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MeTta po06oTH: 0Oy 0Ba 1 BABYCHHS BOJIBT - aMIIEPHOT XapaKTEPUCTUKH J10/a; JOCIIIKEHHS
3aJIe)KHOCTI TYCTUHHU CTPyMY HaCHMUYEHHS TEPMOEMICIi Bl TeMIiepaTypH KaTona
1 BU3HAYEHHS POOOTH BHUXOJY €JEKTPOHA 3 BOJb(paMy METOAOM IPSIMHUX
Pigapacona.

3araJjbHi BiJIOMOCTI

BractuBOCTI MeTalTiB B 3HAYHIM Mipi BU3HAYAIOTHCS CTAHOM €JIEKTPOHIB IIPOBIHOCTI, TOOTO
€JIEKTPOHIB, 3JaTHUX MEPEMIIIATHUCS B METAJI.

Posmoain eHeprii enekTpoHa Isi OOMEXKEHOTO MeTally 300paKeHUH Ha EeHepreTUYHid
miarpami (puc.l). 3a HyIbOBY €HEprii0 TyT BUOpaHa €HEpris BUILHOTO €JNEKTpOHA, SKUN

3HAXOAUTHCS 32 MEKaMU METalTy 3 KIHETUYHOIO €HEPTI€I0 PIBHOIO HYIIIO.
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[Tynktupom 300pakeHl He 3ailHATI eHepreTudHl piBHI npu 7=0K. EHepreTwuHi piBHI
€JIEKTPOHIB TO3HAYEHI TOHKMMHU TOPU3OHTAJIBHUMU JIIHISIMHM, IO 3alOBHIOIOTH 1HTEpPBAJ
€Heprii BiJ JHA MOTEHINHOI sMu 10 eHeprii Ef. Er — eneprigs depwmi,
MaKcUMaJlbHa KIHETUYHA €HEPrid AKy MOXKE MaTH eleKTpoH npu 7=0K.

EnexTpoHaM, 110 3HaXOJATHCS B MOTEHIIMHIN sSIM1 Ha PI3HUX E€HEPreTHUHUX PIBHAX, IS
BHUXOJIY 32 MEXI1 MeTay HeoOX1THO MaTH Pi3Hy eHeprito. MiHimManbHa eHepris, HeoOXiIHa AJis
BUXOJY €JIEKTPOHA 3 METAIIY:

A =Wo — B¢ 1)
HA3MBAETHCS POOOTOIO BUXOAY €JIEKTPOHA 3 MeTaly y BakyMmi npu T=0K.

[Tpu temmnepatypi 7>0K eneKTpOHU 3HAXOASATHCS B TEIUIOBIA piBHOBA3l, TOMY /0 €HEprii
depmi ToAaEThCS I TEIJIoBa eHeprisd. BeawumHa poOOTH BUXOJY 3ali€KUTh BiJ CTaHy
noBepxHi Metany. Ctan piBHs DepMi mpu HATpiBI METaTy aX J0 PO3IUIABIICHHS MPAKTUYHO HE
3MIHIOETBCS, ajie TpPU I[bOMY BHHHMKA€E JesiKe YHCIO (HEBEJIMKUNA BIJACOTOK) IIBUIAKUX

€JICKTPOHIB, SIK1 3/1aTHI MOAO0JATH pOOOTY BUXOJY 1 BUHTH 3 METaIy.



Posrnsinemo mpupoy cui, MEpemKoHKAIUUX BUXOAY €JIEKTPOHIB 3 METaly 1 BU3HAYAIOTh
poboTy BUXOAY Ay, OKpeMi eIeKTPOHM TPOBITHOCTI, PYXalOUHWCh BCEpPEAUHI MeTany 3
BEJIMKUMH IIBUJKOCTAMH, MOXKYTh NMEPETUHATH MOBEPXHIO MeTany. EJNeKTpoH, 110 BWIETIB 3
MeTaly, BIJAAISETHCS BiJl MOBEPXHI IO THX Mip, TOKU KYJIOHIBCbKAa B3a€MO/IS 3 HAATUIIKOBUM
MO3UTUBHUM 3apsiioM, II0 BHHUK Ha MICI, K€ MOKHHYB €JEKTPOH, HE MPUMYCUTh HOTO
noBepHyTHCS B MeTal. [Iporec «BumapoByBaHHS» 1 «KOHJEHCAIID» €IEKTPOHIB BiAOYBAETHCS
MOCTIMHO 1 BYepe3 JEsAKHi MOMEHT uacy 3pIBHOBAXYETbCA. TOMy MeTaj, CTa€, OMOBUTHIMA
XMapol eJEKTPOHIB, CTBOPIOIOYMX 13 3OBHINIHIM IIApOM TO3UTUBHUX 10HIB TOJBIAHUMA
CJICKTPUYHMI I1ap, MOAIOHO MII0OCKOMY KoHJieHcaTopy. [lone moaBiitHOTO mIapy mepemkompKae
BUXO]1y €JIEKTPOHIB 3 METAIYy.

[HIIOIO CHJIOI0, TMEPEHIKO/KAIOYOI0 BUXOJY €JIEKTPOHA 3 METaly, € KYJOHIBChbKa cujia
1HAYKOBAaHOTO HUM MO3UTUBHOTO 3apsay (puc.2). g cuna HocuTh Ha3By "CuilM €1eKTPUYHOTO
300pakeHHs", OCKUIBKH JIisl PO3IOAIIEHOTO MO TTOBEPXHI MPOBIIHUKA 3apsily €KBIBAJICHTHA i1
PIBHOTO IO BEJIWYMHI MO3UTUBHOIO 3apsiiy, IO € J3€pKAIbHUM 300pa)K€HHSIM €JIEKTpOHa B
momuHl PP. O6uasa mi (i3uuHi mporecu 1 BU3HAYAIOTh BEIUYUHY Agy,,. [Ipu KiMHATHIMA
TeMIlepaTypi MPAKTUYHO BCl BUIbHI EJIEKTPOHU 3aMKHYTI B MeXaxX MPOBIJHUKA, € JIHIIE
HEBEJIMKA KIJIbKICTh €JEKTPOHIB, €HEPris SKUX JIOCTAaTHS HJig TOro, 1100 TO0A0JaTh
MOTEHITIaTBbHUIN 6ap'ep 1 BUMTH 3 METaIy.

JloaTKoBOi e€Heprii eneKTpoHaM MOKHa HaAaTh pi3HUMH criocobamu. [Ipu npomy vyactrHa
€JIEKTPOHIB [ICTA€ MOXJIMBICTh TMOKHHYTH METajl 1 CIOCTEPIraeThCs EJNEKTPOHHA EMICIs.
3aeKHO BIJ TOTO, SKAM CIHOCOOOM  €JIEKTPOHY Haaalu €Heprii, pOo3pi3HSAIOTh THUIIU
€JIEKTPOHHOI eMicCli. SIKIO eNIEKTPOHU OJEPKYIOTh €HEPril0 3a PaxyHOK MiJABUIIEHHS HOro
TEeMIIepaTypu, TO TaKUil BUJl €MiCii Ha3UBAETHCS TEPMOEJIEKTPOHHOIO eMici€ro. SIKIo eHepris
HaJIa€ThCsl 3a JOMOMOTOI0 CBiTIIa — MaeMo sBHIE doToemicii. Ko eHepris HagaeThCs
eJIeKTpOHaM TIpu OomOapayBaHHI 1X 330BHI IHIIUMH YaCTUHKAMH, CIIOCTEPITa€ThCs BTOPUHHA
emicis.

Jlyis criocTepeXeHHs] TEPMOEIIEKTPOHHOT eMicii MO)KHa BUKOPHCTOBYBATH JABOXEIEKTPOIHY
BakyyMHy jamiy — aioa (puc.3). CTpyM B IbOMY KOJIi 3'SBISIETBCS TUIBKH B TOMY BUIAJIKY,
SKIIO TO3UTHUBHUHN TONIOC OaTapei CroiydeHWid 3 aHOJOM, a HeraTuBHUN — 3 karojom. lle
JIOBOINTH, IO KAaTOJ BUITYCKAa€ HETaTWBHI YaCTHHKH, €NeKTpOoHU. Cuiia TepMOEIeKTPOHHOTO

CTpyMY B J10/ll 3aJICKUTh BiJl BEJIMUYMHU MOTEHI[IATy aHOJa BIAHOCHO KaToa.



Kpuga, 1110 300paxye 3a1eKHICTh CUJIM CTPYMY B J10/li BiJ] aHOJHO1 HANIPYTH, HA3UBAETHCA

BOJIBT - aMIICPHOIO XapaKTECPHUCTUKOIO.
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Ha puc.4 BkazaHi BOJIbT-aMIIEPHI XapaKTEPUCTUKH 10/1a TIPH PI3HUX TEMIIEpaTypax KaToa.
Konu moteHmian aHojma piBHMM HYyJIO, CHJa CTPYMY Majla, BOHA BH3HAYAETHCA JIUIIE
HAWUIBUAIIUMHI TEPMOEICKTPOHAMH, 3JaTHUMH JOCATTH aHona. [Ipu 3011bIIeHH]I TO3UTHBHOTO
MOTEHLIAJy aHO/la CUJIa CTPYMY 3pOCTa€ 1 MOTIM JOCATAaE HACHUUYEHHS, TOOTO Mailke mepecrae
3aJIe’KaT BiJl aHOJIHO1 HAIIPYTH.

[Ipu 30iibLICHH]I TeMIlepaTypu KaroAa 30UIbIIYETbCS 1 3HAYEHHS CTPYMY, MPU SIKOMY
nocsiraeTbes  HacuyeHHs. OpHOYacHO 3OUIBIIYEThCS 1 aHOJHA HANpyra, TMpU  SIKIA
BCTAHOBJIIOETHCSA CTPYM HACHUCHHSI.

TakuM YMHOM, BOJIbT-aMIIEpHA XapaKTEPUCTHKA A10]la BUABIAETHCS € HENIHINHOIO, TOOTO
3ak0oH OMa He BUKOHYEThCS. Lle MOsSCHIOEThCS TUM, W10 TIPU TEPMOEJIEKTPOHHIM emicii Oiis
MOBEPXHI KaToAa CTBOPIOETHCS TOCUTh BEIUKA KUIBKICTh €JIEKTPOHIB. BOHM CTBOPIOIOTH
MIPOCTOPOBUM HETATHUBHUM 3apsj, 1 €JICKTPOHM, IO BUJITAIOTh 3 MaJIOK INMBUAKICTIO, HE
MOXXYTh HOTO MPOCKOYWTHU. [3 30UIBIIEHHSM aHOJHOI HAMPYTH KOHIEHTpAIlis E€JIEKTPOHIB B
XMapi MPOCTOPOBOIO 3apsiy 3MEHIIYEThCS. TOMY 1 rajabMyroda Jisi IpOCTOPOBOIO 3apsiAy CTae
MEHIIIOI0, & AHOJJHUHM CTPYM POCTE MIBUIIIIE, HIXK B TIPSAMIN 3aJIKHOCTI BiJ] aHOTHOT HATIPYTH.

TeopeTnyHa 3al€KHICTh aHOAHOTO CTPYMY BiJ aHOJHOI HAmpyru Ha AuUisHol  1-2 Oyna
onepkana Jleurmtopom 1 borycnaBcekum. BoHa HazuBaeThes 1ie "3aKOHOM TPhOX JAPYTUX'.

VY Mmipy 3pocTaHHS aHOJHOI HANpyTW BCE OUIBIIE EJIEKTPOHIB, IO BWIITAIOTh 3 KaTOHa,
noiTaroTh 10 aHoja. Ilpu meBHOMy 3HaueHHI U, BCi €JEKTPOHM SIKI BWIETUIM 3 KaToda 3a
OJIMHUIIIO Yacy AocAratoTh aHoza. [loganpiie 3pocTaHHs aHOAHOT HAIPYTH HE MOKE 301IBIIUTH

CUJIy aHOJIHOTO CTPYMY, OCKIJIBKH JOCSTA€ThCSl HACUUEHHSI.



MakcuManbHUI TEPMOEIEKTPOHHUM CTpyM, MOXKJIMBUW MpU JNaHId TemrmepaTypi KaToja,
Ha3MBA€ETHCSI CTPYMOM HAaCHYEHHS.

[Ipu migBUILEHH] TeMmmepaTypu 30UIbIIYETHCS IIBUJKICTh XaOTUYHOTO PYXY €JIEKTPOHIB B
metanmi. [Ipu 1bOMy YHCIIO €NEeKTPOHIB, 3JaTHUX MOKWHYTH METaj, Pi3Ko 3pocrtae. ['ycTuHa
CTpyMy HaCHY€HHsI, TOOTO CHJIa CTPYMy HAaCHYEHHS Ha KOKHY OJUHHIIIO MOBEPXHI Karoaa S,

obOumncoeThes 3a popmyioro Pivapacona-/lemmana:

=BT?exp(— 2 (1)

JHac KT

ne B — mocriiina emicii; K — ctama bosnbiiMana. ['ycTiHHA cTpyMy HAaCHYCHHS XapaKTePU3YeE

eMICIiHY 371aTHICTh KaTo/a, KA 3aJeKUTh B1JI MPUPOIM KaToja 1 HOTo TeMIlepaTypHu.

MeToa BUMIPIOBAHHSA

Bumiproroun Ha A0CHIAl 3aJ€XKHICTh CTPyMY HACHYEHHS Bl TeMIepaTypHd, MOKHa
BU3HAUUTHU pOOOTY BUXOJY JUISl TaHOTO METay.
VY Hamomy BUNAAKY AJI BU3HAYEHHS pPOOOTHU BUXOAY BUKOPHUCTOBYETHCS METOJ MPSMUX

Piuapacona. [Tosicaumo iaero metony. s iporo npoiorapudmyeMo piBHSIHHS

= BT 2 exp(— Su (2)
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1 OJIEP)KUMO:

In(25)=InB- A1 (3)

Takuii BUrISIA PIBHAHHS 3pY4YHUM JUIsi HWOro eKCIepUMEHTaldbHOI mepeBipku. ['padik
3aNesKHOCTi (L) Big 1 € NpAMOIO JIiHi€r0 3 KyTOBUM KoedillieHToM A .

BusHauuBIIM TaHTEHC KyTa HAXWITy IPSIMO1 J0 0C1 a0CIKC, PO3PaXxOBYEMO pOOOTY BUXOY:

A, =k tga 4
Jist mobynoBu rpadika HEoOXiJHO 3HATH TYCTHHY AaHOJHOTO CTPyMYy HACHYEHHS 1
TeMIiepaTypy karoja. Temmneparypy KaTo/ia MOXHA BU3HAYUTH TAaKUM YUHOM. [10TyXHICTB, 1110
MIIBOAUTECS 10 KaToJla, BUTPAYAE€ThCS Yy BaKyyMHIM JlaMIli B OCHOBHOMY Ha TEILIOBE
BunpomiHtoBanHs. [{ns Bodbppamy Oyna eKCIEpUMEHTAIbHO BH3HA4YEHA 3aJICKHICTh

TEeMIIepaTypy KaTo/a BiJ] MOTY>KHOCTI, 1[0 BUTPAYAEThCS HA MOr0 HArpiBaHHS siKa MPUMAAae Ha

OJIMHUIIIO TIUIONII TIOBEpXHI karoga. Ha rpadiky, puc. 6, mpuBeneHi pe3yabTaTd IHX



BUMIpIOoBaHb. [1o npomy rpadiky, 3HaIOUM MOTYXXKHICTh, IIO MIABOJUTHCS 0 KaTOJa, MOXKHA

BU3HAYUTU WOTO TEMIIEPATYpYy.

IHops/10Kk BUKOHAHHSA POOOTH

1. OsnaiiomMuTuCs 3 MCTOJOM BH3HAUYCHHA pO6OTH BHUXOAY CJICKTPpOHAa 3 MCTAly.

CopolieHa eekTpruiHa cXeMa YCTAaHOBKH MPEJICTaBIeHa Ha PUC.D.
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2. HMigxmountu kacety OIIE mo mkepena >KUBIEHHS, MPU IIbOMY TyMOJEp >KUBJICHHS
MOBMHEH 3HAXOJUTHUCA B MOJOKEHHI "BuMkHeHo". Bel pyuku peryntoBaHHsI Halpyru Ha OJIoIi
’KUBJICHHS TIEPEBECTU B KpalHE MPOTH TOJUHHUKOBOI CTPUIKM MOJOXKEHHS. AMIEpPMETp Ha
MaHesNl JPKepesa KUBJICHHS CIY)KUTh JUIsl KOHTPOJIIOBaHS CTPyMy pO3KaproBaHHs Katona |y,
MaKCUMaJlbHE 3HAUYEHHS SIKOIO HE MOBUHHE MEPEBUILYBATU 2.24; CTPYM PO3KAPIOBAHHS TAKOX
BIIOOpa)KaeThCsl Ha eKpaHi MoHiTopa. [lmaBHe perynoBaHHS HaNpyrd poOKAPIOBAHHS
3MIMCHIOETBCS PYYKOI, poO3TaloBaHO I amnepmerpoMm. Hampyra Uy Bumiproerbes
BOJITMETPOM, IIPH IIbOMY II€peMUKad BUOOPY Alana3oHy Hanpyr MOBUHEH OyTH BCTaHOBJICHUN
B nosioxkeHHs 2.5 - 4,5B .Ilpu nepemukanHi nepemukada B osoxxkeHds 10 - /208 BonsT™MeTp Ha
MaHesl JpKepena JKUBJIEHHS BUMIPIOBaTMME aHOAHY Harpyry. CTpyMm aHOAa, TaKOX SK 1 1HIII
BUMIPIOBaHI BEIMYMHU BiJOOPAX)AIOThCs HA €KpaHi MOHITOPA.

VY pasi BukoHaHHs poOoTu 0e3 BukopuctoByBaHHs EOM BHMIipIOBaHHS aHOJIHOTO CTPyMY
npoBoauTbes MiiamnepmerpoM (0 - 20mA), o miakimrodaeTses 10 kiaem PA Ha kaceti OIIE.

3. 3anyctutu nporpamy ®PIIE. Bxitountu xunienns kacetu OIIE.
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YBara, B mnpolieci npoBeJeHHSI e€KCIEePUMEHTY CTPYM i Hampyra po3:KaploBaHHS

3MIHIOBATHCS HE MOBHHHI!

3. IlpoBectn BumiproBaHHs (TyHKT 2) a8 Oyap-IKUX M'ATH 3HA4YEHb HAINPYTH
pO3KaprOBaHHS B iHTepBaTi Bijx 3,5 do 4,58.

[licnst mpoBeleHHST €KCIIEPUMEHTY aBTOMATHUYHO OyJe BU3HAYEHHU CTpyM HACHYCHHS.

Skmo maHuX HEAOCTAaTHHO, TO HAa €KpaH BUBOJUTHLCS BIATOBIIHE TOMEpeKeHHSI. B 1ipomy
BUIIAJKy HEOOXITHO MOBEPHYTHCS B PEKUM BUMIPIOBaHb 1 MPOIOBXUTHA BUKOHAHHS POOOTH.
4. Jlng BCIX 3HAUYEHb HAIMPYTH PO3KAPIOBAHHS PO3paxyBaTd MOTYXKHICTh, IO BUIUISETHCS HA
kKaroni, 3a ¢opmynoro P=Uyly, a TakoX NOTYXHICTH, IO MPUIATAE HA OJWHMINO TIJIOMII
noBepxHi katoja. st JaHoi TJaMIu TUTOILY MOBEPXHI KaTtoja npuiHatu Sx=0.0352 e’

5. Io rpadiky 3aJIeKHOCTI TeMIiepaTypH Karoja Bix P/S BU3HAYUTH TeMIlepaTypy KaToja

JUTSL KOSKHOTO 3HAYEHHS MOTYKHOCTI HarpiBy.

3aBUCMMOCTD TEMNEPATYpPa KaToAa OT MOIHOCTY Harpesa ]
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6. Po3paxyBaTu TryCTHHY aHOJHOTO CTpyMy HAacW4eHHS 3a (OpMyJIow |, .= ';“" ,S,=11-10°

2
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7. Bci oaeprkani gaH1 3aHeCTH B Tabiuio 1.

Tabauya 1

P/SK, 1 IHac, jHac1 jHac/TZ:
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8. IloOyayBaTu rpadik 3aJeKHOCTI In% BT Tl BIAKJIQAAI0UU 110 OCl a6cu1zlc% a 1mo ocl

opauHarin JTL;

9. Bu3HauMTH TaHTEHC KyTa HaXWJIy OJiep>KaHoi mpsiMOi 710 oci abCIuc 1 po3paxyBaTu poooTy

BHUXOY 3a (hopMyIioro

A, =k-ga

10. Po3paxyBatu mnoxuOKy BHMIpIOBaHb 3a MpaBUioM TrpadiuHoi 0OpoOKH pe3ynbTaTiB

BHUMIPIOBaHb.

o kB W

KoHTpPOJLHI NUTAHHSA

1o Ha3uBaeThCst pOOOTOO BUXOY €JeKTpoHa? SlKa Mpupoaa cui, 0 yTPUMYIOTh
€JIEKTPOHU B METaJ1?

Crtpy™m y BakyyMi. BonpT-amnepHa xapakTepucTuka J104a.

3akoH borycnascbekoro-Jlenrmiopa. @i3uyHa npupoja 3aKoHy.

[Ilo Take CTpyM HaCUYEHHS 1 SIK BIH 3aJI€KUTh B1J TEMIEPATYPH?

®opmyna Piuapacona. Meron npsimux Piuapicona.



