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/1 2 3/ 
B npouecce aanauKH cacTeM aneKTpouaaaMaqecKoro cenapaTopa qacTHU ' ' 

BbiCOKHX saeprall: 6bmH accneuoaaHhi a onpeueneHbi ax ocaoBHbie napaMeTpbi, a TaK

JKe HallelKHOCTb H CTS6Hl!bHOCTb pa60Tbl STHX ycTpOll:CTB. HHlKe C006maiOTCS! pesyllb
/4/ 

TSTbl I!CnbiTSHHll: OTKliOHSIIOll16rO yCTpOll:CTBS Ha nyqKe rr -MeSOHOB C HMttyllbCOM 

4,95 rsa/c. 

1. KoHCTPYKUIISI OTK.IIOHSIIOmero ycTpoll:cTaa 

0TKl!OHSl!Oll166 ycTpOll:CTBO aneKTpOlli!HSMI!qecKOro cenapaTOpa BbinO.IIH6HO B BRAe 

CHCTeMbl HS meCTHllUU8TH H6S8BIICIIMO !jlaSIIpyeMbiX peSOH8TOpOB, pa60TS10ll111X Ha 

qacToTe 150 Mru. OTKnoaen11e qaCTIIU llOCTIIraeTCSI sa cqeT aosneficTBHSI na HIIX 

nonepeqaoro BbiCOKoqacToTnoro (a/q) aneKTpaqecKoro nonS! np11 npoxoJKueHHII peso-

aaTopoa. 

Ha pile. 1 npeucTaaneaa 6noK-cxeMa OTK.IIOHSIIOmero ycTpoll:cTaa. HcToqHI!KOM 

ni!TSHIIS! CIICTeMbl C.llylKIIT nSITIIKSCKSllHbill: reHepaTOp Ha 150 Mru, pa60T810ll111ll: OT 

sanaromero yMHOlKI!Temt, cTa6nniiSI!poaaaaoro KaapueabiM pesonaTopoM. BhxuaaaeMaR 

llBYMS! nOCl!eUHIIMII napanne.llbHbiMH K8CKSU8MH MOll1HOCTb CyMMIIpyeTCS! Ha MOCTe 

C.IIOlK6HIIl1 II SaTeM !jlnuepaoll: CIICTeMoll:, nocTpoeaaofi no npiiHUIIny 'uepeao', aao-

UIITCll B KlllKUbill: peSOH8TOp. !1CTOqHIIKOM IIMny.llbCHOro SHOllHOrO HanpS!lKeHHS! C.IIYlKIIT 

MOUYllliTOp, BbinO.IIHeHHbill: B BI!Ue IICKyCCTBeHHOll: .IIIIHIIII C paSpliUHbiMII THpATpOHSMII 

11 sapSIUHbiM BbmpSIMHTe.IIBHbiM ycTpoiicTBOM. B/q reaepaTop np11 nnaTenbHOCTII IIM

nynbca 4-5 MeeK 11 qacToTe noaTope~llll 0,1 ru pasaaaaeT MomHoCTb AO 1,5 MaT. 

MomaocTb, ahxuaaaeMaSI reaepaTopoM, MOlKeT peryn11poaaTbCSI a npeuenax 0,7-1,5 MaT. 

KOHCTPYKUIISI OUHOro liS HCnO.IIbSyeMbiX B OTK.IIOHSl!Oll16M ycTpOilCTBe peSOHaTo

pOB npaaeneaa Ha pac. 2. KaK BIIUHO liS pac. 2, Bbi6paHH8l1 KOHCTPYKUIISI KBSSIITOpOII

uanbHOrO pesonaTopa o6ecrieqaaaeT npoxoJKAenae cenapapyeMoro nyqKa npeHMym~ 
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CTseaao B o6nacTH, rAe cocpeAoTo'leHo nonepeqaoe s/q aneKTPH'lecKoe none. T~tn 

Kone6aHHA B pe3oHaTope E 010 • Uo6poTHOCTb pe3oHaTopa Q •16000, WYHTosoe 

conpOTHBneHHe R. .. 0,6 MoM. 
1U 

Ha pHc. 3 cxeMaTH'leCKH noKa3aHo pacnono~eHHe peaoHaTopos. Bee peaoHaTo-

pbi pa3MeWaiOTCSI B TpeXC8KilHOHHOM 6aKe, BHYTPII KOTOporo nonnep~HBaeTCSI saKyyM 

-6 
nOp!IJlKa 2•10 TOp. BbiCOKOBBKYYMHblli 06'beM, B KOTOpOM pa3MentaiOTC!l pe3oHaTo-

pb1, OTneneH oT aoHonposona KaHana Maftnaposon nneHKoA TonmaHoA 20 MK. 

HacTpoil:Ka Ka~oro peaoHaTopa Ha aanaHnyro 'IBCTOTy ocymecTBnHnac& c no

MOIIlbiO nsyx cacTeM: rpy6oA a TO'lnoA nacTPottKII. UHanaaoH nepeKpb!THSI qacToT 

C nOMOnlblO rpy6oii: HBCTpOil:KII COCTBBnSieT 1 ,5 Mrn, a naana30H TO'IHOil: nonCTpOil:KII 

'IBCTOTbl-150 Krn. 

Ka~!lblil: pe30HaTOp HBCTpBIIBancg Ha 3BABHHYIO 'laCTOTy C TO'IHOCTblO He Xy~e 

:!:,0,5 Krn. 

UnH o6ecne'leHau ycToil:'lllsoll: AnUTen&aoll: pa60Tbl oTKnoHSIIOmero ycTpOACTBa 

IICnOnb30BBnac& CIICTeMa T8pMOCTa6HnH3a!lllll 'laCTOTbl pe30HaTOpOB, nOCKOn&Ky 113-

MepeHHblli TeMnepaTypHblil: yxoA qacToTbl pe3oHaTopos paseH 2,5 Kru I °C • 3Ta 

CHCTeMa COCTOHT 113 TepMoperynSITOpOB, C llOMOnlbiO KOTOpbiX T8MnepaTyp8 B0Ltbi, 

llllpKynHpyiOIIleii nO BH8WHHM CT8HK8M pe30HaTopoB, llOLILI8p~HBanaCb C TO'lHOCTblO 
·o 

0,02 c. 
3aLtaHHaSI pa3HOCTb ~a3 Me~ pe30H8TOpBMH ycTaHaBnaBSnaCbH3MeHeHII6M!lna

Hbl ~HLtepa. npH 9TOM O!liiH 113 pe30HaTOpOB SIBnHnCSI OllOpHbiM, no OTHOnl6HHIO K He

My BbiCTBBl!SiniiCb ~B3bl BCeX OCTan&HbiX pe30H8TOpOB. TO'IHOCTb yc TaHOBKH ~3bl 

Ka~oro peaol!aTopa 6Nna He xy~e 5-7°. 

2. Pac'leT OTKnoHeHHSI 'IB.CTHII 

.UeliCTBII8 OTKnOHSIIOnteli CIICTeMbl 113 ·o pe30H8TOPOB ua ny'IOK·3ap~eHHbiX 

'IBCTIIU MO~O paCCMOTpeTb cneLtyiOntHM o6pa30M. nycTb LIJUlHB sneKTPit'leCKOil: Lto

po~ KS.~OrO pe3oHaTopa pasHa f II paCCTOHHHe Me~y U8HTP8MII COC8LIHHX pe-

30H8TOpOB (pac. 3) pasao L • TorLta, ecna ~3a aneKTpaqec~toro nonS! s B;a~oM 

nocneLtYromeM pe3oHaTope 6yneT CLtsauyTa OTHOCHTen&uo npeLtb!LtYmero aa·sena'laay, 

pasHyiO 
2L -llrf> .. 11 ( 1 + - ) ' 
>.{3 
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rne A - nnaaa BOnHbi, aa KOTopyro aacTpoeHbi pe3oaaTopbi; {3 - CKOpOCTb ABH-

meaan qacTan B enaaanax CKopocTu cBeTa, TO TeM caMhlM 6ynyT o6ecneqeahl onu~ 

HaKOBbie ycnoBun nBameaan 3apnmeaahlx qacTan B KamnoM pe3oHaTope. 

Ypa~aeaae nBumeaan qaCTHUbi B peaoaaTope B npennonomeaau, "'TO aneKTpa

qecKoe none orpaaaqeao o6nacTbro npOTnmeaaocTbiO f a onaoponao no aeMy, a 

neliCTBueM MarauTaoro nonn. Momao npeae6pe'lb, MOmao 3anacaTb cnenyromuM o6-

pa3QM: 

m~ = e E Sin ( (IJ t + cp ) , 
(2) 

rne E - aanpnmeaaocTb aneKTpnqecKoro nonn, ~ - ~a3a aneKTpaqecKoro nonn, 

COO'I'BSTCTByiOman MOM9HTY BneTa B Hero "'ACTHUbi, Cl.l - KpyrOBBn "18CTOT8 1 m -

M8CC8 "18CTHUbi. 

CooTBeTCTBeHHO Benuqaahl X H X aa Bhlxone pe3oHaTopa 6ynyT' paBHbi 

X=~ 
mCI.l 

I (I) t 
Cos({k"" + ~)-Cos~ I 

(3) 
xs ~~Sin(~+ cp l -Sincp- ~Cos</>} 

mw2 {3c {3c 

npa aaqanbHhlX ycnoaanx i - x = o 

0TKnQH9HH9 nyqKa 3apnmeHHhlX "'BCTHU Ha HSKOTOpOM paCCTORHHH OT OTKnOHniO

mero ycTpOliCTBa MO*HO npenCTBBHTb KBK CyMMY OTKnOHeHali, 06ycpO»JJ9HifYIO .lleil-

CTBHSM Kamnoro pe30H8TOp8 B OT):{SnbHOCTH, T.e. 

(4) 

rne S -- paCCTORHHe OT K0Hlt8 aneKTpH"'SCKOil nopO*KH D pe3oaa'l'opa no TOqKH, 

rne aa6nronaeTcn OTKnoaeaae. 

Tiocne COOTBSTCTByiOmHX npeo6pa30B8HHH Bhlp82KeHHe (4) MOmHO npHBeCTH K 

BHAY 

X~sMcos~+N.Siocp, (5) 

rne 

M• eEh[f-{3A 
217 pc 217 

2nf o-1 2irf ] 
Sin{fil + (-

2 
-L +S)(l-Cos {3A) 
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eE,\n [{3,\ 21rf n-1 21Tf] 
N = -- -0-Cos-,:rr-l+(--L+SlSin/'l\ 

21T pc 21T !-'" 2 ~-'" 
(6) 

pc - HMnynbc pasnensteMbiX 'IBCTHU. 

MaKCHM8JlbHOe OTKJIOHeHHe, K8K 3TO BH!(HO H3 BblpalKeHHS! (5) 1 paBHO 

X =+(M 2 +N 2 lli 
max (7) 

H COOTBeTCTBYJOIUan 9TOMY OTKJIOHeHH!O H8'18JlbH8n 4Jaaa cp .QOJI:lKHa 6b!Tb pasHa 

</> a 
N 

arctgM · (8) 

Bbipa:lKeH!re (7) .QaeT CBf!3b Me:lK.Qy MaKCHMaJibHblM OTKJIOHeJII!eM ny'!Ka H napa

MeTpaMH oTKnonnromero ycTpolicTaa ann cny'lan, Korna paaMepaMH ny'!Ka a nnocKo

CTH pa3.QeneHHn Ha paCCTOf!HHH S OT 3TOI'O yCTpOHCTBa MO:lKHO ttpeHe6pe'lb. 

0TnocuTenbHO necno:lKHO y'leCTb KOHe'IHble paaMepbi nyqKa, ecnu npennono-

:lKHTb, 'ITO ono non'lunneTcn pacnpeaenenuro L'aycca 

1 
-(-x-)2 

<ll(xl a ~ e '120 J 
,j21T () 

rne () - cpenneKaaapaTH'IHast nonywupuaa uso6palKeHu~ 

BH.Qa: 

(9) 

Torna npu pa6oTe OTKnonnromero ycTpolicTaa ~YHKUHJO pacnpeaeneuun nnOT-

HOCTH ny'I:Ka B UJIOCKOCTH paaneneHHn MO:lKHO npeACTaBHTb KBK 

nx 
-3/2 -( ) 2 

(21Tl 2 IT 2 
<ll'(xl = -

0
- J e · d¢ , (10) 

0 

rne X </> = M Cos</> + N Sin</> 

'l!ucneHHO HHTerpupyg Bblpa:lKeHHe ( 10) npu 3a.QaHHbiX aenH'IHJiaX M H N 1 MO:lKHO 

nony'IHTb O:lKHAaeMoe pacnpeaenenue ny'I:Ka. 

3. 8KcnepuMeHTanbHhie peaynb.TBTbl 

I13Mepenun .QeHCTBHSI OTKnOHf!JOIUero ycTpolicTaa UpOMJUUIB:Ch C UOMOIUbJO 

ny'IKa IT -Meaonoa, ttMeromux HMnynhc 4,95 raa/c. Per.ucTpupyroman annapaTypa 
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COCTOgna H3 ABYX TeneCKOnOB CUHHTnnnRUHOHHbiX cqeTqHKOB, OAHH H3 TeneCKOnOB 

Momno ohm o AIICTanunonno nepeMemaTb B nnocKOCTH pasaenennH c. saaaHHblM ma-

roM, Pa3Mep. CUHHTnnnHTOpa 9TOrO TeneCKOna B nnoCKOCTH pasaeneHHSI 5 MM, 
~ 3 

BTopoii TeneCKOn, HMeBmnii p83Mepbl CUHHTHnnHTOpOB 250 X 150 X 10 MM , cny:rn:nn 

AnH MOHRTopnpoaanng nnTencnanocTn ny=a. Ooa TenecKona obmn CBH38Hbi cxeMoii 

-8 coanaaenng ( r =2· 10 ceK). l1sMepennH npoaoannncb cneayromnM oopasoM: 

1) H3MepHnOCb HCXOAHOe pacnpeaeneHHe HHTeJICHBHOCTH nyqKa B nnOCKOCTH 

paaaeneHnR (ropnsonTanbHaSI nnocKOCTb) a MecTe, rae aon:rn:no ohmo npoaepSITbCll 

pasaenenne nyqKa (na paccTORHHn 27 M OT ueHTpa OTKnongromero ycTpoiicTaa). 

PesynbT8Tbl 9THX H3Mepennii npnaeaeHbl H8 pnc. 4 ( KPHB8ll 1). nonyqennoe pac

rrpeaenenne onH3KO K rayCCOBCKOMY C 8 = 0,52 CM, 

2) c rroMombro 6noKa saaepmKn coaMemanacb no apeMeHn rroaaqa a/q nanpn

menng a OTKnOHHromee ycTpoiicTBO n npoxo:rn:Aenne qepes nero qacTnu. npn aToM 

annTenbHOCTb nyqKa qacTnu, npoxoanamnx qepes OTKnongromee ycTpoiicTao, no ape

Menu COCTaangna 1,5 MCeK, a apeMll paoOTbl OTKnOHlliOmero ycTpOiiCTB8 4 MCeK, 
• 

llanee npoaoannocb nsMepenne pacnpeaenennn HHTencnanocTn nyqKa B nnocKocTn 

pasaeneHHH. 3TH H3MepeHHH obinH npoBeAeHBI UpH ABYX ypOBHllX MOmHOCTH, BBOAH

MOH B 16 pe30H8TOpOB, P 1 00 1,5 MBT H P 2 oo1,1 MBT, 

Caanr <jlaa 6.¢ Memay coceannMn peaonaTopaMn obln ycTanoaneH B cooTaeT

CTBHH c BbipameaneM ( 1) paaHhiM 6.¢ .. 32° ±.5° n noaaep:rn:naancn ao apeMenn 

C TOqHQCTbiO HeCKOnbKO rpaAyCOB, nocTOHHCTBO BBOAHMOH B pe30H8TOpbl MOmHOCTH 

noaaep~naanocb c ToqaocTbiO 2%, 

nonyqeHHbie 9KCnepnMeHT8nbHbie pe3ynbT8Tbl npOHOpMHpOB8Hbl H HaHeCeHbl H8 

TeopeTnqecKne KpHBbie (2 ,3 pnc. 4), nonyqenHhie nyTeM qncneaaoro· nnTerpnpoaannn 

Bbipamenng ( 10) Ha sneKTponno-abiqncnnTenbHOii Mawnae ang cnyqaea, Koraa nanpg

meHHOCTb sneKTpnqeCKO rO nonll B K8lliAOM pe30H8TOpe paBJI8 

E 1 22,4 KBICM, 

E2 19,9 KBICM 

n ·=16, A =200 CM, f =50 CM, L "'82 C!'f• S =1920 CM, pc '" 4,95 fSB H 8 aQ,52 CM. 

KaK BHAHO H3 KpHBbiX, 3KCnepHMeHT8nbHble peaynbT8Tbl H pacqeT H8XOAHTCH B XOpo-

weM cornacnn. 
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4, 3aKniO'IeHHe 

TaKHM o6pa30M, npH MllKCHManbHOli BBOAHMOli MOlllHOCTH B 16 pe30HllTOpOB 

p "'1,5 MBT HanpsnKeHHOCTb aneKTpH'IeCKOI'O nonn B Kll)K):(OM H3 HHX He HH:IKe 

22 KBfCM 1 'ITO 06ecne'IHBlleT MllKCHMllnbHOe OTKnOHeHHe CenapHpyeMbiX 'lllCTHU Ha 

t_7,5 CM (±_2,8 MpaA). PeanbHan nanpn:meHHOCTb aneKTpH'IeCKoro nonn, no-BHAHMo-

My, HeCKOnbKO npeBhlllllleT nony'leHHyro BenH'IHHy Hanpn:meHHOCTH,TllK KllK HpH pac

'leTaX OTKnoHeHHSl 'lllCTHU He Y'IHTbiBanOCb KOMUeHCHpyromee Aei!:cTBHe Mlli'HHTHOI'O 

nonn H npocTpaHCTBeHHoe pacnpeAeneHHe aneKTPH'IeCKoro nonn B pe3oHaTope. 

3KCnepHMeHT8MH 6binO TaK:me yCT8HOBneH01 'ITO HpH pa6oTe OTKnOHSliOlllei'O 

YCTpOliCTB8 1 KllK H cnenoaano 0)KH):(l1Tb1 He UpOHCXOnHT H3MeHeHHSl Hy'IKll B BepTH

KanbHOli nnoCKOCTH. 

ABTOphl 6YAYT BCer):(a HOMHHTb TO BHHMllHHe, KOTOpoe OK83b!Blln aTOll: pa6oTe 

noKoi!:Hhlli aKaAeMHK.B.H. BeKcnep. 

ABTOpbl Bbipa1KaiOT rny6oKyro 6naronapHOCTb rnaBHOMY HH:lKeHepy JIB3 H.H. naa

noay 1 OK838BllleMy 60nbmoe CO):(ei!:CTBHe B C03):(8HHH OTKnOHSliOlllei'O yCTpOi!:cTBll, 

ABTOphl 6naronapHbl COTpyAHHKllM OTAenOB rnaBHOI'O !9HepreTHK81 !9KCnepHMeH

TllnbHbiX MllCTepCKHX1 OTAena CHHXpOijla30TpOH81 npHHSlBlllHM Y'lllCTHe . B MOHTa:lKe OT

KnOHSliOlllero ycTpoi!:CTBa, B.H. 3y6apeBy H n.H. cPHnHnnoay, BHeClllHM 3Hll'IHTenbHbii!: 

BKna.tt B Hana.ttKY OTKnOH51l0lllero ycTpO:IiCTBa, a TllK:lKe COTpyAHHK8M1 o6cny1KHBll!OlllHM 

CHHxpoljla30TpOH1 H B.C. Eanau:ioaoli, B.M. BHmHSIKOBoi!:, IO.H. KapstrHHy, B. Kb.!Io

Hoay, A.H. MaHSITOBCKOMy, B. non~KOBy, A.H. XpeHOBy, M.H. Illxo6HHOi!:, y'laCT-

BOBllBWHM B npOBe.tt~HHH !9KCnepHMeHTOB, 

ABTOpaM npHSITHO OTMeTHTb BbiCOKOe Kll'leCTBO annapaTyphl, KOTopliSI 6blna 

pa3pa60TaHa H H3rOToan~.!Ia no.tt pyxoao.ttCTBOM B.E. 3anMaH30Ha, B.B. EKHMOaa n 

H.r. YMaHCKoro!
41 

nHTepaTypa 

1. B.H. Bel!:Cnep. 0 3anycxe CHHXpOijla30TpOH8 Hll 10 raa H nepBbiX pe3ynb'taTax 
qm3H'IeCKHX HCcne,IloBaHHli, Tpy.tthl BTOpoi!: 'Me:lK.QyxapoAHOl!: KOHijlepeHUHH .no MHp

HOMY HCnOnb30B8HHIO llTOMHOl!: aHeprHH ()l(egeaa1 1958), )loKnllAhl COBeTCKHX 
y'leHbiX, HAepHast ljJH3HKa,ATOMH3AaT, MocK aa, 195G, cTp. 253, 

2. B.A. BarRil, B,H, Bexcnep, B.H. 3y6apea, A.B. Ky3HeUOB, C.B. MyxnH, B.A. lle
Tyxoa, B.A. Ilonoa, H.E. Py6nH, H.H. CeMeHIOWKHH, B.n. CTenaHroK, K.B. t{ex.

noa. Tpynbi Me:m.QyHapOAHOl!: KOHijlepeHn:HH no ycKOpHTenSIM 3llpSI1KeHHhlX q:acTnn:, 
Jly6Ha, 1963. 
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3. B.Ll. BonOAHH, B.H. 3y6apeB, C.B. MyXHH, B.A. nonoB, C.B. PHXBHUKHii, A.n.Ca-
CHKO, H.H. CeMeHIOWKHH, B.n. CTenaHIOK. npenpHHT OI1.HI1, 2913, Lly6aa, 1966. 

4. M.C. LlaBhiAOB, n.r. LlopljlMaH, B.E. 3anMaH30H, r.A. 3eiiTneHoK, B.B. EKHMOB, 
B.M. neBIIH, H.<l>. Manh!WeB, H.r. neTenHH, B.H. neTpyHHH, a·.A. nonos, 
H.<P. TpywHa, H.r. YMaHCKHl!, 11.11. <l>HHKellbwTel!a. TpyAbi MelK.Qyaaponaol! KOH

IjlepeanHH no yCKOpHTCnSIM 3apmKeHHbiX 'l8CTHU, Lly6Ha, 1963, 

PyKonHCb nocTynHna B H3AaTenbCKHii OTnen 
13 ljlespann 1967 r, 
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