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ny'IOK1 HH:>KeKTHpyeMblit B nHHeftHbiH yCKOpHTenb, .QOn:>KeH y .OOBneTBOpSITb C TO'IKH 3peHHSI 

ero reOMeTpHH cne.ayiOWHM Tpe6oaaHHSIM: SI.QpO 11Y'IKa, B KOTOpOM H.QeT OCHOBHaSI 'laCTb TOKa, 

LlOn:>KHO HMeTb .QHaMeTp1 He 11peBbiW8IOWHH 5 MM; yrnoaaH pacxo.aHMOCTb 11Y'IKa He .aon:>KHa 

6biTb 6onbwe 8-10 MHnnHpa.aHaH (11onHhiii yron pacTaopa KoHyca 11Y'IKa). 

A. ~eTo~HKa HaMepeHHft 

Bee reoMeTpH'IeCKHe xapaKTepHCTHKH 11Y'IKa o11pe.aenHnHCb no KpHBbiM pac11pe.aeneHHS1 ero 

11nOTHOCTH 110 Ce'leHHIO, CHSITbiM 110 LlBYM B3aHMHo-neprreH.OHKynHpHbiM H811paaneHHSIM B pa3nH'I

HbiX Ce'leHHSIXo YfaMepSISI 110 T8KHM KpHBbiM .QHaMeTp SI.Qpa 11Y'IK81 TO eCTb .QHaMeTp, B KOTOpOM 

HLleT - 50% 110nHoro HOHHOrO TOKa, MO:>KHO 011pe.aenHTb CpellHHit yron paCXO.OHMOCTH (cxO.OHMO• 

CTH ). 11Y'IKa Ha pa3Hb!X paCCTOSIHHSIX OT TO'IKH ~oKyca. Pac11pe.aeneHHe 11noTHOCTH 11y'1Ka 110 

Ce'leHHIO CHHManOCb C 110MOll.lbiO H3MepHTenH 1 CXeMaTH'IeCKHft paape3 KOTOporo 11pHBe.aeH Ha 

pHc.1. 

flo A-A 

1. Mo-t Hum 6. »ua.Ppa'l..MQ ( AOHl.VHhJ 

2. floAKJC MOtHumo (em . .3) 7. Llhnox (.4CTI71YHh) 

3. !hrpaH ( ./lO'Hl,VHh) 8. Ko.,Pn¥c ( ../IQmHHhJ 

4. UJo.Astmop ( op"l.cmeK./10 J 9. /(PbltUKQ ( MeOh) 

.5. ltu./IUHop ( .Aam.vrl'6J 

PHCo 1. Yf3MepHTenb TOKa HOHOBo 

CHnbHblit 110CTOSIHHblft MarHI!T C03.Qaaan B paftoHe BXO.OHOft .QHa~parMbl H3MepHTenSI0 HMeiO• 

weii .aHaMeTp l MM, 11one, yao.aHmee Bbi6HaaeMbie c Kpaea .aHa~parMbi aneicrpOHbio a B paAoHe 

KOnneKTOpa HOHOB - 11pe11SITCTByiOll.lee yxo.ay C Hero BTOpH'IHbiX aneKTpOHOBo C 110M0Wb10 CneuH

anbHOrO yCTpOitCTB8 H3MepHTenb MOr T8K 11epeMell.l8TbCSI 6e3 HapyweHHfl BaKyyMa B .OBYX 

B38HMHo-rrep11eH.QHKynHpHbiX Ha11paaneHHSIX1 'ITO 11epeKpbiBanOCb 110nHOe Ce'leHHe HOHOllpOBO.Qa. 

nono:>KeHHe H3MepHTenSI 011pe.aensmOCb C TO'IHOCTbiO .00 0 15 MM0 Koop.OHHaTbl OCH 11Y'IK8 Haxo

LlHnHCb B 38BHCHMOCTH OT nono:>K9HH51 H3MepHTenSI 0 COOTBeTCTByiOWero M8KCHM8nbHOMY. TOKy C 

KOnneKTOpa. Ha pHCo 2 11pHBe.QeHbl B K8'1eCTBe. 11pHMepa KpHBbie pacnpe.aeneHHSI nnoTHOCTII nyqKa 



no ero ce'l:eHHIO s TO'I:Ke <Poxyca. no oca a6cuacc oTno:lKeHbr xoopLIHHBTbi aaMepHTenH s MHnnH

MeTpax, COOTBeTCTBYIOlllHe I"OpH30HT8nbHOMY (x) II BepTHK8nbHOMy (y} rrepeMellleHHIO KOnneKTO

pa, IIO OCH OpLlHHST - HOHHbiA TOK H8 KonneKTOp B OTHOCHTenbHbiX e.QHHHUaX. 
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PHc. 2. Pacnpe.aeneHHe rrnoTHOCTH ny'I:Ka rro LIBYM saaHMHo-neprrea.aHxynHpHbiM 

aarrpasneHHSIM B TO'I:Ke <j:Joxyca. 

.!/ 

Cne.ayeT aaMeTHT&, 'ITO .aaaaaH MeTOLIHKa noasonHeT oueHHTb nHWb aeKoTopbiA cpea.HHA 

yron, TSK K8K 0 so-nepBbiX 0 B IIpOeKUHH IIY'I:Ka HB npOH3BOnbHYIO rrnOCKOCTb0 napannenbHYIO ero 

OCH 1 TpaeKTOpHH '18CTHU OTHIOLlb He .!lBn.!liOTCSI np.!lMbiMH nHHH.!lMH H, so-sTOpbiX1 <j:JoKyCHpyiOU18SI 

CHCTeMa <j:JopHH:lKeKTOpa HMeeT LlOBOnbHO 3H8'1HTenbHyiO a6epp8UHI0 0 'ITO IIpHBOLlHT K HeKOTOpOA 

ycnOBHOCTH B orrpe.aeneHHH rrono:lKeHH.!l TO'IKH <j:JoKyca. 3Tft'" aaMe'ISHH.!l XOpOlllO HnniOCTpHpyiOT 

IIpHBO.QHMbie HH:lKe SKCnepHMeHTanbHbie .Q8HHbiec 

HaxoHeu, Ha.ao OTMeTHTb, 'ITO aa-aa HMeJOme:il:c.!l acHMMeTpHH B pacrrpe.aeneHHH nnoTHOCTH 

ny'IKS no Ce'leHHIO, o6~.!lCHSieMOA Hecosna.aeHHeM OIITH'IeCKOA H aneKTpH'IeCKO:il: oceA YCKOpHTen&

HOA Tpy6KH, OUeHKa '18CTH ny'IK80 HLiyllleA B onpe.aeneHHOM LlHBMeTpe, IIO COOTBeTCTBYIOlllHM 

o.aHoMepHbiM KpHBbiM MO:lKeT 6biTb npose.aeHa naw& npH6nHaHTen&Ho, c TO'IHOCTbiO ... 15%. ToqHeG 

TBKYIO oueHKY MO:lKHO rrpoBeCTH 0 CHHMSSI IIOnHOe pacrrpe.aeneHHe rrnOTHOCTH rry'IKS IIO ero ceqeHHIO 

H IIpOH3BO.QSI 'IHCneHHOe HHTerpHpOBSHHe IIO HHTepecyJOll.{eA HSC o6naCTHc npHMep TSKOI"O pacnpe

.aeneHH.!l Ll8H H8 pHC. 3 0 38 HS'Iano KOOpLIHHaT IIpHH.!lTO IIOnO:lKeHHe OCH rry'IK8o XopOWO BHLlH0 0 

'ITO nHHHH paBHOA rrnoCKOCTH HMeiOT annHIICOHLIHYIO <j:lopMy. 
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PHc. 3. nonHoe pacnpe~eneHHe nnoTHOCTH ny•Ka no ero ce'leHH~. 

E. HeKOTOpbie aonpocbl ~BH)KeHHH ny'IKa s cso6o~HOM OT nang npocTpaHCTBe 

PaccMOTpHM ~BH)KeHHe nyqKa s npocTpaHcTse, noTeHuHan KOToporo B oTcyTcTsae nyqKa 

llOCTOSIHeH H paBeH Uo = U <i:JH OTHOCHTenbHO HCTO'IHHKa HOHOBo C'iHTSeM, 'ITO ny'IOK 0 CHna TOKa 

KOTOpOrO io 1 ~BH)KeTCSI B~Onb OCH Z 0 npH'IeM HS BXO~e B SKBHllOTeHUHSnbHy~ o6naCTb npH• 

;,. ""Q ny'IOK CXO~SIUlHilCH 1 yron CXO~HMOCTH £lo 0 pa~HYC ny'IK8 npH Z -Q riZ=Q = r
0

• Qqe&H~H01 'ITO B STOM 

cnyqae ny'IOK 6y~eT cxo~HTbCH ~o HeKoToporo rmin , nocne qero no~ ~eftcTsHeM can KynOHOBCKoro pac

TanKHBaHHH Ha'IHeT paCXO~HTbCH •. nocTaBHM 3S~aqy onpe~enHTb pa~HyC ny'IK8 KSK <i:JyHKUH~ Z 1 T.e. pa-

ilHYC ny'IK8 B n~60M era ce<eHHH; STO ~aCT B03M0)KHOCTb OnHC8Tb ~BH)KeHHe ny'IKS KSK ~00 TSK H nocne 

TO'IKH cpoKyca. 

C~enaeM cneny~mae yuJ)oma~mae npe~nono*eHHH: 

a) pacnpe~eneHHe nnOTHOCTH ny'IKS no Ce'leHH~ npHMeM nOCTOSIHHb!Mi DpH STOM ~nH 

ueHTpanbHbiX o6nac-reA ny'IK80 B KOTOpb!X H~eT OCHOBHSSI '18CTb TOK81 Mbl He ~enaeM 6onbllloi! 

011IH6KH 0 TSK KSK KpHBbie pacnp$AeneHHSI nnOTHOCTH pe3KO cna~a~T C pa~HyCOM; 

npennonO)KeHHe snonHe npaBOMO'IH0 0 TSK KSK B HaWeM cnyqae yron CXO~HMOCTH a secbMa 

Man (- 10-3 pa~.), oqeBH~Ho, vo==V 2emUo 

B) HS OCH ny'IK8 HOHbl HMe~T a= 0 0 C ysenH'IeHHeM pa~Hyca a pasaoMepHo yaenH-

npH r = r 
0 

; HHaqe rOBOpS1 0 pa~HanbHSSI KOMnOHeHTS CKOpOCTH HOHS npo-

llOpUHOHanbHa ero paCCTOHHH~ OT OCH 0 TO eCTb pa~Hycy. 

CnenaHHhie npe~nonolKeHHH no3sonH~T paccMaTpHBSTb 3a~aqy s o~HoMepaoM cnyqae H 

CBeCTH ee K HaXO)K~eHH~ TpaeKTOpHH BHelliHero HOHSo 
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Tax K8K BH9WHHe nons OTCYTCTBYIOT1 ypaaHeHHe LlBH)K9H_HH 6yLleT HM9Tb B9CbM8 llpOCTOA 

BHLl: 
mr =-,eEr 

(I ) 
f'Lle Er - paLlHanbHaH KOMnoHeHTa HarrpH)K9HHOCTH rrong rrpocTpaHCTB9HHoro aapHLla rry'IKa. 

3Ha'leHHe E, Ha rpaHHUe ny'IXa HaALleM, BOCITOnb30BaBWHCb TeopeMoft raycca LlnH IIOTO-

Ka HHL1YKUHH 0 C03LlaBaeMoro HOHaMH ny'IKa1 HaXOLlHIUHMHCH M9)KL1Y Z H z + dz: 

2 rr r £ E dz = rr r 11 p( ) dz 
0 r • (2) 

r Lle f o - LlHSneKTpH'IeCK8B IIOCTOSIHH8H npOCTp8HCTB81 B KOTQpOM Ll8H)K9TCB lly'IOK ( € 
0 

a I ) j 

H 

P(a) - rrnoTHOCTb rrpocTpaHCTBeHHoro aapHLla rry'IKa B Ce'leHHH z 

C'IHT8B TOK IIY'IK8 38Ll8HHblM H P88Hb1M i 0 .!ill Y'IHTbiBSH rrpeLtrrono)KeHHe a), HSXOLlH.M 

TaKHM o6paaoM 
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CHnoA sneKTpOMaf'HHTHOf'O B38HMOLleACTBHH nHHeAHbiX TOKOB B HSWeM cny'lae MO)KHO rrpe-

( f3 "' 0,03 ). 

+ paa MeHbWe CHnbl KynoHOBCKOf'O paCT8nKHB8HHSI '18CTHU IIY'IK8 He6pe'lb1 TaX X8X OH8 B 

H 

npeo6paayeM ( 5 ), Y'IHTbiBSH, 'ITO r = '(z) H, cneLtosaTenbHo, 

Tax xax v • 
dz 

CIT 

d'r = d'r ( _fLL) 11 + ....4...!:_ d 2z 
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(I ) 
:a rryqxa. 

:ca anR rroTo-

r : 

(2) 

I 
'H8XOaHM 

(3) 

(4) 

(5) 

rae 

I 3HaK "-" a aepxHeM npeaene HHTerpana npaaoa 'IBCTH ypaaHeHHH (8) cooTaeTCTByeT 

I cny'laiO cxoaRI.UerocH 

I 
I 

.D.nR paa'leTa ropaaao y ao6Hee nonb3oaaTbCR npH6nH:meHHoi!: cf:lopMynoa: 

rae Uo - cxopocTb n~a 

3/2 R 
z ,-:4 97 r U f d R ' oz-- -~ 

0 1 V'-ft n 

B KH1IOB01IbTax 0 R = _r_' 
To 

- TOK ny'IK8 B MH111IH8Mnepax. 

B. VlaMepeHHhie reoMEnpH'IeCKHe xapaxTepHCTHKH nyqxa 

( 9) 

Ha pHc. 4-7 npHBe.lleHbi TpaexTopHH xpaH:HHX qacTHil R.llpa ny'IKa, nocTpoeHHhie .ans1 paa-

HbiX ll01IO)KeHHft TO'IKH cf:loxyca no OCH Z • BhiXO.Q Tpy6KH COOTBeTCTByeT z ,Q • KpHB8SI 

(5 ) pHC. 7 llOKa3biB8eT1 'ITO npH cPOKyCHpOBKe ny'IKa H8 O'leHb 601lbll1He paCCTOSIHHSI 1IHHeHHbie paa

M~bl ero B TO'IKe cf:loxyca CT8HOBSITCH H8CT01IbKO 601IblllHMH1 'ITO rrepeCT8IOT Y.QOB1IeTBOpSITb yc-

1IOBHHM HH:lKeKUHH B 1IHHeHHhiH yCKOpHTeJlb1 XOTH yron CXO.llHMOCTH ny'IK8 OCT8eTCH O'leHb M81IhlM0 • 

KpHBbie pHC. 4-6 OTHOCHTCSI K C1Iy'laSIM paCXO.llHMOCTH nyqxa nocne TO'IKH cPoKyca npH cPOKycH-

)I(HO rrpe-

llY'IKa 

(6) 

(7) 

(8) 

I 

I 
I 

pOBKe ny'lxa Ha pa3Hbie paccTOSIHHH oT BbiXo.aa ycxopHTenbHOI Tpy6KH. VIa paccMOTpeHHH npHae-

aeHHbiX aaHHbiX C1Ie.llyeT1 'ITO OnTHMa1IbHbiM HB1IHeTCH H8HMeHblllee paCCTOHHHe Me)K.Qy BbiXO.llOM 

YCKOpHTe1lbHOH Tpy6KH H BXO.llOM 1IHHeHHOrO YCKOpHTe1ISie 

nyHKTHpHbie KpHBbie H8 pHC. 4 H 5 COOTBeTCTBYIOT LlBH:lKeHHIO ny'IK81 pacC.'IHT8HHOMy nO 

<fJopMyne ( 9 ). V!aMepeHH8SI paCXO.llHMOCTb ny'IK8 HeCK01IbKO MeHbllle, '{eM 9TO cne.ayeT H3 COOT

HOWeHHA (8) H (9); 9Tn MO)KHO 06'b.HCHHTb '18CTH'IHOA KOMneHC8UHeJi npOCTpaHCTBeHHOrO 38pSI.Q8 

rry'IK8 TOKOM BCTpEl'IHbiX BTOpH'IHbiX 91IeKTpOHOBo B n01Ib3y 9TOrO npe.lln01IO:lKeHHSI CBH.QeTe1IbCTBy

eT TOT cP8KT0 'ITO HOHH3811HSI npO~H8MH npH HX npOXO:lK.lleHHH B aTMOCcPepe B0LlOpO.ll8 H8H6011ee 

s<fJ<fJeKT~BHa npH 9HeprHHX 601lblllHX 10
5 

98. 

YfaMepeHHH llOK83biB8IOT0 'ITO llpH cPOKYCHpOBKe ny'IK8 H8 He601Ibll1He paCCTOSIHHsi (LlO 

1500-2000 MM) OT Bb!XO.lla Tpy6KH pacnpe.aeneHHe ll1IOTHOCTH ny'IK8 no ero Ce'leHHIO CHMMeTpH'I-

HO no Z OTROCHTe1lbHO TO'IKH cf:loxyca. Taxol xapaKTep LlBH:lKeHHSI '18CTHI1 ny'IK8 Henocpe.QCTBeH-

HO cne.llyeT H3 ( 6): npH r-+ 0 ~ -+ oo 
dz2 1 TO eCTb HeT nepece'leHKSI OCH ny'IK8 '18CTH-

uaMH H npoeKUHSI ny'IK8 Ha npOH3BOLlHYIO ll1IOCKOCTb0 napanne1IbHYIO OCH Z 0 HMeeT BH.Q 0 npHae

.lleHHhiA H8 pHC. 8 a). C pOCTOM paCCTOSIHHSI .QO TO'IKH cf:loxyca CHMMeTpHSI HapylllaeTCSI H npH 

<fJOKJCHpOBKe ny'IK8 H8 paCCTOSIHHSI Z 0 :: 4000 MM COOTBeTCTByiOW8SI npoeKilHSI npHHHMSeT BH.Q 0 

noxaaaHHbll Ba pHC. 8 6). TaxoA xapaxTep .QBH:lKeHHH 'ISCTHil ny'IKa o6'bHCHHeTcs, no-aH.aHMOMY, 

TeM, 'ITO llpH 601IblllHX paCCTOHHHSIX, npOXO.llHMblX npOTOHaMH B HOHOilpOBO.lle 1 Cyi.UeCTBeHHbiM 
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PRe. 4. Pacxo.z:tHMOCTb ny'IKA nocne ¢loKyca .ans z0 •875 MM. 
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PKc. 5. Pacxo.aKMOCTb ny'IKa nocne ct>oKyca .anSI Z0 = 1450 MM~ nyHKTHpHhie 
KpKBbie p8CC'IKT8Hbl no cpopMyne ( 9) • 
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Pac. 6. Pacxo.aHMOCTb ny'fKa nocne <PoKyca .anSI z0 • 3100 MM. 
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a~., - /. 3 "'/0-.J pa.ll. 

a /,4 = /, 3 I( /O-J pa.a. 

Pac. 7. Cxo.aHMOCTb ny'fKa .ao <PoKyca .anSI Zo s5Q55 MM. 
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CT8ROBHTCSI BKn8ll MHOrOKp8THOrO pacceSIHHSI H8 OCT8TO'IHOM ra3eo .lJ.ng cpellHero yrna MHOro-

KpaTHOrO pacCeSIHHSI HMeeM: 

<6>= E.Jt v 2p2 {32 
( 10) 

E 
1 2 2 2 ( 5) 2( I 

rlle 
8 

•2,1 •tO ss, p f3 "'4 E
0 

E
0

"' 6, ·10 ss , t • 34 r/cM ocTaTo'IHbii!: ra3 1 
B03llyx). ~ 

Y'IHTbiB8SI
1 

'ITO 1 MM pTe CT. COOTBeTCTByeT 1,36 r/cM
2 

H 'ITO pa60'lHi!: BSKYYM B HOHOnpo 

-5 
_ BOlle ~ 1 • 10 MM p'r.cT., H3 ( 10) non_;qaeM: _

5 
I 

<fJ>,. 2,1•10 ...; 1,36-1•10 .. 7· 10-3 
2·6·105 2·34 • 
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CXOllHMOCTH. Ha'IHHaSI C HeKOTOpblX Zo 1 B006Ule He y .naeTCSI nony'IHTb OT'IeTnHBOrO cpoxyca, He 

/2/ " npH6erag K llOMOI.UH .aononHHTenbHblX cpoxyCHpyiOI.UHX ycTpO.li:CTBo 8 pa6oTe npHBOllHnOCb aua-

'leHHe z0 = z 0 KpHTH'IeCKOe ..an.SI llBHHOit ycTaHOBKH; OHO paBHO - 4500 MMo 

Y!3 CKaaaHHOrO Bb!We BHllHO, 'ITO npH paCCTOSIHHH Me:»<..ay ycKOpHTenbHOil: Tpy6KOil: H nHHei

HblM ycxopHTeneM He 6onee 2-3 MeTpoB cpoxycHpyiOWBSI CHCTeMa cpopHH:»<.exTopa anonue o6ecne

'IHaaeT reoMeTpH'IeCKHe xapaKTepHCTHKH npOTOHHOrO nyqxa, YllOBneTBOpSIIOUlHe ycnOBHSIM HH>Kex

UHH a nHHeii:Hbiit ycxopuTenb. 

B aaxniOqeuue aaTopbl nonb3yiOTC.SI cnyqaeM no6naro.aapHTb M.¢1. BacHnbeaa H n.¢1. t{epH.SI-

eaa, npHHHM8BWHX y'laCTHe B H3MepeHIISIXe 
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