OT3bIB
OHLIHAIBHOT O ONIITOHEHTA

o quccepranun Tekwnnod Exarepuasl BiaagumMuposHsl Ha Temy
«Moxupuunposanye aHOHBLIX MATEPHAIOB A5 GoTonpeodpaszoBaTereii Ha
OCHOB€ HAHOCTPYKTYPHPOBAHHBIX MOJYIPOBOIHHKOB,
CEHCHOHJIM3HPOBAHHBIX KPACHTEISMHEY», PEICTABICHHOH K 3alHTe Ha
COMCKAHME YYEHOH CTeNneHH KaHIHAATa XHMHYECKHX HAYK 110
CIENHAIBHOCTAM
1.4.15. Xumus TBepaoro Teaa, 2.6.6. HanorexHooruu u HAHOMATePHAJIBI.

AKTYa/JbHOCTh T€MBI AMCCEPTANMOHHOI0 HCC/IeI0BAHHS

B yCnoBHsX CTPEMHTENBHOTO POCTa MHPOBOTO 3HEPromoTpeOIeHHs H
HEOOXONMMOCTH CHIKEHHs aHTPONOTEHHON HAarpy3Kd Ha OKPYKAIOIIYIO Cpey
paspaborka 3Q(EKTUBHEIX U SKOJOTHYECKH OE30MaCHBIX HCTOYHWKOB SHEPTHHU
SBJISIETCST OMTHOM M3 KIIOYEBBIX 3a/ad COBPEMEHHON Haykd M TexHuku. Ocoboe
MECTO Cpea BO30OHOBIAEMBIX HMCTOYHUKOB 3HEPIHH 3aHHMAET COJHEYHas
SHEpreTHKa, O0NamaoIas 3HAYATETbHBIM TOTEHIHAIOM I YIOBIETBOPEHHS
rIIOOAIBHOTO CIIpoca Ha 3MIEKTPOIHepriio. CeHCHOMIM3MpOBaHHbIE KPACHTENEM
conHeuHble 3neMeHThl (CCD) mnpencraBmsioT cobod IEpCHeKTHBHBIM KiIace
(pOTOIIEKTPHYECKHIX YCTPOHCTB, COUETAIONIMX CPABHHTENHHO HH3KYI0 CTOMMOCTb
IPOM3BOACTBA, TEXHOJIOTHYECKYIO IIPOCTOTY W BO3MOXKHOCTH CO3[IaHHMS TMOKUX U
NOTYNPO3payHbIX  KOHCTPYKImH. OJHAaKO WX  IOHPOKOMY  BHEIPEHHIO
IPENATCTBYIOT OrpaHHYEeHHS, CBA3aHHBIC c 3¢ HEeKTUBHOCTHIO
(oronpeobpazoBanus H CTAGHIBHOCTBIO paboThl yCTpoicTB. B 3TOM CBA3M
0co0yI0 aKTyalnbHOCTh MpHobpeTaeT paspaboTka MOOXON0B K MOAM(HIIMPOBAHUIO
(QYHKUMOHATBHEIX ~ COEB  (DOTOAHONOB  HA  OCHOBE  IIHPOKO3OHHBIX
nomynpoBonHuKkoB (TiO;, B 4acTHOCTH), a TaKKe YCTAHOBIEHHE B3aUMOCBS3H
MEXIY MX CTPYKTYPHBIMH XapaKTePHCTHKaMH, CBOMCTBAMH CCHCHOWIIM3ATOPOB H
napameTrpamu (hoTonpeodpa3oBaHusl.

Taxum obpasom, muccepramuonHas pabora Texmmuoit E.B., Hanpasnennas
Ha pa3paboTKy METOA0B MOIMGHLUHMPOBaHHS (DOTOAHOMHBIX MATEPHANOB H
HCCIICIOBaHHE TPOIECCOB IepeHoca 3apana u perpamauuud B CCD, HECOMHEHHO
SIBIISETCA AKTyalbHOM H COOTBETCTBYET COBPEMEHHBIM TEHICHIMAM pa3BHTHSA
XMMHH TBEPIOTO TeIa H HAHOMATEPHAIIOB.



Hayunasi W npakTHyeckas 3HAYHMOCTH M UEHHOCTh NOJy4eHHBIX
COHCKATeJIeM Pe3yJIbTATOB

B paboTe mpemiokeH KOMIUIEKCHBIH IOAXON K MOAH(HIMPOBAHHIO
(oroano 0B  Ha  OCHOBE HaHOKpHCTaiMueckoro TiO,,  BKIIOYAROMImi
HCIOTb30BaHHE CYOMHKPOHHBIX YaCTHLl KPEMHHS U OJHOMEPHBIX HAHOCTPYKTYD,
YTO TIO3BOJIMIO IIOBBICHTE 3(GdeKTHBHOCTE (oTONpeobpa3oBaHUs 3a CUET
ONTHMH3ALHUK IIPOLECCOB MepeHoca 3apsana. OcoObri MHTEpec NpencTaBisioT
pe3ylibTaTel, CBA3AHHBIC C NMPUMEHEHHEM OPraHUYECKUX KpacHTeNell Ha OCHOBE
THEHO[3,2-b]uHzona. YCTaHOBNEHBI KOPPEIUSIIMM MEXIYy HMX MOJIEKYJIAPHOM
CTPYKTypOH, TPHPOJOH SKOPHBIX Tpymm ®  (QOTOSIEKTPOXUMUYECKAMH
XapaKTePUCTUKAMH YCTPOMCTB, YTO MMEET Ba)KHOE 3HAUCHHE IS PAIlHOHAIBHOTO
IH3aiHa CEHCHOUITU3aTOPOB.

IIpakTHYeCKyI0 3HAYUMOCT HMEIOT pa3paboTaHHble METORUKH cGopku CCD
¥ TIPOTOKOJIBI YCKOPEHHBIX KIIMMaTHYECKAX HCIIBITAHMH, IIO3BOISIONIAE OLIEHUBATH
AOJTOBEYHOCTh YCTPOMCTB B IUIMPOKOM JHMalla3oHe TeMIIEpaTyp H YCIIOBHH
3KCIUTyaTalud. [lomydenusie pe3ynbTaThl MOTYT ObITh HCIIOJB30BAHBEl IPH
pa3paboTKe (OTOITEKTPUYECKHX YCTPOUCTB Ui MOPTATUBHOM 3MEKTPOHUKH M
WHTETPHPOBAHHBIX SHEPreTHUECKUX CHCTEM.

Hayuynasi HoBH3HA

Bce ocHOBHBIE pe3ynpTaThl OuccepTaidu 06J1aJalOT BBICOKOM CTEMEeHBFO
HayJHOH HOBH3HBI. BriepBble MOKa3aHO, 4TO BBENEHHWE CyOMHUKDOHHBIX YacCTHI]
KPEMHHUS B ME30IOPHCTEIHM ci1o# TiO, MpHUBOAUT K yBETMYEHUIO BPEMEHH KU3HH
HOCHTEJICH 3apsfia H CHIKEHWIO BPEMEHHM WX TPaHCIIOPTa, YTO IOJIOKHTENIBHO
CKasbIBaeTCs Ha 2 QeKTHBHOCTH (hoTOmpeobpasoBanusl.

YCTaHOBIIEHBI KOPPENSIME MEKIY CTPOSHHEM OPraHWYeCKHMX KpacuTeseit
Ha OCHOBE THEHO[3,2-b]uHIONa M HMX ONTHYECKHMH M 3JIEKTPOXHMHYECKHMH
XapaKTepUCTHKAMH, IO3BOJSIOIMIAE OIACATH BIMSHHE SKOPHBIX TPYII Ha
IIpoLecchl Mex(daszHoOro nepeHoca 3apsizia.

Briepsbie ¢ HCIONB30BAHHEM [IUAIBKOMETPHM HMCCJIENOBAHBl MEXaHHU3MEI
NepPeHOCca HOCUTENEH 3apsiia B CEHCUOMIIM3UPOBAHHEIX ¢I0sx Ti0,.

ITosmyvensl HOBbIE NaHHBIE O MeXaHW3Max aerpamamuu CCD B yCIOBHAX
IUKTHYECKOTO BO3IEHCTBHS TEMIIEpaTyphl, CBEeTa M BIAKHOCTH, a TakxKe
OPeUIOKEHBI KOJUYECTBEHHBIE TapaMeTPhl OLIEHKH UX CTa0HIbHOCTH.



Jlnccepraums Texmmuoit E. B. M3noxena va 177 cTpaHHIax U COCTOUT M3
Beenenus (10 crp.), O630pa nuteparypsl (41cTp.), DKCEpUMEHTAIbHBIX METOIOB
uccnenosanus (19 crp.), riIaBhl, IIOCBSIIEHHON H3rOTOBIEHKIO (POTOAHOLOB A
CEHCHOWIM3HPOBAHHEIX  KDACHTENEM  COJHEYHEIX OJIEMEHTOB, pa3paboTKa
meronukd cbopku CCOD m ux mopudukamun (21 crp.), Pesysnsraros u 06CyRACHAA
(53 ctp.), 3axmouenus (2 crp.), Besonor (1 crp.), Cnmcka yureparypst (127
IIyHKTOB) ¥ CIACKa HAy4HBIX MyOJMHMKAlWi, B KOTOPBIX H3TIOXKEHBI OCHOBHBIC
Hay4JHBIE pe3yIbTATHl guccepTanyy (12 MyHKTOB).

CreneHb  00OCHOBAHHOCTH  HAYYHBIX  IMOJIOKEHHH,  BbIBOJOB,
copMy/IHPOBAHHBIX B AUCCEPTALMH, HX JOCTOBEPHOCTH

JIOCTOBEPHOCTh Pe3yNbTaTOB OOECIIEUMBAETCA HCIIOIb30BAaHUEM INHMPOKOro
KOMILJIEKCA COBPEMEHHBIX (GHU3UKO-XHMHUECKHX METOI0B HCCIeJOBaHHA, BKIIOYas
peHTreHo(ha3oBBlf  aHANTU3, CHEKTPOCKOIMYCCKHE METO[BI,  2JIEKTPOHHYIO
MHKDOCKOITHIO,  JJIEKTPOXMMHUUECKME  W3MEpeHuss W THIIBKOMETPHIO.
CorJ1acoBaHHOCTE PE3yJIbTATOB, NOMYYEHHBIX PA3IMYHBIMA METOAAMH, a TAKKE HX
BOCIIPOM3BOAMMOCTE U COOTBETCTBHE JIUTEPATYPHBIM AaHHBIM CBHICTEIBCTBYIOT O
KOPPEKTHOCTH IPOBEICHHBIX HCC/IENOBaHMH M O0OOCHOBAHHOCTH  C/IENaHHBIX
BEIBOZIOB.

AnpoGauus padoTsl

OCHOBHBIE pe3yJibTaTbl AHCCEPTAlMH OMyOnMKoBaHBl B 12 CTaresxX B
pelleH3MpyEeMbIX HAYUHBIX JKypHAIaX, HHIEKCHPYEMBIX B MEXKIYHApPOAHBIX 0azax
NaHHBIX, @ TAaKXKe MpelcTaBleHsl B 9 JOKTafmaX Ha BCEPOCCHUMCKHX U
MEK/TYHAPOIHEIX KOHMEPEHIUAX.

ComeprkaHde  BbINIEyKa3aHHBIX  ITyOIMKaluid  COOTBETCTBYET  MaTepHaly,
H3JI0KEHHOMY B QUCCEPTALMH, M ABIAETCS JOCTATOYHBIM I AUCCEPTAHOHHOTO
ucclieqoBaHus. TeKeT aBTopedepara COOTBETCTBYET TEKCTY JHCCEpTalMH U
KOPPEKTHO MPEJICTABISET €€ OCHOBHBIC ITOJIOKCHHUA.

Tem He MeHee, IpU IPOYTEHHH pyKomucu ruccepranmy Texmmuod E. B.
BO3HHKIIM CITEIYIONIHE 3aMe4YaHHs] H BOIIPOCHI:

1. B TekcTe QUCCepTallié BCTPEUYAIOTCS KOHKPETHEBIC CTHIHMCTUYECKUE H
penakTopckue HetouroctH. Hampumep, Ha ¢1p. 121 dopmynupoBka «I0CTAras .
60% OT cTaHAAPTHOH Aueiiky Ha ocHoBe N719%» COMEPKUT THITHAN CUMBOI «*» 1
TpeGyer yrounenus samucd. Ha ctp. 149 dpasa «B paiioHe TeMIIEpaTyph 30°C y
KpacuTeNst HabmromaeTcs Jk3y sBIIAeTCs HEKOPPEKTHOH C TOUKH 3PEHHs Hay4HOTO
cruns (He 3aBepIIeHA MBICIB, OTCYTCTBYET IJIarojibHas CBA3Ka), 4TO 3aTPyIHSET
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WHTepIIpeTaldi0  pesyibrara. B Tabmume 5 (ctp.  122) HaOMIOnatTCs
HECOTJIACOBAHHOCTH B TPEJCTABJICHHN UYHMCICHHBIX MaHHBIX (HAIpHMep, 3aIich
«0.20 0701» mns xpacurens [S10), 4To, BEpOSTHO, SBISETCA ONEYATKOM.

2, B  pabore  npuBegeHsl  mOOpoOHEIE  (OTOANIEKTPUIECKHE
xapakTtepucTikn (Hanpumep, ;11 CCD Ha ocHoBe Kpacutens 1S4: Jsc = 7,59
MA/cM?, Voc = 0,62 B, FF = 0,64 u PCE = 3,02% =a ctp. 121-122), ogHaKo uX
COIIOCTABIIEHHE C JIUTEPATyPHEIME aHAJIOraMH HOCHT OTpaHWYeHHBIH xapakTep. B
To e Bpems B Tekcre (cTp. 150) yKazaHO, YTO TOJNYYCHHBIC 3HAYCHMS
crabunpHocTH (T80 = 320 u) mpeBbIIAl0T TAIWYHBIE 3HAYEHHS JUIS KIIACCUICCKHX
CCD (100-300 u), ogHaKO aHAJIOTHYHOE KonudecTBeHHoe cpapHenue Wi K1 u
npyrux napamerpos (Jsc, Voc) B paboTe npecTaBIeHo HE B TOJHOH Mepe.

3. B paszeie, NOCBSIIEHHOM HCCIICAOBAHUIO TEMIIEPATYPHBIX 3(Q(HEKTOB
(ctp. 124), npuBemeHBI [eTalbHble 3aBHMcHMOCTH mapamerpoB CCD ot
TeMIlepaTyphl (Hampumep, u3mMeHeHHe Voc ot 0,64 no 0,78 B u cHmkerue Jsc ¢
6,92 nmo 5,42 MA/cM® B muamazone ot +60 mo —30 °C), omHako o6GCyxaeHHe
MEXaHM3MOB STHX M3MEHEHHH HOCHT MPEUMYIECTBEHHO Ka4YeCTBEHHEIN XapaKTep.
[Ipencrasnsercs 1eN1eco00pasHbIM JIOTIOJTHHUTENIBHO PaccMOTPETh
KOJMYECTBEHHBIE MOJIENH, YYUTHIBAIOIIHE BKJIAJ PEKOMOMHALMM W H3MCHEHHA
MIOJBMYKHOCTH HOCHTENIEH 3apsya.

4, B paszene, nocamEnHoM ferpanamuu (cTp. 157-158), ykasano, 4to
80 mmknoB (=240 1) coorsercrByror cHibkenmio KIIJ[ mo yposas 80% mpu
BappEpOBaHAM Temmeparypbl o —60 mo +55 °C. OgHako B paboTe OTCYTCTBYET
COMOCTAaBJIEHHE TPEIIOKEHHOTO INPOTOKONA MCIBITAaHHH € MEXTyHapOTHBIMH
crargapramu  (Hanpumep, IEC juis  (OTOIIEKTPHUYECKUX YCTPOKCTB), 9TO
3aTpYQHSAET NPAMYI0 HHTEPIpPETAUIO IIOJNyYEHHBIX pe3yJbTaTOB B KOHTEKCTE
IPaKTHICCKOTO IPUMEHEHH,

5, B rmaBe 2 (cTtp. 63) omMcaHWE METOJa TEPMOIPAaBUMETPHYECKOIrO
aHayM3a HOCUT M30bITouHO oOmmit xapakrtep («TT'A mHPOKO NPUMEHSETCS B
pasIMUHBIX OOIACTSAX HAYKH M TEXHMKH...», KONHMM M3 ITIaBHBIX IIPEMMYINCCTB
ABJIAETCS TPOCTOTA M AOCTYIHOCTB»), YTO OONBINE COOTBETCTBYET yd4eOHOMY
0630py, YeM IUCCEepTAlHOHHOM paboTe, U MOIJIO OBl OBITH COKpAIICHO B IONB3Y
GoJiee IPUKIIaTHOTO OMUCAHKA YCIOBUHA SKCIIEPUMEHTE.



Bmecte ¢ TeM, ykasaHHble 3aMeYaHHS HOCAT YAaCTHBIA H B OCHOBHOM
PENaKTOPCKUM HIIM JHUCKYCCHOHHBIM XapakTep M HE CHIDKAIOT O0mel BBICOKOMH
OLIEHKH ITPECTaBIIEHHON paGoTEL.

CoorBercrue  ameccepranmm  Tekmmuoiik E. B. macnopram
cnetnaabHOCTH 1.4.15 — Xumus tBepaoro tena u 2.6.6. — HaHOTeXHOJIOTHH H
HAaHOMAaTepHAJIbI.

Huccepramms Texummuoit E.B. coorerctByer mm. 2, 7, 8, 10 macropra
cnenuanbHocTd 1.4.15 — Xumus tBepnoro tena u mm. 3.1 u 3.5-3.9 macmopra
CIIenHanbHOCTH 2.6.6. — HaHOTeXHONOrHA W HAHOMaTEPHAIEL.

Huccepranms Texmmuoift E. B. sBisercss 3aKkoHYeHHO# HaydHO-
KBaTH()HKAUMOHHOH paboToif, B KOTOpOM pelleHEl BaKHBIE HAYYHBIE 3aauH,
UMEIOIINE 3HAYCHWE [ Pa3BUTHsS COBPEMEHHOM XHUMHH TBEPAOro Tella M
HaHOTEXHOJIOTMH W HAHOMATEPHAIOB, 4 HMEHHO:

- Ppa3paboTaHbl MOAXOAbl K MONM(GHIMPOBAHHIO ME3OMOPHCTHIX (OTOAHOTHBIX
CJI0CB Ha OCHOBE HaHOKpUCTaLTHIeckoro TiO, ¢ ucronb30BaHuEM CYOMUKPOHHBIX
HacTHL KPEMHHSA H OIHOMEPHLIX HAHOCTPYKTYp, OOecIHevHBAarOLIHe YIIydIleHHe
IapaMeTpoB IIEpPeHoca 3apsa;

- YCTaHOBJICHBI B3aUMOCBS3M MEXTY MOPGOJIOTHE M COCTaBOM oroanonoB u
(pOTOBIEKTPHYECKIMH XapaKTEPUCTUKAME CEHCHOMIH3APOBAHHEIX COTHEUHBIX
3MEMEHTOB (B 9YAaCTHOCTH, IOKA3aHO YBEIMYECHHE IUIOTHOCTH TOKA KOPOTKOTO
3aMbIKaHus 710 ~7,6 MA/cM” | K02 duimenTa MpeobpasoBanms SHEPrun 10 ~3,0%
IUTS ONTHMHU3UPOBAHHBIX CHCTEM);

- HCCIIENOBAaHBl ONTHYECKHE H 3IEKTPOXMMHYECKHE CBOMCTBA OpraHHYEeCKHX
KPacUTeJIeH Ha OCHOBE THEHO[3,2-h]uHI0/1a ¢ PasIMYHBIME AKOPHEIMH T'DYIIIaAMH
1 yCTaHOBJIEHO BIMAHUE MX CTPYKTYPhI Ha MPOLECCH MHKEKIHH ¥ PEKOMONHAINH
3apsza;

- C HMCIOIB30BAHUEM HHM3IEKOMETPHM IIOTYYECHEI HOBEIE JAaHHBIE O MEXaHH3MAX
[IEpEHOCA U pelaKCalliid HOCHTENIeH 3apsi/ia B CEHCHOWIH3UPOBAHHEIX ci1osX Ti0,;

- pas3paboTaHbl ¥ anpoOMpPOBAaHBI IMIPOTOKOJNEl YCKOPEHHBIX KIMMATHUECKHX
ucnpitanud CCO B mmpokoM juanazoHe Temmeparyp (ot —60 go +55 °C),
TIO3BOJIAIOIIME KOMMYIECTBEHHO OLEHUBATE CTAOMIBHOCTD YCTPOHCTB (B TOM UHCIe
¢ ucrionb3oBanueM mapamerpa T80 = 300320 v);

- YCTaHOBJICHBI 3aKOHOMEPHOCTH JIeTpajlallii CeHCHOMITM3HPOBAHHBIX COTHEYHBIX
SJIEMEHTOB TPH KOMIUICKCHOM BO3JIEHCTBHHM TEMIICPATyphl, OCBEHIEHHS W
BII@)KHOCTH.



3aksrouenne. Juccepranus «MonuduIHEPOBAaHAE AHOHBIX MaTEpPHAIOB
ISt dhoronpeobpazoBarenei Ha OCHOBE HaHOCTPYKTYPHPOBAHHLIX
TONYIIPOBOAHHKOB,  CEHCHOWIM3HPOBAHHEIX  KPAacHTENAMH» 10 CBOEH
AKTYa&JIBHOCTH, HOBH3HE, JOCTOBEPHOCTH, TEOPETHYECKOH M IPaKTHISCKOH
3HAYUMOCTH ¥ [IEHHOCTH TOTYYEHHBIX Pe3yJIbTaTOB COOTBETCTBYET TpeOOBAHMM,
M3I0KeHHBM B . 2.1-2.5 TlonoxeHds O MPUCYXXAEHHM YYEHBIX CTEICHEH B
denepalbHOM TOCYIAPCTBEHHOM OOKCTHOM YUPEKICHUH HayKH Nuctutyre
obmeif u Heopranmyeckoi xumun uM. H.C. KypnakoBa Poccuiicko axamemun
mayk (MOHX PAH) or 29.03.2024 r., a eé aprop, TexkmmuHa Exarepuna
BragdMHpOBHa, 6e3 COMHEHHs, 3aClyXWBaeT MPHUCYKICHWs YYCHOH CTEICHH
KaH/IMIATa XAMHAYECKHX HayK 110 criennanbHocTsM 1.4.15 — XuMust TBepAoTro Tena
u 2.6.6. — HanoTexHOJOTUHY U HaHOMAaTepHalbl.
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