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Baenenne 

B Te'lenne psrna neT na cnnxpouuKnoTpone OHHH c .aneprneH: 

680 M aa ycneruno <jlynKunoHHpyeT cHcTeMa pacTSI)KKU ny'!Ka BTOpH'IHhiX 

qacTHU. Pa6oTa ee ocnoaana na neiicTBHII nepeMennoro ao. BpeMeJIH 

M8r'llliTHOr'O nonsr, HCK8)1{810lli9r'O op6HThl '18CTHU nocne OTKniO'IelUut 

YCKOpSIIOIUero Bh!COK0'18CTOTIIOI'O. H8llpSI)K9HliSI) 1/, 

B npHIIUHUe, T8KYIO )1{9 CHCTeMy MO)KHO liCUOnh30B8Tb .ll llmt paCTSI)K-

Kll BhiBenennoro ny'!Ka npoToHoB, OnnaKo na npaKTl!Ke aTo npnBeno 6bi K 

p83M emeHIIIO B KaMepe CliHXpOUIIKnOTpOH8 JIOBOH CIICT9Mhl KaTyrueK nH6o B 

pafioHe llY8HT8 1 nH60 B6nH3ll Bh!COK08KTIIBHOH CIICT9Mbl perenepaTHBHOr'O 

BhiBOila ny'!Ka. 3To qpe3Bhi'!ailno · 3aTpynnnno 6bi peann3aunro n aKcnnyaTa-

unro TaKoro ycTpoficTBa. Ecnn )Ke' no-rpe6yeTcsr pacTsr)KKa B~yTpennero 

ny'!Ka na aneprnsrx, oTnn'IHhlX oT npenenhnoH: nnB nannoro ycKopnTenn, 

TO HY)KH8 CHCTeMa nepellBli)KJihlX KaTyrueK, C031l8Hlle T8KOi! CliCTeMhl Bbl3hl-

aaeT 3H8'1HTenhHhie TexunqecKHe TpynnocTH KaK n3-3a orpaHn'leiinocTn 

M9CT8
1 

T8K 1i li3-38 6onhlllliX lllili8MH'IeCKiiX ycnnnf! ~a ycTpOi!CTBO nepe

MeiUeltliSI KaTyrueK. · TeM ue Meuee pacTSI)KKa ny'!Ka qacTnu, aneprnro KoTo

poro MO)KHO 6bin0 6bi. BapblipOB8Tb XOTSI 6bi B ne6onhlliliX npe11enax1 BeCbM8 

)KenaTenhna nnsr psrna ¢n3n'!eCKHX aKcnepnMeHTOB. 
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PaCTSDKKY ny'!Ka MO>'mO OCyUieCTBHTb ll fiOCpeJlCTBOM COOTB9TCTByJO

UI9I'O ll3M9H9HHH BO_ BpeMeHH 'J8CTOTbl H 8MfinHTYJlbl YCKOpH!Olli9I'O HafipSI-

)!{9Hl!SI. 

BoaMO)!{HOCTll liCfiOnb30BaHHSI OCHOBHOli: YCKOpHIOIIIeii CHCT9Mbl JlnSI 

paCTSI)!{Kll ny'IK8 orpaHH'I9Hbl BBHJlY cneJlyJOIIIHX npii'IIIH: BO~nepBbiX0 

MexaHH'I9CK8SI Cl!CTeMa nepecTpofiKII '!aCTOTbl nocpeJlCTBOM BapiiaTopa 

Tpe6~eT onpe)leneHHOI'O BpeMeHII JlnSI B03BpaTa B IICXOJlHOe non0)!{9HIIe 

nepeJl aaqanoM nocneJlyJOmero UIIKna ycKopeHnSI; ao-BTopbiX, npii noMOIIIII 

TBKOfi CIICT9Mbl Henb3SI OCyiii9CTBnSITb paCTSI)!{KY nyqKa BO Bp9MH pa60Tbl 

fiO OCHOBHOil: yCKOpHTenbHOii nporpaMMe. 

HeCMOTpH Ha 9T0 0 OCHOBHaSI BbiCOKO'IaCTOTHaSI CIICTeMa C aneKTpOH

HOit nepecTpOil:KOfi qaCTOTbl - HanpiiMep, C !jleppHTaMII /
2/ IInii BapHKana

MH / 3 / - MOrna 6b! CyiiieCTB9HHO yny'IIIIHTb paCTSI)!{Ky •. 0)lHaKO IIpOB9J19HHbl9 

oueHO'IHbl9 paC'I9Tbl noKaaann, 'ITO Bb!COKO'I8CTOTHaSI MOlliHOCTb, fi0Tpe6ng-

eMaH OCHOBHOil: yCKOpSIIOUieii CIICT9MOil:1 TBK )!{9 0 K8K II He06XOJlHMbiil: Tenno-

OTBOJl 1 B03p8CTYT llpii 9TOM B H9CKOnbKO paa. 

llnH BbiCOKO'IBCTOTHOil: paCTSI)!{Kll nyqKa fiO C8MOCTOHT9nbHOii 1IpO

rpaMM9 MO)!{HO IICfiOnb30B8Tb H3B9CTHb!H CllOC06 MHOI'OK8CK8JlHOI'O ycKope-

- /4 56/ 
HHSI B CIIHxpounKnoTpoae ' ' · • B aTOM cnyqae .B ycKopiiTenhHYID KaMepy 

noMemaeTCH JlononHnTenbHhiii aneKTpoJl C .:..o6pa3aofi !jlopMbi ( C -sn.). 

BbiCOKO'IaCTOTHaSI nporpaMMa niiTaHIISI C -an. onpeJlenSieTcg- Tpe6oBaHIISIMH 

)!{enaeMoii nporpaMMhi paCTSI)!{KII ny'!Ka, cnoco6oM nepexoJla OT ocHOBHoii 

nporpaMMbl yCKOp9HIISI 'I8CTHU K BCfiOMOI'aTenbHOii 1 a TaK:»<e napaMeTpaMH 

ny'!Ka. 

• 
TaKaH CIICTeMa MO)!{eT 6biTb ncnonbaoBaHa JlnH paCTH)!{KII KaK BbiBe-

J19HHOI'0 0 TaK II UllpKyniipy!OIII9I'O ny'IKOB II M0)!{9T cny)!{HTb peaepBOM )lnSI

KaTyllleK paCTSI)!{KII 1 XOTSI B 9TOM cnyqae paCTSIHYTbiH ny'IOK 6y)leT o6na-

)18Th Ml!KpOCTpyKTypoii. 
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I. PaanH'IHhie 

IIOMOll{H C -sn. 

Pa6oTa CIICT9Mbl paCTH)!{KII xapaKTepnayeTCSI B OCHC 

!jlaKTOpaMH: a!jJ!j>eKTHBHOCTbiD E· II none3HOH qaCTbiO UIIK 

!j>eKTHBHOCTb onpe)lenHeTCH OTHOIII9HII9M 'IIIcna qacTE 

pa60T9 YCKOpHTenH B Jl8HHOM pe)!{l!Me C paCTSI)!{KOii fiY'JK~ 
. IV 

neaHaSI qacTb 

DC 
1 . 

T 

UIIKna onpeJlenSieTcSI 
T 

[J p i ( t ) d t ] 2 

o·· . 
TP . 

J ift)dt 
0 

r)le T -nepnoJl MoJlynSIUIIII 1 T p 

Bb!p8)!{9Hl!9M 

-Jlnl!TenbHOCTb l!Mnym 

pacnpeJleneHIIe IIHT9HCIIBHOCTII ny'!Ka qaCTIIU BO BpeMeHl!, 

B cnyqae paBHOMepaoro pacnpeJleneHIISI ny'!Ka B Te 

T 
DC=__!_ 

T 

lleiiCTBIIe JlOfiOnHHTenbHOI'O aneKTPOJl8 npll B~'I. pac 

'IIIHaeTCSI c HeKoToporo npoMe)!{yTO'IHoro paJliiyca, JlO ko· 

JlOBOJlSITCSI OCHOBHOii B.'I. nporpSMMOii JlY8HTa. 

BcnoMoraTenhHhlii aneKTpOJl paCTSI)!{KII rry'!Ka. M0)!{91 

H9CKOnbKHX p9)!{l!Max. 

1. BoaMO)!{lfD ocymecTBIITb nnaBHbiii nepexoJl oT CIIJ 

yCKOp9Hl!SI OCHOBHbiM JlyaHTOM K TaKoMy )!{9 ycKopeHl!IO E 

aneKTpOJlOM. ITpl! 9TOM Tpe6yeTCSI Ha'JIIHaTb pa6oTy BCIIO 

aneKTpOJla CTporo _CIIHXpOHHO C pa6oToii OCHOBHOI'O JlY8H1 

paHblll91 '19M HBCTynaeT Ha'Iano · Bb!BOJla nyqKa IInii BTOpli 

x/ 
DC - duty cycle . 
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ll IIOCpeACTBOM COOTBeTCTBYID

IInHTYAbl ycKopsnomero aanpH-

t yCKOpHIDlllelt CllCTeMbl AnSI 

mx np11qna: no-nepBbiX, 

hl nocpeACTBOM napnaTopa 

aTa B I!CXOAHoe rronomeane 

IHllsti .BO-BTOpb!X1 llpll ITOMOII!ll 

mKY nyqKa BO Bp9Mst pa60Tbl. 

CTOTHast CllCTeMa C aneKTpOH

peppllTaMH 121 nnn napnKarra-

, paCTstmKy, 0AH8KO npoBeAeHHble 

:acTOTHast MOII!HOCTh, 110Tpe6nst-

me, KaK ll aeo6xoAHMbilt Tenno-

13, 

l ITO C8MOCTOSJT9nhHOll npo

lOC06 MHOI'OK8CK8AHOI'O ycKope-

nyqae B ycKopnTenhHYID KaMepy 

.:.o6pa3aofi ljlopMbi ( C -an.). 

an, onpeAenste.TCR Tpe6oBaHHHMll 

,co6oM rrepexoAa OT ocHOBHofi 

·en~Hofi,a TllKlKe riap~MeTpaMil 

)B8H8 Anst paCTstlKKil Kai< Bb!Be-

· MomeT cnyllinTh pesepBOM AnH 

lCTstHYTblll nyqoK 6yAeT o6na-

• 

•' 

[, PasnnqHbie pemnMhi pa6oTbi cncTeMbi pacTstlKKil ny,Ka · npn 

IIOMOIItll C -an. 

Pa6oTa CllCTeMbl paCTstmKil xapaKTepllsyeTCSJ B OCHOBHOM ABYMH 

ljlaKTopaMn: aljJ!jleKTilBHOCThiD £ ll nonesnolt qaCThiD unKna DC xl: aljl-

ljleKTilBHOCTh onpeAenHeTCH OTHOilleUHeM qncna qacTilU npn 

pa6oTe ycKOpllTenH B AllHHOM pemllMe C paCTHmKOH nyqKa ll 6e3 nee, flo

/7/ 
nesaast qaCTh 

1 . 
=-DC 

T 

unKna onpeAensteTCH 
T 

[J p i ( t) d t ] 2 

o·· . 
----y-
fpift)d 

0 

rAe T -neplloll MoJlynHUilll, T P 

BbipameaneM 

pacrrpeJlerieHile llHTeHCllBHOCTil nyqKa qacTilU BO BpeMeHil, 

B cnyqae pannoMepaoro pacrrpeJleneHilH nyqKa B Teqenne BpeMeHn TP 

DC Tf> =-r 
llefiCTBile JlOIIOnllllTenhHOI'O aneKTpOJlll IIpll B,q, paCTstmKe nyqKa.Ha-

qnaaeTcst c aeKoToporo npoMemyToqaoro paJlllyca, JlO KOToporo qacTilUhi 

JlOBO/lSITCSJ OCHOBIIOll B,~, nporp8MMOll llY8HTa, 

BcnoMoraTenhHhili aneKTpOJl pacTHlKKil riyqKa MolKeT pa6oTaTh B 

HeCKOnhKBX pemllMllXe 

1. BosMomno ocymecTBilTh nnaBHbiH nepexoll OT cna~pounKnoTpoauoro 

ycKOpeHilst OCHOBHb!M llY8HTOM K T8KOMY me YCKOpeHiliD BCf!OMOI'aTenhllblM 

aneKTpOJlOM. flpll aTOM Tpe6yeTCH HaqllllllTh pa6oTy BCIIOMOI'aTenhHOI'O 

aneKTpO/lll CTpOI'O _CilHXpOHHO C pa6oTOU OCHOBHOI'O llYllHTa ll HeCKOnhKO 

pallhllle
1 

qeM HSCTynaeT aaqano Bb!BO/lll nyqKa llnll BTOpllqHblX qaCTilU /S/ 

x/ DC - duty cycle. 
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AMrrmiTyny ycKopsuomero narrpsnKeHIHI · na ocnoBHOM aneKTpone cne

nyeT nocTeneHHO yMeHblli8Tb 1 a Ha BCnoMoraTenbHOM ·- nocTeneHHO yBe

nii'IHB8Tb no .MOM9HTa JIC'l93HOB9HHSI OCHOBHOI'O YCKOpSI!Olli9I'O' nanpS!meHJISI. 

Ecnn npn aTOM na6op aneprHn aa o6opoT ocTaneTcSI nenaMeHHhiM, ~aao

BhiX noTepb ny'!Ka_ ne 6yneT. 

2. M omno coanaTb nepexon K ·ycKopeHHIO nononnnTenbHhiM aneKTpo

noM c noMOlllbiO anHa6aTH'!ecKoro aaxBaTa /9/. llnSI· aToro, nocne BbiKnro-

'l9HHSI yCKOpHIOlll9I'O HanpSim9HliSI OCHOBHOI'O nyaHTa II nocTHmeHHSI ny'IKOM 

aanaHHOll aneprHH 0 BCnOMOI'aTenbHbiM aneKTpon. BKniO'laSTCH npH noCTOH!J:

HOi1: qaCTOTe ( B UHKnOTpOHHOM pemHM9) II aMnnHTyne, napaCTfiiOlli9M OT 

nynH no aanannoro ~naqenHH B Te'l~Hne BpeMenn nopSJ:nka nepnona ~aao

Boro Kone6aHHHo 3aTeM 38 C'l9T nnaBHOI'O ITOHlllK9HllH. 'l8CTOTbl noCTHraeT

CH Tpe6yeMblll pemHM paCTHX<KH. 3nE!,Cb ny'IOK, liOT9pHBlllllM 83HMy'I'anbHYIO 

~a3oByiO CTpyKTypy nocne OTKniO'l9HllH yCKOpHIOlli9I'O HanpHmeHHH OCHOBHOI'O 

nyaHTa 1 BHOBb npuo6penieT ~aaoByiO CTpyKTypy npu BKniO'l9Hllll B.'l. 

rrporpaMMhi C -9n. 6naroi:J.apSI anHa6aTnqecKoMy pocTy nanpHmennH. 

3. B cnyqae pa6oTbi Bcno.MoraTenbnoro· 9neKTpona B pemnMe, B 

KOTOpOM 'l8CTOT8 yCKOpHIOlll9I'O nanpSimeHllH Ha C -9n. ll3M9HSI9TCSI no 

38KOHY MHOI'OKpaT~Oif nllllbl C liOIIII~<8IOlll9liC~ rip01!3BOllHOit( ~ < 0 ) , 

Memny pa6oTOi1: ocimBHOI'O II BcnoMoraTe.ribHOI'O aneKTponoB OTCYTCTByeT 

~biCOKO'l8CTOTHaH ~aanpoBKa. YcKopeHHbiH OCHOBHbiM nyaHTOM ny'IOK Te

pHeT CBOIO ~aaoByiO CTpyKTYPY nocne OTKnro<ieHHH yCKOpSIIOlUero narrpSime

HllH, II npn noc·nenyromeM BKnro'leHnH BcrroMoraTenbnoro aneKTpona npo

HcxonHT MnoroKpaTHhiii aaxBa:r· qacTH 'npeii~yromnx qacTnu. B cpenneM 

aa Kamn:biii MonynHunoHHhii1: UI!Kn 9HepriiH npeii~yromero ny'!Ka yMeHblllaeT-

CH, II 100%-HaH a~~eKTIIBHOCTb npii T8KOM Cnoco6e paCTHmKll H9B03MOlKHa. 

B npnnuiine, ocymecTBHM pemiiM, Korna qacii. ny'!Ka noBo.ll.nTc·H no 

KOHe'IHOii anepriiii 6ea aaxBaTa B ycToii'IIIBoe ~aaoBoe nBnlKeHIIe. B 9TOM 
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cnyqae ncnonbayeTCSI llBHmeHHe no HeyCTOH'lllBbiM H938MKll 

pHSIM BOKpyr cenapaTpHCbi c ¢ ·> 1 liO! s • cos 

4. llpH pa6oie. BcnoMoraTenbnoro aneKTpona B pemn1 

npenhtnymeMy (3), no c BoapacTaromeii nponaBonnoii ( w 
rHH npefl~yromero ny'!Ka B cpenneM yBenn'IHBaeTcH, no ny' 

nnhiB89TCH H 'l8CTH'IHO TOpM03HTCH1 To'lo lOQ%:..naH· a¢4JeKTI 

Momna. 3necb TaKme · ocymecTBHMa peanHaauHH pemnMa· np1 

5. BoaMomna·pa6oTa BcnoMaraTenbnoro aneKTpona B c 

pe:H<HM9 1KOI'll8 'l8CTOT8 Bo'l • nanpHm9HHH COOTBeTCTByeT 'l8CTO 

ny'IK8 II MonyniipyeTCH CnyqaifHhlM 06paaoM; a~~eKTllBHOCTI 

100%, a BpeMH noBeneHIIH 'l8CT.HU no KOH9'l!IOfl aHepriill. 38 

nHTynht ycKOpHIOlll9I'O HanpH:H<9HHH. 

CIInxpounKnoTpOHHhiii u anRa6aTH'!ecKnii ( 1 n 2~· pex 

ny'!Ka BcnoMoraTenhHhi~ 9neKTponoM HBnHroTcH onnounKnoB 

lllennro K ocfioBHOMY nepHony MonynHUHH, ocTanhHbie pemHl. 

·BhiMn. HenocTaTKOM onnouHKnoBhix cncTeM HBnHeTcH To, q· 

a~~eKTllBHOCTll BTOpll'lHOI'O 38XB8T·a BMnnHTyna YCKOpHIOlll91 

na C - an. non:H<na 6biTb nopHnKa aMnnnTynhi ycKopHIOlll 

na nyanTe. Benn'lnna aMnnnTynhi onpenenHeTCH 9nepreTnqe 

coM npeii~yromer~ ny'!Ka u nnH ann~6aTn'lecKoro nepexona 

6onbllle paa6p~c. llpn nocTenennoM nepexone. B cnn:cpouHKn 

c npnBHaKofi no B.'l. ~aae Tpe6yeMoe nanpH:H<enne npnMepn; 

no ocy.mecTBHTb TaKy!O npHBHaKy noBonbno TPfll~o. TaK, 111: 

peKoncTpynpoBannoro CHnxpouRKnoTpona UEPHa npH anepr1 

6poce 11 E = 4 Mas n yrnosoil: npoTHmennocTH 
/9/ 

·c. -9n. 

··anHa6aTH'!ecKoro aaxBa·Ta Tp.e6yeTcH aMnnnTyna ycKopHrome 

HHH -18· KB x/, a npH ~83HpOB~e ·...; 12 KB. 

,, x/. . . . .,., , · ... 
'MaKCHM8nbHhiA na6op sneprHH 

'lepea C-an-t paBeH 11£ ~=2Ucsiny/2, 
mero nanpHmenHH na C -an. 
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IOBHOM aneKTpone cne-

HOM ·- nocTeneano yae-

CKOpS110!ll8rO nanpsDK8HIISI, 

TCSI H81I3M8HHbiM 1 tP830-

monHIITenhHhiM aneKTpo-

lnH aToro, nocne BbiKnro-

~a II noCTII>K8HIISI ny'IKOM 

mro'laeTcH npii nocTOHH-

Tyne, uapacT~romeit oT 

.nopHnka nepiiona $a3o-

8UIISI '18CTOThl noCTIIraeT-

nepHBWIIit 831IMy'l'anbUYIO 

ero·uanp~>KeUIIH oc~oanoro 

ripH BKn10'18UHH B, '1, 

y pOCTy nanpH>K8HHSI, 

~KTpona B pe>KHM8 1 B 

C -sn, H3M8US18TCfl no 

113BO/lll0 i\( ~ < 0 ) , 

aneKTpO/lOB OTCyTCTByeT 

llb!M · nyaHTOM ny'IOK Te-

H ycKopHromero uanpH>Ke~ 

~nhnoro sneKTpona. npo

iX qacTHu• B cpenHeM 

rromero ny'IKa yMenhwaeT

:>6e paCTSI>KKH H8B03MOX{!l8, 

lCTb ny'IK8 iloBO.tiHTCSI no 

130Boe llBHx<enue. B aTOM 

I 

' > 

cny'lae IICnonb3Y8TCSI nBII>K8HIIe no HeyCTOit'IHBblM H838MKHYThiM TpaeKTO

piiHM BoKpyr cenapaTpiiChi c cos ¢ • ·> I I 10!. 

4. npii pa6oie- acnoMoraTenhuoro aneKTpona B pe>KIIMe, auanorn'IHOM 

npenhinyuieMy ( 3), HO C B03p8CT810IU8it npOII3BOnHOit w > 0 , ) 1 auep-

rHst npetl:$yromero ny'IKa B cpenueM yaenii'IHBaeTcst, no ny'loK TO)I<e pac

nnhiBaeTcst H '18CTH'IHO 'I'OpM03HTCSI1 To'lo JQQ%:..nafl" atPtP9KTIIBHOCTb. H8B03-

MO>KH8, 3necb T8K>K8 ocyiU8CTBIIM8 peanH38UHH pe>KIIM8 llpli cos rp 5 > J, 

5, 803MO>KH8 pa60T8 BCllOMaraTenhHoro aneKTpona B CTOX8CTH'I8CKOM 

pe>t<IIMe,Korna 'l8CTOT8 Bo'l • Hanpst>K9HHSI COOTBeTCTByeT. '18CTOTe npeft$yro!llero 

ny'IK8 II MonynHpyeTCSI cnyqaftHbiM o6pa3oM; a~JtP8KTHBliOCTh T8K>Ke Hli>K8 

}QQ% 1 8 Bp8MSI noaeneHIISI '18CTHU no KOH8'1HOft aneprliH. 38BHCUT OT 8Mn

nHTynhi yCKOpSIIOIUero ll8lipSI>K8HHSI, 

CHnxpouHKnoTpoHHhiit H anHa6aTH'I8CKHfi ( 1 II 2)- pe>KIIMhi pacTH>KKH 

ny'IK8 BCnoMoraTenhHbiM aneKTponoM SIBnfiiOTCSI oni!OUIIKnOBbiMH no OTHO-

lli8HHIO K OCHOBHOMY nepnony MOilynHUHH 1 OCTanhHbl8 pe>KIIMbl - MHOrOUIIKnO-. 

•Bb!MH, HenoCT8TKOM onHOUHKnOBbiX CHCT8M HBnHeTCSI T0 1 'ITO nnst BblCOKOit 

a$$eKTHBHOCTH BTOpH'IHOro 38XB8T8 aMnniiTyna YCKOpSIIDIUero HanpH>K8HHSI 

ua C - an. non>Kna 6biTh nopHnKa aMnltnTynhi ycKopHro!llero nanpH>KeHHH 

ua nyanTe. Bennttnna aMnnHTynhi onpenenHeTCH auepreTH'IeCKHM pa36po- · 
' • ' ' I 

coM npeit$yromero nyqKa II· nnH anHa6aTnqecKoro nepexona TeM Bhtrne, qeM' 

6onbrne pa36p~c. npH llOCTeneHHOM n~pexone B CHHxp'ounKno'l'pOHHbift pe>KHM 

c npHBstaKoft no B,'l. $a3e Tpe6ye!llioe nanpH>K8HHe npHMepuo anaoe MeHbrne, 

no ocy.mecTBHTh TaKyiO npiiBH3KY noaonhHO Tpfl:U~o. TaK, uanpHMep, itnH 

pexoucTpyHpoaa·uuoro cnllxpouHxnoTpoua UEPHa npn auepreTHttecKoM pa3-

6poce !J. E = 4 M-ari 11 ·yrnoaoi:t npoTH>KenuocTH C -an~ · y = 45° nnn 
/9/ 

,. anHa6aTH'IeCKoro aaxaa·Ta · Tp'e6yeTcst aMnnnTyna ycKopnroiuero uanpstme-

. HHfl -18· KB x/, :a 'npH tP83HpOB~e -' 12 KB, 

·• xl· · ... , • -, · · .. 
. 'MaKCHManh.Hbift na6op sneprHH !J."E nnn qacTHUhi, nponeTaromelt 

'lepea G-antl! paBeH !J.E ~=2Ucsiny/2, ~ne U c - aMnnHTyna ycKopHro.:. · 

mero llanpst>KeHHH ua C -an. 



-~~·~,~~· ... _ _., 

!·· 

MHorOUHKnOBb!9 CHCTeMbl, y:lKe HCnbiT8HHb!9 B pa5oTe, o5ecne'IHB8IOT 
. , ·. . , ~ ro 

8$PeKTHBHOCTh nopHJlK8 50_%, HO Tpe5yeMaSI npn .s:roM aMnmiTyJla 

YCKOpHIOIIIero HanpH:lK9HHSI, BCero H9CKOnhK? KHn?BDnbT •'7 3H8'1HT.enbHO HH:lKe; 

qeM B npeJlbiJiymnx c.ny'lastx. Pac'l'eTbi JlnH Tofi :lKe .cncTeMbi. noKa3ann, t!To 

.npn, 8)\>tnnHTyJle HanpSI:lK9HHH Ha C -sn~ nopSIJlKB 3 KB , MO:lKHO O:lKHJl8Tb 

· sljlljleKTHBHOCTh Bb!B0Jl8. nopSIJlK8 .50% B T9'19HH9 H9CKOnhKHX Jl9CSITKOB 

Bb!BOJlHUlHX unKnoB JlB:lKe npn cos· ¢ s = 1. Y'IHTbiBBH noneaHyiO 'IBCTh 

'UHKna' B T9'19HUe Bb!COKo''laCTOTHoro 'nepHOJla ( MHl{}JO~TpyKTypbl · ny'IKa) , 

;,.10:lKHO CK838Th, 'ITO no -·sqiljleKTHBHOCTH 'Bb!Beaeliiioro ny'IK8 pe)!mM c 

cos ¢ s = 0,5 Han5onee np~nnoq'I'nTeneH. · Dnst cp·aaneHHH B Ta5n. 1 no

KaaaHbi xapaKTepncTHKH · ny'IKOB ciraxpouHKnoTpoaos O~Hll1 If UEPHa JlnH 

paanH'IHhiX cnoco5os paCTH:lKKH. 

Hn:lKe npHBOJlHTCH peaynhTBTbi nepsoro sTana pa5oTbi no MaKeTnpo':" 

B8HHIO Bb!COK0'18CTOTHOH CHCT9Mbl JlnH paCTSI:lKKH ny'IKOB, a HM9HHO: 5noK-

CX9Mbl B.'l. paCTSI:lKKH ny'IK8 npH nOMOUlii C -sn., sKcnepiiMenTanhHoro. 

MaKeTa C -sn., CIICTeMbi ero B.'l. nHTBHHH H peaynhT8Tbl II3MepeHHH, 
,, ' ~. 'f ~ ;· • 

np.?BeJ;l.e,HHhl": Ha MaKeTe. 

1/. Hcxo.gHhie paHHbie pnH MaKeTnpoBaHnH 

BHyTpH ycKopnTenhHofi KaMepb~ , cuHxpounKnoTpona Ol1.Hl1 Ha 680 Mas 

H8XOJlHTCSI 5onbllloe KOnH'I9CTBO paanH'IHblX Jl9HCTBYIOlllHX ycTpOHCTB, B38H-

Mll09 pacnonO:lK9liH9 KOTOpb!X no3BOnSieT CKOHCTpyHpOB8Th C 

. MyTanhHOH npOTH:lK9HHOCThiO Y ::: '40° • 

-sn. · c aan-· 
I 

HaMepeHHH na cnHxpounKnoTpoHe noKaaann, 'ITO· cyMMapnaH .aMnmiTy-

JlB paJlnanhHo-ljlaaoBbJX II 5eT~TpOHHhiX Kone5aaufi unpKynupyiOmero •ny'IKa ,. ' 

npoToHoB /ll/ npn pa5oTe c MHllleHhiO_ n~:lKHT B npenenax 15 - .. IE CMi n~n 
.9TOM .Ha ~MnmrTyJlhl 5onhlll9 12 :!:_ 2 CM npHXOJli!TCSI npHM9pHO 10% UHT9H- · 

CHBHOCTH·ny'IK8~ 

8 

! 

i 
I 

i 
I . 

:·j 
. . I 

I 

. I 

. . I 
. I . 

I 
1 
'l 

, HaMepeHHH JlHanaaoHa,.'laCTOT BbiBOJla npH pa5oTe 

/12} . . . . 
flY'IKOM npOTOHOB : , noKaaann, 'ITO Bb!BOJl npOTOHOB HI 

ToTe f 1 = .( 14,231 :!:. 0,004) Mru, 'iTo cooTBeTcTByeT 

r I = 271 1 5 :!:_ 01 1 . CMj 38K8H'IHB89TCSI BbJBOJl Ha '18CTO'I 

:!:. 0,004) Mru Ha paJliiyce r
2 

= 277;0 :!:: 0,1 eM. 3To an. 

B9Jl9HHOM ITY'IK9 npOTOHOB npiiCyTCTBYIOT aMnniiTYJlbi, He 

BenH'IIIHbi ( 5,5 :!:_ 2,0) . CM .. 

AMnniiTyJla ycKopHIOUlero aanpst:lKeHnH nyaHTa ·ua qa 

u3~.f9HSie;CSI a'npeJlenax 12.;..14 KB /6f. 

CooTBeTCTByiOmue Jl.BHHbie nnH BHyTpennefi MIIllleHII, 

HB KOH9'1HOM panuyce, T8KOBbi: f I ( 14, 796:!:,0,004) l 

paCTSI:lKKH ny'IK81 f. = 
2. 

( 14,060:!:,0,004) Mru - · Koaeu pa 

100%-HOH HHT9HCHBHOCTH. 

Ecnu :lli:e orpaHH'IHThCH 90%-acifi HHTeHCHBHoCThiO, 1 

Kif 5yJl9T COOTB9TCTBO,B8Tb '18CTOT8 f I ( 14,440 :!:. 0,1 

KOHU8 paCTSI:lKKU rrpH .9TOM He II3M9HIITCSI II OCT8H9TCSI pE 

f 
2 

= ( 14,060 :!:. 0,004) Mru. 

ilpHB9Jl9HHbl9 Bbllll9 peaynhT8Tbl 9KCnepiiM9HTBnhHbDI 

cny:lKIInii OCHOBOH JlnH Tpe50B8HHH npu paapa5oTKe YCTpol 

TOTHOH paCTH:lKKU rryq~a. 

l.BnoK-CXeMa B~ICOKO'I8CTOTHOH paCTHJ 

ITpii noMOUlli C - s n e K T p o n a •. 

ilpii BbJ5ope 5noK-CX9Mbi M8K9T8 B 9CHOBHOM IICXOJl 

UliiX coo5pa~eHIIfi: 

,Bo-nepBbiX, XOT9nOCh, 'IT05bJ p930H8HCH8SI CHCT9Ma, 

6bJnO ,H3rOTOBHTh C05CTB9HHbJMll CIIn8MII,. 5bin8 BO::iMO:lKfi( 

130:;BTOpbJX, 5bl:'l0 :lK9n~TenhHO Jlmi BbJCOKO'I8CTOTIH 

IICITOnh30B8Th o5opyJlOB8HII9 0 IIM9IOUlH9CSI B OTJlene CIIHXpi 

9 



,~e n paooTe, o5eerie"lnBaiOT 

8MIJJIHTY!lO 

I_()BOJibT •"':' ~~8"lHTeJibHO IIH)Ke 1 

)Ke ·.eneTeMbl. nOK838JIH 1 "'TO 

[{8 3 KB , M0)Kfl0 0)KHJ:l0Tb 

·HeeKOJibKHX aee51TKOB 

IHTbiBOH: nonesay10 "laeTb 

MnKpo6TpyKTYPhi · rry~Ka) 

a a oro ny"lKa · pe)Kn M e 

: 'cpaane.ang B Ta5n. 1 no

o~oB OVIHVI n UEPHa ang 

rana paooTbi no MaKeTnpo-:

:w ny"'KOB, a nMeano: 5noK-

-sn_, 1 9KenepHMeHT8JlbHOrO. 

{ . pe~ynbTBTbi .. nsMep~nnli, 

p0B8HH51 

HKJioTpoua. OH.HVI na 680 M sB 

ieTBy!OUlHX yeTpofieTB 1 B~aH

rpyHpOBOTb C -9Jlo · e 83H-

IH 1 "'TO eyMM8pH851 8MIJJIHTY-

mli •. unpKynnpyiOutero · rry"lKa 

B rrpeaenax 15_- .• 1£ eM, npn 

lll:r'eg nimMepHO 10% HIITeH- · 

I 
' I 
! 
.I 

I 

; H sMepenng . a:narr830II8. "laeToT BhiBO!l8 rrp:n pa5oTe c BbiBedelllibiM 

IJY"'KOM npoTonoa 1 12i noK.asan:n, "'TO BbiBoa npoTonon na"lnnaeTeH ua •rae-

TOTe f 
1 

.( 14,231 .±.. 0,004) Mru, "'TQ eooTBeTCTByeT paanycy .op5nThi 

r 1 = 271 1 5 .±.. 0, 1 CM; 30K8H"lHBaeTCH BbiBO!l 110 "lOCTOTe f 2 =·( 14,036 .±.. 

.±.. 0,004) Mru na paa:nyee r
2 

= 277,0 .±..· 0,1 eM, 3To sHa"l:nT, "'TO B Bbi-· 

Be):le!IIIOM IJy"lKe IlpOTOHOB np:neyTCTBy!OT 8MIJJIHTY!lbl 1 He npeBb!Ul810UlHe 

BeJIH"lHIIbi ( 5,5 .±.. 2,0) eM. 

AMnnnTyaa yeKopHIOIUero H8Ilp51)KeHnH ayaHT8 118 "laeToTe 14 Mru 

:na'MengeTe51 B. npeaeiiax' 12.;.14 KB /6;. 

CooTBeTCTBYIOIU:ne a·aimhie anH aayTpeaaeli Mnmeun, ycTaHoBneHHoli 

110 KOHe"li!OM paa:nyee, TOKOBbi: f 
1 ( 14, 796.±..0,004) Mru - Ha"lano 

pOCT5!)KKH l1Y"'K01 f · = ( 14,060.±..0,004) Mru - KoHen paeTH)KKH ny"lKa anH 
2 . . 

100%-uoli HHTei!CHBHOeTn, 

Ecn:n ~e orpaHH"lHTbeH 90%-Holi HHTenc:naaocTb!01 To Ha"lany paCTH)K-

KH oyaeT COOTB!=JTeTBO,B8Tb. "'OCTOTO f 1 
( 14,440 ±. 0,004) Mru, "lOCToTa 

KOHU8 pOCTH)KKH IlpH 9TOM He H3MeHUTC5! II OCTO!IeTeH _p8BIIOH 

( 14,060 .±.. 0,004) Mru. 

Dp:naeaeHHbie Bbiiiie pesynbTOTbi sKcnepnMenTaJibHbiX nsMepennfi no;.. 

_CJIY)KIIJIH OCHOBOli llJI,H TpeOOB8HIIH IlpH paspaOOTKe YCTpOliCTB BbiCOKO"lOC..; 

TOTHOH pOCTH)KKH ny"l~Oo 

1. E JI 0 K - C X e M a B ~I C 0 K 0 "l a C T 0 T II 0 if p a C T 5! )K.K II I1 y "l K a 

np:n IJOMOIUH C - s n e K T p o a a •. 

Opn BbiOOpe OJIOK-CXeMbi MOKeTa B OCHOBIIOM HeXOiliiJIH II3 CJie!ly!O

IUHX coo5pa~·ea:nfi: 

So-rrepBbiX1 XOTeJIOCb 1 "lTOObi pe30H8HCH05! CIICTeMa, 'KOTOpy!O HOllO 

obmo,.nsroToBHTb co5cT_BeHHbiMH c:nnaMn,. 5bma nosMO)K!IO npome; 

,. ao 77nTopbiX, 5br~o )KeJI~TeJibHO anH BbiCOKO"lOCTOTHoro renepa1;'ppa 

HCIJOJib30B8Tb o5opy!lOBOHHe 1 HMe!OIUHecg B OT):leJie CHHXpOUHKJIOTpOHO, 

9 



DoCKOnhKY MOlUHOCTh reHepaTopa 
1131 

p8CT9T IIpOIIOpUHOHanhHO Tpe6ye-

MOH ·mHpnae nonocbi ·. 1'1. [ = [ 1 -· [ 2 ; Jlnsr aa~ana pemnnn orpaHn-

'll!ThCH cny'JaeM paCTHMKll TOnhKO Bb!B9Jl9HHOI'O. lly'IK8 I1pOTOHOB 1 Tpe6yJO-

mero 1'1. [ ;;: 200 K:ru (nnsr pacTHMKH BHyTpeaaero nyqKa 1'1. [ = _750 Kru) ~ 

3TO If o6ycnOBHnO Bb!60p MHOI'OKp8THOH IIHnbL nnsr Bb!COKO'l8CTOTHOH 

pacTHMKII rry'IKa C -:meKTpOJlOM. 6noK-cxeMa 1 . nnH ocymecTsneausr Bbi-

6paHHoro crroco6a npeJlCTasneHa aa pnc. 1. CncTeMa C -an. nMeeT aaem

aee B036y}KJl911119 1 B OCT8nhHOM OH8 8H8nOI'li'IH8 OCHOBHOH Bb!COKO'l8CTOT

HOH CHCTeMe, KaK B TOM, TaK II B JlpyroM cnyqae H906XOJlHMa )1{9CTKaSI 

CllHXpOH113llUIIH C '18CTOTOH MOJlynHUIIll OCHOBHOI'O YCKOpH10lU9I'O HaripHM9HHH1 

a TaKMe MllllllriYnllUilll BblXOnHoro KllCK8Jla 1 riHT810lU9I'O C -sneKTpon. 

B CBH311 c TeM, :To nenuauJH! qacTOTbi n.'l. reaepaTopa, rrRTaJOmero 

C -sneKTpon, cymeCTB9HHO M9Hblll9 1 '19M B yCKOpHIO!ll9H CH.CTeMe JlyaHTa, 

'lnCTOTHllH 1\IOLlynSIUilH M0}1<9T 6b!Th OCy!lleCTBneHa ripli ITOMOUIH B8pHKOHJlOB 

unu q'eppnTon. 

ilnH ·pa60Tbl B p9)1{11Me MllOrOKpaTHOfl Hllnbl, K8K riOK83biB8lOT p8C'l9Tbl 1 

cnenaHHbie B pa0oTe I 141, II o~eHKII, rrpon3neneHHbie IIaMil, 11a C -aneKT..: 

pone Tpe6yeTCH llMITnJ!Tyna YCKOpS!JOUrero H8llpHM9HIIS! lf c rropHnKa Hec-

KOnbKHX KHnOB OnhTo C H9KOTOpb!M p939pBOM H8MII Bbl6p8HO lf = 10 KB, 
' c 

LlenHBUIIS! '18CTOTbl 1 KOTOpylO JlOnMeH o6eCI19'UITb 'lllCTOTHb!H MOJly

nHTOp JlnH pacTH{KKH ny'!Ka rrpoToHoB, JlOnMHa neMaTb B rrpenenax :_0,1 Mru. 

DocneaoBaTenhHOCTb BKnl0'19HHH II OTKnl0'19HHS! yCKOpH10lU9I'O H8I1pHM9Hl!S! Ha 

JlyaaTe u C -sneKTpOJle noKa3aHa Ha JlnarpaMMe pnc. 2. 

2. C - s n e K T p o Jl 

KaK yMe 6bmo cKaaauo so BBeJleHnn, aanMyTanbHaH npoTHMeHHOCTb · 

C -sneKTpoJla ae MOMeT 6btTh cnenaHa 6onhme 40°. 

Pannani,aasr npoTSIMeHHOCTb C -aneKTpona onpenenHeTCH nnoiiuoii 

8MIInHTynoii: panRanbH0-¢830BblX If 6eTaTpOHHb!X KOne6aHHH II Upl!IIyCKOM 

I 
J 

I 

f 

. I 
··1: :, 
'I 

I 

1 
·,1 

. j 
I 

B U9CKOnhKO CaHTHMeTpOB Ha. KOMI19HCaUHIO UpOBHCaHHH IIOl 

OTKpbiTOfi KpOMKllo Ha OCHOBaHHll llCXOJlHblX JlaHHb!X JlnSI M€ 

p8JlHanbH8H I1pOTHM9HHOCTb C -aneKTpoJla 6bma Bbt6paHa 

a anepTypa ·C -aneKTpona 6btna Bbt6paaa pasHofi anepTy: 

T,e, 12 CMo 

Bbtci:>Ta ycKopRTenbHOA KaMepbt s. paAoHe pacnonoMell 

polla pasHa 60 eM. Ha panuycax oT 304 eM no 276 CM aa 

HHMHeti KpbllUKBX KaMepbl pacnonOM9Hbl KOnbU9Bbl9 lUHMMbl 

'ITO yM9HblUBeT BbiCOTy KaMepbl HB 9THX pan:n:ycax no 46 C 

Depe•mcneHHbiX Bbtme naHHbiX nocTaTO'IHO nnH Toro, 

npeJlBapHT9nbllb!H pac'leT BenH'IHHbi 9MKOCTH C. -sneKTpl 

Ha puc. 3 :n:ao6paMeH. C -aneKTpon BHyTpu ycKopHTe 

Cl!HXpOUHKnOTpOHBo 

EMKOCTb C -sneKTpona paCC'IHTbiBanacb KaK eMKOCT. 

BBKYYMHOI'O KOHneucaTopa II C y'I9TOM M8K9THOH KOHCTpyKI 

paBHOA C.= 100 MK<jJ. HaMepeHHS! eMKOCTH C -sneKTpOJl8 HB Ma 

'IHHy . C = 112,5 MK<jJ. 

3. Pe30H8H CHBH. CHCTeMa 

Pe3oaaacaaH cucTeMa · C · -sneKTpona nonMHa pa6oTa1 

qacToT oT 14,23 no 14,03 Mru. LlnH nonyqeanH pe3oaaaca 

· 14,13 .Mru K C -sneKTpony 6btn noncoe]lHH9H COOTB9TCTE 

KoaKcuanbaofi ·n:n:HRH, SKBRBaneHTHbtll: oTpe3KY A/ 4 nnH <; 

14,13 Mru. 

RnHHH 6btna H3I'OTosneaa H3 Menahtx Tpy6 c aapyMHb: 

BHyTpeHHeA Tpy6bi d = 22 MM H BHyTp9HHHM JlH8M9TpOM 11 

d = 100 MM •. · Dpu aToM sonaosoe conpoTRBneaue nuauu 
D 

CH Bb!paMeHHeM p = 138 fg -d- H p8BHO B Jl8HHOM cny• 



nponopunoaanhHo Tpe6ye-

. a a 'lana peumnn orpaan-:

ny'!Ka llpOTOHOB 1 Tpe6yiO

II9I'O ny'!Ka IS. f ~ _750 Kru) ~ 

llllnbi Jlml Bb!COKO'I8CTOTHOH 

Jlmi. ocymecTBneansr Bhi

cTeMa C -an. nMeeT aaem-

l OCHOBHOH BhlCOKO'I8CTOT-, 

qae aeo6xoJlnMa mecTKasr 

> ycKopniOmero aanpsrmeansr, 

aiOmero C -aneKTpOJl, · 

,'!. reaepaTopa, miTaiOmero 

cKopniOUieii cn.cTeMe gyaHTa, 

H8 npll llOMOIIlll BapHKOHJlOB 

1>1 1 K8K llOK83blB810T p8C'I9Tbl 1 

eimt.Ie na Mil; na C -aneKT-

DKeHIISI lf C llOpHJlK8 HeC-

BMH Bb!6p8HO lf = J0 KB. . . c 

~neqnTb qaCTOTHblH MOllY-

nemaTb B npeJlenax ::!:.0, 1 Mru. 

ycKOpHIOUiero H8llpHmeHHH H8 

Me puc. 2. 

1MyTanbH8SI TipOTH~eHHOCTb 

e 40°, 

>Jl8 onpe)lensreTCSI JlBOHHOH 

~ Kone6aanii·~ npnnycKoM 

B HeCKOnbKO C8HTHMeTpOB H8 KOMlleHC8UHIO llpOBHC8HllSI nonsr BJlOnb 

OTKpbiTOti: KpOMKH, Ha OCHOB8Hllll HCXOJlHblX Jl8HHblX AnSI M8KeTHpOB8HllSI 

p8JlH8nbH8SI npOTSI)KeHHOCTb C -aneKTpoJla 6bxna Bbi6paaa paBaofi 30 eM_, 

anepTypa C -aneKTpOJla 6btna Bht6paaa paBaofi anepType JlyaaTa, 

T,e. 12 eM, 

BbxcoTa ycKopnTenbaoil: KaMepbi B. pafioae pacnono*eansr C -aneKT-

pona paaaa 60 eM. Ha paJlnycax oT 304 eM JlO 276 eM aa aepxaefi n 

Hll)KHeil: KpbllllK8X KaMe ph! pacnono)KeHbl KOnbUeBble lllHMMbl BblCOTOfi 7,0 CM1 

'ITO yMeHbUiaeT BbiCOTY KaMepbl H8 aTHX p8JlHYC8X JlO 46 CM, 

Ilepe'IncneHHhiX BhiUie Jl8HHhiX nocTaTO'IHO Jlnsr Toro, 'IT06bi CJlenaTb 

npeJlBapnTenhHhiil: paC'!eT BenH'IHHhl eMKOCTH C -aneKTpOJla, 

Ha pnc. 3 H3o6pa*eH. C -aneKTpOJl BHyTpn ycKopnTenbHOfi KaMe phi 

CHHXpOUHKnoTpOH8, 

EMKOCTb C -sneKTpoJla paCC'IHThiBanacb KaK eMKOCTb nnocKoro 

B8KYYMHOI'D KOHJleHC8TOpa H C y'IeTOM M8KeTHOil: KDHCTpyKUllll nony'Ian8Cb 

paBHOfi C= 100 MK¢,l13MepeHHSI eMKOCTH C -aneKTpOJl8 H8 M8KeTe Jl8nH Benu-

'IIIHY . C = 112,5 MKtPo 

3, p e 3 0 H a H C H 8 SI C II C T eM 8 

Pe3oaaacaasr cucTeMa C · -aneKTpona ·Jlonmaa pa6oTaTb .a nuana3oae 

'!8CTDT oT 14,23 no 14,03 Mru. llnsr. nony'Ieansr pe3oaaaca .Ha ~acToTe 

· 14, 13 Mru K C -aneKTpOJlY 6btn llDJlCOeJlHHeH CODTBeTCTBYIOUIHti OTpe3DK 

KoaKcnanbaofi · nnann, aKBHBaneaTHhifi oTpe3Ky A I 4 Jlnsr "!aCTOTbi [ 0 

14,13 Mru. 

RHHHSI 6bin8 H3I'OTOBneHa H3 MeJlHhlX Tpy6 C H8PY*HblM JlH8MeTpOM 

BHyTpeaaefi Tpy6bi d = 22 MM H BHyTpeHHHM JlH8MeTpOM m:ipymaoti Tpy6bl 

. d = 100 MM. ·rrpn aToM BonaoBoe conpoTnBneane nnann ·p onpenensreT
D 

CSI Bblp8)KeHHeM p 138 fg -d- H p8BHD B Jl8HHOM cny"!ae 90 OM, 

11· 
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Pac"!eTnoe 3Ha"leHIIe aniiHhi- oTpeaKa niiHIIII 
,\ 

- '"'2;; arc tg 
1 f 2,9 M• p(l)C 

aniiHa niiHIIII, rrpii KoTopoil rrony"lancg peat;>Hanc, - 6niiaKa K 

peaonaHcHaSI ciicTeMa IIMena rronocy rrporrycKaHIISI d f 
fo 

Q. = 2 d f = 300. llnH. pacnmpeHIISI rronoChi nponycKaan 

MeaHaSI Tpy6a B pe30H8HCHOH niiHIIII 6bma 38MeHeHa CT81l 

Toro. :H<e aiiaMeTpa, npii aTOM rronoca rrporrycKaHIISI yBenii 

B 5 pas. ITo pesynhTaTaM II3MepeHIIil Ha MaKeTe rrocTpoe 

(eM, pnc. 4). IToTepn B pesoaaacaoil niiHnii MO)!{HO on pet 

/15/ 
IlliiM o6pasoM_ . : 

MaKCIIManbHaSI Benii"li!Ha TOKa I m·ax B ¢11aepe a 

c BonHOBhiM corrpoTIIBneaneM p 90 OM·n 8MIIniiTyaoil 

c -an. u 
c = 10 KB 6yaeT paBHa 

u 
21T 2,9 c 

I = - = 146 ; (H=-· f=21T = 0, max 
p sin (3f 2 21,4 

CorrpoTHBneniie rroroaaoro MeTpa Meaaoro ¢naepa rrpii pa 

"!aCToTe onpeaenHeTcSI Bhlpa)!{eHneM 

1 1 
. R 1 = 4,2 v f ( r + T J ' 

rae r , R -paanyChl BHyTpeHHeil II BHelliHeil Tpy6 B CM
1 

>B ru /16/, B HallleM cny"!ae R 1 = 17,6·10:3 oMIM. Me 

anSI niiHnn annaoil ,\ /. 4 

p 
A/4 

R I 2 
1 max 

2 

MO)!{HO orrpeaennTb no ¢opMyne 
A./4 

J cos 2 (:3 xdx 

0 

llnH ¢naepa II3 MeaHhiX Tpy6 annaofi ,\ + f , rae f 

6yayT paBHhl 2,25 KBTo 
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Pac"!eTHoe sHa"!eHne .llnMHbi- oTpesKa nnann 

,\ 
= - arc: tg 

2rr p (1) c 
2,9 M• 

.llnMHa nnann, npn KOTopoil nony"lancH pes':>Haac, - 5nnsKa K pac'IeTnoil. TaKaH 

pesoaancHaH cncTeMa nMena nonocy nponycKaHMH l:l. f = 25 Kru n 

fo 
Q = 2 /:l. f = 300 • .LlnH. paCIIIIIpeHIIH nonOCbl nponyCK8HliH BHyTpeHHHH 

Me.llH8H Tpy5a B peSOH8HCHOil niiHIIII 5bin8 S8MeHeJia CTanbHOil Tpy5oii: 

Toro )Ke .llMaMeTpa, npn aTOM nonoca nponycKaiii!H yBennqnnacb_ npnMepao 

B 5 pas. ITo pesynhTaTaM nsMepeHnil aa MaKeTe nocTpoel!bi rpacpnKn 

(eM. pnc. 4). IloTepu B pesoaaacaoil nuann MO)KHO onpe.llennTb cne.llyi0-

/15/ 
muM o5pasoM . : 

MaKCliM8nbH8H Benii"lliHa TOKa I m'ax B cpM.llepe .llnlii!Oii: f = 2,9 M 

C BOnHOBb!M conpOTHBneHMeM p 90 oM u aMnnnTynoil nanpHlKeHIIH na 

c -an. u 10 KB 5y.lleT paBHa c 

u 
f3 e = 2 -" e 2,9 

I 
c 

146 = 2 7T = 0,85; sin f3 e = 0, 75 = max 
sin {3f 2 21,4 p 

ConpoTMBneane noroanoro MeTpa Me.llHoro <Pn.llepa npn pa5oTe aa BbiCOKoil 
.. 

'I8CTOTe onpe.llenHeTCH Bb!p8)KeHMeM 

1 1 
R 1 "= 4,2 y f ( T + /[' ) , 

r.lle r 1 R -p8.llliYCbl BHyTpeHHeil li BHeiiJHeil Tpy5 B CM, f - 'I8CTQT8 

, B ru 116/. B aameM cnyqae R 1 = 17,6 ·10-::3 oM IM. MomnocTb noTepb 

nnH nliHl!l! .llnliHO.ii: 11./.4 MOlKHO orrpe.llennTh no cpopMyne 

R1 I 2 11./4 

p)\/4 
max_, J c:os 2 f3 xdx 

2 
0 

LlnH <Pn.llepa liS Me.llllb!X Tpy5 .llniiHOfi )\ + e ' 
r.lle e 2,9 M, noTepn 

5y.llyT p8BIIbl 2,25 KBT. 
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llnH qmnepa, B .KOTOpOM Bt:yTpeHHHH Tpy6a ll3 }Kene,3a, IIOTepn COCT8BSIT 

11,25 KBTo 

4. BbtCOKO'IaCTOTHhtii r enepaTop. c He3aBHCllMhiM 

B036y)KneHlleM 

B Ka'IeCTBe BhiCOKO'IaCTOTHoro renepaTopa nnSI rrnTaHnSI C -aneKT-

pona B rrepBoM BapnaHTe MaKeTnpoBaHnSI 6htno perneno ncrronb30BaTb nMe-

. JOIIUIJ1CSI renepaTop, 113roToBneHHhtii .panee nmi KacKannoro ¢a3oTpona 141 ~-

ITo rrepBoHa'IanbHOMY rrpoeKTY renepaTop 6hm pacc'InTaH 'na qacToTy 25 Mru, 

rroToM rrepen rrpoBenenneM 113MepeHI!ii on 6htn rrepecTpoe.H na qacToTy 

14, 1 Mrn. 

EnoK-cxer-.w reuepaTopa rrpencTaBnena na pnc. 5. CBSI3b Bhtxonnoro 

KacKana B.'I. renepaTopa c pe3onancnoii cncTeMoii 6hlna KOHilYKTnBHoii. Pe

.,3ynbTaTbt 113Mepennii, rrpoBeneHHbiX na renepaTope, narpy3Koii. KOToporo 

.cny}Kl!na pe30IWHCIHIH cncTei.w C -3neKTpona, rrpencTaBneHhi B Ta6n~ 2.· 

· Ta6nnua 2 

E I u p l1 (I 
c M aTepnan BnyTp. a a a c k=-· 

KB a KB KBT KB u Tpy6ht <Pnnepa a 

0,8 0,5 0,4 0,4 5,,5 14 Menb 

2,8 1,4 1,9 4,0 3,9 2 )Kene3o 

113 Ta6n. 2 Bnnno, 'ITO Koa¢ljJHuneHT Tpanc¢opMamm narrpSI}KeHI!SI c 

anonoB BhixonHhiX KacKanoB na C -3neKTpon ne)lmT ·B rrpenenax· .14 nnSI 

<Pnnepa c BHyTpenneii Tpy6oii II3 Menu. l13MepeHnH rrpon3BonnmiCh· rrpn 

aHOnHOM HaiipSI}KeHJ!li Ha naMIIax fY -45, paBHOM 0,8 KB. flOBhillieHl!e Ha-

IIpSI}KeHHSI IIpliBonHnO K rreperpeBy li30nSITOpOB B KOHCTPYKUllH C -aneKTpo-

na, KOTOphie Ha MaKeTe He liMeJOT rrpnHynnTenbHOI'O oxna}KneHHSio 

14 

I 
~ . 
,I 

i 

1 
~ 

I 

:~r 
l,l\ 

. ~) 

·~~ 

l 
l 

. ·: ~ . ·~~ 

J.13-38 OTCyTCTBllH OXna}KneHllH. BHyTpeHHeii Tpy6ht pe..: 

H3MeHHn8Cb pe30H8HCH8H 'I8CTOT8 CHCTeMhl BO BpeMeHHo 

5~ 3anaJOmnii r·enepaTop n MonynRTop 

B Ka'IeCTBe 3ana10mero renepaTopa 6htn Bht6paH aBTo 

co6paHHhiii Ha naMrre B H 15fT. CxeMa 8BTOrenepaTopa c YCl 

n· 6y¢epHhiM KacKanaMn n3o6pa}KeHa na pnc. B. 

Co6cTBennafl.·'IaCToTa aBTorenepaTopa 14,1. Mru,_ neol 

n3MeHenne qacTOTht na .:!:. (0, i ... 0,2) Mru ocymecTBnReTcH 

nanpSI}KeHHH na BapnKane,,BKnJO'IeHHOM B KOHTyp renepaTop 

I1llnoo6pa3Horo narrpH}KeHnSI, nonaBaeMoro na BapnKan, Mo~• 

CH rrpn nacTpoiiKe B npenenax oT 0 no 30 B. qacToTa nnn1 

MeHHTbCSI OT,JOQ I'U no 6 Kru. 

CxeMa renepaTopa rrnnoo6pa3noro Haf!pH}KeHHH. rrpnBel 

na pnc. 8 'npencTaBneHa 3aBHCHMOCTb 'IaCTOThi aBTorenepa• 

rrpR}KeHHH na BapnKarre; na puc. 9 8MIInHTynHO-'I8CTOTHE 

pHCTHKa 3ana10mero renepaTopa. 

Ha Bhtxone cxeMhi MO}KHO rrony'IHTb. a!"'rrnnTyny nanpH 

50 .~ 70 a, n~cTaTO'IHYJO nng pacKa'IKH rrpenBapnTenbnor 

nepaTopa, rrnTaJOmero C -aneKTpon. 

.BhiBOnhi . 

I. l13MepeHHH na MaKeTe C -aneKTpona rroKa3ann Be 

C -aneKTpone Bhi6pannoii KoncTpyKunn nony"'HTb neo6xonn 

'I8CTOT. 

2. llnH IIOBhillieHHH CTa6nnbHOCTll 'I8CT0Tbl ll 8MIIniiTy, 

nanpSI}KeHnH na C -aneKTpone iieo6xonnMo ocymecTBHTb Bl 

nne pe30H8HCHOfi CJ:ICTeM,hlo 

15 



llm1 $nJ:tepa, B KOTopoM BI:yipeHmHI Tpy6a H3 >Kene_3a, rroTepn cocTaBSIT 

11,25 KBT. 

4. B hi co K 0 'I aCT 0 T H hi ii: r e He paT 0 P. c lie3aBHCHMhiM 

Bo36Y>KJ:tenneM 

B Ka'JeCTBe BhiCOKO'IBCTOTHoro renepaTopa JlnSI rrnTaHnSI C -aneKT-

poll a B rrepBoM BapnanTe MaKeTnpoBaHHSI 6hinO pemeno- ncrronb30BaTb nMe-

-romm1c5J renepaTop, II3roTOBneHHhlii: . panee JlnSI KacKaJ:taoro $a3oTpona 141:

no rrepBOila'IanhHOMY rrpoeKTY renepaTop 6hin paCC'JHTaH 'na 'JaCTOTY 25 Mru, 

rroToM rrepell npoBeJ:tenueM H3MepeHIIA on 6~n rrepecTpoen na qacToTy 

14, 1 Mru. 

EnoK-cxe~>.w reuepaTopa npeJ:tcTaBnena na J.'mc. 5. CBSI3b BhiXOJlHoro 

K8CK8Jl8 Bo'Io renepaTopa C pe30118HCHOA CHCTeMoii 6bin8 KOHilYKTHBHOAo Pe-

3ynbTBThl H3Mepenui1, rrpoBeJ:teHHhiX na renepaTope, narpy3KOii- KOToporo 

cny>Knna pe3olwncnaH cncTeMn C -aneKTpoJ:ta, npeJ:tcTanneHbl B Ta6n~ 2.· 

Ta6mma 2 

E I u p u l' 
c MaTepnan BHyTp. a a a c k=-' 

KB a KB KBT KB u Tpy6hl $HJ:tepa a 

0,8 0,5 0,4 0,4 5,,5 14 Mellb 

2,8 1,4 1,9 4,0 3,9 2 :>Kene3o 

113 Ta6n. 2 BHJ:tHo, 'ITO Koa$$HuHeHT Tpanc$opMaunH narrpmKeHHH c 

aHOJlOB BhiXOJlHbiX KaCK8JlOB H8 C -aneKTpOJl ne)lmT B rrpeJ:tenax· .14 JlnSI 

$nJ:tepa c BHyTpenneii Tpy6oii II3 MeJ:tu. l13MepeHI!H rrp0113BOJlllni!Ch rrpn 

anoJ:tHOM narrpSI>KeHim na naMrrax rY -45, paBHOM 0,8 KB. DoBblmenne na-

IIpSI>KeHl!SI IIpliBO]lllnO K rreperpeBy ll30nSITOpOB B KOHCTpyKUllll C -aneKTpo-

Jla1 KOTOphle Ha MaKeTe He HMeiOT IIpl!HyJlHTenbHOI'O oina>KJlelJHSI 0 

14 

\. 

l 
' 

i 

-~r 
IJ 

if 

r 
J 

l 

l13-3a OTCYTCTBHSI oxna>K]leliHSI BHyTpenneii Tpy6bl pe 

H3MeJmnaCb pe30H8HCH8SI 'JBCTOTa CHCTeMhl BO BpeMeHn. 

5~ 3 a Jl a 10m n ii r ·en epa Top li 'MOJlynSITOp 

B KaqecTBe 3aJ:taromero renepaTopa 6hln Bh16pan aBTo 

co6paHHhiA na naMIIe 6 H 150. CxeMa aBTorenepaTopa c yc: 

11 6y$epHhiM KacKaJ:taMu n3o6pa>Kena na pnc. 6. 

Co6cTBennaSI ·'JaCToTa aBTorenepaTopa 14,1 MruL neo1 

H3Menenne qacTOThi na :!:. (0, i. t- 0,2) Mru ?cymecTBnSieTcSI 

narrpSI>KeHnSI na BapnKarre, BKnroqennoM B KOHTyp renepaTop 

rrnnoo6pa3Horo nanpH>KeunSI, rroJ:taBaeMoro na BapnKan, Mo)i<• 

cH rrpn nacTpoiiKe B rrpeJ:tenax OT 0 no 30 B. YacToTa rrnn1 

. MeHSITbCSI OT .. _100 I'll no 5 KI'Uo 

CxeMa ren~paTopa rrnnoo6pa3noro na~pSI>KeHHSI npnBel 

HB. pHCo 8, npencTaBneHa 38BliCHMOCTb 'JaCTOThl 8BTOrenepa• 

npSI>KeHHSI na BapuKarre; na pnc. 9 8MIInliTYilHO-'J8CTOTHi 

pllCTllKa 3aJlaromero renepaTopa. 

Ha Bhixone cxeMhi MO>KHO rrony'IHTb. a~nnHTYJlY narrpSI 

50 -~ 70 B1 JlOCTaTO'JHyiO JlnSI pacKa'JKH IIpenBapnTenbHOr 

nepaTopa, rrnTaromero C -aneKTpon. 

BbiBonhi 

1. l13MepeHnH na MaKeTe C -aneKTpona rroKa3ann Be 

C -aneKTpone Bbi6paHHOH KOHCTpyKUllll rrony'IHTb neo6xonn 

'JaCTOT. 

2. llnSI IIOBhillieHHSI CTa6l!nbHOCTll 'JaCTOThl H 8MIIni!Ty, 

HaiipSI>KeHIISI H8 C -aneKTpone He06xonllMO ocymeCTBllTb Bl 

Hlle pe30H8HCHOft ClfCTeMhi. 

15 



<eneaa, rroTepn cocTaBHT 

C H938BHCHMh!M 

3 'JlliH ITHT8HHH C -Sli9KT-

perneuo·ncrronb30BaTb nMe~ 

K8CK8llllOrO cpa30TpOH8, /4 /~--

18CC~HTaH ·aa qacToTy 25 Mru, 

IepecTpoen na qacToTy 

. i:mc. 5. CBH3b Bhixonnoro 

MOll 6blfl8 KOHllYKTHBHOHo Pe

·ope, narpyaKoif. KOToporo 

rrpencTaBneHhl B Ta6n, 2.· 

'a6mma 2 

l! 

u 

14 

2 

c 

a 

MaTepnan BllyTp. 
Tpy6hi cpnnepa 

Mellb 

)!(eneao 

iccpopMaunn narrpsr)l{e!IMH c 

Je)lmT B rrpenenax .14 nnsr 

~HllH !Ip0ll3BOJlllllllCh ITpll 

M 0,8 KB. · IToBhillienne na-

B KOHCTpyKUllll C -Sli9KTpO-

:113-38 OTCyTCTBHH OXII8)KJl8HHH BHyTpeHHefi Tpy6h! pe30H8HCHOH liHHl!H 

H3M8HHII8Cb pe30H8HCH8H '18CTOT8 CHCT9Mhl BO BpeMeHHo 

5~ 3anaiomnli r·enepaTop 

B KaqecTBe aanaJOmero renepaTopa 6bin Bhi6pall aBTorenepaTop, 

co6paHHhlll na naMrre 6 H 15IT. CxeMa aBTorenepaTopa c ycnmlT9llbllblM 

n 6ycpepHhiM KacKanaMn nao6pa*ena na pnc. 6. 

Co6cTBennasr .qacToTa aBTorenepaTopa 14,1 .Mru._ neo6xonnMoe 

naMenenne qacTOThi na :!:. (0,1 .. 0,2) Mru ocymecTBnsreTcH naMellenneM 
, I 

HaiipH)I{9HHH Ha BapnKarre, 1 BKIII0'19HHOM B KOHTyp renepaTopa. AMITIIHTYll8 

rrnnoo6paanoro nanpsr*ennsr, rronaBaeMoro na BapnKarr, MO)I<eT perynnpoBaTb

csr rrpn nacTpoliKe B rrpenenax oT 0 no 30 B. 4acToTa rrnnhi MO)I{eT na-

. MeHHTbCH OT 100 · ru llO 6 KrU. 

CxeMa renepaTopa rrnnoo6paanoro Haqpg)l{eHHH rrpnBeneHa na pnc. 7, 

!18.pHCo 8 npeJlCTaBneHa 38BHCHMOCTb '18CTOThl aBTorenepaTopa OT Ha

IIpH)I{8HHH H8 B8pHK8II8i H8 pnc. 9 - 8MIIIIHTYJlH0-'18CTOTH8H xapaKTe -

pHCTHK8 aanaJOmero reHepaTopa. 

Ha Bhixone cxeMhi MO)I{HO rrony'IHTb a~rrnHTYllY HaiipH)I{9!1HH 

- 50 .. 70 B, Jl0CT8TO'IHYIO JlliH paCK8'1KH rrpeJlB8pHT9llbHOrO K8CK8ll8 re-

nepaTopa, rrnTaJOrnero C -sneKTpon. 

.B biB Oil hi. 

1. HaMepennsr na MaKeTe C -sneKTpona rroKaaann B03MO)I{HOCTb na 

C -sneKTpone Bbi6pannoli KOHCTpyKunn rrony'IMTb neo6xonnMhili nnarraaon 

'18CTOT. 

2. nnsr ITOBb!lli9HHH CT86HllbHOCTH '18CTOTbl H aMITIIHTYJlhl ycKOpSt!OIUEJT"O 

narrpsr)l{eHHH na C .-sneKTpone neo6xoJlHMO ocymecTBRTI:! BOJlHUoe oxna)l{ne-

nne peaonancnofi cncTeMbi~ 

15 



3. ITHT8HHe C -sneKTpOll8 OT reHepaTopa, HaxoamnerocSI Ha paccToSI-

HHH 6onee 500 M OT YCKOpHTenSI t npellCT8BnSieT Heyao6CTBO T.K. 

¢uaep anSI coeauHeHHSI renepaTopa c C -aneKTpoaoM, noMemeiiHbiM B 

peanhHbie ycnOBHSI pa60Tbi0 Tpe6yeT cymecTBeHHoro peMOHT8 H KOHCTpyKTIIB-

HbiX li3MeHeHlfH, KOTOpbie HeB03MO:lKHO npOII3BOllliTh npn pa60T8IOIUeM 

ycKopnTene. CncTeM8 YBC T8KJKe Tpe6yeT· peMoHTa. · 

4. Bonee•uenecoo6paanwM npeacTaBnSieTcSI paaMemenne reHepaTop8 

C Jie38BIICHMbiM Boa6y:lKlleHHeM B Henocpe)lCTBeHHOfi 6nH30CTII OT YCKOpH

TenSI TaK, 'IT06bi annna ¢naepa, coeaiiHHromero· reHepaTop· c C -sneKTpo

·aoM, ~e npeBbiiUana 21 M. 

ITpoaenaHHbie sKcnepnMeHTbi no3BOnSIIOT C'IHT8Th, 'ITO H8II6onee uene-

coo6pa:;3Ho OpHeHTHpOB8ThCSI H8 MHOrOUHKnOBb~H peJKHM JleHCTBHH C ~aneKT

poaa c rH6Kofi cxeMofi ynpaanenuSI, o6ecnequaaromefi B03MOJKHOCTh p860Tbi 

K8K C nonOJKHTenhHbiM, TaK H C OTpHUaTenhHbiM 3H8'1eHHSIMII . 
(L) 

l1aMepeHHH na M8KeTe noK83anu, 'ITO ocymecTBneHIIe OllHOKOHTyp-

· HOH nonOCOBOH CHCTeMbi C B~eiUHefi MOllYnHUHefi B K8'1eCTBe pa6oqero B8pH8H

T8 He BCTpeTIIT OC06biX TPYllHOCTefi~ . 

OnbiT pa60Tbl T8KOH CHCTeMbi MOr 6bi OK838ThCSI none3HbUvt T8KJKe 

H npH pa3p860TKe aH8norH'IHofi CHCTeMbi anSI ycTaHoBKH <I> • B cnyqae 

Heo6XOllHMOCTH npeanaraeMyro CHCTeMy MOJKHO 6~3 6onhlllHX 38Tp8T
0 

ecnH 

aTo noTpe6yeTcSI, nepeaecTH B apyrofi peJKHM. 

B aaK.nro'leJIHe 8BTOpbi C'IHT8IOT caoHM npHSITHbiM aonroM no6n8roa8-

. pHTh B~H •. KnroiUHHa, H3rDTDBHBIUero M8KeT '18CTH .ycKopHTenhHofi KaM~pbi, 

C -sneKTpOll8 H BhmonJIHBIUero ace Mex8HH'IecKue p860Thi no n~pecTpofiKe 

reHep8Topa He38BHCHMOro B036YJKlleH~SI II COrnaCOB8H~IO.pe30H8HCHOH CHC

TeMbi C -sneKTPOll8. ABTDpbi T8KJKe 6n8rOll8pSIT IO.B. M8KCHMoaa a8· 

Y'I8CTIIe B KOMnneKCHbiX H3MepeHHSIX nap8MeTpOB MHOrOK8CK8llHOrO reHe-

paTopa C M8HHnynSIUHefi BbiXDllHDro K8CK8ll8o 

18 
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