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O~~eKTHBHOe HCITOnb30B8HHe B UenOM'PH~e ~H3HqeCKHX 9KCITepHMeHTOB 

ycKopeHHb!X nyqKQB npOTOHOB 6onblll0ll HHTeHCHBHOCTH Tpe6yeT Me~neHHOI'O, 

B TeqeHHe 400 +- 500 MCeK, 1 HaBe~eHHH nyqKa Ha MHllleHh C ITOMO!UblO H3Me

HHIOIUei'OCH MSI'HHTHOI'O nong npH BbiKniOqeHHOM yCKOpHIOIUeM Bb!COKQqacTOT

HOM HanpmKeHHH, 

ITpH ecTeCTBeHHOM CBOpaquBaHHH nyqKa CKOpOCTb H3MeHeHHH MSI'HHT

HOI'O nong paBHa 3550 9/CeK,, a BpeMH B38HMO~eil:CTBHH nyqKa C MHllleHh!O -

4 MCeK, nng paCTHHYTOI'O BbiBO~a He06XO~HMO CH1:131:1Tb STY CKOpOCTb ~0 

30 fo 40 s/ceK, !13-38 Hanl:lql:lg B ITHTSIOIUeM HanpmKeHl:ll:l 1:1 COOTBeTCTBeHHO 

B none Mai'HHTa ycKopuTeng 6onhlllHX nynhcau~:~il:, BTopuqHhie nyqKu npu STOM 

HMeiOT 100-npoueHTHyro rny6HHY Mo~ynHUHH, AHanoruqHaH npo6neMa B03HH

KaeT 1:1 np1:1 ocyiUeCTBneHl:ll:l paBHOMepHOI'O Me~neHHOI'O Bb!BO~a yCKOpeHHb!X 

npOTOHOB 1:13 KaMepbl YCKOpl:ITenH, nng ycnelllHOI'O pellleHl:IH STHX 3a~aq He

o6XO~HMO HMeTb! 

1, "CTon" B KpHBOll rnaBHOI'O TOKa, T,e, TSKOil: pe)Kl:IM pa60Tbl CHCTeMhl 

sneKTpOITl:ITSHl:IH MSI'Hl:!Ta, np1:1 KOTOpOM B TeqeHl:le Heo6XO~l:IMOI'O BpeMeHl:l 

CKOpOCTb H3MeHeHl:IH HanpH)KeHHOCTl:l Mai'Hl:ITHOI'O nong 6y~eT l:IMeTb Benuqu

HY nopH~Ka 30 +- 35 a leeK~ 

2. ITo~aBneHue nynhcauuil: nong B STOM pe)KHMe, 

3. CTa6HnH3aUHIO pa~uanhHOI'O nono)KeHHH nyqKa B KaMepe ycKopuTenH, 

Pe)Kl:IM "CTOna" B KpHBOll rnaBHOI'O TOKa Ha CHHXp0~830TpOHe y)Ke MHQ-

I'O neT lllHpOKO npHMeHHeTCH .~ng npOBe~eHl:IH ~1:13l:lqecKl:IX SKCITepHMeHTOB, 

B aneKTpOTeXHl:lqeCKOM OT~ene J1Bo 0J1.fiJ1 6bin pa3pa6oTaH npOEKT CHCTeMbl 

no~aBneHHH nynhCSUl:lll UOnH 1:1 B KOHUe 1968 I'O~a 38KQHqeH MOHT8)K STOI'O 

ycTpOil:CTBa, 
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B l:{aHHOH pa6oTe npHBOllHTCSI MeTOllHKa paC-'JeTa OCHOBHb!X napaMeTpOB 

CHCTeMbl noaaBneHHSI nynbCaUHH MarHHTHOrO nonSI ay6HeHCKOrO CHHXpO~a30T

pOHa. 

J1cxoaHbie aaHHbie anH IIpOeKTHpOBBHHH CHCTeMbl 

noaaBneHHH IIYflbCBUHH 

1. n a p a M e T p hi y c K o p n T e n H. 

HanpSI*eHHOCTh MarHHTHoro nonSI B sasopa B KOHUe yeKopeHHSI H 

12800 a. 

TOM. 

CKopoeTb nsMeHeHnSI HanpSI*eHHOCTH B Konue yeKopeHHSI H = 3550a/ceK. 

DoKasaTenb enaaa nonSI B KOHUe yeKopeHHSI 

Paanye MnllleHn - R = 28-0,5= 27,5 M. 

HanpH*eHne na o6MOTKe MarHHTa 

MaKenManbHhiH TOK B o6MOTKe -

U MaKe. 

12 Ka. 

n ;= 0,67• 

10 KBo 

ConpoTnBneHIIe o6MOTKH. MarHnTa - r = 0,1 oM. 

llinpnHa ny~Ka B KOHUe yeKopeHHSI - 2h. = 26 eM. 

2. Tpe6oBaHnH, BhillBnraeMbie ~nsn~eCKHM sKenepnMen-

nnnTenbHOeTb BbiBOlla ny~Ka ~ 6, t = 0,5 eeK. 

fny6HHa MOaynSIUHH HHTeHeHBHOeTH ny~Ka B npouecee Bb!BOlla- !10%. 

BhiBOll oeymeeTBnSieTeSI nyTeM HaBe.neHnH ny~Ka Ha MnllleHh Me.nneH-

HO H3MeHSI!OlllHMeSI MarHHTHbiM noneM npn BbiKniO~eHHOM BbiCOKO~aeTOTHOM 

none. 

Bb16op cxeMbi noaaBneHHH nynbcBL!HH 

" /1/ 
OnbiT no.naBneHnSI nynhcaunn MarHnTHoro nonH B,yeKOpHTenSix no-

Ka3hiBaeT, ~TO exeMbl e HCnonb30BaHHeM KOMneHeaUHOHHbiX o6MOTOK, OXBa

TbiBa!OlllHX Bee none MalllHHbi, MoryT o6eene~HTb K09~~HUHeHT noaaBneHHSI 

He 6onee 10. 

4 

l 
1 
I 

·.l 

Bonee ennhHOe noaaBneHne nynheaunii nonSI MO*eT 6h 

nalllb nyTeM noaaBneHHSI nynhcaunii B HanpH*eHnH, npnno*eHH 

Ke MarHnTa. HeaoeTaTKOM TaKoii exeMhi SIBnSieTeSI Heo6xo.un 

.noporoeTOHIUne peaKTHBHhie KaTylllKH, enoeo6Hbie nponyeKaTb 

06MOTKH yeKOpHTenSI. 

Eenn y~eeTb, ~To Tpe6yeMbifi Koa¢¢nuneHT noaaBneHHSI 

paeeMaTpHBaeMOM eny~ae paBeH'=1 00 (eM. HH*e) 0 a 06MOTKa 

MarHHTa M-6A MO*eT 6hiTb nenonb30BaHa KaK peaKTHBHOeTb, 

B uenh rnaBHoro TOKa, TO ueneeoo6pa3HO . Bhi6op exeMbi no.uaBn 

UHfi OeTaHOBHTb Ha 06bi~HOM ~HnbTpe (eM. pne. } a), B KOTOp< 

TenbHO 38pSI*eHH8SI eMKOeTb C 

Me "eTona" TOKa. 

I I IH· 

Cn- CUCm~HQ I'IUmONUJ1 

a) 

IIO.UKnro~aeTeSI THpaTpOH8MH 

)(. 

E·J 

"· 

6} 

p iJ c.{. 
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:::"!eTa OCHOBHbiX rrapaMeTpOB 

~ ny6HeHCKOrO CHHXp0~830T-

~HHH CHCTeMbl 

a B KOHUe YCKOpeHng H 

e ycKopeHug H = 3550s/ceK. 

n = 0,67• 

KC, 

Ka. 

10 KB, 

0,1 OM, 

= 26 CM, 

ceK. 

~ rrpouecce Bhmona - + 10%. 

IIY'IKa Ha MHllleHb MenneH-

O'leHHOM BbiCOKO'JaCTOTHOM 

/1/ 
onH B,YCKopuTengx no-

rcaunoHHbiX 06MOTOK 1 OXBa

b Kos~~nuneHT nonaBneHng 

l 
l 
I 

Eonee cnnhHOe rronaBneHne rrynbcaunil rronH MO*eT 6biTh rrony'leHo 

nnlllh rryTeM rronaBneHHH rrynbcaunil B HaiipH*eHnn, npnno*eHHOM K o6MoT

Ke MarHHTa. HenocTaTKOM TaKoil cxeMhi gBngeTcg Heo6xonnMOCTh HMeTb 

t:toporocToglllne peaKTHBHhie KaTylllKH, crroco6Hbie rrporrycKaTh rronHhiH TOK 

06MOTKH yCKOpHTeng, 

Ecnn y'leCTh, 'ITO Tpe6yeMbiH K03~~nuneHT rronaBneHng rrynhcaunil B 

paccMaTpnBaeMOM cny'!ae paBeH""100 (eM. HH*e), a o6MoTKa uMeiOmerocg 

MarHHTa M-6A MO*eT 6biTb HCIIOnh30BaHa KaK peaKTHBHOCTb 0 BKniO'JeHHag 

B uerrh rnaBHoro ToKa, TO uenecoo6pa3HO _Bhi6op cxeMbi nonaBneHHR rrynhca

unil OCTaHOBHTb Ha 06bi'IHOM ~HnhTpe ( CM, puc. 1 a), B KOTOpOM IIpenBapn

TenhHO aapg*eHHaR eMKOCTh C rronKniO'IaeTCH TnpaTpoHaMn T B pe*n

Me "cTona" TOKa. 

!·J 

Cn- CUC"m,HQ l'/UmOHU/1 

a) 6) 

Puc.{. 
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Pac'IeT cpeanero 3H8'IeHHH BbiiipHMnessoro 

H8llpHJKeHHH H aonyCTHMOH .nellH'lHHbi ero llYllbC8UHH 

l13 TeOpUll YCKOpUTenefi ii3B9CTH0 1 'ITO l:tnUTenbHOCTb /}. t CBOpa'IUBa-

HllH rry'IKa Ha Mlllll9Hb ( IWUTenbHOCTb Bb!BO)la IIY'IKa) orrpeJlengeTCH OTHO!ll9-

HUeM rronylllupuHhi h IIY'IKa B KOHUe yCKOp9HUH K CKOpOCTll 

BaHUH IIY'IKa! 

t'1t= 
h 

--, 
a 

. I'Jle 

R.H 
a 

(1-n) H 

Oo )laHHbiM aneKTpOT9XHUKU 

.U = E- I r 

E =- d 'I' _d_t_ 

B = p H 

a CBOpa'Ill-

(1) 

(2) 

(3) 

(4) 

(5) 

l13 ypaBH9HHll ( 1-5) cneAyeT, 'ITO cpeAHee 3HaqeHue 
dB 
d t 

38 

BpeMH BbiBOJla JlOmKHO UM9Tb BenU'IllHY! 

dB 
dt 

B MaKe. a( 1-n) 

R 

Ecmt y'IeCTb, 'ITO 

dB 
dt 

E 

12800 ~ ( 1-0,67} 
2.0,5 

2750 

(~) 
dt ftlaKC. 

E MaKe. 

40,5rc/ceK. 

(6} 

TO a.Jl.Co Ha OOMOTKe Mai'HHT8 1 IIpH KOTOpoii: 009CIT9'IHB8IOTC5I 38Jl8HHbl9 

ycnoBH5I Bhmona rry'!Ka, 6yneT paBHa: 

6 

l 

~ 
I 
) 

! 
' 

I 
j 

I 
I 

u 

(U -Ir) 
MaKe. 

(~) 
dt 

dB 
-) 

dt 

MaKe. 

(10000-12000-0,1 )• 

3550 

Opu STOM Cp9JlHee HanpmKeHue Ha 3a)!{UMaX OOMOTKU Mai'HUTa 

U=E+Ir = 100 +12000· 0,1 = 1300 B. 

CornacHo 3a)laHmo, Kone6aHuH UHTeHCUBHOCTII 3a BpeMH BhiE 

Hbl npeBhi!llaTb :!: 10%, OTCJO)la KOne6aHHH CpenHei'O 3Ha'I9HUH 
dB 
dt 

MH BbiBOll.a He ll.OmKHbl npeBhl!llaTb! 

+ 0,1 • 40,5 + 4,05 rc/ceK. 

l1n!I, Y'IllThiBaH ( 6 ) , orrpenenHeM )lorrycTHMYIO JlBOfiHyro aMrrnuTy 

MOTKU Mai'HHTa: 

t..E= 2 • 4..&2._ • 100 
40,5 20 B. 

l1TaK, 3aJlaHHhie Bhi!lle ycnoBHH BhiBOJla ny'IKa ocymecTB 

cpeJlHee Harrpg)!{eHue Ha o6MOTKe Mai'HUTa oyJleT paBHO 1300 I 

HUH ero OTHOCUTenbHO cpeJlH9I'O 3Ha'IeHHH He npeBhiCHT :!: 10 Bt 

AMnnnTyl!bi nepeMessoii cocrannHIOII!eii nanpHJKeHit 

B p83llH'lHbiX peJKHM8X 

OpuHUUII IIOCTpOeHUH CIICTeMbl IIUTaHUH aneKTpOMai'HUTa CU 

Ha OIIHCaH B COOTBeTCTBYIO!llefi IIpOeKTHOfi JlOKyMeHTaUUU 1 CTa~ 

Mep, 
12

•3
1 •. Ha puc. 2 npuBOJlHTCH KpuBa5I HarrpH)!{eHuH Ha o6Mc 

B Bb11IpHMUTenbHOM1 HHBepTOpHOM pe)!{UMaX U pe)!{UMe "CTona" • 

CUT u:nnJOCTpaTUBHblll 1 TeopeTu'IeCKUll XapaKTep, U II03BOnHeT lip: 

OU9HUTb Benu'IHHY rrynbCaUufi Ha1IpH)!{9HUH BO BCeX pe)!{UMaX. fJ 

Huu ee C'IuTanocb, 

8 pe)KuMe "cT'ona" 

'ITO HarrpH)!{9HUe I'eHepaTOpOB paBHO 

MaKCUManbHhlfi) paBeH 12 Ka. Opu 
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rnessoro 

ro IIYIIbC8Wfll 

:enbHOeTb !!'J. t eBopa'!I!Ba

IKa) OIIpenen5IeTeH OTHOJlle-

K eKOpoeTI! a 

~naee 3Ha'!eHue 

,67) 

eBopa'Iu-

dB 

d t 

( 1 ) 

(2) 

(3) 

(4) 

(5) 

a a 

40,5re/eeK. 

(6} 

)eeile'IHBaiOTeSI aa.oaHHbie 

I 
l 
j 

(U -Ir) 
MaKe, 

u 

dB 
--) 

dt 

MaKe. 

(10000-12000.0,1)40,5_ 
100 

B, 
3550 -

Dpu aToM epenHee aarrpmKeHue Ha 3a)KH:Max o6MOTKII MarHuTa non)KHO 6hiTb: 

U =E+Ir = 100 +12000 • 0,1 = 1300 B, 

CornaeHo 381l8Hii!O, KOne5aHI!51 HHTeHei!BHOeTI! sa BpeMH BhiBO)la He )lOnlK-

Hhl rrpeBhilliaTb :!: 10%, oTeiOna Kone6aHH51 epenHero 3Ha'IeHI!51 

MH Bhmona He nonlKHhl rrpeBhilliaTb: 

+ 0,1 • 40,5 = + 4,05 re/eeK. 

dB 

dt 
BO Bpe-

l1nu, y'IHThiBa51 ( 6), orrpenenSieM norryeTnMyiO .llBOi1:HyiO aMrrnuTyny a.n.e. o6-

MOTKII M8I'HI!Ta: 

2 • 4..&§__ • 100 
40,5 

20 B, 

I1TaK, sanaHHhie Bh!Jlle yenOBI!SI BhlBO)la IIY'!Ka oeymeeTBnSITeSI :, eenH 

epenaee HarrpH)KeHHe Ha o6MOTKe MarHHTa 6y.oeT paBHO 1300 B, a Kone6a

HIIH ero OTHOei!TenbHO epenHero 3Ha'!eHI!51 He npeBhle51T :!: 10 BOnbT, 

AMIIIIHTYtlbi IIepeMeHHOii COCT8BIIHIOIIJeii HEllipHli<eHHH 

B p83IIH'lHbiX pe)f(HMEJX 

DpHHUIIII IIOeTpOeHI!51 eneTeMhl IIHT8HHH aneKTpOM8I'HI!Ta ei!HXp0~830TpO

Ha OITHeaH B eOOTBeTeTByiOmei1: npoeKTHOll .llOKyMeHTaUHH, eTaTbSIX, HanpH

Mep, 12 •31 •. Ha pne. 2 npi!BOilnTeH Kpi!BaSI aanpH)KeHHH Ha o6MOTKe Mai'HI!Ta 

B BhiiipHMHTenbHOM, HHBepTOpHOM pe)KH:MaX II pe)KH:Me "eTona" • KpHBa51 HO

euT nnniOeTpaTHBHhii1:, TeopeTu'!eeKui1: xapaKTep, H nosBonHeT npn6nnsuTenbHO 

OUeHI!Tb BenH'IHHY nynbeaUHH Hanp51)KeHHSI BO Beex pe)KHMaX, Dpll noeTpoe-

HHH ee e'!HTanoeb, 

8 pe)KHMe 

'ITO HaiTpH)KeHHe reHepaTOpOB paBHO 7,2 KB,, TOK 

MaKeHManbHblll) paBeH 12 Ka, npu ITOCTpOeHHli 

7 
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npeHe6pernii BbiCilliiMII rapMOHII'l8CKIIMII COCTaBnmOilliiMII
1 

IICK8M810IlliiMII Teo-

peTII'l8CKYJO <jlopMy KPIIBOH ~ailp5IM8HII5I, II BniiSIHIIeM yrna 8 • HIIx<e npu-

B0ll5ITC5I peaynhT8Tbl paC'leTa Benii'IIIHbl nynhC8UIIll B COilOCTaBneHIII! C OilhiT

Hb!MII naHHhiMII, nony'leHHhiMII II3 ocuiinnorpaMM. 

}. 8hiiTp51Mf!TenbHbiH pe)Kf!M 

B BblilpSIMIITenbHOM pe:w;uMe npn 7,2 KB.,. 12 Ka. yron KOMMYT?UIIII coc

TaBnSieT oKono 30~ TioaToMy aMnniiTyna nynhcaunil paBHa: 

0 
l+cos60 )=O,l2S 

2 
A 

B 

30 0 0 1 + cos 1 ( cos 30 + ----:----y 

A 
B, Ollb!T, 

0,129. 

2, l1HBepTOpHbiH pe)Kf!M 

B II·HBepTOpHOM pe)KIIMe ilpii 7,2 KB,, 12 Ka. yron KOMMYT8UHII COCTaB-

nSieT oKono 150, 

A 
II 

TioaToMy aMnniiTyna nynhcauiiil 

cos. 30 ° + cos 60 ° 
2 

1._( cos 60° + 
2 

·A = 0,19 f-0,31, 
U, Ollb!T, 

paBHa: 

o· 
cos30~ cos 90 }=0,127 

2 

3, p e )K ll M "C T 0 n a" B KpllBOtl: rnaBHOI'O TOKa, 

8 8TOM pe)Kf!Me llpii 7,2 KB, 1 12 Ka, yron KOMMYT8UIIII COCT8Bfl5I8T 

oKono 10°, TioaToMy aMnnnTyna nynhcaunli paaHa: 

A 
c 

. 350 . so 
Sln + Sin 

2 

A 
C, Oilb!T, 

= 0,336 
(7) 

0,31' f- 0,37, 
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TapMOHJJfieCKHH 8H8IIH3 IIyiibC8UHii BbiiipHMIIeHHOrO 

H8IIpHlKeHIJH H8 MarHHTe B pelKIJMe "C'fOII8" B KpiiBOH TOK8 

BbmpSIMrieHHOe HanpmKeHite B .pe)I(UMe "cTona" B KpuBoii TOKa Mai'HU-

Ta npu U cr. = ·7,2 KB., I MaKe. = 12 Ka., y = 10°, Boot5me roBopSI, 

UMeeT BUll puc. 3. 
llnSI Bbi'IHClleHUSI 8MITJ1UTYA rapMOHU'leCKUX COCT8BllSl!OIIlUX nynhC8UUM 

HanpSI)I(eHUSI uenecoot5pa3HO BbipaauTh aTy KpuByiO aHanuTu'leCKU. Y'laCTKU 

CUHYCOUA B paCCM8TpUBaeMOM AU8IT830He YI'llOB C AOCT8TO'lHOM TO'lHOCTb!O 

MOI'YT Ob!Tb 3aMeHeHbl npSIMb!MU JlUHUSIMU, a UMeHHO ( CM. puc. 4)! 

B auanaaoHe O ••• X 

y=a
1
-b

1
x 

B auanaaoHe X •••• 2rr 

y = a
2 

- b 
2 

x • 

KaK uaBeCTHO, aMnnuTyaa A.k u Ha'lanhHbiM yron t/J rapMOHUKU C 

HOMepOM k 

rAe 

onpe)lellSIIOTCSl Bblpa)l(eHUSIMU! 

A =·'(A')
2
+(A")

2 

k v k k ' tgtfrk 

A' 
k 

1 217 
= -f 'y sin k x • d x , 

1T 0 

21T 

A '~ = -
1- f y cos k x • dx 
1T 0 

A" k ---, 
A'k 

I1nu, UCITOJlb3YSI BBeaeHHYIO JlHHeapH38UHIO U HHTerpupyR! 

L 

1 217 

A 'k= -f y sinkx • dx = 
11 0 

217 1 X 
= -[ f (a

1
-b

1
x)sinkx·dx 

11 0 
+ f(a

2
-b

2
x )sinkx·dx] = 

X 

= _1_[ a2 -a1 
11 k 

cosk X+ 
b~ -b, 
-·--sin kX + 
k2 

b - b a -a 0 - b ~ -211 
+ --1 - 2- X coskX + 1 

• • 
k k 

10 

(8) 

(9) 

1,4 

--~ 
r1, 
,r---

...J...., , 1,1 

7 ~~ 

; 

~ 46 

D,S 

4~ 

JJ 

o.z 

~~ 

____.-

~ f-

t\ v 
\ 

'.\ \ 
\' \ 

\\ \ 
~ 
\~ ,, 1'1 

1'\ \ 
~ \ 

·~ 

\~ 

• JD' 6Q' 

Puc. 3. 

\ 

v 
1\ 
\ 

r=5-fctJS 

KeuGaR 1 " ~7 
l•oJt:l Host•·» '•~ 

~ 

KpuGoR2 

ll: COS• • CDS L" ·Jt!'L z 
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2rr x 
" 1 1 A k ~ -- f y cos kx • dx ~ - [f( a 1 - b 1 x) cos kx • d x + 

rr n rr - • 

2rr 
+ f ( a - b x ) cos kx dx ] ~ 

X 2 2 

1 [ 
a 1 -a 9 b~ - bj 

~ - " sinkX + -"-- ::os kX + 
" k k2 

+ b 2-bt X sinkX+ 
k 

b 1-b2 

~ 

nnSI onpe!{eneHIJSl 3Ha'leHUS1 KOScjJcjJuUUeHTOB a I t a 2 

( 10) 

] . 

b l bz 

B OTHOCUTenhHbiX eJlUHUU8X MOmHO BOCTIOnh30B8ThCSI KpUBbiMH puc. 3. 3)leCh 

KpUB8Sl 1 COOTBeTCTByeT BbiTipSIMneHHOMy HaTipSimeHU!O (B 38BHCUMOCTH OT 

yrna aamUf'8HUS1) B npouecce KOMMyTaUUU TOK8 C cjla3bl H8 cjlaay. KpuBaSI 2 -

TO me nocne 3aBepllieHUSI OJlHOH KOMMYT8UUU U JlO HB'Iana cneJlyJOIUefi. Cnnoru

HbiMU noM8Hb!MU mrHHSIMU U306pameHbl 'IeTb!pe BapuaHT8 KpUBOH Bb!TipSIMneH

HOf'O HaTipSimeHHSl 3a nepHOJl OJlHOH nynhC8UHH {30 rpaJl.an.} JlnSl 

paanH'IHhiX yrnoB aamuraHuSI. B '18CTHOCTU, :KpuBaSI 4 cooTBeTcTByeT yrny 

aamUf'8HUS1 77° U cpeJlHeMy 3Ha'IeHU!O Bb!TipSIMneHHOf'O· HaTipSI)KeHHSl B OTHO

CUTenhHblX e)lUHU118X 0,13 ( 1300 BOnhT IIpU aMrrnuTyJle reHepaTOpHO!'O H81IpSI· 

meHUSl 10000 B.). 

KpuBaSI 4 nepecTpOeHa Ha puc. 4 B MacrnTa6e, 6onee YJl06HoM AnSI 

onpeJleneHHSl 3H8'1eHHS1 KOScjJcjJUUUeHTOBj TaM me 

Koscjlc!muueHToB: 

a
1 
~ 0,0775 1 

a ~ 0,325 
2 

b ~ 0,074 } 

, b~ ~0,078' 

Bbl'IHCneHhi 3Ha'leHHS1 

(11) 

flo ypaBHeHHSIM (8) U (9 1 10) JlnSI 3H8'IeHUll KOScjlcjJHUUeHTOB (11) Bbl-

'IUCneHbi napaMeTpbl rapMOHU'IeCKUX COCT8BnSIJOIUUX. 

y ~ 01076 sin(x- 60 °) 1 , 
y ~ 01041 sin(2x +60° ), 

2 

y 
3 
~ 01052 sin ( 3 x ) 1 

13 

( 12) 



lln.11 X= 

Me "cTona". 

2rr 

3 

• . 0 
y = 0 ,0 20 Sin ( 4 X - 60 ) , 

4 

y = 0,016 sin(S x + 60 ° 
5 . 

qTo COOTBeTCTByeT yrny KOMMYTBllllll y 10° n pe.>Kn-

flonyqeHHbie Bbipa.>KeHn.II rapMonnqecKnx cocTaBn.IIIOlll!IX rrponepeHhi rro-

CTpoeH!IeM Ha pnc. 5. 

Onpeaenesne HHayKTHBHoro conpoTHBneHHH 

MarHHTa M-BA 

l.facToTHa.II aanncnMOCTb llHJlYKTHBHoro corrpoTunneHII.II M -6A 6hma orr

.peJleneHa C IIOMOlllb!O 3BYKOBOI'O PeHepaTopa, 

CxeMa n JlBHHhie naMepeHnfi, a TaK.>Ke rpacpnK qacTOTHofi aanncHMOCTII 

x = F(f) rrpn I= const 
L 

rrpnneJleHbi Ha pnc, 6 ( KPHBa.II 1 ) , 

lln.11 yqeTa IIOAM8I'HllqllB8!0lllei'O }leil:CTBH.II Bb!IIp.IIMneHHOI'O TOKa Ha Be

nnqllHY llHJlYKTHBHOro corrpoTnnneHH.II M-6A B JlanbHefimnx pacqeTax, 6hino 

IIpOH3BeJleHO OCllHnnorpacpnpoBaHHe Haiip.II.>KeHll.II Ha 3 BHTKaX CB.II3ll M-6A Ilpll 

IIpoTeKaHHH. Bbiiip.IIMneHHOI'O TOKa I d = 12 Ka, ITO OCHOBHOll o6MOTKe Mar

HHTa M-6A. CxeMa n JlaHHhie H3Mepennil: rrpnneJleHbi rta pnc. 7. Ocllnnnorpa

cpnponaHne rrpon3BOJlHnocb Ha qacToTax 50 n 1000 r~. 

l.facToTHa.II aanncnMOCTb nHJlYKTnBHoro corrpoTHBneHH.II M-6A c yqeTOM 

IIOJlMarnnqnnaiOmero TOKa I d = 12 Ka. rrpnneAeHa Ha rpacpnKe puc. 6 ( Kpn

Ba.II 2). 

PacqeT napaMeTpoB cxeMhi noaaBneHHH 

nynr.caqrrit 

flpoHaneJleHHhifi rapMoHnqecKnfi ananna n pacqe'I' rrepeMenHofi cocTaB-

n.IIIOlllefi Bb!Ilp.IIMneHHOI'O Haiip.II.>KeHH.II II03BOn.IIIOT paCC'lllTBTb He06XOJlllMbie 

rrapaMeTpbi cxeMbi, 

Tipn pa60Te B llllKne 'laCTOTa Haiip.II.>KeHH.II CHHXpOHHbiX PeHepaTOpOB 

CllCTeMbi IIHT8HII.I_I CHH.>KaeTC.II JlO 41-42 I'll,, II09TOMY IIpll pac'!eTaX '!aCTO-

• 

f 

I 
-~ 
il 
1 ] 
t 
.o/ If, 
~ .. , i ~. 

l 

I_J 

,I 
' J \ 

' .. 

~ 
I 
~--

1 

~~-

·,~,. 

!· 

1 
.. · 

,'.,( 
\i 

·,!11. ,. 
~. 

·tl' 
(.II' 

.. 
r 

1\ 
> [\ 
I \\ 

1/ ~ 
0 

L - L +U I+U • • 
/ f 

# • • 
ll\ 
I \X 

I ' 1/ ~ 
I~ 

[\\ 
I '\ 

~ rfl ~ 11 
1\\ -I [\\ 
\ ~ ~ 

\ \ 
t\ 
\\ 

.p.:, 76· 'nl. ·60iJ ~ 
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f I "'·6A u,. ... x, llf•6./ 

llj. mo ml 0'7 

4/J I!Q J/JO 2 

100 15/J 520 J,il1 
200 ISO 860 5,72 

JOO ISO 1200 1,0 

"~ ISC mo 10 
5(}() ISO (700 ff,6 

600 150 1900 12,1 

IOO 150 2500 16,7 
1/J/JO f50 1100 11,7 
nqo ISO 3200 ;1),6 
1500 150 JIOO 15,6 

J# 

I
I 1'1·6A 

I "• 

II 

26 

14 

zz 

zo 
k ... u 
HA./11. t/ 

6,~ II 

6,4 
It 

4,55 
1!,25 . 

, 
4,0 , 
3,1 

4,38 

~35 
J,OO 4 

2,72 
2,7 

Puc. 6. 

x. 1'1·6A 
q,. 

1. x.·T(f} / v 

I 
'J / 

/ 

v ,," 
1/ " 

/ I/ 
2. )(~: J{f) ''~"' 

v It .,C4MQ/NUfiU!4 

'tr-

•ltUII. 

I / 

I I ;, 
I 

t' 
r I f llj. 

2oa •DD 600 too t()(J() tliJO - tll/0 t/114 :ZI/IJ/1 

AMrrnn:Tyllhi rapMOHH'IeeKn:x eoeTaBnsuoumx 500, 1000 n 1500 I'll rrynb

ealln:il Bh!IIp.HMnennoro Harrp.H)I(eHn.H MO)I(HO orrpeJlennTb no lf>opMyne: 

u = yk 
k MaKe. MaKe. 

• 10000 B,, 

rile y k - aMrrnnTylla rapMoHn'leeKoil eoeTaBnsnomen Bh!IIp.HMneimoro 
MaKe, · 

Haiip.H)I(eHH.H ll3 ypaBHeHHll ( 12) B OTHoen:TenbHhiX e)lHHHllaX, 

U MaKe,500 = 0,076 • 10000 =760 B~ 
u ~ . 

MaKe,1000 - 0,041 • 10000 = 410 B. 

U MaKe.1500 = 0,052 •10000 = 520 B, 

YenoBHO e'lnTaeM, 'ITO rrepeMeHHa.H eoeTaBn.HIOIUa.H Bh!IIp.HMneHHoro narr

p.H)I(eHn.H B eXeMe e lf>nnbTpOM IIOJlaBneHH.H Ha BhiXOJle oyJleT )ln.H 'laeTOT 

500 I'll. - 7 B., 1000 I'll. - 2 B n 1500 I'll. - 1 B. 

CneJlOBaTenbHO, lf>nnbTp JlOn)l(eH nMeTb Koalf>!f>n:llneHT rro)laBneHn.H rap

MOHHK 500, 1000 ll 1500 I'll eOOTBeTeTBeHHO! 

lB 

' ,I 

"' 

en 

f .... 
50 

so 
50 

f 
2~ 

1000 

1000 

1000 

Lt 
<a 

0 

(( 

12 

]d 
I(Q 

0 

f2 

ffOo,., [j E-3 

ltf:f/<4 

J GumKo t:J'A.Jv 

... 50(11»0 J zq 

<ilt,.m_.J Iff.j~c! "•"'·U , f,M·M c :,ju 
MQ ""' MA.lJI. 

.550 tO 3 9.5 
4'00 10 2,16 6,9 
.315 fO l,f/8 6,6 

llt"?KI1j ltr,;; ... cf x,~·6.tt /,M·U 
( A,JU c ;J" 

M,f "'" ""' Mt'f.lH. 

/60 17;19 15,7 2,5 

200 - Q,/9 fj,l ~95 

PuC'.?. 

17 



l 

,. 

~. 

U MaKe. 500 
= 

760 
= 109; k = 

7 500 
7 

u MaKC.!OOO 
= ~= 205; k !000 = 

2 2 

k 1~00 
u 
~~ ~-._gQ_= 520 

1 . 1 

B paccMaTpuBaeMofi cxeMe ¢unbTpa (puc. 16) c npuMeHeHueM B Ka

~ecTBe Apoccenefi Mai'HUTOB Tuna ~-6A, Tpe6yeTCH onpeAenUTb Benu~UHY 

eMKOCTU C AnH nonyqeHUH He06XOAUMOI'O K09¢¢uUU8HTa noAaB~eHUH, 

!13 rpa¢uKa ( I<pi!BaH 2) Ha pHC. 6 UHAYKTIIBHbl8 conpOTUBneHHH ~-6A 

Ha ~aCTOTaX 500, 1000 U 1500 I'U., COOTB8TCTBYIOT BenH~UHaM 

X 
L !lOO 

9 OM, 

X 12,0 OM., 
I. woo 

X 
L 1!100 = 17,0 OM. 

Heo6XOAHMYID 8enn~HHY eMKOCTHoro conpoTHBneHnH MO*HO onpeAennTb 

no ~lOpMyne (COOTB8TCTBeHHO CXeMe pi!C, 16): 

2x L 
X =--; 

c k 

MKtP c 
10-6 .277 f X 

CneAoBaTenbHO, AnH rroAaBneHHH cocTaanmomeif: 

2.9 
f = 500 ru. ·, x ,

00 
= --- = 0,165 oM .. , 

c u 109 
~ 

c = • 
6,28. 500 , 0,165 • 10 -6 = 1950 MKtP 

f = 1000 ru. • xc tooo 
2. 12 

205 
= 0,117 OM, 

c = 1360 MKtP 
. 6 

6,28 • 1000 • 0,117 .10-

2. 17 34 0 
= 1500 I'll., X O = --= --= ,065 OM, 

· 0150 520 520 

= 163) MKtP c 
6,28 • 1500 • 0,065 • 10-6 

18 
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' 

EMKOCTb nopHAKa 2000 MK¢. o6ecne~nT B paCCM8TpHB8E 

Heo6xoAnMoe noAaBneHne nynbcaunfi. 

3KcnepHMeHT8llbHOe noaannenne nynbcaunn 

Bb!llpHMnennoro nanpnJKeHHH npeo6pa3oBarenn, pa6oraiOmer 

ll CT8THqeCKOM peJKHMe 

C uenbiD npoBepKn M8TOAHKII pac~eTa CHCT8Mbl ITOAaBneHn 

BbiiTpHMneHHoro HanpH*eHnH 6hm nocTaBneH sKcnepnM.eHT no 1 

nynbcaunfi B cTaTn~ecKoM pe*nMe pa6oTbi npeo6paaoBaTenH 

pnc. Sa). 

flapannenbHO M8I'HHTY E-3 Ha lllHHbl ITOCTOHHHOI'O TOK8 nc 

eMKOCTb C = 1100 MK¢. MarHnT M~6A paclllyHTHpOBancH. flpeo 

pa6oTan c yrnoM perynnpoBaHHH, 6nn3KHM K yrny perynnpoBa 

npeo6pa3oBaTenH B pe*HMe "cTona" TOKa npH U cr = 3 KB. n 

f1pon3BOl:mnacb c"beMKa' Hn*ecneAyiDIUHX ocuannorpaMM: 

1. C OTKnJQ~eHHOll 6aTapeefi KOHAeHC8TOpOB C = 1100 MK4 

paMMbi HanpH*eHHH UE_
3 

Ha MarHHTe E-3 • (Ha llllfHax npeo6 

n HanpH*eHnH U M-6A Ha paclllyHTnpoBaHHOM M-6A (pnc. 9). 

2, C nOAKniD~eHHOll 6aTapeefi KOHA8HC8TOpOB C = 1100 I 

norpaMMhi HanpH*eHnH UE_3 
Ha MarHHTe E-3 n HanpH*eHHH 

paclllYHTHPOBaHHOM M-6A (pac, 1 0). 

feTepOAHHHblM a'HanH38TOpOM rapMOHHK H3MepHnHCb COCTaBn 

caunfi Bbi!IpHMneHHOI"O HanpH*8HHH B CXeMe C OTKniD~8HHOll II n, 

6aTapeefi KOHAeHCaTopoB. 

CxeMa n peaynhTaTbi aaMepeHnfi ITPHBeAe!i:bx Ha one. ·11. 

!13 COnOCTaBneHHH nepeMeHHblX COCTaBnHIDIUHX Bbi!IpHMneH 

*eHHH B Ta6nnuax (pnc. 11) nony~aiDTCH Kos¢¢auneHThl noAaBn 

600 I"U, COCTaBnHIDIUefi k 35 
= --= 25· 

1,4 I 

1200 I"U, COCTaBnHIDIUell k = 66 
= 27; 

2,45 

19 



l09; 

- ~ 205 ; 

-• 16) C IlplfMeHeHHeM B Ka-

5yeTCH orrpeaennTh Bennqnny 

3~~nunenTa rroaaB~eHHH, 

TlfBHbie corrpoTnBnennH M-6A 

3YIOT BennqlfHaM 

•TnBnennH MO)!(HO orrpeaennTh 

MKQJ 

'lileii: 

- ~ 1950 MKQJ 

- ~ 1360 MKQJ 

'OM. 

~ 163) MKrp 

I 

r------
1 
j 

I 
J 

! . 

I 

~~ 

I 
l 

I 
I 

r 

EMKOCTh rropHaKa 2000 MK<jl, o6ecneqnT B paccMaTpnBaeMoil: cxeMe 

neo6xoanMoe rroaaBnenne rrynhcaunil. 

8KcrrepnMenrananoe rroaaBnenne rrynbcaann 

BbmpnMnennoro Harrpn)f(eHHH rrpeo6pa3oBarenn, pa6ora10mero 

il CTa TH'lBCKOM pe)f(JIMe 

C uenhJO rrpoBepKn MeToanKn pacqeTa cncTeMbi noJlaBnennH nynhcaunil: 

BblllpHMJieHHOI"O HallpH)!(eHHH 6bin IlOCTaBneH 3KCilepnMeHT ITO IlOJlaBneHHIO 

rrynhcaunil: B cTaTnqecKoM pe)!(lfMe pa6oTbi npeo6paaoBaTeng (eM. cxeMy 

puc. Ba). 

Tiapannenhno Mai"HHTy E-3 na II!HHbi noCTOHHHOI"O TOKa ITOJlKnJOqanacb 

eMKOCTh C = 1100 MK~. Mai"HHT M~6A pacll!yHTnpoBancg, Tipeo6paaonaTenb 

paooTan c yi"noM pei"ynHpoBaHnH, 6nH3KHM K yi"ny pei"ynHpoBaHHSI pa6oTbi 

npeo6paaoBa Tensr B pe)!(HMe "CTona" TOKa npH U CI" = 3 KB, If I d = 4000 a. 

TipOH3BOannaCb C~eMKa'HH)!(eCnenyJOII!HX OCUHJIJIOI"paMM! 

1. C OTKJIIoqennoil 6aTapeeil KonnencaTopoB C = 1100 MK~; oc:;unnnoi"

paMMbi nanpH)!(eHHSI U E-a na Mai"HHTe E-3 · (na II!HHax npeo6paaoBaTensr) 

If nanpsi)!(eHHH U M-6A na pacll!yHTHpoBaHHOM M-6A (pRe. 9}. 

2. C nonKnJOqennoil: 6aTapeeil: KonnencaTopoB C = 1100 MK<jl; ocuHn-

JlOI"paMMbl HaUpH)!(eHHSI U E -a na Mai"HHTe E-3 H nanpsr)!(eHHSI U M-
6

A Ha 

paCII!YHTnpoBaHHOM M-6A (puc. 1 0). 

feTepOJllfHHblM 8H8Jllf38TOpOM I"apMOHIIK lf3M9pHJIHCh COCTaBJlHIOII!He rrynh

C8UIIH BblllpHMJieHHOI"O HanpH)!(eHHSI B CXeMe C OTKJIJOqeHHOH H UOilKJIJOqeHHOH 

6aTapeeil: KOHAencaTopoB, 

CxeMa H pe3YJ1hT8Tbl H3Mepennil: IlPifBeaeHbl Ha PHC. •11. 

l13 COITOCTaBneHHSI nepeMeHHbiX COCTaBJISIIOII!HX BblllpHMJieHHOI"O Hanpsr

)!(eHifSI B Ta6nHUax ( pHC, 11) nonyqa!OTCSI KOS<jl<jJHUHeHTbl Il0Jl8BJieHHSI! 

600 I"U, COCTaBJlSIJOII!eil: k 35 
25; ""T,4 = 

1200 I"U, COCTaBJIHIOII!eil: k 66 
27; 2,45 

19 
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1800 ru. cocTasnmomeii k 
58 

3;7 = 15,7 

llnSI nposepKH nony'IeHHhiX B aKcnepHMeHTe Koa<jJ<jlnuneHTOB nonasnennSI 

nponssenen pac'IeT ynpomeHHoii c,ZeMhi aKcnepnMeHTa (eM. pnc. 85). 

Cou'poTnE.nenHeM R 1 = 110 oM, n nHnyKTHBHhiM conpoTnsneHHeM Mai'HH

Ta E-3 B pac'IeTe, na-sa nx 5onbi.uoii senn'IHHhi, npeHe5peraeM. 

TaK KaK eMKOCTb C = 1100 MK<jl; UOUKniO'lanacb K CXeMe C UOMOlllb!O 

Ka6enSI Manoro ce'IeHnSI n 5onblllOii nnnHhi - 145 M, 6hmo saMepeno Ha pas

HhiX qacToTax nonnoe conpoTHBnenne Z cd y'laCTKa uenn cd , Kypa sxonnT 

COUpOTHBnenne X ~ KOH~eHCaTOpa, OMH'IeCKOe COUpOTHBneHne· R ~ 

Ka6eng, a TaK:!Ke nnnyKTHBHoe conpoTnsnenne x L
2 

lllHH n Ka5eng. 

lllHH ll 

llaHHhie ll3Mepennii li KpHBa51 3aBHCHMOCTH Z cd 

Hhl Ha p!iC. 12. 

oT 'IaCTOThi npnsene-

l1s seKTopnoii tmarpaMMhi nanpmKeHnii (puc. 8s) Koa<jJ<jlnunenT non as-

neHH5I paCCMaTpUBaeMOll CXeMhl paBeH: 

2 2 

k = UBX,_~~- y'(xLt+XL2+xc )+R2 

U - Z - 1 ( )2 2 
E-3 cd V X +X + R 

L2 c 2 

TaK KaK nonnoe conpoTnsnenne uenn Z ab· B OCHOBHOM onpenenSieTcSI 

HHllYKTHBHhiM conpoTHBnenneM x L 1 , a conpoTnsnennSI x L
2 

n R 2 nlvie

IOT BenH'IllHbl Ha UOp5I)lOK MeHbllle, Koa<jJ<jlnuneHT UO)laBneHH.5I C )lOCTaTO'IHOH 

TO'IHOCTb!O MOIKHO onpenennTb no <jlopMyne k = 
XLI 

Z cd 

IToncTaBnSISI B nee sna'IeHHSI xL
1 

n Z cd ll3 I'pa<j!UKOB (pH Co 6 ll 

12), nonyqaeM Koa¢¢nuneHThi nonasneHHSI nnSI cocTasnSIIOlllHX 

13oM = 24,5 ; = 600 ru. k = 
0,53oM. 

21oM. 
= 19 1200 ru. k = 

1,1 OM. 

1800 ru. k = 29oM. = 18,5 • 
1,56 oM. 
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aJ ~ OtriK/IHJIIiHHOU lfamapeev ~MKOCm~U, 

.... ·+·· 
f Uul"'· 1<4~'""" -'""""""' 
l~. !. iJt'A,HUP t.yt 

100 ~I II JJ,5 
f$(} (J,JJ -. - ' . 11,0 
.140 0,51 - ·- 5f,O 
600 1/,00 -·- 350 

I 
100 O,J5 -· ~ 40,0 
fl{)(J 0,75. -II- 660 
fiOO 0,66 -·- sl,o 

5) c noaKAHJu~HJ((JU !amape,J t'MKOcm~u .. 

IN 

I UuJI'f. ~ f«maltRJQ,p 
114 I. iJtAIHU/1 

"'' fOO ~~ II (1,5 
(5() 0,051 -·- 5,{ 
JOO 8,016 -•a- I,J lfJD 11,16 -u- fit 
lfJD am -·- 1.11 

I 
fl{lfl 011 -·- l,~t5 
fl{lfl 4fJ¥Z -·- ~7 

Puc.ff. 
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1.6 

"~ 
1.1 

II 

u 
f.6 

~ 

f,Z 

(0 

0,1 

4' 

~ 

4l 

--

l 
DM 

v 
v 

17 
/ 

\ / 
\ 

/ 
1\ / -

Ill/ ill/) _141 lilt 

____ ,., __ 
I Ucd r Zed 

lU '"& "'Q 01'1 

50 INJQ f$0 2,67 
tOO 105 tSD (,36 
300 5I f$() 0,39 
500 66 lSD 

~·· 600 40 160 O,SJ 

400 101 150 0,11 
100() 135 fSD 0,9 
f200 165 ISO f,f 
150.: zoo f50 f,J! 
1800 JJ5 150 (57 

Puc. f2. 
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I lU 

3axnroqesne 

1. ilpHMeHHeMaH MeToaHKa pacqeTa aaeT yaosneTBOpHTenbHOe cosrra

aeHHe peaynbTaTOB pacqeTa C OIThiTHbiMH aaHHhiMH. 

2. Bo3MOMHOCTb rroaaBHTb rrynhcaUIIH HarrpHMeHHH Ha o5MOTKe Mal'HH

Ta CIIHXpo~a30TpOHa B HeCKOnbKO aeCHTKOB II aaMe CTO pas C ITOMOlllbiD cxe

Mbl 05biqHOI'O ~HnbTpa BITOnHe peanbHa, 

3, CxeMa ~HnbTpa aonMHa 5biTb CHMMeTpHqHa: B KaMaoM rronmce He

o5xoaHMO HMeTb HHayKTHBHOCTb THITa Mal'HHTa M-6A, 

4. PacrronoMeHIIe lliYHTHPYIDllliiX eMKOCTeil II CBH3aHHOI'O C HIIMII CHnOBOro 

05opyaoBaHHR aonMHO 5b!Tb MaKCHManbHO KOMIT8KTHbiM H ITO B03MO:lKHOCTH 

rrpH5nHMeHo K rnasHoMy lliHHorrposoay, 

5, B KpiiBOH BbiiTpHMneHHOI'O HarrpRMeHHR HMeeTCR COCTaBn51IDllla51 C qac

TOTOH OKOno 100 I'U, H3-3a TOI'O, qTo yrrpaBnHIDlllHe ITHKH cneayiDT OaHH sa 

apyl'HM CO CaBHI'OM, HeCKOnbKO OTnH:qaiDlllHMCR OT 60 I'paayCOB sneKTpH'lec

KHX. noaaBHTb 3TH rrynbCaUHH ~HnbTpOM HepeanbHO. Heo5xoaHMO ycosep

llleHCTBOBaTb CHCTeMy yrrpaBn51IDlllHX ITHKOB, 
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