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Bne,aeHHe 

Han6onee aqxpeKTHBHble MeT0Llbl BblB0Lla ny'lKa ll3 yc;KopnTeneli C npocTpaH

CTBeHH0H aapnauneli ocuoaaHbI Ha ncnonbaoaa~nn peaoHancHoli canan,.~e>Kny aan

MyTanbHbIM ll pannanbHblM LlBH>KeHneM, B03HHK8!01lleli rrpn 3Ha'leHnnx 'l8CT0T 

Q, = 1, 3/2, 211 ,21 . 

B rrpoeKTe pennTHBRCTCK0I"0 UHKn0TpoHa (PU) • pa3pa6oTaHHOM B na6opa

Topnn nnepHbIX · npo6neM 011HH131, 3Ha'leHne 'laCT0TbI pannanbHblX Kone.6aHnli Ha 

K0H9'IH0M pannyce Qr = 1,8 n HerrocpenCTB9HH0e rrpnMeHeHne pe30HaHCHblX M9TO

Ll0B He rrpencTaannnocb B03M0>KHblM. noaTOMY rrpn nay<ieHnn B0llp0C0B, CBSI38HHblX 

C BblB0Ll0M ny'lKa H3 rrpoeKTHpyeMoro llHKnoTp0Ha, 6blnn paCCM0TpeHbl pa3nH'lHbJe 

B03M0lKH0CTH H3MeHeHnn 'l8CT0Tbl pannanbHblX Kone6aHnli Ha K0He'lHblX pannycax 

rrpn coxpaHeHnn aKCHanbHOH ycTOH'lllBOCTH. 

B pa6oTax14,51 6blno II0Ka3aHo, 'ITO 'laCT0Ta pannanbHblX Kone6aHnli M0>KeT 

6b!Tb yaenn'leHa no 3Ha'l9HHSI Q r = 2 rrpn aaeneHHH B CTpyKTYPY MarHHTHOI"O rronn 

PU, nepH0Llll'lH0CTb K0T0poro N = 8, 'leTaepTOli rapM0HHKH • .llnn C03LlaHnn aitiitieK

THBH0H CHCTeMbl BblB0Lla B. 3T0M cny'lae M0>KeT 6b!Tb ncrronb30BaH MeXaHH3M .ue-

nnueliuoro peaouauca Q, = 8/4. 

Ebmo TaK>Ke II0Kaaauo161, 'ITO 'laCT0TY pannanbHblX Kone6aunn M0>KH0 ll3Me

HHTb B Y3K0M HHTepaane pannycoa npn II0M0lllll noKanbHblX Heonuop0LlH~CTeli Mar

HHTH0I"0 rronn ll ocymeCTBHTb pe30HaHCHblH BblB0Ll, B K0T0p0M ncrronbayeTCSI B 0CH0B

H0M MexaunaM rrapaMeTpnqecKoro peaouaHca. 

B uacTostmeli pa6oTe nano>KeHbl 0CH0BHbJe peaynbTaTbl nccnenoaaHnli, rrpoae

nenHbJX B CBS13H C paapa6oTKOli 3THX nayx MeT0Ll0B BblB0Lla rry'lKa nnst pennTHBHCT

CK0I"0 UHKn0Tpoua. OrrncaHbl 3KCrrepnMeHTbl, npoaeneHHble Ha Monenn MarHHTH0li 

CHCT9Mbl PU (Koaiti~nuneHT rrono6nn K =6,087) 111 , 110 coanaHHIO 4.:.li rapMOHHKH I{ 

perynnp0DKe xapaKTepnCTHK 0CH0BH0I"0 MaI"HHTH0I"0 rronn Ha K0H9'lHblX pannycax. 

PaCCMOTpenbl TaK>Ke B0llp0Cbl coanaHHSI noKanbHblX Heonuop0LlHOCTeli MarHHTH0I"0 
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I -

nonSI c Tpe6yeMb!M aHa'IeHueM rpam1eHTa .. 1500 s/cM, OnncaHa nporpaMMa II pe

aynbTaTbl q11cneHHb!X pacqeTOB TpaeKTOpllii ABll,JK.eHIISI qacTl!U B cqiopMllpOBaHHb!X 

MaI'Hl!THb!X IIOnSIX, 

I • OnpeaeneHHe IIapaMeTpOB M8I'HHTHOH CHCTeMbI, 06ecIIe'lHBa10111eii 

pe30H81fCHyIO paCK8'1Ky paananbHbIX Kone6aHHH Ha KOH0'1Hb1X 

paanycax penHTHBHCTCKOI'O UHKllOTpOHa 

TTp11 BBeJleHl!II 4-oii rapMOHHKH MaI'HIITHOe none PU B MennaHHOH nnOCKOCTII 

"' l!MeeT BIIJl 

H ( r , ¢ ) a H ( r ) [ 1 + £ sin ( {3 - N ¢ ) + £ sin ( {3 - _N__ ¢ ) ] , ( 1 ) 
z 8 8 4 4 2 

rne H Cr) - cpenaee none, £ ,£ - aMnn11TyJ1hl 8-ii 11 4-ii rapMOHIIK, t.IacTOTb! 
8 4 , 

pannanbHb!X II aKCHanbHb!X KOne6am1ii qaCTIIU B MarHHTHOM none BIIJla ( 1 ) MoryT 

6b!Tb orrpeneneHbl MeTOJlOM, 11anoJKeHHb;M B pa6oTe/4/ 
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B STIIX BblpalKeHIISIX aepXHHl1 3HaK OTHOCl!TCSI K pan11anbHOMy, a HlllKHHH - K 

aKCHanbHOMY JlBHlKeHHIO, Q 
O 

- qacToTa pannanbHblX 11n11 8KC11anbHblX KOne6aH11ii 

npH l 
4 

= 0, 

Ecn11 qia3b! MaKCHMyMa rapMOHIIK 113MeHSI!OTCSI C pannycoM no crr11pan11 Apx11-

Mena r = NA rp , TO {3 • ~ , {3 - _r __ + i, , rne S - cliaaoBhlii cnaur 
8 ~ 4 2i 4 4 

4-11 rapMOHUKU OTHOCIITenbHO OCHOBHOl1, 

AHalIH3 qiopMynhl (2) noKa3b!BaeT, 'ITO '!aCTOTa pannanbHbIX KOne6aHHH cyme

CTBeHHO 3aBIICUT OT napaMeTpa s 4 • Ha pnc. 1 noKa3aHbl 3Ha'!eHUSI l' ' Heo6xo

JlUMb!e JllISI U3MeHeumi 'l8CTOTbl Kone6aanii Ha KOHe'!HOM pa1:myce PU C Q = 1,8 
• 

no Q, =2, B aaancnMOCTU OT aennqHHbl qiaaoaoro cnenra, B neaol1 qacTn pucyHKa 

noKa3aHbl nonoJKeHHSI nnunl1 M8KCHMYM8 4-:a rapMOHIIKH OTHOCIITenbHO, CHCT0Mbl 

cnnpan&Hb!X WHMM nnH uecKonbKHX xapaKTepHbiX aaaqeunii S 
4 

• 

Baeneune B CTpyKTYPY M8I'HHTHOI'O nonSI 4-11 rapMOHHKU Bbl3blB8eT TaKJKe no

nonHnTelibHY!O 8KCHalibHY!O qioKycnpoBKy. DnSI coxpaHeHHSI nOCTOSIHCTBa qaCTOTbl aK-

CH81IbHblX Kone6aunl1 Q =0,3 Tpe6yeMble 3Ha'!eHH8 aMimHTYJlbl 
• 

3Ha'IeHHSIX £ 
4 

H ql830BOM cnenre, 6nn3KOM K onTnManbHOMy 

Hbl B Ta6n11ue 1. 

, Ta6n11ua N9 1 

l 8 0,273 0,260 0,250 

l 0 0,045 0,061 
4 

£ 
8 

np11 paann'!Hb!X 

8 - -2L-np11aene-
' 2 , 

L 

Heo6xon11MaSI eenH'IIIH8 4-11 rapMOHIIKII cymeCTBeHHO yMeHbWaeTCSI npll yaen11qea1111 

{3, = 
4 

1 

i 
4 

, 'ITO BIIJlHO 113 cneny10mel1 Ta6n11Ubl, 

Ta6n11ua N9 2 

{3 , 
4 

0,050 0,065 0,080 0,110 

£4 0,045 0,040 0,035 0,030 
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0AH8KO pacqeTbl Il0K83am1, ,'fTO C03A8Hlle 4-oll rapMOHIIKII B orpaHH'IeHHOM IIHTep

aane pannycoa co 3Ha'!e1msiM11 /3' > -1
- , rne 2 rr X . = 48,38 CM - pannanbHhiil ne-

4 2X 
pllOA OCHOBHOil CTpyKTypbl MarHHTHOrO nonSI, He npeACTaBnsieTCSI B03MOlKHblM. TTo-

3TOMY Tpe60B8HIISI K nononH11TenbHblM aneMeHTaM MarHHTHOil CHCTeMbl 6hmll caene

.Hbl K TOMY, 'lT06bI OHi! 06ecneq11aan11 Ha KOHe'lHOM pa6o'!eM pannyce ycKopnTensi 

Rk = 325 CM 8MllnHTYAY 4-ll rapMOHllKII E 
4 

(0,04 !- 0,06) c cpa3oll, Ha116onee 

a r rr 
6nH3KOil K /J = -:-z;- + -- • 4 2 i\ 2 

napaMeTpbl MarHHTHOil CllCTeMhl PU", BbI6paHHble paHee Ha OCHOBe pacqeTOB 

" /7 9/ 
ll 3KCnepHMeHTOB Ha Monen11 MarHHTHOll CllCTeMbl • • 06ecne'll!Ban11 pacnpenene-

Hile cpenHero nonsi, aMTinllTYAhl ll cpa3bl OCHO~HOll rapMOHl!Klll 6nH3KHe . K Tpe6yeMhlM 

( pnc.2). n oaToMy nononH11TenbHbie aneMeHThI, cpopM11py10m11e 4-10 rapMOHHKy nonsi, 

Morn11 pa3Melll8TbCSI TOn~KO B na3aX MeJK.dy cn11panhHblMII WIIMM8Mll C MIIHHManb-

HblM 3830pOM, COOTBeTCTBYJOlllllM npocp11m<i CllllpanbHblX WIIMM h ( r ) . . I 
(cM, p11c.2), 

CpenHee MarHHTHOe none 3TIIX aneMeHTOB nonJKHO 6hITb TBKHM, 'lT06bJ B o6nacTH 

pa60'l11X pan11ycoB ero MOlKHO 6bmo CKOMileHCllpOB8Tb C ·TIOMOlllb!O CHCTeMbl TOK0-

/10/ 
BhIX o6MOTOK, PU • 

11cnonh30B8Hlle TOKOBblX CllCTeM nnsi' peweHHSI IIOCTaBneHHOll: 38A8'lll o6nana

eT PMOM cymeCTBeHHblX npe11My1lleCTB. B 'laCTHOCTH, peryn11pysi BenH'lllHY aMnn11-

TYAbl 4-ll: rapMOHIIKH, MOlKHO B HeKOTOpblX npenenax 113MeHSITb pan11yc Hen11HeilHoro 

pe30HaHca, 'ITO BeCbMa BaJKHO nnsi OIITHManbHOll: nacTpoilKll CHCT0Mbl BblBOAa. 

.Unsi 11ccnenoaaHHSI B03MOlKHOCTII ·11cnonb30B8HIISI TOKOBblX CHCTeM Ami cpopMH

poBaHHSI 4-il rapMOHIIKH. 6binll llpOB0A0Hbl paC'l0Tbl MarHHTHoro nonsi CeKTOpHblX 

o6MOTOK, KOTOpble Morn11 6b!Tb pa3MemeHbl B na3aX MelKAY CIIHpanhHblMII WIIMMa-

. . ' 
MIi ( p11c.3). TTp11 npenenbHO AOIIYCTIIMblX aMnepilHTKax AW a 3,75• ·10 a (ce'!eHHe 06-

2 0 
MOTKII 15 x5 = 75 CM ) H 83HMyTanbHOil 1IpOTS!lK0HHOCTH KaTyllleK a .. 25 MaK-

CHMBnbHBSI BenH'lHHa BMTinHTYAbl 4-ll rapMOHIIKII COCTaBnSieT 750a. OnHaKo, Karna 

6oKOBhle IIOBepXHOCTH KaTyweK IIOBTOpS!!OT cpopMy CllllpanbHblX WIIMM, cymecTByeT 

38MeTHOe OTKnoHeH11e cpam,1 OT /3 a --j;- + lJ • .Unsi ycTpaHeHHSI aToro OTnH'lllll 
4 2-.\"- 4 

Heo6XOAIIMO yBenH'l!fTb CllllpanbHOCTb 6oKOBblX IIOBepXHOCTeil KaTyweK. TTp11MepHblll: 

BIIA Heo6XOAIIMOil KOHcpllrypau1111 KaTyWKII C -;( = 9, 15 CM IIOKa3aH Ha 3TOM JKe 

' 
p11cyHKe. B 3TOM cny'lae 83HMyTanbH8SI IIPOTSDKeHHOCTb ~aTyWeK a ,. 10° 11 oueH-

KIi 8MllnHTYAbl 4-il rapMOHIIKH naJOT 31I8'10HHSI H ' .. 200a npn cpa30BOM CABHI'0 

l, 4 ,. -
3
-- fr • Tpe6yeMoe JKe 3H8'10Hlle 8MlliiHTyAbl llpll T8KOM cpa30BOM CABHre coc-
4 . 

TaansieT H 4 = 800a. 
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TaKHM o6pa30M, HCIIOnb30B8HHe TOKOBblX o6MOTOK nm1 peweHHSI paCCMaTpHBa

eMoll: 3aAa'lH He npencTaansieTCSI B03MOlKHblM. OnHaKO T8Kll0 aneMeHTbl MoryT pac

CM8TPIIB8TbCSI KBK nononH11TenbHbl0 aneMeHTbl B MarHHTHOll: CIICTeMe PU nnsi KOp

peKllllll 4-il 11 8-ll: rapMOIIHK nonst a ~OHe BblBOAa. 

Pac'leTbl MarHHTHOrO nonst Kp11aon111IeltHblX lllllMM, BbllIOnHeHHbie B npennono-

/11 / 
JK0Hlill paBHOMepHoro HaMarHH'lHB8HHSI • IIOK83ann, 'ITO Tpe6yeMBSI BenH'lHHB 

aMnnHTYAbl 4-ll: rapMOHHKII MOJKeT 6b1Tb coanaHa 38 C'leT pa3M01U0HHSI B II838X MelK

AY cn11pam1MH CTanbHblX WIIMM C nepHOAll'lHOCTb!O N a 4 

.Unst onpeneneHHSI Tpe6yeMbIX napaMeTpoB 6hm npoaeneH p~ pac'leToa, B KO

TOpbIX aapb11poaanacb CIIIIPBnbHOCTb li pannanhH8Sl · IIPOTS!lK01IHOCTb WHMM IIOCTOSIH

Holi yrnoaoll npoTSilK0HHOCTH. Ha p11cyHKe 4 npencTaBneHa 3aBHCHMOCTb E 4 H l, 4 

OT pannyca, paCC'lliT81III8Sl nnsi onnoro 113 BapnaHTOB TaKHX lllHMM. Ha aTOM JK0 

p11cyHKe IIOK838HO yMe!IhW0HHe aMnmtTYAbl 8-lt rapMOHHKH tH 
, 4 8 

n H3MeHeHne ee 

ql83bl l, 8 
• nony'leHHble npn cnoJKeHHH nonst OT no6aBO'lHblX aneMeHTOB C OCHOB-

HblM MarHHTHblM noneM ycKopnTensi. 

AHann3 Bb11IOmieHHblX pac'leTOB IIOKa3an: 

1. 11cnonb30B8Hlie WHMM C 83HMYTBnhHOil llpOTSllK01IHOCTb!O (5 !- 9) rpanycoB 

II03BOnsteT nony'lHTb Tpe6yeMyJO aenH'lllHY aMnnHTYAbl 4-li rapMOHHKH npn 

8 = (-5-rr .:. _6_,r ). 
4 8 ' 8 

2. Heo6XOAHM00 3Ha'leHHe cnnpanhHOCTH WIIMM cymecTB01IIIO 3aBHCHT OT HX 

pannanhHOli llpOTS!lK01IHOCTH. 

3. Bo BCeX paCCMOTpeHHblX cny'laSIX na6n10naeTCSI YM0Hblll0Hli0 aMnnn_TYAbl 

OCHOBHOil rapMOHHKII Ha BenH'lHHY I npeBblWBJOll{YJO nonyCTHMOe 31Ia'leH11e. 

4. 3aBHCHMOCTb cpa3bl OCHOBHOil rapMOHIIKH nonsi OT pannyca M0HSl0TCSI He

cymeCTBeHHO llpll aaeneHHII nononHHTenhHOli CHCT0Mbl WHMM. 

XapaKTepHOli oco6eHHOCTb!O pannanbHblX pacnpeneneHHli nonsi OT WHMM c IIOCTO

SIHHOli yrnoBoli npoTS!lKeHHOCTb!O siansie.TCH TO, 'ITO M8KCHManbHbl0 3Ha'leHHSI aMTinH

TYAbl 4-ll rapMOHl!Kli II cpenHero nonSI H8XOASITCSI Ha pan11yce MeHbWeM, '10M KOHe'l

Hblli pa60'l11Il paAHYC R k = 325 CM. Bonee npHeMneMblil xapaKTep pacnpeneneHHSI 

MarHHTHOI'O nonsi na6n10naeTCSI IIPII HCIIOnb30B8HIIII lllllMM, yrnoBaSI npoTS!lK0HHOCTb 

KOTOpblX a ( r ) B03pacTaeT c pan11ycoM. Pac'leThl noKa3an11, 'ITO B aTOM cnyqae 

MOJKIIO YAOBneTBOpHTb. rpe6oaaHHJO 113MeHeHHSI 'l8CTOTbl Kone6aHHil B Y3KOM pan11-

anbHOM 11arepaane a6n113n npenenhaoro pa6oqero pan11yca II nony'lHTb pacnpenenen11e 

cpenaero nonH, KOTopoe MOJKeT 6hITb CKoppeKTllpOBaHO c IIOMOlllb!O TOKOl}b!X o6MO-

TOK PU. 
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Ha OCIIOBa!IHH _npoaeJ1e1111oro KOMnneKCa pac'leTOB 6bmH Bb16pallbl napaMeTpbl 

CIICTeMbl WIIMM, qiopMHpyIOWHX 4-10 rapMOIIHKY M8r'IIIITl!Or'O nonsr. PeaynbTaTbl SKCne

p11Mel!TOB, npoae.nellllb!X C STIIMII WHMM8MII Ila Mo.1:1en11 M8r'IIIITIIOll: CHCTeMbl llHKnoT-

po11a, npuae.1:1e11b1 11a puc. 5 H 6. B STHX 3KCnepHM811Tax H3Mellsrnocb a3HMyTanb-

11oe nonomeuue WHMM OTIIOCHTenbHO cnupanell: c uenbIO nony'le11usr 11au6onee npueM

neMoro pa<;npe.1:1ene11usr aMnnuTy.llhl 8-ll: rapMOIIHKH BAOnh p·a.nuyca, Yron Mem.ny o.1:1u-

11aKOBbIMH 6oKOBblMH noaepXIIOCTSlMH .nononHHT8nbllblX H OCIIOBllblX cnupanb!lb!X WHMM 

cocTaansrn y = o0 
(puc.5) u y = 2° (puc,6). B neaoll: 'laCTH pucyHKOB n0Ka

aa110 pacnonomeHHe JlOnonHHTenbHblX WHMM H nony'leHHble aaBHCHMOCTH qia3bl MaK

CHMyMa 4-ll: u 8-ll: r_apMOIIHK nonsr OT pa.nuyca, B npaaoll:. - npuae.neHbl paJ1uanb

Hb1e pacnpe.neneuusr cpe.nHero nolisr u aMnnuTyA rapMOHHK, Bu.nHo,_ 'ITO cpe.1:111ee no

ne H aMnnuTy.lla 4-ll: r'apMOIIHKH cnaoo 3aBHCSIT OT B3aHMIIOr'O . pacnonomeHHSl WHMM, 

B. TO BpeMSI KaK aMnnuiy.na 8-ll: rapMOHHKH H3MOHSl8TCSl Ha 3aMeTHYIO aenH'IIIHY, 

Ilo.1:1po611oe sKcnepuMe11Tanb11oe uccne.1:1oaa11ue SToro sqiqieKTa noKaaano,_'ITO onTH

Manb11oe nonome11ue CHCT8Mbl .1:1onon11HTenbllblX WHMM COOTB8TCTByeT 3Ha'le!IHIO Y -=2u •. 

0TMeTHM TaKme, 'ITO aMnmtTY.llbl Bb!CWHX rapMOHIIK ( m > 8) np11 Bb16pa111lb!X 

napaMeTpax IIIHMM "HMelOT 3lla'IHTenbHylO BenH'IHIIY, 0.1:111aKO OUellKH noKa3bIBaIOT, 

'ITO BnHSIIIHO HX 11a ,!UIHaMHKY ABHmeHHSl 'laCTHU B 30He BblBOAa 6y.neT 11ecy111eCTBeH

llblM, 

Oco6e11nocTbIO npuae.1:1e11111,1x SKCnepuMe11Tanb111,1x pacnpe.neneuull: HBnHeTCH a11a

'IHTenbHan paJ111anbllaSI npOTHmel!HOCTb B03Myllle!IHH OCIIOBHOll: rapMOHHKH Mar'IIHT-

110!'0 llO.JIH, YMeHbille11ue aMnnHTY.llbl 8-ll: rapMOIIHKII 11a5n10)laeTCH B HIITepaane pa

JlHYCOB /). •= (48 .. 51) CM, r'Jle aMnnHTY.llbl 4-il H BblCWIIX rapMOIIHK e111e 11ea11a

'IHTenbHbl. B 30118 )lell:CTBHH 4-ll: rapMOIIIIKH ( r > 51 CM) aMll.JIHTY.lla OCIIOBIIOll: 

rapMOIIHKH llO.JIH TaKme yMeHbwaeTCH na BenH'IHHy, npeBb!Wa10111y10 Tpe6yeMoe 3Ha

'10!1He, 0.1:111aKo .QnH Bb16pa1111oro aapuanTa Jl06aBO'IHblX WHMM ,YCTOll:'IHBOCTb aKCHanb

HOr'O ABH)KOIIIBI o6ecne'IHBaeTCH npu H83ll8'1lfTenbHOM yaenu'le!IHH H & , 'ITO MO

meT 6b!Tb .QOCTHr'HYTO H3Me11e11ueM npoqiH.JISl CIICT8Mbl cnupanbHblX IIIHMM Ha KOHe'l

llblX pa.1:1uycax. 

Ha p11c, 7 ( B neaoil. 'laCTH) np11ae.1:1e11a aaaHCHMOCTb aMnnIITY.llbl OCHOBHOll: rap

MOIIHKH nomi: OT pa.1:111yca, no11yqe1111aH np11 H3M8118IIHII npoqill.JIS!,, 8 npaaoll: qaCTH 

pucyHKa noKaaanbl 3aBHCHMOCTH 'laCTOT pa)lHanbHblX H aKcuanbHblX KOne6a1mll: OT 

paJ111yca, pacc'luTa1111b1e .nnH sToro cnyqag np11 peao11a11c110M cpe.1:111eM none II Hile-

anbHOll: qiaae OCIIOBHOll: rapMOIIHKll r 
f3s = T , B11.1:1110, 'ITO 'laCTOTa pa1111a.J1bllb!X 
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I:!,. r = (53 t- 53,5)cM CTa!IOBIITCSJ Kone6a11uil B03pacTaeT, H B HIITOpBane pa.llHYCOB 

paa11oll: Tpe6yeMOMY peao11a11c110My ana'leHHIO Q , = 2 , Ilpu STOM aKCHanbll08 .l:IBH-

meuue OCTaeTCSl ycTOll:'IHBblM, a qaCTOTa aKcuanbllblX KOne6a11ull: H3MOIISlOTCll B npe-

.nenax Q = (0,3 t- 0,4). 

" TaKHM o6paaoM 6bma npeJ1nome11a H ocy111ecTane11a cTpyKTypa Mar'IIHT11oro no-

nu, B KOTopoll: ycTpa11sreTCSl mecTKaSI CBSJ3b 'laCTOTbl panuanbllblX Kone6a11ull: C Be-

nuqu11oll: siiepruu 11a aa.1:1a11110M pa.nuyce H n0Kaaa11a B03MO)KHOCTb ocymecTBne11usr 

MOAHqillUHp0B811110r'O peao11a11c11oro BblB0.1:18 ny'IKa H3 KaMepbl penSJTHBIICTCKOr'O llHK

noTpO!la, Jlanb11eil111ee yTO'IHe1111e napaMeTpoa BbI~9.llllOH cucTeMbl H onpeJ1enem10 

Kosqiqiuuue11Ta BbIBOAa npe.llnonaranocb npoaecTH 11a oc11oae 'l11cneHHbIX pacqeToB 

TpaeKTOpHll: JlBH)K0IIHH 'laCTHU B C03)lalll!blX Mar'IIHTllblX nonHX, a raKme nyTeM MO-
. ·pu1s1 

)lenupoBaHHH STOr'O MeT0.1:18 BhlBO.lla ny'IKa 11a sneKTpo1111oll: MO.lie.JIU 

II • HccneJWBBHHe MeTOJlOB BbIBOJlB nyqKa, HCilOllb3YJOllil!X 

noxanbH~e. HeOJlHOPOilHOCTH MBI'HHTHOI'O nona 

Jlng penHTHBIICTCKOr'O UUKnoTpo11a 11apHJ1y C MOJlHqJHUHpoBaHJlblM peao11a!ICllblM 

MeTO.llOM paapa6aTb1Bancg TaKme MeTO.ll BblBO.lla ny'IKa c llOMOIUblO noKanbllblX HeO)l-

11opo.1:111ocTell: · Mar11uT11oro nonH - rpam1e11Tllh!X Ka11anoa, 

TeopeTn'leCKHe uccne.1:1oaa11usi noKaaanu, 'ITO 11eo6xo.1:1nMaH cucTeMa aoa6y)K

.1:1e11uH pa.nuanhllb!X Kone6a:iHlt 111151 PU M.Ol!teT 6b1Tb ocyllleCTBneua npu HCllOnb30Ba-

HUH ABYX .JIOK8nbllb!X 1180.llHOPOAIIOCTell: C npoTHBOllO.JIO}KHblMH no 3HaKy 

3lla'lel!HHMH rpa)lueHTOB Mar'l!HTl!Or'O nonH, 4aCTOTbl 6eTaTp0HllblX KO.Jle6aHHH npH 

/6/ 
11anll'IIIH .llBYX noKanbllblX 11eo1111opo.1:111ocTeil onpenenHIOTCH Bblpa)Kel!IIHMH 

cos 2 IT Q = cos 2 ff Q 0 

2 2 
..L [ T «1> 

0 
( ¢ ) + T «1> 

0 
( <p ) ] • sin 2 ff Q 0 2 I I 2 2 

(3) 
l 2 2 

+-T T <ll
0

(cf,
1

)<ll (<{,
2

),sinQ f3 •sinQ (2ff-P ) , 
2 I 2 0 0 I o· I 

r'Jle 
T

1
=; ±.l!.n 1 a 1 • T2"'±.l!.n:ia2 

l!. n 
1 

, l!. n 
11 

- H3Me11e11ue noKaaarenH nom1 11a op611Te B 06nacT11. nepaoil 11 BTopoil 

11eo.llllOpOJ:1HOCTH·, a a 

aaHMYTbl HX pacnono:-KeHHSl, 
2 

- a311MyT8.JlbH81l npOTH)K8HHOCTb o6nacTeii, <p I , <p 
2 

-

f3,=c/>2- ¢;,;o, 

9 ,. 



<Ii O (cf,) I [ I + 
vo"; 

,
8

(R,B~l 

N2 
cos ( ,B 

8 
- N cf, ) ] , 

B a;rnx Bh!palKeHHSIX aepXHHH 3HaK OTHOCHTCSI K pai:rnanbHOMy, a HHlKHHH - K aK-

cnanbHOMY ABHJKeHmo, a ~ H 
0 

Q O - , orn6aromasi n '!aCTOTa cooTBeTCTByromero 

BHAa Kone6aHnli npn OTCyTCTBHH noKanbHhlX HeonHopOAHOCTeit. 

KoHcjlnrypaUHSI MarHHTHoro nonsi noKanbHhIX HeOAHOpOAHOCTeli AOnlKHa 6hITb 

TaKOH, 'IT06bi AO axona '18CTHU B o6naCTb M8KCHManbHhIX roanneHTOB '!aCTOTa oa

AHanbHhIX Kone6aHHH H3MeHnnacb AO COOTBeTCTByromero pe30HSHCHOro 3Ha'!eHIISI. 

Tipn 8TOM B nepeXOAHOll o6naCTW aKcnanbHOe ABHlKeHHe nonJKHO OCTaBaTbCSI ycTOH~ 

'IHBhIM ( 0 <, Q z < 0,5) H yaenn'leHHe a'epTHKanbHhIX pa3MepoB ny'!Ka 113-38 pocTa 

orn6aromeli He .iionlKHO npeBhil!laTb nonycT,HM~ro 3Ha'!eHnsi. Llnsi BhmonHeHnsi nocnen

Hero ycnOBHSI, a TaKJKe HCKnIO'!eHHSI cjla30BhlX noTepb ny'!Ka, pa3Mep nepeXOAHOll 

o6naCTH no P,aAnycy AOnlKeH 6bITb MHHHManbHhIM. 

Hcnonb30BaHne noKanbHhlX HeOAHOpOAHOCTeil 3H8'1HTenbHOH 83HMyTanbHOH 

npoTSilKeHHOCTH SIBnSieTCSI T8KlKe HeJKenaTenbHhIM, TaK KSK ycnoBHSI npOXOlKAeHHSI 

'18CTHU8MH TaKHX o6nacTeil 6yAyT HeOAHH8KOBhl AnSI pa3nH'!HhIX Ha'lanbHblX cpa3 

pannanhHhIX Kone6annn. 

TipeABapnTenbHhlH. BbI6op napaMeTpOB CHCTeMhl HeOAHOPOAHOCTett OCHOBbIBan

CSI Ha aHan113e cjlopMynh1 (3) 11 orn6aromnx Kone6annli B nepeXOAHOil o6nacTn 
161 

C y'leTOM Bh!Ll.IenpnBei:teHHhIX ycnoann. E1,mo noKa3aHO, '!TO Tpe6yeMaSI CHCTeMa 

napaMeTpH'!eCKOI'O pe3oHaHCHoro B036yJKneHHSI pannanbHhIX KOne6aHHll MOlKeT 6bITb 

ocymeCTB~eHa B PU npn ncnonb30B8HHH noKanhHhIX HeO)lHOpOllHOCTeli C a3HMyTanb-

HOH npOTSllKeHHOCTbIO a .. (0, 1 t- 0,2) pannaH, onHaKo, Heo6xonnMoe 3Ha'leHne 

rpanneHTa nonsi a 8THX o6naCTSIX nonlKHO COCTaBnSITb BenH'IHHY .. (1500-2000)a/cM. 

Llnsi n3y'!eHnsi B03MOlKHOCTH peann3aUnn aToro MeTona Bhmona ny'!Ka B yc

noansix PU 6hmH paccMOTpeHhl BOnpOChl coanaHHSI He06XOAHMhlX rpanneHTOB Mar

HHTHOI'O nonsi C noMOl!lbIO cpeppoMal'HHTHhIX aneMeHTOB, pacnonar1;1eMhIX BHyTpH 

nyaHTOB ycKopnTensi. B rpanneHTHhIX KaHanax c /1;. n .< 0 ncnonb3yeTCSI ueHTpanh-

HaSI nnaCTHHa, pacnonolKeHHaSI B MennaHHOH nnOCKOCTH, KOTopaSI C03AaeT cnaA 

M~rHHTHOro nonsi c rpaAHeHTOM, 6nn3KHM K Tpe6yeMoMy. Ha6op WHMMHpyromnx 

nnacTnH; pacnonaraeMhIX CHMMeTpH'IHO OTHOCHTenbHO MeAHaHHOll nnoCKOCTH, KOP-. 

peKTHpyeT B03MyllleHHSI MarHHTHOro nonsi B o6naCTH pa6o'!HX paAHYCOB H yMeHb

waeT pannanbHYIO npOTSllKeHHOCTb nepeXOUHOll o6naCTH. 0CHOBH8SI H WHMMHpy10wne 

10 

i. 

'I 

I 

I 
'I 

I 
,I ·, 

j 

nnaCTHHhl AOnlKHhl HMeTb KpHBH3HY, COOTBeTCTByIOIUYIO <j>opMe paBHOBeCHOH op6n- . 

Thi B MeCTe ycTaHOBKH rpanneHTHoro KaHana. 

,. TipoaeneHHhie pac'!eThI noKa3ann, '!TO pacnpeAeneHne MarHHTHoro nonsi B ueHT-

panbHOll '!aCTH KpHBOnHHeHHbIX lllHMM C AOCTaTO'IHOli TO'IHOCTbIO annpOKCHMnpyeTCSI 

pacnpeAeneHneM nonsi oT npsiMonnHeHhIX lllHMM TaKoro JKe nonepe'!Horo ce'!eHHSI. 

B CHCTeMe KOOpAHHaT, CBSl38HH0ll C ueHTpOM KPHBH3Hhl OCHO!l,,HOH nnacTHHhI, Mar

HHTHOe none MOlKHO annpoKCHMHpOBaTb <!>YHKUHeit 

rne H (r ) 
k 1 

H 
zk 

H (r )F (cf,.), 
k 1 1 

(4) 

AHHaT, a 

- _pa.irnanbHOe pacnpeneneHne nonsi B Bh16paHHoil cncTeMe Koop-~ 

F - 6eapa3MepHasi <jlyHKUHH, xapaKTep113y10masi- H3MeHeHHe nonsi nnac-

THH C a3HMYTOM. 

Ha OCHOBaHHH pac'!eTOB 6hlna Halinena ~oH<jlnrypaUHSI n~aCTHH rpanneHTHOrO 

KaHana, npnaeneHHaSI na pnc.8, KOTopasi o6ecne'IHBaeT Heo6xonnMoe 3Ha'!eHne·rpa-

nnenTa npn pannanhHOli npoTsilKeHHOCTH nepexonHolt o6nacTn'- '" l0,6 t- 0,7) CM. . 
Ha aTOM lKe pncyHKe noKaaaHo pacqeTnoe pacnpeneneHne MarHHTHoro nonsi n akcne-

pnMeHTanbHhie 3Ha'!eHHSI, nony'!eHHbie H3 H3MepeHHl1 Ha MaKeTe TSKOH cncTeMbl 

npn Hann'IHH OCHOBHOH H nepaoli lllHMMHpyrowelt. nnacTHHhl. 

Ha OCHOBaHHH pac'!eTOB 6binH T8KJKe onpeAeneHhl napaMeTpbl w HMM, coana

IOlllHX pacTymee · no pannycy MarHHTHOe none co 3Ha'!eHneM nonolKHTenbHoro rpa

nneHTa, 6nH3KHM K Tpe6yeMoMy • 

Llnsi H3y'!eHHSI AHH8MH'!eCKHX a<jlcjleKTOB, CBSl38HHhIX C npoxoJKneHHeM qaCTHU 

qepe3 nepexonHy10 o6nacTb 3a c'!eT Ha6opa aHeprnn, onpeneneHnsipannanhHOro no

nolKeHHSI HeOAHOPOAHOCTeli, a TaKlKe yTO'!HeHHSI HX napaMeTpOB, Bhi6paHHhlX Ha oc

HOBe nnHeHHOH Teopnn, Heo6XOAHMO npoaeneHne 'IHCneHHhIX pac'!eTOB no TO'!Hb!M 

ypaBHeHHSIM ABHlKeHHH. Ha aneKTpOHHO-Bhl'IHCnnTenbHOli MaWHHe MeTOAOM PyHre

KyTTa pewanaCb CHCTeMa ypaBHeHHH 

z 

2 
2 r' 

r = -y (cf,) 

. 2 
[ r + r ,2 J a/2 

I H ( r ) + H ( r ) cos 0 + I H ( r 

~=-y{cf,) 
r 

oo r Ho 

[r2+r'~½ 

H 
00 0 

8 I 

I [ H ( r ) N sin 0 + I 
8 I 

11 . ~ 

a HI ] 

a¢ 
r z 

,2 

cf,> I ,. 
(5) 



dH d Hs , H s 
s · an 1 1 -[ --- + --- cos 8 - --·sin 8 + --- z + dr d r ?t I a, 

(6) 

SH]..!....2 
, 

+ [ H (r ) + H cos 8 + 
8 I r 2 

E 
rne r = ---0 - H O - none B UeHTpe, 00 

e H 
MarHIITHoe none

0 
HeonHoponHocTeii II y ( ¢) 

8=~-N¢,H 1 (i=l,2 •.• ) -

- q>yHKIIIIH, xapaKTeplI3YIOIII8H II3-

MeHeH1Ie IIMnyn&ca q'acTIIUbI 3a cqeT Ha6opa 3HeprlIII. 

DnH MarHIITHoro nonH PU q>yHKUIIIO y ( tp) M01KHO npencTaBIITb B Blll{e 

rne 

y ( ¢) .. 

n = _r_ 

H 

Vtt[ 1 + .....YJ!+l _..Q.L 

dH 

dr R 

n Eo 

2 

EH - l .. --2--

E o 

(~J 
2 IT 

R- paBHOBeCHb!H pan1Iyc, COOTBeTCTBYIOIIIIIH Haqan&HOH· 3Hepr1III qaCTIIUbl E 

(7) 

H 6. E - Ha6op aHepr1rn 3a o6opoT. 

nplI qncneHHb1x pacqeTax 3HaqeHnH cpenHero nong 11 aMnn1ITYJ:lbI OCHOBHoii 

rapMOHIIKII, a TaKJKe 11x npon3BOllHbIX no pai:mycy 3anaaannc& Ta6n11uaMn, nony

qeHHbIMII na OCHOBe 113Mepeunii: Ha Monenn MarnHTIIOH CIICTeMbl PU. MarnnTHOe 

none rpan11eHTIIbIX KaHanos 3a.Qasanoc& B cncTeMe KoopmmaT r 
1 

¢ a q>op-
1 

Me Ta6n1111, nonyqeHJibIX na 0CHOBe pacqeTOB MarHIITHoro lIOllSI. B 3TOM cnyqae pa-

nnan&noe II a3nMyTan&Hoe no1101Ke1Ine KaHana r 
0 , ¢ O , pannyc KplIBII3Hbl oc-

II0BHOH lI118CTIIHbl 
p O II yron ee pa3B0pOTa 0TH0CHTenbHO 0KPYlKH0CTll 

HBnSinlICb napaMeTpaMH TOllbK0 q>opMyn npeo6pa30BaHHH K00pJ:llIHaT 
/3 0 

2 2 2 2 

r 1 ( r , ¢ ) = r + r O + p O - 2 r 
O 

p 
O 

cos /3 
0 

+ 2 r p 
O 

cos ( ¢ - ¢ 
0 

+ /3 
0 

)- 2 r r 
O 

cos ( ¢-¢ 
0 

) 

¢ l(r • ¢) Arc cos 
p O + r cos ( ¢ - ¢ 

0 
+ /3 

0 
) - r

0
c os /3 

0 

r 
1 

(r, ¢) 
(8) 

H Mornn Bapb!IpOBaTbCSI B npouecce C'IeTa 6e3 H3MeJieHIISI Ta6nnu Marm1THoro lIOllSI. 
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i 
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11 

OTMeTHM TaKJKe, qTO B 3TOM cnyqae MarHHTHoe none HeonHoponHOCTeii MOJK· 

Ho 3anaT& B Han6onee npocToii <j)opMe (4) n nonanaHHe qacTnu Ha aneMeHTbI Bbl· 

BOJ:lHOro ycTpOHCTB8 yno6HO q>HKCHp0B8Tb B KOOpllHH8T8X (r l 

'incneHHble pacqeTbl TpaeKTOpHii fIO ypaBHeHHHM (5) n 

• ¢ ). 
I -

( 6) npOBOJ:lHlllICb Ka 

B CT8T1IqeCKOM ( /',,. E a O ) . , T8K II J:llIH8M1IqecK0M peJKIIMe. 

Ha OCHOBe CT8T1IqeCKIIX pacqeTOB TpaeKTOpllii: B nnoCK0CTll Z = O 6bln: 

IICCnenosaHbl OCHOBHbie xapaKTeplICTIIKII pan1IallbHoro J:lBIIJKeHIIH Ha K0HeqJiblX pa 

m1ycax ycKoplITenSI B oTcyTCTBIIe MarHIITHoro nonH rpa.111IeHTHbIX Kaaanoa. Hail• 

neaa q>OpMa paBH0BeCHblX op61IT nn,i: HeCK0llbK.IIX 3HaqeH1Iii 3Hepr1III B llHTepsan, 

(670-700) Mas II onpeneneHbI ann1InCbI 3MMIITaHca nyqKa nnSI pa3n1IqHbIX aMnn1I 

Tyn pan1IallbHblX Kone6aHIIH. 8TII ann1InCbl IICnOllb30BanlICb B ll811bHeii:weM nnSI Bbl 

6opa aaqanbHblX ycnOBIIH HeB03MYIIIeHH0rO J:lBHJKeHHH, C0OTBeTCTBYiOIIIIIX onpene 

neHHbIM 3HaqeHIIH~ aMnnlITY.Qbl II q>a3bl pan1IallbHblX KOlle6aH1Iii. 

Aaan1I3 nposeneHHbIX pacqeTOB noKa3an, qTo 3Haq1ITen&Hb1e nennaeii:H0CT 

cpenHero nonSI B o6nacTII KOHeqHblX pan1IyCOB nplIB0J:lSIT K 3aMeTHOMY yMeHbWeHm 

qacTOTbI pa.111Ia.Ji&HbIX Kone6aa~ii nplI yaen1IqeH1III nx aMnn1ITyn. TaK, qacT0T'\3-. pa 

J:lliallbHbIX Kone6aHIIH qacTIIII OTHOCIITellbH0 npenellhHOii paBHOBeCHOii op61ITbl yMeHb 

maeTCH c Qr =l,798 

(0 i- 3) CM. 

no Qr= 1,720 nplI ll3MeHeHllll aMnllHTYll B llHTepaan 

DnH ocy111eCTBneHHH pe30HaHCHoro Bb!BOJ:la nyqKOB C npoeKTIIblM 3}1:aqeane: 

aaeprnn W = 700MaB aeo6xonnMo ocna61ITh annnane nennaeii:HOCTH cpe.11nero non 

Ha J:lBIIlKeH!Ie qacTHU B o6naCTII pannycoB BbIBOna. noaToMy 6blnlI BHeceHbl COO'I 

BeTCTBYIOIUHe ll3Menennn B xapaKTep pacnpeneneHnH cpenaero non.11 B HHTepaa.JJ 

pannycos (325 t- 330) CM n paCCM0TpeHbl B03M0lKH0CTH llX peann3aUHll Ha MO.QE 

nn MarHHTHOH. CllCTeMbl PU. 

Ha OCHOBaHIIll CTaTnqecKIIX pacqeT0B 6binll TaKJKe onpeneneHbl aaqallbHbl 

ycnoann, neo6xoi::inMble nn~ Cpb1Ba qacT11u c npenen&HbIX paBH0BeCHbIX op6nT, q'I 

noaaonnno cq>opMynnpoBaTb OCHOBHble Tpe6oaaHII.II K CHCTeMe BblB0l{a nyqKa ll Bbll 

BHTh oco6eHHOCTII npoxoJKneanSI qacTIIII qepea pacceSIHHOe MarHIITH0e none ycKop1 

Tensr. 

Oco6eHHOCTblO MarHllTHuro nong PU HBnnnocb TO, qTO nnH Cpb!Ba qaCTHU 

npenenbHOH. paBHOBeCHOH. op61ITbl R .. 325 CM neo6XO.QllMO ysennqllTb cy111eCTBYIOIIII 

pa.1111an&able CKopocTH qacTHU ,ollhKO B .QBa pa3a. DnSI 3Toro nocTaToqao B a3HW. 

TanbHOli o6naCTll npOTHJKeHHOCTblO .. o, 1 pannana C03.Q8Tb cna.Q MarHHTH0ro nOJ 
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OTMeTHM TaK*e, qT0 B ST0M cnyqae MarHHTHOe none HeonHoponHOCTeil MO*

HO aanaTb a HaH6onee npOCT0il q>OpMe ( 4) H nonanaHHe qaCTHU Ha sneMeHTbl Bbl- . 

B0!IHOro ycTpoilCTBa yno6Ho q>HKCHpOBaTb a K00p!IHHaTax (r 
1 

4HcneHHble pacqeThl TpaeKTOpHil no ypaBHeHHSIM (5)_ H 

• ¢ ). 
l -

( 6) npOB0!IHllHCb KaK 

B CTaTHqeCKOM ( 6. E = 0 ) . , TaK H !IHHaMHqeCK0M pe*HMe. 

Ha OCH0Be CTaTHqecKHX pacqeTOB TpaeKTOpH.il B nnoCKOCTH Z"' 0 6blnH 

HCCnenoaaHbl OCHOBHbie xapaKTepHCTHKH panHan&Horo !IBH*eHHSI Ha KOHeqHblX pa

!IHycax ycKOpHTensi B OTCYTCTBHe MarHHTH0ro nonsi rpanHeHTHb!X KaHanoB. Hail

neHa q>OpMa paBHOBeCHb!X op6HT nnft HeCKOnbKHX 3HaqeHHil SHeprHH B HHTepBane 

(670-700) MsB H onpeneneHbl snn11nChl SMMHTaHca nyqKa nnsi paanHqHblX aMnnH

Tyn panHan&HhIX Kone6aHHil. 3TH snnHncb1 Hcnon&aoaan11c& B nan&HeilmeM nnSJ Bh1-

6opa HaqanbHblX ycnOBHil HeB03MyllleHHOro !IBH*eHHSJ, COOTBeTCTBYIOlllHX onpene

neHHh!M 3HaqeHHSJM aMnnH'ry!lhl H q>a3bl pan11anbHblX Kone6aHHil. 

AaanH3 npoBeneHHblX pacqeT0B UOKaaan, qTO aaaqHTen&Hble HenHHeilH0CTH 

cpenaero nonsi B o6naCTH K0HeqHblX panHycoB npHB0!ISIT K 3aMeTHOMY yMeHbllleHHIO 

qaCTOTbl panHanbHblX Kone6am/:il np11 yBenHqeHHH HX aMnnHTyn. TaK, qaCTOT~ pa

!IHanbHbIX Kone6aHHil qacTHU 0TH0CHTenbH0 npenenbHOil paBHOBeCH0il op6HTbl yMeHb-

maeTCSJ c Qr ml,798 

(0 t- 3) CM. 

no Q ,= 1,120 npH H3MeHeHHH aMUllHTYA B HHTepBane 

nnsi OCyllleCTBneHHSI pe30HaHCHOrO Bb!B0!la nyqKOB C npoeKTHhlM 3HaqeHHeM 

sHepr11H W .. 700 Msa Heo6xonHMO ocna6HTb anHsiHHe HenHHeilHoCTH cpenHero nonsi

Ha !IBH*eHHe qacTHU B o6naCTH panHyC0B BblBO!la. nosTOMY 6bmH BHeCeHbl COOT

BeTCTBYIOlllHe H3MeHeHHSI B xapaKTep pacnpeneneHHSI cpenHero nonsi B HHTepBane 

panHycoB (325 t- 330) CM H paCCMOTpeHbl B03M0*HOCTH HX peanHaauHH Ha MOAe

llH MarHHTH0il CHCTeMhl PU. 

Ha OCH0BaHHH CTaT11qeCKHX pacqeTOB 6bmH TaK*e onpeneneHbl Haqan&Hble 

ycn0BHSI, Heo6XO!IHMb1e nnsi Cpb!Ba qacTHU C npenenbHblX paBHOBeCHbIX op6HT, qTo 

n03B0llHll0 Cq>OpMyn11poBaTb 0CH0BHble Tpe6oaaHHSI K CHCTeMe BbIBO!la nyqKa H BhlSI

BHTb oco6eHHOCTH npoX0*!leHHSI qacTHU qepea pacceSIHH0e MarHHTHOe none YCK0pH-

Oco6eHHOCTbIO MarHHTHGro nonsi PU smnsinocb TO, qTO nnsi Cpbrna qacTHU c 

npenenbHOil paBH0BeCH0il op6HTbl R •325 CM Heo6XO!IHMO yaen11q11Tb cymeCTBy10m11e 

pan11an&uble CKopoCTH qacTHU ,on&K0 B naa paaa. nnsi sToro nocTaToquo B a3HMY

Tan&Hoil o6nacTH npoTSI*eHHOCTbIO .. 0,1 pan11aHa coanaTb cnan MarHHTHoro nonsi 

13 



C rpa.r:meHTOM .. -1500 3/C~. Ilpn T8KOM MeX8HH3Me Cpb!B8 cymeCTBeHHblM HBnH-

eTCH TO, 'ITO CKOpOCTH CB060AHbIX Kone6aHHli 3H8'IHTenbHO' MeHbIUe M8KCHM8nhHOli 

CKOpOCTH paBHOBeCHOli op6HThI, T8K 'ITO Ha onpeAeneHHb!X 83HMyTaX cymecTByeT 

rpynnnpOBK8 P8AH8nhHb!X CKOpOCTeli. 

3TH oco6eHHOCTH M8I'HHTHOI'O nonSI PU HBHnHCb OCHOB8HHeM AnSI pa3pa6~T

KH CHCTeMbl BblBOAa, He ncnonb3YIOIUeli o6bl'IHOI'O OTKnom110mero ycTpOHCTBa - Mar

HHTHOI'O K8Hana C ABYMSI nnaCTHHaMn, ocna6nSIIOlllHMH HanpHli<eHHOCTb MaI'HHTHOI'O 

nonH. 0CHOBH8SI TPYAHOCTb npn pa3pa6arKe 3TOli CIICTeMbl COCTOHna B C03A8HHH 

ycnoanli, npn KOTOpb!X 8KCnanhHOe ABI!)KeHne B nepeXOAHOli o6naCTH nonSI ~eOAHO

pOAHOCTeli OCTaeTCH ycTOli'IHBb!M. 

LlnH PU 6bma npeAnO)KeHa n nccneAOB8Ha CHCTeMa BblBOAa, B KOTOpoli nc

nonb3Y~TCSI ABB. rpaAI!eHTHb!X KaHana, pa3HeceHHbie no 83IIMYTY Ha nepHOA" CTpyK

Typb! M8I'HIITHOI'O nonH ~- Ilpn npOXO)KAeHHH 'I8CTHUaMH ABYX noKanbiihIX B03-
N 

MYlll~HHli MaI'HHTHOI'O nonH C 6 n < 0 B nepaoli o6naCTH II • 6 n > 0 , - BO BTO-

poli, MO)KHO npn onpeneneHHbIX ycnOBHHX o6ecne'IHTb aKcnanbHYIO YCTOll'IHBOCTb B ne

peXOAHoli o6naCTH. Ilpn nonaAaHHH 'I8CTHU B o6naCTb KPHTH'IeCKOI'O rpaAHeHTa 

=1500 3/CM OHH nony'Ia!OT AOCTaTO'IHO CHllhHOe BHernHee OTKnOHeHI!e B nepaoli 06-

naCTH n npOXOAHT c Hapy)KHOli CTop'oHbl OCHOBHOli nnaCTllHbl BTOporo Kanana. 3AeCb 

ocna6nennoe MarnnTnoe none npHBOAHT K AanbHelirneMy yaenn'IeHnro.paAnyca Kpn

BH3HhI, a nonO)KHTellbHblll rpaAHeHT cnoco6CTByeT C!JOKycnpOBKe BbIBOAHb!X TpaeK

Topnfi. 

Ha pnc.8 npnaeneHa cxeMa pacnono)KeHnH rpanneHTHbIX KaHanoa n noKa3aHbI 

OAH8 H3 npeAenbHb!X TpaeKTOpHfi ABH)KeHHH 'I8CTHU B nepeXOAHOli o6naCTH H ABe 

BblBO/lHbie TpaeKTopnn, COOTBeTCTByromne H8'I8nbHb!M aMnnHTYA8M pannanbHblX KO

ne6amifi Ar .. 0 n Ar"' 1,5 CM. Pac'IeTbl TpaeKTOpHfi npOBO/lHllHCb B /lHH8MH'Iec-

KOM pe)KIJMe npn M8KCHM8llbHOM Ha6ope 3Heprnn 38 o6opoT 6 E =400 K3B. AHa

llH3 TpaeKTOpHli noK83an, 'ITO pannanbH8H CKOpOCTb npoXO)KAeHHH 'I8CTHU8MH nepe

XOAHOli o6naCTH HepaBHOMepHa H 3H8'IHTellbHO B03p8CT8eT npn nonxone K o6naCTH 

KpHTH'IecKoro rpaAHeHTa. Yncno o6opoToB, Heo6xonnMoe AnH npoXO)K/leHHSI aceli 

o6naCTH, ne)KHT B HHTepaane l l O f- 2U J o6opOTOB AnH 'I8CTHU c paanH'IHbIMH H8-

'I8llbHb!MH ycnOBHHMH. 

0AHHM H3 He)lOCT8TKOB paCCMOTpeHHOli CHCTeMbl Bb!BO)la SIBnHllOCb TO, 'ITO 

H3-38 scpcpeKTOB npeueccnn Hellb3H o6ecne~HTh 0AHH8KOBhie ycnoBHSI npoXO)KJ:{eHHSI 

nepexonHoli o6nacTn nepaoro n BToporo KaHana nnH 'IaCTHU c 6onhrnHMH aMIIlIHTy-
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AaMH pa.imanbHb!X KOne6annli, 'ITO, B nepayro O'Iepenb, CKa3b!BaeTCSI Ha YCTOll'IHBOC

TH aKCHallbHOI'O /lBH)KeHHH. ilellCTBHTellbHO, pac'IeTbI, BhmonHeHHbie .QllSI pannanhHOI'O 

ABH)Kel!Hft B nnoCKOCTH z = 0 , noKaaann, 'ITO npn TlllaTenhHOll onTHMH3aUnH napa

MeTpOB. TaKoll CHCTeMbl MO)KHO BbIBeCTH ace 'IaCTHUhI, Ha'IanbHhie ycnoBHSI KOTOpb!X 

neJKaT • smrnnce, cooTBeTCTByromeM A, a l ,t5 •cM, n 3Ha'IHTenhnyro 'IaCTb 'IaCTHU -c 

aMnnnTyAaMH paAnanbHb!X Kone6aHHll B HHTepaane A, = (1,5 f- 2,5' CM. OnHaKO 

pac'IeT aKcnanhHOro /lBH)KeHHSI noKa3an, 'ITO o6ecne'IHTb npoXO)K/leHne nepexonHoll 

o6naCTH 6e3 cyIUeCTBeHHOI'O yaenn'IeHHSI aepTHKanhHbIX pa3Mepoa ny'IKa, MO)KHO 

6yAeT, no:-BHAHMOMY, TOnbKO AnH paAnanbHblX aMnnnTyn A, :;: 1 CM .. 

B 3TOM OTHorneHHH 6onee npeAITO'ITHTenhHb!MH HBns!IOTCH cncreMbI, ncnonh3y

IOIUHe HeonHoponnocTn, noKann3oaaHHh1e B y3KOM HHTepaane a3HMyToB. 

II03TOMY nnSI PU 6bma paCCMOTpeHa npyrag ~oHcpnrypaUllH Bb!BOJ:{HOI'O ycTpoli

CTBa, B KOTopoll COBMemeHHbie no 83HMYTY rpam1eHTHb!e K8Hani,1 C 6 n > 0 ' Ii 

- 6n < 0 o6ecne'IHBaroT pa3heneHne op6nT, He_o6xonnMoe AnH aa6poca 'IaCTHU B o6hI'I

Hhili MaI'HHTHblll KaHan, ocna6nHIOlllHli HanpHli<eHHOCTb MaI'HHTHOI'O ~onSI. Pac'IeTbl 

noKa3ann, 'ITO B 3TOM cny'Iae ynaeTCH o6ecne'IHTb ycTOll'IHBOCTb 8KCnanbHOI'O /lBll

)KeHHH AnSI 6onee mnpoKoro HHTepaana aMnnnTyA paAnanbHhIX Kone6annn. 

Ha pnc.10 npnaeneHhI KPHBhie, xapaKTep n3yromn_e noaeAeHne 6eTaTpOHHhIX KO

ne6aHnli qaCTHU B 38BHCHMOCTH OT 'IHCna o6opoTOB npn npoXO)K)leHHH nepeXOAHOli 

o6naCTH nonH COBMemeHHblX noKanbHb!X HeOAHOpO/lHOCTeli, a3HMyTallbHaH' npOTSl)KeH

HOCTb KOTop_bIX Bh16paHa paaHofi 0,15 paAH8H8 ( 6n > 0) 'n 0,1 paAHaHa ( 6n <O). 

LlnH IlOCTpoeHHSI 3THX KpHBbIX ncnonb30BanHCb paC'IeTHbie TO'IKH 'Iepe3 HHTepaan 

6¢ = ~. TaK 'ITO B npnBeAeHHOli paAnanbHOli TpaeKTOpHH HCKnIO'IeHbl Bb!Hy)K-
N 

AeHHbie Kone6aHHSI c nepHOAH'IHOCTh!O OCHOBHOI'O MaI'HHTHOI'O nonH. Bnnno,'ITO npn no-

IT8A8HHH 'IaCTHU B o6nacTh KpHTH'IeCKOI'O rpanneHTa HMeeT MeCTO peaKoe yaenH'IeHHe 

aMnnnTy/lhl paAHanhHblX Kone6aHnli, 'ITO npHBO/lHT K pa3AeneHHIO op6HT • 2 CM. 

YcT8HOBK8 OTKnOHSIIOllleI'O ycTpOliCTBa Ha 83HMyTaX M8KCHM8nbHOI'O paa11enemu1_ 

op6nT lHenocpeACTBeHHO nepen CHCTeMOli noKanhHbIX HeOAHOpOAHOCTeli nn6o 'Iepe3 

nonoBHHY o6opOT8 OT Hee) Il03BOnHT BbIBeCTH ny'IOK Ii3 K8Mepb1 ycKOpHTenn. 

Heo6XOAHMO OTMeTHTh, 'ITO AnSI OTKnOHeHHSI IlY'IKa a o6naCTb paAnanhHOli 

HeycTOll'IHBOCTH IlOTpe6yeTCH nocTaTO'IHO cna6oe OTKnoHSI_IOIUee ycTpOliCTBO, KOTO

poe MO)KHO BbinOnHHTb B BHAe KOpOTKOI'O M8I'HHTHOI'O KaHana, 06na11a10mero Bbl

COKOli nponyCKHOll cnoco6nocThIO. LlnH 3TOI'O B~pll8HT8 BbIBOAHOI'O ycTpoliCTB8 6bmO 

npOC'IHT8HO Bcero HeCKOllhKO TpaeKTop_nll npu H0H3MeHHblX napaMeTpax CHCT0Mbl 
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noKanbHblX HeOAHOPOAHOCTell. OAH8KO 8H!3n113 3TIIX pac'!eTOB II HeKOTOpb!e oueH

KII no onTIIMll38UIIII napaMeTpOB CIICTeMbl nOK83blB8JOT, '!TO 3AeCb eme IIMeJOTCSI 

B03MOJKHOCTII yaen11'1eHIISI paA11anbHOI'O pa3AeneHIISI op611T AO (a t- 5) CM. OcHOB

HblM qJBKTOpOM, orpaHll'll!BBJOIUIIM Benl!'ll!Hy MBKCIIMSnbHOI'O p83AeneHl!SI op611T, SIB

nSieTCSI yBen11'leH11e aKCl!BnbHblX pa3MepOB ny'!KB 38 C'leT yBen11'leHl!SI or116a10meil: 

np11 np116n11JKeHl!II '18CTOTbl Kone6aH11il: K 3H8'leHIIJO Q =0,5 • B 3H8'111TenbHOil: 

Mepe 3TO o6ycnaBnUB8eTCSI aqiqieKTOM 1!3MeHeHl!SI '18CTOTbl 8KCl!anbHblX Kone6aH11il: 

HeB03MymeHHOI'O .ABH>KeHl!SI npn yBenn'leHl!II paAIIBnbHblX OTKnoHeHl!H '18CTIIU OT 

npeAenbHblX paBHOBeCHhlX op611T. 

TaKl!M o6pa30M, C03~8Hl!e ycnOBIIH, npll KOTOpblX ocyIUeCTBnSieTCSI 3H8'111-

TenbHOe paAnanbHOe pa3AeneHne ny'!Ka Ha nocneAHIIX o6opoTax, cymecTBeHHo 3a

BIICIIT OT B03MOlKH0CTll KOppeKUllll OCHOBHblX xapaKTepllCTIIK MBI'HIITHOI'O nonSI 

PU B 06nacT11 paA11ycoB BblBOAa. 

3. KoppeKl1HH xapaKTepHCTHK MarHHTHoro rrona Pll na 

KOHe'IHbIX pa11Hycax 

TipoBeAeHHble 11ccneAOB8Hl!SI noKa3an11, '!TO AnSI ocymeCTBneHIISI aqiqieKTIIBHblX 

pe30H8HCHblX MeTOAOB BblBOAB ny'lKB 113 PU onTIIManbHblMII SIBnSIJOTCSI T8Klle yc

noBIISI, np11 KOT0pblX OCH0BHOe MBI'HIITHOe none 06ecne'111BaeT: 

1. 3Ha'leH11e qaCTOTbl paA11anbHblX KOne6aH11li OTHOCIITenbHO KOHe'lHOil: paBHO-

BeCHOil: op61!Tbl, 6n1!3KOe K Qr =l,8 AnSI aMnn11TyA AO (::S t- 4) CM. 

2. nocTOSIHCTBO 'laCTOTbl 8KC1IanbHbIX Kone6aHllli Q = 0,3 AnSI 3TOI'O IIHTep-
z 

Bana paAl!BnbHbIX aMnm!TyJ:l. l.J:aCTOTa paAllanbHblX Kone6aHHH B penSITIIBHCTCKOM 

UllKnOTpOHe onpeAenSieTCSI B OCHOBHOM 3H8'leHllSIMII noKa3aTenSI cpeAHeI'O nonSI 

n = ---L- __!!.!!__ II AnSI pe30H8HCHOI'O 38KOHa cpeAHero nonSI O'leHb cna6o 38Bl!-
n dr 

CllT OT aMnn11TyAhl pai:manbHblX Kone6am1il: (JKeCTKaSI Hen11HeliHaSI xapaKTepllCTHKa). 

noaTOMY AnSI Bb!llOnHeHl!SI nepBOI'O ycnOBIISI AOCTBTO'lHO noTpe60B8Tb, 'lT06bI B HH

TepBane' paA11ycoB (325 t- 330) CM cpeAHee MBI'HHTHoe none 6hmo 6n113KIIM K pe-

30H8HCHOMY 38KOlly. 

3aBllCllMOCTb Q 7. OT aMnnllTYAbl paAllBnbHblX Kone6am1il: onpeAenSieTCSI He-

n11HeliHb!Mll xapaKTepl!CTIIKBMII KBK cpeAHCI'O nonSI, TBK II Bap11au1111. CymeCTBeHHblM 

SIBnSieTCSI TaKJKe OTKnOHem1e qia3bl OCHOBHOli rapMOHllKH MBI'HIITHOI'0 nonSI Ha KO

He'IHblX PBAIIYCBX OT m1Heil:HOI'O 38KOHa, 'ITO He Y'lHTbIBanOCb B onllCBHHbIX BblWe 

pacqeTax. 
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B ccpopMllPOBBHHOM na M0Aen11 MBI'HIITH0M none (p11c.2) 3Ha'lelllle ( d 8 . ) = 

10,4 CM Ha pan11yce R = 325 CM, B TO BpeMSI KBK napaMeTp cn11pan11 t=7,7cM. 

C y'leT0M 3T0I'0 o6CTOSITeJibCTB8 o6ecne'leHne nOCT0SIHCTBa 'IBCTOTbl 8KC11anhHblX 

Kone6aHllH B o6naCTH paAllYC0B BblBOAa npencTaBHSieT B ycn0BllSIX PU cnoJKHYJO 38-

AB'ly. 

Heo6XOAIIMO OTMeTllTb, 'ITO cymeCTBeHHbJe 11en11HeliHOCTll xapaKTepllCTIIK oc

H0BH0I'0 MBI'HIITH0I'O rronSI 118 KOHe'IHbIX PBAllyCaX Bbl3blB8JOTCSI 6nll30CTb!O KpaeBb!X 

noT0K0B pacceSIHllSI. Tipll yMe-UbWeHllll npeAenhH0I'O pa6 0'lero. pan11yca Ul!KnOTpoHa 

Ha (3 t- 4) CM Heo6XOAllMbJe ycnoBl!SI AnSI Bb!BOAB o6ecne'll!B8IOTCSI cqiopMllpOBBH

HbIM MBI'HIITHblM noneM (p11c.2). TipoaeneHHble oueiiKII noKa3an11,, 'ITO ocymeCTBne

Hlle pe30H8HCHblX MeT0AOB Bb!BOAB ny'IKB H3 PU B 3TOM cny'lae o6ecne'!IIBaeTCSI 

C noMOIUb!O aHanoI'll'IHblX. CIICTeM np11 He3H8'111TenbHOii KOppeKUIIII HeKOTOpbIX, orrpe

neneHHbIX paHee, rrapaMeTpoB. OnHaKo, ocymecTBneH11e aToro Bap11aHTa np11BeAeT 

K yMeHbWeHIIJO rrpeAe/ll,HOH 3HepI'IIII UIIKnOTpOHa Ha aenll'lllHY • 30 Maa. 

Tio3TOMY 6bmll npoBeAeHbl A0il0HHl!TenbHbie 3KCrrep11MeHTbl Ha Monen11 MBI'HIIT

HOH CIICTeMbl PU C uenbJO 11ccnenoBBHIISI B03MOlKHOCTeli peryn11pOBKII ql83bl Bap11a

UIIII II xapaKTepl!CTIIK cpeAHero nonSI 38 C'!eT YCTBHOBKII AOIIOnH11TenbHblX WIIMM 11 

113MeHeH11SI rrapaMeTpa cm1pan11 Ha KOHe'IHhIX paA11ycax. 

Ha p11c. l I rrpeACTaBneHa 38BIICIIMOCTb aMnn11TyAhl II ql83bl . MBKCIIMYMB 8-li 

,I'apMOHIIKII MBI'HIITHOI'O IIOnSI OT paA11yca OT AOIIOnH11TenbHbIX WIIMM (I·,Il) 11 KO-

He'IHOfl KOnbUeBoli WIIMMbl (III) • 113 3TIIX Kpl!Bbl1( BHAHO, '!TO T8Klle aneMeHTbl 

cymeCTBeHHO BnllSIIOT Ha Bap11au1110 MBI'HIITHOI'O. nonSI II MOI'YT 6h1Tb 11cnO/ll,30B8Hbl 

AnSI K0ppeKUllll /3 (r) . 
8 

B o6naCTII KOHe'IHbIX PBAIIYC0B. Bn11SIH11e KOnhUeBOH WllM-

Mb! Ha BMIInllTYAY 0CH0BHOH rapMOIIIIKII 06ycnaan11BaeTCSI pa3M8I'Hll'IIIB8IOWIIM AeiicT

BlleM CIICTeMbl crr11paHbHblX WIIMM. 

Ha p11c.12 rrp11aeneHbl OTKnOHeHl!SI ql83bl MBKCIIMyMa 8-ii: rapMOHIIKll OT cpeA-

Hell mlHIIII cn11panbHblX WIIMM if, = -~ , nony'leHHble 6e3 ycTaHOBKII Aonon-
crr. N A 

Hl!TenbHb!X aneMeHT0B ('Kpi!BBSI ·1 f,rrp11 ycTaH0BKe aneMeHTB (II) H OAHOBpeMeH-

' HOH yc.TaHOBKe (I) n (II) aneMeHT0B (KpllBble 2 n ::i, COOTBeTCTBeHHO). BIIAHO, 

· d fJ l d . 
'ITO rrp0113B0AH8SI cpa3bl ---8- = -- + N --- ( /1 ef, ) 118 KOHe'IHblX paA11ycax MO-

d r -~ dr 
JKeT peryn11p0B8TbCSI B WllpOKIIX rrpeAenax. Ha 3TOM JKe p11cy11Ke rrp11BeAeHbl 38BHCII-

MOCTH cpeAHero rronSI n aMnm1TyAhI 8-ii: rapMOHIIKH OT paAnyca, rrony'leHHhie. npn 

OAHOBpeMeHHOH ycTaH0BKe (I) II ( II ) aneMeHT0B. TiyHKT!!pOM II0K838Hbl pea0Ha11c-

Hh1ii aaK011 cpeAHero rronSI n Tpe6yeMaSI rny61rna aap11au1111 np11 _nAearu,Holi qia3e 

f3s= T 
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B aTOM BapnaHTe cpeAHee MarHHTHOe none 6nH3KO K pe30118HCIIOMY 38KOHY 

annoTb AO paAnyca r = o4 'cM n ana'lenne Q • 0,3 na npeAen&HbIX paAnycax 

" 
MO>KeT 6hITb o6ecneqeno npH He3H8'1HTen&nofi K0ppeKUHH nonyqeHHbIX 38BHCHMOCTefi 

flt/, (r) H H 
8
(rl 

.AnanH3 -npnBeAeHHblX peayn&TaT0B noKa3blBaeT, 'ITO npH TaKHX H3MeHeHHSIX 

B MarHHTHOil CHCTeMe PU, no-BHAHMOMY, yAaCTC.11 A0BeCTH aHeprmo BblBeAeHH0rO 

nyqKa AO npoeKTHoro anaqenn.11 W = 700 Maa. 

3aKIIIO 'leHHe 

B pa6oTe nano>Kellbl peayn&T8Tbl nccneAOBSHHfi, npoBeAellllblX B na6opaTOpllH 

SIAepllblX npo6neM O115U1 B CB.113H C paapa60TKOfi CHCTeMbl BblB0Aa ny'IKa H3 pen.11-

THBHCTCK0ro npOT0IIH0ro UHKn0Tp0Ha Ha aHeprHJO 700 Maa. 

B peayn&TaTe pacqeTOB H 3KCnepHMeHTOB Ha MOAenH MarHHTHOil: CHCTeMbl 

nafiAena KOHtfinryp? UH.II AOnonHHTenbllblX WHMM, cpopMHPYIOllll!X 4-10 rapMOIIIIKY Mar

llllTHOro non.11. 

YcTaHOBKa TaKofi Cl!CTeMbl WIIMM B Ul!KnoTpOHe noaaonHT AOBeCTI! qacTOTY 

- paAl!an&HblX Kone6aHHfi Ha KOHe'IHblX p8AIIYC8X AO peaonaHCHoro 3118'1eHH.II Q r "7 2 

np11 coxpa11e1111H ycTOfi'll!BOCTI! aKc11an&aoro ABl!>KeHl!.11 H H30XpOIIIIOCTH MarHl!TH0ro 

non.11. PaCCMOTpeHbl r'aK>Ke B03MO>K~ble K0114J11rypau1111 TOKOBblX o6MOTOK 

peKUIIII 4-fi II 8-ii rapMOIIIIK non.11 B 30lle BblBOAa. 

An.II KOp-

On11caHbl peayn&TaTbl nccneAOBSHHil: MeTOAa Bb1BOA8 ny'IK8 npn noMOWII no-

Kan&HblX HeOAHOPOAHOCTeil: MarHHTHoro non.11. HaiiAeHa KOllcpHrypau11.11 tfieppoMar1111T

llblX aneMeHTOB, 06ecneq11aa10ma.11 Tpe6yeMoe aHa'le1111e rpaAl!aHTa 1500 a/cM npn 

npoT.ll>KeHHOCTII nepeXOAHoii" o6naCTII non.11 .. 0,6 CM. 

Ha OCHOBe 'll!CneHHbIX pacqeTOB TpaeKTOpHil: ABl!>Kelll!.11 'laCTl!U nccneAOBa-

HO Bn11.111111e 11en11HefiHblX xapaKTepl!CTl!K' OCHOBHOro MarHl!THoro non.11 II onpeAene

Hbl napaMeTpbl CIICTeMbl neOAIIOPOAHOCTeil:, 06ecne'l11Bai01Ill!e paA11an&11oe p83Aene-

HIie op6HT ,. 2 CM. 

On11caHbl 8KCnep11MeHTbl Ha MOAenn MarHHTHOii CHC'I'.eMbl no KOppeKUHH xa

paKTepl!CTHK MarHHTHoro non.11 a o6naCTH paAHyCOB BblBOAa. 

B peayn&TaTe npoBeAellllblX nccneAOB8Hllii noKa3aHa B03M0>KII0CTb ocymecTane

HH.11 atfitfieKTHBHblX pe3oHaHCHblX MeTo~•· BblB0Aa nyqKa H onpeAeneHbl 0CH0BHble 

napaMeTpbl BbIB0AHbIX ycTpOl!:CTB penl'!TH1'HCTCKOro UHKn0Tpona. 
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BbICOKa.11 IIHTeHCl!BH0CTb BHyTpeHHero ny'!Ka PU aenaeT HeB03M0>KHblM l!CITO/lb-

30B8HHe BHyTpeHHIIX Ml!WeHeil: H Tpe6yeT paapa60TKH CHCTeMbl BblB0Aa C acptfieKTIIB

H0CTblO .. 90%. TTpoBeAeHHbie 11ccneA0BaHH.II noKa3blBaIOT, •"'!TO pewemrn 9TOii aaAa

'111 Tpe6yeT TlUaTenbHOl!: 0~TIIMl!38UHH Bcex napaMeTp0B BblB0AHoro TpaKTa, xapaK

TepHCTIIK 0CH0BH0ro MarHIITH0ro non.11, 8 TaKlKe ycnoa11ii, onpeAen.111om11x MIIHIIManbHOe 

3Ha'leHHe aMHTTaHca BHyTpeHHero ny'IKa Ha npeAen&HblX paAnycax yCKOpl!TenSI. 

noaTOMY, neCM0Tp.11 Ha TO, 'ITO B npoBeAeHH0M aTane 11ccneAOBaH11ii peweHbl OCHOB

llble npl!IIUIIITHSnbHble BOilpOCbl, OKOH'laTenbHa.11 0Tpa60TK8 CIICTeMbl BbIBOAa noTpe-

6yeT eme o6wnpHofi nporpaMMbl 11ccneA0Ba11nii, BKnroqaromeii q11cneHHhie pacqeTbI 

TpaeKTOpHii no TO'lllblM ypaBHeHl!HM ABlllKeHH.11 II MOAenHpoBaHHe BblBOAa Ha aneKTp0H

HOii M0Aen11. 
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