1 7 EJIEKTPOCTATUKA

«Ximis i 84UeHHs NPo MazHemu3M 0OHA 34 OOHUM
BU3HANU NPOBIOHE 3HAUEHHS eNeKMpUKU, i docmam-
HbO IMOGIPHO, WO 6CI A6UWA, AKI BUHUKAIOMb Ni0
0I€I0 CUL HEOP2AHIMHOT Mamepii, d, MONCIUGO, | OLb-
wicmb MUx, Wo CIMOCYIOMbCs. POCTUHHO20 | MEAPUH-
HO20 JHCUmmsl, 6UAGIAMbCA pewmi-pewm itl niono-
PAOKOBAHUMU.»

Maiixn @apadeu

8§ 17. 1. EnexTpuyHuii 3apsa. 3aKoH 30epeKeHHs] eJIEKTPHYHOTIO0 3apsiy

CroronHi BioMo, 0 (i3W9HI i XIMiYHI BITaCTHBOCTI PEYOBHHHU — BiJI aTOMA JIO KUBOI KJIi-
TUHM — B 3HA4YHIH Mipi HOSICHIOIOTHCS €IEKTPUYHUMH criiaMu. [{uM 3HaHHSAM MU 3000B’s13aHi
A. Amnepy, M. ®apanero, 1. MakcBemury i 6aratboM iHImmM BueHHM XIX cT., sKi 3’sicyBanu
MIPUPOJY EIEKTPOMArHeTH3My, a Takox (izukam i xiMikam XX CT., sIKi po3rajajin aToMHy Oy-
JIOBY PEYOBHHH.

B ocHOBI Teopii eneKTpoOMarHeTU3MYy JISKATh CINSKTPHYHI 3apsiid, 3 SKUMH IIOB’SI3aHO BU-
HUKHEHHS SJIEKTPUIHOTO CTPYMY, MarHETU3MY TOIIIO.

DyHIaMEHTATBHOIO BIIACTHBICTIO CIEKTPUIHOTO 3apsiy € HOro iCHYBaHHS B IBOX BHUJIAX.
Take TBepDKEHHs BIIEpIIe BUCIOBUB (paniry3pkuii (izux [lapms dpancya drode (1698 — 1739),
a aMepHuKaHChKui (Gisuk Beniamin @pankiin (1706 — 1790) Has3Bas 1i 1Ba BUIX 3apsiiB A01a-
THUM 1 Bix’emuum. L{ikaBo, o Mix JOTATHUMU 1 Bil'€eMHUMH 3apsaMy HEMA€E HisIKUX BHYT-
PIIIHIX BiIMIHHOCTEH.

Sk oKa3ye JOCBiJ, eIEKTPUIHHIA 3aps He 3HUKAE 1 He BUHUKAE. g hyHnameHTanbHa Bia-
CTHBICTh €TICKTPUYHOTO 3apsIIy 3HAUIIIIA CBOE BiTOOPAXKECHHS B MiATBEPHKEHOMY €KCIIEPHMEH-
TAJIGHO 3aKOHI 30epeskeHHsl eJIeKTPUYHOI0 3apsiay. B i30/1b0BaHiii cucTeMi MOBHMIA eslek-
TPUYHHUIA 3apsia, TOOTO ajrefpaiuyHa cymMa J0JATHHX i Bil’€MHHX 3apsiB, 3aTHIIACTHCSH
€TaJ1010. 3 1500 3aKOHY BUITIMBAE, 10 B Oy/b-sIKiil HEHTpaIbHIN pedoBHHI € 3apsau 000X BH-
B 1 JI0 TOTO K B OTHAKOBUX KUTBKOCTSIX. BHACHITOK JOTHKAHHS JBOX TiJI MIPH TEPTi YaCTHHA 3a-
PSAIIB TIEPEXOIUTH Bil OJTHOTO TiJia J0 1HIIOTO, 1 Il TijIa 3apsA/PKAOTRCS Pi3HOIMEHHO. Tak, HarpuK-
JaJl, SIKIIO CKJIO HATUPATH IIKIPOO, TO CKJIO B PE3YIbTATI MiCTUTAME HAIUTHUINOK JOJATHHUX 3a-
pAAiB, a mIKipa — Bil’éeMHUX 3apsiiiB. Takuii mpoIec Ha3UBAKOTh eJIeKTPH3AMIEI0 TiJ TEPTIM.

Ha ocHOBI ekcTIeprIMEHTAIFHIX TaHUX BCTAHOBIICHO, IO SICKTPUIHUN 3aps Tina CKiaaa-
€ThCA 3 AUCKPETHUX 3aps/IiB CTaJoi BeNMM4uHU. L[ BemuurHa MO3HAYAETHCS depes e, 1 € 3aps-
oM enexrpona (e = —1,60 - 10™ Kn). Maca enexrpona ayxe Mana i gopisaioe me = 9,11 - 10" kr.
Haiimenria yacTHHKA, 110 Ma€e eJeMEHTapHUI ToAaTHH (TTO3UTHBHIN) 3apsiil, HA3MBAETHCS MPO-
ToHOM. Maca npotoHa m, = 1,6726 - 10 «r. [ikaBo, 0 32 aOCOTIOTHOIO BEIMYUHOIO 3apsi
MPOTOHA PIBHUH 3apsmy eNeKTPOHA 3 Pa3lovuor0 TOYHICTIO. JIOCBiA MOKasye, IO 3apsad BCiX
€IIEMEHTAPHUX YAaCTHHOK 3a aOCONIOTHOIO BEIMYMHOIO ONHAKOBI. TakuMm YHHOM, AUCKPET-
HICTB 3apsay Oe33arepevHo TOBEACHO Ha JOCBIIi.

3ayBakuMo, IO 3TiTHO CYJ9acCHWM YSIBIICHHSIM, aTOM CKJIATAE€THCS 13 Ba)KKOTO TTO3UTHUBHO
3apsAHKEHOro simpa (B CKIa sapa BXOISTEH MPOTOHM), OTOYEHOTO OAHKM abo KiTbKOMa Hera-
THUBHO 3apsKEHIMH €IICKTPOHaMU. B HOpManbHOMY CTaHI MO3UTUBHUH | HETATUBHUN 3apsiu
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17. Enexmpocmamuxa

B aToMi piBHI 3a BenmmuuHOI0. O/IHAK, aTOM MOXKE BTpadyaTy abo HaOyBaTh ofnH abo KilbKa eJeK-
TpoHiB. Toxi fioro 3aps Oyzae MO3UTHBHIM a00 HETATUBHUM, 1 TAKUH aTOM HA3MBAETHCS 10HOM.

§ 17. 2. B3aemonin ejexTpuuHnx 3apsais. 3axoun Kymona

Kynon Hlapnw Oziocmen (1736 — 1806) — ghpan-
yysbkuil Qisux i iHocenep. Hapoouecs 6 Aneynemi.
3axinuue wkony eilicekosux iHxcenepis. Hayrkogi
pobomu GIOHOCAMbCA 00 eNeKMPUKU, MACHemu3-
my i mexanixu. Chopmyniosas 3axonu mepmsi, Ko-
yenns i kog3anus. B 1784 p. nobyoysae npunao ons
BUMIDIOBAHHS CUNU — KDYMUIBHI mepe3u, 3a 00No-
Mmoeoto sikoeo ecmanosug y 1788 p. ocnoenuil 3axon
enexmpocmamuxy (3axon Kynona). Bcmanosus, wjo
eNIeKMPUKA PO3NOOIIAEMbCS NO NOGepXHi. Bucno-
6u6 i0ero macHemusmy. 3aKias OCHOBU eneKmpo- i
MACHIMOCMAmMUKU.

JlocBix cBimunTh, M0 MiX eNeKTpuIHUMH 3apsaamu Jie cuia. e [lapas @pancya drode
MI0Ka3aB, IO OJXHOWMEHHI 3apsaAn BiJIUTOBXYIOTHCS, a PI3HOMMEHHI — MPHUTATAIOTHCS, 1HIIMHA
¢panmy3pkuii Buennit [apne Kynon y 1788 p. excriepuMeHTanbHO BCTAaHOBHMB MEPIIMHA KiJlb-
KiCHUH 3aKOH CNICKTPUIHHUX B3a€MOIiH: CHJIA eJIeKTPOCTATHYHOI B3a€MOJil MiK T1BOMA TOY-
KOBMMHU eJleKTpuYHMMH 3apsitamu Q; i Q, mpsiMo nponopuiiina 100yTKY BeTHYHHH LUX
3apsiaiB i o0epHeHO MponopuiiiHa KBagpaTy BicTaHi Mixk HUMM:

F= k—Ql(SZ : (17.1)
r

ne k — koediuieHT npomopuiitHOCTi, I — Binctans Mix 3apsaamu. CriBBigHomenHs (17.1) Bigo-
Me sik 3akoH Kynona. 3akoH Kyrmona MoxHa 3ammcaTél y BEKTOpHIH (opMi MogiOHO 3aKoHY
BCECBITHHOT'O TSDKIHHS:

= QQ, -
ra1
A IE

-, — BEKTOp CHiy, 10 Aie Ha 3apsn Qp 3 Ooky 3apsany Qp, I, — OMMHHUYHMIT BEKTOp, Ha-
npasieHu Big Q; mo Qy, ToOTO B OiK il crm Fi,.

CI/IJ'Ia, 3 KOO BBaCMO,HiIOTB JBa 3apsau, HalpaB-

—

F;; 1521 JICHa B3JIOBXK JTiHIi, sSiKa 3’ €THYE I 3apaau. SIkmo 3aps-
<_@ @_’ 1 OAHONMEHHI, TO CHJIH, SIKi JIIFOTh HAa HUX, HAIPaB-
1 a 2 JIeH1 B IPOTHJICKHI CTOPOHHM. SIKIIO X 3apsiay pi3HOM-
MEHHI, TO Jif0Ui Ha 3apsau CHIIM HAIpaBIICHI Ha3yc-

iy - Tpiu oxHa onwiit (puc. 17.1).
@ﬂg F, ( > Cuig matu Ha yBasi, mo gopmyna (17.1) 3acroco-
1 6 5 BHA JIMIIC IO 3apsDKEHUX TiJl, BIACTAHh MIXK SIKIMH

3HAYHO OiJIbINa iX BIACHMX pO3MipiB. BaximBo Takox
Puc. 17.1 po3ymiTH, mo ¢popmyna (17.1) BusHavae cuiy, sika i€
Ha JTaHWH 3apsizn, 3 00Ky eIMHOTO 3apsiay. SKmo cucre-
Ma BKITIOYA€ KiJbKa 3apsSHKEHNX TiJl, TO PE3YIbTYIOUA CHJIA, SKa JIi€ Ha JTaHWH 3apsj, Oye piB-
HOJIMHO0 (BEKTOPHOIO CYMOIO) CHJI, AIFOUKX 3 OOKY IHIINX 3apsiiiB.
B CI onununero 3apsny € KyJaon (Ki). Ie noxigna oguHuUist. 3 OCHOBHOK OIUHHUIICIO —
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8 17.2 Bzaemoois enekmpuunux 3apsoie. 3axon Kyiona

OJIMHHIICIO CHIIM CTpYMY amnepoM (A) — KyJIOH 1OB’si3aHuii criBBigHOmeHHsM: 1K =1A-c.
1K — myxe Benuka ofMHMLS BUMipioBaHHsA. Ha mpakrumi, K IpaBHio, MaroTh CIIPaBy 3
3aps[aMH B MiJIbHOHH Pa3iB MEHIIMMHE i TOMY KOPHCTYIOTECA Miikyzonom (1 MK = 10 K) i
mikpokymorom (1 MK = 10° Ki). Haragaemo, mo aGCOTIOTHE 3HAYCHHS €IEMEHTAPHOTO 3a-
pamy (3apsity enextpona) gopisaioe e = 1,60 -10™° K.
Koediuient nponopiiiiHocti B popmysi (17.1) Bu3Ha4aeThCsi BAOOPOM CHCTEMH OJIUHHIIb.

B CI k=1/4rey, ne £,=885-10"2Ki?-H™ - u2, abo k =1/[4(314)-(8,85-10?Kzr”-
H™ 2 )= 9,0-10°H - m* - Kn? 3 BpaxyBaHHAM L[bOro 3akoH KyroHa MoxHa mepenucatu
Y BHTIISAI:

FoL1 QA% (17.3)
drey 1

Jlerxo MokHa 3HaWTH, 110 3apsau BenmuauHoro B 1 Kit, po3mirieHi Ha Bijgcrani 1 M ofuH Bij
OJIHOT'0, B3a€MOJIIIOTh 13 CHJIOK)

=90-10°H .

2
F=k —ngz ~ 00100 2 ) (11@)(%1@)
r !

Mpuknan 17. 1. Axe uucio enexmponis ionosioae sapady Q = 100 mxKn?
Po3B’s130K. 3aps0 enekmpona e = 1,60 -10™° Kx. Tooi

Q_ 10Kz
e  160-10 Kz

=6,25-10* eNeKmpoHia .

Hpuxnan 17. 2. Pospaxysamu pe3ynemyrouy elekmpudsy cuy, aka oie Ha 3apsao Qz 3 6o-
Ky 06ox iHwux 3apadie Q, = —-3,0 mxKn i Q, =+5,0 mxKn; Q, =—-4,0 uxKn (puc. 17.2).

Po3w’sa30k. Pesynomyroua cuna, sixa oie Ha 3apao Qs, € cymoro cun Fyy , sika die 3 60ky Qu,

i Ry, , Oitouoi 3 6oky Q,. Li cunu dopisHioromy:

(~3,0-10°° K1) (—4,0-10° K)

2
E, =0010 2 ) - = 0,432 H.
Kn (0,5m)
- o H-m? (50-10°Kz)(-4,0-107° K1)
Fy =(9,0-10° —=2) = : =—45H.
(0,2m)
Cuna F,— cuna eiowmoexysanns, a F,— cuna
| 0,30 M |  020m | o .
< >le > npumsi2anus, [ yi cunu Oiioms, SIK NOKA3GHO HA PUC.
______________________ 17.2, 6. Tooi pe3ynomyroua cuna, diroua na 3apao Qs,
6y0e pisHa
Ql Q2 Q3 _ _ _
a F=Fs+F3=-—45H+ 0,432 H=-4,068 H.

Taxum uurom, pesyromyroua cuna mae senuqury 4,068 H

FSZ ]_;‘.31
‘—@_’ i Hanpasnena na puc. 17.2 eniso.

Puc. 17.2 Mpuxnan 17. 3. Pospaxysamu cuny, wo 0ie na 3a-
pa0 Q3 =+ 65uxKn 3 60ky 3apsdie Q; =— 86 mxKn i
Q2 = +50 mkKn. Posmiwenns 3apadie noxasaro na puc. 17.3.
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17. Enexmpocmamuxa

Po3w’sazok. Cunu F, i F, nanpaeneni, sax noxazano na pucyuxy 17.3,a, ockinvxu 3apso Q;

1
cmeoproe cuny npumseanns, a Q, — cuny iowmosxysannsa. Cunu Fy i F, 3a genuuunoro oopis-

niotoms (6e3 6paxyeanis 3HAKIB):

2 6 6
£ —@o10 iy (65-10 Ku)(86210 KD) o
Kn (0,60.:)
2 6 6
£ ~0010° iy (65-10 1@)(50210 K1) ey
Kn (0,301)

30 cm

Puc. 17.3

Posknademo cuny F, na cknadosi no ocan X i V:
F = F, c0s30° = (140H) cos 30° =121 H.

F,, = F;5in30° = ~(140H)sin30° = ~70 A.

Cuna IE2 Mae minbku 00Hy ckaadosy no oci Y. Taxum uunom, pesyiomyioua cuna F, ska
Oie Ha 3apad Qs, mae cknadosi Fy=Fy =121 HiF,=F, - F;y, =325H-70 H = 255 H. 3siocu

BEIUYUHA Pe3YTILIYIOUOI CUTU
F=\F +F’ =\(121H)’ +(255H)* = 282H.

Kym misic nanpsmkom yiei cunu i siccro X eusnauumo iz puc. 17.3, 6:

F
g = =220 5107, g-6ae’
F, 121H

X

3akon Kynona onmcye crry B3aeMoIil Mixk IBOMa HEpYXOMUMHU 3apsaaMu. Komm 3apsimu
PYXaroThCs, TO Mi’K HUMH BHHHUKAIOTh TOJATKOBI CHJIM, MPO SIKi MOBA Irijie HIDKYe. TyT Mu Oy-
JIEMO PO3IIISIIATH TUTHKU HEPYXOMI 3apsiti; Tel PO3MLUT BUCHHS MPO CIICKTPUKY HA3UBAIOTH eJIeK-

TPOCTATHKOIO.
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8§ 17.3 Enexmpuune none. Hanpysicenicmo enexmpuuno2o nois

8§ 17. 3. Enextpuune nosie. Hanpy:keHicTh eJ1eKTPUYHOr0 noJist

Dapaoden Maiixn (1791 — 1867) — aneniticokuil
@izux. Hapoouscs 6 Jlonooni. Oceimy ompumas ca-
MOCMITHO.

Hayxkogi 0ocnidoicenns npucesueni enexmpuyi i
Maznemusmy: 6i0KpUE OCHOBHULL 3aKOH e1eKmpoMa-
ZHIMHOI IHOYKYIT, 3aKOHU eNeKmpoNi3y, Aeuya napa-
i diamaznemusmy ma noeepmaHHa NAOWUHU NOJS-
puzayii @ maewimuomy noni. Dapadeil nepuium 66ie
NOHAMMSL NOJIL MA VAGIEHHs. NPO CUNOGI NIHIi, excne-
PUMEHMATILHO 008i8 NOHAMMA OieIeKMPUUHOL Npo-
HUKHOCII, chopMynioeas 3aKOH 30epedicenHs eneKm-
puuno20 3apsady. Papadei OY8 8eIUKUM RONYIAPUA-
mopom izux.

[Tpu 3’sicyBanHi NPUPOIY KYJIOHIBCBKMX CHJI BUHUKIIM TPYIHOII, OB’ 3aHi 3 THM, IIO IIi
CWIIH JIFOTH Ha BijicTaHi OLBIIIH Bij BiICTaHI OE3MOCEPEAHFOT0 CTUKAHHS 3apspKeHnX Tit. L1i
TpyZAHOIII Oy IOJO0NaHi 3a ONOMOTOIO TOHATTS MOJs, BBeaeHoro M. PapaneeM, KU 3a-
MPOTIOHYBAB, IO KOXHHWI 3apsii CTBOPIOE HAaBKOJIO ceOc esIeKTPHUYHe I0JIe, SIKE MPOHU3YE
BECh IMPOCTip. SIKIIO 10 SKOrock 3apsay MiTHECTH IHIIU 3apsi, TO Ha HOTrO Oyze JisTH CHIa,
00yMOBJICHA EJICKTPUYHHM I10JIEM TIEPIIOro 3apsiay. Enekrpudne moje Ipyroro 3apsny BILIH-
Ba€ Ha IEPIIMH 3apsii, CTBOPIOIOYH JIi104y Ha HbOTo cHiIy. He ciix gymaty, 1o roje € AesKor0
PI3HOMAaHITHICTIO PEYOBMHM, ab0 MiJx moieM Tpeba po3yMiTH caMHii IIPOCTIp, B SIKOMY IIIOThH
neBHi cuiy. Iloste € ognuM i3 BHAIB icHyBaHHS MaTepii, 110 3ailicHIOE B3aeMoio Mixk yac-
THHKaMH pe4oBHHHU. Ha peanbHicTh iCHYBaHHS HOJIS BKa3ye T€, 0 BOHO BOJOJI€ EHEPTIEIO,
BJIACTHBICTIO iHEpIii, BOHO OOYMOBITIOE Ilepesiady CHJIOBUX B3a€EMOJIIN MK 3apsiaMu.

IMoms, siKi CTBOPIOIOTHCS HEPYXOMHUMH €IEKTPUIHUMH 3apsAAaMH, Ha3UBAIOTHCS €JIEKTPO-
cTaTHYHUMH. Taki OIS 3 9acOM He 3MiHIOIOTHCSL.

JIn1st XapaKTepHUCTUKH €IeKTPOCTATHYHOTO MO KOPHCTYIOTHCS (Di3MYHOI0 BEIMYHHOIO, KA
OTpHMayla Ha3By HANPY:KeHOCTi. 3a BU3HAYCHHSM HANPY:KEeHIiCTh eJIEeKTPOCTATUYHOIO MOJIsI

E B 6yz11>-mcm TOYIi MPOCTOPY /OPiBHIOE BiTHOIIEHHIO CHJIH F , KA Ji€ HA J0XATHHIA
npooHM I 3apﬂu , 10 BEJIMYUHH I[HOT0 3apsaxy Qo:

E-F (17.4)

Q

Hanpyxenicts — BenuuuHa BeKTOpHa. 13 BusHauenns (17.4) BHIHO, 1[0 HAIPSIMOK BEKTOpa
HAINPY)KEHOCTI eNIEKTPOCTATHIHOTO MOJIS B OyIb-sKil TOULI TPOCTOpPY 30iraeThes 3 HAPSIMKOM
CHUIH, 110 JTi€ B Wil TOYILI HA IOAATHUIA poOHwMit 3apsit. Bassiuu no yBaru 3axon Kymona (17.3),
HAIPY)KEHICTh EIEKTPOCTATUYHOIO IT0JISI, CTBOPIOBAHOI'O TOYKOBMM 3apsiioM Q Ha Bijcrasi I
BiJl IHOTO 3apsiLy, TOPIBHIOE

1 Qo1 1 Q (17.5)

- 2
4re, r° Q, 47zs0

OIUHHUIIEI0 HAPYKEHOCTI enekTpocrarudnoro mois B CI € HpioToH Ha KyinoH (H/Kn).

* Ilig mpoOHKMM 3apsAgoM Tpeba PO3yMiTH JOCTATHEO MAJIUi 3apsjl, BIAcHE IIOJIE KOO He 3Mi-
HIOE ICTOTHO PO3IOALT IHIINX 3apsAiB, SIKi CTBOPIOIOTH JIOCIIPKyBaHE T0JIE.
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17. Enexmpocmamuxa

Hanpy:keHicTh mosisi 1eKiIbKOX 3apsiiiB AOPiBHIOE BEKTOPHiN cymi Hampy:KeHOCTel
N0JIiB, CTBOPIOBAHUX KOKHUM i3 3apsiiB:

my

=E+E,+E,+..+E, =) E, (17.6)

ac E - Hapr)KeHiCTI) CJICKTPOCTATUYHOI'O 110JId, CTBOPHOBAHOI'O i-M 3aps oM. I_IIO BJIaCTH-

1
BiCTh HA3WBAIOTh MPUHIMIIOM CyNePMO3MUIii, CIIPaBeUIUBICTh IKOTO MiATBEPHKCHA EKCIICPH-
MEHTAJIFHO, 1 BUKITIOUCHB 13 HHOTO HE CIIOCTEPIraocs.

Mpuknan 17. 4. fxa Hanpyofcemcmb EREKMPOCIAMUNHOZ0 NOTA HA giocmani ¥ = 1 m 6i0
@ Im A B, mouxosoeo 3apsady Q=+ 10° Kx? Ska cuna die 6 yiii mouyi

* Ha mino, sxe onodic sapadom (= —10" K (puc.17.4)?

Q a Po3w’si30k. 1. Hanpyoicenicmo enekmpocmamuunozo noist
| A 00pigHIOE
O— © 1 10
F,.q Epm—t O = =(9,0- 100 o )( KD g0t
Q dreg 1 Kn® " (Lm)? Kn
6

2. Cuna, wo oie 6 mouyi A Ha 3apsadicene mino, 0opis-
Puc. 17.4 HIOE

-1
S 1 Qq ~ (9.0- 109H M )(10 ° K1)(-10~ Kn) _
drgy r? Kn? (Am)?

-9.107 1 4.

Bexmop nanpyoicenocmi enexmpocmamuunoco noas Hanpaeienui 6i0 3apsady Q, Ak noka-
3ano Ha puc. 17.4, a. Bexkmop cunu, wo die Ha mino 6 mouyi A, sixe 60100i€ 8i0 €MHUM 3apsi-
Ooom, Hanpaenenuil 6 Oix 3apady Q (puc. 17.4, 6).

Mpuknan 17. 5. Pospaxysamu nanpysicenicms enekmpocmamuiHozo nois 6 moukax A i B
(puc. 17.5).

Po3B’si30k. a) Pospaxynox nodibnuil na nposedenuti ¢ npuxiadi 17.3, ane 3apasz mu mae-
MO cnpagy 3 ei1eKmpocmamuyHuMy ROJAMU, SIKI CMBOPIIombCs 06oma 3apsoamu. Hanpyoice-

nicme nonst E, 6 mouyi A € eexmopna cyma nanpyscenocmeii E,, sixa obymosnena sapsoom

Qi Ez , 00yMmognenoi 3apsaoom Q;:

-6
Ep = ! Ql =(9,0- 100 - )(50 107 Kn) _L25.106£,
drey 1} Kn (0,60.1)° Kn
Epp=— Q2 _(9,0-10° 2 )(50 107K) _ _50.10° L,

drey r} Ki* " (0,30m)?
Hanpsimox sexmopie noxasano na puc. 11.5. Pezynomyrouuti exkmop EA 6 mouyi A mae cknaooei
Eax = Ex €0s30° = (1,25-10° H / m*) cos 30° =11-10° H / Kn

E,y =Epy — Ep C0s60° =5,0-10° 4 / K1 — (1,25-10° H / K1) cos 60° = 4,4-10° H | Kx.

Taxum wurnom, 3a a6COMOMHOIO BETUYUHOIO

= JA)? +(4,4) -10°H | Kn = 45-10° H | Kn.
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8§ 17.4 Cunosi ninii

Yl

30 c™m

@ 26 oM 26 cm \\://_\ .
O X

Q,= +50 mxKn Q,=-50 MxKn
Puc. 17.5

6) Ocxkinoku mouka B pisnosiodanena (r = 0,40 m) 6i0 060x oonaxosux 3apsdie, abconommi

3Hauenns eexmopie E,, i E,, maxoowc oonaxosi:

Q H.M2)50-10*61<ﬂ ~

meg 12 K12 7 (0,40m)>
Buacnioox cumempii 3adaui Y - komnonenmu pigHi Misic co60r0 | NPOMUNEHCHO Hanpasie-

Hi. 36i0cu pe3ynbmyloua nanpysicenicmo nanpasnena no oci X, oopienwe. Eg = Eg, c0s0 +

+Eg, c0s 0 = 2Eg; cos 6.

I3 puc. 17.5

1 Q 9 6 H
E. —Eu. = 9,0-10 -10° —.
BL™ B2y ( K

cose=%=0,65.
0,40

Tooi
Eg = 2(2,8-10°H / K1)(0,65) = 3,6-10°H / K.

8§ 17. 4. CuioBi Jiinii

EnexTpuune nose, Sk BiMidajioCh BUILE — BEKTOPHE, Oro MO)KHAa B Pi3HUX TOYKAX 30-
Opaxatu crpinkamu. OIHAK, e HE 3aBXKIH 3pYYHO, OCKIIb-
KM TIPY BEJUKiM KIJTBKOCTI TOYOK BECh PUCYHOK OyB OH 3a-
MIOBHEHUH CTpiiIKaMHU. TOMy KOPHCTYIOTBCS OLIBIII IPOCTUM
~—(+ — crocodoM 300paXeHHS OIS — METOJIOM CHJIOBUX JIiHiMA.
CurnoBi JiiHi{ BKa3yrOTh HaNpsIMOK HAIPYKEHOCTI OIS
B KOXKHIH Tou1i mpocTopy. CritoBi JIiHiT TOYKOBOTO 101aT-
6 HOTO 3apsay mmoka3aHi Ha puc.17.6, a, Bim’eMHOrOo — Ha
puc.17.6, 6. B nepmomy BHmazaky JiHii pagianbHO PO3XO-
Puc. 17.6 JITBCS BiJ 3apsily, B APYTOMY BOHHM PaJiiaJIbHO CXOISITHCS
JI0 3apsiAy. B mpoMy K HanpsIMKY JIOTh 1 CHIIM Ha TOJaTHUH TPOOHUIMA 3apsiy.
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17. Enexmpocmamuxa

i Toro, mo0 3a IOIOMOToI0 CHIOBHX JIiHIM MOXKHA OYJIO KUJIBKICHO XapakTepu3yBaTh
€IIEKTPOCTATUYHI TIOJS, JOMOBIJINCH MPOBOJWTH IX TaK, MO0 KUTBKICTh CHJIOBHX JiHiH, IIO
MIPOXOAATH Yepe3 OJMHHIII0 MOBEPXHi, HEPIECHINKYIAPHOI 10 HUX, Oysia IporopuiiHa Harpy-
JKEHOCTI TOJst. TaKuM YMHOM, YMM TicHimie (rycrimie) po3milneHi cuioBi JiHii, THM cHIbHI-
1Ie moJie B Wil 00J1acTi.

Ha puc. 17.7, a moka3ani cuiIOBI JIiHIi 1O, SIKE CTBOPIOETHCS JIBOMA 3apsAaMH ITPOTHIICHK-
HUX 3HaKiB. TyT cuiloBi JIiHIT BUKpUBJIEH] 1 HampaBJeHi BiJ J0JaTHOTO 3apsiy 10 BiJ’ €MHOTO.
3ayBaskMMO, 1110 B OYIb-SIKii TOYII 1OJIe HAMPABJICHO IO JOTHYHIM 0 CHIIOBOI JIiHii (B, TOU-
Ky A wa puc. 17.7, a). Ha puc. 17.7, 6 i 17.7, ¢ oka3aHo BiIMOBIIHO CHJIOBI JIiHIi eIEKTpOCTaTHY-

P —————

+ f——— | —

/*\ ar ~ -
/\ + a
—*@:"—/@—* M
\/ N _

+ . =

a §) 6 N

Puc. 17.7

HOTO TIOJIST TBOX OHOMMEHHMX (TONATHHMX) 3apsIiB i MOJ MiJK MapaieIbHUMHK TIPOTHIIEKHO 3apsi-
JOKCHUMH TutacTHHKaMA. OCKUTHKHY JTiHIT BCEpeIHI MK TUTACTHHKAMU TapajieNlbHi 1 BiICTaHb
MK HAMH OJfHA 1 Ta K, TO HAMIPYKEHICTh IEKTPUYHOIO TS B IIHOMY MPOMIKKY OIJHAKOBA.
[Mo6mm3y KpaiB TUTACTHHOK CHJIOBI JiHIl BUTHHAIOTHCS, OJHAK IIMM YacTO MOXKHA 3HEXTYBATH.
Buxomsun i3 BuIe cka3zaHoro, chopMyITIOEMO OCHOBHI BJACTHBOCTI CHIIOBHX JIiHI:

1. CuioBi miHii BKa3ylOTh HampsIMOK HAIPY>KEHOCTI €JIEKTPOCTATUYHOTO IOJIsI; B Oyab-sKil
TOYIII HATIPYKEHICTPH MOJIS HATIPaBIICHA MO0 JOTHYHIH /IO CHIIOBOI JTiHii.

2. CuoBi niHIT TPOBOAATHCS TaK, 100 HANPYKEHICTh elekTpocTaTHdHoro noms E Oymna mpo-
MOPIIiifHA YHCITY JiHiH, 0 MPOXOAATs Yepe3 OMUHUIHY IUIOIIAIKY, TIEPIICHANKYISIPHY IO
JIHIHA.

3. CuiioBi niHI{ TOYMHAIOTHCS TUTBKH Ha JONATHUX 3apsiax i 3aKiHIYIOTHCS TUTHKU Ha BiJl €M-
HUX 3aps/iax; 4rciIo JIiHiH, 10 BUXOAATH i3 3apsdy, abo BXOIATH B HHOTO, IIPOIOpIIiiiHe
BEJIMYMHI 3apsay.

4. CunoBi JIiHIT HIKOJM HE IEPETHHAIOTHCA.

§ 17.5. Teopema Octporpaacbkoro-Iaycca

IMepm Hixk chopmymoBatu Teopemy OcTporpaacskoro-I'aycca, BBe1eMO OHATTSI HOTOKY
HaNpyKeHocTi @f e1eKTPOCTATHYHOIO MOJIsl. J[J1sT IHOTro PO3IIISTHEMO INIOMAAKY S, SIKY Ipo-
HH3YIOTh CHIIOBI JIiHIi OHOPIIHOTO EIEKTPOCTATHIHOIO 10T HAPYXKEHICTIO E (puc. 17.8). Iino-
IIaJKa MoXke Matu (hopMy Halpi3HOMaHITHiIIy. B HamoMy BHUIIajKy BOHa Ma€ BUIIISLI IPSIMO-
KyTHHUKa. SIKIIO HAMPY)KEHICTH OIS MEPIeHANKYISIPHA 10 tomianku S (puc. 17.8, a), To mo-
TIK HaIpy>XCHOCTI BU3HAYNTHCS TaK:

@, =ES. (17.7)

Skmo miomaaka He NepHeHANKYIIIpHa E,acxmanae 3 E kyt 6 (puc. 17. 8, 6), To HOTIK
HaINpY)KEHOCTI BUPA3UTHCS POPMYIIOI0:
@, =ES =EScosf, (17.8)
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8 17.5 Teopema Ocmpoepadcwrozo-Iaycca

Je S, — IpoeKllis INIOmAIKK S Ha IUIOIIUHY, epueHauKyiapay E . Skuo miomanxy S npen-

2
o\
\

-

E

a 0
Puc. 17.8

CTaBHUTU BEKTOPOM S 3a BEIMYUHOIO, HPOMOPILIHHUM IUIONI i HEPIEHIUKYIAPHAM 10 il mo-
Bepxdi (puc. 17. 8, 6), To

&, =E-S, (17.8, a)
TOOTO IOTIK HANIPYXXECHOCTI JIOPiBHIOE NOOYTKY BOX BEKTOPIB.

OCKIJIBKY YHCII0 ctoBHX JiHINA N, 110 TPOXOIATh Yepe3 OQMHNYHY IUTOLIAIKY, TepIICH M-
KyJISIpHY JI0 HanpsiMKy nosst (S, ), mponopuiiine Hanpyxerocti monst: E ~ N/S | | to

N~ES, =d,. (17.9)

Takum 94MHOM, TIOTIK HATIPY>KEHOCTI OIS Yepe3 MUIOMIAIKY MPOIOPIIIHIA YHUCTY CHIIOBHX JIi-
HiH, 1[0 IEPETHHAIOTH i1 IIOBEPXHIO.

Skmio noe E HeomHopinHe, a HOBepxXHs J0BibHA (He mwiocka) (puc. 17.9), To moBepXHIO
HeoOXxiHO po30uTH Ha K enemeHTiB, ol sIKux ASy, AS,, ..., ASy. Po30uTrs motpiGHO 3ikic-
HUTH TaK, MO0 KOXKHHH 13 €JIEMEHTIB MO)KHA BBa)KaTH IUIOCKUM, a EJIEKTPOCTATHYHE I0JIE B
MeXax eJIeMEHTY OJHOpiAHMM. Toi MOTIK HAPY)KEHOCTI Yepe3 BCIO IOBEPXHIO Oyzie CyMOIO

k — —
Dy = Z E;AS;. (17.10)
i=1
Tyr Ei — HaINpy>XeHICTb I0JId, KA BiJIIOBIJIA€ EIEMEHTY A§i. ko A§i — 0 T0 cyma
[EePEXO/UTh B iHTErpa 1o Beiii moBepxHi i Bupas (17.10) crae TouHOO piBHICTIO:!

@, =jE-d§. (17.11)

B Garathox Bumajxax po3mISAaloTh MOTIK Yepe3 3aMKHYTY ITOBEPXHIO, TOAIOHO 10 Ky:i. B
LIOMY BHITa/IKY PE3YJIBTYIOUNI MTOTIK Yepe3 TOBEPXHIO 3alUCY€EThCS TaK:

0, = § E.dS, (17.12)

JIe 3HaK { O3HAaYae, 110 IHTErpasl OepeThest 10 3aMKHYTIH TTOBEPXHI.
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17. Enexmpocmamuxa

ITpuiinaTo, 10 MOTIK, AKHH BXOAUTHL B 00°eM, Bix’emumii (¢ E -dS < 0), a morik, axuii
p

BUXOIUTH 3 00’ €My, nonatHuii. Skmo 3HaueHHS D Bif €-
MHE, TO PE3YAbTYIOUHMH TOTIK HATPaBICHUH BCEpEIUHY
00’eMy. 3 IOTO BUIUIMBAE, IO, SKIIO YUCIO JiHINA, IO
BXO/IAITh B 00’€M, JIOPIBHIOE YHCIY JiHIH, 10 BUXOIUTH 3
00’eMy, TO pE3yABTYIOUHU TMOTIK Yepe3 MOBEPXHIO JOPiB-

uroe nyiio (@ = 0). Iorik if E-dS # 0 Tinbku B TOMY BH-

MaJIKy, SKIIO YMCIIO CWJIOBHX JIiHIHM mMounHaeTsest abo 3a-
KiH9Y€ThCSI BCEpEINHI 3aMKHYTOI ITOBEPXHi. AJI€ OCKIIBKA
CHJIOBI JIiHIT MOXYTh ITOYMHATHCS a00 3aKiHIyBaTHUCS JIH-
e Ha CNCKTPUYHUX 3apsiax, MOTIK Oyme BiAMiIHHUHA Bif
HYJISI JIMIIE y BUNAJKY, KOJIM CyMapHHUH 3apsij BCEpeIuHi
MIOBEPXHI He opiBHIOE Hymo. Ha puc.17.10 mokazano, 1o
oTiK @y depe3 TIOBEPXHIO S € BiJl €MHIM.

3

Teopema Ocrtporpaacbkoro-I'aycca BCTaHOBIIOE TO-
YHE CHiBBIIHOIICHHS MK TIOTOKOM HamlpYy>KEHOCTI €ITeKTPO-
CTaTUYHOT'O ITOJISI Yepe3 3aMKHYTY MOBEPXHIO 1 CyMapHUM

Puc. 17.9 3apsAa0oM ZQi BCEpPEIMHI ITi€l TIOBEPXHi:
§E -dS = &, (17.13)
€o

Ie &, — elneKkTpuyHa crana, Q; — 3apsau, po3MilleHi Bcepe-
JTAHI TIOBEPXHI.

MoxTHBI TpY BUTIAAKH IIEPETBOPEHHS B HYJIb IIOTOKY Ha-
npyxeHocti: 1) cymapHuii 3apsii BCepemyHi MOBEpXHi OpiB-
uroe vy, E #0; 2) Bcepeauni moBepxHi 3apsiB HEMAE,

aJe € 1moie, 3B’s13aHe 3 30BHIITHIMU 3apsIaMH, E=0 ; 3) He-
Mae aHi MoJs, aHi BHYTPILIHIX 3apsiiB.

SIKIIo 3apsy pO3MIIIIEeHi Mo 00’ eMy TIETIEKTPHKA 3 00 €M-
HOIO TYCTHHOIO p, To TeopeMa Octporpacekoro-Iaycca 3a-
MUIIETHCS Y TAKOMY BUTJISIIL

§E-d§ =8—10Vjpdv, (17.14)

ne dV — enemenT 00’eMy BCepeIrHi IOBEPXH.
Teopema OCTporpa.zLCLKo.ro—l"aycca JI03BOJISE PO3PA- Puc. 17.10

XOBYBaTH HAlPY)KCHOCTI HOJIB CHUMETPHUYHO PO3MIILECHUX

3apsiiiB 1 € HACIIZKOM Cyrieprio3umii noniB. BoHa € oqHMM 13 yHIaMEHTAIBPHUX PIBHSHD €IIEKTPO-

MarHiTHOI Teopii. CripoOyeMo 1Moka3aTi Ha KiIbKOX MPHUKIJIafax 3actocyBaHHs TeopemMu Octpo-

rpajacekoro-I aycca.

Mpuxnan 17.6. I1o mowuxiii cghepuuniti obononyi padiyca ro pieHOMIpHO po3n0OLIeHUt 3apsio

* Octporpancekuit M.B. (1801-1862) — ykpaincekuii MatemMaruk, akanemik Pociiicekoi AH.
Taycc K.®. (1777-1855) — HiMelpKuii MATEMATHK, aCTPOHOM, (i3HK.
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8 17.5 Teopema Ocmpoepadcwrozo-Iaycca

Q (puc. 17.11). Busnauumu HanpysiceHicmos eneKmpoCcmamuyHo2o nojis: a) no3a 000J10HKOI0;
6) 6cepeduni 06010HKU.
Po3B’s130K. Ockinvku 3aps0 posmiweHull cumempuy-
HO, Mo i noje 6yoe cumempuyHUM i HANPAGIeHe 83008iC
paodiyca cpepu 00 nogepxHi i 3anexcums auuie 6io r. Ta-
KUM YUHOM, HANpYdlceHicmv noas Oyoe 0OHaKosa y 6CIX
moukax yaenoi cghepu paodiyca ¥, KOHYeHmpuyHoi 3 00o-
J0HKOW. OCKITbKU HANPYICEHICMb NOJIS NEPREHOUKYIAPHA
00 nogepxui, mo 32iono meopemu Ocmpozpadcvkozo-I ay-
cca Maemo
§E.d§ = E(4nr?) _Q
o
36I0KU

ee L Q
Areq 12

(r>rp).

Puc. 17.11

Taxum yuHoOM, noJe 3306Hi PIGHOMIPHO 3aPAONHCEHOI CheputHOT NOBEPXHI MAE MAKY JiC HANPY-
JHCEHICMb, K | HANPYIHCEHICMb, AKY O CMBOPUB 8eCb 3aps0, CKOHYEHMPOBAHUI 6 YeHMPpI cghepu.

6) Bcepeduni 06010HKU NOLE MAKONC NOGUHKHO Oymu cumempuunum. Tomy Hanpydicenicme
E y ecix mouxax nogepxui S, ysasnoi cghepu padiyca I konyeHmpuunoi 3 00010HKOW, 6yde 00-
HAaKo6o0w. 3Hauums, T

§E-d§ = E(4mr?) =0,
60 scepeduHi yssHoi cghepu 3apsao Q oopientoe nymo. Takum

YUHOM
E=0, (r<r),

6cepeouni pieHOMIPHO 3apsodceHol chepu.

o
o -

Mpuxnan 17.7. Enexmpuunuii 3apso pieHOMipHO po3nooi-
JleHutl no 06 emy HenpogioHoi kyi padiyea Yo (puc. 17.12). Bu-
SHAUUMU HANPYHCEHICHTb SLeKMPOCIAMUYHO20 ROJSL: A) 3306HI S
kyni (r > rp) i 6) 6cepeouni kyni(r < ro).

Po3B’s130k. Ockinbku 3apsad po3nooineHull piGHOMIPHO,

Puc. 17.12

mo i erekmpocmamuyte noie makooic Oyoe pignomipnum. Hanpyowcenicmo nons E 3zanescumo
minbKu 8i0 ¥ i HANPaeIeHa HA306Hi.
a) Bubepemo 6 saxocmi nosepxui inmeepysanns cepy paodiyca v (I > ry), nogepxus saxoi

S, = 4nr?. Tooi maemo:

abo

E-—— 9 )

Taxum yuHoM, MU 3HOBY OMPUMATU, WO NOJE 3308HI OOHOPIOHO 3apA0CeHOL Kyli Mae ma-
KY JiC HANPYJ#CEeHICMb, SIKY CIeopus ou yetl 3apsio, Ko 6 6y6 30cepediceHull 8 YeHmpi Kyii.

6) Beepeouni kyni 6 axocmi nosepxui inmezpysarnis subepemo cghepy paoiyca ¥ (r < ro), no-
eepxns axoi' Sy (puc. 17.12). B cuny cumempii nanpyaicenicmo E cmana y écix mouxax nosepx-

225



17. Enexmpocmamuxa

ns axoi Sy (puc. 17.12). B cuny cumempii nanpyscenicme E cmana y écix mouxax nosepxui Sy
i MOMY MAEMO'.

§E-d§ = E(4nr?).

OoHak yeil upas nompioHo NpupisHAmMU 00 3apso0y, AKULL 3HAX00UMbCS 8cepeouHti cghepu
S;, nodinenozo Ha &y. Leil 3apsio 3natidemo max:

4

3 r’

i 9T EC
gmop 0

Oe p — 06 ’emna 2ycmuna 3apsdy. Tooi 3a meopemoro Ocmpo- E
gpadcvkoeo-1 aycca

3
E(mt) = =2,
rO 80
abo "
__1Q !
@ S g | < Puc. 17.13

Bucnosok. Hanpysicenicmos nois, CMEOPEHO20 DIGHOMIDHO 3aPSONCEHOIO KYIeI0, 6CepeOuHi
KyJi 3pocmae aiHitiHo 6i0 yenmpa 00 nepuepii (0o 1 = ry) (ous. popmyny (2)), a 3306mi kyni (npu r
> ro) amenuyemves sk 1) (ous. popmyny (1)) (puc. 17.13).

Mpuxnan 17.8. Pospaxysamu nanpysicenicms erekmpocmamuynozo noia E 3306mi pisno-
MIPHO 3aps0AHCeH020 0082020 NPOBIOHUKA, IHIUHA 2YCMUHA 3apsady K020 A.

o Po3B’s30k. 3acmocyemo meopemy Ocmpocpadce-

Koeo-I'aycca, kepyrouuco 3H08y YAGIEHHAMU CUMEMPII.

Bci ninii nanpyscenocmi nons nanpagneni 630061c paoi-

/ r/“ / 1 yea nazoei (axwo Q > 0). Suauums, Hanpyocenicmo 3a-

{ i : JIedHCUms MinbKu 6io I i € cmaioio Ha NOBEPXHi NPOGiOHU-

il all, il i, il e sl O kai ROBEPXHI KOAKCIAIbHO20 3 HUM YULiHOpa padiyca ¥

/ (puc.17.14). 3aysasicumo, wo ninii HANPYsHCceHOCmE npo-

HU3YIOMb MiTbKU OOKO8Y NOGEPXHIO YUNiHOpa. Bonu ye-

pe3 mopyi He suxodamy. Tomy

- JH
Puc. 17.14 §E.dS=E(2mH)=§=8_,
0 0

0e H — sucoma yuninopa, S =2arH — 6orosa nosepxus yuninopa, Q = AH — nosuuii 3aps0 npo-
8IOHUKA. 38i0cu

E =

L2
2meg 1

I3 ocmannb020 PieHAHHA UOHO, WO HANPYICEHICb ENIEKIMPOCMAMUYHO20 NOJIEL 3306Hi PIGHOMIp-
. . 2
HO 3aps0X4CeHO npoonoKu abo yuninopa smenutyemocs ax 1r | a ne s Ur® (Ous. npuxnao 17.7).
Omdice, 3anexcHicms HANPYIHCEHOCMI NOJIA 6i0 GIOCMAHI BUSHAYAEMbCS 2eoMempicio ddicepend.

Mpuxknan 17.9. Busnauumu nanpysicenicms enekmpocmamuyio2o nojsa nooau3y Heckiu-
YeHHOI HenpOBIOHOI PIBHOMIPHO 3aPA0HCEHOI NIOWUHU, NOBEPXHEBA 2YCMUHA 3apsdy AKoi 00-
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8 17.5 Teopema Ocmpoepadcwvrozo-Iaycca

pisnioe o (puc. 17.15).
Po3B’a30K. B saxocmi nosepxhi inmeepyeanHs ubepemo Hegenu-

+ KUll 3aMKHYMULl YUIIHOP, BIiCb K020 NEPREeHOUKVIAPHA 00 NIOWUHU |
A + . axutl nepemunac yro naowuny (puc. 17.15). B cuny cumempii eexmop
+ ., L E nepnenouxynspruil 0o niowunu i cmanuil 8 mMedcax mopys Yuiin-
+ *,13 opa nnowero S. Ockinvku uepe3 GOKO8Y NOGEPXHIO YUNHOPA NIiHII He
= Py 8uUx00amu, mo 3a meopemoro Ocmpozpadcwvroco—I aycca
\(/ 1I+l/ ‘+
/ H i Iﬂ' — = Q O'S
SRR fE-dS = 2B8 = = = 22,
\ \‘\ + S+ \—» 80 80
By AT
+ . . . . .
+ + 0e Q = 0S — nogrutl erexmpuyHull 3apsa0 cepeduti yuninopa. 38iocu
+
o]
E=—].
2g,
Puc. 17.15

Hpuxmax 17.10. 3uatimu nanpyscenicms eneKmpocmamuyHo2o noas HOOAU3Y NOBEePXHI
npoGioHUKAa 008iNbHOI hopmu.

Po3B’s130K. B sixocmi noeepxui inmeepysanmsa eubepemo, K i 6 NONepeoHbOMy BUNAOKY,
HeBenuKy YuniHopuyHy nosepxuio. Bubpanuil yuninop mae neeenuxy sucomy i 00um tiozo mo-
Pelyb 3HAX00UmbCsl Oewjo Had nogepxHelo, a opyuil — oewjo nio nosepxueio (puc. 17.16), 6oko-

Puc. 17.16

60 NOGEPXHS NEPREHOUKYIAPHA 00 NogepxHi nposionuka. OcKinbKu noie ecepeouni npogionuKd
giocymue, mo aiHii Hanpysicenocmi 6y0yme nepemuHamu minoKu 308HIWHIT mopeys Yyuninopa,
naowa sikozo S. Tooi 3a meopemoro Ocmpozpadcwkozo-1aycca

fE-dS =Es _Q _oS
&o )

36I0KU

=2 , (011151 nOGepxHi NPOGIOHUKA),
80

Oe 0 — 2ycmuHa 3aps0y 8 OaHill Mouyi NOBEPXHI NPOBIOHUKA.
L]eii pezyriomam cnpagednusuti 0ist nPOGIOHUKIE 6Y0b-aK0i opmu.

B tabaumi 17.1 3i6paHo ¢hopMyan HapyKEHOCTI eeKTPOCTATHYHOTO TI0JIS, PO3TIISIHYTHX
BHIIIE, JUIS PI3HUX T€OMETPil JuKepena o,
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17. Enexmpocmamuxa

Tabmms 17.1

I'eomerpist mxepena moms Hampyxenicts

1

Touka E= kg2 E= 22
r 4re, 1

PiBHOMIpHO 3apspkena cdepa E_ K Q E_ 1 Q
(r>rp) T Ty Are, 1’
PiBHOMIpHO 3apspkena chepa E_0 E_0
(r<ry) B B
PiBHOMIpHO 3apsypKeHa KyJist E_k Q E_ 1 Q
(r>rp) r2 Arg, 1’
PiBHOMIpHO 3apsKeHa Kyiis E=k Q r E_ 1 Q ;
(r <ro) re drg, 1}
PiBHOMIpHO 3apsIKeHUH MITIHIP E_k 27 E_ 1 24
(r>ro, r<<H) o Ame, T
PiBHOMIpHO 3apsi/UKeHa HENIPOBIHA £ _ 4 ro E- %
IUIOIHA 2¢g,

§ 17.6. Po6oTa mepeMilieHHs 3apsiy B €JIeKTPOCTATHYHOMY MOJIi

Po3riisitHEMO oTHOpITHE ENEKTPOCTATHYHE M0, SIKE YTBOPIOETHCS MIX 3apsIDKEHUIMH HEC-
KIHYEHHO BEIMKAMH TapaieinbHuMu miomuHaMu (puc. 17.17). Tlomictumo B mose MiX Iwio-
HaMX TpoOHui 3apan +Q i mepeMicTMO HOro 3 TOYKM @ B TOUKy a’. Jlitoua Ha mpoOHMiA

=F ap ap AF ap ap ap ar ap ap an [+ +++++ + + + + ]
a’@_\_-é‘ & \
I \ \\
I A ~
d Y y Xy | S \ Y y Y Y oy \
<L T A
AY \
a @b |Cc® X \\_a
a o
Puc.17.17

3apsn enekrpocrarnyHa cwia F =QE crana i HampaBnena B Oik, MPOTHICKHUHA TepeMilieH-

Hio. PoOoTa, sika 371fiCHIOEThCS Li€I0 CHUIIOI0 TP MEPEMIMIeHH] eIEKTPUYHOTO 3apsity, J0piB-
HIOE 0OYTKY CHIIM Ha repeMinieHHs 3apsay. TooTo

A=Fd = QEd, (17.15)

ne aa' = d — mepeMillieHHs 3apsaay MiK TUIomMHaMH, Q — BeJMUHHA TIPOGHOTO 3apsjy, IO Te-

peMiniaeTsesi, E — HanmpyXeHiCTh eIeKTPOCTATUIHOrO 0N, SIKIIO 3apsit epeMillyBaTH i3 To4-
KU D B TOUKy @’ mix KyToM 6§ 0 HanpsIMKY IT0Jist, TO poOOoTa AOpiBHIOBATUME I00YTKY CHIH HA
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8 17.7 Enexmpuynuti nomenyian i pizHuysi ROMeHyianie

nepeMimeHHs d; i Ha KOCHHYC KyTa 6 MiXK HUMU:
A=Fd, cosd =dQE, (17.16)

ne ba' = d; — nepemimenss 3apsny, a d = d; cos 6. [ligpaxyemo Tenep poOOTyY MO HO Hepe-
MIIIEHHIO 3apsiay i3 TOYKK C B TOuky a'. Po3i0’eMo kpuBYy Ca' Ha N AUISHOK, KOXHY 13 SKHX
MO’KHA IPUAHATH 32 TPsMY, a IPOEKil ix Ha Bich Y-kiB (puc. 17.17) BBaxkatn piBHuMu. Toxi

n n
A=FY S c0s6, = FY d; = Fd = QEd, (17.17)
i=1 i=1

ne Si — MOBXHWHA i-01 IIAHKM TpaekTopii, d; — mpoekis S; Ha HanpsMok oci V-kiB, d = Z d;

i-1
Cuna F 3aBsKi 3aJIMIIA€THCS CTAION, OCKLIBKE TOMe oHOpigHe. OTXKe, 3 HABEACHOrO BHIIE,
BHIIHO, III0 P000TA MOJIA MO MepeMillIeHHI0 3apsIy He 3aJIeKUTh Bil IUISIXY; BOHA JJIsI BCIiX
TPHOX BUNAJIKIB 0IHAKOBA, X04Y TPAEKTOPis NepeMilieHHsI Pi3HA, TOOTO Po0OTa 3JIESKUTH
TITBKH BiJl MOJI0OKEHHS MOYATKOBOI i KiHIIeBOI TOYOK MepeMillleHHs .

SIKmo 3apsi mepemillyBaTH B HaNpsMKY, IEPHEHIUKYISIPHOMY /0 JIiHIN HarpyKeHOCTi
@JIEKTPOCTATUYHOTrO TI0JIS1, TO CHJIHM MOJIst pOOOTH HE BUKOHYIOTh. TakuM YMHOM, CHIIM TIOJISI BH-
KOHYIOTH POOOTY TUJIbKH IIPH HEpEMIIIeHHI 3apsiIy B3JOBXK JiHIH HAPYKEHOCTI eJIEeKTpocTa-
TUYHOTO TIOJIS.

HeBaxkko moka3zaTw, 1o podoTa cHJI IO Ha JUISHKAX aba' 1 a'ca oqHakoBa 3a BEMYH-
HOMO i mpoTuexHa 3a 3HakoM (puc. 17.17, 6). Ha minsiaui aba' BUKOHYEThCSt pobOTa MPOTH CH-
JIU TIOJIA, Ha JIISHIN a'ca poboTy BukoHYe mone. Lle o3Hadae, mo podoTa CHII eJIEeKTPOCTATH-
YHOI'0 MOJIsl 0 3AMKHYTOMY KOHTYPY 3aB:KIu piBHa Hym0. Criy, poOoTa SKMX HaJ 4acTH-
HKOIO HE 3aJISKUTD BiJ (OpMH NUIIXY YACTHHKH, a JIUIIE BiX {1 HOYATKOBOIO 1 KiHIIEBOT'O I10-
JIO)KEHb, HA3UBAIOTHCSI KOHCEPBATUBHUMH cuiiamMu. [lose KoHCepBaTHBHOI CHITH, TOOTO TIOTIE,
B SIKOMY po00Ta HE 3aJeXHUTh Bil JOPMHU IUIAXY, HA3UBAEThCS MOTEHIiAIbLHUM (eJIeKTpocTa-
THYHE T10JI€, MOJIC TSOKIHHSL).

§ 17.7. EJeKTpUYHMIA MOTEHIia i pi3HHUA MOTeHIiaiB

Po3paxyemo poboTy cui monst, CTBOpeHoro 3apsaoM Q, mpu repeMileHHi B HbOMY B3IOBXK
CHITOBOI JTiHiT 3apsny Qo 3 Touku a B Touky b (puc. 17.18). Pobora dA mo nepemimeHnio 3aps-
Iy Ha nUsIxy dr TOpiBHIOE |

dA=Fdr. (17.18)
BpaxoByroun, mo F = QQO , OTPUMAEMO:
47180 r?
Puc. 17.18 dA = &%dr . (17.19)
Amey r

Iarerpyroun (17.19), 3HaxoauMo BCro poboOTy 10 mepeMilieHH:o 3apsiay Qo 3 TOUKH @ B
Touky b (3 onHiel ToUKH B iHIIy):

T % Q4 eQfdr Q1 Q0
A_;[ 4reqy er 47180'[ 4ﬂ80(r1 ) Q0(4ﬂ80r1 47180r2). (17:20)

Q. Q

4re,r,  Are,l,

Bennuynn NO3HAYAOTh BiNMoBiHO yepes U, i Uy i HaszuBaroTs ix eJiek-
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17. Enexmpocmamuxa

TPUYHUMM NOTEHLIATAMM TOYOK @ i b. Omxe,

|A=QyU,-Uy)| (17.21)
_ _ QQ -
Sxmo noxsacTu , = o, o A= ——— = QU,, 3Binku
4regh
A
U, =—|. (17.22)
Qo

OTxe, motenuian — e ¢Gi3uyHa BeINYNHA, 10 YHCEJILHO TOPiBHIOE POOOTI, SIKY BUKO-
HY€ eJIeKTPOCTATHYHe T0JIe M0 NepeMillleHHI0 OTMHMYHOI0 MO3NTHBHOIO 3apsay i3 3a1a-
HOI TOYKH MO/ HA HeCKiIHYEeHHICTh.

EsrexTpuunnii moTeHIiay BU3HAYa€ MOTEHIIAJIbHY €HEprilo OJAMHWYHOrO 3apsay. 3BiJCH
BUIUTMBAE, 1[0 3MiHa MOTEHIiaIbHOI eHeprii 3apsy Qo mpy mepeMilieHHi Horo i3 TOYKU @ B
Touky b nopiBHroe

AW = W, -W, = Q,(U, - U,). (17.23)

[Hmmvy cmoBamu, kommu 3apsn Qp mepeMimaeTbess MiXK TOUKaMH 3 PI3HUIICIO TIOTCHITIANIB
U,p, = U, — Uy, Hforo norexuianbHa eHepris 3MiHI0eTbes Ha QpU .

O/IMHAIICIO EEKTPHYHOrO MoTeHIiany (i pi3HHI HOTEHIaiB) € uKOyis Ha KyioH (Ix/Kir)
(mus. (17.22)). B CI wo onqunmiio HazBaHo BonbToM (B) Ha dects itariiicbkoro ¢izuka A. Bonbra
(1745 — 1827): 1B =1/c/ Kn . Pi3HUIIO MOTEHINiaNiB 9aCTO HA3HMBAIOTH €JIEKTPHYHOK Ha-
MpYrom.

[NoreHmian B Tilf 4K iHIIIH TOYIII 3aJICKUTH Bif BUOOPY “HyIs” MOTEHIIANY; SK 1 y BHIA-
Ky MOTEHIiaTbHOI €Heprii HyJIbOBHI piBEHb MOXKE BHOMPATHCH TOBIJIBHO, OCKIJIBKH MOYKHA BH-
MIpSITH JIHIIIE 3MiHY TOTEHIIanbHOI eHepril (pi3uuio noreniianie). Ha mpakrumi gacto 3a Hy-
JHOBUH MOTEHIIIaJl MPUHAMArOTh MOTEHIIia) 3eMJyIi a00 MPOBiAHKKA, 3’ €JHAHOTO 3 3eMIICIO.

Hpuknan 17.11. Axy pobomy nompiono euxonamu, uwobd nepenecmu sapao Q = —8,0 uxKn
6i0 ““3emni” ¢ mouky 3 nomenyiarom U = +600 B?
Po3B’s130k. Ockinvku nomenyian 3emui nputiHAmMo piGHUM HYII0, MO

A = QU =(-8,0-107° Kx)(600B) = — 4,8 m/]oxc.

Mpuknan 17.12. 3apao, axuii nepenocumuvcs Ha 3emaio po3psaoom OIUCKABKU BPU PI3HUYT
nomenyianie U = 3,5:10" B, ckaadae Q = 30 Ku. a) Axa npu yvomy sudinumscs enepein? HAxy
kinvxicms 600u npu 0 °C mooicna 6yno 6 dosecmu 00 KuninHa?

Po3B’s130K. a) Beauuuny enepeii, wo 6uoiiumsCcsi npu neperecenti 3apsaoy Ha 3emuto 3Hai-
oemo 3a opmynoro (17.22):

A=W = QU = (30K7)(35-107 B) = 1,05-10° [Torc.

0) /st 3HaX002iCeH s KIIbKOCMI 600U, 1KY MOJCHA O HAZPIMU 00 MeMnepamypu KUninHs,
suxopucmaguiu enepeiro W, ckopucmaemocs 8i00MuM PIGHAHHAM MENI08020 OALAHCY:
W =mc(t, - t,),
de M —maca 600u, sika modice 6ymu naepima, ¢ = 4200 [ic/ke - epad — numoma menioemmicmo

6o0u, t, = 100 °C — memnepamypa xuninns 6oou, t; = 0 °C — nouamkoea memnepamypa.
36iocu
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8 17.8. 38 130K Midic eneKmputHUM ROMEHYIAIOM | HANPYHCEHICIIO e1eKMPOCIAMUYHO20 HOJA.

W 11-10° e _
ct, (4200 ke - 2pao)(100°C)

600 xe.

§ 17.8. 3B’A30K MiXkK eJIeKTPHYHMM NMOTEHIIAI0M i HANPYKEHICTIO eJIeKTPOCTATUYHO-
ro noas. I'pagienT morenuiaay

Mix TOTEHIIaIoOM 1 HaNpyXXEHICTIO MOJIS ICHYe TicHUH 3B’s30K. Hexail Mu MaeMo OJHO-
piIHE €NeKTPOCTATUYHE I10JIe, HAPHKIIA/, MOJIe MK 3apsDKEHUMU uiacTuHKamu (puc. 17.19)
3 pisuumero norennianiB U,y PoboTa enekrpocta-

[FFFFFFFF+FF+FF++ | THYHOTO MOJIA IO MEepeMilieHHI0 3apsay Q 3 TOYKH
A b i a B Touky b 3rigno (17.22) nopisHioe
diy v oy ly _gJad U" A=QUygp.
5 3 mpyroro Goky
L | A= Fd = QEd,
Puc. 17.19 ne F = QE - cuna, girouya Ha 3apsan Q, d — mepemi-

mieHHs (BifCTaHb MiX ToukaMu a i b B3OBX cHito-
Boi Jiii). [IpupiBHIOIOYH 11i 1Ba BUpa3H Vsl POOOTH, OTPHMAEMO:

QEd = QU,y,
abo
Ed =U, - U,,
3BIJIKH
u,-u
E= aTb . (17.24)

TakuM 4MHOM, HANPY’KEHICTH OAHOPITHOTO eJIEKTPUYHOTO MOJIsI YHCEeJIBHO JOPiBHIOE
pi3HHMI MoTeHUiaNiB HA OAMHHUII AOB:KMHM JiHiI Hampy:keHocTi. 3ayBaXHMMo 1€ pas, 10
HAIPYKCHICTh EIIEKTPOCTATUYHOIO TIOJIsl BUMIPIOIOTh Yy HbloTOHaX Ha Kyion (H/Ki) abo y Bo-
nprax Ha Metp (B/m). Li onuaui ekBiBageHTHI MiX cO00IO:

H H-m oic A-B-c B
Kn Kn-m Kn-m A-c-m M

st Oynb-SIKOTO TOJIS 3B°SI30K MIXK HAIPYXXEHICTIO TOJIS 1 TOTEHIIaJIOM MOXXHA BUPA3HTH

Tax:

E = _dv = —grad U. (17.25)
dr

TakuM YMHOM, HaNPY)KEHICTh y JOBUIBHIH TOYII €IeKTPOCTATHYHOTO OIS JOPiBHIOE Ipa-
nienTy motenmiany B i Touni dU/dr B3sitoro 3 obeprenum 3HakoMm. pagieHT morenuiamxy —
e IBHAKICTH 3MiHU Or0 B HANMPSIMKY CUJIOBOI JIiHii, IKa YHCeIBbHO T0PiBHIOE 3MiHi 1mO-
TeHIiadxy, 10 MPUNAJa€ HA OMUHULI0 JOBKHHH CHIOBOIL Jinii. ['pagieHT morenumiamxy —
BEKTOp, sIKUIi HanpaBJieHU# B 0ik HaWOiIbIIOr0 3pocTaHHsA MoTeHNiaxy. B Oyap-skiif Tou-
11l TIOJISt BEKTOPY HANpPY)KEHOCTI 1 TpajieHTa MOTEHIially PiBHI 32 BEJIMYMHOIO 1 MPOTWIICKHI 32

Hanpsimkom (puc. 17.19): E=- grad U.ls (17.25) BuIHO, IO MOJNE CUITBHILIE TaM, e IBHI-
111€ 3MIHIOETHCS TTOTEHITial.
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17. Enexmpocmamuxa

Hpuxnanx 17.13. Busnauumu nomenyian na eiocmani ¥ 6i0 yenmpa 0OHOPIOHO 3apsidice-
Hoi nposionol cpepu padiyca R npu: a) r > R; 6) r = R. Ioenuii 3aps0 chepu dopienioc Q.

Po3B’s130K. a) Ockinvku chepa nposionuxk, 3apsd Q posnodinenuil pisHOMIpHO no i no-
eepxui. Hanpyoicenicms enexmpocmamuuno2o noist 3306ui cghepu (r > R)

E--1 9 W

4re, r*’

i nanpasnena no paoiycy (ous. npuxnao 17.6).
Kopucmyrouuco popmynoio (17.24), ompumaemo:

U, - Uy = —2 1 Q

—2r = .
Amey r gy 1

(B popmyni (17.24) d 3amineno na r). Axwo noxracmu U, =0 npu r = 0, mo 6 6yob-sakiil
mouyi na eiocmani ¥ 610 yenmpa cgepu (r > R) nomenyian oopienioe

__1Q
U= yr——. (r>R). (2

6) Ilomenyian na nosepxui npogionuxa (cghepur) dopienioe

1 Q
4rey R’

(r=R). 3)

§ 17.9. ExBinorenuianbHi moBepxui

EnexTprunnii moTeHmiag MOJKHA NPEICTAaBUTH TPpadidHO 32 JOIOMOrOl0 eKBiNOTeHIia b-
HHUX JiHil 200 eKBinOTeHUiAILHUX MOBepPXOHb. EKBiNOTEeHNiaTbHOIO MOBEPXHEI0 HA3UBA-
I0Th reOMeTPUYHe Miclie TOYOK 3 OAHAKOBHM MOTEHIiaaoM. 3p0o3yMiJIo, 1110 Pi3HHMIIS TOTEH-
iaiB Mixk Oy/Ib-IKHMH TOYKaMU Li€l IIOBEPXHIi piBHA HYIIO, a [Ie 03HAYaE, 110 IpH Mepemimie-
HHI 3apsy i3 OHi€T TOYKH B iHIIY, poOOTa TAKOX JOPIBHIOE HYIO. EKBiNOTEeHITIa)IbHA TTOBEPX-
HsI B OyIb-sIKif TOULIl MEpIIeHMKYISIpHA HANpsIMKY HampyskeHocTi nomst. Llei dakr monomarae B
MoOy/I0BI €KBIMOTEHIIAEHNX TTOBEPXOHB, SIKIIO BiIOME PO3MIIEHHS crtoBuX JiHiH. Ha puc. 17.20
1 17.21 maHo KijbKa SKBIMTOTCHINIATHHUX JIIHIN JJIS OS] TOYKOBOTO 3apsAy 1 IS MOJIST MiXK Ta-
panensHIME ToTacTHHKaMA. Li JiHIT HaNeKaTh CKBIMOTEHINIAJHPHAM ITOBEPXHSAM, SKi IEPETH-

‘ U, BB R Rt R R T T L e T I
o
g%ﬁ PSR O O A O O A
’ U1 o y y Y A Y b
, U=0|-—————————————— — — |
Puc. 17.20 Puc. 17.21

HAIOTh PUCYHOK IEPIEHANKYISIPHO IUTOMIMHI KHIDKHOI CTOPiHKH. J[J11 BUMAaKy JBOX OJHAKO-
BHUX 3a BEIMYMHOIO Pi3HOWMEHHHX 3apsiliB €KBIMOTEHIlianbHi TiHil (IITpUXOBi IiHil) HaBexeH]
Ha puc. 17.22.

HOpuxnanx 17.14. Erekmpocmamuune none mixc 080mMa NApaieibHUMu naACMuHKamL, sKi
nio’ednani do bamapei 3 nanpyeoio U = 45 B, mae nanpyscenicmo E = 1500 B/m. Hxa 6io-
CMAaHb MIXHC RAACTUHKAMU?

232



8 17.10 IHonssmms npo Gionomenyianu

Po3B’s130k. 3a popmynoio (17.24) snaxooumo, wo
U 458
E 1500B/m

=3-10%m = 3cm.

Hpuxnanx 17.15. Ha saxii éiocma-
HI 0OHa 8i0 0OHOI 6YOYMb 3HAXOOUMU-
CA eK6inomeHyialbHi NOGEPXHI, Npose-
Oeni yepez 1 B nobauzy eenuxoi 00Ho-
DIOHO 3aps0dHceHOl NIOWUHY 3 NOBEPXHe-
6010 2ycmunoio 3apady o = 0,55 MK/m®?

Po3e’sizok: 3a popmynoro (17.24)
3HAXOOUMO

0e U = 1B — piznuys nomenyianie midxc
eKginomeHyianoHuMu nogepxuamu, £ —
HANpyJICeHicmsb ~ eeKMpUUHO20  NOJA
nobnu3zy 3apsaoicenoi nosepxti. Bpaxo-
gyouu, Wo

E-_9
Puc. 17.22 2¢,

ompumaemo

25U 2(8,85-10? Ku/ H - m®)(1B)

d
c 5,5-10"* K1/ m?

=32-10"%u.

§ 17.10. MousaTTs Npo GiomoTeHia U

SIKIo ofWH 13 eNeKTpOAiB Mia’ €JHATH O MOBEPXHI M S30BOr0 BOJIOKHA, a JIPYrHi eJek-
TPOJ BBECTH B cepeauny ioro (puc. 17.23), To MiX €IeKTpOAaMH CIIOCTEPIraTHMEThCS EleK-
TpPUYHA HANpyTra, Ky HAa3MBaIOTh MOTEHUIAJIOM CIOKOIO.
BHyTpimHi# enekTpon 3aBXIW Ma€ Bil €MHHH MOTEHIA
BiJTHOCHO 30BHIIIHBOI'0. BenmmunHa moTeHIany CIOKOI Y
PI3HMX KJIITHH pi3Ha 1 B cepeaHbOMY KonmuBaeThest Bif 80 mo
100 mB. TloreHmian CIIOKOO 32 CBOEIO TIPUPOIOID € MeM-

G OpaHHUIi MOTEHITiaT.
3riiHO Cy4YacHNM YSBIICHHSM CTiHKH XWBUX KIITHH €
TOHKMMH MeMOpaHaMW, sIKi CKIaJaroThCsA i3 JBOX IMapiB
Puc. 17.23 Ginka, pO3IiIEHHX IIapoOM MoJeKy: JimiaiB (kupis). Tos-
mHA Beiei MmeMOpanu ckmagae 9,0 HM, a KOXHUH 13 11 ma-
piB MatoTh ToBIMHY 3,0 HM. Cxema momnepedHoro mnepepizy MeMOpaHn KIIITHHM HaBelIeHa Ha
puc. 17.24.

ExcniepiMeHTanbHi JaHi MOKa3yIOTh, 0 MEMOPaHN KIITHHU PO3AUISIOTH IB1 NUISHKH, SKi

MICTSITh Pi3Hi PO3UMHEHI B HUX iOHM. B MO3aKIiTHHHOMY MPOCTOPi € Ha/MIIOK ioHiB Na* i

Cl™, a Bcepesmni K1iTHHM Haammiok iowiB K. Kpim Na*, Cl™ i K" Bcepenuni kiitunu i moza
HEIO € BENMKA KUTbKIiCTh Bix eMHUX i0HIB (10HH (ocdopy, kKapOoHATY i BemrKi opraHiuHi ioHH).
Po3mipu BCix IuX i0HIB OUTBIIN, HK IMOPH B OIIKOBUX IIapax, 4epe3 siKi 37aTHI An(yHIyBaTH
MaJIeHBKI 10HH, TOMY MOJKHA CTBEP/IXKYBaTH, IO eekT audy3ii BeTMKUX BiT €MHHX 10HIB BiJI-
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17. Enexmpocmamuxa

cyTHiil. OCKiJIbKY Pi3HOMMEHHI 10HH MarOTh Pi3HY MIBUAKICTE Audy3il uepe3 MeMOpany (meski
i3 HEX B3arani He MUQYHIYIOTH Yepe3 MeMOpaHy), Ha ii MOBEPXHi YTBOPIOETHCS MOIABIHHMI

K ~ 3,0 Hm

PR aAnnAtn,l

Jinig ~ 3,0 um

JUBU Uyl 1
WWWBMOK~3OHM
FRfa e p e rass |

Puc. 17.24

map 3apsiiB, SIKMH CTBOPIOE PI3HMUINIO TMOTEHIIATIB MK IMO3aKJIITHHHAM IIPOCTOPOM 1 IIPOCTO-
pom Beepenuni kinitunu (puc. 17.25). Bona mopisuioe ~ 70 mB. 1t pi3uuis nmoreHiiamis o0y-
MOBJIIO€ HasIBHICTh IpajlieHTa KOHIEHTPAL] Pi3HUX 10HIB, M)XK SKHMH BHHUKA€E CBOEPIIHA PiB-
HOBara. 3ayBaXMMO, [0 Ha/UTAIIOK 3apsiTy 3 KOXKHOro OOKy MeMOpaHu € TUIBKM Ha 1 1moBep-
XHI, piAnHA X 3 KOKHOTO0 O0KY MEMOpaHH eJIeKTpOHEHTpasbHa.

Ta6mms 17.2

Ton KonmenTparris KonmenTparris (y
1oHiB C;, MMOJIB/JI 1ouiB C,, MMOJIB/JI Ce
Na* 15 145 0,103
K" 150 5 30
Cl~ 0 125 0,072

B Tabmumi 17.2 HaBemeHO KOHIICHTpAIlil HAHOUTHIN BAXKIIMBHUX 10HIB B IO3AKTITHHHOMY
npocropi (C,) i Beepeauui kituau (C;). Ockinbku Membpana xyxe Touka (d = 9,0-107 u),
icHyBaHHS pi3Huni noteHmianiB 70 MB o3Havae, Mo HANPYXEHICTh EIEKTPUIHOTO TIO0JIS BCepe-
JIMHI MEMOpaHH Ty>Ke BEIHKa:
= v = _00708 = 7,8-1065.

d 9,0-10° u M

JIyisi OPIBHSAHHS 3ayBaKHMO, 0 KOJIM HATIPYXKEHICTh B MOBITpi Kocsrae 3 - 10° B/u, mix
IIPOBITHUKAMH BUHHKAE ickpa. OmHaK, Ui MATPUMAHHS BCEPEIMHI MEMOPaHH MO 3 TAKOO
HATIIPY)KCHICTIO HEOOXiJHO BiTHOCHO HeOarato ioHiB.

Iotenuian gii. HepBoBi BoIOKHA )XKMBUX OpPTaHi3MiB MPOXOSTEH Yepe3 BCE TLIO 1 3aKiHTY-
I0ThCs B MO3Ky. HepBoBa kiniTrHa (HeMpOH) CKIaqa€eThes i3 KIIITHHHOTO Tijla i OJHOro JOBrOro
BUPOCTY, SIKUI HA3MBAIOTh AKCOHOM. AKCOHM OyBalOTh JIOCTaTHBO JOBIMMH. B310BX aKcoHIB
TIOIMIMPIOIOTHCS ENIEKTPUYHI CHIHAIH, SIKi HECYTh 1H(OpPMAIIilo B MO30K 200 BiJ MO3KY /10 pi3HHX
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8 17.10 IHonssmms npo Gionomenyianu

YaCTHH Tijla MOTOPHI 1HCTPYKIII.
B crani criokoro (puc. 17.26, A) momatHi i BiJ’€MHI 3apsiiy PO3IOILICHI B3JI0OBX aKCOHIB
PiBHOMIpHO; BHYTpilIHIH noTeHnian aopisHioe 70 MB.

. . +++++++++++++
TTosakmiTuHHUI

npocrip

—  BHYTpIHBOKIITHHHHA —
TpocTip

FFFFFFEFFFFFFF
CraH Crokoio

— Hudysi

14s 7
mmone/n Na

+ 4+ +++ ==+ + + + + +

MMOIIB/T =

Hacoc

Fr+++ — —FF++FFF
[Ipuknanenuit cTumyi

N N
|
Z«
+
vy
|

= JNMudysis -

F++ - - - - — —+ + + +
Kt 150 =
MMOJIb/JT

B G

{ +
\J

mmons/n Kt +|—
L + k

F+ + ++F+F+ ++ + + +

r

+++++++++++++

JIiJIsiHKA TTOBHICTIO JICTIONSIPi30BaHA

Judysis

————+ 4+ + == = = =
F+++-——-——FFFFF

«— > i

125 S e
mmons/n - C]

Cl™ vmons/n

“«— —>
+ A+ — == =+ + + + +

—_—— - =+ + ++ - - == = X
Posnouanack penonsipuzattis

0B -70B

+++++++ A FFFFFFFFEFFEFFE

+++F A+ +
|
|

Puc. 17.25 Puc. 17.26

HepBoBy kiliTHHY MOXXHa NpPUBECTH B 30Y/PKEHHH CTaH B OyIb-SKil TOYIl aKCOHA €JeK-

TPUYHUM, XiMIYHUM a00 MexaHiYHUM cniocoboM. EdexT aii moxpasHuka nposBIsE€ThCS B pari-
. . . . . + . . . + .

TOBOMY 30ibIIeHHI pOHUKHOCTI MeMOparu st ioHiB Na™ (~ 8 5000 pas). Iorik ionis Na™ i3

MDKKJIITHHHOT'O MIPOCTOPY MEPEKPHBAE BiL €M-

- ‘ ‘ HUI IOTEHIIA KITITHHH 1 PyMHY€ JIOKaTbHU 110~
40 TloTemian natauit norenmian (puc. 17.26, B). Leit nomat-
20| At HUH MTOTEHINaJ, IKMI BUHHUKAE 32 JIONi CEKYH-
0 1 1 3poctae 10 +40 MB, Ha3MBa€ETHCS MOTEH-

uianom aii (puc. 17.27).
3MiHa MeMOpaHHOIO ITOTEHIIaTy Ha3HBa-

MoTeHujan, mB
)
o

-3 €ThCS AeNoJIApU3anier0. BUHUKHYBIN B O/HI T
S T | Forenyancioros|  TOULU, Jemomsipusais iHayKye Aenonspusa-
80 o Ii10 3 JIBOX CTOpiH 30ymKkeHoi Touku. OTxe,
100 \‘ Sanignaiouni foterlian HOTeHUia Ail, AKUi BUHUK, IOMIUPIOETHCS 110
2 4 6 8 tMC  aKCOHYy /O THX IIp, MOKH He AeTOJISIPU3YETh-

Puc. 17.27 cst Best miystaka (puc. 17.26, B, T).

Binpa3sy micnst genonspusanii MemOpaHa
NIPUXOIUTh y BUXiJHMHA CTaH: NPOHMKHICTH il jd ioHiB Na* pi3ko 3MeHIIyeThCs, a TIPOHHK-
HicTb MeMOpanu s ionis K pisko 3pocrae. lonu K mBuaKko AupyHAYIOTh i3 KIiTHHH, IO
MPU3BOJHTH J0 3HIKEHHS MOTEHIiay KIITHH A0 BiJ €MHUX 3HAa4€Hb HIKUE ITOTEHIIaTy CII0-
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17. Enexmpocmamuxa

Kol (BimOyBaeThes mpolec penossipusanii). B kiHneBoMmy paxyHky npu6musno 3a 10 mc kiii-
THUHA NPUXOJUTH Y BUXITHUH CTaH 1 BOHA FOTOBA “3amajauTHCcs’ 3HOBY.

[IBHAKICTB, 3 SIKOO TIOTEHITIAN Jii MOMMPIOETHCS B3I0BK HEPBOBOTO BOIIOKHA, Pi3HA — BiJl
0,5 m/c 1o 130 m/c. HepBoBi iMITynbcH HE TOMIMPIOIOTHCS MOAIOHO ENEKTPUYHUM CHUTHAJIaM.
[NommpeHHs HEpBOBOrO IMITYNIBCY — CKJIAIHUM €IEKTPOXIMIUHMK Tpollec, AeTali SKOTo Iie
JIaJIeKO HE TIOBHO BUBYEHI.

§ 17.11. IpoBiTHHKH B €JIEKTPOCTATUIHOMY IOJIi

XapaKTepHOIO 0COONMBICTIO MTPOBIAHKKIB € T€, [0 B HUX € BEJIMKA KUIBKICTh PyXOMHUX HO-
CiiB 3apsiiB, TOOTO BiIbHEX eeKTPOHIB (200 i0HIB), siKi 0Opa3HO Ka)kyd4H, B IPOBIIHUKY Y-
XaroThCst XaoTHYHO. OJHAK, SIKIO TaKUH MPOBIAHUK MOMICTHTH B 30BHIIIHE €JIEKTPOCTATHIHE
TI0JIe, TO TiJ] BIUIMBOM JIii €NEeKTPUIHUX CHJI BUIBHI €JIEKTPOHU OYIyTh MEPEMIIIATHCS B HBOMY
B HAIIPSMKY, IPOTHISKHOMY HAIIPSMKY HanpyKeHOCTi 1mosist. ToMy Ha OZHOMY KiHII HPOBiJ-
HHKa 4Yepe3 JesSKHH 4ac BHSABHUTHCS HAIUIIOK BiJ €MHHUX 3apsiiiB (€ICKTPOHIB), a HA MPOTU-
JIEKHOMY KiHI — HA[UIMIIOK IOJAaTHHUX 3apsyaiB (TYT enekTpoHiB He Bucradatume) (puc. 17.28).
TakuM YMHOM, IPOBIJHUK B €IEKTPHIHOMY TTOJI eJEKTPHU3YEThCs. TaKy eeKTpH3aliio Ha3UBaloTh
eJIEKTPHU3AI€I0 Yepe3 BILIUB, 200 e1eKTPOCTATHYHOI0 iHAyKuiero. [HaykoBaHi (HaBemeHi)
Ha MPOBITHHUKY 3apsiii 3HUKAIOTh, KOJIM MPOBLAHUK BHHECTH 13 €IEKTPUIHOTO OIS,

BHacmiiok mepepo3noaiTy B MPOBIAHUKY 3apsi/iiB BCEpeniHI HOro BHHUKAE €IEKTPUYHE

ToJie 3 Hapy)KeHicTio E,, piBHOIO Hanpy)KeHOCTi 30BHIMIHbOrO noist E; ane nporunexso Ha-

[paBIIeHoro 10 Hporo (puc. 17.28). B pe3ynbrari HAIPYXKEHICTh, 4 3HAYKMTD 1 PI3HULS OTEHITI-
ayiB BCEPEAWHI MPOBITHAUKA, CTAIOTh PIBHUMHY HYIO. Toxi s Oymb-
-0 SIKHX JIBOX TOYOK BCEpEJMHI MPOBIHUKA CIIPAaBEINBE CIiBBIAHOIIE-
N HHs: Uy — U, = 0 10610 U; = U, .
- E | OTxe, npy piBHOBa3i 3apsliB Ha MPOBITHUKY MOTEHITiall BCIX Ho-
T'O TOYOK OffHaKoBUH. Lle BiIHOCHTHCS 10 MPOBIHUKIB HACTIEKTPHU30-
< I BaHUX B Oymb-sKui croci0. Takum YWMHOM, HE3AJIEXKHO BiIl TOTO, B
= i SIKAH CIIOCI0 HAeNeKTPHU30BaHO INPOBIAHKK, MPH piBHOBa3i 3apsanaiB
= + MOJIsA BCepeAnHi MPOBiTHNKA HeMA€, a MOTeHUiaa BCiX TOYOK Mpo-

< >

> _ Bi/IHMKA OTHAKOBMIi.
= JlocBin moka3sye, 1o mpu Oyab-AKii enxexTpu3alii HpoBiIHUKA
_ +| |7 CJIEKTPUYHI 3apsay PO3MOAUIAIOTHECS HA HOTO TOBEpXHi 1 BCepenuHi
> MIOPO>KHUHU 3aMKHYTOTO ITPOBITHUKA €IEKTpUYHE 1mosie BincyTHe. Ha
IIbOMY TIPYHTYETHCS TaK 3BAaHHWH eJeKTPOCTATHYHUN 3axucT, abo
Puc.17.28 €KpaHyBaHHS BiJl €IEKTPOCTATUIHUX TIONIB, YTBOPEHUX 3O0BHINTHIMH
CJIEKTPUYHUMU 3apsaaMHu.

Hamnpukinii 3ayBaxuMo, 110 3apsi pO3NOAUISEThCS PIBHOMIPHO JIMIIE IO MOBEPXHI MPO-
BigHuKa chepuaHoi ¢popmu. [Ipn HoBiMBHIN (HOpPMI NPOBITHMKA TTOBEPXHEBA T'yCTHHA 3apsiB
0, a, 3HAYNTh, | HATPYKCHICTh TOJS MOOIM3Y MOBEPXHI MPOBITHUKA OinbIma Tam, Ae OiibIna
KpPHUBH3HA TTOBEPXHI.

+
+ + + + + + + + + + + + +
| s
v
|

§ 17.12. EnteKTpoEMHiCTH
Po3srisitHeMo BiOKpeMIICHHH TIPOBIAHUK, SIKOMY OyJIeMo Ha/laBaTH Pi3HI 32 BEIMIHHOIO 3a-
paou Q, Q,, Qg,... JlocBig noka3sye, 1o BeauuuHa 3apaay Q HaOyTOro MpoBiIAHUKOM MIPSAMO
mpornopiiiiHa oro moreHmiany U:
Q =CU, (17.26)
nie C — koe(irieHT MponopuiitHOCTI 1 HA3MBAETHCS €JIEKTPOEMHICTIO 200 IPOCTO €EMHICTIO TIPO-

236



8§ 17.13 Konoencamopu

Bigauka. Omxe

C U (17.27)

TakuM YMHOM, €JeKTPUYHOI0 €MHICTIO NMPOBIAHHUKA HA3MBAIOTHh (i3MYHY BEJIHUYHHY,
SIKa YHCeJTbHO J0PIiBHIOE e1eKTPUYHOMY 3apsiy, 10 3MiHIOE HOro MoTeHiaa Ha OMHU-
110:

B CI enexrpoemMHicTs BUMIpIOIOTH B (hapaax (D).

OnuH dapan — 1e eNeKTPOEMHICTS TAKOTO IPOBITHUKA, SIKOMY JJIS I BHICHHS ITOTEHIIi-
any Ha 1 B HeoOxinno namatu 3apsia B 1 K (1 @ = 1 Kiw/B).

OmuH (hapaj xyKe BEeTUKa EMHICTD TSl KOHACHCATOPIB 3BUYAaHIX PO3MIpiB, TOMY Ha TIPAKTH-
1l KOPUCTYFOTBCS, SIK [IPABHIIO, MEHIIIMMY OJIMHHUIISIMHE, 30KpeMa, Mikpodapanom (Mx®D) i mikoda-
paaom (d):

1 Mx® =10° @, 1 nd = 10" .

OCKIJIBKY 3apsay PO3MIIIYIOTHCSI Ha 30BHIIIHIN MOBEPXHI MPOBiAHUKA, TO EMHICTh HE 3a-
JISKUTH Hi Bi MacH, Hi BiJ MaTepialy IpOBITHHAKA, a 3aJI€KUTh BiJ Horo ¢popmu i po3mipiB Ta
JIeNIeKTPUYHNX BIACTUBOCTEH HABKOJMITHEOTO CEPEIOBUINA, a TAKOXK HASBHOCTI MTOOIH3Y MPo-
BiJTHWKA IHIIIUX TIPOBiTHHUKIB.

€muicts cepu. s Toro, mob 3HaiTH eMHicTh chepr, B hopmyity (17.27) mmst emHOCTI
iICTaBUMO BHpa3 1JIs oTeHniany cdepu (aus. npuknan 17.13, hopmyay (3)).

Toni

C

Cop = % = 47eyR, (17.28)

ne R — paxiyc chepu. Takum unHOM, €MHICTB cepu nponopuiiiaa ii pamiycy.

Mpuxaan 17.16. Pospaxysamu emuicme: a) kyai padiycom R = 10 cm; 6) semnoi kyui, pa-
diyc sixoi' Ry = 6,4-10° u.
Po3B’s130K. a) Cropucmasuiuce popmynoro (17.28), maemo:
C,.; = 4reoR = 4(314)(01.:)(8,85-10 2 Ku? I(H - m?) =110 @ = 10n@.

Ky

3aysasicumo, wo emuicms Kyni 8 nikogapadax npubausHo piena tioeo padiycy 6 caHmu-
Mempax.
0) Ak i 6 nonepedHbOMY GUNAOKY MAEMO

C,, = 4ngyR; = 4(314)(6,4-10° 1)(8,85-10 2 Ku? (H - m*) = 7-10"*® = 700 ux .

Hasims 3emna ne 60100ic emuicmro 6 00un gpapao.

§ 17.13. Konaencaropu

Konpnencarop — ne mpucTpiii Jyisi HAKONMYEHHsI eJ1eKTPUYHOro 3apsay. Bin cknana-
€TBCS 3 JIBOX IPOBIJHUKIB, OJIM3BKO pO3MILIeHNX OAWH Oinst ogHoro. Hainpocrimmii 3a 6yno-
BOIO € IUIOCKHIl KOHIEHCATOP, SIKHIl CKIIAJA€ThCs 3 IBOX METAICBUX MIACTUH (OOKIAJINHOK)
(puc. 17.29), po3aiieHnX [ieTEKTPUKOM (ieleKTpUKOM Moxke OyTd i map mositpst). Yacto oOkia-
JWMHKW PO3JUISIOTH MPOKJIAIKOIO i3 marepy abo iHIIOoro JieNeKTPHUKa i 3ropTaloTh B PYJIOH.

OCHOBHOIO XapaKTEpUCTUKOIO KOH/IeHcaTopa € ioro eMHicTs C. BennunHa eMHOCTI KOH-
JIeHCcaTopa 3aJIeKUTH BiJl pO3MipiB, (POPMH i B3aEMHOTO pO3MILICHHS OOKIIaMHOK, & TAKOX Bif
PEUOBHHH, sIKa 3aMOBHIOE IPOCTIp MiXK OOKJIaAMHKaMHU KOHJEHcaTopa. bynemo moku-mo BBa-
JKaTH, 10 MK OOKJIaJUHKaMH KOH/IEHCATOpa 3HAXOAUTHCS BaKyyM a0o MOBITPSI.
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17. Enexmpocmamuxa

Crpo6GyeMO BHpa3HTH €MHICTh KOHIEHCATOpA 4epe3 HOro reOMETpHYHI [apaMeTpH, IUIo-
1ty S obkimaauuky i Bigcradb d Mixk Humu (puc. 17.30).
KokHa 13 OOKJIaIMHOK CTBOPIOE E€IEKTpUYHE TOJIe 3

T N K
A + _'\\ HanpyxeHictio E =0 /2¢; (nuB. npuxiax 17.9). Tomy pe-
A + = ;"‘.‘ 3yIIBTYIOYA HAPYKCHICTh EIEKTPHUIHOTO MO MK 0OKIa-
e —] IMHKaMHu JiopiBHIOBaTHME (puc. 17.29):
s —
+ = c c o
hiy E=E++E,=—+—=—=i,
WNEANT 260 28y & €S
Puc. 17.29 ne o = QIS — noBepxHeBa I'ycTHHA 3apsiay, S — IUIOMIA OIHIE]

obxammaky, Ey 1 E- — BiAMOBIqHO HANPY)KEHOCTI TOJIIB,
110 CTBOPIOIOTHCS TO3UTHBHO 3aPSKEHOI0 OOKIIaIMHKOI0 A 1 HETaTUBHO 3apsPKEHOI0 00KIIa-

d JTUHKOIO B.
A —B Bimmosigno (17.24) HanpyXeHICTh €ICKTPUYHOTO MOJSL 1 Pi3HULA
v > IIOTEHIIIaJIiB 3B’s3aHI CIIBBIIHOIICHHIM:
+ -
+ - d
Uy = Ed = Qd
+ = S
€o
ar =>—| S .
i E+ |_ Tomi mist IIOCKOT0 KOHACHCATOPA
=
+ Ees- Q &S
+ - C=——=— (17.29)
+ > — . .
L L CripaBeIMBICTE OTPUMAHOTO BHCHOBKY OYCBHIHA. YHM OLIBIIA
Puc. 17.30 wioma S, TuM “‘BiJibHiNIE” PO3MiCTATHCA HA Hill 3apsaM, BiIITOB-

XyBaHHS Mizk HUIMH OyJe MeHIle i KOKHA O0KJIAMHKA 3MOKe BTPH-
MyBaTH Giabmmii 3apsaa. Yum Giapma Biacrans d Mixk 00KIaIMHKAMH, THM caaiie 3aps-
I, SIKi 3HAXOAATHCHA HA Pi3HUX 00KJIAAMHKAX, OyIyTh NPUTATATUCS: HA O0KJIATUHKH Bij
JKepesia MOCTYNAa€e MeHIIe 3apsiay i EMHICTh BUSIBJIAETHCS MEHIIIOIO0.
I3 (17.29) Buano, mo C He 3a1exuTh Hi Bix Q a Hi Bix U.

Mpuxaax 17.17. Heobxiono eucomosumu xondencamop emuicmio C=2,0 @. a) Axorwo
nogunna Oymu niowja S 0OKIAOUHOK 3 nogimpsnum npomigickom mise numu d = 4,5 um.
6) Yomy dopienioc 3apsa0d KOACHOI 0OKIAOUHKU, AKWO KOHOeHCamop niod ‘eonanuil 00 Kiem ba-
mapei 3 nanpyeoro U =12 B?

Po3B’si30k. a) ITnowy obkradunok eupazumo iz popmyau (17.29):

Cd _ (209)(45-10°x)
g0 885102 Kn/(H -m?)
6) 3apsi0 koocHOI 0OKIAOUHKU QOPIGHIOE

Q =CU = (2,09)(12B) = 24K

S = =1,0-10° %2,

Enexrpoemuicts cdepranoro konaercaropa (puc.17.31), mo ckiamaeTbes 3 BOX KOHICH-
TpU4HUX chepuaHuX OOKIaIMHOK paniyciB Ry 1 Ry, mopiBHIOE

RiR,

C =4nrg, .
Ry —Ry

(17.30)

EnexrpoeMHicTh TiHAPHIHOTO KOHAeHcaTopa (puc. 17.32), mo craHoBuTh 06010 CHC-
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8§ 17.14 3’eonanms xondencamopie

TeMy JBOX HOPOXKHUCTHX KOAKCIAIbHUX LITIHAPIB, BCTABICHUX OIMH B OJHOTO, OOYHCIIIOIOTh
3a (hOopMyIIOoI0:

2rggl

“ hRRT (17.31)

ne L — Bucora mumiaapis, R; 1 R, — BiAnoBigHO paniycy BHYTPIIIHBOTO 1 30BHIIIHBOTO IHJIiH-
JIpiB.

3ayBa)knMo, [0 OKPEMHIi POBITHHUK TaKOK BOJIOAIE EMHICTIO, aJle HE MOXKE CIIY>KHUTH KOH-
JICHCATOPOM.

R,

+ ¥ ¥+ +F
[
o

+ 4+ + + + + +
+
|

Puc. 17.31 Puc. 17.32

== v

Mpuknan 17.18. Pospaxysamu emmicms memOpany KiimuHu 1i00CbKo20 Mind, ma nogHutl
3aps0 Ha Hill, akwo niowa memobpanu S =5 - 10 12 Mz, a it moswuna d = 9,0 mm.
Po3e’az0x. 32i0n0 dhopmynu (17.29), maemo
012 Kn® ) (
H-m?

5.10%2 u?)

=510 @,
(9-107° m)

C=%%=@%¢

a iz popmynu (17.27) 3uatioemo, wo
Q = CU = (5-10 " ®)(0,07B) = 35-10™" Ku.

Buauenna U =70 mB e¢3amo i3 8§ 17.10.

§ 17.14. 3’¢nHaHHs KOHIEHCATOPIB

B Garateox Bumazkax, o0 orpuMaru HOTpiOHY €MHICTh, KOHJEHCATOPH 3’ €AHYIOTh y 0a-
Tapei. 3’e1HyBaTH KOHJEHCATOPH MOXHA B pizHI criocodu. 1106 mictatn OUIbITY €IeKTPOEMHICTS,
KOHJICHCATOPH 3’€HYIOThH mapajeabto (puc. 17.33). B upomy Bunajky Hanpy-
TM Ha BCiX KOHZIEHcaTtopax omHakoBi i piBai U. Tomi 3aps Ha muracTHHKAX
KOXKHOTO 13 KOH/IeHcaTopiB Oyae nopisHIoBatd BiamoBimHo Q1 = CiU, Q, =
= C,U, Q3 = C3U. IloBHwmii 3apsin BCiX KOHACHCATOPIB Oy/Ie TOpiBHIOBATHME

Q=Q+Q;, +Qs.

€MHICTh €KBIBAJICHTHOTO KOHJIIEHCATOpa, 3AaTHOTO HAKONMHMYYBATH 3a-
psia Q mpu Tiii ke Hanpy3i U, 3agaeTbest cniBBiTHOIIEHHAM :

u Q=CU=CU+C,U+CU,
Puc. 17.33 TOOTO

[C=C+Cy+Cy | (17.32)
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17. Enexmpocmamuxa

TakuMm 4MHOM, IPH NMAPAJIEJILHOMY 3’€IHAHHI KOHJACHCATOPIB Pe3yJbTyl04a €MHICTh

3POCTAaE i IOPiBHIOE CyMi EMHOCTEli OKpeMUX KOHIEHCATOPIB.
c.Q.C Pa3zoM 3 THM iHOJI KOHIEHCATOPH 3’€JHYIOTH MOCJIiIOBHO (puC.

QuC Q,C ; , ) .
= 17.34). Tlpu takoMy 3’€[HAHHI HA BCIX KOHJ/EHCATOpPAX HAKOIHYY-
€TBCSl OTHAKOBHMH 3apsa. KonpeHcaTop, SIKMM MOXXKHA 3aMiHHTH BCi
TIOCITIZIOBHO 3’€JHAHI KOH/AEHCATOPH, TIOBUHEH MaTH eMHicTh C TaKy,

Ue 100 BUKOHYBAJIach PiBHICThH

Q =CU.

Puc. 17.34

INoBHa Hampyra Ha KiHIIX JIQHIFOKKA MOCIITOBHO 3°€THAHMX KOH-
JICHCATOPIiB JOPIBHIOE CyMi HAINpYT Ha KOXXHOMY i3 HUX

Ockinbku U; =Q/Cy,U, =Q/C,,U; = Q/C;, orpumaemo:

Q_.e,Q ., Q

= + —,
C C C, G,

abo

1
— =+ — + —. (17.33)
C C C, G

[HI1i 3’€THAHHST MOYKHA PO3TIIAATH, SIK KOMOIHAIIIIO MTapaeTbHUX 1 TTOCHiIOBHUX 3’ €THAHb.

Mpuxnan 17.19. a) Busnawumu emuicms KonOeHcamopa, exsisanenmnoz2o kouy na puc. 17.35;
0) Axugo Cy = C, = 2C3 = 4 mx D, mo sikuit 3apsi0 6yde na koxcHomy konderncamopi npu U =50 B?

el Po3B’s130K. a) Konoencamopu Cy i Cs 3’ €Onani nociooeno, momy ex-
L sisanenmuy im emuicmo Coz BUSHAUUMO [3 CNIBBIOHOUICHHS
C C 11,1
——— Cy C, GCj
36I0KU
Ue Cps = C.Cs .
Puc. 17.35 C2+Cs

Konoencamopu Cyz i Cy 3’ €OHani napanenvHo, i exgieaieHmna iv eMHicne
C, Kona dopisHioe:
CyCs
C,+Cy
6) Benuuuna 3apsdy Q na naacmunxax xondencamopie Cy i C3 00Ha [ ma ac, momy Moic-
Ha egadxcamu, wjo yei 3apsa0 Q 3naxodumoecs Ha obknadunkax kondencamopa Co. Tooi

Co = i’
U23
36I0KU
-6 -6
Q = CyulUy = CoCs y _ (40-10 “@)(2,0-10 " @) (50 B) =67-10"° Kn = 67 mxKu.

C,+C, 4,0-10%® + 20-10 %@
Tym U23 = U2 + U3 =U.
Taxum yurom, Ha o6kaadunkax kondencamopis C, i C3 3Haxooumucs 3apsao Q = 67 mx K.
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8 17.15 Enepeis enekmpocmamuiro20 nojs

3apso0 na obknadunkax konoencamopa Cy 6UBHAUUMO i3 CNIB8IOHOUEHHS
Q, = U,C, = UC; =(50B)(4,0-10° @) = 200-107° Kz = 200 mxKx.
Tym Uy = U 60 xonoencamopu Cyz i Cy 3’ €OHani napanenvto.
Hpuxnax 17.20. Busnauumu emHicms KOHOeHCamopa, eKei8alenmHo20 KOy, 300paxce-

Hoeo Ha puc. 17.36. Hexaii C, = C, = C3 = C.
Po3B’si30k. Konoencamopu C, i Cs 3’cOHami napanenvho i momy

G exsiganenmua im emuicms Co3 = Cy + C3 = 2C; konoencamopu Coz i

-—| C, C1 3°e0nani nocnioosno i exeisanrenmua im emuicms Cy BUHAYUNMb-
¢ mak

A B

Cs 1 1 1 1 1 3

c. ¢ 'c, ¢k
1 23
Puc. 17.36 "

. 2 . . .
36i0ku C, = §C —ye i € eKBIBANeHMHA EMHICb 8Cb0O20 KOJId.

§ 17.15. EHeprist eJIEKTPOCTATHYHOI'O MOJISI

Konznencaropy BUTOTOBIISIOTH I Pi3HUX LUIEH. B IeIKUX eeKTpUYHNX KOJIax 3acTocy-
BaHHS KOH/ICHCATOPIB J03BOJISE MIPOITYCKATH IIBUIKI 3MiHM ITOTEHIIAMNIB, ajle 3aTPIMYBATH 1X
MIOBiJIbHI 3MIiHH. B IHIIMX NPHCTPOSX KOHJICHCATOPH BUKOPHCTOBYIOTH JUISl HAKOIMYECHHS €JIeK-
TpUYHOI eHeprii. TaKuM YHHOM, B 3aps/DKEHOMY KOHICHCATOPI Hakomu4eHa (aKyMyibOBaHA)
eseKTpryHa eHepris. OueBHIHO, IO 1S EHEPTis AOpiBHIOE POOOTI, siKa 3aTpadeHa JUIs 3apsaKH
KoHJeHcaropa. [Iponec 3apsaku KOHAEHCATopa MOJsrae B TOMY, IO 3apsij 3 OHi€l 00KIaanH-
K{ TIEPEHOCHUTHCS Ha iHITy. PoboTta mo mepeHeceHHIo 3apsay BUKOHYEThCS MPOTH CHIM MOJA 1
YuM OUTHIIMI 3apsiA HAa OOKJIAJMHKAX, TUM OLIBIIYy HOTPiOHO BUKOHATH poOoTy. SIKIIo Ha 006-
KJTaJMHKaxX icHye pizumist morenmiaiie U, To pobora mo mepenocy 3apsay dQ Gyme mopisHio-
BaTH

dA =UdQ = %dQ, (17.34)
ne U = Q/C (quB. ¢ - my (17.27)), C — emuicts KoHaeHcaTopa. Tomi
Q 2
1 1Q
A==1QdQ = ==—. 17.35
- { QdQ = 2% (17.35)
Ockinbky 1151 podoTa gopiBHIOE eneprii We akyMynboBaHOi KOHIEHCATOPOM, TO
1Q?
Wg ==>=-. 17.36
=y e (1730
Bpaxosyroun, mo C = Q/U, dhopmyuy (17.36) nepenmiemo Tax:
102 1 1., .
Wg ===—==QU = =CU". 17.37
=3¢ ~ oY =3 (17.37)

Sxmio Bigomi E — HanpyxeHICTh eIEKTPHIHOTO MO MK 00KITaIMHKaMH KOH/ICHCATOpa,
d — BiCTaHb MI>K HUMH Ta S — IX IUIOMIA, TO

W, = %SOEZSd. (17.38)
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17. Enexmpocmamuxa

Tyr BpaxopaHo, mo C =g, %, U = Ed. Sxumo Bpaxysary, mo Sd = V — 00’eM npoctopy

MiX OOKIIaJHHKaMHU KOHJIEHCATOPA, TO SHEPTisl eCKTPUYHOr0 MO KOHICHCATOPa BU3HAYUTh-
cst popmyroro:

We = %SOEZV. (17.39)

Moninueiu 06uasi yactuau Gopmynu (17.39) Ha 06’em V, oTpruMaemMo BUpas3 Iist €HEpTii,
aKyMyJIbOBaHOI B OJMHHII 00’ €My, 200 IYCTHHH €Heprii W.

1
W= EgOEZ. (17.40)

I'ycTnHa enekTpocTaTHYHOI eHeprii, aKyMy/Ib0BaHOI B OyAb-fIKil YacTHHI mMpocTOpy,
OpONopUiiiHa KBaAPaTy HANPYKEHOCTi eJIEKTPUYHOr0 1moJisi B Wil o6macti. Bupas (17.40)
OTpUMaHUH JUIsl TUIOCKOTO KOHJICHCATOpa, ajle BiH CIpaBeIMBUIl il Oyab-sKoi obnacTi, e
icHye Tone.

Mpuxnan 17.21. fxa enepeia axymynvosana kondencamopom emuicmio C = 200 n®, axuyo 0o
Hbo2o npuknadera nanpyea U = 200 B?
Po3B’si3ok. 32iono (17.37)

We = %CUZ = %(2-10*10 ®)(200B)* = 4,0-10°° [orc.

Mpuknan 17.22. bina nosepxui semni icnye erexkmpocmamuune none 3 E = 150 B/m. Bu-
3Hauumu enep2iio ybo2o noas 6 pospaxynky na 1 m>?
Po3B’si3ok. 32iono (17.40)

2
w=tgE?- Lges.102 7 1508y - g96.10°8 A,
2 2 H - m? M e

M

§ 17.16. EyiekTpu4HMiil TUNOJIbL

CucreMy i3 BOX OJHAKOBHX 3a BEIMUYHMHOIO, alle Pi3HOMMEHHUX TOYKOBHX 3apsmiB(x Q),
~ — > po3MillleHUX Ha KOHEUHil Bixcrtani | omuu Bim omHoro, Hasw-
?\#» FE=QE paorh enexTpuunuM aumoiieM. XapaKkTepHOI OCOOIMBICTIO

/ / N JUIONS € WOro AUIMOJBbHUIA MOMEHT, piBH_I/H‘/'I 32 BEJIMUHHOIO

b > P =0QI i nanpasnennii Bix -Q mo +Q (P =Ql ). Omurms

/ / . auronbHoro Momerty Ki - m. SIkimo mumoss 3 momerrom P = QI

E=-QF &—Q MIOMICTUTH B OJJHOPIAHE €JIEKTPOCTATHYHE T0JIE 3 HATIPYXKEHic-

tiI0 E (pumc. 17.37), To cum, sKi, Jif0Th HA JONATHHIN IEJr = QE

Puc. 17.37 Lo L, = =
i Bir’emunit — F_ = —QE 3apsau, npu3BOIATH 10 BHHUKHCHHS
00€pTATBHOT0 MEXaHIYHOT0 MOMEHTY, BEITMUMHA SIKOTO BiJIHOCHO CEPEAMHU IUTIONS JTOPiB-

HIOE
M = QEIESinQ + QElzsinQ = PEsing, (17.41)

abo0 y BekTOpHi# (opmi
M = PxE. (17.42)
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8§ 17.16 Enexmpuunuii Ounons

B pe3ynbTati 1Umons crapaeThCs MOBEPHYTHUCS Tak, 00 BekTtop P OyB mapanensHuii E .
Ob6epranpHuil MexaHigHIA MOMEHT M 3HuWKae, skmo P mapane-

JIHHUH a0 aHTHNapanensHui E .
EsrexTpruHmil AUTIONb BBA)KA€THCS CTAJMM, SIKIO HOTO JAWMO-

JIbHUI MOMEHT P He 3MiHIOETBCS MIpY HaKJIaJlaHHI Ha HBOTO elie-
KTPOCTaTU4HOTO Nois. Takuii AUTONb HAa3UBAETHCS “KOPCTKHM .
Sxmo Monekyna € “9KOpCTKUM ~AUTIONeM, TO, 3HAIOUHU JUOTBHHN
MOMEHT, MOXHA OI[IHUTH pO3Mipu MoJekymn. Hanpukman, mome-
kyina HCl ckinamaerses i3 1BOX ioHIB — Hicl. Jlns Takoi moe-
kyma Py = Ql, me Q — BenmumHa 3apsny ioHiB, | — Bigcrans Mix
IeHTpaMu Baru 3apsaiB mux iomis. ns HCl: Q = 1,6-10'19101,
Po= 3,410 Ku - m. Tomi

-30
Po _ 34107 Knew _ 5 g0 _ 02.10 e

| =0 2= 7
Q 16-107° K Puc. 17.38

OTprMaHe 3HAUYEHHS 32 MOPSAAKOM BEIHYHHH J100pe Y3romxKy-
€ThCA 13 3HAUCHHAM PO3MipiB Monekyau HCl, oTpuMaHuX 3a JaHUMH XiMil i MOJEKYISApHOT (i-
3WKH.

SIKIIo 30BHINIHE E€JIEKTPOCTATHYHE I10JI€ BiACYTHE, TO EJNEKTPOCTATHYHE II0JE, SIKE
CTBOpIOEThCst camum aumosiem B toutti N (puc. 17.38), BusHayaerscst ik BEKTOpHA CyMa

E=E + E,
ne E, 1 E_— BianmoBigHO Halpy»eHOCTI OB, SIKi CTBOPIOIOThCsA 3apsaaamMu +Q 1 —Q . Ocki-
JIbKU |+ Q| = |— Q|, To 1 HanpyxeHocTi E, 1 E_ piBHI Mixk c00010 32 aGCOMIOTHOIO BETMYHHOIO!
1

+

drey (r2+ 1214)
Pe3ynbTyrode 3HaYCHHS HAIPY)KEHOCTI eJeKTPUYHOrO OISt
1 Ql 1 P

E=2E,cosa = = . 17.43
+ 47[80 (rz + |2/4)3/2 47[80 (rz + |2/4)3/2 ( )

I[I/IHOJH,HI/IM MOMEHTOM BOJIOZIIOTh YUMAJIO MOJIEKYJI, HAIPHKIIAJ, MOJ'IGKYJ'II/I H,01CO. B
T] Takux i HOAIOHMX iM MOJIEKyNax IEHTPH Bard JOAATHUX 1 BiJl’€MHUX €JIEKT-
PUYHMX 3apsi/iiB 3MillleHI OMH BiJIHOCHO OJHOTO TaKMM YHMHOM, IIO YTBO-
—| PIOIOTH ENEKTPUYHUN AMITONb, HE IUBISTYNCH HA TE, 1[0 MOJIEKYJa B IIJIOMY
eJIeKTpoHeHTpaibHa. Taki MoNeKynu Ha3WBaIOThCS MOJsIpHMMHU. Cumerpu-
uHi Mostekynu (Hanpukiaz, Monekyia O,) He BOIOMIOTh UIIOIBHAM MOMEH-
TOM (HEmOJISIPHI MOJIEKYJIH), ajie, SIKIIO IX IIOMICTHTH B CJIEKTPOCTATHYHE
-| TmoNe, B HUX BiIOYBAa€ThCS PO3MIIICHHS 3apsay i MoJeKyna HaOyBae HeBelH-
—-| Koro iHmykoBaHOTO mUMONBHOrO MoMmenry (puc. 17.39). IumykoBanwii mu-
MOJEHUM MOMEHT P,y MOJKHA BHpaxyBaTH 32 (JOPMYIIO0

P,, = dE, (17.44)

IH

iy

[[=F =5 55 =F oF SF SR S b ok ok o o |

| abo y BexTOpHIi hopmi

Puc. 17.39 P,, =ak, (17.44, q)
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17. Enexmpocmamuxa

JIe 0. — eNICKTPOHHA MOJMAPU30BaHICTh MoJeKyd. I3 (17.44) BuaHO, 10 YuM OiblIa HaNpyxKe-
HICTh 30BHINIHBOrO moisi E , TUM GiIbIIMMH CTAIOTH €NCKTPHYHI (AUITONBHI) MOMEHTH MOJIe-
Kya. [Ipy 11bOMY BEKTOp AWUTIONEHOTO MOMEHTY MOJIEKYJIM HalpaBJIeHHH mapajieiabHo E .

8§ 17.17. [lieIeKTPHKH B €JIeKTPHYHOMY NOJIi

Sk mpaBmITO, MPOCTIp MiXK OOKIAAMHKAMH KOHICHCATOPIB 3aITOBHIOIOTH JAieJIeKTPHKOM. Lle
BHT1THO THM, IO Ai€ICKTPHK Kpamie 3amoodirae mpoOor KOHACHCATOPa, HiXK TIOBITPS, a, 3HAYHTh,
JI0 KOHJICHCATOpa MOXKHA TIPHUKIIACTH OLIBII BHCOKY HATPYTY; TP HAsIBHOCTI JTIETIEKTPHKA OOKIIa-
JIMHKA MOYKHA PO3MICTUTH OJ¥DKYE OJ[HA JO OMIHOI; TP 3aIlOBHEHHI MPOCTOPY MiXK OOKIIAHH-
KaMH KOHJICHCATOPA JICNECKTPUKOM HOr0 €MHICTE 30LTBITYETECSA B € pa3, TOOTO

C=¢GCy, (17.45)

ne Co — €eMHICTh KOHJCHCATOPA, KOJIHM MiXK WOro OOKIaJuHKaMmu BakyyM, C — HOTO €MHICTb,
SIKIIO TPOCTIP MiX OOKIIaJUHKaMK 3a[OBHEHHH TieneKTpukoM. MHOKHHK (KoedilieHT) Ha3u-
BAIOTHh BITHOCHOIO /TieJeKTPUYHOI0 IPOHUKHICTIO JieeKkTpuKa (cepexoBuma). s Iesskux
JICIEKTPUKIB 3HAUCHHS & HaBeIeHO B Tabmmii 17.3.

Ta6mums 17.3 JU71st TDTOCKOT0 KOHAGHCATOpa

PeuoBnHa e C=¢g % (17.46)
Baxyym 1,0000 BenuunHy €€ 4acTO Ha3UBAKOTH AGCOIIOTHOIO [i-
IoBiTps 1,0006 €JIeKTPUYHOI0 NP OHUKHICTIO.
apadi 2,2 ['ycTiHA aKyMYIIbOBaHOI €HEprii eeKTPHYHKUM I10-
EGomir 28 JIeM KOHZEHCATopa

i 1
Ianip 3.7 W = —eg,E2 (17.47)
Kgapig 4.3 2
Crio 4-7 [Tpu BHECEHHI JieNeKTpHUKa MK OOKJIaIMHKN KOH-
Crrona 7 JICHCATOpA eNICKTPUYHE IMOJe MiX OOKIaAWHKAMH Ta-

KO’ 3MiHIO€ThCs. [IpH BiICYTHOCTI ZTieNeKTprKa Harpy-

Erunosuii ciupr 24 KEHICTh ENIEKTPUYHOrO II0JI MiX OOKIIaJUHKAMH ILIO-
Boma 81 CKOT'0 KOHJIEHCATOpa BH3HAYAEThCS (popmystoro (17.24):
bina peuoBuna mozky 90 U,

. E,= —2
Cipa peuoBuHa MO3Ky 85 o7 g
Kpos 85 ne Uy — pisHuIs moTeHIiagiB Mixk oOkiauakamu, d —
Kpoxmans 12 Bisctanp Mix HuMU. TTicist BHECEHHs AieneKTpuKa (Ie-

pell BHECEHHSIM JliCNIEKTPHKa KOHIEHCATOP BiIKIIOUH-
M BiJ [pKepena 3apsiy) 3apsil Ha OOKIIa[MHKAaX KOHICHCATOPa HE 3MIHIOETHCS, TO PI3HHILI IO~

N U .
TCHII1AJI1B MK O6KJIEIHI/IHK3MI/I BI1ag€ OO0 3HAYCHHA U= =0 . Hapr‘)I(eHlCTL CJICKTPOCTATHUY -
&€

HOTO I0JIs1 B JieNIeKTpuKy Eq 3apa3 Oyzne piBHa

abo

=0, (17.48)



8 17.17 [lienexmpuku 6 enekmpusHomy noii

3BiJIKH
L
g
TakuM YMHOM, HANPYKEHICTH eJIEKTPHYHOIO MOJISI B TieIeKTPUKY TAKO0K 3MeHIIY€Th-
cs1 B ¢ pasiB, ajie He JI0 HyJis, SK y BHIIAAKY rpoBiguuka (§ 17.11).
Te, 10 BiOYBaeTHCS B ICIEKTPHUKY, MOXKHA MOSICHUTH 3 MOJIEKYJIIPHOI TOUKH 30py. Hexait Mu

E, = (17.49)

o B o= 9 R 9 R FEe F

i T 220 [ 1 T

=11 =

— =Y < =

: H 2SS keS8 [ (=1

] ) i I - = [ . - L_F+:
Puc. 17.40

MaeMO KOHJEHcaTop i3 3apsmamMu +Q i —Q Ha Horo obknamuakax (puc. 17.40, ). Mix obkia-

JMUHKAMHU KOHJICHCATOpa TOBITPs, TOMY pi3HHUIM moTeHmiamiB Uy Mk OOKIaaWHKaMU BU3HA-
gaeThes Bupaszom (17.27):

Jlaii Mk OOKJTaIMHKN KOHZCHCATOpa BBEJIEMO JIENIEKTPHK. SIKIIO MOJIEKYIH JlieNeKTpHKa
MOJISIPHI, TO B €JIEKTPUYHOMY IOJI KOHAEHCATOpa BUHUKHE 0OEpTOBHII MOMEHT, SIKHH cTapa-
€TBCS PO3BEPHYTH MOJICKYIIU-IMIIONI TapajienbHo nomo (puc. 17.40, 6) (B HOpManbHOMY CTaHi
MOJICKYJIM PO3MillleHi XaoTu4uHO). TeIIoBmii pyx MpOTHJIE i1eanbHiil OpieHTalii BCIX MOIEKYI,
OJIHaK UMM CHJIbHIIIE TI0JIe, THM BUIIMI OyJie CTYIIHb Opi€HTamii MONeKys. Y BHMAJKY, SKIIO MO-
JIEKYJIU HETIONISIPHI, B €JIEKTPOCTATUYHOMY II0JIi B HUX BiAOYAEThCS pO3JUICHHS 3apsdy, i Mo-
JIEKYJIM HaOy/AyTh 1HIIYKOBaHOTO JIUITOJILHOTO MOMEHTY: €JIE€KTPOHH, HE BiJpHBAIOYUCH BiJl MO-
JIEKYITH, 3MICTAThCS B Gik momaTHOI oOkiamuuku (puc. 17.40, 6). B kineBoMy paxyHKy Bce BU-
TIIAa€ TakK, HIOW Ha KiHIIl JieNeKTpUKa O JOoJaTHOT OOKITaIMHKN KOHCHCATOPa 30CepeiKe-
HUH pe3yAbTYIOUHi Bil’€MHHUI 3apsi, a HA TPOTIISKHOMY KiHI — momatHuit (puc. 17.40, ).
[3-3a mosiBM HA AiENEKTPUKY HBOTO iHIYKOBAHOTO 3apsiIy €IEKTPOCTATHIHE TI0JIe BCEPEANHI 1i-
€JICKTPHKA BUSBUTHCS MEHIINM, HIXX B TOBITPi, OCKUIBKH ITOJIC IHAYKOBAaHHUX 3aps/iB HaIpaB-
JIeHe Ha3yCTpiv 30BHiIIHBOMY 100 (prc. 17.40, r). HampyXeHicTh eIeKTPOCTATHIHOTO OIS

BCEpEAUHI JieNeKTpUKa MOXKHA IPEJCTaBUTU K BEKTOPHY CyMy HampyxeHocTi noinst E,, dxe
CTBOPIOETHCS “BUIBHUME™ 3apsiiaMy Ha OOKJIAJMHKAX, 1 Hanpy»keHocTi noinst E;,, , cTBoproBaHOro
IHIyKOBaHNMH 3apsiiaMy B JTieNIeKTpUKy. OCKIIBKH 11l OIS POTHIICKHO HANPABJICH, TO MATHMEMO:

Ey

Eq=Ey—-E,» = (17.50)

abo
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17. Erexmpocmamuxa

Eio=Eo - 1), (17.51)
&

BpaxoByroun, 110 Hanpy>KeHicTh 1moiist £ MiX IapaneIbHIMH IUTACTHHAMH 3 TIOBEPXHEBOIO
TYCTHHOIO 3apsity ¢ 3B s13aHa BupasoM E = o / &y (§ 17.5), ananoriudo 3anumiemo, mo
o . Olino
Ey=— i E.o = , (17.52)
o o

ne o =Q/S — moBepxHeBa rycTvHa 3apsily Ha OOKIaJMHKAX KOHAEHcaTopa, Q — moBHwUii 3a-
psia mpoBinHuKa (OOKIAIMHKY ), T, = Q;,/S — IOBEpXHEBa I'yCTHHA IHIYKOBAHOTO 3apsiy
Qo Ha mienmexTpuky. Q;,y 9acTO HA3WBAIOTH 3B’SI3aHUM 3apsiioM. BpaxoByrounm Qopmyry
(17.51), orpumaemo:

O =0 (1— 1), (17.53)
&

Quo = Q (- %), (17.54)

Hpuxnan 17.19. Axoro emuicmio 8on00itoms 060 K6adpamHi napaneivbHi NAACMUHY 3i CMO-
ponoio | =55 cm, posoineni wapom napaghiny moswunoro d = 1,8 mu?
Po3B’s130k. Cropucmaemocs popmynoio (17.46)

C = ¢ggy—,
®d

de ¢ = 2,2 — Oienekmpuuna nponuknicms napadiny (mabn. 17.3), S= (5,5 - 10 % m)* — nrowa

nracmunok. Tooi

C=22(885-10
(L8 11072 1)

= 33 nd.

I[J'IH XapaKTCPpUCTUKU I[ief[eKTpI/IKa BBOATH BEKTOPHY BCIIMYUHY, KA HAa3UBAECTHCA BEKTO-

poM mnoJsipu3anii, P — AUNOIbHUI MOMeHT oAMHHULI 06’emy. Bekrop nonspusanii gopiBHIOE
BEKTOPHIN CyMi MOMEHTIB JTUIIOJIIB B OJJMHUIIL 00’ €MYy:

P= Z Pi;
ne P; — OWIONBHUH MOMEHT i- OO JTUMOJISL.

SIKIo Misk 0OKJTaJIMHKAaMU KOHJEHCATOpa 3HAXOAUTECS JieJIEKTPHUK TOBIIMHOK | TO BiH BO-
JOJi€ JUIONBHUM MOMEHTOM Qjy - |, o€ Qi — 3apsii, HaBeNCHUH Ha IOBEPXHI JiCICKTPUKA.
Toni

Pl - M' - Qg,lal - Q'SH@ = G (17.55)
ne V = Sl — 06’eM mienexTprka, S — 1mIoma oOKIaJHHOK KOHIeHcaTopa. TaKuM YHHOM, BeJIH-
YHHA BeKTOPa MOJSPHU3alii 10pPiBHIOE MOBEPXHEBill IYCTHHI HaBe/IEHOT0 HA JieIeKTPHKY
3apsay. Bekrop nomspuzanii HanpaBiIeHHH BiJl MOBEpXHi 3 BiJI'€MHHUM 3apsiIoM 3 OJHI€i CTO-
POHH AieNeKTpUKa 10 HOBEPXHi 3 TOAATHUM 3apsAoM Ha NMPOTWISKHIN CTOPOHI JlieNeKTpHKa,
SIK TIOKa3aHo Ha puc. 17.41.
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8 17.17 [lienexmpuku 6 enekmpusHomy noii

Jlyist MIMpOKOro KoJjia IieJIeKTPHUKIB (3 AUMOIAMH 000X THIIIB)

N B B
i =9 £ ICHye TpsIMO TIPOTIOPIIiiiHAa 3aJIEKHICTh MIXK ITOBEPXHEBOIO TI'yCTH-
+ =P .- HOIO 3B’S[3aHMX 3aps/IiB 1 HAPYXKEHICTIO TIOJIS B TICJIEKTPHUKY Ed :
5 — =
+| = +| |- Cio = €0X Eq- (17.56)
: _ E.oq B Be3po3mipauii KoeilieHT y Ha3UBAIOTH €J1eKTPUYHOK0 CIIPHii-
o - —|  HATIUBICTIO pEYOBHHU.
+ — E4 +| |- 3apa3 MOXHa 3alUCaTH:
<5 - Olino
o — B i, T Ed = EO — EiH() = EO — = EO - ZEd’ (17.57)
4 — = 0
o = +| |[7| abo
|| I] E,=Ey 1+ ). (17.58)
Puc. 17.41 Ockinbku Eq = ¢ Eq (quB. (17.48)), orpumaemo:
e=1+y. (17.59)
IMopisuroroun (17.55) i (17.56), 3Haxoxumo, 1o
Pl = 202|Ea| = 010 (17.60)

Homuoxytoun (17.57) Ha &y i Bpaxosyroun (17.48), (17.52), (17.59) i (17.60), orpumaemo:

Ockinbku Bektopu E, 1 E; mnapanensHi, To ocTaHHIM BHpa3 MOXKHA 3aIIUCATH Y BEKTOP-
HOMY BHTJISII:

Eoso = &0Eq + P =646 Ey. (17.62)
Bennuuny
D = gE4 + P, (17.63)
abo
D = e5Ey, (17.64)

HA3WBAIOTh BEKTOPOM €JIEeKTPHYHOI0 3MillleHHsI 200 BEKTOPOM eJIEKTPUYHOI iHTYKIii, SKuit
napasnesnbHuii Bektopy Ey4 (puc.17. 41). I3 (17.61) BuaHO, 110 MOAYJIb BEKTOpA 3MILLICHHS J0pi-
BHIOE ITOBEPXHEBIN T'YCTHHI BUIBHUX 3apsi/IiB:

‘6‘ - o (17.65)

Enexrpudse 3MinieHHs, sk BUAHO i3 hopmyin (17.65), BUMIPIOETBCS B THX K€ OJUHUIISIX,
10 i [TOBEPXHEBA TYCTHHA CIEKTPUUHOrO 3apsdy — B Ky/JIOHAX Ha KBagpaTHuii Metp (Ki/m?).

Bexropu E;, D i P pomyckaioTs HaouHe TiymaueHHs. HampyxeHICTh €1eKTpHYHOIO
nonst Ey cTBOproeThCs BCiMa 3apsmaMu BUTGHUMH i 3B’s3aHMMY, sIK I1e BHAHO i3 (17.50). Bexrop

nomsipusarii P (. (17.61)) 38’s3amit TinbKu 3 iHyKoBaHEMHE (3B’ s3aHMME) 3apsiamu. Enex-

TpruHe 3MinieHHsT D oGymMoBIieHe TitbKu BitbHIMHE 3apsinamu (17.65).
I Bce ’k OCHOBHOIO XapaKTEPHCTHKOIO JIEKTPUYHOIO IOJISI € BEKTOP HATIPY)KEHOCTI €IeKTPHYHO-

ro nonst Ey. Bekropu P i D € KOPHCHUMH JOIATKOBUMHU XapaKTEPHCTHKAMU TIOJIs s OLIbLI
TITHOOKOT 0 aHAi3Y.
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17. Enexmpocmamuxa

HacaMkiHenp 3ayBaXkuMO, IO MOJSPU3ALIHHI XapaKTePHUCTUKHU (30KpeMa JUIOJIbHI MOMEH-
TH) MOJIEKYJT 3MIHIOFOTBCS 32 OYIIb-5IKOI, 1HOJII 30BCIM HE3HAYHOI, epe0yM0BH CTPYKTYPH Peyo-
BuHH. ToMy JOCTiIPKEHHS TMHAMIKHI JTi€JIEKTPHYHOT MPOHUKHOCTI TAI0Th MOXKJIMBICTh BUSIBUTH
TOHKI 3MiHH (HEIOMITHI HaBiTh y €IICKTPOHHOMY MIKPOCKOIIi), KOTPi BiIOYBalOThCS HA MOJIEKY-
nspHOMY piBHI. OCKiTBbKM O010J70TiYHI TKaHWHU BOJOMIIOTH 3HAYHOIO JIEJIEKTPUYHOIO IIPO-
HuKHIiCTIO (Tabm.1.1), sika 1o pedi 3MIHIOETBCS 31 3MiHOKO YACTOTH 30BHIIIHBOTO EICKTPUYHOTO
TIOJIA, TO 32 XapaKTEepPOM 3MiHH JieJIeKTPUIHOI IPOHUKHOCTI 010JIOTTYHNX TKAHWH MOXKHA Cy/IH-
TH TIpO 3MiHH, fKi BiIOyBaloThcs B HHUX. JlaHe SBUIE MMPOKO BUKOPHCTOBYETHCS B HAYKOBUX
JIOCITI/KeHHIX B Oiosorii 1 menunuHi. BoHo Moxe OyTH BUKOpPHCTaHE B MEIMYHHUX MPHIAAax
JUTSI TIarHOCTYBAHHS XBOPOO.
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NOCTIMHUW

ENEKTPUYHUN
CTPYM

§ 18.1. EnekTpu4HUii CTPYM

B monepenapoMy po3imi OyIito 3’sICOBAaHO OCHOBHI BIIACTHBOCTI 1 XapaKTEPUCTUKU CTaTH-
9HKX (HEpyXOMUX) eneKTpuyHuX 3apsiaiB. Y 1800 p. iramidicekuii ¢i3uk i pizionor Anexcanapo
U N U Bonbra (1745-1827) Briepiiie oTpruMaB 3a JOIOMOIOK0 BHHAMICHOI HUM eie-

' E, ¢ KTpU4HOT GaTapei CTIHKMI MOTIK ENEKTPUYHHUX 3apAiB, TOOTO MOCTIHHMIA
eJIeKTPUYHUNA cTPyM. TakuM 4WHOM, I ENCKTPUYHUM CTPYMOM pO3Y-

MIFOTh HANIpaBJIeHUi (BIOPAIKOBAHUI) PYX eJIeKTPHYHUX 3aPs/IiB.
Enextpranuii cTpyM MOXKHA OTPUMATH, SIKIIO JBI TOYKH €IEKTPHIHO-
Puc. 18.1 ro mos (abo JBa MPOBIIHMKH), MK AKHMH iCHYE Pi3HHI TIOTEHINAIB,
3’eanary npoigaukoM (puc. 18.1, Hexait U;>U,), To BinbHi 3apsiau mpo-
BiJJHUKA TiJ] JI€I0 €IEeKTPUYHUX CHJI TIOYHYTh HampasieHuH pyx. JlomaTtHi 3apsam OyayTs py-
XaTUcs B HaNpsIMKY CHJIOBHX JIiHIH mouist, B’ eMHI HaBmaku. Lleii pyx mpu3Beze 10 BHPiBHIO-
BaHHS IMOTEHITiaNiB B TOUKax 11 2, 1 pyx 3apsaaiB npurmuHATHCA. OYEBUITHO, IO JUIS 3iHCHEHHS
TPHBAJIOrO PYyXy 3apsiiiB (SIEKTPUYHOTO CTPyMY), HEOOXIMHO IiATPHMYBATH Pi3HHUIO MOTCH-
mianiB. [Tpuctpii, sKkuii CTBOPIOE 1 MATPUMYE Pi3HMIIO MOTEHI[IANIB, HA3UBAETHCS KePeIoM

eJIEKTPUYHOr0 CTPYMY.

CrpyM, mij Ai€r0 TPHUKIIAICHOI Pi3HUII MTOTEHIIANIB, BUHUKAE B Oy/b-IKOMY CEpeIOBHIIII,
JIe € BUTBbHI HOCIT eleKTPHYIHOro 3apsiay (K TOmaTHi TaK i Bix eMHi).

30BHINIHIMYU TPOSIBAMH €JIEKTPUYHOTO CTPYMY MOXYTh OyTH: HarpiBaHHS IIPOBiTHHUKA, IO
SIKOMY T€4€ CTPYM; CBIUEHHS ra3y, B IKOMY CTBOPEHHI CTPYM; CHIIOBA B3a€MOJIsl JBOX IPOBi-
JTHHKIB 31 CTpyMaMu 200 MPOBIAHUKA 31 CTPYMOM 1 MarHiTHOIO CTPIJIKOIO.

EnexTpruHnil CTpyM XapaKTepU3YEThCS CKASPHOIO BEIMUMHOIO, SKY HA3HWBAIOTh CHJIOKO
cTpymy. Cuna cTpyMy YHCENBHO JTOPIBHIOE €IEKTPHYHOMY 3apsiy, SKHH NPOXOIUTH 4Yepe3
JIaHWH MOTIepeyHNH TIepepi3 MPOBIAHMKA 332 OAWHHMIIIO Yacy

AQ
= —, 18.1
At (18.1)
ne AQ — KiJbKiCTh 3apsiy, KU IIPOTIKae dyepe3 MOIepedHuii mepepi3 NpoBiHuKa 3a yac At .

SIKmio cua cTpyMy He MIHSIETBCS 3 YaCOM, TO TaKUH CTPYM Ha3WMBAIOTh MOCTIHHMM 1 (opMyTy
(18.1) MoxxHa 3aMiHUTH HOPMYIIOKO CKiHYCHHUX BEIMYHH:

| = % (18.2)

VY BHUNanKy, KO CHIAa CTpPyMY HE € CTaJIOI0 B Yaci, TO KOPUCTYIOTHCS MUTTEBUM 3HAUEH-
HSIM CHJIM CTPYMY

_dQ
= (18.3)
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18. IHocmitinuil enekmpuyHull cmpym

(tyr dt — 0). Oxgnak, B 1bOMY po3.1isti MU Oy/IeMO TOBOPHUTH TLIBKU PO ITOCTIHHUK CTPYyM.
Cuna enextpuaHoro crpymy B CI BUMIprOETBCS B KyJoHax Ha cekyHny (Ki/c). s ogunu-
151 HOCHTh Ha3By amriep (A) Ha yects (paniy3pkoro ¢isuka A. Ammepa (1775 — 1836):

1A=1ﬁ.
c

Mpuknan 18.1. [1o npogionuxy meue cmpym cunoro I = 1,00 A. Ckinvku erexmponie npo-
X00umb uepe3 nonepeunuli nepepiz NPOGIOHUKA WOCEKYHOU?
Po3’si3ok. 32iono (18.2), nosnuil 3apso, wjo npoxooums no npogionuxy 3a 1 ¢, dopisnioe

Q=1t = (L00 Kz/c)(Lc) = 1,00 Kx.

Ockinvku 3apso enekmpona oopisnioe Q, = 1,6 - 10™° K, mo xinvkicme enexmponis, sxi
npoxo0sme uepes nonepeunull nepepiz nposioHuKa, 00pieHI8AMUME

Q _ 100Kz
Q. 16107 Kz

= 6,25 .10t eeKmpoHiae.

Mpuxnan 18.2. Axymynamop sapadocarome cmpymom I =6,5 A4 na npomazi t =15,0 z00.
Aroeo 3apady Hadadyms axymyaamopy?
Po3B’si30k: 32iono (18.2)

Q=It=(65Kz/c)(5-60-60c)=117-10° K.

VY3aranpHIOIOUM BHIIE CKa3aHE, OYEBUAHO, IO MOSBA 1 ICHYBaHHS €JIEKTPUYHOTO CTPYMY
MOke OyTd JuIe 3a TAKMX yMOB: 1) HAasBHICTh B TAHOMY CEPEIOBHIN BITbHUX EICKTPUIHMX
3apsniB. Y BUMAJKy METAJEBHX MPOBITHUKIB — [1€ €IEKTPOHH, B HAIIBIIPOBITHUKAX — €IEKTPO-
HU 1 “mipku”, B IEKTPONITAX — TMO3UTHBHI 1 HEraTUBHI 10HU, B ra3aX — IMEPEBaXKHO ITO3UTUBHI
i0HHM 1 eNIeKTPOHH; 2) HASBHICTE Ha KiHIIIX MPOBIHAKA Pi3HUIII TTIOTEHIIATIB 1 MOKIMBOCTI 11 TTij-
TpuMyBaTH. J{JIs 1i€i METH CITy)KHUTh CIIeliajJbHUI MPUCTPIA — AKepesio CTpyMy, siKe Imia el-
HYIOTb 710 KiHIiB NpoBiganKa. OTXe, Ui YTBOPEHHS HETIEPEPBHOTO €IEKTPUYHOTO CTPYMY I10-

TpiOHO CTBOPHUTH eNeKTpHYHE Kosto. Halimpocrime enexkTpud-

HanpsMok cTpymy HE KOJIO HaBeseHe Ha puc. 18.2, ske crramaeTses i3 pKepena
CTpYMYy, A0 SIKOTO TIpHETHAHI KiHI IpoBinauKa. [Ipu po3iMk-
HEHOMY 30BHIITHFOMY KOJIi HA HETaTHBHOMY TIOJIIOCI JDKepena
cTpyMy Oy/e HaUTUIIOK €JIEKTPOHIB, Ha MTO3UTHBHOMY — iX He
BHCTavyaThMe. [Ipy 3aMHKaHHI Kojla €JIEeKTPOHU BiJ HEraTHB-
Pyx HOTO TTOJTI0ca TI0 TMPOBITHUKY MEPEXOAsTh Ha IO3UTUBHUN TI0-

+ }}_ JIOC JDKEpena i B KOJIi HOSIBIISIETHCS eIeKTpHIHui ctpyM. On-
Hak, 32 HaIpsIMOK CTPyMY BHOPaHO HE HAINPSIM PYXy €IeKTpO-

Puc. 18.2 HIiB, a HampsMOK, B SIKOMY PYyXajHCh OW TTO3UTHBHI 3apsiau
(puc. 18.2). B pinunax i razax 3/1aTHi IepeMiaTUCS SK BiT €M-

€JICKTPOHIB

Hi, Tax i qomatHi 3apsau (ioHM).
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8§ 18.2 3axon Oma. Enexmpuqnuii onip

§ 18.2. 3akon Oma. EsiekTpuuHmii omip

Om T'eope Cumon (1787 — 1854) — nimeyn-
kuti isux. Hapoouecs 6 Epnaneeni. 3axinuue
Epnaneencoxuii ynigepcumem.

OcCHOBHI HAYKOBI Q0CNIONHCEHHS 8I0HOCS-
muvcs 0o enexkmpuku. OM 86i6 NOHAMMSA eleK-
MPUYHO20 ONOPY, EKCNEPUMEHMATBHO BCAHO-
6us 6 1826 p. ocrosnuil 3aKon enrekmpuiHo2o
xona (3axon Oma) i meopemuuno o6IpyHmMy-
6as 1102o. Pobomu npucesueni maxoc axyc-
muyi, onmuyi, Kpucmanoonmuyi. Inenem Oma
HA36aHA OOUHUYS eNEKMPUYHO20 ONOPY.

I'.C. OM ekcriepuMeHTaIbHO JIOBIB, [0 CHJIA €JIEKTPUYHOTO CTPYMY B METaJIEBOMY IPOBi-
JTHHKY IIPSMO TPOTIOPLIiHA PI3HMII MMOTEHIialiB HA HOT0 KiHIIAX !

I~U, (18.4)

ne U = U, — U; — pi3HuIs MOTEHIiaNiB, Ky YacTo, K MH B)XE BiJMidalld, HA3UBAIOTh TPOCTO
Hanpyror. lle TBep/pkeHHS Ha3uBaIOTh 3akoHOM Oma. OgHAK cHia CTPyMY 3aJICKHUTH HE
TITBKY BiJ] HATIPYTH, aJi¢ 1 BiJ OMOPY, KU IMPOBiITHUK YHHUTH €IIEKTpOHaM. JIOCBi CBiTUUTH,
0 YMM OUIBIIMH oOmip MpPOBiAHMKA, THM MEHIIA CHJIa CTpyMy IIpW JaHii Hampysi.
ExcniepiMeHTaTbHO BCTAHOBIICHO, IO CHJIA CTPYMY OOCPHEHO TIPOIIOPIIiitHa ONOpY MPOBiIHA-
Ka. 3 BpaxyBaHHIM IIOTO MOYKHA 3aIHCaTH, 10

l=—, (18.5)

ne R — enektpuuHuii onip ninsHKU kona, U — Hanpyra (pi3HHIS HOTEHLiaiB) Ha Wil AisHLi, |
— cwita crpymy B Koui. Bupa3 (18.5) uacro 3anucyiots y BUrIsII

U=IR (18.6)

1 Ha3MBAKOTH Woro 3akonoM Oma. [leii 3aKoH cripaBeTUBUIL JIHIIIE IO BiTHOMICHHIO 10 METa-
JIeBHX IPOBiTHHKIB. CTOCOBHO HaIiBIPOBIAHUKIB, €CKTPOHHUX JIaMII, TPAH3UCTOPIB TOLIO BiH
HE3aCTOCOBHHH 1 TOMY HE BiTHOCUTBHCS 10 (HyHIAMEHTAILHUX 3aKOHIB IPUPOIH.

I3 (18.6) maemo, 110

R= UT = const. (18.7)

CuissigHomiensst (18.7) cTporo BUKOHYETHCS JIHIIIE Ul METaJIEBUX MPOBIIHUKIB, 1 3a Ia-
HUX 30BHIIIHIX YMOB OIIip MPOBiTHUKA BiJ] PI3HUII TOTCHITIAJIB HE 3aJICKHUTh.

Ormip BumMiproetsest B omax (Om); Bianosiguo (18.7) 1 Om = 1 B/ A. SIkuio nanpyra 1 B, sika
TIPUKJIAJICHa 10 TPOBIJHMKA, BUKJIMKAE B HHOMY CTpyM 1 A, TO B TaKOMY BHITIaJIKy T'OBOPSTb,
110 MIPOB1THUK Bosozie onopoM 1 Om.

Onip HpoBiTHKKA 3aJIEKNUTH BiJl MaTepiary, HOro reoMeTpHYHNX PO3MIpiB, 30BHIIIHIX YMOB
(ocobmuBo Temmepatyp). EkCriepuMeHTaIbHO BCTAHOBIICHO, 10 OIip METAICBOTO MPOBIIHUKA
OpsIMO TIPOTOPIiHHMIA #oro noBxuHi | i 06epHEHO MPOMOPIIHHMIA TUIONI H0r0 MOIEePEeYHOro
nepepizy S:

R=p—, 18.8
Ps (18.8)

Jie p — Koe(iIieHT MPOTOPIIHHOCTI, SIKUI HOCHTh HA3BY IIMTOMOIO OIOPY 1 XapaKTepHu3ye Ma-
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18. IHocmitinuii enekmpuyHull cmpym

Tepial, i3 sIKOTO BUTOTOBJICHHUH TPOBiTHUK.

[MuTomuii ormip a, 3HAYXTH, 1 OMip MPOBIAHUKIB 3aICKHUTH BiJl YUCTOTH PCUOBHHU, TEPMid-
HOI 00po0OKH, TeMneparypH Tomo. Omnip 6i0J0r YHUX TKAHWH HEOJHO3HAYHO 3AJICKHUTH BiJl pi3-
HuX (pakTopiB. Tak, HAPHUKIIAJ, BiH JyKe UyTIMBUI [0 Jii SIEKTPUIHOr0 CTpyMy (HepBH, M si-
3u). Orip WKipy 3aJIeKUTH BiJl BiKY, TOBIIMHH, ITITIHBOCTI Ta iHIIMX YAHHUKIB.

B tabmumi 18.1 naBeneHi 3HaYEHHS MMTOMOTO OMOPY ML Pi3HUX MaTepialiB IIpH TeMIe-
parypi 20 °C, a B Tabnumi 18.2 3HaYEHHSI MUTOMOTO ONOPY Pi3HUX TKAHWH 1 PiAMH JIIOJCHKOTO
OpTaHi3My.

Benmunna, oOepHEHa O1opy, Ha3UBA€ETHCS MPOBIIHICTIO!

G = (18.9)

Onuanns mpoBigHocTi — cimernc (Cwm); 3rimHo(18.9) 1 Cm =1 Om 1
Benununna, oGepHeHa MUTOMOMY OIOpPY, HA3UBAETHCS MMMTOMOKO MPOBITHICTIO:

Ta6mms 18.1 Ta6mms 18.2
[MuTomwii omip, [MuTomuii omip,
PeuoBuna PeuoBuna
Om - m Om - m
IpoBinunku CIIMHHOMO3KOBA piinHa 0,55
E/IP@IO 159108 Kpos 1,66
Af" L 1,68-10° M’s3u 2
IOMiHIH 8
2,65 10 .
; ' Mo3koBa i HepBOBa TKaHH-
3ainizo 9.71-10° - 14,3
Pryts 8
. . 98:10
Hixpowm (cmuas Ni, Fe, 8 TkaHuHa XKHUpOBa 33,3
cr) 100 -10 ]
Cyxa mxipa 10
Hanisnposizuuin Kictka 6e3 HaKicHuMII 107
Byrneus (rpadir) (3-60)-10°
Tepmaniii (1-500)-10° =1 (18.10)
Kpewmmniit 0,1-60 1%
JlieleKTpHKH IMutoma mposixHicTs, 3rigHo (18.10), BuMIipIO-
eTbes B omuHUIsX (O - ) - a60 B Cv/m.
Ckio 10°-10% ( )

I 5 IMuromuit ormip (a 3HAYMTE i OMIp) peUOBH-
I'yma TBEpIA 107 -10 HH 3aJIEKUTh Bijl Temnepatypu. Jlis MeTaneBux

MIPOBITHHKIB y BY3bKHX iHTEpBajax 3MiHH TEM-
HepaTypH IATOMUA Omip (a 3HAYKTH 1 OIip) 30UIBIIYETHCS PAKTUYHO JIIHIHHO 3 TEMIIEPaTypOIO:

pr =pod +a-AT), Rr =Ryl + o - AT), (18.11)
ne pr 1 Ry —BianoBinHo nuToMui omip 1 omip npu Temnepatypi I, p, i R, —nuromuii omip
1 omip nposifnuka mpu Temnepatypi o BimnosigHo, AT = T —T, — pi3Huus Temneparyp, o —

TeMIepaTypHUil KOeillieHT OMopy, KU BU3HAYAETHCS BiHOMICHHSIM BiTHOCHOI 3MIiHH ITHTO-
Moro omopy (abo oropy) 10 3MiHH TEMIIEPATYPH:
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8§ 18.2 3axon Oma. Enexmpuqnuii onip

o - Ap AR
p-AT  R-AT’

Byno 3maiineno, mo B IeSIKUX MeTajax Ta METAaJEeBHX CIUIABaxX IIPU TeMIlepaTypax Oiam3b-
KHX 710 aOCOJIOTHOTO HYJISL OMip CTPUOKOM 3MEHIIyeThest 10 Hyis. CTaH MpOBiTHMKIB, KOJH
ixHiit omip nopisuioe Hymo (R = 0), HasuBaroTh HagmpoBigHicTI0. CrocTepiraBes eneKTpHY-
HUHA CTPYM B HAJIIPOBITHOMY KUNIBII, SIKMHA NPaKTUYHO HE 3MEHIIYBABCS Y BiZICYyTHOCTI HaNpy-
T BIIPOOBK JCKIIEKOX POKIB.

Kamepnine—Onnec I'eiike (1853 — 1926) — nioepnan-
Oocokuil ¢izux. Hapoouscsa e I panineeni. 3axinuue I pa-
HIH2EHCLKULL YHIGEepCcUumemn.

Hayxosi pobomu 6ioHocambcst 00 i3uxy HUZLKUX mem-
nepamyp i naonposionocmi. Ilepwuil ompumae memne-
pamypu, 61u3bKi 00 abconomuozo Hyasa. B 1908 p. enep-
we ompumas piokuil eeniti. /locnioue eracmusocmi o6a-
2ambOX pevosur npu HAOHU3LKUX memnepamypax. Biok-
pus aeuwe naonposionocmi (1911 p.). 3a ompumanns
PiOK020 2enito | Q0CNI0INCeHHs peuO8UH NPU HUZLKUX MHie-
Mmnepamypax yoocmoenuit Hobeniecoroi npemii (1913 p.)

SIBuine HamposiaHocti 6yiio Biakpuro B 1911 p. T'. Kamepniar-Onnecom (Hiepranmm) i Teo-

pernaHo nosicieHo B 1957 p. JIxx. bapaianm, JI. H. Kynepowm i k. P. Ilpuddepom (CH_[A)*
ExcriepuMeHTanbHO BCTAHOBIICHO, IO KOXKHHH 13 MPOBiAHKUKIB (i3 YHCTOI pEYOBHHH) Tie-
PEXOAATH Y HAANPOBIIHUN CTaH IPH MEBHIH TEMMeEpaTypi, Ky Ha3MBAIOTh KPUTHIHOIO TeM-
nepartypoo T,.
[IpoBigHVWKN B HAANIPOBIAHOMY CTaHi Ha3WBAIOTh HAANPOBiTHMKAMH. KpuTwdHi Temrre-
paTypH y BCiX YHCTHX HAIIPOBIIHHUKIB (XIMiYHHX eJIEMEHTIB) ayxKe Hu3bki (Tabum. 18.3).

Ta6mmms 18.3

Enement Al Cd Ga In La-f Pb Nb Ta Tc U-a Mo Ir

T. K 1,19 056 109 341 595 7,19 922 446 82 0,6 0,9 0,14

Cporozni Bigomo 6inpnie 500 HaAIIpOBiTHUX PEUOBHH i cruiaBiB. IIpu Iyxe HU3BKHX TEM-
neparypax (7, < 0,6 K) HaAIpoBiIHICT BUSBIICHO 1 y HAIIBIIPOBIIHUKOBUX CIIONYK. 3ayBaXku-
MO, 110 OUTBIITICTH METAJIIB 1 METAIEBUX CIUIABIB MAIOTh KpUTHUHY TemriepaTypy < 23 K. B 1975 p.
PO3II0YaTO IHTEHCUBHE JOCITIJDKEHHS! OKCHIHHX CHONYK, B sSKkuX 10 1988 p. xputHyna temre-
parypa Oyna migeumiena 1o 125 K. CporomHi 3HaiIEHO OKCHIHI CIIONYKH, Y SKUX KPUTHIHA
TEeMIIepaTypa cArae KiMHATHOI.

INepenbdayaeTpcst BHKOPUCTOBYBATH HaJIIPOBITHUKH Y BEJIMKUX EICKTPOMArHiTax IpH CTBOpe-
HHI OOMOTOK JUISl BEJIMKHX T'€HEpaTopiB 1 €IEKTPOABHUI'YHIB, IO TO3BOJIUTH BUKOPHCTOBYBATH
JTyXe BeNuKi cTpyMu. Po3poOuisioThest HaampoBiHi JIiHIT eJIeKTporepenad, B SKUX CHepreTHIHi
BTpatu OymyTh 3BEZEHI A0 MiHIMyMy. Y 3B’SI3Ky 3 IIUM €JIEKTPOCTaHIii MOXKHa Oyne OymyBaTH
MOONU3Y JpKepelt MaJliBa, a He MOOJIN3Y CIIOKHMBAYiB EJIEKTPOCHEPTii, 110 3HU3UTHh BUTPATH Ha
MIepeBO3KY MaNBa.

*3a TeopeTHuHe MOACHEHHS ABHINA Hannposiauocti JIx. Bapainy, JLH. Kynepy i P. lpudgdepy
B 1972 p. Oyna npucymkena HoGeiBcbka npemist.
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18. IHocmitinuil enekmpuyHull cmpym

HOpuxnanx 18.3. ITmaxa cudume Ha Opomi niHii enekmponepedaui, no sAKiil meue cmpym
cunoio I =1800 A. Onip opomy cxnadae R = 2,0 - 10™° Om na nozonnuii memp, a nanu nmaxa
8idcmosims 00Ha 610 00noi ha eidcmani | = 2,5 em. ITi0 saxoro nanpyzoro 3naxooumoscs nmaxa?

Po3B’si30k. 32iono (18.6)

U=IR,

oe R| — onip opomy, wo npunadac na dogacuny | = 2,5 cm. Bin dopisHioe
R =Rl = (2,0-10° Om/ m)(2,5-1072 m) = 5,0-107 Om.
Tooi
U = IR, = (18004)(5-10"" Om) = 9,0-10™* B.

Mpuknan 18.4. Yomy oopisnioe nposionicms (8 cimencax) m00cbKo20 mind, AKWo npu Ha-
npy3i U = 12,0 B uepe3s nvoeo npomikae cmpym cunoio I = 800 mA?
Po3B’si30k. 32i0n0 3 suznauennsm (18.9)

G=1.
R
Onip R eusnauumo i3 (18.7)
R= UT
Tooi
6= =984 67102001 = 67102 Cn
U 120B

Mpukmnan 18.5. Skozo diamempa d nosunen 6ymu mionuii opim dosxcunoro | = 20 m, wo6
tiozo onip e nepesuwysas R = 0,10 Onm?
Po3B’s130k. Bio diamempa dpomy 3anexcums 11020 nonepeunuii nepepiz S.

7d?
S= 1
2 1)
3 dpyeozo 6oky nonepeunuii nepepiz opomy eupasumo i3 ¢opmynu (18.8):
|
S = p—. 2
P )

IHpupisusswu npaei wacmuru gpopmyn (1) i (2), ompumaemo:

-8
42 Pl _5 (4,7-10™° Om- m)(20 m) 21107 .
7R 3,14(0,10 Om)

§ 18.3. 'ycTHHA eJIEKTPUYHOT0 CTPYMY

Enexrpudnuii ctpyM (K i HEpyXoMi 3apsiin) Moxke OyTd PO3IOALICHHI O HOBEPXHI He-
piBHOMipHO. ToMy mIst 11i€l XapakTepUCTHKH CTPYMY BBOJMTHCS IOHATTS BEKTOpa T'yCTHHH
CTPYMY | , IKMIi YHCEJbHO JOPiBHIOE CUJIi CTPYMY, IO MPHUNAJA€ HA OAUHUIIO IO MO-
NepevyHoro nepepisy B aaxiii Touni mpocropy. TodTo
.ol
j=—, (18.12)

ds
abo y BekTOpHiH (opmi
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8 18.3 Iycmuna enekmpuunoeo cmpymy

-~ dl
- — T, 18.13
1= 35 ( )

ne T — OJMHUYHUEN BEKTOP.
SIKIIO TYCTHHA CTPYMY | B MPOBIJHUKY 3 MMOMEPEYHIM TIEpepi3oM S TOCTiiHA 1Mo Horo rre-
pepizy, To

o
- 18.14
I= ( )
abo
I=jS . (18.15)
SIKII0 K TYCTHHA CTPYMY 3MIHIOETHCS 10 TIEpepi3y, TO
1= [ jds, (18.16)

nie dS — eTeMEHT TUTOII TTOTIEPEYHOrO MePEPisy.
Bextop ] HanpasJIeHNH B OiK pyXy OIaTHHX 3apsiiiB. B MeTaneBoMy MpoBiIHUKY pyXOMi HOCIT
3apsily — 1€ B’ €MHO 3apsiDKeHi elTEKTPOHH, PyXaloThCsl B HATIPSIMKY, IpoTwiIexkHoMy | (puc. 18.3).

Cuity cTpyMy B IIPOBIIHUKY MOKHA BUPa3HTH Yepe3 cepe-

Pyx mo3uTHBHUX 3apsiziB ' 5 ) ;
— JHI0O IIBUAKiCTL apelidy enexrponis. Ha enexrpoH B mposi-

—_—
>

i HUKY Ji€ chia F=eE. IIpore enekTpoHU pyxarwTbes 6e3

NPUCKOPEHHS, OCKIIBKU ISl CHIIA BPIBHOBAXYETHCS KTabMiB-
HOIO» CHJIOKO, SIKd BUHUKA€E BHACIIZIOK B3a€MOJIil EJIEKTPOHIB 3
Pyx atomamy nposianmka. HBuikicrs pyxy wociis 3apsny, B na-

+|— HOMY BUIIJIKy €JIEKTPOHIB, KA BCTAHOBIIOETHCS B NPOBiIHHU-

I Ky, HA3UBAIOTH CEPEHBOI0 MIBHUIKICTIO Apeiidy HociiB 3apsn-

. Hexaii 3a gac t enexTpoHH IPOXOATh B3/IOBXK MPOBII-

Puc. 18.3 ay vy . Hexaii 3a gac t enlekTpoHM MPOXOIATE B3O poBizx

CJICKTPOHIB

HHKa Bifcranb | = vyt i Hexall B omuHHII 00’€My € N eleKT-

poHiB npoBigHOCTi. KiJbKiCTh €MEKTPOHIB, IO MPOHIYTh Yepe3 MONEpeuHHi repepi3 S npoBi-
nmHuKa 3a yac t 6yme n S | Tomi 3apsin, sikmit ipoiie depes 1ieit repepis, T0piBHIOE

Q =—-enSl =—enSy,t ,

Jie € — 3apsi/ eNIeKTPOHA. 3HAUUTb, CHIIa CTPYMY JAOPIBHIOE

I =% = —nevy S, (18.17)
a TYCTHHA CTPYMY
J =;— = —nevy, (18.18)
abo y BekTOpHiH (opmi
j =—nedy. (18.19)

Tyr 3HaK O3HAaYae, 0 HAPSIMOK CTPYMY HPOTUICKHUN HANPSIMKY MBHAKOCTI Uy .

SIKIo B MPOBIAHKKY € 3aps/PKeH] YaCTHHKU 000X 3HaKiB i3 3apsaoM + €, 3 KOHIEHTPALIEro
ixX BiAHOBiIHO Ny i N_ 1 ApelOBUMY MIBUAKOCTAMY Uy, 1 Uy_ TO HOBHMIA 3apsi, SKUil Ipoiize
Yepes nonepeyHnii mepepis S 3a vac t, Oyne gopiBHIOBATH

Q=e,n, vy, St +e_ny;_ St (18.20)
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Cuna cTpyMy i HOro I'yCTHHA BUPa3AThCS TaK:

l=e,n vy, S+e.n vy, _S=1,+1_ (18.21)
j=e,n 04, + e n_ o, . (18.22)
ge |, i |_ —cum cTpymiB, 10 CTBOPIOIOTHCS BIJNOBIIHO 3apsiaMy Pi3HUX 3HAKIB.

3akon Oma (18.6) MoxxHa 3ammcaté Yepe3 MIKPOCKOMIYHI XapaKTePHCTHKH, BUPA3HBILH
omip R uepes nposignicts 1/ p (18.8):

|
R: )
s

cuiy ctpymy | wepes fioro rycruny j (18.15):
I =jS,

a Hanpyry U depes HampyxeHicTh enektpuaHoro nois E (17.24):
U =El

B dopmyui (17.26) Benuunny d 3amineno ua |. Toxi, 3amicts U = | R, orpumaemo

El= () ) = el

abo
o1
i-le—oE (18.23)
yol
abo y BekTOpHi# (opmi
j-LE-cE (18.24)
yol

ne o =1/ p — nuroma nposimmicTs. TakuM YHHOM, TYCTHHA CTPYMy | Nponopuiiina Ha-

MPY>KEeHOCTi eJJeKTPHYHOTO MOJIs E BcepeanHi nmpoBiguunka. ®opmyny (18.24) HazusarTh
3akoHoM OMma B qudepeHuiaabHil Gopmi.

IMpupiBusBiy npasi vactuan Gopmyn (18.18) i (18.23), orpumaemo apeiidoBy mBUIKICTD
HOCIIB 3apsny
_oE oU

Uy .
ne nel

(18.25)

Mpuknan 18.6. I1o mionomy nposionuxy diamempom d = 3,20 mm meue cmpym cunoio I =
= 5,00 4. Busnauumu: a) 2ycmumy cmpymy 6 nposioHuKy; 0) weuoKicme opelgy 6inbHux eine-
KMPOHIG; 6) CepeOHbOKEAOPAMUYHY WEUOKICHb eIeKMPOHIE 6 NPUNYWEHHI, W0 GOHU 6e0YMb
cebe nodibno 0o wacmunok ideanvrozo 2asy npu memnepamypi t = 20 °C. Beaswcamu, wo Ha
KOJCHUU amom MIOI npunadac ONVH 6inbHul eaexmpon (inuii 6Ci 36 3aHi 6 AMOMAX).

Po3B’s130K. a) 3ziono (18.14) cycmuna cmpymy dopienioe
j= L 4(5,04) _ 6.22.10° i

S zd? 314(32-107° m)? M

de S=nd*/4 — nrowa nonepeuHo2o nepepizy npoGioHuUKA.
6) Lsuoxicmw Opetipy invHux enexmpoHnie upazumo iz popmyau (18.18):

J

Vg = —,
ne
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8 18.4 /[ocepena cmpymy. Enexmpopywiiina cuna

0e N — KiIbKICMb BLIbHUX eJIeKMPOHI6 8 00UHUYL 00 €My, € —3apsi0 eleKmpoHa.

OcCKinbKu HA KOJCHULL amom Mioi npunadae 0OuH GilbHUU el1eKMPOH, MO HYUCILO BIIbHUX
eleKmpoHi6 6 0O0uHuYyi 00°eMy OOpIsHIOE uyucty amomie Mmidi. Amomna maca mioi A =
63,5 a. 0. m., a, sHawume, 0oun mons Cu dopisnioe v = 63,5 2, sxuii micmums N = 6,02 - 102
(uucno Aeoeadpo) einbrux erexmponie. ToOI HUCIO GINbHUX eleKMPOHI6 8 0OUHUYI 06 €My 00-
PI6HI0E

Np _ (6,02:10%°)(8,89-10° ke/ %)

n = ] = 843-10% u~°.
v 635-107° ke
Tym p = 8,89-10% ke / x® - cycmuna mioi. Tooi
H 5 2
vg = - = 0.2200° A" _ 46110 "
ne (843-10°° »°)(16-107° 4-¢) c

8) Posensoarouu einbhi enexmponu sx ioeanvhutl 2as (0ocmamuvo 2pyde HaAOIUNCEHHS),
<02 > suaiidemo 3a popmynoro (11.4)

-23
3KT _ [3(138-107% Joe/ K)(293K) _ 115.105 2
m 911107 ke c

0e k =1,38- 10 Iinc | K — cmana Bowymana, T= (273 + 20) K =293 K, m=9,11- 10 * xo
—Maca ejleKmpona.

Taxum wurnom, opetihosa weuokicms Habazamo MeHwa 8i0 cepeOHbOK8AOPAMUYHOL UEU-
. . 9
oxocmi mennogozo pyxy eaekmponie (B 10° pasz).

<v?s>=

Mpuknan 18.7. Ilo amominiceomy npogionuxy diamempom d = 0,40 mm meue crabrui
cmpym cunoro | = 3,0 mxA. 3navimu cycmuny cmpymy 8 NpoGIOHUKY Ma HARPYICEHICMb eleKm-
PUYHO2O NOJISL BCEPeOUHi NPOGIOHUKA.

Po3B’si30K. a) Ak i 6 nonepedniti 3a0aui
-6
j= L 4I2 _ 4(3,0-10 ;4) : — 9,55.10°2 iz
S nd 314(0,40-107° m) M

0) Hanpyocenicmo e1ekmpuino20 nojisi 6cepeOuni NpOSIOHUKA GUPA3UMO 13 hopmyiu
(18.23)

E=p]J
Ode p — numomuil onip npogionuxa. Tooi
E =(2,65-10% O - 1)(9,55-10° 4/ n®) = 2,53-107° B/ m.

3nauenus p 63amo 3 madauyi 18.1.

8§ 18.4. I:xepena crpymy. Enexrpopyuiiina cuia

Jl1s oTpUMaHHS KOPOTKOYACHOTO €IEKTPUYHOI0 CTPYMY B MPOBIAHHUKY JOCHUTH 3’€IHATH
Horo 3 IBOMA 3apsHKCHUMHU TiJTaMH, SKi MAarOTh Pi3Hi moTeHmiamy. OqHaK, K TiTbKH ITOTEHITIa-
JIM IUX TUI CTaHYTh OJHAKOBHMH, CTPyM B IpoBiTHMKY 3HHKHE. II[006 mporo He BinOymocs i
PYX HOCIiB CTpyMy HPOJIOBKYBAaBCS JIOCTATHBO JIOBTO, HEOOXITHO HA KIHILIX MPOBiAHHUKA, TOOTO
Ha TilaX, J0 SKUX i €THAHWHA MPOBIAHUK, MIATPAMYBATH CTAly PI3HUIO MOTeHIamB. s
1i€1 METH CITyXaTh CHELialbHI MPUCTPOI, SKi HA3UBAIOTHCS [IMKepeJaMu CTpyMy abo J:kepesa-
MM eJIeKTPUYHOI eHeprii.

[MpuHIMN Aii OIX TPUCTPOIB HOJISTAE B TOMY, IO B HUX 3@ PaXyHOK €HEprii He eNeKTpHd-
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18. IHocmitinuii enekmpuyHul cmpym

HOr'0 MOXO/DKEHHS (MEXaHIYHOI — B €JICKTPOreHepaTopax, eHeprii XiMiYHUX peakiiil — B rajb-
BaHIYHKX €JIEMEHTaxX i aKyMyJsITOpax, CBITJIOBOI — B COHSYHUX Oarapesix) BiOyBaeThCs PO3Ii-
JICHHsI JOJATHHX 1 BiJl’€MHHUX 3apsAAiB 1 IEpEeMIIIeHHS iX /10 BiJIIOBITHHUX ITOJIOCIB Kepena. Sk
HACIIZOK MK TOJIIOCaMH JDKEpesia CTPYMY CTBOPIOETBCS €IEKTPUYHE TI0JI€ 3 TIEBHOIO Pi3HHIICIO
noTeHmianiB. TaknuM 4MHOM, B pe3ysbTaTi PO3IUICHHS BCEpeAnHI JpKepera TOoJaTHHX 1 Bia eM-
HUX 3apsiIiB, 32 PaXyHOK TaK 3BaHMX CTOPOHHIX CHJI, HAKOIIMYYETHCS MOTCHIIAJIbHA SHEPTis, sKa
3TOZIOM BUTPAUYAETHCS HA BUKOHAHHS POOOTH IO IIEPEMIIIEHHIO HOCIIB 3apsiy 110 BCbOMY KOITY.
Besnnunna, sika BUMIPIOETHCST POOOTOIO TKepeia CTPYMY NMPH NepeMillleHHi OTHHIYHOTO 101aT-
HOT0 3apsiTy 3aMKHY THM KOJIOM, HA3UBAETHCH eJIeKTPOpYIiiiHor cuiom pxepena (EPC):

A
E==. 18.26
9 (18.26)

B CI enexrpopyuiiina cuna BuMiproetses y Bonbrax (1 o | Kn =1 B).

TakuM 4MHOM, TPUBAIHMH CTPYM MOXKE MPOXOIWTH B 3aMKHYTOMY KOJIi TiJIbKH IIPH HasiB-
Hocri B Hilt EPC. fIKkmo koo po3iMKHYTH, TO pO3/iJICHHS 3apsaiB ITij Ai€I0 CTOPOHHIX CHIT OY-
Jie BitOyBaTHCS TOTH, ITOKH CTBOPEHE €JIEKTPUYHE TI0JIe HEe 3PIBHOBAXHTH JIiI0 CTOPOHHIX CHIIL.
Pi3Huns nmoTteHmianiB gocsrHe MaKCHMalbHO MOXKIIMBOTO 3Ha4eHHs. IIpy mboMy pi3HHILS I10-
tennianie U Ha noirocax posiMkaytoro mkepena aopisaioe ioro EPC (U = EPC). Ounaxk, sIKIio
micist Toro, sk pizHuis moreHiiatis (EPC) gocsiria HOMiHATBHOTO 3HAYEHHS 3aMKHYTH KOJIO,
TO MOXXHA ITOOAYNTH, IO HANpyra Ha KieMax, HalpHKiIal akyMmyiasTropa, nagae. Lle o3nadae,
110, 3a0MpalodM CTPYM BiJ aKyMyJIsITOpa, XiMiuHI peakiii He BCTUTAIOTh MOMOBHIOBATH 3apsiz
Ha HOro eJeKTposax 3 TaKow IIBUAKICTIO, o0 miarpuMyBatu HoMiHaiusHy EPC. 3apsmu me-
PEMIIIAIOTECS B EEKTPOIITI BiJl OJHOTO €IEKTPOAa JI0 APYroro, i BOHM Ha CBOEMY IILIAXY 3Y-
CTpIYaIOTh OMip, a Ie 03HAJaE, M0 JHKEPETI0 caMo 110 oDl BOJIOJIE ACSIKUM OIOPOM, SIKMH Ha-
3WBAIOTh BHYTPILIHIM OMOPOM i ITO3HAYAIOTh HOro SK mpaswio dyepes I. Lleit omip BnacTuBmii
caMoMy JKepelry 1 IPUCYTHIN B HbOMY.

§ 18.5. 3akon Oma /151 IOBHOI'0 KOJIA

Hexaif 10 [pKepena eneKTpIIHOI eHeprii 3 eIeKTPOPYIIIHHOIO CHIIOI & TIPHETHAHO 30BHIIIHE

1 KOJIO, @ BOJIETMETP il €JHAHHIA 10 MOMOCiB Jokepena (puc. 18.4).

R Sxmo xmou K po3iMKHEHHH, TO 110 KOy CTpyM He Tede i Ha-

npyra, sKy mokasye BombrMmerp, nopiBaioe EPC (U =&).

SIKIIo K0JI0 3aMKHYTH, TO 110 HOMY TIOTe4e cTpyM |, Harpy-

ra Ha moirocax jkepena crane menmioro 3a EPC (U < &).

8|= _ Piznnns mixx € 1 U — ne Hanpyra, HeoOXifHa IS TIepeHocy

! 3apsjly 4epe3 eneMeHT (JKepelo) 1 MOnoIaHHs BHYTPIiLIHbO-
Puc. 18.4 ro onopy. 3Ha4uTh

E-U-=Ir, (18.27)

ne I — cuna crpymy. Ane 3rigHo 3 (18.5) U = I R, xe R — omip 30BHimHbOr0 Koia. Tomi
E-IR=Ir,

3B1IKHA
E=1IR+Ir, (18.28)

abo

&

l= —.
R+r

(18.28, a)
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8 18.6 IIpasuna Kipxeogha

OcTaHHE CIIBBIJHONICHHS Ha3MBAIOTh 3aKOHOM OMa /JIsl MOBHOI'0 KOJ1a: CHJIa CTPYMY B
eJIeKTPHYHOMY Koui 3 ogHuM Jkepesiom EPC npsimo nponopuiiiHa enekTpopyiliHiii cu-
Ji i 00GepHeHO mpomnopiiiiHa cyMi 30BHIIIHBOIO i BHYTPIIIHBOr0 onopiB. SIKiio BHyTpil-
Hiif omip mkeperna gopiBHioE HyIo (I = 0), To & = U, T06T0 BCs €Heprisi BAKOPUCTOBYETHCS Y
30BHIITHBOMY KOJi. TaKUM YHHOM, HASBHICTH HAMMEHIIIOTO MOXKIIMBOTO BHYTPIIIIHEOTO OMOPY JDKE-
pena € niepeBaroro. Hanpukiaz, qyke MajuM BHYTPIIIHIM OIOPOM BOJIOAIIOTH CBHHIIEBO-KHCIIOTHI
akymynsitopu. Hacamkinens, 3ayBaxumo, 110 3akoH, Bigkpuruii Omom (hopmymna (18.5)) st me-
TaJIeBHX NPOBITHUKIB, HA3MBAETHCS 3aK0HOM OMa miis AinsHku koja 6e3 EPC: cuna ctpymy
Ha JinsHL kona 6e3 EPC npsimo npomnopuiiina Hanpy3i Ha KiHIIX €] TUISTHKA 1 00epHEHO Ipo-
nopuiiiaa ii omopy (1=U /R ).

Hpuxnan 18.8. bamapes 3 €& = 6 B i suympiwniv onopom r = 0,50 Om nio ’eonana 0o
Kona i3 3azaneHum onopom R = 11,6 Om. Busnauumu nanpyzy na kiemax 6amapei.
Po3w’s130k. Hanpyey na kiemax 6amapei supazumo iz (18.27):

Uu=&-lr,
& . .
de | = — cuna cmpymy, wjo meue 8 Koni. Tooi
R+r
Er
U=e--2" _ga-—"y-@Ena-—200" y 555
R+r R+r 11,6 Om + 0,50 Om

Hpuxmanx 18.9. Hxuu enympiwmniti onip v 12-mu 6onvmogoz2o agmomoodinbHo2o aKymyis-
mopa, AKWo Hanpyea Ha tioeo kiemax nadae 0o U = 7,8 B npu exirouenni cmapmepa, skuii cno-
arcusae cmpym 1 =70 A?

Po3B’s130K. Bruympiwniii onip axymyasmopa supaszumo iz (18.27):

_&-U 12B-78B

= 0,06 Om.
I 70 4

r

§ 18.6. IIpasuna Kipxroda

3akon Oma st moBHOro Kona (18.28, a) 103BoIsE JOCTATHBO YCIIIIIHO PO3PaXOBYBATH EIICKT-
pHUYHI Koya B 0araThox BHIaakax. OmHaK 3yCTpiuaroThes KOJa, SKi BUSBISIFOTHCS HAITO CKIIa/I-
HUMH JUISl TAaKOTO BHIAAKY. JlJisl aHaui3y CKIaJHHUX KiJl KOPUCTYIOThCs TpaBwiaMu Kipxroda.
B ocHosi npaBui Kipxroga (a ix € aBa) jgexars 3aKoHH 30epeskeHHsl 3apsiay i eHeprii.

Kipxzogh I'vemae Pobepm (1824 — 1887) — niveyn-
Kkuil izux. Hapoouscs 6 Kenizcbepsi (cooeoomi Kaninin-
2pao, Pocis). 3axinuue Keniecoepsoxuil yrisepcumenm.

Hayxosi pobomu npucesiueni enekmpuyi, MexaHi-
yi i onmuyi. B 1847 p. eioxkpug 3axonomiprocmi 6 npo-
MIKAHHI eNeKMPULHO20 CIPYMY 8 PO32ANYICEHUX KO-
nax (npasuna Kipxeogha). Bsie nonsimms eiekmpudHo-
2o nomenyiany. Paszom 3 P. Bynzernom ¢ 1859 p. pospo-
06U MemoO CNeKMmpaIbHO2O AHANI3Y | GIOKPUE HOBI Xi-
Miuni enemenmu yesiv i pyoiu. B 1859 p. siokpus
OCHOBHUTL 3AKOH MENI08020 GUNPOMIHIOBAHHS (3aKOH
Kipxzogha). Po3pobus meopiio dugpparyii ceimaa.
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18. IHocmitinuil enekmpuyHul cmpym

Iepme npaBuio Kipxroda (mpaBuiio By3miB) Bupaxae 3aKoH 30epexeHHs 3apsy. Bo-
HO CTBEPJUKYE, 110 ajredpaiuHa cyma CTPyMiB, IO CXOAATHCS Y BY3Ji K0J1a, JOPiBHIOE HY-
JII0. AHAJITHYHO L€ 3aIUCY€ETHCS TaK:

n
L+ 1, +13+...+1,=0 a6o Y 1;=0, (18.29)
i=1

Jie N — YUCII0 CTPYMIB, SIKI CXOIAThCS B JaHOMY BY3:i. Hampukan, st Buaky, 300paxeHoro
Ha puc. 18.5, nepme npasuino Kipxroda Hadyne Burismy:

Cyma ctpymiB |, + |5, 110 BUTIKAIOTH i3 By3i1a 4, JOPiBHIOE CTPyMOBI |4, 1110 BTiKa€ y By-
301 4.

ITpaBuio By3miB Kipxroda, sk BiaMidanock BHIIE, IPYHTYETHCS Ha 3a-
KOHI 30€pe)XeHHSI EIEKTPUYHOTO 3apsiay. YBech 3apsil, 10 BXOAUTH Y
BY30J1, IOBHHEH BUXOJAMTH 3 HbOI'0: 3aps/iM He BUHUKAIOTH i He 3HMKAa-
0Th (puc. 18.5).

Opyre npasuio Kipxroga (npaBuio KoHTYpiB ) Bupaxae 3akoH 36e-
pekeHHsI eHeprii. BoHO cTBepKye, o ajredpaiuna cyma cnaaiB Hanpyr
Yy 3aMKHYTOMY KOHTYPi AopiBHIo€ anredpaiuniii cymi EPC, siki ailoTh B
AaHomy KoHTypi. ToOTo

Puc. 18.5

abo
n n
ZIiRi :Zgi, (1830)
i=1 i=1

Jie N — YHCII0 TUISTHOK Y 3aMKHYTOMY KOHTYpi. B sIKOCTi npuKiIasy po3risiHeMo JOBUIGHHUN 3a-
MiHyTHIF KoHTYp ABCA (pric. 18.6), sxuii ckiamaerbes i3 Heomnopimuux minstHok AB, BC i CA.

A Bubepemo 00xiJ KOHTYpY B HAPSIMKY 3a TOAH-
HHHUKOBOIO CTpisIKoto. Bynemo BBaxkaTn nonart-
HUMH Ti CTpyMH, SIKi CHIBIIaJIaf0Th 3 HAIIPSIMKOM
00X0y KOHTYPY, 1 BiJi’ €MHUMH — Ti, HATIPSIMKU
SIKMX TIPOTHIIEXKHI 10 00xoxy koHTypy; EPC BBa-
JKaTUMEMO JTOJaTHUMH, SIKIO y BHOpaHOMY Ha-
NPSMKY OOXOZY CIIOYaTKy IMPOXOAUMO Bix €M-
HHH IIOJIOC, a ITOTIM JOJATHUH, 1 B1I €EMHUMH —
TIpY 3BOPOTHOMY ITPOXOJDKEHHI nomrociB. Toi,
3TiIHO BU3HAYCHHS MAEMO.

Puc. 18.6 Takum ynHoM, piBHsHES Kipxroda (18.29) i

(18.30), ckmazeHi wist By3IiB i KOHTYPIB, J03BO-

JSFOTh PO3PaXOBYBATH CTPYMH B CKJIAJHHX PO3ralyKeHux Komax. s nporo HeoOximmo: 1)

BUOpATH i BKa3aTH Ha CXeMi HAIPSIMOK CTPYMIB Ha BCiX AUIIHKAaX Kona; 2) o0paTu HaIpsIMOK

00xoy KOHTYpa; 3) 3amucaty piBHsHHs Hepioro npasuia Kipxroda mis Beix By3iiB i piBHS-

HHS Ipyroro npaBuiia Jyisl BUALIEHUX KOHTYpiB. KiJIbKiCTh piBHSHb Ma€ OPIBHIOBATH KiJIbKO-
CTi UTyKaHUX BEJINYHH.

Mpuxnan 18.10. 3uaimu cunu cmpymis |y i I, sixi npoxooams no onopax Ry =5 Om i
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8 18.7 3’eonanns nposionuxise

Ry = 3 Om, sikwo 3azanvua cuna cmpymy I =54 (puc. 18.7).
Po3B’s130Kk. Hegidomi 06i gerununu — ye cunu cmpymis
Iy i . 3nauums, nompioHo cknacmu 08a pPiGHAHHA.
Tepwe pisnsnns sanuwemo ons eyzia A (nepuwie npasu-
110 Kipxeoga):
l-1,-1,=0. Q)

pyee npasuno Kipxeogpa samuuemo ona konmypa ACBDA.
. 00xi0 Kormypa eubepemo 3a 200UHHUK0B0I0 cmpiikoto. Tooi
Puc. 18.7 cmpym |y 6y0e dooamnuit, a cmpym I — 6i0 emmuuii. OcKinbku
6 koumypi EPC 6iocymus, mo opyee pisusannsa Kipxeogha 3a-

nuwemsbcs mak.

I,R,~ 1,R, = 0. @)
Pose’asyrouu pisnsnuns (1) i (2) éionocro |y i I, 3naxooumo:
= e o 30m g, 1g754
R+R,  50m+30u
1, R SOM_ 5 4 _ 31254,

TR +R,  50m+30m

§ 18.7. 3’enHaHHs NMPOBITHUKIB

YacTo BUHMKa€E HEOOXIAHICTD CKJIQAAHHS EIEKTPUYHHUX KiJl PI3HOIO CTYHEHS CKJIaJHOCTI,
30KpeMa, HeoOXiJHICTh BUKOPHCTAHHS Pi3HHX THINB 3’€JIHAHb IPOBIIHHUKIB (€ICKTPOILIUTKY,
JIAMIIM, PE3UCTOPH, OOMOTKH EIIeKTPOJBUIYHIB TOIIO) MiX coboro. HaimommpeHimmm Ha npak-
tuii € mocaigosue (puc. 18.8) i mapanensHe (puc. 18.9) 3’eananus nposigaukis. [lpu moci-

~

@] |7

— |+ 1
O €
Puc. 18.8 Puc. 18.9
JOBHOMY 3’€JIHAHHI IPOBIIHHUKIB CHIIda CTPyMY y BCiX TphOX IpOBiaHuHKax omgHaxoBa (l; =
=1,=13=1), a Hanpyra Ha KiHIAX PO3IJISAYBAHOI ALISHKA MPOBIJHUKIB JOPIBHIOE CyMi Ha-
npyr Ha KoxxHOMY i3 HUX: U = U; + U; + Us. 3acTocoByroun 3akoH OMa, OTpIMaEMO:

R - U _Up+Up,+U; IR+ IR +1Rg
| | | ’

3B1IKHA

R=R, +R, +Rs. (18.31)

Taxum 4nHOM, NPH MOCJIITOBHOMY 3’€IHAHHI MPOBiTHUKIB iXHi omopu noxawThes. Llei
BHCHOBOK CITPAaBEIUIMBUH 1 JUTS TOBUTHHOI KIJTBKOCTI ITOCHiTOBHO 3’€THAHUX ITPOBITHHKIB.
[pu mapanensHOMY 3’€HaHHI Hanpyra U Ha MpoBigHUKAX OHAKOBA, a TOBHUHA CTPYM J0-
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18. IHocmitinuil enekmpuyHul cmpym

piBHIOE cyMi CTpYyMIB Iy, Iy, I3

Tomy, 3acTocoByroun 3akoH OMa, OTpUMAEMO:

] u U ]
l=— =—+—+—,
R Rl R, Rg
3B1IKH

%z Ri+Ri+Ri. (18.32)
1 2 3
TakuM YMHOM, BeJMYUHA, 00epHEHA 0 3arajbHOr0 ONOpy NapajejabHOro 3’€IHAHHSI
MPOBiTHUKIB, TOPiBHIOE CyMi BeJTMYNH, 00ePHEHUX /10 ONOPiB OKpeMHX NMpoBixHUKIB. Llei
BHCHOBOK CIIPaBEUTUBHIA J0 JOBUTBHOI KUTHKOCTI TIapajelbHO 3’ €THAHUX TPOBIIHUKIB. 3araib-
HUH OIip MapajesbHo 3’ €HAHUX MPOBIJHUKIB 3aBXK/IM MECHIINH 32 HAMEHIIWH OMip MpOBiJHHU-
KIB 3’ € JHAHHS.

Mpuxnan 18.11. 3uaiimu cury cmpymy, wo cmeopioemuca 6 ko, 306pasicenozo Ha puc.18.10.
Po3B’s30k. Cnouamky 3uaiioemo exeieanenmuuil onip R, 3’ €Onarux napanensro onopie Ry i Rs:
R,= 500 Om 1 1 1

_—= — + —_—,
Rnap RZ RS
abo
R,R; (500 Om) (700 On)

nap = =292 Om.
?" R,+Ry  5000m + 700 Ox

Onip R,q, 6xmrouenuii nocnioogno 3 onopom Ry, mo-
My 3azanbHuti onip Oyoe dopieHiosamu

Puc. 18.10 Riee = Ry + Ry, = 400 Om+292 Om = 692 Om.
Togny cuny cmpymy, wo meue no Koy, sHatioemo 3a sakonom Oma:.
| = v = 120 5 = 17 uA.
R. 692 Om

3ae

Mpuknan 18.12. 3uaiimu cuny cmpymy lp, wo meue uepes onip Ry, 6 cxemi na puc. 18.10.

Po3B’s130K. /[ po3s 3Ky 3adaui Heobxiono suatimu nanpyey Ugc mise moukamu BC, moo-
mo na onopi Ry. Oonax mu cnouamky suatioemo nanpyzy U g mione mouxamu AB. Boua dopis-
HIoE

U s = IR, = (0,017 4) (400 Om) = 6,8 B.
Ockinvru misic moukamu AC nanpyea Uyc = 12,0 B, mo mamumemo:
Ugc =Upc “U 3 =120B8-68B=528.
Hani, 3a saxonom Oma maemo:
_Ugc _ 528

I, = = = 10 mA.
R, 500 Om
Ananoziuno mosicna pospaxysamu i cuny cmpymy ls, wo meue uepes onip Rj:
U
l,= —8C = 52 B =7 muA.
R, 700 Om
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8 18.8 3’‘eonanns docepen EPC

Buxoodsuu i3 ompumanux pesynomamis, 6uono, wo cuau cmpymis l, i l3 0ooaromwcs, cmeo-
prorwuu noeny cury cmpymy | =10 mA + 7 mA = 17 mA, wo 6ionogioae noguiii cuni cmpymy
pospaxosearnoi 6 npuxnaodi 18.11.

§ 18.8. 3’ennanns pxepen EPC

Ha npakruui mxepena EPC (rasbBaHivHi €IEMEHTH i aKyMyJISTOPH) [IPUXOIUTHCS 3’ €HY-
BaTH B OaTapei. 3’€JHYIOTh €IEMEHTH MOCIi0BHO, MAPAIEIBHO 1 3MiIIaHo.

ITpu nocmigoBHOMY 3’€THaHHI JBOX a00 JEKIJIBKOX €IEMEHTIB B OaTrapero I0AaTHHUI MOJTroC
MIEpIIOTO eJIEMEHTa 3 €IHYIOTh 3 BiJ EMHHM ITOJIIOCOM Y-
roro i T. a. (puc. 18.11). 3aranpHa Hampyra i 3aramsaa EPC
Takoi Oarapei BiIMOBITHO JOPIBHIOIOTH CyMi HAmpyr i cymi
EPC Bcix enemMeHTiB:

k [
Us=D Uil i |E =D& (18.33)
i=1

i=1

VY Bumazky, Koiau B 6aTapero 3’€HaHI OJJHAKOBI elIeMeH-
TH (81 :(92 :"':gk)’ TO

Puc. 18.11 i (18.34)

ne U — Hanpyra Ha kiiemax ogHoro enementa, & — EPC omHoro enemenTa, K — KiJIbKiCTb ene-
MEHTIB. SIKIIO BHYTpILIHIN OMip OJHOTO eJIeMeHTa I, TO BHYTPIIIHIiH orip Beiel 6aTapei 1opis-
uroe Kr. Toxi 3akor OMa Jist BChOrO KOJIa IPHU HOCTi0OBHOMY 3’ €IHAHHI €IIEMEHTIB 3aIlHIIeTh-
csl Tak:

(18.35)

abo

lioen = '=1—k (18.36)

I3 (18.35) i (18.36) BuaHO, 110 MOCITiIOBHE 3’ €THAHHS EIEMEHTIB J1a€ 3HAYHE 301IbIICHHS
_ CTpyMYy, SIKIIO CYMapHHI BHYTpIIIHIN omip Gatapei HabaraTo MeH-

/ €\ 1Iuit oropy 30BHimHEOro komma R (kr << R).
—,ggz I[)Kepgna EPC MOKHa 3’€lHaTH 1 mapajiejbHo. B LbOMy BH-
najKy BCi IX JOJaTHI MOMIOCH MPUEIHYIOTHCS 10 OJHI€T KISMH,
— ;_:"3 a Bix emui — 10 inmmoi (puc. 18.12). Ile poOuTECS He IS T1i qBU-
IIeHHs HAaNpyru (Hampyra Ha Kiemax Garapel JOpiBHIOE Hampy3i
® Ha KJIeMax OJHOTO eJIEMCEHTA), a Ul 3a0e3IeueHHs OUIBIIoi cu-
T CTPYMY 3a paxyHOK 3MCHILICHHS BHYTPIIIHBOTO OMopy Oara-
pei. SIkmo B Gatapero 3’eaHaHO K 0JJHAKOBHX €IIEMEHTIB, TO BHY-

_/K:_‘R:|_ TpimHiN omip OaTapei Oyae NopiBHIOBATH

Prc. 18.12 = % (18.37)
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18. IHocmitinuii enekmpuyHul cmpym

Jie I' — BHYTPIIHIN Omip OgHOro eneMeHTa. Tomy 3axkoH OMa sl BChOrO KOJa TP Mapaseib-
HOMY 3’€qHaHHI mKepen EPC Mae BUTIIS!

&

Ly = ————.
"R 4+ rlk

(18.38)

SIxmo pxepena HeoqHakoBi (€ # €, # €3 #...), To X HapajenbHe 3 €JHAHHS HCBUTITHE,

OCKIJIBKH OJTHE JKEPEIO MOXKE CHOKMBATH €HEPTi0 1HIIOTO.

IMopisutoroun popmynu (18.35) i (18.38), MoxkHa maTH BiNIOBiIb HA IUTAHHS, SKE BKIIO-
YeHHst JuKeped (ITOCITiIOBHE M MapaeibHe) Aae cTpyM OutbIoi cru? JIJIst b0ro po3risiHeMO
JIBa KpaitHi BHIIAKH:

a) Hexaii 30BHiNHII omip Kona Habararo Outsinmil BHYTpinHboro (R >> r;). Toxi, HexTy-
104X MaJIMM BHYTPIIIHIM OIOpoM Oartapei, OTpuMyeMO:

nocn kﬁ = kll’
R (18.39)

ne |; — cuna cTpyMmy Bif OTHOTO €IEMEHTa.
B manomy BuIaaKy cuia ctpymy B K pas Gisibiia pH IOCTiTOBHOMY 3’ €IHAHHI KEPET.

0) Hexaii 30BHimHI# omip HabaraTo Menmmii BHYTpitnHboro (R << r;). HexTyoun manum
30BHIIIHIM ONOPOM, OTPHM YEMO:

kE
nocn — k_ = Il’
r (18.40)
L&
P r [k v

B nanomy Bumnanxy cuiia ctpymy B K pasiB Oiibiia Ipy HapayieibHOMY 3’ €IHAHHI JKEpell.
3mimane 3’eHaHHs onHaKoBHX pkepen 3 EPC &£ 1 BHY-

Ey1€21E: €
_'l_'l_'l_’ ‘ '_k'll_ TpimHIM onopoM I mmokazano Ha puc. 18.13. Tyt 3’ennano
H =« —P apaielbHO N — IPYII SJICMEHTIB, B KOXKHIH i3 AKX 3’€/JHAHO
nocmizoBHo 1o K — emementiB. EPC Takoi 6Garapei
N D &; =k&. Buytpiwmiii onip ry; =kr/n. Cuna crpymy l,,
R R iy yepe3 HaBaHTaXeHHS R Oyxe:
S L
s e (18.41)
Puc. 18.13 R+ —
n

Mpuknan 18.13. Yomupu eremenmu 3 EPC no € =15 B nio’eonani nocrioogno oo npuc-

mpoio 3 onopom R = 9,2 Om. (puc. 18.11). Buympiwmniii onip koscrozo enemenma v = 0,30 Om.
Arol cunu cmpym cnoxcugae npucmpii?
Po3B’si3ok. 32iono (18.35)

ke 4(L5 B)

| = = = 0,58 A.
R+ kr 920w + 4(0,30 On)

Tym K — xinvxicmo enemenmis.
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8§ 18.9 Poboma i nomysicHicms nocmitino2o cmpymy

Mpuxnan 18.14. Axoi cunu cmpym 6yoe cnooicusamu npucmpiti (Ous. npuxnao 18.13), sxuo
enemenmu nio ‘eonamu 00 Hb020 napanenvto (puc. 18.12)?
Po3B’si3ok. 32iono (18.38)

& 15B

I: =
R + % 9.2 0m + 230 O0m

= 0,16 4.

§ 18.9. Po6oTa i noTy:KHicTh MOCTIHHOTO CTPYMY

EnexTpruna eHeprisi Moe JIETKO IEpPETBOPIOBATHCH B 1HIII BHM €HEpPrii. MEXaHiUHy, Te-
IUIOBY, CBITJIOBY TOIIO. Y BCiX BUIAJKaX, KOJIM €HEPTis 3 OJHOIO BUAY IEPETBOPIOETHCS B iH-
MM, BUKOHYETHCSI po0oTa. B enexTpuaHOMy KOJli Miporo IepeTBOPEHHS eHeprii eJIeKTpUIHO-
TO TIOJIS B iHIII BHAM €HEprii € podoTa eIeKTPUIHOro CTpyMy. I3 rmorepeiHporo po3aity Bigo-
MO, 1110 poOoTa repeMilieHHs 3apsany B enekrpuaHomy noi A = QU, ne U — nanpyra mMix KiH-
MU mipoBigHEKa. Ockinpku Q = It, To

A= IUt. (18.42)

Orxe, podoTa CTPpyMy HA JUISIHII KOJIa JOPIBHIOE JOOYTKY CHJIM CTPYMY HA HANPYTY i
Ha 4Yac, NPOTATOM SIKOro BHKOHYBAJIach podoTa.

BukopucroByroun 3akon Oma st gissiaku kona (18.5), orpumaemo nBa Bupasu mjist pooo-
TH:

A=17Rt, (18.43)
i
U 2
A=t 18.44
R (18.44)

®opmynoro (18.43) 3pyuHo KOpUCTYBaTUCS [UIs BHIIAAKY MOCIIIOBHOTO 3’€IHAHHS CIIOXKH-
BadiB, OCKUIBKH CHJIa CTPYMY B HHMX ofHakoBa. [Ipu mapasnenbHOMY 3’€HaHHI CITOXXMBAUiB Ha-
npyra Ha BCIX HHMX OJIHAKOBA, TOMY B IEOMY BHUITAJIKY 3pydHille KopuctyBatucs popmysoro (18.44).

SIKIo cTpyMm BHpPa3HTH B aMIiepax, Halpyry — y BOJIBTaxX, 4ac — B CEKyHJax, a Omip — B
omax, To poboTa ctpymy Oyie Bupaxena B KOYIsix (1 Jowe =1 A-B-c).

IoTyXHICTb eEKTPUYHOr0 CTPYMY € poO0Ta, sIKa BUKOHYETHCS 32 OAWHUIIO Yacy. Tomy

2
p-A_woir= L

: 18.45
" R (18.45)

B CI noryxnicts Bumiproetbest y Barax (1 Bm =1 [Dic/c =1 A-B). Bar € Majiow BEIMYHHOLO.
Binbimvu opummmsvi €: 1 kinosar (kBr) = 1000 Br = 10° Br; 1 merasar (MBr) = 1000000 Br =
= 10°Br. Ha npakTuii eHepriio BUMIpIOIOTh B KiToBar - romunax (kBT - rox): 1 kBr - rox = (1000
Br)(3600 ¢) = 3,6 - 10° k.

[MoTyXHICTh 3BHYAMHUX EJEKTPHUYHHUX HPHCTPOIB, SIK MPABHIO, BU3HAYAETHCS Yy BaTax, i
KizoBaTax. OHOYACHO NMOBMHHA BKa3yBaTHCh HAIPYTa, OCKIIbKHM OE3riy3/10 BKa3yBaTH IOTY-
JKHICTh Y BaTax, He BKa3yloun Hanpyru. Hampuxotaz, enekrponamma mapkyetses: 100 BT, 220 B.

Mpuxnan 18.15. Pospaxysamu onip 12-mu 6016mogoi agmomo6inbHoi ramnouky nomy-
arcuicmio P = 40 Bm.
Po3B’si30k. Onip supazumo iz (18.45):
_U? @2y

R = = 3,6 Om.
P 40 Bm
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18. IHocmitinuii enekmpuyHul cmpym

§ 18.10. TensioBa 1isi €IEKTPUYHOTO CTPYMY

ITpu npoxomKeHH] eNeKTPIYHOro CTPYMY 110 IIPOBIJJHUKY YacTHHA HOTo eHeprii nepeTBo-
proeTses B TeIwioTy. KiTbKICTh TEMIOTH, 10 BUIUIIETHCS IPH LBOMY, JTOPIBHIOE pOOOTI HOJIS
TI0 TTO/I0JIAHHIO OTOPY IPOBITHHKA!

Q=A=I°Rt. (18.46)
®opmysa (18.46) € maTemaTnyHEM BUpasoM 3akoHy Jlxoynsi-JleHna: KiIbKicTh TemiorTu,
I R, R, BH/ILIEHOI CTPYMOM B NPOBiTHHMKY, MPSIMO NMPONOpUiiiHa oro-
— ] { ] Py NPOBiIHUKA, KBAaPaTy CUJIN CTPYMY i 4acy iioro mpoxo-
a mxennst. Gopmyioro (18.46) 3pydHO KOpUCTYBATHCS IPH T1OC-
R JiIOBHOMY 3’€HaHHI MpoBinHuKiB (puc. 18.14, a). V Bumaaky
napaensHoro 3’eqHanHs npoBinHukiB (puc.18.14, 6) 3pydno
I KOPHCTYBATHCS (POPMYJIOFO:
Ut

I Q=—. (18.47)

6 R
Puc. 18.14 I3 (18.46) i (18.47) BumHO, 1110 TP HOCITIIOBHOMY 3’€]1-

HaHHI, OiTbIIA KITBKICTh TETUIOTH BUALISETECS B MPOBIIHUKY
3 OUTBIIMIM OIIOPOM, a TPH MAPaJETFHOMY — 3 MEHIIIAM OIIOPOM.

Mpuknan 18.16. Jea erexmponacpienuxu 3 onopamu Ry =25 Om i Ry = 20 Om nepeby-
satomw nio nanpyeoro U = 100 B. fxa kinvxicme meniomu UOinumsbcsa HazpiGHUKamu npomsi-
eom 1 = 3 x6 npu ix nocrioognomy i napanerbHomy 3 €OHAHHI?

Po3B’si30k. a) Ipu nocuiooenomy 3 €OHanHi HaA2pig-
nukie (puc. 18.15) xinbkicmes meniomu, wo UOLIACMbCS

R, R,
—_— —
\ / Ha HUX, OOPIGHIOE"
®
L/

Oe, 3eiono (18.46) Q, = I °Rit, Q, = 1%R,t.

Puc. 18.15
3acmocosyiouu sakon Oma | =U | R, ompumaemo:
2 2 2
Q- uU-“t (R +Ry) = Ut =(1OOB) (180c)  A0KBm .
(R, +R,)? Ri+R, 250m+200m
0) V sunaoxy napanenvrozo 3’conanns (puc. 18.16) 32io- R,
Ho (18.47) I
Ut
TR
—
RiR,

de R = — eKgisanenmHull Onip Onopieé NapaeibHO

R + R, O,
3’eonanux nazpisnuxie (¢ — na (18.32)). Tooi Puc. 18.16
U2t (100 B)*(180 ¢)

RIR, 0 R2) = 08 0020 Om)

Q= (25 0m + 20 Om) = 162 xBm.

Topisuoouu ompumani pesyromamu, 6a4uMo, Wo nPpu NapaierbHomy 3 €OHAnHi npogio-
HUKI8 BUOLTACMbCA 8 YOMUPU pasu Oibiie Meniomu, Hidic npu NOCIi008HOMY 3 €OHAMHI.
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ENNEMEHTW

30OHHOI TEOPII
NMPOBIOHOCTI
TBEPOUX TN

§19.1. EnemeHnTH 30HHOI Teopii TBePAUX TiJl

Bimomo, 1o TBepi TiNa 3a XapaKTepoM MPOBITHOCTI MOAUISIOTHCS HA TPOBIIHUKH, HATIiB-
OPOBIAHUKH 1 mienektpuku (i3omsTopu). JJoOpUMH MPOBiAHUKAMH € OLIBLICTH MeTamiB. J{is
METaJiB XapaKTepHUM € HasBHICTh B HUX TaK 3BaHUX BITbHHX €JIEKTPOHIB, Ki i € HOCISIMH
cTpyMy. B nienexTpukax BUIBHHX €IEKTPOHIB HEMA€ i BOHH €JIEKTPHIHOTO CTPYMY HE IIPOBO-
ITh. HamiBOpoBiTHUKK 3aliMalOTh MPOMIXKHE MICIIe MiXK IPOBiTHUKAMH 1 JieleKTpukaMu. B
HAITIBIIPOBITHAKAX YHCIO BIIBHUX EJICKTPOHIB 3HAYHO MEHIIE YHClia aTOMIB B KPHUCTaJIiYHIN
rpatui. ITixBuIeHHs TeMIepaTypH HaiBIIPOBiTHUKA BUKJIMKAE Pi3Ke 301IbIICHHS YHCIa BUTb-
HUX €JIEKTPOHIB 1 pa3oM 3 THM 301IbIIEHHS eIEKTPONPOBiHOCTI. B MeTanax HaBmaky — 3 Imif-
BHUIICHHSIM TEMITEpaTypH iX eJIeKTPOIpPOBiAHICTh 3MEHIIYETHCS.

Knacnuna enekTpoHHa TeoOpis MPOBIMHOCTI HE Ja€ TMOBHOI KapTHHH MEXaHI3My
€JIEKTPOIIPOBiAHOCTI TBepAUX TiT. CHpaBXHIM MEXaHI3M eIeKTPOIPOBITHOCTI PO3KPUBAE 30H-
Ha Teopis MPOBIAHOCTI, SKa € OJHNM i3 PO3/iJiB KBaHTOBOI MexaHiki. OJHAK, IepI HiXK po3T-
JISTHYTH €JIEMEHTH 30HHOI Teopii MU NMpUrazaeMo OKpeMi MoJI0KeHHs OyJ0BH aToMma.

3riiHO Cy4acHNM YSIBICHHSIM aTOM CKJIaA€ThCSI 3 TO3UTUBHO 3aps/KEHOT0 S/pa, HaBKOJIO
SIKOTO 00epPTAIOTHCS HETATUBHO 3aps/UKEH] eJeKTpoHHU. [IpndoMy eneKTpOH MOXe 3HaXOAUTHCS
He Ha Oy/Ib-IKOMY CHEpPreTHYHOMY PiBHI, a TIIbKH Ha MEBHUX (I03BOJEHUX) PiBHSIX, SIKi HA3H-
BaIOThCs cTanioHapHUMH. [Ipy epexozi eneKTpoHa 3 OHOTO EHEPreTHYHOTO PiBHA HA 1HIINN
HOro eHeprist 3MiHIOEThCs qucKpeTHO (mepepBuo). Ha puc. 19.1 mokasano eHepreTuyHi piBHI

3d (ropu3oHTaNbHI mpsMi) BitbHOrO atoma Hatpito (Na).
E{ : g T.O‘IKI/I Ha TOPU3OHTAILHIX MPAMUX BKA3YIOTh HA HasiB-
HICTh Ha IAHOMY PiBHI €JIEKTPOHIB, a CTPLIKH — HATIPsI-

4>
“—
4

“p—
—4>

P ==—}% wmox cniHa*_.
Po3nonin enekTpoHiB 1Mo piBHSIX BiIOYBAa€THCS 3Tif-
HO (YHIAaMEHTAJIBHOTO TIOJIOKEHHSI KBAHTOBOI MEXaHi-
kv — mpuHnumny IayJi, 3rigHO SKOT0 B aTOMi HE MOXE
OyTH OUIBIIE OJHOTO E€IEKTPOHA B OJHOMY 1 TOMY XK
cTaHi. PiBeHb, 3aiHATHI €ICKTPOHOM, BHSBIIAETHCS “3a-
Puc. 19.1 moBHeHMM”, 1 mipuHIAN [layni 3a0opoHse iHIOMY Ta-
KOMY K €JIEKTpOHY MEepeHTH Ha TOH ke piBeHb. Tomy
1HII eNEeKTPOHW BUMYVIICHI CEUTHCS Ha HACTYIIHI, BUIII 32 €HEpricto piBHi. TakuM 4uHOM, y
HEUTpaILHOMY aTOMi HATpiro KOXKHHH i3 11 enekTpoHiB 3aiiMae CBilf eHEPreTUIHUN PiBEHB, SIK

1e Mokasano Ha puc. 19.1.

<

-«
—4s

R S
—
—_
@«

* CniiH — BIacHUM MEXaHIYHUI MOMEHT EJIEKTPOHA.
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19. Enemernmu 30nH0i meopii npogionocmi meepoux min

Hami mpumyctiMo, mo N aToMiB HaTpit0 30JMKAIOTECS IO BiJICTaHEH, HA SKUX MPOSBIIS-

TToposxHi
3p-cTaHu

3arroBHEeHI
3s-cTaHu

BanenTHa 30Ha

3anoBHEeH1
2s-,2p-cTaHu

3anoBHEH1
1s-cTaam

piBHEM €HETii, Ha AKOMY BiH 3HAXOJMTECS B 30Hi. 30BHIlIHI €IEK-
TPOHH TIOBHICTIO BTPAYalOTh 3B 530K 3 SKUMOCH ITEBHIUM aTOMOM i

EnepreruyHi 30HHU

{
{

aroMu
ATOMH, sIKi 30JIM3UIIUCE
B TBEpAOMY TiIi

Puc. 19.2

MOXKYTb PYXaTUCS KP13b KPUCTAJI SIK BUIBHI .

Enextponn B aToMax MalOTh ACKITbKA JTO3BOJCHUX PiBHIB,

3s

AN
— 2p
il 1
i
S| i
= -
i
i
i
I, I, I}, Pospineni

I0ThCS. MDDKaTOMHI CHJIM 3B’SI3KY, XapakTepHi
JUISL TBEpJOrO Tijla. BHacmizok Takoi B3aemo-
Iii KOXKHWI piBeHb €Heprii aroma Hatpiro (He-
3aJIEKHO BiJl TOTO 3aMHATHII BiH €NEKTPOHOM
9 Hi) PO3MIEHUTHCS Ha BEJIUKE YUCIIO TIiIpPiB-
HiB (crauis) (puc. 19.2), siki pa3oM yrBOPIOIOTH
MaibKe HerlepepBHY 30HY (a60 30HHM) H03BOIC-
HUX CHEPreTHYHHX PiBHIB.

Kokna 103BOMIEHA 30HA CKIIATAETHCS 13 Omu-
3bKO PO3MIIIIEHHX MCKPETHHUX PiBHIB (CTaHiB),
YHCIIO SIKNX JOPIBHIOE KUTBKOCTI aTOMIB B 3pas-
Ky kpucrana. [lluprHa Takux 30H BU3SHAYAETD-
Csl TIOJIOKEHHSIM BiATOBIZHOTO PIBHSA €Hepril
CIIEKTPOHHOI O00ONOHKM aToma. PiBHI eHeprii,
SIKi po3MilIeHi B 6e3nmocepeHii OIU3BKOCTI 10
SApa, Maibke He PO3LICIUIIOIOTHECS B TPOIEC
YTBOpEHHA KpucTaja. HaiOumen CcHIpHOMY
BIUTMBY TiZBTaJHI PiBHI, HA SKUX 3HAXOISITHCS
BAJICHTHI EJMEKTPOHH, OCKUIBKA camMe BOHH
MIPUIMAIOTh Y4acTh Y B3a€MOIAX MiX aToma-
MH. CTaHH eeKTPOHIB B KPHCTATI BiAPI3HIOTHCS
YK€ He THM, SIKOMY aTOMY HaJIEKHUTh E€JICKTPOH, a

Jlo3BosieHa
30Ha

3abopoHeHa

a TOMy B KpHCTajli YTBOPIOIOTHCS AEKUIbKA JO3BOJICHUX 30H,
SIKI PO3[IUIEHI OHA BiJ OFHOI MPOMIXKKAMH, SKi HAa3UBAIOTHCS
3a00pOHeHMMH eHepreTHyHuMM 3oHamu. Ha puc. 19.3 30-
OpakeHO cXxeMy I03BOJICHHX 1 3a00poHeHnX 30H. B 3abopomne-
HHX 30HAaX CJICKTPOH 3HAXOMUTHCSA HE MOXe. TakoMy *k po3iie-
TUICHHIO TTiAMal0THCS 1 OUTBIT BICOKI PiBHI, SKi HE 3aiHATI eie-
KTPOHaMH B OCHOBHOMY CTaHi aToma.

[[MuprHa 30H HE 3alCKHUTH BiA PO3MIPIB KpUCTATy 1 Mae
BEIMYMHY TOPSIKY ACKIIBKOX €JICKTPOH-BONBT. UuM Oibime
aTOMIB MICTUTh KPHCTaJ, THM TIiCHIIIC PO3MIIIYIOTHCS PiBHI B
30Hi. SIKIIO KpHCTaT MiCTUTH 10 aTOMIB, BiJICTAHb MK CYCiJI-
HiMu piBHAMY B 30Hi ~ 1072 ¢B.

§ 19.2. Po3noaiJ eJIEKTPOHIB 10 eHepreTHYHUX PiBHAX

30Ha

Jlo3Bosiena
30HaA

3abopoHeHa
30Ha

:I Jlo3Bosiena

30Ha

3abopoHeHna
30Ha

Puc. 19.3

Po3mozinn enexTpoHiB MO eHEepreTHYHHUX PiBHIX B KPUCTAJll OMUCYETHCS TaK 3BAHOIO (DyHK-
uiero ®epmi-Jipaka (AKy 1ie Ha3UBaOTh TakoXK (yHKI€0 po3noainy Pepwmi):

*IcHye B3aram TO BiAMIHHICTE MiK “BiIBHUMM™ €NEKTPOHAMM B KPHCTANI i CTIpaB.i Bijlb-
HUMH €JIEKTPOHAMHM, Ha SKi HE JIIOTh HisKi cuiu. Teopis mokasye, IO s BiIMIHHICTH 3BO-
JUTBCS 10 TOTO, IO €ICKTPOH B KPHUCTAI BOJIOJIE€ HIOW 1HIIOI MAacoro, BIIMIHHOIO BiJl MacH
JIifiCHO BUTBHOTO eJleKTpoHa. BoHa Ha3uBaeThCs “epeKTHBHOIO” MacoIo.
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8 19.3 Knacupixayiss meepoux min 3a ix enekmponposioHicmio Ha OCHOBL 30HHUX YSGTICHb

1
C(E-Ep)
e T 41

I QyHKuis BU3HAYa€ iIMOBIPHICTh 3HAXO/DKEHHS €NIEKTPOHA Ha PiBHI 3 eHeprieo E npu
temreparypi 7. B ¢popmyii (19.1) Er — e piBers @epmi abo exeprist Depwmi, sika BU3HAYAE Me-
JKY MK 3aIIOBHEHUMH 1 HE3aIlIOBHEHUMH piBHsMu: ipu abcomorHomy Hyai (T = 0 K) Bci piBi
Hwk4e piHg OepMi 3aMIOBHEHI eIEKTPOHAMH, a BCi PiBHI, SIKi PO3MIIICHI BUIIIE HHOTO, BUTBHI.

E,

f(E)= (19.1)

A,V EF 4évv

Puc. 19.4

3rigHo Tak 3BaHOro MpHHIMITY [layii Ha KOXKHOMY piBHI MOXKE 3HaXOIUTHCS He OiiblIe IBOX
EIICKTPOHIB 3 IPOTUICKHOIO opieHTari€ero crinis (puc. 19.4, a). PiBens @epmi Er Moxe siexka-
TH a60 B OfHII i3 103BOJIEHHX 30H (B MeTalax abo CHIBHO JIETOBAHUX HATIBIIPOBIIHHKAX (pHC.
19.4, 6), abo B onHiit i3 3a00pOHEHUX 30H (B YHCTUX HAIBIPOBIAHUKAX 1 HienekTpukax (prHc.
19.4, g), pO3ALISAIOYH BAJICHTHY 30HY i 30HY IPOBIAHOCTI. B 3a1€XHOCTI Bif IIbOrO BIACTHBOCTI
KpHCTaly OyIyTh pi3Hi.

106 B TBepiOMY TiJli BUHHK EIEKTPUYHUHA CTPYM, HEOOXITHO IPUKIIACTH 10 HHOTO €JIEKT-
pHUYHE TIOJIe, SIKE IPUCKOPHUTH EINEKTPOHU. AJle MPUCKOPEHHS eJIEKTPOHA MPOSBIISAETHCS K 3Mi-
Ha Horo eHeprii, 10 03Ha4Ya€ MepexiJl eNeKTPOHa Ha IHIINHA eHepreTHIHUH piBeHs. Lle Moyxin-
BO, SKIIO piBeHb Pepmi Er po3MillleHHi B JO3BOJICHIH 30HI, OCKUIBKM B €HEPIE€THYHOMY CIIEK-
Tpi TAaKOTO KpHCTaNa BUTBbHI PiBHI 0€3MocepeIHbO MPUMHUKAIOTh JI0 3aIloBHEHNX. [Ipn Hakmazga-
HHI TTOJIsI BiIOYBA€THCS MIEPEPO3NOALT E€IEKTPOHIB IO PIBHAM 1 BHHHKA€E BIOPSAKOBAHHUN PyX
€JIEKTPOHIB — EJIEKTPHYHHUI CTPYM, TOOTO TaKi KpHUCTAIH € MeTanaMHu. Skmio x piBeHp Depmi
(EF) B xpHCTAIi 3HAXOIUTHCS B 3a00pOoHeHil 30Hi (puc. 19.4, 6), To 3amoBHEHi i BUTbHI piBHI pO3/Ii-
JieH1 3a00pOHEHOI0 30HOIO, JIe eNEKTPOHiB OyTH He Moke. Tomy ciabke enekTpudHe IoJie He
MOX€ TIEPEBECTH €JIEKTPOHU Ha BIUJIbHI PiBHI, @ 3HAYUTh CTPYM HE BUHHKHE 1 TaKi KPHCTAIH €
HeMeTaJlaMu.

TakuM 4MHOM, HAJISKHICTh KpUCTaJIa 0 METAIIB Y1 HEMETAJIIB BU3HAYAETHCS XapaKTepOM
3aroBHeHHs 30H. SIkmio pu T = 0 K B eHEpreTHIHOMY CIIEKTpi KPUCTaIa € YACTKOBO 3aMlOBHE-
Ha 30Ha (puc. 19.4, 6) — e MeTa; SKIIO K SHePTETHIHUN CIIEKTP CKIJa€ThCs 13 OBHICTIO 3a-
HOBHEHHX, a00 MMOBHICTIO BakaHTHHX 30H (prc. 19.4, ) — 1e He MeTar.

§ 19.3. Kinacudikauis TBepaux Tij 32 iX eJIeKTPONPOBIIHICTIO HA OCHOBI 30HHHUX YSIBJIEHD

Jlo3BoreHy 30HY, SIKa BHHHKJIA 13 PiBHS, HAa IKOMY 3HAXOAMINCH BAJICHTHI €JIEKTPOHU B OCHOB-
HOMY CTaHi, SK MPaBWJIO, HA3WBAIOTh BAJEHTHOIO 30HOI0. [Ipn aGCcoMOTHOMY HYJI BaJeHTHI
€NIEKTPOHH 3allOBHIOIOTE TIONMApHO HIDKHI piBHI BameHTHOI 300U (8 19.2, puc. 19.4, 6). Binsm
BHCOKI JTO3BOJICHI 30HH BiJl €ICKTPOHIB BilIbHI. B 3aI€:KHOCTI BiJ CTyIICHs 3alIOBHECHHS BaJICHT-
HOT 30HH i IHUPUHH 3a00pOHEHOT 30HH MOXIIMBI TPY BHUIAJIKH, 300paxeHi Ha puc. 19.5. ¥V Bu-
MaJIKy @ €TICKTPOHM 3aIIOBHIOIOTH BAJIEHTHY 30HY HE HOBHICTIO. TOMY OCTaTHHO HaJaTH €eK-
TpOHAM, SIKi 3HAXONATHCS HA BEPXHIX PiBHSX, 30BciM Hepemmkoi emeprii (102 — 10 eB) i
BOHHM TTepelayTh Ha GibIn BUCOKI piBHI. EHepris Temooro pyxy (E = KkT) ckimagae npu tem-
neparypi 1 K Bemmunuy nopsiaky 10 ™ eB. 3HauuTh, Opu TeMmepaTypax, BiIMiHHEX Bix a6co-
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JIIOTHOTO HYJISI, YaCTHHA EJICKTPOHIB MEPEBOAATHCS Ha OUIbII BHUCOKI piBHI. JlomaTkoBa eHep-
Tisl, BUKJIMKaHA JI€I0 Ha EJEKTPOH EJIEKTPUYHOTO IOJS, TAKOXK BUSBISIETHCS JTOCTATHBOIO JUIS
IIepeBOAy €IEKTPOHA Ha OiIbII BHCOKI piBHI. TOMY €JIeKTpOHH MOXYTh HPHCKOPIOBATHCS eJie-
KTPUYHUM IIOJIEM 1 HaOyBaTH J1OJaTKOBOI IIBUJKOCTI B HAIIPSIMKY, IPOTHICKHOMY HAIPSIMKY

EA

BinbHa 30Ha
(3ona npoBiHOCTI)

BinbHa 30Ha
(3ona nposinHOCTI) A

BinbHa 30Ha
(3oma npoBiAHOCT) 3abopoHeHa 30Ha
3abopoHeHa 30Ha

4

BanenTHa 30Ha BanenTna 30Ha Banenrna 30na
a. Meran 6. HaniBripoBigHuK 6. JlianexTpuk
Puc. 19.5

nons. Ix apeiidopa mBuAKiCTS yke Mana. TaKHUM YMHOM, KPHCTAJ 3 MOiGHOI0 CXEMOIO eHep-
TETUYHUX PIBHIB € MeTAJIOM (MPOBITHUKOM).

YacTKoBE 3alOBHCHHS BAJICHTHOI 30HU (y BUIIAIKy METAIIB I[F0 30HY II€ HA3HMBAIOTH 30-
HOI0 MPOBITHOCTI) CIIOCTEPIracThCsI B THX BUIIAKaX, KOIH HA OCTAHHROMY 3aiHATOMY PiBHI B
aTOMI 3HAXOMUTHCS TITBKU OJMH EJIEKTPOH, a00 KOJIU Ma€ MicIe IIepeKpUBaHHs 30H (JIUB. PHC.
19.2, Bixcrans I,). B mepmiomy Bumanky N enekTpOHIB 3aII0BHIOIOTH IIOMAPHO TiJbKH [TOIOBH-
HY PIBHIB BJIGHTHOI 30HU. B Ipyromy BUMaaKy 4nciio piBHIB B 30HI IPOBiAHOCTI Oyne Oiibiie
N, ToMy HaBiTh, SKIIO KUTBKICTh €ICKTPOHIB MPOBIAHOCTI A0piBHIOE 2N, BOHH HE 3MOXYTh

3aiHsTH Bel piBHI. Ha puc. 19.6 cxemaTtnaHO mokasa- )
Ha 30HHA MOJIENTb KpHUCTAy JIiTito (Z = 3), sika sickpa- %
BO UTFOCTpY€ TepInii BUIAaAoK. Jpyruii BUMa oK Lioc- 2p
TpyeThest puc. 19.7 1 19.8, ne HaBeneHO 30HHI CTPYKTY-
pu kpucraiiB Hatpito (Z = 11) (puc. 19.7) i migi (Z = 29)
(puc.19.8).
VY aroma Hatpito 2 piBeHb 3aMOBHECHHH €IEKT- | GG
. . o . 3aItIOBHCHA
pPOHAMU TIOBHICTIO, & PiBEHb 3S 3aIlIOBHEHMH TITBKH 28 30Ha
HanonosuHy (puc. 19.1). Tomy B KpucTam HaTpiro
30Ha 2] 3aIIOBHEHA MTOBHICTIO, & B 30HI 3S ITOJIOBMHA
EHEepreTUYHUX PiBHIB 3aJIMIIAIOTHCS BUIBHUMH 1 BO-
: 3aroBHEHa
HHM 3QJIMIIAFOTHCS TOCTYITHUMH UL 3alI0BHEHHs. Kpim e

TOT'O TOCTATHBO IIMPOKA HANIOJIOBUHY 3allOBHEHA 30HA '1s
3S MepEeKpHUBAETHCS 3 BIIBHOIO 30HOIO, IO YTBOPH-

- Puc. 19.6
nack 3 3p aToMHuUX piBHIB (puc. 19.7).

B aroma mini noBHicTio 3amoBHenuii 3d piBeHb, a 4S piBeHb TIIBKH HaHOJ‘IOBI/IHy*. PiBenp
4s, Ipy yTBOpEHHI KpHCTasla Mifli, pPO3IIEIUTIOETHCS] HACTUIBKH IHPOKO, IO HaHOJ‘IOBI/I;y 3amno-
BHEHA 30HA 4S He TUIPKH HAKIAJAa€ThCs HA MOBHICTIO 3al0BHEHY 30HY 3(d, ane i Ha MOBHICTIO
BibHY 30HY 4p (puc. 19.8). BHacmimok Takoro mepekpuTTs 30H EIEKTPOHH, i B IEPUIOMY i B
JIpYroMy BHIIAJIKaxX, 34aTHI PyXaTHUCS B MIPOCTOPi, HE3AWHATOMY EJICKTPOHAMH.

*Enextponna GynoBa atoma Mizi (0CH): 15°2572p°3s”3p°3d™%4s™.
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TakuM 4MHOM, KOPUCTYIOUHCH 30HHOIO CTPYKTYPOIO KpUCTaIiB, HaBeAeHUX Ha puc. 19.6 —
19.8, nerko Mo>kHa 3pO3yMITH MEXaHi3M MPOBITHOCTI METAIB.
SIKiIo piBHI BaJIeHTHOI 30HH 3aIIOBHEHI eJeKTpoHaMu MoBHICTIO (puc. 19.5 Bunanku 6 i 6),

4p BinbHa 30Ha ‘

3p Binbua 3082 4s HaronioBuny

3aIIOBHCHA 30Ha

3s HarnonoBuny 3d 3amnoBHeHa 30Ha
3aM0BHEHA 30Ha

2p 3amoBHEHa 30Ha \ 3p 3amoBHeHa 30HA |

Puc. 19.7 Puc. 19.8

TO JISl TOTO, 1100 TIEPEBECTH €IIEKTPOH B 30HY IPOBIJHOCTI, HOMY HEOOXi/THO HaJlaTH €HEPTiIo,
siKa piBHa MMpHUHI 3a00poHeHol 300U AE. Takum 4MHOM, €NeKTpHYHI BIACTHBOCTI MOAIOHNX
KPHCTAaJIiB BU3HAYAIOTHCS IMUPHHOIO 3a00poHeHoi 30Hu AE. Skimo mmpuna 3a00poHeHOl 30HHA
HeelrKa (MOPSIKY KUTBKOX IECATUX EIEKTPOH-BONIBTA), SHEpril TEIIOBOTO PyXy JOCTATHBO
JUISL TOTO, 1100 MEPEeBECTH YaCTHHY €JIEKTPOHIB Y BEPXHIO BUIbHY 30HY. Lli enekrponn OyayTsb
3HAXOJUTHUCS B YMOBAX, aHAIOTIYHIX THM, B SIKMX 3HAXOAATHCS BAJCHTHI CNICKTPOHH B METAJII.
BinbHa 30Ha BHSABUTHECS U HUX 30HOIO MPOBiAHOCTI. OJHOYACHO CTaHE MOMIIMBUM IEpEXia
@JICKTPOHIB BaJEHTHOI 30HM HA MICI, SIKi 3BUIBHIIINCS Ha BEPXHIX piBHAX. Taky pedoBuHy
Ha3UBAIOTh €JIEKTPOHHUM HANIBIPOBiAHUKOM.

SIkuro mmpuHa 3a6oponenoi 308 AE Benuka (mopsaky KimbKOX €l1eKTpOH-BOJBT), TEILIO-
BUI pyX HE B 3M031 IEPEKUHYTH Y BiJIbHY 30HY ITOMITHE YHCIIO €IEKTPOHIB. B 1IbOMY BUMAAKY
KpHCTa € 1ieJIeKTPUKOM.

§ 19.4. HamiBpoBigHUKH

HarmiBrpoBiqHEKY — 1€ KPHCTAIIYHI PEYOBHHH 3 BY3bKOIO 3a00poHEHOI0 30HOI0 (AE ~1 eB),
PO3MIIIEHOI0 MiX TTOBHICTIO 3aITOBHEHOIO €JIEKTPOHAMH BaJICHTHOIO 30HOIO 1 MOBHICTIO BiJIb-
HOIO Bifl €JIEKTPOHIB 30HOIO MPOBITHOCTI. [IJIs1 HAINiBOPOBITHUKIB XapaKTEPHUM € T€, II0 €JIeK-
TPOMPOBIIHICTH iX POCTE 3 IMiABUIICHHIM TeMIEpaTypu (HaragaeMo, [0 y METAIIB 3 ITi/IBHIIe-
HHSIM TEMIIEPATyPH EIICKTPOIPOBIJHICTH 3MEHIITYETHCS).

Po3pi3usaroTh BaacHi i JoMinmikoBi HamiBIpoBigHUKH. [l0 9ica BIACHUX BITHOCSTHCS Xi-
MIYHO YHCTi HAMIBIPOBIAHUKHU (BYIJelb, TepMaHiil, KpeMHiit). EnekTpudHi BIacTHBOCTI [OMi-
IIKOBUX HATIBIIPOBIIHUKIB BU3HAYAIOTHCS JOMIIIKAMU, SIKi ITTYYIHO BBOIATHCS JIO X CKIIAMY.

ITpu po3riiszi eNeKTPUYHUX BIACTUBOCTEH HAIIBIPOBIIHUKIB BEJUKY POJIb BiJIirpae MOHA-
T3 “nipkn’”. 3’sicyemMo ismyHMI 3MiCT IBOTO TOHSATTS.

YV BlacHOMY HamiBIPOBIAHUKY NpH TemrepaTypi T = 0 K Bci piBHI BaJIeHTHOI 30HU TTOBHi-
CTIO 3aIOBHEHI ENCKTPOHAMH, a 30Ha TPOBiAHOCTI MOBHicTIO BinbHa (puc. 19.9, a). Enexrpuy-
HE T10JIe He B 3M031 MIEPEKUHYTH eNIeKTPOHH 13 BaJICHTHOI 30HU B 30HY NpoBinHOCTI. Tomy Bia-
CHI HamiBIIPOBITHUKH BeIyTh ce0Oe Ipu aOCOMOTHOMY HYJIIO SIK JlieneKTpukn. OmHaK, pH TeM-
nepatypax, Bimminaux Big 0 K, uacTuHa eIeKTpOHIB BHACITIIOK TEIUIOBOTO pyXy (IpH KiMHAT-
Hiif TeMmepaTypi cepenHs KiHeTHUHA eHepris enekTpoHiB nopismioe AE = kT ~2,5- 10 % eB)
MOXe “IIepecKOYMTH” 3 BEPXHIX pIBHIB BJICHTHOI 30HM Ha HIDKHI PiBHI 30HM NPOBIJHOCTI
(puc. 19.9, 6). 3ayBasKuMO, II0 YUCIO EICKTPOHIB 3 CHEPTi€i0, JOCTATHBOIO JUIS TIOJOJAHHS 3a-
OGOPOHEHOI 30HH, 3 HiABUIIECHHSM TEMIIEpaTypH 3pocTae. SIKIIo 0 HaIiBIPOBIIHIKA 3a IIMX YMOB
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MPUKJIACTU 30BHIIIHE CJIICKTPHUYHEC I10JI€, TO BOHO 6y,ue 3JaTHC 3MIHIOBATH CTaH eJ'IeKTpOHiB, SIK1

E

30Ha
IIPOBITHOCTI

v
3abopoHeHa
A
AE 30Ha E
A
D—O
At o
4 ¥ A ¥
A iy 4 3
Ay Banentna Ay
jonv 30Ha Aoy
4. 1.+
iy AT
f A, v
3 v 3 v
v v
a o
Puc. 19.9

3HAXOIATHCS B 30HI NpoBigHOCTI. KpiM TOro, BHACHIIZOK yTBOPEHHS BAKAHTHUX MICIb Ha BEPX-
HiX piBHSIX BAICHTHOI 30HU 11 ICKTPOHU TaKOXX MOXKYTh 3MIHFOBATH CBOIO IIBUIKICTB i/ €O
30BHILIHBOTO IOJISI. B pe3ynbTati eneKTponpoBiAHICTh HaIiBIPOBIIHUKA CTAE BiIMIHHOIO BiJ
HYIIS.

“BinbHi” (BaKaHTHI) MiCIIS 3 BIICYTHIMH €JIEKTPOHAMH Ha PIBHSIX BAJIICHTHOI 30HH OTpHMa-
nm Has3By “mipox” (puc. 19.9, 6).

Hecraua B qanomMy Micui YaCTHHKH 3 BiJl’€MHUM 3aps0M — e €KBIBICHTHA HASBHOCTI Ta-
KOl YaCTHMHKH 3 TOJaTHUM 3apsiioM +€, To0To mipku. Jlipka, sika mosiBuiacs y BaJeHTHIN 30Hi
KpHCTaja Iif €10 30BHIIIHBOTO MOJIs, TAKOXK ITOYMHAE PYXaTHCH, SIK 1 €IEKTPOH, ajie B MPOTH-
JISKHOMY HaIIpSMKY — 3a noseM. KUIbKICTh eNeKTpOoHiB, sIKi Mepeinuin B 30Hy MPOBiAHOCTI,
JIOPIBHIOE KIJTBKOCTI AIPOK, 1[0 YTBOPWIIKCS y BaJIEHTHIH 30Hi. Lli enekTpoHH 1 IipKH i € HOCIs-
MU CTpYyMYy.

IMpwu 3ycTpidi BUIBHOTO EIEKTPOHA 3 JIPKOIO BOHH PEKOMOIHYIOTH (3’€qHYIOThCs). Lle 03Ha-
Yae, IO eJIEKTPOH HEWTpali3ye Ha UIMIIKOBHNA AOAATHHH 3apsi B KOMi JIIPKH i BTpadae CBO-
0oy pyxy 10 THX IIip, IOKH 3HOBY HE OTPHUMAE BiJ] KPUCTATIUYHOI I'PaTKN €HEprilo, JOCTATHIO
JUTSl CBOT'O BUBLIbHEHHs. PekoMOiHaIis MPU3BOAUTE /10 OCTATOYHOTO 3HUKHEHHS 1 IIPKH 1 BUIb-
Horo enekrpoHa. Ha cxemi piBuiB (puc. 19.9, 6) mpouecy pexomOiHamil Bimmosimae mepexin
@JICKTPOHA 13 30HH MPOBITHOCTI HAa O/MH i3 BUILHHX PIBHIB BAJICHTHOI 30HHU. B piBHOBa3i ymciio
@JICKTPOHIB, SIKI MEPEXOATh 13 BaJEHTHOI 30HU B 30HY IPOBIAHOCTI, TOBUHHO JIOPiBHIOBATH
YHCITy PEKOMOIHALIN, TIPH SKUX €JIEKTPOHHU MIEPEXOATH 13 30HM MPOBIJHOCTI y BAICHTHY 30HY.

TakuM 4MHOM, y BIACHOMY HAIIBIPOBIIHUKY OJHOYACHO MPOXOJATH JBa MPOIECH: HAPO-
JOKEHHS TTOTIapHO BITBHUX €JIEKTPOHIB 1 JIPOK Ta peKOMOIHAIIisl, sIKa MPU3BOAUTH J0 MOMapHO-
TO 3HUKHEHHSI €JICKTPOHIB 1 IipOK. IMOBIpHICTh HAPOPKEHHS BIJIBHUX €JIEKTPOHIB HIBHIKO PO-
CTE 3 TEMIEPATYPOIO, a IMOBIPHICTh peKOMOIHaII{ poropuiiHa K YNCITy BUTBHUX €JIEKTPOHIB,
TaK 1 4uciry IipoK. 3HA4UNTh, KOXKHIN TeMIlepaTypi Bi/INOBia€e MeBHA PiBHOBa)KHA KOHIIEGHTpa-
I1is1 €JIEKTPOHIB 1 IIPOK.

SIKIIo 30BHIIIHE €JEKTPHYHE T0JIE BiJCYTHE, €IEKTPOHH 1 JIPKH PYXalOThCS XAOTHUHO.
[Tpn HaknamaHHI MO €IEKTPOHM 1 JIPKH PYXAIOThCS BIOPSIKOBAHO: ENEKTPOHU PYXAIOThCS
MIPOTH TIOJIS, a ipKH — 3a moieM. OOuaBa pyxu — i €IEeKTPOHIB, 1 AIPOK — MPU3BOAATH JI0 Mepe-
HOCY 3apsay B3/IOBXK KpHUCTala.

TakuM YMHOM, Yy BIACHOMY (YHCTOMY) HAITiBIIPOBIJHUKY CITIBICHYIOTH [Ba THITH IPOBI[I-
HOCTI — eJIEKTPOHHA i AiPKOBAa, IPUYOMY 1 €JIEKTPOHH 1 iPKH BHOCSTH B €JIEKTPOIIPOBIIHICTh
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OJTHAKOBI BKJIQJIH.

Hacamkinens 3ayBakuMo, 10 IpH JAOCTATHRO BUCOKii TeMIepaTypi BiacHa MpPOBITHICTh
CIIOCTEpIraeThes y BCiX 03 BUKITIOYEHHSI HaIliBITPOBITHHKIB.

JomikoBa NpoBiIHiCTH BUHNKAE 32 YMOBH, SKIIO A€SKi AaTOMH JAHOTO HAaIliBIIPOBITHH-
Ka 3aMIHMTH y By3JlaX KPUCTaliYHOI I'pPaTKM aTOMaMH, BAICHTHICTh SIKUX BiApI3HSIETHCSA Ha
OJIMHUIIIO BiJI BaJIEHTHOCTI OCHOBHHX aTOMiB. HamiBnpoBifHUK, 13 BIPOBa/UKEHUMH B HOTO KpHC-
TANIYHY CTPYKTYPY MaJHX BKa3aHUX JTOMIIIOK, BOJIOJIIE IMiBUIICHOIO €JICKTPOIPOBIIHICTIO. TyT
MOXYTb OyTH JIBa BHIIA/IKH.

Po3sristHEMO BHNIaOK, KOJIH AOMIIIKOIO € aTOMH, BAJICHTHICTh SIKUX HA OAWHMITO OibIIa Ba-
JICHTHOCTI OCHOBHUX aToMiB. Lle 03Hauae, 10 aToM JOMITIIKK Ma€ OWH “‘3aliBHUif” BaJICHTHUH €ITeK-
TpPOH, piBHI €Hepriil siIKoro ONM3bKI 0 THA 30HHU MPOBITHOCTI. B pe3ynbrati, mobmusy aHa 30HU
TPOBiTHOCTI B 3a00pOHEHiH 30HI KpUCTana HOSBIAThCs eHepretwuni piBui (puc. 19.10, a), 3

A
E

3ona
IpOBiAHOCTI

aGopoHeHa AxuenTopHi piBHI
30Ha

AV
A v
4y
4, Y Bazienrna
ATy
Ty 30Ha
A v
A v
Ay
v
a
Puc. 19.10

SKHAX YK€ HaBiTh IPH KIMHATHIA TeMIlepaTypi 3HaUHa YaCTHHA BAJCHTHHUX EJICKTPOHIB AOMIII-
KU TIEPEeXOAUTh B 30HY NPOBiTHOCTI KpucTana. [Ipy BKIIOUYEHH] 30BHIIIHBOTO MOJSI B TAKOMY
HAITIBIIPOBITHUKY BUHUKHE €JIEKTPHYHUN CTPYM, HOCISIMU SIKOTO € TUIBKH eJ1eKTPOHM. B 1po-
MY BHIIaJIKy TOBOPSITB, IO TAaKHil HAIiBIPOBIHUK BOJO/I€ €IEKTPOHHOIO MPOBITHICTIO a00 €
HAITBIPOBITHAKOM N-THITY (Bix c1oBa negative — Bix’ eMHmMit). ATOMH JOMIMIKH, sKi TIOcTavya-
IOTh CJIIEKTPOHH B 30HY MPOBITHOCTI, HA3UBAIOTH JOHOPAMH. PO3MIIIEHHS JOMIMIKOBUX PiBHIB
B IIbOMY BHIIQJIKy 1moka3aHo Ha puc. 19.10, a. Piens @epmMi B HamiBOpoBigHUKAX N-TUITY PO3-
MIIIYETHCS Y BEPXHIH MOJIOBHHI 3a00pOHEHOI 30HHU.

[Tpuknaaom HamiBIPOBIAHUKA N-THITY € KPUCTAIN TE€PMaHIIo 3 IOMIIIKaMH MUII IKy. ATO-
MU TepMaHii0 MArOTh YOTHPH 30BHIIIHI (BaJICHTHI) €MCKTPOHH i yTBOPIOIOTH IIPU KPHUCTATi3aMil
anMa30MoAiOHI KPHUCTaH, B SKUX KOXXHUHM aTOM 3B’SI3aHUI 3 HOTMpbMa iHIIMMHU aTOMaMHu KO-
BJICHTHUMH 3B’SI3KaMH. MMUII’SIK — 1€ €JIEMEHT 3 II'SITbMa BaJICHTHUMHM €JIEKTpOHaMH. SIKIo
aTOM MU AKY 3aMiIa€ aTOM TepMaHisi B KPUCTAJI, TO YOTHPH HOTO BAJICHTHI €IEKTPOHH 3a-
0e3meuyroTh 3B’A3KH 3 aTOMaMH T'€pMaHisl, a OJIMH €JEKTPOH BHUSBUTHCS HIOM 3alBUM 1 JIETKO
BIJUTUISIETHCS BiJl aTOMa MUII SIKY 332 PaxXyHOK TEIIOBOi €HEpTii, HepeTBOPIOIOYNCH Y “BITBHUN
€JICKTPOH, a aTOM MHIII’ Ky MepeTBoproeThes B ion As’ (puc. 19.11, 6). Lleit “BinbHuit” enekt-
POH 3HaXOUThCs MoOMM3y iona AS’ i B skiiich Mipi 3B’s13aHuit 3 HUM. EHeprist 3B’ 43Ky eJeKT-
poHa 3 ioHOM 1yxe Mana — npubmmsno 0,01 eB. Tomy gocraTHsS 30BCiM HEBeNnKa €HEpris,
00 TepeKUHYTH IIeH eIIEKTPOH B 30HY MpOBigHOCTI. [Ipy KiMHATHIN TemmepaTypi Maibxke BCi
3aiiBi CIIEKTPOHH 13 JOMIMIKOBHUX aTOMIB MUII SIKY BHSABIISATHCS B 30HI MPOBIAHOCTI B TOH Yac,
SIK TUTBKA OKPEMi EIEKTPOHH 13 aTOMIB TepMaHisi MOXKYTh 3IIHCHUTH MOMIOHNHN miepexin. Tomy
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JOMIIIKOBI aTOMH MUII’SKY HABiTh y BHIIAIKy, KOIH iX KOHIEHTpais ckiagae 1 atom ma 10°

Puc. 19.11

a60 107 aToMiB repMaHisi, BUSB/IAIOTH BU3HAYATHHHUIT BIUIUB HA EIEKTPOIPOBLIHICTh KPHCTAA.

Jlaii po3riisiHeMO BHITAIOK, KOJIM BaJICHTHICTh aTOMa JIOMIIIKK HA OJMHUIII0 MEHIIA Bajie-
HTHOCTI OCHOBHHX aTOMiB. B IboMy BHUIaaKy piBHI eHeprii BaJICHTHHX €JIEKTPOHIB aToMa J10-
MIIIKA 3HAXOMATHCS MOOIU3Y BEPXHBOTO PiBHs BalleHTHOI 30HM. Ha mi piBHi (ix yacro Hasu-
BAIOTh AKUENTOPHHUMH PiBHIIMH) JIETKO MOXYTH IEPEXOUTH EICKTPOHHU 13 BAICHTHOI 30HH
KpHCTaJa, BHACIIJOK YOr0 Ha BEPXHIX PIBHIX BaJCHTHOI 30HM IOSBIATHCS Hipku. [To6mmsy
aToMa JOMIIIKA MOSBISAETHCS HAUTUIIKOBUH BT €MHHI 3apsi, aine BiH Oy/e 3B’s3aHUN 3 1a-
HUM aTOMOM 1 He MOXe OyTu HOCieM cTpyMy. ToMy HOCISIMU CTpyMY B IIbOMY BHITQJIKY € JIipKH
1 TaKy NPOBIAHICTD HA3WBAIOTH AiPKOBOIO. [Ipo Takmii HaMiBIPOBITHUK TOBOPSTH, IO BiH Ha-
JIEKUTH 10 p-THMY (Bix croBa POSitive — mopatauit). JTOMIIIKe, SKi BUKIHNKAIOTh BUHUKHEHHS
IipOK, HA3WBAIOTh AKIENTOPAMHU. PO3MIIIICHHST TOMIIIIKOBUX PiBHIB B JJAHOMY BHITAJKy MOKa-
3aHo Ha puc. 19.10, 6. PiBerr depMi B HANIBIPOBIIHUKAX p-TUITY PO3MIIITYETHCS B HIDKHIH 110-
JIOBUHI 3a00pOHEHOI 30HH. 3ayBa)XMMO, IO TPH IiJBHUIIECHHI TeMIepaTypH, piBeHbs depMi B
HaTIBIPOBiTHUKaX OOMIBOX THITIB 3MIIIIYETHCS 0 CepeIuHI 3a00pOHEHOI 30HH.

INpuknaom HaIBIPOBITHMKA p-TUITY € KPACTAIN KPEMHIIO 3 TOMIIIKOIO 3-BAJICHTHHX aTOMIB
60py. TprOX BaJICHTHHUX €JIEKTPOHIB aToMa O0OpPY HEJOCTATHRO JUIS YTBOPEHHS 3B SI3KiB 3 yciMa
gothpMma cycimamu. ToMy 1 3a0e3MedeHHs] YOTHPhOX MOMBIHHUX 3B SI3KIB 3 YOTHPMA CYCIIHIMHU
aTOMaM{ KpPEMHII0 HOMy HE BHCTa4yae OHOTO
enextpoHa. 11106 ckommneHcyBatu 1eit medi-
IIUT, aToM OOpYy mepeiiMae OIMH eIEeKTPOH Bif
CYCITHIX TIap, 1€ B pe3ylbTaTi BUHUKHE JipKa,
sika Oyjie KodyBatu 110 kpucrany (puc. 19.12).

ITpn migBHIIEHH] TeMIIepaTypy KOHIIEHT-
parlist TOMIIIKOBHX HOCIiB CTPyMY IIBHIKO J10-
csirae HacnueHHs. Lle o3Hadae, 1110 MPaKTUIHO
3BUTBHSIOTHCS BiJI @ICKTPOHIB BCi IOHOpHI, 200
3aIOBHIOIOTHCSI EJICKTPOHAMM BCi aKIENTOPHI
piBHi. Pa3om 3 TiM 3 pocTOM TeMriepaTypu Bce
OinbIlle MOYMHAE MPOSIBIISATUCS BIIACHA TIPOBi-

Puc. 19.12 JHICTb, SKA 3yMOBIIEHA Oe3MocepesHiM Iepe-

KUJAHHSIM €JICKTPOHIB i3 BaJICHTHOI 30HH B

30HY HpOBimHOCTI. TakuM YWHOM, TIPU BHUCOKMX TEMIIEpPaTypax IMPOBITHICTH HATIBIIPOBIIHUKA

Oyme ckmamaTucs i3 JIOMIIIKOBOI 1 BIIACHOI MpoBigHOCTeH. [Ipr HIBBKUX TeMIeparypax IepeBakae
JIOMIIITIKOBA, & TIPY BUCOKUX — BIIACHA TIPOBITHICTb.
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8 19.5 Hanienpogionuxosi npucmpoi

§ 19.5. HaniBnpoBigHUKOBI MpUCTPOL

[npoki MOXKIMBOCTI BUKOPUCTAHHS HAIIBIIPOBIAHUKOBUX PEYOBHH IOB’A3aHi 3 [IKaBUMHU
eheKTaM, 1110 BUHUKAIOTH MIPU KOHTAKTI HAIIBIIPOBIAHKKIB N- | p-THIIIB Ta HAIIBIIPOBIIHUKIB
3 metanami. Li siBuma e iHozi Ha3UBAIOTh KOHTAKTHUMH SIBUINAMU.

PosriisineMo kopoTko (hi3nuHI TporiecH, SKi BigOyBalOThCS B WX KOHTakTax. Ilpurmycru-
MO, III0 MM Ma€eMO JIBa KPHUCTAJIHM repMaHilo a0 KPeMHilo, BUTOTOBJIEHI TaK, IO OAWH 3 HHX €
HAITiBIIPOBITHUKOM N-THUITY, @ APYrHid — HAIIBIIPOBITHUKOM p-THIy. Taki Kpucranu i Hocii 3a-
psAny B HUX MoKa3aHi Ha puc. 19.13, ¢, xonu BoHU po3fisicHi. 3ayBaXXUMO, [0 KOXKHHUIA KPUCTAI
€ ENEKTPOHEUTPANIBHUIL.

P n p n
@ ©
88 8| o0 09| [@g @@@_9@@@@
@ ® ®@ |© @@@ @@@ = @@ e
® % | °c © @°® 900 o
a 0
Puc. 19.13

VsaBuMmo co0i maii, 1Mo 1 ABa KPUCTAJIM TiJIBKH [0 MPUBEICHI B KOHTAKT (X04a B AiHCHOC-
Ti e ABi yactunu oxHOro kpucrana) (puc. 19.13, 6). Toxi Bimpa3sy enekTpoHu 3 N-061acTi mod-
HYTh TUQYHIYBaTH B p-00JacTh, a IipKH 3 p-obaacTti B N-00nacTs. Bemmumna 3apsiny, sIKUiA
YTBOPIOETHCS B KOXKHIH 13 nX obnacreid, oOMeKeHa TUM, IO BUIbHI €JIEKTPOHH IparHyTh 3a-
MOBHUTH JIpKH, IO B pe3yibTaTi IPU3BOANUTH A0 3HUKHEHHS OOMIBOX HOCIIB 3apsmy. OnHak,
nporec pekoMmOiHamii HOCI{B 3apsiiB pi3HUX 3HAKIB (PaKTUYHO HE 3MEHIIYE KUIBKOCTI €IEKT-
POHIB 1 IIPOK, OCKUIBKH TepMivHe 30y/KeHHs B KpUCTaJIi Oe3MepepBHO MOPODKYE HOBI
€JIEKTPOHH 1 Aipku. MK JBOMa MPOCTOPOBUMH 3apsiiaMH p- 1 N-o0nacTell BUHUKAE eeKTPH-
He TI0JIe, HalpaBJIeHe BiJ N- 1o p-obmacti. Yum Oinblre HOCITB 3apsany audyHIyBaIo B 0OHIBI
CTOPOHH Bi/l KOHTAKTY, THM CHJIBbHIIIE TIOJIE, TiJ] €0 SKOro Aajbiia Iudysis B KiHIIEBOMY pa-
XYHKY MpUNUHSAETECS. Ha Mexi p — N-nepexo/ly BCTaHOBIIOETHCS CTaNA Pi3HUIT OTEHIIaiB,
SIKY 9aCTO Ha3WBAIOTh KOHTAKTHOK Pi3HHIIEI0 MOoTeHIiamiB. KoHTakTHA pi3HHUI MTOTEHITAIIB
MDXK HaIiBIPOBiTHUKAMHY 3 Pi3HAM MEXaHi3MOM IPOBITHOCTI CTAHOBUTH KiIbKA ECSATHX BOJb-
Ta. EnexTpoH 1 Jipku MOXKYTh MOZOJIATH IO Pi3HHUINO TMOTEHIAJIB JIMIIE, SKIIO0 BOHU BOJIO-
JIUIOTH €HEPTI€I0 TEIUIOBOTO PyXy, IIO BIANOBIIAE TEMIEPATypaM MOPSAKY KUIBKOX THCSY rpa-
nqyciB. Tomy Ha MeXi MK HamiBIIPOBITHUKAaMH 3 PI3HUM MEXaHi3MOM IIPOBIIHOCTI BHHHUKA€E
mrap 30iaHeHni Ha pyxiauBi Hocii ctpymy. Llei map Ha3uBaeThCS eJIEeKTPOHHO- 1ipKOBUM a00
P — N-Tepexo1oM.

30iqHEHUI pyXOMUME HOCISIMH 3apsTy TIEPEXiJHAHN Imap, TOBIIMHA SKOTO CKiIanae ~1 MM
(10 ® ), Bomozie y’Ke BETMKMM OMOPOM B TOPIBHAHHI 3 iHIINME YACTHHAME KPUCTAILY, TOMY,
KOJIM KPHCTAJ 3 p — N-TIEPEX0I0M BMHKAIOTh B KOJIO, TIPAKTUYHO BCS IiJBECHA 0 KPUCTATY
HaIpyra 30cepePKy€eThesl Ha p — N-NEPEXOi.

Hauni 3’scyemo, sik Oyie IpOXOIUTH CTPYM depe3 KpucTai 3 p — N- nepexonom. [Ipu Biacy-
THOCTI 30BHIIIHBOI HATIPYTH BCi MOTOKK PYXOMHUX HOCIiB "epe3 mepexif] 3piBHOBaXeHi 1 CTpyM
JIOPIBHIOE HYJIIO.

BimMKkHEMO KpHCTal B KOJIO Tak, II00 JOJATHHUN MOIIOC JHKepena OyB 3’€THAHUHN 3 p-CTO-
POHOI0 KPHCTANy, a Bil’ eMHHI — 3 N-cTopoHoto (puc. 19.14, a). Tlone, cTBOpIOBaHE JKEPETOM
HAIPYyTd, B IEOMY BHIIAJKy HalpaBlieHE Ha3yCTPid MOJII0 CaMOro p — N-Iepexony i NPaKTUIHO
TIOBHICTIO KOMITEHCYE #oro. To/i THMYacoBO MpU3ynuHeHa T y3is HOCIIB 3apsay 3HOBY BCTY-
Ma€ B CHIIY i TMPOJOBXKYETHCS OE3MEeperIKoIHO; eNeKTPOHH i IPKH MacOBO CHPSMOBYIOTHCS B
00OHM/IB1 CTOPOHM BiJl TPAaHUTHOTO Iapy. [lpu boMy depes mepexif MpoXoauTh CTPyM, OOMexe-
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19. Enemernmu 30nH0i meopii nposionocmi meepoux min

HUH JIMIIE OOpPOM Matepiaiy 3paska. B mogiOHOMY BHIasKy TOBOPSTS, IO €IEKTPUYHE MOJIC
MIPUKJIaJICHE B MPSIMOMY HAaNpsIMKY a00 B HANPSIMKY IMPOMYCKAHHS.

Jani npukiageMo 0 KpUCTaia HAapyry 3B0poTHOI mostsipHocti (puc.19.14, 6). B upomy
BUIIAJIKy HAIIPSIMOK 30BHIIIHBOTO €IEKTPUYHOTO TIOJIS CITIBNAJE 3 HAIIPSIMKOM IIOJISI CAMOT0 p —

p n p n
@ 0@ -0 &0 ®e® 0.0
£ @0 0= 0@ oot
& © -6 @ -0 CENIE e
Ul 1L U |
+‘I— —Irk =0
a 0

Puc. 19.14

N-miepexoay 1 THM caMHM MiJCHINTD Horo, 1 audysis HociiB 3apsay mie Oiibiie 0OMexXyeTbCs.
[Mpu mpoMy cam HepexiiHuN map PO3MMPIOETHCS 1 CTBOPIOE AyXKe BEIMKUH €IeKTPUYHUI Omip.
SIKkmo He mpuiiMaTh 10 yBarw BKpai ciIaOKuii CTpyM, CTBOPIOBAHMI HE OCHOBHUMH HOCISIMH 3a-
Py, TO B IbOMY BHITAJIKY 4epe3 p — N-TIepexig CTpyM HPaKTHYHO HE MPOXOIUTh. B 11boMy BH-
MaJIKy TOBOPSITH, IO EIEKTPUYHE M0JIe IPUKIIAZACHE B HANPSIMKY 3aNMPAHHS.

TakuM 4rHOM, p — N-TIepeXif M€ SK KianaH, SKAH MPOIyCKae CTPYM TiJIbKH B OJTHOMY Ha-
npsMKy. BifHOMIEHHS CTpyMiB B mpsMoMy i 3BopoTHOMY Hampsmkax ckiagae 10°: 1. Tomy
KpHCTAJ 3 p — N-NIEPEX0JIOM € IPEKPACHUM HAIIBIIPOBIAHUKOBUM BHIPAMJISYEM JUIS 3MiHHHAX
CTpyMiB 200 HAMIBNPOBITHHKOBUM i00M.

HamiBripoBiTHUKOBI Ai0M MAIOTh PSIT TIEpeBar B MOPIBHAHHI 3 BAKYYMHUMH JiO/JaMH: B HIX
BIJICYTHIH TiIITPiBHUIA KaTOJ], pO3MIpH X 3HAYHO MEHIIIi, BOHH MAIOTh OBy MEXaHIYHY Mill-
HICTB, BENHUKMIA CTpoK ciyx0u i Bucokuit KKJI (mo 98 %). Jlo HemomiKiB HariBIPOBI THUKOBHX
JIOJIB BiTHOCATH TOTipIICHHS X poOOTH TPH IMiIBUIICHHI TeMIIEpaTypH.

n p n Po3risiHyTI BHIIE BIACTHBOCTI p — N-NIEPEXOy BU-

© o |l® |@o KOPHUCTOBYIOTECS B HAIliBIPOBITHUKOBOMY TIPUCTPOT, SIKHH

©® @® © 0o Ha3UBAETHCS TPAH3UCTOPOM. TPaH3UCTOP BHKOPHCTO-

— ® % ®® oo* BYETBCS B €NEKTPUYHMX KOJIaX JJISI MiJACHICHHS 1 KOH-

© s @g < e@ TPOIIIO €JEKTPUYHUX CUTHaIIB. BiH cKiIagaeThes i3 TpoX

R Ool@” |® o R PI3HMX HaMiBIIPOBITHUKOBHX OOJIACTEH: HAITIBIIPOBITHAKA

EMiTé \ N-TUMY, SIKUH HAa3UBA€ETHCS eMiTepoM, cIaboro HamiBII-
P baza| Konekrop .

poBinEuKa p-Tumy (toBmmHO0 ~ 500 A), sxmii Hasu-

U, | U, BalOTh 043010, 1 HAMIIBIPOBITHUKA N-THITY, SIKAH Ha3HBa-

-1+ = %* + etbesi KostekTopom (puc. 19.15). Ha pucyHky BHIHO,

110 B TPAH3HUCTOPI € JBa p — N-NIEPEXOIH.

Puc. 19.15 [Mogamo Ha mpaBuil mepexiza (koxekTop — 6a3a) Be-
JIMKY 3BOPOTHY Hanpyry (mecstku BoisT). OCKUIBKH IEpeXijl 3aKpUTHid, Yepe3 HbOro Oyze mpo-
TIKaTH Ty’Ke MaJIMi 3BOPOTHUM CTPYM, SIKHM HE MOXKE CTBOPHUTH ITOMITHOTO MaJiHHS HAIPYrH
Ha omopi R. Jlani momamo Ha JiBHif epexin (emitep — 6a3a) HEBENUKY MpsAMY Hanpyry. Yepes
HBOT'O ITOTEYC MPSAMUN CTPYM, SIKUH CKITAJIAETHCS 13 OMHUX EJCKTPOHIB, SIKi MTUPYHAYIOTH 13 N-
obnacri B p- 061acth. OcKiTbku p- 06macTh ayske By3bka (= 500 A), To GinbimicTs exexrpomis,
HE BCTUTHYBIIH PEeKOMOIHYBaTH, TOCSATAOTh MIPABOTr0 NEPEXO.y, i, IIONaIal0uH B IIpaBUil nepe-
X1, BOHH CKHIAIOTHCS ToJieM 0a3d B IpaBy N-00JaCTh 1 CTBOPIOKOTH B KOJIi KOJEKTOpA MOJaT-
KOBHIA CTpyM. Takum YHMHOM, BCsIKa 3MiHHA CHJIA CTPYMY B KOJIi eMiTepa BUKJIMKA€E 3HAYHO Oi-
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8 19.6 Konmaxmma pisnuys nomenyianis

JIBI 3MIHU CHJIM CTPYMY B KOJIi KOJIEKTOpa. 3MiHa CHJI CTPYMIB y KOJax 3B’s3aHa 31 3MiHaMHU
Hanpyru 3akoHoM OMma, TOMy MOXKHA CKa3aTH, IO 3MIHIOIOUHM HAIpYry B KOJi eMiTepa, MOXKHA
JIiCTaTH 3HAYHO OLTBIII 3MiHM HAIIPYT'H B KOJI KOJIEKTOPA, TOOTO JiCTaTH MiJICHICHHS HAIPYTH.

[Mpunnun pobotn TpaH3ucTopa TUIY p — N — p, 300paskenoro Ha puc. 19.16, Hiuum He Bix-

r n P

CICICNICICHRCICIO)
CICICHNS S RCICIS) E K E
CRCIC CXSARCOIC)
CRCC) SRS RCRCKO)
POROO | PO®

Emitep Basa Konekrop

b b

U,

||
| Il
Puc. 19.16 Puc. 19.17

Pi3HSIETBCS Bi MPUHIMILY pOOOTH ONMCAHOTO BHUILE TPAH3UCTOpa N — p — N, TIJIBKH Harpyra Ha
Mepexo/ax Mae iHIy TOJISIPHICTB 1 HOCIIMH CTPYMY B TPAH3UCTOP] B OCHOBHOMY € JipKH.
Cxematnune 300pa)XeHHsI TPAH3HUCTOPIB MMOKa3aHo Ha puc. 19.17:a) p—n—p; 6) n—p —n.

§ 19.6. KoHTaKTHA pPi3HHUSA MOTEHIiaTiB

VY 1797 p. A. BonbTa BiKpHB, IO TIPU CTUKAHHI JBOX Pi3HUX METAJiB MiK HIMH BUHHUKAE
pisHuIs morteHmianiB. [lpuuomy, sKmO nekinbka pisumx Mertamis A, B, C, D (puc.19.18)
3’€IHATH OWH 3 OJHUM ITOCTiIOBHO, TO Ha KiHIIIX MPOBITHUKIB IIHOTO PANY BUHUKHE Pi3HUILL

TIOTEHITIAIB, KA 3aJCKUTh BiJl IPUPOIH Kpaii-
A B C D HixX mpoBimHUKIB A i D 1 He 3a5eXUTh Bif TOTO,
SKAMH € TIpoBigHUKK B 1 C, 1m0 3HaX0IIThCS
U, U, MDK HUMH. PI3HUI TOTEHIIAIB, IKa BUHUKAE
L . .
MDK 3’€IHaHUMH PI3HOPIAHUMH METaJaMH Ha-
Puc. 19.18 A PISHOPIA

3MBAETHCSI KOHTAKTHOIO Pi3HULEI0 MOTEHMi-
amiB. KoHTaKkTHA pi3HUII MOTCHIIATIB KOJNMBAETHCS UL PI3HUX MAp METANIB BiJ JEKITHKOX
JIECATHX BOJIbTA J0 KUJIBKOX BOJIBTIB.

KoHTakTHa pi3HUIM MOTEHMiaNiB OOYMOBJICHA THM, IO NMPH CTUKAHHI METANliB YacTHHA
€JICKTPOHIB 13 OTHOTO METaTy NMepexXOoAnuTh B iHIMK. Y BepxHii dactuHi puc. 19.19 306pakeni
JIBa METaJIM 3J1iBa JI0 X CTHKY, CIIpaBa — Micis. B HIDKHIN yacTuHi pHUCcyHKa JaHOo rpadiku mo-
TEHIIATBHOI €Heprii eleKTpoHa B HE3alOBHEHIH BAJICHTHIHM 30HI KpHCTana. 3a MPUITYLHICHHIM
piBenr Depmi B MeTali A JIEXKUTH BUIIE, HiX B MeTal B.

[TpupoaHo, 1m0 MpY BHHUKHEHHI CTHKY MK METaJaMHM, €JeKTPOHM i3 HaWBHIIMX PiBHIB
MeTaxy A CTaHyTh IEPEXOINTH Ha OLTBII HU3BKI piBHI MeTany B. B pe3ynbraTi moreHmian me-
Taiy A 3pocte, a Merany B 3menmmThes. IIporec mepexony eneKTpoHiB MixK MeTajJaMu Mpu-
MUHATKCS, KO HACTYIHUTH PiBHOBAra, yMOBOIO SIKOi € PiBHICTh IOBHUX CHEPTiH, IO BiJIIOBI-
naroth piBHsIM Depmi. 3a 1iei ymoBH piBHI Pepmi 00MIBOX METaNIB PO3MILIYIOTHCS Ha CXEMi
Ha OfHAKOBi# BUCOTI. I3 puc. 19.19 BumHO, mo

€pg — €@
Up = % = Qg — Pp (19.2)

Bemmaunaa Upg € He 110 iHIIe, SK KOHTAKTHA Pi3HMI MOTEHITiaiB Mix MeTanamMu A i B.
3rigro dopmymu (19.2) KOHTAKTHA PI3HUIE [IOTEHIAiB MK MeTaidamu A i B 1opiBHIOE

277



19. Enemernmu 30nH0i meopii nposionocmi meepoux min

pizHuLi pobiT Buxony (AA= Az — Ay = epg —e@, ) MetainiB B i A, moxineHoi Ha enemeHTap-
HUH 3apsz, a00 IPOCTO pi3HUII NOTEHIIANIB BUX0Ly MeTaliB B i A.

5 —
A B + A B _
+ =
Eo =i0) eUA,j A
— -1 [K- [k -mmmmomemee AR A [ o—.
€. 1 A eq,
E,, }' CPy 'e(pA i '
v A H A
Ep. Y Egp ! E
1 FB
L En E. 1y
\ a Y [ ¥ U,

e, 1e@,— BIAMOBIIHO poOOTa BUXOMY CIEKTPOHA i3
MeTaniB A i B, @, i ¢, — moTeHmian BUXO/y BiIIOBIIHO,
E,, i E,, — BIATIOBITHO IIMOWHA BAJIEHTHOI 30HU KPHCTAIIIB
mertaniB A i B, E,, i E,,— enepris piBast @epmi.

Puc. 19.19

Pi3sHHUIIS OTEHITATIB, fKa BU3HAYAETHCS (hopMyI0r0 (19.2), BCTaHOBIIOETHCSA MiXK TOUKAMH,
SIKi JIeKaTh Oe311ocepeTHRO OIS TOBEPXOHb METAIIIB, TOMY i HA3MBAIOTh 30BHILIHBOK) KOHTAKT-
HOK) Pi3HUIIEI0 MOTEHIIAIB.

MiK BHYTpIIIHIMHM TOYKAaMH METAJIiB TAKOX ICHYye KOHTAKTHA PI3HUIL MOTEHIIANIB, sKa Ha-
3MBA€THCSI BHYTPIIIHBOI0. BHYTPIIIHS pi3HUIS MOTEHIIaTiB 00YMOBIIIOETHCS PI3HOIO KiJIBKiC-
TIO €JICKTPOHIB B OJIMHUII 00’ €MY, SIKa BU3Ha4ae pi3HUIO eHeprii piBHIB Pepmi. Tomy

Eea —E
Ug = % (19.3)

Bennunna U 1 € BHYTpILIHS KOHTAKTHA PI3HULS HOTEHIIaiB (OTeHIia)l BCepeAHI [epLIoro
METAITY BHUIIHUH, HIXK BCEPEANH] IPYyroro).
Hamu po3risiHyTo BUHUKHEHHSI KOHTAKTHOI Pi3HMII MOTEHI[iaNIiB ITpU 3’€THAHHI ABOX Me-

U 1

2
Puc. 19.20 Puc. 19.21

TaiB. OJJHAK KOHTAKTHA Pi3HMI TIOTCHITIATiB BUHUKAE 1 Ha MEXKi MiXK METaJIOM 1 HaITiBITPOBiI-
HUKOM, a TAKOXK Ha MEXI JIBOX HAITIBIIPOBITHUKIB.
Hacamkinerns, 3ayBa)KiUMO, IO SKIIO BCi cIal 3aMKHYTOTO KOJIa i3 MOCTiIOBHO 3’ €THAHUX
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8 19.7 Tepmoenexmpuuni aeuwya

pisHux metaniB (puc. 19.20) miaTpuMyBaTH NMpU OIHIN 1 Tii ke TeMnepaTypi, cyma CTpHOKIB
KOHTaKTHOI Pi3HUIII TOTEHLIANIB IIMX METalliB JopiBHIOE Hy0. Tomy EPC B Kol BUHUKHYTH
He MOXe. BUHMKHEHHS cTpyMy B TaKOMY KOJIi CyHepedmIo O IpyromMy Hadaly TepMOIMHAMIKH.

§ 19.7. TepMoesieKTPUYHI IBHINA

SIkmo crmai 1 i 2 ABOX pi3HHX METaIiB, sIKi YTBOPIOIOTH 3aMKHyTe Koo (puc. 19.21), ma-
I0Th Pi3HY TeMmnepartypy, To B komi BuHuKHe EPC, i B HhOMY HOTEde enekTpuyHuii crpym. Lle
sBumie Oyio Bimkpuro B 1821 p. mimenpkum dizuxom T. 1. 3eebexom (1770 — 1831) na mapi
MeTaiB “MiJb — BicMyT” i OTPHMAJo Ha3By TePMOeIeKTPUYHOro siBuima (siBuie 3eedeka).

Tepmoenekrpopyuriiina cuna (tepmo-EPC) oGymoBieHa 3amexuictio piBus ®epmi Bin
TemmnepaTypu Ta qudy3icio ejekTpoHis (a6o ipok).

Ockinpku piBeHs DepMi 3aIeXKHUTH BiJl TEMIIEPATYPH, TO CKAYOK MOTEHIIATy IPH TIepeX0/i
i3 OZIHOTO MeTalty B iHIIHKM (TOOTO BHYTPILIHS KOHTAKTHA Pi3HHIS NOTCHIiaNiB, IUB. (GOPMYIY
(19.3)) st craiB, sKi 3HAXOSITHCS TIPU PI3HUX TEMIIEpATypax, Pi3HHMi, a, 3HAYHTH, i CymMa CTpHO-
KiB NOTeHIiaxy Oyzie BiMiHHOIO Bix Hy:s. Tomi

gkm-tm = U:AB (Tl) + UI'BA(TZ) (194)

(muB. puc. 19.21). fAxmo ckopucratucs Gopmysoro (19.3), To oTprMaemo:

Eonm = %{[EFA(TI) — Egg (rl)] + [(EFB T) - EFA(rz))]} =
- e M) - Era ] - [(Exa(T) - Ea(T)], (195)
abo
j [ j [ Loy (19

Jpyry nprunHy BUHUKHEHHs TepMO-EPC MO)KHA 3p03yMiTH, SIKIIIO TPUITYCTUTH, IO B3/I0BX
OJIHOPITHOTO METAIIYHOrO MPOBiMHUKA iCHYE rpamieHT Temmeparypu (puc. 19.22). B upomy
BUIIAJKy KOHIIEHTpALis eJeKTpoHiB 3 E > Er B HarpiToMy KiHIi Oyzae Oinbina, HiXK y XOTOTHO-

(T,<T,) My, a KOHIIEHTpais eJIeKTPOoHiB 3 eHeprieio E < Er Oyze
Oinblla B XOoMogHOMY KiHmi. ToMy B310BXK NPOBIJHHKA
dT BHHHKHE TPAIi€HT KOHIIEHTpALIiH “X0M0qHuX” (MOBiJIEHIX)
Tl s — Tz 1] ” : 1
dl i “rapstumx”(MIBHIKKX) €IEKTPOHIB. B pe3ynprari BUHU-

KaloTh /Ba AWQY3iHHI MOTOKH €JIEKTPOHIB — B3/IOBXK 1
Puc. 19.22 MIPOTH TpajieHTa Temriepatypi. OCKUIBKY MIBUIKOCTI JTH-
¢by3ii 1 koHneHTpaii “rapaaux” 1 “XomogHuX” eneKTpo-
HiB pi3Hi, TO Ha OJHOMY KiHIIi TIPOBiJJHUKA CTBOPIOETHCS HAUIUIIKOBUN TOJATHUHN 3apsij, a Ha
npyromy — Bin emuunil. [lore nux 3apsiziB NpU3BOANUTH 10 BCTAHOBJIEHHS CTALlIOHAPHOTO CTAHY.
YHCIIO HOCIB 3apsiay, IO MPOXOJWThH Yepe3 MoNepeyHnid nepepi3 3pa3ka B 000X HampsMKaXx,
onnakoBe. Tepmo-EPC Bu3HauaeThes TEMIepaTypHOIO 3aJISKHICTIO KOHIICHTpAIlil HOCIiB 3apsi-
oy 11X pyxnusicTio: B Metanax tepmMo-EPC Bu3HauaeThCs TUTBKH BIIMIHHICTIO PYXJIHBOCTEH
“rapsanx” 1 “X0J0MHUX €JIEeKTPOHIB; B HamiBIIPOBigHUKaX TepMo-EPC oOymoBneHa 3aexHic-
TIO Bifl 7 sIK pyXJIMBOCTI, TaK 1 KOHIIEHTpalii eJIeKTPOHIB 1 IipoK. B HamiBIpoBigHNKAX TepMO-
EPC 3HauHO BHIIA, HIXK B METAJIAX.
B 1834 p. dpanmysbkuii dizuk XK. enptee (1785 — 1845) crocrepiras obepHeHe siBHIIE 10
PO3ITISTHYTOrO BUIIE: SKIIO Yepe3 3aMKHYTE KOJIO, CKJIaZIeHE i3 pi3HUX MeTajliB a0o HalliBIPOBi-
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19. Enemernmu 30nH0i meopii npogionocmi meepoux min

HUKIB, TIPOITYCKATH CICKTPHYHHUN CTPYM, TO B OJJHUX CIasX CIIOCTEPIraTUMETHCS BUIUICHHS TEll-
JIOTH, a B IHIMX — MOTIMHAHHS TernoTh. 1le sBrite Oyno HazBaHo siBueM IleabThe.

JlocImigHUM MUISXOM BCTAaHOBJIEHO, IO KiIBKICTh TEIUIOTH, SIKa BHIUISAETHCS ab0 IOTIIH-
HA€ETHCSA B CIIai, IPOITOPIIifHE BEIMYHHI 3apsmy (, IO IPOXOINUTE Yepe3 CIaii:

Qps =11,459 =11 L. (19.7)

Tyr iHAEKCH BKa3yiOTh, 10 CTPYM Teue Big merany A mo metary B (puc. 19.21). Koedii-
€HT TIponopuiiHocTi /1,3 HazuBaeThes KoedinieHToM IleabThe.

IMpu 3MiHI HAIPSIMKY CTPyMY BenmunHa Q 3MiHIOE 3HAK, TOOTO 3aMiCTh BUIUICHHS (IIOTIH-
HAHHS) TEIUIOTH CIIOCTEPIraeThCsl MOTMMHAHHS (BUALICHHS) TAKOI X KiTBKOCTI Teruiotu (mpu
TOMY X (). 3HAYHTB,

Il = — gy

V BHIAIKy KOHTAKTY JBOX PEYOBHH 3 OJHAKOBHM THUIIOM HOCI{B CTpyMy (MeTaj-mMerai, Me-
TaJI-HAMIBIPOBIHKUK N-THILY, JBa HAIIBIIPOBIIHUKY p-THILY) sABUIE [IeIBThE MOSCHIOETHCS HAC-
TYITHAM 9UHOM. STK OyI10 3’5ICOBaHO BHIIE, HOCIT CTpyMy (€JIEKTPOHH i AipKH) IO Pi3Hi CTOPOHU
BiJl cIIaro MaloTh Pi3HY CepenHIo eHepriro. Tomy, SKII0 eIeKTpoHH abo JTipKH, IPOHIIOBIIN Ye-
pe3 craid, monagaoTh B 00J1acTh 3 MEHIIIOIO €HEPTi€0, TO BOHU BiIAIOTh HA/UIHIIIOK CBOET €HEp-
rii KpUcTamiuHii rpaTii, B pe3yabTaTi craii HarpiBaeTbes. Ha iHmomy cmai Hocii mepexoasTs B
0051acTh 3 OIIBIIOI0 EHEPTIEI0 1 TOMY BOHHM YaCTHHY €Heprii nepeiMaroTh y KpUCTAIIYHOI IpaT-
KM, IO TIPU3BOJIUTD J0 OXOJIO/KEHHS CIAI0.

Ko KOHTaKTYIOTh /TBa HATIIBIPOBITHUKH 3 PI3HUM THUTIOM IPOBIAHOCTI, MEXaHI3M SBHIIA
[MenspThe inmmit. Ha ogHOMY i3 CriaiB eNeKTpOHHM 1 JipKH pyXaloThCs HAa3yCTpid OAHI OJHUM i
3yCTpIBIINCH PEKOMOIHYIOTB. €IEeKTPOH, KM 3HaXOAMBCS B 30HI MPOBIIHOCTI N-HAIiBIPOBIi-
HUKa, TIONABIIN B P-HAIIBIIPOBIIHUK, 3aiiMae y BAJICHTHIN 30H1 Micre aipku. [Ipu oMy BHBI-
JBHATHCS] €HEPTis, sIka HeoOXiHA JJIs1 yTBOPEHHS BUTLHOTO €JIEKTPOHA B N-HAMIBIPOBIJHUKY 1
JIPKU B p-HamiBIIPOBITHUKY. LI eHepris mepenaeTsest KpUCTAMIUHIN rpaTii 1 #iie Ha HarpiBaH-
Hs cnaro. Ha iHmoMy cnai cTpym, 1o npoTikae 4epe3 crai, BiICMOKTYe eEeKTPOHH 1 JIpKH Bij
MEXI MK HamiBIIPOBITHUKaMHU. AJle 3MEHIIEHHS HOCIiB CTpyMy Ha MEXIi HalliBIPOBITHUKIB
MIOIIOBHIOETHCS 33 PaXyHOK ITOIIAPHOTO HAPOKEHHS! eJIEKTPOHIB 1 nipok. Ha yrBopeHHs mapu
€JIEKTPOH-IIPKa BUTPAYAETHCS EHEPTis, sIKa IMePeiMaEeThesl Y KPUCTANIYHOI IPAaTKH — CIIail 0X0-
JIOKYETHCSL.

VY 1856 p. V. Tomcon (KenbBin) mepeadayrB Ha OCHOBI TEPMOIMHAMIYHHAX MipKYBaHb, IO
TEIIOTa, aHAJIOTTYHA TeTIO0Ti [1ebThe, TOBMHHA BHIUTATHCS, SKIIO B3JOBX OIXHOPIIHOTO TPOBI-
JIHHKA, 10 SIKOMY Te4e ENCKTPHYHUIA CTPYM, iCHye meperan (Ipali€HT) TeMIeparyp, TO, OKpiM
JICHII-HKOYIIEBOI TETUTOTH, B 00’ €Mi TIPOBITHHKA, B 3aJICKHOCTI BiJl HATIPSIMKY CTPyMYy, Oy/e BU-
ninstecs (200 MOTTIMHATHCS) IiIe AKACh KUTBKICTh TerumoTH. Lle sIBUIe OMmicis OTpuMaio Ha3By
asuma Tomcona.

KinpkicTe TEIoTH, MO BUAUISETHCS BHACTINOK siBMINA ToMCOHA 3a OAWHUIO Yacy B
eneMeHTi mpoBigHuKa gosxuHo dl mopiBHIOE

dQ = 7l ‘Z_le, (19.8)

ne I — cuna crpymy, dT /dl- rpagient Temmepatypy, T — koedimienT ToMcoHa.

SBumie ToMcoHa MOSCHIOETHCS IO aHAJIOTIi 3 siBUIIEeM [lenpThe. SIKIIO cTpyM B OTHOpIA-
HOMY IIPOBITHUKY T€Ye B HAMPSAMKY 3POCTaHHs TeMiepaTypu (aus. puc. 19.22), To Hocii crpymy
— €JIEKTPOHU OYIyTh MEPEXOINTH 13 00nacTeil 3 OUTBII BUCOKOK SHEpricro B 00IacTi 3 OLIBIT
HHU3BKOIO CHEPTri€l0 1 HaUIMIIOK CBO€I €HEprii BOHM BiAaBaTUMYTh KPHCTANIYHIN IpaTii, 10
NPU3BE/E 10 BUAUICHHS TEIUIOTH. SIKIIO HOCISIMU CTPYyMY € HipKH, eeKT MaTHMe OOepHEHHH
3HAK.
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8§ 19.8 Tepmonapa

Tomcon (Kenvein) Yinoam (1824 — 1907) anenitico-
kuti ghizux. Hapoouecs ¢ beagpacmi. 3axinuue Kemopiooic-
coxuti yHieepcumem. Y 1892 p. ompumas mumyn Jlopoa
Kenvegina.

Hayxosi pobomu 6ionocamuvcst 00 mepmoouHamixL,
2iopoounamixu, enexmpomacremuzvy mowo. ¥ 1891 p.
chopmymosas (nesanexcro 6i0 Kuaysiyca) nepuie na-
yano mepmoounamiku. Y 1848 p. esie nonamms abco-
JIomuoi memnepamypu i abCoMOMHy WKany memnepa-
myp. Bucynys cinome3sy npo npupody amomis, 30iicHug
po3paxyrku poamipie moaekyn. CKoHcmpyroeag pao 6u-
COKOYYMAUBUX I3UUHUX NPUNAJIB.

TepmoenekTprka 3HaXOUTh TP OCHOBHI 3aCTOCYBaHHS.

1. I cTBOpEHHS TeHepaTopiB CTpyMy 3 HPSIMEM TIEPETBOPEHHSIM MOJIEKYIISIPHO-TEIUIOBOL
eHeprii B enekTpuuHy. CydacHi HamiBrIpoBiqHUKOBI TepMoreHepatopu MaroTe KK/ nopsiaky 10 %.

2. Jlns Bu3Ha4eHHs TemIeparyp. 3Hatoun 3anexHicts E; = f(AT) 3a BumipsauM €7 MOX-

Ha 3HaiTn A7, a 3Ha4nTh 1 7. [I71s1 mi€l MeTn cayXaTh TEPMOIAPH.
3. Jlnst BUMIpPIOBaHHS MOTYXHOCTI iHQpaduepBOHOT0, BUAMMOIO 1 YIbTpadioleTOBOro BH-
MIPOMiHIOBaHb.

§ 19.8. Tepmomapa

TunoBa TepMonapa CKIQIA€ThCS i3 JBOX METAIIYHMX JPOTIB 3 PI3HUX METaJiB, IOMIIIEHHUX B
3aXMCHY 130/ IHY 00OIOHKY; 3 OMHOrO KiHIls (Uil KiHEIb HA3MBAETHCS rapsuuM, abo poGounm
CMaeM) JPOTH 3BAPIOIOTHCS MiXK COOOF0, a iHIMMM KiHIleM (KW Ha3HBAETHCSA XOJOTHHM CIIAEM)
i € IHYIOTBCS 110 MigHuX apotiB. Ha puc. 19.23 nmokasaHo TepMmoriapy, BUTOTOBJIEHY i3 3aii3a i
koncranTany (57 % Cu + 43 % Ni). Cmaii 3ami30-KOHCTaHTaH (TOYKa A) IIOMIIIAIOTh B CEPEIOBU-
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Temmeparypa, © C
1 — mnatuHa-poxii; 2 — 3a1i30-KOHCTAHTAaH;
3 — Mi/Ib-KOHCTAHTaH; 4 — HiKeJIb-XPOMOHIKEIIb;
S — KOHCTQHTaH-XPOMOHIKEJTb.

Puc. 19.24
1Ie, TEMIIepaTypy sKoro HotpioHo Bumipstu. Crai Tepmonapa-mins (touku B; i By) momimrarors B
TEpPMOCTAT 3 JIHOAOM TpH TemrrepaTypi tp = 0°C ,a iHIIi KiHI[ MiHAX JPOTIB MiA €IHYIOTH 0 IPH-
Ty JUT BUMIpIOBaHHS Hanpyru. Cuiia TepMOCTPYMY BUMIPIOETECS B 3aJIEKHOCTI Bifl TEMITEpATypH
t-to 1, TAKMM YHHOM, BU3HAYEHHS t - {) MOXHA 3BeCTH JO BUMiprOBaHHS cuid cTpyMy. Ha puc. 19.24
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Puc. 19.23



19. Enemernmu 30nH0i meopii npogionocmi meepoux min

nokaszaHo 3ajiexHicTh TepMO-EPC Bin pisauii temmepatyp (fp = 0°C) mis TepMoeneMeHTiB, sKi
HalyacTille BUKOPUCTOBYIOTHCS Ha TIPAKTHIIL.

TepMoeneKTpUYHI TepMOMETPH (TaK iHOMAI Ha3UBAIOTH TEPMOIIAPH) MOXKHA 3aCTOCOBYBATH
Y BEJIMKOMY 1HTEpBali TEMIEPaTyp: BiJ HAMHIDKYMX 10 HallBUIINX TeM-
niepatyp. TepMomapu 3py4Hi JuIsi peecTpariii IBUAKKAX 3MiH TeMIepa-
Typ. MicIis craiB, sSiKi MalOTh MaJICHBKUI 00’ €M, 3py9HI I BUMipIOBa-
HHSI TEMIIEpaTypH Tijla HEBEJIMKUX )KUBUX 1CTOT a00 MOPOXKHUH iX Tijia.
BurorosineHi BiANOBIAHUM YMHOM TEPMOEIEMEHTH BHMIPIOIOTh Pi3HH-
Il TEMITEpaTyp Pi3HUX YAaCTHH MTOBEPXHI 1 IX 3MiHY.

Ipu nocnioBHOMY 3’€tHaHHI IeKUTbKOX TepMornap ix Tepmo-EPC no-
JIAIOTHCS, IO ITi/IBHIITYE TOYHICTh BUMIPIOBAHHS TeMIiepaTypy. Takwii Ha-
6ip TepMomnap Ha3MBaKOTh TepMOCTOBIYMKOM (prc. 19.25). Micrs crais
A — D moMiImaroTscsi B MiClie BUMIpIOBAaHHS TEMIIEpaTypH, a MICIlI CIiaiB
A' — E' TpuMaroTh TIpH cTajiil temmeparypi. B meskux Bumankax (Harpu-
KIIajl, IPM BUMIPIOBaHHI CBITJIOBOI €Heprii) 3a JOMOMOrOK TEPMOCTOBII-

Puc. 19.25

YHKa MOYKHA BUMIPIOBATH pi3HUIl Temmeparyp merrie 1/10000°C.
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