3axon Ha OM 32 eTHOPO/IeH U HeeTHOPO/IeH YYACTHK OT eJIeKTpU4HA Bepura. Ejnekrpu4Ho
CHIPOTHBJIEHHE HA NPOBOAHUIINTE. 3aK0H HA OM 32 3aTBOpPEeHA HepPa3KJIOHEHA Bepura.
PaboTa 1 MOIIIHOCT HA eJIeKTPUYHHSA TOK. 3aKk0oH Ha J[kayJ — JIeHI 32 TOIVIMHHOTO
AeHCTBHE HA eJICKTPUYHMS TOK

3akoH Ha OM 32 eJHOPO/IEH U HeeTHOPOJA€eH YYACTbK OT eJIeKTPpUu4YHa Bepura. Ejiekrpuuno
CHIIPOTHUBJIEHHE HA MPOBOAHUIIUTE. 3aK0oH HA OM 32 3aTBOPEHA HePa3KJI0HEHAa Bepura

Jlocera BbBEJJOXME JBE OCHOBHHM BEIMYMHM, XapaKTEPU3UPAIIX MOCTOSHHMS TOK — rOJE€MHMHA HAa TOKA U
Hanpexxenue. Hemckusat ¢pusuk I'. OM e ycTaHOBHII €KCIIEPUMEHTAITHO BPb3KaTa MEXKy TAX IPHU MPOTUYAHE HA
TOK B MeTanHM npoBoaHuuu. Okazano ce, ye TroJieMUHaTa Ha NIpOoTHYAlluMs O MpoBoaHMKa Tok | e
MIPaBONPONIOPLMOHATHA Ha MPHJIOKEHOTO B Kpauiiara My Hanpexxenue U (¢ur. 1): I

I=GU,

Karo KoepuuueHTbT G He 3aBUCH OT MPWIOKEHOTO HalpeXeHUe (3a MeTalHu
IIPOBOJHMIIM) U € HApE4YeH MPOBOJMMOCT Ha JaJeHUS NPOBOAHMK. Benuunmuarta, oOparHa
Ha G e HapeueHa eneKkTpuuyHO chupotuBieHue R. Taka 3akoHbT Ha OM mnpunoOuBa

MO3HATHUSI HU BUII: u
U ¢wur. 1
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Excnepumenrannara 3aBucuMocT (1) Moxe na Oble mosiyueHa W TEOPETHUYHO OT Hai-o0umu (usnyHuU
cpoOpakenus. llle uzBenem Qopmynara Ha HAKOJIKO erama. [IbpBO e pasriegaMe Hal-IPOCTHS CIydaid Ha
€IHOPOJIEH y4YacThK OT €JIEKTpUYHa Bepura, T.e. TakaBa yacT OT Bepurara, B KOSTO Hsima BkitoueHo EJIH —
NPOBOAHUK ¢ aAbikuHA | 1 mocrosinHO cedenue S (¢ur. 2). ToraBa HanpexeHHETO MEXIy Kpauinata 1 u 2 Ha
IIPOBOJIHUKA € PABHO HA NOTEHIMAJIHATA pa3iuka (28 BbIIpocC):
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Heka na ce omuramMe Ja HaMepuM Bpb3Ka MEXKAY K T_ ES ol
HanpexeHueTo (2) u romemuHaTta Ha Toka |, xoiito Teue mpes < — = —

MpoBOoAHMKA. ['oleMuHaTa Ha TOKa ce ompeAens OT 3apsja,
npeMuHan npes cedenuero S (dur. 2) 3a exuHMnA Bpeme I=g/t. ¢ur. 2
3apsaabT (, mMpeMHUHal Mpe3 ceYeHUeTo S 3a BpeMe i, € paBeH Ha
Opost N Ha eneKTpoHHUTE MPEMUHAIIN IIPE3 TOBA CEUEHNE YMHOXKEH I10 FOJIEMHUHATA Ha 3aps/ia Ha €JIeKTPOHa €:
g = Ne = nVe = nSxe = nSvte
1 =9 = nevs
t
KBIETO N € KOHLEHTpaIHATa Ha CBOOOJHUTE eJIEKTPOHH (OposT B elMHUIIa 00eM), V € cpeJHaTa UM CKOpPOCT Ha
HacoYeHO ABIKeHHe, a V=XS e 00eMbT, B KOHTO ce HaMHpaT 3apsauTe, KOUTO MOTaT Ja MPEMHUHAT Mpe3 TOBa
ceyeHre. To3u 00eM 3aBUCH OT PA3CTOSITHUETO X, KOETO MOraT Ja M3MHUHAT €JEeKTpOHUTE 3a Bpeme i, a
CIICIOBATEITHO M OT CKOpocTTa UM — X=Vt. CKOpOoCTTa V 3aBHCH OT WHTeH3UTeTa Ha nonero E — v=KE. Torasa
MoJIy4aBaMme:
(3) I =nekES.
Axo u3nosi3BaMe Bph3KaTa MKy FOJIEMHHATA U ITBTHOCTTA Ha Toka (J=1/S, 28 BBIpOC) 111e moIydum:
j=nev
j=nekE =cE’
KbleT0 6=NeK e KoeHUIMEeHT, KONTO He 3aBUCH OT WHTEH3WTETa Ha MOJIETO M Ce Hapuya crenupuuHa
MIPOBOJIUMOCT Ha BEIIECTBOTO, OT KOETO € HalpaBeH NMPOBOAHMKBT. MepHaTa €JUMHMIIA € CUMEHC Ha METhP
[S/m]. Karo umame npenBu/, 4e BEKTOPUTE ] ¥ E ca eZHOIOCOYHH MOYKEM Ja 3aIiIIEM:

(4) j=cE.

Tosa paBenctBo (4) u3paszsia 3akoHa Ha OM B nudepennuanya gopma. B To3u BUI 3aKOHBT ce U3MONI3BA
Hal-4ecTo B eNEeKTPOTEXHUKaTa. AKO H3pa3uM HHTeH3uTeTa E Ha monero ot (3) u ro 3amectum B (2) MOkeM Ja
MOJIy4rM U 3aKoHa Ha OM 3a Ta3u €THOPOJIHA YacT OT eJIeKTpUYHaTa Bepura, KosiTo pasriexiaaMme, B o3HaTaTa
HU uHTerpanHa gopma (1):
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pasriacxKaaHusd cnyqaﬁ (MeTa.]'ICH MNpOBOAHUK C ITOCTOSHHO CCUCHHUC S, HusATO CHCHI/I(bI/I‘IHa IIPOBOAMMOCT C €
IIOCTOsIHHA BCJ'II/I‘II/IHa) MOXXEM J1a 3allMIICM:
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T.e. CTHTame JI0 Io3Harata HU (QopMmylia 3a CHIIPOTHUBICHUETO, M3BECTHA OMIC KaTO BTOpPH 3aKOH Ha OM.
Mepnara equnMIa 3a chnpotuBieHre ¢ oM [Q]. Benuuunata p=1/c ce Hapuua crneqUPUYHO EICKTPHUYHO
CBIIPOTUBJICHUE U 3aBUCH CaMO OT BEIIECTBOTO, OT KOETO € HalpaBeH MPOBOIHUKBT. M3mepBa ce B oM 1O
MmeThp [Q2.M]. Biskaame, ue ChbIIPOTUBICHUETO HA METAIHUTE ITPOBOJIHUIM HE 3aBUCH OT TOKA U HAIPEKEHUETO,
a caMo OT pa3MepHUTe Ha MPOBOJAHUKA U BEIIECTBOTO, OT KOETO € HAIIPABEH.

Twi1 kato (5) e 3anKcaHo 3a €IHOPOJHA YacT OT Bepurara, Harnpexenuero U, = —-A¢@,, (28 Bbrpoc). Taka

nojryyaBaMme 3akoHbT Ha OM 3a efHOpoJHaTa yacT 1-2 ot Bepurara:
| = U, _—A¢y,

R, Ry

Mma 11Ba 0OCHOBHU crioco0a 3a CBbpP3BaHE Ha ChIIPOTHBIJICHUS (KOHCYMAaTOPH) B J1aJieHa 4acT OT €JIeKTPUYHA
BepHUra — mocjenoBaTtenHo W ycnopenHo. Ilpu mocnenoBarenHo cBbp3BaHe (pur. 3) TOKBT Npe3 BCHUYKH
KOHCyMaTopu TpsiOBa J1a € eqHaKbB (ClIEACTBUE OT 3aKOHA 3a 3ala3BaHe Ha €JIEKTPUYHUSA 3apsi), a 0OLI0TO
HalpeXeHUe € cyma OT MaJ0BETEe Ha HANPEKECHUSITA BbPXY BCEKHM KOHCYMaTOp (HAINPEKEHUETO € CBBP3aHO C
pa0otara 3a mpeHacsiHe Ha 3apsaa). Toraea, Karo MpMIOKUM (5) 3a OTAEIHUTE KOHCYMAaTOpPH M 3a LENus
y4acTbk 1-2, momyyaBame:
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T.e. 00ImOTO (€KBUBAJIEHTHOTO) CHIIPOTHBIEHHE Ri; Ha BCHYKM KOHCymMaropu B ydackka 1-2 e cyma or
CBIIPOTUBJIEHUATA Rj Ha OTAETHUTE KOHCYMAaTOPH.

AKO KOHCymMaTopuTe ca CBbp3aHM ycropeaHo (¢ur 4), HampexeHUsTa BbpXY BCHUUKM KOHCYMaTOpH ca
paBHM Ha OOIIOTO HAMpeXeHHe (BCUYKHU ca MEXy TOUKUTe 1 1 2), a 00T TOK

€ cyma oT TokoBeTe mpe3 otaenHure koHcymatopu (33E3). ToraBa kato R1
OpUIOKUM TaKk (5) 3a OTAeNHUTE KOHCYMAaTOpH W 3a LEIHS YYacThK L1
roJry4aBame: R,
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T.€. PELHUIIpOYHAaTa CTOMHOCT Ha OOWIOTO (€KBHUBAJEHTHOTO) CBHIIPOTUBJICHHE € CyMa OT PEUUIPOYHHUTE
CTOMHOCTH Ha CHIIPOTHUBIICHUATA HA OTACIHUTE KOHCYMAaTOPH.

ExcriepyMeHTanHO € YCTaHOBEHO, Y€ 3a rojiiMa 4acT OT METAJIUTE M TEXHWUTE CIUIaBU 3aBHCHMOCTTA Ha
chIIpoTuBIeHUETO R oT Temneparypara t (B °C) B POk TemMrepaTypeH UHTEpBal € JINHEeiHa:

R(t) =R, (1+at),
KbJeTo Rop e cemnporuBienuneTo Ha mpoBoaHmka mpu 0°C, a o ce Hapuya TeMIepaTypeH KOCPHUIIMEHT Ha
C’bI‘IpOTI/IBJICHI/IeTO H CC H3MepBa B K_l.



Ako B nmageHus y4dactbk 1-2 ot Bepurata mmame BkimodeHo u EJIH €12 (TakpB ydacThK ce Hapuya
HEEeHOpPOJIeH), HamnpexeHuero U,, =A@, +¢€,, (28 BbIpoc) u 3akoHBT Ha OM 3a HEENHOPOJHA YacT OT

Bepurara 1e 0bae:
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KBbACTO R12 € CKBHUBAJICHTHOTO CBHIIPOTUBJICHHC HAa BCUYKH KOHCYMATOPH B Y4YAaCTbKa 1—2, are BBTPCHIHOTO
CLHpOTI/IBJIeHI/IC Ha U3TOYHHUKA.
Axo CbCAUHUM TOYKHUTC 1lu? € CBBPKEM 3aTBOPEHA BCpUra, TOraBa IMOTCHIUAJIUTE (P1 U @2 Ha
eIEKTPOCTATUYHOTO IOJIE B TE3H TOUKH ca paBHU (A@Q12=0), Hampexkenuero U,, =€, U MOIy4aBaMe 3aKOHBT Ha

OM 3a 3aTBOpEHA HEPA3KIOHEHA BEpUTra:

€
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Pa6ora n MOIIHOCT HA €JICKTPUYHUA TOK. 3akoH Ha I[)Kay.]'[ — JleHlI 32 TOILIMHHOTO JAeHCTBHE HA
CJICKTPUYHMSA TOK

ExcriepuMeHTaHO ycTaHOBeH (DakT € 3arpsBaHeTO Ha METAJHUTE IPOBOJHUIM NPU TNPOTHYAHE HA
CIICKTPUYUCH TOK Mpe3 TsX. TOINIMHHATA SHEePrusi, KOATO CE OTHEINs, € CBbp3aHa C JOMbIHUTEIHATA KHHETHYHA
CHEPrHsi, KOSTO TIOJNydYaBaT EJIEKTPOHHUTE OT HM3TOYHUKA HA CJIEKTPUYHA CHEPrus, Ch3JaBall IOJIETO B
NpOBOAHKKA. EJEKTpOHHTE T'yOAT KMHETUYHATA CH €HEPrus MpU yaapd ¢ HOHUTE HA KPHCTAJHATa pPEIIeTKa.
ToBa Bomu 10 MOBUILIABAHE HA TEMIIepaTypara Ha MmeTaia (a CIeJOBaTeHO M Ha BbTpEIIHaTa eHeprus, 18
BBIIPOC), Thil KaTO TIPaJWBHUTE MYy YACTUIM yBEJIMYaBaT KHHETHMYHATA CH CHEpPrust Ha TpenrteHe. Tasu
JOIBJIHUATENIHA BBTPEIHA CHEPIHs ce OTACIs Mo opMaTa Ha TOIUIMHA. AKO MPEANOI0KHUM, Y€ MPU BCEKU OT
TE3W yAapH €JIeKTPOHBT OT/AaBa IsIaTa JOIMBIHUTEIHA €HEPIus, KOATO € MOJYyYWsI OT IMOJETO MEXIY IBa
MOCJICZIOBATEIIHU YAapa, KOJMYECTBOTO TOIIMHA, KOSTO Ce OTHels, TpsOBa Jia € paBHO Ha obOmiara padoTa Ha
CIICKTPOCTATUYHUTE M CTPAHUYHUTE CHJIM 3a MPEHACSHETO My Ha TOBAa Pa3CTOSHHME. 3a MalbK HHTEPBAT OT
Bpeme Ot mpe3 mpoBojHKMKa ce mpeHacs 3apsa dq. Padorara dA (a chOTBETHO M OTACICHOTO KOJIHYECTBO
torvimHa 0Q), 3a mpeHacsHe Ha TO3M 3apsil, CE€ ONpeaeis OT TrojJeMHHAaTa Ha 3apsga W IMPUI0KEHOTO
HaIpeKeHUe MEXy KpaulllaTta Ha IPOBOIHUKA (28 BBIPOC):

(8) dQ =dA=dqU =Uldt .

Tasu 3aBucumoct (8) u3passpa 3akoHa Ha J[xayn-JIeHIl 32 TOIUIMHHOTO JEHCTBUE HA CICKTPUYHHS TOK —
OT/IEJIEHOTO KOJMYECTBO TOIUIMHA B €IUH METaJIeH MPOBOJIHUK € MPOIMOPIHOHAIHO Ha Maja Ha HAPEKEHUETO
BBbpPXY MPOBOJHUKA, TOKHT, KOWTO MPOTHYA B HEr0 M BPEMETO, 3a KOETO MpOTHYa TOKHT. Karo m3monsBame
3akoHbT Ha OM BBB BHa (5), MOXKEM J1a MOIYYUM OIIe IBE eKBUBAJICHTHU GopMyIH 3a 3akoHa Ha [[xayn-JleHt,
4pe3 ChIPOTUBICHUETO HA TIPOBOIHUKA!
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3a MOCTOSHEH eNEKTPUYECH TOK 3aKOHBT CE€ OMPOCTSBA, Thil KaTO MOXKEM Ja TO 3alHIleM 3a MPOU3BOJICH
MHTEpBaJ OT Bpeme t.
2
Q=IUt= IZRt:U—t.
R
Ot 3akoHa Ha J[kayn-JIeHn MOXeM J1a TOoJIyduM OIlle €/JHa Ba)kKHA XapaKTePUCTUKA HA €JIEKTPUYHUSA TOK —
Heropara TOIUIMHHA MOIIHOCT. Kakto 3HaeM (7 BBIIPOC), MOIIHOCTTA ce AepuHMpa KaTo paboTaTa, U3BbpILIEHA
3a euHuUIa Bpeme. Ciie10BaTeNHO 3a MOIHOCTTA (TOIUIMHHATA MOILITHOCT) Ha TOKA 1€ MOJIyYuM:

dA d u?
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MepHaTa CAWHHUIIA 3a MOIIIHOCT € BaT [W] qpe:s MOIIITHOCTTAa MOKEM Ada HOHy‘{I/IM OlI€ IBE€ €CKBUBAJICHTHHU
dhopmynupoBKH Ha 3akoHa Ha J[xayn-JIeHI, KOUTO Ce M3MOI3BAT B €ICKTPOTEXHUKATa — 3aKOHBT Ha J[xayi-

Jlenn B qudepennmanya gpopma:
P 1%R = 8% = [%SI = V.
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Karo P e T.Hap. chenuduyHa MOIIHOCT (OTAeJEeHaTa MOIIHOCT B €AMHHUIA 00eM). AKO H3I0JI3BaMe
mudepennuainara popma Ha 3akoHa Ha Om (4), 11e moayYuM U apyrara GopMyJIHpPOBKa:

p=pj> =pc’E* =cE>.



