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8 CBSl311 C noCTOSIHHO pacTylllllMII Tpe6oBaHHSIMH K TO'IHOCTH cpH3H'!6CKoro 9Kcne

p11M6HTa BCe B6JlYUlH6 na6opaTOpHH B o6naCTH SIJlepHol! qJH311KH 3aHHMa10TCSI BOnpo-

/ 1 2/ 
caMH yBeJIH'l6HIISI IIHT6HCIIBHOCTH Jl6l!CTBYIOUlllX fCKOp11T6Jiel! 

1 
, a TaK)Ke pa3pa60T-

KOl! npoeKTOB np11Hu11n11a11bHO HOBhlX ycKOpHT6/lell, cnoco6Hb1X YBCJJll'IIITb IIHTeHCIIB

HOCTb ny'!KOB B COTHII II TblCSl'IV. pa3 B cpaBH6HIIII C JlOCTllrHyTOl! B HaCTOS!Ulee 

BpeMSI. 

Ha116011ee paJl11KaJibHO Bonpoc yBe1111qeH1IS1 ToKa nyqKa ycKopuTenell B JlHana-

30He 9Hepr11ll 0,5 -:-1 raB pewaeTCSI C03Jlall1!6M IIOBOro KJiacca MaWHII - pell!lTHBHCT"" 

CKHX UIIK°noTpOIIOB. CymecTByeT 116CKOJibKO pa3pa6oTallllblX npoeKTOB C03JlaHHSI pensi

TIIBIICTCKIIX UIIK/IOTpOHOB, pea11113au11S1 KOTOpb!X np11B8Jl6T K yBeJI11qeHIIIO TOKa np11Mep110 

11a JlB8 nopSIJlKa no cpaBH6HHIO C TeM, 'ITO cellqaC l!M86TCSI Ha CHHXpOUHK/IOTpoHe. 

OJlHaKo cymecTByeT pS!Jl npo611eM, Jl/lSI peweHHS! KOTOpb!X noTpe6yIOTCSI TOKI! 

ny'IKOB np11MepHO Ha JlBa nop11JlKa Bh!We, qeM 9TO B03M0)KH0 nony'll!Tb B pe11SITH

BHCTCKOM UHKJIOTpOH6', noJIY'iCHHe CBepX!!HTeHcl!BHblX ny'!KOB M630HOB II HGilTpllHO 

C pa3Jill'!Hb1MI! 9Hepr!!SIMH OTKpoeT 6011bWl!e nepcneKTHBbl Jl/lSI cpyHJlaMeHTaJibHblX 

l!CC/ICJlOBaHHil B o6nacTI! qlll3HKI! IlblCOKIIX 9Hepr11l1, B 0611aCTII HeilTpl!HHOil cp!!:31IKII 

I! T.A. 6onee Toro, TaKHe yCKOp1IT6/lll MoryT 6h!Tb IICIIO/lb30BaHbl Jl/lSI C03JlaHIISI 

MOWllblX nOTOKOB HeilTpOHOB npu aaTpaTax Ha e.lll!HllUY BblXOAHOil MOUlHOCTll MCHb

WIIX, qeM B cneuuanbHO IIOCTpoeHHOM AJISI nOJl06HblX uenell peaKTope. 

Ec1111 eo ecex coepeMeHHh!X yc1cop11Tensix npo6neMa orpa11uqe11usi ToKa npocTpa11-

CTBeH11b1M aapSIAOM CTOHT Ha nepBOM nnaHe, TO npu C0:3JlaHllll ycKOpl!T€JISI co cpe.u

llllM TOKOM ny'!K8 50 .;- 100 Ma 3TOT eonpoc CTal!OBllTCSI onpe.uensilOUlllM. MaTeMa-
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Tll'IeCKHll: pacqeT .llBH)KeHHII TBKHX ny'IKOB B Mai'HHTHb!X non11x cno~Holl: KOHqmry

paUHH OK83b!BBeTCII He.llOCTBTO'lHO HB.lle)KHblM, Il03TOMY oco6b1ll: HHTepec npHo6peTBeT 

3KcnepHM0HTBnbHOe HCcne.llOBaHHe .llHH8MH'l0CKHX npoueccoB ycKopeHHII 'IBCTHU 

Ha MO.llBnH. 11ccne.lloBaHH!I paUHOHBnb!IO npOBO.llHTb Ha sneKTpOIIHOll: MO.llenH c 

COOTBBTCTBYIOlllHMH napaMeTpBMH fl0.ll06HSI. TaKBSI MO.llenb coopy)KaeTCII B na6o

paTOpHH SI.llepHb!X npo6neM 011.Hl-1. 

HacTOSllllB!I .llllCCepTaUHII flOCB!IllleHa BOnpocaM pa3pa60TKH H C03.llaHH!I 

TpaKT8 HH)KeKUllH sneKTpOHHOll: MO.llenH CHnbHOTO'lHOro npOTOHHoro YCKOpHTen11. 

,LlHccepTaUHSI COCTOHT H3 1111TH rnaB. 8 nepsoll: rnase om1caHbl KOHCTPYKUIIII sneK 

TpOHHb!X nyweK C UHnHH.llpH'leCKOll: H ccpepH'l0CKOll: CHCT0M8MII cpopMHpOBBHHII 

ny'IKB. np11Be.lleHbl 3KcnepHMeHTanbHb!0 pEi3ynbT8Tbl, nony'lBHHbJe np11 11ccne.llOBa

HHH 3TIIX CHCT0M sneKTpOHHb!X nyweK. 

BTopa!I rnasa 110CB!IW0H8 Hccne.llOBBHIIIO xapaKTepHCTIIK cpoKyCHpy10w11x 

TpaKTOB. PaccMOTpeHbl TpaKT H3 nocne.llOBaTenbHOCTII MBJ"HIITOB-coneHOll.llOB 11 

sneKTpOCT8TH'l0CKHll: TpBKT C nepHO.llH'l0CKOll: cpoKyc11poBKOll:. Pac'!BT .llBll)KeHHSI 

sneKTpOHOB B sneKTpOCTaTH'l0CKOM TpBKTe npoBe.lleH Ha sneKTpOHHOll: Bbl'lHCnH

TenbHoll: Maw1rne (3BM ). 

E3 TpeTbell: rnase on11caHo ycTpoll:cTBO, cpopM11py10wee 113 HenpepbIBHoro 

ny'IKB crycTKH sneKTpOHOB .llnHTenbHOCTblO 2,5 HCeK, cne.lly10mHe .llpyr 38 .llpyroM 

c 'lBCTOTOll: 40 Mru. 

8 'l0TB0pTOll: rnase npHBO.ll!ITCII pa C'leT H pe3ynbT8Tbl HCCll0.llOBaHH!I sneKTpo

CT8TH'l0CKOro ycTpOll:CTBa Il0B0p0T8 ny'IKB C .llBOll:HOll: cpOKYCHpOBKOll:, 06ecneq115a10-

mero t.pOKyc11pOBKY IIY'!Ka np11 IIOBOpoTe Ha 90°. 

13 fl!ITOll: rn,ase co6paHbl pe3ynbT8Tbl H3MepeHHll: xapaKTepHCTHK nyqKa Ha 

Bb!XO.lle H3 TpaKT6 IIH)KeKUHII. 

3neKTpOHHaSI nywKa MO.llenH npOTOHHoro ycKOJJHTensi .ll0ll)KH8 06ecne'll1Tb 

Henpepb!BHblll: TOK B ny'!Ke In - 0,6 ,;. 0,8 a npH 3HeprHH sneKTpOHOB W =5,•15K:3B, 

'!To· COOTBeTCTByer aepseaHCY 
-6 3/2 

P = ( 1,5 + 2).10 a/B • .Llnsi nonyqeHHSI nyq-

Ka sneKTpOHOB C 38.llBHHbIMII xapaKTepHCTHKBMH B OKOH'IBTenbHOM B8p118P-Te HCnonb-

/3/ 
30Banacb TpexsneKTpO.llHBSI ccpepH'leCKBSI nywKa ( p11c. l.) • OnTH'leCKBSI CIICTeMa 

nywKH COCTOIIT H3 KBTO.llHOro y3na, 8HO.ll8 H nnocKoro BCflOMoraTenbHOro sneK

TpO.lla. 3HeprHSI sneKTpOHHOJ"O ny'IKB 38 OTBepCTHeM BCflOMorarenbHoro sneKTPO.lla 

onpe.llensieTCSI p83HOCTblO llOTeHuHanoB Me)K.llY KaTO.llOM H sneKTpO.llOM. Ha aHO.ll 

nywKH MO)K0T 6b!Tb fl0.ll8H nonO)KHTenbHblll: flOTBHUHan, BllHSIIOIUHll: Ha TOK H He 
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BnHSI!OlllHll: Ha sHeprHIO sneKTpOHHoro nyqKa. BcnoMoraTenbHblll: sneKTpO.ll MQ)KeT 

6b!Tb HCflOnb3oBaH KaK ·sneKTPO.ll IIOHHOll: nosywKH, none KOTOporo npensiTCTByeT 

yTe'!Ke HOHOB H3 sneKTpOHHOJ"O ny'IKB. 

C TeM 'IT06b! o6ecne'lllTb naMHHBpHOCTb sneKTpOHHoro flOTOK8 C yMepeHHOll: 

KOMnpeccHell:, nono)KeHHe Kpoccosepa nyqKa Bb16paHo B ueHTpe aHO.llHoro OTsepcTH!I. 

8 3TOM cnyqae OTHOWeHHe pa.llHyca K8TO.ll8 r k K pa.llHYCY 8HO.ll8 r a .ll0ll)KH0 
/4/ 

6b!Tb paBHblM 1,455. PacqeT nyWKH 6a3Hposancsi Ha cpopMyne • KOTopa!I .llaeT 

3H8'leHHe TOKB, H.llymero B KOHyce C. nonOBIIHHb!M yrnoM 0 • 

I = 16 TT ( 
0 

✓ ---
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2 
( 1) 

r.lle ( 0 -.llH3neKTp11'10CK8SI flOCTOIIHHBII, 
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-oTHOWeHHe 38PII.ll8 K Macce 

sneKTpoHa, 

WBHIISI r k/ r 

u -noTeHuHan Ha OCII ny'IKB II a -napaMeTp, 3aBHC1IWHll: OT OTHO-

.. 
0T.ll0llbHbl0 y3nbl nywKH (KBTO.ll C cpoKycHpy!OlllllM sneKTpO.llOM, 8HO.ll ll scno

MoraTenbHblll: sneKTpO.ll) pa3.nenS110TCSI TecpnoHOBblMII KOllbUBMII, KOTOpb1e npll CTSlrH

B8HHH KpenSilllllMII wnHnbKBMII o6pa3ylOT pa60'lllll: saKyyMHblll o6beM. Ha6opH8SI 

KOHCTpyKUHSI nywKH 113 .lleTanell:, 113roTosneHHbIX Ha ToKapHoM CTBHKe, o6ecne'IHBa

eT Bb!COKYIO TO'IHOCTb ycTaHOBKll sneKTpO.llOB OTHOCHTenbHO OCH nponeTa. KaTO.ll 

nywKH 113 reKca6opH.ll8 naHTBHa TOlllllllHOi! B 1 MM II Jll:aMeTpOM 10 MM KpenHTCSI 

B TaHTBnOBOM .llep)KaTene ll pa3orpesaeTCSI 6oM6ap.ll11pOBKOi! sneKTpOHBMII 3MllTTll

pyeMbJMII nnoCKOi! .llBYX38XO.llHOi! cn11panbl0 113 BOnbcppaMOBOi! nposonoKH. Cn11panb 

pa3orpesaeTCS1 nepeMeHHbIM TOKOM 17 a , Me)K.llY cn11panb10 no.llorpeaa II KaTo-

.llOM npHll0)1{0Ha pa3HOCTb noTeHu11anoB 400 B. n p11K8TO.llHblll ( cpoKycn py10m11ll: 

sneKTPO.ll, SHOLi II BCflOMOraTenbHblll: sneKTpO.ll ll3J"OTOBneHbl 113 M0.llll, OTflOnllp0B8Hbl 

11 noxpOM11p0B8Hbl. OnbIT pa60Tbl B T0'10Hlle npo.llOll)Kl!TenbHOro apeMBHII llOK83bIB8eT, 

'!TO pa60'llle nosepXHOCTII sneKTpO.llOB nyWKII He flO.llBepralOTCSI 38M0THOll: spp03ll11. 

npnKaTO.llHblll: sneKTpO.ll II aHO.ll oxn'a)KJl8IOTCSI npOTO'IIIOJI BO.llOil, Tpy6KH oxna)K.ll0HIISI 

flO.llflaSIHbl K BHeWHIIM KpOMKaM :,neKTpO.llOB C TeM, 'IT06bl H36e)KaTb .llOIIOllHl!Tenb

HbIX BBO.llOB B BBKyyMHb!ll: o6beM nyWKH. Ha BBO.llbl cn11pan11 110.llOl"peaa O.lleTbl 

pa.lll!BT Opbl, KOTOpb!e HMelOT np11Hy.llHTenbHOe B03.llYWH'1e oxna)KJleHne • 

.Llnsi cpoKyCHpOBKII ny'!K8 B 388HO.llHOll: o6naCTII nywKII IIC110llb3Y0TCII M8J"IIHT-

HaSI nHH38 B B11.ll8 6poHHp0B8HHOro coneHOll.llB, none I! Ha OCII coneHOll.ll8 cocTaB-
?. 

-2 
n11eT 1 -:- 1,5 • 10 Tn. 3aBHCHMOCTb TOK8 C K8TOA8 OT 8HOAHOJ"0 Hallp!I)KE!HIISI 

nyWKII c r • =28 MM, r k - r • =12,8 MM npn llOCTOSIHHOll: sHeprl!l! sneKTpOHOB 

5,45 K3B 110K838H8 Ha p11c.2, TOK Ha KOn_neKTOp, pacnono)KeHHb!ll: 38 a11acpparMOi! 
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OTKa'IHOrO naTpy6Ka, 3aperucTpupoBaH paBHblM CBbIWe 0,9 I k MaKCH~aJlbHblA 

nuaMeTp ny'!Ka npu ToKe I k = 1 a COCTaBOHil 12 MM. 

II 

B OCHOBY Bbl6opa (pOKycupy10weA CHCTeMbl TpaKTa 6b1Illl DOilO)KeHbl cneny10-

wue OCHOBHbie Tpe6oeaHHH u coo6pa)KeHHH. 

1. TOK nyqKa Ha BblXO.lle TpaKTa .llOil)KeH COCTaBilHTb 500 Ma. 

2. 3HeprHH ny'!Ka 3IleKTpOHOB w = 5,45 K3B. 

3. Kpoccoeep ny'!Ka H~ Bb!XO.lle H3 TpaKTa (e MHHHMyMe) cf, = 10 MM. 

4. 3neMeHTbl TpaKTa .llOil)KUbl pacnonarl).TbCH B BaKyyMHo-nnoTHOM KO:>Kyxe, 

.llHaMeTp KOTOporo .llOil:>KeH HMeTb HauMeHbWHl! nonycTHMblA pa3Mep. 

5. KoHcpurypaUHH sneMeHTOB TpaKTa He .llOil:>KHa npenHTCTBOBaTb npoueccy 

HaKonneHHH llOilO:>KHTeilbHblX HOHOB Ha OCH ny'!Ka. 

113 npueeneHHbIX e1,1we ycnoe11A cnenyeT, 'ITO TpaKT non:>KeH 6b1Ti> BeCbMa 

:>KeCTKIIM, ,-aK. J{aK ny'IOK C TOKOM 500 Ma H 3HeprueA 5,45 K3B yeenH'IHBaeT 

nuaMeTp eneoe Ha pacCTOHHHH 6 CM. nosToMy JlilH TpaHcnopTHpOBKH ny'IKa 6bm 

Bb16paH TpaKT, COCTOHllllfA H3 aKCHailbHO -cHMMeTpH'IHblX: sneMeHTOB C npOCTpaH-

/5/ 
CTBeHHblM nepHO.llOM B HanpaBneHHH pacnpocTpaHeHHH ny'!Ka, paBHb!M 6 CM • B 

Ka'leCTBe sneMeHTa nepHO.lllf'IHOCTH HCDOilb3yeTCH OllTH'leCKaH CHCTeMa, COCTOHLUaH 

H3 noTeHuuanbHbIX nuacpparM u 3a3eMneHHblX Tpy6o'leK. YpaeHeHHH JlBH)KeHUH 

sneKTpOHa B aKCHailbHo-cHMMeTpH'IHOM none 3IleKTpOCT8TU'leCKOro Tp8KT8 C yq~

TOM npocTpaHCTBeHHOro 3apgna ny'!Ka MO:>KHO npencTaBHTb B BU.Ile 
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KOMDOHeHTbl 3IleKTpH'leCKOrQ no;rn TpaKTa, I - TOK nyqKa C 3a.naHHblM Haqanb-

HblM ce'!eHHeM. nony'll!Tb TO'IHOe peweH11e ypaeHeHHl! (2) aHanl!TH'leCKHMll MeTO.lla· 

Ml! He npencTaBm!eTcH BO3MO:>KHblM, OO3TOMY 6b!nll HCDOilb3OBaHb[ 'll!CileHHb!e Me

TO.llbl pac'leTa Ha 3BM. YpaBHeHHH pewanHCb MeTO.llOM PyHre-KyTTa c aeTOMa

TH'leCKIIM Bb16opoM wara HHTerp11poBaHHH. 3Ha'leHHH KOMDOHeHT sneKTpH'lecKoro 

OOilH onpenemmHCb MeTO.llOM KeanpaTl!'IHOl! IIHTepnonHUllll no peanbHOl! KapTl!He 

pacnpeneneHHH nonH B sneMeHTe cp0Kyc11py10wero TpaKTa, nony'leHHol! Ha 3IleKTpo

IlHTH'leCKol! BaHHe. Eblnll pacc'IHTaHbl TpaeKTOpllll 3IleKTpOHOB .llilH pa:Jnll'IHblX 

3Ha'1eHHl! TOKa B ny'!Ke I = 0,25 ~ 0,5 B. Ha p11c.3 noKa3aHbl TpaeKTOpllll gneK-

TpOHOB .llilH napaMeTpOB ny'!Ka 

r 0 = 0,5 CM. 

I = 0,3 a, r 
O 

= 0,3 CM If I = 0,5 a, 

KoHCTpyKUHH .TpaKTa nOKa3a11a Ha puc.4. 3neMeHTbl TpaKTa )K8CTKO KpeDHT-

CH B HanpaBnHIOWeM KO)Kyxe .llllBMeTpOM 60 MM. Tpy6o'IKII (pOKyc11py10wel! CllcTe

Mbl UMeIOT Ha.1::te:>KHbil! 3IleKTpll'leCKHA II TeDilOBOl! KOHTaKT C KO)KYXOM. KpeDHLUlle 

WDUilbKII nuacpparM n Tpy6o'!eK (pl!KCUPYIOTCH e Te(pilOHOBOl! o66i!Me, KOTOpaH 

OOilllOCTblO 3a3KpaHHpoilaHa OT 8O3.llel!CTBIIH BTOpll'IHblX 3IleKTpOHOB. D11acpparMbl, 

Tpy6o'IKH II KO:>KYX TpaKTa BblDOillleHbl 113 Menu. Beon Bb!COKOBOJlbTHOI'O HailpH

)KellHH Ha n11acpparMb1 ocywecTBnHeTCH •iepea Tecpno110By10 o6ol!My. rononHaH 

n11acpparMa TpaKTa oxna)KnaeTCH npOTO'IHOi! BO.llOl!, BblXO.llHaH .llllllcpparMa Bb!Oon

HeHa 113 TaHTdila. 

3Kcnep11MeHTanbHbie 11ccnenoeatt11H TpaKTa npoeonan11cb npH nnyx pe:>K11-

Max pa60Tbl 3IleKTPOHHOl! nywKH: 

1) IIMllYilbCHbli! pe)KHM c .llilllTenbHOCTblO IIMnynbca TOKa 

H qacToToi! cnenoea1111si 12,5 ru·; 

2) HenpepbIBHbil! pe )KIIM. 

r = 30 150 MKCE 

nplI 3Hepr1III sneKTpOHOB 5,45 K3B sneKTpOCTaTII'leCKIIl! TpaKT B IIMilYilbCHOM 

pe)K1IMe' pa6oTbl rrpOBO.lll!Il TOK I = 500 Ma C K03<pcpuuneHTOM TOKOilponycKalllIH, 

6IllI3KHM K 0,9. nuaMeTp orpaHII'IHBa!OI.UHX .llliacpparM Ha. exone II Bh!XO.lle TpaK

Ta COCTaenHn 10 II 12 MM, COOTBeTCTBeHHO. Ha n11acpparMbl TpaKTa nonananocb 

HdilpSI)KeHHe y = - (5 -:- 5,5) KB. Bmurnue npocTpaHcTeeHHoro 3apH.aa HOHOB 

CKd3b[BanoCb na 3aTS1r1Ieamrn cppOHTa IIMnynbca TOKa H Ha yMeHbWeHIIII OITTII

ManbHOro cpOKYCHpyIOwero Hanp51)KeHHH np11 yeeilH'leHIIH ./lillITenbHOCTH u~nynbCa. 

B ttenpeph!BHOM pe:>KHMe pa6oqee 3Ha'1ett11e TOKa npH cymecTBYIOll.lei! KOHCTPYK' 

Ulili TpaKTa COCTaBilHilO 200 Ma, TaK KaK ero .ll8IlbHel!wee yeen11qettHe npl!BO./lHilO 
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K Harpeay Bb(XO.OHOl! .oHacpparMhl. B 0CT8nbHOM X8p8KTepHCTHKH TpaKT8 B HMnynb

CHOM H Henpepb!BHOM pe}KHMaX coananH. 

III 

wast 

npH HH}KeKUHH B ycK0pHTenb HenpepblBH0ro BO apeMeHH ny'lKa qacTHll 6onb

qaCTb 113 HH)[ norH6HeT Ha .oyaHTe HnH cTeHKax KaMepbl, TdK KaK B npouecc 

ycKopeHIISI 3axaaTbIBalOTCSI T0nbKO qaCTIIUbl C no.oxo.ostWHMII Ha'lanbHb!Mll cj:Ja3aMII, 
/6/ 

xapaKTepHb!Mll .onst .oaHHoro Tl!Il8 ycKop!!Tenst. J.13aecTHO , 'ITO npll HH}KeKUHII 

B UHKnOTp0H OilTl!ManbHb!Mll 
6y.oyT Te ycn0BIISI, np11 K0T0pb!X Ha'lanbHbte cpa3bl 

qaCTIIU ne}KaT B ,OHana3011e _! 15° no OTHOWeHHIO K M8KCIIMYMY ycKopstIOWero H8Ilpst-

}Kelll!SI. B CO0TBeTCT8HH C 3TIIM Tpe60B8HHeM l!H}KeKTIIPYeMbll! ny'lOK sneKTpOHOB 

.oon}KeH COCT0S!Tb 113 K0p0TKIIX crycTKOB .on11TenbHOCTblO OKOno 2,5 HCeK, pa3,0e

neHHb!X apeMellHblM IIHTepB8nOM, paBHblM nepH0.OY Bb!COKO'l8CTOTHOrO ycKopmowero 

Hanpst}KeHHSI 25 HceK, H ccp83HpOB8HHblX C ycKopst!OWHM Hanpst}Ke!ll!eM C ,OOCT8TO'l

HO!l TO'lH0CTblO • .Unst 38,0aHHblX Il8paMeTp08 ny'lK8 cj:JopM11p088Hll8 crycTKOB uene

coo6pa3H0 npoBO.OIITb npH IlOM0WH OTKnOHSIIOWero nonst nnocKoro KO!l,OeHC8TOp8. 

CxeM8 sToro cnoco68 noK838H8 Ha pHc.5, 

OTKnoHstIOIUee uanpst}KeHHe, no.oaaaeMoe Ha nn8CTIIHbl ycTpOl!CTB8 cj:JopMHpo-

aaH11st l!MnynbC0B, l!MeeT CHHYC0H,08nbHYIO cj:JopMy. AMnnHTy.oa CHHyco11.oanbHoro 

H8npst}KeHHSI no.0611paeTCSI T8Kl!M o6pa30M, 'lT06bl B Te'leHue 6onbwel! qaCTH nony

nepuo.oa OTKnoueHHe nyqK8 OT 0C!! npeB.b!W8nO p83Mepbl npoxo.oHoro OTBepCTIISI 

B .Ol!8cpp8rMe TOK 38 .011acj:JparMOl! OTCYTCTBOB8n, YcTpOl!CTBO cj:JopMHpOB8HHSI 

crycTKOB pa3Me1UeHO Henocpe,OCTBeHH0 Me}K.Oy cj:JoKycHpyIOIUHM coneHOH,OOM 

sneK1poHH0l! nyWKH H sneKTp0CT8TH'leCK0M Tp8KT0M C nepHO.OH'leCKOl! cj:J0Kyc11poa

K0l!, YcTpOl!CTB0 C0CT0HT H3: KaMepbl, nnacTHII H orp8HH'lHBaIOIUel! .r:i"Hacj:JparMhl. 

,UnaHa crycTK0B onpe.oeneH8 'l8CT0T0l! ycKopstIOIUero nonst ycKop11Tenst II p8aHa 

40 Mru, no3T0MY 'l8CT0T8 0TKn0HSIIOIUero H8Ilpst}KeHHSI p8BH8 20 Mru. 

H86n10.oeHHe 38 ccj:JopM!!pOB8HHb(MH HMnynbC8Mll T0K8 npoBO.OHnHCb npH no-

M0IUH ocu11nnorpacj:Ja 
OSA - 601, Il03B0nstIOIUero H86nI0.08Tb npoueCCbl C ape-

MeHeM HapacTaHl!SI .00 0,35 HCeK npH 'lYBCTBHTenbH0CTH TpaKT8 aepTHKanbHoro 

0TKn0HeHHSI ·50 MBICM, . .Unst ua6nIO.oeHHSI K0p0TKHX HMilynbCOB H3rOTOBneH cneu11-

8nbHbll! cornacoaaHHbtl! npo6HHK, cHrH8n c KoToporo qepe3 Bb1COKO'laCTOTHbll! 

pa3'beM no.oaaancst Ha oc11Hnnorp8cj:J OSA- 601. Ha pac.6 noKa3aHbI HMnynbcb1, 

8 

ccjJ0Torp8cpHpoBaHHb(e C 3KpaHa ocuHnnorpacj:Ja np11 pa3nH'lHb(X yp0BHSIX BblC0K0'lac

T0TH0ro 0TKn0HSIIO!Uero Hanpst}KeHIISI Ha nnacTHHax. 

IV 

PacCMOTpeHHe B03M0}KHblX cxeM HH}KeKUHH nyqKa Ha Ha'lanbHYIO op6HTy ycKo

p!!Tenst Il0Ka3ano, 'ITO npH Bbl6paHHOM pa3Me1UeHl!H y3n0B OilTHManbH0l! SIBnsteTCSI 

aKcHanbHast HH}KeKUIISI C noaopoT0M ny'lKa Ha 90° B Me.OH8HHyIO nnocK0CTb. 'IT06bl 

He 6binO 3H8'lHTenbHb(X noTepb B HHTeHCHBH0CTH, C~CTeMa noaop0T8 .oon,KHa o6ec

neqHTb .OB0l!HylO cpoKyCHpOBKY ny'lKa C KpoccoaepoM, 6nH3KHM K BblXO.OY 113 ycTpol!

CTBa. B Ka'leCTBe T8KOl! CIICTeMbl Hcnonb30Bancst ccpepH'leCKHl! sneKTp0CTaTH'lec-

/7/ 
KHl! K0H,OeHcaTop • AHanH3 .OBl!}KeHIISI 3neKTpOH0B B ccpepH'leCKOM K0H.OeHcaTO-

pe 6a3Hpoaancst Ha 0CH0Be paa.eHCTB8, onpe.oen11101Uero CBSl3b HaqanbHblX K00p.OHH8T 

II yrnoa C BblX0.OHblMII,• nony'leHH0ro H3 ypaaHeHHSI K0lll!'leCK0ro ceqeHHSI 

rk"''o(l +y + a ) 
n l 

(3) 

tg a k = ( y - ~ ) , 

r.oe ~ - 0TKnoHeHl!e OT paaH0BeCH0ro pa.oHyca, r o 

y - napaMeTp, Y'lHTbIBaIOIUHl! pa36poc 3HeprHII B ny'lKe, 

paaH0BeCHbll! pa.ouyc, 

a H - Hd'lanbHbil! 

yron Me}K.oy K8CaTenbH0l! K 0KPY}KH0CTH II TpaeKT0pHel!. npoae.oeHHbll! auanHa 

.OBH*eHHst ny'lKa B none ccj:JepH'leCKoro K0H.OeHcaTopa 6bm 11cnonb3oaaH npH ab1-

6ope xapaKTepHCTIIK peanbH0l! CHCTeMbl noaopoTa, 

CTporoe pelUeHHe 3a.oa'lH .OBl!}KeHHII ny'lKa 3neKTp0H0B B none ccj:JepH

'leCKoro K0H.OeHcaTopa c y'leToM npocTpaHcTaeHHoro 3apst.oa nonyqeHo Ha 3BM. 

AuanH3 TpaeKT0pHl! n03B0nlln c.oenaTb BblB0.O O TOM, 'ITO npH npoB0,OKe ny'lKa 

qepe3 Kon.oeHcaTop aenH'lHHa ToKa orpaHH'leHa 3Ha'leHHeM 0,3 a, .onst yaenHqe

HHst T0K8 Heo6xo.OHMO no.oHstTb Hanpst}KeHHe Ha nnaCTl!Hax K0H.OeHC8Topa II o.o

H0apeMeHHO yMeHblUl!Tb 83HMyTanbHYIO npoTst}KeHH0CTb nnaCTHH Ha 10 ;.. 15°. 

3KcnepHMeHTanbHO 11ccne.ooaanocb TpH THna K0H.oencaTopoa: 

1) u11nHH.OpH'leCKlll! K0H,OeHCaTop, paaMepbl K0T0poro 6binll Bbi6paHbl paBHbIMH 

R 1= 25 MM, R 
2 

= 40 MM II h = 20 MM; 

2) ccj:JepH'leCKHl! Kon.oeHcaTop, npe.ocTaanstlOIUlll! co6ol!: nnocK11l! ccpepH'lec-

KHll CeKT0p pa3MepaMH R1 = 30 MM, R 2 = 45 MM II h = 25 MM; 
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3) K0HJleHcaTop, C0CT0SIIUllit 113 nnocKIIX u11nllHJlpll'!eCKIIX CTpyKTyp, none 

K0T0poro 6nll3KO K nomo B ccpepll'!eCKOM K0HJleHcaTope. 

Ha BbIX0Jle 113 UllnllHJlpll'!CCKoro K0HJleHcaTopa Ha6moJla/lCR ny'!oK, pac

XOJlSIIUllitCSI B nnocK0CTII, nepneHAIIKYIISIPH0lt n110CK0CTll noaopoTa. C noMOlllblO 

ccpep11qeCK0ro K0IIJleHCaTopa 6blll0 npoBejleHo 80% '!aCTIIU C 3Hepr11en 5,45 K3B. 

MaKCIIManbHaSI aenll'IIIHa T0Ka, nonyqeHHaSI Ha BblX0Jle ccpep11qecKoro K0HJleH

caTopa C0CTallITSlna 0Kono 300 Ma a 11Mny11bce. Heo6xOJlllMO 0TMeTIITb xopowee 

coanajleH11e 3KCnepHMCHTa/lbHbIX pe3ynbTaT0B C pe3ynbTaTaMII, nony'leHHbIMII 

Ha 3BM. MaKCIIMa/lbHaSI nponycKHaSI cnoco6HOCTb K0HJleHcaTopa IIMCCT MCCT0 

np11 CIIMMCTpH'IH0 • BKnlO'!CHH0M Hanpsi:>KeH1111. OAHaKO np11 TaK0M BK/IIO'!eHHII Ha 

nnlOC0BYIO nnaCTII Hy K0H,!leHCaTopa nonaAaeT qacTb nyqKa, '!TO npllB0JlllT K ee 

pa3orpeay. Ecnn K0HCTpyKUIISI He Jl0nycKaeT BBeJleHIISI B0JlSIH0ro oxna:>KJleHl!SI, 

TO B03HHKaeT npo6neMa HaAe:>KHbIX TepM0CT0itKHX 1130m!Topoa H PSIJl Jlpyr11x 

TPY JlH0CTelt. 3a3eMnHB BHyTpeHHIOIO nnacTIIHY K0HJleHcaTopa, MQ)KH0 o6ecne'!l!Tb 

Jl0CTaT0'!H0 xopow118 Tennoaon K0HTaKT, qepe3 K0T0pbllt 0TB0JlHTCSI BCSI pac

cesiHHaSI M0IUH0CTb. B 3T0M cnyqae noBbIWaeTcn Hajle}KH0CTb pa6oThI ycTpon

CTBa npn nponrpb!We B aenH'!HHe TOKa nyqKa •. 3Kcnep!!MeHTa/lbHO IICC/ICJl0Ba

nocb ycTp0ilCTBO noeopoTa nyqKa C K0HlleHcaTopoM, none. K0T0poro 6nH3KO K n0/IIO 

B ccpepuqecKOM K0HJleHcaTope. 3ToT KOHJlCHCaTop C0CTOSl.11 113 nn0CKIIX Ull/ll!HJlpH

qeCKIIX CTPYKTYP, 0611erqa10m11x TexH011or1110 113roToaneHHS1 K0HJleHcaTopa. Xa

·paKTepHCTHKII ny•1Ka Ha BbIX0Jle TaKoro K0HJleHCaTopa 6/11!3KII K nOA06Hb!M 

xapaKTepHCTHKaM ccpep11qecKoro K0HJleHcaTopa, 0AHaKo ae1111'!11Ha T0Konponyc

Ka1111si HeCK0/lbK0 M€IlbWe no cpaBHeHIIIO co ccpepH'!eCKIIM K0IIJleHcaTopoM. 

V 

3a 0CII0BHbJe xapaKTepl!CTHKII, jlalOIUl!e no11ny10 Hllq:>OpMaUIIIO' 0 reoMeTp11-

qecK11x II 3HepreTH'!eCKIIX napaMeTpax nyqKa Ha BblX0JlC H3 TpaKTa HH:>KeKUIIII 

npHHHMa/lHCb C/ICJlYIOlllHe xapaKTepnCTHKH: 

1) ae1111q11Ha nonHoro T0Ka nyqKa, 

2) pacnpeJle/lCHHe n/l0TH0CTH T0Ka H cpopMa ceqeHHSI ny'!Ka, 

3) s11epreT11qecK118 pa36poc a ny'!Ke, 

4) 3MHTTaHc nyqKa, 

5) cpopMa HMilyllbCa T0Ka. 
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l-13MepeHHSI T0Ka ny'!Ka B Henpepb!BH0M pe:>KHMe np0B0Jlll/lHCb npn noM0lllll 

Mll/1/IHaMnepMeTpa M 104/ l c K/laccoM T0'!H0CTH 0,2, a HMnyllbCH0M pe:>KHMe 

ncn0IIb30Ba/lHCb JlByxny'leBb!e OCU/1/IOrpacpbl il30-l n "Koccop!.1087. Be/lH'IHHll 

Il0/IH0ro T0Ka nyqKa B II0MHHaJibH0M pe:>KIIMC pa6oThl TpaKTa H3MCHSICTCSI OT 

400 Ma nocne Q)OKyc11py10IUe8 MarHHTH0it /IHH3b! 3/ICKTp0HH0it nyWKII .no 250 - 300 1 

Ma B HMnynbca 3a ycTp0ACTB0M noaopoTa ny'!Ka. 

<PopMa CC'!CHIISI nyqKa H pacnpe.ueneHHe OTIOTH0CTH ToKa B CC'!CHIIH nyqKa 

onpe.uenSI/IHCb JlBYMSI MeTo.uaMn: HHTerpanbHblM MCTO.U0M H MCTOJl0M np0B0/I0'!-. 
HOA MIIWCHH. 8 HHTerpallbll0M MeTo.ue no 0.UH0A H3 B311M0nepneH,UHKYIISlpHb!X 

oceA nnoCK0CTII, nepneH,UHKynsipH0lt K HanpaaneHHIO .UBH)KCHHSI nyqKa, nepeMewan

CSI 30H.U, nepexBaTh1Ba10r.;.rnA qacTb T0Ka, 0CTaJibHaSI qacTb ny'!Ka cp!!KC!!pOBtlJiaCb 

Ha 0CH0BH0M K0JIIICKT0pe. nepeMewasi 30H.!l K ueHTpy ny'!Ka II .ua11ee, M0)KHQ 

yeeJIH'IHBaTb nepexaaTbIBaeMylO qaCTb nyqKa Ha 30HJl H yMeHbllll!Tb ero .UOIIIO Ha 

0CHOBHOA K0IIIICKTOP .no no11Horo HC'!C3H0BCHIIH. TaKHM o6pa30M, CHHMalOTCSI .nae 

KpHBbie H3MeueHH51 T0Ka; ua 3011.!l II K0JIIICKT0P, K0T0ph!C nocne JlllQ)Q)epenunpo

BaHHSI .UBIOT pacnpeACJieHHe nJI0TH0CTII T0Ka no Bb!6p11HHOA OCH. noBTOpSISI Te 

)Ke H3Mepemrn c nepeMeweHHeM 3011.ua no oc::i, nepneH.UHKy1rnpH08 nepaoA, no

nyqaeM nonuoe ceqeHne ny'!Ka. 

BTopott MeTo.U, npnMeHeHHbIA .UIISI onpeAeneHHSI pacnpeAeneHHSI Il/l0TH0CTII 

T0Ka, 3aKn!O'!BIICSI B ncnonb30B8HHH npoB0/I0'IH0lt MIIWeHH, n0JlK/IIO'!CHH0lt Ha 

sneKTpOHHblit 8BTOMaTH'!eCKIIA noTCHUIIOMeTp 3nn-09M2 • AHa11113npy10lllBS1 MH

weHb .!l/lSI 113MepeHHSI pacnpe.ueneHHSI nnoTH0CTH TOK8 Ha Bbl.'CO.Ue H3 TiHlKTa 

HH)KCKUIIH npe.ucTaBIISIII8 co6ott 12 l:101Iblpp8MOBhIX npoB0/I0'!eK, HaTSIHYTblX B 

0.UH0M HanpaaneHHII. npoBOIIO'IKH 0TCT0SIIIII Ha paCCTOSIHIIII 30 MM OT B0Jl00X/la)K

JlaCM0I'0 K0II/ICKTopa H aaKpenlISIIIIICb qepea TecplIOHOBble fl301ISIT0pbl B 3KpaHe 

KonneKTopa. Beeb npo6HHK BMCCTe c K0nneKT0pOM n np0B0II0'!KaMH M0)KHO 6b!IIO 

noaopa'!HBaTb Ha yron : 180° qepea BH/lbC0H0BCK0C ynn0THeHHe. npll ll0B0po-

Te npo6HHK8 Ha 30° 3aMKHyTaS1 rpaH11ua nyqKa II llllHIIII 0.UHHaK0B0l! nno~ 

H0CTll onpeAell51/IHCb no 12 T0'!KaM. Ha pnc. 7 n0Ka3a110 ceqeHtte nyqKa Ha Bbl

xo.ue 113 TpBKT8 l!ll)KeKUIIII, CHSIT0e Ha paCCT0SIIIIIH 20 II 60 MM OT K0/IIIIIMHpy

lOllleA .u11acpparMb1 ycTpoAcTaa noaopoTa. 

AHalIH3 pacnpe.ueneHHSI 31ICKTp0H0B B nyqKe no 311eprHH ocymecTB/IS1ncsi 

nptt noM0lllll 8H8JIH3HpylOIUero ycTpoACTBa, 0CH0BaHHoro Ha ncno11b30B8HHII no

/8/ 
IISI nnocKoro K0H,UeHC8Topa • Ec1111 H3MepSITb 0THOCHTeJibHbllt 3HepreTH'ICCKIIA 
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paa6poc np1-1 He1-1aMeHHOM HanpHmeH1-11-1 Ha nnacTlfHax aHan1-1a1-1pyrowero KOH.lleHca

Topa, TO Benlf'lHHa paa6poca onpe.aenHeTcH H3 Bb1pameHHH 

t\w yn(yn+l-yn) 
-.-w-

Yn Yn+I (4)·· 

y n - paccTOHHHe ueHTpa q:JHKCHpOBBHHOI!: naMenH KonneKTopa, Y n 
r.ae 

H Yn+l - paccTOHHHe OT OCH .llO nepe.aHel!: H 38.llHel!: KpOMOK q:JHKCHpOBaH-

HOI!: naMenH. TonIUHHa naMenel!: H pacCTOHHHe HX OT OCH BhI6paHbl TaK, 'lT06bI 

paapewarowaH cnoco6HoCTb aHan1-1aHpyrowero ycTpoilcTBa cocTaBmma 1%. vla

Mepe_HHhII!: SHepreTH'leCKHi! paa6poc B nyqKe c TOKOM .llO 280 Ma ne:>KHT B npe

.aenax ! 3,5%, 

vlaMepeHHH SMHTTaHca nyqKa npOBO.llHnHCb npH IlOMOIUH npo6HnKa, coc

TOHIUero na .llBeHa.auaTn BOnbq:JpBMOBhIX npoaonoqeK, vlaMepeHHaSI Benn'lnHa BK

cnanbHOro SMHTTaHca COCTaBnHeT 56 Mnpa.llMM, pa.ananbHoro SMHTTaHca-40 

Mnpa.aMM. Ha pnc.8 fi0K838Hbl Hano:>KeHHbie .llpyr Ha .apyra snnnncbI SMHTTaH

COB Ha COOTBeTCTBJIOIUne snnnnCbl BKcenTBHCOB yCKOpHTensi, nonyqeHHb!X pac

qeTHbIM nyTeM Ha 3BM • 

X lt 

lt 

8 peaynbTBTe npoae.aeHHb!X TeopeTn'leCKHX II SKcnep11MeHTanbHhIX 11ccne

.llOB8HHI!: n KOHCTpyKTOpCKIIX paapa6oTOK C03.ll8H TpBKT BHewHel!: IIH:>KeKUl!II B 

sneKTpOHHJIO Mo.aenb Cl!nbHOTO'lHOro npoTOHHoro YCKOp!!Tensi, BKnlO'lBIOIUIII!: B 

ce6si: 

I ) sneKTpOHHyro nywKy, 

,2) CHCTeMy q:>OpMl!pOBBHIIH KOpOTKIIX sneKTpOHHblX cryCTKOB,' 

3) 3neKTpOcTaTll'leCKHI!: TPBKT C nep110.anqecK01!: q:JOKycnpoBKOi!, 

4) sneKTpOCTBTll'leCKOe ycTpOl!:CTBO noaopoTa nyqKa c .llBOl!:HOI!: q:JOKyca

POBKOI!: • 

3neKTpOHHasi nywKa fi03BOnHeT nony'll!Tb HenpepbIBHhII!: IlOTOK sneKTpOHOB 

c TOKOM .llO I a n SHeprHei! OK Ono 5,5 KSB. TOK sneKTpOHHOI!: nyWKII MO:>KeT 

6bITb H3MeHeH B wnpOKIIX npe.aenax 6ea 113MeHeHIIH 3Hepr1111 3neKTpOHOB a 
. nyqKe. 
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Pacc'!HTBH 3neKTpOCT8Tll'l;CKHI!: TpBKT C nepHO.llH'leCKOI!: qJOKJCl!pOBKOI!:, Ko

TOpb!il MO,KHO npnMeH!lTb )lnH TpaHcnopTHpOBKH 3neKTpOHHoro ny'IK8 C TOKOM .llO 

500 MB II K03q:lqJHUl'IeHTOM TOKOnponycKBHIIH, 6nH3KIIM K 0,9. 

npHMeHeH ccpepH'leCKIII!: sneKTpOCTBTl!'leCKHI!: KOH.aencaTop, o6ecne'IHBWHI!: 

Bb!B0.ll 3neKTpOHHoro nyqKa Ha nepayro op611Ty ycKOpHTenH C Y.llOBileTBOpHTenb

Hb!M KB'leCTBOM nyqKa. 

vlaroTOBneHa CHCTeMa IlHTBHl!H TP!3KT8 HH:>KeKUHH C MOIUHb!MH cTa6HnH:Jl'I-

pOB8HHblMH l!CTO'IHHK8MH, 06ecneq11B810IUIIMH CTB6HnbHJIO pa6oTy HH:>KeKTopa. 

vlcnonb30BaH11e Mnoroo6pa3HOI!: HaMepHTenbHOI!: M eTO.llHKH noaaonnno HMeTb 

TO'IHYIO HHq:>OpM8UHIO O reoMeTpH'leCKl'IX, 3HepreTII'leCKl'IX If BpeMeHHb!X xapaKTe-

pHCTHKBX nyqKa na Bb!XO.lle H3 Tp8KT8 HH,KeKun11. 

OcHOBHbJe peoynbTBTbl OIIHC8HllblX B .lll!CCepT8UIIH 

/3 5 7/ 
KOB8libl B pa60T8X 1 1 

n II T e p a T y p a 

nccne.a0Bm1111!: orry6n1-1-

I. A.A.rnaaoB, IO.H • .lleHIICOB, B.n • .U,1rnnen0B, s.n.,LlMHTpHeBCKHI!: l'I .ap. 

npenpHHT OY!HM, 9-3211, .Lly6na, 1967. 

2, J. Rainwater. Bev. Sci. Inslr,.]2, 262 ( I 966), 

3. A.A.rnaaon H .n.n.HoBHKOB, i7T3, N22, 33 ( 1967). 

4 • .n)K.f111pc. TeopllH H pacqeT 3neKTpOHHhIX IIJ'IKOB, CoBeTCil:Oe pa.aHo, 1956, 

5. A.A.rna30B n .n.n.HoBIIKOB. npenpHHT OY!Hvl, P9-3024-l, .Lly611a, 1966. 

6, A.A.rna30B, .n.n.HoBIIKOB, n.M.OHHIUeHKO, T.n. Ko'lKHHa, npenpllHT Ol-1Hvl, 

1841, ,Lly6Ha, 1964, 

7. A.A.rnaaoB n .n.n.HoBHKOB, npenp11HT Ov!Hvl, 9-3352-1, .Lly6Ha, 1967. 

8. A.A.rnaaoB, B.A.Ko'IKHH, .n.n.HoBHKOB, n.M.01111rueHKO. )KT<P, XXXIV 
1272, 1964. 

PyKOfiHCb IlOCTynttna_B 113.llBTenbCKIII!: OT.aen 
26 IIIOHH 1967 ro.aa 
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Pnc. 7. CeqeHe:e nyqxa Ha BbIXO.lle H3 TpBKTa. 
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Pnc,8. Ha11omeH1re snmrncos 9MHTT8HCa Ha COOTBeTCTBYIOllll!e 911/lHITCbl aKcen-

T8HC8 YCKOpHTe/lH, 

c,, 

<\I 

.... 

,(.J[.i!.>> 

8 ? ,! !l NM 


