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Kupum (10KTOpJIMK quccepTanusicCi AHHOTAUSICH)

JAuccepranuss MAB3yCHHMHT JA0J13ap0JIMIH Ba 3apypaTu. XO03UpPru KyHJa
KaxoHJa TUHAMHMKAIN PUBOXKIAHAETTAH JIEKTPOH XHUCOOIAIl TEXHUKACH HyHalu-
M2 MyXuM (U3UK-TEXHOJOTUK MyaMMoJlapaH OMpU caHOaTAa, WIMUNA TEKIIH-
pulaa Xamaa XyKajdukaa Xap XWI Kapa€HIapHM KEHr KyjJamMJa aBTOMaTJIalll-
TUpHILJA, OUPUHYM Tayjla XapopaTHU Ba OOIIKa MapaMeTpapHU JHATHOCTHKA-
Jamia KyJUlaHWiIagurad (QYHKIIMOHAN XapaKTepUCTUKAIApU SIXIIUJIAHTaH HaHO-
KJIACTEPJIU APUMYTKA3TUUWIN MaTeprasiap acocuaa XxapopaT JaTYMKIapyuHU UIILIa0
YUKAPUII XUCOOJIaHAIH.

Typau aTomnap HaHOKJIACTEPH XOCHJ KWUJIMHIAH KPEMHHI acocid TEepMO
pe3ucTopiiap aKTUB COXACHHUHT 3JIEKTPO(U3UK MapameTpiiapy OWiaH yJIapHUHT
AKCIUTYyaTallMOH MapameTpiiapu opacuaaru y3apo OOFIUKIWTUHHU TaJAKUK KHWIHIL,
TEPMO JATUYUKIIAPHUHT OJITUH MablIyM OYJIMaraH UMKOHUSTIApUHU 04unO OepyBuH
SHTM TEXHUK €UMMJIap TONHUII HMKOHMHHU Oepanu. TepMOJaTUMKHUHT aKTHUB
COXaCMHU MYyKaMMaJUTAIITUPUI, CE3THPIUTMHM CaKJIall, mapaMmerpiapu ¢apkia-
HUILIMHA KaMaTUPHUII MyaMMOJIApUHM €4ull, XaMmJa HAaHOKJIACTEpPIU MaTepHall-
napaan ¢oipananu0d Xap XWwi LIapouTiIap/lia XapopaTHU YiodyallauraH sSpuMyT-
Ka3rMWIk SIHTU aBioJl acOoOJapvHM TaW€piail TeXHOJOTHSICUTra MOCIAIITHPHUII
MYXHUM axaMusT KacO 3TAH.

Hanoxnactepnu matepuaiap acocuia OJMHTaH ApUMYTKA3TUWiIN ac6obap
KyMJIacura KHUPYBUM TEPMOPE3UCTOPJIApPHU CaHOAT OOBEKTH MapameTpiapuHu
HazopaT KWIMII CHCTeMajlapuja Ba KypwiMaiapuaa TaTOMK KWIHII YJIapHUHT
CE3TUPJIMTUHU OIIMPUII Ba YIJIAHUII CXEMaJapuHU TaJAKUK KWIWIIHU Tajnad
kwiaay. IIyHUHT y4yH TepMOpE3UCTOPJIAPHUHI KOHCTPYKTHB INapaMeTpiapuHU
ONTUMAJUIAIITUPHIL MaKcaJuJa HAHOKJIACTEPJIM MaTepuaiap MapaMeTpiapuHu
TEPMOPEZUCTOPHUHT XYCYCHUSTUTA TACUPU XaMJla TYpJIM HAHO KUPHUIIMAIAPHUHT
muddy3uoH xapaCHIapUHU YPraHUIll )Kyaa MyXUM XHUCOOJIaHaIH.

Ymby TankuKOT HaHOKJIACTEpJIApHM MacT TeMmieparypaiu auddys3us
YCYJIUHU sipaTHIlra xamjaa 0a3za MaTepUalMHM TaHJAIIra Ba aAre3usuldi KOHTAaKT
ONuII HYJUTapuHU MIIad YMKHINTa, HIYHUHTAEK, HAaHOKJIACTEpSU MaTepuaiap
acocyzia TeEpMOJATYMKIAp Ta€piamra WyHanTupwirad. byHaan tepMoaaTaukiap-
HUHT (DYHKIIMOHAJ XapaKTePUCTUKAIAPUHY SIXIIWIIALI, YIapHU Tal€piIallHUHT ap-
30H T€XHOJOTUACUHM TaKIU( KWJINII Ba Oy TEXHOJIOTUSHUHT TEXHUK MapIIPyTUHU
ApaTUII MyXUM WIMHI-aMaluid axaMusiT kacO 3Taau.

V36ekucton Pecnyonukacu Ilpesunentununr 2010 iiun 15 nexaGpaaru
IIK-1442 — con «2011-2015 iinmnapaa V36ekucton Pecniy6nmkacu caHoaTuHU
PUBOXJIAHTUPUIIHUHT YCTYBOp WyHanuuuiapu Tyrpucuaa»ru Kapopu xamaa mas-
Kyp ¢daonusTra TeruuuiM OouIKa MEbEPUM-XYKYKUH Xyxokatiaapaa OenruiiaHnraH
BazudarapHu amaira olmUpHUIIra ymoy JuccepTainus TaAKUKOTH MyalsiH gapaa-
1A XU3MaT KUIaau.

TagkuKoTHUHTr pecny0auka (GaH Ba TEXHOJIOTMAJIAPH PABOKJIAHMIIN-
HHMHI ACOCHH YCTYBOP MyHAJUULIAPUIra OOFJIMKIMIH. Juccepranus TagKuKOTH
pecnyOinka ¢aH Ba TEXHOJIOTHSUIAPHU PUBOXIAHTHUPUIIHUHT aMaiuil TaAKUKOT
nactypu III «OHepreTuka, 3HEpropecypcTeKaMKOpPJIUTY, TPAHCIIOPT, MAalluHA Ba



ac600CcO03MK, 3aMOHABUN AJIEKTPOHUKA, MUKPOAJIEKTPOHUKA, (POTOHMKA Ba 3IIEK-
TPOH ac000CO3JIUTY PUBOKIAHUIIU»YHUHT YCTYBOp HyHanuuuiapura MyBopuk Oa-
Kapuiras.

Jucceprauusa  MaB3ycH  OyidM4Ya XOPWKMH HMJIMHMUA-TAIKHKOTJIAP
mapxul. Tepmonarunkinap OViinya UMMM Ba aMaauil TAAKUKOTIAp €TaK4Yd WIMHI
Mapkasjiap Ba YHHUBEPCHUTETIIAp TOMOHUAH, )KyMJIalaH, aMepuKaiuk oiaumiap O.
Meiizna, Ba A.A. Volinsky xamaa xutoit Tagkukorumiapu M. Shao Ba N. Zhano,
TOMOHMJIaH oJiu0 OopuiMokaa. XapopaT Vyiyam Kypuiamaiaapujia MHUKPO-
nporeccopiiapun  Kyyuiam Oyiinua onumiap B.B. Caxun, A.A. Ilexypaun
TOMOHMJIaH o0 OopuiaeTraH W3JAHUILZAp JUKKaTra ca3oBOp, Xapopar
JaTYuKIapu unadyukum yctuaa wusznanunuiap Hewlett-Packard  (Anrmus),
Analog Devices (AKL) Ba Oméga (I'epmanust) kabu TaHUKIU pupMaiapa xamaa
TyHEHUHT OOIIIKa MaM-JlaKaTJiapu/a oo OOpHIMOKIA.

Kaxon mukécuaa sHrd pUMYTKa3ruwid MaTepuaiap acocuia Ce3rupiauru
IOKOpU OYNraH XapopaTHHU YI4oB4M acO00sap ojuIl coXacuaa KaTop, *KymiiaJaaH,
KyHugard WiMui Ba amMaluil HaTWXKalap OJIMHTaH: KapIIMJIHUK XapopaT Kod(pdu-
IMEHTU MycOar OYiran KpeMHHI acocujaru cesrup sneMentiap Volvo, Siemens
(I'epmanus), Philips (Hunepnangus), ITT Components Group (byrokOpuranus)
¢bupmanapua uIIad YMKWITaH; Typiau Makcajjiapra MyJDKaljaHTaH JaTdyuKiap
UIu1ad YUKUII TexHojorusaapu puBoxkiaantupwirad (Rodan Industries Inc, Texas
Instruments, AKIII).

Byrynru xyHpa ce3rupiuru tanad napaxkacuja Oyiaran, HucOaTaH OJHUII
TEXHOJIOTUSACH ap30H, MHTErpall JaTYUKIAp YPHUHU OOCYBYM, OMMaOOI TEXHOJIO-
I'UK KapaéHiapHU OOILIKapuIIra MyJbKajUlaHTaH Ba MapameTpiapd ONTUMasliall-
TUPWITaH KPEMHHUH acOCHJArd XapopaTHU YI4YOBUM Y3rapTruwiap MUuiad YMKHII
XaMm/Jia yJIapHUHT (PYHKIIMOHAJ XYCYCUSTIIAPUHUA KEHTaUTUPHILI Macajanapu Oyiin-
Yya Ha3apuil Ba aMaiuil HaTWXKajgap OJMHTaH.

MyaMMOHUHI YPraHWIraHJIMK Aapaskacu. byryHru xyHra kKajgap Xapo-
patra ce3rup dJIEeMEHTJIap Ha3apusCh PHUBOXKIAHMILWIA Ba aMajJUETHra KaTop
onuminap, xymianan: B.C. I'pomos, H.I1. ¥Yaanos, A.1. KpuBonocos, FO.B. 3aii-
ues, N.JI. Por6ept, U.T. llledgrens Ba I'. Burnebnap ce3unapiu xucca KyIauiap.
VYnap natuukiap O030pHHHM Xap XWJI XapopaT yiyarudjiapu, TypJid JIHana3oHIu
YII4oBUM-y3rapTruwiap OmiaH OOMUTUIIAN. AMMO SPUMYTKA3TUWIM XapopaT JaT-
YUKJIapura TOp TeMIlepaTypa Auamna3zoHu Xoc OYIMO 3KCTpeMasl XoiaTAa WIIall
uMKoHuATH uveknanrad. Uly Tydaiinu siHrM aBiog xapopaT AaTYUKIAPUHU Ba
OupnaMuM Y3rapTrudjiapHi UILIA0 YMKUII 3apypaTd XapoOpaTHH KEHI OpaiuKia

! JluccepTauMsHMHr MaB3ycH OYiiMua Xalkapo HIMHI-TaJKMKOTIap mapxu Meiisna . / DieKTpoHHbIE

W3MepUTeNbHbIE IPUOOPBI M MeToabl u3Mepenuit: [lep. ¢ anri. - M.: Mup, 1990. — C.250-335. Alex A. Volinsky
and Lev Ginzbursky. / Irradiated cubic single crystal SiC as a high temperature sensor. 2003 Materials Research
Society Fall Meeting. C. 273-278. Zhano N, Fu HW, Shao M, Li HD, Liu YG, Qiao XG. Research on high
sensitivity temperature sensor based on Mach-Zehnder interferometer with waist-enlarged fiber bitapers. / Guang
Pu Xue Yu Guang Pu Fen Xi, 2014 Jun;34(6):1722-6. Caxun B.B., lllanumor B.I1. Temonepenaya // BI'TY, CIIO.
2003. C. 120-135. Hlexypaun A.A. VMcnonp3oBaHHE ONTORIEKTPOHHBIX CHCTEM C KBApLEBHIMH MOHOJIUTHBIMU
ceeroBomamu B ACY TII mpoMbIlIIeHHBIX Teueit / ABromatu3anus B npoMbinuieHHocTH. 2007, Ned. C.23-24 Ba
Oomka MaHOanap acocuna Oakapuiras.



perucTpaiusi KWIyBud aBTOMATIAIITAPUITAH YIT40oB ac6o0Iapu Ba yiaapra Kyuui-
raH TajabiapHy aHUKJIAWIu.

XO03upru nanTAa COHJIM YMKHUILUIM JaT4ukKiap Tanad KUWIYBUM DJIEKTPOH
KOMMYHUKALMSIAP JKMXO03JIapy Ba COHJIM TEXHUMKA PUBOXIIAHMILIWIA KAaTTa YbTHU-
6op axpatwiMmoraa. Tanukau onumiiap J.U. [IBeTtkoB Ba A.M. Menuk-Illaxnaza-
poBIap Xapopar yiyail KypuiMaiaapuaa MUKPOIPOLIECCOPIAapHU KyJUlall Macaia-
JapUHU WIrapu cypuiiad. Mabinym OynraH aHanoriapra HucOatan yTa ce3rup
[IaCCHB XapopaT JaTYMKIAPUJIA WIUIATUIYBYM CUPTKU aKyCTHK TYJKHHJIAp aCOCH-
Ja JaT4uKiIap SspaTUIIHUHT ssHrU npuHiuiuiapu FO.B. I'ynseB ToMoHugan Takinud
KWJIMHTaH.

by 6opazna myHu TabKuIaml Kepakku, XapopaT JaTdyuKIapy napameTpiaapu-
HU ONTUMAJIIAIITUPULI yJap Tal€praaHaJuran MaTepuaira Ba UIIoB Oepuiiaiural
TexHoJorusara 6oriauK. KpeMuuii acocuaaru qaTuvkiap OJMIIIA UIUIATUINO Kelu-
Haétran ommabon auddy3us MeToaIapy UMKOHMUSTIAPU Y3 HUXOSCHUra €TKa3UJI-
rad OynauO, sipuM YTKAa3rM4wiId MaTpHllaja HaHOKJIACTepiap MIAKIIAHTUPHUILIHUHT
SHIM TEXHOJIOTMACHHM SPaTHIl MCTUKOOmamp. By ityHammmua Y36exncToH
onumiapu, xxyminanan, M.K. baxanupxaHoB MakTaOu KpeMHHUira yTuil MeTasa-
puHu 1u(pdy3us KWIMIIHUHT SHTH YCYJIUHU SpaThO, HAHOKIACTEPJIM MaTepua-
JaApHU XOCWJI KUJIMII TEXHOJOTHSICMHM MyKaMMaJUIAITUPUILITa Y3 XUCCACHUHU
KYIIAM, KalCUKHM ce3rupaurd Ba unuiam temmnepatrypceu (120 °C pgaH) rokopu
Oynran XapopaTiu AaTYUKIAp OJMII TEXHOJIOTHSICMHU SpaTUIl y4yyH acoc Oyna
onagu. M.C. IOnycoB maktabuia sca Oup KaTtop ojaumiap KpeMHHUIHU TepMmopa-
JIUAIMOH JIUTepiall TEeXHOJIOTHSICUHU spaTul, SpUMYTKa3ruwiap paaualnuoH
¢u3uKacu WYHAIMIIMHUA OYMINra acoc coiuma, b.3. DrambepaueB rpymmacu
TOMOHUJAH Xapopar AaTYMKIApPU acocuJa KyI KaHaUIM YJIYOBYM Y3rapTrudiiap
0apro KWIUIIHUHT TPUHIUIUIAPY PUBOXKIAHTUPHUIITAH.

HOxopuna xenTupuiaraniapial Keiaud YMKaJuKd, KPeMHHUH acocuia HaHO-
KJIACTEPJId CTPYKTypajiap OJUIIHUHT (U3UK-TEXHOJOTUK aCHEKTIApUHHU UILIa0
YUKW, KPEMHUNW MaTpUIIACUTa KUPHUIIMAJIAp KUPUTUIIHU TabMHUHIOBYM AUGDy-
3MOH >KapaéHJIapHU OOIIKAPUIMIIMHU MyKaMMaJUIAIITUPHUILI Ba Xapopar JaT4HK-
Japy KOHCTPYKUMSCHHM MHTETpajl TAaHJAIIra KapaTWIraH XamJa yJjap MapaMmeTp-
JApUHU TEXHOJOTUK >Kapa€Hnap OujlaH Oupraivkia ONTUMAUIALITUPHIL, Iy
Owsian 6upra yjap napaMeTpUHUHT CTAaOWJUIMTUHU TabMHUHIIAII HYHANUIIUAA Taj-
KUKOTJIADHU aMmajra OLIMpPHII J0i3ap0, WIMUN-aMaluil axamHsTra sra XucoO-
JIaHA]IH.

Juccepranuss MaB3yCMHHMHI JUCCEpTANUA 0a:KapWJIAéTraH OJUHM Tab-
JIIM MYacCCaCAaCMHHMHI WIMHI TaAKUKOT HILIAPH OWiiaH Ooraukauru. Juccep-
Talus TaAKUKOTU TOILIKEHT JaBjaT T€XHUKA YHUBEPCUTECTUHUHT UIMUN-TAAKUKOT
unuiapu pexacuHuHr I1-10.19 «Ilpunuunuan sHru cuHg QUMK KaTTaduKIap
(xapopat, MaruuT Maitionu, 6ocum, MK Hypranum, HaMIIMK, pagusiius) JaTYUK-
JapuHU sipaTuil Ba unuiad yukumn (2002 — 2012), N16-022 «Kunuiok xyxaiuru
MaxCyJOTJIAPUHUHT XapOPAaTUHU JUCTAHIIMOH HA30paT KWIMII YUYH KYI KaHaJId
ac600 nnutad yukum» (2008-2010i1i1.) maB3ycuaaru jgonuxanap noupacuaa Oaxa-
pUIITaH.



TagKNKOTHUHT MaKcaau HUKEJ HAHOKIACTEPUIIM IOKOPU CE3TUp XapopaT
JTATYUKIAPU OJUIITHUHT AUG(Y3M0H TEXHOJOTUSICUHU MYyKaMMaJUIAIITUPUII Ba
ylap acocuja oObeKTIapaaru xapopat OuiaH OOFJUK >kapaéHJIapHU OOIIKapyBYU
acO600Jyilap KOMIUICKCH Ba MapameTpiiapu CTabWiI XaMJla Xap XWI TallKd TabCUP-
Japra 4dJlamJId CUCTeMajlapHu UIu1ad YuKuIaaH noopar.

Taakukor Bazudanapu:

KpeMHHIa HUKEJ aTOMU HaHOKJIACTEePJIApUHUHT TapTHOJIU KOWJIAIlyBUHU
TabMHUHJIAUAUTaH TUPEGY3MOH TEXHOTOTUSIHU UIITA0 YUKHUIII;

KpPeMHHUIIM CTpyKTypajapra OMHUK KOHTaKTJIap YYyH YyTa JIMrepiaHTraH
coxajap OJIMII TEXHOJIOTUSICUHH KOPUN KUJTHIII,

HAHOKJIACTEPJM KOMIICHCUpPJIAHTaH KPEMHHH acocuja TepMOJaTuuKIIap
Tal€pian TEXHOJOTHUK MApIIPYTHUHU UILTA0 YUKHUII;

HUKEJ OWJIaH JIUrepiiaHTaH KPEeMHUN acOCIU TePMOJATUYMKIIAp UIITUYUA XapaK-
TEpUCTUKATIApHUra raMMa paJHaIiusiCUHUHT TabCUPUHU YPTaHUIII;

YII4OBUM Y3rapTrUWIApHUHT PpakoOaTOéapIonl KypUIMACHHH TEPMOJATUUK
TEOMETPUSACH XYCYCHITH Ba YJIaHUII CXEMAaCUHHU XMCOOra OJITaH X0JIJa TaHJIalll;

XapopaT yiuarud KypUIMAaCHHHMHT XaTOJIUTHMHU OaxoJialll Ba YHU KOMIICH-
calys KUJIUII.

TagkuKoTHUHT 00bekTH IU(P(Y3MOH TEXHOJOTHS acocuja TanépraHTraH
HAHOKJIACTEPIIN HMIIK 6Op OMMHIaH KPEMHHUIIH ' -n-n' -CTPYKTypanap Ba yjap aco-
cuard YI4oB4M y3rapTruusiap/iad noopar.

TagKUKOTHUHT MpeaAMeTH KPEMHHIHU HHKeNn OunaH aud@y3uoH JHrep-
Jal TeXHOJOTUK jkKapa¢Hiapu, xapopaT JaTYUTH acocHaa Yiadarud Yy3rapTruuu
CHUCTEMACUHUHT JKCIUTyaTalldOH TapaMeTpiapyuHu HACHTU(UKAIMIAIT MOJEIH,
SPUMYTKA3TUY F03aCHUra aire3usiCH SXIIUJIAHTaH OMUK KOHTAKT OJIUII TeXHOJIOTHs-
cujaH ubopar.

TaakukoTHUHT ycyJiapu. TankukoT xkapa€Huaa dKCIepuMeHTan pusnka-
HUHT KOMIUICKCIM WH(OPMATHUB YCYJUIapH: BOJIbTaAMIIEp, TYPT 30HIJIM yCyJ Ba
Xomt a3 dexTu, pacTpiivd AEKTPOH MUKPOCKOIIHS, JIEKTPOH MUKPO3OH T MUKPO-
aHaJ U3 YCYJH, CYCT Ba T€3 AJICKTPOHJAPHUHT AUpaAKIUS METOAU, Yiadarud ¥3-
rapTrauiap Xaroiap HazapuscH yCyJUIapH KYJJTaHUJTaH.

TagKNKOTHUHT MIIMHUII SHTWIMIM Kyduaarmiapian uoopar:

KpPeMHHUH Xa)XMHUJIa HUKEJI aTOMJIApW HAHOKJIACTEPJIapUHU XOCUJT OVIUIITNHU
TabMHMHJIOBUU Y4 OOCKUWIH, IBHU Xap Oup 6ockuuna xapopat (300+600; 600+-900;
900+1250 °C) mabaym Te3nukaa (5 rpaji/MuH) OMIUPUINO, MabiIyM nakukaaa (10
MUHYT) ¥y3rapMac Xojija cakiaanuO, keiimn 100 rpana/cex Te3nukaa macauTu-
pUIMIIMAAH UOOpaAT HUKEITHU KpeMHUMra qudPy3ust KUIUIl YCYIu U0 YUKUII-
raH;

HUKeJ OWJiaH JIETHpJaHTaH KPEMHHIUIM CTpyKTypajgapra OMHUK KOHTAaKTIIap
OJIUIIl YYYH HUKEJ MEeTaM KUMEBHUH yCyiaa XakmMura HuKen Tuddy3us KuIuHraH
KpeMmHHu# to3acura yTtkazuaubd 10 Munyt naBomuzaa 650 rpagyciia TEpMHUK HIILIOB
Oepuiiad HOOpaT FOKOPHU JIETUPIIAHTAH KATIaM OJIUII TEXHOJOTUSICH SIpaTUITaH;

WIK OOp HUKENT HaHOKJIAcTepjapy KUPHUTWITaH KPEMHUM acocuia Ce3THp-
mury 1okopu (7800 K) 6Ynran Ba yuKuIin xapakTepucTHUKalapu cTaOMIUIAITaH Xa-
popar AaT4uru Tak€piaHTaH Xamaa YHU Tauépiiail TEXHOJOTHSICHHUHT MapIIpyTH
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amaJjra OLIHNpUJITaH;

ONepaloH Ky4alTuprud €paamuga KOPPEKTOPJIOBYM TecKapu OOFIaHMII
KUPUTHUII 3Ba3ura TEPMOJATUMKHUHT YTHUIN Kapa€HIapuHU OUp Japakara Kamam-
TUPUII MYMKHHIIUTH TaXpubaaa KypcaTuiras;

HUKEJl OWJIaH JIUTepjaHTaH KPEeMHUIIM XapopaT AaTYUKIAPUHUHT TOK Ta-
nryBumnap konuentpanmsicu 10'° cv™ man roxopu 6yaranga 10° pentren posamm
raMMa paJhalusICh TabCUPWUIA YJIAPHUHT COJMINTHPMA KAPIIWJIUTH CE3UIMAac
Japaxaza y3rapuild, sS’bHU paJuanusara YMAaMIWINTH, TOK TallyBUWIAp KOH-
nerrparmsicn 10'* e man kmumk Gymramma sca (5+10)-10° pentren gosa Tab-
cupuia YTKa3yBUAHIUK TUIIMHUHT Y3rapuilu.(n—p) Taxxpubajaa aHUKIaHTaH;

Tanad KWIMHAETTaH napameTpiapra kapal (Ce3rupiuru, HapXu, aHUKIUTU
Ba X.K.) KOMIIbIOTEP HYnu OmiaaH MOJAEIIAIITUPHUII aCOCHIAa NATYUKHUHT HIAKIIHU-
HU, KOHTAaKT YHKUIUJIAPUHU, XUMOSUIAII KATJIAMUHU Ba YJIYOBYM CXEMa MapaMeTp-
JApUHM TaHJIAIl UMKOHUHU OEpYyBUM XapopaT NaTYUTHM acocHjia ymdyaruy y3rapt-
TMYHUA ONTHUMAJl CTPYKTYpaBUM MapaMeTpUK JoMMXanall yCylau Takiud KHIWH-
raH;

XapopaT JAaTYMKIAPUHUHT CTAaTUCTHUK XapaKTEPUCTUKAIAPUHUHI HOYU3HK-
JIUTH Ba UCCUKJIMK MHEPIUOHJINTY OWJIaH XapaKTepJIaHyBUM XaTOJUKIIAPHU, Kepak-
JIM YerapaBuil XapopaT UHTEPBAIMHU TaHJIAIl WYIu OuiaH KaMaWTUPHUII MYMKHH-
JIUTY aHUKJIAHTaH.

TaagKNKOTHUHT aMaJInil HATHXKACH Kyluaaruiapjaan noopar:

KPEMHUH Xa)KMHJIa TYpFYH HAHOKJACTEpJIap XOCWJI OYIUIIMHU TabMHH-
JIOBYU XapopaT Ycub OOpHII pexMMUAa HUKEITHH 3Tari JudPy3ust KWINII yCyau
unuiad uukuiarad, ynap acocuna muHyc 100 man 180 rpagyc llenwcuiiraya wH-
TEpBAJA XapOpPaTHHU yI4Yall YYyH TEPMOCE3THMp JJIEMEHTIIAP Tal€pianl TEXHO-
Jorusicu Uiuiad YUKUITaH;

Xap XWI 00BEKTIAPHUHT XapOpaTUHU y30KJaH VI4allHi TaAbMUHIOBYM MUK-
pOTIPOIIECCOPIM YIUarud cxemanap TaWEplIallHUHT TEXHUK €YUMIIapu Takaud
KWJIMHTaH.

TaaKuKOT HATHKAJAPUHUHT WIIOHYJIMJINTH (PU3UK jKapaéHIapHU TaIKUK
KWJIMIIIA YMYMKaOyJl KWJIMHTaH WIMHI Ba TEXHOJOTUK yCIIyOJsap, SpuMyTKa3r1y-
T acOOONapHUHT XapaKTepUCTUKAJIIApUHU Ba MapaMeTpilapuHu TEKIIUPUIIIA
CTaHJapT Ba KEHI KYJUIAaHWJIAJUTaH TaAKUKOT YCyJapuaan (oiianaHuiIraniurua
OwinaH TacaukiaHrad. HaTwka Ba Xyrocanap 3aMOHAaBUM Ha3apuil Ba IKCIEpH-
MEHTAJI MabJIyMOTJIapra, pUMYyTKa3ru4jap Ba yJap acoCUAaru MaTepUaJIApHUHT
¢bu3uKaBUil TacaBBypJiapra acocCjaHTaH »SKCIEPUMEHTal MabJIyMOTIAPHUHT
UIIOHWIWJIMTH CUHOBJAH YTraH KOMIUIEKC Yyiyaml ycinyOjlapuaaH Ba MabiyMOT-
Japra Hazapui MuuioB 6epuiga (GoiganaHuATaHIuK OUlaH TaAbMUHIIAHTaH.

TagKUKOT HATHKAJAPUHUHT MJIMHMHA Ba aMaJIUil AXaMUATH.

TankukoT HaTW KaJapUHUHT WIMHA axaMUSTH IIyHAAKU, TUdPy3uoH Ju-
repiam Wynu OuiiaH KpeMHUNa HUKET aTOMU HaHOKJIACTEPJIAPUHU XOCHI KHITHII
Ba yJIApHU KPEMHUUHUHT 3JIEKTPO(DU3UK XyCYCUSATIApUTra TAbCUPUHHU Xap TOMOH-
JaMa YpraHuil KOMIIEHCUPJIAHTaH MaTepUaUIapHUHI XO0CCAacu Ba CTPYKTypacu
TYFpUCUAATH TYIIYHYAHU KEHTaUTUPUILTa UMKOH Oepajiu.

TanKUKOTHUHT aMaluii axamusiTd IIYHJaH WOOpaTKu, MyKaMMaJUlalllTH-
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pwirad 1ud@y3usi TEXHONOTUSCH APUMYTKA3TUWIN MaTepUaUIAPHUHT MaKcaJn
MoAM(UKALMS KWIMILITa Ba ylap acocujia Xap XWwi OObEKTIap MmapameTpiapuHu
HazopaT KWIMII cCUCTeMalapuja Ba acOoOiapuja Kyijamra MyJbKajllaHraH Tep-
MOCE3TUp JaTYUKIIap OJMILI UMKOHUHH Oepaa.

TagKUKOT HATHKAJIAPUHUHT KOPUN KUITHMHUILH.

Kenr umum nuanasonura sra Oynran (-40+180 °C) Tepmoce3rup naTdyuk
yuyn «TepMmonmaTunk» Y30ekucton PecryGmukach MyIK — areHTIMTHHHHT
uxtupora nareHTu onunran (UZ TAP 04778 29.11.2013ii.). Nmnab uukuiarax
TEPMOJIaTYMK caHoaT acOoOjapu, WIMHNA OOBEKTIAp Ba TYPIH XYXKaJIUK
KypriIMajlapu xamaa CyObeKTIIapHUHT XapOpaTUHHU Ha30paT KWIWII UMKOHUSTUHU
ApaTaju;

napameTpiapyu cTaduil XaMmJla Xap XWi TallKy Tacupiapra 4Yuaamiid TepMo-
cesrup aatunkiaap naptusichi «kFOTON» O4uK aKIUsSIOPIUK >KaMUATHAA WIILIA0
YUKWITaH Ba YyJap acocuja spaTWiraH XapopaTHU VYIYOBUHM KypHJIMaJap
Kamkangapé BUJIOSTUHUHT NaxTa TO3aJlalll MyHKTIApHIa MaxTa YUTUTHHUHT YHUO
YUKW KOOWJIMATHHM Tajlad Japakacuja cakjiad KOJHWII YYyH MIUJIaTHITaH
(«FOTON»  akuusgopiauk  skamusituHuHr 2016 #iun 30  uroHgaru
MabiIyMOTHOMacH). MuouiaHmMaHu — KOpUH  KUJIMII — TepMOAATUMKIAPHUHT
napamMeTpiapyu Ba OapKapOpJMIMHU TalllKd TabCUpJapra YWAaMIMIWTUHU
TabMHHJIATaH;

XapOpaTHU YI4OBUM Ol KaHaJUITM MUKPOIPOIECCOPIN TEPMOCE3TUP KYPHII-
Majap JOH CaKJIOBYM MHIIOOTIapAa (31eBaTop) OyFIod MaxcysiaoTiapu XapopaTu-
HU Ky3atuml yuyyH wunulatuiarad  («[amma-Antek»  O4MK — aKIMSIOPIIHK
xamMussTuHUHT 2016 ¥iun 04 urongarm mMabiaymMoTHoMacw). MuutanmaHu skopuid
KWW JIOH MaxCyloTjapd CakJIallHUHT CTaOWJ MIApPOUTIIAPUHU TabMHUHJIAII
HBa3Mra yJIapHUHT cUpaTUHU cakjiad Kojauml Ba HMCpod OYJIMIIMHUHT OJIIU
OJIMHTaH.

TagkuKoT HATWKAJAPUHUHT anpodauusicu. Vnmuii Hatrxanap pecny0-
JIMKa Ba XaJKapo KoHepeHIusIapa Mabpy3a Ba MyXokama KWJIMHTaH: dKyMJlaJlaH
«8-th international Conference Solid state physics» (Almaty, 2004); «I'eorex-
HOJIOTMSI: MHHABAallMOHHBIE METOJBI HeApomnoiab3oBaHus B XX1 Beke» (MockBa-
Hapou, 2007); «PocT, cBoiicTBa U nmpuMeHeHne KpuctauioBy (Anauwxkan, 2008);
«MHuTerpanus oOpazoBaHus, HAyKH U mpousBojcTBa» (Mocksa, 2008); «Kazaxctan
B HOBOM MHpe U mpobsiembl HamumonanbHoro oo6paszoBanusi» (Yumkent, 2008);
«Hayxka u npousBoactBo» (Ketsicait, 2009); «Kpemuuii-2010» (Huxuuii Hosro-
pon, 2010); «®yHnaMeHTalbHble U NpPUKIaAHbIE BOMpOchkl (Gu3ukm» (TamkeHT,
2010); «Y36eKHCTOHHUHT HHHOBALMOH TapaKKHETH-EIIap Huroxuaa» (TamikeHT,
2010); «DoTo3neKTpUUYECKUE U TeIIO(GU3NYEeCKne OCHOBBI MpeoOpa3oBaHus COJI-
HeyHoi sHeprun» (deprana, 2011); «OnTtudeckas u GOTOIIEKTPUUECKAs SIBJICHUS
B IOJYNIPOBOJHUKOBBIX MUKPO U HaHOCTpYykTypax» (®eprana, 2011); «Hanorex-
HOJIOTHSI Ba KalTa TUKJIAHAJIUraH SHEPrus MaHOanapu: MyaMMoJap Ba e4umiapy»
(Kapmmu, 2012).

Jlucceprauysi WIIMHUHT ACOCUM HaTWKajlapu TOIIKEHT AaBlaT TEXHUKA
YHUBEPCUTETUHUHT SIPUMYTKA3ruuiap WyHanumu Oyindya yMyMud WUIMHNA CEMU-
Hapaa (28 mait 2016) xamna dusnka-TexHuka UHCTUTYTH Ba CamMapKaH[ JaBiiat
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yauBepcutet Xysypuaaru 16.07.2013.FM/T.12.01 paxamnau Wamuit keHraim
acocuna 01.04.10 wuxtucocnurum OYinya (TexHUKa ¢aHiIapu) Ty3WiraH Oup
MapTajJuK WIMHH KeHram Komujgara uiamuid cemuHapaa ( 10 uron 2016i4)
MyXOKama KUJIMHTaH.

TaagkMKOT HATHIKAJIAPUHUHT IbJOH KWIMHUIIM. JUccepranus MaB3ycH
Oyitnua sxamu 28 Ta WIMHUN UIIT YOIl TWITaH, )XymiaaaaH, 1 Ta kutoo, 14 ta wimMuit
MakoJja, myHAaH 4 Ta Hydy3au XalKapo *KypHauiapaa xamaa 12 ta Te3uc xaakapo
Ba pecnyOiuKka KoH(epeHuusiap Tyraamiaapuia Halp 3TUIraH, UXTUPO yuyH 1 Ta
MATEHT OJIMHTaH.

JluccepTalUsIHUHT Xa:KMHU Ba Ty3wiaummM. J[ucceprauus kupuii, Oemira
000, xynoca, Ba 112 Homaaru ¢oitnananunran anabuérnap pyiixaru, 2 Ta uiosa,
200 caxuda matH, 76 Ta pacMm Ba 26 Ta kaJaBajiiaH HOOpar.
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TIMCCEPTALIMSIHUHT ACOCHUI1 MAZMYHMU

Kupum kucmuna nuccepranus MaB3yCHHUHT J0J3apOJIMTyd Ba 3apypaTu
acocllaHTaH, TAJIKUKOTHUHT pecnyOiuka (aH Ba TEXHOJOTHSIIAPU PUBOKIIAHUIIU-
HUHT YCTHUBOp HYHaluUUIapura MOCIUTH KypcaTuiraH, MaB3y Oyiinua XOpHKUN
WIMHUI-TaIKUKOTJIAp IIApXU, MYaMMOHUHT YPraHWITaHJIUK Japa)xacu KeATHPUJI-
rad, TaIKUKOT Makcaju, Ba3udanapu, 0ObEKTH Ba MpeAMETH TaBCU(DIAHTaH, Tajl-
KUKOTHUHI WJIMUN SHTUJIUTH Ba aMajuil HaTwXKajlapu O0a€H KWIMHTAH, OJIMHTaH
HaTWKAJIADHUHT Ha3apuil Ba amMaiuil axamusITH o4uO OepwiraH, TaJAKUKOT Ha-
THKATAPUHUHT >KOPUN KWJIMHUIIM, HALIp STUITaH MIJIAp Ba JIUccepTanus Ty-
3UJIMIIN OYiinya MabliyMOTiap Oepuiras.

HucceprauussHUHT OupuHYM 600U « MyaMMOHMHI X0JIaTH Ba SIPpUMYTKA3-
TUYIM HAHOKMPUIIMAJIHN CTPYKTYpPAJap MILIA0 YMKHII TeXHOJOTMSICHHH SIX-
IMJIAII TeHJeHIUsAIapu»ra oarunuianrad 0yiaud, MyaMMOHUHT XOJaTH Ba Tep-
MOCE3TUp JATYMKIAPHU TAAKUK KWIMII Ba yJApHUHT (YHKIHOHAN XapaKTepuc-
TUKAJIAPUHU SXIIWIANI TeHICHIMsIIapu Oyiinya agaduérnap MabJIyMOTHHHUHT 1Iap-
XM KEeJITHPWITaH Xamjia TePMOCE3THp AATUYUKIAPHUHT 0a3a MaTepuaIuHU Ba KU-
pUIIMaHU TaHJAll, HAHOKJIACTEPIM MaTepHAIAPHUHT (DU3UK-XUMUK XYCYCHST-
Japu KypuO 4yuKwiIraH. MapxyJ MabliyMOTJIApHUHT Ha3apuil Ba SKCIIEPUMEHTAJI
TaxJIMJIU HaTHWKacuaa BazudanapHUHT KYWHIMIIN [IaKIUTAHTUPUIITaH.

HuccepranussHUHT UKKUHYM 000u «Hukes aTtomjapu OuyiaH JerupJaii
YCYJAMHHM MILIA0 YMKUID 10 HoMIaHuO, Hukel Tepmoauddysusicu ycynu Ou-
JIaH JIETUPJIAHTaH KPEMHUWHU OJMIIHUHT TE€XHOJOTHK 3Tarjlapu, KPEMHUN Xax-
MUJIa HaHOKJIacTepiaap TapTHOJAIIUIIN KapacHIapy KeJITUPUITaH.

Masbnymkn' auddy3us xapaSHIHHE Te3 COBYTHII OUIAH MyBO(GHKIAIITHPHO
KpEMHUI1a HUKEIb HAHOKJIACTepJIapu oiaull MyMKkuH. bynaa nuddysus remnepa-
typacunu 750 gan 1050 rpanyc Lenbscuiiraya y3raptupud xamaa COBYTHII TE3JIH-
ruHu TeHnad Ha"okiactepiap YmuamuHu 10 man 900 HanomeTprava OOIIKAPHUIII
myMmkuH. lllyHra acocon Ouznap KpeMHUI]a HAHOKJIACTEPIAPHUHT IIAKJJIAHUIIHU-
ra Xapopar JIMana3oHd Ba COBYTUII TE3TUTMHU TabCUPUHU YpraHauK.

Kpemnuiira ytuim rpynnacu Metauiapuaud 1ud@y3ust KUIUI skapaéHiapu-

HU ypraHum HaTikacuaa xap xwn 10+10* rpajg/cex Te3nmkma COBYTHINIA 3iIeK-
TPHUK aKTHUB aTOMJIap KOHICHTPAIMSICH amala COBYTHII Te3JIUrura OOFIUK dMac-
JIUTY aHUKJTaHTaH.

Kpemunii xa)kmuia yHUHT TEPMUK CE3THPIUTUHU OLIUPYBYM HAHOKJIACTEp-
Jap OJUII YU9yH HUKEIHH KpeMHuiTa quddy3us Kuau xapaéHuau nuddysust me-
upma xapopar 5+7 °C/muH Te3uk Owiaan ommb Gopumm pexumuma 700+1250 °C
XapopaT WHTepBaluAa amalra omupuian. KpeMHUIHN KU3AUPUITHE OOIIIaHTHY
TeMIiepaTypajaH aMalra omupuIl 6apkapop OyiMaran Mapka3iapHU TEPMUK TOO-
JAHWIIY yI9yH MAapouT Xocwi Kuianu. Huddys3us xapopaTu ammnyia EHHIA KO-
JAIITUPUITAH TUIATHHA-TUIATUHAPOAUIIIN TepMoIiapa OpKald Ha30paT KHJIWH/IH.
K¥tapunmub 6opyBun ku3aupuin 110 MunyT naBomuaa oaud Oopuiiau, KeWnH 3ca

' F. Riedel, W. Schéter. Electrical and structural properties of nanoscale NiSi, precipitates in silicon //
Phys. Rev. B., 2000. — Vol. 62. — Ne 11— pp. 7150-7156.
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MaKcHMal Xapopalra eTuiraiaad cyur 10MuHyT ymnad Typuiiiy, CyHrpa HaMyHa
JKOWJIAITaH aMITyJia COBYTHII MakKcaJuja KeCKUH paBUlIAa CyBra TalulaHju, Oy
sca rokopu Tesmmkaa V=100 + 300 °C/cek COBYTHIIHH Ba HAHOKJIACTEPJIAPHUHT
KPEMHUU XaXKMHIa OUp TEKUCa )KOWIAIIMIIMHN TaAbMUHIIAIITa OMIIT OYI11u.

Xaxwmura Huken Auddy3us KUIMHTaH KPEMHUN 103acura, sSXIIWJIaHraH aj-
re3usiyid OMHUK KOHTAKT OJMII Y4YyH, XUMUK YCYJI OMJIaH HUKEJ METAJIMHHUHT IONKa
Katiamu (3 MxMm) yTraszuwian Ba 650 rpaayc lenbcuitna 10 MunyT naBomMuja Tep-
MUK TOOJIaH[IH.

Nuta® yukuiarad xapopat JaTYUKIapu MapaMmeTpiapuHd MabiyMm OYiran
aHayoryiapu OWjaH COJIMINTUPHUII IIYHU KYPCATAUKH, yap KapIIMJIMTUHUHT Xapo-
patra OOFIMKIWTU MycOaT Ba MaH(UI XapopaTiap/ia aHajloriapra HucOatan Oup
KOHYHMSTra OyilcuHaau, xapopaTt Ko3(ppuuueHTu 3ca KopH Kuitmatiapra sra (1
JKaJIBa).

1 sxanBan
Huken HaHOKIacTepyiapuiivd KPEMHHI acocHulard Xapopar
natunknapuaaar (1x1x0,5 MM°) mapameTpiapu

Ne p, OM-cM B, K T, °C
1 3-107 4600 -60+120
2 3:10° 6250 -60+130
3 2-10* 7000 -70+140
4 10° 7200 -80+150
5 6:10° 7300 -100+160
KMT-1 | 22:10°+1-10° | 3600+7200 -60+180
MMT-1 | 1-10°220-10° | 2030+4300 -60+125
MMT-6 | 10-10°+100-10° | 20604300 -60+125

Unk Gop n*-n-n"-CTpyKTypaJii KpPEeMHUM acoCHJard xapopaT AaTUUTHHU
UIUI1a0 YUKHILI TEXHOJOTHUSICH ¥3 HUMra Xxapopar ycub Oopuly pexxuMuaa COJUII-
tupma Kapmuin 4060 Om-cMm OYiran n-TUIIM KPEMHUN KPUCTAIWra HUKEITHU
mubdy3ust KUIuI Kapa€HUHU, KUMBEBUNM HYN OWaH HUKEN YTKa3WIraH r03ajaH
mubdy3ust ycynu OWiiaH IOKOPH JIMTEpJIaHTaH YTKa3yBUAHIUTH 1 -TUIUIM COXaHU
maKuaHTupuil Ba 50 MUKPOHJM Kajald KaTJaMHUHM YTKa3ull, XamJa KpEeMHUM
KpUCTA/IAPHHE 1 MM’ JHCKpET SJeMEHT/IApra KECHII Ba TOK TALIYBYH CHMIIH
YUKUIJIAPHU KOBIIAPJIAUUIAPHU OJIA IH.

Amnanorgan ¢apkiu paBuIla BaKyymJa TEpMUK ToOJjam OujlaH KpeMHHUM
}03aCUra OMHMK KOHTAKTHUHT aAr€3UsCUHU SXIIWIIAII, XapopaT JaTYUTHHUHT UKKa-
7a WyHanumga mapaMerpiapu (GapKIaHUUIMHU OJJIUHHM OJIUO, TOK XapaKTepuc-
TUKAJTAPUHUHT YA3UKJIWIATUHA TAbMUHIANIN.

HMucceprauusHunar « Huke s OMJIaH JlernpJaHraH KpeMHHU acocuaa Xapo-
paT JATYHTHHH UILIA0 YMKHID) 1e6 HOMJIAHTaH yYHHYH 600uaa n' -i-n’ -CTpyK-
Typajdu XapoaT NaTYUKIApUHUHT 0a3a MapaMeTpiiapuHU TaHJall aCOCJIAHTaH,
yJlapra OMUK KOHTAKTJIap OJIMII Kapa€Hapy, repMeTu3anusian, Tanépuanl Tex-
HOJIOTMK MapIlIpyTH, CTATUCTUK Ba TUHAMUK XapaKTepUCTUKAJIAPH, Xamaa Oapka-
POPJIUTHU KEJITUPUJITAH.
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Xapopar 1aT4yuru, MOHOKPUCTAJI KPEMHUN aCOCHIa XapopaTra ce3rup i-coxa
Ba JJIEKTPUK KOHTAKTiIap OWJIaH TabMHHJIAHTaH OYnuO, i-cOXa MKKHTAa IOKOpHU
JIUTepIIaHTaH 71 -coXalap Opacha XKoiamras, OyHaa n' -COXaHUHT TallK{ KUCMH
HUKEJUIAHTaH Ba OMUK KOHTAKT XOCWJ KHWJIA[HM, HUKEJJIAHTaH Ba JJIEKTP YHKHIL
CUMJIapHU Opacura Kajai KaTjlaMHu YTKa3WJITaH.

. I mm " Taxnud kummHaéTran xapopar
VM J0MKM  TaTYUTHHUHT CTPYKTypacu -
= 3 mKkm
4 pacMa KeITHPWITaH, YHUHT
3 E 350 mem  0aza coxacu roKopuomiuK 350
MUKpPOHJIM KpEeMHHIIaH uobo-
Ir 3 par. YHHHT WKKajga [03acura
U MKM o

32— 7 KAJIMHJIUTA 2 MHKPOH Oyiran

: +
4 IOKOPH JIUTEpJIAHTaH 1 -THII-
1 —i-8i;2 —n"-Si; 3 - Ni; 4 - Sn JU  coxXajlap IIaKJJIAaHTUPUJI-
Pacm. 1. Takang kuamHran xapopar raH. VJIapHHHT YCTHIAH >ca

AATYUTHHUHT CTPYKTYpacu KUMEBUH ycyn OunaH 3 MUK-

POHJIM HUKEN YTKazuiaran.UuKHIll CHUMJIApUHU ylalll OCOH OYJIUIIM y4yH HUKEI
KATJIAMUHUHT ycTuaaH 50 MUKPOHIIM Kajal YTKa3uITaH.

XapopaT NaTYUTMHMHT 0a3a coxacu Marepuanu cudaTuaa COJUIITHpMA
Kapumiura p=10+100 OM-cM O¥ynran n-TuUn YTKa3yBUYaHIUK MOHOKPHUCTAT KpEM-
HUWHY TaHJIAHTAHJIWITH YHIa KUPUTUIAETTaH HUKEIHUHT 3JIEKTPOAKTUB aTOMJIApU
KOHIEHTPAIMSICHHU Ba XapopaT WIIYM JUAMa30HUHU OOUIKApUIl UMKOHUSATHUIIAH
kenuO yukanu (pacm 2). Hukennu kpemuuiira nqud@y3us KUIMII kapaéHu Xa-
popaT omuO OOpHILK PEKUMHAA aMajra OUIUPUINO, XapOPaTHUHT OXUPTU KUMi-
MaTu OJJIN TEXHOJOTUSHUHT AU(dy3Ust XapopaTUra Moc Kejau.

SpbHM OnAMK TEXHOJIOTHUS[A amIryjara N.ew™
KOWNAIITUPUITAH KOHTPOJI HamMyHa aud- — 10°
by3uss kapa€HM XapopaTura MyJKai-
JaHTaH KUMMaTUra 4YukKaHjaa redra Ku-
putwiaau, nuddys3us BaKTH 3ca 2 coaT
JaBOM STTUPWIAIU. Yiapaa HUKETHUHT
AIEKTPAKTUB KOHLEHTPAIUsICH Xapopat
OLIMIIM peXUMUAarura HamyHara (2 - g
Yu3MK) HUcOaTaH TaxmuHaH 7+10 % kam
(1 - umswmk) uyukagu. Huxemnu xapopart
omn6 GopyBuM pexxumaa 1uddys3us Ku-
JUIIHUHT ad3aJTUTY IIyHJIaKu TOK Ta-

| I R B \
1000 1100z | 1200a 1300z T,°Ca

1- muddy3usHUHT Ycubd GOpyBUN pPEKUMU
2-6epunran xapopataa nuddy3us

IIYBYWIAPHUHT KEPaKJIM KOHLEHTpaLUs- PacM. 2. DiIeKTPAKTHBHOMM
CHHHM OJIMII y4yH MKKHM 0apo0ap KaM BakT KOHIEHTPANUSHUHT TEPMHUK HILIOB
capQaHaiu. Oepuil xapopaTura OOFJTHKJIUTH

Xucobmap 6yitnua muddysus xoosdoummentn Dyni=2,3-107exp(-0,47/kT)
cM’/cra TeHr 6yiranma Ba xapopar T=(600+900) °C atpoduma 6¥i1ca, HUKET KOH-
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nentpanmsicn Ny=1,4-10"exp(-2,3/kT) cM™ra TeHI, SbHH HHKCIHHHI 3pyB-
ganmura Nyi~10" em™ra, muddysus kospdummentn D=(10"+10") cm’/c ra Tenr
OynmumM kepak. Y Xonaraa KanuHiaurd | mm Oynran HamyHaHd Oup Tekucaa
murepramt yaya t=1/D=(0/1)"/10"=1000 cex (/=7 coar) BakT Kepak Gyiap 5,
OM3HUHT XoJaTaa 3ca AU y3UsTHUHT XaMMa TEXHOJIOTHK jKapaéHu 3 coaTHU Tall-
KIT 5Tafd. ByHIa HUKeI aTOMIAPHHHHT Xa)KMIArd KOHIEHTpaumsicu Ny ~ 10'
CM™Ta TeHT OYIaan, TbHU KyTHITaHHAAH KYIL.

Xynoca KWIMHTAHKH, XapopaT OUIMIIM pexXuMuaard nuddysusga HUKeEI-
HUHT Auddy3usacu y3emnapapo coaup Oynanu, KUpUIIMa aToMJIapy 3ca y3esuiap-
apo KOMIAIAH, YYHKH BaKaHCHsIAp KOHIeHTparmsch 107 cM™Ta Tenr 6y1uo0,
y3eiuiapapo KOWJIAIITaH HUKEJ AaTOMJIAPUHUHT KOHIEHTPAUUSICHIAH 107+10°
Japaxkara Kam.

XapopaT AaTYMTUHUHT YIIdall rnapamerniapura EpyrIMKHUHT, HAMJIMK Ba XaBO
OKMMUHHUHI OHMI CakpallIapy KaOu Talku (akTopiap TabCUPUHU OapTapad KUIUII
yUyH Xapopar JaT4MKiIapura repMeTHK cudaruna KyWniyBUM KOMIAyHJUIAp HIIUIa-
TWIAH. Xapopar AaT4yurd OwiaH KOMIIAYHJHUHT YM3WKIA KEHraum Kodpguim-
eHTIapy (apKu TAbCUPUHU HYKOTUII Y4YyH KOMIAyHAra TYWHHTUPrud cudaruia
CYPUK-KYPFOIUUHINK OYEK KUPUTWITaH. TYHMHTUPrUY KOMITAyHIN acOCH KIIUO Malie-
uHIM aHruApun cMonacu JJ1-20 Ba koTHUpruy cudartuia TPUAITAHOJAMUH OJIMHTaH.
MarsneuHnu aHruApy/ Ba TPUATAHOJAMUHHUHT TaHJIAHUIIM 11y OWjIaH acoCJiaHTaH-
KH. MaJICWHJIM aHTUAPU]T Y30K MIIUIATHIYBYM Ba OOILIAHTMY EMUILIKOKIMTY KaM KOMITa-
YH/I OJIMIIITa UMKOH Oepajiu.

TpusTaHOIaMUH TEXHOJOTUK CU(ATH YHYA SXIIK OYIMaca XaM 3aXapWiIuru
KaM OYJraHu ydyH TaHJaHTaH. DMOKCHIIW KyWuiyBud [[-2 KOMOayHIMHHUHT pe-
HenTu 2 skajaBanga Kentupwirad. Karra MeXaHUK KywIaHUIJIApHUHT OJIUHU
OJIMII HYKTaW Ha3apHJiaH MoJMMepU3alusiiaml kapaéHuaa KOMIAyHIHUHT YTUPU-
1M KaTTa axaMUsTra sra.

2-kaaBaJ
J1-2 snoKCuIIM KyWHITyBYM KOMIAYHIMHUHT PelenTH
TapkuO, OFUPINK KHCMIIap/a

o
S
- E CMmona KotupyBun Tyiiuarapruy
> =
= S
Z = S = =
o g 3 = 3 = S =
S ) o ) ) ) )
E jan o jani o jan} o
Kyinnysun | J-2 2/1-20 | 100 | ma 2,28K | CC 1,5+1,8r

Iyaunr yuyH nonumepusaius xapaéauna T=80°C xapoparma 4 coaT JaBoMHJa,
T=120°C ma 12 coar maBommma, T=140°C nma 24 coar naBoMuaa Xap XUl
XapopaTia SK30TepMHUK KHU3JAUPHIN amaira omupwirad. HaTwxana TaHiaaHTaH
AMOKCHJT CMOJIAHUHT KOTHIII Kapa¢Huia MEXaHUK KYyWIMHHUIILIAP COAUP OYIUIITUHU
MUHHUMaJUIaTupuiira myBaddax 6yauHu.
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Kepaknu ydyacTkamapHUHI HOMJIApU Ba TEXHOJIOTHK >Kapa€Hiap KeTMa-KeT-
JUTUHUHT CTPYKTYypasid Tabpudu xamaa xapopaT JaTUYMKIAPUHUHT UILIA0 YUKHII
KUX03J1apH KOMIIEHCUPJIAHTaH KPEMHUM acOCUIa XapopaT JaTyurd Tauépiam Tex-
HOJIOTMK MapuipyTu cudartuaa pacmuinamrupuwirad. KoppektupiaoBuu mnapa-
JIeNIb Ba KETMA-KET YJIaHTaH pe3ucTopiap €paaMua yirdarud napaMeTpiapuHu Oll-
TUMHU3AIUSIIANl MMKOHUSATIApU TaxkpuOaja OJIMHraH Ba NIy MapameTpiiap OuiiaH
ONTUMAJUIAIITUPUITAH CXEMaJlard CE3TUPIIMKHUHT OOFJIMKINUTU YpHATUITaH, Kai-
CUKHU XaTOJApHU KaMaWTUPHUO Ba Yayalll aHUKJIUTUHU OLIKMPHUIITa UMKOH Oepai.

 R-RY?
“G-THR AR+

(1)

bynna ymuanunaérran xapopaT Ha3opaT KHJIMHAETTaH MyXUTHHHT IIapouTH (Tas,
CYIOKJIUK Ba OOIlIKa) OujlaH aHWKJAHWIAIU Ba CE3UJIapCU3 OFMIIIapra sra O0ynud
(3 *xamBai), cTalMOHAP XOJIaTAa 3¢a XaKUKUH XapopaTHU OepaJiu.
3-kaaBaj
Xapopart JaT4yurd mapaMeTJapuHUHT Ba XapaKTePUCTUKATIAPUHUHT
HOMHWHAJIb KHAMAaTIapJiaH OFUIITN

dakTopJiap AU/U, | AKK AR/R AB/B
Tamku MyxXuT XxapopaTu 0,06 0,05 0,01 0,001
MarepuaaHUHT Yapyaiu 0 0 0,1 0,01
Kentupunran xaTonuk 0,05 0,05 0,01 0,01

XapopaT JaTYUTMHUHT 0apKapopIuru JOMMUN paaiukiapra HucOaTaH gecTaOu-
JamTUPYBYM (hakTopiapHu xucobra osiraH xonga 1% nan kam xatonukiaa 0.966
HU TallIKWI KWIaau

/S, =045 )

makce Mmakce

P — CD(ASMGKC )_ CD(_ ASMLJKC ) — CD( 1 )_ CD(_ 1

= 0,966 3
o 0,45 0.45 )

N

JluccepTalussHUHT TYPTUHYIN 000M «XapopaT JaTYNKJIAPHHUHT XapaKTe-
PHUCTHK NapaMeTpJapyHM Ypranuun 1e0 HOMJIaHUO, UIUIad YUKWITaH XapopaT
JTATYUKIIAPUHUHT XapaKTCPUCTUKAIIADUHN Ba TapaMeTPIapHHH TaJAKUKOT KHIIHII
yCyJuIapH, 2JIEKTPUK Ba aCOCHH XapaKTEPUCTUK MapaMeTpiapuHu XaMm/ia yJIapHUHT
UIITYH XapaKTepUCTUKAIapura BHOpaIys Ba Y —HYpJIaHUIITMHUHT TabCUPHHH Ypra-
HHIITa OarvIIaHraH.

Xapopatr JaTuyuKJIapUHUHT aCOCHM XapaKTEepUCTUKAIApU — XapopaT Ce3THp-
JUTH KO3 (HUIIMCHTH Ba KapIIMJIUKHUHT Xapopat Ko3hOHUIIMEHTH, XapopaT YrJar
JMaria3oHy, Te3KOPJIUTH CTaHAApT AKCIIEPUMEHTANl KypuiMaja YiIdaHTaH. Virganm-
Jap WIIYM KaMepajaa XapopaTHH CYBHHHT TEPMOCTaTAaH KUPHII KagamMuHu 2+3°C
MUHYTHUTa OIIUPHII HyIn OWJIaH Ba MHUHYC XapopaTjiap 3ca CYOK a30T épaamMuja
XOCWJI KWJIMO o0 OGopuiras. Viganran Ba xuco01a0 YMKHIraH HaTWKanap aco-
cujia XxapopaTt JaTYUTHHUHT COJTUIITUPMA Kapimurua opkainu 10% anukimukna 6e-
prwryBun DepMH caTXy SKOWJIAIIMIN YyKYPIUTHHHHT XapopaT CE3THPIUTH KOod(h-
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dbunrieHTH OUNlaH OOFIUKJINTU YpHAaTWIraH. SIbHU KaHyanuk depMu caTXu TaKUK-
JIAHTaH 30HAHUHT YpTacura sKuH OYIlica xapopar Ce3rHupiuK Kod(PhUIIMEHTH IIyH-
YJaJIuK IOKOpH O0Ynaau, 3 pacwm.

-~

8000 - BET

6000

0 4

4000 - . o

2000 4 55&321‘012345-.61#‘(3

06 04 02 0 02 04 08 "
3 15

3 - pacm. KoMnieHcupJiaHraH p- Ba n-THII
YTKa3yBYaHJIUKJIU KPpeMHHIAa XapopaT 1- anuK; 2- Taknud KMIMHAETTaH
ce3rupJuru kodgppuuueHTHHNHT Pepmu
CATXM KOMJIAIMIINY YYKYPJIAUIrUra
OOFJIMKJINTH

4 -pacm. XapopaTt JaTYUTHHUHT
BOJIbTAMIIEP XapaAKTEPUCTHKACH

Taxxpubana xypcaTuinranku, Takiud KUJIUHTAH XapopaT JaTYMKIapyu aHa-
jorinapra HucOaTaH WKKajla HYHanuIIga TYFPU YMU3UKIW BOJIbTAMIIEp Xapak-
TepUCTHKara sra (4 - pacMm), KallCUK1 XapopaTHUHT XaMMa KuiMatiapuaa Oup Xui
XapopaTt ce3rupyurura sra (5 - pacm).

R, MOm R, xON
120 707 ;
100 anl
80 1 07
40 -
80 A 30 1
| 40 20 4
20 - 10 - T, °C
. et 0+ — ; - - -
-40 -20 0 20 T.,°C 20 40 60 - 80 100
a) maHduit xapopaTiapaa 0) MmycOat xapopariapaa

5 - pacm. Hukes1 OMi1aH JierupJiaHraBH Xapopart JaT4Yury
KAPIIWIMTHHUHT XapopaT OWjiaH OOFJIMKJIUTH

Xapopar AaTuYMKIApUHA TepMETU3allvsl KWIWII YJIapHUHT BOJBTaMIIEp Xa-
pakTepucTUKacura EpyriauKk HypUHUHT Ba aTMoc(epa OKUMUHUHT UMITYJIBCITH TeO-
paHMIUIapU TabCUPHUHU OapTapad KuimMO, KaM KywIaHWIUIApAa YMKHUII XapakTe-
pUCTUKATApUHU cTabuiutamTupanu (6-pacMm), 6aza coxacu COJHUIITHPMA KapIlu-
JUTUHUHT FOKOPY KUAMATIWIUTH YT9all XaTOJUTHHA KaMalTUPUO YIOBYM Kadel
KApUIWJINTY TabCUPUHU OapTapad KuIuIra oiaud Keiaau.
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LMrA

30—
6 - pacm.
= 7 CoMmTHPMA KAPIIMJINTH
e 5 o .
w0l Vi ,,/1 p=10" Om-cm O0yaran n-Si<S>
Rl acocuJard xapopar

3 Rl AATYUTHHUHT BOJIbTAMIIPE
w0l il xapakrepuctukacu (T=300 K)
sl 7 1 - repMeTH3ALUACHS;

-~ | | ‘ ‘ | 2 — repMmeTu3anys Ounax
0 L= | |

0 1 2 3 4 5 6 7 UB

3

Nuutab yukwiran xapopat aaryukiapuHuHr (1x1x0,5 MMm”) Goiika ycTyH-

JIUTH IIYHAAKY, YIAPHUHT 6a3a coXacu COIUIITHPMA KapIIUIUTHHUHT OO Oopu-
M OUJIaH Xapopat CEe3TMPIIMTY Ba UIITYM IUANa30HU KeHrainbd 6opaau, 4 xaasadi.

4- xxanBaJ
Huxkesr HaHOKIIACTEPWIM XapopaT JaTYMKIAPUHUHT [TapaMeTpiiapu
p,Omem | 3-10° 3-10° 2-10° 10° 6-10°
B, K 4600 6250 7000 7200 7300
T,°C -60+120  |-60+130  [-70+140  |-80+150  |-100+160

Nnuta® yukuiarad sSpuMyTKa3TUWIA XapopaT JaTYUKIAPUHUHT acoCUil Xa-
pakrepucTukanapuHu 6op anainornapuukura (KMT-1, MMT-1, MMT-6, CT6) (5 -
’KaJBayl) COJUIITUPYB aHAIM3W HATHXKACH LIYHU KYPCATAMKH, COJUIITHPMA Kap-
HIWJIATH, XapopaT Auana3oHu, XapopaT CE3TUPJIMIY Ba BaKT AUOMUWMIIUTH Kypcat-
ruujgapu Oyinya umnuiad YMKWIraH XapopaT JaT4MKIapu SXUIM KypcaTruujiapra
ara.

5 - :xkagBan
Nnutab yukuiaran xapopaT AaT4uKIapUHUHT*
COJII/IIJ_ITI/IPYB I/IHI‘{I/quapaKTepI/ICTI/IKaJIapI/I
Viuamr Bakr
Xapopar Conumrrupma XapopaTH Xapopar o —

JaTYurn KapIHI/IJ'II/IFI/I, IMATTa30HH, C 63FI/IpJII/IFI/I, MU

TUIIHA Om 0 B ’

C CEK
Si<P,Ni> 3-10°+1-10° -80+150 4600+7200 5
KMT-1 22:10%+1-10° -60~180 36007200 85
MMT-1 1-10°+220-10° -60+125 20304300 85
MMT-6  10-10°+100-10°  -60+125 2060+4300 35
CT3-6  6,8-10°+8,2:10°  -90+125 1200+2400 35
p-i-nmon 1,2:10+6:10°  -60+150 23 MBK . 12

* Arap unuiad YUKWITaH XapopaT JaTuYUTU UCCUKINK YTKa3yBYaH MIAPOUT/IA UIIjlaca,
MacajiaH, CyFOKJIMK/IA, YHIA BAKT JOUMUMINIA KaMasiagn

KpeMHuuii acocuparu KOHTpOJl HaMyHajaH (apkiv unuiad YMKUITaH Xa-
9
popaT JaTYUKIAPUHHUHT COJUIITUPMA KapIIWINTU paauanus Tabeupu no3zacu 10 P
161017 on 3 =
rada KeHr Juarna3oHJaru TamyBymwiap Konuentpanuscuaa (107+10" cm™) €ku co-
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mumtupma Kapmmura 0.1+-1.0 Om-cm atpoduma Oynranma o3ruHa Y3rapuo,
SIIAI BAaKTH KaMasiu Ba TE3KOpJHTH (5+7 ceK.) OIMIInUra ojiud Keaaau, pacM 7.

— T

0.8

1 ] ]
106 107 108 10° P

a) 0)
1-N=5-10"cw’; 2-N=10"cm’; 3-N=6:10"cy’ HuKen koHIeHTpaLMsCH
xap xui1 HamyHanap Si<Ni>; 4-taxxpubaBuil HaMyHa
7 - pacM. Y-HypJaAaHHUIIN TABCHPHUIA COJTUIITHPMA KAPIIMJIMKHUHT (2) Ba TOK
TAlIYBYMJIAP AMIAII BAKTUHUHT (0) HUcOATaH Y3rapuuu

OMuK Kapuumury anda okopr (1+5)10° OM 8kn COMMIITHPMA KaPIIMIATH
p~10 OM-CMIIM Xapopat JaT4HKIApH yayH HypiaHum gosack O=10°P raua xapo-
pat cesrupiauru kodpduruentu(B) Ba Teskopauru HucOataH y3rapmail, KeWHH-
YJaJIUK 71033 OMIMIIM OwiaH Oy mapaMeTpiapHUHI €MOHJIMIIMIIN Ky3aTWUJIasITH.
Karra nosamapaa @ >10°P xapopaT JaTuMKIapHHHHT TapaMeTiapH Ba repMeTH-
3alsl XONATH AcTa-CeKHMH EMOHUIAIIAIN, XaMaa HypraHuu gosacud O~ 10°P gan
OIlITaHJIaH CYHT XamMa rapamerpiapu 25+30% ra émonnammasau (8- pacm).

B/Bo
IY ity oG g,
iy NN —
0.8 10\\ N 1 L ....&.:—:-‘e\: - S AT 0= o —o0— .
e o ..m...-u-...h..‘--ummm.‘ "o,
VY 0.9 | Seo e, °
0.6 | 3 0.8 o 'L:?"‘-
-\ - B ‘\ .‘-‘
| . | |
o i 0.7 K
06 |
0.2 \\
0.5 | )
. | | , -,r,IP o ) ) » 'f’.P

108 108 107 10% 10° 108 106 107 108 10°
a) KapUIWJIMKHUHT Y3rapuiiu 0) xapopaT ce3rupiauru Ko3QpPuIrueHTu
8 — pacm. Xapopart JaTYMKJIAPMHUHT TapaMeTpJIapura ramma
HYPJIAPUHHUHI TAbCUPH

ATOM KHpHUIIMaNapy KOHIIEHTpALMACH KaHYalIMK Kam Oyica, y Xapopar
JATYUTUHUHT KapIIWJIUTH IIYHYAIUK KaTtTa Oyiaau Ba paauaiusara YuJaMiImInrd
opraau. bynna ymOy nosanap WHTEpBalu]a AATYUKIAPHUHT OapKapoOpiuTrd Ba
ANEKTPUK KOHTAKTIAPUHUHT OMUKIWTM amaijaa yirapmainau. Mmmad yukwirax
Xapopar JaTYMKIApUHUHT aCOCUH MapaMeTpiapura Ba repMeTH3alus XojaTura pa-
Jauanus J03aCUHUHT TabCUPH 6- )KaBasIla KEJITUPUIITaH.

Huken aTtomiiapy HaHOKJIACTEPUIM KPEMHUN acOCHAArd MILIA0 YMKUITaH
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6 - xaaBaJ
Si<P,Ni> acocumaru xapopat JaTuYUKJIApUHUHT SKCILTyaTallMoOH MapaMeTpiapura
60
Ba repMeTu3anus xonatura y paguanusiciaur (Co’ ") Tabcupu

Hypmanum nozacu, P
L5 10 10° 10 5-10 10° 5-10°
=4 B, | t, | B, |1, | B |1, B |1, |B |1, B | 1,
5 ; K | cex | K |cek| K |cexk| K | cex | K |[cex| K cex
=
£ Z[ 6800 | 5+7 | 6800 | 5+7 | 6750 | 5+7 | 6700 | 5+7 | 6650 | 5+7 | 6600 | 5+7
- <
S 2| 7000 | 5+7 | 7000 | 5+7 | 6950 | 5+7 | 6900 | 5+7 | 6850 | 5+7 | 6800 | 5+7
© E| 7200 | 5+7 | 7200 | 5+7 | 7150 | 5+7 | 7100 | 5+7 | 7050 | 5+7 | 7000 | 5+7
=
cE y3rapuni MyK | ys3rapuir V3rapum | y3rapuii Hyk| Oy3uiauid 6aramoM
;2, 178% 3 178% 3 Oy3MIHIL

Xapopar JaTyukiapu Ha ¢akaT IOKOPU CE3THPJIMK Ba TE3KOPJMKKA 3ra, aMMo Jie-
KUH €Tapjiu paguanusara 0apIOoNUIMIUK Ba IOKOPHU pajaualus TabCUpHUAA XaM HIl-
JATWIAIIM MYMKHH. bup mantaa karra paguanyoH Jgo3anapaa Xapopar cesrup-
JUTUHHUHT OLUIWIIN OJAWM Ba paguallioH TabCUPAAru Xap Xui OObEKTIAPHUHT Xa-
POpPaTUHU JAUCTAHLIMOH HA30paT KWIMIITra MYJDKaJUIAaHTaH XapopaT JaT4UKIapuHU
ApaTUIl UMKOHUSTUHU 04nb Oepau.

HuccepranussHUHT OenmnHYu 6001 «Xapopar JaTUUru acOCHIa XapopaTHH
VJadaruy y3rapTruwiapHi Huuiad ymKnum»ra 0arunuianuo, yimuarud y3rapTrud-
JAPHUHT aCOCUW MapameTpiapyHU TaIKUKOT KWJIULI, YIAPHUHI CE3TUPJIUTH KpH-
TEPUNCHHH, CTATUCTUK XapaKTUPUCTUKAIAPUHHUHI YU3UKJIWINIA Ba AHUKJIWTUHU
XHCOoOra OJraH XoJ/a CTPYKTYpaBUH Ba MapaMeTpuK JIoMUXalal xamjaa ymdarud
y3rapTrud acocujaa Oeml KaHaUIMK acOOO0HM Muuiad 4YMKUIN, Yiyarud y3raprt-
TMYHUHT XaToJlapy MaHOalapuHU TaJIKUKOT KWJIMII Ba yJapHU KOMIIEHCALIMsIIAII
yCIIYOWHHU MIILIa0 YMKapuIra OaruIllIaHTaH.

XapopaT AaTYUTMHUHT KapIIWJIUTU Ba CE3rUpiurura kapad, ymap OynyBuun
pesucropiiap OusiaH, MOCT €KMW HMKKU XapopaT JaTyuKIapu cxemacu OujiaH yia-
Hagu. bynyBun ymuyaruu cxema yuyH uvkuml KyuidaHUIIH (Ug,) Kylunara ¢op-
MyJia OMJIaH aHUKJIAHAIN:

R

Ulm;c = Un # . (4)
R, +R,

Xapopar y3rapranga ymyarud Y3rapTrudaHuHr Kapmwiurd (Rr)) Rrig
KUiiMaTHra y3rapajay Ba Kylujaarura TeHr oynaau

Rri(1+ey),
Oy epaa e=AR /R,
YUKW Ky4JIaHUIIN 3ca
U =U, ===V, == (5

"(K+1) "(K+1+K,)
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nudoa OunaH aHUKIaHAIH.
by epma K=Rr//R, cxemMaHUHT  CHUMETPUKIUMK  KOdIDPUIMEHTH  EKU
coJlIaialTUPUIIranaa

Ke
u =U —— 6
6blX n (K + 1)2 ( )
dbopmyna YpuHIn.
Mocrt ymuaruy cxemacu yayH K=Rrt;/R,= R; /R4 napau xucobra onubd
U,, =U R, )

"(K+1)(K +1+Kg))

ra spuiIamMu3 €KM MOCTJIM YT4arnd CXeMaHWHT KapaMa-KapIly eIKalapura HKKUTa
XapopaT JaTYUTHHU yJaraHja YHUHT CE3THpJINTY aHYa OIIay Ba YHKHUII Ky4ITaHU-
M ymoy dhopmysa opKalid XucoOJaHaau:

K
Uyw =U, m(gl +&,) (8)

Nimnab yukuiarad spuMyTKa3THWIM XapopaT JaTYUTH YUYYH FOKOPH TeMIiepa-
TYpPaHUHT YeTrapacH, YUKUIIl CUMJIAPUHU Taiika KuiyBuH, koBmapiaaruaauar (II0C
61) spum remneparypacu (180°C) Ounan anukinananu. Mnuiab yukuiran xapopar
JTATYUKIIAPUHUHT CE3TUPIIUTH XaMMa UIITYHM XapopaT Juana3oHuga BoJIbTaMIlep Xa-
PaKTEPUCTUKACUHUHT CUMMETPHUK OVJITaHIUTH yuyH y3rapmac XoJiJa CakjIaHaJH.
VYnapHu Kyijam ce3rupiiMrura, aHuKJIMrura Ba Te3KOpJIUrura Kyuuinrad tanadmiap
OwiaH aHMKJIaHAIW. ByHUHT y4yH XapopaT JaTYUTHHUHT MabJIyM IIaKJIWHU, YH-
KHIII CUMJIADUHUHT TUTIWHU, KOTIJIarud MaTepUaIMHU Ba yjall CXeMaCHHU TaHJIAII
Kepak, OM3HUHT XojaTaa Xap Oupu Oermra nozunusgan uodopatr. Taknud xKumnHa-
€TraH KOMIIOHOBKAaHUHT MMCOJIM TapuKacuJa JaTYUK KYPUHUIIMHUHT TaHJIaHUIIN
7-x&aaBania KeITUPUITaH.

By sneMeHTIapHU MabliyM KOMIIOHOBKA KWJIMII HATHXKAacuia Yiadarud y3-
FapTTUYHUHT SHIU CTPYKTYPaBUH KOMIOSMIMACH ONMHAMM. YIIYarud y3rapTrid-
HUHT XaMMa KeJITHUPWITaH BapuaHTIapu cudaTr Kputepuiicu Oyinda: ce3rupiiury,
HapxH, 0apKapopJIUry, aHUKJINUTH, YU3UKIIWIIMTH, XapopaT Yidalll Auana3oHu, KyB-
BaT UCPO(PU, TE3KOPJIUTH, TSKAMKOPIUTH Ba OFUPJUTU HYKTau HazapujaH MYBO-
buxnamtupunrad. Ce3rupiuk Oyinda ymyarud Y3rapTrUYHUHT KOHCTPYKIIHS
KOMITOHOBKACMHUHT MUCOJIM 9a pacMa KeITUPWITaH, KAHCUKH KOMIIOHOBKaJIOBUU
7 - )KaJABaTHUHT KyWuaaru ajeMeHTiapuaad uoopar: 1.3— 2.1 -3.4 — 4.1. Vuaruu
Y3rapTrUYHUHT 3HT OapKapop KOHCTPYKIUICH cxemacu 90 pacMia KeJITUPHUIITaH,
1.3 -2.1 -3.4—4.5 xoMno3unus TyFpu KeJaau.

Viraarny Y3rapTruyHu MapaMeTpuK Joluxanam Wyiau OuilaH KOPpPEKTHp-
JIOBYM KapIIWJIUKIAPHUHT UITYM KyYJIAHUIIMHUHT ONTUMAJ MapaMeTpiapu UHTEp-
BaJUIApY TOMMJITAH:

a;=Un=1+10B, a,=K=R/R,=0.1+2, a3=R=10+160Kom, a,=p=0.2+6%,
az{ab ay, az, a4}7 (9)
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7 - xKaaBaja
VYagaruy y3rapTrUdHUHT KOMITIOHOBKAJIAIl TAPKUOU

1. JIAaTYMKHUHT KYPUHUIIN
1.1.Hunuaapuk ‘ 1.2 ITap makminm 1.3 . Kybux
3 1 2 |1 1 1
4 2 2 |2 o 2 2
3 3 1 13 1 3
3 4 114 1 4
3 5 5 |5 1 5
3 6 1 |6 1 6
3 7 5 |7 2 7
4 8 1|8 1 8
1 9 119 1 9
4 1 2 110 1 10
1.4.Crepxenin 1.5.F0nka nuienka Cudart xypcaruuu
2 1 4 |1 |Cesrupauru 1
3 2 1 |2 |Hapxu 2
2 3 5 |3 | bapkapopauru 3
2 4 5 |4 | Auuxnuru 4
2 5 I |5 | Yusuxknunuru 5
2 6 5 |6 | Auamazonu 6
4 7 1 |7 |KysBar ucpopu Bt |7
3 8 2 |8 | Te3kopuuru 8
1 9 1 |9 | Oxonoruknuru 9
3 10 1 | 10 | Orupnuru 10

6yepﬂa a,=U, a,=K;a;=R; a,=p,

TaHJIAHTaH CTPYKTypa Y4YyH CTATUCTUK XapaKTEPUCTUKACHUHUHI YM3UKJIWIUIU Ba
CE3TUPJIMTU KpuTepue OVilmya yiauarud Y3rapTruuHd JoWuxajam OuiaH, sS’bHU
yimyarud Y3rapTrTUYHUHT CTAaTHUCTUK XapaKTePUCTUKACUHU YIIOY KYpUHHUIIZA Ka-
Oy Kunmub

_y ke (10)

+IJT|1 2.1 3.4

1L o
\ Un
oy 11 MII
1.3 2.1 Usex All
- o
4.1 4.5
a) OVmyBUM XapopaT pe3ucTopura 0) MUKPOIIPOIIECCOPIN KypuiaMara

9 - pacMm. Yiuaruyd y3rapTru4yHy cxemMara yJaHuIIu
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["aycc-3aiien MeTou OpKajlu ONTUMAJUIAIITUPUII XUCOOUTra ymyarud y3rapTrud-
HUHT KyWHJIard ONTUMAJI TapaMeTpJiapy TONUITAH:

a;=U,=6B, a,=K=1.4, a;=R,~110Kom, a,=B=5.8%.

Tanab KuIMHAETTAH CE3TUPIUK, CTATUCTUK XapaKTEPUCTUKATAPHUHT YU3UK-
JWINTY, aHUKJIUTH Ba TE3KOPJIUTH COXAaCH AHMKJIAHMO, XapopaTHU Yidyall y4yH
SIHTU aBJIOJI MUKPOMPOLECCOPIN acOOOHMHI MyKaMMaJUIAIUTUPWITaH BapUaHTU
unuiad yukwirad (10 — pacm), y ¥3 uuura KUpuml Ky4yaWTUPTUUMHUHT OJIOK
CXEMAaCHHH, TOK T'€HEepaToOpu y3eJIMHHU, MaHOa y3eJIMHU Ba MUKPOKOHTpOJUIep Ou-
JIaH COHJIM KUCMMHHM, KalCHKH 1032 XapopaTu TYFpUCUIA, YiI4all MyXUTH, OOBEKT-
HUHT Y3UJard XxapopaT TYFpUCcHAa XaM/la YHU YIIHalTHUHT TUHAMHUKACU TYFpUCUIA
aHUK OmNepaTuB OepuiIraHIapHH OJMINTa UMKOH Oepras.

AcCOOOHUHT CTpYKTypacura acooOHM OOIIKApHII MPOrpaMMaCHHUHT KEJTH-
pwiran Oynakiau mporpaMma KoJu, KalWCukd (yHKUIMOHAIMK TOMOHJIAaH aH4a
MYXHM pOJITa 3Ta Ba CXEMaHW OCOH KalyJl KWJIHII y4yH aCOOOHMHT CTPYKTypaBU
cxeMmacua aipuMm Oioknap cudaruaa KeITUPULITHU MAPTIOBYM AJIEMEHTIAp XaM
KUPUTUIITAH.

0F—K— %o | (o] ~—1 acnn3ysank
= = = o 34
B oK Y el | H LY
L] 3CMn3y no
0, =K Y[~ K
| Al
A, K=Y -0o— Ul g MC
! -I |_I 1
ﬂ.s | o l{.-‘-- i y_-'- il (Ds .- 1 Hudopmamonsa s
I-HT [ M H'E'r[ai-E'IE VEIOE H MarmcTpansHan
c L ) OTOKOE 1N | IIEIELT IIHTAHMA

Pa -

J-xapopar pmatuuru YmdyoBunm cxema Owiad; Ki-koHTpomrepnap (i=1+5); VY- kywaiituprau; -
¢unbTpnap; K-konrpomiep; MOH-tassHu kywianuim manOau; O3Y-omepaTuB XOTHpa KypHJIMAcH;
AlIT-connu-ananornu ysraprruy; UII-connu y3raprruu; WUIl-ramunnoBun man6a; MC-marucrpan
cucrema; ['UT-ymuarny Toxku reneparopu; PO-ummum stamommap; OCIIII3Y IIO- mporpammanu
TabMUHJIOBYH AJIEKTPUK YUMPHITYBYH MPOrpaMMa-JaliTUPUIYBUN JOMMHM XOTHPAJIOBYH KypHIIMA;
OCIII3Y B/l Ba K-siekTpuk VUupHIyBUM NPOTrpaMMAaalITUPUIYBYH JOUMHI XOTHPATIOBYH
KypWIMaHUHT KOH(Urypanusiapy Ba Oepuirad Oydeprapu

10 - pacm. Yauarn4y acOOOHUHT CTPYKTYpPABH CXeMAaCH

Mukponpoueccopiin XapopaTHU YIUari4HUHT TEXHUK XapaKTepUCTUKATapH
8 — JKaaBaiga KeITUPUITaH.
Nnuiab yukuirad yinyarud acOOOHUHT CTaOMII Ba Y3IyKCU3 HILLTAIIMHU
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8-manBan
SHru aBI0 MUKPOMPOIECCOPIN aCOOOHUHT
TeXHUK XapaKTePUCTUKACH

VuoB KaHaJulapyh COHU 5

Xapopar ygann Juanasonu, 'C -50, +200

JlaTunkiap Tanm Xapopar J1aT4uru
Si<P,Ni >

Anukyk yerapacu, °C 0,2;1;2

S"pTaqa HIIaH YUKW BaKTH, COaT 3000 maH xKaMm 3Mmac

Winmam pe)xuMura YuKyIn BaKTH, CeK 3 maH Kyn 3Mac

Kopnycununr rabaput ymgamiapu, MM 96 x50x 110

Maccacwu, kr 0,4 nan xym amac

Vpraua umam naBpu, Hui 10

Kypcarraunap naaukanusicu Ery Mo UTN
mucreiaa, 1K

XaMMa KaHaJUIapHU MYJIOKOT KWJIMII JaBpH, C 8

TabMUHIIaHTaH IPOrpaMMacu Windows

DKCIuTyaTanus KWIHII MaKcuMan xapopartu, °C -10+50

Atmocdepa 6ocumu, klla 80-107

35 °Cnaru HUCOWMH HAMJIMTH 80 %

Xarocu +(0,4% Tyma. + 1 K)'

KaiitapyBuannuru +(0,4% Tymu. + 1 K)'

AHBUKINTH 1°C

0 °C man 100 °C opamurumaru xapopaTHu Ymuamigaru acocuit | £ 0,05

xarocH, °C

[Ipenensr nomyckaemMoil MOTPENIHOCTH B Auana3zoHax Temmeparyp | £ 0,1

oT

-50 °C gan 0 °C Ba 100 °C gan 200 °C rava MTKna xapopar

JMATYUTH WIUIATHWITaHaaru yimgam xatocu, °C

Atpoduaaru xapopat (20 = 5) °Cman y3rapranga temmneparypanu | = 0,05

MTK wnmmatunrangaru 0 °C man 100 °C ynuarangard Kymyamua

MYMKUH O6ynran xarocu, °C

aHUKJAIl YYyH YHUHT XaTOCHMHU 0axoJsall Ba KaMaWTUpHII Wymiapu KypuO yu-
KWIrad. XyCycaH, CTaTUCTUK XapaKTEPUCTUKAIAPHUHI HOUYU3UKIUTUIAH XOCHUII
Oynaauran XaTOJMKHM KaMaWTHUPHUII Y4yH Xapopar AHana3oOHUHU TOpauTHpuI,
auana3oH OOUUTAHMIIMHUA CWDKMTHIL Ba MHKpOIpoleccopiap €plaMujia HOYU-
3UKJIUKHU KOPPEKTOpJaIl Ky3Jaa TYTWIraH. byHJIa XaTOJIWKHHUHI MaKCUMaJl KHM-
MaTu MUKJIOpaH Kyiuiaru Gopmyia opKalu aHUKIaHYBYM HOUM3UKJIMKHUHT J1apa-
YKacHUra TeHr:

7 = 0.5 s =Y 1000, (11)

8blXMAXC BXMUH

0y epaa Ugyxun Usxar- YJTUArud Y3rapTrud YUKHII CUTHATUHUHT HOUYM3HUK Ba YU-
3UKJIM KUHUMAaTiapy, yidarud y3rapTTUYHUHT AUHAMUK XaToJlapu OujiaH OOFJIMK
XaToJiap Aca abCONIOT KYpUpHIIIa

AAUSblx (T) = USblx (T) - USblx (T - OO) (12)
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[N COJIMIITHPMA THUHAMHUK XaTOCUHHU

U@blx (T) - U@blx (T % w)
U@blx (T % w)

AOmllU8le (T) = 100% (13)

HCCUKJIMK WHEPIUACUHU KaMaUTHUPYBUYM KOHCTPYKIIUSHUA TaHJAIl XUCOOUTa xamja
KypuiMara 3JeKTPUK KOPPEKTUPOBKA KUPUTHUIN HYIM OWIaH KaMauTUpHUII Takiud
KUJIMHAIY.

Onepanyion KyyauTupruu €pamMusia KOPpeKTUPIOBYM TeCKApU OOFIMKINK-
HU cXeMara KUpUTHII YTUIIl BAKTH >KapaéHUHU OUp Japa)kara KaMauTUPUIITa O0Ju0
KEJIMIIN Taxpuodana kypcartwirad, 12, 13 — pacm. buz uinad 4ukkKaH TEXHOJIOTUs
épnamuna anukaura £0,2 °C éku +0,1 °C 6ynran 0100 °C opanukna Ba -60 °C u
+150 °C coxacuaa aHUKJIUTH KaMpOK CTaHJapTU3ALUAIAIIraH XxapopaT JaTyuK-
napu Taiépnam MyMkuH. Mmina® dukuiaraH TEXHOJIOTHsI acocHjaa TalépliiaHraH
xapopat aatuukiapuHuHr HomuHamiapu: 100+500 Om; 1+300 kumoom u 1 mera-
OMHHM TallIKUJI KUJIaau Yiap opacuja KaTTa HOMUHAJUIM XapopaT JaTuuKiIapu y3a-
PO aJMalIMHYBYaH WILIA0 YMKYBUYMHHUHT Xap XUJ TajabJapHU KOHIUPYBYU Ba
KapIIWIUKIApUHUHT Gapku +5% maH Ky sMac.

T()

1.0 | 2

0.66 |- 1

YM|l— U

I 0.33

HII

| | |
0 4 8 12_Cex

1-xoppekuusicus; 2- Teckapu OOFIAHHUIILTA

11 - pacm. Teckapu OorIaHUILIN Puc. 12 -pacm. Yiuarnu

yYagyaru4 y3rapTrudHUHI JUHAMHUK 5’3FapTFI/l‘IHI/I XapopaT AaT4uruaa
XaTOCMHH KOppEeKIusiiiall CXeMacH yTHHI )KapaéH.ﬂapu

SApumyTKasruwin xapopaT JaTYUKIapu naptusicu tanépnanranaa 1000 rta-
CUHMHI OpacH/ia HOMMHAJ Kaplumwinkiap gpapku £5% naH ommaiu.

MNnoBaga ynyam MeTOaUMKACH, CTATUCTUK MILIAaHMA Ba YiIyarud acOOOHUHT
OOLIKApUII AJTOPUTMUHU TabMHUHIIOB MPOTpaMMacH KEJITUPHWIraH Xamja Ipor-
pamMma acocuil GalTMHUHT TUCTUHTH Tal€piiaHraH.

XVJIOCA

«KpemHuii acocuia HUKEN aTOMU HAaHOKJIACTEPUJIM TEPMOJATUUKHU HIIIA0
YUKUII Ba YHU Tauépiaml TEXHOJIOTHSICH» MaB3yCHJIAaru JOKTOPJWK JTUCCepTa-
nusacu Oyinya oiaub OopwiraH TaaKUKOT/Iap HATWKacuaa KyWujaarud Xysocanap
TaKJIUM ATUIIIN:
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1. Kpemuuiira nuken aud@y3uscu >Kapa€HUHUHT SHTU YCYJIH TakiIud
KWJIMHTaH, YHra Kypa KpeMHUH XaXMUJa HUKEN aTOMJIapW HaHOKJACTEpJIapUHU
XOCHJI OYJIMIINHNA TabMHUHJIOBUM auddy3us kapaéuu temmneparypa 6001250 °C
opamuruga 5+10 rpaayc/MUHYT Te3NMKAA OMMUPUO OopwiraHiga YTKa3UIUIIU
KEepaKJIUTU TaKIU( KUIMHTaH.

2. Xaxmura Hukenl Iud@y3usi KUIUHTaH KPEMHUM I03acura ajare3usicu
AXIIWJIAHTaH OMHMK KOHTAKT OJIMII YYyH HUKEJl METaJIMHHUHT Ionka (3 MKM) Kat-
JaMUHU KUMEBUN ycyn OunaH yTka3zub xamaa 650 rpanyc Lenscuiina 10 MunyT
JaBOMUa TOOAII XKapaéHU amalra OIUPUIITaH.

3. Wnk Gop HUKENT HAHOKJIACTEPWIM KPEMHHI acoCHla CE3TUPIIUTU IOKOPH
(7800 K) Ba uuMkuIl XapakTepHCTHKaIapu CTaOWIUIALITaH XapopaT JaTYUrud Tai-
épian NpUHLMILIAPH acOoCHla YHU UILIA0 YMKUII TEXHOJOTHUSICHHUHT MaplIpyTH
TakJIn(} KUIMHTaH.

4. Huxen OunaH JerupiiaHraH KpPEMHMIIM XapopaT JMaTYUKIAPHUHT
comumTHpMa Kapuimurd 10° peHTreH 103aiM raMma pajualiscH TabCHPHIA
y3rapMaciury, paauanus I03aCUHH 3Ca 10° pEeHTraHravya OUIWPWIMINN OWIaH
xapopat ce3rupiauru kodddurnmentu 10% ra omumb 6opuid KypcaTuiras.

5. Tana6 kwimHaétran akropra Kapad (Ce3rUpIUTH, HApXHU, aHUKJIUTH Ba
X.K.) KOMIIbIOTEp WY OWiIaH MOAEIUIAIITUPUIL acocH]ia JATYUKHUHT HIAKIUHHU,
KOHTaKT YUKHUIUIAPUHM, XUMOSUIAIl KATJIAMHHM Ba YIYOBUM CXEMAaCHMHHU TaHJIAII
MMKOHUHHU OepyBYM Yiyaruy Y3rapTrUuHU CTPYKTYpaid NMapaMmeTpuK JIOHUXaiall
YCYJIU TaKIU( KUITUHTaH.

6. DNEeKTpOH cxeMaja JaTYMKHUHT MaKCUMal CE3TUPIIUTU COXACUHM aHUK-
Jam UMKOHUHU OEpyBYHM, Xapopar NaTYUTH CE3TUPJIMIU Ba YIUOBYM MapameTp-
JapUHU MYBOQUKIAIITUPYBYU KapLIMIUKIAP Oopacujard y3apo OOFIMKIMK YpHa-
TUJITaH.

7. Xapopat NaTyYuKIapUHUHT CTATUCTHK XapaKTEepPUCTUKATAPU HOUMZUKJIUTU
Ba MCCUKJIMK MHEPIMOHIUTH OUlaH XapakTepianyBuu xaronukiaapau 10% nan 2%
raya KaMaTUpUII KOPPEKTUPJIOBUM KApPUIWIMKIAPDHU Ba KEpakiu uerapaBuil
XapopaT WMHTEPBAJIMHU TaHJAIl HynuM OWJiaH amaira OIIMPUIMIIM MYMKHHIIUTU
aHUKJIAHTaH.
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HAYYHBIN COBET IO MPUCYKAEHUIO YYEHOHN CTEINIEHU
JTOKTOPA HAYK 16.07.2013.FM/T.12.01 ITPU PU3UKO-
TEXHUYECKOM UHCTUTYTE U CAMAPKAHJICKOM

I'OCYJAPCTBEHHOM YHUBEPCUTETE

TAIIKEHTCKHAHN 'OCYJIAPCTBEHHBIN TEXHUYECKUI YHUBEPCUTET

HACPUJJIMHOB CAM®UILIIO CAUJOBUY

PA3ZPABOTKA TEPMOJATUYUKA HA OCHOBE KPEMHUA
C HAHOKJIACTEPAMU ATOMOB HUKEJIA
N TEXHOJIOI'MM ET'O N3I'OTOBJIEHUA

01.04.10 — ®du3uKa NOJTYNPOBOIHUKOB (TeXHHUYECKHE HAYKH)

ABTOPE®EPAT JJOKTOPCKOM JUCCEPTAIIMA

Tamkent — 2016 rox
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BBenenue (aHHOTAIUS JOKTOPCKOM THCCEPTAIIAN)

AKTYaJIbHOCTh U BOCTPe0OBAaHHOCTb TeMbI AHCCepTanMU. B HacTosmee
BpEMsi OJHUM U3 BaXHBIX (PU3IUKO-TEXHOJOTUYECKUX MPOOJEM B JMHAMHYHO
pa3BUBAIOLIEMCS HANPABICHUU 3JIEKTPOHHO-BBIYUCIUTEILHON M MHGOPMAIIMOH-
HOM TEXHUKU SIBIsieTCS pa3paboTka AATYMKOB TEMIIEPATyphl C YJIYyYIIEHHBIMHU
(GYHKUMOHANBHBIMU XapaKTEPUCTUKAMH HA OCHOBE MOAM(PUIMPOBAHHBIX MOJIY-
MIPOBOJHUKOB, B YACTHOCTH, C HAHOKJIACTEPaMHU, UCIIOJIb3YEMBIX JIJISl TUArHOCTUKHU
pa3IUYHBIX MapaMETPOB U TMPOIECCOB B MPOMBIIUICHHOCTH, Ha aTOMHBIX peak-
TOpax, HAYYHBIX UCCJIEOBAHUSIX U B IPYTUX 00JIACTAX HAPOJHOTO XO3sICTBA.

HccnenoBanre B3aMMOCBSA3U AIIEKTPOOU3NYECKUX MapaMeTpOB aKTHUBHOM
00J1aCTH KPEMHHUEBBIX TEPMOPE3UCTOPOB COJIEPKAIINX HAHOKIACTEPHbIE BKIIIOYE-
HUSL Pa3IMYHBIX aTOMOB C WX OJKCIUTyaTallMOHHBIMHU MapamMeTpaMmH, MO3BOJISIIOT
PacKphITh UX paHEe HEU3BECTHHIE HOBBIE TEXHMUYECKHE PEIICHHs. Y COBEPIICHCT-
BOBaHHE aKTUBHOW 00JIACTH, YBEJIIMYEHUE YYBCTBUTEILHOCTH U pEIIeHHE MpodiaemM
CHIDKEHHS pa30poca mapameTpoB, a TakkKe pa3padoTKa TEXHOJOTHH U3TOTOBIICHUS
HOBOT'O TOKOJIEHUSI TEePMOJATYMKOB Ha OCHOBE MaTepUajoB C HaHOKIACTEpaMu
o0ecreynBaloiX U3MEPEHNE TEMIIEPATYPhl MPU PA3IUYHBIX YCIOBUSIX KOHTPOJIS
ABJIETCS BAXKHBIM HAIIPaBJICHUEM UCCIIEI0OBAHUIA.

[IpumeHeHue B yCTpONCTBAX U CHCTEMaX KOHTPOJS MapaMeTpoB MPOMBIIII-
JIEHHBIX OOBEKTOB TEPMOJATUYMKOB BXOSALIMX B KJIACC MOJIYNPOBOJIHUKOBBIX
npruOOpPOB Ha OCHOBE MAaTEpPHUAIOB C HaHOKJIacTepaMu TpeOyeT UCCIEeIOBaHUS ITy-
Tell MOBBIIICHUS WX YYBCTBUTEIBHOCTH U CXeM BKiItoueHus. [loaromy wuccieno-
BaHUs, MPOBOAUMBIE 10 AU (PY3MOHHBIM MpoIleccaM pa3IndyHbIX HAHOBKIIOUEHUH,
a TaKKe BJIMSHUS Ha CBOMCTBAa TEPMOPE3UCTOPOB HAHOKIACTEPHBIX BKIIOYEHUH,
HaIpaBJICHHBIX Ha ONTUMM3ALUI0 (DYHKIMOHAIBHBIX IMMAapaMETPOB TEPMOPE3UC-
TOPOB SABJIAIOTCS aKTyaJIbHBIMU.

JlaHHO€ WuCcleoBaHKE HANpaBlIEHO Ha CO3JaHUEe HOBOTo crocoba aud-
by3un obecrneunBaromero (GpopMupoBaHre HAHOBKIIOUEHHUM, a TakKe BBIOOPY
napamMeTpoB Mmatepuana 0a3bl M pa3pabOTKe NyTel NOJYy4YeHHsS] KOHTAaKTOB C
yIAYUIIEHHON ajare3uei, 4ro B COBOKYNMHOCTHM HANpPaBJICHO Ha H3TOTOBJICHHUE
TEPMOJIATYMKOB CO CTaOWIbHBIMM NapamerpaMu. HeobxoammocTh yhydlieHus
(YHKUMOHANBHBIX XapaKTEPUCTUK TaKUX TEPMOJATUYMKOB, pa3paboTKa 3KOHOMUY-
HOM TEXHOJIOTMH X U3TOTOBJICHUS U CO3/IaHHE TEXHOJIOTMYECKOr0 MapuIpyTa 3TO1
TEXHOJIOTUH UMEET BAXKHOE HAYYHO-MPAKTUUECKOE 3HAUCHHE.

Hacrosimas nuccepranus B ONpeAeIeHHONM CTENEHU CIIYXUT BbINOJHEHUIO
3a/lay MO MOBBIIIEHUIO KOHKYPEHTOCIIOCOOHOCTU M3/ACNIUNA 3JEKTPOHHOM TEXHUKHU
OTMEUEHHbIX B mocraHoBieHuu [Ipesunenta PecnyOnuku Y36ekuctan [111-1442
«O mpuopuUTeTax pa3BUTHS MPOMBIIUICHHOCTH pecnyoyiuku Y3o6ekuctan B 2011 -
2015 rogax» ot 15 gexabps 2010 roga, a Takxke B IPYruX HOPMATUBHO-TIPABOBBIX
JOKYMEHTaX, IPUHATHIX B JaHHOU cdepe.

CooTBeTcTBHE MCCJIEI0BAHUSI NMPUOPUTETHBIM HANPABJEHUSIM Pa3BH-
THST HAYKH W TeXHoJoruid pecnyOauku. Jluccepranusi BBINOJHEHA B
COOTBETCTBHM C MPUOPUTETHHIMHU HAMPABICHUSMH Pa3BUTHS HAYKH W TEXHOJIO-
ruii PecnyOnuku VY36ekuctan Il «DHepreruka, sHEpro- pecypcocOepexeHue,
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TPaHCHOPT, MAIIMHO- U MPUOOPOCTPOCHHE; PA3BUTUE COBPEMEHHOMN 3JIEKTPOHUKH,
MUKPORJIEKTPOHUKH, POTOHUKH, FJIEKTPOHHOT'O MPUOOPOCTPOCHUS».

0030p MexIYHAPOAHBIX HAYYHBIX MCCJEAO0OBAHUII MO TeMe JUCCEpPTa-
unu'. ViccieoBaHus BONPOCOB TEOPHHM M HPAKTHKH TEPMOMETPHH BEIYTCS B
BEIYIIUX IIEHTPaX U YHUBEPCUTETAX, B TOM YHUCJE, AMEPUKAHCKUMH YYEHBIMU O.
Meiizga u A.A. Volinsky, a taxxke kutaiickumu uccinenoBarensmu M. Shao u N.
Zhano. Obpamatotr BHUMaHus padbothl yuenbix B.B. Caxuna, A.A. lllexypauna mno
MPUMEHEHUIO MHUKPOIPOLIECCOPOB B YCTPOWCTBAX M3MEpPEHHUs TeMIlepaTyphl, a
u3BecTHbIMU (upmamu, Takumu kak Hewlett-Packard (Anrnus), Analog Devices
(CITA) u Oméga (I'epmanus) BenyTcs pa3pabOTKH TEPMOJATYMKOB U YCTPOUCTB
Pa3IUYHOIO Ha3HAYEHHS.

B mMupoBom macmitabe B 001aCTH U3rOTOBJICHUSI U3MEPUTETIEH TEMIIEPATYPhI
Ha OCHOBE PA3JIMYHBIX MOJYIPOBOAHUKOBBIX MaTEPUATIOB MOIYUYEHBI PSJl HAYUHBIX
1 IPaKTHYCCKUX Pe3yJIbTaTOB, B TOM 4ucie, B ¢upmax Volvo, Siemens (I'epma-
Husi), Philips (Hupepnanasi), ITT Components Group (BenukoOpurtanus)
M3TOTOBJIEHBI KPEMHHEBBIE TEPMOJATUUKU C MOJIOKHUTEIbHBIM TEMIIEPATypPHBIM
korpunmentom, a B npeanpustuu Rodan Industries Inc, Texas Instruments
(CIA) pa3BuTa TEXHOJIOTHS U3TOTOBJICHUS TEPMOAATUMKOB, MPEeIHA3HAUEHHBIX
JUIS pA3JIMYHBIX LETIEH.

B Hacrosiiiee BpeMs mojiydeHbl Hay4dyHble M MPAKTUYECKUE PE3YJbTAThI 1O
pa3paboTKe TEepMOAATUUKOB CPABHUTENIBHO JEHIEBOM TEXHOJIOTHMEH Ha OCHOBE
KPEMHHUS C ONTUMAIbHBIMU NTapaMeTpaMU U OTBEYAIOIIMX COBPEMEHHBIM TpeOoBa-
HUSM 10 YYBCTBUTEIBHOCTH, 3aMEIIAIONIUX WHTErPaJbHbIC aTYUKHU, MpeaHa3-
HaYeHHbIE JJIs YNPaBICHUS TPAIUIMOHHBIMU TEXHOJOTUYECKUMHM MpOLIECCaMu, a
TaK)Ke M0 PACIIUPEHUIO X PYHKIMOHAIBHBIX CBOMCTB.

CreneHb U3y4eHHOCTH MPOGaeMbl. J[0 CETrOIHSANIHETO JAHS 3HAYUTEbHbIN
BKJIaJl B pa3BUTUE TEOPUHU U MPAKTUKU TEPMOUYYBCTBUTEIBHBIX 3JIEMEHTOB BHECIHU
psan yuensix, B ToMm uncie: B.C. I'pomos, H.II. Yaanos, A.. Kpuonocos, 10.B.
3aites, U.JI. Porbept, N.T. edrens u I'. Burne6. Onu cnoco6¢TBOBANIM MOMOJI-
HEHUIO PbIHKA PA3JIMYHBIX JATYUKOB TEMIEPATyphl, BKJIIOYAs H3MEPHUTEIIbHO-
npeoOpa3oBaTeIbHbIe YCTPOWCTBA HAa PA3NMYHbIN Auana3zoH TemmepaTryp. OaHako
MOJIYIPOBOJHUKOBBIM T€PMOJATYMKAM CBOMCTBEHEH Y3KMH TeMIlepaTypHbIN Tua-
Ma30H ¥ HECMTOCOOHOCTh pabOThl B KCTPEMAaJIbHBIX ycioBusAX. [loaTomy co3nanue
HOBOT'O MOKOJICHHSI TEPMOJATUMKOB U MU3MEPUTENbHBIX MpeoOpa3zoBaTeieil peruc-
TPUPYIOLIUX TEMIIEPATypy B HIMPOKOM JHANA30HE U COXPAHSIOUIUX CTAOMIBHOCTD
MapamMeTpoB B JKECTKUX YCJIOBHUSX 3KCIUTyaTalluM SIBJSIETCS BOCTPEOOBAHHOM U
omnpeeNsieT NpeabsIBIsieMble K HUM TpeOOBaHUS.

' 0630p MEKIYHAPOAHBIX HAYYHBIX HMCCICIOBAHMII O TeMe MMCCEPTALMM MPOBEICH Ha OcHOBe Meiizma @. /
DJIEKTPOHHBIC H3MEPHUTEIBHBIC IPUOOPHI U METOABI u3Mepenuit: Ilep. ¢ anra. - M.: Mup, 1990. — C.250-335. Alex
A. Volinsky and Lev Ginzbursky. / Irradiated cubic single crystal SiC as a high temperature sensor. 2003 Materials
Research Society Fall Meeting. C. 273-278. Zhano N, Fu HW, Shao M, Li HD, Liu YG, Qiao XG. Research on high
sensitivity temperature sensor based on Mach-Zehnder interferometer with waist-enlarged fiber bitapers. / Guang
Pu Xue Yu Guang Pu Fen Xi, 2014 Jun;34(6):1722-6. Caxun B.B., lllanumor B.I1. Temonepenaya // BI'TY, CIIO.
2003. C. 120-135. Hlexypaun A.A. VMcnonp3oBaHHE ONTORIEKTPOHHBIX CHCTEM C KBApLEBHIMH MOHOJIUTHBIMU
ceeroBogamu B ACY TII npombinuieHHbIx nedeit / ABromaTtuzanus B npombinuieHHocTH. 2007. Ned. C.23-24 u
JPYTUX UCTOYHHUKOB.

30



Ha coBpeMeHHOM »3Tane OOJbIIOE BHUMAaHHUE YACNAETCS PAa3BUTHUIO LU(PPOBOM
TEXHUKU U CPEACTB AJIEKTPOHHBIX KOMMYHHUKALUU, T/€ TPEOYIOTCS IaTUUKU C
M (POBBIM BBIXOJHBIM curHanoM. M3sectHbie yuénsie, kak 3.U. [{BetkoB u A.M.
Menuk-1llaxHazapoB HccieoBaid BONPOCH MPUMEHEHUS MUKPOMNPOLECCOPOB B
ycTpoiicTBax u3mepeHus temmnepatypbl. HO.B. ['ynseBbiM mpeniokeHbl HOBbIE
MPUHIUIBI TOCTPOCHUS JAaTYMKA, HA OCHOBE TTOBEPXHOCTHBIX aKyCTUYECKHUX BOJIH,
UCIIOJIb3yeMbIX TMpPU HW3TOTOBJICHUM TACCUBHBIX JAaTUYUKOB TEMIIEpaTyphl C
PEKOPJIHOM YYBCTBUTEIBHOCTHIO IO CPABHEHHIO C HM3BECTHBIMU aHajoramu. B
ATOM acleKkTe CJeAyeT OTMETHTh, 4YTO ONTHUMHU3ALMS NapaMeTpoB JaTYMKOB
TEeMIlepaTypbl B3aUMOCBSI3aHa C HMCXOAHBIM MaTEpPHAIOM M TEXHOJOTHUEW ero
u3rotoBiieHusa. TpaguuuonHsle aUQPGY3UOHHBIE METOJbI, HUCIOJb3yeMbIE IS
MOJIYYeHHs] TEPMOJATYMKOB HA OCHOBE KPEMHHS, UCUEpPHaId CBOU BO3MOKHOCTH,
Co37laHle HOBOM TEXHOJOTMU (HOPMUPOBAHUS HAHOBKIIOUECHHM, HAHOKOMILIEKCOB
¥ HAHOKJIACTEPOB B MaTpHIle MOJYNPOBOJAHUKA BEChbMa MEpPCIEKTUBHO. B sTom
HaIpaBJIeHUHM y4yeHble Y30ekucrTaHa, B yacTHocTH, mkona M.K. baxaaupxaHoBa
co3iaB HOBBIM croco0 nuddy3un nepexoaHbIX METaJIOB, BHECIA CBOW BKJIaja B
YCOBEpUICHCTBOBAHHUE TEXHOJIOTUU TMOJYYEHUs HAHOKJIACTEPHBIX MAaTepHUalIoB,
KOTOpass MOET CIYKUTb OCHOBOM TEXHOJOTUU JUIsl CO3JAaHUS JaTYMKOB
TemriepaTypsl ¢ Bbicoko# (Bbime 120 °C) paboueit TeMmrepaTypodl U 4yBCTBHH-
tenpHOCThIO. [lIkomoli M.C. HOHycoBa COBMECTHO C PSJOM YYEHBIX CO3JaHa
TEXHOJIOTUS TEPMOPAAUAIMOHHOTO JETUPOBAHUS KPEMHHUSI U OCHOBAHO HaIlpaB-
JIEHUE paJHallMOHHON (DU3MKH TMOJYNPOBOJHUKOB, a rpymmoi mpodeccopa b.O.
Oram0OepreBa pa3BUTHl MPUHIMIBI CO3/aHUSI MHOTOKaHAIBHBIX M3MEPUTEIBHBIX
npeoOpazoBaTeseil TeMrnepaTypbl Ha OCHOBE TEPMOAATUYHUKOB.

W3 BBIIEN3II0KEHHOTO CIIEIYET, UTO TPEOYIOT CBOETO pelIeHus: mpoodIeMbl
pa3paboTKu (PU3UKO-TEXHOJIOTHYECKUX aCIEKTOB (OPMHUPOBAHMS CTPYKTYp C
HAHOBKJIIOUEHUSMH Ha OCHOBE KPEMHHMsI U COBEPILEHCTBOBaHME NU(PPY3NOHHBIX
MPOLIECCOB O0ECMEYNBAIONIMX YIPABISIEMOE BCTpauBaHUE MPUMECEH B MaTpUIly
KPEMHHUS, HalpaBlICHHBIX HA WHTETPAIbHBIA BBHIOOP KOHCTPYKIMU JaTYHKOB
TEMIIEpaTyphl, a TAKKE IMOJYUYEHUIO ONMTHUMAIbHOIO COYETAHUS UX MapaMeTpoB C
TEXHOJIOTUYECKUMH TpOIEcCaMu, BMeCTe C TeM TnpolbseMmbl obecreueHus
CTaOMJIBHOCTHU MX MMapaMeTPOB UMEIOT HAyUYHO-MPAKTUUYECKOE 3HAUCHHE.

CBsi3b TeMbl JUCCEPTALMU C HAYYHO-UCCJIEI0BATEIbCKUMH padoTamMmu
BbICIIET0 Y4eOHOr0 3aBelleHUs, B KOTOPOM BbINOJHEHA JdUCCePTALMS.
Jluccepranys BBIIIOJHEHO B paMKax IUlaHAa HAy4YHO-HMCCIEAOBATENbCKUX pPadOT
MPUKJIAJIHBIX TPOEKTOB B paMkax ['ocynapcTBenHoi nporpammel mmo teme 11-10.19
«Pa3paboTka W co3laHMe MNPUHIMIUAILHO HOBOTO Kilacca AaT4MKOB (usuu-
YECKUX BEJIMYMH (TeMreparypbl, MarHuTHoOro mnois, aasinenus, UK uzmyuenus,
BIIQXXHOCTH, paauainuu)» (2010-2012), NJ16-022 «Pa3paboTka MHOTOKaHAJILHOTO
npubopa s JAUCTAHIIMOHHOTO KOHTPOJS TEMIepaTypbl CebXO3MPOTYKTOBY
(2008-2010rr.).

Heabo ucciaegoBanusi sBiseTcs pa3BuTthe AUPOY3MOHHON TEXHOJIOTHH
MOJIYYeHHsI BBICOKOUYBCTBUTEIBHBIX JAaTYMKOB TEMIIEpaTyphbl ¢ HaHOKIJIAcTepaMu
HUKENl M pa3paboTka HAa MX OCHOBE YIPABJISIOUIMX TEMIIEpaTypHBIE MPOLIECCHI
KOMIUJIEKCa TEPMOJATYUKOB M YCTPOMCTB €O CTaOWIBHBIMU IapaMeTpamMu U
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YCTOWYMBBIX K PA3JIMYHBIM BHJAM BO3JCHCTBHHA JJISI CUCTEM KOHTPOJS TEMIIepa-
TYpbl OOBEKTOB.

3aaum ucciae 0BaHNS:

pa3zpabotath criocod nuddy3un HUKES C YINOPSI0YEHHO BCTpPaMBaeMbIMHU
HAHOKJIACTepaMH B KPEMHUH;

pean30BaTh TEXHOJOTHIO MOJYYCHHS CHIIBHOJCTHPOBAHHOW 00JacTH st
OMMYECKHX KOHTAKTOB K KDEMHHUEBBIM CTPYKTYpaM;

pa3paboTaTh TEXHOJIOTHYCCKUN MapIIpyT U3TOTOBJICHHS TEPMOJIATYNKOB Ha
OCHOBE KOMITCHCHPOBAaHHOT'O KPEMHHSI ¢ HAHOKJIACTEPaMU;

W3YYUTh BIUSHHE PaTUAIMOHHOTO BO3JICHCTBUS Ha pabodmMe XapaKTepuc-
TUKH TEPMOJIATUNKOB Ha OCHOBE KPEMHHUS, JICTUPOBAHHOTO HUKEJIEM;

BBIOpaTh KOHKYPEHTOCIIOCOOHOE YCTPOWCTBO IO Pa3IMYHBIM TOKa3aHUSIM B
KaueCTBE JAaTYMKA C YYETOM OCOOCHHOCTEH MCKOMBIX BKIIFOUCHUI;

MIPOBECTH OIICHKY M KOMIICHCAIIMIO TIOTPEITHOCTH U3MEPUTEIIHLHOTO YCTPOM-
CTBa TEMIIEPATYPhl HA OCHOBE TEPMOJAATUHKA.

O0BbeKTOM HCCIeT0BAHMSI SBIISTIOTCS BIICPBBIC MOJYYCHHBIC KPEMHHCBBIC
n'-n-n"-CTPyKTYpHl ¢ HAHOBKIIOUEHHAMH, U3TOTaBINBaeMble U y3HOHHOMN TeX-
HOJIOTHEH ¥ M3MEPUTENTbHBIE TIPe0Opa30BaTEIN HAa UX OCHOBE.

IIpeameTom mcceT0BaHUSI SBISIOTCS TEXHOJIOTHYECKHE TMPOICCCHI TH]-
(y3UOHHOTO JICTUPOBAHMS KPEMHHUS HUKEJIEM, MOJACIH HMIACHTU(QUKAIIMN SKCILTY-
aTallMOHHBIX MMapaMEeTPOB CHCTEMbI U3MEPUTEIBHOTO MpeoOpa3oBaTelisi Ha OCHOBE
TEPMOJIaTYMKA, TEXHOJIOTHS MOJYYCHUSI OMUUYECKUX KOHTAKTOB C YIYUIIICHHOM a-
re3uell K MOBEPXHOCTH MOTYITPOBOTHUKA.

MeToabl ucciaeaoBanusi. B pabore nmpuMeHEHBI KOMIUICKCHBIE MH(pOpMa-
TUBHBIC METOJBl AKCIICPUMCEHTAIBLHON (M3UKU: BOJbTAMIICPHBIC, YETHIPEX30HI0-
BBII MeTOom W MeToj m3MepeHus sddexrom Xoiia, pacTpoBas 3JIEKTPOHHAs
MHUKPOCKOIIHS, METOJI AJICKTPOHHO-30HI0BOT'0 MHUKpOaHaIH3a, METOJ JTU(PpaKIuu
MEJICHHBIX B OBICTPBIX 3JICKTPOHOB, TEOPHSI TIOTPEITHOCTH.

Hayunasi HOBH3HA HCCJIeIOBAaHUSI 3aKITFOUACTCS B CIICTYIOIIEM:

pa3zpaboTaH crnocob quddy3unu HUKEII B 00bEM KPEMHUS C BCTpPauBaeMbIMU
HAHOKJIACTepaMH B KPEMHHH, KOTOPBIM COCTOMT W3 TPEX CTYIEHEH, TO €CTh B
Kaxaon crynmenu — temmeparypa  (300+600; 600-900; 900+1200 °C)
MOCTIEIOBATEIPHO TIOBBIIIACTCS CO CKOPOCTBIO 5 Tpaj/MUH., BBIICPKUBACTCS B
TEUYEeHUE OmpeeeHHoro BpeMenu (10 MUHYT), 3aTeM OXJIa)kIaeTCsl CO CKOPOCTHIO
100 rpan/cex;

CO3/1aHa TEXHOJIOTHUS TMOJYYEHHUSI CHJIBHOJETHPOBAHHOTO CIIOSI IIJISI OMHU-
YECKUX KOHTAaKTOB K KPEMHHUEBOW CTPYKType JICTUPOBAHHOM HUKEJIEM, KOTOpas
3aKJIFOYAETCS B TOM, YTO HAa MOBEPXHOCTh KPEMHHUEBON CTPYKTYPHI CIIOH MeTailia
HUKEJSI OCAXKJIAeTCsl XUMHUYECKUM CIOCOOOM W TOJABEPraeTcsi TEPMO-00pabOTKe
pu 650°C B TeueHnue 10 MUHYT;

BIIEPBBIC HA OCHOBE KPEMHHS C HAaHOKJIacTepaMH pa3paboTaH TePMOJATUHK
obOnajmarmuii  BeICOKOM dyBCTBUTENBbHOCTRIO (7800 K) u cTaOMIBHOCTHIO
BBIXOJHBIX XapaKTEPUCTUK M TPEIJI0KEH TEXHOJOTHYCCKHH MapIIpyT ero H3ro-
TOBJICHUS;
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HKCIIEPUMEHTAIBHO TOKA3aHO, YTO BBEJEHUE KOPPEKTUPYIOIIeH oOpaTHOM
CBSI3M C MOMOIUIBIO ONEPAMOHHOTO YCUJIMTENS MPUBOJIUT K CHI)KEHHIO BPEMEHHU
MEPEXOHOTO Mpoliecca TePMOAaTIUKa A0 OJHOTO MOPSIIKA;

HKCIIEPUMEHTATBHO T[OKAa3aHO, 4YTO VJAEJIbHOE CONPOTUBIEHUE JIETHPO-
BaHHBIX HHUKEJIEM KPEMHHEBBIX JATUMKOB TEMIEPATyphbl C KOHIIEHTpalUueWl HO-
cuteneit Gonpme 10'® cm™ mpu BosaeiicTBuM ramma paguaiiy 103o0it 10° perrtren
U3MEHSETCS HE3HAYUTENbHO, TO €CTh SABISIIOTCS YCTOMYMBBIMU BO3JIEWCTBHIO
pamuaimy, a B oOpasuax ¢ KOHIEHTpammei mocureneil mewbime 10" cvm™ mpu
n03ax (5+10)-10° peHTreH MPOUCXOMUT HHBEPCHS THIIA TIPOBOAUMOCTH (1 —p);

MNPEeIJIOKEH CIMOCO0 ONTHUMAIBHOIO CTPYKTYPHOTO MapamMeTpUyYecKOro
MPOEKTUPOBAHUSI HM3MEPUTEIBLHOTO MpeoOpa3oBaTesisi Ha OCHOBE TEPMOJATUHKA
MyTeM KOMITBIOTEPHOTO MOJEIMPOBAaHUS MMO3BOJISAIONIAs BBIOpATh, B COOTBETCTBUU
c TpeOyeMbIMU TapamMeTpaMu (4yBCTBUTEIBHOCTb, JMHEHMHOCTh CTATUYECKUX
XapaKTepUCTUK, OBICTpOACHCTBUE U ApPYrux), (GopMy, KOHTAKTHbIE BBIBOJA,
3alUTHBIN CJION U mapaMeTpbl U3MEPUTEIBHON CXEMBI;

OIpeJieieHa BO3MOKHOCTh YMEHBIIEHUS] MOTPEIIHOCTEH TEePMOJIaTUYUKOB,
XapaKTepU3yeMbIX TEIJIOBOM WMHEPIMOHHOCTHIO M HEJIMHEWHOCTHIO CTATUYECKUX
XapaKTepUCTUK, MyTeM Mojdopa TpedyemMoro IpaHMYHOTO HHTEpBaja TeMIle-
paTyphl.

IIpakTnyeckue pe3yJbTaThbl HCCJAETOBAHUS 3AKIIOUYAIOTCS B CIEIYIONIEM:

pazpabotan cnioco0 auddy3uu HUKEIs B KPEMHUM, B PEKUME HapacTaHUs
TeMIiepaTypbsl oOecreunBaronuil 00pa3oBaHUWE YCTOMYMBBIX HAHOKIACTEPOB B
o0beMe, Ha UX OCHOBE pa3paboTaHa TEXHOJIOTHS U3TOTOBJIEHUS TEPMOJATUYMKOB
JUIS ©3MEPEHHs TEMIIEPATyphl B IIMPOKOM MHTepBajie Temmeparyp ot -100 no 180
rpanycoB Llenbcus;

MPEASIOKEHbl TEXHUYECKUE PEIICHMs], TIO3BOJISIIOIINE CO37aBaTh MUKPOIIPO-
LECCOPHBIE HM3MEPUTENIbHBIE CXEMbl JUIsI M3MEpPEHUsi TeMIEepaTyphbl pazIudHBIX
O00OBEKTOB C PACCTOSHHUSI.

JloCTOBEPHOCTH Pe3yibTATOB HMCCJIEI0BAHMIA TOITBEPKAACTCS MPUMEHE-
HUEM COBPEMEHHBIX HAYUHBIX U TEXHOJIOTMYECKUX METOJOB, CTAHJIAPTHBIX U alpo-
OMpPOBAaHHBIX METOJUK KOHTPOJIS MApaMETPOB W XapaKTEPUCTHK IMOIYIPOBOI-
HUKOBBIX NPUOOpPOB. Pe3ynbTaThl W BBIBOABI OOOCHOBBIBAIOTCA Ha (DU3UUYECKUX
MPE/ICTABIICHUAX, OCHOBAHHBIX HA TEOPETUUYECKUX U IKCIIEPUMEHTATbHBIX JaHHBIX.
JIOCTOBEpPHOCTh KCHEPUMEHTANBHBIX JAaHHBIX 00ECIEUMBAETCS UCIOJb30BAaHUEM
KOMIUJIEKCHBIX HE3aBUCHUMBIX METOJUK M3MEPEHUs U 00pabOTKHU JAaHHBIX, a TaKkKe
UX COOTBETCTBUEM COBPEMEHHBIM MOHATUSAM (PU3UKKM M TEXHUKU MOIYIPOBOI-
HUKOB U U3JIETTUN Ha UX OCHOBE.

Hayunasi m npakTH4ecKasi 3HAYMMOCTD Pe3yJbTATOB MCCIe0BAHUS.

Hay4Hast 1IeHHOCTh MCCIIeI0BaHU 3aKIII0YAETCS B TOM, UTO CO3/IaHUE HAHO-
KJIACTEPOB aTOMOB HHUKEJI B KPEMHUU METOAOM AU(PHY3MOHHOTO JIETUPOBAHUS U
BCECTOPOHHEE M3YyYECHHME UX BIUSHUS Ha 3IEKTpO(YHU3MYECKHUE CBOMCTBA KPEMHHS
MIPEICTABIIACT HAYYHBIH UHTEPEC MO PACHIMPEHUIO TPEJICTABIECHUN O CTPYKType U
CBOMCTBaX KOMIEHCUPOBAHHBIX MAaTEPUAIIOB.

[IpakTyeckass HEHHOCTh PabOThl COCTOUT B TOM, YTO YCOBEPILIEHCTBOBAH-
Has TudPy3nOoHHAS] TEXHOJIOTHS TO3BOJISET MPOBOAUTH 1EJIeHANPABICHHYIO MO~
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(GuUKalMo CBOMCTB MOJYMPOBOJHUKOBBIX MAaTepUaJIOB U MOJIy4aTh Ha UX OCHOBE
TEPMOUYYBCTBUTEbHbIE CTPYKTYPhI JaTYMKOB, TPEeIHA3HAYEHHBIX JJISI UCTIOJIb30Ba-
HUS B IPUOOpax U CUCTEMAaX KOHTPOJIS MapaMeTPOB Pa3IuYHbIX OOBEKTOB.

Buenpenne pe3yJibTaTOB uccJieJ0BaHuA. [Honyuen MaTeHT
«Tepmonatuuk» ArentctBa HHTemneKkTyalbHOW COOCTBEHHOCTH PecnyOauku
VY30eKkucTaH Ha TEPMOUYYBCTBUTENIbHBIN JATYMK C IIUPOKUM PabOYMM JUana30HOM
(-40+180 °C) (UZ TAP 04778 ot 29.11.2013r.). PazpabGoTaHHbIil TepMOJIATUUK
MO3BOJISIET KOHTPOJUPOBATH TEMIEPATYpy MPOMBIIUIEHHBIX 000pYyI0BaHUH,
HAay4YHbIX OOBEKTOB M PA3JIUYHBIX YCTPONCTB OBITOBOIO HAa3HAYEHUs, a TaKKe
CyOBEKTOB;

B OtkpbeiToM akuuonepHoM ob6mectBe «FOTON» wu3roromieHa mnapTus
TEPMOJIATYMKOB OTINYAIOIINXCS CTAOMIBHOCTHIO TAPAMETPOB U YCTOMYUBOCTHIO K
BHEIIHUM BO3JIEUCTBUSIM U M3TOTOBJIICHHbIE HA UX OCHOBE YCTPOWCTBA U3MEPEHUS
TEeMIIepaTypbl HKCIOJB30BAaHbI JIJII COXpPaHEHUS OTBEUYAIOIIUX TpeOOBAaHUSM
BCXOKECTH XJIONKOBBIX CEMSIH B XJIONKO3aroTnyHkrax KamkanapuHckoi o0igacTu
(CrpaBka Axuuonepnoro obmiectBa «FOTON» ot 30 wutons 2016 roma). B
pe3ysibTaTe BHEJPEHUS YCTpOWCTBa OoOecrieueHa yCTOMYMBOCTh U CTAaOMIIBHOCTH
napamMeTpoB TEPMOJIATYMKA K BHEITHUM BO3JIEHCTBUAM;

MATUKAHAJIBHBIE MUKPOMNPOLECCOPHBIE YCTPOWCTBA M3MEPEHHUs TeMmIlepa-
TYpbl HKCIIOJNB30BaHbI ISl KOHTPOJSL TEMIEPATypbl B COOPYKEHHSX (3J€BATOP)
xpaHneHus 3epHa (CrnpaBka OTKpBITOro akuuoHepHoro oOmectBa «[ amna-Anrer»
or 04 wurona 2016 roma). Baeapenuwe pa3paboTku 3a cyeT oOOeCIeUeHUs
CTaOMJIbHBIX YCJIIOBHM XpaHEHHS 3€PHOBBIX KYJIbTYpP 00ECHEUHIIO COXPAHHOCTh UX
KauecTBa, MpeaoTBpalias nopyy 3epHa.

AnpoOauus pe3yabTaTOB HCCIAeA0BAHUS. Pe3ynbTaThl AMccepTallMOHHOM
paboThI TOKIAJOBAIMCH U O0CYKIATUCh HA MEXKTYHAPOIHBIX U PECITyOIUKAHCKUX
koH(pepenmusax: «8-th international Conference Solid state physics» (Almaty,
2004); «I'eoTexHOJOTUsI: WHHABAIMOHHBIC METOJbLI HEIPOMNOJIH30BaHUS B XX1
Beke» (MockBa-HaBou, 2007); «Poct, cBOiiCTBa M NPUMEHEHHUE KPUCTAJIOB)
(Anamxan, 2008); «uTerpanust oOpazoBanusi, HAyKu U pou3BocTBay (Mockaa,
2008); «Kazaxctan B HOBOM Mupe U mnpobOiembl HanmonaabHOro oOGpa3zoBaHUs
(Unmkenrt, 2008); «Hayka u npousBonacteo» (XKetbicait, 2009); «Kpemuuii-2010»
(Hwxunit Hosropon, 2010); «®yHaameHTalbHbIE W MPUKIATHBIE BOMPOCHI
dusukn» (TamkenT, 2010); «Y36eKHCTOHHMHT MHHOBALMOH TapaKKMETH-EIIIAp
nuroxuaa» (Tamxkent, 2010); «DoTornekTpuyeckre U TerIoPpU3NUeCKIe OCHOBbI
npeoOpa3oBaHus coyHeYHOM »HHeprum» (Deprana, 2011); «Ontuyeckas u
(boTOo3MeKTpUUECKas SABJICHHS B MOJYIPOBOJHUKOBBIX MUKPO M HAHOCTPYKTYpPAX»
(®eprana, 2011); «HanorexHonorus Ba KaiTa TUKJIaHAUraH YHEPTUsi MaHOamapu:
Myammodiap Ba eunmiiap» (Kapuu, 2012).

OcHOBHBIE pe3yJIbTaThl TUCCEPTAIMOHHON pabOTHI JOJOKEHBI U 00CYKICHBI
Ha OO0BEIMHEHHOM ceMuHape TaIllKeHTCKOro TroCyAapCTBEHHOTO TEXHHUYECKOTO
yHuBepcutera (28 mas 2016), a takxke B ogHopa3zoBoM Hayunom cemunape (10
utoss 2016) npu Hayunom cosere 16.07.2013.FM/T.12.01 npu ®usuko-
TEXHUYECKOM HMHCTUTYTe U CaMapKaHJICKOM T'OCYJapCTBEHHOM YHUBEpPCUTETE IO
MIPUCYKICHUIO YYEHOW CTENEHH JAOKTOpa Hayk no crennanbHocT 01.04.10-
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®du3rkKa MoaynpoBOJHUKOB (TEXHUYECKHUE HAYKH).

Ony01MKOBAHHOCTHL pe3yJabTaTOB HccjaenoBanuil. [lo wmarepuanam
JUCCEPTALMU OMyOJIMKOBAHO 28 HayuHbIX pa0boT, u3 HUX 14 ctaTteil, B ToMm uucie 4
B 3apyOeXHBIX pedepupyembiX KypHanax, | kHura (moHorpadwus), 12 Tpynos
KoH(pepeHUui u | mateHT Ha u3o0peTeHue.

CrpykTypa n 00beM auccepramuu. JluccepranuronHas paboTa COCTOUT U3
BBEJICHUS, MSATH TJ1aB, 3aKII0YEHUS, CIIMCKA JIUTEepaTyphl, BKIovatomend 112 Hau-
MEHOBaHUHU U 2-x mpuiioxeHuil. TekcT aucceprauuu msnoxeH Ha 200 cTpaHunax
MalIMHOMKMCHOIO TeKCTa, BKIIIOYask 76 pUCYHKOB U 26 TabIuIl.
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OCHOBHOE COIEPKAHUE JUCCEPTALIUAN

Bo BBegeHmm 0OOCHOBaHBI aKTyaJbHOCTb M BOCTPEOOBAHHOCTH TEMBbI
JUCCEPTALMU, OIpE/esieHa CBS3b MCCIENOBAaHUNA C OCHOBHBIMHU MPUOPUTETHHIMHU
HaIpaBJICHUSMU Pa3BUTHUS HAYKH U TEXHOJOTUH B pecnyOuKe, MpUBEAeHbI 0030p
MEXIYHApPOJIHbIX HAYYHBIX MCCIEIOBAaHUA IO TEeME JUCCepTallMH, CTeleHb
M3YYEHHOCTH MpoOJieMbl, cHOpMYyIUpOBaHBI 1I€JIb U 3aJa4H, BBISBICHBI OOBEKT,
MpeIMEeT U METOJbl MCCIEIOBaHUs, U3JI0KEHA HaydyHas HOBH3HA HCCIEIOBAHUS,
000CHOBaHa JOCTOBEPHOCTh IMOJYYEHHBIX PE3YyJIbTaTOB, PACKPbITA UX TEOPETH-
yecKkas U MpaKkTUYecKasi 3HAUUMOCTb, MPUBEICHBI KPaTKUE CBEJICHUS O BHEAPEHUU
pE3yNbTATOB U anpolanuu padboThl, a Takke 00 00bEME U CTPYKTYpE IUCCEePTAIIH.

B mnepBoii rnaBe «CocrosiHue npodJieMbl M TEHACHUUH YJIyYIICHHS
TEXHOJIOTMH M3rOTOBJIEHHS] MOJYNPOBOJHHUKOBBIX CTPYKTYP € HAHOKJAC-
TepaMmw» IMPUBEIEH 0030p JUTEPaTYpPHBIX JAaHHBIX MO COCTOSIHUIO MPOOJEMBbI U
TEHJCHIUSAM YIy4dlleHUs] (DYHKIIMOHAJIbHBIX XapaKTEPUCTUK TEPMOJATYUKOB B
3aBUCUMOCTH OT €ro TE€XHOJOTMHM H3TOTOBJICHMS, @ TaKXe OIpPEICNICHbl CXEMO-
TEXHUYECKHUE MyTH YIYUIICHUs AJIEKTpUUECKUX mapamerpoB. Ha ocHoBe aHanmm3za
UMEIOIIUXCS TEOPETHUUECKUX M DKCIEPUMEHTAIbHBIX JAaHHBIX CPOpPMyIHpOBaHA
MOCTAHOBKA 3aJ1a4H.

Bo BTopoii rmaBe «Pa3dpadorka cmoco0a JierHpoBaHUs KPEMHHUSI aTOMa-
MM HMKeJISD» [IPUBEJCHbI TEXHOJIOTMYECKUE ATAMbl MOTYYEHUS! KPEMHHUS, JIETHPO-
BaHHOTO TepMoau(pdy3uel HUKENs, MPOLEeCChl YHNOPAIOYECHUS pacHpeneaeHus
HAHOKJIACTEPOB B 00beMe KPEeMHHUSI.

M3BecTHO', 4TO TMyTeM HpUMEHeHHs mpouecca IUbDY3HH ¢ MOCIeYIONHIM
PE3KUM OXJIaKICHHEM MOXKHO MOJYyYUTh HAHOKJIACTEPhl HUKENS B KpeMHHH. [Ipu
3TOM Bapbupys Temmneparypoil nuddyszuu ot 750 no 1050 rpanycos Llenncus, a
TaK)K€ M3MEHSASI CKOPOCTh OXJIAXKIEHUS MOKHO YIPABIATH pa3MepaMy HaHOKJIAC-
tepoB oT 10 g0 900 uMm. Mcxons u3 3Toro o06CTOATEILCTBA HAMHU U3YUYCHO BIIUSHUC
TEMIIEpaTypHOTO JMANa30Ha U CKOPOCTU OXJaXACHHs Ha (OPMUPOBAHME KIIaccC-
TE€pPOB HUKENS B KPEMHUMU.

Ha ocHoBe u3yuenus npoueccoB nuddy3nu npuMeceil nepexoHbIX MeTal-

JIOB B KPEMHUIi PU Pa3IMUHBIX CKOPOCTAX oxnaxaenus 10+10* rpan/cex ycra-
HOBJICHO, YTO KOHILIEHTPAIUs 3IEKTPUUECKH aKTUBHBIX aTOMOB B HUX IPAKTUYECKU
HE 3aBUCHUT OT CKOPOCTHU OXJIAXKICHHUS.

Jis monydeHuss B oObeMe KpPEMHHSA, MOBBIIAIOMIMX €ro TEePMOUYYBCT-
BUTEJIBHOCTh, HAHOKJIACTEPOB Mpoliecc AUP y3un HUKENS B KPEMHUI OCYIIECTB-
asa B AUG@Y3MOHHOM TMeyu B peXUME HapacTarouleil TemmepaTypbl cO CKO-
pocteio 5+7 C/mun B muTepBane temmeparyp 700+1250 °C. OcymiecTBiaeHue
HarpeBa KpEeMHHs C CaMOW HaYyaJbHOW TEMIIepaTypbl CO3/a€T YCIOBUS IS
TEPMOOTKUT'a HEYCTOMYMBBIX LIEHTPOB. TemmepaTypa aud@y3uu, KOHTPOIUPO-
Bajach IUIATUHA-TUIATUHOPOJMEBOM TEPMOMApOil, PpAaCIONIOKEHHON Hemocpe-
CTBEHHO psAA0M C amnynol. Hapacrarommii HarpeB ocymecTBisuid B TeueHue 110
MUHYT, a 3aT€M TOCJIe TOCTHKEHHSI MaKCUMaIbHOU TeMIIepaTypbl BHIIEPKUBAINA B

' F. Riedel, W. Schéter. Electrical and structural properties of nanoscale NiSi, precipitates in silicon //
Phys. Rev. B., 2000. — Vol. 62. — Ne 11— pp. 7150-7156.
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tedyeHue 10 MHHYT, MOCie 4Yero ammyiay ¢ oOpa3laMHd BBIHUMAJIW W3 ME€YU U
cOpacbIiBalM B BOJAY, YeM M O0OECIEUMBAJIOCH BBICOKAsI CKOPOCTb OXJIAXKICHUS
V=100-+300 °C/cex 1 ynopsg04eHHOe paclpeeicHie HAaHOKIACTEPOB B 00BEME.

J1Jist Moy4YeHus: OMUYECKOr0 KOHTaKTa ¢ yJIy4IIEeHHON aAre3nueil K moBepx-
HOCTH KpEMHHs, B 00bEM KOTOpPOro mpoBeleHa AuGy3us HUKENs, MPOBEIECHO
OCaXJE€HUE TOHKOro cijiosl (3 MKM) MeTajula HHUKENsl XUMUYECKUM CIOCOOOM C
nocieaywiieir tepmoodpadoTkoit mpu 650 rpagycax llenscuss B Teuenue 10
MUHYT.

ConocraBiieHre TapaMeTpoB pa3padOTaHHBIX TEPMOJATUMKOB C H3BECT-
HBIMHM aHaJIOraMu IOKa3allo, YTO 3aBUCHUMOCTH WX CONMPOTHUBJICHUH OT TeMIiepa-
TYpbl KaK MPH MOJOKUTEIbHBIX, TAK U OTPULIATENbHBIX TEMIIEpaTypax B OTIMYKE
OT U3BECTHBIX aHAJIOI'OB MOJYMUHAIOTCS OAHOMY U TOMY 3aKOHY, a TEMIEPaTypPHBIi
ko3 PUIIEHT UMeeT BhICOKHUE 3HaueHus (Tad. 1).

Tabauna 1
[TapameTpbl KpEMHUEBBIX TEPMOJAATUYHUKOB
(1x1x0,5 MM’) ¢ HAHOKJIACTEPAMH HUKEJIS

Ne p, OM-cM B, K T, °C
1 310 4600 -60+120
2 310 6250 -60+130
3 .10 7000 -70+140
4 | 05 7200 -80+150
5 610 7300 -100+160
KMT-1 | 22:10°+1-10° | 3600+7200 -60+180
MMT-1 | 1-10°+220-10° | 2030+4300 -60+125
MMT-6 | 10-10°+100-10° | 2060+4300 -60+125

BriepBoie pa3paboTaHHasi TEXHOJOTHUS HU3TOTOBJICHUS KPEMHUEBOI'O TEPMO-
JaT4uKa n'-n-n’ -CTpyKTYypoHl BKIIIOUYaeT B ceOs nmpoBeaeHue nuddy3un HUKEIS B
KPUCTAJIJI KPEMHHUS € ynelnbHbIM conpotuBieHueM 4060 Om-cm n-Tumna mpoBo-
JUMOCTH B pEXHUME HapacTarollel temmneparypbl, (GOpMHpPOBAHUE CUIIBLHOJIETH-
POBaHHBIX 00JIaCTE 7 - THIIA POBOAUMOCTH METOOM AUGDY3UH, U3 XUMUUYECKU
OCaXJICHHOTO HHKEJSA C MOCHEAYIOINIUM OTKHIOM M OCaXJAEHUE MOJCIOS 0J0Ba
TonmuHOM 50 MKM, a Takke Hape3Ky IUIACTUHBI KPEMHHUS Ha JAUCKpETHbIC
3JIEMEHTHI TLIOMA16i0 | MM” i HamaiiKy MPOBOJIOYHBIX TOKOChEMHBIX BBIBOIOB.

B ornuume ot aHanmora, yiaydlleHUE aJre3ud OMHUYECKOTO KOHTaKTa K
MOBEPXHOCTH KPEMHHUS TEPMOOTKUIOM B BaKyyMe, MpeAoTBpaliaeT pa3zdopoc
napamMeTpoB TEPMOJATUMKOB B OOOMX HAIpaBICHUSX, oOecreunBas JTUHEUHOCTb
TOKOBBIX XapaKTEPUCTHK.

B TtpeTheit rnaBe «Pa3padoTka TEXHOJOTMU M3rOTOBJIEHHUSI TEPMOJATYH-
Ka Ha OCHOBE KPeMHHUsI JIETHPOBAHHOI0 HUKeJeM» 000CHOBAaH BBIOOP Mapamer-
poB 6a30B0i 06IACTH TEPMOJATUMKA C 71 -i-1 -CTPYKTYPOIA, TIPUBEEHBI TIPOLIECC-
Chl MOJYYEHUS! K HUM OMHMYECKHX KOHTAKTOB, '€PMETU3ALMH, TEXHOJOTHUECKUI
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MAapLIPYT U3rOTOBJICHUS, CTATUYECKHE U TUHAMUYECKUE XapPAKTEPUCTUKU, & TAKKE
HAJIC)KHOCTB.

TepMonaTuuk, coaepX amuii TepPMOYYBCTBUTEIBHYIO BBICOKOOMHYIO i-00-
JJaCTh HA OCHOBE MOHOKPUCTAJNIMYECKOI0 KPEMHUS U OCHAILECHHBIN DJIEKTpHUYEC-
KUMH KOHTAKTaMH, OTIUYAIOIIUIICS TeM, UTO i-00JIacTh 3aKII0YEHA MEXKAY JABYMS
CHJILHONIETUPOBAHHBIMHE 71 -00IaCTAMH, BBINOTHEHHBIMU ITyTeM JIETHPOBAHHS aTo-
MaMH MeTaJlla ¢ 00pa3oBaHUEM CTPYKTYPHI 71 -i-1 , TIPH STOM Hapy»KHasl IIOBEpPX-
HOCTb KaxI0H 71" -00/1aCTH HUKEIUPOBaHa U 00pa3yeT OMHYECKUI MEPEX0l MEKY
7" -0671aCThIO 1 COOTBETCTBYIONIUM 3JIEKTPUUECKUM KOHTAKTOM, a MEXKy HUKEIH-
POBaHHBIMU ITOBEPXHOCTSAMHU U 3JIEKTPUYECKUMU BBIBOJIAMU BBEJCHBI CJIOU OJI0BA.

. 1 mn o CtpykTypa NpeaioKeHHOT0 TEPMO-

}3}’ 30min nartapka npuBeneHa Ha pHC. 1, Tae

4: 0azoBast oOyactb 1 mpeacraBiseT

P 330 mxm coGON BHICOKOOMHBIN KPEMHHUH TOJI-

.+ 2oy WMHOM 350 MKM JIETHPOBAaHHBIA HU-

B P somxn  keneM. Ha ero o0e moBepxHOCTH

3 chopMUpPOBaHbI HU3KOOMHBIE CHUIIb-

| —i-Si: 2 — n*-Si: 3 — Niz 4 —Sn HOJIETHPOBaHHBIE 001acTh 2 11 -TH-

ma TOJIIMHOM 2 MKM, MOBEpPX KO-

Puc. 1. CprKTypa NMpeaJ10KeHHOr 0 TOPBIX XHUMHUYCCKUM crrocobom
TepMOAATYHKA OCaAXIACHBI CJION HUKCEIIA 3 TOJIIIN-

HOM 3 MKM Clily’Kaliyue OCHOBOW OMHYECKHX KOHTAKTOB. /{151 oOyieryeHus: Hamauku
MIPOBOJIOYHBIX TOKOCHEMHBIX BBIBOJIOB IOBEPX HHUKENS HAHECEH CJIOM OJioBa
TONIIHUHON 50 MKM.

Beibop B KauecTBe MaTepuania  Noew
0a30BOM 00yaCcTH TepMoOAaT4YMKaA, MpPO- 10
MBIIIJIEHHOTO MOHOKPHUCTAITUYECKOTO
KpEMHHUS n-THNA TMPOBOJAUMOCTU C
yaenabHbIM conpoTuBiieHneM p=10+100
OmMm:cM, 00yCHOBIIEH BO3MOXHOCTHIO
KOHTPOJUPYEMOI'O YIIPaBICHUS KOHLIEH-
Tpalueil  ANEeKTPOAKTUBHBIX  aTOMOB
BBOJUMOTO B Hero Hukens (puc. 2) u
paboyuM AuanazoHOM TeMIIEpaTyphl.

[

104 |

10001 1100x 1200u 1300z T,°Cu

I[Tpu 5TOM TIporiecc AuGPy3ur HUKEIS B 1-napacratouuii pexkum 1uddysuu
KPEMHHI OCYILECTBICH B PEXKUME C 2-1uddysns U 3a1aHHOH TeMIIepaType
HapacTalolel TeMIepaTypol, KOHed- Puc. 2. 3aBHCHMOCTE

HOE 3HaYeHHE KOTOPOIo COBNANANL C  3j1eKTPOAKTHBHOI KOHIEHTPAIMH OT
(GHUKCHPOBAHHOI TEMIIEPATYPOI 0OBIY- TeMIepaTyph TepM00GPAGOTKH

HOM TexHosoruu. TOo ecTh, B OOBIYHON TEXHOJIOTMH, KOHTPOJIbHBIE O00pasiibl,
MOMEIICHHbBIE B AaMmIyJbl, YCTAaHAaBIMBAJIM B TeYb C HaOpaHHOW KOHEYHOU
temriepatypoit nuddysuu, a Bpems nuddysuu coctapisuio 2 yaca. Konuenrpanus
AIEKTPOAKTUBHBIX aTOMOB HUKEJIS B HUX MOJydyajack npuodausuTenbHo Ha 710 %

38



MeHbIIIe (KpuBas 2), 4eM B 0Opaslax, MOJYYEHHBIX B PEKUME C HapacTarolien
temrepatypoii(kpusass 1). IlpeumymectBo auddy3un HUKENsE B PEKUME C
HapacTarollel TeMnepaTypoi 3akiIio4aeTcs B TOM, YTO MPHU 3TOM JJisl MOTYYESHHS
3aJlaHHOM KOHLIEHTpAallMu HOcuTeNei Ha nporecc qudy3un TpaTuThes B J1Ba pas3a
MEHbIIIE BPEMEHHU.

Ilo pacyeTHBIM JaHHBIM TpH Kod(duimente nuddysnn Dyi=2,3-10 exp(-
0,47/kT) cm’/c u temmeparype 7T=(600+900) °C KOHLECHTpALHS HHUKEIs
Nni=1,4-10"exp(-2,3/kT) cM™, TO ecTh, PacTBOPUMOCTH HHKEIs JODKHA OBITH
Nai~10" em™, a kosddurment quddysun nomken nmers 3uaderne D=(10"+107)
em?/c. Torna, 4ToOBI OHOPOIHO JIETUPOBATH O0pa3Ibl TOMIMHMHON 1MM, HE0OXO-
Mo 66110 651 0K0M0 t=17/D=(0/1)*/10"=1000 cexk, T.e. TOTPeOOBAIOCH GBI OKOJIO
=7 4acoB, a B HalleM cllyyae BeCb TEXHOJOTrW4Yeckuil mnpouecc Auddy3uu
3anuMaeT 3 yaca. KOHIEHTpAIMs aTOMOB HUKeNs B 00beMe cocrapisna Ny; ~ 10
cM™, T.e. GOIbIIE YeM 0KHAATOCh.

CrnenaHo 3aKirO4YeHHE, YTO B PEXKHUME HapacTaHusi Temneparypsl quddy3us
HUKEJSl TPOUCXOJIUT MO0 MEXAOY3IHUsAM, a MPUMECHBIE aTOMbI HAXOMASTCS B MEXK-
J0Yy3€JbHBIX COCTOSHUSX, TaK Kak MPH 3TOM KOHIEHTpalus BakaHcuil - N, coc-
TaBJISAET MOPSIKa 10’ CM'3, T.6. oHa mouTH Ha 107+10° MOPAJAKOB MEHbIIE, YEM
KOHIIEHTpAIMsl aTOMOB HUKEJS B MEXKI0Y3IHUSAX.

C uenblo UCKIIOYEHUSI BIUSHUSA BHEIIHUX (AKTOPOB THIIA BJarv, CBeTa U
MTHOBEHHBIX BO3MYILEHHH MOTOKAa BO3/AyXa HAa U3MEpPUTEIbHBIE MapaMeTpbl Tep-
MOJIATYMKOB B KaueCTBE repMETHKA HMCIOIb30BaIN 3aJIMBOYHbIE KOMMayH bl s
WCKJTIOUCHUS BIUSIHUSL Pa3HULIBI MEXY KO3 (ULIMEHTaMU JTUHEHHOTO paclIupeHus
KOMIIayHJa M TepMOJaTyMKa B KOMIIAyH]l BBOJMJIM HANOJIHUTEIb, B YAaCTHOCTH,
CYpPUK-CBUHIIOBYIO KpacKy. 3a OCHOBY 3aJIUBOYHBIX KOMIAyHJOB B3SIThl CMOJIBI
3/1-20 ¢ MajeuHOBBIM AHTUAPUIIOM M TPUITAHOJIAMHUHOM B KaueCTBE OTBEp-
JTATEJIEH.

Br160op ManemHOBOro aHrUApUIa U TPUITAHOJIIAMHUHA OOYCIIOBJIEH TEM, YTO
MaJIEMHOBBIA AHTUAPUJT TO3BOJISIET MOJYYUTh KOMIAYHIbl C Majloil HadajdbHOMN
BA3KOCTBIO U OOJIBIION KU3HEHHOCTHIO. TpUATaHOJIAMUH K€ BHIOpaH U3-32 Majlol
€ro TOKCMYHOCTH, HECMOTPSl Ha XyJIIHME TEXHOJIOTMYECKHE KayecTBa Mojyda-
eMoro KomnayHsja. Perentypa anokCuaHOT0 3aJIMBOYHOIO KoMnayHia J1-2 npuse-
neHa B Tabis. 2. C TOYKM 3peHus MPEeAOTBpaIEHUsT OOJbIINX MEXaHUYECKUX Hall-
psoKeHU OoJIbllIoe 3HAYEHHE HMMEEeT ycaJKa KOMIayHJa B Ipoliecce MOoJIMMe-
pU3aLINH.

[loaTOMy HaMu NPOBOJIMICS SK30TEPMHUECKUN TPOrpeB MPH Pa3THUHBIX
TeMIlepaTypax B Impolecce mojauMepusanuu npu temmneparype T=80°C B Teuenue 4
vacos, npu T=120°C B Teuenue 12 yacos, npu T=140°C B Teuenue 24 yacos. B
pe3ysbTaTe yAaJoCh CBECTH K MUHUMYMY OOpa3oBaHHE MEXaHMYECKUX Harps-
KEHUI B IIpoLIecce OTBEPKICHUS BHIOPAHHOW SMTOKCUHON CMOJIBI.

CTpyKTypHOE OMHMCaHUE MOCJIEeI0BATEILHOCTH TEXHOJIOTMYECKUX IPOLIECCOB
Y HaMMEHOBAaHMs TPEOYEMbIX Y4acTKOB, a TaKke 0OOpYIOBaHUU MJisi U3rOTOBJE-
HUSL TEPMOJATYUKOB O(DOPMIIEHO B BHUJE TEXHOJOIMYECKOTO MapUIpyTa M3rOTOB-
JICHUS! TEPMOJATYMKA HA OCHOBE KOMIIEHCUPOBAHHOT'O KPEMHHSI.
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Taoauna 2
Penentypa 31OKCHUIHOTO 3JIMBOYHOTO KoMnayHaa J1-2

o CocraB, BECOBBIE YaCcTH
=
o Cmona OTBepauTenb Hamonaurens
- <
jan)
= 0
s | & | 2 :
g S = 2 = 2 = 2
5 o < = < = < =
o [aa] Q [aa) Q o] Q
~ Z < 2 |2 2 2 2
= 12 |52 |5 12 s
o S| ) S| ) ) )
> < ~ < ~ < ~
= = =
3anuBounoe | J[-2 DJ1-20 | 100 | ma 2,28K | CC 1,5+1,8r

9KCHepI/IMeHTaJIBHO IMOKa3aHbl BO3MOXHOCTH OIITUMH3AIIUN HU3MCPUTCIIb-
HOT'O IIapaMeTpa TCpMOoAaTIHKa B CXCMC C IMOCIICAOBATCIbHO-IIAPAJICIIbBHO COCIU-
HCHHBIMH PC3UCTOpPAMHU U YCTAHOBJICHA B3dMMOCBIA3b J3THUX IIAPAMETPOB C UYBCT-
BUTCJIIBHOCTBIO OHTI/IMI/ISPIpOBaHHOﬁ CXCMOﬁ, qTo CHOCO6CTByeT 00eCIIeYeCHU IO
TOYHOCTH I/ISMepeHI/Iﬁ U CHUKCHUTIO IOTPCIIHOCTH.

_ (R —R, )’”]2
“ (T, =T)(R +1)(R, +17)

. (1)

IIpu 3TOM M3MepsieMas TemrnepaTypa ONpENEAeTCS YCIOBUSIMH KOHTPOJIUPYEMOM
cpenbl (ra3, >KUJIKOCTb U IPYTHE) U UMEET HEe3HAUUTEIbHbIE OTKJIOHEHHU (Tada. 3),
a B CTAllMOHAPHBIX YCIOBUAX JAa€T HCTUHHYIO TEMIIEPATYDY.

Taéauna 3
OTKIJIOHEHHE TapaMETPOB U XapaKTEPUCTUUECKUX BEITUUMH
TepMOJATYNKA OT HOMUHAJIBHBIX 3HAUCHH I
DaKTOpbI AU/U, | AKK AR/R AB/B
TeMnepaTypa oOKpyKaroliei cpeibl 0,06 0,05 0,01 0,001
Crapenue marepuana 0 0 0,1 0,01
[IpuBeneHHast MOrPEUIHOCTh 0,05 0,05 0,01 0,01

HagexxHocTh TepMopaTyMKa B OTHOLIEHUU IMOCTOSHHBIX OTKA30B C YYETOM JIeC-
TabmM3upymux GakTopos npu norpeurHoctu e 6onee 1,0% cocrasmusier 0.966.
AS, /S =045 )

Mmakce Mmakce

AS AS 1 1
P — CD Makce _ CD _ Make — CD _ CD _
(—O_S )= @ (———) (0’45) ( 0.45

) = 0,966 (3)

N

Yerpepras riaBa « A3zydyeHHe XapaKTePUCTHYECKUX MApPaMeTPOB TepPMO-
AATYMKOB» TIOCBSIIICHA METOJIUKE HMCCIICIOBAHUS MapaMETPOB M XapaKTEPUCTHK
pa3pabOTaHHBIX TEPMOJAATIUKOB, U3YUCHHIO FJICKTPUICCKUX M OCHOBHBIX XapaKTe-
PUCTHYECKUX TIApaMETPOB, a TAK)KE BIUSHUSA Y -O0JydYCHHS W BUOpalMd HA WX
paboune XapaKTepUCTHKHU.

40




OcCHOBHBIE XapaKTEPUCTUKU TEPMOAATUUKOB - KOAD(DUIMEHT Temrepa-
TYpPHOH YYBCTBUTEIBHOCTH W TEMIIEpaTypHbIH KOAI(DPUIUEHT COMPOTUBICHUS,
JIUana3oH M3MEpsSeMbIX TeMIlepaTyp, ObICTPOACHCTBUE OMPENENsIN C MOMOIIbIO
CTaHJapTHOM SKCIEPUMEHTAJIbHON yCTaHOBKHU. M3MepeHus: npoBeeHbl B paboueit
KaMmepe MyTeM IMOBBIIIEHUs Temneparypbl ¢ marom 2+3°C B MHUHYTY MOCTY-
naromei BoAbl U3 TEPMOCTaTa, a MUHYCOBBIE TEMIIEPATypbl CO3AABAIM >KUJIKUM
azoToM. Ha ocHOBe M3MEpEHHBIX U PaCUETHBIX JAHHBIX YCTAHOBJIEHA B3aUMOCBS3b
Koa(uIrieHTa TeMIepaTypHO YyBCTBUTEIBHOCTH C MIIYOMHOM 3aeraHus YpOBHS
depmu 3a/1aBa€MOro yAEIbHBIM CONMPOTHUBICEHUEM 0a3bl TEPMOJATUUKA OINpe/e-
asieMoro ¢ To4HocThio 10 10%. To ectb, yem Onuxe ypoBenb depmMu K cepeinHe
3anpenieHHOM 30HbI, TEM BbIlIE KO3(PPUIUEHT TeMrnepaTypHOH 4yBCTBUTEIBbHOC-
TH, pUC. 3.

-

8000 - BET

6000

0 4

1000 - A

2000 - PRI,

123 4.5 ¢ wrls

F-E, B EcF, 9B ’
06 04 02 0 02 o4 08 _ g
Puc. 3. 3aBucumocTs KO3 punueHTa - # |
TeMIepPaTyPHOH YyBCTBUTEJIBHOCTH OT
rJayOHHBLI 3aJ1eraHusi JHEPreTHYECKOro 1-u3BeCTHBIN; 2- npe/iaraeMbli
ypoBHsA ®epMH B KOMIICHCHPOBAHHOM Puc. 4. Borpramnepnas
KPEeMHUH p-U 1-TUNA TPOBOIUMOCTH XapaKTepucTHKa TepMOAaTINKA

OKCIEPUMEHTAIBHO MOKA3aHO, YTO IMPEIJI0KEHHBIE JaTYUKH TEMIEPATYPbI
B OTJIMYME OT U3BECTHBIX UMEIOT JINHEMHYIO 3aBUCUMOCTD BOJIbTAMIIEPHBIX Xapak-
TEPUCTHK B 000MX HarpaBieHusx (puc.4), 4o obecreunBaeT OJAMHAKOBYIO TEMIIE-
paTypHYIO YyBCTBUTEIBHOCTh COMPOTUBIIECHUSI BO BCEM paboyeM JMara3oHe TeM-

nepatyp (puc. 5).

R, MOm R, KOn

- 70 -

-

120
100
80 i 501
60
40
20 10 - T, %C

| ' e 0+ — ' . - .
-40 =20 0 20 T,°C 20 40 80 - 80 100

a) IIPYU OTPHULIATENIBHBIX TEMIIEPATYPAX 0) Mpu MOJIOKUTENHHBIX TEMIIEpaTypax
Puc. 5. 3aBucuMoCTh CONPOTUBJICHUSI TEPMOAATYHKA,
JIETHPOBAHHOI'0 HUKEJIEM OT TeEMIIEPATYPhI
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['epMeTu3alus TepMOJATYMKOB CIIOCOOCTBYET UCKITIOUEHUIO BIUSHUS CBETO-
BOT'O M3JyYEHHUS U UMITYJIbCHBIX KOJIeOaHUM MOTOKa OKpY»Karollei atMmocdepsl Ha
BOJIbTAMIIEPHYIO XapaKTEPUCTHKY, YTO CIIOCOOCTBYET MOBBIMICHUIO CTAOMIBHOCTH
BBIXOJIHBIX TAPAMETPOB MPU HU3KUX HAIPSKEHUAX TUTaHUS (pUc. 6), a BHICOKHE

LMxA
30—
25| 2 Puc. 6.
sl ,/',/1 BoabTamnepHasi XapakTepucTHKA
L TEPMO-IATYUKOB HA OCHOBE N-Si<S>
- S 5
15 el ¢ p=10" Om:cm (T=300 K)
10 ,:/ :,
P 1-6e3 repmeTuzanumy;
si- 7 2 - ¢ repMeTH3aIMeH
ol | \ \ \ \ \ \
0 1 2 3 4 5 6 7 UB

3HAYEHUS YJEIbHOI'O COMPOTUBICHUS 0a30BOI1 00JaCTH CIOCOOCTBYIOT CHHXKEHUIO
MOTPENIHOCTU M3MEPEHMS], UCKITIOYasi BIMSHUE COMPOTUBIICHUSI COCTUHUTEIHLHOTO
Ka0enst Ha Pe3yJabTaThl U3MEPEHUIA.

Jlpyroe oTiMume pa3paboTaHHbIX TepMOAaTIHKoB (1x1x0,5 MM’) COCTOHT B
TOM, YTO TI0O MEpPE YBEJIUYECHHS YJEIbHOTO COMPOTUBIEHUS 0a3zbl TEPMOJATUHKA
€ro TemreparypHasi 4yBCTBUTEJIBHOCTh U AMana3oH padodyux TeMIepaTryp pacliu-
psiercsi, Tabu. 4.

Taéauna 4
HapaMeTpLI KPCMHHUCBLIX TCPMOAATYNKOB C HAHOKJIACTCPAMUN HUKCIIA
p, OM-cM 3-10° 3-10° 2-10° 10° 6-10°
B, K 4600 6250 7000 7200 7300
T,°C -60-+120 -60+130 -70+140 -80+150 -100+160

CpaBHUTENBHBIN aHAJU3 OCHOBHBIX XapaKTEPUCTHK pa3paOOTaHHBIX IMOJY-
MIPOBOTHUKOBBIX JATYMKOB TEeMIIEPaTyphl ¢ cyliecTByomumMu anagoramu (KMT-1,
MMT-1, MMT-6, CT6) nokaspiBaeT (Tabi1.5), 4TO MO TAKUM IOKA3aTENISIM, KaK

Taoauna 5
CpaBHI/IT CJIBHBIC TAHHBIC pa60‘II/IX XaPaAKTCPUCTUK
pa3pabO0TaHHBIX TEPMOJATUYNKOB ™
VYnensHOE JAnamnason TemneparypHas [Tocrasn
Tun
TeDMO COIIPOTUB U3MCPECHUA YyBCTBUTEIb Has
p JIeHue TeMIeparyp HOCTb BpPEMEH,
JaTyrKa 0
Om C B CeK
Si<P,Ni> 3-10°+1-10° -80+150 4600+7200 5
KMT-1 22:10°+1-10° -60-180 3600+7200 85
MMT-1 1-10°+220-10° -60+125 20304300 85
MMT-6 10-10°+100-10° -60+125 20604300 35
CT3-6 6,8-10°+8,2-10° -90+125 120042400 35
p-i-n wox 1,2-10°+6-10° -60+150 2 3 uBK 12
*Ecnu pazpaboTaHHBIN TepMOJATIHK paboTaeT B O0Jiee TEIIOMPOBOHON
CpC)IG,HaHpI/IMGp B X KUJIKOCTH, TO ITIOCTOSSHHAA BpeMeHI/I 6y21€T yMeHBIHaTBCSI
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yAEIbHOE CONPOTUBJICHUE, TEMIIEPATYPHBIM NMAINa30H, TEMIEpaTypHas 4yBCTBHU-
TEJTBLHOCTh U MOCTOSIHHAS BPEMEHU pa3pabOoTaHHbBIC MOJIYIIPOBOAHUKOBBIC JATYUKH
TeMIepaTypbl UMEIOT JYUIIINE MTOKa3aTeH.

DKCIEPUMEHTAIPHO YCTAHOBJICHO, YTO B OTJIMYHUE OT KOHTPOJIBHOTO 00pa3-
11a Ha KPEMHUHM, YIEIbHBIE CONMPOTUBJICHUS M3TOTOBJICHHBIX TEPMOJATYMKOB JIJIA
IIHPOKOTO IMaNa3oHa KonueHTparmu Hocuteneit (10'°+10"7 cM™) mn ¢ yaenbHbM
conpotuiieHrneM mnopsaka 0.1+1.0 OmM-cM npu BO3IEUCTBUM pagualid 10 JT03bI
10° P W3MEHSIOTCS HE3HAUMTENBHO, a BPEMEHA SKM3HH yMCHBIIAIOTCS,
CrocOOCTBYSI TIOBBIIICHUIO OBICTpOACHCTBUS (5+7 CeK.), puc. 7.

&

104

— T

103 0.8
102

10!

10°

1-N=5-10""cn’; 2-N=10"cm’; 3-N=6-10"cm’ 06pasiisr Si<Ni> ¢ pasiuaHoil KOHIGHTpaIHeit
HUKeJs, 4- KOHTPOJIbHBIN 00pa3zer
7 - pacM. OTHOCHTE/ILHOE U3MEHEHHE Y/1eJIbHOT0 CONPOTUBJIECHMS ()
U BpeMEHHM KM3HU HOCUTeJIel TOKA (0) 0T 10361 Y-00/1y4eHu s

Jist  TepMOJaTYMKOB € 0oJjiee BBICOKMM OMMYECKHM CONPOTHBIIEHUEM
(1+5)10° OM WM ¢ ymenbHBIM conpoTHBIeHHeM p~10 Om-cM KOd(QHIHEHT
TepMouyBcTBUTENbHOCTH (B) 1 6bIcTpOeiicTBIE M 06 TyueHur 10 10361 D=10°P
MPaKTUYECKH HE MEHsETCs, a B JalbHeillleM HaOmroAaeTcss yXYyIIIEHUE 3TUX
napametpoB. [Ipu Gosee BbicOkMX go3ax @ > 10°P mocreneHHo YXYAIIAKTCS
napameTpbl TEPMOJATYMKOB M COCTOsSIHUME repmeTu3auuu. C yBeIMYEHUEM J103bl
o6yuenms 1o d ~ 10°P, Bce mapamerpsl yxyqmarorcest Ha 25+30% (puc.8).

R/Ry B/Bo
L T e . peeennnn Qg
Bahhab i SO
g
B e 1l e == =y 0.
0.8 N i T RN L
W 0.9:| Ny <0
0.6 - A\ 0.8 N "I':-t:'-..
| 81 ‘\ g
. H \
0.4 A 0.7+ v
0.6 |
02 | \\
0.5 | N
= L L L 'f;l[’ m , , » -f’:IP
10% 106 107 108 10% 108 108 107 108 10°
a) U3MEHEHHE COIIPOTUBIICHUS 0) k03(h(HULUEHT TEPMOUYBCTBUTEILHOCTH

Puc. 8. Biussnne ramma 00J1y4eHUSI HA XapaKTepUCTHYECKHe
napaMeTpbl TEPMOJIATYMKOB

43



CoOTBETCTBEHHO, Ye€M MEHbIIIE KOHIIEHTPAIHUS NPUMECHBIX aTOMOB, TEM
OoJbIlIe COMPOTUBIICHHE TEPMOJATYMKA M BBIIIEC paJdallMOHHAs CTOWKOCTh. [Ipm
’TOM B JaHHOM HHTEpBaje J03 HAIC)KHOCTh W OMHUYHOCTH DJICKTPUUECKOTO
KOHTAaKTa TMPAKTUYECKU He M3MeHSI0TCsA. OCHOBHBIE MapaMeTphbl pa3pabdoTaHHBIX
TEPMOAATIYUKOB M 3aBHCUMOCTh COCTOSIHUSI MX TEPMETH3AINH OT J03bl 00JIydeHUs
npuBeAeHBI B Ta01. 6.

Tabnuua 6

60
Bnusinue y 06mydenust (Co’ ) Ha SKCIUTYTallMOHHbBIE TTapaMETPhI
U COCTOSIHUE F€pPMETHU3allMU TePMOJATYMKOB Ha ocHOBe Si<P,Ni>

Hlo3a obsyuenwus, P

sy 107 10° 107 5-107 10° 5-10°

jas}
=2 B | t, | B |1, | B |t,|B | t,|B |t,| B |71,
& A
e % K CEeK K CEeK K cek | K CEeK K | cex K CEeK
S E
E § 6800 | 5+7 | 6800 | 5+7 | 6750 | 5=7 | 6700 | 5+7 | 6650 | 57 | 6600 | 5+7
aa]
§ g 7000 | 5+7 | 7000 | 5+7 | 6950 | 5+7 | 6900 | 5+7 | 6850 | 5+7 | 6800 | 5+7
>
=) § 7200 | 5+7 | 7200 | 5+7 | 7150 | 5=7 | 7100 | 5+7 | 7050 | 57 | 7000 | 5+7
0]
E HET HET HET U3MEHMJICS | pas3pyle MIOJIHOE
% W3MEHEHUW | U3MEHEHUN | U3MEHEHHM LBET HHE paspyuieHue
o]
O

BrisiBieHo, 4To pazpaboTaHHbIE TEPMOAATUYMKHA HA OCHOBE KPEMHUS C HaHO-
KJIacCTepaMH aTOMOB HHUKEJIS HE TOJIBKO 00J1aJal0T JOCTATOUYHO BBHICOKOW YYBCTBHU-
TEILHOCTHIO U OBICTPOJCUCTBUEM, HO TaKXe 00JIaal0T JOCTATOYHO BBICOKOM pa-
JTAANAOHHON CTOMKOCTBIO M MOTYT HCIIOJIb30BATHCS B YCJIIOBHUSIX MOBBIIIEHHOTO
ypoBHs paguanuu. [Ipu sTom yBenuueHue kodpduimeHTa TeMnepaTypHou 4yBCT-
BUTEJIBHOCTH MPHU OOJBIINX J103aX 00Jy4eHUsI OTKPHIBAET BO3MOKHOCTh CO3aHUs
TepMOJaTYMKA JJIsI TUCTAHIIMOHHOTO KOHTPOJISI TeMIEpaTyphl Pa3IMYHbIX O00BEK-
TOB, HaXOJSIIMXCS KaKk B OOBIYHBIX, TaK M B YCIOBHUIX pPaAHAIMOHHOTO
BO3JICHCTBHUSL.

IIaTas rnaBa «Pa3padoTka u3MepUTEJIBLHOI0 NMpeodpa3oBarelisi TeMIepa-
TYpPbl HA OCHOBE TEPMOJAATYUKA)» ITOCBAIIEHA U3YUYCHUIO OCHOBHBIX ITAPaMETPOB
M3MEPUTENBHBIX Mpeodpa3oBaTesie, UX CTPYKTYPHOMY M MapaMeTPUYECKOMY
MPOECKTUPOBAHUIO C YUYETOM KPUTEPUS YYBCTBUTEIBHOCTH, JIMHEWHOCTH CTaTHYEC-
KOW XapaKTepUCTUKU U TOUYHOCTH, a TaKXKe pa3paboTKe MATUKAHAIBLHOTO MpuOopa
Ha OCHOBE HM3MEPHUTEIHLHOr0 MpeoOpazoBaTelisi, UCCIETOBAHUI0 MCTOYHUKOB TIOT-
pPEITHOCTEN HU3MEPUTENLHOr0 MpeoOpa3oBaTesss U pa3pabOTKEe METOJIOB UX KOM-
MEeHCallUH.

B 3aBucHMMOCTH OT YyBCTBHUTEIBHOCTM W CONPOTUBIICHUS TEPMOJATUYMKA,
OHU BKJIIOYAOTCSA C JCIUTEIBHBIM PE3UCTOPOM, MO MOCTOBOM CXEME U C JIBYMs
TEPMOJATUNKAMH.
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Jndg  nenuTenbHOM W3MEPUTENIBHOW CXEMbI BBIXOJHOE HamnpsbkeHUE Uy
paBHO

U =Un———- (4)

T1

[Ipy M3MeHEeHUU TeMIepaTypbl CONMPOTHBICHUE U3MEPHUTENILHOIO Ipeodpa-
3oBatesst Rty M3MEHUTCS Ha BEIMUMHY R11€; U CTaHET paBHBIM

Rri(1+g)),
riae e=ARy/R,
a BBIXOJIHOE HAIPsDKEHHE OYIET OMPEaeNIAThCS BIPaKEHHEM

K
U@blx = U}’l L N U}’l # (5)
(K+1) (K+1+K,))
riae K=Rri/R; koadunrieHT cuMMeTprun cxeMbl Wik B 00Jjiee YIPOIICHHOM BU/JIE
MOJTy4YUM

Ke,

U, =U —1_
6blX n (K+1)2 (6)

Jl71s1 MocToBOM M3MepurtenbHoi cxembl ¢ yaeTtoM K=Rr11/R,= R3 /R4 umeem

Ke,

Uu =U
oo "(K+ 1)K +1+Kg)) (7

WJIA TIPH BKIIFOYCHHUHN ABYX TCPMOJAATYUKOB B ITPOTHBOIIOJIOKHBIC ITJIICYH MOCTOBOH
HSMCpHTeHBHOﬁ CXCMbI CYHICCTBCHHO YBCIIMYUBACTCA €0 YYBCTBUTCIBHOCTDL, a
BBIXOIHOC HAIIPAKCHUC BBIYUCIIACTCA T10 q)opMyHe:

Uyw =U, ﬁ(‘gl +&,) (8)
st pa3paboTaHHOTO KPEMHHMEBOTO IMOJIYNPOBOJIHUKOBOTO TEPMOJATUYUKA
BEPXHUN TEMIEPATYPHBIA TMpeaea ONpPENesAeTCs TEMIIEPATypOl IUIABICHUS
npunos (IIOC 61 temneparypa miasiaerus 180°C), KOTOPHIM NPUIIAMBAIOTCS
BBIBOJIHBIE 3JIEKTPOJbl. TeMrepaTypHas 4yBCTBUTEIBbHOCTh pa3pabOTaHHBIX Tep-
MOJIATYMKOB BO BCEM JIMaIa30HE pabOuMX TEMIIepaTyp 3a CYET CUMMETPUYHOCTHU
BOJIbTAMIIEPHOW XAapaKTEPUCTUKU OCTAETCA HEW3MeHHOM. X wucnonp3oBaHue
onpejensercss TPeOOBAaHUSAMU K UYYBCTBUTEIBHOCTH, TOYHOCTH U OBICTpOJEH-
cTBUt0. JJ11 3TOro HeoOX0AUMO BHIOpaTh TEPMOJATUUK ONMPEAEICHHOrO BUJIA, THUI
BBIBOJHBIX MPOBOJOB, MAaTEpHANl 3ALIUTHOTO TIOKPBITUA M CXEMY BKIIOUEHMUS,
KOKIBIA M3 KOTOPBIX B HAIIEM CIIy4ae COCTOMT M3 mATH no3unuid. [Ipumep
npeajaraeMoil KOMIIOHOBOYHOM Tabnuipbl (Tabn.7) ajas BbIOOpa BUAA JaT4YHMKA
MIPUBEJICH HIXKE.
B pe3ynbrare COOTBETCTBYIOIIEH KOMIIOHOBKHM 3TUX 3JIEMEHTOB MOJIYYatOT
HOBYIO CTPYKTYPHYIO KOMIIO3ULIMIO U3MEPUTEIBHOIO MPeodpa3oBaTels.
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Taoauma 7
KoMmnoHoBoUHbIE KOMITOHEHTHI U3MEPUTEIIBHOTO
npeoOpazoBaTes

1. Bun narumka
1.1.Hunuaapuyeckas | 1.2.1lapoobpaznas | 1.3.KyOuueckas
3 11 2 |1 1 1
4 |2 2 |2 o 2 2
3 13 1 13 1 3
3 14 1 14 1 4
3 |5 5 15 1 5
3 16 L 16 1 6
3 17 5 17 2 7
4 |8 1 |8 1 8
1 19 1 19 1 9
4 110 2 110 1 10
1.4.CrepxxHeBas 1.5.Toukas enka | [TokazaTenu kayecTna
2 |1 4 |1 |YyscTBUTENBHOCTh | |
3 (2 I |2 | Croumoctb 2
2 |3 5 |3 | HagexHocTh 3
2 |4 5 |4 | TouHoCTh 4
2 15 1 |5 |JIuneitHOCTH 5
2 |6 5 |6 | Auamazon 6
4 |7 1 |7 | MuaumMyMm noTepb 7
3 |8 2 |8 | beictpoaeiicTBHe 8
I |9 I |9 | Ox010ru4HOCTH 9
3 |10 1 |10 |Bec 10

Bce mpencraBieHHble BapHaHThl AJIEMEHTOB M3MEPUTENBLHOTO Mpeodpaso-
BaTess MPOPaHXKUPOBAHBI IO KPUTEPHUSM KadecTBa: UYBCTBUTEIBHOCTH, CTOUMOC-
TH, HaJIEKHOCTH, TOYHOCTH, JIMHEMHOCTH, IMANAa30HA U3MEPEHHUS TeMIEPaTypBhl,
MUHUMAJBHON MOTEpH, OBICTPOJAEHCTBUSA, SKOHOMUYHOCTH U Becy. Ha puc 9a.
MpUBEACH MpUMEpP KOMIIOHOBKA KOHCTPYKLIMU U3MEPUTEIBHOTO MpeoOpa3oBaTess
[0 KPUTEPHIO “‘UyBCTBUTEIBHOCTH , KOTOPAsi COCTOUT W3 COUYETAHUU CIIEIYIOIINX
AJIEMEHTOB M3 KOMIOHOBOYHOM Tabn. 7: 1.3— 2.1 — 3.4 — 4.1. HauGonee
«Haa&XHas» KOHCTPYKLHS H3MEPUTEIBHOIO Mpeo0pa3oBaTesisi COOTBETCTBYET
kommno3uiuu:1.3 — 2.1 — 3.4 — 4.5, cxema KOTOpOTro NpuBeIeHa Ha puc. 90.

U 2.1 3.4

+

34 T H 13
ﬁ < ° U.
1.3 2.

1 U oy AIlll MII
A BEIX
-
4.1 4.5
a) K JIEJIUTEIILHOMY TEpMOPE3UCTOPY 0) K MUKPOIIPOLIECCOPHOMY YCTPOMCTBY

Puc. 9. Cxema noak/I04YeHUs U3MEPUTEIBHOT0 IIpeodpazoBaTeisi
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[Iytem mapaMeTpuU4ecKoro MpPOEKTUPOBAHUSA H3MEPUTEIBLHOTO Mpeodpaso-
BaTessl HalJieHbl MHTEPBaJbl ONTUMAIBHBIX MapaMeTpOB pabOyero HampsKeHus,
KOPPEKTUPYIOIINX COTPOTUBIEHUN:

a;=Un=1+10B, a,=K=R/R,=0.1+2, a3=R=10+160Kom, a,=p=0.2+6%,

a={aj, ap, a3, a4}, 9)
rae q, :Un; azzK; a3:R; a4:ﬁ9
a TIPOCKTUPOBAHUEM H3MEPHUTEIBHOTO MpeoOdpa3oBaTelis MO0 KPUTEPUIO UYBCTBH-
TEIHHOCTH W JIMHEWHOCTH CTaTUYECKOW XapaKTePUCTUKH JJISI BBIOPAHHOW CTPYK-
TYpBl U, CIEIOBATEIbHO, MIPUHUMASI CTATUUYECKYIO XapaKTEPUCTUKY H3MEPUTEIIb-
HOTO MpeoOpa3oBaTess B BUIE

U@blx = U" K—-E"z (10)
(K +1)

3a cueT onTuMu3auuu MetogoMm [aycca - 3aiifenss HodydeHbl ONTHUMAJIbHbBIE
napaMeTpsl U3MEPUTEIBHOTO Npeodpa3oBaTelis, IPeACTaBIIOINE COO0M:

a;=U,=6B, a,=K=1.4, a;=R,~110Kom, a4=B=5.8%.

BrisiBuB 0051acTh TpeOyeMbIX UyBCTBUTENBHOCTEH, JMHEHHOCTh CTaTHYeC-
KHX XapaKTEePUCTHK, TOYHOCTb M OBICTPOJECHCTBHE, COOTBETCTBEHHO, HAMH OBLI
pa3paboTaH YCOBEPILIEHCTBOBAHHBIM BapHaHT HOBOTO MOKOJICHHS] MUKPOIPOLIECC-
COpHOTro mpubdopa sl u3MepeHus temneparypsl (puc. 10), KOTOpbI BKIIOYAET
0JIOK CXeMy BXOJHOTO YCHJIMTENIS, y3€J TeHepaTtopa TOKa, y3Jibl MUTAaHUS U LU}-
POBYIO YacTh ¢ MUKPOKOHTPOJJIEPOM, KOTOPBII MO3BOJISUIT ONYYUTh ONIEPATUBHbBIE
JIOCTOBEpHbBIE JIaHHBIE O TEMIIEpaType MOBEPXHOCTHU, CPEJIbl UBMEPEHUS, U O TeM-
neparype B caMoOM OOBEKTE, a TAaKKe O IMHAMUKE €ro U3MEHEHHUS.

B crpykTypy mnpubopa Takke BBEACHBI DJIEMEHTBI, MpPEACTABICHHbIE
YacTsIMU MPOTPaMMHOI0 KOJa YHPAaBIAIOUIEH MporpamMMbl Mpudopa, KOTOpble B
miaHe (YHKIMOHAJBHOCTH HECYT BecbMa BaXKHYIO pOJIb W OO0YCIIaBIMBAIOT
BBIHECEHUE UX B CTPYKTYPHOHM cxeMe npubdopa B OTAEIbHbIE OJIOKH IS YI0OHOTO
BOCHPUSTHUS CTPYKTYPHOU cXeMbl. TeXxHHuecKre XapakTepUCTUKA MUKPOIPOLIECC-
COpPHOT'0 U3MEPUTEIS TEMIEPaTypbl PUBEIEHBI B Ta0. 8.

st BblIsicHeHuss OecrniepeOOMHOr0 M CTaOMIBHOrO ()YHKIIMOHUPOBAHUS
pa3pabOTaHHOTO U3MEPUTEIBHOT0 IPUOOpa MPOBEIEHA OLIEHKA €TI0 NOTrPEIIHOCTEN
U PAcCMOTPEHBI MyTH €ro yMeHbIIEeHHs. B 4YacTHOCTH, AJii yMEHBUIEHUS TOT-
PEIIHOCTH, BHOCMMOM HEJTMHEHHOCTBIO CTAaTUYECKOW XapaKTEePUCTUKHU, MPEaycC-
MOTPEHO OrpaHHMYEHHE IUarna3oHa, CMEIEHUE Hadaja Juana3oHa U KOPPEKIUs
HEJIMHEHMHOCTH C MOMOIIBI0 MUKPOIPOILIECCOPHBIX yCTpoicTB. Ilpu 3ToM makcu-
MaJbHO€ 3HAY€HUE MOrPEIIHOCTH KOJUYECTBEHHO PaBHO CTEMEHU HEJIMHEWHOCTU
OIIpENEAEMOro 1o popMyie:

u,..—-U

}/Hﬂ — 0-5 U BbIXHJI ~ l]BXH/l 100% (1 1)

8blXMaAxc BXMUH
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JI-tepmojiaTuuk ¢ u3MeputenbHOU cxemoi; Ki-xontpomepsl (i=1+5); V- ycunurens; O-
¢unbTpel; K-xontpomiep; MOH-ucrounuk omnopHoro Hampsbkenus; O3Y-omepaTuBHOE
3anomuHarouiee yctpoictBo; Allll-ananoro-uudposoii npeobpasosarens; LII-nudposoit
npeobpaszoBarens; WUIl-ucrounuk nuranus; MC-marucrpanshas cucrema; ['MT-reneparop
u3MepuTenbHoro Toka; PO-paGoune stanonsr; DCIII3Y I1O- snekrpuyecku cTupaeMoe
IIPOrpaMMHPYEMOE IIOCTOSHHOE 3allOMUHAIOIIEE YCTPOHCTBO MPOrPaMMHOTO OOECIEYEeHNUS;
OCIIIBY BA wu K-snekrpudyecku  cTUpaeMoe  MPOrpaMMHUPYEMOE  MOCTOSIHHOE
3aroMuHarolee ycrpoiicTBo Oydepa naHHBIX U KOHPUTYpauui

Puc. 10. CtpykTypHasi cxeMa u3MepHuTeJIbHOI0 mpudopa

ri€ Uppxan, Uspsxr- HEJIMHEMHBICE W JIMHEHWHBIE 3HAUCHHUS BBIXOJHOI'O CHUIHajla
HU3MEPUTEHLHOTO MpeoOdpa3oBaTelisi, a MOTPEIIHOCTH CBA3aHHBIC C JUHAMHYECKON
MOTPEIIHOCTHIO U3MEPUTEIHHOTO TIPpeoOpa3oBaTessi B BUAC aOCOIIOTHOM

AU, (@)=U, (0)-U,, (t > x) (12)

6blX 6blX

WJIA OTHOCUTEIBHOM I[I/IHaMH‘{eCKOﬁ MMOTPCIITHOCTHU

U@blx (T) - U@blx (T % w)

A U (1)=
OmH 8blx( ) Ugblx (T % w)

100% (13)

MpejiaraeTcsl YMEHbBIIUTh BBIOOPOM KOHCTPYKIIMU OOECIICUMBAIOINICH YMEHbIIIE-
HUE TEIJIOBOM WHEPIIMU, TaK U BBEICHHUS JJICKTPUUYECKUX KOPPEKTUPYIOIIUX
YCTPOWCTB.

DKCHEepUMEHTAJIbHO MOKa3aHo, YTO BBEACHUE KOPPEKTUPYIOUIEH 0OpaTHOU
CBSI3U C MOMOIIBIO OMEPAIMOHHOTO YCUJIUTENS MPUBOJAUT K CHIDKCHUIO BPEMEHU
MePEXO0THOTO Mpoliecca 10 OHOro nopsaka, puc. 11, 12. [To pazpaboranHoit Hamu
TEXHOJIOTUH MOXXHO M3TOTaBJIMBATh CTaHIAPTU30BAHHBIC TEPMOJATUYUKH C JOIMYC-
kamu £0,2 °C mwm +0,1 °C B nmanazone 0100 °C m ¢ MeHbIIEH TOYHOCTBHIO B
obnactu -60 °C u +150 °C. [Ipu 5TOM HOMUHAIBI TEPMOJIATYMKOB U3TOTOBICHHBIX
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TexHuueckue XxapakTepUCTUKHA TpUOOpa HOBOTO
MUKPOIPOLIECCOPHOTO Mpubopa

Tab6auma 8

IIOKOJICHUA

Yucno kaHanoB U3MEpeHui

5

JlMana3zoH U3MepsAeMOii TeMIIEpaTyphl , ' C

-50, +200

Tun naTankoB

Tepmomaruuk Si<P,Ni >

Pazpemaromas criocobnocts, °C 0,2;1;2
Cpennsist HapabOTKa HA OTKA3, 4ac He menee 3000
Bpewms yctanoBieHust paboyero pexxuma, cex He 6oee 3
["abapuTHBIC pazMepsl KOpIyca, MM 96 x50x 110
Macca, kr ue ooiee 0,4
Cpennuii Cpok CITyxOBbl, JIeT 10

Wnanukanus mokazanum

Ha CBETOIHOTHOM
muciiee, Ha 11K

MaxkcHuMabHbIN IEPUOJT OITPOCA BCEX KAHAJIOB, C

8

[IporpammHoe ob6ecrieueHue

ITox Windows

Jlonyctumas TeMiieparypa skcrutyaranuu, °C

-10+50

AtmocdepHoe nasnenue, klla

80-107

OTHOCHUTENBHAS BIAXHOCTH Mpu Temreparype 35 °C

He 6omee 80 %

TouHocTs

+(0,4% Tusm. + 1 K)'

BocnpounsBoaumocTs

+(0,4% Tusm. + 1 K)'

Paspemenne

1°C

[Ipenensr nomyckaeMOM OCHOBHOM NOTPEHNIHOCTH HU3MEpPEHUs
Temiiepatrypbl B auanasone temmneparyp ot 0 °C mo 100 °C mpu
U3MEpPEHUsAX C MCIOJIb30BAaHUEM HWHIAMBHUAYAJIbHBIX CTAaTHUYECKUX
xapakrepuctuk (MCX) repmonatuuka, °C

+0,05

[Ipenensr momyckaemMoil MOTPENTHOCTH B JUAIa30HAX TEMIIEpaTyp
ot -50 °C mo 0 °C um ot 100 °C mo 200 °C mpu u3MEpeHUusix c
ucrnonszoBannem MCX tepmogaruuka, °C

+0,1

[Ipenensl  momyckaeMoOll  JIONOJHUTENIBHOW  MOTPEUIHOCTH,
O0OyCIIOBJIEHHON  OTKJIOHEHHUEM TEeMIIEpaTypbl  OKpYXalOIIero
BO3JlyXa OT HOpMaslbHOM obnactu 3HaueHudd (20 = 5) °C npu
mmepernuu temmeparyp oT 0 °C mo 100 °C ¢ ucmosib30BaHUEM
NCX tepmonaruuka, °C

+0,05

T()

1.0 | 2

0.66 |- 1

™M
1 0.33

HII

8 12_Cex

1-6e3 KoppeKIKH; 2- ¢ IEMbI0 00PaTHOH CBA3U

Puc. 11. Cxema koppekunu
AMHAMHUYECKON MOTPEeIIHOCTH
H3MEPHUTEJBHOT0 NMPeodpa3oBaTeis C
00paTHOM CBSA3BIO

Puc. 12. Ilepexoanbie npoueccol B
H3MEPHUTEJBLHOM IpeodpasoBarelie ¢
TePMOAATYMKOM
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no paspaboranHoi TexHojoruu (mpu 25 °C) COCTaBISIOT COOTBETCTBEHHO:
100500 Owm; 1+300 xunoom u 1 meraom. Cpeiu HUX TEPMOAATUYUKH C OONBIIUMHU
HOMHHAJIaMH B3aMMO3aMEHSEMBI I pa3IUYHbIX H3TOTOBHUTENEH W HUMEIOT
pazOpoc HOMUHAIILHBIX COMPOTUBIICHUH He Ooiiee +5%.

[Ipy W3roTOBICHWH TAPTHUU TMOJYMPOBOAHUKOBBIX TEPMOAATUYNKOB B
konudyectBe 1000 mTyk pazOpoC HOMHHAJIBHBIX COMPOTUBICHUN HE MPEBBIIIAI
+5%.

B npuiiokeHMH AWCCEpTAlMH TMPHUBEACHBI METOJIUKA WU3MEPECHHsI, CTaTH-
4yeckoil 00paboTKU U MporpaMMHOE OOecleueHre alropuTMa YIpaBJICHHs H3Me-
pPUTETHHOTO MPUOOPA, & TAKKE CO3JaHbI IUCTUHT OCHOBHOTO (haiia mporpaMMmel.

3AKJIIOYEHHUE

Ha ocHoBe mpoBenEHHBIX HCCIEIOBAaHUN MO JOKTOPCKOM AUCCEPTAlMHU Ha
Temy «Pa3paboTka TepMoJaTuMKa Ha OCHOBE KPEMHUS C HAHOKJIACTEPAMHU aTOMOB
HUKEJIS U €r0 TEXHOJOTUU U3TOTOBIICHUS» MPECTABICHBI CIEAYIOIINE BHIBOBI:

1. [pennoxxken HOBBIA crocoO mpouecca IUPy3un HUKENS B KPEMHHI,
3aKJIIOYAIONINIICS B MpoOBeAeHUM mpouecca Auddy3un B pexuMe HapacTaHUs
TeMIiepaTypbl co CKOpocThio 5+10 rpagyc/MHUHYT B HHTEpBalie TeMIIEpaTyp
600+1250 °C obecrieunBarONIMii TOJyYEHHE HAHOKIACTEPOB HHKEIS B 0OBEMe
KPEMHHUS.

2. Jlnga monydeHHs OMHMYECKOr0 KOHTaKTa C YJIy4YIIeHHOW aaresued k
MOBEPXHOCTH KpeMHUS, B 0O0OBEM KOTOpOro mpoBeacHa Iud@y3uss HUKE,
IPEJIOKEHO IMPOU3BECTH OCAXKIEHUE TOHKOro cjios (3 MKM) MeTajlja HUKENs
XHUMHUYECKUM CIOcOOOM ¢ mocienyromei tepmooOpadoTkoit mpu 650 rpagycax
Lenbcus B Teuenue 10 MUHYT.

3. BnepBble npeasioxKeHbl MPUHIUIIBI CO3AaHUS TEPMOJATUMKA HA OCHOBE
KPEMHHUS C HAHOKJIACTEpaMHu HUKENs 00J1a/1alollero BHICOKOW YyBCTBUTEIHHOCTHIO
(7800 K) m cTaOMIBHOCTBIO BBIXOJHBIX XapaKTEPUCTHUK, MPEIONKEH TEXHOJIO-
TMYECKUI MapuIpyT €ro U3roTOBJICHHUS.

4. TlokasaHo, YTO MPH BO3ACHCTBHHU raMMma m3aydeHneM 1030ii 10° pentren
yIIeTbHOE COMPOTUBIICHUE JIETUPOBAHHBIX HUKEJIEM KPEMHHUEBBIX TEPMOJATUHKOB
OCTAETCS HEM3MEHHBIM, a [0 Mepe yBeJIHdeHUs 103kl 06myuenus 1o 10° penrren
K03 (PUIIMEHT TeMIiepaTypHON YyBCTBUTENBHOCTH yBeauunBaeTcs Ha 10%.

5. [lyTeM KOMIBIOTEPHOTO MOJEIMPOBAHUS B 3aBUCUMOCTU OT TpeOyemMoro
¢dakTopa (4yBCTBUTEIBHOCTH, CTOMMOCTH, TOYHOCTH, HAJAECKHOCTU U T.J.) Mpe.-
JIO’KE€HBI METOJIbI CTPYKTYPHOI'O MapaMeTPUUYECKOTO MPOESKTUPOBAHUS U3MEPHUTENb-
HOTo Ipeo0pa3oBaTessl MO3BOJSIOLIME BBIOPATH COOTBETCTBYIOILYIO (OpMY
JaT4hKa, KOHTAaKTHbIE BBIBOJBI, 3alllUTHBIA CIIOM JaT4Mka | MapameTpbl
U3MEPUTEITBLHON CXEMBI.

6. YcraHoBIeHa B3aMMOCBS3b MEXKIY KOPPEKTHUPYIOLIMMHU (JIMHEAPU3YIO-
IIMMU  U3MEPUTEIbHBIN TapaMeTp) COMPOTUBICHUSIMH U YYBCTBUTEIBHOCTHIO
TEPMOJIaTYMKA, MO3BOJISIONIAS BBIIBUTH OOJACTh MaKCHMalbHOM YYBCTBUTEINb-
HOCTH JIaTYMKA B AJIEKTPOHHOU CXEME.

7. BblsiBIeHa BO3MOXHOCTh CHUIKEHHUS MOTPEUIHOCTEH JAaTYUKOB TeMIlepa-
Typbl 0T 10% 10 2% 00yCIOBIEHHBIX HETMHEWHOCTHIO UX CTATUYECKUX XapaKTe-
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PUCTUK U TEIUIOBOM HMHEPLMOHHOCTBIO MyTEM BBIOOpPA KOPPEKTUPYIOMIMX
COMPOTHUBJICHUIN U UHTEpBaja TEMIEPATYPhl B TPEOYEMON OKPECTHOCTH.
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Introduction (annotation of doctoral dissertation)

Topicality and demand of the subject of dissertation. Currently, one of
the important physical and technical problems in dynamically developing
directions of electronic computing and information technology is developing
temperature sensors with improved functional characteristics on the basis of
modified semiconductors, in particular with nanoclusters used for diagnosing
various parameters and processes in industry, nuclear reactors, scientific researches
and other areas of the national economy.

The study of the interrelationship of electro-physical parameters of the
active region of silicon thermistors containing nanocluster inclusions of different
atoms with their operational parameters allows revealing their previously unknown
new technical solutions. Improving the active region, increasing the sensitivity and
solving the problem of reducing the spread of the parameters, as well as
developing the technology of producing a new generation of temperature sensors
on the basis of materials with nanoclusters, which provide temperature
measurement at different control conditions, are an important direction of
researches.

The use of temperature sensors belonging to the class of semiconductor
devices based on materials with nanoclusters in devices and systems of control of
parameters of industrial facilities requires researching the ways to improve their
sensitivity and switch schemes. Therefore, the studies conducted on the diffusion
processes of various nanoinclusions, as well as the effects on the features of
thermistors of nanocluster inclusions aimed at optimizing the functional
parameters of thermistors are urgent.

This research is aimed at developing a new method of diffusion that
provides the formation of nanoinclusions, as well as the choice of parameters of
the material of a base, and developing the ways of obtaining contacts with
improved adhesion, which are directed to the manufacture of temperature sensors
with stable parameters. The need for the improvement of the functional
characteristics of such temperature sensors, development of cost-effective
technologies for their manufacturing and creation of a route of this technology has
great scientific and practical importance.

This dissertation in the certain degree serves to perform the tasks assigned
for the improvement of the competitiveness of the electronic products mentioned in
the Decree PD-1442 of the President of Uzbekistan “On the priorities of industrial
development of the Republic of Uzbekistan in 2011 —2015” of 15 December 2010,
as well as in other regulatory documents adopted in this field.

Relevance of the research to the priority areas of science and technology
development of the republic. The research was carried out in accordance with the
priority direction IIl. “Power engineering, energy and resource conservation,
transport, mechanical engineering and instrument making; the development of
modern electronics, microelectronics, photonics, electronic instrument making” of
science and technology development of the Republic of Uzbekistan.
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Review of international scientific researches on the subject of
dissertation'. Overview of international scientific research on topic of the
dissertation. Research questions of the theory and practice of thermometry carried
out in the leading centers and universities, including American scientists F.
Meyzda and A.A. Volinsky, and Chinese researchers M. Shao and N. Zhano. Pay
attention to the work of scientists V.V. Sakhin, A.A. Shekhurdin on the use of
microprocessors in temperature measurement devices, as well-known companies,
such as Hewlett-Packard (England), Analog Devices (USA) and Oméga
(Germany) are being developed temperature sensors and devices for different
purposes.

In the field of producing temperature measurement gauges on the basis of
various semiconductor materials, a number of scientific and practical results were
obtained throughout the world. Such companies as Volvo, Siemens (Germany),
Philips (the Netherlands) and ITT Components Group (UK) manufactured silicon
temperature sensors with a positive temperature factor, and the company Rodan
Industries Inc., Texas Instruments (USA) developed the technology of manufac-
turing temperature sensors intended for different purposes.

At present, scientific and practical results were obtained on the development
of relatively cheap temperature sensors based on silicon technology with optimal
parameters, which meet modern requirements for sensitivity, substituting the
integrated sensors intended for controlling the conventional technological
processes, as well as on the enhancement of their functional features.

Degree of study of problem. So far, a significant contribution has been
made to the development of the theory and practice of heat-sensitive elements by a
number of scientists, including: V.S. Gromov, N.P. Udalov, A.l. Krivonosov, Y.V.
Zaitsev, I.L. Rotbert, I.T. Sheftel and G. Vigleb. They contributed to supplying the
market with a variety of temperature sensors, including measuring and converting
devices for different temperature ranges. However, narrow temperature range, and
inability to work in extreme conditions are peculiar to semiconductor temperature
sensors. Therefore, the creation of a new generation of temperature sensors and
measurement converters that record the temperature in a wide range and preserve
the stability parameters in harsh conditions is urgent and defines the demand for
them.

However semiconducting thermal sensor peculiar narrow temperature range
and an inability to work in extreme conditions. Therefore, the creation of a new
generation of temperature sensors and measurement converters that record the

! Review of international scientific researches on the subject of dissertation Is carried out on a basis the review of
the international scientific researches on a subject of the dissertation is carried out(spent) on a basis Meiizna @. /
DNeKTpOHHBIE U3MEPHUTENBLHBIE IPHOOPHI M MeTo bl u3Mepenuii: [lep. ¢ anri. - M.: Mup, 1990. — C.250-335. Alex
A. Volinsky and Lev Ginzbursky. / Irradiated cubic single crystal SiC as a high temperature sensor. 2003 Materials
Research Society Fall Meeting. C. 273-278. Zhano N, Fu HW, Shao M, Li HD, Liu YG, Qiao XG. Research on high
sensitivity temperature sensor based on Mach-Zehnder interferometer with waist-enlarged fiber bitapers. / Guang
Pu Xue Yu Guang Pu Fen Xi. 2014 Jun;34(6):1722-6. Caxusn B.B., lllanumor B.I1. Ternonepenaya // BI'TY, CII6.
2003. C. 120-135. Hlexypaun A.A. VMcnonp3oBaHHE ONTORIEKTPOHHBIX CHCTEM C KBApLEBHIMH MOHOJIUTHBIMU
ceeroBomamu B ACY TII npoMBIINUICHHBIX medei // ABromaru3saius B npombinuieHHOCTH. 2007, Ned, C.23-24 and
other sources.
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temperature in a wide range and preserve the stability parameters in harsh
conditions is urgent and defines the demand for them.

At present, great attention is paid to the development of the digital
technology and means of electronic communication, which require sensors with
digital output signals. Outstanding scientists like E.I. Svetkov and A.M. Melik-
Shakhnazarov studied the issues of application of microprocessors in temperature
measurement devices. Y.V. Gulyaev proposed the new principles of building
sensors on the basis of surface acoustic waves used in the manufacture of passive
temperature sensors with record sensitivity compared to the known analogues. In
this respect, it should be noted that the optimization of the parameters of
temperature sensors are linked with the initial material and technology of its
manufacture. The traditional diffusion methods used for making temperature
sensors on the basis of silicon have exhausted their possibilities, instead, creating a
new technology of forming nanoinclusions, nanocomplexes and nanoclusters in the
semiconductor matrix is very promising. In this direction, the scientists of
Uzbekistan, in particular, the school of M.K. Bahadirkhanov, creating a new way
of diffusion of transition metals, contributed to the improvement of the technology
of obtaining nanocluster materials that can serve as a basic technology for creating
temperature sensors with high-operating temperature (above 120 ° Celsius) and
sensitivity. Together with a number of scientists, the school of M.S. Yunusov
created the technology of thermoradiation doping of silicon and founded the
direction of radiation physics of semiconductors. The group of Professor B.E.
Egamberdiev developed the prin-ciples of creating multichannel measurement
temperature converters on the basis of temperature sensors.

The abovementioned suggest that there is a need for the solution of the
problems of developing the physical and technological aspects of formation of
structures with silicon based nanoinclusions, and improving the diffusion processes
providing controlled incorporation of admixtures into the silicon matrix, aimed at
the integral choice of a temperature sensor design, as well as obtaining the optimal
combination of their parameters with technological processes. Besides, the
problems of ensuring the stability of their parameters have scientific and practical
values.

Connection of the dissertational research with the plans of scientific-
research works. The dissertation was performed in TSTU within the framework
of the State Programs P-10.19 “Development and creation of a fundamentally new
class of sensors of physical quantities (temperature, magnetic field, pressure,
infrared radiation, humidity, radiation)” (2010-2012), ID6-022 “Development of a
multi-channel device for remote temperature control of agricultural products”
(2008-2010).

The aim of the research is to develop methods for obtaining a new
diffusion technology for highly sensitive temperature sensors with nickel
nanoclusters and develop on their basis a set of temperature sensors and devices
with stable parameters and are resistant to different types of effects for temperature
control systems of objects.
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The tasks of the research:

developing a method of nickel diffusion with orderly embedded
nanoinclusions in silicon;

implementing the technology of obtaining highly doped region for ohmic
contacts to silicon structures;

developing a technological route of manufacturing of temperature sensors on
the basis of compensated silicon with nanoclusters;

studying the impact of radiation exposure on the operational characteristics
of temperature sensors based on silicon, doped with nickel;

choosing a competitive device as a sensor for various indications taking into
account the features of the desired inclusions;

evaluating and compensating the error of the temperature measuring device
based on the temperature sensor.

The objects of the research are n'-n-n" silicon structures with nano-
inclusions that are manufactured through diffusion technologies, and measurement
transducers based on them.

The subjects of the research are the technological processes of diffusion
doping of silicon with nickel, models of identification of operational parameters of
the measuring transducer system on the basis of the temperature sensor, technology
for obtaining ohmic contacts with improved adhesion to the semiconductor
surface.

Method of research. In the dissertation, we used complex informative
methods of experimental physics: volt-ampere, four-probe method, and
measurement method by the Hall effect, scanning electronic microscopy, method
of electronic and probe microanalysis, method of diffraction of slow and fast
electrons, theory of errors.

Scientific novelty of the research is as follows:

A method of nickel diffusion with embedded nanoinclusions in silicon was
worked out, which consists of three steps, That is in each stage the temperature
ranges (300-600; 600+900; 900+1200 °C) within which the temperature is risen
consistently at a speed of 5 degrees/min, is maintained for 10 minutes and then is
cooled at a speed of 100 degrees/sec.

A technology was created for obtaining a highly-doped layer for ohmic
contacts to silicon structure doped with nickel, which means that a metal layer of
nickel is deposited on the surface of the silicon structure by chemical means and is
subjected to thermal treatment at 650°C for 10 minutes.

For the first time, a temperature sensor with high sensitivity (7800 K) and
stability of output characteristics was developed on the basis of silicon
nanoclusters and a technological route of its production was proposed.

It was experimentally shown that the introduction of the correction feedback with
the help of the operational amplifier leads to the reduction of the transient time of
the temperature sensor by one time;

It was experimentally shown that the specific resistance of silicon
temperature sensors doped with nickel with a carrier concentration of more than
10" ¢cm” changes slightly when exposed to gamma radiation dose of 10°
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roentgens, i.e. remains stable at radiation influence, and in samples with a carrier
concentration of less than 10'* cm™ at doses (5+10)-10° roentgens, conductivity
type inversion (n — p) occurs.

A method of optimal structural parametrical designing of a measuring
transducer based on the temperature sensor was proposed by computer simulation
that allows to choose the form, output contacts, protective layer and parameters of
the measuring system, in accordance with the required parameters (sensitivity,
linearity of static characteristics, speed, etc.).

By choosing the required boundary interval of temperature, the possibility of
reducing the errors of temperature sensors was determined, which are characterized
by thermal inertia and nonlinearity of static natures.

Practical results of the research are as follows:

A method of diffusion of nickel into the silicon was developed in
temperature rise mode ensuring the formation of stable nanoclusters in bulk, and
on their basis, the technology of manufacturing temperature sensors was developed
for measuring the temperature over a wide temperature range from -100 to 180
degrees Celsius.

Technical solutions were found that allow creating microprocessor
measuring circuits for measuring the temperature of various objects from a
distance.

The reliability of the research results is confirmed by the use of modern
scientific and technological methods, standard and proven methods of control
parameters and characteristics of semiconductor devices. The results and
conclusions are justified on physical performances based on theoretical and
experimental data. The reliability of the experimental data is provided by the use of
complex independent techniques of data measurement and processing, as well as
their compliance with modern concepts of physics and technology of
semiconductors and products based on them.

Theoretical and practical significance of the research results.

The theoretical significance of the researches lies in the fact that the creation
of nanoclusters of nickel atoms in silicon by diffusion doping and comprehensive
study of their impact on the electrical properties of silicon are of scientific interest
to expand the notions of the structure and properties of compensated materials.

The practical significance of the work is in the fact that the improved
diffusion technology allows a targeted modification of the properties of
semiconductor materials and, on their basis, obtaining temperature-sensitive
structures of sensors intended for use in devices and control systems of the
parameters of different objects.

Implementation of the research results. Received the patent for
"temperature sensor" with a wide operating range (-40 + 180 ° C) (UZ 1AP 04,778
from 29.11.2013y.) property of the Republic of Uzbekistan. Designed temperature
sensor allows to control the temperature of the industrial equipment, research
facilities and various household purpose devices and entities;

By open Joint Stock Company «FOTON» manufactured a parti of
temperature sensors differing by it’s parameters stability and resistance to external
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influences.This device was succesfully applicd to store germination of cotton seeds
with meeting the reguiremebts in cotton recuremet Centers of Kashkadarya region
(FAQ Joint Stock Company «FOTON» on June 30, 2016y.). As a result of the
introduction of devices ensured the sustainability and stability of the temperature
sensor parameters to external influences;

the five-channel microprocessor-based on temperature measurement device
used to control to temperature in buildings where stored grain. (FAQ Open Joint
Stock Company "Galla-Alteg" on July 04, 2016y.). Implementation of device gave
stable conditions for the storage of crops to ensure the safety of their quality,
preventing spoilage of grain.

Testing of the research results. The results of the dissertation were
reported and discussed at international and republican conferences: “8th
International Conference Solid State Physics” (Almaty, 2004); “Geotechnology:
Innovative Methods of Subsoil Use in the 21st Century” (Moscow-Navoi, 2007);
“Growth, Properties and Applications of Crystals” (Andijan, 2008); “Integration of
Education, Science and Industry” (Moscow, 2008); “Kazakhstan in the New World
and the Problems of the National Education” (Chimkent, 2008); “Science and
Industry”  (Zhetysai, 2009); “Silicon-2010” (Nizhny Novgorod, 2010);
“Fundamental and Applied Questions of Physics” (Tashkent, 2010); “Innovative
Development of Uzbekistan in the View of the Youth” (Tashkent, 2010);
“Fundamentals of Photoelectric and Thermal Physics of Solar Energy Conversion”
(Fergana, 2011); “Optical and Photoelectric Phenomena in Semiconductor Micro
and Nanostructures” (Fergana, 2011); “Nanotechnology and Renewable Energy
Sources: Problems and Solutions” (Karshi, 2012).

The main results of the dissertation were reported and discussed at a joint
workshop of Tashkent State Technical University (28 May 2016), as well as one-
time Scientific Seminar (10 June 2016) under the Scientific Council
16.07.2013.FM/T.12.01 at the Physical and Technical Institute and Samarkand
State University on award of the degree of doctor of sciences in the specialty
01.04.10-Physics of Semiconductors (engineering sciences).

Publication of the research results. A total of 28 scientific works were
published on the materials of the dissertation, including 14 articles (of these 4 in
English), 1 book (monography), 12 conferences proceedings and 1 patent for the
invention.

Structure and volume of the dissertation. The dissertation is presented on
200 pages, consisting of an introduction, five chapters, conclusions, and a list of
112 references and 2 appendixes. The dissertation contains 76figures and 26 tables.
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MAIN CONTENT OF DISSERTATION

In the introduction the topicality and relevance of the theme of the
dissertation were justified, its conformity to the priority directions of science and
technology development of the republic was shown, a review of international
researches on the topic of the dissertation was provided, the degree of study of the
problem, the aims, tasks as well as the objects and subjects of the dissertation were
formulated, the scientific novelty, the reliability of the obtained results, their
theoretical and practical significance were disclosed, a summary of the
implementation and announcement of the research results and the structure of the
dissertation were given.

The first chapter of the dissertation titled “The condition of the problems
and trends to improve the technology of manufacturing semiconductor
structures with nanoclusters” presents an overview of the published data on the
state of the problem and trends to improve the functional characteristics of
temperature sensors, depending on its manufacturing technology, as well as
identifies the schematic and technological ways to improve the electrical
parameters. We formulated the problem on the basis of the analysis of available
theoretical and experimental data.

In the second chapter “Development of a method of doping silicon with
nickel atoms”, the technological stages of obtaining silicon doped by thermal
diffusion of nickel and the processes of ordered distribution of nano-impurities in
bulk silicon are given.

As is known', it is possible to obtain nickel nanoclusters in silicon by

applying a diffusion process followed by rapid cooling. At the same time, the size
of nanoclusters from 10 to 900 nm can be controlled by varying diffusion
temperatures from 750 to 1050 degrees Celsius, as well as changing the cooling
rate. On the basis of this fact we have studied the effect of the temperature range
and cooling rate on the formation of nickel clusters in silicon.
As 1s known, it is possible to obtain nickel nanoclusters in silicon by applying a
diffusion process followed by rapid cooling. At the same time, the size of
nanoclusters from 10 to 900 nm can be controlled by varying diffusion
temperatures from 750 to 1050 degrees Celsius, as well as changing the cooling
rate. On the basis of this fact we have studied the effect of the temperature range
and cooling rate on the formation of nickel clusters in silicon.

Based on the study of diffusion processes of transition metal impurities in
silicon at various cooling speeds 10-10* deg/sec, it was established that the
concentration of electrically active atoms in them is practically independent of the
cooling rate.

In order to obtain nanoclusters in bulk silicon, which raise its temperature
sensitivity, the nickel diffusion process in silicon was carried out in the diffusion
furnace in a mode of increasing temperature at a speed of 5+7 C/min in

' F. Riedel, W. Schéter. Electrical and structural properties of nanoscale NiSi, precipitates in silicon //
Phys. Rev. B., 2000. — Vol. 62. — Ne 11— pp. 7150-7156.
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temperature intervals of 700+1250 °C. Heating the silicon with the initial
temperature created the condition for thermal annealing of unstable centres. The
diffusion temperature was controlled by the platinum-rhodium platinum
thermocouple located directly next to the ampoule. The increasing heating was
carried out for 110 minutes, then after achieving the maximal temperature, it was
maintained for 10 minutes after which the ampoule with samples was removed
from the furnace and thrown into the water, which provided a high cooling rate
V=100+300 °C/sec and an ordered distribution of nanoclusters in bulk.

To make ohmic contact with improved adhesion on the silicon surface,
where the nickel diffusion was conducted, deposition of a thin layer (3 microns) of
nickel metal was made with a chemical process followed by heat treatment at 650
degrees Celsius for 10 minutes.

The comparison of the parameters of the designed temperature sensors with
known analogues showed that the dependence of their resistances on the
temperature both in positive and negative temperatures, in contrast to known
analogues obey the law, and the temperature coefficient has high values (Table 1).

Table 1
Parameters of silicon temperature sensors
(1x1x0,5 mm’) with nanoclusters nickel

No p, ohms-cm B, K T, C
1 3.107 4600 60120
2 3.10° 6250 -60+130
3 210 7000 -70+140
4 10° 7200 80150
5 6-10° 7300 -100+160
Cobalt-manganese 22:10°+1-10° | 3600-7200 | -60+180
thermistors -1
Copper-manganese 1-10°+220-10° | 2030+4300 | -60+125
thermistors -1
Copper-manganese 10-10°+100-10° | 2060+4300 | -60+125
thermistors -6

Developed for the first time the technology of making a silicon temperature

sensor with n" -n-n" -structure includes conducting diffusion of nickel in the silicon
crystal with a specific resistance of 40+60 ohms-cm n-type conductivity in an
increasing temperature mode, the formation of heavily doped regions of n " -type
conductivity by diffusion from chemically deposited nickel, followed by annealing
and deposition of 50 microns thick tin sublayer, and cutting the silicon wafer on
discrete elements of an area of 1 mm® and soldering current collecting wire
terminals. Unlike the analogue, the improvement of adhesion of ohmic contact to
the silicon surface by thermal annealing in vacuum, prevents the spread parameters
of temperature sensors in both directions, providing the linearity of current
characteristics.

In the third chapter titled “Development of the technology of making a
temperature sensor based on silicon doped with nickel”, the choice of the base
area parameters of the temperature sensor with n'-i-n" -structure is substantiated,
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the processes of getting for them ohmic contacts, hermetization, technological
route of making, static and dynamic characteristics, as well as the reliability are
given.

The temperature sensor containing a heat-sensitive high-resistance i-region
on the basis of monocrystalline silicon and equipped with electrical contacts is
characterized by the fact that the i-region is contained between the two heavily
doped n"-regions performed by alloying the metal atoms to form a structure of n"-
i-n", while the outer surface of each n'-region is nickeled and forms an ohmic
transition between the n'-region and corresponding electrical contact, and tin
layers are introduced between the nickel-plated surfaces and electrical terminals.
The structure of the proposed temperature sensor is shown in Fig. 1, where the
base region / is a high-resistance 350-micron silicon doped with nickel.

e 1 mm On its both surfaces, low-
% J0microns  pesistant heavily doped regions
P { 2 of n'-type of 2-micron thick-
3 350microns mness are formed, the top of
L _ which are deposited by chemi-
7 Jyuerons — cal means with 3-micron thick
324 7 nickel layers 3 serving as the
4 basis of ohmic contacts. To
| = i-Si: 2 —n'-Si: 3— Ni: 4 — Sn facilitate the s.olderir.lg of thp
current collecting wire termi-
Fig. 1. The structure of the proposed nals over nickel, a tin layer of
temperature sensor 50-micron thickness was depo-

sited.

The choice of industrial monocrystalline silicon of n-type conductivity with
a specific resistance of p=10+100 ohms-cm as a material of the base area of the
temperature sensor is due to the possibility of managing the concentration of
electroactive nickel atoms introduced into it (Fig. 2) and the operating temperature
range. In this process, the nickel diffusion in the silicon was done with an
increasing temperature mode, the final value of which coincided with the fixed
temperature of the conventional technology.
That is, in the conventional technology, N, ears
the test samples placed in ampules are 10
fixed in an oven with dialled finite
diffusion temperature, and the diffusion
time was 2 hours. The concentration of
the electroactive nickel atoms therein
was approximately 7+10% smaller

(Curve 2) than in the samples obtained 10% |

in the mode with increasing temperature 1000 11000 [12000  1300a T,°Ca
(Curve 1). The advantage of the nickel 1-increasing diffusion mode
diffusion in an increasing temperature  2-diffusion at a predetermined temperature
mode is in that in this case, to obtain the Fig.2. Dependence of the
desired carrier concentration, the diffu- electroactive concentration on the
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sion process requires twice less time.According to the calculations, when the
diffusion coefficient is Dyi=2.3-107exp(-0.47/kT) cm’/s and temperature
T=(600+900) °C, the nickel concentration is Ny=1.4:10"exp(-2.3/kT) cm”, i..,
the solubility of nickel should be NNi~1014 cm'3, and the diffusion coefficient
should have a value D=(10"+10") cm®/s. Then, to uniformly dope the samples of 1
mm thick, it would need about t = I*/D = (0/1)>/107=1000 sec, i.e. it would take
about ¢ = 7 hours. As for our case, the entire technological process of diffusion
takes 3 hours. The concentration of nickel atoms in the bulk was Ny; ~ 10" cm™,
1.e. greater than expected.

It is concluded that in the mode of increasing temperature, nickel diffusion
occurs along the interstices, and impurity atoms are in interstitial states, so here,
the concentration of vacancies - N, is about 10’ ¢cm™, i.e. it is almost 10'+10° times
less than the concentration of nickel atoms in the interstices.

In order to eliminate the influence of external factors such as moisture, light
and instant air flow disturbances on the measurement parameters of temperature
sensors, we used the potting compounds as a sealant. To eliminate the influence of
the difference between the coefficients of linear expansion of the compound and
temperature sensor, we put a filler in the compound, specifically, minium — lead-
based paint. For the basis of potting compounds, ED-20 resin with maleic
anhydride and triethanolamine was taken as hardeners.

The choice of the maleic anhydride and triethanolamine is due to the fact
that the maleic anhydride allows obtaining the compounds with a low initial
viscosity and high vitality. Triethanolamine was selected because of its low
toxicity despite the worst technological quality of the resulting compound. The
recipe for the epoxy potting compound D-2 is shown in Table 2. From the
viewpoint of preventing large mechanical tension, the compound shrinkage during
polymerization is very important.

Table 2

Recipe for the epoxy potting compound D-2

g Structure, weight parts
2 ~: Resin Hardener Filler
2 =
2 S
o o
= = > > >
S |2 |t |£ |8 |E |t |£

g |g§ |5 |8 | |8 |¢

o o o

Potting D-2 | ED-20 | 100 ma |228K | LM 1.5+1.8¢g

Therefore, we carried out an exothermic heating at various temperatures in the
polymerization process at a temperature of T=80 °C for 4 hours, at T=120 °C for 12
hours, at T=140 °C for 24 hours. As a result, we were able to minimize the formation
of mechanical tension in the hardening process of the selected epoxy resin.

The structural description of the sequence of technological processes and
names of the required areas, as well as the equipment for making temperature
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sensors were designed in the form of a technological route of making temperature
sensors based on compensated silicon.

The possibilities of optimizing the measurement parameter of the
temperature sensor in the circuit with a series parallel-connected resistors were
experimentally shown and the interrelation of these parameters with the optimized
circuit sensitivity was identified, which helps to ensure the measurement accuracy
and reduce the errors.

K = (Rl_Rz)rl2
L -THR +1)(R, +17)

(1

The measured temperature is determined by the conditions of the controlled
medium (gas, liquid, etc.) and has a slight deviation (Table 3), and in stationary
conditions gives the true temperature.

Table 3
Deviation of the parameters and characteristic quantities of' t
he temperature sensor from the nominal values
Factors AU, U, | AKK AR/R AB/B
Environment temperature 0.06 0.05 0.01 0.001
Aging of the material 0 0 0.1 0.01
Given error 0.05 0.05 0.01 0.01

The reliability of the temperature sensor in relation to permanent failures
with destabilizing factors in the error of not more than 1.0% is 0.966.

AS /S, =045 (2)

Ay _ (- Sy _ oLy oLy = 0,966 3)

P=a
oy o, 0,45 0,45

The fourth chapter titled “The study of the characteristic parameters of
temperature sensors” is dedicated to the research methodology of the parameters
and characteristics of the developed temperature sensors, the study of the electrical
and main characteristic parameters, as well as the effect of y-irradiation and
vibration on their performance.

The main characteristics of temperature sensors are the coefficient of
temperature sensitivity and temperature coefficient of resistance; the range of
temperature measurement and speed were measured using a standard experimental
setup. The measurements were performed in the processing chamber by raising the
temperature of the incoming water from the thermostat in the increments of 2+3 °C
per minute, and freezing temperatures were created with liquid nitrogen. On the
basis of the measured and calculated data, we established the interrelation of the
coefficient of temperature sensitivity with the depth of the Fermi level given by the
occurrence of a specific resistance of the temperature sensor base determined with
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an accuracy of 10%. That is, the closer is the Fermi level to the middle of the
bandgap, the higher is the coefficient of temperature sensitivity (Fig. 3).
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Fig. 3. Dependence of the coefficient of 2

temperature sensitivity on the depth of

the energy level of the Fermi in Fig. 4. Volt-ampere character-
compensated silicon p-and n-type ristics of the temperature sensor
conductivity 1- known; 2- proposed

It was experimentally shown that the proposed temperature sensors, unlike
the known, have linear dependence of volt-ampere characteristics in both
directions (Fig. 4) that provides the same temperature sensitivity resistance over
the entire operating temperature range (Fig. 5). Hermetization of temperature
sensors helps to eliminate the influence of light radiation and pulse oscillation of

R.MOhm R.kOhm

120 ol
100 1 60 1
80 1 501
4'0 =
60 50 -
| .

20 10 - T, °C

! el il et | [ : -
-40 =20 0 20 T.°C 20 40 60 80 100
a) at negative temperatures 0) at positive temperatures

Fig. 5. Dependence of the resistance of the temperature sensor
doped with nickel on temperature

the flow of the surrounding atmosphere on the volt-ampere characteristics, thereby
increasing the stability of output parameters at low supply of voltages (Fig. 6), and
the highest values of resistivity of the base region help to reduce the measurement
errors, excluding the impact of the connecting cable resistance on the measurement
results.

Another difference of the developed temperature sensors (1x1x0.5 mm”) is
in that with the increasing resistivity of the base of the temperature sensor its
temperature sensitivity and working temperature range expand (Table 4).
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Table 4
Parameters of silicon temperature sensors with nickel nanoclusters

p, ohms-cm | 3-10° 3-10° 2-10" 10° 6-10°
B, K 4600 6250 7000 7200 7300
T, °C -60+120 -60+130 -70+140 -80+150 -100+160

The comparative analysis of the main characteristics of the developed
semiconductor temperature sensors with existing analogues (KMT-1, MTM-1,

L, micro A

I Fig. 6.
25 2 Volt-ampere characteristics of
»l 1 temperature sensors based on n-
Si<S> with ” =105 ohms-cm
s e (T=300 K)
10} ,;,’:/
g 1 - without hermetization;
s 2 - with hermetization
ol | | | | | | |
0 1 2 3 4 5 6 7 UV

MTM-6 ST6) shows that (Table 5) with such indicators as resistivity,
temperature range, temperature sensitivity and constant time the developed
semiconductor temperature sensors have the best performance.

Table 5
Comparative data of operational characteristics of the
developed temperature sensors *

Type of the Specific resistivity, Iflil:sl:lerf;:ll:};i Temperature nctotlills;:
temperature sensor ohm range, °C sensitivity, V sec ’
Si<P,Ni> 3-10%+1-10° -80+150 | 4600+7200 5
Cobaltmanganese |, 431408 -60+180 | 3600+7200 85

thermistors -1
Coppermanganese | y.13.970.10 | _0+125 | 20304300 85
thermistors -1
Copper-manganese | y.103.100.10 | -60+125 | 20604300 35
thermistors -6
CT3-6 6,8:10°+8,.2:10° | -90+125 | 1200+2400 35
p-i-n diode 1,2:10°+6-10° 60+150 | 23 mV-K . 12

* If the developed temperature sensor works in a thermally conductive medium,
such as a liquid, the constant time will decrease.

It was experimentally established that, in contrast to the control sample on
silicon, the specific resistivity of the developed temperature sensors for a wide
range of the carrier concentrations (10'°-10'" ¢cm™) or with a specific resistivity of
0.1+1.0 ohms-cm varies slightly when exposed to radiation to a dose of 10° P, and
the lifetime is reduced, helping to the increase of the speed (5+7 sec.) (Fig. 7).
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For the temperature sensors with a higher ohmic resistance (1+5)10° ohms or
with a specific resistivity p~10 ohms-cm, the coefficient of temperature sensitivity
(B) and speed under irradiation to a dose of F=10°P practically does not change,
and further worsening of these parameters is observed. At higher doses of F>10°P,
the parameters of temperature sensors and the state of hermetization gradually get

— ity

6)

1-N=5-10"cm’ : 2-N=10"c™’ ; 3-N=6- 10"%cm® samples Si<Ni> with different
concentrations of nickel, 4-the control sample

Fig. 7. Relative change of specific resistivity (a) and lifetime of
current carriers (b) from the dose y-irradiation

worse. With the increase of the radiation dose to F~10°P, all the parameters worsen
at 25+30% (Fig. 8).
Accordingly, the lower is the concentration of impurity atoms, the more is
the temperature sensor resistance and higher is the radiation resistance. Thus, in
this dosage range, the reliability and ohmicness of electrical contact practically
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Fig. 8. Effect of gamma irradiation on the characteristic parameters
of temperature sensors

The main parameters of the developed temperature sensors and the dependence of
the condition of their hermetization on the radiation dose are given in Table 6.
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It was revealed that the developed temperature sensors based on silicon with
nanoclusters of nickel atoms do not only have sufficiently high sensitivity and
speed, but also have a sufficiently high radiation resistance, and can be used in
conditions of high radiation level. The increase of the coefficient of temperature
sensitivity at high doses of radiation opens the possibility of creating a temperature
sensor for the remote control of the temperature of various objects located at both
usual and radiation exposure conditions.

Table 6
Impact of y irradiation (Co®®) on the operating parameters and
hermetization condition of temperature sensors based on Si<P, Ni>
Irradiation dose, P

> 10° 10° 107 5-10 10° 5-10°

]

§ B, T, B, T, B, T, B, T, B, T, B, T,

0]

—é o K sec. K sec. K sec. K sec. K | sec. K sec.
=

;‘5 6800 | 5+7 | 6800 | 57 | 6750 | 5+7 | 6700 | 5+7 | 6650 | 57 | 6600 | 5+7

;E 7000 | 5+7 | 7000 | 5+7 | 6950 | 5+7 | 6900 | 5+7 | 6850 | 57 | 6800 | 5+7

cﬂi) 7200 | 5+7 | 7200 | 5+7 | 7150 | 5+7 | 7100 | 5+7 | 7050 | 5+7 | 7000 | 5+7

g

g § no changes | no changes | no changes colour destruction complete

= 5 changed destruction

e =

E S

an

The fifth chapter titled “Development of the temperature measuring
transducer on the basis of the temperature sensor” is devoted to the study of
the basic parameters of measuring transducers, their structural and parametric
design, taking into account the sensitivity criterion, linearity of static
characteristics and accuracy, as well as the development of a five-channel device
on the basis of the measuring transducer, the study of the error sources of the
measuring transducer and the development of the methods of their compensation.

Depending on the sensitivity and resistance of the temperature sensor, they
are switched with a divider resistor, a bridge circuit and with two temperature
Sensors.

For the dividing measuring circuit, the output voltage U, 1s equal to

R

U =Un—"1— 4
out er +R2 ( )

When the temperature changes, the resistance of the measuring transducer
Rty changes to Rt€; and equals
Rri(1+ey),

where e=AR /R,
and the output voltage is determined by
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K
Uoul = Ups _Ups 81 (5)
K+1 K+1+K
¢l

where K=Rrt;/R, symmetry coefficient of the circuit or in a simplified form,
we obtain

Ke
=U, —
out ps (K + 1)2 (6)

For bridge measuring circuit based on K=R1;/R,= R; /R4 we have

U =U, o ™
P(K+1)K +1+Keg))

or when the two temperature sensors are included in the opposite arms of a
bridge measuring circuit, its sensitivity significantly increases, and the output
voltage is calculated as follows:

U

out :Ups(KT)z(gl +&,) (8)

For the developed silicon semiconductor temperature sensor, the upper
temperature limit is determined by the solder melting point (Tin-lead solder 61
melting point 180°C), with which lead-out electrodes are soldered. The
temperature sensitivity of the developed temperature sensors around the operating
temperature range due to the symmetry of the volt-ampere characteristics remains
unchanged. Their use is determined by the requirements for sensitivity, precision
and speed. This requires choosing a certain type of the temperature sensor, type of
lead wires, protective coating material and incorporating circuitry, each of which in
our case consists of five positions. An example of the proposed table for the choice
of the sensor type is shown below.

As a result of a corresponding arrangement of these elements, a new
structural composition of the measuring transducer can be obtained. All the
presented options of the elements of the measuring transducer are arranged by
quality criteria: sensitivity, cost, reliability, accuracy, linearity, temperature
measuring range, minimum loss, speed, economical efficiency and weight. In Fig.
9a, an example of the design of the measuring transducer is given for the
“sensitivity” criterion, which consists of the following combinations of the
elements from Table 7: 1.3 — 2.1 — 3.4 — 4.1. The most “reliable” design of the
measuring transducer corresponds to the composition: 1.3 — 2.1 — 3.4 — 4.5, the
circuit of which is shown in Fig. 9b.

Through the parametric design of the measuring transducer, we found the
optimal parameter intervals of the operating voltage, which adjust the resistance:

a;=Up=1+10B, a,=K=R/R,=0.1+2, a;=R=10+160kohms, a,=p=0.2+6%,
az{ab dp, a3, a4}7 (9)

where 4, =U,

sa,=K;a,=R;a,=p,
and by designing the measuring transducer according to the criteria for
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sensitivity and linearity of static characteristics for the selected structure and,
therefore, taking the static characteristics of the measuring transducer in the form:

K-
out ps (K + 1)2 (10)
Table 7
Components of the measuring transducer
1. Sensor type
1.1. Cylindrical 1.2. Spherical 1.3. Cubic
3 1 2 1 1 1
4 |2 2 |2 2 2
3 3 1 3 1 3
3 14 Q 1 4 1 4
3 5 5 5 1 5
3 6 1 6 1 6
3 7 5 7 2 7
4 |8 1 8 1 8
1 9 1 9 1 9
4 10 2 10 1 10
1.4. Rod 1.5. Thin film Quality indicators
2 1 4 1 Sensitivity 1
3 2 1 2 | Cost 2
2 13 5 3 | Reliability 3
2 4 5 4 | Accuracy 4
2 5 1 5 | Linearity 5
2 6 5 6 | Temp. measuring range | 6
4 7 1 7 | Minimum losses W 7
3 8 2 8 | Speed 8
1 9 1 9 | Economical efficiency 9
3 10 1 10 | Weight 10

by optimizing with Gauss-Seidel method, we obtained the optimal parameters of
the measuring transducer, which are:

a;=Ups=6B, a,=K=1.4, a;=R,~=110kohms, a4=B=5.8%.

21
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1.3 21 ADC MP
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a) to the separating thermistor b) to the microprocessor device

Fig. 9. Wiring of the measuring transducer

By revealing the areas of the required sensitivity, linearity of static
characteristics, accuracy and speed, respectively, we have developed an improved
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version of the new generation of the microprocessor device for measuring the
temperature (Fig. 10), which includes a circuit block of the input amplifier, power
generator unit, power supply units and digital part with the microcontroller, which
allowed obtaining operative reliable data on the temperature of the surface,
measurement medium and temperatures in the object, as well as the dynamics of its
change.

We also introduced in the device structure the elements that represent parts
of the code control unit program, which in terms of functionality play a very
important role and include them in the block diagram of the device in separate
blocks for easy perception of the block diagram.

S1———=Ci1+A1F v, R EEPROM DB and C
R A N
s; = G HaHF s | M
] - EEPROM SW
Ss =Gl asFs e | |4
| p D
Si - Cy=As=Fs— ¢ C SB
Ss . HCj “As T Fs Information
: network
GMC - S Pm‘r;rl :zf;tss and Trunk power line
\ PSS -
E
WS -

S-temperature sensor with a measuring circuit; Ci-controllers (i=1+5); A-amplifier; F-filters; C-
controller; VRS-voltage reference source; RAM-Random Access Memory; ADC-analogue-to-
digital converter; DC-digital converter; PS-power supply; SB-system bus; GMC-generator of
measuring current; WS-working standards; EEPROM SW- Electrically Erasable Programmable
Read-Only Memory software; EEPROM DB and C Electrically Erasable Programmable Read-
Only Memory data buffer and configurations

Fig. 10. Structural diagram of the measuring device

The technical specifications of the microprocessor temperature measure are
shown in Table 8.

In order to ascertain the smooth and stable operation of the developed
measuring instrument, we assessed its errors and considered the ways to reduce it.
In particular, to reduce the errors introduced by the nonlinearity of static
characteristics, we provided the range limit, the displacement of the range and
nonlinearity correction using microprocessor units. The maximum value of the
error is quantitatively equal to the degree of the nonlinearity, which is determined
by the formula:
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where Ugy, Uouy- nonlinear and linear values of the output signal of the
measuring transducer, and the errors associated with the dynamic error of the
measuring transducer are in the form of absolute

AU, (0)=U,,()-U,,(t > x) (12)

out out

or relative dynamic error

Uout (T) — Uout (T — OO)

— 0
Areonut (T) Uou[ (T BN OO) 1 OO A) (1 3)
Table 8
Technical characteristics of the new generation microprocessor device
Number of measuring channels 5
Range of measured temperature, 'C -50, +200
Type of sensors temp.sensor Si<P,Ni >
Resolution, °C 0.2;1;2
Mean time to failure, hour not less than 3000
Operation mode setup time, sec. no more than 3
Mounting dimensions, mm 96 x 50x 110
Weight, kg no more than 0.4
Average life, years 10
Display readings on the LED display, on
the PC

Maximal period of a survey of all the channels, sec. 8
Software for Windows
Permissible operating temperature, °C -10+50
Atmospheric pressure, kPa 80-107
Relative humidity at 35 °C no more than 80%
Accuracy +(0.4% Tch + 1 K)'
Repeatability +(0.4% Tch + 1 K)'
Resolution 1°C
Limits of allowable main error of temperature measurements in the | = 0.05
temperature range from 0 °C to 100 °C in the measurements using
the individual static characteristics (ISC) of the temperature sensor,
°C
Limits of allowable errors in the temperature range from -50 °Cto 0 | £0.1
°C and from 100 °C to 200 °C in the measurements using the ISC of
the temperature sensor, °C
Limits of allowable additional error due to the deviation of the | £ 0.05
ambient temperature from the normal range of values (20 + 5) °C in
the measurement of temperatures from 0 °C to 100 °C using the ISC
of the temperature sensor, °C

It is proposed to reduce the design choice, providing the reduction of thermal
inertia, as well as the introduction of the electrical corrective devices.
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It is experimentally shown that the introduction of the corrective feed-back
using the operational amplifier leads to the reduction of the transient process time
to one Fig. 11, 12. According to the technology develop-ped by us, standardized
temperature sensors can be manufactured with tolerances of 0.2 °C or 0.1 °C in
the range of 0+100 °C and with less accuracy in the area of -60 °C and +150 °C.

T(r)

1.0 |- 2

R1 RZ I\ 0.66 |- 1
oA PA = Uout
| 0.33

PS

R: R4

I ! !
0 4 8 12 Sec

1- without correction; 2- with the feedback circuit

Fig. 11. The scheme of dynamic error  Fig. 12. Transitional processes in the
correction of the measuring temperature transducer with a

transducer with feedback temperature sensor

Thus, the denominations of the temperature sensors made according to the
developed technology (at 25 °C) are respectively: 100+500 ohms; 1+300 kilohms
and 1 megohms. Among them, the temperature sensors with large denominations
are interchangeable for different manufacturers and have a variation nominal
resistance less than + 5%.

When a consignment of semiconductor temperature sensors was made in the
amount of 1000 pieces, the nominal resistance variation did not exceed +5%.

In the appendix of the dissertation, the method of measuring, static
processing and software algorithm for the control of measuring devices are
presented, as well as the listing of the main program file is created.

CONCLUSION

On the basis of the conducted researches on the theme of the doctoral
dissertation “Development of a silicon-based temperature sensor with the
nanoclusters of nickel atoms and its manufacturing technology”, the following
conclusions are presented:

1. A new method of nickel diffusion in silicon was proposed, consisting in
carrying out a diffusion in an increasing temperature mode at a speed of 5+10
degrees/minute in the temperature intervals of 6001250 °C, which provides
obtaining nickel nanoclusters in bulk silicon.

2. In order to obtain an ohmic contact with improved adhesion to the silicon
surface, on which a diffusion of nickel was performed, we propose to make the
deposition of a thin layer (3 microns) of nickel metal with a chemical process
followed by heat treatment at 650 degrees Celsius for 10 minutes.

3. For the first time the principles of creating a silicon-based temperature
sensor with nickel nanoclusters having a high sensitivity (7800 K) and stability of
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output characteristics, and a technological route of its manufacturing were
proposed.

4. Tt was proved that when exposed to gamma radiation with a dose of 10°
roentgens, the specific resistivity of the silicon temperature sensors doped with
nickel remains unchanged, and with the increase of the radiation dose up to 10°
roentgens, the coefficient of the temperature sensitivity increases by 10%.

5. By means of computer modeling, depending on the desired factor
(sensitivity, cost, accuracy, reliability, etc.), methods of structural parametric
design of the measuring transducer allowing to select the proper form of the
sensor, contact terminals, a protective layer of the sensor and parameters of the
measuring system were proposed.

6. The relationship was established between the corrective (linearized
measurement parameter) resistances and the sensitivity of the temperature sensor,
which allowed revealing the area of maximal sensitivity of the sensor in the
electronic circuit.

7. By selecting the corrective resistances and a temperature interval in the
required vicinity, the possibility of reducing the errors of temperature sensors arom
10% up to 2%, was revealed, which is conditioned by the nonlinearity of their
static characteristics and thermal inertia.
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