Pozaii I1. IlocTiiHUMT eJIEKTPUYHHUI CTPYM Ta

KOHTAKTHI IBHIIA B MeTAJIaX i HANMIBNPOBiAHUKAX

Tema 1. E1eKTPUYHUN CTPYM TA MOT0 XaPAKTEPUCTUKH: CHJIA

Ta TYCTHUHA CTPYMY

Dizuuni aeuwa
e EflekTpuyHuii cTpym (naJi: cTpym) — 1€ SIBUILIE YIOPSAKOBAHOTO
PYXY €NEeKTPUYHUX 3apsiiB.

Dizuuni nonamms

o [locTiliHUII €JIEKTPUYHHUI CTPYM — 1I€ CTPYM, CHJIA CTPYMY SKOIO
HE 3aJIe)KUTh Bij 4acy.

e KouBekuiiiHMHA CTPYyM — 1€ CTPYM, YTBOPEHHH YIOPSIAKOBAHUM
PYXOM 3apsiKEHUX MAaKpOTLI (HAampUKIAL, PyX 3apsKEHUX Kpaneib
JI01LY).

e CTpym mnoJsspu3amii — KOPOTKOYACHUN CTPYM Yy HdI€IEKTPHUKAX
BHACJIZOK 3MIIIECHHS 3B’S3aHUX EJICKTPUUYHUX 3apsiiB B EJICKTPUIHOMY
TOJII.

e J[peiipoBa MBUAKICTH — 11€ MBUAKICTH, 3 AKOK HOCIH 3apsay pyxa-
€THCS MAPAJIENBbHO JI0 JHIN €IEeKTPUYHOTO MOJISL.

Di3uyHi 8eaUYUHU

e Cujia CcTpyMy — 11€ BiJHOIICHHS 3apsay, KWW MPOUIIOB Yepe3 IMOo-
NepeUHui Mmepepi3 MPoBIAHMKA 3a MEBHUHN Yac 10 Yacy HOro mpoxo KeHHs
(rmo3HaueHHs ).

| =99

t

e['ycTuHa cTpyMYy — 1I€ BeJIMUHMHA
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—

=95
- ds

dS — emeMeHT ILIOMII MTOTIEPEYHOTO TIepepi3y MPOBIAHMKA, N — OTMHUYHUKT

BEKTOP HOpMaJIi J1o mi€i exeMentapHoi miomi, dl — 3MiHa cuiu cTpymy

npu 3MiHi ot Ha dS .

3aoaui

(72) HoxkaxxemMo, 10 CHJIA CTPYMY — Iie MOTIK BeKTOpa 'YCTHHH CTPY-
My.

3a 03HAYCHHSIM I'yCTHHA CTPYMY
- dI
1= d_
TToMHOXHMO 1ie piBHSHES Ha dSN. JlicraHeMo
jdsn =dinn.
BpaxyBasuiu, mo nn =1, MmaTHMEMO
dl = jndS,

3BIAKHA

|—jjnds st

e ndS = dS.
Ocrannst popmylia BKazye Ha Te, O CUJIa CTPYMY — II€ MOTIK BEKTOpa

TYCTUHH CTPYMY.
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(73) Moxaxkemo, M0 CHJIA MOCTIHHOTO CTPYMY € OJIHAKOBA B yCiX MocC-

JIJIOBHO 3’ €IHAHUX MPOBITHUKAX.

3riIHO 3 0O3HAYECHHSIM MOCTIHHOTO CTPYMY

di
dt
[ToMHOXHMMO ¥ TOALIMMO JIIBY Ta MpaBy YaCTHUHM Il1€1 PIBHOCTI Ha

CJIEMEHT JOBXXHHHM mpoBigauka dl.

did_,
dt dl
dl :
BpaxoByrouu Te, 110 EZU, Al- I,
I
CTAHEMO L — — I
T ]
ud—le.
dl

Mamn. 53
Ockinbku JpeiidoBa IMBUAKICT

U HE JOPIBHIOE HYJIEBI, TO

dl

— =0,
dl

IIe O3Ha4ae, M0 CWJIA CTPyMy HE 3aJeKUTh Bij koopamHatd |, TOOTO

BCIOJI € OJTHAKOBOIO Y3JI0BXK YCiX MPOBIHHUKIB.
OcTtaHHs piBHICTh, OYEBUJIHO, MOKE OyTH HaIlMCaHa 1 Tak:

L=1)=-=1,

ne I, — cuia cTpyMy B 71 - OMy NPOBIIHUKY (MaiL. 53).
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Bynb-sike 3 1BOX OCTAaHHIX PIBHSHb HA3UBAIOTh PIGHAHHAM Henepeps-

HOCMI NOCMIUHO20 CIMPYM) .

(74) Ha ocHoBi Teopemu Octporpaacbkoro—I'ayca BuBeaemMo piBHAH-
Hfl HEIlEPEePBHOCTI CTPyMYy.

Ha ocHoBi MmatemaTuuHoi Teopemu OcTporpajacbkoro—I'ayca s Bek-

—

Topa |

§]d§=fdiv]dv.
S \Y

AJle mOTIK BEKTOpa I'yCTUHU CTPYMY, SIKUU € B JIIBIM YACTHHI L1€1 PIBHOCTI
— 1€ cuiia cTpyMy (3agava 72), ToMy MaeMo

szdiv]dv.
V

3acTOCYBaBIIIM JI0 JIIBOI YACTUHHU IILOT'O PIBHAHHS IOCJIJIOBHO O3HA-

YEHHS CWJIM CTPYMY Ta MOBEPXHEBOI T'YCTUHU 3apsy, OTPUMAEMO

%dev :\_[div]dv,

yu
j 4oy j div jav,
dt
Vv Vv
3BIIKU
do = div]
dt
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BpaxoBytouu, 1110 TyCTUHA 3apsy O MOXKE 3aJeXaTu He TUIbKU Bij

qacy, a i BiJl KOOpJIMHAT, 3aMIHUMO TMOXI1JIHY Ha YaCTUHHY noxiaHy. Tosi
0 .
P _ div J.
ot

[le piBHSHHS Ha3UBAIOTh PIBHSHHSAM HEMEPEPBHOCTI CTPYMY.

(75) JoBeaeMo, 110 MPOBIAHUK 3i CTPYMOM He € eKBiIOTEeHIiSIJIbHUM.

[Tpumyctumo, 1m0 MPOBIAHUK 31 CTPYMOM € €KBIMOTEHIISTIBHUM, TOO-

To @ =const. Toal copsmyBaBiK Bick Ox y Hanpsami cTpyMy (y Hampsimi

pyXy MO3UTHUBHUX 3apsi/IiB), MAEMO

TOOTO CKJIa0Ba €JICKTPUYHOTO TOJI B HAMPAMI PyXy 3apsiiiB JOPIBHIOE
HyJeBi. 3rajiaBiiy, 110 €JIeKTPUYHE MOoJIe BUSBIISIE ceOe 3a €0 Ha 3apsij,
OPUXOJAUMO JI0 CYNEPEUHOCTI: €JIEKTPUYHOTO OISl HEMAE, a Jisl Ha 3apsij
€, 110 03HA4Ya€ XUOHICTh HAIIOTO MPUITYLIEHHS 1 TOMY MOTEHLIS IPOBIJI-
HUKa 31 CTPYMOM HE€ MO>€ OyTH BCIOAM OJHAKOBUI, a HAPY>KEHICTh MOJIS
HE MOX€E JIOPIBHIOBATH HYJIEBI.

(76) MMokaxemMo, O B MPOBITHUKY 3i cTpyMoM Hocii 3apsiny apeiidy-
0Th 31 CTAJI010 MBUIKICTIO.

Bynemo BBaxkaTH, 110 HOCIM CTpyMy 13 3apsiioM ( pPyXaeTbCsd Mij
BILUTUBOM €JICKTPUYHOTO TIOJISI B CEPEIOBHII 3 KOS(DIIIIEHTOM OIOPY .

HanumeMo OCHOBHE pIBHSHHS JWHAMIKH JUIS 3apsay (, SIKWM
PYXa€eThCA MiJ JIE€0 CHIIM €JIEKTpUYHOro nojisg E Ta cuinum onopy auv, ne

v — ApeidoBa MBUIKICTH 3apsIy.




3BeneMo 1€ AUGEpEeHIlisTIbHE PIBHSHHS JI0 PIBHSHHS 3 BiJOKpemJie-
HUMU 3MIHHUMH.

dov

m m

= dt.

[IpoinTerpyBaBIIy 1€ PIBHAHHS, OTPUMAEMO

—mln(ﬂE—gujthrC,
o m m

ne C — crana IHTErpyBaHHS, SIKy 3HaIEeMO 3 YMOBHU, 10 B MOYATKOBUUI
MOMEHT 4acy IIBUJKICTh 3apsay JOpiBHIOBaJla HyJIEBi, TOOTO 32 YMOBH

t =0, v =0, mo mcis mACTaHOBKH B OCTAHHE PIBHSHHS Ja€ PE3yIbTaT

c :_m.n(ﬂEj.
a m

BpaxoBytouu 1ieit Bupas g C, Ta 3poOMBIIM anreOpaidyHi MepeTBo-
PEHHS Y pO3B’ 3Ky AUGEPEHUISUIBHOTO PIBHSHHS, 1ICTAHEMO

v=— 1-e M | (7)

3 miei 3anexsocTi v(t) 6aunmo, MO Yepes AesKuil yac Micis MOYATKY
%y . '
pyxy BenuuuHa € M Oyzne 3HAYHO MEHINA 33 OAMHUIO 1 IMIBUJKICTb
JOCSITHE IIPAKTUYHO CTAJIOI0 3HAYEHHS, a came
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(77) IMokaxkeMo, 10 TYCTHHA CTPYMY 3aJIe;KMTh Bil KOHIEHTpAIii Ta

apeiigoBOi MBUAKOCTI HOCIIB CTPYMYy I BCTAHOBHMO IO 3aJI€K-
HICTb.

JIss bOro PpO3TJISHEMO €JIEMEHT MpoBigHMKA moBxuHOKO dl 1
IJIOIICIO ITOIIEPEYHOro Iepepizy S, y sskomy tede ctpyM | (mair. 54).

3aCTOCOBYIOUM TIOCTIIOBHO O3HAYE€HHS TYCTHHH CTPYyMy, CHJIHU
CTPyMYy, KOHIICHTpAITli Ta MBUIKOCTI, JICTAHEMO

j:d_':i(d_ﬂ:ei(d_h'j:
dS dS\ dt dS\ dt
d (ndVv d ( nSdl d
=e—| — |=e—| —— |=e—(nSv).
dS dt dS\ dt dS

BpaxoBytouu, 1m0 BCl BEIUYUHU dl
1]l 3HAaKOM MOXIAHOI MOXYTh 3ajie- }

KaTd BIJ S, 3HANAEMO IO MOXIAHY

I
AK TIOX1JIHY B1J1 0OYyTKy. [{ictanemo ;'
j:e(nu+08@+n8d—uj. Man. 54
dS dS

VY BuUmajKy KOJau n 1 U CTali, TOOTO HE 3ajieKaTh Bil S Maemo, IO
dn do

—=01—=01T10m
dS dS

j =env.

BpaxoBytouu, 110 BEeKTOp v CHPSAMOBaHUW Ty K, Kyad 1 N, gicTa-
HEMO

(S—|
[l
D
-
c
=
[l
(¢)
-
C
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(78) MokaxkeMo, 0 PiBHAHHA HEMEPEPBHOCTI MOCTIHHOT0 CTPYMY MO-

’Ke OyTH mojaHe y BUTJISII div] =0.

PiBHSIHHSI HEMEPEPBHOCTI MOCTIHHOTO CTPYMY

dl

— =0
dl

NOJUIMMO Ha TUIOILY MONEPEYHOTO Mepepi3y MPOBIAHMKA S 1 BPaxyeMo,
mo Sdl =dV. Toxi

di _
dv

a00 BpaxyBaBIlIM O3HAYCHHS CUIIA CTPYMY

&)
dv \ dt

3BIJIKH, BpaxyBaBIIIH, 1110 3—3 — 11e 00’ €MHa I'yCTHHA 3apszy p.
do
dt

B3sBIM 10 yBaru piBHSIHHS HENEPEPBHOCTI CTPyMY C(Ij—f = divi, aicTa-

HCMO
div j =0.

(79) O6uMcaUMO CHJTY CTPYMY, SIKHIl CTBOPIOE €JIeKTPOH B aTOMi BOJ-
HIO.

BBakaroum, 10 €JIEKTPOH O00EpPTAETHCS 31 CTAIOK KYTOBOIO IIBH/I-
KICTIO, MOK€MO HAIMMCATH 3T1JIHO 3 O3HAYCHHSIM CUJIU CTPYMY
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7€ e — 3apsii €JNEKTpOHa, I — Yac MPOTATOM SIKOTO MPOXOJUTH 3apsll e,
TOOTO mepios oOepTaHHsS €JIEKTPOHA, SKUM MOB'S3aHUN 3 IHUKJIIYHOIO
Y4acTOTOI0 @ criBBigHOmEeHHIM T = 277/ . CBOEIO 4€proro, @ 3HaUmIeMO 3
YMOBHU PIBHOCTI €JIEKTPUYHOI CHJIM MPUTSATAHHS MK €JIEKTPOHOM 1 SJIpOM
(IpOTOHOM) 1 BiZILIEHTPOBOKO CHUJIOKO 1HEPIIIi.

eZ

—2 = mC()ZR,
drggR

1e m — Maca eneKkTpoHa, R — pazaiyc iioro op6itu. IlincTaBuBmm @ 3 i€l
PIBHOCTI B PIBHSIHHSA JiJ14 [, IICTAHEMO:

82

41/71280mR3 |

3HarouM pajiyc opOITH eJeKTpoHa B atoMi BoAHIO R =53 M, 3Haii-

[ =

JI€MO YUCJIOBE 3HAUYCHHSI crii cTpymy / =69 1070 A.

Tema 2. 3axkon Oma s aijsHKN KoJia. Onip NpoBigHUKA

Di3uuni eauyUHU

e EjlekTpu4HUii onmip mpoBixHMKa — 11€ BeJIMUUHA, OOEpHEHA JI0 KOe-
¢ilieHTa NPOMOPUIMHOCTI MK CUJIOK0 CTPYMY B MPOBIJHUKY 1 HAIIPYTOIO
MiX HOro KiHIsIMHU (TT03HaYeHHS R).

R=
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o IIuTomumii omip mpoBiTHMKA — 11¢ KOE(DIIIEHT NPOMOPLINHOCTI MK
OIOPOM IIPOBITHHKA Ta BIIHOIIECHHSIM HMOr0 JOBKHWHHU J0 IUIOIII MOIEpey-

HOTO mepepisy (Mo3HAYCHHS P ).

p:RT

elluToMa ejieKTPONPOBIAHICTL — 1I¢ (i3UYHA BEIUUYMHA, OOEpHEHA
70 IUTOMOTO OIOPY.

o}

1
—. (3)
yo,

eTemneparypuuii koeimieHT ONMOpPYy — 1€ BIHOIIECHHS BIJHOCHOI

3MIHU OMNOpY MPOBIAHUKA O 3MIHU TEMIIEPATYPH, SIKa COPUUYMHUIIA I[IO

3MiHYy OIOpY (ITO3HAYCHHS « ).

L
dT p,

e PyxJIMBiCTBH HOCISI 3apsily — 1I€ BIAHOIIEHHS Oro Apei(oBoi MIBU/I-
KOCTI1 JI0 HaIPYy>KEHOCTI €JIEKTPUYHOIO TMOJIA, IKa COPUYMHUIIA 1eh apeid
(TTO3HAYCHHS 1 ).

SIS

Ilocmynamu
»Cuia cTpymMy B NPOBiIHMKY NPSIMO NPONoOpiiiHA 10 pi3HUIi
NMOTEHUIAJIB (HANIPYI'M) HA KiHIAX HbOI'0 MPOBIAHUKA.
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7€ BEJIIMYMHA R HA3UBAETHCS €NeKMPUYHUM ONOpoM nposioHuka. 1l
PIBHICTb Ha3UBAETHCS 3akoHoM Oma 015 OINAHKU KOJla.

3akon Owma, BOJHOYAC, € O3HAUYCHHSM EJICKTPUYHOI'O OIMOpPYy MPOBij-
HUKA.

» Onip npoBiTHUKA NPSIMO NPONOPUiifHUA 10 HOro TOBKUHHU i
00epHEeHO NPONOPUiHHUIA 10 HOT0 IJIONII MONEPEeYHOr o nepepisy.

R=pL
s

e p — KoeIIiEHT IPOIOPIINHOCTI, IKUW HA3UBAETHCSI NUMOMUM ONOPOM

NPOBIOHUKA.
[et emmipUYHMUI 3aKOH BOJIHOYAC € O3HAYEHHSIM ITUTOMOTO OTOpY.

Di3uyni cucmemu i npuiaou

e /lonaTkoBMii omip — 1€ PE3UCTOP, SIKUI MPUEIHYIOTH MOCHIJOBHO
710 BOJIBTMETPA 3 METOIO PO3IIUPEHHS MEX HOTO0 BUMIPIOBAHb.

e IIlyHT — e pe3ucrop, KU NPUEIHYIOTh MapajieIbHO 10 aMIep-
METpa 3 METOI0 PO3IIUPEHHS MEX1 HOr0 BUMIPIOBAHb.

3aoaui
(80) IMpeacraBumo 3axkon OMma B audepeHisIbHINA (opmi.

Cnpasni 3akon Oma y ¢popmi | =U/R MoxHa Ha3BaTH iHTErPaIbHOIO

dbopmoro 3akoHy OMa, OCKUIBKM B HEl BXOJASATH IHTETpPajbHI BEJIUYUMHU —
cuja CTpyMy Ta Omip, a IHTErpaJbHUMH BOHU € TOMY, II0 CTOCYIOTHCS
BCHOI'O MPOBIIHUKA, @ HE OKPEMOT 1OTO TOUKH.

[IpencraBumo 3akoH Oma yepe3 AuEpeHUIsUIbHI BEIUYMHU — TYyC-
TUHY CTPYMY, HAMIPY>KEHICTh €JIEKTPUYHOTO TOJISI Ta MUTOMUI OITip.

JIJ1st bOTrO 3aCTOCYEMO TOCIHIIOBHO O3HAYEHHS T'YCTUHU CTPyMYy, 3a-
koH Oma [ AUISSHKA KOJa, O3HAY€HHSI MUTOMOIO Omnopy Ta (Gopmyiy
3B’SI3KY M1 HaNpyKEHICTIO €JIEKTPUYHOTO MO Ta Hanpyroto. JlictaneMo

IUIS BEIMYUHU BEKTOpa |
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-8 d(U) d(us) uss 1p
dS dS\R/ dS\ A odS p

Jlna BexkTopa ]
j=oEn,

1€ n — OAMHUYHUM BEKTOp HOPMaJIl JI0 TOTIEPEYHOTO Mepepi3y, ajie OCKi-

aekd 1 1 E cniBHanpasineHi, To En = E, ToMy

—

] =okF.
g popmymna i € nudepeniiaabHoO PopMoro 3akoHy OMma.

(81) YcranoBuMoO, Ik MATOMA NMPOBIAHICTDH 3aJIe’KUTH Bil MapaMeTpiB
HOCIIB 3apsay: IXHbOI PYXJIMBOCTi Ta KOHIEHTPAaLil.

I3 3akony Oma B mudepeHiiansHii GopMi Ta 3aJ€KHOCTI TYCTUHH
CTPyMy Bijl KOHIEHTpalii Ta apeilioBoi mBuakocTi (j=env), a Takox

O3HA4YCHHA pYXJ'II/IBOCTi Ma€EMO

oo _Ew_ oo
e g &

(82) YcTraHOBHMO 3aJI€XKHiCTH MUTOMOIO ONMOPY MPOBIIHUKA Bil TeM-
MepaTypu 3a YMOBH 32JIC’KHOT0 Ta HE3aJIe:KHOI'0 Bijl TeMIiepaTypu
Koe(ilmieHTi onopy.

3 O3HAYEHHS TEMIIEPATYPHOro KoedillieHTa Onopy MaeMo
dp = (T )podT,

ne cumBon (T ) mimkpecmoe, Mo Koe(illieHT OMOpY 3aleKUTh Bil TeM-

neparypu.
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3 OCTaHHBOT'O PIBHSHHS

PZPOJOC(T)dT-

HaronocuMo Ha TOMy, IO 1HTETrpall B OCTaHHIM PIBHOCTI € HEBU3-
HAYEHUM, TOMY MPOIHTErPYBaBIIA MU OTPUMAEMO (DYHKIIIIO p(T )

SIKIO ¢ HE 3aJIeKUTH B TEMIIEpaTypH, 10 HACIPABAl CIOCTepirae-
ThCSl Y ME€TajlaxX, TO BiH BHUHOCUTBHCS 3a 3HAK 1HTETpaja, 1 TOIl

p= apode :
3BIIKHU
p=apyl +C.

Crany C 3maxomumo 3 ymoBu T =Ty, p= pg, NIACTaBIEHOI B OC-

TaHHE pIBHAHHS. J[icTaemo
C = po —apyTp.
Tenep, miacTaBIAIOYY 1€ 3Ha4eHHS 3aMiCcTh C, JICTaHEMO
p = poll+a(T -To)]

abo noszHauuBuM T — Ty = AT,

p = po(l+adT).

OTxe, 3a HE3aJIEKHOIO BIJ TeMMEpaTypu KoedilieHTa Omopy MHUTO-
MU OIip 3aJ€KUTh Bl TEMIIEPATYPH JIIHIHHO.

OueBUAHO, MO OCKIIBKHU OIIP € MPONOPUINHUN 1O MUTOMOTO OIOPY,
TO JJIsl OTIOPY OTPUMAEMO TaKy caMy PIBHICTb.
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(83) Ha ocHOBi piBHAHHA HeNePepPBHOCTI cTPpyMy Ta 3akoHy Oma s
TUISHKHM KOJIa I0BeIeMO, 0 32 MOCJIiIOBHOIO 3’€IHAHHS ONOPIB,
Omip JiJSTHKH KO0JIa JOPIBHIOE CYMi OKpeMHX ONOPIB.

Ha ocHOBI1 piBHSHHSI HEMEPEPBHOCTI CTPYyMY, CTPYM SIKMH Teue 4yepes
onopu R; 1 R,, onnakoBuii (man.

55).
Kpim Toro, nampyra Ha ni- Ja R,
JISHII KOoJIa JOPIBHIOE CyMi Harl-
pyr Ha oropax U, U,
N U >
U - Ul + U 2
Mau. 55

3a 3akonoM OMma Ui OUIAH-

KU KOJa
U=IR,U;=IR,U, =1R,,
TOMY OCTaHHE PIBHSHHS 3aIUIIEMO TaK:
IR =1R; + IR,
3BIAKHU
R=R +R,.

(84) HNomenemo, 1o 3a mapajejbHOr0 3’€HAHHSI OMOPIiB 00epHeHMI
OIip JUISTHKHU KO0JIA JTOPiBHIOE CyMi 00€pHEHUX OIOPiB.

Ha ocHOBI pIBHSHHSI Heme- ) R,
pepBHOCTI cTpyMy (MaiL. 56) —1 ,
RZ
I=0L+1,. $_|:|_
U _
Mai. 56
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3a 3akonom OmMa Jutd JTUISHKY KOJia
u U U
_— =4 — ,
R R R

3BIAKHA

1 1 1
— =+,
R R R,

(85) O6umcanmo omip myHTa, AKMIA CJIi MPUEAHATH 10 aMIIepMeTpa,
00 PO3IIMPUTH MEKY IOT0 BUMIPIOBaHb Yy 1 pa3iB.

Hexaii 06e3 myHTa amMnepMeTp BUMIPIOE MAKCUMAJIbHY CUJy CTPyMY

I,41. Ane HaM cil BUMIPSTH CUILy CTpyMy B n pasiB Oubmty /,, =nl,,.

Tomy mapanenbHO 0 aMIIepMeTpa BKIFOUYHUMO IIYHT — PE3UCTOP, OIIp SIKO-

ro R, (man. 57), npudomy Horo omip Ma€e OyTH TakuM, OO CTPyM depes

aMIICpMCTP HEC MCPCBUILYBAB MAKCUMAJIbHO

1 1 1 I 111
AOIyCTUMHN JUIsl HBOTO [,q. 3TIOHO 3 PIB- ‘w2 L
HSIHHSIM HENIEPEPBHOCTI CTPYyMY ; \

l,o,=1,+1,. R.,
Main. 57
[TopinuBumiv 1e piBHAHHSA Ha [, 1, Aic-
TaHEMO:
Il
n=1+-1.
ml

[MigcraBuBmmm  ctoau 3rigHo 3 3akoHom Oma [, =U/R, Ta

1,1 =U/Ra, ne Ry — omip ammepmerpa, OTPUMAEMO MICISI CKOPOUCHHS

Ha U
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(86) O0UMCAUMO AOAATKOBHH OMIip, SIKHI CJIil MPUEIHATH 0 BOJIbLT-
MeTpa, 00 PO3MIUPUTH MEKY HOr0 BUMIPIOBAaHb y 1 pas3iB.

Hexaii 6e3 10/1aTKOBOTO OIIOPY BOJIBT- Ry Ry
METP BHUMIPIOE MaKCHMAaJbHy Hampyry —— | @
U ;. Aje HaMm cii BUMIPSTH HANPYTY B 7 0 <

. . . q UMl
pasiB Oy U,, =nU,,. Tomy noci- 5
m.2
JOBHO JIO BOJIbTMETPA IPHUETHAEMO PE3UC-
Main. 58

TOP, SIKMI1 HA3UBAIOTh J1I0JIATKOBUM OTIOPOM
(man. 58). 3 MantOHKa BUAHO, 1110 HANPYTa, AKY CJ1J BUMIPSATH

UM2 = U a + UMl'
[ToninuBuin ne piBHsAHHA Ha U |4, aicTaHeMo

U
n=—= 11
ml

3BIAKH 3a 3aKkoHOM OMa u1d JUITHKHA KOJ1a

IR
n =—ﬂ+1,
IRy
i
Ry; =Ry(n-1)

(87) MMokaxkeMo, 1110 eJTeKTPONPOBITHICTH € OJHMM 3 SIBUIII NePeHeCeH-

HA.

JIyist 1bOoro BC1 PIBHSIHHSA, SIKI ONMUCYIOTH SIBUILIA NIEPEHECEHHS, PUBe-

JIEMO JI0 OJTHAKOBO1 (popMH.
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1. BimoMo, 1110 sIBUIIE BHYTPILIIHBOTO TEPTS OMUCYyeThCs (hopmysioro Hero-
TOHA

F Z—U&S,

ne F — cuna BHYTPIIIHBOTO TEPTs MiX JBOMA LIapaMu PIAMHHU YU Ta3y
mwiomero S, du/dX — rpamieHT MIBUAKOCTI BIOMEPEK MOTOKY, 17 — Koedi-
I[IEHT BHYTPIIIHBOT'O TEPTS.

3acTocyBaBIIM OCHOBHE piBHsAHHA auHamiku F =dp/dt, me p —

IMITyJIbC, TIpesicTaBuMo Gopmyny HproToHa Tak:

dp_ dv

sdt . Tdx’

0 O3HA4Ya€e Ha CJIOBax, 110 T'yCTHHA MOTOKY IMITYyJbCY IPOMOpIIiiiHa 10
rpajl€HTa IBUIKOCTI.

2. Hanumemo Bimomuii 3akoH Dika st audysii

dM :—Dd—det,
dx

d :
ne dM — maca sixka mepeHoOCuThCs 3a yac dt yepes twromry S, d_p — rpani-
X

€HT ryctuHu, D — koedimienT audysii 1 mpeactaBuMo ioro y Qopwi,
noAi0oH1i 10 hopmu popmynu HeroToHa, a came

M __dp
Sdt dx

0 O3Hayae, M0 TyCTMHA IOTOKY Macu NpoMopiiiiiHa 10 TrpajiieHTa
'YCTHHU.
3. 3akoH @yp’€ 151 TEIUIONPOBIAHOCTI HAMUIIIEMO Y Gopmi

d dT

Q_ g

Sdt dx |
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sKa BKa3zye Ha Te, 1[0 TyCTHHA MOTOKY TEIUIOTH MPOMOPIIiiiHa 0 rpajieHTa

TEMIIEpaTypH.

4. 3Beaemo 3akoH Oma 70 Takoi K popMmu, Ak 1 Tpu nonepeaHi. 3 aude-
PEHIISUIBHOI (POPMU 1IBOTO 3aKOHY Ta O3HAYEHb T'YCTUHU CTPYMY 1 CHIIU
CTPYMY MaeMO

Bpaxosyrouwn, mo E =—de/dx, gicranemo octarouno

dg ___do

Sdt  dx

3 4Ooro poOMMO BHUCHOBOK, 110 TYCTHHA MOTOKY 3apsiay (TyCTHHA CTPyMY)
IpONOpIIiiiHa IO Tpaji€eHTa MOTEHIIaly, a eIeKTPONPOBIIHICTh € SIBUILIEM
NEPEHECEHHS 3apsy.

Tenep yci 4oTUpHU SBUIA TIEPEHECEHHS MOXEMO 3alucaTh B Ta0JH-

IIXO.
ABuine Ha3zBa 3akony dopmy.a IIlo nepenocurbes
BuyTpiuHe Tepts ®opmyina Hetotona | dp do Immynbe
. = _77 —_—,
Sdt dx
Hudysis 3akoH Dika dM D do Maca
Sdt  dx’
TenmonpoBigHICT 3akoH Dyp’e dQ dT | Kigekicts TemmoTu
Sdt  dx’
Enexrponposinnicts | 3akon Oma B aude- | dq do 3apsn
peHuianbHii Gopmi | gqt - dx
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Tema 3. Enexkrpopyuiiina cuiia (EPC). 3akon Oma niis
nisgaHkM koJa 3 EPC. 3akon Oma aJi1 IOBHOI0 K0J1a

Di3uyHi geaUYUHU
eEjekTpopymiiiiHa cuja — 1€ BIJHOIICHHS pPOOOTH CTOPOHHBOI
CUJIM, SIKy BOHAa BUKOHYE IEPEMICTUBIIM 3aps]i B3JO0BXK 3aMKHEHOI'O KOH-

Typa, 10 BEJIUYMHH IIHOTO 3apsiay (Mo3HAYCHHS & ).

£="¢. (1)

3aoaui
(88) loBeaeMo, 110 CTOPOHHSI CHJIA HE MOKe OYTH NMOTEHIisJIbLHOIO.

JiticHO, sik1110 6 CTOPOHHS cuiia OyJia MOTEHIISUIBHOI0, TO PoOOTa II1€]
CUJIM Ha 3aMKHEHIM TpaeKkTopii JopiBHIOBAJIA O HYyJEBi, TO/I, O 1 €JIEKTPO-
pylIiiiHa cuiia 3rijHo, 3 ii o3HaueHHsM (1) nopiBHIOBana 6 HysneBi. OTxe

A = Fedr =qf Ecdr 0.
Kpim Toro 6aunmo, mo EPC Moxke OyTu nipeacTaBieHa TaK

g="c_ Ecdr.
g L

(89) YcranoBumo 3akoH Oma AJ1s1 TiISTHKH KO0JIa 3 eJIeKTPOPYIIiiiHOKO
CIJIOKO Ta JIJIsl 3AMKHEHOT'0 K0J1a 3 eJIEKTPOPYIIiiiHOI0 CHJI0I0.

Po6oTy cTOpOHHBOI CHTH B3JI0BK 3aMKHEHOT'O KOHTYpa MpPEICTaBUMO
K CyMy poOIT HAa OKpeMHX AUISTHKaX koja (Mai. 59).

Ac = Ajp + Az + Az
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1 IOJIIMMO 1€ PIBHSHHS Ha 3apsaa (. [ictanemo

A
Ac _ Ao  Ap A
a9 a4 q g .

R
1 2 3
3rizHo 3 oznaueHusam EPC ta mo- ¢ o I l b

TEHIIISUTy OCTAaHHE pPIBHSHHS HaOepe

BUTJISIY:

E =Py + @3+ P31,
a Ha OCHOBI 3akoHy OMa JIJ1s1 IUTHKH KOJia Y BUIAJIKY JUISTHKY KOJia

E=IR+1Ir + @3,

Ta y BUIAJKy 3aMKHEHOI0 KoJja, TOOTO KoJu @31 =0

E=IR+1Ir.

OcraHHi AB1 pIBHOCTI MOKHA MOJATH 1 TaK:

|_8+Aqo
R+r

ne Ap = @3 =—@31, Ta

E

TR+r

JIB1 ocTaHHI PIBHOCTI BHpaXaroTh 3akoH Oma M JIUISHKA Kojia 3
EPC Ta 3amkraenoro xoisa 3 EPC BignmoBigHoO.

3axoH Oma i 3amMkHeHoro koJia 3 EPC e Ha3uBaroth 3akoHoM Oma
JUISL TIOBHOT'O KOJIA.
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(90) YcranoBumo Bupa3s ais EPC, sika BUHHKAa€ pH 00epTaHHi MeTa-

JIEBOI'o JMCKaA.

CTOpOHHBOIO CUJIOI B I[bOMY BHUIIQJIKy € BIAIICHTPOBA CUJa 1HEpIIii,
sKa Jii€ Ha eJIeKTpoHHU (Maj. 60)

Fc = ma)zr,
Jie m — Maca eJICKTpOHa, @ — KyToBa IIBU/IKI-
CTh JWCKa, I — BiJICTaHb BIJ €JICKTPOHA JI0

IIEHTpa JUCKa.
Hamnpy»eHiCTb Mo CTOPOHHBOI CHIIH

Ec=—= Mau. 60

1 311180 3 o3HaueHHsIM EPC

R 2 2 R 2p2
&= ECdr:Imw Car =M Irdr——ma) R :
e e 2e

Hanpuxknan, 3a ymoBu R=10 cMm, w=1000 pan/c, oTpumaemo, 1o

£=3.10"° B, To0t10 Take mxepeno EPC He € ehekTUBHUM.

(91) Ob6uyucaAUMO BiTHOCHY MOXMOKY, SIKY MH JOMYCKAa€EMO, BUMipIO-
wun EPC qkepesia mocTiiHOTO CTPYMY BOJIBTMETPOM.

Hiticno, BoneT™MeTp BuMiptoe He EPC, a nHanpy-
Iy Ha JUISHI KOJia, a B IbOMY BUMAAKY, OCKIJIBKY B g |

KOJI1 € JINIIIe BOJILTMETP, HAIIPYTy Ha CAMOMY BOJIbT- Hl "
MeTpi (Mai. 61), sika 3a 3akoHoM OMa 111 AUISTHKU

KOJia

O
all. 6

UZIRB, M 1
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ne Rp — omip BOJIBTMETpA.
B

[ro nmampyry mm BBaxkaemMo 3a EPC, mpore peambna EPC — ue
BEJIMYMHA, OTpUMaHa 3 3aKkoHy Oma JJ1si HOBHOTO KOJia

E=1(Rg +r)

7€ r — BHYTPIIIHINA OMip JHKepena.
Takum yuHOM, BiTHOCHA ITOXHOKa Oy 1e:

5279 10006 -
&

.100%.
|(Rg +7) Rg +r

Sk 6aunmo, 1151 ToXMOKa OyJie MEHIIIa, 110 OUTBIINKI OMip BOJIBTMETPA.

Tema 4. IIpaBuia Kipxroga
3aoaui

(92) Ha ocHoBi piBHSIHHSI HeNEePEPBHOCTI CTPYMY BCTAHOBHMO MepIiie
npasuio Kipxroga, a came, mo apudmeruyna cyma CTpyMiB, sIKi
BXOIATH y BY30JI, IOPiBHIOE apu(dMeTH4YHIl CyMi CTPpyMiB, SIKi 3
HbOI'0 BUXOASATb.

Hiticuo, nepuie npasuio Kipxroga BUMIIMBaAE 3 piBHSHHSA HENEPEPB-
HocTl cTpyMy. Hexait B Touni O ctpym [; posramyxyerbes Ha [, Ta I3
(man. 62). [IpoBigHuku 2 1 3 MOXKHA PO3IJISAATH SIK OJWH MPOBIAHUK, TTOC-
J1IOBHO MpHeAHAHUN 10 mpoBigHUKaA 1. Toji 3rigHO 3 PIBHAHHSAM HEIle-
PEPBHOCTI CTPYyMY

11:[2 +]3.

OueBHUIHO, SKIIO Y BY30J BXOJIUTh
1 CTPYMIB, @ BUXOJAUTH 3 HHOTO M CTPY-
MiB, TO
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(93) Ha ocHoBi 3akony Oma aas giasaku koiaa 3 EPC ycranoBuMO
apyre npasuio Kipxroga, a came, mo B Oyab-IKOMY KOHTYPI,
BMIUICHOMY 3 PO3raJjIy’2KeHoro KoJia, ajredopaiyna cyma Hampyr a0-
piBHIO€ anredopaiuniin cymi EPC, siki € B 1bOMY KOHTYPI.

Bubupaemo MOBUIBHO B pO3raijy>X€HOMY KOJII HampsiMU CTPYyMIB B
yCIX BITKax Ta HampsMu oOXOAy KOHTYpiB (Mau. 63). Buainumo 3 1boro
KOJla OJMH 3aMKHEHUW KOHTYp, Hampukian, ABCA 1 Hanuiemo s
KOKHOT MOTO JUISTHKM PIBHSHHS 3T1JIHO 3 3aKOHOM Oma JJ1s AUISSHKUA KoJia
3 EPC

1R = pg —p — &1,
1Ry = ¢c —pp + &7,
—I3R3 =pa —oc.

ITicns momaBaHHS IUX PIBHOC-
TEN TICTAaHEMO

IlRl + |1R2 — |3R3 = 82 —51,

10 O3HayYae, 1o anredpaiyHa cyma
HaIpyT Ha OMopax B IIbOMY KOHTY-
pl JOpiBHIOE anreOpaiuHii cymi
EPC, sxi € B HbOMY.

OueBuaHO, 1110 3a Oy/Ib-SIKOi K1JILKOCTI onopiB Ta mxepen EPC
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(94) Ha ocuosi npaBua Kipxroda 3naiizemo omip R, 3a 1omomoroxo
TaK 3BaHOI MiCTKOBOI cxeMH (MaJ. 64), saxkmo Bigomi onopu R, R,
Ta R; migiOpani Tak, mo cuina crpymy y Bitui B/l nopiBHIO€ HY-

JIeBI.

Ilepen TuM sIK 3acTOCYBaTW MHpaBuUiia
Kipxroda, 3poduMo HacTyIIHI Aii:
1. Bubepemo HampsiMu CTPyMIB B YCIX
BITKax KoJia.

OueBuHO, IO B KOJI € JIMIIE TPH

CTpyMU: CTpyM [, SIKHM T€Ue 4depe3 JKe-

peno ctpymy &, CIpyM [;, sSIKMU Tede 4e-

pe3 onopu Ry 1 R,, Ta ctpym I,, sixkuii Te-

ye yepe3 onopu R, ta Ry (B Toukax B 1 /4

HACIpaBi po3Taly’KeHb HEMae, 00 y BITIII
BJ[ cTpyMm IOpIBHIOE HYJICBI.
2. Bubepemo HanpsiMu 00X01y KOHTYPIB.
3. Bubepemo n-1 By3041 10 sikuX 3acTocyemo nepiie npasmio Kipxroda ta
n-1 KOHTYp 110 IKUX 3acTocyemo npyre mpaBmio Kipxroda.

Tenep moxkemo 3actocyBatu mnpasuia Kipxrodga, 30kpema, apyre
mpaBwWIo 10 KOHTYpiB AB/] Ta BC/]. Otxe, nnsa koutypa AB/]

1R —1,R, =0
1 s Koutypa BC/[

I,R, —1,R3 =0.
3 X ABOX PIBHSAHB 3HAXOIUMO:

_R

R, =
R,

Rs.
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[leit meTos BHUMIPIOBAHHS OINOPIB HA3UBAETHCS MEmMOOOM MICMKA

Bimcmona.
(95) Buznauumo EPC mkepesia cTpyMy KoMIeHcAOiifHIM MeTOI0M.

[Tin6epemo onopu R, 1 R, Takumu, 1006 CTpyM y BEpXHIi BITI1 JOPiB-
HIOBaB HYJIeBl (Ha MaJlOHKy 65 rajbBaHO-
METp MOKa3ye HYJIb).

3a npyrum mpaBwioMm Kipxroda s
HUKHBOTO KOHTYpa

I(Ry+ R, +r1)=¢&,

a U1l BEPXHbOI'O KOHTYypa

IR]_ +Orx == (_C;X.

3 IIUX JBOX PIBHSIHB 3HAXOIUMO

_ R,
Ri+R,+r

Ex

Sk 6aumMo, pe3ysibTaT BUMIPIOBAHb HE 3QJICKUTH B1J BHYTPIIIHBOTO

onopy I, BHUMIPIOBaHOTO xepena. KpiM TOro, 3a JOCTaTHbO BEJIMKHX
onopiB R; 1 R, BHyTpimHINA omip €TalOHHOrO Jxepena I IPAKTUYHO

MOJKHA HE BpaxoByBaTH, 00 Toai I << R + R,.

Tema 5. Po0oTa i MOTYKHICTH CTPyMY

Dizuyni nowamms
o KoedinieHT KopucHOI Ail cioxkuBaya CTPyMy — 1€ BIJHOILICHHS
KOPUCHOT pOOOTH, BUKOHAHOI CTPyYMOM B MpWiajai, 10 BCI€i BUKOHAHOI

poOOTH CTPyMy B IBOMY 3K MpuIai (MO3HAYCHHS 7).
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=" (1)

o KopoTke 3aMMKaHHS — II€ SBUIIE CWJIHBHOTO HArpiBaHHsS JKepena
EPC npu #ioro HaBaHTa)X€HH1 CIIOKMBAYEM 3 OMIOPOM 3HAYHO MEHIIUM 3a

HOoro BHYTpIIIHIN Omip.
3aoaui

(96) YcTranoBuMo BHpa3 1Jasi po00TH, IKY BUKOHYE MOCTiliHUA CTPyM
Ta BUPA3 HOro MOTYKHOCTI.

Ockinbku (i3UyHa BETUYHHA «POOOTA» OMUPAETHCS HA TaKky (I3UUYHY
BEJIMUMHY SIK CHJIA, TO CIIJI 3’5ICYBAaTH, PO pOOOTY SIKOi CHIIM MiJi€ MOBa,
KOJIU MU TOBOPHUMO IPO poO0Ty cTpymy. OUeBUIHO, IO 1I€ € CTOPOHHS
cuja, sika Jil€ Ha 3apsau 3 OOKY €JIEKTPUYHOrO MOJIsl, TOMY BHXOJUMO 3

TOTO, 1110 3a MepeMilneHHs 3apsay dg BiJ TOYKH 0 TOYKH II¢ MOJIC BUKO-

HYy€ poOOTY, sIKa 3T1JTHO 3 O3HAYEHHSIM HANPYTH Ta CUJIIA CTPYMY
dA =Udqg =Uldt, (2)

3BIIKU
t
A:jumn
0
a00 3acTocyBaBIlM 3aKoH OMa
t 2 t
A:jg—mzfﬂmm
R
0 0

OueBUAHO, IO JJI MOCTIMHOTO CTPYMY CTaJll BEJIMYMHU BUHECEMO 32
3HaK 1HTErpajia i OTpUMaEMO
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2
A=Y iR
R

JI71st mOTY>KHOCTI 3 BUpasy (2) Ta 03HAUYECHHS MOTYKHOCTI

P= dA = Ul
dt
1 Ha OCHOBI 3akoHy Oma
2
- _ %R
R

(97) YcranoBumo 3akoH /Ixoyiasi-Jlenna B inTerpajabHiii Ta 1udepen-
HisIbHIA (popmax.

Mu BcTaHOBWIIM, IO POOOTA Ky BUKOHYE MOCTIMHUN CTpyMm (Hac-
npaBal poOOTYy BUKOHYE EJIEKTPUYHE IMOJie€ CTOPOHHIX CHJ, abo e ToY-
HIIIIE: CTOPOHHS CuJjia),

A=1°Rt.

3rifHo 3 mepmuM 3aKoHOM TepMmoauHamikn Q=AU + A 3a 3MmiHu
BHYTpiHBKO1 eHeprii AU =0 (mo Oyae 3aBXau, KOJU IMPOBIJHUK Tepe-
OyBae y cepeaoBHIII), sl podoTa Oyjae JOPIBHIOBATH KIJIBKOCTI TETUJIOTH,
AKY BIIAACTh IPOBIJHUK, TOOTO

A=Q=I°Rt.

st popmyna Bupaxae 3akon Jxxoyns-Jlenua.

IlepeBenemo et 3axkoH B audepeHuisuibHy Gopmy. s mporo a0
OCTaHHBOT'O BHPA3y 3aCTOCYEMO IMOCIIIOBHO O3HAYEHHSI TYCTUHU CTPYMY,
3akoH OMa B audepeHiiaibHiii popMi Ta O3HAYECHHS MUTOMOTO OMOpY.
Jlictanemo
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2 202 EZ E?_, |, E? 2
Q=I1"Rt=J°S Rt=—23 Rt=—25 p§t=—Vt=OE V1.
p p p

IToninmmBiM OcTaHHE piBHSAHHSA Ha Vi, MaeMo

Q _ g2
Vit

Benuuuna T — 1€ TCILJIOBA HOTY)KHiCTB, TOMY BCINYHUHY \F MOKEMO

Ha3BaTU 00 €MHOIN 2YCMUHON MENa080i NOMYICHOCMI 1 TIO3HAYUTH OYK-
Boro W. Tomi

W:aEZ,

ab0 BpaxyBaBIlM, 110 3TAHO 13 3akoHOM Oma B nudepeHiiaibHii hopmi
ok = |

w= JE

1 OCKUIBKH BEKTOpH | 1 E criBHampsiMiieH1

Le 1 € 3akoH J[xxkoyns-Jlenna B qudepeHuisuibHIA Gopmi.
(98) 3naiinemo Bupa3 ajst KK/I q:xxepesia nmocriiiHoro crpymy.

3rigHo 3 o3HaueHHsM EPC Ta cunm ctpyMmy, a Takox 3a 3akoHoM Oma
JU1sl TOBHOTO KOJ1a, p0oOOTa BUKOHAHA JHKEPEJIOM CTPYMY

&%t
R+r

A, = &=t =

Kopucha po6ota — 11e po60Ta, BUKOHaHa CTPYMOM Ha CITOKUBaYl:
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82
—1°Rt=—2 __Rt.
A (R+r)2

Tenep 3anumminock o6uncautu KK/ 3riiHO 3 HOro 03HaYeHHIM:

A« R
Ag R+r

77:

3 mi€i opMmynu BUIHO, IO 3a YMOBH I' << R, ska mo peui, Haifdac-
Time peanmzyerbest, KK/ npunany moxe 0ytu 6auszbkum 10 100 %. Sxino
K HaBmaku I >> R, to KK]/[ O6nu3bkuii A0 HyIs, 110 O3HA4ya€ 3riTHO 3
o3HaueHHAM KK (1), mo Ay << Ag, TOOTO BCS poOOTa BUKOHYETBCS Y
caMOMY JDKEpenl CTpyMmy 1 3riiHO 3 3akoHoM Jkoyns-JleHiia B HbOMY
BUJIIJIIETHCS BCS TEIUIOTA, SIKa TIPU3BOJIUTH JI0 CHIILHOTO MEepErpiBy JKepe-
Ja, 10, OYEBUHO, € HEOE3MEUHUM JJII CaMOTO0 JKepea. Takoro pexumy
po0OOTH, IKUH HA3UBAETHCS KOPOTKUM 3aMUKAHHSM, JIOITYCKaTH HE MOXKHA,
TOOTO, IMO-TIPOCTOMY, HE MOKHA TIPUHIHYBATH JI0 MOJIIOCIB JKEPEIa CTPY-
MY CTIO’KHMBaYi 3 Jy’KE€ MaJIFM OIIOPOM.

(99) Bu3zHauuMo KiTbKiCTh TEIJIOTH, KA BHALUINTHCS B MPOBITHUKY
3a 4yac 7, MPOTATOM SIKOT0 CTPYM Y HbOMY PIBHOMIpPHO 3pOCTa€ B
HYJIA 10 BeJJMYUHH /,. O0YHCIMMO TAKOXK CePeIHIO MOTYKHICTH 32

e yac.

OuyeBuHO, 10 HAETHCA HE MPO MOCTiMHUN cTpyM. [IpoTe BpogoBxk
HECKIHYCHHO MaJIOTO MPOMikKy dacy df Horo mMokHa BBa)KaTH IOCTiii-
guM. Toml KIIBKICTH TEIUIOTH BHUAlJIEHA 3a yac Ot 3rigHo 3 3aKOHOM
JIxoyna-Jlenna

dQ = I %Rdt

3BIJIKHU
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T T
Q= [1°Rdt = R[ 1%t
0 0
3aUIInUIOCs: BCTAHOBUTH YacOBY 3aJICKHICTh CUIIU CTpyMy [ (t ) Ocki-
JIbKH CTPYM 3pOCTa€ PIBHOMIPHO, TO IS 3aJICKHICTD JIIHIAHA
I(t)=at +b.

Crani a i b 3naiinemo 3 ymoB: t=0, | =0 ta t=17, | =1,. Ilixcra-
I

BMBIIM I[i YMOBU B OCTAHHE PiBHAHHSA, 3HaX0auMo, mo b=0 1a a=-",
T

OTxe,

[lizcTaBUBIIM 1110 3aJICKHICTD Y MiAIHTErpaIbHY (PYHKIIIIO, 3HAXOUMO

Q:Ri(%mtj dt_—jt dt—éler

CepenHe 3HaUYCHHS MOTYKHOCTI 3HAWIEMO 32 (DOPMYJIOI0 CEPETHBOTO
3HAYEHHS QPyHKIIIT

~ 1 12 RIZ | 1
P=—JPt)dt— IIZ (t)Rdt = j  2gt = 3mjt2dt=—R|r§.
£o £ot t 3

Tema 6. KitacuuHa Teopist eJIeKTPONPOBIIHOCTI METAJIIB

Diz3uyni noHsmms

e EjlekTpOHHMIA ra3 — 11e 1JicaIbHUM Ta3, POJdb MOJIEKYJ SIKOTO BIJIIIr-
paroTh BUIbHI €JIEKTPOHMU.
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Ilocmynamu

» Metaya ckiaajgaeTbest 3 HOHIB, sIKi, KoJMBaw4uch OiJIf CBOIX
BY3JIiB YTBOPHOKOTH KPUCTAJIYHY IPAaTKy TA BUIbHUX €JIEKTPOHIB, SIKI
Xa0THYHO PYXalThCS Y KPUCTAJII.

» CyKyNHiCTh BiJIbHUX €JIEKTPOHIB Y MeTaJli TPAKTY€EThCS fAK ie-
aJILHUU ras.

» Ilin yac 3iTKHEHHsI eJIEKTPOHA 3 BY3JI0M KPHCTAJIYHOI IPAaTKH
€JIEKTPOH LIJIKOM Iepeae oMy CBOIO eHepriio apeii¢oBoro pyxy.

3aoaui

(100) 3a nomomMoro MucJIeHHEBO NMPoBeaeHOro0 ekcnepuMenTy Tome-
Ha | CTroapTa miaTBepaAMMO HASBHICTh Y MeTaJli BUIbHUX eJIeK-
TPOHIB Ta BU3HAYMMO IXHii NMTOMUI 3aps.

OCHOBHHUI 3MICT JIOCTIIy MOJSAra€ B TOMY, IO 3a PI3KOTO rajbmy-
BaHHS COJICHOIAA, IO IIBUJKO OOEpPTAETHCS, B HhOMY, BUHHUKAE CTPYM,
MPUYUHOIO SIKOTO € PYX €JIEKTPOHIB 3a 1HEPIIIEIO.

3acToCyeEMO N0 €JeKTpOHa, 10 BHACIIAOK TajJbMyBaHHS COJIEHOiIa
PYXa€ThCA 3a 1HEPIIE€I, OCHOBHE PIBHSHHS JAWMHAMIKM B HEIHEPIIHHUX
CUCTeMax BIJIIKY, sIKE, SIK BIIOMO, Ma€ BUTJISA

do =  —
m—= » K —mag,
dt ; I 0

n

ne Z F; — cyma 30BHIIIHIX CHJI, SIK1 IIOTh Ha TUIO (€JIEKTPOH), 8 — MpHU-
i=1

CKOPEHHS, 3 AKUM PYXa€ThCs cama CUCTEMa BIJIKY, (y HAIIOMY BUMAAKY

—_

1€ € COJICHOINT) Ta maT) =F,, — cwia 1Hepuli, sIKa Ji€ Ha T1710 (€JIEKTPOH) B
1 CUCTEMI BIJTIKY.

OCK11bKH, KPIM CHJIM 1HEpII] 1HIII CWJIM Ha €JEKTPOH HE JIII0Th, TO B
MPOEKIIiT Ha BICh, KA 301Ta€THCS 3 HAMPSIMOM JIIHIMHOT IIBUIKOCTI COJICHO-
112, MAEMO
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do —

ma = FiH .

s cuna i”epuii 1 € TI€EO CTOPOHHBOIO CHUJIOKD, IO CHPUYUHSIE
BuHUKHEHH EPC, Bupa3 sikoi yCcTaHOBUMO.

Hamnpy>keHicTb 1moJs 1€l CTOPOHHBOI CUITH

TOMY OCHOBHE€ PIBHSIHHSI JMHAMIKH, B MPOEKIli Ha BIiCh SIKa CIpsIMOBaHa

B3I0BX JPOTY COJICHOI/1a) Ha0yBa€ BUTIISATY

ITomMHOXHUMO e piBHHHHH Ha CJIICMCHT OOBXHWHHU COHCHO.I.I[a 1 HpOiH-

TErpyeMo 10 BC1i JOBXKUHI ApOTYy cosieHoina L. Jlictranemo

mdo ;
j——dl - IECdI.

Bupas y npaBiii 4aCTUHI OCTAaHHBOTO PIBHSHHS — 1€ €JIEKTPOpYIIiiiHa

cwia &, TOMY IUIIEMO

L

£ = Imd—”dl
. € dt

B3siBiin 10 yBaru, 1o mMiiHTErpaJibHUNA BUpa3 HE 3aJICKHUTH Bif |,

Ma€MO




3BIJIKM TTPOIHTErPYBABIIIH

e dt

SIK10 A0 KIHIIB COJICHOIIa MPUETHATH TaIbBAHOMETP, TO Yepe3 HhOTO
MOTEYE CTPyM /[, KUK 32 3ak0OHOM OMa Jj11 3aMKHEHOTO KOJIa

ne R — omip cosieHoiAa (OMOpOM rajJbBaHOMETPA HEXTYEMO).
ITincTaBuBIIM &£ 3 I1i€1 PIBHOCTI B MONEPEIHIO, MAEMO:

R=-Mdv
e dt
abo
ldt = —m—LdU
eR
3BIJKH 33 O3HAYEHHSAM CHIH CTPYMY
mL
dg=—-—do,
eR
a TICJs 1HTerpyBaHHs
mL mL
= —_—— dU = —— 0 ,
eR eR

1€ Uy — JiHIHA MBUAKICTh IPOTY COJICHOI[a HA TIOYaTKy raJbMyBaHHS, (

— 3apsij, KWW MPOMILOB Yepe3 rajibBAHOMETP 3a 4Yac TaJIbMyBaHHs COJIE-
HO1Ja.
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3 OCTaHHBOI PIBHOCTI 3HAXOAUMO MUTOMHUI 3apsi/i €IEKTPOHA

Sk GauuMo, y mpaBidi 4acCTUHI 1€l PIBHOCTI 3aJUIIUIUCSA TUIBKU Ti
BEJIMYUHHU, SIK1 MOXKHA BUMIPATH.
[eii exciepument Tonmen 1 CtroapT nposenu B 1916 porri.

(101) ITokaskemo, 110 3 OCHOBHHUX NOCTYJIATIB KJIACHYHOI Teopii ejlek-
TponpoBignocTi MetanaiB (KTEM) moxna BuBecTn 3akoH Oma.

Panime mMu Bxke H0BENM, 0 B HNPOBIJHUKY 31 CTPYMOM HOCII 3apsiay
IpeidyrOTh 31 CTANIO MBHUAKICTIO (3a7a4a 76). 3HalAEMO ITF0 MIBUAKICTH
K CEpPEeIHIO MBUAKICTh MK JJBOMA 31TKHCHHSIMHU.

BBaxkaemo enexkTpuuHe mnojie B metal noctiiaum. Toai cuna sika gie 3
OOKy MOJIsl Ha eNEeKTPOH, Oyie MOCTIiiHA, a APpePOBUN PyX €NEeKTPOHA MIX
3ITKHEHHSIMU Oyje pIBHOMPHUCKOPEHUM 3T1AHO 3 APYruM 3akoHOM Hpro-
ToHa. KpiM TOrO, BiIOMO, 110 CE€PE/IHS IIBUAKICTH 3a PIBHOIPUCKOPEHOTO
pyXy fIKa 1 € BUIIE3TaJaHOI0 CTAJIO JPE(POBOI0 MIBUAKICTIO JOPIBHIOE
MOJIOBUHI KIHIIEBOI IIBUKOCT1, TOMY

1 1 a leE

2 2 2 m
1€ 7 — 4ac BUIbHOIO Mpo0iry (uac penakcartiii). BpaxoByrwouu, o apeido-
Ba IIBUJKICTh €JIEKTPOHA 3HAYHO MEHIIA 33 CEPEIHIO KBAJpPaTUYHY LIBH/I-
KICTh iX XaOTHYHOIO PyXy U, Yac BUILHOIO MPOOITY MOKEMO MPE/ICTABUTH

y TaKOMY BUTJISII

ne A — cepeqHs TOBXKWHA BUIBHOTO MPOOITY €JIeKTPOHA.
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Tenep piBHICTB 1151 Aper(POBOT MBUAKOCTI HAOYJI€ BUTIISIAY

1eE A
V=——=,
2 muo

a Bijioma opmyna j=env —

. e’ni
2mo

E,

TOOTO MM OTpuMalu 3akoH Oma, e

__eZnE__eznT
2mou  2m

(1)

(o}

(102) ITokakemo, 110 3 OCHOBHHUX MOCTYJATIB KJIACHYHOI Teopii ejiek-
TPONPOBITHOCTI MeTAJIIB MOKHA BUBECTH 3aK0H Jkoyas-Jlenua.

3rigHo 3 TpeTiM nocryjatom KTEM oauH enexkTpoH mepenae HoHy

EHEPTiIo
2
MUmax
2
a N enekTpoHiB —
2
N MUmax
2

npuyoMy I Tepefaya €Heprii BiAOYBA€ThCs MPOTATOM YaCy BLIBHOTO
npoOiry z, TOMy €Hepris, IepeiaHa rpaTiil 3a OJUHMINI0 Yacy B OJMHUIIL
00’emy (TyCTHHA TEIJIOBOI MOTYHOCTI),

N mur%,ax

W=—
Vr 2
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IlincTaBUBIIM y 110 PIBHICTh IIOCJIJIOBHO O3HAYEHHS KOHIICHTpaIlli
n=N/V, o3HaueHHS TPHUCKOPEHHSA 3a PIBHOMPHCKOPEHOIO PYyXY

a = Upay /7, Apyruii 3akoH HetoToHa @ = F/M Ta 03HaYeHHSs HAMpyKEeHO-

cti enekrpuunoro nojis E = F/e, gicranemo

_enr
2m

E2.
e’n
SIk BijOMO 3 monepeHpO1 3a4a4l o = 2—2’, TOMY
m
W= oE? :
TOOTO MU oTpuMaiu 3akoH J[>koyns-Jlenua (3agaya 97).

(103) Ha ocnoBi KTEM BuBenemo emnipnunuii 3akon Binzemana-®pa-
HIA, AIKUH [OJIATA€ Y TOMY, 10 BiAHOIEHHS MUTOMOI TEIJIONPO-
BITHOCTi 10 MATOMOI €JIEKTPONPOBIAHOCTI sl yCIX MeTaJiB 3a
MEBHOI TEMIIEPATYPH € CTAIOK BEJIUYHHOK).

a 32 3MiHM TeMIIEPATYPH 1e BiTHOMIECHHA 3POCTA€ MPOMOPUIAHO 10

TeMIlepaTypHu

K _ AT,
(o2

3 (13UYHOT KIHETUKHU BiJOMO, 1110 KO€(ILIEHT TEIIONPOBIIHOCTI r'a3iB

K = % PUAC (2)
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ne o — IyCTHHA rasy, G, — HOro mMMTOMa TEIJIOEMHICTh 3a CTAJIOro 00’e-
MYy.
['ycTuHY €IeKTpOHHOTO razy o MPEACTABUMO 3TiAHO 3 03HAYCHHSIMU

I'YCTUHU Ta KOHIIEHTPAIIi:

Mn
—— =mn,
N

ne M — maca enekTpoHHOro rasy, V. — ioro o6’em, N — KUIbKICTh €JICK-
TPOHIB, M — Maca €JIEKTPOHA, a TEIUIOEMHICTh 3TiAHO 3 (HOpPMyJIOl0, sKa
BUILJIMBAE 3 TIEPIIIOTO 3aKOHY TEPMOJIMHAMIKH:

1dU 1i(3Nij_3Nk_§k

N = T T A A ==
MdT MdT\2 2M  2m

ne k — crama BombeiiMana, a BHyTpimHsS eHepris U mpeacraBieHa sk

§NkT.
2

[TigcTaBUBIIM ABI OCTaHHI PIBHOCTI B PIBHICTH (2), JICTAHEMO

K = X nkoi.
2

[ToxinuBium el Bupa3 Ha Bupa3 misd o (1), nicranemo

K Kmo?
o e2
—2
. mo 3
1 BpaxyBaBIIIH, 1110 - 5 KT, ocTaTo4HO MaTUMEMO
2
K_ 3(Ej -
o e




K - .
bauumo, o — mnponopiiiiiHe A0 TeMnepatypu 3 KoedilieHTOM Mpo-
o

k 2
MOPIIIAHOCTI A = 3(—) :
e

(104) IMokaxxemo, mo B pamkax KTEM MokHa MOSICHUTH TeMmepa-
TYPHY 3aJ1€KHICTh OTIOPY MeTAJIiB.

3 dopmynu asg MUTOMOI €IeKTpornpoBigHOCTI (1), sika BUILIUBAE 3
KTEM nicTtaemo Ajsi MIUTOMOT'O OHOPY

p_l_ 2mo  2m  [3KT
o ena e’nmalm’

[0 O3Hayae, mo o ~~1, TOAl SK €KCIEpUMEHT IoKazye, mo p~ T,

T00TO BUCHOBOK 3 KTEM HIOUTO cynepedyuTh eKCIEPUMEHTOBI, SIKIO HE
B3SITU JI0 yBaru, 0 B OCTaHHIN PIBHOCTI JOMYIlIEHA TOMUJIKA, SIKA MOJISTae
B TOMY, IO CEPEIHIO0 KBAAPATHIHY IIBHAKICTD CICKTPOHIB U MPEICTaBIIC-
3kT o :
HO SIK o ne T — temmeparypa KpuctaiiuHoi rpaTtku. HacmpaBmi B

OCTaHHbOMY BHUpa3l Maja Ou OyTH Temmeparypa eJeKTpoHHoro rasy 7,

BIJIMIHHA B1Jl TEMIIEpaTypH rpatku 7.

[IpoTe muTOMHMII omip MOKHAa MNPEACTABUTH 1 uUepe3 TeMmIepaTrypy
I'PaTKU SKIIO CKOPUCTATUCS TUM (PAKTOM, IO CEPEAHS JOBXKHHA BLILHOTO
npoOIry eleKTpoHa

fe Ny — KOHIEHTpalis (JOHOHIB sIKa B CBOK 4Yepry NpOMOPLIHHA [0

TEMIIEpATypHU IPATKU, TOMY
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A~=.
T
3 1i€1 piBHOCTI Ta PiBHOCTI

_2mo

e’ni
Ma€eMO, 110
v
p~=~T.

A

3ayBaKMMO, 110 y v HEMae MPUXOBAHOI 3aJICKHOCTI Bi TeMueparypu

rpatku 7, BOHA 3aJI€KUTh B1J TEMIIEPATYPH €JIEKTPOHHOTO ra3y T,. Ocran-

HA (I)OpMyHa Y3rooKyeTbCsa 3 CKCIICPUMCHTOM.

(105) IToxaxkemo, mo B pamkax KTEM Mo:kHa 0oTpHMATH NPaBHJIb-
HUIi pe3yJabTaT 0A0 TEMJIOEMHOCTI eJIEKTPOHHOTO ra3zy.

MossipHa TEIUIOEMHICT Ta3y 3TiAHO 3 KIACUYHOIO TEOPIEI0 TETIOEM-
HOCTI OpiBHIOE i/2 R, 11e i — KiNIBKICTh CTYIICHIB BUTBHOCTI MOJIEKYIT IIHOTO
razy, R — yHiBepcasibHa Tra3oBa cTaia. OCKUIbKM €JIEKTPOHHUHN Ta3 — 1€
OJIHOATOMHHUIA Ta3, TO =3, i HOro MoJIsIpHa TEIUIOEMHICTB JopiBHIOE 3/2R.
Kpim Toro, 3rimHo 3 3akoHoM Jlrononra i IleTi MomnsipHa TEIJIOEMHICTH
KPUCTAIIYHOI I'paTku AopiBHIOE 3R. OTxe, MOJIIpHA TEMJIOEMHICTh METAITY

oyne g R+ 3R =45R, 110 cynepeunTh €KCIIEPUMEHTY.

[iei cynepeunocti KTEM Takox MOXHa YHUKHYTH, SIKIIO, JOTPUMY-
IOUYUCh KOHIUEMIT 17€aJbHOr0 rasy 1 B3sIBIIM JO yBaru Te, L0 €JIeK-
TPOHHUI ra3 He nepe0yBae B TEIJIOBIM piIBHOBA31 3 IPATKOKO BBECTU TEMIIE-
paTypy eJIeKTpOHHOTrO ra3y 7,, BIAMIHHY BiJl TeMnepaTypu rpatku 7.
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(106) YcTanoBuMO 3B'AI30K KOHIIEHTPAaIii BiJIbHUX eJIEKTPOHIB Yy MeTa-
JIi 3 HOr0 ryCTHHOIO i MOJIAPHOK MacCOI0.

3TiHO 3 03HAYECHHSM KOHIICHTpAIlii

ne N — 3arajpHa KUTBKICTh BUIBHUX €JIEKTPOHIB Y IIbOMY 3pa3Ky MmeTaity, V
— jioro o0’em.
OCKUIbKH KOKE€H aTOM MOCTavya€ Z BUTbHUX €JIEKTPOHIB, JI€ Z — BaJICHT-

HICTb, a aTOMIB € N v, ne N, — uncno ABoraapo, v — KUIbKICTh MOJIIB,

TO
N =zN AV

[IpencraBuBmm 00’em V MeTany depe3 Macy ¥l T'yCTHHY MeTaly, a

KUIBKICTh PEYOBHHHU U€pEe3 Macy i MOJIIPHY Macy, IICTAHEMO

n:ZNszzm’ONAzNAZ—p.

\ pm U

Hanpuknan, ais miai

023 2.89-10°

n=602-1 =164-10%° (m).

Tema 7. IlpoBigHicTh HAMIBIPOBIAHKUKIB

Dizuyni nowamms
e HaniBnpoBiIHUK — peUyOBUHA, MPOBIJHICTh K01 CHIIBHO 3JICKHUTh
B/l 30BHIIIIHIX BIUIUBIB — HATPIBAHHS, OIPOMIHEHHS, TUCKY, BOJIOTOCTI, Jie-

ryBaHHs (YBEJEHHS JOMIIIOK).
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e BiiacHa npoBiHICTh HANMIBNPOBIAHUKA — MPOBIAHICTh HAMIBOPO-
BITHMKA, 3yMOBJICHA BJIACHUMH HOCISIMH 3apsiay.

¢ /lomimkoBa MpoBiAHICT, HANMIBIPOBIIHUKA — MIPOBIJIHICTh HaIliB-
MPOBIJTHUKA, 3yMOBJICHA HASIBHICTIO Y HHOMY JIOMIIIIOK.

o /lipka — BUIbHA MO3UTHUBHO 3apsiKE€HA KBa314aCTUHKA B HAMIBOPO-
BIJTHUKY, 3apsij SIKOi TOPIBHIOE 3apsiay €JEeKTPOHA.

e /loHop — IOMIIIIKA B HaIMIBIPOBITHUKY, KA 3YMOBIIIOE HOTO €JEKT-
POHHY TIPOBIIHICTb.

e AKIIENITOP — JOMIIIKA B HAMIBOPOBIAHUKY, SKa 3yYMOBJIOE HOTO
JIPKOBY MPOBIHICTD.

e BiibHa 30Ha (iHaKIle 30HA NMPOBIIHOCTI) — 30Ha HA EHEPIreTUYHIMN
IIKaJIi, nepedyBaroyun B SIKii €IEKTPOH € BIJILHUM BCEPEINHI KpUCTaa.

e BajleHTHa 30Ha — 30Ha HAa €HEPreTHYHIN MIKaji, nepedyBaluu y
AKIA €JIEKTPOH HE MOKE€ BUILHO NEPECYBATUCS BCEPEAMHI KpUCTAJIa.

e 3a00poHeHa 30HA — 30HA HA CHEPreTUYHIN IIKaIl, B AKIA HE MOXKE
nepedyBaTH €ICKTPOH, a00, 1HAKIIE, TPOMIXKOK CHEPTil, SKUX HE MOXKE
HaOyBaTH €JIEKTPOH.

e EHepris oHi3amii 10HOpPa — €HEpris, SIKy CHIiJ HaJaTH €IEKTPOHY
JIOMIIIIKOBOT'O aTOMa, 11100 BiH CTaB BUIbHUM €JIEKTPOHOM.

e EHeprisi akTuBauii akuenTopa — eHepris, Ky CJiJ HaJaTyh BaJeHT-
HOMY €JIEKTPOHY, 11100 BiH MPUETHABCS A0 aKIEMTOPHOTO aToMa.

o [ITupuna 3a00poHeHOI 30HM — MiHIMaJbHA €HEPTis, AKY CI1J Hajaa-
TH BAJICHTHOMY €JIEKTPOHY, I00 BIH CTaB BUIbHUM €JIEKTPOHOM.

e HamiBnpoBiiHMK N-THIY NPOBIAHOCTI — 1€ HAMIBIPOBIIHUK, B
SAKOMY OCHOBHUMU HOCISIMU CTPYMY € €JIEKTPOHH.

e HanmiBnpoBiniHUK P-TUIy NPOBIAHOCTI — II€¢ HAMIBIPOBIIHUK, B
SAKOMY OCHOBHUMH HOCISIMU CTPYMY € JIPKH.

eD-N- mepexigy — MeXxa MK HaMBIPOBIAHUKAMU N- Ta P- THUITY

POBIAHOCTI.

Diz3uyHi eeuyuUnU
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e XeMiyHMi MOTEHNIaJ — 1€ TEMI 3MIHM BHYTPIIIHbOI €HEPTii
CHUCTEMHU 31 3MIHOIO YHKCIIa 11 YaCTUHOK.

dw

“ N

3aoaui

(107) INoka:kemo, 1m0 BJacHA NMPOBiAHICTH HANIBNPOBITHHKA 3yMOB-
JICHA IBOMA THUIIAMHU HOCIIB 3aps1y — eJICKTPOHAMHU U JiPpKaMHU.

SIKI0 Hemae >KOJHMX 30BHINMIHIX BIUIMBIB,

TO HAaNIBOPOBIJHHUK, HANPUKIA[, KPEMHIN € @‘-Q-é __é@
1

nienexkTpukom. JlificHo, 3 MamtoHKa 66 BUIHO, Qi I

IO BCl €JIEKTPOHU OEpyTh y4acTh B YTBOPEHHI 19 _ I _ '
KOBAaJIEHTHUX 3B’ SI3KiB. -O- -o-

3a HarpiBaHHs YU ONPOMIHEHHSI OyIb-SKUUI |(I; '9. @,'
BAJICHTHUM €JIEKTPOH MOK€ OTPUMATHU JI0CTATHIO @.Q_ rO=-
CHeprito, mo0 BiAIpBaTUCS BiJ aToMa 1 CTaTH T ©
BUTBHUM €JIeKTpOHOM. Ilpu mpomy #Horo micie Mai. 66

3UIMIIATECS BUIBHUM. OCKUIBKH WMOBIPHICTD
IIOSIBU TAKOTO BUILHOIO MICIIS OJHAKOBa O11d KOXKHOIO aTroMa, TO IIe
BUIBHE MICIIE MOXE BUIBHO «OJIyKaTW» BCEPEANHI KPUCTATy, KOJIU BOHO
OyJle 3allOBHEHE €JIEKTPOHOM, SIKMI BiAipBaBCs Bij 1HIIOTO atroMa. Takwii
pPyX BUIBHOTO MICIISl B HalpsMi, MPOTHICK-

HOMY J0 HalpsMy PyXy €JIEKTPOHA MOXKHa

BBaXaTW pPYXOM MO3WTHBHOI YACTUHKU 3  E 3ona nposionocmi
3apsasioM + e, siIka Ha3UBAEThCS dipkoro (1Iip- \

Ka, HacIpaB/i, € KBa314aCTUHKOIO, TOOTO He-
peaTbHOI0 YaCTUHKOI, 00 BOHA, HA BIAMIHY 3abopoHena s0na
BiJI €JICKTPOHA, HE MOXKE ICHYBaTHU I103a

KpUCTaJioM). Y 30HHIN MOJEN 1€ O3HAayae,

C)
10 €JIEKTPOH NEPEUIIIOB 3 BAJICHTHOT 30HU B Banenmna 301a
30HY MpoBiAHOCTI (Man. 67). Ilpu upomy y Mai. 67
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BAJICHTHIA 30H1 YTBOPIOETHCS JIpKa, KA MOXE BUIBHO TMEPEeMIIIATUCS
BCEpPEIMHI KpUcTana.

B enexkrpuuyHOMy TIOJi, OYEBUIHO, EJIEKTPOHU OYIyTh pyXaTUCS
IPOTH HANpPsIMYy CUJIOBUX JIIHINM, a JIPKU — 3a HANpsSIMOM CHUJIOBUX JIIHIHU,
TaKUM YMHOM CTBOPIOIOYU EJIEKTPUUHUN CTPYM.

(108) ITokaskemo, 110 B HAMIBNPOBITHUKY KpeMHil0 goMimku ¢ocdo-
PY, MHIII’SIKY TA CYPMH € JIOHOPAMH, a JIOMIIIKH 00pYy, rajil Ta
ingio — aknenropamm.

OCKUIbKY KpPEMHIN y MEepIoUYHINA CUCTEMI €JIEMEHTIB PO3MIIICHUH Y
YEeTBEPTIH IrpyIli, TO B HOrO aToMi Ha 30B-
HIITHIA OOOJIOHIII € YOTUPU BaJICHTHUX E 3ona nposionocmi

eneKTpoHHU. TakoX BiOMO, IO 11l YOTUPH RN - @fl)-ffe ----- Q.-
. lonopnuii pisens
CJICKTPOHU YTBOPIOIOTH MapPHOEIEKTPOHHI

E

(KOBaJICHTH1) 3B’S3KH 3 1HIIUMHU YOTHUpPMaA a

CICKTPOHAMHM, SIKI HaJeXaTh 0 IHIIUX L

YOTHPHOX aTOMIB (MalL. 66). Banenmna sona
SKI10 10 KpEeMHII0 T0OaBUTH JTOMIIII- Mai. 68

k1 pocopy, MU’ SIKY UM CYpPMHU, SIKI € Y
I’SITIA Tpyni, TOOTO MarOTh MO I’SITh BaJEHTHUX EJIEKTPOHIB, TO YOTHUPHU
€JICKTPOHU YTBOPSATH KOBAJEHTHUW 3B'A30K, a I'SITUM 3AJIMIIUTHCS «3ai-
BHUM)» 1 MOXE JIETKO CTaTH BIJIBHUM €JIEKTPOHOM, L0 O3HAYaE, 110 I1i aTOMHU
B KPEMHIIO € JOHOpaMH. Y 30HHIN MOJIeNI 1€ BUTJISAA€E TakK, 110 B 3a00po-
HEHI¥ 30H1 OJIM3BKO 10 30HU MPOBITHOCTI €

C€HEPreTUYHUM pIBEHb, SIKUM 3alOBHEHHI E /

eJieKTpoHamMu (Majl. 68) 1 Akl came uepes 3ona nposionocmi

CBOIO OJUM3BKICTH JO 30HHM IIPOBITHOCTI
3JIaTHI JIETKO ITOCTa4aTH €JICKTPOHH B 30HY Ey!

IPOBITHOCTI. Axyenmopnuii piéens

k110 B KpeMHid 10/1aTH HEBEIUKY Ki- N 0L,
Banenmua 3ona

JBKICTh aTOMIB €JIE€MEHTIB TPEThOi TPyIu

(Oop, ramiid, 1HIIM YW aJdIOMIHINA), TO TpHU Mai. 69
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BAJICHTHI €JICKTPOHU YTBOPSITh KOBAJIEHTHI 3B’SI3KM, a OJIHE MICIE
3UIMIIUTHCS HE 3allOBHEHUM, MPUYOMY SIKIIO JIOMIIIOK HeOarato, TO 1€
HE3allIOBHEHE MICIIE MOXE 3 OJHAKOBOK WMOBIPHICTIO BUHUKHYTH OIS
Oyb-sIKOTO aToMa (KOJIM €JIEKTPOH BiJ 1HIIIOTrO aroma Iiepeie Ha BIIbHE
MICII€), TOOTO BOHO MOXE BUIBHO «OJyKaTW» y KPUCTaNl 1 TPaKTyBaTUCS
K BUIbHA TMO3WTHUBHA YacTHUHKA $Ka, SK B1JOMO, HA3UBAETHCS JIPKOIO.
3apsa JIpKd, K 0adynMo, JOPIBHIOE 3apsjaoBl €JIEKTPOHA, 1 € BOHA
KBa31YaCTUHKOIO0, TOOTO HECIPaBKXHbhOI YACTUHKOK — BOHA Ha BIAMIHY
BiJl €JICKTPOHA, HE MOYKE 3aJIMIITUTH KPUCTAJ 1 ICHYBaTH 11032 HUM.

VY 30HHINA MoAeN 1Ie BUTIISIA€E Tak: y 3a00pOHEHI# 30H1 (OJU3BKO 10
BAJICHTHOI 30HHU) € HE3allOBHCHUMN €JICKTPOHAMHU CHEPreTUYHUN PIBEHb
(Man. 69), Ha SKUW MOXKE JIETKO TEPEUTH €JIEKTPOH 3 BAJCHTHOI 30HH,
YTBOPUBIIN TAKUM YMHOM Y BaJICHTHIN 30H1 AIPKY.

(109) ITokakemo, 110 3a HU3BLKHX TeMIIEPATYp Yy HANMiBIPOBiTHUKAX
1epeBaxace JOMIIIKOBA MPOBIHICTH, 2 32 BUCOKHUX — BJIACHA.

BiiacHa mpoBiHICTh HAMIBOPOBITHUKIB BUHUKAE BHACIIIOK MEpPEXo-
IiB €JICKTPOHIB 3 BAJICHTHOI 30HU B 30HY MPOBIAHOCTI (Mal. 67), a TIOMIIII-
KOBa — BHACIIIJIOK MEPEXOAIB €JIEKTPOHIB 3 JOHOPHOTO PiBHA B 30HY MPO-
BiIHOCTI (MaJ. 68) a00 3 BaJICHTHOI 30HM Ha aKIENTOPHUM PiBEHBb (Maj.
69).

OueBuAHO, JJI BUHUKHEHHS JOMIIIKOBOI IPOBIIHOCTI MOTpiOHA
3HAYHO MEHIIA €HEeprisi, 00 eHepreTuyHa BiJICTaHb BiJ JIOHOPHOTO PIBHS

70 30HM MPOBITHOCTI E; 4M B1J BaJE€HTHOI 30HU A0 aKLENTOPHOIO PIBHSA

E, 3HaYHO MEHIUA BIJ IIMPUHH 3a00pOHEHOI 30HU Eg. ToMmy 3a HU3BKHX

TEMIEpaTyp KOJIU €HEPTil TeIIoBOro pyxy mpomopuiitHoi 1o kKT mocrat-
HBO JIJIA TIEPEXOy €JIEKTPOHA 3 JOHOPHOTO PiBHS B 30HY IMPOBITHOCTI 200
3 BaJIGHTHOI 30HM Ha akKIENTOPHUN pIBEHb, BUHUKAE JOMINIKOBA
MPOBITHICTb.

3a BHCOKUX TeMIIepaTyp BiI0OyBalOThCS MEPEXOJM E€IEKTPOHIB 3 Ba-
JIEHTHO1 30HM B 30HY MPOBIJHOCTI, II0 3yMOBIIIOE BJIACHY IPOBIJIHICTb.
[Tpu nbomy 31 30UIBLICHHSIM TeMIEPATypH JOMIIIKOBA MPOBIAHICTD 3aJIH-
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maeThest. [IpoTe, OCKUIbKM KOHIIGHTpAllisi BJIACHUX AaTOMIB HaIiBIPO-
BIJIHMKA 3HAYHO OLbIlIa 32 KOHIIEHTPALIiI0 JOMIIIKOBUX aTOMIB (KUJIBKICTh
CJICKTPOHIB y BaJICHTHINM 30HI 3HAYHO OUIbINA 3a IXHIO KIJIBKICTh Ha
JIOHOPHOMY PiBHI UM 32 KIJIbKICTh BIIBHUX MICIlb HA aKIEITOPHOMY PIiBHi),
TO 3a BUCOKHMX TEMIIEPATYpP BCI €JICKTPOHU NEPEXOASITh 3 IOHOPHUX PIBHIB
B 30HY IPOBIJIHOCTI YM BCl BUIbHI MICI[I Ha aKIENTOPHOMY pIiBHI BXkeE
3alHATI €JIEKTPOHAMU SKI NPUHIIUIM 3 BAJICHTHOI 30HU (HAcTa€ Tak 3BaHE
BUCHAXEHHS JOMIIIOK) 1 JOMIIIKOBA MPOBIAHICTh BUSIBISETHCS 3HAYHO
MEHIIOIO 3a BJIACHY.

(110) ITokaskemo, Mo Ha BiAMiHY Big mpoBigHMKiB omip HamiBHIpoBiI-
HHUKIiB 3MeHIIYETHCS 3 MiIBUILIEHHAM TeMIlepaTypH.

Cnpagi, 3 MIJABUIIEHHSIM TEeMIEpaTypu 3pOCTAa€ €HEPris TEIIOBOTO
pyXy 1 Bce OuIblla KiIbKICTh €IEKTPOHIB MA€ MOXKJIMBICTh MEPEXOJUTH 3
BAJICHTHOI 30HU UM TO B 30HY IPOBIIHOCTI (Maj. 67) 4 TO HA aKIENTTOP-
HUU piBeHb (MaJl. 69), uK TO 3 JTOHOPHOIO PiBHS B 30HY IPOBITHOCTI (Maj.
68).

TakuM 4MHOM 3pOCTa€ KOHIIEHTpallisl BUIBHUX €JIEKTPOHIB Ta JIPOK,
IO 1 € MPUYUHOIO 3POCTAHHS MTUTOMOI €JIEKTPONPOBIAHOCTI SIKA, AK B1JIO-
MO, € IPOTOPLINHOIO 10 KOHIIEHTpALlli: O = enil.

[TopiBHSIEMO 1I€M MEXaHI3M TEMIIEPATYPHOI'O 3pOCTAHHS MPOBIIHOCTI
HAIIBIIPOBIIHMKA 3 MEXaHI3MOM ii TEMIIEPATYPHOrO 3MEHIIEHHS y METa-
Jax, Jie 11€ 3MEHIIICHHS OB’ 13aHe 31 3MEHIIIEHHSIM PYXJIMBOCT1 €JIEKTPOHIB
BHACJIIJOK iXHIX 31TKHEHb 3 POHOHAMHU, KOHIEHTPAIIISl SKUX 3POCTAE 3 POC-
ToM Temieparypu. O4eBUIHO, 1O 1€ MEXaHI3M TEMIIEPATypPHOI'O0 3MEH-
IIEHHS MPOBIJHOCTI i€ 1 B HAMIBOPOBIJHUKAX, MPOTE 30UIBIICHHS KOH-
[EHTpaIlil BUIbHUX HOCIIB HACTIJILKU CTPIMKE, 110 3MEHIIICHHS PYXJIUBOCTI
MPaKTUYHO HE BIUIUBAE HA 3arajibHE 3pOCTAHHS MPOBIAHOCTI.

OueBHUIHO, 1110 MMTOMA MPOBIIHICTH HAIIBIIPOBIJHUKIB € CYMOIO €JICK-
TPOHHOI Ta JIPKOBO1 IPOBITHOCTEM

o=elnu, + pu,,)
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Ie n, M, — KOHIEHTpalls Ta PyXJIHUBICTb E€IEKTPOHIB, p, M, — KOHIICH-

Tpallisi Ta pyXJUBICTh AIPOK.

(111) Ha ocHogi po3noainy BojabnmaHna ta Toro akTty, 10 XeMiaHUMi
NMOTEHIISUI Y BJACHOMY HANIBIPOBITHUKY € NMPUOJU3HO mocepe-
JAMHI 3200POHEHO0I 30HM BCTAHOBHUMO 3aJI€KHICTh NMATOMOI €JIeKT-
PONPOBITHOCTI BJACHOI0 HANMIBNPOBIIHUKA BiJl TeMIIEPATYPH.

3rigHo 3 po3noainoM bombiiMaHa KOHIIEHTpAIlisS €IeKTPOHIB MPOBi-
HOCTI

_MH
n=ny(Tle T,

ne Ny (T) — cTerneHeBa (QyHKINS Bl TeMIepaTypu; 4 — XEMIYHHI MOTEH-

isu1, 7 — abCoII0THA TEMITEpATypa.
OCKUIBKM MUTOMA MPOBIJHICTh € MPONOPLIMHOK A0 KOHLEHTpAIlii,
TO BOHA OyJi€ 3aJIe’KaTH BiJl TEMIIEPATypH 32 TAKUM CAMHUM 3aKOHOM:

_H
o=0y(Tl K.
: .. 1
IlincTaBUBIIM B OCTAHHIO PIBHICTh LI = 5 Ey, ne Ey — mmpuna 3a00-

POHEHOI 30HH, TICTAHEMO
il

o=0,(T )e_2kT .

Bpaxyemo Takox, 1110 CTEMEHeBa 3aJIeHICTh € 3HAYHO CJIa0IION0 3a

eKCTIOHEHTHY, T00TO 0(T ) MOKHA BBaXKaTH CTaJIOK BeauuuHoo. Toi:




[Ipu BuBeneHHI 11i€1 GOPMYIM MU HE BpaxyBaju 3aJ€KHOCTI KOHIICH-
Tpalii AIpoK BijJ TeMmepaTypu, MpoTe, OYEBUIHO, 10 OCKUIBKH Y BJIACHO-
MYy HamiBOPOBIHUKY BOHA JIOPIBHIOE KOHIIEHTpAllli BIIbHUX €JIEKTPOHIB,
TO 1151 3aJICKHICTh TAKOXK €KCIIOHEHTHA 1 Ha OCTAaTOYHHWMN BUIJISAJ 3aJIC¥K-
HOCTI MTUTOMOI IPOBIJHOCTI Bij TeMmmepaTypu lie He BiuiuHe. Kpim Toro,
IpU BUBEJICHHI I[i€i 3aJIE)KHOCTI MU 3HEXTYBAJIU 3aJIE€KHICTIO PYXJIUBOCTI
BiJI TEMIIEPATypU 3 TI€i X MNPUUUHM, IO 1 3AIECKHICTIO O'O(T): BOHA
3HAYHO CJIa0I11a 32 €KCIIOHEHTHY 3aJIe’KHICTb.

[To3asik muToMHUit omip € 0OEpHEHUM 10 MUTOMOI MPOBITHOCTI, TO 3 OC-
TaHHBO1 (HOPMYIIH JICTAHEMO

Eg

Pzpoeﬁ-

OcK1I1bKH OIip TPONOPIIMHUN O MUTOMOTO OMOPY TO MOro Temnepa-
TypHa 3aJIKHICTh TaKa X cama

Eg
R - R0e2kT .

3a3HauynMMoO, 10 €KCIOHEHTHA 3aJICKHICTh MUTOMOI MPOBIIHOCTI Ha-
MiBIPOBIIHUKIB BiJl TEMIIEPATYPH MiATBEPIAKYETHCS €KCIIEPUMEHTAIBHO.

(112) Ha ocHogi po3noainy Bojbnmana ta Toro pakrty, o XeMiaHUi
MOTEHLISVT Y JOMIIIKOBOMY HAMIBIPOBIIHUKY € NMPUOJIM3HO MOCe-
peauHi Mi’)K IOMIIIIKOBMM PiBHEM Ta BiANOBIAHO 30HOI0 (30HOKO
MPOBIIHOCTI Y JOHOPHOMY HAMIBIPOBIAHUKY YM BAJIEHTHOK 30-
HOK B AKIENTTOPHOMY) YCTAHOBHUMO TEMIIEPATYPHY 3aJICKHICTH
JAOMIIIKOBOI IPOBiAHOCTI.

. 1 :
OueBUAHO, IO MIACTAHOBKA 4 = EEa’ ne E, — eHepria axrusamii

JOMIIIKOBUX aTOMIB, Y 3aKOH po3noAiTy bonbsiiMana mogioHoO (SK y BUTIAI-
Ky BJIaCHOTO HaIiBIpOBiAHUKA (3amaya 111)) mpuBeae M0 €KCIIOHEHTHOI

131



3QJIEKHOCTI MUTOMOI TMPOBIJHOCTI, MUTOMOrO OMNOPY Ta OMOPY BiJ

TEMIICpaTypHu
_Ea
o =0 2kT ’
Ea
P = pol 2kT ’
Ea
R = Roe 2kT ’

10 TaKOXK J0OpE Y3rOAXKY€EThCS 3 EKCIIEPUMEHTOM.

(113) IMosicHEMO THNOBY €KCINEPHMEHTAJbHY 3aJIeXKHICTh OMOPY Ha-
NMiBIPOBIIHUKA Bi/l TEMIIEPATYPH.

3 mamronka 70, A¢ MoKa3aHa THIIOBA €KCIEPHMEHTAJIbHA 3aJICKHICTh
OTIOpY HAMIBOPOBIJHUKA Bl TeMIepaTypu
0aurmo, 110 B 00J1aCTI HU3BKUX TEMIIEpa-
Typ [ MABUILEHHS TeMMepaTypu CIpUYH-
HS€ CTpIMKEe (EKCIIOHEHTHE) 3MEHIIICHHS
OTIOpY, IO TOSICHIOETHCS aKTUBHUMU Tie-

pexoJlaMH €JIEKTPOHIB 3 JOHOPHOI'O PiBHSA

B 30HY IIPOBITHOCTI (Maj. 68) uu 3 BaJCHT-

. o . Y/
HO1 30HM Ha aKICIITOPHHUU PIBCHb (MaJ'I. ‘ T

69). Mau. 70

Omip Ha il JUISHIN TIKOPSETHCA 3aJeXKHOCTI (3a1a4a 112)

Ea
R - RerKT .

Jam temnepaTypHuil TeMN NaIHHS OMOPY CHOBIIBHIOETHCS HABITH JI0
TaKoi MipH, IO OMip IepecTae 3ajekaTH Bia TemiepaTypu (niasHka I1),
IO TOSICHIOETHCS THUM, IO BCl EJEKTPOHH 3 JOHOPHOTO PIBHS BXKE
nepeinuii B 30HY MPOBIIHOCTI YW BCl BUIBHI MICILSI Ha akKIEOTOPHOMY
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PIBHI BXK€ 3alIOBHEHI €JICKTPOHAMM 1 HACTYIHE MIJBUIIECHHS TeMIIEpaTypu
B)K€ HE 301IbIIIy€e KOHLEHTPAIlII0 €IEKTPOHIB B 30H1 MPOBITHOCTI YU JIIPOK
y BaJICHTHIA 30HI, a TeMmIleparypa Il€ 3aHaJATO HU3bKa ISl TOTO 1100
€JICKTPOHU MOIJIM MAacoBO JI0JaTU 3a00POHEHY 30HY MEPEXOAsSYd B 30HY
IPOBIAHOCTI O€3MOocCepeIHhO 3 BaJeHTHOI 30HM. Lle 001acTh BUCHAKEHHS
JIOHOPIB YU TTOBHOT'O HACUUYEHHS aKIENTOPIB.

Akiio 1 gani miABUILYBATH TeMIEpaTypy, TO OUYEBUIHO, UMOBIPHICTD
Iepexo/ly €JIEKTPOHA 3 BaJICHTHOI 30HU Yy 30HY IIPOBIAHOCTI CTAa€ BCe
O1JIBIII010, 30HA MPOBIAHOCTI AKTUBHO 3aMIOBHIOETHCS 1 OMIP 3HOBY CTPIMKO
nanae (ainsaka IIT) miakopsirounce 3anexHocT! (3agada 111)

Eg
R - Roe 2kT .

(114) IMokaxkemo, sIKk Ha OCHOBi eKCIEPUMEHTAIBLHOI TeMIepaTypHOI
3aJ1€KHOCTI MATOMOI MPOBIAHOCTI HANMIBNPOBIIHUKA MOKHA 00-
YHCJIUTH HOTO IHPUHY 32a00poHeHOl 30HM Ej Ta eHepriio akTu-

Bauii qfomimku E .

bynemo Oa3yBaTucd Ha OTpUMaHiil HaMHM 3aJIEKHOCTI MUTOMOI
€JICKTPOIPOBIIHOCTI Bijl TEeMIEpaTypu

_AE

ne AE = E, 3a Husbkux temueparyp i AE = Ej 3a Bucokmux.

[lepeitnemo 110 3alieKHOCTI MUTOMOTO OIOPY BiA TeMIepaTypH.
Ockinbku p =1/0, T0

3BIIKHU
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1 BIATIOB1AHO OIIIp
AE InR

R = Rye2T.

[IponoraputMyBaBIIM OCTaH-
HE PIBHSIHHS, JIICTAHEMO

INR =InR, + ﬂ,
2KT

3BIIKM 0Oa4uMoO, IO 3aJIEKHICTH 1
1 Mau. 71 T
INR Bix - € JTHIHHOO0, TPUIOMY
1 AEg

A 1IpAMa HaXUWJICHaA 10 ocl E l'IiI[ KYTOM, TAHI'CHC AKOI'O I[OpiBHIOC ?

(main. 71), a nomanok INR, He BrummBae Ha 1elt HaxwmwiI. OTxe

tga = @
2k
3BIIKU
AE = 2ktger.

3a BUCOKHUX TEMIIEpATyp OTPUMYEMO LIUPUHY 3a00pPOHEHOT 30HU

Eg = 2ktga1,
a 32 HU3bKUX — €HEPTil0 aKTUBAIIll JOMIIIKU

Ea = 2ktga2 .

134



: 1 :
3ayBaxTe, 1110 Ha rpadiky InR(?j BHCOKI TEMIIEPATYPHU € OIMAKYE JI0

MOYaTKy BIJJIIKY, & HU3bKI — Jaii Bl HhOI'0, @ HaXWJI MPSIMOi 32 BUCOKHUX

TeMIIepaTyp CTPIMKIMINA HIK 32 HU3bKHX 00 Ey > E,.

OTxe, BUMIPSBIIN €KCIIEPUMEHTAIbHO 3aJI€KHICTh OINOpY HamiBIPO-

BIJIHMKA BiJl TeMIIEpaTypu R(T ), MOXEMO 3HAUTH MIUPUHY 3a00POHEHOI

30HH 1ILOT'O HAIIBIPOBiJHHKA Eg Ta €HEPrilo akTUBauii Jomimku E .

Tema 8. KoHTakTHI IBHIA y MeTaJ1axX

Dizuuni nonamms

elloBepxHeBHil CTPUOOK MOTEHIISIy — PI3HUI HNOTEHUISUTIB MIXK
MOBEPXHEIO0 METATY Ta BAKYYMOM.

ePo0oTa BHX01Y €JIeKTPOHA 3 MeTAJy — po0OTa, SIKY CJIiJi BAKOHATH,
11100 MEPEMICTUTH BUIBHUMN €JIEKTPOH 3 METaTy B HECKIHUCHHICTb.

¢30BHIlIHS Pi3HMISA NMOTEHIISIIB — 1€ PI3HULS TOTEHISIIB, KA
BUHMKAE HA KOHTAKTI JBOX METajiB BHACIIJOK PI3HUX POOIT BUXOAY
€JICKTPOHIB 3 IIUX METAIB.

eBHyTpimHA pi3HUISA NMOTEHUISVIIB — 1€ PI3HULA MNOTEHIISIIIB, sKa
BUHUKA€ Ha KOHTAKTl JIBOX METAIIB BHACIIAOK pPI3HOI KOHIIEHTpAIlii
BUIBHUX E€JICKTPOHIB y IIUX METajax.

3aoaui

(115) ITokakemo, 110 MikK MOBEPXHEI MeTAJy Ta BAKYYMOM BHHHKA€E
PI3HULS MOTEHUIAIIB, TAK 3BAHUI MOBEPXHEBHH CTPUOOK MOTEH-
HisJIy i BCTAHOBUMO il 3B'SI30K 3 pO0OOTOI0 BUXOAY €JIEKTPOHIB 3
MeTaJry.

3rinHo 3 ocHoBHUMHU mnoctyinatamMmu KTEM, BiIbHI €lIEKTPOHU
PYXarOThCsl XaOTUYHO 3 BEJIMKOKO IIBUJKICTIO, TOMY €JIEKTPOH, SIKUW €
Iy>)Ke OJM3bKO JI0 MOBEPXHI METaly 1 Ma€ B 1€l MOMEHT 4acy HampsiMm
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IIBUAKOCTI B OlK MOBEPXHI, MOX€ BUHTH 3 MeTany. OUeBUJIHO, IO 5K
TUIBKU SIKACh KIJIBKICTh €JIEKTPOHIB MOKUHE METaj, BiH 3apsUThCS IO-
3UTUBHO, 00 MOPYIIUTHCA €IEKTPOHEUTPAIBHICTD, siIKa OyJia 10 TOTO, IO
CIIPUYMHUTH BUHUKHEHHSI €JIEKTPUYHOrO mojist (Mai. 72), cupsiMOBaHOTO
Bi1 MeTaiy. Came 11e eJIeKTpUYHE 1oJie OyJie MePEUIKOIKAaTH HOBUM €JICK-
TpOHAM BUXOJUTHU 3 METally, 00 BOHU HE 3MOXKYTb PYXaTHUCS 32 CUJIOBUMU
maigMu. OTxe, 3a IEBHOI BEIMYUHU

[[OT'0 €JIEKTPUYHOTO TOJIsI YCTAHOBUTh-

Cs JMHaMiyHa piBHOBara, TOOTO CTaH, é\) é é é é\)

KOJIM KIJIBKICTh €JIEKTPOHIB, SIKI BHUXO-

JISThb 3 MeTally, JOPIBHIOE KUIBKOCTI E T T
) . | |

CJICKTPOHIB, SIKI TOBEPTAIOTHCS B METal I+ + Uy +

3a onuHUIO Yacy. [Ipu npoMy Hag Me- P

TaJloM 3aBHUCHE TaK 3BaHa eleKMpOHHA Ma. 72

xmapa.
3riiHO 3 O3HAYEHHSIM TOTEHIISUTY PI3HUL TOTEHIISUIIB, SKa MPU

IbOMY BUHUKHE,

(0:

A
T
€

ne A — poOota, SIKy cIiJl BUKOHATH, 00 MEPEHECTU EJIEKTPOH 3 MOBEPXHI
METaJly B HECKIHUEHHICTh, TOOTO pOOOTa BUXOAY €JIEKTPOHA 3 METATY.

(116) IToka:kemo, M0 Mi’K JBOMA Pi3HHMHM MeTaJlaMH BHHHKAE 30BHi-
IIHS Pi3HUIS MOTEHUIAJIIB i BCTAHOBUMO BHUPAa3 IJIA Ui€l pi3HUALI
NMOTEeHIifJIiB.

[IpuBeneMo B KOHTaKT JBa pi3HI MeTanu. Tak caMoO SK BUHHUKAE
PI3HUII MOTEHUISUTIB HA MEX1 MEeTajay 3 BaKyyMoM (YM MOBITPSM), MIXK
HAMHM BUHUKHE KOHTAKTHA PI3HHUI MOTeHIsLTB (Man. 73). JlificHO Mix

NEPIIMM METAJIOM 1 BAKYYMOM BUHUKHE PI3HULS NOTEHIISUIB ¢, a MIXK
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BaKyyMOM 1 IPYTMM METAJIOM — (—¢,). TOMy pi3HHI NOTEHLISUIB MIXK

JBOMa MeTaJlaMH, sIKy nmo3Hauumo U, Oyze:
A A _A-A

Ue:¢l+(_¢2):¢l_(ﬂ2_? . .

7€ 1H/ICKC e BKa3ye Ha 30BHIIIHIO PI3HUIIO MOTEHIIISIIIB (B1Jl aHTJIIMCHKOTO
CJIOBa external, 110 O3Havac
«BOBHIIIHIN).

3 octraHHbOi (popmysu Oauumo, S

IO 30BHINIHA PI3HULA IOTCHLISAIB PRI PELCIEN

3QJICKUTh Bl PI3HUII POOIT BUXOIY —
CJICKTPOHIB 3 IMX MeTamiB. Hampuk-
nan, akmo 4; > A, to U, € nonatHoro

BCJIIMYMHOKXO, TOMY CIICKTPUYHC II0JIC

N
|

+ + + + + +
=~

CIOpPSIMOBAaHE BiJ APYroro MeTaily 0
nepuoro (3ragaiiMo, 1o eJIeKTPUYHE Mai. 73

noJjie cOpsiMOBaHe B OIK 3pOCTaHHSA

noTeHisy). OTKe nepuuidi MeTall Ma€ HEraTUBHUM 3apsii, a OpYyrui —
NO3WTHUBHUH, a 1€ 03HAYAE, 10 EIEKTPOHU MEPEUIIIN 3 JPYTroro MeTally B
nepiuii, To0To 3 TOro MeTaiy, jJe poooTa BUXOJy MEHIIA B TOM, € BOHA
OlsibIIa.

(117) BBa:karouu BijIbHi €JIEKTPOHH B MeTaJi KJIACHYHUM eJIeKTPOH-
HUM ra3oM, MOKaKeMo, 10 MiK JIBOMA Pi3HUMH MeTAJIaMH BU-
HUKA€ BHYTPIlIHSA Pi3HULS MOTEHUIAIIB | BCTAHOBUMO, SIK BOHA
3aJIeKUTh BIJl KOHUEHTpaliil BUIbHUX €JEKTPOHIB y HUX MeTa-
JIaX Ta TeMIlepaTypHu.

BHyTpilHs pi3HULS NOTEHI[ISUIIB OB’ s3aHa 3 PI3HUMHU KOHIIEHTpaIli-
MU €JIEKTPOHIB Y IBOX MeTasiax. J{iCHO, SIKIIO MPUBECTU B KOHTAKT JIBa
METaJId 3 PI3HUMU KOHIEHTPALISIMU €JIEKTPOHIB, TO THUCK E€JIEKTPOHHOTO

rasy 3rijiHo 3 noctyiatamu KTEM p =nkT Oyae Ouiblivii B TOMY MeTall,
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7ie OUIbIlla KOHIIEHTpALlisl €JIEKTPOHIB, TOMY €JIEKTPOHU MEPEXOUTUMYTh
Yyepe3 KOHTAKT, MOPYUIYIOUH €JIEKTPOHEUTPaIbHICTh B OOMABOX METallax,
[0 COPUYMHUTHL BUHUKHEHHS HECKOMIICHCOBAHHUX 3apsiiB 1, BiAMOBIIHO,
PI3HULII TOTECHITISITIB.

YcraHoBuMO BUpa3 Jis 11i€i pi3HUI TOTeHIIsUTiB Ha ocHOBI KTEM.
JI71st 1bOTO Ha MEXK1 JBOX METAIIB PO3MITHEMO IUJIIHJP 3 IJIONAMU OCHOB
S 1 HeckiHUEHHO Mayiol0 BucoTOro OX (Man. 74). Ha uel muumHap 3iiiBa
Oyne tuck p; =nKT, a cnpaBa TuCK P, =N,KT. Hexait n, >ny, Toxi
pizHuns THCKIB 6yae Ap = (n, —ny KT = AnkT.

3a 3MiHM KOHIICHTpalii Ha dN, sKka cTaHeThCS BHACIIJIOK IEPEXOay
CJICKTPOHIB CITpaBa HaJI1BO, PI3HUIIS TUCKIB 3MIHUTHCS HA

dp =kTdn. n n,

___________________

[Ipu ubomy cuna, sika Jii€ Ha €JIEKTPOHH
dF = Sdp = SkTdn.

AJle BHACIIJIOK MEPEXOJy EJIEKTPOHIB
HOPYILIUTHCS E€IEKTPOHEUTPAIBHICTh OOUI-
BOX METAIIB 1 NEPIINN METaj 3apsAAUThCS He-
raTUBHO, & JIPYTHil MO3UTUBHO, CIPUYHUHHB-

M BUHUKHEHHS EJIEKTPUYHOTO IOJs, SIKE
TIATUME Ha EJEKTPOHH B MPOTHICKHOMY
HaIpsAMIi 3 CUJIOIO:

dF,, = Edg = EedN = EendV = eEnSdx = —ec(;—f nSdx = —enSde,

i€ MOCI1IOBHO 3aCTOCOBAHO: O3HAYEHHSI HAMPYKEHOCTI €JIEKTPUYHOTO I0-
JIsl, IPUHITUIT KBAHTOBAHOCTI E€JIEKTPUYHOTO 3apsiy, O3HAUYCHHS KOHIICH-
Tpaiii Ta GopmMyIty 3B’ 43Ky HAPY>KEHOCTI Ta MOTEHIIISITY.
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Konu cuna enekTpuyHOro moJis, sika MOCTYIOBO 3pOCTa€e B Mipy Iie-
PEXOY €JNEKTPOHIB, 3PIBHIETHCS 3 CHJIOK0 TUCKY, SIKa TTOCTYIOBO 3MEHIITY-
€THCS, PYX €JIEKTPOHIB MPUMUHUTECS. OTKe, yMOBa pIBHOBAru

dF =dF,, ,

abo
SkTdn=-enSde,

3BIJIKU

4y KT 0
1 TICJIA 1HTErPYBaHHS

Q= KT Inn +C.,
€

Crany C 3HaX0IUMO 3 TOTO, 1110 3a YMOBH 1 =1y, (@ = ¢, 3BIIKHU JIC-

TAEMO IT1CJIIS IMJICTAHOBKU

C:gol—k—TInn.
e

Tenep 3anexuicts ¢(n) Mae BUTIAN

KT, n
p=—In—+¢.
e n .

ITincTaBUBIIM CIOOM 7 =7y, 3HAXOJUMO BHYTPIIIHIO KOHTaKTHY

PI3HUITIO TOTEHITISIIIB

KT, n,
0y~ ="—In"2
e m
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1 nozHauuBuM i U;, e iHaeke { — ue nepiia OykBa aHIJIIHCBKOrO CJIOBA

internal, mo o3Hayae BHYTpPILIHIH,

Ui Zk—TInn—Z.
e m

(118) BBakarouu BiJIbHi €JIeKTPOHH B MeTajli KBAHTOBUM €JIEKTPOH-
HMM ra30M, BCTAHOBHUMO 3aJI€KHICTb BHYTPIIIHBOI KOHTAKTHOI
Pi3HMII NMOTEHUIsUIIB BiJl KOHHEHTPaWili BUILHUX €JEeKTPOHIB Yy
MeTAaJIaxX Ta TeMIepaTypH.

3riIHO 3 O3HAYEHHSM XEMIYHUN MOTEHIISJ MOXHA TPAKTYBaTH SIK
BHYTPIIIHIO €HEPTil0 E€JEKTPOHHOrO razy sika MpHUIlaJla€e Ha OJUH EJIeK-
TPOH, TOMY PI3HHULSI XEMIYHUX MOTEHLISUTIB OyJe BU3HAYATU PI3HULIIO
CHEpriil eJeKTPOHIB y ABOX MeTajaX. 3TiAHO 3 O3HAYEHHSAM MOTEHIISTY
BHYTPIIIIHS KOHTAKTHA PI3HUIIS TTOTEHIIISIIIB

xs. L
U, ¢ Zg(ﬂz —ﬂl)’

ae fy 1 fp — XeMIYHI HOTEHIISUIM IUX METAIB.

3 KBAaHTOBOI CTAaTUCTHUKH BIJIOMO, IIIO

2
7r2k_T

= un|1-—
H = Ho 12 | 1o

ae
5 3
h* (3n )2
Ho =" o=
° " 2ml8x
e XeMigyHu# noTeHIian 3a ymosu I =0,

[lizmcTaBUBINM ABA OCTaHHI BUpa3u y Bupas s U ¢, micranemo
1
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2

—n 3[T2.

2 2 2
_012h%| 3 5| 68mk*|
T em nz 1 * eh? n1 2

U .K6.

l

(119) YcranoBuMO BHpPa3H IJIA KOHTAKTHOI Pi3HUII MOTEHUIsATIiB K B
KJIACHYHIN, TAK i B KBAHTOBIi MOJeJAX | BCTAHOBMMO TePIIHii
3axoH BoJbTa.

OueBUAHO, 1110 KOHTAKTHA PI13HUIIS MTOTEHIISIIIB MK JIBOMA METaJlaMHU
JOPIBHIOE CyMI1 BHYTPIIIHBOI 1 30BHIIIHKOT PI3HUIL MOTEHIIISUIIB, TOOTO B
KJIACUYHIA MOJENl

-A, kT, n
U, =U,+U; = aBala FRANML
e e m
1 B KBAaHTOBI1H MOJIEI1
A-A, 01202 2 2
U, =U,+U/= 2 4 n3—n3 |+
e em 2 1
2 2
68mk%| >
+—2" In3—n3 T2
ehZ 1 2

3 mux (opmMys BUIIHO, IO KOHTAKTHA PI3HUIISA MTOTEHIIISIIIB 3a1€KUTh
BIJl poJy MeTally (KOHIIEHTpallli BUIbHUX €JIEKTPOHIB Ta POOIT BUXOLY Y
IBOX MeTajax) 1 Big Temmeparypu. lleit 3akoH OyB BCTaHOBJICHUH
eKCIIEpUMEHTANBHO (SIK 1 caMe siBulie) B 1797 poui Gppaniry3pkum (Hi3ukom
Aunecannipo BosbTa.

Kpim Toro, 6aunmo, mo 3anexHo Bi poOiT Buxony A 1 A, Ta KOH-

LEHTpauii Ny 1 N, mepmuil Ta Ipyrui 10JaHKW MOXKYTh MaTH SIK OJTHAKO-

Bl, TaK 1 pi3HI 3HAKU, TOMY BEJIMYMHU KOHTAKTHUX PI3HHUIIb MOTEHIIANIB
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yKe PI3HI 1 MK JeIKUMH METajaMHu Yu CIJIaBaMH MOXKYTh HaBiTh IpaK-

TUYHO JOPIBHIOBATH HYJICBI.

(120) JoBenemo apyruii 3akoH BosibTa: IKIIO MOCTiI0BHO IPUBECTH B
KOHTAKT 0arato pi3HUX MeTaJiB, fKi MepedyBalOTh 32 OJHAKOBOI
TeMIIePaTypPH, TO PI3HULA MOTEHUISAJIIB Mi’K KpallHIMH MeTajlaMH
He 32JIe’KMTh BiJl TOro, sIKi caMe MeTaJIM BKJIKYEHI AK MPOMikKHI y
HbOMY 3’€IHAHHI, a 3aJIeKUTH JIMIIE Bil TUIIY IMX KPaiiHixX MmeTa-
JIiB.

3HaifieMo pi3HUL moTeHIsuIiB U MK

KpaitHIMU MeTajlamMu (MaJl. 75) 112131 4

U=(p—o1)+(p3-02)+

Mamn. 75
+(0s—p3)=04 — 1.
3 1bOro 3aKOHY BHIUIMBAE, IO SKIIO
CKJIACTH 3aMKHEHE KOJIO 3 KOHTaKTIB KUIBKOX
METajiB, TO PI3HULS NOTEHISIIIB MK Oyb-
SAKWMH 3 HUX JIOPIBHIOBAaTUME HYJICBI.
Jli¥icHO, fKImIO 3’e€mHaTH MeTaimm 1 1 4
(man. 76) mictaHeMoO
U =(p —o1)+(p3—9)+ Ma. 76

+(04 —3)+ (01— 94)=0.

(121) IMoka:kemo, 0 KOHTAKT JBOX MeTa/IiB He Ma€ OHOCTOPOHHbOI
MPOBIIHOCTI.

JIJist IbOTO OLIIHUMO TOBIIMHY MPUKOHTAKTHOIO IIapy, B SKOMY IIO-
pyIlIeHa eJIEKTPOHEUTPaIbHICTh, TOOTO TOBUIMHY 3apsI>KEHOr0 MPUKOH-
TAKTHOTO JIEJEKTPUYHOTO mapy. Mu Bxke 3’sCyBajiM, IO B MPUKOHTAKT-
HUX 00JIaCTSIX BHACIIOK MEPEXOY €IEKTPOHIB 3 OJJHOTO METATy B 1HIIHMA

i BIUIUBOM JBOX YHWHHHUKIB, 3 OJHOTO OOKY BIiJI KOHTaKTy BHUHHUKAE
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HeJlocTayva, a 3 IPYyroro — HaJUIMIIOK eJIeKTpoHiB (3amadi 116 1 117). Oye-
BHJTHO, I1I0 HEMAE YITKOI I'PaHUIIl MIXK 3apsKEHOO 1 HE3apAXKEHOI 00J1a-
CTSMH, a 3apsii 3MEHIIIY€EThCSI TTOCTYNOBO B OOUJIBOX HampsMax BijJl KOH-
TaKTy OpUOJIM3HO TaK, SIK TOKa3aHO Ha Mai. 77.

BBaxkxatmMeMo NpUKOHTAKTHY 00JIacTh 3a MJIOCKUH KOHAEHCATOP, Bij-

CTaHb MDXK IUIaCTMHAMH skoro d, a eMHICTh 3rigHo 3 il O3HAYEHHIM

g

C= U , 1e U — KOHTaKTHaA Pi3HULIS TOTSHITISIIIB.

eN enV endSd end?

U:%: C C ST © O QL L9969
£&y £&y o ol+ Q + @) @
. @+ + @ + @
3BIIKHU @ 0O o + + O 6
o of + © o 0O
4 |£5Y off © + + 0O
“\en © © o + 000
d
[Ipu BuBeneHHi 1i€i popmynu Mai. 77

(KpiM O3HA4Y€HHSI €MHOCTI) MU 3ac-
TOCYBaJIM MPUHIIUIT KBAHTOBAHOCTI 3apsly, O3HAYCHHS KOHIICHTpaIlii Ta
(dopMyITy EMHOCTI IJIOCKOTO KOHJIEHCATOPA.

Jlnst Toro, mo0 3po0uTH 0OYHMCIICHHS 32 OCTaHHBOIO (HOPMYIIO0, CIIiA
BU3HAYUTHUCA 3 KOHIEHTPAIIIEIO 3aps/iB N Ta JICICKTPUYHOI MPOHUKHIC-
TIO €.

[lomo koHIEHTpalii 3apsiiB N, TO MU MOXEMO CTBEP/KYBaTH, IO
BOHA HE MEHIIIA 32 KOHIICHTPAI[il0 BUTbHUX €JIEKTPOHIB B MeTajax.

[Ipo nienexkTpuyHy MNPOHUKHICTH TAKOTO MICJIEKTPUKA MOKHA JIUIIE
CKa3aTH, 1110 BOHA He MeHIa 3a | (3ayBa)XuMo, 110 B CTaH1, OJU3BKOMY 0
JieJIeKTPUYHOTO, nepedyBae JHIIEe MPUKOHTAKTHA 00JacTh 3 OOKY TOTO
MeTay, SIKUH Bi/IJ1aB €IEKTPOHH).

[lincTaBuUBIM 3HAYCHHS BIAMOBIAHUX (DI3UUYHHMX BEJIUYUH B OCTAHHIO

OpMYJTy, JICTAHEMO
pMyJTy
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TOOTO TOBIIMHA JIECIEKTPUYHOTO APy CHIBBUMIPHA 3 MI>KATOMHUMHU BIJI-

CTaHSIMH, 1 OCKIJTLKM BOHA € JTyK€ Maja TO CTPYM 4epe3 KOHTAKT JIBOX
METaJIIB T€YE MPAKTUYHO 0€3 MEePEeKoI.

Tema 9. SIBuiIa B KOHTAKTAX ABOX HANIBIPOBITHUKIB Ta
HANIBIPOBITHUKA 3 METAJIOM

Dizuuni nonamms
® P-N- mepexia — Mexa MIX HaIBIPOBIAHUKAMHU N- Ta P-TUITY TPOBIJI-
HOCTI.

Di3uyni cucmemu U npuraou

e HanmiBnpoBigHUKOBUI [i0J — NpWiIan SKUA Ma€ OJTHOCTOPOHHIO
MPOBIIHICTh 3aBISAKHA KOHTAKTY JIBOX HAMiBOPOBIJHUKIB 3 PI3HUMH THUIIAMHU
MPOBITHOCT1 a00 HAMIBNPOBITHUKA 3 METATIOM.

e Tpan3ucrop — npunaja kUi Mae Ba p—n — NEPEXOJU 1 MPU3HAYE-
HUUW JIJI1 TEHEPYBaHHS Y MiJACUJICHHS €JICKTPUYHUX KOJIMBAHb.

3aoaui

(122) IosicHuMO MeXaHi3M BUHUKHEHHSI 0THOCTOPOHHbOI MPOBiTHOCTI
Ha p—N— nmepexoi.

[IpuBenemMO B KOHTaKT HaMiBIPOBIAHUK N-TUITY MPOBIJHOCTI 3 HaIMIiB-
OPOBIAHUKOM P-TUITY MPOBiAHOCTI (Mand. 78, a). OCKUIbKU TUCK €JIEKTPOH-
HOT'O Ta3y B HAMIBINPOBIJHUKY N— THUIY 3HAYHO OULIBIIMHI 32 TUCK B HaIiB-
NPOBIAHUKY P— THUIY, TO €JIEKTPOHU MOYHYTh PyXaTHCs 3 N— HaMIBOPO-
BIJIHMKA B P- HAMIBIPOBIIHUK 1 PEKOMOIHYBATH 3 JIIpKaMH, 1110 MIPUBEIE 10
MOPYIICHHS €JIEKTPOHEHUTPATIBLHOCTI B MPUKOHTAKTHUX 00JACTAX 3 OOHUI-
BOX OOKIB P-N- mepexoy, a caMe B N-HaMIBNPOBIIHUKY BUHUKHE HECKOM-

NIEHCOBAaHMM MO3UTUBHUH 3apsijl, a B P-HAMIBOPOBIAHUKY — HETaTUBHUIM 3a-
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paa, o, CBOEKO 4YCProro, Npru3BCAC 10 BUHUKHCHHA CIICKTPUYHOI'O IIOJIA.

Tenep enexkTpoHam, 100 MEpPEeHTH 3 N—HAMIBIPOBIJHUKA B P— HAMiBOPO-

BITHUK, CJI1Jl pyXaTHUCS 3a CHJIOBUMH JIIHISIMH, TOOTO MPOUTH MPOTU CUJIU

CJICKTPHUYHOI'O IIOJIsA, IO MOKJIIMBO JIMIIC TOI[i, KOJIM CHJIa THUCKY

MIEPEBUIIYE CHIIY €JICKTPUYHOTO ITOJIS.
ToMy OYEBHIHO, IO KOJU HaIpyxKe-
HICTh IOJISl 3pOCTE JIO0 TaKOi BEJIMYMHH,
[0 CHJIA LIOTO TOJISl 3PIBHSIETHCS 3 CH-
JIOI0 THUCKY, IIPOIIEC IIEPeXO]y eJIeK-
TPOHIB 1 iXHbOI peKOMOIHAaIIil 3 JipKa-
MU IPUIIMHUTHCS 1 HaCTaHE PIBHOBaX-
HUM CTaH 3 IEBHOKIO BEJIWYMHOIO Ha-
MPY>KEHOCTI BHYTPIIIHBOTO EJICKTPUY-
HOT'O MOJS 1, BIAIIOBIHO, KOHTAKTHOIO
PI3HHIICIO MOTEHIIsUTIB (Mai. 78, 0).
[lin‘eqHaeMo Temep JKEPeo Io-
CTIMHOTO CTPYMYy MO3WTUBHUM TOJIIO-
COM JI0 P-HaIiBIIPOBIIHUKA, @ HETaTUB-
HUM — 10 N-HamiBOpoOBigHUKA (MaJl. 78,
6). Tonmi 30BHIIIHE I0OJIe, SIK BHIHO 3
MaJlIOHKa, MEPEKOMIICHCYE BHYTPIIITHE
MOJI€ 1 €JICKTPOHU JIETKO TMEPEeXOaUTH-
MYyTh Yy P- HamiBIOPOBIIHUK MPOTH TO-
751, @ AIPKU B N- HAMIBIPOBIHUK 32 IO~
JIeM 1 pyXaTUMYThCS IO KOJIY: B IIbOMY
BUMAAKY P-N- nepexia Oyae BIAKPUTHM.
SKI10 XK TOJIFOCH JIKepena i e-

—_— > E 306H

+] =
I

Main.78

HATU HaBMaku (Maji. 78, 2), TO 30BHINIHE TOJI€ MIJCUINTh BHYTPIIIHE, HE

Jal0Yy 3MOTH €JIEKTPOHAM MEPEXOIUTH Yepe3 KOHTAKT 1 CTPYM MPOXOIUTH

He Oyzae, ToOTO P-N- nepexin OyAe NPaKTUYHO 3aKPUTHHN, a HE3HAYHHM CT-

pyMm Oyzae TEKTH TOMY, IO B HAMIBIPOBIAHUKY N-TUNY € HE3HAYHA

KUIBKICTh JIPOK, @ B HaIMIBIPOBIIHUKY P-TUIY — €JIEKTPOHIB, SIKI OYIyTh

JIETKO MEePEeXOUTH uepe3 P-N-Tepexi.
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(123) ITokaxkeMo, 10 KOHTAKT MeTaJy 3 HANMIBNPOBITHUKOM MO:Ke SIK
MATH OJHOCTOPOHHIO MPOBIIHICTD, TAK i Il HE MATH: 32JI€KHO Bill
NPUPOIU LBOT0 METAJY | HAIBIPOBITHUKA.

Cxopucraemocsi (hOpMyJI0I0 TOBIIMHU J1CJIEKTPUYHOrO Iapy, SIKY
MU OTPUMAJIH, aHATI3YIOYM KOHTAKT JIBOX MeTamiB (3aaada 121)

d— egU |
en

OueBuaHO, MO NI BUNAJKY ABOX HAMIBIPOBIJHUKIB KOHLEHTpAIlA N
Ma€ MOpPsAJIOK BiJI 10Y" 1o 105 M3, TOMY TOBIIMHA JI€IEKTPUYHOTO MPO-

mrapky d Oyme mopsaKy Bif 1078 10 10 w, T06TO Bix 100 70 100000 TH-
CAY4 MDKAaTOMHHUX BIJICTAHEH, 1110, CBOEI YEPror0, O3Ha4Ya€ BUHUKHEHHS
CYTTEBOI MEPEUIKOAMN JJIsl EIEKTPUUYHOTO CTPYMY.

VY Bumajgky KOHTAaKTy MeETaldy 3 HamiBOPOBIIHUKOM yce Oyne 3aje-
aTU B1J TOTO, KyJu MEPEUIyTh €JIEKTPOHU: 3 METAITy B HAMIBIPOBIIHUK
YU 3 HAIIBIPOBIJIHUKA y MeTal. SIKIIO €1eKTPOHU NMEePEIyTh 3 HAIMIBIPO-
BIJIHMKA B METaJ, TO JAICIEKTPUYHUN MPOIIAPOK YTBOPUTHCS y HAIMIBOPO-
BIIHUKY 1 BiH, BIJMOBIJHO, OyJAyYM HIIUPOKHUM, BUSBISITUME OJHOCTOPOH-
HIO TPOBIJHICTh. SKINO X, HABNAaKW, €JIEKTPOHU MEPEUIYTh 3 METaly B
HaIIBIIPOBIIHUK, 1 1€l MPOIIAPOK BUHUKHE B METaJl, TO OyAy4d BY3bKHM,
BIH HE CIPUYUHITUME OJHOCTOPOHHBOI MPOBIAHOCTI. CBO€H YEProlo,
CJICKTPOHU OYIyTh NMEPEXOJUTH TYIH, € MEHIIIa KOHIIEHTpallis 1 Oliblia
poboTa BUXOJy, TOOTO iXHill mepexiJ 3ajie)kaTHME BiJl CITIBBIIHOIICHHS
KOHIICHTpAI[lid Ta pi3HUILI pOOIT BUXOY.

Tema 10. TepmoesieKTpUYHI IBHIIIA

Dizuuni a6uwnia
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eEdexr 3eedexka (TepmoeseKTpUYHNM eQeKT) — SIBUIEC BUHUKHECH-
Ha EPC Mix n1BOMa KOHTaKTaMU JBOX PI3HUX METaliB, SKIIO 111 KOHTAKTH
MaroTh PI3HY TEMIEpaTypy.

eEdekT IlenbThe — siBUIIIC HArpiBaHHS OJHOTO 13 CMAIB TEpMONapu
Ta OXOJIOJKCHHS 1HILIOrO 3a MPOIYCKAaHHS 4Yepe3 HUX EJICKTPUYHOIO
ctpymy. lle sBuie MokHa BBaXKaTH OOCPHEHUM JO TEPMOECICKTPUUYHOIO
eexTy.

eEdext TomcoHa — siBUIIlC HATPiBAaHHS YU OXOJIOKEHHSI IPOBITHUKA
31 CTpPyMOM, B3JIOBX SIKOTO € TPAaIIEHT TEMIIEPaTypPH.

Di3uyni cucmemu U npuraou

Tepmomnapa — 11Ba 3’€JIHaH1 MIX CO-
000 KOHTaKTH JBOX PI3HUX METaJiB Memaxn | Meman Meman

(man. 79). L1 KOHTAaKTHU 1€ HA3UBAIOTh
CITasiIMH. Man. 79

3aoaui

(124) MMokaxeMo, SIKIIO KOHTAKTH (cmai) TepMonapu nepedyBamThb 3a
PI3HUX TeMIepaTyp, TO Mi’>k HUMH BUHMKA€ eJICKTPOPYLIiiiHA CH-
Jia, IKa MPONOPUiiiHA 10 Wi€l pi3HULI TeMIepaTyp.

3HalIEeMO PI3HUILIIO MOTEHIISUTIB HA KIHIAX TEpMONapy 3a YMOBH, 110
il cnai MaroTh pi3Hy Temnepatypy (Mai. 80)

U :(¢2_¢l)+((0'l_¢'2):UA+UB =
AR Ky AemA Kg ) M

e e mn e e n
K n n K n n
= — TAIn—2+TBIn—1 = — TAIn—Z—TBIn—Z -
e N n,) e N N
k. n
=—In—2(TA _TB)'
I S K
2 1

H=
_|

>

@ |
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Skmo & KIHI TepMomapu 3aMKHYTH METajJoM 1, TO Ha BIIMIHY BiJ
BUMAJKYy OJHAKOBUX TEMIIEpaTyp CIHaiB ISl PI3HULS MOTEHIISIIB HE
nopiBHIOBaTUME HYIIO (3a1a4da 120), a it Hajam gopiBHoBatuMe U , T0OTO
TaKHUM CIIOCOOOM MU oTpruMaeMo Jikepeno 3 EPC

k. n
E=—In—2(T,-Tg).
SN TATs)

. k. n .
Crany 11 IUX IBOX METAJIIB BEJIMYUHY — In—2 mo3maummo a. Tom
e

E = Ot(TA _TB ),

1€ o Mae€ Ha3By Koedili€eHTa TEPMOETIEKTPOPYIIIMHOI CUIIH.
ExciepuMeHTH MIATBEPKYIOTh 110 JIHINHY 3aJIEKHICTh Y JOCHUTh
MIMPOKKX IHTEpBaIax TEMIIEPATYP.

(125) 3’saicyemo npupoay edekty IlebThe HAa OCHOBI KJIacH4YHOI Teopii
€JIEKTPOIPOBIIHOCTI MeTaJIiB Ta 3HAWIEMO CIOCI0 eKCIIePUMEHT-
aJIbHOTO BUMipOBaHHs TenJoTu [leabThe.

VY4BIMO TepMolapy, cnai Kol mepeO0yBaroTh 3a OJJHAKOBOI TeMIIepa-
TypH, 1 4Yepe3 Ky Teue CTpyM, cTBopenuil mxepenom EPC (man. 81). 3ra-
JAaEMO, 10 Ha KOXHOMY 3i

criaiB € KOHTAKTHA PI3HUIIA T10- E,

TEHISUIIB, TPUUOMY, OyaydH -

OJTHAKOBUMH 3a BEJIHYHHOIO, 1% 2 Eé— !

BOHH MAarOTh MPOTHIICKHI 3HA- y B

K1, 00 II¢ € KOHTaKTH THX cCa- - |+ l
o T

Mux metadiB 1 1 2. Tomy sxiio Mar. 81

B OJIHOMY cnai (cmai A) enek-

TPOHU PYXAOThCS 32 BHYTPIIIHIM KOHTAKTHUM MOJIEM, TO B IPYyrOMY BOHHU
000B’SI3KOBO PYXaTUMYThCSl IPOTH LBOTO 10Js. OTKE, B KOHTAKTI A eJIeK-
TPOHU CIOBUILHIOIOTHCS €JICKTPUYHUM IIOJIEM JpKepesia, a B KOHTakKTi B
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MPUCKOPIOIOTHCSA, TOMY KOHTakT A Oyje OXOJIOJKYBaTHUCS, & KOHTAaKT B
HarpiBaTucs. EKCIIepMMEHTaJIbHO BCTAHOBJICHO, IO KUIBKICTh TEIJIOTH
[TenbThe mponopitiiiHa 0 3apsay, SKUW MPOUIIIOB Yepe3 CIai.

Q, =Ilg = IIt,

ne I1 — xoedimieHT IlenbThe.
3ayBaxuMo, 10 KpiM TeroTu IlenbThe y TepMomnapi BUIUIIETHCA 1
reruiota Jhxoyss-Jlenua Q 7, Tomy 1100 Ti BUMIPSTH, CIIl BUKITIOYUTH

terioty Jxoyns-JleHna. /[ nporo BUMIPIOEMO KUIBKICTh TEIJIOTH, SKa
BUJIUISIETBCS B OJHOMY 3 CHAiB 3a JBOX HANpsIMIB CTpyMy. Y BHIAJKy
]I’ €THAHHS JKEepena, sSK MOKa3aHo Ha Mad. 81, KUIBKICTh TEIJIOTH, sKa

BUIUIIETECS Y cnal A: Q) =Q 7 —Qy7, a y BUNAIKY 3MIHU HaNpsiMy CTPY-
My Ha mpoTwiekHui — Qy = Q7 + Q7. BinusBmm 1B OCTaHHI PIBHOCTI,

IICTAaHEMO

_ Q-

Qu >

Skimo BUMIpITH e W cuiny cTpymy [ Ta 4dac t, mpoTAroM sIKOro
BUAUINIACS LS KIIBKICTh TEIIOTH Q77, MOKHA OOYMCIUTH 1 KOEPILIEHT

IlenpThE:

=20
It

V¥ metaniB koeditieHT IlenbThe Mae nopsaok Big 0,001 1o 0, 01 B, a B
HamiBnpoBiaHukiB — Big 0, 001 1o 0,1 B.

(126) 3’sicyemo mpupoay epexty TomcoHa i BkaxkeMo Ha criocid ekcre-

PHMMEHTAJBHOI0 BUMIPIOBAaHHS TemioTu ToMcoHA.

bynemMo mnpomyckatu CTpyM uepe3 MpOBIIHUK, Y3IOBXK SKOTO €

rpazieHT Temneparypu (main. 82). Hexaii T; <T,. Toal TUCK €1E€KTPOHHOIO
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razy OyJe OUIbIIMM Ha rapsiyomy (IIpaBoOMYy) KIHII 1 €JIEKTPOHHU MOYHYTh
pyxaTucs B 01K MEHIIIOT'O TUCKY UMM MOPYIIATh €JIEKTPOHEUTPaIbHICTh Ha
00MABOX KIHIAX, IO MPU3BEAE A0 BUHUKHEHHS E€JICKTPUYHOTO MOJs BCE-
pEeIYHI TPOBIIHUKA. SIKIIO Terep /10 KIHIIB I[[bOTO MPOBIJHUKA MPUETHATH
JDKEPENOo CTPyMY MO3UTHUBHHUM TIOJIFOCOM JIO Tapsdoro KiHIlsl, a HEraTUB-
HUM JI0 XOJIOJTHOTO, TO €JIEKTPOHH,

pyXarouuch MPOTU BHYTPIIIHHOTO T

noJisi, OyAyThb HPUCKOPIOBATUCS 1

J0OIATKOBO HArpiBaTU MPOBITHUK. -

|
+ + 4+ | —

3a 3MiHHM TIOJISIPHOCTI JUKEperna,

HAaBIIaKH, CJIICKTPOHH, PYXArO4YUChb

3a mojeM, OynyTh rajabMyBaTuCs 1 N |

MPOBITHUK OYyI€ OXOJIOIKYBATHUCS. '
ExcnepuMeHTanbHO BCTaHOB- Man. 82

JEeHO, o Temiora TomcoHa, IO

BUJIUISIETHCSA B OJIMHUIIL 00’ €MY 32 OJTUHUITIO Yacy

dT .
Q_ T

Vi dx

ne k — koedimient TomcoHa.
dT

Skimo 3MiHAa TeMIepaTypd B3JOBX MPOBIIHMKA JHIAHA, TO ™
X

MOXKEMO 3aMIHUTHU HA A_ 1 oTpuUMaTu
X

Q- kj—T iVt = KATjSt = KATI,
X

i€ 3aMiCTh p MM ITiICTaBUJIM IIOMTY MTOoNepevyHoro mepepizy S,a jS=1.
X

OueBuIHO, IS TOTO, 1100 BUMIPATH TeruioTy ToMCOHa, Ciliji aHajo-
riyHo 10 Metoay edekty llenpThe — Bukmountu temiory Jxoyins-JIenna
BUMIPDIOBAHHSIM TEIUIOTH 3a JBOX MPOTWICKHUX HANPSIMIB CTPyMY.
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Bumipssium kpim Q cuity ctpymy |, pizauito temneparyp AT Ta yac t,

IPOTATOM SIKOT'O BUILIMUIIACS I KUIBKICTh TEIUIOTH, 3 OCTaHHBO1 (hOpMYJIn
MOkeMo oOuucuTH i koedirienT Tomcona K.

Tema 11. EnekTpu4Hu CTPYM y BaKyyMi

Di3uuni nonamms

e CTpyM HacHYeHHsI — MaKCUMaJlbHa 1 HE3aJIe’)KHA BiJ HAIIPYTU CUJIa
CTpyMYy.

e Po0oTa BUXO0/1y eJIEKTPOHA 3 MeTaJy — po0oTa, sIKy CJIiJ] BUKOHATH,
100 MEPEHECTU EJIEKTPOH 3 METANy B HECKIHUEHHICTh (ITPAKTUYHO 33 MEXI1

METaly).

Di3uyni cucmemu U npuraou
eBakyymHuMii Jioq — repMeTMYHA CKJIAHA MOCYJWHA 3 BaKyyMOM 1
JIBOMa BCTABJICHUMU B HEI €IIEKTPOJAMHU.

3aoaui

(127) doBenemo, mo apeiigoBa MBHAKICTH €JTeKTPOHIB MiXK KaTOAOM i
AHOJOM Y BAKYYMHOMY Ai0/li € MPAKTUYHO He 3aJIeKHOK0 BiJ HaIl-

pyru.

JlificHO, B €JIEKTPOHHOMY MOTOI[l MK KaTOAOM 1 aHOAOM MPHUCYTHI
JIUIIE Tl €JIEKTPOHH, SIKI BUJIETLIIM 3 KaTO/1a, a BUJIETIIIM 3 KaTo/la Ti €JIeKT-
POHHM, TEIUIOBA MIBUIKICTh IKMX BCEPEAMHI KaToa Oyia HampsiMieHa B O1K
MOBEPXHI KaToJia, TOMYy Jpel(oBa MBUIAKICTh €ICKTPOHIB — 1€ iXHS TeIl-
JIOBa IIBUAKICTb, AKa, SIK BIJIOMO, AYy>K€ BelMKa, a ii MpUpicT 3aBAsKU 30i-
JBIICHHIO HANpyTy HE3HAYHUM 1 HE Ma€ MPAKTUYHOTO BIUIMBY Ha CTPyM
(Ha BiAMIHY BiJ] BUIAJKY MPOBIJHUKA Y IKOMY ApeiidoBa MIBUAKICTD IILJI-
KOM BU3HAYa€THCS HAMPYTOIO).

Otxe, apeiidoBa MBUIKICTh €IEKTPOHIB Y BAKYyMHOMY Aioji 31 30i-

JBIIEHHSAM HANPYTH MPAKTUYHO 3AIHMIIAETHCSA CTAIOO.
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(128) MMosicHUMO MPUPOAY BOJbT-aMIepHOi xapakTepucTuku (BAX)
BaKyYYMHOI0 1io/1a i 30KkpeMa CTPyMy HaCHYEeHHSI.

Ha man. 83 cxemarnuHo moka3aHa ekcriepumeHtanbHa BAX Baky-
YMHOTO J110/1a, 3 SIKOr0 0auyumo, III0 CTPYM B J10/1 3’SBISE€THCS HABITh 3a
BiicyTHOCTi Hampyru, To0To 32 U =0 | #0. [le mae micue Tomy, 1o
BHACJIIJIOK BUXOY (eMicli) €JIeKTpOHIB 3 KaToja IIij BIUIMBOM TeIla 4
CBITJIa JiedKa IXHS KUIBKICTh Jocsirae aHoja. J[is Toro, moO CTpym He
MPOTIKAB Yepe3 A10, CJI1JI MK KaTOJIOM 1 aHOJIOM CTBOPHUTH TaKy PI3HMITIO

noteHuisuniB U, mo0 eneKkTpoHH pyxXaiaucs 3a €JIEKTPUYHHM IMOJEM 1

raJlbMyBaJuCsi HUM, TOOTO Ha KaToJll Mae OyTH «IUIIOC», a Ha aHOMIl
«minyc». Ls Hanpyra Ha3MBa€THCA 3aTPUMYIOUOIO.

Tenep nmpukiageMo Hampyry B MpsSMOMY HampsiMmi 1 Oyaemo ii 3011b-
mryBatd. O4eBUIHO, 10 CHJIa CTpyMYy OyJie 3pOoCcTaTH, MpoTe, sIK OaunMmo,
HE JIIHIKHO SIK y OPOBIJHUKY, TOOTO HE MIAKOPSAOYUCH 3aKoHy Owma, a
3r1IHO 13 3aKOHOM borycnaBcekoro-JIenrmropa

e B — crana Benn4uHa, sSKa 3a-
JeXKUTh BiJ (HOpMH ¥ pO3MIpIB
CJICKTPO/IIB.

[poMy (akTy € mOSICHEHHS:
SKIIO B TIPOBIAHUKY 31 301J1b-
[MIEHHSM HaIlpPyTu 3pOCTA€E JIUIIIE
nperdoBa MBUIKICTh EIEKTPO-
HIB TMPONOPLINHO 301IBLIYIOUH

CTpyM 3rigHO 3  (GOPMYJIOK0

] . U ' U
J =€env, To y BaKyyMl T€ X ca- ’ v wo U

Me 30UIBIIICHHS HAPYTU MPUBO- Maur. 83
IUTH A0 301IbIIEHHS JIUIIE KOH-

[EHTpalli eJEeKTPOHIB, MPUUOMY KOHIEHTpAIlld €IEeKTPOHIB 301IbIITYEThCS
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31 30UIBIICHHSIM HaNpPyru HeNMiHIMHO. [[iMiCHO, €leKTpoHHAa XMapa, sKa
3aBUCA€ HaJl METAJIOM, CTBOPIOIOYM TOBEPXHEBY PIZHULIIO MOTCHIIISUIIB
(3amauva 115), mepemnikokae BUXOy €JICKTPOHIB 3 MeTaiy. [IpukiaaeHa x
MDK KaTOJ0M 1 aHOJIOM HampyTa I0CIa0JIIO€ I}0 OBEPXHEBY PI3HUITIO T10-
TEHIIISJTiB, TUM CaMUM 3MEHIITYIOUM KOHIIEHTPAIII0 €JIEKTPOHIB Y XMapi, 1
31 30UIBIICHHSIM HANPyTH BCE OUIbINA KUIbKICTh €JIEKTPOHIB, SIKI eMITYBaJIU
3 Karojia, JOCArae aHojia, TOOTO 3pOCTAa€ KOHILIEHTpAIlis €JICKTPOHIB, SIKi
OepyTh yuacTh B IMIPOBIIHOCTI.

3akoH borycnaBcbkoro-JIeHrMiopa BUKOHYEThCS JIMIIIE HA HEBEIUKIN

auraam Big U, 1o U, gani 3pOCTaHHS CUJIM CTPYMY CHOBUIBHIOETHCS 1 32
neBHoi Hanpyru U, BoHa BXKe€ HE 3aJie)KUTh BiJ HANPYTH, TOCITHYBIIH
CcTpyMy HacuueHHs [ . Lle cTaeTbCcs TOMy, IO BCl €JIIEKTPOHHU, K1 EMITY-
I0Th 3 KaToja, JOCATal0Th aHOAA 1 HACTYMHE 30UIbIICHHS HANPYTH BUIIE
U He cipuuMHsie 10 301IbIIEHHS CHIIN CTpYMy. 3OLIbIIEHHS X Aperdo-
BOI IIBUJIKOCTI 31 30UIBIIEHHSAM HANpyrH, K MU JAoBenu (3amada 127),
HE3HAYHE 1 MPAKTUYHO HE BIUIMBAE HA CUTYy CTPYMY.

(129) Ha ocHOBi KJacHu4YHOI Teopil eJIeKTPONMPOBiAHOCTI BCTAHOBHUMO
3QJI€KHICTh T'YCTHHHU CTPYMY HACHYCHHA Y BAKYYMHOMY JiOAI BiJ
TeMIEPATYPH KaToJa Ta po0OTH BHMXOJY €JEeKTPOHA 3 KaToAa
(popmyay Piuapacona).

Mu Bxke 3’sicyBany, o0 Apei(oBa MBUIAKICTh €IEKTPOHIB MIXK KaTo-
JIOM 1 aHOJOM € CHIBBUMIPHA 3 1XHBOIO TEIUIOBOIO IIBHAKICTIO B METall
(3amaua 127), To06TO

V~U~AT,
TOMY I'yCTHHA CTPYMY HaCUYEHHS

j, =env~enT.
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Kon1neHnTpaliito €JIeKTpOHIB MK KaTOJOM 1 aHOJIOM MpPEJCTaBUMO 3a
3aKOHOM PO3IMO1Iy YACTUHOK 3a MOTEHIISUIBHOIO €HEepriero (po3moauioM
Bonbiimana).

v
n=nge XT.

3riJIHO 3 O3HAYEHHSAM IMOTEHIISUILHOI €Heprii, BOHA JOPIBHIOE POOOTI,
SKY CJIiJI BAKOHATH, 100 BUBECTH €JIEKTPOH 3a MEXK1 MeTally, TOOTO poOOTi
Buxoay, Tomy U = A i

A
jy ~e/Te KT,
abo
_A
jH :Cﬁe kT,

ne C — crajia BeJIM4YuHa, AKa pi3Ha JUis PI3HUX METaJlB.

(130) Ha ocHoBi popmy.siu Piuapacona-/lemmaHa nmoxkaxemo, sik 3a J10-
MOMOT0I0 €KCIIePUMEHTAJIbHOI 32J1€5KHOCTI TYCTHUHH CTPYMY Ha-
CHYCHHA BiJ TeMmeparypu MOKHA O0YHCJIMTH POOOTY BHXOIY
eJIEKTPOHA 3 MeTAJLy.

Ko 3aMydydTH KBAHTOBY cTaTUCTUKYy PDepmi-/lipaka 10 aHamizy
CTPYMY y BakyyMi, TO OTpUMaemMo Gpopmyiy, noaiony g0 gpopmynu Pigap-
ncoHa — popmyny Pidyapiacona-/lemmana

A

jy =DT?% kT,
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A ) . .
ne D=6,02 .10° F — BEJIMYMHA CTaJla JJId BCiX MeTaliB (Ha BIAMIHY
M

Bij cranoi C'y gopmyni Piyapacona, sika i KOXKHOTO METaJly Ma€ 1HIIE
3HAYECHHS).
IIponoraputmyemo octanHio dhopmyiy. Jlictranemo

Inji, :In(DTZ)—%.

OCK1IbKHY MEepIINi JOJAAaHOK AyXKe cJ1abo 3aleXUTh BiJl TEMIIEPATYpU
(Hampukiian 3a 3minu Temmeparypu Big 1000 1o 2000 K BiH 3MiHIOETHCS B
1,05 pa3za), To iioro MokHa BBakaTu CTajiuM. Tomy

Inj,, = const — A
: kT’

3BiKkK Oaymmo, 1o rpadik 3anexxHocti Injy Bix oOepHEHOI TeMiepaTypu
.1 : A
— 1€ mpsiMa 3 KyTOM Haxuiy « A0 OCl = TAHI€HC SKOTO JOPIBHIOE PR

TOOTO

A =ktga.

: 1 :
st Toro, mo6 modyaysatu npsamy Injy = fﬁ?j JOCUTh BUMIPSITH

TYCTHHY CTPYMYy HAaCUYEHHS 3a ABOX TEMIIEPaTyp.

Tema 12. EleKTpUYHUN CTPYM y piHHAX

Dizuyni nowamms
o Ej1eKTpOJIiT — peuOBUHA, K2 Ma€ HOHHUN MEXaH13M MPOBIIHOCTI.
e EnexTposiitTnuna auconiamia — po3naja MOJIEKYJ PO3YMHEHOT pedo-

BUHU HA MOHH.
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e EjlekTpoJ1i3 — BUJIUICHHS Ha €JEKTPOJaX aTOMIB, SIKI BXOJMSTH J10
CKJIaJly MOJIEKYJI PO3UYMHEHOT PEUOBHUHHU.

eKoedinienT aucouianii — BiJHOIICHHS KOHIICHTpAIIll JUCOIIHOBA-
HUX MOJIEKYJI 10 iIXHbO1 KOHIIEHTpAIlii B PO3YHHI.

3aoaui

(131) HaBeaeMo eKcnnepuMeHTAJIbHI (paKTH, SIKi CBiTUYaTh, 10 HOCIAMHU
€JIEKTPUYHOI0 CTPYMY B €JIEKTPOJIITAX € HOHH.

Toit dakt, MmO WOHM B €IEKTPOJIITI ICHYIOTh 0€3 MPUKIAJAaHHS 0
HBOT'O €JIEKTPUYHOro 1oJist JoBiB y 1857 poui Kias3siyc, sikuii mokasas, 1110
AKOM MOHU YTBOPIOBAIMCS JIMINIE IIiJl BIUTUBOM EJICKTPUYHOTO MOJs (3a
rinote3oro ['porryca, 1805 p.), To B eneKTposiTax CTpyM MaB OW MOYaTH
TEKTH 3a I[E€BHOI HANPYKEHOCTI TMOJs, MNPUYOMY Pi3HIA Uil PI3HUX
€JIEKTPOJITIB, YOTO B E€KCIIEPUMEHTI HE crocrepiraerbcsi. Kpim toro, He
BUKOHYBaBCsl OM 3aKkoH Oma, 00 31 30UIBIIICHHSAM HaNpyrH 3pocTaja Ou He
TUIBKM JpeidoBa MIBUIAKICTh, @ ¥ KOHIIEHTpAIlld HOCIiB cTpyMy. Ilpote
3akoH OMa B €JIEKTPOJIITaX BUKOHYETHCS.

VY 1887 poui AppeHiyc mokasaB, 110 OCMOTUYHUM THUCK PO3YMHEHOI
PEYOBHUHM 3HAYHO OUIBIIMEI BI1J TOrO, SIKMl MaB OM OyTH, SIKIIO O MoJie-
KyJIM B pPO3YMHI 3aTUIIAITUCS LIITUMU, 10 03-

HAYyae 110 MOJIEKYJIU B PO3YHHI PO3IaIat0Th-

Csl Ha APiOHIII YaCTHHKN — HOHH. ( Q ﬁ

(132) ITosicHuMO MeXaHi3M eJIeKTPOJITHY-

PP
HOI AMcomiamii. Q%

BinoMo, mo Moliekyjia BOau — 1€ Ju-

. Mai. &4
M0JIb, TOMY BOHA CBOIM HETraTMBHHUM IIOJIIO-

COM TIPUTATYE MO3UTUBHI MOHM (HATTPUKIIA,
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HATpPII0), a MO3UTUBHUM — HETATUBHI (HAMPUKIAJ, XJIOPY), TUM CaMHUM

pO3’€IHYIOUM aTOM Ha HoHU (Mai. 84).

(133) BuBeaemo ¢opmyJy po3unHenHsi OcTBajIbAa Ta MPOAHATIZyEMO
Il B [(PAHUYHUX BHIIAJKAX.

PosrisiHemo OiHapHUM €IeKTPOIIT. 3T1IHO 3 O3HAUYCHHAM KoedilieHTa
JYcoIialii KiTbKICTh HEUCOIIIHOBAHUX MOJICKYJI

Ng —N=ng—any =(1-a)ng,

1€ Ng — KOHLEHTpALis MOJEKYJI B PO34MHI, N — KOHLEHTPALisd IUCOLINHO-

BaHUX MOJIEKYJI.
KinpkicTh axkTiB aucoliamii B OJMHHUII 00’€My 3a OJMHUIIIO Yacy €
IPOMOPIINHOIO 10 KITBKOCTI HEUCOLINOBAHUX MOJIEKYJI.

% = Al-a)n,.

KinpkicTh akTiB peKOMOiHAIlli B OAMHUII 00’€MY 3a OJIMHUIIIO Yacy €
IPOIOPLIMHOIO SK A0 KOHLEHTpALil NO3UTUBHUX 0Ny, TaK 1 10 KOHLEPH-

Tpawii HETaTUBHUX HOHIB aNy.

nT = B(ano )2.

VY craHi AMHAMIYHOI piBHOBAaru

abo




3BIJIKA

Mu orpumamu popmyiy po3unHeHHs OcTBanbia, 3 SKOI BHIHO, IO
akimo Ny — 0, To ¢ —1, To06TO B c1aOKOMY pO34YHHI BCl MOJIEKYJIH JUCO-

1iifioBaHi, a Ko Ny —> o0, T0 @ — 0, 1110 03Hayae, M0 B CHIIBHOMY PO3-

YUHI KOe(IIIEHT JUCOLIAIli TyKe MaJIU.

(134) Ioka:xkemo, IK HA OCHOBi 3aKOHY eJleKTPoJi3y dapagess MOKHA
AOCTITHUIBKUM IIJISIXOM BU3HAYMTH 3aps/l eJIeKTPOHA.

3riJIHO 3 3aKOHOM eJIeKTpoizy Papaaes maca peuOBUHM, 10 BU LIS
€THCS HA OJTHOMY 3 €JIEKTPO/IIB, MPOMOPIIAHA A0 3apsAny (, SIKUMl IPOMIIOB
4yepe3 eIeKTPOJIIT.

m=-—"-q,
qu

ne F —aucno ®@apanes, 1 — MolsipHa Maca, Z — BAJICHTHICTb.

3’sicyeMo ¢p13uuHMi 3micT yncia Dapanes.
3 3axkony Dapanes

3BIJIKM BUIHO, 110 32 YMOBU Z = 1 1 v= 1 mons Oyjae 4yucenbHa PiBHICTh
MIDXK 3apsaaoM Ta uynuciaom Dapazest, ToMmy uuciao Papajges YuceabHO JOPiB-
HIOE 3apsay, SKUM Ma€ MPOUTH Yepe3 eNEKTPOJIIT JJIsl TOro, 1100 Ha eJIeKT-
POA1 OCIB OJIUH MOJIb OJTHOBAJICHTHOI pEUOBHHH, a00 TipocTimie: yncio da-
paziest JOPIBHIOE 3apsiTy OJHOTO MOJISI OJJTHOBAJICHTHUX HOHIB.
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Skmo excnepuMeHTAIbHO BuMipsitu uuciio dapajnes, a 1e MOXHaA
Kn

MOJ1b

3poOUTH 3a JonoMorow ranbBaHomerpa (F =9,65-10* ), TO MoO-

KEMO BU3HAUUTH 3apsiji OJTHOBAJICHTHOIO il0OHA, TOOTO 3apsi]l €IEKTPOHA:

4
&:Fv: F _ 9,65-10 :1,6-10_19 (Kﬂ)’
N N N 6025.102

7Ie TIOCIOBHO 3aCTOCOBAHO MPUHIIMI KBAHTOBAHOCTI 3apsay, 3akoH da-
pajzes Ta O3HAYEHHs uyncia ABOrajpo.

Came Ha ocHOBI 1IbOro ekcriepumMeHTy CtoHeil y 1874 poiui Boepie
MOKa3aB JUCKPETHICTh EJIEKTPUYHOTO 3apsay 1 JaB OI[IHKY BEJIMYHHI
€JIEMEHTAPHOTO 3apsiay.

(135) IToka:xkemMo, 110 BHACTIIOK HATPiBAHHSA ONip €JEKTPOJITiB 3MeH-
IIYE€ThCA.

BigoMo, 110 pyX 4aCTUHKHM MIJ JI€K0 CTaj0l CUJIA Ta CUJIA OMOpYy ye-
pe3 AeSKUU Yac Micisl HOro moYaTrKy MepexoAuTh y PIBHOMIPHUN (3a71aya
76) 1 g LIBUAKICTH PIBHOMIPHOTO PyXy

ne F — crana cuna, a — koeilieHT Onopy cepeaoBUIIIA.
[lomo pyxy MoHa B €IEKTPOJIITI 3 3apsAA0M (| B €JICKTPUUHOMY IO 3

HaIpyXeHicTio E, 115 cTana cuia gopiBHIOe (E 1 Todl HOTO MIBUAKICTH

Koedimient onopy Bupaszumo 3a Gpopmyiioro Ctokca

a=06nn,
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1€ 17 — KOeQIIIEHT B’ SI3KOCTI €JIEKTPOJITY, I — pajlyc HoHa.

Jlicranemo, 110 apeiidoBa MBUIAKICTD

o= 9
6arn

1 pyXJIUBICTD

q .

_v
“ E 6arpy

Bigomo, mo 3a HarpiBaHHS KOe(IIIEHT B’SI3KOCTI CEpPeAOBHUINA 3MCH-
IIYETHCS, TOMY PYXJIMBICTh MOHIB 3pOCTa€ 1, BIJAMOBIHO, 3pOCTa€E MMUTOMA
OPOBIJIHICTh, KA Y BUNAJKY €JIEKTPOJITY JOPIBHIOE CyMi MPOBIAHOCTEN
MO3UTUBHUX 1 HETaTUBHUX MOHIB.

o =qn(u, + ).

Kpim Toro, 3a HarpiBanHs 3pocTae KoedilieHT AUCOIiaIli 1 ToMy 3p0o-
CTa€ KOHILIEHTpaIlid WOHIB N, IO TaKOX CIPUYH-
Hsi€ 10 30UIBIICHHS MUTOMOI €JIEKTPOINPOBIAHO-
cti. [TpoTe 1e 3pocTaHHsl KOHILIEHTpaIlli HOHIB 3a
MEBHOI 1€ OLIbII BUCOKOI TEMIIEpaTypu MOXKE
CIPUYMHUTH 0 3MEHIIEHHS PYXJIMBOCTI MOHIB
BHACJIIIOK YacCTIIIMX I1X 3ITKHEHb MDK C000I0,

110 TIPUBEJIC 10 3MEHIIICHHS TEMITYy 3MIHHU OIOPY
3 pOCTOM TeMmeparypyd, TOOTO OIlp IOYHE

oD Mai. 85
3MEHIITYBAaTUCh HENHINHO (MaJl. 85).

(136) JoBeaeMo ekcriepuMeHTAJIbBHO, 0 PYXJUBICTh 0y/1b-IKOI0 iioHa
B €JIEKTPOJIITI MaJI0I KOHIEHTPAIil He 3aJIeKUTh Bi/l HASIBHOCTI B
HbOMY IHIINX HOHIB.

JIns pOro BUKOPUCTAEMO MpUiaj, IO MNOKAa3aHuW Ha mai. 86. 3a-
KpuBIIM KpaH B U- no1i0Hy TpyOKy HaauBaEMO BOJIHOTO PO3YMHY a30THO-

160



kucaoro kamo KNOjz, sxuil € nuconiiioBaHuil Ha OHK K*i NO; , a ue-
pe3 JiiKy — BOOHUI PO34MH MapraHueBokuciaoro kainiro KMnO, 3 ionamu
K* i I\/InO;, SKUM Ma€e (10JICTOBHI KOJIIp 3aBIASKH HOHAM MnO;. Bin-

KPUBIIH KPaH 1 3aMKHYBIIIUA KOJIO, TOOAYUMO, 110 MeXa MK (h10JIETOBUM 1
0e30apBHUM PO3UYMHOM TOBLIBHO PYyXa€ThCs 10 aHoja. OUeBUIHO, IO IIe
B110YBA€ETHCS BHACIIIOK PYXY /0 aHO-

na (10JeTOBUX MOHIB I\/InO;. [HIBua-

KICTh LOTO pPyXy 1 € nperdoBoro

Hﬁ'-‘
g

IBUAKICTIO HOHIB. SIKIIIO XK BUKOHATHU
el eKCIEePUMEHT 3 AojaBaHHIM B U-

noa10Hy Tpyoky kpiMm KNOj 1me i iH-

01 COJ1, TO MBHUAKICTh PYXYy MEXI 32

KMnO,

TI€1 K HAMpPyTd HE 3MIHUTHCS, MO 1
BKa3y€ Ha HE3aJEXKHICTh PYXJIUBOCTI s

ioHiB MnO, BiJ NPHCYTHOCTI B PO3-

YWHI 1HIIUX HOHIB.

\; 1 I
PR AL L
g

'-../
&
R R R R EER RSN EE Y,

A A

Kpim Toro, 1ei ekcnepumMeHT Ha-
OYHO HaC MEPEKOHYE, 10 Jpeidona Mau. 86
IIBUIKICTh HOHIB B €JICKTPOJIITI 3HAY-

HO MEHIIIA 3a iXHIO TEeTUIOBY IIBUKICTb.

Tema 13. KoHTaKTHI IBHIIIA Mi’K MeTaJIaMH Ta
eJIEKTPOJIITAMU

Di3uuni nonamms

eHopMaibHa KOHLIEHTPAWiAd — KOHIEHTpAIlis EIEKTPOJITYy, SKUN
MICTUTh OJWH MOJIb MOHIB HA OJWH JITP PO3UUHY.

eBoaHeBHH €JIEKTPOI — IUIATUHOBUH E€JIEKTPOJ, HACUUCHUN BOTHEM.

eEjiekTpoxeMiuHMIl MOTEHWISAJI — MTOTEHIIIST METaTy BIJIHOCHO €JICK-
TPOJIITY, B SIKMH 1Iel METal 3aHYpPECHUH.
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eHopmaibHuil eJleKTPOXeMiYHMA MOTEHIislJI — MOTEHI{IsUT IEBHOTO
METajay BIIHOCHO BOJHEBOIO €JEKTPOAA, SKIIO OOH/BAa EJIEKTPOJIU 3aHY-
PEHI B pO3YUH COJI1 I[LOIO METay HOpMaIbHOI KOHIIEHTpAIIii.

Di3uyni cucmemu U npuraou

el'anbBaniuHMid enemenm — xemiune jpkepeno EPC, ske mpairoe Ha
OPUHLNUIT BUHUKHEHHS €JIEKTPOXIMIYHUX MOTEHIISUIIB MIXK METallaMHu Ta
CICKTPOJIITAMM.

el'annBaHiuHMii eJeMeHT BoJbTa — TajgbBaHIYHUM €JIEMEHT, KUK
ABJIsIE COO0K0 MIAHUM Ta LIMHKOBUM €JIEKTPOJIU, 3aHYpPEH1 B CIaOKuil po3-
YUH CIpYAHOi KUCIIOTH.

el'ajbBaHiuHMi ejieMeHT JlaHieJqsi — raJbBaHIYHUM €JIEMEHT, SIKHI
ABJIsl€ OO0 MIJTHUM €JEKTPOJ 3aHypeHul y BoaHui po3unH CuSO, Ta
IUHKOBUM €JIEKTPO, 3aHypeHUI y BoaHUM po3unH ZnSO,, npuuomy po3-
YUHU PO3/JIEHI TOPUCTOIO MEPETrOPOJKOI0, SIKa MPOMYCKAe MOHU, ajle He
IPOITYCKa€ BOJM.

eHopmanabhmii eseMenT BecToHa — rajibBaHIYHUN PTYTHO-KaaMi€e-
BUW €JIEMEHT, IKUH Mae BUCOKY cTaOuibHicTh EPC 1 TOMYy BUKOpPHUCTOBY-
€THCSI Y METpOJIOTii sk eTasioH Hanpyru (& =1,0192 +0,0002 B).

e AKyMyJIATOp — XemiuHe mxepeno EPC, sike, sik 1 rabBaHIuYHUN elie-
MEHT, Tpallo€ Ha MPUHIMI BUHUKHEHHS €JIEKTPOXEMIUHMX IMOTEHIISIIIB
MK METajaMu Ta €JIEKTPOJiTaMu, ajie B sIKOMYy PEYOBHHH, 110 BUTpaya-
I0TbCSI, TIOTIEPEIHHO HArPOMAKYIOTHCSI Ha EJNEKTPOJax 3a JOMOMOIOI0
CJICKTPOITIZY.

ellanuBHMil e1eMeHT — XemiuHe mkepeno EPC, sike sik 1 ranpBaHiy-
HUUW €JIEMEHT MPaIlO€ HA MPUHIUII BUHUKHEHHS €JIEKTPOXEMIYHUX MOTECH-
[ISUTIB MK METaJIaMU Ta €JEKTPOJITaMH, 1 B SIKOMY BUTPaTHI PEYOBUHHU
Oe3nepepBHO MOJAIOTHCS J0 €ISKTPOIiB, a BIANpPallbOBaHI PEYOBUHU O€3-
NEPEPBHO BUBOIATHCS 3 HBOTO.
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3aoaui

(137) MMokaxkeMo, AIKIIO 3aHYPHUTH MeTaJ Yy BOJAY Y¥ Y BOAHUNA PO3UYMH
COJIi IBOr0 MeTAally, TO MIXK METAJIOM i PO3YHMHOM BHHHKAE
PI3HUIS MOTEHIIATIB.

Copagi, miciis 3aHYpPEHHSI METaly Y BOJy YU B PO3YUH COJII I[HOTO
MeTally, MOJISIPHI MOJIEKYJIM BOJM CBOIMU HETaTUBHUMM KIHIISIMU OYAYTh
BUTSTYBaTH 3 METaly IMO3UTHMBHI HOHHU, IO MOPYUIUTH €IEKTPOHEUTpa-
JBHICTh SIK B METaJli, TaK 1 B PO3UMHI — METaJl 3apsAIUThCS HETAaTUBHO, a
PO3YUH — MO3UTUBHO. L]eii nporiec BUXoay HOHIB 3 METally MPUITUHUTHCA,
KOJIM CUJIa €JIEKTPUYHOIO TOJIs, SIKE BUHUKIIO, TOYMHAE MPOTUIISITA BUXO-
1y MOHIB 3 METaly, 3pIBHSETHCS 3 CUJIOIO MPUTSITAHHS 10 MOJICKYJ BOJIM.
Hacrane craiioHapHuii CTaH 3 MEBHOIO HAMPYKEHICTIO €JIEKTPUYHOIO IM0-
Jis 1 BIANOB1AHO MEBHOIO PI3HMIICIO MOTEHIIISUIIB, KA 1 € €JISKTPOXEMIYHUM
MOTEHIISIJIOM 3TiHO 3 MOro o3HaueHHsM. JJisi mpuKiazy, TaKk BUHUKAE
CJICKTPOXEMIUHMIM TMOTEHISUT SKIIO 3aHYPUTH LMHK y BOJHHUI PO3UUH
ZnSQO,. MoxnuBHiA 1 IpYruil BUMIAJOK, KOJIM 3 METAJLy B PO3UYHUH HOT0 COI
BUXOJISATh HE MO3WTHUBHI WOHM, a BUIBHI eJleKTpoHHU. [Ipu 11oMy, odeBu-
JTHO, METaJ 3apsIUThCS TTO3UTUBHO, a PO3UMH — HeraTuBHO. lleit Bumagox
Ma€ MicCIe SIKIIO 3aHYpPUTH MiJb Y BOOHUHN po3unH CuSQ,.

Sxmo 3adikcyBaTU KOHIICHTpAIII0 PO3UYMHY, a came, B3SITH PO3UMH
HOPMAaJIbHOI KOHIIGHTpAIlll, TO, OYEBUIHO, CJICKTPOXEMIUHHI MOTEHIIISI
OyJe 3ajie’katy JUIIe BiJl POJly METamy.

(138) Ilokaxkemo, mI0 MpoIleC BUMIPIOBAHHS €JEKTPOXEeMiUYHOI0

HOTeHHiﬂJIy HCMHUHYYC BILIMBA€ HA BI/IMipIOBaHy BCJIMYHUHY.

Hexalli Mu MaeMO BUMIPATH €JIEKTPOXEMIYHUMN mOTeHUIsn U, Mix

EJIEKTPOJOM A Ta €JIEKTPOIITOM.

[[1o6 BUMIpATH 1Ie¥ €JIEKTPOXEMIYHHUI MOTEHIIISI, CIIi 10 BOJbTMET-
pa MpUEIHATH I OJUH €JIEKTPOJ 1 3aHYPUTH MOro B po3uuH (Man. 87).
AJle MDK ITUM €JI€KTPOJOM 1 PO3YMHOM TaKO BUHUKHE PI3HUIIA ITOTECHIIISA-
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JIB, sSIKa BIUIMBAaTUME Ha PE3yJIbTaT, a ca-

M€ MU BXK€ OyJIeMO BUMIPIOBATH HE PI3HU-
o noteHuisniB U 4 MK enekTpoaom A
Ta PO3UYMHOM, a PI3HUIIO MOTSHINSIIIB
U Ag Mk 1BOMa enektponamu 4 1 B.

3 MaIfoHKAa BUJIHO, 11O

Uas :UA"’(_UB)’

3BIJIKM  €JIEKTPOXEMIYHMM  ITOTCHIIISI,

HKI/Iﬁ MU HaAMAraeEmMocCh BI/IMipHTI/I,
Ua=Ug+Upg, (1)

TOMY 1100 BU3HAYUTH HOro, 10 M0Ka3iB BoibTMETpa U pg CIIIJ J0AaTH LIE
BeanunHy Up, sKa OYEBHIHO 3aJIEKUTH B poxay Merany B. OTxe neu

€JICKTPOJI MOBUHEH OyTH €TaJIOHHUM, TOOTO TaKuM, JIJISl SIKOTO BiloMa pi3-
HUIIS MOTEHIISJIIB MK HUM 1 pO3YMHOM, a TAKUM € BOJIHEBUI eleKTpoji. B
pOJIi PO3YMHY, OYEBHUIHO, CIIIJI B3SITU TAKOX €TAJIOHHHUN PO3YUH, a HUM €
PO3YHUH HOPMaJIbHOT KOHIIEHTpAIIii.

(139) Ilokaxkemo, sIK 3a JONMOMOTOIO

€TAJOHHOI'0O BOJAHEBOI'0 €JICKTPO-

J1a MOKHA BUMIPIOBATH €JIEKTPO-
Boownesuii

XeMiuHi MOTeHIisIn. enexmpo

bynemo Oa3yBatucs Ha eKkcHepu-
MEHTAJILHOMY (DaKTi, 10 PI3HUIIS TOTEH-

IISUTIB MK BOJHEBUM €JICKTPOIOM 1 pO3-

YUHOM HOPMaJbHO1 KOHIIEHTpAIlli HOHIB
poxuo Uy =+0.274 B B (man. 88). Ot-

&Ke, 100 BUMIPATH EJICKTPOXEMIUYHUM

MOTEHINSUT MK MEBHUM €JIEKTPOJOM Ta
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PO3UYMHOM HOT0 COJIi HOpMaJIbHO1 KOHIeHTpallii U 710 moka3iB BoJIbTMETPA
Uy cmix 3rigHo 3 popmyiioro (1) nopatu Bennuuny U o= +0,274 B, T006-

to U =Uy +0.274 B.

OTxe, MalouM 3a €TaJIOH BOJHEBUH €JIEKTPOJ, MM MOXEMO BHMIPIO-
BaTH CJICKTPOXEMIUHI MOTEHIISUIN OYJIb-SIKMX METaJiB BIJTHOCHO PO3YHHIB
iXHIX coJieM HOpMaJbHOI KOHIEHTpalli. JlaHi 1uUX BUMIpIOBaHb s
JNeSKUX €JEeKTPOMdiB IOKa3aHi B TaOJuIll. 3BEPHITh yBary, 10 €JIEKTpOoXe-
MIYH1 MOTEHISUIM € SIK MO3UTUBHI, TaK 1 HEraTUBHI, 110 HMIATBEPJXKYE TOM
dakT (3amava 127), 1m0 B €JIEKTPOJIT 3 METaly MOXYTh BUXOIUTH HE
TUIBKH TIO3UTUBHI MOHH, a 1 BIJIbHI €JIEKTPOHHU.

Tabmuis

Enekmpoxemiuni nomenyianu 0eaKkux memaie
Eaexkrpoa | u,,B| u, B |Eaekrpoa| u,,B | u, B
800HeBULl 0 |+0,274 Pb -0,12 | +0,15
Na -2,712 | -2,45 Hg +0,86 | +1,13
K -2,92 | -2,65 Cu +0,34 | +0,61
Mg -1,55 | -1,28 Ag +0,80 | +1,50

Zn -0,77 | -0,50 0, +1,23 | 1,63
Cd -0,40 | -0,13 Cl, +1,36 | +1,50

(140) ITokaxkeMo, 110 B 3aMKHEHOMY KOJIi 3 MOCJiI0BHO 3’€THAHUMH
METAJIaAMH Ta €JEeKTPOJIiTaAMHU, PI3HULA NMOTCHUIsVIIB MikK OyAb-
SAIKMMHU 3 HUX He JOPiBHIOE HYJIeBi (HAa BiIAMiHY Bil 3AMKHEHOI'0
KO0JIa CKJIAJICHOI'0 3 MeTAaJiB), TOOTO B TAKOMY KOJIi BUHUKAE
EPC.

PosriistHeMo nmpakTUYHKUI BUNAJ0K, KOJIU IIMHKOBUHN Ta MITHUM €JIEKT-
ponu 3aHypeHl B ciaOkuil po3uuH cipuyaHoi kuciotd (H,SO,). ko
3’€IHaTH MK COOOK E€JIEKTPOAHM, TO PI3HUII MOTEHIISIIB MK Oyab-
AKMMHM TOYKaMHM KOJia HE JOpIBHIOBATUME HYJEB1 SIK Y BHUIIQJIKy KoOJa,
CKJIaJIeHOTO 3 MeTaniB (3amaya 119), To6To B ko O0yae EPC
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g:UCu +(_UZn)’

SAKa 3TiAHO 3 TAOJHIICIO €IEKTPOXEMIUYHMX IMOTCHIISUIIB y BHUHAAKY HOP-
MaJbHO1 KOHIIEHTpAIlll pO3UUHY CIpYaHOT KUCIOTH

&=061+050=11(B).
Takui raaipbBaHIYHHI €JIEMEHT HA3UBAETHCS eJIeMEHTOM BoJibTa.

(141) IokaxkemMo, 10 MiK ABOMA €JEKTPOJITAMH Pi3HHX KOHIEHTpa-
nid, PoO3ALIEHUX NMOPHUCTOI MEPEropoAKO, BHHHMKAE Pi3HUIA
NMOTEHIISIJIIB, | BCTAHOBUMO BHPAa3 JJIA Ii€l Pi3HUII MOTEeHUIsAJIIB
(popmyay Hepucra).

Po3ristHeMo eneKkTpomiT 3 3apsaom
HoHa (, pO3AUICHUN MOPUCTOIO MEPEro-
POJAKOIO, SIKa MPOITYCKA€E JIUIIE OJUH THI -
MOHIB, HAIIPUKJIAJI, IO3UTUBHI HOHU 1 HE My -
npomnyckae po3unHHUKa (Boau). Hexaii 3
OJHOro OOKYy IIi€i MNEPEeropojKu KOH-

1
+ + + + +

LEHTpaLlsl €JEKTPOIITY Ny, a 3 IHIIOrO
n2 (nl > nz) (Maﬂ. 89)

[Tix TUCKOM, SIKUM € OUTBIITUM Y TO-

My €JIEKTpPOJITI, e OlJbllla KOHIIEHTpa-
1115, TIO3UTKUBHI HoHU (HOHU MeTaiy) Oy-

IyTh TEPEXOJUTH Yepe3 MEepPeropoaKy B
CJICKTPOJIT 3 MEHIIOK KOHIICHTpPAIII€ETO.

IIpy 1bOMyYy OYEBHUIIHO, IO E€IEKTPOHEM- 0 W (x)
TPaJIbHICTh B OOUABOX €JIEKTPOJIITaxX IO- MauL 89
PYWIUTHCS, CHPUYMHUBIIYA BUHUKHEHHS
CJICKTPUYHOTO TOJISI 1 PI3HMIT TTOTEHITISIIIB.

Y cTaHOBUMO 3aJIe)KHICTh IIi€T PI3HUII TTOTEHITISIIIB B KOHIIEHTpAIlii
eJIEKTPOJIITIB. [ 1boro m0 001acTi 3 MOPYLIEHOK EIEeKTPOHEUTpasb-
HICTIO 3aCTOCYEMO pO3Mo1i1 bonbiMaHa (32 MOTEHIISIIBHOKO €HEPTi€r0)

166



_W(x)
n=ne X7 |

e W(X) — moTeHmisnbHA eHepris HOHIB 3aleKHO Bif BiCTaHi Bil MHOUATKy

00JIacTi TOPYIIEHOT €JIEKTPOHEUTPATBLHOCTI (32 HYyJb MNOTEHIISUIBHOT
EHEprii B3ATO MOTEHIlISUIbHY €HEPT1I0 HA MOYaTKy I11€i 00acTi).

[IpoTe Takuii mpolec nepexojy He TPUBATHME JI0 MOBHOTO BUPIB-
HIOBAHHS KOHIICHTpPAIId — BIH 3aKIHYUTHCS, KOJIM CHJIa €JIEKTPUYHOTO T0-
JI51, SIK€ BUHMKJIIO, BUPIBHSIETHCA 3 CHJIOK TUCKY. TOMYy MOPYIIEHHS €JIeK-
TPOHEUTPATILHOCTI Ta KOHIICHTpAIlld CTaHEThCS B HEBEIUKIN 00yacTi O11s
IeperopoaoK, a Ha OULIBIINX BiACTAaHSAX B1J HEI KOHIEHTpAIlll 3aJIMIIaThCs
Taki, siki Oynu no toro. Ha 11 BijicTani B ApyroMy €JIeKTPOIiTI KOHIIEH-
Tpauist 0yne N,, a moreHuisuibHa eHepris W = (@ 3riiHO 3 O3HAYEHHSIM

noteHmisury. [ligcTaBuBIIM 11 BEIWYMHU B po3noain boabiMana,

IICTAaHEMO
_ Qo
n =ne KT
1
3BIJIKA
kKT, n
¢=—In—-.
q n

Mu otpumanu ¢opmyny Hepucra. bauumo, mo us gopmyna s
OJIHO3apsIAHOTO HoHa (( =€) 1IeHTHUYHA 10 (opMynu AJisi BHYTPIIIHBOI
PI3HUII TOTEHIISUIIB HA KOHTAKTI JIBOX MeTamiB (3amgada 117). OueBuaHO,
mo 1 BuBiA gopmynu HepHcTa MoxHa 3pOoOUTH Ha OCHOBI MIpKYBaHb,
BUKJIAJICHUX ITiJ] 4aC BUBOJY 3rajiaHoi (GOpMyiIu JjIsi BHYTPIITHBOI KOHTAK-
THOI PI3HUII MOTEHIISUTIB JJISI JBOX METAJIB, a caMe MPUPIBHABILIUA CUITY
TUCKY MOHHOTO ra3y J0 CHIIH, sIKa JIi€ Ha HOHU 3 OOKY €JIEKTPUYHOTO IO,
SIK€ BUHUKJIO BHACIIIJIOK NIEPEXO01Y YACTHHU MOHIB B €JIEKTPOJIIT 3 MEHIIOIO

KOHIICHTPAIIIEIO.
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Po3rnsiHyTHil BUNIQJIOK JIBOX €JIEKTPOJIITIB Pi13HOI KOHIIEHTpAIlil pO3-
TJIEHUX TOPUCTOIO MEPETOPOIKOI0 € MPAKTUUYHUM, OCKIJIBKU BIH MOJICIIIOE
BUHUKHEHHS TPaHCMEMOpPAaHHOI PI3HMUII TMOTEHINSJIIB B KIITHHI KHUBOTO
OpraHi3my.

Tema 14. Enekrpuunuii crpym B rasax. Iliazma

Dizuuni a6uwa

e HecamocTiiinuii ra3oBuii po3psii — sBUIIEC NPOTIKAHHS CTPyMYy B
rasi JIuIle 3a HasBHOCTI HOHi3aTopa (IIPOMIHHS YM JKEpesa Tera).

e CaMOCTIiiHUI Ta30BHH PO3PAX — PO3PAI, SKUH MPOJIOBKYETHCS
ICJIsI BUKJIFOUEHHS HOHI3aTopa.

eBroprHHA €JIeKTPOHHA eMicCisl — SBUIIE BUXOAY E€JIEKTPOHIB 3 Ka-
TOJ/Ia BHACIJOK HOT0 O0MOapTyBaHHs MO3UTUBHUMHU HOHAMU.

Dizuyni noHaAmms

eCTpyM HacHYeHHS — II€ MakCMMallbHa HE3aJieKHA BiJ Hampyru
cuja CTpyMy.

e JledaeBcbKa JOBKMHA — 1€ JIHIMHUN po3Mip (JI0BKHHA peOpa KyOa
Yy JiaMeTp KyJii) Takoi 00JacTi B HOHI30BaHOMY rasi, B SIKiil MOTEHIISIb-
Ha €HEepris eJIeKTPOHA 32 MOBHOTO PO3AUICHHS TO3UTUBHUX Ta HETaTUBHUX
3apsIiB MPUOJIM3HO JOPIBHIOE CHEPTii TEIIOBOr0 PyXy (IMMO3HAYCHHS O ).

ellnazma — iloHI30BaHMII ra3 I SIKOrO JeOaeBChbKa JAOBXKMHA Mala
NOPIBHSHO 3 po3MipaMu 00J1acTi Ky 3aiimae ras. lle o3HaueHHs miazMu
naB JIenrmrop.

e[30TepMivuHa MIa3Ma — 1Ja3Ma B SIKIM TeMIepaTypu eJIeKTPOHHOIO

Ta HoHHOTO Ta3iB ogHakoBi (7, =T})

eHei3zoTepmiuna mia3ma — miasma B sKiii TeMIiepaTypH €JIeKTPOH-
HOTO Ta HOHHOTO ra3iB pi3Hi (T, # T};).
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(142) YcTaHOBHMO 3aJ1€5KHICTh TYCTHHHM CTPYMY HACHYEHHSI BiJl IIBU/-
KOCTi reHepauii HOHIiB Ta XOBKMHHU TPYOKH, i MOKa!KeMO, 110 32
HECAaMOCTIHHOT0 PO3PSAYy 32 MAJHMX HANPYTI BUKOHYETHCSH 3aKOH
Owma, a 32 BeJIMKMX HANIPYT CTPYM JOCATa€ HACUYEHHS.

OuyeBUIHO, 1110 Ta3 SIK PEYOBUHA, Y AKIM HEMAE BIIbHUX €JIIEKTPUUHUX
3apsiAiB, HE TPOBOAUTH €JIEKTPUUYHOTO CTpyMmy. IIpoTe 3a HarpiBaHHs abo
ONPOMIHEHHS yIbTPa(diosieTOBUM 4K X-MPOMIHHSIM BHACHIIAOK MOHi3aIlii
BiH CTa€ MPOBITHUM 1 B KOJII 3 Ta30BOI0 TPYOKOIO moTede cTpym (mai. 90).

[IIBuaKicTh TeHepaillii HOHIB HOHI3aTOPOM — I1€ KIJIBKICTh Tap HOHIB,
10 BUHUKAE B OJMHUII 00’emy
3a OJUHULIO 4Yacy, ab0 KOHIIEH-

Tpallisi map WOHIB, II0 BUHUKAE ' I @A —

3a OJIMHUINIO Yacy. 3TiJHO 3 UM

O3HAUEHHSM, TMO3HAYMBILIU IO V—

BEIMYUHY [, MaEMO

Vi ot Maut. 90

AJie BHACHIZOK peKoMOiHaIlll B OJMHUIN 00’€MY 3a OJMHUIIIO Yacy
3HMKA€ NIEBHA KUIbKICTh Map MOHIB, SIKy IO3HAYUMO /3] 1 HA3BEMO LIBHJIKI-
CTIO PEKOMOI1HaII1, 1 sIKa, OYEBUIHO, IPOTOPLIiTHA 10 KOHIIEHTpAIlli M03HU-
TUBHUX N, 110 KOHLUEHTpaLii HEraTUBHUX N_ — HOHIB.

_ — n2
pPL=an.n_=on
e a — Koe(IIieHT MpOMOPIIHHOCTI.
Kpim Toro, 3a HassBHOCTI CTPYMY B OJIMHHII 00’ €My 3a OJUHHUIIIO YaCY
3HMKAa€ MEBHA KUIBKICTh nmap HoHIB S, (ue WOHH, Kl OCUIM Ha €JIeKTpo-

nax). 3HaiaeMo BUpa3 IS Ii€1 MBUAKOCTI 3HUKHEHHS HOHIB.
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_Np Nl 1
Vt Slg Sle el

b

ae S i | — BiAMOBIHO TUIOIIA TOMIEPEYHOTO TIepepi3y Ta JOBKHHA TPYOKH.
[Ipu BUBeneHHI 1€ (GOPMYTIH 3aCTOCOBAHO O3HAUEHHS IIBUIKOCTI 3HHK-
HEHHS MOHIB, O3HAYEHHS CUJIM CTPYMY, IPUHIIUI KBAHTOBAHOCTI 3apsly Ta
O3HAYEHHS I'yCTUHU CTPYMY.

3a yMOBM pPIBHOBaru IIBHUJKICTh T€Hepallii HOHIB Ma€ JOPIBHIOBATH
CyMi IIBUJKOCTEH iX peKOMOIHAIII1 Ta 3HUKHEHHS, TOOTO

B=p+P5.

ITincraBuBIIM CIOAM 3HAWAEHI BUpa3u 1id By 1 [, AICTaHEMO

ﬂ:an2+i. (1)
el

J 2

3a MauX ryCTUH CTpyMy — << oN® 1 TOMYy

14

a

I _____________________
H

CTAJIOI0 BEJIMYMHOIO 1 BIAMIOBIAHO ITH-
TOMa MPOBIAHICTH

6=e\/§(ﬂ++ﬂ_), Man.o1

A€ f, 1 {_ — PYXJIABOCTI BIANOBIAHO MO3UTHUBHUX 1 HETAaTUBHHUX WOHIB,

TaKOXX € CTaJOK BEJIMYMHOIO, 110 CBITYUTH MPO JIHINHY 3aJICKHICTD T'yC-
TUHU CTPYMY BiJl HAIPY>KEHOCTI €IEKTPUUHOTO MOJIS

] =0k,
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TOOTO MPO BUKOHAHHS 3aKOoHY OMma.

3a BEJIUKUX TYCTUH CTPyMYy l|>> an?, TOMY HEXTYHUYU NEPLIUM
€

noaaHkoM y (opmymni (1), mictanemo
] =e/l,

3BIJIKM 0a4uMMO, 1[0 TYCTHHA CTPyMy OyJe CTalior, TOOTO CTPyM JIOCSTHE
HACUYCHHS.

3ayBaxxumo, 110 ekcrnepuMmeHTaibHa BAX HecaMoCTiitHOTO po3psiay
(man. 91) miaATBepKYye 11 BUCHOBKM: CIIOYATKy BOHA JIiHIWHA 3T1AHO 3
3akoHOM OMma, a TIOTIM JI0CATa€ HACUYCHHSI.

(143) YcTaHOBMMO 4acOBY 3aJI€KHICTh KOHIIEHTPAILii ifOHIB y ra3opos-
PAIHIA TPYOUI Mmic/isi BAMKHEHHS OHI3aTOopa.

3MEHIIICHHSI KOHIIEHTpAIlli MOHIB 32 OJMHUIIIO Yacy MPOMopIiiiiHe 10
KOHIIEHTpAIIli 1 TO3UTUBHUX 1 HEraTUBHUX MOHIB, TOOTO

dn 2
—~n.n_=on",
dt

abo

__an?,
dt

e a — koedilieHT pekoMOIHallli, a 3HaK «—» BKa3y€ Ha 3MEHIIICHHS KOH-
neHtpaiiii. [IpecTaBUMO OCTaHHIO PIBHICTD Y BUTJISIAI

dn

— = —adt
n2

1 mpoinTerpyemo. OTpumMaemMo
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—E:—at+C.

n
VY nouarkoBuii MomeHT yacy t =0, n=ny Tomy C =—-— 1 ocTraHHE
No
PIBHSIHHS HAOyBa€ BUTIISIAY
n
n=—2_.
1+ anot

(144) BcTaHOBHUMO 3aJI€JKHICTh CHJIM CTPYMY Ta MOTOKY €JeKTPOHiB
BiJl BiZICTaHI B eJIEKTPOHHIHA JIaBHHIi, IKA MAa€ Miclle B CAMOCTIiH-
HOMY PO3Psii.

PosrasiHeMo caMOCTIHHMI poO3psisl, TOOTO PO3psi, SAKUW TPOJTOBKY-
€TbCS TMICHS BUKJIIOUCHHS HoHI3aTopa. lle BimOyBaeThcsi BHACHIAOK
HOHI3al1lli aTOMIB €JIEeKTPOHAMHM, SIK1 BUMIILUIM 3 KaTtojaa. CBOE€ 4eproro Il
CJICKTPOHM BHMIILIA 3 KAaTOJa BHACTIIOK Horo OoMOapayBaHHS MO3WUTHUB-
HUMH MOHAMU, K1 YTBOPUJIUCS Yepe3 MOHI3ALI0 aTOMIB €JIEKTPOHAMU. Y
pe3ysbTaTi po3psa HMIATPUMYE caM cede Bke 03 30BHIIIHBOrO HOHI3a-
TOpa: Ha MICIIC €JICKTPOHIB, K1 MIIIUIK 10 aHOAA, MPUXOASATh HOB1 — Ti, 5KI
BUUIIUIM 3 KaTOMA.

. : N : :

Hexail xaTon emiTye 3a OAMHMIIIO 4acy Ny = TO €JICKTPOHIB, 5Kl

pPyXarouuch B €IEKTPUYHOMY MO, HOHIZYIOTh MOJIEKYJIU Ta3zy MPUUOMY

KOKE€H €JIEKTPOH CTBOPIOE HA OJIMHUII JOBXHWHHU CBOTO HUISIXY a HOBHX
€JICKTPOHIB 1 HOHIB (@ map €JIeKTPOH-HOH), TOOTO

1 dN
a=——-:,
N dx

ne dN — 3aranbHa KUIBbKICTh €JIEKTPOHIB Ha BijctaHi OX (HIpupiCT eJIeKT-
poHiB Ha BifcTaHi 0X), N — 3arajibHa KiJIbKiCTh CJICKTPOHIB Ha BiJICTaHI X
BIJl KaToJa.
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[Tpupict enekrponiB AN Ha BifgcTani OX mpuBeme 40 NPUPOCTY CHIU

. dl :
crpymy dl . Toxi (;j—N — CHJIA CTPYMY, CTBOPEHA OJTHUM EIIEKTPOHOM 1

dl

— N =1(x),

dN

cujia CTpyMy Ha BijcTtaHi x. [liicTaBUBIIM CIOU BUpa3 IJis &, TICTAaHEMO

dr = adX,
I
3BIJIKU MICJIS IHTETPYBaHHS
Inl =ax+C
bins katona, To6to 3a ymoBu x =0 cuna ctpymy | =y, Tomy micns

HiI[CTaHOBKI/I IUX IIOYATKOBHX YMOB B OCTAHHE piBHHHH?I I{iCTaCMO, 1o

C =Inly i oTpuMyeMoO 3aeKHICTh CHIIU CTPYMY BiJl BiZICTaHi
X
I = Ioea .

Bupazumo |y 1 | yepes BiAMOBIIHI TOTOKH €JIEKTPOHIB Ny 1 N.

o
|
Il

eN
—t 0 :eno.

AHAJIOrI4HO
| =en.

[limcTaBUBIIM JBI OCTAHHI PIBHOCTI Yy 3aJICKHICTh CHUJIU CTPYMY Bij
BIJICTaHI1, JICTAHEMO 3QJICKHICTh MOTOKY €JIEKTPOHIB BiJl BiJICTaHi

n=nye*™*.
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3ayBakuMo, 110 OYKBOIO 7 TYT MO3HAYEHO MOTIK €JIEKTPOHIB N = s

(KUTBKICTh €JICKTPOHIB SIKI MPOXOASATh Yepe3 MOMEePEUHUi nepepi3 3a oau-
HUIIIO 4Yacy), [0 HE CJIiJ IJTyTaTy 3 KOHIEHTPAIIIEIO Ky TO3HAYal0Th TIE0

N . . : :
& OYKBOIO N = v (KITTBKICTD €JIEKTPOHIB B OJIUHUII 00’ €MY).

(145) YcraHoBMMO YMOBY CaMOCTIHHHOro po3psiay, TOOTO YMOBY, 3a
SIKOI CTPyM OyJe NMiATPUMYBATHCH Y BiJICYTHOCTi 30BHIIIIHHOIO
HoOHI3aTOpA.

OueBHUAHO, IO HE3AJIC)KHO BIJ TOro, IKUM CIIOCOOOM BHOHMBAIOTHCS
CJICKTPOHU 3 KaTo/Ia, iXHiM MOTIK ONMKUCYEThCS PIBHAHHAM (3a71aua 144)

n(x)=nye**,
3BIAKH HOTIK OLIA aHOIa
n(l)=nge"!,
ne | — noexxuHa TpyOKH, Ny — KUIBKICTh €JIEKTPOHIB, BUOMTHX HOHAMU 3

KaToJa 3a OJAMHULIIO Yacy.
I1i ifoHM 3’ABIAIOThCA BHACHiZOK moToKy enekrponis N(l). Ix kims-

KICTb — II€ KUIBKICTh HOBMX IIap €JEKTPOH-MOH 3a OJWHMINI0 Yacy Ha
BiJicTaHi |, 1Ka, oO4eBUIHO, TOPIBHIOE

n—ng=nge*' —ny = no(e“" —1).

AJle KUTbKICTh BUOMTHUX €JIEKTPOHIB HE OOOB’SI3KOBO JIOPIBHIOE K1JIb-
KOCTI1 MOHIB, SIKI OOPYIIMIJIMCS HAa KATOJl, TOMY KUIbKICTh BUOUTUX €JIEKTPO-
HIB OyJie

Mo (ea'l —1)’




ne ¥y — Koe(iIieHT MPOHOPIINHOCTI, IKUN MOKa3ye, CKIIbKU E€JIEKTPOHIB
BUOMBA€E OAWH MOH (3BEPHITH yBary, 1o Koe(dillleHT ¢ HaBIIaKu MOKAa3ye,
CKIJIbKM HOHIB Ha OJWHMUII JOBXKHHHU CIPUYMHSE OIUH eJIeKTpoH). Jlis
TOTO, 1100 MIATPUMYBABCSI CTPYM, 15l KUTBKICTh BUOUTHUX €JICKTPOHIB Mae

OyTH HE MEHIIOI N, TOOTO

mo(e“" —1)2 ng,

3BIJIKM OTPUMYEMO YMOBY CaMOCTIMHOTO PO3PSIAy
rle*! —1)>1.

OueBuaHO, MO KOEPIIIEHTH ¥ 1 o 3a]ekaTh BIJ MPUKIAIEHOI HANIPy-
I'Y, TOMY 111 yMOBa OyJie BAKOHAHA 3a M€BHO1 HANIPYTH — HAIIPYTH 3amaito-
BaHHS Ta30BOT0 PO3PSY.

PosrisinyTa TyT Teopis HaexuTh Jx-Tap3zenay. OueBUaHO, 10 B HIA
HE BCE BPAXxOBaHO, a CaMe:

a) €JIEKTPOHU MOXKYTh BHOMBATHUCS 3 KaToJa HE TIJIbKM HOHAMH a U
BUMPOMIHIOBAHHSIM CaMOr'0 po3psAly, TOOTO 3a JIOMOMOTrow (oTto-
eeKTy;

0) €IeKTPOHU MOXKYTh HE TIJIbKHM BUOMBATHUCS 3 KaToja, a U 3’ SIBJISTH-
ca B 00’eMl TpyOKH BHACIIJOK 3ITKHEHb aTOMIB 3 MO3UTUBHUMH
HOHAMU;

B) €JIEKTPUYHE MOJIe MK KaTOJOM 1 aHOJIOM HE € OJHOPIAHUM BHaC-
JJIOK 3apsi/IiB sIKI BUHUKAIOTh B YChbOMY 00’ €M1 TpYyOKHU.

(146) IMoxaskemo, 10 32 HU3LKOT0 THCKY MJ1a3Ma € OJIMKYOI0 10 Hei30-
TEPMIYHOI, a 32 BUCOKOI0 — JI0 i30TePMi4HOI.

3a HM3BKOT'O THUCKY YHWCIIO 3ITKHEHb 32 OJIMHUII0 4Yacy €JIEKTPOHIB 3
HoOHaMU HEBEJIMKE, a OCKUIBKM BOHM OOMIiHIOIOTHCSI €HEPri€lo 3 MoHaMu
nopIisiMU (KBaHTaMH) TO 3a MEBHOT WMOBIPHOCTI OOMIHY B OJTHOMY 3iT-
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KHEHHI, IHTEHCUBHICTh IbOTO OOMIHY He3HauHa. Takum YMHOM €JIEKTPOH-
Ha TEMIIEpATypa € BUILIOK 3a HOHHY.

3a yMOBH BHCOKOT'O THCKY BHACJIJIOK OLIbIIOI KUIBKOCTI 31TKHEHB
CJICKTPOHIB 3 MOHAMU 1HTEHCHUBHICTh OOMIHY €HEPIi€l0 MiXkK €JIEKTPOHAMHU
Ta HOHAMU 3pOCTAaE, IO CIIPUUYUHSIE IO iX BUPIBHIOBAHHS 1, BIAMOBIIHO, JI0
BUPIBHIOBAHHS MOHHO1 Ta €JICKTPOHHO1 TeMIIepaTyp.

3 KJIAaCUYHOI TOYKHU 30PY 1€ BUTJISAIAE TaK, 1[0 B OJJTHOMY aKTl 31TKHEH-
HS €JICKTPOHA 3 HOHOM MIBUAKICThH €IEKTPOHA 3MEHIIIYETHCS 3T1JIHO 3 3aKO0-
HaMM 30€pEKEHHS IMITYJIbCY Ta KIHETUYHOI €Heprii, 3BiKH, BHACTIIOK Be-

JIMKO1 Pi3HHULI MAcC €JIEKTPOHA 1 HOHA, HAa BEJIMYMHY NpUOIU3HO 20, € U;

— IIBUJIKICTh 1OHA, TOOTO HA HE3HAYHY BEJIUYHUHY.

Tomy 3a HU3BKOI'O TUCKY BHACJIIIOK MaJIOi YaCTOTH 31TKHEHb 11€ 3MEH-
IICHHS HEe3HAYHE 1 TeMIIepaTypa €JICKTPOHHOIO ra3y 3aJIUIIAETHCS BUILIOO
3a TeMnepaTrypy HOHHOro0, a 332 BACOKOTO TUCKY, BHACIIJOK 3HAYHOI 4acTO-
TH 31TKHEHb MIBUKICTh €JIEKTPOHA 3MEHIITYIOUHUCh Y KOXXHOMY 31TKHEHHI
MO€ 3MEHIITUTUCH JIO TAKOI BEIWYMHHU, 110 KOTO CEpE/IHS KIHETUYHA €HE-
pris cnajze 10 KIHETUYHOI €Heprii WOHIB, 10 O3HAYaTUME PIBHICThH €JICK-
TPOHHOI Ta HOHHOI TEMIIEPATYP.

(147) BcranoBUMO 3B'sI30K 1€0aiBChKOI JIOB:KMHH 3 TeMIIEPaTypoIo Ta
KOHIIEHTPAIi€10 3apsI/IKeHNX YACTUHOK OTHOT0 3HAKY.

3riJIHO 3 O3HAYEHHSAM Je0aiBCbKO1 JOBKWHU MPUPIBHAEMO MOTEHIIIS-
JIbHY €HEPTii0 €JIEKTPOHA A0 €HEprii TEIJI0BOTO PyXy

eU =kT,

ne, odeBuiHO, U — 11e pi3HMIA TOTEHIIAIB MDK ITOBEPXHSAMHU 00JIacTi
MOBHOT'O PO3JUICHHS 3apsiiiB, TOOTO Pi3HUII MOTEHUISUTIB HA 1€0a€BCHKIM
noBxkuHi. Togi 3a popmysioro 3B’sI13Ky HAMPY>KEHOCTI ¥ MOTEHIISLTY

eEs = kT., (1)

ne T, — elNeKTpOHHA TeMIlepaTypa.
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OueBUAHO, 110 HANPYKEHICTh €JICKTPUYHOrO TMOJIsl E 3aleXuTh Bijl
KOHIICHTpAIlll 3aps/PKEHUX YaCTUHOK, TOMY BHUPA3UMO HaIpy>KEHICTh
€JIEKTPUYHOTO TOJIA Yepe3 KOHUEHTpalito. s 1poro 3actocyemMo Tteope-
My Octporpajacskoro—I'ayca y nudepeHuisibHii popmi

divD = p.

BBaxarouu 3apspKeH1 YaCTUHKHU OJIHO3APSIIHUMU, 00’ €MHY T'yCTUHY
3apsay MPEICTaBUMO SIK

=—=ne,
£ Vv

a IMBEPIeHIlio BekTopa D HaOMMKEHUM BUPa3OM

—_—

divD:E.
o

Tomai1 Teopema OcTtporpajacskoro—I'ayca O0yjie MaTu BUTJISA

D
— =ne
1)
abo
T = _he.
o
3BIIKHU
="
8(90

[TincraBuBIIM 1IeH BUpa3 Wi E B piBHICTH (1) OCTATOYHO OTpUMAEMO
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e&gkT

ne?

5:

Cuipg 3ayBaKMTH, 1110 B3arajii TeMIIepaTypH €JIeKTPOHHOTO Ta HOHHOTO
ra3iB y Ia3sMi He OJHAaKOBI. fIKk IpaBWJIO €JIEKTpOHHA Temmeparypa 1, €

BUIIOIO 32 WOHHY T';. 3ramaiiMo MoaiOHy CUTYallo I €JIEKTPOHHOIO Ta

HOHHOTO «Ta3y» B METaJIaX.

3 octa"HbOi (hopMyJin Ta JICHTMIOPOBOTO O3HAYCHHS IJIa3MU OA4MMO,
IO CTaH IUIa3MU JIOCSTAETHCS 3a BUCOKUX TEMIIEpATyp Ta MaJiuX KOHIICH-
Tpallii 3apsIKEHUX YaCTUHOK.

(148) Ha ocHoBi nmpumymienHss npo ¢JuykTyamii 3apsity B mjia3mi Ta
BHUpa3y A 1e0aiBChKOl J0BKUHU BCTAHOBMMO BUPA3 JJIA I1A3-
MOBOI (JIECHTMIOPOBOI) YaCTOTH.

HHaSMOBy qacCTOTy @y 3HAUJEMO SIK BCIIMYNHY O6€pH€Hy A0 4acy

KUTTS 00JaCTe MOBHOTO PO3AUICHHS 3apsaaiB 7. OCKUIBKM pO3MIp IHUX
o0iacTen € 1e0aiBCHKOIO JIOBXKHUHOIO, TO

Ye
5 )
1€ U, — CepelHs KBaJApaTU4HA NIBUAKICTh €JIeKTpoHiB. IlincTaBuBIIN BU-

3KT,

pa3 s mi€i MBUAKOCTI U, =
m
e

, a TakoX BUpa3 sl 1e0aiBCHKOI

JOBXUHU (3a7a4ya 147) nicranemo

3ne2
Wy =,|—.
ggome

(149) BBakaw4uu pyx eJJeKTPOHA B IJIA3Mi MiJ Ti€10 eJIeKTPUYHOTO TO0-

JIfl PiBHOMIpHHUM, IOKAKeMO0, 110 I CTPYMY B IJIa3Mi BUKOHY-
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€TbCcA 3aKOH OMa i BCTAHOBMMO BHMpa3 ISl IATOMOI €JIEKTPO-
NMPOBIIHOCTI MJIA3MM.

bynemo Tako) BBaXKaTH, IO €JEKTPOIPOBIAHICTh MJIA3MH BU3HAYa-
€THCS E€JIEKTPOINPOBIAHICTIO €JIEKTPOHIB OCKUIBKM 1X PYXJIMBICTh 3HAYHO
OisbINa 32 pyXJIMBICTh HOHIB.

JilicHO, PIBHOMIPHICTh HAMPSIMJIECHOTO PYyXy €JIEKTPOHIB B3J/I0BXK
CJICKTPUYHOIrO TOJISI B TJIa3Mi MOXHa JIOBECTH MOAIOHO SIK 11€ 3p00JIEHO
JUIs €NIEKTPOHIB B MeTanax (3agada 76). A 3a pPIBHOMIPDHOTO PYXy K
BUIUIMBAE€ 3 OCHOBHOTO PIBHSHHS JWHAMIKA CyMa CWJI, IO MAiIOTh Ha
CJICKTPOH JOpIBHIOE HyseBi. OCKIIbKH, Ha €JEKTPOH IIOTh JIMIIE JBi

CWJIM: CHJIa €JIEKTPUYHOro nois eE Ta cuna omopy F,, ski HampsmieHi

IMPOTHUIICKHO, TO

eE=F . (1)

on

Cuny onopy F,, 3HaiineMo 3 TUX MIPDKyBaHb, 110 B KOKHOMY 31TKHEH-

Hl €JIEKTPOH IIJIKOM BTpayda€ CBiM IMIYJIbC HAMPSMIICHOTO PyXy, MOAIOHO
710 TOTO, SIK 1I€ € JJIsl €EKTPOHHOIO ra3y B METall, 3T1IHO 3 MOCTYJIaTOM
KJIACUYHOI TEOPii €JIEKTPOIPOBITHOCTI MeTaliB (Tema 6), TOOTO IMITYJIbC

CJICKTPOHA SMCHIIYETHCS HAa BCIIMYUHY meU , A€ U — IHBI/II[KiCTB HalpsamJic-

HOT'O pyXYy €JEKTPOHA MiJ JI€I0 €IEKTPUUYHOIO MOojis (3ayBaxkTe, 10 B 3a-
nadl 146 xoyn MILIOCS MPO 3MEHIICHHS MIBUIKOCTI €JIEKTpPOHA HAa 20, TO
HIuiocs npo MBUAKICTh XAOTUYHOTO PYyXY €JIEKTPOHA).

Tenep, 3acTocyBaBIlIM OCHOBHE PIBHSIHHS JUHAMIKU y GopMmi, i€ 3MIHA
IMITyJIbCY MaTepiajdbHOI TOUYKU JOPIBHIOE IMITYJIbCY CUJIM, MOKEMO Hamu-

caTu
F,,z=muu

7€ T — CepeaHii yac MiXK IBOMA 31TKHEHHSIMHU €JIEKTPOHA 3 MOHOM, 3B1JIKU
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1 JU1sl TYCTUHU CTPYMY

e 1i MUTOMa eJIEKTPOIPOBIIHICTb.
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