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AFBIHABI CYJIAPJABI TASAPTYAbIH DJIEKTPOXUMMUAJIBIK 9AICTEPI:
TEOPUAJIBIK HEI'T3AEPI MEH KOJLJAHY THUIMALJIITT
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Tawxenm ayoln wapyaubLibleblH UPPUSAYUAILAY HCIHE MEXAHUKALAHOBIPY UHICEHepepl UHCTNUMY b,
Tawxenm. x, O30excman

Angarna. Cy — OyJT alaMHBIH SJ1-ayKaThIH jkoHe JKep aKkoKyHemnepiHiH opTYpIUITiH caKTay YIIiH
ANIMaCTBIPBIIIMAUTBIH ~ pecypc. OPTYpJli aHTPONMOTEHMAIK KbI3SMET TYpJIepi, OHBIH IlIHAE Aaybll
HIapyallbUIbIFbl, MaJl IIApyallbUIbIFBl, OHAIPICTIK MpPOLECTep, SHEPrus OHMAIpiCi XKoHE KYHACTIKTI
TYPMBICTHIK MIHJETTEp, KeOiHece Oenriyi Oip cama cTaHmapTTapblHA COHKEC KENEeTiH CyFa TOYelIi.
JKepneri cy pecypcTapbliHbIH JKaJIbl KejeMi 1,4 MULIHap/ TeKIe KHIOMETPIl Kypaca Jia, OJIapJIbIH TEK
0,5% raHa TymBl JKOHE OHAM KON >KeTiMIi. AJjalfa, agaMHBIH KbI3METI TaOWFU Cy aifHaJIbIMBIH
adTapipIKTail Oy31bl, OYJ1 CyIBIH camachkl MEH CaHbl JKarblHaH JKeTicleymritikke okenni. Ochlnaifia,
Ka3ipri yakbpITTa olleM XalKbIHBIH IIaMaMeH €Ki YIITeH Oipi CyAblH JKeTICIEeYIIJITiIMeH Ke3lecyae, ail
oomkamap 6oitprama 2030 xbpUTFa Kapai KeULIBIK CyFa JIeTeH cypaHbIC YebIHbIcTaH 40% apThIK 00omajbl.
OJeM/ie JKBUT CaliblH alaM KaXeTTUTIKTEpiH KaHaFaTTaHABIPY YIIiH JKEeTKUTIKTI TYIIBI cy Ooica ma, cyFra
JIeTeH KOJDKETIMIIUTIK TTeH CYPaHbIC apachIHAAFbl aiiMaKThIK )KOHE YaKBITIIA abIPMAIIBUIBIKTAD QJIEMHIH
opTypui OeiKTepiHAe OPTYPJi YakKbITTa Cy KeTiCHeYWIiriH Tyabipansl. COHABIKTaH Cy PecypcTapblH
TYpaKThl Naiiianany MEH TYTHIHYyFa OaFbITTAIFaH THIMJI Ta3apTy SAICTEpiH 93ipIiey, Cy pecypcTapblHbIH
CapKbLTYbl OaliKamaThlH alMaKTapa aFbIHABI CyJIap bl KaiiTa maiganany Mocelellepi Ienry, COHIai-aK
aFbIHJIBI CYJIapIbl TOTY MOCEJIENEPiH Iy 0Te MaHBI3bI.

Tipex ce3mep: AFBIHIBI cylap, AJIEKTPOXUMIBUIBIK Ta3apTy OMdICTepi, HMEKTPIIK KOaryJsius,
AIEKTPOIU3, STEKTPIIK (IIOTAIHS.

Kipicne. CyzablH nacTaHybl COHFBI OlpHEIlle OHXBUIABIKTA aJaMaap MEH JKoxyilere
THUT13€TiH Kepl 9CepiH eCKepe OTHIPBIMN, KypJieni Mocesnere aifHanabl. Typii eHepKOCINTIK aFbIH/IbI
CyJlapJibl Ta3apTy YILUIH KOITEreH dAICTep MEH TICLIAep JKy3ere acbipburyaa [1].

TazapTy Tek aybI3 CyFa FaHa eMec, COHbIMEH KaTap TaOWFH jKaybIH-IIAIIBIHHAH HeMece
OPTYpJl OHEPKOCINTIK KOCIMOPhIHAAp TaOWFU HE >KacaHIbl Cy alAblHIapblHA TOTETIH
KaJJIbIKTapAaH Maiia OonaThIH aFbIHJBI cylapra Ja KaxeT. OcbifaH OalsIaHBICTBI Ta3apTy
KOHJBIPFBUIAPBI TE€K CyMeH XaOJIbIKTay >KyHelepiHae FaHa eMmec, COHBIMEH Karap Typdi
KOMITaHUsIap/ia, KOMMYHAIIBIK JKOHE aybll IapyalllbUIbIFbl HBICAHAAPBIHAA Jla OpHATHUIAIbI
JKOHE KOJTaHbLUIa B! [2].

AfbIHIBI cynmap — Oyl KyObIpiap HeMmece KaHaljap >KyHheci apKbUIbl HIBIFapbUIATHIH,
COHJIali-aK a/laMHBbIH TYPMBICTBIK HEMeCe OHJIPICTIK KbI3MEeTi OaphIChIH/A MaiianaHblIFaHHAH
KeiiH el MEeKeHJep MEH OHEpKICINTIK KACIMOphIHAap ayMaKTapblHJa >XaybIH-LIAIIbIH MEH
Cyapy-Xyy CyJapbIHbIH aFbIHbl HOTH)KECIHJIE TY3UIeTIH cynap [3, 15].

ITaiina 6oty ke3nepiHe Kapail aFbIH/IbI CyJap Keneciien Typiepre OemiHen:

1. TYpMBICTBIK — (U3HOJOTHSUIBIK YKOHE TYPMBICTHIK IINBIFY TEKTI KaJABIKTapMeH
JacTaHFaH cynap;

2. OHJIPICTIK — TEXHOJOTHSUIBIK MTpoLiecTep OapbIChIHAA Maii1a O0IAaThIH KOHE KOpIIaraH
OpTa YILIiH eH KayinTi O0JbII caHAIAThIH Cyap;

3. AtMocdepanbiKk — epireH Kap KoHe JKaHOBIp CyJlapblHAH TY3UIETIH aFbIHAAp, SJCTTE,
OJIapJIbIH HET13I'1 JJacTayIIbl 3aTTapbl MUHEPAIIBIK KocTajap O0JIbIn TaObu1abl.

3eprTey Matepuasaapbl MeH daicrepi: Ka3zipri Tapma areiHABI CyJNapibl TazapTyia
3aMaHayu FBUIBIM MEH TEXHUKAHBIH OapJbIK KETICTIKTepl KeHIHEH KOJJAHBLITyJa. OJiCTepiH
OpTYpITi Ke3/epi KOJAAHBLTYa: MEXaHUKAIBIK, (PH3UKA-XUMHISUIBIK, XUMHSITBIK, OHOXIUMHUSIIBIK,
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TEPMOXUMHUSUIBIK KOHE TEPMUSUIBIK, MEMOPAHAJBIK TEXHOJOTHUSIIAP, JIEKTP XUMUSIIBIK JIICTED.
OJICTI TaHAay — JIacTaHy CHUNAThIHA JKOHE OHBIH KOpIIAFaH OpTara THUTI3ETIH 3HSHIBLUIBIK
JopekeciHe OaiIaHbICTBI.

byrinri Tapma aFpIHABI  CyNapAabl  OHICYAIH €H THIMAI opi  Oosamarsl - 30p
TEXHOJIOTHSTAPBIHBIH O1pi — SJIEKTPXUMUSIIBIK Ta3apTy d/ici 0oJbIn TabbLIaab! [4].

OpraHuKamnbIK *&oHE OHMOTeH/Il 3aTTapMeH, COH/Iaii-aK KayilTi KOCBUIBICTAPMEH JIaCTaHFaH
arblHABl CyJap Cy pecypcTapblHa alTapibikTaii Tepic oacep erexi. Cy HbIcaHIapbiHA
AQHTPOIIOTEHIK JKYKTEeMEHIH >KOFapbl OOiyblHA HeTisri ce0em — aFbIHABI CyJNapAblH OyKia
KOJIEMIH Ta3apTyJbIH JKETKUTIKTI JCHIreliH KaMTaMmachl3 €TyAiH MYMKiH emecTiri. byn tazapry
KYPBUIBICTAPBIHBIH KyaThIHBIH JKETKUTIKCI3JIriMEH HEMece OJIap/IblH THIMCI3 MaijalaHbLUTybIMEH
GaitmanbicTsl [5,10].

Cy HplcaHzapblHa TacTaJaThIH  aFbIHABI  CyJapAblH  HOPMATHUBTIK  JIGHTeW[e
Ta3apThUIMAYBIHBIH ceOernTepi:

e Ta3apTy KYPBUIBICTAPBIHBIH KOOAIBIK KyaTThUIBIFbIHA JACHIH TOJBIK XKYKTEIMEYi (opTa
ecenmned 50%);

e Ta3apTy TEXHOJOTHICHIHBIH aFbIHABI CyJIap KYPaMbIHA COMKEC KeIMeYi;

JKEPTUTIKTI (JIOKAIbbI) Ta3apTy KETiCIEYIILIIri;
OMOJIOTHSIIBIK Ta3apTy KOHABIPFBUIAPBIHBIH KaHAFATTaHAPIIBIKCHI3 JKYMBIC iCTeYi;
KaOIBIKTapIbIH (PU3UKATIBIK TO3YHI.

DNEeKTPXUMUSUTBIK O/IICTEp aFrbIHIBI CyJapAbl Ta3apTyIblH €H THIMAI TocuaepiHiH Oipi
0ol TabbUTABI [6, 7]. DIEKTPOXUMUSIIBIK SIICTEPIl NaMBITY, OJapAbl KETUIAIPY KOHE JKaHa
TEXHHUKAIBIK MICTIIMIEP/Ii SHT13Y:

e Cy HbICaHJIapblHA AHTPOTOTCH 11K KHICBIMHBIH aJIJIbIH alyFa,

e CTaHJApTKa cail KeJIMEHTIH CyIbl alfHAIBIM/IA Maii1aanyFa MYMKIHIIK Oeperi,

e COHJaii-aK Cy TYTHIHYIIBLUIAP/IBIH SKOJIOTHSUIBIK KayiNCI3iriH KAMTaMachl3 eTe/li.

XKyprizinren xaH-KaKTbl Talay HOTHXKECIHJIE, aFbIH/BI CyJIap/Ibl Ta3apTy KyHenepinue
€H MEePCIEeKTUBANIBI SJICTEP — AJIEKTPOTEXHOJIOTUSIIBIK SCEP €Ty TICLIAepl eKeH1 aHBIKTAIIbI.
OnapaplH iIIiHIe epeKIle aTam eTyre 00J1ab:

e DJIEKTPOXUMHUSIBIK CY3TUIEpAl KOIAAHY;

e DIIEKTPOJIU3EPIIEP MEH IEKTPOKOATYIATOPIAPABI KOJIIAHY;

e ayekTpodIoTaTOpIAPABI Maiiianany;

e MArHHUTTIK XKOHE JIEKTPOMArHUTTIK CY3TiUIep/Il KOJIaHy.

Kazipri Tanma artanraH SJIEKTPTEXHOJOTHSUIBIK OMICTEPHAIH OPTYpPIii KOHCTPYKIUSIIBIK
TYpJepl >kacaiblll IIbIFapblIAbl. OnapAbplH KelOipi OipHelne ocep €Ty MeXaHu3MiH Oip
TEXHOJIOTUSUIBIK LIUKJIAE OIpIKTIpyre MyMKIHIK Oepei.

MyHnail KypbUIFbUIap €3 THIMIUITNIH 9pTYpJl cajajapia KojjaHy OapbIChIHAA
JoNeN e .

INEKTPOXUMUATBIK SAICTEP |

3BneKTp KeHicriri

1-cypeTr — DJ1eKTPOXUMHSIBIK daicTep



AFBIHZIBI CYyJIapIbl SJIEKTPOXUMUSIIBIK Ta3apTy — OYJI TYPAKThI AJIEKTP OPICIHIH oCepiHEH
KYPETIH XHMHUSJIBIK peakuusjgap MeH TypJeHyJlepliH KemieHi. MyHpaail mporectep
MOJIEKYJIaapalibIK ©3apa SPeKeTTeCcy KYIITEPiH KeHYTe KoHE KOJUIOUATHIK epITIHALIEP/Il OHIeyTe
BIHFAIJIBI (hOpMara aybICTBIPYFa KOMEKTECE/].

DNEKTPXUMUSIIBIK KOHIBIPFBUIAP CYFa 3JEKTPO(PU3UKATIBIK JKOHE DIIEKTPXUMUSIIBIK 9cep
ereni. by ocep eki AMEeKTPOATHIH — KaTOJl MEeH aHOATHIH — KOC JJEKTPIIK KadaThIHIA XKYPEi.
Ocsl KabaT apKbUIbI 3JIEKTPOHIAPMEH 3apsIATHIH Tele-TEHC13 TachIMalAaHybl JKy3ere acaabl. by
KE3/I€ CYMBIK OpTaja )KYPETiH AMEKTPXUMISUIBIK PEaKIUsUIap HOTHXKECIHAC TY31IETIH OHIMICPIiH
OeJICeH/ 1l TUCTIePTUPIICHY MapTTapbl KAMTAaMachl3 €TUIC/I].

DNEKTPOXUMHUSUIBIK SJICTep aFbIHABI CyJapbl Ta3apTyaa SPTYPJ €pireH Kocmaaapibl,
KQJIKBITT KYpreH OeJIIeKTepal KoHe Oacka Ja JiacTaylibl 3aTTapibl KOFa THIMAl. Ajaijga
OapIbIK 3JEMEHTTEP MEH KOCBUIBICTAp METAJI THAPOKCHUJIIEPIHIH YIIEKTepi (XJIOombKajaapsl)
MEH OJIAPJIbIH aJICOPOLUSIIBIK KabiJIeTi )KOFaphl 00Ty Kepek.

CoHBIMEH KaTtap, JIEKTPXUMUSIIBIK 9/IiCTEP TOTHIFY-TOTHIKCHI3AHY MOTEHIMAJIBIH KOHE
cyTekTik kepcetkimti (pH) perreyre kaburerti. byn omictep MEHIIIKTI 3JIEKTPJIiK KeaepriHi
TOMEHETEl, adPOTCHKTEpIE KOJAAHBUIATHIH OeJCeHIl WIAIH (epMEeHTAaTHBTI OeICeHAUTITiH
apTThIpajbl, OPTaHUKANBIK 3aTTapAblH KOAryJALUICHl MEH TYHYbIHA (CeIUMEHTAIIMICHIHA)
KepeMeT Kar/1aii xacausl [8].

3epTTey HITH:KeIePi sKIHe TATKbLIAY. DIIEKTP XUMUSUIBIK Cy Ta3apTy OapbhIChIHAA TOPT
HETI3T1 MPOIIeCcC Ky3ere acajpl:

1. Dnexmpoaus

Cy anekTponm3i Ke3iHJe 3IEKTPOATApIa KYPETIH TOTHIFY-TOTBHIKCHI3/IaHy peaKIUsIapbl
HOTHOKECIH/IE AJIEKTPONIUTTIK bLABIPAY KYypeai. by mporectep ChIpTKBI TYPaKThI 3JEKTP OPICiHIH
ocepiMeH TYCIHIipiaeni.

Cyabl 21eKTpoan30eH TazapTy CTaHIAPTTHI TeMIIepaTypajia J1a, >KOFapbl TeMIepaTypabl
pexumae ae Kypriziryi mymkia[11,12]. Byn yorie epiMelTiH aHOITap HEMECe aKTHBTI, SFHU
epiriu anoATap Kouganbiiaasl. KockiMiia MmemOpaHanap KOJJaHbLTYbl MYMKIiH.

Cynpl 37eKTponu30eH TazapTy aybl3 CYbIH JalbIHAAY YIIIH J€ JKYpri3inyi MyMkid. By
OMOJIOTUSUIBIK KYHENepIiH Cy IUCHepcUusiiapblHa TOH KacHeTTepre ue 0oiaybIMeH OailIaHbBICTHI.
BbuonucnepcusiiapplH TYHIBIPY JKOHE arperarThlK TYPAaKTBUIBIFBI €3repin, Oy3puiaabl. Al
OTTETiHIH OaKTepULHUATIK acepi Oap.

DneKTpodau3ep arblHABl CyJapAbl ©HJIEY YIIIH HWOHAAPAbIH >KapThlaall eTKI3Till
MeMOpaHanap apKbUIbl —TachIMaIJ@HYbIH KamTamachl3 ereai. Ocbl  mporeccte  Cyabl
TY3CBI3AaHIBIpY Kypeadl. KplKpugap MeH KaTThl CUITUIEP KOHLIEHTPJIEHIN, KAJIbIITACa bl

2. Dnexmpaik ouanus

DNeKTpiK AUalv3/Ie OHJENETIH CyAblH Kypamaac OenikTepi Oemineni. byn mporecc
MeMOpaHa apKblIbl JU(Y3USHBIH albIpMallbUIbIFbIHA HETi3/1eNreH. MoHu3anusnanrad 3aTTap
AJIEKTPOJIBUTATEIBIIK KYIITIH 9CEPIHEH MEMOpaHAIBIK JIEMEHTTEp apKbUIbl Oeminesni. by ofic
aFbIHJIBI CyJIapbl OHACYTE, KOJAep MEH TEHI3 CyJapblH TY3ChI3JaH IbIpyFa KOTalIbl.

Ty3ce3aanaplpy TETEeporeHAl >KOHE TOMOTEHII MeMOpaHalapabl KOJAaHy apKBLUIBI
Ky3ere acwlpbuiafbl. COHFBICHI — Oyl OalIaHBICTBIPFBINI KOCHAJapbl Oap YHTAaK TYpiHIEri
MOHUTTEp. MeMOpaHanapAbIH 3JIEKTPIIIK KeAeprici yiIkeH 00iIMaybl Kepek.

DNeKTpiiK Juanu3 YLIH Oip yakbITTa €Ki Typiii MeMOpaHa KOJJaHBbLIaAbl: aHOJ YIIiH
AQHUOHUTTI OHE KaToJl YIUIH KaTHOHUTTI MeMmOpaHa. MyHpail TociiMeH opTak OeliMHEH
AIIEKTPOJIUTTEH AaHMOHAAp MEH KaTHOHJap Oip yakbITTa IIbIFaAbl. byn anic ruaposonbiaepai
OHJICY YIIH KOJIAMIJIBI, OHBIH MaKCaThl JICKTPOJIUTTIK KOoCTmajJapAbl ajblll Tactay. Monammacy
nuadparManapsl  TazapTylIbl TUHIMAIPEK eTelll KOHE OJIIEKTP OSHEPrHUsCHIHBIH IIBIFBIHBIH
TOMEHJIETYTe BIKIAJl €TeIl.

3. Dnexmpaik ¢promayus

Byn mporecc ke3inae ra3 kemipuikTepi MeH (BIOKKyJIanapablH Ty3uTyl xxypeni. Omap ipi
JCTIEPCTI Cy KOCHalapblHaH JKOHE yCaK JMCIEPCTi a3 KemipIIiKTepiHeH (KaToATa — CyTerdi,
aHOJITa — OTTET1) KypaJiaJIbl.



DnekTpiik ¢uoTanusa dIEKTPOJIU3 MPoleci Ke3iHae maiaa 00maTelH ra3 KemipiiKTepi
TUIM/I1 dKYMBIC ICTEH 1i. AHOATHI OTTET1 KOIPUIIKTEP], aJl KATOATHI CYTeT1 KOMipIIKTepi )kada bl
Epirim snexktpoarap eHrizuireH ke3ne (iaoTamus KOaryJIsIHsUIAWTBIH YIMEKTEPAiH Ty3iTyl
apKachlHJa TaMallla HOTHXKellep KOpPCEeTe/Ii.

Katonrel kemiprmikrepaiH pesii  MaHBI3ABIPAK, OWTKEHI CyTeri KOMipIIIKTEPiHIH
enmmemepi 0acka o/IicTepMEH OHJIey Ke3iHJe alblHAThIHIAPIAH dACKaiIa KillKkeHTal 00Jabl.
My#npait kemipmikrepain auameTpi 20-100 MM apanbiFreiHaa 6oJaasl. Kemipiiikrep HEFypIJIbIM
ycak Oosica, onapAblH epirimTiri >korapsl Oomansl. Erep aFplHABI Cynap ra3gapMeH apThIK
KaHBIKKAaH 00Jica, KOMIPIIIKTED JacTaylibl OemeKTep IiH OeTinae OeiHin, (IoTarus mporeciH
OenceHaipesi.

4. Dnexmpaik Koazynayus

DnekTp epiciHiH ocepiHeH pgucmepcTi TyHOa (asacelHa KATAThIH  KOJUIOUITHI
OeJIIIEKTepIIH arperamusachl Kypeai. byl aHOATHIK MeTam epiTy KoHE TeMip, aFOMUHUN
KaTHOHJIAPBIHBIH TY31TyiMeH OailIaHbICTHI.

DNEKTPIiK KOaryJsius KaTThl O6JIIeKTepAiH ayaJarbl €H YCaK KeIipIIiKTepiMeH
doTanusceiMeH, 1eKTpodope30eH, KAaTOATHIK KaIIbIHA KEITIPYMEH, aJlOMUHUN MEH TeMIipIiH
0acka MOHJIAPMEH OPEKETTECYIMEH >KOHE MeTalll TMIPOKCHATEPIHIH YJNEKTEpiHJIe JacTayIlibl
WOHJIapIbIH COPOLUSCHIMEH KaTap sKYpe/ii.

DNEeKTPIiK KOaryisTopiap KbICBIMMEH »OHE KBICBIMCHI3 Ooibinm OemiHeni. Anaiina,
KoOiHece KBICHIMCHI3 IIACTHMHKAJIBI THIITET1 KYpPBUIFbLIap mnaimananeuianpl. Onapaa cymbiH
BEPTHUKAJIbJII HEMECEe TOPU30HTANBAbl OAFBITHI KapacThIpbUIFaH. byn arperarrap kem >koHe Oip
arbIHIBI, COHJAM-aK apanac Typiaepinae 6omanel. Erep cxema ken arbiHIBI OoJica, aFbiHAAp Oip
yaKbITTa AJIEKTPOATAP apachlHAAFbl KAJIIBIKTap apKbLIbl oTeml [2, 9, 13].

AFBIHIBI  CyJapabl  JJIGKTPXHMESUIBIK — Ta3apTy  KYMCapTy, 3aJIaJChI3IaHIbIPY,
TY3CBI3IAHJIBIPY, KOHAMLMANAY, TYIIBUIAHIBIPY, TYCCI3IEHAIPY JKOHE KEIIeHAl Ta3apTy
OOWBIHINIA YJIKEH OJIeyeTKe He. Byl TEeXHOJOrusi KemcaThbUIbl Ta3apTy ChI30ayiapblHA IKHI
enrizuieni. CoHbIMEH Katap, Ta3apTy KbUIIaMIbIFbI, YHEMJIUIIT, carackl MEH Ta3apTy Jopexeci
KU1 MEXaHWKAIBIK CY3TUIEpIiH, HMOH ajaMacy >Ka0JBIKTApbIHBIH JKOHE COPOIHSUIBIK
KYPBUIFBLIAPIBIH THIMJILTIK ICHIC€HIHEH achIl TYCE/Ii.

DNEeKTp XUMUSUTBIK KOHABIPFhUIAP KYpaMbIHAa Maljiap, Maiiibl 3aTTap, MyHall eHIMIEpI,
aKys3aap, nuanuarep, oerrik-Oencenai 3arrap (bb3), denonmap, GosFeimiTap, MECTULUATED,
HUKEb, MBIC, KOpPFACbIH, CBbIHaIl, KaJMUH >KoHE Oacka Ja ayblp MeTainjgap, (top, Xiop,
XJIOPUIITEDP, COHMal-aK Oacka na OeHopraHMKaNbIK 3aTTap MEH KOJUIOMATHI OeJIIeKTepAl Koca
alFaH/Ja OpraHMKaJIbIK Kocmajap 0ap eHAIPICTIK aFbIHABI CylapAbl THIMJII Ta3apTyFa MYMKIHAIK
Oepeni.

KopbiThinabl. Kazipri Tanaa arblHABI CydapAbl THIMII Ta3apTy — OSKOJOTHSIIBIK
KayiMnci3IIKTI KaMTamMachl3 eTyAiH 06acThl OaFrbITTapbIHBIH Oipi 00MbIN TaOdbIaabl. OChl TYPFBIIAH
aJFaHa, DIEKTPOXUMHUSIIBIK SICTEP — HKOFAPhl TUIMILTIKKE, OMOEOaNThIKKA KOHE YHEMIITTIKKE
ue TEXHOJOTHUsIap peTiHAe KEeHIHeH TaHbUIyda. byn oficTep cyda epireH ayblp MeTail
WOHJIapPbIH, OPTaHHWKAIBIK KOCBUIBICTAP/BI, OOSFBINTAP/BI, OaKTepHsUIapabl KOHE Oacka Ja
3USHABI KOCHANap/Abl JKOIOFa MYMKIHAIK Oepefi. DIeKTPNiK KOaryJsius, 3JIEKTPOJIU3 >KOHE
OnekTpiik GuoTanus CHSAKThl TICULAEP KYpAedl KypamJiarbl ©HJIPICTIK >KOHE TYPMBICTBIK
arbIHIBI CYJIap bl KEeIIEH 1 Ta3apTy/1a OH HOTHXKENEp KOpCceTye.

DNEeKTPOXUMUSIIBIK Ta3apTy MPOIECTEepPl peareHT KOJIIAHYAbl a3alThIl, TyHOA Ty3yl
TOMEHJIETE/Il KOHE Ta3apThUIFaH CY/bl KalTa maiiananyra MyMKiHIIK O6epeni. CoHbIMEH KaTap,
OWI1 oficTep aBTOMATTAHABIPY MEH OSHEPrUSHBI THIMAI KOJJaHyFa OeWiMIeNTeHIIKTeH,
Oonarakra olapblH KOJJIaHy asiChl OJIaH opi KEHE01 MYMKIH.

CoHABIKTaH AJIEKTPOXUMHUSIIBIK 9JIICTEP/Il FHUIBIMU TYPFbIAA KETULIIPY XKOHE TIXKIpHOeae
€HTi3y — Cy pecypCTapblH YTHIMJIBI MaijlalaHy MEH KOpIaFaH OpTaHbl KOPFAYABIH MaHBI3/IbI
IapThl OOJIBINT TaOBLTA B
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SJIIEKTPOXUMUYECKHUE METO/JAbI OYUCTKHN CTOYHBIX BO/l: TEOPETUYECKUE
OCHOBbBI 1 DOPEKTUBHOCTDb TPUMEHEHUSA

AilityranoBa A.M., nokropanr 1-kypca no crienuansHocTd 05.05.07 — « D71eKTpOTEXHOIOTHS U
3JIEKTPOOOOPYIOBAHUE B CEIILCKOM X035HCTBE)
Typauoéoe A.A., PhD, nouent

Hayuonanvnoiii uccnedosamenvckuil yHueepcumem « Taukenmcekuil UHCIUmMym UHICEHePOos8 uppu2ayuu u
MexaHuzayuu cenbckoeo xossaucmeay, 2. Tawkenm, Ys3oexucman

AnHoTtamusi. B crathe pacckasbiBaeTCs O 3HAUYCHWM BOJBI, MpolOiieMax e€ aedummra u
HEOOXOJUMOCTH pa3paboTKh 3 (EKTUBHBIX METOJOB OYHCTKM CTOYHBIX BOj. Bola — He3aMeHWMBIH
pecypc st obecriedeHHs 0JIarornojiyddsi 4ejoBeKa M COXPAHEHHs Pa3HOOOpasusi IKOCHUCTEM 3EMIIH.
Paznuunple BUABI aHTPOIIOTEHHOW JEATENBHOCTH, BKIIOYAs CEIhCKOE XO3SIMCTBO, YXUBOTHOBOJICTBO,
MIPOMBINIUICHHBIE TPOIECCHI, BEIPA0OTKY 3HEPTUU U IMOBCEIHEBHBIC OBITOBBIE HYKIbI, B 3HAYUTEIHHON
CTETMIEHN 3aBUCAT OT BOJBI, COOTBETCTBYIOIICH OMpeneiEHHBIM CTaHIapTaM KadecTBa. XOTS OOIIHiA
00BEM BOJIHBIX PEeCypcoB Ha 3emiie cocTaBisieT 1,4 MIrapaa KyOu4eckux KuioMeTpos, numb 0,5% u3
HUX — 3TO MPECHAs BOJA, JOCTYITHAS JUIsl UCTIONBb30BaHUs. OHAKO NEATENbHOCTh YeJIOBEKa CEPhEIHO
HapylIMJa €CTECTBEHHBI KPYrOBOPOT BOJIbI, YTO TPHUBENO K ACPUIMTY Kak IO Ka4eCTBY, TaK U IO
KOJTMYECTBY BOJHBIX pecypcoB. B Hacrosimee BpeMs NPUMEPHO IBE TPETH HACEICHHS TUIAHETHI


https://tekhnosfera.com/ochistka-stochnyh-vod-ot-organicheskih-soedineniy-elektrolizom-pod-davleniem
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CTaJIKHUBAIOTCS ¢ TPOOJIEMOI HEXBATKH BOMBI, H, TI0 TIPOoTHO3aM, K 2030 roay eKeromHbIi CIIpoc Ha BOIY
MPEBBICUT €€ nocTynHoe npeanoxkenue Ha 40%. HecmoTpst Ha TO, 94TO B MHpe €KEroHO MPOU3BOIUTCS
JIOCTaTOYHO TIPECHOW BOJBI IS YAOBICTBOPCHHS YEIOBEUECKUX TMOTPEOHOCTEH, PETHOHAIBHBIE U
CE30HHBIE PA3INYHS MEKIY JOCTYITHOCTBIO U CIIPOCOM Ha BOJY BBI3BIBAIOT €€ JAC(PUIUT B Pa3HBIX YACTIX
cBeTa B pasHoe Bpems. [lodToMy KpaiiHe BaXHO pa3padaThiBaTh d(PQPEKTHBHBIE METOJBI OYHCTKH,
HalpaBJICHHBIC HAa YCTOWYMBOE WCIIOJH30BaHUE W TOTPEOJICHHE BOJHBIX PECYpCOB, PellaTh BOIPOCHI
MOBTOPHOTO KCIIOJIb30BAHUSL CTOYHBIX BOJ B PETHOHAX, IMOJBEPKCHHBIX HMX HCTOIICHUIO, a TaKkKe
mpo0iieMy cOpoca CTOYHBIX BOJI.

KiioueBbie cj10Ba: CTOYHBIC BOJBI, DJICKTPOXUMHYECKHE METONbI OYHMCTKH, JJICKTpHYECKas
KOAryJIsIIus, 3JIEKTPOIH3, AIeKTpuIecKas (iorarusi.

ELECTROCHEMICAL METHODS FOR WASTEWATER TREATMENT: THEORETICAL
FOUNDATIONS AND APPLICATION EFFICIENCY

Aituganova A.M., st year doctoral student, specialty 05.05.07 — "Electrical engineering and electrical
equipment in agriculture"
Turdiboyev A.A., Doctor of Philosophy, Associate Professor

National Research University « Tashkent Institute of Irrigation and Agricultural Mechanization
Engineersy», Tashkent, Uzbekistan

Annotation. This article discusses the importance of water, the problems associated with its
scarcity, and the need to develop effective wastewater treatment methods. Water is an irreplaceable
resource essential for human well-being and the preservation of Earth's ecosystem diversity. Various
types of anthropogenic activities, including agriculture, livestock farming, industrial processes, energy
production, and everyday domestic needs, heavily depend on water that meets specific quality standards.
Although the total volume of the Earth's water resources amounts to 1.4 billion cubic kilometers, only
0.5% is fresh water readily available for use. However, human activities have significantly disrupted the
natural water cycle, leading to both qualitative and quantitative shortages of water resources. Currently,
about two-thirds of the world's population faces water scarcity, and projections indicate that by 2030,
annual water demand will exceed available supply by 40%. Even though enough freshwater is produced
globally each year to meet human needs, regional and seasonal imbalances between water availability and
demand result in water shortages in various parts of the world at different times. Therefore, it is crucial to
develop effective treatment methods aimed at the sustainable use and consumption of water resources,
address the reuse of wastewater in areas experiencing depletion, and solve the problem of wastewater
discharge.

Keywords: wastewater, electrochemical treatment methods, electrocoagulation, electrolysis,
electroflotation.
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ADAPTIVE SEGMENTATION OF MULTI-WIRE TRANSMISSION LINES

Makhambayeva L.U., Candidate of physical and mathematical sciences
indira_mah@mail.ru , https://orcid.org/0000-0002-5854-0718
Kamil A., Master of Technical Sciences
ardak kamilov1998(@mail.ru, https://orcid.org/0000-0002-5081-0342

Korkyt Ata Kyzylorda University, Kyzylorda, Kazakhstan

Annotation. The article discusses a comparison of adaptive segmentation methods for multi-wire
transmission lines in quasi-static analysis by the method of moments. A two-dimensional version of the
method of moments for transmission lines is presented and an overview of the adaptive iterative choice of
optimal segmentation of the boundaries of conductors and dielectrics in electrostatics problems is
presented, as well as an overview of the joint use of quasi-statics and electrodynamics with the method of
moments.

The construction of the grid affects the properties of the resulting system of linear algebraic
equations and determines the choice of the method of calculating its elements (numerical integration,
differentiation or expression in closed form) and the method of its solution (direct or iterative) and, thus,
the time spent on its formation and solution. If it is necessary to perform a multivariate analysis or
optimization of the parameters of the investigated multi-wire transmission line, these three stages are
repeated many times, which significantly complicates the process of optimal design of electronic means
due to a significant increase in computing costs. Therefore, it is important to find ways to reduce them, in
particular, by choosing a grid construction method.

Keywords: segmentation, interpretation, method of moments, quasi-statistics, grid, microstrip
line.

Introduction. The adaptive mesh refinement procedure requires two elements: edge
refinement conditions and algorithm convergence criterion. Any of the three criteria set in
potential error, tangential electric field error, or approximately equal total charge per cell
condition can be used as the refinement condition. This last criterion will be used.

The need to reduce computational costs of modeling forces us to take a closer look at the
possibility of using all hidden resources. One of them is the choice of segmentation. The
possibility of obtaining acceptable results even with the roughest segmentation makes it
advisable to start modeling with it, since this modeling requires minimal costs. The order of the
matrix of the system of linear algebraic equations can be only units to tens, which means that the
solution of the system of linear algebraic equations can be very fast. The need to obtain more
accurate results makes it natural to choose segmentation using an iterative approach, i.e.
repeating calculations with increasing segmentation frequency until a solution with a given
accuracy is obtained. The increase in costs will be small, since the matrix order will still be quite
small: tens to hundreds. It is natural to use the results of the previous iteration, for example, the
calculated charge densities at the boundaries for non-uniform segmentation (more frequent in
places with stronger density changes).

Research conditions and methods. According to Ref., the goal of adaptive mesh
refinement in electrostatics is to ensure that the total charge on each edge element remains
constant. This implies that we should have more elements in regions of high charge density and
fewer elements in nearly neutral regions.
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Figure 1 — Concept of adaptive mesh refinement with approximately equal net charge per cell.

The edge length will give us the refinement criterion. This is shown schematically in
Figure 1, where the original uniform edge mesh has been refined such that

q91 =42 =43 (1)

When the total charge value of a rib exceeds a threshold value compared to the average

value, the rib can be divided into two subcostals, which reduces the total charge in each
subcostal region by 50%.[1].
Numerical solution of electrostatics problems is often reduced to solving a system of linear
algebraic equations S = v, where S is an NXN matrix describing the structure, o is the desired
vector of charge density at the conductor and dielectric boundaries, and v is the vector of
specified voltages. The boundaries of the structure are divided into N segments, the choice of
length of which affects the size of the matrix S and the accuracy of calculating the parameters.
Reducing the segment length increases the accuracy of the calculation, but it also increases N. As
is known, when using direct methods, the time required to solve the is proportional to N3 and
can be long.

Let us note several factors related to the accuracy of modeling. First of all, the accuracy
of obtaining the desired characteristic (for example, by setting the value of its current relative
change), since the influence of segmentation on different characteristics can vary greatly. For
example, the influence on primary parameters (matrices of linear coefficients) can be strong, on
secondary parameters (delays or response parameters) — weak or also strong (if large values are
subtracted, as in far crosstalk). Another aspect is the different influence on the accuracy of a
given segmentation characteristic of different boundaries of the structure, determining a fine
adaptive choice of segmentation on each of them. In particular, it is natural to separately control
the segmentation when calculating the inductive matrix (which is affected by the segmentation of
the boundaries of only conductors) and the capacitive matrix (which is affected by the
segmentation of the boundaries of both conductors and dielectrics). Thus, for optimal (according
to the criterion of minimizing N at a given modeling accuracy due to the choice of its density at
different boundaries) segmentation, it is advisable to separately segment the boundaries of
conductors and dielectrics, as well as the boundaries of each of them, since their influence on the
modeling accuracy will be different.

As a result, the costs of several iterations with an increasing, but remaining small, order
of the system of linear algebraic equations will give its optimal value, significantly saving
computational costs compared to the obviously large one obtained with uniform
autosegmentation of all boundaries. The use of adaptive iterative selection of optimal
segmentation seems to be effective, especially for real-time modeling.
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The structure with the cross-section shown in Figure 1.5 was selected. The geometric
parameters of the structure were taken from a fragment of a real printed circuit board: conductor
width w = 890 um, gaps sl = 500 pm, s2 = 1890 um, conductor and solid conductive area
thickness t = 35 um, substrate height hl = h3 = 144 um, substrate thickness h2 = 220 um. The
solder mask thickness was taken to be hM = 30 um. The width of the solid conductive areas was
taken to be 5 w. The time of 100 calculations was measured to reduce random error.
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Figure 2 — Enlarged fragment of the cross-section of the modeled structure

The calculation algorithm for a two-dimensional structure is as follows:

1. The initial modeling parameters are set (tol, structure parameters).

2. The segment length is set equal to the conductor width w.

3. A preliminary calculation of the value of the controlled quantity Ko is performed.

4. The segment length is reduced by half.

5. The value of the controlled quantity is calculated for the given segmentation.

6. If (Ki—Ki-1)/Ki-1>tol, then go to point 4 [2].

The most common three-conductor system in electrical engineering is defined by two
adjacent microstrips passing over a metallic ground plane, or by two coupled strips passing
between two ground planes [3-10]. In this case, it is necessary to calculate the Maxwell
capacitance matrix and extract the mutual capacitance. Such a system is usually two-
dimensional; it is rather poorly modeled by a three-dimensional electrostatic solver, since very
long but finite microstrips with unterminated tips are considered. In addition, it inherently
includes a dielectric substrate.

Next, consider the three conducting objects shown schematically in Figure 3. The
conducting object between the two capacitor plates in Figure 3 may represent a conducting
pharmaceutical tablet to be counted as it passes between the capacitor plates [11]. Figure 3(a)
may overstate the size of the tablet; in reality, it is expected to be much smaller.

(a) (b)
Charged metal conductor Charged metal conductor

@ ’iﬁ @ .|f+++ -

ﬁs/é‘rﬁ \ I'TS \
Conductmg object with Conductmg object grounded vs

'.

zero total charge conductor |
T ©® A o _@/

75 TS
g <@

Charged metal conductor Charged metal conductor

Figure 3 — Two scenarios for a conductive object placed between two capacitor plates: a floating
conductor (a) and a grounded conductor (b)
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Alternatively, it could simply be a human finger placed between two closely spaced
capacitor plates, as shown in Figure 3(b).

Figure 2(a) and (b) show two different scenarios of charge distribution and resulting
capacitance, respectively:

1. In the first case, the conducting object between the two plates of the capacitor is
normally uncharged; its total charge is zero. However, its potential/voltage does not exist—the
exact value is obtained from the solution. This important case is known as a floating conductor in
finite element analysis (e.g., Maxwell 3D from ANSYS).

2. In the second case, the object is usually grounded compared to the bottom plate, i.e.
has the same electrical potential (usually 0 V). However, its total charge is no longer zero.

Figure 3 is a combined array of faces (or triangles), the MoM formula is indeed identical
to the formula . However, the charge conservation law given by the equation must be imposed
differently. It is convenient to mark the faces belonging to different objects by another fourth
parameter—an additional column of the triangular array t (object 4). Suppose, for example, that
all faces of the bottom plate (object 1) have this fourth column equal to 1, all faces of the top
plate (object 2) have the value 2, and all faces of the conducting object have the value 3, thus
dividing the geometry into separate regions. Takke mNPEANOIOKEHO, YTO TPaHU,
COOTBETCTBYIOIIME IUIACTHHAM KOHJICHCATOPa, MOMEIIAIOTCS NEPBBIMH B MATpUILy, f; YHCIIO
cBsi3aHHBIX IpaHell paBHO NV,, . The faces belonging to the conducting object are placed last; the

number of faces in this region is zero. The MoM formula system has the schematic form shown
in Figure 3. When the zero net charge condition is applied to the conducting object, its specific
potential value does not affect the numerical calculations. The zero value is used without loss of
generality (see Figure 3(a)). Given that the conducting object is uncharged, the zero net charge
condition can also be introduced for the two plates of the capacitor. To do this, divide each of the
first formula by the corresponding area of the triangle , then subtract the formula from the others
and replace the equation with the charge conservation law in the form

S\a, +S,a, +...+S, a, =0 2)

Next, introduce the condition of zero charge for the conducting object itself. This is
achieved by dividing each of the last formulas N,, +1: N,, + N, by the corresponding area of

the triangle Sy, , then subtracting the formulas N,, + N, from the others and replacing the

formula N,, + N, with the law of conservation of charge in the form

Snyabr =Sy, 20y .+ SNM+NObN =0

? 3)

by =ay, 1Dy, =an,, n,

Research results and discussion. This case is much simpler: the ground plane of the
capacitor and the conducting object have the same electric potential (0 V). Thus, they effectively
form a single conductor. Furthermore, the condition of zero net charge is satisfied for the
combination of all three conductors. Analytical solutions to the three-body problem in
electrostatics are practically unavailable. Therefore, numerical simulations are compared with
accurate experimental data given in [13]. The experimental setup is similar to that shown in
Figure 4. A parallel-plate capacitor is made of two identical conducting circular plates with fixed
radii of 11 cm, separated by a variable distance d. The experimental setup is isolated from
external disturbances by a shield created from a Faraday cage and an additional pair of
conducting circular plates. The object (spheres or a circular cylinder) is inserted inside the
capacitor and centered between the plates at the time of measurement.
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Figure 4 — Scheme of fulfilling the conditions of charge conservation for a system with
three conductors.

In addition, when a circular cylinder was inserted between the plates, it was done in such
a way that the axis of symmetry of the cylinder coincided with the axis of symmetry of the
experimental setup. Figure 4 shows a comparison of the experimental data (circles) with the
MoM calculations. The agreement between the two sets of data is excellent.

Conclusion. The interaction of electromagnetic waves with dielectric bodies has been
widely studied because of its importance to problems including propagation through rain or
snow, scattering and detection of particles in air, medical diagnostics and energy absorption in
biological bodies, communication with missiles with plasma plumes or dielectric-filled holes,
and the operation of communication antennas in the presence of dielectric and magnetic
inhomogeneities. When the size of the dielectric body is neither large nor small compared to the
excitation wavelength, asymptotic methods cannot be used to solve the interaction problem.

The need to reduce computational costs of modeling forces us to take a closer look at the
possibility of using all hidden resources. One of them is the choice of segmentation. The
possibility of obtaining acceptable results even with the roughest segmentation makes it
advisable to start modeling with it, since this modeling requires minimal costs.
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KOII CbIMABbI )KEJIJIEPAI AJAIITUBTIK CETMEHTTEY

Maxamb6aeBa W.Y., pu3uka-MaTemaTrKa FHUIBIMAAPBIHBIH KaHTUAATHI
Kamua A., TexHUKa FBUIBIMAAPBIHBIH MarucTpi

Kopxoim Ama amwvinoaeel Kvizviiopoa ynusepcumemi, Koizviiopoa, Kazaxcman

Angarna. Makanana KBa3UCTaTUKAJBIK TalJlay/la MOMEHT 9JIICIH KOJIJAHY apKbUIBI KOI ChIMIbI
a5eKTp Oepy JKelijepi YIIiH aAanTHBTI CErMEHTTEY dICTEPiH CABICTHIPY KapacThIpblIaabl. JJIeKTp Oepy
JKENiJIepi YIIH MOMEHTTEpP/iH OMiCiHIH €Ki eNIIeMIiI HYCKAChl )KOHE JJIEKTPOCTATHUKAIBIK eCenTepAeri
OTKI3TiITep MEH MUAIIEKTPUKTEPAiH MIeKapatapblHGIH OHTAMIBI CErMEHTAIUSICHIH aJaTHBTI UTEPATHBTI
TaHJayFa IIO0Jy, COHBIMEH KaTap KBa3UCTaTHKA MEH 3JICKTPOJMHAMHKAHBIH MOMEHT OJiCiMeH Oipre
KOJIJIAHBLTYBIHA IOy YCHIHBUTFaH.

TopaplH KypbUIBICH! aNBIHFAH CBHI3BIKTHIK aNreOpallblK TEHACYNIep JKYHECiHiH KacueTTepiHe acep
eTeJll JKOHE OHBIH JJIEMEHTTEPIH ecenTey oICiH TaHmayAbl (CaHIblK MHTerpaniay, nuddepeHuuaniay
Hemece KaObIK Typ/ieri opHeK) )KoHEe OHBI KYpYy MEH IIellyre KeTETiH YaKbIT IILIFbIHAAPHI Ny oIiCiH
(Tikemeld HeMece WTEpaTUBTI) aHBIKTAWIBL3EPTTENETIH KOM CBIMIBI DJIEKTP IKETKi3y IKeNiCiHIH
napaMeTpJiepiH Kell HYCKaJIbl TaJlJlay HEMece OHTaiIaHAbIpy KakeT 0osica, Oyl yII ke3eH OipHele peT
KalTanaHajbl, OyJI €CeNnTey IIBbIFBIHAAPBIHBIH aWTapibIKTall ocyiHe OalJaHBICTBI PAUOIICKTPOHIIBIK
JKaOMBIKTBl OHTAMIIBI KoOalay TMpoleciH aWTapiblKTaii KublHAATaael. COHIBIKTaH OJApbl a3alTy
YKOJIIIAPBIH 1318y TOPABI KYPY SJIICiH TaHAayFa OailIaHBICTBI ©3€KTi OOJIBINT TaOBLIA B

Tipek ce3mep: cerMeHTTEY, MHTEPIIPETAILMs, MOMEHT JJIiCi, KBa3UCTATHUKA, TOP, MHUKPOMKOJIAK
CBI3BIFBL.

AJJATITUBHASI CETMEHTALIMSI MHOTOITPOBOJIHBIX JINMHUM NEPEJAYN

Maxamb6aeBa W.Y ., kaunuaat (pU3NKO-MaTeMaTHIECKUX HAyK
A.Kamui1, MarucTp TEXHUYECKUX HAyK

Kuoizvinopounckuii ynusepcumem umenu Koprxoim Ama, Keizviniopoa, Kazaxcman

AHHOTaHHH. B crartbe pPacCMOTPEHO CpaBHCHHUE MCTOHOB a,Z[aHTPIBHOfI CETrMCHTalIun
MHOT'OITPOBOAHBIX JIMHAMN nepeaayn Impud  KBa3UCTATUYCCKOM  aHaJIM3€ METOJOM  MOMCHTOB.
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IIpuBeneHa nByMepHas BepcHs METOJa MOMEHTOB JJs JHUHHWHA Tepeaadd u 0030p aJanTHBHOTO
WUTEPAIMOHHOTO BHIOOpA ONTHMANBHON CErMEHTAIMH TPAaHUI] MTPOBOJHUKOB U TUDJIEKTPUKOB B 3a7adax
3JIEKTPOCTATUKU, a TAKXKE TMPEJICTaBIeH 0030p COBMECTHOTO WCIOJNBb30BAHUS KBA3UCTATUKH U
3JICKTPOJUHAMUKHU C METOJIOM MOMEHTOB.

ITocTpoeHne ceTKH OKa3bplBACT BIMSIHHE HA CBOMCTBA PE3YJbTUPYIOLIEH CHUCTEMBI JIMHEHHBIX
anredpanvecknx YpaBHEHHH W OIpeaessieT BBHIOOp croco0a BBIYHCICHHS €€ AJIeMEHTOB (YHCIECHHOE
UHTErpupoBanue, MU HEpPeHIMPOBaHUE WM BHIPAKCHHC B 3aMKHYTOM BHUC) M MeToAa €€ pelieHUs
(IpsAMO#l MM WUTEpAIMOHHBIN) W, TEM CaMbIM, BpEMEHHBIE 3aTpaThl Ha €€ (OpMUPOBAHHE U pEIICHHUE.
IIpn HeoOXOAMMOCTH MHOTOBAPMAHTHOTO aHalIM3a WIH ONTHMHU3AIMH [apaMeTpPoOB HCCIeayeMOn
MHOTOIPOBOJHON JIMHUM TIEpeJadyd dTH TPH dTara MOBTOPSIOTCS MHOTOKPATHO, YTO CYIIECCTBEHHO
YCIIOKHSIET MPOIECC ONTUMAIILHOTO MPOSKTUPOBAHUS PAIMOICKTPOHHBIX CPEJICTB U3-3a CYIIECTBEHHOTO
pocTa BEIUMCIHUTENBHBIX 3aTpaT. [l03TOMy aKkTyaneH MOWCK MyTeil MX YMEHBIIEHHS, B YaCTHOCTH, 32 CUET
BBIOOpa METOAA IOCTPOCHUSI CETKH.

KaroueBbie cioBa: cerMeHTAIMs, WHTCPIPETAIUs, METOJ, MOMEHTOB, KBa3WUCTaTHKa, CETKa,
MUKPOIIOJIOCKOBASI TMHHSL.
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Annotation. This paper presents the synthesis of a tunable main-loop regulator for an adaptive
control system of a linear spacecraft using a method based on Lyapunov functions, specifically through
the application of Lyapunov's gradient-velocity vector-function approach. A universal method for
constructing Lyapunov vector functions is proposed, based on the geometric interpretation of the
asymptotic stability theorem and the concept of stability from Lyapunov’s direct method. The adaptive
control system is considered in terms of gradient functions, while Lyapunov functions are interpreted as
potential functions of gradient dynamical systems from catastrophe theory. This enables the construction
of Lyapunov functions as vector-functions through their gradient properties.

The proposed control framework is based on the model reference adaptive control (MRAC)
structure, where the adaptation mechanism is derived from Lyapunov's direct method to ensure system
stability and convergence. The tunable regulator design allows for online adjustment of model and
controller parameters, improving performance in the presence of structural uncertainties.

Keywords: adaptive control, Lyapunov method, MRAC, spacecraft, main-loop regulator,
stability.

Introduction. Modern aerospace systems operate under highly dynamic and uncertain
environments, requiring robust and adaptive control strategies. Linear approximations of
spacecraft are often used at specific flight regimes for controller design and performance
evaluation. However, model mismatches and parameter uncertainties can severely degrade
control performance if not properly accounted for.

Adaptive control offers a framework for real-time compensation of such uncertainties.
One of the most widely used approaches is Model Reference Adaptive Control (MRAC), where
the actual plant is commanded to follow the behavior of a specified reference model. In adaptive
control systems, the reference model can be expressed explicitly through a specific dynamic link;
or in a fixed mode, it can be expressed implicitly in the form of given coefficients or units
describing the desired properties of the system, and without a physical representation in the form
of a specific technical unit. The purpose of control in adaptive systems with explicit and implicit
reference models is to ensure the maximum approximation of the dynamics of the control system
to the reference model. A regulated regulator is built in such a way that a closed system behaves
like a reference model when its coefficients correspond to the parameters of the control object.
Then information about parametric discrepancies in the system will be a reference model
tracking error. In addition, the purpose of the operation of the adaptation algorithm (or algorithm
for adjusting the coefficients of the regulator) is to minimize error. Thus, the regulator and its
adaptation algorithm are combined with a single goal - to reduce the error of the reference model
control [1-5].

MRAC systems are typically composed of four components:

1. Reference Model: Specifies the desired dynamics of the system.

2. Adjustable Controller: Includes tunable parameters updated online.

3. Adaptation Law: Determines how controller parameters change to reduce the tracking
error.

4. Error Model: Represents the difference between plant and reference model behavior.

The strength of MRAC lies in its ability to compensate for time-varying parameters,
unmodeled dynamics, and external disturbances without requiring exact knowledge of the
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system. However, achieving stable and convergent behavior in MRAC requires careful design,
especially in the choice of the adaptation law and the stability proof methodology.

To ensure the stability of the adaptive control system, Lyapunov's direct method is often
employed. The well-known approaches to the synthesis of adaptive control systems based on the
use of Lyapunov functions are the main approaches to the study of the stability and quality of
linear and nonlinear systems. However, the main problem of the study here is the lack of
universal methods for constructing Lyapunov functions for the study of adaptive control systems.
Currently, this method is mainly a tool for theoretical research and cannot answer all questions
regarding the stability and quality of work of the adaptive regulator in real conditions [6-7].

This paper focuses on the synthesis of a tunable main-loop regulator using Lyapunov’s
direct method, allowing online adjustment of control parameters to improve performance metrics
such as settling time, robustness, and tracking accuracy. The novelty of this work lies in
employing a Lyapunov's gradient-velocity vector-function approach, which offers geometric
insight and a universal strategy for constructing adaptive laws in the presence of structural
uncertainties and system perturbations [8-9].
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Figure 1 — Schematic diagram of Model Reference Adaptive Control

Materials and Methods. A highly stable automatic control system with high quality
indicators can be divided into a group of highly stable systems. This requires determining the
aperiodic stability limits and studying the system for aperiodic robust stability. The study of the
general system of aperiodic robustness shows the limits for changes in the parameters of the
control system, at the values of the parameters in this area, the transition processes in the control
system are aperiodic transients with the necessary quality indicators, for high stability control
systems, the norm of the solution from a mathematical point of view is monotonously reduced,
1.e., technical transients in the system are aperiodic in nature. In this paper, the study of adaptive
control systems for aperiodic robust stability is carried out on the basis of the Lyapunov
gradient-velocity vector-function approach in the framework of the method based on the use of
Lyapunov functions.

Let the linear control system of a spacecraft (SC) be described by the state equation

dxl

_— x

dt 2

dX2

r  G21X1 T X+ A3z

axs _ (D
at 4

d.'X'4

_dt = ly3X3 + AgaXy + bﬂi»l iy + b,_i,z Uy
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where x4,x, — represent the angle of rotation around the axis and the angular velocity of
the spacecraft, respectively, and x5, x4- denote the rotor angle of the flywheel motor and the
angular velocity of the flywheel motor.
The coefficients are defined as follows:
Az, = % (m D1 — KL) ,where mp, and Kp; are the gain and time constant of the solar sensor
D1

deflection angle measurement channel, respectively;

1 1 . .
Q5 == |mp; — — ), where mp, and Ky, are the gain and time constant of the solar sensor
22 = 3\Mp2 ~ - D2 D2

angular velocity measurement channel, respectively;
3 =5 where J, is the principal moment of inertia with respect to the OX axis;
X

Qa3 = — -7, P,; is the time constant of the actuator mechanism, characterizing the inertia of the
M

actuator;
2 ) ) . .

Agq = — j—;*, &y is the relative damping ratio ( with 1 = &, < o0);

by = Em by, = i—f,where Gy 1s the gain of the flywheel actuator amplifier.
M M

The control law is given in the form:
wy (t) = —kyx,(2), uz (1) = —kax,(2), (2)

The control system of the spacecraft (1), taking into account the control law (2), is written
as follows:

dx‘1

— =x

dt 2

d.'X'2

ar A1Xq + AyX3 + Az3X3

dxs 3)
dt

dx4.

ar  G43Xs + agaxy — barkixy — byskax;

We analyze system (2.3) for aperiodic robust stability using the gradient-velocity method
based on the Lyapunov vector function. With appropriate selection of system parameters, it is
possible to guarantee the desired aperiodic transient behavior and high-quality control
performance, while also ensuring the absence of oscillatory or unstable regimes [10-15].

From system (2.3), the non-zero components of the gradient vector of the Lyapunov
vector functions are determined:

axz 2 axl 2141 axz 2242 ax3 2343
—— = —Xgu, = by kx M = by kox T = —y3X

By 4 8y 41141 8y 420242 83 4343 (4)
Bxy 4444

From (2.3), the nonzero components of the expansion of the velocity vector to the
coordinates of the system are determined (x;,x3, X3, X4):

dx dx dx dx dx

(d_;)xz = xz-(d_:)xl = a21x1-(d_t2)x2 = azzxz-(d_:)x3 = azsxs-(d_:)xa, = Xg
dx dx dx dx (5)
d_:)xl = _beuklxl-(d_:)xz = _betzkzxz-(d_:)xg :a¢3x3-(d_:)x4 = Q44X4
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The total time derivative of the Lyapunov vector function is defined as the scalar product
of the gradient vector (4) and the velocity vector (5).

dV(x)
dt = —x% — (az;x1)* — (az;x2)? — (az3x3)* — xg — (byykyxy)* —

—(by; kzxz)z — (a¢3x3)2 — (a44x4)2, (6)

The resulting total time derivative of the Lyapunov vector function (6) is guaranteed to be
a negative-definite function. Therefore, the sufficient condition for asymptotic stability
according to Lyapunov is always satisfied.

The Lyapunov function is then derived in scalar form from expression (4), based on the
components of the gradient vector.

Vix) = _(a21 - b41k1)x12 - (azz — byok, + 1)1’% - (ﬂzs + a43)x§ — (agqy + +1)x§ (7

The conditions for the existence of the Lyapunov function, namely the positive
definiteness of the Lyapunov vector function (2.7), are determined by a set of inequalities.

k,—=22>0
byy
N
kl byz  Dbyz >0 (¥
—(azz; + as3) >0
—((Id,d, + 1) >0

Let's consider the task of ensuring the desired dynamics of the cluster, which we will set
using a reference model.

dxqpg

= x
ot 2M
AxXzM _ M M M
qe — G21X1m T appXay + ax3x3y o)
dXxzp
— Xam
at
dxapm M M M M
e = @a3Xam t QuaXay + Q1Xy T G2Xoy T bi191 + b33 9>

where, x,(t) € G*-is the state vector of the reference model, and g(t) € G™ is the
driving or external influence.
We formalize the control goal by requiring that
tlim et)=0
where £(t) = x(t) — x3,(t) is the error of the system (3) and (9).

To obtain the structure of the “ideal” regulator, the deviation equations are written

§=Ays+ (A— Apy)x + Bu — Byr (10)
The solvability conditions of equation (10) are
(A—Ay)x+Bu—Byr=20 (11)
Under condition (11), equation (10) has the form
é = Aye (12)

The control goal is achieved when conditions (11) and aperiodic robust stability of the
system (12) are fulfilled.
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The system (12) is studied based on aperiodic robust stability (super stability) using the
Lyapunov vector function gradient-velocity method. The Lyapunov function in scalar form:

1 1 1
V() = -5 @y +ai)ef — 5 (dy +adh + Def — - (ah +alh)ed -
1 M 2

The conditions of aperiodic robust stability of the reference model are obtained in the
form

—(d,+a)=0—(d,+ad, +1) >0, — (L +aL) =0, —(adL, +1)=0 (14)

When conditions (14) are met, the reference model provides the required qualities of
transients.

Results and Discussion. Real control systems operate under conditions of uncertainty of
the external environment. External influences can manifest themselves as exposure to cosmic
rays or as exposure to directed magnetic fields, etc., which can change the parameters of the
electronic equipment of the control system, in particular, the polarity of the power sources may
change. All this creates uncertainties in the operating conditions of the spacecraft control system.
Usually, a control system is required to be as efficient as possible in the presence of any
uncertainty. In the control system (3), if the conditions (8) are violated, an instability mode is
generated, and the system loses controllability. Therefore, it is proposed to build a spacecraft
control system with the properties of an increased potential for robust stability in the class of
“dovetail” disasters.

In general, in order to achieve the goal (3) for fixed values (parameters) of the system, the
equality of the right-hand sides of inequalities (8) and (14) must be fulfilled. Thus, we obtain

kibyy —ayy =dy — agﬂ-azl = agﬂ
koby, —az; —1=d; —a% —1,a; :a%
—Qpz — 43 — —a% - aﬂ:- dzz — a%, Qa3 — af—;
—a44 — 1 =—aj, —1,ay = a}}

From here we find the synthesized coefficients of the adjustable regulator of the valve
control system

ky =2k, =2 (15)

p 3 —
byy byz

Conclusion. Currently, the issue of creating highly stable modern and promising
technical systems with high quality indicators is relevant. The possibilities of traditional methods
of analysis and synthesis of control systems in the creation of such systems are limited. One of
the most promising ways to solve this problem is the use of adaptation approaches. The synthesis
of adaptive control systems is closely related to ensuring the stability, robustness and quality of
control of a closed object with an adaptation circuit at any values of the scattering of parameters.

A self-adaptive system with a clear reference model for adaptive control of the
orientation and stabilization system of a linear spacecraft has been created. The structure of the
control object is known and unchanged in the self-adaptive system, and the purpose of the
adaptation algorithm is to adapt the parameters of the control system to the reference model of
the main circuit with the required dynamics when scattering the parameters of the control object
relative to the parameters of the nominal mode of the control system, that is, to adjust the
coefficients of the regulator, the structure of which is selected so that the discrepancy between
the control system and the reference model is zero.
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Lyapunov's gradient-velocity vector-function approach makes it possible to create and
study a high-precision control system that provides a transition process without jerks and
Oscillations at the initial moment of the transition process.
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JISIITYHOB S IICIMEH CbhI3bIKTbI FAPBIIITBIK ¥1IY AIIITAPATBIHBIH ATAIITHBTI
BACKAPY XYUECIHIH HEI'I3I'I KOHTYPBIHBIH PETTEJIETIH PETTEYIIIHIH
CHUHTE3I

Temupoek A., PhD

Kopxvim Ama amvinoaewl Kvizviiopoa ynusepcumemi, Koizviiopoa, Kazaxcman

Anparna. byn wmakanana JlanyHOB (QyHKUMsUIapblHA HETI3AENTeH oMICTi, aram aWTKaHzaa
JIANYHOBTBIH ~ TPaJUCHTTI-KbUIIAMIBIKTBIK ~ BEKTOP-(QYHKIHMSACHI ~ TACUNIH  KOJJIAHY  apKbUIbI
CBI3BIKTAHJBIPBUIFaH FaPBINTHIK YINy anmnapartblH OackapyFa apHaFaH aJalTHBTI KYHEHIH HeTi3ri
KOHTYpBbIHA apHAJFaH PETTENCTIH PEeryJsaTOPIAbIH CHHTE3l YCHIHBbUIAABL. JIAMYyHOBTBIH Typa OHICIHIH
ACHMIITOTAIIBIK OPHBIKTHIIBIK TEOPEMAachl MEH OPHBIKTBUIBIK YFBIMBIHBIH [€OMETPHSIIBIK TYCIHIIpMeciHe
HerizzienreH JISmyHOBTBHIH BEKTOP-QYHKIMSICHIH KYPYIbIH oMOe0ar Tocul YCHIHBUIFAH. AJANTHBTI
Oackapy kyieci rpaIueHTTIK GyHKUMsIIAp PETiHAE KapacThIpbliaasl, an JIanyHoB QyHKIMSIApH! anaTTap
TEOPHUSCHIHAAFBl TPAAMEHTTIK JWHAMUKAIBIK OKYHeNepAiH NOTeHUHANAbIK (QYHKUUSUIaphl peTiHIe
tycingipinesni. by JIsnyHoB QyHKIMSIApBIH TPaMEHTTIK KACHETTEPI apKbUIBI BEKTOP-QYHKIMS TypiH/e
KypyFa MyMKIHJIIK 6epe/ii.

Y ChIHBUIFaH 0acKapy KYpbUIBIMBI 3TAIOHIBIK MOJieNbIe HerizaenreH agantusTi 6ackapy (MRAC)
KaFuJachlHa CyHeHeml, MyHJIa OeiiMmieny MeXaHHU3Mi JKYHEHIH OPHBIKTBUIBIFBI MEH JKUHAKTBHLIBIFBIH
KaMTaMachl3 eTy YIIiH JISmyHOBTBIH TiKeJIel o/liCiHeH albIHFaH. PETTeNeTIH peryasToOpablH KYPBUILIMBI
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MOJICIIb MEH KOHTPOJUIEp HapaMeTpiIepiH aFbIMIIAFhl YaKbITTa PETTEYTe MYMKIHIIK Oepin, KYPBUTBIMIIBIK
aHbIKTAIMaraH jKarJaliaa 6acKapy camachlH KaKcapTabl.

Tipex ce3gep: amantusTi Oackapy, JlsmyHoB omici, MRAC, ymy ammapaTbl, HETi3ri KOHTYp
peTTerilli, OpHBIKTHUIBIK,.

CHUHTE3 HACTPAUBAEMOTI'O PEI'YJIITOPA OCHOBHOI'O KOHTYPA AJIAIITUBHOM
CUCTEMBI YIIPABJEHUA IUHEHHBIM KOCMHAYECKHAM JIETATEJIbHBIM
AIIITAPATOM C UCIIOJIB30BAHUEM METO/IA JISAITYHOBA

Temupodek A., PhD
Keizvinopounckuil ynusepcumem umenu Kopkoim Ama, Keisvinopoa, Kasaxcman

AHHoTanms. B naHHOM cTaTbe NMpenCTaBIeH CHHTE3 HACTPauBaeMOTO PEryJSATOpa OCHOBHOTO
KOHTypa aJalTHBHOW CHCTEMBbl YNPABJICHUSA JMHEHHBIM KOCMHMYECKMM JIETAaTEIbHBIM aIlllapaToM C
WCIIOJIb30BaHUEM METOZa, OCHOBaHHOTO Ha (YHKUUSAX JIsmyHOBa, B YacTHOCTH, C MPHUMEHEHUEM
IrpaAMEeHTHO-CKOPOCTHOTO TOoAXoJa BekTop-¢yHKkumu JlsmyHoBa. [IpennokeH yHUBepcalbHBI METO[
MOCTPOCHUSI BEKTOPHBIX (yHKIMI JIAmyHOBa, OCHOBaHHBIM HA TEOMETPHUYECKON WHTEepIpeTaluu
TeopeMbl 00 aCHMNTOTHYECKOW YCTOMYMBOCTH M KOHLENLIUM YCTOHYHMBOCTH IO NPSIMOMY METOAY
JlsamyHoBa. AanTUBHAS CHCTEMa YIPaBIICHUS PACCMATPUBAETCSI C TOUKH 3pEHHS TPAIUCHTHBIX (DYyHKIIHH,
a ¢ynkuuu JIsmyHOBa MHTEPIPETUPYIOTCS KAaK MMOTEHIMANbHbBIE ()YHKLIMH IPAAUEHTHBIX AWHAMAYECKUX
CHCTEM TEOpPHH KaTacTpod. DTo mo3BoisieT cTpouTh (yHKuuu JlsmyHoBa B Buae BEKTOP-(QYHKUMH Ha
OCHOBC UX I'paIUCHTHBIX CBOMCTB.

[Ipennaraemast CTpykTypa YyIpaBieHHs OCHOBaHAa Ha MOJENU aJanTHBHOIO YIIPaBIIEHUS C
stanorHoi Mojensio (MRAC), e MexaHnW3M aJanTaldi BEIBOJUTCS U3 MPSMOTo Metoaa JlsmyHoBa mis
oOecreyeHus] yYCTOMUMBOCTH CHCTEMBl U CXOAMMOCTH. KOHCTPYKIMS HAacTpamBaeMoOro peryssiropa
obecrieyrBaeT BO3MOKHOCTh HACTPOWKH MTApaMeTPOB MOJIENTH U KOHTPOJIEpA B PEATbHOM BPEMEHH, UTO
MO3BOJISIET MOBBICUTH KAYE€CTBO YIIPABJICHUS IPH HATWYUU CTPYKTYPHBIX HEONPEACIEHHOCTEMH.

KuroueBsble ciioBa: agantuBHoe ynpasieHue, Meroa JlssmynoBa, MRAC, nerarenpHbIi anmnapar,
PETYNATOP OCHOBHOT'O KOHTYPA, YyCTONUNBOCTb.
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I'EJTAOK¥PbLIF BUIAPBIH KbITY TACBIMAJIJAF bILIBI PETIHAE KAHA
3ATTAPJIbI HAUJAJIAHY
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E.A.Fexemos amvinoazvl Kapazanowl ynusepcumemi, Kapazanowl, Kazaxcman

AHpaTna. by jxyMeicTa KYH 3HEPreTUKANbIK KOHIBIPFbUIAPBIHAA (TeITHOKYPBIIFbIIAPAA) JKbILY
TaCHIMAJIAFBIINI  pPETiHIAE TMaiifanaHyFa YCHIHBUIFAH HAaHO-CYWBIKTApIBIH MOP(OJIOTHSIBIK —KOHE
OTNITUKAJIBIK TTapaMeTPIIePiH 3epTTey HoTMKemNepi OasHnanran. Hano-0emmexTepai any yiiiH KeMipTeKTeH
Ja3epiaik aOsAIus omici KOJNIAaHBUIIRI, OYIT 9iC apKbUTEI HAHOMETPIIIK KoHE OJIaH Ja YIKEH OJIIeMIeTi
OeJIIeKTep COTTI CHHTE3 IS/,

3epTTey OapbIChIHAA AIBIHFAH HAHO-OONIIEKTEPAiH MIMIiHIHIH JKOHE TUCIIEPCUSICHIHBIH O3repyi
HAHO-CYWBIKTBIH KBl TYPAKTHUIBIFBIHA aTAPIBIKTAl ocep eTeTiHI aHBIKTANIBL. byl HaHO-CYHBIKTHIH
y3aK Mep3iMJIi KONIAHBICH YIIiH ©Te MaHbBI3IBL, cebebi TYPaKCHI3MIBIK JKBUTy TaChIMalaay THIMIILTITIH
TOMEH/IETYl MYMKiH. 3epTTeylIijiep HAaHO-CYWBIKTBIH XKYTY, 6TKI3Y jKOHE IIAFbIIBICY CHIEKTPIIEPiH MYKHSAT
Tanmanel. by crnekTpiep HaHO-CYMBIKTHIH KYH COYJIECIH Kallail JKYTaTBIHBIH, OHBI Kalald ©TKi3eTiHiH
JKOHE KaJlail MaFbUTBICTRIPATRIHBIH KOpCeTei, OYI1 OHBIH JKBLUTY B CiHIpY KaOineTiH OaraiayFa MyMKIHIIK
oepexni.

ANBIHFaH MOJNIMeTTep HaHO-OenekTepi 0ap HAHO-CYHBIKTHI JKbUTY TAachIMAJIAFbINI PETiHAe
KOJIJIAaHy KXYTBUTYy CIEKTPIIEPIHIH ONTHKAIBIK THIFBI3IABIFBIHBIH TOMEHACYIHE allbIll KEJEeTiHIH KOPCETTi.
Hano-cy#MBIKTBIH KYH paauanusChiH CiHIpY KaOUIETiHIH apTybl TeITHOKYPBUIFBUIAP/IBIH KbUTY KUHAKTAY
TUIMALTITIH aifTapabikTail apTThipaasl. by nereHimi3, KyH 9HEPrusChl JKbUTyFa aHaFypIIbIM THIMII TYp/e
aitHananel. HoTmkecinae, remmoKyphUFbLIap KeOipeK KbUTy OHIipe anabl, Oy OJapabl SHEPTeTHKAIBIK
TYPFBIIAH THIMJL €Tei.

Tipek ce3mep: reTMOKYPBUIFBI, KaJaK KYH KOJUIEKTOPBI, KBUTy TaChIMAJIJAFBIII, ONTHKAIBIK
KacHeTTepi, KoMipTeTi OeIeKTepi, HAaHO-CYHBIK, KYTY KOd(hOUITUEHTI.

Kipicne. Kewmipreri OeiftapanTelk >kocmapsl OOWBIHIIA MakcaTTapFa >KeTy YILUiH
MEMJIEKETTIH, KOCIIKEPJIIKTIH JKOHE JKaJIMbl KOFAMHBIH OIPJIIKKEH OCJICeH/I KbI3METIH
6omkaiinel. byn xocnmap Kaszakcran PecmyOnukaceiblH 2060 okpuiFa JefiiH  KeMipTeri
Oeititapanteikka kety Crpateruwsicel petinae 2023 xputbl KaObupmanabl [1].  Crparerus
Kazakcran 3KOHOMMKACHIHBIH «KachbUD» MHBECTULMSIIAPBI TApTy, SHEPIUs TUIMAL OHAIPIC KoHE
T.C.C. )kahaHJIPIK KJIIMMATTBIK TEHACHUHMsIapFa Oeilimaey KakeTTulirin eckepeai. CTpaTerusiHblH
TaObicThl  icke acybl 2030 >KpUIIBIH MakcaThiHa, sSFHE 1990 OKbUIABIH  JIeHTeliHeH
HIbIFapbeIHbUIapaAbIH 15%-Fa Temenneyi xoHe ae 2060 ’xbuia MapHUKTIK Ta3AapAblH HOJAIK
OanmaHcbliHa jkeTyre MyMKiHAIK Oepeni. Kemipreri OelTapanTbifblH Oy3aThlH KeMip 3JEKTp
CTaHIMSJIAPBIHBIH 0achkiM OOJybl epekie mpooOsiema 0ol Tabbuiaael. OChl MacemenepIiH
HIENTy >KOJIJapbIHBIH Oipi *aHAPTHUIATBIH KO3AEPAiH €JI/IH 3JEKTP 3HEPreTUKAChIHIAFbl YIIeCiH
apTTHIPY JKOHE opi Kapait 6aamansl sHeprus oHaipiciHiH S0%-Fa )KeTKi3y.

KyH »SHeprusicblH JKMHAKTaWTBIH, TYPaKTbl SHEPrHsMEH KaMTamac eTeTiH >KoHe
KOMIPTETIHIH «I31H» TOMEHIETETIH KYpBUIFbUIApAbl TYPFBIH COHBIMEH Oipre KOMMEpPUMSUIBIK
FUMapaTTap/a rnaiaananyra 6onassl.

3eprrey maprrapbl MeH Jaicrepi. KepiHeTiH XapblK XOHE MXaKblH HH(PaKbI3bLI
COyJIEJICHYMEH  TachbIMAIJAHATBIH  KBUIYJBIK JHEPTUSHBl  KMHAKTAYIIbl  KYPBUIFBl  —
TeTMOKYPBUTFBI  O1p KaTap apTHIKIIBUIBIKTapra ue. MyHmail KOJUIEKTOPIApIbIH CEHIMILIITI,
SHEPTHUSIIBIK, SKOJTOTUSIIBIK THIMALIIT )KOFaphl, SKCIUTYaTalUsIIBIK MIBIFBIHApbl TOMEH.

blcThik cymMeH KamTamac €TyMeH OpTaK KbUIy Oepy »kyHenepiMeH OIpiKTIpUIreH KYH
KOJIJICKTOPJIAPBIHBIH KapamaiblM KYPBUIBIMBI JKBUIBITYFa, BICTBIK CyFa KETETiH IIBIFBIHIAPIBI
TOMEHIETETIH OHTANUIBI IIEIIIM.
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Kyn coynecin Tikenel CiHIpETIH KOJUIEKTOpJapiap/a KYH SHEPTrHACHIH CIHIPIN KoHE
KYTBUIFAH JKbUTYJIbl TAaChIMANJANTBIH CYHBIKTBIKTAp PETiHAE MaiiianaHaThlH KapamaibiM Cy,
OpPraHMKANBIK CYHBIK >KoHE T.0. JXbUIy TachIManjarbimTap. Kapa MKYMBICTBIK CYHBIKTBIKTHI
KOJIJAHATBIH ~ KOJUICKTOPABIH ~ OHIMAUIIrT  Typajbl TOXKIPpHOETIK JEepeKTep  KeNTipiiim,
TeJIMOKYPBUIFBIIA Kapa CYHBIKTBHIKIIEH KYH JHEPrHsChl TIKeJeH >KYTbUIaThbIHBI, COHBIMEH Oipre
IIHAeT] KYpbUTBIMIAPABIH KBI3BI KeTyl 00IMalThIHbI KepceTiireH [2-3].

Omnmemepi MUKPOH/IBIK Kapa jKOHE Cyp OeJIIeKTepal CYHBIK opTara Kocy, Oy yKepje
rpadut meH KpeMHUN KapOuIiHIH O6IIeKTepiH KPEeMHHA JUOKCUIl CHSKTBHI aK OeJeKTepl
KOCYMEH CaJIbICTBIPBLIAIbI, )KbLTY TACBIMAIIIAFBIIITHIH CIHIPY KaOUIETI OKENTaylp dKakcapsl [4-
5].

Anaiina, >KbUTy TachIMaJAarbllITapFa MHUKPOOGIIIEKTEP/l KOCYy CYHBIK OpTaHbIH
TYPaKCBI3JIBIFBI KOHE MUKPOOOIIIIEKTEPIiH Te3 TYHBIYbIHAH KYObIpIap MEH MEH COPFBUIAP/IBIH
OiTenyi, TOTTaHYbI )KOHE TO3YhI TOPI3/1 KEMIIUTIKTEPre dKeIe i,

Kbty TachIManAarbIl peTiHAe CYWBIK OpTafarsl (Cy, TIMKOJIb, MUHEPAJIbl Mail) KaTThl
MarepuaniapAbliH  (MeTaul, KeMipTeri HeMmMece KpPEeMHHUN) HaHOOOIIEeKTEPIHIH TYPaKThl
CYCIICH3HSICHI OOJIBIT TAOBUIATBIH HAHO-CYHBIKTHIKTAP KOJAAHBULIBI [6-9].

XKanmak KoJUIEKTOpJIapAarbl >KbULY TAaCHIMAIJAFBIIITHIH TiKeJed arblHbl TIHMKOJIbIBIH
KATThI KbI3BII KETYiH TyIbIpabl, SFHM cTarHanuschie. Crarnamus temneparypackl 180°C - nen
acmaiThIH Ke31HJE TVIMKOJIb XKoHe OHJarbl Kocmanap 3-10 nuaMeTpiiik Kanuuisp KyObIpiapisl
yHeMi OiTer micin Kaiabl.

Hano-cyiibIkTap KyH COyJeNeHyiH JKaKChl )KYTaJbl )KOHE Ta3a KYMbBIC CYWBIKTHIKTapMEH
CAJIBICTBIPFAaHAA KAKCAPTBUIFAH KbUTY-(QHU3UKAIBIK CHIIATTaManapra ue Oomnansl. Dopmanapsl
OpTYpili  HAHOKYPBUIBIMIAPIABIH  (MBICANIbI, acbUl ~ MeTajjap, KeMipTeri ajoTPOITHIK
MO (UKAISIIAPEL, KAPThIIail OTKI3TIIITEp, METAIIBIH OKCUATEPi) KYH SHEPTUSACHIH KUHAY/IA
THIMALTIT Oap ekeHi kepceriai [10-12].

3epTTey KYMBICTAapbl OapbIChIHIA TeIUOKYPBUIFBIA Maiiananyra OONATBIH KBUTY
TaChIMAJIAFBIIIKA  HAHOOONIIEKTepJi  KOCBHIN, HAHO-CYMBIKTBIKTApAbl  KbUTY(DU3UKATIBIK
KaCHETTEpiH KaKcapTy MakcaTblHIa TIxKipuOenep xacaiblK. JKpUTy Tacylibl CYWBIK - Cy, ai
KOCBUIATBIH HAHOOOJIIIICK PETIHAC KOMIpTeri OemekTepl KoaaaHbuIabl. HaHOKYPBUIBIMIBI ATy
Toxipubeci  kesigpe wuzompomnaHoiaeiH 0,5 min memmepinze mozeni LQ529B ND:YAG
UMITYJbCTIK Ja3epae kemipreridid 10, 15, 20 MuH nazepiik abasuuschl kacaubiHAbl. Jlazepiik
COyJIeTIEHyMEH OpPEKETTeCKEHHEH KeWiH kemipTeri OeriHiH COM- ckaHepieyln 3JIeKTPOHIBIK
MHUKPOCKOII apKbLJIbI aJIbIHFaH (OTONaphl 1-CypeTTe KOpCeTUIreH.

1-cypet — DJIeKTPOHABIK MAKPOCKOIIEH AJbIHFAH KOMipTeriHiH TonorpaguscbIHbIH CypeTTepi
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MIRA 3LMU (TESCAN) »IeKTpOHIBIK MHKPOCKOMIICH aJIbIHFaH ePITIHAIHIH
CypeTTepiHeH OelIIeKTep oeMaepi KeH Tuana3oH/ia )KaTKaHbIH Kepyre 00JIaabl, OHBIH iIIiH/Ie
HaHOMETPJIIK Juarna3oHaarsl 66,49 HM HaHOO6MIIIEKTEePi koHE ojaH acaThiH 160 HM MeH 580 HM
apaibIFbIHIAFEl cyOOemmexTep. bemmexkTepain MOPQOIOTHICH OpTYpIi, IEMEK KaCHETTepiHiH
JIe aHU30TPOIHACHI OalKAIBIHYBl MYMKIH, TUCIIEPCTITIHIH AUana30Hbl 6TE KEH.

CyO0emmeKTepJiH CIEeKTPaAbIK KOHE WHTETPAIIbIK CcoyneiaeHy Ko3hduuuenrrepi
OeJmeKTepAiH TEK MaTepuayiblHa OailIaHBICTBI €MeC, COHBIMEH Oipre oJapJAblH eJIIeMiHe,
dbopMaceiHa, TemrepaTypacbiHa Aa OalIaHBICTBI KOHE Jie KeHOip Jkarmaiimapaa Kapa JICHEHIH
coyleneny ko3¢ duireHTiHeH acei ketemi [13-15].

3epTTey HOTHKEIEPi KIHe TaJKbLIay. JXKoFaphIia aTanFaH MIHKOJIBIBIH Oy (dazackiHia
MICIN Kajdybl, SFHU Cy OYBIHBIH TJIMKOJIBIBIH OyjapbiMeH TU(y3UsIIBIK Typ/e apaiacybl, MBIC
HEMece aTIOMHUHUN TOpI3Ji KaTalnu3aTropiap KaThICYbIMEH OTETiH CTarHaIMsAChl KYMBICHIMBI3NIA
YCBIHBUIBIN OTBIPFaH KbLTY TAaCYLIbl OpTa — 06JIEK Cy OpTaChIH/IA OTIICH/II.

MuxkpoOeiekTepii KOCy JKaFIalbIMEH CaIbICThIPFAH/Ia CYUBIK OpTadarkl OOIIIEKTEp IiH
eneMepl azaiffaH CailblH, TPaBUTALMUIBIK TYHYIbl OpPOYHJIBIK KO3FAaJbIC JKEHIIN, CYyCHEeH3Us
TYPaKThI Ky#re eTei.

Kenteren rpuibIMU 3€pTTEYJiep KOPCETKEHIEH KelOip HaHO-OeNIIeKTepAiH ONTHKAIBIK
cHIarTamalapbl KYH COyJIeCiH THIMI CiHipyre MyMKiHZIIK Oepeni. by sxarnaiina sxkorapsl THIMII
JKBUTYy TaCyIIbl CYHBIKTBIFBI KYH CIEKTpiHE COliKeC KeNeTiH KeH CIHIpy CHeKTpiHe ue OOIybl
MYMKiH.

Jlazepnik abnsiuusi OpeKETIHIH Y3aKTBIFbl OOMBIHIIA EPEKIIEICHETIH YATUIEPIIH KYTY,
OTKi3y JkoHe Mmarbutbicy crekTpiepi AvaSpec-ULS2048CL-EVO cnektpomMerpinge Tycipiimi
(2,3-cyperTtep).

Absorption{A U]

Transmittance, %

' . - - ' - 0 <4
240 200 280 30 X0 240 20 80 0 20

Wavelength [nm) Wavelength [nm)]

a 0

2-cypert — Kemipreri OosmeKkrepiHiH onTUKAJIBIK crieKTpJepidin 10-20 MuUH apaJbIFbIHAA 03repyi:
a — )KyTy; 0 — oTKIi3y

Kewmipreri OeieKkTepiHiH CIEKTPiHIH YIbTPAKYIriH O6JiriHae MakCUMaibl KyTysl 240
HM MeH 260 HM aiimakTa oTTi. KeMipTekTiH Makcumainsl oTkizyl 280 uM - 300 HM aiimarbIHIA
OadikanmbiHabl. Jlazepmik aOnsiums yakbIThl y3aK OoOJFaH CalblH KOMIPTEKTIH IKYTYbI
JKOFapbuIaya, ai aOJsIIus jkacay yaKbITBIHBIH Y3aK OOJybl ©TKI3y MOHJIEPIH TOMEHETTI, SIFHU
HEFYpJIBIM YaKbIThl KOI COFYpJIbIM OHTalibl ocep OaiiKanbIHaabl. OJIIIEHTeH XYTy K0d(-
¢urmenti 10-20 MUHYT *oHE MAFbUIBICY KOG dUIIMEHTI 5-15 MUHYT 4-CypeTTe KeNTIpUIreH.
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KopbITbinabl. KyH KOIEKTOpIapbIHBIH )KYMBICBIHBIH THIMAUTITIH apTThIPY MaKCaTbIH/Ia
OHBIH bUTYy TaChIMaJJIayllIbl OPTAChl peJiH/e KOMIPTETiHiH HaHO-0eeKkTepi 6ap CYHBIKTHIK -
Cy KapacThIpbUIAbl. OTKI3UITEH 3€pTTEYJIEPAIH  HOTIDKENEepl  alblHIbl, KOMIPTEKTIH
OeJIIEeKTepiHiH JUCIepCTiri OOWBIHINA ONTUKANBIK KAaCHETTEepiHIH TOYeNJIUIiri, Ja3epiik
eHJIeylHIH ocepl aHbIKTaiabl. CallbICTBIpMabl TYPAE KYTY KOX(QQUIUEHTI >KOFapbliay, ai
OTKi3y Iamanapbl TeMeH Oonabl. Kemipreri Oesnmiekrepi KOCBUIFAH Cy, SIFHU HAHO-CYMBIK Te3
KbI3a/1bI J)KOHE KBUTYIBI Y3aK YaKbIT YCTaWIbI.

HaHo-CcyHBIKTBIKTapAbIH HETi31HJer1 JKbUTy TachIMaJIayIIbIHbl HaijlanaHaThiH KaJlmak
KYH TeITMOKYPBUIFBUIAPHI KaHFBIPTHUIATBIH SHEPTHSHBI OHIIPYTe apHAIFaH jKaHa [IeNIiM OOJIBII
Tabbutaabl. HaHO-CYHBIKTBIKTApJbIH ~ YATLIEpiH 3€pTTey OSKCIEPUMEHTTIK Taxipubenepi
alTapibIKTal KypHemi, CYMBIKTBIKTapIbIH KaWChICKI €H THIMII €KEeHI TOJBIK aHBIKTAy
JKYMBICTapbl OoJlalIaK Ky3bIpbIH/AA XoHE Jie jkaiFaca Oepeni. CaHABIK MOJEbCY JKAINAK KYH
TeJIMOKYPBUIFBUIAPEl  KETUIAIPY MaKCcaThlHAa OTKIZUIETIH 3epTTey IKYMBICTAphl Ke31HJIe
(doToTepMUAIBIK KYObUIBICTApFa KaThICThI Oip KaTap Mocesenep/ii HaKTbulayFa KOMEKTeCe 1.
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HCIOJIb30BAHUE HOBBIX BEIIIECTB B KAYECTBE TEIIVIOHOCUTEJIENA
JJIS TEJIMOY CTAHOBOK

VYrerenoBa A.C., KaHAUJAT XUMHYECKAX HAYK
KanatoB A.M., cTyeHT

Kapaeanouncxuii ynusepcumem umenu E.A. Bykemosa, e.Kapaeanoa, Kazaxcman

Annoranus. JlaHHas paboTa TOCBAIIEHA HW3YYEHHIO MOPQOIOTUYECKAX M  ONTHYECKUX
napaMeTpoB HAHOXKUIKOCTEH, MNpe/laraeMbIX Uil HWCIOJIb30BAaHMUS B KAa4yeCTBE TEIUIOHOCHUTENCH B
COJIHEYHBIX SHEPreTHYECKUX yYCTAaHOBKAX (TEMMOYCTaHOBKAX). [ momydeHust HaHOYaCTHI] TPUMEHSIICS
METOJ Ja3epHOW abisiuuM yriepoaa, Onaromaps dYemy OBUIM YCICIIHO CHHTE3MPOBAHBI YaCTHIIBI
HaHOMETPOBOTO U 0oJiee KPYITHOTO JUana3oHa.

B xone uccnenoBanusi ObUIO YCTAHOBIICHO, YTO U3MEHEHHE (DOPMBI U TUCTICPCHOCTH HAHOYACTHII
3HAYUTENIBHO BIUSET Ha OOIIYI0 CTAaOMIIBHOCTH HAHOKUIKOCTH. DTO KpaifHe BayKHO ISl JOJITOCPOYHOTO
UCIIOJIb30BaHUSl HAHOXKUIKOCTH, TIOCKOJBKY HECTAOMIBHOCTH MOXKET CHH3UTh JI(PPEKTUBHOCTH
temionepeaayn. VceiaenoBarenu TIIATENFHO MPOAHATM3UPOBAIH CIICKTPBI MOTJIOMICHHS, TPOIYCKAHUs U
OTpakKeHHsI HAHOKHIKOCTH. DTH CIEKTpPHI MMOKA3bIBAIOT, KaK HAHOKHIKOCTH IOTJIONIACT, MPOITYyCKaeT U
OTpa)kaeT COJHEYHBIH CBET, YTO MO3BOJISET OL[EHUTD €€ CIIOCOOHOCTH K MOTJIONICHHIO TeTlIa.

[TonyueHHBIE TAaHHBIE TTOKA3aJIM, YTO UCII0JIb30BaHHE HAHOKUIKOCTH C HAHOYACTHIIAMU B KAYECTBE
TETTIOHOCHUTENIS] IPUBOJUT K CHI)KEHHIO ONITHYECKOH IUIOTHOCTH CIIEKTPOB MOTJIOIeHNs. HaHOKHUAKOCTh
YBEJIMYHMBACT CIIOCOOHOCTH TOIJIOMIATh COJHEYHYIO paJualio, YTO 3HAYUTEIHFHO IIOBBIIIACT
3¢ deKTUBHOCTH cOOpa TerIa reli0ycTaHOBKaMH. JTO 03HAYAET, YTO COTHEUHAst SHEPTHs MpeoopaszyeTcs
B TeIio ropasno Oosice 3ddexTrBHO. B pesysbrare, reiMoyCcTaHOBKHM MOTYT MPOHM3BOJIUTH OOJIBIIE
TeIUIa, 9TO JIeaeT ux 0onee sHeprodheKTHBHBIMH.

KnawueBble ci10Ba: TeIMOYCTaHOBKA, IUIOCKHHA COJHEYHBIH KOJJIEKTOP, TEIUIOHOCHUTEIb,
OINITHYECKUE CBOMCTBA, YIIICPOIHbIC YACTUIIbI, HAHOKHUAKOCTD, KO3()(OHUIIMEHT MOTIIOMICHUS.

UTILIZATION OF NEW SUBSTANCES AS HEAT TRANSFER FLUIDS FOR SOLAR
INSTALLATIONS

Utegenova A.S., Candidate of chemical sciences
Kanatov A.M., student

Karaganda University named after E.A. Buketov, Karaganda, Kazakhstan

Annotation. This study focuses on investigating the morphological and optical parameters of
nanofluids proposed for use as heat transfer fluids in solar energy systems (heliostats). Nanoparticles were
successfully synthesized in the nanometer range and larger sizes using the laser ablation method of
carbon.

The research revealed that changes in the shape and dispersity of the obtained nanoparticles
significantly affect the overall stability of the nanofluid. This is crucial for the long-term application of
nanofluids, as instability can reduce heat transfer efficiency. Researchers meticulously analyzed the
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absorption, transmission, and reflection spectra of the nanofluid. These spectra indicate how the nanofluid
absorbs, transmits, and reflects sunlight, allowing for an assessment of its heat absorption capability.

The data obtained demonstrated that using nanofluids with nanoparticles as heat transfer fluids
leads to a decrease in the optical density of the absorption spectra. This directly impacts the nanofluid's
ability to absorb solar radiation and enables an increase in the heat collection efficiency of heliostats. The
nanofluid's enhanced ability to absorb solar radiation significantly boosts the heat collection efficiency of
solar devices. This means that solar energy is converted into heat much more effectively. As a result,
solar devices can generate more heat, making them more energy-efficient.

Keywords: heliostat, flat plate solar collector, heat transfer fluid, optical properties, carbon
particles, nanofluid, absorption coefficient.
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ONTUMU3AIIMNSA YCJOBHUH CUHTE3A Y UCCJIEJIOBAHUE
B3AMMOAEUCTBHUA HAHOYACTHUL CEPEBPA C AHTPAHEHOM

KOcynosa K.b.
yusupova_zh@mail.ru, https://orcid.org/0009-0000-6178-5313

Kapaeanouncxui ynusepcumem umenu E.A. Bykemosa, e.Kapaeanda, Kazaxcman

AnHoTanus. B maHHO# paboTe pacCMOTPEH MPOIeCcC CHHTE3a CePeOPSHBIX OCTPOBKOBBIX TUICHOK
METOJI0M XUMHYECKOI'0 BOCCTAHOBJICHUS C aKIIEHTOM Ha BiusiHHE pH cpenbl Kak KII0YeBOTo mapameTpa.
Y CTaHOBJICHO, YTO ONTHMAJILHBIM 3HadueHUEeM pH Ui monydYeHHus Ka4yeCTBEHHBIX HAHOYACTHII cepedpa
spnsercss pH=8. DTo 3HadeHme cmocoOCTByeT (OPMUPOBAHUIO PABHOMEPHBIX M IUIOTHBIX IUIEHOK C
HY)KHBIMH OITHYCCKHMMH CBOWCTBAMHU. MoOpQoJorus MOJNyYeHHBIX IUICHOK OblIa HCCIIEeI0BaHa C
UCIOJIb30BaHUEM CKAaHUPYIOIICH 3JIEKTPOHHOW MHUKPOCKONHMHM W aHalIHM3a W300pakeHUH B IMporpamme
Imagel. [IpoBenénnblii aHaNNU3 pacnpeaeieHrs yacTull no Feret-napameTpy NOATBEPANUI HAIMYUE YACTHIL
MIPEUMYIIECTBEHHO pa3MepoM 95+30 HM, 9TO COOTBETCTBYET TpeOyeMBIM IMapamerpaM JUIsi (OTOHHBIX
npumeHeHuil. Takke HcCIeOBaHO BIHSHUAE CEpeOpSHBIX IUICHOK Ha JIIOMHUHECHEHTHBIC CBOWMCTBA
anTparieHa. CoBMaZieHWe MaKCHMYMOB CIIEKTPOB TIOTJIOIIEHWS HAHOYACTHI cepedpa W aHTpaieHa
YKa3bIBaeT Ha BO3MOXXHOE BO3HUKHOBEHHE IMOBEPXHOCTHOTO IITA3MOHHOTO PE30HAHCA, YTO CIIOCOOCTBYET
ycuiieHuto ¢uryopectieHmy. [1oiaydeHHbIe pe3ysIbTaThl MOITBEPKIAIOT MEePCICKTUBHOCTh MPUMCHECHUS
CHUHTE3UPOBAHHBIX IUICHOK B (POTOHMKE, CEHCOPHKE M OpPraHMYECKOM 3JieKTpoHHKe. PaboTta yTouHser
KITIOUEBBIE YCIIOBUS CHHTE3a, BKJIIOYAs TEMIIEpaTypHBIE PEKHUMBI, KOHLIEHTPAIUN PEareHTOB U BpeMs
PEaKIuy, YTO MOXKET OBITh TOJE3HO JUIA AAJTBHEHIINX MPUKIIAHBIX UCCIICIOBAHUN.

KiroueBble ci10Ba: 0CTPOBKOBBIC TUICHKH cepedpa, anTpaueH, pH, Imagel.

BBenenne. Ha cerogusimiHuii AeHb UCCIEIOBAHUS MO YIYUYIICHUIO JIOMUHECIICHTHBIX
XapaKTePUCTHK JIOMHUHO(GOPOB C HCHOJIB30BAHUEM IIJIA3MOHHOTO 3(PQeKTa JAEMOHCTPUPYIOT
yCHEeIIHbIe pe3yibTaThl, U 3Ta 00JacTh MPOJOJDKAET AKTUBHO pa3BHUBaThbeA. [lma3MoHHBIN
pPE30HaHC MOXKHO paccMaTpuBaTh Kak B3aMMOAEHCTBHE MEXIy KOJEOAHUSIMU 3IIEKTPOHOB
JIOMUHO(OpA ¥ PE30HAHCHBIMU KOJIEOAHUSMU 3JIEKTPOHOB B METAIIIMYECKMX HAaHOUYACTHIAX (B
clly4ae JIOKQJIW30BAHHOIO IUIa3MOHHOIO pPE30HaHCa). OTO B3aUMOJICHCTBUE NPUBOJUT K
YBEJTUYEHUIO NHTEHCUBHOCTHU JIFOMUHECIICHIIUH.

enbto wnccnenoBaHus SBISETCS YCTAaHOBJIEHHME ONTHUMAbHBIX YCJIOBHM CHHTE3a MAJIs
MONTy4YeHUs CEepeOPSHBIX OCTPOBKOBBIX TIUIEHOK C HYXHBIMH XapaKTepUCTUKAMU IS
WCIIOJIb30BAHUS B PA3JIMYHBIX 00J1acTAX (DOTOHUKHU.

Jlokann3oBaHHbIE  TOBEPXHOCTHBIE  IUIA3MOHHBIE  PE30HAHCHl  METAJUIMYECKUX
HAaHOCTPYKTYp MOTYT VJaBIMBaTh W YJEpPKUBaTh CBET BOJHM3M TIOBEPXHOCTH MeETajlia
nocpeACcTBOM (POTOHHO—IIEKTPOHHBIX B3auMojeicTBuit [1-3]. B To *xe BpeMs reHepupyemoe u
YCUJINBAEMOE JIOKAJIbHOE 3JIEKTPUYECKOE I10JIe TO3BOJISIET MCIIOJIb30BaTh €ro B Pa3IMYHbIX
o0nacTsX TPHUMEHEHHUs, BKIOYas ONTHYECKYI0 CIEKTpOCKOmuio OmkHero mons [4,5],
CBEPXUYBCTBUTEIbHYI0 OMOYYBCTBUTEIBHOCTh [6], QoroTepmuyeckyto Tepanuto [7], u
MJIa3MOHHO-UHAYLIUPOBAaHHbBIE XUMUUECKHE peakiuu [§].

AHTpalieH Obl1 BEIOpaH B KaU€CTBE MOJIEKYJIbI-TIOMUHO(OpPA /17151 JAHHOTO UCCIIEOBAHUS
Onarojmaps psay YHUKAIbHBIX (U3NYECKUX W XUMHUYECKUX CBOMCTB, KOTOpBIE IENAIOT €ro
OCOOCHHO TOJXOJAIIMM JUIs W3Y4YEHHs IPOLIECCOB TMOTJIOMIEHUS U (IIyOopecHeHIMH. ITO
apoMaTHYeCKOe YTIIEBOAOPOIHOE COCTUHEHUE IIUPOKO MCIIONB3YETCS B PA3TUYHBIX 00JaCTX,
BKJIFOYas onTodiekTpoHuky [9,10], cBerommonmbr [11], ¢oTOakTUBHBIE MaTepuaabl |
OpraHnueckyio d21eKTpoHUKY [12]. OCHOBHOI OCOOCHHOCTHIO aHTpalleHa SBISETCS €ro
CIIOCOOHOCTh K MHTEHCUBHOW (DIIyopeclieHLInd, 4TO JIeJaeT €ro WIACaIbHbIM KaHAMAATOM JUIS
WCCJICTOBAaHHM, CBSA3aHHBIX ¢ (DOTOHHBIMH MaTepHallaMHu.

Kpome Toro, antpameH oTiM4yaercs  Xopomied — cTaOWIbHOCTBIO, a  €ro
BBICOKOA((DeKTUBHBIN TTpoIiecc (IyOPECHEHIIUU U SIPKO BBIPAXKEHHBIN (ITyOpeCIeHTHBIN CIIEKTP
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MO3BOJIAIOT JIETKO MOHUTOPHUTH €0 MOBEJCHHE C MOMOIIBIO0 CTAHJAPTHBIX CIIEKTPOCKOMHMUECKUX
MeTo10B. CIIoCOOHOCTDh aHTpalleHa B3aUMOEHCTBOBATh C HAHOYACTUIIAMH cepedpa, 0COOEHHO B
KOHTEKCTE IUIa3MOHHOTO pPE30HAHCa, JAENaeT ero IOJEe3HbIM MAjis uccienoBaHus 3P¢eKToB
YCUJICHHOH (PIIyopecleHIMd HW KHHETHKH (PIyoOpecleHIMd B TNPUCYTCTBUM HAHOYACTHII.
AHTpaleH TakKe M3BECTEH KaK XOopoumui cuuHTWLIATOp [13-15] a ero nmpousBogHbIE HAXOAST
NpPUMEHEHUE B Kak B Onomenuiuae [16-21], kak B qu3aiiHe OopraHndecKuii cBeToAno0B [22].

CunTe3 ciesiad Ha OCHOBE METO/1a MpeJIoKeHHOM [23].

OctpoBkoBbie miéHku (OIIC) cepebpa roTOBHIMCH METOAOM XHMHYECKOTO CHHTE3A.
CuHTEe3 COCTOUT U3 HECKOJIbKUX ATAIOB:

— otaeneHus yactull cepedpa ot AgNOs;

— PpacTBOpPEHMS YacCTHL];

— BOCCTaHOBIICHUS YaCTHI] cepedpa.

[Ipy npaBUIBLHOM BBHINOJHEHUHM CHUHTE3a, MPEANOJaraeTcs, 4TO MOXKHO YIPAaBIAThH
IOpoIeccoM CHUHTEe3a. BakHbIMM  QakTopamMu oOKazanuch, pH BOIBI M KOJUYECTBO
BOCCTaHOBUTEIS.

Matepuanbl u Metoabl. Onucanue npoyecca cunmesa. B pacTBop HHTpara cepedpa
(AgNOs) nobasnsercs 5% THUAPOKCUA HATpUs, B pe3yibTare 4ero olOpa3yeTrcs KOpPHUUHEBBIH
0CcaJIoK — OKcHuj cepedbpa Agr0.

2AgNO 5 + 2NaOH = Ag,0 | +2NaNOs; + H,0 (1)

3areM B 3TOT pacTBOp noOaBusercss rugapokcus ammonus (NH4OH), B xoTopom
pacTBOPSIIOTCS Ocajku cepedpa, oOpa3ys aMMUayHbId KOMIUIEKC. B cuHTe3e wucmonb3oBalics
25% runpoxkcun ammonud. KonuuecTBa pacTBOpUTENs TakXKe SBISAETCS HEMaIOBa)KHBIM
dakTopom, Tak Kak mpu OOJbIIEM KOJUYECTBE I'MAPOKCUAA aMMOHHUS Ha TIOBEPXHOCTH IUICHKH
00pa30BBIBAETCS CBETJIbIE YYACTKH, YTO HE IPUBOJUT 00pa30BaHUIO KauecTBeHHOU IieHku HY
Ag. B xone uccienoBanusi 6s110 06HapyxeHo, uro 800 mxn NH4OH sBisiercss ocTaTouHbIM,
yTOOBl PACTBOPUTH 4YacTULbI cepeOpa, BbIIEJIEHHbIE U3 HUTpaTa cepeOpa. B  panHux
UCCIIeIOBaHMIX OOHapyKeHa 3aBUcUMOCTh pazMepa HU cepebpa oT KOHIEHTpalluu aMMHaKa U
pH cpenbl B mporecce BoccraHoBieHUs. [Ipu 100aBiIeHUM T'MIPOKCHIa aMMOHHSI B PacTBOP
HuTpaTta cepedpa pH pactBopa cHawana paBHsics 10, 4yTO yKa3bIBaeT Ha HIEJIOYHYIO Cpeny,
XapaKkTepHYyI0 Ul aMMHaudHblil pacTBOpoB. OnmHako ¢ TeuyeHueM BpeMeHu pH mocreneHHO
CHIDKAJICA 10 8 M MPOJOJIKAI CHUXKAThCSA, YTO CBUAETENIBTCTBYET O BBICBOOOXKJICHHM HOHOB
ammonus (NH'™) u ux peakiuu ¢ Bojmoif. DTo MOXKeT yKasbBaTh Ha ociabieHue OydepHOit
CHOCOOHOCTH pacTBOpa, 4YTO BiUsAeT Ha ctabwnm3zauuio pH B xone cunte3a. CHmxenue pH
YCKOpSIET CHHTE€3 HaHOYacTUI[ cepedpa M CHOCOOCTBYeT OOpa3oBaHUIO KadeCTBEHHBIX
cepeOpsHBIX MICHOK. Bo3MOXHasi MpUUMHA YCKOPEHHsI PEakIMM 3aKJII0YaeTcss B ONTUMAJIbHBIX
YCJIOBHSIX aMMHAYHOTO KOMILIEKca cepedpa u Oosiee 3(hPEeKTUBHOM BOCCTAHOBIIEHUU cepedpa
npu pH 8 [24]. KpoMe TOro, mocTtosHHOE€ MEXaHHMYECKOE IEPEMEIINBAHME HAa MAarHUTHON
MEIIIAJIKe MOTJIO YCHIJIUTh KOHTAKT KOMIIOHEHTOB M YCKOPUTh XUMHUYECKHE PEAKINH, YTO TAKKE
MOTJIO MOBJIMATH HA JaibHelee cHkeHne pH.

Ag,0 + 4NH,OH — 2[Ag(NHs),] OH + 3H,0 @)

[Ipo3paunblii pacTBOp MOMEMIACTCS B OXJAAUTEIBHYIO BaHHY Ui OXJAXIACHUS 0
temneparypsl -5°C. DT0 HEOOXOAMMO Ui TOTO, 4YTOOBI CHHTE3 HAHOYACTHI[ cepedpa
MPOUCXOIMJI MEJIEHHO, 10 TeX MOop, Moka Temmneparypa He moBbicuTcs a0 30°C. B Takmx
YCIIOBUSIX BOCCTAHOBJICHHE HAHOYACTUIl cepebpa OyIdeT TPOUCXOAWTh MEIJICHHO U
OTHOCHUTEIIBHO paBHOMEPHO. [locie qoCTHkKeHNsT HU3KOW TEMITEpaTyphbl pacTBOPA, MOTPYKAKOTCA
MOJJIOKKH, a TAKXKe T00aBIsAETCs TITF0K03a, CIIOCOOCTBYIOIIAasi BOCCTAHOBIIEHHUIO cepedpa.

2[(NH3)2 OH + Czleoe — 214.‘9' 'l' +4NH3 + CZHIZOT + Hzo] (3)
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[Tocne noGaBneHus TIOKO3bI ypoBeHb PH ocTaBasicst 8, 4TO ABISICTCS OYEHB XOPOIIMM
yciaoBueM i cuHTe3a. Ilocine pactBop craBwics rpetbea no 30°C. Ilpu noctukeHun
temriepatypbl 14-16°C pacTBop HaYMHAET MEHSTH LBET B 30JI0TUCTO KeNThIM. [Ipu noctuxenun
18-19°C pacTBOp OKpalllMBaeTCsl B TEMHO 3€JI€HBIM LBET. B 3TOM 3Tarne mnoiay4yaroTcs MICHKH C
ontruyeckoil mioTHocThio 0,3-0,5. Eciu sxxmath 10 21-25°C, To mieHKa ycneBaeT yIUIOTHATHCS, U
onTuyeckas miotHocth gocrturaer 0,4-0,8. [locne 3aBeprieHust cuHTe3a, NajdbHEHIIUE IIaru
OBbLTH BBITTOJTHEHBI B COOTBETCTBHH C METOJMKOM, OMMCaHHOW B juTeparype [25]. B manHoMm
WCCIICIOBAaHNK OBUIM YTOYHEHBI KIIFOUEBBIC OJTalbl CHHTE3a, B YACTHOCTH, YCJIOBUS JUIS
BOCCTaHOBJICHHUSI HaHOYACTHI] cepedpa. Oxur npoBoauics npu temmeparype 200 °C B TeueHue
90 MUHYT.

Ha pucynke 1 mnpeacraBineHsl wu3o0pakeHUE CepeOpsIHBIX HAHOYACTHIL, CIIEKTP
MOTJIOIIEHUST M TUcTorpamMma pacnenenenuss 4dactuil no Feret. COM-uzoOpaxkenue ObUIO
MOJTyYEHO C MOMOUIBIO0 CKaHUPYIOIIEro AJIeKTpoHHOTO MUKpockona Helios 5 CX.

Feret Distribution = (] X
300x246 pixels; RGB; 288K

B6

14

10

EEEE 00 |
0.00737 0.228 0.448 0,669
N: 521 Min: 0.00737
Mean: 0.165 Max: 0.669
StdDev: 0.122 Mode: 0.00737 (364)
Bins: 3 Bin Width: 0.220
Value: 0.00737 Count: 364

List|

wavelength, nm
B) r)
Pucynok 1 — I'mcrorpamma (a), COM-u3o6pa:kenue (0), cieKTp noriouieHus (B),
3D uzo0paskenue yacTui (T)

[lo n1aHHBIM CKaHMpPYIOIIETO JJIEKTPOHHOIO MMKPOCKONA CpPEOHHM pa3Mep YacTHUll
paBHsics 95430 HM HM. OTH IJIEHKH XapaKTEPU3YIOTCS HAJIUYMEM IOJIOCHI TOIJIOIIEHUS B
BuAMMOI obnactu crnekrpa (Pucynok 1). [lonmumepnble nokpeitus (7,5%) ¢ KOHLEHTparuen
anTaprena 5x10~* MoJb/1 HAaHOCHIINCH METOIOM HPUKATIBIBAHHUS.

s 6onee TiyOOKOro M3ydeHHs MOBEPXHOCTH IUIEHKH ObUIAa HCIOJB30BaHa MporpaMmma
ImageJ, npumeHEHHAs K M300pakeHUSM, MOJYYEHHBIM METOAOM CKaHUPYIOLIEH 3JIEKTPOHHOMH
mukpockonuu (COM). C e€ moMouibio yAanoch NOIYYUTh JaHHBIE O PACIpeeICHUH YacTHUll 0
pasmepam Feret. Hecmorpst Ha BbICOKyI0 3ddektuBHOCT Image] B anammze COM-
M300paXKeHHU, CTOUT YUYUTHIBaTh, YTO TOUHOCTh M3MEPEHUI MOXKET 3aBHUCETh OT F€OMETPUH U
OpUEHTAIlMM 4YacTHUIl, YTO CKa3bIBA€TCA Ha MX BHUIMMOCTH. TemM He MeHee, COM ocraércs
OCHOBHBIM METOJIOM BU3YaJIU3ALMH U AaHAJIN3a CTPYKTYPbI YaCTHL.
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[Ipu ananmmusze uzobpakenust pazmepom 16 x 11,40 mxm Ob110 HccaenoBano S00 gactwil.
Jns xaxon onpenessuin quaMmerp Feret — MakcHUManbHOE pacCTOSHUE MEXAY ABYMs TOUKAMH
no kpato 4dactuupl. Jluanason 3HadyeHuidd coctaBua oT 0,00737 Mxm no 0,669 MM, 4TO
CBUJIETEJBCTBYET O IIMPOKOM paclpeaeneHuu no pasmepaM. Cpennuii quamerp yactuy — 0,165
MKM, cTaHnapTHoe oTkioHeHue — 0,122 mMxm. Hanbosee gacto BcTpedaemoe 3HaueHHE (MOJIa)
coctaBuiio 0,00737 MKM.

CornacHo rucrorpamme, 364 yacTullbl MONAJIM B MHTEPBAJ C MOJAIbHBIM 3HAUYCHUEM,
124 yactuupsl — B untepsai 0,228 mxMm, 10 — B 0,448 mxm, menee 10 — B 0,669 mxMm. Pazmep
6una coctasisiia 0,220 MKM, 4TO OIPEENIeT TOYHOCTD OIICHKHU PaCIpeleIeHHUS.

Image] BbIIaeT pe3yiabTaThl B MUKCENISIX/MUKPOHAX, OJTHAKO 3TO COOTHOIIICHHE HE BCETIa
OTpakaeT peajibHble pazMepsl yacTull B IuieHke. M3 500 mpoananu3upoBaHHbIX yactull: 73%
OTHOCSTCS] K MaJIoMy pa3mepy, 25% — k cpeanemy u 2% — k kpynHomy. IlonyueHnHble naHHbIE
MOKa3bIBalOT, 4TO 73% 4YacTUL] COOTBETCTBYIOT pazMepy 95+30 HM, 4YTO NOATBEPKIAET
YCHENIHOCTh CUHTE3a.

Yactunpl B auanazone 50-100 HM cuuTarOTCS NMEPCHEKTUBHBIMU I NMPUMEHEHUS B
CCHCOpPHKE, KaTaliu3e M ONTHYECKUX TEXHOJOTUSX Onaromaps WX YIy4YIICHHBIM (PU3UKO-
XUMHYECKUM cBoiicTBaM. Yactuiel cepedbpa pazmepom 50—150 HM ocobeHHO 3¢ (heKTUBHBI B
yCWIICHUU (PIIyOpECICHIIMK 32 CYET MOBEPXHOCTHOTO IIAa3MOHHOTO PE30HAHCA, YTO JIENAeT MX
MOJIC3HBIMU /17151 POTOHUKH U IPYTHX ONTUYECKUX MPUMEHEHU [26].

PesyabTaTsl U ux 06cyxnenusi. CekTp MoriaoueHuss HaHoyacTtull cepedpa (Pucynok 2,
KpuBas 3) B IUICHKE MPEACTaBIsAeT co00il MIMPOKYIO MOJ0Cy ¢ MakcuMyMaMu Ha 368 u 444 uwm,
KOTOpasi XOPOIIIO COBIMAJIAET C CIIEKTpaMH MOTJonIeHus U (iyopecieHnuu anTpamena (Pucynok
2, kpuBble 1, 2). DT0 yKa3bplBaeT Ha BBINOJHEHHE YCIOBUU AJsi MPOSBICHUS ILIa3MOHHOTO
pe3oHaHca B poTOHHMKE MOJIEKYJ JiToMuHODOpa [27-29].

D [oe.

1 norn autp. 10" Monw/n B 31
2 ¢ anTp. 107 Moab/1 B OT

3 norn OTC HY Ag

0,44

0,2+

0,0

T T T T T 0
300 350 400 450 500 550 600
JUIMHA BOJIHBI, HM

Pucynok 2 — Cuekrpsl norsiouienus: u guryopecuenuuu anrpauena (C=10" moan/a1, B 3Tanose) u
cnektp norjgomenust OIIC

Wnmoctpanus 3 noka3ssiBaer BiausiHue HY cepebpa Ha onTuyeckue CBOMCTBA aHTpalleHa.
[To pesynbraTe B3aumojeicTBusi ¢ HY cepeOpa MHTEHCUBHOCTH (IIyOpECHEHIIMM aHTpaleHa
YBEJIMUYMIIOCH B 2.5 pa3a.

VBenuueHne WHTEHCHUBHOCTH AJIEKTPUYECKOTO TMOJs BOJM3M TOBEPXHOCTH MpU
BO30YKJIEHHUH MMOBEPXHOCTHOTO IUIA3MOHA MPHUBOAMUT K YBEIMUYCHUIO MHTEHCUBHOCTU CIIEKTPOB
bayopecneniuu [30].

Ha pucynke 4 npeacraBieHbl KHHETUKU 3aTyXaHUs OBICTPO (pIIyopeciieHIIny aHTpaleHa
(1) u B mpucyrctBun HY cepebpa (2).

Ha cepeOpe Mosekys 3a4acTyto HabI0AaeTCsl yBEeIMUSHHE CKOPOCTH 3aTyXaHus ObICTpOit
¢dyopecuenun. [lpuunHa 3TOro SABJIEHUS JIEKHUT BO B3aUMOIEUCTBUU 3JIEKTPOHOB CEPEOPSIHBIX
YacTHUIl U MOJIEKyJbl (uryopodopa. Yckopsercss mpolecc rnepexoja Mexay Bo30YKISHHBIM U
OCHOBHBIMHM COCTOSIHUSMHU  (JIyOpecUUpYIOel MOJEKYJbl, YTO NPUBOAUT COKpPAILEHUIO
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BPEMEHH JKU3HH OBICTpOM (IIyOpecleHIINH, YBEIMYEHUIO €€ KBAaHTOBOIO BBIXOAA W JIOJIU
0e3bI3ITy4aTeIbHBIX MPOIIECCOB B IPEBPAIICHUSIX BO30YKACHHOTO cocTosiHUS [31].

D 1 noru. auTp B I1BB [o.e.
0,06+ 2 norn antp. HY Ag B nBs[ 25
3t antp B N1BB

4 o antp. HYAg B IIBE |20

0,05 1.5

0,04 0,5

T T T T T T T T 0,0
320 340 360 380 400 420 440 460 480 500

JUIMHA BOJIHBI, HM

Pucynok 3 — Biusnue HY cepedpa Ha onTu4ecKue cBoiicTBa aHTpaleHa (B nBO Ha kBapue): 1-
CuexTp norsomenust antpaunena (C=5%104, 7,5 % IBB); 2-CneKTp NorJomeHus aHTPalena B
npucyrcreun HY cepedpa; 3-Cnekrp duiyopecuennuu anrpanena (C=5%10%, 7,5 % IIBB); 4-
CnekTtp ¢uryopecueHnnu antpamena B npucyrcrsuu HY cepedpa

OpHako, CyLIECTBYIOT HCCIIEIOBaHMs, i€ HAOJI0JAlI0Ch YBEJIMYEHUE UHTECHCHUBHOCTHU
diyopecueHIIMM TpU HEU3MEHHOM BpPEMEHHU H3HU B MPHUCYTCTBUM HAHOYACTHUIl cepedpa.
Hanpumep, B pabote, MOCBAMEHHON BIMSAHUIO HAHOYACTHUI] cepedpa Ha 3JIEKTPOHHBIE TIEPEXO0IbI
B MOJIEKYJIaX KpacuTesel, OblJI0 0OHAPYKEHO, YTO MHTEHCUBHOCTH (DIIyOPECIICHIIMM POJIaMUHA
67K m3MeHsieTcss HeMOHOTOHHO C YBEJIMYCHHWEM KOHILEHTpAIMM HAHOYACTHIl, IPU 3TOM BpEMs
KU3HU (DIIyOpecleHIIuU OCTaETCsl MOCTOSAHHBIM (3,2 HC).

AHAIIOTUYHO, B HCCIICIOBAHUM, TIOCBSIIIEHHOM BIMSHUIO HAHOYACTHUI] IUTPATHOTO
rupo3onss cepebpa Ha duyopecueHIU0 U (HOCHOPECICHIIMI0 AHUOHHBIX W KATHOHHBIX
Kpacuteneld, ObU10 OOHApYKEHO, 4YTO B 3aBHCHUMOCTH OT KOHIIGHTPAllMM HaHOYACTHUI]
MPOUCXOJUT KaK yCUJIICHHE, TaK U TylIeHHUe QryopecieHIn: U HochOpeCceHIIMH MOJIEKYI, IPH
ATOM BpeMsl XU3HU (IIyOpPECUEHIMH TMPAKTHUYECKH HE HM3MEHSIETCS Ui BCEX MCCIETyEeMBIX
KpacuTeeH.

B nganHOM wuccnenoBaHuM ObUlO  3a)MKCHPOBAHO  YBEIMYEHHE WHTEHCUBHOCTHU
¢uyopecuieHIIMM aHTpalieHa B 2,5 pa3a NpU HaJIMYUM HAHOYACTHUI[ cepeOpa, IpU ATOM BpeMs
KHU3HU BO30YKJIEHHOTO COCTOSIHUS aHTPAIIEHA OCTaBaJIOCh HEM3MEHHBIM.

HccnenoBanust yka3aHHbIE BBIIIE€ TOATBEP)KIAAIOT, YTO YBEIMYEHHE WHTEHCHUBHOCTH
duryopecuieHIIMM TP HEM3MEHHOM BpPEMEHHM JKU3HU B TPHCYTCTBUM HAHOYACTHI[ cepedpa
SBIISICTCS BO3MOXHBIM M MOXET OBITh CBS3aHO C IUIA3MOHHBIM YCHJICHHMEM H3JIy4aTelIbHOTO
npouecca 0e3 U3MEHEHUs CKOPOCTH 3aTyXaHHUsl.

40-
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Pucynok 4 — BausiHue HAaHOYACTHUIl cepedpa HAa HHTEHCUBHOCTDH (JIyopeclieHIMU AHTPALleHa U
TUIa3MOHHOE YCUJIeHHe U3J1y4aTeIbHOro npouecca
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Ta6auna 1 — CnekTpanbHble JaHHBbIE AHTPAalleHA B MPUCYTCTBHM HAHOYACTHIL cepedpa

D A(am) |1 A(aM) | IVIo(6) | T (mcC)
AnT 0,05 362 0,9 404 15 1,05
Onc+Ant | 0,046 362 2,3 404 39 1,05

3akiouenne. B pesynbTare NpPOBEICHHOTO WCCIEAOBAaHHUS OBUIM CHHTE3UPOBAHbI
OCTPOBKOBBIC IICHKH cepedpa ¢ MCIOJIb30BAHUEM METO/1a BOCCTAHOBJICHUS B PACTBOPE HUTpATa
cepedpa. Ocoboe BHMMaHHe ObUIO yneneHo posn pH pacTBopa Kak KIIOYEBOTO IMapamMmeTpa,
BIUSIONIETO HA TPOIECC CHHTE3a HaHO4YacTUI] cepebpa. [IpuMmeHeHMEe THUAPOKCHIA aMMOHUS
MO3BOJIMIIO cTaOWiM3upoBath pH Ha ypoBHE, ONTUMAIBHOM Ui (DOPMUPOBAHHS CEPEOPSHBIX
HAHOYACTHII.

I'ucrorpamma pacnpeneneHus 4actull mo Feret, MoJdy4deHHas C MOMOIIBIO MPOTPaMMbI
Image]J moka3ama, YTO, CHHTE3UPOBAHHAS METOJOM XHMHYECKOTO OCaXJCHUS, IIJICHKA
MOJYYHJIaCh CPAaBHUTEIHHO OIHOPOJHOW M OOJIbIIIEEe KOJMYECTBO YACTHUI[ COCTABISICT CPEIHUMN
pa3mep HY cepebpa.

W3ydenue BIUSHHS MOJYYCHHBIX OCTPOBKOBBIX IICHOK cepeOpa Ha JIFOMHUHECIICHTHBIC
XapaKTePUCTHKN aHTpaIleHa ITOKAa3ajlo, YTO TMPUCYTCTBHE HAHOYACTHUI[ cepedpa MPUBOAHUT K
3HAYUTEIIBHOMY YBEIIMYCHHIO WHTCHCUBHOCTH (DIYyOpPECIICHIIMM aHTpaleHa B 2,5 pasa, 4To
CBs3aHO C 3(PQEeKTOM IIA3MOHHOTO PE30HAHCA M YCHWJICHHEM JJICKTPUYECKOTO TOJISI BOIHM3U
MOBEPXHOCTH HAHOYACTHUIl. Bpems >KU3HU BO30YXKIECHHOTO COCTOSHHS MOJICKYJl aHTpalleHa He
U3MEHSETCS, YTO IMOATBEPkKAACT TUIA3MOHHOE YCHIICHHE U3Ty4aTeIbHOTO TpoIiecca.

[TonmyuyeHHble pe3yJabTaThl TOATBEPXKIAIOT, YTO HAHOYACTHUIBI cepedpa CIOCOOHBI
sddekTuBHO MOTUGUIIUPOBATE  (IIYOPECHEHIIMIO MOJIEKYJI aHTpalleHa, 4YTO OTKPHIBACT
HEPCICKTUBBI JUIs TAIBHEHIIINX HCCIIeJOBAaHUH B 001acTH (DOTOHUKH, CEHCOPHBIX TEXHOJIOTUH U
OMOMETUITHBI.

JlaHHOE WHCCIIeIOBaHUE JEMOHCTPHPYET 3HAYMMOCTh ONTHUMH3AIMK YCIOBHH CHHTE3a
HAHOYACTHI] U UX B3aMMOJCHCTBHSI C MOJICKYJIaMH JTFOMUHO(OPOB, YTO MOXKET CTaTh OCHOBOM
JUTSL Pa3pabOTKU HOBBIX MAaTEPUANIOB C yJIYyUYIICHHBIMU ONTHYECKUMHU XapaKTEPUCTUKAMH.
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KYMIC HAHOBOJINIEKTEPIH CUHTE3JIEY KAF JAMJIAPBIH OHTAMJIAHIBIPY JKOHE
AHTPALHEHMEH O3APA OPEKETTECYIH 3EPTTEY

KOcynosa K.B., nokTopaHt
E.A.Bexemos amvinoazvl Kapazanowl ynusepcumemi, Kapazanowl, Kazaxcman

Angarna. byn xymeicta pH opTacklHBIH mIemIymni mapaMeTp peTiHIe ocepiHe Hazap ayaapa
OTBIPBIT, XUMUSUTBIK KAIITIBIHA KENTIPY 9/1ici apKbUIbl KYMICTIH apaj Topi3/i )KyKa KaObIKTapbIH CHHTE3/ICY
npolieci KapacTeIpbuIFaH. JKoFapsl canaiibl KyMic HAaHOOOJIIEKTEpiH amy yuliH oHTainsl pH moni pH =8
€KeHl aHBIKTAIIbl. byl MOH KaKeTTI ONTHKAJBIK KAaCHEeTTepre ue OIPTEKTi YKOHE THIFBI3 IUICHKAIAPIbIH
TY3llyiHe BIKIAN eTedi. AJBIHFaH I[UIGHKANapIblH MOP(OIOTHICH CKaHEPJICHTIiH 3JIEKTPOHABIK
MHUKPOCKOIH skoHe Image] GarnapiaMacslHAarsl CypeTTepli Tajnaay apKeuibl 3eprrengi. Feret mapamerpi
OolibIHINIA OOJIIEKTeP IiH TapadyblH Talfay HOTHXKECIHAE OJapAblH Herisri exmemi 95+30 HM exeHmiri
Kepcerinmi, Oy QOTOHIBIK KojmaHOamapra colikec keneni. COHBIMEH KaTap, aHTpaIleHHIH
JIIOMUHECIICHIIMSIIBIK KACUETTEPIHE KYMIC IJICHKAJIAPbIH acepi 3epTTeiai. Kymic HaHOOe ImeKkTepi MeH
AQHTpALEHHIH YTy CHEKTPJIEPiHIH MaKCUMYMAAPBIHBIH COHKEC Kelyi OETTIK IIa3MOHABIK PE30HAHCTHIH
naiia OONybIH KepceTemi, OYJI JIOMHUHECHEHIIUSHBIH KYIIeIoiHe BIKMan eTemi. JKyMmbpIcTa CHHTE3[IH
HETI3T1 MapTTapbl — TEMIIEPATYPabIK PEXUMIED, PEareHTTep KOHIEHTPALUSICH JKOHE PEaKIHs yaKbIThI
HaKThUIaHFaH, OYJI 0JIaH 9pi KOJIAaHOANbI 3epTTeYJIep YIIiH MaHbI3IbI.

Tipex ce3aep: xymic apaiia KaObIKIIanapsl, aHTpaueH, pH, Imagel.

OPTIMIZATION OF SYNTHESIS CONDITIONS AND INVESTIGATION OF INTERACTION
OF SILVER NANOPARTICLES WITH ANTHRACENE

Yusupova Zh.B., PhD student
Karaganda University named after academician E.A. Buketov, Karaganda, Kazakhstan

Annotation. This study examines the synthesis of silver island films via chemical reduction, with
a focus on the effect of pH as a key parameter. It was found that the optimal pH value for producing high-
quality silver nanoparticles is pH =8. This pH promotes the formation of uniform and dense films with
the desired optical properties. The morphology of the resulting films was investigated using scanning
electron microscopy and image analysis with the ImageJ software. Analysis of particle distribution based
on the Feret parameter confirmed the presence of particles predominantly sized 95430 nm, which meets
the requirements for photonic applications. The influence of silver films on the luminescent properties of
anthracene was also studied. The overlap of the absorption spectra maxima of silver nanoparticles and
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anthracene indicates the possible occurrence of surface plasmon resonance, which enhances fluorescence.
The results confirm the potential of the synthesized films for use in photonics, sensing, and organic
electronics. The study refines the key synthesis conditions, including temperature regimes, reagent
concentrations, and reaction time, which may be useful for future applied research.

Keywords: silver island films, anthracene, pH, ImagelJ.
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Ko/kaztanapabl paciMey :kKeHiHIe aBTOPJIapFa apHAJFaH HYCKAYJIbIK

«TexHuKa FBUIBIMIAPHI KOHE TEXHOJIOTHSIIAPY» KYPHAIbIH/IA MaKaja jKapusiay YIIiH JaibiH
FBUTBIMU KYMBICTBI aBTOp(i1ap) Vestnik.korkyt.kz caitteinmarel Onnaiin makana »xiGepy xyieci
apKbUIBI, apHaiibl HYCKAYJIBIKTHI Naiiaananben xkioepyre O0onanpl. Makaima Windows 10 omepatusti
xyiecingeri Word ¢opmareinna Times New Roman mpudringe xa3putysl Kaxer (Ochl Tajanrta
JKa3bUIMaraH MaKaja aBTOMATTHI Typ/ie KaOburmanOaias). XKapusitaHeIM — Ti1Iepi Ka3akiia, OpbICIa,
arpUTIIBIHINA. Makasa KYpPhUIBIMBI MEH O€3CHIIIplTyi:

1. Makama kememi 6-12 Oer apaibIFbIHIA OOJMYBI THIC (aHHOTAIMSIAD MEH JIeOHeTTep
Ti3IMIH KocrmaraHaa 6 6eTTeH TeMeH 00JIMaybl THIC).

— Makanansl Kypy cxemachl (06eti — A4, xitanThlK Oarmap, Typayay — eHi OoiibiHma. Con
JKaK, YCTIHI1 KOHE TOMEHI1 >KaKTapbhIHAAFbl allbIK KUEKTepi — 2,5 cM, oH »xarbiHma — 2,0 cM.
Mpudt: Tun Times New Roman, emmemi — 12) (Windows 10 omeparusti xyiecingeri Word
dbopmaThIHIA);

- XFTAP wmnnekci — Oipinmi kKartap skorapbiga, con skakrta (http://gmti.ru); oH jkakTa —
*KypHanasiH doi uHaekci (npedukc xxoHe cyddukce) — penakuusga oepineni;

- MakaJa aTaybl — OPTachlHa KAJILIH OH KIHIII KapiIIeH;

- aBTOP(JIApIBIH)IBIH AaThI-KOHIEPiHIH OipiHII Kapmi MeH Teri — opTara 11-kapirm,
(aBTOp;Map caHbl 5 alaMHaH apThIK 0OJIMaybI THIC);

- yiibIM, KaJia, eNIiH TOJIBIK aTaybl — OpTara, Kypcus — 1 1-kapim;

- Amnmarna. Tyn nycka tutiHme (150-200 ce3; Makana KYPBUIBIMBIH CaKTail OTBIPBII),
enmemi (kerib) — 1 1-Kapim;

- Tipek ce3aep — Ka3zak, OpbIC, aFrbUIIIBIH TUIAEpiHIE (3-5 co3/ce3 TipkecTepi), omeMi -
(xermp) 11-kapir;

- Herisri motiH (apanblk uHTEpBan — 1, «azar xom» - 1,25 cM, 12-kapinm) KypbUIBIMBI
TeMeHeriiel 0oaibl:

2. Kipicme: TakpIpbINTBIH TaHJATYbIH HETI3NEYy; TAaHJAJIFaH TAKBIPBINTHIH, MACEJIEHIH
©3EKTLJIIT1, 00BEKTICI, TOHI, MaKCaThl, MIHJIETI, 9JTICi, TOCLII, TY>KbIPBIMBI )KOHE MaFbIHACHIH AHBIKTAY

3. 3eprTey MarepuajIapbl MeH JAicTepi: MaTepHangap MeEH IKYMBIC OapbICHI
CHUITaTTaMaChlHaH, COHJA-aK NaiJalaHbUIFaH 9AiCTEP/IiH TOJBIK CUIIATTAMAChIHAH TYPYHI THIC.

4. Kecrenep, cypeTrep alThUIFAaHHAH KEWiH OPHAJIACTBIPBUIYBI KepPEeK. Op HILTIOCTPALHSIMEH
xa3y(emmemi (kerb) — 11) 6omyst kepek. CypeTTep aHbIK, Ta3a, CKaHepiIeHOereH OOIybl KEpeK.

Makana moTiHiHIE cinremenep 6ap Gopmynanap raHa HeMipieHeni. MaTiHae ciiTemenep TiK
*Kakmana kepceriieni. CiireMenep MOTIHIAE KaTaH Typlie HOMIpIIEHY1 Kepek.

5. Hotmxesep/Tajakpuiay: 3epTTey HOTWKEIEPIH TaNay KOHE TAIKbUIAY KENTipisiei.

6. KOpbITBIHABI/KOPBITHIHABLIAP: OChI KE3CHJIETI JKYMBICTBI KOPBITBIHBLIAY; aBTOP
ANTKaHYCHIHBUIFaH TY)KbIPBIMHBIH aKHKATBIH pacTay. JKYMBICTBI KapKbUIBIK KOJI/Iay Typasbl aKnapar
KopbitbiHapiman  keitin  tyceni. Opebuerrep Tizimi (emmemi (kernp) — 11, maiimanaHbuiFa
onebuerTep canbl — 15-TeH KeM OomMaybl KaXeT). OaedueTTep Ti3iMiHAe KUPWILIHLIAAA YChIHBUTFaH
JKYMBICTap OOJIFaH JKaFjaiga ojaeOMeTTep Ti3iMiH €Ki HYCKaJa YChIHY KakeT: OipiHmmici —
TYNHYCKaJga, eKiHIICI — pOMaHM3alusulaHFaH ajdaBuTneH (TpaHciauTepauus). Makaalarsl
Joiiekce3 TI3IMiHAE TeK peleH3usulaHFaH oneduer ke3xepi, DOI unaekci 6ap omebuerrep 60Iybl
tric. Pomanmsanusananran omeOuerTep Tizimi  http:/www.translit.ru caiiTel apKpUIBI paciMaenyi
KEpeK.

7. ABTOpnap Typanbsl MaTiMeTTep: (aBTOPABIH(JIAP/ABIH) aThI-)KOHI, YUBIMHBIH TOJBIK aTaybl,
KaJachl, eJii, OaimanpIC nepekTepi: TenedoHsl, 3J1.10IITa, OpCUI HoMepi) 3 Tize.

8. Kenren makaia tanarnka caii pociMJeINTeH KaFaaiija Fana AHTHIDIaruat OarapiaMacbliHaH
oTkizineni. Tymayckanbirel 80% - &maH JKOFaphl KepceTKimTe OolFaH Makana PemakiusHbIH
KapaybiHa xioepineni. An 80% - naH TeMeH OosFaH MakKalsla aBTOPJbIH TOJBIKTBIPYbIHA XKiOepiiei.
A, ekiHIII peT OTKI3IITeH JKaFaaiaa THICTI KOpCeTKill OomMaca KapusulanbiMFa KaObU11aHOaN bl
PenienszentTepiiH OH MiKIpIHEH COH MakaJa KypHaiFa KaObUIIaHbII, aBTOPFa TOJIEM )Kacay >KOHIHJIE
xabapnama >xiGepineni. ABTOp TeJeMaKbIHBIH TYOIpTeriH peAaKIUsSHBIH 3JIEKTPOHIBI IOYTaChIHA
xi6epyre mianerTi (Technique Journal@korkyt.kz).
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COOTBETCTBHHM C ITHM TpeOoBaHMEM, He OyJeT MNpHHATAa aBTOMATUYECKH). SI3bIK mMyOnauKanui
Ka3axCKui, pycckuil, anrnmuiickuii. CTpyKTypa u opopmiieHUEe CTATHHU:

1. O6bem ctaThk B mpeaenax otT 6 mo 12 crpanui (He MeHee 6 CTpaHUII, 3a HCKIIFOUCHUEM
AQHHOTALIMH U CIIMCKA JIUTEPATYPHI).

- Cxema mocTpoeHus cTaThM (CTpaHuiia — A 4, KHW)KHAsE OpPUEHTAIIHS, TIOJIS C JICBOM, BEpXHEH
U HWOKHEH cTOpoH — 2,5 M, ¢ mapBoit — 2,0 mm. Hlpudt: Tun — Times New Roman, pa3mep (kerup) -
12) (B ¢popmare Word B oneparrionnoii cucteme Windows 10):

- ungekc MPHTU - mnepBas ctpoka cBepxy cneBa (http:/grnti.ru); unmekc DOI
(mpepocTaBisieTcs pelakiyei )KypHaa);

- Ha3BaHHE CTaThbH — MPOMUCHBIMU OyKBaMU O LEHTPY MOIYKUPHBIM IpudTOM, pazmep-12;

- UHUIMAJIB U (aMIIMIO aBTOPa(OB) — MO LEHTPY HOIYKUPHBIM MIpU(PTOM, pazmep (Kerib) —
11 (ampec »1.MOYTHI aBTOPOB, HOMEP OPCHJ, KOJIMYECTBO ABTOPOB HE MOJDKHO MPEBBIIIATH 5
4YeJI0BEK);

- MOJTHOE HAUMEHOBAaHHUE OPTraHU3alMK, TOPOJI, CTPaHa — IO IIEHTPY, KypcuB, pasmep - 11.

- AHHoTanus Ha s3eike opuruHana (150-200 ciioB; coxpaHsis CTpYKTypy cTatbu) pazmep-11.

- KiiroueBble ci10Ba (Ha Ka3aXCKOM, PYCCKOM, aHTJIMICKOM OT 5 710 8 CJIOB/CIIOBOCOYETAHUH )
pasmep (kerup) - 11.

- OcHoBHO# TekcT (12 mpudt, MEKCTPOUHBIN UHTEPBAI - 1, OTCTYN «KpAacCHOM CTPOKH» -
1,25 cm), cTpykTypa:

2. BseaeHue: 000CHOBaHME BBIOOpPA TEMBl; AKTYaJbHOCTb TEMbl WIM MPOOJIEMSI,
orpeneneHne 00beKTa, IpeaMeTa, Ieleil, 3a1a4, MeTOA0B, MTOAX00B, TUTIOTE3bl U 3HAYCHHS PAOOTHI.

3. MaTepuajibl U MeTOAbI MCCJIEA0BAHNS: IOJDKHBI COCTOSITh U3 ONHMCAHUS MAaTEPHUATIOB U
X072 pabOTBL, @ TAKXKE MOTHOTO ONMHCAHUS HCIOIH30BAHHBIX METO/IOB.

4. B crtatbe HyMepyloTCs TOJNBKO Te (OpMYyJbl, HA KOTOpPBIE €CTh CCBUIKM B Tekcre. B
CCBUIKAxX B TEKCTE YKA3bIBACTCS B KBAaIPATHBIX CKOOKaX.

5. pe3yJbTaThl/00Cy:KAeHNe: TIPUBOJUTCS aHAINU3 U 00CYXKJIEHHE MOJIyUYeHHbBIX Pe3yIbTaTOB
UCCIICIOBaHMUS.

6. 3aKJ/I04eHHe/BBIBOAbI: 0000IIEHNE W TIOJBEACHHE UTOTOB paOOTHI HA JTAHHOM JTarle;
HOJTBEP>KICHHE UCTUHHOCTH BBIJIBUTAEMOTO YTBEPKIECHUS, BEICKA3aHHOTO aBTOPOM.

Crmcok nureparypsl (pasmep (kerup) — 11, KONMMYECTBO HCHOIB3YEeMOW JIUTEpATyphl HE
menee 15). [Ipy HamuuuMu B CIMCKE JIUTEpaTypbl padOT, MPEACTABICHHBIX HAa KHUPHIUIMIE, CIHCOK
JUTEPATyphl AOJDKEH OBITh NMPEACTAaBICH B JIByX BapUaHTax: MEPBBI - B OpUTMHAJE, BTOPOW - B
JaTUHU3UPOBaHHOM andaBute (TpaHciaurepanus). CHHCOK CCHUIOK B CTaThe IOJDKEH COJNEPkKATh
TONIBKO pelEH3UpPYEMbIEe JIMTEPaTypHbIE HCTOYHHMKH, nuTeparypy ¢ wuuaekcom DOI. Chucok
JATUHU3UPOBAHHOM JIUTEPATYPHI IOJKEH OBITh MOJTOTOBJICH Yepe3 caiT http://www.translit.ru.

7. Csenenust 00 aBTopax: (moymkHbI conepkath @O aBTOpa (0B), OJTHOE HAUMEHOBAHHE
OpraHu3aliy, ropoj, CTpaHa, KOHTAKTHbIE NaHHbIE: TenedoH, J.IOoYTa, HOMEp Opcua) Ha 3-X
SI3BIKAX.

8. Crartbs nomkHa oOnagath He MeHee 80% YHUKaNbHOCTH TeKCTa Ui nmyOnukauuii. B
cllydae eclli OpUTMHAIbHOCTH cTaThu Hike 80%, pabota OynmeT BO3BpalleHa aBTOPY VIS
UCHIpaBlIeHUE M KOPPEeKTHUPOBKU. [locie BTOpUYHON MpPOBEpPKM CTaThsi HaOWpaeT HEOOXOIUMOTo
MoKa3aTelss B aHTUIUIArMaT, HAIpaBIIETCS Ha PacCCMOTPEHHE pelakIMOHHON Kosueruu. CtaThs, He
OTBEYaKolasi COOTBETCTBYIOUIUM TPEOOBAaHUSAM, OPUTMHAIBHOCTh KOTOPBIM, MPOBEPEHA JBAXIIbI, K
nyOnuKanuu He npuHUMaeTcs. [locie mosoKUTENbHOTO OT3bIBa PELICH3EHTOB, CTAaThsl MPUHUMAETCS
Uil myOnMKalMu B KypHall M aBTOPY HampaBisieTcs yBeAOMJeHHE 00 omiate. ABTOp 00s3aH
OTIIPaBUTh KBUTAHIIHIO 00 orare Ha 3JIEKTPOHHYIO o4ty pelaKIuH.
(Technique Journal@korkyt.kz).
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Manual for authors of manuscripts

Ready scientific work for publication in the journal «Technical sciences and technologies»
can be submitted by the author (authors) through the system of online submission of articles on the
site vestnik.korkyt.kz, using special instructions. The article should be written in Word format in
Windows 10 in Times New Roman font (an article not written in accordance with this requirement
will not be accepted automatically). Language of publications Kazakh, Russian, English.

Structure and design of the article:

1. The size of the article ranges from 6 to 12 pages at least 6 pages, excluding annotations
and bibliography).

- description of the scheme of the article (page - A 4, book orientation, indents are calculated
with respect to the left top and bottom sides page margins — 2.5 m, with right - 2.0 m, Standard font:
type - Times New Roman, size (font) - 12) (Word format on Windows 10 operating system):

- the ISTIR index is the first line at the top left (http://gmti.ru).

- DOI index (provided by the editorial office);

- title of article — with capital letters, alignment on the center in bold, size (font) 12.

- initials and last name of author(s) - alignment on the center in bold, size (font) — 11, (e-mail
address of the authors, orsid number, the number of authors should not exceed 5 people);

- the full name of the organization, city, country, alignment on the center, italic, size (font) -
11.

- Annotation in the original language (150-200 words; retaining the structure of the article)
size (font) - 11.

- Keywords (in Kazakh, Russian, English from 5 to 8 words/phrases) size (font) - 11.

- Main text (12 font, line spacing - 1, indentation of red line#- 1.25 cm)

- Structure:

2. Introduction: rationale for the selection of the topic; relevance of the topic or problem;
definition of the object, subject, objectives, tasks, methods, approaches, hypotheses and meanings of
the work.

3. Research materials and methods: should consist of a description of the materials and the
progress of work, as well as a full description of the methods used.

4. In the article, only those formulas that are referenced in the text are numbered. References
in the text are indicated in square brackets.

5. Results/discussion: an analysis and discussion of the results of the study is given.

6. Conclusion/conclusions: summarizing and summarizing the work at this stage;
confirmation of the truth of the assertion put forward by the author.

List of references (size (point size) - 11, the number of used literature is at least 15). If there
are works presented in Cyrillic in the list of references, the list of references should be presented in
two versions: the first - in the original, the second - in the Latinized alphabet (transliteration). The list
of references in the article should contain only peer-reviewed literary sources, literature with a DOI
index. The list of romanized literature should be prepared through the site http://www.translit.ru.

7. Information about the authors: (should contain the full name of the author (s), full name of
the organization, city, country, contact details: telephone, e-mail, orsid number) in 3 languages.

8. The article must have at least 80% uniqueness of the text for publication. If the originality of
the article is below 80%, the work will be returned to the author for correction and correction. After a
secondary check, the article gains the required indicator in anti-plagiarism, and is sent for
consideration by the editorial board. An article that does not meet the relevant requirements, the
originality of which is double-checked, is not accepted for publication. After a positive feedback
from the reviewers, the article is accepted for publication in the journal and the author is sent a
notification of payment. The author is obliged to send a payment receipt to the editorial office by e-
mail (Technique Journal@korkyt.kz)
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