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HaKcinneHHble onbtTHb18 ilaHHble I! COBpeMeHHbte TeopeTH'l8CKl!8 

npenc:TaBneam1 o sinepHbtX npoueccax y6enHTenbHo 1101<aabrna10T, 

'!TO aanaqa cymecTBeaaoro noBbllll8Hl!H l!HTeHCHBHOCTH yCKOpHTenett 

B o6nacTH aaeprHtt no 1 faB HBnHeTcH BecbMa aKTYanbaott. B nocnen

aee BpeMH l!CCnenoBaHHe HOBblX B03MOlKHOCTett, KOTCipbte 3anOlK8Hbl 

B aeonaoponHblX CTpyKTypax CT8Ul!OHapHblX MarHHTHblX rronett, HB

nHnOCb onHHM 1!3 OCHOBHblX aanpaBneHHff pa3BHTHH yCKOpl!Tenett B 

aToff o6nacTH aaeprHtt/1/. 

B na6opaTopl!!! anepHblX npo6neM non. pyKOBoncTBOM 'ln.-Kop

pecnoaneHTa AH CCCP B.Il.llJKenenoBa npoBOAHTCH mHpoKaH rrporpaM

Ma aay'IHO-HCCnenoBaTenbCKl!X pa6oT no H3y'leHHJO npo6neM, CBH

aaHHblX C coanaHHeM Cl!l'lbHOTO'IHblX ycKOp!!Tenett B OCHOBHOM B 

aTOM nHana30He saeprHtt 12,31• 

Hcnonb30B8Hl!8 CHllbHOTO'IHblX ycKopHTenett THna PU KaK cjm-

31!'18CKl!X ycTaHOBOK H HOpManbHaH 3KcnnyaTaUHH l!X BO3.MOlKHbl 

TOnbKO npH npaKTH'!eCKH nonHOM BblBOne '18CTHU 1!3 KaMepbl YCKO-

p!!TenH ( Ko9<jJcj>HUl!8HT BbIBOna K ~ 0,9). noaToMy onaott 113 oc-

HOBHblX npo6neM, B03Hl!K8!0IUl!X npH pa3pa60TK8 TaKHX YCKOpl!Te

nett, HBl'IH8TCH npo6neMa BblCOK091pq>eKT!!BHOro BbIBona ny'!Ka. B 

·YCKOpl!TenHX C npocTpaHCTBeHHOff Bap!!aUHeff l!Me!OTCH BO3MOlKHO

CTI! nnH CO3A8Hl!H Bb!BOAHblX CHCTeM, KOTOpbte o6ecrre'!aT 3H8'11!

T8l'lbHO 6onbWHff K03q>q>HUH8HT BbtnycKa '!aCTHU, '!eM AOCTHrHyTbtff 

aa CHHXpOUIIKnoTpoaax/4/. 3To ~BH38HO, B OCHOBHOM, co cneny

!OIUl!MI! ABYMH o6cTOHTenbCTB8MH. Bo-nepBbIX, B ycKopHTenHX TH

na PU Ilp!! TIU8TenbHOtt 0Tp860TK0 U8HTpanbHOff onTHKH II MarHHT-
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Hora -nom1 B peaoHaH_CHhIX 30Hax M0>KH0- o6ecne'!HTb 6onee BblC0K0e 

Ka'!eCTBO BHy~peHHero ITy'!Ka. Bo-BTOphlx, ncnonb30BaHne B ycxopn

TenHX aTOro THna KpyTocnnpanbHblX CTpyKTyp MarHHTHoro no~~ npn-

B0!lHT K noHBneHHIO !l0CTaT0'IHO CHnbHblX HenniieliHbIX peaoHaHC0B 

pannanbHblX Kone6aHnlt, K0T0pbie MoryT 6b!Tb ncnonb30BaHb! B xa

'!eCTBe acficPeKTHBHoro MexaHH3Ma aa6poca '!aCTHU B MarHHTHhlli Ka 

Han. Tax, B npoeKTe UHKn0Tp0Ha m C ll OKPH!l>KCKOlt Hanno-

JHanbHOii: na6opaTopnn ( CllIA) nm1 BhIB0!lS npennonaranocb ncnonb-

aoBaTb MexaHH3M HennHettHoro peaoHaHca Q, = 8/4. 3xcne-

pnMeHTbI, Bb!IlOnHeHHbie Ha anexTpOHHofi M0!lenn, noxaaann, '!TO B 

8TOM cny-,1ae M0>KH0 nony'IHTb xoa<!><l>nuHeHT BblBO!la ny'!Ka, 

KHfi K 0,95/5/. 

6nna 

O.rmaxo !lnH ocymeCTBneHnH acficPeKTHBHhIX peaoHaHCHbIX MeTo

!l0B Bb!BO!la '18CT0T8 pa.cmanbHb!X xone6aHntt Ha K0He'!HbIX pa1:my-

cax nonll{Ha 6bITb 6nnaxott x 3Ha'!eHHHM Qr = 1,3/2,2, '!TO B 

cnr1ae H30XpOHHhlX UHKn0TP0H0B, Haxni;inhIBaeT Ll0BOnbHO >KeCTKHe 

ycnoBHH HS BhI6op npenenbHOH aHeprnn ycxopeHHh!X '!aCTHU. TTpn 

npoeKTHpoBaHHH ycxopnTenett (oco6eHHO rcxopnTenett, OCH0BaHHhIX 

Ha peKOHCTPYKUHH cymecTBYIOlllHX ycTaHOBOK) 8TH ypnoBHH He BCer

!lS Bb!IlOnHHMbl. 

B pe¢epnpyeMofi nnccepTaunn, xoTopaH HBnHeTCH o6o6meHneM 

pa6oT, BhlnonHeHHbIX SBTOp0M B nepnon 1964-1967 r.r. C0BMeCTH0 , 

c ,B.TT.LlMHTpneBcxnM, B.B.Konbrott, H.n._ 3annaTHHhIM, C.E.Bopo>K

uoBhIM, n.A.CapKHCHHOM, H T.M.npnnnnxo, onHCSHbl nccnenoBSHHH 

peaoHaHCHb!X MeTonoB BbIBOna, npH'leM Han6onee neTanbH0 paCCMST

PHBaIOTCH BbIBOLlHbie CHCTeMbl nnH ycxopnTenett C HepeaoHaHCHb!M 

3Ha'!eHHeM Q r Ha KoHe'!H~IX pannycax. 

OCHOBHbie peaynbTaTbl onncaHHbIX B !lllCCepTaunn nccneno-

BaHHli ony6nHKOB8Hbl B pa6oTaxl6,9, 101. 'I.JaCTb peaynbTaTOB 6bma 

nono>KeHa Ha Me>KnyHaponHofi KoH¢epeHUHH no H30Xp0HHblM UHKno

Tp0HSM B faTnHH6ypre (CllIA,1966). 
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LlnccepTaunH cocTOHT na 4 rnaB. 

J. B nepB0fi rnaBe paccMaTpHBaIOTCH HeK0T0pbie o6mne Bonpo

Cbl TeopHH LlBH>KeHHH 'ISCTHU B ycxopnTenHx C npocTpSHCTBeHH0lt 

Bapaaunelt, -MarHHTHoe none K0T0pbIX B MenHaHH0fi nn0CK0CTH M0-

>KeT 6bITb npencTaBneHo B Bnne 

(J) 

H
11
(r, </>l=H(rll l+dr)Sin[",B(rl-Ncfdl. 

nony'!eHhl ypaBHeHHH, nocTaT0'IH0 T0'IH0 onHCbIBalOil{He LlBH>KeHHe 

'ISCTHU C y'leT0M Ha6opa 8HeprnH ( LlHHSMH'!eCKHlt pe>KHM), K0T0-

pb!e MoryT-6hITb ncnonb30B8Hbl nnH pac'leTa HS 3BM TpaeKT0pHfi 

B o6nacTn pannycoB BhIBona. • 

B KBa3HCT8TH'!eCK0M pe>KHMe HCCnenyIOTCH 6eTaTpOHHble K0-

ne6aHHH '!aCTHU OTH0CHTenbH0 38MKHYTbIX op6nT. Ha 0CH0Be aaa

nnaa pemeHnfi nnHeapaaoBaHHhIX ypaBHeHnfi onpeneneHhI orH6a10-

mne 6eTaTpOHHblX _Kone6aHHH, Y'IE!T K0TOpb!X 
0

Heo6xonnM nnH aHa

nnaa BnHHHHH paanH'IHblX B03Mymeantt MarHHTH0ro nonH, HCflOnb

ayeMbIX B CHCTeMe BbIBOLl8 _ny'!xa. 

B ycxopnTenHx c xpyTocnnpanbHOlt cTpyxTypoli nonn nnaefiHhle 

ypaBHeHHH 6eTaTp0HHb!X xone6aanfi CB0LlHTCH K ypaBHeHHHM MaTbe. 

B 8T0M cnyqae orH6a10mne HeB03MymeHHoro LlBH>KeHHH MbryT 6bITb 

npencTaBneHbI B Bnne/6/ 

rne M(µ) • 

op6HThl, a 

cl>
0 

( </> l = l . I 1-qM(µ) Cos [/3(Rl-Nef>]l, 

v oo 
( 2) 

1 } I 

- + ------ • R - pannyc paBHOBeCHOH 
(2+µl 2 -a (-2+µ) 2-a -

H q -napaMeTpbI ypaBHeHHH MaTbe, 38BHCH!llHe OT 

Bnna MarHHTH0ro nonn ( 1), /L -xapaKTepHCTH'!eCKHfi noK838Tenb, 
2 

CBH3aHHblfi C 'ISCTOTaMH Kone6aHHfi CO0THOIIIeaneM _/L a N Q o· 
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Oco6eHHOCTbIO ycxopnTeneA c npo~TpaHCTBeaaott aapnauneA 

.11an.11eTc.11 cymecTaeaaoe ann.11ane aennaeAHbIX a#exroa, Jln.11 ncc

neJloaaan.11 K0T0PblX ncnonb3YIOTC.II SCHMIIT0TH'lecxne MeT0)lbI.• no

ny11eHbl lf>opMynbl Jln.11 -aemrnettuoro C)lBHra 'ISCT0T C Y'l~T0M BbICWHX 

IIPOH3BOJlHblX fJ 110 paJlnycy H aennHeAHbIX xapaxTepHCTHK d • .r: ~ 
H or2 

c1 8 H H f • ..!.,a 
H --;r;a-· cpe)laero 11om1. HennaeAHbie xapaxTepncTHKH 

cpeJlHero non.11 cna6o BnHlIIOT Ha 'ISCT0Tbl 6eTSTPOHHbIX Kone6aHnA. 

0JlH8KO 3H8'1HTenbH8ll cnnpanbH0CTb aa'pnaunn Bbl3bIB8eT 38MeTHbIA 

HennaeAHblA C)lBHr 'ISCTOT, oco6eHHO 2c:ymeCTBeHHbltt Jlmi. Tott CTeneHH 

CB060)lbI, K0T0pa.11 o6na)laeT MHHHManbH0tt )KeCTK0CTblO B nnaettHOM 

11pH6nnJKeHnn. 'llaCTOTa axcna_nbHblX K0ne6aanA B peanbH0A CHCTeMe 

npn fJ - -'- C JlOCTST0'IHOtt T0'IH0CTblO 0IIHCbIBaeTC.11 Bb!pSJKeHHeM 
.\, 

3 1 f R 
2 

[ - N ,\ 
2
] Az 2 1 1 fR 2 Ar 2 

Q aQ +-•--(--) l+(-) (.-) +--(-)(-2!.), 
z z o 16 Q z O N ,\ - R ,\ 8 Q zO N ,\ ,\ 

r)le Q zO - 'ISCT0Ta B nHHeAHoM npn6nnlKeHHH, 

llnHTYJlbl pa)lnanbHbIX H 6KCH8nbHbIX xone6aantt • 

.Un.11 napaMeTp0B PU HennaeAHbltt C)IBHr Q z 

(3) 

A, A z -aM- ~ 

llpHB0JlHT Kor-

paan11ean10 MSKCHMSnbHblX 8MllnHTyll, BenH'IIlHa K0T0pb!X Ha K0He'I

HblX paJinycax MOJKeT 6b!Tb IIPHHllTS paBaon A z: 1 CM, A,a( 2..S) CM. 

TToBeJieHne SMIIIIHTYJl B 30H8X HennHeAHblX pe30H8HC0B paccMaT

pnaaeTCll c II0M0mbIO HHBapHSHTa, nony'leHHoro a pa6oTel7 I • .Un.11 

BblBOJia 11y11xa npaKTHqecxnn HHTepec npe)ICTSBn.lleT T0llbK0 peao-

HSHC 4 IIOPllllKS. PeaoaaHCbl 5 n 6onee Bb!C0KHX II0plI)IK0B na-aa 

yaenn11eHHll paaMepa cenapaTpHCCbl He MoryT 6b!Tb HCII0nb30B8Hbl B 

Ka'leCTBe MexaHH3Ma aa6poca 'ISCTHU B 0TKn0HHIOmee ycTp0ACTBO. 

.Un.11 nccne)lOBSHHll npeJiellbHbIX op6HT n BblB0JIHbIX TpaeKT0pHA 

B lln0CK0CTH z=O HCII0nbayeTCll MeT0)I KB83HII0TeHunana, nep-
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BblM npn6nnJKeHHeM Jln.11,K0T0poro lIBnlleTC.11 KB83HII0TeHunan cpeJI

Hero MarHHTHoro 11011.11. TTpnMeHeHne sToro MeTo)la 11oaaon.11eT nccne

ll0BSTb oco6eHHOCTH llBHJKeHHll 'ISCTHll a pacce.llHHOM MarHHTH0M 

none n c4>DpMynnpoaaTb Tpe6oaaHHll x 0CH0BHblM sneMeHTSM Bbl

B0llH0ro TpaKTS~ 

2. Bo BT0poA rnaBe nccne)lyeTC.11 BIIHllHHe noKallbHblX He0llH0-. 
p0llH0CTett MarHHTHoro non.II Ha llBHJKeHHe 'ISCTHU ~ YCK0PHT81lllX 

C llp0CTpSHCTBeHH0A aapnaunett H paCCMaTpHBSIOTCll B03M0lKH0CTH 

HCIIOllb30B8HHll TSKHX B03Mymeantt Jlnll ocymecTBneHHll pea,oHaHCHblX 

M8T0)I0B BbIBOll8 11y11xa. 

·e o6meM cny11ae xoalf)nrypaun.11 MarHHTHoro non.11 Heo,ctHopoll

HOCTeA ll0nlKHS 6b!Tb TSKOtt, 'IT06bI )10, BX0)la 'ISCTHU B o6nacTb 

MSKCHMSnbH0r0 rpa)IHeHTS qacToTa pa)IHanbHblX xone6aanA H3M8HH

naCb llO C00TB8TCTBy10mero pe30H8HCHoro 3HS'leHHlI Q. =l, 3/2, 2. 

B sToT, MoMeHT nc11eaaeT npeueccn.11, 06ycnoaneuHa.11 11epeaonaHCHbIM 

3Hft'18HHeM 'ISCT0TbI ueaoaMymeHH0ro llBH)l{E;HHll Q ,o , H HS'IHHSeTCll 

peaoHaHCHbIA p8)KHM B031l8ACTBH.II He0JIH0p0llH0CTH HS K8)K)l0M 060-

poTe (nn6o 11epea o6opoT np11 Q, _= 3/2), B peaynbTSTe K0T0-

poro p8JIH81lbHble 0TKII0HeHH.11 'ISCTHU OT op6HTbl H C00TB8TCTBeHH0 

paa)leneu11e op6HT BoapaCTSIOT no 8KCII0HeHUH81lbH0MY 38K0Hy. B 

nepexoJIH0A o6naCTH MarHHTHoro non.II He0JIH0P0JIHOCTett, a TSKJKe llllll 

HeCK0llbKHX o6opOTOB B o6nacTH pa6011ero rpaJIHeHTa, B Te11eH11e 

K0T0pblX Ha6~paeTCll Heo6XOJIHM08 pa3JieneHHe op6HT, 8KCHanbH08 

llBHlK8HHe )I0lllKH0 ·ocTSBSTbC.11 ycT0il'IHBbIM H 4>opMlf)SKTOp axcnanbHb!X 

xone6aHHtt He )1011)1{8ff npeBblWSTb )I0IIYCTHMbIX 3Ha11eHHA.-

Tax KSK nepexoJIHSll o6naCTb IIP0X0JIHTC.11 'ISCTHUSMH, a oc-

H0BH0M, 38 C'l~T Ha6opa 8H~prnn, TO )In.II ycxopnrenett-THIIS PU 

B03HHKSeT eme O)IH0 Tpe6oaaune, 'IT06bI none HeOJIH0p0JIHOCTett 

cymeCTBeHH0 He Hapywano peJKHMS H30Xp0HH0CTH H ue npHB0JIHno K 

aaMeTHb!M lf>aaOBb!M noTeplIM ny11xa B nepeXO)IH0A o6naCTH. 

Heo6xoJIHMbl8 )In.II 8THX uenen aenH'IHHbl B03MymeunA MarHHT

H0ro non.II Hellb3ll C'IHT8Tb MSllb!MH, B CB.113H C '18M He Bcer)la M0)KH0 

ncnonb30B8Tb Jin.II aHannaa nx BIIIlllHilll acnMnT0TH'lecxne MeT0llblo 

nosTOMY B pa6o-re l!Cfl0llb3YIOTCll MSTpi!'IHbIA MeT0ll n MeT0ll II0CTpo

eHHll ·aHannT1111ecxnx peweHnA o6o6meuaoro ypaauean.11 X11ruia. 
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.Um1 nccneaoBaHnll nnnmnrn noKanbHbIX HeoaHopoaHocTeil nc

nonbayroTCll ypaBHeHnll B H8Typanbl!Olt cncTeMe KOOpJ:lHH8T n pa3BH

B8eTCll MeToJ:l MaTpnqHoro onncaHHR J:lBHlKeHnR J:lnll cnyqag, Koraa 

KBaanynpyrne cnnhI Baonb op6nTbI 11e MoryT · 6bITb annpoKcnMnpo

naHbI KycoqHO- noCTQSIHilbIMll c!iYHKUllS!Mil. 

4acToTbI n orn6aro11rne Kone6aHnlt npn Hannqnn OJ:lHOil He-

OJ:lHOpOJ:lHOCTil onpeaenllJOTCS! Bbipa)KeHl!eM/6/ 

T 2 Cos2rrQ =Cos2rrQ
0 

-fc1>
0

(cf,
1
)Sin2rrQ

01 

(4) 
2 2 . T1 2 [ cf> (cp)Sin2 rrQ-cf>0 (cpl{ Sin2rrQ O : -

2
- cf> 0(¢, 

1
) Cos 2Q

0
(rr-fP+cp

1
l-Cos211QJ I, 

~ 

rae T 1' • zd n 1a (BepXHilil 3HaK OTHOCilTCll K pa):lH8nbHOMy, 

Hl!lKHI!il - K aKCHanbHOMY JlBl!lKeHHJO). a -a3HMyTanbHall npOTll-

)KeHHOCTb o6naCTH, cf, 1 - aanMyT .ee pacnonolKeHHll , An 1 -Ha-

MeHeHHe noKa3aTenll nonll B o6nacTH B03MymeHHll, a Q O , cf> 0 -qac

TOThl I!- orn6aJOIUl!e Kone6aHHil HeB03MYl!leHHOro .itBHlKeHHll. 

· Oco6eHHOCTblO Bnl!llHl!ll HeOJ:lHOPOJ:lHOCTil Ha J:lBl!)KeHl!e qaCTl!U 

B nepnOJ:lJ!qecKHX MarHHTHhlX nonllx llBIUleTCSI TO, qTo sc!ic!ieKTl!B

HOCTb ee B03J:leilcTBl!S! cymecTBeHHO 3aBl!Cl!T OT 83l!MyTanbHOro 

nonolKeHHR. Ilpn pacnonolKeHHH B03MymeHHll Ha a3HMyTax i;6
1 
•f+ifk 

k = 0,1,2 ••• ) sc!ic!ieKTl!BHOCTb B03J:leilCTBilll Ha paaHanbHOe J:lBl!lKe-
. 2 ' Hile ycnnnBaeTCll Ha MHolKnTenb [ l + q M ( /J,, l ] no cpanHe-

HHJO C B03J:leltCTBneM aHanorHqHoro B03MyIUeHl!ll B aKCHanbHO-Cl!M

MeTpHqHoM MarHHTHOM none. CymecTBeHHO, qTO npn TaKoM pacno

nolKeHl!I! BnHllHne BoaMymeHHll Ha aKcnanhHOe J:lBl!lKeHHe ocna6nlleT

cg , · TaK KSK orn6aromall aKc11anbHbIX Kone6aHHil B sTnx ToqKax 

nMeeT MHHHManbHOe aHaqeJme. 
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IlpoBe):leHHblil o6urnlt aHanna noK83bIBaeT, qTo OJ:lH8 noKanbHall 

HeoaHopOJ:lHOCTb MOlKeT 6hlTb ncnonb30B8H8 J:lnll ocymeCTB~eHHll enc-

TeMbl BblBOJ:!8 TOnbKO npn TaKHX 3HaqeHHllX qaCTOTbl Qr HS KOHeq-

HbIX paanycax, KOTOpbie OTnnqaJOTCll O_T peaoHa!ICHbIX 3HaqeHnil Ha 

BennqnHy AQ ,= :!:. 0, 1. Ilpn 3TOM J:lnll yBennqeHHll 3HaqeHHll Q. 
ncnonbayeTCll HeoaHopOJ:lHOCTb c An 1 > 0 ( pereHepaTop), a J:lnll 

yMeHbWeHHll - HeO):lHOpOJ:lHOCTb c An 1 < o_ (. Boa6yanTenb). 

B PU Tpe6yeMall cncTeMa Boa6ylKaeHnR paananhHbIX Kone6am1lt 

MolKeT 6hITb ocymecTBneHa npn ncnonhaoBaHHH J:lByx B03MymeHnil. 
I 

B sToM cnyqae qaCToTa KOne6aHHil onpeaenReTcll BbipalKeHneM 

Cos2,rQ.Cos2rrQ 0 - +[T
1

cf>
0
2

(cp
1
l+T

2
(f>~(cp

2
)].Sin2rrQ

0
+ 

rae y 

HOCTeilo 

+ -1... T T (f,
2 

(cf, )(f>
2 (ip )Sin Q

0
y •Sin Q

0 
(211-y ), 2120102 

(5) 

¢2-'P1•'P1 cp 2 aaHMYTbI pacnonoJKeHHll HeoaHopoa-

Mcnonb30B8Hl!e J:lBYX HeoanopOJ:lHOCTeil n03BOnlleT o6ecneql!Tb 

6onee BblCOKI!il noK838Tenb paaHanbHOil HeycTOltqHBOCTH, TaK K8K 

o6nacTb 3HaqeHHil A n • B KOTopoA aKCHanbHOe J:lBl!JKeHHe OCTaeTCSI 

ycToltqHBbIM, · MOlKeT 6biTb cymecTBeHHO pacwHpeHa. 

IloHllTb HeKOTOphle oco6eHHOCTH MexaHl!3Ma BoaaeltCTBllll cnc

TeMbl HeOJ:lHOPOJ:lHOCTefi Ha J:lBl!lKeHne qacTHU noaBOnlleT rapMOHH

qeCKI!il noaxoa K paccMaTpnBaeMoA aaaaqe. Ilpn paanoJKeHHH nom1 

HeOJ:lHOPOJ:lHOcTelt B PS!J:l <t>ypbe ypaBHeHHS! 6eTaTpOHHblX Kone6aHnfi 

nMeroT BHJ:l o6o6meHHoro ypaBHeHm1 Xnnna. Ha ocnoBe aHannaa 

peweHHil TaKHX ypaaHeHnil noKa3aHO, qTo onpeaenSJJOl!lee BnHllHHe 

na H3MeHeH11e qaCTOTbl Q 0 HMeJOT rapMOlll!KH B03MymeHHH, HO

Mep KOTOPblX m Han6onee 6nH30K K 3HaqeHl!IO 2 Q 0 ( pe30H8HC-
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)Ible· rapMOHHKH). ITpn 3TOM rapMOHHKH C HOMepoM m > 2Q O BbI3bI

B8IOT yBennqeane, a rapMOHHKH C m < 2 Q O 
- yMeHbmeane 'l8CTOTbI 

Kone6aantt. •" 

B o6meM cny'lae onTHM8nbHbIMH napaMeTp8MH CHCTeMbI S!Bml

IOTCSI T8KHe napaMeTpbI, KOTOpbie o6ecne'IHB8IOT MHHHM8nbHOe 3H8-

qeHne pe30H8HCHbIX rapMOHHK 11nSI 8KCH8nbHOro 11BHlKeHHSI npn M8K

CHM8nbHbIX· 3H8'l8HHSIX rapMOHHK, Han6onee s4i<JieKTHBHO B03118ltCTBy

IOIUHX Ha pa11nanbHble Kone6aHnsi. 

Ecnn 'l8CTOTbI pa11nanbHblX H 8KCH8nbHbIX Kone6aHnli cymeCTBeH

HO pa3nH'IHbI, TO BB8118HHe Ol1HOll pe30H8HCHOll rapMOHHKH no pa-

11nanbHbIM Kone6aHHSIM cna6o BnnHeT H8 aKcnanbHOe 11BHlK8HHe. TaK, 

B penHTHBHCTCKOM UHKnoTpOHe ( Q to = 1,8, Q z O = 0,3) BBe-

118HH8 B CTpyKTypy MBrHHTHoro nonsi 4 rapMOHHKH noaBonsieT yBe-

nH'IHTb 'l8CTOTY pa11nanbHbIX Kone6a.linll 110 Q t =2, H83H8'IHT8nbHO 

H3M8HSISI npn 3TOM 'l8CTOTY aKcnanbHbIX Kone6aHnll/ 8/. 

PacCMOTpeHbI T8KlK8 oco6eHH0CTH '11BHJK8HHSI 'l8CTHU B 30H8 

napaMeTpH'l8CKOro pe30H8HC8 H OCHOBHbie HennHeltHbie s¢<jieKTbI, 

KOTOpbI8 Heo6xo11nMo Y'IHTbIB8Tb npn Bb16ope napaMeTpOB BblBOl1HOll 

CHCT8Mblo 

3. 8 TpeTbell rnaBe onHC8HbI peaynbT8TbI nccne110BaHnll, npo

Be11eHHbIX B cBsian c paapa6oTKolt cncTeMbI Bb1B011a ny'IKa na pensi

THBncTcKoro UHKnOTpOHa Ha 8Heprn10 npoTOHOB 700 MaB. 

nnsi PU pa3pa68TbIB8nHCb 11B8 8BTOHOMHbIX CHCT8Mbl Bb!B0118, 

ncnonbayromne Mo11n¢nunpOB8HHblll pe30H8HCHbill Me'!Oll/9/ H M8TOl1 

BOa6yJK11eansi pannanbHbIX Kone6aanll noKanbHbIMH Heo11Hopo11aocTsiMn 

M8I'HHTHOI'O nonsi/10/. 

8 peaynb~8Te pacq{!TOB H 3KCnepnM8HTOB H8 M011enn Mar

HHTHOll CHCTeMbl PU/ 11/ Halllleaa KOH¢nrypaunsi 11ononHHT8nbHbIX 

mnMM, ¢opMnpyromnx 4 rapMoHnKy Mar.anTHoro nonsi. YcTaHoBKa 

T8KOil CHCTeMbl illHMM B unKnOTpOHe noaBOnHT 110B8CTH 'l8CTOTY pann

anbHblX Kone6aanll HS KOHe'IHbIX pannycax 110 pe30H8HCHoro 3H8'le

HHSI Qt =2 npn coxpaaeHHH yCTOll'IHBOCTH 8KCH8nbHOI'O 11BHJK8HHSI 

H H30XpOHHOCTH M8rHHTHoro nonsi. nnsi C03118HHSI a#eKTHBHOll 

CHCT0Mbl Bb!B0118 B 3TOM cny'lae MO)J<8T 6b!Tb HCnOnb30B8H 'Mexa-

HH3M aenuHeltHoro peaoaaaca Q, = 8/4~ 

10 I 

PaCCMOTpeHbI T8KJKe B03MOlKHbie KOH¢nrypaunn TOKOBbIX 

MOTOK 11nsi KOppeKUHH 4 n 8 rapMOHHK nonsi B 30H8 pa11HyCOB 

'B0118. 

06-

Bbl-

·TaKHM o6pa3oM 6blna npe11noJKeHa n ocymecTBneaa Ha Mone-

nH CTpyKrypa MarHHTHoro nonsi, B KOTOpoll ycTp8HSl8TCSI JK8CTK8SI 

CBH3b qa.CTOTbI pa11uanb!lbIX Kone6aanll c Benu·'lnHoli aaeprnlt aa . 
aana!IHOM pa11uyce, cymecTByromasi B naoxpoaablx ycKopnTensix. 

ITpn paapa6oTKe BToporo MeT011a 6bmH onpe11ene11b1 11eo6-

xo11nMb1e napaMeTpbI CHCTeMbI noKanb!lbIX Heo1111opo11HocTelt. Ha 

ocaoBe pacq~TOB n aKcnepnMe!ITOB 11alt11eHa Koa¢urypaunsi ¢eppo

MarHHT!lbIX aneMeHTOB, o6ecne'IHB8IOIU8SI Tpe6yeMoe 3H8'leHHe rpa-

11HeHT8 - 1500 alcM npH npOTSIJK011HOCTH nepexo11Holl o6naCTH 

nonsi ,. 0,6 cM. 

0nHC8llbl 3KCnepHM8HTbI Ha MOllenn M8I'HHTHOll CHCTeMbI no 

KOppeKunn xapaKTepHCTHK OCHOB!loro M8I'IIHTHOfO nonsi B o6naCTH 

pa11nyc0B Bb!B0ll8o Ha OC!IOBe 'IHcneHHblX pacq~TOB Tp88KTopnlt 

11BHJKeHHSI 'l8CTHU B c¢opMHp0B8HHbIX M8rHHT!lbIX nonsix nccne110-

B8HO BnHHHHe HennHellHbIX xapaKTepncTHK nonsi H onpe11eneHbI na

paMeTpbI 11eo11aopo1111ocTelt, o6ecne'IHBaromue panuanbaoe paa11ene

HHe op6HT • 2 CM. 

ITpoBe11eHHbl8 paC'l{!Tbl nOK83blB8IOT, 'ITO HCnonb30B8HHe T8KHX 

CHCTeM.11nsi Bb1B0118 ny'IK8 H3 YCKopnTenelt C npocTpaHCTB0HIIOll 

Bapuauuett HBnHeTcH nepcneKTHBHbIM. ITpu xopomeM K8'l8CTBe BHYT

peHHero ny'IK8 H TIU8T8nbHOlt onTHMH38UHH i:iapaMeTpoB BblB011HOlt 

CHCT8Mbl MOJKHO nony'IHTb Bb!COKHii: Koa#HUHeHT Bb1B011a, cpaBHH

Mblii: co 3H8'l8HHSIMH, nony'l8!1HbIMH npu HCnOnb30B811HH M0X811H3Ma 

HenuHeii:Horo peaoHaaca Q, = 8/4. 

8 peaynbTaTe npoBe11eHHblX HCcneaoBSHHii: noKa3aaa B03MO)K

HOCTb ocymecTBneHHSI a#eKTHBHb!X pe30H8HCHblX M0TO!l0B Bb!B0118 

ny'IK8 H onpeaeneabl OCHOBHbl8 napaMeTpbl Bb!BOllHbIX ycTpoilCTB 

pensiTHBHCTCKoro UHKnOTpOHa. 

4. lJeTBepTaSI rnaBa noCBSIIUeHa nccneaoBBHHIO B03MO)l{Hb!X 

cxeM BbIBO!la ny'IKS H3 CHnbHOTO'IHOI'O ¢aaoTpoHa C Bapnaunen 

MSI'HHTHoro nonsi (ycTSHOBKa '4>'). ·OCHOBHb!e napaMeTpbI ¢aao-

Tpoaa npHBeaeHbI B cneayromeli Ta6nuuel3/. 
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Ta6nnua 

1. 3aeprHSI·ycKopeHHbIX npoTOHOB 

2. ToK BHyTpeHHero nyqKa 

3. Paunyc Koaeqaoil op6HTbl 

4. t:Jncno cnnpanel! 

5. napaMeTp cnnpanH 

6. t:Jncno uyaHT0B 

7. AMnnnTyua ycKopmomero aanpSilKeHHSI 

8. JlnanaaoH H3M8H8HHSI qaCTOTbl 

9. lJaCTOTbl 6eTaTp0HHblX Kone6aHHil Ha KO

aeqH0M paunyce 

700MaB 

p0MKa 

r k = 270cM 

N = 4 

A = 15 CM 

1 

50 KB 

18,2 1- 14,4 Mru 

Qz = 0,2, Q _= 1,2 

B CHnbH0T0qHoM ¢aaoTp0H8 unS1.06paaoBaHHSI M830HHblX nyqKOB 
npeunonaraeTCSI ncnonb30BSHH8 KSK BllyTpenHHx, TSK H BH811IIIHX 
MHIII8/18l!. noaTOMY K Bb!BOUH0il CHCT8M8 npeU'bSIBnSieTCSI ll{8CTKOe 
Tpe6oBaHne 06ecneqe11HS1 Koa¢¢nuneaTa Bb!Boua He HHJKe (40450)%. 
CoauaHH8 TaKoil CHCT8Mbl BbJBoua, KaK B BapnaHT8 ncnonb30BSHHSI 
Moun¢nunpoBaHH0r0 peaoHaHcHoro M8T0U8 (BB8U8HH8 2 rapMOHHKH 
MarHHTH0r0 nonSI), TaK H C noM0lllblO noKanbHblX H80UHOpOUHOCTell, 
npeucTaBnSieT B ycnoBHSIX ¢aaoTpoHa cnolKHYIO aauaqy. 

YcnoBIISI UnSI coauaHnSI H80DX0UHMblX B03MymeHHil MarHnTHOrO 
noml M0ryT Db!Tb 3HSqllT8nbH0 o6nerqeHbl npH nOH!llK8HHH qacTOTbl 
pauHanbHbIX Kone6aanl! Ha KoHeqJiblx pauHycax ycKopHTem1. Bb16paH
aaSI unSI ycTaH0BKH '¢' aaBHCHM0CTb cpeuaero nonSI OT paunyca 

r 2 r e· r 8 r 10 ( 6) H(r)• H expl0,359(-) +0,83(-l -1,611(-l +0,755(-l I o rk rk rk rk 

o6ecneqHBaeT OTCYTCTBHe ¢aaoBbIX noTepb qacTHU B npouecce ycKo
peHHSI H noasonSieT CHH3HTb qaCT0TY pauHanhHblX Kone6aHHll Ha KO-
aeqH0M pauHyce uo Q, II 1,09. 
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JlnSI MarHHTHoro nonSI (6) nccneuoBaHa cHcTeMa napaMeTpn
qecKoro Boa6yJKAeHnSI paunanhHhlX Kone6aHHil, HcnonbayromaSI ouay 
n0KSnhHylO neouaopoUH0CTb - B036y~HTen&. B aT0M cnyqae UnSI 
o6ecneqeHHSI HeODXOUHMOrQ paaueneHnSI OpDHT • 3 CM paunanbHSSI . 
npoTSilKeHaocT& paooqero rpauneaTa ii B036yunTene uonJKHa coc
TSBnSITh He Meaee 8 CM, qTo npnBeUeT K• 3aMeTH0My noHHJKeHHIO 
aHeprHH BhlB8U8HH0ro nyqKa. 

JlnSI o6ecneqeHHSI 6onee DblCTpoll pacKaqKn paunan&.llbIX Kone-
6aanll U0CTaToqao 3¢¢eKTHBHblM MeT0U0M SIBHn0Cb Dbl BB.eueane 
BT0poA rapM0HIIKH MarHHTHoro nonSI, K0TOpaSI o6ecneqnsaeT Tpe-
6yeMoe 3HaqeHHe rpaUHeHTa 38 cq~T H3MeHeHHSI ¢a3hl C paUHYC0M. 
OuaaKo MOUH~HUHP~BaHHblll peaonaHCHhll! MeT0U B ycnoBHSIX ~aao
Tp0Ha He M0lK8T Db!Tb ncnon&30B8H H3-38 orpaHnqeHHblX B03-
M0lKHOCTeA C03USHHSI Tpe6yeMoA KoH¢nrypaUHH 2 rapM0HHKH Mar
HHTHoro nonH. 

IloaTOMy UnSI ycTaH0BKH '¢' B KaqecTBe 0CH0BHoro BapHSHTa 
BhlBOUa npHHSIT0 Hcnon&30BaHHe UByx noKan&HbIX HeouaopoUH0CTel! -
ooa6yunTenSI n pereaepaTopa. 

OnpeueneHbl napaMEiTpbl noKan&HbIX Heouaop0UH0CTell, K0To·-
Pbl8 o6ecneqnBaroT paaueneane op6nT (3 ➔ 4) CM npn aeaHa-
qnTen&H0M yBennqeann orn6arommc. aKcnan&HbIX Kone6aanll. 

JlnSI onpeueneHHSI napaMeTpoB MarHHTHoro KaHana npoBeueHhl 
pacq~Thl BhlB0UHhlX TpaeKTopnA, B K0TOPbIX ncnon&30Banoch pacnpe
ueneHHe pacceSIHHoro MarHHTHoro nonSI, cymecTByromee B cnaxpo
UHKnoTpoae. Jlng BbIBoua ny~a c aaeprnea 680 MaB B aauaaHoM 
HanpaBneHHH HeODXOUHMO ncnonb3oBaTb Kanan C 83HMYTan&Holi 
npoTSIJKeHH0CTbIO • 36° n CHHJKeHneM MarHHTHoro nonSI . ., 6000 a. 

Jlirn YM8Hbll!eHHSI paUHanbH0ll pacx0UHM0CTH BblB8UeHH0ro 
nyqKa HCil0nh3yeTCSI ~OKYCHpyromee ycTp0HCTBO, K0TOpoe ycTaHaB
nnBaeTCSI BU0nh ueHTpan&Holl BblB0UH0H TpaeKT0pHH BDnH3H Bbl
xoua na MarHHTHoro Kaaana. 

· PacCMOTpeHbl B03M0lKHbl8 peJKHMbl UBHJKeHHSI qacTHU, B K0TO~ 
pblX MarHHTH0e none B03DYUHTenSI B o6nacTH paunycoB BbIDOua 
Bb!DHpaeTCSI C yq~T0M MarHHTHoro nonSI nnacTHH KaHana. B 3T0M 
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cnY"Ia8 M0JKH0 yaenH'IHTb Bb!C0TY nnaCTHH H HCKnI0'IHTh noTepH qac

THU, Bbl3bIBa8MbI8 1!8C00TB8TCTBH8M aKCHanhH0l'O 3MMHTaHca ny'IKa 

H aKcenTa11ca Ka11ana. ITpH onpeAeneHHbIX HemrneilHbIX xapaK

TepHCTHKax nonSI Ka11ana H CHCT8Mbl B036YAIITen&-pereHepaTop M0lKH0 

o6ecne'IHTh ycnOBIUI, npH K0TOpb!X none KaHana cymecTB8HHO Bnli 

SI8T Ha ABHJK8HHe 'laCTHU T0nhK0 Ha nocneAH8M o6opoTe, o6ecne-· 

l{liBaSI ycnoBHe q>oKyclipOBKli TpaeKTOpHli Ha BX0A MarHHTHOl'0 KaHa-

na. 

B pesyn&TaTe HccnenoaaHHli, onHcaHHblX B nocnenHeA rnaae 

AHCCepTaUHII, npennoJKeHa s4>4>eKTHBH8SI CliCTeMa BbIB0Aa nyqKa H3 

ClillhH0T0'IH0l'O «jlaaoTpoHa H onpeAeneHbl 0CH0BHbie napaMeTpbl sne

M8HTOB Bb!B0AH0l'O TpaKTa. 

YTO'IH8HH8 napaMeTpOB npeAnoJKeHHOli CHCT8Mbl li onpene

ne11He K03#HUli8HTa BblBOAa 6ynei npoH3BOAHThCSI Ha OCHOB8 pacq~

TOB TpaeKTOpHA no TO'IHblM ypaBHeHHHM ABlilK8HHSI. LlnH 3TOl'O Ha 

MOAenH Mal'HHTHOA CliCT8MbI·ycTaHOBKli '4>' Heo6xOAHMO YT0'IHHTh 

xapaKTepHCTHKH 0CH0BH0l'O Mal'IIHTHOl'O nonH, B o6naCTH panHyca 

BbIB0Aa, a T8KlK8 npoBeCTH MonenHp0B8Hli8 MarHHTHOl'O nonH KaHa

na, Boa6yAHTenH H pereHepaTopa. 
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