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1 3ATAJIBHI ITOJIOKEHHSA TA 3MICT KYPCOBOI
POBOTH

Merta BukonanHs KypcoBoi pobotu (KP) 3 kypcy “Marepianu Mikpo-
Ta HAHOEJEKTPOHIKH~ — PO3BHHYTH y CTYJCHTIB HAaBUYKH CAMOCTIHHOTO
aQHATITUIHOTO JTOCIIDKEHHS MaTepialiB MIKpPO- Ta HaHOCIEKTPOHIKH, 3Ha-
XOKeHHS (DI3MYHOr0 1 1HKEHEpHOro MigXoxy MpH MPOEKTYBaHHI pajioe-
JIEKTPOHHUX TPHUCTPOIB 1 BUOOPI MaTepianiB ans HuX. Llg mucummina €
0a30BOI0 IS 0aratbOX CHEMiabHUX JUCHHIDIIH KOHCTPYKTOPCHKO-
TEXHOJIOTIYHOTO ¥ (pizuaHOro Mpodinro. 3HAHHS BIACTHBOCTEH MaTepiaiiB
1 BMIHHS 3aCTOCOBYBATH IX Ha MPAKTHIII HEOOXIAHO TakoX (haxiBIpsiM 3 00-
YHUCITIOBAILHOI TEXHIKH, MIKpO- Ta HaHOeNeKTpoHiku. [1]06 3po3ymitu 3a-
KOHOMIPHOCTI TTOBOJKEHHSI MaTepialiB y pi3HUX yMOBaxX, iH)KEHEp eNeKT-
POHHOT TEXHIKHM IMOBMHEH MAaTH 3HAHHS B oOyacTi (i3WKH, XiMii, eIeKTPO-
TEXHIKH Ta eJICKTPOHIKH.
TemaTnka TUTIOBHX PO3paxyHKIB:
1. TexHOMOTis OEpKAHHS MaTepianiB MiKpO- Ta HAHOEIEKTPOHIKH;
2. PpO3MOJIN eJIEKTPUYHOTO TIOJISI 1 KOHTaKTHI SBUIA B ITUPOKO30HHUX
HaIIBIIPOBITHUKAX i By3bKO30HHUX JI€JIEKTPUKAX;
3. JOCHiKEHHsS CTPYKTYpH 3a0OpOHEHOi 30HHM MarepialliB MeTOIaMH
TEPMOAKTUBAIIHOT CIIEKTPOCKOTIIT.

Bukonytoun xkypcoBy podoty (KP) cryneHT noBuHeH npoBecTH Teo-
PETHYHI JTOCIIJUKEHHS Ta MPAaKTUYHI PO3PaxXyHKH JUIsl PIllICHHS MOCTaBIIe-
HOi mpoOnemu. 3araiibHi BUMOTH JI0 CTPYKTYPH Ta MpaBuiia oQOpMIICHHS
KypcoBoi poboti HaBeneni B CTII 15-1 «IlosicHioBanbHA 3anMcKa 10 Kyp-
COBHX Ta JAUIUIOMHHUX IPOeKTiB (poOiT)». Ctpykrypa KP: BcTynHa yactuna,
OCHOBHA YaCTHHA 1 JIOJATKH. BCTynmHa yacThHA MICTHUThH Taki CTPYKTYpHI
€JIEMEHTU: TUTYJIBbHUHM nucT; 3aBraHHia Ha KP; pedepart; 3mict; mepemnik
YMOBHHX MO3HaY€Hb (CHMBOJIB, OJJMHHLb, CKOPOUEHB 1 TepMiHiB). OCHOB-
Ha YacTHUHA MICTUTh TaKi CTPYKTYpHI €JIeMEHTU: BCTYII, TEOPETUYHA Ta
NpPaKkTUYHA YaCTHHU, BUCHOBKH 1 TEpeNiK mocuianb. J[ogaTku po3milry-
10T Ticnst ocHoBHOT yacTuHM KP. Ilepenik mocuianb 1 mKepen, Ha SIKi €
nocuaaHHs B oCHOBHIN yactuHi KP HaBomsaTh y 1oHI Tekcy KP, mounHaro-
YKl 3 HOBOI CTOpPiHKH. biOmiorpadivHi onucy MoCWIaHb y Meperiky HaBo-
JIATh BIATIOBITHO 0 CTaHAAPTIB 3 Oibmiorpadiunoi cripaBw.



2 OCHOBHI TEOPETHYHI BIJTOMOCTI

IcHye Benmka KiJbKICTh MaTepialiiB, IO 3aCTOCOBYIOTHCS B €IICKT-
POHHIH TexHiUl U1 Pi3HUX LiNeH, OHAK cydacHa MiKpOEJeKTPpOHiKa MOT-
pebye MmatepiamiB 3 "crenudiyHIMA" BIACTHBOCTSIMH, IIIO POOHUTH aKTya-
JHEHAM TIPOIIEC OACpIKaHHS HOBHUX a00 MOIM(IKOBaHMX MarepiamiB 3 Ha-
CTYITHHM JIeTAIbHUM BUBYCHHSM iX €JIeKTpO(i3UIHUX BIaCTHBOCTEH.

2.1 TexHoJiorisi OTPUMAHHSI HAMIBIPOBITHMKOBHUX i TieJeKTPHIHHUX
MarepiaiiB

Crocobu ozepxxaHHsl MarepialiB TICHO MOB's3aHi 13 crocobamu
OUHMINEHHS i BUPOILYBaHHA KPMCTaJiB. IX BaKO TOJUTMTH, HANPUKIAJ,
TPAHCIIOPTHI XiMi4HI peakxii - He TUTBKH CIIociO Of1epKaHHs HaIiBIIPOBII-
HUKOBHX PEUOBHH, ajie i CIOCiO iX MIMOOKOTO OUHUILEHHS, a 30HHA TUIaBKa -
IIAPOKO BiJOMHIU CTIOCIO OYHIIEHHS - OJHOYACHO 1 CIOCiO BHPOIIyBaHHS
MOHOKPHUCTAJIB.

HaniBnpoBiqHUKOBI MaTepialu MOXHA OJCpPKYBAaTH 3a JIOIOMOTOIO
BCIX BIJIOMHX XIMIYHUX pEaKIilii: 3'€MHaHHS, PO3KJIaJCHHS, OOMIHHOTO PO-
3KJIaJICHHS 1 OKHCIICHHS - BiJIHOBJICHHS.

PosriissHeMo 1Ba OCHOBHHX CIIOCOOHM - ¢rioci0 YoxpaabChKoro i crio-
ci0 30HHOI maBku. OOUIBa ClIOCOOM OCHOBaHI Ha PI3HIA PO3YMHHOCTI JI0-
MIIIOK B pO3IUIaBi i B piBHOBaXxKHii 3 HUM TBepii dazi. Ll pisHUIA Kinb-
KICHO XapaKTepHU3YEThCSI PIBHOBRXHUM KOS(DIIli€EHTOM PO3MOALTY (KU
IHKOJIM Ha3WMBalOTh KOCPII[IEHTOM cerperaritii):

K:CTB/Cp y (21)

ne Cr, - KOHIEHTpALLS IOMIIIOK B TBepAil ¢asi, Cp - B piakiit dasi.

SAxmo K>1, e o3Hayvae, I10 AOMIMIKY O1IbIe PO3YUHIOIOTHCS B TBE-
paiii ¢asi, i, oxe, MeHIe B posiuiasi. [Ipu npoMy TemmnepaTypa miaBiieH-
Hs miaBuiyeThes. SIkmo K<1, TO HaBmakH, AOMIIIKH MEHIIIE B KPUCTaTI 1
TeMIeparypa IUIaBICHHs 3HIKyeThes. Lle mMoxHa GauumTH Ha giarpamax
T-C-tuny, e C - KOHIIEHTpALlisS JOMIIIKH.

SIKIO BUJANWTH 13 poO3IIaBy TBepAy (asy, 110 KpUCTAi3yeThCs,
3MEHIIMBIIH JUQY3it0 JOMIIIOK B Hiif, TO BOHA Oy/Ie YKCTIIION, HiX PO3I-
naB npu K<1, i HaBnaku, TBepaa ¢asza OyJe MICTUTH Oinblie JOMIIIOK IpU



K>1. Otxe, Oyne crioctepiraTCh HEPIBHOMIPHUH PO3MOMALI TOMIIIOK IO
OBXKUHI 37UTKA TBEpIOi ¢a3u. 3HAIOUHM PO3MOMLT JOMIMIOK TIO JOBXKHHI
3JIMTKa MOKHA KOXKHHUU pa3 BUJAIIATH Ty YAaCTHHY, 1[0 MICTUTh OLJIbIIE 10~
MIIIIOK, @ 1HITy YaCTHHY PO3IUIABJISATH I IOBTOPEHHS MPOIECY BUPOIIY-
BaHHS KprcTana. [IoBTOPIOIOUHN IO OTepaItiro HeoOXiaHe YUCIIO0 pa3, MOXK-
Ha OJIepXKaTH PEUYOBUHY BHCOKOI MipH YHCTOTH. SIKmIo x K~1, ounieHHs
BiI0yBaTUCh HE Oy/Ie.

[[o6 BUPIMINTH MHUTaHHS MPO IOIIBHICTE BUKOPHCTAHHS CIOCOOY
KpHUCTaJTi3alii i3 po3uiaBy, HEOOXiTHO 3HATH KOE]IIiEHT pO3MOILTY IOMi-
IIIOK B OCHOBHIN peuoBHHI. Ha meprimii morisa Moxxe 3aBaTUCs, 110 TIPOC-
TIlIIE BCHOTO BHU3HAYUTH PIBHOBXKHUH KOC(DIIIEHT pO3MOLTY 13 BiAMOBII-
HUX Jiarpam cTtaHy. AJie IS MaJTuX KOHIIEHTpaIliii TOMIIIOK BOHH, SIK TIpa-
BUJIO, HEBiIoMi, a00 Bimomi npubau3Ho. ToMy Ha mifCTaBi Jiarpam MOXHa
3pOOUTH JUIIIe HAOIMKEHY OI[IHKY Koe(illieHTa PO3MOALTY.

2.2 Po3noain eJeKTPUYHOTO MOJIs i KOHTAKTHI ABUIIA B
IMPOKO30HHUX HAMIBINPOBIAHUKAX i By3bKO30HHHX JieJIEKTPUKAX

HaxnaneHHst eIeKTpUYHOro MOJIsl Ha 3pa3oK CYMPOBOKYETHCS HOrO
CKJIaTHUM TIPOCTOPOBHUM po3mnoisioM. KpiM Toro, 3a meBHUX yMOB MOJISIPU-
3awii MoXyTh OyTH copmoBaHi Tepmo- i hotoenextpernuii cran (TEC i
®EC), mo xapakTepu3ylOThCS BUCOKOIO cTalinbHicTIO. JnHamika mepe-
PO3MOIiTy MOJIS 1 XapaKTePUCTUKH €JIEKTPETHOTO CTaHy TiCHO IOB'sI3aHi 31
CIIEKTPOM JIOKIBHUX €HEPreTHYHUX PiBHIB 3a00POHEHOI 30HH, TUIIOM KO-
HTaKTiB (0ap'epHUH, IHXKEKTYIOUHMH Ta iH.) 1 IPUPOIOI0 pelakcaTropiB. Y
TOM K€ Yac BiZIOMO, 1[0 OCOOJIMBOCTI PO3MOJLTY IOJIsI BIUIMBAIOTH HA Mapa-
METPH CIIEKTPIiB CTPYMiB TepMOCTUMYIboBaHol aenonspusamnii (TCJ), mo
cnoctepiratotbest npu penakcauii TEC 1 @EC.

[TouaTkOBUMM JaHUMHU JJIsl PO3PAXYHKIB € KOOPJMHATHI 3aJIeKHOCTI
noTeHuiany (X), OTpuMaHi METOJIOM MOTEHIIHHOTO 30Ha MiJl MiKPOCKO-
TIOM.

KoopauuatHi 3a1exHOCTI Hanpy)eHocti nosist E(X) i ryctunu 3apsi-
oy p(X) MOsKHA po3paxyBaTH 3a JOITOMOTO0 piBHHHS [TyaccoHa:

d2y .
d7=(850) (%), (22)

ne £=8,85-10"? ®m?, & - craruyna mienekTpuYHA IPOHUKHICTH Ma-



Tepiany (0OMUpaeThCs 3riHO BapiaHTy).
[HTEerpYyBaHHS 3aJ€KHOCTI o(X) TO3BOJISIE BUSHAYNTH BEJTMYHHY 3ara-
JILHOTO HAKOIMUYEHOT'0 B TIPOIIESCI MOJIIPU3AILil 3apsy:

b
Q= [ p(x)dx, (23)

ne a=0, b=1 i 3apsay B mpuKaToaHiil 1 IpHaHOAHIN obmacTeit y Me-
xax inrerpyBanns a=0, b=0.3 i ¢=0.7, b=1, Biamosigno. s xapakrepuc-
TUKHA PO3MOILTY TOTEHIliay, MO Ta 3apsily BUKOPHUCTOBYIOTHCS 0e3po3-
MipHi 3MiHHI: X/Xmax, W/ \Wmax, E/Emax, o/ pPmax. O0'eMHA BenuvnHA HAKOIIH-
genoro 3apsiny: p /V, Q/V.

2.3 JocaimkeHHs CTPYKTYPH 3a00POHEHOI 30HN HAMIBIPOBITHUKIB i
AieJIeKTPUKIB METOaAMH TEPMOAKTUBAIIHHOI CTIEKTPOCKOMIl

B cyuacHiii enekTpoHiui, pagioTexHimi i mpuiaago0yayBaHHI AieleK-
TPUKH 1 HAMiBIPOBITHUKK 3aliMaloTh BakimBe Mmicue. s 3a0e3neueHHs
HAJIMHOCTI 1 JOBrOBIYHOCTI €JIEKTPOHHOI amapaTypHd 3aCTOCOBYBaHI B Hii
JEeNEeKTPUKKA TIOBUHHI MaTH [Jy’K€ HH3BKY EJIEKTPONPOBITHICTh, BHCOKY
TEPMOCTIHKICTh, HU3bKI JICJIEKTPHYHI BTPATH 1 MAKCUMAaJIbHY CIEKTPUIHY
MILHICTb.

2.3.1 OcHoBHI MexaHi3MU MOJSIpU3aNii Ta AenoasApu3anii

3BUYAIHO €JIeKTPUYHA MOJIIpU3aLlis, iHIyKOBaHa 30BHIIIHIM €JeKT-
PUYHUM TIOJIEM, ITICJISi BUMUKAHHS TOJIsl 3HUKAE - JICIIEKTPUK Y PIBHOBAXK-
HOMY cTaHi Jenonsgpu3oBanuid. OJHAK y JESKUX BUMAIKAX TTOJSIPHU30BAHUH
cTaH 30epiraeThCs MiEIEKTPUKOM TPHBAIUI 4Yac, TOOTO MICIS 3HATTS OIS
Ma€ MiCIle 3aJIMIIKOBa nojisipusailis. Jlo Hel MoXe HpPUBECTH, HANPHUKIIA/,
"3aMOpOXKYBaHHs" JESIKMX MEXaHI3MIB TEIJIOBOI 1 MirpamiiHoi mospusa-
1ii, AKIIO Yac pesiakcalii Mo THM Y1 iHIIUM MPUYHHAM Pi3KO 3POCTaE.

3aHUIIKOBY MOAPHU3ALiI0 MOXKYTh CTBOPIOBATH TAaKOX EJIEKTPUUHI
3apsiiv, BIOPOBA/DKEHI B MaTepiall MpH MOMEpeHIA eneKTpu3allii i 3axomn-
JIeHi TOBEPXHEBUMHU 4H 00'eMHMMH "macTkaMu'". SIKIIo Marepiai i3 3aimi-
KOBOIO MOJISIPU3ALi€l0 HE eKPaHOBAaHUN METAJIEBUMH €JIEKTPOAAaMH, TO BiH
CTBOPIOE B HABKOJIMIIHIM IIPOCTOPI €JIEKTPOCTATHYHE TOJIe MOI0HE TOMY,
SIK MOCTIHHHUI MarHiT CTBOPIOE MarHiTHE IOJIe.



Marepianu, o TpUBAIHKA dac 30epiraroTh B 00°€Mi UM Ha IMOBEPXHI
eJIEKTPUYHI 3apsIN 1 CTBOPIOIOTHh y HABKOJIUIITHIM MPOCTOPI MOCTIiiHE erne-
KTpHYHE T10JIe, Ha3UBAIOThCA enekmpemanu. Criocodbu GopMyBaHHS €TIEKT-
PETIB Pi3Hi: 3BUYalHO, KPIM CHIBHOTO EIEKTPUYHOrO OIS, TOJATKOBO 3a-
CTOCOBYIOTh SKHH-HEOYIb AKTHBYIOUMI BIUIMB, L0 IPUCKOPIOE IIPOLEC
noJisIpr3amnii (OpiEHTAIII0 TUTIONIB, MOIIPHUX KOMILIEKCIB, PaJIlKaliB, J10-
MEHIB) UM Mpolec eJeKTpu3auii (Mirpamii eleKTpOHHOTO, TIPKOBOI'O YU
10HHOTO 3aps/Ty 1 HOTo 3aKpIMJICHHS Ha MAcTKaXx).

B 3anexxHOCTI Bif MPHUKIAAEHOTO IO OIS aKTHBYIOUOTO (haKTOpy
(HarpiBaHHsI, OCBITJICHHS, pajiallisi, MarHiTHE IOJie), eJICKTPETH KiIacudi-
KyIOTb Ha TepMoO-, (OTO-, pajdio-, MarHiToenekTpeT: i iH. dopmyBaHHs
3aITUIIKOBOI MOJISIPHU3AIlil MOXe BifOyBaTHCS 32 JBOMa OCHOBHUMH MeXaHi-
3MaMH: 332 paXyHOK YTBOPEHHS eemepo3apsdie, 3HaK SKHX MPOTHIICKHHUHA
MOJIAPHOCTI (POPMYIOUUX €JICKTPOJIiB, UM MUISIXOM 3aXOILICHHS JiCICKTPH-
KOM 20M03aps0y, O Ma€ TOH ke 3HaK, IO 1 3apsi1 Ha eNeKTPO/I.

BaxmBumu yMOBaMH TPHUBAJIOrO iCHYBaHHS C()OPMOBAHOIO €JIEKT-
peTa € Mana MpOBIAHICTh BHXIIHOTO [iCIEKTPUKA 1 BEJIHMKI €HEepPreTHYHi
Oap'epu U1 pernakcaTopiB i 3aXOIUICHUX HOCIIB 3apsimy B HboMmy. Dopmy-
BaHHS TOMO3apsAy MOXe BiOyBaTHCS, HAIPHUKIAJ, 32 PAXyHOK 1HXKEKIIil
SJIEKTPOHIB 3 KaTo/1a (4u IipoK 3 aHona). ['erepo3apsi 3'aBIsIETHCS 3aBISKA
PI3HUM “JIOMIIIKOBHM”® MEXaHi3MaM MOJIIpHU3allil.

[HKekTOBaHMI 3apsn, SK MPaBUIIO, 3aXOIUTIOETHCS MACTKaMHU, TOMY
HOro MOBOJ/DKEHHS HA/IANi CXOXKe Ha MOBOKEHHS HOCIIB 3apsly, 3axoruie-
HUX MpH 00'€MHO-3apsA0BiH NOJSpU3allii, OJHAK, IHXKEKIlis MOXe MPHUBO-
JTUTH JIO TIOPYIIEHHS eNeKTpOoHeHTpambHOCTI 00'ekra. HamonspuszoBanuit
00'EKT OXOJIOJDKYETHCS A0 OUIBII HU3BKOI TEMIEpaTypH, B pe3yIbTaTi 4oro
NOJISIPU3AIHNN cTaH “3aMOPOXKYETBCS”, TOOTO Pi3KO 3pOCTAE HYac peiak-
carii 11bOro CTaHy.

Hactynse 3HATTS yMOB nossipu3anii i 3aKOpouyBaHHS €JEeKTPOIiB He
MpHUBEJIE O MOMITHOI JIEHOJIspU3allii, TOMY 110 HEPIBHOBOKHUH CTaH BH-
SBIISIETBCSI  METACTaOUTEHUM. 3aMOPOXEHUH MOJISPU30BAHUN 00'€EKT y 3a-
KOPOYEHOMY CTaHi HarpiBa€ThCs 32 BH3HAUEHUM 3aKOHOM (JTiHiliHE Harpi-
BaHHsI, (pakuiiiHe ounineHHs). TernoBi KBaHTH-()OHOHN HAJAIOTh HOCIAM
3apsAay €HEeprito, HEOOXIAHY JJIs TOJO0JIaHHs MMOTeHLIHHOro Oap'epa. Ocki-
JILKU HOCIT 3apsiy 3MiHIOIOTH CBOE MOJIOKEHHS B MIPOCTOPI, TO B JIAHIIO31 B
3araJikHOMY BUIJKy Teue IeHOIIpU3aliiHIi CTPYM.

CriopiiHEeHUMH METOJIJaMH € METOJU TePMOCTUMYJIbOBAHOI MPOBiJ-
Hocti (TCIIp) 1 TepmoctumynboBanoi mnomspuzanii (TCIT). TCIlp



3’SIBISIETHCS TIPH HArpiBaHHI 3 IPHUKIAICHAM €IEKTPUIHUM II0JIEM TIoTIepe-
THBO 30yMKEHOTOo 3pa3ka (CBITJIO, OMPOMIHEHHS), a TEPMOCTHUMYJIbOBaHA
noJsipu3alist — He30yHKEHOTo 3pa3ka. 3a3Ha4yeHi PO3XOIKEHHS IPUBOASTH
JIO PO3XOKCHHSI Y (PI3UYHUX SIBUILAX, 110 TIPOTIKAIOTh.

Ha BimMminy Bix ctpymy TepmoctumyisoBanoi aenomsipusanii (TC/),
mo o0yMOBJI€HA SK CTPYMOM IIPOBITHOCTI, TaK i CTPYMOM 3CYBY, CTPYM
TEPMOCTUMYJIBOBAHOT MPOBIIHOCTI 00YMOBIIEHHH TiJIBKK CTPYMOM TPOBiJ-
HOCTI 1, OT)Ke, He Hece iHdopMarii mpo MpoIecH OpieHTaril AUIONIB 1 Ha-
TpoOMa/DKEHHS 3apsAny Ha Mexi po3aury. Y umanky TC/l mpomec mirparii
3apsily BiOYBa€ThCs Y BHYTPIIIHHOMY IOJIi, IO CaMOY3TO/DKEHO 3MiHIO-
€THCS TIPY HATrPiBaHHI.

VY Bumagky TCIIp — y mocTiifHOMY 30BHIITHBROMY IIOJIi, Y BHITAIKy
TCII — y cymapHOMy TOJI, SIKE€ CKJIaJIHUM 3MIHIOETHCS TPU HaArpiBaHHI.
Metomam TCIlp i TCII BracTuBe BHCOKOTEMIIEPATypHE HAPOCTAHHS TEM-
HOBOTO CTPYMY, 3yMOBIIEHOTO PiBHOBa)KHOIO TPOBITHICTIO PEUOBHHH Yepe3
HasIBHICTh 30BHILIHBOTO €JIEKTPUYHOTO OIS,

[Tpu npoBeeHHI EKCIIEPUMEHTY YaCTO BUKOPUCTOBYIOTHCS IIAPyBaTi
CTPYKTYypH THITy MeTal-IieIeKTPUK-MeTall 1 MeTall-CIIfoa-/lieleKTPUK-
cimroma-metan. HaitOinpmr iHhOpMaTHBHOIO € METOIWKA, KON BHMipSIOTh-
Csl: 3aJIEKHICTh CTPYMY BiJl TEeMIIEpaTypH; 3aJIeKHICTb €MHOCTi, TaHTEHC
KyTa JieJICKTPUYHUX BTPAT, OMIp BiJ TEMIIEpaTypH; BOJILT-PapaiHi i BOJILT-
aMIIepHI XapaKTEPUCTUKH; PO3MOALT MOJIS.

2.3.2 Po3paxyHoK napaMeTpiB aKTUBHUX eHepreTHYHMUX PiBHIB

Memoo nabnusicenoi oyiHKu
1 enepeii akmueayii OCHOBaHUN Ha
CIIBBIHOIIICHHI:

W =AKT,, (2.4)

ne Tm — TemmepaTypa Mak-

cumymy (puc. 2.1); k — crana Bo-

nbIMana; 4 — KoedillieHT Mporto-

puiitaocti. KoediuieHT npomop-

T IiiHOCTI A NIEXUTh y MeXax BiJ

10 1o 30 B 3anexxHOCTI Bij KiHe-

THKH IIpolecy i pekoMOiHarii Ho-
CiiB 3apsmy.

Pucynok 2.1 - 3anexHicTs cTpymy
BiJ TeMnepaTypu
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MeTto/ € 9HCTO SIKICHUM 1 J1a€ BENHWKY MOTPIIIHICTh. Y 3arajJbHOMY
Bunaaky A=25. Jlanuii koeimieHT HEOOXiTHO CKOPETYBATH, MIPUITYCKAIOUU
10 METOJ] MOYaTKOBOTO MiAHOMY JIa€ JOCTOBIPHUH pe3yibTarT.

Memoo ['apaika—libcona (memoo nouamkogoz2o niouomy) € Hai-
OLTBII MPUHHATHAM Yepe3 He3aJeKHICTh PO3PaxXyHKY eHepril akTHBaIlii Bij
NOPSIKY KIHETUKH 1 MeXaHi3My pejakcaniiiHoro mpouecy. Haxun mpsimori,
10 BUXOJUTH MPHU MOOYIOBI MOYATKOBOI AUISHKY TiKa CTPyMY B KOOpIH-
Harax Appeniyca (Inl Bix 1/(KT)), nae 3HadeHHs akTUBAIlil, a TIEPETHHAHHS
i€l mpsAMoi 3 Bicclo opAMHAT — e(DEeKTUBHHUN YacTOTHUM (PaKTOp eNeKTpHY-
HUX aKTHBHUX [ICHTPIB.

IlepeBaroro omrcaHoro Croco0y MOYaTKOBOTO MiIHOMY € Horo He3a-
JISKHICTB Bijl MOPSAJKY KIHETHKH PelIaKCalliiHOrO MPOIIECY.

Memoo Iapgianosuua-bocyna-byca (memoo seapitoeanms weuoKo-
cmi HaepieanHs) TIONATAE Y HACTYMHOMY. YMoBa Makcumymy tikiB TClIp,
TOJISAPH3AIlii, PO3PSAKH 1 ACTONApHU3aIlii MoXke OyTH TpencTaBieHa y BU-
ISl

2
ntm - W W 1+(m—1)2ki . (2.5)
£ kT, Kw W

OTxe, SIKIIO 3HEXTYBATH TEMIIEPATYPHOIO 3aIEKHICTIO €)EKTUBHOTO
4acTOTHOTO (JaKTOpa, a TAKOK CIa0KKUM BIUIMBOM TPETHOTO WieHa QopMy-

. 2 .
JIH, TO BUILTHBAE, M0 3aiexkHicTs In(T | B ) Bin 1/ kTm, OTpUMaHa NpHU

BapilfOBaHHI MBUJIKOCTI HarpiBaHHs, MOBWHHA OyTH JiHiiHOMIO. Km0 00-
MEXUTHUCS TIIBKHU JIBOMA MIBHJIKOCTSMH HarpiBaHHA, TO 3 (2.5) MOXKHA oJte-

pkatu popmymy:
2
W = KTn1K T2 |nﬁTm2
Tml _Tm2 :82 T,ﬁl

(2.6)

Moudikartiero croco0y BapitoBaHHS IIBHJIKOCTI HATPiBaHHS € CIIO-
ci0 BU3HAYCHHS CHEPTii aKTHBAIIl 32 HAXWJIOM 3aJIS)KHOCTI BEIIMYMHH MaK-
CUMYMY TIiKa T€PMOCTHUMYJIBOBAHOTO CTPYMY BiJl TEMIIEPATypH I[LOTO MaK-
CUMYMY IIpH Pi3HUX IIBUJIKOCTSX HArPiBaHHsI, IO Y KOOpJIUHATAX AppeHi-
yca JIiHeapU3yeThCsl.
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Memoo I'poccsetinepa (MeTOI TapIliaibHOI HAIIBITUPHHY ITiKa) II0-

Jsirae B TOMY, IO €HEpris aKTWBAIlil eJIeKTPUYHO aKTHBHHUX IEe(EeKTiB
BIUIMBAE HE TiIBKH Ha TeMIIEpaTypHE MOJOKEHHs MiKa TEpPMOCTUMYJIbOBA-
Horo ctpymy (TCC), ane i Ha TemnepaTypHy IUPUHY LBOTO MiKa.
7 Tax, MOXHaA IIOCTaBUTH
In 3BOPOTHY 3aJady BU3HAYCHHT
eHeprii axTuBaLii HeeKTiB 3a
TEMIIEPaTypHOIO HIMPUHOIO Bij-
MOBITHOTO TIiKa TEPMOCTUMY-
JLOBAHOTO 3CYBY.

Bnepme uro 3agauy cro-
COBHO JI0 TEPMOBHCBIUyBaHHSI
BupimuB ['pocceeiinep. CyTb
BOT'0 METOJY TOJIATAaE B HACTY-
maoMy. [lo kpuBiit TCC mopsiz 3
Tm= 4T Tp Tn+dT, TEMIIEPATYPOK0 MAKCHMYMy BH-
3HAYAETHCS HU3BKO-

NI 3\‘

temneparypHa (AT.) i  BuCOKO-

s o

n* [72' T temmeparypna (AT+) HamiBiu-
| puHa TiKa, TOOTO IHTEpPBAI TEM-
neparyp, y Mmexax akux TCC
OlnbIlle YU JTOPIBHIOE IOJIOBUHI
CBOTO MaKCHUMallbHOTO 3HaueH-
Hs (puc.2.2).
3 ymoBH (2.6) MokHa oepkaTu Bupas (2.7) Asst po3paxyHKy eHeprii
aKTHBAIlli METOJIOM HapIialbHOT HAMMIBIIUPUHUA TEMIIEPATYPHOTO IIiKa.

1

Pucynok 2.2 — XapakTepHi TOYKH KPUBOT
TEPMOCTUMYJIbOBAHOTO CTPYMY

I(Tm—AT_):I(Tm—AT+)=EI-Tm, (2.7)
KT (T, — AT ) KT (T, + AT, ) KT (T, +AT,)
W=G- m''m _ G+ m'm +7 m'm + 28)
AT AT, AT, o

ne G+, G- xoedilieHTH, BETMYNHN SKUX 3aJI€KaATh BiJ MOPSIKY Ki-
HETHKH peaKcalliifHoro mpolecy i 3Ha4eHHs e(eKTHBHOTO YacTOTHOT'O
(akropa. Y BUNaIKy KIHETHKU peJlakcailii Mepuioro mopsaKy KoedilieHt
G. y dopmyii (3.5) Moxke npuitmary 3HaueHHs Bix 1.42 (mpu W.~10 c?)
1o 1.5 (mpu W,.210® ¢, To6TO0 Ccr1abke nepe3axomeHHs).
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Dopmyiin, 0 BPaxOBYIOTh BIUIMB HOPSIKY KIHETUKHU peJlaKkCaliiiHo-
ro Ipolecy Ha BEJIUYMHY €Heprii akTHBallii, 3yMOBJIECHY 3a JOIOMOTOIO
croco0y mapiiajgbHOl HaliBIIMPUHH ITiKa, 3anpononyBaB JIyImuk:

KT N .
=—— — IpH KIHETHIII TEPLIOrO MOPSIKY i (2.9)
AT,
2kT2 . .
W = T OPH KiIHETHI APYTOTO MOPSIKY . (2.10)
+

®opmynu (2.9), (2.10) cBiguaTh mpo Te, IO BHCOKOTEMIIEpATypHA
HAIBIIUPUHA MOXKE 3MIHIOBATUCS B JIBA pa3u NP 3MiHI KIHETUKU peiak-
cariitHoro mporiecy.

Csoro poxy moaudikariero crnoco0y HAMBIIMPHHA IiKa € CIOCiO
TOYOK neperuny. Lleit croci6 3acHOBaHM Ha BUMIpIOBaHHI MOPSA] 3 TEMIIe-
paTyporo MakCUMyMy IiKa TaKOX TeMIIepaTyp, MpH SKUX Apyra HoXigHa
TCC mo TemnepaTypi gopiBHIoe Hyro (puc 2.2). Enepris aktusarii aedex-
TiB MOK€ OyTH BH3HauUCHA 3a (POPMYIIOI0

=Gy KTz
Tm _Tl T2 _Tm

W KTaTs

(2.11)

* *
ac Gl Y GZ - KO@(I)ILIIGHTI/I, BCIIMYMHU AKHUX 3aJICKATh B1Jl 3HAYCHHA

e(eKTHBHOTO 4YacTOTHOro (hakTopa 1 KiHETMKH peJaKcalliifHOro mpolrecy
OCHOBHOIO TIepeBarol0 crnoco0y TOYOK IEeperuHy B MOPIBHSHHI 31 CHOCO-
0OOM HaIBITUPWHU IIiKa € Te, [0 Ha KiHIEBI Pe3yJIbTaTH, OJepXKyBaHi 3a
JIOTIOMOT0I0 c1T0co0y TOYOK MEperrHy, MPaKTUYHO HE BIUIMBAIOTH (POHOBI
CTpYMH.

Memoo sapiiosanus weuoKocmi Hazpieants OCHOBaHUM Ha TOMY, IO
BapifOBaHHS YMOB IONIEPEIHBOTO 3CYBY (TIOJISIpH3allii) 3pa3ka MOXKe BILIH-
BaTH He TiIbKK Ha BeqnuuHy mika TCC, aje 1 Ha TeMIepaTrypHe MOJI0KEH-
HS 1poro mika. OctaHHS 00CTaBUHA MOSICHIOETHCS] THUM, IO Y BUMAJIKy CH-
JHHOTO TIepe3axoIyIeHHs] e()eKTUBHUN YacTOTHHH (pakTop NMEHTPIB 3aXol-
JICHHSI TIPOTIOPLIMHUN MMOYATKOBIM KOHIIEHTpAILli HOCIIB 3apsiy, JIOKai30-
BaHMX Ha IUX MACTKax.

OTxe, 30UIBIIEHHS CTYIEHsS] MOYaTKOBOI'O 3allOBHEHHS LIEHTPIB 3a-
XOIUTeHHsI (PO 10 MOXKHA CYAWTH O 301JbIICHHIO BIIMOBIIHOTO ITiKa
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TCC) moBHHHO TIPUBOAUTH 10 3MEHIIIEHHS TEMIIEPATYPH MaKCUMYyMY TIiKa.
Skmio x pealnizyeThcsi Ciia0Ke NMepe3axorlieHHs, TO TeMIleparypa MaKCHU-
MyMy TIiKa CTpyMy He TIOBMHHA 3aJI)KaTH BiJi MOYATKOBOTO 3allOBHEHHS
MaCTOK.

TemmepaTypa MakCUMalbHO 3MIIIAETHCS 3 MiABUIICHHSM IIBUAKOCTI
HarpiBaHHS, sIK TIPABUIIO, YOiK OUTBII BUCOKUX Temnepatyp. Hexait fii o —
IIBUAKOCTI HarpiBaHHS, ToMi eHepria axtuBarii W, Oyme Bu3HauaTucs
CITIBBIIHOILLIEHHSM:

W, = KTm1Tm2 In BlTn(wxz
Tmt —Tm2 BZTI’%Z

, (2.12)

JIe @ TpUIMae 3HAYCHHS Bij 2 10 3 — OKa3HUK CTYIICHS.

Hns merony TCJl y BUNanKy QUIONIBHOI MONSAPHU3AIi TeMIIepaTypHa
3aJIeKHICTh Yacy penakcaiii (Mpy KiHeTHIII peslakcallii Iepiioro nopsaKy)
3HAXOJUTHCS NIISIXOM iHTETpyBaHHS TemneparypHoi 3anexunocti TCC.

ymy=P__PU (213)
dt (T)

3 (2.13) onmepxxyemo HacTymHe criBBigHomeHHs: Mixxk TCC i yacom

penakcartii:
e8]

1 T -,
T)=—" 24T’ , 2.14
{0 J(T)i B (.19
_ 1 Fi(T") ) _w
Inz(T)=In —j(T )i—ﬂ dT W Inw . (2.15)

®dopmya JIeKUTh B OCHOBI METOJIY TEMIIEPAaTyPHOI 3aIeXKHOCTI Yacy
penakcarii. Leit metox moxxe Oyt po3nocroxenwii i Ha TCC, 3yMoBIeHi
00'eMHO-3apsI0BOIO TTOJIsIpH3alli€to, a Takox Ha crpymu TCIlp, sikiio pea-
T3y€eThcs KiIHETHKA pellakcallii mepioro HopsKy.

[epmwmii MOpANOK KiHETHKU MpOLEeCcy PeKoMOiHalil TakoXK Ha3HBa-
€ThCSI MOHOMOJIEKYJISIPHOIO peKOMOIHAIIIEI0. Y IbOMY BUIAJKY Yac PEKOM-
OiHarii € moctiiHuM. JIpyruit mopsmok pekoMOiHaIiT HOCUTh TAKOX HAa3Ba
OiMoneKyJsipHa peKoMOiHaLis, 1 B IbOMY BHIaJKy 4ac pekomOiHauii mpo-
NOPLIHHO 3BOPOTHOMY 3HAYEHHIO KOHLEHTpALii HOCIIB 3apsmy, JIOKali3o-
BaHMX Ha JIpIOHUX PIBHIX 3aXOIUICHHS, 32 YMOBHU CJIa0KOI0 Iepe3axoruieH-
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HS 7 €JIEKTPO/IIB, IO OJIOKYIOTh, ¥ €IeKTPOHEHTpaIbHOTO 3paska. [lopsmox
CHUMETpii BU3HAUAETHCS LUIIXOM TMOPIBHSHHS CHUMETpii mika A 3 BeIHYH-
HOIO [ty

2+ KTy Ty =Thi
A ="M Mg —_2 'mi (2.16)
W T, -Ty
Mpu #g < 4 — xinernka mpouecy MOHOMONEKYJSpHA, a MpH

tg = 4j — kiHeTuka GiMOJIEKyIISpHA.

2.3.3 Bu3Ha4yeHHS 4aCTOTHOTO (DaKTOPY €NEKTPUIHO aKTUBHHX
nedeKTiB

BaxnuBuM mapaMeTpoM, IO MOPSA 3 CHEPricl0 aKTUBAIlil XapakTe-
pU3YE€ ENEKTPUYHO aKTUBHI UM Je()eKTH Mpolec Hei30TepMiYHOT penakcariii
3apsiny, € eQeKTUBHUN 4acTOTHHH (GakTop @.. [lo kpuBiii TepMocTpyMy B
00'exTi 3 OIMOJNEKYIISIPHOIO PEKOMOIHAIIEI0 HOCITB 3apsiny eheKTHBHUHN Ya-
CTOTHUH (paKTOp MOKe OyTH BU3HAYCHUH 32 POPMYIIO0

W?2p W
=3 EXp (2.17)
2k T, KT

Wg

npy 00OB'SI3KOBIM YMOBI, 1110 Ma€ Miclie CHJIbHE NIepe3axolyieHHs. Y BHIIa-
JIKY K CJIa0KOT0 Tepe3axoryieHHs] e(peKTUBHUN YacTOTHHH (aKTOp B TPUH-
U1 He MOXKe OyTH 3HaiiieHui moAi0HUM YrHOM, ToMy 1110 Ha KpuBiid TCT
MaKCHMYM IIPOCTO BiJICYTHiH.

2.3.4 MorpimHocTi pi3HUX cM0co6iB BU3HAYEHHSI eHepril
aKTHBAaNil

Pesynbratn aHamizy TOrpilIHOCTEH Pi3HUX CHOCOOIB PO3PaxyHKY
eHeprii akTuBallii eneKTpuuHOaKTUBHUX JedekTiB o kpuBux TCC 3BeeHi
B TaOu. 2.1. 3icTaBieHHs LUX pe3yJbTaTiB CBIIYUTH, 30KpEMa, PO Te, L0
IHCTpYMEHTaJIbHI MOTPIMIHOCTI PO3TISIHYTHX CHOCOOIB BU3HAUYEHHS €HEpTii
aKTHUBAIlii, K MPABUIIO, 3HAYHO TOCTYIAIOTHCSI CUCTEMATUYHUM TOTPIIIHO-
CTSIM, 3yMOBJICGHUM HEBIPHUM BHOOPOM MOJEIBHUX YSIBICHD 1 HAOIMKECHUM
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XapaKTepoM aHAJITUIHUX BUPA3iB IS CTPYyMY.
Ta6mmmst 2.1 — ITorpinrHOCTI pi3HUX CITOCOOIB

Crioci6 BU3HAUYCHHSI CHEPTil aKTUBAIIi1

[NorpimHocTi Bu3HaueHHs, %

IHCTpyMeHTanbHI| MeTonndHi
[TeMIiepaTypHOTro MOJIOKEHHS MiKa ~1 ~100
[MoyaTtkoBorO TiAKOMY 2-3 ~1
Hu3pkoTeMIepaTypHOi HaiBINUPUHM ITiKa 3-7 5-10
BucokoTeMIiepaTypHoi HamiBIIMPUHHM MiKa 3-7 10-20
BapiroBaHHS IIBUAKOCTI HArpiBaHHS 5-10 ~5

3 BUMIPIOBAJBHUN KOMIIJIEKC JJIS

INPOBEJAEHHSA EKCIIEPUMEHTIB

3.1 BumiproBannsa BAX ta po3noainy norenmiaxy

YcranoBka i BuMmiproBaHHs BAX npu3HaueHa U 3HATTS 3allexk-
HOCTI CTPyMy BiJl Hampyru Ha AOCHIIKyBaHOMY 3pasky. llpumaam xuB-
JSATBCS Bi Mepexki 3MiHHOTO cTpyMy 220V +£10% uactotoro 50 'y £10%.
MakcuMaibHa TOTYXKHICTh, COXHBaHa 3 Mepexi, 10W. Momayis sBiise
co00r0 MpHUCTpill 3B'I3Ky Mixk BuMiproBaibHuME nipunafgamu L[-300 i mep-

COHaJIbHUM KOMH'IOTGpOM.

®DyHKIIOHAIBHO MOJTYJIb CKIIAAAEThCS 13 TPhOX OIoKiB (puc.3.1): ke-

PYBaHHSI, Y3TOJDKEHHS 1 )KUBJICHHS.

EOM

biok xxuBnenHsa

BIIOK y3ropKeHHs I11-300
111-300

biiok kepyBaHHS
I 3pazok

EOM — nepconansauii komm'rorep; 11[-300 — mudpouii BOIsTMETp
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Pucynok 3.1 — brok-cxema miIKITFOYeHHS. MOy IS iHTEpdeiicy

Fbnox xepyeanns 3i06panmii Ha Mikpocxemi K155JIH1 (imBeptop) i
MIpU3HAYEHUH 171 KepyBaHHS MOayJeM y3rojpkeHHs. 11ix gac poboTu 61mox
KEepYyBaHHS JIBa pa3u B CEKyHy MEpEMHUKA€E OJIOK Y3TOKEeHHS a00 B peXKUM
npuiiomy fanux i3 [1[-300 abo B pexkuM niepeiadi JaHUX Y KOMITHOTEP.

bnox yseo0acenna 3i0panmii Ha 9oTHpROX Mikpocxemax K155UP9
(BOCEMHPO3PSIHI pericTpu 3CyBY 3 apajelbHUM YBEIeHHAM iH(opMmaitii) i
3nificHioe y3romkenHs Mixk 11[-300 1 koMm'toTepoM Mijg yac eKCIepUMEHTY.
KinpkicTs MikpocxeM OOyMOBJIEHa KiJBKICTIO 3HaKiB, 3unTyBaHuXx i3 LI-
300. 3a curHaioM BHCOKOTO PiBHS 13 010Ky kepyBaHHA Aadi i3 [-300 Big
napayienbHO 3aBAHTAXYIOTHCSA B OJIOK y3TO/DKEHHS. 3a CUTHAIOM HU3BKOT'O
piBHS i3 ONOKY KepyBaHHS JaHi MOCHIJOBHO TMEPENaroThcsi y KOMI'IOTEp
JUTSL TTOTJTBIN0T 0OpOOKH.

HocmimkyBaauii 3pa30K MiIKIIOYAETHCA A0 BUBOJIB Ha BHUMIPIOBa-
JHHOMY 30Hi. 30H[, ¥ CBOIO Yepry, MiIKIIOYAETHCS 10 BXOAY KOMIUIEKCY
Ha TiepeqHiil manenmi kopmyca. KabensmMu mimKIrOYaoTh 10 BiAMIOBITHUX
BxoxiB I1[-300. Ha 3aamiif maHem KOMIUIEKCY € PO3HIM IS TiIKITIOYSHHS
KOMIT'IOTEpa 3a JIOIOMOTrOI0 CHelliaibHoro kabemo depe3 LPT - mopr.
Kommekc i I-300 BkimowatoTses B Mepexy 220 B.

Ha mouaTky ekcnepuMeHTYy MpOorpaMHO 3aa€ThCsl 3HAUCHHS Harpy-
TH, 110 TMOJAETHCS HAa 3Pa30K; BHUCTABIISIOTHCS Jialla30HU BUMipIOBaHHS
CTpyMy 4epe3 3pa3oK i CriaJaHHs HalpyTH Ha 3pa3Ky (Taki K 3HAUYEHHsI BU-
craBisaroThest BpyuHy Ha 11[-300); Bubupaerscs Bun BAX (moBHa, mpsima
,T'JIKa”, 3BOPOTHA ,,I'iJTKa”), TIOTIM J[Ba Pa3d B CEKYHAY 3a JIOTIOMOTOO BiJl-
noBigHux [11-300 3HIMarOThCsl 3HAUEHHS CTPYMY uepe3 3pa30K i CraJlaHHs
HANPYTH Ha JOCTIKYBAaHOMY 3pa3Ky (AMCKpEeTHOMY MpHIIafi) i yepe3 KoM-
IUIEKC /1aH1 BBOAATHCS B KOMI'TOTED.

st 3pydHOCTI POOOTH 10 KOMIUIEKCY JOMA€ETHCS MPOrpaMHe 3a0e3-
MIeYeHHS, 10 CKiIanaeThes i3 mporpamu "BAX". Tlporpama Hamucana Mo-
Boto DELPHI. Iporpama 3amyckaetscs ¢aiinom BAX.EXE.

YcTaHoBKa JUIsl BAMIPIOBAHHS TIOBEPXHEBOTO TOTEHITIATY METOJIOM
30HIy TIepeadaJac:

1) GJIOK )KMBJICHH,

2) eJeKTpPOCTAaTUYHUH BOJBTMETp (Ha OCHOBI IT'€30€lIeMEHTa, Mae
BEJTUKHIA BHYTPIILIHIN OTIip),

3) cucremy miacBiuyBaHHS 3 HAOOPOM CBITIODUIBTPIB,

4) KpuCTanoyTpHUMyBad,
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5) HarpiBaJbHHUII €IEMEHT 3 PETyISTOPOM TEMIIEPATypH,
6) HOTeHIiHMIA 30HT.
KonTakT 30HA2 i3 3pa3KOM KOHTPOIIOETHCS MiJ] MIKPOCKOIIOM, TaKk
AK nedopmallisi MOBEPXHi 3pa3ka MOKe BHECTH 3HAYHY MOXHOKY B BUMipIO-
BaHHS. TakoX 3 II€I0 METOIO 30H] OPIEHTOBAHMIA A0 3pa3KiB MiJ KyTOM, a
HE NEPIECHANKYIISPHO.
MeTtoanka BUMipIOBaHHS TOBEPXHEBOTO MOTEHIIiATY
1) BcTaHOBHTH 3pa30K B KPHCTAIOYTPUMYBA.
2) Harpitu 3pa3ok 10 3a1aHOT TeMIepaTypH.
3) IlpukiacTu 30BHINIHIO eeKTpHUYHY Hampyra (0 Ha aHOM, ¢ Ha Ka-
TOJ) JI0 3pa3Ka.
4) BUCBITINTH 3pa30K CBITJIOM i3 33JaHOI0 JIOBKHHOI XBUIII.
5) Omyctutu 30HI HA IPUAHOIHY O0ACTD 3pa3Kka i BUMIPSATH ITOTEH-
I1iaJ1 Ha MOBEPXHI 3pa3ka 3a JOIOMOTOI0 EJIEKTPOCTATHYHOTO BOJIBTMETPA.
6) Ilepemimarouu 30H] 0 KaTOJy BUKOHATH HACTYITHI BUMipIHOBaHHS
MOTEHITiaTy Ha MMOBEPXHI 3pa3Ka.

3.2 ABTOMaTH30BaHA eKCIIePIMEHTATbHA YCTAHOBKA
AJISl BUMIPIOBaHHSI TEPMOCTUMYJILOBAHUX CTPYMIB

s BumiptoBanHs TCC B Marepianax BUKOPHCTOBYETHCS] aBTOMATHU-
30BaHui BuMiproBaibHUN Komiuieke “TERMO”. Tlpunam *KUBUTHCS BiJ
Mepexi 3MiHHoro crpymy 220 B (£10%) wactot 50 I'm (+10%). Makcu-
MaJibHa MTOTYKHICTh, CTIOKHBaHa 3 Mepexi, 10 B.

Y xomIuiekci BUKOPUCTOBYIOThCS: EOM, mpunan kKomMOiHOBaHUiA
udposuii 111-300, nudpposuii Tepmomerp A-565. Bubip nporo obiaaHan-
HS 3yMOBJICHU HACTYITHUMHU MiIpKyBaHHSMH: KOMOIHOBaH1 pUJIaAnd MarOTh
1u¢poOBI BUXOJH, 10 JIO3BOJISE JUCTAHIIIHHO 3UMTYBATH JIaHi; YHIBEpCab-
Hi, IO JI03BOJISIE X BUKOPHUCTOBYBATH SIK JIJISI BUMIPIOBAHHS TEMIIEPATYPH
nedi Tak 1 JUIs BUMIPIOBAHHS CHJIM CTPYMY, IO Teue Yepe3 3pa3oK; KOMII'-
I0Tep Ma€ ONTHMANbHI TapaMeTpH, HEOOXiHI JJIsl KepyBaHHS KOMIUIEKCOM.
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Kommiekc € mpuctpoem

EOM - )
(3PA3OK) CHOJ'IyLIEHHH MDK BHMIPIHOBAJIb-

E 2 = B HuM npunagom 11-300, uudpo-
B .

g A S f 2 BUM TepMoMeTpoM AS65 1 mep-
= o E = & COHAIILHUM KOMIT'FOTEPOM. (IUB.

[+

o
HTEP & ECHHA & 6an—cxeMy Ha puc.3.2). Kepy-
KOMILITEKC = I0Ul CUTHAIM — 1I€ CUTHAJIH, Te-
B penaHi 3 KOMI'IoTepa B 1HTEp-
(heficHIT MOIyTTb TSI KepyBaH-
HS HarpiBaJbHUM CIEMEHTOM
A 565 T 300 (meui). [ani — ne curHamu, me-

F 3 .
pedaHi MOAyJIeM y KOMITHOTEp
Tenmeparypa Ha 3pasky (TeMnepaTypa 3paska 1 CprM)'
PobGoua nanpyra — Hanpyr

EOM- nepcoHanpHU KOMIT'TOTED; obo4a Ha pyra . anpyra, 1o
11[-300 - BHMiIpFOBATBHEI PHTAL; MOJAETbCS HA MY MOZIYJIS.
A 565 — mugposHit TepMoMeTp; 3pasok —moc- ~ CTPYM 4epe3 3pa3oK — IMOTO4-
T DKyBaHUH 3pa3o0K, [0 3HAXOJUTHCS B Iedi HUI CTpyM 4epe3 3pa3oK y Ipo-

. €cl eKCIIEpUMEHTY.
PucyHok 3.2 - Biok - cxema miIKITF0YeHHS I p . Y
KOMILIEKCY DOyHKL10HATBHO KOM-

TUIEKC CKIIQAEThCd 3  TPHOX
OJIOKIB: KepyBaHHSI, Y3IO/DKEHHS 1 )KUBJICHHA. BIIOK kKepyBaHHsI 3i0paHwmii
Ha n1BoX Mikpocxemax K155MP22 (perictp — pene) i KS55KII7 (Mynprurm-
JIeKCOp) 1 MpU3HAYEHUH JJIsl KepyBaHHsI OJiokoM y3romkenHs. [1ig gac po-
6oru mikpocxema K155MP22 nBa pasu B ceKyHIy Iepekiioyae OJI0K y3ro-
JoKeHHS a00 B pexxuM nipuitomy nanux i3 11[-300 i A-565 abo B pexxum me-
penaui nanux y komm'torep (Buxomu SHIFT i LOAD). Otxe, 3HIMaIOThCsA
3HAYEHHS CTPYMY 31 3pa3Ka HamiBIPOBIJTHUKOBOI INIACTUHH 1 TeMIlepaTypa
31 3paska.

brok y3romkeHHs 3i0panuit Ha mectu Mikpocxemax K155MP10 (Bo-
CBMUPO3PSJIHI PETICTPH 3CYBY 3 MapajelibHIUM BBOAOM iH(poOpMaIlii) 1 y3ro-
mokerHs Mk 1]-300, A-565 i koMm'toTepoM iJ| yac excrepuMeHTy. Kinb-
KiCTh MiKpocXxeM 00yMOBIIEHa KiIbKICTIO 3HaKiB, 1110 34nuTytoThCs 3 11[-300
1 A-565 (Tpu Ha mepenayy 3Hau€HHS CTPyMy, TPH Ha Iepelady 3HaYeHHS
temreparypH). [lo curaani BHcokoro piBHS 3 OJIOKY KepyBaHHS BifiOyBa-
€ThCS piBHOODKHE 3aBaHTakeHHs naHux i3 11[-300 1 A-565 y 6mok ys3ro-
JDKEeHHS. 3a HACTYIIHUM CHTHaJIOM 3 OJIOKY KepyBaHHS BiOyBa€ThCs MOCTi-
JIOBHA Tiepejiaua JJaHUX Y KOMITIOTEp I HOoAaibIinoi 00poOku. Mikpocxe-
MH MOYKHa BUJIIJIMTH B JiBa OJHAKOBHMX MOJIYJI IO TphoX MikpocxemHu. [1o
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curHaii 3 OJ0Ky KepyBaHHA BigOyBaeTbcs piBHOOIXKHE 3aBaHTaKEHHS Ja-
Hux 13 I[-300 y 610k y3romxenns. [lo HacTymHOMY curHAMI 3 GJIOKY Kepy-
BaHHs (MikpocxeMa K1551P22) BinOyBaeThCs MOCIIIOBHA MIEepeiadya JaHHX
y KOMIO'IOTEp U1 TOAAJIbIIoi 0OPOOKH.

Jns 3HATTS. TEPMOCTHMYIIBOBAHUX CTPYMIB Yy TIOJI, IO TATHE, 3aCTO-
COBYETBCSI 30BHIIIHE peryiroBaHe pkepeno kupieHas (0 — 100 B). Jlo
JDKepesia KHUBJICHHS TaK caMo MiJKIIOYCHUH THPUCTOP, IO Ma€ BIAacHE KU-
BJICHHSI, JUIsI KepyBaHHS miudio. Lleil By30I ranbBaHidHe pO3B'S3aHAN IS
3armo0iraHHs yIy4eHHS BUXOIY KOMITIOTEpa 3 Ay MPH YIIy9eHHI BUCOKOT
HaNpyTr# Ha BXIiJ.

JocnimKyBanuii 3pa30K HAIIBIPOBITHUKOBOI TNIACTUHH BCTABJISETh-
cs y TpuMad i moMimaerses B mid. [lid, B cBOIO 4epry, migKIF09YaeThCs 10
KOMIJIEKCY 13 3aJIHBOI CTOPOHH KOPITyCa, a BUBOJIW 3 TPHMaya i 30BHILITHE
JOKEPEJIO KUBJICHHS IIIKIFOYA0ThCS Ha TIepeIHii naHesni kopnyca. Kabe-
JSIMH, IO TIPHUKJIAJAI0THCS 10 KOMIUIEKCY, BIAMOBIHI BUXOJH KOMIUIEKCY
migkmrodatotees A0 Bxoxi L[-300 1 A-565. Ha 3amHili maHeni KOMILIEKCY
3HAXOMASATHCS PO3HIMHU JJIS MiJKITIOUEHHS KOMIT'IOTEepa 3a JOMOMOTO0 CIie-
mianpHOTO Kabemto uepe3 LPT-nopT (kabenb 1ogaeThest 10 KOMILIEKCY ).

Ha mouatky ekcriepiMeHTy BCTAaHOBIIOETHCS 3HAUEHHS HAIIPYTH, 110
MOJIAE€THCSI HA 3pa30K; BUCTABISIOTHCS JIialla30HM BHUMIPIOBAHHS CTPyMY
yepes 3pa3ok, MOTIM Y 3aJIeKHOCTI BiJl OOpaHOTO PEeXUMY HarpiBaHHS Medi
(KBaHTYBaHHA 110 TEMIIEPATypi YU 32 4acOM) 3HIMAIOThCS JIaHi (depe3 Bu-
3Ha4YeHI MPOMIKKH TeMIleparypy 4u dacy). 3a gonomoroto 11[-300 i A-565
3UUTYIOThCS 3HAUCHHS CTPyMY uepe3 3pa3oK i Temmeparypa JOCHiKyBa-
HOTO 3pas3Ka, 1 4epe3 KOMIUIEKC J[aHi BBOAATHCS Y KOMIT'IOTED.

Ilo 3akiHYeHHI EKCIIEPUMEHTY HEOOXITHO BiJIKIIOYHTH IKUBJICHHS
komIutekcy A 565 1 111 300, moTiM Bij’€HATH TOCIIIKYBaHUN 3pa30K.

3.3 [IporpamHe 3a0e3ne4eHHs

st poOOTH 3 YCTaHOBKOK BHKOPHUCTOBYETHCS MPOrpaMHe 3abe3re-
genHs "TERMO". [Iporpama "TERMQ", mo mo3BoJisie onepkaTu 3HAUYCH-
HSl TEPMOCTHMYJIbOBAaHUX CTPYMIB 3pa3KiB HaIliBIPOBITHUKOBUX ILJIACTHH,
3amyckaethes Qaitiom Termo.EXE. 30BHilIHINM BHIVIAL I'OJOBHOTO BiKHA
MporpamMu MpeacTaBiIeHnid Ha puc.3.3.
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Pucynoxk 3.3 30BHiWHIA BUTIISLL roJ0BHOTO BikHa nporpamu "TERMO"

IMporpaMa 03BOJIE TiN Yac EKCIEPUMEHTY MEPeriisTHyTH JaHi,
OTpUMaHi 3 KoMITIeKcy (puc.3.2) i 30epertu B okpeMuil (aiin s mogans-
1m10i 00poOku. I1ig 3aroJ0OBKOM BiKHA PO3TAIIOBYETHCS CIIAAI04e MEHIO, Y
SIKOMY PO3TaIlOBaHi BCi OpraHu KepyBaHHSL.

KopoTka xapakTepHuCTHKa EIeMEHTIB MEHIO.

Mento @aiia CKIIaAaeThCs 3 HACTYITHUX eJieMeHTIB: 30epertu sik —
JI03BOJIsIE€ 30€perTH OTPUMaHI JaHi B OKpeMuil (haiin ajs moaanbinoi o0po-
Oxu iHpopMmartii; OQUUCTUTH — OYUIICHHS ToniepeHix nanux; [lo3Hauka —
nepesi MoYaTKOM EKCHEPHUMEHTY PEKOMEHIYEThCS CTABHTH TO3HAUYKY, JIe
BiJI0OpaKa€eThCs JaTa 1 4ac ojiepkaHHs JaHux; Buxix — Buxin i3 nporpamu.

Y— ! MeHto HaCTpomBaHHﬂ Mi:
CTUTh HACTYIHI eneMeHTu: Omuii

Aapec nopra cessH ~ BCTAHOBIIOIOTh AJIPECY MOPTY
iI]IJE?B | 3B'I3KYy 1 3aTPHUMKY, SKa CITYIKUTD
JUIL Y3TOJUKEHHS arapaTHOi vac-
3apepwka THHY 3 iporpamHoio; [lapamerpu
{0 | — YCTaHOBJIIOKOTLCS TI0YaTKOBA i
KiHI[EBA TEMIIEpaTypu, KpPOK 3a

: . 4acoM 1 TeMIlepaTyporo, KBaHTY-
W 0K X Cancel BaHHS 3a YaCOM 4YH TEMIIEPATy-
Pucynox 3.4 - 30BHIMIHINA BUIIS MEHIO poI0, MOTYXKHICTb, TOXHOKH H
“Omuii” YMOBH NEPEXO0NY, & TAKOK PEKUM
po6otu 111-300.

Menro Jocaix ckimamaeTses 3: 3amycK — 3ayCK eKCIIEPUMEHTY; 3y-

NMUHKA — IPUIUHEHHS eKCIICPUMEHTY.
[Ticns migkmoueHHS KOMILIEKCY 3a jgonomororo ¢ainy Termo.EXE
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3aIycKaeThesl mporpama. Ha moyarky BHMIpIOBANBHOI MOCHTITOBHOCTI HE-
00XiTHO BUCTaBUTH aJipecy MOPTY 3B'SI3KY 1 3aTPUMKY, a TAKOX diara3oH
BUMIpPIOBaHHS CTPyMYy dYepe3 3pa3oK, IMOYAaTKOBY 1 KiHIIEBY TeMIlepaTypH
(°C), ycTaHOBUTH pexXMM BHMIpIOBaHHsI (KBaHTYBaHHs MO TEMIIEPATypi YU
3a 9acoM), Kpok HarpiBaHHA (Temreparypy °C i gac, mijicek) i KoedimieH-
TH TIONPaBOK B % y pO37iiax omimii i mapaMeTpH CIajardoro MEHIO Ha-
cTporoBanHs. (puc.3.4.,3.5). Jliama3oH BUMIpIOBaHHS CTPpyMy HEOOXiTHO
Tak camo BucTaBuTH BpyuHy Ha [1[-300.

MapaMeTpul 9 KCNepeMeHTa
HauanbHan Temneparypa [ KeanHtosanwe — |  ~Pexum amnepmerpa—
|5[| El | " Mo spemenu : 1 Amnep

i = lNo Temneparype i~ 100 munvAmnep

KoneuHan Temneparypa Wl ar no TemMneparype i+ 10 muavArMnep
IZDD E' i"] |§| 1 muawAmnep
MomHOoCTE MNMonpaexka, % " 100 puEpofrnep
]‘"] E' |1 o Ié' 10 mukpofAmnep
War no BpeEMEHH Ycnosve nepexona, % 1 muxpoAranep
I25l]l] E' i1 [i] E' = 100 nanoArnep

I 3 {

' \/ 0K | x Cancel

Pucynok 3.5 — 3oBHimHii Bursi BikHa «IlapamMeTpu eKCIIEpUMEHTY»,
Jie BCTAaHOBJIIOIOTHCS HEOOXi/IHI 3HAUSHHS

[MoyatkoBa i KiHIIEBa TeMIIEpaTypH 3MIHIOIOThCS B Mexax Big 20°C o

300°C 3 kpokom 1°C. MakcumainbHa pekoMeH1oBana Temmepatypa 200 °C.

Kpoxk o temneparypi 3miHIOeThCs B Mexax Big 1 1o 20 °C 3 kpokom
1 °C, miHIMaNbHUI KPOK, IO peKOMeHTyeThes, 2 °C.

[Ticns ycraHOBIEHHSI BCiX HEOOXimHUX NMaHWX 1 mepexiroueHHs [11-
300 y HeoOXigHHMI peXUM BUMIpIOBaHHS 3allycKaeTbes mporpama (lloc-
mig/3anyck). 3HIMAIOTECS 3aJISKHOCTI CTPyMYy, IO Tede Yepe3 3pa3okK i Te-
Mreparypa 3pa3ka. JlaHi BUBOIATHCS HA €KpaH y TPU CTOBITYMKH: TeMIepa-
Typa, CTpyM 1 9ac (puc. 3.6).

s Oinbm neranbHOi 00poOKM aHi MOXHa 3aHeCTH B Oydep oOMi-
HY 4# 30€perty B OKpeMHuil (aiil, a MOTiM IepeHeCTH B HEOOXIHUH peak-
TOP.

Hns  Buxomy 3 [porpaMd  HEOOXiAHO  BHUKJIMKATH  PO3ILT
“@aiin/Buxin”. IlonepenHso naHi MokHa 30epert y ¢aiini 3 po3mmpeH-
M TXT y pos3uini “®Paiin/36epert sk...”.
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i TepMoakTuBanua 1 =]

Faiin Hactpoiiku Oner

19.07.00 16:49:19 j

50.6 0,07907 1686.6
60.7 0,07921 2291
71,5 0,07941 294,5
81.6 0,0794 359.6
92.1 0,07946 4271
97.3 0,07944 4651
97.7 0,07935 4681
98.3 0,07947 471.6
98,7 0,07934 475,2
99.1 0,07948 478.3

NE

7| [

PucyHnok 3.6 — 30BHIIIHIM BUTJISAT BiKHA 3 TaHUMHU

3.4 Ilopanok NMpoBeleHHS eKCIIEPUMEHTY 32 JOIOMOT 010
aBTOMaTH30BaHOI ycTaHOoBKHM “TERMO”

YcTaHOBITH 3pa30K HAMiBIPOBIAHMKOBOI IJIACTUHU y Tpumayi. Omyc-
TITh T4 Tak, mo0 BEpXHil 30H] TOPKHYBCS 3pa3Ka.

[TigKIFO9iTh 1MiY, 30BHIIIHE JHKEPEIIO KUBJICHHS (SKIIO BOHO MOTPiOHE)
1 BUBOJIM 30H/Ia JI0 aBTOMAaTU30BAHOTO KOMIUIEKCY: JKEPEIO JI0 PO3Hi-
My «Jxepeno xusiennsn», 111-300 — posnimu «I1{-300», 3pa3ok — po3-
HiMH «3pa3ok», mid — po3HiMu «Iliw» (i3 3BOPOTHOI CTOPOHU MOJLYJIS).
Bkiowite B Mepexy 3miHHOI Hamnpyru 220 B kom0iHOBaHI 1TUQpOBi
npuitagy 11-300, A 565 1 kommexc.

HaruckanHs M MepeXHHX KHOMOK 1 mepemukauiB Bkiatowite 111-300,
AS565 1 KoMIUTEKC.

3amycriTh niporpamy “Termo”. V posmim “Ommii” BCTaHOBITH ajpeca
NOPTY 3B'SI3KY 1 3aTPUMKY (32 BKa31BKOKO BHUKIIA/Ia4a).

VY pozaini “Ilapamerpu’ BCTaHOBIIOIOTHCS HEOOXiIHI 3HAYCHHS TEMITe-
paTyp, KpOKY BUMIPIOBaHb, MMOTYXHICTh, PEXUM BHUMIPIOBaHHSA (3a Ha-
COM 4M TeMIlepaTyporo) i pexum podoru [1[-300: moyarkoBa Temmepa-
typa 50 °C, kinueBa temmnepatypa 100 °C, motyxuicts 10% Big mos-
HO1, Kpok 3a yacoM 2500 minicek, Kpok 1o temmnepatypi 5 °C, momnpaska
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10 %, ymoBa nepexony 5 %, kBaHTyBaHHs 110 Temneparypi i LI — 300 B
pexuM BuMiproBaHHs 1 A.

7 TIlepen 3amyckoM mpolecy HarpiBaHHS OYHMIIAETHCA BIKHO JaHHUX
(Paiin/Ounctutn) i craBuThesa no3nauka (daiin/Ilo3znauxa)

8 [TIlicns ycTaHOBOK HEOOXIJIHUX MapaMeTpiB 3amycTiTh MPOIEC BHMIpPIO-
BanH# ([Jocmin/3amyck).

9 B mporeci HarpiBaHHS, SKIIO 3MIHIOIOTBCS MapaMeTpy BHMipIOBaHHS
Ha 11-300, HeobxigHo ycranoBuTH mo3HaUKy (Daiin/Ilo3Hagka).

10 Tlo 3akiHYEHHI BUMIpPIOBaHb OTPHUMaHI JaHi MOKHA 30eperTu y daiini 3
posmmpenasM TXT (po3min “daiin/30epertu sK...”) 4u CKOIIIOBATH B
oydep s momanbIIoi 00poOKH.

11 BigxiIrO4iTh IPUIAIN 1 KOMITIEKC BiJ MEpexi.

4 3ABJAHHS

4.1 Po3paxyHOK MacH J1eryo4oi HaBiCKM JOMIIIKH B PO3IJIaB
NPM BUPOLIYBAHHI KPUCTAJIB i3 3aJaHUMM BJIACTHBOCTAMM

3amuc ontuvHOi iHGOPMAILIT B TPOCTOPOBO YACOBI MOMYJISTOPH CBi-
ia tuny PROM i1 [IPU3 (nepeTrBoproBay 300pakeHHs) Ha OCHOBI CUTIKO- 1
repMaHOCEJICHITiB 3IIMCHIOETBCS CHHbBO-3€JICHUM CBITJIOM
(0.4<)1<0.54 MxM) V x071i eKCrIEpUMEHTIB OyJI0 BUSABIICHO, IO CBITJIO 3 Ta-
KOIO JIOBXKMHOI XBHIII 30YyJ/UKYy€ HOCIT 3apsfiB (€NeKTpOHHW) i3 IEHTPIB B
3a00pOHEHiH 30H1 3 B 30HY MpoBigHOCTI. Enexrponu, npeiidyoun B 30BHI-
HIHBOMY EJIEKTPUYHOMY IO, 3aXOIUToI0Thes neHTpamu 3 W=1.2+0.6 eB
(mpu 7=300 °C). IIpu upOMy MO3UTHBHI i HEraTHBHI 3apsau MPOCTOPOBO
PO3IUISIFOTECS, TOOTO MPH 3aMKUCy ONTHYHOT iHPOpPMAIIi] B 30BHIIIHIM eeK-
TPUYHOMY TIOJI BiIOyBa€ThCS yTBOPEHHS 00'€MHOT CHCTEMU 3apsiliB, y SKik
MO3UTUBHUI 3apsA] 0OyMOBJICHUH 10HI3alli€l0 HEHTPIB 3 €HEPri€l0 akThUBa-
uii W=3.0+2.3 eB, a HeratuBHU - €IEKTPOHAMH, 3aXOILICHUMH MACTKAMHU
3 W=1.2+0.6 eB.

Marepian i3 3aJaHIMHU BIACTUBOCTSAMH MO>KHA BUPOCTUTH METOAOM
Yoxpansckoro. HeoOxiguuii eHepreTMyHMi piBeHb Yy 3a00pOHEHiH 30HI
(hopMy€eThCS TOIaBAaHHSM JIOMIIIKH B IIUXTY.

Po3paxyBaTu Macy JOMIIIKH M 3 aTOMHOIO Macor Am, sKa HEOOXi/I-
Ha JUIS BUPOIIYBaHHS KPUCTAIa N-THUITY 3 MUTOMHM OIIOPOM 0 3 PO3ILIaBY
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Macor M| y IpUIyIIeHH] PIBHOMIPHOTO PO3MOILTY JIETYIOYOi JOMIIIKH IO
00’ eMy kpuctana. KoedirieHT po3noaiay TOMIIIKA MK TBEPIOIO 1 PiIKOIO
¢azamu K, ryctina posmiaBy d, pyXJIHBICTb €ICKTPOHIB /L.

Buxinni nani npeacrasieni y Tabmnmuiii 4. 1

BuxoHaHHsI HbOr0 3aBIaHHA Nepenadavyae BitoOpakeHHsI B MOsiC-
HIOBAJIbHOI 3allMCKH onucy MeToay YoxpajibchbKOro, BUKOHAHHS PO3-
PAXYHKY MAacCH JIEr'yI040i JOMillIKH.

Tabmuus 4.1 — Buxiani gaHi 11t po3paxyHKy MacH JIeTYI04oi HaBic-
KW TOMIIIIKA B PO3ILIABi

Bapiaut | pOmm | M, kv | K10* | dxo/v® | gm®/(BCc) | An10°
1 2 3 4 5 6 7
1 0.01 4.0 3.0 5600 0.38 30.97
2 0.02 4.1 3.1 5700 0.40 50.94
3 0.03 4.2 3.2 5800 0.42 74.92
4 0.04 4.3 3.3 5900 0.44 92.90
5 0.05 4.4 3.4 6000 0.46 121.75
6 0.06 4.5 3.5 6100 0.48 180.95
7 0.07 4.6 3.6 6200 0.50 208.98
8 0.08 4.7 3.7 6300 0.52 26.98
9 0.09 4.8 3.8 6400 0.54 44,96
10 0.10 49 3.9 6500 0.56 69.72
11 0.11 5.0 4.0 6600 0.58 88.90
12 0.12 5.1 4.1 6700 0.60 114.82
13 0.13 5.2 4.2 6800 0.62 204.37
14 0.14 5.3 4.3 6900 0.64 28.08
15 0.15 5.4 4.4 7000 0.66 47.90
16 0.16 55 4.5 7100 0.68 72.59
17 0.17 5.6 4.6 7200 0.70 91.22
18 0.18 5.7 4.7 7300 0.72 118.69
19 0.19 5.8 4.8 7400 0.74 178.49
20 0.20 5.9 4.9 7500 0.76 207.2
21 0.21 6.0 5.0 7600 0.78 32.06
22 0.22 6.1 5.1 7700 0.80 51.99
23 0.23 6.2 5.2 7800 0.82 78.96
24 0.24 6.3 5.3 7900 0.84 95.94
25 0.25 6.4 5.4 8000 0.86 127.60
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4.2 Po3moijl eJIeKTPHYHOI0 MoJisl i KOHTAKTHI SIBMIIA B MaTepiajiax

[MpuknaneHHst eICKTPUIHOTO MO IO KPUCTATY CYHPOBODKYETHCS
3MiHOIO BHYTPIIIHBOTO €JICKTPHUYHOTO MOJIsl, sIKe Ha0yBa€ CKJIAAHOTO MPOC-
TOpOBOTO po3moniny. /uHamika mepepo3moiry Mo i XapaKTepUCTHKU
€JIEKTPETHOTO CTaHy TICHO TOB'SI3aHi 31 CHEKTPOM JIOKATbHHUX €HEepreTHU-
HUX PiBHIB 3a00pPOHEHOI 30HU, TUTIOM KOHTAaKTIiB 1 TIPUPOJIOI0 peaKcaro-
piB.

B mpomecce BuKOHaHHA KypcoBOi poOOTH TOTPiOHO OTpUMATH i
noOyayBaTH rpadiky po3no ity NOTEHIlaTy, €JICKTPUIHOTO TIOJIIO 1 3aps Ly
MIPH BiJIMOBIIHUX 30BHINIHIX YMOBaX (€JIEKTpUYHA HAIpyra, TeMIepaTypa,
ocBiTiIeHHsI. HeoOXimHO BH3HAYMTH HAsBHICTH BHCOKOOMHHX OO0JIacTEH,
BEJIMUMHY HAKOMMYEHOTO O0'€MHOTO 3apsay. 3 METOI JOCKOHAJIIIOrO
aHaizy moOynayHTi Ha omgHOMY rpadikd KpHBI 3aJIeKHOCTI MOTEHIIiana,
MOJIE0 Ta 3apsiia B BiHOCHIX OAWHMISAX. BUXimHi maHI: TeoMeTpUYHI
po3smipu 3paska (1x5x10 mm®) Ta crarMuHa jieJeKTpUYHA HNPOHHKHICThH
MaTepiaxy HaBeleHO y Tabnuili 4.2.

Tabmuus 4.2 — CraruyHa AieNeKTpUYHa IPOHUKHICTh KPHCTATIB

Ne BapianTa 1 2 3 4 5 6 7 8 9
g 40 | 42 | 44 | 46 | 48 | 50 | 52 | 54 | 56
Nepapianta | 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18
€ 58 | 60 | 41 | 43 | 45 | 47 | 49 | 51 | 53
Nepapianta | 19 | 20 | 21 | 22 | 23 | 24 | 25
€ 55 | 57 | 59 | 37 | 35 | 33 | 30

BukonaHHsI ILOT0 3aBIaHHA Nependayac BiqodpakeHHs B mosic-
HIOBAJILHOI 3aMUCIi HACTYIHE:

1) IlpuHmun aii i cxeMy IPOCTOPOBO-YaCOBOTO MOJIYJISATOpa CBITIIA
(Bapiantu: 1 — piAKOKpHCTaNIYHUHN, 2 — TBEpAOTUIBHHUN, 3 — MoONepeyHa
Opi€HTAIlisl BEKTOpa CEJNEKTPUYHOTO TOJsl 1 ONTUYHOIO CHUTHAIY,
4 — MOB3JIOBXKHS OPIEHTALIS €IEKTPUYHOTO OIS i ONTUYHOTO CUTHAITY).

2) Omnucaty MEeTOJT MOTEHINALHOTO 30H/Y.

3) HaBecTu NpUHIKII il €ISKTPOCTATAYHOTO BOJIBTMETPY.

4) BuKOHaTH BHUMIPIOBAaHHS PO3IMOJiTY MOTEHIlady 10 MOBEPXHI 3pa-
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3ka. OTpuUMaHi eKCTIepIMEHTANbHI JaHHI HaBeCTH y BUTIAl TaOmwmmi. [1o-
OyAyBaTH KOOpPAMHATHI 3aJIGKHOCTI MOTeHmianmy W(X), SKi OTpuMaHi
3aCciOOM ITOTEHITIHOTO 30H/1A 117 MIKPOCKOTIOM.

5) BukoHaTH PO3paxyHOK PO3MOIiITY BHYTPIIIHBOTO EICKTPHYHOTO
noito E(x) u 3apsiny p(x) mo dhopmymi (2.2). OTpumaHi BETUYINHN HABECTH
y BULJISIL TaOIUIh Ta TpadikiB.

6) BukoHaTH po3paxyHOK HAKOMUUYCHOTO 3apsay Q (cymapHui 3apsij,
CyMapHHU MO3UTUBHUM 3apsll, CYMApHUI HETaTUBHUU 3apsi]l, MPUAHOAHUI
CyMapHHUi 3apsij, IpUaHOAHUM CyMapHUN MO3UTUBHUM 3apsij, IPUaHOAHUI
CyMapHMI HEraTMBHUI 3apsij, NPUKATOAHUM CyMapHUMN 3apsijl, IMPUKATOM-
HUU CyMapHHUW MO3WTUBHUU 3apsll, OPUKATOOHUN CyMapHUN HEraTUBHUUI
3apsn) mo hopmymi (2.3).

7) 3pobuTH BHCHOBOK MpO BUA c(HOPMOBAHOTO 3apsiay B 3pasky (To-
Mo3apsa abo TreTepo 3apsl, CUCTeMa CeH/BiY); Sk KoHTakT metan(Pt)-
3pa3ok (OMIYHMH KOHTaKT, Oap'€pHUN THUI KOHTAKTY, IHXKEKI[is ab0 eKCK-
JII03151) Ma€ MicCIIg.

8) BukoHaTH PO3paxyHOK HAKOMHYEHOro 00'emMHOro 3apsmy Qy mi-
JIEHHSIM OTpuMaHuX BenmdnH Q Ha 00'em V 3paska.

9) BukoHaTH pO3pPaxyHOK KOHIEHTpAIi HOCIIB 3apsmy MiJTeHHIM
OTpUMaHUX BelU4rH Qy Ha 3apsij1 eINeKTPOHY.

10) Jlsst XapakTEpUCTUKH PO3MOALTY HMOTEHINATy, MOJs Ta 3apsiay Io-
OynyBatu Ha ogHOMY Tpadiky Ha3BaHI 3aJ€KHOCTI y O€3pO3MIpHHUX 3MiH-
HUX.

11) TMoOynmyBaTu KOJipHY 3apsimorpammy (oOjacTi 3 MO3UTHBHUM
3apsiioM BiJOOPaKatOTHCSI YEPBOHUM KOJIBOPOM, a 3 HETaTUBHUM — CHHIM).
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4.3 JlochinmeHHsI CTPYKTypH 3a00poHeHOi 30HM MeTOAaMM
TEePMOAKTUBAIIHHOI CIEKTPOCKOMii

VY xoni Bukonanas KP weoOximHo Bumipstu crpymu TCJ mpu pis-
HHUX TeMIIeparypi i yMoBax moisipusanii (Tadu. 4.3) 3ajexHo BiJl BapiaHTYy.
Heo0xigHo BU3HAYUTH €HEPrif0 akTUBALlil, YaCTOTHHUH (aKTop, HAKOIHYe-
HUH y mporeci moispusamnii 3apsn po3risHYTHMH BUIIE MeTomamu (ILIL
2.3.2.1+2.3.2.5) i mpoaHanizyBaTH OTPUMaHi 3Ha4YCHHs (B3a€MO3B'SI30K, MO-
TPINIHICTH # 1H.).
OTtpumaHi AaHi HEOOXiAHO MpeACTaBUTH y BUIsAAL Tabiuub. [1oOy-
IyBaTH rpadivyfi 3aJeKHOCTI TeMuepaTypu Tm, 3apanay Qm, ammuritynu Im,
eneprii aktuBaiii W Bix ymoB nossipusanii Up, Tp, tp, Ap.

Tabmurs 4.3 — YMoBH mossipu3anii

N YMoBH nonspu3amii Ne Bap.
1 2 3
1| Temmepatypsi 3anexsaocTi crpymiB TC mist pi3HUX IBU- 1
JIKOCTeW HarpiBaHHa. YMoBu mnojspu3amii: Up=100 B; 10
T,=100 °C; d=0.5 mm, £ =0,05; 0.1; 0.15 rpamyc/cex. 19
2| Temnepatypsi 3anexxnocti ctpymiB TCJl st pi3HUX 3Ha- 2
YeHb NOJSIPU3YI0UOoro nojs. YMoBu nossipusarii: Tp=30 °C; 11
d=0.5 mm; Up=50B, 100 B, 150 B. 20
3| Temnepatypsi 3anexnocti crpymiB TC/l mns pisHux gacis 3
noJisipu3aiiii YmoBu mnosspusanii: Up=75 B; T,=165 °C; 12
d=0.3 mm; p=0.2 rpagyc/cex; Tp= 30, 50, 100 cexymn. 21
4| TemmepatypHi 3anexxHocti ctpymiB TCJl anst pi3HUX J0B- 4
XKHUH XBWIb IOJISIPU3YIOUOrO CBiTJa. YMOBHU MOJSpU3aLii: 13
Uy=100 B; Ty=40 °C; d=0.25 mm; t,=60 cek.; f = 0,25 rpa- 22
ayc/cek; Ap= 700 aM, 950 HM, 1060 HM.
5| Temnepatypni 3anexxnocti ctpymis TCJl mist pi3sHuX 3Ha- 5
YeHb MOJISIPU3YIOUOro mojisl. YMoBH moispuzauii: Tp=130 14
°C; d=0.1 mm; Up=50 B, 100 B, 150 B. 23
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IIponosxenus Tadmmiti 4.3

1 2 3
6 | Temnepatypni 3anexxHocti ctpymiB TCJl mist pisHUX TeM- 6
meparyp mnoispusanii  YmoBu momspusarii:  Up=75B, 15

t,=100cek.; d=0,25mm; $=0,2 rpagyc/cex; Tp=75°C, 100 °C, 24
125 °C.
7| TemnepatypHi 3anexnocti crpymiB TCJl mnst pizHuUX HOB- 7
KUH XBWJIb IOJISPU3YIOUOTO CBiTJIa. YMOBHU MOJSPU3AIii: 16
Uy=200 B; T,=150 °C; d=0.25 mm; t;=60 cek.; B = 0,25 rpa- 25
ayc/cex; Ap = 700 M, 950 aM, 1060 mM.

8| Temnepatypni 3anexxnocti ctpymiB TCJl mist pisHUX 3Ha- 8
YeHb  MOJAPH3YIOUOr0  TOJsA. YMOBHM  TOJSpH3AIlii: 17
Tp=200 °C; d=0,1 mm; Up=150B, 200 B, 350 B. 26

9| TemnepatypHi 3anexnocti ctpymiB TCJl mist pi3HUX TeM- 9
neparyp mnoyspusanii YmoBu mnomspusanii: Up=300 B; 18

t,= 100 cek.; d =0,3 mm; B =0,2 rpagyc/cek. T, = 50 °C, 27
150°C, 200 °C.
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