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JlabopaTtopHa po6ora N? 2-8

Aocnip)XeHHA TePpMOeNIeKTPOHHOI eMicil

Merta po6oTH: BU3HAYUTH POOOTY BUXOY BOJIb(pamy.

[Tpunaau Ta npuUcTpoi (peasibHUI €KCIIEPUMEHT): CIeIiaJbHUNA BAKYYMHHM J110] 13
BOJIL()PAMOBUM KaToI0M; MikpoammepmeTp Tuiry M 906; BOJIBTMETp 3MIHHOTO
CTpyMy; Jukepeino ctpymy Y UII-2; moTeHioMerp; pe3sucTopu.

TeopeTnyHi BiAOMOCTI

ENeKTpoHH MPOBiMHOCTI B MeTanax MaoTh BEIUKY KoHIeHTpario (~10% —10% m?), ane
CaMOYMHHO 3 HHUX HE€ BHXOIATh. L{pOMYy mnepelkomkae eIeKTpUYHE I0Jie, L0 BUHUKAE Y
noBepxHeBoMy mrapi. J{ns Toro, mo0 eXeKTpoH MIr BUHTH 3 METally, IOBUHHA OyTH BHKOHaHA
poboTa, MPOTH CUJT ILOTO MOJIs, - poO0Ta BUXOAY €JIEKTPOHA 3 METAIy.

YcepenuHi MeTairy 3apsii eIeKTPOHIB CKOMIICHCOBAHHN 3apsIOM MMO3UTUBHUX 10HIB. [IpoTe,
BHACJIIZIOK TEIUIOBOTO PYXY, EJIEKTPOHH IOBEPXHEBOIO ILAPY MOXYTh IHEPETHYTH IOBEPXHIO
MeTajy ¥ BiJIaJUTHCS Ha KiTbKa aTOMHHX BijctaHei. Haj moBepxHel0 yTBOPUTHCS €IEKTPOHHA
XMapKa, TycTUHa sIKoi OyJie IIBMJIKO 3MEHINYBAaTHUCSA IMPU BIAAJICHHI Bl MeTany. SIK Haclilok,
HABKOJIO TIOBEPXHI MeETally YTBOPIOETHCA TOABIMHMN EJIEKTPUYHUN IIap, IO CKIAJAETHCS 3
HEraTHUBHO 3aps/PKEHOr0 eJIEKTPOHHOIO IIapy 1 3apsAKE€HOro MO3UTHUBHO MPUIIOBEPXHEBOI'O
mapy ioHiB meramy. Lleii moaBiifHMI map HE CTBOPIOE EIEKTPUYHOTO TOJS y 30BHIIIHBOMY
IPOCTOPI, OJJHAK MPH MPOXOKEHHI KPi3b HHOT'O €JIEKTPOH IIOBUHEH BUKOHATH MIEBHY pOOOTY.

[TpryrHOIO TOSABU POOOTH BUXOAY € TAKOX 1 T€, IO IIiJl 9ac BUXOJY €JIEKTPOHA 3 METay
(BHACIHIZOK TEIUIOBOTO PyXy) Ha MOBEPXHI OCTAHHBOTO 3’SIBISETHCS IHIYKOBAaHUM, TO3UTUBHUIL
3apsil, AKUW MPUTATYE eIeKTPoH 10 cede. Cuity, 3 sIKOIO 1€ MO3UTHUBHUM 3apsif Ji€ Ha €JIEKTPOH,
MOYKHa OOYHMCIIUTH, CKOPUCTABILUCH METO/IOM JI3epKalbHUX BimoOpakeHb. PoboTa mpotu cumu
“eJIEKTpUYHOro BIJOOpa)keHHs~ CKJAJla€ YacTHMHY poOOTH BHXOAy enekTpoHa. [loBHa pobota
BUXOAY €JEKTPOHA, TaKMM YHHOM, CKJIAQJA€eTbcsi 3 POOOTH, MOTPIOHOI AN MPOXOHKEHHS
MOJIBIMHOTO €JIEKTPUYHOrO HIapy 1 pOOOTH MPOTHU CUIIU “‘€IEKTPUYHOIO BiJOOpaskeHHs".

3arpuMyroue eNeKTpUYHE I0JIe 30CEPe/KYETbCd B TOHKOMY Iapi MoOjau3y HOBEPXHI
MeTally, TOMY TPOXHU Jaji BiJ MOBEPXHI MeTajdy HIKI CHJIM Ha €JIEeKTpOH He JitoTh. OTxe,
NOTEHIliaJIbHA €HEeprisl eJIeKTPOHA 330BHI METally Mae craiy BeauuuHy. [IpuiimMeMo 1ie 3HaueHHs
MOTEHIIAIBLHOT €Heprii 3a HyIboBHH piBeHb (puc. 8.1).
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Puc. 8.1

B oOnacti 3aTpuMyrodoro mojsi MOTEHI[lalbHAa €Heprisi eJeKTPOHa PI3KO 3MEHIIYEThCS,
BHACIIIZIOK CIIPSIMOBAaHUX BOIK MeTally Cuj. YCepeauHi MeTaly NOTeHIiajJbHa €Hepris eleKTpoHa
Ma€ TaKOX CTaje, ajie BiJ €MHE 3HA4eHHS. SIKIIO CrpsMyBaTH BiCh X MEPIEHANKYISPHO JO
MIOBEPXHI METAJy, TO 3aJEeKHICTh MOTeHU1anbHO1 eneprii W Big x MaTume BUIIISLI, 300paXkeHUN
Ha puc. 8.1. OTxe, Ui €IEKTPOHIB METaJ CTAHOBUTH MOTEHLIANbHY AMY rinuouHoro W . [ToBHa

EHEepTis eJICKTPOHA B METaJIl — IIe CyMa MOTEHITIaIbHO1 Ta KIHeTUYHO1 eHeprii. KineTnuna enepris



€JIEKTpOHA BCEPEIUHI MeTany Moke HaOyBaTW TUIbKM IE€BHUX JOMYCTHUMHUX 3HA4yeHb, SAKi
YTBOPIOIOTH CUCTEMY PO3MIIIEHUX MOOIN3Y TUCKPETHUX PiBHIB.

Ha puc. 8.1 enepreTnuHi piBHI 30HM NPOBIAHOCTI BIHMCAaHI B MOTEHIANbHY sMy. 3a
temriepatypy | = 0 K elekTpoHH, pO3MINIYIOUHUCH IONApHO, 3alMarOTh HAWHWXKYi PiBHI.
HaiiBumuii 3amoBHEHUH eJNEKTpOHAMH pIBEHb BIJIIMOBiNA€ TEBHIM €Heprii eIeKTpOoHiIB, sKa
HasuBaeThess eHepriero Pepmi  Wr. Came 1eli piBeHb Ha3uBaeTbesl piBHeM Depwmi. 3
puc. 8.1 Bugno, mo npu T =0 K eHepris enexkTpoHIB y MeTali 3HAaXOAWTbCA B I1HTEpBAIi
Wy < E <—~(Wy — WE); y 11bOMY BHIAJKy €IEKTPOHH HE MOXXYTh CAMOYMHHO MOKHHYTH METAJl.
Jns toro, mo0 eNeKTpoH BHMIIOB i3 Meraly, HoMmy TpeOa HagaTh JOJATKOBOi EHEpTii,
MiHiManbHe 3HaueHHsS skoi gopiBHoe (Wy — WE). 1o eHeprito MOKHA IepenaTH, 30KpeMa,
HarpiBanHsMm. MinimaneHa enepris W = W, — W, norpibna ayis mepeBeeHHsT €NeKTpOoHa 3
Metany (3 piBas @epMi) y BakyyMm, HA3UBAETHCSI pOOOTOIO0 BUXOY €JIEKTPOHA 3 METAIY.

[Ipu TtemnepaTypi, BHIIiii 3a aOCONIOTHUI HYy!b, 30UIBIIYETHCS KiHETHMYHA EHEPTis
TEIJIOBOTO PYXY €JIEKTPOHIB B 0KOJ1 piBHA Depwmi. Lle mpu3BoauTh 10 Mepepo3noaily eIeKTPOHIB
32 PIBHSAMH 1 PO3MHBAHHIO MEXI M ITOBHICTIO 3allOBHCHHMH Ta BUIBHUMHU €HEPTEeTHYHUMHU
piBHSAMU. SIKIIO OJep>KaHa eNeKTPOHOM eHepris nepeBuiye W, Takuil e1eKTPOH MOXKE BUUTH 3
MeTany. SIBHIlle BUIPOMIHIOBAHHS €JIEKTPOHIB HarpiTUMH MeTanaMu (a00 Oynb-IKUMU TBEPIHUMHU
Ta PIAKUMH TiJIaMU) HA3UBAETHCS TEPMOCTICKTPOHHOKO EMICIETO.

EnextpoHu, mo BWIITAOTh 3 HArpiTOr0 METally, MOKHA BUAAIHMTU 3 IOBEPXHI, SKIIO
CTBOPUTH Y BaKyyMi, 110 OTOUY€E METaJl EJICKTPUYHE I0JIe, CIIPSIMOBAHE JI0 MOBEpXHiI MeTany (y
pasi, SKIIO0 Ha eJEeKTPOH MiSTUMYTh CHJIHM, CIIPSIMOBaHI BiJ MOBEpxHI Mmerany). Ilpu mpomy y
BaKyyMi Oy/ie TEKTH eJIeKTPUYHHI CTPYM, SIKUH HA3UBAETHCS TEPMOCICKTPOHHHM.

Jist CrIOCTEepE)KEHHsI Ta BUBUCHHS TEPMOECJICKTPOHHOI eMiCii BAKOPHUCTOBYIOTh BaKyyMHHIA
mion. OguH 13 HOro eneKTpoIiB — KaToJl — € HUTKa 3 TYrolJIaBKOro Merany (Momibaeny,
BOJIb()paMy TOIO), IO PO3IrPIBAETHCSA CICKTPUYHUM CTpyMoM. Jlpyruii enexktposa (aHom)
Halfuactimie Mae (GopMy HABKOJIO KAaTOAHOrO IIMIIIHApA, HAa SKUM OCIJAIOTh TEPMOEIEKTPOHHU.
[Ilo6 oxmepxatu B A10JI TEPMOENEKTPOHHUN CTPyM, MOTPIOHO HArpiTH KAaToA 1 MDK HHMM Ta
aHOJIOM CTBOPUTH NPUCKOpIOIOYE eleKTpuuHe moje. Cuiia TepMOeNneKTpOHHOro crpymy la
3JIKUTD B1J MMOTEHIIIAy aHO/a BITHOCHO KaTo1a.
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Ha puc. 8.2 300paXkeHO 3aleKHICTh CHIIH CTpyMY B miozi Bia anogaHol Hanpyru: la(Ua). Ls
KpHBa HAa3MBAETHCS BOJBT-aMIEpHOI Xapakrepuctukor (BAX) mioma. Ha BombT-ammepHiii
xapakTtepucTuill MoxkHa BuauuTH Tpu auisHku: I, I 1II. Tlpu nocratHbo Benmukiil Hampysi Ha
anoni Ui (oOmacts III) #ioro mocsraTuMyTh yci TEPMOEIEKTPOHH, TOMY la Maiixke He BaJ'Ie)KI/ITL
Bim Ua. MakcuManbHU# CTPyM, IO POXOAUTH Yepe3 1i0/1, HA3UBAETHCS CTPYMOM HacH4YeHHS |s.

COﬂSt\/_

3YMOBJIEHE THM, IO 31 30UIBIIEHHSM MPHUCKOPIOIOUOr0 MOJS JACH0 3MEHIIYEThCS FJ'II/I6I/IHa
NOTEHIIaJIbHOI SIMH, & OTKe poO0Ta BUXOY eNeKTpoHiB i3 kaToaa (edext LLIoTki).

EnexTpoHun, mo pyxamThcs y BaKyyMHOMY IPOMIKKY JMi0OAa, CTBOPIOIOTH Y HBOMY
HEeTaTUBHUN 3apsa. EnexTpudne mose mporo 3apsany Eos HakimamaeTbes Ha 30BHINIHE TOJ€ Esos
MDK aHojgoM 1 katogoMm. Ilome Egs rampMmyBaThMe eneKTpOHW y MPOCTOPI, IO MPHIATAE 10
KaToJa, 1 IPUCKOPIOBaTUME iX OijIst aHOA.

Hepenuke 30inblIeHHA CTpyMy Ha Wi AUIAHLI, 3rigHo 3 Qopmynoro |, =1.6e



Y pexumi HacHYeHHS, BHACHIJOK 3MCHILICHHS KOHIEHTpAIlii eNeKTpOHIB B o00mjacti
00’eMHOTO 3apsny, moBHE Moy Esps + Eos MpHUCKOpIOBaTHME €JIEKTPOHU B YChOMY BaKyyMHOMY
npomikky. [Ipu 3MenmienHi aHoHo1 Hanpyru U, 3MeHITyBaTUMEThCS i Esos, TOMY IpH 1€SIKOMY
sHaveHHi Ua = Up cymapse mosie katoga Oyje piBHE HYIIO, a IpU MEeHIINX 3HaueHHsX Ua — cTaHe
raJbMylOYMM HABKOJIO Karojaa. YHAcHigoK Iporo crpym | crane wmenmmm, HiK |s i
3MiHIOBATUMEThCS 3i 3MiHOIO Bi/OBiHO /10 3aKoHy Jlenrmiopa: la ~ U¥? (minsnxa II).

[Ipr HacTymHOMY 3MEHIICHHI MOTEHIialy aHojaa moje Esp + Eos cTae rampmyrounm Ha
yCbOMY BaKyyMHOMY MpOMiKKYy. J[0o aHoma Temep NOTPaIUIITUMYTh JIMIIE Ti EJICKTPOHH,
KIHETUYHA CHEPris SKUX JOCTATHS IS TOTO, 00 MO/I0JIATH 30BHIMIHIN 3aTPUMYIOUUH TTOTEHITIAT
Ua. 3anexnicte ctpymy | Bim Ua y 1IbOMy BHUIIAQIKy BHU3HAYAETHCS T'€OMETPIEI0 €IEKTPOMAIB 1
3aKOHOM PO3IMOALTY TEPMOENEKTPOHIB 332 MOYAaTKOBUMHU MIBUAKOCTSIMHU (oOmacth I). L wactuna
BOJIbT-aMIIEPHOT XapaKTEPUCTHUKH Ha3UBAETHCS ,,KPUBOKO 3aTPHUMKH .

['ycTHA CTpyMy HACHUYCHHS Js 3QJICKUTH Bl €MICIHHOI 34aTHOCTI MaTepialy Karoja, Lo
BU3HAYAETHCSI MAKCUMAJIbHUM YUCIIOM EJIEKTPOHIB, SIKi 3/1aT€H BUIIPOMIHIOBATH KAaTOJ 3 OJUHUII
MOBEPXHI 3a OJUHHMIIO 4acy. ['ycTWHa cTpyMy HacHuYEHHs 3aJeKUTh BiJ Marepially Karoaa i
30UIBIIYETHCS 3 MIABUINECHHIM TEMIIEpaTypH 3a 3aKOHOM Pivapicona — Jlemmana:

'
js :ATze KT (8.1)
. . 47rmek? . P
ne A — TepMOeJIeKTPOHHA CTalla, OJHAKOBA IS BCIX MeTajiB, A= T =1,2-10° A-m“-K™;

M — Maca eJIeKTpOHa; € — 3apsn ejekrtpoHa; K — cramna Bonbimana; h — cranma I[lnanka;, W —
pobota BUXOAY.
®opmyna (8.1) moxe OyTH OTpUMaHa B pa3l MPUITYHICHHS TOTO, IO €IEeKTPOHH B MeTali

M1UIATaI0Th 3aKOHAM 116alTbHOTO Ta3y, 1 BC1 EKTPOHU, SIKi BUJICTUIN 3 KaTo/a, TOCITaloTh aHO 1A,
w

3 wi€i popmysau BHIHO, 10 mpu Temmeparypi T << W/K, orpumyemo e KT <<1, T06TO emicii
npakTiyHOo Hemae. CTpyM HacuueHHs s = JsS (S — morna moBepxHi katoa) pi3Ko 30UTBIIYETHCS
31 30UTBIICHHAM TEMIIEPAaTypH, TaK sSIK CHJIa I[bOIO CTPYMY BU3HAUAETHCS, TOJIOBHUM YHHOM,

3aJISKHUM BiJl TEMIIEPaTypyd MHOKHUKOM exp(—ﬁj. BpaxoByroun cmiBBigHOmEHHS |s = jsS,
piBHAHHS (8.1) nepenuiemMo y BUTIISIL:
w
I, =AST?% .
Jlorapugmyroun 1iei Bupas , ,uiCTaHeMO'
I 5040
I =1g(AS ——I e=const——W, 8.2
95 =19(AS)— =g = (82
OCKiJNIbKH Ig—e=5040 —
K[ €B eB
K
I, 5040 .
TakuM 4YMHOM, B KOOpAHMHATAX |g_|_—2,? 3aJIeXKHICTh, IO OMUCYETBCS Gopmymnoro (8.1),

Ma€ BUIJISA MpsIMOi JTiHII, KyTOBHI Koe(ilieHT sKoi nopiBHIOE poOoTi Buxony W B eneKTpoH-
BOJbTaX. BusHaumBmm y pocmimi 3anexHicts ls(T), Moxna oOuucioutu poboty Buxomxy W
MaTtepiary Katoja.



Onuc ekcnepuMeHTaJIbHOI YCTAaHOBKM

Jlns BUBYEHHS TEPMOEIEKTPOHHOI eMicii y NaHiii poOOTi BUKOPHUCTOBYETHCS BAKyyMHHM
oiof coemianbHOi  KOHCTPYKLII 3 BOJb(paMOBUM KaToAOM MpsMOro (6e3mocepeHboro)

po3xapeHHs (puc. 8.3,a).
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Puc. 8.3

Karox K— 1nie BonbpaMoBuil ApiT, HATATHYTHI B3JIOBXK OCI HMHJIIHAPUYHOTO aHOAA. AHOJ
3po0JIeHUH 3 TPHOX YACTHH: A — BJIACHE aHOJ, SKUl BMUKAETHCS y BUMIPIOBAJIbHY CXEMY Ai0Aa,
OK — oxopoHHe Kijblle, SIKE€ KOMIEHCYe HEOAHOPIAHICTH MMoJisg Ouig KpaiB aHOoJa Ta Mepenaiu
TEMIEpPAaTypyd Ha KIHIIX Karoaa, TOOTO ycyBae HeOaaHi SIBUINA, TMOB’s3aHI 3 OOMEKESHUMU
po3mipaMu enekTpoaiB. 1o OXOpOHHUX KiJelb MOAA€ThCA TaKUW caMHil MO3UTUBHUN MOTEHIIIaN,
SK 1 Ha aHoj. 3 METOK YyCYHEHHS BIUIMBY Tiepenajy TOTEHIlialy B3JO0BXK KaToja
(HEEeKBIMOTEHIIIATFHOCTI KaToa), 3yMOBJIEHOTO CTPYMOM PO3KapeHHS, KaTo/ JKUBUTHCS 3MIHHUM
CTPYMOM 1 i1’ €AHYETHCS 0 JKEepesaa aHOHOI Hanpyru cumeTpuyHo (puc. 8.3,0). Temmneparypa
pO3KAPEHHS KaTo/la BH3HAYAETHCS 332 BEIMYMHOIO MAJiHHS HANPYTH HA HUTII PO3KApPEHHs, sKa
BUMIPIOETHCS BOJILTMETPOM Y KOJIi KaToa. st 3pydHOCTI TeMIiepaTypu po3KapeHHs BKa3aHl Ha
YCTaHOBIII.

KOHCTpYKTUBHO ycTaHOBKAa BHMKOHAaHa Yy BUINIAAl OJIOKY, Ha BEpXHIM NaHeNl SKOro
3MOHTOBaHO MIKpPOaMIIEpMETp MJi BHUMIPIOBAaHHS aHOJHOTO CTPyMy 1 BOJIBTMETp JJIs
BHUMIPIOBAHHS HAIlpYT'M pO3XapeHHs, a OTXe, 1 TeMmreparypu katoja. Ha maHeni 3HaXoauThCs
pyuka "HAKAJI" nns peryntoBaHHs Hampyrd poskapeHHs. JKUBJIEHHS yCTaHOBKH 3/iHICHIOETHCS
Bix kepena crpymy YMUII-2. JIns poskapeHHS BUKOPHCTOBYETHCS 3MIHHUN CTpyM, IO
3HIMaeTbed 3 Buxony "6,3 B". AHonHe koo xuBuThes Bia Buxony "0...50 B".

NMopsaaoK BUKOHaAHHA poboTu

1. YcTaHOBUTH pYYKH PEryJIOBaHHS HAlPYr'W po3KapeHHsS I aHOJHOI HAIpYTHW y KpaiHi JIiBi
MO3UIIii, 1110 BiAMOBIIa€ BIACYTHOCTI HATIPYT.

2. VBimMxnayTH YUII 1 nati nporpitucs BupoaoBx 5...10 xB.

3. YcranoButu pyuky "HAKAJI" y Taky mo3umito, o0 Npu BiACYTHOCTI aHOAHOI HANpyrd
3’gABUBCSl HeBeNMKUN aHOAHUU cTpyM (5...10 MkA). Jlatu niogy mporpitucs (KOJMBaHHS
aHOJHOT'0 CTPYMY MOBHHHI MPUITMHUTHCSA). 3anucaT y Tadi. 8.1 temneparypy karoxa Ti1 (y
KEJIbBIHAX ).

4. Ina 10 pizHux 3HaueHb aHOAHOI Hanpyru Ua Bumipatu aHogHuM cTpyM la. JlaHi 3anectu 1o
Tabu. 8.1. Mexi 3MiHM IOBUHHI 3a0€3M€YUTH OTPUMAaHHS JUISTHKH HACHYCHHSI.

5. BuxkoHaTH BUMIipIOBaHHS, BKa3zaHi B 1.4, /Ui I'ATH PI3HUX TeMmeparyp Kartona. JlaHi
3agecTH 10 Tadi. 8.1.



O6pob6ka pe3synbTaTtiB BUMIpOBaHb

1. [TobynyBatu Ha ogHOMY rpadiKy BCi ofiepx’aHi BOJbT-aMIIEPHI XapaKTePUCTHKH,
BHKOPHCTABIIH J1aHi Ta0m. 8.1.

2. Buznauutu rpadiuno (nuB. puc.8.1) cuiy cTpyMy HaCHUEHHS U KO)KHOTO  3HAYEHHS
Temrneparypu 7, 3aHECTH 3HaYeHHs B Ta0. 8.2.

3. PospaxyBatu if 3anecT B Ta61. 8.2 3mavenns 5040/T, 1s-10%T2, A/K2 Ta lg(ls-10%/T?)
(MHOXHUK 10° BBEIEHO 151 3pYUHOCTI PO3paXYHKIB, BiH He BIUIMBA€E HA 3HAUCHHSA POOOTH
BHUXOJY).

4. BukopucToByrOYH jJaHi Tabm. 8.2, moOynyBatu rpadik, BiAKIaTal0YH Ha OCSIX KOOPIUHAT
semuunny 5040/T ma oci x i 1g(Is-10%/T?) ma ociy. I'padik HOBHHEH MaTH BUIJIS IIPSAMOT
JiHi1, 10 TPOXOIUTh MIXK yCiMa TOYKAMH.

5. BuzHaunTtu xyToBui Koe(dilieHT HAXUITy OTPUMAHOT IPSIMOT (3 TOYHICTIO JI0 IECATHX ), STKUH
piBHUI (B €IEKTPOH-BOJIBTAX ) pOOOTI BUXOIY €IEKTPOHA 3 BOJIbPpaMy.

Taoauus 8.1

T = T, = T = Ts= Ts =

Ua, B Ia, MKA Ua, B Ia, MKA Ua, B Ia, MKA Ua, B Ia, MKA Ua, B Ia, MKA

Taéauns 8.2

ls, MKA T,K 5040/T, eB ls-108/T2, A/K? Ig(1s-10%/T?)




KOHTPO/IbHI 3anNUTaHHSA

1. 1o Take HAPY>KEHICTH 1 MOTEHIIiaNl eNEKTPUYHOTO 1ouiA? SIK 1MoB’s13aHi Mixk c000F0
HaIPY>KEHICTh 1 MOTEHIIAJ €JICKTPUIHOTO OIS ?

2. o Taxe 3apsn, cuiia CTpyMy, TyCTHHA CTpyMy? SIKuii 3B’ 130K MiXK HUMU?

3. YoMy IOpIBHIOE €HEPTis 3apsay B €ICKTPUIHOMY 1017

4. SIx popmymroeThest 3akoH Oma B audepenuianbHii popmi?

5. SIki npUYMHU BUHUKHEHHS 3aTPUMYIOUOT0 MOTEHIIATy y TOBEPXHEBOMY HIapi MeTary?

6. SIk MOSICHUTH X1J1 KPHBOI MOTEHI1AJIBHOT €HEPrii eNeKTpOHa B MeTai?

7. SIx po3noaisieHi eIEeKTPOHH 3a piBHAMHU B MeTasti 32 yMoBu T = 0 K? IIfo Take piBeHb
®epwmi, eneprist Depmi?

8. lIlo Take po6oTa Buxomy? SIk MO)KHA BU3HAYMUTH 11, 3HAIOUN CTPYM HACUUCHHS?

9. YV oMy moJisirae SIBUIIE TEPMOCIEKTPOHHOT eMicii?

10. IIlo Take BakyymHui aioa? Ska ioro BoJabT-aMIIEpHA XapaKTEPUCTUKA 1 IKUM YUHOM 11
MOSICHUTH?

13. SIky KOHCTPYKIIiIO Ma€ J1i01, 110 BUKOPUCTOBYETHCS B aHii poOOTi?

11. SIxa 3aneXHICTh TYCTUHH CTPYMY HACHYCHHS BiJl TeMIepaTypu Katoga? Y domy

nosiArae 3micT popmynu Piuapacona — Jlemmana?
12. Y gomy mossrae cyTh METOY BU3HAUCHHSI pOOOTH BHXO.Y 32 CTPYMOM HACHYEHHS?
14. Y yomy mossirae METO/I A3EPKAIbHUX BiIOOpaXKeHb?
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