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ITepeamoBa

[li3HaHHS JIOJAMHOIO HABKOJHUIIHBOTO CBITY PO3MOYMHAETHCA 3 AHS i
HapO/DKEHHS, aJKe 1€ HEOOX1THO IS i1 ICHYBaHHS, JIJIsl BOKUBAHHS Y CKJIQTHUX
IPUPOJHUX YMOBaX, PO3BHUTKY Ta O10JIOTYHOTO yaockoHajdeHHs. HaykoBi
3HAaHHA, POJIb AKUX CTPIMKO 3pOCTa€, OJHOYACHO MiJBUIINYE POJIb JIOJUHU Y
BUPOOHUYIN MisUIbHOCTI. JIIOACHKMI YWMHHUK TENep CTAHOBUTh AKTUBHUM,
TBOPYMM €JIEMEHT Yy BUPOOHMUIN JIISITBHOCTI CyCH1IbCTBA.

dizuka, sk OyIp-iKa eKCIepHMEHTalIbHA HayKa, OIepye IEeBHUMHU
KaTeropisIMH, MOHATTSAMH, Ma€ MPUTaMaHHy JUIIe i TepMmiHojorito. dizuka
3aiiMae MPOBiAHE MICIIE Y CUCTEeM1 TPUPOJHUYIUX HAYK, TOMY OCHOBHI ii TOHSTTS,
KaTeropii 1 3aKOHHU JIOCUTh TICHO TTOB’s13aH1 3 (1s0codi€ro.

BaxnuBe CcBITOTISIAHE, TOMITEXHIYHE 3HAYCHHS NPH BUBYCHHI (DI3UKH
3aiimMae po3nil «EiekTpuka 1 MarHeTu3m». ToMy OIaHyBaHHS HABYaJbHOTO
Marepially JaHOT'O PO3JIlTy Ma€ HeaOUsIKe 3HAUYCHHS JJIsl CHPUUHATTS (H13UYHOTO
3MICTY NPUPOJIH. ..

3anponoHOBaHUN HaBYAIbHUHI MOCIOHUK MPU3HAYCHUM ISl ayAUTOPHOI Ta
CaMOCTIHOT pOOOTH CTYJIEHTIB B YMOBaxX MOJIYJIbHO-PEUTUHTOBOI CHCTEMU
HABYaHHS Ta OIIHIOBAHHS 3HAHb CTYACHTIB 3 IaHOTO PO3/ILIY.

Mera maHoro mociOHMKA—/aTU CTUCIE TIAyMadeHHS 3MICTY (i3UYHUX
MOHSTh, 3aKOHIB, SIKI BUBYAIOTHCS B Kypcl (Qi3uku 3 po3auty «EnekTpuka i
MarHeTu3M», aJpecyBaTu YUTaua J0 JITepaTypHUX JDKEPEI I MOTIUOIeHOrO i
JCTATBHOTO BUBYEHHS KOHKPETHHX IUTaHb, CHPHUATH PO3BUTKY Yy CTY/IACHTIB
YMIHb BUKOPUCTOBYBaTHM 3A00yTlI 3HAHHA HAa NpPaKTHULl, 30KpeMa, MiJ Yac
pO3B’sA3yBaHHs (DI3UYHUX 3a]1a4.

Po3nin «EnekTpuka 1 MarHeTu3M» CKIaJa€ThCS 3 3MICTOBUX MOMAYJIIB, SIK1 €
JIOTIYHO  3aBEpPIICHMMH YacTMHAMHU HaBYaJbHOTO MmaTepiany. Momymi
BKJIFOYAIOTh HaBYaIbHI €JIEMEHTH, 3MICT SKHX BHU3HAYAETHCS 3 ypaxXyBaHHSIM
cneuudiky 3aBAaHb HaBYaHHA (Pi3UKU. 3MICTOBI MOJYJi CTPYKTYpPOBaHI TaKUM
YUHOM, 1100 CTYJCHTH MaJId MOXKJIMBICTh MaKCHMaJbHO BUKOPUCTATH B CBOIH
CaMOCTIMHINA IIsUTbHOCTI 3HAHHS 1 YMiHHA, HAOyTi NI 4Yac MOMNEPEAHLOTO
nepioy HaB4YaHHS. Take CTPYKTypyBaHHS 3a0e3nedye peanizailito BapiaTUBHOI
CKJIaZIOBOT HABYAJILHOTO TMPOIIECY, sIKa BUPAKAETHCSA B 1HAUBITyAIBHOMY 3MICTI
HABYaHHS I KOKHOTO CTYACHTA 3 ypaXyBaHHSIM OCOOHCTICHOI Opi€HTaIlii Ta
PiBHSI PO3BUTKY BJIACHUX 3710HOCTEH.

BuBueHHs quctuIuiiag nepeadavae HaCTYIHI BUAM JISTIBHOCTI CTY/ICHTIB:

* ni3HasanbHa JislbHICMb. THTEIEKTyalbHl PO3YMOBI [iii, CHOCTEPEKEHHS,
JOCJTi/1, YCBIAOMIJICHHS MPOOJIEMHU, BUCYBAHHS T1IIOTE3, TOOY/I0Ba MOJIEIICH;

* 3a2aNbHO-HABYANLHA OifAlbHICMb: TIOWYK 1HGopMalii, poboTa 3
JITEpaTypol0 Ta IHIIMMHU JKepenamu iHopmallli, HaBUUYKU CIUIKYBaHHS B
KOJICKTUBHIHN JISUTLHOCTI;

s 0cobucmicHo-peanizyioua OisibHicmsb. TIOMYK 1HAWBITyaIbHOTO 3MICTY 1
7€l HaBYaHHs (13UKH, OCOOUCTICHE PO3yMiHHSA (PYHIaMEHTAIBHUX MOHSTH 1



KaTeropiid, BUOIp 1HAMBIAYaJbHOTO TEMIy HaBYaHHS, CAMOCTIMHE BU3HAYCHHS
e, 1HAUBIAyaIbHUW BHOIp  JOJATKOBOI TEMAaTHKH, IHAWBITyalbHI
OOTpyHTOBaH1 MO3MIIii, CAMOPETYJIAIlIS, CaMOaHaI3 1 CaMOKOHTPOJb BJIACHOI
TISITBHOCTI.

JIOCSITHEHHSI HAaBUAJIbHUX IUIEM KOXHOTO MOJyJs 3a0e3MeuyeThcsl B
MPOIEC] CHUIBHOT MiSUTbHOCTI BHWKJIAJaya 1 CTYJACEHTIB, SKa BKIIOYAE Taki
CJIEMEHTHU:

* CHCTEMaTH3allll0 1 Yy3arajlbHEHHs CTyJ€HTaMH 3HAaHb 1 YyMIHb,
3aMpONOHOBAHUX JIJIs CAMOCTIMHOTO OIPAaIfOBaHHS;

* TIPOBEJCHHS BUKJIaJlaueM KOHCYJbTAIlIM, K1 3a0€3Meuyl0Th CTyJeHTaM
MO>KJIMBICTh CBOE€YACHOTO PO3B'SA3aHHS HABYAJIIBHUX MPOOJIEM, 1110 BUHUKAIOTH Y
HUX y Mpolieci poOOTH HaJl MOTYJIEM;

* y3arajJbHEHHs HABYaJIbHOTO MaTreplagy MOAYJIS MiJ Yac JEeKUii, e
PO3TIISIAI0THCS MTUTAHHS METOI0JIOTIYHOTO XapaKTepy, a TAaKOXK BU3HAYAIOTHCS
3aBIaHHSA M1JIBUILEHOT CKIAAHOCT1, BAKOHAHHS 1 AeTal3alisd SKUX 301HCHIOETHCS
MiJ 4Yac MNPAKTUYHUX 1 JTA0OpAaTOPHUX 3aHATh Ta B MPOLECI CaMOCTIIHOI
IISJIBHOCTI.

[licns 3akiHuYeHHS poOOTH Haa MOAYJEM CTYACHTH MPOXOISTh
MIJCYMKOBHM KOHTPOJb 3TIAHO PEUTHHIOBOI CHCTEMH 13 3aCTOCYBaHHSIM
IHTErPaTUBHOT METOIUKH OI[IHIOBaHHS HABUAJILHUX JOCATHEHbD.

OcHoBHE 3aBIaHHS BHKJajada Ha TOYATKy BHUBYCHHS KOXKHOTO MOMIYJIS
MOJISITa€ y MiATOTOBIII CTYJICHTIB JI0 MPOJYKTUBHOI CAMOCTIHHOI JIsJIBHOCTI, sIKa
Ma€ BIAMNOBIAATH PIBHIO PO3BUTKY I1X OCOOMCTICHMX SIKOCTEH, creuudiml
HABYAJLHOTO MaTepialy MOJYJs, a TAaKOX OCOOMCTICHIM OpileHTaIlli HaBYaHHS.
Jlns eekTUBHOT peaizallii 1[boro 3aBJaHHs BUKIIa1ady HE0OX11HO 3a0€31eUnTH
YCBIIOMJICHHS CTYJIEHTaMU THX TUTaHb 3MICTY HABYAJIBHOTO MaTepiaay MOIYJI,
K1 MAIOTh METOJIOJIOTIYHUHN XapaKkTep 1 CpsiMOBaH1 Ha GOPMYyBaHHS B CTYJCHTIB
CYy4YaCHHUX YSBJEHb MPO (Pi3MUHY KAPTHUHY CBITY, METOJM HAYKOBOTO MI3HAHHS,
1CTOP1I0 PO3BUTKY (PI3UYHUX TEOPIN TOLIO.

HaBuanpHuii Marepian, OXOIUIEHMHM MOJIyJleM, Mae OyTH HacTUIbKU
3aBepIIeHUM, 100 ICHYBaja MOKJIUBICTh KOHCTPYIOBAaTH €IMHUI 3MICT
HaBYaHHS, 110 BIAMOBIAB OW KOMIUICKCHIN METI OKpeMHX TeM. BiamoBigHo 10
3MICTy HaBYAJILHOT'O MaTepialy MOJYJS CIIiJl IHTeTpyBaTH pi3H1 BUIU 1 HopMuU
HaBYaHHS, MIAMOPSIKOBaHI TOCATHEHHIO MOCTABICHOI JUAAKTUYHOT METH.

Kosxuuii 3MICTOBUI MOAYJb, SIK MIPABHUIIO, CYITPOBOIKYETHCS KOMILIEKCOM
PI3HOMAHITHUX JUJIAKTUYHHUX 3aC001B HaBYAHHS, 1110 3a0€3MeUyI0Th HA0YHICTh
MaTepiany i COpHUsSIOTh JOCITHEHHIO KOHKPETHUX ITiJiel HaB4aHHSA. MomayJi, 1o
BMIILYIOTh LJIbOBY Mporpamy Aid, 6aHk iHGopmarllii Ta METOIUYHUX BKa31BOK
TSt 11 3aCBOEHHS, 3MIHIOIOTh XapaKTep B3aEMOCTOCYHKIB MiX BHUKIIagadamMu i
cTyneHTamu. Mo yJibHa TEXHOJIOT1SI HaBUAHHS 3arajibHOI (DI3UKH BKIIOYAE TPH
KOMITOHCHTH: 3MICTOBHUH, OpPTaHi3alliiHAi 1 KOHTPOJIHHO-OIIIHIOBAIbHUM 3 HOTO
CTUMYJIIOI0YO0I0 (PYHKITIETO.



Bin cTyneHTIB BUMaraetbCs MPOJIEMOHCTPYBAaTH 3HAHHS KOXHOI 13
3MICTOBUX OJMHULIb TIEpE] TUM, K IIEPEUTH 10 BUBUCHHS HACTYIHOI. CrioyaTky
HaBYaHHS 30PIEHTOBAHE HA 3aCBOEHHS TOJIOBHOTO - 0A30BUX €JIEMEHTIB 3HAHD
Kypcy (pi3MKHU 1 HANBKIIMBIIIUX aJITOPUTMIB JiH. J[pyrum eTarom € po3BUBaroue
HaBYaHHs, MO0 0a3yeTbCsd HA TBOPYIM CAMOCTIMHINA MISUIBHOCTI CTYJIEHTIB.
Oprani3auiiiH1ii KOMIOHEHT TEXHOJIOT1i 3aCBOEHHSI 3MICTY HaBYaJIbHUX MOJTYJIIB
13 Kypcy 3arajibHOi (I3MKH € CYKYNHICTIO PI3HOMaHITHUX (OPM 1 METOJIB
oprasizaiii HaBYaJbHOI'O MPOLECY: JICKUIMHUX, CEMIHAPCHKUX, MPAKTUYHUX 1
71a00paTOPHUX 3aHSATH.

[IpoBeneHHs npakxmuunux 3anams 13 3arainbHO1 (HI3UKU Ma€ Hamemi.

* TOTJMOJIEHHS, PO3IIUPECHHS 1 3aCBOEHHS TEOPETUYHOTO MaTepiamy;
CTBOPEHHsI MPOOJIEMHOI CUTYyaIlii;

* peanizallisi AUJIaKTHYHOTO IPUHIIUITY B3a€MO3B'SI3KY HaBUaHHS 3
MPAKTUKOIO; PO3MIMPEHHS HAYKOBOT'O CBITOTJISITY CTYCHTIB;

* PO3BUTOK JIOTIYHOTO, TBOPYOTrO 1 CAMOCTIHOTO MUCJIEHHS; HA0YTTs
JIOCBIJ1y OIIIHKH M€ 3aCTOCOBHOCTI (PI3MYHUX 3aJIEKHOCTEH 3a PI3HUX
KOHKPETHHX YMOB;

« HaOyTTS yMiHb 1 HABUYOK MPAKTUYHOTO 3aCTOCYBaHHS HAYKOBHUX 3HAHb;
PO3BUTOK 1 BUXOBAHHS HAMBAXIUBIMINX (PYHKIIH OCOOMCTOCTI: MUCIICHHSI, BOJI,
XapakrTepy;

* PO3BUTOK YMIHHSI CAMOCTIHHOI poOOTH Ta ii aKTHBIi3allii;

+ HaBYaHHS METOJIaM HAyKOBOTO Mi3HAHHS;

* (QopMyBaHHS 1 pO3BUTOK y CTYJEHTIB JI1aJIEKTHYHOT'O MHUCIJICHHS 1
cnerudigaoro "$Hi3uyHOr0" MUCIICHHS;

* PO3KPHUTTS €CTETHYHOIO Ta JIOTIYHOTO B (Pi3MIIi: TUBHOI CTPYHKOCTI 1
KpacH, YITKOCTI 1 CTPOTOCTI, BUIITYKAHOCT1 0aratbox ii pillieHb 1 MPUIOMIB;

* BUKOPHUCTAHHSA MPAKTUYHUX 3aHSTH K OJHOTO 3 €()EKTUBHUX MIPUHOMIB
MEePEBIPKU CBIJJOMOTO , TIMOOKOTO, MIIIHOTO 3aCBOEHHS 3HAHb;

* 3aKpIIUJICHHS, y3arajJbHEHHS 1 IOBTOPEHHS HABYAJIbLHOTO MaTepiaiy.

B pe3ynbrati mpoBeeHHS MPaKTUYHUX 3aHATh CTYJACHTU MTOBUHHI:

3Hamu:

- CTPYKTYpPHI OCOOMHMBOCTI Pi3HUX TUMIB (DI3UYHUX 3a7a4;

- METOJIY PO3B's3yBaHHA (PI3UYHUX 3a]1a4;

- 3araJibHy METOJIUKY PO3B's3yBaHHSA (I3UYHHUX 3a7a4 13 BUKOPUCTAHHSIM
aHATITUYHOTO, rpagigHoTO, TaOJIMIHOTO, CHUHTETUYHOT'O |
aHAII TUKO-CUHTETUYHOTO METO/IIB;

- 3MICT 301pHUKIB 3aja4 13 3arajibHO1 (DI3UKH BUIIOT MIKOJU 1 METOUYHUX
NOCIOHMKIB 13 pO3B's3yBaHHA (PI3UUHUX 3a]1a4;

- OCBITHE 1 BUXOBHE 3HAYEHHs PO3B'sI3yBaHHs 3a7a4 3 (Q13UKU B CEpeIHIN
IIKOJII;

YMIMU:

- 3AIUCHIOBATH PI3HI crmocoOu mojaaHHs (I3UYHEX 3a7a4, 30KpeMa,



MaJTIOHKOM,  rpadikoM,  CXEMOI0, CHCTEMOI0  pIBHSIHb,  MOJEIIIO,
CIIOCTEPEKEHHSIM, €KCIIEPUMEHTOM, CKOPOUEHUM NMHUCHbMOBUM 3aIHCOM;

- po3kpuBaTH (HI3UYHUM 3MICT 3aj1a4l;

- paIioHaJbHO 3aMKrcaTH YMOBY 3a/1adi;

- BIJIIIYKYBaTH 1 BBOJAUTH JOJIATKOB1 YMOBH;

- MPOBOAUTH HOILIYKH HUISIX1B PO3B'A3yBaHHS 3a/1aul 1 CKJIaJJaTy 3arajJbHuN
IJIaH PO3B'A3KY;

- BUOMpATH paliOHaJbHUI CIIOCIO pO3B'A3KY 3a1a4l;

- CTAaBUTH 1 JaBaTH BIAIOBIAlI Ha 3allMTaHHS SK 4YacTKOBOI'O, TaK 1
3arajbHOTO XapaKTepy;

- TIPOBOJMTH aHaJI3 Ta OLIHKY 3J100yTHUX PE3yJIbTaTIB,;

- CKJIQJIaTH 3ajady 13 33JaH01 TEMHU 3 BUKOPUCTAHHSIM Cy4YaCHHUX 3HaHb;

- pO3B'sI3yBaTH €KCIIEPUMEHTAJIbHI 3a]1aui;

- BUKOPDUCTOBYBaTHM B IMpOIEC pPO3B'A3yBaHHS 3aJad CydacHl 3acolu
HaBYaHHS;

- peani3oBYBaTH LlJII 1 3aBAAHHS pO3B'A3yBaHHs 3a/1a4 3 (DI3UKU B CEpeHIN
IITKOJI.

Memoro IPOBENCHHLIAOOPAMOPHUX 3AHAMDb €

 MOrIUOJIEHHS TEOPETUYHUX 3HAaHb CTYJIEHTIB, (JOPMYBaHHS PO3YyMIHHS
pOJIl eKCIEPUMEHTY Y (DI3UYHIN HayII;

* MIApPOKE 1 mnorubieHe 3HAaHOMCTBO 3 MaTeplaibHUMHU 3aco0amMu
BUMIpPIOBaHb y (I3ULIL;

* 3aCBO€HHS OCHOBHMX NPHUHIMIIB 1 METOJIB BHUMIipIOBaHb Yy (i3ulll,
KyJbTYPH MPOBEACHHS €KCIIEPUMEHTIB;

* PO3BHUTOK CIIOCTEPEHKIMBOCTI, KOHCTPYKTUBHOTO MHUCIICHHS, aKTHBI3aIlis
CaMOCTIHHOCTI y po0OTi;

* 3aJy4eHHS CTYACHTIB JI0 CAMOCTIITHOT HABYAJIbHO-HAYKOBOI pOOOTH.

B pe3ynbpTaTi npoBeAeHHATA00paTOPHUX 3aHATh CTYACHTH MOBUHHI

3Hamu.

- METOJM EMITIPUYHOTO Mi3HAHHS 00’ €KTUBHOI IMCHOCTI;

- CYTHICTb 1 METOJIY pealli3allli eKCIEPUMEHTY;

- (i3WuHI BEIMYMHH, iX KIacudikaiiro; oMuHUIl (HI3UIHUX BEIUUUH, iX
KJTacu(iKaIio;

- OCHOBHI METOJIM BUMIPIOBaHb Yy (Di3UIIL;

- XapakTep 3MiHU MOXHOOK BUMIPIOBAHb 1 METO/IU iX OIIIHOK;

- OCHOBHI MpaBwWia BUKOHAHHS MAaTEMaTUYHUX OTepaIliii 3 HaOIMKEHUMU
YHCIIaMU;

- OCHOBHI IpaBuJia rpa(iyHOro MOaHHS PE3yJIbTaTIB €KCIIEPUMEHTY;

- BUMOTH JI0 TUTaHb OXOPOHH Mpalll 1 TEXHIKK O0€3MeKHU MiJl yac poOOTH Y
¢b13ugHIX 71a00paTOPIsIX BUIIOTO HABYAIBHOTO 3aKJIaay Ta MIKUIBHOMY
¢d13uaHOMY KaOIHEeTI,

- OCBITHI 1 BUXOBHI 3aBAaHHS JTJa00OpaTOPHUX POOIT 1 HI3UIHUX



MPAKTUKYMIB y CEpEAHIHN IITKOJII;

YMIMu.

- TIPOBECTH OIIHKH 1 peaji30ByBaTH ONTUMAaIbHI YMOBH MPOBEACHHS
(b13UYHOTO €KCIIEPUMEHTY, BUKOHAHHS JJa00paTOpHOi poOOTH;

- 3a0€3IeYNTH EKCIIEPUMEHTAIBHUIN XapaKTep MIKUIBHOTO Kypcy (13UKH;

- MPOBECTHU aHaJI13 BUKOHAHHS JJA0OPATOPHOI pOOOTH, HAITUCATH BUCHOBKH
IIpo il pe3yabTaTy;

BUKOHATH OLIIHKY MOXHOOK Pe3yJIbTaTiB €KCIIEPUMEHTY;

rpadiyHO TTOAATH PE3yIbTaTH EKCIIEPUMEHTY;

CKJIACTH 3BIT IIPO BUKOHAHY JJa0OpaTOpHY poOOTY;

JTaTH XapaKTePUCTUKY cydacHOro (izmdHoro oOjamHaHHS, (I3UIHUX
IpUIaaiB;

- KOPHUCTYBATHCS JOBIJKOBOIO JIITEPATYPOIO;

- 3a0e3revyBaTy BUKOHAHHS 3aBAaHb J1a00paTOPHUX POOIT 1 (PI3UUHUX
MPaKTUKYMIB y IIKOJIL.

KoHTpObHO-O1IHIOBAIBHUN KOMIIOHEHT MOJIYJIbHOI T€XHOJIOT1i HaBYaHHS
peami3yeTbcsi O€3mocepelHbO MiJg  dYac JeKUid (mpoOseMHI 3amuTaHH:A),
MpaKTUYHUX 3aHATh (YCHE 1 TECTOBE ONMUTYBAaHHSA, PO3B'A3yBaHHS 3ajad),
nabopaTtopaux 3aHATh. OIIHKA CaMOCTIHHOT PoOOTH MPOBOAUTHCS y Gdopmi
criiBOECi/I 1 TeCTyBaHHSI.

3anporoHoBaHa CTPYKTypa IporpamMu 3MICTYy Kypcy 3arajibHoi (Pi3uku 1
oprasi3ailisi HaBYaJIbHOTO MPOIIECY 3a CYTTIO BIAPIZHAETHCS BiJ TPaJAUIIAHOIL.
Tak, 3a MOI[y.HBHOI opraH13au11 nporpaMu 1 HaBYaHHS (DI3UKHU BCi 11 MOHATTS,
3aKOHHW, BIAMOBIAHI SIBUIIA 1 MPOIECH OMAHOBYIOTHCS W OCMUCIIOIOTHCS
IMAHEHTHO, OCKUIbBKM BXOJSATH JO CTPYKTYpH IeKUIbKOX MomyniB. [lig dwac
3aCBOEHHS 3MICTy KOXXHOTO 3 MOJYJIB BOHH YSBISIOTHCS SIK €JIEMEHTH
TUIAKTUIHOT KIIITHHKH, a00 K KOMIIOHCHTH (PI3MIHOT TEOopii, 10 B3a€EMOIIIOTh
MK coboro. IlocriiiHe omepyBaHHS BcCiMa MOHSTTSIMH Ha PI3HUX PIBHAX
y3arajJbHEHHS 1 KOHKpETHU3allli 3Ha4HO MiJABUIILYE SIKICTh TECOPETUYHUX 3HAHb U
YMIiHb iX 3aCTOCOBYBATH.

HaliBaxnuBilIMM ~ pe3yJIbTaTOM  MOJYJIbHOI ~ TEXHOJOrii  Oprasizaiii
HaBUYaHHS 3arajbHOi (PI3MKU € CIIpUHAMaHHS ii K CUCTEMH, SIK TapMOHII, a He
MPOCTO SIK YMOPAAKOBAHOTO HAOOPY PO3PI3HEHUX, HE TOB'A3aHUX MK COOOI0
YaCTHH II1JI0TO.



1. Po6oua nporpama aucumMiuiinu «3araabHa ¢izuka». Po3ain «Eixexrpuka

i MarHeTusm»

1.1. Onuc HaBYAJIBHOI JUCHHUILIIHA

HavimenyBanns
MOKa3HUKIB

["amy3b 3HaHB, HAIPSIM
IATOTOBKH,
OCBITHBO-KBaJ1(hiKAIIITHH
il piBeHb

XapakTepucTuka
HaBYAJILHOI TUCIUAILUIIHA

neHHa GopMa HaBYaHHS

KinpkicTh KpeauTiB —

['any3p 3HaHBb
0402 dizuko-MareMaTu4Hi
HaYKH

HOpMaTUBHA

7,5 .
Hanpsm miaroroBku
6.040203 dizuka*
Mopynis — 1 Pik maroroBku:
3MICTOBUX MOJYJIIB — 2 CrnenianbHICTh: 2-1
. Cemectp
3arasibHa KIJIbKICTh : v
(Koz 1 Ha3Ba) 4-1
roaud - 270
Jlekui
46 ron.
[IpakTryH1, cCEMiHAPCHKI
40 ron.
TrXKHEBUX TOAUH IS .
exHOi popMHu JlaGopatopHi
A OCBITHBO- 48 rog.
HaBYaHHS: PV —
KBaiQiKaiiHuN PiBEHB: CamocriiiHa poOoTa
ayJIMTOPHUX — [
o OakasnaBp 136 rog.
caMOCTIiiHO1 poOOTH i . . 0
cTymenTa — 7 HIMBiTyaJibH1 3aBIaHHS:
TO/I.

Bun koHTpOIIIO:
nudepeHIIHoBaHNN 3aIT1K

lpumimxa.

CriBBIOHOIIIEHHS KUIBKOCTI

TOIMH  ayJUTOPHUX

IHAUBITyaJIbHOI pOOOTH CTAaHOBUTH:
utst terHoi opmu HaBdaHHS — 50%:50%

3aHIThL O CaMOCTIHHOI 1

1.2. MeTa Ta 3aBJaHHSA HABYAJILHOI JMCIMILTIHA
Mema: miaroToBKa MaiOyTHHOTO BUUTENSA (P13UKH 3 (DI3UKH BIAMOBIIHO 10
rayy3eBOro CTaHAAPTy BHUIIOT OCBITH.
3ae0annsa: cucTeMHa 1HTErpailisi NpeIMETHUX rany3eil 3HaHb, PO3BUTOK
yMIHb €KCIIEPUMEHTAIBLHO-IOCTIAHUIIBKOI JISJIBHOCTI Ta TBOPUYOTO MOTEHITIATY
CTyJIeHTAa, HOT0 3110HOCTEH.
VY pe3ynbrari BUBYEHHS HABYAIBHOI TUCIUTUIIHA CTYACHT TTOBUHEH

3Hamu.

SICKTPUYHHM 3apsii 1 MEXaHI3MU eNeKTpu3aiii, 3akoH KyiioHa; BIacTUBOCTI 1
XapaKTEPUCTUKHU EIIEKTPUYHOrO MOoJisg; Teopema ['aycca Ta 1i 3aCTOCYBaHHS,




BJIACTUBOCTI MPOBIIHUKIB 1 JI1€JIEKTPUKIB Ta BIUIMB HA HUX €JIEKTPOCTATUYHOTO
noJisg; OyJoBa 1 XapaKTEPUCTHUKU KOHJIEHCATOPIB;, XapaKTEPUCTUKHU 1 3aKOHU
MOCTIMHOTO CTPYMY: CHJIa CTpyMy, Hampyra, omip, TYCTHHa CTpyMy, MUTOMa
€JIEKTPOIIPOBIIHICTD, EJIEKTPOPYIIIHA CUJia, poOOTa, MOTYKHICTh, 3aKOH OMa B
IHTerpalibHIi Ta JOudepeHlianbHiil popMax, s HEOJHOPINHOI AUISHKHU 1
MOBHOTO KoJja; 3akoH Jlxoyns-Jlenna; npasuna Kipxroda; xapakTepucTuku i
3aKOHOMIPHOCTI KOHTAKTHHUX €JICKTPUYHUX SBUII, 3aKOH Binemana-®paHia;
SBUIE  TEPMOEIECKTPOHHOI  €MicCli,  EJEKTPOHHO-NPOMEHEBAa  TPYyOKa;
3aKOHOMIPHOCTI TIPOXOJIKEHHSI E€JEeKTPUYHOTO CTPyMy B piIMHAX Ta iX
3aCTOCYBAHHS; CJICKTPOJITH, EJICKTPOJITHYHA Aucorialls, 3akoHnun dapanes,
XIMIYHI JDKepesla CTPyMy; MEXaHi3M IPOBIIHOCTI Ta3iB, MPOILECH B Ta3ax:
10HI3aIlIg 1 peKoMOIHaIlls, HECAMOCTIMHHMM 1 CAaMOCTIMHHMN PO3pSAId, TIIFOYUN
pO3psia, KaTOJHE Ta aHOJAHE BUIPOMIHIOBAHHS, ICKPOBUN PO3psij, OJNMCKaBKa,
KOPOHHUU PO3PSiL, IyTOBUN PO3PS, MIa3Ma; XapaKTEPUCTUKN MArHITHOTO TTOJIS;
3akoHu Awmmnepa, bio-Capapa-Jlamnaca, 3aKkOH NOBHOTO CTPYMY, MarHiTHUHN
MOMEHT CTpyMy, cuia JlopeHiia, epekT Xoiuia; BEKTOp HaMarHiueHHs, MarHiTHa
MPOHUKHICTh, JlaMarHeTHKH, IMapaMarHeTUKd, (epoMarHeTUKHU, MarHITHUN
rictepe3uc, 3akoH Kiopi-Beiica, antudepomarnetnku, QepuMarHeTuKH,
MarHiTOMEXaHi4Hl 1 MEXaHOMarHiTHI e(eKTH, eJIEeKTPOMAr”HiTu Ta ix
3aCTOCYBaHHS; IHIYKIIMHUN CTPYM, 3aKOH eJIeKTpoMarHiTHO1 iHAyKIlii dapanes,
npaBuio JleHua, enekTpopyuliiiHa cuia IHAYKIII, 1HIYKTUBHICTb, €HEpPTis
MarHiTHOTO TOJISI CTPyMY, TYCTHHA €HEprii MarHiTHOTO MOJISI; XapaKTePUCTUKHU
KBa3iCTalllOHAPHOTO (3MiHHOTO) CTPyMY: JI0Yl 3HAUECHHS CUJIM CTPyMy Ta
HaIpyry, aKTUBHUH, IHAYKTUBHUM Ta EMHICHUM OMIOPU y KOJI1 3MIHHOTO CTPYMY;
3akoH OMa it 3MIHHOTO CTPYMY, BEKTOpHI JiarpaMu, PE30HAHC HampyT i
CTpyMiB, po0OTa 1 MOTYXXHICTh 3MIHHOTO CTPyMy; KOJWBaJIbHUN KOHTYD,
dopmyna Tomcona, naudepeHIiaabHi pPIBHSIHHS BJIACHUX, 3Tacar0dyux 1
BUMYIICHUX KOJHMBaHb; €JIEKTPOMArHiTHE MOJIe, CUCTEMa PiBHAHb MaKcCBeIa;
BJIACTHUBOCTI €JICKTPOMArHITHUX XBHWJIb; BHECOK YKPATHCHKUX YUCHHUX Y PO3BUTOK
CJIGKTPUKH 1 MAaTHETU3MY .
eMImu.

3aCTOCOBYBAaTU TEOPETUYHI OCHOBHU EJICKTPUKUA 1 MAarHETU3My y HaBUaJIbHOMY
MPOIIEC] 3arajJbHOOCBITHIX HaBYAIBHUX 3aKJaJiB; CTaBUTH JIEMOHCTpAIlIiHI
EKCIIEPUMEHTH 3 €JIEKTPUKH 1 MAarHETU3MY, POOUTH TEOPETHYHI y3aralbHEHHS Ta
BKa3yBaTH TMpPaKTU4YHI 3aCTOCYBaHHS, 3aCTOCYBaTH OTPHUMaH1 3HAHHSA IS
pO3B'sI3yBaHHA 33]1ay, KOPUCTYBATUCA 1 3HATH OYJIOBY: €JIEKTPOBUMIPIOBAIbHUX
OpWIaaiB, MOCTIB TIOCTIMHONO Ta 3MIHHOTO CTPyMIB, paaioOJIOKIB,
HaIBIPOBITHUKOBUX BUTIPSAMIISYIB, TPaH3UCTOPIB, (boTOEIIEMEHTIB,
ocruiorpada, €JIeKTPOHHOTO MIKPOCKOMa, Ja3zepa, padlaliiiHuX TpuiIaiiB,
JYWIBHUKIB €JIEKTPUYHOI eHeprii, TpanchopmartopiB, oOUpaTH METOIU Ta
BUKOHYBATH PO3pPaxXyHKH KU TOCTIHOTO Ta 3MIHHOTO CTPYMiB; OOMpaTH METOI!
Ta BHUKOHYBAaTH BHUMIPIOBAHHSA CJICKTPOPYINNHOI CHJIM, CHJIH CTPYMY,
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CJIEKTPUYHOI HAIPYTH, €JIEKTPUYHOTO OMOPY B KOJaX MOCTIHHOTO 1 3MIHHOTO
cTpyMiB, Temneparypu Kiopi; BojmoaiTH ySBJIEHHSMHU MPO €IEKTPOJAMHAMIYHE
MOJICJIIOBAHHS MPOIIECIB B EIEKTPUYHUX CUCTEMAX 3a MIEBHUX YMOB.

1.3. Ilporpama HaBYAJIbHOI I CHUILIIHA

3micToBuii Moaynsb 1. Enexrpuka

Tewma 1. Enextpuune nosie y Bakyymi
Beryn. Ilpeamer ta MeToau eleKTpUKU 1 MarHeTusmMy. KopoTkuit icTopuyHuii
OTJIsiZT BYEHHS MPO EJIEKTPUKY 1 MarHeTU3M. PO3BUTOK €IEKTPOCHEPTeTUKU B
VYkpaini. Enextpocratuka. Enextpuunuii 3apsia. BiaacTUBOCTI eleKTpUYHOTO
sapsiny. JBa Bumm 3apsgy. JIMCKpeTHICTH 3apsiay. [HBapiaHTHICTH 1 3aKOH
30epexxeHHs1 3apsiny. EnementapHuil 3apsii. ExcriepumeHTanbHEe BU3HAUYEHHS
3apsily eliekTpoHa. Haiimpoctinn 3apsypkeHi Tijla: MOJeNIb  TOYKOBOTO 1
HEIMEPEPBHO PO3MOAUICHOr0 3apsay. B3aemoniss TOUYKOBUX 3apsJKEHUX TLI.
3akoH Kynona. Enextpuune mnone. HampyxeHICTh €JIEKTPUYHOTO MOJS.
[Tpunnun cynepnosuttii. [one qunosns. [ToTik BekTopa HanpyxeHocTi. Teopema
['aycca. PoGora cun enekrpocraruyHoro moiis. [loTeHIianpHUN XapakTep
eJeKTpocTaTuuHoro mojs. L{upkymsiisa BekTopa HamnpyskeHocTi. [loTeniian ta
pi3aung  moteHmianiB. PiBusaHs Ilyaccoma 1 Jlammaca. Ilorenmiam Ta
HAIPYXKEHICTh TOJII, CTBOPEHOTO TOYKOBUM 3apsIPKEHUM TiJIOM, CHCTEMOIO
TOYKOBHX 3aPSHKCHHUX T, JTUTIOJIEM.

Tewma 2. [IpoBITHUKY Ta IEIEKTPUKHU B €IEKTPUUHOMY IOJII
Posmonin 3apsaiB y mnpoBiaHUKY. I[IpoBiAHMKH B €IEKTPUYHOMY TOJI.
ExBinmoTeHIIabHICTh TOBEPXHI MPOBiIAHMKA. HampykeHicTs mons Ouis
MOBEPXHI MPOBIAHMKA Ta 11 3B'SI30K 3 MOBEPXHEBOIO TYCTUHOIO 3apsay.
Enextpuzamisi uepe3 BIUIMB. BpaxyBaHHA TIOJNs HaBEACHUX  3apsiiiB.
Enexrpodopna wmammuna. Enextpoemuicts. Konpaencaropu. JlienekTpuku.
[Tonsipri 1 HemoJdsipHl MoJekynau. BinbHi 1 3B's3ani 3apanu. [lonspu3zaiis
nienekTpukiB. JlieJekTpuyHa MNPOHUKHICT 1 CHPUUHATIUBICTb, BEKTOP
CJIEKTPUYHOr0 3MilleHHs. HenossipHi JI€NeKTpUKu, Teopis iX MNOJIspU3allii.
[TomsipHi AieneKTpuKkH, Teopis iX mossipusaiiii. Enekrpuune mone Ha Mexi 1BOX
nienexkTpukiB. ['panmyni ymoBu. Teopema ['aycca nmis mosis B Ji€JIEKTPHUKY.
Cerneroenektpuku. Enexrperu. [T'e30enexkrpuxmu.

Tewma 3. Enepris B3aemonii 3apsiaiB. EHepris eneKTpudHOTO OIS
Enepris cuctemMun HEpyXOMUX TOYKOBHUX 3apsiB, 3apsPKEHOTO IPOBIIHUKA,
KOHAeHcaTopa. EHepris i1 rycThHa eHeprii eIeKTpoCcTaTUYHOro mossi. Bexrop
YMoBa.

Tewma 4. [TocTiliHMI eEKTPUUHUN CTPYM
Pyx 3apsmiB B eneKTpUYHOMY TION, €IEKTPUYHUNA CTpyM. PiBHSHHS
HEIMEePEPBHOCTI. YMOBA CTAIIOHAPHOCTI CTpyMy. 3akoH OMa st TITISTHKU KOJa.
3akon Oma B audepeHIianbHId Ta 1HTErpanbHId (Qopmax. CTOpPOHHI CHIIH.
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EnexrpopymriitHa cuna. 3akon Oma 111 HEOJJHOPIAHOL IUISIHKY 1 TOBHOTO KOJIa.
Po6oTa 1 moTy»XHICTh TOCTIMHOTO CTpyMy. 3akoH [[xoyns-JIenna. Posramykeni
koja, mpaBuia Kipxroda Ta ix 3acTocyBaHHS.

Tema 5. EnexTpuuHuii CTpyM y BakyyMi, Ta3zax Ta piauHax
TepmoenekTpoHHa eMicisi. 3aJIeKHICTh CTPYMY HAaCHUEHHs BiJI TeMIEpaTypHu.
JIBOXENEKTpOJHI Ta  TPHOXEJNEKTPOJHI JamMmud 1 11X  3aCTOCYBaHHS.
EnextponHo-npomeneBa TpyOka. [IOHATTS Mpo BTOPUHHY Ta aBTOECIEKTPOHHY
emicii. Enextponitu. EnektponiThuuna aucomianis. EnekTponpoBiaHICTH
eNeKTpodiTiB. 3akoH Owma nist enextpouitiB. Enektponiz. 3akonu Dapajes.
XimiyH1 JpKepena cTpymy. Bukopucranas enexrtposidy. [Iporecu ioHizarmii 1
pexoMOinaii. HecamocTiiinuii po3psia B razax. CamocTiiiHUM po3psia B rasax.
BonbT-amnepHa xapakTeprucTUKa ra30Boro po3psany. Buau po3psais (Tiairoumnid,
OyroBUW, 1CKpoBHM, KOpoHHUH). bmnckaBka. IloHsaTTs mnpo mnasmy.
BukopucranHs razoBux po3paai. KatonHi npoMeHi.

Tewma 6. EnextponpoBiAHICTh TBEPAUX TLI
Knacudikauis TBepaux Tin (IPOBIAHUKHU, IENEKTPUKH, HAIMIBIPOBIIHUKH).
Enextpuunuit ctpym y wmetamax. [Hocmiau Mangensmrama 1 [lamanekci,
Tomvena 1 Crroapra. Kiacuuna enekTpoHHa Teopiss MPOBIAHOCTI METaiB.
Busenenns 3akoHiB Owma, J[xoynsg-Jlenna. 3akon Bix wmana-®panxmna.
3anexHICTh OMOpY MeTaliB Bia Temmneparypu. HagmposigHicTs. [loHSTTS mpo
KBaHTOBY TEOPII0 MPOBIIHOCTI TBEpAUX TiJ. [IpoBigHICTE HamMiBIPOBIIHUKIB.
BrnacHa 1 [goMilIKOBa TMPOBIJHICTh  HAIMIBOPOBIAHMKIB.  3aCTOCYBAaHHS
HaIlIBIPOBIIHUKIB.

Tema 7. EnexkTpuuHi KOHTAKTHI SBHUIIA
PoGora Buxomy enmekTtpoHa 3 Meraimy. KOHTakTHa pI3HUIA IMOTCHITIAIB.
KoHTakTHI sBHIIa B HaMIBOPOBIAHWKAX. HamiBOpOBIIHUKOBI Jioam 1
TpaH3ucTopu. TepmoenekTpuuauii ctpym. [Ipsmi Ta oGepHEH1 TEpMOETEeKTPpUYHI
sBuIa. TepMoeNeKTpUYHi TeHEepaTOpH.

3micToBUi MOAYJb 2. Marnetusm

Tewma 8. [locTiliHe MarHiTHE MOJ€ Y BAKyyMi Ta pe4OBHUHI
MarniTHa B3aeMoJisd CTpyMiB. 3aKOH Amriiepa. MarHiTHe 1oJsie eIeKTPUYHOTO
ctpyMmy.  IHaykmis 1 Hampy»KeHICTb ~ MarHiTHOTO  TOJsA.  3aKOH
bio-CaBapa-Jlamaca. MarHiTHe ToJjie TPSIMOTO, KOJOBOTO 1 COJEHOITHOTO
ctpyMiB. [lupkynsmisi BekTOopa I1HAYKINi MarHiTHOTO TOJsA. 3aKOH TMOBHOTO
ctpymy. KoHTyp 13 cTpyMOM y MarHiTHOMYy ToJii. MarHiTHUA MOMEHT CTPYMY.
Jlis1 eneKTpUYHOro 1 Mar”iTHOTO MOJIB Ha pyxomui 3apsa. Cuna JlopeHia.
Busznauenns nuromMoro 3apsany enektpona. Mac-cnektpomerp. Edexkr Xomna i
floro 3actrocyBaHHs. EnextponHuil mikpockom. [IpuckoproBadi 3apspKeHHX
YaCTMHOK. MartiToriipoAMHamMiqHl TeHepaTopu. MarHiTHe MoJie PyXOMOTO
3apsany. BimHOCHUI XapakTep eNeKTPUYHOTO 1 Mar"iTHOro momiB. PoGota mpu
MepeMIIIEHH] MPOBITHUKA 31 CTPYMOM y MarHiTHOMY Moji. Mar"iTHU# MOTIK.
Marnetnkn 1 HamarHidyBaHHs iX. BekTtop HamarHideHHs. MarxiTHe mojie B
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MarHeTukax. BekTop  HampyXeHOCTI  MarHiTHoro mosis.  MarHiTHa
CIPUHHSITIMBICTD 1 TPOHUKHICTh MAarHeTHKIB. 3B'A30K 1HIYKIIIT 1 HAPYKEHOCTI
MAar”diTHOTO II0JIS B MarHeTukax. MardiToMexaHiydl 1 MEXaHOMArHiTHI SBUIIA.
Hocmian Einmreiina, ne 'aaza 1 bapuerra. [lia-, mapa- 1 ¢epomMarHeTHKH.
MarnitHuii ricrepe3uc. Pobotu CroneroBa. Touka Kropi. IloctiitHl MariTu.
HoBi marniTHi marepianud. MarHiTHI Kojia. MardiTopyuiitHa cuia. 3aKOHH
MarHiTHOTO KOJa.

Tema 9. EnexrpomardiTHa iHIyKIis
Hocninn @apanes. EnexrpopyiiitHa cuia 1HAYKIT. 3aKOH €IeKTPOMarHiTHOI
inaykuii  ®apanges 1 mpaBuno Jlenma. Buxposi crpymu.  CkiH-edexT.
Camoinaykiiss 1 B3aeMOIHAyKIsA. EnexrtpopymmiitHa cuiga caMOIHAYKIIII.
[aaykTuBHIcTh. EHepris mar"iTHoro nosst crpymy. EHepris 1 rycTuHa eHeprii
MarHiTHOTO TOJIS.

Tema 10. 3miHHMil KBazicTaumioHapHuM cTpyM. KBasicramioHapHi
EJIEKTPUYHI KOJIA
Otrpumannsa 3minHoi EPC. KBgazicramionapuuii crtpym. /[litoul 1 cepenHi
3HAUCHHS CTpyMy 1 Hampyru. Omip, IHIYKTUBHICTh 1 €EMHICTh y KOJII 3MIHHOTO
ctpyMy. 3akoH Oma Juisi Kojia 3MIHHOTO CTpyMy. BekTopHi miarpamu i MeTon
KOMIUIEKCHUX aMmIunlTyd. Pe3oHanc Hampyr, pe3oHaHc cTpymiB. PoGota i
MOTY>KHICTh ~ 3MIHHOTO  cTpyMmy. llepemaBaHHs  eJIEKTpUYHOI  €HEprii.
Tpanchopmarop. EnekTpuuyHuil KOJMBaJIbHUM KOHTYp. BiacHi enexTpuuHi
konuBaHHs. @opmyna ToMcoHa. 3racaroui KOJIMBaHHA. BUMyllleH1 eleKTpuyHi
KoJiuBaHHA. Pe3onanc. J[oOpOTHICTH 1 cMyra TIPOMYCKaHHS KOHTYPY.
EnexTpuyHi aBTOKOIMBAaHHA. ABTOT€HEPATOP HA TPAH3UCTOPI.

Tema 11. EnexTpoMarHiTHe mMmoje Ta €IEKTPOMArHiTHI XBWJi. PiBHSHHS
Makcsenna
BuxpoBe enexkrpuune mone. [ocmigu Poymamma 1 ElfixenBampja.
EnextpomarnitHe mnoisie. CtpyM 3mimieHHs. Cuctema piBHsSIHb MakcBemia B
iHTerpanbHii 1 qudepenuianbhii  popmax. [lmocki enekTpomMarHiTHI XBUIIl B
OJIHOPIJTHOMY CEpEJIOBHUII, IIBUAKICTh iX TOIIUPEHHs. BumnpomiHioBaHHS
enekTpoMmarHiTHux xBuib. Jocmiagm I'epua. Bibparop I'epua. Ewnepris
enexTpomarniTHoi xBuii. [loTik eneprii. Bekrop YmoBa-Ilotintiara. [lonsTTs
PO CHUCTEMH Tepenayl eJIeKTpOMar”iTHoi eHeprii. EjexTpomarHiTHi XBuIii
B3/I0BXX MPOBOMAIB. THCK €leKTpOMarHiTHUX XBuJib. CTOSY1 XBWIII 1 PE30HAHC Y
BiJIpI3Kax AOBTUX JiHINA. Bunaligenus pamio3s's3ky. [IpuHnmmn pamio3B's3ky i
pamionokarii. [1Ikana e1eKTpoMarHiTHUX XBHUIIb.
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1.4. CTpyKTypa HAaBYAJIBHOI JUCIUILTIHU

KinekicTs rogua

JleHHa opma

Ha3Bu 3MicTOBHX MOIYIIB 1 TEM .
5 y TOMy 4uCIi
JI n | 7ab | 1HO | C.p.
1 2 3 4 5 6 7
MoayJas 1
3micToBuii Moayab 1. Enekrpuka
Tema 1. Enextpuune mose y Bakyymi 22 | 4 8 4 6
Tema 2. [IpoBITHUKY Ta J1€IEKTPUKHU B 14 4 2 0 8
CJIEKTPUYHOMY MOJI1
Tema 3. Enepris B3aemonii 3apsaiB. Exeprist | 14 | 2 2 0 10
CJIEKTPUYHOTO TOJIS
Tewma 4. [IoCTIiHUIN €NEKTPUYHHNA CTPYM 40 | 4 8 | 18 10
Tewma 5. Enextpuunuii cTpym y BakyyMi, 20 | 4 2 4 10
ra3ax Ta piiluHax
Tewma 6. EnexTponpoBiHICTh TBEPANX T1J 16 | 4 2 2 8
Tema 7. EnexTpruyHi KOHTaKTHI SIBUIIA 14 2 2 2 8
Pazom 3a 3MicToBUiT MOAYIH | 140 | 24 | 26 | 30 60
3micToBuit Moay.Jb 2.Marnerusm

Tewma 8. IlocTiiiHe MarHiTHE Mojie y Bakyymi | 46 | 8 8 | 10 20
Ta PEYOBUHI
Tema 9. EnextpomarsiTHa IHIyKIIS 20 | 4 2 0 14
Tewma 10. 3MiHHUI KBa3iCcTaI[lOHAPHUIA 34 | 4 2 8 20
ctpyM. KBazicraiioHapHi eJeKTpUYHI KOJia
Tema 11. EnextpoMarHuiTae mose ta 30 | 6 2 0 22
€JIEKTPOMAarHiTH1 XBwii. PiBHAHHS
Makcgeia
Pa3om 3a 3MicToBUI MOAYJIB 2 130 | 22 | 14 | 18 76
Pa3zom 270 | 46 | 40 | 48 136

1.5. Temun ceMiHApCHKHUX 3aHATH
(e nepeobaueno nasuanrbHUM NIAHOM)

1.6. TeMu NpakKTUYHHUX 3aHATH

KinbkicT

Ne
Hasa Temu b

3/m

T'OJIH
3micToBuit Mmonynb 1. Enexkrprika

1 | Bzaemonist ToukoBuX 3apsiaiB. 3akoH Kynona 2
2 | Hampyxenicts nons. [lpuanmn cynepno3urtii 2
3 | Hampyxenicts nonisa. Teopema ["aycca 2
4 | TloTeHuiay e1eKTPUIHOTO TOJISI 2
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5 | Enextpoemuictb. Kongencaropu. 3'eqHaHHS KOHAECHCATOPIB 2

6 | EnexTpuuHe moJie B miesieKkTpukax. Enepris ta ryctuHa eHeprii 2

€JIEKTPUYHOTO TOJIS.

7 | [locTiiinuii enextpuunuii ctpym. 3akonu Oma Ormip 2

MPOBIAHMKIB. 3'€THAHHS MPOBITHUKIB
8 | Pobota i moTyX HICTh MOCTIHHOTO CTPYMY. 3aKOH 2
Jlxoyns-Jlenna.

9 | Posramysxeni kona. [Ipasuna Kipxroda 2
10 | ExexTponpoBiHICTh TBEPAUX T1JI 2
11 | KoHTakTHI sIBMIIIa B ME€TaJIaX Ta HAMMIBIIPOBITHUKAX 2
12 | ExextpuyuHuil CTpyM B €JIEKTPOJIITAX, Ta3ax, BaKyyMi 2
13 | KonTposasHa poboTta 2

Pazowm 3a 3MicToBHif MOTYIH | 26
3MICTOBUI MOZyJb 2. MarueTusm
14 | Inpyxkiiist 1 Hanpy>KeHICTh MAarHiTHOTO MOJIS 2
15 | Bzaemonisa ctpymiB. 3akod Amnepa. Cuna Jlopenna 2
16 | Maruitauii notik. Po6oTa 1o nepemilieHHio IpoBiIHUKA 13 2
CTPYMOM B MarHiTHOMY TOJIi
17 | MaruiTHe nosie B pe4oBUHI. EHEprisg MarHiTHOTO MoJis 2
18 | 3akon dapanes-MakcBemia. [HIyKTHBHICTh, CAMOIHTYKITiS. 2
3MIHHUH CTPyM
19 | EnekTpoMarHiTHi KOJIMBaHHS 1 XBWII 2
20 | KontposbHa poboTa 2
Pa3zom 3a 3micToBuit MOAYJIb 2 14
Pazom 40
1.7. Temu JadopaTOpHUX 3aHATH
No KinbkicT
Hasga temun b
3/m
TOJINH
3micToBuil MoayJb 1. EnekTpuka

1 | IlepeBipka Teopemu ["aycca. 2
2 | MopentoBaHHS €IEKTPOCTATHYHUX TOJIIB 3 BAKOPUCTAHHSIM 2

€JICKTPOIIPOBIAHOTO TATepy.

3 | BuBuenns npasun Kipxroda 2
4 | JlocniaKkeHHs 3aJI€KHOCTI OMOPY HaIIBIPOBIIHUKIB BiJl 2

TEMIEPATYPH.
5 | IlepeBipka 3axoHy Oma jjis1 HOBHOTO KOJIa. 2
6 | BumiproBaHHs eJIeKTpOPYUIIHHOT CHJIM METOAOM KOMIIEHCAITI1. 2
7 | BumiproBaHHS BEIMKHX OMOPIB 332 JOMIOMOTOI0 MICTKOBUX CXEM 2
(micTok YiTCTOHA).

8 | BumiproBaHHs MaHX OMOPIB 32 JIOMOMOTOI0 MICTKOBHX CXEM 2
(MonmdikoBaHUN MICTOK YITCTOHA).

9 | BumiproBaHHs OIOPIB 3a JOMIOMOT'OI0 BOJBTMETPA Ta 2
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amIepmeTpa.
10 | BuBueHHs OyJ0BY aKyMyJIATOpa Ta BUMIPIOBaHHS POOOTH 1 2
MOTY>KHOCT1 B €JICKTPUYHOMY KOJTI.
11 | 3uarrs BAX HaniBOpoBiAHUKOBOTO Ji0/1a. 2
12 | Po3mmpeHHs MexX BUMIpIOBaHHS amriepMeTpa. Po3impenHs mex 2
BHUMIPIOBaHHS BOJIbTMETPA.
13 | I'pagyroBaHHS BOJBTMETpA JUIsi BUMIPIOBAHHSI OMIOPIB. 2
14 | BuBueHHs SBHINA TEPMOCICKTPOHHOI €MicCii 1 BAMIPIOBAHHS 2
poOOTH BUXOJy €JIEKTPOHA.
15 | BusHayeHHs MTUTOMOTO 3apsly €JIeKTPOHA 332 JTOTIOMOTOI0 2
€JICKTPOHHO-TIPOMEHEBOI TPYOKH.
Pa3om 3a 3micToBuil Moayab 1 30
3micToBui MOayNb 2. Maruetusm
16 | BuznadueHHsI TOPU30OHTAIBHOT CKJIaI0BOT 1HIYKI[il MAarHITHOTO 2
noJist 3emMul.
17 | BuzHaueHHs 1HIYKIIT MardHiTHOTO MOJIs MK MOJIFOCaMU 2
€JICKTPOMArHiTa 3a JOMOMOT0I0 MUTiBeOepMeTpa.
18 | BuBdeHHst poOOTH €JIEKTPOHHOTO ocImiorpada. 2
19 | BumiproBaHHs MUTOMOTO 3apsiAy (BIIHOIICHHS 3apsiay 10 MacH) 2
€JICKTPOHA METOJIOM MarHeTpOHa.
20 | BuBueHHs JIYMIIBHUKA €JIEKTPUYHOI €HEeprii. 2
21 | NocmimkeHds pobotu Tpanchopmaropa. 2
22 | BuB4eHHs MOYaTKOBOI MarHiTHOI MPOHUKHOCTI (DepHUTIB. 2
23 | BuznaueHHs jorapu@mMigyHOTO I€KpEeMEeHTa 3racaHHs 2
KOJIMBAJILHOTO KOHTYPY.
24 | BuzHayeHHs! aKTUBHOTO OTOPY, IHAYKTUBHOCTI 1 EMHOCTI Yy KOJIi 2
3MIHHOTO CTPyMY.
Pa3om 3a 3MicToBUl MOAYJTb 2 18
Pazom 48
1.8. Camocriiina podora
No Kinbkictb
Hasga remu
3/m T'OJINH
3micToBuil Mmoaynb 1. Enexkrpuka
1 | PiBusinns [lyaccona i Jlamnaca 5
2 | EnextpodopHa MammHa 3)
3 | Cerneroenektpuku. Enexrperu. I1'e3o0enekTpuku d)
4 | PiBHAHHS HENEPEPBHOCTI. YMOBA CTAIllOHAPHOCTI CTPYMY 5
5 | /IBoxeneKkTpoHi Ta TPhOXEICKTPOAHI JIAMITH 1 1X 3aCTOCYBaHHS 3)
6 | ExexrponHo-ipoMeHeBa TpyoOka 3)
7/ | [loHATTS PO BTOPUHHY Ta aBTOCJIEKTPOHHY eMicCli 3)
8 | BukopucTtanHs ra3oBux po3psiiiB d)
9 | BuBeaenuns 3akoHiB Owma, [[xoyns-JIeHma B kiacuuHiil Teopii 5
€JIEKTPOITPOBITHOCTI.
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10 | 3acTocyBaHHsI HaliBOPOBIAHUKIB. 5
11 | HamiBnpoBiTHUKOBI IO 1 TPAH3UCTOPH. 4
12 | TepMoeneKTpUUHI T€HEPATOPH. 4
13 | KonTposasHa podoTta 2
Pa3om 3a 3micToBuil MOIyTb | 60
3micToBui MOIyNb 2. Maruetusm
14 | upkynsaiist BEKTopa iHAYKIlII MarHiTHOTO TOJIS 4
15 | 3aKoH MOBHOTO CTPYMY 4
16 | Mac-criekTpomMeTp 4
17 | EnexTpoHHUI MIKPOCKOI 6
18 | IlpuckoproBadyi 3apsHKeHNX YaCTHHOK 4
19 | MarHiTorigpoinHaMiqHi reHepaTopu 4
20 | MarsiTHe 1ojie pyXoMOTo0 3apsiy 4
21 | Hocniau Eitnmreiina, ne ["aaza 1 bapaerra 6
22 | HoBi MaruiTH1 Martepiaiu 4
23 | MarniTHi koia. MarniTopymriiiHa cuia. 3aKOHUM MarHiTHOTO KoJia 4
24 | BexTopHi fiarpamMu i METOJl KOMIJIEKCHUX aMILIITY/T 4
25 | Pe3oHaHC Hampyr, pe30HaHC CTPYMiB 4
26 | BumymieHi enekTpudHi KoauBaHHs. Pe3onanc 6
27 | JJoOpOTHICTH 1 cMyTa MPONMYCKaHHS KOHTYpPY™. 4
27 | EnexTpuyuHi aBTOKOJIMBaHHS 4
28 | ABTOreHepaTop Ha TPAH3UCTOPI 4
29 | Cuctema piBHSHB MakcBeiwia B qudepeHItianbHii hopmax. 4
30 | lkana eneKTpoMarHiTHUX XBHJIb. 4
31 | KontponbHa pobota 2
Pa3om 3a 3micToBuit MOAYIb 2 76
Pazom 136

1.9. InguBinyaJjabHi 3aBIaHHS
(e nepedbaueno nasuanbHum NIAHOM)

1.10. MeToau HaBYaHHSA
[TosicHIOBaILHO-UTFOCTPATHBHI, BepOabH1, HeBepOaIbHi, IHHOBAIlIHHI TOIIO.

1.11. MeToau KOHTPOJIIO
biiankoBe TecTyBaHHS, KOMIT FOTEPHE TECTYBaHHS, (PI3UYHUN JUKTAHT, YCHE
OTMUTYBaHHS, OMUTYBAaHHS Ha JJAOOPATOPHUX 3aHATTAX, PO3B’SI3yBaHHS 3ajad,
KOHTpPOJIbHA po0O0Ta, €K3aMeH.

17



1.12. Po3noaiu 6aJiB, AKi OTPUMYHOTh CTY/I€HTH
Po3nosin 6aniB 3a 3MICTOBUMHU MOJYJISIMU 1 TEMaMu

IToToune TecTyBaHHS Ta caMOCTiitHa poboTa Cyma
3micToBUl MOITyJIb | 3MiCTOBUN MOJTYJIb 2
TV | T2 | T3 | T4 | TS | T6 | T7 | T8 | T9 | T10 | TI11 | 100
10 5 15 9) 10 5 9) 15 8 11 | 11
Posnoain OaniB 3a BUAaMu JIsUIbHOCTI CTYJICHTIB
. : o : Ma
Ne Bua nistmsHOCTI bamu | KinbkicTs poOIT Cy .
OaiB
1. | JIexmii 0,5 23 11
2. | [lpakTuyHi 3aHATTS 1 20 20
3. | JlabopatopHi 3aHATTS 1 24 24
4. | KontpoapHa poboTa 5 2 10
5. | Camocriiina poOoTa 15
6. | 3amik 20
Hopmosanuit peiumunzosuii 6an 100
[IIxana ominroBanus: HamioHanbHa Ta ECTS
Cyma 6aiiB OmuiHKa 32 HalllOHAJIBHOIO MIKAJIO0
3 BCLBUIMM | () hkaECTS | A CK3aMEHY, KypCOBOTO IS 3aJIKY
HaBHaJIbHOL npoekTy (podoTH),
JSUTBHOCTI IPAKTHKH
90-100 A BIIMIHHO
82-89 B oBne
75-81 C AO0P 3apaxoBaHO
67-74 D 3a/10BUJIBHO
60-66 E
: HE 3apPaxoBaHo 3
HE3aJI0BUJIBHO 3 :
) MOKJIUBICTIO
35-59 FX MOJIMBICTIO TOBTOPHOTO
MOBTOPHOTO
CKJIaJIaHHS
CKJIaIaHHs
: HE 3apPaxoBaHo 3
HE3aJI0BUIBHO 3 ,
) 000B’SI3KOBUM
000B’I3KOBUM
1-34 F MOBTOPHUM
MOBTOPHUM BUBYCHHIM
. BUBYCHHSIM
TUCITUTUTIHA :
JTUCITUTUTIHU
. : Orinka
Kpurepii omiHOBaHHS HaBYAJIBHHUX JOCSITHEHb CTY/ICHTIB ECTS
CryneHT omaHyBaB MPOTPaMOBUN MaTepial Ha pIBHI cuUcTeMaTu3allii 1
y3arajbHEHHS, YM1JIO BUKOPUCTOBYE HAYKOBY TE€PMIHOJIOTIIO, CAMOCTIMHO | A

BHU3HAUYa€ METY JOCIIPKEHHS Ta BKa3ye MOXJIMBOCTI 1i peasizallii, BOJOI€
METOJIaMM HAyKOBOTO ITi3HAHHS Ta MPOOJEMAaTHKOK IIeBHOI HAyKOBOI
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rajxysi, BHUSBJISI€E €BPUCTHUYHI 310HOCTI, peaizye KOMIUIEKC iJied I1oa0
CaMOCTIHHOTO OJiep’KaHHS 3HAaHb Ta 1IX OMNpAaIIOBaHHS, BHUKOHYE
METOJIOJIOTIYHI, OpraHi3alliifHi, camMoopraHizamiiiHi BHAM OCBITHBOI
JISTIBHOCTI. BCTaHOBIIOE MPUYMHHO-HACTIAKOBI 3B'S3KM MK (DI3UYHUMHU
SBUIIIAMU, BM1JIO PO3KPHUBAE 3MICT (hi3UUHUX TEOPI Ta HABOJIWUTH JOCIIJIHI
dakTy, 110 X MiATBEPHKYIOTh, CAMOCTINHO 3/IIMCHIOE aHalli3 Ta (PopMyIIIoe
BHUCHOBKHM, 3aCTOCOBY€ 3700yTi 3HAaHHA 1 YMIHHSA BIAMOBIIHO JO
MOCTABJICHUX IT1JIEH, BUSABIISiE€ 0013HAHICTH 13 HAYKOBUMH MTPOOIeMaMu 1 Ma€e
YSBICHHS IIOJAO0 MOXJIMBHX MUIAXIB iX pos3B'sizands. CTyAeHT BUIBHO
BOJIOJIIE TIPOrPAaMOBUM MarepiajioM, YyMUIO BHKOPHUCTOBYE HAyKOBY
TEPMIHOJIOT1I0, BUSIBJIIE 0013HAHICTH 13 HAYKOBOO 1H(pOpMaIli€l0, 0013HaAHHIA
13 1CTOpI€I0 PO3BUTKY (DI3MKU Ta BHECKOM YKPAiHCHKMX BUYCHUX Y TEBHY
ranxy3b (i3UYHOT HAYKH, PO3YMIETHCS y (PI3UYHUX TEOPISX Ta JOCITITHHUX
(dakTax, 10 X TiATBEPHKYIOTb.

CtyzneHT BOJIOAIE MPOrPaMOBUM MaTepiajioM, HAYKOBOIO TEPMIHOJIOTIELO,
BUSIBJIsIE 0013HAHICTD 3 (PIBUYHUMU TEOPISIMU Ta AOCTITHUMU (PaKTaMu, 1110
JIeKaTh B OCHOBI iX pO3pOOKH, PO3KpUBAE OOCST Ta 3MICT (PI3UYHUX MOHST,
XapaKTepUu3y€e CYTTEBI O3HAKU JOCIIKYBaHUX OO0'€KTIB, aHali3ye Ta
y3arajibHiO€ HaOyTl 3HaHHS, BOJIOJI€ 3HAHHSAMHM 3 ICTOpii PO3BUTKY
(bI13MYHHX JOCHIKEHb B YKpaiHl

CryzneHT BUSBISE NPAaBUIIbHE PO3YMIHHS (DI3UYHOTO 3MICTY PO3IIIAYBAHUX
SIBMILI 1 3aKOHOMIPHOCTEM, 3aKOHIB 1 TEOp1i, BU3HAYA€ YMOBHU Ta TPaHMIIl iX
3aCTOCYBaHHS, BCTAHOBIIIOE B3a€MO3B'SI3KM MK (DISUYHUMU TOHSTTSIMH,
BUJILJISIE cepell HUX (PyHIIaMEHTalbHI, (GOPMYIIOE MPOOJIeMU 3 TEMH, 3a
JIOTIOMOTO10 BUKJIa/1aya poOUTh BUCHOBKU Ta CUCTEMATHU3YE 1HPOpMaIIi0

CtyneHT BIITBOPIOE 3HAYHY YACTUHY IIPOrPAaMOBOTO MaTepiaiy, po3mi3Hae
Gbi3uyHl  Teopii, HABOAWTH NPHKIATXA JOCHIAHUX (aKTiB, IO iX
MIATBEPKYIOTh, BMIE OXapaKTepU3yBaTH Ta MpOaHATI3yBaTH OCHOBHI
MOJIOKEHHSI TEeMH, BUKOHYE JCSKI JOBEICHHSI, BUBEICHHS, 3a IOTIOMOTOIO
BUKJIaJaya TMOSICHIOE (DI3WYHI SIBUILA Ta BU3HAYA€ YMOBHU, 3a SKUX BOHHU
B1JI0YBaIOTHCS

CryneHT 00i3HaHMi 13 (QI3UYHUMH SBUIIAMH, iX [pUYMHAMH Ta
BIIMIHHOCTSIMHA, BHSBIIIE 3HAHHSA OCHOBHHX IIOJIO)K€Hb, IPaBUII,
3aKOHOMIPHOCTEH 1 3aKOHIB, BMIE iX C(QOpPMYIIIOBATH, 3aMKHCY€ OCHOBHI
dbopMyIIH, PO3KPHBAE 3MICT €JIEMEHTApHUX (I3UYHUX TOHSITh, BOJIOJIE
PENPOIYKTUBHUMHU CIIOCOOAMH TMi3HAHHS

CryneHT  BHSBIS€  C€IEMEHTApHI  3HAHHA  OCHOBHHUX  ITOHSTb,
3aKOHOMIPHOCTEH, IIPaBUJI, 3aKOHIB, 0013HAHUH 13 (P13MIHUMHU BEITMYNHAMH,
OJIMHUIISIMH 1X BUMIPIOBAHHS, OMMCY€ (Hi3UYHI SIBUIIA

FX

CryzeHT He onaHyBaB 3MICTY HaBUAJILHOTO KypCy B 00csi31, mepeioaueHoMy
rajiy3eBUM CTaHJapTOM BHIIOI OCBITH, BUSBIISIE OO013HAHICTh 13 JEIKUMU
eJIeMEHTapHUMH (PI3UYHUMHU TIOHATTSIMH, 3a JOMOMOTOI BHKJIajada
po3pizHsie Pi3uyHi sBUILIA O€3 TX XapaKTEpUCTUKH, HA3UBAa€ OKpeMi (Pi3uyHi
BEJIMYMHU Ta OJMHUIIl X BUMIPIOBAHHS
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1.13. MeToau4He 320e31Me4YeHHSA
1. Cimbeiictp A.M., Cmamnaiok B.C., Mook M.O. OcHOBHI MOJI0KEHHS
enexkrpoauHamiku. - IlociOnuk-noBinHuk. Binnuis: TOB «Ilmanep», 2011, —
148 c.
2. Cinbeiictp A.M., Moxumok M.O. Tlpuknanu po3B’si3yBaHHS THIIOBHX
3a/ay 3 Kypcy 3araibHOi (13uKd. (3aAauHHUK-TIPpAaKTHKyM). Binawis, 2012. —
265 c.

1.14. Pexomeni0BaHa JiTepatypa
baszosa

1. Kyuepyk 1L.M., I'opbauyk L.T., Jlynuk ILIl. 3aransHuit kypc (¢i3uku:
HaBuanbuwmii nocionuk. -T. 2.: Enextpuka i maruetusm. - K.: Texnika, 2001. -
452 c.

2. KanamuaukoB C.I'. DnexkrpuuectBo. M.: Hayka, 1985. - 576¢.

3. 3aransHuil Kypc gizuxu. 30ipHuK 3aaa4: Hau. nmociOHuk 3a 3ar.pen. . T.
['op6auyka. - K.: Buma mkoia, 1993. - 359 c.

4, Yonman IL.I1. OcHoBu ¢i3uku: HaBu. mocionuk: Ilep. 3 poc. — K.: Buia
K., 1995. — 488 c.

5.yt M.I, Cramkesuu O.M., Kacnepcekuit A.B., Ciukap T.I.
Enexrpuka 1 marnerusm. - K.: HITY imeni M.II.[Iparomanosa, 2002. - 236 c.

6. CuByxun J.B. O6mmit xypc ¢usuku. T. III. DnekrpuuectBo. - M.:
Hayxka, 1977. - 687 c.

7. bymok I'.®. Ta i1. Kypc ¢i3uku. Y nBox kaurax. Ka. 1.: ®i3uyHi ocHOBH
MexaHikd. Enexrpuka 1 marametu3Mm: HaBu. moc. mis cTyn. ¢i3.-mat. cmer. men.
HaB4. 3akaamiB. /ABT.: I'.®. bymoxk, B.B. JleangoBcekuii, I'.®. [liBeHs. - 2-re
Bun. - K.: JIn6iae, 2001. - 448 c.

8.3aranbHa (di3zuka. JlabopaTopuuii npakTukym: HaBu. mociOHHMK 3a
zar.pen. I.T. I'opbauyka. - K.: Buma mkona, 1992. - 509 c.

9. 3aranbauil kype ¢izuku: 30ipHuk 3amad/ LI Tapkyma, I.T. 'opbauyk,
B.II. Kypinnuii ta in./ 3a 3ar.pen. LIL. I'apkymii. - K.: Texnika., 2003. - 560 c.

10. Bonbkenmreita B.C. CoopHuk 3a1a4 1Mo oo1memy Kypey pusuku. — M.
Bricm. mikoma, 1972. - 466 c.

11. Uponos U.E., Caennes U.B. u ap. COopHuK 3a1a4 o obmien husuke —
M.: Hayka. 1979.-319 c.

12. CoopHuk 3amad mo obmemy kypey ¢usuku. Ilog pen. Lenpuxka M.C.
M.: ITpocsemienue, 1989 1. - 271c.

Jlonomisicna

1. dizuka 1 (i3uyHl METOAM JOCHIKEHHs. EjekTpuka 1 MarfeTusm.
(Koncmekr nexmiit)/ Ykmamadi: CimbBetictp A.M., Moxkimrok M.O. - Binawus,
2009. - 112 c.

2. CimpBeiictp A.M., Moxkmok M.O. [lpuxmanu po3B’si3yBaHHS THIIOBUX
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3a/1a4 3 Kypcey 3aranbHoi ¢izuku. Yactuna II. Enexrpuka 1 maraetusm. Onruka.
ATtomHa ¢i3uka (3a1auHUK-TIPaKTUKYM). - Binnuis, 2012, — 146 c.

3. I'padoBcrkuit P.U. Kypc dusuku: (Jlns c.-X. uH-TOB) — 5-€ uz., nmepepad.
u noim. —M.: Beicmr. IIkoma, 1980. — 607 c.

4.T'ypesuu P.C., Cononenko B.I., CinsBelictp A.M. 3aranpHa Qi3uka:
OCHOBHI MOJIOEHHS (KOHCIEKT Jiekiiil):Hapu. nociOnuk. — Binnuis :Ilnanep,
2004. -317c.

5. Hdernadp A.A., ABopcebkuii B.M. Kypce ¢puzuku. - M.: Beicui. mik., 2000. -
718 c.

6. ImutpieBa B.®. ®izuka: HaBu. mociOnuk /3a pen. B.A. IIpokod’eBa;
ITep. 3 poc. A.C. KpuBomns. — K.: Bumia mik., 1992. — 448 c.

7. Typckuit I.I1. DnementapHas ¢u3nka ¢ NpUMepaMH pEIICHHUsS 3aad:
YuebHoe nmocobdue, uza. 2-e, nepepad. u nonoiH., M.: Hayka, 1976 r. -464 c.

8. Kopcak K.B. ®@i13uka: 25 noBToproBadbHUX JieKIii: HaBy. mociOHUK. —
K.: Buma mk., 1994. — 431 c.

9. Caposuii A.L., Jlera FO.I'. OcHoBH (i3uku 3 3a7ayaMul 1 TPUKIAAaMu 1X
po3B’s3yBanHs: Hasu. nmocionuk. — K.: Konmop, 2003. — 384 c.

10. Iyt M.I., bepexnuit I1.B., Kacmepcokuit A.B. ,,MoBa” dizuku.
JloBigaukoBHM HaBdyanbHuM nocionuk. K.: 2000. - 37c¢.

1.15.Indopmaniiini pecypcu

1. OH-naliH cucrema IUCTAHIIMHOT IITPUMKY HAaBUYAHHS B IIKOJIAX, JIIIESX,
riMHazigsx Ykpainu. — EnextponHuit pecypc. — Pexum jgoctymy:
www.disted.edu.vn.ua.

2. Cait «llIxinpHa ¢i3uka». — Exextponnuit pecype. — Pexum moctymy:
www.sp.bdpu.ua.

3. Caiit kadenpu (Pi3zuku 1 METOAMKA HaBYaHHS (PI3MKH, aCTPOHOMII. —
Enextponnuii pecypc. — Pexxum noctymy: Www.vspu.net.ua/metfiz.
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2. Teoperuuni ocHOBH po3ainy «EjiekTpuka i MarneTusm»

2.1. OCHOBHI MOHSATTS PO3aiTy

EJIEKTPOCTATUKA
EnexkTpuynuii 3apsii Ta HOro BJACTHBOCTI
Enexmpuunuii 3aps0 — BIACTHBICTh YAaCTUHOK MaTepii abo Tui, M0

XapakTepu3ye iX B3a€EMO3B’SI30K 3 BIIACHUM EJIIEKTPOMArHITHUM TMOJIEM 1 iX
B3a€MO/IIIO 13 30BHIIIHIM €JIEKTPOMArHITHUM MOJIEM; KUJIbKICHO BU3HAYA€ThCS 32
CHUJIOBOIO B3AEMOJIEI0 TUI, SIKI MaloTh eJIeKTpu4HUN 3apsa. OtTxe, Tia
eNeKMPUYHUM 3aPsI0OM PO3YMIIOTH BIACTHUBICTh YACTUHOK PEYOBUHU 1 (PI3UUHY
BEJIMYMHY, 110 KUIBKICHO XapaKTEePHU3YE IO BIIACTUBICTh. EjeKkTpuunHmil 3apsm —
BHYTPIIIHS XapaKTepUCTHKA €IEMEHTAPHUX YaCTUHOK, 1[0 BU3HAYAE YUACTh iX B
€JIEKTPOMArHiTHi B3aeMojli. EnekTpuuHuil 3apsiqy — Le KUIbKICHA Mipa
€JICKTPOMArHiTHOI B3a€EMO/III.

Enexrpuunuii 3apsii € HEBI €MHOK (DI3MYHOIO BIACTUBICTIO JESIKUX
MIKPOYACTHHOK, 30KpeMa, EJIEKTPOHIB 1 MPOTOHIB, III0 BXOAATH J0 CKJIaJly aTOMa.

Enexmpon — HeraTUBHO 3aps/KE€Ha eJIEMEHTapHa YaCTUHKA, 0 PyXa€ThCs
3 BEJIMKOIO IIBHIKICTIO HABKOJIO sipa aroMa. 3apsj €JIeKTpOHa JOPIBHIOE
1,6-10™ K. HaiiMeHIny NOPLiIO €JIEKTPHYHOIO 3apsAay YaCTHMHOK HAa3HMBAIOThH

eleMEeHMAaAPHUM 3aPIOO0M.

Big rpenbkoro sHTap — enekmpon. 3BIJICU 1 TOXOAUTh HA3BA «eIeKMPUKA».
Aumap — ckam’siHIJIa CMOJ1a XBOMHUX JIEPEB, 1110 POCIM Ha 3eMJii 6araTo COTEHb
TUCAY POKIB TOMY. EOOHIm — KaydyK 13 3HAYHOIO JOMIIIKOIO CIPKH.

OCHOBHI BJIACTUBOCTI CJICKTPUYHUX 3aPSAIIB: O0B0SKICHb, AOUMUBHICND,
30epedicenHs, KBAHMYBAHHS (NOOLIbHICMY), IHBAPIAHMHICIbL NO BIOHOWEHHIO 00
PI3HUX [HepYIanbHUX cucmem BiOJliK).

Icnye oOs6a 3Haxku eNEKTPUYHMX 3aPSMIB. HO3UMUBHI 1 He2amueHi.
Ilo3umuenum OyB Ha3BaHUM 3aps], AKUM HaOyBae CKJISHA MAJIOYKa, MOTepTa 00
OBK a0o marmnip. Hecamusnum OyB Ha3BaHUU 3apsij, sIKUM HaOyBae €0OHITOBA
najouka, norepra o0 XyTpo adbo mepcTb.

ToOTo B MpUPO/l € YACTUHKU 3 CICKTPUUHUMU 3aPSAaAMU NPOMULEHCHUX
3HaKig. SIKII0 3HAKM 3apsiiB OJTHAKOBI, YaCTUHKHU BIiOUMOBXYIOMbCS, & SKIIO
PI3HI — npUMAYIOMbCAL.

HaiimeHnmuii  (eneMeHTapHUN) TO3UTHUBHUM 3apsi]i Mae eJIeMEHTapHa
YAaCTUHKA «IIPOTOH», IO BXOJIWTh OO CKIAAy sapa aroMa. HanmMeHmmun
(eleMeHTapHU) HETaTUBHUN 3apsij] Ma€ €JIEeMEHTApHA YaCTHHKA «EJIEKTPOHY,
10 BXOJIUTH JI0 CKJIaJly aToMa.

OT1xe, 3apsi] eIeMEHTAPHUX YaCTUHOK — MPOTOHIB, 10 BXOSATH 10 CKJIATy
BCIX AaTOMHUX SJ€p, HA3UBAIOTh HO3UMUBHUM, A 3aps] EJIEKTPOHIB —
He2amueHUM.

Tina, sKi maromv eleKmpuyHi 3apsou O0OHAKOB020 3HAKA, B3AEMHO
BIOUMOBXYIOMbCA, A MIIA WO MAOMb 3aPs0uU NPOMULEHCHO2O 3HAKA, B3AEMHO
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NPUMSAYIOMbCAL.
S0 y BCIX 3apsKEHUX YACTUHOK, 110 BXOJSATH J0 CKJIAly IaHOTO aToMa,
3MIHUTH 3HaK Ha MPOTUJICKHUM, TO XapakTep iX B3aeMOJii HPHUPOIHO HE
3MIHUTHCS. [HITUMU CIIOBaMU: 6Ci 3aKOHU i3uKU cumempuyri (iHeapiaummi) 0o
onepayii 3aMiHU 8CIX NOZUMUBHUX 3aps0i6 MIlA HA HE2AMUBHI | HABNAKU.

MakpoCKOIiUHEe TUIO eleKmpuuHo 3apsaodceHe, SIKIO BOHO MICTUTh
HA/JIMIIKOBY KUIBKICTh €JIEMEHTAapHUX YACTUHOK 3 OJHHM 3HAKOM 3apsiy.
HeratuBHuil 3apsj Tijla 3yMOBJICHUW HAQJIMIIKOM €JIEKTPOHIB IMOPIBHSHO 3
POTOHAMH, a TTO3UTUBHUI — HEJTOCTAYCIO EJIEKTPOHIB.

MiK eJeKTpUYHO 3apsHPKCHUMHU YaCTUHKAMHU [IIOTh eleKmpOMAHIMHI
cunu. ENEeKTpoMarHiTHi CUJIU, 110 1ICHYIOTh MK 3apSJPKEHUMHU YaCTUHKAMU JTyKe
BeJMKI. J{ist eTeKTPOMAarHiTHUX CHJI MK T1J1aMU O€3M0CepeIHhO HE BUSBIISETHCS,
OCKIJIBKM TUIa B 3BUYAalHOMY CTaHl €JIEKTPUYHO HeWTpanbHl. [lo3utuBHO W
HEraTUBHO 3apsA/KEHI YaCTMHKU TOB’S3aHI OJHA 3 OJHOK EIEeKTPUYHHMHU
CWJIaMH 1 YTBOPIOIOTh HEUTPaIbHI CUCTEMH.

Enexmpuzayieio mina Ha3UBaKOTh IMOSBY HA HbOMY HECKOMIIEHCOBAHOTO
€JIEKTPUYHOTO 3apsy.

SIKI0 CTBOPUTH HAAJUIIOK (200 HECTady) eIEeKTPUYHUX 3apsiB TOTO YU
IHIIIOTO 3HAaKa, TO TUIO Oyle Haenekmpuzosanum. Y TIPOIECi eIeKTpu3arlii
TEPTSAM OAHE TLIO HAOyBa€ HETaTHMBHOTO 3apsny, a ApPyre — MO3UTUBHOTO. B
eJIeKTpU3allli 3aBXaAu OepyTh ydacTh ABa Tuia. IIpu 1bOMY €NEeKTpHU3YIOThCS
obunasa Tuta. ToOto, 1mOO Haerekmpuzysamu EAESKTPUYHO 3aAPAJKEHE
MaKpOCKOIIIYHE TIJI0, Tpeda BIJOKPEMUTH YACTHHY HEraTUBHOIO 3apsjiy BIJ
MOB’5I3aHOTO 3 HUM NO3UTUBHOTO. EnexTpu3zalis H0CIraeThCs 3a JOMOMOIOIO
TEpTSL.

Po3pizusitoTe mpu 6uou enexkmpusayii: eNeKTpU3allisl BiJ HOTUKY (TEpTs)
PI3HOPITHUX  TUI;  CJIEKTpH3allisl  MPOBIAHUKIB  dYepe3  JOTHK  JO
HAEJIEKTPU30BAHOTO Tijia; eIEKTPU3AIlisl Uepe3 BILIUB.

Enexmpockon — npUCTpiHd, MO0 JO3BOJISE BUSBISATH HA TIJi €IEKTPUIHHIMA
3apsia abo mpuIIa, 3a JOMOMOTOIO SIKOTO 3’ SICOBYIOTh, UM HA€JIEKTPU30BaHE TiJIO,
- IPYHTYETHCA Ha B3a€MOJIIi 3apsA/KEHUX TUL. Big rpeupkux ciiB erekmpon i
CKONeo — CTIOCTEPITaTH, BUSBIISITH.

EnekTpockon CKIIaJaeThCsl 13 METAJIEBOTO CTEPIKHS 3 KYJIbKOIO HA OJJHOMY
KIHIII 1 ABOMA JICTKUMH JINCTOYKAMU Ha HUTKAX, 3aKPIIICHUX JI0 1HIIIOTO KIHIIA.
Bce 11e mominnyeThes B CKIISTHUH OajI0H 3 130JIbOBAHOIO IT1ICTaBKOIO.

3a MIHOIO KyTa PO3XOJKCHHS CMYXKOK EJEKTPOCKONa MOXXHa poOUTH
BUCHOBOK, 301IBIIIMBCS YW 3MEHIITMBCS HOTO 3apsijl.

Enexmpomemp — nipuinia, 3a JOMOMOTOFO SIKOTO MOXHA BUMIPSTH BETHUNHY
3apsily Ta PI3HMINIO TOTEHIaniB. EnexkTpoMerp Haragye eaeKTPOCKOI, alie
BIJIPI3HSETHCS B1J HHOTO THUM, IO MA€ METaJIEBUN KOPITYC. 3aMICTh JINCTOYKIB B
EJIEKTPOMETPI € CTPIIKA 1 IIKaja, M0 MPoTrpaayioBaHa B OJUHUIIAX 3apsaay. Yum
OUTHIIMIA KYT BIIXWICHHS CTPLIKHA €JIEKTPOMETPA BiJl BEPTUKAIBHOTO CTEPIKHS,
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TUM OlIbIIIa BEJTUYMHA 3apsy, 1110 BUMIPIOETHCS.

JlociiTHO BCTaHOBJIEHO, L0 MOYATKOBUM 3apsi IIIUThCA Ha yacTuHU. [1]00
NOAUTMTH 3aps] Ha JyXKe Mail mopuii Tpeba mepegaBath HOro JapiOHUM
KpYIIMHKaM METaJly YM KpamejabkaM piauHu. Bumiprorouu 3apsna, noOyTuil Ha
TaKMX MAaJ€HbKMX TUIaX, YCTAaHOBWJIM, 10 MOXXHa JICTaTH MOPLIi 3apsAay B
MUIbSIPIM MUIBSIP/IIB pa3iB MeHIl. AJjie B yCiX JOCHIAaX MOJIIUTU 3aps]l aaji
MIEBHOTO 3HAYEHHS HE BJaBaloch. lle gano 3MOry HpUIyCTUTH, IO ICHYE
3apsKEHA YaCTUHKA, KA MAa€ HAUMEHIIUN 3apsi.

OT1xe, 0y0b-aKull eneKmpudHuLl 3aps0 KAaHMy€emvcs, moomo Oinumuscs yine
YUCIO pA3i8 HA eleMeHMAapHi enekmpuyHi 3apsaou. BiANOBIIHO, 6ci elekmpuyuHi
3apAaou, OKpiM eleMeHmapHux, Ouckpemui, moomo noodirvui. Ilpu 1bOMY
Oyab-skuil 3apsia (| Ha TiIO MOYKHA TPEACTABUTH SK JOOYTOK Iioro umciaa N

HAJUTUIITKOBUX a00 HEJOCTATHIX €JIEKTPOHIB MOPIBHIHO 3 YKCIOM IPOTOHIB B
A/Ipax aTOMIB I[bOTO TiJ1a 1 €IEMEHTAPHOTO 3apsay €:
q=eN,

1€ € - MOIyJIb eJIeMeHTapHOro 3apsaay; N =1, 2, 3, ... - 4UhCI0 eJIEeMEHTapHUX
3apsAiB B 3apsl (.

IcHyBaHHA YaCTMHOK, IO MAalTh HAWMEHIIUN EJICKTPUYHUN 3apsj
JIOBEJICHO JOCIiZaMHM, IO TIpoBejeHi panasHchkknM yderum A.D. Modoe, i,
HE3aJIEKHO B1Jl HHOTO, aMEPUKAHCHKUM y4eHUM P. MIsTikeHOM.

Enexmpuunuii 3apsa0 — o0Ha 3 OCHOBHUX 61ACMUBOCHEU eleKMPOHA.
Enexmpon — wacmunka 3 HauMeHuWuM He2amusHUM 3aps0oM.

Jlocia mokasye, 1110 BEIUYMHA 3apsiay HE 3aJIeXKHUTh BiJ MBUIKOCTI MOTO
pyxy. OnuH 1 TOM ke eNEKTPUYHUMN 3apsi, BUMIPSHUN B PI3HUX 1HEPIIAIIBHUX
cucTeMax BIJUTIKY, OJTHAKOBHU. BiIMOBITHO, erexmpuyunuii 3apso iHeapianmuuil
00 PIi3HUX IHEPYIANbHUX cucmeM BIOJIIK).

CyMa BCiX HETaTUBHHUX 3apsiB Y T1Ii JOPIBHIOE 32 AOCOTIOTHUM 3HAYCHHSIM
CyMi BCIX TO3UTUBHUX 3aPs/IiB 1 TIJIO B IVIOMY HE M€ 3apsiiy: BOHO e1eKmpPUyHO
Heumpanbhe. [HIIMMU CIIOBaMHU: SKIIO JBA PIBHUX 32 MOAYJIEM 1 MPOTHIICKHUX
3a 3HAKOM 3apsJId PUBECTH B KOHTAKT, TO BOHU HEUMpAailizyiomsCsi.

Tino 3apsodocene necamueno TO1, KOJIU BOHO Ma€ HAJIUIIIKOBY, MTOPIBHSIHO
3 HOPMAJIBHOIO, KIJTBKICTh €JIEKTPOHIB.

Tino Mae nozumuenuii 3aps0, KO B HOTO HEOCTATHHO €JIEKTPOHIB.

EnexTponn 3A1HCHIOIOTh pyX MiJ BIUIMBOM CUJ MoJisA. YuM OijbIne TuIO,
SKOMY TIepeIaloTh 3apsil, TUM OijbIlla YacTHHA 3apsay Ha HbOTO mepeiiae. Ha
IIbOMY TPYHTYETHCS TIPUHITUATI POOOTH 3a3emaenHs. 3azemients — NepelaBaHHs
CIIEKTPUIHOTO 3apsay 3eMTi.

3a MOXJIMBICTIO TEPEMIIEHHS] 10 3apsyDKEHOMY TUIl i €0
SJIEKTPUIHOTO TOJIS 3aPsId YMOBHO MOIISIOTH HA GLIbHI, 36 S3AHI 1 CMOPOHHI.

Binvnumu Ha3uBarOTH 3apsiiv, K1 IEPECYBAIOTHCS 110 BChOMY TiJI1, HA SIKOMY
BOHHM 3HAXOAATHCS, i JIEI0 SISKTPUIHOTO IO, B SKE T1JI0 TMOMIIICHO.

24



36’s3aHumMu  HA3UBAIOTh 3apsA[d, IIO0 BXOIATh JO CKIATy MOJEKYI
TeNeKTPUKIB (130JIITOPIB), Kl MiJ €0 30BHIMIHHOTO EJIEKTPUYHOTO MOJIS
MOXYTh JIUIIE 3MIIIyBaTUCS B MeEXKax MOJICKYJIH BIAHOCHO TMOJIOKEHHS
pIBHOBAaru, aje MOKUHYTH MOJIEKYJTy HE MOXYTb.

Cmopounivu  3apsidamu HA3WBAIOTh 3apsAad, IO 3HAXOJATbCS Ha
JIENIEKTPUKY, ajie HE BXOJATh J0 CKJIaay HOro MOJEKYJ, a TaKOX 3apsau 1o3a
JETIEKTPUKOM.

B 3anmexHoCTI BiJ po3MIpiB Tijla, Ha SKOMY BOHHM 3HAXOJATHCS, 3apsAlu
HOJIISIOTh HA mouKko6i 1 npomsivichi (po3nooineni).

Toukosum HaA3UBAIOTh 3aps] TiNla, MPUHUHATOrO 3a MAaTepialibHy TOUKY.
[HIIMMU CIIOBaMU: MOYKOBUMU eleKMPUYHUMU 3apsA0amy HA3UBAIOTh 3apsiiy,
10 PO3MOJIICH] Ha TijaX, JIHIMHI PO3MIPH SKUX 3HAYHO MEHIII, HIXK OyIb-sIKi
1HII1 pO3MIpH B AaHi 3a1ayi.

lIpomsdxcnum (po3noodineHum) Ha3UBAETHCA 3apsiji TUIA, PO3MIPAMH SKOTO
3HEXTyBaTh HeMOKHa. [IpoTspkHI 3apsau yMOBHO MNOJUISIOTH HA JIIHIUMI,
nogepxmesi 1 00 'emHi.

Jlinitinum Ha3UBA€TbCS 3apsij HUTKA a00 CTEpXKHS, JlaMeTp SIKUX
HECKIHYEHHO MEHIIIHUM 1X JTOBXKUHHU.

JIJist XapaKTEepUCTUKU PO3MOUTY 3apsiay B3/IOBK HUTKH BBOJSTH IMOHSTTS
JUHIUHOL 2ycmuHU 3apsoy.

JIJIsi XapakTepUCTUKH PO3MOAUTY 3apsiay O TMOBEPXHI BBOMISTH IOHSATTS
NOBEPXHeBOI 2yCMmuHU 3apsoy.

JUisi  XapakTepUCTUKU PO3MOJUTY 3apsiAy B JIeIKOMY 00’€Mi BBOJATH
MIOHSATTS 00 '€MHOI 2yCmuHU 3apsoy.

CyTb Teopii 6;u3bK00ii IONSATaE B MPUMYIIEHHI TIPO T€, 10 Tija, BiAalIeHl
OJTHE BiJ OJHOTO, 3aBXKJIH B3a€MOJIIFOTH 3a JOIIOMOTOI0 ITPOMIKHHX JIAaHOK (200
CepeOBHINA), K1 IEPEAAIOTh B3AEMOJIIO BiJl TOUYKH JIO TOYKH.

Icnysanns neenoeo npoyecy 6 nmpocmopi Midc 83AEMOOIOUUMU MILAMU,
AKUU MPUBAE CKIHYEHUIL 4ac, - OCb 201108HE, WO BIOPI3HAE Meopito O.1U3bKOOII 8i0
meopii 0ii Ha 8i0CMaHi.

[I. KyJoH BCTaHOBHB 3aKOH B3a€MOJIIi JBOX TOYKOBHX CICKTPUYHHX
sapsimiB B kiHmi  XVIII  cromitrs. Ilelt 3akoH OyB  BCTaHOBJICHUU
EKCIIEPUMEHTAJIBHO 3 JOMOMOIOI0 TpWIany, CTBOpeHoro KymoHoM, sikuii BiH
Ha3BaB KPYMUAbHUMU 6A2AMU.

EjexkTpuyHe moJie, H0ro XapakTepucTUKH TA BJIACTHBOCTI

Y mpocTopi HaBKOJIO €IEKTPHYHOIO 3apsIIy ICHY€E eJIeKTpHYHE 1moje. TooTo
CIICKTPUYHE IT0JIE € TepelaBaueM B3a€MO/Ii1 EIICKTPUIHUX 3apsIIiB.

Enexmpuunenone — e marepiajlbHa CKJaJ0Ba €JIEKTPOMArHiTHOTO TOJI,
sKa JIi€ Ha 3apsij], 3yMOBJICHE 3apsgamMu a00 3MIHHUAM Y Yaci MarHiTHUM TIOJIEM.
[To6au3y 3apsypKeHUX TN IMOJie Ji€ CHIbHINE, a 3 BUITAJICHHSIM BiJ HHUX
cimabmae. OCHOBHOIO O3HAKOK HASBHOCTI €JIEKTPUYHOTO TMOJS € T€, IO Ha
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OyIb-KUM 3apsi]] BHECEHU Y 11€ TI0JIe, € Cuila.

Cuna, 3 SIKOIO €JIEKTPUYHE IOJI€ Ji€ Ha BHECEHUN y HHOTO €NEeKTPUYHUN
3apsJl, HA3UBAETHCS €1eKMPUUHOIO CUTOH.

Po3pi3HsI0TH 1Ba OCHOBHUX BUAM €JICKTPUUHUX TOJIIB: eleKmpocmamuine i
suxpose (inoykyitine).

SIK110 1oJIe CTBOPEHO HEPYXOMUM 3aPSA0M 1 B KOXKHIN TOYI[l € HE3MIHHUM Y
yaci MOro Ha3MBAIOTh e1eKMmpOCMAmudHumM nojiem, TOOTO TMOoje HEepyXOMHUX
3apsiiB.

Buxpose (inoyxyitine) erekmpuune noie — 1e MoOJIe, SKE€ BUHUKAE HABKOJIO
3MIHHOT'O TIOJISI TIPX 3MIHI 1HIYKI[li Mar"iTHOTO TOJIS, SIKE MPOHU3YE KOHTYP
3aMKHYTOT'O TIPOBITHHUKA.

EnexTpuuHe mosie € CKIaJOBOI YACTUHOIO €IUHOTO e1eKmMpOMACHIMHO20
noJisl.

3apsi, SKUM BHOCATH B MOJE 3apsay-IKepena 1 3 JOMOMOTOK SKOTrO
JTOCIDKYIOTh 1€ ToJie, MU OyJeMO Ha3uBaTH HPOOHUM 3apsoom(, . SIKIIO He

e
BKa3aHMM 3HAaK MPOOHOTO 3apsiay, TO WOTO MPUUHITO BBAKATH MO3UTUBHUM.
ToOTo npobHuii 3aps0 — 11e TOUKOBUHN MO3UTUBHUM 3aps/l, 1110 BHOCUTHCS B MOJIE.

[IpoOHMil 3apsin NOBMHEH OYyTHM pO3TAIIOBAHMM Ha TUI JyKE€ Majux
pPO3MIpIB, OO HOT0 MOXHA OYyJI0 MOMICTUTH B AaHy TOYKY IOJIA.

OCHOBHI BJIACTUBOCTI €JIEKTPUYHOTO TOJISI:

1) dorcepenom enekmpuurno2o noas € eneKMpUyHi 3apsaou i 3MIHHI MACHIMHI
nous, 3 AKUMU OaHe eleKmpuyHe Nnoje HePO3PUBHO NO8 S3AHO, 0AHCePENLOM
e1eKmpOCMamuyHo20 NOJisL € MINbKU HEPYXOMI eleKMpU4HI 3apsou;

2) enekmpuune nojue 0i€ Ha HECEHI 8 Hb020 3apsioU 3 0EKOI0 CULOIO;

3) erexmpuuHe none ROUUPIOEMBCS 8 NPOCMOPI 3 CKIHYEHHOI WGUOKICTIO,

. . . . 8 M
AKa y eaxyymi oopisnioe wisuokocmi ceimaa € =3-10" —,
c

OcHOBHUMH XapaKTCPHUCTHUKAMH CJICKTPHUYIHOI'O I10JIA € 6EKMop

nanpyscenocmi E | sxuii 3a 3naueHnsM i HampsmMoM 36iraeTees 3 cunoro F, oo
mie 3 OOKy TOJIsl Ha BHECEHUW y TIEBHY TOYKY OJWHUYHUN TPOOHUN 3apsi;
BEKMOp  eIeKMPUYHOI THOYKYIT D, skuii y HECKIHUCHHHMX OIHOPITHUX 1
130TPONHUX JIENEKTPUKAX B &£,& pa3 OUIBIIMA Bif Eie XapaKTePUCTUKOIO
T0JIsI, TII0 BPAXOBYE BIUTUB PEUOBUHU; NOMIK 8eKmMopa eiekmpuyHoi inoykyii @
nomenyian ¢, AKUA € CKASIPHOIO XapaKTEPUCTUKOK TOYOK IOJS 1 YHUCEIBHO
JIOpIBHIOE pOOOTI, SIKa BUTPAYAE€ThCS HA MEPEHECEHHS OJMHMII MO3UTHBHOTO
3apsIy 3 PO3TIIALYBAaHOI TOYKH MOJIS B TOUKY, OTEHIIIAJ SIKOT MPUWHSITO 32 HYJIb.

Jiist rpad1yHOTO 300paKeHHS €JIEKTPUYHOIO MO KOPUCTYIOTHCS METOA0M
JHIA HANPYKEHOCTL. Jlinieto Hanpyscenocmi HA3UBAETHCSl KPUBA, MPOBEJICHA B
EJICKTPUYHOMY TIOJTi, IOTUYHA JIO SIKOi B KOXKHIM TOUIll 301ra€ThCs 3 HAMPSIMOM
BEKTOpa HarpykeHocTi. JIiHli HanpyXeHocTi He nepeTuHaroTbest. CUioBl JiHIT
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€JIEKTPUYHOIO MOJISl HE 3aMKHYTI: BOHU MOYMHAIOTHCS HA MO3UTUBHUX 3apsaax i
3aKIHUYYIOThCSI Ha HeraTuBHMX. OCKUIBKM CHWJIOB1 JIHIT MOYHMHAKOTHCS abo
3aKIHUYYIOTBCS Ha 3aps/DKCHUX TijdaxX, a MOTIM PO3XOAAThCS B Pi3HI OOKH, TO
cycmoma iU Oinvuia nooausy 3apsaodcenHux mil, 0e HANPYICEHICMb NOJis
maxkodc 6invua.

I'ycmomy cunosux niniu subupamu maxoro, oo ix KiibKicmes npu nepemuni
0esIKoi  OOUHUYHOI  NAOWAOKU, NEPNeHOUKYIApHOL  NiHisAM, OY10 pigHe
HANPYIHCEHOCMI RO 8 YbOM) MICYL.

[Ipu rpadiuHoMy 300pakeH! €ICKTPUUYHHUX IOJIB 3 JIOIMOMOI'OK CHJIOBUX
JIHIM HEO0OX1THO KEPYBATUCS HACTYITHUMHM MPaBUJIAMHU:

1) ninii. 6exkmopa HanpyosiceHocmi  eleKmpudHo20 NoJs  (CUno6i  JiHii)
NOYUHAIOMbCA | 3aKIHUYIOMbCA HA  eleKmpUdHuUXx 3apaoax abo uoyme y
HEeCKIHYeHHICMb, MOOMO BOHU 3A8AHCOU POIIMKHYMI [ 6CepeOuHi NPOBIOHUKIB 3
HEPYXOMUMU 3apsa0amu He NPOHUKAomy;

2) pyxomi enekmpuyHi 3apsaou i 3MIHHI MAZHIMHI MO NO8 SI3aHi 3
BUXPOBUMU €NEKMPUYHUMU NOJIAMU, CUNOBT JIIHIT AKUX 3AMKHYMI,

3) ninii 6eKmMopa HAnpyHCeHocmi eleKmpoCmamuyHo20 nojis (CUN08L JiHii)
BUX00AMb I3 NO3UMUBHUX 3apsA0i8 1 6X00amb 6 He2amusHi abo Udymv 8
HeCKIHYeHHICMb 610 NO3UMUBHUX 3aps0i8, ab0 6X00SMmb i3 HEeCKIHUeHHOCMI 8
He2amueHi 3apsou,

4) ninii 6eKMoOpa HANPYHCeHOCMI eleKMPUUHO20 NOJS (CUNOBI NiHIL) HIKOIU
He nepemuHaromscs, Mak AK iXx nepemuH 03HAYA8 OU HAABHICMb 8 MOouyi
nepemuny 080X PI3HUX HANPAMKIE 00HO20 I MO20 HC BEKMOPA HANPYIHCEHOCHI,
Hanpaeneno2o no OOMUYHIl 00 HUX, WO He MAE CMUCTY;

5) Yum eycmiwe posmiwyromscs JiHil 6eKmMopa HANPYHCEHOCMI (CUNLOBI
JIHIL), Mum Oibla HanpyiHceHicmsb NOAsL 8 UbOMY MICYL, NPU UbOMY CULOBI JIHIT
He MOXCYMb 31U8AMUCS, MAK AK Ye 03HAUAN0 O HeCKIHUEHHO 8elUK) GeUUUHY
HanpysiceHocmi noJs.

Heoonopioni enexmpuuni nosst — 11e MoJis 13 3MIHHOKO B1Jl TOUYKHU JI0 TOYKHU
HaIpyskeHicTio. Taki noss 300paxkaroThcsi 800 KPUBUMHU CUIIOBUMU JIIHISIMU, 200
HemapajebHUMU TpsSMUMHU, a00, Ha KiHElb MapajeIbHUMHU MPSIMUMH, ajie
pO3TaIlIOBaHUMU 3 PI3HOIO TYCTHHOIO. BINOBIAHO, noia moukosux 3apsaois ye
HEOOHOPIOHI NOJIAL.

[Tone, B K0>KHI# TOYII SKOTO BEKTOP HAMPYKEHOCTI 3aJTUIIAETHCS CTAIUM 32
BEITMYMHOIO 1 HAMPSIMKOM, HA3UBAETHCS 0OHOPIOHUM. TOOTO SKIIO B SIKIHCH
ob6nacti oyt E = CONSt, To noste B Hiii HA3UBAETHCS 0OHOPIOHUM.

JIiHii BekTOpa HaMpY’>KEHOCT! (CHUJIOBI JIIHII) OJHOPIAHOTO EJIEKTPUUYHOIO
TOJIS SIBJISIFOTH COOOI0 MapasiesibH1 PsiMi, PO3TaIlIOBaH1 B TPOCTOPI 3 OJTHAKOBOIO
I'YCTHUHOIO, TOOTO 3HAXOAThCS OJIHA BiJl OHOT HA OJHAKOBUX BIJICTAHSX.

Enextpuune mose rpadigaHo 300paxy€eTbCs THIAMY IHAYKIIL. JIiHii iHOYKYii
SBJISIIOTh  COOOIO0 KpWBI, JOTHYHI JO SIKAX y KOXHIA TOYIll 30IraroThCsA 3

HarpssMoM Bektopa iHAykiii D . Hampsm mimil iHAyKIil B KOXKHIM TOUII
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301raeThCs 3 HAMPSIMOM BEKTOpa 1HAYKIIII B 11 camiit Tourli. J{Jis 1ojist BEKTOPiB

—

D 36epiraeThCst IPUHITAI CYIIEPIIO3HUIIII.

EnexTpuune noJjie y pe4oBuHi

3a 3MaTHICTIO MPOBOJUTH EJIEKTPUYHI 3apsid BCl PEYOBMHU YMOBHO
MOJUISIOTECS Ha nposioHuku, oierekmpuku (Henpo8iOHUKU), HANIBNPOBIOHUKU.
VYci Mmeranu, IpyHT, TUIO JIOJWHU, PO3YMHU COJEM 1 KUCIOT y BOAI — J00pI
NPOBIAHUKH €INEKTpUKHU. [0 HEeNpoBiNHMKIB, a00 JIENEKTPUKIB, HAJIEXKATb
dapdop, eOoHiT, ckIlO, sTHTap, r'yma, MIOBK, KalpoH, MJIaCTMAcH, rac, MOBITPs
(ra3m). Jlo HamiBNPOBITHUKIB HAJIE)KATh CEJICH, KPEMHIM, repMaHii, 3aKUC Mifl.

PeuoBrHHU, Nle €NEeKTpUUHI 3apsu BUIBHO MEPECYBaIOThCS, HA3UBAIOTHCSA
nposionukamu. 1HaKIIe npogioHuKamu HA3UBAIOTh PEUYOBHHH, SIKI MPOBOASTH
EJIEKTPUYHUN CTPYM.

Binbhumu 3apsoamu Ha3uBaIOTh 3apAJPKEHI YAaCTUHKM, SIKI 37aTHI
nepeMIllyBaTUCS BCEPEIMHI MPOBIIHUKIB M1J] BILIMBOM €JIEKTPUYHOTO TOJIA.

VYBech CTaTUUHMI 3apsil MPOBIIHUKA 30CEPEIKEHUIM Ha Or0 MOBEPXHI.

Asuwe enexmpocmamuunoi inoykyii (a0o ssuwe enekmpusayii uepes
6M16) — SBUIIC TOSBH CIICKTPUYHUX 3apsiiiB Ha MOBEPXHI MPOBIIHHMKA, KOJIU
MIJTHECTH 10 HHOTO 3apsKCHE T1IIO.

Enexmpocmamuunuii 3axucm — 1307111 BiA €JIEKTPOCTATUYHOTO OIS
METaJICBOIO CITKOIO 1 T.II., IKa OTOUY€E, HAMMPUKJIA, TLJIO JIFOUHH, CJICKTPOJIaMITy.

Bonvsmmemp — 11e mpunaa AJi1 BAMIPIOBAHHS HAIIPYTH Ha TMOJIOCaX JpKepesa
CTpyMy a0o Ha sKiii-HeOyab AUISHII KoJjia. By1oBa BOJIbTMETpa IPyHTY€EThCS Ha
MEXaHIuHil Jii cTpymy.

1106 BiApI3HUTH BOJBTMETP BiJ 1HIIUX EJICKTPOBUMIPIOBAIBLHUX MPUIIATIB,
Ha IIKaJTi cTaBiIsaTh OykBy V. Ha cxemax BOIBTMETp 300pakaroTh KPYKEUKOM 3
oykBoro V BcepeauHi.

3arurckayi BOJTMETpa MPUEAHYIOTH IO TUX TOYOK KOJIa, MK SIKUMH TpeOa
BUMIPSATH HANpyry. BolIbTMETp y KOJIO BMUKAIOTh NAPAIENbHO.

BonpTmeTp mae Taky OyaoBy, IO CHiIa CTpyMy, sika MPOXOAUTH Yepes
HbOT'0, MaJla MOPIBHSIHO 13 CTPYMOM Y KOJIi, TOMY BOJIbTMETP Maii)Ke HE 3MIHIOE
HaIPyTd MK THMHA TOYKaMH, JI0 IKUX HOTO TIPUETHYIOTh.

Bci Touku moBepxHi, NEPNEHIUKYISPHOT O CUIOBUX JIIHIN, MalOTh OAMH 1
TOW caMMWil OTEHIAI.

JliHis Bcl TOYKH SIKOI MalOTh OJHAKOBUM MOTEHIAJI, HA3UBAETHCS
eK8inomenyianbHor ninicto. 'eoMeTpudHe MICII€ TOYOK IOJIs, MOTEHIIAIHN SIKUX
OJIHAKOBI, HA3UBAETbCI EKGINOMEHYIANbHOW HNOoGepxHer0, abd0 TOBEPXHEIO

PIBHOTO ITOTEHITIATY (go = COﬂSt).

Yum Oulbllla HAMPYXKEHICTh  EJIEKTPUYHOIO TMOJsl, THUM TYyCTINIE
PO3TAIIOBYIOTHCS €KBIMTOTEHITIANBHI JiHIT.
ExBinoTenIiagpHa MOBEpXHs 1 JiHIT HAPYKEHOCTI MOJS B KOXKHIM TOYII
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MOJIE B3aEMHO MEPIEHIUKYIsApHI. TOOTO B OAHOPITHOMY €IEKTPUYHOMY TOJII
EKBIMOTEHINIaIbHI  JIIHIT  SBJISIIOTH  COOOK  MapajienbHl  HpsAMi, IO
NEePHNEeHIUKYJSIpHI  CWIoBUM  JiHISIM.  [loBepXHS  €IEKTPONpPOBITHOTO
3apsDKEHOTO Tijla € EeKBIMOTEHIlaJbHA. YCl TOYKHM BCEpPEAWHI IMPOBIIHUKA
MalTh OJHAKOBUU TOTeHIIal. PobOoTa Ha mepeMmilleHHs 3apsiay 1o
EKBIMOTEHIlIAbHIN MOBEPXHI JOPIBHIOE HYJIIO.

Otxe, cunosi ninii 00puBaArOMbCsi Ha NOBEPXHI NPOBIOHUKA, BNUPAIOYUCH 8
Hel nepneHOUKyIApHO NOBEPXHI, A eK8INOMEHYIANbHI JIIHII 02UHAIOMb NOBEPXHIO
NPOBIOHUKA, 3ANUUUAIOYUCH NEPNEHOUKVIIIDHUMU CUNOBUM JITHISM.

Konoencamopom Ha3uMBalOTh CHUCTEMY 3 JBOX METAJEBUX EJEKTPOJIB,
PO3MIIIEHUX Ha OJU3BKIMA BIJCTaHI OJWH B OJHOTO 1 PO3AUICHUX IIapOM
nienekTpuka. PI3HOWMEHHO 3apsKeH1 MPOBITHUKH KOHJICHCATOPIB HA3WBAIOTh
ooxnaokamu. CII0BO «KOHIEHCATOP» y MEpeKIIal Ha YKpaiHCbKY MOBY O3HA4ae
«@3TylryBad». Y JaHOMY BUIAAKY — «3TYIIyBad €JIEKTPUIHOTO 3aPsIy».

I[Tix 3apsi;oM KOHIEHCATOpa PO3YMIIOTh MOYJIb 3apsiiy OJIHIET 3 0OKIIAIOK.

3a OyZI0BOIO 1 Ji€IEKTPUKAMHU MK MPOBITHUKAMHU PO3PI3HAIOTH MOBITPSIHI,
KepaMiuHi, CIIOJSHI, TTANIEPOB1, EIEKTPONITHYHI KoHIeHcatopu. Konnencaropu
OyBatoTh cmanoi 1 3minHOi €MHOCTI. 3a ¢GOpMOI — nIOCKi, cghepuuni,
yuninopuyni. KOXHUN KOHIEHCATOP XapaKTEPU3YETHCS KPIM €MHOCTI TaKOXK
npobuenoro abo pobouor Hanpyeoio.

IInockuii kondencamop — 1€ KOHCTPYKIIIA 13 TIIOCKUX TIJIACTHUH MPOBIIHUKA,
PO3JUIEHUX JIIETEKTPUKOM (TOBITPS, CIII0Ja, HapadiH Ta iH.).

J{ieJIeKTPUKHU B €JIEKTPOCTATUYHOMY MOJII

HHienexmpuxu — pe4oBUHU, ENEKTPUYHI 3apSAIH, 0 HAJAHI1 IM 3aTUIIAI0ThCS
Ha THX CaMUX MICIIX. Tak 3BaHI 36 43ari €NEKTPHUYHI 3apsiau, TOOTO 3B’sI3aHi
OJIMH 3 OJHUM 1 HE MOXKYTb MEPEMIIYBATUCS T JI€I0 TOJIS IO BChbOMY 00’ €My
PEUYOBHUHH, SIK BUIbHI 3apsSAU MPOBIIHUKA.

[HIIMMU  clioBaMM: Oienekmpuku — 1€ PEUYOBUHM, Kl HE NPOBOIATH
enexTpuuHuii ctpyM. (Bix rperbkoro dia — uepes, HaCKpi3b, M0 aHTIiCHKI elec
- €JICKTPUYHUI).

Tima, BUTOTOBIEHI 3 [ICNEKTPHUKIB, HA3MBAIOTh i301amopamu. Bin
I'PEIBLKOTO CIIOBA [30/151p0 — BIIOKPEMITIOBATH.

JlieneKkTpuKr MOKHA TIOAUTUTH Ha JIBa KJIACH: HOJSPHI, IO CKIATAl0ThCS 3
MOJICKYJI, y SIKAX IICHTPH PO3MOATY MO3UTUBHUX 1 HETATUBHHUX 3aps/IiB
301ratoThCsl, 1 Henoaspui, MO CKIATAIOThCA 3 aTOMIB ab0 MOJIEKYJ, y SKHX
IIEHTPHU PO3MOALTY TO3UTUBHUX 1 HETATUBHUX 3apsi/IiB 30iratoThes. Jo mosaspHux
JENEeKTPUKIB HAJIEKATh CIUPTH, BOJA Ta 1H., O HEMOJSIPHUX — IHEPTHI rasw,
KHCCHb, BOJACHB, OCH30JI, IMOJIICTHJICH TOIIIO.

SIKIO0  MieNEeKTPHUK CKIAMAEThCA 13 TOJAPHUX MOJIEKYJ, TO 30BHINIHIM
CJICKTPUYHHUM TI0JIEM BOHH OPIEHTYIOTHCS B3JOBXK JITHIM MMOJIS.

Enexmpuunuti ounonv — 1ie HeWTpajabHa B IIIJIOMY CHCTEMa 3apsiaiB (TOOTO
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Ha OJTHOMY KiHIII TTIepeBa)ka€ MO3ZUTUBHHM 3apsl, HA IPYTrOMY — HETaTUBHUN ).
3MilleHHsT TMO3UTHBHUX 1 HEraTMBHUX 3B’S3aHUX 3apslliB JiCIEKTpUKA B
MPOTHIICKHI OOKW Ha3UBAIOTh NOAAPUZAYIETO.
lonapuzayis monexynr — €IEKTPOHHI OOOJOHKM B aToMax 1 MOJIEKYJax

3MINIYIOTbCA B HamNpsIMKy, mOpotwiexkHomy E, (me E, - nampyxenicts
30BHIITHBOTO €JIEKTPUYHOTO TIOJIS).

—

Ionapuszayis dienexmpuka — 1ie BAHUKHEHHSI B HhOMY monisi E, 3B’s3aHnx

3apsdiB, sike mocnabmroe 3oBHimHEe moine E, (me E, - nampyxenicts

BHYTPIIIHBOTO €JIEKTPUUHOTO MOJIf).

[Tonsipuzariisa gieleKTpruKa Ha3UBAETHCA e1eKMPOHHOK NOAAPU3AYIEto, TIPU
SAKIM BIOYBA€TbCS 3MIIICHHS €JIEKTPOHHUX OOOJIOHOK aTOMIB IIiJI JII€I0
CJIEKTPUYHOTO MOJISI.

OkpiM  €JNEeKTPOHHOI  MOJsApHU3alii  JIEICKTPUKH 3  HEHOJSIPHUMU
MOJIEKYJIaMH BOJIOJIIIOTh [OHHOIO NOAAPUIAYIETO.

Skimio Ha OAHIA TIOBEPXHI [ICJIEKTPUKA TMOSIBISETHCS HEraTUBHUI
MOBEPXHEBUN 3apsi[ a Ha I1HIINA MOBEPXHI — MO3UTUBHMM, TO Take SBUIIE
Ha3UBAETHCS OPIEHMAYIUHON NOJIAPUIAYIEIO OleIeKMPUKA.

JlieneKkTpuK, BHECEHUM B CICKTPUYHE IT0JIe, 3MEHIITYE MOTO HAIIPY KEHICTh.

JIJisi XapakTepUCTUKHN €NEKTPUYHUX BIACTUBOCTEH J1€EKTPUKIB BBEACHO
0COOJIMBY BEIMYMHY, IKY Ha3UBAIOTh OieleKMPUUHOO NPOHUKHICIO.

JlienexkTpuku, MmO  MalTh  JOMEHHY  CTPYKTYpy,  Ha3MBalOTh
ceecnemoenekmpukamu. Ha3Ba HOro moOXOJIUTh BiJ CIIIB «CETHETOBAa CLIbY -
HaWOUIbIII TUTIOBOTO CETHETOENEKTpUKA. BCl CETHETOENEKTPUKH — KPUCTAJIH.

Bracmueicme 36epicamu noaspuzayito iy i0CYMHOCMI 308HIUHbO20
eIeKMPUYHO20 N0l € CAMOIO  20JI08HOI0  0COOIUBICMIO, WO  BIOPIZHAE
CcecHemoeneKmpuKis 6i0 OieJleKmMpUuKis.

SBume monsApuzarii AIETEKTPUKIB B PE3yJbTaTi MEXaHIYHOI B3a€EMOIi
HA3UBAETbCA NPAMUM N €30€IeKMPUUHUM epekmom, a TIeNeKTPUKH, IO
M1JISTaI0Th IBOMY edeKTy HAa3UBAOTHCS n’€30e1eKmpuramu.
[I’€e30eneKTpuKamMu € BCl CETHETOEIEKTPUKH, a TAKOXK ACSIK1 1HIII J11eJIEKTPUKH,
HaNpukKiaj, KBapll, JesKl COPTU KepaMiku. SKIO I’ €30€IeKTPUK, BHECCHHUI B
eJIEKTPUYHE ToJie, 1e(DOPMYETHCS: CTUCKYETHCS a00 PO3TATYETHCS B 3aJIEKHOCTI
B1Jl HANIPSIMKY TIOJI BIIHOCHO MOTO OCl CUMETPii, TO Takui €(eKT Ha3UBAETHCS
360POMHIM N €30€1eKMPULHUM eheKmOoM.

SBume monspuzamii JieeKTpUKa BHACTIIOK 3MIHM HOTO TeMIIepaTypH
HA3UBAETLCS NIPOENeKMPUUHUM egheKmoM, a PEUOBUHH, 110 MiAJIATaI0Th IBOMY
SABUIIY, - nipoerexkmpuxamu. IlipoenekTpuuHuii e€(eKT TICHO IMOB’SI3aHUH 13
3BOPOTHIM T1’€30€NeKTpUYHUM edekToM. [Ipu 11boMy BC1 MIPOCIEKTPUKHU €
OJIHOYACHO 1 IT’€30€JICKTPHUKAMU.

Enexmpemu — 1e nieneKTpUKH, OTpUMaHI IITYYHUM HUISXOM 1 MarTh
BIIACTUBICTHh JIOBTU dYac 30epiraTé Ha CBOiM MOBEpPXHI 3B’s3aHI ECJICKTPUYHI
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3apsiai.  Jlo €JNeKTpeTiB BIAHOCATHCS TaKOXK 1 0arato HEKPUCTATIYHHUX
TieneKTpuKiB. EnekTpeTu, oTpumaHi B pe3yjbTaTi PO3IUIABY I€JIEKTPHUKA,
Ha3UBAIOTh mepmoenrekmpemamu. [lepeBeCTH NieNEKTPUK B €IEKTPETHUIN CTaH
MOKHA ¥ IHIMUMH NUITXaMU: 1T TI€0 PaIl0aKTUBHOTO BUTIPOMIHIOBAHHS MIEBHO1
YacTOTU — padioenekmpemu; CTUCKOM ab0 pO3TATOM — MexaHoeleKmpemu,
TEPTAM — mpuboenekmpemu; CBITIIOBUM BUIIPOMIHIOBAHHSAM — (homoenekmpemu
1 IHIIIUMU CIIOCOOaMHU.

EJIEKTPUYHUIN CTPYM

EjekTpu4Hui CTPYM Ta MOr0 XapaKTePUCTUKH

Enexmpuunuti cmpym — 1€ NOTIK €IEKTPUYHO 3apsAHKEHUX YaCTHMHOK a0o
T171. XaOTUYHUN PyX 3apsKEHUX YACTUHOK HE YTBOPIOE EIEKTPUYHOIO CTPYMY.
EnexTpuuHUil CTpyM Mae BJIACTHBICTh TEIUIOBOi, XIMIYHOi 1 MAarHiTHOi Aii.
PO3pi3HSIOTH CTPYM nposioHOCHI 1 KOHBEKYIUHUL CTPYM.

Cmpym npogionocmi — 1€ yIOps,IKOBaHUM pyX HOCIIB 3apsiy B IPOBIAHOMY
CepeIOBUIIII.

Konsexyiunum Ha3UBa€TbCA CTPYM, CTBOPECHHUM EIIEKTPUYHUMHU 3apsAaMH,
[0 PYXaIOThCS Pa30M 3 TIJIOM, Ha SIKOMY BOHH MICTSTHCS.

3a HampsM CTpyMy B MPOBIJIHUKY YMOBHO MPHUIHATO HAMNpPsSMOK pPyXy
MO3UTUBHUX 3aPSIIIB.

EnexTpuuHuil CTpyM CIIpUYMHSIE TaKi JIii:

1) npoBiTHUK, TIO IKOMY T€Y€ CTPYM, HarpiBa€ThCs (TEIUIOBA Jisl CTPYMY);

2) eNEKTPUYHUN CTPYM MOXKE 3MIHIOBATH XIMIYHHMI CKJIJ] IMPOBiIHUKA
(XIMI4HA T CTPYyMY);

3) cTpyM BHSIBIISIE MATHITHY JifO.

Ilocmitinum Ha3UBAETHCS CTPYM, BEIMUKHA 1 HAIIPSIM SKOTO Ha MPOTSI31 Yacy
HE 3MIHIOIOThCS.

KibKICHUMM XapaKTEepUCTHUKAMU EJIEKTPUUHOIO CTPYMY € cuia cmpymy i
Horo eycmuna. Cuna cTpyMy € CKaJsipHOIO BEJIMYMHOIO, & TYCTUHA CTPyMYy —
BekTOpHA. Cuia cTpyMy Moke OyTH SIK IOJATHOIO TaK 1 BT’ €MHOI0. 3HAK CHIIH
CTPYMY 3JICKUTH BiJl TOTO, SIKAW 3 HANPSAMIB B3JJOBX MPOBIIHUKA IPUIHATH 3a
nomatuuit. Cuna crpymy | >0, skmio Hampsiv cTpymy 36ira€rbest 3 yMOBHO
BUOPaHUM JI0JaTHUM HAIPSIMOM Y30BX IpoBigHuKa. B inmomy Bunagky | <0

Cuna cTpyMy 3a1€XUTh BiJl 3apsiy, 10 HOro NEPEeHOCUTh KOKHA YaCTUHKA,
BIJl KOHIIEHTpAIlli YAaCTUHOK, MIBHAKOCTI iX HAmpsMIIEHOrO0 pPyXy 1 IUIOUI
MOTIEPEYHOTO Mepepi3y NPOBITHUKA.

J1J1si BUHUKHEHHSI 1 ICHYBaHHS €JIEKTPUYHOTO CTPYMY HEOOX1H1 1Bl YMOBH:

1) HasBHICTh y TAaHOMY CEPEIOBHUII BUIBHHUX 3aPSKCHUX MIKPOCKOITIYHHX
YaCTHHOK, SIK1 MOTJIA O MepeMIITyBaTUCh (€TEKTPOHIB, 10HIB). A I CTBOPCHHS
W MIATPUMAaHHS YIOPSIKOBAHOTO PYXY 3apsIKEHUX YaCTUHOK MOTpiOHa cuia,
110 JIi€ HA HUX Y TIEBHOMY HaIpsiMi;
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2) HasIBHICTb Y HBOMY CJIGKTPUYHOTO TIOJIS, 3a PaxXyHOK €HEprii sSKOTo
nepeminryBaiucs O 3apsKeHl YaCTMHKU. 3BUYAMHO caMe EJIEKTPUYHE I0JIe
BCEpE/IMHI MPOBIAHUKA € TPUINHOIO, IO BUKJIMKAE 1 TATPUMYE BIIOPSAIKOBAHUN
pyX 3apsAKeHUX 4YacTUHOK. OTke, MOBMHHA ICHYBAaTU PI3HMIIS MOTEHINAIB
(Hampyra) Mi>K IBOMa TOYKaMHU MIPOBITHUKA.

l'anveanomemp — 1€ mpunaja, 3a JOTMOMOTOI0 SKOTO MOXKHA BHSIBUTH Ta
BCTAHOBUTH HAMpsM EJIEKTPUUYHOTO CTpyMy. [anveanomemp - 1E JyXKe
YyTJIMBUM NpPUIIAJ, KU J103BOJIE€ BUSIBUTU 1 BUMIPATU Jy’KE€ Malll 3apsiad i
Hanpyrd. [lpwHiun nii ragpBaHOMETpa IPYHTYETHCS Ha SBHUII B3a€MOJIII
KOTYIIKM 13 CTpyMOM Ta MarHity. Koiaum B KOTymIl € CTpyM, CTpLIKa
BIIXUJIAE€THCS. ["allbBAaHOMETP B KOJIO MM’ €IHYETHCS HOCIO0BHO.,

l'anpBaHOMeTpu OYBalOTh cmpinouni, O3epkarvui 1 cmpynui. Jlo
A3epKalbHUX TajlbBAaHOMETPIB BITHOCITHCS TaKOX Oanicmuywni, MO MAaIOTh
BEJIMKY 1HEPTHICTH 1 JO3BOJISIIOTH PETICTPYBATH HABITH KOPOTKOYACHI IMITYJIbCH
CTPYMIB.

[Ilo6 BIAPI3HUTU TaJbBAHOMETP BIJ IHIIUX EJIEKTPOBUMIPIOBAIIBHUX
IpUIIAJIiB, Ha mKai cTaBisTh OykBy G. Ha cxemax raisBaHOMETpP 300pakaroTh
KpyskeukoM 3 6ykBoro G BcepemuHi.

SIK110 ranbBaHOMETP 3allYHTYBATH, TO BiH COO0I0 Oy1€ SIBIISITH aMIIEpMETP,
a SKIIO JI0 IIOTO  TaJIbBAHOMETPA BBIMKHYTH JIOJATKOBHUH OTIp, TO BiH OyJie
MPAIFOBATH K BOJIBTMETD.

3a HampsiIM CTPYMY NPUNMAIOTh HAMPSM PYXY HOZUMUBHO 3APAONCEHUX
yacmunok. SIKIO CTpyM YTBOPUBCSI PyXOM HETATUBHO 3aps/KEHUX YaCTHUHOK,
TO HAIpPsIM CTPYMY BBKAIOTh MIPOTHIICKHOMY HAMPSIMY PyXy YaCTHHOK.

[I1o6 BUKOpPUCTATH EHEPTIIO CICKTPUIHOTO CTPyMy, Tpeba MaTH dicepeio
cmpymy. EnekTpuyHe Tmoie B MNPOBIIHUKAX CTBOPIOETbCS M MOXKE JIOBrO
HIATPUMYBATUCS Odicepenamu  enekmpuuynozo cmpymy. Ilpuctpii, B sSKOMy
€Heprisi SIKoro-HeOyJp BHUAY MPOTATOM YChOTO 4Yacy MepeTBoproBajacsi O B
CHEPril0 EJIEKTPUYHOTO TOJSI HA3UBAETHCS 0XHCEPENoM eNeKMPUYHO20 CPYMY
abo mpucTpiii, B SIKOMY BHUHHUKAIOTh CTOPOHHI CHJIM, Ha3UBAIOTh 0Jcepenom
cmpymy (HapuKIIaJ, TaTbBaHIYHUHN €TIEMEHT, TeHEPATOpP ENEKTPUIHOTO CTPYMY,
TepMonapa, CoHssuHa OaTapes).

Cmoponnui cunu — 1€ OyAb-sKl CHUJIM HEEJEKTPUYHOTO MOXOKEHHS, SAKI
JII0Th HA 3apsKEH] YaCTUHKH.

Jlxepena cTpyMy OyBarOTh Pi3Hi, aje B OyIb-IKOMY 3 HUX BUKOHYETHCS
poOoTa pO3AUICHHS MO3UTUBHO 1 HETATUBHO 3apsHKCHUX YaCTUHOK. Po3miieHi
YAaCTUHKU HarpoMajDKYIOThCS Ha MOJMOCAX JDKEpeNna CTpyMy — II€ Tak 3BaHi
MICIISI, IO SIKUX 3a JOTIOMOTOI0 KJieM a00 3aTHCKayiB IMiJIMUKAIOTh MMPOBIIHUKH.
OnauH MOJTIOC JHKepesa CTPYMY 3apsKAEThCS HO3UMUBHO, TPYTUI — He2amugHo.

Jlxepena eNeKTPUYHOTO CTPYMY XapaKTepUYIOTbCS eneKmpopyuiuHow0
CUTI010.

06 nictaTh HeepepBHUM CTPYM, TpeOa CTBOPUTH e1eKmpuUyHe Koo.
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JlinsiHKa KOJia, 0 HE MICTUTH JIKEpelia CTPyMY, Ha3UBAETHCS 0OHOPIOHUM.

Pizni  nmpumamu, Skl OpaIoOTh Bl C€IEKTPUYHOTO  CTPYMY
(ENIEKTPOBUTYHH, JIAMITH, €JIEKTPUYHI TUIUTKHA TOIIO) HA3UBAIOTh NPUUMAYAMU
abo cnooicusavamu eleKmpuyHoi enepeii.

EnexTpuuHy €eHepriro BIJ JKeperia €JIEeKTPUYHOI €Heprii nepeaaroTb A0
npuiiMayda uepes nposoou.

[Ipuctpoi, siki 3’€AHYIOTh 1 PO3’€JHYIOTh EJIEKTPUYHI KOJIa Ha3UBalOTh
KI0Yi, pyOUNbHUKU, KHONKU, BUMUKAYI.

Jlxepeno crpymy 1 3’€JHAaHUMH 13 HHUM TPHUCTPOSIMH, HAa3WBaIOTh
enekmpuynum xojaom. 11100 y komi O6yB CTpyM, BOHO Ma€ OYTH 3aMKHEHUM.

Kpecnenns, Ha sKuX 300pakeHO CIOCOOM 3 €HAHHS EICKTPUIHUX
OpWIaaiB y KOJIO, Ha3uBalOTh cxemamu. [lpunaanm Ha cxemax MO3HAYalOTh
YMOBHUMH 3HAKAMHU.

Cuna cTpyMy BUMIPIOETHCS IPUIIAJIaMU, SIK1 HA3UBAIOThCS amMnepmempamu.
AMnepMerp — 1€ TOM caMuUil TalbBaHOMETP, TUIBKM NPUCTOCOBAHUW A
BUMIPIOBAHHSI CHJIM CTPYMY.

1106 BiAPI3HUTH aMIIEPMETP BiJ IHIIKUX €IEKTPOBUMIPIOBAIbHUX TIPHUIIAIIB,
Ha IIKa cTaBisITh OykBy A. Ha cxemax ammepMeTp 300pakatoTh KPY)KESUKOM 3
OykBor0 A BCepevHi.

1106 BUMIPSATH CHIIY CTPYMY, aMIIEPMETP BMHUKAIOTh Y KOJIO NOCIO0BHO 3
THUM MPUIAJIOM, CUILy CTPYMY B IKOMY TpeOa BUMIPATH. Y KOJI1, SIKE€ CKIIAJAEThCS
3 JpKepelia CTpyMy H psily MPOBIJHMKIB, 3’ €IHAHUX TaK, 110 KIHEIb OJHOIO
MIPOBIJHUKA 3 €JHYETHCS 3 MOYATKOM JAPYroro, cujia CTpyMy B yCiX AUISTHKAX
oonaxoga. BiH moOynOBaHMI Tak, IO Onip U020 Oyxce Maiuti 1 TMiA dYac
BMHKAHHS MOTO B KOJIO CHJIa CTPYMY B KOJI1 HE 3MIHIOETHCH.

TeroBa, MarHiTHa Ta XiMigHa Jii CTpyMy 3ajeXaTh Bl CHUJIH CTPYMY.
3MIHIOIOYHM CHJIy CTPYMY MOXHA pEryiroBath I nii. Ane mo0 KepyBaTu
CTPYMOM Yy KoJli, Tpe0Oa 3HaTH BijJ 4Oro 3aJeXUTh CUJia CTpyMy B HboMY. [lis
MOJISI XapaKTEPU3YETHCS (PI3MUHOIO BEIMYMHOIO — HAIpyroro. ToMmy cuiia cTpymy
3QJISKUTH Bl Hanpyru. ToOTO cujia CTpyMy B MIPOBIIHUKY APAMO NPONOPYIUHA
Harpy3l Ha KIHIAX OpoBiaHUKA. {10 3a1neXHICTh Ha3UBAIOTh 80.1bM-AMNEPHOIO
Xapakxmepucmuxoro.

| =f(U).

JlaHa 3aJIe3KHICTb SBJISIE COOOIO MPSIMY JIIHIIO, 1110 MPOXOIUTh Yepe3 MOYaTOK
KOOpJIUHAT.

Ommemp — e TNpWiIaa, U0 MNPU3HAYCHHUN JIsI BUMIPIOBAHHS OMOPY
npoBinHuKa. HalOuapll MOMMPEHUMHU € OMMETPH MAarHITOENEKTPUYHOI
CUCTEMU.

Jliss  BUMIPIOBaHHS BEJIHMKUX OIOPIB BHKOPUCTOBYIOTHCS E€JIEKTPOHHI
OMMETpPH, WIO CKJIAAAIThCsS 13 MOTEHIIOMEeTpa. B Konax 3MIHHOrO CTpymy
OMMETP BUMIPIOE aKTUBHUU OMIp MPOBITHUKA.

Haonposionicmv — sBUIIE PI3KOTO 3MEHIIEHHS EJICKTPUYHOTO OIOpPY
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NeIKUX MeTamB (CIUlaBIB 1 CIIOJIYK) MpH TeMmreparypi, OJM3bKIA 10
abcomoTHOro HyJss. HaampoBiAHICT XapaKTepU3YeTbCsl HE TUIBKK Maibke
3HMKEHHSM EJICKTPUYHOIO OIOpYy, a ¥ OJHOYACHO 3MIHOK HOTO MAarHiTHUX 1
TEIUIOBHX MapaMeTpiB (0€3 3MIHU KpUCTATIYHOT pennTku). HaamnpoBiaHICTh — 118
O0COOJMBHUI CTaH PEYOBHUHHU, a 11 NEpeXiJ y Takuil cTaH € (pa30BHUM MEPEXOIOM
apyroro poay. CTaH HaANPOBIIHOCTI HACTA€ MPHU OXOJIOMKEHHI PEYOBUHU [0
IIEBHOI, XapaKTEPHOI IJIsI KOHKPETHOI pEYOBUHU, TEMIIEPATYPH, SIKYy Ha3UBaIOTh

xkpumuunoro(T ).

Jlns oTpuMaHHsA HEOOX1THOTO OMOPY 3 €IHAHHS CIIOKUBAUIB € NOCAI006HE
abo napanenvhe.

Ilocniooénum Ha3UBaIOTh TaKe 3’ €IHAHHS CIIOXKHWBAYiB, MIPH SIKOMY KIHEIlb
KOXXHOTO TOMEPETHHOr0 MPOBIIHUKA 3’€HYIOTh 3 MOYATKOM TUIBKU OIHOTO
HaCTy[THOT'O IIPOBIAHUKA.

Ilapanenvhum Ha3UBAaIOTh Take 3’€IHAHHA MPOBIIHUKIB, TPU SKOMY
MOYATKHU BCIX MPOBIAHUKIB 3’ €AHYIOTHCS B OAMH BY30J1, a KiHII — B APYTHUH.

[IpoBigHUK, 1110 € HOCIEM OTIOPY Y KOJI1, HA3UBAETHCS pe3ucmopom. IHakiie
pe3ucmopu — 11e IPOBITHUKH 3 OMTOPOM.

Pesuctopu OyBaroTh 13 nocmiunum onopom (nocmitini pesucmopu) 1
pe2ynvosani (peocmamu, nomenyiomempu). [lpudomMy cuna cTpymMy B TaKuX
MPOBIJIHUKAX (3 HE3MIHHUM OIOPOM) IIPSIMO ITPOTOPIIiitHA HAMIPY3i.

Ha npakTuiii 4acTo 10BOAUTHCS 3MIHIOBAaTH CHITy CTpyMy (OIIip) poOsisiuu ii
TO MEHILOIO, TO OUTbIIOK. B TakuX BUIagkax BUKOPUCTOBYIOTHCS CHEIlabHI
MPWIAJIU - peoCmamu.

Peocmam — npunan nst peryiatoBaHHs CUIIM CTPYMY B KOJI1 IIJISIXOM 3MIHU
onopy koisia. PeocraTtu OyBaroTh: 3 K083a0UUM KOHMAKMOM Ta ULMENCelbHi
peocmamu (Mazazux onopie).

Takox Ha MPaKTHULI YaCTO TOBOJUTHCS 3MIHIOBATH HAIPYTy poOJIAYH, pU
bOMY, ii TO MEHIIOW, TO OUIBIIOK. JlJif IbOTO BUKOPUCTOBYIOTh MPUIATU —
nomenyiomempu. Ilomenyiomemp — nipunaj Ajist peryatoBaHHs (TUIABHOT 3M1HH )
HaATIPYTH.

Bammemp — 1ue mnpuiaj, TpU3HAYEHUH A1 BUMIPIOBAHHS TOTY>KHOCTI
CIEKTPUYHOTO CcTpyMy. Haiibinbm mommpeHi BaTMETPU €IEKTPOAMHAMIYHOI
CHUCTEMH, IO JO3BOJISIOTH BHUMIPIOBAaTH IIOTYXHICTh SK ITOCTIHHOTO, TaK
3MIHHOTO CTPYMY.

BarmeTrp cknamaeTrbcsi 3 JIBOX KOTYIIOK: Hepyxomoi 1 pyxomoi. Kyt
TIOBOPOTY PYXOMOT KOTYIIKH TPOMOPLIHHUN K cuii ctpyMy | B Hepyxowmiii
Korymimi, Tak i Harmpy3i U wHa BumipHiii ginmsami R, To6TO mpomopuiiiHuii
HOTYKHOCTI cTpymMy P B Hiil.

Ha koprryci BatMeTpa € 40TUpH KJIEMH, A0 SKUX MiABEICHI KIHIl PyXOMOi 1
HEepyXxoMoi KOTymoK. Kiemu, sKi HEOOXiIHO BMHKATH TOCTIJOBHO [0
BHUMIPIOBAIBHOT AUISHKH, T03HAYAIOTH JITeporo A, a Ti ki HEOOXiTHO BMHUKATH
mapaieibHo, - Jiteporo V .
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OCHOBHOI0O YaCTHHOIO CYYacHOI JIaMIId pPO3KAPIOBaHHS — CIHipaib 13
TOHKOTO BoJib(ppamoBoro apotry. Bonbhpam TyromimaBkuii wmetan, HOTo
Temmeparypa mwiasineHHs 3387 °C . Y nammi po3KaproBaHHS BOJb(pPaMoOBa
cripans HarpiBaetbes 10 3000°C . BymoBa JaMIM pO3KapIOBAHHS: CIIpallb;
CKJISSHUM 0aJIOH; IJOKOJIb.

[IpoMuUCIOBICTH BUITYyCKA€E JaMIK po3xKapioBaHHs Ha Hanpyry 2201 127 B
(71 OCBITIIOBAIBHOT Mepexki), 50 B (s 3aMi3HMYHUX BaroHiB), 1216 B (s
aBTOMOOWIIB), 3,512,5 B (11 KUIIIEHbKOBUX JIXTapPHUKIB).

BunaxigHUKaMH €JIIEKTPUYHOTO OCBITJICHHSI OyJiIM POCIMCHKUN 1HXKEHEP
O.M. Jloaurin Ta amepukaHchkuid BUHaxiqHUukK T. ExicoH.

TernoBy [il0 €JIEKTPUYHOIO CTPYMY BHUKOPUCTOBYIOTH Yy PI3HHX
SJIEKTPOHArpiBAILHUX MPHUJIaJax Ta ycTaHoBKax. OCHOBHA YyacTHHA Oyb-SKOTO
HarpiBaJIbHOTO €JIEKTPUYHOTO NPUaNy — HaepieanvHuil enemenm. Hazpisanvruii
ejleMenm — 1€ TIPOBIIHUK 3 BEJIMKUM MUTOMHM OIMOPOM, 3JaTHHM, KPIM TOTO,
BUTPUMYBATH HE PYWHYIOUHCH, HarpiBaHHs 10 BUCOKOi Temmneparypu (1000 —
1200 "C). Y HarpiBaJIbHOMY €JIEMEHTI MPOBIAHHUK y BUTIIAII IPOTY UM CTPIUKH
HaMOTYIOThCS Ha IJIACTUHKY 3 JKapOCTIHKOTO MaTepialy: CIIOI1, KepaMiKH.

Ximiuni Oxcepena cmpymy— 11e IPUCTPOI, B IKUX €HEPrisd XIMIYHUX peakiliit
0e3rmocepeIHbO0 MEPETBOPIOETLCS B CJIEKTPUYHY eHeprio. [lo HHUX Haiexartb
raJlbBaHIYHl E€JIEMEHTH, AaKyMYJISITOPH, €JIEKTPOXIMIUHI TeHepaTopH, SKi
HA3UBAIOTHCS TAKOXK MATMBHUMU €JIEMEHTAMH.

1. I'anveaniuni enemenmu. J10 HIX MOXKHA BIJHECTH TaIbBaHIYHUM ej1emMenm
aniena. Y HbOMY LMHKOBHUM €JEKTPOJ 3aHYPEHUU y PO3UYMH LIMHKOBOIO
kynopocy ZnSO,, a miguuii enekrpox - y po3unH migaoro kymopocy CuSQO,.
OTxe, y JaHOMY €JIE€MEHTI IMHK MEePEeXOAUTh 3 E€JEKTPOJa B PO3YHMH, a MiJlb
BHIUTSIETHCS HA CIICKTPO/II.

Kpim enementa Jlaniensi, JOCUTh MPOCTUM 3a CBOEIO OyIOBOIO € enemeHm
Bonema. BiH cknaga€eTbcs 3 MIZHOTO 1 IIMHKOBOTO EJEKTPOJIIB, OMYIIEHUX Y
CJIa0KUI PO3YMH CIpYaHOI KUCIIOTH.

2. Hopmanvhuii enemenm Becmona ciayxuTh Jjisl 3a0€3MCUCHHS €TAIOHIB
Hampyr y JiabopaTopHi MpaKTUIl BUKOPUCTOBYETHCS PTYTHO-KaAMIEBUN
HOpManbHUM eneMeHT Becrona. llelt enemeHT BIAPIZHSAETHCS Bl IHIIMX
eJIeMeHTIB BHCOKOI0 cTabinpHIcTIO EPC.

3. Axkymynamopu. Jlxxepena cTpymy TICTs pO3PAKAHHSA SKUX BOHU MOXKYThb
OyTu TpuBEIEHI B TOMEPEIHIN CTaH (3apsKEHHI) MPOMYCKaHHSAM Kpi3h HHUX
CJIEKTPUYHOTO CTPYMY BiJ 30BHINIHROTO JpKeperna. HaiOumpmoro mommpeHHs
HaOyB CBUHIICBHI, 400 KHCIIOTHUH, aKyMYJISITOP.

4. Ilanueni enemenmu. J10 MaIMBHUX €JIEMEHTIB HaJekKaTh XIMIUHI JKepesa
CTPYMY, B SIKUX €JIEKTPUYHA €HEPTisl YTBOPIOETHCA BHACTIJOK XIMIYHOI peakiii
MK BITHOBHHKOM 1 OKHCHHKOM, 1[0 HETIEPEPBHO MOJAIOTHCS J0 SISKTPOIIB 13
30BHI, a MPOAYKTH PEaKIlii BUBOASTHCS 3 MAJTUBHOTO €JIEMEHTA.
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Kopomkxum 3amuxanmnsm Ha3uBalOTh 3’ €JHAHHS KIHI[IB JUITHKH KoOJa
MPOBITHUKOM, OTIIpP SKOTO YK€ MM MOPIBHSIHO 3 OTIOPOM JIJISTHKH KOJIa.

ma

I x:%,npn R—0.

[HakIiIe: SKIIO MOJIFOCHU JIKEpEa CTPyMY 3aMOPOUYEHI IIPOBITHUKOM 3 JTyKe
MaJliM OMOPOM, TOOTO SAKIIO KOJIO HE MICTUTh 30BHIIIHBOTO OIOPY
(HaBaHTaXeHHs R ), TO Take 3’€qHAHHS KIHIIB KOJa HA3UBAETLCA KOPOMKUM
3amuxannam. Ilpu KOpoTkoMy 3aMuKaHl 3akoH OMa Jii MOBHOTO KOJia Mae
BUTJISI:

I g

o = 5 TAK SIK R=0,

ne |__ - cuina KOpOTKOro 3aMHMKAaHHS.

o0 yHUKHYTH KOPOTKOTO 3aMUKaHHS B MEPEXY BMUKAIOTh 3ANOOINCHUKU.

3anobischuxu — IPUCTPOI, IO CAYKaTh JJISI BAMUKAHHS KOJa, SKIIO CHja
CTPyMy TEPEBUINYE TOMYyCTUME 3HAYCHHS. 3amOODKHUKH TMOJUISIOTHCS Ha:
NIAGKI, 3an00INCHUKU-AEIMOMAMU.

1Inasxumu HA3UBAOTHCS 3aMIO0IKHUKHU 3 TIPOBITHUKOM, 110 MJIABUTHCA.

3anobixcnuku aémomamu — 1€ 3aMO0IKHUKH, SKI B IPOLIEC] 3POCTAHHS
CTPYMY B KOJIi, aBTOMaTHIHO HOTO PO3MHKAIOTh.

Micmkom Yimcmona Ha3WBalOTh CXEMY, 3a JOIMOMOIOI SIKOI MOXHa
BUMIpATH HeBinoMuil omip R npwm Bimomomy erasonHoMy omopi R~ Omopu,

o0 BBIMKHEHI B CXeMy Ha3uBaioTh nieuamu. PobOora wmicTka VYiTcToHa
nodyaoBaHa Ha npaBuiax Kipxroda.

Peoxopo — ue peoctar 3 HAaHECEHMMHU HAa HHOTO NoAlIKaMu. AGO peoxopo —
CreliaJIbHUM TIPOBIJI HaA JIHINAIN, MO SKOMY MOXE pyXaTHUCS IOB3YHOK.
[lepeminryroun MOB3YHOK IO PEOXOPAY, HEOOXIMHO CIIIKYBAaTH 3a CTPUIKOIO
raJlbBaHOMETPA, 1 KOJIM BOHA 3YMUHUTHCS HA HYII, II€ 03HAYAE, IO MO MICTKY
CTPYM HE IIPOXOAUTH 1 Ul BU3HAUYEHHS R MOKHA CKOpHCTaTHCS (OPMYIIOLO:

R =R, :—z :

ne R, - eranonnmii omip; | i |, - miedi peoxopaa, mo BuMiproroThCS 3

2
JIOTIOMOT OO JIIHIHKH.
Lllynm npueTHYIOTH 3aBXK/IHU MTapajeIbHO BUMIPIOBAILHOMY MIPUIAIY.
[Ipunan mIyHTYIOTH TOMI, KOJIM Tpebda 3MEHIIUTH HOro 3aralbHUN O,
KOJIM CTPYM JyXe€ BEJIUKUM 1 YaCTMHY MOro Tpeda MpOBECTH IM03a MPHUIAIOM,

100 He 31MCyBaTH MpUIady.

ne N=—; | - BenmMunuHa BUMIPIOBAIBHOIO CTPyMy (HOMiHAJIbHE 3HAYCHHS

np
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cunu CcTpyMmy, skuii TpebGa BumipaTH); | - MakcumanbHuil CTpyMm, Ha AKwmif

pO3paxoBaHU TIpUIa.

Omip nryHra nmoBuHeH 6ytu B N —1 pa3 menmie onopy ammepmerpa.

Jlooamxoeuii onip. IHOAI BUHHMKAe TOTpeda BHUMIPSATH HAINPYTy MIXK
ToukaMu, B N pa3iB OiIbIIy BiJ Ti€l, HA Ky po3paxoBaHHil BoJabTMETp. Toi
Tpeba pO3MMPUTH MEXK1 BUMIPIOBaHHS BOJbTMETpa. {1 bOTO 70 BOJBTMETpPA
PUETHYIOTH MOCIIIIOBHO JI0JJATKOBUI OIIIP.

R =R, (n-1),
U : . :
ne n=—; U - BemuunHa BUMIpIOBaJbHOI Hanpyrd (HOMiHAIbHE
np

3HAYCHHS HANPYTH, SK€ HEOOX1THO BUMIPSTH); Un,, - MaKCUMaJibHa HaIpyra, Ha

AKY PO3paxXOBaHUU IIPUIIAL.

JlonaTkoBUil OIip, MIAKIOYEHUN 10 HHOTO IMOCIIIOBHO, TOBUHEH OyTH B
N —1 pas3iB GinmbIIKii OMTOPY CAMOI0 BOJIBTMETPA.

3asemnenns (anra. grounding) — 1€ HaBMHCHE €JCKTPUYHE 3’ €IHAHHS 3
3emiiel0 a00 1i eKBIBAJIGHTOM METAJIeBUX HECTPYMONPOBIAHUX YACTHH, SKi
MOXXYTb OyTHU i HAPYTroto. [IpusnauenHs 3axXxucHo2o 3a3em1eHHs: — YHUKHYTH
YPOKEHHS JIIOJIeH CJICKTPUYHHM CTPYMOM TIpM BWHUKHECHHI Halpyrd Ha
KOHCTPYKTOPCHKMX YaCTHHAX €JIEKTPOOOJaJHAHHSI, TOOTO MpHU 3aMHUKaHI Ha
KOpIycC.

Po3pizustoTh 3azemitoBadl wimyuyHi — TPU3HAYCHH1 IJI 3a3eMJICHHS, 1
NPUPOOHI — 10 3HAXOASATHCS B 3€MJII METAJIEB1 MPEIMETH JJIS 1HIITUX IIUICH.

EJIEKTPOITPOBIJJHICTH PI3HUX CEPEJJOBUII]

[Ilogo mNpOBIAHOCTI PEYOBMHM MOXKHA TMOJAUIUTH HA: HPOGIOHUKU,
Hanignpo8iOHUKU, OieJIeKMPUKU.

IIpogionuku — PEYOBMHU 3 BEJIMKOK KUIBKICTIO BIIBHHUX 3apsIKEHUX
YaCTUHOK (METaJIi, BOAHI PO3YMHU Ta PO3IIABU €JIEKTPOJIITIB i 10H130BaHUH ra3
— IJ1a3Ma).

Hanienpo6ionuku — pEYOBUHU, SKI 32 CBOEIO EJIEKTPOIPOBIAHICTIO
3aiMalOTh MPOMIKHE MICIIE MDK TPOBIAHUKAMH 1  J1€JIEKTPUKAMHU.
HamiBnpoBigHUKA MarOTh TakKi BIACTUBOCTI: 1) iX €JIKTPOMPOBIAHICTh CHIBHO
3aJIEKUTh B1J 30BHINIHIX BIUIMBIB (TEMIEpaTypH, OPOMIHIOBaHHS, JOMIIIOK Ta
iH.); 2) 3 MiJIBUIICHHIM TeMHepaTypI/I iX eNeKTPOMpPOBIAHICTh PI3KO 3POCTAE;
3) eJ'IeKTpOHpOBIJIHICTB HE TOB’s3aHa 3 MEPEHECEHHAM  PEUOBUHH 1 Mae
SJIEKTPOHHHM MexaHi3M. Jlo HUX BITHOCATHCS KPEMHIN, TepMaHiii, CeJIeH TOIIIO.

Jienexkmpuxu — PEYOBUHU 3 HEBEIMKOIO KIJTBKICTIO BUIBHHMX 3apsSIKCHUX
JaCTUHOK, & TOMY BOHU HE MPOBOMAATH €ICKTPUIHUN CTpyM. Taki pedoBUHU
MOXXYTh MepeOyBaTH B PI3HUX arperaTHux ctaHax. [Ipyu IHTEHCHUBHUX BILIMBax
(ymapHa 1oHi3aiisi, (OToiOHI3allisl, TEPMOJUCOLIAIS TOIIO0) JICJIECKTPUKU
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MOXYTh CTaTH MPOBITHUKAMH 1 HAITIBIIPOBITHUKAMHU.

Ctpym B MeTaJiax

Ctpym y MeTajax CTBOPIOIOTH BUJIbHI, HE 3B’fA3aHl 3 MEBHUMHU aTOMaMU
€JIEKTPOHU — EJEKTPOHM MPOBIJHOCTI. 3a CY4YaCHUMM TMOIJISJaMU TaKUMU
€JICKTPOHAMHM € BAJICHTHI E€JIEKTPOHM aTOMIB METaly, sIKl Hailcialiie 3B’s3aHl1 3
AJIpaMu aTOMIB.

Banenmmni enexkmponu — €IEKTPOHHU aToOMa €JIEMEHTa, O OepyTh y4acTh B
YTBOPEHH1 XIMIYHUX 3B’S3KIB B pEUOBUHAX, 1110 MAIOTh MOJIEKYJISIpHY OyZ0BY. Y
MeTajlax BaJICHTHI €JIEKTPOHHU JIETKO MEePEeXOATh BiJl OJTHOTO aToMa J0 1HIIOTO.
SAx mpaBwiio, 1€ HECHapeH! EJICKTPOHH 30BHIIIHBOTO EHEPreTUYHOTO PIBHS
aTOMIB.

3o06niwHi enekmpoHu — EJIEKTPOHU 30BHILIHBOIO €HEPreTUYHOTO PIBHS
aToma eJIeMEHTa B HOro OCHOBHOMY CTaH1. 30BHIIIHI €IEKTPOHU O0YMOBJIIOIOTh,
K TIPaBUJIO, XIMIYHI BJIACTUBOCTI €JIEMEHTA.

EnexTponpoBiIHICTL MeETaJiB 3yMOBJIEHA NEPEHECEHHSM 3apsKEHUX
YAaCTHHOK, CHIJBHUX IS BCIX METaB, 1 HE IOB’S3aHa 3 BIIMIHHICTIO iX
(b13UYHMX 1 XIMIYHUX BJIACTUBOCTEH.

B kpucramax wmetamiB 1 CIUTaBiB MPOSIBISETHCA MemAliuHUull 38 A30K.
Memaniunuu 36’30k — XIMIYHUNA 3B’S30K, II0 YTBOPIOETHCS BHACIIIOK
B3a€EMHOI'0 TMPUTITAHHS MDK aTOMaMM METAIYHUX E€JIEMEHTIB, 0 BTPATHIH
€JIEKTPOHH, 1 EJIEKTPOHHUM Ta30oM.

Enexmponnoro meopiero nposionocmi memanié Ha3UBAETHCSI BUCHHSI PO T¢€,
10 HOCISIMU 3apsA/iiB, K CTBOPIOIOTH CTPYM B MeTajiax, € BUIbHI €IEeKTPOHHU.
OT1xe, 3rigHO TEOpii HOCIIMU BUIHHOTO 3apsay y Meranax € erekmponu. Li
CJIEKTPOHH OEpyTh YyYacTh Yy XaoTHYHOMY TeruioBoMy pyci. I[lix miero
CJIEKTPUYHOTO TOJS BOHU TOYMHAIOTH MEPEMINTyBaTUCSA BIOPSIKOBAHO 13

. M
CepeIHBOIO MIBUKICTIO TOPsiaAKy 107 —.
C

Jlocnio Pikke monsraB y TOMY, IO BiH 3’ €JTHAaB MTOCIIJOBHO TPH METAICBUX
MAJITIHAPYA: MIJTHUH, aJlOMIHIEBUN 1 MITHUM, PO3TallyBaB iX 3a4WINEHI OCHOBH
TICHO OJIMH 3 OJIHUM, a TTOTIM MIJIKJIFOYHUB iX JI0 JKepesia MOCTIMHOTO CTPyMY 1 Ha
MPOTSI3i POKY MPOITyCKaB IO UM IWJIiHApaM cTpyMm. [Ipu mpomy depe3 ocCHOBHU
UWIIHAPIB TPOUILIOB BEIUKHUM 3apsij, MOPAAKY MUTIOHHY KyloHiB. Komu Pike
P03’ €IHAB IWJIIHJIPHU, TO 1X OCHOBU 3JIUIIWIACS TAKUMHU K 3aUUIICHUMH, 5K U
Oynu, 1 Macu KOXHOTO IWIIHApA TAKOX 3aIMIIUAiUCA monepeadimu. OTxke,
nociigamMu Pikke BCTaHOBJICHO, IO 1pU NPOXOONCEHHI CMPYMY Yepe3 NPOBIOHUK
NnepeHocy pevoBUHU He 8i100Y8AEMbCAL.

B 1913 poui Manaensintam 1 [lamanekci npoBenu 10Ci, SSIKUH MOKa3as,
0 CTPyM B MeTallax NEPEHOCUTHCS BinbHUMU 3apsdamu. BoHU HagaBaiu
KOTYIIIII 3 IPOBIHUKOM IIBUJKUX KPYTHJIBHUX KOJWBaHb BIITHOCHO OC1, a KIHIII
IPOBIAHUKA MPUEAHYBAIIUA O HEPYXOMOI TeIePOHHOI TPYOKHU. Y KO 3’ IBIISIBCS
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CIEKTPUYHUM CTPYM, SKUM CIPUUYUHSIB TPICK y TenedoHHi TpyOri. Ilumu
nociijgamMu Oyjo TIATBEP/KEHO HASBHICTh Yy MeTajax BUIBHUX EJIEKTPUYHO
3apsDKEHUX YaCTHHOK, IIPOTE 111 IOCIIIM HE BUSBJISIIN HAIIPSAMY CTPYMY 1 3HAKY
3apsly YaCTHHOK.

B 1916 p. anrniiiceki ¢i3uku Y. Crroapt 1 P. Tonmen, 3aMiHUBIIN TenePOH
YYTIUBUM OQIICTHYHUM TaJIbBAHOMETPOM, & KPYTUIIbHI KOJIMBAHHS — IIBUIKAM
00epTaHHAM KOTYLIKH 3 BEJIMKOK KIUJIBKICTIO BUTKIB TOHKOI'O JPOTY HABKOJIO
BJIACHOI OCl, €KCIEPUMEHTAIbHO JOBEIU ICHYBAHHS GLIbHUX EN1eKMPOHIE )
memanax. Hanpsim BIAXWJIEHHS CTPUIKM TaJlbBaHOMETpa BKa3yBaB Ha Te, IO
CTPYM Y MeTajlax 3yMOBJICHUI PYXOM He2amusHo 3apsAHKEHUX 4YacTUHOK. byro
BU3HAYCHO TAKOX 1X TUTOMUH 3apsi/l (BIIHOIICHHS 3apsiy 10 MacH YaCTHHKH):

e Ly,
m gR’
ne L - mosxxuna nposiguuka; R - omip mpoBigHHKA.
[IBUAKICTD YHOPSIAKOBAHOTO PYXY €IEKTPOHIB Y METaJIECBOMY MPOBIIHUKY

!
pl=—rg
ens
ne | - cuma crpymy; € - 3apsa enekTpoHa; N - KOHIEHTpAIlis BUIBHUX
€JEKTPOHIB; S - IUIOIIA ITONEPEYHOro Mepepi3y MPOBiIHHUKA.

Knacuuna enekmponna meopisi npogionocmi memaris

CtBopena B 1900 p. mimeubkum ¢izukom II. dpyne. Inei Hpyne mami
po3BuHYB X. JIOpeHIl, MiABIBIIM MiJ HUX JOCKOHATIIIY TEOPETUYHY OCHOBY.
Bona 0yinia Ha3BaHa kiacuuHor TOMY, 1110 B ii OCHOBY JISITJIM 3aKOHU KJIACUYHOI
¢13uku: 3akoHun HproroHa, OMa, NpenCTaBICHHS MOJEKYJISIPHO-KIHETUYHOI
Teopii OyJJ0BU PEUOBHHH.

B ocHOBy kmacm4HOi Teopii MPOBIAHOCTI METaNIB TMOKIAAEHO TakKi
MTOJIOKEHHS.

1. Metan sk KpHCTalliYHE TLIO € CHCTEMOIO MO3UTUBHUX 10HIB 1 BITBHUX
CJICKTPOHIB.

2. EnekTpoHHUI Ta3 BBAXKAEThCSA 1€ATHHUM Ta30M, B3aEMOJIEID MIXK
€JIEKTPOHAMHM MO>XHAa 3HEXTYBaTH, BPAXOBYETHCS TLIBKU B3a€EMOJIISI 3 10HAMHU
IpaTKu.

3. EnextponHuii ra3 nijyisirae 3akoHaM 0JJHOATOMHOTO 1/1€aIbHOTO Ta3y.

4. BHacaiJOK XaOTHYHOTO PpPyXy C€JIEKTPOHIB y pasi BIACYTHOCTI
€JIEKTPUYHOrO TOJSl B METall HEMA€ JOMIHYIOUOTO HAaMpsMy MepeMillleHHS
3apsiiB.

5. Enextpon HaOyBae eHeprii BIOPSAKOBAHOTO PyXY i1 II€F0 30BHIIITHHOTO
EJIEKTPUYHOTO MOJISl TIIBKKU HA LIUISIXY BUIBHOTO MPOOITy.

Kitacuuna Teopist e1eKTpOonpoBIIHOCTI JJa€ HACTYIHY 3aJI€KHICTh TUTOMOTO
OMOpYy METaJy BiJ IIBUAKOCTI TEIJIOBOI'O PYXY €IEKTPOHIB U, iX KOHUEHTpAIi 1
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cepeaHi JOBXKHHI BUIBHOTO MPOOITY €JIEKTPOHIB MiX JIBOMa IOCIIIOBHUMU

CIIIByIapaMH 3 I0HAMH KPHCTaIiYHOT IPaTKH A |
2m,o
e’d

Po3sxoooicenns midie knacuunoro meopiero i docrionumu hakmamu

1. [lepenycim 11e  cTOCyeThes  3akoHy Binemana-®panna, skui
CIIPaBIKYETHCSI B OOMEXKEHOMY 1HTEPBaJl TEMIIEPATYpP 1 BIAXUICHHS BiJ SKOTO
0COOJIMBO pa3ioul MPU HU3bKUX TEMIIEpaTypax.

2. KimacnuHa eneKTpoHHa Teopis BUSBHIACA HECIPOMOXKHOIO TMOSCHUTH
TEMIIEpaTypHY 3aJIEKHICTh ONOPY MPOBIIHUKA.

3. CymepeuHicte Teopli 3 JOCHIIHUMH JaHUMH, IO CTOCYEThHCA
TEIUIOEMHOCT1 TBEPAUX TiJ.

4, KnacuyHa €JIEKTPOHHA TEOpisl HAIITOBXHYJACs Ha BEJMK1 TPYAHOII IIPH
OI[IHIOBaHH1 JOBXUHH BIJILHOTO MPOOITy €IEKTPOHIB Y MeTajax.

IO:

Keanmoesa meopis npogionocmi memanis

VY teopii pyne-JlopeHna enexkTpoH po3risgacThes K MaTepiajibHa TOUKa,
sKa IMJIArae 3aKOHaM KJIACUYHOT MEXaHIKU. AJie eJIeKTPOH Ma€ CBO1 crielugIyH1
BJIACTUBOCTI. ENeKTpoHy BIacTuBa maca, 3aps/l, BHYTPILIHIA MOMEHT KUJIBKOCTI
PYXY, IKHI HA3UBAETHCSI CHIHOM, 1 CTIIHOBHM MarHiTHUNA MOMEHT. EnexTpoH mae 1
KOPITYCKYJISIpHi, 1 XBUJIbOB1 BIaCTHBOCTI. TOMY HE MOXHA MEPEHOCUTH 3aKOHIB
KJIACHYHOT MEXaHIKM Ha eNeKTPOHW Ta IHII MiKpodacTHHKHU. BractuBocti
€JIEKTPOHIB OMHUCYIOTHCS KBAHTOBOIO MEXaHIKOIO.

OT1xe, 32i0H0 yi€ei meopii eneKmpoHU 8 AMOMAX PEYOBUH MONCYMb MAMU HE
0yOb-aKUMU, a TULULe NeBHUMU 3HAYEHHAMU eHepeii, uo 8i0no6ioarms HOMepPam
iX enekmpoHHUX opoim.

Benuuuna eHeprii, Ky MOXe€ MaTH €JIEKTpOH B aTomi abo KpucTani,
HA3UBAETHCS eHepeemudHUM PIGHEM.

SIk1o aToMy HazaTy 330BHI €HEPTi0, TO BIH MEpEe B 30)0xceHUli CmaH 1
IpU 1[bOMY HOTO €JIEKTPOHU MEepeiayTh Ha OUIBII BiAAalieHi Bif sapa opOiTH,
IHITAMH  CIIOBAMH, RNIOHIMYMbCs HA OLlbul BUCOKI eHepeemuyHi pieHi. Ale
3pOOUTH 1€ BOHH 3MOXKYTb TIJIKH B TOMY BHUIIAJIKY, SIKILIO 11 PiBHI 3alIOBHEH1 HE
NMOBHICTIO. Tak sIK OLIBIIICTh EHEPreTUUYHUX PIBHIB aTOMa 3allOBHEH1 MOBHICTIO,
HE3alOBHEHUMU € JIMIIEe caMi BepxHi eHepreTuuHi piBHi. IIlo BiamoBinarTh
30BHIIIHIM €JICKTPOHHUM OOOJIOHKAM, Ha SKHUX PO3TAIlOBYIOTHCS BAlIEeHMHI
eleKmpoHU, TIPA TIBOMY IIl €ICKTPOHU 1 MOXKYTh 31HCHIOBATH MEPEXOIH MIXK
€HEPTreTUYHNMH PIBHIMHU aTOMa.

IIpy 00’enHaHHI aTOMIB B KPHCTaJl METaly BaJEHTHI €JIEKTPOHU CTalOTh
BUIBHUMU 1 YTBOPIOIOTh «e1eKMPOHHUL 2A3».

Pisenv ®epmi — ue HauBummii cHepretuunuii pisenp npu | =0K
3alHATUN CIIEKTPOHAMMU.
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CTpyM y HaniBIIPOBiTHMKAX

PeuoBrHM TUTOMUM OTip, Y SKUX 3 M1JBUILICHHSIM TEMIIEPATypH HE 3pOCTAE,
AK y METalliB, & 3MeHUyeEmsbcsi Ha3UBAIOTLCS Hanienposgionuxamu. MexaHizm
BUHUKHEHHS TPOBIJHOCTI B HAMIBNPOBIAHUKAX 3aJIeKUTh Bl OYJI0BU
HaIlIBIPOBIIHUKOBUX KPUCTANIB 1 MPUPOJAU 3B’SI3KIB, IO YTPUMYIOTh aTOMU
OJIUH OUIg OHOTO.

Kosanenmuuii 36°s30k — 3B’SI30K, IO 3HIMCHIOETHCA 3a JOIOMOIOIO
YTBOPEHHSI CHIJILHUX €JIEKTPOHHUX Map MK aTOMaMHU €JIEMEHTIB.

Kosanenmnuii nenonsapnuii 36’130k — 3B’S30K, IPU SKOMY CIUTbHA
CJICKTPOHHA Tapa 3HAXOJUTHCS CHUMETPUYHO BIJHOCHO SJE€P AaTOMIB JBOX
enemeHTiB. KoBajeHTHHMI HENMOJSPHUM 3B’S30K BHUHMKAE MIDK aTroMamu
€JIEMEHTIB 3 OJJHAKOBUMHU E€JIEKTPOHETaTUBHOCTSIMHU.

Kosanenmmnuii nonapnuti 36 ’s130k — 3B’ 130K, Y SIKOMY CIIUIbHI €JIE€KTPOHHI
napy 3MillleHl y OiK OUIbIl €JIEKTPOHEraTUBHOrO aToMa. BiH BUHMKAe Mix
aToOMaMu €JIEMEHTIB, Y SIKUX PI3HUI €JIEKTPOHEraTUBHOCTEN 3HAXOIUTHCS B
Mexkax Big 0 mo 2,5.

Enexmponecamugnicms — 4HUCIO, 110 NOKAa3y€ BIJHOCHY CHILY, 3 SKOIO
MPUTATYIOTHCS BaJICHTHI €IEKTPOHU aTOMaMU €JIeMEHTA y CIIOMYIIL.

Bnacna nposionicme nanienposionuxie

CtpyM B XIMIYHO YHMCTOMY HaIlIBOPOBIAHUKY — 1€ BIOPSIAKOBAHUU pPyX
€JIEKTPOHIB 1 AIPOK B MPOBIIHUKY B3JIOBK CHUJIOBUX JIIHIA €IEKTPUYHOTO TOJIS, B
ake  BIH  nomimeHud.  ToOTO  pO3PI3HSIOTH  €IEKTPONPOBIAHICTH
HaIIBIPOBIIHUKIB 81ACHY 1 OOMIUKOBY.

[IpoBigHICTh XIMIYHO YMCTUX HAIIBIPOBIAHUKIB, IO 0OYMOBJIEHA PYXOM
CJIEKTPOHIB 1 JIPOK, HA3UBAETHCA e1eKMPOHHO-0IpKO6o0, ab0  61ACHOI0
npoGioHicmI0, a CaMi HaIlIBIPOBITHUKU — 8IACHUMU HANIBNPOBIOHUKAMU.

[IpoBigHICTh BJIACHUX HAMIBIPOBIJHUKIB, 3YMOBJIEHY €JIEKTPOHAMH,
Ha3UBAIOTb €IeKMPOHHOK NpO8iOHicmio ab0 nposiowicmio N -  muny.
[IpoBigHICTh BJIACHMX HAMIBIPOBIJHUKIB, 3YMOBJIEHA KBa31YaCTUHKAMU —
TipKaMu, Ha3UBAIOTh OIPKOBOI0 NpoGioHicmio ad0 nposionicmio P - muny.

OTxe, y 61acHux HaninPoOBIOHUKAX CHOCMEPIcaEmvbCsi 084 MeXAaHiZMu
NPOBIOHOCMI —eleKMPOHHULL I OIPKOBUIL.

Enexmpuuna nposionicms nanienpogionuxie, aKi Maoms 00MiKu

[lix domiwkamu po3yMitOTh BBEICH] Y KPUCTAIIUHY PEIIITKY aTOMH THIINX
eJeMeHTIB. JloMIIKy BiIirparoTh MOABIHHY poJib. [[poBiMHICTH TPOBITHUKIB, IO
3yMOBJIEHA HAsSBHICTIO B HUX HA/JIUIITKOBHUX €JICKTPOHIB TOMIIIOK, HA3UBAIOTHCS
OOHOPHOI0 NPOGIOHICMIO, 4 CaMy PEYOBHHY, IO MPUHECTA B HANIBIPOBIIHUK
JOJATKOB1 €JEKTPOHHU, - donoppom. (Bin nmaruHchbkoro donare — TOM 110 Ja€).
JIOMIIIKY B1AIrparOTh MOJBIMHY POJIb.

HHomiwiku € Oonopamu 6 momy 6unaoky, KOau il 8aleHmHicmb Oilbuud
8a/IeHMHOCMI OCHOBHO20 NPOBIOHUKA.
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HamiBnposigHuk 3 JTOHOPHOIO MIPOBITHICTIO HA3UBAETHCS
HanienposioHukom N-muny. (Big naTHHCHKOTO negativus — HEraTUBHUM).

[IpoBiAHICTH HAIMIBIPOBIIHMKIB, 110 3YMOBJICHA HAsSBHICTIO B HUX JIPOK,
HA3UBAEThCS aKYenmopHow, a PEYOBUHA, IO TPHUHECHA iX B OCHOBHHM
HaIIBIPOBIIHUK, - akyenmopom. (Big naTuHChKOTO acceptor — mpuiiMau).

Axyenmopom Mmoxce Oymu peuouHa, BaAleHMHICMb AKOI MeHuld
BANLEHMHOCMI OCHOBHO20 NPOBIOHUKA.

AKIIETITOpHA TPOBITHICTh HA3UBAETHCS TAKOXK nposionicmio P -muny. (Big

JATUHCBKOTO POZitlv — NO3UTUBHUN).

ToOTO B OJHMX BHUNAJKaX JIOMINIKKA € JOJATKOBHUMHU MOCTaYalbHUKAMU
€JEKTPOHIB Yy KpPHUCTaldl, aTOMHM TaKuX JOMIIIOK HAa3UBAIOTh OOHOPAMU.
JIOMIIIKK, aTOMHU SIKMX € IIEHTpaMHU 3aXOIUJICHHSI EJICKTPOHIB Yy KpHcCTanax
HA3UBAIOTHCS AKYenmopamu — CrioKuBa4aMH.

Axwo  sanewmuicms  0OMiWOK — OinbUA  8ANEHMHOCMI  OCHOBHO2O
HANiBNPOBIOHUKA, MO U020 NPOBIOHICMb OOHOPHA, A AKWO MEHWd, - Mo
aKyenmopHa.

Sk B1IOMO HamiBNPOBIJHUKHU MAlOTh 61ACHY 1 0OMIiUKOE) MPOBIIHICTS 1 1i
MOYKHa MOSCHUTH Ha OCHOB1 30HHOI TEOPIi.

Enepris, noTpiOHa eIeKTPOHY 711 MIK30HAJIBHOTO TIEPEXOY, HA3UBAETHCS
eHepeiclo akmueayii 61acHoi nposioHocmi. J{ns TepMaHil0 BOHA JOPIBHIOE
0,72 eB, nist kpemnito — 1,1 eB, nns ceneny — 1,7 eB.

3a 30HHOIO TEOPIEIO TOMIMIKOBI aKIENTOPHI aTOMH BHOCSATH JIOJIaTKOBI
HE3aHATI €HepreTUYH1 PiBHI, SK1 JeXaTh B 00JaCTl 3a00pOHEHOIT 30HU OJrKUe
0 BEPXHBOIO PIBHSA BAJIEHTHOI 30HM HAaMIBOPOBiAHMKA. JlOJaTKOB1 pIBHI
Ha3UBAIOTBbCS  pIGHAMU  Npuaunanus, abo  akyenmopuumu. OCKUIbKU
AW " < AW | To 1i BIUIMBOM TEIMIOBOIO PyXy €IEKTPOHM IIEPEXOAATE 3 PIBHIB
O1Is1 BEpXHBOTO Kparo 3allOBHEHOI 30HM HAIIBIPOBIAHUKA HA aKIENTOPHI PIBHI
gomimok. Ilpm 1bOMy Yy BaJleHTHIM 30HI HAMIBOPOBIIHWKA BHUHHUKAIOTH
€HepreTUyH1 PiBHI, a00 aipku. L1 AipKK 3aMIOBHIOIOTHCS €IEKTPOHAMH 3 HIKIHUX
€HEepPreTUYHUX piBHIB. Takuil THUM MPOBIAHOCTI HAMIBOPOBIIHUKA HA3UBAETHCS
0IPKOBOIO OOMIUIKOBOIO NPOBIOHICMIO a00 TIPOBITHICTIO P - THIY.

3aNIeXHICTh MUTOMOTO OMOPY O Ta €NEKTPOINPOBIAHOCTI HAMIBIPOBIAHUKA

O BiJ a0COIOTHOI TeMmepaTypu | :
l AW AW

_20_0_2’7’M; 0':00-2,7_m,
yo,
1€ o, - cTaja AJid JaHoTo HaITIBIPOBITHUKA BEIMYMHA, IO 3AJICKHUTH Bij

BJIIACTMBOCTEM came nporo nposimnumka; AW - emepris axrmsarii, To6TO
CHeprist, HeoOXiIHA €ICKTPOHY Ui PO3PHBY KOBAJIEHTHOIO 3B’s3Ky; K - crama
bonsiMmana.

I3 pocrom Temmeparypu | NIUTOMME OIp L Majae IO KPHUBIiH, sKa

Ha3UBA€TbCA €KCNOHEHMO0.

42



p="F(T).

[Ipu He3MIHHIN TeMmepaTypi YUCIIO €IEKTPOHIB 1 JIPOK, IO PEKOMOIHYIOTh
3a OJUHUIIKO Yacy JOPIBHIOE UYHCIY BHUBUIBHEHHUX, TOOTO MDK HUMHU
NIATPUMY€ETHCS IUHAMIYHA pIBHOBAra.

Pexombinayis — mpoliec 0JTHOYaCHOTO 3HUKHEHHS efeKTpoHa 1 aipku. (I[Ipu
3yCTpiui 3 AIPKOIO — €JIEKTPOH MOKe OyTH 3aXBaJICHUM HEIO).

KoHTakT 1BOX HamiBIPOBIIHUKIB Ha3UBAIOTh P — N —nepexodom.

Jipku B P -HaIMIBIPOBIIHUKY HA3UBAIOTHCI OCHOBHUMU HOCIAMU 3aApA0is,

npoau(yHIOBaHI B HBOTO EIEKTPOHU — HEOCHOGHUMU. EilekTpoHn B N
-HaIIBIPOBIJHUKY Ha3UBAOTHCS OCHOGHUMU HOCIAMU 3aPSIIB B HBOMY, a IPKH,
AKUM BJAQJIOCA NPOHMKHYTH MoruOme B N -HamiBOPOBIIHUK, IOJO0JIABIIN
BIILITOBXYBaHHSA AIPOK P — N —HEpeXony, HEOCHOBHUMU HOCIAMU 3aPA0IE.

Takum 4nHOM, etekmponu 6 N -HaANiBNPOBIOHUKY — OCHOBHI HOCII 3aps10i8,
OipKU 8 HbOMY — HeOoCHOS8HI. B cBOW uepry, OJipku 6 P -HaniénpogioHuxy —
OCHOBHI HOCII 3aps1018, a e1eKMPOHU 8 HbOM) — HEeOCHOBHL.

P — N —nepexing Moxe OyTU npsamum 1 36opomuuii. [Ipsmum HA3UBAIOTH
nepexij, mpu sIKOMY CTPYM TEPeNaeTbCsi OCHOBHUMHU HOCISIMU: 3 JTUISHKH Ny
OUISTHKY P eNleKTpoHaMu, a 3 JIUISHKU Py AUIIHKY N aipkamu. BHacnijgox
TaKoro MNepeHocy NPOBIIHICT Oye BEIUKOIO, a omip ManuM. CTpywm, skuii Oyie
MIPOXOAUTH Yepe3 Takuil P — N-nepexia Oye nyKe BEJIMKUH 1 BIH HA3UBAETHCS
NPAMUM CIPYMOM.

360pomnum Ha3WBAIOTh TMEpeXiJ, MpPU SKOMY CTPYM IE€pPENA€ThCA
HEOCHOBHUMH HOCISIMU: 3 JUISSHKU Py AUITHKY N €JIeKTPOHAMM, a 3 AUISHKU N
y OUIAHKY P aipkamu. BHacmigok 1bOro MpoOBIAHICTH Oylie Major, a OIip
BEIIUKUM - BUHUKAE 3anipHull wap, T00TO 1map, 3011HCHUI BITbHUMH HOCISIMHU
3apsany. CTpyM, sikuil OyJie IpOXOAUTH Yepe3 Takuil P — N-nepexig Oyae ayxe
Majauil 1 B 0araTo pasiB MEHIIUK CHUJU TPSMOTO CTPYMY, TO TaKUW CTPyM
HA3UBAETHCS 360POMHIM CIPYMOM.

llpsmuit cmpym cmeoproroms OCHOBHI HOCIL 3aps0ié HANIBNPOBIOHUKA, d
360POMHIU — HEOCHOBHI.

P — N —mepexia BIAHOCHO CTPYMY HECUMETPUYHHUU: Y MPSIMOMY Hampsimi
Omip Tepexoay 3HAYHO MEHIIUW, HIK Yy 3BOpoTHOMY. llg BiacTuBICTH
BUKOPHUCTOBYETHCA ISl GUNPAMIEHHS 3MIHHO20 CIPYM) .

BnactuBocti P — N —mnepexoay

1. Onip P —N —nepexody 6 dexinvka pazié OiLIbWUL ONOPY THUUX YACMUH
HanienposioHUKaA.

2. P—N -nepexio mae eracmugicmv NPONYyCKAMU CMPYM & OOHOMY
HanpsamKy imaudice He nponyckamu 6 36opomuomy. s BractuBicth P—N—
MePEX0TyBUKOPUCTOBYETHCS B HAIIBIPOBIIHUKOBUX J10/1aX /IS BHIPSIMIICHHS
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3MIHHOTO CTPyMYy.

HamiBnpoBiAHUKH IIMPOKO BUKOPUCTOBYIOTHCS B PIZHMX Taiy3six HAyKH 1
TeXHIKU. Tak K BUHMKHEHHS HOCIiB 3apsay B HUX MOXe OyTH 0OYMOBJICHO HE
TUIBKA  TEIJIOBUM  e(PeKToM, ajieé 1 MEeXaHIYHOKW €0, CBITJIOBUM
BUIIPOMIHIOBAHHSIM, CTpyMamu BHCOKO1 4acCTOTH, 10HI3YIOUUM
BUIPOMIHIOBaHHSIM 1 T.J. Jl0 HHUX BIIHOCSTHCA HAMIBIPOBIAHUKOBUU 107,
HaIlIBIPOBIIHUKOBUN Tpioa (TPaH3UCTOpP), TEPMICTOPH, HAMIBIPOBIIHUKOBI
dboToenemMeHTTH, POTOPE3UCTOPH, TEPMOONIOPHU (TEPMICTOPH ), COHSIUHI OaTapei.

Hanienposionuxkoei 0ioOuMarOTbKOHTAKT JIBOX HAIIBOPOBIIHUKIB 3 P—N

-IEPEX0/I0M, IO 3YMOBIIIOE OJIHOOIYHY MPOBIJHICTH 1 3aCTOCOBYETHCS B
€JIEKTPO- Ta PaAIOyCTAHOBKAX [UIsi BUNPSIMIICEHHS 3MIHHOTO CTpyMmy. 3a
KOHCTPYKIII€I0 BOHHU TOJAUIAIOTBCS Ha MOuko6i 1 niaowunui. Bunpsmuisiodi
BJIACTUBOCTI HAIIBIPOBITHUKOBUX JIOMIB XapaKTEPUIYIOThCS KoeqiyieHmom
sunpsmientsk .

Koegiyicnm  eunpsmnenns HaNIBOPOBIIHUKOBOTO J10Aa  JOPIBHIOE
BIIHOIIEHHIO CWJIM TPSIMOTO CTPyMy, IO MPOTIKAE uepe3 Mio[, 10 CHIH
3BOPOTHOTO CTPYMY

k _ Inp;z.w.

360pom.
Hanienposionuxosi  mpioou  (mpan3ucmopu) 3aCTOCOBYIOThCA IS
reHepartii 1 macIeHHs paglocurHaiiB. BoHM CKIaqaoThCs 3 TPhOX €IEKTPO/IIB:
oaszu (b), emimepa (E), konekmopa (K). Po3pi3HsOTh TpioJy HA OCHOBI P -

HaIiBOpPOBiAHKUKA (TUITY N — P —N), a00 Ha OCHOBI N - HAMIBIPOBITHUKA (TUITY
p—n-p).

Tpanzucmop niocunoe Hanpyay Ha nepexooi 6a3a-KoieKmop, npuuomy ye
niocunenus 6i00y8aembCsi 3a PAXYHOK eHepeil odicepena cmpymy 6 KoJli
KoneKmopa.

Tepmoonopu (mepmicmopu) — L€ HAIIBIPOBIIHUKK CICKTPHYHUH OIIp,
AKMX 3HAYHOIO MIpOIO 3aJ€KHTh BiJl TEMIEpAaTypH. IX 3aCTOCOBYIOThb JUIS
BUMIPIOBaHHS  TEMIEpaTyp, aBTOMATHYHOTO  PETYJIOBaHHSA  CTPYMY,
BUMIPIOBAHHS IIBUAKOCTI PyXOMHUX 00’ €KTIB, y ra30aHa13aTOPAX TOILIO.

Domopeszucmopu (homoonopu) - HAMIBIPOBIAHUKHK BIIACHA MPOBIIHICTS,
AKUX 3aJeKUTh BII OCBITIAeHHSA. [lis (OTOpE3UCTOpPIB TIPYHTYETHCS Ha
asuwighomoenexkmpuunozo egpekmy. omoenrekmpuuHum eexmom Ha3uBaAIOTh
SIBUIIIE, NP SKOMY €JICKTPHYHA IMPOBIIHICTh 3POCTA€ BHACHIJIOK PO3PHUBAHHS
3B’SI3KIB 1 YTBOPEHHS BUIbHUX €JIEKTPOHIB 1 IIPOK 32 paxXyHOK €Heprii CBITIA, 110
naja€e Ha HaIiBOPOBITHUK. DOTOPE3UCTOPH 3aCTOCOBYIOTH JJISI aBTOMATHIHUX
IIPUCTPOIB, CBITIIOBUX BUMIPIOBaHb TOIIIO.

Hanisenposionuxosi pomoenemenmu - NIpuiIaan, B SKAX CBITJIO, IIFOYN Ha
P — N -mepexia 3ampHOTro IMapy, 3yMOBIIOE BUHUKHCHHS €JICKTPOPYIIIHHOT

CWJIM TIOPSIJIKY KUTBKOX JECATUX BOJbTa. HamiBnpoBiAHUKOBI () OTOEIEMEHTH HE
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noTpeOyIOTh JpKepena Halpyrd, BOHHM cami 0e3mocepeHbO TEPETBOPIOIOTH
CBITJIOBY €HEPTIIO B €JIEKTPHUYHY.

CoHauna b6amapesi — HANIBOPOBIIHUK, BBIMKHEHHI B €JIEKTPUYHE KOJIO,
KU 3YMOBJIIOE TIPOXOJDKCHHSI €JIEKTPUYHOTO CTPYMY BHACIHIJIOK IMOMAIaHHS
CBITIa Ha P — N -mepexia (B pe3yJbTaTi I[bOTO OIMp PI3KO 3MEHIITYETHCS).

Consuni 6aTapei MiHiaTIOp1, ACIIEB] 1 JOBTOBIYHI, IPHU IILOMY iX BCTAHOBIIOIOTh
Ha CYMyTHUKAX 1 KOCMIYHHUX KOpabJiax. 3 TO0MOMOTOI0 COHSTYHUX OaTapeit MoxkHa
00irpiBaTH MPUMIIICHHSA, Ha TaKUX OarapesX MpaIiolTh eJIeKTpoMoOun —
aBTOMOOUII, 1[0 HE MOTPEOYIOTh OCH3UHY.

CyuacHi eepmaniesi niocuniosaui, 1K1 JO3BOJSAIOTH MMICHIIFOBATHA HANPYTY 1
MOTYKHICTh CTPYMY B JIECSITKU THUCSY1 Pa3iB.

HamniBnpoBiAHUKOBI TPAH3UCTOPH 3aCTOCOBYIOTh B €1eKMPOHHOMY peie, 110
JI03BOJISIE BMUKATH 1 BUMUKATH CTPYM B JIaMIIi 31 IIBUJKICTIO O THUCAYl pa3 B
CEeKYyHIy, SIKAA 3BUYAHHUMHM MEXAaHIYHHUMH TIEPEMUKAHHSIMHU  JOCSTTH
HEMOKJIMBO.

Ha BrmactTuBOCTI HamiBIPOBIAHUKIB 3MIHIOBATH YWCIIO HOCIIB 3apsiB Iif
MEXaHIYHUM BIUIMBOM OCHOBAaHUN NPHUHIMI il meH300amyuxie — JIyxKe
YYTIWBHUX TPWIAJIB, 1[0 MAaIOTh MOKJIMBICTh BUMIPIOBAaTH BEIMYHMHY THCKY B
IITUPOKUX MEKAX.

Ha ocHOBI €NeKTpOHHHMX Iy4YKiB TE€HEpyBaTH B HaMiBIPOBITHUKAX
J0IaTKOBY KUIBKICTh 3apsiAiB 0a3y€eThCs 1 HANiNPoGIOHUKOBUX 1A3€EPI8.

VY Bcix cydacanx EOM BUKOPHUCTOBYIOTH HaIIBIPOBIAHUKOBI MPUIIAIH.

Mikpoenekmponixa — 0051acTb €NEKTPOHIKH, B SKIH pPO3TISTAI0THCS
npoOJieMd CTBOPEHHS PI3HUX  CIEKTPOHHUX TMPUCTPOIB B  E€IUHOMY
TEXHOJIOTTYHOMY TTpolieci (TOOTO BCiX 3pa3y) 1 B MiHIaTIOPHOMY BUKOHAHHI.

MikpoeneKkTpoHika Jla€ MOXJIMBICTh CTBOPIOBAaTH Ta BUKOPHUCTOBYBATU
IHme2panvhi MiKpocxemu, TOOTO ApiOHI MJIACTUHKY 13 HAIIBIIPOBIIHUKIB, Ha SIKI
y BaKyyMi HAMJTFOETHCS BCSI CXeMa, 1 Ha K1 OJTHOYACHO MOKHA HAHECTH THUCSY1
MpUIaaiB (110/11B, TPAH3UCTOPIB, KOHIEHCATOPIB 1 PE3UCTOPIB).

CtpyM y Bakyymi

Bakyym — po3pipkeHui 10 TaKo1 MIpH ra3, 110 Cepe/IHs A0BXKHUHA BIJIbHOTO
poOIry MOJIeKyJ epeOUIbIIYE JIIHINHI pO3MIpU NOCYAUHHU.

BakyyMm BIIMIHHMH 130JIATOp TOMY, 110 B HbOMY HEMAa€ BUIBHUX HOCIIB
3apsiay. Y BaKyyMi CTPYM HE BUHHMKA€E HABITh MPU CTBOPEHI PI3HUII MOTEHI[IAJIB.
JJ1st HAsIBHOCTI €IEKTPUIHOTO CTPYMY B KOJII HEOOXITHO JIBI YMOBH: iICHYBaHHS
PI3HUIII MMOTEHITIAIB 1 HASBHICTh BUIBHUX 3apPS/KCHUX YaCTHHOK.

Otxe, cmpym y 6axyymi — ye 6nopsoKo8anull pyx eleKmponie ado THuux
3aps0i6, BHeCeHUx 6 8AKYyM ix 0dcepenom, nio 0i€r0 308HIUHBO20 eLeKMPUUHO2O
noJAL.

Emicito, 3yMOBJIEHYy TEIUIOBUM pPYXOM  €JIEKTPOHIB, HAa3UBaIOTh
mepmoenekmpoHHor. ENEeKTpOoHU, 10 BUITYCKAlOTHCS PO3KAPEHUM METAIOM
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HA3UBAIOTh MEPMOeIeKMPOHAMU, & CAM METAIl— eMimepoM.

domoenekmporHa emicis — BUPUBAHHS €JIEKTPOHIB 3 MOBEPXHI Tija Mif
€10 CBITIIA.

Bmopunna emicis — BUOMBaHHS €JIIEKTPOHIB 3 METATy y BaKyyMi IIpH HOTO
OomOap1yBaHH1 3apsi>KEHUMH YaCTUHKAMU.

Enexmponnuii nyuox — 11e 4aCTUHA €JIEKTPOHIB, IPUCKOPEHUX EIIEKTPUIHUM
MOJIEM, L0 MPOJITAIOTh KPI3b OTBIP aHOAY €JIEKTPOHHOI JaMmu. KiJlbKICTIO
€JIEKTPOHIB y IMYyYKYy MOXKHA KEepyBaTH, 3MIHIOIOUM MOTEHIial J0JIaTKOBOIO
€JIEKTPOJIa, YCTAHOBJIEHOTO MIDK KAaTOJAOM 1 aHOJAOM. ENEKTpOHHHUN MyYOK,
MOTPAIUISIOUN Ha T, CIPUYMHSE X HarpiBaHHS.

MOXIUBICT,  KEpyBaHHS  €INEKTPOHHHMM IIyYKOM 33  JIOIIOMOTOIO
€JIEKTPUYHOT0 a00 MArHiTHOTO IOJIB 1 CBITIHHS IiJ JII€H0 ITy4YKa €JICKTPOHIB
€KpaHa, MOKPUTOTO JIIOMiHOGOPOM, 3aCTOCOBYIOTh B €JIEKTPOHHO-IPOMEHEBIM
TpyO1Ii.

Jlrominoghopu — PpEUYOBUHU, SIKI JAIOTh JIFOMIHECIIEHTHE CBITIHHSL.
[MoninstoTees Ha: gomontominogopu — PEUOBUHM, IO CBITATHCS MiJa €O
OCBITJICHHS; KamoOonoMiHOGopyu — PEUYOBUHH, IO CBITATHCA MiA yJIapoM
3apAKEHUX YaCTHHOK; JIOMIHOGDOPpU padioakmueHo20 30)04cerHsl TOIIO.

Enexmposakyymuuii npunao - 1e TpWIaa, B SKOMY MPOXOHKCHHS
CJIEKTPUYHOTO CTPYyMY 3AIMCHIOETHCS TUIBKM BIUIBHUMH €JeKTpoHaMu. A0O
8AKYYMHI NPpUIaou — IPUCTPOi, OCHOBAHI Ha SIBUIIl TEPMOEIEKTPOHHOI EMICIi.

Hio0om Ha3WBaIOTh €IEKTPOHHY JaMIly, SIKa Ma€ JiBa €JIEKTPOJIU - KaToJ 1
aHon. Karogom € HHMTKa po3kapeHHA 3 Bojbppamy, aHOAOM - METaJeBUU
nTiHAp. Takuil 11071 HA3UBAIOTh 0i000M NPAMO20 po3dcaperHs (TOOTO B HbOMY
CJICKTPOHH BUITYCKA€ CaM PO3KAPECHHUIN METa).

Hioou 3 niodiepienum kamooom CIY>KUTh IJis 301UTBIICHHS TYCTUHH CTPYMY,
IpU TOCEPENHBOMY PO3KAPEHHI KaToza. IX Ile Ha3MBAIOTh 0i0OU3OKCUOHUMIL
Kkamooamu abo 0ioou 3 Kamooamu HeNpsIMO20 PO3AHCAPEHHSL.

o0 € ons enekmponie HibU 8yauUYer0 3 00HOCMOPOHHIM PYXOM, MOOMO 8iH
npayroe Ak erekmpuuHuti eeHmunb. (Came 110 BJACTUBICTh  IIMPOKO
BUKOPHUCTOBYBAJIM B €NIEKTPOHHINA TEXHILI JJIs1 BUMIPSMIIEHHS 3MIHHOTO CTPYMY.

Bonom-amnepna  xapaxmepucmuka 0iodie  BimoOpaxae 3aJIeKHICTh
aHozxHoro ctpymy |, , mo Tede Big aHonma 1o kKarona, Bix aHoxHoi Hanpyru U, -
HaIpyTy Ha eJIEKTPOaax.

I, =fU,).

KpuBa Oyne Matu nmoyaTok B moyaTky koopauHat. [Ipu 3011b11eH1 aHOAHOT
HaIpyTH, CHJIa CTPyMy OyJie 3pocTaTH 1 KpuBa rpadika Oyae cTaBaTé KpyTIIIOLO.
[Ipu mocsrHEHH! HAPYTHW HACWYEHHS CHJIA aHOIHOTO CTPYMY IEPECTaHE TEXK
3poctatu. Takuil CTpyM HA3UBAETHCS CMPYMOM HACUYEHHs, 3 CaM CTaH JIAMITU —
CMAHOM HACUYEHHS.

AHaji3 BOJIBT aMIIEPHOI XapaKTEPUCTHKH [i0Ja TOKa3ye, IO SK IpH
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OpsIMOMY, TaK 1 HEMPSIMOMY PO3KapeHi KaTo/a, CUJia aHOJAHOTO CTPYMY 3pOCTa€e
HEJIIHIMHO 3 POCTOM aHOJIHOI Hampyru. BiamoBigHo, 10 CTpyMy B Ji0A1 3aKOH
OMa He3aCTOCOBHMI i TUISTHKHU KoJyia (HOro MOHa 3aCTOCOBYBATH JIMINIE HA
HEBENUKUX JIISHKAX BOJBT-aMIIEPHOT XapaKTEPUCTUKU TMPU HEMPSIMOMY
PO3KapeHi).

Tpuenexmpoona namna (mpioo) - 1€ MPUIIAJ y SKOTOMIX KaTOJIOM 1 aHOJIOM
PO3MILLYIOTh TPETI eneKTpo (ciTKy). IIpuHUMN aii TPUENEKTPOIHOI JaMIn
MOJIATaE B KEpPyBaHHI CHIJIOI0 aHOJHOTO CTPYyMy 3a JOIMOMOTOI0 CITKOBOI
Hanpyru. CiTKy Tpiojia Ha3uBaIOTh Kepyrouoro. Tpiog — miAcUiItoBady CIaOKUX
CTPYMIB Ta HampyT, K1 HAasBHI B KOJI1 CITKH.

Enexmponno-npomenesa mpyoka — 1€ TPUCTPIM y SKOMY €JIEKTPOHHU
pYXalThCs B Karojga [0 aHoJAa Yy BHUIVISAL EJIEKTPOHHOTO MPOMEHIO,
BJIApSIOTHCS B €KpaH, MOKPUTHI CIELIATbHOI PEYOBHHOK - JIFOMIHO(POPOM,
AKUH TOYMHAE CBITUTUCA B TOMY MICHI, KyJud NOMNaJal0Th €JIeKTpOHU. AOO
e/leKMPOHHO-NPOMeHesa mpyoKa — 11e BaKyyMHHUI Npuia, SKUid MpU3HAYCHHHI
IUIs IEPETBOPEHHS €JIEKTPUYHUX CUTHAIIB Y BUJIUMI CBITJIOBI.

OCHOBHUMH YacCTHHAMHU €JIEKTPOHHO-TIPOMEHEBOI TPYOKH € BaKyyMHUU
0aJloH, €NeKTpOHHA TMyIIKa, KepyKul €JIEKTPOHH 1 €KpaH, MOKPHUTHH MIapoM
KPHUCTAJIB, K1 CBITSTHCS MiJ] ylapaMu €JICKTPOHIB.

EnexTpoHHO-TIpoMeHEBa TpyOKa — OCHOBHHMM €JIEMEHT TeleBi3opa,
ocuuiiorpada it MOHITOpa B KOMIT FOTEPI.

Ocyunocpagh — npwnaa st AOCHIKEHHS IIBUAKO3MIHHUX TIPOIIECIB B
SJIEKTPUYHUX KOJaX. Big JaTHHCHKOTO CIIOBA «OCIMILIION» - XMTAKOCh 1 TPEIbKOTO
cJIoBa «rpadoy - MUIYy.

IToTik 4YacTMHOK pEYOBMHM ab0 TMPOMEHI, MOAIOHI 10 CBITJIOBUX,
BUIPOMIHIOBAaHUM PO3KAPEHUM KaTOJIOM, OTPUMAJIH Ha3BY KAMOOHUX NPOMEHIB.
YacTuHKH, MO BXOAWJIM A0 CKIQJy KaTOJHHUX TIPOMEHIB, OyIM Ha3BaHI
eleKMpPOHAMU.

CTpyM B piguHax

YucTi piaMHU HE NPONYCKAIOTh €IEKTPUYHUN CTPyM (IIMUCTHIIbOBAaHa BO/JIA,
rMIepuH, rac Tomo). e moscHI0EeThC THM, IO B TAKUX PIIAHAX Majio HOCIIB
CTPYMY — 10HIB.

SIk1o B piivHI, HAMIPUKIIAJ Y BOJI, PO3UYMHUTH CiIb, KUCIOTY abo JyT, TO
BOHA CTa€ EJIEKTPONpOBiHO0. lle MOACHIOETBCS TUM, IO i BIUIMBOM
PO3UYMHHHUKA MOJICKYJIM PO3UMHEHOT PEYOBUHU PO3MAAAIOTHCS (Oucoyitoroms) Ha
PI3HOWMEHH]1 10HH.

3 niosuwenHaAM memnepamypu eneKTPONPOBIIHICTh €IEKTPOJIITIB 3POCTAE,
BHACHIJOK 30LIbLIEHHS IIBUJIKOCTI TEIJIOBOTO PYyXy MOJEKYJa1 Ta OUIbII
IHTEHCHBHOI 1X pyiHarii Ha i0oHU. [Ipr bOMy 3pocTae KOHIIEHTpAIlIA 10HIB, 1X
PYXJIUBICTD, IO BEJIC IO 3MECHIIICHHS OITOPY €JICKTPOJIIITY.

lonu — aTomu a00 TPyIH aTOMIB, 110 HAOYIIH 3aps Ty BHACIIIOK MPUETHAHHS
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a00 BTpaTH OJHOTO a00 KUJILKOX €JIEKTPOHIB.

Skmo aroM, 10 BTpAaTHB OJUH a0 KIJbKa EJEKTPOHIB, YyXKE HE €
HEUTPAIBHUM, & Ma€ MO3UTUBHUU 3apsi, TO WOr0 HA3UBAKOTb HO3UMUGHUM
ioHoMm. SIKIIIO 3aiBUN €JIEKTPOH MPUETHYETHCS 10 HEWTPAIbLHOT'O aToMa, TOIl
aToM HaOyBa€ HETaTUBHOTO 3apsiAy 1 CTA€ He2amueHUM IOHOM.

lonnuti 36’30k — 3B’A30K, 10 OOYMOBJIEHUH MPUTATAHHSAM JIBOX
PI3HOMMEHHO 3apsIKEHUX 10HIB.

Enexmponimu — e npoBiJJHUKH, B AKUX MPOXO/KEHHSI CTPYMY CHPUYUHSIE
eJIEKTPOoIi3 a00 PEYOBHHH, 110 PO3MATAOTHCSA B PIAKOMY CTaHI Ha 10HU.

Otrxe, cmpym 6 enekmponimi — ye 6HNOPAOKOBAHUU pYX IOHIG
NPOMUNIEHCHO20 3HAKY NiO OIEI0 eNeKMPUUHO20 NOJISL 8 eJleKMPOLimi.

Enexmponimuuna oucoyiayin - 11e nponec po3naay MOJEKYyJ pO3YMHEHOI
PEYOBMHM Ha 10HU T1J] BIUIMBOM MOJEKYJ PO3YMHHHUKA Ta TEIUIOBOTO PYyXy
MOJIEKYJ. MOXIIMBICTh PI3HUX PEUOBUH JIO0 JUCOIIAIl XapaKTepU3yeThCs
CcmyninHio oucoyiayii, TOOTO YUCIOM MOJIEKYJI, 1110 PO3NAIUCS 32 OJUHUIIIO Yacy
a00 KUIbKICTbh 10HIB, 1110 YTBOPUIIUCS.

Pexombinayis (Momizariisi) — nmpouec Bo33’€IHAHHS PI3HOMMEHHHUX 10HIB Y
HEUTpaIbHI MOJICKYJIH.

Enexmponiz — 11¢ OKHCHO-BITHOBIIOBAJbHI peakilii 3 BUIUICHHSIM Ha
eJIEKTpOJIax peuoBUHU. Ha kaToli pu 11bOMY BUAUTSIETHCS YHUCTHI METAJL.

Bonem-amnepua xapakmepucmuxa enekmponizy — 1e rpadiyHa 3aj1exHICTh
CWJIM CTPYMY B €JIEKTPOJIITI Bil HAPYTH HA €NEKTPOJII.

1 =f(U).

Jlo HacTyny Hampyrud HACMYEHHS B €JIEKTPOJIITI CUjia CTpyMy Oyzie mpsiMo
npornopiiiiHa mpukiageHi Hampysi. [lpw nmesxiii Hampy3l HAaCHYEHHS, CHIIH
MPUTATAHHS 10HIB €IEKTPOJITY 10 €ICKTPO/IIB CTAHYTh AY>KE€ BETUKUMH, 1110 BCI
10HM €NEeKTPONITY OyIyTh BTSATHYTHMHM B TOPSIIKOBUH pyX JO €IEKTPOIB.
Crpym, sikuii Oyzae BIANOBIJATH JAHOMY CTaHy, HA3UBAETbCA CHIPYMOM
Hacuuenns. OCKUIBKM B TMOJAJbIIOMY Hampyra Oyjae 3pocTaTv, a CTpyM
HACUYEHHS HE 3MIHIOETHCS, TO TAKUM CTaH HA3UBAETHCS CMAHOM HACUYEHHS.

3naroum ctany ABoraapo 1 cramy Dapazaes, MOKHA 3HAUTH MOYJIb 3apsiay
€JIEKTPOHA:

Enextpuunuii 3apsig Oyp-SKOro ioHa:

N
3apsii OJHOBAJCHTHOTO 10HA JOPIBHIOE 3a aOCOJIOTHOK BEIMYHUHOIO
3HAYEHHIO 3apsAy eJIeKTpoHa: q=e=16-10" K.
3acTocyBaHHSI €IIEKTPOJIi3Y
I. Enexmpomemanypeisi — BIZOYBAETBCS €IEKTPOJI3 PYI TPH BHUCOKHUX

A
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TemMriepatypax, nopsaaky 900 rpamycis Llenbcist 1uist OTpUMaHHS YUCTUX METaIB.

II. Ouuwenna (paghinysanns) memanie. JInsg 1UBOTO OYMINECHUNW MeETal
BIIJIMBAIOTh y BUTJISAMI IJIACTHH Ta POOJIATH iX aHOAAMHU Yy EJIEKTPOJITHYHIN
BaHHI. EJEKTpoJiTOM CHYXKUTh PO3YMH coOJli JaHoro wmerany. [loOuparoun
HaIpyry MiX aHOJIOM Ta KaToJ0M, JOOMBAIOThCS, 00 TIJIbKH OYUIIEHUN MeTal
MEePEXOAUB 3 aHOJIa Y PO3YMH 1 BUAUISIBCS Ha KaTojl. JIOMIIIKY BUIA/Ial0Th Ha
JTHO Y BUTJISIZIL Ocany.

III. I'anveanomexnika.

1) I'anveanonnacmuxa, abo SIEKTPUYHE OCA/DKEHHS METay Ha IOBEPXHI
nmpeaMeTa Jjisl BIATBOPEHHS Horo popMu.

2) I'anveanocmezisi — €NEKTPUIHE OCAKESHHS METAITIB JIJISl IOKPUTTS OJJHUX
METaJIiB IIapOM 1HIITMX 3 METO 03700JICHHS a00 3aXUCTY iX B1J KOPO3Ii.

3) Enexmponimuune mpaeients i noxipysanisi. 3a JOTIOMOTOIO SJICKTPOITi3Y
MO>KHa MOJIIPYyBaTH NOBEPXHI METAJIEBUX BUPOOIB.

4) Enexmponimuuni KOHOEHCamopu. SABuiiie EJIIEKTPOJII3Y
BUKOPHUCTOBYETHCS /ISl BATOTOBJICHHS €JIEKTPOITHYHUX KOHJICHCATOPIB.

5) lobysanus  eadxickoi  600u. 3a  JONOMOIOK  €IEKTPOJITHYHOTO
pPO3KJIaJJlaHHA 3BUYAHOT BOJM MPOTITOM 3HAYHUX MPOMDKKIB Yacy MOXKHa

OTPHMAaTH BOJY 3 BeMKHM BMicToM Monekyn D,O.

Ctpym y raszax

lNazu Ha BiAMIHY BIJ MeETajdiB 1 EJIEKTPOJITIB 3a 3BUYANHUX YMOB
CKJIQJAIOThCSl 3 CJEKTPUYHO HEUTpPATbHUX aTOMIB Ta MOJEKYJ 1 TOMYy HE €
MPOBITHUKAMH €JEKTPUKHU. ['a3u CTalOTh E€JIEKTPONMPOBIIHUKAMU BHACIIIOK
ioHi3ayii 1X Wi Ji€l0 30BHIMHIX 30yaHuKiB. [lpu 1mpomy iX MOJIEKYyIH
MEePETBOPIOIOTHCS B MO3UTHBHI 10HU. 11[00 ioHI3yBaTH aTom (MoJeKkymy), Tpeba
BUKOHATH poOOTYy (poOOTY 10H13a11i1) MPOTH CUJI B3AEMO/II1 €JIEKTPOHA 3 1HILIUMHU
YacTUHKaMM atoma (Mmouiekynamu). louizayis ea3y — 1€ PO3MICIUICHHS HOTo
HEUTpaJIbHUX MOJIEKYJ 1 aTOMIB Ha 10HU NMPOTUJICKHUX 3HAKIB 1 €JIEKTPOHHU.
30BHIIIHI 30yAHUKH, a00 JKEpesia eHeprii, skl COPUYMHSIOTH 10HI3allI0 Ta3y,
HA3UBAOTHCS [OHIZAMOPAMU.

[onizarttis rasy, 110 BUHUKAE B PE3yIbTaTI 3ITKHEHHS aTOMIB 1 MOJIEKYJI ra3y
MIPU BUCOKIN TeMIepaTypi, HA3UBAETHCS MEPMIUHOI0 IOHI3AYIETO.

lonizamis rasy, mo BHHHUKAE BHACTIAOK JIi HA HHOTO €JICKTPOMArHITHUMH
XBUJISIMA BHUCOKOI 4acTOTH (yJIbTpadiosieTOBUM CBITIOM, PEHTTE€HIBCHKUMU
pOMEHSAMH a00 ramMa-KBaHTaMH ), HA3UBAETLCA PomoioHi3ayicro.

[oHi3alist ra3y MOKJIMBA TAKOXK i JII€I0 MPUCKOPEHUX €JIEKTPOHIB Ta 10HIB
(voapna ionizayis).

OTxXe, Hociamu cmpymy 8 2a3i € NO3UMUBHI | He2aMuUBHI iOHU T eeKMPOHU.
[nakmie: cmpym 6 2aszi abo 2azo8uti po3pso — ye 6nopsaOKOBAHUL PYX NO3UMUBHUX
[ He2amuBHUX IOHIB [ eNeKMPOHI8 Ni0 OI€I0 306HIUHBO2O eJIeKMPUYHO20 NOJIAL.

Bonem-amnepna xapaxmepucmuka 2az08020 po3psady — L€ 3aJeKHICTh
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cuiau ctpymy | B rasi Bix Hanpyru U Ha enektpoaax, To6TO
| =f(U).

Komu nHampyra Ha enekTpojax Majia, HE BCi 10HHM 1 EJIEKTPOHU Tazy
JOCSITAl0Th €JIEKTPOIIB, 1 CUjla CTPYMY MPU I[bOMY TEX HEBEJIMKA. 3 POCTOM
HAIpyryd Ha EJeKTPOJaxX Cuja CTPyMy TakoX OyJe 3pocTaTd, IPUUYOMYy BOHA
OyJie 3pocTaTi IPsIMO TTPOTIOPIIIIHO MPHUKJIIAIESHIN HATIPY3l.

[Ipu pocsrHeHHI NEsKOi JOCTaTHHO BEIMKOI HANpPYTH, 110 HAa3UBAETHCA
Hanpyzoio HacuyennalU . , BC1 10HM 1 €JIEKTPOHHM, SIKI yTBOPHIMUCA B rasli 3a

OJIMHHMIIIO Yacy, OyayThb Jocsratu enekTpoliB. lIpu nepeBuuieHi Hampyru
HACUYEHHS CHJIa CTpPyMY B rasi 3poctatu He Oyjae. Takuil CTpyM Ha3UBAa€TbCS
CMpPYMOM HACUYEHHsl, & CTaH a3y — CMAHOM HACUYEHHS.

SIKmo B mojanblIoMy 301IbIIYBATH, LIE HANPYTy, TO CUJIa CTPyMY CTaHE
3HOBY 3pOCTaTH, TO BUHUKAE TaK 3BaHUH 1a8UHHUL pO3PSIO.

Sxmo npu Hampyrax Bix 0 1o U, BUKIIOYMTH 10HI3aTOP, TO 3aps]l B rasi

NPUMHHIETHCS, TOMY 1[0 YaCTHWHA 3apsiIiB Mepeiie Ha €JIeKTPOIu, a YacTHUHA
peKoMOIHy€, 1 B3SITHCS HOBUM 3apsaaM Oyne He 3BIOKH. Takuil po3psn
HA3UBAETHCSA HECAMOCHILIHUM.

Hinsaka BOJIbT-aMIIEPHOT XapaKTePUCTUKH, AKa BIJIMIOB1/1a€
HECAMOCTIHHOMY PO3psAy, BUKOPUCTOBYETHCS B MPOMOPIINHUX JIYMIBHUKAX
eJIEMEHTapHUX YAaCTHMHOK. Tak sK Ha I JIISHII YHCJIO HOBHX EJIEKTPOHIB,
OTPUMAaHUX B pe3yJbTaTi 10HI3alill yAapoM, MPOMOPIiHE YUCITY MEPBUHHUX
esnieKTpoHiB. HecamocCTiiiHUI Ta30BUIA PO3psiA HA My4YKax IIBUJKUX E€IEKTPOHIB
BUKOPHUCTOBYETHCA B 2A308UX 1A3EPAX.

SIKmo mnpoAOBXKyBaTH 30UIbIIYBATH HAINpPYyTy, TO OPU JEAKid TEeBHIM

BUCOKIM  Hampysi, 110 HasuBaeTbcs Hanpyzoio  npobor U abo

iofa
Hanpy2o0t03anajients, BXKe He TIIbKU JIeTKI eJEeKTPOHH, aje 1 MAaCHUBHI JIOJIaTHI
10HM HaOyAyThb Ay»K€ BEJIMKOI KiHeTU4YHO1 eHeprii. [Ipu 11boMy BOHU MOYHYTH
O6omOapayBaTu KaTol, SIKMM iX MPUTATYE A0 cebe 1 BUOMBATH 3 HHOTO HOBI
enekTponu. lle siBUIlle HA3UBAETHCS 8MOPUHHOI eleKMPOoHHOW emiciero. Kpim
TOTO, TiJ yJapaMyd BaKKUX 10HIB KaTOJ PO3ITPIETHCSA 1 3 HBOTO MOYHETHCS
mepmoenekmpoHua emicis. 110613y Katoga BUHUKAE CICKTPUYHE TOJIC TYXKE
BEJIUKO1 Hanpy>keHoCTI. [1i] 1i€ro IKOro eIeKTPOHU KaToja cami 6€3 J01aTKOBO1
B3a€MO/I1i CTaHyTh MOKUAATH KaTo1. Le siBUIlle Ha3UBAETHCS ABMOENEKMPOHHOIO
eMIcCI€r.

Axmio B Oyab-sSKMl MOMEHT, IO BIATNOBiAa€e AaHIA AUISHII Trpadiky.
[IpukopoTHTH Nif0 30BHINIHHOTO 10HI3aTOPa, TO PO3PSA B Ta3l HE 3YIMUHUTHCH,
TaK SK HOBI HOCIi 3apsaiB B Ta3l BKe OyJyTh HApOJKYBATHCS 3a PaxyHOK
aBTOEJICKTPOHHOI, TEPMOEJIEKTPOHHOI 1 BTOPUHHO1 €IEKTPOHHOI eMiciil, TOOTO
3a paxyHOK BHYTPIIIHIX TMpoIeciB B Tra3il. Takui po3psa  Ha3UBAETHCS
CaAMOCMIUHUM.

[IpoxoKeHHST €JIEKTPUYHOTO CTPYMY uepe3 Tra3 Ha3UBAEThCA 2A308UM
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po3psaoom. 3aNeKHO BiJ MEXaHI3MYy 10HI3aIlli Ta3y pO3PI3HIIOTh CAMOCMIUHI 1
HecamocmitHi Ta30B1 PO3PSIN.

Camocmitinuti 2azosutl po3pso0 TMATPUMYE caM cede 1 30epiraeTbes micis
IPUIIMHEHHS 11 30BHIIIHLOTO 10HI3aTOpa, TOOTO i Yac pO3psay Bech yac
YTBOPIOIOTHCS BUIbHI 3apsPKeH1 YaCTUHKH. BOHM MOXXYyTh BUHUKATH BHACIIJOK
yAApHOI 10H13aIlii.

KineTnuHa eHeprisi eJ1eKTpOHa Mepe]] UeProBUM 3ITKHEHHSIM MPONopLiiiHa
HaIPY>KEHOCTI NOJIS 1 JOBXKUHI BUIbHOTO NPOOITyY eleKTpoHa (IUISIXH MIXK JBOMA
MOCTIJOBHUMM 31TKHCHHSIMU):

—— =e¢kEl.
2

Po6oTa 10oH13a111i HEUTPAJILHOTO aTOMa:
MU AL
5 ,

[Ipotecu npu camocTiitHOMY PO3psil, IO TIATPUMYIOTh HOT0, 1€ BTOPUHHA
CJIEKTPOHHA  €MiCis, TEPMOENEKTPOHHA  €MICid, 1OHI3allisl  yJapowm,
aBTOEJICKTPOHHA eMicis 1 PoToioHI3aIis.

Hecamocmiunuii 2azosuil po3psao He MIATPUMYE caM cebe 1 BiIOYBaEThCS
1T BIUIMBOM 30BHIIIHLOTO 10HI3aTOpa. SIKIO 10HI3aTOp MEpecTae MisiTH, TO
PO3PSIT TPUMTHHSIETHCS.

3alie’KHO BIJ BJIACTUBOCTEM 1 CTaHy rasy, XapakTepy 1 pO3MILIECHHS
€JIEKTPO/IIB, & TAKOXK B1J MPUKIAICHOI O €JIEKTPO/I1B HAIPYTH BUHUKAIOTh Pi3HI
BUJIM CaMOCTIMHOTO pO3psy B Ta3ax: mailouutl po3psaod, 0y208uti pospso,
KOPOHHULL PO3PA0, ICKPOBULL O3PSO, KUMUYHUL PO3PSIO.

Tnirouuti po3ps0 BUHUKAE TIPU TUCKAX y JECATI M COTI YaCTKH MiJTiMeTpa
PTYTHOTO CTOBITYMKA 1 PY HAMPY31 MK €JIEKTPOIaMH B KUJTbKa COTEHb (a 1HOA1 U
3HAYHO MEHIIIE) BOJIBTIB.

Ilyeosuti pospsd € GOpMOIO CaMOCTIMHOTO PO3pANY, KWW BUHHUKAE TPHU
BEJIMKII T'YCTUHI CTPYyMY 1 MOPIBHSIHO HEBEJIMKINA HANpy31 Mix enekrpogamu. Lle
MOTY>KHE JKEPEJIO CBITIA.

Kopornnuti po3pso croctepiraetrbcsi mMpu aTMOCPEPHOMY THCKY MOOIH3Y
3aroCTPEHUX JUISTHOK TPOBIIHMKA, 10 HECE BEIUKHUI EIEKTPUYHUM 3apsl,
CIPUYUHSETHCS BHCOKOIO HAMNPYKEHICTIO E€JEKTPUYHOTO 1o  (OJu3bKO

3-10° —) i cBiTHA 061ACTh AKOTO HATaAy€e KOPOHY.
M

Icxkposuti po3psi0 BUHUKAE TIPU BEJIMKIA Hampy3i MDK €JEeKTpOoJiaMu B
NOBITP1, SKUH Mae€ BUIJIAJ My4yKa SICKPAaBUX 3UI3aromo/iiOHUX CMYXOK, IO
PO3TrallyXKYIOThCS B/l TOHKOT'O KaHaTYy.

Kumuunuti  po3pssi0 BUHHMKAa€ B TOBITPI IMJ BIUIMBOM CHJIBHOTO
SJIEKTPUYHOTO TIOJIsA, KOJM BiAOyBaeThCsl ymapHa ioHizaiis razy. Pospsm mae
BUTJISLT KUTHILI.
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Ilnasma — 1e ra3 y cTaHl 3 BHCOKMM cTymneHeM 1oHizarii. [lma3ma,
HAIPUKJIAJ, YTBOPIOETHCS B TMO3UTUBHOMY CTOBII TIIIOYOTO pPO3psiaAy 1 B
TOJIOBHUX KaHajaxX i1CKpOBOTO po3psay. Y HEHUTpalibHIM IMJ1a3Mi KOHIICHTpAIlis
€JICKTPOHIB 1 TO3UTHUBHUX 10HIB OTHAKOBA.

CBITHHI pO3rayly[)KEHUM KaHal T1a3MHU B ICKPOBOMY PO3pPs/ll HA3UBAETHCS
cmpumepom. B OCHOBI pO3BUTKY CTpUMEpPA B Ta3l JEKUTb yOapHa IoHI3ayis 1
Gdomoionizayis.

[lnasmy  TOAUISIOT  HA  HU3BKO- 1 BUCOKOMEMNEPAmypH).
HusbKkoTeMIIEpaTypHOIO BBaXKAcThCs IIa3Ma Ipu TeMneparypax Hmkue 10° K,

a BHCOKOTEMIIEPATYPHOIO — IIa3Ma Ipu Temneparypax nopsaky 10° —10° K.,

CriekTp BUIPOMIHIOBaHHSI HU3bKOTEMIIEPATYPHOI IJ1a3MHU B 3aJIEKHOCTI B1JT
il pO3pIIKEHHS, € AiHiuacmum, IK y OJJHOATOMHHUX Tra3iB, abo nonocamum, siK y
MOJIEKYJISIpHUX ra3iB. CIeKTp BUNPOMIHIOBAHHSA BUCOKOTEMIIEPATYPHOI IJIa3MU
€ CYYITbHUM, IK Y TBEPAUX 1 PIAKUX PEYOBHH.

VY npupoi azma 3ycTpidaeThes y KocMiuaux Tinax. Hampa 3ipok 1 Conus
CKJIa/Ial0ThCs 3 BOJHEBOI IJIa3MU. 3aBJSIKM CBOIM CIIEHU(IYHUM BIACTUBOCTSIM
I1a3Ma pO3TIISIIAE€ThCSA K Yemaeepmutl Cman pe4osut.

BucokoremneparypHa Iuia3Ma BHKOPHUCTOBYETHCS MAA3MOBUX OBULYHAX.

HusbpkoTemmeparypHa mTa3zMa 3HaWIIA 3aCTOCYBaHHSI B
MACHIMO2IOPOOUHAMIYHUX 2eHepamopax — BUCOKO EKOHOMIYHHMX JpKepenax
CTpyMy.

HusbpkoTemnepaTtypHa 1j1la3Ma HIMPOKO  3aCTOCOBYETBCS B PIZHHUX
ra3o0po3psIAHUX MPUIAAX: 2A30MPOHU; MUPAMPOHU.

l'azompon — MBOXENEKTpOJHA JlaMmia ([107]) 3 PO3KapIOBAaHUM KaTOJIOM,
OJIHAK, Ha BIAMIHY BiJl BAKyyMHOTO J1107]a, BCEpeIMHI Horo OayoHa € ra3 (mapa
pPTyT1 a00 aproH).

Tupampon — TPUENEKTPOIHA JIAMIIA 3alI0BHEHA ra30M. TUPATPOH MOEAHYE B
coOl1 mepeBaryd ra3oTpoHa — Majuil BHYTPIIIHIN OmMip 1 BIACTUBOCTI Tpilojaa —
MOXJIMBICTh KEPYBaTH CUJIOK aHOJITHOTO CTPYMY 3MiHOIO HAIlpyTy Ha CITII.

bruckaska — 1ie TIa3MoBUiA TIHYP, 10 3aMUKA€ HACICKTPU30BaHI XMapu
abo HaenekTpuszoBaHy xmapy 1 3emmo. Cuna cTpymy y OJNHCKaBIl JOCSTAE
500000 A4, a pisauis norenmianie mixx xmaporo i 3emsero 100000000 B .

brnvckaBka € TUMOBHM MPUKIAAOM ICKPOBOTO PO3PSALYy MK XMapaMu abo
xMaporo (-) 1 3emutero (+). «Tpick» cTae B IIbOMY BUTIATKY 2POMOM.

I'pim — akycTMUHHUN eQeKT, IO CYMPOBOIXKYE EICKTPUUHI PO3PSAH
OJIMCKABKU i 4ac Tpo3u (TYPKIT 1 TPICK, IO CYTIPOBOISITH CICKTPUUHI PO3PSIU
B aTrMocdepi).

Yac Bin ynmapy ONHMCKaBKH 10 3BYKYy IpPOMY TOMHOXEHHH Ha HIBUIKICTbH
3BYKY Ja€ 8i0cmatb 10 OJIMCKABKH.

3ByK MNOAIOHMIM O TPOMY CYMNPOBOJKYE TMEpeXia JITalbHOTO amapary
3BYKOBOTO 0ap’epy, CIPUUMHEHUN YOapHOIO X8UTEIO.
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MATHITHI ABUIIIA

MarHiTHe moJie Ta HOro XapakTePpUCTUKHU

Maenimne none — 1e BuA Matepii (BHJ €JIEKTPOMArHITHOTO TIOJIS),
OCHOBHOIO OCOOJIUBICTIO SIKOTO € Jisl HA pyXOMl Ti1a a00 YaCTUHKH, K1 MalOTh
CJICKTPUYHUM 3apsii Ta HAa YaCTUHKH, SKI MalOTh MArHiTHUA MOMEHT. A0o
MazHimue nojie BUHUKAE y MPOCTOPI, IO OTOUYE CTPYMHU.

B3aemMonaii M IpOBIAHUKAMH 3 CTPYMOM, TOOTO B3a€MO/IIi MK PyXOMHUMHU
CJICKTPUYHUMU 3apsiaMu, HA3UBAIOTh MazHimuumu. CUIU, 3 TKUMU MPOBITHUKU
13 CTPYMOM [11F0Th OJIMH HA OJTHOTO, HA3UBAIOTh MACHIMHUMU CUAMU.

Bussneno, n1o:

1) pyxoMi eeKTpHUYHi 3apsau CTBOPIOIOTh MarHiTHE MOJIC;

2) MarHiTHE T0JIe, Y CBOKO Uepry, Ji€ Ha pyXOMi eNEeKTPHYHI 3apsi/iu;

3) 3MiHHE MAarHiTHE MoJIe MOPOKY€E B HABKOJHUIIHLOMY IPOCTOPI 3MiHHE
€JIEKTPUYHE T0Jie, TOOTO Il TMOJIS 3aBXKJIW B3a€EMOIOB’SI3aHI 1, 3MIHIOIOYUCH,
MOPOJIKYIOTh OJTHE OJHOTO;

4) MarHiTHE 10JI¢ HOCUTh BUXPOBUH XapakTep.

OTxe, mMacHimHe noje iCHYE HABKONO BCAKO20 NPOBIOHUKA 3 CHIPYMOM,
moomo HABKONO PYXOMUX eleKmpUuyHux 3apsoig. I1omibHO 10 eNeKTpUYHOTO
TIOJISI Ma2cHimHe nojie ICHY€E peailbHO, He3AaJledHCHO 8I0 HAC, 8I0 HAWUX 3HAHb NPO
Hb020.

Maenimne none eusnsac opienmyouyy 0ito Ha pamky i3 cmpymom. QOHopioHe
MaeHimHe noje, TOOTO MoJjie, OJHAKOBE B YCIX TOUKAX MPOCTOPY.

MarniTHe ToNie Ji€ Ha MacHimHy cmpiiky, BIOXWISIOYM ii. MarnitHa
CTpUJIKA Ma€ 06a nontocu. nieHiunui i niedennuti. JIiHIIO, 1O CTOTyYa€e KiHII
(TOJIFOCH) MArHITHO1 CTPUIKH, HA3UBAIOTh BICCIO MA2HIMHOI cmpiiku. MarHiTHa
CTPLIKA € TOJIOBHOIO YACTHUHOIO KOMANAcd.

OOHOPIOHUM MACHIMHUM NOJleM HA3UBAETHCS TMOJIe, B KOXKHIM TOUIll SKOTO
BEKTOP MarHiTHOI IHAYKI[Ii OJJTHAKOBUI 3a BEIMYMHOIO 1 HAITPSIMKOM.

Bexmopny eenuuyuny, wo xapaxmepuszye mazcHimHne noje, HA3UBAIOMb
BEKMOPOM MACHIMHOI IHOYKYIL.

—

KpiMm marmitnoi imgykmii B BBoamThcs Takok gpyra  BekTopHa
XapaKTepUCTUKA MAarHITHOTO MOJIS, SIKa HA3UBAETHCSI HANPYHCEHICMIO.

JIinii, B3AOBX SKUX Yy Mar"iTHOMY IMOJ1 PO3MIIIYIOThCA OCI MarHiTHUX
CTPIJIOK, HA3WBAIOTh MACHIMHUMU NIHIAMU MA2HIMHO20 nojs. Mar"iTHi miHii
MarHiTHOTO MOJSl CTPYMY — L€ 3AMKHEHI Kpuei, sIKl OXOIUIIOIOTHh MPOBIJIHHUK.
HampsiMm Mar"iTHuX JiHIA Mar"HiTHOTO MOJIS CTPYMY IOB’S3aHUM 13 HAMPSIMOM
CTpyMy B MpOBIIHUKY. Maruitui JdiHii: 7iHii maeHimHoi iHOYKYii 1 JiHii
HANPYIAHCEHOCMI MACHIMHO20 NOJIA.

Jliniamu macnimuoi inOykyii Ha3UBAIOTh KPUBI, TOTUYHI JI0 KUX Y KOXKHIN

TOYIIi 30iraf0ThCs 3 HaIPIMOM BekTopa B B mux toukax moms. JIiHii MaraitHOl
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THIYKII1 aHAJIOT14H1 JIIHIAM HAIPYy>KEHOCT1 €JIEKTPOCTaTUYHOTO TTOJISL.

MarsiTH1 CUJIOBI1 JIiHIT HIKOJIM He nepemuHaromscs, TOMy 10 iX MepeTHH
o3HauaB OW, 10 OJHE 1 T€K MarHiTHE IOJI€ B TOYI[l NIEPETHHY Ma€ JIBa PI3HUX
HAIPSIMKH, 110 HE Ma€ CMUCITY.

I'yemuny maenimuux niniy BUOMPAIOTH TakKOKo, 00 YHUCIO JiHIM, IO
MEePECIKAIOTh JISAKYy OJWHHWYHY ILIOIMIMHY, PO3TAIIOBaHy MEPICHANKYIISIPHY 0
HUX, JIOPIBHIOBAJIO O BEJIMYMHI 1HIYKI[i MAarHITHOTO MOJISI B LIbOMY MicIli. Yum
2ycmiwe OyJyTh pO3TaIIOBaHI B JIEAK1A 00JIaCTI MardiTHI JiHIi, TUM Oi1buia TaM
THTYKI[iSt MarHITHOTO TIOJIS.

MaruitHe mojie 300pakaroTh TpadivyHO JIHIAMHU MacHimHOI iHOYKYii, abo
JUHIAMU HaAnpyxceHocmi, NOTWYHI J0 SKUX Yy KOXHIM TOYIl 30IraroThCs 3a

HarpsiMoM 3 BektopoMm H . JIiHii Hampy>KeHOCTI MArHiTHOTO TOJS aHAIOTivHi
JIHISM THIYKIT €JIeKTPOCTaTHIHOTO TOJIS.

BaxnuBa 0co0IMBICTh JIiHIM MarHiTHOI 1HAYKIIIT MOJISTaE B TOMY, 110 BOHU
HE MalOTh H1 OYATKYy, H1 KiHIA. L1 JiH1T 3aBXK AN 3aMKHYTI.

[Tons 13 3aMKHYTUMHU CUJIOBUMH JIIHISIMU Ha3UBAIOTh 8UXposumu. MarnitHe
M0JIE — 8UXPOBE NoJe.

3aMKHEHICTh JIiHIA MarHiTHOI 1HAYKIT — 11 pyHIaMeHTaIbHa BIACTUBICTD
MarHiTHOro mnojsi. BoHa mossirae B ToMy, II0 Mar"iTHE IMOJ€ HE Mae HKeped.
Macnimuux 3aps0ie, cxoxicux Ha eneKkmpuiti, Hemae 6 nPupooi.

MarniTHi JiHIT OPSAMOTro CTPyMy MPEIACTaBISAIOTH COOOI0 KOHIICHTPHUYHI
KOJIa, 1[0 OXOIUTIOITH MPOBIIHUK, 3 IIEHTPOM Ha MPOBITHUKY 3 CTPYMOM.

MarsiTH1 JiHIi OpsIMOTO CTPyMy MOKHA 3HAMTH 3a MPABUIIOM IPABOIo
rBUHTA (OypaBUMKa): AKWO NOCHMYNATbHUL PYX NPABO20 28UHMA HANPABUMU 3d
CMPYMOM 8 NPOGIOHUKY, MO HANPIAMOK 00EpMAaHHs U020 20JI06KU NOKAMCE
HanpsAMoK Ma2Himuux aiHiu. AGO IPaBUIIOM MPABOi PYKU: AKWO GeIUKUL NATEYb
npasoi pyku, eiocmaenenuti na 90°, cnpamyeamu € manpamky cmpymy 6
npoGIOHUKY (Ha cebe), a HYOMUpPbLOMA NATLYAMU 00XEaMUMU NPOBIOHUK I3
CMPYMOM, MO 80HU NOKANCYMb HANPAM MASHIMHUX JIIHIU HABKOJI0 NPOBIOHUKA.

Conenoio - KOTyIIKa MPOBIJTHUKA 13 CTPYMOM.

Bcepenuni m0Broi KOTYIIKM 3 CTPYMOM MAarHiTHI JiHIT MarOTh BUTJISI
napajiebHUX MPSMUX, K1 BUXOASYH 3 KOTYIIKH, 3THHAIOTHCS 1 OXBA4yIOTh 1i,
3aMHKalo4Yuch cami Ha cebe. KoTylika 3 CTpyMOM € enekmpomacHimom,
MOAIOHUM JI0 H0I0C0B020 MACHIM) .

JinsgHky, J[e JiHiI MarHiTHOI 1HAYKIII COpsIMOBaHI 13 COJEHOifa,
NPUUMAIOTh 3a HIGHIYHUU NOJIIOC COﬂeHOiba(N), TUSIHKY, 7€ JIiHII BXOJATh B

COJIEHOII — MIBOEHHUL NOJIOC (S) SAkio 10 coJieHoina MiAHECTH MAarHiTHY
CTPUIKYy, TO BOHA IOBEPHETHCS JO KOTYIIKA CBOEI TMIBHIYHOIO CTOPOHOIO,
OCKITTBKM TPUTATYIOTHCS PI3HOWMEHHI IOJIOCH MAarHiTiB, a OJHOWMEHHI —
BIJILITOBXYIOTHCS (SIK 1 €IEKTPUYHI 3apsi/in).

Hanpsim miH1 MarHiTHOiI 1HAYKIID B COJICHOIAl MOXXHAa BHU3HAYUTH 34
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IPABUJIIOM MPABOI PYKHU: AKWO YOMUPU NAAbYl Npagol PYKU POIMICMUMU 34
HanpsiMKOM CmpymMy 6 MmMOopyi KOMYWKU, MO HANPAMOK 6eIUK020 NAalbys,
giocmaenenozo na 90°, cnisnade 3 nanpsmom éexmopa iHOYKYIi MASHIMHO20
noJisl 6cepeOuni KOmyukKu.

JUiss BUMIPIOBaHHS MAarHiTHOI 1HAYKLII Ha MPaKTUIl KOPUCTYIOTHCS
npuiaiaMu — mazHimomempamu. Y TpUIIaJax 3aMmiCTh KOHTypa 13 CTpyMOM
BUKOPHUCTOBYIOTh HEBEIIMKUM MarHit. [Ipo MarHiTHy 1HAYKIIIIO TOJS JICTAlOTh
YSIBJIICHHS 32 MOMEHTOM CHJI, IO JTIFOTh Ha MarHiT 3 00Ky MarHiTHOTO MOJIA.

Tina, sxi goBro 30epiraroTh HaMarHIYE€HICTb, HA3UBAIOTLCS MOCHMIUHUMU
maenwimamuy, abo0  TOPOCTO  MaeHimamu. MarHitTu  MOXYTb  MaTH
Halpi3HOMaHITHIITY gopmMy. Ti Miclsl MarHiTy, € BUSBIISIIOTbCA HANCHIBHIII
MAarHiTHI [ii, Ha3UBAIOThb noAlOcAMU Macuimy. Bynb-sKWA MarHit, TaKk fK 1
MAarHiTHa CTPUIKa, M€ J1Ba MOJIOCH: nieﬁitmuﬁ(N) 1 nig0ennuii (S)

Pisnotimenni  maenwimui  nonrocu  NpumsacyrOmucsa,  OOHOUMEHHI  —
BIOULMOBXYIOMbCAL.

Enexmpomaenimom Ha3uBalOTh KOTYIIKY 13 3aI3HUM OCEP/sIM YCEpPEIUHI.
Enextpomarnitu OyBaroTh pi3HOi1 ¢hopmu. BoHH MIMPOKO BUKOPUCTOBYIOTHCS Y
TEXHII[l 3aBJISIKU CBOIM OCOOJIMBUM BJIACTUBOCTSIM: IIBUJIKO PO3MArHIYYHOTHCS
[IpU BUMHUKAHHI CTPYMY; MOKHA BUTOTOBJIAITU HAPi3HOMAaHITHIIIUX PO3MIpIB;
i 4ac poOOTHM MOXKHA PEryJIIoBaTh WOr0 MAarHiTHy [ii0, 3MIiHIOIOYH CHILY
CTPYMY B KOTYIIIII.

HaBkosio 3emiti icCHy€e MarHiTHE ToJi€ 1 MarHiTHA CTP1JIKa BCTAHOBITIOETHCS
B3/IOBX HOro MAarHiTHUX JiHIA. MarHiTHUX TMOJIOCIB y 3€MHOI KyJi JIBa:
Iisniunuii 1 Ilieoennuii. Ilis0ennuti maenimuuil noaoc 3emii JEKUTH MOOTU3Y
ITigniunozo 2eocpagiunozo nomoca na 75° niBniunoi mwmporu i 99° 3aximHoi
noBrotu. Toorto IliBneHHHMM MarHiTHUN IOJIOC BiamajdeHud Big [liBHIYHOIO
reorpagiunoro nomroca npudausno na 2100 kv . IHienivnuil macnimuuti nontoc
3emni nexuth mobnusy IliBgeHHoro reorpadiqHoro mojrpca, a came Ha 66,5°
niaennoi mupotu i 140° cxigHoi n0BroTy.

Otxe, maenimui nonocu 3emni He 30iearomves 3 il eeoepaghivHumu
noOI0Camu.

Kyt o mix Hanpsimkom Ha [liBHiuHUE reorpadiunuii nomtoc 1 [liBnennnii
MarHiTHUN HAa3UBAETHCS MACHIMHUM CXUIEHHSM.

Kyt [ Mixk BekTOpOM B mariTHOro momst 3emii i 3eMHOIO MOBEPXHEIO
Ha3UBAKOTh MACHIMHUM HAXUTIOM.

Kyrh o i [ DNOBHICTIO BH3HAYAIOTh HANPAMOK BEKTOpa IHAYKII
MAarHiTHOIO TOJjIs 3eMJTl B JJaHii TOYIll 3€MHOT KYJII.

3emna maenimocghepa — 1€ BIIACHE MAarHIiTHE ITOJ€ 3E€MHOI KyJs, IO
MIPOCTATAETHCS HA JCKIIbKA JECATKIB TUCSY KIJIOMETPIB.

Paoiayitinuii nosc — ne odnactb NpoCTOpy, B SAKIA YACTUHKU PYyXarOThCS
HABKOJIO CHJIOBHUX JIiHIM Mar"iTocgepu, Ipu bOMY HE TIOTIaIaf0Yl Ha TIOBEPXHIO
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3emiIl, BOHHM IK OM HaBIBAIOTHLCSI HA MarHITHI JIHII 1 3/11HCHIOIOTh KOJIMBAHHS Bl
OJIHOTO TOJI0ca J0 JAPYTOro Ha BIACTAHSIX B JIECATKHA THUCSY KUIOMETPIB BiJ
3€MHO1 ITOBEPXHI.

Enexmposumiprosanvnumuy  npunadamu  Ha3UBAIOTh  NPWIAAH, IO
JI03BOJISIIOTh BUMIPIOBATH SIK XapaKTEPUCTUKH CTpyMy (MOTO CHITYy, HampyTy,
MOTY>KHICTb), TaK 1 IApaMeTPU CaMOTr0 KoJa.

Jlis  eNEeKTPOBUMIPIOBAIBHUX CMPIIOYHUX Hpunadié TPYHTYEThCS Ha
o0epTaHHI pyXOMOi1 YaCTUHU MpUIaay 1 3B’S3aHO1 3 HUM CTPLIKH HaBKOJIO CBO€ET
oci. MOMEHT cwl, SIKUH BUKJIMKAaE OO€pTaHHS PyXOMOI YaCTHHH 1 3B’S3aHO1 3
HEIO0 CTPUIKOIO MPWIaNy, HA3UBAIOTh 0OepmanvHum mMomenmom. MOMEHT Cuil,
SIKUW YMHUTD TIPOTUAIIO CTPIJIIIL, IJI TOTO, 00 BOHA BIXWISLIACH HE 0€3MEXKHO,
a Ha KyT BIIXWJICHHS, 110 BIAMOBI/IaB OM BUMIPIOBAJIbHIN BEIMYMHI HA3UBAIOTh
NPOMUOIIOUUM MOMEHMOM.

Bci enekTpoBUMIpIOBaNIbHI MPUIAAN 33 MPUHLUIIOM iX A1l HOAUIAIOTHCS Ha:
MACHIMOENeKMPUYHOI cucmemu, e1eKmpOMACHIMHOL cucmemu,
eNeKMPOOUHAMIYHOI cucmemu, IHOYKYIUHOI cucmemu, eneKmpoCmamuyroi
cucmemu, menjiogoil cucmemu, e1eKmpoHHOl CUCTNEMU.

[Mpunuun nii npunadiemacnimoenrekmpuunoi cucmemu TPYHTYETbCS Ha
B3a€EMOJIII MPOBIAHUKA 31 CTPYMOM 1 MArHiTHOTO MOJisi. MarHiTOeNeKTPUYHI
npwiaau TpUAaTHI AJi BUMIPIOBaHb JIMIIE B KOJAaX MOCTIMHOTO CTPyMYy, IIIO,
0e3yMOBHO, € iX HeaoJiikoM. [lepeBaror 1ux MPUIAIIB € Majle CIHOXKUBAHHS
€HEprii 1 BUCOKA YYTJIUBICTb.

[lpuntun aii npunadie enekmpomacHimuoi cucmemu TPYHTYETbCS Ha
BTATYBaHHI 3aJ113HOTO OCEP/isi KOTYIIKOIO 31 cTpyMoM. EnexTpoBuMiproBaibHUM
Opwiag MEHII TOYHUWA 3a MAar”HiTOCNEKTPUYHHM, aje MpOoCTIUi 3a
KOHCTPYKIIEIO 1 MPUAATHUAN ISl BUMIPIOBAHHS K TOCTIMHOTO, TaK 1 3MIHHOTO
CTpyMYy.

[Mpuntun n1i npunadie enekmpooOuHaMiuHOi cucmemu TPYHTYETbCS Ha
B3a€EMOJIII MPOBIJHUKIB 31 CTpyMOM. FEIEeKTpoJWHaMIYHUMH TpUIagaMu
BUMIPIOIOTh SIK TOCTIMHUHM, Tak 1 3MiHHUK cTpym. Illkama mux npuiiaais
HepiBHOMIpHA. [Ipunagamu enekTpoauHAMIYHOT CUCTEMH MOKHA BUMIPIOBATH
MOTY>KHICTh SIK Y KOJIaX TMOCTIHHOTO TaK 1 3MIHHOTO CTPyMY.

[lpunagu iHOyKyitinOI cucmemu XapakTEPU3YKOThCS TUM, IO MPUHIUI
iXHBOI A11 IPYHTYETHCS HA B3a€MOJI11 BUXPOBUX IHIYKIIHHUX CTPYMIB B PyXOMiit
YacTUHI Tpwiany (aJoMiHIEBHM NHUCK, HACA/PKCHHM Ha BEPTHKAIbHY BIChH) 13
3MIHHMM MAarHiTHUMU TOTOKaMH HEPYXOMHX €JIEKTpOMAarHiTie (oauH 3
€JICKTPOMArHiTiB Ma€ OOMOTKY 3 TOBCTOIO 130JIbOBAHOTO JIPOTY, sIKa € 0OMOTKOIO
CTpyMy 1 BMHKAETHCA B KOJIO TIOCHIJIOBHO 3 HaBaHTAXCHHAM; JPYTHH
€JICKTPOMArHiT Ma€ OOMOTKY 3 TOHKOTO 130JIbOBAHOTO JIPOTY, KA € OOMOTKOIO
HaIMpyryd 1 BMUKA€ETHCS B KOJO TMapalielbHO HaBaHTakeHH0.) Cepen mpuiiaiB
THAYKIIMHOI CHCTEMH IIMPOKE 3aCTOCYBaHHS MAIOTh JIYMJIBHUKUA €IEKTPUIHOT
€HEeprii 3MIHHOTO CTPyMYy.
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[lpunamu enexkmpocmamuynoi cucmemu TOOYJOBaHI Ha TPUHIMII
B3a€EMOJIII PYXOMHUX 1 HEPYXOMHX €JIEKTPUYHO 3apsKeHUX IUIACTHH.
EnexTpocratnuHi mOpuiiad  BUKOPHUCTOBYIOTHCS TOJOBHUM YHWHOM  JIJISt
BUMIPIOBAaHHS HAINPyTH B KOJIAX MOCTIHHOTO 1 3MIHHOTO CTPYMIB B IIUPOKOMY
Jlarna3oH1 4acToT.

[lpunangu  enexkmponnoi  cucmemu  SBISIIOTH ~ COOOK  TMO€JHAHHS
BUMIPIOBAJIBLHOI CXEMH, SIKa MICTUTh €JIEKTPOHHI JJaMIi a00 HaIiBIPOBIITHUKOBI
pUIaIy, 1 BUMIPIOBAJILHOTO MEXaHi3My MarHiTOEJIEeKTPUYHOT
€JIEKTPOCTATUYHOT CUCTEMHU. [Mpunanu €JIEKTPOHHOI CUCTEMU
BUKOPHUCTOBYIOTHCS JJIsl BUMIPIOBAHHS B PAJIOCICKTPOHHUX CXEMax Harpyr 1
YaCcTOT 3HAYHHUX J(1alla30HIB.

Lugposi npunraou HeBiAOMY BEIUYHHY, 110 BUMIPIOETHCS, BU3HAYAIOTh B
IUCKpeTHO-IIM(pOoBii (HopMi 3a 10MOMOror HUPpoBHUX 1HAUKATOPIB. Llndposi
Npuaagd MawTh PsAJl MEepeBar HajJ 3BUYAWHMMHU, OCHOBHI 3 SKHX: BHCOKa
TOYHICTh 1 IIBUJKICTh BUMIPIOBAHHS, 00’ €KTHBHICTH 1 MOBHA aBTOMAaTH3aIlls
MPOLIECY BUMIPIOBaHHS, MOXKJIUBICTh IepeAayl pe3yJbTaTiB Ha BiJCTaH1 TOIIO.
Henomniku: cknaaHICTh CXEMHU, ITOPIBHSAHO BEJIMKI radapyuTH, MEHIIA HATINHICTD,
HDK 3BMYaiiHuX. HaitOoinpin nmommpeHuMu nupoBUMH NpuiagamMu € 1udposi
BOJIbTMETPH.

Vuieepcanvni yughposi eonemmempu TPU3HAYEHI M1 aBTOMATHYHOTO
BUMIPIOBAHHS CTaJIOl 1 3MIHHOI HANpyr, CTpyMy Ta akTUBHUX omnopiB. upoxo
3aCTOCOBYIOTBCSI B €JEKTPOHILl, JUIsl HayKOBHX, PEMOHTHHUX 1 PErJIaMEHTHUX
POOIT Ta AJ1s1 HEPEBIPKU MPUIAAIB HIXKUOTO KJIACy TOUHOCTI.

SIKICTh  €NeKTPOBUMIPIOBAIBHUX TPUJIAAIB BHU3HAYAETHCA YYMAUBICMIO,
NOXUOKAMU BUMIPIOBAHHSL, Peacy8aHHAM HA 308HIUHI eleKMPUYHI I MASHIMHI
nois Ta 3MIHY mMeMnepamypu, Medcamu SUMIPIO8aHb, MPUBANICMIO WOOO
nepesanmasicerb TOIIO.

Yymaugicmio €NEeKTPOBUMIPIOBAIbHUX MNPUIIAJIB HA3UBAIOTh (DI3UYHY
BEJIMUUHY, SIKa BUMIPIOETHCS BITHOIIEHHSIM JITHITHOTO a00 KyTOBOIO 3MiHIeHH$I
NMOKakunka mnpuiaany Aa 10 3MiHM BHMIpPIOBAJIbHOI BedWUMHUA AA

max ?
3yYMOBHJIA 11€ 3MIIEHHS:

g_ Aa

AA,,

Benuunna, o6epHeHa 10 4y TIUBOCTI, JIICTalIa HA3BY LIHU MOJUJIKY MPUIIATy.
1
C==.
S
JIns  XapaKTepUCTUKH TOYHOCTI  CICKTPOBHMIPIOBAILHUX  IPHJIAJIIB
BUKOPUCTOBYIOTh TaK 3BaH1 36€0eHi NOXUOKU.

Beaununna
Vo = My -100%,

ax
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BUPAKAETHCS Y BIACOTKAX, HA3UBAETHCS 38€0eH00 noxubkoro npuiany. Bei mi
YHCIia SIBJISIOTH COOOI0 BiAHOMIEHHS MAKCUMAIBHO MOYKJIMBOT MMOXHOKH MTPUIIA Ty
AA  (abcomoTHa NOXMOKa BHMIPIOBAJIBHOI BEIMYMHH) O MAaKCHMAaJIbHOTO

3HAYEHHS BeNMYMHU A (BEpXHS MeKa BUMIPIOBAHb (IIKaaHW) npuaaxy (Horo

HOMIHAJIbHE 3HAYEHHS)), Ky MOXXHA BUMIPSITH JaHUM OpuiagoMm. YuMm MeHina
3Be/icHa NOXMOKa Mpuiaay, TAM TOYHIII HOro MOKa3u.

Baxx1Boro XapakTepuCTUKOI TOYHOCTI BUMIPY €JIEKTPUYHOI BEJIMYUHU 32
JOTOMOT0I0 OYyJ1b-SIKOT'O €JIEKTPOBUMIPIOBAIBHOTO MPUJIANY € KAAC MOYHOCHI.
3a xiacoM TouHOCTI mpmiaau OysaroTh: 0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2,51 4,0
(BiCIM KJ1aClB TOYHOCTI).

3a MOKa)X4YMKOM KJIaCy TOYHOCTI, HAHECEHUM Ha LKAy BUMIPIOBAJIILHOIO
IpWIaay, BU3HAYAIOTh a0COIOMHY NOXUOKY GUMIDIOBAHHSL

_ P
A'A»nax 100 '

[Tpunanu knaciB Tounocti 0,05; 0,1; 0,2; 0,5 BUKOPUCTOBYIOTHCS, TOJTOBHUM
YUHOM, ISl TOUHHX JIA0OPATOPHUX BUMIPIOBAHb 1 HA3UBAIOTHCS NpeYUIUHUMU.
[Mpunamu knacis 1,0; 1,5; 2,5; 4,0 MatoTh Ha3BY mexXHIUHUX.

MarsitHe 1mose i€ 3 ACSKOK CHIIOI Ha KOKHUW MPOBIAHHUK 13 CTPYMOM,
pPO3MIIIIEHUN Yy IbOMY MOJi. SBUIlle 00epTaHHS MPOBITHUKA 13 CTPYMOM Y
MarHiTHOMY TOJIi BUKOPUCTOBYIOTh Y OYJIOB1 e1eKmpuuHo20 08UCYHA.

Enexmpuunum OseucyHom Ha3UBAaIOTh TPUCTPIH, B SKOMY e€JEKTpUYHA
€HEPrisl CTPyMy IEPETBOPIOETHCA B MEXaHIYHY eHepriio oOepraHHs. bynosa:
KOJIEKTOP; IIITKA — MPOBIAHI MJIACTUHU; OOMOTKA; SIKIp — CTaJlbHUM LIWIIHJP 3
nmazaMyd JJisl BKJAJ@aHHS B HHUX OOMOTOK; IHAYKTOpP — TMOCTIHHUM abo
€JIEKTPOMArHiT (4acTillleé BChOTO) 31 CTAJIbHUM CEPACYHUKOM JJIsl IMiJACUIICHHS
MarHiTHOTO TIOJISI.

KyroBa wactora o6epTanHs pamku (IKops):

BIS
w=—,
J
ne B - marmitHa imgykuois; | - cuma crpymy; S - mioma pamkm; J -

MOMEHT 1HEPIlli paMKH (SIKOPsI), 110 3aJICKUTH Bif 11 po3MipiB 1 hopmu.

Tenegpon — npunap, sIKAA Ja€ 3MOTY TepeJaBaTi 3ByK Ha JaleKl BiICTaHI
(Bi1 rpelbKUX CIIB: meje — najieko, gpoHe — 3ByK). byioBa: kopriyc; MmemOpaHa;
ByT'JIbHA KOJIOJKA; ByTUIbHUM MOPOIIOK; €JIeKTpo . EnekTpuunuii ctpyM y Koui
OPOXOJUTh 4Yepe3 MeMOpaHy, BYTUIbHY KOJOJKY, BYTUIbHUM MOPOIIOK 1
SJIEKTPO/I.

[Tix miero 3MIHHOTO MarHiTHOTO TOJisE MeMOpaHa TenedoHy KOJUBAEThCS U
KOJIMBAE MPUJIETIIl 10 HEl mapy MoBITPs. BHACTIIOK IOTO clTyXad 4y€e B TPyOIIi
Ti cjoBa 1 ¢pasu, sKi B 1Iel 9ac MPOMOBIISIE€ B MIKPOGDOH OTO CITIBOECITHUK.

MikpoghorHom HaA3MBAIOTH TPUCTPIN, SKUKA TEPETBOPIOE 3BYKOBI XBUIJIl B
SJIIEKTPUYHUHN CTPYM, IO 3MIHIOETHCS 13 3ByKOBOIO YaCTOTOO.
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Mikpoghon — nipunaj, 4yTIUBHM 10 CIAOKMX 3BYKIB (BIJ TPEIBKUX CIIB:
MIKpo — Manuii, ¢oore — 3ByK). ByioBa: kopmyc; MemOpaHa; ByTiJIbHUN OPOIIOK
— 3MIHIOE CBIH €JIEKTPUYHHUM OMIp B MPOIEC] KOJMBAHHI MEMOpaHH; JKEPEsIo
MOCTIHHOTO cTpyMmy. ToOTO Mikpogon - pUCTPiK, B IKOMY MeMOpaHa BiOpye
1] JI1€10 3BYKOBUX KOJIMBAHb, a OIIP BYT1JIbHOTO MOPOIIKY B TAKT KOJIUBAHHAM
MeMOpaHu, 3MIHIOE CBIH OIIp.

I'yunomosyi — mnpwiaau ayisi 30yJKEHHST 3BYKOBUX XBWJIb I JI€IO
€JIEKTPUYHOTO CTPYMY, CHJIA SIKOTO 3MIHIOETHCSA 13 3BYKOBOIO 4acTOTOM0. bynosa:
3BYKOBa KOTYIIIKa; MeMOpaHa; 1udy30p; MOCTIMHUI MarHiT.

[TepirokiacHi Ty4HOMOBIII BIITBOPIOIOTH 0€3 3HAYHUX CIIOTBOPEHB 3BYKOBI
xoyimBaHHs B miamazoni 40-15000 /. HemosikoM yciX TYYHOMOBIIIB € Mauid
Koe(iLieHT KOpUCHOT J1ii. BoHu BUnpoMiHiowTh Jmiiie 1-3% yciei migBeneHoi 10
HUX €Heprii.

Mac-cnekmpoepaghu — 1ie ipunaau, IO Mal0Th 3MOTY PO3IUIATH 3apsHKeH]
YACTUHKHM 3a 1X MUTOMUM 3apsiioM, TOOTO BIAHOIIEHHS 3apsiiy YaCTUHKH 0 1l
Macd 1 3a 3HAWJCHUMHU pe3yjbTaTaMHd TOYHO BHM3HAYaTH MAacH YaCTHHOK.
[IpuHuun aii HUX OpUIIaaiB IPYHTYETHCS HA JIIi MArHITHOTO MOJIS.

Mac-cnekmpomempu — 1e TpUIaad, 1O NPU3HAYEHI IS PO3AUICHHS
10HI30BAaHMX MOJIEKYJl 1 aToMiB 3a ixHIMH MacaMu. [IpuHiun pobdotu ix
IPYHTYEThCA Ha Jii €JeKTPUYHMX 1 MAarHiTHUX TIOJIB HAa MyYKHA 10HIB, IO
PYXalThCsl Y BaKyyMi. ¥ Mac-CIEKTpOMETpaxX PEECTpAIliio 10HIB IPOBOJATH Ha
OCHOBI 3aJIC)KHOCT1 CHJIM 10HHOTO CTPYMY BiJI MacH 10HiB.

OCHOBHOIO XapaKTEPUCTUKOIO MAac-CIEKTPOMETPIB € IXHS po30ilbHa
30amuicmb R K BIAHOIIEHHS Macu i0OHa M J0 MIMPUHHM CHEKTPAIBLHOTO ITiKa
O, (B aTOMHMX OAMHHLSAX MacHu):

SIxkmo R <10°, TO Mac-CIeKTPOMETPU MAIOTh HU3bKY PO3JAUIBHY 3/1aTHICTH,
AKIo R ~10°, TO Mac-CleKTPOMETPH MAIOTh HU3bKY PO3UTBHY 3/1aTHICTh, SKIIO
R~10*-10° — cepeanro, R~10°-10* — Bucoky 1 R>10° — myXXe BHUCOKY
PO3IUIbHY 3AaTHICTb.

Yymausicmio Mac-CIeKTPOMETPIB HA3WBAIOTh BIAHOUICHHS CHJIU CTPyMY,
[0 CTBOPIOETHCA 10HAMU JAHOI MacH JOCHIPKYBaHOI PEYOBHUHH, JO
napiiajbHOTO THUCKY IIl€i pedyoBMHHM B 10HHOMY jokepeni. CydacHi

: § s A
Mac-CIEKTPOMETPH MArOTh Yy TJIHMBICTh Om3bpko 10° —10° —.

Ila
Bionocnoro uymaueicmio Ha3UBalOTh Ty MIHIMQJIbHY KIJIBKICTh PEYOBUHH,
AKa MO)Ke OyTM BHSBIEHA 3a JIOMIOMOTOI0 MAac-CIEKTpOMEeTpa. i 3HaueHH:
CTaHOBUTH OJM3bK0 107 —10°%.
3a JI0ITOMOT010 Mac-CIIEKTPOMETPa BUCHH] BU3HAYMIIM MacH BCiX €JICMCHTIB
Tabauil Menaeieena.
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IIpuckoprosauamu 3apsdxceHux yacmuHOK HA3UBAIOTh MPUCTPOI, 3
JOTIOMOTOI0  SIKMX 3apsiPKEHUM YacTUHKAM HaJaloTh OLIbIIy E€HEpTilo.
PO3pI3HSAIOTE kit 1 yuKIiuHi TPUCKOPIOBAYI.

B ninitinux npuckoprosauax 4aCTUHKU PyXarOThCsl B3/J0BXK CHJIOBHUX JIIHIM
CJIEKTPUYHOTO MOJS NPSMOJIHIAHO 3 NPUCKOPEHHSM IMiJI JI€I0 €IEeKTPUYHOI
CHWIIM. 3apsPKeHl YaCTUHKHU, PYyXal4yuCh 3 MPUCKOPEHHSAM, BHUIIPOMIHIOIOTH
€JICKTPOMArHiTHI XBUJI1, ajleé IPU bOMY BTPayarOTh €HEPTilo, 1110 HANAETHCS iM
eleKTpuuHUM ToneM. Henmomik: Benuka iXHS JOBXKHUHA, SIKa HEOOX1AHA st
PO3rOHY YaCTHUHOK.

Luxniuni  npuckoprosayi — YUKIOMPOH, HAZ0MPOH, CUHXPOMPOH 1
CUHXpOpazampoH.

Luknompon — TpUCKOPIOBAY 3apsPKEHUX YaCTHUHOK, B SIKOMY Yy OyIOBi
BUKOPHUCTOBYETbCA HE3AJEXKHICTh IMEploAy OOepTaHHS BiJ MIBHAKOCTI 1
KiHETUYHOI eHeprii yactTuHku. [lepion (4ac ogHOTO 00EPTY) TOPIBHIOE:

| 27m
T=—;T="H-+—,
v eB
mo
ne | - moBxnHa KoJIa, sIKE OMKCY€E YaCTHHKA 33 OJUH 00epT: | =27R = 27z—B
e
_ . mo
; R - paxiyc xona o skoMy pyxaeTbcs yaCTHHKA: R = B
e

[{UKIOTPOH CKIANA€ThCS 3: [Hocekmopa (IKEpelio YacTUHOK); OyaHmis
(HamiBKPYTJIl MMyCTOTII1 €IEKTPOIN).

dazompoHr - TPUCKOPIOBAY 3apsPKEHUX YACTHMHOK, B SKOMY 1HIYKIIIS
MarHiTHOTO TOJIsI, @ 3HAYUTh, 1 MIBUJKICTh YaCTUHOK B JIyaHTax, 3aJIUIIAIOTHCS
MOCTIMHMMM, a YacTOTYy BBIMKHEHHS €IEKTPUYHOTO TMOJs 3MIHIOIOTH Yy
BIJIMOBIIHOCTI 3 YaCOM MIJIbOTY YACTUHKH JI0 3a30py MK JTyaHTaMHU.

Cunxpompon — IPUCKOPIOBAY, B IKOMY 301IbIITYIOTh 1HAYKIIIIO MAarHITHOTO
MOJISI IPY HE3MIHHUX TIepioIl 00epTaHHs 1 pajiiyci OpOITH YACTUHKH.

[IpuckoproBay, 110 MO€IHYE B COO1 MPUHITUIIN 11 HIUKJIOTPOHY 1 (ha30TpoOHY,
HA3UBAETLCA  CcuHXpoghazompornom. CuHXpodazoTpoH Mae GopMy KUIbISA
BEJIMKUX pO3MipiB. YaCTUHKM PYyXalOThCsl y BaKyyMHIM Kamepi, pO3MillEHii
yCepelMHI CUCTEMHU EJIEKTPOMArHITiB. TpaekTopiss KOXKHOI YaCTUHKHU
CKJIQJAETHCS 3 OKPEMHUX KOPOTKUX MPSIMOJIIHIMHUX JIIJISHOK 1 YT KOJa.

Cunxpoda3zoTpoH  —  peNSTUBICTCHKUU MpUJIA/I. Hait6inbimmit
cuaxpodazorpon Oyno mobymoBaHo y Pangsacekomy Coro3i Oimsg wmicrta
CepniyxoBa.

Ha npurmumni MaraitToriapoguHaMiaHoro edexty npaioe Ml /]-eenepamop
ab0  MmacHimoeiopoounamiunut  eceHepamop.  MacHimoz2iopoouHamivHuL
eeHepamop — JUKEPENo CTPyMy, B SIKOMY TeIUIOBa €Heprisi Oe3mocepenHbo
NIEPETBOPIOETHCS B CIICKTPUUHY.

Takuii reHepaTop € JHKepeIoM eHeprii 0e3 OyAb-SIKUX PyXOMHUX MEXaHIYHUX
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BY3JIIB 1 jJeTajed. BiH € Mar"iToguHaMiYHMM II€pETBOPIOBaYeM €Heprii. Y
MI ' JI-reneparopi miasma, 1o € TOTOKOM MO3UTHUBHHUX 1 HETaTUBHUX 10HIB, ITi]1
niero cvd JIopeHiia moauIsiEThCs Ha JIBa PI3HOWMEHH1 IMMOTOKH.

MI'JI-reneparop ckiamaeThes 3: HarpiBaya; podbouoro tina; MI'J[-kanany;
€JIEKTPO/IIB; MArHITHOI CUCTEMHU.

B narpiBaui podoue Ti10 — TBepe NAIMBO — IEPETBOPEHO B TIa3My, TOOTO
ras3, Maii’ke MOBHICTIO 10HI30BaHHH.

SIBulle BUHUKHEHHS Y TBEPAMX NPOBIIHHMKAX 31 CTPyMOM, BMIIIEHHUX Y
Mar”iTHE TMOJie, EJNEeKTPUYHOTO TOJiA B HampsMi, MEPHEHIUKYIIPHOMY IO
HaIpsMy CTPyMy W 1HAYKIIi MarHiTHOTO IO, HA3UBAKOThb egexmom Xoana.

BUHUKHEHHST Mi)K TPaHsIMH EIEKTPUYHOTO OIS HAMPYXKeHicTio E  , HasuBaoTh
XOJII8CHKOIO HANDYHCEHICMIO.
E,=c,]B,
e ¢, - Ha3suBalOTh cmanol Xoila, SKa € OCHOBHOK KUIBKICHOO

XapakTepUCTUKow edekTy XoJiia, HEOJHAKOBOIO JJIsi PI3HUX MPOBIAHUKIB 1
HaIlIBIPOBIIHUKIB.

MarHiTHe moJie y pe40BHuHi

3a CydyacHHMMH TMOIJISIIAaMH MAarHiTHI BJIACTMBOCTI PEUYOBMHHM 3YMOBIICHI
TphOMa IPUUYUHAMM:

1) opOiTalbBHUM MarHiTHUM MOMEHTOM CJICKTPOHIB, SKHA BHUHUKAE
BHACJIIJIOK iXHIX PYXiB HaBKOJIO fJIEP;

2) MarHITHUIM MOMCHTOM CJICKTPOHIB, SKUH TiepeOyBa€e y IEBHOMY
CHIBBIIHOIIEHH] 3 TXHIM BJIACHUM MEXAHIYHUM MOMEHTOM — cIlHOM. Cninom
e/leKmpoHa HA3UBAIOTh MOTO BIACHUM MEXaHIYHUN MOMEHT IMITYJIbCY;

3) BIaCHUM MarHiTHUM MOMEHTOM aTOMHUX SIJIED.

PeuoBrHM B 30BHINIHAOMY MArHITHOMY IOJ1 3MIHIOIOTBCS TaK, IO Cami
CTalOTh JKEpeJlaMM MarHiTHOTO TOJIsl, X Ha3UBaIOTh MacHemuxkamu. HaOyTTs
MarHiTHUX BJIACTUBOCTEH PEUOBUHOIO IMiJ JI€K0 MArHITHOTO TOJIS HA3UBaIOTh
HAMACHIYYBAHHAM ~MacHemuka. MarHeTukd MNOAUISIIOTh Ha TPU  KJacu:
oiamazHemuxu, napamasHemuxku 1 ¢hepomaenHemuxy. DBUIBIIICTh PEYOBUH Y
30BHINIHHOMY TIOJII HAMATrHIYYIOThCS Cabko (mia- 1 mapamarunetuku). CuibHI
MarHiTHI BJIaCTUBOCTI MalOTh TUIbKK (DepOMarHiTHI pe4OBUHU (3aJ1i30, HIKEINb,
KOOaJbT, IXHI CIJIaBH).

3HayHA KUIbKICTh MAarHeTHKIB IMCIS TPUIUHEHHS [ii 30BHIMIHBOTO
Mar”iTHOTO TIOJIsI BTpadyae HamarHideHHs. OpHaK € pEYoBWHU, B SKHX
HaMar"HideHHs 3aJIMIIA€ThCS Ha JOBTHMH 4ac, 1 TUILKM MEXaHIYHHUMH JIIsIMH a0o0
HarpiBaHHSAM iX MOKHA PO3MarHiTUTH. Taki Hamar"ideHi Tijla Ha3UBaIOTh
NOCMIUHUMU MACHIMAMU.

PeuoBrHa, y sKOi BCi BEKTOpHW IHAYKII MAarHiTHHX TIOJIB, CTBOPEHUX
opOITaTbHUMHU EJIEKTPOHHUMH CTPyMaMy aToMa, TOBHICTIO PO30PIEHTOBAHI y
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BIJICYTHOCT1 30BHIIITHBOI'O MAarHiTHOTO IIOJIsl, HA3UBAIOTHCA OlAMACHEMUKAMU.
[Hakiie: pe4yoBMHU, B aToMaxX SIKMX OpOITaJbHI 1 CIIHOBI MarHiTHI MOMEHTHU
CJICKTPOHIB, SKIIO HEMa€ 30BHINIHBOIO MArHITHOTO TIOJIsS, € B3aEMHO
CKOMITEHCOBAHUMHM, HA3UBAIOTh QidMACHEMUKAMU.

HHiamaenemuxu — 11e¢ PEeYOBHHH, IO TMOCTAOTIOIOTH 30BHIIIHE MarHiTHE
1oJi€e, IXHs MardiTHa IpoHuKHicTs 4 <1,

BiacTuBicTh peyOBMH HaMardHidyyBaTHCh HPOTHJIEKHO JIO 30BHIIIHBOTO
Mar”iTHOTO TOJII HAa3UBAIOTh diamacHemusmom. [HaKIIE: SBUIE BUHUKHEHHS
MarHiTHOTO MOJisi, CTBOPEHOIO I1HAYKI[IMHUMH €JIEKTPUYHHUMHU CTpyMamu B
aToMax pEeYOBUHU 1 HAMPABIIEHOTO MPOTHU 30BHIIIHHOTO MAarHiTHOTO MOJIS, B SIKE
MOMIIIICHA 1151 PEUOBHHA, HA3UBAETHCS QiAMACHEMUIMOM.

Hiamaenemuszm, abo Odiamacnimuuu egpexm, BIACTUBUI BCIM PEUOBUHAM,
OCKUIBKM BIH TIOB’S3aHWM 3 BHUHHKHEHHSM JOJATKOBUX KOJOBUX PYyXiB
CJICKTPOHIB B aTOMax PEYOBMH 1 3MIHOIO iXHBOI 4aCTOTH OOEpTaHHS TiJ Yac
BHECEHHS B 30BHIIIIHE TOJIE.

PeuoBrHHU, B aTOMaX SIKWUX BEKTOPH 1HIAYKI[i MarHITHUX TOJIIB OPOITATHHUX
€JIEKTPOHHUX CTPYMIB MalOTh AESKY NE€pEeBary B OpIEHTALIl y MeXaxX KOKHOTO
aToMa HaBITh TOJl, KOJIA 30BHIIIHE MArHITHE IOJ€ BIJCYTHE, MPU LBOMY
pe3yJbTYIO4Ye MarHiTHE IMoJie KOKHOTO aTOMa y HUX BiJIMIHHE BiJl HYJISI, TO Taki
PEUYOBMHU HA3UBAIOTHCS napamazHemuxamuy. SIBUIE BUHUKHEHHS Y aTroMa
BJIACHOTO MArHITHOTO TOJIsA, BIAMIHHOTO BiJ HYJIA 1 y BIICYTHOCTI 30BHIIIIHHOTO
TI0JIsI. HA3UBAETHCS NAPAMACHEMUIMOM.

llapamacnemuxu — 1€ pEYOBUHHU, SIKI B 30BHIIIHHOMY MAarHiTHOMY IOJI
HAMarHi9yIOThCS B3IOBXK HOJIS 1 JIEIIO MiACHIIOTE ioro (4 >1).

SIKII0 MapaMarHeTHK BHECTH Y 30BHIIIIHE MarHiTHE MoJjie, TO BCi BekTopu B
MarHiTHUX TIOJIIB OKPEMHX aTOMIB OTPUMAIOTh MEPEBAKAIOYY OPIEHTAIIIO B

—

HaInpsIMKY 30BHIIIHBOTO MarHitHoOro mnoius B, .
SIBuIlle BUHUKHEHHS BJACHOTO MAarHiTHOTO MOJISl Y BEJIUKHUX T'PYI aTOMIB
pPEUOBUHM, HA3UBAETBCA epomacnemusmom. Pe4OBHHM, IO BOJIOAIIOTH
(pepomMarHeTU3MOM, Ha3UBAIOTLCS PepomacHemuKamu.
Depomaznemuku — 1€ PEUOBUHM, 1110 MAIOTh OOMeHH) CTPYKTYpPY 1 3HAUHO

I ICHITIOIOTH 30BHILIHE MarHitHe moje (4 >1).

Iomenu  —  CTpYKTypHI Tpynu  aTroMiB, SKIi  MiJ  BIUIMBOM
KBAaHTOBOMEXAHIYHUX B3a€MOJ1 MalOTh OPIEHTOBAHI CTPOTO B OJTHOMY HampsiMi
€JIEKTPOIUTIONBHI (CErHETOCIEKTPHUKIB) abo MarHiTOJIUIOJbHI

(pepomarnerukiB) MoMeHTH. ToOTO domenu — 1e 00MaCTI CaMOAOBLIHHOTO
HaMarHiuyBaHHs (hepoOMarHeTHkKa.

SIko HamarHiueHut pepoMarHeTUK BUHECTH 13 30BHIITHBOTO MarHiTHOTO
MOJIsI, TO Ha BIAMIHY BiJ Jia- 1 MapaMarHeTUKIB BIH HE PO3MArHITUTLCS, a Oye
30epicamu HamacHivenicms Ha TPOTA31 JOBroro 4acy. lle mosCHIOEThCS JI€r0
MK JJOMEHAMH CHJ, MOMIOHMX 10 CHJI TEpTs, SKI Ha3UBAIOTBCSA OOMIHHUMU

62



CUTLAMU.

Cuna, 3 IKOIO YTPUMYETHCS 3aJIMIITKOBE HAMAarHI4yBaHHs B JEpOMArHETUKY
HA3UBAETHCS 3aMpUMy040to ad0 KoepyemuHo CUIOH0.

3MmiHa po3MipiB (epoMarHeTHKIB MpHU iX HaMarHiyyBaHHI Ha3UBAETHCA
MAZHIMOCMPUKYIETO.

Maenimne Hacuyenuss — HaMarHi4yBaHHSI CIIOYATKy HIBUAKO 3pOCTa€ 31

30inpmIeHHsIM B, a moTiM mpu JOCSTHEHHI AESKOro MaKCHMAJIbHOTO 3HAYECHHS

IH HaMarHiueHHs Iepectae 3ajexard Bin iHxykuii B, . Kpusa 3amexnocTi

| =f (BO) HA3UBAETBCS OCHOBHOIO KPUBOIO HAMACHIYYBAHHL.
AHsuwe cicmepesucy — BIICTaBaHHS 3MIHM MAar”iTHOI 1HAYKLIIi y JaHOMY
cepemoBuini B Big 3mimm MarmiTHOT iHaykmii y Bakyymi B, mpum

0
po3MarHiuyBaHH1 (hepoMarHeTHKa.

llemns cicmepe3ucy — 1€ 3aMKHEHA METJIs, IKa YTBOPIOETbCA B pe3yibTarTi
CHI3HEHHS 3MIH HAaMarHidyyBaHHS MOPIBHAHO 31 3MIHOKO  1HJYKUIi
HAMarHiuyl4yoro MoJis KPUBOI IMKJIIYHOTO HaMarHidyBaHHs (epoMarHeTuka
abo nemns eicmepe3zucy — 1€ METIA, IO YTBOPIOETHCS MPU HaMarHidyBaHHI 1
nepemardiuyBaHHi (pepomarHeTuka. Kosu 3MiHa HaMarHiyyBaHHs BiOYBa€eThCs
Bi/I HACUUCHHS B OJIHOMY HampsiMi JJ0 HACUUEHHS B 1HIIOMY, METJIS TICTEPEIUCY
HA3UBAETbCA MAKCUMAlbHOWO. B 3a1€KHOCTI BiJl 3HAUEHHS 3aTPUMYIOUO] CHIIH
(hepoMarHeTUKH MOAIISIOTBCS Ha MACHIMOM ‘SIKI 1 MACHIMONCOPCMKI.

Macnimom ’saxigpepomaenemuxu — 1ie HepoMarHiTHI PEYOBUHH, 110 MAIOTh
BY3bKy IMETIIO TICTEpPE3UCy 1 Majl 3HA4YeHHs 3aTPUMYIOuoi cuid (3a’i30,
KpeMHieBa cTaib). Maenimooicopcmki gepomacnemuku — 1€ ¢GHepoMarHiTHi
PEUYOBMHH, 10 MAaKTh MIHPOKY METIIO TICTEPE3UCy 1 BIAMOBIAHO BEIHKI
3HAQYEHHS 3aTPUMYyIOYOi CwiId (ByTJielleBa CTajb, 1 CHEIlajJbHl MAarHiTHI
Marepiaim).

Temmeparypa, pu K1 MOBHICTIO BTPAYa€ThCs OCTATOYHA HAMATrHIYEHICTh
GepomarneTrka HasuBaeThesi moukoio Kiopi ( Fe—768 °C , Ni—365 °C
Co-1140 °C).

[IpuHUMI MarHiTHOTO 3anucy iH(opMalli nojsrae Ha Opie€HTallli YACTUHOK
(epomarHeTuka y 30BHIIIHBOMY MAarHiTHOMy moiai 1 1 30epexeHi. Jlus
3/11IICHEHHS] MarHITHOTO 3anucy (epoMarHeTuK MoApiOHIOIOTH 10 CTaHy, KOJIH
OKpEM1 YaCTUHKHU CTAalOTh 0OHOOOMeHHuMu (IJis 3aii3a po3MIpU YaCTUHOK -
3-10° m).

Hanisxsunvo6oro  obnacmro  Ha3WBalOTh 00MacTh, B  SKIH  TIpHU
CHUHYCOIJJaTbLHOMY CHUTHall 3amucy 1HQopmarlii JOBXHHA KOXHOI 00JacTi
OJIHOHANPABJIEHOIO0 HAMAarHi4yBaHHS JOPIBHIOE TIIOJOBHHI JOBXWHH XBUJII
3arnmucy.

CMmyra Ha cTpiulll, HAMarHiueHa y MpoLeci 3alKiCyBaHHS, HA3UBAETHCA
O00DIHCKOIO.
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EJIEKTPOMATHITHA THIYKIIA

InaykuiiiHe e1eKTpUYHE 10JIe

Bigomo, 1110 3MiHHE MarHiTHE moJie 30y1Ky€e B IPOBITHUKY, PO3TAIIOBAHOTO
B HbOMY, IHOYKYIlIHe eleKmpuyHe noJe.

Inoykyiune enexmpuune none He € HNOMEHYIANILHUM, d 60HO NOOIOHO
MAZHIMHOMY, € BUXPOBUM.

SIBuIIe BUHUKHEHHS CJICKTPUYHOTO CTPYMY B IIPOBITHUKY, SKUW TIEPETHHAE
MarHiTH1 JIiHIi, Ha3WUBAETbCA €IeKMPOMALHIMHON [HOYKYIEI0, a HaBEJICHUU
CTpyM, IO BHUHHUKAE TpU UbOMY — IHOYKyitiHum. (CJIOBO <«AHAYKILS» 3
JATUHCBKOTO — HaBeJeHHs, 30y KeHHs). [Hakine: sBUIE BUHUKHEHHS
IHIYKIIIHHOTO CTPYMY B KOHTYP1 IPH 3MiHI MarHiTHOTO MOTOKY, 110 TIEPETHHAE
el KOHTYD, HA3UBAETHCS €1eKMPOMACSHIMHOIO IHOYKYICEIO.

AHsuwe enexmpomacHimuoi HOYKYii — ye 30Y0dCeHHs [HOYKYIUHO20
eleKMPUYHO20 NOJIsl 0€3n0CEPEOHbO 3MIHHUM MACHIMHUM HOJIEM.

M. ®@apaneii nokasas, 10 KOJX 3aMKHYTH CTPYM B OJIHIM KOTYIILi, TO B
ApYTid, CyCiAHIA 3 HEK, KOTYIIII 3aMKHYTI Ha TaJlbBaHOMETP, BUHUKAE
KOPOTKOYaCHUH CTPYM.

[HAYKIIAHKN CTPYM BUHUKAE B THX BUMAAKaX, KOJIH:

1) xoTyiKu Ae(pOopMYyIOTh 00 IEPEMIIITYIOTh OJHY BiZHOCHO OJHOT;

2) KOJIO 3aMHKalOTh 400 PO3MHKAIOTh;

3) 3minIoI0TE peoctatoM R crpym | .

VY nepiioMy BUMAaAKy MEXaHIYHA €HEPTisl IEPETBOPIOETHCS HA EJICKTPUUHY.
VY npyromy it TpeTbOMY BHUIIAJIKaX €NEKTPUUHY €HEPT1I0 IEPEHOCUTH 3 MEPIIOTO

KOHTYPY B APYTHH MarHiTHe nosie cTpymy | .

EnexTpuune nose, 10 BUHUKAE B pe3yJIbTaTi 3MIHU MarHiTHOrO MoJjs 1 He
MOB’si3aHE 3 EJIEKTPUYHMMM 3apsiiaMu Ta HOro JiHIi Hampy>KEHOCTI He
MMOYMHAIOThCA HA HHUX, TOOTO BOHM B3arajl HiJAC HE NOYHMHAIOTHCA 1 HE
3aKIHYYIOThCSI, BOHU 3aMKHYTI, SIK 1 JiHIT 1HAYKLII MardHiTHOro MOJIsl — 8UXposge
eleKmpuyHe noie.

Poboma euxposoco enekmpuuno2o nons 3 nepemiujeHHIM OOUHUYHO20
NO3UMUBHO2O 3aps0y HA 3AMKHYymMomy ulisaxy senie cobow EPC inoykyii 6
HEPYXOMOMY NPOGIOHUK) .

Bemampor — 11e IPUCKOPIOBaY eJIeKTPoHiB. Moro jist IpyHTY€eThCs Ha TOMY,
mo 30yaKeHe 3MIHHMM MAarHiTHUM IIOJIEM BUXPOBE CJEKTPUYHE TIOJIE MOXKE
BUSIBUTHUCS B JIii HA OKpEeMI 3apsKeHI YaCTUHKH Y BakyyMi. bymoBa: BakyyMHa
KaMmepa; eeKTpoMarHiT (y 3a30pi sSIKOro po3MillleHa BaKyyMHa KaMepa).

[HAYKIIMHI CTPYMH B CYIIIBHUX NPOBITHUKAX — 8UXPOGI CIPYyMU (CIMpymU
®Dyxo). Cmpymu Dyxko — OnyKawdl KUTBIEBI CTPYMH BCEPEAWHI MACHUBHOTO
MPOBITHUKA, SKUH MICTUTHCS] B 3MIHHOMY MarHiTHOMY TIOJI.

KimbKicTh TETUIOTH, M0 BUILISETHCS 3a OJWHUINIO Yacy BHUXPOBHMH
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CTpyMaMH, MPsSIMO MIPONOPIIHHA KBAAPATy YaCTOTH 3MIHA MAarHITHOTO MOJIS.

SIBuIlle BAHUKHEHHS B KOTYIIIII €JIEKTPOPYIIHOT CHIIH 1HAYKITIT BHACTIAOK
3MIHHM BJIACHOTO MAarHiTHOTO TIOTOKY HA3MBAETHCS caMoiHOyKyicto. IHaKIe:
spuiie BuHUKHeHHs: EPC 1HayKIii 1 IHAYKIIHHOTO CTPyMy B KOHTYpP1 BHACIIJIOK
3MiHU CTPYMY, 11O T€UE€ B [[bOMY KOHTYP1, HA3UBAETHCS ABULYEM CAMOIHOVKYIL.

EPC inaykuii, 1110 BUHUKAE IPU 3MIHI CTPyMY B KOHTYpI1, Ha3uBaeThcsa EPC
camoinoykyii &, , IHIYKIIMHUI CTPYM B HBOMY — CIPYMOM camoinoykyii |

EPC camoinoykyii, wo 8uHuUKae 8 KORMypi npu 3MiHi 8 HbOMY CIMPYMY, 3d
3akoHom Dapaoes 0opisHIOE WUBUOKOCMI 3MIHU MACHIMHO20 NOMOK) CKPI3b yell
KOHMYP, 83MUll i3 3HAKOM «MIHYCH:

ACD

gs == At

Pe3ynbTytounii CTpyM B KOJIi, III0 BUHUKAE IIPU HOTO 3aMUKaH1, HA3UBAEThCS
exCmpacmpymom 3amMukanus |

=1 -1,
ne |, - ctpym B Kouti pu Horo 3aMuKaHi.
Pe3ynbTyrounii CTpyM Ha AUISTHII APOCENs, HA3UBAETHCS eKCIMpAacmpymom
pO3MuKanHs, B TOMy BUIAJKY, SKIIO BiH Oyae MOpiBHIOBAaTH cyMi cTpyMmiB || i

l.:
=1 +1
ne |, - ctpym B Kol mpu HOTO PO3MUKAHH.

pocenv — 11€ KOTYIIIKA 3 CEPICUHUKOM.

BuBdeHi enekTpuyHi 1 MArHITHI SIBUIIA IEPEKOHYIOTh Y TOMY, 1110 MK HUMU
icCHye TIMOOKMH B3aEMHHUM 3B ’S30K. AHAM3 JOCHIAIB 3 CICKTPUIHUM 1
MarHiTHUM TOJISIMU Ja€ MiJCTaBU JUIsi BUCHOBKY, 11O TMOOJWHIIN 11 TOJS HE
icHYI0Th. ICHYE€ X JHIIIe €HICTD — eleKmpomacHimmue noe.

Enexmpomaenimne none — 1ie BUus1 Matepii, SKOMY BJIACTHBI: HENIEPEPBHICTh
PO3MOALLY B IIPOCTOPi; JUCKPETHICTh CTPYKTYPH; 3AATHICTh MOLIMPIOBATUCS B

IpOCTOPi 31 MBHAKICTIO, HaOmMKeHOM 10 310 —; cunosa ais Ha enekTpUUHO
c

3ap;[z[>1<eH1 YaCTUHKHU a00 TIJ'Ia sKa 3aJIC)KUTh BlI[ HIBI/II[KOCTI 1x PYXYy.
Inakme: CYKYHHICTB HCPO3PHUBHO 3B ’SI3aHUX CJICKTPHUYIHOIO 1 MarHiTHOI'O
T10JIIB Ha3UBAETHCS eﬂeKmPOMCZZHZWIHuM noJiem.

EJ'IGKTpOMaI‘HiTHe IIOJIC OIIMCYETBCA ABOMA OCHOBHHMMH BCKTOPAMMU! E -
HaHp}I)KCHiCTIO CICKTPHUYHOT'O IT0JIA

E=
q

B - MarmiTHOMO iHIYKIIi€}0 MArHITHOTO TIOJIS
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B _ wamax
q9
Cuna, 3 SKOI0 €JEKTPOMArHiTHE IMOJIE i€ Ha eJeKTPUYHUN 3apsn, -
y3aeanvHena cuna Jlopenya.

—

F ,=F +

ya.Jl en. Mazn. ?
ne F, =qE; F,, =doxB]

Teopisn Makceenna — 1ie Teopist €AEKTPOMArHiTHOTO TOJIS, 1[0 BCTAHOBIIIOE
3B’SI30K MIDK BEKTOPaMH, SIK1 OMUCYIOTh €JIEKTPOMArHiTHE MoJie, 3 OJJHOTO OOKY, 1
JDKepellaMyd Ta BUXOpPamMu LIMX BEKTOPIB — 3 Apyroro. LI 3B’43KH KUIbKICHO
BUPAXAIOTb pieHsaHHA Makceenna.

IDicepena eekmopa — 00’€KTH, Ha SKUX JIIHIT BEKTOpa MOYHNHAIOTHCS ab0

—

qE+qu>< BJ

3akingyroThcs. st BexkTopis: E - BinbHi i 38’s3ani 3apsiau; B - mkepena He mae
— MarHiTHE 10JIe BUXPOBE.
Buxopu sexmopa. — 00’€KTH, HABKOJIO SKMX JIiHII BEKTOpa 3aMHKAIOTHCS.

Jljis BEKTOPIB: E - sminni marditei moms (eNeKTpOMarHiTHa 1HAYKIIS); B -
Makpo- 1 MIKPOCTpYMH («CTpyMHU 3MIIIECHHS»), 3MIHHI €JIEKTPUYHI MO
(Mar”iToeNIeKTpUYHA 1HAYKILIS).

VY meBHHMX cHucTeMax BIJIIKY HE BUABIISIETbCS MarHiTHa a0o eJeKTpHUYHA
CKJIaJIOBa E€JIEKTPOMArHITHOTO TOJIs, 1 TOJI MOJie, BIJMOBIAHO, HAa3UBAETHCS
eekmpudHum abo MacHIMHUM.

HaBkoso 3apsakeHoi KyJbKd, 110 IepeOyBae y CIOKOI B CHCTEMI «3eMIIs»
(mxepeno E ), €NEKTPOMArHiTHE IIOJE€ HAa3WBACThCA enekmpuynum (HeMae
BHXOpiB B).

HaBkoi0 mocTiHHOTO MarHity, 1o nepedyBae y CIoKOi B CUCTEM1 «3eMIIs»
(MIKpOCTpYMHU — BUXOpHU |§), €JIEKTPOMArHiTHE IMO0JI€ HA3UBAETHCA MACHIMHUM

nonem (Hemae ukepen i Buxopis E ).

—

V cucremi, 10 PyXxaeTbCs BIAHOCHO cucTeMu «3emist», mois E i B
sMiHIO€eThCs (BuxopHu B i E) — none erexkmpomacnimue.

3MIHHUI CTYM

3minHUM cmpyMOM HA3UBAIOTh TAKUN CTPYM, SKUU TEPIOTAIHO 3MIHIOETHCS
3a 3HAYEHHSM 1 HAOpsIMOM. 3MIHHUN CTPYM Yy €JIEKTPUYHOMY KOJI — L€
BUMYIIICH]I €JIEKTPOMArHiTHI KOJMBaHHS, SIKI BUHUKAIOTh 1] JIIEF0 30BHIIIHBOI
enexktpopymiitHoi cunu (EPC), mo nepioguyHo 3MIHIOEThCSA. Y MPOMUCIOBUX
KOJIaX 3MiHHOI'O CTPYMY i HAIpyra 3MiHIOKOTh FapMOHIYHO 3 yacToTor 50 [ .

3MiHHA Hampyra Ha KIHOSX KOJla CTBOPIOETbCS TIEHEpaTOpaMH  Ha
eJIeKTpocTaHiisXx. HalmpocTilo MOAENI0 reHeparopa 3MiHHOTO CTPYyMYy €
IpOTSAHA PaMKa, sika 00epTa€ThC B OJTHOPIAHOMY MarHiTHOMY IOJI1 3 TOCTIHHOIO
KYTOBOIO IIIBHJIKICTIO.

Opni€ero 3 BaXIMBHUX Taly3edl 3aCTOCYBaHHS SIBUILA €JIEKTPOMArHiTHOI
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IHIYKIT € poOoTa EJNeKTPUYHUX T'eHepaTopiB, B SKUX MEXaHIYHA EHEepTis
NEPETBOPIOETHCS B €JIEKTPUUHY.

['enepaTop ckiamgaeTbes 3: KOPIyCy; TypOiHM; KUIEHb; IIITOK; 30yaHUKA;
JIBOX KOTYIIOK, OJ[HA 3 SIKUX BMIIIIEHA B MIa3aX HEPYXOMOTO OCEpAs 3 MarHiTHOTO
Marepiaiy (cmamopa), a ipyra — y nazax pyxoMmoro ocepis (pomopa). Onna 3
IUX OOMOTOK MpU3HAYECHA JJIs CTBOPEHHSI MAarHITHOTO N0JIs (iHOyKkmop), a Apyra
€ poOoyoI0, y Hil iHITyKy€eThCst 3MiHHA EPC (sikip).

YacTtoTa oOepTanHs TypOiHU TeHEpaTopa:

V= pn,

7€ p - YMCIO Map MOJIIOCIB TeHepartopa; N - 4ucio oO0epTiB pamMKu 3a
CEKYH/LY.

Pesonancom B KoMl 3MIHHOTO CTPYyMYy Ha3MBA€THhCS SBHINE PI3KOTO
3pOCTaHHS aMIUTITYIH BUMYIIEHUX KOJIMBAaHb CHJIA CTPyMYy B KOJHUBaJILHOMY
KOHTYpP1 BHACJIiIOK 30ir'y 4acTOTH 30BHIIIHBOI 3MIHHOI HANpyrW 3 BIIACHOIO
YaCTOTOIO KOJIUBAILHOTO KOHTYDY.

YMOBH €JIEKTPUYHOTIO PE3OHAHCY:

R =R.; a)L:i; O=0 =i.
@C

° JLC

[{ukiyHa yacToTa MpH, SKi HACTAE PE30HAHC HA3UBAETHCS PE3OHAHCHOIO.

Pe3onanc nanpye BUHUKa€ MpU MOCIiJOBHOMY 3’ €IHAHHI aKTUBHOTO OTIOPY
R, korymku iHgykTuBHOCTI L, koHgeHcaropa emuocti C: B mbOMy BHIAIKy
crmajl HampyTry Ha KIHISX KOTYIIOK 1HAYKTUBHOCTI JOPIBHIOE CIay HANpyry Ha
oOKJaikax KOHAeHcaTopa, a3y MPOTUIICHKHI.

— . _ I0
U, =U,.; loL= prs
Hamnpyra nipu pe3onanci:
Ha KOTYIII 1HAYKTUBHOCTI

Ha KOHJIEHCATOPi

Uy =1,
oc 0 a{: !

Pezonanc cmpymie BUHHMKAaEe TpU TapajelbHOMY 3’€IHaHHI KOTYILIKH
imgykruBHicTio L, kongencaropa emuictio C i mpu yMOBi, 1110 aKTHBHHIA OIIip
R mpsmye 1mo HyJas: B I[bOMY BHIIQJKy CHJA CTPYMY B PO3TaTyJKCHHSX
OJIHaKOBa, (pa3u MPOTUJICKHI, IPU YMOBI PIBHOCTI 1HAYKTUBHOTO 1 €MHICHOTO
OTIOpPiB (RL = RC).

VY TexHimi ¥ moOyTi 3aCTOCOBYIOTh NEPEBAXHO 3MIHHUM CTpyMm. Alle B
Oaratbox BHUMaAKax OyBae MOTPiIOHMIA 1 TOCTIMHUN CcTpyM. EnexkrpoaBurynm
MOCTIHHOTO CTPYyMY JAl0Th 3MOTY IIJIaBHO PEryJIOBaTH MIBHAKICTh OOEpPTaHHS 1
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PO3BHUBAIOTH BEJIUKHUI 00epTarounii MOMEHT Mij yac 3amyckanHs. Lli BmactuBocTi
pOoOJIATH iX HE3MIHHUMH Ha TPAHCIOPTI (€1EKTPOBO3H, TpaMBai, eEKTPOKapH).
[TocriiiHa Hampyra moOTpiOHA IS SKUBJICHHS OLIBIIOCTI PaiOTEXHIYHUX
IIPUCTPOIB.

[locTiiiHuid CTpyM HaiyacTilie AICTalOTh 13 3MIHHOIO 32 JIOIOMOTOIO
CHeUlaJbHUX IPUCTPOIB — BUNPAMIAYIE 1 2eHepamopie NOCMIUHO020 CIMPYM).

[locTiiiHMil CTpyM HaiyacTilie AICTalOTh 13 3MIHHOIO 32 JIOIOMOTOIO
CHELlaJbHUX TMPUCTPOIB — GunpAMmIAdie. Bumpsmisdi NOAUISIIOTECS Ha
00HOHANI8NEPIOOHI 1 0BOXHANIBNEPIOOHI.

OononanienepioOHuli uUnpAMAAY — 1€ IPUCTPIN Y AKOMY J10J MPOITyCKae
CTPYM TUIBKH MIBIEPi0Jia KOXKHOTO 3 KOJIMBAHb HAIIPYTH.

Jlsoxnanienepioonuti eunpsamisay — 11e TPUCTPIN, TKUH CKIATAETHCS 3 JTBOX
OB, 1 Y SIKOMY KOHI MIBIEPIOAM KOJUBaHb MpallO€ OJWH 13 JI0MIB, B
3aJIEKHOCTI BIJI OJISIPHOCTI HaIIPYTH.

l'enepamop nocmitinoco cmpymy — 1€ TPUCTPIA, SKUH CIYXKUTh s
n00yBaHHS MOCTIHHOTO cTpyMy. HaifnpocrTiiia Mojieins reHeparopa nocTiiHoro
CTPyMYy BIAPI3HAETHCS BIJI MOJENl TE€HEepaTopa 3MIHHOTO CTPyMY TIJIbKH
O0COOJIMBMM aBTOMATHYHHUM TEPEMHKa4YeM, SIKHUI HA3UBAETHCS KOJIEKMOPOM.
Konexmop — uie nBa MiBKIIBIA, 3aKPIIJICHI HA OC1 TeHepaTopa 3a JI0MOMOTOI0
130110t040r0 MmiHApa. Jlo miBKUIEh MPUTUCKYIOTHCS MPYXKHI TUTACTHHU —
WIimKu.

['070BHOIO TEXHIYHOKO TEPEBarold 3MIHHOTO CTPyMy TOPIBHSHO 3
MOCTIMHUM € T€, [0 HANpyTy 1 CHIIy 3MIHHOTO CTPYMYy MOKHA 3MiH08amu Oe3
[CMOMHUX 8MPAM NOMYIAHCHOCMII.

3aranpHa eJIEKTpUYHA Mepexka, J0 SAKOi TMPUETHAHHI CIIOXKWBaul
HA3UBAETBHCS €HeP2OCUCTNEMOTO.

3 J0TIOMOTOI mpaHcgopmamopa € MOXKIUBICTh Iepe/laBaTH BEJIHUKI
MOTY>KHOCTI CTPYMY Ha 3Ha4yH1 BIJICTaHI 3 MOPIBHSIHO MaJIMMU BTpAaTaMM €HEprii.

[Ipunagu, 3a JONOMOrOI0 SIKMX TIEPETBOPIOETHCS HAMpyra 3MIHHOIO
CTPYyMy, Ha3UBaIOTh mpancgopmamopamu. TpaHchopmaTop CKIamaeTbcs 13
3aMKHYTOTO (PepoOMarHiTHOrO ocepis, Ha siIKke HaTArHyTo Bl (abo Ouiblie)
OOMOTKH (KOTYIIIKH) 3 PI3HUM YUCJIIOM BUTKIB. Ta 0OMOTKA, sIKa BMHUKA€ETHCS 10

jokepena 3miHHOT Hanpyru U, Ha3uMBaeTbCs nepsunHolo, a Ta, 3 K0T 3HIMAETHCS
BXe 3MiHeHa Hanpyra U, - emopunnoro.

Hist TpancopMaropa IpyHTYEThCA Ha SBUII €JIEKTPOMArHITHOI 1HIYKIIII,
TOOTO Ha SBUII 83aAEMOIHOYKYIL. B3aemoindykyis — uie siBuile BUHUKHEHHsSI EPC
€JIEKTPOMArHITHOI 1HIYKII B KOHTYpl MPW 3MiHI MarHiTHOTO TOTOKY, IO
MIPOHU3YE CYCITHIA KOHTYP.

Hampyru BiamoBigHO Ha BXOA1 1 BUXO1 TpaHc(hopmaTopa

do
U=IR-E=IR+N, —;
dt

68



U =IR-E=IR +N 37
dt

ne |, 1 l, - cumm ctpymy B nepBuHHIM 1 BropunHiH obmotkax; R i R, -

1 2
onopu mux obmotok. N, i N, - 4mucrmo BHUTKIB y NepBHHHIM Ta BTOPUHHIH

obmoTKax TpaHchopmaropa.

SAxmo B oOMOTKax IpH HE3MIHHOMY HaBaHTa)X€HHI BCTAHOBIIIOETHCS
NEeBHUH CTPyM (B KOXKHIM CBiil), TO TaKUil peXUM poOOTH TpaHCchopmaTopa, 1110
BCTAaHOBUBCS, HA3UBAETHCS POOOUUM XOOOM.

Slkmo Tpanchopmartop HeHaBaHTaxkeHui To |, = 0. Takuit pexum poboTn

TpaHchopMaTopa HA3UBAETHCS XOJIO0CHUM XOOOM.

Tpancpopmaropu 3a MpU3HAYECHHSIM MOAUISIOTh HA KUIbKA THIIB: CUTOBI,
Kl 3aCTOCOBYIOTh IIpH MepelaBaHHI 1 PO3MOAUICHHI EJIEKTPOCHEprii s
’KUBJICHHSI CUJIOBOT'O Ta OCBITJIIOBAJIbHOIO HABAHTAXXCHHS; 6UMIPIOGANbHI — IS
’KUBJICHHS €JIEKTPOBUMIPIOBATIBHUX NPUIIAMIIB; cneyianbHi, 10 SIKUX HaJlekKaTh
3BaprOBalibHI ¥ BUMPOOYBaIbHI TpaHC(HOPMATOPHU, a TAKOX TpaHCHOpMATOpU
JUTSI PEHTTE€HIBChKUX amnapariB.

Y nabopaTOpHHUX TMPAKTHKymMaxX MIMPOKOTO 3aCTOCYBaHHS HaOynu
asmompancgopmamopu (JIATP). lle TpanchopmaTopu, B SKUX HAIBHOI €
auiie oaHa 0OMoTKa. Posib BTOpMHHOT OOMOTKH TYT BIJITPa€ YaCTUHA IEPBUHHOT
0OMOTKH a00, HaBIIaKH, YaCTUHA BTOPUHHOI OOMOTKH BIJIITPA€E POJIb IEPBUHHO].

VY Hai yac piBeHb CIOXXUBAaHHS €HEPrii — OCHOBHUU MOKA3HUK PO3BUTKY
MPOYKTUBHUX CUJI CYCIIIBCTBA. Bee OibIie mpo1ieciB, MOB’sI3aHUX 3 BUTPATOIO
€HepropecypciB, MEpPEeBOAUTHCS Ha eleKTpoeHepriio. Bemuka uactuna
€JIEKTPOCHEPTi, IKY BUKOPUCTOBYIOTh, IEPETBOPIOETHCS B MEXAHIUHY €HEPTIIO.

CnoxuBayaMu €: TPOMMCIIOBICTb, TPAHCIOPT, BUPOOHMYI Ta MOOYTOBI
npo0JeMu CyCHiIbCTBA TOLIO.

Enextpoenepris BUpOOISETHCS Ha BETUKUX 1 MATTUX €JIEKTPUYHUX CTAIISX B
OCHOBHOMY 3a JOTIOMOTOI0 IHAYKIIWHUX TeHepartopiB. € Tpu TuUNH
enexktpocranmiii: ciopoenekmpuuni (I'EC), mennosi (TEC), amomni (AEC). 11i
€JIEKTPOCTAHIIIT BIAPI3HAIOTHCS XapaKTepOM JIBUTYHIB, IO 00EpTalOTh POTOPH
TeHEPaTOPIB.

Ha ziopoenexmpocmanyiax (I'EC) nns npuBeneHHs B JiI0 T€HEpaTOpiB
BUKOPHUCTOBYEThCA TMOTEHLIAIbHA €HEpris BOJHU, MIAHATOI rpedineto. Poropu
CJIEKTPUYHUX  TEHEpaTopiB  OOepTalOThCs  TIIPaBIIYHUMU  TypOiHaAMHU.
[ToTyXHICTh CTaHIli 3aJ€XUTh BIA PI3HUII PIBHIB BOAM (HaAmopy), IO
CTBOPIOETHCS TpeOsieto, 1 Bl Mach BOJH, SKa MPOXOJUTH 4epe3 TypOiHU 3a
CEeKyHly (BUTpATH BOJIN).

Ha mennosux enexmpocmanyisix (TEC) mxepenoM eHeprii € MaJIMBO:
Byriuia, topd, HadTa, MazyT, roprodi CciaHIl, ras. PoTopu emeKTpuIHUX
reHepaTopiB 00epTalOThCsl MAPOBUMH U Ta30BUMHU TypOiHamu a0o0 JBUTYHAMU
BHYTPIIIHBOTO 3ropaHHs. HalOIIbll EKOHOMIYHMMM € BEJUKI TeIJIoBI

69



napoTypOIHHI €JIEKTPOCTAHIIII.

VY TypOiHi KIHETUYHA €HEpris CTPYMEHIB Iapu NepefaeThes potopy. Ban
TypOIHH KOPCTKO 3’€IHAHUN 3 BaJioM reHeparopa. IlapoBi TypOoreHepaTopu
JOCUTh IIBUIKOXIJHI: KUIBKICTh OOEpTIB JOPIBHIOE KUIBKOM THCSYaM 3a
XBUJIUHY.

Benvke 3HaueHHS B €JIEKTPOCHEPTETUIIl MAIOTh AMOMHI e1eKmpoCmaHyii
(AEC), s4x1 MawTh BeJIHMKlI TOTYXHOCTI. JXkepemoM eHeprii Takux
€JIEKTPOCTAHIIIH € aTOM.

B ocHOBI 11i aTOMHUX €JIEKTPOCTAHININ JICKUTHh MEPETBOPEHHS €HEPTii,
BUBIJILHEHOI B TOAUTY SJEp PaliOaKTUBHUX I130TOIIB, B EJIEKTPOCHEPTIIO.
OcHOBHUMH KOHCTpYKTUBHUMHU eneMeHTaMu AEC € saepHuil peakTop, 110
CKJIaJIa€ThCSl 3 AKTUBHOI 30HM, JI¢ BJIACHE B1JOYBAETHCA SJIEpPHA PEaKIIis,
naporeHeparop, TypOiHa, eJIEKTPUYHUI TeHePaTOop.

Y nmepcrnekTHBi MalTh MaTH MiICII€ aTOMHI, BITPsHI, COHSIYHI
€JICKTPOCTAHIII1 — JPKEPESIOM €Heprii BIAMOBIIHO IKUX € aTOM, BITEp, COHIIE.

Crni BII3HAYUTH, 10 abTEPHATUBHI BIIHOBIIIOBAJIbHI JIKEpea €HEprii,
HE3BaKal0UW Ha CBOIO MPUBAOJIMBICTh, HE B 3M031 3a0€3MEYUTH BC1 EHEPreTUYHI
MOTPEOHN CydacHOT EKOHOMIKH.

CtpymaM BHCOKOi YacTOTH BJIACTUBUM nogepxuesuii egekm ado
ckin-eqpekm. Ilosepxnesuii eghexm: CTpyM BUCOKOI YaCTOTH MPOTIKAE TUIBKH IO
NOBepXH1 TmpoBigHuKa. Ilpu cTpymi BHCOKOI 4YacToTH OUId NPOBIIHHMKA
IHIYKYEThCS CICKTPUYHE TIOJIe, SKE HANpPSAMJICHE Yy CTOPOHY, IPOTHIICKHY
OCHOBHOMY TIOJIIO Ta MOCJIA0I0E CTPYM 10 HYJISL.

3anynenns — 11€ HaBMHCHE €JICKTPUYHE 3’ €qHAHHS 3 HYJIbOBUM 3aXHCHUM
MIPOBOJIOM METAJIEBUX CTPYMOHETPOBITHUX YACTHH, SIKI MOKYTh ONIMHUTHCS i
Harmpyrow (KOpPIycH eIeKTPOyCTaTKyBaHHs, KaOelbHI KOHCTPYKIIi, CTaJieBi
TpyOH TOIIIO).

EJIEKTPOMATHITHI KOJINBAHHA

Konueanusa — e Bua pyxy, pu IKOMY CUCTEMA Yepe3 PiBHI MPOMIKKH, a00
MpUOJIU3HO PIBHI IPOMIXKKH, 4aCy IPOXOAUTH Yepe3 OJIMH 1 TOH K€ CTaH.

[lepiognuni ab0 Maike MEPIOUIHI 3MIHU 3apsly, CUIH CTPYMY 1 HaPyTH
HA3UBAOTh €1eKMPUYHUMU KOTUGAHHAMU.

Enexmpomaenimni konueanns — 1€ KOJMUBAaHHS €JIEKTPUYHOTO 3apsay, CUIU
CTpyMY, HalpyTH, 3B’A3aH1 3 HUM KOJIMBAHHS HAIPY>KEHOCT1 €JIEKTPUYHOTO OIS

Ta 1HAYKIII MarHiTHOrO IIOJSA, a TaKOX CaMOCTIHHI KOJIMBaHHS EiBs
CJIEKTPOMArHiTHi  xBwWii. [Hakmie: mnpouec OaraTOKpaTHOrO B3a€EMHOTO
NEPETBOPEHHS]  EJNIEKTPUYHOIO 1  MAar”HiTHOTO  TOJIIB  HAa3WMBAETHCS
eeKMPOMACHIMHUMU KOTUBAHHAMU.

i komuBaHHS BIAOYBAIOTHCA 3 Iy>K€ BEJIMKOIO YaCTOTOI0, 3HAUHO O1JIBILIOIO
BiJl YaCTOTH MEXaHIYHUX KOJMBaHb, TO iX HA3WUBAIOTH 1€ BUCOKOUACMOMHUMU
(Bim THCSY OO0 MUIBHOHIB Tepi). HalspyudimmMm npwiagoMm s iX
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CIIOCTEPEXKEHHSI 1 TOCIIKCHHS € eleKMPOHHUL Ocyuiozpag.

Enexmponnuti ocyunoepagh ciiyXuTh I CIOCTEPEKEHHS 3 JOMOMOIOI0
€JICKTPOHHO-TIPOMEHEBO1 TpyOKH TpadikiB 3MIHHOTO CTpyMy. ElekTpoHHUM
ocruiiorpad € HE3aMIHHUM TPH PI3HOPITHUX BUMIPIOBAHHIX (0COOIMBO B
CXeMax TeJEeBI3IMHUX MpuiiMayiB) SK MPUIAJ], 110 JI03BOJISIE Bi3yaJbHO
KOHTpPOJIIOBAaTU (POpMY PI3HOPIAHUX CUTHAJIIB, HASIBHICTh HABOJOK, BUKPUBJIEHb
1 T.I.

Ocumniorpad y cBOill OyJOBI Mae: €JIEKTPOHHO-IIPOMEHEBY TpPYOKY;
BHCOKOBOJIbTHUN BUIIPSAMIISY JIJIS TIOJ1ayl HAIPYTH Ha i1 eJEeKTPOAH; MiICUITIOBAY
3 PeryJIoBaHHSM I1ICUJICHHS BUMIPIOBAaHUX HAMpYT.

KonuBanHs BUHUKAIOYU B KOHTYP1 IIPH BIJICYTHOCTI 30BHIIIHBOTO JXKEpea
3MIHHOI €JIEKTPOPYIIHOT CHJIM, Ha3UBAIOTBhCA 6aacHumu abdo GilbHUMU
konueanuamu. 111 KOTUBaHHS HA3UBAIOTH 1€ 3AMYXAIOYUUMU.

PiBHSIHHS BUIBHUX €JIEKTPOMArHiTHUX KOJMBAaHb:
2

d'q
dt®

+0q=0; q"+a’q=0,

1 :
1€ @, =———= - BJIaCHA LIUKJIIYHA YacTOTa.
~JLC

JlaHe piBHSIHHS SIBJIsiE COOOI0 OAHOPIIHI AU EPEHITIaNbHI PIBHSHHS IPYTOro
MOPSIIKY, SKI  HA3WBAIOTHCS  OuepeHyianvHumMu  pPIBHAHHAMU  BLILHUX
eIeKMPOMACHIMHUX — KOJIUBAHL 8  [0eANbHOMY  KOAUBAILHOMY  KOHMYPI.
BianoBiaHo, 6inbHi enrexmpomacHimHi KOIUBAHHA 8 10eaNbHOMY KOAUBATLHOMY
KOHmMYpi maxoic 6y0ymv apMOHIYHUMU.

P03B’s13k0M 1aHOTO PIBHSIHHS €

q = Asin(at + @,).

Bumyweni enexmpuuni konusanms — 1€ KOJUBAaHHS, SIKI HEOOX1IHO
MIATPUMYBATH 330BHI B KOJMBaIbHOMY KOHTYpP1 3a JOTIOMOTOIO €HEprii, sKa
KOMIICHCY€ BTpaTH Ha BUIUIEHHA TeIUla Ta Ha BUIPOMIHIOBAHHS
€JIEKTPOMArHITHUX XBUJIb.

Hudepeniiansue piBHIHHS pealbHUX (TOOTO 3aTyXar04unX) KOJMBAaHb

2
d—3+2ﬂ%+w§q:0.
dt dt

Po3B’s13k0M piBHSIHHSA Oynie

q=Ae”sin(at +@,).

Kono, sike ckimamaerbcs 3 KOHJEHCATOpa 1 KOTYHIKA 1HIYKTHBHOCTI
Ha3UBAETHCS KOAUBANLHUM KOHMYPOM, CaM€ B I CUCTEMI 30YyIKYHOThCS
CNeKTpUYHI KoiuBaHHA. lle € imeami3oBaHMil KONMMBAIBHUN KOHTYp TakK SIK B
HbOMY aKTUBHHH OITp JOPIBHIOE HYIIO.

JudepeHitiiine piBHSIHHS KOJUBAJILHOTO KOHTYPY:

2
d'q + iq =0.
dt* CL
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P03B’SI3KOM I[LOT'O PIBHSHHS €:
q = Asin(ot +¢,),

: . 1
A€ ) - BJIaCHA IUK/I1YHA YaCcTOTa KOJIMBHO1 CUCTEMU, () = —F——

JLC

Jist  3MIHM MapaMeTpiB  KOJMBAIBHOTO KOHTYPY BUKOPUCTOBYIOTH
KOHJICHCATOPH 3MIHHOT €MHOCTI, a00 KOTYIIKH 3 3MIHHOKO 1HJIYKTHUBHICTIO, SIK1
HA3UBAIOTBCS 8apiomempamu.

KonuBanbHa cucteMa, sika cama Kepye 30BHIIIHIMY BIUIUBAMU, HA3UBA€THCS
A8MOKOIUBAILHOI, & BUKOHYIOU1 HEIO KOJMBAHHS asmokoiusannamu. Inakuie:
CHCTEMa, aBTOMaTUYHO Kepyroda HaJAXOHKCHHSIMHU eHeprii B Hel IS MiATPUMKH
KOJIMBaHb 3 YaCTOTOIO, IO JOPIBHIOE BJIACHIM YacTOTI KOJWBaHb, Ha3UBAETHCS
ABMOKOIUBATILHOIO.

J1J1s1 aBTOKOJIMBAIBHOT CUCTEMH:

d’q
dt?

dg ., ¢
+28—+ =22 cosat,
'Bdt @ q L @

S

ne T aMIUTITy1a 30BHIITHBOTO JHKEpera.

YacTuHHHN pO3B’A30K
q = Asin(at + ¢,),
ae A - aMmIDiiTyna KOJMWMBaHb;, ¢ - 3CyB (a3 MiK 3MiHaAMH 3apsnay i
30BHIHBLOI EPC.
dopmyna A aMILTITYId Ta pe30HAHCHOI YaCTOTH

A- o Lo, =0l -2
\/w2R2 +(a)z —a)j)z > 21’

R ..
ne 28 = - Koe(iIieHT 3aTyXxaHHs,

o, = o, —2p5°.

[Ipu mocsArHEeHHI PE30HAHCHOI YacTOTH, SKa OOpPaxOBYEThCA 3a JaHUM
PIBHSIHHSIM, aMIUTITy/1a KOJIMBAHb JIOCATAE MAKCUMYMY - CTIOCTEPITAETLCS A8uULe
DPE30HAHCY.

I'enepamop nezamyxarouux Koiusanb BUKOPUCTOBYIOTH ISl 30yIKEHHS 1
MIATPUMKH ~ HE3aTyXalouuX eJICKTPUYHUX KOJMBaHb, TOOTO CTBOpPEHHS
aBTOKOJIMBaHb. Y HBOMY EHEpPTiS DKEpelia CTPYMY MOPIIsIMH TIEPEIacThCs
KOHTYpPYy 3a JIOIOMOrolo Tpioga abo TpaH3ucTopa. Hainpocrimmumu
CICKTPUYHUMHU  aBTOKOJIMBAJILHUMHU  CHCTEMaMH €  JIlaMIloBi  a0o
HaIBIPOBITHUKOBI TEHEPATOPH 3 3BOPOTHIM 3B’ I3KOM.

Y komo anoma BBiMKHeHUW LC -KOHTyp, B sSIKOMYy 1 30YyIKYIOTHCS
aBTOKOJIMBAaHHA. B KOJO CITKM BBIMKHEHO KOTYIIKY 3B’s3Ky L, iHIyKTHBHO

3B’513aHy 3 KOTYLIKOIO KOJHMBAlbHOTO KOHTYpy. Il HAa3MBaroTh KOTYILIKONO
3BOPOTHOTO 3B’s3KY. [Ipy HasiBHOCTI Takoi KOTYLIKH CTPYM Y KOJUBaJIbHOMY
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KOHTYpP1 MOK€ 1HAYKTHBHO BILJIUBATH Ha MOTIK €JIEKTPOHIB YH, TO B JIamIll a00 B
TPaH3UCTOPI.

Konpencartop B komi CITKM 1 0a3u CIYXHTh JJIS MPOITYCKaHHS 3MIHHOL
CKJIaJIOBOI 1 BIIJTUICHHS TTOCTIMHOTO TIOTEHITIATY BiJ JpKepena xKuBjieHHs. Orip B
KOJI1 CITKH 1 023U CIIyKUTh JJIsI BATOKY JIMIIHIX €JIEKTPOHIB.

KonuBanHs BHCOKOi 4YacTOTH JICTalOTh 3a JOTOMOTOIO JIAMHOBUX
eeHepamopis, HA3BaHUX TaK uyepe3 Te, 10 OJHIEI0 3 YACTUH € TPUETCKTPOIHA
Jamna TpioA. Jlamnosuti eenepamop — 1€ aBTOKOJMBAJIbHA CHCTEMA, B SAKIH
BUPOOJISIOTHCS He3aTyXarul KOJMBAHHS 3a paXyHOK €Heprii JKepesa MOoCTIHHOT
HAIPYTH, 110 BXOJUTH JI0 CKJIaJy TeHepaTopa, HalpuKIiIaa 0arapei raibBaHIYHUX
€JIEMEHTIB a00 aKyMyJIsToOpa.

JlamIioBUld Te€HEpATOp Ma€ KOJIMBAJIbHUWA KOHTYD, SIKMM CKJIAIAETHCS 3
KOTYIIKH 3 iHAyKTUBHICTIO L i KoHaeHCcaTopa emuicTio C . EnexTponHa namma
TpioJa 3 OJAHOro OOKY, caMe CITYy>KHUTh JKEPEJIOM EJIEKTPOHIB, a 3 1HIIOI0 OOKY
«KJTFOYEM» JIJIs CBOE€YACHOT 10/1a4l X Ha MIACTUHH KOHACHCATOpa.

JlamMmioBI TeHEpaTOpd  BHUKOPHUCTOBYBAJIMCS Ha BCIX TepelaBaIbHIX
PalOCTaHIIIAX, @ TAKOXK BXOJUJIN JIO CKJIaay OaraThOoX 1HIIUX PaTIOTEXHIYHUX
IIPUCTPOIB.

B HamiBnpoBiIHMKOBOMY TEHEpPATOpl EJIEKTPOMArHITHUX KOJIMBaHb
JDKEPENIOM EJIEKTPOHIB € 3BUYaitHE XIMIYHE KEPEIIO, a OT KEPOBAHUM KITFOUEM €
TPaH3HUCTOP.

BianoBiHICTh MEXaHIYHUX 1 EJIEKTPUYHUX BEJIMYMH B KOJUBAJIbHUX
npolecax

MexaH14H1 BETUYMHU EnekTpuyHi BEIMUYUHU
Koopaunara X 3apsna q
HIBuaKICTE U Cuna ctpymy |
Maca m [anykTHBHICT L
XKopcrtkicts npyxunu K 1
Benuunna, o6epHeHa €eMHOCTI E
kXZ 2
[ToTeniianpHa eHepris b3 Eneprist enekTpudHOTO MOJIs _C
: . mo’ . _ LI
Kinetnuna enepris Eneprist MarHiTHOTO TOJIsT ——
EJIEKTPOMAT HITHI XBUWJII
1. Enexmpomacnimui x6éuni — 1€ TIOUIMPEHHS B MPOCTOPI BUILHOTO

€JIEKTPOMAarHiTHOTO TOJISI.

2. Enekmpomacuimua xeuns — 30ypEeHHsI €JEKTPOMArHiTHOrO TMOJIf, SIKE
MOIIMPIOETHCS B MPOCTOPI 3 MEBHOIO MIBHUJIKICTIO 1 MOXKE ICHYBaTH 0e3 Kepena
YKUBJICHHS.
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3. Enexmpomaenimna xeéuns — 30ypeHHsI €JIEKTPOMArHITHOTO TMOJIs, SIKE
MOIIUPIOETHCS B IPOCTOPI 3 KIHIIEBOKO IIIBUJIKICTIO.

EnexrpoMarHiTHI XBUJII BUIIPOMIHIOIOTHCS CIEKTPUYHUMU 3apsgaMu, IO
PYXalThCsl 3 NPUCKOpPEHHSIM. HasBHICTH NPUCKOPEHHS — OCHOBHA YMOBa
BUIPOMIHIOBAHHS €JIEKTPOMArHiTHUX XBWJIb. EJIEKTPOMArHiTHi XBWJII — L€
nonepevHi xeui.

3minne 6 npocmopi i 6 uaci macHimHe noje 0e3nepepeHo NOPOONHCYE 8
HABKOIUWHIX 001ACMAX NPOCMOPY 8UXPOBE eleKmpuUiHe noe, sike 8 C8010 Yepey
NOPOOIHCYE 8 CYCIOHIX 0OIACAX NPOCOPY BUXPOBE MAHImMHe nojie i m.o.

1. ExextpoMarHiTHi XBWJI1 MOIIUPIOIOTHCS B MPOCTOPI 31 MIBUJAKICTIO, 110
JOPIBHIOE IIBUIKOCTI CBITJIA.

2. JIxxepenoM eJIEeKTPOMArHITHUX XBWIb € €JISKTPUYHI 3apsiau, 1o
PYXarThCs 3 MPUCKOPEHHSIM, a TAKOXK 3MIHHI MArHiTHI €JIEKTPUYHI 1 MarHiTHI
OJISL.

3. EHepris eleKTpOMAarHiTHOi XBWJII MPOMNOpLIHA 4YEeTBEPTIA CTEeneH1
YaCTOTH KOJIMBaHb V Yy XBHIIL.

[Ilo6 moO0yTH I1HTEHCHUBHI €JIEKTPOMArHITHI XBWUJIl, Tpebda YTBOPUTHU
€JICKTPOMArHiTHI KOJHMBaHHS JOCUTh BHCOKOi yactoTu. Jlms mworo I'. I'epn
CKOPHUCTaBCA MPUCTPOEM, SKUN Temep HasuBaeTbea siopamopom Iepya. llen
MNPUCTPIN € GIOKpUmMUM KOIUBANLHUM KOHMYpom. TOOTO, 0 eunpsmieHHs
eIeKMPOMACHIMHUX X8UTb NOMPIOHO CMEOPUMU eIeKMPOMASHIMHI KOTUBAHHSL
BUCOKOI 4acmomu y 8i0KPUMoMy KOIUBATIbHOMY KOHMYPI.

B 3akpuTOMy KOJMBAJIbHOMY KOHTYpPl €JIEKTPOMATHITHI KOJWBaHHS
30CepeKeHl B KOHJEHCATOpl 1 KOTymIl, To B BiOparopi ['epma BoHH
pO3TaIioBaHl HABKOJO HBOTO 1 MOXYTh BHUIIPOMIHIOBATHUCS B HABKOJMWIITHIN
MPOCTIp.

3axpumutl KOIUGANLHUU KOHMYP — 1€ KOHTYP, B SIKOMY HOrO €JIeKTPUYHE
MoJIe 30Cepe/iKeHe MK OOKJIaJIkaMu KOHJIEHCATopa, a MarHiTHE — B KOTYIIILII.
Tomy Takuil KOJTUBaIbHUN KOHTYP BUIMPOMIHIOBATH B MPOCTIP €IEKTPOMArHiTHI
XBUJI1 HE MOXKE.

YacToTra eIeKTpOMarHiTHUX XBUJIb, IO BUIIPOMIHIOETHCS BIOPATOPOM:

C c.. 2
V=—;V=—1T =—,
A 2l C
ne A=2l - f0oBXMHAa XBWJi, II0 BHUIPOMIHIOEThCs BiOpatopom; | -

JIOBJKMHA CaMOro BiOparopa; V - yacToTa; | - mepioj KOJMBaHb; C - IIBHIKICTh
XBUJIL.

I'epry He Tiabku A0OYB €JIEKTPOMArHiTHI XBHWIII, a ¥ BHUSBUB, IO BOHH
MMOBOJIATHCS MOJIOHO JI0 1HIMX XBHJIb. 30KpeMa, BiH CIIOCTEpIraB BiJOWBaHHS
€JICKTPOMArHITHUX XBUJIb B1Jl METAJIEBOI0 JIUCTA I 1IHTEPPEPEHIIII0 XBUIIb.

Pisnanus oonosumipnoi xeuni

q = Asin(at —xx +¢,),
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: X
ne A - awmmiityma; t=— - 4Yac TPOXO/KEHHS XBHWICIO 30YpEeHHS
v

CIEKTPOCTATHYHOTO MOJS IUIIXY X ; U - MBHIKICT, Ul =1, A - doexcuna
X6uni — BiIJIaJIb MK JIBOMa TOYKaMH, SIKI KOJMBAIOTHCS B OJIHAKOBIN (a3i;

27 . )
vl =K - X8UIbOBULL BeKMOP - HATIPSIM, SIKOTO CITIBIAA€ 3 HAPSIMOM ITOIIUPESHHS

XBWJIl 1 JOPIBHIOE XBUJIBOBOMY YHCIY, TOOTO CKIJIbKM JOBXHH XBHJIb

S . ot + @, —D

BKJIAJACTCA B BipisKy 277 ; wt —kx + @, = @ - ¢haza xeuni; X = OATP
K

[ToBepxHst XBWJIl 3 OAHAKOBOIO ()a3010 HA3WUBAETHCA Gpoumom xeuni abo
X8UNe6010 NOBEPXHEIO.

dponm xeuni — 1e TIOBEPXHs, Ha AKii ocHoBHI mapamerpu (E,H,p,W_,W. )
€JICKTPOMArHITHOTO TOJIA OJHAKOBl. AOO iHIIA TPAaKTOBKA: hpoHmom Xxeuiui
HA3UBAETHCA NEPEIHIN PIBEHb XBUJIL, 110 0€3MOCEPEIHBO MEXYE 3 HE30YpEHUM
CEPEIOBUILIEM.

IBuAKICTh PPOHTY XBHIIL

U_dx_a)_27zv_27z_l
dt k xk Tk T

IBUAKICTh TOMIMPEHHS B MpocTopi cTaioi (a3u (PpoHTY XBuUI)
Ha3UBAIOTh a308010 WUEUOKICIIO eleKMPOMACHIMHOL XBUILL.

PiBHSIHHS TPUBUMIPHOI XBUJII

q= A sin (wt — RF +¢,),
r
me r="f(xy,z); r=yx+y* +2%.
OCHOBHI XapaKTEPUCTUKH €IEKTPOMArHITHOT XBUJI1
1. IIBUAKICTH NOIIMPEHHS XBUIII (U)

2. JloB)krHA XBUIII (ﬂ,) - BiJJaJdb MDK JBOMa MakCUMyMmaMu a0o
MiHIMyMaM# 30ypeHHS €JIEKTPOMArHITHOTO MOJIS.
3. 'yctuHa moTOKY BUMPOMIHIOBAHHS (IHTEHCUBHICTB) (I )

4. O0’eMHa ryCTHHA €Heprii eJeKTPOMarHiTHOT XBUIII (W)

KonuBanbHi 3apsay BUIIPOMIHIOIOTH €JIEKTpOMAarHiTHi xBuil. [lpu mpomy
ICTOTHE 3HAYEHHS Ma€ Te, 110 MIBUAKICTh PyXYy TaKUX 3apsiiiB 3MIHIOETHCA 3
yacoM, TOOTO BOHM PYXalOTbCA 3 npuckopenuam. Hasasnicmv npuckopenms —
207108HA YMOBA BUNPOMIHIOBAHHSA €JIeKMPOMASHIMHUX XGUIb.

Cunu 63aemo0ii 3 00NOMO20I0 e1eKMPOMACHIMHO20 NOJA 3ANedcamb He
MIIbKU 810 8IOCMAHI MIHC 3APAOACEHUMU YACMUHKAMU [ IX weuoKocmel, a U 8i0
NPUCKOPEHD.

Mooyni eexmopic E i B ¢ enexmpomacuimnuini xeuni smenwyromocs
00epHeHO NPONOPYIIHO BIOCMAHT 8 NEPULOM) CINENeH.
[TowaBmm 3 BiaTBOpeHHs pAochaiaiB I'epra, I[lomoB mnoTtiM 3HaMIIOB
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HAIAHIIIMH] 1 9y TIUBIMINN CITOCi0 peecTpallii e1eKTPOMarHiTHUX XBUITb.

Ax neranmb, 1o Oe€3MOCEpPEIHbO «BIIUYBA€» EJIEKTPOMArHiTHI XBUJI,
O.C. [lonoB BukopuctaB xozepep. Lle ckisiHa TpyOKa 3 1BOMA €1eKTpoAaMu. Y
TPyOIll MICTAThCA ApiOHI MeTaneBi omypku. [lisi mpuiamy TIPYHTYEThCS Ha
BIUIMB1 €JEKTPUYHUX PO3PSAIB Ha METAJIEeBl MOPOILIKH, 110 MOro BIJKPUB
¢paniy3pkuil ¢pi3uk bpanii.

[Ti3Hime IlonoB 30UIbIIMB YYTIMBICTH amnapara. BiH 3a3emiMB OAWH 3
BHUBOJIIB KoTepepa, a IPyruid MPHUEIHAB 10 BHUCOKO IMIJHITOTO KycKa IpOTY,
CTBOPUBIIH MEPILY APUUMATLHY AHIMEH).

Panio3B’s130k TMOB’S3aHUM 3 TMOMIUPEHHSIM paldioxéuiv. Padioxsunamu
HA3WBAIOTh €JIEKTPOMArHITHI XBHJI, 1110 3yMOBJIIOIOTh Paaio3B’s130K. PagioxBuiti
— IIe eJEKTPOMArHiTHI XBWJII BHCOKOi (Hecy4oi) 4acTOTH, MOJYJIhOBaHI 3a
3ByKOBUM (pazio) abo CBITIOBUM (TenebayeHHs) curHajiom. Pamioxsuii
MOIIMPIOIOTHCS YEPE3: GUNPOMIHIOBAHHS; NPUUMAHHSL.

[TouupeHHst paiioXBWIb PO3TIAAE padiogizuxa — po3aul (i3UKHU, STKUN
BHBYAE (planH1 MPOLECH, IO B1)16yBa}0TLc;[ B €JIEMEHTaX 1 CHCTeMax
pPaglOCNeKTPOHIKY (KOJMBAHHS 1 XBWJII B EJIEKTPUYHUX KOJaX; EJIEKTPUYHI
MPOIIECH Y BaKyyMi, ra3ax, TBEpAUX TUIaX TOIIO).

Mooynayis — 3MiHa apaMeTpiB HECY4d0oi XBWI. AMAIAIMYOHA MOOYIAYISL —
1€ 3MiHa aMIUTITYI1 KOJIUBaHb HECYYOi YACTOTH 3 YACTOTOI0 HU3bKUX KOJIMBaHb
(3BYKOBOI 4aCTOTH); 3A1MCHIOETHCS B IIEPEIAI0UOMY MpUcTpoi. be3 Moaysiii Mu
MOYEMO JIMIIIE KOHCTAHTYBATH, MPALIO€ CTaHIlISI YU Hi, a TAKOXK 0€3 MOyl
HEMa€ HIAKOTO NepeaBaHHs.

KonuBaHHs BHCOKOI 4acTOTH 3 HAKJIAJEHOK Ha HUX 3BYKOBOIO YaCTOTOIO
Ha3UBAKOTHCS MOOYIbOBAHUMU KOAUBAHHAMU.

Mopynsuis noButbHMM mporiec. lle Taki 3MiHM y BUCOKOYACTOTHIM
KOJMUBAIbHIM CHCTEMI, MpPHU SAKUX BOHA BCTUTa€ 3pOOUTH JIyxe Oaratro
BHCOKOYAaCTOTHUX KOJMBaHb, IMEPII HDK MOMITHO 3MIHUTBCS I1X aMIUTITya.
AMIUTITY THA MOIYJIALIS — 1€ HE €UHUN criocid nepeaadi iHdopMmaiiii.

MosknuBl ¥ 1HIII BUIM MoAayJsiuii. Bucoka yactoTa mepeHocuTh Ha coOi
3BYKOBY, IO Hece iHdopMallito, MpU LIbOMY BOHA HA3UBAETLCA HeCyyor, a
3BYKOBa 4acTOTa, M0 MEPEHOCUTHLCS — YACMOMHOI0 MOoOyaayicto. AGO THIITUMU
CJIOBaMH: TIPOIIEC TJIABHOI 3MIHHA YaCTOTH KOJWBAHHS BIIMOBIIHO JI0 KEPYIOUOTO
CUTHAITY HA3UBAETHCS YACHMOMHOK MOOYIAYIEI0, a 3MIHU (pa3u — Mooynayicro 3a
gaszoro. Monymsiisi 3 OIHIEI0 YaCTOTOI HA3MBAETHCS 0O0HOmOHAbHOW. lle
CKJIJIHIIII CTIOCOOM MOTYJISIIII.

Ilemexmysanus — 1e TIPOIIEC, IPU SKOMY Yy MpUKHMadi 3 MOJIYJIbOBaHUX
KOJMBAaHb BHCOKOI YacTOTH BHJIUIAIOTH HHU3bKOYACTOTHI  KOJIMBAHHS.
JleTeKkTyBaHHsI — NpoIec, 00CPHEHU I MOTYIAIIT (AEMOYJIIALIs); 31HCHIOETHCS B
MIPUMOMHOMY IPUCTPOT.

JloOyTuii BHACHIIOK JETEKTYBaHHS CUTHAJ BIAMOBIAA€ TOMY 3BYKOBOMY
CUTHAITY, SIKMI JisIB HAa MIKpO(OH mepegaBaya.
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PiBusiHHS MakcBesuia ToBOpATh MPO T€, 10 €NEeKTPOMAarHiTHI KOJUBaHHS
MOXXYTh HE€ TIJIbKM BUHUKATH MOOJM3Y BIiJ JpKepena, ajie 1 MOIIMPIOBATHCS B
IPOCTOPI B BUIJISAAI €JIEKTPOMArHITHUX XBWJIb. EHeEpris Iux XBWJIb TaKOXK
3MEHITYETHCSA 3 BIJJIATIO.

[lepenaui BenyThCsl Ha HeCYUili X8ULI.

Ilepen TuM, sIK 3AIMCHIOBATH PaJl03B’S30K MNOTPIOHO HU3BKOYACTOTHI
KonuBaHHs 3ByKoBHX 4acToT (16—20000 /) ckimacTu 3 eIeKTpOMarHiTHUMU
KoJIMBaHHAMH BHCOKHX dactoT (15000-20000000 Iy, TobTo Bim 20 MIy mo
15 xl'y).

Jls1 Toro, mo0 npuiiMaTH eJIeKTPOMAarHiTHI KOJIMBaHHS MOTPIOHO:

1. Biokpumuti koausanbHuii KoHmyp, OB’ I3aHUN 1HAYKTUBHO 3 3aKPUTUM
KOJHUBAJIBHUM KOHTYPOM 13 3MIHHUM KOHJICHCATOPOM.

2. Hacmpoimu nputivau Ha nesny padiocmanyilo B 3aKPUTOMY
KOJMBAJILHOMY KOHTYpi NMpuiiMadya BUHUKHYTh BHCOKOYACTOTHI MOJYyJIbOBaHi
koJiuBaHH4. [lo il mpuyKrHiI Ha TMHAMIK MTpUiMada MOJAAETHCA Y>KE BIIIJICHUM
B1JI «KQHBM» YHUCTHUH «Yy30p». «Y30p» «BUPI3AETHCS» 3 TOTIOMOTOI0 OemeKkmopa,
TOOTO 3BUYAHHOIO ONOPY (€NEeKTPOHHA JIaMIla, HAMMBIPOBITHUKOBHUH J10/1), aje
AKui He mimsirae 3akoHy Owma. B pesynbrari demekmyeanHs BIA€ETHCS
oTpuMatu y30p 6e3 kanpu. UyTinBa MeMOpaHa HaBYIIHUKIB Oy/i€ BIITBOPIOBATH
3BYKOB1 KOJTUBAHHS.

JleTexkTyBaHHs 3/1MCHIOE MPUCTPIX, IO MAE €JIEMEHT 3 OJJHOCTOPOHHBOIO
MPOBIAHICTIO — Oemexkmop. TakuM eeMeHTOM MOKe OyTH €JIeKTpOHHA Jamia
(BakyyMHHMI 1107, Tpioj) a00 HaMIBIPOBIIHUKOBUM Aioa. Y 3arajbHOMY
BUIMAJIKYy JETEKTOPOM MOXKe OyTH €JEeMEHT 3 OyJb-sIKOI0 HENIHINHOI0
BOJIbT-aMIIEPHOIO XaPaAKTEPUCTUKOIO.

CxeMa JeTeKTOpHOTO IpHiiMadya Ma€ Tpy OJIOKH:

1. Brox Hacmpouxu - CIOOA BXOIWUTHh BIIKPUTHA 1 3B’A3aHUN 3 HHUM
3aKPUTUN KOJMBAJIbHUN KOHTYp, SIKMM TpPU3HAYEHUM Uil BiALIYKAHHS
pE30HAHCY BJIACHOI YacTOTHM 3 YacTOTOK pPaAIOCTaHIlli, sKa € HKEpeIoM
BUIPOMIHIOBAHHS.

2. ['emepooun - came B 1IbOMY OJIOKOBI1 B110YBa€ThCs BUILIIEHHS Y30pY BiJl
KaHBH 3 MOJYJIbOBAHOTO CUTHATy OTPUMAHOTO MICIIs IEPIIOro OJIOKY.

3. Huzvkouacmomnuii 010K - BIH IPU3HAYCHUH TIEPETBOPIOBATH KOJTMBAHHS
CJIEKTPUYHUX CUTHAJIIB 3BYKOBUX YacTOT B KOJIMBaHHS AU(y30pa TUHAMIKA.

BuyTpimHid ~ TeHepatop — He3aTyXaroyuxX  KOJIMBaHb  HAa3WUBAIOTh
2emepoOUHOM.

YacroTa rerepoauHa

Aw=w, —a,,

I€ (@, - 4acTOTa BHYTPINIHBOIO IeHeparopa (reTepoiuHa); @), - 4acToTa
HECy4O1 XBUJIL.

J10 OCHOBHUX XapaKTEPHUCTHK CyYaCHUX MPUHUMAaUIB BITHOCITHCS:
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Yymausicms — 31aTHICTh NpUMaYa IpUIMaTH CJ1a0Ki CUTHAJIM Bl JaIeHUX
CTaHIIIH - XapaKTepu3ye poOOTY i ICHIIFOBAYIB.

Bubipkosicmb — 103BOJIIE€ JIETKO BIJCTPOIOBATHCH BIJ CYCIJIHIX CTaHIIIH,
TOOTO MIJCUIIUTA CUTHAI OJHOI KOHKPETHOI CTaHIli 1 OJABUTH CUTHAIM BCIX
IHIIMX CTAHI[IA, TPAIIOI0YMX Ha OJM3bKUX YacCTOTaX - XapaKTEPHU3YE, SIK SKICTh
BUT'OTOBJICHHS OJIOKY HACTPOMKH TaK 1 Y3rOJ>KEHICTh 3BOPOTHUX 3B’ SA3KIB.

Ilonoca nponyckanna — njst 1oOpOro BIATBOPEHHS IMOJ0CA MPOIYCKaHHS
MOBMHHA OyTH piBHA IIMPHHI MIOJIOCH YaCTOT, SIKY BUIIPOMIHIOE PalOCTaHIIIA.

Cmitikicms nputiManusa — 3JATHICTb paJilonpuiiMaya JOBIHM yac 30epiraTu
HACTPOWKY Ha CTaHIIIO 1 BCTAHOBJICHY T'y4HICTh. Ma€ BeIWKe 3HAYCHHS IpHU
IpUHOMI KOPOTKOXBHJILOBOTO Jl1alla30HY.

Axkicmb 38yuaHHA — XapaKTEPU3YEThCS CTENEHIO BIATBOPEHHS 3BYKIB JI0
JTIACHUX. 3aJIe)KUTh TOJIOBHUM YHWHOM BIJl KUJIBKOCTI CIOTBOpeHb (6%), sKi
BHOCHUTbD pajiloNpuiiMay B nepeaady, IUPUHU NPOITYCKHOI OJIOCH YaCTOT1 PiBHS
CTIOTBOPEHb.

Bix sikocTI OCHOBHUX MapaMeTpiB cydacHi mpuiiMadl JUIsSThCA Ha S KaciB:
Bucokui, 1, II, III, V.

o eucokoeco knacy — BIAHOCATHCS TpUNMayl, B SKMX JTOCATHYTI BHUCOKI
OCHOBHI TapaMeTpH, MalTh IIMPOKOIOJIOCHI aKyCTHYHI CHCTEMH, HACHYECHI
PI3HUMU CEPBICHUMHU MPUCTPOSIMU;

I xnac — manke HE MOCYBAarOThCS BHUILOMY KJIACY 3a IapaMeTpaMu,ajie
MarOTh MEHIIIE CEPBICHUX TIPHUCTPOIB;

1l knac — nOOPOTHI puiiMayi, sIKi HAOJIbIII MOIIUPEH];

11l — 1Y xnacu— MacoBi MOJIeIl HEBEJIMKUX PO3MIpIB Ha 2 — 3 Jiama3oHHU.
Po3paxoBani Ha mnpuiiMaHHS MICIEBUX paIIOCTaHIINA, SKICTh 3BY4YaHHS
HEBHCOKa, sIKa BUKOHYETHCSI OJTHUM T'yYHOMOBIIEM.

HaknananHs e1eKTpOMarHiTHUX XBUJIb HA3UBAETHCS MOOYIAYIEIO.

BracTuBOCTI €1€KTPOMArHiTHUX XBUJIb:

1) noOpe sidbusaiomuvcs Bi METaNIB;

2) noenunaomscs B Pi3HUX TISICKTPUYHUX TiIaX;

3) 3anomaroomscs Ha MEXKI T1CICKTPHKIB;

4) inmepghepyroms pu J0JaBaHHI;

5) nogiOHO 10 MEXaHIYHHUX XBHJIb, CJICKTPOMArHITHI XBHJII OTMHAIOTh
MePEeNIKoIx, TOOTO IM BIIaCTHBA Ou@paxyis;

5) Oucnepcisi eneKTpOMAarHiTHUX XBWIb. ([ucnepcisi — XBWIb — II€
3QJIKHICTh MIBUJIKOCTI XBUJII Bij 11 4aCTOTH B HEOJHOPIIHUX Cepe/loBHINaX (B
ONHOPIAHUX CEpeOBMILAX 1, YacCTKOBO, Y Bakyyml JuCIlepcis He
CIIOCTEPITaA€THCA));

6) TakoX KOXKHUH 13 BEKTOPIB EiB PO3MIIlIEH] y TIEBHINA IJIOMIMHI, IO
TOBOPUTH TIPO X nonsapuzosanicmo.(l[lonapuzayis — 1e sIBUINE BUIIJICHHS 13
CKJIQJHOI €TEKTPOMArHiTHOI XBHJII TAKUX XBWJIb, y SKUX BEKTOP E€ICKTPUYIHOI
HaIpy>KEeHOCTI (200 MardiTHOI IHAYKIII1) KOJMBAIOTHCA TIJILKH B OHIHN TUTOIIMHI.
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Taki BUIIJIEHHS XBWI HA3UBAIOTHCS JAiHilHO a00 WIOCKONOAAPUZ0BAHUMU.
[Tonsipu3zartis 3yMOBJI€HA MONEPETHICTIO €IEKTPOMArHITHUX XBUJIb);
7) nonepeunicmep CIEKTPOMArHITHUX XBWJIb, TOOTO, II€ O3HAYa€, IO

BEKTOPH EiB €JIEKTPOMArHITHOT'O MOJIsL XBUJII MEPIICHIUKYJIAPHI 10 HaMpsMY
11 IOLIIUPEHHS.

EnexTpomarHiTHi XBUJIl CAHTUMETPOBOTO JI1AMIa30HY 100pE MOMIUPIOIOTHCA
B MPOBIJHIN TPyOIll MPSIMOKYTHOIO TEpEpi3y — y X8uregooi. Y KiHIll TpyoOa
PO3UIMPIOETHCS, YTBOPIOKOYH PYIOP, SIKWUW BUIPOMIHIOE PAJAIOXBHIII B IEBHOMY
HaIpsMI.

Ha mompenHs paiioXBuiib ICTOTHO BILIMBAIOThH IIAPH 10HI30BAHOTO a3y y
BepxHix mapax atMochepu Ha BucoTi 100-300 KM Han moBepxHero 3emui. Lli
apyu Ha3UBaIOTh ioHoceporo. 11le omHa BIACTUBICTh PAAIOXBUIIb Ta, III0 BOHU
3/1aTHI o2uHamu OMYKIY 3eMHY MOBEpxHIO. [lommpeHHs paaioXBuib 3al1€KUTh
B1JI IX JOBXXHUHH.

[IIkama eneKTpOMarHiTHUX XBUIIb

1. Huzbkouacmomui Koausanus.JI>KepenoM Takoro pojay KOJUBaHb €
MEXaHIyHl BIOpatopu  (€JIEKTPOABUTYHH, T'€HEpaTOpH, PpI3HOTO  poay
PO3PSTHUKH, & TAKOXK SIIEKTPOMEPEKa, 4acTora, sikoi 50 1y).

2. Paoioodianazon. Jl)epenom Takoro pony koiuBanb € LC-reneparopu,
TOOTO MPHUCTPOI B OCHOBI, IKUX € KOJUBAIBHUN KOHTYP. Pamioniana3on giauThCs
Ha HACTYIIHI M1JiaMa30HH.

IAX — 0osei xéuni 3a3HaIOTh BIAUYTHOI AU(pakiii OUlsd 3eMHOI OBEPXHI 1
NPUTATYIOTHCS 10 3eMIll HAaBEJIEHUMH HUMU IHIYKLIIMHUMU CTpyMaMu B 3€MHIi
KOP1; MOLIUPIOIOTHCS AAJIEKO 32 TOPU3OHT

gaamosri Big 10 mo 100 xm

moBri Bix 1 mo 10 xm

CX — cepeoni xeuni 00yMOBITIOIOTH CTIMKUI pajli03B’ 130K MIXK BlIJaICHUMH
MyHKTaMH Ha 3€MHIH TOBEPXHI 1M03a MeXaMu MPsIMOi BUANUMOCTI 3aBISKH
BIJIOMBAHHIO PAJIIOXBWIb BiJl 10HOC(EpU 1 3IaTHOCTI PaJlOXBUJIb OTHMHATU
OMYKJIy 3eMHY TTOBepxHI0. CaMe TOMY pajii03B’ 30K B Jlianla30H1 CEPEIHIX XBUJIb
€ HaOUIbIII HAJIMHUM BHOYI Ta B3UMKY.

B1g 100 mo 1000 m

KX — xopomxi x6uni mOMMPIOIOTHCS MPAMOJIHIMHO BiJl BUMPOMIHIOIOYO1
aHTeHW (3a3Har04YM He3HayHol audpakiii) 1, BiAOMBaIOYMCH Bi 10HOCHEpPH
3emuti, MOBEPTAIOTHCS /IO ii MOBEPXHIi; MOMIHMPIOIOTHCS TaJIEKO 32 TOPU3OHT.

Bix 10 7o 100 m

YKX — ymempaxopomki xeuni TPOHU3YIOTH 10HOChEpY (KOCMIUHUI
3B’5130K), @ TAKOK PO3MOBCIOIKYIOTHCS B3JIOBXK 3€MJI1, Y 30HI IPSIMOT BUIUMOCTI
(VKX paniocraniiis, TenebaueHHs, MOOUIbHUHN TenedoH).

MeTpoBi Big 1 10 10 m

nerumeTpoBi Bix 10 o 100 cm

canTuMeTpoBi Bix 1 g0 10 cu
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MuTiMeTpoBl B 1 10 10 mm

cyomimimerposi Big 0,1 1o 1 mm

3. Onmuunuu Odiana3zon. J>KepenoM Takoi MOBXKWHU €JIEKTPOMAarHiTHUX
XBUJIb € TIEPEX1Jl €JICKTPOHIB B aTOMI 3 BHUIIIOTO PiBHS Ha HUKYIHUH.

Jlatimana - ynpTpadioneToBuil aiana3oH (YTBOPEHHsI MIrMEHTHOTO IIapy
(3arapy)); banvmepa - Bunume cBiTio; [lawena; bpexkema - iHbpayepBOHUN
nianasoH (xBwil Temna); [lgyuma.

4. PenmeeHigcoke 6UNPOMIHIOBAHHS — TY’KE YACTO BIAHOCATH 10 ONITUYHOTO
miama3ony. J[>kepesoM Takoro pojy €JIeKTPOMAarHiTHUX XBHJIb € PEHTTEeHIBCHKI
TPYOKH.

5. ¥ - eunpomintoganus. JI)KepenoM TaKoOro BUIIPOMIHIOBAHHS € sIIEPHI
peaxiii.

VY cydacHii TEXHiIll SBUIIE BIAOMBAHHS PalOXBWIb PI3HUMH MTEPEIIKOIaMHU
3HAMIIJIO MIMPOKE 3aCTOCYBaHHS. BUSBICHHS 1 TOYHE MICIE3HAXOMKCHHS
00’ €KTIB 3a IOMTOMOTOI0 Pa/IIOXBUIIb HA3UBAIOTh paodionokayicro. Y paaionokarii
BUKOPHUCTOBYIOTD €IEKTPHYHI KOJMBAHHS HAJABUCOKOI 4aCTOTH (108 —10" 77 14)
Panmionokariiiina ycTaHOBKa, sika MpaIlO€ Ha I 4YacTOTI - padionoKkamop
(paoap).

BucokouyTnuBuii npuiiMad, 10 yJIOBIIOE 1 MJACUIIOE BITOUTUN CUTHAT, 32
SKUM BU3HAYaIOTh, J€ 3HAXOJIUTHCS TOH MPEAMET, BiJ SKOTO BiAOMIACS XBHIIS
HA3UBAETLCA padionokamopom. BiH cKiamaeTbes 3 TMepenaBaibHOI 1
MpuiMaIbHOT YaCTHHU. BijicTaHbh BU3HAYAIOTh BUMIPIOBAHHSAM 3arajibHOTO 4acy
MPOXOXKEHHS PaJIlOXBUJIb A0 00’ €KTa 1 Ha3a/l.

ct
R=—,
2
. g M )
ne t - uyac npoxomxenHs pagioxsuwiab, C=3-10" — - mBuaxicts

C
PalOXBUIIb.

PanionokaTopu BUKOPHUCTOBYIOTH NJisi BUSIBJICHHS JIITaKiB 1 KOpaOmiB, y
CITy>k01 MOToAu, JJIsl JIOKAI[li IJIaHEeT 1 1H.

PanionokaTop (pagap) € BaxJIMBOI YACTUHOIO padioNoKayitiHuX CmaHyiu
(PJIC). OcHOBHUMM YaCTHHAMH PaJ10JIOKAIIMHUX CTaHIIN € padionepedamuux,
padionpuiimay 1 aHmMeHHa cucmema.

OcunoBHoto yactuHoto npuitmada PJIC € enexmpornnuti ocyunoepagh, na
TOPHU30HTATBLHO BIIXUJISAIOY1 OOKIAJKH SKOTO MOAAETHCS HAMpyTra PO3TOPTKH, a
Ha BEPTUKAJIBHO BIIXWISAIOUl MOCTYMA€ CHTHAJI B MOMEHT BHUIIPOMIHIOBaHHS
pPaAlOXBUIII 1 B MOMEHT il IpUiloMy.

Yac npoxoodcenns cuenany 0o yini i mazao t € eenuuuna, obepHnena

yacmomi BUNPOMIHIOBAHHS IMNYIbCI8 V.,
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imn

Koxuuii  immynsc  mae N KOJMBaHb BEKTOpa HAMpPY>KEHOCTI

Kon

—

enexrpuyHoro mois E B enexrpomarmiTHiM xBmii. Yueno xomuBanb N

MOKHA BU3HAYHTH, SKIO MOIITUTH Yac BUIIYCKY IMITYJIbCY 7 Ha MEPioj] OJTHOTO
KOJIMBaHHA | _ .

Kon Kol

N = L, abo N =uv

PanioxBuiti BUKOPUCTOBYIOTh HE TIIBKHU JUIS TIepeaBaHHS 3BYKY, a M IS
nepeaBaHHsl 300paxkeHHs (TeneOadueHHs). TenebauenHsAM HA3UBAETHCS METOJ
nepeaayl Ha BIJICTaHb 300pa)K€Hb PyXOMHUX 1 HEPYXOMHX 00’ €KTIB M1/l BIULTUBOM
€JIEKTPOMArHITHUX XBHJIb.

VY Hamiii KpaiHi CTBOPIOEThCSA €JMHA aBTOMATH30BaHA CUCTEMA 3B S3KYy. 3
I[1€10 METOIO O€3MePEePBHO PO3BUBAIOTHCS, YIOCKOHATIOIOTHCS 1 3HAXOASTh HOBI
rajiy3li 3acTOCyBaHHA pi3HI TexXHIYHI 3acoOu 3B’s3Ky (TenedoHHUH,
TenedoHHO-TenerpadHu, Tenerpad, dboToTtenerpad, TenebadeHHs,
pagiorenedonnuii, [nTepHeT).

2.2. ®i3uYHi BeJIMYMHU TA OJAMHHIII IX BUMipIOBAHHS

EJIEKTPOCTATUKA
Enexmpuunuti 3apao € ckansgpHa ¢i3MYHA BEJIMYMHA, 1[0 BHU3HAYAE
IHTCGHCUBHICTh €JeKTpOMarHiTHoi B3aemoii. Ogunuis 3apsay B Cl — xyinow:

[Kn].
1 Kynon — 11e 3apsij, 10 OpOTIKA€E Yepe3 MONepeUHUi nepepi3 MpoBiTHUKA
npoTAroM 1 ¢ mpu cuiti MOCTiHHOTO CTpyMy B 1 4 [1 Kn=14- c].

Enextpuunuil 3apsan — aguTuBHA BeauuuHa. lle o3Hadae, mio 3arajibHUMN
3apsiq ( cucteMu, Mo ckiaagaetbest i3 N 3apsmKeHHX YaCTHHOK, JOPIBHIOE

CyMi 3apsiiiB YaCTUHOK, 110 BXOJISTh B 1[I0 CUCTEMY, TOOTO
q=0¢,+q,+...+q,;
N
q=20.
Jinitina eycmuna 3apsdy T , PIBHOMIPHO PO3IMOIIJIEHOTO 110 HUTII,

JIOPIBHIOE BiJHOIIICHHIO 3apsay HUTKHA ( 10 Horo goBxunu | :

T=—.

JliniiiHa rycTuHa — cKajsipHa BennurnHa. O AMHUI JIHIMHOL TYCTUHU 3apsy
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| Kn Kn C s .
B CI — xyron na memp:. | ——|. 1—— - niHifiHa TycTUHA 3apsay, NP SKid Ha
M M

KO’KHOMY METPH HUTKH MicTHThCs 3apsag 1 K.
llosepxnesa cycmuna O 3apsady JOPIBHIOE BITHOIICHHIO 3apsay ( ,
PIBHOMIPHO PO3IOILIEHOrO 10 MOBEPXHI, 10 IJIONII S i€l MOBEPXHI:

o=1.
S
IloBepxHeBa rycTMHa — cCKajasgpHa BenuuuHa. OOUHULS TMOBEPXHEBOI

M M’
MOBEPXHEBA I'YCTUHA 3apsiAy, NP K1 Ha KO)KHOMY KBaJpaTHOMY METpI ILIOLII

HOBEPXHi 3HaXOIUThCs 3apsin 1 K.

. | Kn K
ryctund 3apany B ClI — wkynon ma xeadpammnuii memp. | — | . 1— - ue

O6’emna 2ycmuna 3apsady P , PIBHOMIPHO PO3MOAIIEHOTO B 00’emiV
JOPIBHIOE BITHOIIEHHIO 3apsiay 0 00’ €My, MO SIKOMY BiH PO3IMOAIICHUI:

q
P=-
\Y
O6’emHa TycTUHA — cKalsipHa BenuunHa. OAUHUI 00’€MHOI TYCTHHU
. .| Kn Kn ,
sapsny B ClI — xynon na memp xybiunuu | —; |. 1— - 1e 00’eMHa rycTHHa
M M

3apsany, NpU K1 B KOXKHOMY KyOIYHOMY METp1 3apsiIKEHOI0 TiJIa yTPUMY€EThCS
sapsn 1 K.

CWJI0BOIO XapaKTEPUCTUKOIO CIIEKTPUYHOTO MOJIs € (hi3nyHa BEJIMUMHA, KA
Ha3UBAEThCS Hanpyxcenicmio. 1le BEKTOpHA BEIWYMHA, 110 JOPIBHIOE
BIIHOIIICHHIO CHWJIM, 3 SIKOIO TOJIE JIi€ Ha MPOOHUM 3apsiji, 10 BEIUYUHU I[HOTO
3apAany:

E-—,
%

ne F — cuna, mo mie 3 OOKy MOoJIsl Ha MPOOHE 3apsHKEHE TLIO.

Hanpyoicenicmo enexkmpuynozo nojsi 6 0auii moyyi 00pisHIOE cuii, Oitouil
HA OOUHUYHUL NPOOHUL 3aps10, BHECEHU 8 Y0 MOUK) HOJIA.

OIUHHUI HAMPYXKEHOCTI  CJIIEKTPUYHOTO TOJSL  HbIOMOH HA  KYJIOH:
1H H| 1H . . . .
~—=1-"—|. = - HaNPYKEHICTh CIICKTPUYHOIO TIOJIA B TaKiii TOYIl, B AKii
1Kn Kn| 1K=z
Ha ipoOHuii 3apsan 1 Ka mie cuma 1 H .

CI/IJ'Ia, 3 SKOIO lli€ CJIICKTPOCTATHYHEC IIOJIC HA3HMBAE€THCA KyJZOHiGCbKOIO
CUNOo10.

F=qE.
Ko Ha 3apsia BHeCEeHUH y TIosie Oy/Ie MiITH Cuia, TO
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Abo:
E=——"—.
Areer?

Harmpy:keHicTh € CHJIOBa, BEKTOPHA XapaKTePUCTHKA MOJIS.

BenmnunHa  BeKkTOpa  Hampy»XEHOCTI  3alIeKUTh  BiJI  BJIACTUBOCTEH
cepenoBuiia. ToMy Ha MeXl JBOX CEPEIOBHUILl HAMPYXKEHICTh EIEKTPUUHOTO
moJisl 1 TYCTMHA JIIHIM Hampy»KEeHOCTI, a TaKOX 3arajibHa KIJbKICTh JIHIN
CTpUOKONOAI0HO 3MIHIOIOTHCA. Lle 3yMOBIIOE HE3pYYHOCTI M YCKIAAHEHHS B
pO3paxyHKax €JEeKTPUYHHUX MOJIB 1 X rpadiuHoMy 300paKe€HH1. 3pYUHOIO JJIs
XapaKTepUCTUKU EJIEKTPUYHOTO MOoJs Oyia O BeIu4yuHa, sika He 3aliexkana O Bij
JIEIeKTPUYHUX BJIACTHMBOCTEM CEepeloBHILA, a OTKe, He 3MiHoBajaca O 3
NEPEXO0/I0OM 3 OJIHOTO CEpe/IOBUIIIA B 1HILIE. Takow BEIUUYHUHOIO €

D=z £,

Bekrop D HasuBaroTh BEKMOPOM eleKmpu4Hoi iHOYKyii, a0 6ekmopom
eeKMPUYHO20 3MIUJCHHS.

BekTop €NeKTpUYHOro 3MIIIEHHS Ma€ OIUHULIO KVIOH HA Memp

2
Ko R
Hvw" Kn m

K8aOpamHui. {1

EnexTpocratuune mosie pIBHOMIPHO 3apsIKEHOT HEeCKIHYeHHOI NIoWUHU
BU3HAYAETHCS BUPA3OM:

A
Jie O - IOBEPXHEBA I'YCTHHA €JIEKTPUYHOTO 3apsny (o = A—g).

llone neckinueHHOI pIBHOMIDHO 3aPAONHCEHOT NIOWUHU € OOHOPIOHUM.
Enexrpocratuune nosie 6i1s no8epxHi 3apsoiHceH020 NPOoBIOHUKA.

=2 , D=0o.
E,E
Enexktpoctatune 1mojie MUK 080MA  PIZHOUMEHHO  3apPAO0NCEHUMU
napaneibHUMu HeCKIHYeHHUMU NAOWUHAMU
E=E+E,=2;D=D,+D,=0.
E,E
Ilone maxux niowur 0OHOPIOHe i YIIKOM 30CepeodlCceHe MidC HUMU.
Enextpuune nosne pieHomipHo 3apsaoxiceHol cheputHoi nosepxHi.
E-—34 ;b=
dreer’’ Anr®
EnekTpocTaTuuHe TIOJIE HECKIHYeHHO 0082020 NPAMO20 PIBHOMIDHO
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3apA0ANCeH020 YUTIHOPA.
r -p=_“

E=——;
2w er 2nr

Al
Ilomoxom eexmopa Hanpydcenocmi @_ depe3 IUIOIUHY HA3UBAIOTh

. . A
1€ 7 - JIIHIAHA T'YCTUHA 3apsiy JOBIOro IUiIiHIpa (r = qj.

CKISIPHY BEIMYHUHY, IO JIOPIBHIOE TOOYTKY MOJYJISI BEKTOpa HAIPY>KEHOCTI 1
BEJIMYMHU 1€ TUTOIIIHH:
@, =ES;abo @, =ES,

ne E - BexkTOp HOpMall €IEKTPUYHOI HANPYKEHOCTI, HPHYOMY

—

E,=Ecosa; a - kyT Mix JmiHisMEu BekTopa E 1 HOpMamutio N 1o mromuan S .
@.=EScosc.

TIlomix éexmopa HanpysiceHocmi e1eKmMpPUYHO20 NOAS CKPI3b 0ESKY NIOUJUH)
00pIBHIOE 00OYMKY MOV HANPYHCEHOCMI HA BETUYUHY NIOUWUHU | HA KOCUH)C
KYMa MIdHC 6eKMOPOM HANPYHCEHOCMI | HOPMAJLIIO 00 Yi€l NIOWUHU.

@.=DS =N,,

ne N_ - 9ucio miHii BekTopa IHAYKLIT Yepes IUIoMHUHY.

Ilomix éexmopa HanpyiceHocmi eleKmpuiHo20 NoJisl YUCeNbHO OOPIBHIOE
KIIbKOCMI JIIHIU 8EeKMOpa HANPYHCEHOCMI uepe3 NIOWUHY, AKY Yl JiHIl
nepemuHaroms.

Opuuunig moToKy BekTopa HampyxkeHocTi B Cl — wsromon-xeadpamuuil

H-m

2
Memp HA KYJIOH: { } :

Kn

Ilomix e6exmopa Hanpyscenocmi Kpi3b 3AMKHYM) HNOBEPXHIO, U0 He
micmums 3aps0i8, O0PIBHIOE HYTIO.

Bennunna AQ@_ Ha3UBAETHCS NOMOKOM BEKMOpA eNeKmpuyHoi iHOVKYil
yepe3 mromy AS y HopmansHOMY Hanpsimi. ITOTiK BEKTOpa eIeKTPHYHOI
IHAYKII BHUMIPIOETBCA KUIBKICTIO JIIHIM 1HAYKINI, $SKI TPOHHU3YIOTH Yy
HOpMaJIbHOMY Hanpsmi mronmuy AS . Ile BenmnunHa craispHa.

AD, =DAS;
@&, =DS;
@,=D,S,

ne D, - BekTop HOpMal eJleKTpUYHOI 1HAYKIII, npudomy D, =Dcosa; o -

KyT Mi JiHismu BexkTopa D i HopMamo N go mrommau S .
@, =DScos .

Ilomix eexmopa IHOYKYIi eleKmpuyHo20 NOJsL CKpPi3b 0€sKy HNIOWUHY
0opieHioe 000YMKY MOOYIS IHOYKYIL HA 8eIUHUHY NIOWUHU | HA KOCUHYC KYymad
MidiC 8eKMOPOM THOYKYIL | HOPpMAnIo 00 Yi€i NIOWUHU.
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@, =DS =N,

ne N » - YHCJIO JIIHIA BEKTOPa 1HAYKII] Yepe3 IUIOIHUHY.

Ilomix eekmopa iHOYKYII eneKmpuyHo20 NoJisl HUCEIbHO OOPIBHIOE
KLIbKOCMI JIIHIU 8eKMopa IHOYKYIl eleKMpUYHO20 Nojs uepe3 NIOWUHY, KV Yi
JIIHII nepemuHarome.

OmuHuils  MOTOKY  BEKTOpa  €NEKTPUYHOI  IHAYKLI  —  KVJIOH:

[1@-1]142 :1KJZ:|.
M

Ilomix eekmopa HOYKYIl Kpi3b 3AMKHYMY NOBEPXHIO, WO He MICmMUmb
3aps0is8, OOPIBHIOE HYIIO.

Poboma nepemiwenns 3apaody, wo euxkowyemvca cunamu Kynona e
OOHOPIOHOMY eNleKMPOCMAMUYHOM) NOJi, OOPIBHIOE 00OYMKY Ub020 3apsoy,
HANpysceHoCcmi noJis I NpoeKyil eKmopa nepemiuieHHs Ha CUn08) JaiHilo.

A=qEd

Ha Bigpisky mwsixy Ad =d, —d, emexktpuduse mone BHKOHY€E JOAATHY

poboty
A= qE(dl _dz),

ne d, < d, - Bigcrani.

Poboma 6 enexkmpocmamuunomy noni: HE 3aJI€KUTh Bl NUIAXY, a
BU3HAYAETHCS KOOPJMHATAMH TOYOK, MDK SKHMU TEPEHOCUTHCA 3apsll;, y
Oylb-IKOMY 3aMKHYTOMY KOHTYP1 JOPIBHIOE HYJIIO.

dopmyra, 0 BU3HAYaE poOOTy MEPEMIIIEHHS TOYKOBOTO 3apsiAy B MOJII
TOYKOBOTO TEX TOYKOBOTO 3apsiAy ado 3apsaKeHOl KyJIi:

A: qqu 1_1
Arger’\r, T

1 2

ne I' - BigcTanp 10 3apsany Jokepena; I - BIACTaHb MK IPOOHUM 3apsiioM i

3apsAIOM-JKepeNnoM; I, - BIACTaHb MK 3apsAA0M-IDKEPEIIOM 1 II0JIEM TOYKOBOIO
3apsny.

Po6ora, 1110 BUALISETHCSA HA IEPEMILLIEHHS 3apaly ( B €JIEKTPOCTaTUYHOMY
HOJIL:

A=qU.

IlomenyianbHumu Ha3UBAIOTh TOJISI, B SKUX po0OOTa MpU MEpEeMIIeHH]
3apsAJIKEHOTO Tijla 3 OJHIET TOUKH B 1HIIY HE 3aJISKUTh BiJl GOPMH TPAEKTOPIi Ta
Ha 3aMKHYTIN TpAa€eKTOPIii BOHA JIOPIBHIOE HYIIIO.

Cunmu, poboTa SKMX Ha 3aMKHYTIA TpaeKTopii JOPIBHIOE HYJIIO 1 HE
3aNeXKUTh BiJ (OPMU TPAEKTOPIi, HAZUBAIOTH KOHCEPBAMUBHUMU CULAMU.
BinmnoBigHO, €1€KTPOCTATUUHI CUTH € KOHCEPBAMUBHUMU CUIAMU.

[HIIMMU clIOBaMU: CHJIOBE TOJIE, B SIKOMY Ha TUIO J1I0Thb KOHCEPBATHBHI
CWJIM, Ha3UBAETbCS NOMeHYyianbHuM noaem. BiAnoBIAHO, €1EKTPOCTATUYHE MOJIe
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— noJie nomeHyiabHe.

[ToTeHmianbHy €HEPTit0 3apsJPKEHUX TUI HA3UBAIOTh elekmpuunoro, adbo
KYJIOHI8CbKOIO.

Axmo pobora He 3aIEKHUTH Bifg (HOPMU TPAEKTOPIi pyXy TUI, TO BOHA
JOPIBHIOE 3MiH1 MOTEHIIIANILHOT €HEPrii TUIA, B3ATOI 3 TPOTHIC)KHUM 3HAKOM:

A=—AW,,

ne W, =qEd - moreHmianeHa eHeprisi 3apsay B OJHOPIIHOMY
CIIEKTPUYHOMY TI0JI1 Ha BijacTani d Bij MJIaCTHHU.

Ockinbku 3apsan  Moke OyTH sIK TO3UTUBHUM Tak 1 HETaTUBHUM, TO MpPU

g < 0 - norenuiansua eHepris Oyae Bix’ eMHa.
Jxmo moje BHKOHYE J0JaTHY poOOTy, TO TMOTEHIladbHAa EHEPTisd
3apsypkeHoro Tina B o 3meHmyerscs: AW, <0, a sximo po6oTa Bix’emMHa, TO

AW, > 0.

[ToTeHuianpHa eHEpris JOPIBHIOE HYJIIO HA MOBEPXHI:
W, = gEd —qEd,,
T00TO MO>KHa BBakaTH, mo W, = 0 Ha Bixcrani d, .

®D13uYHUM 3MICT Ma€ HE caMa MOTEHIllalIbHA €HEPris, a 11 pi3HUIlI 3HaYCHb,
sKa BU3HAYAETHCSI POOOTOIO MOJIA MPHU MEPEMIIICHH] 3apsy BiJl MOYATKOBOIO
IMOJIOKEHHS B KIHIIEBE.

IToTeHnianpHa eHepris B3aeMOJ1l 1BOX 3apaaiB (, Ta Q,:

W, = 94,
Argex

[TorenuianbHa eHeprid 3apsamy (, B OJHOPIIHOMY €JIEKTPUYHOMY ITOJIL:

W, =0q,0.
Ockibku po0OTa 3 MEpEeMIlICHHS 3apsiAy B €JIeKTPOCTaTUYHOMY IO He
3aJIEKUTH Bl POPMHU LUISXY 1 BU3HAYAETHCS JIUIIE MOJOKEHHSIM KPaiHiX TOYOK
(moyaTkoBOi Ta KIHIEBOi), TO KOXHIM 3 IMX TOYOK, KpIM CHJIOBOI

XapaKTEpUCTUKU E , MOKHA NMpUNMCATH 1€ U EHEPreTUYHY XapaKTEPUCTUKY (@,

Ky Ha3UBAIOTb NOMEHYIANOM eIeKMPOCMAmMUYHO20 NOJA.
Ilomenyian enexmpuuyno2o no/s AOPIBHIOE BIJHOIIEHHIO MOTEHIIAIBHOI
EHeprii 3apsiiy B [IbOMY TOJII 10 BEJIMUUHU I[LOTO 3apsiy:

WP
p="".
d,

Inakie, nomenyianom ¢ B 3aJaHId TOYLl EJIEKTPOCTATHYHOIO TOJIS
HA3MBAETHCS (Pi3MUHA BETUUMHA, 1[0 YHCEIBHO JOPIBHIOE MOTEHIIAbHIN €Heprii
NpOOHOTO TOYKOBOTO TUIA 3 OJUHUYHUM IMO3UTHUBHUM 3aps/iOM, BMIILIEHUM B
JaHy TOYKY TOJIS.

Ilomenyianom enekmpuuno2o nosis B 3aaHIi TOUIl HAa3WBA€ThCH (i3UUHA
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BEJIMYMHA, 1110 YHUCEITHHO JOPIBHIOE POOOTI, IKY BUKOHYIOTh CHIIU €JIEKTPUIHOTO
MOJIsl TIPU TIEPEMIIIeHHI MPOOHOTO Tijla 3 OJUHUYHHUM TIO3UTHBHUM 3apsiiOM 3
3a1aHOT TOYKM y HECKIHYECHHICTh (200 B TOYKYy IOJS, JJisg SKOI YMOBHO
MPUHHSTO, 110 TTOTEHITIAJI JOPIBHIOE HYJIIO).

A,
p=—".
d,
[loTenmian monass ¢ , CTBOPEHOrO0 B JaHIA TOYIl MHOXHMHOIO

3apsIiB-JKepell, JOPIBHIOE areOpaiyHii cyMi MOTEHLIAIB (., CTBOPEHUX B L1
TOYILIl KO)KHUM 3apsI0M OKPEMO (3 BpaXyBaHHSIM IUIIOCIB 1 MiHYCIiB):

N
®= IZ;, ®; -
[ToTeniian € CKaasipHOIO, EHEPTETUYHOIO XapPAKTEPUCTUKOIO EIEKTPUUHOTO
moss. OJUHHULICIO TIOTEHITIATY € 80/IbM. [111_9%‘ = 13} .
Kn
Bonbm — 1e pi3HMI TOTEHIANIB MiX JBOMa TOYKAMH, IO JIOPIBHIOE
OIMHHUIIN, SKIIO Iia 4dac mepemimienns 3apsaay 1 Kn 3 ommiel Touku B iHIMY
enekTpuyHe moie BHKoHye pobory 1/ . A6o 1B ue mnorenmian
CJIEKTPUYHOTO TIOJIsI B TaKii TOYIIl, TP MIEPEMIIIEHHI 13 KO B HECKIHUEHHICTh
sapsiay 1 Kz suxkonyersest po6ora 1 /o .
[ToTeHianu BCiX TOYOK BCEPEAMHI MPOBIAHUKA 3 HEPYXOMUMH 3apsijaMu
OJIHAKOBI, 1 JOPIBHIOIOTH MOTEHIIIATY HA HOTO TTOBEPXHI.
Piznuysa nomenyianis € ¢pi3nyHa BEIMUMHA, 10 BU3HAYAETHCS pOOOTOIO MPHU
IEpEMINICHH] OAMHUYHOIO NPOOHOrO 3apsAny (, MK TOYKaMH TIIOJIA 3

NOTEHIIaTaMU @, 1 @,

3_02 =Q— @, )
Bennunna
Ap=¢ -,

HA3UBAETHCS PI3HUYEI0 NOMEHYIANI8 NEKTPUUHOIO MOJisg MIX JBOMa MOro
TOYKaAMHU.

Pi3HuUIII0 MOTEHITIaIiB BUMIPIOIOTH 3a JJOTOMOTOI0 €JIEKTPOMETpa.

Pi3HUIIO MIOTEHIIANIB HA3UBAIOTH LIE Hanpy2oto i no3Ha4aoTs U :

U,=0¢,-0,.

Hanpyea mix nBoMa TOYKaMHM €JIEKTPUYHOIO TMOJISI JOPIBHIOE PIZHUIL
NOTEHIIATIB Yy IUX TOYKAX 1 BUMIPIOETHCS POOOTOIO, SIKY BUKOHYIOTH CHIIU
€JIEKTPOCTATUYHOTO TOJIs, IEPEMIIYIOUH TPOOHE TLIO 3 OAMHUYHUM 3apsI0M 3
onHi€l ToukH oS B iHITY. Bumiprorots Hanpyry B Cl y govmax.

U — AK + Acm. ,

q
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ne A - poboTa KyIOHIBCHKUX cHII; A - po0OOTa CTOPOHHIX CHIL.
Cmoponni cunu — 1e Oylnb-sIKi CHUJIM, KpIM KYJIOHIBCBKHUX, SIKi JiIOTh Ha
3apsi.

[ToTeHmian 1ods TOYKOBOTO 3apsAy B JaHIA TOYIl TMOJA TMPSMO
IPOTIOPIIMHUN MOIYJIIO IILOTO 3apsiay, OOEPHEHO MPOIOPIIMHUN BiJCTaHl BiJl
I11€1 TOYKH JI0 3apsiay 1 3aJI€KUTh Bl CEPEIOBUINA, B IKOMY 3HAXOUTHCS 3apsi/Il.

Bupa3 a1 moreHmially TOJII TOYKOBOIO 3apsay Ta 3apsDKEHOIO
chepuuHOro TiNa:

N
Arre &r ’

ne I - Biactanp Big HeHTpa cdepu 10 OyIab-sIKOi TOYKH TIOJS, IO
po3TalIoBaHa 1mo3a cgeporo.

[ToTen1rian mosst B TOYKax Ha MOBEPXHI chepu 3 HEPYyXOMUMH 3apsiiaMu a00
B OyIp-fKMX TOuYKax BcepeauHi cdepu (cmosomHoi abo MmycToi), SKIIO
BCEpEIMHI HEMAE 3apsi/iB, BU3Ha4Yae GopmyJia:

p=—_,
drrg eR
ae R - paxiyc chepn.

IToTeHiian HECKIHYEHHO B1AIaJI€HUX TOYOK:

olr)=2.

q

[ToTenuian y qaHiid TOYI €JIEKTPUYHOIO OIS, 1110 CTBOPIOETHCS CUCTEMOIO
3apsAJiB, JOPIBHIOE anreOpaiuHiid CcyMi MOTEHI[adiB MOJIB, SIKI CTBOPIOIOTHCS
KOYKHUM 3aps1IoM OKPEMO:

P=Q+@Q, @, +...

Hampysxenicts y Oyap-siKiii TOYII €IEeKTPOCTATUYHOTO TMOJS TOPIBHIOE
3MiHI TTOTEHIlaTy, IKUH IpUNagae Ha OJUHUIIIO JOBXKUHU JIHIA HAMPYKEHOCTI
MOJISL:

ne | - moBxxuHa JIiHii HAIIPYKEHOCTI.
[loTenuian B naHiil TOYLl MOJS TOYKOBOTO 3apsily IOPIBHIOE JT00YTKY
HaIPy>KEHOCTI TIOJIS B 1I1¥ TOYIIl 1 BIJICTaH1 BiJl JAHOT TOYKH JI0 3apsiay.
@ =El,
abo

o= E-cos(E, dI)-dlI.

3B’S130K PI3HUII TOTSHITIATIB 3 HAMMPYKEHICTIO €IEKTPUYHOTO TOJIS:
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E:(pl_(pz , E:!'
d d

Harnpy:XeHiCTb OJHOPITHOTO €JIEKTPUYHOIO MOJIs IOPIBHIOE BIIHOUIEHHIO
PI3HUIII MOTEHI[IANIB (HApyru) MiXx ABOMAa HOro TOYKaMU J0 MPOEKIIi Biapi3Ka,
110 3’ €IHYE 111 TOUKH, Ha JIIHIIO BEKTOpa HAIIPY>KEHOCTI.

Bektop Hampy:XeHOCTI MO 3aBXKAW HAMPSMICHHN y OIK 3MEHIIECHHS
MOTEHITIAITY.

OauHuill0 HAOmpY>KEHOCTI  ejekTpuyHoro monst B oauHuipix Cl

. .. . . B
BCTAaHOBJIIOIOTH HA OCHOB1 OJJMHMII1 P13HUII1 ITIOTCHI1AJ1B — 60Jibi HA Menip |:— .
M

Bonrvm Ha memp — 1ile HAPYKEHICTh €JIEKTPUYHOTO MO JIOPIBHIOE OJIUHMIII,
SKIO PI3HHUI MDK JBOMa TOYKaMH Ha Bimcrami 1.m B omgHOpimHoMy moui

nopisuroe 1 B
Hienexkmpuuna nponuxnicme cepedosuwja — 1e Gi3MYHA BEIMYMUHA, IO
IIOKa3ye, y CKUIBKM pa3iB HampyXeHICTh 30BHiMHboro mous E, Oinbma Bix

—>

HaIpy>KEHOCTI MOJIs B AieIeKTpuKky E .

p=S
E
BenuunHa mieeKTpUYHOI MPOHUKHOCTI 3alieKUTh BiJ BUIY MaTepiany
cepenopumia: ¢,,, =8l; ¢, . =2; & =1.

nosimps

BigHomeHnHs BenMWUWHU 3apsay MPOBITHHUKA A0 BIAMOBIIHOTO 3HAYCHHS
MOTCHITIATy — BEJIMYKMHA cTasia. 1{e BiTHOIICHHS Ha3UBAETHCS e1eKmMPOEMHICIIO,
a00 MPOCTO emHicmIo TIPOBITHAKA, 1 3aAITUCYETHCS TAKOIO (OPMYJIIOHO:

c=4
U ]
ne U = O =@,
Hampyra U wmik aBomMa MpOBiZHHUKAMH TMPOIMOPIHA €IEKTPHIHOMY
3apsny, SKUWA 3HAXOAUTHCS Ha MPOBIJHUKAX (HA OJHOMY + \q , @ Ha JIpyromy

— \q\). Uum MeHIlIa Hanpyra [py HaJlaHH1 TPOBIAHUKAM 3apsiB + \q\ 1— \q

, TUM

O1/IbIlIa €IEKTPOEMHICTD MPOBITHUKIB.

c=3,
®
3BIIKHA
q=Ceo.
3MiHa BETUYMHU 3apsay Oyie
Ag=CAgp.

@Di3uYHAIA 3MICT EJEKTPOEMHOCTI: eleKmpuiHa EMHICMb NPOBIOHUKA
YUCENbHO OOPIBHIOE 3aps006l, SAKUU NOMPIOHUU Ol 3MIHU NOMEHYIANY
NPOBIOHUKA HA OOUHUYIO.
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EJ'IGKTpOGMHiCTB — CKaJsipHa  ITIO3WTUBHA  BCJIMYHHA. OI[I/IHI/ILIGIO

, . Kn .
€JIEKTPUYHOI €MHOCTI €: 1?:1@ . @apad — 1e eNeKTpUYHA EMHICTh JBOX

TaKMX MPOBITHKKIB, MIX SKUMH NP HATaHHI KOKHOMY 3 HEX 3apsaiB +1 K7 i
—1 K7 mix HuMH BuHHMKae pizaums mnoteHmiamia 1 B . A6o 1@ - emnicts
HPOBIIHMKA, IMOTEHIA] SIKOI0 3MIiHIOEThCA Ha 1 B mpu HamaHi HoMy 3apsay

1Kn.

EnexTpoeMHICT, 3aleXUTh Bl TCOMETPUYHUX PO3MIpIB 1 hopmu
IPOBITHUKA,  pPO3TAIlyBaHHS  HABKOJO  HBOTO  IHIIUX  TPOBIJHUKIB,
TIETEKTPUYHUX BJIACTUBOCTEH cepeoBuIlla. EIeKTPOEMHICTh HE 3aJICKHUTh Bij
Marepiajly MpPOBIJHHMKA 1 HWOro arperaTHOrO CTaHy, HAasBHOCTI TMOPOXKHUH,
BEITMYUHU 3apsTy.

€MHICTh BIIOKPEMJIEHOTO MPOBIIHUKA chepuyHoi (HopMHU HpomnopuiiHa
BIIHOCHIH J1€JEKTPUUHIN MPOHUKHOCTI CEPEOBUIIA, 10 OXOIUIIOE MPOBIIHUK, 1
pazalycy MpoBIJHUKA:

C=4rng,eR.
Enexmpoemuicmo xondencamopa C dopisuioe sionowennio 3apsoy (| na

OOl i3 11020 06KAA0OK 00 pisnuyi nomenyianie @, — @, =U . EnexrpoeMHicTh
KOHJICHCATOPI1B BU3HAYAIOTH 32 (POPMYIIOIO0

c-—9 .c=4,
?— @, U
TobTo emuicmv Kondencamopa OopisHiOE 3apsoy, AKUU UOMY He0OXiOHO
Haoamu, wooO 3MIHUMU DI3HUYIO NOMEHYIanie Midc 1020 O00KIA0KaMu Ha
0O0UHUYIO.
dopmyiia eIEKTPOEMHOCTI JIJIS TIIOCKOT'0 KOHACHCATOPA, SKUH CKIATA€ThCS
3 JIBOX IUJIACTHUH 3 JICJTEKTPUKOM MiX HUMU:
C- £ 4ES ,
d
ne S - mnoma mwiactul; d - BiACTaHb MK HHMH; &, - CICKTPUYHA CTAaa;

) . ) C
& - JieNeKTpUYHA NPOHUKHICTHL CEPENOBHINA MK IiactuHamu; ¢ = —, C -
0

€MHICTb KOHJIEHCATOPa 3 JIeJEKTPUYHOIO IUIACTUHKOI MiX oOkmagkamu, C, -

EMHICTh KOHEHCaTOpa 0e3 JieIeKTPUIHOI IIIaCTHHKH M1k oOKkIagkamu; U = Ed
: g
,E_%é.

OTxe, emMHicmb NIOCKO20 KOHOEHCamopa Npsmo NponopyitHa 6i0HOCHIU
OleNeKMpPUYHil NPOHUKHOCMI OleIleKMPUKa Midic 0OKIaoKamu, niowi 0OKIa00K
KOHOeHcamopa i 06epHeHo nponopyitiHa i0CmMani Mixc 0OKIa0Kamu.

OckiJIbKn
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IIpU LUbOMY OJAMHHUIEIO EJIEKTPUYHOI MOCTIMHOI, KPIM K)JI0oH 6 Keadpami

v 15
~ |, € TakOXK hapao na memp: | — |.
M M

HAHbIOMOH-MEMp K8AOPAMHUL. {

Jlns Toro mo0 3apsAauTH KOHASHCATOp, MOTPIOHO BUKOHATH POOOTY, IO
BUTPAYAETHCS HA PO3JAUICHHS MO3UTUBHUX 1 HETaTUBHUX 3apsiB. 3TiAHO 13
3aKOHOM 30€peXeHHs eHeprii sl poboTa JOpIBHIOE €HEprii, sikoi HalOyBae
KOHJICHCATOP.

=(q E d ,
2

ne J - 3apsa KoHaeHcaropa; a d - BijicTaHb MiXK ITACTHHAMH.

Ockinbku Ed =U - pi3Huig moTeHmiaaiB Mi>k 00OKIaaKkaMu KOHIEHCATOPa,
TO HOr0 €HEprist TOPiBHIOE:
_qu
P 2 )

3amiHuBIIN Y (opMyJIi a00 PI3HUIIO MOTEHIIIaNIB, 200 3aps]l 33 IONIOMOT 00
BUpAa3y JUIsl €JIEKTPOEMHOCTI KOHJIEHCATOPA, IICTAHEMO:

WP:qU:q :CU
2 2C 2

ne q,U, C - Bignosiguo 3apsa, Hampyra (IOTEHIan) i €lIEKTPOEMHICTh

W

MPOBIAHUKA.

KonpaeHcaropu 3’ € IHYIOTh napaienibHo, NoCii008HO ad0 MIULAHO.

Sx11o KoHACHCATOPH 3’ €THATH TaK, MO0 iX 1Bl 00KIaaKK OyJv 3’€THAHI B
OJIHIHM TOWIIl, a TIpaBl — B 1HIIIHN, TO TaKe 3’ €THAHHS Ha3UBAETHCS NAPALETIbHUM.

Skmo KoHAeHcaTopH 3’€dHATH Tak, MO0 OJHAa OOKIJIagKa MOMEePeIHbOrO
KOHJIeHcaTopa Oyja 3’€lHaHa TUIBKM 3 OJHOK OOKJIAJKOK HACTYITHOIO
KOHJIEHCATOPa, TO TaKe 3’ €JHAHHS Ha3UBAETHCS NOCAI00BHUM.

SIKIIO KOHJIEHCATOPU OJHOYACHO 3’ €AHATH MapajiesbHO 1 MOCIIOBHO, TO
Take 3’ €THAHHS HA3UBAETHCS MILUAHUM.

llapanenvhe 3’ €OHauHs KOHOEHCAMOPIB8

Hamnpyru Ha napanenbHo 3’€THaHUX KOHJIEHCATOPaX OJHAKOBI:

U=U=U,=..=U,=U.

3aranbHUM 3aps OaTapei nmapaneiabHo 3’ €JHaHUX KOHJICHCATOPIB JOPIBHIOE

CyMi 3apsi/TiB Ha KO)KHOMY 13 HUX:

g=0¢,+Q,+0, +...+ 0y, q:Zl:q.

llapanenvne 3’€nHaHHS 3aCTOCOBYIOTH JIJII TOTO, IIO0 JICTaTH OUIbIIY
€MHICTbh, HI’K EMHICTh OJIHOTO KOHJIEHCATOPA.
3arasibHa €MHICTh Oarapei mMmapajenbHO 3’€JIHAHUX KOHIACHCATOPIB
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JOPIBHIOE CyMi1 EMHOCTEHM OKPEMHUX KOHJIEHCATOPIB:
N
C=C+C,+C,+..; C=>.C,,
i=1

ne N - KimbKicTh KOHICHCATOPIB y OaTapel.
SIkmo Bci N xommeHcaropiB, 3’€AHaHi mapajelbHO, MalOTh OJHAKOBY
emuicte C, TO
q=Nq’,
ne g - 3apsi KOXKHOTO KOHICHCATOPA.
€Mmuicte ©Oarapei, 1m0 Cckiaamaerbess 3 N mapaienbHO  3’€IHAHHX
KoHaeHcatopis, B N pasiB OilbIlia €MHOCTI KOKHOTI'O i3 HHUX:
C=NC'.
IlocnioosHe 3’ €OHanHs KOHOEHcamopie
[Ipu nocniooenomy 3’enHaHl OOKJIAJIKH OKPEMHUX KOHJIEHCATOPIB MalOTh
3apsiiv, YUCEJIbHO OJIHAKOBI, ajie MPOTUJICHKHI 3a 3HAKOM, TOOTO
q1:q2 :q3:"':qN :q1
ne N - gmcio koHaeHcaropis B 6arapei.
3arasibHa Hamnpyra (pi3HMIS TOTEHIAlNiB) Ha OaTrapei MOCIiI0BHO
3’€THAaHUX KOHJCHCATOPIB JOPIBHIOE CyMl Hampyr (pi3HMII MOTEHIIaNiB) Ha
KOXKHOMY KOHJICHCATOPI:

U=U,+U#U,+..+U,;U=3U..
i=1

SIkmo Bci N mocaimoBHO 3’€AHAHUX KOHIEHCATOPIB MArOTh OJHAKOBY
emuicts C, TO
U=NU".
Benmnunna, oOepHeHa 3araibHIM €MHOCTI  TOCTIZOBHO 3’ €IHAHUX
KOHJIGHCATOPIB, JOPIBHIOE CyMi BEJIMYMH, OOCPHEHHMX €EMHOCTEH OKpPEMHUX
KOHJICHCATOPIB:

1 1 1 1 X1
=—+—+— =
Cl CZ CS

1 .
— +..; = S
C C =C

Y upomy 3’€lHaHHI €MHICTh Oarapei MEHINAa BiJIl €MHOCTEH OKPEMHUX
xonaeHcatopis (C < C).

JInst ABOX KOHJEHCATOPIB:

— ClCZ
C,+C,
3aranpHa eMHicTE N OIHAKOBMX, ITOCIIIOBHO 3’ €JHAHUX KOHICHCATOPIB, B

N pa3iB MeHIIIa EMHOCTI KOKHOTO KOHIEHCATOPA:
C!
C=—.
N
O1xe, 3aeanbHa eMHICMb NOCHIO0BHO 3 E€OHAHUX KOHOEHCAmopié MeHuld

eEMHOCMI 6Y0b-K020 3 HUX.
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Eneprito, 3o0cepemkeHy B  €IEKTPOCTAaTUYHOMY TIOJNI  HEPYXOMUX
3apAKEHUX TUI, HA3UBAIOTh €1eKMpOCmMAmMUYHOI0.
EnexTpuuHy eHeprito eIeKTpUYHOTO MOJI BU3HAYAIOTH TaK:
CuU’

We
2
_&,¢E’

W

e

Sd,

ne Sd =V - 00’em, 110 3aiimMac 1mose.
2
&,k
W, =
2
06’ emna eycmuna emnepeii enexkmpuuno2o noas (eycmuna euepeii) — 1e

BIJIHOIIICHHS €HEPTii eJIEKTPUIHOTO TOJISI 10 HOTo 00’ eMY:

e = We
a)e =—, a)e = )
\Y Sd
ne Sd =V - 00’eM 3aifHATHI €IEKTPUYHUM T0JIEM — JO00YTOK BiJICTaHI MiXK
IUTACTUHAMU Ha IUIOUTY IUJIACTHH.
Otxe, 00’eMHa TyCTHHA €HEprii €JIEKTPUYHOTO TOJisA JOPIBHIOE €HEprii

I[HOTO TOJISI B OJIMHUII 00’ €MY MPOCTOPY, 3aHATOTO HUM.

V.

£,6E°
@, = .
2
Onunutg 06’ €eMHOI TYCTUHHU eHeprii enekTpudaHoro nojst B CI — dowcoyis na
. o. | 4 o Lo ,
memp Kybiunuu: |1=—|. 1=— - 00’¢MHa I'yCTMHa €HEpril Takoro Imojsi, B
M M

KOKHOMY KyOi4HOMY METpi KOT0 30cepemkena enepris 1 [ .

s dopmyna crnpaBensivBa HE TUIBKH ISl OAHOPITHOTO TMOJS TUIOCKOTO
KOHJIEHCAaTopa, a i ajsi Oyb-SKOTO 1HIIOTO €JIeKTPOCTATUYHOTO MOJis. binbiie
TOTO, JAHUW BHUPa3 JUIsl TYCTUHU C€HEprii BUSBISETHCS CIPABEIUTUBUM 1 JUIsI
3MIHHUX €JIEKTPUYHHX TOJIB.

EJIEKTPUYHUN CTPYM
Cunoro cmpymy Ha3UBAETHCA CKajspHA (pi3MUHA BEIIMUMHA, KA YUCETHLHO
JOPIBHIOE BEJIMYWHI 3apsiy, IO MEPEHOCUTHCS 4Yepe3 MOMEpPeHHHil mepepi3
IIPOBIJIHMKA 3a OAUHMIIIO Yacy, SKIIO 32 HECKIHUCHHO Mauil MpoMiXoK dacy dt
yepe3 MONepeuHuil mepepi3 MpoBiAHUKA IEPEHOCUThCS eINeKTpUIHUit 3apsa d(,
TO CHJIa CTpyMy Oyjie:
,_dq
dt
JJ1s IOCTIMHOTO CTPyMY
=4
t
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ToOTo, cuiia MoCTIMHOrO CTPyMy NOPIBHIOE 3apsiy, 10 MPOXOJUTh Yepes
NOTEPEYHU nepepi3 MPOBITHUKA 3a OJIUHUIIIO Yacy.

Cuna ctpymy ckansipHa BennunHa. Ogunuis cunu ctpymy B Cl € aunep:
[1/1:1&] Amnep — cuiia MOCTIMHOTO CTPyMy, SIKMM, IMPOXOASYMU MO JBOX

C
napajejlbHUX NPOBIAHMKAX HECKIHUYEHHOI JOBXHHM 1 30BCIM Majoro
MOIIEPEYHOro Iepepi3y po3MileHux Ha Bigctani 1w omuH Big omHOro y
BaKyyMi, BUKJIMKaB OM MK HHMMH CHJIYy B3aeMojii, sska O JopiBHIOBaja 0O
2-107 H na xoxHMI MeTp X JOBKUHH.
Cuia mOCTIMHOTO CTPYMY Y METAJIEBOMY MPOBITHUKY:
| =qn,usS ,

ne Q - 3apsazn; N, - KOHIEHTPALIA 3apsAAiB; U - LIBUIKICTh YIIOPSIKOBAHOIO
pyXy 3apsiiB; S - IUIOMIa Iepepi3y MPOBiIHHUKA.

Cuna cTpyMmMy B TPOBIAHUKY MPSMO MPOMOPIIiAHA KOHIICHTpAIlll HOCIIB
3apsAay B HbOMY, IIBHUAKOCTI X BHOPAIKOBAHOTO PyXYy 1 MJIONII MOMEPEYHOTO
nepepizy NpoBiTHUKA.

T'yemuma cmpymy | - BEKTOpHAa BeNMUYMHA, SKA YHCENBHO OPIBHIOE

BITHOIIICHHIO CHWJIU CTpyMy | , IO MPOXOMUTh Kpi3b MEPICHIUKYJISPHY 0
HAIPSAMY PYXy HOCIIB IIOBEPXHIO S, JI0 IUIOLII I[i€i IIOBEPXHi, TOOTO
I I |
s’ 1 as

I'yemuna cmpymy 0opienioc cuni cmpymy, wo npoxooums yepe3 0OUHUYIO
NoWi nonepeuHo2o nepepizy nPoGiOHUKA NPU PiBHOMIPHOMY pO3n00ili 3apsadie
Nno HbOM).

Bektop rycTuHH CTpymMy HanpsIMICHH B3J0BXK CTpyMy. OJIUHUIEIO

TYCTUHU CTPYMY € amMnep Ha Memp K8aopamuuil [4} 1£2 - TYCTHHA CTPyMY
M

cunoro 1 A, piBHOMipHO po3noginenoro mo miomi 1.y°, nepneHauKynspHii
HaIpPSIMKY BIOPSAIKOBAHOTO PYXY 3apsiiiB, 110 CTBOPIOIOTH CTPYM.

['yctrHa cTpymMy MPOBITHOCTI B MeTajax:

j=eno,

Jie € - 3aps €JICKTpOoHa.

I'ycmuna cmpymy 6 npogiOHUKY NpsMO NPONOpYiuHa KOHYeHmpayii HOCii8
3apA0y i W8UOKOCMI iX BNOPAOKOBAHO20 PYX) .

Cuna cmpymy 8 00HOPIOHOMY NPOGIOHUKY NPAMO NPONOPYIUHA HANPY3I HA
KIHYAX Yb020 NPOBIOHUKA

| =kU,

ne K - xoedimieHT MPOMOPIINAHOCTI, SKWH HA3UBAIOTh MNPOBIOHICIIO
NPOBIOHUKA.

Enexmponposionicms nposionuxa ye eenuuuna, ooepuena 0o 1o2o onopy.
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k==.
R

EnextponpoBiiHICTh CKaJIsIpHA oxaTHa BEJIMYMHA. Onuanns

. : 1 .
CIIEKTPONPOBIIHOCTI — CUMEHC. [1 CM:O—] 1Cm - 1e eneKTpoIpOBIIHICT
M

(MpOBIJIHICTH) MPOBIIHUKA ONTOPOM L .

Enexmpuunum onopom npogionuxa Ha3UBAIOTh MIPy MOMKJIMBOCTI
NPOBIAHUKA TMEPENIKOHKATH BIOPSAKOBAHOMY PYCl MO HBOMY EJIEKTPUUHUX
3apsiIiB, TOOTO MPOXO/KEHHIO CTPYMY.

BcTanosieHo, 1m0 cuia cTpyMy B KOJII 3aJI€KUTh HE TUIBKY BiJl HAIIPYTH, a i
B1Jl BJACTUBOCTEH MPOBIIHMKIB, YBIMKHEHUX Y KOJIO. 3aJIXKHICTh CHIIA CTPYMY
BiJI BIACTUBOCTEHN MPOBIIHUKA MOSICHIOETHCS TUM, 1110 P13HI MPOBIIHUKU MAIOTh
pi3Hi erekmpuuni onopu (MO3HAYAIOTH JIiTeporo R). AGo 11e oOepHeHa BeIMYrHA

. . 1 :
A0 IIPOB1IJAHOCT1 R= E Ha3HUBAETLCS eleKmpudHum onopom npoeldHuKa.

Omip npoBinguuka R mopiBHioe BigHorreHHto Harnpyru U Ha mpoBigHHKyY
1o cum ctpymy | B HhOMY:
U
R=—.
I
Omnip npoBiHMKA — CKalspHa Mo3UTUBHA BennuuHa. Omip B cuctemi Cl

. _ B . .
BUMIPIOIOTb B OMAX: 10]!/[:12 . 1Om — onip Takoro HpoBigHHMKA, B SKOMY

MIpU Hanpy3l Ha KIHISIX 1eosem cuia CTpyMy AOPIBHIOE 1 amnepy .
I3 3MiHOIO TEMIIEpaTypu ONip NPOBIIHUKA 3MIHIOETHCS:

R-R, _

R

. . 0 . . .
ne R, - omip mposimamka nmpu O °C ; R - omip mnposigHuka mpu

ot ,
0

temrepatypi {; o - xoedimieHT MPOMOPIIHHOCTI (TeMmnepaTypHUuil Koe(illieHT
oropy.
R=R,(l+at),a60 R=R,(1+aAT),

ne AT =T —T,; T, - nmouarkoBa TemmepaTypa HpOBITHHKA; | - HOro
KIHIIeBa TEMIIepaTypa.

Onuuuis tTemmeparypHoro koedimienra onopy B Cl — xenwgin y minyc
nepwiiti  Cmenei. [Kil] . Temnepamypnuii roegiyienm onopy JIOPIBHIOE
BiZIHOCHIN 3MiHi omopy mnposignuka npu HarpiBanui Ha 1K . Jlns Beix

MeTaneBux TnpoBigHukiB « >0 1 gyxke Majgo 3MIHIOETBCS 13  3MIHOKO
TEeMIIepaTypH.
JIJist 4uCTUX METaNliB:

273
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Onip OJHOPIAHOTO TMPOBIJIHMKA TPU HE JyXKEe BEIUMKUX CTPyMax He
3aJIEKUTh BIJl CWJIM CTPYMY, a BHU3HAYa€ThCS T€OMETPUYHUMHU pPO3Mipamu
IMPOBITHUKA, XIMIYHOI MPUPOJOI0 Marepialy Ta HOoro (i3MYHHM CTaHOM
(remmepatypa, THUCK). ToOTO onip npamo nponopyitHuti  00BICUHI
NPOBIOHUKA,00€PHEeHO NPONOPYIUHUL NAOWI U020 NONepeuHo20 nepepizy u
3anexcums 8i0 mamepiany npo8ioOHUKA.

I
R=p—,
S
ne | - moBXwHA MPOBITHKMKA; S - IUIOIIA HOrO HMOMEPEYHOro Iepepisy; O -
Koe(]iIlieHT MPOMOPIIIHHOCTI, KWW 3aJIeKUTh BiJ BIACTUBOCTEH MaTepiany Ta

(bi3MYHOTO CTaHy HPOBiAHUKA (HOTO HA3UBAIOTH NUMOMUM ONOPOM).

RS
PZT-

[Tutomuii omip cKaisipHA MO3UTUBHA BenudruHa. O AUHUI TUTOMOTO OTOPY
B CI € om memp: [OMM] 10Om-m - e MUTOMMI OIIp PEYOBHUHH TAKOTO
IPOBIIHKMKA, KOXHUN MeTp skoro Mmae omip 1 Om mpu 1uromi mornepedHoro

nepepisy 1 .m°. Meranmu MarTh Maluii THTOMHUM OMip, MIENEKTPUKH — JyikKe
BEJIMKUU.

3 TNIABUILECHHSAM TEMIIEpAaTypy MPOBIAHUKA MIJICUIIOIOTHCS TEIIOBI
KOJIMBAHHSI 10HIB PEUIITKH, MIPU [IbOMY OMIP MPOBIIHUKA JUJISl MPOXOKEHHS 10
HBOMY CTPYMY 3pocmae. 3aleXHICTb MHUTOMOTO OMOpy METaliB  BiJ
TeMIiepaTypu BigoOpaxae ¢popmyra:

P =Py (1 + at)’
ne p, - nuromuit omip mpu temmeparypi O °C; p - mutomuii omip npu
Temrepatypi t.
p = p,1+aAT),
ne AT =At °C - 3mina temnepatypu 3a mkanoro Kenbsina.
3 popMynu BUIHO:
P~ P )
Pot

OCKUIbKM (¢ MaJIO 3MIHIOETHCS 31 3MIHOIO TEMIIEPATypPH, TO BBAKAIOTh, 110
MATOMM OMIP JIIHIWHO 3aJICKUTh B1Jl TEMIIEPATYPH.

Ilumomuti onip — 1€ BEJIMUMHA, SIKa YUCEIBHO JIOPIBHIOE ONOPY MPOBITHUKA
nosxuHOI0 1 M 1 monepeunnm nepepizom 1 a’.

Benuuuny, o0epHEHy NUTOMOMY ONOpPY 0 , Ha3UBaOThb HNUMOMOIO

enekmponpogionicmio (a00 numomoio nposionicmio) o .
1

o=-—.
o)
[lutoma eneKTPONpPOBIIHICTh, K 1 MUTOMUM OIIp, - CKaJsIpHA J0JaTHa
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BenuurHa. OJWHUIE BUMIPIOBaHHS TUTOMOI enekTponposigHocTi B CI —

OOMHMZpZ Ha om-memp. |: ! :|
M- M

CxansipHy BelmuuHy &, sika JIOPiBHIOE POOOTI CTOPOHHIX CHII, BifHECEHIH

710 OJIMHHUIII TTIO3UTUBHOTO 3apsy, Ha3UBaIOTh enexkmpopyutinoro cunoio (EPC)
JDKepena CTpyMy, IO i€ B 3aMKHEHOMY KOJI1 a00 Ha HOTO JUISHIL.

£- A
q

Enexmpopywiiina cuna oopienioe pobomi CmopoHHIX CUl HO NePeMiujeHHIO
OOUHUYUHO20 3aPsiOY.

EPC — ckanspna anredpaiuHa BeJMurHa, TOOTO BOHA MOKE OYTH JTOJATHOIO
abo Bix’emuoro. EPC xoumypy oopisnioe ancebpaiuniu cymi EPC koorcnozo
ooicepena.

EnexTpopymiiiiHa cujga € EHEepPreTUYHOK XapaKTePUCTUKOK CaMoro
mxepena ctpyMmy. B cucremi ogunuib CI EPC BUMIPIOIOTH Y 6016max.

B mxepeni ctpyMy Ha BUIbHI 3apsau okpim cuit KyioHa [it0Th TaKOX 1 CUIIH
HEENIEKTPUYHOTO TMOXO/UKEHHS (XIMIYHOTO B TajJbBaHIYHUX €JIEMEHTaxX 1
aKyMyJISITOpax, MEXaHIYHOTO 1 MarHIiTHOTO B reHepaTopax crpymy i T.1.). Ll
CWJIM OTPUMAJIH Ha3BY CMOPOHHIX CUL.

ToOTto cmopomnni cunu — 1€ CWIM HEEIEKTPUYHOTO TMOXOJKEHHS, SIKI
MOXYTb MATPUMYBATU PI3HUITIO MMOTEHITIAIB HA KIHIAX TIPOBIIHUKA.

JlisiHKa KOJ1a, 10 MICTUTh JIPKEPENIO CTPYMY HAa3UBAETHCA HEOOHOPIOHOI0.

EPC mxepena IOpiBHIOE PI3HUII TMOTEHIATIB HAa WOro MOJIOCAX IIPU
PO3IMKHYTOMY 30BHIIIIHBOMY KOJII.

u=2.

q
Hampyra Ha niigHil koisa, iK€ MICTUTh JIKEPENIO CTpyMy (HEOIHOPIIHIM
TUISHIN KOJia), JOPIBHIOE BIJHOIICHHIO POOOTH TEPEMIMICHHS 3apsaay, IO
BUKOHY€ThCS K cwiamu KyioHa, Tak 1 CTOPOHHIMH CHJIaMH, IO BEIWYHUHU
nepeHeceHoro 3apsay. 3 Gi3uYHOI TOYKHM 30py: HAmpyra Ha IISHIN KOJIa, IO
MICTUTh JIKEPENIO CTPYMY, UYMCEJIbHO JOPIBHIOE POOOTI MO MEPEHECEHHIO
OJIMHUYHOTO 3apsIy, 0 BUKOHYEThCS criiaMu KytoHa 1 CTOpOHHIMH.
U=¢-9¢,+<.
Hampyra Ha naniit qi1sHII KOJa JOPiBHIOE CyMi pi3HUIN noTeHmiams 1 EPC,
I1[0 JTI€ Ha 1} JUISHIL.
U= D =P,
Hampyra ma gingam kona, mo He MictuTth EPC  mopiBHIOE pi3HMIN
IMOTEHIIAIIB Ha KIHIAX I€] TUISTHKH.
U=¢.
B 3amMkHyTIi cucTeml Hampyra Ha 30BHINIHIA 1 BHYTPINIHIA ii IUISHIIN
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nopisHioe EPC mxepena ctpymy.
&=U U,

EPC mxepena cTpyMy JOpIBHIOE CyMi HalpyT Ha BCIX AUISTHKAX 3aMKHYTOTO
KoJIa.

[Ipu nocnioosnomy 3’€HaHHI KEpEN CTPyMy 3arajibHa eJIeKTpOopyIliiHa
cuja JOPIBHIOE alireOpaiuHii CyMi eIEKTPOPYIIIIHUX CUJT KOXKHOTO JIKepena:

S=G te, Tt g,.

[Ipu napanenvromy  3’€AHAHHI  JKEpeNl CTPyMy 3  OJHAKOBOIO
CICKTPOPYIIMHOIO CHUJIOI, 3arajibHa EJICKTPOpPYIIiiHA Ccuila JIOPIBHIOE
€JIEKTPOPYIIIIHIN CUIIl OJTHOTO €JIEMEHTA:

c=G

[Ipu BHOpAIKOBAaHOMY pycCl 3apsSKCHUX YACTHHOK Yy MPOBITHUKY

CJICKTPUYHE MOJIE BUKOHYE POOOTY, SKY NPUUHATO HA3UBATU POOOMOIO CIMPYM) .

A=q(p,-¢,); A=qU,

o+
306HIUL .

ne Aq = IAt.
Poboma cmpymy HaA OiJlﬂHui Kona dopiemoe 006ym1<y Cuau cmpymy Ha
Hanpyey I yac, npomAcoOM SAKO20 p060ma 6UKOHY6AJIACA.
U 2
A=1UAt; A=I°Rt; A:Ft'

It 3amKkHyTOro Koua, mo Mae EPC &, hopmyia poGoTH CTpyMy Y BCbOMY

KoJI1 Oye:
A=At.

Omununsg po6otu B CI — dorcoyns: [A-B-c = Jc].

Ha mpaxTuiti poGoTy €NeKTpUYHOrO0 CTPYMY BUMIPIOIOTH CHEIiaIbHUMU
pUJIaJiaMu, SIKi HAa3UBAIOTh JIIUUTIbHUKAMU.

CriBBITHOIIICHHS M1 OJTMHHUIICIO POOOTH: [1 xkBm - 200 = 3,6-10° ,bec].

Tak sk Oyab-sIKUM €JISKTPUIHUHN TPHUIIa]] PO3paxOBaHUN HAa BUKOPUCTAHHS
MIEBHOI €HEprii 3a OJMHHUINIO Yacy, TOMY TOPSJ 3 pOOOTOI BaXKJIMBE 3HAUCHHS
Ma€ TIOHATTS NOMYHCHOCHII.

llomyoxcnicme nocmitino2o cmpymy OOpPIBHIOE BIOHOUIEHHIO pPOOOMU

cmpymy A 3a wac At 0o yvoco inmepsany uacy.

Pzﬁ,a6o P=1U.
At

TIlomyocnicmos cmpymy Ha Oesxii OinaHYl Kola 00PiBHIOE O0OYMK) HANpyeu
Ha yiu OinaHYyi | cuii cmpymy 8 HboM).
U 2
P=I’R; P:?; P=Zl.
Onunuis notysxHocTi B CI - gam: [A -B = Bm].
[TOTY>XHICTh €JEKTPUYHOTO CTPYMYy B KOJII BUMIPIOIOTH O€3M0CEPEeIHBO
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pUIalaMi, K1 Ha3UBAIOThCS 8ammempu.
CHiBBiJHOIIEHHS Mi OJMHHUIIEIO TOTYXHOCTI: [L.c.= 736 Bm)].
Koeghiyienm xopucnoi 0ii (KKJ/[) kona — 11e BiTHOIIIEHHS KOPUCHOI pOOOTH
J10 3aTPAvYEHOI:

n =" .100%,
A3
U 2
ne A =Ult=1°Rt= Ft - KOpUCHa po0oTa TOCTIMHOTO CTPYyMYy;
A =4at=1*(R+r) - 3arpaueHa poboTa JpKepelna CTpyMmy.

At £ I’(R+r)kt

ne U - Hampyra Ha 30BHIIIHIN JiISHIN KOJIA.
n=—1R__100%; n=—"—.100%,

I(R+r) R+r

ne R - omip Bciei 30BHINIHBOT YaCTUHU KOJa; I - Omip HKepena CTpymy.

Koegiyicnm kopucuoi 0ii enekmpuuno2o Koia MOXKHA BH3HAYATH
BIIHOIIIEHHSIM HAIpyTrd Ha MAUISHIN, /1€ BUKOHYETbCS KOpHMCHa poboTa abo
KOPHCHO BUKOPUCTOBYEThCS TemioBa eHepris, 10 EPC mxepena ctpymy,

abo

KKJ[ enekmpuunoco xosna MOXKHa BU3HAYaTH BIIHOLIEHHSAM OIOPY JUISTHKU
KOJIa, 1€ BUKOHYEThCA KOPUCHA poOoTa a00 KOPUCHO BUKOPUCTOBYETHCS TEILIO,
0 CyMl OIOpPIB 30BHIIIHBOI 1 BHYTPIIIHBOI JUISHKH KOJIa, BUPAXKEHOIO Yy
BIJICOTKaX.

EJIEKTPOITPOBI/IHICTDH PI3HUX CEPEZJOBMUIIL]

Pobory, siky Tpeba BUKOHATH JUIsl TOTO, 100 MEPEBECTU €IEKTPOH 3 METaly
B HAaBKOJUIIHIA TPOCTIp, HA3UBaIlOTh pobomow euxody. Pobora BHUXOITY
€JICKTPOHA 3 METAJly JIOPIBHIOE PI13HULII MOTEHI1aJIbHUX €HEePrii eJIeKTpOHa 1Mo3a
MeTajy 1 BCcepelnHi MeTany. BoHa s pi3HUX METalliB HEOJHAKOBAa, a TAKOXK
3aJIeKUTH B1Jl CTaHy TTOBEPXHI METAIY 1 0COOJIUBO BiJl JOMIIIOK.

A=eAU .

Koumaxmmnor  pisnuyero nomenyianie abo nogepxmesum cmpubKom
nomeHyiary Ha3uBAETbCS PI3HMIISA MOTEHIIATIB MK €JIEKTPOHHOIO XMapKOIO 1
MeTtanoM. Enekmponua xmapa — 4acTHHA MPOCTOPY HABKOJIO sipa aroMa, B
SAKOMY HalliMOBIpHille nepe0yBaHHs eJIEKTPOHA.

KoHTakTHa pI3HUI TMOTEHILIATIB BUHUKAE MNPHU KOHTAKTI PIZHOPIAHUX
MeTajliB a00 HamiBNpoBiAHUKIB. KOHTaKTHA pI3HUILIS TOTEHIIATIB 3aJI€KUTh BI]T
PI3HMII TOTEHIIAIB BUXOAY KOHTAKTYIOUMX MarepiaiiB, aOCOIIOTHOI
TEeMIIepaTypH KOHTAKTy, BIIMIHHOCTI KOHIICHTPAIII €JIEKTPOHIB Y HUX:
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A KT in "
P=¢ =@, + n—
e n

ne @, — @, - pi3HUII NOTEHIIaTiB BUXOy KOHTAaKTYyIOUUX MaTepianis; K -
crana boyeiMana; T - aOCONIOTHA TeMIlepaTypa KOHTAaKTy; € - eJICMCHTapHHMA
3apan; N, N, - KOHIEHTPALil eJICKTPOHIB.

Asuwe 3ecbexa — nosBa €NEKTPOPYIIIIHOI CHIIM 1 CTPyMY B 3aMKHEHOMY
KOJ1 3 PI3HOPIIHUX METajiB, KOJM JBa crhai Moro mepedyBarOTh MpH PI3HIM

temneparypl. Jlisd [OBOX MeTallB 3 MOTEHLIalaMH BHUXOLYy @, 1 @, 1

KOHIEHTPALIEIO €JIEKTPOHIB N, 1 N, KOHTAKTHA PI3HULA HA Taps40My KOHTAKTI

N,

€ n

A@r =0 —@Q,+

1

ne k - crama Bompumana; T, - TemmepaTypa rapsdoro KOHTaKTy; € -

€JIEMEHTAapHUM 3apsii;
Pi3HMIIM TOTEHITIAMIB HAa XOJIOTHOMY CITai

KT, .. n
Apy =g —p,+—FIn—=
e n
ne T, - TeMmeparypa X0JIOJHOTO CHAIO.
PesynbTyroua pi3HMIIS MOTEHIAMIB Y KOJII (TEPMOEIEKTPOPYIIiifHA CHIIa)

§= 09, 89, =< (T, T, )=alT, -T,),

1
AHsuwe I[lenbmvbe — mOTIIMHAHHSA a00 BUIUICHHS TEIUIOTH Ha KOHTAaKTI
PI3HOPIIHUX METaJiB (HaMiBOPOBIIHUKIB) MPU NPOXOIKEHHI HA HHOMY CTPYMY.
[Ipu oMy OJuH cnail HarpiBa€eThCs, a APYIHil OXOJIOKYyeTbes. Buainena

TerioTa;
Q = #lt,

ne y - koedimient Ienpthe; | - cuna crpymy; t - gac.

Tepmonapa — eNeKTpUYHE KOJIO 13 ABOX PI3HUX METaNIB (CHaiB), B SIKOMY
BUHHUKAE TEPMOCNEKTPOpPYIIiHA CHJa, TMPAMO MPOMOPIIAHA  PI3HMIII
TEeMITepaTyp y KOHTaKTax

é: :Ul,Z +U2,l’
=5
R

Tepmobamapes — NOCAIAOBHE MOEHAHHSA KUIBKOX TEpMOINap.

MATHITHI ABUILA
Bexmopny eenuuuny, wo xapaxmepuszye MmacHimHe nojae, HA3UBAIOMb

sexkmopom mazHimnoi inoykyii. Ilo3nadarots OykBow B.
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Bekrop MaruiTHOI iHIYyKIi1 B € cunogorw xapakmepucmuxorw macnimnozo
nosis B KOXHIN Touni. Hanpsim 1 BeIM4KMHY BEKTOpa IHIYKIII BU3HAYAIOTH 32
J1€10 MAarHITHOT'O MOJIsI HA MardiTHy CTPUIKY Ta MPOBIIHUK 13 CTPYMOM.

JIj1st BUBHAUYEHHS] MArHiTHO1 1HIYKLII KOPUCTYIOTHCS TPABUIIOM CBEPIUIMKA!
SAKWO C8EpOIUK nogepmamu max, wob 1o2o NnocmynaivHui pyx 30ieagcs 3
Hanpsamom cmpymy |, mo obepmanbHull pyx pyKosSImKu HOKAXNCE HANPSAM JiHIl
maznimuoi indykyii. TakoX 3py4HUM € IPaBUIIO 00XBATy MPABOIO PYKOIO: AKWYO
GelUKULL Naleyb Npasoi PYKU CAPAMY8AmMuU 6 HANPAMI CMPYMY, a peumoro
nanvyie 0oXonumu NPOGIOHUK i3 CIPYMOM, MO BOHU NOKANCYMb HANDSIM JIHIL
MmaeHimHol iHOyKyii (1 eexkmopa |§)

JIs MarHiTHUX TIOJIB XapaKTepHUM € MPUHITUIT CYNEPIHO3UIi: MacHImHI
NoJisl He 83aEMOO0II0OMb, A MIIbKU HAKIAOAIOMbCSL.

B=B +B,+..+B.

Mooyne macHimmuoi iHOYKYII 8UMIDIOEMbCA CUNOI0, 3 SIKOKO MACHIMHE NoJle
0i€ HA OOUHUYIO O0BIHCUHU NPOBIOHUKA, NO AKOMY NPOXOOUMb OOUHUYHUU CIPYM
[ AKULL pO3MIWeHUL NePNEeHOUKYISIPHO 00 HANPAMKY JiHIll MACHIMHO20 NOJIA.

= E ' B= d_F
Il Idl

Mooyne macHimuoi iHOYKYII 8UMIDIOEMbCA CUNOIO, 3 SIKOIO MACHIMHE NoJe
0i€ HA PYXOMUL NOZUMUBHULL 3P0, 00 8EIUUUHU YbO2O 3P0y Ma WEUOKOCHI]
U020 pyxy:

_F
"0

Mooyne maenimHoi THOYKYII OOPIBHIOE BIOHOUIEHHIO MAKCUMATLHO2O

MOMEHMY CUll, AKUMU MASHIMHe noie 0bepmae pamKy 3 NOCMIUHUM CIPYMOM,

00 cuiu cmpymy 8 pamyi i niouji, 0oMeNceHoi pamKoro:

5 Mas
IS

DIBUIHUN 3MICT: HOYKYIS MACHIMHO20 MO OOPIBHIOE MAKCUMAILHOM)

MOMEHmMY CUl, Wo 0b6epmac pamxy 0OUHUYHI NAOWI 3 OOUHUYEIO CUTIUL CIPYMY 8

HIU.

B

— —

Bekrop B € cunosoro xapaxmepucmuxoro marnitnoro noss. Oguauns B y

CI — mecna: [1”“:1 H o _Bc_y5
- M A-m M M

. :1TJZ:|. 3a OOWHUII0 Mar”iTHOI

IHAYKIIT OepyTh Mar"HiTHY 1HIYKIIIIO TaKOTO MOJIs, Y IKOMY Ha paMKy IUIOLIEIO
1 m® npu cuni crpymy 1 4 nie 3 6oky nons moment cun M =1 H - m - mecaa.
A60 177 - me immykiis TaKOro OJHOPIZHONO MAarHiTHOrO IOJS, B SKOMY Ha
npoBigHuK 1oBxuHow0 1.m 3 crpymom 1 A nie makcumansna cuina Amnepa 1 H

—

KpiM marmitnoi imgykuii B BBoamThcs Takoxk apyra  BekropHa
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XapaKTCpUCTHUKA MAarHiTHOTO I10JIA, sIKa HAa3NBA€THCA HanpyofceHicmio.

Hanpyosicenicmo maenimnozo noas H - BekropHa BeqW4WHA, SKa HE
3QJICKUTH BIJI MAarHITHUX BJIACTHBOCTEH CEpPEeOBHINA 1 XapaKTepU3ye MarHiTHE
1oJie B KOXKHIM TOUIIl 3a MTOB’SI3aHUM 3 HUM CTPYMOM 1 TTOJIO’KCHHSIM TOYKH.

=5
Hold
. IH ) o IH.. )
ne p, =4r-10 - MarHiTHa ctana (abo x, =1,26-10 — ); [ - MarHiTHa

IIPOHUKHICTH CEPEIOBHUIIIA.
[HIMMH cI0BaMU: BIJHONIEHHS 1HAYKIIIi 30BHINIHBOIO MarHiTHOIO mojs B,
, CTBOPEHOTO y BaKyyMi, 0O MarHiTHO1 CTaJIOl 4, HA3UBAETBCSA HANDYHCEHICTNIO

308HIUHBbO20 MazHimHoz20 noasaH .

Bektopu dB i dH 36irarorbest 3a HampsMOM, iX HampsM BHU3HAYAIOTh 3a
MPaBUJIOM BEKTOPHOTO I00YTKY a00 3a MpaBUJIOM 00XBaTy MPABOIO PYKOIO.

3 eNEeKTPOCTATHKH BiIIOMO, IO BEKTOP eleKTpu4yHoro 3mimenas D ne
3aJIeKHUTh BiJ] BIACTUBOCTEH cepefoBHINa. ToMy MOXHA CKa3aTH, 110 aHAJIOTOM

BEKTOPA D €JIEKTPUYHOTO TI0JIsl € BEKTOP HAMPY>KEHOCTI H marnitsoro mous.
Harnpy:keHicTb MarHiTHOTO NOJIA MPSMOTO CTPYyMY:
I

H=—.
27R
Moaynps BEKTOpa MarHiTHO1 1HIYKLIi MAarHITHOTO MOJISl IPSIMOTO CTPYMY:
_
27R
Hanpy»eHicTbMarHiTHOTO OIS KOJIOBOTO CTPYMY:
I
H=—.
2R
Mopynps BeKTOpa MarHiTHO1 1HIYKIIIi MAarHITHOTO MOJISt KOJIOBOTO CTPYMY:
g = Mot
2R

InOyKyist MazcHimHO20 NOJNSL KOJIOBO2O CMPYMY NPAMO NPONOPYIUHA CULL
cmpymy i 06epHeHo NPonopyitHa tio2o paoiycy.

Bektop H HaIMPSMIIEHUN Y3JIOBXK OCl KOJOBOTO CTPyMy, 1 MOTO Hampsim
BU3HAYAETHCS 32 MPABUIIOM CBEPJIUKA: AKWO PYKOAMKY C8ePOIUKA NOGEPMAMU
8 HANpAMI CMpYyMy, MO NOCMYNAIbHUL PYX CBEPOIUKA NOKANCE HANPIM H ¢
JHINA HAMPY>KEHOCT1).

SIKI0 KOTYIIKY 3pOOUTH HECKIHYEHHO JIOBIOX0, TO BCEPEIMHI HEe1 MarHiTHE
nosie Oyae oonopionum. ToOTO SKIIO JOBXKWHA COJCHOINA 3HAYHO TIEPEBUIILYE
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Horo JiaMeTp, MarHiTHE MoJie y Horo cepeaHii YacTUHI MPAKTUYHO OJTHOPITHE 1
floro Moy JOPiBHIOE

_ MouN

B ="

nme N - xijgbKicTh BUTKIB.
OCK1IBbKHA

ne N - 4UCIo BUTKIB KOTYIIKU HAa OJIMHHMITIO i1 JJOBKUHHM (200 KOHIIEHTpAITis
BUTKiB); | - MOBXKHMHA KOTYIKH y sKiif MictuTbes N BHTKIB.

Tomi

B=u,unl.

InoyKyin ecepeduni HecKiHueHHO 0082020 coneroioa (abo mopoioa) npamo
NPONOPYIUHA YUCTY BUMKIB HA OOUHUYIO O0BICUHU COJIEHOIOa I CUli cCmpymy 8
HbOMY.

Ha npoBiHUK 3 CTpyMOM B MarHiTHOMY IOJII Jli€ CHJIA, KA HAa3UBA€THCS
cunor Amnepa.

A. AMmiep eKclepuMEHTalIbHO BCTAHOBHUB, IO cura F , sxa Odie na
NPAMONIHIUHUL  NPOGIOHUK 13 CMPYMOM, WO nepedy8ac 68 O0OHOPIOHOMY
Ma2HimHoMy noui, npsmo nponopyiuna cmpymy | i doeocuni nposionuka |,

maenimuin inoykyii' B i cunycosi kyma o midic nanpsmom cmpymy i 6ekmopom
B:
F=BIl; F=Bllsin«
abo
dF = 1Bdlsin(dl’, B).

Hanpsim cunu Amriepa BU3Ha4arOTh 3a MPABUIIOM JIIBOT PYKH: SKUO O0JIOHIO
Ji80OI pYyKU po3micmumu makx, wo JiHii [HOYKYii B 6xoounu 6 OO0n0HI, a
BUMASHYMI NATbYl NOKA3YEATU HANPAM cmpymy |, Mo GiOXUNeHUU GeIUKUL
naneys noxasice Hanpam cunu Amnepa.

Cuna AMrepa i€ Ha IPOBIAHUK 13 CTPYMOM.

Hanpsim BexkTopa o0epraro4oro MoMeHTy cuia M __ MoOKHA 3HaAiTH 3a

MpaBWIOM OypaBUMKa: SAKWO 20N08KY Oypasuuxka obepmamu 3a HANPIMKOM
obepmaiouoi 0ii cui, NPUKIAOeHUxX 00 KOHMYpPy 3 CIMPYMOM 8 MASHIMHOMY NOJ,
Mo NOCMYNAIbHUL pyX 0ypasuura 6yoe CniGHAnNpasieHUull 3 6eKMopoM MOMEHMY
CUTTU.

Benmnuuny momenty cuin M | mo o0epraroTh KOHTYP ILIOLIMHOK S 3

cunoro ctpymy | B marmiTHOMY moni 3 imgykmiero B, moxHa Bu3HaumMTH 32
dbopmyiioro:
M =BIS sin «,
I ¢ - KyT MDK HanpsIMKOM BEKTOpa IHAYKIT MarHiTHOTO TOJs 1
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HANpsSMKOM TO3UTUBHOT HOpMaJi N 70 KOHTYpY.

3a HarpsM MO3UTHBHOT HOpMaJIi N MPUIHATO HAIIPSIM ITOCTYAITBHOTO PYXY
IIPaBOTr0 TBUHTA, SIKIIO TOJIOBKY 00EpPTaTH 3a CTPYMOM B PaMIIl.

Momenm cun, wo obepmaromv KOHMYp 3 CHMPYMOM 6 OOHOPIOHOMY
MASHIMHOMY NOl, OOPIBHIOE 000YMKY IHOVKYIL Yb020 NOJS, CUNL CHMPYMY 8
KOHMYPI NIOWI KOHMYPY [ CUHYCY KYMA MIHNC 8eKMOPAMU MACHIMHOL THOYKYIL 1
HOpPMAi 00 NIOWUHU KOHIYDY.

Cuny, o Jl€ Ha pyXOMYy 3apsAJKEHY YacTMHKY y MAarHiTHOMY IIOJiI
HA3UBAIOTh cunoro Jlopenya.

Mooyne cunu Jlopenya nOPiBHIOE BiIHOIIEHHIO MOAY/Is F cunw, 110 mie Ha
BiZpi30K mpoBigHuKa 3aBIOBXKKH Al , mo kxigpkocti N 3apsmkeHHX YaCTHHOK,

SIK1 PyXarOThCs BIIOPSAIKOBAHO Ha IIbOMY BiAPI3Ky MPOBIIHUKA!

3 :E. E, =qiBsina; F, =qoBsin(, B).
Cuna Jlopenya, wo Oie Ha 3apsao0, AKUU DPYXAEMbCS 8 OOHOPIOHOMY
MACHIMHOMY NOJI, O0pPIBHIOE 000YMKY IHOVKYII Yyb020 noOJs Ha 3apsaod, HA

WBUOKICMb 11020 PYXY I HA CUHYC KYMA MINC HANPAMKOM MACHIMHO20 MO |
HANPAMKOM PYXY 3aps0y (mobmo midxc nanpsamxamu éekmopie U i B).

Cuna JlopeHna neprneHauKyIspHa 10 BekTopiB B Ta O . Hampsm cuim
JlopeHlia BU3HAYalOTh 32 MPABUIIOM BEKTOPHOTO 100YTKY a00 32 IPaBUIIOM JIiBO1
pyku, ane ko ( < 0, To BUTATHYTI manbLi pykd Tpeba COpAMYBAaTH IPOTH

BEKTOpa IBUJIKOCTI U .

[IpaBumno niBoi pyku Juisi BU3HaU€HHs cuid JlopeHua: skuo 0ononio nieoi
PYKU po3mauilyeamu max, wjob MacHimHi JiHii 8X00unu 6 Hei, a Homupu
BUMASHYMI NAIbYL HANPABUMU 30 HANPIAMKOM PYXYy HOZUMUEHO20 3apsdy (abo
NpoOmMuU HANPSAMKY pyxy 810 €MHO20 3apsaody), mo 8eluKuil naieys, 81086e0eHUll Ha
90°, noxaowce nanpsam cunu Jlopenya.

Sx Ou He Oyna HampaBieHa cuiia JlopeHUa, BOHA 3aBXAM HANpsSMIICHA
BEKTOPY HIBUIKOCTI 1, BIAMOBIAHO, BEKTOPY MEPEMIILIEHHS 3apsiay, PU LbOMY
BOHA poOOmunepeHecents 3apsoy 6 MacHimHoMy Nojli He 8UKOHYE, B PE3yJIbTaTl
4Yoro KiHETMYHA E€HEepris 3apsay, 10 PYXA€TbCSd B MArHiTHOMY MOJII MiJ €0
cuu JlopeHna, ne amintoemucs.

Takum ymHOM, 3apsKeHa YaCTHWHKA, 10 BIETIIa B OJHOPIAHE MarHiTHE
1oJie MEPHEHAUKYJISIPHO 10 MOT0 MArHiTHUX JIHIN, pyXaemvcs pieHOMIPHO O

KOsy, IO 3aXOIUTIOE MarHiTHI JiHIi.
2

: : : v
YacTuHKa PiBHOMIPHO PyXa€Thes 0 Koty pagiycom I:m— =|q,|B.
r

3B1IKHU
mo

r=——.
q,/B
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Skmo 3apskeHa 4YacTHMHKA BJITA€ B MArHITHE TOJIE M KYyTOM JO
MarHiTHUX JIiHIA, TO BOHA Oyne pyxamucs no 2eunmositi ainii. Bigctanp, Ky
BOHA IIPOJICTUTh B3JIOBXK MAarHiTHOI JiHIT 3a OAWMH OO0EPT, HA3UBAETHCS UASOM
28UHMA.

Bionocna maenimna npounuxnicme cepedoguuya MOKa3ye, Yy CKUIBKU pa3iB
MarHiTHa IHAYKIIA y JaHOMY Cepe0BHIII OliblIa (YU MEHIA), HIXK y Bakyymi (y
Bakyymi u =1).

e B
B,
TOOTO XapaKTEPU3y€e MArHiTHI BIACTUBOCTI CEPEIOBHILIA.
B onHOpiIHOMY cepeloBUILl MarHiTHA 1HIYKILiSL JOPIBHIOE:
B =/B,.

OTxe, BEKTOpP Mar”iTHOI 1HIYKIIil B s OJIHOPIJTHOMY CEpEJIOBHIIII
BIJIPI13HSIETHCS B1Jl BEKTOpA |§0 y Till caMiil ToUIll IPOCTOPY Y BaKyyM.

Abcontomua MacHimHa NPOHUKHICIb

H, = KoM

Maenimnuui MOMeHm(f)W) KOJIOBOTO CTPYMY — LI€ BEKTOP, MOJYJb SKOTO
COPsIMOBAaHUN TEPHEHAUKYISPHO IUJIONII KOJIOBOTO CTPyMy 3a TIPaBUIIOM
OypaBuurKa

p.=1S.

Maenimnum nomoxom O Kpi3h IJIOHMHY (TIOTOKOM BEKTOpPa MarHiTHOI
1HIYKI[1) Ha3uBae€TbCcs AOOYTOK 1HAYKII MarHiTHOrO TOJISI Ha BEJIUYUHY

IUIOIMHK, TOOTO SKIIO MardiTHa iHAyKuis B neprnenaukynspaa no o
MOBEPXHI, TO
& =BS.

Maernimuuti nomix uepe3 0esiKy NIOWUHY OOPIBHIOE KIIbKOCMI MACHIMHUX
JIHIU, WO nepecikarms yio nIOuUH).

Marnitauii notik @ (MOTIK MarHiTHOT 1HIYKIIIT), IO MPOHU3YE MOBEPXHIO
IUIOLIEIO S

@ =BScosa,

A

—

e a = (ﬁ : Bj; A - BeKTOp HOpMaJIi 0 OBEPXHI.

Maenimuuti nomik, wo cmeopenuti 0OHOPIOHUM MACHIMHUM NOJeM Kpi3b
0esKy NAowaoKy 8 HboMy, 00PIBHIOE 00OYMKY THOVKYII Yb020 MACHIMHO20 NOJIS
HA 8eIUYUHY NIOUWAOKU | HA KOCUHYC KYIA MIHC 8eKMOPOM MACHIMHOL IHOYKYIL i

HOPMALII0 00 Naowaokuy. AGO HIIIMMHY CJIOBaAMU: MacHimuum nomokom D depe3
MIOBEPXHIO 3 IUIOIIEKD S HA3UBAIOTh BEIMYHMHY, IO JOPIBHIOE JOOYTKY MOIYJIs

—

BEKTOpa MaruiTHOI inayknii B Ha mromy S i kocuHyc KyTa O MiX BEKTOpamu
Bif.
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SK0 pumHATH, 110
Bcosa =B,
TO
®=BS.

Toni maenimnum nomoxom @ depes IUIOILY MOBEPXHI S, PO3TALIOBAHY
MEPIEeHIUKYISIPHO 70 JIHIA 1HAYKIN1, HAa3WBalOTh BEJIUYUHY, 110 JIOPIBHIOE
100yTKY MartitHoi inaykmii B na mromry S .

Ha npaxtumi ui aii 3BOASTHCS 10 iHTErpyBaHHs 10 BCil IUTOMMHI S ;

@=[BdS,
S

—

ne B, - mpoekunis BekTopa B na HOpMaie M 1o miomm.

MarniTHUH MOTIK XapaKTEPU3YEThCS KIIBKICTIO CHUJIOBUX JIIHIM MarHiTHOI
innyknii B yepes moBepxmio miomero S .

Ilosnuti nomix eexmopa MacHimHOI IHOYKYIL uepe3 3AMKHYMY NOBEPXHIO
OOPIBHIOE HYIIO.

MarHiTHU NOTIK — CKaJIsipHa aJireOpaiuHa BeIuYrHa, TOOTO BIH MOKe OyTH
JOJaTHUM 1 B1JI'€MHHUM, OCKUIBKM KOCHUHYC KyTa & MOXE OyTH OUIbIIUM 1
MeHIUM  Hyds. Opunuuga  marditTHoro mnotoky B CI —  gebep
L7222 =1B-c=1B6]. 1 B6 - ue marniTHuii TMOTIK, CTBOpEHHUIl OIHOPITHIM

MarHitTHUM 1noneMm  iHpykmiero 17 ckpise  mmomaaky 1w’ |, mo
NepHeHAUKYISIPHA MATHITHUM JTIHISIM.

EJIEKTPOMATHITHA THIAYKIIIA

Ha pizanx pocmimax M. dapaneili mokazaB, 10 MPU BCIKUX 3MiHAX
MarHiTHOTO MoJis B 00J1acTi, 0OMEXEHI1! KOHTYPOM MPOBIIHUKA, B OCTAHHbOMY
BUHUKAE eleKMPOPYULiUHA CUld iHOVKYIL.

Bignomenns podotn A =~ croponHix cun — cui Jlopenua F, - no Bennunnan

3apany (, mo nepeminryerbess Humu gopisHioe EPC innyknii & :

5 — Acm
i —_ T
q
EPC inoykyii' y npsamoninitinomy nposionuxy |, 1mo pyxaerbcs BiIHOCHO
MarHiTHOTO TOJIS 31 IBUIKICTIO U
& =Blusina,

7€ & KyT MK BEKTOPOM MarHiTHO1 1HYKITIi B i BEKTOPOM IIBUIKOCTI U .

EPC inoyxyii, wo sunuxac 8 nposioHUKy, KUl pyXacmuscs NOCMYNAlbHO 8
OOHOPIOHOMY MACHIMHOMY O NIO KYMOM 00 MACHIMHUX JHIl, OOPIBHIOE
000ymKy IHOYKYII Yb0o20 NOAs HA WEUOKICMb NPOBIOHUKA, HA U020 O08HCUHY 8
YbOMY MO | HA CUHYC KYyMda MIdHC 8eKMOPOM I[HOYKYIL MACHIMHO20 N0 |
BEKMOPOM WBUOKOCI NPOBIOHUKA.

[IpaBuiio mpaBoi pyKu: sAKWO O0NOHIO NPABOI PYKU PO3IMICIMUmMuU mak, wyood
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BeKMOp [HOYKYII MASHIMHO20 NOAL 6X00U8 6 Hei, a 6elUKull naieyb,
giocmaenenuii na 90°, nanpasumu 6 nanpsAMKY pyxy npoeionuxa, mo 4omupu
BUMSACHYMUX NATbYL NOKANACYMb HANPAMOK IHOYKYIUHO20 CIMPYM) 8 NPOBIOHUK).

[To mpoxoKeHH1 N0 IPOBIAHUKY 1HAYKIIHHOTO CTPyMY BiH HarpiBaeThCs,
TOOTO

2
Q=I’Rt; Q=§—it,
R
ne R - omip mpoBinHuKa.
Inoykyitinut cmpym — 11€ CTPyM, 110 BUHUKAE Y 3aMKHYTOMY MPOBITHOMY
KOHTYP1, KOJIM 3MIHIOETHCS KIJIBKICTB JIIHIM MarHiTHO1 iHAYKIII1, [0 POHU3YIOTh
oy, oOMexeHy UM KOHTYpoM. AOo cuna indykyitnozo cmpymy | npsamo

nponopyiiuna EPC inoykyii & i obepneno nponopyitina onopy konmypy R:

I, :é,a6o l, __AP
R RAt

Jnst koutypy 3 N BuTKiB:
|, =-N22
RAt

[HAYKIIAHUNA CTPYM B MPOBIJHUKY BUHHUKAE TIJIBKHU TOMA1, KOJIA MarHiITHUN
MOTIK CKPi3b IJIOMIUHY, OOMEKEHY ITUM MPOBITHUKOM, 3MIHIOETHCS.

[IpaBuiio 1151 BU3HAUCHHS HAMPSAMY 1IHAYKIIMHOTO CTPYMY 3allpOTIOHYBaB B
1833 p. E.JleHi: unanpsam iHOYKYitiHO2O CmMpymMy 3a8H#COU MAKuti, wWo U020
8l1ACHe MAa2HIMHe nojie NPOMUOIE Mill 3MIHI MAZHIMHO20 NOMOKY, SIKe 30Y0J4CY€
IHOYKYIUHULL CIMPYM.

HampsiMm 1HIyKIIMHOTO CTPYyMy 3pYyYHO BHU3HAYATH 3a TMPABUIIOM IMPaBOi
PYKH: SKWO NPagy pyKy posmicmumu max, woo ainii iHOYKYii MacHimHo2o noJis
6X00UNU 8 OO0JIOHIO, A BIOCMAGIEHUll NIO KYMOM Geluxkull naieysb 30ieascs 3
Hanpsmom nepemiujerHsi Npo8iOHUKA, MO YOMUPU GUNPAMIEHI NATbYI BKANCYMb
Hanpsm iHOYKYIlIHO20 CIMPYMY 8 HPOBIOHUKY.

VY3aranbHene npaBuio JleHma: eunuxkaroui 6 npoyecax IHOYKYii nos,
CIMPYMU | CUTU 3A8HCOU NPOMUOIIOMb MOMY NPOYeECY, AKUU BUKIUKAE THOVKYIA.

Enexmponu 6 nepyxomomy npogioHUKy NpU8oOAmvCs 8 pyxX eleKmpUuyHuUM
nonem i ye none 6e3n0cepeoHbO NOPOOACYEMbCA 3MIHHUM MASHIMHUM NOJIEM.
Tum camMuM  CTBEPIKYEThCS  HOBA  YHOAMEHMANbHA — GIACMUBICb
ENeKMPOMACHIMHO20 NOJISL: 3MIHIOWYUCL Y YACI, MAZHIMHE Noje NOPOONCYE
enekmpuyte nose. (Makcein).

JIist  KINBKICHOT OILIIHKM CaMOIHAYKIII MPOBIAHUKA BBEACHO (I3UUYHY
BEJIMYMHY, SKa HA3WUBAEThCA IHOYKMuUGHicmio. |HIYKTUBHICTh TO3HAYAOTh
giteporo L. ®dizuunHa cyTh Taka: IO IS 33JaHOTO KOHTYPY MOTIK MarHiTHOI
IHAYKIIT ~ TPOMOPIIHHUK  BEKTOpPY  IHAYKII, a  3TJHO  3aKOHOM
bio-Casapa-Jlamaca, BeKTOp 1HIYKIII1 MPOMOPIIIHHUIN CHIII CTPYMY B KOHTYPI.

MarHiTHUl TOTIK, OOMEXEHUW KOHTYpOM, TMPOMOPIINHUN BEIHYNHI
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CTpyMy, TOOTO
O=LlI,
ae L - koedimieHT nponopiiiHOCTI, AKMA BUpa)kae 1HAYKTUBHICTh JAHOTO

KOHTYDY.
D, AD

I Al
Inoykmuenicme xomwmypy — 1ie (I3UYHA BEIMUYMHA, SKA BUMIPIOETHCS
MarHiTHUM IIOTOKOM 4Yepe3 IUIONIy, OOMEXEHY KOHTYpOM, SIKIIO B IbOMY
KOHTYpl MPOXOJWUTh OJWHUYHHUI CTPYM 1 HEMa€ IHIIUX JHKEPET MarHiTHOTO
TIOJISI.
[HAyKTUBHICTP KOHTYpY — CKajJspHa JoAaTHa BenuunHa. OIuHUIA

inayktuBHocti B Cl - ecewpi: [lBjézlf H:| . I'enpi — 1ue 1HAYKTUBHICTbH

IPOBITHKMKA, HABKOJIO SIKOI'O MarHITHHIA MOTIK 3MiHO€ThCS HA 1 BO 11ipu 3miHi B
HBOMY CHJIHM cTpyMmy Ha 1 A.
[HayKTHUBHICTh MOKHA BU3HA4YUTH 1 uepe3 EPC camoinaykiii:
At dt
ngc_; ngc_'
Al dI|
Inoykmuenicme ~ koumypy  Oopienwoe  mooynto  eionouwtenns  EPC
CAMOIHOYKYIT 8 KOHMYPI 00 UBUOKOCMI 3MIHU CULU CIPYMY 8 HbOMY.
InoykmusHnicmes — 1€ (i3WyHA BENIMYMHA, sIKa 4KceNbHO aopiBHIOe EPC
CaMOIHIYKIIil, [II0 BUHUKAE B KOHTYPi BHACi 0K 3Minu ctpymy Ha 1 4 3alc,

.. . o B-c
O3HayeHHs OJIMHULII 1THIYKTHBHOCTI MOKHA JIaTH 11e ¥ Tak: |1 7 =17n|.

Tenpi — 1ie IHAYKTUBHICTB IPOBigHKKA, B skoMy BuHMKae EPC camoingykuii 1 B
py 3MiHI cum ctpymy B Hbomy Ha 1 4 3a lc.

[HAyKTUBHICTh, SIK 1 €JIEKTPOEMHICTh, 3JICKUTHh BIJ TEOMETPUYHHX
(dakTOpiB: BiA pO3MIpIB MPOBIIHMKA 1 Horo QopMmu, ajne HE 3aIECKUTh
0e3rocepelHbO BiJl CHUJIM CTPyMYy B MPOBIAHUKY. KpiM TOrO, iHAYKTHUBHICTbH
3aJIe)KUTh BiJl MarHiTHUX BIIACTUBOCTEH CEpeloBHUINA, B SIKOMY 3HAXOJIUTHCS
MPOBIAHUK.

Inoykmuenicme conenoioa MaKCUMaJIbHO 3aJICKHUTHh BIJl KITBKOCTI BUTKIB
N i MarHiTHHX BIaCTHBOCTEN OCepast AL '

L= ,uo,ulNZS ;
L:/uo/unzv’

N . . _
ne N, = T - YYUCJIO BUTKIB HA OQUHHUIIIO JOBKUHHU COJICHO1Ia [M l]; V=Sl -

00’€eM cojIeHOIna [M3 ]
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L =, 1S .

InoykmusHicms conenoioa npsamo nponopyiuna Keaopamy Yucia 6UmKie Ha
OOUHUYT OO0BIHCUHU COJIEHOIOA, 1020 O08MHCUHI, NAOWI BUMKA | MACHIMHIU
NPOHUKHOCMI 0CepOsl.

[Ipu nocnioosnomy cnonyuenni KOHTYpPIB - IHIYKTUBHICTb:

L=L+L +L +..+L,.
[Ipu napanenvromy cnonyyenni KOHTYpPIB - IHTYKTUBHICTB:

1 1 1 1 1
E:Z+f+f+m+L_'
2 3 n
MarniTHe 1oJie, MOB’si3aHe 3 CJIEKTPUYHUM CTPYMOM, XapaKTEePU3YEThCA
NIEBHOIO CHEPTI€l0 — eHepeiclo MmacHimHoeo nons. Lld eHepris YuceabHO

JOPIBHIOE POOOTI, sIKa BUKOHY€EThCSI CTpyMOM Ha nojoJianHs EPC camoinaykuii
3a yac, KOJM CTPYM 3pOCTa€ BiJ HYJIA JO CBOTO CTAJIOr0 3HAUEHHS.
2
w, =
2

@opMysa BU3HAYAE E€HEPril0 MArHiTHOrO MOJS 3aMKHEHOTO MPOBIIHOIO
KOHTYpy 3i ctpymoM | Ta ingykrusHicTio L.

ToOTO enepeis macHimHO20 NOSL CONEHOIOA 3 CMPYMOM OOPIBHIOE NOJIOBUHI
000ymMKy IHOYKMUBHOCMI Yb0O2O COJIeH0I0a HA K8AOpam CUiu CMpymMy 68 HbOM).

EHeprist MarHiTHOro noJsi CoJICHOi1a:

W :lLlOﬂNOZIZSI;W:lLlOﬂNOzIZV;W — 82 V,
m 2 m 2 m 2//[0/1
| =——.
HouN
TI'ycmuna enepeii maecHimuo2o nojist — 1€ €Hepris, sika MiCTUTHCS B OJTUHUII
00’€My MarHiTHOTO TOJIS:

e B= XNy Bl

ne V - 00’eM 3aliHATUI MATHITHUM ITOJIEM.

@13UYHUIA 3MICT T'YCTUHHU €HEPTIi: 00 'eMHa 2ycmuna enepeii MAacHimHo2o
NOJisL 00PIBHIOE eHepeii Yb0o2o NOoJisl 8 OOUHUYL 00 '€MY NPOCMOPY, 3AUHANO20 HUM.

BZ
@, = :
T 2,

06 ’emna cycmuna enepaii MazHimHO20 NOJIA NPAMO NPONOPYIUHA K8AOPAIMY
MacHimHOoI THOYKYIL Yybo2o nois i 00epHeHo NPONoOpYiuHa GIOHOCHIU MACHIMHIU
NPOHUKHOCMI cepedosuya, 3aHamoi HUM.

[eit BUpa3 ajig TYCTUHU €HEPTii MarHiTHOTO TOJIsI 3aCTOCOBHUM 1 10 TOJIS,
CTBOPEHOI'0 TMPOBIIHUKAMHU OYJb-sKOi (POpMH, a TaKOXK IO TOJS MOCTIMHHUX
MarHiTiB.

['yctiHa eHeprii MarHITHOTO TIOJSI — CKajspHa JOJaTHA BEJIMYUHA.
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L Y oic

Onuuuirst B CI rycTuHU eHeprii — 0ocoyiv Ha KYOIYHUUL memp {ﬂ—3} A 5
M M

00’eMHa I'yCTHHA €HEprii TaAKOro MarHiTHOTO TOJIs, SIKE B KO)KHOMY KyOI4HOMY

METp1 MPOCTOPY, 3aHHATOr0 HUM, Ma€ eHeprio 1 Joc .

3MIHHUI CTYM
Maenimnuii nomix, SKui IPOHU3YE KOHTYP PAMKH, BUPAKAETHCS TaK:
@ =BScose; ®=BScosat,
e at - ¢dasza, abo KyT MK HampsiMOM HOpMall N 0 IUJIOMIMHU PaMKH 1
HaIpsIMOM BEKTOpa B; ® - unkniuna wacrora; S - mioma paMKH.

SIkm1o
BS =@,,
€ @o - MaKCHMAaJIbHE 3Ha4YEHHS MarHiTHOI'O IIOTOKY,
TO
D=, coswt .
Benuuuna eﬂekmpopymiﬁﬂoi' cuu BU3HAYAETHCI TaK:
e :—Z—?; e =BSwsin a; e =BSwsin wt .

EPC inoykyii, wo euHuxkae 6 KOHmMypi, KUl 00epmacmuvcs PiBHOMIPHO 8
0OHOPIOHOMY MACHIMHOMY NOJI, OOPIBHIOE 00OYMKY IHOYKYII MACHIMHO20 NOJIA,
naAoWi KOHMYpPY HA KYymogy WEUOKICMb KOHMYpPY I HA CUHYC KYyma MIidiC
BEKMOPOM MASHIMHOI IHOYKYIIL | HOPMAJLIIO 00 NIOWUHU KOHMYDY.

SAxmo xyr «=90°, 10 Ssihna=1, Tomi EPC imgykmii B komi Oyze
MaKCHUMaJIbHa 1 JOPIBHIOE:

&, =BSw.

Maxkcumanvna EPC inOykyii, wjo SUHUKAE 8 KOHMYPI, AKUU PIBHOMIPHO
obepmaemovcs 8 0OHOPIOHOMY MASHIMHOMY NOJli, OOPIBHIOE 00OVMKY IHOYKYIL
MQA2HIMHO20 NOJIA HA NIOWY KOHMYPY 6 MACHIMHOMY NOAL | HA KYMOGy
WBUOKICMb KOHMYDY.

[Hmmy 3anuc:

e, =P,wsin wt.
SIKIIO paMKa CKIIaaeThes He 3 OAHOr0, a 3 N BUTKIB, TO €JIeKTpOpyIiiiiHa
cuia THIyKIil
e :—NCL—Cf; e. = NBSwsin at ,
MakcumaiibHe (aMIUTITYIHE) 3HAaUeHHS eJIEKTPOPYIITIHHOI CUITH:
& =NBSw; e =ND wsin at

ne O,w=¢, - ammnityaHe (MakCUMalbHE) 3HAYEHHS EJIEKTPOPYIIiHOI

CHUJIN.
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e, =¢&,Nsinwt.
Hamnpyra 3MiHIO€TBCS 32 CHHYCO1THUM 3aKOHOM:
u=U,sinat,
ne U, - ammniTysa Hanpyru, ToOTO MakCMMalbHE 33 MOJYJEM 3HAYECHHS

HaTpyTH.
VY KoJ1 BUHHUKAE 3MIHHUI CTPYM Ti€i caMO1 YaCTOTHU:
i =1,sin(at + @),
ae | - amIiiTyna CuiIm CTpyMy, TOOTO MaKCUMAaJIbHE 32 MOJLyJIEM 3HAYECHHS

CWIM CTPyMY; ¢ - pi3HHLS (3CyB) (pa3 MIXK KOJIMBaHHSIMU CHJIM CTPyMy 1
HanpyTH.

Benuunna, 110 JOpIBHIOE KBaJpaTHOMY KOPEHIO 13 CEPEIHbOIO 3HAUYEHHS
KBaJipaTa CUJIM CTPYMY, HA3UBAETHCS QiF0UUM SHAUEHHAM CUTU 3SMIHHO20 CIPYMY
(ecpexmusne):

R I
':\/'_"_ﬁ'

iloue 3nauenmnsi cunu 3MIHHO20 CMPYM)Y OOPIGHIOE CUNL NOCMIUHO20
CMpPYMY, Wo 8UOINAE 8 NPOBIOHUKY MAK) CAMY KITbKICMb MEeNniomu, K 1 3SMIHHUU
CmpyMm, 3a Mou camuil yac.

BenuuuHa, 110 JOPIBHIOE KBAIPaTHOMY KOPEHIO 13 CEpEIHbOr0 3HAYEHHS
KBaJpaTa HApPyTru, HA3UBAETHCS OIIOUUM 3HAYEHHAM HANPY2U 3MIHHO20 CIPYMY
(ecpexmusne):

U=Vi;u="2.
V2
Hiroue 3nauennst EPC 3miHHOTO CTpyMmy
f b
Nk

Bynp-siki enexkTpoBUMIpIOBaIbHI MPUIAAN, BBIMKHEHI B KOJO 3MIHHOTO
CTPYMY, IMMOKA3yIOTh HOTO 10Ul 3HAUCHHS.

Bennunna R, ska Ha3uBayiacsi B KOJIaX MOCTIHHOIO CTPYMY €ICKTPUYHUM
ornopom abo MPOCTO OMOPOM Y KOJII 3MIHHOTO CTPYMY HA3UBAETHCS AKMUBHUM
ONoOpoM.

AMIUTITYZa CUJIM CTPYMY BU3HAYAETHCS PIBHICTIO

Korymka inaykTuBHocTi L 4nHHTS omip 3MiHHOMY cTpyMy. Benmmunny R,

[0 JOPIBHIOE AOOYTKY ITUKIIIYHOI YacTOTH Ha I1HAYKTUBHICTh, HA3UBAIOTh
[HOYKMUBHUM ONOPOM.

R =al.

L
AMITTITYZ]a CHIIA CTPYMY Y KOTYIIIII
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U U
l,=—=%,a060 |, =—2>.
R, ol
3MIHHHH CTpyM 3JaTHUH TPOXOJIUTH IO KOJIY B SKOMY € KOHJIEHCATOP
eMHicTIO C

Bemnmunny R., oOepHeHy a0 A00YTKy IMKIIYHOI YacTOTH HA €MHICTH
KOHJICHCATOPA, HA3UBAIOTh EMHICHUM ONOPOM.

AMILTITYAa CUIIA CTPYMY

0

I :ﬁ, abo I, =U,aC.
RC

MuTTeBe 3HAUEHHS 3apsAay B KOHI[eHcaTopi:
q=Q,coswt,

ne Q, - aMIuTiTY 1He 3HAYCHHS 3apsay KOHACHcAaTopa.
Bupas pob6umu uepe3 aMIiiTyiH1 3Ha4YEHHS CUJTU CTPYMY 1 HAIIPYTH:

A:%IOUOCOSgo-t,

ne t =T -wuac oxnoro mepiony.
Bupas pooumu depes airodi (€(peKTUBHI) 3HAUYEHHS CUJIU CTPYMY 1 HAIIPYTU:
A=1Ucosep-t.
llomyoxcnicmes 'y KOJ1 3MIHHOTO CTPYMY BHU3HAYa€ThCA JAOOYTKOM CUJIU
CTpyMy Ha Harpyry:
P=IU
Mummeea nomyoswcHicms 'y KOJ1 3MIHHOTO CTPYMY BHU3HAYA€THCS TaKOIO
dbopmyIoro:
p=iu.
Cepenus MOTYKHICTh 3MIHHOTO CTPYMY:

P:TA; P=%|OUOCOS(p

abo
1
PZEIOUOCOS(p.

CepedHnsi nomyosicHiCmsd 3MIHHO20 CMPYMY 3d Nepiod O0O0PIGHIOE 00OYMKY
OiloUUX Hanpyau i CUulu Cmpymy HA KOCUHYC DI3HUYL (a3 MidC KOJIUBAHHAMU
Hanpyeu i Cuiu cmpymy.

[ToTy>XHICTh 3MIHHOT'O CTPYMY Ha JILJISIHII KOJIa BUBHAYAETHCS CaMe OifouuM
3HAYCHHSIM CTpyMYy 1 HanpyTH. Yepes aitodi (e(heKTUBHI) 3HAYCHHS CUJIIA CTPYMY
1 HanpyTHu (opmyJia HaOyBa€e BUTIISIAY:

P=1Ucosg.
[ToTy>XHICTh 3MIHHOTO CTPYMY ICTOTHO 3aJICKHUTh B1J] KOCHHYCA KyTa 3CYBY
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¢da3, Tomy COS (¢ Ha3UBAIOTh KOEPIYIEHMOM NOMYHCHOCHII.

KoedimieHT noTy)HOCTI:
R R

2 _; COsp = .
@C

3cys ¢haz Mk CTPYMOM 1 HAIIPYTOKO BU3HAYAETHCS CITIBBITHOLICHHSIM MIXK

AKTUBHUM 1 IOBHUM OIIOPOM KOJIa.

Hanpyea na obmomkax mpancgopmamopa npsamo nponopyitHa Yucity
BUMKIB 8 HUX.

COSp =

COS _R
¢ 7

v, _N,
U, N
EPC 6 obmomkax mpaucghopmamopa npsamo nponopyitiHa Yuciy eumkis &
HUX.

N

1 1

g N
Cunu cmpymie 6 oomomkax mpancgopmamopa obepHeHo nponopyitiHi 0o

YUCIa BUMKIB Y HUX.

Il N2
LN,
JlaHe BiIHOIIEHHSI Ha3UBAIOTh Koe@iyieHmom mpauncghopmaysii.
kzﬁ; k:&; &:&:k
Ul Nl Ul Nl

Koeghiyienm mpancgopmayii — 1ie 9uciio, 1mo BU3HAYAE, Y CKITBKH pa3iB
BIIPI3HSETHCSA HAmNpyra, MojaHa Ha TMEPBHUHHY OOMOTKY, BiJl HANpPYTH, SKYy
JICTAOTh Ha BTOPUHHINA OOMOTIII Ha XOJIOCTOMY XOJ1.

SIkmo K >1, TOo TpaHchopmarop MiABHILYE HANPYry i HOro HA3WBAIOTh
niosuwysanvHum, a upu K <1 tpancdopmarop € sHuiCysanbHUM.

Koeghiyienm xopucnoi 0ii mpancgpopmamopa:

U,l P

n=—2.100%; n = 2 .100% ,
Ul P+P +P

cm.

ne P, - moryxHicTs cioxkuBaua; P, - Brparu B Migi; P - Brparu B craini Ha

nepemMardiayBaHHs ocepis 1 crpymu Dyko.

Koedimient kopucHoi mii Tpancpopmaropa 77 AOPIBHIOE BiTHOIICHHIO
eneprii crpymy W, y BropunHiit oomoTtui g0 eneprii crpymy W, B niepBuHHiit
0OMOTIIi, BUPAKEHOMY Y B1ICOTKAX:

nz%-lOO%; U=M-100%.

1 171
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EJIEKTPOMATHITHI KOJIMBAHH A
Dopmyna nepioOuyHUX 61ACHUX KOIUBAHb, abo gopmyna Tomcona
T=2zJLC.

llepioo enacnux enekmpomacHimHux KOJIUBAHb 6 KOAUBATLHOMY KOHMYPI
NPSAMO NPONOPYIUHUL KOPEHIO KBAOPAMHOMY i3 IHOVKMUBHOCMI KOMYWKU 1
EMHOCMI KOHOeHcamopa.

3 popmyau BUIHO, 110 TIepios T MOBHHEH 30UIBIITYBATHChH 13 3POCTAHHSIM
L i C. Cupasni, i3 30iapmennsM L cTpym MOBiIbHIIIE 3pOCTa€ 3 4acoMm i
MOBUIBHIIIE CITaJIa€ 0 HYJSA. A MM OUIbIIIa EMHICTh, TUM OLJIbIIIE Yacy MOTPiOHO
VTSI TIepe3apsiIKeHHs] KOHAeHcaTopa.

[Ipu KoIMBaIBLHOMY MPOIIECT EHEPTis MOJI 3apsKEHOr0 KOHAeH caTopa
2

w o
°2C
MIEPETBOPIOETHCS B €HEPT1F0 MAarHITHOTO TTOJIS
L
M - 2

B KOTYIIII 1HAYKTUBHOCTI 1 HaBIaKH.

IToBHa eHepris B KOHTYPI:
2

2
W =W, +W, =const;W :q—+i:con3t.
‘ 2C 2

llosna enepeisa enekmpomMazHimHUX KOIUBAHb 8 I0eAIbHOMY KOJIUBATbHOM)
xoumypi W 0opignioe maxcumanvniti enepeii enekmpuunozo nona W, , saxy

KOHMYp OMPUMYE NPpU 3apsA0NCEeHHI KOHOeHcamopa, abo pieHa MAKCUMANbHIU
enepeii maenimnozo noas komywxu W, abo dopienroe cymi mummesux 3HaueHs
enepeii enexkmpuunozo noasi W, i maenimnozo nona W, 6 6yov-saxuii momenm
yacy KOJIUBAHD.
W=W_=W_=W +W .
YMOBa 3aCTOCOBHOCTI A0 peaJibHOro KOHTYpy (opmynu TomcoHa ta
IHIIUX PIBHSIHB, CIIPABEIJIMBUX JJIsI KOHTYPY 11€JIbHOTO:

R << E , /L ,
7 \C
ne R - akTHBHMIA OMIp KOHTYPY.

L
e E - BCJIMYWHA, 110 HA3UBAECTHCA X6UTbOBUM ONOPOM KOHNYPY.

besposmipna BenuunHa
1 /L
O=RC
HA3UBAETHCA 00OPOMHICMIO KOHMYP) .

Axwo 0obpomuicms KoMUBANILHO20 KOHMYPY 6 bacamo pasz Oinvuie 1,5
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(npaxmuuno Oinbe OOUHUYL), MO 3AMYXAHHAM KOJAUBAHbL 8 KOHMYPI MOICHA
3Hexmysami.

HHobpomuicms KoaueanibHo20 Kowmypy — WOTO BaXKIIMBA XapaKTEPUCTHKA,
SAKa TMOKAa3y€ MOXJIHMBICTh KOHTYPY HIATPUMYBATH B HbOMY €JIICKTPOMArHIiTHI
KOJIMBAHHSI.

EJIEKTPOMATHITHI XBWNJII
B Oynb-siIkoMy 1HIIIOMY CEpPEIOBUII HIBUJIKICTh €JIEKTPOMArHITHUX XBUJIb
U B N pa3 MEHIIIAa, HIX y BaKyyMi:

ae N - abCOMOTHUM MOKa3HUK 3aJIOMJICHHS JAHOTO CEPEIOBHIIIA.
n=.&u.
Abcontomuuil  NOKA3HUK 3AIOMIEHHS Cepedosuyad OOpPIBHIOE KOPEHIO
K8aopamHomy i3 000ymKY 1020 OieleKMpU4HOI | MA2HIMHOI NPOHUKHOCIELL.
HIBUAKICTH MOMIUPEHHS €IEKTPOMArHITHUX XBUJIb Y BaKyyMI:

1
NS

L=C=

M . .
ne ¢~ 3-10° — - mBUAKICTH CBITIIA.
c

IBUAKICT, MOIIMPEHHS EJEKTPOMArHiTHUX XBWIb y OYyAb-IKOMY
CepEeIOBHIIIL:
c

L= L g,

= — = —
VEEHhH \VEH

Loeoicuna enexkmpomacHimuoi xeuni — 1€ BIICTaHb, Ha SIKY MOIIUPIOETHCS

XBMJIA 32 OMH nepion koausanb E i B.
VY noBiTpi
c=Av; A=S7 A=cT,
Vv
ne V, T - BIAMOBIAHO YacTOTa i MEPIOJ MOIIMPEHHS €JIEKTPOMAarHiTHOI
XBHJII.
VY cepenoBuiii
v=Av; A=2, A=uT,
Vv
ne A - Bigmaae MDK JBOMa MakCMMyMmMaMu abo MiHIMyMaMH 30ypeHHs
CJIEKTPOMArHITHOTO TTOJISI.
Inmencuenicmo (| )- abcoiroTHa BeIWYMHA PIiBHA EHEPril, IO
NEPEHOCUTRCA XBUJIEIO 33 OJMHUIO Yacy t yepe3 OIMHHMUHY IUIOWAAKY S ,
PO3TaIIOBaHy MEPICHANKYIISIPHO J0 HHOTO.
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WL AW
St SAt
I'yctuny mnoTtoky BumnpomiHioBanHs B Cl BupaxaroTb y eamax Ha

. [Bm }
K8aopamHui memp ~ |-
M

I'ycmuna nomoky 6unpomiHo8aHHs OOpPIGHIOE  00OYMKY  2YCMUHU
eNeKMPOMACHIMHOL eHepeii Ha WBUOKICMb iT NOWUPEeHHS.
Il =wo,
ne W - TyCTHMHa IMEPEHECEHO1 EHEeprii; U - MBUAKICTh NOIIMPEHHS XBHIII
(mpuyomy W =wetS).
I’ yemuna nomoky sunpominto8anHs 610 MOYK08020 0Hcepena 3MeHULyEmvCsl
0OepHeHO NPONOPYIIHO Keaopamy 8i0cmauni 0o ddicepend.
W 1

=——,
Ant R?
ne S =47R?.
T'yemuna nomoxy eunpominio8anusi NPONOPYINiHA 4emeepmomy CMeneHio

yacmomu.
_EB

Mo
06’emna cycmuna euepeii eleKmpomMacHimHoi Xeuni — 1€ BIIHOIICHHS
€JIEKTPOMArHiTHOL €Heprii 0 OAUHULIL 00’ eMy.
w
wW=—.
\
Bupasu, 1o BCTaHOBIIOIOTH 3alEXKHICTb O0’€MHOI TYCTHHHU €Heprii
€JIEKTPOMArHiTHOI XBWJII BiJI CHJIOBUX XapaKTEPUCTUK EIEKTPUYHOTO 1
Mar”iTHOTO TOJIiB, i3 IKHUX BOHA CKJIQJA€ThCA: CICKTPUYHOI Hampyx)eHocTi E i

MAar”iTHOI IHAYKIi B :

| ~w'. |

w=_EB . w_gB |5f
VLI Mo
_ g,E?  B?
W:We +WM’ W= +

2 2uu
EHeprisi enexkTpoMarHiTHOI XBWJI, IO 3HAXOAWTHCA B OJUHHUII 00’ €My
IPOCTOPY, HA3UBAETHCS CEPeOHbOI0 00 EMHOIO 2YCIMUHOIO eHepaii:
AW | AW
W=——-7/; W=——.
AV ScAt
O6’emMHa rycTHHa €Heprii eJeKTPOMArHiTHOI XBUJI1 1 ii MOTY>KHICTh MPSAMO
pOMOopIiiiHA YEeTBEPTIN CTENEH! ii YaCTOTH:
2
gA \ o'
W= - —,
4mrc” ) €

0

ae A - aMIUIiTyJa KOJNMBaHb, () - LMKIIYHA 4YacToTa; I - BiacTaHb Bif
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HAIPY>KEHOCT] €JEKTPUYHOTO TOJIS 10 3apsiay.
Amnnimyoa nanpysicenocmi enekmpuynozo nois E 6 enexmpomacnimmiii

X8Uni NpAMO NPONOPYIUHA KEAOpamy UYacmomu KOJNUBAHb 3apsody, WO
BUNPOMIHIOE Yl0 X68unio, abo Keaopamy yacmomu KOJIUBAHb 6EeKMopda
HANPYICEHOCMI ) XQUJIL.

A
o 0

4drere

2.3. 3aKkoHHU i 3aKOHOMipHOCTI po3ainy

EJIEKTPOCTATHUKA

3axon 36epesrcens eneKmpuiHo20 3apsoy

Hagnumiok enexkTpoHiB Ha OJHOMY TUIl pPOOUTH WHOr0 HEraTWBHO
3apsKEHUM, HeJocTava ix Ha JPYroMy Tull poOUTh MOro B I[IJIOMY MTO3UTHUBHO
3apsaKeHUM. HeraTuBHMI 3apsii OJJHOTO Tijla TOYHO JOPIBHIOE 32 BEJIHMYUHOIO
MMO3UTUBHOMY 3apsy Apyroro Tina. Lle monoxeHHs BigoMe ITi1 Ha3BOIO 3aKOHY
30epeKEeHHSI €NIEKTPUYHOTO 3apsy: eleKmpudHi 3apsaou He GUHUKAIOMb | He
BHUKAIOMb, BOHU MOJICYMb TUUE Nepedasamucs 8i0 00H020 Mild 00 IHUL020 abo
nepemiuysamucs 6cepeouri 0aHo2o miid.

N
q,+9, +...+q, =const; Zq, =const.
i1

Aneebpaiuna cyma 3apadis, AKi GUHUKAIOMb Y 0)0b-AKOMY eeKMPUUHOMY
npoyeci Ha 6cix minax, wjo 6epyms y4acmov y ybomy npoyeci, 3a8x#cou 00pPieHIOE
HYTIO.

[HIIUMU CITOBAMU: 8 i30.1b08aHill cucmeMmi aneebpaiuHa cyma 6cix 3apsoie
30epicacmuvcsi npu 6y0b-aKUX 3MIHAX 8CEPEOUHT CUCMEMU.

[301v06aH010 HA3UBAETHCS CHUCTEMA, SIKa HE OOMIHIOETHCSA 3apsaamMu 13
30BHIIIHIM CEPEIOBUIIEM.

HaenextprzoBaHi pI3HOMMEHHO 3apsi/KEHl Tila - TPUTATYIOTHCS, a
OJTHOMMEHHO — BIJIITOBXYIOTHCSI.

3akou Kynona

KymoH BCTaHOBMB TakKuM 3aKOH: CUlU B63AEMOOIL 080X MOYKOBUX
3apA0ANCeHUX Mil NPAMO NPONOPYIUHI 00OYMKY GelUYUHU IX 3aps0i, 0OepHeHO
NpoNnopyiuni K8aopamosi 8iI0CMAaHI MidC HUMU, 3A1edxHcamsv 8i0 cepedosuula i
HanpsmileHi 8300824 IHIi 00 yenmpie mil.

R, =k ik,
ar
ne k — xoedimieHT MPOMOPLIAHOCTI, MO0 3AJIEKHUTHh BiJ BHOOPY CHCTEMHU
OJIMHHWII; & - BIIHOCHA JIieJICKTPUYHA MPOHUKHICTh CEPEIOBUIIA — YUCIO, SIKe
noKasye, y CKIIbKU pa3ié culd 63aeMo0ii 0y0b-aKux 3apsaoie y OaHOMY
cepedosuUi MEHUA, HIJNC Y 8AKYYMI.

117



Inkosn, mo0 makpecauTH, mo (, 1 ¢, - Moxynl 3apanis, To (Gopmyia
3akoHy KynoHna npuiime BUTIsa;

— A

2

ne F, - cuna B3aemonii y Bakyymi; F - cuia B3aemogii y 1aHOMY cepeloBUILL.

Jst Bakyymy & =1, muis iHIIOTO cepefoBHINa AieIeKTPHYHA TPOHUKHICTh
OUIbIIIE OUHUIII.

OAVHUILIEIO CUJIH € HbIOMOH,0IMHULIEIO BIICTaH1 — Memp, OAUHULICIO 3apsTy
— KYJIOH.

Koedimient mponopitifinocti y 3akon1 Kynona B onunauisix ClI:

1
Are,
&, - MIEJNEKTpUYHA CTala.
2
£, 88510 ™" a6o ¢, -885.102 L.
H-m M
2
k=9.10° L
Kn

[ls BenuuuMHa O3HAYa€, MO0 08a MOUKOBUX (SIKI 3HAXOOSAMbCA 6 CNOKOI)
enekmpuunux s3apsaoie no 1 Kn xoowcnuii, posmawosani y éaxyymi na iocmani

1 M 00un 8i0 00Ho20, 83aEMO0iOMb 00UH 3 00HUM 3 eenukoro cunoio 9-10° H .
Bignosinuo, zapso 1 Kn - dyoice eenuxuit 3apso.
3akoH Kynona B CI HaOyBae Takoro BUTJISIY:
_ q1q2 .
- drger®’
Ilpunyun cynepnosuyii cun
Sxmo Ha 3apsia OiI0Th CWIM 31 CTOPOHM JEKUIBKOX 3apsiiB, TO iX
pPIBHOJIAHA BHU3HAYAETHCA 3a IMPABUIIOM BEKTOPHOTO CKiamaHHs cui. lle
MIPaBUJIO HA3UBAETHCS NPUHYUNOM CYNEPRO3UYIL CUL.

— — — — — N —
F=F+F+..+F,,ab0 F=)F,
i=1

—

ne F, F,, ... F, - Hanmpy»eHOCTi OB, 5IKi CTBOPIOIOTECS OKPEMIMH 3apsIaMH B
JaH1{ TOYII MPOCTOPY.

[IpuHuun cynepno3uliii CHUJI IpH B3a€MO/I1i IEKUTbKOX 3apsIiB: piGHOOIUHA
cul, Wo Oi€ Ha OaHull 3apso0 3i CMOPOHU THUUX 3apPA0i8, OOPIBHIOE BeKMOPHIU
CyMi cull, AKi Oitomb Ha yetl 3apsao 31 CMOPOHU KOHCHO20 3apsidy OKPEMO.

Ilpunyun cynepno3uyii nonis:

Hanpy»xeHicTh pe3yiabTylouoro IMoJii CHUCTEMU TOYKOBHX HEPYXOMHUX
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3apsiTiB JOPIBHIOE BEKTOPHIN CyMi HANPY>KEHOCTEH MOJIIB, CTBOPEHUX KOKHUM
13 X 3apsi/IiB OKPEMO, TOOTO

— — — —> — N —
E=E+E,+..+E,,a00 E=)E,,
i=1

ne E,E,, .., E
JaHIM TOYIIl POCTOPY.

Hanpyscenicmo pe3ynvmyouozo erekmpuuno20 nojis cucmemu moukoux
3apA0NCEHUX Ml BU3HAYAEMbCA 8EKMOPHOIO CYMOI0 HANPYHCEHOCmel o6
okpemux  3apsodcenux min. 1lell BHUCHOBOK Ha3UBAIOTh  MPUHYUNOM
He3anedcHocmi  Oii  eleKMPUYHUX NOai8, NPUHYUNOM HAKIAOAHH:, a00
Cynepnosuyil.

Pe3ynbTytoua Hampy>KeHICTh MOJA Yy JOBUIBHIM TOYIll TMOJS JIBOX
HEPYXOMUX 3apsiB, 5Kl JIEKATh B OJHIN MJIOIIHHI:

E=.E’+E’+2EE,cosa.

\ - HAIIPY’>KEHOCTI TOJI1B, SIKI CTBOPIOIOTHCS OKPEMUMMU 3aps1aMU B

Teopema ['aycca

Teopema I'aycca moB’si3ye MOTIK BEKTOpa HampyXKeHOCTi (ab0 BeKTopa
THIYKIN{) €JIeKTPOCTATUYHOrO TMOJS KPi3h JOBUIBHY 3aMKHEHY IMOBEPXHIO 13
3apsIOM, IKHA OXOIUTIOETHCS ITIEI0 TIOBEPXHEIO.

Teopema ["aycca jyisi TOTOKY BEKTOpPa HAMPYKEHOCTI €JIEKTPUYHOIO MOJIS
YUTAETHCS TaK: HOMIK BEKMOPA HANPYHCEHOCmI uepe3 0)0b-AKY 3aAMKHEHY
NOBEPXHIO, AKA OMOUYE eNeKMPUdHI 3apsaou, OOPIGHIOE

cDE - £,6 Izﬂ:q

[nakme: nomix eexmopa HaANPy#ceHOCMi CKpi3b 3AMKHYMY HOBEPXHIO
NPAMO NPONOPYIUHULL AN2eOpaiyHill CymMi eneKmpUudHux 3apsaoie, po3maulo8aHux
8cepeouni yiei no8epxHi.

1
@, :giEndS:q.

dopmyrna st 0OpaxyHKY MOTOKY BEKTOpa IHAYKII €IeKTPOCTATHYHOTO

MIOJISI Ma€ BUTJIA;

@D:iqi; @, =§{D,dS=q.
i=1 S

llognuti nomix eexmopa eneKmpudHoi iHOYKYii uepe3 O008LIbHY 3AMKHEHY
NOBEPXHIO YUCEIbHO OOPIBHIOE ANI2eOPAiuHIll CYMI eleKMPUUHUX 3aps0ie Mill, SKi
micmambces 6cepeduni yiei nogepxri. Y 11boMy HoJisirae cyTh Teopemu ["aycca.

[3 mi€i Teopemu BWIUIMBAE, IO, SKIIO BCEPEAMHI 3aMKHYTOI MOBEpPXHI
3apsAaM €, ale iX anredpaidyHa cyma JOpPIBHIOE HYJIO, TO TIOTIK BEKTOpa
HaIpy>KeHOCTI (1HIYKIlii) CKpi3b II0 MOBEPXHIO, K 1 y BUMAAKY BIACYTHOCTI
BCEpEIMHI HET 3apsiiB, TOPIBHIOE HYIIIO.
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EJIEKTPMYHUI CTPYM

3axon Oma Ons OinaHKU Koa

JlinsHKa KOJ1a, 110 HE MICTUTH JKEpelia CTPYMY Ha3UBAEThCS 0OHOPIOHOI0.

3aNIeKHICTh CUJIM CTPYMY BiJl HAllPyTH HA KIHUAX AUISIHKA KOJIa Ta ONOpPY
i€l TUISHKY Ha3uBaeThesa 3akonom Oma.

3akoH OMa 4YWTa€TbCA TaK: cuia cmpymy 6 OilAHYi KOaad HNpimo
nponopyiiuna Hanpy3i Ha KiHYAX yici OLIAHKU | 0OepHeHO NPONOpPYIlHA 1020
onopy.

Jugpepenyianvna gpopma 3anucy zaxony Oma 015 OLIAHKU KOAA

3aKOH, IO BUPAXKA€ 3B’A30K TYCTHMHU CIPYyMy | 3 HaIpPyKEHICTIO

CNIEKTPUYHOTO Moyt E, HasuBaeThes zaxonom Oma i oupepenyianvhii hopmi
(Tak SIK TyCTHHA CTPYMY — BEJIMUMHA JU(EepeHIialIbHA).

j:iE’

yo,
le | - TyCTHHA CTPYMy; O - IHTOMHUIA omip; E - HanpykeHiCTh eleKTpUYHOrO
MOJIsl B IPOBIAHUKY.

Iycmuna cmpymy Ha Oinanyi Koia npsamMo NPONOPYIUHA HANPYHCEHOCMI
eNeKMPUYHO20 NOJISL 8CePeOUHT Yicl OLIAHKU.

j=ok,

1€ O - MUTOMA E€JIEeKTPONPOBIAHICTS.

3akou [icoyna-Jlenya

Kinvxicmos menna Q , WO BUOLIAEMbCA 8 NPOBIOHUKY HA OLISAHYI KOJd,
npsamo nponopyitna keéaopamy eenuyunu cmpymy |*, onopoei nposionuxa R i
yacy npoxoodicents cmpymy t

Q=I°Rt.
Iamum BUrasa:

Q:u,a6o Q=IUt.

R

Kinbkicts Temmotu B CI Tak sK i po60Ta BUMIprOeThCs Y 0acoyasx: [ Joc].

3akon JDxoyms-JIeHma Bupakae BeIWYMHY €HEprii JpKepena, ska
MIEPETBOPIOETHCSA Y BHYTPIIIHIO €HEPT1I0 TIPOBIIHUKA.

3axon Oma 0151 HeOOHOPIOHOT OLAHKU KOl

3axon Oma JJ11 HEOJTHOPITHOT AUISTHKH y IKOMY HEBPaXOBaHO OTIIp JKepesia
CTpyMY:

| = P—@,+ g _
R3az.
3akon Oma Jj1s1 HEOTHOPIAHOI AUISTHKY y SKOMY BpaxoBaHO OMIp JpKepera

120



cTpymy I
| = ¢O—@,+ 5 .
R+r
Cuna cmpymy 6 HEOOHOPIOHIU OLIAHYI KOA NPAMO NPONOPYIUHA CYMI
pisHuyi nomenyianie Ha ii xKinysax i oirouiu na nit EPC i obepneno nponopyiiina
onopy OLNAHKU.
3axon Oma 0ns nogHoco Koa
Bupa3 3akony Oma 1J1s1 HOBHOTO KOJIA:
=5,
R+r
ne R - omip cokuBauiB cTpymy (30BHIilIHIN omip), I - omip kepena cTpymy
(BHYTpilHIH omip); R+ I - moBHUI omip Koa.
Cuna cmpymy 6 xoni npamo nponopyiuna EPC Oocepena cmpymy i
00epHeHo NPONOPYIUHA CyMi ONOPI8 308HIUHBOIL I GHYMPIWHBOT OLIAHKU KOJIA.
[HIIIMI BUTHALD:

E=IR+Ir.
Axmo
U=IR
CIaJl HAIpyTHU B 30BHINIHROMY KoOJTi 3 oriopoM R, To
U=<&-1r,

ne Ir - cman Hanpyru BcepenHi pKepeia CTpyMy.
®opmyna 3akoHy Oma mis moBHoro kona 3 N nocnidosno 3’conanux
0OHAKOBUX Odicepel.
| = No
R+Nr
dopmyna 3akony Oma mis moBHoro kosa 3 N napanenvno 3’conanux

0OHAKOBUX Odiceper’

=N

R+ -
N
Ha 3akoHax mOCHIIOBHOTO 1 NapalieNbHOTO 3’€IHaHHS MPOBIAHUKIB
3aCHOBaHa BCS TEXHOJOTIA OCBITIIOBAIBHUX MEPEeX W I1HIIMX PO3ALIIB
CICKTPOTEXHIKH.
Ilocnioosue 3’ €OHanHs NPOBIOHUKIB
[Tpu nocriooénomy 3’€qHaHHI OMOPIB cuiia CTpyMy |, sKHii MPOXOAUTH 110
KOJY, JOPIBHIOE CHJI1 CTPYMIB, 1110 TPOXOASITH KPi3b OKPEMHUIL OIip:
I=l,=1,=1,=..=1,.
Coax manpyru U Ha BCi#f DimsHIN KoJIa TOPIBHIOE CyMi CITaiiB HAIPyT Ha
KO>KHOMY OITOPi:

U=U,+U,+U,+..+U,; U=YU..
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Onmnip 30BHIMIHBOIO KOJIa R TOpiBHIOE CyMi OKpEMHUX OIOPIB:
R=R+R,+R,+..+R,; R=YR.
i=1
SIxmro Bei N mpoBigHMKiB MaroTh ogHaKoBuii omip R, To
U=NU"1iR=RN.
Hamnpyra Ha 1BOX MOCIIIIOBHO 3’ €JHAHUX MPOBIJHUKAX IPSIMO MPONOPLIHI
OTIOpaM IUX MPOBIIHUKIB:
U_R
U, R,
llapanenvue 3’ conanms nposioHUKIG
[Tpu napanenvnomy 3’eqHaHHI OMOPIB cuia cTpyMy | B HeposramymkeHii
YaCTHHI KOJa JIOPIBHIOE CyMi CTPYMIB Y KOXKHOMY OKPEMOMY OIOPI:

N
=L+, +L++1 1=>1,
i=1

2

Cman Hampyru Ha BCIM AUISHII KoJia JOPIBHIOE CIajaM HaMpyrd Ha
KOKHOMY OKPEMOMY OTIOpi:
U=U,=U,=U,=..=U,
Bennunna oOepHeHa MOBHOMY OMOpoOBI R, JOpiBHIOE CyMi BeJIMYUH,

00epHEHUX OMopaM MapayiebHUX JUTSTHOK:
1 1 1 1 1

1
=+ L= .
R R R R R,’ R =R
Baranpauii omip N mapanensHo 3’€qHaHMX OJHAKOBHX HpoBimgHUKIB B N

pa3iB MEHIIINI OMOPY KOKHOTO 3 HUX:
!
R-R
N
Ilpu napanenvnomy 3’cOHanHi 0YOb-KOI KIIbKOCMI NPOBIOHUKIE iX
3a2anbHull Onip 3a8xcou 6yoe MeHwuUM 8i0 MeHUL020 ONoOpPY YUX NPOBIOHUKIE.
Cunmu cTpyMiB y JBOX TMapajelbHO 3’€IHAHUX MPOBIAHUKAX OOEPHEHO

MPOTOPITIHHI OMTOPaM IUX MPOBITHUKIB:

L_R
.

2
3aranpHa MPOBIIHICTD MAPaAJIENIbHO 3’ €IHAHUX MPOBITHUKIB TOPIBHIOE CyMI

MPOBITHOCTEM KOMKHOTO MPOBITHUKA:
K=k +k, +k,+..+k ; k=>k .

lIpasuna Kipxzogha

Ha mnpaktuiii JocWTh YacTO 3yCTPIYarOThCS CKIATHI MEpPEXi CTPyMiB,
CIIOKMBAYiB, PI3HUX BHUMIPIOBAILHUX TpwiIagiB 1 mnpuctpoiB. CkimamHi
CJIIGKTPUYHI KOJia PO3PaxOBYIOTh, KOPHUCTYIOUUCH 080MA 3aKoHaAMu, abo
npasunramu, Kipxeoga.

[lepme mnpaBmio Kipxroda cTocyeTbcsi BY3JIOBHX TOYOK. Byziom y
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pO3Tally/PKEHOMY KOJ1 Ha3UMBA€ThCS TOYKA, B SKIA CXOASATHCA OUIBII SIK JBa
MPOBITHUKHU.
Cyma 6cix cmpymis, sIKi 6X005mMb Y MOUKY PO32AYOHCEHHS, OOPIBHIOE CYMI
CMPYMi8, SIKI 6UX005Mb 3 Yi€i MOYKU, TOOTO
L+L+1=1,+1,.
SIk1o cTpymH, sIK1 MAXOASATH /10 By3J1a, BBAXKATH JOJIaTHUMH, & CTPYMH, 1110
BUXOJSITh — B1JI’ €EMHUMH, TO

n
Z l, =0,
k=1
ne N - KUIBKICTh IPOBIIHUKIB 13 CTpyMaMu y By31i, |, - CTpymMu B HuX.

[Tepmie mpaBmwiio Kipxroda moxxkHa cpopmylroBaTH 1€ TaK: aneedOpaiuHa
CYyMQa 8eUUUH YCIX CIMPYMIB Y KOJHCHIL MOUYL PO32aA1Y0AHCEHHSI OOPIGHIOE HYIIO.

pyee npasuno Kipxeoga cToCyeThCS 3aMKHYTOTO KOHTYPY. Y 3araabHOMY
BUTJISAJIL JIJIs1 BCSIKOTO 3aMKHYTOT'O KOHTYPY

ZIkRk :ZEi’
k=1 i=1

1€ M - KUIbKICTh AUISTHOK Y 3aMKHYTOMY KOHTYpi, N - KIJIBKICTh BKIIOYEHUX Y
HBOMY JIKEpe.

Hpyre npasuno Kipxroda moxHa chopmyitoBaTH Tak: )y 0V0b-GKOMY
3AMKHYMOMY KOHMYPI, O0BIIbHO BUOPAHOMY 8 PO32ATYOHCEHOMY elLeKMPUUHOMY

Koni, aneebpaiuna cyma o0obymkie eemuuun cmpymie |, na onopu R,

BIONOBIOHUX OLNISIHOK OOPIBHIOE aneeOpaiunitl Cymi eneKmpopyuiunux Cuil, wo
0iroMmob ¥ YbOM)Y KOHMYPL.

Ockinekn || R =U, - nampyra Ha K -ii migsHIi, TO apyre IpaBHIIO
Kipxroda moxxna chopmyloBaTH 1€ TaK: aneedOpaiuHa cyma Hanpye Ha 6cCix
OLIAHKAX 3AMKHYMO020 KOHMYPY OOPIBHIOE ANleeOpaiutill CyMi eleKmpOopYULitiHUX
Cusl, Wo Oiromv y YboM) KOHMYPL.

[IpaBuna Kipxroda mpupatHi ¥ Ajis 3MIHHUX CTPYMIB Majoi 4acTOTH
(KBa3icTaIliOHAPHUX CTPYMIB).

EJIEKTPOITPOBIJAHICTD PIZHUX CEPEJJOBUIL]

3akonu Bonvma

1. KoHTakTHa pi3HUIIS TTOTEHIIANIB 3aJI€KUTh Bl MPUPOIU KOHTAKTYIOUHX
METAJIIB 1 TEMIIEPATYPH CIIAlO.

2. KoHnTakTHa pi3HUI Ha KIHISIX JIAHIIOKKA PI3HOPIAHUX METalIiB HeE
3aJIEKUTh Bl MPUPOJIM MPOMDKHUX JIAHOK 1 BU3HAYAETHCS TIIBKH KpaWHIMU
MeTaJIaMHU.

3axonu enexmponizy

M. ®@apagert ekCnEepUMEHTaJIbHO BCTAaHOBHB y 1834 p. nBa 3aKoHU
EJICKTPOITIRY.

[lepmnii 3aKOH: Maca peuosuHu, SAKA BUOLIAEMbCA HA KONCHOM)Y 3
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eeKmpo0ie, NPONOPYIUHA BeIUUUHI 3aps0Y, WO NPOXOOUMb Yepe3 eleKMpOolim.
m=Kq,

ne K - enekTpoXiMiYHMN EKBIBAJICHT PEYOBHHH, IO YHCEIBHO PIBHHN Maci

PEUYOBUHHU, SKa BUIUISETHCA HA KATOAl MPU HPOXOIKEHHI YEepe3 EJIEKTPOJIT

OJIMHUIIL 3apsay:

m
k=—.
q
EnexTpoxiMiuHMI €KBIBAJIEHT — CKajsipHa JojaTHa BeauuuHa. OauHULS

. . : Ke Ke
€IEKTPOXIMIYHOTO eKkBiBaneHTy B Cl — kinoepam na kynowu: [F} : 1? - IIe Maca
. 7l

PEYOBHHH, 110 BUILISAETHCS HA €ICKTPOIl IIPU IMPOXOHKEHHI Yepe3 eNeKTPOJIIT
sapsiny B 1 K.
SIxuo mpuiinsTy, mwo J = It, to
m =KIt.
[Hie GpopMyIroBaHHS MEPUIOTO 3aKOHY: MAca peuo8UuHU, U0 BUOLISAEMbCA
Ha elekmpooi npu eleKmponisi, NpsaMo NPONOPYIUHA CUNl CMPYMY 8

eNeKmMponimi i 4acy o020 NPOXOOHCEHHL.

A A
m=——q; m= It.
N,Ze N, Ze

Jpyruii  3aKOH:  eleKmpOoXiMIiUHUU  eKGIBANeHM  pedOGUHU  NPAMO

NPONOPYIUHUL XIMIYHOMY eK8i8anleHmy 0aHOi peyo8UHU.

—ch
Z

A

ne C - ymiBepcanbHa cTana Iuis BCIX €I€MEHTIB; E - XIMIYHUM €KBi1BaJICHT

pEUYOBUHU, O€3po3MipHA BEJIIMYMHA, IO YHCEIbHO JOPIBHIOE BIJHOIICHHIO
aTOMHOI MacH 10 BAJIEHTHOCTI, Z - BaJIEHTHICTb.
A
N,Ze
1 1A

OOGepHeHa BeTM4MHA J0 CTAJIO] 6 =F,toni kK = EZ

O6’eqnanuii 3akoH dapanes:
mzléq,aﬁio mziélt.
FZz FZ

Maca pevosuru, wo 6uldinunacsa Ha eiekmpooi npu eieKmponisi, npsamo
NPONOPYIUHA AMOMHIU MACI YIEI peuo8UHU, CUTLL CIMPYMY 8 el1eKmMpPOimi, 4acy
eneKmponizy i 06epHeHO NPONOPYItHA 8ATEHMHOCMI YIEL peuOBUHLU.

Bignomenuss mossipaoi mMacu pedoBunu M (atomuoi macu A) mo ioro
BAJICHTHOCTI Z B €JIEKTPOXiMii Ha3UBAIOTh XIMIYHUM EKBIBAICHMOM DPedO8UHU

X
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A, M
= =7 = 7
Enexmpoximiuni exgisanenmu peuo8uH, wjo 8UOITUIUCSA HA eleKMPOoOi npu
eeKmpOoizi, NPAMO NPONOPYIUHI iX XIMIYHUM eKgiganieHmam. ADO 8IOHOUIeHH S
eeKMPOXIMIUHO20 eKBI8ANeHMAa pPeuo8UHU 00 U020 XIMIYHO20 eKGIBAIeHmA €
GeUYUHA cmaa OJisl 8CIX PEYOBUH.

k _k

VAR 4
SIK110 NpUHHATH, IO CTaJIa BEJIMYMHA
1
eN,’
e € - 3apsn enektpona; N, - ctama ABorazpo,
TO
F =eN,.
Cmana @apaodes (F) YUCEJIbHO JOPIBHIOE EIEKTPUYHOMY 3apsiay, SAKUN
Tpeba TPOMYCTUTU YEpe3 ENEKTPOJIT i BUAUICHHS Ha EJIEKTPOJl Macu

. . . . A
Oynb-sIKOi PEYOBHMHHU, IO JOPIBHIOE B KUIOTpamMax BITHOIICHHIO —

F-9648.10' -

MOJlb

MATHITHI ABUIIA

3akonu bio-Casapa-Jlannaca

EnemenTapHuii BEKTOp MarHiTHOi 1HAYKIIi, 3B’sA3aHUN 3 HECKIHYEHHO
MaJMM €JIEMEHTOM CTPyMy, MPSIMO MPONOPUIAHUNA BEIMYMHI IILOTO €JIEMEHTA

(Idl ), CHUHYyCa KyTa MiX JTOTHYHOIO JI0 €JIEMEHTa CTPyMY 1 HAPsIMKOM Ha JaHy
TOYKY TOJsI Ta OOEpHEHO MPOMOPIIAHUN KBaApaTy BIJACTaHI BiJ e€leMEHTa

CTPyMY 10 JaHOI TOYKHU:
dB — k Idlsm!dl ,r?

2 ]
r
ae I' - Moaysb paaiyca-BeKTOpa, MPOBEACHOIO Bij eneMenTa nposianuka dl mo

toukw; |dI,F) - kyT Mk Bektopom dl (y Hampsimi ctpymy) i Bektopom T ; K -

KOCQIIIEHT MPOMOPLIHHOCTI, IKHH 3aJIeXKUTh Bia BHOOpy omuuuis B, I, 1, r i
o . . k _ luolu
BJIACTHBOCTEH CEPEIOBHUIIA, B IKOMY JIOKaIi30BaHE MarHiTHE ToJie - K = A
T
4 = Mot 1dlsin (dl,r)
A r’

3akon Amnepa
JIBa mpsMi TapaienbHI CTPyMy TMPUTATYIOTHCSA, a aHTUIapasieNbHI
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BIJIIITOBXYIOTHCS; HEMapayelibHl CTPYMU HamMararoThCs CTaTU NMapajeIbHUMH B
onHoMy Hanpsimi. L{e cTocyeTbes 1 TBOX KOJIOBUX CTPYMIB.

ToOTto napanenvri npsami npogiOHUKU 3 CIPYMAMU, WO Medymb 8 0OHOMY
Hanpsimi, NPUMA2YIOmMsCsi 00UH 00 00HO20 Nid OI€l0 CUl 3i CMOPOHU MASHIMHUX
nouie, WO Omouyioms UYi HNPOBIOHUKU, NAPATENbHI NPAMI NPOGIOHUKU 3
CMpyMamu, Wo meyyms aHMUnapaleibHo 00uH 00 00H020, 8IOUWMOBXYIOMbC S
nio 0i€l0 Cul, NPUKIAOEHUX 00 HUX 3i CHIOPOHU MACHIMHUX NONI8 YUX CMPYMIE.

JI71s1 ABOX HECKIHYEHHO JOBIUX HapayieIbHUX MPOBIJHUKIB 13 CTPYMaMU:

g =ty g _ totl,
27R 27R
me |, |, - cunm cTpyMiB BiNIOBIZHO MEpIIOTrO i APYroro MpoBimHMKIB; R -
BiJICTaHb MK ITPOBITHUKAMHU.
Cuna AMrmepa, MX ABOMA NapaJieTbHUMHU MPOBITHUKAMU 13 CTPyMaMHU:
F = ol
27R

Cuna, 3 Axor0 08a napaneibHUxX NPSMUX HECKIHYEHHO 0082UX NPOBGIOHUKU 3
cmpymamu 0iroms 00UH HA 00HO20 Ni0 OIEI0 OMOYYIOUUX IX MACHIMHUX NOJIIS,
NPAMO NPONOPYIUHA OOOYMKY CUTL CIMPYMIB 8 HUX, O08HCUHI OLIAHKU, HA AKY Oi€
ys cuna, i 06epHeHo NPonopyYiuHa 8i0CMaHi Midc NPOBIOHUKAMU.

EJIEKTPOMAT'HITHA THIYKIIIA

3akon enekmpomacHimHoi iHOYKYii

3axon Dapanes s enekTpoMarHiTHO1 1HAYKIIT: EPC erexmpomacHimuoi
[HOYKYIL, WO BUHUKAE 8 KOHMYPI npu 0Y0b-AKill 3MIHI MACHIMHO20 NOMOKY,
nepemunar 4o2o yeu KOHMYp, OOPIBHIOE WBUOKOCMI 3MIHU MACHIMHO20
NOMOKY, 631MO020 3I 3HAKOM MIHYC:

D, - P, AD
§=——"——",a00 §=——",
t,—t, At
ne @, 1 @, - MarHiTHI NOTOKH 4epe3 IJIOILY, 0OMEXEHY KOHTYpPOM y MOMEHTH
. . AD . . . .
qacy t 1 L, ; A IIBUJKICTh 3MIHM MAarHiTHOIO IOTOKY, TOOTO 3MiHa

MarHiTHOTO TTOTOKY 3a OJWHHMIIIO Yacy.

SkIo Mar"iTHe moJie HEOAHOPITHE, MO Npu O0BLNbHIN 3MIHI MACHIMHO20
nomoky ckpizo koumyp EPC iHOyKkyii 0opisHIO€ nepuili NOXIOHIU MACHIMHO20
HOMOKY NO YAcy, 83amoi i3 3HAKOM MIHYC:

& :_d_cl)’ abo & =-@',
dt

3aKkoH ejeKTpoMarHiTHOI 1HAYKIIT: EPC iHOVKYIl 6 3aMKHYMOMY KOHMYPI
O00PIBHIOE 30 MOOYIeM WBUOKOCHI 3MIHU MACHIMHO20 NOMOKY Yepe3 NOBEPXHIO,
00MedHCEHY KOHMYPOM.

SIKIII0 KOHTYP, 1110 MEPETUHAETHCS 3MIHHUM MarHiTHUM MOTOKOM, MICTUTh
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He oauH, a N BHTKIB, TO
do ,
& =—N—,a60 & =—-NO'.
dt
3akon camoinoykyii
3aKoH eNeKTPOMarHiTHO1 IHAYKIT Dapasnes 17 SBUIa CaMOIHTYKITIT:
- AD - do
©AT Y dt
EPC camoindykyii, wo SuHUKAE 8 KOHMYPI NpU 3MIHI CIMPYMY 8 HbOMY,
NPSAMO NPONOPYIUHA WBUOKOCMI 3MIHU CUNU CMPYMY 8 KOHMYPI, 63moi i3
3HAKOM «MIHYC»:
Al

— L=
Se Al

Al . . .
ne N MIBUIKICTh 3MIHHM CHJIA CTPYyMY, TOOTO 3MiHA CHUJIU CTPYMY 32 OJIUHUIIIO

qacy.
Mummesa EPC camoindykyii npsamo nponopyiina neputiiit NOXiOHIU cuiu
CMpYMY no 4acy, 63amoi i3 3HaKOM «MIHYC»:

gc:_l—%; gC:_LII'

3MIHHUI CTYM
3axon Oma 0151 BMIHHO20 CIMPYMY:
U U,

0 . —

l,= 1, =
" JR+(R -R) R2+(wL_lj2
oC

1Y L
ne Z =.|R? +(a)L _Ej - MOBHUH omip Kojia; R - akTuBHA ckiazoBa onopy Z;

1 . )
(a)L — E) - BI/IMOBITHO peaKTHBHA CKJIa0Ba oropy Z .

[ToBHMIA omip Koma (3 CKJIAJIOBUX AKTHBHOTO Ta PEAKTHBHOTO OTIOPY)
HA3UBaIOTh IMNEOAHCOM.

CriBBITHOIIICHHS CITPaBEIINBE I aMIUTITYTHUX 200 ¢()eKTUBHUX 3HAUCHb
CTPyMy 1 HaIlpyru, ajae He I 1X MUTTEBUX 3HA4Y€Hb. A TAKOX JaHUN BHUpa3
CIIpaBeIJIMBUH ISl TIOBHOTO KOJIa, B sikomy i€ 3MiHHa EPC.

3HayeHHs Z HE € CTaJIUM, BOHO 3aJI€XKHMTh BiJl YaCTOTH CTPYMY.
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3. 3agaui 3 3arajgbHoi Qi3uKH, METOAUYHI pekoMeHaamii s ix aHamdizy i
PO3B'sI3yBaHHSHA

Po3B'ss3yBaHHS 3a/1a4 € OJHUM 3 OCHOBHUX BUJIIB AISJILHOCTI CTYJICHTIB IIPU
BUBYEHHI po3auly «Enexktpuka 1 marHetusm». Ilpu po3B'sizyBaHHI 3a7ady, Tak
caMO SK 1 IpUd BUKOHAHHI JIADOPATOPHUX pOOIT, MOMXKHA MaKCUMAaJIbHO
1HMBIlyali3yBaTy NpOLIEC HABYAHHS, 10 IPAKTUYHO HEJIOCSKHO MPU YUTAHHI
nekuil. di3uyH1 3a7a4di Ta BOpaBU OyBalOTh HAA3BUYAHO KOPUCHUMHM IS
MOCTAHOBKM psiAy TpoOJjieM, TEpeBIpKHM SKOCTI 3aCBOEHHsS Marepiany,
MOBTOPEHHS Ta y3arajJlbHEHHsA Matepiany, (GopMyBaHHI MPAKTUYHUX YMiHb,
PO3BUTKY TBOPYHUX 3/1I0HOCTEH CTYJICHTIB TOIIIO.

3anaui 3 Gi3UKK NOJUISIOTh HA €KCIIEPUMEHTaNbHI, IpadiyHl Ta TEKCTOBI,
AKI B CBOI Yepry NOAUIIIOTECA Ha pO3paxyHKoBI Ta skKicHi. HaiiOinbmr
MOMIMPESHUHA BUJ 33724 - TEKCTOBI.

[Iponec po3B'sizyBaHHs (i3UUHMX 3a7a4 CTAHOBUTH COOOIO MOIIYK 3aCO0IB
BUXOAY 3 MPAKTUYHUX, PEATbHUX CKJIATHUX YMOB, MPOIEC JOCATHEHHS METH,
sKa 3 IepLIOro MOIJIAY 3AA€ThCS HEJOCSKHOIO.

s nisanpHICTH OOYyMOBJIEHA OCOOJIMBICTIO I1HTENEKTY, IO € HaJaHHAM
HABYAJbHO-TI3HABANIBHOI  00'€KTUBHOI PEATbHOCTI, MISUIBHOCTI JIFOJAWHHU.
Po3B'si3yBaHHs 3amadi Take X BMIHHS SIK TUIaBaTH, KaTaTUCs Ha JMKax 4ud
KOB3aHax, rpaTd Ha My3WYHOMY IHCTpyMeHTi. HaBuntuch po3B'sa3yBaTtu 3ajaui
MOXHa JIMIIE TPU T[JIMOOKOMY PpO3YMIHHI TEOPETUYHUX OCHOB HAyKH,
HACIIIYIOUM Kpalll MPUKIAId METOIMUYHHUX HIX0/IIB Ta MOCTIMHO TPEHYIOUYHUCH.
VYci nii mpu po3B'si3yBaHHI 3a/ladl MOBUHHI HaraJyBaTH BUKOHAHHS MEBHOTO
anroputMmy. BiH Moxe OyTH pi3HHM Il KOKHOI ocoOucrtocTi. IIpore € meBHi
3arajibHi MiaXoau. A TOMy HEOOX1THO:

* YBQXHO MPOYUTATH YMOBY 3ajadi Ta 3poOUTH KOPOTKHi 3amuc. [lpu
[bOMY BCl YMCJIOBI 3HAYEHHsI BEJIMYMH MOBUHHI OyTH BUpa)X€HI B OCHOBHMX
OJIMHUIISX MDKHAPOIHOI cuctemu oauuuilb (SI). baxkano ckopoueHo 3anucatu ii
CJIOBECHI XapakTEePUCTUKU. Hampukiam:«y CTaHl CIIOKOIOD=CONSt»; «PyXa€eThCsl
PIBHOIIPUCKOPEHO - @=CONSt»; «ONOpoM eieMeHTa 3HexTyBatu -R=0» Tomio.
Cromu x Tpeba BmmcaTh HEOOXiaHI TaOMWUYHI JaHI Ta, SKIIO HEOOXITHO,
3HAYCHHS (PyHIaMEHTAIPHIUX KOHCTAHT - MBUAKICTH MOITUPEHHS CBITIA, 3apsi 1
Maca eJeKTpoHa, crana [Inanka, enekTpuyHa Ta MarHiTHa CTajl Ta 1HIII.

*3pOOUTH MATIOHOK a00 cXeMy, SIKi MaloTh OyTH TOYHUMH, Yy OyIb-SKIN
poeKIlii, 0€3 3HAaUHUX CIIOTBOPEHB MPOMOPIIiK Ta KYTIB, Y 3pYYHOMY MaciiTaoi.
Ha pucynky abo cxemMi mpoCTaBUTH BKa3aHl B YMOBI BEIWYWHU, MO3HAYUTH
3HAKH 3apsJliB, HAMPSIMU CTPYMIB, PyXiB, IPUCKOPEHb, TIFOUUX CHJI, TOLIO.

* IOCTaBUTH Tiepe] coboro 3anuTtanHs: «lllo BinOyBaeThcsa?», «SIke sBwile,
mporec Mae Micre?». BiamoBimli Ha i OUTaHHS MalOTh OyTH BHIUICHHSM
HaWOUTBII ~ BaXXJIMBOTO, TOJOBHOrO 3 (ismunoi Toukum 3opy. Ilicis
dbopMyIIFOBaHHS BIAMOBIAI HA Il 3alMWTaHHS 3HAWTH BIAMOBIAL HA IHUTAHHS:
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«Howmy 1ie siButie (1ei mporiec, 19 cuTyallis) Bii0yBaeThea?». Binmosias Ha 11e
MUTaHHS TOTPIOHO 3amucaTi B MaTeMaTuaHoMy BUTIIsai. [le Moxke OyTu oauH 13
3aKOHIB (DI13UKH, CITIBBIIHOIICHHS OanaHcy eHeprii abo IHIMX BEJIWYUH
(MaTeMaTUYHUI 3alMuc pe3yJbTaTy EKCIEPUMEHTY, (DYHKI[IOHAIbHUI 3B'S30K
MIX BEJIMYMHAMM) TOIIIO.

*IICIsT MAaTEMAaTUYHOrO 3alliCy OCHOBHOI 17€i, Sika BU3HA4a€ CTaH ado
MpOLIEC, OMHUCAHMI B YMOBI, MOTPIOHO 3'CYyBaTHU SIKy BEIWYUHY HEOOXIJTHO
3Haitn («Illo HeBimoOMO?») 1, SKIIO LE 3pa3y MOXKIMBO, BUPA3UTH Il
y3arajibHeHO10 (popmyiioro. [lami 3'sicyBaTu siki BETUYMHUA HEBIJIOMI Ta HAMITUTH
JIaH TOAANIBIIOT pOOOTH MO X BiAmIykaHHO. [Ipu iboMy KOpUCHO TTUTATH cede:
«I1lo e HeBimOMO?», «SIKe MOJIOKEHHS YMOBH I1I€ HE BUKOPUCTAHO?» TOIIO.

* IOBECTH PO3B'30K JI0 KIHIIA Y 3aralbHOMY BHUTJIsAI. [lepeBiputu oauHuUII
IITyKaHOT BeJIMYMHU. J[J1 IbOTO y MPpaBy YacTUHY OJiepkaHoi (HopMysi TOTPiOHO
MiJICTABUTH OCHOBHI OJWHHWIII JaHWUX BEIMYMH 1 IUIIXOM IIE€PETBOPEHbL Ta
CKOPOYCHb IMEPEKOHATHUCH Y MTPABUILHOCTI PO3MIPHOCTI OTPUMAHO1 BETHINHHU.

*[IPOBECTH OOYMCIICHHS Ta 3alucaTd OCTaTOYHY BiAMOBib. Pe3ynbTar
o0UnCIIeHh MOXKEe OyTH HaOmmwKkeHuM. Tol MOXKHA CKOPHUCTATHCS BIJOMUM
MPaBUJIOM: 3HAYEHHS BIJMOBi/AI OBUHHO BKJIIOYATH HA OAHY 3Hauymy nudpy
OlIbINIe, HIXK y BUXITHUX JAHUX.

* IICJISL TOTO K JICTAI YMCIOBE 3HAUSHHS ITYKAHOI BEIMUMHH, TTOTPIOHO
OI[IHUTHU TPaBWIBHICTh (pPeajbHICTh) LILOrO 3HayeHHs. [l 1mporo gatu coOi
BIIMOBIJb Ha 3anuTaHHs: «Yu Moxe Take 3HaueHHs OyTu?» Bci 3amaui pizuku
MOB'A3aH1 3 CTAaHAMM Ta MPOLEcaMU 00'€KTUBHOI pPeaIbHOCTI, TOMY BC1 3HAUEHHS
K1 JIICTalOTh MPU PO3B'sI3yBaHHI 3a/1a4y MOBUHHI OyTH peanbHUMU. He Moxe maca
3emi gopisrioBatH 5-10 ke, a mBHAKICTH cBiTa2-10°M/C, HAMPyKEHICTH MO
B KoHxeHcaTopi3-10" B/u, a emmuicts mposiaHoi kynil0 @ Tomro. Jst OmiHKH
MOAIOHMX 3HAYEHb MOYKHA MOPIBHATH iX 3 BIJIOMHUMHU TaOJIWIHUMH a00 JTOCHUTH
MOIIMPEHUMHU - TYCTHHA, JI1eJIEKTPUYHA TPOHUKHICTD BOIH, €IEKTPOIPOBIAHICTh
MI/Jl1, IBUKICTh TOLIMPEHHS CBITJIAa Y BaKyyMi, EMHICTb 3emill 1 Take iHie. Lle
HE € a0COIMIOTHUM 1 000B'I3KOBUM METOJOM. Y KOKHOT'O MOXYTh OyTH OCOOUCTI
METOAM Ta IPUHOMH OLIIHKY 3HA4eHb (DI3MYHUX BEIUYMH, cBOs 1H(Mopmalid. o
TaKOT0 aHaji3y HeoOX1THO FTOTYBAaTHCh 1 BUKOHYBATH HOTO TIPH PO3B'sI3yBaHHI HE
nuiie GpI3UYHUX 3a1a4.

*B OKpemux (i3MuHUX 3amadax MOTpiOHO rpadiuyHO 300pakaTy TMEBHI
3IEKHOCTI MDK BeamdumHamu. CIij mam'staTtd, IO B KOHKPETHIM 3a1adi s
rpadiyHa 3aJIe)KHICTh Ma€e OyTH HE «B3arajil», a KOHKPETHO BIJIMOBIIATH YMOBI
naHoi 3amadi. [Ipu nboMy 3HOBY CJIijJ] TaM'siITaTH, 110 BCl TpadiuHi 3aI€KHOCTI
BIJIMTOBIIAfOTh PeasIbHUM Tporiecam. He Moke, Hanpukiaa, rpadik KOOpIUHATH
PyXOMOi1 MaTepiajilbHOI TOYKH MaTH Po3puB abo 31aM. bo po3puB o3HauaB Ou
HECKIHYCHHY 3a 3HAYEHHSM IIBUJIKICTh, a 37aM - HECKIHYCHHO BEIHKE
MPUCKOPEHHS B JaHUW MOMEHT.
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3.1. 3microBuii MoayJb Ne 1. EjekTpuka

3.1.1. EnekTpocraTuka

3.1.1.1. Bka3iBKH 10 po3B'fI3KY 32/1a4 3 €JIeKTPOCTATHKH

OcHOBHE 3aBJIaHHS, SIKE CTABUTHCA MPU PO3B'A3KY 3a/1a4 3 €IEKTPOCTATUKU
MOJISITA€ ) BCTAHOBJICHHI OCHOBHUX XapaKTEPUCTHUK NoJist - E, D, ¢ B 3aJIeKHOCTI
B1Jl pO3TallyBaHHs 3apAJIIB, iX KUUIBKOCTI, BIACTUBOCTEHN CEPEIOBHUILIA, a TAKOXK Y
3’sICyBaHHI OCOOJIMBOCTEM B3a€EMOJIl EJIEKTPUUYHUX 3apsiB 1 TOJIB Ta
EJIEKTPUYHMX 3apsi/iiB M1k COOOIO.

Tumosi 3amadi JaHOTO PO3ALTY MOXYTh OyTH 00'€THaHI B Taki OCHOBHI
rpyImu:

1. O6uKCIeHHST CHJI B3a€EMO/IIT MIXK 3aps/IKEHUMHU TiJIaMH, PO3MIIICHUMHU B
OJTHIH TIJIOIIMHI Ta TPOCTOPOBO PO3MIIIICHUX.

2. BuzHaueHHS HAMpPYKEHOCT! €JICKTPUYHOTO IOJIs, SIKe CTBOPEHE OJHUM
3apsAI0M a00 CUCTEMOIO 3apsiiB.

3. BuzHaueHHs MOTEHIIaTy €IeKTPUYHOTO OIS,

4. 3amayl, B SKUX CHUJIM B3a€EMOJII 1 HapamMeTpu EJIEKTPUYHOIO IOJIs
0OyMOBJIEHI PO3MOJIIOM 3apsi/iiB B3JIOBXK 130JbOBAHOTO MPOBIIHHUKA 3a7aHOI
dbopmu 1 po3MmipiB.

5. BusHaueHHS CWJIOBMX Ta EHEPreTMYHMX TMapaMeTpiB MpH BHECEHHI
MIPOBITHUKIB UM JIIEIEKTPUKIB B €IEKTPUUHE TOJIE.

[Tpu po3B'sa3yBaHHI KOXKHOI TPYIH 33/1a4 BUKOPHUCTOBYIOTHCS 3arayibHi s
1€1 TPpyIHU 3a1a4 crocoOu, Ppi3uyH1 3aKOHOMIPHOCTI.

« Tak mpu po3B's3yBaHHI 3ajay, U0 BBIMIUIA A0 MNEPLIOl TPYIMH, CIIiJ
nam'sTaTt, 10 CHUJIY B3a€MOJIi MK TOYKOBHUMH 3apsgaMU OOYHCIIOIOTH 3a
3akoHOM Kyiona. [Ipy nbomMy BpaxoByrOTh:

a) 1110 cuJIa, 3 KOO JIi€ KOYKeH TOYKOBUH 3aps/l, € BEIMYMHA BEKTOPHA;

0) B3aEMOJis JECKIILKOX 3apsiAiB MIATae MPUHITUITY CYTIEPIO3HIIii;

B) SIKILIO JIIHIMHI pO3MIpH 3aps/PKEHUX TUT CIIBpO3MIpHi, a00 OuIblil
B1JICTaH1 B3a€EMO/11, UM B 1HIIMX CKJIQJHUX BUIAJKaX, KOJIU yTPYIHEHUHN MIepexia
110 YSIBJICHB PO TOUKOBI 3apsI/I, TO1 CHITY B3aEMO/I1T MIXK 3apsJPKEHUMHU TijlaMu
Kpaiie oOuucioBatu 3a popmysnoro F=E-g, ne E - HanpyXeHICTh MOJIs, SIKE
CTBOpEHE yciMma 3apsaamu (OKpiM 3apsiay() B TOUI pO3MIIIICHHS 3apsay(.

« [Ipu po3B'si3yBaHHI 3a7a4, SKi BIAHECEHI 10 APYroi rpymnu, BUXOAUMO 3
TOTO, 110 TOTPIOHO BU3HAYWUTU HAIPY>KEHICTh MOJISA, IO CTBOPEHE CHCTEMOIO
3apsiB. [X MOKHa pO3B's3aTH, B OCHOBHOMY, IBOMA CIIOCOOAMHU:

a) O0YHMCITIOIYM HANIPYKEHICTh TOJISI TOYKOBOTO 3apsily 3 BUKOPUCTAHHSIM
NpUHIMITY cyrnepno3ullii; 0) 3a qonoMororo Teopemu Octporpaacskoro-I aycca;

3aCTOCOBYIOUHM NEPITUI CIIOCIO /10 TAKKUX 3aJ1a4, B SIKMX 3apsiIM PO3MOILICH]
110 TIOBEPXHI 4u 00'eMy Tija, iX p0o30MBAIOTh HA €JIEMEHTApHI 3apsau, 0 SKUX
3aCTOCOBYIOTH (DOPMYJIHM HAMPYKEHOCTI TOJII TOYKOBOTO 3apsmny. [Ipu mpomy
BUKOPHUCTOBYETHCS TPUHIMI  CYIEPIIO3UINi TIOJNIB CTBOPEHUX PI3HUMU
3apsgamMu. ToOTO, HAMPYXKEHICTh PE3yJbTYIOUOTO TOJISI, SIKe CTBOPEHE JBOMA

130



eJI€eMEHTApHUMHU 3apsaamMu (i1 Jz, 1110 3HAXOATHCS Ha MIEBHIN BIJACTaH1 OJMH Bij
OJIHOTO, BU3HAYAETHCSA SIK BEKTOpPHACYMa HANPYKEHOCTEH KOXKHOTO 3apsay B

JaHIA TOYIll OKPEMO:
.
= ) E

Skio eneMeHTapHUX 3apsiAiB 0arato, TO IHTETPYBAHHSIM HAIpPYy>KEHOCTEH
MOJIIB  €JIEMEHTAPHUX 3aps/iB BH3HAYAIOTh CyMapHy HamNpy>KEHICThb, SKa
CTBOPEHA 3apA/KEHUM TLIOM, MaMm'siTalouy, 10 MOTPIOHO CyMyBaTHU TUIbKU Ti
CKJIQZIOBl HAIPY>KEHOCTEW eJIEeMEHTApHUX 3apsfiB, fAKl CIHIBOAJAlOTh 3
HAIPSIMKOM PEe3YyJbTYIOUOTO BEKTOpPa HAMPYKEHOCT1 MOJIs, CTBOPEHOTO BCiMa
3apsiiaMu Tija.

[aTerpansHot0  dopmymnoro Teopemu Octporpaacekoro-I'aycca 3pydHO
KOPUCTYBATUCh TOAl, KOJIM 3 MIPKyBaHb CUMETPIi MOKHA BUOpaTH MOBEPXHIO
MIPaBUIILHOT TEOMETPUYHO1 (hOpPMHU, siKa O OXOTUTIOBAJIA 3aps/Id, BKA3aTH HAIIPSIM
JiHIA HaAMpy>KeHOCTi. BuOuparoun TNOBEpPXHIO, IO OXOIUTIOE 3apsau, CIIiJ
naMm'saTaTH, 10 BeTUYMHU HAMIPY>KEHOCTI MO B KOKHIM TOYIll TOBEPXHI MAIOTh
OyTH OJTHAKOBI.

o SIKmo 1HAYKINS 1 HAMPYXEHICTh EJIEKTPUYHOTO TOJISI € BEKTOPHUMU
BEJIMYUHAMM, 1 J11 IO 1X BUSHAYEHHIO M1JIATaI0Th IIPaBUiiaM BEKTOPHOI alreopu,
TO 1HIIIA, HE MEHII BaXKJIMBA EHEPTETHYHA XapaKTePUCTHKA TIOJIS - NOMEeHYIanp -
€ CKaJSIpHOIO BEJIMYMHOW. J[JI1 BU3HAUCHHS MOTEHINANY IOJs MOXJIMBI JBa
METO/IH.

Skmo moje yTBOpPEHE CHCTEMOIO JOBUIBHO PO3MIIMIEHUX TOYKOBHUX
3apsAliB, TO B Oyab - SKiM TOYIl MPOCTOPY IMOTEHIIAT TMOJS CHCTEMU
BU3HAYAETHCS a12eOpaiyHo0 CyMo0 TIOTEHIIANIB TOJIB, CTBOPEHUX OKPEMO

B3SITUMH 3apsITaMH.
N

QY = z Qi
i—1

[eit MmeTo pO3paxyHKy MOTEHIlIATY MOKE OYTH 3aCTOCOBAHUH 1 TO1, KOJIU
3apsAl HEMEepPEepBHO PO3MOIIIECHUNH y MPOCTOpi, TOOTO st OyAb - SIKOTO
3apsHKEHOTO TiJa.

* AJle Takuii METO PO3PaXyHKY MOTEHIATY JIsl TOYOK IOJIs, 1[0 yTBOPEHE
HECKIHYCHHOIO 3apsKCHOI HHUTKOIO YH IIJIACTHHOIO, TMPHUBEAC 0 3HAYCHHS
MOTEHI1ay, W10 JOPIBHIOE HECKIHYEHHOCTI. ToO0TO, pe3yiabTaT HE Mae
di3uyHoro 3micty. B TakoMy BuUIAIKy KOPUCTYHOThCS (HOPMYJIOH0, IO
BCTAHOBJTIOE 3B'A30K MK HAIIPY>KEHICTIO TIOJISI 1 TPAIIEHTOM MOTEHITIATY

E=- gradeo

Y 1upOMy BHMNAAKy, iHTerpyroun Bupas ¢ = — [ Edl, Moxna 3HaiiTh
PI3HUIFOIIOTEHINATIB MK TOYKaMH Ha CKIHYEHHHX BIJICTaHAX B1J JUKEpena Mo,
7I€ HAIPY >KEHICTh MOJISl BU3HAYAETHCS 3 JOCTATHHOIO MTPAKTUYHOIO TOYHICTIO.
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Otxe, AKIIO iCHYEe BHUpa3 ISl HAIMPYKEHOCTI TOJs Oyab-AIKOI CHCTEMHU
3apsiIiB, TO IHTETPYBAaHHSIM MOTO y BIJAMOBIIHUX MEXKaX MOXKHA BU3HAYUTHU
3HAYEHHS MMOTEHITIaTy OTO TOJI.

«[Ipu po3B s3yBaHHI 3aaad, IO BIJHECEHI JO YETBEPTOi TPYIH, CIIIiJ
rmam’siTaTu, 110

a) YMOBOIO €JICKTPOCTATUYHOI PIBHOBAru Ha MPOBIIHUKY € PIBHICTh HYJIIO
HaIpPyKEHOCTI €IEKTPOCTATUYHOTO TOJIsl B CEPE/IMHI MPOBIHUKA,;

0)BEKTOp HAIPYKEHOCTI B OyAb-AKIM TOYIll IIOBEPXHI IMPOBITHUKA
NePIeHIUKYJSIPHUHN 10 HEl, a 3HAUCHHS MOTEHIIaly Mae OyTH OJHAKOBE B YCIX
TOYkax TmpoBigHUKa.IloBEepXHS 3 TakKMUM 3HAYEHHSAM IMOTCHIATy €
eK8INOMEHYIAIbHOIO.

OT1xe, 3a71a41 IO BU3HAYCHHIO PO3MOALTY 3aps1y Ha MMOBEPXHI 130JIbOBAHOTO
MPOBIAHMKA € 3aJadyaMd 110 BH3HAYCHHIO PO3MNOAIIY TYyCTUHH 3apsjaiB Ha
eJIeMEHTax MOBEPXHI MPOBITHUKA, SKIIO B CEPEAMHI MIPOBIIHUKA B yCIX TOUKAX
MOTEHIlal Ma€e OJHakoBe 3HaueHHsA. [lpu nbomy dopMyrna ajisi BU3HAUYCHHS

MOTEHIIIATy Ma€ BUTJISI
1 odS
(p =

drteeg ) T

ne I - BIICTaHb BiJl TOYKH 3 3a3HAYCHUM IMOTEHIIIAJIOM /10 TOBEPXHI

« [Ipu po3B'sizyBaHHI 3a/1a4, M0 BiJHECEHI 0 M'STOI TPYMH, CIIiJl MaTH Ha
yBa3i:

a) G13WYHI TPOIECH 1 3aKOHOMIPHOCTI Y BHECEHMX B CIICKTPHUYHI TIOJIC
MPOBIJIHMKAX OOYMOBJICHI HAsBHICTIO BUIBHHMX 3aps/iB, a B JICICKTPUKAX -
HasIBHICTIO 3B'sI3aHUX 3apsiB, TOOTO B MPOBIJHUKY BiI0YBAIOTHCS MEPEPOIMOALT
3apAJiB Ha MOBEPXHI, a AIEJIEKTPUK MOISIPUIYETHCS;

0) HaTnpy>KEHICTh MOJIA BCEPEANHI MPOBIAHUKA JIOPIBHIOE HYJIEB1 £=0.

B) ICHY€ 3B'SI30K MK TTOBEPXHEBOIO TYCTUHOIO 3B'SI3aHUX 3apsiB Ha MEXi
T1eIeKTPUK-TIPOBITHUK 1 TYCTUHOIO BUIBHHX 3apsi/iiB HA IPOBITHUKY:

, c—1
g =0

£
T') CUJIOBI JIiHIT HA MEXI1 ABOX 130TPOMHUX J1€JIEKTPUKIB 3AJIOMITIOIOTHCS;

1) TPOBIAHUKHA MOXYTh OyTH 3a3eMJIEH] 1 130JIbOBaHI.
3.1.1.2. IIpakTU4Hi 3aHATTH

[Ipaktrune 3ansarrs Ne 1.
B3AEMO/IA TOYKOBUX 3APANIIB. 3AKOH KYJIOHA.

1. 3a teopiero bopa eneKTpoH pyxaeThCs B aTOMi BOAHIO HABKOJIO sapa IO
KOJIOBIM opOiti pamiyca R=0,53 A°. BuszHauuTH MmMBHUAKICTH OOCpTaHHS
CJICKTPOHY.

2. JIBi MizHI Kysibku JgiameTpoMm d=10 MM Ha TOHKHX HEPO3TSKHHX HUTKaX
MiJBIIIEH] TaK, 10 BOHU TOPKAaIOThCA oJHa 10 ofHoi. Ilicis Toro, ik KyJbKd
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3apsIIVIIH 10 BEJIMYMH (, BIZICTAaHb MIXK HUMHM CcTasa piBHOIO =4 cM. BuszHauutu
BEJIMUMHY 3apsiay (, SKIIO J0BKUHA HUTKU |=26 cMm.

3. Y BepmmHax MPaBWIBHOTO IIECTUKYTHUKA 3HAXOAATHCS ITO3UTHBHI
3apsia +(. CTopoHa MIECTUKYTHHUKA a. BU3HAUWTH BEIWYWHY 3apsiay SKUAU
HEOOX1JTHO TIOMICTUTH Y UEHTp QIrypu JUisl 3piBHOBAKEHHS i BCIX IIICTHOX
3apsaniB +(.

4. Bu3HauuTH CUIIy B3a€EMOJII ABOX MOJIEKYJ] BOJAM, €IEKTPUUYHI MOMEHTH
AKUX PIBHI p 1 pO3TAILlIOBaHI B3JI0BXK OAHIET MpsAMOi. BiacTaHp MK MOJIEKyJIaMu
r.

5. I1o TOHKIH HHUTII AOBXHUHOIO |=8 cM PIBHOMIPHO PO3MOMIICHO 3apsi
0:=350 MK, mo aie 3 cunoro F=120 MxH Ha ToukoBHi1 3apsi 1110 3HAXOUTHCS
Ha MPOJIOBXKCHHI Ti€l K HUTKU Ha BifICTaHl F=6 cM Bij ii cepeaunu. Buznauutu
BEITMYMHY 3apsay SKIO CHCTeMa 3HAXOIUTHCS B TIOBITPI.

IIpakTrune 3ansATTS Ne 2.
HATIPY>KEHICTD ITOJIA. ITPMHIMIT CYTIEPTIO3MILI]I.

1. JZIBa TOUKOBUX 3apsiu q1=2°10'7KJ1 Ta q2:-4'10'7KJ1 3HAXOATHCS B
JieekTpuky 3 €=2 Ha Biacrani 0=10 cm omuH Bix oxHoro. BusHauuTu
HaIpPYXEHICTh €JIEKTPUYHOTO TMOJS B TOUlll A, IO 3HAXOJIUTHCS Ha BiACTaHI
r1=20 cM Bix nepuioro ta r,=15 cM Bia JIpyroro 3apsiB.

2. Tonke kimblie paaiycoM R=8cM Hece 3apsiji, piIBHOMIPHO PO3MOIIJICHUH 3
JIHIAHOIO TYCTUHOI. 3HAWTH HaNpPY>KEHICTh EJIEeKTPUYHOTO TMOJs B TOYIN
PIBHOBIIATICHIN Bl BCIX TOYOK KUIbIA HA BijcTaHb =10 cM.

3. ToHKa HUTKA PIBHOMIpHO 3apspkeHa 3apsgoM =610 Ki. BusHauurn
HaIpyXEHICTh TOJISI B TOUIIl, sIKa MICTUThCSl HA BIJCTaHI 1=5-10"m BiJI IIEHTpa
HuTKH 1 Ha 1=0,6 M Bix 11 KIHIB.

4. llpoBigHUK Yy BUIJIAAl MmiBKoJa pagiycom R=0,9 M piBHOMIpHO
3apsamkeHni 3apsaaoM =5 HKi. BusHauuTi HanmpyXeHICTh MO Y HEHTP1 1€l
¢irypwu.

5. Jluck pamgiycom R=0,2 M 3apsmxeHO pPIBHOMIPHO 3 MOBEPXHEBOIO
rycruaor0 6=8,85 107Ki/m°. BU3HAYMTH HAampyXeHiCTh MONS B TOYLi Ha
NepHeHAUKYIAP1, 0 MPOXOAUTH Yepe3 UEHTpP JIMCKa, 1 po3MilleHa Ha BiJICTaHI
h=0,2 M Big HBOTO.

IIpakTrune 3ansATTS Ne 3.
HAITIPYXEHICTD I1OJIA. TEOPEMA I'AVCCA.

1. 3 sxor0 cuiorFsHa OAWMHUINIO TUTOMII BIAIITOBXYETHCS ABI OJHONMEHHO
3apsIKEH] HECKIHYEHH1 IUJIACTMHHM PO3TAlllOBaHI MapayielibHO Yy BaKyyMi.
IToBepxHeBa rycTuHa 3apany Ha iactuHax 6=0,3 MKi/m®.

2. JIB1 1OBri TOHKOCTIHHI KOaKkcialibHI TpYOKH pajiyciB R;=2 cm ta R)=4 cm
HECYThb 3apsu, PIBHOMIPHO PO3MOJIUICH] MO JIOBXHUHI 3 JIHIWHUMHU TYCTUHAMU
7,=10° mxKn/m Tta 7,=-5'10" mxKn/m. ITpoctip Mik TpyOKaMH 3amOBHEHO
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130JIATOPOM 3 JIEJIEKTPUYHOK IPOHUKHICTIO €=3. BH3HAUUTH HaANPY>KEHICTb
IIOJII B TOYKAaX, K1 3HaXOIAThCS Ha BiacTaHl 1, 3 Ta 5 ¢M BIJ CIUIBHOI OCI
Tpyook. HamamroBaTu cxemaTuyHo rpadik 3aje:KHOCTI HANPYKEHOCTI TOJISI Bij
BIJICTaH1 JI0 OC1 TPYOOK.

3. Tpu MeTasneBi ITacTHHU po3TamoBaHi Ha BijcTaHi |y Ta |, ogHa Bijx oHOI.
Ha nepuniii miactuHi 3HaXoIuThes 3apsia +(. JBl He3apsypKeHl IJIaCTUHU
3aKOpOYEH1 MK co00r0. Bru3HauuTu cuiy, sika Jil€ Ha APYry IUIACTHHY, SIKILO
TJIONII BCiX IJIACTHH OJHAKOBI Ta PiBHI S.

4, BU3HauYUTH HAINPY>KEHICTh MOJISI BiJl IBOX HECKIHUYEHHUX KOAKCIaIbHUX
IWIIHIAPIB B TOYKaX, 1m0 BigmaiaeHl Big oct Ha 10 1 20 mm, skmo panaiyc
BHYTPIIIHBOTO HWIIHApPa 9 MM, a 30BHIIHBOro 12 mMm. I'ycTuHa 3apsiB Ha
MOBEPXHi BHYTpilHBOro HUIiHAPy 01=210" Ki/m®, 30BHimHBOrO 0,=4:107
Ki/m®.

5. ToukoBwuii 3apsn =50 HKN 3HaXOMUTHCS HA OCI MPSIMOTO KOJIOBOTO
HWJIHAPY Ha BIACTaHl 5 CM BiJI OCHOBU. 3HAWTH YMCJIO CUJIOBUX JIHIH, SKI
NPOXOATh Yepe3 WOoro OIYHy MOBEPXHIO, KO BHcoTa mwmiHApY h=10 cwm, a
paalyc OCHOBHU I'=5 cM.

[IpakTrune 3aHATTS Ne 4.
[NOTEHIIAJI EJIEKTPUYHOTI'O ITOJIA.

1. Jlo sAxoi BiJicTaHl MOXXYTh HaOJU3UTHUCH JIBA €JIEKTPOHHU, SIKI PyXarOThCs
Ha3yCTpi4 OJIUH OJTHOMY 3 BITHOCHOIO HIBI/IﬂKiCTIOl)():lOGM/C?

2. Tlone cTBOPEHO €IEKTPUUYHUM 3apsiiOM, PIBHOMIPHO PO3MOIIJIEHUM I10
JTOBromMy MWTHAPY pagaiycoM R=1 cM 3 miHiliHOIO rycTuHO0 3apsany t=20uKn/m.
BusHaunTH pi3HUIIO MOTEHITIANIB JBOX TOYOK IHOTO IOJIS, IO 3HAXOAATHCS Ha
BiacTausax a;=0,5 ¢cM Ta a,=2 cM BIJ MOBEPXHI HWIHAPY B CEPEaHIA HOTO
YaCTHUHI.

3. Kinblie TOHKOro ApOTY PiBHOMIpHO 3apsmkeHe 3apsaom =2°10° K.
Paniyc xuibist R=3 cM. Bu3HauuTu moTeHmial MoJisl HA MEPHEHIUKYISIPl 10
IUTOIIMHY KiJIbIA Ha BificTaHi h=4 cM Bija Hel Ta B IIEHTP1 KiIBIIA.

4. BU3HauuTH MOTEHITIaJ TOJIsl B TOYI[l OC1 JTUIIOJS HA BiJCTaHI IBij IIeHTpa
JIMIIOJSL, SIKIO EICKTPUYHUI MOMEHT HOro JOPIBHIOE p, a miede - |.

5. JIBl metaneBi Kymnbku pamiycamu R;=8 cm Ta R,=18 cm 3apsaumum
onHonMennnmu 3apsgamu (;=13 vHKn ta (=18 vKn BigmosimHo. 3HaTH
BEITMYUHY 3apsAiB KYJIbOK MICIS iX 3'€ THAHHS.

IIpaktrune 3ansarrs Ne 5.
EJIEKTPOEMHICTb. KOHIEHCATOPH. 3'€/ITHAHHA
KOHAEHCATOPIB.
1. Ilnockuii KOHIEHCATOP 3alMOBHEHUU TphOMa IMApaMU JiEJIEKTPHUKIB:
ckiaoMm toBmmHOW 0;=0,35 cm (e,=7), mapadinom 3 d,=0,21 cm (e,= 2,1) i
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dadopomds;=0,9 cM (£3=4,5). BusHauuTH HANPYXKCHICTh IOJII B KOXHOMY
nienexktpuky 10 kB.

2. Mix 1macTMHaAMU IUIOCKOTO KOHJIEHCATOpa
napasenbHO 70 HUX BBeJEHa MeTaleBa IIacTHHKA ¢ C;
toBmmHor0 0=8,0 MM. BwusHauutm €MHICTH G ‘,
KOHJIEHCATOpa, SAKIIO IUIONIAa KOXXHOI 3 TIJIaCTHHU
S=100 cMm?, a BijcTaHb MiK HUMU [=10,0 mm. B

3. OOuucnutu 3arajbHy €EMHICTH CHUCTEMU
KoHJieHcaTopiB eMHIcTIO CiTa ().

4. OOYHUCIIUTH EMHICTh CUCTEMH OJTHAKOBUX KOHJIEHCATOPIB EMHICTIO C M1k
Toukamu A Ta B, 300pakeHux Ha cxeMi 1 Ta cxemi 2

G &

1€
|

e i C‘i ) Ag”—ﬂh—”;—”

Aa |l H ¢ I B !

C] IC-}‘

5. Konpgencarop C1=20 mx®d 3apsnunu o pizHuiil norediiainis U;=40 B, a
koHjaeHcatop C,=12 Mx® 3apsaunu Ao pizHuil noreHmiane U,=12 B. Ilicns
BIJIKJTIOUCHHS iX 3'€qHAIM PI3HOIMEHHHMMHU OOKiIajkamMu. YoMy craja piBHOIO
PI3HUIIA MMOTEHITIAMIB, SIKa YCTAHOBWJIACh HA KOHACHCATOPaX IMICHs 3'€THaHHS?

[IpakTrune 3aHATTS Ne 6.
EJIEKTPUYHE I10JIE B JIEJIEKTPUKAX. EHEPI'TS TA 'YCTHUHA
EHEPTI'II EJIEKTPUYHOT O ITOJIA.

1. Mix 1ulacTHHaMH TUUIOCKOTO KOHJIEGHCATOpa 3HAXOJWTHCS CKIISTHA
miacTuHa (&=7), IO TOPKAEThCSA HOro ruractuH. KoHjaeHcaTop 3apsiauiv 10
pizauti norermianisBU=100 B. fAkoro Oynae pi3HUIS TOTSHITIAIIB, SKIIO BUTATTH
IJIACTUHY 3 KOHJIeHcaTopa?

2. Tlpoctip MK TJIacTUHAMU KOHJEHCATOPa, BIACTAHb MK SKUMH
nopiBHioe 0=4 MM, 3amoBHeHUH cimoa00 (6=6). Jlo IUIaCTHH NpPHKIaacHa
pizuun norenuianis 1200 B. Busnauutu: 1) HanpyXeHiCTh OIS B TIEISKTPUKY
-E;2) ToOBepxXHEBY TYCTUHY BUIBHHX 3apsIiB (3apsOiB Ha IUIACTHHAX
KOHJICHCATOpa) -0p;, 3) MOBEPXHEBY T'YCTHHY 3B'3aHUX 3apsiB (3apsiB Ha
MOBEPXHI JiCJIEKTPUKa) —0 ; 4) MieIeKTPUUHY CIPUHHATIMBICTD CITFO/IN -¥.

3. BiacraHp MiX MUIacTHHAMU IIOCKOTO KOHAeHcaropad=2 cM, pi3HHII
notennianis U=6000 B. 3apsig koxuoi mractuang=10"°Ki1. OGuuciuTy eneprito
W monst koHgeHcaropa Ta cuity FB3aeMHOTO MpUTSTAaHHS TUIACTHH.

4. Konpencatop emuictio ;=700 nd 3zapsaunu a0  pi3HMIN
noteHianisU=1500 B 1 BimiMkHynu Bif mkepena Hanpyru. Ilicis mporo 1o
HBOTO MPUETHATN IPYTUi He3apskeHui koHaeHcartop emHictio C,=400 nd.
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Ska KITBKICTh €HEPrii, 3a1aceHoi B IepiioMy KOHJIeHcaTopi, Oyia BUKOpHUCTaHa
Ha YTBOPEHHS 1CKPH, 1110 BUHUKIIA MPU 3'€THAHH1 KOHAEHCATOPIB?

5. BuzHauuTH €HEPrir0 JUIOJSA, SKAW MICTUTBCS B  OJHOPIIHOMY
CJIEKTPOCTATHYHOMY MONI HampykeHicTioE=3'10" B/M, fKIO IUIede MHIIONS
yTBOproe KyT (=30° 3 HampsMOM HaIpPYy>KEHOCTI 30BHIIIHBOTO IOJIS.
EeKkTpruHuii MOMeHT aumois p=410" Ki/m.

3.1.1.3.3apau4i aug caMOCTIHHOTO PO3B'A3YBAHHS 3 €JICKTPOCTATHKH
Enexkrpocraruyse moJie y BaKyymi
3aKoH B3a€MO/I1i HEPYXOMUX TOUKOBHUX 3apsiaiB (i1 p (3akoH Kynona)

F) _ 1 (11(121;> (11)

4mey 13

1e I' - pagiyc-BeKTOp, MPOBEICHUH BiJl OJHOTO 3apsay 110 1HIoro; F - cuia,
10 JI€ Ha 3apsi, 10 SKOTO HAIPSIMIICHHUH pajilyc-BEeKTOp .
HamnpyXeHicTh €1eKTPOCTATHIHOTO TIOJISI
= F
E=- (1.2)
ne F- cuna, mo jaie€ Ha TOUKOBUNA MO3UTUBHUU 3aps]l (, BMIILICHUHN Y JaHY
TOYKY TIOJIA.

HampyskeHiCTh eIeKTPOCTATUYHOTO MOJIsI TOYKOBOTO 3apsiay (
= 1
E=—23%1¢
dmeg T
1e I - paaiyc-BeKTOp, TPOBEACHUH BiJl 3apsay B 3aJjaHy TOUKY ITOJISL.
[Ipuntun cynepno3ullli e1eKTPOCTaTUYHHUX OB
E=XE (1.4)
JliniiiHa, moBepxHeBa Ta 00'€MHA TYCTHHU 3aps/iB BIATOBITHO

dq dq dq
T=—0=—0p=— 1.5

. dl’ as’ P~ v (1.5)
Hanpy:xeHiCTh eJIeKTPOCTATUYHOIO MO (32 MOAYJIEM):

a) TOYKOBOTO JUIIONS 3 EIEKTPHYHUM MOMEHTOM P
1
E = Pe \/1 + 3cos26 (1.6)

4rreg r3

ne pe=Ql - Tutede qumnoss; 6 - KyT MiX eICKTPUYHUM MOMEHTOM JTUTIONS P 1

pPaalyCOM-BEKTOPOM I, 110 BU3HAYAE MOJIOKEHHSA J1aHOI TOYKH BITHOCHO IIEHTPa
TUIIOJIS;

(1.3)

0) pIBHOMIPHO 3apsKEHOT HECKIHUEHHOI HUTKH (200 nuiiHapa pasaiyca R)
Ha BiACTaHI I Bij i oci (i1 r > R - 30BHI muIiHapa)

1
E= 27150; (17)
B) PIBHOMIPHO 3apsA>KEHO1 HECKIHYEHHO1 TJIOIIUHA
o
E = 7o (1.8)
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r) chepu pamiyca R, 3apsg q sSkoi pIBHOMIPHO PO3MOAUICHUH IO il
MOBEPXHI, Ha BIJICTaHI I B IEHTpa chepu
1

E=—L@>R) (1.9)

4meg T
1) cepu pagiyca R, 3apsin q sikoi piBHOMIpHO pO3MOAiICHUH 110 11 00'eMy,
Ha BIJICTaHI1 I BiJl ICHTpa cepu

E=—2%r =2 1<R)
4meg R RE:N)
1 q _ pR3
= e = 3ar? (r>R) (1.10)

[ToTik BexkTOpa HanpyxkeHocTi E kpi3pb mnomanky dS
d®, = EdS = E, dS (1.11)
ne dS - BekTop, MOAyJhL sAKOro JopiBHIOE dS, a HampsM 30iraerbcs 3
HopMayutio n go twrommuam, dS=dS,; E, — mpoekuis Bekropa E Ha momatHy
HopMautb J1o TwiommHu OS. TloTik BekTOpa HampykeHocTi E Kpi3b TOBUIBbHY
MOBEPXHIO S

®p = [, EdS = [, E,dS (1.12)
Enekrpocratnuna teopema ['aycca

N
1
O =§ BdS =33 (1.13)
i=

N

ae ), q; —anreOpaiuHa cyma 3apsiiiB yCepearHi 3aMKHEHOI TOBEPXHI S.
i=1

[upkysiis BEKTOpa HAMPYKEHOCT1 €IEKTPOCTATUYHOTO TOJIS

gﬁl Edl=0 (1.14)
ne E— npoekiis BekTopa E Ha 101aTHUI HANIPsIM IOTUYHOI 10 3aMKHEHOTO
KOHTYDY L.
[ToTeHuian noss TOYKOBOTO 3apsy
__ia
Q= PP (1.15)
[ToTentrian moJs, iK€ CTBOPIOETHCS CUCTEMOIO 3apsiIiB
N
p=X @ (1.16)
i=1
[ToTenIrian mosst TOYKOBOTO AUMOJIS
_ 1 Per
P = 3 (1.17)
MowmeHT cuit, 1o MiF0Th Ha AUMOJb B OJHOPITHOMY €JICKTPHUIHOMY TIOJTi
M = [p.E] (1.18)
abo
M =p,Esina (1.19)

7€ o - KyT MDK HampsiMaM# BEKTOPIB Pe 1 E.

137



Y BUIIaIKy HEOJHOPITHOTO EJICKTPUIHOTO TIOJIsA, SKE Ma€ CHMETPIFo
BiIHOCHO oc1 OX, cujia, 10 JIi€ Ha AUIOJIb Y TAKOMY TOJI1

E = pZ—icosa (1.20)

Ji(S Z—f — CTYIIIHb HEOJHOPIAHOCTI T0JIsI B Harpsmi O
[ToTeHIianpHa €HEepris IUIOJIA B 30BHIIITHEOMY IO
l/Vn = _peE (121)
PoGoTa cui enexkTpoCcTaTUYHOIrO MOJIA IMiJ Yac MepeMillieHHs 3apsaay q 3
TOYKH | y TOUKy 2

A =q(p; —¢2) (1.22)
3B'A30K M1k HaPY>KEHICTIO E eNeKTpoCcTaTUYHOTO MO0JIs i MOTEHIIAIOM :
E=-— gradeo

2
@1 — @, = [, Edl (1.23)

3akon Kyuona. HanpyxkeHIiCTb €JEKTPHUYHOIO IOJSI TOYKOBOIO
3apsaay. Cuiia, 1o Ji€ Ha 3apsia B €JIEKTPUYHOMY IOJII

1. Skoro 3apsanmy ¢ HaOyma © MigHa Kyus, paaiyc skoi R=10 cm, skOu
BJIAJIOCS 3a0paT B HEl BC1 €JIEKTPOHU MPOBITHOCTI? BBaxkatH, 110 HA KOKHUHN
aToOM MIJll MPUNAJAE OJIUH €JIEKTPOH MPOBITHOCTI.

2. BUsHaunTH CyMapHHii 3apsi|  aTOMHHX siep, SKi MicTAThes B 1 M° Mifi.

3. YoMy AOpIBHIOE CYMapHUA 3apsiji  OJHOTO MOJISI €JIEKTPOHIB?

4. IlopiBHATH CUITY KYJOHIBCHKOI B3aeMoii F. 1BOX €IEKTPOHIB 13 CHIIOIO
iX rpasiTaniiHo1 B3aemoaii Fq.

5. Skoro mama 6 Oyrtm Maca M, OpoToHa, A TOro o0 cuia
€JIEKTPOCTATUYHOIO BIAIITOBXYBaHHS MK JBOMa IMIPOTOHAMHU 3PIBHOBAXKMUIIACH
CWJIOIO iX rpaBITAllIMHOTO MPUTATAHHSA?

6. Sxuit 3apsa q MarOTh JIBl OJJHAKOBO 3apsKEH1 KpaIrIMHU BOAM, pajlyc
SIKUX 1ro:7,6-10'5 M, SIKIIIO CHJIa B3a€EMHOTO TPaBITAllIMHOTO TPUTATAHHS 1X
3pIBHOBAXKYETHCS CHIIOIO KYJIOHIBCHKOTO BIAIITOBXYBaHH:? KparnHu BBaXKaTu
MaTtepiadTbHUMU TOYKAMHU.

7. HienextpuyHe TiO, 1m0 Mae QopMy KyOa, 3apsmKEeHO OTHOPIIHO 3
MOBepXHEBOIO ryctHHOI o0=1 MrKm/M°. Skoro Gyme
MOBEPXHEBA I'yCTHHA EJIEKTPUYHOTO 3apsay G, SIKIIO TiJI0
NPUBECTH B PyX y HampsiMi OJHOro 3 ioro pedep 3i
mBUaKICTIO v=0,5 ¢ (C - MBUAKICTh CBITJIa Y BaKyyMmi)?

8. JIBl ogHAKOBI KyJIbKH, Maca KOXHOT m=20 Mr,
MiIBIICHI B TIOBITPI HA HEBAarOMUX HEPO3THKHUX
HETIPOBITHUX HHUTKAX, IO 3aKpIMUICHI B OJHINA TOWYII
miaBicy 1 MawTh JoBXkuHY 1=0,2 M. OmHYy 3 KyJIbOK
BiJIBEIM BOIK, Hajaidu il 3apsay 1 MOTIM BiAMYCTHIIH.
[Ticnst HOTHUKY 3 IPYTOIO KYJIHKOK BOHU PO3INIILUIHCS TaK,

&
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10 HUTKU YTBOPUIHU KyT 0=60°, Bu3HauuTH MOJYJNb 3apsny (, AKUN Hagaliu
HEepIIii KyJblii.

9. 3apsmkeHa Kyabpka, Maca sskoi m=10 r, miaBieHa B MOBITPI B TOYIl A Ha
HEBAroMiil HEPO3TSHKHIM HENpOBIAHIM HUTIN, IO YTBOPIOE KyT o=45° 3
BEPTUKAILIIO, PYXA€ThCS 3 MOCTIMHOIO KYTOBOO IIBUIKICTIO 0=10 paj/c no xoiy
paaiyca =5 cM (puc. 3.1). ¥ Touni B MmicTuTbhCs 1HIIA HEpyXoMa 3apsJKeHa
KyJibKa. BuzHauuTu MOAysi 3apsjiiB KyJbOK (, BBRKAIOYM iX OJHAKOBUMU 3a
yMoBH, 110 AO=0B.

10. Yomy mnpw BHU3HAYEHHI HANPYXKEHOCTI EJICKTPUYHOTO  TIOJIS
BUKOPHUCTOBYETHCS MaJIMil TpOOHUH 3apsia?

11. Tpu ogunakoBux 3apsiau (0=0,1 MmxKi Ko)KHMIT) pO3MIIIEH] Y BEPIIMHAX
PIBHOCTOPOHHBOTO TPUKYTHUKA. SIKUM HeraTUBHUU 3apsj (; Tpebda po3MICTUTH
B LIEHTPl TPUKYTHHKA, 00 cucteMa mnepeOyBana B piBHOBa3il? Uu Oyne 1
piBHOBara CTiKO0?

12. HaBkoio HepyXxoMoro TOYKOBOro 3apsiny (o=t1 HKI piBHOMIpHO
o0epTaeThCsl MIJ i€ CHJI TPUTITaHHS HETaTUBHO 3aps/K€Ha MalICHbKa
KyJbka. YoMy JOpIBHIOE BITHOIICHHS 3apsay KyJbKH ( 0 11 Macu M, SKIIO
pazaiyc opoitu R=2 cm, a KyToBa MBUJIKICTH 00epTaHHS ©=3 paj/c?

13. Ha nHO mocyauHU 3 MacioM BMIIICHO JICIEKTPUUYHY KYIIIO, J1aMeTp
skoi d - 2,8 cM, piBHOMIpHO 3apsypkeHy 3apsjgom (=2 MkKi. ['yctuHa macna
p=820 kr/M°, pedoBHHH Kydi p;=926 Kr/M°. BH3HAYMTH HAIpPYKEHIiCTh
CJIEKTPUYHOTO TOJIA B Macll, NpU AKIA Kyld noyHe cruuBatd. JliHii
HaIPY>KEHOCTI OJHOPITHOTO EJEKTPUYHOrO MOJs HampsMJIEHI BEPTUKAIBHO
BrOpY.

14. MasiTHUK CKJIQAAETHCS 3 METANIEBOI KYJbKH, MIABIIIEHOT HA HEBAaroMii
HEPO3TSHKHINA HEMPOBIAHINA HUTI. SIK 3MIHUTBCS MEPioJi HOTO KOJMBAHb, SKIIO
KYJIbI[l HAJaTH TMO3UTUBHOTO 3apslly, a 1HIIY KYJbKY, 3apsA/KEHY HETaTHUBHO,
PO3MICTUTH 3HU3Y Ha OJIHII BEPTUKAJI 3 HUTKOIO M1JBICY MasgTHUKA?

15. 3apsmkena yacTMHKa Macoro M, sika mMae 3apsf Jy,
PYXAETHCSI HABKOJIO HEPYXOMOTO TOYKOBOTO 3apsiiay (s, IO

eminTuyHii opOiti (puc. 3.2). MiHiManbHa BiICTaHb MDXK w
3apsAIOM 1 YaCTMHKOIO (J; IOPIBHIOE I, a MakcuMaibHa — R. A
YoMy nopiBHIOE Tiepiol oOepTaHHS YaCTHHKH HaBKOJO Puc. 3.2

3apsamy q,?

16. Tino macor0o M 3 MO3UTHUBHUM EJIEKTPUUHUM 3apSAOM (| KUHYJIU TMif
KyTOM 0. IO TOPU30HTY 3 MOYATKOBOKO IMIBUAKICTIO g. Pyx Tinma BinmOyBaeThCs
OJIHOYACHO B MOJI1 TSLKIHHS 1 OTHOPIAHOMY €JIEKTPUYHOMY TOJI1 3 HAMIPYKEHICTIO
E. Jlinii Hampy»XeHOCTI HampsMJIEHI BEPTUKAIbHO BHU3. BuszHauutu uyac
HOJBOTY Tija t, BiCTaHb MOJLOTY | 1 BHCOTY MaKCUMAIIBHOTO MiIHOMY Npax.

17. Ha BepTHKaIbHIN TUIACTHHI JOCTaTHHO BEIMKUX PO3MIPIB PIBHOMIPHO
PO3IIOALICHNIA eIEKTPUUHMUIA 3apsij] 3 TOBEPXHEBOIO I'ycTHHOI 6=3 HKi/eM® . Jlo
MJIACTUHY MPUKPITUICHA HATKA 3 MIABIIIIEHOIO Ha HIM KYJBKOIO, Maca kol m=1 T.
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Kynpka Mae 3apsig Toro caMoro 3Haka, mo ¥ miuactuHa. OOuucnuTu 3aps
KYJIbKH, SIKIIIO HUTKAa YTBOPIOE 3 BEPTUKAJUTIO KyT 0=30°.

18. B ogHOpinHOMY eleKTpuYHOMY Mol HampyskeHictio E=1,5 kB/Mm, mo
HaIpPsSMIICHE BEPTUKAIBHO BHU3, PIBHOMIPHO OOEPTAETHCA KYJIbKa, Maca SIKOi
m=1 r 1 no3utuBHMii 3apsan 4=0,2 mxKi. Kynbka miaBinieHa Ha HUTI, TOBKUHA
sikoi =20 cm. KyT BinxuneHns HUTKH Bij BepTukaii 0=30°. Busaauutu nepiox T
o0epTaHHA KyJIbKH 1 cCHily HaTAry F, HUTKU.

HpuHuMn cynepno3uuii eJIEKTPUYHHUX I0JIiB

19. BBaxaroum NOpOTOH 1 EIEKTPOH, 3 SKHUX o —
CKJIQJIA€EThCS aTOM BOJHIO, 32 TOYKOBI 3apsiau, IO ’ S
PO3MIIIYIOTBCS Ha BiACTaHI r=5.10° CM, BHU3HAYUTH [ y
MOAYJb E Hapy>KEHOCTI eIEKTPUIHOTO TOJIS B TOUKax B 1 at @ &
C (puc. 3.3). \ Fi

20. ocuTh 1OBra HUTKA PIBHOMIPHO 3apsiKE€Ha 3 AN /
JIHIAHOK  TYCTMHOW T. BusHauntn w™moayns FE S
HaIMpPY>KEHOCT1 EJIEKTPUYHOTO TMOojds B Toull A, sKa Pac. 3.3
MICTUTBCS HABIIPOTH KIiHIIA HUTKH HA BIJICTaH1 @ B1J Hel.

21. PiBHOMIpHO 3aps/PKeHa TOHKA HUTKA, JOBXHUHA skoi |=20 cM, mae
JiHIAHY TycTuRy 3apany =10 uKn/m. Ha Biacrani a=10 cM Bijg HUTKH,
HABIIPOTH 1i CEpeANHU, MICTUThCS TOUKoBUM 3apan =1 uKi. fka cuna F nie Ha
e 3apsj 3 00Ky 3apsKEeHOT HUTKHU?

22. Tonke miBkuIbLEe pagiyca R=10 cM, piIBHOMIpHO 3apsKeHe 3 JIHIMHOIO
ryctunoro =1 MxKi/m, po3ramoBane y Bakyymi. Busnauntu cuny F B3aemosii
MIBKIJIBIA 3 TOYKOBUM 3apsiioM (=20 HK1, 110 MiCTUTBCS y TICHTP1 KPUBU3HH, 1
MOAYJb E HAPY>KEHOCTI €JEKTPUIHOTO TOJIS y M1l TOYIII.

23. OaHakoBi TOYKOBI 3apsiau (;=0,=3 HKJ po3miieni Ha BifacTasi I=10 cm
OJIMH BiJ OJHOTO. BU3HAYMTH HANPYKEHICTh £ €IEKTPUYHOIO IMOJS y TOYKaX,
K1 JIEKaTh Ha NEPIEHAUKYIISPI 10 CEPEIMHU B1IPI3Ka, 1110 CIOJIyYae 3apsii, Ha
Bijgctani h=5 cm Big cepeaunun. Ha sikiii BimcTaHi Npmay HAIPYXKEHICTh JA0CATAE
MaKCUMyMY?

24. Tonke kinblie, paaiyc askoro R=10 cwm, 3apsmxeHe 3 T1HIHHOI TYCTHHOIO
1=8 HKi/mM. BuzHaunTi Mmonynb £ HanpyXeHOCT1 €IEKTPUYHOTO OIS Y TOUKaX,
110 JIeXaTh: a) Ha OC1 KUIBIIS Ha BiJIcTaHl X=15 cM BiJ HOTO 1IeHTpa; 0) y LeHTpi
KUTBIL, B) Ha BENMKIM BiAcTaHi x>>R Bim kiablg. Ha K1 BiACTaHI Xmax
HAIPY)KEHICTh TIOJISI JOCSTHE MaKCHUMalabHOTO 3HadeHHsA? OOumciuTh 11e
3HAYCHHS.

25. ToHkui OTHOPITHUM OHUCK pajiyca R 3apspkeHuil PIBHOMIPHO 3
MIOBEPXHEBOIO T'YCTHHOIO 6. BH3HAYNTH HaNpyKEHICTh £ €IeKTPUYHOTO MO Y
BaKyyMi: a) Ha BUCOTI h Ha; mruckoM Ha oci cuMeTpii; 0) y IeHTpi AWCKa; B) HA
BEJIMKIN BiacTaHl x>>R Bix gucka.
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26. JIBi AOBri OJHOMMEHHO 3apsKEHI HUTKU po3MileHi Ha Biacrani 1=10
cM ojHa Bia oaHoi. JliHiMHA rycTuHa 3apsay Ha HuTKax 1=10 MKKi/wm.
BcranoButu Moaynbp Ta HampsiM BEKTOpa HAIpPYKEHOCTI E pe3yibTyrHodoro
€JICKTPUYHOTO TOJISI B TOYII, IIO MICTUTHCA Ha BiJicTaHl Xo=10 cM BiJl KOXHOI
HUTKH.

27. Bl JOBr1 mHapajieJbHI HUTKU DPIBHOMIPHO 3apsiKEeH1 3 JIHIHHOIO
ryctuHoro 1=0,5 MkKn/m. Biacranp ik HuTtkamum =45 cm. BusHauutu
MaKCUMaJbHE 3HA4YeHHS MOAyJisi E HampyXeHOCTI EJIeKTPUYHOrO IOJsS B
TJIOIIMHI CUMETPIT ITI€T CUCTEMU, PO3MIIICHINH MK HUTKaMHU.

28. Bu3HauuTu HapyXeHICTh E eNeKTpuuHOro mosist y 1eHTpl pIBHOMIPHO
3apsypkeHoi miscdepn. [loBepxHeBa rycTrHa 3apsiay Ha miBcdepi 6=3 HKi/M.

EjaexkTpuyHuii 1MnoJab

29. Enextpuunuii aunosns 13 3apsiaamu (;=+90 uKin, q,=-90 uKun, Bincrann
Mmix skumu [=10 cM, nepeOyBae B moBiTpi. BuzHauntu Moaynb £ Hanpy»KeHOCTI
CJICKTPUYHOTO TIOJISA: a) Ha OC1 IUITOJIS Ha BijcTaHi 1/4 Bij oHOTO 3 HOTO 3aps/IiB;
0) y IEHTp1 IUIIOJIs; B) HA EPICHANKYJISIP1 O OC1 JUTIOJSI, IO TPOXOAUTH YEpe3
OJIUH 13 Horo 3aps/iB, Ha BiacTaHi |/2; T) Ha mepHEHAUKYIISAPI 10 OCI JAMITOJ,
MIOCTaBJICHOMY 3 HOTO CepeIMHU, Ha BijcTaHi /2.

30. dunons 3 enekTpuyHUM MOMEHTOM P.=0,12 HKn-M yTBOpeHuid 1soma
ToukoBUMU 3apsgamMu == 1 HKi. OOGuucautu Moayias £ Hampy>KEHOCTI MO
JUTSl TOYOK: @) OC1 IUIOJIsL;, 0) MUIONIMHHU, sIKa MEPIEHIUKYJISIPHA 10 OC1 UMOJIA 1
MPOXOJIUTH Yepe3 Horo 1eHTp. Touku MicTAThCS Ha BifcTaHi =80 cM Bij lIEHTpa
JUTIOJIA.

31. EnextpuuHi 3aps Iy po3MillieH] y BEpIIIMHAX KBaapara 3i CTOpoHOIo |, sk
nokazaHo Ha puc. 3.4 (kBaapynoisb). Buznauntu momyns E HampykeHOCTI
EJIEKTPUYHOTO TOJIS, SIKE CTBOPIOETHCS KBAPYIIOJIEM, Y TOUIll A, IO po3MiIeHa
Ha BIJICTaHi X BiJl IEHTpa KBajpara, 3a yMOBH X>>I.

32. Jlunonws 3 eneKTpudHUM MOMEHTOM p.~200 nKi'M wmicTuThca B
HEOJHOPITHOMY TOJd1, HEOJHOPIAHICTh SIKOTO XapaKTEPU3YETHCS BEITUYMHOIO
dE/dx=1 MB/m? y HampsaMi oci gumnoiiss. OOUUCIUTH CHITY, IO Ji€ Ha JAUMOJb Y
[IbOMY Hampsimi.

33. ToukoBUH AUMNOJb 3 EJIEKTPUYHHUM MOMEHTOM P.=5 mKi-M BiibHO
pPO3MICTHBCSI B TI0JIi TOYKOBOTO 3apsany (=100 aKn Ha Bigctani r=10 cMm Bin
HbOT0. Busnauntu 1151 i€l Touku Benmuuny | dE/Ar |, o xapakrepusye cTymiHb
HEOHOP1HOCTI TOJISI B HANPSAMI CUJIOBOI JIiHIi, 1 cruty F, 1110 gie Ha AUTIONb.

34. Jlutionb 3 €NEKTPUYHUM MOMEHTOM P.=7/ nKII'M MICTUTbCS B TOJI
JOBTOi HUTKHU, 3apsKEHOI pIBHOMIPHO 3 JiHIHHOW rycTuHO X=300 uHKi/Mm Ha
BijicTaHi =8 cm Bix Hel. O6unciutu cuity F, sika Jii€ Ha AUIOJIb, SKIIO BEKTOP
TUTIOJIBHOTO €JIEKTPUYHOTO MOMEHTY P OPIEHTOBAHUIA: a) Y3/I0BX HUTKH; 0) Y
HaIpsMi CUJIOBUX JIIHIHN TIOJIA.
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35. BuzHauuTu cuity B3a€MOJI1i IBOX MOJIEKYJI BOJISIHOI TApH, AUMOJI SIKUX €
IPOJIOBXKEHHSAM OJWH OAHOrO. EJEKTpUYHUN NUMOJBLHUNA MOMEHT MOJIEKYIH
BOJIA p¢=6,2'10'30 Kir-M. Mosekyau MiCTAThCS O/THA B1JT OJTHOT Ha BiJCTaH1 x=10"
CM.

36. BuzHauntu B3aeMHy NOTeHLalbHY eHeprito W, 1BOX MOJIEKy1 BOISHOI
Mapy, BBaXAlOUM iX TOUYKOBUMHM JUIMOJSMH 3 €JIEKTPUYHUMH MOMEHTaMHU
P=6,2-10"% K-m. [Tumosni nepebyBaroTh y cTaHi cTifikoi piBHOBArH Ha BifcTaHi
x=10" cM OJMH Bijl OIHOTO.

37. Jlumonb 3 €NEKTPUYHUM MOMEHTOM Pe~=2 HKi'M MicTuTthCcs B
OJIHOPIAHOMY €JEKTPUYHOMY TOJI1, Hampy»keHicTh sikoro £=30 kB/M. Bektop
JUTIOJIBHOTO €JIEKTPUYHOIO MOMEHTY p. YTBOPHOE KYT 0p=60° 3 HampsiMoMm
CUJIOBUX JIIHIN moJia. BuzHauntu poOOTYy, BUKOHAHY 30BHINTHIMH CHJIAMH ITi]1
yac MOBEpPTaHHs AUMOJs Ha KyT f=30°.

38. IlepnieHAUKYISIPHO O OCl JUIONS 3 €JIESKTPUYHUM MOMEHTOM Pe=12
nKi1'M yTBOPIOETHCSA OAHOPIIHE €JIEKTPUYHE ToJie HanpyxeHicTio £=300 kB/m.
[lix miero cuit MoJist AUIOJb MTOYHMHAE 00EPTATUCS BIIHOCHO OCi, sIKa MIPOXOJIUTh
yepe3 Moro meHTp. BCTaHOBUTH KyTOBY HIBUJKICTH AMIMOJNSA B TOM Yac, KOJU
JUTIOJNIb TMPOXOUTH MOJIOKEHHSI PIBHOBaru. MOMEHT 1HEpIIil AUMOJS BIIHOCHO
ocl, sIKa MPOXOJUTH MEPHNEHAUKYJISAPHO A0 OCl JUIOJA uyepe3 HOro LEHTp,
1=2-10° kr-M°.

39. BusHauuty eHeprito W uIons, eeKTPUIHANR MOMEHT SKOTo Pe=4-10"
Ki-M. JIunonas MICTUTBHCS B 30BHIIIHBOMY OJHOPIIHOMY €JIEKTPUYHOMY IO
HanpyxeHicTio £=3-10 B/M, a Bich nunoiist yTBoproe kyT a=30° 3 HanpsMom
HaIpPY>KEHOCTI TOJISL.

40. Inmons 3 eNeKTPUIHIM MOMEHTOM Pe=60 nKi-M BiIbHO BCTAHOBUBCS B
SJIEKTPUYHOMY TIOJII TUIOCKOTO KOHAeHcaTtopa. [loBepxHeBa rycTHHA 3apsiay Ha
IUIACTHHAX KOHZeHcaTopa 6=10 HKi/M®. SIK 3MIiHHTBCS IOTCHIANBHA CHEpPTis
JUIIOJNS, SIKILO IMOBEPHYTH MOro Ha KyT a=30°?

IHoTik BekTOpa HanpyxkeHocTi. EjgekTpocratnuna Teopema I"'aycca

41. Yomy nopiBHioe moTik dp BEeKTOpa €IEKTPUUYHOTO
smimendss D kpi3p chepuuni moBepxHi S; 1 S, Ta Kpi3b
TOBLUIBbHI 3aMKHEH1 ToBepxH1 S 1 S3 (puc. 3.5)?

42. Yu MOXYTb TIEPETUHATUCA: CHUJIOBl JIHII;
EKBIMOTEHIIIabH1 MoBepxHi? [losicHuTH.

43. Ha pesikiil BiAcTaHl BiJl HECKIHYEHHOI PIBHOMIPHO
3apsPKEHOT TUIOIUHKA PO3MIIIEHUH KpyT paniyca r=15 cw,
AKUM mapanenbHui mioniuHi. [loBepxHeBa rycTuHa 3apsay Prc. 3.5
momman 6=2 MkKim/M®. OGumcnuti moTik Py BekTopa HAmpyKeHocTi E
CJIEKTPUIHOTO TOJISI KPi3b KPYT.
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44. Ha Biacrani a=30 cM BiJl HECKIHYEHHOT PIBHOMIPHO 3aps/IP)KEHOT HUTKHU
po3TalioBaHa Kpyria Miomaaka, pajaiyc sikoi r=1 mm (puc. 3.6). Buznauurtu
npuOau3HO noTik Mg BekTOpa HANPYKEHOCT1 £ Kpi3b L0 IUIOMIAAKY, SKIIO il
IJIOMIKMHA YTBOPIOE KyT 0=30° 3 JIHIEI0 HANIPY>KEHOCT1 €JIEKTPUIHOTO TOJIs, 10
MPOXOANTh Yepe3 ILEeHTp Iuiomanku. JliHiiHa TycTuHa 3apsgy HUTKa 1=30
HK/m.

45. YV ueHtpl KyOa MICTUTbCS TOYKOBHUH 3apsia (.
Yomy nopiBHIOE NOTIK P BEKTOpa HAMPYKEHOCTI E: a) 1+
Kpi3b TOBHY NOBEpXHIO Ky0a; 0) Kpi3hb OJHY 3 HOTO
rpaHei?

46. 3apsa ¢=0,5 mxKn wmicTuThcs y BepIIMHI
KPYyroBOoro KoHyca, Bucora skoro h=30 cm i pamiyc
ocHoBH I=10 cm, y Bakyymi. OOuucautu mnotik @Pp
BEKTOPA EJIEKTPUYHOro 3MimeHHs D kpise nosepxHio
KOHYycCa. |

47. Busznauutu notik ®g BEKTOpa HANpPYKEHOCTI Pue. 3.6
CIIEKTPUYHOTO T0JIs1 £ Kpi3h OiYHY MOBEPXHIO KOHYyca, BHCOTa sikoro h=20 cm i
pazaiyc ocHoBu =10 cm. Ha oci koHyca Ha 0JTHAaKOBHUX BiJICTaHSX BiJl BEPIIMHH i
1eHTpa ocHOBH posmimennit 3apsaa =1 mxKi. Konyc MicTuTbCs y Bakyymi.

48. O6unciutu noTik O BEKTOpa HAIMPYKEHOCTI €JIEKTPUYHOrO mojs £
Kpi3b O14HY IMOBEPXHIO MPSMOTO KPYyTrOBOTO NUJIiHpa, BUcoTa sikoro h=20 cm, a
paniyc ocHoBu =10 cMm. ToukoBuit 3apsn (=0,3 MxKi micTuTbes: a) Ha oci
HUJIIHIpA Ha CepeIUHI BUCOTH; 0) Y IIEHTP1 OCHOBH.

49. EnexTpuyHe moJie CTBOPIOETHCS IBOMAa HECKIHUEHHUMHU MapalieIbHUMU
MJIaCTUHAMU, K1 PIBHOMIPHO 3aps/KEHI 3 MOBEPXHEBUMH T'yCTHHAMU 3apsiIiB
61:=2 uK1/M’ i 6,=-5 uK1/M°. BusHaunTi Moxyis E HApyXEHOCT] TOJIS: ) MK
rmIacTUHaMU; 0) mo3a IIacCTHHAMM.

50. Ha nimacTiHaX MIoCKOro KOHAEHCATOPa MICTUTHCS €JICKTPUYHUN 3apsiT
g=10 uK. [Tnoma Ko>KHOI MIacTHHU KoHaeHcaTopa S=100 cM°, ieneKTpuK —
noBiTps. Busnauutu cuny F, 3 sikoro mputaryroTbes miacTuHH. Enexkrpuyne
oJIe MIXK TJIACTUHAMU BBAXKaTH OJHOPITHUM.

51. JIBa HECKIHYECHHUX TOHKOCTIHHMX KOAKCIAJIbHUX IWJIIHAPH padlyciB
R;=5 cm 1 R,=10 cm piBHOMIpHO 3apsiKeHi 3 MOBEPXHEBUMHU
ryctuHamu 3apsiaiB 6;=10 vK1/M° i 6,=-3 aKn/m®. TIpocrip
MDK [ITIHAPAMUA3AIOBHEHUN OBITPsM. BuzHauntu Mmoaysnb
E Hanpy»XeHOCTI MoJIsl B TOYKAX, [0 MICTSTHCS Ha BIICTAHSIX
ri=2 cm, ;=6 cM, ;=15 cm Bia OC1 IUJTIH/IPIB.

52. TouxoBuii 3apsy ;=20 HKI1 po3milyeThcs B LIEHTPI
HenpoB1AHOI chepruyHOi moBepxH1 pajiyca R=15 cm, Ha sKii
pPIBHOMIpHO posnojineHuit 3apsan (,=-20 uKn. Buznauntu
HaIMpYXEHICTh EJICKTPUYHOrO IOdsA B Toukax A 1 B, sxi
BiAjaneHi Bix 1eHTpa cdepu Ha BiacTaHi =20 cm, rg=-10 cm. Yomy

+

+ + +h+ + +

Pue. 3.7
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JOPIBHIOBATHME HAIPYKEHICTh £ T0JIs1 B TOYIl A, SIKIIO 3apsa (; 3MICTUTH Ha
BincTanb |=1 MM Big mneHTpa cdepu B HampsAMi, SKHH YTBOPIOE 3
paalyCcoOM-BEKTOPOM, ITPOBEACHUM y TOUKY A, KyT =60° (puc. 3.7)?

53. I[lo3uTuBHUN 00'€eMHUI 3apsia PIBHOMIPHO PO3NOAUICHUN Y BaKyyMi I10
00'eMy HEOOMEKEHOTO IIJIOCKOTO IIapy 3aBTOBIIKH 0 3 00'€éMHOIO TYCTHHOIO p.
BuzHauuTu HanpyKeHicTh £ 1mojs K QyHKLIIO BIACTaHI X BiJ LIEHTpa 1iapy.

54. Kynpka pamiyca R=2 cm 3apsupkena 3 o0'emHO0 TyctuHOIO p=0,7
mxKi/m®. OGumcnuTu MOAYyJib E HampyXeHOCTI MOJs Ha
BiJIcTaHsAX =1 cM 1 ;=3 cM Bij IIEHTpa KyJIbKH.

55. YcepeauHi oTHOPITHO 3apsKEHOT KyJil 3 00'€MHOIO
T'YCTHHOIO 3apsiy p MICTUThCS cheprudHa MOPOKHUHA, IICHTP
SKO1 3MIIIEHUH BITHOCHO IIEHTpa KyJ Ha BIJCTaHb Iy (puC.
3.8). BusHauutu HampyxeHicTb FE 1ons  BcepeauHl
NOPOXHUHU. K010 BOHa Oyie mipu =07

BkaziBka. CkopucTaTtucs MNPUHLMIIOM CYIEPHO3HUIIii
MOJIIB TO3UTUBHO OO'€MHO 3apsAKEHO1 KyJi 1 HEraTUBHO
00'eMHO 3apsKEHO1 KyJIl 3 pajilyCcoM MOPOKHUHH.

56. EnextpuyHe mosie CTBOpPEHE PIBHOMIPHO 3apsIKEHUM 3 00'€MHOIO
TYCTUHOIO 3apsiay p uwiiHapom. Pamiyc muminapa R, moBXuHaA HECKIHUEHHA.
Busznauutu HanpyskeHicTh E momns sk GpyHKIir0 BicTaHi I' BiJ OC1 HIIIHpA.

57. Ycepenuni piBHOMIPHO 3apsi/IKEHOr0 3 00'€MHOIO
TYCTUHOIO p LUJIHIpa paaiyca R; MICTUThCA UUIIHAPUYHA
nopoxkHuHa paniyca R, (puc. 3.9). Bichb mnopoxHuUHU
3MillleHa BIJIHOCHO OCl1 HIJIIHApPA Ha BiACTaHb ly. Pamiyc
IUJIiHApa B Oarato pasiB MEHIIWH, HDK HOTO JOBXKHHA.
Busnauutu Hanpy:keHIiCTh Mo E Ha pamialibHIN TpsSMiid,
gKa TPOXOIUTh Yepe3 BICh MINHAPUYHOI MOPOKHUHH, RN
3aJIeKHO BIJI BIICTaHI I' Bil OCI LMJIIHJpa (IUB. BKa31BKY 10 Fuc. 39
3agadi 595).

58. Kyns pamiyca R mae mo3uTuBHUM 3apsii, 00'€éMHa TYCTHHA SIKOTO
3aJICKMTh TUIBKH BiJI BiJICTaHi I 10 T IieHTpa 1 BUupakaeThes sk p=po(1 - r/R), ne
po - TOCTiHA. BBaxaroum, 1m0 [JieJeKTpUYHA MPOHHUKHICTh CKpi3h &=1,
BU3HAYUTHU: a) MOJYJb HAIMpPYKEHOCTI €JIEKTPUYHOTO TOJIs BCEpeauHl Ta 3a
MeXaMU KyJil K (QYHKIII0 I'; 0) MaKCUMalIbHE 3HaYE€HHS MOJIYJISI HAIPYKEHOCTI
Emax Ta BIAMOBITHE HOMY 3HAYCHHS Imay.

&1

PoOora 3 mepemimeHHs ejgekTrpu4Horo 3apsay. Ilorenuian. 3B'A30k
MOTEHLIAY eJIEKTPOCTATUYHOIO I0JISl 3 HANIPYKEHICTIO

59. Enextpuune mose ctBopeHe 3apsuoM (=4 MkKi, skuii MiCTHTBCS B
TIETCKTPUIHOMY CEPEJOBHIN 3 TMPOHUKHICTIO &=2. Bwu3Hauumtu pobdoty
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AeneKTpuuHMUX CuJ 3 mepemiteHss 3apsany o=200 uKun 3 Touku a B Touky B, 110
JIeXKaTh Ha BIJICTaHsIX I,=2 cM 1 ,=5 cM Bif 3apsny (.

60. Ha Biacrani r=0,5 M Big moBepxHI BIJOKPEMJICHOT METAJIEBOI Ky
pamiyca R=10 cM 3 OBEPXHEBOIO TYCTHHOIO 3apsny 6=50 MxKi/mM® MicTHTBCS
3apsan (. o0 Habnu3utu 3apsan ( Ha BiACTaHb =10 cM 10 MOBEpXHI Ky,
noTpiOHO BUKOHATH poboTy A=1,5 [Ix. OOUnMCInuTH 3HAUYCHHS 3apsiay.

61. YV BepmmHax NpaBWIBHOTO IIECTHKYTHHKA, CTOPOHA SKOIO a=5 CM,
pO3MiIIEHl TOYKOBI 3apsiau (=6,6 HKn koxuuid. Buznauutu poboty A,
BUKOHAHy TIOJIEM IIiJ dYac TmepeMimeHHs 3apsaay (;=3,3 HKn 3 medrpa
IIECTUKYTHHUKA JI0 CEPEIMHU OJTHIET 31 CTOPIH.

62. HeckiHueHHa HUTKa 3apskeHa piBHOMIpHO. JIiHIliHA T'ycTHHA 3apsay
1=0,1 mxKn/m. Bizncranp Big HUTKK A0 TOYKOBOTO 3apsany =50 uKui 3pocna y
N=3 pa3u. BuzHauutu po0oTy A cuil oJisi 3 IEPEMIILICHHS 3apsiay.

63. EnexkTpoH pyXxaerbcsi B HaOpsiMi CUJIOBUX JIIHIM OJIHOPITHOIO
€JICKTPUYHOIO MOJI HanpyKeHicTio £ =120 B/m. SIky BijcTanb S BiH NPOJIETUTH
y BaKyyMi JI0 TIOBHO1 BTPATH MIBUAKOCTI, SIKIIIO MOTO MOYAaTKOBA MBUIKICTb Do=1
000 xm/c? Ckinbku yacy t TpuBaTuMe MoOJIT?

64. JlBa oOaHAKOBUX 3a MOMAYJEM TOUYKOBUX EINEKTPUYHUX 3apsIu
po3MiieHo Ha oci Ox. OnuH 3apsn =2 HKJI MiCTUTBCS B TOUII 3 KOOPIUHATOIO
X+=1 cm, tHmmi g-=-2 uKn - y toumi 3 koopaumHaToro x.=-1 cMm. BusHauutu
po0OTY A Cul eIEKTPUYHOr0 TMOoJIs 3 mepeMilleHHs 3apsany (;=4 HKn 3 Touku
X1=100 cm y Touky X,=-100 cm.

65. Y nosi HepyXxoMoro To4koBoro 3apsay g=-1,5 HKn y Hanpsimi 10 3apsiay
pyxaeTbes enekTpoH. Ha Bifcrani =5 cM Bij 3apsiy €JIEKTPOH MaB IIBHUJKICTb
0=6-10° m/c. BusHa4nTH MiHIMAIBHY BiZICTaHb o, HA SIKY HAOIM3UTHCS CIEKTPOH
710 3apsiay.

66. JIBa €NeKTPOHM 3 OJHAKOBOIO IMOYATKOBOIO KIHETHYHOKO EHEPTIE€I0
T=100 eB pyxarwTbcsi B3AOBX MPAMOI JIIHIi 3 HECKIHYEHHOCT1 Ha3yCTpid OJAUH
oaHoMy. BuzHaunTH MiHIMaJIbHY BIICTaHb Imi, iX 30JMKEHHS.

67. Big MO3UTHUBHO 3aps/KEHOI IJIACTUHH BEPTUKAIHHO PO3MIIIEHOIO
IJIOCKOTO KOHJIEHCATOpa IIOYMHAE pyXxaTucs 0e3 TOoYaTKOBOi IIBUIKOCTI
YaCTHHKA, 3apsaa 1 Maca skoi BiamoBigHo (=2 MkKm 1 m=2,5 r. Busznauntun
BiZICTaHb N, Ha Ky OMyCTUTHCS YaCTHHKA, KOJIM BOHA IIepe0yBaTUME MOCEePEINHI
MDK IUTACTUHAMHM KOHJEHCATOpa, SIKIIO KOHJEHCATOP BMIIIEHO y BaKyyM.
Hanpyra na kouaercaropi U=600 B, Bigcranb Mixk mutactuHamu d=20 cm.

68. Y IUIOCKOMY KOHJEHCATOpl, SKWM BMIIIEHO Yy BaKyyM, 3aBHCIIA
3apspKeHa KpaminHa pTyTi. Bigcranb M IIacTHHaAMK KOHAeHcaTopa d=1 cm,
0 HUX TpukianeHa pizHuis mnoteHmiamie U;=1 000 B. Pantom pi3Hums
NOTEHIIATIB 3MeHIuiIachk a0 3HaueHHs U,=995 B. 3a skuii yac 1 kparivHa
JOCSITHE HWKHBOI TIJIACTUHH, SKIIO BOHA CTMIOYATKy OyJjia HA CEepeluHi BiACTaH1
MIDXK IJTaCTHHAMUA?
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69. I1po06iit MOBITPs 32 HOPMAJILHUX YMOB HACTa€ TO1, KOJIU HANPY>KEHICTh
enexrpruaroro mois Eq=10° B/m. OGuuciuTi HaftGLIbIIMIA 3apsiay (, 1O foro
MOKE BMICTUTH 3apsijiKeHa KyJisl, 1 HOTSHITIAJ ¢, 10 SKOT'0 MOXKHA 3apsIUTH IO
kymro. Pagiyc xkymi R=10 cwm.

70. Tonkuit crtpwkeHb 3aBIOBXKH |=10 cM piBHOMIpHO 3apsKCHHN
3apsanoM =3 HKJ. BuzHauntu MoAynb E HanmpyKEHOCTI MO 1 MOTEHIIaNl ¢ y
TOYIII, IO JISKUTh HA OC1 CTPHKHS Ha BiJIcTaHl Xo=20 cM BiJl OJUXKYOTO HOTO
KIHIIA.

71. Tonke kuiblie pagaiyca R=5 cM MO3UTHUBHO 3apsKeHe 3apsgom (=17
HKI1. Bu3HaunTH noTeHItiaig @: a) y HeHTp1 KUIbI; 0) y TOYII, 110 JISKUTh Ha OCl
KiJbllsg Ha BigcTani h=10 cM Bixg Horo IeHTpa.

72. MetaneBuil IUCK 00€pTAE€ThCS HABKOJIO CBOET OC1, MEPICHIUKYISIPHOT
J10 TUIOIIMHHM JHCKa, 3 gacToToto V=100 ¢ . Pagiyc mucka R=10 cm. Ska pisHuis
MOTEHIIaTiB AQ BUHUKHE MDXK IICHTPOM JUCKa Ta TOYKaMHU, 1110 JIeKaTh Ha HOTO
o0oxi?

73. JIBi HECKiIHUEHHI MapajelibHi IUIONMHU MICTIAThCS Ha BijacTani d=0,5 cm
onHa Bia oaHOi. Ha muionmHax piBHOMIPHO pO3MOJINEHI 3apsiau, MOBEPXHEBI
TYCTUHU SKHUX BIANOBIMHO ©1=0,2 MrK/m® i 0,=-0,3 MKK/M%. Busnauntu
PIZHUIIIO TOTEHITIATIB A MK TIOIIMHAMMU.

74. 3a manuMu 3a7adi 25 BU3HAYWTH Yy THX CaMHX TOYKaX MOTEHINAT ¢
EJIEKTPOCTATHYHOTO TTOJISl Y BaKyYMi.

75. llpssmMuii AOBruil LWIIHAPUYHUN NPOBIAHUK paaiyca r=1,5 cm
MO3UTHUBHO 3aps/HKEHUN PIBHOMIPHO 3 JiHIAHOK TycTuHOIo =30 HKn/M. fka
PI3HUII MOTEHINATIB AQ MK MOBEPXHEIO HUJIHIpA Ta TOUYKOIO, 110 MICTUTHCA
Ha BiAcTaHi I,=3,5 cM Bijg oci muiiHapa?

BkasiBka. Bukopucratu po3s's3ku 3aga4 51, 53-56.

76. 3apsig pIBHOMIPHO PO3MOAICHUN y BakyyMi Mo 00'eMy HECKIHUYEHHO
BEJIMKOI IJIaCTMHHW. ToBIIMHA IacTUHU O, 00'eMHa TryCTHHA 3apsay p.
Busnauutu moteHuian ¢ sk (QyHKIIO BIACTaHl X BiJ CEpeIWHU IUIACTUHHU.
Braxkatu, 110 moTeH11a)1 MOCEPEIMHI TUIACTUHU JIOPIBHIOE HYJICBI.

BkasiBka. Bukopucratu po3s's3ku 3agau 51, 53-56.

77. 3apsia ( pIBHOMIPHO PO3MOAUICHUM Yy BaKyyMi B 00'eMl Kyl pajiyca
R=15 cM 3 06'eMHOIO TycTHHOW p=2 MKK/M°. OGUHCIATH MOTEHIIAT @: a) y
IEHTP1 KyJii; 0) Ha MOBEPXHI KyJIl; B) y TOUKaX, IO JIeKATh B LIEHTPa KyJIi Ha
Bigcrtadi r1=10 cm <R 1 r,=20 cMm >R.

BkasiBka. Bukopucratu po3s's3ku 3agau 51, 53-56.

78. Bapsx 3 o6'emHon0 TycTHHOW p=2 MKKn/M® MicTuthcs B 00'eMmi
UTIHAPUYHOT Gopmu paxaiyca Fg=2 cM. OOUUCIUTH PI3HUITIO TOTEHINIATIB A
MDK TOYKaMHU, 1110 JIeXKaTh BiJ] OC1 ITWJIIHJIpa Ha BiACTaH1 =1 cM 1 I,=- 3 cM.

BkasiBka. Bukopucratu po3s's3ku 3agau 51, 53-56.

79. Ilpoctip Mix ABOMa KOHIEHTpHWYHUMH cdepamu paaiyciB R; 1 R
3apSDKEHNH 3 06'€MHOI0 T'YCTHHOIO 3apsimy p=o/f’, e o - CTala BEINdHHA.
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BuzHaunTty mOBHUM 3aps] a TAaKOXK MOAYJh £ Hampy>KeHOCTI ¥ MOTEHIial
€JIEKTPUYHOTO0 TOJIS SIK (PYHKIIIT BiJICTaHi I' Bif 1ieHTpa cdep.

80. MaTeMaTH4HOMY MasITHUKY, Maca sskoro m=1 r i nepioa koiuBaHp 11=1
¢, Hamanu 3apsany 0=10° Ki. MasTHHK pOSMICTHIM B OJHOPIZHOMY
CIEKTPUIHOMY TIOJI, CTBOPEHOMY IIOCKUM KOHJEHCATOPOM, TUTACTHHH SKOTO
po3TarioBaHi TOpu3oHTaNbHO. Ilepiom KonwBaHb TIpH 5 -5
nbOMy 3MeHmuBca 10 1,=0,8 c¢. Bincrans Mix
IacTuHaMu Ha Ad=1 cMm OuIbIIa BijJ JOBXHHU HUTKU
MasiTHUKA. Busnauutu: cuny F, ska 1i€e Ha MasTHUK

L
iy

300Ky €JIEKTPUYHOTO MOJIs; HAMIPSIM E€JIEKTPUYHOTO TIOJIS;
pI3HUIIO TTOTeHIamB U MK TUIacCTUHAMM; TTOBEPXHEBY 4o
T'YCTUHY G 3aps/liB Ha TUIACTHHAX. 27
81. JIBl mapayieibHI HECKIHYEHHI IUIOIIMHU
3apsAJKEH] PI3HOMMEHHUMHM 3apsiaMH 3 MOBEPXHEBUMHU
I'yCTMHAMHU BIATMOBIJHO +G; 1 -G. AOCIIMCH BKa3aHUX Ha
puc. 3.10 Touok Taki: X;=-3 M, Xo=-1 M, Xg=+2 M, X,=+3 M. Pi3HUIISI MOTEHITIaJiB
MDK Toukamu 2 1 1 ¢, — ;=400 B. fIka 3 moBepXHEBUX T'yCTUH (+G; 4U -Gy) €
OLIBIIIOI0 32 A0COMIOTHUM 3HaYeHHSIM? YoMy TOPIBHIOE PI3HUIIS TOTSHITIATIB (4
— (37
82. 3HaiiTu BHUpa3 sl MOTEHINIATY ¢ TaKUX EJIEKTPOCTATUYHHUX IIOJIIB: a)
E=a(yi + Xj); 6) E=2axy i + a(x -y°) j; B) E=ay i + (ax + bz) j + by k.

o

Prc. 3.10

IIpoBinHMKH B €JIEKTPOCTATHYHOMY MOJII
Harmpy:keHICTh eeKTPUIHOTO MOJIS:
a) BCEpEeIUHI MPOBITHUKA

E=0 (2.1)
0) mo6M3y MOBEPXHI MPOBITHUKA Y BaKyyMi
E=E, =~ (2.2)
€0
EnexTpoeMHICTh BITOKPEMIICHOTO TIPOBIIHIKA
C = % (2.3)
€MHICTh KOHACHCATOPIB:
a) TIOCKOTO
C = sa;S (2 4)
0) UUITIHIPUYHOTO
2meegl
= _=="0 2.5
In(Rz2/R1) (2:5)
B) c(hepuIHOTO
C — 47‘[880R1R2 (2 6)
Ry—Ry '

€MHICTh OaTapei KOHIEHCATOpIB y pa3l MOCHIJOBHOTO 1 MapayiesibHOrO
3'eqHaHb BIAMOBIIHO
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=3, C=3¢ @)

PiBHOBa:kHUMIT po3moaij 3apsiiiB y NpoBigHUKY. MeToa n3epKajbHHUX
Bi0OpakeHb

83. Ha sxomy (pi3MUHOMY SIBHILI I'PYHTYETHCS METOJ €JIEKTPOCTATUYHOIO
3axXuCTy?

84. Yomy TMNpOBIAHUKH [JIs JOCHIIB 3 EIEKTPOCTATUKH POOJIATH
MOPOKHUCTUMHU?

85. Hakpecautu Trpadik 3aJI€KHOCTI TOTEHINATYy ¥ HaNpyXEHOCTI
€JIEKTPOCTATUY-HOTO TOJIS BIJ BIJICTaH1 JI0 IIEHTPA 3apsKEHOI METaJIeBO1 KyJIi
paziyca I, OTOUYEHOI TOBCTOI0 METAJIEBOIO 00OOJIOHKOIO, BHYTPILIHINA paalycC sIKOi
R: (Ry>r), a 30BHImIHIN Ry,

86. Ak po3nmoAiNATHCS 3apsAv Ha 3apsJPKEHUX MIJTHIN Ta CTalleBld KyJsX
M1 9ac X JOTUKaHHs? Macu KyJib € OJHAKOBUMH.

87. Uu BUHMKHE CTPYM y TIPOBIAHUKY, SIKUM 3'€ JHAH1 METaJIeB1 KyJl PI3HUX
paziyciB, SIKIO HAJAATH 1M OJIHAKOBUX HETaTUBHUX 3apsiaiB?

88. B omHoOpimHe enekTpuYHe mojie HampykeHicTio Eq=2 xkB/M BHeceHo
TOHKY METJIeBY IUIACTHHY, TUIONIMHA SIKO1 TMEPIEeHAWKYJSpHA 0 HAMpsSMy
SIEKTPUIHOTO TTOJIsI. YoMy JOpiBHIOE TIOBEpPXHEBA I'YCTHHA 3apsly Ha TUTACTHHI?

89. Benuky BepTHKaIbHY METAJICBY IUTACTHHY 3 MOBEPXHEBOIO I'yCTHHOIO
3apAly G Ha KOXXHOMY OOIll NOMICTHJIM B OJHOPIJAHE €JIEKTpUYHE IOJIe
HaIMpY>KEHICTI0O E MepneHIuKyJIIpHO N0 JiHIH HampyxeHocTi. Busznauntu
HaIpY>KEeHICTh TIOJISI BCEPEAMHI W 30BHI IUJIACTMHU Ta TMOBEPXHEBY TYCTHUHY
3apsiiB, SKa BUHUKAE HA 1 TpaBOMY i JIIBOMY OOKax.

90. Bemmka wMeraseBa IUIACTMHA  PO3TAIlOBaHa y !

BEPTUKAJIbHIN TUIONIMHI Ta 3a3emuieHa (puc. 3.11). Ha Biacrani o
a=10 cM Bia TUTACTUHU MICTHTHCS HEpyXOMa TOYKa, J0 SKOi Ha P
HUTI TiABIIICHa MajcHbKa Kyibka. JloBxkuHa HUTKU =12 cm, j.fi'“‘
Maca kyapku M=0,1 r. Ilix yac HagaHHS KyJbIll 3apsaay ( HATKA / !
BIAXITMJIACS Bix BepTHKaii Ha KyT 0=30°. O6umciurth 3apsix q § S
KYJIbKHU. Lo "
91. ToukoBwuii 3apsix q=10° K mictutsest Ha Bimcrani d=3 Puc. 3.11

CM BIJI IIJIOCKOI METaJleBOI MJIACTUHH, SIKa 3a3eMiieHa. Busnauntu
CHJTY B3a€EMOJII1 M1Xk 3aps0M 1 IIIACTUHOIO.

92. Tpu pi3HOMMEHHUX TOYKOBHUX 3apsd PO3MIIICH] y g
BEpIIUHAX KBajpaTa 3 aiaroHamno =50 cwm, sk mokasaHo Ha |
puc. 3.12. Touka O - uentp kBajgpara, AOB - mpsamuii kyT, _ 4
YTBOPEHUI  ABOMAa  METAJ€BUMH  HAMIBILIOIIMHAMMU. 1
Busnauutu cuny F, mo aie Ha 3apsj -], SKIIO HOTO YUCIOBE
3HaueHHs =11 MK

%

I

|

|

|

I

|

|
.-.—————-Il‘é]

I

I

|

[ .
=3

e \\'}“-\.‘\\\.‘\\"\\\.

- -
=

Puc. 312
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93. JlBa ToukoBuX 3apsau =2 HKI po3mimieHi Ha BigcTausax h=5 cm Bix
METaJIEBOI IUIOIIMHM 1 Ha BigcTani 2h=10 ¢cM oauH Bix ogHoro. BusHauutu cuiy,
110 JIIFOTh Ha KOKHUH 3apsijl.

94. JloBra HUTKA, sIKa PIBHOMIPHO 3aps»KeHa 3 JIIHIHOIO T'yCTHHOIO 3apsiay
=1 mxKn/m, migBilmieHa mnapanenbHO HECKIHYEHHIM MPOBIIHIN IUIONIMHI Ha
Binctani h=10 cM Big Hel. Bu3HaunTH HANIPYKEHICTH 1 MOTEHITIAN SIEKTPHUYHOTO
MoJsl Ha TOBEPXHI MPOBIAHMKA B TOYKAX, IO JIEKATh Ha MOpPsIMIA, sKa
NepHeHANKYIISIPHA 10 TTIOBEPXHI ¥ MPOXOINUTH KPi3b HUTKY.

Enexkrpoemuictsb. Konaencaropu. 3'exHaHHs KOHIeHcATOPIB y OaTapel

95. Buznauutu emHicTh C BiJOKpeMIIEHOT MeTaJIeBO1 Kyl paaiyca R=5 cm y
MOBITPI.

96. Kynbka, 3aps/keHa 10 noteHuiany ¢=1 kB, Mae moBepXHEBY I'yCTUHY
3apsny 6=180 HK1/M°. BU3HAUNTH pajiyc KyIbKH.

97. O6uucnutu emMHIcTh C MIOCKOTO MOBITPSIHOIO KOHAEHCATOpa, IJIOIIa
tacTHH sikoro S=100 cm, Binctanb Mik Humu d=2 MM. YoMy TOpiBHIOBATHME
3apsA ( KOXKHOI TUTACTHHH, SIKIO KOHJAEHCATOP MIAIMKHYTH J0 KiieM OaTtapei 3
Hanpyroto U=24 B?

98. IlnmacTUHU IJIOCKOrO KOHAEHCATOpA, BiACTaHb MK sSKuMu 0=12 cm,
3'€lHaHl 3 KOHAYKTOPOM €JIEKTPOCTATUYHOI MAIIMHH, fKa Ja€ PIZHUIIO
noteHuianie 12 kB. IloOyayBaTu rpadik 3MiHM MOTEHLIATy MIX IUIACTUHAMU
KOHJIeHcaTopa. 3a rpadikoM BUZHAYUTH IMOTEHITiaJ MOJIs Ha BiAcTaHax 3,619 cm
Bi/I MO3UTUBHO 3aPSPKEHOT TUIACTUHU. BHU3HAYNTU HANPYKEHICTh £ Mot Mix
MJIaCTUHAMU KOHJIEHCATOpAa.

99. SIx 3MIHHMTBCA €MHICTH IIJIOCKOTO KOHJIEHCATOpa, SKIIO MK HOro
oOKJTaIkaMy PO3MICTUTH METAJIEeBY IUIACTUHY, TOBIIMHA AKO1 CTaHOBUTH 1=0,6
BIJICTaH1 M)XK OOKJIaJIKaMH KOHJeHcaTopa’?

100. J/IBoM OgHAKOBUM KyJbKaM, IO 3'€/THaHI TOHKUM JAPOTOM, HaJaJId
3arasibHOro 3apsay =0,6 MxKi1. Paniycu kynbok =5 cM. OJiHy 3 HUX OTOYUIIU
KOHIIEHTpUYHOIO cheporo pajaiyca r,=10 cm 1 3a3emumniiu. SAxum Oyne 3apsia J; Ha
1A KyJIbIT?

101. € nBi mpoBigui Kyni. Oxna 3 HuX emHicTI0O C1=10 nd Mmae 3apsg =150
nKin, a iHma, pamiyc gxoi I,=2 cwm, 3apsmkeHa go moreHmiany U=30 B.
BusnauuTty nmoBepxHEeBY T'yCTHHY 3aps/iB Ha KyJsX MICTS 3'€HAHHS X TOHKUM
JIOBTUM TIPOBITHUKOM.

102. BayTpimHii pajaiyc ceprudaHoro noBiTpsHOTO KOHAeHcaTopa R1=5 cwm,
30BHIHINA Ry=7 cM. Ha xonaencarop nomano nanpyry U=40 kB. YUu Oyne
NPOOUTHI KOHACHCATOP, SKIIO0 MPOOMBHA HAMIPYKEHICTh €IEKTPUIHOTO TOJIS B
nositpi Ey,=30 kB/cm?

103. Pamiyc BHYTpIIHBOi OOKJIAQOKH  TOBITPSHOTO  CPEPUIHOTO
KOHIeHcaTopa =1 cMm, pajiyc 30BHIIHBOI 0OKkmaaku R=4 cM. Mix oOkiIagkamMu
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npukiagieHa pizHuI moreHmianie U=3 kB. OOYMCIMTH HaNpyXKEHICTh
EJIEKTPUYHOTO MoJisi £ Ha BIJICTaHI X=3 CM BiJI lIEHTPa KOHJIEHCATOpAa.

104. Paxiyc BHYTpIIIHBOI cpepu MOBITPSHOTO ChEepUIHOTO KOHACHCATOpa
R1=9 cM, paxaiyc 30BHimHBOI chepu R,=10 cm. 3oBHImHS cepa 3a3emiieHa, a
BHYTpilmHsA Mae norteHmian U=5 kB. fkmo B mpoctip Mk chepamMu HamuTu
racy, To Hafpyra Ha KoHjeHcaropi cmaze. [1{o6 ogepkatu monepeaHe 3HAYCHHS
Halpyry, BHYTPIIIHIA cdepl MNOTpIOHO [OOAATKOBO Hamatu 3apany AQ.
OO6YHCIUTH YUCIIOBE 3HAYEHHS IBOTO 3apsay.

105. BakyyMHMI TUJIIHAPUYHAN KOHJIGHCATOP MAa€ Pajailyc BHYTPIIIHBOTO
muaiaapa Ri=2 c¢m 1 30BHIMHBKOTO R,=3 cM. Mix mwmiHApaMy TpUKIIaICHA
pizaung noreHmianie U=2,3 kB. SIky mBuakicte HaOyJe €JIEKTPOH I €0
IIOT'O0 KOHJIEHCATOPA, SKIIO BIH pyXaTUMEThCS 3 BIJCTaHl 1=2,7 cM 110 BiJICTaH1
r,=2,5 cM BiJ OCi nuiHapa’?

106. /IBa koHumeHcatopu 3apsawid BianosigHo no Hampyr U;=200 B i
U,=50 B i 3'enqnanu napanenbHo. YoMy JOpiBHIOBAaTUME PIZHUIIS MOTEHIIIATIB
MDK oOKJagkamu, akio C;=2C,?

107. JIBa xoHaeHcaTtopu 3apsauid BiamoBigHo 1o Hampyr U;=300 B,
U,=100 B 1 3'eqnanu mapanenbHO. BCTaHOBUTH BIJHOIIIECHHS €MHOCTEH, SKIIO
PI3HUIIA TIOTEHINAIIB MDK OOKJIagkaM{d KOHJICHCATOpIB CTaia JOPIBHIOBATH
U=250 B.

108. 1Ba xonaeHncaropu eMHoctsiMu C1=0,2 MKD 1 C,=0,4 Mx® 3'eqHanu
MOCJIIIOBHO 1 MAIMKHYIH J10 Jukepena Hanpyru U=200 B. Buznauurtu 3apsanu (;
1 (2 KOHAEHCATOPIB Ta pi3HULIIO oTeHmiamB Uy 1 U, MK iX 00KI1agKaMu.

109. JIBa xonaeHcatopu emHocTsmMu C; 1 C,, sKi po3paxoBaHi Ha
MakcuMallbH1 Hampyru BignmoBimHo U; ta U,, 3'emnani: a) mociigoBHO; 0)
napaienbHo. Sky Hanpyry U MOXHa TTOaTH HAa TaKi CUCTEMHU KOHJIEHCATOPiB?

110. SIxi eMHOCTI CUCTEMHU KOHACHCATOPIB MOKHA OJIEP:KaTH, KOMOTHYIOUH
KOHJIEHCATOPH eMHOCTIMH 2, 4 1 6 ndD?

111. Ha puc. 3.13 300pakeHa cxema 3'eIHaHHSI KOHIeHCATOPiB. BU3Hauutu
€EMHICTh OaTapei KOHIEHCAaTOpIB 32 YMOBH, IO €MHICTh KOHJEHCATOPIB
C1=C3=C; Co=Cs=C5=2C.

cr a : c2 —f 2|c.— -Iq ]
FD: T“;J_(M 1 e H; c [ ﬂ-—;_;l I I—j-
o o ! — '

Pue. 3.13 Pue. 3.14 Puc. 3.15
112.V cxewmi (puc. 3.14) eMHicTh OaTapei KOHAEHCATOPIB Y pa3l 3aMUKaAHHSI
ximoua K He 3MiHI0€eThCa. Bu3naunutu eMHicth Cy, ko C=4 M.
113. OGuucnutu 3aranbHy eMHICTh C cuctemu KoHaeHcaTopiB C;=2 MKD i
C,=1 mx®. Hanpyra nogaetscst 10 To490k A 1 b (puc. 3.15).
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114. Jlo xonaencaropa eMHicTi0O Cg, SIKMH 3apsiKeHo 10 moTeHiiany U,

npueaHaIN 0aTapero 3 N=5 KOHJIEHCATOpiB Ti€l camoi .

eMHOCTI (puc. 3.16). BuznauuTu 3apsia Ha KOXKHOMY 3 |_|'

|
KOHACHCATOPIB. [
cé

115. JIBl mpoBigHI KyJl paglyciB a=5 cMm ]_hl_
po3MinieH1 Ha BiicTaH1 =50 cM M1k iXHIMU [ICHTPaMHU. \

Lh

Kynam Haganu nesikux 3apsijiiB, YHACHIJOK 4Oro iXHi
noteHuianu cramu @;=0,5 kB, ¢,=1 xB. fxumu €

Il
i
Puc. 3.16

3apsanu Kyae? [lepepo3noaiyioMm 3apsiaiB Ha KyJisiX, 110 3yMOBJICHUN B3a€EMHOIO

€IEKTPOCTATUYHOIO 1HYKIIEI0, HEXTYBATH.

116. Axumu OyayTh 3apsau i MMOTEHINAIM KyJib, ONMUCaHuX y 3aaadi 3.115,

AKIIO APYTY KYJIIO 3a3€MIIUTH?

117. Bu3HauuTH €JNEKTPOEMHICTh CHUCTEMH, SIKa CKJIAJAEThCS 3 JBOX
NPOBIIHUX Kyjib paaiyciB a. Kymi po3mimieHi Ha BiJCTaHi ' MiX iXHIMH

LEHTpPaMHU, 110 € 3HAYHO OUIBILIOKO Bl paJlyCiB KyJIb.

118. /IBa moBrux mnapaielbHUX LWIHAPUYHUX MPOBOAM 3 pajlycaMu a
po3MilieHi y moBiTpi Ha BigcTaHi 0 Mik ocsiMu. BU3HAYNTH B3a€MHY €MHICTh

HpOBOI[iB Ha OJMHUIIO JOBXXHWHHU 32 YMOBH, 1110 d >> a.

EnexkTpocraTuyHe moJie B JieJIeKTPUKAX
[Tonsipu30BaHICTh 130TPOMHOTO AlEIEKTPUKA
P = xgE
1€ y - MEIEKTPUYHA CIIPUUHATINBICTD.
[ToBepxHeBa I'yCTHHA 3B'13aHUX 3apsiiB
o = P,

(3.1)

(3.2)

ne Pp - MpoeKIIis MoIsIprU30BaHOCTI Ha 30BHIMIHIO HOPMaJb J0 TMOBEPXHI.

Enextpuune 3MiiieHHs
D =&E + P = egyE
7€ € - AICNEKTPUYHA MPOHUKHICTh, €=1+ y.

(3.3)

HanpysxeHicTh 1ojisi B OJHOPIAHOMY Ta 130TPONHOMY IE€JIEKTPUKY, SIKUN
3aMOBHIOE MPOCTIP MK €KBIMOTEHI[IaIbHUMHU TMOBEPXHSAMH, OCHA0IIOETHCS B €

pasiB:

E
E=-=
&

Teopema ["aycca miist €IE€KTPOCTATUYHOTO TOJIS B JIICJIEKTPUKAX

CI)D = ﬁg DndS:ZQL

(3.4)

(3.5)

1€ ), q; - anreOpuyHa cyma CTOPOHHIX (BUIbHHUX ) €JICKTPHYHUX 3apsIiB, sKi

MICTATBCS BCEPEANHI 3aMKHEHO1 MTOBEPXHI S.
['paHnyHI YMOBHM Ha MEXI1 MOALTY ABOX J1€JIEKTPHUKIB:
Ey = Ey
Dy, = D3y
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Honsipu3auis aieJIeKTPUKIB

119. Mix oOkiazkamMu 3apsiAPKEHOr0 IMJIOCKOTO KOHAEHCATOpa MICTUTHCS
iacTuHka 3 papdopy, sKa JOTUKAETHCA A0 WOTo IJIACTUH. Y CKUIBKH pasiB 1)
3MIHUTBCS PI3HUIL MMOTEHINIATIB, K0 BUWHITH IJIACTUHKY 3 KOHAeHcaTopa?

120. TInockuii KOHJEHCATOP 3aloOBHEHO citoa0t0 (€=7). [lmoma koxxHOI
mractuan S=100 oM, ii sapsin =40 vKn, mix macTUHaAMU TPUKIIAJIEHA
Hanpyra U=600 B. Bu3HauuTtu Bijgctanb d Mixk IUTaCTHHAMM.

121. Buznauutu eMHicTh C HUITHAPUYHOTO KOHJIEHCATOPA, TOBXKUHA SIKOTO
|=5 cm, pagiyc 30BHIIIHKOT 00KIaAKH Ry=1,5 cM, paiyc BHYTPIIIHbOI OOKIAIKK
R1-0,3 cm. IIpocTip Mixk 00KJIaKaMy 3alIOBHEHO MapadiHOM.

122. Pagiyc BHYTpINIHBOI KYJII MOBITPSHOTO C(HEPUYHOrO KOHJAEHCATOpa
R1=3,5 cM, paaiyc 30BHIIIHBOI KyJi Ry=4 cM. Mk KyJIsIMH IPUKJIaeHa PI3HULIS
noteHuianiB Uy Skio npoctip Mixk chepaMu 3alIOBHUTH PIAKUM J1E€IEKTPUKOM
(e=4), To Hanpyra Ha KoHjeHcaTopi 3MeHIuThCs. 1100 onepxaru nomnepeaHe
3HaueHHs Hanpyru Up, BHyTpilmHiN cdepl MOTpiOHO HagaTh JOAATKOBOTO
3apany Aq=650 uKn. Buznauutu nanpyry Uy.

123. JIBi 0fHOMMEHHO 3apsKEH1 KYJIbKH, iBIIICH] HA HUTKaX OJHAKOBO1
JIOBKUHH, OIyCKAIOTHCS B PIAKAH MiCIEKTPHUK, TycTHHA sKoro p;=0,8-10° kr/m’,
Slkoro mae OyTu [ieNeKTpUYHA TMPOHUKHICTh CEPElOBUINA €, W00 KYT
PO3XOJPKEHHS HUTOK Yy MOBITPi Ta B pinuHi OyB onHakoBuM? ['ycTrHA MaTepiany
Kynbok p=1,6-10° kr/m°.

124. JIBa ogHAaKOBUX MOBITPSIHUX KOHIEHCATOPHU 3'€IHAHO IOCIIJIOBHO B
Oarapero, SKy MIIMKHEHO N0 JDKepelia CTpyMmy. Bu3HauwmTH, SK 3MIHHTHCS
Hampyra Ha OJHOMY 3 KOHJIGHCATOpPIB, SKIIO IHIIUA TIOMICTUTA B
TpaHchopMaTOpHE MACIIO.

125. JienexkTpuyHa MPOHUKHICTh CEPEOBUIIA MK TUTACTHHAMH TJIOCKOTO
KOHJICHCATOpa PIBHOMIPHO 3MIHIOEThCA B €=3 10 &=7. Ilmoma koxHOI
mwiactuau S=200 CM2, BizicTaub MiXx ractuaamu d=1 cMm. Busnauntu emuicts C
KOHJIEHCATOpa.

126. Tlnockuit KOHAEHCATOP, MDK OOKJIaJIKAMU SIKOTO MICTHUTBHCS CKJISIHA
iacTuHKa (€=6) 3aBTOBIIKK O=2 MM, 3apsypkeHuit no Hanpyru U=200 B.
HexTtyroun po3mipoM 3a30py MK IUIQCTUHKOK W OOKIaJKaMH, BU3HAYUTH
MOBEPXHEBY T'YCTUHY G BUIBHUX 3apsfiB, a TaKOX TMOBEPXHEBY T'yCTHHY G
3B’SI3aHUX 3apAJIIB (3apsiAiB MOJISIpU3aIlii) Ha CKJIL.

127. JJo mmacTuH IUIOCKOrO KOHJAEHCATOpa, BiACTaHb MK sSKuMu 0=3 cwMm,
npukiageHa pizuuis noteHmianie U=1000 B. Ilpoctip Mik macTUHaMu
3aMOBHIOETHCA  J1€NEKTPUKOM (€=7). Bu3HauMTH TOBEPXHEBY TYCTUHY G
3B'I3aHUX 3aPsJIiB 1 3MiHY AG TOBEPXHEBOI I'yCTHHHM 3apsay Ha IUIACTUHAX Yy pasi
3aIIOBHEHHS KOHACHCATOpA JieIeKTpUKOM. Po3B's3aTH 3a1a9y, BpaXOBYIOUH, 1110
3aIMOBHEHHST KOHJICHCATOpa JIEICKTPUKOM BiOYyBa€ThCS: a) IPU BBIMKHEHOMY
JDKEpEeITl pI3HUIN MOTEHITIaiB; 0) MiCIs BiA'€JHAHHS KOHACHCATOPa BIJI JHKepena
HaIpyTH,
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128. Mix miacTUHaMH IJIOCKOTO KOHAEHcAaTopa, Kl PO3MIIIYIOThCS Ha
BiacTani d=5 MM ojHa Bif oaHO1, npukiaaeHa Hanpyra U=900 B. IIpoctip mix
MJJaCTUHAMHM 3allOBHEHO JielieKTpukoM (€=3). Bu3HauuTH: HaANpPYyKEHICThH
€JICKTPUYHOTO TOoJIS £ B A1€JEKTPUKY; eIeKTpUIHE 3MilIeHHs D y nienexkTpuky;
TIENEKTPUYHY CHOPUUHATIAMBICTD X  JIIEJIEKTPHUKA; MOJApU30BaHICTh P
TeJeKTPUKA;, MOBEPXHEBY T'yCTHHY G 3apsAJliB Ha IIACTHHAX KOHACHCATOPA;
MOBEPXHEBY I'YCTUHY G' 3B’ SI3aHUX 3apsiiB.

129. Ilnockuii KOHAEHCATOP, BiJICTAaHb MK IUIACTUHAMHU SKOTO 0=4 MM,
3aHypeHO B rac. SIKy Hampyry Tpeba NpHUKIacTH A0 KOHAEHcaTopa, II00
NMOBEpXHEBa TYCTHHA 3B'I3aHUX 3apsaiB y Tacli Halyma 3HadyeHHS G =4,4
aKi/cm®?

130. HeckinueHHa 1iockonapaineibHa CKIsHa TulacTuHa (6=7) BMIIlIEHA B
OJTHOPIAHE €IIEKTPUYHE MMOJIe EPICHANKYISIPHO 0 HhOro. HampykeHicTh moJs
Eo=400 B/m. Busznauutu HanpyxeHicTb nosnst E ta enexrpuune 3mimenns D
BCEPE/IMHI IJIACTUHU, MOJSPU30BAHICTh P CKkja Ta MOBEPXHEBY T'yCTUHY G
3B’SI3aHUX 3aPAJIIB.

131. MeranesBiii 130map0BaHii Kyii paaiyca R=10 cm Hagamu 3apsmy
0=5-10"° Ku, moTiM Ha MOBEPXHIO KyJIi HAHECIH IIAp JieTeKTPHKA 3aBTOBIIKH
h=2 cm. YoMy TOpiBHIOIOThH I'YCTHHH 3B’ SI3aHHUX 3aps/IiB Ta MOBHI MOJISIpU3aIlidH1
3apsAaMd Ha BHYTPINIHIA 1 30BHINIHIM TMOBEPXHAX APy MIIEICKTPUKA, SKIIO
JieeKTpUYHa NIPOHUKHICTD Jl€IeKTpUKa £=27

132. TouxoBuit 3apsag Q=1,5 MkKn ortodenui
KOHILIECHTPUYHUM 3 HHM IIapoM JiesieKTpuka (e=3).
BuyTpimHiii paniyc cdepuanoro mapy Ri;=5 cM, 30BHIIIHIN
R=7 cm (puc. 3.17). OOGuucnuth 3HAYCHHS 3B'SI3aHUX
3apsAaiB (' Ha MOBEPXHAX CHEPUYHOrO IMIapy, a TaKOXK
MOJISIPU30BAHICTh P 1 HAIPY’KEHICTh €JIEeKTPUYHOTO mojs E
y TOYKax, IO BiAJaJieHl BiJ IEHTpa Ha F1=3 cM, =6 cM,
;=9 cm.

133. Tlpoctip MiXk OOKJIaJAKaMH IIJIOCKOIO KOHJIEHCAaTOpa 3alOBHEHUI
TIEeKTPUKOM, JieJIEKTPUYHA IPOHHUKHICTH SKOTO 3MIHIOETBCS B HaMpsiMi,
MEPIICHINKYISIPHOMY 10 OOKIAQJOK, 3a JIHIHHUM 3aKOHOM BiJ 3HAYCHHS €;
noOM3y oJHIET OOKIAAKU 10 €> € Ouns 1Hmoi. Kongencarop nepeOyBae i
Harpyroio U, mpuuomMy MO3UTUBHUN BITLHUN 3apsii BUHUKAE HA oOKIaaii, Ouis
SIKO1 € Ma€ MeHIIIe 3HadeHHs. [1o1a Ko)KHOT 00KITaIKK JOPIBHIOE S, a BIJICTaHb
Mik HuMU O;. BusHaumtu: a) emuicth C KOHACHcCAaTopa, 0) 3HAaK 1 CepeaHe
3HAUEHHs 00'€eMHOI TycTuHM (p') 3B’A3aHMX 3apsiIiB, sKi
BUHHKAIOTh YCEPEIUHI J1EJICKTPUKA.

YMOBH HA Me:Xi MOALTY JAleJIeKTPUKIB

134. Mix oOknagkamMu IIJIOCKOTO KOHJEHcaTopa,

mioma  sSkux  S=100 CMZ, pPO3MIILIYIOTBCS  JBI ;/,/Ag’%

]

dy

IJIOCKONApasebHl IUIACTUHKK 3 (apdopy Ta e00HITY [N N NEN NN

=3 1
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3aproBIIKH O; Ta d; (puc. 3.18). Biacranp Mixk oOkIagKaMu KOHeHcaTopa =2
cM. Jlo oOkmamok mpukianeHa pizauis noteHmianie U=500 B. Buznauutu
MOAYJII BEKTOpiB 3MimieHHs D Ta HampykeHocTi £ eIeKTpUYHOro TOoJIS B
KOXHOMY Iapi, cnaa Hanpyru U B kKoxkHOMY mIapi, eMHICTh C KOHIEHCATOPA,
MOBEPXHEBY I'YCTHUHY 3apsAy ¢ Ha OOKJIaJKax y pasl, KOJIU

d1:d2:1 CM.
135. BusHauuTtu €MHICTh IMJIOCKOTO KOHJEHCATOpa,
SKIIO MPOCTIP MIXK OOKJIaJIKaMH 3alIOBHEHO JlleIeKTpukamu  * \\*
£;

7
3 TMPOHUKHOCTSAMM € 1 €&, SK IOKa3aHo Ha puc. 3.19. / i é/\

Bincrans Mixk oOKjIaakamMu KoHaeHcaTopa d, a BigmoBigHi
KO)KHOMY  JIEJIeKTPUKY IUIONI TOBEPXHI  OOKJIAIKH
CTaHOBJIATH S1 1S5,

136. Ilnoma o0OKIaZOK IUIOCKOTO MOBITPSIHOTO
KoHjeHcaTopa S=200 CM2, BiZcTaHp MK HAMH d=3 MM.
Konpnencarop 3apspkaerbes B Jxepena 3 Hanpyroro U=150 B. Ilotim iioro
BII'€IHYIOTh BiJ OaTapei 1 MK OOKJIaJKaMH BMIIIYIOTh JICJICKTPUUYHY
mwiacTuHKy 3 ¢apdopy (€=5) Takoi camoi mwromyi S, 1 ToBmMHA |=1 MM.
Busznauutu: noyatkoBy eMHIcTh C KOHAEHCATOPA; 3apsija (| Ha KOXKHIM OOKIIaIl
70 BBEICHHS JIEJIEKTPUKA; 3B'A3aHUN 3apsia (,; 110 BHHUKAE HA TMOBEPXHI
dapdopoBoi TIACTUHKU; HAMPYKEHICTh €IEKTPUYHOTO MoJisi E; MK KOXKHOIO
OOKJTaJKOI0 KOHACHCATOpa 1 TIOBEpXHEI JieJCKTPUKA, HAIMPYKCHICTh
eJeKTpUYHOrO0 Toyisi E, B JieNeKTpuKy; pi3HUI0 ToTeHmiamB U; Mix
oOKJajKaMu TMICIs BBEACHHS JieNeKTpuka; eMmHIcTh C; KoHAeHcaTtopa 3
TETeKTPUKOM.

137. IInockuit MOBITPSTHUN KOHIEHCATOP, BIACTaHb MK TJIACTUHAMH SIKOTO
d;=6 cM, a mroma koxHOI mactuaun S=200 CMZ, MITIMKHYTAH 10 Oartapei 3
Harpyroto U=600 B. V kxonaeHcaTop BMINIYIOTh IICNEKTPUYHY IJIACTHHKY
3aBTOBIIKH 0,=3 cM. BusHnauutu 3miHy 3apsay AQ Ha IUTACTHHAX KOHJICHCATOPA,
AKIIO J1€JEKTPUYHA IPOHUKHICTh MaTeplaiay BMIIIEHOI MNIACTUHKHU £=2,8.

138. Ha nnockuii moBITPSIHUNA KOHJIEHCATOP, TOBLUIMHA MOBITPSIHOTO 11apy B
skoMy 0=1,5 cm, momaerbes Hanpyra U=39 kB. UYu Oyne mnpoOutuii
KOHJICHCATOP, SKIO: a) TPaHUYHA HAMPYKEHICTh EJIEKTPUYHOTO TOJIS B TTOBITP1
E,=30 xB/cMm; 0) Mixk #oro oOkj1aikaMy MOMICTUTH CKIIIHY IUIACTHHKY (£=7),
toBiuHa sikoi 0;=0,3 cm? ['paHWYHA HANPYKEHICTh €ACKTPUYHOTO TOJIS IS
ckna Eq, =100 xB/cm.

139. Bigcranp MiXk MJIaCTUHAMU TJIOCKOTO KOHJIEHCATOpa
d=5 mwm, pizauig motexmianie U=150 B, mioma miactux
$S=200 cm”. Ha mwkHiii miacTuri TeXHTh mInTKa mapadimy
3aBTOBIIKM 0;=4 MM. Bu3HAauWTH MOBEPXHEBY TyCTHHY
3B'I3aHUX 3apsiB 6 Ha mapadini Ta emHicTh C KOHIIEHCATOPA.

140. Tipcbka moOpoJa CKIATAETHCS 3 INIOCKHX
napajieJbHUX ImapiB kBapry (6:=4,8), kampnuty (6,=7,5) 1 Pue. 3.20

Puc. 3.19
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BanHAKY (03=10). ToBmuuu mapiB Bignosigao d;=0,5 m, d,=1 m i d;=1,5 m.
BBakatouu, 1110 mopojia MiCTUTECS B OJTHOPIAHOMY €IEKTPUYHOMY MOJI1, CUIIOB1
JIHIT AKOTO MEPIEHIUKYIISIPHI 10 MEXK1 TTO1TY IIapiB, 00YNCINTH HAIIPY>KEHOCTI
M0JIA B KOXKHOMY I1api, a TAKOk MOBEPXHEBY T'YCTUHY 3B'SA3aHUX 3apsi/IiB HA HUX,
SKIIO 10 BCI€T MOPoM npukiajeHa pizHung norexmiaiiz U=1 000 B.

141. IIpoctip Mk OOKJIagKaMu CHEPUUYHOrO KOHJEHCATOPa 3allOBHEHMIA
JBOMa KOHIIEHTPUYHHUMH IIapaMH A1E€IEKTPUKIB 3 J1€IEKTPUIHOIO IPOHUKHICTIO
01=3 (1ap, 10 IpuiIsirae A0 BHYTPIIIHLOT 00KIAKK) 1 6,=7. Pajiycu oOkianok
a=10 cm 1 b=12 cm. Mexa noiny AieIeKTPUKIB po3MillieHa Ha BijicTaHi C=11 cMm
B 1eHTpa (puc. 3.20). BusznHauutu emHicth C KOHAEHCATOpa Ta PO3MOJLI
3B'SI3aHUX 3aps/iB y JICJICKTPHUKAX, SAKIIO 3apsia BHYTPINIHbOI 00KIaaku (=20
HK1.

142. MeraneBa kyns paaiyca R;=5 cM oToueHa cpepU4yHUM IIAPOM
nienekTpuka (€=7), ToBIIMHA SKOro d=1 cM, Ta IPyrorw MeTaJIeBOIO MOBEPXHEIO
paniyca R,=7 cM, KOHLIEHTPUYHOIO 3 Mepiior0. YoMy MOPIBHIOE €IEKTPOEMHICTh
C Takoro konzaeHncaropa? Sxkum mae 0ytu paaiyc R MeraneBoi KyJi, 11100 BOHa B
HEOOMEKEHOMY JIEJIEKTPUKY Majia TaKy caMy €MHICTh?

143. OpHopiAHE eNeKTpUYHEe MoJie, HANPYKEHICTh SKOro B MOBITpi E;=2
B/M, yTBOprO€ 3 HOpMAJUIIO 70 CKJISHOI MacTWHKH KyT 0=30°. Bu3Hauutm
BEKTOPH HAIPYyKEHOCTI E,, enexrpuunoro 3mimenas D, Ta monspuzoBanocti P,
y CKIJIL.

Eneprisi e1eKTpUYHOT0 MOJIsI
Enepris B3aeMo/1ii CHCTEMU TOYKOBHUX 3apsi/IiB

n
1
W = EZ q; P; (4.1)
i=1
Jie @j - TIOTEHIIiad, 110 CTBOPIOETHCS B TIM TOYIll, A€ MICTUTHCS 3apsn (

yciMa 3apsiiamMu, Kpim i-ro.
Eneprist BIZOKpEMIIEHOTO 3aps>KEHOT0 MPOB1IHUKA

I 2 2
W=t e @2
Enepris 3apspKeHOro KoHaeHcaTopa
cu? U 2
W= =T=% (43)
O6'emHa rycTHHA eHeprii
eegE? _ED _ D?
=== (4.4)

e 2 2 2eg
Cuiy, 1110 JII0Th B €JICKTPHYHOMY TIOJII.

Fx - (Z_Zv)q=const - (E;_i/)gz):const (45)

ne W - eHepris, sika BUpakeHa K QYHKITIS BiJ 3apsiay i mapaMmerpa X ado sk
¢GbyHKIIIS BiJ] TOTEHITIATY i TapameTpa X.
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Cuna IMPpUTATaHHA MIXK ABOMa IINMIACTHHAMM 3apAIKCHOI'O IINIOCKOI'O

KOHJIEHCATOpa
2 o2S eggEZS
- qusos = 2ee 02 (4.6)
Cuita, 1m0 i€ Ha OJWHMUINO TUIOIII TOBEPXHI 3apsAHKEHOTO MPOBITHHUKA,
OTOYCHOr0 PIJAKUM ab0 Tra3omoJiOHUM HIEJIECKTPUKOM, JOPIBHIOE 00'€MHIM
T'YCTHHI €Heprii MmoJjis Mo0Iu3y MOBEpXHI M HanpsiMJIeHa HA30BHI ITPOBITHUKA!

F=w, =~ (4.7)

Cuuta, 1110 i€ B €JICKTPUYHOMY ITOJI1 HA OJMHUIIIO TUTOIII MEX1 MOAUTY JBOX
T1EJeKTPUKIB, JOPIBHIOE PI3HUII 00'€MHUX T'YCTHUH €HEpPTil €1eKTPOCTATUYHHX
noJtiB 3 000X OOKIB MEXI1 MOAUTY i HampsiMjieHa B OIK Ji€JIEKTPUKA 3 MEHILIOKO
J1€1eKTPUYHO0 TPOHUKHICTIO:

F= We2 — Weq (48)

Enepris cucremu enexkTpudyHux 3apsaiB. Exeprisa 3apsikeHnx
NPOBIAHUKIB

144. Tpu TOYKOBUX 3apsiiM PO3MIIIEHI y BEpIIMHAX PIBHOCTOPOHHBOTO
TPUKYyTHHUKA. J[Ba 3 IUX 3apsi/iiB € OTHOWMEHHUMH 1 KOXKHUN 3 HUX JTOPIBHIOE (],
3HaK TPETHOIO - MPOTUICKHUHN. SIKUM Mae OyTH 3HAYEHHS TPETHOTO 3apsny (s,
1100 eHepris B3a€MO/IIl CUCTEMHU 3apsiiB JOPIBHIOBAIA HYJIEB1?

145. Buznauutu eneprito W B3aeMoii ToukoBux 3apsaiB =15 uKu, ski
PO3MIIlIEH] y BEpIIMHAX KBajapara 31 CTOpoHO a=10 cwm, sKIo: a) 3apsaau €
OJIHAKOBUMH; ©O) 3apsad € OJHAKOBUMHU 3a aOCOJIOTHUM
3HAUCHHSIM, ajieé JIBa 3 HUX HEraTUBHI W 3apsau OJHOTO 3HaKa
MICTSTHCS B IPOTHJICKHUX BEPIIMHAX KBaJpaTa.

146. Enementapuuii Kpuctan KyxoHHOT coil (puc. 3.21) - me
Ky6 3i croponoro 0=2,82-10° cm, y BepumHax SIKOTo po3MimieHi
1oHM Harpito (OUTl KPYKEUKH) 1 XJIOpY (YOpHI KPY>KEUKH).
BBaxkatouu, 1o 3apsia 10Ha 3a aOCOJIOTHUM 3HAYEHHSM JIOPIBHIOE 3apsI0BI
€JIeKTpOHA, BU3HAYUTU eHeprito W eNeKTpOoCTaTUYHOI B3a€EMOIi 10HIB
130JIbOBAHOTO €JIEMEHTAPHOTO KpHUCTaa,

147. 3apsmxena kynas A pamiyca =2 CM CTHKA€TbCA 3 HE3aPSIHKEHOIO
kyneto B, paxiyc sixoi r,=3 cm. [licns Toro, sk Kymi po3'eAHaIN, BUSBUAIOCS, 1110
enepris kym BW=0,4 [Tx. Axwuit 3apsig q; OyB Ha KyJi A 10 3ITKHEHHS?

148. BimmaneHi ogHa BiJ OJHIET MeTaeBl Kyl pagiycamu R;=25 cm 1 R,=15
CM MarTh 3apsau BianosigHo (p; =0,12 mMxKn 1 0,=0,5 mxKn. flka KUIbKICTB
TermnoT Q BUILIUTHCA B TOHKOMY MPOBIAHUKY, SKIIO KyJl 3'€AHATH MiX
co0oro?

Puc. 3.21

Enepris 3apsigskeHoro konaencaropa. EHepris ejekTpocTaTM4HOrO
noJs. I'yctuna eneprii
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149. Konnencaropu emHoctsamu C; =2 Mx® 1 C,=4 Mx®D, 1110 MarOTh 3apsiau
0:=8 MkKu 1 ;=6 mxKun, 3'ennanu napanenbno. Busnauutu 3miny AW eneprii
KOHJICHCATOPIB.

150. Jlo xonnmencaropa eMHicTio C;=2 Mk®d, 3apsypKeHOro J0 Hampyru
U;=600 B, npueananu napajieabHO He3apsaKeHUI KOHAeHcaTop eMHicTi0 Co=1
MK®. fka kuibkicTh eHeprii W BHUIIIUTBCA MiJ 4ac YTBOPEHHS 1CKPH, SIKILO
KOHJIEHCATOPH 3'€e1HATH?

151. Buznauntu edepriro W eIeKTpOCTaTUIHOTO TOJIS, IKE YTBOPIOETHCS Y
noBITp1 MeTalieBoto cdeporo paaiyca R=5 cm. Cdepi Hagano 3apsany =200 K.

152. JIB1 KOHIEHTpUYHI chepruyHI TMOBEPXHI, SKI BMIIICHO Y BaKyyM,
3apspKeH1 ogHakoBuMU 3apsiaamu (=3 MKt Pagiycu mux moBepxons R;=1 m 1
R,=2 M. Busnauutu aneprito W eaeKkTpOCTaTUYHOTO MOJISA, 11O MICTUTBCS Y
chepuyHOMY MIapi Mk IIUMU c(hepaMHu.

153. Busnauutu eneprito W eneKTpocTaTUYHOTO Mojist y chepuyHomy
MOBITPSIHOMY KOHJIEHCATOPI, AKIIO pajilyc ioro BHyTpiHb01 chepu R;=10 cm, a
30BHIIHBOI Ry=30 cMm. ¥V Toulli, 110 JISKUTHh HA BiJCTaHl =15 cM Bij IIEHTpa,
HaIpyKeHicTh noisa E;=5 B/m.

154. Busznauutu eneprito W eJIeKTpOCTATUYHOTO TIOJS 3apsifiB, IO
pIBHOMIpHO po3noauieHi B 00'emi kymi paaiyca R=10 cm. [loBHuit 3apsn kyii
=40 nKn. SIxa yacTka 1 eHeprii moJs JoKadi30BaHa 1Mo3a KyJiew?

155. Busznauutu eneprito W enekTpoCTaTUYHOTO MOJIS ISl PO3MOJILTY
3apsiIiB, AKUW JaHo y 3aj1adi 79.

156. KoakcianpHuii  kabenb  (puc. 3.22)
CKJIQJAEThCSA 3 IICHTPAIBHOrO MPOBIIHHMKA, AlaMeTp |-y
skoro D;=2 cM, 1 meTaneBoi 000s10HKH aiamerpa D=4 4
CM, TIPOMDKOK M1 SKUMH 3aITOBHECHUH J11€JICKTPUKOM Puc. 3.22
(e=6). MeraneBa  000JOHKAa  3a3emieHa, a
HEHTPAJIbHUI MpOBIAHUK mnepedyBae mig Hampyroro U=600 B. O6uuciutu
eHeprito W eekTpocTaTHIHOTO Mot kademro Ha JoBxKuHI =1 M.

157. MeraneBa cepa paaiyca R=3 cm mae enexrpuunuii 3apsa =20 aKi.
Cdepa obOmexena mapom mapadiny, TOBIIMHA sikoro =2 cMm. BusHauutu
eHepriro W eJIeKTpoCTaTUIHOTO MO B IIapi T1eIeKTPUKA.

158. BBaxkarouu €JIEKTpOH 1 MPOTOH, 3 SKUX CKIATAETHCS aTOM BOJIHIO,
TOYKOBHMH 3apsiiaMu, 110 MICTSTHCS Ha BIACTaH1 =53 1M, 00UYHUCINUTU T'yCTHHY
eHeprii W, €JICKTPUYHOTO TIOJISI Ha CEPEeANHI BiACTaHI MI>K HUMH.

159. Busnauntu 00'eMHY TYCTHHY €HEprii W, €JIEKTPHYHOIO IIOJIS, SKE
CTBOPIOETHCSA HECKIHYEHHOIO PIBHOMIPHO 3apsIKEHOI0 HUTKOIO Ha BijcTaHi =3
cMm Bin Hei. JliHiiiHa ryctuna 3apsay Ha HUTHI 1=0,2 MxKn/m. [dienexktpuyna
MPOHUKHICTh CEpEeIOBUIIA £=3.

160. Tlpoctip MK IUIACTHHAMH IIJIOCKOTO KOHJEHCATOpa 3arlOBHCHHM
napadinoMm. O6'eMHa rycTHHA €HEprii eJeKTpudHoro moJis y napadini We=0,49

&
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Jlx/M3. OOUHCIUTH TIOBEPXHEBY T'YCTHHY G 3B'SI3aHMX 3apsJiiB Ha MOBEPXHI
napadiny.

161. I'ycTHHA eHeprii oS 3apsIKEHOr0 KoHaeHcaTopa We=300 Jix/m°. 3
AKOIO CHJIOK0 F MpUTSTyIOThCS OOKIIa KN KOHAEHCATOPA, SKIIO IJI0Ia KOXKHOT 3
Hix S=100 cm™?

162. Busnauutu cuiy OpuUTSAraHHS F  MDK IIacTUHAMU  IUIOCKOTO
KOHJICHCATOpa, SKIIO IUIONAa KOXKHOI IIACTHMHHM S, BiJcTaHb MK HuUMHU d,
JleJeKTpUYHa IPOHUKHICTh CEpeOBUIIA MIXK IUTaCTUHAMU €. PO3B’d3aTu 3a1a4y
3a TAKUX YMOB: @) KOHJECHCATOPOBI HAIallK €JIEKTPUYHOTO 3apsALy (, MICIs 4Oro
1oro Bij'€THAIIM B1JI JKEpEIa Hanpyry; 0) KOHJASHCATOP MPUETHATIN 0 HKEpena
nocTiiHoi Hampyru U. SIK 3ajIeXuTh cujla MPUTITAHHS BiJ BIACTaHI MIX
MJIaCTHHAMM Ta JA1€JIEKTPUYHOI MPOHUKHOCTI CepeIoBUINA?

163. O6'emHa rycTiHa eHeprii eJIEeKTPUYHOIO OISl BCEPEANHI 3aPsIKEHOTO
IJIOCKOTO KOHJIGHCAaTOpa 3 TBEPAUM JICJIEKTPUKOM (€=6) We=2,5 I[}K/MS.
OOGYuCIUTH TUCK P, 110 CTBOPIOETHCS IUIACTUHAMH, IUIONIA AKUX S=20 CMZ, Ha
TIENEeKTPUK, a TaKoX cuiy F' saky moTpiOHO mpuKiIacTé A0 IJIACTHH, 100 iX
BIJIOKPEMHTH BiJ] N1€JIEKTPUKA.

164. Ha moBepxHi cdepu pagiyca R piBHOMIpHO pO3NOAICHUN 3apsif (.
Busnauutu cuiy, ska /i€ Ha OJUHUIIIO MOBEPXHI
(EJICKTPOCTATUYHHI TUCK P). ,

165. 3 sxoro cuinow F BTATyeTbCS B MJIOCKUN y l

4

KOHJIGHCATOP i3 3aps/1oM (| ieJeKTpHYHA [UIACTHHA, /) N

KOJIM BOHA BXOJUTh Y MPOCTIp MIXK OOKJIaJIKaMu Ha % y %

BijicTaHb X (puc. 3.23)? ToBiIMHA TUIACTUHH € TPOXHU e “ _

MEHIIIO0, HIXK BIJICTaHb MK 0OKIaakamu d, po3mipu “1 g
Pue. 3.23

IIACTHHA 1 OOKIaZoK a X b, ;iemexrpuuHa
MIPOHUKHICTH JIIETIEKTPUKA €.

166. Ilnockuii MOBITPSIHUN KOHACHCATOP 3aps AU J0 PI3HUIII MOTEHIlIATIB
U=60 B 1 Bumkuynu mxepeno EPC. Ilmoma koxuoi mimactuau S=200 cwM,
BifcTanb MK HuMH 0=0,5 cm. IlnacTuHM KOHAEGHCATOpPa PO3MIIIECHO
BEPTUKAJIBHO. 3HU3Y MIJIBOJATH MMOCYIUHY 3 HEMPOBIAHOIO PIAMHOIO (€=2) TaK,
[0 BOHA 3alOBHIOE MOJOBUHY 00'€My MIX IUTaCTHHaAMU KOHAEHcaTtopa. Yomy
nopiBHioe emHICTh C koHaeHcatopa? OOYHCIUTH HampyXeHICTh mons E; y
MOBITPSIHIM YaCTHHI MPOMIKKY MK TutacTHHamu 1 E, B dacTuHi, 3amoBHEHIN
pinuHoto. Busnaumtu 3menmienHs AW eneprii konaeHcatopa. Ha 1o
BUTPATWIIACh 111 eHepria? BBakaTu, 1Mo Mexa MOAUTY PIAUHU W TOBITPS €
MJIOCKOIO.

167. Ilnockuit konaercatop emuictio C=60 n® 3apsauiau B MOBITP1 10
pizauti norenmianie U=400 B 1 Bia'ennanu Big mxepena EPC. Ilicns 3anypenss
KOHJIEHCATOpa B PIAKUHN JIETEKTPUK BEPTUKAIBHO JO MOJOBHHU BUCOTH HOTO
IJIACTUH €HEpTis KoHJeHcaTopa 3MeHmmmiaach Ha AW=1,2 mk][)x. BuzHauutu
TEIeKTPUIHY MPOHUKHICTH € JIeTIEKTPUKA.

158



168. Ilnockuii TOBITpSIHUM KOHJEHCATOpP 3aps/DKCHHN 10  PI3HMIII
noreHmiams U=500 B. Tlnoma koxHoi ruractuau S=150 CM2, BIZICTaHb MIX
aumu d;=0,5 cm. SIky poboty A Tpeda BUKOHATH, 11100 301IBIINTH BiCTaHb M
mwiactuHamMu 10 Biactadi d,=0,8 cMm, 3a TakMx yMOB: a) KOHICHCATOP
B1JI’€IHAHUU BIJ] JKepelia Hanpyru; 0) KOHJAECHCATOp MiJIMKHYTUH J0 JpKepesa
MOCTIMHOT HANIPYTH.

169. [1nockuil NOBITPSHUIN KOHJIEHCATOP, BiICTaHb MK MJIACTUHAMMU SIKOTO
d=5 cM, a mroma mractud S=500 CM2, i€ JTHaHU 10 OaTapei, sika MiATPUMY€
Ha KOHJEeHcaTopi mocTiHy Hamnpyry U=2 kB. Y konmeHcarop mnapajienbHO
IUIACTHHAM BBOJIATh METalleBy IUIMTY 3aBToBIIKM O;=1 cMm. Sky poGory A
BUKOHYE TIPH IIbOMY OaTapes?

170. Ycepenuni miockoro KoHAeHcaTopa, Ioma rmiactuH sikoro S=200
CM2, a BigcTanb Mk HUMHM 0=0,1 cM, MICTUTBCS IIACTHHKA 31 CKiIa (£=5), sika
MOBHICTIO 3allOBHIOE MPOCTIP MK IUIACTUHAMM KOHJEHcaTtopa. SIK 3MIHUTHCS
EHEprisi KOHJEHCAaTOpa, SKIIO TMOBUIBHO BHUWHSITH CKISIHY IUIACTUHKY?
Po3B's3atu 3a7a4y 3a TaKMX YMOB: a) KOHJIEHCATOpP YBECh Yac MPUEIHAHUN 0
oarapei 3 EPC €=300 B; 0) koHneHcarop OyB CHOYaTKy MiAIMKHYTUNA IO TIET
caMoi Oartapei, a MOTIM MOro BIJ'€HATU 1 MICIA UbOTO TUIACTUHKY BUWHSIIH.
Busznauutu mexaniuHy poOoTy A, sika 3aTpavyaeThCsl Ha BUAAICHHS TNIACTUHKHU B
000X BUTAJKAX.

171. VYcepeaumHi MIOCKOTO KOHJEHCATOpPa PO3MIIILYETHCS MapaIeabHO
OoOKJaJKaM TIUIACTUHKA, TOBIIMHA $5KO1 cTaHOBUTH N=0,6 BiACTaHI MIX
oOkagkamMu. €MHICTh KOHJIEHCaTOpa, KoM IutacTUHKU Hemae, C=20 HO,
KonpeHncarop crnoyaTky npueaHamy 10 Jxepena noctiinoi Hanpyru U=200 B,
MOTIM BiJI'€JHAJIH 1 TICIIS IbOTO TTOBUIBHO BUMHSIIN IJIACTUHKY 3 KOHJEHCATOPA.
Buznauutu poboty A, BHKOHAHYy MPOTH ENEKTPUYHUX CHJI TPH BUIAJICHHI
MJIACTUHKH, SKIIO BOHA: a) MeTajeBa; 0) CKIIsHA.

172. Tlpoctip MDK TUTaCTHHAMHM ILTIOCKOTO KOHJIEHCATOpa 3allOBHEHO
mienextpukom (papdop), o6'em skoro V=40 cm’. KoHmeHcatop CIOYaTKy
NpUEAHAIA JI0 JIKEpena MOCTIMHOI Hampyru, noTiM Bia'ennanu. Ilicas mporo
MOBEpXHEBA TYCTHHA 3B'S3aHUX 3apsAlliB Ha JIeNeKTpUKy o'=6 MkKi/M
O6uncnuTu poboty A4, siKy Tpeda BUKOHATH MIPOTH CUJI €JIEKTPUYHOTO OIS, 100
BUJIAJIUTH A1EJEKTPUK 3 KOHAEHCATOPA.

173. Opna 3 TNJIaCTUH PO3TAlIOBAHOTO TOPU3OHTAIBHO ILIOCKOTO
KOHJIEHCATOpa 3aHypeHa M1l MOBEPXHIO PIIUHU 3 TYCTUHOIO P 1 JI€IECKTPUIHOIO
npoHUKHICTIO € (puc. 3.24). Ilmoma koxxHoi tiactuau S. Ha siky Bucoty h
M1HIMETHCS PIBEHb PIAUHU B KOHJIEHCATOPI, SIKIIIO HOMY HaJaTH 3apsry (7

174. [Inockuii KOHACHCATOP 3aHYPEHUM OJTHUM KiHIEM y criupT (£=25). Ky
pizuuIto norenmianis U Tpeba nmpukiacTy, mod cnupt migHsBcs Ha Bucoty h=1
CM, SKIIO BijcTaHb Mik IutactuHamu d=1 mm (puc. 3.25)? IloBepxHeBUM
HATSATOM HEXTYBaTH.
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Puc, 3.24 Puc. 3.25 Puc. 3.26
175. [InacTuHu KOHAEHCATOpa 3MIHHOI €MHOCTI (puc. 3.26) matoTh Gpopmy
MIBKPYTIB pajiyca I, BIACTaHb MIX CYCIIHIMH PYXOMHUMH M HEPYXOMHUMU
miacTuHaMu JopiBHIoe |. Bcboro € N mpoMi>kkiB Mixk TutacTiHaMu. BuzHauuTH
oOepranbHuii MOMEHT M, skuii JAl€ Ha TUIACTUHU, 32 TAKUX YMOB: a)
KOHJIGHCATOPOB1 HaJalmu 3apsay (], MICIs 4Ooro HOro Bi'€AHANIM Bia JpKepena
Harnpyru; 0) Ha KOHAEHCATOP1 MATPUMYETHCS TOCTIMHA Hanpyra U.

3.1.2. llocTiiiHuii cTPpyM

3.1.2.1. Bka3iBKH 10 po3B'sI3KY 3a/1a4 Ha MOCTiHHUI CTPyM

BinmoBimHO 10 TEeMaTMKU MPAKTHUUYHUX 3aHATH JI0 JAaHOTO MOJIYJIA
BKJIFOUEHO 337124l TAKMX OCHOBHHX TPYII:

« BusHadyeHHS eNEKTpUYHUX MapaMeTpiB JUISTHKU KOJa Ta MOBHOTO KOJia B
3aJIEKHOCTI BiJl 3MIHU €JIEKTPUYHHUX [TapaMeTpiB Ha OCHOBI 3aKOHIB OMa.

« BusHaueHHS €NEKTPUYHHX MapaMeTPiB PO3TATYKEHUX KIJI.

« Temmosa gist ctpymy. 3akoH Jlxoyns-JleHna

« Ctpym B meTanax. KoHTakTHI1 siBUILIA.

« EnexkTpuyHuii CTpyM B €JIEKTPOJIITAX, ra3ax, HaliBIPOBIAHUKAX.

«[Ipu po3B'si3yBaHHI 3ajay, 10 BIJHECEH1 A0 MEPILIOi TPyNH, TOJIOBHUM
3aBJIaHHSIM € BU3HAYCHHSI CHJIM CTPYMY 3a CIIaJIOM HANpyTru abo craay Hanpyru
3a 3MIHOIO CHJIM CTPYMY Ha JUISHIII KOJIa Y1 TIOBHOMY KOJI1, PO3paxyHKH OIOPiB.
Omip moxxe OyTH 3a7aHUM B SBHOMY 200 OTIOCEpEIKOBAaHOMY BUTIIsAI1. B 3amagax
TaKOTO THITy MOXKHA BUJILJTUTH TaKi 3aB/IaHHS

a) BU3HAYUTH CUJIM CTPyMYy Ha JUISHII €JIEKTPUYHOTO Kojia 3a CIaJoM
HaIpyTy YU OMOPOM Ta BEJIMYUHOKO CHIIM CTPYMY, L0 MPOTIKAE Yepe3 omip ;

0)BU3HAUEHHS TapaMeTpiB, SKIIO OMip JUISHKKM Koja € (YyHKIIEO
TEeMIIepaTypHu, yacy ado JIHIHHUX PO3MIPIB.

B) BUBHAUEHHSI CUJIM CTPYMY a00 Cliaay Hampyrd Ha JUISHIN KoJja, KO Il
rapamMeTpy 3MIHIOIOTHCS 3 YaCOM;

') BU3HAYCHHS €JICKTPUYHUX TTapaMeTPiB HEOTHOPITHOI IITISTHKH 1 IIOBHOTO
KOJIa;

1) po3B's13yBaHHS 3a7ja4 KOMOIHOBAaHUX HAa OCHOBI MepepaxoBaHUX 3aBAaHb.

« [Ipu po3B's3yBaHHI 337124, IO BiJHECEHI 10 APYTOi TPYMNH I[LOTO PO3ILTY
MOYKJIMBI1 JIEKUIbKA IM11XO0/I1B:
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a) BUKOpUCTOBYIOTh CITIBBIJIHOIIEHHS MDK CTpyMaMH 1 OIIOpaMH B
po3rajrykeHux abo HEOHOPITHUX KOJIaX.

0) CxitaiHi po3raiiy’KeHi Koja CHPOIIYIOTh 1 3aMIHAIOTh €KBIBaJEHTHUMU
CXeMamu.

B) BukopucroByrorscs npasuna Kipxrodga.

[Ipu cknaganH1 piBHAHB 3a npaBuiamu Kipxroga HeoOXiIHO:

- MOJJIUTU CKJIAJHE PO3raly’KE€He KOJO Ha IPOCTI KOHTYPH 1 JIOBUIBHO
BU3HAUUTHU HANIPSIMU CTPYMIB Ha OKPEMHUX 1X TUISTHKAX;

- IOBUILHO BUOpATH HampsiMH OOXOAYy OKPEMHX KOHTYpIB (HampuKIiIad, 3a
TOJIMHHUKOBOIO CTPLIKOIO);

- 3acTOoCcyBartH nepiie npasuio Kipxroda s 0HOTO 3 BY3JIiB;

- 3acTocyBatH apyre npasuio Kipxroda aist KO)KHOTO 3 TPOCTHX KOHTYPIB
KEepPYIOUHCh

paBUJIOM 3HAKIB:

a) IKIIO BUOpaHM TEXHIYHMI HampsM CTPYMy B JUISHII CIIBOAJA€ 3
BUOpaHUM HaIpsSMKOM OOXO0Jy KOHTYpY, TO CIaJ{d Hampyr Ha BiANOBIAHMX
oropax 0epyTh 13 3HAKOM «+», SIKIIO Hi - 31 3HAKOM «-»;

0) sikmio mxepeno EPC, 1mo MicTUThCS Ha MPOCTIH AUISTHIT T1JICHITIOE CTPYM
y BUOpaHOMY HampsiMi 00X0/ly KOHTYpY, TO MOT0 OEPYTh 31 3HAKOM «+», SKIIO
MOCJIa0JII0€E, TO 31 3HAKOM «-»,

- CKJIaCTH JOCTATHIO KUIbKICTh HE3QJIE)KHUX pPIBHSAHB. 3arajibHe 4YHCIIO
PIBHSIHb Ma€ BIJIOBIJATH 3arajJbHOMY YHCIY HEBIIOMHUX B 3ajadyl. 3a Mepuimm
npaBuiioMm Kipxroda ckianaioTs Ha OJIHE PIBHSHHS MEHIIE, HIXK € BY3JIIB Y KOJIL.
PiBHSHHS 1711 OCTAaHHBOTO BYy3JIa BkKe He Oyae HezanexxHuM. [Ipu ckimamaHHi
piBHSIHL 3rigHO Apyroro mnpaBwia Kipxroda ciig H0TpUMYyBaTHCh TaKOTO
MIPUHITUITY, 1100 10 KOKHOTO HOBOTO KOHTYPY BXOJuja X04a 0 0JIHa HOBa BITKa,
sKa HE BUKOPUCTOBYBAJIACs B MOMEPEHIX KOHTYpaX.

« 3a/1aui, 110 BITHECEH1 JI0 TPEThOI IPYIH, MOSICHIOOTH (D13UUHI1 SABUIIA, SKI
BUHMKAIOTh MPU MPOXOKEHHI CTPYMY B MTPOBIIHUKAX NEPILOTO 1 APYroro poxy,
a came, poOOTy 1 MOTYXKHICTH Ha JIUISHIIL KOJIA 1 IOBHOMY KOJIi Ta TCIUIOBY JIifO
CTpyMy. Ix po3B 's130K 0a3y€eThCsl HA BUKOpPUCTaHH1 3akoHIB OMma 1 [[xxoyns-Jlenna
B IHTETpaNbHIN 1 AudepeHIianbHii popmax.

« Po3B'si3ytoun 3a/1a4i 4e€TBEPTOI IPpynH, HEOOX1HO 3rajlaT, II0:

a) YacTuHa €NEKTPOHIB y MeTajax mepedyBae B CTaHl Oe3MepepBHOIO
XA0TUYHOIO PYXY 1 SIBJISIE COOOI0 «EIEKTPOHHUM ra3». A TOMy O HbOT'O MOXKYTh
OyTH 3aCTOCOBAHMMU 3aKOHOMIPHOCTI KIHETUYHOI T€Opii ra3is.

0) Bnacnigok pi3HOi KOHLIEHTpAILlli €JIEKTPOHIB B MeTanax 1 pi3HMII poOIT
BUXOJy €JICKTPOHIB 3 METAJIIB MPU OJIHAKOBIN 1X TeMIeparypi Mk 3'€IHAaHUMHU
MeTajlaMH ICHY€ KOHTAKTHA P13HULISI TOTCHITIAJIB.

B) SIKimio icHye pi3HHIII TEMIEPATYP MK CITasiMU PI3HOPITHUX METaJIiB, TO
MDK IIMMH CTIasiMU BUHHUKAE TEPMOCTIEKTPOPYIIIHA CUTIA.
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«[Ipu po3B'si3yBaHHI 3aJa4, M0 BITHECEHI JO II'ATOI TPYymH, CIiJ
i IKPECTUTH, 10 B HUX € CITUIBHUM IIPOIIECH - ITIEPEHECCHHS B CIICKTPUIHOMY
MOJT1 YaCTHUHOK, 10 MAIOTh 3apsi/I.

3.1.2.2. IIpakTU4Hi 3aHATTH

[IpakTrune 3ansatTsa Ne 7.
MOCTIMHUU EJIEKTPUYHUN CTPYM. 3BAKOHU OMA.
1. Cuna ctpyMmy B IpOBIAHUKY piBHOMIpHO HapocTae Bif /p=0 no /=3 A 3a
yac t=10 ¢. BuznauuTu 3apsija (, 1110 IpOMIIOB MO MPOBIIHUKY 3a IIeH Jac.
2. BuzHaunTu BeIMUYUHY 3apsay, SKAW MPOUIIIOB MO MIJTHOMY IPOBITHUKY
noBkHHOIO |=20 M i mTomero momepedHoro mepepisyS=0,17 M°Ipu Temmeparypi
20 °C, sgxuo Hampyra Ha HOro Ha KIHUOAX 3MIHWJACS

npotarom 20 cexynn BinUy=2 B noU=4 B. K
3. Sk notpiono 3'ennatu k=40 emementie EPC, mio |
MarTh ¢=2 B 1 r=0,1 Om, 100 B K0JIi 3 30BHIIIHIM OIIOPOM L|_ 1}—‘ ,
R=10 OmM npoinoB MakCUMaJIbHUNA CTPYyM? &t J
4, EnekTpuyHe KOJO CKJIaAa€eThCs 3 JKepeia CTpyMy 3

BHyTpimHiM omopomr=0,2 Om i 3oBHimmboroR=12 Om. —1___F——
3HaiitTu cuny ctpymy/ B 30BHImIHBOMY Koii, EPC mxepena "
akmo BoJibTMeTp mnokazyeU=120 B. Skuii omipRyx moTpiOHO BKIIOYUTH B
30BHIIIHE KOJIO, 00 MO HhOMY MpoxoauB cTpyM/;=1 A? Po3paxyBatu Takox
cuity cTpymyly; IpU KOPOTKOMY 3aMHUKaHHI. BHYTpIIIHIM OMOpOM BOJBTMETpA
HEXTY€EMO.

5. Omip Boab(dpaMoOBOi HUTKHA ENEKTPUYHOI Jammouku mput=20 °C
nopiBHIOER=35,9 OM. BusHauuTu Temmeparypy HUTKH. SKIIO JIAMIIOYKY
BBIMKHYTH B MepexxyU=220 B, 1 mo nuTmi npotikatume ctpym/=0,6 A.
TemnepaTypHuii koedilieHT onopy Bomsdpamy gopisHioe 0=4,6"10° K™ .

6. ByrinibHuii cTep>kKeHb 3’ €IHAHUI B KOJII 3 3aJII3HUM TaKOI K TOBIIMHHU.
[Ipu siKoMy CHIBBIIHOWIEHHI iX JOBXHUH 3MiHA CHaay HAOpyrd Ha HHUX
3QJIMIIATUMETHCS TTOCTIMHOO, HE 3aJIEKHOIO B1Jl TEMIIEpaTypH.

[IpakTrune 3ansarTs Ne 8.
OIIIP ITPOBIJHUKIB. 3'€ JHAHH ITPOBIJHHMKIB.
1. 3naiitu omip Ry HECKIHUCHHOI AUISHKH, IO CKIaAaEThCA 3 onopiB Ry Ta
R,.
R, R; R,
A4— | --

RZ[J Rz RZ

M N
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2. 12 npoBigHukiB ornopoM R=1 Om koXHMM cnasHi B Ky0. BuzHauutu
3araJibHAA OMip 3'€THAHHS, SKIO KyO NpUEIHAHWA N0 JPKepena CTPyMy B
€JICKTPUYHE KOJIO BepIIMHAMU: 1) 1o AiaroHa rpati; 2) 1o jaiaroHaii Kyoa.

3. 12 npoBigHUKIB ormopoM RKOXHUH CasHl Tak, sIK MOKa3aHO Ha CXEMi.
Busnauntu 3aranbHuil omip 3’€IHaHHSA, SKIIO CXE€Ma MPUEIHAHA 10 JUKEpena
CTPyMY B eJIeKTprU4HE Koo Toukamu 4 Ta D.

[TpakTuune 3anstrs Ne 9.
POBOTA I IIOTYXHICTb IIOCTIMHOI'O CTPYMY.
3AKOH JI’KOVIJIA-JIEHLIA.

1. Ha Bxoxail eleKTpHYHOI CXEMH 3HAXOJUTHCS CBUHIICBUM 3arO01KHHUK
nepepizom S;=1 MM [TigBing g0 cmokwBaya 3pOO0JIEHO MITHHUM JPOTOM 3
momero mepepisy S,=3 mm”. Crcrema 3HAXOIUTHCS PU TeMieparypi te=17 °C.
Ha sike miagBUILIEHHS TeMIMepaTypy MiJABIHUX MPOBIAHUKIB PO3PAXOBAHO LK
3aMmo01KHUK [TPU KOPOTKOMY 3aMUKaHHI B CIIOKMBayl, BBAYKalOUH, 1110 BHACTIAOK
BEJIMKOI IIBHUJIKOCTI TMpPOIECY MpPU KOPOTKOMY 3aMHUKAHHI €Hepris mpu
HarpiBaHHI HE PO3CIIOETHCSI.

2. CKUIbKH €JeKTPOHIB MPOXOAUTH 3a 1 ¢ uepe3 momepeyHuid mnepepis
MiTHOTO ApOTY mOBXHHOIO |=2M i mromiero momepedsoro mepepizy 5=0,4 mm?,
AKIIO NP IIbOMY Ha R, po3citoeThes moTyxkHicTh P=0,35 BrT.

3. Skuit noBuHEH OyTH omip OOMOTKH MiAMarHiuyBaHHs T'Y4YHOMOBIIA, 00
MOTYKHICTh CTPyMy TNiAMarHiuyyBaHHs cTtaHoBuia P=8 Brt. Crpym Bifg
akymyssitopa 3 EPC 8 B noctynae 10 rydHoMOBIIs O JiHIL oopoM 1 Owm.

4. Cuna ctpyMy B npoBiHUKY onopoM R=10 Om mpotsarom t=2 ¢ 3pocTtae
1o JiHiiHOMY 3akony Big 1o=0 mo 1,,=6 A . Bu3HauuTH KIJIBKICTh TEIUIOTH, IO
BUJIUIAETHCS TMPOTATOM TEPIIOl 1 MPOTATOM JpYyroi CEKyHI, a TaKoX
CIIBBITHOIICHHS ITUX (hI3WYHUX BEIIMYHH.

5. EnexTpoualiHuK Mae€ ABI HarpiBH1 coipaii. SIKII0 yBIMKHYTH MEpULy, TO
BOJIa 3aKkutae yepest; =15 XBuiIuH, K10 YBIMKHYTH JApYTY - uepe3t;=30 XBUIIUH.
Uepe3 skuil Yac 3aKkUNUTh BOJAA, SKIIO CHipai 3'€qHATH TOCIHIJIOBHO,
napaselbHo.

[IpakTuune 3ansatra Ne 10.
PO3I'AJIYXEHI KOJIA. ITPABUJIA KIPXT'ODA.

1. Buznauutu cuily cTpymy, IO NpoxoAuTs yepe3 omnopu Ri=R;=4 Owm,
R,=R3=3 Owm,yBiMKHEHI B KOJI0, SIK ITOKa3aHO Ha MAJIIOHKY, sKIIo =10 B,e,=4
B. Baytpimni onopu r;=0,2 Om, a r,=0,1 Om.

2. Buznauutu 3HaueHHs onopy R Mixk Toukamu A 1 B koJa, 1110 CKJ1aaeThCst
3 mkepena EPC ta m'at mpoBiIHMKIB, K1 3'€THaHI Tak, SK IOKa3aHO Ha
MAaJTFOHKY.
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3. Buznauutu cuiay cTpyMy B KOJi, IIO0 CKIIQTAETHCS 3 71 TMOCIITOBHO
s'enHannx mkepen EPC B n mapanenpbHUX BITKaX Ta 30BHINIHBOTO OIOPY
3MIIIAHOTO 3'€IHAHHA OJHAKOBUX MPOBIAHUKIB, SIK L
MOKa3aHO HAa MAJIOHKY. 3ajady pos3B'azatu mpu A #_'h B
Takux panmx:e;=1,1 B; n=4;m=5; R;=1,5 Om; r=0,2 | ; “"‘l'*h‘:
Owm.

4. HakpecnuTu cxemy €JIEeKTPUYHOIO KOJia, IO

ckianaeTbes 3 onopiB R;=1,8 Om R,=2,0 Om R3=3,0 _{%_ER:’,_
OM 1 ammiepmeTpa, OITOPOM SKOTO MOKHA HEXTYBaTH. A, Ry
EPC mxepena 5,6 B, a BuyTpimHii omip 0,5 Owm. B

Yepes amnepmeTtp npoTikae crpym 1=0,96 A.

[IpakTuune 3ansaTTs Ne 11.
EJIEKTPUYHNH CTPYM B EJIEKTPOJIITAX, TABAX, BAKYYMI.

1. BuzHauuTu eneKTPOMpPOBIAHICTh PO3UMHY KYXOHHOI COJIi, SIKIO TMPHU
po3uuHeHH1 m=2,92 r coxni B 1 1 Boau 44% monexy: coni IMCOLII0BaIu Ha 10HU.
PyxuimBicts ioHiB 1,=45'10" mr/(Bc),u.=6810™ mr/(Bc).

2. ITpu mpoTiKaHHI CTPYMY 4epe3 PO3UMH MIJTHOTO KyHOpPOCY Ha €JIEeKTPO/Il
miomero $=9,65 cm®, mpu rycrunij=0,02 A/cm’, Bumitserseam=38,4 Mr wmisi.
BuznauuTtu yac mpoxoKEHHS CTPyMY.

3. Uepes migkucieny Boay npoTsaromt=1 XB mpomyckarTh CTpyM cuiioro/=1
A. Slkuit 00'eM 3aiiMe pU HOPMATBHUX YMOBAX TPUMYYUHM Ta3, SKUH TP LIbOMY
BUJITUTHCS?

4. YV ckiabkHM pa3iB 30UIBIIUTHCS CTPYM HACHYEHHS TEPMOEJIEKTPOHHOI
eMmicii Mpu TOpiIOBaHHI BOJL(PAMOBOTO Karoja mpu poOodiil Temmeparypi
7=1860 K, sximio emiciiiHa crajia i podoTa BUXOJY YHUCTOTO 1 TOPIHOBAHOTO
BoJibpaMy  BIJMOBIJIHO I[OpiBHIOIOTBBl=6,0'105 AK'ZM'l; A1=454 eB
;B,=0,3-10° AK*m?; 4,=2,63 eB.

5. Mix muracTiHaMH KOHJIeHcaTopa, miomiero 250 cM® KOKHA, 3HAXOIUTHCS
375 cM BoxHo. KoHrentparis iouis B rasi 5,3-10" cm®. SIky Hampyry motpiGHO
OPUKIACTH [0 KOHAEHCATOpa, HI00 BUKIHUKATH CTPYM CHIOKO 2 MKA?
PyxumBicts i0HiB 1,=5,4 cM”/(Bc) i u.=7,4 cm/(Bc).

6. B IIIOCKOMY MOBITPSIHOMY KOHAGHCATOP] 3 miomero miactue S=100 cm®
KO)KHa 1 BIACTaHHIO MK HUMH (=5cM mnpu ioHI3alii PEHTTEHIBCbKUMHU
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MPOMEHAMH TpoTikae cTpyM HacuueHHsil,=107 A. BH3HAUNTH MaKCHMAIBHO
MOJKJIMBE YHUCJIO 10HIB B 1 CMS, SIKIIIO 10HU OJHOBAJIEHTHI.
[IpakTrune 3aHsaTTsAN12.
EJIEKTPOITPOBIJJHICTh TBEPAMX TUI.

1. BusHaunt CcepenHio MIBUIKICTh HAMPSMICHOTO PYXYy EJIEKTPOHIB B
MiJHOMY MPOBIMHUKY niameTpomd=1,8 MM, SIKIIO cuiia cTpyMmy B HhoMy 10 A.

2. Bu3zHauuTH BENWMYMHY 3apsAly, SKHU IMPOXOJHUTH Yepe3 IONEPEUYHHUM
nepepi3 cpiGHOro mpoBigHUKaS=9 MM’ i TOBKHHOWI=50 M 3a Yac raTpMyBaHHS,
SIKIITO JIIHIHHA MBUAKICTh €JIEMEHTIB 00MOTKH KOTYIKH V=60 m/c.

3. MeraneBuit auck paaiycoMR=10 cM piBHOMIpHO oOepTaeTbCs 3
gacToToto 0=3000/c. BuzHaunTH pI3HUIIO MOTEHINATIB MK IIEHTPOM 1 KpaeM
TUCKY.

4. BrnacHa eneKkTponpoBIAHICT YHCTOrO repmanito mnpu 27 °C 1opiBHIOE
6=2,13 Om™'M". PyxumBicTh eNeKTpOHiB i Aipok BimmosiaHo mopisHioe 0,38
M*/(Bc) i 0,18 M%/(Bc). Bu3HAYHTH KOHLEHTPALII HOCIIB CTPyMy Ta MIMPHHY
3a6opouenoi 3ouu. (IlepenexcnoneHiitanii MHOXKHHKA=2,4"10° ).

[IpakTuune 3ansatTa Ne 13.
KOHTAKTHI ABUIIIA B METAJIAX TA HAINIBITPOBIJHUKAX

1. Bu3HauuTH KOHTAaKTHY PI3HUIIO MOTEHIIATIB MIX MIJIII0 1 IUIATHHOIO
npu/=800 K, skmio poboTra BUXOIy €NEKTPOHIB misi Minid,=4,272 eB, mis
miaTHHiA,=6,275 eB. Crana tepmorapu 0=7,5-10° B/K .

2. BuzHauuTH 3a JONMOMOIOK TepMomapu Temieparypy MydenbHoi meui,
AKIIO JPYTUd chai TepMmomapu 3HaXoAuThes mpu temmeparypil,=1800 K,
CTplJIKa rajdbBaHOMETpPA, L0 MPUETHAHO O TEPMOMApPH, BIAXWIMIACH HAn=25
moginok. Crama  tepmomapu  0=0,5-10° B/K; BHyTpimmHiii  omip
ranpBaHoMerpar=2 kOw, a mina moxiaku i=10°A.

3. Tepmorapa BicMyT-3ai30(0¢=9210° B/K) omopoMR=5 OM npreHana 10
rajibBaHOMETpa 3 BHYTpiHIM onmopoMR;=110 Om. Sky cuiny cTpymy mMoKaxe
rajJibBAaHOMETD, SIKIIIO OJWH CIaif TepMomnapu MOMIIIEHO B BOAY, 110 KUIIUTh, a
Opyruil B nocynuny Jl'toapa, B SKOMy MICTUTBCSI CyMIIll BOJH 1 JIbOJTY.

3.1.2.3. 3amaui 1151 CaMOCTIMHOTO PO3B'SI3yBaHHS Ha MOCTIMHUN CTPyM
IHocTiiiHU eJIEKTPUYHUM CTPYM
Cuia ctpymy

_ dq
1= (5.1)

ne dq - 3apsi, sIKUi TIPOXOAMTH KPi3b JACSIKY TOBEPXHIO 33 MPOMIXKOK dacy
dt.

JI1s1 OCTIAHOTO CTPYyMY
I = % (5.1a)
['yctuHa ctpymy
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j=k (52)

€L

ne Kk - OIMHUYHHI BEKTOp, HAIpPSIM SKOrO 30IraeThCs 3 HAMPSIMOM
YHOPSIKOBAHOTO PYXY MO3UTHUBHUX 3aPSIiB.
['ycTuHa cTpymy B MeTasiax
Jj = en{u) (5.3)
e € - eJEMEHTApHHWM 3apsi; N - KOHIIEHTpallisl HOCIiB, U - cepemHs
MIBUKICTH X YIOPSIIKOBAHOTO PYXY.
Omnip oAHOPIAHOTO MPOBIIHUKA CTAJIOTO MEpepizy S
R=p; (5.4)
1e p - TUTOMU# ormip; | - ToBXkMHA TPOBiTHUKA.
3aJIe’KHICTh MUTOMOT'O OMOPY B1JI TEMIIEPATYPH:
p =po(1+ at) (5.5)
Ie p, po - nuTomi onopu BignosigHo npu t i 0 °C; t - Temneparypa, °C; a -
TEMIIEpaTypHUIl KOE(ILIEHT OMOpPY.
Onip MNPOBIIHUKIB TPH TMOCTIAOBHOMY ¥ MapajenbHOMY 3'€THaHHSIX
B1JIMIOB1THO

1 1
R=ZR;=1y (56)
3akon Oma:
a) U OJTHOPIHOT AUISTHKY KOJia
p1—¢2 _ U
I==F==3 (5.7)
0) 111 HEOTHOPIAHOT AUISHKHU KOJia
p1—@2+e1y U
B) JUUIsl 3AMKHEHOTO KOJIa
&

1e (1 - ¢ - PI3HUI MOTEHIIATIB Ha KIHIMX JAUITHKH Koia; R - omip Koia
(a0o nusHku koisa); U - Hanpyra Ha AUIsSHLI Kona; €1, - EPC mxkepen ctpymy,
K1 BXOJATH 10 AUIsiHKY; € - EPC ycix mkepen ctpymy KoJa.
3akon OMma B nudepeHuianbHii popmi
j=o0FE (5.10)
. 1 ..
Ae G - MUTOMA ENEKTPONPOBIAHICTb, 0 = =3 p - NATOMHUH OIIp; E -
HaIPY>KECHICTh CJICKTPUIHOTO TTOJIS.
Po6oTta cTpymy 3a gac t
UZ
A=1Ut =I°Rt = —t (5.11)
[ToTyXHICTb CTPYyMY
U2
P=IU=1I°R = — (5.12)
Kinekicte TemnoTu Q, sika BUALISAETHCS Ha IUISHIN Kojia 3a 4dac t (3akoH
Jxoyns-Jlenia)
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Q = I?Rt = U;t (5.13)
3akon Jlxxoynsg-Jlenua B nudepenmianbHiil popmi
w = gE? (5.14)
7€ W - MTUTOMA TEIJIOBA MOTYKHICTh CTPYMY.
[IpaBuna Kipxroda ams posraiyKeHux Kij:
1. Anre6puuna cyma cui CTPYMIB, IO CXOIATHCS y BY3J, JTOPIBHIOE
HYJIEBI:

Y I,=0 (5.15)
i=1
7€ N - KUTBKICTh CTPYMIB, SIKI CXOASATHCS Y BY3JIi.
Ctpymu, K1 BXOJIATHh y BY30JI, BBAKAIOTh TOJATHUMHU, a Ti, IO BUXOATH,
-B1'€eMHMMH, a00 HABITAKH.
2. YV OyInp-1KOMYy 3aMKHEHOMY KOHTYypi, JOBUIBHO OOpaHOMY B
pO3Trally’KEHOMY KOJIi, alreOpuyHa cyma JOOYTKIB CHUJI CTPYMIB Ha OMOpHU
BIJIMOBITHUX JUISHOK KOHTYPY JIOPIBHIOE aIr€OpUYHIN CyMi €NEeKTPOPYIIIHHUX

CHJI, IO JIIFOTh Y IIbOMY KOHTYPI:
n n

Y LR =X ¢ (5.16)
i=1 k=1
Hamnpsim 00xony kKoHTypy (3a abo TpPOTH PyXy CTPUIKM TOJUHHUKA),
HampsiIMA CTPYMIB Ha BCIX AUISIHKAaX Koja BUOWpaioTh J0BUIbHO. CTpymu
BBA)XAIOTHCA JOJATHUMH, AKIIO TXHIN HANPsIM 301raeThCs 3 HAPSIMOM 00XO0Ty, a
MPOTWIICKHI 1[bOMY Hampsamy -Big'eMaumu. EPC mxepen crpymy BBaxkaroTh
JIOaTHUMH, SIKIIO HampsiM o00Xxomy 30iraeTbCs 3 HAMpSIMOM 301TbIICHHS
MOTEHITIaTYy.
Ormip 0AHOPIAHOTO CEPEAOBUIIA

_U_=
R=-=2 (5.17)

ne C - eMHICTh KOHJIEHCATOPA, OOKIIAKaMH SIKOTO € EJIEKTPOIH.
3alleKHICTh TYCTUHM CTPYMY HACHYEHHsS Biag Temmepatypu (popmyna
Piuapacona-/lemmana)

A
ju = BT?e kT (5.18)
ne B - emiciitna crana, mis unctux Meramis B=602 kA/(M*K%); A - poGoTa
BHXOJIy €JIEKTPOHA 3 MeTally; K - crana Bonbimana.
3akon Oma JJ1sl €IEKTPOITITIB
j=qany(u; +u_)E = oE (5.19)
ne J - 3apsAn i0Ha, (=Z€; TyT Z - BaJICHTHICTbD, € - eIEMEHTApHUN 3apsii; o —
CTYIIHBb AUCOIIAIi; Ny - KUTbKICTh MOJIEKYJ PO3UYMHEHOI PEYOBUHU B OJMHUII
00'emy po3uuHy; Us, U. - PYXJHMBOCTI MO3WTHBHUX 1 HETAaTUBHHUX I10HIB;, G -
ITUTOMA CJICKTPOIPOBITHICTD EIIEKTPOIITY.
ExBiBaJIeHTHA €JIEKTPOIPOBIIHICTh
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A= % (5.20)

JIE 1 - €KBIBAJICHTHA KOHIICHTpAIlis, 1] = %; TyT Na - unciio ABorajipo.
A

[Tepmmii 3akon Papanes

m = klt (5.21)
ne K - eJIeKTpoXiMiYHHN €KBIBaJICHT.
Hpyruii 3akon Papaznes

14
=5 (5.22)

ne F - yucno ®apanes, F=9,65-10" Ki/moub; A - aTomMHa Maca.

KinpkicTh map 10HiB, sIK1 IOCEKYHIH PEKOMOIHYIOTh B OJJMHHUII 00'eMy Ta3y
An, = rn? (5.23)

ae I - koeQilieHT peKOoMOIHALII1: N - KUIBKICTb Map 10HIB Y OJIMHULIL 00'eMYy.

YMOBa CTaTUCTUYHOI PIBHOBAru B rasi IiJl YaC HECAMOCTIHHOTO PO3PSIAY;
An; = An, + An; (5.24)
ne An;j - KUIBKICTh Tap 10HIB, IO YTBOPIOIOTHCS 32 CEKYHAY B OJMUHMIII
o0'eMy miA Jl€r0 10HI3aTOpa; AN - KUIBKICTh Iap 10HIB, SIKI LIOCEKYHAH
3QIMIIAKOTH OJMHUITIO 00'eMy Ta3y MiJ J1€0 MOJIS.
VY BHUMaJKy IJIOCKUX €IEKTPOIIB

_ 1
An; = p (5.25)

7€ | - TyCTHHA CTPYMY; ( - 3apsn ioHa; d - BiZICTaHb MK €JICKTPOIaMHU.
[Ipr Maaux rycTMHaX CTPyMy, SIKHH TPOXOAMTBH Y Ta3i, Ma€ Miclie 3aKOH
OmMma
j=qn(uy +u_)E = oE (5.26)
JlebaiBcbkuit paaiyc eKpaHyBaHHS

eokT
ry = /27‘:7 (5.27)

1ie Ng - pIBHOBa)KHA KOHIICHTpAIlisl €JIEKTPOHIB (10HIB).
YMOBa 171eaIbHOCTI IJ1a3MU

2,1/3
e‘ng

<< kT (5.28)

4meg

3axon Oma 1id Qs HKHY KoJs1a. Onip npoBiTHUKIB

176. EnekTpoH B aToMl BOIHIO 00EpTA€ThCS HABKOJIO sjpa. BuzHauuTw,
AKui cTpyM | BiH CTBOpIOE Ta HIBUIKICTH 0 €JIEKTPOHA Ha Wi OpOiTi, AKIIO
pazaiyc opoiT =53 nm.

177. Sxwmii 3apsia ( mpoie Mo MPOBITHUKY, SIKIIO CHJIa CTPYMY PIBHOMIPHO
30umbmryeThes Bixg ;=0 mo 1,=5 A npotsarom gacy t=10 c¢?

178. Cuna cTpyMy B IPOBITHHUKY 3MIHIOETHCS 3 4aCOM 3T1HO 3 PIBHSIHHSIM
I=5 + 3t, ne | — cuma ctpymy, A; t - gac, ¢. SIka KUTbKICTh €IEKTPUKU JUIPOXOIUTH
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Kpi3b MOIMEPEUHHI Tiepepi3 mpoBigHUKa 3a 4yac Bif 1,=3 ¢ go t,=8 c?Ilpu skii
CHJI1 TIOCTIMHOTO cTpyMy | Kpi3b TorepeuyHuil mepepi3 MpoBiTHUKA 3a e Jac
IIPOXOJUTh TaKa cCaMa KIJIbKICTh €IEKTPUKH?

179. Jlo ammepmerpa, omip sikoro R,=0,27 Owm, npueaHaHo mnapajieibHO
myHT onopoM R=0,09 Om. O0uucauTu cuily CTpyMmy B KOJIi, SIKIIIO aMIIEPMETP
nokasye 1=2 A.

180. Illo moTpiOHO 3poOUTH, 1100 MpHUIaI, IiHA MOJUIKH SIKOTO 1g=10 MKA,
mkana npunaay mae N=100 noauiok, a BHyTpimHi# omip =100 Om, MoxHa Oyio
BUKOPHUCTATHU: a) SIK BOJIBTMETP JJig BuMmiproBanHs Hanpyru 1o U=100 B; 0) sk
aMIIEpMETp JIJIs1 BUMIPIOBaHHS cTpyMmy jo I1=1 A?

181. Axmio BombTMETp 3'€qHATH MOCIHIIOBHO 3 PE3UCTOPOM, OINIP SIKOTO
R=10 kOwm, To npu Hanpy3i U=120 B Bin nokaxxe U;=50 B. fkuio itoro 3'eqnaTu
MOCJIIIOBHO 3 PE3UCTOPOM, OITIp Ry IKOro HEBIIOMUM, TO MPH TiM caMiii HaIpy3l
BiH nokaxe U,=10 B. Buznauutu omnip pe3ucropa R.

182. Axum mae 6ytu omip I (puc. 3.27), mo0 omip mMix kiemamu A 1 B OyB
TaKuM, 1110 AopiBHIOE Ry? Omip Ry BBaKaTtu BiIOMHM.

183. Ha puc. 3.28 300pakeHO ABa €IEKTPUYHUX KOJIA, O SIKUX BXOJSATH
pe3ucTopu 3 BimoMuMmu omnopamu R 1 2R? ta pe3uctop 3 HEBIJOMHUM OMOPOM I.
[Ipu sikoMmy 3Ha4YeHH1 I' omopu 000X KiJI, BUMIPSIHI MK Toukamu A 1 B, OyayTh
OJIHAKOBUMHU 1 IKUM OyJie 3araabHuid omnip R, kin?

{ - , AR AR R
r Ra 28| |r iR 2% ||~
a ]
Pue. 3.27 Puc. 318

184. JIBa mpoOBIAHUKK BUTOTOBJICHI 3 OJHOTO MaTepiainy. Y CKUIbKH pa3iB
JOB)KMHA OJHOTO MPOBIHUKA OLIbINA BiJ JOBXHHHU 1HIIOTO, KOJU BiAOMO, IO
R1:8R2, am=2m,?

185. BuznauuTu omip AUISHKHU Kojia MK Toukamu 4 1 B (puc. 3.29), sxio
Oonopu R1:R3:R5:R7:R8:Rg:1 OM, R2:R4=R6:20 Owm.

186. Buznauutu omip AUISSHKU Koyia Mk Toukamu 4 1 B (puc. 3.30), sKio
onopu R1:R2:R4:R5:1 OM, R3:R6:12 Om.

RS

v oo [ e
T [ |

Pue, 3,30

Pue, 3.31
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187. Y mimHOMY IPOBITHUKY, TIIOIIA TOTEPEYHOTO nepepisy sikoro S=0,5
cM?, IPOX0aUTh cTpyM cuitoro 1=1,5 A. 3 sikoro cuitoio F Jiie enexTpudne moje B
IIbOMY IIPOBIJTHUKY Ha KOXKHHM HOCIH CTpymy?

188. Jlo mammu po3kaproBaHHS 3a JOTIOMOTOIO MIJHOTO MPOBIAHUKA
mijiBeicHO CcTpyM, cuia sikoro 1=0,2 A. Ilnoma nomepedHoro mepepizy
nposinauka S=5 MM°. Temmepatypa BoabbpamMoBoi HuTKH giamerpa d=0,02 M
i1 yac ropinug jJamnu t=2 000 °C. BuzHauuTu HanpyX eHIiCTh €JIEKTPUUYHOTO
nons E y mial ta Boasdpami.

189. Ha KiHIIsX 3a/1i3HOTO MPOBIIHUKA, TOBXKHKHA koro |=1 m 1 miamerp d=1
MM, miaTpuMyeThcss Hampyra U=12 B. BusHauuTu T'yCTHHY CTpyMy | Ta
KUIBKICTB €IEKTPOHIB N, SIK1 MPOXO0ASATh KPi3b MOMEPEUHHM TIepepi3 MPOBITHUKA
3alc.

190. O6uncautu omnip R rpaditoBoro mpoBiJHHKA, 110 BUTOTOBJICHUHN Y
BUTJISAI IPSIMOTO KPYTrOBOTO 3pi3aHoro konyca (puc. 3.31) 3aBBumku h=25 cm.
Paniycu iioro ocHoB ;=15 mm 1 r,=10 mm. Temneparypa npoBiJIHUKA JOPIBHIOE
20 °C.

191. IIpocTip Mixk oOKIagkaMu CPEpUIHOTO KOHJICHCATOPA, PAAlyCH SKUX
ry 1 rp, 3alIOBHEHO CJIA0OMPOBITHOI OJHOPITHOIO PEUYOBHHOI 3 IMHUTOMHM
ornopoMm p. Buznauutu cuity ctpymy | BUX0oay Kpi3b KOHAEHCATOD, SKIIO PI3HUILSA
MOTEHIATIB MK oOKiIaakamu U.

192. V HeoOMeXEeHOMY CepefoBHIL|, MUTOMHUI omip sikoro p=10° OM-M,
po3MilIyeThcss MeTaneBa Ky giamerpa d=0,1 m. Busnauutu omip R cucremu
KYyJIsl - HEOOMEKEHE CepeJOBUIIIE.

193. Mix KOakcCladbHUMH IWIIHAPUYHUMH €JIEKTPOJIaMH, PATIyCH SKUX
ri=10 cm 1 r,=10,5 cM, MicTUTBCS TIPOBIIHE cepenoBuine. [luToma emekTpudaHa
MIPOBIAHICTH MaTepialy €JIEKTPOIIB € 3HAYHO OUIBINOI0, HIXK TUTOMA €TIEKTPUYHA
MPOBIAHICTH CEPENOBHUINA, MATOMUN omip sikoro p=3,9 mxOwm M. Busnauutu
omip R cepenoBuiIna Mixk eIeKTpOIaMH, AKILIO JOBXKHUHA 1X [=20 cMm.

194. Minny Kyinto, pagiyc aKoi =5 cM, OMyCKaloTh y MiBCHEPUUHUN KETUX
paaiyca I,=10 cM, HamoOBHEHMH BOJOIO, TaK, IO KyJIsd 1 KEIux €
KOHIICHTPUYHAMHK. IluTOMa eneKkTpuuHa mpoBigmicte Bomu 6=10° Cwm/M.
BusHauuTy e1eKTpUIHUN OMip MK KYJICIO Ta KETHUXOM.

195. Mix ABOMA IUIOCKHMH EJIEKTPOJAMH 3 IUIOLIEIo mepepisy $=200 cm’
KOXKHUW MICTUTBCS MIPOBIAHA PEYOBUHA, MUTOMA €JIEKTPUYHA TTPOBIAHICTH SIKOT
3MIHIOETBCS JIIHIMHO B HampsiMi, TEPHCHANKYJISIPHOMY IO €JIEKTPOMIB, BIT
6:=10° Cwm/m 6ins moBepxHi mepmoro emexrpoma 10 6,=5-10° Cwm/m 6ims
noBepxH1 Apyroro. OOUUCIUTH OIIP CEPEOBHUILA MK €JIEKTPOJIaMH, BIJICTaHb
MiX skumMu d=5 cm. f

196. 1151 cKOpOU€HHSI BUTPAT MPOBOIIB BUKOPUCTOBYIOTh !
3eMJIIO SIK TIPOBITHHMK EJIICKTPUYHOTO CTPYyMYy (3a3eMIICHHS
JiHINA niepenad). EnekrpuyHe K00 MOKHA 300pa3uTH Tak, SIK

rnokasano Ha puc. 3.32. Enexrpogamu € cdepr pamiyca re=1 m. L d a

Fue. 3.32

Ell Ol ST COR SO
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[Iutoma enekTpuyHa IPOBITHICTH 3eMITI 6=107? Cm/m. Baxarouu BIZICTaHb MIXK
enekrpogamu d<<r,, BuU3Ha4YWTH oOmip R 3a3emieHHs. SIK 3aJICKUTH OHIp
3a3eMJICHHS B1JI BIJICTaH1 M1 €JIEKTpOIaMHu?

197. JloBruii mpoBIIHUK KPYTJIOTO Mepepidy pajiyca 8 BUTOTOBJICHUH 3
Marepiajly, TUTOMUM OMIp SKOTO 3aJICKUTh TUIBKM BIJ BiACTaHI I JI0 OCl
MPOBIJIHUKA 32 3aKOHOM p=a/r2, ne o - crana. BuszHauutu omip R oaunHuIl
JOBXMHU TaKOro IMpPOBIJHUKA Ta HAIPYKEHICTh EJIEeKTPUYHOro mnojsi E B
MPOBIAHUKY, IIPU SIKIM Y HBOMY IPOXOJIUTH CTPYM .

198. [1nacTuHM TIOCKOTO KOHACHCATOPA PUETHAHI JI0 J)KEpelia MOCTIMHOT
Hanpyru U=300 B. Ilmactuam 30amXKyroTbcs 31 MIBHIKICTIO 0=1 MM/cC.
Buznauutu cuny ctpymy | B TOpOBIAHMKAX y MOMEHT, KOJHU IUIACTUHU
nepeOyBaroTh Ha BijacTaHi d=2 MM oxHa Bij oxHoi. [Lmoma miactun S=400 cM>.

199. Kongencarop emuictio C=1 MK®D po3psmKaeTbes 4epe3 pe3nucTop,
omip sikoro R=4 MOwm. Yepe3 akuil NpoOMIKOK yacy t Bil OYaTKy po3psiKaHHS:
a) nouyatkoBa Hanpyra Uy Ha macTUHaX KOHJIEHCATOpa 3MEHIIUTHCS Y 2 pas3u; 0)
MOYaTKOBUM 3apsij A0 3MEHIINUTHCA B €=2,718 paza?

200. I1mockuit KOHIEHCATOp, 3alIOBHEHUH KBapIOM, BTpayae 3a Jac t;=3 xB
MOJIOBUHY CBOTO 3apsny. JlienmekTpuuHa MPOHUKHICTh KBapiy £=3,75.
BpaxoBytouu, 110 BUTIKaHHS 3apsay BiIOYBA€ThCS TUIBKU KPIi3b M1CIEKTPUUHY
MPOKJIAAKy, BHU3HAYUTH MHUTOMHM Omip KBapiy. Ska dacTuHa 3apsay
3QJIMIIATHCS Ha KOHJEHCATOP1 yepes3 yac t,=7 XB BiJ] TOYATKy PO3PSIAKAHHS?

201. ITnockuii KOHACHCATOP 3 IUIACTUHAMHU po3Mipy a x b (a=2 cm), 1o
PO3MIIIYIOTBCS OJTHA Bijg OJHOI Ha BifacTaHi =1 cMm, mpueaHaHo jo OaTapei 3
EPC =100 B 1 BHyTpimHiM ontopoM =5 OM. Y K0J10 BBIMKHEHO TaJIbBAHOMETP,
OTIOPOM SIKOTO MO’KHA HEXTYBaTH, Y KOHJEHCATOP BBOJSITH 31 MIBUAKICTIO »=1
M/C y370BX cTropoHH D ckmsHy mactuHky 3aBToBHIKM 0. JlienekTpuyHa
MPOHUKHICTh CKJa €=5. Sky cuimy cTpymy / moKake rajJbBaHOMETP MMiJ 4Yac
BBEJICHHS CKJISIHOI MIJIACTUHKH Y KOHJEHCATOP?

3akon Oma s noBHoro koJa. Ilpasuia Kipxroga

202. JIBa mxepena CTpyMy, eEKTPOPYIIiiHI cuiu sikux €,=60 B 1 £,=35 B,
3'€lHaHl MK COOOI0 Tak, sIK MoKa3zaHO Ha puc. 3.33. BusHauuTu pI3HUILIIO
MOTEHITIATIB MiX TouykaMu @ 1 b B 000x Bumaakax. BigHomIeHHS BHYTpIlIHIX
OropiB JKepen ro/ri=1,5.

I[E." IIEF i R3
i Ir = R i
b ﬂ{} &b —__—EI a1 —__—ﬁz ; P
a0 b
R2
i | e
a ez 5 ez

Pue. 3.33 Pue. 3.34 Puc. 3.35
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203. V koui, 300paxxeHoMy Ha puc. 3.34, enextpopyuriitHi cuim £,=1,5 B,
g,=1 B, onmopu R1=100 Om, R,=50 OM 1 R3=80 Om. O0uucauTu cuity cTpymy,
AKUU TIPOXOJUTH KpPi3b pe3uctop R.

204. Bu3zHauuTH PI3HUIIO MOTEHIIATIB (1 — (P, MDK Toukamu 1 1 2 cxemu
(puc. 3.35), skmo onopu R;=10 Om, R,;=20 Owm, enekrpopyiiiiti cuim €;=5 B,
£,=2 B, BHyTpimHiMu oniopamu Jkepes CTpyMy HEXTYBATH.

205. Jlxepena ctpymy 3 pisHumMu EPC 3'eqnani, sk H{’
300paxxeHo0 Ha puc. 3.36. EnexTpopyiliiiHi CUIu HKepen ‘/‘(
MPONOPLINHI iX BHYTPIIIHIM Oomopam e=ol, A€ o - cTajia. _[\
OnopoM NpoBiIHKUKIB HEXTyBaTH. BusHauutu ctpym | y ko
Ta PI3HUIIIO TOTEHIIIAIIB MK Toukamu A 1 B. ;&/

206. YV cxemi (puc. 3.37) enekrpopyumiiiina cuiaa =5 B, \‘I .'/\
ornopu R;=4 Om, R,=6 OM. BayTpimiHiii omip mKepena cTpymy
r=0,1 Om. BuszHauut cuim CTpyMmiB, IO MPOXOMASTH KPi3b Pue. 3.36
pesuctopu R; 1 R,.

207.V cxemi (puc. 3.38) enekrpopyuiiiini cunu £1=1,5 B, €,=2 B, £5=2,5 B,
ornopu R;=10 Om, R;=20 Om, R;=30 Om. BHYTpinIHIiM OOpoM JKEepen CTpyMy
HEXTyBaTH. BU3HAUWTH CWIM CTPYMIB y BCIX JAUISHKaX KOJIa Ta PIZHUIIO
MOTEHLIAJIB (Pa — Pg MK TOuKkamu A 1 B.

208. YoMy HOpPIBHIOE OMip IPOTSHOTO KapKaca y BUIJISAAI MPAMOKYTHHKA 31
CTOpOHaMH a i b Ta giaronani, SKIIO CTPyM IMPOXOJUTH BiJl TOUKH A 10 TOUYKHU B
(puc. 3.39)? Onip oguHUII JOBKUHH JPOTY JOPIBHIOE Y. BU3HaUNTH TakoX Omip
Kapkaca, KOJIU CTPyM NpoxoauTh Big Touku C 10 Touku B.

209. EnexTpu4He KOJIO CKJIaIa€Thes 3 0aTapei, eNeKTpopyIIiitHa cuia Kol
£=3 B, BHyTpiuHii omip r=1 Om, koraeHcaTopa eMHicTIO C=2 MK®D 1 HOTUPHOX
pesuctopiB Ri=1 Om, R,=2 Om, R3=3 Owm, R;=4 Owm (puc. 3.40). Buznauutu
3apsAn Ha OOKIaakax KoHueHcatopa. OmopoMm 3'€IHYBaJbHUX IPOBITHUKIB
HEXTYyBaTH.

I&'I
J_ R
R2
& _[_ r At 2 a ‘,52 s

R
!‘55 — L
Puc. 3.37 Pue. 338 Puc. 3.39
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Phc. 3.41 Pue. 3.42 Puc. 3.43 Fuc, 3.44
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210. lo saxoi Hampyru 3apsaasaTbes koHaeHcatopu C; 1 C, mpueaHani 1o
mxepena (puc. 3.41), 3a yMOBH, KOJIM €IEKTpopyIIiiHa cuina €=2,2 B, onopu
r=0,4 Om, R;=3 Om, R,=1 Om, R3=5 Om, emnocti C;=2 Mx®d, C,=3 MxD?

211. 3a gomoMorow BOJBTMETpPA, BHYTpIilIHIN omip sikoro Ry;=200 Ow,
BUMIPIOIOTh Harpyry Ha pesuctopi. Omip pesucropa R=10 Om (puc. 3.42).
Buytpimniit onip mxepena EPC r=1 OMm. OGuucnuty, siKy BiTHOCHY TTOXHOKY 0O
JOMYCKAIOTh 1M 4Yac BUMIPIOBAHHS, BBaXXalO4ud, IO BOJBTMETP Mae
HECKIHYEHHO BEJIMKUH omip, TOOTO HOr0 BMHUKAHHS HE 3MIHIOE CUJIU CTPyMYy B
KOJII.

212. BcraHoBuTH po3moAul CTpyMmiB 'y Komi (puc. 3.43), sKmio
eleKTpopymitHi cunu £,=12 B, £,=8 B, onopu ri=4 Owm, r,=3 Om, R;=20 Owm,
R,=40 Om, R3=29 OmMm, R;=8 Om, Rs=16 Owm.

213. Ha puc. 3.44 300paxeHo JBa pO3TaIyKEHUX KOJia IOCTIHHOTO CTPyMY.
BusHnauuTy 3HaueHHS CTPYMIB, 110 MPOXOASTH KPi3b PE3UCTOPH B 000X KOjax,
KOJIM eJIeKTpopylIiiHi cunu €1=1 B, €,=2 B, £3=3 B, £,=4 B, onopu R;=1 Owm,
R,=2 Om, R3=3 OM, R/=4 Om. BHyTpiHIM OTIOpOM JIKEpET CTPYMY Ta OIIOPOM
3'€IHYBaJIbHUX TMPOBIJHUKIB HEXTYBaTH. SIK 3MIHATBHCS CTPyMHU y Kol (puc.
3.44, a), sK110 po3'eIHATH MPOBITHUKH Y Toukax A 1 B?

PoGoTa i mOTYy:KHICTH €JIEKTPUYHOTO CTPYMY

214. Jlo KiHIIIB CBHHIICBOT'O JIPOTY 3aBIOBXKH |=5 cMm 1 miamerpa d=0,2 MM
npukiagena Hanpyra U=100 B. UYepe3 skuit mpomixok vacy t apiT mouHe
maBuTuch? Touka miaBiaeHHs cBUHINO [,,=327 °C. [louyaTkoBy TeMmmepaTypy
JIpOTY BBaXKATH TaKOIO, IO JOPIBHIOE HYJIEBl. 3MIHOIO TEIUIOEMHOCTI CBUHITIO
T 9ac HarpiBaHHSA 1 PO3CIIOBAHHSAM TEIJIOTH B HABKOJMIIHE CEPEIOBHIIEC
HEXTYBAaTH.

215. I'po3oBa xmapa nepedyBae Ha Bucoti h=500 M Bix moBepxHi 3emii.
Busznauutu eneprito po3psany W mixk 3emiiero Ta XxMapoto, sikio 3a4dac t=0,1 ¢
MPOUILIOB cTpyM, cuia sikoro 1=200 A, HanpykeHiCTb €1eKTPUYHOTO MOJIf, SIKE
BBAKAETHCS OJTHOPITHUM, E=2-10° B/m.

216. Buznauutu po0O0oTy A eIeKTpUYHUX CHJI 1 KUTBKICTh TeroTH Q, 1o
BUJIUIAETHCS MPOTATOM dacy t=1 c¢: a) B akyMyJsITOpl, SKUH 3apsIKa€ThCA
ctpymoM |1=1 A mpu Hampy3si Ha nomtocax akymynstopa U,;=2 B, komu EPC
akymyssitopa €:=1,3 B; 0) y Oartapei akymyssTopiB, Sika Ja€ Ha 30BHINIHIN
croxkuBad cTpyM l,=1 A mpu pi3HMIN TOTEHITIATIB HA TOJIOCaX aKyMyJSITOpa
U,=2 B, xoxu EPC 6arapei €,=2,6 B.

217. 3 axum KoediiEHTOM KOPUCHOI i1 1] MPaIIO€ CBUHIICBUN aKyMYJISITOP,
EPC sxoro ¢=2,15 B, sxmo B 30BHIMHKOMY Ko 3 omopoM R=0,25 Owm
npoxoauTh cTpyM |=5 A? Slky MakcumaibHy KOPUCHY MOTYXKHICTh Prax MOXeE
JaTH aKyMYJISITOP Y 30BHIIIHbOMY Koui? Sk npu nuboMy 3miHuThCa KK/[?
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218. Sxuii 30BHIMHIA omip R Tpeba MIAKIIOYHUTA A0 N=5 OJHAKOBUX
nocainoBHO 3'eqHannx mxepen (EPC koxnoro £=1,5 B 1 BHyTpimHiit omip r=0,3
OM), 1100 OTYKHICTb, SIKA BIITA€THCA B 30BHIIIHE KOJIO (KOPHUCHA MOTYXHICTBD),
OyJsia MakcUMaTbHOI0? SIKUMH MpH 1IbOMY OYIyTh criia cTpyMy | y KoJ1i 1 TOBHa
noTy>HicTh P Gatapei?

219. Konu cuna ctpymy |=5 A, TO 30BHIIIHE KOJO JKEpesia CIOKUBAE
noTyxHictb P1=9,5 BT, sikmo >k omip 30BHImIHBbOr0 koja R=0,225 Owm, TO
CHoKMBaHa NOTYXHICTh P,=14,4 Br. Bu3HauuTtu MakcuMalibHy MOTY>KHICTh
Pmax B 30BHIIIHbOMY KoJ1i. Homy nopiBHioBaTuMe npu oMy KKJI n mxepena?

220. Jlo 3aTHCKaylB JKepena CTpyMy, BHYTPIllIHIM omip skoro r=1 Om,
i €THYIOTh JIBa OJHAKOBUX pe3ucTtopu 3 omopamu R=0,5 OM KOXHHI.
CnoyaTky pe3ucTOpd BMHUKAIOTh Y KOJIO IMOCHIZOBHO, a MOTIM - MapajiesibHoO.
BusHaunTy BIZHOIIEHHS MOTY>KHOCTEMH, K1 CIIOKHBAIOTHCS B 30BHIIITHEOMY KOJTI
y IEPIIOMY 1 IPyTOMY BHUIIAKaX.

221. Hampyra Ha mmuHax enektpocranuii U =10 kB, Biacranp BiA
cnoxuBada 1=500 kM. CraHiis nepenae crokxuaueni motyxHicth P=100 kBT,
MIPUYOMY BTpaTa HAIlpyry HE MOBUHHA NepeBULLyBaTU N=3 %. OOUNUCIUTHU: CUITY
ctpyMy | B mpoBojax; miuonty S iX NONEPEeYHOro mnepepizy; Macy Mp Miji, sKa
MOTpiOHA ISl IPOBEACHHS MPOBOAKU. SIK 3MIHUTHCS HEOOXITHA KUIBKICTH My
M1, SIKIIIO HAMIPYTy Ha BXO/I1 JiH1i 30u1bmuTu y N=10 pa3is?

222. OOYMCIUTU CUTy CTPYMY B MIJBIIHUX MPOBOJIAX 1] 4aC KOPOTKOTO
3aMUKaHHS, KO0 Ha JBOX IIuTKax 3 onopamu R;=200 Om i1 R,=500 Om npu
BMUKAaHHI iX 110 4ep31 BUAUISETHCA OJJHaKOBa MOTYyxkHicTh P=200 Br.

223. Cuna ctpyMy B NpOBIIHUKY, omip sikoro R=100 Owm, piBHOMIpHO
30UIbIIY€eThCS Bl HYJS 10 lmax=10 A mpotsrom uacy t,=30 c. Buznauutu
KUIBKICTD TeTIoTH Q, siIka BUILISAETHCA 3a 1€ 9ac y IPOBIAHUKY.

224. Bu3HauuTH KUIBKICTh TEII0TH Q, 1110 BUIALISETHCS B IPOBIHHUKY, OIIP
saxoro R=10 Owm, 3a gac t - 30 ¢, AKmi0: a) cuia CTpyMy PIBHOMIPHO CHAJa€ Bij
10=3 A 10 1=0; 6) Hanpyra Ha IPOBiTHUKY 3MiHIOEThCS 3a 3akoHOM U = KkA/t,
ne k=2 B-¢2,

225. BU3HaYUTH MUTOMY TEIUIOBY MOTYXKHICTh W CTPYMY, SIKIIIO JOBXKHHA
npoBigHuka 1=0,2 M, a Ha WOro KiHISX HIATPUMYETHCS PI3HMIIS MOTCHITIATIB
U=4 B. ITutomuii onip nposigHuka p=1 MkOM- M.

226. [Ins po3kaproBaHHSI HUTKU €JIEKTPUYHOI JaMIi oTpiOHa Hampyra U;.
Bracniiok BunapoByBaHHS JiaMeTp HUTKH 3MEHIIMBCS Ha 0%. SIkoto mae OyTu
Harpyra U,, mo0 Temmeparypa HUTKH He 3MiHmiack? TeruioBimgmaua
MIPOTOPITIAHA IO TOBEPXHI HUTKH.

227. YV MigHOMYy TpPOBIIHHUKY 3aBIOBXKH |=2 M, moma monepeyHoro
nepepisy skoro S=0,4 MM, IPOXOAUTH CTPyM. IIpH LbOMY KOXKHY CEKYHIY
BuasieTbesa Q=0,35 JIx Teroru. CKUTbKH €JIEKTPOHIB N MPOXOUTH 3a yac t=1
C Kpi3b MONEpEeYHUH nepepi3 bOro MNpoBigHUKA?
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228. Ckinbku BHUTKIB N HIKEIIHOBOTO JpOTy NOTPiOHO HAMOTaTH Ha
dapdopoBuit mwriHAp miamerpa 1,5 c¢M, 1M00 BUTOTOBUTH KHUI'SITUIBHHK, B
SKOMY MPOTSTOM 4Yacy 5 XB 3aKUIUTh BOJIa IIPU MOYATKOBIHM Temmeparypl 7=283
K? Maca Boau 200 r, miametp apory 0,2 mm, Hanpyra 220 B, Koedimient
KopucHoi 1111 60 %.

229. SMxmo nHanpyra B enektpuuHid mepexi U;=120 B, Tto BOna B
CJIEKTPUYHOMY YaHUKY 3akunae yepe3 ;=20 xB. Skmo nanpyra B koii U,=110
B, To mpu Tiii camiii OYATKOBIA TeMIIepaTypl BOJA 3aKUIIUTh
yepes 1,=28 xB. BBaxkarouu, 1110 BTpaTH TEIUIOTH BiJ] YailHUKA B
HABKOJIMIITHE CEPEIOBUINE IPOTOPIIHI YacoBl HarpiBaHHA,
BU3HAYUTH, YEPE3 SIKUI YaC {3 3aKUNUTH BOJIa B YAHHUKY, SIKIIIO
Harpyra B koji Uz;=100 B.

230. CtpyMm mpoxoauTh BiJ MiIHOI TpyOKH paniyca =2 Pac. 345
MM J10 MigHOi TpyOkH paniyca R=4 cM B310BXK IUIOCKOI aJlfOMiHI€BOI (OJIBIU
3aproBmiku 0=0,1 mm (puc. 3.45). fka KigbkicTh TerioTH Q BHIUIUTHCSA B

antoMiHieBiH (omb3i 3a yac t=0,5 ¢, K0 NpOXOAUTUME CTPYM, cujia sIKkoro 1=5
A?

231. Konngencarop emHuictio C=5 Mk® mnpueaHaHo a0
JpKepenia MoCTIMHOro cTpyMmy, Hampyra sikoro U=200 B (puc.
3.46). IotimM niepemukay I1 epEBOIUTLCS 3 MONIOKEHHS 1 B f]”g
MOJIOXKEHHSA 2. BU3HAUUTH KIJIBKICTh TEIUIOTH 1110 BUAUISIETBCS p ZD______q—E-,_
B pesucTopi R;. Onip R1=500 Om, omip R,=300 Om. Omopom [ u
MIPOBIJIHUKIB, 32 JJOTIOMOTOIO SIKMX 3'€JHYIOTh €JIEMEHTH KOJIa,
HEXTYBaTH.

3

Al
|

Puc. 3.46

CTtpymMm y BakyyMi, eJIEKTPOJIITAX i razax

232. BusHauutH cuily CTpyMy HacuueHHs |, B €JEKTpPOHHIN Jammi 3
BOJIb)PAMOBUM KaToOAOM 3aBIOBXKH |=3 cm i giamerpa d=0,1 Mwm, SKIIO
temmneparypa 7=2700 K. Ewmiciiina crama mis Boasdpamy B=60 A/(cm*K?),
poboTa Buxoay eiaekTpoHa 3 Boiabhpamy 4=4,54 eB.

233. Yomy nopiBHIOE poOOTa BHUXOAY EINEKTPOHIB 13 MeTaiy, SKIIO
M1BUIIICHHS TEMIIEpAaTypH HUTKH PO3KAPIOBAHHS, 3pOOJICHOI 13 I[OTO METAIY,
Bi1 2000 K mo 2001 K 36inb11ye crity CTpyMy HACHUCHHS B €JICKTPOHHIN JamIIi
Ha 1 %7?

234. YV ckinbKM pa3iB CTPyM HACUYEHHS TEPMOETIEKTPOHHOI eMicii 3
TOPIHOBAHOTO BOJIb)PAMOBOr0 KaTojaa mpu pooOouiit Temmeparypi 7=1800 K
Oyze OUTbIIUM, HI’K CTPYM HACHUYCHHS 3 YHCTOrO BOJL(PAMOBOTO KaTo/aa MpH
Tii camiii poOouiit Temmnepatypi? EmiciiiHa crana ta poO0Ta BUXOy €JIeKTpPOHa
JUTSL YUCTOTO 1 TOP1OBaHOTO BOJIb(hpaMy BianoBigHo B;=60 A/ (CMZ‘KZ), A;=4,54
eB i B,=3 A/(cM*-K?), A;=2,63 ¢B.

235. Ha anoai 1BOXENEKTPOIHOT JJaMITi TTPOTIroM dacy t=1 rox ii podotu
BUIIUTAETHCS KUTbKICTh eHeprii W=63 [[x. Ctpym HacudeHHs B jiammi 1,=6,3 MA.
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BBaxatouu, 110 TEmioTa BUIAUIAETHCS TUIBKU 33 PaXyHOK KIHETHYHOI €Heprii
€JIEKTPOHIB, BU3HAYUTHU IIBUIKICTH 0 €IEKTPOHIB, 5IK1 BAAPSIOTHCA 00 aHOM, Ta
KUIBKICTh €JIEKTPOHIB Np, III0 BUJIITAIOTh 3 KaTOJA 32 OJTHY CEKYH]IY.

236. Ilydox enekTpoHIB B ocuujorpadgi IMPUCKOPIOETHCS aHOIHOKO
Harpyroro U,=500 B. O0uuciutu BIIXWUIEHHS S MPOMEHS Ha €KpaHi, AKIIO
Hanpyra Ha BiaxmibHuX iactuHax U=30 B, mosxuHa ix =5 cM, BigcTaHb Mix
HuMU d=1 cM, a BiZICTaHb MIXK BIIXWJIBHHUMH IIAaCTHHAMHM 1 ekpanoM L=10 cm.

237. BuzHauuTh KOe(DIIIEHT AMCOIHAIli 0 BOJHOIO PO3YMHY a30THOI
KHCIIOTH, KOHIIGHTpaLIis sK0i ¢=0,064 r/cM’, K10 muToMuii omip posunny p=32
MOM'M, PYXJIHBICTh MO3UTHBHHX ioHiB U1=3,26-10" M%/(B'c), a HEraTHBHHX
u=6,4-10"° m*(B-c).

238. Bu3HAYuTH NMUTOMHUN OMIpP P BOJHOTO PO3YMHY XJIOPHUCTOTO KaJIiko
KCl, xonnenTpartis sikoro ¢=0,1 I‘/CMS, KOJIA B1JIOMO, 110 KOe(DIIIEHT JUCOIIaIii
11bOro po3unHy 0=0,77, pyXJIMBICTh MO3UTHBHHUX i0HIB U1=6,7-10° M*/(B-c), a
neratuBHEX U=6,8-10"° M%/(B-c).

239. Sxy kiabKicTh enexkTpoeHeprii W noTpiOHO BUTPATUTH 1Sl OACP>KaHHS
AIFOMIHII0 Macor0 M=2 KT, SIKII[O €JIEKTPOIIi3 BIAOYBaeThCs nmpu Hanpy3i U=15 B,
n=75 %? AtomHa maca antoMitito A=27 1/MOJIb.

240. EnexTponiTHyHa BaHHA, HAIIOBHEHA PO3YMHOM MIJIHOTO KYIOPOCY,
3'elHaHa 3 OaTapeero aKyMmyJISITOpIB, €JIeKTpopylliiiHa cwia akoi €=4 B 1
BHYTpiHi# omip r=0,1 Om. Busnauutu: macy m mifi, sxa BUAUTIETHCS 3a 10 XB,
sxkmo EPC nomspusanii €q0,~1,5 B, a omip po3unny R,=0,5 OM; BigHOIIECHHS
3apsALy ( 10Ha MiJli 10 Horo Macu My. MiJib € TBOXBAJICHTHOIO.

241. Ilix 4yac eneKTposIi3y pO3UHHY PO3KIANA€ThCS MIIHUM KyIIOpoc, Maca
skoro m=4,77 r, 3a vac t=1 rox. BusnHauutm kinbkicTh N 10HIB MIJl, SKI
HEUTpaNi3yloThCs IIOCEKYHIM Ha aHOA1. SKkuil 3apsia ( KOKHOTO 10HY?

242. JIBi €NEKTPOJITHYHI BaHHU 3'€IHAHI MOCHIIJOBHO. Y MEpIliid BaHHI
MICTUTBCSI po3unH Xxyopuctoro 3amiza FeCly,, a B apyriii — po3uuH XJIOPHOTO
3amiza FeCl;. Busznauutu macu 3amiza W XJopy, IO BUIUISIOTHCS B KOXKHIN
BAHHI, Il Yac IPOXOKEHHS eleKTpuaHoro 3apany Q=9,65-10" K.

243, Tlim dwac eneKTpos3y pO3YMHY CIpYaHOi KHCIOTH BHUTPAYAETHCS
noTyxHictb P=37 Bt. Buznauutu onip R enekrpomnity, sikmo 3a yac t=500 xB
BUJIUISIETHCS BOJEHB, Maca sskoro m=0,3 r.

244. Bu3HAuuTH E€KBIBAJIEHTHY KOHUEHTpAIil0 1), CEKBIBAJICHTHY
€JICKTPOIPOBIIHICTh A 1 KOSPIIIEHT JUCOIIAIIIT 0L BOJHOTO PO3YMHY XJIOPUCTOTO
karito KCI. Konrentparis posanny ¢=0,1 r/cm’. [THTOMHIT OITip TAKOTO PO3UHHY
p=7,4-10% Om-m 1ipr 18 °C, a pyxumBocri ionis K* i Cl” mpu wiit Temmeparypi
BixmoBixHo U,=6,7-10"° M%/(B-¢), u.=6,8-10° M%/(B-c).

245. JIBi eneKTpodiTUYHI BaHHMW 3'€IHAaHI TOCIIJOBHO. Y TepInid BaHHI
BUJIUTUBCS ITUHK, Maca sKoro M;=3,9 r, y ipyriii 3a TOM caMuii yac — 3aj1130, Maca
SAKOTO My=2,24r. ATOMHI MacH IMHKY ¥ 3aJ113a BiAMOBIAHO A; =65 /MO, A;=56
r/Moib. BasleHTHICTh IMHKY Z;=2. SIka BaJ€HTHICTH Z, 3ai3a?
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246. JIBl  eNeKTpPOJITUYHI  BaHHU  3'€JIHaHI
IMOCJIIJOBHO. 3aJI€KHICTh IIBUAKOCTI BUIUICHHS METAIIB &r
Ha eJeKTPoJiax Bia dacy rpadidyHo 300pakeHa Ha PHUC.
3.47. Binomo, o npotsaroM yacy t=10 xB Bumiauigacs
MiJb, Maca ko1 M;=50 r, 1 HeBIIOMHI METaJI, Maca SIKOTO

m,=150 r. Bu3HauuTH eNeKTpOXiMiuHUI ekBiBaIeHT K Puc. 3,47 T
HEB1JIOMOI0 MeTany. BcTaHOBUTH 3a1€KHICTh CTPYMY Bij
qacy.

247. Haiiuucrima Bojma mnpu Temneparypi 18 °C  mae mnuTomy
€JIEKTPOIPOBIIHICTh 6=3,8:107 1/(Cm-cm). Braxaroun, 101()

€JICKTPOITPOBIIHICT, BOJM 3YMOBJICHA JaMcoOIiaIier0 Mojekynmu Bogu H,O Ha
ionn H' 1 (OH), BCTaHOBUTH CTYHiHb JMCOLIALI] 0 BOAM HPH Iiii TeMIeparypi,
skmo pyxamBocti iomis H* i (OH) Bizmosimeo Uu,=3,26:10° m%/(B-c),
u.=1,80-10"° m*/(B-c¢).

248. OOuMCIUTH PIBHOBAXKHY KOHLEHTpaLil0 N 10HIB Yy CyXOMY
atMoc(pepHOMY TIOBITpi, SKIIO B HHOMY IiJi BIUIUBOM KOCMIYHOIO
BUIPOMIHIOBAHHS Ta 3aJUIIKIB PaJi0aKTUBHUX PEYOBUH, IO HASIBHI B 3€MHIH
KOpi, IIOCEKYHIM BUHHKAE B CepeaHboMy AN, =6.4 mapu iomie y 1 cm’, a
KoedIieHT peKoMOIHaII1 r=l,6-10'6 em/c.

249. Bu3HAYUTH TYCTHHY CTpyMy HpOBigHOCTI | B aTmocdepi, SKIIOo
KOHIIEHTpAIlisl OJHOBAJIECHTHUX 10HIB, SIKi 3yMOBJIIOIOThH MPOBIAHICTb, n=10° M.
HanpyxeHicth enexkrpuanoro noJist 3emuti E=130 B/M. PyxiuBicTh MO3UTUBHUX
ionis U,=1,37 M%(B-c), a HeratuBHuX U=1,89 M*/(B-c).

250. YV cyxoMy arMocepHOMY MOBITP1 MPOXOJUTH CTPYM, TYCTHHA SIKOTO
j=10%° A/cm®, BincTanb Mix enextpomamu 0=3 cM, PiBHOBa)KHA KOHIICHTPALLs
ioniB n=10% e, koedimient pexombinanii r=1,6-10° cm*/c. Un BuKOHY€ETHCS B
oMy pasi 3akoH Oma? loHn BBa)KaTH OJTHO3APSTHUMH.

251. Ilmoma enexkTpoiiB ioHi3amiitHOT kamepu S=100 CM2, BIACTAaHb MIXK
Humu 0=6,5 cm. lomizatop crBoproe y 1 cm® mocekynmn An=10° cm®-c’
OJIHAKOBUX iOHiB KOKHOro 3Haxy. KoedimienT pexom6inauii r=10° cm’/c.
PyximBocri i0HiB U;=U==1 cM*/(B-c). SKka HaifG1IbII MOXKITHBA KIIBKICTB Ng TIAP
ioiB y 1 cm® kamepu? Skumii cTpyMm | MPOXOAMTHME MiK EIEKTPOAAMH
10HI3AI[IMHOI KaMepH, SIKIIO 0 €ICKTPOIIB MPHUKIaJAcHA PI3HUIS MMOTCHIIIATIIB
U=20 B? fky udactky cTpymy HacuuyeHHs |, CTaHOBUTh BU3HAUYEHUU CTPyM?
Yepes saxuit yac t micis mpunuHEHHS Ai1 10H13aTOpa KITBKICTh 10HIB N BHACIIIOK
peKoMOiHallli 3MEHIITUTLCS Y 2 pa3u?

252. EneKTpoH BJIiTAa€ B OJHOPIAHE SIICKTPUYHE ITOJIC MPOTH HAIPSIMY HOTO
Hanpy>keHocTi. [IpoimoBmm pi3Huiio noteHmianie U=6 B, BiH cTukaeThCs 3
aTOMOM BOJHIO. SIKOI0 Mae OyTH ITOYAaTKOBA IIBHJKICTh €JIEKTPOHA, 00
10H13yBaTH atoM BojiHIO? EHepris 10Hi3allii aToMa BOJIHIO 8i0=2,18-10'18 JIx.

253. ToHi3oBaHU# ra3 MICTUTh €EKTPOHHU, 10HU Ta HEUTPaJIbHI MOJIEKYIIH.
Bracmimok mii 30BHINIHBOTO EIEKTPUYHOTO TIOJS CJICKTPOHH Ta 10HH,
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PUCKOPIOIOUNCH, 30UIBIINYIOTh CBOK EHEPrir0 W Tl Yac 3ITKHEHHS 3
HEUTPaAIIbHOIO MOJIEKYJIO0 MOXYTH ii 10H13yBaTH. SIKI YACTUHKU — €JIEKTPOHU YU
10HU — €()eKTHUBHIIIE 10HI3yIOTh ra3?

254. Yu MoXHa BBaXKaTH, 110 TMPOCTIP MK €IEKTPOJAMHU JTFOMIHECIIEHTHOT
JIAMITH 3aII0BHEHUHN TIA3MOIO?

255. Yu MOKHA pO3IIIAIaTh CYKYIHICTh €JIEKTPOHIB MPOBILAHOCTI Ta 10HIB
MeTajy K 130TepMIYHY IIa3My?

256. YoMy oaHa 3 XapakTepUCTUK IUIa3MHU HA3UBAETHCS PaAlycoM
eKpaHyBaHH:?

257. llocynuny 3 niHidHUMEU po3mipamu |=10 cM 3amOBHEHO Ta30M, SIKUH
MICTHTh OJHO3apsaHI 10HM 000X 3HaKkiB. KoHIEHTpallis 10HIB n=10% m npu
temnepatypi 7=1 000 K. Uu MokHa BBa)KaTH IIeH Ta3 Mj1a3MOi0?

258. Y miasMi TIIiF0HOro po3psy eleKTpoHHa Temmeparypa 7=5-10" K. Uu
OyJie 14 1J1a3Ma 171eaabHO0, AKIIO 11 TUCK p:103 I1a? BeaxaTu, 1110 cTaH I1a3MHU
OMUCYETHCS PIBHSHHSAM CTaHy KJIACUYHOTO 171€aIbHOTO Ta3y.

3.2. 3microBuii Moayab Ne 2. MarHeTusm

3.2.1. ExekrpoMarseTusm

3.2.1.1. Bka3iBKH 10 PO3B'fI3KY 32124 3 €JIeKTPOMATrHETU3MY

3aBIaHHSIM JaHOTO PO3JUTY € BHU3HAYCHHS OCHOBHUX CHJIOBUX 1
E€HEPreTUYHUX napameTpiB MarHiTHOTO IOJISt IHOYKYIiB,
HanpyscenocmiH , maenimnoco nomoxy @ Ta BCTAaHOBJICHHS B3a€EMO3B'S3KY 1
XapakTepy B3a€MO/Ili MarHiTHOrO MOJIA 3 PYXOMHMMH 3apsjaMu (CTpymMamH) B
3QJIEKHOCTI BIJl CEPEIOBHINA, B IKOMY B1OYBA€ETHCS B3a€EMOTIS.

XapakTep MoJjsi TOro CaMoro €JIeKTPUYHOTO 3apsiAy 3aJIekKUTh BlJ TOrO. B
AKIA CHCTeM1 BIIJIIKY MU PO3TISIAEMO TPOIEC, Y PYXOMIA UM HEPYXOMii
BIJIHOCHO JIaHOTO 3apsly.

JIist KUIBKICHOI XapaKTEPUCTUKH MAarHITHOTO TOJISI BUKOPHUCTOBYETHCS
¢13M4Ha BEIMYMHA, SKAa HA3UBAETHCS I[HOYKYICIO MACHIMHO20 nojs abdo
eéekmopom iHOykyiiB. BekTopBHanpsMaeHUu B3AOBX MPSIMOi, 110 CIIBNAAA€ 3
HaMpsSMOM MarHiTHOro moiisi i yrBoproe 3 Bektopamuldl,dF npaBorBuHTOBY
TPIAKY BEKTOPIB. [HIyKIlisi MarHiTHOTO TOJIA € CHJIOBOIO XapaKTEPUCTUKOIO 1
BpaxoOBy€ TaKOXX MaTepiaibHI BJIACTHUBOCTI CEpPEIOBHUINA, B SKOMY ICHYE
MartiTHe IoJie.

Sk cuiioBa XapaKTEpPUCTUKA MAarHITHOTO MOJIS Y BAKYyM1 BUKOPUCTOBY€ETHCS
BekTOop H, sikuii Ha3WBaeThCs HAIPYKEHICTIO MarHiTHoro noiig. BekropuB 1H
3B's13aH1 M1 CO00I0 CIiBBIIHOIIEHHAMB=1yi0H.

3py4yHUM [Jis BU3HAYEHHS HanpsiMKy BekTopiB B 1 H € npaBuiio ceepasnuka,
3a SKUM [IOCTYNaJbHUN MPABOIBUHTOBHI pyX CBEpUIMKA CHIBHOAAAE 3
HAIpsIMKOM CTPYMY, a HalpsiM MAarHiTHOTO TMOJS CHIBHAJAa€ 3 PyXOM KIHIIS
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PYUYKH CBEpAJIMKa, TOOTO BekTopuB 1He NOTUYHHMMH 10 KOJIa, IO OMHUCYIOTh
KIHI[I PYYKH CBEPJIHKA.

Tumosi 3amadi, 10 BPaXxOBYIOTh MPOILIECH B MAarHiTHOMY IIOJIi, MOKHA
00’€THAaTH B TaKi TPYyIIH:

« OOuuCIIEeHHS MapaMeTpiB, K XapaKTEPU3yIOTh MAarHiTHE 10Jie, CTBOPEHE
MOCTIMHUMH Mar”iTamu, ad0 MOCTIHHUM CTPyYMOM B IPOBIAHUKAX JOBUIBHOI
dopmu.

* BuzHaueHHd mnapamMeTpiB NpoOLECYy B3a€MOJIi MAar”HiTHOTO MO 3
PYXOMHUMH 3apsIKEHUMHU YaCTUHKAMU.

* PO3paxyHOK CHJIOBHUX Ta EHEPreTUYHUX 3aKOHOMIPHOCTEW B3aeMOJIIT
IPOBITHUKIB 31 CTPYMOM JOBUIBHOI ()OPMU 3 MATHITHUM TOJIEM.

B3aeMo1ig MaraiTHUX MOJIIB.

[Ipu po3B's13yBaHHI 3a/1a4, IO BIAHECEH] 10 NMEPIIOL TPYIH, CIiJ] 3ayBaKUTH,
0 OOYMCIIEHHS NapaMmeTpiB MarHiTHOTO IOJsi B OCHOBHOMY OyIye€ThCsl Ha
3akoH1 bio-CaBapa-Jlamiaca. 3aga4i MOXyTb OyTH NPSIMUMU 1 OOEPHEHUMHU, [I€
HEOOX1/IHO BUBHAUYUTH MarHiTHY 1HAYKI[1}0 200 HaNpy>KeHICTh MarHiTHOTO MOJI,
10 BUKJIMKAETHCS MOCTIMHUM CTPYMOM, SIKHM MPOTIKA€ B PI3HUX 32 (HOPMOIO
MPOBIAHUKAX, a00 3HAYEHHA BEJIMYMHU CHJIM CTPYMIB, 10 OOYMOBIIOIOTH
ICHyBaHHS MarHiTHHUX TOJIB.

CkagHICTh 33724 MOJKE MOJIATaTH B HASBHOMY IIPEJICTABICHHI HEOOX1THUX
IUIsL PO3B'SI3KY 3a7adl mapameTpiB, ab0 MONIYKy MapaMeTpiB, SIKI MOXHa
po3paxyBaTH  JIUIIE [UIIXOM BUKOPUCTAHHS  JOJATKOBUX  (hpiI3MUHUX
3aKOHOMIPHOCTEH 1 OpMYIL.

B nonepeanix po3ainax po3risaanucs BIAaCTUBOCTI CTATUYHHMX, HE3MIHHUX
B 4Yacl EJEeKTPUYHUX 1 MArHITHUX TOJiB. B maHoMy po3minai po3riasgaroThbCs
MPOLIECH AUHAMIYHUX €JIEKTPOMArHITHUX B3a€EMO/IIN, 1110 3yMOBIIIOE UM Psif
SKICHO HOBUX BJIACTUBOCTEH TOJIB 1 iX 3akoHOMIpHOcTed. B 0CHOBI
CJIICKTPOAMHAMIKMA  3MIHHHUX TIONIB  JICKUTh (PyHIAMEHTAIbHUNA  3aKOH
€JIEKTPOMArHITHOI 1HAYKLI, BiAKpuTHH y 1931 pomi aHIACHKMM BYEHUM
M.®apaneem. CyTh IbOTO 3aKOHY MOJIATAE Y BAHUKHEHH] CTPYMY B IOBUIBHOMY
MPOBIAHUKOBOMY KOHTYpP1 MpPHU 3MiHI MAarHiTHOrO MOTOKY, IO IPOHM3YE IIEH
KOHTYp. Takmii cTpyM Ha3uBa€ThCSA [HOYKyitiHuM. IIpaKTHYHO 1HIYKIIHHHMA
CTPyM Yy 3aMKHEHOMY KOHTYpi MoOXxe OyTH CTBOPEHUW TMiJ dYac pyxy
MPOBITHUKOBOT'O KOHTYPY B MarHiTHOMY TOJI1, MiJ 9ac pyXy MarfiTy BiJTHOCHO
3aMKHEHOT'O TTPOBIAHUKOBOTO KOHTYPY 1 MiJl 9ac 3MIHU CTPyMy B KOTYIIIII, KA
CTBOPIOE MarHiTHe moJie. Hapsiy 3 UM po3risiiaroTh JBa THIH 1HAYKTHUBHHX
SABUII B 3aJ€KHOCTI BiJ CcHocoOy BHHUKHEHHS 1HAYKI[IHHOTO CTpyMy B
IPOBIAHUKY:

1) siBUIIIE CAaMOIHTYKIIIT;

2) sSIBUIIIEC B3a€EMOIHAYKIITII.

B nepmomMy Bunaaxy HaBKOJIO IPOBIJHHKA 3 CTPYMOM BHUHHUKA€ MarHiTHE
moJyie, SKE€ CTBOPIOE TEBHUW MAarHITHUH TOTIK 4Yepe3 BIACHUN KOHTYP
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npoBiiHMKAa. TOMy B 3aMKHEHOMY KOHTYpl, B SIKOMY 3MIHIOETbCS CTPYM,
BUHHUKAE TOAATKOBUH, IHAYKIIMHUN CTpyM. SIBHIIC BUHUKHEHHS 1HIYKIIIHOTO
CTpyMy B TIPOBIJIHMKY BHACIIJIOK 3MIHM MAarHITHOTO TIOTOKY, BHUKIJIMKAHOI
3MIHOIO CTPYMY B IIbOMY 3K MPOBITHUKY, Ha3WBAETHCA CAMOIHIYKIIIEIO, IO €
OKPEMHM BHUIAJIKOM 3arajibHOTO SIBUIIA €JIEKTPOMArHiTHOL 1HAYKIIII.

SIKIo poO3MICTUTH TPOBIAHI KOHTYPU YK KOTYIIKM 3 CTPYMOM Tak, IIO
MAarHiTHI IOTOKU KOKHOI 3 HUX X04a O 4aCTKOBO MEPETHUHAIOTh BUTKU CYCIJHIX,
TO MK HUMU BUHHUKA€ B3aeMHa 1HAYKLIA. [Tpu npomy EPC y KO’)kHOMY KOHTYpi
BUHMKAE HE TUIBKM 3a PaxyHOK 3MIHM TOTOKY IHAYKIIi MarHiTHOTO TOJIA,
CTBOPEHOI'0 CTPYMOM JIJaHOT'O KOHTYPY (SBUILE CAaMOIHIYKIIIT), ajie 1 3a paxyHOK
3MIHU MOTOKY 1HAYKIII MardiTHOTO TMOJIS IiJT JII€I0 CTPYMIB, SKI MPOTIKAIOTh B
CYCIIHIX KOHTYpax (SIBHUIIE B3aEMHOI 1HIYKIII1). SIBUIIE B3a€MHOT 1HIYKIIIT TEX €
OKpPEMHI BHUIIAIOK 3arajbHOrO SIBUILA €JIEKTPOMArHITHOI IHYKIIIi, 1 MOJSTae B
HaBefeHHI EPC iHaykiii B NpOBiJHUKAX, SIKI 3HAXOJATHCS MOOIU3Y 1HIIMX
MPOBIAHUKIB, CTPYMHU B KUX 3MIHIOIOTHCS 3 YACOM.

OxkpiM TOro 3MiHHI CTPyMH, 110 BHHUKAIOTh B IMPOBIJHUKAX BHACIIJIOK
OTMMCAaHUX TIPOIECIB 3alIeKaTh BiJ BIACTUBOCTEH CaMHX IIPOBIJHMKIB 1
CEPEIOBHIIL, B AKUX II1 MPOIECH 3A1HCHIOIOThCH.

Tumosi 3aadi, MO MOSACHIOIOTHCS MPOIECaMU €JICKTPOMArHIiTHOI 1HAYKIII1
MO>KHa 00'€THATH B TaKi IPyMu:

* BusHaueHHs1 €IeKTpOpYyIIIHHOI CUIM 1HIAYKITI abo camoiHayKilii, abo
IHIMX (PI3UYHUX MapaMEeTPIB MOB'SI3aHUX 3 SIBUILEM €JIEKTPOMArHiTHOI 1HAYKIIII.

* BusHaueHHs mapaMeTpiB 3MIHHOTO €JIEKTPUYHOIO0 CTPYyMy 1 I1HIIHMX
(b13MYHUX MapaMeTpiB, sIKI XapaKTepU3YyIOTh J110 3MIHHOTO CTPyMY B KOJIax, IO
MalOTh aKTHUBHI 1 p€aKTHUBHI OMOPH.

*Po3B's30k  3amay, 10 OMUCYIOTH €JIEKTPOMArHiTHI KOJMBAaHHA Ta
BUHHUKHEHHS Ta MOITUPEHHS EJICKTPOMArHiTHUX XBHIIb.

[Ipu po3B'si3yBaHHI 3a/1a4, BIIHECEHUX A0 MEPILIOL I'PYMHH, CII 3ayBAKUTH,
o 1yist BusHaueHHss EPC innykiii 3a 3akonom ®Dapajiest moTpiOHO 00UUCIUTH
3MiHY MOTOKY 1HAYKIIM Yepe3 IIIOMMNHY KOHTYPY, HE3AJIEKHO B1Jl TOTO, YUM IS
3MiHa BHUKIIMKaHA: 3MIHOIO (OPMH KOHTYpPY, IEpPEMIIICHHSIM KOHTYpPY B
HEOHOPIAHOMY TIOJII UM 3MIHOKO MarHiTHOI 1HAYKIIIT MOJIS 3 YaCOM.

Matoun Ha yBa3i, 10 3MiHa MOTOKY MArHITHOI 1HAYKIT MOXe OyTu
BUKJIMKAHO 3MIHOIO CTPyMy B KOHTYpi, aHaJOTIYHHM CIIOCOOOM MOXHa
Bu3Hauatu BennuuHy EPC camoinmykIii.

3.2.1.2. llpakTUYHi 3aHATTH
[IpakTrune 3ansaTTa Ne 14.
HAYKUIA I HAITPY2KEHICTb MATHITHOT O I1OJIA.

1. ITo mpoBigHUKY TpoOTiKae cTpyMm cwioo 2 A. BuszHauntu MarHiTHY
IHIYKIIIO T10JISl, CTBOPEHOTO IIMM CTPYMOM B TOYIll, IO 3HAaXOJIWUThCA Ha
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HEPIICHIUKYIISIPI IO CEPEIUMHU BIIPI3KY MpOBigHUKA MO0BXKHHOIO |1=20cM Ha
BiacTanl a=20 cM B HHOTO.

2. 1o 1BOX MOBrUX MPSAMOJIHIMHUX MPOBIIHUKAX MpOTiKae ctpyM /=10 A.
Biacrtanp Mk mpoBigHuKamMu =5 cM.BusHaunTu Hampy>XeHICTb 1 MarHiTHY
IHJYKI[I0 MOJIs, 110 YTBOPEHE CTpyMaMu B TOUIll, SiKa PIBHOBiAjaJieHa Bij
MPOBIAHUKIB, 3a TaKMX YMOB: a) CTPYM MPOTHJIEKHOIO HAMPSAMKY, SKIIO
MPOBIAHUKK PO3MilieHi B mpocTopi mapaensHo Ta mia kyrom 60° ado 90°; 6)
CTPYMH OJHOTO HAIPSIMKY.

3. BuszHaunTu HanpyXeHICTh MarHiTHOTO TOJISI B IIEHTPI OJHIET 3 OCHOB
conieHoina noBxkuHo0L=10 cm i miamerpom d=4 cM, skino BiH MaeN=150 BuTKiB
1 mo HUX mpoxoauTh cTpym1=0,5 A.

4, lllineHO yKiagaeH1 ogHUM mapomM30 BUTKIB TOHKOTO JPOTY YTPUMYIOTHCS
Ha Kapkaci y Bursiai miBchepu paniycoMR=10 cm. Busnauntu Beanuuny
CTPYMY, KU MPOTIKAE MO MPOBIAHUKY, SKIIO MarHiTHA THYKIIiS OIS B IIEHTPI
cdepu cranoButs B=1,2610"T1.

5. Ilo wwrHApHYHOMY mpOBimHHKY miamerpom0,4  cm3a0,3°107
CIIEPEHOCUTHCSI CTOPOHHIMU CUJIAaMU, PIBHOMIPHO PO3MOAUICHUMH IO TIEpepi3y
NpoBiAHUKA, 3apsnu, cymapHa BenuunHa skux0,6 HKn. Busnauntu
HaIpyXeHICTh MAarHITHOTO TOJISI B TOUKax Ha BiAcTaHsax ;=0,1 cm 1 r,=4 cM Bix
OC1 TIPOBITHHKA.

[IpakTrune 3ansatTa Ne 15.
B3AEMO/IS CTPYMIB. 3AKOH AMIIEPA. CUJIA JIOPEHIIA.

1. EnextpoH 3 pgyke MaJlOl0 TIOYaTKOBOK IIBUIKICTIO IPOXOJUTH
OJTHOPITHOMY eleKTpudHOMY 1o 3 pizauniero noteHiianis1000 B. ITicas mporo
BIH TIOTpAIUIs€ B MEPHNEHAUKYISPHE A0 HANPSIMKY MOTO0 HANMpPsIMKY MarHiTHE
nosie. HeoOXi1HO BU3HAYMTH JIApMOPIBCHKUH pasilyCc pyXy €JIeKTPOHA.

2. IIpotoH, HaOyBIIH 1HBHI[KOCTi1)=2'104M/C, BJIITA€ B MArHITHE II0JIE T
kytom 30° 10 HampsMKy BekTOpa HampyxeHocti momst H=2,4'10°A/m.
Bu3HauuTy Kpok rBUHTOBOI JIiHII pyXy IPOTOHA.

3. Biapi3ok mMWHU 1 TPOBIJHUKA, 3'€HAHI MDK COOOI TiCIEKTPUUHUMU
NpY>KUHAMH, 1 PO3MIIIEHI B BEPTUKAIbHIN IUIOMMHI. SIKIIO MO MIWHI 1
NPOBITHUKY HE POXOANUTH CTPYM, 1 BiJICTaHb MiXK HUMH J0piBHIOE h. BusHauutu
BIICTAaHb MIK IITMHOIO 1 MPOBIIHUKOM, SIKIIO IO HHUX BIAMOBIAHO MPOXOIATH
ctpymu I; 1 [,. BBaxkaTu, 110 TMPOBIIHUK HE 3MIMIYETHCS BiJ BEPTHUKAIHLHOTO
noyioxkeHHs1. KoedilieHT npyX HOCTI KOXHOI TMPYXUHU K, a JOBKHHA
npoBiaHuKa L.

4. Bu3HAUNTH JiF0 IPSIMOTO HECKIHYCHHOTO CTPyMY /1 Ha KOJIOBUM KOHTYD,
B3JIOBXK SIKOTO Te€4e CTpyM cuiioro [p. Paniyc koHTypaR, a BifcTans ioro meHrpa
BiJl HeckiHueHHoro ctpymy d. KosjoBwit ctpym [, Ta cTpyM [; 3HAXOAATHCS B
OJTHIY TIJTOIIUHI.
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5. ITo ximpito miamerpom 0=0,1 M i3 CBUHIIEBOIO IMPOBIAHHMKA ILIOLICIO
nepepisyS=0,7 MM IPOXOAHUTH CTPYM CHIIOK0 /=2 A. Uu po3ipBeThCs Kilble B
NEePHEeHIUKYJSIPHOMY MarHiTHOMY TMoji 1Haykiiero B=0,2 Tn, skmo npwu
TeMrepaTrypi, A0 SKOI HarpiBCs MPOBITHUK MPU MPOXOKEHHI CTPyMy, HOTO
MiIHiCTh Ha po3puB pe=2'10° H/m.

[IpakTrune 3ansatTa Ne 16.
MATHITHUH ITIOTIK. POBOTA I10 ITEPEMIIIEHHIO ITPOBIJTHUKA
I3 CTPYMOM B MATHITHOMY ITOJII.

1. ITnockuit KBaapaTHUM KOHTYP 3 CTOPOHOIO a=10 cM, B3JOBXK SKOI'O TE€UE
ctpym /=100 A, BUIBHO BCTAHOBHMBCA B OJHOPIJTHOMY MAarHiTHOMY TOJI
iHaykimieo B=1 Tn. Buznauntu poOOTY 30BHIIIHIX CHJI IIPH TOBOPOTI KOHTYPY
BIJTHOCHO OCl, fIKa MPOXOAUTh YePe3 CEPEIUHHU MPOTHIICKHUX CTOPIH KOHTYPY,
Ha KyT: 1) oy=m/2 . 1 2) 0,=0,05 pan. [Ipu noBepTaHH1 KOHTYpY CUJIa CTPYMY B
HbOMY HE 3MIHIOETHCA.

2. IMopyd 3 moBrum npsMum MpoBoJOMMN, MO SKOMY HPOXOIUTH CTPYM
CHJIOIO [, po3TalioBaHa KBajpaTHa pamKa 3i CTOPOHOIO |, 1Mo sikili MpOXOAHTh
ctpyM cuinoro /. PaMka NeXuTh B OJHIA IUIONIMHI 3 MPOBOAOM Tak, IO
HalOMMk4a CTOpOHA paMKH 3HAXOAWTHCS HA BIACTaHI dp BIJ TMPOBOAY.
BusHnauutu MarHiTHy Ccuiay, 1O Jl€ Ha paMKy, Ta poOOTy IIl€i CUIU IO
NEepEMILIEHHIO paMKH 3a Mexl noiisi. Ctpymulral’ BeCch yac HIATPUMYIOTHCA
CTAJIUMU.

[IpakTuune 3ansaTTa Ne 17.
MAT'HITHE T1OJIE B PEHOBUHI. EHEPT'1S1 MATHITHOTI'O TTOJIA.

1. Ha ctanpHOMY HaMarHiueHOMY TOPOii, cepenHii aiamerp skorod=0,3 mi
mIoma momepedHoro mepepizyS=1,6:10" m°, HamoraHa 0OMOTKa, MO
MicTuTbN=800BuTkiB. Konu mo oOMOTHI NOycTWIM CTpyMm cuioro [=1,8
A,uyTnuBuil ranpBaHoMmerp 3 onopoMR=0,8 Om 3adikcyBaB BIIXWIECHHS, 1110
BIINOBIIa€ MpoxokeHHI0 3apsaay(=0,24 MKn.BuzHauutu Hanpy»XeHiCTh MOJIs
H, mar"iTHy 1HAyKIil0 B BcepeAuHl KUIbIf, HaMarHideHICTh KUIbls J Ta
MarHiTHY TPOHUKHICTb CTal (.

2. Ilpu BUMHKaAHHI CTpyMy B OOMOTIII TOpPOiZa, OMTMCAHOTO B MOTMEPEIHIN
3amayl, d4epe3 rambBaHoMeTp mpoumoB 3apsa (=80 wMxKn. Bwusnauntu
3aJIMIIKOBY HaMAarHiueHiCTh J' CTalbHOTO KIJBIlA Ta 3aJMINKOBI HAMPYXKEHICTh
H'1iaaykuito B' MardiTHOTO MOJIsl BCEPEANH1 KUTBIS MICIs 3SHUKHEHHS CTPYyMY B
o0OMOTIII.

3. Ha creprkeHb 3 HEMarHiTHOTO Marepiainy 3aBioBxkku =50 cM i 1uiomieto
MONEPEYHOro mepepisy S=2 cM” HAMOTAHO B OJMH LIAP HIPOBIAHUK TaK, IIO HA
KO)KE€H CAaHTHMETP JIOBXKUHHM CTepkHs npunagac20 BuTKiB. BusHaunT eHepriro
MarHiTHOTO TOJIsI MPOBITHUKA, SIKIIO CHJIa CTpyMy B HhoMy /=0,5 A.
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4. BuszHaunTtu 00'€eMHY TYCTHHY €HEprii MarHiTHOTO IOJisi B TOBITPl Ha
BiJicTaHl @=1 M BIJl Ay’>K€ JOBrOTO MPOBIJIHHUKA, IO SIKOMY T€4a CTPYMY CHJIOIO
I=10 A.
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[Tpaktrune 3anarts Ne 18.
3AKOH ®APAIEA-MAKCBEJUIA. IHAYKTUBHICTD,
CAMOIHAYKIIIA.

1. Busnauutu EPC inaykiii B crepskHi AOBKHUHOIOl, sikuii miepeMilyeTbes
napajejibHO caMoMy coOl B OJHOPIJIHOMY Mar"iTHOMY IOJ1 3 IIBUIKICTIO 0.
MarniTHe TmoOJie BUKJIMKAaHE TPOXO/KEHHSIM KOJOBOTO CTPyMy 1 €
MEePIEHANKYIIPHUM J0 CTEPIKHS.

2. BuzHauutu cTpyM iHAYKIII pamku mwiomiero S=0,1 M 1 akTUBHUM OTIOPOM
R=0,5 Om, 110 mpotsirom0,4c TOBEPTAETHCS B MArHITHOMY o 3emii (B=5"10"
Ti) 3 omHOTO B Ipyre MOXKJIMBI KpakH1 MOJIOKESHHS

3. BuU3HauuTH PIZHUIIO TMOTEHIATIB MK KIHIIMH CTEPXKHS JTOBXKHUHOIO
|I=0,4 M sxuii 00epTaeThCs BIJHOCHO OJHOIO 13 CBOIX KIHI[IB 3 KyTOBOIO
mBUAKICTIO =10 ¢! B MarHiTHOMY TIOJ1 1HAYKIIIE€HO B=10° Tn , SKe
MePIEHANKYIISPHE 10 TUIOMWHA 00CPTaHHS CTEPIKHS.

4. BusHauutu Koe(iIieHT caMOiHAYyKIIi Topoima JaoxkuHOIW [=0,5 M
momero nepepizy S=0,1 m* i uncaom ButkiB N=3000. MarriTHa OpOHUKHICTH
CepJieuyHrKa CoJieHoina u=2.

5. TIo TOBroMy COJICHOILY 3 HAMATHIYEHHM ocepsiM mepepizoM S=0,5 cm”
mo wmictute N=1200 BuTKiB, mpoxoauTh CTpyM cumioro |=2 A. Iagykiis
MarHiTHoro moJyisi B MeHTpl cojeHoima B=10 wMTn. BwusHauutm Horo
1HyKTUBHICTb.

6. Korymika mae omip R=8 Owm, inaykTuBHicTh L=0,2 I'H. Yepe3 skuii yac
MiCJIs BMUKAHHS KOTYIIKH B €JICKTPUYHE KOJIO B Hilf BCTAHOBUTHCS TaKa CHJIa
CTpyMy, IO IOPIBHIOE TIOJIOBUHI TTOBHOT CHJIM CTPYMY, 1[0 BCTAHOBUTHCS Yepe3
TPUBAJIHIL Hac?

7. ENekTpuyHe KOJO CKIAIA€ThCs 3 KOTYIIKH, IHIYKTUBHICTD sikoi L=0,2
I'n, omip sxoi R=1,6 OM Ta mxeperna cTpyMmy. 3 Koja OJHOYACHO BUMHKAIOTh
JDKEPENIO CTPyMY 1 HAKOPOTKO 3aMHUKAIOTh KOTYIIKY. Y CKUIbKH pasiB
3MEHIIUTHCS CUjia CTpyMy B Koty yepes t=0,05 c?

[IpakTrune 3ansatTa Ne 19.
3MIHHUI CTPYM.

1. BusHauntu e(eKTUBHY HAIpyry TeHEpaTopa 3MIHHOTO CTPyMy MpH
HAsBHOCTI JIBOX CHHYCOIHQJIBHUX HampyTr 3 4acToToro v;=50 I'll 1 ammiiTy 1010
U;=170 B Tta 4acrororo v=150 I 1 L
amrutityaoro U,=20 B. .7, o

2. BwusHauuTtH CHOIBBIOHOLIEHHS MK ;

MakCUMaJbHUM, €(QEeKTUBHUM 1 CcepeaHiM 0 ; -
3HAYEHHSIM CWJIM 3MIHHOTO CTPyMY, SKIIO 3MIHa \/
CHITH CTPYMY BiZIOYBa€ThCs TaK, K MOKA3aHO HA [~~~ 777~
rpadiky.
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3. BusHauuTH TUTOMUN ONIp AICJNIEKTPHUKA, SKUH Ma€ AieIeKTPUYHY
MPOHUKHICTh £=2,8 1 BUKOPUCTAHUM SIK 130JISITOP B KOHAeHcaTopi. KoHeHcaTop
Ipu 4acToTi 3MiHHOTO cTpymy V=50 Iy poscitoe naesky NOTYXHICTh 3
KoedilieHToM NoTyXHOCT1 cosp=0,1.

4. Bu3HaunTH aMIUIITYyAH1 3HaYEHHS CUJIH, 110 /i€ Ha MeMOpaHy Tenedony,
Py TPOXOJKEHHI MO OOMOTLI KOTYHIOK 3 MArHITHHUM OCEpPASM CTPyMY
I=Ipsinowt, SKIO aMIUTITY[He 3HauyeHHs ctpymy [o=2-10" A, iHmykiis B
MOBITPSHOMY MPOLIAPKY MIDK MEMOpPAHOIO 1 KOTYIIKAMH MpPHU BIICYTHOCTI
ctpymy B o6Motmi Bo=8-107 Tu, mioma meperHHy KOXKHOTO 3 MATHITHHX
HAKOHEYHHUKIB S=15 MM2, YUCJI0 BUTKIB B 0OMOTIII KOTYyIIOK n=400, ToBIIHMHA
HOBITPSHOTO POMiXKKY d=0,2 MM.

5. Bumiproroui npuiiagd BBIMKHEHI B KOJIO 1
3MIHHOTO CTPYMY 32 CXEMOIO, 300pakKeHOI0 Ha N
pucyHKy. BuzHauntu BenuuuHu omopiB Ry 1 X 1
noOyayBaTH  BEKTOPHY  jJiarpaMmy  MpoLEcCy.
BuzHauuTu BenuMuMHY Hanpyru Ha auisHul KM Tta
3cyB ¢a3 ¢, skmo mokasu BarmeTpa 940 BT, " Re T
BosbT™MeTpa 220 B, ammepmerpa 5 A, a R,=22 Om.  #-

6. Tpudaszuuii cio>kuBay eHeprii, KW Mae aKTUBHUN OTIiP Ha KOXKHIN (a3i
ctaHoBUTh R=8 OM 1 iHaykTuBHHMA omip X;=6 OM BBIMKHEHO B MEpEXKY
Tpu(azHoro crpymy 3 jdiHiiHUMU Hanpyramu 380 B. BuzHauutu Hanpyry Ha
KOXKHIM (a3l 1 miABIAHUX MPOBIAHUKAX, SKIIO (a3 crojiydeHi a) 3ipkoro, 0)
TPUKYTHUKOM.

Rz

IIpaktrune 3ansarrs Ne 20.
EJJEKTPOMAT'HITHI KOJIMBAHHZI 1 XBUJII.
1. ¥V xontypi R;=R,=R, saxi ming'ennani #

M

A
MOCI1I0BHO A0 KoHaeHcaTopa C=50 MK®D 1 KOTyIIKH L c ]
iHayktuBHOCTI L=1,25 MI'H. Onopu 3MiHIOIOTHCA ,521 3'11
onHo4yacHO 1 onHakoBo. Ilpu sixkomy 3HaueHHIR U
HacTaHe pe3oHaHC cTpyMy npu vactoti v=1000 T Rs Rz

BusHauutu cTpyM y BUTKax 1 HEPO3TATYXKEHIH »—
YJaCTHHI KOJIa, SIKIIO Harpyra 3MiHHOTO cTpymy 12 B.

2. SIky 1HAYKTHUBHICTP TIOBMHHAa MAaTH KOTYyIIKa, 100 B KOHTYpl 3
KOHIeHCAaTOpOM eMHIcTIO 50 md BUHUKIM BIIbHI KOJMBAaHHSA 3 4acToTor 10
MI'n ?

3. B KoJMBaIbHOMY KOHTYpI, IO CKJIAJA€ThCA 3 aKTUBHOro omopy R=4
kOwMm, koTymku iHaykTuBHOCTI L=0,01 I'H 1 KOHAEHCaTOpa. 3apsa KOHAeHcaTOpa
sMenImryeTbess B 10 pasie 3a mepion T=10" c. Bu3HAuYWTH aKTHBHHMI OIip
KOTYIIKH 1HIYKTUBHOCTI.
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4. BU3HAYUTH XBUJILOBUH OIip KOAKCIATBHOTO K00, IOBKHUHOIO |, K110
0 BHYTPINIHBOMY IWJIIHAPUYHOMY TMPOBIIHUKY Teue CTpyM [, MarHiTHa
NPOHUKHICTh 130JsMii u, a eMHicTh cucteMu C. Pamiycu BHYTPIIIHBOTO 1
30BHINTHBOTO MPOBITHUKIB Ry 1 R; .

5. BunpoMiHiOBaHHSI aHTEHH MIChKO1 pajiocTaHiii Mae motyxHictb N=100
kB1. O0unciutu Ha Biacransx R;=1 kM 1 R,=100 kM BeIu4yuHy BEKTOpa
YwMmoBa-IlolinTiHra /1, Hanpy»KeHICTh eleKTpuuHoro nous £, namnpyry U, ska
BUHUKAaE B TMPUUMAIbHIA aHTEHI pajiomnpuiiMada 3aBIoBXkH |=1 M, THCK
€JIEKTPOMArHiTHUX XBUJIIb p.

3.2.1.3. 3agaui I cCaMOCTIMHOIO PO3B'A3YBAaHHS 3 €JIEKTPOMATHETH3MY

IocTiiine MarHiTHe 1oJie y BaKyyMi

[HIyKIisT MarHiTHOTO TOJS, SKE YTBOPIOETBCA eleMeHToM cTtpymy ldl
(3akoH bio-CaBapa-Jlamnaca)

dB = Hpo Idlr] (6.1)

4 13
i€ |lo - MarHiTHA CTaJia; |l - BIAHOCHA MarHiTHA MPOHUKHICTh CEPEAOBUIIIA;

dl - BekTOp enemeHTa JOBKUHY MPOBITHUKA, TPOBEICHUH y HAMPsMi CTpyMY; I -
paalyc-BEeKTOp, MPOBEACHUI 3 CEpeANMHU €JIEMEHTAa CTPYMY B TOYKY, B fAKId
BU3Ha4YaeThes AB.

3B'130K MarHiTHOI iHAYKLIT B 1 HanpyxeHocTi H MarHiTHOro moJsi:

B = pouH (6.2)
[Tpunuun cynepno3unli (HakjiaJaHHsA) MarHiTHUX TOJIIB
B=[dB (6.3)

MarsiTHi 1oJisi HAUIPOCTIIINX CUCTEM:
a) TOYKOBOTO 3apsAIy (, 0 PYyXa€ThCS 3 HEPEIATUBICTCHKOIO MBHUAKICTIO 0.
B = Ho¥ qlvr] (6.4)

am 13
7€ I' - paalyc-BeKTOp, MPOBEACHUH BiJ 3apsiny B JaHy TOUYKY TOJIS;

0) IpsAMOIIHIHHOTO BiJIpi3Ka MPOBITHUKA 31 CTPYMOM (32 MOJyJIEM)
B = 2% (cos ¢, — cos ¢,) (6.5)
4-7'[7‘0

ne Ip - BIICTaHb BiJ IMPOBITHUKA IO TOUKH; (1, O — KYTH MK HAIIPSIMOM
CTPyMy ¥ HampsMOM BiJ KIHIIIB MPOBIJHUKA 10 TOYKH, B K BHU3HAYAETHCS
THTYKIIisi MarHiTHOTO TIOJIS;

B) HECKIHYCHHO JIOBI'OT'O MPSIMOTO TIPOBITHHMKA 31 CTPYMOM (32 MOJIYJIEM)

— Houl
B = ry— (6.6)
') Ha 0C1 KOJIOBOTO CTPyMY
— HoH 2py (6 7)

4 (R24r2)3/2
1€ Py - MarHiTHUI MOMEHT KOJIOBOTO CTPyMY, P,=1SN; TyT S - moia, sxa
OXOIUTIOETHCA CTPYMOM; N - OAMHUYHUN BEKTOpP AOJATHOI HOpMali, HampsMm
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SKOTO BHU3HAYalOTh 3a MPABUJIOM TBUHTA; R - paaiyc KOJOBOTO CTpymy; I -
BIJICTaHb B1JI IICHTPA KOJIOBOTO CTPYMY JIO JIAHOI TOUKH;

1) COJICHOi/1a B JOBLIBHIM TOYIII, IO JISKUTH HA HOTO OCi (3a MOAYJIEM),
uounl

B — ou

. . . 2 .
1e N - KUTbKICTh BUTKIB Ha OJIMHUITIO IOBXKUHH COJICHOI1a; 01, Ol - KyTH MIXK

HaIpsSMOM IOJISl B COJICHOI/1 ¥ BIJIPI3KAMU MPAMUX, TPOBEJACHUX 3 JJAHOI TOUKHU
JIO KIHI[IB COJIEHOINA;

€) ycepeauHl JOCTaTHhO JOBIOTO COJICHOiAAa B TOYII, BIJIJIaJIEHIi BiJ MOTO
KIHIIIB

(cosa, — cosaq) (6.8)

B = pounl (6.9)
Cuia, mo i€ 3 00Ky MarHiTHOrO MOJisl HA BHECEHHHl y HbOTO €JIEMEHT
EJIEKTPUYHOIO CTpyMYy (cuia Amriepa)
dF = I[dIB] (6.10)
Cuiia B3aeMojiii JBOX MPSIMUX, HECKIHYEHHO JOBIUX MapalieIbHUX
NPOBITHUKIB 3i cTpymMamu |y 1 Iy

dF =202 g) (6.11)

ne b - Biacranp Mixk ipoBigHukamu; dl - Bigpi3ok npoBiIHUKA,

VY pasi cymicHoi aii enektpuyHoro E 1 mardiTHoro B nosiB cuina, sika i€ Ha
3apsAKEHY YAaCTHHKY 13 3apsioM (, IO PYyXaeThCs 31 MIBUAKICTIO ¥ (CHIa
JlopeHnna),

F; = qE + q[VB] (6.12)
XoTiBChKa MoTepevyHa pi3HULA MOTEHIIIaNB
Ap = R~ (6.13)

ne b — toBmmHa rutactunkH; Ry — moctifina Xomma, R=1/(en); Tyt n —
KOHIICHTpAIIIsl CJICKTPOHIB.

Hupkynsmis BekTopa B (3aKk0H MOBHOTO CTPyMy ISl MarHiTHOTO TIOJIS Y
BaKyyMi)

§, Bidl =121, (6.14)
ne L - xoHTyp noBUIbHOI (hopmu; B - mpoOeKlis BEKTOpa IHAYKIT Ha
JAOTUYHY 710 KOHTYpY L y Hampsimi 00xo1y; dl - eteMeHT J0BKUHU KOHTYPY; . I}
- alireOpuYHa cyma CUJl CTPYMIB, 1110 OXOIUTIOIOTHCSI KOHTYPOM.
[ToTik BekTOpa B Kpi3b JOBUIbHY MOBEPXHIO S

Oy = fs B,dS (6.15)
ne B, - mpoekmis BexkTtopa B Ha HampsiM HopMaii o rmioniuHH; dS -

eJeMEHTapHa IUIOIINHA.
Teopema ['aycca st Bektopa B

935 B,dS =0 (6.16)
MowmeHT cuit, 1o AiF0Th Ha KOHTYP 31 CTPYMOM y MarHiTHOMY IOJTI
M = [p,,B] (6.17)
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Enementapna poOoTa 3 TiepeMillleHHs TMPOBIAHUKA 31 CTPYMOM Y
MarHiTHOMY IOJI1
dA = Id® (6.18)
ne d® - MarHiTHUI MOTIK, SIKUH EPETHHAETHCS MPOBITHUKOM.
PoGoTa 3 mepeMmiiieHHs: 3aMKHEHOTO KOHTYPY 31 CTPYMOM y MarHiTHOMY
oJI
A=1AD (6.19)

ne A® - 3MiHa MarHiTHOTO MTOTOKY KPi3b MTOBEPXHIO, 0OMEXEHY KOHTYPOM.

MarsiTHe moJie NPSIMOro, KOJIOBOT0 Ta COJIEHOIIHOTO CTPYMIB

259. JIBoMa HECKIHYEHHO JIOBIMMH MPOBOJJIAMH, BijicTaHb MiX sskumu d=10
CM, B OJTHOMY HampsiMi MPOXOJIATh CTPYMHU, cuja KoxxHOTO =20 A. Buznauutu
IHJIYKI[I}0O Mar"iTHOTO MOJsi B B TOUIIl, 1110 MICTUThCA HA BIJCTaHi =8 CM BIiJ
OJIHOTO 1 ;=6 CM BiJ] 1HIIIOT'O MPOBO/IIB.

260. JIBa moBrux npsMHUX MPOBIAHUKH 31 CTpyMaMu, cuiia Ko>kHoro 1=10 A,
PO3MIIIIEHI B3aEMHO NIepHEHAUKYIIPHO. OOUUCTNUTH THAYKI[F0O MarHITHOTO TOJIS
B B TouII1, 1110 JIEKUTH HA CEPEANHI MEPIICHAUKYJISAPA 10 |
OCe 1IUX MPOBITHUKIB, SKIIO JOBXHHA MEPIEHIUKYIISIpa 5 |
d=10 cwm. |

261. Ctpym, cuna saxoro |=16 A, nmpoxoauTs 1o
HECKIHYEHHO JIOBI'OMY IPOBOJLY, 3ITHYTOMY 1]l IPSIMUM
kyToM (puc. 3.48). BuU3HAUUTH 1HAYKIIIO Mar"iTHOTO
moJist B B Toukax, 1o MiCTIThCA Ha BiacTaHi =10 cMm Bix Puc. 3.48
BEpIIMHU: a) Ha MPOJOBKEHHI OJIHIET 31 CTOPIH KyTa; 0) Ha OICEKTpPHUCI KyTa.

262. 1o mpoBomy, SIKHM1 3ITHYTO Y BUTJISIII KBajipaTa 31 CTOpOHOI0 a=60 cM,
MpoXOAUTh MOCTiHUM cTpyM. Cuna ctpymy |=3 A. Busnauutu iHmyKIIito
MarHiTHoro mnoss B y nenTpi kBajapara.

263. Ilpu sxiid cumi ctpyMy |, 110 OpOXOIUTH MO TOHKOMY MPOBIIHOMY
KibITro pagiyca R=0,2 m, IHIyKIlig MarHiTHOTO 1oJjist B B Touli, piBHOBIAAaIeHIH
B1JI YCIX TOYOK Kbl Ha BiacTanb =0,3 M, nopiBHtoBatume 20 Mk Tn?

264. TaHreHc-raJlbBaHOMETPOM HA3MBAETHCA BEPTUKAIBHO PO3TAIIOBaHA
MJI0CKA KOTYIIKA BEJIUKOTO AlameTpa. Y MeHTP1 KOTYIIKH PO3MIIIIEHO HEBEIUKY
MarHiTHy CTPUIKY, Sika MOKe 00epTaTrucs HaBKOJIO BEPTUKAIBHOI OCl (KoMITac).
[In01MKMHY KOTYIIKM BCTAHOBWJIM Yy IUIOLIMHI MarHiTHOrO MepujaiaHa 3emill.
OO0YuCIUTH TOPU3OHTANIBHY CKJIQIOBY 1HIYKI[IT MAarHiTHOTO 1oJIst 3emuti B, axio
cuia ctpymy B kotymi 1=0,5 A, kinbkicte BUTKIB N=5, paniyc korymku R=30
CM, KyT BIIXWJICHHS CTPUIKU 0=15°.

265. Tlo ToHKOMY IPOTSIHOMY KUIBIIO MPOXOAUTH cTpyMm. He 3miHIOMOUH

CHUJIM CTPyMy B NPOBIAHUKY, HOMY Hamamu ¢Gopmy E o >
KBagpaTa. Y CKUIBKH pa3iB 3MIHUTHCS I1HAYKIISA . —= c':? —_
MarHiTHOTO TIOJIS B IIEHTP1 KOHTYPY?

266. HeckiHueHHO TOBTHM TOHKUM MPOBIIHUK 31

Fue. 3.49
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cTpymoMm, cuia sikoro =20 A, mae 3ruH (IUIOCKY TETI0) paaiyca R=5 cw.
Busnauntu B Toulli O iHAYKIIIKO MarHiTHOTO oJIs B, CTBOpeHOro UM CTpyMOM
(puc. 3.49). !

267. Ilo nmockoMy KOHTYPY 3 TOHKOTO MPOBIIHUKA TPOXOJAUTD a
cTpyM, cuina sikoro 1=20 A (puc. 3.50). BuszHauutu 1HIYKIIO
MarHiTHoro nosist B B Toutti O. Paxiyc koma R=5 cwm.

268. BuzHauuTH HaNpy>KeHICTb MarHiTHOro nosst H Toum O
KOHTYPIB 31 cTpyMOoM |, iK1 moka3zaHo Ha puc. 3.51, a, 6.

ﬂ MHE

- I
|

.

Mie. 3.52

Pue. 353
Pue, 351

269. Ctpym, cuna gxoro |=12 A, npoxoauTh Mo 3aMKHYTOMY MPOBIIHHUKY
(puc. 3.52). Pamiyc 3irnyTtoi wactuHu mpoBigHuka R=0,12 M, kyt 2¢=90°.
BusnaunTu 1HayKI1i10 MaraiTHoro mojs B B Touti O.

270. YV conenoimi 3aBmoBxkku =1 M, mo wmicturte N=1 000 BUTKIB,
PIBHOMIDHO HAaMOTAaHMX, IPOXOJHUTH CTpyM, cuia sikoro I1=1 A (puc. 3.53).
Hiametp cosieHoina D=2 cM. BuzHauuTu 1HIyKI[i}0 MarHiTHOTO 1oJjis B B Toukax,
110 JIeXKaTh BIJl HOT0 cepennHu Ha BijactaHl X=0; 25; 40; 45; 50; 60 cm.

MarniTtHe moJie 3apsiiy, 0 PyXa€ThCsi

271. EnexkTpoH, IO PYXa€eThCsA MPSMONIHINHO, CTBOPIOE B TOYIN, sKa
MICTHTBCS BIJI HbhOro Ha BijgcTanl =10 HM, Mar"itHe moje. MakcuMalibHe
3HAQUYEHHS HANpYy>XEHOCTI MarHiTHoro moyist Hp,=640 A/M. Busnauutu
IIBUJIKICTh 0 €JICKTPOHA.

272. ToukoBu#l 3apsn pyxaeTbes 31 mBHAKICTIO 0=900 M/c. V neskuit
MOMEHT 4acy B TOYIll CIIOCTEPEKCHHS A HAMPYXKEHICTh CICKTPHUYHOTO TIOJIS
nporo 3apsay E=600 B/m, a xkyt mix Bektopamu E 1 v a=30°. Obunciutu
THIYKITIF0 Mar"iTHOro noJjisi B ganoro 3apsiay B Toulll A B 11eii MOMEHT 4acy.

273. 3rigHo 3 Teopieto bopa eneKTpoH B aTOMI BOJHIO PYXAETHCS HABKOJIO
Aqipa MO KOJOBIMA opOiTi pamiyca r=53 mM. BusHauuTu 1HAYKIIO MarHiTHOTO
noJist B, SIKy CTBOPIOE €JIEKTPOH Y EHTP1 KOJIOBOI OpOITH.

Cuiia Amnepa

274. Tlo MITHOMY CTPUIKHIO, IO JIEKUTh MOMEPEK JABOX T'OPU3OHTAIBHUX
periok, po3minieHuX Ha BijgcraHi 0=0,3 M oaHa BiJ OAHOI, MPOXOIUTH CTPYM
cunoro 1=50 A. Maca crpmwkas m=0,14 xr. MarsiTHe moJe, SKe
MIePIICHINKYIISPHE 0 TUIOMMHN PEHOK, CIIPUYHUHSIE PIBHOMIPHUI PYX CTPHIKHSL.
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BusnaunTu 1HAYKIIO MarHiTHOTO Mojs B, skiio xoedilieHT TepTs KOB3aHHS
cTprkHs 00 peiiku f=0,6.

275. Ilo nBOX mMapalieIbHUX MPOBIAHMKAX, MAOBKHHA KOXHOro |=3 M,
IPOXOJATh CTPYMH OJHAKOBOI CHiM. Binctans MiK mpoBigaukamu =1 cwm.
Ctpymu B3aeMoA110Th MK c00010 13 cuioro F=0,5 MmH. Buznauurtu cuiny ctpymy
| B mpoBiHMKAX.

276. 1o noBriii rOpU30HTAIBHIN MIUHI MPOXOAUTH CTPYM, cuia sikoro =500
A. Ha skiit Bigcrani d Big mMHHM MapaienbHO 1M y Till caMiii BepTUKaIbHIN
IJIOMKWHI Ma€ OyTH PO3MIIMICHUM JOBTHUN MIJHUN TMPOBiJ, MO
SKOMY TPOXOAUTh TaKOi caMOi CHUJIM CTPyM, II00 TMPOBIL b, a _
nepeOyBaB y piBHOBa3l? Uu Oyjae 1 piBHOBara CTIHKOIO?
[Liomma mepepizy mpoBoay S=25 M’ , 2

277. Y marHiTHe mojie mpsiMoro cTpymy, cuna sikoro 1,=20 14
A, BMILIEHO ApOTAHY KBaJpaTHy pamKy. CtopoHa pamku a=10
cMm. Ilo pamii mnpoxoauth cTpy™m, cuia sxoro [,=9 A. Puc. 3.54
[IpoBIIHUK 31 CTPYMOM PO3MIIIY€THCA B IJIOIMIMHI paMKu. O/1Ha
CTOpOHA paMKH TapajiebHa MPSIMOMY CTPYMOBI M MICTUTHCA BiJl HBOTO Ha
BizcTaHi b=5 cM (puc. 3.54). BusHaunTu pe3y/abTyrody CHITY IIO JIi€ Ha PaMKY.

278. IIpoBia y BUIISAI TOHKOTO MIBKUIBLA pagiyca R=10 cm micTUThCS B
OIHOPIAHOMY MAarHiTHOMY modji, iHaykiis sikoro B=50 MTn. Ilo mpoBomy
MPOXOJIUTh CTpyM, cujia sikoro |1=10 A. BuzHauuTu cuiy 1o i€ Ha TPOBI,
KO JIHIT 1HAYKIII: a) JIeKaTh Y IUIOUIMHI MiBKUIbILS NEPHEHIUKYJISIPHO 10
Horo miamerpa; 0) MEPHEHAMKYISPHI 0 TUIOMIMHU MIBKUIBI. K 3MIHUTBHCS
CuJIa, SKIIO MPOBIJl BUMIPSIMHUTH?

279. Tlo TOHKOMY WpPOBIAHUKY Yy BUIIIANI KUIbI pazgiyca r=20 cm
MPOXOJIUTH CTPYM, cuiia sikoro 1=100 A. [leprieHAMKYISAPHO 10 TUIONTUHA KUTBIIS
30yIKEHO OMHOPIAHE MAarHiTHE IoJje, IHayKIisa skoro B=20 mTn, O6unciutu
cuny F, mo po3tsarye kuiblie.

280. JIBa npsAMOJIHIMHUX JTIOBTUX NapajiebHUX MPOBIIHUKHU PO3MILIEH] Ha
Bigictanl =10 cm oauH Bim oxHoro. Ilo mpoBigHHMKaX B OAHOMY HaIpsMi
MpOXOAATh CTpyMH, cuiu skux 1,=20 A 1 1,=30 A. fIxy poboty Tpeda BUKOHATU
(Ha OAVHUITIO TOBKUHU), 1100 PO3CYHYTH 111 TPOBITHUKH HA BiJICTaHb I,=20 cM?

MarniTHuii MoMeHT. KOHTYP 3i cTpyMOM Y MarHiTHOMY 1OJIi

281. BusHauuTu MarHiTHUA MOMEHT [, KOJOBOTO BUTKA 31 CTPYMOM, SIKIIO
paaiyc Butka R=10 cm, IHAYKIIS MarHiTHOTO MoJjs y Woro uentpi B=6 MxT.

282. Bpaxkarouu, 110 €JIEKTPOH B aTOMI BOJHIO 00EpPTAETHCSA MO KOJIOBIN
opOiti paaiyca =53 nm, 0OYUCIUTH HOTO OpOITAIbHUI MAarHiTHUM MOMEHT P,.
BuszHaunTu TakoX BIJHOIIECHHS OpOITaJIbHOTO MArHiTHOIO MOMEHTY P, 10
MOMEHTY IMITyJIbCy L opOiTaIBHOTO pyXYy €JIeKTpOHAa.

283. Touke kinbIe, Maca skoro M=15 r, pamgiyc r=12 cm, piBHOMIpHO
3apsKeHe 3 niHiiHo ryctuHoio =10 HK/M. Kinbiie piBHOMIpHO 00epTaeThes
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BITHOCHO OCi, SIKa € TMEPHEeHANKYJSIPHOIO J0 IUIONIMHU KUIBLS ¥ MPOXOIUTH
yepe3 ii 1eHTp. BU3HauuTH BIJHOIIEHHS MAarHiTHOIO MOMEHTY P, KOJOBOTO
CTPYMY, 1110 CTBOPIOETHCA KIIBIEM, JO KOO MOMEHTY IMITYJIbCy L.

284. 3apsn q=0,2 MxKi piBHOMIpHO pO3MOAUICHUIN MO MOBEPXHI JUCKA
pazniyca R=10 cM, sikuif piBHOMIpHO 06epTaeThes 3 4acToTor0 V=20 ¢ ' BiIHOCHO
0Cl, NEPHEHIUKYJISAPHOI JI0 TUIOIIMHY AUCKA. Bich MPOXOAUTH 4epe3rUoro EeHTp.
BuzHaunTi MarHiTHUII MOMEHT P, KOJIOBOTO CTPYMY, 1110 CTBOPIOETHCS TUCKOM,
Ta BCTAHOBUTH BIHOIICHHS MarHiTHOIO MOMEHTY IO MOMEHTY iMIyJIbCy (P,/L\
k1o maca aucka m=100 r.

285. Ha oci xomoBoro ctpymy, cmia sikoro ;=10 A, pagiyc R=10 cm, Ha
BigcTani h=2 M Bix HoOro meHTpa pPO3MIIICHO HEBEIUKUH BUTOK, IO SIKOMY
IPOXOJUTH CTPYM cujioio |,=2 A. Bichk KOJIOBOTO CTpyMy JICKHUTh Yy TUIONINHI
BHUTKAQ, IUIOIIA SIKOr0 S=8 cM’. BU3HAUMTH MEXaHiYHMH MOMEHT M, 1o aie Ha
BHUTOK.

286. IlpsMokyTHa pamKa, TO SKii MPOXOIUTh CTPYM CHIIOKO 1=2 A,
po3MillieHa B OJHOPIJHOMY MAarHiTHOMYy TMOJII TakK, W0 11 IUJIOIIMHA
nepneHAuKyIsIpHA 0 JiHIT MarHiTHOI IHAYKIIi. [HayKIis maraiTHoro nons B=1
Tn, Ha pamky nounHae qiatu CTaJIMii 30BHIIIHIN 006epTanbHuii MoMeHT M=1 Hwm.
SIky KyTOBY HIBHUJIKICTh (0 MaTUME€ paMKa, KOJIM BOHA TOBEPHETHCS Ha KYT
¢=180°, simmto ii MomenT inepuii 1=10 kr-m?, a mroma S=10° cm®? Cuia ctpymy
1] yac 00epTaHHs paMKU MIATPUMYETHCS HE3MIHHOIO.

287. Ilo BuTky paaiyca R=2 cMm mpoxoauTh cTpyM, cuia sikoro 1=0,5 A.
BuTok mijiBilIeHU y MarHiTHOMY Mol 3eMJIl, TOpU30HTalIbHA CKJIaI0Ba SIKOTO
B,=20 mxTn. Konu BuTok nepebyBatume B CTiiKii piBHOBA31 1 YOMY MIPH [IbLOMY
JTOPIBHIOBATHME 1HAYKI[IS MarHITHOTO TOJIS B 1OTO TIEHTP1?

288. Pamka a3epkanbHOTO TallbBaHOMETPA, 1110 Mae N=500 BuTKiB, muroma ii
S=2 cm’, mixBilIeHa HA TOHKIiH HHUTIH 3aBIOBXKKH =10 cM y HpOMDKKY Mix
MOJIFOCAMU MArHiTy, sSIKMil CTBOPIOE MarHiTHE MoJie, HAMPSMIICHE pajiialibHO J0
oci o0epranHs pamku. [Haykirist maraitTHoro nojisg B=0,20 Ti. fka 1iHa moauiku
IIKaJIK C, SIKIIO BOHA po3TaiioBaHa Ha BiactaHi L=1,0 M Bix m3epkanblis, a
noJijIKku HaHeceHi uepe3 d=1,0 mm? Paxiyc HuTku r=50 MKM, a MOJIYJIb 3CYyBY
matepiany Hutku G=45 I'Tla.

Cuaa Jlopenna

289. EnexTpoH, Ha IKUi Jl€ TPUCKOPIOBAJIbHA pi3HUIM nmoTeHmianis U=3,5
kB, BiiTae B OJHOpiAHE MarHiTHe moJje, 1HAyKiis skoro B=0,01 T,
NEPHeHANKYIISIPHO 70 JIIHIM Mar"iTHOi 1HAYKIIT # pyXaeThcs MO KOy pajiyca
R=2 cM. OOUUCIUTH BITHOIICHHS 3apsiy €NeKTpOHa J0 MOro MacHu.

290. BusHauWTH pENATUBICTCHKI MacH €JIEKTpOHAa Ta MPOTOHA, IO
PYXarThCsl B MATHITHOMY T0JT1, 1HAYKIIisS sikoro B=1 Ti, mo komy paxiyca R=10
CM.
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291. 3 oaH1€T TOUKK B OJTHOMY HaIpsMi 3 OJTHAKOBUMHU IIBUIKOCTSIMU 0=10°
CM/C BWJIITa€ TOTIK 10HIB BOJHIO W AeuTepito. OIHOpITHE Mar”iTHE IOJIE,
iHaykmis skoro B=2 wmTn, HanpsmiaeHe NepHeHAUKYISIPHO IO IMIBUIKOCTI.
BusHaunTh BiacTaHb AX MDK TOYKaMH, B SKMX 10HM, IO ONHCAJIH IIBKOJIO,
3ITKHYTBCSA 3 IUIONMIMHOIO, TEPICHIUKYJIAPHOIO 10 HalpsAMy IOYaTKOBO1
MIBUIKOCTI.

292. EnekTpoH, npuckopeHuid pizHulero noteHmianiB U=3 kB, Biitae B
MarHiTHe MoJjie coJjieHoina miji kyroM a=30° go #oro oci. KiabKiCTh BUTKIB
conenoina N=2000, iioro gosxuna |1=25 cm, cuia ctpymy 1=2.5 A. Buznauutu
KpOK h rBUHTOBOT TpaekTOpIi €1eKTPOHA B MArHITHOMY IIOJIi COJICHOI1a.

293. EneKTpoH pyXaeTbcsi B OJAHOPITHOMY MAar”HiTHOMY IOJi, 1HIYKIIIS
skoro B=4 mTn. Busnauutu niepion 7' o6epTaHHs €JICKTPOHA.

294. EnekTpoH pyxaeTbcsi MO Koiy paailyca R=1 cM B omHOpiIHOMY
MarHiTHomy moJi, iHAyKIs sikoro B=0,2 Tin. Bu3Hauutu MardiTHUII MOMEHT Py
€KBIBAJICHTHOTO KOJIOBOT'O CTPYMY.

295. Jlo mnacTUH KOHJIEHCATOPA, BiACTaHb MK skuMu d=1 cM, IpUKIIaICHO
Hanpyry U=20 B. IlepneHaukylsipHO 10 HamnpsMmy €JIEKTPUYHOIO TMOJs B
KOHJICHCATOP1 HAKJIAJEHO OJHOPITHE MarHiTHe moje. BusHauutu iHayKIiio B
MarHiTHOTO MOJIsl, TIPHU SIKOMY TPOTOH, IO BIJIETIB Y KOHACHCATOP MapaielbHO
HOTO TIacTUHAM 31 MBHUAKICTIO D=2 MM/C, pyXaTUMETbCS MPSIMOJIIHIIHO,

296. EneKTpoH BIIITa€ B CYMIXKHI 32 HAIIPsIMOM OJHOPIAHI €JIEKTPUYHE Ta
MarHiTHe MoJisl 31 WBHIKICTIO v=1 mMM/c. HanpyXeHICTh €1eKTPUYHOro MOJIs
E=100 B/m, ingykuist MaruitHoro moms B=10" Ti1. OGUHCINTH MPUCKOPEHHS 8
CJIEKTPOHA, SKIO HaIMpsSM MHOro IIBUIAKOCTI: a) € MePHEeHIUKYISIPHUM [0
BekTopiB E Ta B; 0) 30iraeThcs 13 3arabHUM HampsimoMm BekTopiB E 1 B.

297. Inpykiiss MarHiTHOro mojisi mukiorpoHa B=1 Tn. fIka wactota V
MIPUCKOPIOBAIBHOTO TOJISI MK TyaHTaMHU, SIKIIO B UKJIOTPOHI TPUCKOPIOIOTHCS
MIPOTOHU? |
298. V wMac-criektpoMetpi BeiiHOpHmmKa (pHcC. f

|

__Cenenmap

@8
3.55) BiJcTaHb MDK BUXIJHOI IIUIMHOK CEJIeKTOpa | —

IIBUJIKOCTEHN 1 BX1IHOKO IIIJIMHOK PEECTPYIOUOTO 10HU
npunany 1=40 cM. IHIyKIis MarHiTHOTO  TMOJIS Lr__ﬁ__f____,;’
B'=B=5-10° Tun. V pasi moBimeHOI 3MiHH \_x or 7
HaMpY>KEHOCTI ~ €JIEKTPUYHOTO  TOJISI  CeNeKTopa T——
CIIOCTEPITraloThCsl MIKK 10HHOTO CTPYMy B MpHiimMadi
npu 3HaueHHsX E;=120 B/cm 1 E;=160 B/cm. Busnauutu atomui Mmacu A; 1 A,
BIJIMOBIJTHUX 10HIB, BBAXKAIOUM iX OJHO3APSAHUMU. [meHTHdiKyBaTH Il 10HH,
TOOTO BKa3aTH, AIKOMY XIMIYHOMY €JI€MEHTOBI BOHU B1JIMOBIIAI0Th.

299. V KoHjaeHcaTopl, €JIEKTPOJAaMHU SKOTO € YacTHHHM KOaKClalbHUX
MAJIIHIPUYHAX ITOBEPXOHb pajiilycaMu F1=6 cM 1 =5 cM, y310BXK OCl1 IIIIHAPIB
7lie OMHOpPIAHE MarHiTHE Toste, iHayKiis sikoro B=0,2 Tn. Kpi3s By3bKy HIUTHHY
B miapparmi AA (puc. 3.56) y KOHIEHCATOp BIITA€ (O.-4aCTUHKA, CHEPTis SKOi

Pue. 3.55
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£=10° eB. Sky pi3Humo noreHmianie U  moTtpiOHO
NPUKIACTH MK  €JIEKTpOJaMU  KOHJEHcaTopa, 1100
0-4acTMHKA pyxajgach y KOHJIGHCAaTOpl Ha OJIHAKOBIii
BIJICTaH1 BiJ e€JNeKTpoaiB? 30BHIMIHIM €IEKTPOJ Mae
BII'€MHHU TOTEHITIAI.

300. Mliamerp ayaHTIB IIMKJIOTPOHA, MPHU3HAYEHOTO
JUTsl IPUCKOPEHHSI MPOTOHIB, d=1 M, IHAYKI[i11 MAarHITHOTO OJIS, HiJ 1€ SIKOTO
MIPOTOHU PyXaroThes 1o Koy, B=11,2 Tn. AmmuiTyna Hanpyru Mix TyaHTaMu
U=100 kB. Busznauutu MakcumanbHy eHeprito W, siky MOXyTb OJepKaTH
MIPOTOHU, Ta MBUAKICTb 0 IPU BUXO/I1 1X 13 IUKJIOTPOHA, & TAKOX Yac t, mpoTsrom
SKOTO BIIOyBalloch mNpHCKOpeHHs. I[loka3zatm, 1m0 A HEpeIsITHBICTCHKO1
YACTHUHKHU TIepioJ] ii oOepTaHHS MO KOy HE 3aJieKUTh BiJ] MPUCKOPIOBAIBHOL
HaIpYTH.

301. Jlns onmep»aHHA 4YaCTHHOK BEIMKUX C€HEPrid iX pO3TraHsioTh B
CJCKTPUYHUX TIOJNSAX JI0 IIBUJKOCTEH, ONM3BKUX [0 IIBUIKOCTI CBITIA Y
BaKyyMi. Y PE30HAHCHHUX MPUCKOPIOBAYaX pyX YaCTMHOK IO KPYTroBUX OpOITax

Puc. 156

B1I0YBAa€ThCA BHACHIIZOK i1 OJHOPIJHOTO MAarHITHOTO N 6

nosisi. Buxoasuu 3 yMOBH, IO JOIEHTPOBOIO CUJIOIO € A A

cwia JlopeHlila, BCTAaHOBUTH 3B'SI30K MIX IOBHOIO . P l‘

PEJSITUBICTCHKOIO €HEPri€l0 YAaCTHUHKU €, I1HAYKIEIO + |

Mar”iTHOTO T0JIA B, MHUKIIYHOIO 4acTOTOK OOCpTaHHS — I

YACTUHKMU Ha OpOiTi o Ta 11 3apamoM (. o
302. YV MeraneBiii crpiumi 3aBToBmkd b=0,1 MM CZZ——=— ;““"‘

NpoXoJauTh CcTpyM™m, cuia skoro |=10 A. Crpiuka Puc. 3.57

pO3MIIlIEHa B Mar”HiTHOMY IOJIi, HAaIpPY>KEHICTb SIKOTO
H=8-10" A/m. Jlinii HampyXeHOCTI € MepHeHIUKYIIPHUMH 1O CTPIUKH.
Buznauutu piznuiipo noreHmianiB Uag MDK Toukamu A 1 B (puc. 3.57).
KOHIEHTpAIIis enekTpoHis mposiguocti N=9-10% M.

303. Tlokasaru, 1m0 MiJ Yac MPOXOKEHHS CTPYMY B MPOBIIHHKY, SIKAN
MICTUTBCSI B OJJHOPITHOMY MarHiTHOMY TIOJIi 3 IHAyKIi€ B, HopmanbHOIO 10
HaImpsMy CTPyMY, BITHOIIIEHHS HAMPY>KEHOCTI TMOJs XOoJUla J0 Hampy>KEHOCTI
0JIsA, SIKE CTBOPIOE CTPYM Y MpoBinHUKY, E/E=B/(nep), ne N - KOHIEHTpaIis
€JIEKTPOHIB IPOBIAHOCTI, P - MUTOMMI OIIp MPOBIAHUKA.

304. BuzHauuty, y CKUIbKM pa3iB nocTiitHa XoJsia B
MiJil € OUTBIIOK, HIK Y allFOMIHIIO, KOJIM BIIOMO, IO B
TIOMIHIT Ha OJIUH aTOM y CEPEIHBOMY MPHUIIATAE IBA
€JIEKTPOHH, a B Mifil - 0,8 BiTbHOTO enekTpoHa. ['ycTuHu
MiJIl Ta aJIFOMIHIIO B1AOBIAHO 8,93 Ta 2,7 r/em’,

Hupky/asuis BeKTopa MardiTHoi inaykuii B
305. BuszHauuTu UMPKYJSALIIO BEKTOpAa MarHiTHOI
iHaykuii B B3moBxk koHTypy L (puc. 3.58). Hampsm

Pac. 3.58
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00Xx0/1y BKa3aHHWI Ha PUCYHKY, cuiid cTpyMiB |1=l,=1 A, 13=2 A.
306. BuzHauuTy MUPKYJIAIIK0 BEKTOpAa MarHiTHOI

iHaykmii B g 3amMkHeHMX KoHTypiB 1, 2 1 3

(puc.3.59), sxuro cunu ctpymiB I1=1 A ta 1,=2 A.

307. BuszHauuTH, 3aCTOCYBABIIM TEOPEMY PO
HUPKYJISALII0 BEKTOpA MArHiTHOL IHAYKLIT B, 1HAyKIIO
MarHiTHOTO TOJs1 Ha oci Topoixy 0e3 ocepas. [lo oomoTmi Topoimy 3 N=2000
BUTKIB IPOXOJUTH CTPYM, cuiia sikoro |=5 A. JliameTp Topoiny no cepenHiil JaiHii
D=50 cm.

308. O0UnCIUTH THAYKIIIO MAarHITHOTO MOJis B JOBroro npsmMoro mpoBOy
paniyca R=3 MM y Toukax, skl JIe)KaTh Ha BIJICTAHIX =2 MM 1 ;=5 MM BiJ HOTO
oci. Cuna ctpymy B mipoBojii 1=6 A.

309. Ctpym cuioro / IpoXOIUTh MO HOPOKHUCTOMY MPOBIIHOMY LUJTIIHIPY
B3/I0BX Horo oci (puc. 3.60). Buytpimniii paaiyc muiinapa Ry 3oBHImHINA — Ry,
['yctrHa cTpyMmy IO Tiepepi3y MPOBiTHUKA € OJHAKOBOIO. ——
BuszHauuTH 1HIYKII0O MAarHiTHOTO TOJsl B Ha BIJICTaHSIX
BiJ oci: a) I<R;; 6) Ri<r<Ry; B) r>R..

310. Ka6enb 3po6ieHuit 3 MpoBOIY Ta OXOILTIOI0YOTO
HOTO KOAakKClaJIbHOTO MPOBITHOTO IWIIHAPA, O SKOMY
MPOXOAUTh CTPYM Yy Hampsmi, MOPOTUIICKHOMY IO
HarpsMy ctpymy B npoBoAi (puc. 3.61). Cuna crpymy
=10 A, ryCTUHU CTpyMIB € OJIHAKOBUMHU IO IEpepizy.
Paniyc neHTpaJIbHOrO MpPOBOAY 8=5 MM, BHYTPIIIHIN 1
30BHIIIHIA pamiycu LuiiHapa BigmoBigHo b=10 mm i
c=14 wmm. Ilpoctip MiX TPOBOIOM 1 UHIIHAPOM
3allOBHEHO  JICJICKTPUKOM. Bu3HauWtu  MarHiTHy
THIYKIIO HA PI3HUX BIJICTAHAX I BiJ OCi: a) ycepeauHi
LHEHTPaJIbHOrO MpoBoAy, I =3 MM; 0) y IpocTopl Mix
MPOBIAHUKAMM, I',=7 MM; B) yCEpEIUHI IWIIHJIPA, 3=13 MM;
r) mo3a kadeinewm, ;=20 mm.

311. VY3m0BXK oOcCi JOBroro MpOBIIHOTO LMJIIHAPA
paagiyca R; mnpoxomute moctiiHUN cTpym cuwiowo .
Ycepenanni MICTUTHCS ITIHAPUYHA TOPOKHUHA pajiyca R,
BICh SIKOi 3MiIlleHa BITHOCHO OCl IIUTIHApPA Ha BIJICTaHb I
(puc. 3.62). BuszHauuTu IHIYKIIO MarHiTHOTO TOJS SIK
GyHKIIII0 BICTaHl OCl HWIIHAPA B OyIb-sIKiM TOYIN paiaibHOI MPsSMOi, 110
IIPOXOJIMTH Yepe3 BiCh MMITIHAPHIHOIT TOPOKHUHHU.

312. 3acTocyBaBIM TEOpEMY MPO LUPKYJIALII0 BEKTOpAa MAarHITHOT 1HIYKIIII,
JIOBECTH, 1110 MArHiTHE M0JIe HECKIHYEHHOTO JOBIOT0 COJICHOIA: a) OJTHOPIIHE;
0) TOpPIBHIOE HYJIEBl 30BHI COJICHOIA.

Puc. 3.62
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Iorik BexkTOpa MarHiTHOI iHaykuii. Po0ora 3 mnepemimneHHs
NMPOBIIHUKA 31 CTPYMOM Yy MArHITHOMY IOJIi

313. B omHopigHOMY MarHiTHomy nomi, 1Haykius sikoro B=0,05 T,
pO3MIIIY€eThCSl UIOCKHiT KoHTyp. Iltomia komTypy S=20 cm’. Busnaumtu
MarHiTHU{ NOTiK @, M0 IPOHU3Y€E KOHTYP, SKILIO IUIOMIMHA HOr0 YTBOPIOE KYT
¢=30° 3 MHIAMH THAYKIII].

314.V cepenHiil yacTUH1 COJICHOI1a, IKMH MICTUTHh N=10 BUTKIB Ha KOKHUHN
CAaHTHMETP JIOBXKHHH, BMIIIICHO KPYroBHi BUTOK niamerpa d=1 cm. ITnomuna
BUTKa po3mileHa mig kKytoM a=30° 10 oci cojieHoina. Bu3HauuTtu MarHiTHUM
notik @, Mo NpoHU3ye BUTOK, SKIIO MO OOMOTII |
COJIEHOI/Ia MPOXOJUTh CTPYM, cujia sikoro 1=10 A. . 4

315. B onaHiA IUIOMIMHI 3 HECKIHYEHHO JOBTHUM o
MPOBOJIOM, MO SKOMY MPOXOIUTH CTPYM CHIIOKIO 1=5 A,
po3mimeHo npsMokyTHy pamky (1;=20 cm, 1,=10 cm). 14
JIOBIII CTOPOHM paMKH € TMapajeJIbHUMHU TPIMOMY
CTPYMOBi, Onm>kua JO TMPOBOAY CTOpPOHA paMKH
po3MillieHa Ha BIJICTaHl a=5 cM BiJ HHOro. BuzHaumTh
MOTIK BEKTOpa B Kpi3b MIONIMHY paMKH.

316. Crpym, cuna saxoro |1=10 A, mpoxoauts mo !
JOBrOMY TIPSIMOMY TMPOBITHUKY KPYIJIOTO Tepepisy.
OOuncnutu MarHiTHUN NoTik @, KUl TPOHHU3YE OJHY 3 MOJOBHUH OCHOBOIO
nepepi3y MpoBiTHUKA Ha TOBXHHI [=2 M.

317. Conenoin, noBxuna sKoro |=3 M i muiomia monepeyHoro nepepizy S=20
em?, micturs N=3500 BuTKiB. BU3HAYMTH MOBHWI MATHITHUHN MOTIK, 39€ILUICHUI
3 yciMa BUTKaMHU COJICHOi/a ¥, SKIIO chjia CTpyMy B oomori 1=10 A.

318. B oxHopimHe MarHiTHEe moie, HayKis skoro B=0,05 T, BmimeHo
NpSIMUA TTPOBITHUK 3aBAOBXKKHU =10 cM, po3MillieHHH MEePHICHIUKYISPHO 10
JH1A Mar”iTHO1 iHAYKI1. [lo mpoBIAHUKY NPOXOIUTH CTPYM, cuja skoro |=2 A.
[Tix giero cuit moJist MPOBIIHUK NIEPEMICTUBCS Ha BiJicTaHb X=4 cM. OO0UUCIUTH
poboty A cui mos.

319. KBangpatHuii kKOoHTYp 31 cTOopoHOKO a=10 cMm, MO SKOMY MPOXOJUTH
CTPpYM, MICTUThCA B MarHiTHomy noii (B=0,8 Tn) mig kyrom a=50° go miHii
MarHiTHO1 1HAYKIIl. Cuna ctpymy 1=6 A. SIky po6oty A Tpeba BUKOHATH, 1100
HE 3MIHIOIOYH CHITy CTPYMY B KOHTYP1, 3MIHUTH HOTO OpMY Ha KOJIOBY?

320. B opHOpimHOMY MarHiTHOMY TOmi, 1HAYKIis skoro B=1 T,
po3mintyetbesi Tiocka koryimka 3 N=100 ButkiB pazgiyca r=10 cM, miommHa
K01 yTBOproe KyT =60° 3 HampsiMoMm moJjis. [lo KOTyIIIi MpOXOanuTh CTPYM,
cuna axoro |I=10 A. Busnauutu poboTy A, Ky NOTpIOHO BHUKOHATH Jisi
BUJIQJICHHS IT1€1 KOTYIIIKW 3 MAarHiTHOTO TTOJISI.

321. Ilmockmii KOHTYp 31 CTpyMoM, cmia skoro |=50 A, po3wmimieHo B
OIHOpiAHOMY MarHiTHOMY mojii (B=0,6 Tn) Tak, Mo HOpMaih 0 KOHTYDPY €
MePHEHANKYIISIPHOIO 110 JIIHIM MarHiTHOI 1HAYKIi. BusHauntu poboty 4, sika

L

—_——

Puc, 363
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BUKOHY€ETHCS CUJIAMU MOJISl Y pa3l MOBUILHOTO MOBEPTAHHS KOHTYPY HaBKOJIO
0Cl, PO3MIIIEHOT B IJIONIMHI KOHTYpY, Ha KyT 0=30°. Ilnoma xoutypy S=200
cm’. TIpu OBOPOTI KOHTYPY CHJIa CTPYMY HiATPHMYETHCS HE3MIHHOIO.

322. B onHIM IJIOMIMHI 3 HECKIHYEHHO JOBTMM MPOBOJIOM, IO SKOMY
NPOXOANUTH CTpyM cuiioro |=5 A, po3mimieno npsmMokyTHy pamky (l; - 20 cwm, |,
=10 cm). 1o pamui npoxoauts cTpyM, cuna skoro 1,=0,2 A. JloBui ctopoHu
paMKH € MapajelbHUMU OPsIMOMY CTPYMOBI, OJIMK4ya J0 MPOBOAY CTOPOHA
paMKH MICTUTBCSL BiJI HbOT'O HaBIJCTaHI 8=5 CM, CTpyM y Hiil TOr0 camoro
HarpsMy, mo u y npoBoil (puc. 3.63). Buznauntu po0oty Ao, SKy Tpeda
BUKOHATH, 1100 MOBEPHYTH PAMKY Ha KYT 0= HaBKOJIO IAJIbIIOI JOBrOi CTOPOHU
paMKH.

EnexkrpomardiTHa inayKuis
EPC enekTpoMarHiTHOI 1HAYyKLIT (3aKkoH Dapanest)

& =~ (7.1)
k1o KoHTYp, B Akomy 1HIyKyeTbesa EPC, mictuth N BUTKIB, TO
e=-NT=-22 (7.1a)

1€ Y - moToKo3ueryieHHs, Yy=NO.
Pi3uauiis norenmianiB U, sika BUHMKAE Ha KIiHISIX MMPOBIAHKMKA 3aBIOBXKKH |,
10 PYyXa€ThCs 31 MBUAKICTIO 0 B OAHOPITHOMY MarHiTHOMY TOJI 3 THAYKIlIE0 B
U = Blvsina (7.2)
7€ o, - KyT MDK BeKTOpaMu v 1 B.
EPC inaykmii, 1m0 BUHHUKAE B paMiii, ska MiCTUTh N BUTKIB i1 00epTa€eThCs 3
KYTOBOIO IIBUJIKICTIO ® B OJTHOPIAHOMY MarHiTHOMY TOJI1
€ = BNSw sin wt (7.3)
KinbKicTh €NMeKTpUKu, IO TPOXOAUTh Yy KOHTYpl T dYac 3MIHH
MOTOKO3YEIIICHHS

A

Q= 7‘“ (7.4)
[ToTOKO3YEIIEHHS! KOHTYPY

g = LI (7.5)

ne L - iIHAyKTUBHICTh KOHTYPY.
[HyKTUBHICTH TIOBTOT'O COJICHOI/Ia Ta TOHKOTO TOPOi Ty
L = poun?Vv (7.6)
Je N - KIIBKICTh BUTKIB Ha OJWHUINIO JOBXKHWHH COJICHOima (Topoiny); V -
00'eM cosieHoina (Topoiny).
EPC camoinayxkitii

di
E;q = —LE (77)
B3aemMHa 1HIyKTUBHICTh KOHTYPIB
Qyp = =Lyl (7.8)

EPC B3aeMHO1 1HAYKIII1
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dl,

&2 = —Lqyy it

(7.9)

MHWUTTEBI 3HAUYEHHS CUJIM CTPyMY, IO BUHHUKAIOTH IIiJl YaC 3aMUKAaHHA Ta
PO3MUKaHHS €JIEKTPUYHOro kona 3 nocriitHoto EPC ¢y, y ko, sike Mae:

a) inaykTuBHIicTh | Ta omip R
1O =2(1-eT) 1) = Ler*
R ’ R
0) emuicts C Ta omip R
t
I(t) = %0 e RC

Enepris MarHiTHOTO OIS CTPYMY

LI?
W =—
2

B3aemHa eHeprist 1BOX CTpyMiB
Wiz = LI
O06'eMHarycTuHa eHeprii MarHiTHOTO TOJIS

w =
2pou 2 2

EnexkrpomardiTHa iHayKuis

B2 _ pouH? _ BH

(7.10)

(7.11)

(7.12)

(7.13)

(7.14)

323. BcTaHOBUTH HampsiM 1HAYKIIIHHOTO CTPYMy B METaJI€BOMY KiJIbIIi,
SIKITO B3JIOBK MOTO OC1 BBOJUTHCS MOCTIMHHUI MarHiT, CIPSIMOBAaHUN MBJASHHUM

MOJIFOCOM Y LIEHTp KiIblls. Te came, SIKIIO MarHiT BUBOJIUTHCS.

324. Tlpsmuit npit, noBxkuHA SKOTO |1=40 CcM, pyXaeTbcs B OJHOPITHOMY
MarHiTHOMY TOJI1 31 IIBUJKICTIO 0=5 M/C MEPNEHIUKYISPHO 10 JiHIA MAarHIiTHOI
iHaykiii. Pi3Humng moreHmianiB Mk KiHisimu gpotry U=0,6 B. O6uucnutu

THIYKITI}0O MarHiTHOTO 1oJs B.

325. TIlposiguuk AB (puc. 3.64) 3aBmomxkku |=30 cm MicTuThCS B
OJTHOPIAHOMY MarHiTHoMy modi 3 iHaykmiero B=0,1 Tn. Ha kiHmsx npoBigHuKa
HNIATPUMY€EThCS mocTiiHa pi3Huns norexuianB Up=4 mB. Hanpsmu nonsa i
MPOBIJIHUKA € B3A€EMHO MEPIECHANKYIIPHUMHU. SIKOT HAHOIBIITOT IIBUIKOCTI Dmax
MOY€ JOCSTTH MPOBITHUK, SKIIO HOMY HaJaTU MOXJIMBICTh BUIBHO pyXaTucs?

MarsiTHa IPOHUKHICTh CEPEOBHUILA JTOPIBHIOE OAUHUIIL.

326. I'opu3oOHTANBHUN CTPHIKEHb 3aBIOBXKKH =1 M
00epTa€eThCs HABKOJIO BEPTUKAIBHOI OCI, III0 MPOXOIUTH
yepe3 OAWH 13 Horo KiHIIB. Bick oOepranHs €
MapajielbHOI0 BEKTOPOBI 1HAYKINI MAarHiTHOTO TOJIS
(B=50 mxTn). SIkoro Mae OyTH 4acToTa 0OepTaHHs N, 00
pi3HULS ToTeHIiamiB U Ha KIHIMX I[bOTO CTPHIKHS
nopiBHioBasia 1 MB?

327. MetaneBuii auck paaiyca R=15 cm, mioniHa
AKOTO  TEPIEeHAWKYJSpHAa JO BEKTOpa  IHIYKIIi
MArHiTHOTO OIS, 06epTaeThes 3 yacToToro N=10 ¢ (Bich
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obepTaHHs AKWCKa TapajeibHa JIHISIM MarHiTHOI 1HAYKIII ¥ MpOXOJUTh uepes
ioro mentp). Iaaykiis marditHoro mons B=3 mTn, Busnauutu pizHUINO
NOTEHIIATB A(Q MDK IIEHTPOM 1 KpaeM JWCKa: a) SIKIIO ToJisi Hemae; 0) 3a
HAsIBHOCTI MOJISI.

328. B oaHOpiAHOMY MAarHiTHOMy noii, 1HAyKHis sikoro B=0,84 T, 3
HEBEJIMKOIO IIBUAKICTIO 00EPTAETHCS KBaJpaTHA paMKa, 110 MICTUTh HEBEIUKY
KUTBKICTh BHUTKIB MITHOTO ApoTy. [lmoma monepeunoro mepepizy apory S=0,5
MM®, CTOpoHa paMkd a=5 cM. KiHui paMKu KOpOTKO3aMKHeHi. MakcHManbHa
CWJia CTpyMY, 1HAYKOBAHOTO B paMili mij yac ooeptanus, lmyx=1,9 A. Buznauntu
4acToOTy N 00epTaHHS PAMKHU.

329. Pamka, mioma skoi $=200 cM®, piBHOMIPHO 00epTA€ThCS 3 YACTOTOIO
n=10 ¢! B OJHOpIIHOMY MarHiTHoMy mom. Iuaykimis mons B=0,2 Tn. Bick
o0epTaHHs JISKUTh y TUIOLIMHI PAMKU ¥ MEPIEeHIUKYJIApHA 10 JIIHIM MarHiTHO1
iHaykiii. Yomy popiBHioe cepenne 3HaueHHs: EPC inaykiii
3a 4ac, MPOTATrOM SIKOTO MarHiTHUW MOTIK 30UIBIIUTRCA BT * % *
HYJIS 10 MAaKCUMaJIbHOTO 3HaYeHHS?

330. YV wmarHiTHOMY moJii 3emii (TOpU3OHTAJIbHA 8
ckianoBa HAyKMii B,=20 MKTI) BEPTUKAIbHO PO3MIIIEHI *| * % ¢ X *
napajeiabHl MPOBOJU, A0 SKHUX MITIMKHYTO KOHJCHCATOD R,
emuicTio C=10 Mx® (puc.3.65). Ilo mpoBomax, BiACTaHb |,
Mik skuMu |=1 M, Moxe KoB3aTu 0Oe3 TepTs MeTaleBUi
OpyCOK, OIyCKAalO4uCh MiA [1€l0 CUIU TsDKiHHA. Maca
Opycka m=1 kr. BUsHaunuTu NpuCcKOpeHHs OpycKa & Ta CUILY Puc. 3.65
ctpymy | B mpoBomax. IlmommHa  pamMku €
MIEPIICHINKYISPHOIO IO MAarHITHOTO MEpHUIiaHa 3eMIi.

331. KBagparna pamka 3 TOHKOTO mpoBoxay, omip sikoi R=0,02 Ow,
po3MillieHa Ol MPSAMOro MpoBOAY 31 cTpymoM. [IpoBin JeXUTh y TUIOLIMHI
paMKu 1 mapajieiabHui IBOM ii cTopoHaMm, BifcTaHi 10 skux Bignorigao ;=10
cMm, 1,=20 cm. Buznauutu cuity ctpymy | B mpoBoJIi, KO MPU HOTO BMHUKAHHI
Kpi3b PaMKy IpOMIILIa KIIBKICTh enekTpuku =639 uKo.

332. KBagparna apotsiHa paMmka, cTopoHa sakoi a=10 cm, Ta 1oBruii npsamuun
MPOBI 31 CTpyMoM, cuia sikoro |=10 A, po3MiiiieHi B OAHIM TUIONTHHI (AUB. pHUC.
3.54). Pamky mocTymanbHO MEpEMINTyIOTh MpaBopyy 31 mBUAKICTIO 0=0,5 M/cC.
O6uncnutu EPC inaykuii €; B pamil uyepes t=3 ¢ micis nmoyaTky pyxy, SKIio B
MOYaTKOBUI MOMEHT Yacy paMKa repeOyBaiia Bij MpoBoy Ha BigcTaHi b=2 cm.

333. Toukuii MigHUI TPOBiA, Maca SKOTO M=5 T, 3ITHYTUHA y BUTJISAII
KBajpaTa MW KIHIII HOro 3amMkHeHI. KBaapar po3MIMIEHO B OJHOPITHOMY
MarHiTHoMy noJii (B=0,2 Tun) Tak, 1m0 Horo riomnuHa € NeprueHIuKyJISPHOI 10
JHIM MarHiTHOI 1HAYKIi. BusHauuTu 3apsj , SKA Mponie 1Mo MPOBOY, SKIIO
KBaJIpaT MOTATHYTH 32 MPOTUJICKHI BEPITMHHU i BUTATHYTH B JIHIIO.
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334. 3aMKHEHE KOJIO CKJIQJIa€ThCs 3 TOCIIJIOBHO BBIMKHYTHX JDKepelia
noctiitHoi EPC ¢ 3 BHyTpimHIM ommopoM I 1 ctpuxHs OA (puc. 3.66). CTpukeHb,
110 Mae A0BkuHy | 1 omip R, o6epraeThest 3 KyTOBOIO MIBUAKICTIO O 1 KOB3A€ 110
IPOBITHOMY TIBKIJIBILIO, OMOPOM SKOTO MOXHA HexXTyBaTu. [liBKijbIie
MICTUTBCA B OJHOPIAHOMY MAarHiTHOMYy TIOJI
iHaykmii B, mepneHauKyIspHOMY [0 TUIOLIUHH
MIBKUIbI. BusHauutu piznuiro noteHmiams U Ha
KIHIISIX CTPMIKHSA, TIOTYKHICTh P TEIUIOBUX BTPAT Ta
MEXaHIYHY MOTYXHICTb P.

335. V BepTUKAJIbHOMY MArHITHOMY IOJi 3
BEJIMKOT BUCOTH IaJIa€ KiJiblie AiameTpa d, 3po0iicHe
3 TOHKOTO JpOTy, IIUTOMHH OImip 1 TyCTUHA
Marepialy sAkoro BiamoBigHO p 1 D. IlnomwmuHa KuTbIll BeCch dYac €
TOPU30HTAILHOI. BU3HAYNTH MIBUAKICTD © MaAIHHS KIJIbIIS, sSIKa BCTAHOBUIIACK,
SKIIO THAYKIIIS MOJIS 3MIHIOETBCS 3 BUCOTOIO 32 3aKOHOM B=By(1 + ah).

336. YcepenuHi coneHoina, sskuid Mae N;=400 BUTKIB IPOBOAY, pIBHOMIPHO
po3moAiieHuX 1Mo Horo noexuHi =40 cM, MiCTUTBCSI KOPOTKA KOTYIIIKA pajiyca
r=2 cm, mo mae N,=500 BuTkiB mpoBoay 3 omopoM R=10 Om. Busnauutu
MaKCUMaJIbHO MOXIJIUBHH 3apsan (, M0 1HAYKYETHCS B KOTYIIII MiJ Yac ii

MOBOPOTY Ha KyT 0=180°, SKIIIO B COJCHOIN1 TPOXOAUTH CTPYM, cuia sikoro 1=10
A.

Pue. 3.66

337. Jlo OaiiCTUYHOrO rajibBaHOMETpPA 3 BHYTpIWHIM onopoMm =31 Owm
MPUEAHAHO KUIbIE paaiyca R=1 M, BUTOTOBJIEHE 3 allFOMiHIEBOTO JIPOTY, IUIOLIA
TOMepevHoro nepepisy sikoro S=1 mm°. Ha siky Bigcraus | Bigxuurscs "3aifauk”
Ha IIIKajl, SIKIIO KUIbIle, IO JICKUTh HAa TOPU3OHTAJIbHIN MOBEPXHI CTOJA,
MEPEeBEPHYTH 3 OJHOr0 OOKYy Ha 1HmMK? BepTukanpbHa cKi1amoBa 1HAYKITIT
MarditHoro noisd 3emul B,=50 mxTun. "3aiuuk" Bigxuiserscsa Ha 1 MM i yac
POXOUKEHHS Yepe3 paMKy ranbBanoMerpa 3apsny 10° Ki (Gamictudma crama
ranpBaHoMeTpa Co=10" Ki/mm).

338. Y MarHiTHOMY MoOJIi, IHAYKIIS SIKOTO 3MIHIOEThCS 32 3aKOHOM B=a +
Bt®, me a=10" Tm, P=107 Tu/c’, posmimena pamka 3i cropoHo a=20 cMm.
[InomuHa pamMKu € NEepHeHAUKYISIPHOIO [0 JiHIM MarHiTHOI 1HAYKIIII.
Buznauntu KibKicTh TeruioT Q, sika BUAUISETHCA B paMmill 3a nepii t=5 ¢, Ko
omip pamku R=0,5 Owm.

339. MarHiTHHI MOTIK Kpi3b HEPYXOMHM KOHTYp omopy R 3MiHIOETBCS 3a
gac t 3a 3akoHom ®=at(t — t). BcranoButm KinbKicTh Temotu Q, ska
BUJIUTAETHCS B KOHTYPI 3a 1e¥ yac. [HAyKTUBHICTIO KOHTYPY HEXTYBaTH.

340. Ycepeauni conenoina, sikuii mae N=300 BUTKIB MpOBOIY, AOBXKHUHY
I=50 cM i mepeOyBae y BakyyMmi, MiCTUThCS MeTalieBe Kiblie. [Tmoma Kiabis S=5
cM’, foro omip R=0,02 Om. ITnomuHa Kigblsl € NEpIEHANKYIAPHOIO 10 OCi
cojeHoina. Cusia cTpyMy B COJICHOII 30UIbIIyeThes 3a 3akoHoM |=kt, ne k=1
A/c. Sk OymyTh HanmpsAMJICHI CHIIH, IO JAit0Th Ha Kiablle? YoMy HOpiBHIOBATHME
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cuna F, sxa 1i€ Ha OJMHMINIO JOBXHHHU KUIbLg, 4depe3 dac =5 c micis
BBIMKHECHHS CTpyMY?

Camoinaykuis Ta B3a€EMOIHAYKIis

341. V xorymmi, mo mae N=1000 BuTKIB mpoBOAy, CUJa CTPyMy 3a
JOMOMOTOI0 peocTaTa piBHOMIpHO 30umbmnyeThest 31 mBuakictio dl/dt=0,1 A/c,
Hiametp mepepizy korymku d=10 cm, noBxwuna ii I=50 cm. Ha kotymiky Hamito
KUIBIIE TaKOTO CaMoOro jJiamMeTpa 3 MIJHOTO TPOBOJY, IUIOIIA TOMEPEYHOTO
nepepisy sikoro S=2 Mm°. BBaxarouw, 0 MarHiTHi IIOTOKH, SIKi IPOHM3YIOTH
KOTYIIKY W KUJIblle, Y OyJb-SKMH MOMEHT JOPIBHIOIOTH OJIMH OJHOMY,
OOYMCIIUTH CHUITY CTPpyMY | B KUJIBIII.

342. [HAyKTUBHICTH COJIEHOI/1a, HAMOTAHOTO B OJIMH IIap HA HEMAarHITHUN
kapkac, L=0,5 mI'n. {osxwuna conenoina 1=0,6 m, niamerp D=2 cm. Busnauntn
BIJHOIIEHHS N KUIBKOCTI BUTKIB COJIEHOIIA 10 HOTO JOBXKUHH.

343. Ha xpyrjioMy JAepeB'SHOMY IIJIIHAPI PO3MINIYEThCI OOMOTKa 3
MIHOTO IpOTy, Maca sskoro M=50 r. Bigctanb 1=60 cM Mix KpaitHiMH BUTKaAMH €
3Ha4YHO OlIbIIOK Bix miamerpa muwiiHapa. Omip oomotku R=300 Om. Ska
1HIYKTUBHICTH L 0OMOTKH?

344. CkinbKA METPIB TOHKOTO MPOBOIY TpeOa B3SATH ISl BUTOTOBIICHHS
coneHoina 3aBAOBKKH lg=100 cm ingykTuBHicTIO L=1 MI'H, gKIo giamerp
nepepizy CoJeHOIa 3HaYHO MEHIIMM, HI>K HOT0 TOBXKUHA?

345. Tlo nBOX MOBruMX NapaliebHUX IMPOBOAAX IPOXOJHWTH OJHAKOBUUN
CTPYM Yy MPOTUIICKHUX HampsiMax. BU3HAUUTH 1HAYKTUBHICTh L IBOMPOBIAHOT
minii Ha minsgHl =1 kM. Pagiyc mpoBomy R=1 MM, BigcTaHb MiXK OCHOBHUMU
ainismu 0d=0,4 m.

BkasiBka. BpaxyBatu TiIbKM BHYTPIIIHIM MarHiTHUN MOTIK, TOOTO MOTIK,
10 MPOHU3YE KOHTYP, 0OMEKEHHI TIPOBOIAMHU.

346. Busnauntu iHayKTUBHICTH L/l oquHMIN TOBXMHM KaOeI0, 1110 SBJISE
co00I0 JBa TOHKOCTIHHHUX KOAKCIaJbHUX  METAJIEBUX
uuiiHapu (puc. 3.67), sSKino pajalyc 30BHINTHOTO MIWIHAPA Y
N=3,6 pa3a OuUIbLIKA, HIXX paalyc BHYTPIIIHHOr0. MarHiTHy
MPOHHUKHICTh CEPEIOBUIIA MK IIHJIIHAPAMU BBAXKaTH TaKOIO,
110 TOPIBHIOE OUHUIII. _

347. Ha 3aranpHuil Kapkac HAMOTAHO JBI KOTYIIKH. Puic. 3.67
Busnauutu B3aeMHy [HIyKTUBHICTH KOTYIIOK Lj, , SIKIIO MOCTIHHUMA CTPYM Y
nepmii  koTymi, cuwia skoro ;=5 A, yTBOpioe B Apyridi Mar”iTHe
noToko3uerieHHs y=40 MB6.

348. Iea conenoinu (iHAYKTUBHICTH nepiioro L,=0,36 I'n, npyroro L,=0,64
['H) 0THaKOBOT JOBKUHU Ta MPAKTUYHO 3 OJJHAKOBHMH TUIOMIAMH TIOTIEPEYHOTO
mepepizy BCTaBJeHI OAWH B OJHWN. BW3HaunTH B3aeMHY IHIYKTHUBHICTH L,
COJIEHOII1B.
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349. O6UHUCIUTH B3a€EMHY 1HAYKTUBHICTH L1, TOBroro mpsiMoro mpoBoay i
HPSMOKYTHOT pamMku 31 cropoHamu a=10 cm i b=15 cm. Pamka Ta npsimuii mpoBiz
JIeKaTh B OJHIH TUTOIIKHI. bivbkya 10 MpoBOy CTOpOHA paMKH, TOBXKHHA KO D,
napa’jeibHa MPOBOJIOBI i BigajicHa BiJ HbOIO Ha BiacTaHb =8 cMm.

CTpyMu mijg yac 3aMMKaHHSA | PO3MUKAHHS K0JIA

350. Mdiamerp xapkaca cosienoiga d=0,1 m. Conenoing mae N=500 BUTKIB.
Ilicas mimiMKHEeHHs Horo o akymymsropa 3 EPC £=12 B uepes uac t=10° ¢
CHJIa CTPyMY B KOJIi jocsriia 3HaueHHs 1=2 A. Busnauutu noBxuny | conenoina,
ko oro omip R=3 Owm, Onopom akymyssiTopa ¥ NIJBIIHMX MNPOBIJIHHKIB
HEXTYBaTH.

351. B obmorTii conenoina, omip sikoro R=1 Owm, a iHgykTUBHICTH L=20
Ml 'H, npoxoauts ctpyM. Cuna crpymy | =5 A. Homy nopiBHioe enepris W
MarHiTHOTO TOJII cojeHoiga depe3 4dac t=1 ¢ micma Biag'eqHaHHS JKepena
HaIpyTy Ta KOPOTKOTO 3aMUKaHHS KIHIIIB OOMOTKH?

352. OO6MoOTKa cojieHOia MICTUTh OJWH IIap BUTKIB MIJHOTO JAPOTY, IO
NPUJISTAOTh OJUH 10 onxHoro. Jliametp apory d=0,2 mm, miameTp cojieHOina
D=5 cMm. Y conenoial npoxoauTtb cTpyM, cuia sikoro lg=1 A. BusHauutu, sika
KUIBKICTh €JIEKTPUKHU ( Tpoiiie Kpi3b OOMOTKY, SIKIIO KIHIU ii 3'€qHATH MIXK
co00t0. TOBIIMHOIO 130711111 HEXTYBATH.

353. OOMOTKa COJIeHOila MICTUTh OJWH IIap BHUTKIB MIJHOTO JPOTY
giamerpa 0=0,2 MM, sKi IIJIBHO NPWISATalOTh OJWH JO oJaHOTO. Jliamerp
cosieHoiga D=5 cM, kinbkicTs BUTKIB N=400. Ilo coseHoigy nIpOXOauTh CTPYM,
cuia axoro lo=1 A. Bu3HaunuTu KUIbKICTh TeTI0TH Q, 1110 BUAIIAETHCSI B OOMOTIII
3a yac t=0,1 mMkc micis Toro, sK il KiHIll 3aMKHEHO KOPOTKO.

354. BuznauuTtu, 3a sikuii yac t cuna ctpymy 3amukanss | gocsrae n=0,98
TPaHUYHOTO 3HAYEHHS, SKIIO JHKEPETIO CTPYyMYy 3aMHUKAIOTh Ha KOTYIIKY, OIIp
skoi R=10 Owm, a ingykTuBHICTH L=0,4 I'H.

355. O6uucnutu emuicth C KOHACHCATOPA, KOJIH BIIOMO, IO 0 MOYaTKy
HOTO pO3psIIPKEHHS uepe3 AesKuil omip Hanpyra Ha Heomy Oyna Uy=100 B, cuna
cTpyMy lo B moyaTkoBuii MoMeHT 4acy tp=0 ctanoBuna 10 A, a uepes uac t=10
MKC cuja cTpymy =4 A.

356. Jlo xonaeHcatopa, 3apsamxkeHoro no Hanpyru Uy=200 B, eMHicTb
skoro Ci=1 Mk®, miaKIFOYeHUN 3apsKeHUH KoHIeHcaTop eMHICTIO C,=2 MKD.
BcTranoBUTH 3a1€XHICTh CUIIM CTPYMY B KOJII BiJl 4acy, SKIIO OIip MPOBIIHUKIB,
0 3'€IHYIOTh OOKIaAKu KoHAcHcaTopiB, R=1 kOm. flka kiIbKicTh TemaoTu Q
BUAISETHCS B MPOBIAHUKAX TI1]T YaC MPOXOJKEHHS CTPyMYy?

357. Ilnockuil KOHJAEGHCATOP C KPYIJIMMU IlacTuHamMu Jiamerpa D=50 cm
BIICTAaHHIO MDK HHMH (=2 MM 3allOBHEHMH Ji€JCKTPUKOM, dieJIEKTPUYHA
MPOHUKHICTB siKoTO €=5,5. KoHaeHcaTop MiAKIIOYEHUN 10 JKepesia TOCTIMHOT
Haripyru Uo=1 kB uepe3 pesuctop, omip sikoro R=100 xOwm. BuszHauutu

201



THIYKIII}0O MarHiTHOTO 1o B M macTUHaMu KOHJIeHcaTopa Ha BijcTani =10
CM B1J1 Or0 OcCi yepe3 MPOMDKOK Jacy t=1 mc micis miaiMKHEHHS.

Eneprist MaruiTHoro moJist

358. Conenoin mictute N=1000 BUTKIB NpOBOAY.
Cuna ctpymy B Horo oomorii I=1 A, a MarHiTHHI OTIK
Kpi3b nepepi3 conenoina ®=0,1 mB6. Buznauntu enepriro
W MarHiTHOTro noJjst B COJICHOIII.

359. Ctpym, cumina sikoro =20 A, nmpoxoauts 1o
MOPOXKHHUCTIA TOHKOCTIHHIN TpyOl pamiyca r=2,5 cm i
MOBEPTAETHCS IO CYIUIBHOMY MPOBIHUKY paniyca Fp=1
MM, MPOKJIaJCHOMY B3J0BX oOcl Tpyou (puc. 3.68). LT
JlopxxuHa Ttpyou |1=20 cm. BwusHauumtu enepriro W
MarHiTHOTO TOJISI CHCTEMH.

360. Ha Top kBaapaTHOro mepepizy pPiBHOMIPHO ,
HaMoTaHa Korymika, sika mictuTh N=1000 Burtkis (puc.
3.69). Baytpimniii paaiyc Topa R;=8 cm,30BHImHIN R,=10
cMm. [To oOMOTII mpoXoauTh CTPyM, cujia gkoro 1=5 A.
Ocepast € HedepomarHiTHUM. Busnauutu enepriro W
MarHiTHOTO TIOJISI CTPYMY.

361. JIBa coseHOigM HaAMOTaHI Ha HEMAarHITHUN KapKac OJWH Ha OJHUM.
Kinekicte BuTKIB cosnieHOiAiB N;=1200 1 N,=750, mioia nonepeyHoro nepepizy
$=20 cm®, nosxuHa I=1 M. ITo 06MOTKAX COJEHOIIB MPOXOIATh CTPYMH, CHIIA
sakux BigmoBigHo 11=3 A 1 I,=7 A. O6uncnutu eHeprito W MardiTHOTro IoJs
CTPYMIB.

362. Conenoin 3aBaoBxku 1=0,5 M, muIoia momnepevyHoro mepepisy sSKoro
S=2 cm®, mae inmykTuBHicTs L=0,2 MK['H. SIkor0 Mace 6yTH cuia cTpymy |, mo6
06'eMHa TYCTHHA eHeprii MarHITHOTO OISt BCepeuHi coneHoina Wy=1 mJDx/m>?

Puc. 3.69

MarHiTHe 1moJie B pe40BHHI
HamarHiueHicTh 130TPOITHOTO MarHeTUKa
J=xH (8.1)
€ 7 - Mar”iTHa CHOPUMHSATIAMBICTb MarHeTtuka; H - HampyXeHICTb
MarHiTHOTO TOJISL.
3B's130K Mk BekTopamu B, H, J :

H=-——] (82)

Mo
7€ W - Mar”iTHa cTasna.

JI1s1 OMHOPITHOTO Ta 130TPOIMHOT'O0 MarHeTUKa
B = upoH (8.3)
3B'SI30K M)XK MAarHiTHOK) IPOHUKHICTIO ¥ MAarHiTHOK CIPUUHSATIMBICTIO
PEYOBUHU:
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p=1+x (8.4)
[Hupkynsiis BekTopa HanpyxeHocTi H MarHiTHOTO mnoJs
95L Hdl =) 1 (8.5)
ae )1 - aimreOpuyHa cymMa MaKpOCKOMIYHHX CTPyMiB (CTpyMiB
IIPOBITHOCTI), SIK1 OXOIUTIOIOTHCS KOHTYpOM L.
['paHn4HI yMOBH Ha MEXI1 MOALTY TBOX MarHEeTHUKIB:
a) HopMaJbHa CKJIaJoBa BekTopa B ¢ HenmepepBHOIO
Bln = BZn (86)
0) TaHreHmiaigpbHa (TapajeiabHa MEXI MOoJAUTy) ckiamoBa Bektopa H €
HENEePEPBHOIO

. - _ . .Hlt = Hy, ' (8.7)
MarsiTHa iHIYKITIS B 3a30pi MK ITOJIFOCAMU €JICKTPOMArHiTy
NI
B=——"=7— (8.8)

(kon1) (rowr2)
ne |y, |, — moBxkuHU ocepas i 3a30py B30BXK OCHOBOT JIiHII.

363. Sk BruIMBa€ 30BHIIIHE MAar”iTHE IOJI€ HA PyX €JIEKTPOHIB B aTOMax
pPEYOBUHU?

364. Slk moBOAATHCS JErKl HEBEJIMKI CTPUXKHI 3 JllaMarHiTHOro (0icmyT) 1
napamMar”iTHoro (MarHii) MarepiaiiB, 110 BUIBHO MiABIIMIEHI MK IOJIOCAMHU
€JIEKTPOMArHity?

365. Ctpym, cuia sikoro |=4 A, npoxoauTh y3J0BXK KOJIOBOTO KOHTYPY
pazaiyca r=20 cwm, ikl 3aHypeHO y BOJy. MarHiTHa CIpUMHSTIUBICTS BOJIU Y=-
0,72-10°°. 3maiiti HamarHiuenicTs J y ueHTpi Kona. Ha ckinbku BinpisHseThcs
MarHiTHa 1HAYKIis B B 11eHTpi Koja y BOJII MOPIBHSHO 3 MAarHiTHOIO 1HAYKIIIEIO
Bo y Bakyymi?

366. JloBruii KpyTinii CTpUKEHb 3 TUTAHY PO3MIIICHO B3/I0BXK OJTHOPITAHOTO
MArHiTHOTO ojis. MaruiTHa cnpuitHATIuBicTh THTaHy ¥=1,5-10". Ky yacTuHy
THIYKIIT CyMapHOTO MarHiTHOTO MoJisi B cTaHOBUTH 1HIYKIIISI MarHiTHOTO TOJIS
MOJICKYJISIPHUX CTpyMiB B'?

367. ConeHoin, 1mo Mae g0BxkuHy =20 cM, MmIoIy MOnepeyHoro nepepisy
S=10 ¢M® i KiJIbKICTh BHUTKIB N=400, MiCTUTbCS B AlaMarHiTHOMY CEpPEIOBUIIII.
[nayktuBHicTh Moro L=1 mI'H. OOuMcauTH 1HAYKIIKO MarHiTHOro mojs B 1
HaMarHi4eHiCcTh J ycepeAauHl COJIEHOi/a, SKIIO MO0 HbOMY IPOXOAHUTH CTPYM,
cuna sikoro |=2 A.

368. B3moBx 0Cl HECKIHUEHHOTO MPSMOTO KPYIJIOrO MIJIIHIApA 31 CKIIa
pazaiyca rp=2 ¢cM N0 TOHKOMY IPOBOAY MPOXOAUTH CTpyM, cuiia sikoro |1=1 A.
3oBHI [luniaapa MicTUTBCS TOBITPSA. BU3HAuMTH HaAMpy>KEHICTH MarHiTHOTO
nosist H, inaykiiro B 1 Hamarnidenicte J y To4ykax, IO BiJjJaJIeH] BiJ OCl Ha
ri=1,5 cM i r,=4 cMm. Marnitna cipuitHITIHBiCTS CKita ¥=- 1,26-10°°,

203



369. Ilnoma nonepevyHoro nepepilzy cojeHoina i3 3ami3zuum ocepasm S=10
cm®. JToBxkuHa costenoina |=1 M. BusHauuTu MarHiTHy IPOHHUKHICTb [l MaTepiary
ocep/s, SKIIO0 MarHiTHUHM TMOTIK, 10 nMpoHu3ye 1o miomry, ®=1,4 MB6. Skiii
CHJIl CTPYMY, III0 TPOXOJUThH KPi3bh COJICHOI, BIAMOBIAAE 1€ MAarHiTHUM TMOTIK,
KO 1HAYKTUBHICTH coJieHoina L=0,44 I'u?

BkaziBka. Po3B's3zytounm 3amauir  369-380, BuUKOpUCTOBYBAaTH rpadik
HaMarHi4eHHs1, 300paxxenuii Ha puc. 3.70. BB YT

370. V conenoin 3aBmoBxku 1=10 cM, mo mae 3o [ e
N=300 BurkiB, yBemeHo 3amizHe ocepad. Ilo e /!
COJICHOIYy MPOXOAUTH CTPyM, cuia skoro =1 A. gs—f / |

i

. . . . 4
OOuucauTH HaMmar"ideHictb J 3ajiza BcepeauHi /
CONEHOINA, AKIIO HOTO ~MATHITHI BIACTUBOCTI o 0™ oo™ 1w oo &
OMucaHl 3a JIOMOMOTOK rpadika, 300pakeHOro Ha Puc. 3.70
puc. 3.70.

371. Conenoia HaMOTaHO Ha 3aJli3HE Ocep/is, IJIOIIA NONEPEYHOT0 Nepepi3y
sikoro S=5 cM®. Ilpu cumi ctpymy |=5 A Marmithmii motik ®=200 mxB6.
BuszHaunTy KIIBKICTh BHUTKIB, IO TPHUIAJAIOTh HA OJWHUIO JIOBXKHHHU
COJICHO11a.

372. Ha 3ami3He ocepas HamoTaHO coieHoin, skuid mae N;=500 BuUTKIB
MigHoro mpory. Il101Ia momepedHoro mepepisy ocepast S1=>5 cM’, HOro HOBKHHA
|=30 cm. [Lioma momepednoro mepepizy apoty S=1 Mm”. YoMy OpiBHIOBATHME
IHIYKTUBHICTh L coJjieHoina y pasi mij'eqHaHHs Horo o akymyssitopa, EPC
akoro €=1,26 B? BuyTpimHiM 0onopom akymymsTopa i
OMOPOM 3'€JTHYBaJIbHUX MPOBITHUKIB HEXTYBATH.

373. Ha 3ani3HOMy ocepAl y BUIJISIAI TOpa MICTUTBCS
00MoTKa, KUTbKICTh BUTKIB sik0oi N=700. CepenHiii miameTp
Topa D=20 cM, IUI0mA MOMEPedHOro mepepizy S=6 cm’.
Busnauntu moTik  Mar”HiTHOT  1HAyKHii @  Kpi3b
MOTIEPEYHUI TIepepi3 ocepiAs, MarHiTHy MNPOHUKHICTh W
3aji3a, a TAaKOXX HaMarHideHicTh J, K0 cuja CTpyMy
1=0,5A.

374. Ha 3ani3HOMY KUJIblll, CEPEIHIA AlaMeTp SKOTO
D=30 cM i rI011a TIONEpedHOro nepepizy S=5 cM” MicTHThes 0oMoTKa 3 N=800
BUTKIB. B 00MOTII ipoxoauTh cTpyM, cuia sikoro 1=3 A. VYV kinbii 3po6ieHo
nonepeuHuit npopi3 3aBmmpiiku =2 mm (puc. 3.71). HexTyroun po3cissHHIM
moJtst 0111 KpaiB Mpopizy, OOYUCITUTH: MarHiTHY MMPOHUKHICTD |l 3aJTi3a JJIs X
YMOB; MOTIK MarHiTHOI 1HAYKIT @ Kpi3p momepeuHuid mepepi3 KUIbIH; MOBHY
eHeprito MarHiTHoro mojst W, eHepriio mosig B 3amizHoMy Kinbli W; Ta B
noBiTpsiHOMY 3a30pi Wy; 1HIyKTUBHICTE L 0OMOTKH.

BkaziBka. PexkoMeHayeMo 00UYuCIEHHS 1HAYKTUBHOCTI L BUKOHAaTH nBOMa
croco0aMu, BUPA3UBLIM 1i Yepe3 MOTIK MarHiTHOI 1HAYKIII @ 1 yepe3 eHeprito
MarHiTHoro moss W.

Pue. 3.71
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375. Ha 3ami3He Kiblie cepeaHboro aiamerpa D=25 cm Hamotano N=1 200
BUTKIB TIPOBOAY. Y KUIbIl 3pOOJICHO TOMEPEYHUN MPOopi3, BHACIIIOK 4YOTO
YTBOPHUBCS TMOBITPSIHUK 3a30p 3aBmupmku l,,=5 mm (puc. 3.71). Skmo mo
0OMOTIIl TPOXOJUTH CTPYM CHJIOKO 1=2,5 A, TO HAaPYy’>KEHICTh MarHiTHOT'O TOJIS
B 3a30p1 H=570 kA/M. BU3HaunTH Mar"iTHy NPOHUKHICTS | 3a1113a 32 HUX YMOB.
Po3cisiHHsAM 1o 01151 KpaiB 3a30py HEXTYBATH.

376. BekTop 1HAYKLII MarHiTHOTO MOJs Yy BakyyMi By yTBOproe KyT og 3
HOPMAJUTI0 JO TMOBEPXHI OJHOPIAHOTO 130TPOIMHOIO0 MarHeThka. MarHiTHa
MPOHUKHICTh MarHeTuka [l. BusHauMTH 1HAYKIIO B Mar"iTHOrO MO Yy
MarHeTuky. SIkuii KyT o yTBOpIo€ BekTop B 3 Hopmaiio 10 moBepxHi, AKIIO KyT
0Olp BBaXKaTH MaJIUM?

377. Ilo oOMOTLII TOPOIAY 31 CTAJEBUM OCEPJSM MPOXOAUTH CTPYyM, CHUJIa
axoro |=2 A. Obmotka mictuth N=500 Butkis. [liomna nonepeyHoro nepepizy
Topoiny S=12 cM’, cepenniii pamiyc R=30 cM. BU3Ha4YHTH eHeprito MarHiTHOro
nosst W, sika Hakonmuuuiach B OCEp/ii.

378. BuzHauuTy Mar"iTHy OPOHMKHICTH 3ajli3a [, SIKIIO T'YCTHHA €Heprii
MATHITHOTO IOJISL B 3ai3HOMY ocepzi Wy,=150 Jlx/m".

379. BcTaHOBUTH MaKCHUMajbHE 3HAYEHHS MATHITHOI MPOHUKHOCTI Mmax
3aji3a.

380. BusHnauuTu, y CKiJIbKM pa3iB 3MiHUIAcs 00'eMHAa T'yCTHHA €HEprii W
MarHiTHOTO MOJIS B CTAJIEBOMY OCEP/Il TOPOidy, SKIIO 1HAYKIIIS MAarHiTHOTO TOJIS
souremmiIacy Bix B1=0,5 Ta mo Bo=1 Tn.

381. OmuH 3 €JIEMEHTIB I

[
.. . ~ A
IIAXTHOI aBTOMATHKU - MArHITHUN | \ ( r’j
7
BUMHUKAa4 - 300paXEHO HA pHC. 7 .
. . b Hy M
3.72, a. U-nomibue ocepas 31 7 ,J J
7
CIUIaBY NEPMANOK0 3 NPAKTHYHO — 1
IPSAMOKYTHOKO netTiero - T —
ricrepesucy  (puc. 3.72, 6) 7 |:::iI
. “1 t
HAMarHiuyeThcsi 0OMOTKOIO 1, sika 7 a - |'r‘—'4 ;
t

BBIMKHyTa B KOJIO 3MIHHOTO Pue. 372

CTpyMy. Y BTOPHHHIA OOMOTII 2

30ymxyeTbess EPC iHgykmii Tak, mo pene 2 Ha BHUXOAI 3aMUKaeTbes. [lpum
MPOXOXKEHHI CKilNa MPUKPITUICHUH 10 HhOTO MarHIT 3aMUKA€E OCEP IS, BHACTIOK
4Ooro CTPYyM Y BTOPUHHIM OOMOTIII 3HHUKA€E, pelie BHUMHUKAETHCSA, CKIM
3ynuHS€EThCs. [losicHUTH poOOTY Takoro 0€3KOHTAaKTHOTO BUMHKAYA.

PiBusinas MakcBesuia. IIpyHOuMn BiTHOCHOCTI B eJIeKTPOAMHAMI L

['ycTuHa cTpymy 3MILIEHHS

. oD
Jau = E (91)

Cucrema piBHsIHb MakcBeia:
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a) TI0JIbOB1 PIBHSIHHSA B IHTErpaIbHIN popmi

0B
§, Edl=-f, 22ds 9.2)
§ BdS =0

, 0D
§ Hdl=[, (j+5)ds 9.2)

¢. DdS = |, pdV
0) MoabOBI PIBHAHHS B AM(epeHIlianbHIl hopMi

roth—a—B
ot
divB =0 (9.3)
tH=j+2
ro Jt7;
divB=p

7€ ] - TYCTHHA CTPyMY; p - 00'eMHa I'yCTHHA 3apsiy;
B) MaTepiaibHl PIBHAHHS JJI11 OAHOPITHUX 130TPOMHUX CEPEIOBUIII

D = ¢y¢E
B = pouH (9.4)
j=0E

3HaueHHsl EJNEKTPUYHOIO 3apsily 4YacTUHKM € OJHAaKOBUM B YCIX
1HepIllaJIbHUX CHUCTEMax BIUIKY, TOOTO € PpEIATUBICTCHKUM 1HBapiaHTOM
(mocmigHuit dakr).

3B'130K MK 3HAU€HHSIMU HalpykeHocTi E enektpuuHoro ta inaykuii B
MAarHiTHOTO TOJIIB y JIesIKiM Toulll cucteMu BiIiKy K Ta 3HaueHHsmu E' Tta B'
MX BEJMYUH y cucTeMi K', ska pyxa€eThcs 31 LIBUIKICTIO 0 BIIHOCHO cucTemMu K
(nepeTBopeHHﬂ,noniB):

E) = E B, =B,

: E. + [vB] , E. + [vB]

E = E. = (95)

2 2
ll—v/cz 1-VY 2

CuMBoaMH || i L mo3HaueHo M0310BXKHI Ta MOMEpPedHi BiTHOCHO BEKTOPA U
CKJIaJIOB1 BEKTOPIB.

[leperBopennst npoekuiii BektopiB E 1 B y Bunaaky, konu K'-cucrema
pyxaeTbes B nogatHomy Hampsami oci OXK-cucremu:

, E, —vB , E, +vB
E; = E, B =re— E=r—
J1—1v2/c? J1—1v2/c?

2 2
,:By+vE/c B,:BZ+vEy/c

B, =B B .

4

(9.6)
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Axmo tpeda onepxkatu hopMynu odepHeHoro neperBopenHs (Big K'- 1o
K-cucremn), To y popmynax (9.5) 1 (9.6) noTpiOHO BCI ITPUXOBAHI BEIUYUHU
3aMIHUTH Ha HE ITPUXOBaHI1 i HABMAKH, a TAKOXK 3HAK Mepes 0.

PiBusinasa MaxkcBeJsia

382. [HAyKIIisl OTHOPITHOT'O MArHITHOTO TOJISl BCEPEIUHI IIUIIIHpa pajaiyca
R=0,1 M miniiiHO 3pocTae 3 gacoM 3a 3akoHoM B=ot, ne 0=10" Tu/c. MaruitHe
MoJIE HampsIMJIEHE B3JIOBXK OCI HWIIHApPA, 103a SKUM TMojsi Hemae. Yomy
JTOPIBHIOBATHME HAMNPYKEHICTh BUXPOBOTO €JIEKTPUYHOTrO 1ojs E Ha Bijgcrani
r=0,2 m BiJ oci nuiiHApa?

383. Ha numiapudHe 3aji3He ocephs, Kpi3b sSKe MPOXOJIUTh MarHITHUN
omHOpiIHUKN MOTIK =@, cos ®l, HaAITO TOP 3 JICJIECKTPHUKA, IlCJIECKTPHUIHA
IIPOHUKHICTH SKOTO €. Y TOp1 ABOMA OJU3bKMMH PO3pi3aMH 3p0O0JIEHO BYy3bKUI
NoBITpstHUM 3a30p (puc. 3.73). BU3HAYUTH HANPYKEHICTh CJIEKTPUYHOTO 1O E
B 3a30p1 B Toulll A 3aJI€KHO BiJl BIACTaH1 I' 10 OCI HITIHAPA.

384. HenpoBinHe TOHKE KublEe, Maca sikoro M=30 r, 3apsKeHe 3apsiioM
=6 MxK11 1 MOke BUIBHO 00epTaTUCS HABKOJIO CBOET OCi. Y MOYaTKOBUM MOMEHT
KUIblle mepe0yBajo B CIOKOI, MarHiTHoro moiis He Oyino. Ilicias BBIMKHEHHS
OJIHOP1AHOTO MarHiTHOTO MOJIsl, HAPSIMJIICHOTO MEPIEeHINKYJIISPHO 10 TUIOITUHU
KiJbIsL, HDYKIisS MATHITHOTO OIS TTOYada 3pOCTaTH 3a 3akoHoM B(t)=ot’, me
0=10" T1/c’. BcTaHOBHTHU KyTOBY LIBU/KICTh OOEPTAHHS ® Kiiblys uepes t=3 c.

385. Io3a nmniapoM paaiyca R=10 cM 1HIYKIliS OJHOPIAHOTO MAarHITHOTO
MoJIsl JIIHIMHO 3pocTae 3 4acoM 3a 3akoHOM Bg=at, ne 0=10" Tu/c. Sk mae
3MIHIOBaTHCSl 3 4acOM I1HIYKIliS OJHOPIJIHOTO MarHiTHOToO mojis B ycepemuHi
nuniaapa (puc.3.74), mo0 eneKTpoH pyxaBcs MO Koy pasaiyca r=15 cm? ¥V

Pue. 3.75
Paic. 3.73 Puc. 3.74

NIOYaTKOBUM MOMEHT 4Yacy IIBUKICTh €JIEKTPOHA JOPIBHIOBAIA HYJIEBI.

386. Hampy>keHiCTh OJHOPIAHOTO €JICKTPUYHOTO TI0JIs1 BCEPEIMHI IJIOCKOTO
KOHJIEHCATOpa — ABOX KPYIUIMX IiacTuH paaiyca R=10 cm (puc. 3.75) — niHiitHO
3pocTae 3 9acoM 3a 3akoHoM E=at, xe 0=9 - 10" B/(m‘c). YoMy nopiBHIOBAaTHME
THYKITIS MarHITHOTO MoJisi B ycepenuni KOHIeHcaTopa Ha BiJICTaH1 BiJ HOTO OCi:
a) =5 cm; 0) r,=15 cm?
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387. Ilig yac 3aps/KaHHA KOHJAEHCATOpa 3 KPYINIUMH MapajelbHUMU
wiactuHamu  pajiyca R=10 cM 1o mNpoBIIHUKY, WO 3'€HYE IJIACTUHU,
npoxoauth ctpyMm cuior 1=0,5 MA 3a yac t=2 mc (puc. 3.75). O6unucnutu
HaIpy>XKEHICTh E eNeKTpuYHOTO Ta 1HAyKI0 B MarHiTHOTO MmoJiB y MPOCTOPi
MDX IUTAaCTHHAMU Ha B1JICTaH1 =5 CM B1J HOTO OCl.

388. Hampyra Ha 00kJ1aKax Kpyrioro MioCKOro KOHJAEHcaTopa 3pOCTae 3
gacoM 3a 3akoHoMm U=at. Pamiyc oOknamok R, Bimcrans mixk Humu d. ITo oci
KOHJICHCATOpa BCTAHOBJICHO HEBEJIMKHUU IWIIHAD 3 AieNeKTpuKa paaiyca <R 3
TIETEKTPUYHOIO MPOHUKHICTIO €. BU3HAUMTH 1HAYKIIIIO MardiTHOro mois Bs Ha
O14H1i1 MOBEpXHI NUIiHApa 1 By, Ha Kparo KOHeHcaTopa.

389. CepenoBuilie MK OOKJIaJKaMH IIJIOCKOTO KOHjAeHcaTopa eMHicTio C
Ma€ JieNIeKTPUYHY MPOHMKHICTh € 1 HEBEIHUKY EJIEKTPOIPOBIAHICTE 6. Jlo
0OKJIaJI0OK KOHJIEHCATOpa MPUKJIIaJIeHa pi3HUIlS ToTeHiamB U, micias 4oro BOHH
Oynu 130J1bOBaHI. BCTAaHOBUTH 3aKOH 3MIHM 3apsiAy 3 4YacOM Ha KOXHIA 3
OOKJIQJIOK 1 CHITy CTPYMY 3MILLEHHS |, SIKUW IPOXOJUTH KP13b KOHIAEHCATOP.

390. loBruii npsiMuii COJIEHOI Ma€ N BUTKIB Ha OJAWHUIIO JOBXKUHU. [1o
HbOMY TIPOXOJIUTh 3MIHHHUM CTpyM, cuia sikoro 1=l sin ot. Busnauutu ryctuny
CTpyMYy 3MIIIIEHHS |, K QYHKIIIIO BiJicTaHi I BixT oci coyieHoina. Paxiyc nepepizy
coseroina R.

391. ToukoBuit 3apsin > 0 pyxaeTbcs 3 HEPEIATUBICTCHKOIO MIBUJIKICTIO
v=const. BU3HAYUTH T'YCTUHY CTPYMY 3MILICHHS |y, III0 YTBOPIOETHCS 3aPsIOM
no0JIM3y TPAEKTOPIi HA BIJCTaHI I' BiJ] HHOTO.

392. Yu icHye Takui pO3MOALT EJIEKTPUUYHUX 3apsiiB, 10 CTBOPIOE
CJIEKTPOCTATHYHE TT0JIE 3 HampyxkeHicTio: a) E=xyi + (3X° — 3)%)j; 6) E=kyi — xxj?

393. Uu wmoxe ICHyBaTH e€JEKTPOMArHiTHE TIOJie, SKE BHUPAKCHE

piBusunamu: E, = E, =0; E, = J%gocos(y —ct); B, = \/%cos(y —ct) ;
B, =B, =0?

IIpuHIUN BiTHOCHOCTI B €JIEKTPOAMHAMI LI

394. Sxi pochigHl GakTU MATBEPIHKYIOTh HE3AICKHICTh 3HAUCHHS 3apsiay
B1Jl IIBUJIKOCTI PyXy HOT0 HOCIiB?

395. 3apsypkeHa 4YacTMHKA PYXaeThCsl 31 CTaJOK IIBUIAKICTIO. Yum
BIJIPI3HSIFOTHCS €JEKTPUYHI MOJsl YACTUHKU B CHCTEMI CIIOKOIO YaCTHHKU Ta B
nabopaTopHiil cuctemi BITIKY?

396. VY BakyyMi pyxa€eTbCs 3apspKeHa YaCTHHKA 31 CTaJOI0 IIBUIKICTIO
BimHOCHO K-cuctemu. Ilpu oMy B Aesikiii TOYIIl MPOCTOPY B I CUCTEMI
CIIOCTEPIraeThCs 3MIHHE 3 4aCOM €JIEKTpUYHE mojie. Yu o3Havae 11e, no BKa3aHa
JaCTHUHKA BUIPOMIHIOE €JIEKTPOMAarHiTHI XBUJIi? Un 3MIHUTBCS BIIOBI b, SKIIIO
YaCTHHKA PYyXaTUMETHCS 31 CTAJIO0 IMIBUKICTIO B CEPEOBUIII?
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397. ENEeKTpoeMHICTh IUIOCKOTO KOHAEHCATOpa B CHCTEMI BIJJIIKY,
BIJIHOCHO SKOi BiH mepeOyBae B craHi crnokor, C=3 n®d. Buznauutu Horo
enekTpoeMHIcTh C'y cCUCTEMI BIIUTIKY, KA PyXa€ThCs BIIHOCHO KOHIEHCATOPa 31
mBuaKicTIO ©=0,2 ¢ Tak, 0 BEKTOP V 3aJMIIAETHCS MapajeIbHUM OOKIaaKaM
KOHJIEHCaTOopa.

398. Pi3Huus norteHuianiB MK OOKIJIaJKaMu IUIOCKOIO KOHJEHCaTtopa B
CUCTEMI BIJIJIIKY, BIJIHOCHO SIKOi BIH IepedyBae y ctaHi cnokoro, U=25 B. fka
pizHuI noteHmiamB U' MK oOKIazkaMu IBOTO CaMOTO KOHJEHCAaToOpa B
CHUCTEMI, BITHOCHO SIKO1 BiH pyXa€eThesl 31 MBUAKICTIO 0=0,2 ¢ IepIICHANKYISIPHO
110 Horo o0OKJIaI0K?

399. V npuckoproBaul Ha 3yCTPIYHHUX ITy4KaxX EJIEKTPOHU PYXarOThCA
Ha3yCTpiu OJIMH ojHOMY. EHepris elekTpoHiB y KokHOMY 3 TiyukiB E=3,5 I'eB.
VY cKinbKK pa3iB N BIAPIZHSIOTHCS TYCTUHHU CTPYMIB Yy KOXXHOMY 3 IYYKIB Y
71ab0paTOpHIi CUCTEMI Ta B CUCTEMI BIJIIKY, 3B’ SI3aH1N 3 OAHUM 13 MyUKIB?

400. [TapanenbHo 3apsimpKeH1d HUTII 31 MBUAKICTIO v=0,8 ¢ BITHOCHO HUTKHU
pyXaeTbcs o-yacTUHKA. Buznauntu cuiy F', o Jl€ Ha 0-4aCTUHKY B CHUCTEMI
BIIIIKY, B fAKIA 4YacTHHKA mepe0yBae B CIIOKOi, a Takox cuily F y cucrtemi
CIIOKOIO HUTKHU. ¥Y3/I0BK HUTKU PO3IMOAUICHUM MO3UTUBHHUM 3apsij 3 JIHIHHOIO
ryctuHoro 1=25 mxKin/m y cuctemi criokoro HUTKH. Bincrans, Ha ki mepeOyBae
O-4aCTUHKA BIJT HUTKH, =5 MM.

401. Y310BK JOBroro CTpU»KHs piIBHOMIPHO PO3IMOAUICHHUN 3apAl, JiHIMHA
ryctuHa sikoro 1=5 MKKin/M. OOUKCIUTH HaNpPyKEHICTh €JIEKTPUYHOro noJid E'
Ta IHIYKIII0 MarHiTHOro nois B' y cucreMi BiAJliKy, sika pyXaeTbcsl BIJHOCHO
CTpYKHs 31 mBUAKICTIO 0=0,6 ¢ y3m0BXK HOro ocCi, y TOYIl, L0 JEKHUTh Ha
B1JICTaH1 F=5 CM B1J1 OC1 CTPHIKHSL.

402. EnexktpuuHuil 3apsAn  PIBHOMIPHO PpO3MOAUICHHUH 10 00'emy
napaginoBoro muwriHApa paaiyca R=2 cm. O6'emHa rycTuHa 3apsay MUITIHAPA
p=2 MKn/M°. I{umiHap pyxaeTbcst B3IOBXK CBOEi oci 3i mBmikictio v=0,4 ¢
BIJIHOCHO JIa0OPAaTOpPHOI CUCTEMHU BIANIKY. Bu3HauuTth Moayni ¥ HampsMu
BEKTOPIB HAIPYKEHOCTI €JIEKTPUYHOIO Ta I1HAYKLII MAar”HiTHOTO TMOJIB Yy
Ja00paTOpHIM CUCTEMI BIUTIKY B TOYKax, IO JIeXKaTh BiJ OCl ITWJIIHIpa Ha
BijcTaHl: a) r=1,5 cm; 0) r,=2,5 cm.

403. B inepmianbHii K-cuctemi y cTaHl CIOKOIO MICTUTHCSA HUIIOJNb,
CNEKTPUIHUI MOMEHT sikoro Pe=0,1 uKm-M. OOuucnutu nHanpyxeHicTh E'
SJIEKTPUYHOTO Ta 1HAYKII0 B' MarniTHOTro mosiB B iHepuianbHii K'-cuctemi, sika
pyxaetbcsi  BigHOCcHO K-cuctemu 31 cranowo mBuakictio  0=0,6 ¢
NEPICHIUKYISIPHO A0 €JIEKTPUYHOTO MOMEHTY JUTIONS, Y TOYIII, IO JISKHUTH: a)
Ha OCl JUIOJs Ha BiAcTaHi r=1 M Bix #Horo meHTtpa; 0) Ha mpsMid, sKa
NEPIICHIUKYISIPHA 10 OC1 TUTIOJNS M IPOXOIUTH Uepe3 WOTo LEHTp, Ha BiJCTaHi
r,=1 M Big meHTpA.

404. Y310BX HECKIHYEHHOT MTPOBIAHOT TUIOIIWHU MPOXOINUTH MTOBEPXHEBHIA
ctpym. Cwia ctpymy, sika TMpUIagae Ha OAWHUINIO JIOBXKWHU IUIONMIMHU B
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HaIpsMI1, IEPIECHIUKYIIPHOMY J0 HampsMy cTpymy, J=1 kA/M. 3acTocyBaBiiu
dbopMyIH IEPETBOPEHHS TOJI1B, BU3HAYUTH 1HAYKI[IIO MarHiTHOro moJist B, sike
CTBOPIOETHCS TAKUM TUIOCKUM CTPYMOM.

405. KosoBuii TpoOBITHUK 31 CTpyMOM pajaiyca R=5 c¢M 1 MarsHiTHUM
MOMEHTOM P,=1,5 A-M° mepebyBae y CTaHi CIOKOI B JIAGOPATOpHil crcTeMi
BUIIKY. BusHauntu Hanpyxenicte E' enextpuunoro Ta iHaykuiro B’
MarHiTHOTO TOJIB Y CUCTEMI BIIJIIKY, KA PyXaeTbCd BIJHOCHO IPOBIAHHMKA 31
MBUJKICTIO 0=20 M/C IEpNEHAUKYISPHO JI0 KOTO OC1, y TOYIIi, 1[0 JIEKUTh Ha OCI
KOJIOBOTO MPOBIJHMKA Ha BiACTaHl =15 cMm Bix ¥Woro neHTpa. BBaxkaTu, 1o
€JICKTPUYHOTO TIOJISI MPOBIAHUKA B HOT'O CUCTEMI CIIOKOIO HEMAE.

406. OpHOWMEHHI TOYKOBI €NEKTpUYHI 3apsau (; 1 (p pyxaroTbcs
napajeiabHO OJIUH OJHOMY 31 IIBUJIKOCTSIMH 01 1 0. BU3HaUnUTH CHITy, 3 SIKOFO Ji€
NEepIINii 3apsia Ha IPYTUM y 1a00paTOpHIA cUCTEeMI BIUIIKY B TOM MOMEHT 4acy,
KOJIM B1JICTaHb MIDK HUMH € HAUMEHIIIOIO.

407. JloBruii coJeHOIA, CUja EJIEKTPUYHOIo CTpymy B sikomy |=0,2 A,
KiTbKicTh BUTKIB N=10° Ha OMMHUIIIO TOBXKHHH, PyXa€ThCS TEPICHIUKYISPHO
JI0 CBOET OC1 31 MIBUIKICTIO 0=3-10" m/c. BuznaunTn THIYKIII}0O MAarHITHOTO TTOJIS
B coneHoina B cucteMi BiIJIIKY, BIIHOCHO SIKO1 BiH pyXaeTbcs. YoMy TOPIBHIOE 1
K HampsMJIeHa HaMpY>KEHICTh €JIEKTPUYHOTro mojis E, sike crmocTepiraeTbes B
i cucremi?

408. HoBruil mpsMul MOPOBIIHMK 31 CTpyMOM, cuia sikoro 1=2.5 A,
pyXaeTbes 31 MBUAKICTIO 0=3 M/C BIJHOCHO JIADOPATOPHOI CHUCTEMH BIJUIIKY
B3/IOBX Hampsmy crtpyMy. OOuUMCIWTH HamnpyxkeHicTh E enekTpuuHoro ta
IHayKIi0 B MarHiTHOrO MmoJiB y TOYIN, IO JIGKHUTh Ha BIACTaHI =5 cM Bif
MPOBIAHUKA Y JTAOOPATOPHIN CHCTEMI BIAJIKY. BBaXkaTu, 1110 €IEKTPUIHOTO OIS
B CHCTEMI CIIOKOIO TIPOBIAHMKA HEMAE.

409. B imepmianpHii K-cucteMi ICHYIOTH JIBa B3a€EMHO
MEePIEHANKYISAPHUX TIOJIA - EJICKTPUYHE, HAIPY>KEHICTh SIKOTO
E=30 kB/m, Ta maruitHe, iHAyKuis sikoro B=25 mkTn. 3 sikoro
MBUAKICTIO ©» Mae pyxatuck K'-cucrema, mo0 y HIii
pEECTPYBAJIOCS: a) TIIBKU €JICKTPUYHE T0JIe; 0) TUIbKA MarHiTHE
nosie? BBaxkatu, 1m0 BEKTOp v neprneHaukyasipauii 1o E 1 B.

410. Ha puc. 3.76 300pakeHO Tak 3BaHy YHIMNOJSPHY
MaIlIuHy, OCHOBOIO SIKO1 € MOCTIMHUKN MIIIHAPUIHUN MarHiT, 110
o0epTaeTbcs HABKOJIO CBOET OC1. SIKIIO 3a JOTIOMOT 00 KOHTAKTIB A
1 B, Kl KOB3alOTh IO MOBEPXHI MAarHiTy, 3'€IHaTH MPOBIIHUK 3
BICCIO Ta MIOBEPXHEIO MarHiTy, TO B3JIOBXK MPOBITHUKA AB mpoiiae
CTpyM. SIK MO’KHA TIOSICHUTH BUHUKHEHHS 1IOTO CTPyMYy?
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ITuTaHHA 19 KOHTPOJIIO

1. IlpenmMeT Ta METOIM €NEKTPUKH 1 MATHETU3MY.

2. KopoTkuii iCTOpUYHUINA OTJISA BUEHHS PO €NIEKTPUKY 1 MATHETH3M.

3. PO3BHUTOK e1eKTpOCHEPTETUKH B Y KpaiHi.

4. EnextpuuHuii 3apsan. BmacTuBOCTI enekTpudHOTro 3apsay. JIBa Buau 3apsimy.
JIMCKpETHICTD 3apsy.

5. [HBapiaHTHICTH 1 3aKOH 30€pEeKEHHS 3apsiTy.

6. EnemenTapuuii 3apsia. ExkciepuMenTanbHe BU3HAYCHHS 3apsTy €JEKTPOHa.

7. HaltmpocTimni  3aps/pkeHi  Tila: MOJeJb TOYKOBOIO 1  HEMEPEpPBHO
PO3MOALICHOTO 3apsIy.

8. Bzaemonis ToukoBUX 3apskeHUX TUI. 3akoH KyroHa.

9. Enextpuune mome. HampykeHicTh  enekTpuyHOoro Toyisa.  [IpuHImm
CYTIEPITO3HIIIi.

10. ITone gumons.

11. Ilotik BekTOpa HanpyxeHocTi. Teopema ["aycca.

12. Pobota cmia  emeKTpocTaTHYHOro Tojisa. [loTeHmiambHMIA — XapakTep
€JIEKTPOCTATUYHOTO TTOJIS.

13. Hupkynsiiisi BEKTOpa HAMPY>KEHOCTI.

14. TToTeHiian Ta pi3HUIA MOTCHITIATIB.

15. PiBusnns Ilyaccona 1 Jlamaca.

16. TloTeHiian Ta HaNpyXEHICTh MO, CTBOPEHOTO TOYKOBUM 3apsKECHUM
TLJIOM.

17. TloteHiiagl Ta HAMPYXKEHICTh TMOJsS, CTBOPEHOTO CHCTEMOIO TOUYKOBHX
3apsIKEHUX T1IL.

18. TloTentian Ta HaMPY>KEHICTh TOJISI, CTBOPEHOTO JUMOJIEM.

19. Po3moain 3aps/iiB y IPOBIAHHKY.

20. IIpoBigHUKKM B €NEKTPUYHOMY TOJIi. EKBIMOTEHIIANBHICTh TMOBEPXHI
MPOBIIHMKA.

21. HanpysxeHicThb ToJist 611 OBEPXHI MPOBIAHMUKA Ta ii 3B'SI30K 3 TOBEPXHEBOIO
T'YCTHHOIO 3apsiy.

22. EnexTpu3aiiiss d4epe3 BIUIMB. BpaxyBaHHS TOJs HaBEACHUX 3apsaiB.
Enexrpodopna mammmna.

23. Enextpoemuicts. Konaencaropu.

24. Jlienextpuku. [lonsapHi 1 HenmoyisspHi MOJIeKyn. BisibHI 1 3B's13aH1 3apsiau.

25. Tonspu3zariisi A1€IEKTPUKIB.

26. JlienekTpuuHa MPOHUKHICTh 1 CHPUUHSTIUBICTh, BEKTOP EJIEKTPUYHOTO
3MIIICHHS.

2(. HenonsipHi Ji€IEKTPUKHU, TEOPId iX MOJIApU3allii.

28. IonsipHi q1€IEKTPUKU, TEOPIs IX MOJIsipr3aliii.

29. EnexTpuuHe moJjie Ha MeX1 JBOX J1EJIEKTPUKIB. ['paHUYHI YMOBH.

30. Teopema I'aycca st oJi B II€NEKTPUKY.

31. Cerneroenextpuku. Enekrperu. [1'e30enexkTpuku.

32. Eneprist cuicTeMH HEpyXOMUX TOUYKOBHX 3aps/IiB.

33. Enepris cuctemu 3apsiI>KEHOT0 IPOBIIHUKA.
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34. Enepris KOHJIEHCATOPA.

35. EHepris 1 rycTHHA €Heprii eIeKTpoCcTaTUYHOTO ToJisi. BekTop YMoBa.

36. Pyx 3apsaiB B €IEKTPUYHOMY TIOJ, CJICKTPUYHUN CTpyM. PiBHSHHSA
HETePEePBHOCTI.

37. YMoOBa CTalllOHapHOCTI CTPYMY.

38. 3axkon OMa Ut TUISHKA KOJIa.

39. 3akon Oma B qudepeHIianbHii Ta IHTErpaibHii hopmax.

40. CroponHni cunu. EnextpopyuriiiHa cuna.

41. 3axon OMa AJi HEOTHOPITHOT TUISTHKY 1 TOBHOTO KOJIa.

42. PoboTa 1 MOTY>XKHICTh MOCTIHHOTO CTPYMY.

43. 3akon JIxxoyns-Jlenna.

44, PosramyxeHi koia, mpasuia Kipxroda Ta X 3acToCyBaHHS.

45. TepMoeneKTpOHHA eMicid. 3aleKHICTh CTPYMY HaCUUYEHHS BiJI TEMIIEPATYPH.

46. JIBoXeNeKTPO/IHI Ta TPhOXEIEKTPOAH1 JJaMIIH 1 iX 3aCTOCYBaHHS.

47. EnextpoHHo-ipomeHeBa  Tpyoka.  IloHsaTTss mnpo  BTOpUHHY  Ta
aBTOEJICKTPOHHY eMiClii.

48. Enexrtpomnitu. EnexTponiTuyHa aucoriaitis.

49. EnexTponpoBiIHICTb €IEKTPOIIITIB. 3aKoH OMa JUIsl €IeKTPOIITIB.

50. Enexrpomnis. 3akonu @apajes. XiMiuHi JDKEpesia CTPyMy.

51. BukopuctaHHs eJIeKTpOIi3y.

52. Tlpornecu ioHi3amii 1 pexomOiHaIii.

53. HecamocrTiliHuii po3psija B razax.

54. CamocTiiiHUI po3psi/ B ra3ax.

55. BonbT-amniepHa XxapakTepruCTUKaA Fa30BOT0 PO3PSIY.

56. Buau po3psiaiB (Tir04Hid, yTOBHA, ICKPOBH, KOpOHHUH). biinckaBka.

57. IloHATTA PO TIa3My.

58. Bukopucranns razoBux po3psiai. KatomHi npomeHi.

59. Knacudikarist TBepux T (IPOBIIHUKY, T1€IEKTPUKH, HATIBIIPOBITHUKH ).

60. Enextpuunuii crpym y metanax. [Hocmimum Mannensmrama 1 [lamanekci,
Tommena 1 Ctroapra.

61. KinacuyHa enekTpoHHa Teopis MPOBITHOCTI METAIIB.

62. BuBenenns 3akoniB Oma, JIxoynsa-Jlenna. 3akon Big mana-®panna.

63. 3asexkHICTh ONIOPY METAaIIB Bij Temmeparypu. HaampoBigHIiCTb.

64. IIoHATTS PO KBAaHTOBY TEOPItO MPOBIAHOCTI TBEPAMX TLII.

65. [IpoBigHicTh HamiBOpOBiAHMKIB. BmacHa 1 jgomimkoBa MPOBIAHICTH
HaIlIBIPOBIIHUKIB.

66. 3acTocyBaHHs HaMiBIIPOBITHUKIB.

67. PoOoTa BUXOay €leKTpOHA 3 MeTay.

68. KonTtaktHa pi3uuis noteHiiainiB. KoHTakTHI siBUIlla B HAMiBIPOBIIHUKAX.

69. HamiBnpoBiTHUKOBI 110U 1 TPAH3UCTOPH.

70. Tepmoenexktpuunuii ctpym. [Ipsimi Ta oOepHEHI TEPMOEIEKTPUYHI SBUIIA.
TepmoenexkTpudHi TeHEpaTOPH.

/1. MarniTHa B3aemMoisi cTpyMiB. 3akoH Amniepa. Mar"iTHe 1ose eJ1eKTPUIHOTO
CTpyMy.

72. Inayxkiis 1 HanpyKeH1CcTh MardiTHoro moJjs. 3akoH bio-CaBapa-Jlamnaca.
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73. MarsiTHe moJjie IpsIMOT0, KOJIOBOTO 1 COJICHOITHOTO CTPYMIB.

74. llupkynsiis BEKTOpa 1HAYKIlIi MarHiTHOTO TMOJIs. 3aKOH TOBHOTO CTPYMY.

75. KoHTyp 13 CTpyMOM y MarHiTHoMy Ioji. MarHiTHuii MOMEHT cTpymy. Jis
€JIEKTPUYHOIO 1 MarHiTHOTO TIOJIIB HA PyXOMUH 3apsi.

76. Cuna JlopeHna.

/7. BusHaueHHsI TUTOMOTO 3apsily eJIeKTpoHa. Mac-ciekTpomeTp.

78. Edext Xomna 1 #loro 3acTocyBaHHS.

79. EnexTpoHHUN MIKPOCKOII.

80. IIpuckoproBadi 3apsHKEHUX YaCTUHOK.

81. MarHiTorigpoauHaMidyHi TeHEPATOPH.

82. MarHiTHe TOJe PyXOMOTro 3apsny. BiTHOCHHN XapakTep €NEeKTPUYHOTO i
MarHiTHOTO TIOJIiB.

83. PoboTa npu nepemilieHHi NpoBiIHUKA 31 CTPYMOM y MarHiTHOMY TIOJI.

84. MarHiTHu# NOTIK.

85. MarneTuku 1 HaMarHi4yBaHHs iX. Bektop HamMarHigyeHHsl.

86. MarHiTHe noJjie B MarHeTukax. BekTop HanmpyeHOCTI MarHiTHOTO TOJISL.

87. MarHiTHa COpUMHSTIUBICTh 1 IPOHUKHICTh MAarHETUKIB.

88. 3B'A30K 1HAYKIIIT 1 HAIPYKEHOCTI MAarHiTHOTO TMOJISI B MAarHETUKAX.

89. MaruniTomexaHiuHi 1 MexaHoMarHiTHi sBuma. Jocaiau Efinmreiina, ne [Naasa
1 bapuerra.

90. [lia-, mapa- i pepomarneTuku. MarHiTHUi ricTepesmuc.

91. Po6otu Cronerosa. Touka Kropi. [TocTiitHi marxiTu.

92. HoBi MarHiTHi MaTepiaim.

93. MarHiTHi Kosia. MarHiTopymiiiiHa ciiia. 3aKOHA MarHiTHOTO KOJia.

94. locnigu ®apanes. EnextpopymiiftHa cuma 1HIYKII.

95. 3akon enekrpomarHiTHOI iHAYKIT Dapazes i npaBuio JleHna.

96. Buxposi ctpymu. CkiH-e(eKT.

97. CamoiHmyKiist 1 B3aeMOIHAYKINisA. EnexkTpopymiiiHa cujga CaMOIHIYKIIIi.
[HyKTUBHICTB.

98. Enepris MarHiTHOTO TOJIS CTPYMY.

99. Eneprig i rycTHHA €HEprii MarHiTHOTO MOJIS.

100. Orpumanns 3minnoi EPC. KBa3zictarionapuuii CTpyM.

101. [diroui i cepeaHi 3HAYEHHS CTPYMY 1 HAIPYTH.

102. Omip, IHAYKTUBHICTH 1 EMHICTB Y KOJI1 3MIHHOTO CTPYMY.

103. 3akon OMa 1151 K0JIa 3MIHHOTO CTPYyMY.

104. BexTopHi niarpaMu i METOJ] KOMIUIEKCHUX aMILTITY/I.

105. Pe3onaHc HampyT, pe30HAHC CTPYMIB.

106. Po6oTa i NOTY)HICTh 3MIHHOTO CTPYMY.

107. IlepenaBanns enekTpuyHOi eHeprii. Tpanchopmarop.

108. EnextpuyHuil KOJWBaNbHUNA KOHTYp. BracHl eNeKTpu4YHI KOJWMBAHH.
®opmyna Tomcona. 3racarodi KOJIMBaHHS.

109. Bumymieni enextpuuHi koiuBaHHs. Pe3onanc. JloOpoTHicTh 1 cmyra
MIPOITYCKAHHS KOHTYPY.

110. EnextpuyHi aBTOKOJIMBaHHS. ABTOT€HEPATOP HA TPAH3UCTOPI.

111. Buxpose enextpuune nose. Jocniau Poynanna 1 EitxenBaniba.
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112. Enextpomarsuitae nose. CTpyM 3MilICHHS.
113. Cuctema piBHsIHR MakcBesia B IHTETpajibHIN 1 TUdepeHIianbHii popmax.
114. TInocKi eNeKTpOMarHiTHI XBUJI1 B OJTHOPITHOMY CEpPEIOBHIII, IIBUIKICTD iX

MOIIUPEHHS.
115. BunpoMiHioBaHHs eJIeKTpoMarHiTHux XBuib. Jocmiau I'epria. Bibparop
I'epua.
116. Enepris~ enektpomarHiTHoi  xBuil.  Ilotik  eHeprii.  Bektop

Ywmoga-IloiiHTiHra.

117. TToHATTS PO CUCTEMH TEepeiayl eIeKTPOMArHiTHOT eHeprii.

118. EnektpomarHiTH1 XBHJII B3JI0BXK MPOBO/IB. THCK €EKTPOMArHITHUX XBUJIb.
Crostui XBUIII 1 pE30HAHC Y BiApI3KaX JOBTUX JIHIH.

119. Bunaiinenns paaio3s's3ky. [[punHnumn paaio3s'a3Ky 1 paaioiaoKarii.

120. Ikana eneKTpOMarHiTHUX XBUJIb.
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Koportke 3amukanus 36
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27

Jlinii maraiTHOT 1HAYKIT 53

JliniiiHa ryctuHa 3apsmay 81
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Maruetuku 61
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MarniTHe HacuueHHs 63

Maruitne nose 53

Maruitauii MomeHT 105

Marsitauii notik 105, 110
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136
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130TpOMHOMY JieleKTpuKy 151

HeomnopinHi enekTpuyHi mojs 27

HecamocrTiitnuii razoBuii po3psia 51
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[Tpunaam MarHiTOENIEKTPUYHOI CUCTEMH 56

[TpuHIIUIT BITHOCHOCTI B €JIEKTPOIMHAMIIT
205

[TpuHnunm cynepno3uinii (HakIagaHHs)
Mar"iTHUX nofis 185

[TpuHIMT Cynepro3uIIii eMeKTPOCTATHIHUX
nouiB 136

[Tpunnun cynepno3utiii momis 118

[IpuckoproBauamu 3apsiKEHUX YaCTUHOK 60

[TpoBiguuku 28

[TpoBiguuku 37

Panionoxatop (pamap) 80

Pesonanc 67

Pe3onanc nanpyr 67

Pe3onanc ctpymiB 67

Pe3ynbrytoua pi3HUI MTOTEHIIATIB Y KOI1
(Tepmoenektpopymriina cuia) 100

PexombOinartis (Momizaris) 48

PexombGinars 43

Peocrar 34

Peoxopa 36

PiBenp ®@epmi 40

PiBHSIHHS BIJIbHUX €J1€KTPOMAarHiTHUX
KOJIMBaHb 71

PiBHSIHHS [IUISI aBTOKOJIUBAJILHOI CUCTEMHA 72

PiBHsIHHS 0THOBUMIpHOT XBUII1 74

Pi3auis noreHmanis 87

Pizauns nmorenmianis U, ska BUHHKA€E Ha
KIHIISIX TTPOBIIHMKA 3aBIOBXKKH |, 1110
pyXa€eThes 31 MIBUIKICTIO 0 B OTHOPIAHOMY
Mar"iTHOMY 1oJi 3 iHaykiieo B 195

Piznuns noTenIianis Ha xoogHOMY criai 100

Pobota y ko1 3MiHHOTO cTpymy 112

Po6ota Buxony 99

Pobota ans nepemilieHHs 3aMKHEHOTO
KOHTYpY 31 CTPyMOM y MarHiTHOMY ITOJi
187

Po6oTa cuit eeKTpoCcTaTUIHOTO OIS JIJIS
nepemimieHns 3apsay 85, 138

Po6ota ctpymy 98, 166

Po3x0KeHHS MiXk KIACHYHOIO TEOPI€I0
€JICKTPOTPOBITHOCTI 1 IOCIIiTHUMU
dakxramu 40

Camocriiinuii razoBuit po3psin 51

Cerneroenexktpuxu 30

Cuna Ammnepa 103, 186

Cuna B3aeMO/I1 ABOX MPAMUX, HECKIHYEHHO
JIOBTHX MapajielbHUX MPOBITHHKIB 31
ctpymamu 186

Cuna Jlopennia 104, 186

Cuiia MOCTIHHOTO CTPYMY Y METaJIeBOMY
pOBIAHUKY 94

Cusna nmpuTsAraHHs MIXK JIBOMA IJIACTUHAMH
3apsIKEHOr0 INIOCKOro KoHaeHcaropa 155

Cuna ctpymy93, 165

Cuna, 110 i€ B €EKTPUYHOMY TI0JI1 Ha
OJIMHMUITIO TIJIOIII MEXI1 MOJILITY IBOX
TieJIeKTpUKiB 156

Cuna, 1m0 Ji€ Ha AUMOJIb Y HEOHOPITHOMY
enekTpuyHoOMYy 1ot 137

Cuna, 110 Ji€ HA OJAMHMUITIO IO MTOBEPXHI1
3apsKEHOT0 MPOBITHUKA, OTOYSHOTO
piakuM abo ra3omoAiOHUM JIEICKTPUKOM
155

Cwuiy, 10 JI0Th B €JEKTPUYHOMY 1ol 155

Cucrema piBHsiHb MakcBeria 204

Comnenoin 54

Consiuna 6atapes 45

Crana ®apanes 125

CriliKkicTh puiiMaHHs 78

CroponHi 3apsau 25

Croponsi cwm 32, 97

Ctpymu @yxo 64

Tenebauenns 81

Tenedon 58

Temneparypuuii koedirieHT onopy 95

Teopema I'aycca 119

Teopema I"aycca miist Bektopa B 186

Teopema I'aycca 15t €JI€KTPOCTATUUHOTO
noJist B aienekTpukax 151

Teopist Makcseinia 66

Tepmobatapes 100

TepmoenexTponHa emicis 46

Tepmoonopu (Tepmictopu) 44

Tepmonapa 100

Trnirounii po3psn 51

ToukoBUl eIEKTPUUHUHN 3aps 25

Tpanchopmatopu 68

Tpuenexrponna namna (tpiox) 47
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VY3aranbHena cuiia Jlopeniia 66

VYMoBa 11eabHOCTI T1a3Mu 168

YMoBa CTaTUCTUYHOI PIBHOBAru B Ta3i Mij
4yac HECaMOCTIHHOTO po3psay 168

da30Ba MBHUAKICTh €IEKTPOMArHiTHOT XBUJI1
75

depomarneTusm 62

@Di3UYHMIA 3MICT €TIEKTPOEMHOCTI:

dopmyna s aMILTITYIM Ta pe30HAHCHOT
4acToTH 72

®opmyna Tomcona 114

doTtoenekTpoHHa eMicis 46

dotopesuctopu (hotoomnopu) 44

®poHT XBUJI1 75

XimiuHi pKepena ctpymy 35

XoniBChbKa HapyXeHICTh 61

XoJUTiBChKa MOIepevyHa pi3HUIIS MOTEHITIaliB
186

[Mupkymsiiist BekTopa B MaraiTHoro nois 186

Llupkynsiis BEKTOpa HANpY»KEHOCTI
€JIEKTPOCTATUYHOTO 1oJisa 137

[upkymsiiist BekTopa Hanpyxenocti H202

Hudposi mpunaau 57

Yac npoxoKEeHHS CUTHAITY /10 11 1 Ha3a
80
YyTnusicTh 78

[IIxana enexTpoOMarHiTHUX XBUIb 79
IlynT 36

SIBuiiie ricrepesucy 63

SBuie enexkTpomMarHiTHol iHAYKIIT 28, 64
SIBute 3eecbeka 100

SIBume IleasThe 100

SBumie pezoHancy 72

SIKicThb eNEeKTPOBUMIPIOBAILHUX MPUIAIIB 57
SlkicTb 3ByuaHHs 78
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HaB4yajbHe BUIaHHA

Muxkoua OJgekciioBud MOKJIIOK
AnatoJiid Mukoaaiiopuu CinibBeicTp

3AT'AJIBHA ®I3UKA.
Enexrpuka i MaraeTusm

HapuanbHuii OCIOHUK

PekomeHnioBaHO 10 ApyKy pilieHHsIM BueHoi pagu
BiHHUILIBKOTO JIepKaBHOTO MEAAroriyHOTO YHIBEPCUTETY
iMeH1 Muxaiina KoiroOuHChKOro
[IpoToxon Ne BT 2014 p.
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