MUWHUCTEPCTBO OBPA30OBAHUSI U HAVKU POCCUMCKOUN
®EJEPALIMU

denepanbHOE rOCYJAPCTBEHHOE OIOKETHOE 00Pa30BATENBLHOE YUPEKICHUE
BBICIIETO MpodhecCUOHATBLHOTO 00pa30BaHus

«YJIbAHOBCKMH rOCYyIapPCTBEHHbIN TEXHUYECKHUH YHUBEPCUTED)

C. A. Kypranos, E. H. Menb1ioB

HEPEXO/JHBIE U YCTAHOBUBHINECS PEXKUMbI
B QJIEKTPHUYECKUX U MATHUTHBIX HEIAX

Y 1pIHOBCK
Val'TY
2013



MHWHHCTEPCTBO OBPA3OBAHMS 1 HAVKH POCCUCKOU ®EJIEPALINN
denepanbHOE TOCYIAPCTBEHHOE OOKETHOE 00pa30BaATEIbHOE YUPESIKICHHE
BBICIIIETO TIPO(ECCHOHATTLHOTO 00pa30BaHus

«YJIbAHOBCKMH rOCYyIapPCTBEHHbIN TEXHUYECKUH YHUBEPCUTET)

HEPEXO/JHBIE U YCTAHOBUBHINECS PEKUMbI
B QJIEKTPHYECKUX U MATHUTHbBIX HEIAX

Meroanueckue ykazaHus
K JJAOOpaTOpHBIM paboTaM
10 TEOPETUYECKUM OCHOBAM JJIEKTPOTEXHUKHU

CocraButenu C. A. Kypranos

E. H. MenbmioB

Y ILIHOBCK
Val'TY
2013



VIK 621.3: 621.372 (076)
bbK 31.21 a7
M54

Peuenszent n.1.H., mnpodeccop, 3aBenyrouuil  KadeAapoil «DIEKTPONPUBOT U
ABTOMATU3aLMs TPOMBILUIEHHBIX YCTaHOBOK» Yl TY B. H. JIMurpues.

Ono0peHo CeKIMe METOMUECKUX MOCOOUH HaydYHO-METOJUYECKOTO
COBETa YHHUBEPCHUTETA.

M54 [lepexoaHble U YCTAaHOBUBILIHUECS PEXHUMBI B NEKTPUUECKUX U MArHUTHBIX LEMAX:
METOJIMYECKHE YKa3aHUs K J1abOpaTopHbIM padoTaM MO TEOPETHYECKHMM OCHOBAM
anektporexaukn / Coct. C. A. Kypranos, E. H. MenbmoB — Yiesunosck: Yl TV,
2013.-40c.

MeTtonuueckue ykazaHus MpeJHa3HAYEHbl IS CTYACHTOB, OOYYarOIIMXCS IO
HampaBJIeHUIO ToAroToBKM  OakamaBpoB  140400.62  «DOnexkTpol’HepreTuka |
ANEKTPOTEXHUKA» — MNPOPMI0 «INEKTPOCHAOKEHHE» U  «DIEKTPONPUBO U
aBTomatukay. OCHOBOM 1 METOAMYECKHMX YKa3aHMM MOCIYXWJl COOpHHUK
nabopaTtopHbIx paldoT, u3gaHHbld Ha kadeape B 2006 roay AJisi COOTBETCTBYIOIIMX
WHXEHEPHBIX chenuanbHocTeil. OTpenakTUpoBaHbl M BKJIIOYEHBI B HACTOSIIUE
yKa3zaHusg paboThl MO CIEAYIOUIUM pa3zesiaM: HECUHYCOUIaJbHbIe TOKU, IEPEXOIHbIE
MPOLIECCHI, YETHIPEXTOIIOCHUKN U (UIBTPhI. J(OMOJHUTENBHO H3JIOKEHA padoTa 1Mo
UCCJIeIOBAaHUIO MarHUTHBIX IIeTei.

MeTtonuueckue ykazaHus MOATOTOBIICHBI HAa Kadeape « INeKTPOCHAOKESHHEY.

YuebHOe u3naHue
IMEPEXOJHBIE 1 YCTAHOBUBHINECS PEXXUMBI
B SJIEKTPUYECKNX U MATHUTHBIX HEITAX
MeToanveckue yKa3aHus
K JTaOpaTOPHBIM padOTaM MO TEOPETUIECKAM OCHOBAM JJICKTPOTCXHUKH
Cocrasutenn: KYPITAHOB Cepreit AnekcanapoBud
MEHBIIIOB Errennii HukomaeBuu
Penakrop H. A. EBnokumoBa
IToamucano B meuats 2013 r. ®opmat 60x84/16.
Venmeuar.  Tupax 100 sk3. 3aka3
VY bsSHOBCKUH rOCYJapCTBEHHBIN TEXHUUECKUM YHUBEPCUTET
432027, Yaesaosck, Ce.Bener, 32.
Tunorpadus YnlI'TY, 432027, YaesHosck, Ces.Bener, 32.

VK 621.3 (076)
BBK 31.21 517

© C. A. Kypranos, E.H.Mensb1o0B, cocraBienue, 2013
© Odopmnenne Yal'TY, 2013

2



BBEJIEHUE

JlabopaTopHbie paOOThI SBJISIFOTCS Ba)KHBIM BUJIOM 3aHATHUM ISl OCBOCHUS
muciuiInHael - «TeopeTndeckne  OCHOBBI  DJIGKTPOTEXHUKAY.  3amadamMu
7a00paTOPHBIX 3aHATUM SIBISIOTCS: OCBOCHHE TEXHUKHU AJIEKTPOTEXHUUYECKOTO
AKCIEPUMEHTA, 00yUEeHHE IPaMOTHOMY O(POPMIICHUIO PE3YIbTaTOB U3MEPEHHU,
IpaKkTUYecKasl MpOBEpKa MOJIOKEHUM, U30KEHHBIX B TEOPETUUYECKON YacTH
Kypca B MPUOOPETCHHNE HABBIKOB PaOOTHI ¢ TIEPCOHAILHBIM KOMITHIOTEPOM TPHU
UCCIIEIOBAHUU U 00pabOTKE PE3yIbTaTOB KCIIEPUMEHTOB.

Hacrosiumuii  cOOpHHMK COAEPKUT METOAUYECKHE YKa3zaHUd K S5-TH
nabopatopHbiM pabotam: «HecuHycouganbHble TOKM W HANpsSKEHHUS B
JMHENHBIX 3JIEKTPUUYECKUX 1ensix», «VcciaenoBanue nepexoaHbIX MPoOLECcCOB B
JUHEHHBIX SJIEKTPUYECKHX Mermsax», «lccraemoBaHne TACCHUBHBIX JIMHEHHBIX
YEeTBIPEXTONIOCHUKOBY,  «MccnenoBanue  QuibTpa  HUKHUX — 4acToOTy,
«MccnenoBanre MarHUTHBIX 1ieniei». I1opsiok BeIMOIHEHUS pabOT BEIOUpAETCs
MpernojaBareyiieM, y KOTOPOTO €CTh BO3MOXHOCTb COTJIACOBaTh HX C
JEKIIMOHHBIMA W TIPAKTUYECKUMH 3aHATUSIMH B COOTBETCTBUM C paboueit
MporpaMmMoi, MockoybKy J1abopatopun TOD MO3BOJISIOT MPOBOJUTH 3aHATHS
(pOHTAILHBIM METOOM.

JlabopaTtopHbie paOOThI BBINMOJHAIOTCA OpHUrajaMu B COCTaBE JABYX—TPEX
ctynentoB. Ilepen mpoBeneHreMm J1a0OpaTOPHBIX PabOT CTYAECHTHI JOJIKHBI
OBITh IPOMHCTPYKTUPOBAHBI 0 O€30MacCHBIX MpaBmiax padoTel. MHCTpyKIMU 1O
0€30MacHOCTH HaxoJsATcsl B Jiaboparopusix. Hiubke KpaTko H3JIO0XKEHBI MX
OCHOBHBI€ MOJIOKEHUSI.

Otuer mno naboparopHOM pabOTe COCTaBISCT KAXKIABIA CTYJCHT.
TpeGoBanust Kk 0GOPMIICHHIO OTYETa M3JI0KEHBI B KOHIE cOopHuKa. [ns
MPOBEJICHUS CIEAYIOIEH paboThl TpeOYyeTC sl 3aIUTUTh OTYET MO MPEIbIAYIIeH
pabote. TonpKO TOCIIEe cAauM OTYETA CTYJIEHT JOIMyCKaeTcsl K HOBoM padore. B
KOHIIC OIHCAHMS KaXI0W JsabopaTopHON pabOThI MMEIOTCS KOHTPOJbHBIS
BOIIPOCHI, KOTOpBhIE JAlOT BO3MOXHOCTh CTYACHTY TOATOTOBUTHCA K

mpeACcTosIIeH paboTe U 3alUTe OTYeTA.



MPABWJIA BE3OINACHOM PABOTHI B TABOPATOPUAX

JlaGopatopui ~ TEOPETUUYECKUX  OCHOB  DJIEKTPOTEXHUKH  Kadeapsl
«INEeKTPOCHAOKEHHNE» OTHOCATCS K MOMEMICHUSIM 0€3 MOBBIIIEHHONW OMACHOCTH
MOpaXEHUSI TOKOM. be3onacHbIM B 3TOM CiIy4yae CUMTAETCs HampshKeHUe 110 42
BOJILT. Paboune HampspKeHHs B 1aOpaTopusix He Bbile ykazaHHOTO. [Ipu sTom
npaBuia 0e30macHoO paboThl CIEAYIOINIHE.

1. Ilepen HauasoM COOpKM ILeNu CleayeT YOeauTbCs B TOM, YTO
BBIKJIFOUATENh CTEH A HAXOIUTCSA B OTKIIFOUEHHOM COCTOSHUMU.

2. He pomyckaercs HCIOJB30BaHUE MPUOOPOB M ammapaTroB C
HEUCITPaBHBIMU KJIEMMaMH U MPOBOJIOB C MOBPEKICHHON U30JISIIUEH.

3. Ilepen TeM Kak MPUCOEAMHHUTH KOHACHCATOP, €ro HEOOXOAMMO
peABapUTENIbHO Pa3psAInuTh, 3aMKHYB BBIBOJIbI HAKOPOTKO MTPOBOJIHUKOM.

4. CoOpanHas 1enb AO0MKHA ObITh MPOBEPEHA MPENoJiaBaTelieM U MOXKET
OBITH BKJIFOUEHA TOJIBKO IO €T0 pa3pelieHUIO.

5. Ilepexn BkiIIOYEHHMEM LENMU CileAyeT YyOeIuTbCs, YTO HUKTO HE
MIPUKACAETCS K OTOJICHHBIM TOKOBEAYIIMM YaCTSIM.

6. Bce HeoOXonnmble U3MEHEHHS B CXEME HYXKHO MPOU3BOAUTH TOJBKO
MIpU OTKIIOUCHHOM HampspKeHWH. U Bcskoe M3MEHEHHWE B IEMU JTOHKHO OBITh
IPOBEPEHO MPENOIABATEIEM.

7. CTyieHTaM He pa3peliaeTcsi CaMOCTOSITENbHO TPOU3BOAUThH KaKUe-Tuoo
MEPEKIIFOYEHNUSI Ha paclpeeIUTEIbHOM IUTE 1a00paTOPHUH.

8. Ecimu Bo Bpemsi paOOThl BO3HUKAET KaKOE-TMOO TOBpPEXKIEHUE, B
pe3ylibTaTe KOTOPOTrO TMOSBISETCS AbIM, CHEHU(pUYECKUN 3amax Wi
HAKaJAIOTCS TMPOBOJA, TO HAJM0 HEMEIJEHHO OTKIIOUHUTh HaIpshKeHUe |
COOOUIUTH MPENOIABATEIO O CIyUYHUBIIEMCS.

9. Ecnu kT0-1160 momnai noJi HanpsKeHWe U He MOYKET caM OTOPBATHCS OT
TOKOBEIYIIMX YacTei, TO He TMbITaliTeCh OTTauMTh ero. HememienHo
OTKJI0unTE HanpspkeHue. CooOIuTe MpenoaaBaTeNio O CIIyYMBIIEMCHS.

10. CryaenTtsl pgomyckaroTca K paboTaM TOCIE€ O3HAKOMIJIGHHS C
NHuctpykiueii mo 6e30macHoi padoTe, KOTopasi HaXOUTCs B JIAOOPATOPUH, UTO

(duKcupyercs B CrielMaIbHOM KypHaJe.



JlabopaTopHas padora Ne 1
HECUHYCOUJAJIBHBIE TOKU U HAIIPAKEHU S
B JIMHEHWHBIX DJIEKTPUYECKHUX LEISX

1. OcHoOBHBIE I0JI0KEHUS

DJIEKTPOTEXHUYECKOE 000pYJI0BaHKUE, KaK IMPABHIIO, PAaCCUUTHIBAECTCS Ha
CUHyCOHuJaIbHOe HampsbkeHne. Ho u3-3a BIMSHHS pa3IUUYHBIX HCKAXKAIOIINX
(GakTOpoB  pealibHble TOKM W  HANPSKEHUST MOTYT  OTJIWYaThCsl  OT
cuHycouganbHbix.  Kpome  3TOro, HECMHyCOUJAIbHBIE  HAMNPSHKEHUS
(IpsIMOYTOJILHOM, TPEYroJIbHOM U APYrux (opM) IIUPOKO HCIOJIB3YIOTCS B
peoOpa30BaTEeIbHON TEXHUKE U AJeKTpoHuke. [loaToMy HEoOXOaUMO yMETh
aHAJIM3UPOBATh CXEMBbI MPU HAJIMYWUU B HUX TAaKUX TOKOB U HAIPSOKCHUH.

Ecnu snextpudeckas 1enb SBISETCS TUHEHHON (apaMeTphl €€ 2JIEMEHTOB
HE 3aBUCSAT OT BPEMEHHU, HAIPsDKEHHS, TOKa), TO JJIsI aHaJM3a IPOIECCOB B
TaKOM IIEMM MOXKET MCIOJIb30BaThCd TapMOHUYECKUH METOJ, COTJIaCHO

KOTOPOMY nepuoudecKas HECUHYCOHIaIbHAs byukius f(wt),

YJIOBJIETBOPSAIOIIAs yCIOBUAM Juprxiie, MOXKET ObITh pasiioxkeHa B psi Dypeoe:

o0 Q0
f(an)=Ay+ D B, sinkawt + > C,i coskar, (1.1)
k=1 k=1
rne 40~ mocrosmmas cocrapmsromas; K =12~ nomep rapmonmueckoii

s
cocrapisiromieir; @ = 2?‘ 4acToTa OCHOBHOW (TiepBOii) TrapMoHUkKH; T —
nepuoj; PyHKIUU f (). OTmeTnM, YTO MOCTOSIHHAS COCTABIISIONIAS WHOTAA
HAa3bIBACTCSA H)Y1€80U 2APMOHUKOU.

Hpyras gopma psiga @ypbe UMeeT BU:

f(ot)= A4y + zAmk sin(kot +py, ). (1.2)
k=1

Mexny BoipaxkenusimMu (1.1) u (1.2) umeeTcst CBsI3b:

2 2 . C
Ay =B +Cooes tgok = ’”Z : (1.3)

m

)



Cocrasnsomas Amk SNAO! +@r)  yasppaeres capmonuroi. Tipy K =1

MBI IMEEM TepBYI0 (OCHOBHYIO) rapMOHMKY. Eciu aHanmuTuueckoe BhIpakeHHE

ynxuu f(wrt) U3BECTHO, TO KO3 duimeHTs! psiga (1.1) MoryT ObITh HAWIEHBI

o opMynam:

27 27:
1 j f(ovdt; B, =— j £ (ot)sin kotd (ot)
27 Ty
2n (1.4)
Coy = — j £ (ot) cos kot(dr).
0

Ecim ananuTudeckoe Boipakenne (yHkuuu J (@) ABIAETCS CIOKHBIM
(WK OHO HEW3BECTHO), HO HU3BECTeH rpaduk 3ToM (PYHKIHUH, TO MOXKHO
UCIIOJIb30BaTh rpaduyeckuii MeToa omnpenesneHus KodhUuIiumeHToB psaa
®ypbe. OH OCHOBBIBAETCA Ha pazdueHuu rpaduka GyHKIMU Ha N UHTEPBAJIOB,
Ha ONpeJieNICHUU 3HaUeHU QYyHKIUU B CEPEAMHE Ka)XX0T0 HHTEpBajia U 3aMEHe
WHTErpajga CyMMOM KOHEYHOro 4Mcia ciaraembix. [Ipu stom xosdduireHTs

HpI/IHI/IMaIOT BUJ

2 N

= LS 0% Bk = 2 Sy sinks Cog = > . fpeosks (1.
p 1 p 1 =

rac N — u4ucio HHTCPBAJTIOB AX, xp’fp(x)_BHalleHI/IH COOTBCTCTBCHHO

apryMeHTa U (QYHKIMM B cepeauHe uHTepBana p(p=1,2,3...); k = qucno

rapMOHHUK.

Ecomun  ynkums f(at) CUMMETPHYHA OTHOCHUTEJILHO OCH alCIHCC, TO
O0OBIYHO UCIIOJIB3YETCS €€ PA3JIOKEHUE Ha POTSHKEHUHU MMOJIOBUHBI EPUO/IA.

[Tocne onpeneneHus TApMOHUYECKUX COCTABIAIOIINX psiga Dypbe MOKHO
HCIOJb30BaTh NPUHIIAN HAJIOXKEHHS JUISI pacueTa TOKOB W HaNpSHKCHUU B
UCXOJHOW CXE€M€ TIpU BO3JCWCTBUM 3aJaHHOTO  HECHHYCOHUJAIBHOTO
BO3JICMCTBUS. DTO CIPABEAJIMBO JJIsl JUHEWHOM LIETIH.

Takxe OTMETUM, 4YTO [ICUCTBYIOIIEE 3HAYEHHE HECUHYCOUIAIBHON
bynkuun (1.2) omnpenensercs yepe3 JACHCTBYIOIIME 3HAYEHUS TapMOHHK

(BKJIFOYAst HYJIEBYIO TAPMOHHUKY) CIEAYIOIUM 00pa3oM:



Fe|Ad+ AR+ 43 +..+ 42 (1.6.)

2. Heab u 3apa4u J1a00PaTOPHOI PpadOTHI

[lenpto paOoOTHl SBISETCS O3HAKOMIIEHHE C METOAaMHU HCCIEIOBaHUS
JIMHEMHBIX JJIEKTPUYECKUX LEMel IOJ BO3JACUCTBUEM HECUHYCOUTAIBHBIX
TOKOB U HaIlPsSKEHUM.

3agaua 1. IlomydyeHrne HECHHYCOMAATBHOTO HAIPSKEHUS C IOMOIIBIO
71a60paTOPHOro 00OPYAOBAHUS U TPOBEACHUE HEOOXOAUMBIX U3MEPEHHUIA.

3anaua 2. PazyioxxkeHue NOJYy4YeHHOM HECHHYCOMAAIBLHOW KPHUBOW B Pl

®dypbe U TPOBEJCHUE HEOOXOUMBIX BHIYUCIICHUH.

3. IocaenoBaTEJbHOCTH BINOJHEHUS PA0OTHI

1. CoOpathb 2JIEKTPUYECKYIO II€Th corjacHo puc. 1.1 mocrne omnpeneneHus
CONPOTUBIICHUS  pe3ucTopa R ¢ 1nomompbr  ommerpa. HMcTouHuk
HECHHYCOMJIAJIbHOTO HANpPsDKEHUS MPENCTaBIAeT CcOOOM TMOCIeq0BaTEIbHO
COCIMHEHHBbIE MCTOYHUK CHHYCOMJAQJIBHOTO HampsbkeHuss u  auon. OH
pacIoyioKeH BHYTPHU CTEHJla M UMEET BbIXOAHBbIE 3axkumbl 1 m 2. YactoTa

BXOJIHOT'O HampsibkeHus paBHa S0 I'm.
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2. N3meputhb clIeayroInue BEIWMYMHBI. AaKTUBHYIO MOIIHOCTH P,

nericteytomee Uy u cpennee Uy, 3HAYCHHUS HANPSIKCHUSA HA MHIYKTUBHOCTH
(c mMoMOILIBI0 BOJBTMETPA), a TAKXKE€ MaKcHUMaiabHOE 3HaueHue U, 3TOro

HAIIPpSAKCHUA U ,Z[eﬁCTBYIOLLIGC 3HaueHue Toka [B 1enu. Bce PE3YJIbTAThI

3aHecT B Tabnuiy 1.1.



3. CKOHI/IpOBaTB KpPHBBIC BBIXOJHOTI'O HaIIPAKCHUA HCTOYHHKA,
HalIpsPKCHUA Ha HWHAYKTHUBHOCTM MW TOKa B ICIIH (OCI_H(IJ'IJ'IOFpaMMa TOKa
CHUMACTCA 110 HAIIPSKCHUIO Ha pCSI/ICTOPG).

4. HWcnonws3yst pe3ynabTaThl HU3MEPEHUM, Omnpeaeautb Kod3ppuumueHT

U
— " xoapdunueHt GopMbl Ky = —L HaIpsHKCHUS

Lep

aMIIUTY bl K, =

Ha KaTyIIKe WHIYKTUBHOCTH. Pe3ynbTarsl 3aHectu B Tabimiy 1.1.

Ilpumeuanuel. /leucmsyroujee 3snauenue usmepsaemcs 31eKmpOoHHbIM G0TbIMMEMPOM 8
pedxcume UMepeHus NepemMeHH020 HANPAJiCEeHUs, a CpeoHee — 8 pedicume UIMepeHuUsl
nocmosinno2o Hanpsicenus. Ilpu onpedenenuu Oeticmgyrowe2o 3Ha4eHus HeobXo0UMO

umems 6 8UAY, 4Mo B0JbMMemp usMepsiem oelucmayujee 3Ha4eHue moabko nepemMeHHou
cocmasnsaoweli — nod koprem 6 opmyae (1.6) omcymemeyem nepeoe ciazaemoe Ay .

Ilpumeuanue 2. Ilpu onpeodenenuu amniumyoHO20 3HAYEHUS HANPANCEHUS MONCHO
B0CNONL308AMBCA  OCYUTLIOZPAGDOM, HO  npeodeapumenvbHo  HeoOX0OUMO e2o
omepadyupoeams, Nno0a8 HA 6X00 CUHYCOUOAIbHOE HANPANCEHUe, YMO N0380151em
UCNONIb308AMb  NPOCHOE COOMHOUWIEHUE —MedNHCOYy  AMIIUMYOHLIM U OeUCMmBYIUUM

3HAUeHUAMU HANPAAHCEeHUsl (NOCIeOHee USMEPSAEMCs B0TbIMMEMPOM,).

5. Pa3noxuth KpUBYIO HANPSLKEHUS HA WMHAYKTUBHOCTU B psn Dypwe.
OrpaHu4yuTbCsl TEMU TAPMOHHMKAMH, AMIUIUTYABI KOTOPBIX cOCTaBisitoT 10 u

0oJiee MPOIICHTOB OT IMMOCTOSTHHOM COCTABJISIOIICH.

'
6. Paccuurath CPpCAHCC 3HAYUCHUC HAIIPAKCHUA U Lep; I[@ﬁCTBYIOH.IGC
b

'
3HaueHHE HanpspkeHus U, yduTsIBas MOCTOSHHYIO COCTABIISIOLIYIO U IIEPBYIO

"
IrapMOHUKY, I[GﬁCTBYIOIJ.[CG SHAUYCHHUC HAIIPAKCHUA U [, YdUTbIBass BCC

paccurTaHHble rapMOHUKH. Pe3ynbraTel 3aHecTu B Tabnuiy 1.2.
7. CpaBHUTH pPE3yIbTATHl BBIUMCICHUM MO MPEABIAYIIEMY IIYHKTY C
DKCIIEPUMEHTAIBHBIMA ~ JaHHBIMU. OIpenenurs Iph 3TOM MOTPEIMIHOCTH

BBIYUCJICHUS CPCAHCIO 3HAYCHHA 56‘ , BBIYMCIJICHUA ,Z[CI\/’ICTBYIOH_[I/IX 3HAUYCHUM

U; (morpemHocts &) u Uj (morpemHocts o ). Pe3ynbraTel 3aHecTd B

tabauiy 1.2.



8. PaccuuMrarh IOCTOSHHYIO COCTaBJAIOLIYI0 TOKa [(); AaKTUBHYIO
MOIIHOCTb Fy, 00yCIIOBIEHHYIO MOCTOSHHBIMU COCTABJISIFOIIMMH HAIPSHKECHUS

Y TOKA; MOJIHYIO MOIIHOCTE S . Pe3ynbraTsl 3aHecT B Tabnuiy 1.2.

9. HauepTuTh KpHUBYIO HANPSDKEHHUS Ha MHIYKTUBHOCTHU u(f) TO €€ psiay

Dypse.
Tabmuma 1.1
P, I, K K
Uy, Uch , Uim , a, ¢
Bt A
Tabmmma 1.2
U'ch, U'L, UL Sep Y 5"% 5"’% Iy, R, S,
B B B A Br B-A

4. KOHTPOJIbHBIE BONPOCHI

1. 3anumute a8e Gopmel psiaa Dypbe U GOpPMYIbI, OTPAKAIOIINE CBSI3b
MEXIY HUMH.

2. YTo 03HaYaeT TEPMHUH «TAPMOHHUKA»?

3. Kak MOXHO paccyuTaTh TOKM B JIMHEWMHOW LIENH ITPU BO3JICUCTBUH HA €€
BXOJ, HECUHYCOUJAJIBHOTO HAIIPSIKEHNS ?

4. ITo xako¥ (opmyJie BEIYUCIAETCS JEUCTBYIOIIECE 3HAUCHUE HATIPSKECHUS
IpY HECUHYCOUIAIbHOM hopMe BO3AEHCTBUSA?

5. Kak HaWTH cpegHee 3HAUYEHWE HaNpSHKEHHUS MPH HECHUHYCOUIAIBHOMN
dbopMme Bo3eicTBUSA?

6. Jlisg menu, cxemMa KOTOpPOMl MPUBEAEHA HA PUCYHKE HMXKE, HAWJIUTE
MOKa3aHWe aMmiiepMeTpa (OH H3MepseT ACHCTBYIOIIEE 3HAYCHUE TOKa) MpH
CICAYIOIUX JaHHBIX: u(t) =100+ 80sin(wt) + 40sin(2awt)B, R =100wm,
C=100 Mmx®, L=0,1T" f=50Tm.



JlabopaTopHas padora Ne 2
UCCIUEJOBAHUME NEPEXOJAHBIX ITPOLHECCOB
B JIMHEHWHBIX DJIEKTPUUYECKUX LEMSX

1. OcHOBHBIE TeOpeTHYECKHE MOJT0KEHUS

B IMHENHOW 3JIEKTPUYECKOU LIENH, COACPIKAIIEH PEAKTUBHBIC AJIEMEHTHI,
MIPU NEPEXOE OT OJTHOTO PEKHUMA K IPYTrOMY BO3HHUKAET MEPEXOIHBIN MTPOLECC,
XapakTep W UIATEJIBHOCTh KOTOPOTO OMNPEACNSAETCS TOMOJIOTHEH CXEMBbl H
MapamMeTpaMu JJIEMEHTOB. TOKM W HaIlpsHKEHUWS HA yYacTKax IENHu IMpH
MEPEXOTHOM MPOIECCE U3MEHSIOTCS HE MTHOBEHHO, a T10 CJIOKHBIM 3aKOHAM.

[IepexonHble TPOLIECCH B JIMHEWHBIX MEMAX OIMUCHIBAIOTCA CHCTEMOM
JUHEUHBIX UHTErpo-AudPepeHuanbHbIX YpPaBHEHUM, COCTABJICHHBIX IIO
3akoHaM Kupxroda. AHaiIM3 MEpeXxoJHBIX MPOIIECCOB CBOIAUTCA K PEIICHHUIO
3Tux aud@epeHmanbHbIX YpPaBHEHUM M OCHOBBIBAETCS HA JABYX 3aKOHaX
KOMMYTaI1H.

[lepBbIii 3aKOH KOMMYTAllMd YTBEPKAAET, YTO B BETBU BJIECKTPUUECKOU
ey C KaTylIKaMM HMHAYKTUBHOCTM TOK W MArHUTHBIA TIOTOK HE MOTYT
W3MEHUTHCS CKAYKOM, B MEPBBIM MOMEHT MOCJIE KOMMYTAIlUM OHU COXPAHSIOT
T€ 3HAYCHMSI, KOTOPHIC UMEJIU O KOMMYTaIIUH.

CoriacHO BTOPOMY 3aKOHY KOMMYTAIlMd HaNpspKEHWE Ha OOKJIaIKax
KOHJICHCATOpa W €ro 3aps]l HE MOTYT U3MEHHUTHCSI CKAYKOM, B MEPBBI MOMEHT
MOoCJ€ KOMMYTAIlMM OHHU COXPAHSIIOT TE€ 3HAYEHHS, KOTOPbIE HMMEIH [0
KOMMYTAIWH.

[Ipu nonkmroueHnn koHjaeHcaropa C dyepe3 pe3ucTop R K HCTOUYHUKY

IMOCTOSHHOT'O HAIIPSAKCHUA UO HaIIPpsKCHHUC HaA 06KHaI[KaX KOHICHCATOpA

N3MCHACTCA 110 ITOKA3aTCIIBHOMY 3aKOHY:

t

u (t)=U, - 1—e k¢ |, (2.1)

d TOK UBMCHSCTCA B COOTBCTCTBHUHU C BBIPAKCHHUCM:

t t

Yo re _ "RC
l(t)—F-e =1, e . (2.2)
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HpOI/ISBCI[CHI/IC RC:T, HMCIOIICC PasMCPHOCTb BPCMCHH, HA3bIBACTCA

NOCMOSIHHOU 6peMeHU W XapaKTEPU3YeT CKOPOCTh IMEPEXOJHOr0 Mpoliecca.
UYepes Bpems [=7T HalpsOKeHUE Ha  KOHJIEHCATOpE BO3pacTaer  Jio

u, =0,63Up, aTOK yMEHbIIAETCA B epas (=7

[lenb, cocrosimias W3 KaTyIIKM WHAYKTUBHOCTU L u pe3uctopa R, mpu
MOJKIIOYEHUN K MCTOYHHKY TTOCTOSSHHOTO HANpsDKEHUsI BEAET ceds Io-

Apyromy. Tok HE MOXXET U3BMEHUTHCSI MTHOBEHHO U HapacCTacT I10 3aKOHY:

. _ UO _5[
l(f)—?' l-e’® | (2.3)

4 HAIPAKCHHUC Ha KAaTYIIKC HWHAYKTHBHOCTH Y6BIBaCT B COOTBCTCTBHU C
BBIPpAKCHHUCM.

_R,
u()=U,-e . (2.4)

CKOpOCTB MNePpexoaHOro Iponecca B TaKoOM ILieNu OoIIpeCaACIIACTCA MMOCTOSIHHOM

L
BpPCMCHHA R-

HpI/I MOAKIHYCHUHN PC3UCTOpPA, KATYIIKH HHAYKTUBHOCTH U KOHACHCATOPA,
COCAMHCHHBIX ITOCJICAOBATCIIbBHO, K UCTOYHHUKY HAIIPSKCHUS e(t) HepeXOI[HBIﬁ

MPOIECC OMUCHIBAETCSI BTOPHIM 3aKkoHOM Kupxroda:

di 1%
R-i+L—+—-|i-dt+u.(0)=e(t), 2.5
i+l c({’ e (0) = e(t) (2.5)

rae u. (0) — HaIIpsKCHUC Ha KOHACHCATOPC B HayaJbHbIA MOMEHT IEPCXOaHOTO
npoiiecca.

[Ipu paspsae nOpeaBapuTEIbHO  3apsHKEHHOTO  KOHJEHcaTopa Ha
AJIEKTPUUECKYIO LIEMb, COAEPIKAILYIO TOCIEI0BATEIbHO COEIMHEHHBIE PE3UCTOP
N KaTYIIKY UHOAYKTHUBHOCTH, HGpGXOI[HBIfI MponueccCC ONMUCHIBACTCA YPABHCHUCM:

2. :
ﬂ+£-ﬂ+i-i:0. (2.6)
dt2 L d LC

XapaKTepI/ICTI/I‘ICCKOG YPAaBHCHUC, COOTBCTCTBYIOIICC

muddepeHnaIbHOMY YpaBHEHHUIO (2.6), uMeeT BU:

11



pPiRpi oy 2.7)
L LC
Kopuu xapakTepucTruueckoro ypaBuenus (2.7)
2
Roy=—mop [ R (2.8)

2L \ 472 LC

MOTYT OBITh BEIIECTBEHHBIMHU, KPATHBIMH WJIH KOMIUIEKCHO-CONPSDKEHHBIMHU B
3aBUCUMOCTH OT ITapaMETPOB JIEMEHTOB.

R 1 L
[Tpu —_—— i R>2 |— (2.9)

412 LC C
KOPHH XapaKTEPUCTUYECKOTO ypaBHEHUs OyIyT BEIICCTBEHHBIMU, PAa3HBIMH,
OTpUIIaTeNbHBIMUA. Takoil Tporecc pa3psaa KOHJEHcAaTopa Ha3bIBACTCs

anepuoouvecKum, a yCIoBHe ero BOSHUKHOBEHUSI OyAET

R>Rl<p = 21/%.

Pemenusa nuddepenimansHoro ypasHeHus (2.6) 3anuuryTcsi B BUJIe:

i(t)zuc—(o)-(e”‘t —ef"), (2.10)
L(P, - F)

. u (O) t t

i(t)y=—S——-(Pe" —PRe™), (2.11)
(R-R) ° 1

_ u, (0 . .

0 =Tf;1)-<ae“ ~per). (2.12)

IIpu R<R,, KOpHH XapaKTEPUCTUYECKOIO YPaBHEHHUS — KOMIUIEKCHO-

COMPSIKEHHBIE, a TIPOIIECC pa3psiia KOHAEHCATOpa HA3bIBACTCS KO1eOAmelbHbIM.
Pemienust nuddepeHmaibHOro ypaBHEHUsSI NPU  KOMILIEKCHO-COMPSHKEHHBIX

KOpHAX UMCHOT BU:

i(t):uc—,(o)-eﬁt -sin ®'?, (2.13)
oL
i,.(t) = —u,(0)- % e P! sin(w't — 0), (2.14)
i (1) = 1 (0)- 22 e P sin(w't + ©), (2.15)
(€Y}
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rae B=—o'=

ITpu R=R,, mNOay4aeTcs NpPEIEAbHBIM  alepUOJUYECKUN  paspsi,

Ha3bIBaCMbIN Kpumu4deckKum.

2. Heab u 3a1a4n padboThbI

[ens nabGopaTopHOW pabOThl — SKCHEPUMEHTATBHOE U TEOPETHUYECKOE
UCCIICIOBAHUE TIEPEXOJHBIX TMPOIECCOB B  DJIEKTPUUYECKUX  IEMSAX C
COCpPEIOTOUCHHBIMU TTapaMeTpamu.

3amadya pabOThl — W3YYEHHE XapakKTepa MEpPeXOJHbIX IPOLIECCOB B
ANEKTPUUYECKUX IIEMSAX MEPBOr0 U BTOPOTO MOPSIKOB M BIUSHUS MapaMeTpPOB

AJICMEHTOB IIETTH Ha XapaKTep IMepeXxoTHOro Mporiecca.

3. Onucanue yCTAHOBKH

[IpyHIMNIMaTbHAST CXEMa YCTAaHOBKHM IpuBEAcHA Ha puc. 2.1. YcraHoBka
coctouT u3 ucrouynuka nutanus (UII) U, AByXMO3UIIMOHHOTO 3JIEKTPOHHOIO
kmoda (OK) um Habopa snemenTtoB. I[locTossHHOE HampshkeHHE HEO0OXOIUMO
n3MepsTh Ha kKiemMax 1-2. HaGop anementoB R,L,C mo3BojsieT coopaTh IEIb
MEpBOr0 M BTOPOrO TMOPSJAKOB C PAa3IUYHBIMU [apaMeTpamu, 4YTO JaeT
BO3MO>KHOCTh UCCIIEIOBATH XapaKTep MIEPEXOTHOTO npoiiecca
AKCIEPUMEHTAIBHO — Ha J3KpaHe ocuwuiorpada. OJIEKTPOHHBIN KIIIOY
IPOU3BOAUT MEPEKIIOUeHUs KoHAeHcaTopa ¢ yactotoi 50 I'u. Takum oGpazom,

IUTUTEIIBHOCTD MEPUOAA «3apsia — pa3pan» cocrasisaeT 0,2 c.

4. ITopsaoK BHINOJIHEHUSI PA0OTHI

1. CoOpaTh »>IEKTPUYECKYIO LIEMb IEPBOr0 MOPSAKA, COIAEPIKAIIYIO

pesuctop R u koHaeHcarop C (puc. 2.1) s uccienoBaHus 3apsjaa U paspsaa

KOHJICHCATOPA: U, .. (); imp,m ®); U paspin (); icp%pm (t).
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D

Puc. 2.1
KpI/IBBIe N3MCHCHU Hal'IprKeHI/I}I N TOKa CKOHI/IpOBaTB C 3I<paHa

ocimuuiorpada. IlpoBecTn pacueT KpUBBIX TI0 3aJlaHHBIM  TapaMeTpam
R,C.E,, UCIIOJIB3YSl Clieaytomue popMyIbl:

-t -t
E, -

()= Ey| 1= | s (1) =+ €"C

uc3ap;1)1

=t E —t

ucPa3pﬂ,u(t):EOeRC; icPasp;m(t):_?O.eRC .
2. CoOpaTh DJIEKTPUYECKYIO II€Ib IE€PBOTO TOPSAKA, COJACPKAIIYIO
pe3ucTop R W Karymky HMHAYKTUBHOCTH L (puc. 2.2) nns uCCledOBaHUS

IMpOoHeCCOB IIPHU BKIIIOYCHNUN U OTKIITOYCHUH ITOCTOAHHOT'O HCTOYHHKA.

Puc. 2.2.
KpuBble W3MEHEHHS TOKa W HamnpsukeHus i, . (¢) u,(t)BKL;i, () e

CKOIIMPOBATb C OKpaHa ocummorpa(ba. HpOBeCTI/I pacucT I10 3aAdHHbIM

mapamerpam % Ls Eo | peronesyst crenyromtie popmybr:

) E() %r %r
ZLBKH(ZL):? l-e ) U, &) =E,-€ ;
) E —R, —R,
lLoTK(t):?OeL ; Upor () =—E,-e" )
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3. CobOpath anexkrpuueckyto nenb RLC BToporo mopsiaka (puc. 2.3) ms
UCCIEAOBaHUS  allepHOJUYECKOr0,  KPUTUYECKOIO M KO0JIeOATEIbHOTO

IMpoHecCCOB.

v

u(t)

i)

=]

Puc. 2.3
3anucaTth mapameTpbl 37eMeHToB uenu (R,L,C). CxonmupoBaTh C 3KpaHa
ocumiiorpaga KpuBbIe: u,,, (t); ucKp(t); U ko (t); uLAnep(t); Innep (1) |
4. Paccuutatpe 1o ¢opmyram (2.10) u (2.13) kpuBble TOKa
anepuoInuecKoro u koisebarenbHoro pexkuma. [loctpouts rpaduxu. Hanectu
Ha rpaduKy JJI8 CPAaBHEHHUS TOUKU COOTBETCTBYIOIIUX SKCHEPUMEHTAIBHBIX
KpPHBBIX.

5. OdbopmMuTh OTUET MO padoTe.
5. KoHTpoJIbHBbIE BONIPOCHI

1. ®usznyeckuii CMBICT TOCTOSIHHOW BPEMEHU 1LIeTH ?

2. Kak HaTH MOCTOSTHHYIO BPEMEHH ITPOU3BOJIBHOMN JIMHEWMHOM 1IeTu?

3. Kakue konebanus Ha3bIBatOTCsI CBOOOTHBIMU?

4. Kak HalTH 4acTOTY CBOOOJIHBIX KOJICOaAHU?

5. ChopmynupyiiTe 3aKOHBI KOMMYTAIUH.

6. OueHure 4YacTtoTy CBOOOJHBIX KOJeOaHUN TIO  pe3ylbTaTraM
AKCIIEpUMEHTA.

7. JlaWTte ompenesieHue MOCTOSHHOW 3aTyXaHusl.

8. Kak HalTH TNOCTOSHHYHO 3aTyXaHus MPOU3BOJIBHON JIMHEWHOMN
ANEKTPUYECKOM LIETIH.

9. Kak HaxonaTcsi TOCTOSHHbIE HWHTETpUpOBaHus B GdopMmynax s

OTKJIMKOB B IICPCXOTHOM pe)KI/IMG?
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JlabopaTopHas padora Ne 3
HCCJIEJOBAHUE ITACCHUBHBIX JIMHEMHBIX
YETBIPEXIIOJIOCHHUKOB

1. OcHOBHBIE TeOpeTHYECKHE MOJT0KEHUS

YeThIpeXmoMtOCHUK, KOTOPBI HE COJEPKUT MCTOYHUKOB DJICKTPUUYECKOU
DHEPTrUM, a COJCPKUT JIMHEWHBIE IIAaCCUBHBIC DJIEMEHTHI, Ha3bIBACTCS
MACCUBHBIM JIMHEWHBIM UYETHIPEXIOJIOCHUKOM. YEeThIPEXMOMIOCHUK, UMEIOIITUN

nBa BXOAHBIX 1-1" m nBa BbIXOAHBIX 2—2' 3axuma (puc. 3.1) Ha3bIBaeTCs

IMPOXOAHBIM.
1 I/ L 2
%
4
l Ui AB.CD Qzl “
o 2
k

Puc. 3.1
I[J_IH IIACCUBHOTI'O I—IeTBIpe)(l_IO.]'IIOCHI/II(a HaHpﬂ}KeHI/Ie 1 TOK Ha BXOJEC Ql ’11

CBA3aHbI C HAIPSAKCHUCM KW TOKOM Hd4 BBIXOIC QZ’lz O] (SP13%02008701%05

ypaBHEHUAMHU

(3.1)

rae 4,B,C, D~ A-mapamMeTpbl — KOMIUTIEKCHbIE KOA(P(DUITUEHTHI, 3aBUCSIIINE OT
CXCMbI YCTBIPCXIIOJIOCHHUKA.
HapaMeTpLI IMaCCUBHOI'O YCTBIPCXIIOIIFOCHHUKA CBsA3dHbI MCKIY coOoi
YpaBHEHUEM
4-D-B-C=1 (3.2)
A-mapamMeTphl YETHIPEXTOIIOCHUKA MOTYT ONPEAEHATHCS TUO0 pacyeTHBIM
IIyTeéM, C€CJIIM HM3BCCTHLBI IapaMCTpbl JJIEMCHTOB M CXEMa COCIUHCHUA
YCTBIPCXITIOJIOCHUKA, 00 OKCIICPUMCHTAJIBHBIM ITIYTCM 110 JAHHBIM OIIBITOB

XO0JIOCTOI'O X0Ja U KOPOTKOI'O 3aMbIKaHHM .
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HpI/I MOAKIHOYCHNN NCTOYHUKA HAIIPAKCHUSA K BXOIHBIM 3daKUMaM CIICAYCT
IIPpOBCCTH JIBa YKa3aHHBLIX OIIbITA. HpH XO0JIOCTOM XOA€ Ha BbIXOJC

YCTBIPCXIIOJOCHHUKA €TI0 BXOJHOC COIIPOTUBJIICHHUC UMCCT BU

U ; A
Zo="=Z-e" ==, 33
Zw=7 "=Zu C (3.3)
U P
rne Z,=—"2;, ¢,=arccos—2
I, 10 11o

HpI/I KOPOTKOM 3dMbIKAaHHMKM Ha BbIXOJC BXOJHOC COIIPOTHUBIICHHUC

YCTBIPCXITIOJIHOCHUKA OIMPCACIICTCA CIICAYIOIINM 06pa30M

U ~ B
Zyy="H=Z, " ==, 3.4
Zw=7 =L D (3.4)
P
rae Z,= (]JIK , (), =arccos l-Kl
1K 1K 1K

[Ipy DOAKIIOYEHUM WCTOYHHUKA K BBIXOAHBIM 32)KMMaM JOCTATOYHO
OPOBECTH OAWH OMNbBIT, HANPUMEP, KOPOTKOTO 3aMbIKaHHWS Ha BXOJE
yeThlpexnoitocHuka. I[lpu 3ToM BBIXOAHOE (CO CTOPOHBI 3aXUMOB 2-2)

COIMPOTUBJICHUC YCTBIPCXITOIIOCHUKA OIPEACIIACTCA 110 (bOpMy.]'IC

U .
Zyy == =7,/ ==, 3.5
Zox =7 =L 4 (3.5)
2K })21(
rae L, = , @, =arccos———.
By 2k “Lax

B  dopmymax (3.3)—(3.5) HwxkHMe wuHAekch O u K o03HayawT
MPUHAUICKHOCTh BEIWYWHBI K ONBITAM XOJIOCTOTO XOJla H KOPOTKOTO
3aMbIKaHUs, @ UHACKCHI 1 U 2 — NPUHAUICKHOCTh MEPEMEHHOM K BXOJIHBIM UITU
BBIXOJIHBIM 3aKMMaM COOTBETCTBEHHO. BripaxkeHus (3.3) u (3.4) nonaydeHsl U3
(3.1) mpu L,=0 u U,=0, a (3.5) — u3 nepBoro ypaBHenus (3.1) npu U,=0.

C nomompro  cootHomeHud  (3.2)—~(3.5) MOXKHO  OIpENeIUTh

KO3 (DUITMEHTHI YETHIPEXIOIIOCHUKA!

(3.6)

__\/ Il p-pz,:C=2 D=2
Z2K (ZIO - ZlK) ZIO ZIK
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[TaccHBHBIN JIMHEWHBIA YETBHIPEXIOIOCHUK MOXKHO 3aMeHuTh T- wmim I1-

o0pa3Ho cxeMoi 3amerieHus (puc. 3.2 a,0).

Puc. 3.2

[TapameTpsl cxeM 3aMelIEHUs BbIpaXarTcs uepe3 Kod(DPUIIUEHTHI
COOTHOIIICHUSIMHU:

leé; Zzzb; Z3:L;
c c c
(3.7)
B B
Z,=B;, Zs=——; Z;=—.
L4y=D;, 4s D1 L A-1

2. Heab JabopaTopHoOii padoThI

HGJ’IBIO pa6OTBI ABJACTCA  OIBITHOC  OIIPCACIICHUC A-HapaMeTpOB
YCTBIPCXIIOJIKOCHHUKA.

3. ITopsaaok BbINMOJHEHUS PadOThHI

1. CoGpaTh cxeMy aekTpuueckon 1enu (puc. 3.3).

19 3 ¢
T

Puc. 3.3
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Ipumeuanue. Cneyuanvroui kmou I1 no3eonsem oOHUM aMNEPMEMPOM UBMEPAMb MOK
8 3aBUCUMOCMU OM NOJNONACEHU MymOIepa HA NepPeUYHOU UIU GMOPUYHOU CHOPOHE

yemvipexnoatochuxa. JIATP — nabopamopuwiii asmompancghopmamop.

2. IlpoBecTH OMbBITHI X0J0CTOr0 XoAa (Kiato4d K pasoMKHYT) U KOPOTKOTO
3ambIKaHus (K04 K 3aMKHYT) OpU OPsIMOM MMUTAHUU, KOTOPBIE B CTpoKax 1 u 2
Tabm. 3.1 o603HaueHsl cokparieHHo: [Ip. XX u [Ip. K3. BeimoaauTts n3MepeHus
MEPEMEHHBIX B COOTBETCTBUU C Ta0J. 3.1 U 3aMOJHUTH YKa3aHHBIE CTPOKHU.

3. 3MeHnuTh cxemy Ha puc. 3.3 — OTKIFOUUTh UCTOYHUK U BATTMETP OT
BXOJIHBIX 32XKMMOB W TOJKJIIOUUTh UX AHAJOTHMYHBIM O00pa3oM K BBIXOJHBIM
(2-2") 3axxumam (0OpaTHOE MUTAHHUE YETHIPEXITOIIOCHUKA). BHIMOIHUTE OMBITHI
XOJIOCTOTO XOJa MU KOPOTKOTO 3aMbIKaHUSI CO CTOPOHBI BXOJHBIX 3aKUMOB (B
tabn. 3.1 obo3nauensl kak OOp.XX u OO6p.K3). IlpoBectn usmepeHus u
3aMoJIHUTH CTpoku 3 1 4 B Tab:. 3.1.

4. CoOpath cxeMy Ha puc. 3.4.

*
e = *P\W ol | o2

i
<4
Puc. 34

5. BBINOJHUTE HCCIIEIOBAHUE PEXKUMA MPSIMOTO MUTAHUSI TIPU KOHEUYHOM
Harpy3ke Z,. ConpoTuBieHUE HArpy3ku Z, aKTUBHOE, 3aJ1a€T IMPEINOJaBaTENb.

Pe3ynbTaThl M13MEpeHHit 3aHECTH B MOCIEAHIO CTPOKY Tabi. 3.1.

Tabmuna 3.1
Ne OnpiT N3mepeno Beruncneno
Ui, I, P, Us, I, Z, ®,
B A Br B A Om rpaj
1. | Ip. XX
2. | Ip.K3
3. | O6p. XX
4. | O6p. K3
5. | Hp. Z

19




4. PaboTa HajJ 0TYETOM
1. BBIYMCIUTE KOMIUIEKCHBIE CONIPOTUBIIEHUSA Z|(,Z K ,Z ok Y 3aHECTH B

tabm. 3.1.

prwettaHue. Hpu 3anucu  KOMNJIEKCHblX conpomueﬂeHud yuecms, HYmoO yensv
6‘Hymp€HH€ZZ CXeMbl 4emblpeXNOJIOCHUKA 6blNOJIHEeHA HA KOH()@HCGmOan, nosmomy yeos

gﬁ ompuyanmeen.
2. Beruuciauth A-mapameTpsl YeTHIPEXTIONIOCHUKA 110 (hopMmynam (3.6).
3. [IpoBecTu mpoBepKy pacyera 1Mo ypaBHeHu:o (3.2).
4. Bocnonb30BaBIIMCh HAWACHHBIMH 3HA4YCHUSIMU KOA(DPUIIMEHTOB H

BBIXOAHBIMU JaHHBIMU U, u/l, u3 m.5 B Tabn. 3.1 4eThIpEXIOJIIOCHUKA,
BBIUMCIIUTH 110 YPaBHEHUSIM HalpsbKeHUWe M TOK Ha Bxone Uy um /. Pesynbrar

pacuera COMOCTABUTH C IKCIIEPUMEHTAIBHBIMH TAHHBIMM.
5. Paccuurates mapametrpbl T- u I1-00pa3HBIX CXeM 3aMelIeHHUs 4Yepes
MMapaMeTPbl YETHIPEXITOIOCHUKA.

6. CaenaTh BBIBOJIBI 11O paboTe.

S. KOHTpoOJIbHbIE BONIPOCHI

1. Onpenenuts A-mapaMeTpsl 71 YETHIPEXIOJIOCHUKA Ha puUC. 3.5.

> —# ¢

1 ,—-———«12 o
% L &
Puc. 3.5
2. Onpenenutb KOMILJIEKCHOE BXOJITHOE COINPOTUBIICHUE

YETBIPEXIIOJIOCHUKA TPU MPSIMOM MHUTAHUHA B PEKUME XOJIOCTOrO XOJa H
KOPOTKOT'O 3aMbIKaHUs, CX€Ma KOTOpOro mpuBeaeHa Ha puc. 3.2,a. CpaBHUTH
pe3yJbTarT ¢ TaHHbIMU Tao. 3.1.

3. [laiiTe onpeneneHne MacCUBHOIO YEThIpeXnoMocHuKa. Kak mo marpuiie
A-napaMeTpOB OIPEIEINTh, NACCUBHBIM WM AKTUBHBIA YETBIPEXMOJIIOCHUK

paccMarpuBaercs?

JlabopaTopHas padora Ne 4
UCCIUEJOBAHUE ONJIBTPA HUZKHUX YACTOT
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B pabore uccnenyercss T-oOpasHbiil (GUABTP HUXKHUX 4YacTOoT Tuna K,

cxema KOTOpOro npejcTanieHa Ha puc. 4.1.

E2 L2
gfl ¢ le
Puc. 4.1

Ctpykrypa (uibTpa CUMMETpPUYHASA: KaXJ0€ IUIEUO CXEMbl 00JamaeT
L
UHIYKTUBHOCTBIO 5 Xapakrepuctuku ¢GuiabTpa W QOpMyIbl Ui HX

ONPEICIICHUS IPUBEICHBI HUXKE [4]:
1

—7[ —L-C; 4.1)

—4acroTa cpeza f, =

2
— XapaKTEpUCTUUECKOE CONPOTHUBIIEHUE Z . = Ry, |1— (Lj ; (4.2)
Je
L
— HOMUHAJIBHOE XapaKTEPUCTUYECKOE CONPOTUBIIEHUE R() = E; (4.3)

— KOMITJIEKCHBIA KO3(DPUIIMEHT Mepeaadn 1Mo HaMPSKEHUIO

U JOk
Ky =—2=Kye ; (4.4)
U
— KOMIUIEKCHBIN KO3 PUITMEHT oclabiaeHus HanpsHKeHUS
U ; 1
Az—_leeJ(PA - (4.5)
U, Ky
—  aMIUTMTYJHO-4acTOTHas xapakrtepuctuka (AUYX) koadduimenrta
nepeaaun
U,
Ky =—=; 4.6
U U; (4.6)

— (azo-uactotHas xapakrepuctuka (DUX) koadduimenrta nepenauu
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— AUX xoadpdunmenta ocnabienuss A4 = % A(Hm ) = ln(%j (4.8)
2 2

A(1B) =20 ln((ljj—;]
A(zbB) = 8,68A(H);
A(Hn) = 0,115A(aB);

— OYX koaddunmenTa ocinabieHUs

P4 =PU1~PU2 ~PK> (4.9)

— AUX ko3P dunrenta ocinabiieHus IpU COrIaCOBAHHOM PEKUME

2
A(f) = arcch ZKL] -1 (4.10)
fe
— @YX koaddunirenta ocnabaeHus MNPy COTIACOBAHHOM PEXUME
2
@ 4(f) =<arccos 1—2£i] ; (4.11)
C

mpu [ < f.
180° (wmm 7)mpu f 2 f.

— OnepaTopHbId KO3PPUIIMEHT Nepeaadn Mpyu Pe3UCTUBHOM HArpy3Ke

— a0
3p° +0p +Op+bp;
ap =4;b0 =4;b4 2;—15; (4.12)
2
b2 = ZCL;b:; ZCL.
Pr

Okcnepumentaibable AUX ¢unsrpa K (f), A(f) onpenenstorcs myTeMm

N3MCPCHHA BXOOAHOTO U BBIXOJIHOI'O HAIIPAKCHUSA (1)I/IJ'IBTpa IIpu TapMOHHUYCCKOM

BO3/ICHCTBUH B 33JIAHHOM JIHAITa30HE YaCTOT C TOCIICIYIONTAM HCIIOIh30BaHHEM
bopmyi (4.6), (4.8).

2. lean u 3axaum J1a00paTOPHOIl padoTHI
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Llenv pabomwi: wccaenoBaTh OCHOBHBIC PEXHMBI paboThl T-00pa3HOTO
(buUIbTpa HIKHUX YacTOT THHA K ¥ COMMOCTaBUTh MaTEMAaTHYCCKHE MOJICIH C
XapaKTEPUCTUKAMH PeaTbHOTO (DHIBTpA.

3aoauu:

— paccuuTaTh 4YacTOTy cpe3a f. U HOMHHAIBHOE XapaKTePUCTHUECKOE
COIIPOTUBJIEHNE R BBIAAHHOIO MpenojaBaTeneM QpUibTpa;

— CHATH 3KCHepUMEHTaIbHBIM TyTeM DPUX koddduimeHTa 3aTyXaHHs
¢uIbTpa B TOJOCE TPOIYCKaHHWS TIPH COTJIACOBAHHOW Harpyske, JdaHHBIC
MIPEACTaBUTH B IBYX CAMHUIIAX U3MEPEHUS: HeTIepax U Jenuoenax;

— MONy4MTh 3KcnepuMeHTanibHO AUX kosdp¢unumenra nepenaun Ky u
kodddumeHT 3aryxaHuss A B IIHPOKOM JHANA30HE YacTOT  IIPH
COIPOTUBJICHUU HATPy3KU Ry, pABHOM HOMUHAIBHOMY XapaKTEPUCTHUECKOMY

COIMPOTUBJICHUIO RO )

— paccuutath Teopetuyeckue AUX m OUYX koadduimenta 3aTyxanus
ucciaeayeMoro (uiabTpa INpPU HMACAIBHOW — COIJIaCOBAaHHOM Harpys3ke B
MIMPOKOM JIMANa30He YacTOT, MOCTPOUTh rpaduKu, HAHECTH HA HUX

OKCIICPUMCHTAJIbHBIC TOYKH,

— CACJIaTh BBIBOABI 11O pa60Te.

3. IlopsiaoK BHINOJIHEHUSI PA0OTHI
1. ITonyunte y npenoaasaresns 3HaueHus L u C.

2. Paccunraiite no gopmyie (4.1) wactoty cpes3a f,. punbtpa.

3. Cobepure nens s cHatuss OUX dunbTpa, npeacTaBieHHYI0 Ha PUC.

4.2.
T 7 |
T'HY : ; |
RZ 773 STV
Ul E T ¢ i ML
% L]
S L ; <
Puc. 4.2
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O6o3nauenusi: I'HU — reHepaTop HHM3KUX dYacToT; V — BOJBTMETD;
MIYHKTUPOM BBIJIEJIEH UCCIETyEMBIN DUITBTP.
4. Cuaumute oskcrepuMeHTanbuble AUX koadduimenta ocnabieHus

(GuibTpa mpH coIIacoBaHHOM pexume R, =Z.. Jna nomydyenns AUYX
NOCTaTOYHO H3MepuTh HanpsbkeHue UynU, 1pu  3aJaHHBIX 4acTOTax

BXOJIHOTO BO3JieicTBUs. JlaHHbIE 3aHecTH B Tabnuily 4.1. Xapakrepuctuieckue
CONPOTHBJICHUS] PACCUMTAUTE 10 MPOBEACHUS JKCIIEpUMEHTa To (Gopmysiam
(4.2), (4.3).

Tabnuna 4.1

3agaHo f/f.| 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Pacuer | f kI'n

Z.,0m
Nsmepenns | [J 1.B
U, B
Pacuer A
AHn
A,nb

5. Tlonyuure skcnepuMeHTaibHO AUX (uibTpa npu CONPOTUBICHUU
Harpy3kyd, pPaBHOM XapaKTE€PUCTHUUYECKOMY COMPOTHUBIEHMIO. s 3TOTrO
UCIIOJIb3YyHTE cXxeMy Ha puc. 4.2 npu R, = R(. JlaHHbIe 3aHecuTe B TaOJIHLY
4.2.

Tabnuna 4.2

3a1aHo f/fc 0.1 0.3 0.5 0.7 1 3 5 7

f,xl'y

N3mepeno Uy.B

U 72,B
Paccunrano K U
4.
(4.8) p
AHm
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4. PaboTa HajJ 0TYETOM
1. Pacuer Teopetmuecknx AUX u ®UX ¢QunbTpa npu coriacoBaHHOU
Harpy3ke mpoBeaute no dopmynam (4.10) u (4.11). PesynbraThl 3aHecuTe B

Tabnuny 4.3.
Tabmuua 4.3

f/f 1 0 o1 To3[os |07 1 3 5 7

A, Hn

PK >
rpang
(pan)

2. Ilomyunrte teopetnueckne AUX m OXY Puiabrtpa npu Ry =Ry.

Pe3ynbTaThl 3aHecuTe B Tabnuiy 4.4.

Tabnuua 4.4
f/f] o JorJo3[os o7 | 1 3 5 7 ] 10
Ky
DK
rpajn
(pam)

S. KOHTpoOJIbHbIE BONIPOCHI

1. Jlaiite onpenenenue ¢puabTpa TUmna K.

2. B uem npobiiema cornacoBanus ¢puiasTpa THNA K ¢ HAarpy3Koit?

3. Kakyo ¢dopmy umeer AUX kordpduumenta mnepenauu ¢duibTpa Ha
X0JIOCTOM XOy?

4. Kak Biusier conpoTuBieHue Harpy3ku Ha popmy AUX kosddunmenta
nepeaaun GuibTpa?

5. JlaitTe onpenenieHue XapakKTepUCTUUECKOTO COTPOTUBICHUS (DUIIBTPA.

6. Uem oTnuyaroTcs GUIbTPbl HUKHUX U BEPXHUX YaCTOT?
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JlabopaTopHas padora Ne 5
WCCJIEJJOBAHUE MATHUTHBIX IENEN

1. OcHOBHBIE TeOpeTHYECKHE MOJI0KEHH S

Maznumnuou yenvio HA3bIBAETCS COBOKYIHOCTh YCTPOMCTB, COJAEPIKAIINX
(dbeppoMarHuTHbIE Tela, SAEKTPOMArHUTHBIE MPOIIECChl B KOTOPBIX MOTYT OBbITh
OMHUCaHbl TIPM TIOMOIIM TOHATHN MarHuToABWXKymen cwisl (MJC) F,
MarHuTHOro notoka @ v majaeHuss MarHuTHOrO HanpspkeHus U,. MaruutHoe
MOJIE CO3HACTCS DJEKTPUYECKUM TOKOM. JJIsI XapaKTE€pUCTHUKA MAarHUTHOTO

NOJIsSI MO’KHO MCIIOJIb30BaTh JIB€ BENMYUHBI. [lepBasi, ciiioBas XxapakTepuCTHKA
. 2
— BEKMOp MASHUMHOU UHOYKIIUH B , [Tn] = [B6/M"]. Btopas — sexmop

HAnPANCEHHOCMU MAZHUMHO20 NOJIS ﬁ , [A/M]. MarnutHass WMHAYKIUS |
HaIpPsHKEHHOCTH TOJISI CBSA3aHbBI TPOCTHIM COOTHOIIICHUEM

H=p,B. (5.1)
3mece:p, = Ui, [I'H/M] — abcomromnas macnummuas nponuyaemocmo,

XapaKTEepU3yIollas MarHUTHBIE CBOMCTBA BEILECTBA; [i( =4n10_7,[FH/M] —

MarduTHasi ITIOCTOSHHAas1 (a6COJZlOInHCl}l MACHUMHRAA npoHuyaemocnio

6aKyyma); \— OTHOCHUTEJIbHAs MarHUTHas TPOHHUIAEMOCTh BellecTBa (s
JepeBa, MeIM, ATFOMUHMS W= 1; miug GpeppoMarHeTUKOB, HalpuMep, CTaad —
p>>1).

KommuectBenHast CBSI3b MCIKAY HAIPAKCHHOCTBIO MArHUTHOI'O IIOJIA H

QJICKTPHUYICCKHUM TOKOM YCTAHABJIMBACTCA 3AKOHOM NOJIHO20 MOKA.

3aKOH MOJIHOTO TOKa L
fHdl =Y 1;(1) (5.2)
[ k

KOTOPBIA TJIACUT: JIMHEWHBIA MHTETPA] OT BEKTOpA HANPSIKEHHOCTHU
MarHMTHOTO TOJIS BAOJb JJ000TO MPOU3BOJIBLHOTO KOHTYpa (3aMKHYTOTO IyTH) /
paBeH anre0pandyeckoi CyMMe TOKOB, OXBAYEHHBIX 3TUM KOHTYPOM.

3akon noanozo moka ABJISIETCS OJHUM W3 OCHOBHBIX 3aKOHOB,
WCIIOJIb3YEMBIX JUIS QHAJIM3a MAarHUTHBIX LENEW, U3 KOTOPOrO CIEAYET 8MOopouU

3axon Kupxeoga ona macnummnuix yeneii. Pa30uBast KOHTyp UHTETpUPOBaHUA /,
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HallpuMep, Ha JBa ydactka [=[;+[,, TIodydaem pasjioKEeHUE JIMHEHHOTO
uHTerpajia B popmyine (5.2) Ha COCTaBISIOLIMUE:
§Rdl = [ Hal + [ Fdl = Uy + Uy, (5.3)
l=ll+lz ll lz
rje
Uy = _[H dl
I (5.4)
€CTh naodexue MAacHUMHO20 HANpsd*CeHUus BIOJb TMYyTH WHTETPUPOBAHMUS /) , T1E
k=1,2. Enuauna uzmepenus Uy amnep, [A].
B cnyudae, xorjga KOHTyp HWHTETPUPOBAHUSI OXBaThiBaeT W BUTKOB
karymku (puc. 5.1), roraa (5.2) ¢ yuetom (5.3) u (5.4) mpumer BU:

Ug+Uyp =1V, (5.5)
rie BeauunHa F= [W — Ha3pIBaeTCa MacHumoosudxcywetica cunou, a Uwmy
+ Um; = UM — naiecHUeEM MarHuTHOTO HANPsHKEHUS BIOJb 3aMKHYTOTO MYTH
(KOHTypa UWHTErpupoBaHus). YpaBHeHue (5.5) BbIpa¥aeT 6mopou 3aKOH
Kupxeogha nns MarHUTHOW LN HUJWHIAPUYECKON KaTYyIIKW, W300paKeHHOMN

Ha puc. 5.1, B KOTOpoit KOHTYp 00X0Jila COBMNAJAeT C MATHUTHOM JTUHUEH.

. /FOOCOCCI}OOOCI}OCX:

Puc. 5.1. FeOMeTpI/I}I HHHHHHqueCKOﬁ KaTyIIK1 U CUJIOBBIC MAIrHUTHBIC JIMHUU

nyTh aob ecthb [;; 1yTh bca ecTh 1.

HaI[CHI/IC HaIIPpsAKCHUSA Ha KAXKIAOM YHACTKE MOKHO PACCYUTATD I10 3aKOHY Oma
JJIsI MAarHUTHBIX HGHCI;'I
U, = R,®. (5.6)

MarsauTtHoOe COIIPOTHUBJIICHHUC Ha Y4YaCTKEC B OAHOPOAHOM MAI'HUTHOM IIOJIC
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BBIUMCIIAETCS 10 popMmyie
[
RM =, (57)
HES
rae [ — JIMHA ydacTka, |\ — OTHOCUTEJIbHAs MAarHuTHash MPOHUIIAEMOCTh
MaTepuaga y4acTka, [lyp — MarHuTHAs MOCTOSHHAsA, S— IUIOMA/b MOMEPEYHOTO
CONPOTHBJIEHUS YYaCTKa.

B ¢dopmyne (5.6) marnutHblii moTok @ xapakTepusyeT COBOKYITHOE
MAarHMTHOE TI0JI€, MPOHU3BIBAIOIIEE IMOBEPXHOCTh S, YUCIEHHOE 3HAYEHUE
KOTOPOTO MOXHO ONPEACINTh HAa OCHOBE aHAJM3a MAarHUTHOTO COCTOSIHUSA
MarHuTHbIX nener. Ha puc. 5.2 npeacraBieHo 1Ba BApruaHTa MArHUTHOM CXEMBI
3aMEMIEHUS] TUINHAPUYECKON KATYIIKH C JIEKTPUYECKUM TOKOM.

B cnydae, korja MarHuTHOE MOJIE HA YYacTKE OOHOpPOOHOe, TOTJa
MASHUMHBIL NOMOK BBIYUCIISIETCS IO PopMyJie

O =BS. (5.8)

3necy S — mIOWAp MOMEPEYHOTO CONMPOTHUBJIEHUS Y4YacTKa MarHUTHOM

e, MO0 KOTOPOMY MPOXOAUT MArHUTHBIM mOTOK. Ha Takom y4actke
BBIYUCIICHUE NAdeHUsi MacHumHuo20 Hanpsocenus (5.4) ynpoinaercs

Uy = HI . (5.9)

[Ipn BHeCEHMU B KaTyIIKy HE3aMKHYTOTrO ()eppPOMArHUTHOIO CEpACYHUKA
OyleT UMETb MECTO nepepacnpeodeiieHue TaJleHne MarHUTHOTO HaNpsDKEHUS
BJIOJIb CWJIOBOW MAarHUTHOW JIMHHUM, MEXIY BHYTPEHHEU 00JIACThIO KATYIIKH,
3aHATOM CEpJCUYHMKOM, U BHENIHEW 00JIaCThi0O — BO3AYIIHOW Cpeoi,

OKpY’KaloIlle KaTyIIKy.

@C {i} Rc
'I.)_D — o D |

I . o :
I R : ! | {1 L |
Jar2 80 : Ui : U2 Rzc ! Py Uit f
o o F o ' AR |
", s
a) 6)

Puc. 5.2. MarauuTHble UENU KaTYIIKUA C CEPJICUHUKOM:

a) JUIsl ciy4yasi C HEMarHUTHBIM CEPJICYHUKOM; 0) IS ClTy4yasi C MAaTHUTHBIM CEPJICYHUKOM
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Ha puc. 5.2 npencraBiaeHbl JBE MAarHUTHBIE CXEMbl 3aMENIECHUS
HAJIMHJIPUYECKON KaTylIKu ¢ TOKOM. OJIHa C HEMarHUTHBIM CEpPJICYHUKOM (U3
MaTepuaia JIepeBo, allOMUHHM, MeIb), BTOpas C MAarHUTHBIM CEPACYHUKOM —
n3 ctanu. Ha 3Tux cxeMax UCIosb3yoTcs cleayronme 0003HaueHHMS:

Uul, Uy2 — TaAeHHusT MArHUTHBIX HANPSOKEHUHW COOTBETCTBEHHO BO
BHYTpEHHEHN 00JaCTH KaTYIIKA U BO BHEIIIHEH, BO3AYILIHOM Cpelie;

Ry0, Rgc — MarHuTHBIE CONPOTHUBIICHHUS BHEIIHEW BO3IYIIHOW cpenbl (1o

KOTOpOﬁ MNPOUCXOAUT 3aMbIKAHHUC IIOJIHOI'O MAIHUTHOI'O IIOTOKa KaTYHIKI/I)

COOTBCTCTBCHHO C HCMAroHuTHBIM CEPACYHUKOM U C MAIrHUTHBIM CCPACUHUKOM;

R, — MarHuTHO€ CONpOTHUBIEHUWE OOJACTH, 3aHMMAEMOW CTalbHBIM
CEpPIACYHHUKOM;
Ry — MarHuTHOE CONPOTHUBIICHWE BHYTPECHHEM TIOJOCTH KATYIIKUA C

HEMarHUTHBIM CEPJACUYHUKOM;

Rop1 — MarHutHoe€ COIIPOTUMBIIEHHWE BO3AYLIHOM IIOJOCTU CTAJIbHOIO
CEpICYHHKA.

OTtMeTuM, 4YTO A ciydass Ha puc. 5.2,0 HanpsH>KEHHOCTh MAarHUTHOTO
nonst H, 6o ewympenneu obnracmu xamywku, Kak B BO3AYLIHOH IOJIOCTH
CepACYHUKA, TaK U B TEJI€ CTAJILHOTO CEpJECYHUKA OJMHAKOBBIE (CEpACUHUK
uMmeeT (Gopmy MOJIOoro MWIMHAPA JJTUHOU Z).

Pacnpenenenue MarHUTHOTO TMOJST BO BHYTPEHHEH OOJIACTH KATYIIIKU
MOHO MPUHATh PABHOMEPHBIM, TOTJIA MATHUTHBIE CONIPOTUBIEHUA R\, R., Ry
Ha ATOM y4YacTKE MOXHO BBIYHCIUTH MO Qpopmyie (5.7). Ilpu satom criemyet
MOJICTABJISITH TEOMETPUUECKHUE MapaMeTphl (So, Se, So1 — IUIOMIAAN MTOMEPEUHBIX
CEYEHHMII BHYTpPEHHEW O0JIaCTH KaTylIKW, CEpACYHMKA M €ro BO3AYILIHOH
MOJIOCTH COOTBETCTBEHHO) U MAarHUTHBIE MapameTphl (L, Le — OTHOCUTEIIHHBIC

MarHUTHbIE  TPOHUIIAEMOCTH  HEMAarHUTHBIX M CTaJbHBIX  Cpen)
COOTBETCTBYIOIIUX YYACTKOB.

MaruuTHbsle CONPOTHUBIICHUS] BHEIIHEW, BO3AYIIHOW OO0JACTH KATYIIKH
BBIYUCIISIOTCS 110 hopMyam [5]:

— JUIsl CITy4asi, COOTBETCTBYIOIIETO puc. 5.2, a
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2\/1”K2+722- 1+(r%)— 1+(F%)2

R.n =
80 oS, : (5.10)

2
rae Sq =gcp — IUIOM@Ib MONEPEYHOrO CEYEHHS KATYILUKH, I'ccp = 0.5(r¢ +

Toom)> Yoom — HAPYXKHBIM paguyc OOMOTKH, F—BHYTPEHHUU paguyc OOMOTKH
(puc. 5.1);

— JUIsl CITy4asi, COOTBETCTBYIONIETO puc. 5.2, 6

ScRo1 + SoR;

5.11
SK(R01+RC) ( :

Rye = Ry *

B  ¢dopmyne (5.11) cooTBeTcTByIOIIME€ MArHUTHBIE  COMPOTHUBJICHUS

paccuyuThIBaeTCs o0 popmysiam

Ry=2 , R:7 . R :Z/ , 5.12
0 AOSO ¢~ /u0ucS, OL= /10801 (5.12)

rac S c— omaab rnmonepeyHoro CCUYCHU:A CTaJIbHOTO CEPACHHNKA

Sc=n(r02—r021), (5.13)

Sp1— IUIOLaAb IIONEPEYHOIO CEYECHHs BO3AYLIHOW IIOJIOCTH B CTaJbHOM
CepICYHUKE, 7, — BHCLIHWH paJuyC CTAIBHOIO CEPACYHUKA, 7y — paauyc

TIOJIOCTH CEPACUHHKA, S() = anZ_Cp.

2. leab u 3axaum j1a00paTOPHOI PadOTHI

L]env pabomeoi.

VYscHeHne 3aK0oHa MOJHOTO TOKA — OJHOTO U3 BaXKHEHIINX 3aKOHOB TEOPUU
MarHUTHBIX II€TNed, a TaKXke IMepBOoro M BToporo 3akoHoB Kupxroda mis
MAarHUTHBIX LETEH.

3aoauu uccredosarusi.

. DKCrnepuMEHTAIBHO MCCIENOBATh IMEpPEepaCHpEeIICHUE MaJICHUs
MAarHMTHOTO HAIPsDKEHHUS] MEXY OTHAEIIbHBIMU yYaCTKaMH 3aMKHYTOrO MYTH,
OXBaTBIBAIOIIETO OOMOTKY KaTyIIKH, MPU 3aMEHE CEPICUHUKOB.

2. IlpoBeputh pacuéToM Ha OCHOBE COCTaBJICHHS M PELICHUS IMOJIHOU
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CUCTEMBI ajreOpamyecKux YypaBHEHUM Ha OCHOBE 3axoHno8 Kupxeogha
MPAaBOMEPHOCTh pacHpeAcsieHUuss MaJeHUM MarHUTHOTO HANpsDKEHUS 10
MAarHMTHBIM CXEMaM 3aMEIIEHUs MAarHUTHOW LENU LWIMHAPUYECKONW KATYIIKH

C OJICKTPHUUYCCKHUM TOKOM.

3. JlaGopaTopHoe o00opyaoBaHue

. Uccnengyemas katymika ¢ 4uciaoM BUTKOB W (puc 5.3).

. I3MepuTenbHas KaTyllika ¢ YucjaoMm BUTKOB W (puc.5.4).
. MarauTHbIi nosic (puc.5.5).

. ABTOTpaHchopmarop.

. AmriepmeTp 115 u3MepeHus Toka 10 1 A.

. BomeT™meTp.

~N N L B~ WL~

. Bartmerp.

Hccnedyeman xamywika. OOMOTKa KaTymiku umeeT W BUTKOB, YJIO-
’KEHHBIX B HECKOJIbKO c10eB. Cpenuuil auaMerp di., OOMOTKH M YHCIIO BUTKOB
yKa3aHbl Ha KaTylmike. BHyTph KaTylIKd MOXET OBbITh BIIOXKEH Kak
HEMarHuTHBIM, TaK W CTaJbHOM UWIMHAPUYECKHE cepAcYHUKU. CepaeyHUK
WMEET TPOJOJbHBIA HMWIMHIPUYECKHN OCEBOW KaHal, B KOTOPBIA BBOJUTCSA
HeOoJbIIas ~ M3MEpUTEIbHAA  KaTyIIKa, CiyXKamas I8  U3MEpeHus
HANPSOKEHHOCTA MArHUTHOTO TOJis. [unuHApuYeCKui CEpACYHUK JTOBOJBHO
IUIOTHO BXOJUT B IIPOCBET KapkKaca HUCCIEAYEMOM KaTyIIKA. TOYHO Takxke
CTEpPKEHb C M3MEPUTEIBHOM KAaTyIIKOM BXOJUT JOCTATOYHO IUIOTHO B KaHall
CepJICYHUKA.

Jid UCKIITOUYEHUS BIMSHUSL BUXPEBBIX TOKOB B CTAIBHOM CEPIACYHHUKE
nenaercss MpojoiabHbIM Haapes. IIpu HEOOXOIWMOCTH CTalbHOW CepJIeUYHMK
3aMEHAOT HWIMHIPOM W3 HEMATHUTHOTO MaTepuaia, UMEIOIUM TOYHO TaKyHo
xe popmy.

H3smepumenvnan kamywka. OOMOTKAa U3MEPUTEIHLHON KAaTYIIKH HUMEET
W, BUTKOB TOHKOW W30JUPOBAHHOM MPOBOJIOKH, NPEIAHA3HAYCHHASA IS
WU3MEPEHUSL HANPANCEHHOCMU MASHUMHO20 NoJid. JTa KaTylIKa MOCAXXKEHA Ha

JUTMHHBIN CTCPIKCHD. CTep)KeHB HUMCECT NJOCTATOYHYIO MJIMHY JIA TOTO, YTOOBI
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U3MEPUTEIBHYIO KaTyIIKy MO>XHO BCTaBJIATh B MOJIOCTh BHYTPHU CEPACUYHHKA
uccieayemMon Karymku. Ha crepkHe HMEITCs JEeIeHHsT B CaHTUMETpax,
JAOIINE BO3MOXHOCTh  OIPENEIUTh NOJIOKEHHE W3MEPUTEIbHOW KaTyIIKH
BHYTpU cepacyHuKa. CpelHUN AUaMeTp W YHUCIO BUTKOB H3MEPUTEIBLHOU
KATYILIKU YKa3aHbl HA CTEPIKHE.

— Ty

7
RAaTyIIR:a
‘% o i’ 5 “; P // MCCIenyeMan

EL JJ RHATVINRS
| CEepOeuHHME

i T
CTEeEDRXEeEHE

| ~ -~ —L_| |

he-]

Puc. 5.4. IsmepurenbHas KaTymika

Puc. 5.5. MargauTHbBIA 1104C

Maznummnotiit nosc. MarHuTHBIM TOSC HCHIOJIB3YETCA Il WU3MEPEHUS
NaJeHUsI MATHUTHOTO HanpsDKEHUsI. MarHUTHBIN MIOSIC U3TOTOBJIEH U3 JUIMHHBIX
WIMHIPUYECKUX PE3UMHOBBIX LIIHYPOB, PABHOMEPHO OOMOTaHHBIX B JiBa CJOSA

BECbMa TOHKOMW M30JUPOBAHHON MPOBOJIOKOH (puc.5.5). BuTku 0OMOTKH mosica
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PaBHOMEPHO PACIPEICIICHBI IO €ro JJIMHE U JOXOISIT 0 CaMbIX KpaeB y KOHIIA
mHypa. Ha koHIax mosica oOMOTKa XOpOIIO IPOKJI€eHa JaKOM, BCJEICTBHE
Yero KpalHHE BUTKHU €€ HE MOTYT CIIOJI3aTh CO LIHypa. B cpenHeit yactu mosica
MMEETCsSl KOJIOJIKA, K KOTOPOM BBIBEJIEHBI KOHIIBI OOMOTKU Tosica. (OOMOTKa
MOKPBITA 3alIUTHBIM cjoeM. J[JiMHa mosica BIIOJIHE JOCTAaTO4YHA ISl OXBaTa

O0OMOTKH UCCIIETyEMOM KaTylIKH.

4. Onucanue METOJAUKH U3MEPCHUA HANPHAKCHHOCTH MATHUTHOI'O I10JISI U

MaJCHUA MAarHUTHOI'O HAIIPHAKCHUSA

I. N3MepeHHne HanpsHKEHHOCTM MArHUTHOTO TIOJST MNPOU3BOIAT IIPHU
MOMOIIM M3MEPUTENBbHOM KaTylmku. W3MmepuTenbHas KaTyllKa JOCTaTOYHO
Majla ¥ MOKHO CUMTATh, YTO MAarHUTHOE I10JI€ B 3aHUMAEMOM €10 IIPOCTPAHCTBE
BCIOJly OJMHAKOBO MW PpABHOW HANpsHDKEHHOCTH B ee  HeHtpe. Ha
NWIMHAPUYECKYI0 KaTyIIKy MOJAETCS CHUHYCOMAAJIbHBIM TOK, MO3TOMY €€
MarHuTHbIA  TIOTOK H3MEHSETCS [0 CUHYCOMIAIBHOMY 3aKOHY,  TOraa
HaNPAXCEeHHOCMb — MacHumuo2o noasa H  onpedensirtom no  eenuuune

anekmpoosudcyweti cunvl Ey, MHIYKTHpyeMOH B OOMOTKE H3MEPHUTEIBHOM

katymku. JleictByromee 3nauenue I3 /]C paBHo:
E| = 4,442 fiy

3nech: f = 50 I'm — yacrtoTta M3MeHEHUs MoToKa; y = W D nelcTBylolee

3HAYEHUE MOTOKOCIETUICHUS OOMOTKH U3MEPUTEIHLHON KaTYIIIKH.

Hns  ynoierBoputesnbHOTO u3MepeHus JJ[C mpuxoguTcsi NPUMEHSTh
KaTylIKy ¢ OOJIbIIMM YMCIIOM BUTKOB M HE OYEHb MaJlbIX pazmepoB. OOMoOTKa
MU3MEPUTENIbHOM KAaTyIIKA HMeeT OOJIbIIOE YHUCIO CJIOEB, a paguyc 1y
BHYTPEHHETO CJIOSl 3aMETHO OTJIMYaeTCsl OT pajuyca r, Hapy>KHOTo cjos (puc.

5.4). [ToaTomy pPacCUMTHIBACTCS

T
S1 = 5("22 +n1r + "12)

3¢ (pexTUBHOE 3HAUEHUE TUIOIIAIU TTIOBEPXHOCTH .

Hrak,

El = 4,44\/§fVVlSl]J,0H
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Hy=EKy (5.14)

rI1e

K = (4,442 7S110) !

(5.15)

B omnsite usmepserca BonbtMeTpoM OJIC mHayknuu E] W, BBIYUCIUB

ko3 duiment K , mo gpopmyie (5.14) HAXOAATCS BeaUUUHBI HANPAHCEHHOCMU
MA2HUMHO20 NOJis BO BHYTPEHHEW 001acT KaTymku W.
2. Jlnsg wu3MepeHus] TaJEHUST MArHUTHOTO HAMNPSsDKEHUS MCHOIb3YIOT

MarHuTHbIA mosic (puc. 5.5). [lajeHre MarHUTHOTO HANPSDKEHUS BIOJb OCH
nosica MPOMOPIIMOHAIBHO MMOTOKOCHEIUICHUIO (f) MarHMTHOTO IIOTOKa C
oOmoTKOM nosca. [Ipu mepeMeHHOM MarHUTHOM TI0JI€, KOT/1a MOTOKOCIEIJICHUE
y7(f) sABISIETCS CUHYCOUJAIbHOW (PYHKIMEH BpEMEHH, MJid OIpeeICHUs
NEUCTBYIOLIETO0 3HAYEHHSI NOTOKOCUEIUICHHUS 2 MOMNCHO B0CHOTb308AMbCS
usmepernuem I/[C, ”HTYKTUpyeMOH B 0OMOTKe mosica. JlelicTByroIIee 3HaUeHNE
2J1C paBHo:
E, = 4,442 fyy

Torma dopmyny mist onpeneneHus ASHCTBYIOMIETO 3HAYCHHS TaJCHUS

MArdvTHOI'O HAIIPSAXKCHHA UMCCT BU

Un = K2kbr (5.16)

[locrosiunass K, onpeoensemcs onvimuvim nymem. 3aQUKCUPOBAB

,I[GI\/}ICTBYIOH_IGG 3HAYCHUC CUHYCONAAJIbHOI'O TOKAa B KATYIIKC — PABHOC 1. ITotoMm

OXBaTHUB IMOSICOM BCIO OOMOTKY KaTYIIKH MO 3aMKHYTOMY KOHTYPY, U3MEPSIOT

nevctyroniee 3Hadenue OJJIC E, B oOmotke mosica. IloctosinHas K

K, =1%2 . (5.17)

HaXoJuTCA 1o hopmyJie
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5. Meroanueckue YKa3aHHUsl 0 MPOBCACHUIO IKCIIEPUMEHTA

1. Paccuurats o dhopmyne (5.15) koaddurment K, no ¢popmyine (5.17) —

ko3 durment K.

2. CobpaTh 2eKTpUUecKyto 1enb (puc.5.6), yactota Toka f= 50 1.

Bce skcnepuMeHTanbHbIE HCCIEAOBAaHUS NPOBOAUTH NpU MOKe YEpe3
Katymky B 1A, mpu 3tom GUKCUpys no odHomy pasy Hanpsibkenue U Ha

KaTyIIKEe U MOIITHOCTb P B ienu nutaHus KaTyIIKU.

OMIHMHIOpHU S CEaA
EATVIIE A

Puc. 5.6. Cxema u3MepUTENbHOIO CTEH 1A

3. IlpousBectn uzmepenne IJ(C MHAYKIWH TPHU MOMOIIM MAarHUTHOTO
nosica.

N3MepsroT cienyrommue BeTUYuHbL:

E,— nerictByromiee 3Hauenne JJ1C MHAYKIUY 110 3aMKHYTOMY KOHTYPY;

E» — nevictyromee 3HadueHue 3/[C MHAYKIIMUA BIOJb MyTH, MPOXOSIIETO
BHYTpPH CEpJICUHNKA, MEXKTy TOUKaMHU, JISKAITUMU Ha KOHIIAX CePACUHHKA;

E», — neiictByromiee 3nauenne JJ]C UHAYKIIMUA BAOJb MyTH, MPOXOASIIETO
BHE KaTYIIIKH, MEXTy TOUKaMU, JISKAIMMMH Ha KOHITAX CepICIHUKA.

B nepeom ciyuae nosic npooesaiom uwepes Kanan cepoeyHuKa u 3amMblKarom
mak, 4moovl OH 0X8AMbIBAN 6CI0 0OMOMKY Kamywiku. Bo emopom crnyuae nosc
8eCb pacnoNazardm eHe KamyuKu U 0Cmaesisiion He3aAMKHYmMbIM, Npuiem KOHYbl
€20 00JIJICHbL NPUMBIKAMb K Mopyam cepoeynuxda. B mpemvem cnyuae nosc
BKIAOLIBAIOM 8 KAHAJL CepOeyHuKa makx, 4mooOvl O0OUH e20 KOHel OKA3AJICs
8P0OBEHb C OOHUM MOPYOM CePOeUHUKA, BMOPOU, 8bICMYNAWUL KOHeY Noscd,
u32Ubarom u NPUKIAObIBAOM K OPy20oMy Mopy)y cepOeyHuKd.

Bce mnepeunciieHHble M3MEPEHUs MPOU3BOJAT OJWH Pa3 C HEMArHUTHBIM

CEPJICYHUKOM, PYTOH — CO CTAIbHBIM CEpPACYHHKOM. Pe3ynbTaThl 3aHECTH B
Tabm. 5.1.
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Tab6muua 5.1.

Mamepuan By, | Uy, | E225|Uyp,| E25 | Uy, | Uy = (F1+Fy),
cepoeyHuKa Bl A| B | A| B]| A A

Hemaenummnuoi:
AKCTIIEPUMEHTAIbHBIC
JTAaHHBIE
TEOPETUUYECKHUE

Cmanvnoui:
AKCIIEPUMEHTAJIbHBIE
JTAaHHBIE
TEOPETUUECKHE

4. Cuarp 3Hauenuss OJC wmuaykuuun Ej(x=0) nocepeauHe NOJOCTH

HHHHHI{pH‘I@CKOﬁ KaTyHIKHU TOJIBKO JUJIA CJIydasd C MAIrHUTHBIM CCPJICHHHUKOM.

6. MeToanueckue ykazanusi o 00padoTKe ONbITHBIX Pe3yJbTATOB
1. TTo ¢popmyne (5.16) 3anonHUTH Tab.1.1.

2. Tlo dopmyne (5.14) paccuutarb HANPSIKEHHOCTh MArHUTHOTO TOJIS

H(x=0) B noJIOCTH NUITUHAPUIECKON KATYIIKH.

3. Paccuurarts OTHOCHUTCIbHYIO MAIrHUTHYIO ITPOHULACMOCTD Ll CTAJIBHOI'O

CCPpACYHUKA, ITOJIB3YACH IMOKA3dHMAMH aMIICpMETpaA — [, BOJIbTMCTpA — U )

BaTTMCTpPA — P v nanHbIMu OKCIICPUMCHTA, BBLIIIOJHCHHBIMH B .2 1o puc. 5.6.

Hcnonb30BaTh METOAUKY, IPEIOKEHHYIO B 1.8 (hopmyna 5.22).
4. TlpoBecTn pacdyeT MAarHUTHBIX IIETIEH 110 MarHUTHBIM CXEMaM

3amenieHust (puc.5.2) Ha OCHOBE MEPBOro W BTOpOro ypaBHeHus Kupxroda.

BeruncinTe MarHuTHBIE TOTOKH, MAACHUSAN MAarHUTHBIX HanpspkeHud Uy, Uy,

Un2 ¥ 3aHECTH UX 3HaYCHUS B TaOnuiy S.1.

ComnocTaBuThH OKCIICPUMCHTAJIBHBIC U TCOPCTUUCCKUC JAHHBIC.

7. Conep:xannie HHAMBUIYAJIbHOTO OTYETA

1. OTyet no madbopaTopHOM pabOTE COACPIKUT:
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- TUTYJIbHBIH JIUCT;

- 11eJIb pa0OTHI U 3a]1a4 UCCIIEIOBAHMS;

- PUCYHOK UMJIUHAPUYECKON KaTYIIKH;

-Ta0JIUIy KOHCTPYKTUBHBIX TapaMETPOB MCTIOJIb3yEMbIX KAaTYIIEK;

- JJICKTPUICCKYIO CXCMY U3MCPUTCIIbBHOT'O CTCHAA,

- Ipoleaypy BbrauciaeHui kodgduimentoB K, Ky u Lg;

- 3aMOJHEHHYI0 Tabuiy 5.1;

- IPOLIEAYPY pacdyeTa MarHUTHBIX LEINEN MO prc. 5.2 HA OCHOBE YPABHEHHUIA
Kupxroda;

- BBIBOJIBI;

- IPWIOKUTh MPOTOKOJI SKCIEPUMEHTA WIIH €T0 KOIIHIO.

2. Bvigoowi.

BrIBOBI TOMKHBI pACKPBIBATH COJAEPKAHUE CIIETYIOIINX BOIPOCOB.

1. Onpenenenus 3aK0Ha MOJIHOTO TOKA, IEPBOTO U BTOPOTO 3aKOHOB

Kupxroda s MarHuTHBIX LEeTeH;

2. Ananutuyeckoe 00OCHOBaHME MexaHu3Mma nepepacnpeaencHus [IMH
Uwvin Uy IpH 3aMEHE CEPACYHUKOB B HWJIMHIPUYECKON KATYILKE.

3. OTBeTUTH HA KOHTPOJIbHBIC BOITPOCHI.

Ilpunoowcenue
8. MeToauka onpeaejseHusi OTHOCUTEIbHOW MATrHUTHOM
NMPOHMIIAEMOCTH CTAJBHOI0 CePACYHNKA
N3 puc. 5.2 crmenyer, 4TO OCEBOM MArHUTHBIM TOTOK KAaTYILIKU PAacli-
penensiercss MexAy MHOTOKOM, MpoXoIsAiuM uepe3 cepacuHuk @O, u yepes

BO3IYLIHYIO OJOCTh Py, T.€.

(D=CDC+CDOI=(D()1(1+R01/RC). (517)
[Moncrasisist B (5.17) dopmysi (5.12), monydaem
D = D¢ (1+pcSc/So1) - (5.18)

HevictByromee 3HaueHne JJJC MHAYKIMHA HAa KaTyWKE I TAPMOHUYECKOTO

BO3JICUCTBUS CBA3AHO C TOKOM clieayromieit ¢hopmyroit [1]:

E =21fW®d =2mf/W(1+ ucSe /S01)Po1 - (5.19)
BBumy Toro, uro peanbHas KaTylika C CEpACYHUKOM oOiagaer
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OKBHUBAJICHTHBIM AKTHUBHBIM COIIPOTHBIICHHUCM 7Fp, TOIZd IIPHUIIOKCHHOC B

karyuike Hanpsbkenue U n DJ1C unaykuuu Ey CBsI3aHbI COOTHOIIIEHUEM:

_ 2 2. 5.20
Ey = \/U - ([r H) ( )
ConpoTUBIACHUE MOTEPh 7y BBIYHMCIACTCS M3 H3MEPECHHOM aKTHBHOMU

MOIIIHOCTH NOTEPh P KaTylIKu 1o Gopmyie:
=P (5.21)
IMoncraBnsas @y, =pogHgSo; B (5.19), ¢ yuerom (5.20) m (5.21) nomyygaem

OKOHYATENbHYIO (OPMYITY JJIsl OPEACTICHUS ¢!

=y
He = 2 2 2

o fW (g =1 H(0) . (5.22)
TIc H(O) — BKCHCPI/IMCHT&HBHOG 3HAUCHHUC HaprDKCHHOCTI/I MATlrHUTHOT O IT1O0JIA

BTouke x =0m IIpu HAJIMYUHW MAaroHuTHOI'O CCPACYHHUKA.

9. KOHTPOJIbHBIE BONPOCHI

1. OnpenenuTe HaMarHUMYMBAIOUIYI0 CHJIY O KOHTYpPY. UHMCIO BUTKOB
KaTyIllIeK, TOKA B HHUX M TOJIOKUTEIbHOE HampaBieHHUE 00X0Ja KOHTypa
IMOKa3aHbl HA puC. 5.7,a.

2. 3meHuTCs WM TNAJ€HWE MArHUTHOTO HANpPSDKEHHS 10 IyTH BHYTPHU
kaTymku Uabc mpu BBEJEHWHM BHYTPbh KATYIIKH CTAJIbHOTO CEpACYHUKA U
nouemy? OcTanbHbIE TAPAMETPHI KATYIIKH U TOK B HEM OCTaJIMCh TEMU K€, YTO

1 JI0 BBEJICHUS CepJIeuHuKa, Ha puc. 5.7,0.

=10
i=104

0)
Puc. 5.7
3. UTo Takoe€ MarHUTHAsI MHAYKIYS U HANIPSIKEHHOCTD TOJIA 7
4. Yto TaKO€ MarnuTHas ITOCTOsIHHAsI, a0CoJIrOTHAS MarHuTHas
MPOHUIIAEMOCTh U OTHOCUTEJIbHASI MAarHUTHAS IPOHUIIAEMOCTh BEIIECTBA?
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5. Urto Takoe MarHUTHBIA MOTOK?

6. ChopmynupoBath 3aKOH MOJHOTO TOKA?

7. Urto takoe MJIC u €€ monoxKuTeIbHOE HapaBJIeHUE?

8. Uto Takoe majeHue MarHUTHOTO HATIPSHKEHUS ?

9. UTo Takoe MarHUTHOE CONPOTUBJICHUE?

10. ChopmynupoBars 3akoH Oma u 3akoHbl Kupxroda ajis MarHUTHBIX
erneun?

11. KakoBa poJsib (peppOMarHuTHOro MaTepuaia JJisi MAarHUTHBIX Ienen?

12. Yro Takoe MarHuTHas 11e0b?

OPOPMJIEHUE OTUETA

OT4eT BBINOJIHAETCS YEPHWIBHOW MACTOM YEepHOTO WJIM CHHEro IIBETa Ha
JTIBOMHOM TETPAJHOM JIUCTE KaXJbIM CTYJIEHTOM. Bce cxembl JOJKHBI OBIThH
BBITIOJIHEHBI ~ COTJIaCHO  CTAaHJAPTHBIM  OOO3HAYEHHUSAM, BBIYEPUEHBI C
MPUMEHEHUEM HEOOXOIMMBIX YEPTEKHBIX MPUHAIIICKHOCTEM.

['paduku MOKHBI BBHIMOIHATHCS HAa MWUIMMETPOBOW Oymare TOro ke
dopmara, 4TO M TOsICHUTENbHas 3amucka. g moctpoeHusi rpaduka Bce
pacueTHble U  OKCIEPUMEHTAIbHbIE TOYKHM  OTYETIUBO  OTMEYAIOTCS
KpYy>)KOUKaMH, TOYKaMHU U T.A1. BEKTOpHbIe AMarpaMmbl, CTPOSIIUECS IIO0
OMNBITHBIM JAHHBIM, BBIIOJHSAIOTCA B MacIlITade, KOTOPbIA YKa3bIBAETCS PSAJIOM C
TAArpaMMon.

Br10op maciitaba rpadukoB 3aKIIIOUAETCS B CJIECTYIOIIEM:

— BBIOOp MO Tpaduka, TPU 3TOM SKCIEPUMEHTANIbHBIE TOUKU HE JJOJDKHBI
BBIXOJIUTH 34 TMOJIE;

— MacmTad JOKEH ObITh MPOCTHIM, YKENATEIbHO JECATUYHBIM, TaK Kak
JApYTHUE 3aTPYIHSIOT MOACUETHI U TOCTPOEHUE.

Hannmucu Ha cxemax W 3alOJIHEHUE TaOIUI[ MPOU3BOJUTCS YEPHUIBHOM
MTaCTOM.

OTyeT 3aKkaHUYMBAETCS KPAaTKUMHM BBIBOJAMH, B KOTOPBIX H3Jararor
OCHOBHBIE PE3yIbTaThl pabOThI, MPOBOJAT CPABHEHUE OMBITHBIX U PACUYETHBIX
JaHHBIX, aHAJTU3UPYIOT MOJTYUYEHHBIE XapaKTEePHbIE 3aBUCUMOCTH U MIPUYMHBI KX

00yCIaBIUBAIOIIIHE.
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