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BCTYII

MeTa BKa3iBOK — JOMOMOTTH CTYyACHTaM BHUKOHATH Ja0OpaTopHI poOOTH,
JOTPUMYIOUUCh  TPaBWJI  TEXHIKM  O€3MEKH;  HABUYUTUCA  KOPHUCTYBATHUCS
€JICKTPOBUMIPIOBAILHUMH TIPWJIAJIaMA 1 BU3HAYATH TOXUOKH BUMIPIOBAHb BEITUYHH
UMW T[pWiIaJaMH; TpuadaTH eJeMEHTapHI HABUYKU EKCIIEPUMEHTYBaHHS 1
MPAKTUYHOTO OCBOEHHS HAWOLIbII BaXKJIMBUX METOJIB BUMIpPIB, IMEPEBIPUTH HA
MpaKTUIl A0 PI3MYHUX 3aKOHIB 1 3aKOHOMIPHOCTEH.

ExcriepumMeHT Mae BupiliajgbHe 3HAUEHHS JJi1 TMI3HAHHA HABKOJUIIHBOI
OpUPOAM, TO-TIepIIe, K MEPBUHHE KEPENo Mi3HAHHS 1, MO-Apyre, SIK KpUTEpii
ICTUHHOCTI Tinote3, Teopiil. Bin Bifirpae Takox Beldnue3Hy poiib NMpu (popMyBaHHI
HOBUX TINOTE3 Ta TEOPETHUYHUX YsIBJIEHb. Y CBOIO uyepry, 0Oe3 Teopii Ta
COPSAMOBYIOUHX 17 HEMOXJIMBUN HAayKOBUN ekcrepuMeHT. OTke, TeopeThyHl i
EeKCIIEPUMEHTAJIbHI ~ METOAM  JIOCHI/DKEHHS MepeOyBalTh y  M1aJCeKTUYHOMY
B3a€EMO3B’ 3Ky Ta B3aemomii. 3 PO3BUTKOM HaykKu 1 TexHIKH cdepa
€KCIIEpUMEHTAJILHUX JOCHIKEHb YBECh 4ac PO3LIMPIOETHCS, OXOIUIIOIOUU JeAali
CKJIa/IHIIII SBUIIA IPUPOIH.

@Di3UYHUNA  eKCIIEPUMEHT SK METOJ JOCHIKEHHS HaOyBae JajbIIoro
MOIIMPEHHS] B CYMDKHHX 3 (DI13MKOI0 TUCIUILIIHAX, OCOOMMBO B XiMmii, Oiojorii Ta
TEXHIYHUX HayKax.

[Ipu miaroToBui, BUKOHaHHI Ta 0(OPMIICHHI Pe3yabTaTiB Jab0OpaTOpHUX POOIT
CiJT KOPUCTYBAaTHUCS PEKOMEHJIAIlISIMU, BHUKJIAJEHUMH Yy BCTYNHIA YacTHHI
"MeToauyHNX BKa31iBOK J0 BUKOHAHHS JaOOpaTOPHUX POOIT 3 MEXaHIKU', a TaKOX
BUKJIAJICHUMH HIKYE TAHUMU PO €IEKTPOBUMIPIOBAIBHI MIPUIIAJIH.



EjexkTpoBuMipoBajibHi NPUJIAIM | IXHI XapaKTePUCTHKH
YyTauBiCTh | HiHA MOJIIKH €JIeKTPOBUMIPIOBAJBHOIO MPUJIALY

UyTIuBICTIO S €IEKTPOBUMIPIOBAIFHOTO MPUIALy HA3UBAIOTh BiJHOIICHHS
JIHIAHOTO 4YM KYyTOBOTO IMEPEMIIICHHA MNOKak4yhuka A0 10 3MIHH BUMIPIOBAHOI

BCJIMYMHU, 11O BUKJIMKAE 1€ HepeMiIHeHHﬂ AX:

_Aa
AX

Po3MipHICTh YYTIMBOCTI 3aJ€KHUTh BiJ XapaKTepy BUMIPIOBAHOI BEJIUYHMHU
(4yTIIMBiCTB TIPUITATY A0 CTPYMY, HAMPYTH 1 T.1.).

Bemnunny C = st | 00E€pHEHY YYTJIHUBOCTI, HA3UBAIOTh I[IHOK TOIUIKA
npwiany. BoHa BCTaHOBIIOE 3HAYCHHS EJICKTPUYHOI BEIMYMHM, IO BUKIIUKAE
BIIXWUJICHHS Ha OAHY NMOAUIKY. [{iHa MOAJIKK 3a1€XXUTh BiJ BEPXHBOI 1 HUKHBOI MEXI
BUMIPIOBAHHS TpHJIAAy 1 BiJ 4Yucia MOAUIOK mmikanu. Hampuknaa, Ha pucyHky 1
MoKa3aHa IIKaja MpHIagy, PO3PaxOBaHOTO Ha BUMIPIOBAHHS TOCTIMHOTO CTPyMY

(mo3nauka "—")y mexax Big 010 250 mA, mikana sitkoro mae 50moiIoK.

[{ina moaUJIKK TaKOTO MPHJIay JOPIBHIOE:

~250m4 = m4
50100 unod'
100 159 800
)
© mA R
1,5

Pucynok 1
IHoxuoxu npuiaais

HaliBaxTMBIIIOI0 XapaKTEPUCTUKOIO KOKHOTO BHUMIPIOBAIBHOTO TPHWIATY €
ioro moxuOka. TOYHICTH €IEeKTPOBUMIPIOBAIBHUX TMPHUJIAIIB JIGKUTh B OCHOBI
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PO3MOJITY MNpWIaAiB Ha Kiacu. EjexkTpoBHMiprOBaibHI MpUIAId BIAMOBIIHO 0
BEJIMYUHH 1X 3BEACHOI MOXMOKHU MOAUISAIOTLCSA Ha BiciM KiaciB tounocti: 0,05; 0,1;
0,2, 0,5, 1,0; 1,5; 2,5; 4,0llpunamu xnacie Ttounocti 0,05; 0,1; 0,2; 0,5
BUKOPUCTOBYIOTh TOJIOBHUM YHHOM JJii TOYHUX Ja0OpaTOpPHUX BHUMIPIOBaHb 1
Ha3WBalOTh MOpenusiinuMu; mnpuiaau kmacie 1,0; 1,5; 2,5; 4,0marore Ha3By
TEXHIYHUX.

AbcomoTHOI0 MoxuOKo mpuiany AX € Moaynb pi3HUII MK MOKa3aHHAMU
npuiany Xy, 1 J1HCHAM 3HAYE€HHAM BUMIpIOBaHOI BEIMYMHH Xo:

AX=| X —Xo .

3a nmiiicHe 3Ha4YEHHS BUMIPIOBAHO1 BEIMUYMHHU Xo MPUUMAIOTh 11 3HAYEHHS, 110
BUMIPIOETHCSL 3@ JIOMOMOTOIO 3pa3KOBUX TMPWIAMiB. 3BeleHA TMOXHUOKa MPHIIaTy
BUpaKaeThCs y BigcoTkax (%0).

Axl’l
3, =—2-[100%

np.
xmax

Kiac TognOCTI TprItay TOPiBHIOE 3BEACHIM OXUOTII.

Ipuxnag. Hexait BuMipsHe 3HAYeHHS CUJIM CTPyMy JAOpPiBHIOE 7SMA.
BumMiproBaHnHsi CTpyMy BUKOHYBaJIU MijliaMriepMeTpoM 13 mikanorw Ha 250 MA. Kiac
tourocTi 1,5.Toxmi aGconmoTHa MOXMOKa PHIIa Ty

_ 9. Hmax _ 1.5[R50NA

Al =
” 100 100

=3.794.

BinnocHa nmoxn6ka BUMIPIOBaHHS BETMUYUHU CTPYMY

Al
0= I”p' [100%-= 37'—;5D100%; 99.

3 HaBEJIEHOTO MPHUKIIATY 3PO3yMiNI0, IO KOJIU Tpeda MPOBOIUTH BUMIPIOBAHHS
3 BHCOKOIO TOYHICTIO,TO Mpujaja Tpeda migiopaTtu Takui, 100 BUMIPIOBAHUI CTpyM
BUKJIMKAB BIAXWJICHHS  CTPUIKM, HaAWOUIbII  ONHM3bKE [0 MAaKCHMAJIbHOTO
3HAYCHHS | may.



Knacudikaunis npuiaaais 3a npUHOMIIOM il

Macnimoenekmpuuna cucmema. EIEKTpOBUMIPIOBAIBHI — TPUIAAHA  IIi€i
CUCTeMH MpHU3HAYEH] JUIsI BUMIPY CHJIM CTPYMY 1 Hallpyrd B JIAHIIOTaX MOCTIHHOTO
cTpyMy. PoGota mpunamiB MarHiTOCJIEKTPUYHOI CHCTEMH 3aCHOBaHA Ha B3a€MOJIi
Mar"HiTHOrO TOJS MOCTIHHOTO MAarHiTy 1 PyXJMBOi KOTYIIKH, MO SKIM MpOTIKae
BUMIPIOBaHUH CTPYM.

Enexmpomacnimna cucmema. llpunaam  e1eKTPOMArHiTHOI  CHCTEMH
3aCTOCOBYIOTh JIJI1 BUMIPIOBAaHb TMOCTIMHOTO 1 3MIHHOTO CTpyMmiB. IlpunHmun mii
OpUIaAiB €IEeKTPOMArHiTHOI CHUCTEMH 3aCHOBAHMN Ha B3a€MOJii MarHiTHOTO TOJIS
KOTYIIKH, TO SKii TPOTIKAaE BUMIPIOBAHUN CTPyM, 1 pPYXJIHUBOTO OCEpIs,
BUTOTOBJICHOTO 3 M’ SIKMX MarHiTHUX marepiainiB. L{g1 cuctema mpumaniB gae 3mory
BUMIPIOBAaTH CHJIy SIK TOCTIHHOTO, TaK 1 3MIHHOTO CTPyMiB, Ma€ TPOCTY
KOHCTPYKITi}0, BATPUMAaHA Y BiTHOIICHHI MIEPEBAHTAKEHbD.

Henmoniku: HEpIBHOMIPHICTh IIKajdd; MEHINA TOYHICTH IIOPIBHSHO 3
MarHiTOCJICKTPUIYHUMU TIPUIIATaAMH.

Enekmpoounamiuna cucmema. llpunamm mnpu3HAYeHi 11 BUMIPY CHIIH
CTPYMY, HaIPyTH 1 TOTYKHOCTI B KOJaX MOCTIHHOTO 1 3MIHHOTO CTpyMiB. [IpuaImm
Ail mpuIaaiB eIeKTPOAMHAMIYHOI CUCTEMH 3aCHOBAaHMU Ha B3a€MOJIii KOTYIIOK, IO
AKUX TMPOTIKA€ BUMIPIOBAHUM CTpyM. TakuM 4YMHOM, MpUTAAU €JICKTPOAUHAMIUHOI
CHUCTEMH BIJIPI3HSAIOTHCA BIiJ TPUJIAAIB MarHiTOCJICKTPUYHOT CHUCTEMH THUM, IO
MarHiTHE TIOJI€ CTBOPIOETHCS HE TMOCTIMHUM MAar”iToM, a KOTYIIKOIO, MO SIKii
NpOTiKae BUMipIOBaHMA cTpyM. KOTyIIKM B eNeKTpOouHAMIYHOMY TPUTIa/Ii, 3aJI€KHO
BiJl MPU3HAYEHHSA, 3'€IHYIOTHCS MK CO0OI0 MOCHIIOBHO abo mapanenbHo. SKIo
OOMBI KOTYIIKK TpUJIaay 3’ €IHATH MapajielbHO, TO HOTO MOYKHA BUKOPHUCTOBYBATH
K aMIIepMETP, SKILO MOCTII0OBHO 1 MPUENHATH A0 HUX MOCIITOBHO JOIaTKOBUH OIIip,
TO Tpuiax MOXXe OyTH BHUKOPHUCTaHMHA SK BOJBTMETp. Y BaTMETpax Hepyxoma
KOTYIIIKa BMHUKA€ETHCS B KOJIO CTPYMY MOCHIIOBHO, @ PyXOMa KOTYIIIKa 3 10AATKOBUM
OTIOPOM — MapaieIbHO CIIOKMBaYaM €HEpTii.

IcHytoTp  Takox ~ mpuiand  IHAYKIIHHOI,  TemioBoi,  BiOparliiiHoi,
€JIEKTPOCTATUYHOI, TEPMOCJICKTPUYHOI Ta IHIIKUX cucTeM. JlokiamHimie mpo I
CHUCTEeMH MOXHa JAi3HaTHCs B KHM31 «3aranpHa (izuka. JIabopaTopHU MPaKTHKyM»
3a penakiiero I. T. 'opbauyka.

[To3HaueHHs, M0 3yCTPIYAIOTHCA Ha IIKaJaxX MPUiIaIiB, HABEACHI HIDKYE.
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JIABOPATOPHA POBOTA Ne 30

Po3mmpenHsi Mme:xx BUMIpPIOBAHHS aMIIepMeTPAa i BOJIbTMETPA

Merta po0OOTH — BHU3HA4YEHHSA KOE(DIIIEHTIB LIYHTYBaHHS, OMOPIB IIYHTIB 1
JOJATKOBUX OMNOpPIB JUIsi 30UIBLICHHS MEX BHMIPIB CHJIM CTPyMy 1 Hampyru.
BinmoBigHO 10 3a3HaueHOi MeTH POOOTa CKIAIA€THCS 3 ABOX YAaCTHH.

1 Hlynmyeanna amnepmempa

AmnepMeTp — mpuiiaa JUisl BUMIPY CHJIM CTPyMY — BKJIFOYA€THCS B JIAHITIOT
MOCIIJIOBHO 3 TI€IO AUISHKOIO JIAHIIOTA, HAa SIKOMY BUMIPSETHCS cujia cTpyMmy. Tomy
omip oOMOTKH aMIlepMeTpa MOBUHEH OyTH JOCUTh MaJIUM, 1100 3MiHA CUJIU CTPYMY
IpU BKIIOYEHHI aMIlepMeTpa He MepeBulllyBaja Horo abcomoTHoi moxuOku. [Ipu
HEOOX1JHOCTI BBIMKHYTH aMIIEpPMETpP y KOJIO, CTPYM B SIKOMY IIE€PEBHIIY€E 3HAUEHHS,
Ha SIKE PO3PAXOBaHHWM NaHWUN TpPHUIAJ, MapajeabHO OMopy OOMOTKH ammepMeTpa
BKJIFOYAIOTh PE3UCTOP, HA3BAHUMN IIIYHTOM.

O1miHKy TNOMUJIKMA y BH3HAQUYE€HHI CUJIM CTPYMY, SIKy BHOCHUTH aMIIEPMETP,
MOYKHa 3pOOWTH, CKJIABIIM THUIIOBY CXEMy Ui BUMIpY CUIM CTpyMmMy B Koii. Ha
pucynky 30.1300paxeHo Bl AUIIHKH TaKOTO KOJIA.

R,I R[IA RA
—_— ———QpA—
u u

a

Pucynok 30.1

Ha minsuami koma, 300pakeHid Ha cxemi a, TpeOa BU3HAUUTH CUIY CTpyMmy .
Bxitoyaroun B koo ammepmerp (cxema 6), BHUMIPIOIOTH CHIIy CTpyMy la, 110
BIJIPI3HAETHCS BiJ IIACHOI cUU cTpyMy | y cxeMmi a;

R — omip HaBanTaxkeHHsI; Ry — omip ammniepmerpa; U —pi3HUI MOTEHIIANIB HA
KIHIX JUISTHOK KOJIa.

3a 3akonoM OMa U1 QUIBHULI KOJia

I =% (cxema a) , ) (1

| A :F\’:'J—RA (cxema 0 ). (2)
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BuxmounBmiu R 3 piBHsHb (1) , (2)paepkuMo Bupa3s it CUIHA CTpymy |:

IADRA )

U-1,R, )

| =1 ,(1+

Pizuuns (I — |5 ) He moBHMHHA NepeBUIYBaTH a0COMIOTHOT MOXUOKH Al !

I —la <Alyp; 4)

Opp
— “np.dmax
Alnp_——loo : (5)

ne d,, —3BeJeHa noxuoka npunaay (Kaac TOUHOCTI NpUIIay, IO MO3HAYAETHCS

Ha HOro IIKam);
|max — MaKCUMaIIbHE 3HAUCHHSI CUJIM CTPYMY, 1[0 BUMIPIOETHCS TIPUITAIOM.

Ockinpky HalyacTime abCoMOTHA MOXUOKA MPUIIAAIB 3 TPOMOPIIHHOO IIKAJIOK
30iraeTbcsi 3 MOJOBUHOIO MOJUIKHM, TO 3amicTh ¢Gopmynu (5) mna Al,, MoxHa

BHKOPUCTAaTH BUPa3
Al =-max (6)

JI€ N —YHUCIIO MTOAIJIOK IIKAJIH.

Toni ymoBy (4), mpu sKiii aMmmepMerp HE BHOCUTh 3MiH y BHMIpH, 3

ypaxyBaHHsIM piBHSHHS (3) MOXHA 3alMcaTH Tak:

A IARA < Imax. )(7

3 orsiAy Ha HaWOLIBII HECHPUATIAMBUN BUMAIOK, KOJIU lo =lyay 3 yMoOBH (7)

OJIEPKUMO:

IL>2n+1. ) (8

max ‘A
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Ock11bKH 3BHYatHO N »1, 0CTaHHIO HEPIBHICTh MOYKHA 3alTUCATH TaK:

Y oo, 9)

I maxRA

3 1€l yMOBM 3aBXAM MOXKHA BH3HAUWTH, SKHA TpUiIag  MOXHA
BUKOPHUCTOBYBaTH g naHoro 3HadeHHs U 1 mpu saxux 3HaueHHAXx U MoxHa
BUKOPHCTOBYBATH LIEH MIPHIIA.

Jlis 3'siICyBaHHSI TOTO, SIK BIIOYBA€ThCS PO3MIMPEHHS MEX BUMIPY CHUIIH CTPYMY
PUJIAI0M TIPHU MiAKIFYEHHI 0 HbOTO IIYyHTa, po3risiHemo ABi cxemu (puc. 30.2):

Lo

@

6B

Pucynok 30.2

Ha pucynky 30.2: Ry — omip myHra; ly- cuna ctpymy B HIyHTI; lag0- cuita
CTpyMY B Kol 6€3 IIyHTa; |5- cuiia cTpyMmy, 110 MPOTIKAE KPi3b aMIIEPMETP y CXeMi 3
myHTOM; |1=1 o+1y;; R, — omip HaBanTaxeHHs; R; —omip auibHUKA Hanpyru D.

KoedimieaToM mIyHTyBaHHS HA3MBAIOTh YHCIO, HA SKE Tpebda MOMHOXHUTH
MOKa3aHHs nmpuiiany la, mood oaepkatu 3HaYEHHS CTPyMY B Kol |

K=—, (10)
LA
3 piBHAHD IaoRa = Ijy Ryp 11 = 15 + |y merko oxepkaru Bupas mius K gepes
ornopu myHTa Ry 1 amnepmerpa Ry :
K =1+ A (11)
Ry
1 omip myHTa Ry gepe3 Ra 1 K:
R
R, =—2 12
i =T (12)



Konu HeoOximHO, HaNpuKiIaa, 30UIBIIMTH IIHY MOAUIKK amrepmeTrpa B 10
pasiB, TO omip HIyHTa Tpeba B34TU B 9 pa3iB MEHIINM HIXK OIip aMIepMeTpa.

PosrisHemMo BUMAMOK, KOJNW OMip IIyHTa HEBIJOMH, a Tpeba BHU3HAUYUTHU
koediuieHt K. [Ing uporo cuig BUMIpITH cUlly CTpyMIB lag 1 |a mpu ToMy camomy
onopi R 1 Ti#t camiit Hanpy3i U Ha onopi Ry 1 Bu3Hauutu K.

3a 3akoHOM OMa 0JIepKUMO:

U
| Ao = ———— (w15 cxemu a Ha puc. 2), (13)
Ro+ Ry
| = v (mts cxemu © Ha puC. 2) (14)
. R.TR, . 2).
* Ry+R,

Bpaxysasmiy, mo I=K-15 (3 hbopmymnu (10)),

RaER, _Ra
Ra+R, K

(3 popmymu (11))1 BuximrounBim R, 3 piBasHb (13)1 (14), 0nepxumo:

K= UI_IADRA :IAO(1+ lao =1 a RAj. (15)
UGA -1, Ry I U —lao Ry
AO
Sxmo BUKOHYEThCS HEpiBHICTH (9), TO APYyruM JIOAAHKOM y JTy)KKaxX BUpPa3y

: : 1 .
(15) moxHa 3HexTyBaTH (BiH Ma€ MOPSJIOK MEHIIE, HiXK BEIIMYMHA o i Bupa3 (15)

HaOyBa€ BUTIIALY

k=180 (16)
IA

Taxkum yrHOM, BUMIPSIBIIH | 1 | , 3HAKIEMO KOEdilieHT mIyHTYyBaHHS K, a 3a
dopmyioro (12) —omip myHTa Ry;.
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2 Po3uwiupenns mesnc 6UMIpIOBAHHA 60J1bIMMEMPA

BonsTmMeTp — mpuwmanm uisi BUMIPIOBaHHS HANpyTd — BMHKA€ETHCS B KOJIO
napajebHO Tl AUISHII KOJIa, MK KIHIISIMU SIKOTO BUMIPIOEThCS Harpyra. ToMy omip
BOJIbTMETpa MOBHUHEH OYyTH JOCHUTH BEJIMKHM, 1100 3MiHAa HAmNpyrd MpU BMUKaHHI
BOJIBTMETpPAa HE TepeBHINyBajia Horo mnoxuOku. [Ipu HEOOXIAHOCTI BKIHOYUTH
BOJITMETP Y KOJIO 3 HAmpyrorw, 0 MEpeBHINYE Ty, Ha Ky PO3PaxOBAHUN JaHHI
BOJIETMET], MOCITIJJOBHO 3 HOTO 0OMOTKOIO BKIIFOUAETHCS TOAATKOBHIA PE3UCTOP.

O1iHKy TOMUWJIKMA y BU3HA4Y€HHI HAMpPYTH, 110 BHOCUTH BOJBTMETP, MOXKHA
3pOOUTH aHAJIOTIYHO TOMY, K Iie OyJjio 3poOJjieHo y Bumaaky ammepmerpa. Llo6
MpWJIaJl He BHOCUB MTOMUJIOK, TOCUTh BUKOHATHA YMOBY

Rs
S >2n, (17)

7€ N —YHCIIo MOAUIOK MPOTOPIHOT IITKaIH BOJIBTMETPA,
Rs — omip BoabTMeTpa; Ry- omip Ti€l AUISAHKH, € BUMIPIOETHCS HANIPYTa.
Jlns 3'acyBaHHSA TOTO, K BIIOYBA€THCS PO3IIMPEHHS MEX BUMIPY HaINpPyTH
npuIaIoM, posrisineMo aBi cxemu (puc. 30.3):

Ry

R,

Pucynok 30.3

Ha pucynky 30.3: Ugg 1 Ug — mokazaHHs BoJibTMETpa 0€3 J0JaTKOBOIO
pesuctopa 1 3 HUM BianosinHo; Uy — Hanpyra Ha pesuctopi Ryx; Uy — Hampyra Ha
I0AAaTKOBOMY pe3ucTopi Ry.

JIOMaTKOBUMH ~ PE3UCTOPAMU € PE3UCTOpPH, IO 3aCTOCOBYIOTHCS — JIJIst
30UIBIIIEHHSI MEX BHUMIPY BOJIBTMETPIB. SKINO IiHY MOAUIKK IIKAJIX BOJbTMETpa
Tpeba 301mpmuTH B N pasiB, TO 04EBUIHOIO € PIBHICTH

N=—X (18)
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[Tpu Bukonanui ymoBu (17) Hanmpyru Upy 1 Ux Ha omopi Ry y cxemax a i 6
pucynky 30.3mpaktuaHo ogHakoBi: Ugg=Uy. Tomy 3 piBHsHHS (18) BUimBae:

Nztio. 19)
B

3Buuaitno koedimienTr N 3Haxomsate 3 Qopmymu (19), konmm moKa3zaHHS
BosibT™METpa Upy HE MepeBUIIYIOTh MAaKCUMAaJIBLHOTO 3HAYCHHS Horo mkamu. Hampyry
Ux Ha omopi Ry, 1m0 mepeBuillye MakCUMajbHE 3HAUEHHS IIKaJl BOJBTMETpa 0e3
J0JIaTKOBOTO pe3ncropa (mpu MajoMy oropi R,), 3Haxoaats 3a popmyioro (18). [Tpu
IIbOMY IOKa3aHHs BojbTMeTpa Up NpHU JOCHTH BEIUKOMY JOJATKOBOMY omopi Ry
y’Ke He OyAyTh NEPEBUILYBATH MAKCUMAIIHOTO 3HAUEHHS [IKAJIH.

3B's30k koedimieHTa N 3 omopom [0JaTKOBOTO pPE3UCTOpa 3HAXOMITh 3

dopmymnu (18):

Ug +U U R
N:UBO: B A _q4 A4 A (20)
Ug Ug Ug

Onip 101aTKOBOTO PE3UCTOPa OOUUCIIOITH 3a (HOPMYJIOLO:
Ri=Rs (N-1). 1§2

Axmo HeoOXigHO, HANMPHUKIIA, 30UIBIIMTH I[IHY MOMIIKK BosbTMeTpa B 10
pasiB, TO OmIp TOJATKOBOTO pe3ucTopa Tpeba B3saTH B 9 pasziB OLbIIe OMOPY
BosbT™MeTpa. [lpum 1pboMy mOoKazaHHs BoibTMeTpa Up y cxemi 3 [101aTKOBUM
pesuctopom Tpeba momuHoxkuth Ha 10 (popmyna (18)), mob onepkatu milicHY
Harnpyry Uy Ha pe3ucropi Ry.

SKu1o omip J0JAaTKOBOTO PE3UCTOpa HEBIIOMHUM, TO, BUMiptoroun Hanpyru Ugg
1 Up 3a cxemamu a i 6 Ha pucynky 30.3,3Hax014Th N 32 popmyrnoro (19),a nmotim Ry
3a ¢popmyroro (21).

Hpuaagu i npuaagas

AMmnepMmeTp, BOJIBTMETP, AUIBHUK HANPYyTry, HaOIp MIyHTIB, HA0Ip TOJATKOBHUX
PE3UCTOPIB, CIOMYYHI APOTH, JXKEPENIO CTPYMY.
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IlopsiioK BUKOHAHHSA PO0OTH

3aBnanns 1. BusnaueHnHss Koe(illi€HTIB NIYHTYBaHHS, OMOPIB HEBIJOMHX

IIYHTIB 3a MOKa3aHHSAMH aMIIepMeTpa 3 IIYHTOM 1 0€3 HbOTO 1 CUJIU CTPYMY B KOJI.

1. 3iOpatu cxemy a Ha pucyHky 30.2.

2. Tlogatm Hampyry Ha AUIBHUK 1, 30UIblIyIoun omip Ry oOepTaHHSM MOB3yHKAa,
MEPEKOHATHUCS B TOMY, 110 MPH JESTKOMY TOJIOKEHH1 TMTOB3YHKAa CHJIA CTPYMY B KOJIi
MIEPEBUIIYE MEKY BUMIPIB aMIIepMeTpa .

3. 3MeHIIyoud omip AiIbHUKA Hanmpyrd R,, 3amucaTé MakCUMajibHO MOJKJIMBI
nmokazaHHs amrepMeTpa | aomax y Ta0IMII 1.

4. TlpueaHatu mIyHT 3 HEBIZOMHM ormopoM (cxema 0 Ha puc. 30.2)i, He 3MIHIOIOYH
MIOJIO’KCHHS TIOB3YHKA JUTbHUKA (UB. 1.3), 3aIIMCATH MTOKA3aHHS aMIepMeTpa | amax
y Tabsmmi 1.

5. BwusnHauntu koedinientn myatyBanHs K 3a ¢opmynoro (16) i 3anmcatu B
tabnuiro 1.

6. TloBropuTtHu BuMipH, 3a3HadeHi B M. 31 4,1 00UMCIEHHS, 3a3Ha4YEH] B 1. 5, Tpudl
NpU 1HIIMX TIOJOXKEHHSX TMOB3YHKA MAUTPHUKA HANpPyTH, aje I TOro CaMoro
uryHTa. /lani 3anectu B Tabmuiio 1.

7. OOuucnautu cepenHe 3HaYeHHs KoedimienTa myHTyBaHHs <K> 1 3a dopmylioro
(12) omip trynTa Rypy;.

8. IloBTOopuTH BUMIpH 1 0OOUMCIIEHHs, BKa3aHi B .3 — 7,I¢ JUIs ABOX IIYHTIB.

9.  Jlns KOXKHOTO 3 IIYHTIB y JIAHI[I031, CKJIaJIcHOMY 3a cxemoro 0 Ha pucyHky 30.2,
3HAWTH KiJIbKA 3HAYEHb CHIIA CTPYMY B MeKax Bif | ogmax (11.4) 10 MEKi BUMIPIOBaHb
amIepMerpa W OOYHMCIUTH BiAMOBIIHI 3HaYeHHs | B naHIo3i 3a ¢opmyror (10):

I=I A[K. JIani 3anecTu B Tabauiio 1.

3aBaannsa 2. Bu3HaueHHs OIOpPIB JOJATKOBUX PE3UCTOPIB 1 KOePiII€HTIB

PO3IIMPEHHS] MEK BUMIPY BOJBTMETpPA 3a TMOKA3aHHSIMHU BOJBTMETPA 3 OJAATKOBUM

pe3UCTOpOM 1 0€3 HhOTO 1 HANPYTH Ha JAUISHII KOJa.

1. 3i6paru cxemy a Ha pucyHky 30.3.

2. Tlogatu Hampyry Ha AUIBHUK 1, 30UIblIyloun omip Ry oOepTaHHSM MOB3yHKAa,
MEPEKOHATHUCS B TOMY, IO TIPHU JIESIKOMY WOTO TMOJIOKEHH1 HAIpyra MEepeBHUIILYE
MEXXY TIOKa3aHb BOJIbTMETpA.

3. 3MeHIIy4YM Omp JIIbHUKA Hampyru R,, 3amucaTd MaKCHUMalbHO MOJKJIMBI

noka3zaHHs BoJIbTMeTpa Upgmax Y TaOIUIIIO 2.
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4. TlpuenHaTu 10JATKOBHI pe3HCTOp 3 HEBimoMHUM onopoM Ry (cxema 6 Ha puc. 30.3)
1, HE 3MIHIOIOYHN ITOJIOKCHHS MMOB3YHKA JIbHUKA (IWB.I1.3), 3alIMCATH TIOKa3aHHs;
BoJIbTMETPa Upmaxy TabmIMUIIO 2.

5. Bwusnauurtu xoedimient N 3a popmyoro (19)i 3anucaru B Tadbmmirio 2.

6. IloBTopuTu BuMipH, 3a3HadeH1 B 1. 31 4, oO4YUCIEHHS, BKa3aHi B 1. D, TpUUl NpH
IHINX TIOJIOKEHHSIX TOB3yHKA IIBHUKA, ajie JUIsl TOTO CaMOTO J0JIaTKOBOTO
pesuctopy. JlaHi 3aHecTH B TaOIUIIO 2.

7. OO6uncnutu cepenHe 3HaudeHHs Koedimienta <N> i 3a dopmynoro (21) omip
noaaTkoBoro pesucropa Ry.

8. ITloBTopuTtu BUMIpHU ¥ OOYHCIICHHS, 3a3HAYCHI B 1. 3-7,11€ JJI IBOX JOJATKOBUX
PE3UCTOPIB.

9. Jlyig KO>KHOTO 3 TOJAATKOBUX PE3UCTOPIB Y JIAHIIO31, CKJIAICHOMY 3a CXEeMOIO 0 Ha
pucynky 30.3,3HaiiTu Kiibka 3HaueHb Hanpyrd Up y mexax Bifg Ugmax (1.4) 10
MEX1 BUMIPIOBAaHb BOJIBTMETPA W OOYMCIUTH BiNMOBIIHI 3HaUeHHS Uy Ha TUISHIT

3 onopoMm Ry 3a hopmyoro (18 ): Ux=Ug[N. [lani 3anecT B Ta0HIIO 2.

Taomung 1

Ne Ry 1 2 3

|A01 mA

A, MA

K

<K>

R]_]_[, Om

In MA

I, mA

Ta0mung 2

Ne Ry 1 2 3

UBO1B

Ug B

N

<N>

RJ]’ OMm

Ug, B

U, B
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1.

S L

6.

KoHTpoJibHI 3an1uTAaHHA

3anucaty 1 HOSCHUTH 3aKOHOMIPHOCTI MapayieIbHOTO 1 MOCIIOBHOIO 3'€ THAHHS
IIPOBITHUKIB.

Sxuit B 3'€IHaHHS BUKOPUCTOBYETHCS B MMOOYTOBIM €EKTpOMEpExXi 1 YoMy ?

[I{o Take MIyHT, iK€ HOTO MPU3HAYCHHS ?

1o Take 10IAaTKOBUM PE3UCTOP, IKE HOTO MPU3HAYCHHS ?

JlaTy BU3HaueHHs KoedillieHTa NTyHTYBaHHS 1 3alMUCATH 3B'S130K M1’K OTIOPOM
amIepMeTpa 1 IyHTa.

Sxuii 3B'130K M1’K OTIOPOM BOJIBTMETPA 1 OIOPOM JI0JIATKOBOTO Pe3ucTopa?

18



JIABOPATOPHA POBOTA Ne 31

BusHaueHHsI eJIeKTPOPYUIIITHOI CHJIM JIZKepeJia CTPYyMY KOMIIEHCAIITHAM
MeTO0I0M

Meta poO0oTH — 03HAHOMIIEHHS 3 KOMIIEHCALlIMHUM METOJIOM BHUMIpPIB y KOJax
HOCTIITHOTO CTpyMY.

Pob6oTa B 3aMKHEHOMY KOJI1 BiJOYBa€ThCs 3a PaxXyHOK Jii CTOPOHHIX MPUYUH —

IOJIIB HECJIIEKTPUYHOIO MOXOUKeHHs. Enmekrpopymiiiina cuia (e.p.c.) € Miporo il

CTOPOHHIX CHJ JpKepena cTpyMmy. Benuumna e.p.c. mxepena & BU3HAYa€ThCS

pOOOTOI0 CTOPOHHIX CHJI Yy 3aMKHEHOMY KOJII TpHU TPOXOKEHHI uepe3 mepepis
MPOBITHUKA OJMHUII 3apsiay.

3BUYAliHI CTPYMOMPOBIAHI BOJBTMETPU HE MPUAATHI JJIsI TOYHOTO
BU3HAYEHHS €.p.C. Y IbOMY JIETKO MEPEKOHATHUCS, SKIIO MiJKIIOUYUTH JI0 IMOJIIOCIB
kepena crpymy Takuid BosbT™erp (puc. 31.1) i 3ammcatu 3akoH Owma IS

3aMKHYTOI'O KOJIa.

AIR+Irane=U+1r, (1)

ne & —e.p.c. JpKepena CTpymy;
| — cuna ctpymy B KoJIi;
I — BHYTPIIIHIHN OMip JKepesa CTpyMy;
R — omip BosbT™METpA,;

U=IR — Hampyra Ha mojirocax JKepeilia CTPyMy, SKa BHUMIPIOETHCS
BOJIBTMETPOM.
e, r
|
J
)
R

Pucynok 31.1

3 piBastHHs (1) BUAHO, 10 & Olblile BUMIPIOBAHOI BOJBTMETpOM Hampyru U

Ha BEJIMYMHY CIIaJIaHHS HANPYTd Ha BHYTPINIHBOMY OTOpi JKepena ctpymy U =Ir.
Ile 1 € abconoTHA MOXKUOKA y BUMIPI €.p.C. BOJBTMETPOM, SIKUM CTBOPIOE 3aMKHEHE
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KOJIO JIISi TIPOXOJDKCHHS CJICKTPUYHOTO CTpyMy. BigHOCHa moOXuOKa BH3HAYCHHS
€.p.C. O0UUCTIOETRCS 32 (HOPMYIIOTO:

_ o
IR+1, R+r

Komu ctpym Kpi3b Kepeno BIACYTHIM, HOTO e.p.C. JOPIBHIOE PI3HUII
MOTEHLIAJIB Ha MOJI0CaxX PKepena, sIKy MOKHA BUMIPIOBATH €JIEKTPOCTATHUYHUM a00
CJICKTPOHHUM BOJIBTMETPOM. AJie HaWOUIbII TOYHMM METOJOM BHUMIpPY €.p.C. €

KOMIIEHCALITHUHN METOI.
Metox BUMiprOBaHHS il ONIUC YCTAHOBKHU

Komnencariiinuii MeToq moisrae B TOMy, IO €.p.C., fKa HIAJIATae BUMIPY,
BPIBHOB@KYETHCSI (KOMIIEHCYETHCS) HAINPYro, sSIKy CTBOPIOE iHIIE Jpkeperno. [lpu
[bOMY CHJIa CTPYMY 4Ye€pe3 JIOCIHIIKYBaHE HKEPENO JOPIBHIOE HYIIO.

E,r
|
L

Ex

Pucynok 31.2

Posrisaemo cyth MeToay kommeHcatrii (puc. 31.2). xepeno ctpymy 3 e.p.c. &,
IO CBIZIOMO TIEPEBMINYE €.p.C. AOCTIIHKYBAHOIO €JIeMEHTa &y, 3aMHUKA€ThCA Ha
peoctatr AB. [ochimkyBaHWN TrajbBaHIYHUN  €JIEMEHT 3 HEBIJOMOIO €.p.C. éx

NPUETHYETHCS OJHUM TOJIKOCOM JI0 JPKEpena CTpyMy 3 €.p.c. € B Toull A, a IHIIUM —

yepe3 raapBaHoMeTp G 10 KOB3HOro KOHTakTy peocrara D. Cumia ctpymy Kpisb
JDKEpENo 3 HEBIIOMOIO €.p.C. MOXE JOPIBHIOBATH HYIIO TUIBKH B TOMY BHIIAJIKY,
K0 00MaBa JKepenaa OyayTh BBIMKHEHI OJHOMMEHHHUMHM IOJIOCAMHM Ha3yCcTpid
onuH 1o oxanoro. [laminus Hampyru Ha peoctaTi AB 3aBxmu Oinblue, HIX €.p.C.

20
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JOCTIIKYBAaHOTO elleMeHTa, ToMy 1o & > éx. Tozal 3aBkau MOXKHA MiAIOpaTH TaKy

ninsHky peocrara AD, mo06 cTpyM y JUIAHIN, A€ BBIMKHEHO TaJIbBAaHOMETD,
JIOPIBHIOBAB HYJIIO. 3BIJICH:

Uap = IRap= éx, ) (3

ne | — ctpym kpi3b peoctat AB;
Rap —omip ainstHky peoctata AD.
3a 3akoHoM OMa i1 MOBHOTO KOJIa:

l=¢ ——, (4)

ne Rag —orip peocrara;

I — BHYTpILIHII omip Jxepena &.

Ko 3amiCTh JOCHIKYBAHOTO JIKepena CTPyMy MIAKIIOYUTH JHKEPEIIOo
CTpyMY 3 BIJIOMOIO €.p.C. &y 1 3MIHOIO TTOJIOKCHHS TIOB3yHKa (KOB3HOTO KOHTaKTy D)

3HOBY JIOMOITHCS, IIO0 CTPyM Kpi3b IIe JDKEPENIO HE MPOXOAWB, TO AHAJIOTIYHO
piBHSHHIO (3) OEPKUMO:

éN =1 Raps , (5)

ne Rap; —omip ausaku AD, ajie 3 1HIIUM MOJI0KEHHSIM TOYkH D;
| — cuna ctpyMy, 00OyMOBJIEHA THM CaMHUM PIBHSHHSM (4), 110 ¥ Yy BUMTAJKY 3
JOCTIKYBaHUM JIKEpesioM, TOMy 1o cuiia cTpyMy B udacTuHi koina ACD B 0060x
BUTIAJKAX JOPIBHIOE HYITIO.
SKI10 MOAUTUTH BIAMOBITHO JIiBI ¥ TipaBi yacTrHM piBHAHB (3)1 (5), omepxumo

R
é)x = éaN AD . 6)(
RADl

Sk mxepeno cTpymy 3 BIOMOIO €.p.C., 3aCTOCOBYETHCS HOPMAJILHUM €IIEMEHT
Bectona, 110 € etagoHom. 3HaueHHs Horo e.p.c. npu t = 2dc JIOPIBHIOE

én =1,0183 B.
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TakuMm 4YMHOM, BH3HAYEHHS €.p.C. TAJIbBAHIYHOTO EJIEMEHTY 3BOJAUTHCS 0
nigbopy omopiB Rap 1 Rap;. Benuumnum 1mux omopiB mpomopiiiiiHi JTOBXKHHAM
BIJIOBITHUX IUISHOK peocTata Iy 1 Iy:

Ix

I
Rap =P§s RADlzp%; (7)

I
Ex = En . 8) (
In

[IpuHIUIIOBY CXE€MYy €KCIIEpUMEHTAIbHOT YCTAHOBKHM Ha/IaHO Ha pUCYHKY 31.3.

€ —
I ! o\oilRII—
A D B
N G
—0/ EN i
P
X &

Pucynok 31.3

Ha cxeMmi mo3HadeHo: € — JPKEpeNo CTPyMy 3 €.p.C., IO TICPEBHIIY€E HEBIOMY
e.p.c. &x; &y — HOpMaNbHUH eneMeHT BecToHa; €y — eneMeHT, e.p.c. SKOro MoTpiOHO

Bm3HaunTH; G —ranpBanomeTp; AB — peocrat; K — kimou; P — mepemukad; Ri R —
PE3UCTOPH, IO OOMEKYIOTh CTPYMH B KOJIaX.

Hpuaagu i npuaagas
Jlxepeno ctpymy 3 e.p.c. &, eneMeHT Bectona 3 e.p.c. &y, T0CHKyBaHe

JDKEpeNio CTpyMy 3 e.p.c. éx, peocTar 3i IKajaor, rambBaHoMeTp G, 107aTKOBI
pesuctopu Ri.

ITopsa1ok BUKOHAHHS PO0OTH
1.0O3HaifloMHUTHCS 31 CXEMOIO Ha JJaOOpaTOPHOMY CTOJII.
2.3amkuyTHu K04 K 1 moctaButu nepemukau Py monoxxenns “X”.
3.IlepemicTuT MOB3YHOK peoctara D 10 MoOJOKEeHHS, MPU SIKOMY TrajibBaHOMETP
nokaxe 0.
4.BHecTH 3HaYEHHs 10JI0’KEeHHs oB3yHKa D Ha mikani |y y Tabmuiro (mocmig Ne 1).
5.IlocraButn nepemukad P B mosoxxenss “N”.
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6.1lepemictuTn TOB3yHOK D peocrara TakoX 1O TIOJIOKEHHS, TPH SIKOMY
ranpBaHoMeTp mokaxke 0.
7. BHectu pyre 3HaueHHs MoJokeHHs moB3yHka D Ha mikasi |y y tabmuaio (mocmig Ne 1).

8. Busnauntu BigHOCHI i a0comroTHI moxuOku BumMipiB Aly 1 Aly, (Ne mocmiais 1,2,3).

9. O6uncnuth 3Ha4eHHS €y 3a hopmyroii (8) 1 pe3yabTaT 3aHECTH B TaOJIUIIFO.
10. OGuucnuTH BIAHOCHY W aOCONIOTHY MOXMOKM BU3HAYEHHS €.p.C. HEBIIOMOTO
JoKepena cTpyMy éx s gocmiais 1,2,3.

11. IloBTopuTH Aii, 3a3Ha4YeHi B 1. 2 — 73 PI3HUMHU JOJATKOBHUMH pe3uctopamu RIi.
Hani BHectn B Tabymmo (Ne gocmiais 4 — 9).

12.06uucnuTu cepeaHe 3HaUeHHs < &x > 3 yCiX BU3HAYEHUX 3HAUCHb & .

Ne Ri Iy, em | Iy, em E.B | <&>B
1 -
R
2 o/
3 :‘%
{1 +——]{1—
4 Ri R>
—
Ri
5 [ — -
R>
L 1

KoHnTposbHi 3antuTanHs

1.1Ilo Ha3uBa€eTHCA €.p.C. JKEpesa CTpyMy?
2.5IK1 TOMUJIKY y BU3HAYEHHI €.p.C. MAIOTh MICII€ TIPH BUMIpI ii BOJTBTMETPOM?
3.ITosicHUTH CyTh METOy KOMIIEHCAIIi] 32 CXEMOIO.
4.ChopmymoBatu 3aKkoH OMa JUIst OAHOPIAHOT 1 HEOAHOPIAHOT AUISHOK KOJIa.
5.0xepxaru pobouy hopMyity st OOUHCICHHS €.p.C. JOCHIKYBAaHOTO €JIEMEHTA.
6.I[losicHuTH AKICHUI BIUIMB 1OJIATKOBOTO onopy R Ha 3MiHy nosokeHHs Touku D Ha

peocrari.
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JIABOPATOPHA POBOTA Ne 32

MopenoBaHHSA eJIEeKTPUYHHUX MOJIiB 32 JOIIOMOI0K0
€JIEKTPOJIITHYHOI BAHHU

Meta poOOTH — BHBUEHHS €JEKTPOCTATUYHOTO MOJIS 3apS/KEHUX Tid Pi3HOI
KOH(Irypariii, modyaoBa eKBIMOTEHI[IAIbHUX MOBEPXOHB ISl 3a/1aH0i KOH(Iryparii i
po3TalllyBaHHS  €JIEKTPOJiB, IMoOymoBa CiMEHCTBA CHJIOBHMX  JIHIM  (JTiHI#H
HAIPY>KEHOCTI).

CuitoBa B3aeMoiisl Mk OyJb-IKMMH TUIaMH HE MOXKE BiOyBaTucs 0€3 y4acTi
MaTepii. 3apsKeH1 YaCTUHKH 1 TU1a, 3HAXOTYUCh HA BIJICTaH1, B3AEMOAIIOTh OJIUH 3
OJHUM 32 MOCEPEIHUITBOM iXHIX €JIEKTPUYHHUX IOJIB, IO SBIAIOTH COO0I0 OJIUH 3
BUIIB Matepii, sKI ICHYIOTb TOpsAa 3 pedoBuHOIO. llome Hepyxomux 3apsiiB
HA3UBAETHCS CIIEKTPOCTATUYHHM.

Enexktpuune mosne BusBisie cebe 3a CUIOBOIO A€o0 Ha 3apsaud. CHIIOBOIO

—

XapaKTEPUCTUKOIO TIOJISI € HANpPYXKEHICTh E - BeKTOpHa BenMMuWHA, sKa JOPIBHIOE
BIIHOIIICHHIO CHJIH, IO Ji€ 3 OOKYy TOJisA, HAa IPOOHUHN 3apsi, SIKW BMIIIICHO B JTaHy
TOYKY, /10 3HAYCHHS [IbOTO 3apsiay:

m
I
o |

: : H B
HarnpyxeHicTh €JeKTPUYHOTO MOJIsl BUMIPIOETHCS B o a6o —. Orxe, Ha
M

—

3apsif], U0 3HAXOUTHCS y TOULl 3 HampyxeHicTio E, mie cuna
F =qE.

Enextpuune mosie mpuiiHATO 300pakyBaTH TpadidyHO 3a JONOMOIOI0 JIHIN
HaIpy>XeHOCT1, TOOTO IHIM, JOTHYHA A0 SAKUX Y KOXHIM TouIill 30iraerbcs 3

HAIPSIMKOM Bektopa E . KimpkicTs JiHIH HampyeHOCTI, IO NMPOHU3YIOTH YSBHY
OJUHUYHY IUIOMIAJKY, MNEPIEeHAMKYISIPHY 1O LUX JIiHif, BHUOHpAETbCA pPIBHOIO
MOJYJIO HAMpy>KEHOCTI B nAaHiid Touml. JIiHIl Hampy>XeHOCTI €IEKTPUYHOTO OIS
MOYMHAIOTECS Ha MO3UTHBHUX 1 3aKiHUYIOTbCS Ha HETaTUBHUX 3apsaax abo
MOYMHAIOTHCA 1 3aKIHUYIOTBCS B HECKIHYEHHOCTI, HIJJ€ HE 3aMHKAIOThCS 1 HE
HePEeTHHAIOTHCA.

EnepreTnunoro XapakTepuUCTUKOIO Toisi € mnoTeHmian. [lotenmian — ue
cKaisgpHa (i3uYHA BEIMYMHA, 10 XapaKTepU3ye 3JaTHICTh MOJISi BUKOHYBATH POOOTY
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1 BHUMIPIOETHCS BIJHOIICHHSM MOTEHIIaIbHOI €Heprii MpoOHOTO TOYKOBOT'O 3apsy,
KU BMIIIEHO B JIaHy TOYKY TOJS, A0 BEIUYMHU LIBOTO 3apsnay. MoKHa Takox
CKa3aT, M0 MOTEHIliaj JaHOi TOYKM TOJsl JOPIBHIOE pOoOOTi, IO BUKOHAHA IMOJIEM
IpU NEPEMILIEHH] OAMHUYHOTO O3UTHBHOTO TOYKOBOTO 3apsiy 3 L€l TOYKHU MO B
HECKIHYCHHICTH (Y Ty 00J1aCTh, JIe T0JIC BiJICYTHE):

Skmio 3apsin  MepeMilIyeThesl 3 TOYKH IMOJIA 3 TOTEHINAIOM @) Yy TOUKY 3

MOTEHINAJIOM @, TO CHJIM TOJISi BAKOHYIOTh POOOTY
A=Wy =Wy = dg1—¢))

1110 JIOPIBHIOE TOOYTKY 3apsily Ha PI3HULIIO MOTCHINAIIB @ - @,

B enektpuunoMy mosi MOHa NOOyIyBaTH MOBEPXHI, SIKI € T€OMETPUUYHUM
MICIIEM TOYOK 3 OJIHAKOBUM IIOTEHIIaJlOM — €KBIMOTEHINAJbHI IOBEPXHI.
[lepemimieHHst 3apsay y3I0BXK Ili€l MOBEPXHI HE CYNPOBOIKYETHCA 3A1MCHEHHSM
pobotu (¢ = const, @ = 0). lle o3nauae, mo cuia, sKa Ji€ Ha 3apsijI, YBECh 4ac
NEePIeHIUKYIIpHa 10 nepeMimeHHs. OTxe, JiHlT HanpyXeHOCTI MepreHANKYISpHI
710 €KBIMOTEHI1aJIbHUX MTOBEPXOHb.

3a OIMHUIIIO MTOTEHIIIATY PUIHITHI BOIBT (B).

JIBi OCHOBHi XapaKTEPHCTHKM IEKTPUYHOTO MONS — HAmpyKeHicTh E i
HoTeHIiaa ¢ - 3B's3aHi MK coOoro. lle MoXHa Moka3aTH, SKIIO IEPEeMIllyBaTH
MO3UTUBHUN TOYKOBUU 3apsia (o Ha many Biacranb dl i3 Toukn 1y Touky 2 (muB.

puc. 32.1) y mom 3 HanpyxkeHictTio E. Yepes3 Touku 1 i 2 mnpoxonsTsh

CKBIMOTEHI[IANIbHI TMOBEPXHI 3 TMOTeHIanamMu @ 1 ¢, (Hexak @; >¢@, ). Skmo
nepemimienHss dl ckimagae Kyt @ 3 HampsiMKoM Bektopa E, To pobory dA moxHa

BHUPA3UTHU TaK.
dA = g, E dicosr. (1)
3 iH1I0r0 OOKY,

dA = - pp, 2)(

ne d¢ —HecKiHYeHO MaJia 3MiHa MTOTEHITiaTYy.
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Pucynok 32.1

[TpupiBHroroun Bupasu (1)1 (2) mist pobotu 1 3 ornsaay Ha Te, 1o dlcosa = dn
€ HAMKOpOTIIAa BIJICTAHb MK €KBIMOTEHI[IaJbHUMH TOBEPXHSIMH, IO BUMIPSETHCS
y370BK HOpMaJIi 10 HUX, TOOTO y3/10BXK JIiHIi HallPYKEHOCT1, OJIEPKUMO’

__d¢
E= i 3)

OTxe, MOAYJIh HAMPYKEHOCTI TOJISA B JIaHIi TOYIl BU3HAYAETHCS IIBUAKICTIO

NaJiHHS MOTEHIaTy Y3A0BXK JIIHIT HAPY»KEHOCTI. 3HaK “ — “ MoKa3ye, 110 BEKTOp E
N : d¢ :
cnpsiMoBaHWi yOik yOyBaHHS MOTeHIiany. BennunHa dn HA3WBAETHCS TPATIEHTOM
n
MOTEHITIAITY.

—

Y BEKTOPHOMY BHWIJISIAI 3B'SI30K MK HampykeHicTio E 1 morenmiamom ¢

MO’KHAa 3arucaTu Tak.
E=-gradg. (4)
J1yist oiHOpiIHOTO 1MOJIst BHpa3 (4) HaOyBa€e MPOCTOrO BUIIISIY:

_0 -9
E= d ’ (5)

ae d —BijcTaHp y3I0BXK JIIHIT HAPYKEHOCTI MK TOYKAMH 3 MOTEHIaTaM# @y 1 @s.

MeTox BUMIPIOBAHHSA i ONUC YCTAHOBKU
ExcriepuMenTanbHe JOCTIKEHHSI KAPTUHU EIEKTPOCTATUYHOTO TIOJS B IIiH
poOOTI 3MIMCHIOETHCS 3a JIOMOMOTOI0 YCTAaHOBKHM, CXEMAaTUYHO 300pa)KeHOi Ha
pUCYHKY 32.2.

26



~220B

Pucynok 32.2

B enekTponiTHYHy BaHHY, 3aII0BHEHY PO3YMHOM CIIA0KOTO €IEKTPOIITY (POibh
CJIIEKTPOJIITY B pOOOTI Bigirpae BOJOMNPOBITHA BOA), BMIIIYEMO METalieBi MOJEINI
enektponiB A 1 B, kxapTuHy mnons skux HeoOxigHO BuBUMTH. Ha enextpoau
MOJAETHCS 3MIHHA HAINPyTa, 00 BUKITIOYUTH €PEKTH €ICKTPOIII3Y 1 MepeKpyuyBaHHS
KApTWUHU TIOJIsI, 1[0 BUHUKAIOTh TIPH IIHOMY .

Y BUMipIOBaJIbHY YaCTUHY CXEMH BXOSATh. BUMIPIOBAILHUHN 30H] , TOIIJTBHUK
HAIpPYTH, BOJIBTMETP, 110 MOKa3y€e MOTEHLIa] Ha 30H/I1, 1 TaIbBAHOMETP, 1110 PEECTPYE
CTpyM. 30HJ SBJs€ COOOK MeETaJeBUM MPOBIAHMK O€3 130JIAIil, PO3MIPU SKOTO
3HaYHO MEHIII 3a PO3MIPH €IEKTPOiB. 30HJ BHOCUTHCS B IOCHIKYBaHY TOUYKY TOJS.

SIKIO TOTEeHIian 30HAQ, IO BCTAaHOBIIOETHCS MITLHUKOM HAIPYTH, HE
301ra€eThes 3 MOTEHIIIATIOM JOCHIIKYBAHOTO TOJIsA, TO TaJIbBAHOMETP MOKaXe CTPYyM,
BIJIMIHHUU B1J HYJIS.

[Tepeminryrourt 30HA MO KOOPAMHATHIN CITII TUIOMMHU E€JIEKTPOJITUYHOT
BaHHU, MOXKHA 3HAWTH TOYKU 3 TIOTEHINATIOM, IO 30iraeThbes 3 MOTEHIAIOM 30H/A.
CtpyM depe3 raJibBAaHOMETP MPH LIbOMY JOPIBHIOE HYIIIO.

3'eqHYIOUM TUTABHOIO KPUBOIO TOYKM 3 OJHAKOBHMH IOTEHIIIaJaMH,
HAaHECEHMMH Ha KOOPAWHATHY CITKY (apKyml MiTiMETpOBOTO Mamepy) OACPKUMO
KapTUHY €KBIMOTEHIIAJbHUX JIIHIH, 10 € IEPETUHOM JIHA €JICKTPOJITUYHOI BaHHU 1
€KBIMOTEHITIAIbHUX MOBEPXOHB JTOCIIIKYBAHOI MOJIEN] €IEKTPO/I1B.

3 orJisAy Ha Te€, IO CUJIOBI JIIHIT B KOXHIA TOYILl MOJISI TIEPIISHIUKYJISIPHI J0
EKBIMOTEHITIAIBHUX MOBEPXOHb, MOKHA MOOYTyBaTH KAPTUHY IOJS 332 JOTIOMOTOIO
CHJIOBHUX JIHIN (1iHi# Hampy»xkeHocTi). [ 11boro BHOEpEeMO JA0BIILHO HA OJHOMY 3
eNeKTpodiB Touky (Hampukman, A). IIpoBememo uepes3 If0 TOYKY AOTHUYHY [0
MeTajeBOi  moBepxHI  enektpoga  (Oymp-sika  MeTalieBa  MOBEPXHA €
eKBIMTOTEHI[IAIbHOI0). BCTAaHOBUMO TEPNEHAMKYISAP 0 NOTUYHOI y i TOYIi i
IPOJAOBKUMO [0 MEPETHHY 3 HACTYIIHOK EKBIMOTEHI[AIBHOIO JIiHI€ (Touka B).
[IpoBoasiun aHamoriyH1 reOMETPUYHI MOOYIOBH B 1HIIMX TOYKAaX €KBIMOTEHIIAIBHUX
JHIN, 3HAXOAMMO HANPsSMOK JIIHIM HAPYKEHOCTI (CHIIOBUX JIHIH).
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CepenHe 3HauyeHHs HANPYXEHOCTI enekTpuuHoro mons <E> wmoxHa
BU3HAYHUTH, BUKOPUCTOBYr0uM piBHSAHHS (5). Jns mporo Tpeba BUMIpSATH BiJCTaHb
MIXK TOYKaMH 3 MOTCHINAIAMU Pa 1 Py, P 1 @c 1 T.IL., @ PI3HUIIO TOTSHITIATIB JIETKO
BU3HAUYUTH 3 OTPUMAHOI KAPTHHU TOJI.

Hpuaanu i npuaagas
Jlxepeno 3minHoi Hanpyrm 30 B, noainbHuK Hanpyrd (MIOTEHIIIOMETD),
JAMIIOBHIA BOJIBTMETp, rajbBaHOMETp (MiKpoaMmIlepMeTp), eIeKTPOJITHYHA BaHHA 3
KOOPJAMHATHOIO CITKOIO, 30H]1, Ha0Ip eJIEKTPO/IiB, apKyIll MUTIMETPOBOTO Harepy.

IMopsa1ok BUKOHAHHSA PO0OTH

1.IlpuenHaT €NEKTPOIM 1 30HI MO KJIEM, pPO3TAIIOBaHUX HA JIAOOPATOPHOMY CTOJIi
(koH(irypalito eTeKTPOIIB 1 IXHE PO3TANTYBaHHS BKA3y€e BUKIIA/1a4).

2.Ilepenectu Gopmy, po3MipH 1 po3TalllyBaHHS €JIEKTPOJIB 3 1a0OPaTOPHOTO MaKeTa
Ha apKyIl MUTIMETPOBOTO Tarepy B MOBHIN BIIMOBITHOCTI 3 MAKETOM.

3.BBIMKHYTH KaTOJHUN BOJLTMETP 1 YCTAHOBKY.

4.Y CTaHOBHTH 3a JOMIOMOTOIO MOTEHITIOMETpa R moTeHmian 30H7a.

5.Bu3HaunTH KOOPAMHATH TOYOK 3 OJJHAKOBUMH TOTEHITiaTaMH, TIEPEMIIIyFOUX 30H,

6.Hanectn KoOpAMHATH TOYOK 3 OJHAKOBHUMH MOTEHIUATaMHU, MEPEMIIIYIOYH 30H] 1
HAHECTH iX Ha apKyIIL.

7.IToBTOpUTH Aii, BKa3aHi B . 4 - 5,175 1HIIUX 3HAYEHb MOTESHITIANTY, TOTOKEHUX 3
BUKJIAJ[AuEM.

8.3'¢eqHaT MJIABHO TOYKKA 3 OJHAKOBMMH IIOTEHIUAJaMUA €EKBIIIOTEHIIAJILHUMUA
JHISMH.

9. [ToOynyBaTH KapTUHY €IEKTPUIHOTO TOJIS 33 JOTIOMOTOF0 CHJIOBHX JIHIHN TIOJIS.

10. Po3paxyBaTu CepeqHIO HampyXeHICTh moias FE B JeIKMX TOYykax 3a
MOTO/KCHHSM 3 BUKJIaIaueM.

KoHTpoJibHI 3an1uTaHHA

1. [Ilo Ha3mBa€eThCs MOTEHINAIOM (oxuHUII BUMIpy B cuctemi CI)?

2.JlaTi BHM3HAYEHHS HAIMPYXXCHOCTI EJICKTPUYHOro mojs (OAMHHMIN BHUMIPY B
cuctemi CI).

3. YCcTaHOBUTH 3B'SI30K MK HAIIPYKEHICTIO MOJIS 1 TOTEHIIIAJIOM.

4.11lo Ha3MBa€eTHCS TPaTi€HTOM MOTEHIaNy? SIK crnpsMOBaHUII BEKTOp Ipaji€eHTa
MOTEHIIATy ?

5. JloBecTr OPTOTOHAIBHICTH CHJIOBUX JIHIHM 1 €KBIMOTEHIIATBHUX TOBEPXOHbD.
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JIABOPATOPHA POBOTA Ne 33

BusHaueHHs JdieJIeKTPUYHOI NIPOHUKHOCTI JieJIeKTPUKIB

Meta pobOTH — BH3HAYECHHA JICNEKTPUYHOI MPOHUKHOCTI TBEPAMX
TEJeKTPUKIB, BHUBUCHHS 3aJIEKHOCTI €MHOCTI KOHJEHCATOpa B  PI3HUX
JIENEKTPUYHHUX CEePEIOBUIIL, 110 MICTATHCA MK MOT0 IJIACTUHAMU, BiJl BIICTaH1 MIXK
MJIaCTUHAMMU.

JlieneKTpuK — 1€ PEUYOBUHU, B SIKAX 30BHIIIHI €JICKTPOHU MAIOTh CHIIbHUHN
3B’ 130K 31 CBOIMH aTOMaMH, 1 po3ipBatu mei 3Bs30K ckiaaHo. (s mporo tpeda abo
3HAYHO MITHATH TEMIIepaTypy MdieJIeKTpuKa, abo miggaTd HOro SKOMy-HEOyIb
BUINIPOMIHIOBAaHHIO). Y 3BUYalHOMY CTaHi B 1I€aTbHUX JiCIEKTPUKAX HEMA€E BLITBHUX
3apsiIiB, IO MOXYTh TEpeMINIyBaTUCS MO 00 €My JieleKTpUKa T i€l
30BHINIHHOTO EIEKTPUIHOTO MOJIs. TOMY BOHU HE TPOBOSATEH CICKTPUIHUNA CTPYM.

[cHytoTh Tpu Tpynu Ai€IEKTPUKIB. TOJISIPHI, HEMOJISIPHI JIENEKTPUKH 1 Tak
3BaHl 10HHI KpHucTanu. [lonsipHi AieNEeKTPUKU CKIIAJAIOThCS 3 MOJSPHUX MOJIEKYI,
HETIOJSIPHI — 3 HEMOJIAPHUX MOJIEKYJ, a B 1OHHHUX KpHCTajlaX OKpeMi MOJIEKYJIH
BTPayYaloTh CBOIO BIJOKPEMJICHICTh. [ paTKy 10HHUX KPHUCTAJIB MOXKHA PO3IIIAIATH 5K
JIBI BCTaBJICHI OJIHA B OJHY TPaTKH, 3 SIKUX OJHA CTBOpPEHA MO3UTHUBHUMH, a JApyra —
HeraTUBHUMH 10HamMu. [lonsipHi MOJEKylaM — 1€ MOJEKYIH, B SKHUX IEHTPH
PO3MIIIICHHSI TO3WTHBHUX 1 HETaTHMBHUX 3apsjiB IPH BIJCYTHOCTI 30BHIIIHBOTO
€JIEKTPUYHOTO MOJIsI He 301raloThes, TOMY IX MOYKHA BBa)KAaTH >KOPCTKUMHU JIMOJISIMH.
Jlinons — 11e cucteMa JIBOX OJTHAKOBUX 33 BEIMUMHOIO, aJie TIPOTHIICKHHUX 32 3HAKOM
3apsAiB (¢, MO0 po3ramoBaHi Ha BijgctaHi |. EJekTpudHAM MOMEHTOM JIITOJIS
(IiMOTBPHUM MOMEHTOM) Ha3UBA€ETHCSI BEKTOP

p=ql. (1)

Bin cipsimoBaHMit BiJf HETATUBHOTO /IO TIO3UTUBHOTO 3aPsTy .

[Tpukiagom NOJISPHUX TIENEKTPUKIB € BOJA, OKCUJL BYTJICIIO, COJISIHA KUCIIOTA,
CIHUPTH Ta 1H.
HenomnsipHi Monekynu — 1€ MOJIEKYJIH, B SKHUX LEHTPU PO3MIILEHHS

MO3UTUBHUX 1 HETATUBHUX 3apsiiB 32 BIACYTHOCTI 30BHIIIHBOTO €JIEKTPUUYHOTO OIS
30irarotbes. HemossipHi MOJIEKynM HE MarTh BIJIACHOTO MJINMOJBHOTO MOMEHTY.
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[IpuknanoM HEMOJISPHUX JICNEKTPUKIB € mapadiH, OCH30J, ra3onoji0HI BOJCHB,
KHACEHB, a30T Ta 1H.

[TpukamoM 10HHUX KPUCTATIIB € XJIOPUJT HATPIIO, XJIOPU/] KAk Ta 1H.

R
)

a)

+ J—

- [

Pucynok 33.1

[Tonspuzariiss aienekTpuka — 1€ Mpolec NMPpUa0aHHS HUM y BChOMY 00’ €Mi
€JIEKTPUYHOTO JIIMOJIBHOTO MOMEHTY MPU BHECEHHI J1€NIEKTPUKA B €JIEKTPUUHE TIOJIE.
Lle#t mporiec BimOyBa€eThCs HEOMHAKOBO B TPHOX TPYIMax HICIEKTPUKIB. Y TMOJSIPHUX
TICIEKTPUKAX — IIe MOBOPOT Jinmosield (iX Opi€eHTallis) y HANpsSMKY 30BHIITHBOTO
enekrpuydoro mojist (puc. 33.1). YV HemomspHUX ieNeKTpUKax — ¢ 3MIIICHHS
MO3UTUBHUX 3apsAiB y HAMPSMKY 30BHIMIHBIO TIOJsl, & HETaTUBHUX — Y
NPOTHJIKHOMY HAMpsIMKy. Y KPUCTAIIYHUX [ieTEeKTPHKaX, IO MAalOTh 10HHY
OyZOBY, - IIe 3CyB IIUIOT TPATKW MO3UTHBHKUX 10HIB B 0JuH OiK (110 MOJII0), a TPATKH
HETaTUBHUX 10HIB — Yy MPOTHJICKHOMY HaNpsMKY. SIKII0 HE BAaBaTHCS Yy MOIPOOHII
OyZOBH Ai€NEKTPUKIB, TO KIHIIEBUI PE3YJIbTAT BIUIMBY 30BHIIIHBOTO €JIEKTPUYHOTO
MOJIs HA HUX OJTHAKOBUU: MPUAOAHHS €JIEKTPUIHOTO JIMOJIHHOIO MOMEHTY B YChOMY
00’ eMi JieNIeKTpUKA 3aBIISIKHA 3MIIICHHIO Y MPOTWICKHUX HAIMpPsSMKax MO3UTHUBHHX 1
HEraTHBHHUX 3apsiB, TOOTO MOISIpU3ALIis.

OpieHTanii minosieli 3aBakae TEIUIOBUH pyX MOJCKYJ, ajleé YUM HIDKUYE

TEeMIlepaTypa, TUM CHUJIBHINIA OPIEHTAIls] MOJIEKYJ, 110 BUKJIMKAETHCS IIMM TIOJIEM.
IIpu nmocTiiiHii TEMIIepaTypi Opi€HTAIlisl TUM CHJIBHIIIA, YUM O1IbIIIE MOJIe.
VY pesynbraTi mossipusaiii AIMOJEH Ha MOBEPXHIO MIENEKTPHKA, IO OOepHEHa [0
MO3UTHBHOI IMJIACTMHHU KOHJEHCATOpa, BUCTYMAIOTh HETATHUBHI KiHII JIMOJICH, a Ha
NPOTHIICKHY TOBepXHIO — mo3utuBHI (puc. 33.1,a, 0). Lli 3apsam Ha3UBarOTHCS
nonsipu3anitaumu. [Ipu monsipuzaiii 3aranbHUA 3apsy TieTeKTPUKa HE 3MIHIOETHCS.
3apsiny, M0 BUCTYNAIOTh HA TIOBEPXHI MI€NIEKTPUKA, € 3B'SI3aHUMH 3apsijaMu, TOOTO
BOHH HE MOXKYTh IEPEMIIIyBaTUCS TIO JiCIEKTPUKY.
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Pucynok 33.2

Ha pucynky 33.2 300pakeHO CHJIOBI JIiHIi €IEeKTPUYHOTO MOJsS IJIOCKOTO
KOHJEHCATOpa. a) MK IUIaCTHHAMH — BakyyM, 0) MDK IUIACTHHAMH BMIIIIEHO
TIEJIEKTPUK. 3 LbOr0 PUCYHKA BUIHO, IO TOPSAA 3 TOJEM, SIKE YTBOPIOETHCS

3aps/UKEHUMH TUTaCTHHAMK KoHzeHcaTtopa (a) E, 3B’s3aHi 3apsiiu, B CBOIO 4epry,

YTBOPIOIOTH CBO€ €JeKTpuuHe mosie E_. , cripsmoBane B mpoTuiexHuil O0ik. Takum

BH !
YUHOM, 32 MPUHIIMIIOM CYIIEPIIO3UII MMOJie B CEPeArHI JIeIEKTPUKA OCIA0IIOETHCS 1
TIOPIBHIOE:

E=E,+E, ; 2)(

E=E-E.. 3)

KinpKicHOIO ~ XapaKTepUCTHKOIO  CTYINEHS MoysApHu3alii €  cyMapHUii
CJIEKTPUYHUA  MOMEHT OJUHHUII 00’€My  JieNeKTpuKa, [0 HA3UBAETHCSA
MOJISIPU30BAHICTIO JIIeJIEKTPHKA:

P=-—_1—, (4)

ne Z P, —cyma eneKTpUYHUX AINOJIbHUX MOMEHTIB YCIX MOJIEKYJ B 00’ eMi AV .
i

[Tpu BiACYTHOCTI 30BHILIIHBOTO €JNEKTPUYHOTO TOJS CyMapHHH €IeKTPUYHUI
MOMEHT JlieJIeKTpUKa OyIb-SKOTO THUIY JOPIBHIOE HYTIO(IUISI HEMOJSPHUX
J1eNeKTPUKIB ENEKTPUYHUA MOMEHT KOXXHOi MOJIEKYJIH JOpIBHIOE HYINIO, a IS
MOJIAPHUX — IX Opi€HTAIlis] HEBIIOPSIKOBaHA, TOMY CyMa TEX JOPIBHIOE HYJIIO).
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B 13oTponHux pgienekTpukax Oyab-SKOr0 TUITY MOJISIPU30BaHICTh 3B’s3aHa 3

HaIpPY>KEHICTIO EJIEKTPUYHOTO 101l E CIiBBiIHOIIEHHSIM

P=x &,E, (5)

e 50 — CJICKTpHUYHA CTaJia,

X — MieNIeKTpUYHA CIIPUHUHSTIUBICTD.

Benuuuna & = 1 + X Ha3uBaeThCs JIENEKTPUUHOIO MPOHUKHICTIO PEYOBUHH,

sIKa 3aBXIH OUTBIIA 33 OJMHUITI0, TOMY 10 X > 0 @60 € >1, Tomy 110 X > 0).

Di3UYHUN 3MICT ICJICKTPUYHOI TPOHUKHOCTI TOJSTa€ B TOMY, IO BOHA
MOKa3ye, y CKUIBKH pa3iB HaMpPYXEHICTh EIEKTPUYHOTO MOJs B OAHOPIAHOMY
130TPOITHOMY CEPEJOBHIII MEHIIIE, HIXK HAMPYKEHICTh Y BaKyyMi:

E :i_ (6)

3HaueHHs € Pi3HI Ui pI3HUX JienekTpukiB. Hampuknaxa, nis napadina € =2,
U1 yrctoi Boau € = 81, s moitps € = 1,00059.

EnekTpoeMHICTIO  BIJOKPEMJICHOTO TMPOBIIHMKA HAa3UBaIOTh  KOE(DIli€HT
POTIOPLIIMHOCTI MK HOTO 3apsiIOM 1 OTEHITIAJIOM:

‘_—_ ;

Konnencarop siBiisie co0010 CUCTEMY JBOX MPOBITHUKIB, PO3MIIIEHUX OJIM3BKO
onuH Big ogHOro. L{i mpoBiAHUKYN HA3UBAIOTHCS OOKIIaIKaMU KOHAEHcaTopa. €EMHICTD
KOHJICHCATOpa JOPIBHIOE!

__ 9 _9
C=—"1—=—", 8
¢1_¢2 U )

BenuunHa €MHOCTI KOHJIEHCATOpa BU3HAYAETHCS ~ T'€OMETPIE€I0 OOKIAIOK
(mIockwid, UWIHAPUYHUAN, COEPUYHUN  KOHJEHCATOP), iX  pO3TaIlyBaHHSM,
po3MipamMu, BIJCTAHHIO MK HAMH 1 JICTCKTPUIHUMHU BIACTUBOCTSIMHU CEPEIOBHUIIA,
1110 3aITOBHIOE TIPOCTIP MK OOKJIaIKAMH.
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De E &F
Pucynok 33.3

SIKmo  JieNeKTpUK, IO MICTUTBCS MDK  OOKJIaJKamMH  KOHJEHCATopa,
HEOIHOPIAHUE (ajie 130TPOITHUIA), TO EJIEKTPHUYHE I0JIC B HBOMY Oye 0CIa0JIFoBaTHCS
no-pizHomy. Ha pucynky 33.3300pakeHO TUIOCKHI KOHICHCATOP 3 AIEIEKTPUKOM, IO
CKJIQJIAETHCA 3 ABOX IMapajeIbHUX IJIACTHH 3 PI3HUMHU E.

3B’s13aH1 3apsiid B [IbOMY BHIIAJKy BUHHKAIOTh HE TIIbKU Ha moBepxHAX AD i1
CF, ane i Ha moBepxHsx BE.Takum unHOM 1€l KOHACHCATOP MOXKHA PO3TIISIATH SK
nBa (y JaHOMY BHWITQJIKy) KOHJIEHCATOPH, 3 €IHAHUX IOCIITOBHO. BOHHM MaroTh
OJIHAKOBY IUIONIY TUTACTUH S a BIJICTaHb MI)X HUMH B KOXXHOTO JIOPIBHIO€ TOBIIHHI
BiIOBiAHOTO AienekTpuka ;. Toji 3arajibHa éMHICTh MOXKe OyTH BU3HAUCHA SIK

, 9)

+q A & B -q

C €4 D

Pucynok 33.4
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K110 a1eeKTpUYHI TUIACTUHU PO3MIIICHO, K MTOKa3aHO Ha pUCYHKY 33.4,T0 B
pOMY BUNAAKy Ha Mexi EF 3B’s3aHi 3apsau He BUHHKaIOTh. Takuil KOHAEHCATOP
MOYKHA PO3TJISIaTH K JBa (BIAMOBITHO J0 PUCYHKA) KOHACHCATOPH, IO 3 €THaHI
napajeibHO, MPUYOMY IUIONIA IJIACTHH KOXKHOTO JOPIBHIOE BIAMOBIIHO TUIOII
NEepPeKpUBaHHA IUIACTUH JAaHUM JIEJIeKTPUKOM, a BIJACTaHb MDK IUIACTUHAMHU
OJTHAKOBA 1 JJOPiBHIOE TOBIUHI JieIeKTPHKiB d:

C=20G, (10)

MeTox BUMIPIOBAHHSA i ONUC YCTAHOBKU
Bingomo, 1110 éMHICTh TUIOCKOTO KOHJIEHCATOPa BU3HAYAETHCS 32 (POpMYII0I0

_&gpS

d

C (11)

SIK110 BUMIPATH €MHICTH KOHJeHcaTopa C 3 BHECEHHM B HBOTO JIICIICKTPHKOM i
BHU3HAYWTH BiJcTaHbh d Mk HOTO TJIACTHHAMU, TO, 3HAIOYH €MHICTh Cy KOHJIEHCAaTOpa
3 MOBITPSIHMM 3a30POM 1 TAKOIO K BiICTAHHIO MiXK MuiacTHHamMu d , MOXKHA OOYHCIUTH
T1EJEKTPUYHY MPOHUKHICTh £ 3a POPMYIIOI0

C

E= (12)

CO d=const

€MHICTh KOHJEHCAaTOpa BUMIPIOIOTh MPUIIAJAOM, IO HA3UBAETHCS MOCTOM
3MIHHOTO cTpyMy. [IpaBuia KopucTyBaHHS MOCTOM 3MIHHOTO CTPYMY JOJAIOTHCS 10
71a00paToOpPHOi yCTaHOBKH.

Y po06oTi BUKOPHCTOBYETHCS IJIOCKHH KOHJAEHCATOP 31 3MIHHOIO BiacTaHHio d
MDX IUTaCTUHAMU. MeXaH13M 3MiHHU B1JICTaH1 MICTUTh y cO01 MIKpOMETPUYHUN TBUHT.
OOepTarouu rBUHT, MOKHA 3MIHIOBATH BiJICTaHb 0 MiX IJTACTHHAMH KOHJICHCATOPA.
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Hpuaaau i npuaaxas

[Tmockuit KOHAEHCATOP 3MIHHOT €MHOCTI 3 MIKPOMETPUYHUM TBHUHTOM, MICT

3MIHHOTO CTpyMYy, Ha0lIp MieIeKTPUYHUX TUIACTHH.

2.

IMopsa1oxk BUKOHAHHS PO0OTH

. O3HalOMUTHUCH 3 TA0OPATOPHOIO YCTAHOBKOIO 1 MPaBUJIAMU KOPUCTYBAHHS MOCTOM

3MIHHOT'O CTPYMY.

Bumipsatu €MHICTh KOHAEHCATOpA 3 MOBITPSHUM 3a30pOM MK IUTACTUHAMU MJIS
psiny 3HaueHb d i 3aHeCTH JaHi B TaONUIO (3HaYeHHs d TIOTOJUTH 3 BUKJIAIaueM).
BumiproBaHHs TOBTOPIOIOTH IIE JIBA Pa3u AJIsl 3MEHIICHHS BUIAIKOBUX MOXHOOK.

. 3a oJiepyKaHUMU JTaHKUMH 100y 1yBaTH rpadik 3anexnocti < Cp> =T (d).
.[omicTuTn MiX MJIaCTUHAMH KOHAEHCATOpa TBEPAHUM Mi€NEeKTPUK, BCTAHOBUTH

BiJICTaHb d, 1110 TOPIBHIOE TOBIIMHI JiCJICKTPHKA.

. Bumipsaty mro BijicTaHb 1 €EMHICTh KOHJACHCATOpPA 3 TICICKTPUKOM (BHMIipIOBaHHS

TIOBTOPHUTH IIIC JIBA Pa3u).

. [ToBTOpuTH m.4 1 5 17151 1HIMKMX TUTIIB IETEKTPUKIB.

.3a rpadikoM 1.3 BHU3HAYUTU €EMHICTh IOBITPSHOTO KOHJCHCATOpa 3 TIEH XK

BiJIcTaHHIO 0 MiXK TUTACTUHAMM, IO 1 JUTI KOHICHCATOPA 3 JICICKTPUKOM.

. Busnauntu 11 KOXKHOTO JiesieKTpuKka € 3a ¢popmyioro (12).
. Bumipatu emHICTH KOHIEHcaTopa 3 MAieNEeKTpUKaMH, IO B PI3HUX BapiaHTax

BMIIIYIOTBHCSI MiXK HOTO TUIaCTHHAMU (32 BKa31BKOIO BHKJIa1a4a).

10. 3a dpopmynamu (9), (10)3pobuTH po3paxyHOK EMHOCTI KOHJIEHCATOPA 3 PI3HUMHU

KOMOIHAITISIMH T1CJICKTPUKIB 1 MOPIBHATHU 3 JaHUMHU 11.9.

€EmHicTh KoHAeHcaTopa C, 10~ *mMKd

3 nieseKTpuxkom, C

3 moBiTpsiHUM 3230poM, Co Nol No2 Ne3

Dmm) |1 |2 |3 |4 [5] 6] 7] 8] 9] 10
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KoHTpoJibHI 3an1uTAaHHA
1. Axwuii pi3uvHUN 3MICT AIENEKTPUIHOT TPOHUKHOCTI ?
2. Buau fienekTpukiB 1 MOBOKEHHS 1X Y 30BHIIIHBOMY €JIEKTPUYHOMY TTOJTI.
3. lllo Taxe monsipu3aiis JieIeKTpUKa?
4. €EMHICTh KOHJICHCATOPA, OAUHUIII BUMIPIOBAHHSI.
5. Big sikux ¢i3M9HAX BETUYUH 3aJI€KUTh EMHICTh KOHACHCATOpa?
6. BuBecTtu po6ouy popMyiy Jj1si BUZBHAUYCHHS & .
7. [TocnimoBHE 1 MapanenbHe 3’ €JHAHHS KOHJICHCATOPIB.
8. HapucyBaTu cuioBi JIiHIi €IEKTPUYHOTO MOJISI B KOHJEHCATOPI, SKIIO B HHOTO
BMIIIIEHO 130TPOITHAM JIIETIEKTPHUK.
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JIABOPATOPHA POBOTA Ne 34

Po3paxyHOK po3rajiy;keHoro eJIeKTpu4Horo KoJa i
HOro eKcnepuMeHTAIbHA NepeBipKa

Merta poOoTH — po3paxyHOK KOHKPETHOTO €JIEKTPUYHOTO KOJia Ha 06a3i piBHSHb
Kipxroda, noganpiiia ekciepuMeHTalIbHA MTEPEBIPKA LIBOTO PO3PAXYHKY.

Po3paxyHOK €IeKTpUYHOro KoJia CKJIAJA€ThCsl 3 BU3HAUEHHSA CTPYMIB, IIO
IPOTIKAIOTh KPi3b yCi HOro eneMeHTH (3HAIOYM CTPYMH 1 OTMOPH CJIIEMEHTIB, MOYKHA
BU3HAYNUTH 1HIII EJICKTPUYHI XapaKTePUCTUKW: TAIiHHS HAmpyrd Ha €JIEMEHTax,
HOTY)KHOCTI, 1[0 BUIUISAIOTHCS B €IEMEHTAX, TOIIO).

[ToBHE MOCIITKEHHS IPOIIECIB Y CKIIATHUX CIIEKTPUYHUX KOJIAX TTPOBOTUTHCS 3
BUKOPUCTaHHSAM JBOX mpabui Kipxroda, mo 6a3yroTbcs Ha 3akoHi OMa 1 3aKoHi
30epexeHHs 3apsaay. B nmaniit po6oTi OyayTh pO3IJISHYTI JiHINAHI €MeKTpUYHI KOJja
MOCTIMHOTO CTpyMY.

[Tepmra cuctema piBHaHb Kipxroda 3B'a3ye Mixk COO0I0 CTPYMH, IO CXOSATHCS
B AKIACHh BY3JI0BIM TOYIll KOJIa:

anlk=0. (1)
k=1

Y uifi cucreMi cTpymam, IO NPUXOASATH A0 BY3JIOBOi TOYKH, HAJA€THCS
MO3UTUBHUIM 3HAK, a TUM, IO BUXOJATh, - HETATHBHHUK (TaKe MPaBWIIO 3HAKIB HE €
000B'SI3KOBUM, TIOTPIOHO TIIBKH JOTPUMYBATU Yrogy Ipo Te, mo0 yCi CTPYyMH, IIO0
BXOJISITh Y BY30J1, MaJIM OJIMH 3HAK, & CTPYMH, 110 BUXOJIATH 13 BY3JIa, - IPOTUICKHUMA
3HaK).

By3znom cxemu Ha3uBarOTh ii JOBUIbHY TOUKY, B SIKIM CXOASTHCS OLbIIE ABOX
T'JIOK.

[Tig rinkor po3yMilOTh JOBUIBHY HEPO3Taly:KeHY AUISTHKY KOJa, IO 3'€IHYE
JIBa SIKMX-HEOY1b BY3JIU CXEMHU.

Hpyra cucrtema piBHsHb Kipxroda ckimameHa mius Oyap-SKMX 3aMKHEHUX
KOHTYPIB KoJia Ha 0a3i piBHOCTI CyMHU IaJiiHb MOTEHITIAy Ha BIAMOBIIHUX JIJITHKAX
KOJIa CyMi €JIEKTPOPYIITIHHUX CHJI, IO 3yCTPIYAIOTHCA B IIbOMY KOHTYPI:

[ I
D LR=D &
k=1 k=1
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VY wmiii cucteMi piBHSHB CTPYMH 3 JIOBUTHHO 33JaHUMH HAMPSMKaMH BXOJISATh Y
CyMy 31 3HAKOM IUTIOC, SIKIIIO HAMPSMKH 301ral0ThCs 3 TOBLTLHO OOpaHUM HAIMPSMKOM
00X0y KOHTYpY, SKIIO HE 30iraroTbcsi — 31 3HaKOM MiHyc. EjexkTpopymiiiHi cuiau
MaTh TTO3UTUBHUN 3HAK, SIKIO BOHM MiABUIIYIOTh MOTCHIIAN Y HAMPSMKY 00XOIy
KOHTYpA.

Lls cuctema piBHSHb Ma€ CKJIaAaTUCS 3 JIIHINHO HE3aJICKHHUX PIBHIHB, TOMY
KUIBKICTh PIBHSIHB, 31CTaBJICHUX 3 BUKOPUCTAHHAM mepioro npasmia Kipxroda, mae
OyTH Ha OJMHMUIIIO MEHIIIOO 32 KUIBbKICTh BY3JIiB CHCTEMHU.

PiBHsiHHS Ha ocHOBI apyroro npasuia Kipxroda Tpeba CKIacTH TIIBKU IS
HE3aJISKHUX KOHTYPIB (iBa a00 JCKiIbKa KOHTYPIB HAa3WBAIOTh HE3AICKHUMH, SKIIO
KOKHMH 3 HHMX MICTHUTh Xoua 0 oauH eileMeHT (TiIKy), II0 HE BXOIUTh B IHIII
KOHTYpPH, a00 SIKIIIO BOHHU BiJPi3HAIOTHCS X04a O OJTHUM SIIEMEHTOM).

Po3paxyHOK eNEeKTpUYHMX KiJdl PEKOMEHIYEThCS TPOBOJUTH 3a TaKUM
ANITOPUTMOM:

1) Ha cxeMi JOBUIbHO BKa3aTH CTPUIKAMHM HAmOpSIMOK CTPYMIiB Yy BIJIOBIIHHX
PE3UCTOPIB 1 MPOHYMEPYBATH iX;

2) o0paTu HAPSIMOK 00X01y KOHTYPIB;

3) ckiacTH piBHSHHS Ha OCHOBI mepmioro mpaBmia Kipxroda (anreOpaiuna cyma
CTPYMIB, 11O CXOAATHCS Y BY3IIi, JOPIBHIOE HYJIIO);

4) HeoCTaTHI JUIS IIOBHOTH CHCTEMH PIiBHSHHS CKJIACTH HA OCHOBI JIPYTOT0O MpaBujia
Kipxroda (y Oyab-sKoMy 3aMKHEHOMY KOHTypi aireOpaidyHa CcyMma MajiHb
MOTEHITIATIB HA OKPEMUX IIJITHKaX Koja JOPIBHIOE anreOpaiuHiid cymi e.p.C., IO
3yCTpIYalOThCs B 1bOMY KOHTYpi).IIpu mpomy, 00XOAsiuM KOHTYpP Y JOBIIBHOMY
HaIpsIMKY, BBOKATH MMO3UTHUBHUMU Ti CTPYMU 1 TAIIHHS HAMPYTH, HATPSIMOK SKHX
301raeThCs 3 HAPSIMKOM 00XOJTy, 1 HETATUBHUMH Ti, HAIIPSMOK SIKUX TTPOTHJICKHUM
HanpsIMKy 06xoay. [lo3uTuBHIUME BBaXKaTH Ti €.p.C. , IO MIABUILYIOTh MOTEHIIIAT Y
HaIpsMKy 00X0jy, TOOTO €.p.Cc. OyJie MO3UTHUBHOMO, AKIIO MpH 00X0A1 Tpeba WTh
BiJI MiHYyCa JI0 TUTIOCA BCEpEANHI JpKepena e.p.c.;

5) po3B'si3aTH OTPUMaHy CHCTEMY PIBHSHB 1 IPOaHAII3yBaTH OJCPKAHUH PE3yIbTaT.

MPUKJIA L

[Mepmre npasuio Kipxroda ais By3niB A1 C (puc. 34.1):
-1, -1,+13=0, A)(
+1,-1,+15=0. CX(
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Hpyre npasuiio Kipxroda st TppoX He3aleKHUX KOHTYPIB!

1R+ hRg+ IRy + I+ I R=—¢€,4

1L,R, + I Ry+ 1 ,R,=0,

IsRs+ 1+ Ry=¢€,

PiBHSIHHS He3alIeKH1, CHCTEMA IIOBHA.

Pucynok 34.1

Sk mpaBuMII0, BHYTPIIIHI OTIOPH €.p.C. MaJi 1 iX MOXHa HEe BPaXOBYBaTH:
rn=r,=0.

VY pesynbTaTi po3B'si3aHHS CKJIAJIECHUX PiBHSIHH BH3HAYCHI BEJIMUYWHU MOXKYTh
OyTH BiI'€eMHUMHU. SIKIIIO BU3HAYAIOTHCS CTPYMH, TO BiJl' €MHE 3HAUYCHHSI BKAa3y€ JTUIIC
Ha Te, MmO (AKTUYHUA HAMPSMOK CTPyMy OOEpPHEHHMU 10 HAMPSMKY CTPUIKH Ha
PUCYHKY. SIKIIO »K BH3HAYAIOTHCSA OIMOPH, TO BIiJ€MHE 3HAUYCHHS BKa3ye Ha
HETPaBUIILHUN pe3ynbTar.

[Tpu upomy cinin 3ragat, mo piBHSHHS Kipxroda € 0CHOBOIO pO3paxyHKy 1
HETIHIMHUX KUT pa3oM 3 BOJbT—AMIICPHUMH XapaKTEPUCTHKAMH HEIIHIMHUX
CJICMEHTIB.

Onuc ycTaHOBKH

JIaGopaTopHa yCTaHOBKA CKJIaJAa€ThCS 3 IEKUIBKOX JDKEPEIN KUBICHHS, HA00py
PE3UCTOPIB, 3'€IHYBAIBHUX MPOBIJIHMKIB, SKI HEOOXITHO 3'€HATH 3a CXEMOIO, IO
3a/1a€ThCS BUKJIAIAUEM.
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Hpuaaau i npuaaxas
Habip pe3uctopiB, mxepena >KUBIEHHS, BHUMIPIOBAJIbHUN TMpuian, HaoOip

3'€IHYBJILHUX MPOBITHUKIB.

A WDN B

A WDN B

5

IlopsiioK BUKOHAHHA PO0OTH

. OnepkaTHl y BUKJIa1aya 3aBJIaHHS HA CKJIAJIaHHS KOHKPETHOI €JICKTPUYHOI CXEMHU.

. BumipsiTi omopu 1 e.p.c. Jpkepe 1 onopu pe3ucTopiB. JlaHi moka3aTy BUKJIaadueBi.
. 3ICTaBUTH KOJIO 3a 3a/1aHOI0 CXEMOIO.

.Bumipatn mamiHHS Hampyrd Ha KOXKHOMY PE3UCTOpI 1 BH3HAUUTH HANPSIMOK

CTpyMiB 3a cxeMor0. /[aHi moka3aTy BUKJIAJa4eBi.

. Bukopucrtopyrouu npaBwia Kipxroda, 3a BiIOMUMH OMOpaMH 1 €.p.C. OOUUCITUTH

CTPpyMH B KOXXHOMY 3 pe3HCTOpiB 1 mamiHHsA Hanpyrd. [lopiBHsata 3
eKCIIEpUMEHTAJIbHUMU JTaHUMH.

KoHTpoJibHi 3an1uTaHHA

. JlaTn BU3HAYCHHSI By3J1a, HE3ICKHUX KOHTYPIB €IEKTPUIHOTO KOJIa.

. ChopmymroBatu nepiie i apyre npasuia Kipxroda.

. SIxa cytHicts npaBui Kipxroda?

.TlosicHUTH ceHC BiJI'€eMHOTO 3HAYEHHs CTPYMIB, OJIEpKaHUX IpPU PO3'BsI3aHHI

CUCTEMH PiBHSHb.

. Cxnactu 34aIlIPOIIOHOBAHY BHKJIAJa4YCM CUCTEMY piBH}IHB JJIA BU3HAYCHHSA CTpYMiB

y pO3rally’>KeHOMY €JIEKTPUYHOMY KOJIi, KopucTyrouncs npasuwiamu Kipxroda.
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JIABOPATOPHA POBOTA Ne 35

HocaigkeHHst po00TH TPbOXEJIEKTPOAHOI eJIEKTPOHHOI JIAMITH

Meta poOOTH — 3HATTS BOJIBT-aMICPHUX (AHOJHHX 1 CITKOBHMX) XapaKTCPUCTUK
TPBHOXEJIEKTPOIHOT JIaMITU 1 BU3HAYCHHSI 1l OCHOBHUX MapaMeTpiB.

BonpT-aMIiepHOl0 XapaKTEepUCTUKOIO HA3WBAETHCS 3aJICKHICTh CTPYMY Bif
HaIPYTH.

TproxenekTpoHa ejleKTpoHHa yaMma (Tpiof) sBisie cO00K CKISIHUN OajioH 3
TphOMa eJIeKTpoAaMu (KaToi, aHOJ 1 CiTKa), IO 3HAXOMATHCS B CEpPeIMHI OaloHy, 3
SIKOTO PETEJIbHO BUKayaHe MOBITPsI (TUCK CKIIaZa€ MUJIbHOHHI YacTKu MM.pT.cT). [Ipu
IIbOMY CTBOPIOIOTH TaKy (JOpMy €IEKTPOIIB 1 IXHE PO3MIIICHHS, MO0 TMPU HEBEIUKUX
3MiHaX Hampyrd MiXK KaToZOM 1 KEPYIOUUM €JIEKTPOIOM (CITKOIO) OJCpIKyBaTH Pi3Ki
M BENUKI 3MIHU BEJIMYUHU aHOJHOTO CTPYMYy, IO MPOXOAUTH KPi3b JamImy. 3 LI€l0
meToro aHoj (3) i citky (2) BUKOHYIOTH Y BHIJISAI KOaKCiadbHUX MMJIIHAPIB, a
po3xkaprorounii karop (1) —y3moBxk oci mwriHapa. CiTka Mae BUTJISA TBHHTOBOT JIiHIT
3 TOCUTh BEITMKUM KPOKOM, 100 HAJaTH MOXJIMBICTh €IEKTPOHAM, IO BHJIITAIOTH 3
MOBEPXHI KaToja, MPOUTH 10 aHOAa i CTBOPUTU aHOAHWUU cTpyM (muB. puc. 35.1).
Katon pobuthest a60 y BUTIIAAI HUTKH, a00 TEX Y BUIIISAL IWIiHApa. Bix KokHOTO
€JIEKTPOJIa HA30BHI BMBEJICHI KOHTAKTH B IOKOJb JIAMITM JJIS BKJIFOYCHHS Tpioja B
eJIEKTpUYHE KOJO. Taki Tpiogum BHUKOPHUCTOBYIOTHCS B JIAMIIOBUX Te€HEpaTopax i
MiJCHIIOBaYax 3MIHHOTO cTpyMmy. [li3Hime Ha 3MiHy M ¢OpUANUIM CydYacHi
HaITIBIPOBITHUKOBI TIPUJIAIH.

N

Pucynok 35.1

OpHak Tpioau MPOMOBKYIOTh BHUKOPHUCTOBYBATHCS B EIEKTPOHIIll, TaMm, J€
noTpibHa ocoOJiMBa HaJIMHICTB, 3HaXOJIATh 3aCTOCYBaHHA B HaBYAJIbHOMY
1abopaTOPHOMY MPAKTUKYMI NI BUBUCHHS TEPMOECIICKTPOHHOI €MiCii, 10 JIEKUTh B
OCHOBi1 pOOOTH BCiX IMPHUCTPOIB, JIe CTBOPIOETHCH CICKTPUYHUN CTPYM Yy BaKyyMi
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(BakyyMHI 1011 1 TPIOJH, €ICKTPOHHO-IIPOMEHEBI TPYOKH, MPUCKOPIOBaYI Ta 1H.) YU
B Ta3i (ra3opo3psaHi TPyOKH).

TepmoenekTpoHHa eMicis — I1e BUITYCKaHHS €JICKTPOHIB 3 MOBEPXHI HArpiTHUX
TBEpAMX YW pIAKAX TUT. Jlasg HarpiBaHHS KaTroAga BHUKOPHUCTOBYETHCS HHUTKA
POPKAPIOBAHHS, IO BBOJAUTHCS Y CEPEANHY KaTo/a.

Haiimenmia TemnepaTtypa KaTtoja, IpH SIKii OYMHAETHCS AOCUTH IHTEHCHUBHA

emicist, ckagae npubnmsso 1000C aje BHMArae CIeIialbHOTO IOKPUTTS OBEPXHI
Karoja (IUTiIBKK TOPilo, 1e3it0, 0apito, OKUCIB ACSKUX METANIB).

Uuciao eNeKTpPoHiB, M0 BWJIITAIOTh IIOMUTI 3 PO3KAPEHOI0 KaToja,
BU3HAYAETHCS HOTO TUIOMIMHOKO, MAaTepiajioM 1 3aJeXuTh Bij Temmeparypu. OmHak
IpU BIJCYTHOCTI EJNEKTPUYHOrO IO MK KaTOJOM 1 aHOJOM €JICKTPOHH, IO
BUITYCKAIOTHCSA, HE JOCSATAIOTh aHOJA, a OTOYYIOTh HOro y BUTIIAAI xMapu. [lpwm
MO3UTHUBHOMY TIOTEHIlaJl Ha aHOJl eJeKTPUYHE Toje OyJae NpUCKOPIOBaTH
CJEKTPOHU, BOHU PYXaTUMYTHCA 10 aHOAA 1 KPi3hb JIAMITY M€ CTPyM, BEIUYHHA
SIKOTO 3pOCTaTUME 31 30UIBIICHHSAM PI3HUIIl MOTEHIIANIB MK KaTOJOM 1 aHOJOM.
[TounHarOYM 3 MESAKOTO 3HAYEHHS HAMPYTH HA aHOJI, MOJAJBINE 3POCTAHHS CHUIIH
CTPYMY B3araji NpUIUHAETHCS, TOOTO CTpyM aocsrae HacuueHHs. Lle oOymoBieHO
THM, TII0 BC1 €JIEKTPOHHU, SIKi BUITYCKAIOTHCS KaTOJIOM, TOCATAIOTh aHO/A.

BaxxnuBo 3HaTH, 1II0 CTPYM, BEJIMUMHA SKOT'O TIepecTae 3ajaekaTy Bij HAMPYTH,
€ CTPyMOM HACHYCHHS. Y JaMmmax 3 OKCHIHHUM KaTOJIOM JOCATTH HACHUYCHHS HE
MOXHa, TOMY IO TPH BEIUKHX 3HAYCHHSAX HAINPYTH BiIOYBA€ThCA PyHHYBaHHS
KaToJa.

Skmo a”Homy HaJaTH HETAaTUBHUW TOTEHINAN, a KaToay ITO3UTHUBHHM, TO
SJICKTPOHHU T II€I0 CUJI eNEKTPUIHOTO OISl OyAyTh BiAIITOBXYBATUCS BiJl aHOMA, 1
CTpPYMY B JilamIIi He OyJie.

VY Tpioai mpu anogHOMY noTteHuiani U, 1 MOCTIHHIN TemmepaTypi KaTofa cuiia
CTpyMy B KOJI aHOJa ICTOTHO 3aJIeKUTh Biag moTeHmiany Ha citmi Ue. Citka
po3TarioBaHa OJK4de 0 KaTtoaa, HiXK aHOJI, TOMY ii 1moJjie OlbIle BIUIMBAE HA TIOTIK
enekTpoHiB. [Ipu MO3UTUBHOMY MOTEHINAM Ha CITII ii MOJe CKIIAIAa€ThCs 3 TMOJEM
aHo[a, 1 MOTIK €JIEKTPOHIB Oy/ie MPUCKOPIOBATUCS CUIIbHIIIE, aHOJHUI CTPYyM TIyKe
MIBUJKO 3pocTtatume. [Ipu geskoMy HEraTMBHOMY IOTEHIANl Ha CITIH ii Moje
rajbMy€ €JEeKTPOHH, AHOJHUN CTPYM 3MEHIIYEThCSA, 1 MOXKHA 3HAWTH TaKHM
HETaTUBHUU MOTEHIIAJI, PU STKOMY >KOJIEH €JICKTPOH, 1110 BUITYCKAETHCS KATOJAOM, HE
JIOCSITHE aHO/a, HE3BaKalOYM Ha T€, IO HA aHOJI MOTEHINan Oyae MO3UTUBHUM.
Haiimeniia HeraTMBHa Hampyra Ha CITII JIaMIIM, TpU SKiA JamIia Tepecrae
MPOBOJIUTH CTPYM, —3aMUKar04da HampyTa.
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3HATTA BOJIBT-aMIIEPHUX XaPAKTEPUCTHK, BUSHAYEHHS NapaMeTpiB
TPbOXEJIEKTPOIHOI JTAMITH

3HarouM JBl CITKOBI XapakTEpUCTHUKH, 3HATI MPU JABOX PIZHUX aHOJHHUX
Hanpyrax Uy, Uy, MOXHa BU3HAYUTH TMapaMmeTpu JIaMIH, TOOTO BEIMYWHH, IO
XapaKTEepU3yIOTh ii SIKICTh 1 BIACTUBOCTI. AHOTHUN CTPyM Tpioja MpH MOCTIHHIN
TeMrepaTypi karoja € (yHKII€0 HAMpyry Ha CITII W aHO1 JaMIu. TakuM YUHOM, Y
Tpioai aHomHui cTpyM Oyae ¢yHkiiero aBox Hampyr I,= f(UaUc), 10 MOXYThH
3MIHIOBATHUCS HE3AJIEKHO OJIMH BiJl OTHOTO. TOMY MOKHA BUBYATH 3aJIEKHOCTI:

Ia= f(U,) nmpu U = const -aHoHa XapaKTEPUCTHKA,

l,=f(Uc) nmpu U, = const —eiTkoBa XapakTepHUCTHKA.

CimelicTBa CITKOBUX XapaKTEPUCTHUK JIAMITH MTOIaHO HA PUCYHKY 35.2.

In!
Unz

A

0 U

Pucynok 35.2

[cHYIOTh TpU BaXJIMBUX MapaMEeTpPU €EKTPOHHOI JJaMIU: BHYTpilHiN omip R,
KpYyTHU3HA CITKOBOI XapaKTEPUCTUKHU S1 KOSPIIIEHT MOCUIICHHS JIaMIid .

BHyTpimHIi omip BU3HAYAETHCSA SIK BITHOLIEHHS IPUPOCTY aHOAHOI HAIIPYTH 10

BUKIIMKAHOTO HUM TIPUPOCTY aHOAHOTO CcTpymy (MpW crajiii Hampysi Ha CiTHi

JIAMITH):

AU 5

N , (1)

U_=const

R:

ne AU 5 =|U po —U p -
Kpytusna ciTKOBOi XapakTepuUCTHKH (KPYTICTh JIAMITH) BH3HAYAETHCS SIK
TAHICHC KyTa HAXWJIy XapaKTCPUCTHUKHU.
Al
AU

(2)

U ,=const
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KpyTusHa ciTKOBOI XapakTepHUCTUKH HA3WMBAIOThH III€ MPOBIAHICTIO JAMIIU IO
CITIII.

Koeoimient miacuienHs [l AOPIBHIOEC BIAHOIICHHIO 3MIHM aHOJHOI HANpyTU
AU, 10 3MmiaN Hanpyru Ha kepyrouiit citii AU, 0 CIpUYMHSAIOTH Ty K camy 3MiHYy
aHOJTHOTO CTPYMY:

AU 5
AUc

(3)
| ,=const
Benuunna, obepHeHa 10 KoehUIIEHTA MiICUICHHS, HA3UBAETHCS MPOHUKHICTIO
JaMIu:
D=p"
KoedimienT miacuneHHs namnu |l TMOKa3ye, B CKUIBKM pa3iB Hampyra
NpUKJIaJeHa JI0 CITKH, A€ CUIIbHIIIE, HIXK Ta K HANpyra, NpUKIaieHa 10 aHO/a.
3B'130K MIXK I[IUMH [TapaMeTpaMu JIaMITH BU3HAYAETHCS (POPMYIIOI0
B @)
u
JUisi BU3HauYeHHs TMapaMeTpiB JIAMIM METOJOM TpPbOX TOYOK Tpeba Ha
MPSAMOTIHINHIN MUISHIN ABOX CITKOBHX a00 aHOMHUX XapaKTEPUCTHUK MOOymayBaTH
xapaktepuctTnunuii TpukyTHUK ABC (puc. 35.2). Cropona AB Bu3Hauae 3MiHy

Hanpyru Ha citimi AUc (puc. 35.2),BC —3miny anoguoro crpymy Al a.

Omnuc 1a00paTOPHOI YCTAHOBKHU
Cxemy 1a00paTOpHOTO MaKeTa MOKa3aHo Ha PUCYHKY 35.4.
[Tepemukau K mo3Bossie 3MiHIOBaTH MOJISIpHICTH Hanpyru Uc, 110 TOAaeThes HA
CITKy Bia nuibHUKa Hanpyru Ilc. Anomna nHampyra U, 10 jJaMmu MoJaeTbes i
PETYIIOETHCS MTOTEHIIOMETPOM 14 1 BUMIPIOETHCS BOTBTMETPOM V a.
Miniamnepmerp MA Bu3Hayae aHOAHUN cTpyMm Jyamnu la. IligirpiB karoma
3IHCHIOETHCSI HUTKOIO PO3KAPIOBAHHS , JI0 SIKOT IMiIBOIUTHCS 3MiHHA Hampyra 6,3B.

+ K @ +

e
® ,

Pucynok 35.3
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Hpuaaau i npuaaxas
VYHiBepcanbHE JDKEPENO CTPyMy, TPHOXEIEKTPOJHA Jamma, BOJBTMETP 1
MiJIIaMIIEpPMETP, IMOTCHIIIOMETPH.

IlopsiioK BUKOHAHHA PO0OTH

1. O3naiomuTHCa 31 CXEMOIO EKCIEPHUMEHTANbHOI YCTAHOBKH Ha J1abOpaTOPHOMY
CTOJIL.

2. Onepkatu 3aBIaHHS HA BUKOHAHHS JabopaTopHOi poOoTH, 3HadeHHs HanpyT Uc y
BUKJIaZaua i BKITIOYUTH YCTAHOBKY.

3.3HATH CITKOBI XapakTEepPUCTUKH TMPHU 3aJaHUX 3HAUCHHSIX AaHOIHOI HaIpyTH,
OTpUMaHMX y BHKJIagava. JlaHi 3anmucaru B TaOJIUITIO.

4. lobyayBaTu CiIMEHCTBO CITKOBUX XapaKTEPHUCTHUK.

S5.ns  nOpsSMOMHIAHUX  JUISHOK  OTPUMAaHMX  XapaKTEPUCTUK  BU3HAYMTH,
KopucTarouuch criBBiaHomenusmu (1), (2), (3),mapamerpu R, S W . [lepeBiputu
criBBiHOIICHHS (4).

6. BuznauuTtu abcomoTHI MOXUOKHU po3paxyHKy mapameTpiB R, S .

CiTKOBI XapaKTepuCTHUKHI

AHoaHui ctpym | 4, MA

F7
=
o
N

U, B -4 | -2 0 2| 4/, 6] 8 104 12 14 14

KoHnTposbHi 3antuTanHs
1. sIxi OyaoBa 1 MPUHIIKII J1ii BAKYYMHOT'O Tpioja?
2.Y 4oMy CyTb SIBHIL[a TEPMOEIIEKTPOHHOT eMiCii?
3. 1o Take cTpyM HacHYECHHS ?
4. I1lo Ha3uBa€eTHCS AHOAHOIO 1 CITKOBOIO XapaKTEPUCTUKAMHU JIAMITH ?
5. SIka poJib HeraTuBHOTO 00’ eMHOTrO 3apsay (“enekTpoHHOT XMapu”)?
6. SIxa ymMOBa moraaHHs eJIEKTPOHIB HA aHOT?
7. Jlatu BU3HAUYCHHS 1 TOSICHUTH (h13UIHUHN 3MICT OCHOBHHUX TTapaMeTpiB JIAMIIH.
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JIABOPATOPHA POBOTA Ne 36

JocaigkeHHsI eJIEeKTPUYHOI0 CTPYMY B HANIIBIPOBITHUKAX

Merta poOOTH — 3HATTS BOJIBT-aMIIEPHOT XapaKTEPUCTUKU HAIIBIPOBIIHUKOBOTO
7io/a; BHW3HAYCHHS 3aJISKHOCTI OMOpy JioAa 1 KoedilieHTa BUIPSIMICHHS Bif
HANpyrd; BUBYEHHS pOOOTH J10/1a 3 BUNIPSIMIICHHS] 3MIHHOTO CTPYMY B CXeMaxX OJIHO-
1 IBOTIBIIEPIOTHOTO BUTIPSIMIICHHS.

HamiBnpoBilHMKaMy Ha3WBalOTh PEYOBUHH, SKI 3aJ€KHO B 30BHINIHIX
BIUTUBIB (TeMmepaTypH, JOMIIIOK, ONMPOMIHEHHS Ta iH.) € a00 MpOBiAHWKaMH, abo
TieNeKTpUKaMHi. Y  HaIIBIPOBITHUKIB TMPOBIIHICTH 3pOCTa€ 31 30UIBIICHHIM
TEMIIepaTypH, a y METaJliB 3MEHIITYEThC.

KoxHOMYy BajJleHTHOMY €JEKTPOHY KpHCTala, 3TiIHO 3 KBAHTOBOIO TEOPIEIO,
BiJITIOBi/Ia€ TICBHE 3HAYCHHSI CHEPTii (piBeHb HA eHepreTHuHil aiarpami). CyKyIHICTb
PIBHIB eHEeprii BaJCHTHUX C€JICKTPOHIB OJIHOPITHOTO KpHCTaja YTBOPIOE Ha
eHepreTUYHIN AiarpaMi HamiBIPOBIIHUKA BaJCHTHY 30HY — 30HY J03BOJICHUX PIBHIB
(abo0 TpOCTO: MO3BOJICHY 30HY), KI MOXYTh OyTH 3alHATI €JIEKTPOHAMH ITOBHICTIO
a00 4acTKOBO (I1€ 3aJIeXKUTH BiJ OyIOBH aTOMIB IIEBHOI PEUOBHHH).

KinbKkicTh eHepreTHYHMX PIBHIB y BaJICHTHIN 30H1 gopiBHIOE N/2, IKIIIO KpUCTal
mictuth N atomiB. OCKUIBKH B pealbHUX KpUCTANaXx KUIBKICTh aTOMIB JdyXKe
Besmka (~1023cM™), To eHepreTHyHa Pi3HMUIP MK CyCiAHIMHU PIBHSIMH B 30HI 30BCIM
mana (<< KT). Haite mpu Takiii Benukiii mmpuni 301 sk 10 eB 1s pizHuns Mae
OPSITIOK 10%%¢B g 1 o’ KpHUCTana.

Jlami MU pO3TISHEMO CHPOIIEHY CXEMYy PO3TAlllyBaHHS BKa3aHUX BUIIE 30H 1
3alOBHEHHS 1X eJeKkTpoHamH. [Ipu mpoMmy cii mam’sTatvd 1Bl BaXJMBI pedi:
1) cuctema eHEpPreTHYHHX pPIBHIB 3HAXOIUTHCS HE B 3BUYAWHOMY IIPOCTOPI, JI€
OJIMHUIIMH BUMIPY BIJICTaH1 € METpP, CAHTUMETP Ta 1H., @ B EHEPreTUYHOMY IIPOCTOPI,
J¢ BIJICTaHI MiX pIBHAMH BHMIPIOIOTBCS B omuHUIX cHeprii ([x, eB Ta iH.);
2) npunnun [Tayi, 3a IKUM KOXXHHI KBAHTOBHH CTaH MOKe OYTH 3alHATUH HE OLIbIII
HDK OJIHUM eJeKTpOoHOM. [limBUIllEeHHS eHeprii eNeKTPOHIB TpH IIhOMY O3HAYa€e
MepEMIIICHHS 1X 3 OJIHOTO P1BHS HA 1HIIMM, O1IbIII BUCOKUM, PIBEHb €HEPTi.

Ha pucynky 36.1ropu30oHTaIPHUME JTIHISIMA MMOKAa3aHO C€HEPTETUYHI PiBHI, K1
CKJIaJIal0Th BAJICHTHY 30HY 1 HACTYIHY 3a HEIO BUIbHY BIJ €JIEKTPOHIB 30HY. Mix
HUMHU 3HAaXOJUThCs 3a00poHEHa 30Ha 3 mupuHOo AW. Ha 3ailHATUX €leKTpoHaMH
PIBHSIX TO3HAYEHO [[Ba EJEKTPOHM YOPHUMH KpykKamu 31 crpinkamu. lle He
cynepeuuTs npuHnumy [laymi, ToMy 110 MpU OJHAKOBIM €HEPrii €JIEKTPOHH MAaOTh
pi3HI MPOEKIli BIACHUX OPOITAILHUX MOMEHTIB (CHHHIB), TOOTO 3HAXOAATHCH Yy
PI3HMX KBAaHTOBUX CTaHAaX, HA M0 BKA3yIOTh MPOTUJICKHI HAIPSIMKHU CTPILIOK.
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30Ha
€NeKTPOHHOT
NPOBIgHOCTI

AW
3 BaneHTHa BaneHTHa —Y
BaneHTHa v 1% 30Ha £ 30Ha B 1
30Ha 17 (3I0Ha . 17 (3oHa AipoyHoi 17
b NpOBIAHOCTI) ! NpOBIAHOCTI) 3

Y

a) 0) B)

II —  €eMeKTPOHY o —  [ipKu AW —  3abopoHeHa
30Ha

Pucynok 36.1

Ha pucynky 36.1300pa>keHO Tpu BUITAIKU:

1. V BaneHTHI! 30HI, Ji¢ 3HAXOJATHCS CJICKTPOHH, BCl piBHI 3aifHATI. [IluprHa
3abopoHeHoi 30HU Beimka: AW >> KT (puc. 36.13). V mpomy BHMAaKy i Ji€r0
CJIIEKTPUYHOIO TIOJIS 1 MiJABUIICHHS TeMIeparypu (SKIo Il Jii He 3aHAJATO BEIIMKI)
MiABUIICHHS €HEPTii, a, 0TKe, 1 pyX eNEeKTPOHIB HEMOXJIMBI — HaJITO BEJIMKA IIUPUHA
3a00pOHEHOT 30HH (BiICTaHb JI0 HACTYIIHOI BUIbHOT 30HHM). Lle — TieneKTpUKH.

2.Y BaJleHTHI! 30H1 3ai{HSTA JIMIIIE YaCTWHA PIBHIB, IPH HU3bKUX TEMIepaTypax —
HIDKHS. ENeKTpoHHW, 10 po3TanioBaHi MOOMW3Yy BaKaHTHUX PIiBHIB, MOXYTh JIETKO
NEPEeXOUTH 10 HUX MiA Ji€l0 TyKe MaJeHbKOTO enekTpuyHoro moss. Lls 3oHa
3BEThCS 30HOIO MPOBIAHOCTI, a KpucTal € npoBigHukoM (puc. 36.10). g pizHux
METaJliB € iHIII pPO3TAllyBaHHS BAJCHTHHUX 30H (HANPUKIAN, iX MEPEKPUTTS), aje
MPUHIIUAT BUHUKHEHHS €JICKTPUYHOTO CTPYMY B HUX 3QJIMIIAETHCSI THM CaMUM, IO 1 B
CHPOIICHOMY BapiaHTI.

3. Kaptuna 3aiiHATUX 1 BUIBHUX BIJ €JCKTPOHIB pPIBHIB Ta cama, IO 1 Yy
J1EJNIeKTPUKIB, TIIbKU MIMpUHA 3a00poHeHo01 30H1 AW ManeHbka HACTUIBKH, IO MPH
HEBEJIMKOMY 30UIBIICHHI TeMIlepaTypd €JCKTPOHU 3allOBHEHOI BaJCHTHOI 30HU
OJIEP)KYIOTh €HEPTiI0, SKOi TOCTATHBO ISl IOJI0JIAaHHS 3a00POHEHOT 30HU 1 EPEXOTy
710 BiUIbHUX piBHIB HacTynHOi 30HH (puc. 36.1p). KigbKicTh €IEKTPOHIB, IO
NEePexXoIATh, a, OTXKE, 1 BEIMYUHA €JICKTPUYHOTO CTPYMY CHIIBHO 30UIBIIYIOTHCS MPH
NiIBUINCHHI Temreparypu. Ile — HamiBnpoBigHUKU. BilbHA 30HA, B SIKY NEPEXOISITh
€JICKTPOHH, HA3UBAETHCS 30HOIO €JEKTPOHHOI MPOBITHOCTI, a BAJICHTHA 30HA, AKY
CJICKTPOHHM 3aJIUIIAI0Th, - 30HOIO JIPOYHOT MPOBiIHOCTI. J{ipkOl0 YMOBHO Ha3WBalOTh
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BAaKaHTHE Miclle, SIKe 3BiNbHS€ €JNEKTPOH. Il NPUIMCYIOTh MO3UTHBHHUI 3apsif.
[lepexin eneKTpOHIB 13 3allOBHEHOI 30HM Y BUIBHY 30HY CYIPOBOKYETHCS
MepeMIIICHHSIM JIIPOK, 110 OOYMOBIIIOE€ IIpouHy mpoBiAHICTE. Ha pucynky 36.1,
OIpKH TIO3HAYEHI TMPO30PUMHU KpPYKKamMH. 3BHYANHO, CIPaBXKHIMH HOCISIMH
CJIIEKTPUYHMX 3apsiIiB y HAMIBIPOBiAHMKAX (K 1 B MeTallaX) € peajibHi CJIEKTPOHH, a
He (popMaTbHO BBEJCHI NIPKHU.

[MpoBigHicte © yucTHX (0€3 CTOPOHHIX JOMIIIOK) HAIiBIPOBIIHHKIB,
OoOyMOBJIEHY MiJBUIICHHSIM TEMIIEPaTypH, HA3UBAIOTh BIIACHOIO MPOBIAHICTIO. Y
nepuioMy HaOJIMKEHHI I HEBEJIMKOTO 1HTepBally TeMIIepaTyp BOHA, TAKUM YHWHOM,
3aJIeKUTh BiJl aOCOIIOTHOI Temnieparypu 7«

_aw
— 2KkT
g=0ye T

ne k=1,38 102 JIx/K (ctana Bonbimana);
0o — CTaJia BEJIMYMHA, KA 3AJICKUTh BiJl KOHKPETHOTO HaITIBIPOBITHUKA.

Hisikoi sikicHOT BIIMIHK MDK JII€IEKTPUKAMHU 1 HAMMIBIPOBIIHUKAMHU TIPU HU3BKHUX
Temrieparypax Hemae. € TUIBKH KUIbKICHA — IIMPUHA 3a00pOHEHOI 30HH. YMOBHO JI0
JENIEKTPUKIB Oarato JOCHIIHHUKIB BIAHOCSATh PEYOBHHH, B SIKUX HIUpHUHA 3a00POHEHOI
30oHu Outbiie 2 eB. Jlo HamiBOpOBIAHMKIB BIAHOCHUTHCS HIMPOKUM KJIAC PEUOBHH:
outpimicTs enemenTtiB 1V, V i VI rpyn nepioauynoi cucteMu MeHaeneesa (Byriielp y
BUIIIAl Tpadity, Oop, KpeMHil, repmaniid, pocdop, MUII SIK, CETIeH, CypMa, TeIryp, Hox
Ta iH.); 0araTo CIUIaBiB, COJICH; BeJIMKa KiJIbKiCTh HEOPIaHIYHHX CIIOJYK.

OxpiM BracHOi MPOBIJHOCTI iICHY€E JOMIIIKOBA MPOBIIHICTh HAIIBIPOBIIHHUKIB.
BoHa BuHUKae pu BBEJCHHI B KPUCTAJIYHY I'PATKy YHUCTOI PEYOBUHHU aTOMIB 1HIIUX
PEYOBHH, a TaKOX MPU TOPYIICHHSIX BIACHOI KpuCTamiyHoi TpaTku. OCKUIBKU
CJIEKTPUYHUIA CTPYM BHUHUKAE TMPHU YK€ MAJIEHbKUX KUIBKOCTSIX IUX aTOMIB abo
MOPYIICHHSAX BJIACHOI TPAaTKH, iX B 000X BHUMAAKaxX IS CTHCIOCTI Ha3WBaIOThH
JIOMIIIIKAMH.

VY CcBOIO Yepry, JOMIIIKOBa MPOBITHICTh MOXe OyTH JBOX BHUIB: JoHOpHA (N-
THUITY) 1 aKienTopHa (p-Tuiy).

JloHOpHA TMPOBINHICTP BHUHUKAE Y BUMAAKY, KOJUM aTOMHU JOMIIIKH MAalOTh
BaJICHTHICTh BHWIIIE HI’K aTOMH OCHOBHOI PEYOBHMHHM, & CHEPTETUYHI PIBHI BaJCHTHUX
CJIEKTPOHIB JIOMIIIKH PO3TAIIOBYIOThCSI B 3a00pOHEHIN 30HI HamiBIPOBIIHUKA
OJM3bKO 710 BUIBHOI 30HU (HroK4e Hel). ITig mi€ro 30BHIMIHBOTO CIEKTPUYHOIO IMOJIS
CJIEKTPOHH 3 JOMIIIKOBOTO pIBHA JIETKO TMEPEXOASATh Ha pPIBHI BUIBHOI 30HH,
CTBOPIOIOYM eJIeKTpuuHuil ctpyM (puc. 36.2a). [IpukiagoM € YOTHPUBAJICHTHHMA
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HaITIBIPOBITHUK IepMaHii, B IKOMY JEsKi aTOMH 3aMiHEH1 aTOMaMH IT’ STUBAJICHTHOT
CypMH.

AXuienTopHa TPOBIAHICTh BUHHUKAE y BUMAAKY, KOJM aTOMH JOMIIIKH MaloTh
BaJICHTHICTh MEHIIIC HI)K aTOMH OCHOBHOI PEYOBMHH, a JOMIIIKOBI PiBHI PO3TaIlIOBaHi
B 3a00pOHEHIH 30HI qyXe OJIM3BKO 10 BAJICHTHOI 30HH, sIKa 3aifHATa CIIEKTPOHAMH, aje
Burie Hel. [lin BIUTMBOM 30BHINIHKOTO €JIEKTPUYHOTO TIOJS €ICKTPOHH 3 BAJCHTHOI
30HU OCHOBHOI PEYOBHMHHM JIETKO MEPEXOITh Ha BUIbHI PiBHI aKIENTOPHOI JOMIIIKH,
CTBOPIOIOYM y BAJICHTHIN 30HI TaK 3BaHi MO3WTHBHI dipku (puc. 36.2,0). Ockiibku
BOHH, 3HAXOISAYNCh B EHEPreTUYHOMY CIICKTpI OCHOBHOI pPEYOBHHH, BOJIOMIIOTH
OUTBIIOI0 PYXJIMBICTIO, HIX €JIEKTPOHM B AKLUENTOPHIA JOMIMIII, Taka MPOBITHICTDH
Ha3WBAEThCS JIPOYHOIO, abo0 p-Tumy (mo3utuBHOM). [lpukiamom € TOH camwuii
repMaHiii 3 JOMIIIKOIO TPUBAJIECHTHOTO 1HIIIO, SIKUM HaMaraeThCs MPHUEIHATH 10 cebe
YEeTBEPTHUI €JIEKTPOH 13 TPATKH TepMaHiro.

W W
3oHa .
€MEeKTPOHHOI BineHa
NpPOBIAHOCTI 30Ha
(n-Tuny) 4 v
ﬂoHopHmﬁi‘L____;__i _____ 4
piserb a7 AW
AKLenTopHUI 2_
A piBeHb RS
4 v 4 BaneHTHa 30oHa t v i
BaneHTHa M (30oHa AipoyHoi v}
30Ha vi MpPOBIAHOCTI v 4
v p-Tuny) v
a) 6)
' ! —enektporm o — Adipkt AW — 3aBopoHeHa
30Ha

Pucynok 36.2
Benvke nmpakTrdHe 3HAYCHHS MAIOTh 3’ €THAHHS HAMIBIPOBIIHUKIB IBOX THITIB:

N | p. Take 3'eaHaHHS HA3MBAETHCSA HAIIBIPOBIAHUKOBHM JIOAOM 1 MOXKE

BUKOPHCTOBYBATHUCS SIK BUMIPSIMIISTY 3MIHHOTO CTPYMY.
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Pucynok 36.3

Posrnsaemo siBuia, siki BigOyBaroThcsl B Micili KOHTakTy K JBOX MpOBITHUKIB
n- | p-tuny (puc. 36.3a). BHacmiok TEIUIOBOrO pyXy depe3 Micle KOHTAKTY
BiIOyBaeTbcsl AUQY3is €IEKTPOHIB 1 MipokK. HamiBOopoBigHWUK N-TUIYy BTpayae
CJIEKTPOHH 1 TOMY 3apsKAEThCSl MO3UTHBHO. BoaHOYAC HaMiBNPOBIAHUK p-THUILY
3apsaKaeTbesi HeratuBHO. [loGmm3y wmexi moaury K yTBOproeThcs MOIBIMHMIMA
enekTpuuHuid 1map LL', skuil CTBOpHOE KOHTakTHE €JEKTPUYHE I0Jie, W10
MEePEeNIKoKae Nalblii 0MHOOIYHUM AUQY3ii eeKTPOHIB Y HampsiMi N — P 1 AIPOK y
OpoTWIe)KHOMY HampsivMi. KoHIeHTparisi HOCIIB CTpyMy B KOHTakTHOMY IIapi
BHACJIJIOK iX peKoMOiHallli Habarato MEHIa, HiXkK B 00’ €M1 HaMiBIPOBIIHUKA, TOMY
el 1ap Ha3UBAIOTh 3ANIPHUM.

[IpuknageMo 10 KOHTaKTy P-N HamiBNPOBIJHUKIB 30BHILIHE €NEKTPUYHE MOJIE
Tak, 100 CTPyM MPOXOAMB BiJ HAMBOPOBITHUKA p-TUITY 10 HAMIBIPOBITHUKA N-TUITY
(puc. 36.30). Jlipk# i eJeKTPOHH MOYHYTh IMEPEMIIIyBATUCS B HAMPSAMI IO KOHTAKTY.
Omip 3amipHOTO IIapy BHACHIAOK 30UIBIICHHS KOHIIEHTpAIlll HOCIiB CTpyMy
3MEHIIUTHCS, 1 uepe3 KOHTAKT miae Ouipimuii ctpym. Lleit Hampsm cTpymy

HA3UBAECTLCA npAMUM.
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[TpuknameMo 10 KOHTAKTy P-N HAMiBIPOBIIHUKIB 30BHIIIHE €IEKTPUYHE TOJIE
B HampsiMi BiJ HamiBIPOBITHHUKA N-THITY J0 HAMiBOpOBiAHWKA p-Ttumy (puc. 36.3B).
ITix mi€ro 30BHIMIHBOTO TOJISL JIPKHU 1 €JIEKTPOHU PYyXaTHUMYThCS BIJIMO BiAMOBITHUX
HAIIBIIPOBIIHUKIB, 30HA 3aMiPHOTO IIapy 30UIBIIUTHCS, @ TOMY 3pOCTe 1 HOro Ormip.
Cuna cTpymy, MmO MTPOXOAUTh Yepe3 KOHTAKT, 3MEHIUTHCS. Takuii 3BOpPOTHIN
HampsiIM CTPpyMy Ha3uBaeThCs 3anipnum. Ha 1HMX BIAacTUBOCTIX P-N THepexoay
IPYHTYEThCS [Iisl HaIIBIPOBITHUKOBOTO [10Ja. 3JaTHICTh HAaIiBIPOBITHUKOBOTO
AioJia TPOBOJUTH CTPYM B OAHOMY HANpsIMKY Kpaile, HDK B 1HIIOMY, OOYMOBIIOE
HOro 3acTOCyBaHHsS JUIS BUIPAMIICHHS 3MiHHOro ctpymy. Ha pucynky 36.4
300pak€HO THUIIOBY 3aJICXKHICTH CTpyMmy (BiH MPOXOIWTH Yepe3 P-N mepexim) Bif
MPUKIIAJICHOI HAMIPYTH, TaK 3BaHy BOJBT-aMIIEPHY XapaKTEPUCTUKY Jio/a. 3 pUCYHKY
36.4 BugHo, mo npu U > 0 ([@psMuii HampsiM) omip mepexoay HE3HAYHUH 1 CTpyM
pizko 3poctae; mpu U < O (3BOpOTHIN HampsM) OIip BEIUKHHA 1 CTPYM MPAKTHUHO
3aJUIIAE€THCS HE3MIHHHUM JI0 JesKOoro 3HaueHHs: Ug, Ipu sIKOMY CTPYM Pi3KO 3pOCTaE.
Taka Hanpyra Ha3UBAETHCS HPOOUBHOIO.

A Lo

Uss Unp

Pucynok 36.4

BrnactuBocTi  HamMIBOPOBITHUKOBOTO  J10Aa, SKUH €  BHIPAMIITYEM,
XapaKTepU3yIThCs KOE(IMIEHTOM BHUIPSIMJIEHHS, IO JOPIBHIOE BIJIHOIICHHIO
CTPYMIB, TIPSIMOTO IO 3BOPOTHOTO, SIKi BUMIPIOIOTHCS MPU OJHAKOBHUX 32 BEITMYUHOIO
psIMii 1 3BOPOTHIN HampyTrax:

K= II”p (HpI/I‘Unp

36

=|u,, ) (1)
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Omnip HamiBOpOBIAHUKOBOTO Miofa R Takox € #oro xapakrepuctukor. Moro
MO’Ha BU3HAUUTH 13 3akoHy OMma 3a (hopMyIioro

R:E, (2)

ne U —Hampyra, | —cuna crpymy.
Ha pucynky 36.5 300pa)keHO THIOBY 3aJIeKHICTh OIMOPY J10Jla B MPSIMOMY 1
3BOPOTHOMY HaIpsiMax Bij] MPUKIIAICHOT HATIPYTH.

R

Pucynok 36.5

Hiomu s BUNPSMIIEHHS TMPOMHCIOBOTO CTPYMY BHTOTOBIISIIOTH 3
HAIIBIIPOBIIHUKIB, II0 MalOTh BEIUKUH omip (repMaHii, KpeMHIH, CeleH, a TaKoX
3akuc Migi Cw0). HalledextuBHimMu € repmanieBi Ta kpemHiesi mionu, KK/ skux
nocsrae 98%,1 cexenonl — 70%.

Onuc BUMIpIOBAJIBHOI CXeMH | IPWIAAiB
Hanpyra Ha cejeHOBUIl HamiBIOPOBIAHUKOBUI 10 MONAETbCA 3 IbHUKA
Hanpyru R 1 Bumiproetscs BombTMeTpoM V (puc. 36.6). CTpyM Kpi3b CeleHOBHIA

CTOBITYMK  BHUMIPIOETbCS  MUTIAaMIIEPMETPOM Yy  TOPSAMOMY  HampsIMKy 1
MIKpPOaMIIEPMETPOM — Y 3BOPOTHOMY.
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Pucynok 36.6

JlJiss BU3HAUEHHS HAMPSMKY CTPYyMY Kpi3h HaIliBIPOBITHUKOBHMA Ti0OJ Y CXeMY
BMHKA€EThCA TymOsep T; , a Juisi BUMIPIOBaHHS BEIWYMHU CTPyMy B TPSAMOMY 1
3BOPOTHOMY HampsiMkax — TymOmep T, , 1o BMUKae BIAMOBIAHO MijiaMmrepMeTp MA
a6o Mikpoammepmerp MKA. Hampyra Ha JUTBHUK TIOAETHCS BiJ JpKepelia MOCTIHHOT
HaTpyTH.

Hpunaau i npuaaxas
HaniBripoBimHukoBuid  Aioy (CEJICHOBHI CTOBIYHMK), JDKEPENIO IOCTIHHOI
HaAIMpyTH, JUIBHUK HANpyrd, IOTEHIIOMETp, MuTaMIepMeTp, MiKpoamIepMerp,
TyMOJepH, JKepesio 3MIHHOT 1 MOCTIMHOT HAIIPYTH , BOJIBTMETP, ocuuiorpad.

IMopsa10xk BUKOHAHHS PO0OTH

1. BuzHauuTH 1iHy TOAUIKY PUIAIIB 1 BKIIOUUTH YCTaHOBKY.

2. 3miHI0104M HAanpyry U, , 3HATH 3aJIEKHICT IPAMOTO cTpyMmy |, Bin Hanpyru U, .
JlaH1 BHECTH B TaOJIHITIO.

3. 3MIHUBIIM TOJSIPHICT MPHUKIAICHOI HAMpYyTH, 3HATH 3aJIeKHICTH 3BOPOTHOTO
ctpymy l,, Big Hanpyru U,, ananoriyso n. 2. J[aHi BHECTH B TaOJIHITIO.

4. [loBTOpUTH Aii, 3a3HaueHl B . 21 3, TpH pa3u. BU3HAUNTH CepeHIO CHITy CTPYMY
IpU KOXKHOMY 3HAYCHHI HAIIPYTH.

5.TloOynyBatu rpadik 3anex)HOCTI cepenHix cua crpymiB l,, 1 |, Big Hampyr
U,, 1 U,. 3HadueHHS CHIM CTPyMy B NPSMOMY HalpsMKy BiAKIazaTH B MA 31
3HaKOM “+”, y 3BOPOTHOMY — Yy MKA 31 3HaKOM “-“

6. [ToOyayBaTu 3ajeXHICTh ONOPY HAMIBOPOBIAHUKOBOrO 1104y R Bij mpukiamaeHoi
Hanpyru U, BukopuctoBytoun hopmyiy (2).

7. I[ToOynyBaTu 3anexHICTh KoedimieHTa BUNpsiMiIeHH K Bif aOCOJIFOTHOT HANpyTH,
MPUKIIAICHOI 10 JioJa , BUKOpUCTOBYIoUH opmymy (1).

8.3HATH OCUUJIOTpaMU CTPYMYy [UIsl PI3HUX CXEM BUIPSIMIICHHS, SKi BH3HAYae
BUKJIaJ[au.
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lypr MA |5, MKA

U,B

KoHnTposbHi 3antuTaHHs

1. [Ilo Take HaMIBIPOBITHUK?

2. Illo Take «aipoyHa» 1 eJIEKTPOHHA MPOBIIHICTh?

3.YuM HamiBOpPOBITHUK BIAPI3HAETHCS BiJ MICTEKTPHUKIB 1 METAJiB 3 TOYKH 30pY
KBaHTOBOI TE€OPii?

4. [TosicHUTH BOJIBT-aMIIEPHY XapaKTEPUCTUKY HAIiBIPOBIIHUKOBOTO /107a.

5. Sk BimOyBaeThCA BUNIPSMIICHHS 3MIHHOTO CTPYyMY?

6. [Tosicantu rpadiku 3anexnocrerd K(U) 1 R(U).
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JIABOPATOPHA POBOTA Ne 37

BusHauyeHHs1 IHAYKIII MATHITHOTO MOJISI €JIEKTPOMATHITY

Meta poOOTH — eKCIepuMeHTAIbHE BH3HAUEHHS BEJIMYMHU MAarHiTHOI
IHAYKIIiI, CTBOPIOBAHOI B 3a30pl EJEKTPOMArHity, i1 WOro rpaayloBaHHS, TOOTO
BCTAHOBJICHHSI 3aJIGKHOCTI IHAYKI[lT MarHiTHOTO TMOJSl €JIEKTPOMArHiTy BIiJ CHJIH
CTPyMY B 1OTO OOMOTTIII.

3apsiau, 0 pyXarThes, CTBOPIOIOTH y MPOCTOPI HABKOJIO HUX MAarHiTHI TOJIS.
Ile mone BUSABISETHCA B TOMY, IO HA 3apsA, SKi PyXarOThCS, MIIOTh cuiu. Jlis
JOCJIIDKEHHSI Mar”iTHOTO TOJII HEOOX1JJHO BHECTH B HBOT'O MPOOHHMM KOHTYp 31
CTpyMOM (UM MarHiTHy cTpisiky). [lome crpamisie Oopi€eHTyIOUy Jif0 HA BHECEHHH Y
HBOTO KOHTYP 31 cTpyMoM. O0epTatouuiit MOMEHT My IO i€ HAa KOHTYP, 3aJICKHUTh
SK BiJ BJIACTHMBOCTEW TOJSA B JaHI TOYI, TaK 1 BiJ BIACTUBOCTEH KOHTYpY.
Benuunnaa o0epTarodyoro MOMEHTY, IO Ji€ Ha KOHTYpP 31 CTPYMOM y MarHiTHOMY
T0JTi, MPOTIOPITIHHA CHJII CTPYMY |, 110 Teue B KOHTYPI, 1 HOTO TUIONI S 3aJIeKUTH Bij
Opi€HTaIlli KOHTYpy 1 HE 3aJIeKHUTh BiI (opMu KOHTYpy. Takum dYuHOM, mis
MarHiTHOTO TIOJISI Ha TUIOCKHMH KOHTYp 31 CTPYMOM BH3HAYAETHCS BEKTOPHOIO
BEJTMYHNHOIO

Pm=1SM, (1)

II0 HAa3UBAETHCS MArHITHUM MOMEHTOM KOHTYpy. N — OJMHUYHHI BEKTOp
MO3UTUBHOI HOpMaJi A0 KOHTYpY. s XapakTepuCTUKK MarHiTHOTO MOJIsi BBOJUTHCS

—

BEKTOpHa BeJMYMHA B, sika Ha3uMBa€ThCS MArHITHOIO 1HAYKIIIEK 1 MOAYJb SKOi €
Koe(iIieHTOM NPOMOPIIHHOCTI MK Mpax 1 Py, TOMY 110 B OAHIN 1 T1H K€ TOYII OIS

: M : .
B1IHOIICHHSA —Ma&X ¢ KOHCTAHTOIO JJIsL P13HUX KOHTYP1B.

Pm

B= —Mlgax . 2)

Hamnpsimox BekTOopa MarHiTHOI 1HAYKINT 301ra€TbCcsi 3 HAMPSIMKOM IO3UTHBHOI
HOpMaJi 10 KOHTYpy N B ii piBHOBaxxHOMY mojokeHH1, konmu M=0. Bexrtop n
MPOBOUTHCS MEPICHIUKYISIPHO 10 KOHTYPY TakK, 00 3 Horo KiHIM OyJI0 «BHIHO»
PYX CTpyMY B KOHTYpP1 IPOTH TOJJMHHUKOBOI CTPLIKH.
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Jlist Mar"iTHOTO IOJISL Ha MPOBITHUK 31 CTPYMOM OMHUCYEThCA CHIIOI AMIiepa.
ExcriepuMeHTanbHO BCTaHOBJIEHO, IO Ha €JIEMEHTdl MpOBiIHMKA 31 cTpyMoM | y

MmarHiTHOMY roiti B nmie cuma dF, ¢

dF,=1dl xB, (3)

MOJIYJIb SIKO1 JOPIBHIOE
dF,=1dl B Sina,

1€ KyT Q 3HaXOJQUThcs Mixk Bekropamu dl i B.
MeToa BUMiIpIOBAaHHS i OITUC YCTAHOBKH

[HAyKIiF0 MarHiTHOTO TOJIS €JEKTPOMArHiTy MOYXHAa BHU3HAUUTH JIOCIHITHUM
[UIIXOM, BUKOPUCTOBYIOUH €JICKTPOJMHAMIUHY B3a€MOJIIO MMPOBIIHUKA 31 CTPYMOM 1
Mar”iTHUM TOJIEM — METOJIOM MarHiTHUX Tepe3. MarHiTHI Tepe3u SIBISIOTH o000
OpSIMOJIIHIMHUI TBEepAUN NPOBIAHMK 31 CTPYMOM, BMILICHHM Yy MarHiTHE II0Je
MIXKIIOJIOCHOTO MpocTopy eidekTpoMmaruity (puc. 37.1).IIpoBiIHUK 3HAXOAUTHCS HA
BizcTaHi L, Bim oci oOepTaHHs BaXkens, a Ha BiAcTaHi L; po3ramoByeThes maiabka 3
BakKKkaMu. Baxiip 3 MiHIMaJIbHUM TEPTSIM 00€pTAETHCS HABKOJIO OCI 1 30aj1aHCOBaHUI
Tak, MO TPU BUKIIOYCHOMY IO CHCTEMa 3HAXOIWUTHCS B piBHOBa3i. Ko
BIJIMOBIJHUM YMHOM BUOpPATH HAMPSAMKU CTPYMY B MIPOBIAHUKY |, 1 MAarHITHOTO MOJI,
TO cuia Ammepa Oyne JisiTA Bropy i BUIITOBXYBAaTH MPOBITHUK. Y I[bOMY BUIAIKY
BEJIMYMHA CHIIM AMTIEpa JOPiBHIOE:

Fa=Bl,I, (4)
ne | —yvacTiHa IPOBiTHKKA, 1110 3HAXOAUTHCS B MATHITHOMY TTOJIi.
OOGepratounii MomeHT cuinu Amnepa Fall, KOMIEHCYETbCS MOMEHTOM CHIIH
TSOKIHHS BaXXKIB MLy , 110 mpuBOAUTH Tepe3u 3HOBY B piBHOBary. TakuMm 4MHOM, 3
PIBHOCTI MOMEHTIB BUILJIMBAE:

Fa L=mgL,. (5)
3 piBusHHS (5) 3HAX0MMMO CcHITy AMITepa:

Fp=mg-L | 6) (
L2
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OcTaTo4Ho, IHAYKI[IF0 MAarHiTHOTO 10Js B MOkHa BU3HAYHUTH 3a (POPMYII010

BumiproBasibHa ycTaHOBKA CXeMAaTUYHO 300paxkeHa Ha puCyHKY 37.1.

Ly

. \%—c L. D
745 A / G

_|
\$K
1 Elo_Q'AD R,
R,

Pucynok 37.1

Mix momrocaMH eJIEKTPOMArHiTy 3HAaXOIUTHCS TMPSMOJIHIMHUN BIIPI30K
nposiganka BC. IlpoBinauk BC oGepraerses HaBkomo oci AD. Ha Bincrani L; Bix
oci oOepTaHHS 3HAXOAUTHCS IIANbKa S, Ky HAaBaHTaXyIOTh Bakkamu P. Bara
[IAJIBKY 1 IPOBIAHUKA 3PIBHIOETHCS 3 1HIIOI CTOPOHH BaHTaxkeM G, TOMy BCSl CUCTEMa
70 TMPOXOKEHHS CTPYyMY IO HMPOBIAHUKY 3HAXOIUThCS B piBHOBa3i. Cuily cTpymy B
€JIEKTPOMArHiTI BU3HAYAIOTh aMIIEPMETPOM A; , a CHIy CTpyMy B NPOBIAHHUKY —
ammepmerpoM A,. Peoctatu R; 1 R, cimyxaTb Ans peryiaioBaHHS CTpyMy B
HEOOX1THUX MeXax B 0OMOTII eJeKTpoMarHity i nposiaauky BC BianmoBiaHo.

Hpuaaau i npuaaxas
EnexktpomarHit, MarHiTHI Tepe3u, He3aJeXHi JHKepena CTpyMy, aMIIEpMETpH,
peocTaTu, Hallp BaXKKiB.

IMopsa1ok BUKOHAHHS PO0OTH
1. O3naitomuTHcs 3 1a00OPATOPHOIO YCTAHOBKOIO 1 BKIIFOUUTH ii 3 I03BOJTY BHKJIa1aya.
2. YCTaHOBUTH 3a JIOMIOMOTOI0 peocTtata R; cTpyM |; B KOTYIII €1eKTpOMAarHiTy 3a
BKa31BKaMU BHUKJa/1aya.
3. HaBanTaxkutn manbky SBakkaMu M3a BKa3iBKOIO BUKJIaIaua.
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4.3amkayTd K04 K, 1 3a gomomMororo peoctata R, poBectu cuiy ctpymy lp y
paMmIli 10 BEJIWYHMHH, MPU SKIA CHCTEMa 3PIBHOBAXHUTHCA. 3amUcaTH y TaOIHUITIO
3HaYE€HHA BeJu4uH |1, |, 1m.

5. He 3mintoroun ctpym |1, MOBTOPUTH JOCHiAM 1€ 2 pa3u 3 BaKKaMH 1HIIOI MacH 1
3HaYeHHSI M1 |, 3amucatu B TaOJIHLIIO.

6.IlpoBecTn aHanmoriyHi BUMIpWM [ IHIOUX 3HAY€Hb CTpyMy |; B KOTymI
CJIIEKTPOMATHITY 1 pe3yJIbTaTH BHECTH B Ta0uuito (5 —73HaueHs).

7. J1s KOXKHOTO BHMIipy OOYMCIMTH BenmuuHy B 3a ¢dopmynoro (7) (3BHa4eHHs
nosxkuH Ly, L, 1 | gani Ha po6ouomy miciii). Pe3yabTatu 3aHeCTH B TaOJIHUITIO.

8. JIJisl KO’)KHOTO 3HAYCHHS CUJIU CTPpyMYy |; O0UHCINTH cepeHE 3HAUYCHHS BEIMUUHU
MarHiTHOI IHAYKIIT B. Pe3ynbTat 3aHECTH B TAOJIHITIO.

9. Ilobynysatu rpadik <B> =f (1,).

l1,A

m, Kr

[5,A
B, Ta

<B>, Ta

KoHTpoJibHi 3an1uTaHHA

1.1Ilo Ha3WBaeThCA IHAYKINEID MATHITHOTO TIONSA, SKAW (GI3UYHMA 3MICT ITi€l
BEJIMYMHHU, B SIKUX OJMHUIIAX BOHA BUMIips€ThCs B cuctemi CI7?

2. JlaTn BU3HAYCHHS MarHiTHOTO MOMEHTY KOHTYPY 31 CTPyMOM.

3. [llo Ha3UBAETHCS MO3UTUBHOIO HOPMAJIIIO KOHTYPY 31 CTpyMOM?

4. JlaTv BU3HAYCHHS BEJIMYHWHHM 1 HAMPSMKY CHIIN AMIIepa.

5. Aki OynoBa 1 MpyU3HAYEHHS €JICKTPOMArHiTy?

6. Homy sik MaTepiasn ocepAs €eKTPOMarHiTy BUKOPUCTOBYEThCS (pepoMarHeTuk?

/.Y yoMy moJisirae rpaJytoBaHHS €JIEKTPOMAarHiTy?

8. SIk BU3HAUAETHCS 1HIYKI[ISI MarHITHOTO MOJIS €JIEKTPOMArHiTy B Iiiil 1ab0paTopHii
po6oTI?
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JIABOPATOPHA POBOTA Ne 38

BusHauyeHHsI MUTOMOIO 3apsily eJIEKTPOHA 32 J0NMOMOT0I0 MATHETPOHA

Meta poOOTH — BU3HAUEHHS IUTOMOTO 3apsy €JIEKTPOHA, AOCIIIKEHHS MOro
PYXY B CXPEIICHHUX SIEKTPUIHOMY i MarHiTHOMY IMOJISIX (METOA MarHeTPOHA).
BinHomieHHs1 3apsy €NeKTpoHa e J0 MOro MacHu CIIOKOK M Ha3UBa€ThCS

e
IMUTOMUM 3apA10M CIICKTPpOHA —. V Garatpox CJIICKTPOHHUX IIpUJIagax (CJICKTpOHHO-
m

poOMeHeB1 TPYOKH, €JIEKTPOHHI MIKPOCKOIMH, MPUCKOPIOBAUl 3apsIKEHUX YaCTUHOK
Ta 1H.) BUKOPUCTOBYIOTHCSI ITyYKH EJCKTPOHIB, IO PYXAOThCS B CICKTPUYHUX 1
MarHiTHUX IOJIAX. XapakTep pyxy (TpaekTopis, HIBUAKICTh, IPUCKOPSHHS) 1 cuta il
YACTUHOK IydYKa 3ajie)kKaTh BiJ BEIMYMHU 1 KOH(]Irypamii KOKHOTO MOJIsl, iXHBOTO
B3a€EMHOTO PO3TallyBaHHS, @ TAKOXK B1Jl MUTOMOTO 3apsy €JIeKTPOHA.

IIntomMuil 3apsin €1eKTpOHAa MOKHA BH3HAYWTH, BUBYAKOYM HOIO0 pPyX B

€JIEKTPUYHOMY 1 MarHiTHoMy noyisix. Hexail enexkTpoH BiiTae 31 MBHUAKICTIO V B

OJIHOPIIHE MarHiTHe moJje iHaykKiii B, mo cnpsmosane 1o Hac (puc. 38.1).

Pucynok 38.1

—

B i1 V B3aemHo nepnienaukysipHi. Ha enextpon nie cuna Jlopenua:

— —

F, =evx B (1)

)

OCKINBbKM ~ €NIeKTPOH 3aps/KEHU HEraTuBHO, TO W HampsMOK CHJIH
BU3HAYA€THCS TpaBWIOM TpaBoi pyku. 3 dopmymu (1) Buano, mo cuna JlopeHma
HepIeHINKYJIIpHA 10 MIBUIKOCTI 1, OTXKe, BIIIrPa€e poib JIOIEHTPOBOI CHIIM, BOHA HE
3MIHIOE BEIMYMHH MIBUAKOCTI 1 KIHETUYHOI €HepTii YaCTUHKHU:

FJZ = Fdou. '
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abo

mv?

——=evB
R
Toni nuTomMuit 3apsia eIeKTpoHa
—=—, (2)

ne R —paniyc xouna, o sikomy Oye odeprarucs eiaektpoH (puc. 38.1).

Le#t pamiyc Oyne 3MEHIIYBaTHCS, SIKIIO BEJIMYMHA IIBUIKOCTI HE3MIiHHA, a
1HyKILis B 3pocTae.

SIku1o mepea TUM SIK €NEKTPOH BIIITA€ y MarHiTHE TOJI€, BiH IMPOMIIOB 31 CTaHy
criokoio (Vy = 0) B elIeKTpHyHOMY HOJIi Pi3HUIIO MOTEHINAMIB, 0 IpUcKoproe, U, To

HOro KiHETHYHA €Hepris JOPIBHIOE pOOOTI €NEKTPUUHOTO OIS

TZEU. )(3

Bupaxaroun 3 piBHsHHS (3) MIBHAKICT V 1 MACTaBISAIOYH ii B piBHAHHSA (2),
OJICPKUMO

e 2U

m R2B2

(4)

MeTox BUMipHOBaHHS il ONIUC YCTAHOBKHU

MarnetpoH sBisie Cc000I0 BaKyyMHHH MJi0J 3 KaTOJOM HEMPSIMOTO
poxaproBanHa 1 aHogoM. Kartoxg K posramoByeThCcsi y310BX OCI HUITIHIPUYHOTO
aHoJa, TaK IO EJEKTPUYHE IOJIe CIpPsIMOBAaHE Y3IOBXK pajiyca. Jlamma MicTHThCA
BCEpEIUHI COJICHOI/a, III0 CTBOPIOE MATHITHE TOJI€, CIIPSIMOBAHE TapaieIbHO KaTOMY.
[lepeminieHHsT €IEKTPOHIB B1I0YBAETHCS B KUIBIIEBOMY MPOMDKKY MIXK KaTOJOM 1
aHomoM MarHeTpoHa. lleli pyx Mae kilbka BIIMIHHOCTEH BIiJlI TOTO 17€aJBHOTO
BUTIAJKY, SKHI MU aHATi3yBaJld BUIIIC.

1. [TouaTkoBa IIBUAKICTH V( E€JIEKTPOHIB, IO BWIITAKOTh 3 KaTOZA, BIAMIHHA

Bia O. PiBHsHHS (3) HOBMHHO MaTH OLJIbII CKJIAHUIA BUIJISI.
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2. Y MarHeTpoHi eJEeKTPOH pPYXaeThCS OIHOYACHO B CICKTPUIHOMY i
Mar"iTHoMy noJisix. OCKIJIbKY €IEKTPUYHE IM0JIe 301IbIIY€E MBUIKICTD €IEKTPOHA, TO
1oro TpaekTopis He OyJie Jyror Koja, a Mae Outbl ckiaaany ¢opmy. Llst ocoOmuBicTh
y JnabopaTopHiii po0OoTi He ayxke ictoTHa, ToOTO (opmyrna (3) chpasemiuBa,
TPaeKTOpIii EJIEKTPOHIB — JIYT'H K1JI.

Y ¢dopmyni (4) U = U, — aHoaHa Hampyra.

Benemo mie oxne cnpomieHHs. OCKiIbKM pajlyc HWIIHAPUYHOIO aHoja I,

Ha0araro OuIbLIE pajlyca HUIIHAPUIHOTO KaToza I, , TO MOXHa BBaxaTH, 1o I, = 0.

PosrnsnemMo TpaekTopii €NEeKTPOHIB y MAarHeTpOHl MpU PI3HUX 3HAYCHHSX
IHAYKIIT MarditHoro mojst B (puc. 38.2).Y BIACYTHOCTI MarHiTHOTO IOJISI TPACKTOPIs
€JIGKTpOHA MPSIMOJIiHINHA 1 CIIPsIMOBaHA Y3/0BXK pajiyca aHoja. Y ciaOKoMy Mo
BOHA SBJISIE COOOKO AYTY BEITUKOTO paniyca. AHOTHUI CTpyM B 000X BHUIAAKaX
HaWOUIbIHN. 31 301IBIICHHSM 1HAYKITI B MarHiTHOTO MOJs paaiyc R 3MeHIIyeThCs.

[Ipu nesikomy KpUTHUHOMY

Pucynok 38.2

3HaYEHH1 MarHiTHOro nojs B,, €JeKTpoHM pyXaTHMMYThCA IO KOIy, J1aMeTp SKOTO
JOPIBHIOE pajilycy aHO/a; BOHM JIeJIb TOPKarOThCs MoBepxHi aHoga: R=0,57,.

IIpu B > B,, enekTpoHn pyXxaroTbcs MO Konlax, JiaMeTp SKUX MEHIIe pajiyca
aHoJla, BOHH HE IOMAal0Th Ha aHOJ. AHOIHUI cTpyM aopiBHIoe Hymo (1, = 0).

Orxe, 111 B = B,, bopmyna (4) naGyBae BUTIIS LY

&Ja

2.2°
BKIO I

(5)

e_
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[HyK1iro B MarHiTHOTO MOJIs COJIEHOIAa 00UHCITIOEMO 3a (HOPMYJIOIO
B=ptynl, (6)

J¢ [ — MarHiTHa MPOHMKHICTE cepepopuma (L =1);
: I'n
Ho — MarHiTHa crana (L = 47710 =2
M
| — cuna ctpymy B 0OMOTIII COJIEHOTNA;

N — YKCJI0 BUTKIB HAa OJMHHMIIO JOBKHUHH COJICHOTIA.
[MincraBnsroun (6) y (5), oaepkumo po3paxyHKOBY GopMyITy

e 8U,
T2 2 2 2
m 1,

(7)

Takum yuHOM, 1711 OOYHMCIIEHHS MHTOMOIO 3apslly €JEeKTpOHa MOTPIOHO

BUMIpATH aHOAHY Hampyry U,, 3HaueHHs ctpymy | . B COJEHOIAl, IpHU SKOMY

Kp
aHOJHMI CTPYM JOPIBHIOE HYJIIO; N1 I, BKa3aHl Ha JAOOPaTOPHOMY CTEH/I.
3 BUILEBUKIAZCHOTO MOXE CKJIACTUCA AyMKa, 110 3MiHa aHOAHOTO CTpyMy |, 3

poctoM cTpyMy | y comeHoini moBwHHa BigOyBaTHMCS Tak, SK IOKa3aHO Ha
pucyHKy 38.31TPUXOBOIO JIHIEHO.

I

/

A
®™

—

Kp

Pucynok 38.3
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B peanpHux ymoBax 3 psay npuyuH (pi3Hi MMOYATKOBI INIBHIKOCTI €JICKTPOHIB,
HenapaJieIbHICTh TTOBEPXOHb aHOJIa 1 KaToJa, HasBHICTh 3aJUINKOBHX Ta3iB Ta iH.)

kpuBa |,=f (I) cmagae Ginbin maBHO 1 He mepeTHHae oci abcunc. Bona 300paxena

Ha pUCYHKY 38.3 CyiIbHOIO JiHI€H0. |, BU3HAYAEMO 32 TaKUM IpaBUiIoM. J{UIIHKY

KpyTOro craay nojinsieMo Toukoro Q Hasmin (todéto Al = Al,). Ctpym comnenoina,
110 BiAmoBigae Touii Q, € KpUTUYHUM CTPYMOM.

Cxema eNeKTpUYHOro Koja MarHeTpoHa IOKa3aHa Ha pucyHky 38.4. R, —

MOTEHIIIOMETp, SKUM MOXKHA MII0MpaTH BM3HAYEHY Hamnpyry Ha aHomt U,.

MiniammepMeTp 1 BOJIBTMETP KOHTPOJIOIOTH POOOTY aHOAHOTO KOJa.

@

| A
S 4
Jlke O

Pucynok 38.4

L
D N N T @
+o
_0 R
K,

Pucynok 38.5

Ha pucynky 38.5 nmojmana cxema BKIIIOYEHHSI COJICHOiJa, B MarHiTHOMY ITOJi
SIKOTO 3HaXOJUThCS MarHETPOH. Perymorounm pe3uctopoM R MokHA 3MIHIOBaTH CTPYM
coseHoina |, Bemu4rHa SIKOro BUMIPSEThCS aMIIepPMETPOM A.

VY naGopaTopHiii poOOTI K MarHeTpPOH BHUKOPUCTOBYIOTH EJIEKTPOHHY JaMITy
6ES5C, ToMy 1110 i1 KOHCTPYKIIiSl TTOBHICTIO 3aJ0BOJILHSE MEPETIYCHUM BHUIIE YMOBaM.
Burmsin ekpana iHIuKaTopa HaBeIeHO Ha pUCyHKY 38.6.

YacTrHa €NeKTPOHIB, IO BHUIYCKAIOTHCS KATOJOM JIAMITH, PYXa€ThCs
paaiagbHO B €IEKTPUUYHOMY TOJI MIXK 11 KATOJIOM 1 €KpPAHOM.
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a) 6)
Pucynok 38.6

[ToTpamnsioun Ha eKpaH, HOKPUTHH (IyOpecCIilol040l0 PEYOBHHOIO, IIi
€JICKTPOHH BUKJIMKAIOTh HOTO CBITIHHSA. [Ipu criocTepexeHH1 3BepXy KOHIYHHMIA eKpaH
JaMITA JI03BOJIIE€ TPOCTEXUTU TPAEKTOPIl PyXy €NEKTPOHIB Bifl Karoja A0 eKpaHa.
Kpi3b OTBIp B eKpaHi MIPOXOIUTH KEPYIOUUH eNEeKTPOo, 3'€qHaHMM 3 aHogoM. Hanpyra
Ha aHOJI 3HAYHO MEHIIE, HIK Ha €KpaHi, TOMY KepyIuuid eNeKTpoa TpOXH
nocnabitoe modau3y cede eneKTpoHHMM NoTik. Ha expaHi yTBOpUTHCS TiHB y BUTIISAL
CeKTOpa 3 MPAMOJiHIHHUME KpasmHu (puc. 38.6,a).

Konu namma 3HaxoAuThCs B OJHOPITHOMY MarHiTHOMY IOJI, MapajedbHOMY
0Ci KaTojia, eJIeKTPOHU BIIXUIISIOTHCS 1 PyXalOThCs IO Mailke KPYrOBUX TPAEKTOPISX.
Ha pucynky 38.6 BumHO BUTHMH KpaiB TEMHOTO CEKTOpa MpH HAasBHOCTI MAarHiTHOTO
MoJIsI, IO BIJIMOBIAE TPACKTOPISAM PYXy €JIEKTPOHIB y IUX MOJsAx. OgHOYacHO 3i
3MIHOIO CBITIHHSI BIATIOBITHUX JUISHOK €KpaHa 3MIHIOETHCS aHOIHHUM CTPyM JIaMIIH,
yOyBarouu Maiike 10 HyJIsl.

Hpunaau i npuaaxas

MarsneTpoH; MulTiaMIepMeTp;, aMmIepMeTp; BOJBTMETP; TMOTEHIIOMETP;
COJICHOI/I; PETYJIIOIYMNA PEe3UCTOp; JpKepesa MOCTIMHOro 1 3MiHHOTO CTpyMy; JBa
KITFOUI.

IMopsa10k BUKOHAHHS PO0OTH

1.3i6paru enekTpuyHi Koja MaraeTpoHa (puc. 38.4)i conenoina (puc. 38.5).Pyuky
noreHuiomerpa R, moBepHyTH 1O KiHLM HOPOTH TOJUHHMKOBOI CTpuiku. Omip
pesucTtopa R 3poOuTH MakCUMaIbHUM.

2.3aMKHyTH KOJIO KiroueM Kj, moreHmiomerpoM R, BCTaHOBUTH aHOJHY HAINpyry

U,, 3anany BukinanadeM. Kmrouem K, 3aMKHyTH KOJIO cosieHOina. 30UIbIIyBaTH

64



pesuctopoM R ctpym | comenoima 3 inTepBamamu 0,1 A 10 MakcHMaJIbHOTO.
BumMiproBatu BennmuuHy aHogHoro crpymy l,. Pesyasratm Bumipis Ug, |, |,

3arucaT B TaOJIULIIO.

3. lns HOBUX 3HaueHb U, TOCTIANTH 3aI€XKHICTh aHOJHOTO CTpyMy |, BiA cTpymy B
cojieHoial |, airoum Tak, gk ckazaHo B 1. 2. Pesynbratu Bumipis U, |, |, 3aHectn
B TA0JIULIIO.

4. BukopucroBytoun Tabimio, nodyayeatu rtpadiku l,=f (I) mHa  apkymi
MUTIMETPIBKH. [3 ciMelicTBa KpUBHX BHOpATH Ty, sIKa ClajJia€ HalOUIbII KPYTO, MO
Hill BU3HAYUTH | ;.

5. 3a dpopmynoro (7) oOunCIHTH TUTOMHUN 3apsij] eeKTpoHa B cuctemi oquHuIb CI.
[TopiBHITH OTpUMaHU# pe3ynbTaT 3 JOBIAKOBUMH TAHUMHU.

U, = B U, = B U, = B
[, A l2,MA [, A I ,MA I, A la MA
KounTposbHi 3anuTans

1. IIlo Take cuna Jlopenna? Sk Bu3HauyaeThes il HanpsAMOK? Ski Bu 3Haere nposiBu
cuu JlopeHia B npupomai?

2. Sk BUKOpHUCTOBYEThCS B TexHill cuiia Jlopennia? Ha3BiTh mpwiiaau il anapatu, B
SAKUX BOHA BUKOPHUCTOBYETHCSI.

3. BuBeniTe po3paxyHKoOBY GOpMYITy.

4. Slxuii cTpyM Ha3UBAIOTh KPUTHUHUM? SIK HOrO BU3HAYAIOTh?

5. Ski ¢i3uyH1 OCHOBU MPUHIIMIY POOOTH MarHeTpoHa?

6. SIki cuiu AiI0Th HA €JEKTPOH, 110 PYXA€THCS B MATHITHOMY TOJIi?

7. Sk BUBHAYMTH 1HIYKIIIFO MarHiTHOTO TOJIS COJIeHO1a?

8. YoMy CKHUIOBI XapaKTEpUCTUKU HE JAIOTh PI3KOTO «BEPTHUKAIHHOT0» 3MEHIICHHS

CHJIM aHOJHOT'O CTPyMY IIpH 3HadeHHi |,,?
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JIABOPATOPHA POBOTA Ne 39

BuBUYeHHSI MATHITHUX BJIACTUBOCTEN ()ePOMATHETHUKIB

Meta pobOTH — IOCHIKEHHS MPOIECiB HaMarHiuyBaHHs (PEpPOMArHETHKIB y
3MIHHUX MAarHITHUX TIOJISIX, BU3HAUCHHS BEIWYMHM 3JIMINTKOBOI IHAYKINT 1
KOCPIUTUBHOT CHJIM, 3aJIeKHOCTI MAarHiTHOI MPOHUKHOCTI (EepOMArHETHKIB BIJ
30BHIIIHBOTO MAarHiTHOTO MOJIsl, BU3HAYEHHS BTPAT €HEprii Npy nepeMarHiayBaHHI.

Bci pedyoBMHM 3a CBOIMM MArHiITHUMH BJIACTUBOCTSIMH JIIATHCA HA
JlaMarHeTUKY, TapaMarHeTUKUY 1 (PepOMarHeTHKHU.

JliaMarHeTUKA — 1I¢ PEYOBUHHU, CYMapHUM MAarHITHUH MOMEHT aTOMiB 1
MOJIEKYN SAKUX TOpiBHIOE HyI0. [1i7 Ai€r0 30BHIMIHBOTO MAarHiTHOTO MOJSI B aTOMax
JiaMarHeTMKa BUHUKA€ 1HAYKOBAaHWW MAarHiTHUA MOMEHT, CHpPSAMOBaHUN TIPOTH
30BHIIIHBOTO MMOJIs. MarHiTHa MPOHUKHICTh TaKWX pedyoBHH L <1 1 mpakTHUYHO HE

3aJIeKUTD BiJl TEMIIEPATypH.

[TapamMarHeTuKu — 11e pEYOBUHH, B SIKUX MAarHiTHI MOMEHTH aTOMIB 1 MOJIEKYJ
HE JIOPIBHIOIOTH HYNO. TOJi NpW BHECEHHI B 30BHINIHE MMOJIe KOXKHUU aToMm (abo
MoJieKyJya) Oy/ie MOBOJUTUCS SIK €IEMEHTApHUN MarHiTvk. ITia mi€ro 30BHIIIHBOTO
mojis i MAar”HiTUKd OyJIyTh HamMaratucs CTaTd YIOPSJAKOBAHUMH, TOOTO
BCTAHOBIIOIOTbCA Y3IOBX MOist. [licns BUMUKaHHS 30BHIIIHBOTO IOJII MAarHiTHI
MOMEHTH Of[pa3y BTpAyarOTh YIOPSIAKOBAHY OPIEHTAIUIO 3aBASKUA TEIJIOBOMY

pyxy (4>1).

depomarnetusm (U >>1) cmocTepiraeTbcss B MaTepiajgax, jJe SK 1 B
napaMarHeTHKax, MarHiTHI MOMEHTH MOJIEKYJ1 He IHAYKYIOTbCA, a ICHYIOTb
HE3aJIe)KHO B1Jl 30BHIIIHBOTO OIS, Pi3HUIS mossirae B TOMy, 10 y (hepoMarHeTuKax
MOMEHTH CYCIJIHIX aTOMIB Y>K€ 3 CaMOro II04YaTKy OpIEHTOBaHI OJWH BIJTHOCHO
onuoro. lle He o3Hauae, MO (epoMarHeTHK y IJIOMY OJHOPIAHO HAMarHI4YeHWUH
(HampHKIaa, IIMATOK M'SIKOTrO 3aii3a He € MarHiToM).ToOTO HaWOiIbII BHUIIIHO B
€HepreTUYHOMY CEHCI, 100 3pa30K CKJIaJaBCs 3 BETUKOI KITBKOCTI MAJIUX OJHOPITHO
HamarHiueHux oOjactei (momeHiB). YcepeauHi KOKHOIO JOMEHA HaMarHideHiCTh
ONHOpiJHA, aJie HampsMOK  BEKTOpa Ili€l  CaMOJOBLIBHOI  (CITIOHTAHHOT)
HAMarHi4eHOCT1 3MIHIOETBCS BiJI OJHOTO JOMEHA JI0 IHIIOro. TakuM YHWHOM, Y
BiJICYTHOCTI MarHiTHOTO TOJISl 3pa30K Y IJIOMYy HEe HaMarHiueHuil (po3Mipu JOMEHIB

JeXKaTh Y MEXKax BiJ 107 no 1074 M).

depoMarHeTUKu € CUJIbHOMAarHiTHUMU PEYOBHMHAMHU — iXHE HAMarHiueHHs y
BEJIMUYE3HE YUCIIO pasiB (1o 1010) nepeOiIbIye HaMarHiueHHs ITapaMarHeTHKIB, KPIM
TOTr'0, HaMarHiuyeHHs (hepoMarHeTUKiB HE 3HUKAE MICIIS BUMUKAHHS MarHiTHOTO TOJIS.
Jlo Takux pedoBUH BigHOCAThCs enemeHTH VIl rpynu mnepiognyHoi cuctemu
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enemenTiB  [I. I. MenneneeBa (Fe,Ni,Co) 1 geski piako3eMeNbHI €IEMEHTH,
(Gd,Ho,Er) ta ixHi crutaBu. depoMarHeTH3M MPUTAMAHHUN YCIM MM PEYOBHHAM
TIJIBKM B KPUCTAJIIYHOMY CTaHi i y MEBHOMY 1HTepBasi TeMmeparyp. [Ipu HarpiBanHi
iX BHWIIE JIESKOI TeMIlepaTypH, 10 Mae Ha3By TemmepaTypu Kropi, depomaraeTnsm
3HHKA€, 1 PEYOBHHA CTA€ MAPAMarHeTUKOM.

OcHOBHI  BJacTUBOCTI (pepOMarHeTWKIB Taki. MarHiTHa MNPOHUKHICTh
(dhepoMarHeTuKiB AyXKe 3aJeKUTh Bl HAMPY>KEHOCTI 30BHINIHBOTO MArHiTHOTO TOJISI.
depoMarHeTUKA MarOTh 3AJMINTKOBUNA MarHeTHU3M, TOOTO BOHHM MOXYTh 30epiratu
CTaH HaMarHiueHOCTi 1 MPH BIJICYTHOCTI MOJs, SIK€ HaMarHiuyBajuo. 3ajiHIIKOBHUN
MarHeTU3M € pPe3yJIbTaTOM MAarHiTHOTO THUCTEPE3UCy, IO CIOCTEPIraeTbes NpU
nepeMardiayBanHi ()eépoOMarHeTuka 1 BUSBISETLCSA B TOMY, 110 3MiHA HAMAarHIYE€HOCTI
(depoMarseTuka B 3MIHHOMY TIOJI BIJICTa€ BiJi 3MIHM HANPYKEHOCTI IOJs, IO
HaMarHiuye.

KpuBi, orpumaHi 1pu  MOCTYIIOBOMY 30LibIeHHI Moy  (TOYaTKOBUM €

pO3MarHiueHui cTaH 3pa3ka), Ha3UBAIOTHCS OCHOBHMMH KPUBHMHU HaMarHidyBaHHS

(puc. 39.1,kpuBa O - 1).

_BO
4 “B..

Pucynok 39.1

XapakTepHe i (EepoOMarHeTUKIB 3ali3HEHHS MAarHiTHOI 1HAYKII B
MOPIBHSIHHI 13 30BHIIIHIM MarHiTHUM mojeM (Tucrepe3uc) rpadidHo IMOJaHO Ha
pucynky 39.1. Ilg 3anexHIiCTh Ha3MBAETHCA TMETICID THUCTepe3nca. [ ucrepesuc
00yMOBJIEHUI HE3BOPOTHICTIO MPOIECIB HAMArHIYyBaHHS, 110 1 MPU3BOIUTH 10 BTpAT
eHeprii.
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Jlist MartepiajiB, SKi 3aCTOCOBYIOTH JJISI OCEPJib, TaKi BTPATH MPU3BOIATH JI0
3HIDKCHHSI SIKOCTI TIPHUCTPOIB, y SIKUX BOHU BHUKOPHUCTOBYIOTHCS, IPOTE Taka
HE3BOPOTHICTh 1HOZI KOPHCHA, TOMY II[0 caMe 3aBIAKH ili MaTepiall 3aJHMIIacThCs
HaMarHi9YeHUM TICHsI TOTO, SIK T0Jie, 0 MOTr0 HaMarHidyBajo, CTa€ PIBHUM HYIIIO,
TOOTO 1Ie¥ MaTepiall CTa€ MOCTIMHUM MarHiTOM.

PosrnsHemMo mokmamHimie Tpollec HaMarHidyBaHHs (epomarnetuka. Ha

pucynky 39.1noka3aHa 3aJIeXKHICTh MPOEKIIl BekTopa BHa HampsiMOK 30BHIIIHBOTO

MarHiTHoro moJyis H Bijg mpoekuii #oro HampyxeHocTi H. 31 30uibieHHsIM H Bif
010 H, (minsaka 0-1), mpoexmis B 36u1bmyeThest Bin O o B,,. Ile —ocHOBHA kpuBa
HamarHiuyBaHHs. [Ipu 3MmeHeHH1 HanpyskeHocTi nois Bix H,, mo O mpoexuis B
yOyBae He 10 HyJs, a A0 3HaueHHs B, (minsaka 1-2). [Ipu 3MiHI HanmpsAMKY ojs i
301IbIIEHH] MOT0 HaMpyXeHOCTI B Oyae 3MEHIIyBaTHUCS 1 JocsrHe 3HaueHHs B =0
npu H =H_ (minsaka 2-3), a npu nmopanpmioMy 301IbIIEHH] HAPYXKEHOCTI TOJIS 32

MonyneM a0 Hp B mocsarae 3naueHHs -B., (minsaka 3-4). [lpu nanmemiii 3miHi

IpOoeKLii Hanpy»KeHocTi nouis Bix -H, g0 +H, npoekuis B 3miHeThCA Bin -B,
no +B,, , npuduomy 3MmiHa BiOyBaeTbes 3a KpUBOK 4 - 5 - 6 - 1.Takum unHOM, 1pH
3MiHI1 nons Bix +H, g0 -H,, 1 Big -H, 1o +H,, 3anexnicts B Big H onucyerscs
3aMKHEHOI0 KpHBOIO, III0 HAa3WBA€ThCS TMETIE0 Tucrepesuca. Bemnuumnu B
(3anmmkoBa iHmykmis) 1 H, (koepuuTHBHA CHiia) € BaKIMBUMH XapaKTEPHCTUKAMU
dbepoMarseTuka. SIKI0 KOEPIHMTHBHA CHIIA BEJIMKA, TO (pepOMArHeTUK HA3WBAIOThH
Mar”iToKopcTkuM. Taki Marepialii 3aCTOCOBYIOTH JIJIsi BUTOTOBJICHHS MOCTIHHHUX
MarHiTiB. depoMarHeTUky 3 Majaol H, Ha3uBarOTbCA MArHITOM SIKUMH, TOMY IO
BOHM JIETKO PO3MarHiuyloThCs. Taki pEYOBMHU 3aCTOCOBYIOTH JMJi OCEpAb
TpaHcpopMaTOpiB, ICKTPOMATHITIB 1 T.I.

BaxnnBoo XapakTepuCTUKOIO (EepOMAarHeTHKIB € 3aJeKHICTh MAarHiTHOI
npoHukHOCTi f(H) Big 30BHIMIHBOrO mOJIA. 3 11 JIOMOMOTOI0 MOXHa BHOpaTH
ONTHMAaJbHI yMOBH, MPHU SAKUX JaHy pPEUYOBHMHY MOXHA BHUKOPHCTOBYBaTH 3
HaNOLIBIIOI KOpHCTIO. 3anexHicTy U(H) mns dpepomarHeTHkiB BU3HAYAIOTh TUILKU
JUII OCHOBHOT KPHBOi HAMAarHiayBaHHSI.

[Iponiec HamarniuyBaHHs ¢epoMarHeTuka € He3BOpoTHIM. Pobota, HeoOxigHa
JUISl IepeMarHivyBaHHs hepomMarHeTuka, mporopIiiiHa miIoll NeTil TUCTepe3uca.
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MeToa BUMipIOBAaHHS

Enextpuyna cxema 1abopaToOpHOi yCTaHOBKM HaBeJeHa Ha PUCYHKY 39.2.

Ry
———1
Y
I~ C
K TR = T 3
R[ N -
2 3

Pucynok 39.2

depomarHiTHE ocepAs y JHAaHii poboti Mae ¢opmy Topoina. [lepBunHa
o0MOTKa Topa 3 onopoM R Npu NpoxokeHHI N0 Hii cTtpyMy |, 3 wactoTtoro 5011

CTBOPIO€ MarHitHe noue H; = 1N, 1€ N, —KUIBKICTh BUTKIB HA OJAMHULIIO JOBXHUHU B
nepBuHHIN oomoTi. [Tpu oMy B ocepai BUHUKae 1HIyKIIsA By .
VY BropuHHIA o0OMoTHI omip R, 1 KOHIEHCAaTOp 3acTOCOBYIOTbCS IS

CHUHXpOHI3alii (a3 Hampyr MNEepBUHHOI 1 BTOPHHHOI OOMOTOK TpaHc(opmaTopa.
Hanpyra nHa konnencaropi U, nponopuiiiHa iHIyKILIi B B 3pa3Ky:

U.,=—2"B , (1)

ne N, —KIJIbKICTh BUTKIB Y BTOPUHHIN 0OMOTI],;

S—nepepi3 Topoija.

®opmyny (1) MOKHA OTpPUMATH Tak:

Jizdt:jEdt:—jdqnz_NzSB

=3 , 2)
C C RC BRC RC

U

7€  —3apsi KOHJIEHCaTopa,
|, —CTpYM y BTOPHHHIi 00OMOTII];

d® —3miHa MarHiTHOrO MOTOKY KPi3b BTOPUHHY OOMOTKY.
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BBaxatoun i, =—, HEXTyeMO MaJiHHSAM HANpPyrd HA BCIX IHIINX IUITHKAX

eNIEKTPUYHOTO JIAHIIIOTa, KpiM Ry, TomMy 1m0 omip R, ayke Benukuii.
Hanpyra U, nogaerscs Ha Y- miactunu ocumiorpada, a U, , o 3HIMaeTbes 3
onopy Ry, sikuil 3HaXonuThCsl B MEpBUHHIM oOMoOTHI, — Ha X — muacTuHU. U,

IpOTOpIIiiHA CUJIl CTPYMY B MEPBUHHIA OOMOTII, TOOTO HANPYKEHOCTI MAarHiTHOTO
TTOJIST:

HR _ HR
UX:I1R1=—R1:—N b
n 1

ne N; —KUIBKICTh BUTKIB IEPBUHHOI OOMOTKHY;
1, —ii noBxuHa.
3a oAuH MepioJi CUHYCOITAIBHOI 3MIHU CTPYMY €JICKTPOHHUN MPOMIHBb OMKCYE
Ha eKpaHi ocruiorpada MmoBHY METII0 TUCTEPE3nca, 0 B TOYHOCTI MMOBTOPIOETHCS B
HACTyIHI nepioau. Taka MeTNiss Ha3WBAEThCS JUHAMIYHOKO TETJICI0, HA BIIMIHY BiJ
CTaTUYHOI, IO YTBOPIOETbCA MPU MOBUIBbHIN 3MiHI H. 3MiHIOIOUM 32 JTOMOMOTOIO
noteHiioMerpa R, HampyskeHICTb Mar"iTHoro noiis H, MoxHa ofiepKaTu Ha eKpaHi

ocuuiorpada ciMeicTBO meTenb THCTePE3nca, 0 PI3HATHCS 3a CBOEIO TIomIero. Jlis
noOyI0oBH OCHOBHOI KpHMBOi HamarHiuyBanHs B(H) Tpeba BusHauut Ha
OCLIAJIOTPaMi KOOPAMHATH BEPIIMH TIETEeNh THCTEpE3nca i BU3HAYMTH MacIITaOHi
koedimieHTH 1Mo ocsix X 1 Y 3amekHO BiA MOKasaHb BonbTMeTpa Uy, i

ammepmerpa gy .
Jotst 3minu ctpymy |, 3amicTs moTeHuiomerpa Ry MoxHa BHKOPHCTOBYBATH

aBToTpancopmarop. Macmrad 300pakeHHS JIWHAMIYHOI TI€TJl THUcTepe3uca
BU3HAUA€ThCSI B Takui crnoci6. MurreBoMy MakcUMalbHOMY cTpymy |, B

NEePBUHHOMY  JIAHIIO31  BIJMOBiAa€ MaKCUMajbHE 3HAUEHHS  HAMpy>KEHOCTI
MAarHiTHOTO TOJIS:

lepV2 N,

Hm:IrTnlz |

[incrapmsioun y o popMyity nokasanss amnepmerpa |, i sHauenHs Ny il,

BKa3aHI Ha poOodomy Micii, obuuciaroemo H,. 3a 10moOMOrorw MiliMeTpoBOro

70

3)

(4)



nanepy BuMiproemo Biapisok OH_ =L, Ha ocumwiorpami 1 3HaXoIuUMO

rOpU30HTATBHUN MacIITad et 3a opMyJIor0

3 popmyu (2) 3HaX0AUMO :

_UgC R _UgV2ITR,
" SN, SN

ne U, — aMIUITyAHE 3HA4YEeHHS Hampyrd Ha BTOPMHHIA OOMOTLI, W10

, (6)

BIJIMOBIa€ MAaKCUMaJIbHOMY 3HAUYC€HHIO IHIYKIIIT B;
Ueqb — moka3aHHsA BojbTMerpa, 3HadeHHs |,C,R,,S N, N, Bka3zani Ha

pobouomy Mmiclii.
Beprtukanpanii macmrad o0uucIroeMo 3a hopMysior

B
p=—m, 7
L (7)

ne L, BUMIproeTbes IO ocuuiorpami i € 10BxkHUHOMO Biapizka OB = L.

MarniTHi BJacTUBOCTI (PEpOMArHETHKIB Yy 3MIHHUX MAarHiTHHX IOJSIX
XapaKTepU3yIOThCS JUHAMIYHOIO MarHiTHOIO MTPOHUKHICTIO

Bm
=1 8
U o (8)

nie MarHiTHa ctana [y = 41x 10 [a/m.

[Tmoma AMHAMIYHOI METII TUCTepe3uca OIbIIe IO CTaTUYHOI NEeTi, TOMY
1[0 BOHA BIJIMIOBIJIa€ BTpaTaM €Heprii, Mo e He TUTbKM Ha MarHITHUN THUCTEPE3UC,
ajie 1 Ha BTpAaTU HAa BUHUKHEHHS BUXPOBUX IMOTOKIB 1 Ta 1H. Po3mip BTpat W 3a oaun
UK TIepEMarHi4eHHsT B TIepepaxyHKy Ha OJMHHII0 00'eMy ocepns (3paska)
YUCEJILHO JOPIBHIOE IO METJI TUCTEpe3nca’

W=S, ht, (9)

ne S, —IJIOoIA MEeTJI THCTepe3uca,;
hib —macmTabHi koedimieHTH.
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Hpuaaau i npuaaxas

JI>xepeno peryiaboBaHOl 3MIHHOI HallpyrH, TpaHchopMmaTop i3 JOCHIIKyBaHUM
3pa3koM, ocuuiorpad, amrmepMmerp, BOJBTMETP, KOHJEHcaTop 1 Habip omopis

(RiR,).

IlopsiioK BUKOHAHHA PO0OTH

1. O3naitomuTHCs 3 1a00OPATOPHOIO YCTAHOBKOI, BUSHAYUTH I[iHY TIOIUIOK TIPHUIIAIIB
1 BKITIOYMTH YCTAaHOBKY 3 JI03BOJIy BHKJIa1a4a. .

2. Perymoroun BepTUKaJbHE W TOPU3OHTAIBHE IOCWICHHS, OJEpXaTH Ha EKpaHi
ocuunorpada 300pakeHHs TETIIi THCTepe3rca Il MaKCUMaIbHOTO TIOJIS.

3. 3HATH 3aJICKHICTH MOKa3aHb BONbTMETpa Uy, Bil IMOKasaHb ammepmerpa g,

(3HaueHHs1 BeJMYMH OpaTh 3a BKa3iBKaMM BHKIazgada), oduuciutd H i B 3a
dopmyitamu (4)1 (6), naHi 3aHECTH B TAOJIHIIIO.

4.1lepe3HsaTd 300pakeHHS TETII THUCTepe3nca [JIsi MaKCHMAaJIbHOTO TIOJS Ha
MUTIMETPOBUH TaIip 13 HAHECEHOIO0 Ha HHOTO KOOPIUHATHOIO CITKOIO Ta BUSHAUUTHU
TJIONLY TETII TUCTEPE3UCY S,y

5. 3HalTH 3HaYeHHS 3aJIMIIKOBOT IHAYKLIT By 1 koepuuTuBHOI cuu H ..

6. [ToOymyBaTu kpuBy 3anexkHocti B(H) 1 mermio rucrepesuca B KOOpIWHATHHX
ocsxX B 1 H, BUKOPHCTOBYIOUH JJIsi OOYMCIICHHS MacimTaOHuX koedimientiB h i b
dopmyim (5)1 (7)1 maHi BUMIpIOBaHb.

7. TlobynyBatu kpuBy 3anexHocti L(H ), BukopucroBytoun popmyry (8).

8. 3naiiTu BenmuuHy eHepretuanux yrpat W 3a ¢popmysoro (9).

Ne UedysB Ie(p!A B,T.]I H,A/M

KoHnTposbHi 3antuTaHHs

1. Knacudikariist MarHeTUKiB.
2. SIxi BIaCTUBOCTI Jia- 1 MapaMarHeTUKIB?
3. SIxi B1acTUBOCTI (PepOMArHEeTUKIB?
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4.V oMy moJsrae siBUILE MarHiTHOTO THCTEpe3nca?

5. ®i3u9HMI 3MICT TIIOMII CTATUYHOT 1 TUHAMIYHOT TIETENIh TUCTEPE3UCA.

6. [Tosicantu xix kpuBoi = f(H).

7. disuumuit 3MicT BekTOpa iHAYKIii MarHiTHOTO mons B

8.3anumkoBa IHAYKIS 1 KOEPUMTUBHA CHiIAa. MarHiToMm' sKki 1 MarHiTOXOPCTKI
(hepoMarHeTuKH.

9. HapucyBaTu 1 OSICHUTH cXeMy Jab0paToOpHOi YyCTaHOBKHU.

10. Bugectu popmymnu ayis oduucnenss B 1 H y naboparopniii po6oTi.
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Haesuanvue suoanms

METOAMYHI BKA3IBKI

710 BUKOHAHHS J1a00paTOpHUX POOIT 3 KypCy

PI3UKA

Po3ain

«EJJEKTPUKA I MATHETU3M»

(0151 cmyoenmis 1-co kypcy oennoi popmu ma 1-2 kypcie 3aounoi popmu naguarnms
oaxanaspis 3a nanpsamamu 6.170202 -Oxopona npayi, 6.070101 4 pancnopmmui
mexnonoeii (3a sudamu mpancnopmy), 6.060101 byoienuymso, 6.060103 —
LI'iopomexnixa (600ni pecypcu), 6.040106 £Ekonozis, oxopona HA8KOIUUWHBbO2O
cepedosuwa ma 36anancosane npupoooxopucmysarntsi, 6.080101 L eooe3is,
kapmoepaghia ma zemaeycmpiit, 6.050201 -Cucmemna inocenepis,
6.090103 licose i cadoso-napkose 20cnoodapcmeo)

Vknanaui: HIETYEHKO Onekcanap MaTBiifoBud
AKCBOHOBA Karepuna IOpiiBaa
OPEJI €preniii CraHic1aBOBUY
BE3YI'JIUM Anatosniit BacuiboBiy

BignosinaneHuii 3a Bunyck €. I. Hazapenxo
3a aBTOPCHKOIO PEIAKITIEI0

Kowmn' torepue Bepctanus 1. B. Borocoocaposa

ITnan 2015,m03. 221M

[Miam. mo npyky 26.05.201p. ®opmar 60%84/16
Hpyk Ha puzorpadi. VM. apyk. apk. 4,6
3am. Ne Tupax 50 mp.
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