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KHUPHULI (pancada noxropu (PhD) auccepranusicu aHHOTAIMSICH)

Juccepranusi MaB3yCHHHHI J10J13ap0/iuru Ba 3apyparu. byryHru kyHnua
OMOTIONMMMEPIAPHUHT DJIEKTP MalJIOHAArd XyCyCUSTIIApUHU YpraHullra, aifHuKca
MaKpoOMOHJIap cudaThaa 3IEKTPOKUMEBUIM THUKJIAHUIIA acocuja (PyHKIHMOHAT —
daon koriamanap MIAKUIAHTUPHUINTA ajoxuja >bTubop O6epunmokna. by 6opana
TypiAM WIAK/UTM Ba penbediau  3IeKTpoJ-UMIUIaHTATIap Io3acuja MabiyM
Makcaajiapra MYVyJDKaJUIaHTaH OuoModuia cupT ¢Gaosn MoJuMMep Korlamaniap
OJIMHUIIM, YJAapHUHI CTPYKTypa Ba XOccajllapy XamJa aMaJuéria KyJulall
MMKOHUSTIIADUHN aHUKJIAINI TIoJuMepiiap (U3MKACHHUHT J0713ap0 BasudbamapaaH
XUCOoOIaHaIu.

ByryHnru kyHzaa kaxoHzaa cHpT-(aoil KOoIIaMaJapHH 3J€KTPOJU3 YCYIHA,
SbHU TYPJU HAKJIAAry 31€KTPOJ CUPTHIA HOHOTEH NOJMMEPIIapHU (MaKpOUOHIIAP)
SpUTMaNiapAaH AJICKTPOKUMEBUN TUKIAHUIIM WYIW OWJaH OJMHUIIUIA KarTa
»pTHOOp Oepuimoknaa. by Oopaga, MakpoWMOHJap THUKIAHAJAWTaH d3JIEKTPOJ
cudaruga THOOMET MMILIAHTATIAPU OJIMHTAH[A, MIAKIJIAaHTaH KoIlaMaJapHUHT
OouoMoini, Ouodaon xamjaa 3apapcu3 OYIUINM Ba Iy MaKCaUIM WIMUN
U3JaHUIIAPHU amMalira OUIMPULI MyXUM axaMUT KacO 3Taau.

MamnakatuMusia WIMUNA Ba WHHOBAIMS IOTYKJIAPUHU aMaiuérra »Xopui
STUIIHUHT CaMapajyl MEXaHW3MIIAPUHU SpaTHINra JOWUp TaJAKUKOTIApra ajoxXuja
bpTUOOp KapaTwiMokaa. JKymuiagaH, MaxaJlIvil moaumepiap acocuaa cuprt-haon
xoccara 3ra OMOMOWWJ KOIUIAMAJIADHU OJMHUIIM 3aMOHABHI IOJHMMeEpiap
¢u3nkacu Ba  MaT€PUAIIIYHOCIUTMHMHI  HMCTHKOOUIM  WJIMHH  TaaKUKOT
WYHaIMIUIapyUIaH oupuaup. V36exucron Pecnybnukacunu sAHaIa
PUBOXKIIAHTUPUIL OYitnua Xapakariap cTpareruscua MaMaakaTUMU3 UiM-(haHuHHA
PUBOXKIIAHTUPHUIIL XaMJa (QyHIaMEHTand TaAKUKOT HATWXKaJapUHU amanuérra
Taa0uK Kuiuin Basudanapu Oenrunabd Oepunran. by Oopana xycycuit 6uodaon
MOHOT€H OMOIONMMEPIIAPHU 3JIEKTPOKUMEBUI TUKJIAHUIIN acOCUa UMILIaHTaTIap
cuptuga OMOMOWHI KOMITO3UT KOIUIaMajap INAaKIUIAHTUPUIIHUHT 3JIEKTPOJIU3
YCYJIMHUHT WMKOHUSITIIADUHU aHUKJAIl KaTTa WIMHA Ba aMalui KU3WKHII
yuroragu. byHzaa snekTponu3 ydyH MaxCyC KMMEBHUM KalTa MIUIAIIHU TaK030
ATMANNTaH MaxaJuIui OuomoiauMepiap/iaH XUTo3aH Ba (MOPOWHHU TaHJIAHMUIIIH,
AIIEKTPOKUMEBUYN TUKIIAHUII KapaCHUHU caMapajy OOUIKApHUINTa MYHaITUPHUITaH
MPUITUTTHAT WIMHH-aMaJInid TaIKUKOT HATIKAJIAPUHU OJTMHUIITN MyXUM aXaMHsITIa
ara.

Yy aMccepTanms — TaAKUKOTH — MyaiisH  jJapaxaga  Y30eKHCTOH
PecniyOonukacu Ilpesunentununr 2017 #un 7 ¢espangarun 11D-4947-connu
«V36eKucTOH PecniyOnukacuHu gHajna pUBOXKIAHTHpUII OYiinua Xapakatiap
cTpareruscu Tyrpucuga»tu papmonu, 2018 iun 17 auapnaru 11K-3479-connu
«MamiiakaT UKTUCOJIMETH TAPMOKJIAPUHUHT Tanad FOKOpU OYyiraH MaxcyJoT Ba
XOM ami€ Typiapu OmiaH 6apKapop TabMUHJIIAII Y0pa-Taa0upIapu TYFPUCUTIANTH,
2018 iimn 25 okrsopmarn 11K-3983-conmn “V3bekucron PecryGnukacn Kumé
CaHOATHHU ’KaJlajl PUBOXKIAHTUPUII YOopa-Tagdoupiapu Tyrpucuna’ru, 2021 iun
19 maptnaru [1K-5032-connu “®usuka coxacuaard TabiuM CHUGATHHH OLIUPHIL
Ba WIMHM TaJKUKOTIAPHU PHUBOXJIAHTUPHILN dYOopa-Taa0Upiapu TYFpUCcHIA TH
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Kapopnapu xamaa wMaskyp QaonusTra TEeruIud OOIIKa MEebEPUN-XyKyKUn
Xy XoKaTinap/a Oenrmianrad BasudaiapHu aMalra OUIMPUINTa XU3MaT KAJIaau.

TagKUKOTHUHT PecnyOiimka daun Ba TEeXHOJIOTUSJIAPH
PUBOXJIAHMIIMHUHT ACOCHH YCTYBOp MyHAJIMILIAPpUra MOCJIUTH. YOy
JyccepTanys WM Y30ekucToH PecnyOnmkack (aH Ba  TEXHONOTHSIAPHH
puBOxkIaHTUpUIIHUHT VII. «KuMEBuil TexHoOJIOTHATIApD Ba HAHOTEXHOJIOTHSIAP)
nyHanunuiapura MyBo(puK Oakapuiras.

MyoMMOHMHI  VPraHWIrawJIMK  Jgapaskacd. [[yHEHMHr  KynruHa
MaMJlakaTiapyaa OHONoNMMeEpiIapHd THOOMET coxacuia KyJulall Ba YJIApHU
amanuéraa ¢oimananum Oyiinua UAMHUN W3NAHUILIAP SKaJATUK OuimaH oyuo
oopuniMokaa. Yonm OSTWiIraH MIDIAPHUHT KYMYWIATH acocaH OHOMoIuMep
XUTO3aHHU AaHTUOaKTepuan (AOJUIMIMHU YpraHumra JOUp TaJIKUKOAJIapra
OarvlUIaHraH. XO3MPrd BaKTAa Iy COXaHW WIMHA puBOXJIaHTUpumra R.
Muzzarelli, C.A. Illomunoi#t, A.H. Choi, Ch.Sh. Gao, Ba Oup kaTop HIMHIi
MakTabjmap Karra Xucca KymwumraH. by Oopama xuTo3aH T'HAPOKCHUANATUT
OMOPE3OPOLMSCUHUT OIIMPUITUIIH, OCTEOMHTETPAlUMsIHN (DAOJUIAITUPHIL YUYH
KYJUTaHUITUIIH, THAPOKCHUANIATUT-XUTO3aH KOMITIO3UTH OMOMOWUIUIMKKA Ba IOKOPHU
anTuOakTepuan (GaoJTMKKa dSra SKAHIWMTH Ba NIy KaOW OollKa XoccajJapuHH
anukmam coxacuaa R. Murugan, R. Ramakrishna, H. Dong, O.M. Mugeiren, M.A.
Baseer, R.R. Baena, S. Rizzo, L. Manzo Ba 6011Ka oJIUMIAPHUHT UIMUNM TaAKUKOT
WIUIAPUHU TAbKUJIA0 YTUIT 3apyp.

PecnyOnukamusna  Maskyp — UyHaiMmuHuHr — puBoxianummra — C.IIIL
PammnoBa, A.A. XoiMymMuHOB Ba OolIKajlap Y3JapuHU HW3JIAHUILIApU OuJiaH
MaxaJiuid XUTO3aH Ba (GUOPOMH OMOMOJIMMEPIAPUHUHT MOJIEKYJISIp TaBcU(IapH,
OnoMounury, OuoQaoIury, OaKTepUUUUIUTK KaObu MyXHUM XOCCaJapHuHH
HaMOEH KWJMII NPUHLMIUIAPK Ba XYCYCUSTJIApUHM KypcaTtub Oepuin OwuiiaH
XUCCAIAPUHU KYIIIUIITaH.

Ymlby w3nanunuiapra kagap OuomoiuMMepiap, alHMKCAa XUTO3aH Ba
¢bubporH acocuia MEKTPO CUPTHAA KoIlamasiap XOCHJ KWIHII OYinYa KU
WMWK Hampiiap Aespiid MaBxXKyZ dMac 31u. Ma3kyp uiniia 3J€KTpoiau3 ycyauaa
TUTaH TUTACTMHKA Ba THII WMIUIAHTATIApU CUPTHIA OHMOMOJIUMEpPJIap acocuja
O6uomoina 6nodaos KOMIIO3UT KOIJIaMasap MAKUIAHTUPHUIN OYiinda MPUHIUITHAT
TQAKAKOTIAp amajira OWMpWIAY, OyHAall  KOoIIJaMaJapHUHT  OJIMHMIIN
CTOMATOJIOTHs Ba opTomeaus coxacuaa Ouodaon Komiamanap cudaruaa
aManueTa KYJUTAaHWIMIIY UCTUKOOJUIApUHU SpaTay.

JAuccepranuss MaB3yCHHMHI JUCCEPTANUA OAa’KAPUJITAaH OJIMHA TabJIUM
Myaccacacd WIMHA-TAAKUKOT uIUIapu Owian Oorimkiauru. Jluccepranus
TaAKUKOTU V36ekucron  Muummii YHUBEPCUTETH WIMUKA TAAKUKOT HILUIAP
pexacununr  “KEA  -10-001 Buogaon KaBaT KOIIOBYM KypuiaMa Ba
TexHoJorusutapan TakoMusutamrupuin” (2016-2017 iii); d-A-2018-033 “Tabuwmit
WIIAK Ba [axTa YUKUHAWIAPWUJIAH HAHOTOJAIM, HAHOFOBAKIM MaTepuasuiap
OJIMIIIHUHT JIEKTPOCHUHHUHT yCyiauHA Takomuutamrrupum’” (2018-2020 i
MaB3yCHJaru WiMHi-aMalIuii JoUruXalapyu Joupacuaa Oaxapuiras.



TaagKMKOTHHUHT MAaKCaaM DJJICKTPOJIU3 YCyduga OHUOMOWMI TOJUMEP
KOIUIaMaJlapHA METAJI CUPTHAA IIAKUIAHTUPUIIHUHT (UMK MPUHIUIUIApU Ba
TaBcU(pIapUHN aHUKJIAIIaH Hoopar.

TaagkuKoTHUHT Basudasapu:

ouononuMepap XUTo3aH Ba GUOPOMHHUHT MOJEKYISIp TaBcuIapu Xamja
MOJIMAICKTPOJIUT XOCCATapUHHA aHUKJIAIIL.

OHOTOIMMEPIIAPHUHT JIEKTP MANIOHHU TabCUPUJIA YYKUILM Ba IJIACTUHKAIA
AMEKTPOKUMEBHIA TUKIIAHUIIIMHY aHUKJIAII.

AJIEKTPOIU3 YCYJIMHH OHWOIOIMMEPIAPHUHT JJICKTPOKUMEBUN THUKJITAHHIIN
acocwma TypJd HWMIUIAHTATIap CHUPTHAA KOIUIaMallap IIAK/UIAHTUPHUII YUYyH
TaKOMIJIIAIITHPHIIL.

UMITIAHTATJIAp CHUPTHJA KOIUIaMalap MMAK/JIAaHTHUPHIN, CTPYKTypa Ba
XOCCaJTapUHU aHUKJIAIIL.

TanKMKOTHHHT 00beKTH - Tabunii unak GpubpouH, xurozan Bombyx mori
OuononauMepapy Ba yukanuuid pocdar.

TaagKMKOTHUHT MpeaMeTH. DJIEKTPOIU3 yCcyauaa OMOMONII ToJuMepiap
acocuia MeTaJJl CUPTHAA DJIEKTPOKUMEBUIN THUKIAHUIIM Ba (PyHKIIMOHAT (aos
KoIulamMasiap Mak/UTAaHTUPHUIIT TPUHIMILUIAPUHU aHUKJIaIad uoopar.

TagKUKOTHHUHIT yCyJu1apu. TankukoTiap YTKa3uIga
TAKOMUJUJIAIITUPUIITAH BJICKTPOJIU3 yCyJn Xamja YIBTPaAMHUKPOCTIS,
BUCKO3UMETPHS, peoMeTpus, 3JIEKTPOH MHKPOCKOTIUSA yCyJuIapuaaH
dolianaHuIraH.

TagKNKOTHUHT MJIMUI SHTWIMTY Kydugaruiapiad uoopar:

WIK  Maporaba  MakKpOWOHJAp Ba  HWOHJAPHUHT  apajaiiMaaaH
DNEKTPOKUMEBHNA  THUKJIAHWIN  acocuia  Karjamjap  IaKJUIAaHTHPHUIITHWHT
MIPUHITUTTH AT IMKOHUATIAPY Ba ONITUMAJI MIAPOUTIIAPU aHUKJIAHTaH,

WIK MapoTaba XxuTo3aH Ba GUOPOMH MaKPOHOHIAPUHUHT JIEKTP MalJOHUIA
CWDKHWILHU, BJEKTPOJ, CHUPTUHU KOIUIAIIM Ba DJIEKTPOKUMEBHUN TUKIAHUIITUHU
amaJsira OIMIMPUITHUHT (PU3UK MapaMeTpiapyu aHUKJIaHTaH;

WIK Mapotaba OHOMOJUMEpJIAPHU  AJIEKTPOKUMEBUN  TUKJIAHMIIWHU
camapaJii amaJira OIIMPHUII Ba HA30paT KUJIMII YIYH JIEKTPOJIN3 YCYJIU TEPMUK Ba
MOJIAPU3AIMOH-ONTUK HA30paT yCyJiapu OuiiaH TaKOMUJUTAIITUPUIITAH;

Maxayuiid unak GuopowHu Ba yukanuuii pocdar apamammacu acocuaaru
OMOMOMMI KoIlaMayiap TypJd IAK/UIM CTOMATOJOTHK THTAaH WMIUTAHTATIIAp
103acHUia MAaKJJIAH TUPHIIIH.

TagKNKOTHUHT aMaJIMii HATHXKAJIAPU KyHuaruiapaad noopar:

MaKpOMOH Ba MOHJIAPHUHT METAJUT SJIEKTPOJIAp F03acHaa dJICKTPOKUMEBHM
TUKJIAHWIIK, XYyCycaH CTOMATOJIOTUK Ba OPTONEAWK HWMIUIAHTATIAp YYYH
AIIEKTPOJIN3 KypHUIMACH HUFHIINO TaKOMUJUIAII THPHIITAH;

KypWiMa BOCHTACH/Ia TUTAH IUIACTMHKA Ba THUII MMIUIAHTATIAPH F0O3acHa
yukanuii ¢ocdaT UIMITHPOKKUIA XUTO3aH Ba WIak ¢GuOpomHU acocuaa Ouodaon
KoIlamasap XOCHJI KWJIMHTaH.

TaaKuKOT HATHXKAJIAPUHUHT WIIOHWINJIAMTUH. CTaHAApT KUXO3JIAHTaH Ba
Maxcyc MurmiraH JjgabopaTopus WIMHA ~TAAKUKOT KypuiIMandapyd Xamja

7



acGobmapunad  (oiiaTaHuIraH. YIualap yCy/UIADHHHT Tana® STHIIaJUraH
UIIOHWIWJIMK JIOMpacuja amMajra OILUMpPWJITaH, HaTWKajlap CTaTUCTUK KalTta
UIJIAHTaH, JKaJBajulap Ba rpaukiap TYy3WIraH Xamjaa KUECHH TakKociall
OpUHLMIKAA MyXokaMa 3Tuirad. OJIMHraH HaTHOKaJapHUHT TacAufu cudaruia
pecny0iiMKa Ba XalkKapo WIMHUN KOHQepeHIusapaa MyXoKkaMaaap KUINHTaH.

TaagKuKoT HATHXKATAPUHUHT WIMHMH Ba aMaJIMi aXaMHUATH.

TankukOoT HaTWKaJapUHUHT WIMHHA axaMusTH IOyHJAH KOOpaTKH,
¢ubporHM Ba XHUTO3aH OHOMOJIMMEPIAPUHUHT MOIUIIEKTPOIUT SPUTMATAPUHH
TUAPOJAMHAMHUK, PEOJOTHK Ba  AJIEKTPOKMMEBUM  TAAKUKOTIApH  acocujia
HaMyHaJIJapHUHT MOJIEKYJIsIp-MaccaBuil TaBcU(Iapu, OKUMIAru CTPYKTypaBUl Ba
(dazaBuii y3rapumuiapu, 3MEKTPOKUMEBUN TUKIAHUININ, OJUHTAaH KOIUIaMaJapHUHT
CTPYKTypa Ba xoccanapu AHUKJIAHTaH. DnekTpoIn3 KypHIMacu
TaKOMWJUTAIITUPWITaH  Ba  UMIUIAHTATJIap  CUPTHAA  OMONOJMMEpJapHU
AJIIEKTPOKUMEBUN  TUKJIAHMUIIM acocuaa Ouomoimi, Ouodaosn Koruiamasnap
MIAKJIJIAHTUPUIIHUHAT [PUHLIUINAIT HMKOHUSTIAPU Ba ONTUMal LIAPOUTIIAPU
Kypcatud GepuiiraH.

TanKuKOT HaATMXKaJApUHUHT aMaiuil axamusaTd (UOpOMH Ba y4YKaJIbLUH
docdar apanmamiMacuHU BJIEKTPOKUMEBUM THUKIAHWII NPUHUUIUIAPH TYPIH
“MaKkpoOHMOH-UOH THU3UMIIapAaH (PYHKIMOHAN (ao KOIUlaMa KOMIIO3UTIAPHHU Xap
XU penbequiv 3JIeKTpPoJUIap, UMIUIAHTATIAp CHUPTHAA aMmalra OLIMpHIIIa Ba
TEXHOJOTUJIADUHU  spaTula acoc Oynuiuu OujaH H30XJaHaau. Yoy
HaTWxkanap OyryHI'M KyHAa CTOMATOJOTMs Ba OpToneAus coxacujaa Omodaoi
KOIJJaMaJy HWMIUIAaHTaTiIapra OYyiraH »SXTUEKUHU KOHIUPHUII Ba HUMIOPT
KWIMHAUTaH aHOJOTJIapHUHT YPHUHHA OOCHUIII UMKOHUSTUHU Oepaju.

TagKUKOT HATHXKAJAPUHMHI KOPUN KWJIMHMIIU. DJIEKTPOIU3 yCyIuaa
OMOMOMHKI TOJIMMEp KOIJIaMajapHU IAKJJIAHTUPUII Oyiinya OJIMHTaH WIMHUUN
HaTWXKaJlap acoCUIa:

(GUOPOMHHUHT HOHOTEH MOJIEKyIaJlapUHU MAaKpOUOH cudaruma >1IeKTp
MaWJIOHN/Ia XapaKaTjaHWIl TPUHIMIUIApU Ba mapamerpiapu A-4-13 pakamiu
“DneKTpOCHMHHUHT ycynuaa GUOpPOWH, XUTO3aH Ba aKPWJIOHUTPUI COMOJIUMEPH
acocuJia HaHOTOJIAIM HOTYKMMa MaTepuajljiap OJIMII TEXHOJIOTUACHHU HILIa0
YUKW’ ~ MaB3yCHJard  aMmaiauid  JioWuxajga  KYyJUlaHWJTaH (SI’36GKI/ICTOH
PecniyOnukacu Omnuit Ba ypra Maxcyc TabiuM BazupaurgHuar 2020 iwn 11
centsOpaaru Ne 89-03-3245 con mabimymoTHOMacH). Hatmxkana 31eKTpOCTUHHUHAT
ycyauga IOKOPH Ky4WwIaHUIUIA OJJIEKTp MaWJOHM TabCUpU ocTujaa (GuoOpouH
SpPUTMACHIaH HAHOTOJIAJIAP OJIUII UMKOHUHU OepraH;

UIaK TOJAJApPHUHT (PU3MKABUN XOCCAJIAPUHU TAJKUK KWJIHILI HATHXKaJapu
OT-®2-29 pakamnau “Tabuwmii ToNamapHMHr (UMK XOccajapura TallK{
(dakTopiapHu TabCUPUHM YpraHuin’ Map3dycuaard (QyHAamMeHTan Jolnxanaa
Kynnanunran  (Y36exkucTon Pecny6nmkacn Onuii Ba ypra Maxcyc TabIuM
BasupauruHUHT 2021 iimn 5 depangaru Ne 89-03-674 con mMabliyMOTHOMACH).
Hatmxana ynap acocuia HAMJIUKHU YITYOBYM 3JIEKTPOH KypuiMa sicalll UMKOHUHU
OepraH.



TaakukoT HaTHKAJAPUHMHI anpodamusicu. Jluccepranus Oyiinda
OJIMHTaH acoCUW MIMHUN HaTKajlapu 4 Ta xajakapo Ba 8 Ta peciyOiMKa UIMUN-
aManil aHKyMaHJapu1a MyxoKkama KAJUHTaH.

TaaKuKOT HATHKAJAPUMHMHI IbJOH KUJIMHMINM. [{uccepraiusi MaB3ycu
6yitnaa sxamu 20 Ta WIMHI UIUIAP YOI STHIrAH OYIHO, mIydapaaH Y36eKUCTOH
PecniyOonukacu Onuit atTectanusicu KoMuccusiciHUHT asicada nokropiuk (PhD)
JUCCEPTALMSUIAPUHUHT aCOCHM WJIMHMIM HaTV>KaJIapUHU YOIl 3TUII TABCHUSI ATUJITaH
WIMUM Hampiapaa 6 Ta MakoJia, )KymiaiaH, 4 TacH peciyOyIMKa Ba 2 Ta XOpHKUN
KypHaJJIap/a HaIIp STUJITaH.

JuccepTanMSIHUHT TY3WJIMIIM Ba Xa:kMM. J[rccepranust TapkuOu KUPHIII,
TypTrTa 000, Xynoca, (oWmanaHwirad amadbuéTiap pyhxatugaH moopat OYauo,
ymyMuid Xaskmu 105 OeTHU Tamkum 3Taau.

JIUCCEPTAIIUSIHUHI ACOCU MA3ZMYHHU

Kupum xucMmuga auccepranys MaB3yCHHUHT J0J13apOJjMId Ba 3apypartw,
TaJKUKOTHUHT peciyOiimka (aH Ba TEXHOJIOTUSJIAPUHU PUBOKIAHTUPHUIITHUHT
YCTYBOP MYHAIIMIIIJIApUTa MOC KEJIHUIIM acociaHTraH. MaB3ycu Oyinda deT 3jjaru
WIMUNA TaAKUKOTIIAPHUHT KHCKAadya MabIyMOTH Ba MyaMMOHHWHI YpraHUJITaHJIHNK
Japakacu KEJNTUPWITaH, TaJKUKOTHUHI Makcala, Basudamapu, OOBEKTH Ba
NpEeAMETH KYypCaTUITaH, HATWKAJIAPHUHT WIMHUI SHTWIWTU Ba aMajui aXxamusiTd
0a€H KWJIWHTaH, TAJAKUKOT HATWXKAJTAPUHUHT KYJUTAHWIWIIH, JUCCepTalus
TY3WIMIIM Ba HAllp KWIMHIAaH WIMUA HIUIAp TYFPUCHIA MabIyMOTIIap
KEJITUPUIITaH.

Hucceprauusitnuar — “IlosiumMep KomiamMainap OJHIIAA  JJIEKTPOJIU3
YCYJMHUHI WMKOHMSATJIAPUH Ba (U3MK acocjapu’ HOMIM OupuHuM OoOuia
ANEKTPOJU3 YyCyldWAa Maxcyc MeTajd IUIaCTUHKaIap, Typiu IIAaKUIM Ba
Makcajjlapra MyJDKaJUIaHTaH MMIUIAHTaTIap KYPUHUIIMAATH  DJIEKTPOJIap
cupTHia OWOIONIMMEP MAKpOMOHJIAD Ba WOHJIAPHUHT THKJIAHUIIHWIa acoClaHTaH
KoIlamMa MaTeprajiap OJIMITHUHT JJIEKTPOKUMEBUN TEXHOJOTUSICHHH HIILIA0
YUKWIITAa WYHAITAPWITAH WIMHAM TAaAKUKOJIAp HAIIp JTWIrTaH 3aMOHABUH
agabuérnap TaxJIMJ KWJIWHTaH. Jluccepranus WIMUHUHT WIMHN  TaJIKUKOT
Bazudagapu acociIaHraH.

HMuccepraumssHuar  “TaakukoT o00beKTJapuM Ba ycyJulapu’  HOMIHU
MKKUHYM 000/1a WIMHUNA U3JaHUILIap OJU0 OOpHII Ba yJapHU TAIIKWJI 3TULI YUyH
3apyp OyJraH oObEKTIap Ba yCyJulap XakKuja acoCud MablymMOTJIap U TaBcudap
Oepunrad. Anoxuaa 3>bTHOOpP XHUTO3aH Ba (PUOPOMH OMOMOJIMMEPIAPUHUHT
OJIMHUILY, SPUTMAIAPUHU TaWEpIaHUIINTa KapaTWIraH, YJIAPHUHT MOJIEKYJISAP
MaccaBuil TaBCU(pIAPUHU aHUKJIAIIHUHT TUIPOJUHAMUK (BUCKO3UMETPUS) YCYJIIH,
HOHBIOTOH OKMUMMHM TaJAKUKOT KWJIMIIHUHT PEOJIOTHK YCYJIH, JEKTp MailjoHuaa
MaKpOMOHJIAPHU CUJDKUILM, AJIEKTPOJ CUPTHAA SJIEKTPOKUMEBUM THKJIAHUIIA Ba
KOIUIaMaJIap XOCWJI KWIMIIMHUHT 3JEKTPOJIU3 YCYIM XamJla MIAKUIAaHTUPUITaH
KOIJITaMaJIApHUHT CTPYKTYpacu Ba GU3UK-KUMEBUN XOCCAIAPUHU TAJTKUKOT KUJIHIII
NpUHLIUILIApU Oa€H ATHIITaH.

JuccepranussHuHr “buonosaumep MaKpoOHOHJIAPHUHI JIEKTP MaliioHUIa
CWIKUIIY Ba THKJIAHUIIK HOMIIA YYUHYH 0007a Omomonumepiap, *KymiiaaH,
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XUTO3aH Ba (UOPOMHHM MaKpOMOHJAp cH(aTHIa 3JIEKTP MalJOHH TabCUPHIA
dpUTMaapJa CHDKHIIN Ba SJCKTPOKMUMEBHHA THUKIAHUIINA XYCYCHUATIApU XamJia
YHHHT acOCHJa MHUKpOKOIIaMalap MIaKUIAHTUPUII HaTWXKaJlapu MyXoKama
KAJMHTaH. bBHOMOoIMMepIapHUHT MOJICKYJISp TaBCcU(IApUHU, TOIUIIICKTPOJIUT
DpPUTMAJIAPUHUHT  OKMMHUJA  CTPYKTypaBuii Ba  (azaBuii  y3rapuiniapu
THIPOJUHAMHUK, PEOJIOTUK Ba MOJSPU3AIMOH-ONTHK YyCyJlapjaa TaJKUKOT
KAJTUHTAH. DJIEKTPOJIU3 YCYJIMHU WMKOHHSATIAPH Ba YHH MaKpPOWOHIAPHH TY3
MOHJIapH OUJIaH AJMEKTPOKMMEBUN TUKIIAHUIIMHYA CaMapaid amalira OMIMPHUII YIyH
TaKOMWUTAIITUPUII  XaMJla KOIUIaMaJlapHUHT CTPYKTypaBuUd TaBcudiIapuHu
TaJIKUKOT HaTHXKaJlapy Oa€H STUJITaH.

TankukoTnap yTKazum y4dyH nonuaucrnepcaurd 1,25 Ba neaneTHIIaHUILI
napaxacu 0,75 Oynran kykyHcumoH amopd Bombyx mori xurozanu (X3) xamaa
UIaK MWLIACUHU CEPUIIMH Ba €F-MyMJlap/JaH [OBUO axpatuO oyivHraH (puOpovH
(®b) Tomacunu 50% CaCl, na »putnbd, nUanTUM3 KUAIUO YYKTHPUITAH Ba
KypUTWITaH KyKyYHCUMOH aMopd HaMyHacu TaHyJaHrad. HamyHamapHHUHT
MOJIeKYJIsip TaBcudaapau anukiam cywonrtupwirad (C = 0,25 r/mn) spurmanapu
Tal€piiaHraH Ba BUCKO3UMETPHUS yCYJIUAa TaAKUKOTIAp YTKa3WJIraH. XUTO3aHHU
2% CH3;COOH pna Ba ¢uobpounnn HCOOH:H,O (1:1) nmarm sputmanapu
cytonTupu6 Gopuiranna (C — 0) Xarruuc Nyo,/C = [ + K[n]°C xoHyHmman oFumr,
SABHU TIOJMUDJIEKTPOJIUTIIAPTa XOC KOHIIGHTPAI[MOH aHOMalusl Ky3aTwirad. by
adpdext ymly OuomoJMMepiiapHU TpagueHTIN OKUMJAa MaKpoOUoH cudartuia
HaAMOEH KWJIMIINHUA KypcaTraH.

AHoman 3(peKT XUTO3aHHU SpUTMATIaApUHU Taképnam opkaiu Oaprtapad
sTHIraH. Yigammap acocuna (Ngo,/C) Hu C ra Gornanuun rpadury Ty3miran sa C
— 0 ra 3KcTpanosAnus KUino TaBcu(In KOBYIIOKIHK [n] MUKAOpH Tomuiaran (1-
Kansan). Mapk-Kynn-XayBunk tenrinamacu X3 yuyH M, = ([n]/4,97%10°)""" ga

®b yuyn M, =([n]/1.23*10°)"**"  skapmuruman  QoiiganaHué MOIEKYISp
maccaiap (M, ) XucoOaHraH.
1-skaaBaJi.

HamyHaJJapHUHT MOJIeRYJISIP TaBCU(JIapu, MOHOTEHJIMTH Ba
JIEKTPOKMMEBHH IKBUBAJICHTH

MOHOreH T u  |2nexrpoxuméEBnii
Hamyna |[n7],on/2| M, M N Py SKBHBAJICHTH,
dbopmynacu| CcoHU k , Mr/Ka
X3 2,0 130000 | 161 807 NH, 680 0,16
NH, 885 0,16
db 1,2 295000 | 345 782
COOH 885 0,46

[lynunraex, sneMeHtap 3BeHoJiap Maccainapu (M,) Ba conu (N), S’bHU
nosmmepianuin aapaxacu (I1J1) Tomwiran. X3 snementap 3BeHocuaa NH, - amun
rypyxu, @b snementap 3BeHocuna NH, Ba COOH - xapOokcui rypyx Oopiuru
nHoOarra onu6, X3 ma 680 ta Ba ®b ga 885 Ta ammu Ba 885 Ta KapOOKCHI
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TypyxjJap MaBXy[JIUTH aHUKJIaHTaH. MakpoMosekynana OyH4a HOHOTEH
TYPyXJapHH OYJIWIIN, YHH IOJHAJCKTPOJIMUTAA MAaKpPOHWOH Je0 Kapaimra acoc
oynanu.

OxkuMaa, SPHM TPaJWEHTIM MalJOHJa MaKPOMOHJIAPHUHT CHJDKUIITUHH
Ypraaum OYyiinua TagkUKOTIap “KOHYC-CHPT  sSUEHKadul peoMeTp KypuiMacuaa
yrkasunmu. bBymnma [leGaii kputepusacu C[n]<0,5 Oyiimua X3 HEH 2%
CH;COOH:H,0 Ba ®b ©wum HCOOH:H,O (1:1) pgaru cCyroJaTUpHUITaH,
kouuenrpauusicu C = 0,25 r/m1 6yaran spurmanapu kymtaauiaau. 25 °C sa 50 °C
7a YTKa3WiIraH PEOJIOTHMK TaJAKUKOTIAp HaTWXKalapu | - pacMaa KEeITHPHITAH.
CumkdI Te3MUTuHUHT () CHIDKUIT KywiaHumwra (o) OoFiaHuil Tpaduru Srpu

YU3UKIU OYI10, HOHBIOTOH OKUMIa XOCAHP. YHAa XapOpaTHU OIIMIIY OMJIaH STpU
YU3UKJIAPHU CUDKMUII KYyWIAHWIIMHUHI KUYUK MHUKIOPJIAPY COXACUTA CHIDKHILU,
CWDKUII  TE3JINTMHA  OWIWIIM, SbHUM  MAKpPOHWOHJAPHU  MHIPALUSICUHU
KaJaJUTAIINIINA Ky3aTHITaH.

0 50 100 150 200 250
o, Ila

1-pacm. Cuiikum Te3Turuiu () CWIKHII KywIaHumura (o) 0OFJIaHMIIN

1- X3+ 2% CH3COOH : H,0 (25 °C) 1* - X3 + 2% CH3COOH : H,0 (50 °C)
2* - @B + HCOOH : H,0 (1:1) 25°C)  2- @B + HCOOH : H,0 (1:1) (50 °C)

DnexTp Kywiapu TabCHUpHUIA CYIOKJIWKIArd HOHJIAp Ba MaKpOWOHJIAPHU
KyTONap (9NeKTpoasiap) TOMOH CHDKHUIIHM, YJIAPHUHT MycOaT Ba MaH)wHii
BaJICHTJIUTHTA (Zi), paauyciapu (I;) yruamura, 3apsau (Qi) Ba 3apsmiap conura (N;),
AJIEKTp MalaoH KyuiaHrawaurura (E), xapoparura (7) Ba KoByHiokjiurura (7)
oormukaup. VMloHnapau, IyHUHTIEK, MAaKPOMOHJIAPHH JIEKTP MalIOHUIA CHIDKHUIIT
Te3naHuIn 3eKkTp KyunHuHr (F,,) mmkamanum kyuwura (F,,) TeHnmamrysuda
IaBoOM dTagy, sipHu F,, = F,,, YOy Kyunap Kyluaaruda nudoganaHaim:

DIeKTp Ky4u F,=zeE (1)
Crokc Kyun F... =67nru, (2)

Oy epaa e — 3JIEKTPOH 3apsiv; 77— MyXUT KOBYIIOKJIUTH; U; - HOH XapaKaTJIaHUILIN
(CMIKUIIN) TE3TUTH.
bynnan 67znru. = z,eE (3)
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YOy (3) TeHrnukHU WKkana ToMoHuHM E/F ra 6yncak xamaa mycOatr Ba
MaH(pUH 3apsayiap COHM TeHT Oynranna £ = [ OynummHU WHOOATra oJicak, yHJa
Ui/E aucoar U; 1e6 onmmHaau. Hatmxkana Kyhnaaru udoia Keamd YuKaiu:

67nr, (u,F ) =zeF (4)

Oy epma F — ®apaneii conm; UjF - xymaiiTMa 3J€KTp MaloOHWIA HOHJIAPHUHT
XapaKaT4aHJIUTHHY, STbHU CUIDKUIIMHN (A, ) ndonanaiiu:

4y = (z,eF) | 6, (5)

Yoy (5) ndona HOHTAPHUHT CIDKUIIUHA (A ) MyXHUT KOBYIIOKIUTH (77) Ba

noHmap pamuycura (Ij) TeCKapu MPOMOPIIMOHAT dKAHIMTUHHA KypcaTaau. DIIEKTP
MaWJIOHH/Ia HOHJAp CWDKUIINAA YJIAPHUHT pagUuyCIapyuHU Y3rapMacilIuTHHU
uHOOATra OJICaK, yH/JAa HWOHJAPHUHT CHIDKUIIM KOBYIIOKJIWKHH (DYHKIUsICUTa
alylaHaau.

bynra OunHoan (QuUOpOMH MaKpPOMOHJAPUHHUHI  JJIEKTp MalJoHHIA
CWDKUILIWHU, ShHU XapaKaTilaHWul Te3NuruHu (U) Toxk kyuu (l) Ba spUTMaHUHT
KOoBymokurura (n) 6ormukmura (6) dopMynnacu Oylinda XUCOOTaHIN Ba TaXJIHII

KWJTUH/TH:
u, =q/6znR, (6)
6y epma = It ; Ri- makponon paguyen <R°>"° =1/6 <h?,>"? Ba ynma <h®> =

2
NA® udona acocuna anuknanau. N - cermenTiiap conu, A - CerMeHT y3yHaur, h -
MaKpoOMoJIeKyJia yunapu opacuaaru macoda. ®ubpoun makpononnapu yuyH N =
10, A= 106 M n1e6 onmHIM Ba XUCOOJIAIl HATHXKAIApH 4-pacMaa KeITHPHUITaH.

16
12 -

8: ././' -2
4 O/O/o
0

u, m/c

2-pacm. Typiau KOBYIIOKJIUKJIU () JpuTMaIapaa ¢pudpoun
MAKPOHOHJAPHMHUHI XapakaTjaaHnum te3auruHu (U) siektp Tokura ()
ooraukaurn: 1 — 30 Ila.c; 2 — 17 Ia.c; 3 — 10 Ila.c.

OnekTp  MaWIoHMJAa  TOK  KYYMHHM  OIIMIIA  MaKpPOWOHJIAPHUHT
XapaKaTJIAHHUIIUHA TE3JAIINIINTa Ba aKCHHYA KOBYIIOKJIMKHUHT OIMMO OOpHIIN
MaKpOMOHJIAP CHJDKHUII TE3JIMTMHU YU3UKIN Tap3/1a TMacaluiimra oju0 KeIHIn
aHUKJIaHTaH. ByHunr acocuaa ¢bubpoun SPUTMACUHHUHT TypJiv
KOHIIEHTpALMSIapra MaKpPOUOHJIAPHUHT 3JICKTP MAWAOHU TabCUPHUOA CHUIIKHUILIN
Ba XapaKaTJIAHMII TE3NUTH KYypcaTuO OepuiraH.
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XuTo3aH Ba (PUOPOMH MOJNMAIIEKTPOIUT SPUTMATAPUAAH MAKPOUOHIAPUHU
MOHJIAp CHUHTapH 3JIEKTPOJ CUPTUAA SJIEKTPOKUMEBUHN TUKIAHUIIN PapageiHUHT
aekTpoin3 KoHyHura (m=KIt) OwHOaH TanKMKOT KWIMHTaH. THUKJIaHHUII
ANEKTpoaU cudaTua MHC Ba TUTaH IUTACTMHKANAp KYJUIAHUIIU. ODJIEKTPOIIU3
*KapaCHUHM  ONTHMMAall  MIAPOMTHUHU  aHUKIam  OYiuWya  TaaAKUKOTJIap
ANEKTPOKUMEBUNA THUKJIAHUIIHK TOK KyuyuHuHr | = 4 — 8§ MA nuamazoHunaa
caMapany pyi Oepuinm KypcaTrad. TaIKuKOTIap YTKa3WIa 3JICKTPOJIAPHUHT
ANEKTPOIMU3JIaH OJIIMHTU (M) Ba KelumHru (M;) Maccaiapu aHaJUTUK TapoO3ula
+0,0001 r anukyukna yadanrad. CYHT ynap opacugaru ¢gapkmap Am = m; - my
aHukJanrad. Hatwxkanap 2-xaaBania KeITHPUITaH.

2-5KaaBaJj
MaKpOUOHIAPHUMHT 3JICKTPOJIAP CUPTHAA TUKJIAHUII HATHKAJIAPH

Muc nnacTuHKa -3JI€KTPo TuTaH nacTuka - 31eKTpos]
Hamyna
1 MA 4 MA 8 MA 1 MA 4 MA 8 MA
X3 maccacu, AmM, T - 0,091 0,102 - 0,082 0,098
®db maccacu, Am, r - 0,092 0,105 - 0,084 0,102

DJIEKTPOKMMEBUN THUKJIAHMII XKapa€HUTra XapOpAaTHU TABCUPHUHU YPTaHMII
Ba AJIEKTPOJ CUPTHJA OHOMOIMMEpP KOIUIaMa MIAKUIAHWIIMHU BU3Yyal Ky3aTHII
MaKcaguia JJIEKTPOJIM3 KYpUIMACH SYEHKACH TEPMOCTAT Ba YJIBTPAMHUKPOCKOII
OujlaH TaKOMWUIAIUTUPUITaH. YHUHT [pPUHOUOMAT  4M3Macu  3-pacMja

KCIITUPHJITaH.
R —3nexkTpo/u3 siyeiikacu (Luuma peseppyap):
1 - TepmocTaTIOBUM KOOUK;
2, 2* - KkBapll IIUIIa TyWHUKIIAP;
3 — MarHUTJIM apajalmTHPTUY,
4 — MONIMAIIEKTPOJIUT IPUTMA;
S — OKCHJUTaHMII AJIEKTPOo U (Tpadur);
6 — TUKJIaHUII AIEKTPOJH (TUTaH, UMIUIAHTAT);
7 — apanamTuruy Taékua;
8, 8* - TepmocTatra ynaHuil Haifuacu;
1 9 — repmomerp.
L 8 Busyas Ky3aTuil TH3UMM:
11 — moHOXpOMaTOp;
12 — ynpTpaMukpockon.
DJeKTP TU3UMM:
E — moumuii Tox MaHOAau;
V — BOJIBTMETP;
A — MWJUTMAMIIEPMETP.

[e
o

=__-1--0

—
@d

[

]
a0
x

3-pacm. TakoMULIAIITHPUWITAH
3JIEKTPOJIN3 KyPHIMACUHUHT
NPUHIUINAT YU3MACH

bynna suetikagarn (R) momumanexktponut sputMmara (4) OKCHAJIAIL 3JIEKTPOIH
rpadut Taékya (5) Ba TUKJIAHUII MEeTaJ 3JIEKTpoau (6) mapasuien Tap3aa opanuru 1
CM 9TUO BEpTHKAJb KoWnamTupuirad. Sueiika koourura (1) Haituanap (8 Ba 8%*)
OpKaJIU TEPMOCTATIOBYM CYB IOOOpHMO TypwiraH Ba SPUTMAHUHT XapopaTH
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tepmomeTp (9) épnamuaa Ha30paT KWIMHIaH. BepTukaib Tap3ia spuTMara TyIirad
MoHOxpoMmatuk Hyp (10) &Epurran »JEKTPO CHUPTHU TOPU3OHTAIL Tap3ia
YpHatunran wmukpockon (11) opkamu ky3arwirad. by  ynbTpaMukpockorn
NPUIMINAA  IeKTpof cuptd Kammumurumax 10'm - 10°M  guamasonumarn
KOIUTaMasap XOCUJI OYIUIINHY TaJKUKOT KUJIUII UMKOHUSITUHA OepraH.

Ymly Takommmmamtupuirad Kypuiamana nactiad X3 uuar2% CH3;COOH
naru Typiu koHueHTpauusuii sputmaiapu (C = 0,04 + 0,5 r/n1) y4yH, CYHT YHUHT
yukanbinii pochar (YK®) ty3u nonnapu 6mnan 1:10 Hucbataaru apanammanapu
VYYH AJIEKTPOKUMEBHUNA TUKJIAHUII aMajira Omupuiarad. Tok KyduHuHr | = 2+ 8 mA
JIUana3oHuJaru TYypiau MHKIOpJjapujia 3JieKTponu3 skapaéuunu t = 1-16 coar
naBomuga yrkasuiaran Ba Kammaiurd  0,1-15 MxM  OynraH  Koriamaniap
MIAKJUTAHTUPUIITA SPUIIWITAH. DpUTMaJa HOHJIAp Ba MAaKpOMOHJIAPHU JIIEKTPOT
TOMOH CWJDKUIIMHH KaJAJUTAIITHPUII Ba 3JCKTPOJIHU3 >KapaHUHH TE3IAIITHPHII
yuyn Ttaxpubazap 50 °C ga omub OopmiraH Ba HATIKAIA OSJIEKTPOKUMEBHI
TUKJIAHUII KapaCHUHU 2 Gapabopra Te3Jalluiiy Ky3aThiraH.

M Crexp 25
Bec% o
0 537

=HO

Ca

P

1. 76!
Na 0
Fe

TgE=~og

4-pacm. TuTan njacTuHka cupTuaard Komjamanuur ZIESS SEM
TacBUpJapu: a - 24-cnektp; 0 - 25-cmekTp; B - 26-cHeKTp
bynpaii HaTmkanapaan Oupu TOK Kyud 4 MA Ba 3JIEKTPOJIM3 BaKTH § coaT
Oynranna, TUTaH TJIaCTUHKA cuptuia X3 Makpouonsapu Ba YK® monmapuHuHT
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50 °C nma 2JeKTPOKMMEBHI THKIAHHO XOCHII KWIraH KomlamacuHuHr ZEISS
SIGMA SEM 500 tracBupiiapu 4-pacmaa Keatupwirad. Tascupaa, Oeiaruiaanrad 3
Ta TaBCcU(IH, s’bHU TUTaH TulacThka (cekTp 24), YK® (cnektp 25) xamaa X3 Ba
YK® apanammacura (cnektp 26) Terunuin coxanap AZtec AacTypu BocUTacuia
CHeKTpan Taxjwi KuiuHran. Hatwxkamap 4, a, 0, ¢ — pacMaa HUCOUN UMITYJIbC
KYBBaTHHHMHT (MMII/CEK/3B) OepwiraH KyBBaT (9B)ra OOFJIUKJIMK CIIEKTpJIapu
KYpPUHUIIIN/IA TaBCUpJIaHTaH. byHall criekTpanb TaxIidid HaTKanap Korsiamazia
aCOCaH XMTO3aH Ba YYKaIbIMH (PochaTHUHT FIEKTPOKUMEBUN THKIAHTAHIUTHHU
Kypcataau. byHaal Kypcarruwiap KoOIUIaMajJa acOCaH XMUTO3aH Ba YUKAIbLIHMMN
dochaTHUHT SIEKTPOKUMEBMIA TUKIAHTAHIUTUHUA KypcaTaau. by Hartmxkanap
KOMIIO3UIIMOH  KOIUlaMa  INAKJUIAHTAHJIWTH  TacAUKJIaWAW, yjap KoIliama
XUTO3aHHUHT OMOMOMMIUIMTA Ba OMOGaOJUIMINTH XHcoOura (u3MK-KUMEBUN Ba
O61oTHOOMI XOccanapHu SPKUH HAMOEH KWW MyMKUH.

[lynnait  kuianb, TaKOMWUIAIITUPWUITAH  JJIEKTPOJIU3  KypujiIMacuja
OMOMOMHMI MaKpOHWOHJIAP Ba MOHJAPHHU OWUPTalMKIa AJIEKTPOKUMEBUN TUKIIAHUIITN
acocu/ia KOMIO3UIIMOH KoIUlaMajap MIaKUIAHTUPUIIT UMKOHUSITIIADUHU KYpcaTuo
Oepuiras.

Huccepranusinu “MaKpOHOH-HOH apajianiMacuIaH OMOMOMIII
KOILUIAaMAJIap IAKVIAHTHPWINIIN HOMJIM TYpTHHUM OoOuna dubpoun (Db)
owonomumepr Ba yukanblmii ¢ochar (Cay(POy)s) Tysman HCOOH:H,O(1:1)
DPUTYBUMCHA TalpiaHraH HpuUTMa Ba apajaliMalaphiaH MaKpOHWOHIAp Ba
WOHJIApHU TYpPJIM IIAKIUIA Ba penbediu 3JeKkTpoasiap (MMIUIaHTATIap) CUpPTUA
ANEKTPOKUMEBUIA  TUKIIAHWIN XYCYCHSATIApH, KOMIIO3UT MHKpPOKOILIaMajap
MAK/UTAHTHPUIITHAHT  ONITUMAJl  IIIAPOMTIAPH, CTPYKTypacH, MOPQOJIOTHK Ba
bu3uK-kUMEBUIM TaBcUGIApUHU aHUKJIAN OYyinya TaAKUKOTJIAp HaTIXKalapH
MyXOKaMa ITHJITaH.

®b - HCOOH:H,0O (1:1) sputmacuman (C = 0,25 r/m1) MakpouOHIapHU
ANEKTPOKUMEBUN TUKJIAHMIII aCOCHAa MUKPOKOIUIaMaiap MIAKIUTAaHTUPUIIHU 25—
50 °C pmamasoHupa amajira OINMPHUIN YYyH HOMMHH TOK Kyud 2 — 8 MA
MHTEpBaINAa OYIUIIN Xamaa 31eKTposin3 xkapaéuunu 0,5—10 coat 1aBoOM 3TTUPHIL
KepaKJIMTU aHWKJIaHraH. Yoy »spuTMmara yuykaneluii ¢ocdaT Kymuiarasia
KOMITOHEHTJIAp HUCOATHHUHT MabJiyM OWp Juana3oHW]a MaKpOWOHJAp Ba
WOHJIAPHU OMpTaIvKaa dJIEKTPOKUMEBUH THKJIAHUIIH Ky3aTHIITaH.

Komnama namynacuau 50 °C ym ®b:Cay(POy)3 (1:10) apanamvacugan 4 MA
TOK Ky4d TabCHpHUIa 4 cOaT aBOMHUJA MAKIJIAHTUPWINIIN YIbTPAMUKPOCKOITHK
Ky3aTWITaHAa, DSJEKTPOJ CUPTUHM OHOMOJMMEp KaTiaMu TYJIWK KOTUIAIINTa
AICKTpONHN3 kapaCHUHT AacTiaadku 30 MUH Ja amanra omwuimu Ba 60 MUH JaH
KEWHMH KOTIaMa MUKPO KATWHIIUKKA DPUILTUIITN aHUKJIAHTaH.

Kuécuii ky3arysnap ®b:Cay(PO,); Hucoatn 1>10 na Koruiama aesipiiy Oup Xut
Tekuc Ba HUcOaT 1<10 Oynranma >JaeKTPoJl CUPTUIATH KOoIJlaMaaa TapKuOu KYTIPOK
Ty3 MOHJapuAaH nOopaT KUCMIIap maiao OynuimHn Kypcarrad. byHnait dapkinapau
titad 1iactuHka cuptuga ®b:Cay(PO,); Hucbatn 1:10 Ba 1:20 Oynranma sIKKOI
HaMOEH OYnummHM udoaanoBun SEM TacBupiap 5-pacMjia KeITUPUIITaH.
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Gl
10 MmKMm

a)
5-pacM. TuTaH NJIACTHHKA CHPTAArd Komamajgapuuar SEM TtacBupaapu:
a- ®b:Cay(PO,)3(1:10); 6 - Db:Cay(POy);3(1:20);

1 — TuTaH mIacTUHKA —3JICKTPOA; 2- MAaKpOHOHJIapHU HUOHJIAP omian 6I/IpFaJ'H/IKI[a THUKJIAHI'aH
KOIlJIaMacH; 3 — KOIUIAMHUHT HUCOATaH KaTTa MUKJIOpJiap/ia TPUKAIbIUH Gocdar HOHIapHUHUHT
TUKJIAHUIIHU TAIIIKWUJI DTraH KUCMU

KoIjlamajgap TapKuOui »dIeMeHTIapu 3-KaJBayija KeNTUPWIraH Ba YOy
Hatwxkanap ZIESS (SEM) snekTpoH MUKPOCKOTIMK TacBUpJapHu AZtec TacTypu

3-KaaBaI
@b Ba Ca,(PO,); acocuaarn KOIJIAMAHHHT 3JIEMEHT TAPKHOH
meMenT ®B:Cay(POy)s (1:10) | ®B:Cay(PO,)3 (1:20)
Komnamana anementinap Mukaopu, %
C 11,12 4,25
O 36,44 33,59
N 6,22 2,35
P 8,04 12,71
Ca 15,85 25,52
Ti 21,58 21,58
Kamu 100,00 100,00

BOCHTACHJa CIIEKTpajd TaxJIMJIW acoCHaa aHWKJIaHTaH. YOy HaTHxXaiap
Koriamaza ¢GuOpoMH MaTpulla Ba yUYKaIbIMN HOHJApPH TYIAUPYBYM cudatuia
WINTUPOK JTraH XaMJa TUTaH CHPTUJA KOMIIO3UT KOIUIaMa MaTepual
MaK/UTAHTaHJIUTHHY KYpcaTraH.

®b Ttonmamapu HCI kumcnoracwma rumaponu3 KuiuHranga 5 -10 MxMm 1w
¢ubpoun (db,) mukpozappauanap xocun OynraH. MukpozappadaiapHu FOKOpHU
napaxkaga KpUCTaUI TY3WIMINTa dra OYJIraHjgurd yJapHU dJIEKTPOJIu3a
kymwranaguran HCOOH:H,O (1:1) spuryBunma, xarro xapopar 50 °C Gyaranma
xam ospumaciuruan kypcarrad. by xomar HCOOH:H,O (1:1) sputyBumcuna
taiiépnanran  ®@b,:Cay(POy); (1>15) cycneHsuscuaaH 3JEKTPOJIU3  YCYyIuaa
MHUKpO3appavyaid KOMIIO3UT KOIJlaMa MIaKJUIAHTUPHUIIT UMKOHUHU OepraH. byHUHT
MoXuATHHU  aHMKmam  Makcaguma Db:Cay(PO,); (1>15) opurmacu Ba
@B,,;:Cay(POy); (1>15) cycneH3uscMHM KHECHH TaKKOCIAIl —TaJKUKOTIApH
yrkaswirad. bynma Tok kydm 4 MA Ba xapopar 50 °C Tamkwi 3TraH xamjia
ANEKTPOIU3 4 coar JaBOM JTraH. Slccu TUTaH TUTACTMHKACH CHUPTHJIA MIAKJUTaHTaH
KOMMO3UT Komiama SEM TacBupiiapu 6-pacma KeITUPUIITaH.

16



6-pacm. Komno3ut komsiamanap SEM tacBupiiapu:
a -®b:Can(PO4)3 (1>15); 6 —DB,,;:Caz(PO4)3 (1>15)

bynna xap MKk HaMyHaHUHT MOP(OJOTUSCH KOMIO3UTIApTra X0c, aMMO yJap/a
daprmap Mapxya. DB:Cay(PO,); (1>15) cycneH3wsaH IIaKILIAaHTHPUITaH
KOMIO3UTAa KyspaHr kucviap @b ra Ba oxum panriu kucmiap Cay(POs); ra
terunuid  OynuO, OyHmail QapKiIaHUIl MaKpOWOHJAp Ba HOHJIAPHHU DJIEKTP
MalIoOHU1ard MOOWJUITUTH Ba AJICKTPOKUMEBUNM TUKJIAHUIIU OWJIaH OOFIUKIUP.
®b:Cay(POy); (1>15) HM SICKTPOKUMEBHMIA THKIIAHHMIIN HATHXKAcCHIa CHPTAA
MUKpO3appadyajd KOMIIO3UT IAKJUIAHTHPUII UMKOHWUHU Oepran. TaxpubOanap
MaKpOMOHJIAp Ba HMOHJAPHHU 3JIEKTPOKUMEBHUI TUKIAHUIIUAA 3IEKTPOJIAPHUHT
CUPTHUHH penbedu, SbHU MHUKPO- Ba MWUIMMETPJIM VI4amiid — Faaup-
OynupiuKiIapHd OYiIMIIM MyXUM pOJb  YHHamuMHU  KypcarraH. YyHku
MUKpOYIIYaMJIM  Fagup-OyAupiuKiIap  3JeKTpoin3  Tydailm — Korwiama
MAKJUTAHTUPUIIUIINAA TYIUO CHUJUIMKJIAHWIIA MYMKHH Ba OYHHMHI HATHXKacuaa
KOIJIJaMa CUPTTa siHaJa MycTaxkam OOFJIaHUO KOWITAITUIIIMHY KYpcaTraH.

[y wMakcammapaa »s7eKkTpod cudartuga CTOMATONUK €KW OPTOIMEIUK
“mrudT” 7map, SHHU pe3danu WMIUIAHTATIAp KYJJaHca, pe3daiap opajapu Ba
KUppaiapua KorjiamMa KaJluHIUTU, TapkuOu Ba MOPQOJIOTHUICH Typiiryda OYIuImm
MyMKUH. ByHnai HaTroka pe30anu T umiutantata cuptuga Ob:Cay(POy); (1:10)
apanammMacuIan OHonojauMep KoraManapad 4 MA Tok kyun tabcupupa 40 °C
xapoparna 4 coar JAaBOMHUAA MIAKIUIAHTHUPHUINIA SKKOJI HaMOEH Oyiuim
Ky3aTwiraH (7-pacm).

EHT = 10.00 kW Signal A= SE1 Date :11 Aug 2017
WO = 85mm Photo Na. = 1811 Time :17:47:48

7-pacM. buonoyimMep KomiaMaau pe30ajau TUTAH THII MMILIAHTATH
cupTunuHr SEM racBupn

Cupt ©b:Cay(PO,); Omitan KomiaHTaH pe30air UMILUIAHTATIIApHU Taikaiap,
pe3rHa Ba TulacTUkiapra “mrypymn” cudaruma Oypad KupHTUITaHIA KOTUTAMAaHH
cakiaann0®  komumm  Ky3atwigd.  ®Pb:Cay(PO4);  TapkuOHUHT  OHOMO¥HI,

17



ouodaomnury, y OwWIaH KOIUIaHTaH pe30anu HWMIUIAHTATIapHA OHOMOMHIL,
o6uodaon marepuan cudarrma CTOMATOJIOTHS Ba OPTOMEAMS COXAacHIa KyJularl
UMKOHUATUHU Oepaau. DUOPOMHHUHT MOJIEKYJSAp AUCHEPC TU3UMHUHU, SHHU
MOJIMMEDP SpUTMANApUHM Taiépiamaa keHr Kyswianaauran 2,5 M LiCl-IIMO®A
sputyBuncuaa 50 °C ma 5 coar ymwiab TypuiraHaa KoIulaMaaa CTPYKTypaBHid
y3rapumnnap pyi 6epmaran. lynunrnek, Cokcier anmaparuja 48 coatr n1aBoMua
CYB Ba 3TaHOJ MyxuTHia KaiHartuiragaa (80-100 °C) namyHaga Gpusnk Ba (HH3MK-
KUMEBUN y3rapuuuiap JIespid Ky3aruwiMaraH. HamyHaHuHr nactiaOku Maccacu
(Mg) Ba roBuwIraHmaH KewuHru maccacu (M;) Vpragaru dapk Am= mg - My =
0,00012 r Tamkui 3Trad. by xonar Koruiamany UMIJIaHTaTHH OMOMOWMIT MaTepuall
€ku BocuTa cudartuga amMaaMil KYyJUlamaa, CTepeu3aius KWW SKAIIHI
MyaMMoJiap KeATUpuO YUKapMacIuruHU KypcaTajy.

Komnamanu wumruianrarra TaOWHMii OSKCTpeMallb I[MAPOUTHUHT KECKUH
TabCUPU aHUKJAIl XaM MyXuM XxucoOmanaau. bynpail Taxkpubanap KoriaMaiu
WMIUIAHTAT HAMYHaHU | oW JaBOMMA, UIOJIb OMKJIA KY€l HYpU TabCHUPHU OCTH]IA
yliab TypuIl Ba Hapajulell Tap3jia sHa myHaai 6up HamyHnanu mysiaarruaga 0 °C
JaH macT xapopatdaa | ol gaBoMuja cakjiad TypHIl acocuja YTKa3WIIH.
[[lynuHraek, KoriamMald MMIUIAHTAT HaMyHallap XOHAa Imapoutuaa | HunjgaH
OpPTUK MY/JIaT[a yluiad Typwiranja XxaM Koruiamaaa xKuaauid GU3uK Y3rapuiuiap
pyil OepMaratJIiuru aHUKJIaHIH.

XVYJIOCA

«INEeKTpOoIIn3 ycyauaa OroMoMNuMII MOJIUMEP KoIJlaMalapHu
IIaKJUTAH TUPUJIHIINY MaB3ycuaa dancada moxktopu (PhD) nuccepranuscu 0yiinya
o6 6opwIran TaAKUKOTIap HaTWXKAcKIa KyHuaaru Xyjaocaiap TaKIuM dTHIIIH:

1. Unak ¢ubpounnu 2,5 M LiCl-IM®PA na Ba xurozanau 2 % CH3;COOH
Jard  TOJHMRJIEKTPOJIUT  APUTMAJIAPUHUHT  TUIAPOJMHAMUK, PEOJIOTHK  Ba
MOTCHITMOMETPUK  TAIKUKOTIApW  YTKA3WauO,  MOJICKYJsIp  Maccanapu
(Mg5=295000, Mx3=130000), okuM dYerapaBuii KywlaHHILIAPH (Coq)op = 20-30
[Ta Ba (Opu)x3 = 10-15 Tla xamma HMOHOTEH TYPYXJApPUHUHT 3JICKTPOKUMEBHI
skBUBaJIeHTH (amuH k = 0,62 mg/Kl, kapookcui k = 0,46 mg/K1 ) anuknanras.

2. buonomumepiapHuHT AIIEKTPOKUMEBU TUKJIAHUTITA acocuaa
MMITIAHTATJIAp CUPTHIA OMOMOMIII KOIIaMasiap XOCWJI KWJIUII Y9yH DJIEKTPOJIH3
KypWIMacH TEPMOCTAT Ba YIbTPAMHKPOCKON OWJIaH TAKOMWJUIAIITHPHITAH XaM/a
TYpJIU KaJTUHIMKIA KoTuTamMaliap IIaKUIAaHTHPHII Jkapa€Hu Ha30paT KUJIHMHTaH.

3. TakOMHJUTAIITHPHIITAH DJIEKTpoiau3 Kypuiamacuaa 50 °C mga Ouomonumep
koHueHTpamusicu 0,04 — 0,5 r/an1 nuanazoHja, TOK KyduHu 2 — 8§ MA WHTepBaJIiIa
Ba JJIEKTPOJU3 BakTUHU 1 — 16 coaT opanuruaa amanra ommuprad xoiaa 0,5 - 15
MKM Oyiran Ouomoiini Ba 0nodaos KoriaMasnap MaKIAHTHPHUII UMKOHUSTIAPU
KypcaTub Oepwiran xamaa >kapaéHHUHT ONTUMAJl TapaMeTpIapy aHUKJIaHTaH.

4, TagkukoTinap HaTwxkacuga (puOpouH Ba yukanmbluuii docdar acocuaa
pe3bany TUTaH WMIUIAHTATIAp CHUPTUAA TypJd KaJWHJIMKAA OHOMOMHI
KoIJlaMasap Ba KOMIIO3UT KoIlaMasap MaKJIaHTUPWITaH XaMa TP MyXUTaap
Ba TallIKU (PU3UK-KUMEBHUI TabCHUPJIAP OCTUIA Y3UHUHT OapKapOpJIMIMHU Cakiad
KOJIUIIIM aHWKJTaHTaH.
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Tema aucceprauum aoktopa ¢unocopuun (PhD) 3apermcrpupoBana B  Bbicuiei
arrecraunoHHoii komuccun mnpu KaOunere MunuctpoB PecnyOnuku Y30ekucrtan 3a Ne
B2021.2.PhD/FM247

Jluccepranus BbInoHeHa B HalmoHaIbHOM YHHBEpCHTETE Y30€KHCTaHa.

ABropedepar auccepTalMd Ha Tpex s3blKax (y30€KCKOM, PYCCKOM, aHIJIMACKOM (pe3toMe))
pa3merieH Ha BeO-crpanuiie Hayunoro cosera (polchemphys.uz) u undopmannonro-o6pazoBaTeIbHOM
moptaine «ZiyoNET» (www.ziyonet.uz).

Hay4yHblii pyKOBOAMTEJIb: XoaMyMHHOB AOaya(aTTo AXaTOBUY
JOKTOp (PU3UKO-MaTeMaTHIECKUX HayK, Mpogeccop

O¢unuanbHble ONMOHEHTHI: HNuaramoB Co0urt SAxyo6:xaHnoBUY
JOKTOp TEXHUYECKUX HayK, mpodeccop

Hypranues Uinap Hakunosuu
JOKTOp (PU3HKO-MAaTEMaTHYECKUX HAYK

Benymas opranusanus: Hamanranckuii rocyapcTBeHHbI YHUBEPCUTET

3ammTa IMcCepTaIllui COCTOUTCS «_ » 2021 roma B 9acoB Ha 3acemanuu HayuHoro
cosera DSc.02/30.12.2019.K/FM/T.36.01 npu HHCcTHTyTe XMMHU ¥ (PU3UKK TOJIMMEPOB IO aapecy:
100128, r. Tamkenr, y1. A6aymia Kagsipu, 7°. Tem: (+99871) 241-85-94; daxc: (+99871) 241-26-61, e-
mail: polymer@academy.uz).

C nuccepranmeil MOKHO 03HAaKOMHTECS B MIH(QopMannonHo-pecypcHOM neHTpe MHCTUTYTa XMMUHN
n (pm3uKu TONMMMEpPOB 3aperucTpupoBaH _ HomepoMm). (Ampec: 100128, roponm TamkeHnrt, ynuia
A6xymia Kageipn, 7°. Te: (+99871) 241-85-94).

ABTopedepar auccepTanyy pa3ociaH « » 2021rona.
(mportokon pacceuiku N« » 2021 ropga).

C.II. PamugoBa

Ipeacenarens HAy4HOTO COBETA

O TIPUCYXKICHUIO YUEHBIX CTETICHEH,
II.X.H., mpodheccop, akaIeMHUK.

M.M. YcmaHoBa

CekpeTapb Hay4yHOI'O COBETa

10 IPUCYXKJICHUIO YUEHBIX CTEIEHEH,
K.(p.-M.H., CTapmIHii HAyYHBIH COTPYAHHUK

C.C. HermaToB

[Ipencenarens Hay4HOro ceMHHApPA
IIPU HAYYHOM COBETE

10 TIPUCYKJICHUIO YUEHBIX CTETIEHEH,
I.T.H., Ipoheccop, akaieMHK



BBEJIEHUE (annorauus nucceprauuu gokropa (PhD) ¢puiocodpun)

AKTYaJIbHOCTh H  BOCTPe0OOBAaHHOCTb Tembl auccepranum. Ha
CETOHSIIHUM JIeHb 0c000€ BHUMAHUE VYICHSAETCS M3YUYEHUIO TOBEIACHHUS
OMOTONIMMEPOB B DJIEKTPUUYECKOM I10JIe, OCOOEHHO, (HOPMHUPOBAHUIO (DYHKIIHUO-
HaJIbHO-aKTUBHBIX TOKPBITUM HAa OCHOBE 3JIEKTPOXMMHUYECKOTO BOCCTAHOBIICHUS
MakpoMOHOB. B 3ToM acmekTe mnojyuyeHHe OHOCOBMECTUMBIX IOBEPXHOCTHO-
AKTUBHBIX TOJIMMEPHBIX TMOKPBHITUM PA3TUYHOTO HA3HAUYCHUS HA MOBEPXHOCTH
ANIEKTPOJ-UMILIAHTATOB pa3iuyHOW (OpMbI H penbeda, OmNpeAesieHue HxX
CTPYKTYpPhl U CBOWMCTB, a TaKyK€ BO3MOXKHOCTH MPAKTHUYECKOTO MPUMEHEHHUS
SIBIITFOTCS aKTyaJIbHOM 3a/1adueil (Pr3UKH IMOJTMMEPOB.

Hacrosiiiee Bpemsi BeoylIUX HAYyYHBIX HEHTPAX MHUpA MPOBOJUTCS HAyYHO-
HCCJIEIOBAaTENbCKUE PA0OTHI, CBA3aHHBIE C IMOBEPXHOCTHO-AKTUBHBIX MOKPBITUN
METOJOM  IEKTPOJIM3a, T.€. NYTEM JJIEKTPOXUMHYECKOTO BOCCTAHOBJICHUS
MOHOTEHHBIX MOJIMMEPOB HA MOBEPXHOCTH JIEKTPOJIOB pa3InyHOi GpopMbl. B aTom
OYEHb BAXHO TMOJTyYeHHUE OHOAKTHBHBIX, OHMOCOBMECTHMBIX M O€30IMaCHbIX
MOKPBITUM, KOT/Ia BHIOUPAIOTCS MEAUIIMHCKUE UMIUIAHTAThl B KAU€CTBE 3JIEKTPOJA
BOCCTaHOBJICHUSI MAaKPOHOHOB.

B nameit ctpansl ocoboe BHUMaHHE yAENAETCs CO3AaHUI0 3(PPEKTUBHBIX
MEXaHU3MOB  MPAKTHYECKOM  peajau3allid  HAyYHbIX W  WHHOBAalIMOHHBIX
JNOCTHKeHHH. B  dacTHOcTH, moMydeHHE OHWOCOBMECTUMBIX MOKPBITHH C
MMOBEPXHOCTHO-aKTUBHBIMU CBOMCTBAMH Ha OCHOBE MECTHBIX MOJIMMEPOB SIBISETCS
OJTHUM W3 TIEPCIEKTUBHBIX HAy4YHBIX HaMpaBJICHUW COBPEMEHHOU (HU3UKHU
MOJINMEPOB M MaTepuajioBefieHus. Pa3BuTre HaydyHbIX MCCIENOBAaHUN B CTpaHe,
3aauu peann3auuu (QyHIaMEHTaNIbHBIX PE3YJIbTATOB HA MPAKTHKE OMpPEECICHBI B
«Ctparerus AercTBUs» nanbHelero pa3sutus Pecnyonuku Y3oekucrana. B atom
acrnekTe OOJIBIION HAYYHBIA M MPAKTUUYECKUNA UHTEPEC MPECTABISIET ONPECICHHE
BO3MOXHOCTU (POPMHUPOBaHUSI OMOCOBMECTUMOTO KOMITIO3ULIMOHHOTO TOKPBITHS Ha
OCHOBE 3JIEKTPOXMMHUYECKOIO BOCCTAHOBJICHUSI HOHOTEHHBIX OMONOJIMMEPOB CO
COOOCTBEHHON OWOAKTUBHOCTHIO HAa TIOBEPXHOCTH HMIUIAHTATOB METOIOM
anekTponu3za. [Ipu 3ToM nMeeT BakHOE 3HaY€HUE BHIOOP MECTHBIX OHOMOIMMEPOB
XuTo3aHa U GuOporHa, HE TPEOYIOIIMX CHEIUaIbHBIE XUMUYECKHUE MepepadboTKu
JUISL  DJIEKTPOJIM3a, OMNPEACICHUE TMPUHIMIUAIBHBIX  HAyYHO-TIPAKTUYECKUX
pe3yabTaToB HCCIEAOBaHUM st  3(PQGEKTUBHOTO PpErylvpoBaHUs Mpolecca
AIEKTPOXUMHYECKOTO BOCCTAHOBIICHHUS.

JlaHHO€ nuccepTalMOHHOE UCCIIEIOBAHNUE B ONPEICICHHON CTENEHU CITYKUT
BBITIOJIHEHUS 3a]1a4, MOCTaBleHHbIX YKa3oM I[Ipesunenta Pecnyonuku Y30ekucran
Ne V114947 ot 7 despana 2017 roga «O cTparerun ASHCTBUHN MO JalbHEHIIEMY
pasButuro  PecnyOnuku  V30ekucrtan» u  IlocranoBnenusimu  Ilpe3uneHta
Peciyommuku  V30ekucran Nelll1-3479 ot 17 smaBaps 2018 roma «O wmepax
YCTOMYHUBOTO OOECTICUCHHSI BBICOKO BOCTPEOOBAHHBIM MPOAYKIUSM U CHIPHEBBHIM
pecypcam octpacieit a3koHoMuKkd cTpaHbl’, NelIl[1-3983 ot 25 oktsa6psa 2018 roma
«O Mepax MO YCWICHHOMY pPa3BUTHI0O XHUMHUYECKOW MPOMBIIIJIEHHOCTH B
PecniyOnuke Y30ekuctan», NolIII-5032 ot 19 mapta 2021 roma «O mepax mo
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MOBBIIIEHUIO  KAayecTBa OOpa30BaHUSI W  COBEPIICHCTBOBAHUIO  HAYyYHBIX
UCCJIeIOBaHUN B 00JIacTU (U3MKU» a TaKKe APYTMMH HOPMATHUBHO-TIPABOBBIMHU
JTOKyMEHTaMu, IPUHATHIMU B JJaHHOU cepe.

CooTrBercTBHE  HMCCJICI0OBAHMS  NPUOPUTETHBIM  HAINPaBJICHUSM
pPa3BUTHS HAYyKM M TeXHOJOruil pecnyOauku. JlaHHOE HcCCIIeqOBaHUE
BBINIOJIHEHO 110 HanpasieHuto VII. “Xumudeckrue T€XHOIOTUHA U HAHOTEXHOJIOTUU
Pa3BUTHS HAyKU U T€XHOJIOruu PecryOnuku.

CreneHb U3y4YeHHOCTH MPOOaeMbl. Bo MHOTUX cTpaHax MUpa MPOBOIUTCS
WHTCHCUBHBIC HAy4YHBIE WCCJICIOBAHHUS 1O TPUMEHEHUIO U MPAKTHUYECKOMY
WCTOJIB30BAHUIO  OWOMOJMMEPOB B 00JacTU  MEIUIMHBL.  MHOXECTBO
ONyOJMKOBaHHBIX  pa0OT  TMOCBSIIEHO B OCHOBHOM  HCCIIEIOBAaHUSIM
akTHOAKTEpUAILHON aKTUBHOCTU OWOIONMMEpa XWTO3aHa. B HacTosiiee Bpems
JUISL pa3BUTHUSL JAaHHOW 00JiacTh OOJBINON BKJIAJL BHOCHJIM Hay4dHbIE IMIKOJIBI R.
Muzzarelli, C.A. Illomunoit, A.H. Choi, Ch.Sh. Gao u np. Cunemyer ocobo
NOAYEPKHYTh PE3yJIbTATOB HUCCICAOBAHUM TMOBBIIICHHUS THAPOKCHATIATUTHOMN
Ouope3opOIMKy XUTO3aHa, NMPUMEHEHUS €ro JJid aKTUBAIMd OCTEOMHTETpaluH,
onpeneneHus: OMOCOBMECTUMOCTH M BBICOKOW aHTHOAKTEPUAIbHOM aKTUBHOCTHU
KOMIIO3UTa THAPOKCHANATUT-XWTO3aHA, BBISBICHHBIX BEIyIIMMHU Yy4e€HbIMH R.
Murugan, R. Ramakrishna, H. Dong, O.M. Mugeiren, M.A. Baseer, R.R. Baena, S.
Rizzo, L. Manzo u ap.

B mnameil pecnyOnuke BHOCWIM OINPEACICHHBIA Hay4YHBIM BKJIAM JIs
pasButus naHHoro HanpasieHus C.IL. Pammpnosa, A.A. X0IMyMUHOB U JIpyTHE,
KOTOpBhIE€ pEe3yJIbTaTMHU CBOUX HCCIACJOBAHUM OMpEAEsiiin  MOJICKYJISIPHbBIC
XapaKTEPUCTUKU MECTHBIX OHMOIOJIMMEPOB XWTO3aHa H  (UOpOMHA, UX
OMOCOBMECTUMOCTH, OHMOAKTHUBHOCTH, OAaKTEPUIMAHOCTA U TOMY HOOOJHBIX
Ba)KHBIX CBOMCTB, UX MPUHIIMIIOB U OCOOCHHOCTEH MPOSBIICHMUS.

Jlo mpoBeneHust JaHHBIX MCCIIEOBAaHUMN MPAKTHUYECKH HE ObUIM CEPhE3HBIX
nyOnuKanuii Mo (QOpMUPOBAHUIO TMOKPHITHI Ha TOBEPXHOCTH JJIEKTPOJOB Ha
OCHOBE OHMOIOJIMMEPOB, O0COOEHHO, XHUTO3aHa U (uOpomHa. B manHOI paboTte
OCYILIECTBJIEHbl TMPUHIIMIUAIBHBIE HUCCIEAOBAHUS METOJOM 3JIEKTPOIM3a [0
dbopMHUpPOBaHNIO OMOCOBMECTUMBIX OMOAKTHUBHBIX KOMIO3UIIMOHHBIX MOKPBITHIA HA
OCHOBE OWOIIOJIMMEPOB HAa TIOBEPXHOCTH THUTAHOBBIX IUIACTUH U 3yOHBIX
uMIianTaToB. OOOCHOBAaHBI TEPCIEKTUBBI TOJYYCHHUS JAaHHBIX TIOKPBHITUH B
Pa3BUTHH 00JaCTe CTOMATOJIOTHHU U OPTOIEIUU.

CBsi3b IMCCEPTAIMOHHOIO HCCJIEJI0OBAHUSI € IUIAHAMH  HAYy4HO-
HCCJIeI0BATEeIbCKUX PAadoT BbICHIET0 00P03aBaTebHOI0 Y4Ype:KIeHUusl, Ije
BbINOJIHEHA Juccepranusi. JluccepramnroHHass paboTa BBHIMIOJIHEHA B paMKax
TIPUKIAMHOTO ITIPOeKTa MoJoAbiX ydeHblx KEA -10-001 “YcosepiieHcTBOaHHE
YCTAHOBKU W TEXHOJIOTUU (HOPMHUPOBAHUSI OMOAKTHUBHBIX CIOMCTBIX MOKPHITUN
(2016-2017 1r) ¥ TPUKIAAHOTO HAYYHO-TEXHHYECKOro mpoekra d-A-2018-033
“¥YCOBepIICHCTBOBAHNE METO/IA ANEKTPOCHMHUHITA MOJYYyHUSI HAHOBOJIOKHUCTBIX
HaHOIIOPUCTBHIX MaTepHaloB M3HATYPaJbHOIO IIEJNKAa M OTX0A0B xJjomnka” (2018-
2020 rr) B HarmmonansHoM yHUBepcuTeTe Y30ekucTaHa umMeHn Mup3o Yiayroeka.
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Ieabio uccaea0BaAHUS COCTOUT B OTIPECICHUN (PU3NIECKUX MPUHITUTIOB U
XapaKTepUCTHK (OPMUPOBAHUSA OWOCOBMECTUMBIX MOJMMEPHBIX TOKPBITUHA Ha
MIOBEPXHOCTH METAJUIOB METOJIOM SJICKTPOJIH3A.

3ajgauu uccJIe10BaAHUA:

OTIpE/IeTICHNE MOJICKYJISIPHBIX XapaKTEPUCTHK OMOTIOIUMEPOB XHMTO3aHA H
¢ubponHa, TakKe CBOWCTB UX B KAU€CTBE MAKPOUOHA B MOJIMAICKTPOIUTAX;

ONpENENICHNEe OCKICHUS H  DJIGKTPOXUMHUYECKOTO  BOCCTAHOBIICHHSI
OMOMOIMMEPOB HA TOBEPXHOCTH 3JEKTPOAa METAUIMYECKOW TIJIACTHUHKH IO
JACHCTBHEM DJICKTPUUYECKOTO OIS,

YCOBEPIICHTCTBOBAHUE METO/Ia 3JIEKTPOIM3a AJis1 POPMUPOBAHUS MOKPHITUI
OMOMOIMMEPOB HA TTOBEPXHOCTH IIEKTPOJOB pazNudHii GOpMBI U penbeda;

oInpeeneHre 0co0eHHoCcTe PopMUPOBaHUsT OMOTIOTUMEPHBIX TOKPHITUIA HA
MMOBEPXHOCTH PA3JIMYHBIX HMIUIAHTATOB, TAK)KE CTPYKTYPBI U CBOWCTB IMTOKPBITHMA.

OO0bekT uccaenoBanmsi. buononumepsl (GUOPOMH HATYpaJbHOTO IIEIKA,
xuto3aH Bombyx mori, conu tpukanbimii pocdara.

IIpenmer wmccaeA0BAaHMSA COCTOMT U3  OIpENEJCHHs  IPHUHIIMIIOB
AIEKTPOXUMUYECKOTO BOCCTAaHOBJIICHUSI W (POpMUPOBaHUS (PYHKIMOHAIHHO-
AKTUBHBIX TMOKPHITUH HA OCHOBE OHMOCOMECTHMBIX MOJUMEPOB Ha MOBEPXHOCTH
METAJIJIOB METOJIOM 3JIEKTPOIH3a.

Metoabl ucciaenoBanms. /[ mpoBeneHHs] UCCIEAOBAaHUN HCIOIB30BaH
YCOBEPIIIEHCTBOBAHBIM METO] AJIEKTPOJIN3a, TAKKEe METOABI YIbTPAMUKPOCKOIHUH,
BHUCKO3UMETPHUH, PEOMETPHH, HIEKTPOHHONH MUKPOCKOIUH | T.II.

HayuHasi HOBU3HA MCCJI€IOBAHUSI COCTOUT U3 CIICTYIOMINX

BIICPBBIC, OMNpPEICICHBI TPUHIIMIHAIBHBIC BO3MOXHOCTH M ONTHMAJIbHBIC
ycioBHsl OPMHUPOBAHUS OHOTIOTUMEPHBIX TTOKPBITUHA MTyTEM 3JIEKTPOXUMUYECKOTO
BOCCTaHOBJICHHUSI MAKPOMOHOB ¥ HOHOB U3 CMECEH;

BIIEPBbIE, OMNpeaeNieHbl (PU3MYecKue TNapamMeTpbl CMEIICHUS, MOKPBITHS
MOBEPXHOCTH D3JIEKTPOJA M 3JIEKTPOXUMUYECKOTO BOCCTAHOBIIEHUS MaKpPOHOHOB
XUTO3aHa ¥ GUOpPOMHA B DIIEKTPUUECKOM II0JIE;

BIIEPBBIE, METOJ AJIEKTPOJIM3a YCOBEPUIEHCTBOBAH TEPMOCTATUUECKOM U
yJIBTPAMUKPOCKOITMYECKOM METOJIaMU KOHTPOJIS TSl A ()EKTUBHOTO MPOBEICHUS
AJIEKTPOXUMHUYECKOTO BOCCTAHOBJIEHUSI MAaKPOMOHOB OMOTOJINMEPOB;

OCYIIECTBICHO (HOpMHpPOBaHUE OMOCOBMECTUMBIX TMOKPBITUI HA OCHOBE
cmeceil  (puOpomHa 1ienka W TpuKaneuuid Qocdara HA MOBEPXHOCTH
CTOMATOJIOTUYECKUX TUTAHOBBIX HMILIAHTATOB PA3IMUHOU (DOPMEI.

IIpakTHYeckue pe3yJibTAThl HCCIEI0BAHUS.

Cobpana 1 yCOBEpIICHCTBOBAHA YCTAHOBKA JJIEKTPOJN3a IS TPOBEIACHHUS
AIIEKTPOXUMHUYECKOTO BOCCTAHOBJICHHS MAaKPOMOHOB M HMOHOB Ha IMOBEPXHOCTU
METAIMYECKUX  JJIEKTPOAOB, B  YACTHOCTH,  CTOMATOJIOTUYECKUX |
OpTOTIEANYECKNX MUMIUTAHTATOB. [locpeacTBOM MaHHOW YCTaHOBKH (hOPMHUPOBAHBI
OMOAaKTUBHBIC TOKPHITUS HAa OCHOBE XWTO3aHAa W (UOpPOMHA B TPHUCYTCTBHH
TpUKaIbIui  QocdaTa Ha TMOBEPXHOCTH TUTAHOBOW IUTATMHKU U 3YOHBIX
MMILJIAHTATOB.

Jl0CTOBEPHOCTD pe3yJbTaToB nuccJie0BaHMA. Hcnonrs3oBanbl
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CTaHIApPTHBIE U CHEIHAIbHO-COOpaHHBIE JAaOOpPaTOpPHbIE YCTAaHOBKH, TaKXKe
npubopsl. M3mepeHusi OCylIeCTBIEHBI B paMKax TpeOyeMbIX JJIOCTBEPHOCTEH
METOJIOB, pEe3yJbTaThl CTATUCTUYECKHM OTpPaOOTaHbl, COCTAaBJICHBI TaOJUIBI U
rpaguru, oOCYXJIEHbl MO NPUHIMIY CPABHUTEIBHOIO aHaiu3a. Pe3ynbTaThl
OMyOJIMKOBaHbI B PEUTHUHTOBBIX >KypHaJIax, MPEICTABICHbI B PECIyOIUKAHCKUX U
MEXAYHAPOIHBIX KOH(PEPEHITUSX.

HayuyHasi 1 npakTuyeckasi 3HAYMMOCTDb MCCJIeJOBAHUSA.

HaydHast 3Ha4MMOCTh pe3yJIbTaTOB MCCIIEIOBAHUN 3aKIOYAETCS B TOM, YTO
Ha OCHOBE THJPOJMHAMHYECKHX, PEOJOTHYECKHX Ba BIEKTPOXUMUYECKHX
WCCJIEIOBAHUM IOJIMAJIEKTPOJIUTHBIX PACTBOPOB OHOIMOJIMMEPOB XWUTO3aHA U
¢ubporHa ompeneNeHbl MOJEKYJISIPHO-MACCOBBIE XapPaKTEPUCTUKH  JAHHBIX
00pa3loB, CTPYKTYpHbIE U (Da30BbI€ IPEBPAILECHUS B OTOKE, JIEKTPOXUMHYECKHUE
BOCCTAHOBJICHHS,  CTPYKTYpbl M  CBOWCTBa  MOJYYEHHBIX  MOKPBHITHA.
VYcoBepLIeHCTBOBAHA YCTAHOBKA JJIEKTPOJIM3a M TOKa3aHa MNPUHIUIHAIbHAS
BO3MOXKHOCTb M ONTHUMAaJIbHbIE YCJIOBUSA (HOpPMHUpPOBaHUS OHMOCOBMECTUMBIX,
OMOAKTHUBHBIX TIOKPHITMM Ha OCHOBE JJIEKTPOXMMHUYECKOIO BOCCTAHOBIJICHUS
OHMOIOJMMEPOB HA TOBEPXHOCTH UMILJIAHTATOB.

[TpakTHueckasi 3HaAYMMOCTh PE3YJbTATOB HCCIECAOBAHUNA OCHOBBIBAETCS Ha
BO3MOKHOCTH OCYILECTBJICHHSI IPUHIIUIIOB 3JIEKTPOXUMHUUECKOI'O BOCCTAHOBJICHUS
¢ubporHa W ero cmecu C TpUKaIbluid (ocdarom s pazTUUYHBIX CHUCTEM
“MaKpOMOH-HOH” B BHJI€ KOMIIO3MLIHOHHBIX TIOKPBITHM Ha ITOBEPXHOCTH
ANEKTPOJOB PAa3IMYHOTO penbeda UM HMIUIAHTATOB, CO3JAHHUS MX TEXHOJIOTHHU.
Takue pe3ynbTaTbl Ha CETOAHSIIHMI JIeHb BOCTPEOOBaHBI B  00JACTAX
CTOMATOJIOTUM M OPTONEOUU IJisi pa3pabOTKH HMILIAHTATOB C OMOAKTUBHBIMHU
MOKPBITUSIMU ¥ TIOKA3bIBAIOT BO3MOKHOCTH UMH 3aMEHUTHh UMITIOPTHBIX aHOJIOTOB.

BHeapenusi pe3yJbTaToB AMCCEPTALMOHHON padorbl. Ha ocHoBe
MOJyYEHHBIX HAyYHBIX pPE3yJbTaTOB MO (POPMHUPOBAHUIO OHOCOBMECTUMBIX
HOKPBITHI METO/I0M 3JIEKTPOJIN3a OCYIIECTBIICHBI:

IPUHLIMIIBI U NTapaMETPhl MEPEMEILIEHUS] HOHOTEHHbIE MOJIEKYJIbI (huOponHa
B BHJIE MaKpOMOHOB B D3JIEKTPUYECKOM TI0Jie ObUIM HCIOJIb30BaHbl IPH
BBITIOJIHEHUHU TIPaKTU4YECKOro mpoekTa A-4-13 Ha Temy: “PazpaboTka TE€XHOJIOTUU
NOJy4YeHUS] HAaHOBOJIOKHUCTBIX HETKaHHBIX MaTepHalioB Ha OCHOBe (UOpoUHa,
XUTO3aHa U COMOJIMMEpa AaKpPWJIOHUTPUJIA METOJOM  DJIEKTPOCIHMHUHITA”
(CBenenune Ne89-03-3245 ot 11 centsopst 2020 roga MUHHCTEPCTBO BBICIIETO U
CpedHero crnenuaabHoro oOpaszoBanus PecnyOmuku Y30ekucran). B pesynbTare
ATOr0 MOSIBUJIACH BO3MOKHOCTD MOTYYEHUSI HAHOBOJIOKOH M3 pacTBOPOB (pUOpOMHA
MOJT ACWCTBUEM BBICOKOTO HANIPSKEHUST METOJIOM AJICKTPOCTTMHHHUHTA,;

pe3ynbTaThl (PU3NYECKUX CBOMCTB BOJIOKOH IIENIKA ObUIA MCIIOJIb30BaHBI B
BBINIOJIHEHUU (pyHIaMeHTanbHOro npoekrta OT-®2-29 na temy: “UccrnenoBanue
BIAMSIHUSL BHEUIHMX (aKkTOpoB (PU3MUECKUX CBOWCTB MNPUPOAHBIX BOJOKOH”
(Cenenue Ne89-03-674 ot 5 depans 2021 roma MUHHCTEPCTBO BBICIIETO H
CpeIHEro cnernuanabHoro obpasoBanust PecnyOmuku Y36exkuctan). B pesynbrare
3TO JaJI0 BO3MOXKHOCTh COOPKY 3J€KTPOHHOTO YCTPOICTBA U3MEPEHUS BIAXKHOCTH.

Anpobauuss  pe3yabTaroB  uccjenoBaHusi. OCHOBHbIE  Hay4dHbIC
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PE3yNbTaThl, IOJYYCHHBIC 1O JUCCEPTAIMHA OOCYKIIEHBI B 4 MEXIyHAPOTHON U 8
pEeCTyOIMKAaHCKUX HAyYHO-TIPAKTUICCKUX KOH(DEPEHITHSIX.

Ony0MKOBAHHOCTH Pe3yJbTATOB UccjaenoBanms. [lo TemMe auccepranuu
ormyonukoBaHbl 20 HAyYHBIX padoOT, B TOM uucie 6 cTaThed, peKOMEHIOBAaHHBIX
OIyOJIMKOBAaTh OCHOBHBIX pE3YyJbTaTOB JIUCCEPTAIMOHHON pabOThI JOKTOpa
¢unocopun  (PhD) Beiciiem aTTeCTallMOHHBIM ~ KOMHCCHSAM  PecmyOuKu
VY30ekucrana, U3 HUX 2 B 3apyOeKHbIX U 4 B peCyOIMKaHCKUX KypHaaX.

Ctpykrypa U 00beM auccepranuu. luccepramusi COCTOUT W3 BBEICHUSA,
YeThIpeX TJIaB, BBIBOJIOB M CIHCKAa WCIOJIB30BAHHBIX JHUTeparypbl. OObeM
auccepraunu coaepkut 105 neyaTaHHBIX CTPAHULL.

OCHOBHOE COJAEPXAHUME PABOTBI

Bo Begenumm 00OCHOBaHa akTyaJlbHOCTb U BOCTPEOOBAHHOCTH TEMBI
JUCCEPTALIMK, COOTBETCTBUE C NMPUOPUTETIBIMUA HAMPABICHUAMH PA3BUTHUS HAYKU
U TexHoioruu Y3oekuctana. IlpuBenena kopoTkas MHPoOpManus O MPOBOAUMBIX
HAYYHBIX HUCCIEIOBAaHUAX 3apy0€KOM U COCTOSIHMM M3y4€HUs MPOOJIEMbI 110 TEME,
OpeCTaBlI€Ha LIEIb U 3aJaud, OOBEKTbl U MPEAMET HCCIENOBaHUS, H3JI0KEHA
Hay4yHas HOBU3HA M MIPAKTUYECKas 3HAYUMOCTh PE3YJIbTATOB, J1aHa MH(GOPMAIIHS O
OPUMEHEHUU  PE3YJIbTATOB  MCCIENOBAaHMM, CTPYKType  AUCCEPTAllUA MU
OMyOIMKOBAaHHBIX paboTax.

B nepBoii rnaBe nuccepranuu “@u3nyecKHe OCHOBbI M BO3MOKHOCTH
MeTOa 3JIEKTPOJIN3a B IMOJYYEHUHM IOJMMEPHBIX NMOKPBITHH” 00CyXIeHa
COBpPEMEHHasi JMTEepaTypa, OIMyOJMKOBaHHAs [0 HAay4YHbIM HCCIEIOBAHUEM,
HaIpaBJIEHHBIM  pa3pabOTKy DJIEKTPOXUMHUYECKON TEXHOJIOTHHU MOJTYyYEHUs
MOKPBITHIA HA OCHOBE BOCCTAHOBJIEHUS OMOIMOJIMMEPHKX MAaKpPOMOHOB U HOHOB
METOZIOM JJIEKTPOJM3a Ha TMOBEPXHOCTH DJEKTPOJOB B BHJIE CIEUUATBHBIX
METaJUIMYECKUX TUIACTUH M HWMILUIAHTATOB pPa3Iu4YHOW (OpMbI U Ha3HAYEHUS.
ObocHOBaHa Hay4YHO-HCCIEA0BATEIbCKUE 3aaUl AUCCEPTALIMOHHON PabOTHI.

Bo Bropo#i rnaBe “O0beKTbI M METOAbI HCCJEN0BAHMA” JUCCEpPTAIUU
JaHbl OCHOBHblE MH(OpPMAIMM M XapaKTEPUCTUKU OOBEKTOB U METOJIOB,
BbIOpaHHBIX JJIsi MPOBENCHUS M OpraHM3alluid Hay4dHbIX HcchenoBaHuil. Ocoboe
BHUMAHHE VJEJIICHO Ha TMOJy4YyeHHWe OHOIMOIMMEPOB XHUTO3aHAa U (UOpOUHA,
IIPUTOTOBJIEHUE WX PACTBOPOB, OMHMCAH THAPOJAMHAMUYECKUN (BHCKO3UMETPUS)
METOJlT  ONpENEJCHHUs  MOJIEKYJSIPHO-MACCOBBIX  XapaKTEpUCTUK  OOpPasIoB,
PEOJIOTMUECKUIT METOJ] M3yYeHHUsS HEHbIOTOHOBCKOTO IIOBEJAEHUS B TOTOKE,
CMEUICHUE MaKpOMOHOB B  DJJIEKTPUYECKOM II0Jie, METOJA  DJIEKTPOJM3a,
OCYUIECTBJISIOIIETO DJIEKTPOXMMHUYECKOTO BOCCTAHOBJIEHUS U (POPMHUPOBAHUS
HNOKPBITUNA PA3TUYHOrO COCTaBA, MPUHIUI UCIIOJIb30BAHUSI METO/I0B UCCIEA0OBaHUM
CTPYKTYPbI U (PUZUKO-XUMUYECKUX CBOMCTB MOJYYEHHBIX TTOKPBHITHIA.

B tpetneli rnaBe “IlepeMernieHHe M BOCCTAHOBJIEHHE OMONMOJIMMEPHBIX
MAKPOHMOHOB B 3JIEKTPHMYECKOM MO0Jie” 00CYXJEHbl pe3ylbTaThl UCCIEIOBAHUS
OCOOCHHOCTH CMEIIMHUA (MHUIpalusi) M 3JIEKTPOXUMUYECKOTO BOCCTAHOBJICHHS
OMOMOIMMEPOB, B YaCHOCTH, XWUTO3aHa M (PUOpOMHA B BHJIE€ MAKPOMOHOB IO
NEUCTBUEM  DJIEKTPUYECKOro  moiss.  MOJNEKyJpHbIE  XapaKTEePUCTUKU
OMOMOIMMEPOB, CTPYKTYpHbIE U (Da30Bble MPEBPALICHUS MOIUIIEKTPOIUTHBIX
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pacTBOpPOB B IIOTOKE HMCCIIEJOBAaHbl METOAAMHU THIPOJUHAMUKH, PEOJIOTMH U
MOJIAPU3AIIMOHHON ONTUKH. M3110kKeHa BO3MOXKHOCTh METOJa 3JIEKTPOJIM3a U €ro
YCOBEPIIEHTCBOBAHUS A TpoBelieHUs 3PEHEKTUBHOTO 3IEKTPOXUMUYECKOTO
BOCCTaHOBJICHHSI MAKPOMOHOB C MOHAMH COJIEH, TaK)KE€ pe3yJIbTaThl UCCIIEIOBAHUS
CTPYKTYPHBIX XapaKTepUCTUK CHOPMHUPOBAHHBIX MOKPHITHIA.

Jns mpoBeAeHUs HCClIeN0BaHUM BBIOpaH IOPOIIKOOOpa3HbIM aMOp(HBIN
xuTo3aH (X3) co creneHblo aeaneruaupoBanus 0,75 u nonuaucnepcHocTbio 1,25,
TaKkke MOpoKkooOpasHbii amopdubiil ¢udbponn (Pdb), koTopelii ObUT MONyYEH
IIyTEM IMPOMBIBAaHUS KOKOHA IIEJIKAa OT CEPULIMHA U >KHUPOBOCKOB, PAaCTBOPEHHS
BBIJICICHHOTO BoJIokHa ¢uoponna B 50% CaCl,, mocnmemyromero auammsa,
ocaxaenus u cymku. [Ipurotosnensl pazdasnennsie pactBopsl (C = 0,25 r/mm)
o0pa3lloB W  MUCCIEIOBAaHbl  MOJEKYJSIPHbBIE  XAPAKTEPUCTUKH  METOIOM
Bruckosumetpun. [lpu pazdasnenun (C—0) pactBopoB xuto3ana B 2% CH3;COOH
u ¢pudbpouna 8 HCOOH:H,0 (1:1) oOHapykeHO OTKJIOHEHHE OT 3aKOHa XarruHca
Neo/C = [n] + K[n]°C, T.e. KOHIEHTpALHOHHAS AHOMOIMS, XapaKTEpPHAS JUIA
HOJUAJIEKTPOaUTOB. J{aHHbIN 3((eKT moka3pIBaeT MpOsBIEHUE OUOMOJIMMEPOB B
BU/IC MAKPOMOHOB B IPaJIMEHTHOM IIOTOKE.

AHoManbHBIM 3¢ (deKT NoJaBiIeH IyTeM MPUTOTOBICHUS PaCTBOPOB
xuto3aHa B 2% CH3;COOH — 2% NaCl u ¢ubpouna 2,5 M LiCl-IM®PA. Ha
OCHOBE HU3MEpPEHUN TOCTPOEH TpaduK 3aBUCHUMOCTU (N, /C) or C u myrem
skTpanofisiiu C—0 HaiiieHo 3Ha4YeHUE [N] XapaKTepuCTHUIEeCKaid BI3KOCTH (TaoJI.
1). Mcnone3yst ypaBrerns Mapk-Kynu-Xaysunka, T.e. M. = ([n]/4,97*107)%"
st X3 u M = ([n]/1.23*10°)**" 111 OB paccunTaHbl 3HAYCHHS MONCKYISPHOM
Maccel (M)). Takxke onpeieneHo 3HaYeHHe MOJICKYJISIpHON Macchl (M) u yucio (N)
AJIEMEHTApHOIrO 3BEHa, T.e. cteneHb noiaumepusauuu (CII). YuuteiBasg, 4to B
aneMeHTapHoOM 3BeHe X3 nmmeercsa NH, - amuHas rpynna, B 21IeMEHTapHOM 3BEHE
@b umerorcss NH, u COOH — kapOokcuiiHas rpyrina, pacCUuThiBaiu Hamuuus 880
amMuHHOM Tpynnel B X3 u 885 amuuuoil u 885 kapbokcunbHON rpymmbl B Ob.
Hanuuue CKOJIbKO MOHOTEHHBIX T'PYHI B MaKpOMOJIEKYJE, IO3BOJISIET CUUTATh €€
MaKpOMOHOM B ITOJIM3JIEKTPOJIATE.

Taoauna 1.
MoJiekyjasipHble XapaKTEePUCTUKH, HOHOT€HHOCTh U YJIEKTPOXUMHYeCcKAasi
IKBHBAJIEHHOCTh 00pPa310B

. DIEKTPOXUMHUYECKAs
Ob6pasen |[n7],onl2| M, M, n TPYIIIIBI IKBUBAJICHTHOCTD,
dbopmyna | yucio k , mr/Kn
X3 2,0 130000 | 161 806 NH, 80 0,62
NH, 85 0,62
®b 1,2 295000 | 345 | 885
COOH 85 0,46

OnbITE O U3YYEHUIO CMELIMHUS (MUTPALMS) MAKPOUOHOB B TPAJIUEHTHOM
nojiie OBUIM TPOBEACHBI HA YCTAaHOBKE peOMeTpa C SUEeHKOHM “KOHyC —
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noBepxHocTh”. Ilpu 3TOM ucHosib30BaHbl pa30aBiIeHHbIE pacTBOpbl X3 B 2%
CH3COOH:H,0 u ®b B HCOOH:H,0 (1:1) ¢ xonnentpanuii ¢ = 0,25 r/a1 no
kputeputo Jlebas C[U]SO,S. Pe3ynbTaThl peoJIOrMUECKUX HCCIEIOBaHUM,

npuseneHubix mpu 25 °C u 50 °C mpencrasiensl Ha puc.l. I'paduk 3aBucuMoCcTH
CKopocTH caBura (y) oT HampspkeHus casura (o) MMeeT KPHBOJIMHCHHBIN BHII,
XapaKTEePHBIN JJI1 HEHBIOHOBCKOTO TEUCHHUs. B 3TOM ¢ MOBBIIIICHHEM TEMITEPaTypPhl

H3.6JII-OI[8,€TC}I CMCIIMHUC KPUBBIX B 007aCTh MajbIX 3HAYCHUH HaIIPSKCHUA
CBUTa, ITOBBIIICHUC CKOPOCTHU CABHIA, T.C. YCKOPCHUC MUT'PALIM MAKPOHWOHOB.

0 50 100 150 200 250

Puc 1. 3aBuMocTh cKOpocTH caBura (y) oT Hanpsekenus capura (o) :
1- X3 + 2% CH3COOH : H,0 (25 °C) 1* - X3 + 2% CH3COOH : H,0 (50 °C)
2% - B + HCOOH : H,0 (1:1) (25°C)  2- ®B + HCOOH : H,0 (1:1) (50 °C)

CMelMHie WOHOB H  MAKPOMOHOB B JKHIKOCTSX TOA  JeHCTBHEM
DJICKTPUUYECKUX CHJI B CTOPOHBI TOJIFOCOB (DJIEKTPOIOB) 3aBHCHUT OT HX
MOJIOXKHUTEIBHON M OTPHUIIATEIBHOM BajieHTHOCTH (Z;), pazmepam paauycoB (),
3apsima (() u umciaa 3apsaaoB (N;), HANPSHKCHHOCTH dJieKTpuueckoro moist (E),
temneparypbl (7) u Bs3koctH (7). YCKOpeHHE HOHOB, TakKK€ MAKpPOHOHOB B
DJIEKTPUUYECKOM TI0JIe MpojoibKaeTcst moka snexrpuueckas cwia (F,) He cramer

paBubiM cuity tpeus (Fuu), Te. F.; = Fju. DTH CHIBI BBIPAXAIOTCS CIIETYIOIIIM
obpazom:

DneKTpuuecKas cuna F,=zeE (1)
CrokcoBas cuia F,.=67znru @)
30eChb e — 3apsAd JIEKTPOHA; 77BA3KOCTb CPEAbl; U — CKOPOCTb CMELIMHHS

(MuUrpanus) TE3JIUrH.
Orcrona 6znru, = z,eE (3)

Ecnu nenuts 06a ctoponsl Beipaxkenus (3) Ha E/F, Takke y4ecTb yclioBue E
= 1 npu paBEHCTBE YMCIa MOJOKUTEIBHBIX U OTPUIIATEIBLHBIX 3aps/IOB, TO TOT/IA
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cooTHoueHue Uy/E Oyaer paBHoe U;. B pesynbraTe momydaercs BbIpaKeHHE B
BUJIC:

67nr, (u,F ) = zeF (4)

3nech F — uucno ®apanes; UiF — yMHOXeHHE BbIpaxaeT MOABUKHOCTH, T.C.
CMeLUHNE HOHOB (A) B 3JEKTPUUYECKOM IOJIE:

4y = (z,eF) | 6, (5)

Bripaxenue (5) mokaspiBaeT 00paTHOW MPOMOPIMOHAIBLHOCTH CMEIIMHUE HOHOB
(A4.) Ha Bs3KOCTB cpeabl (17) u pammycam HoHOB (Ij). Eciam yuects He m3MeHeHHe

pPagnycoB MOHOB TIPH CMEUIMHUU B DJCKTPUYECKOM II0JI€, TO TOTJA CMEIIHHHE
MOHOB CTAHOBUTCS (PYHKITUEH BS3KOCTH.

Hcxonst U3 3TOro CKOPOCTH TOJABM)KHOCTH, T.€. cMeliHus (U) MaKpOHOHOB B
AJIEKTPUUYECKOM I0JIC BBIYMCISUIA B 3aBUCHMMOCTH OT cuitbl (1) u Bsskoctu (L) 1o
dbopmyre (6) 1 aHATU3UPOBATIH:

Uy =q/6m7R (6)

2,05 _ 2 12
specy (= It; R — pamuyc makponona <R“>"" =1/6 <h,>"" BbluHMCIAIN BA3AB

2 _ NA2

<h“> = NA"; N — uncno cermenToB; A — JutMHa cerMenTa; h — paccTosHue MEXITy
KOHIIaMU Makpomoiiekynbl. [[nst makpononoB ¢ubdbponna Bsa3sate N = 10 u A= 106
HM. Pe3ynbTaThl BEIYHCIECHUS PUBEEHBI HA pUC. 2.

16 -
. —o—1
12 A
© . -2
= 8 -
=] . ——3
4 O/O/O
0 1 1 1 1 1 1
3 4 5 6 7 8 9

Puc. 2. 3aBUCHMOCTD CKOPOCTH NMOABUKHOCTH (U) MAKPOHOHOB (uOpPOMHA B
pacTBopax paszan4Hoii Bsiskoctu () ot 3exkrpuyeckoro toka (1): 1 — 30
IMa.c; 2 —17 Ia.c; 3 — 10 Ia.c.

[ToBblllIeHHE CHJIa TOKA MPUBEJIO YCKOPEHUIO MOJIBUKHOCTH MaKpOUOHOB B
AIEKTPUYECKOM TI0JIE W HA00OpPOT, TMOBBIIMICHUE BS3KOCTH CIIOCOOCTBOBAIIO
JUHEWMHOMY CHUKEHHIO CKOPOCTH MHrpauud. Ha OCHOBE KOTOpBIX ITOKa3aHa
CKOPOCTh TIOJIBIDKHOCTH M MHTPAIli MaKpoMOHOB (ubOpowHa B pacTBOpax
Pa3IMYHON KOHIIEHTPAIMHU MO/ JEHCTBUEM BJIEKTPUUYECKOTO TOJIS.

DIEeKTPOXUMHYECKOE BOCCTAHOBIIEHNE MAKPOMOHOB XUTO3aHa U (UOpOrHa B
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MOJIMAJIEKTPOJIUTHBIX PACTBOPAX MOJOOHO MOHAM HAa TMOBEPXHOCTH 3JIEKTPOJIOB
MCCIICIOBAHO COTJIacHO 3akoHa anektpoim3a Dapames (M = klt). B kauectBe
AJIEKTPOJIa BOCCTAHOBJICHUS HCIOJIb30BAaHbl MEIHBIE W TUTAHOBBIC IUIACTHHKHU.
[louck onTUManbHBIX YCJIOBHHM  Tmpoliecca  dBJEKTPOJiM3a  TOoKazal, 4TO
AIEKTPOXUMUYECKUE BOCCTAHOBJICHHUS MPOUCXOTUT 3PGHEKTUBHO B JUANA30HE
cuna toka | = 4 — 8 MA. Ilpu mpoBeneHuH HcCIEAOBAHUN HM3MEPEHBI MACCHI
EKTpoAoB 110 (M;) u mocie (M,) BJIEeKTPoJjiM3a B aHAIUTHYECKHUX Becax C
touHocThio 10,0001 r. Jlanee onpenenensl pa3inyus MEXIy HUMH AM = M, - M;.
Pe3ynbTaThl npuBeneHbl B Ta0IUIIE 2.

Tadoauna 2.
Pe3yibTaThl BOCCTAHOBJICHUA MAKPOMOHOB HA NIOBEPXHOCTH YJIEKTPOOB
MenHast mIacTUHKA —JIeKTpoa | TUTaHOBas IJIACTHKA - SJICKTPO/T
Oo6pa3err
1 MA 4 MA 8 MA 1 MA 4 MA 8 MA
Macca X3, Am, r - 0,091 0,102 - 0,082 0,098
Macca ®b, Am, r - 0,092 0,105 - 0,084 0,102

B neiax HN3y4CHUA BJIIUSHUA TCMIICPATYPhBI Ha IIponuccc
QJICKTPOXUMHUYCCKOI'0O BOCCTAHOBJIICHHA M IIPOBCIACHHA BHU3YAJIBHOI'O KOHTPOJLIA
(1)OpMI/Ip0BaHI/IH 6I/IOHOJII/IMepHOFO IIOKPBLITHUA Ha IIOBCPXHOCTHU  OJICKTPOIda
YCOBEPIICHCTBOBAHA YCTAHOBKA 3JICKTPOJIM3a MyTEeM MPUITOCOOICHUS K €€ siueiike
TEpPMOCTaTa U yJIbTpaMHUKpOCKona. lI[puHIMnuanbpHas cxema KOTOPOM MpUBEIECHA
Ha puc.3.

R — siueiika 3j1eKkTpoJIn3a (CTEKJISIHHBII pe3epByap):
1 — TepmocTaTupytromias 060J104Ka;
2, 2* - KBapIIOBbIC CTEKIISTHHBIC OKOIIKH,
3 — MarHuTHas MeIIanKa;
9 4 — TIOJIMAIIEKTPOIUTHBINA PaCcTBOD;
E 1 5 — anekTpos okucneHus (rpadur);

—
=

g* 6 — AIIEKTPO]] BOCCTAHOBIICHUS (TUTAH, IMILJIAHTAT);
— = 7 — Melanka CTepKeHoBas;

++-5 8, 8* - mTyreps! AT MOIKITFOUEHUS TEPMOCTATA;
g‘,q:] 1 9 — repmomeTp.

T CucreMa BU3yaJIbHOT0 HA0JII0/IeHUA:

— . S 11 — MmoHOXpOMAaTOp;

15 12 yabtpanmipockon.

Cucrema j1eKTpuyecKas:
Puc.2. llppynnunuajbHas cxemMa E — HCTOYHUK TTOCTOSIHHOTO TOKA;

YCOBEpPLIEHCTBOBAHHOM V — BOIBTMETD;
YCTAHOBKH JIEKTPOJIM3a A — MUJUTHAMIIEPMETD.

—-1---®

i
|
w |
—
.
i

|

‘
E
-]
*

B stom B sueitke (R) ¢ MOAUAAEKTPONMTHBIM pPacTBOpoM (4) yCTaHOBIICHBI
BEPTUKAIBLHO U TApAUICNIBHO 3JIEKTPOJ OKHUCIICHUSI TpauUTOBBIN CTEpKeHb (5) U
METaNIMYECKHUM AJIEKTPOJ] BOCCTAHOBJIEHUS (6) C pacCTOSHUEM MEXAY HUMH | cM.
B o6onouke sueitku (1) uuMpkynupoBanachk TEPMOCTATHPYIOLIAs BOJa uepes
mTyuepsl (8 u 8%) u KOHTpoJMpoBajachk TeMmIepaTypa pacTBopa IMOCPEIACTBOM
tepmomeTpa  (9). OcBelieHHBI  MOBEPXHOCTh  BJEKTPOAA  MOCPEICTBOM
MOHOXpomartuueckoro Jyda (10), magaromiero BepTUKAIbHO B pPacTBOP ObLI
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KOHTPOJIMPOBAH TOPU30HTAJIBHO YCTAHOBJIEHHBIM MuKpockonom (11). Oto mo
OPUHIUITY YIBTPAMUKPOCKOIIA MO3BOJISIIO UCCIIEI0BATh POPMUPOBAHUS TOKPBITHS
TONIMHON B muanaszone 107 m -10° M Ha MOBEPXHOCTH AJICKTPOJIA.

B ycoBepmieHCTBOBaHHOM  YCTAHOBKE  IPOBENEHBI  JJIEKTPOXUMHYECKUE
BoccTaHoBieHus i pacteopa X3 B 2% CH3COOH paznuunoit konuentparuu (C
= 0,04 = 0,5 r/an) m ero cmecu c Tpukaideimid ¢docharom (TKD) mpu
cootnomernu 1:10. IIporecc ocymecTBiieH B nuama3one cuia Toka | = 2+ 8 mA
u BpemeHu 1 — 16 4, 9yTo 1mo3BoJIsI0 (OpMHUPOBATH MOKPBITHH TommuHOoMu 0,1 — 15
MKM. JJI TOBBIIEHUS] WHTEHCUBHOCTH CMEUIMHHAS HOHOB U MAKPOHOHOB K
CTOPOHY AJIEKTPOAA B PACTBOpPAaX M YCKOPEHHUS AJIEKTPOJIM3a OIBITHI MPOBEICHBI
npu 50 °C. B pesymnbrare HaAOMIOIAIOCh YCKOPEHHE AICKTPOXUMHYECKOTO
BOCCTaHOBJIEHUS B 2 pasa. OIMH U3 TAKUX PE3YIbTATOB BOCCTAHOBJIEHUS IS
MakponoHoB X3 u noHoB TK® Ha MOBepXHOCTH THTaHOM miacTuHKU Tpu 50 °C
MOJI JECUCTBUEM CHJIa TOKa 4 MA M BpeMms 3IEKTPOJIM3a 8 4, aHAIU3UPOBAHHBIN
aneKTpoHHBIM MUKpockonioMm ZEISS SIGMA SEM 500 npusenens! Ha puc. 4.

fexTPi25
ﬁ Cnexrp 24

M Crexp 25
Bec% o

0 537

Ca 255

P

Ti

Na 0

Fe

o =to

FgzEvo

Puc.4. ZIESS SEM CHUMKH NOKPBHITHI HA IOBEPXHOCTH TUTAHOBOM
IUIACTUKH: a - 24-cniekTp; 0 - 25-cneKTp; B - 26-cneKkTp
OuKCUpPOBAaHHBIE B CHUMKE 3, COOTBETCTBYIOIINE TUTAHOBOBYIO IIACTUHKY
(cnextp 24), TK® (cmektp 25), cmecu X3 u TK®D (cmektp 26) obnactu
MIPOAHWIIM3UPOBAHBI CIIEKTPATBLHO TMOCPEICTBOM MporpaMmMbl Aztec. Pesymbrarsl
MPEACTABICHBl B BHJE CIEKTPOB 3aBUCHUMOCTH MOIIHOCTH OTHOCHUTEIHLHOTO
UMITyJIbca (MMIT/CEK/3B) OT 3alaHHOW MomrHOCTH (3B) Ha puc.4, a, 0, B. Takue
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CIIEKTPAIbHO-AaHAIMTUYECKUE PE3YJIbTaThl IMOKA3bIBAIOT  AJIEKTPOXUMUUYECKHUE
BOCCTAaHOBJICHMSI B OCHOBHOM XHUTO3aHa W Tpukaineuui Qocdara. JlaHHbIE
pe3yNbTaThl YTBEPKAAIOT (HOPMUPOBAHUS KOMIIO3UIIMOHHOTO MOKPBITUS, KOTOPOE
u3-32a OMOCOBMECTUMOCTH M OHMOAKTUBHOCTM XHMTO3aHA MOTYT MPOBISTH
BBIPKEHHbIE (PU3UKO-XUMUUYECKHE U OMOMEAUIIMHCKHAE CBOMCTBRA.

Takum 00pa3omM, MoOKa3aHa BO3MOKHOCTh TOJYYEHHS] KOMIIO3UIIMOHHOTO
MNOKPBITUS ~ IMyTEM  COBMECTHOTO  AJIEKTPOXMMHUYECKOTO  BOCCTAHOBJICHUS
OMOCOBMECTHUMBIX MAaKPOHMOHOB M HOHOB B YCOBEPIICHCTBOBAHHON YCTaHOBKE
ANEKTPOIIU3A.

B derBeproii rnase “@opMupoBaHUE OMOCOBMECTHMMBIX NOKPBITHH M3
cMeCcH MAaKpPOMOH-HOH”  OOCYXICHbI OCOOCHHOCTH  DIJICKTPOXHUMHYECKOTO
BOCCTAHOBJIEHUS MAaKpOMOHOB M HMOHOB W3 PacTBOPOB M cMeceil OuomnosimMepa
¢udponna (PB) u comu Tpukanenmii docdara (Cay(PO4)3) B pacTBOpHTENE
HCOOH:H,O(1:1) Ha mNOBEpPXHOCTH »3JIEKTPOJOB (MMIUIAHTATOB) pa3IUYHON
dbopMbl U penbeda, pe3ynbTaThl IO ONPEACICHUIO ONTUMAIBHBIX YCIOBHM
dbopMHUpPOBaHUS KOMITO3UIIMOHHBIX TOKPBITUH, CTPYKTYpPbI, MOP(POIOTUUECKUX U
(U3UKO-XUMUYECKHUX XapaKTEPUCTHK.

st popMupoBaHUST MUKPOMOKPBITUA Ha OCHOBE SJIEKTPOXUMHYECKOTO
BoccTaHoBiieHHsT MakpouoHoB u3 (C = 0,25 r/mn) pactBopa ®b - HCOOH:H,0O
(1:1) B guamaszone 25 — 50 °C ompaeneH HEOOXOAMMBIN HHTEPBAI MOCTOSHHOIO
Toka 2 — 8 MA u Bpewms anektponusa 0,5 — 10 u. IIpu goOGaBiieHNMU B JaHHBIN
pactBop Tpukanpluii (ochara HaAOIIOAAIOCH COBMECTHOE AJIEKTPOXUMHUYECKOE
BOCCTAHOJICHHE MAaKpOMOHOB U HOHOB TIPU  OMNpPEJEJICHHBIX HHTEpBaax
COOTHOIIEHH KOMIIOHEHTOB.

YasTpaMukpockonuyeckoe — HaOmwojeHue — ¢opmupoBaHus — oOpasia
nokpeitst 13 50 °C cmecu @B:Cay(PO,)s (1:10) mox neiictBueM cuina Toka 4 MA B
TeueHue 4 Jaca Mmokasajio, 4YTO MOBEPXHOCTh JIEKTPOIA MOJHOCTHIO MOKPHIBAETCS
cioeM OuonofmMepa B HadasibHOM 30 MHH MpoIiecca 3JIeKTpoian3a u nocie 60 MuH
JOCTUTAETCS MUKPOTOJIIIUHY HOKPBITHS.

CpaBHUTenbHBIE HAOMIONCHUS  TOKa3ajdd, YTO TPU  COOTHOILIECHUU
®b:Cay(POy); 1>10 dpopmupyeTcss MpakTHUECKH OIHOPOJHOE MOKPHITHE, KOTa
cootHomennn  1<10 HaOmromaercs MPOSIBICHHE YYacTKM Ha TOBEPXHOCTH
9JICKTPOJA, COCTOSAIINE B OCHOBHOM M3 BOCCTAHOBIICHHBIX HOHOB coyieii. SEM
CHUMKH, BBIPOKAIONIUE TMPOSBJICHUS TaKUX pa3IMuUi B TMOKPBITHSIX Ha
MOBEPXHOCTH TUTAaHOBOW TutacTUHKU u3 cMecu DB:Cay(POy); mpu cooTHOIICHUN
1:10 u 1:20, npencrasiensl Ha puc.S.

CocTapisomue 3JIeMEHThI TOKPBITUH TIPECTaBIICHbI B Ta0MIle 3 U JaHHbIC
pe3yabTaThl  OMpEACNiCHbl MYTeM  MPOBEACHUS  CIEKTPAJbHOIO  aHaIM3a
ANIEKTPOHHO-MUKpOcKonuyeckux  cHuMkoB  ZIESS  (SEM)  mocpencrBom
nporpamMmbl Aztec DTH pe3ynbTaThl MOKA3bIBAIOT y4acTus (GUOpOMHA B KaueCTBE
MaTpUIlbl U TpUKaIbIuii (ochara B BHUIIC HAMOJHUTENS B TOKPUTUHU, TaKKE
(bopMHUPOBaHUS KOMITO3UITMOHHOTO MOKPBITHS HA TTOBEPXHOCTH TUTAHA.

31



A——p
10 mKm

a)
Puc.5. SEM cHMMKM NOKPBITHII HA MOBEPXHOCTH TUTAHOBOM MJIACTUHKH:
a- ®b:Cay(POy)3(1:10); 6 - Db:Cay(POy);(1:20);
1 — TuTaHOBas ILUIACTUHKA —3JICKTPOA, 2— IIOKPBITHA COBMECTHOI'O BOCCTAHOBJICHUA MAKPOHWOHOB
Y MOHOB; 3 — 4acTh MOKPBITHSI, COJIePKAIasi OTHOCHTEIHLHO OOJIBIIIOE
KOJIMYECTBO BOCCTAHOBJICHHBIX NOHOB TpI/IKaJ'ILHI/Iﬁ Q)OC(baTa.

Taouuua 3.
DJieMeHTapHbIii cocTaB NOKPbITHS HA ocHOBe DB u Cay(PO,);
N ®B:Cay(POy); (1:10) |  ®B:Cay(POy); (1:20)
CopnepxaHue 2JI€MEHTOB B IIOKPBITHH, %o
C 11,12 4,25
O 36,44 33,59
N 6,22 2,35
P 8,04 12,71
Ca 15,85 25,52
Ti 21,58 21,58
Htoro 100,00 100,00

[Ipu npoBenenun kuciotHoro ruaponusa BosokoH @b B HCl obOpazyrorces
MUKpodacThibl pudponHa (Pb,) ¢ BEICOKOW CTENEHBIO KPUCTAIUTMIHOCTH, KOTOPBIC
He pactBopsitoTcsi B pactBoputene snektpoianza HCOOH:H,O (1:1) nmaxe mnpu
temreparype 50 °C. D10 0OCTOSTENHCTBO MO3BOJBUIO MPOBEACHUE DJIEKTPOJIHM3a U3
cycriensun  ®@b,:Cay(PO,); (1>15), mpurortoBmennoir B8 HCOOH:H,O (1:1) wu
IIOJTly4YEHHE KOMITO3ULIMOHHOIO TOKPBITUS HAa HX OCHOBE. B 1LesIX BBISBICHUSA
CYIIHOCTH MPOBEJCHO CpaBHUTENbHOE HccienaoBanne pactBopa @b:Cay(POy);3 (1>15)
co cycriensuit @B,:Cay(POy)3 (1>15). Ipu aT0M criia Toka Oblia 4 MA, TeMmeparypa
50 °C u mpomosmkuTeabHOCTh 1 4. SEM CHHMKH IMOJyYEHHOTO KOMITO3HI[HOHHOTO
MOKPBITUS HA IOBEPXHOCTH IJIOCKOW TUTAHOBOM IJIACTUHKH MTPUBEICHBI Ha pHC. 6.

Mopdonorust 3Tux AByX 00pa3lioB XapaKTEPHO AJIsl KOMIIO3UTOB, OJIHAKO B HUX
umeercs pa3muns. B komnosute, nonydeHHoM u3 cycrieH3nn Ob:Cay(PO,)s (1>15)
cepun yuactku cootBeTcTByeT ®b 1 Oenbie yuactku Ha Cay(PO,)s. Takue paznuuns
CBSI3aHBI C CBOCOOPA3HOM MOJIBUKHOCTBHIO U BOCCTAHOBJIEHUEM MaKpPOMOHOB U HOHOB
B DJICKTpUYECKOM Tioj1e. JlanHoe 31ekTpoxuMudeckoe BocctanoBiieHrne ®b:Cay(PO,);
(1>15) ©Ha mOBEpXHOCTH JA€T BO3MOXKHOCTH (DOPMUPOBAHUIO KOMIIO3UTHOTO
MOKPBITHS ¢ MUKPOYACTHIIAMHU.

OnpIThl TOKa3aJId BaXKHOCTH MHKPO- W MIUIMPA3MEPHOM IIEpOXOBATOCTU
MOBEPXHOCTHOTO pefbepa 3IeKTpoja MpU 3JIEKTPOXUMUYECKOM BOCCTAHOBIICHHU
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MakpOMOHOB M HWOHOB. IlOCKOJIBKY, MHKpOpa3MEpHbBIE IIEPOXOBATOCTH MOTYT
3aIOJIHATHCSI BOCCTAHOBJICHHBIMM MAaKpOMOHAMU W HWOHaMU Mpu (HOPMUPOBAHUU
MOKPBITUM, TPUYEM, TTOBEPXHOCTb MOKPBITHSI MOXKET ObITh CPABHUTEIILHO TJIAJKUMH.
C npyroii CTOpOHBI 3TO CIIOCOOCTBYET OOJIee MPOYHOMY 3aKPEIJICHUIO MAaKPOHUOHOB,
YeM B TJ1aJIKOM MOBEPXHOCTH 3JIEKTPOIa.

/ A -
PO 5
r
- . L
Puc.6. SEM CHMMKH KOMIIO3MIIMOHHBIX MOKPBITHIA:
a -®b:Cay(POy)3 (1>15); 6 —DB,;:Cax(POy)3 (1>15)

Ecim B kayecTBe TaKMX 3JIEKTPOJOB HCIIOIB30BaTh CTOMATOJIOTMUYECKUE WM
OPTOINEANYECKUE «IUTHPBD), T.€. UMIUIAHTATHI C PE3b0OI, TO BO3SMOKHO 00pa30BaHHE
MOKPBITHSL C Pa3IMYHOM TOJIIMHOW, pa3HOro cocraBa u Mopgonorun. Takue
oOpa3oBaHue HAOMIOAAIOCH B Ciy4yae (POPMHUPOBAHUS MOKPHITUS OHOMOIMMEPHOU
cmecu @Db:Cay(POy); (1:10) Ha pe3nbe 3yOHOrO WMILIAHTATa  IOJ JACHCTBHEM

noctostHHOro Toka 4 MA mpu 40 °C ¥ pomOJBKUATEILHOCTH 3IEKTposn3a 4 daca
(Puc.7).

] :
Signal A= SE1 Date 11 Aug 2017 ZEISS |
Phata Na. = 1811 Time 174748

Puc. 7. COM-u3o0paskeHue NOBEPXHOCTH TUTAHOBOI'0 3yOHOI0 MMILIAHTATA €
OMOIOJIMMEPHBIM MOKPbLITHEM

beuto  HaOmoaeHo coxpanenue TOKpeITHS ~Db:Cay(POs); B ciydae
3aKpy4yeBaHMs MMILUIAHTaTa ¢ pe3b00oi Kak “Urypyn’” B TaliKd, PE3UHY M IUIACTUKAM.
brocoBmectiMOCTD, O0akTUBHOCTH cocTaBa Pb:Cay(POy); MO3BOIISET UCIIONBE30BaTh
UMIUIAaHTaTOB C pe3b0aMu  TOKPBITUMH € OTHUM COCTOBaM B  KauecTBe
OMOCOBMECTUMBIX, OMOAKTHBHBIX MaTe€pHajioOB B CTOMATOJOTMU W opTomnenuu. B
LEJIOM, HE NPOUCXOAWIO NPAKTUYECKHM HHUKAKUX CTPYKTYPHBIX HM3MEHEHUH NpuU
BBIJICPKKE TOKPBITUSI B IIMPOKO u3BecTHOM pactBoputene 2,5 M LiCl-JIMDA
¢ubponna mpu 50 °C B TedyeHue 5 yaca, B KOTOPOM HE BOCCTAHOBJICHHBIX MOJIEKYJIbI
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¢uOponHa NOKHBI OBUIM PAaCTBOPATHCS U 0Opa30BaTh MOJEKYJSIPHO-AUCIEPCHYIO
CUCTEMY, T.€. IOJIMMEPHOT'0 PacTBOPA.

Take He HAOMIONATUCh HUKAKUX (GU3MYECKUX U (PU3UKO-XUMHUYECKUX
M3MeHEeHui B oOpasiax npu kunedenun (80-100 °C) ux B Bojie ¥ 3TaHOJIE B TEUCHHUE
48 vacoB Ha anmaparep Coxcner. HauanmbHast macca oOpasua (Mg) U macca mocie
OpOMBIBKH (M;), pa3sHUIA MEKIY HMMH cocTaBistia Am= mg - my = 0,00012 r.
JIaHHBII pe3yNbTaT MOKa3bIBACT HE MPOSBICHUE OOOYHBIX Y(PPEKTOB U CEPhE3HBIX
npoOJIeM MpH MPAKTUIECKOM HCIIOIB30BAHUU UMIUIAHTATa C MOKPHITUEM B KauecTBE
OMOCOBMECTUMOr0 MaTepHala Wil CPEICTBA, a TAKKE CTEPETH3aLIUH.

Cunrtaercst BaKHBIM ONPEACTICHNE BIUSHUS PE3KUX MPUPOIHBIX IKCTPEMATBHBIX
YCIIOBUH Ha UMILJIAHTAT C TIOKPBITHEM. TaKue UccieoBaHus ObUTH MPOBEACHBI ITyTEM
yIEpKUBaHUSI HMMIUIAHTaTa C TIOKPHITHEM B TedyeHHWEe | Mecsima B HIOHE IO
JCWCTBHEM COJIHEYHOTO JIyda, a TaK)Ke MapajelbHO YACPKUBAIM TaKoil ke obpaser
xpanmics B xonoawibHuke Hike 0 °C B Teyenne 1 mecsin. CpaHUTEIbHBIE aHATM3bI
MOKa3aJld OTCYTCTBHE CEpPhE3HBIX HM3MEHEHUU B TMOKPBHITUAX. Taikke HMIUIAHTAT,
HOKPBITUI OMONOJIMMEPHBIM KOMIIO3UTOM HE MPOSIBIISUI B TeUEHHUE | T0/1a Cephe3HbIX
WU3MEHEHUI TIPU XPAaHEHUU B KOMHATHBIX YCIIOBUSIX.

3AKJIIOYEHUE
Ha ocHoBe npoBeieHHMI TI0 TUCCEPTAIMOHHON paboTe HAa COMCKAHUE YYECHOM
crenienu nokropa ¢utocoduu (PhD) Ha Temy: «DopmupoBaHrne OHOCOBMECTHMBIX
MTOJIMMEPHBIX MOKPBITUA METOJIOM 3JIEKTPOJIH3aN:

1. TlpoBeneHbl THUAPOAUHAMUYECKUE, PEOJOTHYECKHE M TMOTCHIIMOMETPUUYECKUE
uccienoBaHusl pactBopoB ¢puodpouna menka B 2,5 M LiCI-JIM®A u xuto3aHa
2 % CH3COOH wu ompenenensl ux MojekyaspHble Macchl (Mgs=295000,
Mx3=130000), HanpspkeHusT Tpeaea TeKy4ecT! (Coq)os = 20-30 Ila Ba (Opu)x3
= 10-15 Tla, a Taxke AIEKTPOXUMHUYECKUE SKBUBAJICHTHI MOHOTCHHBIX TPYIIT
skBuBajeHTy (amuH k = 0,62 mg/Kl, kapookcun k = 0,46 mg/K1).

2. YCOBEpIICHCTBOBAaHA YCTAaHOBKA DJIEKTPOJIM3Aa  YJIBTPAMUKPOCKOTIOM H
TEPMOCTATOM ISl TIOMY4YEHUSI OMOCOBMECTUMBIX TMOKPBITHI Ha MOBEPXHOCTU
UMIUIAHTATOB MTyTEM DJICKTPOXUMHUYECKOTO BOCCTAHOBJICHUSI OHOIIOIMMEPOB, U
MOCPENICTBOM KOTOPOTO KOHTPOJIMPOBAH IMporiecc (GOPMUPOBAHUS TOKPHITUNA
Pa3IMYHON TOJIIIUHOM.

3. TlokazaHa BO3MOKHOCTh YCOBEPINCHCTBOBAHHOW YCTAHOBKHM JJIEKTPOJIM3a H
OMpeJIeNiecHbl  ONTUMalbHbIE  (PU3MUeckue mapaMeTpbl  (popMHUpOBaHUs
OMOCOBMECTUMBIX M OHMOAKTHUBHBIX MOKPBITHM TommuHou 0,5 — 15 MM u3
pacTBopa OwuorosMMepa ¢ KOHIeHTpaiui B auamazone 0,04 -0,5 r/an npu
temneparype 50 °C, uHTEpBaje IOCTOSHHOIO TOKa 2 — 8 MA M Bpems
anekTpoausa 1 — 16 yacos.

4. YcraHoBieHb! (DU3WYECKUE MPUHIIMIBI M TOTYYeHbI Ha OCHOBE (uOpoWHa U
TpuKammuid  ¢gocdara OHOCOBMECTUMBIX IMOKPHITHM M KOMIIO3HIIMOHHBIX
MOKPBITUM PA3JIMYHON TOJILWHOW HA MOBEPXHOCTH TUTAHOBOIO MMIUIAHTATA C
pe3pbaMu, a TakkKe omapesesieHbl WX YCTOMYMBOCTh M CTaOWMJIBHOCTH Ha
BO3/ICHCTBUI Pa3IUYHBIX CPENl M BHEIIHUX (PU3UKO-XUMHUYECKUX BO3/ICHCTBUIA.
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INTRODUCTION (abstract of doctor of philosophy (PhD) thesis)

The aim of research work consists in determining the physical principles
and characteristics of the formation of biocompatible polymer coatings on the
surface of metals by electrolysis.

The object of research work Biopolymers natural silk fibroin, Bombyx
mori chitosan, tricalcium phosphate salts.

The scientific novelty of the research consists of the following:

for the first time, the fundamental possibilities and optimal conditions for the
formation of biopolymer coatings by electrochemical reduction of macroions and
ions from mixtures have been determined;

for the first time, the physical parameters of displacement, coating of the
electrode surface and electrochemical reduction of macroions of chitosan and
fibroin in an electric field were determined;

for the first time, the electrolysis method has been improved by thermostatic
and ultramicroscopic control methods for efficiently carrying out the
electrochemical reduction of macroions of biopolymers;

the formation of biocompatible coatings based on mixtures of silk fibroin and
tricalcium phosphate on the surface of dental titanium implants of various shapes
have been carried out.

Implementation of research results. Based on the obtained scientific
results on the formation of biocompatible coatings by electrolysis, the following
were carried out:

the principles and parameters of the movement of ionic fibroin molecules in
the form of macroions in an electric field were used in the implementation of the
practical project A-4-13 on the topic: “Development of technology for the
production of nanofiber nonwoven materials based on fibroin, chitosan and
acrylonitrile copolymer by the electrospinning method” (Information No. 89-03-
3245 dated September 11, 2020, the Ministry of Higher and Secondary Specialized
Education of the Republic of Uzbekistan). As a result, it became possible to obtain
nanofibers from fibroin solutions under the action of high voltage by the method of
electrospinning;

the results of the physical properties of silk fibers were used in the
implementation of the fundamental project OT-F2-29 on the topic: "Investigation
of the influence of external factors of the physical properties of natural fibers"
(Information No. 89-03-674 dated February 5, 2021 year, Ministry of Higher and
Secondary Specialized Education of the Republic of Uzbekistan). As a result, this
made it possible to assemble an electronic moisture measuring device.

The structure and volume of the thesis. The dissertation consists of an
introduction, 4 chapters, conclusion and a list of references. The volume of the
thesis contains 105 pages.
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