NCCJIENOBAHUE JIBUTATEJIEM ITOCTOSHHOI'O TOKA
C ITAPAJUIEJIBHBIM BO3BYXJIEHWUEM

BBenenmue.

JBurarenu mnocrosHHoro Toka (JIIT) mmpoko wuCHoONB3yHOTCS B
anekTporpuBoae. OHu 00J1aJat0T pAIOM OCOOEHHOCTEHN MO CPAaBHEHUIO C APYTUMU
ANEKTPUYECKUMHU MamMHaMu. [Ipy BBINOJIHEHUU TaHHOW JOMAIIHEN KOHTPOJIbHON
paboOThI CTYACHTHl 3HAKOMSTCS, MPAKTHUYECKH, CO BCEMU OCHOBHBIMHU BOIIPOCAMH,
CBSA3aHHBIMH C aHAIM30M pPaOOThl JBHUrareieil MocTOSHHOro Toka. CTyaeHTbhI
paCcCUUTHIBAIOT €CTECTBEHHYI) MEXAHHUYECKYH) XapaKTEPHUCTUKY, PACCMATPHUBAIOT
IyCK, TOPMOXEHUE U PErYIUPOBAHUE YACTOTHI BPAILICHUSI ABUTATENS IOCTOSTHHOTO
toka (IIT).

JlomamHee 3amaHue Mo pacdyeTy OCHOBHBIX xapakrtepucTtuk JIIT Brmrowaer
CJIEIYFOLIUE TTYHKTBI:

1. Pacuer ecrtecTBeHHOW  MexaHuveckoi — xapakrepuctuku N=f(M) wu
aNIeKTpoMeXxaHudeckoi xapakrepuctiuku N=Ff(l,).
2. Pacuer mckyccTBeHHBIX MexaHudeckux xapaktepuctuk N=f(M) JIIT npu
pPa3IUYHBIX COCO0AX peryaupoBaHus N:
- IPY U3BMEHEHUH HANPSKEHUSI UCTOYHUKA nuTaHus U;
- ipu BBeneHuH B 1enb potopa AIIT 1o6aBoyHOro conpoTUBICHUS
RSI)IOG;
- IpY U3MEHEHHUH NTOTOKA BO30YkaeHus D.
3. Pacuer mckyccTBeHHBIX MexaHudeckux xapaktepuctuk N=f(M) JIIT npu
pa3IMYHBIX CIOCO0AX PIEKTPUUECKOTO TOPMOKEHHUS:
- [IPY TEHEPATOPHOM TOPMOKEHUU;
- IPY AMHAMUYECKOM TOPMOKECHHH;
- [P TOPMOKEHUH MPOTUBOBKIIFOUEHHEM.
MeTtonuka pacuera Bcex MyHKTOB JIOMAIITHETO 3a/IaHUsl PACCMOTPEHA HUXKE.

1. Copep:xanue 1oOMAaNIHEr0 3aJaHUA.

Jns JIIT BBIOTHUATE CHEQYIOMIKXE PACYETHI U TIOCTPOCHUS:

1. HapucoBaTh 3JI€KTpUUECKYIO CXEMY BKJIIOYEHUS JBUTATENS] MOCTOSHHOTO
toka (HIIT) ¢ napaynensHbIM BO30YXACHUEM.

2. PaccuuTaTh ¥ MOCTPOUTH HA OHOM TpaUKe €CTECTBEHHbIE MEXaHUYECKYIO
n=f(M) u snekrpomexanuueckyro N=f(l,) xapakrepucruku. OnpeneauTb CKOPOCTH
BpalleHus: Np TpU 33JaHHOM MOMeHTe compotuBieHus Mp = Myk Ha Bamy
JBUTATEJISL.



3. Paccuntath ® TOCTPOMT, Ha OAHOM TpaduKe eCTECTBEHHYIO W
HCKYCCTBCHHBIC xapaktepuctukn  N=f(M) npum pasauunbix cnocobax
PETYIMPOBAHMSI YaCTOTHl BpAIICHUS N JBUTATENS TOCTOSHHOTO TOKa. OnpeneanTh
JUIS  KaXJO0ro ciydas  CKOPOCTh BpallleHHWs Np TpU 3aJaHHOM MOMECHTE
conpotuBiieHust Mp = My-K Ha Bany jaBuraTens:

a) U peryJInpoBaHny n3MeHeHneM Hanpspkenus cetu (U = U-ql);

0) npu peoctaTHOM peryaupoBanud (R, 06 = Ry02);

B) X U3MEHEHHUH TO0TOKa BO30yxaeHus (P’= d-ql).

4. PaccunTaTh U MOCTPOUTH Ha OJHOM TpauKe €CTECTBEHHYI) M HMCKYCCTBEHHBIC
xapaktepuctuku N=f(M) npu paznmmunbix ciocobdax Topmoxenuns AI1T:

a) IPY TeHEPATOPHOM TOPMOKCHHH, HAUMHAS C PEKUMA

Nt = thl u Mt = MHk

0) Mpu TMHAMUYECKOM TOPMOKEHUH, HAUMHAS C pEeKUMa

Nt=nNpuMg= MHk,

B) MPY TOPMOKEHUU MPOTUBOBKIIOUEHUEM, HAUMHAS C PEXKHUMA:

Nt =nNg-h2 u Mr = MyK ipu peocTaTHOM TOPMOXKEHUH;

Nt = Np u Mt = My'K mpu TopMOkeHHH ¢ M3MEHEHHEM MOJSIPHOCTH HAMPSHKCHUS Ha
0OMOTKE SIKOpS

2. Pacyer HOMMHAJBHBIX [JaHHBIX M TOCTPOEHHE €eCTeCTBEHHOM
MexaHu4eckoii xapakrepuctuku n=f(M).

PaccMOTprM  OCHOBHBIE TEOPETHYECKHE TIOJOKCHHS, HEOOXOAMMBIC IS
YCTEIIHOTO BBIMOJHEHHS IAHHOTO JJOMAIITHETO 3aJaHHUsl.

B kadecTBe MCXOIHBIX JAHHBIX IPUBOJIATCS CIEAYIOIINE BEJIMUNHBI:

U, — HOMHHaJIBHOE HATpsiKEHUE JABUTATENs, B;

Py — HOMHUHAJTbHAS. MOIITHOCTH JIBUTATENS, KBT;

Ny— HOMHHAJIbHAsI CKOPOCTh BpallleHHs poTopa, 00/MHUH,;

Wy — K.IL1., KOOQOUIHMEHT N0JIE3HOTO AEHCTBUS TPU HOMUHATIBHON
Harpyske, %,

Rs; — conpoTuBneHue oOMOTKH sKopst, OM;

R sion nox — COTIPOTUBJICHUE OOMOTKHU JOTIOTHUTEIBHBIX TIOJIFOCOB, OM;

Rgos6 — COMPOTHBIIEHHE 0OMOTKH BO30YKaeHuUs1, OM.

[Tone3noir MomHOCTREIO P, ABUrarenss MOOCTOSHHOIO TOKa  SABIISAETCS
MEXaHWYeCKas MOIIHOCTh, KOTOpas ONpEIeIsIeTCs dYepe3 MEXaHWYCCKHe
napameTphl TaK

P,=M-Q=M-2n/60)n=0.1047-M-n .

Hcnonp3yss HOMHHAIIbHBIE MaHHBIE Poy W Ny, BBIYUCISEM HOMHHAIBHBIN
BpaIIaroNii MOMEHT JIBUTATENS

My =9.55-Poy / N,



3neck Py, — B [BT], Ny — B [06/MuH], My — B [H'M] .

HoMunanpHas snexkTpuyeckas MOITHOCTh, MOTpeOIsieMas U3 CETH JIBUTaTeIeM
PIH = PZH / Hu.

Homuuanbabiil Tok asurarenst |y, = Py / Uy.

HomuHambHBIH TOK BO30YKACHUA oy = Un/ Ryose.

HomuHambHBIH TOK OOMOTKH SKOPSA gy = ly—lpy = P1y / Uy - U/ Reosein.

L J U S ‘T
r| E':R" B,
4
Isl
OBW
Puc.2.1.

VYpaBHEHHE IEKTPUUYECKOTO COCTOSIHUS CUIIOBOM 1ienu aBurarens (cM. puc.2.1.)
U=E+ l::(Rs + Ryonnon),

rae £ = Cgd-n.

YpaBHEHHE AJIEKTpOMeXaHnYeckor xapakrepucTuku N=f(1,)

n=U/(Cg®) - I;/(Rys + Ryon non)/ (Ce®) = ng — An.

YuuteBas, uyro M = Cy®Pl,;,- momyuaeM ypaBHEHHE MEXaHHUYECKOU
xapakrepuctuku N=f(M)

n = U/(Cg®) - M(Ry + Ryon non)/ (Ce=Cor @?) = no — An.

[Tonydyennsie BoipaskeHus st xapaktepuctuk N=f(l;) u n=f(M) umeror nTuHEHHbIH
XapakTep Mpu JAOMYIICHUH, YTO MATHUTHAS 1IETIh IBUTATENIS HE HACHIIIEHA.

[Ipu mnpoBemeHMu pacdyeToB dYacTo TpedyeTcs 3HATh TOCTOSIHHBIC
ko3 purenTsl Cp®@ u Cy @. OnpenensieM X U3 HOMUHAIBHOTO pexuMa:

CEO=E;Ing u Cy®=M,/lg,.

JI7isl TIOCTPOEHHUsI €CTECTBEHHON MexaHudyeckod xapakrtepuctuku N=f(M) wu
3JIEKTPOMEXaHuueckoi xapakrepuctuku N=f(l,) HE0OOXOAMMO 3HATH KOOPIMHATHI
JIBYX TOYEK:

) n=nompu M=0u l; =0 (pexxum xojoctoro xozaa, X.X.);

2) n=nynpu M = Myu |; = |, (HOMUHATBHBIA PEKUM).

YacroTa BpallleHHs B PSKHUME X0J10CcTOro xoaa papHa  Ng = U/(Cp D).

Hanee Ha oaHoMm rpaduke B oOIlIeld cUCTEME KOOpPAMHAT CTPOUM 00¢€

3apucumoctu N=f(M) u n=f(l,) (cm. puc.2.2.).
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[lo 3aganuio TpeOyercs ompenenuTb ckopocTs Bpamenus JIIT,
COOTBETCTBYIOIIYIO 3aJJaHHOMY MOMEHTY Harpy3ku Ha Baiy asurarens Mp=Myk.
Bocnonbe3yemcst ypaBHEHHEM

Np = U/(CECD) — Mp- (R,I'l' Rnon HOH)/(CE‘CM'CDZ) .

3. PacuyeT HCKYCCTBEHHBIX MeXaHHMYecKHX xapakrtepuctuk N(M) mpu
PAa3JIMYHBIX CHOCO0aX PpPeryJIupOBaHUS CKOPOCTH BpPALUECHUS JABUIaTeJIs
MOCTOSIHHOTO TOKA.

3.1. Pacuer xapakrtepucruku N=f(M) npm yMeHbIIEHWH HANPSKEHHS
HNCTOYHUKA MUTAHUS B LENU TKOPS.

BrusinueU na euo xapaxmepucmuxun=f(M).

BeipaxkeHust Ansg  ANEKTPOMEXaHUUYECKOM XapaKTEPUCTUKU n=f(l,) wu
MexaHu4deckoi xapakrepuctuku N=f(M)umerot Bu;

n = U/(Cp®) - I;(Ry + Ryon non)/ (Ce®) = no — AN,
n = U/(Ce®) - M(Ry + Ryon non)/ (Ce=Car ®?) = ng — An.

Kak cienyer U3 npuUBeICHHBIX BBIPAKCHUH, P YMCHBIIICHUN HATIPSDKEHUS Ha
skopHOi oO0MoTke U W HEM3MEHHOM MarHuTHoM motoke (d=const) ng
yMEHbIIIaeTcss mpornopruoHaikho U, a An  ocraercss HEM3MECHHBIM IIpH
OJIMHAKOBBIX 3HAYEHUsIX MOMeHTa M. 3HauuT HakiIoH xapakrepuctuku N=f(M) e
MEHSIETCSI.

[Tpu ymenbmennn Hanpspkerus (U= U-ql), mpuioKeHHOro K 00OMOTKE SKOPA,
HoJy4aeM HUCKYCCTBEHHYI xapakrtepuctuky N’=f(M), cmemenHyro BHU3
OTHOCHTEIILHO ecTecTBeHHOM XapakTepuctuku N=f(M) (cm. puc.3.1.).



Puc.3.1.

Pacuem ucxyccmeennoii xapaxmepucmuxu nN’=f(M) (npu U’= U-ql).

Jlns  mocTpoeHHsl HMCKyCCTBeHHOHM xapaktepuctuku n’=f(M) B cuiny ee
JMHEHHOCTH JIOCTATOYHO PAacCUYUTATh KOOPJUHATHI JIBYX TOUYCK, HAIPUMED:

1) i pexxumMa X0J0CTOro X0/Ia:
M =0; ng’= U’ /(Cg®) =U-ql/(Cg D) =np-ql,;
2) Ip¥ HOMHHAJILHOM Harpy3Ke:

M =My, n*y = UWI(Ce®) —My (Ry+ Ron o)/ (Cr Car @2).

Ha o6miem rpaduke crpoum ecrectBernyro N=f(M) u uckycctBennyro n’=f(M)
XapakTepucTuku (cm. puc.3.1.).

Koaghgpuyuenm pecynuposanus kp npu 3aoannom Mp.

BerancnsseM KO3(pQUIIMEHT pEryIupoBaHUS Kp CKOPOCTH BpAIIECHUS N TIpH
W3MCHEHUHW HanpspDKeHUs ucTouHrnKa nutanus U’= U-qlu mpu MOMEHTE Harpy3ku
Mp = MHk
Kp =Np’ / Np.
31ech Np —CKOPOCTh BpalleHus, COOTBETCTBYIOMAas MoMeHTy Mp, ipu padote JIIIT
Ha ecTecTBeHHOM xapaktepuctuke N=f(M). Np yKe BBIYUCIWINA PAHBIIC MPH
PaAcCCMOTPEHUH €CTECTBEHHOU XapaKTEPUCTHKH (CM. CTp. 8).

Np’ — CKOPOCTh BpalICHHs, COOTBETCTBYIOIIas MOMeHTy Mp, ripu padore JIIT
Ha MCKyCCTBeHHOH Xxapaktepuctuke N’=Ff(M) mpu Tom jxe MomeHTe Harpy3ku Mp u
pyU NOHW>KEeHHOM Hanpspkenun U = Up-ql.

Jlanee HEOOXOUMO OTMETHTH MPEUMYIIIECTBA U HEJOCTATKU JAHHOTO METOJa
pEeryaupoBaHMs N U CACIATh BBIBOJBI O IIEIECO00PA3HOCTH €TI0 TPUMEHEHHS.

3.2. Pacuer xapakrtepuctuxkun=f(M) mnpu BBexeHMH 100aABOYHOIO
CONPOTHBJIEHUS Ry 105 B LIENb SIKOPSI.

Brusinue Ry 006 Ha 610 xapaxmepucmuxu n=Ff(M).

DjeKTpuYecKkas CXeMma, COOTBETCTBYIOIIAs PEOCTATHOMY PpEryJIMpPOBAHHIO N
HIIT, npuBenena Ha puc.3.2.
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Puc.3.2.
VYpaBHeHue MexaHudeckoi xapakrtepuctuku N’=f(M) mpu ucnosiab3oBaHUU
PEOCTaTHOTO PErYJIUPOBAHUS BRITIISAUT CICIYIOMINM 00pa3oM
n’= U/(Ce®) - M-(Ry+ Ruon nont Ry 106)/ (Ce Car %) = ng — An.
[Ipu BBeaeHuu Ry 106 BO3pacTaeT AN ¥ YBEIMUMBACTCS HAKIIOH XapaKTEPUCTUKHU
n=f(M). ITpu stoM Ny = U/(CgP) HEe MeHsIeTCS, 3HAYUT SCTSCTBECHHASI K PeocTaTHasI
xapaktepuctuk U/(Cg®) BeixomaT u3 ogHoi Touku (pexum X.X., M= 0, cm.
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puc.3.3).
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Pacuem peocmamnoii xapaxmepucmuxu n’= f(M).
s moctpoeHust peoctaTHOi xapakrepuctuku N’=f(M) HeoOxomumo 3HATH
KOOPAMWHATHI IBYyX TOUYEK:
1) pexxum xomoctoro xonaa - Ng = U/(Cy®) ipu M = 0;
2) HOMUHAJIBHBIN pekuM - mpu M = My
N’y = U/(Ce®) — My (Rit Ry non + R 106)/(Ce Cor @7).
Ha o6miem rpaduke crpoum ecrectBennyro N=Ff(M) u uckycctBennyro n’=f(M)
XapakTepucTuku (cM. puc.3.3).

Kospppuyuenm peeynuposanus kp npu 3adannom Mp.



Onpenenum uzMmeHenue ckopoctu BpamieHust IIT nmpu perynupoBanuu N c
OMOIIBIO Ry 406 TPH MOMeHTE Harpy3ku Mp = My K.

3HayeHue Np, coorBeTcTByromee pabore JIIT Ha  ecrecTBeHHOM
XapaKTePUCTHKE M MOMEHTY Harpy3ku Mp = MK, onpenencHo paHbiie (CM. CTP.
8).

Brerancnum ckopocts Bpamienus Np’ mpu padore JIIT Ha uckyccTBeHHOMU
PEOCTaTHON XapaKTEPUCTHKE C TOOABOYHBIM COMPOTUBIICHUEM B IIETIH SIKOPS Ry 106
=Ry Q2.

[Tpu MmomenTe Harpy3ku Mp = M-k onpeaernsem

Np” = U/(Ce®) — Mo (Ra+ Ruonnion + Ry 206)/ (C Cor D).

KoadduumeHT perynupoBaHus CKOPOCTH BPAIIEHUS Kp COCTABISAET
Kp= nD’/ Np.

Jlanee HEOOXOUMO OTMETUTh TPEUMYIIIECTBA U HEAOCTATKUA JIaHHOTO METOAa
peryJaupoBaHus N U ClIeJIaTh BBIBOJBI O IIEJIECOO0OPA3HOCTH €T0 TPUMEHEHHS.

3.3.  Pacuer xapakrepuctuku n=f(M) npm yMeHbIIeHHH NOTOKA
BO30Y:KIeHMSI.

Brusinus nomoxa 6036yacoenus @ na suo xapakmepucmuxu n= f(M).

Ha puc.3.4 npuBeneHa  3JeKTpUYECKas  CXE€Ma, COOTBETCTBYIOIIAS
PETyJIMPOBAHUIO CKOPOCTH BpaIleHHs N JABUraTesl IOCTOSHHOTO TOKa IIpH
YMEHBIIICHUH MarHUTHOTO MOTOKa BO30yxaeHus (D’ = d-ql).
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[Tpu BBeeHM 1OOABOYHOTO COMTPOTUBIICHUS B IIETTh OOMOTKH BO30YKICHHUSI
Rs 106 YMEHBIIAETCS TOK BO30YXKJeHUS |, yMEHBIIAETCS MarHUTHBIN TOTOK (P’°<
®), co3znaBaeMblii 0OMOTKOU BO30YKICHHUS.

B cooTBeTcTBUM C YpaBHCHHUEM MEXaHUYECKOU XapaKTCPUCTUKHU



N’ = U/(Cr®’) — M(Ryt Ruon o)/ (CrCar (@)?)=n’g — AN’
C YMEHBIIICHHEM MAarHUTHOTO MOTOKa @ CKOpPOCTh BpallleHWs N JBHUTATENs Ha
pabodem yuactke xapaktepuctuku N=f(M) Bo3pactaet (cM. puc.3.5.). I[Ipu 3ToM 110

CpaBHeHHIO C GCTGCTBGHHOﬁ XapaKTepHCTHKOfI y I/ICKYCCTBGHHOﬁ MCHAIOTCA U Ng U
An.

n.o \¢
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Puc.3.5

s moctpoeHusl MCKycCTBeHHO# xapakrepuctuku N’=f(M) mpu ®’=d-ql
HEOO0XOMMO ONPEAEIUTh KOOPAUHATHI IBYX TOUEK:

a) pexxum X.X.: Ny’ = U/(Cg @) mpu M = 0;

0) mpu HOMHHAJIbHOM Harpy3ke: M = My

N’ = U/(Cg @) — My (Ry+ Ruomon)/ (CeCar (@°)?) =g’ — An’,

Koaghguyuenm pecynuposanus xp npu 3a0annom Mp.

Onpenenum u3menenne ckopoctu BpaueHus [IIT nmpu perymmpoBanuun c
YMEHBIIICHUEM TI0TOKa BO30yxaeHus (O’=d-ql).

3HauyeHue ckopoctu Bpaiienus poropa AIIT Ha ecTecTBEHHON XapaKTEpUCTUKE
Np MpH 3a7aHHOM MOMeHTe Harpy3ku Mp = MK yxe ompenenwin panbiie (CM.
cTp. 8).
3nauenune ckopoctu BpamieHuss Np’ HAIIT npu paboTe Ha HCKYCCTBEHHOU
XapaKTepUCTUKE MPU YMEHbBIIEHUU MOTOKa BO30yxaeHus (O’=d-ql) u MoMmeHte
Harpy3ku Mp = M,k onpenensiercs kak
np’ = U/(Cg @) — Mp*(Ry* Ryomnon)/ (Ce=Car (D)?).

KoaddummenT perynupoBaHust 4acTOThI BpaiieHUus N paBeH

“

Kp = nD,/ Np.

Jlanee HEOOXOAMMO yKa3aTh MPEUMYILECTBA M HEIOCTATKHA PACCMOTPEHHOIO
MCTO/JIa PCTYJIIMPOBAHUA U CACIIATb BHIBOABI O HeJIeCOO6pa3HOCTI/I ¢TI0 IIPUMCHCHUA.

3arem ciaeayeTr IMIpOBECTH COIMOCTABJIICHUC TPEX PaCCMOTPCHHBIX MCTOJ0B
perynuposanus N.



Pacyer MCKYCCTBEHHBIX MeXaHH4YecKHX Xxapaktepuctuk N=f(M) npm

pa3an4HbIX crocodax ropmo:xkenus JAIIT.

Jlanee  paccMmaTpuBarOTCS TPU  OCHOBHBIX  CHOcO0a  3JIEKTPUUYECKOTO
topmoxxenus JIIT:

- TEHEPaTOPHOE TOPMOKEHHUE;

- IMHAMUYECKOE TOPMOKEHUE;

- TOPMOKEHHUE MPOTUBOBKIIOUCHUEM.

4.1. 'eHepaTOpHOE TOPMOKEHHE

Ycnosue nepexooa JIIIT 6 pesicum cenepamopHo2o mopmoHceHus.

DNeKTpUYecKasl cXxeMa JBUTaTeNsl MOCTOSHHOTO TOKa NpuBeAeHa Ha puc.4.l.
HampaBnenue Toka |, Ha cxeMe COOTBETCTBYET pabOTE€ MAIMHBI B PEKUME
neurarens (E7 |1, ; P<0), anekTpudeckasi SHEPTust MOTPEOIIICTCS U3 CETH.
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Ha rpaduke mexanmueckoit xapakrepuctuku N=f(M) (cm. puc.4.2.) sromy
COOTBETCTBYET ToukKa 1, B kotopoit N<ny u E<U. 3gecs Ng —ckopocTh BpalleHus
poropa JIIIT B pexxume xosocroro xona (M, = 0).

VYpaBHeHHEe MexaHHUecKol XxapakTepuctuku N=f(M)
n = U/(Cg®) — M-(Ry+ Ryomon)/(Cg Car ®?) = no — An.
3nece M = Cyr -1, — MOMEHT, pa3BUBAEMbIil IBUTATEIIEM;
I, = (U - E)/R; — TOK B LIETTH SIKOPS;
E = Cg @-n—n.1.c. B OOMOTKE SIKOPHI.
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Pexxum reHepaTtopHOro (peKymnepaTUBHOIO) TOPMOXKEHHUSI HACTyMHaeT, KOorjaa
CKOPOCTh BpallleHHsI poTopa N OKa3bIBaeTCs O0JIbIIE CKOPOCTH BPAILIEHUS POTOPa B
pexKUME X0JI0CTOro Xo/1a Ny (cM. puc.4.2, Touka 2).

[Ipu n>ny E>U u Tok sikopsi | CTaHOBHUTCS OTpULIATETHHBIM, T.€. MEHSET
HarpaBJyieHHE. TOK SIKOPS U 3.1.C. OKa3bIBAIOTCS HAMNPABICHHBIMU B OJIHY CTOPOHY
(ET11y;, P> 0), MammHa IMOCTOSHHOTO TOKa pabOTaeT B PSKHME T'eHepaTopa,
AIIEKTPUYECKast SHEPTUS OTAACTCS B CETh.

Paboyas Touka MallMHBI TOCTOSTHHOTO TOKA HAaXOJUTCSI BO BTOPOM KBaJpaHTE
(Touka 2, puc.4.2).

Tak kak TOK sKkops |, TOMEHSJT HampaBi€HHUE W CTaJl OTPHUIIATEIIbHBIM,
COOTBETCTBEHHO  MEHSIET HAINpPaBICHWE UM  MOMEHT, TOXE CTAaHOBUTCS
OTPHIIATEIILHBIM, T.€. TOPMO3UT BpaiieHue poropa (M = M,< 0).

[lo ycnoBuro 3amaHusi TpeOyeTcss paccYUTaTh TOPMO3HYIO PEOCTaTHYIO
XapaKTepUCTUKY,  COOTBETCTBYIOIIYIO  TI'€HEPATOPHOMY  TOPMOXEHHUIO U
00ecTeunBaONIYIO TTPU 3aITAHHOM MOMEHTE TOPMOXKEHHUS M; 4acTOTy BpalieHus Ny
(Touka 3, puc.4.2).

Pemenue 3toii 3aj1aun NpoOBOAUM B JIBa dTara.

Ha nepBom 3Tamne omnpenensieM CKOpPOCTh BparieHus Ny mpu padore AT Ha
€CTeCTBEHHOM xapakTepuctuke (Ry jo6= 0) ¥ mpu 3aJaHHOM TOPMO3HOM MOMEHTE
M,

Ny = U/(CE CD) +M., ‘(R,I+ RHOHHOH)/(CE’CM‘QZ).

Ha BTOopom 3Tame onpejensieM BEIMUUHY JOOABOYHOTO COMPOTUBICHUS Ry 106,
BBOJIMMOTO B IIEMb SKOPSI M OOECIEUMBAIOIIECTO MPOXOXKICHUE PEOCTaTHOU
xapaktepuctrku N’=f(M) uepe3 Touky 3 ¢ koopauHaramu M, u N, (M; = Mk,

n: = ny-h1). Bocronbs3yemcst BepakeHUEM
n:= U/(Cp®@) +M; *(Ry+ RyommontRi nos)/(Crr Cor D).
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3amaBasi YUCIIOBBIC 3HAUYCHUS M, U N, onpeaessieM Ry 6.

3areM HEOOXOIUMO pacCyUTaTh MW TOCTPOMTH HA OJHOM Tpaduke
ecrectBennyio N,z =f(M) u peoctatayto n,=f(M) mexannueckue XapaKTEpHUCTHKH,
COOTBETCTBYIOIIUE TEHEPATOPHOMY TOPMOKECHHUIO (CM. puc.4.2).

Ha moctpoennbix xapakrepuctrkax N=f(M) mokaspiBaeM pacyeTHBIC TOYKH,
COOTBETCTBYIOIIHE TOPMO3HOMY MOMEHTY M.

Jlanee HEOOXOMMMO yKa3aTh MPEHMYIIECTBA U HEAOCTATKUH PACCMOTPEHHOTO
METO/Ia TOPMOYKEHHS U CJIeIaTh BBIBOBI O IEJIECO00Pa3HOCTH €r0 IPUMEHCHHS.

4.2. InHaMu4ecKoe TOPMOKEHHE

Onucanue npoyecca mopmoxceHus

[Ipu BbIMONHEHUU auHamMuueckoro topmokenus JIIT 1enb skopst aBUraTess
OTKJIFOYAaeTCS OT CETH IOCTOSHHOIO HAMPSHKEHUS M 3aMBIKACTCsS Ha PEOCTaT C
conpoTuBieHueM R o5 (cM. puc.4.3).

U

I; 0B
E\R Rg.n0n.
I,
Puc.4.3

PoTop mo mHepnuu nmpojoiKaeT BpalaThCs, B OOMOTKE SKops (Ha poTope)
HaBoAUTCS 3.1.C. E. Tak kak HanpspKeHHe BHEIIHETO UICTOYHUKA HA OOMOTKE SIKOPS
OTCYTCTBYET, TOK B LIEIIH ONPEAEISAETCS BhIPAKEHHUEM

Ifl: (' E)/(Rﬂ + R)IOI'I H0H+Rﬂ )106) < O
Toxk |; u MoMeHT M = Cypr@-l; cTaHOBITCS OTpULATEIBHBIMA, MOMEHT JEHCTBYET
MPOTUB HAIPABJIIEHUS BPAIICHHS POTOpa, T.€. CTAHOBUTCS TOpMO3smM. Hakiion
XapaKTEPUCTUKN  JIMHAMHYECKOTO TOPMOXKEHHUS  ONpeAeNsieTcs  BEeTUYHMHOU
CyMMapHoro conpoTuBiieHus B 1erH TKOPS (Ry+ Riommont Ry x06)-

11



M+ 0 Mc T\i

Puc.4.4

Ha puc.4.4 Touka 1cooTBeTCTBYyeT pabOTe MAIIMHBI B ABUTATEILHOM PEXHUME
Ha €CTECTBEHHOW XapakTepucTtuke (mepBbld KBajpaHT). [lpu BbIIOTHEHUU
JUHAMUYECKOro TopMokeHus padoudas Touka JIIT nomamaer B Touky 2 Ha
XapaKTEPUCTUKE TUHAMUYECKOIO TOPMOKEHHUS (BTOPOM KBajpaHT). Jlanee yactora
BpamieHuss N JIIT HauHer ymeHblaTbes, pabodas TOouka OyJIeT ABUTAThbCA IO
XapaKTepUCTUKE U3 TOYKU 2 K Touke (. DTUM crocOOOM BO3MOKHO TOPMOXKEHHE
JIIT no n = 0.

YroOwl mpezpctaButh Bua xapakrtepuctuku N=f(M) aBurarens mocTosHHOTO
TOKa MNpU JTUHAMUYECKOM TOPMOXEHUU (2 KBaapaHT, puc. 4.4) T0CTATOYHO
xapakrepuctuky N=f(M) mpu reHepaTopHOM TOPMOKEHHUH, PACCMOTPEHHYIO paHee
(puc. 4.2), cmecTuTh BHM3 Ha BenuuuHy No. [lomyueHHas xapakrepuctuka Oyaer
POXOJUTH Uepe3 Havyaao koopauHaT rpaduka n=Ff(M).

Pacuem xapaxmepucmurxu Nn=Ff(M) npu ounamuueckom mopmosicenuu

TpebyeTcst paccyuTaTh W MOCTPOUTH PEOCTATHYIO XapakTtepucTtuky N,=f(M),
COOTBETCTBYIOIYIO JUHAMUYECKOMY TOPMOKEHHUIO U ITPOXOSIILYIO Y€pE3 TOUKY C
KoopauHaTamu M; 1 N,.

Pacder npoBoauMm B 1Ba dTana:

a) pacuer xapaktepuctuku N,e=f(M) mpu R0 = O;

0) pacuet peoctatHoi xapaktepuctuku N,=f(M) (pu Ry # 0), mpoxosimei
Yepe3 pacyeTHYIO TOUKY € 33JJaHHBIMU KOOpJAWHAaTaMu M;  N;.

Pacuem xapaxmepucmuxu n,,=f(M+) npu Ry,s = 0
IlepBblii 3TaN - pacyeT XxapakTepUCTUKU TP Ry6 = 0.

VYpaBHeHue wmexanudeckor xapakrepuctuku N,e=f(M), cooTBeTcTBYMOIICE
JUHAMUYECKOMY TOPMOXKEHHIO (MpU Ryo6 = 0), MpuHUMAaET BUJ

Ne = My (Ry+ Ryommon)/(Cr Car D?).

ITonmyyeHHOE BBIpAKEHUE COOTBETCTBYET IMPSAMOM JIMHUU, IPOXOIAIIEH dYepes
HA4aJo KOOpAMHAT. YTOJ HAakJIOHAa ee K OCH abcuucc paBeH YINIy HakjIOHa
ectecTBeHHOM xapakrepuctuku N=f(M) JIITT.
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[Ipu punamuueckom TtopMmoxenuu JIIIT, paboraromiero, Hampumep, B
HOMHUHAJIBHOM pexkuMe (N = Ny) 6e3 100aBOYHOTO COMPOTHUBJICHUS B IEMHU SKOPS
(Rws = 0), BO3HUKHYT TOK sikopsi |, U TOPMO3HOH MOMEHT M, MHOTOKpPATHO
MPEBBINIAIONINE UX HOMUHAIbHBIC 3HAYCHUS.

IﬂT =- E/ (R;I+ Rnonnon) >>|;1 HOMy

u M= Cy O 15:>>Miou
Bropoii 3Tan — pacuet peocraTtHoi xapakrepuctuku N,=f(M) npuR ;6 # 0.

Utob6bl m30exkath aBapuu [IIT, B 1enp sSKkops BBOJAT OrpaHUYUBAIOIICE
conpoTuBieHue Ry # 0 (cm. puc.4.3). IIpu s3ToM noayyaem

IﬂT =- E/ (Rﬂ+RZ[OHHOH+RHO6) < 2";1 HOM)

n: = MT'(R51+R;L0HHOJ1+RH06) / (CE CM'CDZ)-

[ToxcraBnsss B mosiydeHHOe BoIpakeHne N,=f(M,) 4YuCIIOBBIC 3HAYCHUS
KOOpAMHAT 3aJaHHON Touku (M; U N;), depe3 KOTOPYH IOJDKHA MPOXOIUTH
peocTaTHas XapaKTepUCTHKA, OMPEEIsieM BEIMUUHY COOTBETCTBYIOIIETO Rjo6.

Ha o60mem rpaduke CTpoMM €CTECTBCHHYIO xapakrepuctuky N=f(M),
COOTBETCTBYIOIIYIO pab0OTe MAIIMHBI B IBUTATEIHLHOM PEXHUME, U JIBE TOPMO3HBIX
xapaktepuctuku: Ne=f(M) npu R, = 0 u peocratuyio N,=f(M) (cm. puc.4.4). Ha
HUX MOKa3bIBAEM YaCTOTHI BPAIlIEHUs, COOTBETCTBYIONINE 3aJaHHOMY M.

Janee HeoOX0AMMO yKa3zaTh MPEUMYIECTBA U HEAOCTATKU PACCMOTPEHHOTO
METOJIa TOPMOKEHHUS U CAENaTh BEIBOJBI O 11€€CO00pa3HOCTH €ro MPUMEHEHUS.

4.3 Topmo:keHHe MPOTHBOBKJIIOYEHHEM

[TpumensitoTcst 1Be MOIUMUKAIIUN TOPMOXKEHHS TIPOTUBOBKITIOUCHUEM:

a) C MCIT0JIb30BAaHUEM PeOCTaTHOM xapaktepuctiku N=Ff(M);

0) ¢ UBMEHEHNEM TOJISIPHOCTH HATIPSKEHUS B 1IETIH SIKOPSI.

TopMmokeHHE TPOTUBOBKIIOUCHHEM TMpoucxoaut, korma oomotku JIIIT
BKJIIOUEHBI JIJIS OJHOTO HAMpaBJCHUs BpalleHus, a sKOph (poTop) mMO.I
BO3JICMCTBUEM  BHENIHET0O MOMEHTa WM CUJ HMHEPIUU Bpaljaercs B
MPOTUBOIOJIO)KHOM HAIpPaBJICHUU.

4.3.1 TopMoskeHHE MPOTUBOBKJIIOYEHUEM C UCIOJIb30BaHUEM Rj 106

Onucanue npoyecca mopmoriCeHus.

PaccmoTpuMm  TiepBbIA  BapMaHT TOPMOXKEHHUSI MPOTUBOBKIIOYEHUEM  C
UCTIOIb30BaHneM peocTtatHoi Xapaktepuctuku N=f(M). Cxema Bxirouenust JI1T
IIpUBE/ICHA Ha pUCYHKE 4.1.

PaccmoTpuM, Kak MPOMCXOIUT MPOIECC TOPMOXKEHHUS C MOMOIIbI0 Tpaduka
(cm. puc.4.5).
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Puc.4.5

JomyctuMm neGeqka MoJHUMAET T'Py3, KOTOPBIM CO3[ae€T Ha Baly JBHUraTess
AKTUBHBIA MOMEHT CONpPOTUBIEHUS M. DTOMY peXKHMY Ha €CTECTBEHHOU
xapaktepuctuke N=f(M) cooTBeTcTByeT Touka 1. Ternepb moTpeOOBAIOCH STOT TPY3
OMyCTUTh. [Ipu 3TOM MOMEHT CONPOTUBIICHUS] OCTAETCS TEM K€ U JCHCTBYET B TOM
YK€ HaIlpaBJICHUH, a U3MEHSIOTCSI BEJIMUMHA U HAMPABJICHUE CKOPOCTU BPAILICHUS
(n.< 0). Ha rpaduke (puc.4.5) 3TOMy COOTBETCTBYeT Ha pPEOCTATHOM
XapaKTEepUCTUKE TOYka 2 ¢ koopauHaTamMu N = N, u M = M.. [Ins nmomyuyenus
HEOOXOIMMOW PEOCTATHOW XapaKTEPUCTUKH B IIENb SIKOPS BBOJUM J100aBOYHOE
conpoTuBJeHUE R; 106, 0OOECTICUMBatOIIIEE HEOOXOIUMBIN HAKIIOH 3aBUCUMOCTHU
n=f(M):
n = U/(Cg®) +M;(Ry+RiommontRanos)/(Cr Cor D).
N3mensis BenmuuuHy Rj;05, MOKHO BIIUATH HA CKOPOCTH OIYCKaHUS TPpy3a.
JInsi  BBIMOJTHEHUS TOPMOXKEHUS BKIHOYaeM B Ielb SIKOpS J00aBOYHOE
COnpoTUBJIEHUE R;y06 (CM. puc.4.1). B mepBblil MOMEHT B CHIIy HHEPLUU CKOPOCTh
BpallleHUsI poTopa N OCTaeTcsi HEU3MEHHOW, COOTBETCTBYMIOLIEH Touke 1, a
JIBUTATENIh YK€ HAaYyMHAET padoTaTh Ha PEOCTATHOM XapaKTEPUCTUKE B TOUKE 3.
MoMeHT, co31aBaeMblii IBUTAaTelIEM B TOUKE 3, OKa3bIBAETCS 3HAUUTEILHO MEHBIIIE
MOMEHTA COMPOTUBIICHUST M, W JBUrareiib HAYMHAET TOPMO3UTHCS, YACTOTa
BpallleHUsi N yMeHbIaercs, paboyas ToYka JBUIXKETCS MO PEOCTaTHOU
XapaKTEepUCTUKE BHU3 OT TOUKHU 3 K TOUKE 4.

Ecau tpebyeTcs mpekpaTuTh MOIBEM Tpy3a, T.€. OCTAHOBUTH JABUTATENb, TO
HEO0OXOMMO B TOUKE 4 OTKIIIOUUTh JBUTATENH OT CETH.

Ecmu AT He OTKIIIOYATH OT CETH, IBMXKCHUE padoUeh TOYKH MPOJOJDKUTCS 110
PEOCTaTHOM XapaKTepUCTUKE BHU3 10 TOUYKU 2. B Touke 2 Bpaliaromiuii MOMEHT
nBurarenss M cTaHeT paBHBIM MOMEHTY COINpPOTHUBIEHUS Mc, co3aaBaeMoro
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4.3.2

Ipy30M, JBUraTeidb OyJIeT BpallaThCs ¢ MOCTOSSHHON OTPULIATENEHON CKOPOCTHIO N
=n,< 0, rpy3 OyeT paBHOMEPHO OIyCKAThCS.

Pabore AIIT B pexkume TOPMOXKEHHS TMPOTHBOBKIIOUEHHEM C BBEJICHUEM
100aBOYHOTO CONMPOTUBICHUS Ry jjop B LIETb SKOPS COOTBETCTBYET YpaBHEHUE
N: = U/(Cp @) +My(Ry+RyommontRanos)/ (Ci Car D).
[loacraBnsiss B ypaBHEHHE YHMCIOBBIE 3HAYEHUS KOOPAHMHAT pPacCMaTPUBAEMOM
touku 2 (N<0; M,), ompenemnsieM BeIUYHHY R0, OOCCIECUHBAIONIETO
HEOOXOIMMBIN HAKJIOH peOCTaTHOM xapakTtepuctuku N=f(M).

Ha oaHoM rpaduke Uisi COMOCTABIICHUS CTPOUM JiBe Xapaktepuctruku N=f(M)
Py U3MEHCHUH MOMeEHTa B auarna3one ot 0 go 1.5-M, (cm. puc.4.5):

- ectectBeHHy10 xapaktepuctuky N=f(M) JIIT (mpu Rj6=0) ;

- PEOCTaTHYIO TOPMO3HYIO XapakTepucTuky N=f(M) mpu Rjy067# 0.

Ha mocrtpoennsix xapaktepuctukax n=f(M) crmeaxyer mnokaszate pacdeTHbIC
TOYKH, COOTBETCTBYIOLLIME 33JJaHHOMY TOPMO3HOMY MOMEHTY M.

Hanee crmenyeT OTMETUTh MNPEUMYIIECTBA M HEAOCTATKA [IaHHOTO METOAa
TOPMOYEHHUSI U C/EJIaTh BBIBOBI O 11€JIECO00PA3HOCTH €ro MPUMEHEHUS.

TopmoxkeHne NPOTHBOBKJIIOYEHHEM NIPU M3MEHEHHUH
MOJISIPHOCTH HANIPS’KEHHUS B LEeNU SIKOPS

Onucanue npoyecca mopmoiCeHus

BTtopoii BapuaHT TOPMOXEHUS MPOTUBOBKIIOUYEHUEM  3aKJIIOYAECTCS B
M3MEHEHUHU BO BpeMs padOThl ABUTATEls HAlpaBlIEHUsl Bpalarouiero Mmomenta M
Ha MPOTUBOINOJIOKHOE ITyTEM M3MEHEHHs MOJIIPHOCTH MCTOYHHKA HAIPSIKEHUS B
LEIHU SKOPSI.

[lo 3akony Ammepa cuna F, meicTByromias Ha TPOBOJHUK C TOKOM |,
BBIYHUCIIsICTCS 110 (popMyiie
F =[x B]-L.
3nech B — MHIYKIMS MarHATHOTOIIONS;
| — akTUBHAs JJIMHA TPOBOJIHUKA C TOKOM |.

Kak cnenyet u3 popMyiibl, U3MEHUTH HaIlpaBJICHUE ICUCTBYIOIIEH CUITbIF
Ha TIPOTUBOTMOJIOKHOE MOXKHO JTMOO M3MEHUB HampasjeHue Toka |, 1mbo n3mMeHuB
HaIpaBJICHUE MarHUTHOTO MOJIs B.
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Puc.4.6

Ha puc.4.6 mpuBeneHa »lEKTpUYECKass CXe€Ma, MO3BOJISIONIAS C MOMOIIBIO
nepeksoyaTes [1 u3MeHaTh MoJIsIpHOCTh UCTOUYHMKA HanpsbkeHust U B 1ienu sxops
JIIT. TIpu 5ToM B 0OMOTKE SAKOPS U3MEHSETCS HAIllpaBJIeHUE Toka lj.

[Ipeanonoxxum,  MEepBOHAYAIBLHO JIBUraTeldb paboTaql Ha ECTECTBEHHOM
xapaktepuctuke N=f(M) B mepBom kBagpante B Touke 1 (puc. 4.7) (Ry n6= 0).
Heo0xoaumo BBITONMHUTS 31eKkTpudeckoe Topmoxkenue JIIT.

in

Puc.4.7.
C nmomoristo nepexroyatens I1 (cm. puc. 4.6) MeHsieM HampaByieHUE Toka |y B

oOMoTke sikopsi. [Ipy 3TOM MeHsieTCs Ha MPOTHBOIIOJIOKHOE HAMPaBICHUE CHIIBI,
JEUCTBYIONIEH Ha OOMOTKY SIKOps, M HalpaBlieHWE BpAIIalOIIeT0 MOMEHTa
JIBUTaTelisl. DTOMY COOTBETCTBYET HUKHSSI BETBb MEXaHUUYECKOU XapaKTEPUCTUKU
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n=f(M) (cm. puc.4.7), npoxozsiias yepe3 TOUKY ¢ KOOpAUHATAaMU N =-Ng u M =
0 u mapamienbHasi UCXOJAHOW €CTECTBEHHOM XapakTepucTuke ¢ Toukoil 1. Ecnu
IIPU 3TOM HE PUHSTH TOMOJIHUTEIBHBIX MEpP, MPOU30MIET O0BIION OPOCOK TOKA
I, = (- U-E)/(Ry+ Ryon non)¥ IBHTaTENIb MOKET BBIMTH U3 CTPOs. J{Is orpaHUYeHHUS
TOKa |, B IeNb AKOps BBOAAT JOOABOYHOE CONMPOTHUBIECHHE Ry 106.

Bwmecte ¢ TokoM sikops (I1;< 0) MeHsieT HanpaBJIeHHE U Bpallalouui MOMEHT

M = Cy®-ly(touka 2, puc. 4.7). On craHoBuTcs TOpMO3HBIM (M = M;< 0), T.k.
Terneph JeUCTBYET NMPOTUB HAMpaBIICHUs BpalleHus: potopa asuratens. [logdbopom
Ry 106 MOKHO PETyJIMPOBATh BETUYHUHY |; U, COOTBETCTBEHHO, TOPMO3HON MOMEHT
M.

PaccMoTpuM ¢ momoIinpio Mexanudeckoi xapakrtepuctuku nN=f(M) (puc.4.7),
KaK OCYIIECTBIISIETCS] TPOLIECC TOPMOKEHUS.

CHauana nurarenpb paboTtai B TOYKe 1 ¢ HEKOTOPO MOCTOSIHHON CKOPOCTBIO
n. Ilpy u3MeHeHUW NONSPHOCTU HanpsokeHus U Ha OOMOTKE SIKOpsSI JBUTraTelb
HIEPEXOUT B TOUKY 2 Ha peocTatHOW xapaktepuctuke N=Ff(M), cooTBercTBYyIOIICH
U3MEeHeHHOM nonsgpHoctu U.

Tak kak MOMEHT, pa3BUBAaeMblil JIBUraTelieM, CTAHOBUTCS TOPMO3HBIM,
CKOPOCTb BpallleHUsI pOTOpa yMEHbIIAETCs, paboyas TOYKa MEpeMElIaeTcs 0
PEOCTATHON XapaKTEPUCTHKE U3 TOYKU 2 K TOouke 3, mpu kotopou N = 0. Ecnu B
3TO BpEMs ABUTATellb HE OTKIIOUUTH OT CETH, TO POTOP HAYHET Pa3rOHATHCS B
MPOTHUBOIIOJIOXKHYIO CTOPOHY B COOTBETCTBHM C HANpPABJICHHEM JIEHCTBYIOILETO
BpallarouIero MOMEHTA.

Paccmotpum, Kak paccuuTaTh pPEOCTaTHYIO XapaKTePUCTHKY,
COOTBETCTBYIOIYI0O TOPMOXXEHHIO IMPOTUBOBKIIOYEHHEM PaccMaTpPUBAEMBIM
METOJIOM U ITPOXOJSIIYIO YEPE3 3aJaHHYI0 TOUKY € TapaMeTpamu

M;=(-Myk) u n,=np.

VYpaBHeHue Mexanuveckod xapakrepuctuku N=f(M), cooTBeTcTBYIOIICH
pabore [AIIT Ha peocTaTHOI XapaKTepuCTUKe MpHU U3MeHeHHoU nojsipHoctd U B
HENH SIKOPS
n=-U/(CpD) +M'(R;[+RHOHHOH+RMOG)/(CE’CM‘(DZ).

[oacraBisis B ypaBHCHHE YMCIIOBBIC 3HAYCHUS KoopauHAT Touku (N; U M),
yepe3 KOTOPYIO JIOJDKHA MPOXOJUTh PEOCTaTHAs XapaKTEPUCTUKA, OMpeesseM
BEJTMYMHY JOOABOYHOTO COMPOTUBIACHUS Rjp06.

Ha omHom rpaduke crpoum tpu xapakrepuctuku N=f(M) mpu u3meHeHuu
MOMEHTa B Auanaszone ot — 1.5-M no + 1.5-M (cm. puc.4.7):

- ecTecTBeHHYI0 Xapaktepuctuky N=f(M);

- TopMo3HYH0 XapakTepucTuky Ne=f(M)IIT mpu Ryz06= O;

- peocTaTHYI0 TOpMO3HYIO XapakTepucTuky N,=f(M) (pu Rjy06 7 0).
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Ha mnocrpoennsix xapaktepuctukax Nn=f(M) crmeayer mnoka3ath pacueTHbIC
TOYKH, COOTBETCTBYIOIIE TOPMO3ZHOMY MOMEHTY M .

Jlanee cienyer OTMETUTh MPEUMYIIECTBA W HEJAOCTATKH JAHHOTO METOJa
TOPMOYEHUS U CIENATh BHIBOJIBI O 1[€JI€CO00PA3HOCTH €T0 MPUMEHEHHUS.

5. KoHTposbHBIE BONIPOCHI.

VYerpoiicTBo aBurarens nocrosHoro toka (JI1T).

Crnoco0s1 Bo30YyxkaeHuss MarHuTHOTO T1oJ1st B JII1T.

Onextpuyeckas cxema 3ametienus I T ¢ napanienbHbIM BO30YKICHUEM.

Mexannueckas xapakrepuctuka JIIT ¢ mapamiensHbIM BO30YXKICHUEM.
VYpasuaenue. [ paduk.

CnocoObl peryIMpoBaHus YacTOThI BpalieHus N. Ux cpaBHeHuHe.

PeocratHoe perymupoBanue N. ONeKTpUYecKas CXeMa. YPaBHEHHE.
['paduxk.

SxopHoe perynupoBaHue N. IieKTpudeckas cxema. Y paBHenue. ['padux.

[TomrocHoe perynupoBaHue N. DieKTpuyeckas cxema. YpaBHeHue. ['paduk.

Kaxk ocymectButs pesepc HIIT? 3akon Ammnepa.

Ocnoguble ciocoos! TopmokeHust AI1T. Ux cpaBHenue.

['eHepatopHO€  TOpMOXKEHHE. ODJIEKTPUYECKas CcXema. Y paBHEHHUE.
[IpenmymiecTBa 1 HEAOCTATKA METOIA.

JIlnHaMU4YeCKOe  TOPMOXKEHHE. JJEKTpUYEeCKas CcXeMma. Y paBHEHHUE.
[IpenmymiecTBa M1 HEAOCTATKA METOIA.

TopMoXkeHHE  NPOTUBOBKIIOUYEHHUEM  C  HCHOJIb30BAaHUEM Rs06-
DnekTpuueckas cxema. Y paBHeHue. [IpenmyiiiecTBa 1 HEJOCTATKH METO/IA.

TopMoXkeHHE  NPOTUBOBKIIOUYEHUEM TP HU3MEHEHHM  IOJISIPHOCTH
HaIpsDKEHUS B LEMH SKOps. DJIEKTpUUYecKas cxema. Y paBHeHue. [Ipenmyiecrsa u
HEJIOCTAaTKU METOA.
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