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W3YUEHMUE o-PEJJAKCAIIMHA B IUDJIEKTPUUECKHUX CBOMCTBAX
TEPMOIIVIACTUYHOI'O ITIOJIMUMHUJIA OAPA-OO

Jao Txu XoHr, kanauaaT GU3NKO-MaTeMaTHICCKUX HAYK, MPEIO0/1aBaTeNb
Texunonornueckuii Muctutyt [outsl u Tenekommynukanuii (Xanoii), BeetHam
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Annomayun. B OannoMm  ucciedoeaHuu  u3yHarOmcs — OUdIEKMpUYEecKue  Ce0lUCmed
apomamuyeckoeo mepmoniacmuyroco noauumuoa OJPA-OOL 6 obracmu o-penraxcayuu. Ilenku
noOJIyYeHsvl 08YXCMAOUUHbIM CUHmMe3oM ¢ nociedywwel mepmoodopabomroi npu 300 °C.
Juanekmpuueckue cnekmpul uzmepensi 6 ouanazone 10 7-10°T'y u 473-573 K. Ananuz no ¢pyuxyuu
Taspunsaxa-Heeamu 6via6un 3a8UcUMOCmb NAPAMEMpPO8 pPelaKcayuu om memnepamypvl u Cesa3u
MeAHCOY MONEKYISIPHOU NOOBUICHOCIIBIO U XUMUYECKUM CMPOEHUeM NOTUUMUOA

Knwuesvie cnosa:  noauumuod,  OudeKmMpuueckas — peraKcayus, — MOJEeKVIAPHAS
noosgudicnocmu, pyukyus I aspunsixa-Heeamu, mepmoniacmuynvle noiumepol.

[Momuumu st (ITH) mpenctaBisoT co0oi Ki1acC NOIMMEPOB, 0071aJal0IIKUX BbIIAIOIIUMUCS
(U3NKO-XMUMHYECKUMH CBOWCTBAMH, BBICOKOH CTPYKTYpHOW CTAOMIBHOCTBIO, TEPMHUYECKOH U
XMMHMUYECKON CTOMKOCTHIO. braromaps atum xapakrepuctukaM 1M HaxomsaT mMpokoe NpUMEHEHUE
B Ka4eCTBE ICKTPOU3OJSLMOHHBIX MATEPUAJIOB, a TAKXKE B AaBUAIIMOHHO-KOCMMYECKOW TEXHUKE U
JJIEKTPOHMKE, TIE JKCIULyaTalus HEPEIKO OCYIIECTBIAETCS B DKCTPEMAJBHBIX YCIOBUAX — IIPHU
MOBBIIIEHHBIX TEMIIEpaTypaXx M HMHTEHCUBHOM oOsyueHuu [1, 6]. MccregoBaHus NOIMMMHUIOB
IIPOBOJMIIMCH C MCHOJIb30BAHUEM PA3IMYHBIX OJKCIEPUMEHTAIBHBIX IOJAXOJI0B, B TOM YHCIE
pPENaKCalMOHHBIX METOHOB — JUIJIEKTPUYECKOTO, MEXAHMYECKOTO M SACPHOIO MArHUTHOIO
pe3oHaHca. IIpuMeHeHHe peNakCalMOHHBIX METOJOB II03BOJIIET IOJIYYUTh KOMIUIEKCHYIO
MHPOPMAILIMIO O CTPYKTYpE M MOJIEKYJISPHOW MOJBM)KHOCTH IMOJMMEpa Ha pa3HbIX YPOBHSIX €ro
opranmzanu. Ha  nuanekTpuyeckux — cHekTpax — HaOMoJaroTcst  00JacTH  MaKCUMYMOB
IUAJIEKTPUYECKUX TOTepb, OOYCIOBJIEHHBIE KaK JIOKAIbHBIMM KOJICOAHUSMHU  OT/EIbHBIX
(YHKIIMOHAJIBHBIX TPYII, TaK U KOOTIEPATUBHBIM JIBU’KEHUEM KPYIHBIX CEIMEHTOB MJIM JJaXKe BCel
Makpomosekyisl [4, 5]. BpemeHa penakcallMM M aKTHBAallMOHHBIE MapaMETPbl MOJIEKYJISPHOIO
JBIKEHUS 3aBHCAT OT MEXKMOJIEKYJSIPHBIX B3aMMOJEHUCTBUM, OIPEACISIEMBIX XUMUYECKAM
CTpOo€HHEM M (U3MKO-XMMHUYECKUMHU CBs3AMU B Marepuaie [2]. Llenp Hacrosimeidt paboThl
3aKJIIOYAaeTCs B BBIBICHMM OCOOEHHOCTEM Tmpolecca AMAIEKTPUUECKOM —o-pellakcallud |
YCTAaHOBJICHUM B3aWMOCBSI3U MEXAY MOJIEKYJISPHON MOJBHKHOCTBIO MU XUMHUYECKUM CTPOCHHEM
HCCIEAYEMOI0 TEPMOIUIACTUYHOTO apoMaTtuueckoro noauumuga OADA-OO/.

B pabore MeTOAOM IUAIEKTPUYECKOH CHEKTPOCKOIMH HCCIEA0BaHA MOJEKYJsIpHas
MOJBMXKHOCTH TepmoruiactTuyHoro noauumuaa OJIDA-OO/], cTpykTypa KOTOPOro mpUBEECHA HA
puc. 1.

© Hao Txu Xour / Dao Thi Hong, 2025
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Pucynox 1. Cmpyxmypa mepmoniacmuurozo nonuumuoa OJP@A-O0]

[Tomuumuanasie (ITM) mueHkun ObUTM CHHTE3WPOBAHBI IO JIBYXCTaAMMHOW MeToauke. Ha
IIEPBON CTAUU — CTAJUM MOJUKOHACHCALNUU — OCYLIECTBIISUIOCH MOJIyY€HUE MOIMAMUIOKUCIOTHI
(ITAK). Peakmus mnpoBoawiack TIpH KOMHATHOW TeMIlepaType B OSKBHUMOJSPHOW CMECH
apoMaTHYeCKOIo JUAHTUPUJIA U apOMAaTUYECKOTO IMaMUHA, PACTBOPEHHBIX B AUMETUIIALIETAMU/IE.
[Tonmy4ennsiii pactBop ITAK oTnuBancs Ha CTEKJISHHBIC TOJUIOKKH AT (POPMHUPOBAHUS TIJICHOK.
Bropas cragus Bkitoyana TepMuueckyro o0paboTtky nmonydeHHbix [IAK-1ieHok, B pe3ynbTaTe 4ero
MIPOUCXOIMIIA UMHIU3AIHS U (POPMUPOBAHUE TIOTUUMUIHON CTPYKTYPBHI.

s mpoBeeHUsT TUAIEKTPUUECKUX U3MEPEHUI HCIIOIb30BAUCH IICHKU, MPEIBAPUTEIHHO
tepMoobpadoTanusie ipu Temneparype 300°C B teuenue 30 MHHYT, 9YTO OOECIICUMBAIIO TOJIHOE
3aMbIKaHWE UMUIHBIX IMKJIOB U yAaJeHHE OCTAaTKOB pacTBOpUTENs. JMAIeKTpUUYECKHUEe CHEKTPHI
PETUCTPUPOBAIUCH C MTOMOIIBIO MIMPOKOMOJIOCHOTO AMAJIEKTpUIecKoro crekrpomerpa Concept-81
(Novocontrol Technologies GmbH), ocHaménHOro aBTOMaTH4eCKMM YacTOTHBIM aHAIU3aTOPOM
Bbicokoro pazpemeHuss ALPHA-ANB. B kauectBe 00pa3iioB HMCIOJIB30BATNCh IJIEHKU TOJILIMHON
25-40 MKM, 3aKaThle MEXIY JaTYHHBIMH 3JIEKTPOJaMu (MaMeTp BEpXHEro anekTpoaa — 20 mm).
N3mepenus npoBoAMINCH NpU TemnepaTypax npumepHo Ha 30K Bbliie TemnepaTypbl CTEKIOBAHHUS.
Jnsa Bcex oOpa3ioB 11 Obutn momydeHsl TeMrepaTypHO-4aCTOTHBIE 3aBUCMOCTH ACMCTBUTEIHLHON
YacTH JWAJIEKTPUUECKOW MpoHHIaeMocTd (&) u (akropa AMAIEKTpHUUECKUX MOTEeph (£") B
nuanasone yactor 107'-10° 'y u Temneparyp 473-573K. AHanu3 SKCIEPUMEHTAIBLHBIX JAHHBIX
BBITIONHSUICST C MCIOJB30BAaHHEM JBYXIApaMeTpUUecKor sMmmupudeckoi ¢yHkiuu [aBpuiska—
Heramu (HN) B nporpammuoMm nakere Novocontrol WinFit.

Ha puc. 2 mnpeacraBieHa 4YacTOTHAsE 3aBUCUMOCTh —JUAJNIEKTPUUYECKUX TOTEPh B
TeMIIepaTypHOH 00JIaCTH, COOTBETCTBYIOIIMX IpolieccaMm o penakcanuu. Ha puc. 3 0003HaueHbI
BKJIaJbl JMIJIEKTPUYECKUX MOTEPh U TNPOBOJMMOCTH B OOIIYyI0 KapTUHY JUAJIEKTPUYECKON
penakcalui.

250 1 250 +
493K

498K 503 513K

200 513K 200

150 150

£'[107]

100 |

£"[107]

100 A

50
504

10° 10° 10

S Hz £ Hz

Pucynox 2. Yacmomnas 3asucumocms
OUINEKMPULECKUX NOmepPb 8 001acmu & npoyecca
npu pasueix memnepamypax. CniowiHvle TUHUY —
AnnpOKCUMAYUS IKCHEPUMEHTNATIBHBIX — KPUBLIX
¢ynxyuei HN

Pucynox 3. Yacmomnas 3asucumocms
OUBIEKMPUYECKUX NOmepsb 8 061acmu & npoyecca.
Cnaownas 1uHus — annpoKCUMayus
aKcnepumemanvrsvlx mouex gynxyueti HN.

1 — ousnekmpuueckue nomepu, 2 — npo8OOUMOCHb
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3HaveHHs BPEMEH pelaKCallid M UX TeMIepaTypHas 3aBUCUMOCTh MIPEACTABJICHBI Ha puUC. 4.
Kak BusHO U3 puc. 4, IS UCCISAYEMbIX 00pa3iioB TeMIlepaTypHast 3aBUCUMOCTD —IQ 7,4..=¢@(1/T) B
o0JacTu o-TIpoliecca MMEET HEJIMHEWHBIA XapakTep. DTO THUIMYHO I KOOIEPATUBHBIX (OpM
penaKkCalluOHHBIX IMPOIIECCOB MOJEKYJISIPHOTO JBHXKEHUS, KOTOPBIE XapaKTEPHU3YIOTCS IHIMPOKUM
HA0OpOM BpPEMEH pelakCallid W  OCYIIECTBISIOTCS KaK COBMECTHOE KOPPEITHpPOBAHHOE
nepemMenieHue OOJBIIOro Yhcjia CETMEHTOB, MPUHAICKANIUX COCETHUM MaKpoMoJieKyjiaM. B
pe3yiabTaTe, MOJIEKYJsIpHAas TMOJBH)KHOCTh KHHETHYECKUX CETMEHTOB 3aBUCUT OT COCTOSIHUS
OIDKAWIEro OKPYXKEHHUS W ONpefessieTcss B OOJIbIICH CTENEHH MEKMOJEKYISIPHBIMH
B3aUMOJICHCTBUSMU. DHEPTUs aKTUBALMK KOOIEPATUBHOIO MPOIECCa 3aBUCUT OT TEMIIEpATyphl, a

3aBUCUMOCTH  -19 7,4 =@(1/T) XOpOIIO ONMKMCHIBAIOTCS HSMIUPUUECKUM ypaBHeHHeM dorens—
®ynpuepa—Tammana (O-O-T) [3]:

B
Tyuxe = To €XP( ) (1),
T-T,

rne n, B u Ty — He 3aBUCAIIME OT TEMIIEpPATyphbl Mmapamerpbl. 7y — TaKk Ha3biBaeMas
temneparypa ®Porens. [lapamerp B sBisieTcs Mepoil KOONEPATUBHOCTH PEJIAKCAITHOHHOTO
nporiecca. Yem MeHblire B, TeM 00JIbIIe HCKPUBJICHUE U OTKJIOHCHHE 3aBUCUMOCTH -10 7,0, =@(1/T)
OT JIMHEHHOW W TEM BBIIIIE KOOIIEPATUBHOCTh PACCMATPUBACMOTO TIpoliecca (apameTpbl ypaBHEHUS

(1) ayis o mporiecca B UCCIenyeMOi cCUCTeME TIpeIcTaBiIeHbl B Ta0mie No 1).

W 4 -
i\‘&
e 3T
2 -
1 -
0 " 1 " 1 " 1 " 1 " 1
1,80 1,85 1,90 1,95 2,00 2,05

107, K"

Pucynox 4. Temnepamypnas 3a6ucumocms gpemen peraxcayuu 8 0oiacmu o npoyecca

Tabnuya 1
ITapamerpsl ypaBHenus (1) B o0s1actu a-npouecca i OAPA-O0/
O6pazen g [c] B, K To, K T.K
OJI®A-00]] 11.6 1564 421 480

*
1pH 19 7,40 =0.

Jns manHoro tepmoractuyHoro [IM, xak u g panee nccnenoBanubix 1M pasnmuunoro
CTPOCHHSI, 0L TIPOIECC MOKHO OJIHO3HAYHO CBSI3aTh C MEPEXO0JIOM Yepe3 TeMIlepaTypy CTEKIOBaHUS.
MonekynsipHBIM HCTOYHMKOM O TIpollecca sBISETCS KpYyMHOMAcCIITa0Has CerMeHTalbHas
MTOJIBFDKHOCTH XpeOTa MaKpOMOJICKYJIbI. TeMItepaTypHO-4acTOTHBIE KOOPIWHATHI O TIporiecca (puc.
4), 3aBucumMoctd -1007,0,=¢@(1/T), oTaenstor 00gacTh CTEKI000PA3HOTO COCTOSIHHS IOJHMEpPa
(cipaBa) OT BBICOKODJIACTHYECKOTO cocTossHus (cieBa). Temmeparypy creknoBanusi, 1. (cM.
tabmuiy Ne 1) ompemeNsiii dKCTpamosiueit 3aBucuMoCTd -1097,c = @(1/T), omucanHO#

8
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ypaBueHreM @-D-T, k -10g9Tyuc=0 (Tyae=1 ¢). g muHelHbIX TOAMMEPOB 7, OMpeaeIsIeTcs,
TJIaBHBIM 06pa30M, MG)KMOJIeKy.HSIpHBIMI/I U OUIIOJIb-AUITIOJIBHBIMHA B3aHMOI[efICTBHﬁMH MC)KILy
MakpoMosiekyinamu. B cimydae ¢ IIM, ckopee Bcero, OCHOBHOWM BKJAJ B MEXMOJEKYISPHBIC
B3aHMOI[eI>'ICTBI/I$I BHOCAT III/ICHepCI/IOHHBIG CHUIJIBI MG)KI[y IIJIOCKUMHAU q)eHI/IJIeHOBBIMI/I KOJIbIIaMH.
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PHENOMENA IN THE DIELECTRIC RESPONSE
OF THERMOPLASTIC POLYIMIDE ODFA-OOD
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Abstract. This study investigates the dielectric properties of the aromatic thermoplastic
polyimide ODFA-OOD in the region of o-relaxation. The films were obtained via a two-step
synthesis followed by thermal treatment at 300 °C. Dielectric spectra were measured in the
frequency range of 10 7-10° Hz and temperature interval of 473-573K. Analysis using the
Havriliak-Negami function revealed the temperature dependence of relaxation parameters and the
relationship between molecular mobility and the chemical structure of the polyimide.

Keywords: polyimide, dielectric relaxation, molecular mobility, Havriliak-Negami function,
thermoplastic polymers.
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BJIUAHUE JE®EKTOB HA SJIEKTPO®PU3INYECKHUE
CBOHMCTBA COJTHEUHBIX DJIEMEHTOB
HA OCHOBE I'ETEPOCTPYKTYP CdTe/CdS U CdTe/CdSe

C.M. Oraxonos, T.1O. BaKI/IPOBZ, P.H. 3prameB3,

K.M. BOKHp0B4, J.X. Hasvupannosa®, Y.X. Mzn,py(])OBa6
! mpodeccop, TOKTOp PHU3MKO-MATEMATHYECKUX HAYK, 2 IOLEHT, KAHINAT [IEIarOrHYeCKNX HayK,
JIOLCHT, KAHMAAT (QU3MKO-MATEMATHYECKIX HAYK, * MATHCTPAHT, > COMCKATENb, ° CTY/IeHT
16 @epranckuil rocygapcTBeHHbIN yHUBepeuteT (r. deprana), Y30ekucran

Annomayun. B cmamve npeocmasnen cecmoporuuti 0030p 31eKmMpoPU3ULECKUX c8oUcma
coeounenuti CdTe/CdS u CdTe/CdSe, c¢ akyenmom Ha ux KpUCmMailudeckyro CmpyKmypy,
meniogvle, Mexanuieckue u onmuuyecKue xapaxmepucmuku. Paccmampusaromca ocobennocmu
cmpoenus a3z YuHKOBOU OOMAHKU U GIOPYUMA, YCIO0BUS UX POPMUPOBAHUSL U YCIOUYUBOCTU, A
Makdce pasiudusi 6 MNOBEPXHOCMHBIX COCMOAHUAX U XUMuyeckux ceoticmeax. Onpeodenenvi
napamempbvl pewiemku, MenionposooOHocmy, memnepamypsl [ebas 6 cemepocmpykmypax, a
makoice GuAHUe Ne2UPOBAHUS. U KOHYEHMpayuu Hocumeneu 3apaoa Ha @QuuKo-mexaHuvecKue
ceoticmea CdTe. Ilposedén cpasnumenvuuiii ananus ceoticme CdTe ¢ Opyeumu coeduneHusmu
epynnor A’B®, umo noseonsiem oyenumv nomemyuan Oannoeo mamepuana O NPUMEHEHUS 6
ONMOINEKMPOHUKE, (HOMOIIEKMPUUECKUX Npeodpa30eamensx U WOHKONIEHOUHbIX COTHEUHbIX
9/1eMeHmax.

Knrouesvie cnoea: CdTe, CdS, CdSe, snekmpoghuzuueckue ceoticmea, Kpucmaiiudecxkast
CMpYKmMypa, menionpogooHocmy, memnepamypa /lebas, nomrynpogooOHUKU, CONHEYHble INeMEHMbl,
ONMOINEKMPOHUKA.

BBEJIEHUE

Coenunenus temnypuaa kaamusi (CdTe) u ero rerepoctpyktypel ¢ CdS u CdSe
MPEJCTABISAIOT COO0M BaKHBIE MaTepHalIbl Il COBPEMEHHOM ONTOANEKTPOHUKHU M (POTOIHEPreTUKU
[5]. Ux yHukampHbIE SIEKTPOPU3NYECKHE U CTPYKTYpPHBIE CBOMCTBa OOYCJIOBUIM IIHPOKOE
HCIIOJIb30BaHNE B COJHEYHBIX IEMEHTaX, JETEKTOpax M3JIydeHUH U IPYIMX IOJYNPOBOJHUKOBBIX
npudopax [2].

B naHHOM uHccrenoBaHMM MpEACTaBIE€H BCECTOPOHHHUM 0030p (PU3MYECKUX XapaKTEPUCTUK
CdTe, Bxitodass KpUCTANIMYECKYIO CTPYKTYpPY, HapaMeTpbl PEelIeTKH, MEXaHUYECKUE, TETJIOBbIE U
ontuyeckue cBoiicrBa. Ocoboe BHUMaHMe yaeneHO cpaBHeHHo CdTe ¢ qpyrumu coeaMHEHUSIMU
TPYIIIBI A’B®, 4TO MO3BOJSIET OICHHTEH CHelU(HUKY JaHHOTO MaTepuana U OIpPEleIuTh €ro
MIOTEHIIAAJ B IPAKTUYECKUX TPUMEHEHMSIX.

PaccMoTpeHbl faHHBIE M3 aKTyalbHOW JIUTEpATypbl, IJi€ MPENNpHHATa CUCTeMaTH4yecKas
MOTIBITKA BBIJETUTH Haubojee 1ocToBepHble 3HaueHHs mapamerpoB CdTe, a Taxke npHuBeIEHBI
pe3yNbTaThl HUCCIEJOBaHUM, WUTIOCTPUPYIOIINUX OCOOEHHOCTH €ro CTPOEHUsT M MOBEACHUS B
Pa3INYHBIX YCIOBUSIX.

METO/IbI UCCJIEJOBAHUA

JUis modydeHuss KOHTPOJMPYEMBIX M aKTMBHPOBAHHBIX (DOTOUYBCTBHUTEIBHBIX IUIEHOK
ucnosnp3yercs padouas kamepa BVYII-4 ¢ coBpemeHHbIMH JaTunkamu U mpubopamu. B paboueit
KaMepe YCTAHOBKH BaKyyM JOCTHran mopsiaka 10 M. pr. cr. BakyyMmHas kamepa MpecTaBisuia

© Oraxonos C.M., bakupos T.1O., Oprames P.H.,
boxupos XK.M., Haxxmunauaosa /1. X., Maspydosa Y. X. / Otajonov S.M., Bakirov T.Yu.,
Ergashev R.N., Bokirov J.M., Najmiddinova D.Kh., Marufova U.Kh., 2025
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co00l COBOKYITHOCTh MaT€pPHAJIOB CTEKJIA, KBaplia MJIM METajljla CO CTEKJISTHHBIM MJUTFOMUHATOPOM B
BUJE LMIMHAPUYECKOIO KOJIMaka auameTpoM 15 cMm u BeicOTOM 35 cM, rie Hpou3BOJIMIOCH
HalbUIEHUE HCXOJIHOrO IOJIYIPOBOAHMKOBOrO Marepuaiga M npumecu. B paboueil BakyymHOMN
KaMmepe Ha pacctossHMM 15-20 cMm oT €€ nHa pacrnoJiarajcsi JIep)Kareib, BBIIIOJHEHHBIH B BHUJE
paMKH, Ha KOTOPYIO KPEMMINCh MOAJIOKKHU. PaccTosHue Mexly paMKoi M TUTJIeM ObLIO B IpeAeax
4,5-6,0 cm. [Tyrem moBopoTa aepKaTesiss MOKHO ObLIIO H3MEHSThH YroJl HambuieHus oT 0 10 90°. Ha
IIOBEPXHOCTh KOP3MHOYKU HAHOCUJIACh BOJHAS CYCIEH3MsI OKMCH OEpHIUINS WM OKUCH AIIOMUHUS
[10].

To4yHOe KONMMYECTBO BBOJUMOM NMPUMECH YCTAHOBUTH OBLIIO HEBO3MOKHO M3-3a CIIOKHOCTH
IpoIIecca OCAKACHUS MeTalla Ha TMOMJIOXKKY, a Bpems t, TonmmHa d U Vi CKOPOCTh HalbUICHUS
CdTe omnpenensmuch SKCIEPUMEHTAIBHO [UIl MOJYYEHHUS HAWIydlIMd (HOTOUYBCTBUTEIbHBIH
rerepocTpykrypbl: t=15-20 mumu; vk =1.5+1.7um/c, d<Imixm. Ckopocts koHaeHcamuu CdTe,
orpeJiesieHHast U3 OTHOIICHUS TONIIUHBI INICHKH KO BPEMEHHU HambuleHus, coctapisuia 0.2-2.5 av/c.
Tonumua mieHOK ompenensiaack NP MOMOIIM HHTephepeHUUMOHHOro Mukpockona MUM-4 u
MUU-9. OTmMeTuM TaKkKe, YTO Ha CBOWCTBA CJIOEB CYILIECTBEHHOE BIUSHUE OKa3blBal U BaKyyM,
[PU KOTOPOM CJIOM HAHOCHJIHCH [4].

OKCITEPEMEHTAJIBHBIE PE3VJIBTATBI U UX OBCYXXIAEHUE

Ha puc. 1 mokasana gacte TaGmuisl Meneneesa, BKIoYaomas snementsl rpymn A2 i B,
Cd u Te, koTopble pacnoyIOKEHbI B YETBEPTOW CTPOKE TAOIMIIBI C AaTOMHBIMU HOMepamu 48 u 52
COOTBETCTBEHHO, Tak 4To CdTe npuHauIeUT K TOMY K€ U303JIEKTPOHHOMY Py, uTo U Sn, InSb u
Agl. Tlockonbky u HgSe, u HgTe sBustorcs monmymeramiamu, cpeanuii aromusiii Homep CdTe,
PaBHBIH 50, SIBISETCS CAMBIM BHICOKHM JUTS JIOGOTO MOTYIPOBOAHMKOBOTO coexunenns A% B® [6].

IIIA IVA VA VIA VIIA
5 6 7 8 9
B C N 0 F
13 14 15 16 17
Al Si P S Cl
1B 1B
29 30 31 32 33 34 35
Cu n Ga Ge As Se Br
47 48 49 50 51 52 53
Ag Cd In Sn Sb Te I
79 &0 g1 g2 g 84 85
Au Hg Tl Pb Bi Po At

Puc. 1. Yacmb ma6ruysr Mendeneesa, sxmouarowas snemenmui 2pynn A> u B° [18]

Ha puc. 2 Bocnpoussenena [17] dororpadus monenu CTpyKTypbl LIUHKOBOW OOMaHKH, B
KOTOPOH aTOMBI OZJHOTO 3JIEMEHTA IMPeJICTaBIeHbI OeNbIMU chepamMu, a aTOMBI APYroro JIeMeHTa —
xenteiMu chepamu. BepTukanmbHoe HampaBieHue Ha ¢otorpaduu mapamienbHo ocu {111},
Mozens WUTIOCTPUPYET TETPadAPHUECKyI0 KOHPUTYpAIHIo ONMMKalImx coceseil BOKpYT KaXKa0ro
atoMa. OHa Tak)ke IIOKa3bIBAaeT, 4YTO CYIIECTBYeT JBa Tuma Imockoctedt {111}, kotopsie
yepeayrTcs IpYyr ¢ APYrOM: OJHA IOJIHOCTBIO COCTOMT M3 aTOMOB OJHOIO 3JIEMEHTA, a Jpyras
MOJIHOCTBhIO COCTOUT W3 aTOMOB JPYToro 3JeMeHTa, B TO Bpems Kak rmiockoctu {110} comepxkar
paBHOE KOJMYECTBO JIBYX BHJIOB aToMOB. Kak moka3bpIBaeT MoJielb, B KOTOPOW BEpXHUU CIIOH
COCTOMT U3 YEPHBIX cdep, a HWKHUM cIoi U3 O6enbIx cdep, MOBEpXHOCTH 00paslia ¢ OpueHTaluei
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{111} oOpa3oBaHbI IIOCKOCTSMH JBYX IMPOTHBOIOJIOXHBIX THUIIOB, TaK YTO OJHA ITOBEPXHOCTh
CdTe obpazeny ¢ 3Toif opueHramueir coctouT u3 aromoB Cd, a npyroir u3 aromoB Te. Ilo
COTJIAIICHHIO TTOBEPXHOCTH, COCTOSIINE M3 ATOMOB IPpymibl A%, 0603HAYAIOTCS KaK TTOBEPXHOCTH A,
a TOBEPXHOCTH, COCTOSIIME W3 aroMoB rpymmel B° kak moBepxmoctn B. Dtm jsa Twma
MIOBEPXHOCTEH MMEIOT COBEPILIEHHO pa3Hbleé XUMHUYECKHE CBOWCTBA, HA KOTOPHIX IOKA3aHbl SIMKH
TpaBIICHHsI, TOTy4YeHHBIEC YueHbIMHU [25] myTem Tpasnenust noBepxunocreit CdTe {111} pactBopom,
COZIepKALIMM a30THYIO KHCIOTY, cepeOpo HHUTpaT M JAuXpomar Kanus. SIMbl Ha o00eux
MOBEPXHOCTAX TPEYToJIbHbIE, CO cCTOpoHamu B {110} HampaBieHUsX, HO MKH Ha MOBEPXHOCTH A
(mokazaHbl cileBa) MMEIOT NHPAMHJIAIBHYIO MM KOHHYECKyH0 (GopMy, a Ha IMOBepxHocTH B
(mokazaHsl CIIpaBa) MIIOCKOIOHHBIE.

Puc. 2. Mooenvb cmpykmypsi yuHKo801U 0OManKu

VY4eHble COOOIIMIM, YTO IJIGHKH CO CTPYKTYpOW YHCTOrO BIOPLMTA TMOJY4YarOT IyTeM
OCaXK/IEHUsI Ha Harperble MOJJIOKKHU NMpu coBMecTHOM ucnapeHun CdTe u merammmueckoro Cd B
aTMocdepe aprosa npu AaBIeHUH 102 em p.c. [23, 12].

[lepuons! pemerku da3 A?-B®, crabubHBIX IpU KOMHATHON TeMIlepaType U aTMOC(PEpHOM
JABJICHUU, TPUBEJCHBl B HCTOYHUKE [26] BETMYMHBI BMECTE C NPOIEHTHBIMU Pa3IUYHUSIMH B
napamerpax pemeTkn Mmexay CdTe um coequHEHMSIMH CO CTPYKTYpOH IIMHKOBOW OOMaHKM U
BlopuuTa. Haubonee BepositHoe 3HadeHue nocrosiuHoi pemetku CdTe cocrapnser 6,481 A. Xots
pycckue yueHbsie [21] cooOmUIM O CHUCTEMAaTHYECKOM 3aBUCUMOCTH TOCTOSSHHOM PEIIETKH OT
KOHIIEHTPAllMU HOCUTEJEeH IS MOHOKPHCTAJUIMYECKUX OOpa3IoB co 3HaueHusMu 10 6,484 A,
M3MEpPEHHBIMU JIJISl BBICOKOOMHBIX OOpPAa3IOB, B aHAJOTMYHBIX IKCHEPUMEHTAX 3alajHbIX YUEHBIX
Takoro M3MEeHEeHHs He HaOmoaanoch [13], kotopeie momyumnu 3HaueHus 6,4818 + 0,003A.
Temnypun KaaMusi UMEET CaMyr0 OOJIBIIYIO MOCTOSHHYIO PEIIETKY M3 BCEX COCTWHECHHM AZ-B®.
ITockonbky pasnuma mexay koHcrantamu it CdTe m HgTe cocraBnser Bcero 0,3%, Ha
noanoxkkax CdTe MOXXHO BbIpaliMBaTh BBICOKOKAYECTBEHHbBIE AMHUTAKCHAIIBHBIE CIIOM TBEPJBIX
pactBopoB Hgi1-CdTe, oxBarhiBatomye Bech Auama3oH cocTaBoB ciutaBos [20].

Crpykrypasie cBoiicTBa CdTe nmpu 300K kpucTamuibl JErKo pacHISTUISTIOTCS IO TUIOCKOCTSIM
{110}. 3nayenue, ykazanHoe /s Kpardaiimero paccrosauus Cd-Te, 2,806 A, OblI0 paccuuTaHoO B
npenmnosnoxenun, uro CdTe umeer uaeanbHyl0 CTPYKTypy LMHKOBOW oOMaHKu. M3 cTpyKTypHO-
(akTOpPHOTO aHanmM3a W3MEPEHHBIX WHTEHCUBHOCTEH PEHTTEHOBCKUX AU(PPAKIIMOHHBIX IJHWHUN
yaeHble [8] mpunumum k BeIBOAY, uTo aTtoMbl Cd cMmemiensl mo {111} HampaBiaeHHSM OT CBOETO
UJICATbHOTO TOJIOKEHMsI, TaK 4To Kaxaplii arom Cd HaxomuTcs Ha paccTossHUM 2,775A. OT Tpex
cocequux aromoB Te u 2,908 A ot uerBepToro. Tepmuueckue U MeXaHWYECKHE CBOMCTBAa BeCchMa

12
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CBOECOOpa3Hbl MOTOMY YTO MpPH MOHMKEHUU Temiieparypbl Hke 60K cHauama cTaHoBUTCS Bce
Oonmee u Ooyee OTpULATENBHBIM, 3aT€M OH YMEHBIIACTCS 1O BEJIMYMHE, HO OCTaeTCs
OTpHUIATENLHBIM BIUIOTH 10 abCOdOTHOro Hyis. OTpuuartenbHble KO3()PUIMEHTH paciupeHus
TaK)Ke JEMOHCTPUPYIOT IPYTHE COSAWHECHHSI CO CTPYKTYpPOH IIMHKOBOH OOMAaHKH TPU HU3KUX
temrneparypax, Ho CdTe mpeacraBiser coOoii kKpalHUU ciaydad, KaK MOKa3bIBAIOT PE3yJIbTaThI
yaenoro [9] nns Ge, GaAs, ZnS, ZnSe u CdTe, npencraBieHHbIC HA PUCYHKE 3.
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Puc. 3. 3asucumocmov napamempa I pronatizena om noHUNICEHHOU
memnepamypuvl 05t KPUCHALLO08 CO CIMPYKMYPOU aIMa3ad Ul YUHKOBOU 0OMAHKU

Ha pucynke 3 mnapamerp ['proHaiizeHa Yy HaHECEH B 3aBUCUMOCTH OT IOHHUYKEHHOMN
TeMIIepaTypbl TI0 OTHOIICHHIO K Temieparype Jlebas. DToT mapameTp MNPOMOpIHUOHATICH
MPOU3BEICHUIO MOJSIPHOTO O0BeMa W MOAYJIS OOBEMHOTO CXaTHsl, ACNEHHOMY Ha YJEIbHYIO
TEIIOEMKOCTb, U IOITOMY MMEET TOT JKE 3HaK, uTO U o [22].

Ha puc. 4 nokazana TerionpoBOAHOCTh X, u3MepeHHas [15] B tuanazone ot 3 no 300 K nns
MoOHOKpucTamnuiyeckux odpasuos CdTe, conepkamumx pa3nnyHoe KoauuecTBo Fe.
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Puc. 4. 3asucumocmv mennonposoonocmu CdTe, necuposannozo Fe, om memnepamypol
13



ISSN 2308-4804. Science and world. 2025. Ne 10 (146)

Kenezo B temnypune kagmus (CdTe) co3maer rimy0okue ypoBHU B 3allpeIieHHOW 30HE,
KOTOpbI€ BBICTYMAIOT KaK IEHTPhl 3axBaTa M JIOBYIIKM JUIsi HOCHUTENICH 3apsja, BIUsAS Ha
AJIEKTPOHHBIE U OMNTOAIEKTPOHHBIE CBOMCTBA MaTepuana. JDTH YPOBHU CBsi3aHBl C JedeKTamu,
BO3HUKAIOIIMMH TIPU BBEJICHUU JKeje3a, W MOTYT MPUBOAUTH K CHUXKEHHIO 3((HEKTHBHOCTH
(OTOBOJIBTAUYECKUX YCTPOMCTB, a TaKke K Mapa3uTHBIMU TOKaM U 3aMEIJICHHUIO BPEMEHH >KU3HU
HOCHUTEJIEH, YTO HETaTUBHO CKA3bIBAETCS HA XapAaKTEPUCTUKAX COJTHEUYHBIX 3JIEMEHTOB.

['myOokue ypOBHM 3HEPrMM BO3HUKAIOT U3-3a 3aMELICHHs] aTOMOB KaaMHUsl WU TeJulypa
Kele3oM, JIM00 00pa3oBaHUs MEXKIOY3EIbHBIX aTOMOB ene3a. JTH Ne(eKThl BHOCST ILIEHTPHI
3axBara, KOTOpPbIC HCKaXaIOT 30HHYIO cTpyKTypy CdTe.

['myOokue ypoBHU 3aXBaThIBAIOT (DOTOTEHEPHUPOBAHHBIE AIIEKTPOHBI U JIBIPKH, YMEHbBINAS HX
MOJIBIKHOCTD U BpeMsl )KU3HH, YTO MPUBOJUT K CHIDKEHUIO 3(hPEeKTUBHOCTH MPeoOpa3oBaHus CBETa
B AJICKTPUYECTBO B COJTHEYHBIX dieMeHTax Ha ocHoBe CdTe.

JloBymiku Ha TiyOOKHX YPOBHSIX MOTYT y4acTBOBAaTh B MEXaHHM3MaX YT€UKHM TOKa, CHIKAs
HaNPSDKCHUE U 3aTOJTHSIONTUI (PaKTOp COTHEYHBIX YJIEMEHTOB.

YpoBHU 3keje3a CIOCOOCTBYIOT PEKOMOMHAIIMM HOCUTENEH 3apsiia, YTO COKpallaeT HX
YKU3HEHHBINM LUKII U, KaK cienctue, cHmkaet oomuii KIT ycrpoiicTa.

Jns 3TuX 00pa3loB AJIEKTPOHHBIN BKIAJ B X HE3HAYUTENIEH MO CPAaBHEHHUIO C BKIIAJIOM
(doHOHOB pemieTkd. CHIBHOE CTPYKTYPUPOBAHHOE YMEHBIIICHUE X C YBEIMYCHHUEM KOHICHTPAIIUU
Fe pe3onancHomy paccesHuio (POHOHOB B pe3ylibTare IMOTJONEHUs (OHOHOB JUIS CO3JIAHUS
ANEKTPOHHBIX IEPEXOJ0B MEXAY S5 HU3KOJICKAINIMMH YpPOBHSAMHU d-000JOYKH H30JIMPOBAHHBIX
nonos Fe?. [TockonpKy maxke ero camblil YMCTBIA oOpaszel; coaepkan noctarodyHo Fe, 4ToOb
BBI3BaTh 3aMETHOE PACCEsTHUE, YUEHBIC OIECHUIU KPUBYIO, TOMEUYCHHYIO KaK YHUCTYIO, HA OCHOBE
kpuBbIX K-VsS-T s apyrux coenuHeHUit A2-B®, Bce m3 KOTOPBIX JIEMOHCTPUPYIOT XapaKTEPHBIH
MaKCUMyM TIpH HHU3KOH Temmeparype. YUeHbIe MOJYyUYWUIIU TEOPETUUECKYI0 KPHUBYIO, KOTOpas
HAaXOJUTCSI B Pa3yMHOM COIJIACHM C YHUCTOM KpuBOM [24] myTeM CyMMHpPOBaHUS OTJEJIbHBIX
BKJIQJIOB TPOBOJIMMOCTH, PACCUYUTAHHONW HMMH JJIsl TIOMEPEYHBIX U TPOAOJIbHBIX aKyCTHUYECKUX
(hOHOHOB.

TennonpoBoanocts npu 300 K ans CdTe, 0,075 Br emt K7 sisierest camoit HE3KOM It
T000T0 U3 TETPAdAPUUECKUX KOOPAMHHUPOBAHHBIX COCIUHEHHMA A2-B®, 3a uckmoucHueM HgSe n
HgTe.

W3mMeHeHne 3THX KOHCTAaHT C TEMIIEpaTypOM OMNPEeNeNsuioch MOYTH OJMHAKOBBIM Yy BCEX
yueHbIX. VX pesynbrarsl 111 77 K Xopomio cornacyroTest Apyr ¢ Ipyrom, HO He ¢ 06osiee paHHUMU
JaHHbIMU y4eHbIX [l] mpu paHHOM Temmeparype. Jluanma3oH 3HAUYE€HUW MHUKPOTBEPIAOCTH
Habmromancs [16] mpu u3MepeHnsx B TEMHOTE Ha 00pasiax, JeTHPOBAHHBIX WHANEM, OTOXIKEHHBIX
IpHu pa3iauuHbiX TemmepaTypax u naBieHusXx Cd. OHu OOHapyX Wi, 4TO TEMHOBBIE 3HAYCHUS
YBEITUYUBAIOTCS C YBEIMYCHHEM KOHIIEHTpAIlMd HOCHUTENICH, B TO BpPEeMs KaK MHUKPOTBEPIOCTbH
MOXET YBEJIMYUBATHCS WJIM YMEHBIIATHCA MPU OCBEIICHUH B 3aBUCUMOCTH OT YCIIOBUM OTXKHTa.
N3menenns mexanmdeckux cBoiicTB CdTe ¢ KoHIEHTpammer HOCUTENEH M OCBEIICHHEM TaKXe
HaOmonanu ydenole [14], KoTopble OOHApYXHIM, 4YTO Tpeden TEeKydecTH TMpU CHKATUU
YBEITUYMBACTCS C YBEIMYCHUEM KOHIICHTPAIIMA HOCHUTENICH Kak sl 00pasIoB n-, Tak U JJIs p-TUTIA
U, 4TO TIpeaeNl TeKy4eCTH U PaclHpoCTpaHEeHHE TPEIIMH ObUT yBENWYeH 3a cueT ocBerleHus. OHU
00BsacHIIN TToCIeIHUE (D PEKTHI BEI3BAHHBIM YMEHBIIIEHUEM TIJIOTHOCTH TTOIBMYKHBIX JUCIIOKAIIHM.

3nauenust temnepatypel [ebas 6 mns CdTe ObUiM MOMydeHBI U3 HECKOJIBKUX THIIOB
AKCIIEPUMEHTAIIbHBIX JTAHHBIX. AHAIN3 JaHHBIX HHTEHCHBHOCTH PEHTTEHOBCKOW Audpakiuu oT 96
no 300K [19] u ot 281 mo 608K [11] moka3siBaeT, 4TO B ITUX HUHTEpBajax PEHTTEHOBCKas
temneparypa Jlebas 6nuska k 140 K, T.e. npakTudyecku He 3aBUCUT OT TEMIIEPATypBhI.
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VY4yeHble onpeaeniu TeMIEpaTypHyro 3aBucuUMOCcTh O mexnay 1,8 u 25 K mo nanHBIM
TEIUIOEMKOCTH B 3TOM juanasone. OH mosyumn mnpenenbHoe 3HadeHue 160 + 2 K mia Op mpu
abCONIOTHOM Hylle, 4YTO OYEHb XOpOILIO coryacyercs co 3HadeHusimu 161 + 4 u 1627 K,
HaWJCHHBIMU YUYEHBIMH COOTBETCTBCHHO OJKCTPANOJAIUS JaHHBIX YHOPYrod KOHCTAHTBI K
abcomotHoMy Hym0 [3]. Temnepatypsl [ebas TeTpadapuuecku KOOPAUHUPOBAHHBIX COEIUHEHUN
AZB° CPaBHMBAIOTCSl HA pUC. 5, KOTOPBIN MpecTaBiseT co0oi rpaduk, NpuBeAeHHbIN 1id Op mpu
abCONIOTHOM HyIl€ B 3aBHCUMOCTH OT MacIITabHOTO mapamerpa (M693)1/2, rae M u d UMeroT TO ke
3HAYEHWE, YTO W BHINIC. EMMHCTBEHHBIMH COCAMHCHUSIMH C Temriieparypoil [lebas Hike, 4eMm y
CdTe, sasnstorcs HgSe u HgTe.

3AKJIIOYEHUE

[TpoBenénHoe wuccienoBanue snekTpodusudecknx cBOUCTB coequHeHnit CdTe u ero
rerepocTpykTyp ¢ CdS um CdSe moxkasamo, 4To JaHHBIE Marepuanbl 00JIaIal0T YHUKAIbHBIM
KOMIUIEKCOM ~ XapaKTepUCTHK,  OMPEACNSAIONUX  HMX  3HAYUMOCTh  JUIsl  COBPEMEHHOM
MOJTYITPOBOJTHUKOBOM  AIEKTPOHUKKA H  (HOTOPHEpreTuku. Kpucrammueckas CTpPyKTypa THIa
[IMHKOBOM OOMaHKH, OCOOCHHOCTH TOBEPXHOCTHBIX COCTOSHUM, HHU3Kas TEIMJIONPOBOTHOCTb,
BBICOKAsi YyBCTBUTEJIBHOCTh K JISTUPOBAHUIO M KOHIEHTpAIMu HocuTeneh 3apsiaa nenator CdTe
MEPCIeKTHBHBIM ~ MaTepHalioM JUIS CO3/JaHUS TOHKOIUIEHOYHBIX COJHEYHBIX DIEMEHTOB,
($OTONPUEMHHUKOB H JAPYTHX ONMTOJIEKTPOHHBIX YCTPOUCTB.

CpaBHeHUE C PYTHUMH COCTUHEHUSMU TPYIIIIHI A% B° noarsepauio, uro CdTe 3anumaer
ocoboe Mecto  Oyaromaps  COYETaHWIO  OOJBINOW  TOCTOSTHHOM  PEMIETKH,  BBICOKOM
TEPMOJUHAMHYECKONH  CTaOMJIBHOCTH U BO3MOXKHOCTH  OMUTAKCHAIBHOTO  BBIPAIIMBAHUSA
rerepocTpyktyp. HMccnenoBanue TIiIyOOKHX YpPOBHEH, CO3/IaHHBIX IKEJe30M, HMEET Ba)KHOE
3HAYEHHUE /I MOHMMAaHUS MEXaHU3MOB Je(EKTOB B MOJYIPOBOJHUKAX U JUIS pa3pabOTKHA HOBBIX
METOJI0B KOHTPOJII M MOAM(HUKAIIMK CBOMCTB MaTepuayioB. JKene30, SBISACH PaCIPOCTPAHCHHBIM
npuMecHbIM 31eMeHToM B CdTe, oka3bpiBaeT CyIeCTBEHHOE IECTPYKTUBHOE BIUSHUE HA €ro
AJIEKTPOHHBIC CBOMCTBA, CO3/1aBasl TIYyOOKHWE YPOBHHU, KOTOPBIE ACHCTBYIOT KakK JIOBYIIKH IS
HOCHTENEH 3apsi/ia ¥ COKPAIIAIOT BpeMs UX KU3HHU.
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[TosryueHHbIe AaHHBIE MO3BOJISIIOT HE TOJIBKO JIydlle MOHATH (PyHAaMeHTalbHbIE CBOMCTBA
Matepuaga, HO U OOOCHOBAaTH HANpPAaBICHUS €ro JaJIbHEHUINEro NpPUMEHEHHs B 00iacTu
BO300HOBJISIEMBIX UICTOYHUKOB HEPTUU U CEHCOPHBIX TEXHOJIOTHA.
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INFLUENCE OF DEFECTS ON THE ELECTROPHYSICAL
PROPERTIES OF SOLAR CELLS BASED ON CdTe/CdS
AND CdTe/CdSe HETEROSTRUCTURES
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Abstract. This article presents a comprehensive review of the electrical properties of
CdTe/CdS and CdTe/CdSe compounds, focusing on their crystal structure, thermal, mechanical,
and optical characteristics. The structural features of the zinc blende and wurtzite phases, the
conditions for their formation and stability, and differences in surface states and chemical
properties are discussed. The lattice parameters, thermal conductivity, and Debye temperature in
heterostructures are determined, and the influence of doping and charge carrier concentration on
the physical and mechanical properties of CdTe is determined. A comparative analysis of the
properties of CdTe with other A2B6 compounds is conducted, allowing us to evaluate the potential
of this material for use in optoelectronics, photovoltaic converters, and thin-film solar cells.

Keywords: CdTe, CdS, CdSe, electrical properties, crystal structure, thermal conductivity,
Debye temperature, semiconductors, solar cells, optoelectronics.
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XuMHYecKHe HAYKHU

V]IK 54

OKHUCJIEHUE AIIWJIITPOU3BOJHBIX
HEKOTOPBIX THOCEMHUKAPBA3HN/1OB XOJIAHOBBIX KUCJIOT

Aonyno3ona Canaoapu HUcyd, couckarenn
Wuctutyt xumuu uM. B.M. Hukutnna HAH (r. dyman6e), Tapxukucran

Annomayun. B oannou cmamve npugedemvl pe3yibmamsl  CUHME3Ad  OKUCIEHUE
AYUINPOU3BOOHBIX MUOCEMUKAPOAZUOOE XONAHOBLIX KUCTIOMN.
Knrouesvie cnosa: cunmes, okucienue, muocemuxkapoasuo, Xoianosvle KUCiomabi.

B Hactosimiee BpeMsi MOApPOOHO HM3y4arOTCSs XMUMHYECKHE CBOWCTBA M (PU3UOJIOTHUECKAs
AKTUBHOCTH XOJIAHOBBIX KUCIIOT U UX MPOU3BOJIHBIX.

[{eneHarnpaBieHHbIE UCCIEIOBAHMS ABTOPOB 3aKIIOYAIOTCS B IOMNBITKE BBISCHEHHUS CBS3U
MEXIYy XHMHYECKHMM CTPOCHHEM U OHOJOTHYECKOW aKTUBHOCTHIO. ITO MO3BOJIWIO OB
OCYILIECTBIISTh HAIPABJICHHBI CHUHTE3 JIEKAPCTBEHHBIX CPEACTB, OOJAJAIONINX TMOBBIIICHHOMN
M30MPaTENbHOCTHIO, () (HEKTUBHOCTHIO, CTAOMIFHOCTHIO M ITPOAOIDKUTEILHOCTBIO ICHCTBHS.

B nanpHelimiem naHHas mporpaMma IIeJICHANpaBlIEHHOTO CHHTE3a B OO0JIACTH XHUMHUU
XOJIAaHOBBIX KHUCJIOT Obla IOCBSILEHA W3YYEHHIO pEaKUUU OKHUCIIECHHUS, MPOTEKAIoIEend 10
TUIPOKCHIIBHOM TpyIine, KoTopas Oblla HallpaBiieHa HA BBIACHEHHE PEAaKIMOHHOW CIOCOOHOCTH
TUJIPOKCWIIBHOM Ipymnbl B nojokeHuu y C-3 xonaHoBbIX KuCIOT. C 3TOH Lenbio aBToOpaMu ObLI
pa3paboTaH METOJ U yCIOBHS MPOBEACHUS PEaKuu okucneHus [1, 4].

Okucienne THOCEeMHKapOa3ua 3a-alleTOKCU-70-THAPOKCH-5B-, THOCceMuKapOazua 3a,70-
JMALeTOKCU-5B-, THOCEMHKapOa3ua 3a,7a-Turuapokcu-12a-kero-58-, TnoceMukap0azuy 3o-arero-
120-TuaApOKCH-5a- XOJAHOBBIX KHCJIOT, HAIpaBJIEHHOE MO THUIPOKCHUIIBHOM Tpymme y aroMa
yrinepona B nosoxeHun C-3,7 u C-12, aBropaM ynanoch OCYIIECTBUTb B PacTBOpPE JIEASHOU
YKCYCHOM KHCJIOThI U 00pabOTKH € pacTBOPOM Xpomara Kaius [2, 3].

chr04 /
NHy CON
CH,-COOH c
m NH»
S

I'ne: R,RI u R" coorsercTBEHHO:
R=0As, R'=OH, R"'=H,

R= R'=0As, R'=H,

R=R'= OH, R" =0,

R=0As, R'=H, R"=0H
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B miane mowcka MoAXOASAIIEro OKHCIUTENS Ui MPOBEACHUS OKHCIEHUS THIPOKCHIBLHOM
rpynnsl B nosnoxkeHun 'y C-3 u 12 B MoJieKynax CHHTE3MPOBAHHBIX alMINPOU3BOAHBIX
THOCEeMHKapOa3uI0B  aBTOPbl OCTAHOBUJIMCh HAa CMECH XpoMmaTa Kajus U JIeASHOW YKCYCHOM
KHMCIIOTBl. OTH YCJIOBUS IPOBEICHMSI PEAKLUHU IO3BOJISIIOT BBIICHUTH IOBEIECHHUE AKCHAJIBHOIO
ruJpokcuiia B mojioxxenun y C-3 u 12 atoma yriiepoja B peakiusax OKHCICHUS.

OneIThl MOKa3aJyd, YTO PAacYETHOE KOJMYECTBO pPAcTBOpa XpoMaTa Kalius B YKCYCHOU
KHUCJIOTE TIpU 25°C okucnser TUJPOKCUIIBHYIO Tpynny B nosiokenuu y C-3 u 12 B mosexkynax
XOJIAaHOBBIX KUCJIOTHI B TeueHue 13-14 u 23-24 gacos.

Baxueiiimre (QuU3MKO-XMMUYECKHE XApPAaKTEPUCTUKH TOJYYEHHBIX THOCEMHUKapOa3ua
XOJIAHOBBIX KHCJIOT IMOKa3aHbl B Ta0IHIIE.

Tabauya
XapakTepuCcTHKA HEKOTOPBIX THOCEMUKAP0a31/1a KETOX0JAHOBbIX KHCJIOT
Ne /1 Ha3paHue coequHeHue Bri- (T.m., C,% H,% bpyTToO-
xon, [°C Haiineno Haiineno (dbopmyna
%% Brranciaeno [BeraucieHo
| Tuocemukapbaszun 3a-anetokcu-12a488  [155-156 [77.47 9.70
HJIPOKCH-SB-X0JaHOBOM KUCIIOTHI 79.84 9.78 CosH1404SN3
I Tuocemukapoazu 3a,7a480  [121-122 ([79.84 9,86
TMAIIETOKCH-5B- X0JIaHOBOM KUCIIOTHI 78.83 9.92 CooH1s04SN3
Il Tuocemukapbaszun 3a-anetokcu-12a-85  (88-89 73.17 9.86
KETO-5B- XOIaHOBOHW KHCJIOTHI 73.23 9.72 CosH1304SN3
v Tuocemukap0Oaszu 3a-anero-7a-81 |160-161 [73.20 9.99
ITUTHIPOKCH-5B- XOTAHOBON KHUCIIOTHI 73.22 9.72 CosH1404SN3

B UK-cmektpax  MONXy4YeHHBIX  MPOAYKTOB  HaOIIOJAOTCS WHTCHCUBHbBIC
110710CHI TIorIoNteH st B o6macty 1700-1710 em™, cBuperenserBytomue o Hamaamu >C=0 rpymisl B
MOJIEKYJI€ U3Y4aeMBbIX COEIMHEHHH.

TakuM 00pazoM, MPOBEICHUE OKUCIICHHS TI0 TUIAPOKCHUIBLHON rpymie B mojoxenuu y C-3,7
u 12 B MoJeKyle UCCIeAyeMbIX XOJAHOBBIX KHCIIOTHI OKa3aJoCh BO3MOXHBIM. B nanbHeiimem
ObUla TIPENPUHSATA TOMBITKA MPOBECTH BCTPEYHBIM CHHTE3 C IEJIbI0 YCTAHOBIICHHS CTPOSHUS
THOCeMHKapOa3uaoB 3a-arero-12- kero-5B-xomanoBoit kucinotsl (I11). [nsa pemenus sToi 3amaun
aBTOPHI TPOBEIM AIMIIUPOBAHUE W3BECTHOTO METHIIOBOTO d(upa 30-THIPOKCH-12-KeTOXOJaHOBOU
KHUCJIOTHI IO 30-TUAPOKCH IpyTIIIE.

CHy,

CH
OH NH, U
con” OI
NH
\C KZCFO4 / 2
T NH» —— CO N
s CH3-COOH NS
T NH>
AsO s
CHs
o
|
co N (CH3CO),0

C CeHe,
” NH»
S

HO
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[TomydyeHHBIE pa3IMYHBIMU MYTSIMH METHJIOBBIE 3(GUPHI 30-anero-12- KeTo-5B-X0IaHOBOU
KHCJIOTBI OKa3aJlnucChb OJUHAKOBBIMU IIO (1)I/ISI/IKOXI/IMI/I‘-IGCKI/IM CBOfICTBaM, a TaKKC IO OTCYTCTBHIO
JeNpPeccuy CMEIIaHHOW MPOOBI MIaBJICHUS.
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OXIDATION OF ACYL DERIVATIVES
OF SOME CHOLANIC ACIDS THIOSEMICARBAZIDES

Abdullozoda Sanavbari Isuf, Applicant
Institute of Chemistry named after V.1. Nikitin of National Academy of Sciences of the Republic of
Tajikistan (Dushanbe), Tajikistan

Abstract. This article presents the results of the synthesis and oxidation of acyl derivatives

of cholanic acids thiosemicarbazides.
Keywords: synthesis, oxidation, thiosemicarbazide, cholanic acids.
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Technical sciences
Texnnqeclme HayRI/I

YK 621.315.592

NHOOPMALMNOHHBIE TEXHOJIOT'UHN
JJISA HABJIIOAEHUSA ITAPAMETPOB ITIOYBbI

H.T. Mogionos>, A.K. XaMpaKyJIOBZ, X.X. Kexgues®, C.C. HacpnnnnHOB4
! BEJIYIIMH CIEIIMAIUCT JUCTIETYEPCKOM CITYKOBI, 2 KAHIMAT TEXHUYECKHX HayK, JOLICHT
WCTIOJIHUTEIIbHBIN AUPEKTOP, 3 nupektop OO0 "TASHELECTRONICS,
4 JOKTOP TEXHUYECKHUX HayK, Ipodeccop, 3aBeayromuii kadenapoi
! AO «V36exrnaposnepro», 2.4 AcTpaxaHCKUH TOCYJapCTBEHHBIN TEXHUYECKUI YHUBEPCUTET B
TamkeHTCKOI 00yacTH, 000 "TASHELECTRONICS", Y30ekucran

Annomayun. B cmamve paccmampugaromes cogpemenHvle UHQOPMAYUOHHbIE MEXHOIO0UU,
npumensiemvle 0151 MOHUMOPUHSA QUUYECKUX NAPAMEMPO8 NoyGbl. AHANUUPYIOMCS CEHCOPHbLe
cucmemvl, OUCMAHYUOHHbIE MemoObl, NPOSPAMMHOE obecneyeHue u aieopummsl 06pabOmMKU
Oannwix. [lpusodsamcs npumepvl peanuzayuil u 00CYHCOAOMCs NEPCHEKMUBLL PAZGUMUSL, BKIIOYAsL
ucnonvzosanue loT, becnposoomnvix cemeii.

Knruesvie cnosa: monumopune nouswl, ceHcopwvl, oucmanyuonrnoe uzmeperue, loT, ananusz
OaHHUIX.

KoisiekTHBHBIE CeTH MOAKIIIOYEHHBIX YCTPOUCTB U TEXHOJIOTHUH, KOTOPBIE 00JIETYalOT CBA3h
MEXJy yCTPOHCTBaMU Ha CETOAHSIIHUN JIE€Hb SBJSIOTCS aKTyaJdbHBIMH ceTsMHU. [louBa — onuH u3
KJIFOUEBBIX KOMIIOHEHTOB 3KOCHCTEMBI, BIHSIOIINNA Ha MPOAYKTUBHOCTBH CEJIBbCKOTO XO3SIHCTBA,
KpPYrOBOPOT BELIECTB U YCTOMUMBOCTH JaHmadToB. KOHTpOsb €€ cocTosiHUS — BaxkKHEHIas 3a/1aua
COBPEMEHHOr0 3eMJIefieNius M SKOIOruu. TpaguiuoHHble MeToabl (0TOOp MpoO, JabopaTopHbII
aHaJIu3) Jal0T TOYHbBIE PE3YNIbTaThl, HO TPYJOEMKH M HE 00ECHeuMBaIOT ONEpaTHMBHOIO OXBaTa
Oonpiux Tepputopuil. ObOecnedyeHHEe MPOOBOJLCTBEHHOM, HAIIMOHATBHON, YKOHOMHYECKOW U
HKOJIOTUYECKOM 0€30MacHOCTH, a TaKXKe JKU3HU U 3[I0POBbs I'PakJaH HEPa3phIBHO B3aHMMOCBSI3aHbI
[3]. Bo3HukaeT moTpeOHOCTh B CHCTEMAaX, CIIOCOOHBIX HEMPEPhIBHO HAOIOIAThH MapaMeTpPhl MOYBEI
B PeXHME pealbHOro BpeMeHU. MH}opManmoHHble TEXHOIOIUU (CEHCOPHI, OECIIPOBOHBIE CETH,
AITOpPUTMBI 00pa0OTKH, MIATHOPMBI BU3YAIHM3allMK) TO3BOJIAIOT CO37aBaTh TaKUe CUCTEMBI. B
JaHHOM paboTe paccMaTpUBAIOTCS KIIOYEBBIE TEXHOJOTMM, NPUMEpPhl HUX pealu3aluuu U
MEePCTIEKTUBBI Pa3BUTHSL.

B nocneonue 200v1 nabarooaemcs 6ypHwili pocm uHmepeca K mexHoL0SUAM MOHUMOPUHSA
noueul.

B Hacrosiiee BpeMss OCHOBHBIM TPEHJOM MHOTHMX OTpaciieil HapOJHOI'O XO35IMCTBA B MUPE
sBisieTcs: nudpoBast Tpanchopmanus [2]. Mcmonb3oBaHWE MUCTAHIIMOHHOTO 30HAMPOBAHUS
(Remote Sensing, RS), BkiItouas runepcnekTpaibHble, MyIbTUCIEKTPAIbHbIE, PaJAHOIOKAIIMOHHBIE
JaHHBIC, I KapTHPOBAaHHs CBOWCTB IMOYB M CJICKCHHUS 3a HM3MEHCHUSMH 1O BpemeHu [4].
Pa3zpaboTka ¥ mpuMeHEHUE aBTOHOMHBIX CEHCOPHBIX ceTed, moakiarouéHHbIX K loT (Internet of
Things), mist cOopa JaHHBIX O BJIAKHOCTH, TEMIIEpaType, COJIEHOCTH, MHKPOIJIEMEHTax W JIp.
CnusiHue JaHHBIX OT Pa3HbIX HCTOYHUKOB (CEHCOPBI, CIIyTHUKH, APOHBI) U IPUMEHEHUE METOJI0B
MalIMHHOTO 00Yy4YeHMsI / MCKYCCTBEHHOI'O HMHTEJUIEKTa JJIsl Mpe/cKa3aHUsl MapaMeTpoB MOYBHI U

© MognonoB H.T., Xampakynos A K., Kenaues X.X., Hacpunnunos C.C. /
Movlonov N.T., Khamrakulov A.K., Keldiev H.H., Nasriddinov S.S., 2025
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ONTHMH3ALMK yIpaBieHUA. Vcnonp30BaHME HOBBIX IMPUHIMIIOB CEHCOPOB, HAIPUMEP, Ha OCHOBE
METaMaTepualoB, aKyCTHKH WM HeilpoMopdHbIXx cucteM. Kpome Toro, pactér wuHTEepec K
MOHUTOPHUHIY MOYBbI, KOTOPbI MHTErpUPOBaH B OOLIYI0 CUCTEMY YNpPaBJIECHUS arpolpolLeccaMH,
TO €CTh K «yMHBIM (epmam». MccnenoBanue ypoBHS U PoOIeM pa3BUTHS IUPPOBBIX TEXHOIOTUN
B arpoIpOMBIIIJICHHOM KOMIUIEKCE MPOBOAMUTCS C HCIOJIB30BaHUEM O(DULUAIBHBIX HCTOYHHKOB
CTaTUCTHYECKOW HMH(OpMaruu o Hu(POBU3ALMKM OTpacieil HapoAHOTo xo3siicTtBa. [lo MHeHHIO
psina 3apyOeXHBIX aBTOPOB, HauOOJIee MPUOPUTETHBIMU HAIPABICHUSIMH UCCIIE0BAaHUM B 00jIacTu
U(POBU3AIMH CETLCKOTO XO3SHCTBA SABJSIOTCA: aHATN3 «OOJIBIINX JTAHHBIX»; MPUHATHE PELICHUN
Ha OCHOBE JlaHHBIX; BHEApPEHME, Oapbepbl, ajanTalus U HCIOJIb30BaHHE TOYHBIX M LU(POBBIX
TEXHOJIOTUH; BO3JCHCTBHE Ha HWACHTUYHOCTh KOMIIAHWHM, HAaBBIKM MEpcoHana u pabora Ha
IIPOU3BOJICTBE; MIPABO COOCTBEHHOCTH, KOH(UACHIUAIBHOCTh U 3THYECKHE BOIIPOCHI; NOCIEACTBUSA
JUISL CHCTEM CEJIbCKOXO03SIMCTBEHHBIX 3HAHUI U MHHOBAIHiA [1].

OnHaKko OCTaroTCs BBI30BBL: TOUHOCTh M3MEPEHUH, KaIMOPOBKA CEHCOPOB B Pa3HBIX THIAX
II0YB, 3aTpaThl, SHEPronoTpedieHue, neperada JaHHbIX B YJAJEHHBIX pailloHax, MHTEepIpeTanus
OonpmMx OOBEMOB JAaHHBIX M CTaHJApTH3alMs CHUCTEM. ABTOpaMHM BeneTcst paboTa Haj
pa3paboTKOl MeTOo/a, MO3BOJISIOMIETO YMEHBIIUTH MPOOJIEMBI JUATHOCTHKH 3€Melb. ABTOpaMHU
TaKXe MCII0JIb30BaHbl MH(POPMALMOHHBIE TEXHOJIOTUN B MOHUTOPHMHIE MapaMeTpoB nouBbl. Hike
IIPUBEIEH 0030p OCHOBHBIX KJIAaCCOB TEXHOJIOTIHIA:

Cencopuble cucteMsl B 1ouBe (In-situ ceHcopsl). Takue cUCTeMBbl yCTaHABIUBAKOTCS IPSIMO
B TPYHT W HU3MEpSIOT JokanbHble mapamerpel. Merox TDR (Time Domain Reflectometry),
émkocTHble ceHcophl (Capacitance probe) M3MepsIIOT IUAJIEKTPUUYECKYI0 HMPOHHMIIAEMOCTh IOYBBI,
CBA3aHHYIO C BJIArou.

MetamatepuallbHbIE CEHCOPBI — IIACCUBHBIE PAIMOYACTOTHBIE YCTPONCTBA, YyBCTBUTEIIbHbBIE
K BJIQXHOCTH 3a CU€T CIIBUTa pe30HAHCHBIX 4acToT. [Ipumep: SIW-meTamaTepualibHbIA CEHCOP IS
MOHMTOPHHIA BIAKHOCTH.

CeHcopHbIE ceTH MOTYT OBITh OpPraHU30BaHbl B CTPYKTYpPy C y3/l1aMH (AaTYUKaMu) U
ITI03aMU, NepeJarollliMH JaHHbIE Ha LeHTpaibHbli cepBep. Ilpumep: cucrema «Life Under Your
Feet» — ceHCOpHBI mapk M3Mepsul BIAKHOCTb U TEMIEpaTypy, OTHIPaBIsl JaHHbIE B 0asy,
pacriosiaraji Be0-cepBUC JUIsl aHAJIN3A.

Jucranunonnsle meroasl (Remote Sensing, UAV, cnytHuku). JIMCTaHIMOHHBIE METO/IBI
MO3BOJISIIOT OXBATUTH OOJIBIINE TEPPUTOPUH.

CnyTHUKOBOE 30HJMPOBAaHUE: M3MEPEHUE OTPAXKEHHOIO M M3IYYaeMOIo CIEeKTpa C
pacuérom unnekcoB (NDVI, orpaxxenue B MHPpaKkpacHbIX AUANa30HAX U JIp.) IOMOTAeT OLCHUBATh
BJIKHOCTb, COAEP/KAaHUE OPTaHUUYECKOI0 YIIIEPO/1a, COJIEHOCTD IIOYB U JIp.

UAV / 1poHsl: Hecylye runepcrneKkTpajibHble, MyJIbTUCIEKTPalbHbIe UM TEIUIOBU3UOHHBIE
KaMephl, MOTYT OIEpUpPOBaTh Ha Majod BbICOTE M C OosblIoi neranuzanueil. OHU NOMOJTHSIOT
CIIyTHMKOBBIE JlaHHBIE, OCOOEHHO KOIJla Ba)KHa BBICOKAs IPOCTPAHCTBEHHAs pa3pellaonas
CIIOCOOHOCTB.

PaguouacToTHBIE METOABI M MMKPOBOJIHOBBIE JAaTYMKU: B paguo- U MHUKPOBOJIHOBOM
Jrarna3oHax U3MEHEHUs BIaKHOCTU M3MEHSIIOT CBOWCTBA OTPAKEHMsI / M3JIY4YEHHUs, YTO MO3BOJIIET
OLIEHUBATh BJIAKHOCTh MTOBEPXHOCTH MOYBHI HA IIMPOKOM MacIuTabe.

KocMuuecknil HEMTPOHHBIN 30HA: METOJ KOCMUYECKHX JIy4ell MCHOJB3YeTCs JUIsl OLEHKH
BJIQKHOCTH BEPXHETO CJIOs MOYBbI — NMPUMEHSETCs, HallpuMep, B poOOTH3MPOBAHHBIX CHCTEMax
kaptupoBaHusa. CouyeTaHWe JaHHBIX JIUCTAHIMOHHOTO 30HIUPOBAHUS W HA3EMHBIX CEHCOPOB
yay4IlaeT HaJeKHOCTh Mozeneit (data fusion).

Cassb, 0T n Edge-Bbrunciienns

becripoBoansie cetu: LoRaWAN, NB-IoT, ZigBee u apyrue LPWAN TtexHonoruu
MO3BOJISIOT Mepe/laBaTh JaHHbIE C HU3KUM SHEPronoTpeOIeHneM Ha 3HAYUTEIbHbIE PACCTOSHUS (10
KHAJIOMETPOB).
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Edge-Beruncienus: 06paboTKa JaHHBIX MPSAMO HA y3/1ax (B KOHIIE CETH) ITO3BOJIIET CHU3HUTh
3aJIepKKH U YMEHBIIUTh HArpys3ky mnepemaun. llpumep: Helipomop¢HbBIe cHCTEMBI 00pabOTKU
JTAHHBIX TPSMO B TIOJICBBIX y3JIaX MOHHUTOPUHTA TIOYBHI.

Ob6naunble mIaTGOpPMbI U aHAIUTHKA: HEHTPAJIbHBIE CEPBEPhl COOMPAIOT AaHHBIC, TPOBOJIST
arperamyip, BU3YalU3allMi0, AHAIUTHYECKUE BBIUUCICHUS, WHTerpamuio ¢ kapramu GIS wu
MO/ICIISIMU.

O0padoTKa JaHHBIX H AJTOPUTMbI

KanubpoBka CceHCOpOB: BaKHBIM STal, TaK KaKk CBOWCTBAa MOYB (TEKCTypa, IUIOTHOCTb,
MUHEpaJIbl) BIUSIOT Ha U3MEpeHus. MeTonbl HMHTEPHONALMH U [POCTPAHCTBEHHOTO
mozaemupoBanus: Kriging, IDW, crumaitH-metonst u  ap. Hampumep, aBTOHOMHBIE pPOOOTHI,
ucnone3ys Kriging u aganTuBHOEe oOCHenOoBaHWE, CTPOSAT KapThl BiaxHoctu «Kriging-Based
Robotic Explorationy.

AnnapaTHO-IPOrpaMMHbIe KOMILIEKChI

B peanpHBIX pOEKTax MPUMEHSIOTCS HHTETpUpOBaHHbIE pemeHus: Sensoil VMS — cuctema
MOHHTOPHUHIA NOYBBI, KOTOPAs U3MEPSET KOHLEHTPAllUU HUTPATOB, (pocdaToB, Kanus U BIAXKHOCTb
B KODHEBOW 30HE M mepenar AaHHbIE B peadbHOM BpemeHnu. Soiltech Beacons & Insights —
COYeTaHHE CEHCOPOB (BJIAXHOCTb, Temmeparypa, CO;) u ob6mauHoi miatdopMel yrnpaBieHUs
depmoii. Smart CeHCOphl W aBTOHOMHBIC CTAaHLWU, WHTETPHPOBAHHBIE B OOIIyIO ImatGopmy
(matumku + moT03 + obnavHas aHanuTHKA). HelipomopdHbIE cuCcTeMbl — JIOKajdbHas 00paboTka H
MPUHATHE PEIICHHsI 0€3 TTOCTOSHHOMN CBSI3U C IEHTPOM.

NHdpopmannoHHas cuUCTeMa [03BOJIAET ABTOMATU3UPOBATh IHPOLECC HCCIIEIOBAHUS
arpOXMMHUYECKHUX TTOKa3aTeliel MOYBBI 32 CUET MPUMEHEHHS TEXHOJIOTHMH WHTEpHETa, BEIeH UIs
npuema 1 (puKcaly 3Ha4YeHUH MoKazaTelieH, MoJly4yaeMbIX ¢ CEHCOPHBIX Y3JIOB.

CIIMCOK JIMTEPATYPbI

1. No6posnsauH, B.JI., Autureckyn, E.A. LndpoBuzanus cenbCkoro Xo3siCcTBa: TEKYIIHA YPOBEHb
nugpoBuzanuu B Poccuiickoit Meneparun 1 NepcneKTHUBHI JajibHelnero passutus. Lludpossie Mogenu u
pemrenns. T1, Ne2-2022, VVol.1-Ne 2.

2. Jlenexuna, F0.A., I'pacc, E.}O. CocTosiHre, OCHOBHBIE TpeHBI X MPOOIEeMbl LU(PPOBOTO PA3BUTHS
arponpOMBIIUIEHHOTO KOMILJIEKCa POCCHICKOH (enepanyun. MexayHapoJHbI HaydHO-MCCIEI0BATEIbCKUI
xypHais Ne 10 (148).

3. TlouBa — He3aMEHUMBI KOMITOHEHT Ouocdepbl U TI00aIbHON MPOJOBOIBCTBEHHONH CHUCTEMBI.
Bectauk Mockosckoro yausepcureta.. CEP. 17. IOUBOBEJAEHUE. — 2020. — Ne 4.

4. Abdulraheem, M.I. et al. Advancement of Remote Sensing for Soil Measurements. Sustainability,
2023.

Mamepuan nocmynun 6 pedaxyuro 28.09.25

24



ISSN 2308-4804. Science and world. 2025. Ne 10 (146)

INFORMATION TECHNOLOGIES
FOR MONITORING SOIL PARAMETERS
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Abstract. The article discusses modern information technologies used to monitor the
physical parameters of the soil. Sensor systems, remote methods, software and data processing
algorithms are analyzed. Examples of implementations are given and development prospects are
discussed, including the use of 10T, wireless networks.

Keywords: soil monitoring, sensors, remote measurement, 10T, data analysis.
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REFORM OF CHINESE INCOME TAX SYSTEM
FOR ACHIEVING CARBON PEAK AND CARBON NEUTRALITY

Ludan Zhang, Master of Law in Lanzhou
University of Finance and Economics (Lanzhou), China

Abstract. The development of income tax framework conducive to carbon peak and carbon
neutrality represents a pivotal initiative in strengthening China’s national low-carbon governance
system. It also underscores China’s commitment, as a responsible global actor, to proactively
respond to the global climate crisis. Achieving the dual carbon goals within the committed timeline
necessitates a well-structured income tax system. Such a tax system can serve as a powerful
mobilization tool, steering production factors efficiently toward low-carbon industries, accelerating
innovation in green technologies, and providing tax impetus for high-quality growth and enhanced
climate resilience.

Keywords: income tax, carbon peak, carbon neutrality, technological innovation.

Achieving carbon peak and carbon neutrality is an essential strategy for addressing pressing
resource and environmental constraints and ensuring the sustainable development of the Chinese
nation. It also represents a critical pathway for China to advance high-quality development in its
new phase of growth. To meet these dual carbon goals, it is imperative to strengthen top-level
design, integrate carbon mitigation efforts into the broader framework of ecological civilization and
overall socioeconomic development, and prioritize innovation as the primary driver of progress.
This will enable the extensive and deep integration of low-carbon technologies across all economic
sectors and industries. A pivotal measure in this regard is to establish an income tax system that
encourages efficient resource use and green, low-carbon development. Such a system will facilitate
effective collaboration between an active government and a functioning market, providing crucial
support for the timely achievement of China’s carbon peak and carbon neutrality targets.

Principles of Income Tax Reform

Achieving carbon peak and carbon neutrality necessitates comprehensive reforms in income
tax system, grounded in the new stage of development, guided by the new development philosophy,
and adhering to a systematic approach that balances development with emission reduction, overall
interests with local specifics, and short-term needs with medium- and long-term objectives.
Centering tax system design around the dual carbon goals requires incorporating both forward-
looking policy guidance and practical implementation feasibility, ensuring full alignment with
national green development strategies. Through scientifically sound institutional design and
precisely targeted policy execution, income tax system must serve as a structural guarantee for
fostering green and low-carbon socioeconomic transformation. This entails continuously
strengthening tax incentives and support for key areas such as renewable energy development,
energy-saving and environmental technology innovation, and green low-carbon industrial
expansion. By leveraging a mix of policy instruments, tax system can effectively incentivize and
regulate market entities, stimulate corporate innovation, direct capital toward low-carbon sectors,

© Ludan Zhang / JTynaus Yxan, 2025
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and facilitate the upgrading of industrial and energy structures. These measures will provide robust
tax backing and policy support for achieving carbon peak and carbon neutrality on schedule,
promote the growth of strategic emerging low-carbon industries, and establish a modern industrial
system characterized by green, low-carbon, and circular development — ultimately driving a historic
transition toward comprehensive green socioeconomic transformation.

Advancing low-carbon technology innovation is essential for achieving China’s carbon peak
and carbon neutrality goals, leveraging the pivotal supporting role of scientific and technological
innovation. Amid profound shifts in the global climate governance landscape, technological
innovation has become a strategic cornerstone for nations striving to secure leadership in low-
carbon development. As China progresses through a critical period of industrialization and
urbanization, coordinating these processes with carbon emission reductions in key sectors such as
energy, industry, construction, and transportation is of utmost strategic and practical urgency.
Establishing an industrial structure and mode of production characterized by high technological
content, low resource consumption, and minimal environmental pollution is indispensable for
meeting the dual carbon targets on schedule. As a major macroeconomic policy tool, the income tax
system plays a crucial guiding role in fostering low-carbon technology innovation.

Through systematic institutional design, it must provide targeted tax incentives to support
the R&D and widespread adoption of green, low-carbon, zero-carbon, and negative-carbon
technologies. Reforms to the income tax system should emphasize systematic planning, precision,
and gradualism, constructing a comprehensive incentive mechanism that spans the entire innovation
chain — from research and development to commercialization and industrial application.
Differentiated tax policies must be implemented according to specific technological pathways,
developmental stages, and industrial characteristics, with dynamic adjustments to the intensity and
forms of tax support aligned with phased progress toward carbon goals. In this way, the income tax
system can effectively bolster low-carbon technological innovation, accelerate the formation of a
robust innovation ecosystem for low-, zero-, and negative-carbon technologies, and foster a virtuous
cycle between scientific advancement and tax policy. This will provide institutional guarantees and
technical support for the timely achievement of China’s carbon peak and carbon neutrality
commitments, while simultaneously cultivating new drivers of economic growth and promoting
high-quality development.

Promoting low-carbon lifestyles and consumption patterns through individual income tax
reform constitutes an institutional mechanism for internalizing environmental externalities. Unlike
the traditional personal income tax system, which primarily serves an income redistribution
function, the low-carbon-oriented tax innovation introduces an ecological value dimension on this
basis, reshaping individual decision-making patterns through economic leverage. High-carbon
consumption generates significant negative environmental externalities, creating systematic
divergence between social and private marginal costs that prevents market mechanisms from
achieving optimal resource allocation. An optimized individual income tax system addresses this
market failure by establishing precise correspondence between carbon reduction behaviors and tax
incentives. It quantifies low-carbon choices — such as green transportation and energy-efficient
consumption — into tangible tax benefits, achieving organic integration of environmental and
economic objectives. Simultaneously, it imposes tax constraints on high-carbon consumption,
forming a dual regulatory system that utilizes price signals to guide consumption structure
transformation toward sustainability. This approach enables internalization of environmental costs
while maintaining economic efficiency, creating synergistic effects between ecological conservation
and economic development.

Simultaneously, the framing effect inherent in the tax system transcends the limitations of
conventional rational choice models by explicitly demonstrating the ecological contributions of
low-carbon behaviors during tax filing, thereby effectively activating individuals' sense of
environmental responsibility. From an institutional evolution perspective, integrating low-carbon
elements into the individual income tax system essentially constitutes the formation of a novel
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environmental governance contract that institutionalizes fragmented environmental responsibilities
into enforceable economic rules, significantly enhancing the operational efficiency of
environmental regulation. This tax reform generates sustained learning effects wherein taxpayers
progressively reinforce their low-carbon cognition through participation in green taxation practices,
ultimately establishing a self-reinforcing cycle of behavioral habits. Such institutional innovation
not only directly facilitates the achievement of emission reduction targets but, more fundamentally,
cultivates a society-wide green consumption culture and drives a foundational transformation of
economic development paradigms.

Corporate Income Tax Reform Plan

Achieving carbon peak and carbon neutrality necessitates reinforcing the central role of
enterprises and leveraging their proactive engagement through the establishment of incentive and
constraint mechanisms oriented around corporate entities. The existing corporate income tax system
has initially developed a regulatory framework incorporating both innovation incentives and
environmental objectives, comprising six key support measures: super-deductions for research and
development expenditures, preferential tax treatment on income from technology transfer, reduced
tax rates for high-tech enterprises, preferential rates for technologically advanced service
enterprises, tax incentives for third-party pollution prevention and control enterprises, and tax
credits for investments in environmental protection, energy-saving, and water-conserving
specialized equipment based on a defined percentage of the investment amount. To enhance the
effectiveness of tax policy in advancing carbon peak and carbon neutrality goals, targeted
preferential tax rates and tax credit mechanisms should be introduced specifically for enterprises
driving innovation in low-carbon technologies.

Within the toolkit of tax policies designed to advance green and low-carbon development,
preferential tax rates offer distinct advantages due to their high policy transparency and strong
perceived value among enterprises. The current corporate income tax system has established a
differentiated rate structure based on dual objectives of technological innovation and environmental
protection, applying a 15% preferential rate to high-tech enterprises, technologically advanced
service enterprises, and third-party pollution prevention and control enterprises. While extending
similar preferential rates to low-carbon technology innovators may appear straightforward, it
encounters significant institutional barriers: stringent eligibility criteria under the Corporate Income
Tax Law — designed to prevent revenue leakage — have created a "policy glass door" that
excessively narrows eligibility, limiting both the coverage and effectiveness of tax incentives for
low-carbon innovation. Addressing this requires institutional optimization through dynamic
adjustment mechanisms and transitional provisions to enhance inclusivity and policy efficacy.

According to current Chinese laws, preferential policies for high-tech enterprises are
exclusively applicable to those identified as national high-tech enterprises that require key support.
To qualify, an enterprise must operate within the high-tech fields prioritized by the state, engage in
continuous R&D and transformation of technological achievements, develop proprietary intellectual
property rights that form the core of its business operations, and obtain certification from the
provincial-level administrative body for high-tech enterprise recognition. Furthermore, high-tech
enterprises must simultaneously meet the following criteria: they must acquire ownership of
intellectual property rights that play a core supporting role in the technology of their main products
through independent R&D, transfer, donation, merger, or acquisition; the technologies that provide
core support for their main products must fall within the high-tech fields prioritized by the state; the
proportion of scientific and technical personnel engaged in R&D and related technological
innovation activities must account for no less than 10% of the total employees in the same year; the
total R&D expenditure must meet the required proportion relative to the total sales revenue during
the corresponding period; the revenue from high-tech products must constitute no less than 60% of
the total revenue in the same period; and the innovation capability evaluation must satisfy the
corresponding requirements [1].
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The certification employs stringent and comprehensive criteria designed to identify
genuinely innovative enterprises through multidimensional assessment and explicit quantitative
benchmarks. While this high-threshold, universally applicable system aims to encourage broad
technological innovation, its generalist nature results in insufficient targeted support for low-carbon
technology — a specific strategic priority characterized by long investment cycles, high initial risks,
and social benefits that exceed short-term economic returns. Enterprises specializing in low-carbon
innovation must compete under the same criteria as other sectors, including uniform requirements
for intellectual property and revenue ratios, while their distinct social and ecological contributions —
particularly in carbon reduction — remain inadequately recognized within the evaluation framework.
This policy orientation deficiency fails to adequately reflect the positive externalities of low-carbon
technology innovation.

In conclusion, the corporate income tax rate for enterprises specializing in low-carbon
technology innovation should be capped at no more than 15%. Identification and Management
Measures for Low-Carbon Technology Innovation Enterprises should be formulated to establish
clear certification criteria. Notably, given the substantive overlap between low-carbon innovation
and high-tech enterprise standards, a significant proportion of low-carbon technology enterprises
may concurrently qualify as high-tech enterprises. In such cases, enterprises should be permitted to
cumulatively benefit from enhanced tax incentives — a policy approach justified by the urgency of
addressing the global climate crisis. The escalating severity of climate change not only validates
differentiated tax incentives but also underscores the necessity of leveraging tax tools to accelerate
low-carbon innovation. This design maintains coherence with the existing high-tech enterprise tax
incentive framework while creating targeted support for low-carbon technology, thereby aligning
tax policy with national dual-carbon strategic objectives.

Tax credits deliver direct and potent incentive effects independent of applicable tax rates.
China’s tax system has incorporated tax credits through the following provision: "Enterprises may
deduct a prescribed proportion of their investment in specialized equipment for environmental
protection, energy conservation, water efficiency, and workplace safety against their tax payable
[2]." The Implementing Regulations of the Corporate Income Tax Law further specify: "Where an
enterprise purchases and actually uses specialized equipment listed in the Corporate Income Tax
Preferred Catalogues for Environmental Protection, Energy Conservation and Water Efficiency, and
Workplace Safety, 10% of the equipment investment amount may be credited against the
enterprise’s tax payable for the current year. Any unused credit may be carried forward for five
consecutive tax years. The equipment must be purchased and put into operational use by the
enterprise itself.” Nevertheless, the scope of tax credits remains strictly limited to these predefined
areas.

The Corporate Income Tax Law explicitly stipulates preferential measures including tax-
exempt income, reduced taxable income, super-deductions, accelerated depreciation, reduced tax
rates, and tax credits. However, the applicability of tax credits remains excessively narrow,
constituting a significant bottleneck to enhancing the overall effectiveness of corporate income tax
incentives. The current preferential framework operates on a positive-list approach, which excludes
numerous innovative business models and emerging technologies not yet included in the catalogues.
This limitation prevents tax incentives from broadly supporting enterprises’ substantive emission
reduction efforts and transformation investments, thereby significantly undermining the macro-level
steering and regulatory function of tax policy. Globally, an increasing number of countries have
adopted tax credits, and their policy impacts are attracting growing attention. In the context of
international competition for leadership in green technology, extending tax credits to critical
innovation areas such as low-carbon technology R&D represents an established international
practice. For instance, the U.S. Internal Revenue Code provides various corporate tax credit rules
[3]. Drawing on these international experiences, expanding the scope of China’s tax credit system is
essential to effectively advance carbon peak and carbon neutrality goals.
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Individual Income Tax Reform Plan

A sound ecological environment represents the most inclusive form of public welfare, and
the people’s growing demand for a beautiful ecosystem serves as a fundamental driver for achieving
carbon peak and carbon neutrality. Realizing these goals requires collective societal effort,
continuous consensus-building, and the establishment of a co-governance structure. Within this
framework, the government plays a leading role, enterprises assume primary responsibility, and the
public adopts low-carbon lifestyles and consumption patterns. The key to fostering voluntary,
proactive, and innovative public engagement in low-carbon living lies in innovating the individual
income tax system, thereby creating a broad interest-driven mechanism that encourages universal
participation. The individual income tax directly impacts personal interests and inter-taxpayer
equity, playing a crucial role in adjusting income distribution and promoting economic
development, while also strengthening ecological and environmental awareness across society.

The individual income tax requires that the assessment of tax capacity comprehensively
incorporates individual circumstances. Within the context of China’s ongoing transition from a
categorical to a hybrid income taxation model, an individual’s carbon reduction contributions and
behavioral patterns — such as the adoption of low-carbon transportation, participation in energy and
resource recycling, and utilization of distributed renewable energy systems — should inform the
evaluation of their ability to pay taxes, thereby enabling the implementation of targeted incentives
to foster broader public engagement. Aligning tax liabilities with measurable carbon reduction
efforts and ensuring that low-carbon engagement is adequately reflected in the tax system are
fundamental to establishing a green-oriented individual income tax framework.

As China continues to deepen its tax reforms, it is imperative to integrate tangible
contributions to energy conservation, emission reduction, green consumption, and low-carbon
mobility into the tax assessment system. By leveraging differentiated tax rates, special additional
deductions, and other tax instruments, taxpayers who actively adopt sustainable practices should
receive commensurate benefits, ensuring that the system not only upholds the principle of ability-to-
pay but also functions as a pivotal policy mechanism for encouraging widespread participation in
carbon mitigation. Among the various policy options available, the most effective approach is the
introduction of a tax credit mechanism within the individual income tax system. While there is no
precedent for tax credit mechanisms within the individual income tax system in China, the carbon
inclusive mechanism serves a functionally analogous role.

The carbon inclusive mechanism incentivizes voluntary carbon reduction behaviors by
individuals, households, communities, and small businesses — such as low-carbon transportation,
energy and resource recycling, and the adoption of distributed renewable energy — by quantifying
emission reductions in accordance with technical specifications and assigning value through carbon
emission trading, innovative business models, and green finance. It guides public participation and
promotes the adoption of green, low-carbon lifestyles and production methods across society. By
leveraging authoritative methodologies to accurately quantify decentralized low-carbon actions into
measurable and tradable carbon assets, the carbon inclusive mechanism combines policy guidance
with market-based incentives to mobilize broad societal engagement, thereby providing institutional
support for a participatory and market-driven low-carbon governance framework.

Operated under the principles of government guidance, market operation, public benefit
prioritization, corporate participation, and voluntary engagement, the carbon inclusive mechanism
allows participants to record low-carbon activity data through public service platforms and receive
incentives such as government-supported resources and commercial discounts. The government is
responsible for formulating policies, developing methodologies, managing projects and emission
reductions, and establishing related service platforms. Project developers design, implement, and
operate carbon inclusive initiatives, utilizing big data and other information technologies to
monitor, collect, and process low-carbon activity information, while providing incentives to
registered users. To ensure genuine public benefits and encourage widespread voluntary
participation in emission reduction activities, project developers must prepare implementation plans
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ex ante that include commitments to public welfare and transparent carbon benefit management
strategies, with the principle that all proceeds after operational costs are returned to participants.
During implementation, independent professional auditors are required to regularly prepare and
disclose audit reports on the use of project revenues through carbon inclusive service platforms. Ex
post, the certification of emission reductions is linked to project operation and revenue allocation,
ensuring that the value generated from carbon reduction activities directly benefits the public. This
creates a closed-loop incentive system characterized by “revenue feedback and rights protection,”
not only contributing Chinese solutions to global climate governance but also pioneering a
distinctive pathway to engaging the public in low-carbon initiatives with Chinese characteristics.
Moreover, the carbon inclusive mechanism provides a practical model and an actionable
administrative framework for the potential introduction of tax credits within China’s individual
income tax system. It demonstrates the feasibility of quantifying voluntary low-carbon behaviors
and providing economic incentives to encourage such actions, confirming the effectiveness of tax
tools in motivating behavioral change. In fact, the adoption of tax credits in individual income tax
systems is a globally established practice and a hallmark of modern tax regimes. For instance, the
U.S. Internal Revenue Code incorporates diverse tax credit provisions, such as allowing taxpayers
to claim a credit of 30% of the total expenditure on residential energy-efficient improvements,
energy-saving devices, and home energy audits against their annual tax liability [4]. Drawing on
these international examples, China’s individual income tax legislation should introduce provisions
allowing individuals to claim tax credits based on the carbon reduction impact — such as measurable
emission reductions — resulting from their purchases of low-carbon technology innovation products.

Conclusion

Constructing an income tax system that advances carbon peak and carbon neutrality
objectives constitutes a fundamental initiative in establishing a sound national low-carbon
governance framework and reflects China’s proactive response, as a responsible major power, to the
global climate crisis and its commitment to fulfilling international emission reduction obligations.
Confronting an increasingly severe global climate crisis, any delay implies substantially higher
economic and social costs in the future, necessitating the creation of an effective mobilization
mechanism that employs taxation leverage to decisively and precisely direct production factors
toward low-carbon sectors. In alignment with the dual carbon goals, the current tax system requires
urgent transformation and upgrading, demanding institutional innovation to address developmental
challenges. This institutional design must be grounded in China’s specific developmental stage
characteristics, adhere to a rule-of-law reform trajectory, and systematically optimize tax incentives
and regulatory functions, thereby providing clear long-term low-carbon signals to domestic and
international investors while injecting green institutional impetus into high-quality development and
enhancing national climate resilience.
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PE®OPMA KUTAVCKOM CUCTEMBI IIOJOXOJHOTI'O
HAJIOT'A V1A JOCTHKEHUA YTVIEPOAHOI'O ITUKA
N YI'VIEPOOHOU HEUTPAJIBHOCTH

JIynanes Yokan, maructp npasa B JIaHbwKOY
YHuBepcuteT GUHAHCOB M SKOHOMUKH (JIanpuxoy), Kurtai

Annomauusn. Pazpabomxa cucmemvl n000X00H020 HAN02A, CHOCOOCMBYIOWel YelepOOHOMY
NUKY U Y21epOOHOU HeUmpaibHOCMU, RPeOCmasisiem coooll Kuouegyro UHUYUAMUBY 8 VKPenieHUU
HAYUOHANIbHOU CUCIEMbl YAPABIeHUs C HUSKUM YPOBHeM 6blopocos yeaepooa 6 Kumae. Dmo
makaice noduepkusaem npusepiceHnocmos Kumas, kaxk omeemcmeenHozo 2nooaibHo2o cyovekma,
AKMUBHO peasuposams HaA 2100AIbHLII  KIUMamudeckuti  kpusuc. Jlocmuoicenue O0BOUHBIX
VenepooHbIX yejeli 8 YCMAHOGIeHHble CPOKU Mmpedyem XOpouio CMPYKMYPUpOSAHHOU CUCMeEMbl
n000X00H020 Hanoea. Takas Hanoe08as cucmema MoOdICem CIAYHCUMb MOWHBIM UHCIPYMEHMOM
mobunuzayuu,  dppekmueHo  HaAnpasAs  NPou3BOOCHEeHHble  (PaKmopvl 8  CMOPOHY
HU3KOY21ePOOHbIX OMPACHell, YCKOPSS UHHOBAYUU 6 3el1eHbIX MEXHOI02UAX U obecneuusas
HAO208bIIL UMNYILC 01 KAYeCMBEHHO20 POCMA U NOBbIUUEHUS YCMOUYUBOCMU K U3MEHEeHUIO
Kaumama.

Knrwoueevle cnoea: noooxoouvlil Hanoe, yenepooHbli NUK, YelepoOHds HeumpaibHOCDb,
MEXHONI02UYECKUEe UHHOBAYUU.
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