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B TeOpHH yCKOpHTeneH H ODTHK6 nyqKOB qaCTHn BNCOKHX 

aaepraA B nocne;ztaee :spe»a mm~oxo npaueaaeTca noaaTHe ~aao:soro 

o6~e:ua1I, 2 ,3/ H orH6amll(el ny~Ka/4/. B ~aaHou cnyqae paccuaTpa

:saeTCH He OT;zt6JI~H8ft Tp88KTOpMH qaCTHQN, 8 KOJIJI6KTHBH06 DOBe;zte

HHe 6on~moro qacna qacTan K8B nenoro. TaxoA noAXo~ noa:sonseT 

paccqaTHB8!~, H8DpHuep, CHCTEUH ~OpMHpOB8HHft nyqKOB H8 ODTHMyY 

C yqefOM He TOJI~KO paauepoB IJ.y'lKS B M6CTe HSOOp8E6HHH, HO H 

06~6MOB CHJILHWX M8rHHTHNX DOJ::el B aneueHT8X CHCT61lH. Bo MHOrHX 

cnyqaax s:ounennHa ~aaoBiiX o6~~euo:s acnon~ayeTca npa pacqeTax 

CHCT61l HHa8K~H/S,6/ H BliBO;zt~/?/ H8 yCKOpHT6JIHX, a T8KZ6 CHC

'1'611 corJI8COB8HBH npH nepeBO;ztE nyqKa H3 yCKOpHT8Jifl B yCKOpHT8JI~ 
/8/ 

• 

I. ~aaoBoe npocTpaac~'BO, Teopeua liHYBHnJIH 

ECJIH qaCTBQ8 ABHE6TCH B npauoyron~HOI CHCTeue KOOp~HH8T, 

ee fiOBe;zteHHe oy~eT DOJIHOCT:OD ODHC8HO 38;l.t8HH6M KOOp;ztHH8T X,Y,l 

u KounoaeaT a:unyn:&ca pK, p'i, P~( ""'x, w.j, JU i) . 8Ta HB

wopwanBa uoseT ObiT~ npe~C'1'8BJ(6H8 'l'OqKoA B 1116C'l'BUepHOII npoc!paa-

C'l'B8 c xoop,zumaTau X, ':1, l, p.x, py, P~ (npe;ztcTaB-

namll(aa Toqxa), KOTopoe aaasBfleTca ~aao:swa. llpx .ztEHlleHHH qac

THQii B pean:&HOII npOCTpSHCTBe npe;ztCT8BJIHIDII(8ft TOqKa OfiHChiB86T 

B ~8SOBOM npOCTp8HC'l'B6 COOTBEITCTByiDII(yD nHHHD, H88HB8811YIJ ~830-

BOI Tp86KTOpHeit. llpe~CT8BnHIODtHe TOqKH 6y1f.YT 88fiOJIHfiT~ meCTH

IIepHiiit rHnepo6l)ell H ero no:sep:mocT:& oy;zteT onpe;ztelUIT:& rpaHHIU:l 

nyqxa. ~HTeacm:saocT:& nyqxa B KB&AOI Toqxe ~aao:eoro o6~eua xa

paKTepaayeTCfl nnotaocT~IO qac~~Hn. CeqeaHH ranepo6~eua, HueiOII(He 

OOJiee HHSKyD paauepHOCT~ (DO)(fipOCTp8HCTB8 :ztBYX HSIIepeHHI) ODH-
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CW581)! CBOlCTB8 nyqxa B DJIOCKt)CTRX (x, P~), ('J, p~),(z, P~). 
C Teqeoeu 13p6146HB ({>830Bli~ 06'&6Jl 146Hfi6TCH 13 COOTB6TC~BIIH C 

~BHaeaHe» qacTHU B w•sxqecxou npocTpaacTBe. llpH TSKHX xaaeae

HHHX DJIOTHOC!:D 118CTBU 13 W880B:)J4 npOC!p8HCTBe no.ztqHHH6TCfi '1'60-

peue !BYBHJIXH/l/: 6CnH rpynna q&CTH~ H8XOAHTCH no~ .ztelCTBH6Y 

CHJI 1 ODHCHB861WX r&MHJiliTOHif8H•ll4' ee ~13Hllt6HH6 '1'8KOBO 1 11'1'0 DJIO'l'

HOC'l'~ ToqeK B COO'l'B6'1'CTBYI0~611 WBBOBOM npocTp8HC'l'B6 OC'l'SeTCH 

UOCTOBHHOI. 

raMHll:DTOHB8H 'J{ /I •4 •9/ ·)DHChiB86'1' COCTOHHHe COBOKYIIHOC'l'H 

118CTHU 0 DOMO!It:DID o6o6~qeHHJa KlOP.ztlfH8~) H HMDYJI:&COB. Yp8BH6Hilft 

.ztBKa6HHH B 3'1'014 CJiyqae 6y.zty'l': 

]X __ dPk 
rox - d t 

*~ tt~ p)l_ . 
m 

(I) 

]lJIB KOOp.ztHH8'1' ~ H Z yp8B fl6HIUI }tBH:IIt6RHH 8H8JIOrHtmli. raMHJI:&

'l'OHHBB CJ~88'1'ByeT ~JIR TSKOi! Ct1ICT611Ji CHJ1 1 ~eitCTBYID11UtX H8 nyllOK 1 

pa60'1'8 KO'l'OpliX 38BBCHT OT D0Jl)llt6HHfl B8ll8JI:&HOI H KOaeqaol '1'0116K 

H ae aaBHCHT oT q,opMH nyTH (KlHCepBSTHBHHe cHns). BaemaHe 

8Jl6KTpBll6CRBe K M8rHH'l'Hli6 nona OTBOOH'l'Cft K 3TOMY KJI8CCY OHJI. 

ECJIH npOHCXO~T DOTepB 3HeprH.I nyllK8 B8 HSJiylleHHe Hmt npB B38-

HYO.zt8lC'l'B14H C Be Dt60'1'BOM t r&MH.II:CTOBHSB DOOTpOBT:C He Jl:&SH. CBJIW 

, KOTopse non-

BOC'l':C:O ODHCLIB8IOT no:no:aceHHe CHCT6MLI C It CT6D6HflMH 

CB060.ztli 1 H83HB8IOTCH e9 06Cya46HHHYH KOOp.ztHH8T8MH 1 8 . 
Xi - ee 0606leHHliUI CKOpOCTHMH. 
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. 
npH S~OM 38EBCfi! 0~ p t !OrAa K8K r8UBJILTOHH8H - ~YHKUHfi TOJIL-

KO KOOPAHBST, HMDyJIJ.COB J4 BpeJ.eHH. flpH yqefe BHyTpeaaero B38H

MO~e~CTBIR qSCTHU B nyqKe (Dpi)CTp8HCTBeHH~ aapa~, Sll6KTpOCT8-

THqecKOe OTT8nKHB8HHe) r810Uill'rOHH8H MOlleT 6111Tll DOCTpOeH • Yl.leT 

STJIX S~6KTOB, 8 TSKJKe CUJ!B8 'i8CTHil Tpec5yeT yBenHqeBHH pasuep

HOCTB ~830BOrO DpOCTp8HCTB8. 

J{OK838TeJIJ.CTBO Teope!W JlJ~YBHJlliH npHM6HHT6llliHO K KopnycKy

BHpHOI onTBKe ABHO J{Ea~ou/5/ H auanorHquo llHpcou/IO/. Paccua

TPHBaeTCH 68JI8HC qHcna ~830Bbt:( ToqeK BHYTPH 6eCKOHeqao Y8JIOro 

mecTHMepaoro o67leua dx dy d 'l dp~ dpy d P-z , npH STOM 

nnoTHOCT» ~asoBiiX Toqex - fL ( ~ !/, l, p~, PY, pz) • lblcno 

ToqeK l3 STOM 06~eue 6YA8T MeH.iiT])CH CO BpeMeHeM, eCJIB DO!OK ~8-

SOBIIIX ToqeK BHyTp» He p8B8H D)TOKY aapyzy. llp14p8BHff8M DOnHllll 

DOTOK qepes BCJD DOBepXHOCT]) 0'5'beMa H3M8H6HBJD qHCJI8 IP9SOBb1X TO

qeK BHYTPH oc5f,eMa (ypaBaeaHe ::~enpepwBHOCTH): 

(2) 

r~e \( - B8KTOp CKOPOCTH B weCTHMepHOM npOCTp8HCTB6. MJIB: 

dJIL, T/" rt -+ v f[wd. It -f n die/ v .= {}, 

C yqefOM (1): 

_,. v- -ax+ cu..v - ux 

- o-zu, • 7/Jl + 'JJ.ll - -;;zJI,_ + 'alU - ()l)t . 
- '()xa P~ 'dxoPk 'DjlJP:J ~{uP~ o!.()Pl dlo Pl 

TorAa ypa:BueaHe (3) npHMeT BHjt: 

(3) 

(4) 

(5) 
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8TO HBXH8TCH M8T8M8THqeC~HM BHpa~eHH811 TeopeMH lHyBHXXH. 

COBOKyfiHOCT:& ToqeK B ~830BOM crpOCTp8HCTB8 n0~00H8 no CBOHM 

CBOiCTB8M H8CJICHM88YOit ~H~OCTI!. ECJllt qucno ~830BliX ToqeK He 

M8HH8TCH, a fiJIOTHOCT:& HX flOCT')fiHH8, TO H 001lEh4 lf>830BOrO npo

CTp8HCTB8 COXp8HH8TCH, qTo HB.IIH8TCH B8lmblll CJie~CTBHeM TeopeMH 

Amy:aunna. Mozuo noKasaT:&, qTo Teopeua lHyBHHHH cnpa:ae~JIHBS npm 

HBJIHqHH CHnbl lopeHna BMAr.HH~)M flOJie/4/, KOTOpaa 38BHCHT OT 

CKOpOCTH qaCTHnli: 

p = e [ Q jC B), 

r.zte R - pa.ztHYC qaCTH~ H 8 

Sanumeu Bblpa~eua ,D;Jia d.iv V • • 

riiv~~.(~ + divp f n 81-=- { 8. zdp R)- ( P., u;tp 8). 
. 

S.ztec:& Q - BeKTOp CKOPOCTU qaCTitUJ,li, . 

(6) 

(7) 

, T8K 

K8K R He 38BHCHT OT KOOp~HHST. BTopoit qJieH B p8B8HCTBe (7) 

HOX:&, T8K KSK He 38BHCHT OT p • 

(8) 

PaCKpoeu BblpallteHHe nep:eoit CKO<)KH: 

_li-:: .2__ c P!JI ::. _ c P~ P" -.: li . 
'U Px 'UP.-- V p~ 4 R/1'(111oCJZ·fP':ii . .., t p2.+ rno2cV 31z. 0P!J (9) 

~pyrHe COCT8BXHD~He T8KXe paBHli HYJIID. TaKHM oo-. 
paaoM, riA,vp[ R [)]-= 0 , 'lTO fl0,1(TBePJIC,11;88T cnpa:Be,li;JIHBOCT:& 

TeopeMH lHyBHJIJIH, B MBrHHTHOM none. ~opua H BeJIHqHH8 ceqeHHit 

lf>830BOrO 061leMa IIOJiteT CO BpeME:HeM MeHHT:&CH. B yCBOpHT8JIHX 
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o6hl'tlHO npHXO,"llH~ca y'lHThlBa~:o W13CTH:uepHhlit q>aaoBhlH o6~eM Ha-aa 
~"'-•-> 

CBHSJtl MelQ.ty npo;zt01I:&Hhl14 H none)e'liHIDI ;ztBH:at6HH6M. ECJUf ;ztBH:at6HH6 ·! 

ocel X, :J H ~ Heaa:sHciuao :s Cf!HaHqecKou npocTpaHCTBe (JIHHeir1-

Hoe npl461!Hllt6HHe B 06hi'tlHliX CHC'l'6M8X Tp8HCUOpTHpOBKH) t TO B Cflaao

BOM npOCTp8HCTBe C6'tl6HHH MOrY'l' p8CCI48TpHB8T:&CH T8K:ate H638B14CH

IIO. Teopel48 JlHyBHJI1IH 6y~eT CU}8B6,ZVIHB8 ,1.{1IH K8llt,1l;OrO llO,ll;flpOCTp8H

CTB8 B OT;zt61I:&HOCTH: fl110~8,ll;H C3'l6HH~ oy~yT llOCTOHHHhl, XOTH Cflop

M8 HX 110Jit6T 146HHT:&CH. fiJ>H Tpa:Ic_nopTHpOBKe ny'tlK8 063 H3M6H6HHH 

aHeprHH (npo.1l;01I:&Haa: KownoneHT 9 HMnyn:oca Pi -=- r;J>v.d. ) 

MO:atHO X8p8KT6PH30B8T:& yrno:soe OTK1IOH6HHe 't18CTHU OT OCH ny'tlKB 
of X d IJ P1c J!..x 

( OC:& Z ) C nOMO~:&JO fX'i H (JT BM6CTO Pe H P2 • 
( 

~830BhlMH KOOp.11;HH8T8:UH Tenep:& jy)l;yT y,ll;00Hhl6 B61IH'liHHhi X, X H 

T.~. il1I0~8.11;:& C6'l6HHH B W830BO~ ll1IOCKOCTH HBJifl6TCfl B8JitHOj;t X8p8K

T6pHCTHKOH nyqKa, onpe.11;eneHH8ff B Koop~HHaTax {~ P0 , oHa Ha

ShlBaeTca nonepe'tlHhiM waao:shlM oj~eMoM nyqKa, B Koop,z~;HHaTax ~~~~ -

KaqeCTBOM H1IH 3MHTT8HCOM nyqKa. llpH ,ll;BH:ateHHH B 31!6KTpOM8rHHTHOM 

none ,ll;ByMepHhl~ nonepe'tlHhi~ ~830Bhlj;t OO~eM (npH OTCYTCTBHH npo

,li;01I:&HOit KOMUOHeHThi U01IH) oy)l;eT/6/ 

KaHoumqecKH conpn:ateHHhli o6o6meHHhltt HMnyn:oc: 

P= p + e A , 
M tY, A - :seHTOPHixli 

B ItOOp,ll;HH8T8X (X, L J : 

[ = f Jrtxrtx'. 
8MHTT8HC nyqKa CBH38H C l/~ COOTH0ill6HH6:U : 

c li'cr 
c... -= Pr 1 

(IO) 

(II) 

(I2) 

(13) 
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71' v- -;:::=.===' r.;=;--r ...,e o - t/1 _ .J3 a.' • ~830B bli1 061>6M "Vcp Y:ztOC5HO HCDOJI:&30-

B8Tb B JIHH6~H~ YCKOPHT6JIHX KBK B6JIHq~Hy, He 38BHCHmyro OT 

aaeprHH. C yBeJIHqeHHeM aHeprH~ aMHTTaHc nyqRa yMeH:&maeTca, co

OTBeTCTBeHHO CTpeM~TCH K HYJID paa6poc HSKJIOHOB TpaeKTOpHA. TipH 

HHSKHX 3HeprHHX yMeH:&W6HH6 £ CBH38HO C pOCTOM npO:ztOJI:&HO~ CKO

pOCTH qaCTHU, npH peJIHTHBHCTCKHX 3HeprHHX OCHOBHYID pOJib HrpaeT 

yBeJIHqeHHe ~aKTopa RopeHua. 

C nouom:oro TeopeMN ~HyBHnna uozHo JierKo nonyqHT:& B~paEeHHe 

:ztJIH 38TYX8HHH 8MDJIHTY:zt CBOC50:ztHNX KOJI668HHi1 B KOJibU6BUX YCKOpH-

T6JI'ilX/!I/. TiycT:& X I.MAM' H PJ( ~ - uaKcHuanBHoe oTKJioHeHHe 

H nonepeqHHH HMDYJI:&C B O:ztHO~ ~3 W830BUX TIJIOCKOCTei. Tor:zta: 

x~-P~~;;x~·Ps(~J~ -::~, (I4) 

3;zt6Cb S - p8CCTOHHH6 B:ztORb 83HMyTa ycaopHT6JIH. TIOCKOJI:&Ky 

WOKyCHpyromHe CBOHCTB8 yCKOPHT6JIH He M6HHDTCH BO Bp6M6HH, TO 

XWJPF/(~J~ -= ~ • OTCIO:zta nonyqaeu: 

(IS) 

r:zte 8 - HHAYKUHH B aaaope M8rHHT8 yCKOpHT6JIH, T.e. 8MDJIH

Ty:zta CB060;ztHUX KOJI668HHH ~ ljv,er • 

flpO~OHbH8H KOOp~MH8T8 ~ RUeeT 3HaqeHRe, KOrAa nyqoR 

OC5JI8;zt86T BpeMeHHOH CTPYKTypo~. BMeCTO l BBO;ztHT :ztJIH Y:zt06CTB8 

3HepreTHqeCKHi paa6poc, :ztJIHHY cryCTK8 HJIH pa;ztHoqaCTOTHyro waay. 

P8CCMOTpHM H6KOTOpNe CJiyqaH, KOr:zta Teopeua nmyBHJIJIH He 

BNDOJIHH6TCH. HanpHM6p, paCC6HHH6 nyqKa H8 MHill6HH H6JI:&3H OTIHC8Tb 

c nouom:r,ro rauHJI:&TOHHaaa. ~aaosaa nnoma:zt:r,, aaawuaeMaa nyqKoB, 
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nocJie B38HM0~6HCTBHH C B61146CT110M yB6JIH'tll1B86TCfl. IlyqoK BH8'tl8JI6 t 

HanpHu:ep, napaJineJII>H~»~, noJiyqueT KOHeqHJ»~ (J}aao:awl o61>eu 

(pHC. !}. IlpH pacqeTe CHCT614 norJIOU{6HHH ny'tlK8 (38M6,ltJIHT6JIH/I2/) 

H606XO~HMO yqHTNBBT:b poeT ero paauepo:a. HyEHO OTM6THT:b, KPOM6 

TOro, 'tlTO npH HH3KO~ 8HeprHH nyqKa (BbiXO,lt H3 HOHHOrO HCTO'tlHHKa, 

HanpHMep) CHJibl npOCTp8HCTB6HHOrO aapa)ta OK83bi:B8IOT 381l6TH06 BJIH

HHHe H8 ll0B6,D;6HJ46 nyqKa H B 3li8'tlHT6JI:bHO~ CT6ll6HH onpe~eJIHIOT 

ero (J}aao:abli o67>av.1131. UpH :B~»OOJtoi aueprHH aqxi>eKTBMH npocTpau

CTBeuaoro 38pH)J;a UOJEHO npeue6)6tl:b. ;llnH OllHCBHHH nap 8KCH8JI:bHO

ro nyqKa c yqeTOM npocTpaHCT:B3HHoro aapH~a noJiyqeuo :awpaxeuHe 

/!4/ • 
• 

(!6) 

3AeCI> P H R - noTeH~Han H pa)tHyc ny~a, oTHeceHHue 

K HX B6JIHqHHe, B TO~e KpOCCO~epa (cu. HHEe), 62 H ~ 

KOS~HUH6RTH, X8p8RT6Pi3YID~I6 3MM~T8HC H nepBeaac nyqRa. AHaJIH-

THtl6CKOrO BJ»pa~eHHH ,ltnfl OfiHCBHHH nyqKa C KOH6'tlHbiM 3MHTT8HCOM 
DM 

H yqeT1ffipOCTp8HCT:B6HHOrO aapH,D;B llOK8 He CYU46CTByeT. 

2. KOHTypbl nyqKa H8 d>~ISOBOi llJIOCKOCTH 

B CHCTeuax Tp8HCilOpTHpOl1KH qa~e :acero HCnOJI:b3YIOTCH none-

' I petlHble cJ)aao:a~»e nnocKOCTH ( XI r ) H ( tj, Jj ) • PaccJLoTpH:u, KaK 

:asrJI~HT :B {JJ830BOi nJIOCKOCTH nyqKUB p83JIHqHbJMH xapaKT6pHCTHK8-

11H (pHC. 2). 

B cnyqae napaJIJieJI:&Horo nyqKa ( ~ ) yrno:aaa pacxOAHMOCT:b -

HOJII>, BCe tl8CTHUH B flJIOCKOCTH: X, X' JI6Jt8T HB OCH X, H {JJ830BbW 
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06~eM ny'IKB paBeH HY3IIO. EC1IM nyqoK CXO.D;HTCH B O){HOil TOqKe ( ~ ) 

(m:ueeT ToqeqHu~ HCTOqHHK B C6lt6HMH I), yr1IN 'IBCTKU nponopnmo

H8JI:&HN CM6Dt6HMIO H ~830BN6 TOql;H Jl6Jt8T HB npHYOJIHHetiHOM OTpeaKe • 

8TOT OTpeaoK npm ,1J;BU6HHH nyq1:a B,1.\0JI:& :t Bp8W.86TCH no qacOBO~ 

CTpe3IKe H y,n;JIHHH6TCH. ~aaOBNA oo~eu·nyqKa T8K~e paBeH HYJIIO. Ha 

pHC. 2B npHBe,ZI;eH nyqoK C KOH€1£HbU4 l{l830Bb1Y 06~eMOM: l3 STOY CJiy

qae H8 O,ZI;HOM paCCTOHHHH OT OCH KOryT HBXO,ZI;HT:DCH qaCTHnN, yr1IN 

KOTOpblX pacnpe,ZI;eJI6Hbl B :t(OHeqHOM. J4HT6pl38Jie. <l>830Bht~ 06~eM B 

,ZI;BHHOM CJiyqae orpaHHqeH SJIJIHll<!OM: CXO,ZI;Hilt6MyCH nyqKy COOTBeTCT

ByeT SJIJIHllC C OTpHU,8T6Jl:&HbiM Yl'JIOM H8KJIOH8 60JI:DWOii1 OCH, pacxo

,ZI;HIIt6MYCH - C UOJIOJtHT6JI:DHbiM. llpOeKlJ,HH 811JIMUC8 HB OC:D X paBHB 

,1.\HBMeTpy nyqKa B ,1.\BHHO~ ToqKe i . KaHOHmqecKaH wopMa SJIJIHn-

ca COOTB6TCTBY6T MHHHM8JI:&HOMY paaMepy nyqKa - Kpocco8epy. B 

aTOM CJIYqae orm6aiOutaa nyqxa napannen:&Ha ocH., Z • 

COBOKyfiHOCT:D TO'I6K HB q,aaOBOl ll1IOCKOCTH UOlltHO OfiBCBT:& C 

nouo~:&IO 111060~ aaMKHyToa ~Brypu. ~cnon:&ayeTCH KOHTYP B BH,ZI;e na

pannenorpaMMa t HO 'tl81lt6 BCero ·• 8JIJlHUTH'I6CltHi1 KOHTyp, KOTOpuii1 

B03HHK86T B C1Iyqae rapMOHH'I6CltOrO .D;BHllt6HHH UO).\ B03,1.\6~CTl3H6M 

BoaBpaw.aJDw.el ynpyroti cmn~). B JIHHe~HOM npH6JIHJteHHH pemeaHe 

yp8BH6HHH ,ZI;BH:I6HHH, HanpmMep t .~JlH X. - IDIOCKOCTH J41466T BH,1.\/IS/: 

X: :riM- }1"'-' Wx t i 
(17) 

,t ( -:;: .x; 1M- cJ jM.. 69-i w I( t . 

3l(ec:& X~'"- - aaqaJI])H8H aMnJIH'l'y.n;a Ko1Ie6anHti, C) x = 271 J;r, 

X) BHyTP6HHH6 nyqKm yCKO}HTeJleit HM6IOT HB W830BOit UJIOCKO

CTH 3JI1IJ4llTJII'I6CKyiO ~p:11y, XOTH rpaHHlJ,B HX He c5y.n;eT pea

KOit H3-38 llJI8BHOrO Cfi9,Z1;8 HHT8HCHBHOCTH. 
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r11;e - tiHCJIO CBOC50~HW: KOJI668HHi H~C5opoT. B JIDC5ol TOti-

Ke B~OJI!t Tp86KTOPHH MOryT H8XU~HT:DCH tiSCTHI.\bt CO BC8B03UOJlHWH 

W838UH p8CCI48TpHB86MOrO nonepotiHOro ~BHS8HHH H 814IIJIHTY~8MH OT 

0 ~0 M8KCHM8JI:DHO~ (pHC. 3). S~~y COBOKYfiHOCT:D Tp86KTOpHI ti8CTHI.\ 
I 

UOJltHO paCCMOTpeT:D H8 wasoBoli ll.1IOCKOCTH ( X, X. ) ' npHti8M ci>a-

30Bbte TpaeKTOpHH 3;Lt6C:D 3Jl.11HfiTl!ti8CKHe: 

(18) 

JlBHJlt8HHi> B;LtOJI:D OCH t COOTB8'fCTByeT ~BHJlt8HHe W830BOH TO'l:IKH IIO 

amu~ncy no ti8COBOl CTpenKe. S.'lJmfiCbi ;Ltllfi tt8CTHU C M6H:DWHMH 8Mfl

JIHTy,ZJ;8MH KOJI868HHit J16Jlt8T BHYT)H npHB6~6HHOrO. llJIO~a~:r, SJIJIHfiC8 

T ' ,zteJieHHSH H8 r ' ~aeT SMHTT8HC nytiK8 B ,naHHOli IIJIOCKO

CTH. llyttOR, OITM'IC8HHI:ii:Vl 8JIJIHfiT:tlti8ClUtM KOHTypo:u, npl4HHTO H83blB8Til 
I 

HOpi48JI:&Hb1M. HyEHO OTM8THT:D, q•ro SJIJIHIIC y,noC5HO OfiHCblB86TCH :ua

T6M8THti8CKH H COXp8HH8TCH IIpH JIHH6~HblX npeo6paaOB8HHffX. 

B o6~eM CJiytiae H8KJIOHeHH~H SJIJIHfiC HM86T BH,n/4/ (pHC. 4): 

v X 2. + ) I f } ,._ c 
Oo C:d\.oXX+o% =c-

1 
(19) 

r;zte Yo, J o H Jo - K;)SqxpHUHeHTht snnHnca. 

~erKO fiOK838T:D, tiTO 6CJIH KOS~HI.\H6HTbt SJIJIHIIC8 npOHOpMHpO-

B8Hbl T8It, tiTO }c <Yo - J..; :. J t TO B6JllrltiHH8 6 , C'l'OH-

utaa B npaBol qacTH ypaBaeHHH (19), paBHa G::: '7/J: ' 
T.e. npe~CT8BJIH6T SMHTTSHC nytiK8 B ;Lt8HHOl fiJIOCK.CTH. 9JIXHflC 

PHC. ! B noBepayThiX KOOp,'llBH8T8X ( y, ~ 1 
) HYeeT K8HOHHti6CKYI> 

wopuy: 

(20) 

S.ztec:o 0- H ~ - 6on:owas H Mana a nonyocH anJIHnca. Bemrq:l!Hhl 
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I I 

H J BHp88HM qepea ~,X H yron TIOBOpOT8 KOOp~HHBTd : 

y == X ~ J. + J: I"''"' r/.. ;' 

"'I:. -,; ').-,'~~t ~ + x; I C/)4_ d. • 
(2I) 

Tor~a ypaBH6HHe annMnca B CHCT3Me KOOp~HHST ( ~' ~ 1 

) 6y~eT: 

x/(X;! 2rJ. + 2% K 1 
}il'l,j UJJ.rl. + ;-;'zSc;,,/ o<. + 

az 

cz Col.. z rJ """ a z. b'~-1 z i. ::: v . 
(if, ,t 0 D I 

6_ l :n~'~ +a L Cf;~ ZJ.._-:= /3 . 
at. ./P' 

(22) 

(23) 

(24) 

MaKCHMaJI:&HHU yrnoBoiii nonypacTB::>p annHnca .t ~ = Itt"'...., , 
KOOp;D;HHaTa H8H6onee y].laJieHHOH roqKH nytma x~ -:: (E I() I 
(KOOp~HH8T8 OrH68D~ei nyqKa). BeJIHqHHy C H88SB8IDT SMHTT8H

COM HJIH 8KC6HTeHCOM nyqKa B 88BHCHMOCTH OT TOrO, p8CCM8TpHB86T

CH W830BHH SHJIHUC H8 BMXO;D;e HJI~ H8 BXO;D;e CMCTeMH. 

8JIJIHTITHqeCK8H OrH68D~aa H6KOTOporo Ha6opa H3 ~ TOqeK H8 

cp830BOH llJIOCKOCTH (X, X') MOJJteT :5b1T:& H8it;D;eHa CT8TMCTHt~eCKHM no

CTpOeHBeM/!G/. Pacnpe;D;eneHHe H~xo~H~ ~aaoBsx ToqeK npe~nonara-
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eTCH HOpM8JI:&H.blM. Tor,l(a K03<P<Pk1~11eHTh1, xapaKTepmayiO~He H8tt8JI:&Hh1H 

3JIJIHDC, onpe,l(e~HIOTCfi KSK: 

~ Sz . 
0 :: St Vi. - 'l'Jcx?., 1 

Ss. ft:: 
Sz. ,j f- 'lx~r•l' 

J.o-=- txx' Vi- txx•i(l 

]lHcnepcHH St H Sz. H K03qxp14n11eHT KoppenJIHnHm trx' 

lltBIOTCH qepea Jc H ,t.' c;ne,l(yiO!ltHY o6paaoM/I? I: 
# 

S'- ~ xl 
1- ,1\/-i 

#-I. 

(25) 

Bblpa-

(26) 

ECJIH Ha K03qxQHnHeHTill 3JIJIHDC8 H8JI0llt6HO YCJIOlHfe fto ao - J.: :-J. 
I 

TO 

(2?) 

3,l(ec:o K - nocTOHHHaa, onpe,l(eJieHHaa Ha yc;noBHH, ttTo BHyT

PH DJIO~S,l(H, orpaHHtteHHOH 3JIJIHllCOM, IIBXO,l(MTCH onpe,l(eJieHHOe ttHC

JIO HaqaJI:&HhlX ToqeK, aanpmuep, npm K =6 aTo 6y.l(eT 95%. ]laHHNI 

M6TO,l( HCDOJI:&30B8JIC.H 4,fJ Ji.~~ttliCI~:.J<tU.R ropHSOHTSJI:&HOrO H B6pTH

K8X:&HOrO 3MHTT8HC8 B.blXO,l(Hmero nyttKS npH 6NCTpOM pe30H8HCHOM 

BhiBO,l(e npoTOHOB H3 cHHxpo~aaoTpoHa O~H~. 3JIJIMDTHtteCKHH KOHTYP 

B ~830BOM DpOCTp8HCTB6 He 06H38T6JI:&HO npe,l(DOJiaraeT H8JIMttHe 

3JIJIHDTHtt6CKOrO CetteHHH nyttK8 B peaJI:&HOM npOCTp8HBTB6, XOTH DO

CJie,l(Hee qaCTO HM66T M6CTO. 
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~830BblL! KOHTyp B BH,ZJ;e fl8!181IJI61IOrpaua ll0HB1Hi6TCH B pe

ayJI:&TaTe KOJIJIHM8:UHH nyqKa ute1I~::t..m (pHc. 5). ITapaJIHenorpaw 

OpHeHTHpOB8H no paaHOMY B paai:biX TOllK8X OCH, HO ero fl1IOII\8,Zl;:& 

UOCTOHHH8 • HyJKHO OTM6THT:&, llTCt T8KOti KOHTyp BCTpeti86TCH ll8ll\6 

BCero K8K 8KC6HT8HC yCTpOtiCTB C npHMOyr01I:&HOti annepTypol. 

3. I1peoC5paaOBimHe ~CI30BbiX OC57>6KOB 

B H8CT0flllt6it KOH:U6fi:UHM1 .ZJ;Bl!JJt6HH6 nytiK8 B YCKOpHT61lfiX, CB0-

60.ZJ;HOM npOCTp8HCTB6 H 31!6M6HT~lX CHCTeM Tp8HCUOpTHpOBKH TO~,ZJ;e

CTB6HHO Tp8HCWOPM8:UHH ~830BOro OC57>eMa. 0.ZJ;HO~ H3 OCHOBHWX 38.ZJ;8tl 

Tp8HCllOpTHpOBKM flB1Ifi6TCfl npeo<ipa30B8HH6 HeKOTOpblX OC51!8CT6~ wa-

30BOrO npOCTp8HCTB8 K WOPMSM, KOTOpble COOTBeTCTBYIDT Tpee50B8HH

HM, npe,ZJ;7>HBJifl6MblM K nyllK8M. Il]>M aTOM T8KJK6 p8CCtU1TbiB86TCfl npo

nyCKH8H CflOCOOHOCTJJ OflTHtieCKOii CHCT6Mhl. TeopeMa JlHyBHJIJifi H8-

KJI8.ZJ;llB86T onpe,&eJieHHll6 TpeOOBHHHfl H8 3TM npeo6p830B8HHR, HSH-

601!66 OC5~~tee H3 HHX CBH38HO C <:oxpaHeHH6M lli6CTHM6pHOrO rHnep-

067>eMa MJIH ero npoeKUH~. 

PaccMoTpHM npeo6paaonaaMu aJIJIHnca, onHcaHHoro ypaBHeHHeM 

(!9) qepea OllTHll6CKYD CHCTeMy (JIHH3ll, CB060.ZJ;H06 npocTp8HCTBO, 
I 

MarHHTbl 6ea .ZJ;Hcnepci.u1). HatiaJihHhlti :seKTOP ( J:" Jo ) TpaHCWOPMH-

pyeTCfl C flOMOllt:&ID M8TpHUbJ 3TOH CHCT6Mhi: 

Tortta 

~.}: (: !)( ;::) (28) 

(29) 
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2. ,t 
llpMp8BHHB8H K03Wtl>Mll.H8HThl npH Xo I :Co 

~JIM 

i'::: X? t fo - 2C<JJ rJ." + C z.f,. j 

/.. ::: - !!>'bd"o -t (~f)r'e 8)Jo - ./IC Po 1· 

P ==- l> z. ao -2 ~.II /. o oo~- II z. ~ /'J () . 

a 7Jl -zc?;J cz. Oo 

J - - B'b !lb+"!)c Jo -

J 82.. - 2}1 !J }Jl. /o . 

I 

1t1 ):o J:o , noJiyl!HM: 

(30) 

(31) 

TaKHM o6paaoM, napaueTphl /.tJ do fi, 
I I 

npH npoxoJK,7J;e

HHH 'llepea OUTM'li8CKYIO CHCTeMy i:3M8HHIOTCH COOTB8TCTB8HHO JIHH8~HO

MY TpeXMepHOMY npeo6p830B8HHID• llOCKOJIDKY M8TpH~8 CHCT8Mbl HM88T 

dd -=Jfl)- /JC -= f /!S/ 1 TO .Jtf- J, z.-= i J4 c= ~ 
B COOTB8TCTBHllf C TeopeMO~ JIHyl:llfJIJIH. 

llpHB8,1t8M HeKOTOpble npHM8pbl Tp8HC!f}OpM8UllfH lf}aaoBoro 3JIJIPinC8. 

a) B ~060AHOM OT llOJIH npCCTp8HCTBe t~aCTHll,hl ABH~YTCH npa-

140JIHHe.£bio, yrnoBaa pacxo;zJ;Huoc~·:o nyqKa coxpaHaeTca, a paauep 

B03p8CT88T. llpH 3TOM B qJ830BO.Ii: npocTpaHCTBe TO'liKH nepeCT8HYT 

OflHChlB8T:O 3JIJIHflCbl 1 T8K K8K K8J~8fl TO'liK8 COXp8HH8T CBOIO B8JIHl!H-
I 

Hy ~ 14 ABHJJteTCH nap8JIJ18Jl:OHO OCH X • <l?830Bhl:1t 3JIJIJ4UC ( pHC .6) 

H3M6HH8TCH T8KHM 06p830M, 'liTO TO'liKH !,3 6y;zJ;yT H8UOABHJltHbl 1 a 

TOl!KH 2 H 4 6y;zJ;yT CMe~aT:OCH llJH ABHJJteHHH nyt~Ka, HO KOOPAHH8T8 

~ 1 
y HHX He M8Hfl8TCa/9/. B ~8HHOM npHMepe ¢830BbiA 3JIJIHUC H8 

BXO;Z'J;e B npOCTp8HCTBO ApeMti>a H~eeT K8HOHHqecRyiO ti>opuy 

(32) 
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MaTpHn;a c:sooo,ltaoro npocTpaHCTJ~a Jt1lHHOit L : 

(33) 

~ 
H8K110H6HH1ii't SJIJIHUC H8 paCCTOHliHKvTIOJiyqaeTCH C,ltBHrOM TOqeK 

UpHMOrO SJIJIHDC8 B roplt130HT8JI:DJIOM H8Up8:BJI6HHH H HM66T :BH;ZJ;: 

(34) 

Paauep nyqKa Ha aToM paccToaamd· onpe;n;enaeTcn qepea orm6aiO~yro: 

(35) 

KaHOHHqeCKOe COCTOfiHHe ~830:BOPO SJI1IHDC8 C YHHHM81l:DHiiM yrnOBHM 

p8CTBOPOM MOllteT ObiT:& ,ltOCTHrHy~~O TOJI:DKO BHYTPH ~OKYCHPYIOutero 

S1leMeHT8 H11H B8 BliXO;ZJ;e H3 Hero. K8HOHH'CJ:6CKOe COCTOfiHHe C MH

HHM81l:DHNM paauepoM ;ZJ;OCTHraeTCH B npocTp8HCTBe ,ltpe~wa CXO;ZJ;fimHM

Cfl ny'CJ:KOM. PaCCTOfiHHe ~ OT Bb1XO;ZJ;8 H3 SJieMeHT8 ;n;o KpOCCOBe

pa onpe,lten£6TCH B 3TOK cnyqae H3 JC110BHH: 

J.-::-6oJ+clo ~o 

.f'_ k. 
dl - ao 

Paauep nyt~Ka :s uecTe Kpocco:sepa: 

(36) 

(37) 

TIPOWHJI:D nyqKa :a c:so6oJtHOM npo<:TpaHcT:se npe;n;cTa:SJIHeT co6ol rH

nep6ony. 

6) EcJIH nyqorc, npoi)J;a c:so6o;n;aoe npocTpaacT:so, cao:sa no

na,ltaeT :s woKycupyroutym o6nacT:D (HanpHuep, :a ycKopmTen:n), TO 

K8llt;ZJ;8H. T0l!K8 H8 W830BOi DJIOCKOCTH CHOB8 B03BP8Dt86TCH K ;ZJ;BHllte-
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a:um no anJI:uncy, TaR KaK B peal.:OHOM npocTpaacTBe .n;Bmaeame qac

TH~ 6y~eT ODHT:& CHHyCOH,D;8Jl:OHOE. HaH60JI:OmHI SJIJlHDC H BCe SJIJIHD

C~ BHyTpH Hero H8'CIHH8IDT Bp8~8~LOH, npH STOM H3M6HH6TCH HZ ,D;JIH

aa H mHpmaa, ao nno~a.n;:o coxpaEHeTcH/15/. 

B) AHH6~H8H TOHK8H JIHH88 H8M6HH6T TOJILKO yrOJI Tp86KTOpHH 

nyqxa H8 d/~116HHH ee K00p,l,HH8Thl ~ /9/: 

(38) 

r~e f - ~oxycaoe paooToa~me JIHH3hl. Bee annmncs Ha Bhtxo.n;e 

JIHHShl HM6IDT TOT Xe paauep flO J~ ; TO'CIKH, npe,n;CT8BJIHID~He C060l 

Tp86KTOpHH, npOXO~H~He qepea D6HTp JIHH3hl, He M6Hfii)T fiOJIOZeHHH. 

B 88BHCHMOCTH OT CH~ JIHH3hl ZJlJlHllC H3 BNXO,D;6 MO~eT HM6T:O paa

HhlH H8KJlOH HJIH KpOCCOBep. 

llpeo6p830B8HH6 3JIJlHflC8 (31) OTHOOHTCR TOJI:OKO K orm6am~M 

ny'CIKoB 6ea paa6poca no munyn:ocau. Ecnm munyn:ocs nyqKa nexaT B 

npe.n;enax f APj~ , TO aec6xo.n;muo yqmThlBST:o xpouaTmqecKym 

a6eppa~HID H ,n;mcnepCHID. XpOM8TM'CI6CKym a6eppa~HI) MOEHO BB6CTH B 
LJ. p (I 

3Jl6M6HTH MSTPHU~ (28), npH'CI6M npeo6pa30B8HHe 3JIJlHfiC8 ,lJ;JlH 1,~ p; 
6 11 p" • Ec-y~eT H6CK0Jl:OKO OTJlHqST:OCH OT fiOCJl6,lJ;H6rO npH 

1
, - Po 

JlH B CHCTeMy BXO,D;HT OTKJlOHHID~Me MSrHHThl, 3JlJIHflChl 6y~yT CM€~6-

Hhl Ha B6JIHliHHY e~4 ' r.n;e Po - yron OTKJlOHeHHB H 

e - ~JIHH8 MSrHHTS. 

!O CHX nop Mhl p8CCM8TpHBBJIH .n;BHEeHH€ nyqKa fiO,lJ; ,D;6~CTBH6M 

JlHHeaawx CHJI, T.e. CHJI nponopDHOHBJl:OHhlX CYeuteHHID. ilpH ,D;BHZ€

HHH no,n; ,n;e~CTBHeM H6JlHHe~HhlX CHJI Teopeua AHYBHJIJIH OCTSeTCH 

cnpaBe.n;nMBOit, o.n;aaKo 11 a(W>eKTH:E Has" waaoBaH mxouta.n;:& nyliKa Boa

pacTaeT. Henmaelahte omnhl MCKaJaiDT KOHTYP nyliKa m, ecnu CliHTaT:o, 
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tlTO DYtlOK OCTaeTCH BHYTPH 3RHHcrTHtleCKOrO KOHTypa, TO nocne~H~~ 

HMe eT 6on:&myro nno !1.{8,1(:&, tleM ne p BOp8tl83I:&Hbli1/1 I/ • llpaKTHtleCKH 3TO 

tlSCTO TO ~e CaMoe, tlTO H yBe3IH~eHHe ~880BOrO o6~eua, T8K K8K 

paaMep mao6paJteama B aTOM cnyq9e 6oJr:&me, qeu npm H8JIHtlHH T03I:&Ko 

3IHHe~HblX CH3I. HeHHHeMHbte a6epp9~HH, CBH3blB8ID~He ,1(B8 ;ztBHJteHHH, 

H8DpHMep, X H J , DpHBO;ztflT K TOMy, tlTO COXp8HHeTCH 31Hlli:& 

06~H~ ~30Bbl~ 06~eM DYtlRa, a He ero DpOeKUHH H8 DJIOCKOCTHX(X,~) 
H (:f, 1j ') 1191. YBenmtleHH-e a~~e lt'PHBHoro 3MHTTaHca nyqKa oT:ueqa

eTCH npm BhiBO~e nepBHtlHOro nyqoca .v~a ycKop.v~Teneii. nocne npoxojK.zte-
1 

HHH cy~eCTBeHHO HeHHHeMHOrO KpaeBOrO DOJIH. TaR, npH 6blCTpOM 

BhiBO.zte npoToHoB Ha CHHxpo~aaoTpoHa OMHM/16/ ropHaoaTan:&Hhi~ 
3MHTT8HC B03p8CT8eT H8 "' 55% nocne npOXOJIC;ztSHHH nytlROM HSJIHHez

HOrO KpaeBoro DOHH yCKOPHTena/ 20/. C USH:&ID ycTp8HSHHH BnHHHHH 

HSRHHS~HblX a6epp8UH~ DOnH H yMeH:&meHHfl paaMepOB BblXO;ztflli.{SrO 

DpOTOHHOrO DYtlK8 npOH3BS;zteHO ill~MMHpOB8HHe KpaeBoro nona H8 CHH

xpoTpOHe UEPHa/211. C aTo~ ze uen:&ro mHMMHpoBanoc:& KpaeBoe none 

npH BhiBO~e nyt~Ka H8 kocMOTpOHa/22/. 

4. llpeo6paaOB8HHe KpOCCOBepa B KpOCCOBep 

~3IH M8TSM8THtlSCKOrO ODHC8HHH ~e~CTBHH H8 nytlOK ~OKYCHpyro

~e~ CHCTSMhl Y.zt06HO npe;ztCT8BHT anJIHnC B ~pyro~ ~OpMe/18,23,24/. 
ITyCT:& anJIHnC B K8HOHHtlSCKO~ ~OpMe HMeeT BH;zt: 

__.t: L-a.t + '2. -1 

(39) 
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Tor;n;a 

Oo )/l + .lo Y'2. -=- ?' i 

aofG = J(az ;' a zc cJtq; 
(40) 

fipeo6paayeu 3TOT annHnC B CBOCO;n;HOM npocTp8HCTB8 HB paCCTOHHH8 

~: 

a-= ro i t1 = -/ ro ; 
P = f't (o + ./'o i 

(y -.t/f/ 2 ro +A r'z.= £ ; 

(y-L/f;Jf-~-f-J'2.= 1. 

(4I) 

(42) 

IlpM ;n;BHJ1t8H:£U! nyllKB B CBOOO;D;HOM npOCTp8HCTB8 Tenep:b M8HH8TCH 

TOn:bKO ~ , OrH6aiD~BH TBKJl£8 HM88T 6onee HarnH,D;HU~ BH;n;: 

(43) 

T.e. paawep nyqKa B niDOOH TOllKB CBOOO;D;HOrO npOCTp8HCTB8 MOJltHO 

BUp83HT:b qepea ero paawep H yrrrOBOH paCTBOp B M8CT8 KpOCCOBe

pa 11: paCCTOHJU18 OT 3TOfit TO"tiKH ,140 KpOCCOBepa • 0THOIU8HH8 U.j /; 

npHHHTO H83UB8T:b xapaKTepHCTH113CKOM ;n;nHHO~ nyqKa. 

MOEHO CBH3BT:b napaueTpbl a rmHnca L , a H ( Ha BbiXo;n;e 

Cft1CT8Mb1 c napaueTpBMH Lo , Cto H to Ha Bxo;n;e. IlycT:b M8Tp:Kua 
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npeoop830BBHHfi npOH3BOnhHO~ @OKYCHpyD~e~ CMCTeMM /18/. 

(
rr,, '/, 2. ) 

l T] = rz, 7hj. 

• 

(44) 

B03hMeY Anfi llpOCTOTN BXOAHOI annHnC B Toqxe KpOCCOBepa, T.e. 
/,-;(). 

HHR, TO 

ll ::- lo l(a,/ r;_, fi,/ :J. lz/); . 
(), z ~ a:/( a/ rz,y,() z """ '122 I· 

. I 

L =- (-t-l '!:t ~ .,~ r:z 7:J/(!J:/ 'li,t + Tz/j· 

)C'" = ao2 7; 2 
-1- f/· 7:z l • 

EcnH B ToqKe 2 nyqoK mueeT reoMeTpHqecKoe maoopazeHme, To 

7Jz == 0 H MBTPHUS [ 7} OjA6T npeACTa:sneaa/18/ 

(45) 

[TJ = fvlj ~) (46) 
(- i" ~J) 

_L 
rAe .),.(. B fi - ttos(p@HUH6l:TN nHHe~Horo m yrnoBoro yBenHqe-

HHH CHCT6MN, jr - {pOKYCHOe paCCTOHHHe CHCT6MN CO CTOpOHN 

B306pazeHHfi. PaCCTOHHHe OT TO~XH H306pa~eHHR 2 AO KPOCCOBepa 

3 6y.zteT: 

1 ~ f { ~) /£ { + "!< '( ~~ ll. (47) 

YrnOBO~ paCTBOp H paauep nyqK( B TOqKe Kpocco:sepa: 

e = 5t J 1 + c~·· fJl '; 
a o J.J.. 

(48) 

B 11ecTe reoueTp&qecKoro mao6pHEeHHH orH6aiOutaa paBHa: 
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.z~=flao 1 (49) 

T.e. paauep nyqKa B M6CT6 HSOCpa~eHHH 00BbW6, qey B KpOCCOBe-

pe B vi -~-Cf ~:)l' pas. PaccTcaHme ~o aaoopa~:eama, KaK yxr.e no- ' 

K888HO, TSKJB:e He COBna~aeT C I8CCTOHHH6U ~0 KpOCCOBepa. oTH 

paanaqHH T6M cy~eCTB6HH6~, qe~ 00HbW6 ~830BYI OO~eM nyqKa H 

CHHDH66 ~OKYCHpyro~He CBO~CTB8 CHCTeMY. 
. . 

~HS nepeBO~a O~Horo KpOCCOBepa B ~pyrOH H8 KOS~HUH6HTY 

MSTPHUH H8KX8~B86TCH ycnOBHe: 

(50) 

EcnH H600XOAHMO nonyqHTb KpOCCOBep B M6CT6 reoueTpzqecxoro 

H806paxr.eHHH, TO M8TPHU8 nepexo~a C yqeTOM Tpe60B8HHH 

tid 'f:: f 6y]teT HM6TD BH~: 

(51) 

C llOMO~biD OJtHO~ XHHSY H6Hb3H DOnyqHTb BTOpO~ KpOCCOBep B M6C

Te Hao6paJJteHHa, I\poue cnyqaeB: I) ~ = 0, 2) J .... c,..o 

• 

5. PacqeT CHCT6M Tp8HCDOpTHpOBKH nyqKQB C KOHeqHUM 

... a...,MM...,T..,.T...,a !!£Q!! 

HyXHO OIM6THTb, qTo OllTHB8 nyqKQB BYCOKHX SHeprH~ B OOHb

WHHCTBe cnyqaeB ne Tpe6yeT no~yqeHHfl reoMeTpzqecKoro mao6paJJte

HHa. OnTHqecxoe H300pazeHHe B ToqHOCTH BOCllpOHSBO~HT HOK8HbHOe 
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pacnpe)l;eneHHe HHTeHCHBHOCTH OClbeKT8: tl8CTHUhl, BbiXO)l;Hl~He 143 0.11;

HO~ TOqKH, ~OKYCHpyroTCH T8K~e B O~HY TOtlKy. llpH TpaacnopTHpOB

Ke nytlKOB Tpe6yeTCH 8H8TD, He r~e liOK8HH80B8H8 K8X~8H tl8CTHU8, 

a no:se.11;eHHe nyqxa KSK ~enoro. ~cnH nyqoK mcnycKaeTca ToqeqHhiM 

HCTOqHHKOM, TO ~HH Hero npHMeHKMbl OQhlqHhle 38K0Hhl reoMeTpHqeCKO~ 

OflTHKH. B HeKOTOphiX 38~8tl8X TpBHCnopTHpOBKH STO OK83hiB88TCH 

XOpOmHM npHClHHX8HHeM, H8llpHMep, CKOHHHMHpOB8HH.ble nyqKH HliH 

nep:sHqHhle nyqKH, BhiB8)1;8HHDie 143 yCKOpHTena. 

06hlqHO H3BeCTHhl napaMeTphl nyqKa H8 BXO~e H BhiXO~e H 38~8-

qa COCTOHT B no~6ope aneMeHTOB M8TPHU npeo6p830B8HHH CHCT8Mhl, 

T.e. BhiOOpe ll01I0~8HHH HRH3 H M9rHHTOB CHCT8Mhl H B8HHqHH flHT8IO

~HX HX TOKOB. MeTO~hl pacqeT8 nyqKOB C HyneBhiM 3MHTT8HCOM HBHH

IOTCH qaCTHhiM cnyqaeM pacqeTa C~CT8M C KOaeqHNM 3MHTT8HCOM. 

HaqanDHhl€ pacqeThl OCHOBHhl[ xapaKTepHCTHK CHCT8Mhl BhlllOliHH

IDTCH C HCfl01ID30B8HH8M flOHHTHI reoueTpHqeCKOH OflTHKH H TOHKHX 

1IHH3. MaTpHqHhJ~ M€TO)l; CliYXHT ~ITH H8XOEA8HHH llOHHO~ M8TPHUhl 

nepexo~a. JJ.na nepeBo~a o.ztaoro .:<pocco:sepa B ~pyroii aa MBTPHUY 

ne peXOA8 H8KJI8;LUJB8IDTCH Tpe OOB8.:IHH.: 

~2) 
KOTopwe nonyqaroTCH H3 ypaBHeHH.~ ( 45) 111 (50). S;n;ecD f - na

paueTp COrll8COB8HHH., paBHhll OT:iOlli8HHIO xapaKTepHCTHqeCKHX ,ll;liHH, 

xoaeqaoro H aaqanDHOro xpocco:s~~poB (a./~} : {a. /e.). 

MaTpzua nepexo,11;a B ll.BYX n.rwcxocTax, KBK npaBHJio, pa3JIHq

Hhl H npHXO,ll;HTCH. MCfl0JID30B8TD y1}1IOBHH. (52) ~JIH 008HX flJlOCKO

CTe~. ]J.liH. y;n;o:s~eTBOpeHHfl STHX ~~-X yCHOBHI ,ZtOCTSTOqHQ HM8TD 
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4 napaueTpa, Hanpmuep, cmn~ m nono~eHRH 2-x nmHa. 

TipO~Hn» nyqxa MOEHO nonyq~T», YMH0~8H Tp6XM6PHU~ B6KTOp 

xoa~wmnmeHTOB annHnca aa uaTpm~y nepexo~a HnH, Hcnon»ayH ypaB

Heame npowHnH Hopuan»Horo nyqxa. ~aor~a, B cnyqae oTcyTCTBHH 

HyXHOrO peweHHH, H€00XOAHMO paa~enHTD aneueHTU B ~y6neTBX H 

TpmnneTBX. BBe~eHHe B CHCTeMy nOBOpOTHOrO M8rHHT8 He M€HH6T 

CRTYSUHH, TBK KBK yron DOBOpOT9 He HBnHeTCH o6~qHQ CBOOO~H@M 

napaMeTpOM. PacqeT~ CHCTeM TpS~CDOpTHpOBKH Dp0H3BO~HTCH B 6on»

WHHCTB6 cnyqaeB HS 9BM. Tiporpa~~ ~nH 9BM ~enHTCH H8 ~Ba Knac-

ca: 

I) ~nH HCCn6AOB8HHH CBO~CrB nyqKa B npouecce ero DpOXOE

~eHHH qepea 38~8HHY~ CHCT6MYi ,~) ~nH onpe~eneHHH ODTHMSX»HUX 

X8p8KTepHCTHK CHCT€Ml:l npH DO~OI)pe CBOOO~HhfX napaMeTpOBo B npo

rpaMMe CBeacoHa/25/ H ,,tpaHcnop•rHpOBKB ny~a":. npH pacqeTax 

yqHTLIB8€TCH paa6poc DO HMDyn:&CBM, nporpaMMa/26/ yqHThiB8€T 

T 
,, 

ae5epp8UHitl KBB~pynoneM BO BTOPOII llOpH~Ke. llporp8MM8 ,, f' 0.. V1-t p 

/2?/ npe~H83HS'q€HS ~nH pacqeTa cornacy~~HX yCTpOMCTB, Tp8€KTO

pml H KOHTypOB nyqKa B ~830BOM DpOCTp8HCTBe. B ~SHHOM cnyqae 

CHCT€148 BKn~qaeT B cee5H KB8~pyHOJIH, MBrHHTI:l C yqeTOM KpaeB, 

cenapaTopl:l c nonepeqaLiu noneu. XapaKTepHCTHKH CHCTeMH no~6Hpa

IDTCH M€TO~OM HTepSUHM. 

Tiporpawua "~oKyc" (I1T9~)/£:S/ npe~Haaaaqeaa ~na pacqeTa 

CHCTeM TpaHCDOpTHpOBKH, KBK M€~~0~8MH reoueTpHqeCKOit ODTMKH, 

TSK H M6TO~OM COrJIBCOBBHHH qJ83CIBHX OO'beMOB. Tiocne~HHH M€TO;Lt 

Hcnon:oayeTCH TBKZ€ B nporpaMMe OWHW/29/. HyEHO OTM6THT:&, qro 

BbiC50p napaMeTpOB aneMeHTOB MBrl::HTHOit ODTHKH npOBO~HT llpH DOMO

~H JlHHe~Hl:lX nporpSMM, a 38T6U J;J:lqHCJIHDT ae5epp8UHH. UHHHMH3Hpy-
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DT paauep nyqKa c yqeTou Bcex 96eppauMa BToporo nopa~Ka, a He 

TOnDKO XpOMaTHqeCK.HX a6eppauH~ 1IHH3 UOKa TOJI:&KO npH pacqeTe 

06~eKTMBOB CBeTOBO~ OTITHKH. 

ilpM6JIHJJteHHbiH pacqeT CMCTe:~bi, COCT0Hilt6H H3 TOHKMX JIHH3 H 

npoMezyTKOB ~pe:H~a, C yqeTOM K)H6llHOrO SMHTTaHC8 nyqKa MOJJtHO 

npOH3BO~HT:& rpa~Jt1qeCKHM MeT0~0:\4/30 ,3!/ • 

Kpoue 9BM npH pacqeTaX ua::'HHTHhiX CHCT6M HCTIOJI:&3yiOTCH aia

JIOrOB~e ycTpo~cTBa AY/4,91. OH:~ ~HTerpHpyiDT rapuoHzqecKoe ~H~ 
wepeHUHBJI:&HOe ypaBH6HHe BTOpOrl) nopH~Ka H npe~CTBBJIHIDT pemeHHe 

Ha 8Kp8He OCUHJIJIOrpawa, B BH~e TpaeKTOpH~ HJIH KOHTypa nyqKa 

B W830BOM npOCTp8HCTBe B JII06oa TOqKe npo;n;on:&HO~ OCH. TiapaMeT-

pbi cmcTeM~ Bbipa~aroTca WYHKUHe:H, B~pa6aTbiBBeMo~ reHepaTopoM cTy-. 

neHqaToro CHrHana. 9TOT CHrHan perynHpyeTCH C TIOMOilt:&IO UOTeHUHO

UeTpOB, qTo COOTB6TCTByeT H3MeHeHHID napaueTpOB CHCTeM~. TBK0£1 

peryJIMpOBKOl W830B~M SJIJIHTICaM B 2-X TIJIOCKOCTHX MOltHO llPMAaT:& 

JII06yll opHeHTaUMlO, a TSKJCe MCCJICl;D;OB8T:& W830B~~ KOHTyp B JII06~X 

ToqKax JIHHHH. CyuteCTByeT AY, pnapa6oTaHHoe illTe~eHou H KepHou 

1321, KoTopoe nonyqaeT orr~6arout~rro nyqRa c yqeTOM ;n;Hcnepcr~H. 
ToqaocT:& AY oT Io-2 AO I0-4, onH noaBonaiOT ;n;ocTaToqHo 6~cTpo 
npOH3BOAHT:& npe~Bap.HT61I:&Hbi~ paeqeT CMCTeM TpaHCTIOPTHpOBKH H 

cornacoBaHMH. 

6. 9MMTTaHBbi DYllKOB paaHbiX SHeprHH, H6KOTOpbie 

M6TOAbi H3MepeHlffi SMHTTSHCOB 

I) ~3MepeHHe SMHTTSHCOB nyqKQB HH3KHX SHeprH£t. 

MBOrHe BOn poe~ t B03HHKSI01ltlle npH npoeKTHpOB8HHH YCKOpHTe-

1Iel, uoryT 6biT:& pemeHbl Ton:&Ko c: ylleTOM (f>aaoBoro o6~eua nyqxa. 



- 24 -

BBe~eHHe B pacqeT~ B6HM'IHH~ wasOBOrO OO~eMa KaK Mep~ pasopoca 

'llaCTH~ no nono~eHHHM H CKOpOCTHM, ll03BORHHO BU'IHCHHT:& orm6aro

~yro TpaeKTOpH~ KOHH6KTHBa 'ISCTH~, T.e. onpe~enHT:& pasMep@ nyq

KS B WOKYCHpyro~eM H YCKOpHID~eM ~aaane (HanpHMep, HHZ6KTOp, 

KOH:&UeBO~ YCKOpHTen:o) H ycTaHOB~T:&, npo~~eT HH nyqOK qepes Ka

Han 6e3 flOTepH HHTeHCKBHOCTH~ ilpH 3TOM onpeAenHeTCH OllTHMan:o

HSR KOH~mrypauaa nyqxa aa Bxo~e KaHana, T.e. ycnoBHH cornacoBa

HHH nyqKa C K8H8HOM. O~HO~ H3 B9XHe~mHX xapaKTepHCTHK KaHana 

aBnaeTca ero nponycKaaa cnoco6H)CT:&: wasoB@~ o6~eM nyqKa ae 

~onEea npeB~maT:o nponycKHyro cno~o6aocT:& KaHana, a noB~rneame 

HHTeHCHBHOCTH nyqKa ~OHEHO COflp)BO&~aTbCH yBeHH'lleHHeM W830BOH 

fiHOTHOCTH qacTHU. 

~830B8H UHOTHOCT:& TOK8 - B3~He~lliHH napa.MeTp, xap8KTepH3YID

liU1~ KaqecTBo nyqKa aa Bxo~e ycK!)pHTena • .l{na onpe~eneaaa q,aao

BoM llJIOTHOCTH HeOOXO~M'IMO H3MepHI':& TOK nyqKa H npoeKUHH qeT@pex

Mepuoro lP830BOrO 06~eMa nyqKa Hd W830B~e llJIOCKOCTH. 06~liHO 3TO 

~eJiaeTCH np14 ~BHJK8HHI4 nyqKa B ll)OCTp8HCTBe ~pe.tiqJa: p8CllHHB8HH€ 

nyqxa np14 HI43KHX 3HeprHHX CBH38li0 C T€llJIOB~MI4 CKOpOCTHMH H ero 

C06CTB€HHUM KYJIOHOBCKHM noneM. l4o~HO H3MepaT:& lP830BH~ OO~eM He

nocpe~CTB€HHO no yBeHI4lleamro nont3peliHbiX paaMepoB nyqKa aa aa~aa

HOM nyTm, no oonee TOliHhle peayn:>TBTbi nonyqaroTCH npH nocne,7J;oBa

Ten:&HOM onpe~eneHliiH pacnJibiBSHHfl y3KHX IlY'IKOB, B@p€38HHblX 2-Mfi 

MHH 4-MH Dt€JIHMH. B nocne~He.M CJI~r'l{ae MOJKHO HSMTH pacnpe,7.1;eHeHHe 

W830BOtt llJIOTHOCTH no oc5~eMy, 'ITO BSJB:HO ,7J;Hfl yCT8HOBH6HHfl rpaHHU 

~aaoBoro oc5'DeMa pean:oaoro nyqxa .. 8IwnepHMeHTan:oaue JCTBHOBKH 

fl0,7J;OOHOrO po~a OUI4C8Hbi B HHTepa~~ype/33,34/. 

B yCT8HOBK€ C 2-MH ~8RHMH Il€pB8H rnen:& Bbl~€HS€T BC€ liSCTHUbl 

C 38,7.1;8HHOH KOOp,7.1;ItiHSTOH :C. , <I BTOp8H fl03BOJIH8T H3M€pHT:& pac-
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npe~eJieHJIIe TOKa Bbl~eJieHHblX tzaC'r:HI..J; 110 HaKJIOHaM TpaeKTOpHM ~: 
ToKonpmeMHHKOM Mo~eT cnyEHT~ W~JIHH~P ~apa~es aa BTopol ~enLro. 

rrocK01f~KY ooe uteJni nponycKaroT 3Ce aHatzeHJIIB ~~ d !I/ ct ~) TO 

nocne ooxo~a Bcex aHatzeHHii X 

oo'I>eMa Ha nnocKoCTL )C
1 

aK /ti "i 

1 nonytJ:HM npoeKUHID waaOBOrO 

(aMHTTaHc nyt~Ka). B cnytzae 

4-X uteneii nepBaB napa no3BOIIH6~~ Bhl;ll;6JIHT~ tzaCTH!Ul C aa;n;aHHhiM 

aHatzeH.aeM z PI :/ , a BTopaH napa - HaMepHT~ pacnpe~ene-

HHe TOKa no HaKJIOHaM TpaeKTop.ait .ct~ / d ~ M d!! /ti 1 • ECJUf 

ropH30HTaJI~HaH ut6JIL B nepBOW miOCKOCTM HaXO;ll;HTCH B nOJIOlKe HlUi 

V;;::;. 0 t a BO BTOpOI - d Y/tt.i~ = () , TO MOlKHO onpe;n;eJIHT~ 
CetzeHJIIe 4-X M6pHOrO waaoBoro OC)'beMa DJIOCKOCT~IO f;;;f1 d.,y /a'l =0 

EcnMI rpaHMIUa 4-x MepHoro oo'I>eMll annpoKCMMHpyeTCH rHnepanmmco

JII;zJ;OM t TO npoeKUHH ero H8 nJIOCKOCT~ t:; 1 cL~ /rt 2 COBna;n;aeT 

c cetzeHzeM Koop~MHaTHO~ nnocKOCT~IO 1f == 0; d f Itt~ == o • 
menz BO BTOpOM DJIOCKOCTM MOEHO 38MeHHT~ ~OT03MYJI~CHeH C TIOCJie

~YIOlltHM !llOTOMeTpHpoBaHHeM. JlJIB j'B6JIHtzeHHH CKOpOCTH H3MepeHHM 

BTOp8H napa ~eJie~ MOlKeT ObiT~ acq,HKCJIIPOBBHa, a Me~y nJIOCKOCTHMJII 

I JII ll UOMeuteH TIJIOCKHI KOH;ll;6HCa~op C llOJieM, HanpaBJI6HHhiM 1 Hanp.a

Mep, napannenl»HO OCJII '£ / 35/. Lp.a COOTB6TCTBYIOllt6~ SMniiHTy,ZJ;e H 

tzaCTOTe CKaHHpyroutero Banpa~eHHT. nytzOK MOlK6T nepecetzL BTOpyro na

py utene~ HeCKOJI~Ko paa Ha npoTr.lKeHMH zunyn~ca nyt~Ka, H npHoop, 

BKJliOti6HHhiH B u;en~ TOKODplll6MHHKc, ;n;aeT cepHIO KpHBhiX i (dx/dt)· 

8TOT np.aoop, KpOMe TOro, ;n;aeT ]03MO~HOCTl» llOJIYtJ:HT~ ;n;aHHhle 00 

H3M6H6HHH taaOBO~ nJIOTHOCTJII B ~Mnyn~ce B;ll;OJIL OCH pacnpOCTpaHe

HHH tzaCTHI..J;. llytzOK aa uteJI~IO CMewaeTCH HHOr~a C nOMOut~IO MaDHH

TOB/9/. BMeCTO BTOpOI naphl utene~ UOZ6T HCDOJI~30B8T~CH ~eTeKTOp, 
COCTOHutHii H3 pH;n;a O;ll;HO~ HJIH pa;n;a npOBOJIOt16K HJIH llO~HEHOrO UH

JIHH;n;pa ~apa;n;esl361. 
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K H8CTOH~eMy BpeMeHZ zauepeHH waaOBHe o6~eMY ny~Ka ~RH 

H6KOTOpHX THfiOB HOHHHX HCTO~HHKOB. MOHHHe HCTO~HZKH ~8DT H8-

~8RO BCeMy npoueccy yCKOpeHHH ~ HX BRHHHH6 H8 CBOMCTBS nyqKa 

B8CbM8 Cy~eCTB6HHO. llpOCTO yBenz~eHHe TOK8 HCTOqHHK8 6ea 

yqeTa ero W830BHX CBOHCTB, K8K OK83SHOCb, He ~aeT OXH~86MOrO 

yBenzqeHHH TOKS H8 BHXO~e yCKOpMT6HH/9/. HaH6onee qaCTO BCTpe

qamTCH HOHHH6 HCTOqHHKM C BHCOKOqaCTOTHHM paapH~OM H ~yannaa

MOTpOHH. ~OHH B STHX HCTQqHHK8X 8MHTTHPYIDTCH C rpaHHUH UH83MH, 

KOTOp8H 8H8HOrH~H8 K8TO~y B SHeKTpOHHYX nyqKaX. ~OpMa rpaHHUH 

38BMCHT OT reOM8TpHH BYTHrHB8ID~HX aneKTpO~OB H HX H8fipHE8HHH. 

ECRH rp8HHU8 pnaaMU BOrHyTaH, ny~OK HOHOB OK8X6TCH BHaqane 

CXO~H~HMCH H ero 8MHTT8HC 6y~er M6Hbme, qey ~HH BHfiYKHO~ rpa

HHUY. B ~yann83MOTpOH8X rpaHHUB llH83MM BYfiYKRSH, O~H8KO H Be

HHqHHY TOKa 6onbmze. Ecnz ~yannaauoTpoH o6opy~oBaH cneuzanb

HbiM 8H6KTpO~OM, KOTOpll!~ CfiOC06CTByeT yBeJizqeHHIO pacmzpeHHH 

llH83MH, TO HHT8HCHBHble nyqKz MOEHO nonyqaTb npz Cp8BHHT6HbHO 

HH3KOM SMHTTBHCe/3?/. Ha paauep 8MHTT8HC8 H3 MCTOqHHK8 BJIHH

eT: !) rpaHHU8 llH83MN; 2) TennJBHe CKOpOCTH HOHOB ( A J ~0 

5 upa~); 3) pacceaHze Ha raae, BHXo~a~eM za o6nacTH paapa~a; 

4) HeyCTO~~HBOCTb B nnaaue, np~BO~H~SH K H3M6H8HHIO SMHTTHpyD

m;ei:i fiOBepXHOCTH. l!T06N MOJlHO 6:JJIO Cp8BHHB8Tb SMHTT8HCbl OT HC

TQqHHKOB C p83HOH aHeprzeM, HX H3M8pHIOT B e~HHHUSX, nponopUHO

HSHbHHX npo~OJlbHOMY HMllY3IbCY Vq:> ~ EJ <t (HOpMa

HH30BSHHH~ 8MHTTSHC) H3IH B 6AHffMUSX {cu.XMpa~ X M8Bl/2J (T8K 

K8K npz HH3KY1X SH8 prHHX p _. f,;;-; ) • ,Zln:H ~yann:a3MOTpOHOB 

H HCTOqHHKOB C BHCOKoqaCTOTHNM paapa~OM 38BHCHMOCTb M8E~y TO

KOM H HOpM83IH30B8HHHM SMHTTSHC)M OK83UB88TCH JIHH6HHOI ~0 TOK8 
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npoTOHOB ,...., IOO Ma: ~1ll/,uaJ ~ t- 8 CcM x Mpa;n: x MaB112J, 
r.zte /{ = 2-t-20. l{yanJISSMOTpOHbl C D;HJIHH,'llpHqecKMM 3118KTpO;l.(OM MO

ryT .ztaBaT» J .zto 710 ua npH K = 25+1501381. YMeH»meHHe 

3MHTT8HC8 MOJi8T C5blT:& ,'llOCTHrHyTC B HOBOM BBpH8HT8 HCTOl!HHKa/39/, 

y KOTOporo BHYTPH BblTHrHB8ID~8H annepTypbl pacnonaraeTCH TOHKBH 

npoBonotiHaa ceTKa, K KOTOPOH "rpHJIHnaeT" rpaHmn;a nnasubl. TaKHM 

oe5pasoM, SMHTTHpyro~aa noBepxHOCT:& npmHmuaeT 6onee npaBHJI:&Hyro 

q>opMy. B pa6oTe/40/ nonylleiiO, 'G TO q>asoBaa nnoTHOCT» B n;eHTpe 

tieTblpexuepHoro q>asoBoro oC5~eMa nytiKa nocne .ztyannasMoTpoHa pac

npe.zteneHa paBHOMepHO H He 38BHCHT OT peJIHMS HOHHOrO HCTOl!HRK8. 

Ha nepmq>epHH q>asoBaa nnoTHOCT:& yuen»maeTca .zto HYJIH. BeJIHtUtJ:Ha 

WBSOBOH llJIOTHOCTH B ,Z1;8HHOM CJiy'Gae ,1lOCTHraeT 300 MS/C~•pa.zt npH 

TOKe nytiK8 ,ZI;O 480 ua. ~830B8H DJIOTHOCT:& B nytiKBX BblCOKOll8CTOT

HblX HCTOqHHKOB H8CKOJI:&KO HHJJte. 

3) BJIHHHHe q>asoBoro o6~eua Ha BeJIHtiHHY npe.zten:oHoro TOKa Ha 

BXO,ZJ;e 11HH8HHOro H KOJI:&D;8BOrO yCKOpHT8JIH. 

BeJIHtiHHY q>asoBO~ nROTHOCTH HS BXO,'lle JIHH8HHOrO yCKOPHT611H 

MOEHO noBblCHT:& c nouo~»ro rpynnmpoBaTena/6/. Ha BblXO.zte ma wopHH

zeKTopa pas6poc qacTHn; no npo;n:oJI:&HblM Hunyn»cau MeH:ome pasuaxa 

cenapaTpHcw 11HHeHHoro ycKopHTena. rpynnmpoBaTen:o ,l(eq>opuHpyeT 

npo;n:on:&HblH q>asoBblH o6~eu nytiKa, yBeJIHqmBaa pas6poc qacTHUbl no 

npO,'llOJI:&HblM HMlly11:&C8M H yMeH:&maa npOTHE8HHOCTb cryCTK8 B npo

CTp8HCTBe: CHHXpOHHSH l!BCTHUS He HSM8HHT SHeprHH, onepeJJtaiD~SH 

l!SCTHD;a 38TOpM03HTCH, a OTCT8D~8H ycKOpBTCH. B npOCTp8HCTBe 

;n:pe~q>a M8E,1ly rpynnmpOB8T8JI8M H ITHH8HHblM yCKOpHT8JI8M npoHCXO,ZI;HT 

rpynnHpOBKa l!8CTHU, ,1lJIHH8 3TOrO npOCTpSHCTBS no.ztC5HpaeTCH TBK, 
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qT06H HS BXO)(€ yCKOpHT€RH W83M ~SCTHU OHHH KSK MO~HO OJIH~e K 

CHHXpOHHO~. CryCTKH cne;nyiOT C 118CTOT0£1 yCKOpHIO~ero HanpHJlt€HHH. 

B peayJI:&TaTe npHueHeHHR rpynnH)OBaTena y;n;aeTca no;n;HHT:& cpe;n

HIOIO fiJIOTHOCT:& l{8CTHU :B cryCTKS:C npHM€pHO B ;IJ;BS paaa/6/ • UaKCH

M8JI:&HbiJ.1 TOK li1H~€KUHH, KOTOpbiH l40Jlt€T 6biT:& yCKOp€H .B HHH€i!HOM 

ycKOPHTeJie 6ea noTep:c aa:BHCHT I)T B€JIJrfq£11Hbl waao:soro 06'be:Ma 

nyqKa ~7 (nonepe'IHOH npoeKUHl~)/6/ 

(53) 

r;n;e = 3,I4·ro7 a (;nxi npoToHa) 
I 

llaCTOTa nonepeliHblX KOJie6aHHI B OTCYTCTBH€ npocTpaHCT:B6HHOrO 

aapa;n;a, 1{ - nponyCKHSH C:lOCOOHOCT:& KaHSJIS yCKOpHT6JIH. 

flplll aa;n;aHHOH ::meprHH 'tlaCTHU Ill :lponyCKHOI CUOCOOHOCTH KaHana 

\,{ MSKCHMaJI:&Hblt.i TOR YM6H:&IJla,3TCH C pOCTOM !fla30BOrO OO'b6Ma 

ny'tlKa. ECJIH yB6Jlli1~6HH6 HHJlt€KUH.d TOKa COnpO:BOJlt;IJ;aeTCH pOCTOM 

<f>830:BOrO OO'b6Ma, TO J tua~ C:iHJltaeTCff. I10BbiUl6Hl116 TOKa HHJlt6K

UHH stl_)tj}eKTMI:BHO .B TOM CJiy~ae, 61}JIM! OHO COllpO:BOllt.l(86TCH YB6Jllllqe

HH6M W830BOi1 fiJIOTHOCTH ny~Ka. Jpe;n;eJI:&Hblt.i TOK HHJK6KI.I.HM ;IJ;OCTH-

raeTCff npH -v,; c::..< -v;_ : 

(54) 

• ;nan:&-

H6£1Uiee CHHJlt6HM6 W830BOrO OO'b6M3 yJte H63HaqMT€JI:&HO CKa3bl:BaeT

Cfl H8 B6JIM'IHH6 MaKCMM8JI:&HOrO B)3MOJltHOrO yCKOpff6MOrO TOKa nyq

Ka. ;l{JIH peaJI:&HOrO yCKOpHT6Jiff, iaflpHMep, OfiMCSHHOrO B pa6oTaX 

/6/ H / 41/ ~ = I 67 a QnHaKoKsTOMY aHalleHMIO Ha npaK-
npe;n;. ' • ..... 

THKe noKa npli16JIH3HT:&ca He y~aerca H J ~ ~ 0,31. j npe;n;. 
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llocne~HHH oneaKa npe~nonaraeT, qTo nyqoK ~ocTaToqao xopowo co

rnacoBaH C KSHSHOM. RHH6~HN6 yCKOpHTenH, B OCHOBHOM, HCllOHi3y

IDTCH B KaqeCTB6 HHE6KTOpOB ~H£ llpOTOHHNX CHHXpOTpOHOB. MSKCH

MSHiHO B03MOEHN~ TOK, HHZ6KTHpyeMN~ B KOHiU6BOit yCKOpHTeni, 

onpe~enaeTca Bupa~eaMeu/61: 

(55) 

r~e ~ - ~830BUM 06~eu nyqKa Ha BNXO~e HHHe~HOrO yCKOpH-

T6JIH, L - ~nMHa paBHOBeCHO.~ opc5HTN KOHiUe:Boro yCI<apHTena. 

0TM6THM, tJTO TOK d MSKC. ~H:l KOHiU6BOrO yCKOpHT6Hfl npHMO 

nponopuHoaaneu nonepequoMy wasoBouy oc5~euy nyt~Ka -vn , B TO 

Bp6MH K8K ~Hfl HHH6~HOrO YCKOpwrenH J MSI\C, YM6HiW86TCH C poe

TOM Vn • 8To CBasauo c npHpo~ol aar-cna~BaeMux orpaHHtJ6HHU: B 

KOHiU6Bbi'X yCKOPHT6JlHX H8KH8~BB6TCH orpaHHqeHH6 H8 CM6U(6HMe 

qacTOTii nonepeqHux Konec5aHHti (nbipallteHHe (55) nonyqeao H3 yc

nOBiitH, tiTO H3.M6H6Hlite tJHCHa KOJWc58HMI Ha oc5opOT 4 (} , CBH-

38HHOe C npOCTpSHCTBeHHbJM ;3SpHJtOW L. i/4), a B HMH6MHbiX HS 

nonepeqable pasuephl nyqKa. EcnH 1fn ntqKa ueHiwe nponycxuo~ 

CUOC06HOCTH K8M6pbi, TO MOJitHO Yl16JIHqHTi TOK nyqKS 38 cqeT :t.CHOr0-

060pOTHOti HH:Ilt6KUMH. B KOHiU6BhD: YCKOpit1T6HHX lh: 38BHCHT OT 

SHeprHH, UOSTOMY MHOr~a y~06HeE HCfl0Hi30B8Ti 8KC6llT6HC yCKOpM

T6HH A • Tor~a BblpallteHMe (55)uueeT BM~: 

(56) 

MeJit~y nHH6MHbiM H KOHiU6BblM ycKCP~TeneM HHOr~a YCT8H8BHMB8~T 

~e6aH~ep, ~6MCTBH6 KOTOpOrO Ha nyqoK 00p8THO ~6MCTBHID rpynnH

pOB8T6Hfl. ~nH OUTMM8HiHOrO BBO~S nytJK8 B UMKHHqeCKHI yCKOpH-
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Ten» HCDOB»3YIDTCH CHCTeM~ corn9COB8HHH/42/. 

4) ~830Bile Oc57>eMbl npH yCKOpeH~UI 111 BhiBO.zte nepBM\IHE:lX nyt~KOB. 

B ~KnH~eCKHX ycKopHTenax co cnac5o~ ~oKycHpOBKO~ none

pellHE:le KOne68HHH C .M8JIOi1 8MfiJIVI'ry,li;O~ JIHHeiiiH~/9/, cne,li;OBSTeJI»

HO, nonepellHbJiil waaoBhiii o61>e11 H~~ no.ztBepraeTca HCKSJJteHHaM H 

OCTSeTCH fiOCTOHHHbJU B K00p,li;HH8~~8X OTKJIOHeHHH - nonepetiHhiiJ 

HMllYJI»C. B EeCTKOWOKyCHpyro~HX :rcKopHTeJIHX nonepetiHOe ,li;BHEeHHe 

B IJ;e1IOI4 T8KOe JJte, K8K fiO.lt .zte~c~~BHeM ynpyroi1 JIHHeilHOiil CHJibJ 

( Teopeua (J.'>3IOKe) H nonepetiH~H cpi130Bbli1 OOl>eM nytiK8 OCTSeTCH 

nocTOHHHhiM. Ecna nonepetiHble CHJ(hi, .zte~CTBYID~He Ha nyt~oK, He 

HB1IHIDTCH 1IHHei1Hbii4H cpyHKD;HHMH Cllell{eHHfl OT p8BHOBeCHOH opc5NITbJ 

( aoeppan;HH, CH1Ihl npocTpaHCTBeHr:oro aapa,n;a, cBaa» MeJJtAY npo

,l(01I:OHhlM H nonepet~HhiM ,l(BHJKeHMflMII.) t TO cpopM8 cj_)830BOrO KOHTypa 

.ztecpop.MHpyeTCfl H acp~eKTitlBHilM 3.MIITT8HC B03p8CT8eT. ~830BOe ,li;BH

JJteHHe B npO,li;01I»HO.M cp830BO.M npOCTpaHCTBe C KOOp,li;HH8T8MH npo

,11;01I:0Hbl~ H.MllY1I:OC-CMe~eHHe OTIHChJ!SeTCH T8KJJte 38MKHYTO~ KpHBOH. 

Boa:spall{aro~aaca CHJia B npo.ztoJI:oHo.M .ztBHJJteHHH nponopn;HoHan:oHa 

:seJIHtiHHe ( $?·"' t.t- )?"' IPS> ) , r,l(e <.f - cpa a a qacTHIJ;hi, 

~s - p8BHOBeCH8H cp838, H Cyll{eCTBeHHO HeJIHHe~H8, 38 HCKJIIDtle

HHeM C1IY'I8H M8JihiX 8YllJIHTY.zt KOJie68HHH. ECJIH npO,li;OJI:OHhi~ 3.MMTT8HC 

nyt~Ka BH8\18Jie M8JI (MaJIOe JJ Pjp npH HHJJteKD;HH), HeJIHHeiiiHhlH 

xapaKTep waao:shiX Kone6aHHi1 npHBe.zteT K aanonHeHHro :scei1 o6naCTH 

cp830BO~ yCTOHtiHBOCTH H yBeJIHtleH~ID 3WWeKTHBHOrO TipO,l(OJI:OHOrO 

3W1TT8HC8 TIYtiK8. 

~830BhiH OOl>e.M BUBe,ll;eHHOrO lepBHtiHOrO nyt~K8 38BHCHT K8K OT 

X8p8KTepHCTHK D;HpKyJIHpyro~ero nyqKa, T8K H OT .MeTO,zta, ,li;JIHTe1I:O-
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HOCTH H 3~€KTHBHOCTH B~BO~a. B cnyqae npHM€H6HHfl CX€Mhl flHqqm

OHH/43/ 3MHTT8HC nyqKa H8 B~XO~e OOHblli€, qeM ~0 BhlBO~a H ero 

B6HHqHH8 Ollp6A6Hfl6TCH B OCHOBHOM 8KC€flT€HCOM KaHana TpaHcnop

THpOBKH. ITpH O~CTpOM B~BOA€ C KCTI0Hb30B8HH6M KHKKep-MarHHTa 

BenmqmHa aMHTTaHca coxpaHaeTca. PeaoHaHcHue MeTo~~ B~Bo~a 

noaBOHHIDT coxpaHHTb BepTHKanbHhl~ aMHTTBHC nyqKa H yMeHDWHT» 

ropH30HT8H»HhlH, llOCKOHDKY B aaaop BhlBO~HOrO M8rHHT8 B K8E~hlH 

MOM6HT BpeMeHH aa6p8ChlB8roTCfl q3CTHUhl TOH»KO H3 qacTH ~830BOrO 

ropmaoHTaHbHOro oo'beMa UHPKYHH)YIDutero nyqKa H cocpeAOTStiHBaiDT

ca nocTeneHHO B uanoM ~aaoBoM iJo'b§Me. ITonHYI ~aaoBul o6'beM co

xpaHaeTca aa cqeT "paCTHEKH11 llJqKa B npo~OH»HOM (Bp6M€HHOM) 

HanpaB1I€lUiH/44/ • 

5) WaMepeHHe aMHTTBHCOB nyqKoB BhlCOKHX aHeprmH. 

MeTO.ZUx H3M6P€HHH 3MHTT8HCcl nyqKOB BhlCOKI4X aHepridi OCHOBa

Hhl H8 CBOMCTBaX 3HJIMllTHqeci\OrO <lJ830BOrO KOHTypa. ECHH aHeprMfl 

H€ Qq€HD B6JIHKa, B03MOEHO T8KEE np.l4M€H6HI46 KOHHHMHPYIDfltHX ute

nel, OTIHC8HHhlX BhlWe/35/. W3M€pEHHH H8 npoMeEyToqHhlX aneprHHX 

llOKa38JIH, qTQ H80HIDAa6TCfl H6KO~Opoe yB€1IHqeHH6 3~W€KTHBHOrO 

3MHTT8HCa 143-38 pacTaHKHB8IDuterc A6~CTBHH CHH npOCTpaHCTB6HHO

ro aapa~a. 

~3M6p6HH6 3MHTT8HC8 nyqKa BNCOKO~ aHeprHH M6TOAOM "MHHH

M8HbHOrO paaJ.tepa ilflTH8" OflHC8HO B pa6oTaX/24/ 14 / 44/. Ha pHC.8 

flOK83aHa OrJ46aiOutafl nyqKa, KOTOp~~ pacnpOCTpaHH6TCfl BAOJI» OCH 

t . 

B TOqKe A 3TOH OCH pacn~JIOEeHa woxyCHPYIDflt8fl KBaAPYTIOHD

H8fl JIHH3a. ECJIH ee CHHa He perynHpyeTCH, H3MepeHHH 3MHTTaHC8 
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B03MO*H~, npH YCROBHH, qTQ W830Bhl~ 8RJIHllC llOCRe RHH3hl HMeeT 

K8HOHHqecKyro WOPMY• B T8KOM onyqae, ecnH paa:uep nyqKa B MeCTe 

KpoccoBepa H Ha paccToHHHM L 1 

oT Hero t' H o I cooTBeT-

CTBeHHO, HMee:u: 

(57) 

ECJIH CHJI8 JIHH3hl pery;nHpyeTCH, M1JliCHO llOJiytU1T:b MHHH.M8JI:OH~H paa

:uep nyqKa 11 I " a a HeKoTopo.M pu CCTOHHHH L OT RHHShl, 

KOTOpoe OOJI:bWe paCCTOHHHH ,n;o KpOCCOBepa. PaaMep nyqKa B TOqKe 

/3 onpe,n;enfleTCfl yrJIOBbiM paCTBOpOM tiSCTH:U, npome,n;WHX qepea 

:U6HTp JIHH3bl H He UOJiyqHBWHX B HB~ H3M6H6HHfl yrna: 

Ot ~ :t --j- (58) 

TipH paaMepe nyqKa B JIHHae ero 8MHTT8HC 6y,n;eT: 

t:> a1. t 
r,-==~. (59) 

llOCKOJI:bKy He BCer,n;a YAOOHO H3M6PHT:O pa,n;Hyc nyqKa B UeHT

pe JIHH3hl, aTO MO~HO ,n;eRST:b H8 H€KOTOpOM paCCTOHHHH ~o OT 

Hee. ECJIH pa,n;Myc IIyqKa Ha aTOM J18CCTOflHMM - " a I n' TO 8MI1TT8HC 

6y,n;eT: 

::: (; ~ {).'1. - t L{~•/t) 2. 

f- .t. 
(60) 

nnH onpe,n;eJieHHfl paaMepa IIyqKa 8RCfiOHMpyeTCfl, HSllpHMep, ~OT06y

M8ra, peHTreHOBCRSH nneHKS, ~OTOHAepHSH aMyJI:bCHH. 

B TOM CJiyqae, Ror,n;a OTCyTCTByeT Jll1H38 Jt1 nytroK llOCJie BhJXO

,n;a 113 yCKOpHTeJIH, pacnpoCTp8HHeTCfl B CBOOOAHOM npOCTpaHCTBe, 

ero 8MHTT8HC MOliCHO onpe,n;eJIHT:b, H3MepHfl llpO~I1JI:b B 3-X TOqRaX H 

HCIIon:oaya ~op:uyny (43) .n;nH orH6a~~eH. 
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B nocne~Hee BpeMa ~na onpe~eneH~H au~TTBHCOB nyqKoB B~co

K~x 3HeprH~ H8 M8RNX ~HTeHC~BHCCTHX CT8RH ~Cfl0RD30B8T»CH C~CTe

M~ HCKpOBHX npOBOROqHHX K8Mep C pacnOROXeHHeM npOBOROK B 2-X 

B38HMHO nepneH~HKYRHpHHX llROCKOCTHX. fipow~n~ nyqKOB BHCOKO~ 

HHTeHCHBHOCTH MOryT perHCTpHpOB8T»CH C llOMO~»ID nponOpUHOHBR»

H~X KaMep/45/. B ~aHHOM cnyqae HHWOPM8U~H c KaMep~ o6pa6aTNBa

eTca 8BM, KOTOpaH paccqHTNB8eT 3M~TT8HC nyqKa, H C~RY KBa~py

llORDHNX RHH3, He06XO~HMYD ~RH nonyqeHHH 38~8HHOrO npO~HRH 

nyqKa B CHCTeMe. 06pa60T8HH8H HH~OpM8U~H C 8BM BNBO~~TCH, Kpo

Me Toro, Ha uHwponeqaT» H sKpaH ycTpo~CTBa BHsyanHaauHH. 
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x x' 

· Io Xo 

X 

PRe. I. BoapacTaHRe aMVITTaHea nytn,:a B peayJI:&TaTe 

MHOrOKp8THOrO paeeeflHRH H8 MVIIII6HR. 

a) 

5) 

3 

x' 

x' 

x' 
2 

PRe. 2. llyqKI e paaJIRqH~MVI xapaKTepVIeTHKSMVI B ~e~eTBVITeJI:o

HOM VI ~830BOM rrpoeTp8HeTB8! 8) rryqoK IT8p8JIJI6JI:OH~M, 

6) rryqoK rOMOU6HTpHqeeKH~, B) rryqoK e KOHeqHHM 

W830B~M 00~6:MO:M 



X' 

J) 

PHC. 3. K npo~CXO~~eHH~ ann~HTH~eCKOrO KOHTypa: TpaeKTOpHH 

~8CTMn@ B ycKopzTene H H8 W8SOBOM nnOCKOCTH. 

x' 
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x' 

X 

P1t1c. 5. KonJIZMBU.It1H nyqKa ~BYMH ll{eJIHMH. 

x' 

:r 

2 2 

P It1C. 6. HopM81I:&Hbli! nytiOK B CBC,60.1-(HOM npOCTp8HCTBe. 
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[T] 

Pwc. 7. K BhiB0.9Y ~opuyJibl (4-5) 

-- I - c: --.-.,_._ __ L, -----1 

3 

PHc. 8. K lt13MepeHHIO aMW~TaHca ny'tlKa BhiCOKOW 
aHepruH 
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