION PAacTBOPUTEN. VI3MepeHus METOIO0M
HMIIEIAHCHOH CIIEKTPOCKOIIMH ITPOJEMOHCTPHPOBAIM, YTO KarHOHHOE 4YHCIIO IepeHoca A
SIIEKTPOJIHTA HA OCHOBE JIATHEBOH COMM JIOCTHraeT 3Ha4CHHH, XapaKTEPHBIX VISl NEPCICKTHBHBIX
TIOJIMMEPHBIX CHCTEM, H CBHACTENBCTBYET 00 2 GEKTHBHOM MOJaBICHHH MATPALHY AHHOHOB.

B namoii 2naeée TpOIEMOHCTPHPOBAHA NPUHUMITHATBHAS BO3MOXKHOCTH IPHMCHCHHS
paspaboTaHHbIX MOITHYPETAHOBEIX TBEPIBIX NOIHMEPHBIX 3JICKTPOIUTOB (TTY-TIID) B pa3nu4HBIX
SMEKTPOXUMHYECKHX YCTPOHCTBAX. OKCIHEPHMEHTAIBHO MONTBEPHK/ICHO, HIO IOJYHCHHBIC
MaTepuaisl MOIYT YCIEIIHO HCIIONB30BarbCss B KadeCTBE OIEKTPOIHTOB B rubKuxX 37IEKTpo-
XHMHYECKUX CHCTEMaX. B CHMMETPHUHBIX CYIEPKOH/CHCATOPHBIX sS4eHKaX OBUIM MOCTHUIHYTHI
BHICOKWE TIOKA3aTeNH YIeTbHOM EMKOCTH, IMMPOKHIf Mana3oH pabovrX HAIPsDKEHHH H Xopomas
[MKITMYecKas cTabWIBHOCTh. B TECTOBBIX JHTHH-HOHHBIX 3JIEMEHTAX Takoke ObUla IOTyYeHa
yeTolumBas yuenbHas MKOCTh karoma. Takum 00pasoM, pe3ylbTarhl paboThl TOATBEPXKIAIOT
nepcnekTuBHOCTS NpuMeHerns [TY-TIIO B raGkux HaKOIHUTENAX SHEPTHH.

B 3axniovenuu noJBeIeHEI UTOTH AUCCEPTAIIHOHHOTO HCCICIOBaHHS.

Kakaass IaBa 3aBepliaeTcsl BBIBOJAMH, 49TO CHOCOOCTBYeT JIydllleMy YCBOCHHUIO
H3IOKEHHOTO Marepuaia. B 3aKiIOueHHM MPHUBEICHBI OCHOBHBIE PE3YIBTAThI paboTEHL,
c)OpMYITHPOBAHEI BEIBOXLL B 0003HAYEHBI MEPCTIEKTUBEI NaNbHEHINET0 PasBUTH HCCIeAyeMO
TEMBEL

Juccepranmonnas paboTa OTIMYAETCS IPOAYMAHHOH CTPYKTYpOH ¥ IJIOTHYECKOH
IOCIIEIOBATEIFHOCTRIO H3JI0XeHns Mareprania. JIuTeparypHslii 0030p MOCTPOEH IO IPHHIIAILY
JIBIKEHHS OT OGIIMX BONPOCOB K KOHKPETHBIM aCIIEKTaM HCCIelyeMO’ mpobIeMBl, ITO I03BOJIAET
YUTATENIO TIOCIEAOBATENBLHO IIOrPY)KaThCs B TeMY. DKCIIEpAMEHTAIBHBIE PE3YIIBTAThl H3TI0XKCHBI
0 Mepe BO3PAcTAHMSA CIOKHOCTH DAccMaTpUBAcMbIX OOBEKTOB H SBICHHMH: OT H3y4CHUS
MeXaHH3MOB HabyXaHus i BEIOOpa ONTHMAIIBHEIX CHCTEM K HCCICIOBAHHIO DJIEKTPOXUMHUHECKHX
CBOMCTB M, HAKOHEN, K JIEMOHCTDAITMH IPAKTHYECKOM IIPUMEHMMOCTH pa3paboTaHHBIX

MAaTepHAJIOB B yeTpoicTBax. Takasd CTPYKTypa ClIOCOOCTBYET ENOCTHOMY BOCTIPHSATHIO paboThl 1
3



JIOTHYHOMY PacKpBITHIO IMOCTABIEHHEIX 3a7a4.

Conmepkanue asropedepara B TONHOH Mepe OTPAKACT OCHOBHOE COACPKAHUE
nucceprannoHHoi paboTel. OCHOBHEIE PE3yNBTATHl U BBEIBOIBI HCCIIENOBAHMS OITyOJIMKOBAaHEI B
HAyYHBIX HM3J@HHSX, 4 TAKXKe TOKIAJBIBAIMCh HA POCCHHCKHUX M MEXIYHAPOIHBIX HAyYHBIX
xoH(Mepernuax. OCHOBHOE conepaHKHe pabOTHI MPEICTABJICHO B 5 CTAaThiX B PEHEH3HUPYCMBIX
HAYYHEIX KypHATAX, HHIEKCUPYEMBIX B MEXIyHapOAHEIX 6asax nanubx Web of Science u Scopus
(8 Tom wmcie J. Eur. Ceram. Soc., J. Phys. Chem. C u Mater. Chem. Phys.), 1 7 Te3ucax I0K/aJIOB.

Hayunaa nosusna uccnedoéanus

DKCIEPHMEHTANLHO yCTAHOBJIEHB! IPE/ieNbHBIC 3HAYEHHs CTeNneHd HalyxaHHs HOBOIO
TOTMYPETAHOBOr0 JIaCTOMEPA B INHPOKOM PNy OPraHWYECKHX PAacTBOPHTENEH W BBLIABICHEL
CHCTEMBI, TO3BOJIION(HE MOCTHYh MakcHMaibHoro Habyxamus 6e3 3HAYMTENBHOH MOTEPH
MEXaHHYECKHX CBOMCTB. MeTomoM HabyxaHHs MOJHYPETAHOBOTO IaCTOMEpA B PACTBOPaX CONeH
IIEeIOYHBIX METAIUIOB B OPraHMYeCKUX PACTBOPHTENAX IONYYCHBI HOBbIC TBEPIBIC MOITAMEPHEIE
3IEKTPOIMTEL, JUIi KOTOPHIX M3MEpeHa HOHHAs MPOBOJUMOCTE B IMHMPOKOM HHTEpBAe
TeMIepaTyp. BIepBEIE HCCIE0BAHO BIHAHHE NPHPOJABI H KOHICHTPAIMM COJNH INEIOYHOTO
MEeTa/Ula B OPraHHYEeCKOM O3JIEKTPOIIMTE Ha CBOMCTBA TBEPIOrO IIOJMMEPHOIO SIEKTPOJIHTA,
noydeHHoro myTém Habyxanus. [TokasaHo, 4TO TAKHE SNEKTPOIHTEI Ha OCHOBE II0JIHYPETAHOBBIX
371aCTOMEPOB IPUTOIHBI JUIS CO3MAHMS TBEPIOTENLHEIX aKKyMY/IATOPOB H CYTIEPKOHICHCATOPOB.

Teopemuseckan U RPAKMUYECKAA 3HAYUMOCHTb QUCCEPMAYUOHHOU padombl

B xojie 3KCIEpUMEHTAIBHOM paboTEI OBLIM ONpPENENCHEI Ipe/iebHbIe 3HAICHHS CTEICHH
HabyxaHus HOBOTO [OJMYPETAaHOBOTO 3JIACTOMEpPAa B INMPOKOM PNy OpraHH4eCcKuX
PAacTBOPHTENlel M YCTAHOBJIEHBI CHCTEMEI, 00ECIeYHBAIONME MAKCHMMAIbHOEe HabyXaHWe TpH
COXPAHEHHH MEXaHMUeCKOH IeNOCTHOCTH MarepHana. Meronom HaOyXaHHS MONHYPETaHOBOTO
JIacToMEpa B PAcTBOpAaX COJNEH INENOYHBIX METAUIOB B OPraHMYECKHX PaCTBOPHTENAX
CHHTE3HPOBAHEI HOBHIE TBEPABIC NMONMMEPHBIE NEKTPOIMTEL, I KOTOPBIX H3MEPEHA HOHHAA
IIPOBOJMMOCTG B INHPOKOM TEMIEpPaTypHOM HHTepBaie. Brepseie HCCNENOBAHO BIMSHHE
IIPUPOJIBI i KOHIIEHTPALUH COJIH IIEJIOYHOTO METAUIA B OPTaHHYESCKOM JICKTPOJIATE Ha (huzuKo-
XMMUYECKHE CBOMCTBA TBEPIOTO TIOMMMEPHOTO 3EKTPOJIATA, IOTYYEHHOTO METO/I0M HaOyXaHH .
[TokazaHo, uTO pa3pabOTaHHBIE SIEKTPONMTEI Ha OCHOBE IIONHMYPETAHOBHIX 3IACTOMEPOB
TIepCHEKTHBHbI JIJIsi IPUMEHEHHS B TBEPJOTEBHBIX aKKYyMYJISTOPAX U CYNEPKOH/IEHCATOpaX.
060CHO8AHIOCHTL U OOCHOEEPHOCHTL HAYUHBIX HONONHCEHUI pabontbl, 66160006 U 3AKNIOUEHUN

JToCTOBEpPHOCTE U 060CHOBAHHOCTE BEIHOCHMBIX HA 3ALIUTY IIOJIOKEHHH, PE3yIbTaros 1
BHIBOJIOB JHCCEPTANMOHHOM paboTEI OOYCNOBJEHBI MNPEXAe BCEro BOCIPOH3BOAUMOCTEIO
SKCIEPHMEHTAJBHBIX JAHHBIX M COINIACOBAHHOCTBIO PE3Y/ILTAToOB, IONYYEHHBIX C MOMOINBIO

COBOKYIIHOCTH (DH3MKO-XMMHYECKAX METONOB. MEXaHMYECKHE XapaKTEpHCTHKH 06pasiioB
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OIIpEJIeTUTH HA YHHBEPCAIBHOM pasphiBHOM MamuHe Shimadzu AGS X, a aneKTpOXHMHYECKHE
CBOMCTBA H3yyal¥ METONAaM{ TaJbBAaHOCTATHYECKOIO UHKIHPOBAHMSA M CIEKTPOCKOIHH
MEKTPOXHMHYECKOTO UMITCIAHCA.

3ameuanun no ouccepmayuoHHoU pabome

Mory yka3ars Ha HeJ[OYeThI IIPH H3JI0KEHUH Marepralia JHCCepTalHy.

1. B nwmreparypHoM o030pe IOCHE CPABHEHHS OCHOBHBIX XapaKTCPHCTHK HKHIKHX,
KEPAMHYECKHX M OPraHWUECKUX MOMMMEPHBIX JMCKTPONMTOB, NMPE/ICTABICHHBIX HA PHC. 1.5,
KeNaTelbHO YeTKO CQOopMymHpoBaTh INPEHMYINECTBO IOJIHMEPHBIX 3ICKTPOJIHTOB, HYTO
060cHOBAIO OB UX JETANM3UPOBAHHOE PACCMOTpEeHHE B paszele 1.2.2.

2. B tabmuue 1.2. CpoiicTBa TBepABIX NOJMMEPHBIX 3JIEKTPOJHTOB B 3aBUCHMOCTH OT
nojuMepHoi Marpuipl B rpadax IIpermymecTsa u HemocTarky 4eTko He pasrpaHHUICHO, KaKue
M3 HUX OTHOCSTCS K CBOMCTBAM IIOJHMEPHOM MaTpHIBI, a KaKMe - K TBEPIBIM ITOTMMEPHBIM
SIeKTpoNMTaM. AHAJIOTHYHOE 3aMedaHHe OTHOCHTCS M K Tabmume 1.3, B KOTOpod He
pasrpaHMYeHBl XapaKTePHCTHKA MOTHONOB M IOJIMYPETAHOB, IONYYEHHBIX HA HX OCHOBE.

3. B paszene 1.3.2 Kparko paccCMOTPEH MeXaHH3M 00pa30BaHus IIOJIAYPETaHa Ha IPAMEpe
peaKIMi W30IMAHATA M CIOAPTa, ONHAKO, CTPYKTYPHl NPOMEXYTOYHBIX —COCIUHEHMH,
06pa3yIOUXCs PH MPUCOEIMHEHHHA CIIHPTa K H30IHAHATY, HE IPUBOATCS, & B KA4ECTBE CTa/(HH
peaKIny, Ha3BAHHBIX dTAaMH, YKa3aHBI Iepepacipe/ie/ieHue 3apsia B pe30HaHCHBIX CTPYKTYPax
W30IHaHATA M JUMepH3alusi W30IHAHAaTa, HE MMEIOIWE OTHOIUCHHS K paccMaTpuBaeMOMY
MEXaHU3MY.

4. B pasnene 1.3.2.1 (c. 25) paccmarpuBaroTcs monuonsl. IIpu o6pasoBaHii NONHOTIOB,
OTHOCSIIMXCS K IIPOCTHIM 3(HpaM, M3 SMOKCHAOB H IMKIHYECKHX IPOCTHIX GUPOB IHMKIBI
Pa3pHIBAIOTCS, OIHAKO mporecc 00pasoBaHHs TakWX IMOJNHONOB TIPHHATO HA3BIBATH
HONMMepH3aiel ¢ paCKphITHEM ITHKIIA, 8 He C Pa3pEIBOM KOJIbIIA.

5. Ha c. 28 mpm OOBACHEHHH NPHYMHEI OOJbINEH PEAKIMOHHOH CIOCOOHOCTH
apPOMATHYECKUX J[MM30IMAHATOB II0 CPABHEHHIO C anu(aTHYeCKUMH aHAJNOTaMH YIIyIIeH
MHIYKTHBHBIH 5()QeKT apoMaTHUecKoro KOJbIla, KyMyIHPOBaHHBIC ABOMHBIC CBS3H B H30-
IMOHATHOM IpyIne oliMO0YHO Ha3BaHbl KyMYJIATHBHBIMH.

6. B paszene 1.3.2.3 (c. 30) paccMOTpeHO TONyYEHHE MOJMYPETAHOB 6€3 HCIOIB30BaHMs
MUH30IMAHATOB. llomuMep, IOMyYEeHHBIH W3 SIOKCHAMPOBAHHOIO COEBOTO Macja, Ha3bIBaTh
NOJIMYPETAHOM HETIPABHIIBHO.

7. Ha c. 39 B cxeMe MONy4eHHs HOIMypeTana JOIyNIeHa OIMHOKa B MECTOPACIONIOKCHHH
(bopMyIIBI THH30IHAHATA.

8. JlomymeHs! omMOKM B Ha3BaHHAX HEKOTOPHIX pacTBopuTened (c. 10, 40, 53, 69).

JIMETHIIONIPOIOHOBAs KHCIIOTA Ha3BaHa AMMETHIIIPOIHOHOBO# KHCII0TOH (€.40)



9. TlonkypeTaHsl, IMOIy4YeHHEIE OIMMEpU3aIEeli B Bojie B popMe BOIHBIX 3MyIbcui (c.40-
41), mMO-BHAMMOMY, HA3bIBAaTh IMOJIMYpPETaHAMH HAa BOMHOH OCHOBE HENPAaBHIBHO, TOCKOIBKY
OCHOBOM TMOJHMYypeTaHa sBJISIOTCS IIOJMONGI, NUHW30LNHAHATBI MW AHONBI, CHITPABIIME POJbL
«YIUTHHUTEIIS).

10. Ha pucynke 1.31 xenarensHo mpuBecTH cTpyKTypsl rpynm R, R’, R”.

11. Jlomymena ommubOKka B HyMepalid IIOApa3leNoB JHTepaTypHOoro ob3opa. B
Juccepranuu apa mozppasaena 1.3.2.3 Ha c. 29 u 30.

12. CnMcoK COKpAmeHuii W YCIOBHBIX 0003HAUeHHH HE SBIAETCS HCUYEPIBIBAIOLIUM,
HEKOTOpHIE HCIONB30BaHHEIe ab0pesuarypsl B crucke orcyreTByior (CKVY-II®JI, OCV, PPO,
PTMO, TPU, SPE, PPDI).

13. He s BceX COEQMHEHUM M MAaTepPHANiOB, MCIONH30BAHHEIX B paboTe, MpHBEICHEI
XapaKTEPHCTHKH, KOMMepUYeCKHe MCTOYHUKH M NPONEAYPHl IOATOTOBKH HIIH JOIOMHUTEILHOH
ounctks (Hanpumep Tiz3AlC,, LiFePOas, nomBaHAIAneHTOPH).

14. JIns MCIONB30BAaHHBIX B paboTe MPEHOIMMEPOB HE MPHBOIATCH HX CTPYKTYphl B
SKCIIEPUMEHTAIBHOM YacTH IPOIECC OTBEPXKICHHS IIPEIOIMMEPOB ONKCaH OYEHb JIAKOHHYHO, a
JUTSL TIOJIYYAIOTHXCS MMPOAYKTOB HE NPHBEACHEI XapaKTEPHCTUKH.

15. B tabmune 3.1 mpuBecHEI THTEpaTYpHBIE aHHbIE 0€3 yKazaHus CCHUIKA HA HCTOYHHUK.

16. Ha crpanuie 72 jpomymena omudKka B OTChUIKE HA JJaHHBIE TaOIHIE! 3.2.

17. Ha crpanune 74 mnpu oOBACHEHHHM CHIDKeHHs Temmeparypsl mnasneus JIMCO
ToBOpHTCA PO 3 PEKTUBHELA pa3Mep JacTHIL, O IPHPO/iE (COCTaBe U CTPOCHAH) KOTOPHIX TPY/IHO
Jloraarbesl.

18. I'paduku Ha pucyHKe 3.8. IpeNCTABIIOT FOJOBOJIOMKY, IIOCKOJIBKY HE YKa3aHO K KAKOK
IIKAJIe OTHOCHUTCS KaXK/1asi KpHBasl.

19. B xonie pasmena 3.9 ykazsiBaeTcs, 9TO PAIMOHAIBHEIN BEIOOP KOMIIOHEHTOB TBEPABIX
HOJNIMMEPHBIX DJICKTPOIUTOB IIO3BOJISIET HANPABIEHHO PEryIHpPOBarh HX XapaKTePHCTHKH.
KoneuHo, eciH [eaTh I0-yMHOMY, MOXHO OKHIaTh MoJIydeHue TpedyeMoro pesynsrara. Ouaxo,
(GOpMYIHpYs HTOr K BEIBOAAM K IVIaBe 3, ClIe/j0Bajio OBl yKa3aTh, YTO ONpPEACNCHE! (BBIABJIEHEI)
KIIOYeBble (axkTophl, BIASIONHE Ha 3IEKTPOQH3HYECKHE XapaKTEPUCTHKH TBEPIBIX ITOJH-
YPETAHOBHIX 3JIEKTPONUTOB, YCTAHOBICH XapaKTep MX BIMAHHA IIPH WX BapbHPOBaHUM, YTO
CO3/IAJI0 Hay49HYIO OCHOBY JUIS JaybHEHIelH pa3paboTku | coBepiueHcTBoBaHM amopdubx TIID
C BBLICOKOW HMOHHOH TIPOBOAMMOCTBIO, CTPYKTYPHOH OIHOPOJHOCTBIO H  JIOCTATOYHOM
MEXaHHYECKOM MPOYHOCTRIO JUIL IPUMEHEHHS B THOKHX CYNEPKOHIEHCATOpaX B aKKyMyJIsATOpaXx.

20. UmMmeroTcs eTUHUYHBIE ClOydad Heynaudbix QopmymupoBok. Hampumep (c. 87),
«Kynonosckmit KITJT e menee 99,9 % npH ITMTENTHHOM HCIIONB30BaHMH Ha ypoBHE 99,9 %

obecIeurBaeT BEICOKYIO CTabHIBHOCTE [136]».



O‘ieBI/I,IIHO, YTO IIPHUBEJICHHBIC 3aMEYaHHsA HOCAT YJACTHBIA Xapakrep, HE KacCaroTcs
OCHOBHEIX PE3YIIETATOB, HE CTABAT IO COMHCHHE BBIBOABI NHCCEPTAITHH H HE CHHIKAIOT Haquoi&
IICHHOCTH HPOBGJIEHHOI‘O JUCCEPTAITHOHHOI'O HCCIENOBaHHA, M Ha HHX MOIYT OBITE JaHbI

TTIOACHCHHA B IIPOIECCC OGCY)K,IIGHH.FI.

3axniouenue

Juccepramus @enoposa H.A. BemoNHeHa Ha BEICOKOM HaydHOM ypoBHe. llomydeHHbIE
pe3yiIbTarhl OTIHYAI0TCS HOBH3HOM, 000CHOBAHHOCTHIO W 00NAalOT KaK TCOPETHYCCKOM, Tak U
IPAKTHYECKOM 3HAYMMOCTEIO0. BBIBOJBI paboTHl MOJHOCTBIO COOTBETCTBYIOT MPENCTABICHHBIM
SKCHEPHUMEHTATBHEIM JaHHEIM. JlEccepramus IpefcTaBIseT co0oi 3aBepIIEHHOE HAy9IHOE
HCCIIEIOBAHUE.

ITo aKkTyaJbHOCTH TEMBI JUCCEPTAlMH, HAYYHOM HOBH3HE, NMPAKTHYECKOH 3HAYMMOCTH
HOIYyYCHHBIX PE3YIETaTOB B O00BEMY 3KCHEPHMEHTAIBHBIX MCCIENOBAHHN IIpe/CTaBICHHASL
IHccepTalonHas pabora coOTBeTCTBYyeT IMyHKTaM 1,2,6, 7 macnopra CHEIHaNbHOCTH «XHMHS
TBEPIOTO TeNa», a TaKkKe OTBedaeT BceM TpebopaHmsaM mm. 9-14 «Ilonoxenus o mopsjke
NPHCYXKICHUs yYEHBIX CTemneHel», yrBepxaéHHoro ITocranomnenuem IlpaBurensctBa PO ot
24.09.2013 Ne 842 ¢ usmenenusmu ot 20 mapra 2021 . Ne 426, a e€ asrop, @emopos IHLA.,
3aCIIyXKHUBAeT NPUCYKICHHS YIEHOM CTENeHH KaHJW[aTa XUMHYCCKHX HayK IO CHELHAJbHOCTH

1.4.15. Xumus tBEpAOro TENa (XUMAYECKUE HAYKH).

Benymuit Hayusbii corpyaHuk, DenepansHOoe

rOCYIapCTBEHHOE OIO/KETHOE YUpeXkIeHHe HAyKd

HoBocHOHpPCKHN HWHCTHTYT OPraHHYECKOH XHMUH @ Y97 4

uMm. H.H. Bopoximosa CuOHpckoro otaeneHus

Poccuiickoll akajgeMuu Hayk), JOKTOp XHMHYECKHX

Hayk, (02.00.03 — Opranuyeckas XHMHUs, Oneiinuk MBan MBanoBu4

02.00.06 — BeIcOKOMOJIEKYIISIPHBIE COSAMHEHHS)
Hara « 22 » urons 2026 r.

Anpec: Poccmiickas ®@emepanusa.  630090. .
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1.9
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Ten.: +7 (383) 330-95-24
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