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BeeoeHue 

B nocneAHHe roAM ueoAHOPOAHMe $opMnpywmue nuuuu 

/Hcl»Jl/, COCTaBneHHble H3 COCpeAOTO\feHHbiX eMKOCTeH H HH

AYKTHBHOCTeH, HaXOAJIT BCe 6onee WHpOKOe npHMeHeHHe. 

0HH C ycneXOM HCUOJib3YIDTCJI Aa)l(e Ha CTOJib CJIO)I(HbJX 

uarpy3KaX, KaK HHAYKTOpbl JIHHeHHbiX HHAYKUHOHHbiX YCKOpH

TeneH H HMDYJibCHble Tpauc$opMaTOpbl MOmHMX :)J]eKTpOtiHbiX 

nyWeK CBq-reuepaTOpOB H YCKOpHTeneH, napaMeTpbl KOTO

pbiX cymecTBeHHO H3MeHJIIDTCJI B Tel.feHHe $opMHpyeMOrO 

HMnynbca. 
llpHMeneuue AJIJI pacl.feTa :HHX ycTpOHCTB H3BeCTHOH 

TeOpHH, pa3BHTOH AJIJI CJiyl.faJI UOCTOJIHHbiX BO BpeMeHH 

eMKOCTH, HHAYKTHBHOCTH H aKTHBHOrO COUpOTHBJieHHJI Jne

MeHTOB Harpy3KH /1, 2/, AaeT B03MO)I(HOCTb JIHWb npH6JIH

)I(eHHOH OUeHKH HeKOTOpbiX ueo6XOAHMbiX napaMeTpOB 

Hcl»JI /3, <1/, T .K. npu JTOM rpe6yercx Aenarb ucKa)l(awmue 

cyTb npo6neMhl npeAnono)l(eHHJI. B qacruocru, AIIJI ueKoro

pblx CJIO)I(HbiX uarpy30K He YAaeTCJI COCTaBHTb aAeKBaTHYID 

cxeMy JaMemeuuJI. Ecrecroeuuo, JTa MeTOAHKa ue Aaer 

B03MO)I(HOCTH UpOBOAHTb HH KOJIH\feCTBeHHOrO auaJIH3a CH

CTeMbl "HcJ»Jl- uarpy3Ka", HH CHUTe la OUTHMaJibHOH KOH

CTpyKTHBHOH CXeMbl HcJ»JI, HaHnyl.fWHM o6pa30M UOAXOAJimeH 

AJIJI JaAaHHOH nepeMeHHOH Harpy3KH. 

Hu)l(e npHBOAHTCJI reopu.11 pa6oTM cucTeMw "Hcl»JI- ua

rpy3Ka", CB060AHaJI OT BbiWeynOMJIHYTMX ynpomawmux npe.r(

UOJIO)I(eHHH, OCHOBOH KOTOpOH JIBJIJieTCJI peanbHaJI CXeMa 

Hcl»Jl H uarpy3KH c yl.feTOM AeiicrourenbHbiX napaMerpoo 

BCeX COCTaBJIJIIDmHX HX 3JieMeHTOB. 
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Pac1.1e111Ha.R cxeMa 

Ha puc. 1 H3o6pa)l(eHa cxeMa cucTeMhl '"H<I>JI-uarpy3Ka", 
B KOTOpoii H<bJI npeACTaBneHa Ha6opoM KOHACHCa TO pOD H pe
rynuposoqHhlX HHAYKTHBHOCTeii. IlOCKOnbKY Ka>K,ZJ;hlH KOHAeH
CaTOp o6naAaeT C06CTBeHHOH HHAYKTHBHOCTbiO, B HeKOTOphlX 
cnyqaJtx cpasuuMoii c senuquuoii perynuposoquhlx HHAYK
THBHOCTeii, TO AnJI ee yqeTa Ka>K,ZJ;biH H3 KOHAeHCaTopOB 
npeAcTasneH a BHAe nocneAosa Tenbuoro 3Beua C i - S i , 

rAe C i - eMKOCTb, a S i - C06CTBeHHaJI HHAYKTHBHOCTb 
i - ro KOHAeucaTopa H«PJI. 

Puc. 1. CxeMa HeooHopooHoii fjopMUPY10U#ei1 AUHuu: 1- HflJJI, 
2 - Hazpy3Ka. 

H«PJI pa3pB)I(aeTCJI ua uarpy3KY qepe 3 KnJ04 u nO ABO
A11UlHe KOMMYHHKaUHH. B KaqecTBe Knl04a B MOI.I.lHOH HM
nynbCHOH TCXHHKe 06blqHo npHMeHJIIOT THpaTpOH, KOTOpbiH 
o6naAaeT CTOnb ManbiM BHyTpeHHHM COnpOTHBJieHHeM, 4TO 
HM MO)I(HO npeue6peqb. Co6CTBeHHaJI )l(e ero HHAYKTHBHOCTb 
L KJI 4aCTO cpaBHHMa C perynupOB04HbiMH HHAYKTHBHOCTJI· 
MH L i H B OflHCbiBaeMOH TeopHH MO)I(eT 6b1Tb yqTeHa. 
HHOrAa He06XOAHMbl flOABOAJIUlHe KOMMYHHKaUHH B BHAe 
Ka6eneii unu nonocKOBbiX nuuuii. B 3TOM cnyqae napaMeTpbl 
KOMMYHHKaUHH TaK)I(C MOryT 6b1Tb yqTeHbl. 

KaK noKa3auo HH)I(e, MO)I(HO onuca Tb peanbHble Harpy 3-
KH TaKHM o6pa3oM, qTo6bl Aa)l(e s uau6onee o6ll.leM cnyqae 
3aBHCHMOCTH HX napaMeTpOB OT BpeMeHH nonyqanHCb npa
BHJibHble ypaBHCHHJI Me>K,ZJ;y xapaKTCpH3YIOIUHMH CHCTeMy 
TOKaMH J H H HanpJI)I(eHHJIMH U H . 

4 

Mhl OflHIIICM 3ACCb Harpy3KH CnCAYIOI.I.lHX THflOB: 
1. AKTHBHoe conpoTusneuue R = const. 3AeCb CBB3b 

Me>K,ZJ;y TOKOM H HanpJI)I(CHHCM Harpy3KH MaKCHManbHO npo
CTa - 3TO H3BCCTHbiH 3aKOH 0Ma: 

U = RJ III 
H H 

2. HHAYKTOpHaB ycKopBIOI.I.laB ceKUHB nuueiiuoro HHAYK
uuouuoro ycKopuTenB I JIHY I. 

liyAeM paccMaTpHBaTb HHAYKTOpbl JIHY THna 
JIHY- 3000 /5/, HH)I(eKTopa "AcTpou " /G/ , JIHY- 301250/7 I 
H JIHY -515000 /4 ~ MaTepuaJI KOTOpbiX - nepMannoii 50 HIT. 
HHAYKTOP npeACTaBnBeT co6oii TopouAanbHblii cepAe4HHK, 
HaMOTaHHbiH, AnB yMeHbllleHHJI BHXpeBbiX TOKOB, H3 TOHKOH 
nepMannoesoii neHTbl. liblcTpoe, B Te4euue Aoneii MHKpoce
KYHAhl, nepeMaruuqusauue HHAYI\TOpa, npu KOTopoM uanpas
neuublii a3HMyTanbHO BeKTOp jj MeHJieTCJI B npeAeJiaX OT 
- B r AO + B r , co3AaeT uanpasneuuoe BAOnb ocu suxpesoe 
ycKopBIOmee none JIHY /8/. 

Ypasueuue CBJ13H Me)I(AY TOKOM H HanpJDKeHHeM 3TOH 
uarpy3KH flOJIY4HM H3 cneAYIOUlHX coo6pa)l(eHHH. 

I13BeCTHO, 4TO npouecc HMnynbcuoro nepeMaruuttusauuB 
<PeppOMarueTHKa C IIIIr OnHChlBaeTCH ypaBHeHHeM /9/ 

B 
R( 1- H

2
/B:) (II( t) -11 0) 

2 2 afi2 
+ R ( 1 - B !B 5 ) -- ( B + B r ) 

2Br 

121 

3AeCb B r , B s - ocTaTottHaH HHAYKUHB H HHAYKUHB 
uacblmeuuB; R - AHHaMuttecKoe conpoTusneuue MaTepuana 
cepAe4HHKa; Ho - none cTapTa; a - 3neKTponpoBOAHMOCTb 
MaTepuana; fi - nonyTOJIIUHHa neHTbl cepAe4HHKa; II( t)
HanpJI)I(eHHOCTb MarHHTHOrO nonB B paCCMaTpHBaeMOH T04Ke 
cepAe4HHKa, C03AaBaeMa.H BHelliHHMH HCT04HHKaMH TOKa, 
a T04Ka HaA B o3uaqaeT AH«Wlepeuuuposauue no speMeHH. 

Hapy)I(Hblii u BHY.Tpeuuuii paAHYCbl <PeppoMarHHTHbiX cep
Ae4HHKOB cyll.leCTBeuuo pa3JIH4aiOTCB. TaK, B ycKopuTene 
JIHY-301250 r 1 r = 2,15 An.H HHAYKTopos uaqanbuoro 

H llH 
yqaCTKa YCKOpHTenB H 2,5 - An.H OCHOBHbiX HHAYKTOpOB. 
BcneACTBHe 3Toro H( t) s 121 cyll.leCTBeHuo pa3nH4Ha AnJI 
paAuanbHbiX cnoes. ~nB yqeTa 3Toro pa3nH4HB HHAYKTOP 
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He06XO~HMO pa36HTb Ha ~OCTaTO'IHO TOHKHe pa~HanbHWe 
30HW, B KOTOPWX H( t) 6e3 6onblllOH OUIH6KH MO)I(HO C'IHTaTb 

DOCTOHHHbiM. llone B 3THX CnO.HX DpHMeM • 

-
H = y 

J(t) +J (t) n 
2 77 r y 

, (y= 1,2, ... ,\1), /3/ 

I J( t) H J11 ( t) - nepeMarHH'IHBaiOJ..QHH TOK H pa3MarHH'IH

BaiOI.QHH TOK YCKOpHeMoro DY'!Ka, COOTBeTCTBeHHO, a CKO

pOCTb H3MeHeHHH HH~YKU:HH B Ka)K~OH 30He 6y~ey/9 1 

B y 

-2. 2 -
R( 1- ByiB8

) ( Hy( t) -H0 ) 

2 
-2 2 a 5 -

1 + R( 1-By/B 8 ) --(By-+ Br) 
2Br ' 

/4/ 

B /3/ H 
ry + r Y _ 1 

- cpe~HHi pa~uyc 30HW, /4/ r r = 
2 

M- '!Hcno scex 30H. 

Tor ~a uanpH)KeHue, npuno)f(euuoe K HH~YKTopy, onpe

~en.HeTCH KaK 

M -
UH= f 2: SyBy, 

y = 1 
/5/ 

r~e f - KOJ<l>¢uu:ueur 3anonueHHH HH~yKropa, S Y- nnoJ..Qa~b 
y-ou 30Hbl pa36BeHH.H HH~YKTOpa. 

TaKHM o6pa3oM, CB.H3b Me)I(Ay npoTeKaiOJ..QBM qepe3 

Harpy3Ky TOKOM H HaDp.H)KeHHeM B ~aHHOM cnyqae ODHCblBa

eTC.H ypaaueHH.HMH /3/, /4/ H /5/. B cnyqae <l>eppuroa 

a /4/ cne~yer nonmKBTb a = 0. 
3. 11MnynLCHhli rpauc<lJopMarop/

10 I ua ocuoae ycKopgro

I.QeH: ceKU:HH JIHY MJI JneKTpOHHOH DYIIIKB C Harpy)l(alOlJ.I,HMH 

3neKTpOHHblM TOKOM H TOKOM CMeiQeHB.H. 

Ero pacqerua.H cxeMa H3o6pa)l(eHa ua puc. 2. 3~ecb 
Karo~ K pacnono)l(eH ua MerannuqecKOM crep)l(}fe, npoxo

~Jill{eM B~Onb OCR BCeX N WTYK HH~YKTOpOB Tpauc<lJopMa

ropa. Hu~yKTOpbl B036y)I(AaiOTC.H napannenLHO BMnynLCOM 

OT Hci»JI. 

6 

8 

A 

~ : : : : : : ==== : : ( ~ 
Puc. 2. CxeMa uMnyAbCitozo mpaHc(JOpMamopa Ha ocH06e 
UHOyKmopHoii ycKopJIIOflleii ceK~uu. A - a~too, K - Kamoo. 

Auo~ A 3a3eMneH. ToK cMei.QeHHH J c ( t) c KaTo~a Ha 

3eMniO swpa)f(aercg qepe3 ero eMKOCTb CaK TaK: 

Jc(t) =-CaKNll 11 ; /6/ 

JneKTpOHHWH TOK C KaTo~a 111 ( t). Harpy)f(alOlJ.I,HH CHCTeMy 

BMeCTe C TOKOM CMei.QeHHH Jc ( t), BW'IHCnHeTC.H ~nH OTHO

CHTenbHO Manhlx uanp.H)f(eHHH no <lJopMyne 

J (t) = -- a(Nll )3/2 
II H , 

/7/ 

r~e a - DOCTOHHHaH, 3aBHCHll{aH OT DnOTHOCTH 3MHCCHH. 

JI106a11 ~pyraH 3aBHCHMOCTb J ( Nl! 
11

) , 3a~auua11 auanu-
l1 ~ 

TH'IeCKH HnH B BH~e Ta6nHl{bl, nony'leHHOH 3KCDepHMeHTanb-

HO Ha 3TOH DYUIKe, TaK)f(e MO)f(eT 6blTb Y'!TeHa. 

CBH3b Me)I(Ay TOKOM H HaDpH)f(eHHeM Harpy3KH B ~aHHOM 

cnyqae Bwpa)f(aercH KaK 

H y 

J ( t) IN + J 11 ( t) + Jc( t) 

2 77f y 

/8/ 

7 



u = 
H 

-2 2 3/2 - ' 
M R( 1-6yJB 8 )[J(t) /N-a(NUH) • -2rrr1foj 

f ~ s y - UH 
Y- 1 -2 2 a8 2 - -

[ 1 + R (1-By/B8 ) --(Br +By)] 2 rrr y 
2Br 

2 2 
M R( 1 - By I Bs ) 

NCaK · f I Sy - 2/B2) ao 2 (B + Br )] 2rrr y y= 1 [ 1 + R( 1- By s 
2 

B Y 
r 

/9/ 
I J ( t) - paJp.II.IJ.HLiii TOK H~JI/. 

Cne,ZJ,yeT OTMeTHTL, 'ITO KaK B onHcaHHH HarpyJKH 2, 
TaK H 3 6LIJIO HCllOJiblOBaHO npe,ZJ,UOJIO)I(eHHe 06 H,ZJ,eaJILHOCTH 

TpaHc4JopMaTopa, KaKHM B ,ZJ,eiicTBHTeJILHOCTH H .IIBJI.IIeTC.II 

Ka)I(.IJ.LIH nepMaJIJIOeBLIH HH.IJ.YKTOp JIHY. B CJiyqae )l(e MHO

rOBHTKOBLIX TpaHCcPOpMaTOpOB C HeCHMMeTpH'IHLIMH o6-

MOTKaMH ,ZJ,a)l(e Ha OCHOBe TaKHX )l(e HH.IJ.YKTOpHLIX nepMaJI

JIOeBLIX MarHHTOllpOBO,ZJ,OB CJie,ZJ,yeT O)I(H,ZJ,aTL, 'ITO 3TO npe,ZJ,

llOJIO)I(eHHe He 6y,ZJ,eT BllOJIHe COOTBeTCTBOBa TL ,ZJ,eHCTBHTeJIL

HOCTH. PaJyMeeTc.ll, 3TO HY)I(}{O 6y,ZJ,eT Y'IHTLIBaTL npH nony

'leHHH CB.II3H Me)I(.IJ.y TOKOM H HanpJI)I(eHHeM B Harpy3Ke Ta

KOrO THna. 

Pa3pJIO HfiiJI Ha Hazpy3KY 

IJoJiy'IHM ypaBHeHH.II, OITHCLIBaiOIQHe npo:uecc pa3p.II,ZJ,a 

H~JI, HJo6pa)l(euuoii Ha puc. 1. 
IlpHMeH.II.II nocne,ZJ,osa TeJILHo JaKOHLI KHpxro«Pa K Ka)I(.IJ.oii 

.ll'leiiKe 4JopMHPYIOIQeii JIHHHH, llOJIY'IHM 

. 
ua- ul L 1 J1 

u2 - u1 L2 J2 
/10/ 

Urn - Um-1 = LmJm 

8 

l 

B CHCTeMe ypaBHeHHH /10/ U a - Hanp.IDKeHHe B TO'IKe "a", 

Uj - Hanp.IDKeHHe Ha BLIBO,ZJ,ax j -ro KOH,ZJ,eHCaTopa, KOTOpoe 

paBHO HaiTp.IDKeHHIO Ha ero ITJiaCTHHaX Ja BLI'IeTOM na,ZJ,eHH.II 

Hallp.ll)l(eHH.II Ha C06CTBeHHOH HH.IJ.YKTHBHOCTH, T .e. 

U j = Qj/C i + S j Q j , /11/ 

r,ZJ,e Qj - Jap.II.IJ. Ha nnacTHHax j -ro KOH,ZJ,eHcaTopa. ToK, 

npoTeKaromBii qepe3 perynHpOBO'IHYIO HH.IJ.YKTHBHOCTL Lj , 
CKJia,ZJ,biBaeTC.II Hl pa3p.II,ZJ,HLIX TOKOB KOH,ZJ,eHCaTOpOB, H306pa

)l(eHHLIX JieBee 3TOH HH.IJ.YKTHBHOCTH Ha puc. 1, T.e. 

m 
J. =- I Qa. 

J a= j 
/12/ 

IlO,ZJ,CTaBHB Bblpa)l(eHH.II /11/ H /12/ B CHCTeMy /10/ 
H npoHJBe.IJ..II uecJIO)I(HLJe npeo6paJoBaHH.II, noJiy'IHM 

•• m .. 
Ua- Q1/C1 = (S1+ Ld Q1 + L1 I Qa 

a=2 
.. .. m .. /13/ 

Q/C.-Q:!C2=-S1Q1+(S2+L2)Q2+L2 ~ Qa 
a=3 

.. .. 
Qm_/C m-1- Qm/Cm=- 8 m-1 <lm-1 + ( Sm+ LtJ Qm 

HJIH B MaTpH'IHOM BH,ZJ,e 



( ~\ + L 1) L1 

-S1 (~+ L2) 

0 -S 2 

0 0 

Cne.nooarenLHO, 

.. 
ql 

Qz 

= ( LSf I 

Qm 

L1 ...... L t 

L2 . . . . . . L2 

(S3+~) ...... L3 

0 ....... (Sm+ Lm) 

ll a - (Jt /Cl 

Q t!Ct- Q2/C2 

Qm_y'CIT'-1-Q rn!C m 

/15/ 

/161 

MarpH'IHOe ypaoHeHHe /16/ onucbloaer npouecc pa3pH.u.a 

Hcl>ll. 
KaK y)l(e rooopunocL, Me)f(Jl.y TO'IKaMH "a" u "6" o cxe-

Me, H306pa)l(eHHOH Ha pUC. J, MOryT 6b1TL BKlliO'IeHbl Ka6enH, 
nepe,u.aJO~He nHHHH HnH UpOCTO KOpOTKHe ManOHH.U.YKTHBHble 
orpe3KH no,nBO.U.JIUUIX waH. Y'leT onHJIHHJI no.u.oo,IJ.JIUUIX KOM
MYHHKaUHH npoHnniOCTpHpyeM Ha npHMepe BKniO'IeHHbiX B na
pannenL Me)f(Jl.y TO'IKaMH "a" u "o" n Ka6enei c oonHOBbiM 

conporuoneHHeM p . 
Pa306LeM Ka)f(Jl.biH Ka6enL Ha KOpOTKHe 3BeHLJI, HH,U.yK

THBHOCTL H eMKOCTL KOTOpbiX Bblpa)l(alOTCJI qepe 3 H3BeCT
HOe BOnHOBOe COllpOTHBneHHe p, norOHHYIO eMKOCTL ( H f1 

.u.nuHy d xa6enH rax: 

- d· en . - 2 
c3B- K , L 3B - P c 3s· 

qucno JBeHLeB K onpe.u.enJieTcJI Heo6xo,u.uMoi TO'IHOCTLIO 

pacqera. 
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TaKHM.06pa30M, yqey Ka6enei CBO,II.HTCJI K BKlliO'IeHHIO 
Me)f(Jl.y TO'IKaMH "a" H "B" CXeMbl, H306pa)f(eHHOH Hapuc. 3 . 

a 8 

1 I I I 
Puc. 3. Pac'lemHaJI cxe~w y'lema Ka6eAeu, 6KA10'-IeHHbJX ..wexoy 
H</JJI u HQ2PY3KOU. 

CucreMa ypaoHeHui, onucbloaiO~aJI npouecc nepe,u.aqu 
HMnynLca or H<l>ll K Harpy3Ke, nonyqaercJI aHanorH'IHO 
/13/ 

• 2 
ql = 1/n - w ( ql- Gz) 

q2 = (,}(q.- 2q2+ q3) /17/ 

q = w 2 ( q - 2q + C · U ) , 
k k-1 k 3B H 

r.u.e qj - 3ap.ll,n ua j -oM JneMeHTe .u.nuHbl xa6enJI, J1( t)
TOK qepe3 HH.U.YKTBBHOCTL L 1 

B TO'IKe "s" I puc. 1/ cxo,nJITCJI TOKB, nporexaiOUUie 
no xa6en.B:w, u cy:w:wapHbiH TOK paseu 

K 
1n= 1 1 -n ~ qf3. 

/3=1 
/18/ 

Taxu:w o6pa3o:w, Ua B ypasueuuu /16/ ecr1o q1 /C 38 B 
cnyqae, xor.u.a :we)f(Jl.y TO'IKa:wu "a" u "s" BKmo'leHbl Ka6enu, 
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u U H - Kor.na Harpy3Ka npucoe,nBH.IIeTCJI c noMOI.QLJO Mano

BHAYKTBBHhiX no,nBOA.IIl.QBX WBH. 

K ypaBHeHB.IIM 1161, 117 I u 1181• ocTaeTc.ll .no6aBBTb 

ypaBHeHBe, CB.II3hiBaJOI.Qee TOK B Hanp.II)KeHBe B Harpy3Ke. 

B o6meM Bu,ne ero MO)KHO 3anucaTb: 

. . 
F(Uil,Uil,Jil,Jil,Pv) =0, 1191 

r ,ne $yHKI.I,BJI F 3aBBCBT KaK OT nepeMeHHhiX BO BpeMeHB 

BeJIB'IHH lJ ll , lJ H, j H , J H, TaK B OT BCeX nOCTO.IIHHhiX 

napaMeTpOB Harpy3KH P11 • B HeKOTOphlx KOHKpeTHhiX cny
'laJix I 191 JanuchiBaeTCJI B Bu,ne cucTeMhl nuHeHHhiX una 

HenuaeHHbiX .nu<l>cllepeuuuanLHbiX ypasueuuil. 

HTaK, nonaaJI cucTeMa ypaBueuuil, onuchiBaJOmas npo

uecc pa3pJI,na H<I>JI ua uarpy3Ky, cocTOBT H3 rpynn ypaB

ueuuil, onuchiBaJOmux pa3pH,n H<I>JI I 161, nepe,naqy uMnynLca 

no Ka6en.IIM I 17 I B ypaBHeHHJI CBJI3B TOKa u HanpJI)KeHB.II 

B uarpy3Ke 1191. 
Ilo,nqepKHyM, 'ITO BCe 3TH rpynnbl ypaBHeHHH HBJI.IIlOTCJI 

B3aBMOCBJI3aHHhiMB, nOCKOJibKY B Ka)K,nOH 83 HHX eCTb 

ypaBHeHHJI CBJI3B C ,npyrBMH rpynnaMB. 

Ha'laJibHhle .nauHwe .nns nepeMeHHhiX Bhl6upa10TCJI B3 

cne,nyJOmux coo6pa)KeHBB. 

K MoMeHTY KOMMyTauuu Bee KOH,neHca TOPhi H<I>JI 3apg

)KeHhl ,no HanpJI)KeHB.II ll 3 ap , TOKH B CXeMe OTCYTCTBYIOT 

u uanp.II)KeHue ua J<a6ene paBHO HynJO. Cne,noBaTenbHO, 

q j = cJ U3 ap 

Qj = 0 

q{-5 = 0 

q = 0 
(3 

(j=l,2, ... ,m) 

/201 

(1-5 = 1, 2, .... K) . 

B cnyqae Harpy3ol< 2,3 Heo6xo,nuMo y'IBThiBaTb npouecc 

nepeMarHB'IBBaHB.II BHAYKTOpOB no 30HaM, npB'IeM CI<OpOCTb 

B3MeHeHBJI BHAYI<l.I,BB B J<a)KAOH 30He OnBChiBaeTCJI ypaBHe

HBeM 121. 3To ypaBHeHue uau6onee TO'IHO onuchiBaeT npo

uecc nepeMarHB'IBBaHBJI $eppoMarHeTBJ<a C Illlf' 83 Ha'laJib

Horo cocTOJIHBJI B 0 =- B r . B peanLHhiX JUlY B TpaHc$op-

12 

MaTopax ·Ha'lanLHaJI BHAYKUB.II 6y,neT pa3JIB'IHa ,nn.11 pa3HbiX 

CJIOeB BHAYKTOpa, TaK KaK OHa onpe,nen.lleTCJI He TOJlbKO Be

JIB'IBHOH TOKa pa3MarHB'IBBaHBJI B MOMeHT KOMMyTal.I,BB B 

CTaTu'leci<oil neTneil rucTepe3uca MaTepuana, B3 KoToporo 

B3rOTOBJieH BHAYKTOp, HO B BeJIB'IBHOH r y . JICHO TaK)Ke, 

'ITO HeCTa6BJibHOCTb BeJIB'IBHhl TOKa pa3MarHB'IBBaHBJI B 

MOMeHT cpa6aTbiBaHBJI npBBOABT K HeCTa6BJibHOCTB $OpMhl 

BMnyJibCa Hanp.II)KeHB.II /TOKal Harpy3KB. 

3Tux He,nocTaTKOB MO)KHO B36e)KaTL, ecnu cneuuanL

HhiM o6pa30M c$a3BpOBa Tb nepeMeHHbiH BJIH BMnynbCHhiH 

TOK pa3MarHB'IBBaHBJI C MOMeHTOM KOMMyTal.I,BB. IIpB 3TOM 

cne,nyeT, O'leBHAHO, ,no6BTbC.II Tai<OH CBHXPOHB3al.I,HH, 'IT06hl 

HMnyJibC nepeMarHH'IHBaHH.II OT H<I>JI Ha'IHHaJICJI B MOMeHT 

paBeHCTBa HYJIIO pa3MarHH'IHBaJOI.Qero TOKa, KOTOphiH nepe,n 

Ha'lanoM HMnynLca aMen 6w Heo6xo,nuMoe ,nn.11 pa3MarHu

'IHBaHH.II oTpuuaTeJILHoe 3Ha'leHue. Pa3yMeeTcJI, aMnnu

Ty,na ero .non)I(Ha 6wTb .nocTaTO'IHOH ,nn.11 nepeso.na B co

CTOJIHue HaCbii.QeHHJI BCeX CJIOeB BHAYI<TOpa, KOTOphle aBTO

MaTH'IeCKH OJ<a)KyTCJI HaMarHH'IeHHbiMH ,no -Br npu CHH)Ke

HHH a6COJIIOTHOH BeJIH'IBHbl TOKa pa3MarHH'IHBaHH.II ,no HYJIJI. 

Co6n10,neuue scex 3Tux ycnosuil npuse,neT He TOJibKO 

1< ToMy, 'ITO nepeMarHH'IHBaHue scex cnoes cep,ne'IHHKa 

6y,neT Ha'luHaTLCJI c o,nHoro u Toro )Ke Ha'lanLHo-

ro 3Ha'leHHJI BHAYKI.I,HH -BP HO TaK)Ke H I< noBbiWe

HHIO Kil,l], CHCTeMLI, T .K. TOK pa3MarHH'IHBaHH.II B MOMeHT 

HMnyJibCa OTCYTCTByeT H He Harpy)KaeT ee, H KpOMe TOrO, 

K yJiy'IWeHHlO CTa6HJibHOCTH. 

Cne,nyeT oTMeTHTb HeKoTopwil He,nocTaTOK onucaHHJI 

Harpy30K TBna 2 H 3 , COCTOJII.QHH B TOM, 'ITO 83 $op

MYJib1 121, npH OTCyTCTBHH nepeMarHH'IHBaJOI.Qero TOKa 

cne,nyeT, 'ITO suxpesoe HanpB)KeHue Ha Harpy3Ke OTJIH'IHO 

OT HYJI.II 3a c'le"l" nonJI cTapnl. H0 ,J 0 . 
O,nHaKo Henocpe,ncTBeHHLie pac'leTw noKa3wBaJOT, 'ITO 

CBJI3aHHaJI C 3THM OWB6Ka B paC'IeTe HMnyJibCa HMeeT 

3aMeTHYIO BeJIH'IHHY JIBWb Ha He3Ha'IHTeJibHOH Ha'laJibHOH 

'laCTH HMnyJibCa. TaK, npu HMnynLce ,nnuTeJibHOCTbiO 1 MKC, 

HHTepBaJI BpeMeHH, Ha KOTOpOM OWB6Ka 3aMeTHa, COCTaB

JIJieT He 6onee 0,1 MKC. 
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