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0AHOl!: 11.3 OCHOBHbiX npo6neM 1 B03HHK8IOIUHX npa pa3pa60Txe JCKOpHTenel!: 

C npOCTp8HCTB9HHOH B8pH8UHeli M8I'HHTHOI'O nonSI1 liB:llli9TCli npo6neMa BbiCOKOacjlqleK -' 

THBHO~O BhiBOAa ny'IK8 113 K8M9pbl yCKOpHTenSI. Y cneWHOe peW9WI9 aToll: 3aA8'UI 

CBli38HO C C03A8HHBM T8KHX ycnoaJd! AnSI llBHlK9HHli 'l8CTHU, np11 KOTOpbiX ocyme

CTBnlieTCli 3H8'l11Tenbnoe pannanhnoe pa3nenenlle op6HT Ha xone'IHhiX pannycax yc

KOPIITensr llpH COXp8H9HHH yCTOll'IHBOCTH 8KCH8nbHOI'O J:lBH~9HHli. 

Pe3KOe yaenn'leHne paAH8nhHoro wara TpaexTopnl!: Mo~eT ObiTh AOCTHI'HYTO 

~OnhKO npa C03ABHHH pe3oHaHcnol!: CBH3H Me~AY. 83HMyTanhHOH 11. paAHanhnol!: CTe

nenliMH CBOOOllbl ABH~9HHSI. .IJ.nH BhiBOJl8 IIY'lK8 11.3 CHHXpOUIIKnOTpOllOB OObl'lllO llpH

/1 2/ 
M9Hli9TCli perenepaTHBHbiH M9TOA ' • 8 STOM M9TOA9 HCIIOnh3YIOTCH noxanhl!l>le 

H90)lHOpOAHOCTII I'p8Jlli9HT8 M8I'l!HTHOI'O nonsr nnsr napaMeTpH'lBCKOI'O pe30H8HCIIOI'O 

aoo6y~neHusr paAuanhHhiX xone6anal!: a6nii3H 3Ha'leHusr 'laCToThi Q r "' 1. Pereaupa

THBHhill MBTOA ycneWHO llpHM9HeJI· AnSI BbiBOJl8 ny'lK8 113 1130XpOHHbiX· UHicnOTpOllOB Ha 
/3 4/ 

HH3KIIEi SHepi'HII ' , paCCM8TpHB810TCli B03MO~HOCTH IICnOnh30B8HH!! nOJ:lOOHbiX 

CIICT9M B penSITIIBHCT,CKIIX UIIKnOTpOH8X II cpa30TpOH8X C B8pii8UH9H M8I'l!HTHOI'O llOn!l. 

/5/ .llnn penHTIIBIICTcxoro uaxnoTpona na anepr11ro npoTOHOB 700 Mas 
1 

napruty 

161 
C MOAIIcpHUIIpOB8HHbiM pe30H8HCHbiM MBTOAOM BbiBOA8 ny'IKa , T8Kll<9 . pa3p808Tbi-

Bancg MBTOll BhiBOll8, HCIIOnb3yiOIUHJi noxanbHbl9. H90)lHOpOJ:li!OCTII M8I'HHTHOI'O nOnS! 

'rp8AII9HTI!bie' K8H8nhi. np11 U3Y'l9HHII BonpoCOB 1 CBSI3.8HHbiX C. BhiBOJ:lOM ny'lKa 113 . 
npoeKTHpyeMoro unxnoTpona, 6bln npoaenen TeopeTH'Iecxuii anan113 ennnnug no-

xanhHhiX HBOJ:lHOpOAHOCT9H Ha ABII~9HII9 'l8CTIIU B nepiiO.tlii'19CKIIX M8I'HUTHbiX nonnx, 

paCCMOTpBHhl BOnpOCbf paC'leTa II. MOll9nl!pOB8HII!I H900XOAHMbiX KOHqll!rypaUIIH Mar

HHTHbiX none.lt1 8 T8K~e npOBBA9H 3H8'liiTemiHbllt KOMn:lleKC 'liiCneHHbiX p8C'IBTOB 

TpaexTopaii .no TO'IHbiM ypaanenaSIM nsn~en11s. 
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npOB8):18HHbl8 HCCJIS):IOJ'IB.HHSI U03BOliiDOT CA8ll8Tb BbiBO):I 0 TOM, 'ITO HCUOJlb3o_:

B8HH8 TaKHX CHCTSM ):IJISI BbiBO):Ia UY'IKB. H3 yCKOpHTeneii C npoci-rpaHCTBSHHOH Bll.:. 

paauaeii HBliSISTCSI nepcneKTHBHhlM. npa xopoweM Ka'IeCTBe BHyTpeaaero ny'IKB. H 

TWB.TSllbHOii OnTHMH38UHH llapaMeTpOB BbiBO):IBOii CHCTSMbl MOlKBO llOJiy'IHTb BhlCC>-

KHH KOStPtPIIUHSHT Bb!BOJ:ta, cpaBHHMblH CO 3Ha'IeHHSIMH, UOny'IeHHblMH 
. . l 171 . . 
BaHHH MexaaaaMa aeliHHeiiaoro peaoaaaca Q • ~ 8/4 • 

llpH HCllOllb3C>-

B BaCTOSIWSH pa6oTe U3ll0lK8Hbl OCHOBHble peayllbTSTbl TeOpeTH'ISCKHX accne-
' . . 

AOBaaaii, aa '7>caoBe KOTOpbiX 6hlliH onpeJ:telleHhi Tpe6yeMhie napaMSTpbi no:s:allblibiX 

HSOAHOpOAHOCTSH AJISI peliSITHB!ICTCKOrO UUKnOTpOHa. 

B o6WeM :cny'Iae KOH<jlarypai:mSI MarHHTJ!OrO nomi HSOJ:tHOpOJ:tHOCTeii AOlil!I!Ha . 

6hlTb·· TaKOH, 'IT06b( Jio .· BXO):ta · 'ISCTHU B · 06llaCTb MSKCHMSllbBblX 3H8'ISHHii B03MyWe-: 

HHSI 'IaCTOTa pa.i:tnaJJbHbiX KOJie6aHHft. H3M8HHll8Cb ):tO COOTBSTCTByromero p83QHaHc

HOro 3!18'I8HH£1 Q t = 1, 3/2;. 2. B STOH rrepeXOJ:IBOH o6naCT!I 8;KCHallbH08 ):tBHlKSHHS 

J:tOlllKH? OCTSBaTbCSI yCTOH'IHBhlM ·~ <jlopMtjJaKTOp 8KCH8llbHblX . KOlle6aaaii He ):IOlllKSH 

npeBbiuiaTb AonyCTHMbiX 3HaqeHHH. Heo6XOJ:tHMhl8 J:tliSI STax· uene!i nenH'IHIIbl BQ3MY

meHHH MarHHTHOrO llOJISI ae.Iib3SI C'IHT8Tb MB.nhlMH,. ~- CBSI3H C 'I8M.·· He. B·cer):ta MOlKHO 

HCUOllb30B8Tb" AliSI 8H8liH38:· HX BnllSIHH£1 8CHMllTOTH'I8CKH8 · MSTOAbl. noaTOMY B pa-

6oTe ~CllOJibSyeTC.SI 'l\HiTpH'IHbiH MSTOJ:t H .MeTOA llOCTPOSHHSI aBaliHTH'leCKHX pewe

BHH o6o6meaaoro ypanaeairil Xnnna; 
. . 

noKa3a!lo·, 'ITO BO;:'A8HCTBH8 nOKSllbHhlX B~O):tHOpOAHOCTeii· ·.·aa ):IBHlK8HH8 'ISCTHU 

B r.epll_O):t>I'IeCKHX MarHHTIIbiX "UOJISIX OTliH'l88TCSI pSIAOM cymeCTBSHHhlX OC06eHHOCTeli, 

HCllOllb30B8HH8 KOTOpbiX . OTKpbiB88T WHpOKHe B03MOlKI!OCTH 'J:tnSI ocymecTBliSHHSI a!l>

<jleKTHBHbiX • pe30HBI!CHblX MSTO):!OB BhlBO):ta ny'IKa. 

Hccnenoiiaaae ycTOH'IHBOC,TH op6aT npa BSJIH'IHH liOKSJlbHhlX 

I!SO):ti!OpOAHOCTeli ·aa OCHOBS MaTpH'IHOrO M8TOA8 
li 

L(nSI aaan_n3a AB!IlKSH!ISI 'I8CT!IU B MarHHTHblX nonSIX C rrpOCTpai!CTBSHI!Oii Bapaa~ 

uaeii o6bi'IHO HCll~~3yiOT ypanHeHHSI ABHlKeHI!SI B uannanpa'IeCKOii cnCTeMe KOOpAHI!aT 

B Ka'IeCTBe ae3aBHCI!MOii nepeMeHHOH. OitaaKO rrpa c aaaMyTallbHbiM yrnoM · ¢ 

aana'Iaa no:s:anhlibiX HeonaopOAHOCTeii rpaAHeBTa MaraaTaoro ·nona 6onee yJ:to6ao 
' :. ' - .. , . -

I!Cll0llb30B8Tb HaTypanbayiD CHCTeMy KOOpJ:ti!HB.T, CBSI38HHYID C BeB03MymeBHOH paBIIC>-

BeCHOfi op6aToii r 
0 

( ¢ ) B aToM cny~tae naaeiiahle ypaBaeHBSI .. 6eTaTponahlX 

Kone6aanl!. aMeiOT sa.i:t 

4 

·.'.'1' ' 

'-

' . { 
- : 

\ 
,f 
/' 

~ 
I 

2 R 2 
~~ (--0-) (1 + 
H'~2 Po 

2 · R · 2 
d_£_ (-0-) n Z 
d0 2 Po 

pll ·aHz 
n .. ----- noKaaaTellb pocTa Ma: 

Hz ax 
rne 

rnanaoii aopMana, p
0 

a R0 - panay_c Kpl 

1 ¢ . 2 2 . ' 
8 = -. - f J r + r' d ¢ - o6o6meai 

R o o 
0 D 

nepaoJ:t :s:oa<P¢auueBTOB B ypasaeaaSIX.(l), 

OCHOBHOrO MarHHTHOrO llOliSI paBHhlM 2 1T 

ol~()~()l+a rpaJ:tHSHT Mari'IHTHC 

a HZ 

ax 

aH z 

ax 

rJ:te Hzo - aeB03MYmeaaoe· MS,rHBT!lOe n 

J:tH8HT, SBeneHHhlll B o6naCTH npOTS1lKeHHOC 

nepHOA KOS<jl<jl~UHSBTOB CTSHOBHTCSI paBHbll 

npn 38):!8HHbiX Ha'IB.llbliblX ycnOBH 
X . 

aaa'Iei!He BeKTOpa I I aa aaaMyTe 
X' 

CSI v -oii cTeneHhiD MaTpanhi M () 
0 

+ 2 11 

MOlKHO rrpeACTB.BHTb B <jlopMe 

au -

\ 
Cos 2TT Q 11 - 2 

v 

M 8 +2 rr = 

·; Cos 
0 

a . 
u Sin2rrQ 

1 
rJ:te Cos 2 :r Q ~ - ( a 

+ a ) , a 
. 2 11 "22 

J.ia BblpalKeHI!B (3) BH):IBO, 'lTO up 

oT op6aTbi aa aaaMY.Te 
8 .. ·8

0 
B381l 

rapMOI!H'ISCKI!MH KOne6aHBSIMH, aMllliHTYI 

ycnoaai!: a aneMeHTOB MaTpi!Uhl a,k· 
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cnenaTh BbiBOJl o TOM, 'ITo ncnom,ao

c UpOCTpaHCTBeHHOH BB

M Ka'!eCTBe.BHyTpeaaero ny'!Ka a 

CHCTeMbl MOlKHO nony'IHTb Bb!Co

UpH HCUOnh3o-

peaynhTSTbl TeOpeTH'IeCKHX. HCCJJe

Tpe6yeMbie napaMeTpbl noKanhHbiX 

non.11 aeo~HoponaocTeii: nonmaa · 

. MBKCHMBnhHbiX 3HS'IeHHli B03Myme-

Jl0 COOTBeTCTByromero pe3QHaHc-

8KCH8nhHOe JlBBlKeHRe 

_Kone6aanii: He nonlKeH 

nnSI aTn:x· neneli senn'!Hl!bl BQ3MY

B· CBSI3B c· '!eM ··He BCerllB MOlKHO 

· M.eTOJlbi; IToaTOMY B pa

nocTpoean:SI aHannTHqecKnx peme-

· :ga nBaJKeaae 'IaCTan 

n pnnoM cymeCTBeltltbiX · oco6eHHoCTeli, 

ocymecTSneltnH a«jJ-

IIpH IIBnH'IHH JJOKSnhltbiX 

UOnSIX C npoc,TpBHCTBeHIIOH sapaa- . 

UHnHHJlpH'IeCKOli CHCTaMe KOOpJlHIIBT 

rrepeMeaaoii:. 0AHBKO rrpn 

MarHnTaoro 'nonn 6~nee yno6no 

CBSiaaaayro c aesoaMymeaaoii: pasao

naneliable ypasaeimSJ: · .6eTaTpollHbiX 

.A 

~~ 

.I 

I 

II 
l 
I 

2 . R 
d X · 0 2 
--+<--) (l+n)X=O, 

d6 2 
P0 

(l) 

2 R 2 
~-(-0-) nz~o. (2) 

d 6 2 Po 

rne 
Po ·a Hz 

n ~ -- ---- noKaaaTenb pocTa MarHaTaoro non.11 aa op6nTe B nanpaBJJeaan 
H., ()X 

rnasaoii: aopMana, p
0 

a R
0 

- panayc KpasnaHbi a aKsnsaneHTHbiii: pannyc op6aThl, 

1 .¢ 2 2 .. . 
(} = -.- f y r + r' d rp - o6o6meHHblli a3HMYT• Tipa DTCYTCTBHR B03MYmeHHli 

R o o 
0 0 

nepHOJl K03~HUHeHTOB B ypaBHeHHSIX. (1), (2) COBnanaeT C nepBOJlOM CTpyKTYPbl 

ocaosaoro MaranTnoro non.11 paBHbiM 2 rr I N • Ecnn JKe B HeKoTopoli o6nacTa · 

(}l~(}~Ol+a rpanneaT MaranTaoro non.11 BMeeT aHa'IeHne 

()Hz 

ax 

() H zo 

ax 
+ G • 

rne H . .,
0 

- HeB03MYmeaaoe· MaranTaoe none, 

naeHT, BBeJleHHbiA B o6naCTH npOTIDKeHHOCTbiO a 

nepHOJl K03qllp~UB9HTOB CTBHOBHTCli paBHbiM 2 TT 

G - no6aBO'IHbili UOCTOSIIJHblli rpa

,TO n=n
0

+ft.n
1
(0) n 

Tipn aanaHHbiX HS'IanbHbiX ycnOBHSIX X = X
0 

X'., X~ npn 0 = 0 0 

X 
aHa'IeHHe seK~pa I X ,1 aa aanMyTe 11 -o6opOTOB onpenenSieT-

. /8/ 
, 'ITO, cornacHo TeopeMe Cn:llbsecTpa 

eo . nocne 

CS! II -oli CTeii9HbiO MSTpHUbl M () 2 rr . 0 + 
MOlKHO IIp9JlCT8BHTb B ~OpMe 

Sln21TQII Sin2rrQ11 

; a 12 
Sin 21T Q 

\ 
Cos 2 rr Q 11 -

2 
I (3) II 

a 22-all Sill 2 IT Q II 
M () +2 IT = 

; Cos 2 IT Q 11 + 
Sin 21T Q 

() 

a2l Sin 2rr Q 

1 ·. 
rne Cos 2 IT Q = - ( a + a ) , a It ( () 0 ) - aneMeHTbl MaTpHUbl M () + 2rr • 

2 11 '22 1 . 0 . 

Ha BblpalKeiiaSI (3) snnao, 'ITO rrpa T I Sp M 2 IT I < 1 OTKnoaenae 'IacTnn 

OT op6HTbl Ha a3HMYTe () ~ () O B 38BHCBMOCTH OT 'IHCna 0.6opOTOB OUHCblB89TCli 

rapMOHH'IeCKHMH KOne6aHHS!MH, BMIIJJHTYJlB H cPa38 KOTOpbiX 3 BBHCliT OT HB'l:BJJbHbiX. 

ycnOBHH H aneMeHTOB MBTpHUbl alk 

5 



IlpH yBellH'leHHH fl n 
1 

CHMOCTH OT 3HS'leHHSI Q O 

aaa'!eauSI. B aToM cny'lae 

1 'l8CTOT8 pa.r:tHBnhH~X KOne6aHHH B03paCTaeT H, B 3SBH~ 

, MO~eT AOCTHrHYTb 6nu~ai!mero nenoro HnH nonynenoro 
1 I I . . -
2
- Sp M 217 "' 1 H IUlH~eHHe CTSHOBHTCSI He-

YCTOA'IHB~M, OTKnOHeHHe 'IScTHll OT OpOHTbl paCTeT nponopnHOHanbHO 'IHCny o6opUTOB. 

IJpH ,!ta.IIbJlei!meM yBellH'l9HHH /'1 n 1 

oonbWB:M e.r:tuaanbi a 

mnyp MSTpllllbi CTSHOBHTCSI no . M0AY1IIO 

r.r:te 

...J 

v 
M6+2tr-=. 

0 

a -a 
22 11 

Ch217vj9 
2 

Sh217vj9 

Sh217{3 

Sh2rrvj9 ·Ch217vj9+ -----. 1
u Sh2JT(3 

1 Ch217{3"'- SpM 217 > 1. 
2 

Sh217v(3 

. (4) 

; a . 
12 · Sh 2 rt (3 

a 22 -an Sh 211 vf3 

2 Sh217j9 

Ha. (4)' BH.r:tHO, 'ITO ABH~eHHe Heyc'l'Qi!:'IHB01 H npa oOJihW!lX 3Ha'leHHSIX V 0'1'-

KllOHeHHe OT op611:~ a03pacTaeT no sKcnoaeanHanbROMY saKoay. Ecnu usnecTH~ ane

Mell'l;'bi TPaHc.PopManHOHHOi!: MaTPimi,x, OTHocsrmaecSI x npoasBom.HOMY aa>tam.HaMY 

sHa'leHHIO 6 -= 6 0 • TO. aa ocaoBaaua .Pa!JMYll ( 3), ( 4) MO~Ho onpe.r:tenHTb Bee 
c 

xapaKTepHCTHKil AB~9HHSI KaK B nepeXOAHOH o6naCTH7 TaK H B OOllSCTH pSAHanb-

Hoi!: aeycToi!:'IHBOCTa, r.r:te .ocymecTBnSieTCH pe~RM pas,qeneHHSI op6aT. O.r:tnaKo AllSI 

yCKop'aTeni;li! C npOCTJ!SHCTBeHHOA aapuanaei! Henocpe.r:tCTBeHHoe npaMeHeHHe MSTpH

' aorO M9TOA8 ae 'npe.r:tCTSBllli9TCSI B03MO~~M 0 TaK KaK KBS3Jo/npyraa CB:llbi H9Jib3SI 

annpoKCB:MHpOBSTb KyCO'IHo-nocTOSIHHbiMH <i>YHKllHSlMH, 
. { ) ( ) . . /9/. 06mee pemaHHe ypaBHeHai!: 1 , 2 B o6naCT.II yCTOil'IHBOCTB:, HMee.T BHA . 

X "' A <I> ( (J ) Cos [ Q (J + 'I' ( (J ) + B ] , 

r.r:te <l> R IJ'_ - . nepHOJl.ll'l9CKil9 <i>YHKllRH, SIBllSIIOWH9CSl Mo,nyneM H <l>asai!: KOMnlleKC"" 

H~X pemaHRil a .popMe <l>noKe. Ilp.11 aa.r:taHHOH aMnn.IITY~e KOJie6aHHH cPYHKnHSI A <l> ( (J) 

SIIlnlieTcsr ora6aromeli Bcex TpaeKTopni!: B ny'{Ke. HopMHPYSI · nHHeilao--oaesaBacuM~e 

pemeHRli TllK, 'ITOobi . apoHCXH!Ul-c'It®HS1llCSI e.naaune, AllSI aneMeHTOB Tpaac.popManaoa-· 

ROil: MSTpHll~ MQ~HO IlOny'IHTb :B~pa~eHHSI .. 
a 

11 

. <l>((J) . . 
--- Cos 0 -· <I> ( (J) <I> ' ( 0 ) Sin 0 , . a .. <I> ( 6 ) <I> ( 0 ) Sin 0 , 
<f>((J

11
) · 0 12 0 

6 

t 

\i 

\\ 

! 

1 
a "'-[ + <I>'( 6) <I>' ( 0 ) J 

21 .<l>(6)<l>((J
0

) . o 

a 
22 

r.r:te 

Ilpu 0 -= 8 0 + 2 rr 

<~><e r 
'0 Cos Q. 

<ll((J) 

n .. Q 1 o --o o) +, 

[ Q + w· < e ) 1 q 

nony'IHM KOMIUl 

AY CTPYKTYPbi MarHHTRoro nonsr 

a 
11 

"' Cos 2 17 Q - <ll' ( (J 
0 

) <ll ( (J 
0

) Sin 2 rr ( 

a 
21 

1 
"'-[ + <ll' 

<1>:(00) 

a 
22 

... Cos 2 rr Q + <I>' ( (J 
0

) IV ( (J 
1 

Hs (6) BHAH01 'ITO cPYHKllHli <l> 

MaTpl!ttbi COOTROW9HHSIMH 

2 
<I> ( 00 ) 

a 12( 0 c 

Sin 2 17 

<ll'2 ( 0 ) 
0 

-a21((Jo) 

Sin 217 Q 

Ecnn aaaecTHO pemeane ypaaaeHill 

nopmomee npO!i3BOnbHbiM HS'ISlib!IbiM 

(6), -racToTa 11 orH6aromaSI Kone6anail ~ 

Cos 2 17 Q 

2 2 

X(0+217)+X(0-2n 

2 X ( (J) 

x~ 

<ll ( 6 ) "' Sin 2 17 Q 
[X(0+217)-X( 

7 



xone6aunn B03pacTaeT n, B saBa~ 

onnmafimero nenoro BIIB nonynenoro 

R ABBm91lR9 CT8HOBRTCR He-

pacTeT_nponopnBOHanhHO ~cny o6opuroB. 

mrryp M8TpBUbl CT8HOBRTCll HO MQeymo 

Sh 2 rr_v {3 Sh 2 rr v {3 
----·a 

Sh2rr{3 ' 12 · Sh2rr{3 . (4) 

2rrv{3+ 
a22 -ali Sh 2rr v@ 

Sh2rr{3 2 

M 2rr > 1. 

oOJlbmBX 3H8'l9HRRX V OT-

saxoay. Ecnn RSBeCTHhl ane-

K npOB3BOnhBOMY H8'l8nbHOMY 

(3), (4) Momao onpenel!RTh Bee 

o6naCTR, Tax n B o6nacTn pannanb

pel!tRM pasne.nemui oponT. Onnaxo JJ.mr 

nenocpeJJ.CTBGHHoe npnMeneaae MaTpnq

' T8K KaK KBa3aynpyrne Cl!.llbl H9nb3Sl 

. /9/. 
ycTOfi'lRBOCTR BM99T Bl!JJ." 

cjJasoA KOMll.ll9KC"' 

aMJJ.naTyne xo.ne6annli cpynxnnst A~ ( fJ) 

HopMnpyst ·nauefiua-..uesasncnMhle 

9JJ.l!BRite, ltiiSl Sll9M9IITOB TpancolJopMaUHQH-· 

a .. ~(8)~(0 )SinO, u 0 

;.J 

r 
\I 

I 
r 
I 

I 

a .,._ [ 
21 

rne 

1 . . ¢'( 0) ~·( (} ) 
- + ~·( 0) ~· ( 0 ) ] Sin 0 + [ - -

0 
] Cos 0, 

~(O)~((J) 0 . ~((}) ~((}) 
0 0 • 

a 
22 

~((} y 
_ ___;-o;___ Cos 0 + ~· ( (}) ~ ((J ) Sin 0 

0 
~((;I) 

0 .. Q i 0 _, 0 
0

) + IV ( 8 ) - '¥ ( 0 
0 

) 

[ Q + IV' ( 8 ) 1 ~ 2 
( 8 ) .. 1 . 

n 

~5) 

TipH (} "' 0 O + 2 IT nony'lHM KOMIUlHGHTbl MaTpHUhl, COOTB9TCTByiOmHe nepn:o-

JJ.Y CTPYKTYPbi MarHHTHoro nonst 

a .. Cos 2 rr Q - ~· ((;I ) ill ((;I ) Sin 2 rr Q , a ., ill 
2 

( 8 ) Sin 2 rr Q 
11 0 0 12 . c 

1 2 
a .. - [ " + ciJ' ( 8 

0
) ] Sin 2 rr Q , 

21 ciJ•(e
0

) 

(6) 

a 
22

., Cos 2 17 Q + ciJ' ( 8 
0

) <V ( () 
0

) <S\n 2 17 Q , 

!1s ( 6) BRltHO, 'iTO cpyllKURll ill H ee npOR3BOJJ.H8ll CBll38Hhl C KOMHOHCHT8MR 

MaTpl!Ubl COOTHOID9HHllMR 

B ( 0 0) 
12 

~ 
2 

( 
0
o) "' Sin 2 rr Q (7) 

~,2 ( 0 ) -0 - __ :...-." 
Sin 2 rr Q 

8 12 (Oo) Sin 2 IT Q 

Ecna aanecTHO pemenne ypanaeHHll 6eTaTpOHHbiX xone6annli X ( (;I ) , ynonneT;; 

BOplllOIDBB npOH3BOnbllblM Ha'l8l!bHbiM ycnOBHllMr TO, KaK cnenyeT H3 BhlpameHHH 

(6), -tacToTa n: orH6aromaH xone6annfi MOryT obiTb onpenenenbi xax 

Cos 2 IT Q "' 

2 2 

X(0+2rr)+X(8-21T) 

2X((;I) 

X'(8+217)+ X'(0-2rr) 

2X'(O) 

X~( (;I)- X ( (;I+ 2 IT) X ( 8- 2 IT) 

(8) 

~ ( 8 ) "' Sin 2 IT Q ( X ( 8 + 217) - X ( 0- 2 rr)] X' ( 0) - (X'( (;I+ 2 rr) - X' ( (}- 2rr)] X( (J) 

7 



,.J 

06osHa'IHM M O ( 0 , 0 O ) - TpaHCijlOpMaUHOHHy!O MaTpnny H_eB03MYIU€HHOI'O ABn:iKeann. 

3neMeHTbl 3TOH MaTpHUbl M0li{H0 npeACTBBHTh B .BHAe1 ananOI'H'IHOM BblpalKeHHnM l5)' 

nonaran 

Q ~ Q 0 

2 rr 
«ll~«llo(O)c «llo(O+-,r-) 

"2rr 
'I·~ 'I' (0 )~'I' (0+---..---) 

0 0 . "' 

rAe Q 
0 

, «ll 
0 

- qacToTa n orn6aroman Kone6annli J!eBOSMyiuennoro ABali<ennn. 

lis CBOHCTB MaTpHUbl M. ( 0, 0 ) OTM€THM cneAy!OIUHe : 
. • • 0 . 0 .•. 
1) 

2) 

3) 

1 
M <o ,o)~1 

0 0 0 0 

0 
'1 

1 

2 rr I' 2 rr . 
M ( 0 + -- k , 0 ) ~ M '( 00 + -- , 0 ) , k ~ L 2, 3, ••• , o oN o o No 

M ( 0 , 0. ) M ( 0 , 0 ) ~ M ( 0 , 0 ) , 
0 210 I~ 020 

0 > 0 > 0 
2 I 0 

llpn HanH'IHH OAHOH noKanhHOH H€0J:IHOpOAHOCTH MaTpnUa, COOTBeTCTBYIOIUan 

nepHOA~'IHOCTH CTpyKTypbl Mar HH':t'Horo nonn ( OAHOMy o6opoTy); MOl!<eT Ob!Th • onpe-

Aenena KaK 

M(0
0
+2rr,0

0
) '7M

0
(0

0
, 0

1
+ a) M

1
(0

1
+a.,0

1
) M

0
(2rr+0

1
,8

0
). (9) 

Ann 0 +a<O <2rr.t-O 
1- - 0-• 

llpn 3aAaHHOH 'laCTOTe. Q0 
sna'leane aneMeHTOB aToli MaTpHUbl onpeAenneT-

-en orn6aromeli KOne6annli neBOSMyiUennoro ABHJI{ennn n aneMeHTaMn MaTpHUbi M 1 , 
X X 

OcyiUeCTBnnromeli-npeo6paSOBBHH€ BXOAHbiX SHB'IeHHJi 1 XJ BX B 3Ha'I€HHn 1· 1 . X' BbiX 

Ha Bb!XOA€ HS o6naCTH BOSMyiUeHnn. KoHe'IHO, BCe o6mne COOTHOIUeHnn, npnBeAeH-

Hble BbiWe Ann paAHanbHoro ABH*ennn, npn cooTBeTcTayromeM · B3Menennn o6osna-

'leHBH OTHOCRTCSI H K BKCHanhUOMY ABHJI{€HHIO. B 'laCTHOCTH, OTHOWeHne MaKCHManb

tllm~ 
Hb!X snaqeun.li orn6aromnx x~paKTepnsyeT yaenn'lenne _aKcnanbHb!X pas-

Ill 0 mcrz 
MepOB ny'IKa · npn B03A€liCTBHH nOKBnhHb!X H€0AH0pOAHOCT_eli. 

8 

.I 
(! 

l 

J 
'i 
;\ 

;I 

.j 
l 
1 

Orn6aromne 6eTaTpoaabl 

nnn nccneAOBaHBSI ABIIJI{E 

H (r,rp)cH(r)ll 
zo 

C HOMOIUb!O ypaBHeHHH ABH:lKeB 

xonnMo onpeJ:~ennTh xapaKTepn 
Po aH,o. . 

n = ------· B a o H ax 
zO 

ABHJKenne 'lacTnn c nMnynhC< 

op6nTa MOJI{eT ObiTh. aaliAena 

2 ~ 
r

0
+2r'

0 

Po ( r'2 + r' 
0 ' 

YpaBnenne op6nTbi MO:lKHO npe 

r o ( ¢ 1 

rAe ( R -ll R )- cpennnli panny· 

HOC,Tb!O CTpyKTypbl MarHHTHOr 

opOHTbl C.AOCTBTO'IHOH TO'IHOC 

R(fDN+ 
r

0
(rp)e R-

2 (n + 1) [ ! 

I'll€ R a11 
n e H --a-F 

li3 BblpBJI{€HHn (12) Bill 

Bb!Hy:lKAeHHbie Kone6annst ·Mam 

P m<n: f · ) ___ ;;;;;..._., __ 
2
npn f < 1 • 

R N .. 
MOJI{HO·Onpepenn:Tb KaK 

·n 
0 

2 

Po 

H(R) R 

aH . 
zo 1 

a r . •" 



.,MBll!IOHIJY!O· M8Tp!Iny H9B03MYIU9HHOI'O ABH:l!WHJHI. 

B B!IAe
1

aaanOI'H'IIIOM Bblp81K9HHliM .(5), 

2 IT · 
(8+---w-> 

21T 
0(8+:-rr->' 

KOne6aHIIH ll9B03MYIU9HHOI'O ABHJK9HHll, 

OTMeTHM cneAyromne : 

0 

0 
'I 

1 

I' 2 IT 
~ M '( 80 + -- , 8 ) , k ~ L 2, 3, : • • , 

o · N o 

(O ,o >~M (O ,e), 
1 e o 2 o 

> e 
0 

MBTPHUB, COOTBeTCTBY!OIUBll 

... 

( OAHOMY o6opoTy); MO:lK9T 6biTb • orrpe-

a) M
1
(8

1
+a·,e

1
) M

0
(2rr+0

1
,8

0 
(9) 

aToli MaTpHnhl onpeAenl!eT

ABH:lKeHnll H aneMeHTBMH MBTpHUbl M I 
X X 

ana'!eHHli I XJ ax B ana'!e!IHll I · I 
X' BblX 

Kone'!llo, ace o6mne cooTHoiUeHnll, rrpnaeAeH-

COOTBeTcTayromeM. H3M9H9HHH o603H8-

B '!aCTHOCTH, OTHOIUenne MaKCHManb-

aKcnanbHbiX pas-

ll90AHOPOAHOCT.eli. 

! 
;j 

j 

I 

,I 

.j 
J 
1 

>f.! 

I 

· 0rn6a!OIUH9 6eTaTpOHHblX Kone6aHHH H9B03MYlll9HllOI'O ABH:lK9HHll 
• 

Dnll nccneAOBBHHll ABH:lKeHHll '!acTnn B Mal'HHTHOM none BHAa 

H. 0 (r,cf>)~H(r)ll + dr) Sin [ f3 (r)-Ncf>] I (10) 

C TIOMOlllb!O ypaBHeHHH ABH:lKeHHB B HaTypanbHOH CHCTeMe KOOpAHH8T (1 ), (2) Heo6-

' Ro XOAHMO OllpeAenHTb X8p8KT9pHCTHKH . Op6HThl p O 
Po aH.

0 
. , 

a 0 = _H __ . a X B 38BHCHMOCTH OT o6o6meHHOI'O 83HMyTa. 

n ana'!enne noKaaa~renll 

PaccMoTpnM 

•O e 
ABH:lKenue '!BCTHU c HMTIYnbCOM P = -- H(R) R , B aToM c.rryqae paanoaecnaH 

c 
op6uTa· MO:lKeT 6biTb naliAeHa KBK nepuOAH'!eCKoe peiUenne. ypaaHeHHSI 

2 , 2 
r 0 +2r 0 - r r " 0 0 1 

( r'2 + r' 2 ) 3/2 
0 0 

R Po 

Ypaanenne op6HTbi MO:lKHO npeACTBBHTb B <flopMe 

r (cf>) .. R-f:o.R+p(¢), 
0 

H zo ( r o , cf> ) 

H ( R) 

(11) 

rAe ( R -!1 R )- cpeAHHH paAnyc op6nTbi, p - Bhllly:lKAeHHbie Kone6aHnll c nepHOAH'I

HOt;TbiO CTpyKTypbl MBI'HHTHOI'O rronll. TaK, Anll M8I'HHTHOI'O TIOnl! BIIAB ( 10) <jlopMa 

/10/ 
op6HThl C . .qocTaTO'IHOH TO'IHOCTb!O OllHChlBBeTCll Bblpa:lKell!IeM 

2 
R(tnN+2t ) r (cf>)= R- ___ ..:.;... ____ _ 

0 
2 (n + 1) [ N 

2 
- n -1 1 

Rt 
+ 

2 
Sin[ f3(R)-Ncf>], 

(12) 

rAe R aH 
n .. ---, 

~ aR 

N -n- 1 

R _a_( tH), 
nN .. H aR 

Ha Bbipa:lKeHHll (12) BliAHO, 'lTOc B ycKopHTenl!X .c rrpocTpanCTBenaoli aapnauueli 

BbiHy:lKAellllble KOne6aH!Ill ·Manhi llO Cp8BH9HHIO CO Cp9AHHM p8AHYCOM op6HThl 

p m<tt f · 1) 3 · 6 { "-;;llpH f < • H8'19HHe ll\)K838T9nl! M8I'HIITHOI'O TIOnll H8 Op liTe r cf>) 
N• ~ o 

MO:lKHO·OTipepennTb KBK 

·n 
0 

2 
Po 

H(R) R 

aH 
zO 

a r - I ..... 
0 

9 

r 
0 

V r 2 +· r , 2 
o a 

1 

r 
0 

BH (ro,cf>) , 
1
'13) zo '( 

a 4; .,Jr2 + r•2 
0 0 



., 

HcnOJib3Y!l (12) H (13), ypaBHBHB!l ( l) 1 (2) MOlKHO npBB8CTH It ypaBHBHBSIM , 

2 

dX +11+11-
d"OT 

/(Rf3')2 

2 
+rR/3'Cos[f3(R)-N¢(O)}Ix-o,- (14) 

2(N-11-1) 

2 

~+I-ll+ 
d0

2 

2 2 2 
1 ( R f3 ') l N . 

2 ( N2- II -1 ) + 2( N 2-11-1)- c R f3, Cos [ f3 (R) -N ¢ ( 0)] I z .. 0 (•15) 

B KOTOpbiX a~BMYTa.ribHbiil. yron rp 

MyT 8 • nerKD BBJIBTb, 'iTO 

JIDnlKeH 6biTb BbipaJKeR -qepea o6o6meRRblii aaH-

¢ Po 
8=</>+J-d¢ 

o R 
¢ p £ 

H nepBOJIB'lBCKaSI $yRKnBSI f + d rp BM8eT MaKCHMaJibHOe 3Ha'l9HB9 ,. ~ llo-
0 • N 

aTOM¥ B l14), (15) MOlKBM npn6nBlK9HHO C'lBTBTb, 'ITO rp(O) •8 

TaKHM o6pa3QM
1 

ypaBHBHHSI 6eTaTpOHHbiX KOne6aRBii B aaTypa11bROii. CBCTeMe. 

KoopJIBaaT npHBOJISITCsr K ypaBHBHHSIM MaThe, KOTDpbre aaanorH'!Hbi· ypaBHBHll!lM KD-

. /10/ 
ne6aHBii. B nHHHHJlpH'!BCKOii. CHCT9M8 KOOpJI!lHaT 

3aMeHoii. nepeMeHHOii. f3 ( R) - N 0 • 2.; YP!lBIIeHHSI npHBOJISITCSI K KaHQRB'lecKoii. 

4JopMe 

Y" + [ a - 2 q Cos 2 .; ] Y .. 0, Y ... (X, Z) 
y 

CO 3Ha'leHH51MH napaMeTpOB 

4 c2(Rf3')2 4 ,2(Rf3')1 
a •·- I 1 +· 11 - I a_ "' - I - n + + "'2 2 'c 2 2 N 2 ( N -11 -1) I N 2(N -11-1) 

(16) 

2N2 
c I 

2 ' 2(N -11-1} 

+ 2 f f3' q .. - -· -
2
- R - nonoJKHTe11bHOe .nnsr aKcaa11baoro JIBHlKeHBSI H OTpHnaTe11baoe Jinsr 

N 
paJ1Ha11bliOro. 

PemeHBe ypaBReHBii. (16) BblpaiKaeTCSI -qepea $yHKnHH Ma'l'be 

10 

I 
\\ 
' 

;i 
'! 

~\ 
11 

\i 
.\ 
; 

I 

I 

I 
! 

.. 
y .. A !. c2k Cos 

t:::-DO 

KOTOpble 06bi'lHD HOpMH 

B Ta6mme 1 npel 

3BM JIHSI napaMeTpOB, 

nHKHOTpORa. 

c I c 
0 

k I :It) . I <-t> c 0,9858 -C 
2k 1 

c'"'' 
2k 

i 

0,9921 i-C 

Ha Ta6nHIIbi BHJlB 

maiDTCH c pocTOM K 

Rynro T011bKO KOS~HnH 

npn6nnJKeHHe cnpaBe)ln 

ycTOH'lHBOCTH npH q ~ 

nony'lHTb IIpOCTbla H )lC 

C
0
=1--

c2 

Ha anannaa Bblpl 

Mancil, H npH paccMD'I 



ll), (2) MO:lKHO npaaeCTI!l K ypaaHeHI!lSIM 

{ 
2 

t-N (15) 
- t R ,8' Cos [ ,8 (R) -N cp ( 0)] I Z • 0, 

2(N 2 -n:...l) ,.J 

uo.nJKeH 61>ITb ablpa:mes qepea o6o6meHHbl.il; aal!l-

<P Po d cp 
J """R 

aMeeT MaKeaMa.llbsoe 
( 

3Ha'IeHI!le ,. ---,. ITo-
. N 

t eHHO C'II!lTaTb, 'ITO cp ( 8 ) '" 0 

NrnnR"IfJ,TX. KO.lleoaHI!l.il; B HaTypa.llbHOJ!: Cl!lCTeMe 

KOTOpble aHa.IIOI'R'IHbl· ypaBHeHI!lSIM Ko

/10/ 
KOOpAaHaT 

YPftBHesag npaao~gTcg K KaHoHa'IecKol!: 

y ... (X,Z) 
(16) 

. 4 /(R,8')
2 

I ' Q_ ... - I - II + + 
z N 2 2(N 2-n-1) 

t 2 N 2 

2 I' 
2(N -n-1) 

SKCRS.IIbHOI'O ABR:lKeHI!lg a OTpRUaTe.llbHOe ~.ng 

'Iepea ¢ys~naa ~a'l'be 

l 
j 

,l 
~ 
I 
i 
1 

I 
'i 

:1 

'I 
t; 

l 

'l 
ll 

! 
! 

!\ 

-~ 
~ 
ii I. 
f ,, 

"" .. 
y • A !. c 21:. Cos ( 2 k_ + I'T ) e + B !. c Sln(2k+~t. )e, 

21:. • T 1:.=-oo t-=-eo 

2 I' ,. __ Q , 
z, s N :E,a 

/11/ 
KOTOpble o6bi'IHO sopMapyiOTcg cor.nacso yc.noaaro 

.. 
2 

!. c .. ~. 
t- 21:. 

B Ta6.nane 1 npeucTaa.nesbl 3Ha'Iesag KOS~anaeHTOB c21:. • paCC'IRTaHHble sa 

38~ A.llg napaMeTpOB, COOTBeTCTBYIOIIlRX npette.llbHOMY pattaycy pe.llgT.IfBHCTCKOI'O 

nl!lK.IIOTpOHa. 

Ta6.nnua 

co C Io1 i 0r 1 02 1 c 
2 a 1 c_21 - : c4.I ~ _4 • -.ro5 

(-1)1:. c'"' /0,9858 1-0,6043 !-1,5640 0,1106 0,45!4 l-0,9597: -5,2970 
21:. i -- -~ - ! . 

! - - --- -- --- ' ' 

<zkl i 0,9921 -0,8160 ·-0,9560 !0,1759 0,2232 • -I, 7100' -2,2890 

113 TaO.lll!Ubl BHAHO, 'ITO Koa!jJ!jlauaeHTbl !jlyaKnal!: ~aTbe C 21:. 6biCTpo yMeHb-

lllaiOTcg c pocToM K a C AOCTaTO'IHOii TO'IHOCThiO MOlKHO C'IHTSTh He paBHbiMH 

Hy.nro TO.IIbKO KOS~HUI!leHTbl CO , C 2 l!l C_
2

• Pac'IeTbl llOKS3biBaiOT,. 'ITO STO 

npl!l6nn:mesl!le cnpaaett.nl!lBO u.nn .nro6oro no.noJKeHI!lg paoo'Ieii TO'IKa B nepaoii o6.nacTa 

- ./11/ 
YCTOll'IHBOCTI!l npa q :; 1 • B STOM C.lly'Iae aa peKyppeHTHbiX COOTHOIUBHaH MOlKHO 

UO.ny-.iHTh npOCTbie a AOCT8To-.iao TO'IHbie Bb!palKeHHg A.llfl KOS!jlljlaUHCHTOB C , C a C 
0 2 -2 

co"'1-LI 
2 

c 

1 ------+ I, 
ll + 2 )2] 2 [ a - ( jl- 2 ) 2 .] 2 [ a 

q q 
2 

a-(jt+2) 2 ' 
c 

-2 a ..... '< ll-' 2 )2 

(17) 

11a aaa.nl!laa Bb!paJKesaft ( 17) ~mmo, 'ITO lj>yHKuag 'I' o ga.nneTCU UOCTaTO'IIIO 

Ma.nol!, a npa paCCMOTpesaa HeB03MyllleHHOI'O ABHlKCHan MOlKHO He Y'IHTbiBSTh Uepao-

11 



../> 

AH'l9CKY10 MOAYJl!IIllllO tfla3bl oeTaTpOHHbiX xoneoaHRli. HopMHpysr JlHHeliao-H938BlilCI1Mhl9 

pemeHHSI TSK, 'lTOObl HX BpO!ICKHaH paBHSIHCSI 9A.IIHilll91 nony'lll~ UpHOnJI:lK9HHbl9 Sbl~ 
pa2K9HllSI AJlSI OrHOa10DU!X B BHA9 

cl> Oy "' 

1 =:=..I 1- q M ( jl
7

) Cos {,8-·N 6] I 
V Q OY 

. (18) 

rna 

1 1 _.,_......;... _ __;, 
M(p) 

(2+·~t) 2 -a (-2+jd
2
-a 

Ha STHX BbipalK9Hllfi BRAHO,, 'ITO MaKCHMYM orH08lOID9fi JlHSI panHalll>HbiX KOJla-

oaaHli aaxonaTcsr aa aanMyTe 6 • - 1
- f3 (R) . , T.e. B To'lxe, rne BhiJIY:lKlleHHhie 

N d r 
xoneoaansr oponThi npoxonSIT 'lepea eynb, a cxopocTb --

0 
HMeeT MAxcaMam.aoe 

. . d~ 
OTpHUaTemiH09 3Ha'leHH9. MaKCHMYM ¢ CMeiil9H OTHOCHT9lll>HO M8KCHMyMa cl> Os · Ox 

IT 
aa yron N 

llns axcHanbaoro nBaJKeHHSI p ,. << 1 11 'lHCneaaoe aaa'leHHe M ( ll ) onH3KO • 
K aaa'leHHIO M= 1/2. B aTOM cnyqae Bhipa:m:eaHe (18) coBnanaeT c MonyneM 4JyHK-

UHH 4>noxe, onpeneneaaoll nnsr ypaBHeHRH (16) Ha oclioBe nepBoro npHonaJKeH!UL 

/9/ MeTona ycpenHeHRsr •• llPH yBena'leHHH p 'lRcneHHoe aaaqeaae M BoapaCTaeT, 

B qacTHOCTH, nnsr panHam.HhiX xoneoaaall aa npenem.ablx pan11ycax peJISITHBHCTcxo-

ro UHKnOTpoaa IL, = 0,45 11 aaa'leHRe. M ( IL·,) .; 0,61. -· 
Ha pHc.l. npHBeneHhi rpalj!HKR ljlyHKnHli v Q 0 ~ 4> 0 x a v Q 0 ,. ci> 0 s , pac-

C'ln:r-;a~~Ie 11a ocaoBe 'IHCneltaoro pemeaHsr ypaBlteaasr (14), (15). Ha aTOM :m:e 

pHCyHKe AHll cpaBH9HilSI npnBeAeHa aaB!lCHMOCTb Sin ( f3 _:N ~) OT 83RMYT81 xapaK-

TepaayiOmaB· BblJIYJKneaahie KoneoaHRsr opoHTbi, Banao, 'ITO nonolKelme sKcTpeMam.-ct> • • 
HhlX 3Ha'l9Hilli OrHoaiOIUHX ll OTHOID9Hil9 B9JlH'lHH ;ax ·XopomO cornacyiOTCSI c 

mlll 

¢opM~noii (18). 

Ha p11c.2 npHBeneaa paBaoaecHasr opoHTa i; r 
0

. ( ~ ) a onHH 113 -rpaeKTOpll:ll 

· nBHJKeaasr B axcaam.aoM HanpaBJieHHH · Z ( ¢) ·, paCC'lllTSHHbie. aa SBM no TO'lHbiM 

ypaBH9HilllM nBHlK9HilSI B MarHRTHOM JI0Jl9 penSITHBHCTCKOro UHKJlOTpOHa, cciJopMRpo-
• . /12/ . . . ·. 

,BaHHOM aa MOll9HH MarBHTHOH. CHCT9Mhl , BHnHO, 'ITO H3-38 MOAYJl!IIlHH C na-

paonH'IJIOCThlO 2 rr/ N TpaexTopHsr aaKniO'leHa. Me:lKJly KPHBbiMH 
z . - z . 

mu mlll ;..o;~B 

z.mlll II Z m11x 

a oTaomeaae 
Tax xaK· sTo ·OTaoinea.iie MolKiio ripencTaBHTb 

Z +Z 
m•z min 

12 

; I 
J 

1 
~ 
,I 

I 
1 

ct> "'"'" -ct> mm . q 
B BHne = --

cl> max + cl>mlD . 2 
JlH:lKElHHOrO Bhlp8lK9lmSI ( 18) BnOJl 

HbiX MaraaTHhiX nonsrx. Ha pHc.2 

MyTa. (xpaaasr 2). BHnao, :'J.1'0 ex 

3HH'IHT9lll>HO npeBbiiD8lOT CKOpOCT 

'ITO KOMUOH9HTbl M8TpHUbl a .U ( ~ 

2K9HHSI 6 O OTHOCHT9JlbHO nepHOl 

aeBoaMymeaaoro nBaJKeHBst rapMc 

eTCll aenonycTBMOli. Onaaxo B m 

71 .. 
y 

ci>o 
II r= 

1 

Qo 

6 

J 
eo 

ypaBH9HHll oeTaTPOHHhlX KOJleoaHJ 

<!>HUB9JITaMB 
2 

.d 71 

d r 2 

CnenoBaT9JlbH01 nnll OUHCaHBSI AI 

cxax xoneoaaaii, ocymecTnnstst ni 

3H8'l9Hilli 'y n Y' cornacao 

y -
I I .,K

1
(6) 

Y' . 
-Q 

0 
Sin 

CosQ 0 r 

rna 

x 
0 

<e) 

'laCTOTbl ll orH08lOIUH9 

H 

B oonaCTH B03MymeHHSI. ~ 

ae_HRSIMH, OTJl!l'lalOIUHMHCSI OT 

aneM UOCTOSIHHOrO Koa<!>clJIDlll~nT; 



T 

/ 

xone6arurlii. HopMnpysr nnael!:Ho-Jieaaaacli:MDie 

paaasrncsr eniimme, uony'III:M npn6nn:m:eHHble Bbl-

I 1 - q M ( I' 
7 

) Cos [ f3 -· N 8) I , (18) 

• 1 + • 1 
.... 

2 . . 2 
·IL ) - a ( -2 + I' ) - a 

'ITO MBKCHMYM OI'H0810ll(9H MSI PMHani,HbiX Kone-
1 . 
-- f3 (R) 1 T.e. B TO'IKe, I'Lle Bb!Hy:lKLleHHble. 

N dr 
gynh, a cxopocTb --

0 
HMe.eT MBl!:CHM.enbHoe 

d¢ 
¢ CMe.ll(eJI OTHOCII:T9nbHO M8KC.HMYMa lfl 

Os · Os 

p. • « 1 .1'1 'Iacn~aaoe 3Ha'IeHae M (I'.> 6naaxo 

ablpa:m:eaae ( 18) coananaeT c MOLlyneM «<>Ynx

(16) Ha o·caoae. nepaoro npnonn:m:emur 

p. 'IacneHHoe. agaqeaae M Boapac:-raeT, 

Ha npenenbHb!X pannycax penSITI'IBHCTcxo-

M ( llt2.,:' 0,61. 

.11: V Q o " ¢a. • pac

(15). Ha sToM )Ke 

3BB.IlCHMOCTb Sin ( f3- N ¢) oT aaHMYTa, xapaK

op6nTbl, Bmuro, 'ITO nono:m:ellll:e axcTpeManb-. ¢ . . 

aemt'IHH ---!!!!!_xopomo cornacyiOTcsr c 
lflmln 

.ro(¢) II: OAJia H3 TpaeKTOpHH 

Z ( ¢) ·, pacC'I.IiTaHHbie .e:a 38M no TO'I.EhiM 

uone penwrnBHCTCxoro nHxnoTpoJia, c4JopMKpo
/12/. . 

• Ban.e:o, 'ITo ~~:a-aa MonynS!IInn c ne-

Me:m:ny KPHBb!MH Z ·min II: Z lllcrz 

·Tax xax STo ·OT.e:oineaiie MolK.lio ripencTaBHTb 

I 

I 
j 

]· 
l 

¢ IDClt _, lfl D!ID Q 

B BHAe = -·- = 0, 18 , TO 9TO UOK83biBaeT, 'ITO TO'IHOCTb IlpH6-Ifl maz + · lfl mln 2 
llii:JK9HHOI'O Bblp8JK9llii:R ( 18) BUOilJie LlOCTBTO'IHB LlllR Ollii:CB.EHSI LlB.I'llK9.EHSI B peanb-

dZ HbiX MarHHTHbiX nonnx. Ha pac.2 npaaeneHa TBXlKe aaBHCHMOcTb . ,__ OT aa~~:-
. . d~ 

MyTa (KpHBBSI 2 ). BHLlHO, :'ITO CKOpOCTH, Bbl3b!BaeMble UepHOLlH'IBCKOlt MOLlynmmeif, 

3Ha'IHT9JibHO IlpeBblliiB!OT CKOpOCTI'l Kone6a.EHH C 'IBCTOTOJ!: Q 
•o 3To oana'!aeT, 

"iTO KOMUOH9HTbl MBTPHUbl a 
21 

( 8 O ) , a 
22 

( 8 O ) 

JK9HHSI 8 O 

Cyll(eCTBBHHQ 38BHCwr OT. nono-

OTHOCHT91lbHO nepHOAB CTpyxTypb! MBI'HHTHOrO nonn
1

H annpOKCI'IMBUI'IH 

H9B03MYll(BJIHOro LlBHJKBHHSI rapMOHH'I9CKI'IMH KOneoaHJIHMH C 'IBCTOTOif Q O S!BilH-

BTCSI aenonycTaMol!:. Onaaxo i nepeMeHHbiX 

'11 ., 
y 

¢0 
1'1 r= 

Qo 

8 

I 
80 ( 19) 

dO 1 
-=(8-8)+--[t/J (8)-t/1(8)) 

¢2 0 Q 0 0 0 
0 0 

ypaBH9HH.H 6eTBTpOHHbiX KOneoaHHii: IlpHBOAHTCSI K ypBBHBHHSIM C IlOCTOSIHI!blMH K0.3cjl

ljJHUH91ITBMH 
2 

d '11 

d ,2 

2 
+Qol?-0. 

CnettOB8T91lbHO, LlnSI OUHCBI!HSI ABHlKBHHSI MOJKHO HCUOilb30BBTb MaTpHUbl rapMOHII:'H~
CKHX xoneoaan:ii:,. ocymecTansrsr IIHHenaoe npeo6paaoaanne l!a'IanbHbiX n: KoHe'II!biX 

aaa'IeHn:ii: Y H Y' cornacao Bb!palKenn:ro 

rne 

y -1 

I I =K (8) y• . I
. Cos Q 

0 
r , 

-Q
0

SinQ
0
r, 

K
0

(8) .. 

Sin Q
0 

r 

---
Qo 

Cos Q 
0 

r 

1 
¢ ( 8) 

0 

- Q 0 ¢' 0 ( 8 ) • 

K ( 8 
0

) 

0 

Qo<llo( 8 ) 

Yo 
Y' I 

0 

'IaCTOTbi a orn:6aromn:e xone6aan:if npn: aann'IH.H noxam.nblx 

H90AHOpOLlHOCTeli 

(20) 

B o6nacTn: BoaMymean:SI 8
1 
~ 8 ~· 8 

1 
+ a 

LlBHlK9HHe OUHCblB89TC.H YPBB._ 
H~HHHMH, OTilH'IBIOll(HMil:CSI 0T ypaBHeHn:ii: tl4), (15) TOnbKO H3M9HBHHb!M 3Ha'Ie-

naeM nocToRHnoro ~oac!J4Jnnn:e.tiTa; a COoTBeTCTBHH CO 3H8'I9HHBM UOK838TB1IR 

13 



__.; 

n -n+l!n, 6.n 
1 1 1· 

R 

H 
G 

/ 
B oonaCTil npOTSI:lK9HHOCTbiD a 

npa H3B9CTHOM anaqeHHH ~ pemeHHB B aTOll o6naCTH MOryT Ob!Tb nann~ 
/11/ . 

Hbl aa OCBOB9 MeTonoB, nanOJKeHHblX B pa60Te • OnaaKO B paccMaTpHBaeMOM cny~ 

qae 6onee yno6ao BocnonbaoaaTbCB npa6nn:lKeHBhlM pemeaaeM nHTerpallbB.blX ypaBae

ann, KOTOp.biM ynoBneTBOpSIIDT nnHeHHD-H93SBHCRMbl9 pemeBHSI ypaBH9HilSI MaThe 

~ 
Y ( ~ ) :: Cos y a 

1 
( ~ --~ 0) -2 q f Cos 2 t 

~0 ..;-;-
(21) 

Sin v a ( ~ -~ 0 ) ~ 
v <n- - 2 q I 

2 ..;-;; . ~0 

·sin..;-; (t- 0 y ( t) d t • 
2 Cos 2 t 

V a 

Pemeane ypaBaeann (21) aaxonnTCB MeTOAOM nocnenoBaTenbHbiX npn6nnJKeann n onpe

AensreTcsr KBanpaTypaMn TpnroaoMeTpaqecKnx ljlyaKunil. HccnenoBaane _aTnx pemeanil 

UOK83biBaeT, qTQ npn ManbiX 3HaqeHI!SIX a3HMyTanbHOH npciTSIJK9HHOCTH o6naCTH B03-

MymeHHSI ( a « 1 TpaacljlopMaUHOHHSB MaTpliUS M 1 
MO:lK€l.T ObiTb npeACTaBne-

aa B anne 

MlY(01+a,-Ot)= 2 
aN 

4 

1 a (22) 

1 a - 2 q Cos ( tl - N · 0 ) ], 
y 1 

aeaaaHcnMo OT nono:lKeHHSI nao6paJKaromeil ToqKa aa o6nacTn ycTofiqnBocTn. B aTOM 

cnyqae MaTpi!llY o6opoTa MO:lKHO npnBeCTH K Bnny 

M(0+2rr,O)::M{O,O)MM(2rr+0,0) 
o ·o o o1 10 1 o 

co 
v 

aaaqeaneM MaTpRUbl M 
1 

, paBHbtM 

M 1 

\ 

1 ' ' 0 [' 
- T 

1
, 1 

(23) 

rne T1 + 6 n 1 a (-) OTHOCHTCSI.K SKCl!anbHOMY nBn:lKeHRIO, {+) - K p~-H 

nHallbHOMY. 

14 

I 

{ 

\ 
·I 

I 

') 

• MaTpnna M 
1 

.B ljlop.Me 

.OObPlHO llC~Oilb3yeTCSI, B TeOI 

masr Kone6aaan rrpa aosnen~ 

aTOM rrpa6nH:lK9Hilll Bhlpa:lKeHI 

Cos 211 Q 

: 2 
ell 0 ( 8) Sin 2 11 Q ... ell~ ( 8 ) ·1 Si 

llTo6hl OTMeTHTb oco6eaaoc 

Bile qacTilll a.nepnonnqeCKH' 

DpH01IH:lKeHHSI. 'TOHKHX' 1IHH3 

onnchlBaeTCsr rapMoanqecKn~ 

raM nnsr. aKCHallbHD-CilMM9T) 

CTBeaaon aapnannen cooTBe 

Ha, CB513SHliOrO C K031jlljlHUHeJ 

coOTBeTCTByromyro nepnonnqJ 

TY a orn6aromyro Kone6aann 

nneHTa cosnaaa ~ o6nacTn 

'Cos 211 Q = Cos { 2 11 -·a) Q 

npa 

rne 

A 

2 
ell (cf>)Sin211Q-A

1 

2 
ell (cf>) Sin21 

Sin Q 
1 

a 

Q 1 

81 
:.·_.' 

Cos Q. 
0 

Sill 



+~ 0 1' ~ 0 1-
R 

H 
G 

,I 

pemeHHR B STOH o6naCTH MOryT 6hlTb HaH.Qe

/11/ 
pa60Te • OnnaKo B paccMaTpHBaeMOM cny~ 

npn6nnmeHHhiM pemenneM nnTerpallbHhiX 1ypaane

nnnelino-neaaancnMhle pemennR ypaanenng MaThe 

_,J· 

. ~ .Sin v"""i ( t ..-e) 
f Cos 2t Y ( t ) d t , 

- 1 eo v a 

e 
f Cos 2 t 
eo 

·sin..;-; (t- 0 y ( t) d t. 
2 ya 

(21) 

MGTOAOM IlOC.119I(OBaT9.1lhHbiX npH6JIHlli9HHH H OIIpe

lj>yHKUHH. Hccnenoaanne STHX pemeHHii 

a3nMyTa.1lhHOH npOTI!m9HHOCTH o6naCTH B03-

MaTpnua M1 MomeT 6biTh rrpencTaa.ne-

2 
aN 

4 

1 

a - 2q Cos ( fl- N 0 ) ], 
y 1 

; I (22) 

amaromeli ToqKH na o6nacTa ycToliqnaocTa. B aTOM 

np11B9CTH K BRAY 

(0 ,e )M M (2rr+8 ,o) 
o o 1 1 o- 1 o 

paBHblM. 

[ 

1 • . o I, 
-T 1 • tl 

(23) 

0THOCHTC5I K aKCHaJihHOMy ABHllieHHIO, {+) - K pa-· 

14 / 

1 

f 

I 

·J 
! 

• MaTpnila M ,B lj>opMe (23) COOTB9'rCTBY9T IlpH6JIHJK9HHIO 'TOHKHX' JIHH3 H 
• 

1 
. . • /13/' - . 

06~I~HO HCil0llb3Y9TCR B TeOpHH perenepaTHBHOrO MGTO.Qa • 'tJaCTOTa H orn6a~ 

mag KOne6aHHH npl! B03Il9HCTBRH OilHOH JIOKallbHOH HGO.QHOpO.QHOCTH onpenenSIIOTCR B 

STOM IlpH6JIHlli9HHH BhlpameHHRMH 

Cos 2 rr Q .. Cos 2 rr Q 
0 

Tl 

2 

2 

<ll 0 ( 0 1) Sin 2 If Q 0 

' (24) 
2 2 T 

1 
2 

<ll 0 (0)Sin2rrQ .,<!J (OHSin2rrQ --- <ll
0

(0
1
)[Cos2Q

0
[rr-0+8

1
)-Cos2rrQ

0
]J. 

0 0 2 . 

'tJT06hl OTM9Tl!Th OC069HHOCTH BJll!RHHR rpa.QHGHTHhlX H90.QHOpO.QHOCT9H Ha .QBl!lli9-

Hl!9 ~CTHn B nepl!O.QHqGCKl!X MarHHTHhlX IlOnSIX H 0Il9Hl!Th IlpGI(enhl Ilpl!M9Hl!MOCTl! 

npn6Jmlli9HHR. 'TOIIKHX' JIIIR3, paCCMOTpHM pemenae IlJIR cnyqasr, Korna IlBHlli9HH9 

onncwaaeTCR rapMonHqecxaMH Kone6annRMn. TaKoe paccMOTpenae sisriSieTCSI cTpo

raM .QJI5I SKCHSllbHD-CHMM9TpHqHbiX MarHHTHbiX noneii, a B YCKOpHTengx C npOCTpaH-:-

C TB9HHOJl: BapHailH9H COOTB9'rCTByeT yq9TY B lj>yHKill!RX MaThe TOllbKO OCHOBHOro qne-

na, canaanttoro c Koalj>lj>nnaeHToM CO •. B aTOM cnyqae nerKO HaHTH MaTpHilY, 

COOTBeTCTByiOmyro rrepHOAHqHOCTH CHCT9Mhl (OilHOMY 060pOTy), l! OIIp9A9Jll!Tb qaCTo

TY ~ orn6aromyro Kone6annli npa nro6biX anaqenagx a • Ecnn neonnoponil:ocTb rpa-

nneHTa coanana l!l o6nacTn 0 :5 cp !:, a , TO 

·Cos2rrQ 1 Q 0 = Cos ( 2 rr -·a) Q Cos Q a -· - ( --· + 
0 1 2 Q 

Sin Q (2 rr -·a )Sin Q a (25) ~) 

npn 

rna 

A 
.. I 

1 -
0 1 ' 

Qo 
2 

<ll ( cp ) Sin 2 rr Q .. A 1 + B 
1 

Cos Q 
1 

( a -' 2 cp ) npa 0 ~- cp < a 

2 -

<ll ( cp ) Sin 2 rr Q "" A 0 + B 0 Cos Q 
0 

( 2 rr -· 2 cp + a ) 

SinQ
1

a 

Q I 

B· 
I 

.:..- .. 

a<cp<2rr 

2 
SinQ

0
(2rr-a) 

1 
Qo 

---Cos Q a-( 1 +---L 
. I . 2 . 2 , 

·. "' ·- Q 

Cos Q 
0 

(2 rr -a) + 
Qo 

I 

Sin Q (2 rr -· a ) 1 . 
0 . -(1 

Qo ·2 

Q2 
- 0 QT), 

I 
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Ao 

Sin Q 
0 

(2 IT- a ) 

Qo 
Cos Q

1 

B 
0 

2 Sin Q 
1 

a 

--- ' 1 Q, 
Cos Q ( 2 IT - a) -' - ( 1 + --) , 

D 2 Q2 
a+ 

SinQ
1

a 

Q1 

Q . 
l 

2 

1 Q 1 
-(1---) 

2 Q2 
D 

0 

H Q 
1 

- )leliCTBHT91lbHI)9 HllH MHHM09 - B 38BHCHMOCTH OT 3H8'19HH!I n 1 B oonaCTH. 
. ( 

B03MymeanSI. 

Ha pnc.· 3 npnaeJleHa aaBHCHMOCTb Q, n Q OT 
-"' z 

n 
1 

npn a =0, 1 AnSI 

Q,
0 

= 0,9 H Q z O = 0,45, COOTB9TCTBYJOIIlHX 3Ba'I9HIUO n =-0,2 na npeAenbBbiX 

paJlnycax CHBXpOUHKilOTpOBa. BHJlBO, 'ITO BB9Jl9HH9,0JlHOli.nOK8nbBOli HSOAHOpOJlBOCTH 

c n 
1 

> 0 (pereHepaTop) noaaonSieT ocymecTBHTb pacKa'IKY paJlnanbllbiX xoneoaHnil: 

Ha KOHe!IHblX paAnycaX CHHXpOUIIKilOTpOHa np11 COXpaHSHHH aKCIIanbHOli yCTOjl:'IIIBOCTH. 

I10HS!Tb OCHOBHbie OC009HHOCTH M9X8HH3Ma B03)leJi:CTBH!I H90Jl.HOpOJlHOCTH .Ha )lBHlK9HH9 

qaCTHll MOlKHO aa OCHOB9 rapMOHH'i9CKOrO UOJlXO)la K paCCMaTpHBaeMOli 3a)la'le. Paa

llOlKHB MarHnTaoe none a pSin <Pypbe, nony'lnM ypaaaeana ·oeTaTpOHHbiX xoneoaHnli 

a $opMe ypaaaeHnli: Xnnna 

rAe 

Y" + [ a - 2 q ~ at Cos 2 k ~] Y "' 0 , 
y k-=1 

a 
a . 

.. 4(1+n+An --),a. 
1 21T z 

4(n+L\n _a __ -) 
l 2 IT 

Sink~ 
An 

q = ± 8 -. --'·- Sl a 21T n T ' a 1 e-1, a ., _1_ 
2 

. k k 
Sin~ 

2~=¢-__2. 
2 

2 

(26) 

Ecnn C'inTaTb 0 _::: IL ~- 1 )lll!I KalKJlOJi: oonaCTH YCTO:it'IIIBOCTH, TO '18CT0Tbl KOileoa-

Hnli: cagaaabi c noxaaaTeneM IL COOTHOIIl9Hli9M 

1 -
Q =-(m-1+1L) 

y 2 y 

rJle m - HOMep oonaCTH yCTOM'IIIBOCTli. 
Oo 

XOTSI PM l:· a lt Cos 2 k ~ cxonHTCSI Menneaao ( a 1 =1, a 10 =0,96, a 0 =0,84, 
ke1 2 

a 
30 

=0,67 II T.n.) t OCiiOBHOe Bllli!IHli9 Ha '18CTOTbl KOneoaan:l\ .OKa3blBaJOT IIH3Wlie rap-

MOHIIKII. 3aaqeane jL nnSI ypaa~teaaSI t26) MoJKeT oblTb onp_e)leneao aa, BhlpalKe-

/10/ 
HH!I 

16 

i 
J, 

{ 
I 
I, 
.1 
j, 
.Y 

( 
I 
:I 
-~ 

' I 
li 
~; 

r 
~ 

' j: 
j 
J 

l 
I 
.1 
r 
:1 
l 
! 
I 
~' 

CosiTIL ""Cosv a 
y •. y 

2 
IT _,_Q_ IT 

2 4-
Sin v~ 

va 

PacqeTbl no $opMyne (27) · noxaablBa!O' 

TOTbl xone5anHli onpenenSIIOTcSI c nocTaToqa 

BH3WIIX rapMOHHK. l1aM9H9Hli9 'laCTOT, ooyc. 

KOMUOHeHTaMli ~03MyllleH~li npn L\ D I = 5, UJ 

T a 5 n a· 

N2. rapMOHIIKII I 2 

AQ, -0,0029 o,Oia: 

L\Q z 0,0416 0,005 

BaJlHO, 'ITO ocHoaaoe ana!IIIlie aa qacTo'l'y I 

rapMOBHKa, a · aa qacTOTY axcaanbHbiX xone1 

Ha pac. 4 noxaaaaa orHoaromaSI axcaa 

aaaqeaall n 
1 

=2, 7, 30. Ora5aromaSI. aMee-r 
a . . 

.p .. --
2 

• Tax KaK aMnllHTYJla xone5aaa:l\ 

pereHepaTopa, nponopnaonanbna $yaxnaa 

'iaCTHU OT nnOCKOCTH Z = 0_ B03paCTYT B 

aepaTopa CO 3H8'19HHIIMR D 1 =2, 7 H 30 CC 

xnanhlaae-r orpaaa'leane aa anaqeane rpana 

acnonbaoaaTb MHHHManbaoe paaneneaae ope 

B MarHaTnblli xaaan. Tax xax onpenen!IIOme 

caani;>HblX xoneoaHall: HMeeT nepaaSI rapMOHI 

Tpoaa aaHoonee onTaManbnoll: 5yAeT TaKaSI 

cne'laaaeT MaKcaManhaoe aaaqeaae BTOpoll 

aaxa rpanaeHTa MaraaTaoro ·uonSI. 

I1epexon a ~opMYnax (25) K cn~aro, 

CblBaeTCSI MaTpanell: anna (23), . Tpe5yeT ~c 

B aTOM cnyqae. 
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l:. 
"'1 

a+ 

SinQ
1

a -Q . 
1 

_1_( 1 
2 

2 
1 Q 1 

Cos Q (21T-a) -.-( 1+--), 
D 2 Q2 
2 0 

Q1 
---) 

Q2 
0 

B aaBI!CIIMOCTII OT 3Sa'IeSI!SI D 1 B o6naCT.II 
l 

Q. II Qz OT 

3Sa'IeSH.IO 

D llpll Q =0, 1 AJISI 
1 .... 

n =-0,2 aa npeuem.SbiX 

BBenesne,OASOH.IIOKanbSOH seonsopOASOCTll 

ocymeCTBllTb paCKa'IKY panHanbSbiX KOiH~6a!IliH 

npn COXpaseSllll aKCI!allbSOH YCTO!\'IHBOD"m. 

B03AeHCTBIISI seonsopOASOCTll Sa ABII*eSlle 

nouxona K paccMaTpnaaeMoil aauaqe. Paa

ypaaseHHSI 6eTaTposshiX Kone6aJIHfi 

a It Cos 2 k f. ] Y ~ 0 , 
(26) 

n _a_) 
1 21T 

a_ 
z 
~-4(n+6n _a_) 

1 2 IT 

Sink~ 
Sin ...!:_ ' a 

1 
·2 

1 ... } , a t"' --k 
2 

Sin~ 
f.=¢-~ 

2 
2 

~ 

Ka*Aoil o6naCTI! YCTOH'IllBOCTII, TO 'IaCTOTbl KOn:e6a

COOTSomesaeM 

- 1 + 11 ) 
y 

cxona_Tcg ~ennesso ( a 
1 

=1, a 
10 

=0,96, a 
20 

=0,84, 

Sa 'IaCTOTbl KOne6aSHH OK83biBSIOT Jlll3Wiie rap

.aBI{esag Ci6) MO*eT 6b!Tb onpeneneso aa · Bhlpa*e-

16 

! 
I 

r 
! 
I 
1, 

l 
t 
\ 

t 
' r 
I 
~ 
~ 
l 

.'?., 

.1 
r 
t 
I. 
i 
\;' 

I 

;l 

2 Sin v -a-· -IT 
q IT . y 

IT-•----
2 4 

Cos1T11 "'Cosy a 
y •. y 

V ay 

j l: 
t-1 

at • 

k2- a 
y 

(27) 

PacqeTbi no cjlopMyn:e (27) noKa3biBaiOT, 'ITO B paccMaTPHBaeMOM cnyqae _'Iac

TOTbl KOne6aimfi onpenenSIIOTcSI C. AOCTaTO'ISO.fi TO'IJIOCTbiO npn y'IeTe TOnhKO · 'l:eTbipeX 

Jl.ll3illi!X rapMOSHK. l13M9S9Sll9 'iaCTOT, o6ycnoan:eJISOe OTA8nbSblMII rapMOSI!'ieCKHMll 

KOMnosesTaMn ~03Mymes~g np11 1:1 n 1 = 5, npaaeneso a Ta6~Hne II 

Ta6n:nna II 

. I 
N2 rapMosaKH I 2 3· 4. 

AQ. -0,0029 0,0181 0,0012 0,0002 

AQ z i 0,0416 0,0056 0,0021 • 0600II . 
-

BIIABO, 'iTO OCBOBHOe BIIHSIHlle Ra 'IaCTOTy pannanbHblX KOIIe6aBHH HMeeT BTOpag 

rapMOBHKa, a sa 'l:aCTOTY aKCHallbllbiX Kone6asn.fi - nepBaSI. 

Ha pnc. 4 noKaaasa orH6aromag aKCHanbsbiX Kone6aJinfi, pacC'inTassag J:!IISI 

asa'Iesnfi n =2, 7, 30. Orn6aromaSI HMeeT MHBHMYM B aose pereRepaTopa npn 1 . a . . 
¢ .. -

2
- • TaK KaK aMnnnTYna KOne6asHfi AnSI 'l:aCTHU, nepeceKaromnx o6nacTb 

<~>en · 
pereHepaTOpa, llpOIIOpUI!OSanblla cpyHKUIIH --(-- , TO M8KCI!Man:bllble OTKIIOS9HI!SI 

<I> 0) . . 
'iaCTI!U OT IIIIOCKOCTII Z = 0_ B03p8CTYT B 1,5; 2,5 I! 4,5 paaa npa nefiCTBII.Il pere-

HepaTopa CO 3S8'i9HIIIDMR n 1 =2, 7 II 30 COOTB9TCTB8JIBO. '8TQ 06CTOSIT9nbCTBO;sa

KilaAb!BaeT orpaHa'l:esae sa asa'l:eBHe rpanaeJITa B aoge B03My~eJiaSI a·aacTaBIISieT 

I!Cil0nh30BaTb MI!III!MallbSOe paanenesne op6nT, He06XOAIIMOe AIISI 3a6poca 'l:aCTI!U 

B MarRnTsblfi Kasan. TaK KaK onpenrumromee· anaSIHne Ha aena'IIIHY orn6aromeii aK

cnani;>JibiX Kone6asHfi I!MeeT uepaaSI rapMoSHKa, _To B o6meM cnyqae nng cHsxponaKno

Tposa sa116onee o~TI!Mam.sofi 6yAeT TaKaSI cacTeMa seonsoponsoCTeil, KoTopan o6e~ 
cne'inBaeT MaKcnManhsoe asaqesne BTopofi 11 MI!SI!Mam.soe asaqesae nepaofi rapMo

SHKII rpanaesTa Mai'RI!TSOI'O llOIISI. 

nepexon a cjlopMYnax (25) K cnyqaro, Korna aoaneficTane seonaoponsocTa on~

CblaaeTcSI MaTPaneil aana (23), Tpe6yeT co6nronesan ycnoanit Q-
1 

a<< 1 a Q
0
a« 1· 

B STOM cny'l:ae 
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..... 
1'.!(9 

Cos 2 rr Q a Cos 2rrQ
0 

T1 

2 

Sin2rrQo 

Qo 
, 

<I> 
2 

( 8) Sin 2 rr Q 
T Sin2rr Q

0 

Qo 
-· -.-

1
- [ Cos 2 Q (rr-·8+8 )-·Cos 2rr Q ] , 

2Q2 . 0 . 1 0 

0 

T1 
2 2 

( Q 1- Qo) a"' tJ. n 1 a. 

(28) 

To~KH, HaHeCeHHhle Ha rpa~RKaX pncyHKOB 4 H 5, COOTB9TCTByroT aaa~eHHnM 

'laC TOT n orn6aromnx xone6aanli, pacc'l:aTaHHhlM no ~opMynaM (28). 3Tn peay11bor'a

Thl, a TaK:me aaanora~Hhle pa~eTbi .!lnH .!lpyrnx saa~eanli napaMeTpOB .Q 
0 

n a 

nOKa3biBaroT, ~TO npa6nn:meane •TOHKHX"' nnas H ~OPMY.u"bt (24) MOlKHO HCn011bao

BaTb BO BCeX npaKTH'l9CKH Ba:lKHhlX cny'la£X npa ycnOBHH,_ ~TO H3MeHeHHe ~YRKUIIH 

<1> 0 Ha a3HMyTa11b~Oli npOTHlKeHHOCTH H90.!lHOpO,!lHOCTH BBnneTCH He3Ha~HT911bllhlM, 

Cpaaaenne ¢opMyn (28) n (24) noKaabiBaeT, =o oco6eanoC"l'bro BJinaann aeO.!l-

liOpO.!(HOCTH !Ia .!lBHJKeane 'laCTHU B nepHO.!lH'19CKRX Mai'JIHTllbiX non£X HBnH9TCSI TO, 

'ITO aijMpeKTHBHOCTb ee BOS.!leliCTBHH cymeCTB9HliO SaBHCHT.· OT ·a3HMYTanbHOI'O -nono-

:meaan. 

Ecna aaecTa aenn'lnay a~~eKTHBHoli aanpnJKeaaocTa rpa.!lneaTaoro BOSMymenaa, 
· . 2rr 

saancamyro OT asaMYTa c nepnoAH~HOCTbro ~ 

T* ~ T <I>*. 2 
( 8 ) , 

·1 ··1 0 I <I>*~•yQO<l>O 

TO ~opMynhl (24) n (28), orrpenennromue nsMenenne 'lllCTOT Kone6aanli MSI Mai'HHT

aoro nona c rrpocTpaacTaeaaoli aapnaitneli· ·a aKcaa11hno-caMMeTpaqnoro Mai'HHTHoro 

rronsr, coananaroT, a ·OTaollleaae ora6aromax paano <I>* ( 8) • TaKHM o6pasoM, a ycKo-
o 

paTensrx c npoc':rpaacTBeaaoli aapaaune.l!. npil pacnonoJKeHaR BOSMymeaasr na asnMyTax 
f3 2rr 

81mtr + -N- n ( D = 0, 1, 2, •• ,) a~~eKTHBHOCTb 91'0 B03Jl9HCTBHSI Ha pana-
: . 2 

anbaoe . .!lBa:meaae ycamiBaeTcs:! a a MHOlKIITe11b [ 1 + q M ( ll ) ] no·· cpaaaeaaro 

C B03JleilcTJ31I9M aaanOPH~HOI'O 'B03MYin9HHSI 'B aKCIIll1JbHQ--CIIMM9Tpii'IHOM Mlll'llHTHOM 

none. CymeCTB9HHO. 'ITO npa TaKOM pacnonolKeHHll a~¢eKTIIBHOCTb B03Jl9HCTBIISI B03-

Mymeaag aa aKcllanblloe JlBIIJKeane ocna6nneTCSI aa KoaijMpnnaeHT .. ( 1 - +) 2 
·, Ta~t 

KaK OJ:'H6aromasi: llKCnanbHblX KOne6aimii · B STHX :TO~Kax HMeeT:·MHHHManbHOe 3Ha~eane. 

Jlnn·napaMeTpOB pensTHBllCTCKOI'O UHKnOTPOHa aaa~eane. 3THX K03~~11UH9HTOB·paBHO 

1,49 MSI pa.~:~na11baoro n 0,67 - nm1 aKcnanbaoro .!lBIIlKeHaSI. 
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Ha p11c. 5 noKaaaHbi 

Hbl B03Mym9HHR f1 n 1 n: 

no ~OPMYne (24) npn Tpe 

To~KaMII QTMe~eHI'>l TO~Hio 

-qacneaaoro pe111eHHSI nnae 

(24) npaBH11bHO OUHCbiBae 

lK9HHR aeonaopO.!lHOCTH H 

STOI'O pncyHKll TaKlK9 BHI 

CTH B paCCMaTpHBaeMOM 

Kone6aan.l!. 6es nOTepn a~ 

abraaeT, ~To npn o6hl~Hbi 
. . 

11 q ~ 0,5 onaa.noKanbH 

meCTBneHHSI CHCTeMbl Bl 

Kone6aanli aa ·xoae·~HbiX 

Q • = 1, sn, 2 Ha B 

yaenn~eHHSI aaa~eann Q 

paTop), a nng yMeHbWeH 

B ycKopnTene Tnna 

neaHSI panaanbHbiX xone6 

rpa.!llleHTHI'>IX aeonaoponE 

penenSIIDTCSI BlotpalK9HIIHN 

Cos 2 11 Q s Cos 2 1 

+-1- T T 
2 1 2 

2 2 
<I> (0)Sin21T Q =<I> (t 

0 

T2 2 
+--<I>(O) 

2 0 2 

1'.!(9 

F(O}= Sin Q
0

! 



Cos 2 IT Q • Cos 2 IT.Q 0 

Tl 

2 

Sin21TQ
0 , 

Qa 

(28} 
Sin21T Q

0 

Qa 

T 
-·--.'-[ 

2 Q 2 
a 

Cos 2 Q (IT-•0+·0 )-·Cos21T Q I, 
0 l . 0 

Tl 
2 2 

(Q l- Qa) a., tJ. n l a . ... 
rpa~HKax pncyHKOB 4 n 5, cooTBeTcTByroT aaaqeHH~ 

paccqnTaHHblM no ~opMynaM (28). 3TH peaym,,;a-

pacqeTbl .!UISI ApyrHx aaaqeanii napaMeTpos Q a a 
• . 0 

6n~JKenHe •1-oaKnx• nnna n ~opMynbl (24} MoJKno ncnom,ao-

saJKHhiX cnyqaSIX npa ycnoBHR,_ qTo naMeHeHHe ~YHKIUtn 

H90AHOpOAHOCTH SIBJISI9TCR II93HaqaTenhHbiM. 

(28) a (24} noKaabmaeT, =o oco6eanoC"I'bro rurarum:SI neoA

qacTHII B nepnoAnqecKax MarnHTHbiX nonSIX SIBnSieTcSI To, 

soaAeii:cTBHSI cynrecTBenao aasncnT OT aaHMyTanhnoro nono-

s~eKTRBHOH aanpSilK8HIIOCTR 
21T 

nepnoAHqnocTbro ~ 

ell• 2 
( 0 ) ell* 

··J 0 1 ' . 0 ·vQo ello 

rpaAHeHTnoro BoaMymeau.sr, 

onpeAenSiromne naMeaeaHe qacTOT Kone6aaHii J:lJISI MarHHT

•HCTBenno.ii BapHaitaen· ·a aKcnanhno-cHMMeTpaqaoro MarHH'X'aoro 

oru6aromnx pasao ell* (0) • TaKHM o6paaoM, B ycli:oo 
Bapnanue.ii npil pacnonoJKeHHn BoaMymennSI aa aanMyTax 

0, 1, 2, ••• } 9~~eKTHBHOCTh ero B03AeiicTBHSI Ha paAH-

.. 1HB8eTC>I aa MaoJKnTenh [ 1 + q. M ( .P. ) ] 2 no· cpasneHHro 

'B03MymeHH>I 'B SKCl!SilbHo-CII:MMeTpnqaoM Marl!HTHoM 

TaJtoM. pacnonoJKennn a~eKTHBHOCTb B03AeiicTBnSI Boa;.. 

ABHJKenae ocna6n>reTcSI aa Kda~nnneHT • (1- ~) 2 , TaK 
2 

hi X Kone6aimii ·B. S'X'nx: Toq.Kax RMeaT· ·MHHRManbaoe aaa•:tenRe. 

HllKJIO'X'poaa 3Ha'I8HI!e STI!X KOS~~HHII91ITOB pSBHO 

II 0,67 - AnSI aKcaanbaoro ABIIJKenn:SI. 
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\ 

Ha pnc. 5 noKaaaHhi aaBHCHMOCTH 'laCTOT 6e'X'aTpOHHhiX Kone6annii: OT senn'ln-

Hbl soaMymennsr . tJ. n 1 AnSI a = 0,1, 

no ~opMyne (24) npn: Tpex ana'leHnSix 

• Q
0
,= 1,7987 II: Q

0 
.,=0,3183, paCC'IHTaHHble 

0 .. .P_ . 0 7S _fL -~ 0 .. .../!_ - _IT __ 
1 .N ' . 1 N 2N l N N 

To'IKaMn OTMeqeahl TO'IHhie ana'leiii!SI 'laCTOT AnSI sTnx cey'!aes, nony'leHHhie nyTeM 

'IHCnenaoro pemeHHSI nnneapnaoBSIII'IhiX ypasnenn.ii ABH)KeHnSI. BllnHo, 'ITO ~opMyna 
. ~ . ~ 

(24) npaBHnhHO OHHCb!BaeT 38BHCHMOCTb 'laCTOT KOne6aanii OT 83HMyTanbHOrO nono-

)K8HHSI neonnoponnocTn n o6ecne'IHBaeT nocTaTO'IHyro nn>r npaKTnKn TO'IHOCTb. Ha 

sToro pn:cynKa TaKJKe Bnnno, qTo np~ ncnom,aosannH onaoii noKanbao.ii neonnoponno

CTH s paccMaTpnsaeMOM .cey'!ae nenb3SI o6ecrre'ln'X'b ycnoBnSI Boa6y)KnennH pannanbHhiX 

Korie6anaii 6ea nOTepa aKcnaJibnoii: ycTOH'IHBOCTn. llpoBeneanhiii o6mnii: ananna rroKa

abmaeT,. 'ITO npn o6hi'IHbiX ana'leHnSix. 'ISCTOT aKcnanbHhiX Kone6annli Qz
0
=0,2.;.0,3 

n q ~ 0,5 onna noKanhaa>r neonnoponnocTb MOJKeT 6biTb ncrronbaoBana ):(mr ocy

mecTsneanSI cncTeMhi BhiBOJla TonbKO rrpn TaKHx anaqeanSIX '!aCTOT pa):(nam:,abiX 

Kone6ann.ii na Kone.'IHhiX pannycax, KOTOpbie OTnn'laroTCSI OT peaonancnblx ana'lennli 

Q,; = 1, 3/2, 2 na senn'lnny, ne npeshmraromyro ~Q.=0,170,15. llpn aToM nng 

yBenn'lennH ana'lenng Q r ncnonbayeTCSI neonnoponnocTb c tJ. n 1 > 0 (perene-

paTop), a nnSI yMeHbmennSt - neonnoponnocTb c tJ. n < 0 
1 

(soa6ynnTenb). 

B yCKOpHTene THIIS pemiTHBliCTCKOrO IIUKnOTpOHa Tpe6yeMSSI CliCTeMa BOa6y)K

Jl8HliSI pannanbHhiX Kone6annii: MOlKeT 6hiTb ocymecTBnena npn ncnonbaoBaHnn ABYX 

rpanneHTHhiX neonnoponnocTe.li:. B aTOM cnyqae qacTOTa n orn6aromaSI Kone6annft on

pe):(en>rroTCSI BblpalK8HHSIMH · 

1 2 2 ( ] • Cos 2 IT Q ., Cos 2 IT Q - - [ T ell ( 0 ) + T ell 0 ) Sm 2" Q + 
02101202 0 (29) 

+-
1
- T T ~ 2 (0 )ell

2
(0) Sin Q f3 Sin Q (21T-f3), 

2 12 010 2 01 0 l 

2 2 T • 2 
ell ( 0 ) Sin 2 IT (' = ell 

0 
( 0 )I Sin 2 rr Q 

0 
+ + ell 

0 
( 0

1 
) [ Cos 2 IT Q 

0
- Cos 2 Q 

0 
(IT- 0 + 0 

1
)] + 

T2 2 TlT2 2 2 
+--ell (O )[Cos2Q

0
1T-·Cos2Q (IT-0+0 )J---ell(O )ell (0 )F(O)J, 

2 02 0 2 2 0102 

rne f3 () + () 
I l . . [ 1 2 F(O)aSinQ f3 Cos2Q (~r---)-Cos2Q rr-(0- )]I (30) 

0 1 0 2 0 2 
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npii 92 se~e 1 +2rr 

F ( 9 ) ~ Sin Q ( 2 rr - f3 >I Cos Q f3 - Cos 2 Q ( 8 -· 
0 I 0 I 0 

npii 8 1 ~8 ~ 8 
2 a 13, .. 8

2
-·8

1
, 

8 1 II 8 2- A3IIMyThl pacnonoJKenns aeonuoponaoCTeil. 

e +·8 
L.2...n 

2 

2( ) / 1 ( . 
Ilpa cfl 0 8 ~ ~ cjlopMyna ·. 29) ·· cosnanae-r c IlasecTaoil cjlopMynoii, OrriiChisaro-

meii B03JteifCTBH9 pereaepaTIIBUOii CHCTeMhl IIA JtBHlKSIIHe qaCTHU B AKCIIAllhHQ-CIIM-
.~ /14/ 

MeTpaqaoM MArHHTHOM none • TaK K!!K B rpagnqHblX TOqKaX A3IIMYTAllbHbiX HII-

TepsanOB F = 0, TO orn6aroma.II .IIBillleTCH HenpephlBHOii cpyiiKnaeii a3.11MyTa, OnaaKo 

JtaJKe B CJiyqae OJtHoro rpanneHTHoro soaMymeHIIl! AMnllliTYJthi rapMoHaK s paano-
cfl 

JKeHHH npHBSJteHHOif orn6aromeif -cfl-- B Plllt <Pypbe MOryT lie y6hiBaTb MOHQ'l'OH-
0 

ao c ysennqeaneM IIOMepa m , TaK KaK B orn6aromeii ycnnasaiOTCl! aMnllHTyJthi 

rapMOIIHK C HOMepOM m ., 2 Q
0 

• 

- 1. 
Ha pnc. 6 npnseneaa aasHCIIMOCTh 2·Sp l\1

211 
OT n 

1 JtJlll ABYX JIOKBllhH!,IX 

HeOJtiiOpOAHQCTeif C paBHbiMil no a6COJIIOTIIOil BeJinqnae, IIO npOTHBOnOnOJKIIblMll no 

aaaKy anaqeanl!MII rpanueaTos. HeonaoponaocTn pacnonoJKeHhl no aanMYTY aenocpen

cTaeaao npyr aa ApyroM n nx aanMyTallhHAl! npOTl!lKeaaocT& npnHHTa pasaoii 

a 1=0,·15 pag. nns n 1 >:O n a 2=0,1 PM. nnH n 
1
<0 • KpnBhie (1), (2) na 

pnc. 6 COOTBeTCTBYIOT 3HaqeHHl!M Cos 2 rr"Q r, z , paCCqHTBHHbiM ):{Ill! QrO =1,8 

n Qz 0=0,3 6ea yqeTa snnHIIHll orn6aromnx aesoaMymeaaoro JtBnlKeHHll, KaK cnegyeT 

113 npeJthl):tyiUero BHAilH3a, TAKAH 3BBliCHMOCTb AOillKIIa HMeTb MeCTO ll B peallbHblX 

YCilOBHHX npH onpeneneHHbU nonoJKeHHHX HeOAHOpOAHOCTeif OTIIOCHTellbHO rrepnOAa 

CTPYKTYPbi MarHnTnoro nonSI. Ha aTOM. JKe pncyHKe noKaaaaa aaancnMOCTb Cos 2 rr Q r 

OT n l ( KpliBal! 3) Allll OAHOro H3 a3HMyTallbUbiX nonoJKeHnif, COOTBeTCTByromero 

agaqeanl!M aanMyTa 0,2454 ~ </> ~· 0,3954 n 0,3954 ~. rp ~ 0,4954 Allll nepaoii n 

BTopon aeoAaopoAIIOCTa cooTBeTCTBeaao~ 3Ta kpnsal! paccqnTaHa no cjlopMyne (29) 

Alll! Q. 0 =1, 7987 npn ncnollbaosaann cpeJtnero anaqeHI!ll orn6aromeii Ha ·aanMy.Ta·llb

non npoTsJKeHHOCTa soaMymeann. Ilpn ncnollbaoaaaan cpenaero agaqeang orn6aromiix 

cpopMynaMn ( 24), (29) MOJKHO nOilb30B8TbClJ· II B Crryqal;l, JtOrAa orn6aromag .KOlle-< 

6aanii ·Menl!eTCSI: cymecTsamro aa aanMyTanbaoii npoTSIJKeaaocTa aciaMymenaa. Lleli

CTsnTellbao, pa~OIIBAH A31IMyTAilbHylO npOTl!lKeHHOCTb H90AHOPOAHOCTII Ha llOCTaToqno. 

MAilbiS IIHTepBallhl H npoa3BOASI: UOCil9AOBaTellbHOO nepeMHOlKeHHe. · COOTBeTCTByro-. 
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·~~ 

IUHX liM MBTpiiU, MOlKIIO UOilY'iHT& TOJKAaCTBaiiH 

Myll,hl 1 :B KOTOphlX HCU01lb3YIOTCH aaaqeJIJUI 

ct> 2 1 01 ... _ a, 

2 

8
1
+a

1 
I ct>

2
(8ldo 1!1 

8 0 
1 

2 

2 1 cfl .,_ 
02. a 

BMeCTO cfl ( 8 ) 
0 I 

n cfl
0
(8

2
) COOTB9TCTB9llll0. 

HaHeCeHHhle Ha pnc. 6 TO'lltll COOTBeTCTB; 

pacc;qJITallHhlM Jia 3BM nyTeM ·qncneJinoro I11IT1 

HIIli JtBHJKennn. HeKOTOpoe OTKnonelllle To-.ieK CY 

n 
1 

oaJiaqaeT, qTo npiiOiliilKeJille 'ToHKax' nan~ 

MeTPOB C~HIUKOM rpy6hlM ITpliOJmlK9HI!I9M, 

Ha cpasaemrst KPIIBhiX pacynKOB (6) II (7 

. H90AIIOpOAHOCTeli n03BOill!eT cymeCTBeHHO pacm 

TOpoli aKcaallbHQe ABIIlKeHne OCTaeTCl! YCTOJMII~ 

Ma na;rx ReonaopoAHOCTeli MOJKe_T Obl'.l'b ncnollh: 

!thlX CIICTeM, JtllSI oc;ymeCTsrrelllll! BhiBOAa n;yqKl 

UIIKilOTpOHa. Ecnii Q O > ·0,5 ,. TO, KAK ClleJtye'l." J 

pbl HeOAHOpOAHOCTeii MOlKIIO Bb!OpaTb TAKHM 06 

KOne6annli ocTaaTCH JieaaMeanoli, Tax, nanp.aM• 
IT 

Mll .IIBilliiOTCH T ts-·T II /3., ... -·_._. 3TOJ>. 
1 2 · - Q

0 
UllltllOTpOIIOB C lK9CTKOll cpoKycHpOBKOll ( QO-& > 

HOCTeif MO~HO H3Melll1Tb ~acTOTY paJtHSilbHhlX 

PaccMOTPHM oco6eaaocTH aoaneiicTBH~ Hl 

Haqe(;KHX COCTA:BilHIOIUHX B03Mylii9aHll1 BHO¢.HM 

IlpH pa31lQlKeHHH MarHHTHOrO nong He9JtHQPOAH< 

TPOHHbiX xone6anxil HMeiOT :BHJt ·o6o6meaaoro : 

4JannellTOB 21r , npiiqeM Maxc:e:Maru:.aoe agaqe 

CTsrromnli nepa.O,IUI~HOC!R CTIJYKT;fpbl OCJIOBIIOr< 

paxTepiiCTHRecKHX noxaaaTe~eil Ann TAK:e:x ypa1 

TeM HCUOilb30B8liiiSI npeQ6pa30BAIIIIH (20) • B a· 

X BllltY 
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0
2
50S0 1 +2" 

IT - f3 ) I Cos Q f3 - Cos 2 Q ( e -· 
1 0 1 0 

e +·o 
L..-..!..) I 

2 

HEIOAHOPOAHOCTei!:, 

lj>OpMy./IOi!:, OllHCbiBBIO

CHCTeMbl Ha ABH)I(eHHe '18CTH!l B 8KCH8~Ho-cHM-

• TaK K!iK B rpaHH'IHb!X TO'IKBX 83HMYTBIIhHblX HH

Henpepb!BHOi!: lj>yHK!lnei!: aanMyTa, OnnaKo 

oro B03MY,llt9HHSI BMITnRTY,Abi rapMOHHK B paano-
cf> 

-cf>--· B psm cf>ypbe MOry-T He Y,6biB8Tb MOHO'fOH-
0 

KBK B orn6aromeif Y,CHllHBSIOTCSI BMITnRTY,Abl 

I . 
T·Sp "':If OT D I AJIH ABY,X Jl0K8nhHblX 

a6COlliOTHOi!: BEIJIH'IH;He, liO npOTHBOllOllO)I(HbiMH 110 

HeoanoponnocTn pacnono)l(ellbl llo aanMyTy nenocpen

aanMyTanbHast IJpOTstmennocTb npnnstTa paaaoll 

a 2 :o0,1 pan. nnn n 
1
<0 • Kpnahre (1), (2) aa 

Cos 2 rr Q r, z , pacC'IHTanllbiM nnst Q,
0 

.. 1,8 

HeaoaMymennoro ABH)I(ennn. KaK cnenyeT 

38BHCHMOCTb AOJl)I(Ha HME!Th MEICTO H II peam,Hb!X 

nepnona 

Ha aToM. me pncynKe noKaaaaa 3BBHCHMOCTb Cos 211 Q r 

1!3 83HMY,T8/IhllbiX ITOJIO)I(el!nif, COOTBeTCTBY,IOJitero 

S 0,3954 n 0,3954 ::;, rp ::; 0,4954 nnst nepaoll JI 

~eT~~ouu~· 3Ta Kpnaas pacc'lnTana no lj>opMyne (29) 

cpeAnero 311a'leiinSI oru6aromen na ·a3nMy,Tallb

Dpn ncno/Ihaoaannn cpennero 3!1a'lenns orn6aromnx 

llO/IhaoaaThcsr·n a cny'lae, Korna orn6aromast.Kone-

Ha aanMyTanbitoi!: np~Tst)l(eHnocTn B03Mymemm. llei!:

ltanbnyro llPOTR)I(ennoC~b llEIOAHOpOAHOCTH. Ha AOCTBTO'IHO 

nociienoaaTe/Ihnoe · nepeMnO)I(enne c;oQTBeTCTByro-. 
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JitRX RM MBTpR!l, MOJKHO llO.Ily'mTh TOJKAElCTBE!HHble C BblpruKE!IIHJIMH .(24), (29) lj>op-

MYJI.bl, B KOTOpb!X HCUOJib3YIOTCR 3HS'IEIHR.Il , • 

«1>2 
'01 

I 

1 
a, 

8
1
+a

1 
J cf>

2
(8)d8 I!! 

8 0 
1 

2 

- e +a 2 
cf>: __ l_ :J:cf>o(8)d0 

02 - e: al 

BMeCTO cf> ( () ) 
0 1 . n cf>o(02) COOTBEITCTBEIHHO. 

HaHeCeHHble Ha pnc. 6 TO'IKR COOTBeTCTBY,IOT TQ'IHb!M 3HB'IEIHHRM Cos 2 rr Q r , 

pacC'IHTBHHb!M aa SBM ITYTeM 'lncneaaoro HHTerpnpoaai!Hst nnneapn3o~aHHbiX ypanae

anA ABH)I(eRHSl, HeKOTOpoe OTKJIOHE!HHe To'leK OT KPHBOif (3) npH 60nb~HX 3HB'IeHnRX 

D l 03H8'1BeT, 'ITO npn6llH)I(91!He 'TOHKHX' JIHH3 CTBHOBHTCH .B STOif o6naCTH napa

MeTPOB Co!IHWKOM rpy6b!M npn6na)l(eHHElM. 

H3 cpBBHElllHR KpHBbiX pHCY,HKOB (6) H (7) cnenyeT, 'ITO HCITOnb30BBHHe ABY,X 

·aecinaoponaoCTei!: noaaonReT eymec.TBeano pacmnpnTh o6nacTb 3HaiJ:ei!HA n 
1 

, a _Ko

TOpoi!: l'IK~BnhHQe ABR)I(EIHHe OCTaeTCSl Y,CTOif'!HBb!M, B · 'JBGTHOCTH, OITHCBHHBSI CHCTe

Ma ABY,X H90AHOpOAHOCTeJl MO)I(9T Ob!Tb HCllOnb3QBBH8 B Ka'leCTBe OAHQA H3 B03MQ)I(

Hb!X CHCTeM, AllH ocymeCTBllEIHHH Bbi~OAB ny'IK8 H3 Y,CKOpnTenn THITB penSITRBHCTCKOrO 

llHKJIOTpOHa. Ecnn Q O >'0,5 ,. T01 KBK cneAye'l' H3 8HBJIH3B Bb!pS)I(E!HHH (82) 1 nap8Me'l'

pbl HEIOAHOPOAHOCTeif MO)I(HO Bb!6paTb TBKHM o6pa30M, 'ITO 'IBCTOTB ABHHO~O BRAS 

KOne6aHHif OCTaeTCR li9H3MeliHOA. TBK, 
IT 

MH SIBnSIIOTCll: T .. --T n {3 1 ,.;, -·-·-
1 2 .· · Q

0 
llHKllOTPOHOB C )I(EICTKOi!: lj>OKY,CHpOBKOll 

HBnpHME!p, npn . q .. 0 TB~MH llapaMeTpa-. 

• 3TO MO)I(E!T. npeACTBBJlSlTh HHTepec Wl.Sl 

( Q o-.. > 1 ) rne C llOMOJitbiO HEIOAHOpqA-

HOCTei!: MOlliHO H3MeHIITb 'JBcTOTy pBAHBllbHb!X KOne6aHnii, HE! MeHSISl 3H8'1EIHHe_ Q o:O 

PacCMOTpHM oco6eHHOCTH B03)lei!:CTBR~ Ha ABH)I(E!Hne 'lttC'rRil pa3JIR'nlb!X rapMo

HH'IEICKHX COCTBMSIIOJitHX B03MYJiteHHi!:, BHOCRMbiX JIOKBJlbHbiMH neOAnOpOAROCTSI:MH. 
. . . . 

Dpn pa3JIQ)I(eHHH MarHHTaOro nonst HE19AHOPOAHOCTH B Pll:A cf>ypbet ypaanenasr oeTa-

TPOHHb!X Kone6aaai!: aMeiDT BRA o6oomeaaoro.ypaane11Rn Xnnna c nepaOAQM Koslj>

«!>a!lneHToa 2 tr · , npa'leM MSKCaMa.nbaoe 3Ha'Ienae nMeeT KQslj>lj>anaeHT, coOT~EIT

CTarromal!: nepaO)lR'niOC!R CTIJY,KTypbl OCHOBHOro MBriiHTHOrO. !101151. OnpeneneHHe xa

paKTepaCTHlleCKRX llOK83tl1'E)1lel!: AJlll TBKRX ypaBHeiiHl!: MO)I(E!T 6b!Tb. llp.QR3BeAeHO rry'

T9M Rcnonb3oaaHRR . npeQ6pa30BBHRR (20), B aTOM CJIY"!ae ypaaaeHast npaBOASITCSl 

'K BRAY 
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rne 

2 
d 17 
----+ 
d ,2 

2 4 
Q [1+0

1
(r)cl>(r)h-O, 

0 0 

0 1(r)•.in af[O(r)] 
1 

1 1 
f (0)=--+--

21T IT 

.. 
! 

m•q 

H cWHXUHSI 
Sin m ~ 

2 
a m·-2-

Cos m ( 0- 0 ~) 

(31~ 

1xapaxTepnayeT aanMyTanbHOe pacrrpenenenne nonst neonnoponnocTn. ITpn rapMOHH

'IeCKoM ITOllXOll9 rrpn6nHlK9HRIO .,TOHKHX"' nHH3 COOTB9TCTBYE!T 38MeRa .ll9i!CTBHTenb-

~Horo aanMyTanbHoro pacnpenenennst B -«Waxnnei! 

8(0-0 )o:-
1
-+-1-

1 21T IT 

.. 
! 

m=t 
Cos m (0- 0

1 
). 

~nst sToro cny'Iast ypaaaenne (31) rrpnaonnTcst x BHllY 

d 
2

l'] 2 T"' T* .., 
-·--+I(Q +-->+--! 

dr 2 0 21T IT m•zt 
·eos m ( r- r ) If]-= 0 ! 

1 • 
(32) 

T"' .. 'A n " 4>"'1 e ~ sljlcjleKTHBHast HarrpstlKeHHOCTb rpanneHTHOro B03MYI!l9HHSI. 
• 1 0 I · . , . 

rne 

AnanorH'IHhle npeo6paaoaannst ypaaneani! nerxo awrronHHTb n npn nann~n ne-

cxonbxnx noKanbHbiX aeonaoponnocTeil. Tax xax nnnei!aoe rrpeo6paaoaanne (20) 

He naMeHHeT xapaxTepncTn'Iecxnx rroxaaaTenei!, TO 'IaCTOTa xone6anni! orrpenensteT

CH H9ITOCp9llCTB9HHblM Bhlpa:lK9HH9M 

Cos 2 IT Q .. Cos .:2 IT y -· T,.;. 
Sin21Ty 

21T y 

T* 2 2 
y .. Q 

c 
+---, 

21T 

mz=t 

.. 
! 1 

(33) 
m 2-4 y 2 

B KOTOpOM OTll9nhHbl9 Cnara9Mbl9 XapaKT9pH3YIOT Bni!HHRe COOTBeTCTBYIOIIliiX rapMo-

nux, a nann'IIi9 T* n y 2 
o6ycnonneno naMenenneM cpennero ana'Iennst noxa-

aaTenst. n aa op6nTe. 

~opMyna (33) HBnHeTCH rrpn6nnJKennoi1 ljlopMynoii, Tax xax orrpenensteT 'IaCTo

Ty KOne6aHHii: ni:IH ypannennst (32) c TO'IHOCTbiO no qneaoa, rrponopnnoHanbHhlX T*3
• 

Hcn~nbayst ¢opMyny cyMMnpoaannst 

4y 00 

- . 1 --- Ctg2JTy, ! 
IT 21T y .... , 
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MOlKHO UOKa3aTb, 'ITO C TO'IHOCTbK 

BbipalKeHneM (24), onpeneneHHhlM 

Kax cnenyeT na anannaa ljlop 

qacTOTbi xone6annlt Q 0 HM910T 

aox K aHa'IeHniO 2 Q 
0 

• ITpn s~oM 

nn'IeHne, a ropMoHnxn c m < 2 Q 
0 

npn Q O > 0,5, H3M9HHH 83HMyTa; 

naltTH Taxoe COOTHomenne MeJKny , 

¢oxycnpyromnx n ne¢oxycnpy10mnx 

Ecnn CHCT9Ma HeOAHOpOAHOC1 

TO y .. Q 0 • B -aTOM cny'Iae npn 

HOMy nenoMy xnn nonynenoMy aB:a• 

HY mrrypa MaTpHllhl o6opOTa BnHH9' 

B o6meM cny:q:ae onTnManbHb 

Taxne napaMeTphl, KOTOP~Ie o6eciTE 

MOHHK AnH aKCHanbHOro llBRlK9HHH 

s¢¢exTHBHO aoaneltc;Tnyromnx na pl 

axcnanbHbiX KOnei>aHRii: cymecTBBHI 

MOHHX!l no panaanbHbiM KO/le6aH!lli 

B penHT!lBHCTCXOM llHXnOTpOHe ( Q 

HllTHOrO nonst 4-ii: rapMOHHKH n03E 

J(O Q r = 2, H93H8'IIlT9nbHO H3M9HSJ: 

Henn~ 

HanolKeHHaH TeOpHH, OCHOBaH 

Hb!X ypaBH9Hilll llBHlK9HHll, n03BOnH 

BHH rpanaeHTHbiX H90AHOPOllHOCT9H 

Hbl9 3Ha'I9HHH napaMeTpOB CHCTeM: 

xa. Jlanhnellmee y-roKHeHRe napaME 

noro pac'IeTa TpaeKTOpHii ABHlKeHn . . 

nennst pannyca op6HTbl- na-aa na6o 

neneane ocnoBnoro MarnnTnoro no 
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2 . 4 
+ Q [ 1 +0

1
(r)cl> (r)b,-0, 

0 . 0 

.. 
! 

rT m~l 

1'1 WHKIIHH 
Sin m __!!___ 

2 
a 

m-2-
Cos m ( 0- 6 t) 

(31) 

pacnpeAeneane uonH HeOAHOpOAHOCTH. npa rapMOHH

WTOHKHX' llHH3 COOTB9TCTBYeT 38MeH8 .AeiicyanTenh-

o -ciJyHKuneii .. 
! 

b1 =1 
Cosm(0-0

1
). 

rT 

(31) npaaoAnTCH K BHAY 

2 T"' T"' 
Q +--)+--

0 2 rr rr 

.. 
! 

bl"'l 
Cos m ( r- r ) } TJ ~ 0 

l 

..... 

(32) 

HarrpH~HHOCTb rp8AH9HT~OrO B03MymeHHH. 

ypaaaeHHii nerKo awrronanT~ n rrpn aanaqaa ae

TaK KaK naaeiiaoe rrpeo6paaoaanne (20) 

21r y -·T*. 

2 2 

Sin 2 rr Y 

2 rT y 

.T* =Q 
0 
+-, 

2ft 

To ~aCTOTa Kone6aanii onpeAenHeT-

mosJ m 2_4 y 2 

00 
1 ! (33) 

xapaKTepnayroT BllHHHHe COOTBeTCTByromnX rapMO

o6ycnoaneao H3M~aeaneM cpeaaero 3Ha~eHnH rroKa-

npn6na)Keaaoa ljlopMynoii, TaK KaK orrpeAenHeT ~aCTo
. . . 3 

(32) c TO~HOCThro AO ~neaoa, nponopunoHanhHhlX T"' . 

. 1 =---- Ctg2rry, 
2ir y 
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MOlKHO IIOK838Th, ~TO C TO'IHOCTblO AO ~naBOB .. T "'
3 

, oaa coananaeT c TO~HbiM 
BbipaJKeaneM (24), onpeneneHHhlM aa ocaoae MaTpR'IHoro MeTona. 

KaK cnenyeT aa aaanaaa ljlopMynw (33}, onpeAennromee'annHHne na naMeaeane 

qaCTOThl Kone6aanii Qo HMaroT rapMOHRKH1 HOMap KOTOphlX m aan6onee 6nn-

30K K. 3H8~9HHIO 2 Q • npn STOM rapMOHHKH C HOMapOM m > 2 Q Bbl3hlB8roT ·yae-
0 . . 0 

nnqeane, a ropMQHHKH c m <" 2 Q 
0 

- yMaHhmeHHe ~acTOTbi Kone6aanii. · nosTOMY 

rrpn Q O > 0,5, H3MeHHll 83HMyT8llhHOe nonoJKeHH_e ABYX H90AHOPOAHOCTeii, MOlKHO 

H8HTH T8K.Oe COOTHOWaHHa MeJKAy 8MllllRTYA8Mll rapMQHHK, ~0 sljlljleKT B03A9HCTBHH 

ljloKycnpyromnx a AaiJ>oKycapyromax rapMOHHK nonaocTbro cKoMnencnpyeTCll • 

Ecnn CHCT9M8 HeOAHOpOAHOCTaii He H3M9HSI9T cpeAHero 3Ha~&BHSI H8 op6nTe, 

TO y "" Q O • B STOM cny~ae Ilpn 3Ha~eHRSIX Q O 1 AOCT8T~HO 61IH3KHX K pe30ll8.HC

HOMY nenoMy nnn nonynenoMy aaa~eaaro, na mapoKoro crreKTpa rapMOHHK aa aenn~a

' HY mnypa MaTpRIIhl o6opOTa BllRH9T TOllhKO pe30H8HCH8H rapMOHRKa. 

B o6meM cny~ae OIITRM8nbHbiMR napaMaTpaMH Cl!CTeMhl SIBllHIDTCH, 0'19BHAHO, 

TaKI!e napaM9Tpbl1 KOTOpbie o6ecna~HB8IOT MRHHM81lhHOe aa:a<ieane pa30H8HCHblX rapJ.O 

MOHRK )lJIH 8KCH8nbHOro ABIIlK9HHll npn M8KCHM8nhHhlX 3H8'l;9HI'Il!X rapMOHHK, Han6onee 

sljlljleK:THBHo aoaAeiicTayromax Ha paAnanbHl>Ie Kone6aaan. Ecna qacTOTbi paAaanhllhlX 11 

aKcnanh!lbiX Kone6aHHii cymecTaeaao paana~abi 1 TO BileAellne o.r~aoii peaonaacaoii rap

MOHHKH no pannanb.HhlM Kone6aaal!M cna6o annllaT aa aKcnanbHoe ABHJKaaae. TaK, 

B penHTHBIICTCKOM IIHKllOTpOHa ( Q, 0 = 1,8; Qz 0=0,3 ) BB9A9HH9 B CTpyKTypy Mar

HHTHOrO nonH 4-ii rapMOHIIKII IT03BOilBaT yaellii'IBTb ~aCTOTy· paAII8nbHhlX Kone6aHHii 
: . /15/ 

AO Q r = 2, Ha3R8'111T91lbll0 H3M9HHSI npa STOM -~aCTOTy 8KC1181lhHbiX KOne6aHHH • 

HennaeiiHbie aljlljleKTbi 

HanoJKeHHall TeOpHH, OCROB8HH8ll HS HCCil9AOB8HHH pemaRHH nnaeapaaoaan-

RhlX ypaaReRnii ABHlK9llHll, ll03BOllS!eT BblSIBHTb OCHOBHbla 38KOHOMapHOCTH B03AeiiCT

BHSI rpanneHTRhlX H90JlllOpOAHOCTail: Ra A!lHlK9RHe ~aCTHII H Bbi6paTh rrpeABapaTenb-

' Rble 3Jia~aHI!H napaMeTpOB Cl!CT9Mhl 0 Hao6XOAHMOH ·AnSI ocymeCTBil9HHll BblBOA8 ny~-

K8. fianbHaiimee YTQHR9HHe napaMaTpOB ADnlK.HO llp01!3BOAHTbCSI Ra OCHOBe ~acneH

llOl'O pac~eTa TpaeK.TOpali ABHJKeRa·SI B peanbHbiX MarHHTHbiX IIOIISIX C y~aTOM H3Me-. 

aeaaH pannyca · op6aTbi. na-3a aa6opa aaepran. 3To o6ycnoaneao TeM, ~·To pacnp~ 

Aaneane OCHOB.Horo MaraHTaoro rronH ycKopaTenSI a6nnaa Koae~.HhlX paanycoa n 
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oco6~HHO pacnpeneneane MaraaTaoro nonn noKan&HhlX B03MYnteaali HBn~cg cyme-
• 

CTBeHHO naHeHHhlMH. TaK KaK onpeneneHHe OITTHMSJJbHhl~ rrapaMeTpOB Ha OCHOBe ~HC-

neaaoro- C~eTa Tpe6yeT 3Ha~aTenbHOrO BpeMeHH Ha 38M, TO OCHOBHbJe HenHHaHHhle 

s<iJ.PeKTbi nonJKHbJ 6biTb y~Tenhl npa nepBoaa~anbnoM Bbi6ope napaMeTpOB caCTeMhl. 

HenaaeliHOCTb ypaBaeaan nBnJKeaan a·xapaKTepRCTHK MarHHTHoro rrong npaBo

tnaT·B OCHOBHOM K 3aBaCRMOCTH ~aCTOT Kone6aHHH 0T aMITJJHTYAhl H B03HHKHOBeHHID 

HennHeHHhlX pe30H8HCOB rrpa COOTHOWeHHRX ~aCTOT 

_... 
vQ.±PQ,."'m 

rne . v , p , m - uenbie ~nc~ ( v + p - nopMOK peaoaaaca). B ycKopni-enRX c 

npOCTpSHCTBeHHOH Bapaanaeli RMeeTCR AOCTaTO'lHO CHn&HaR 38BaCHMOCTb ~aCTOThl 

Q oT aMnnaTyAbi aKcaan&HbiX Kone6aaan, KOTopan CBnaaaa c yBenaqeaaeM. aMITnn-

" - /10/ 
TYAhl BapHSIJHH npa OTXOAe OT MenaaHHOH ITJJOCKOCTa • KpoMe TOrO MOJKeT HMeTb 

MeCTO cynt~CTBeHHBR 38BHCHMOCTb Q z OT SMITJJRTYAbl panaan&HbiX KOne6aHRH, OII-

p~nenReMBR B OCHOBHOM HeJJHHeHHhlMH xapaKTepHCTHKSMH 38BHCHMPCTH CpeAHero 

MarHaTaoro rronn a .Paabi Bapaauaa OT panayca. 3aBHCHMOCTb ·~acTOTbi pannanbJtbiX 

Kone6aJtal!: OT ax aMnnnTYAbi onpenenneTcn, B ocl'!OBHOM, xapaKTepncTnKaMa cpenHe

ro MarJtaTaoro nomi B o6naCTa npenenbHbiJ> pa6o'lHX panaycoB ycKopaTenn. B nep

BOM npa6naJKeHHH y~eT 3THX a.P.PaKTOB CBOAHTCR K Tpe60B8'HRID, ~06bi CHCTeMa He

OAHOpOAHOCTel!: o6ecne'laBana B paMKax nanel!:aol!: Teopaa peJKaM p~CKa~ pannanb

HbJX KOne6aHaH npa COXpaHeHHH 8KCH81lbHOl!: YCTOH'lHBOCTH AJJR COOTBeTCTByiDntHX RH

TepBSJJOB .'laCTOT UeB03MynteHHOrO ABH1KeHHR. BbiiTOJJJteJtlle 3TOrO ycnoBHR TOn&KO 38 

C'leT Bb!BOAHOJ!: CHCTeMbl He BCerna npeACTSBJJReTCR B03MO:lKHb!M ll OUbl'lHO 3TH accne

AOBBHHR npllBOABT K AOITOJJHl'!TellbHhlM Tpe60B8HHRM HB xapaKTepRCTaKil OCHOBHOrO 

MarnnTaoro nonn B o6nacTn pannycoB BbiBona. 

3HaR HHTepBSJJbl li3MeHeHnSI 'l8CTOT Q H Q , MOJKHO Or( eHRTb 06b!'!Hb1Mil Me-
/10/ . . r ,. 

TOASMH a<lJ<iJeKTHBHOCTb aenaneliHb!X pe30H8HCOB B rrepeXOAHOH o6nacTn. llpa 3TOM 

H~06XO~MO HM~Tb B BRAy, 'ITO neliCTBHTellbHaSI CKOpOCTb UpOXOJK)'leHHR 'l8CT~I(8MH 

3TOH o6naCTH HepaBHOMepHa H 3H8'lHTellbHO Bbinte panaallbHOH CKOpOCTH Op6HTbi, orr

peABJ!ReMOH na6opoM aaeprnn. 3To cBnaaao c Boa6yJKneJtaeM panaallbUhlX Kone6aaali 

aa c~eT yBena~eHaSI orn6aromeli npa rronxone K rpaHane o6nacTa yCTol!:~aBOCTa. Hc

cnenoBaHnsr, npoBeneHHhle B CBR3H. C paapa60TKOH CHCTeMbl Bb!BOAS ny'!Ka H3 pen9-

THBHCTCKOrO rtHKJJOTpOHa, llOK83biB8IDT, 'ITO rrapaMeTphl Bb!BOAHOH CRCTeMbl MOryT -, 

24 

.'I, 

6biTb Bb!6paHbl TSKHMH, 'lT.O BCR 

POTOB rrpa 06bi'lHbiX rtHKIJOTpOH 

BHR a#eKTRBHOCTb Henaael!:Hb!X 

CKYID OITBCHOCTb MOryT rrpencTa 

nopAAKa B cny~ae, Korna xapa 

aoe ycnoBae nonnepJKnBaeTcsr B 

BeJJil'lllBhl MBrHRTHOrO ,ITOJJR B ·IT 

B ypaBHeHRRX 6eTa'rpOHHbiX KOJJE 

nteHI!RMa paBHOBeCHOH op6aTbi. 

pOAHOCTH Ha panaanbHOe a SKCE 

BeneHHbie oueHKH noK83biBaroT, 

TSJlbHOH I rrpO'l'SiiKeHHOCTH BJlHRHIIE 
. . ' . 

eTCR a.P.PeKT orn6aromnx HeB03N 

aoro nonn noKallbHbiX aeonaopoJ 

noBal!: Ha peJKRM HX B03AeHCTBH 

MH. nonanaHI!e qacTnn B o6nac~ 

panayCOB1 CManteHHbiX BJCIYTPb 0 

Hy MSKCHMBJJbHOH . aMrri!HTYAbl p; 

aenb3R o6ecna'li!Tb ycnoBasr npc 

aaMeaeane .Paabi 6eTaTpOBBbiX ~ 

3H8'16HH6M 'lBCTOTbl HeB03MYlli61 

B o6nacTb B03Mymeann 6yneT 

,.HeBoaMymeanor6 ABRJKBHI!R • .Uns 

H6B03MynteBHOH paBHOB~CHOH op 

o60pOTe CBOABTCR K Tpa60B8HHI 

meaae OT op6RTbi 6bmo nonoJK: 

paCKB'lKil 8MllJlllTYA paJ'laallbHbiX 

T.e. rrpa uenbiX aHa'leHnRX npen 

Ecna JKe BbiBOnHasr cacTeMa ac: 

Qr' TO OCHOBHbl6 ee napaMeT: 

HOCTil qepea OAHH o6opOT. 

llpa acnonbao5aHRH aecKo 

nteHHbiX no 83.HMYTY npyr OTHO< 



MBrHJJTHOrO IIOnli liOKBnbHbiX B03MyiileHJJJ1 SIBliHIOTCSI cyme-' 

KBK onpe!lelleHJie OIITIIMBllbHbl:x; napaMeTpOB HB OCHOBe 'IJJC

BpeMeHJJ Ha 38M, TO OCHOBHble HenJJHellHble 

nepBOHB'lBllbiTOM Bb!OOpe napaMeTpOB C!ICTeMbl, 

!lBn*eHJJSI II xapaKTep!ICTHK MaraiiTHoro nonsx npiiao

qacTOT Kcne5aHIIll OT BMIIliiiTY!lbi II B03HRKHOBeHIIID 

COOTHOllieHIIRX 'lBCTOT 

....1 

•mcna .( v + p - rrop>moK peaoaaaca). B ycKopiiTenax c 

IIMeeTCSI AOCTBTO'lHO CHnbHBSI 38BJICIIMOCTQ 'lBCTOTbi 

KOne58HIIll 1 KOTOpag CBH3BH8 C yBeliii'leHHeM BMIInH-
• /10/ 

MeAHBHHOH llliOCKOCT!I , KpOMe TOro MOllieT IIMeTb 

OT BMIIliiiTYAbl PB!l!IBllbHbiX KOne5aaali, oli

IaeniiHeUHbiMH·XapaKTep!ICT!IKBM!I 38BIICIIMQCTJI CpeAHero 

pa!!HYCB. 3aBHCHMOCTb ·'lSCTOTbl PBAIISllbHbiX 

orrpe!leliSieTCSI1 B OCHOBHOM, xapaKTepiiCTIIKBMII cpeAae-

rrpeAellbHbiX paoO'l!IX PBAIIyCOB YCKOPIITensx. 8 rrep

aqxpeKTOB CBO!!IITCSI K Tpe5oBa'HIIID, 'ITOObl CIICTeMa ae

PBMKBX liJIHefiaoll TeOpiiii pe~M p~CKB'lKR paAIIBllb

BKCIIBllbHOll YCTOU'l!IBOCTII AliH COOTBeTCTBYIDilliiX RH

ABIIllieHIISI, 8bin011HeHBe 3TOro ycnOBIISI TOllbKO 38 

rrpeACTaBnHeTCsx B03MO:l!{HbiM n OObi'lHO 3TH Jiccne

Tpe5oBaHJIIDM HB xapaKTepJICTBKB OCHOBHOrO 

'lBCTOT Q r II Q & , MO*HO On eHIITb OObl'lHbiMII Me

B rrepeXOAHOll 00118CTII, npii 3TOM 

'ITO AeiiCTBIITellbHBSI CKOpOCTb llpOXO*AeHIISI 'lBCT~UBMB 

3HB'liiTem.ao Bblllie PBAIIBllbHOll CKOpOCT!I OpOBTbl, OII-

3To casx~aao c ~oa5ymAeHaeM paAIIBnbHhlx Kone5aa1Iil 

IIpii IIOAXOAe K rpaHIIrre o5naCTII yCTOH'lBBOCTK. Mc

CBH3.H C paapa50TKOH CIICTeMbl BbiBOAS Hy'lKa II3 pen-

'lTO IIapaMeTpbi BbiBOAHOli CIICTeMbl MOrYT -. 
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Ob!Tb BblopaHbl· TBKIIMII, 'ITO BCID rrepeXO!lHYID OOliBCTb 'lBCTBUbl IIpOXOASIT 38 10-30 Ooo

pc;>TOB npa oobi'lHbiX UIIKliOTPOHHbiX aa5opax aaepr1III, 3a C'leT ObiCTporo rrpox:omne

HIISI a¢¢eKTIIBHOCTb HeliiiHeliHbiX pe30H8HCOB cyiileCTBeHHO OCnaolleHa II rrpaKTII'le-

CKYID OIIBCHOCTb MoryT rrpeACTBBliSITb TOnbKO pe30HBHCbl CBSI31I KoneoaHBli TpeTbero 

rropsxnKa B cnyqae, KOrAa xapaKTep JI3Meaeaasx Q r II Q TaKoli, 'ITO peaoaaac-
z 

aoe ycnOBIIe rroAnepMIIBaeTcH.B 3HB'liiTenhaou 'laCTII nepeXOAHoil o5naCTII, HaMeaeHIIe 

aenn'l!IHbl MarHIITJioro rrong B nepexoAHOH ot'inacTII IIPIIBOAIIT TaKme K rrosmneHIIID 

B ypaBHeHIIRX oeTaTpOHHb!X KOneoaHIIll rrOIIOliHIITellblib!X '!lleHOB1 CBH38liHblX C BOaMy

IIleHIISIMII paBHOBeCROU OpOIITbi, 3TO Bbi3b!BaeT HeKOTOpoe ycnneHJie BliiiHHHH HeOAHD-
{3 ' 

pOrrHOCTII ga paABBnbHOe II BKCIIBllbHOe llBIIllieHIIe IIpii 3Ha'leHIIRX () ., -- , npo-
1 N 

Be!teHHbie OUeHKH IIOK83biBSIOT, 'ITO Allli liOKanbHbiX neonaopOAHOCTeil MBIIOH 83HMy-

TallbHOll•rrpOTSI*eHHOCTII BIIRSIHIIe 3TIIX 'llleHOB He3HB'lliTellbHO II orrpeAeiiHIOIIliiM HBllg-

eTCH aljlljleKT or!I5aromnx aeaoaMymennoro ABIIllieHI!H, HennaellnocTb rpaAIIenTa MarHIIT

aoro IIOli!I liOKBIIbHbiX HeO!lHOpO!lHOCTefi llp!IBOAHT K IIO!IBlleHHID AOIIOliHIITe~bHblX yc

liOBHfi na peM!IM !IX B03rre!IcTBHSI liB pS!tiiBIIbHBie Kone5aHIIH C OOJiblliiiMII BMIIliHTyAa

MII. norraASHIIe 'lBCTIIII B OOll8CTb.B03MYIIleHIIH HS'lHHSeTCSI yme C anepreTa'leCKHX 

pB!lHYCOB, CMeiileHHbiX BHyTpb OTHOCHTellbHO pSAIIyCa llpeAellbHOll OpOIITbl Ha BeliH'lH

HY MSKCHMBllbHOli SMIIliiiTYAbl PBAHBllbHb!X Kone5a.8Jl:ll, .Qng TSKHX 'l8CTHU1 O'leBHAHP, 

aenb3H o5ecrre'lHTb YCliOBHH llpOXO)I{!leHHSI B03MYIIleHHll aa KB*AOM o5opOTe, T·aK KBK 

II3Meneane ljla3bi oeTaTpOHHhiX Konet5aanu aa ot5opOT B ocaoBHOM eme orrpeAengeTCH 

3Ha'leHHeM 'lSCTOTbl HeB03Myiileaaoro ABHMeHHSI Q,
0 

, nmlT,OMy IIOIIBABHHe 'lBCTIIU 

B o5nacTb B03Mymeaasx 5yAeT aat5nroAaTbCH B ocaoanoM.'!epea rrepao!l rrpeneccnii 

'aeB03MYIIle~HOrO !lBRMeHHH, .Qng oeTaTpOHH~IX KOlleoaHBll OTHOCHTellbHO rrpeAellbH<;>li 

HeB03MYIIleHHOli paBHOB.eCHOll opoHTbl ycnOBHSI AellCTBHSI HeOAHOpO!lHOCTH Ha KSlK!lOM 

o5opOTe CBOASITCSI K TpeooBBHHID, 'lTOObl na 83HMyTe ycTaHOBKB HeOAHOPO!lHOCTH CMe

menne OT op5nTbi 5brno rronomaTenbHbiM, Co5nroAenae aToro ycnOBHH B .Pe~Me 

paCKB'IKH BMIIliiiTYA paJ;liiBllbHbiX KOlleoaHIIll B03MOlliHO TOJibKO B Clly'!ae __!_ Sp M > 1 ' 
2 211 

T.e, rrpii uenbiX ana'leaaax rrpenenhaoll peaonaacnoll >'laCTOTbi paAIIBIJbHb!X Kone5aa1Ill, 

Ecna llie BbiBOAHBSI CHCTeMa HCIIOIIb3yeT ·neyCTOH'l!IBOCTb rrpa rronyrrellbiX 3HB'leHHRX 

Q r' TO OCHOBHbie ee rrapaMeTpbl orrpeAeliSIIOTCR H3 ycnOBHSI AellCTBHSI HeOAHOpOA

HOCTH '!epe3 OAIIH OOOpOT, 

npa IICII01ib30BBHIIII aeCKOllbKHX liOKBllbHb!X aeO!lHPpOAHOCTeil, 3li8'lHTellhHO CMe-

IlleHHbiX IIO 83.HMYTY Apyr OTHOCIITellbHO !tpyra, yCliOBIISI rrpoXOlliAeHHg 'lSCTHUBMII 
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STRX o6naCTefi 6y)lyT pa3nR'IHbi 113-38, H3M9H9Hiill <j>a3bi 6eTaTpOHHb1X KOne6aHnfi, 

PaC'l9Tbi IIOK83biB8IOT1 'ITO STO MO)!teT cymeCTB9HHO orpaHR'lllB8Tb HIITepBan pa)lR8nh-· 
• 

HbiX a~-.mnnTy.ll, )lnll KOTOpbiX ocymecTBnlleTcll pe:lKHM pa3)leneang op6nT 6e3 noTepn 

8KCKanhiiOii ycTOH'IRBOCTH. B STOM OTHOIIl9Hllll 6onee rrpe)lrrO'ITHTenhHbiMR liBnll!OTCSI 

CRCT9Mb1
1 

HCIIOnh3YIOIIlll9 HeO)l!IOpO.IlHOCTH, noKanH30BHHHbie B y3KOM II:HT9pBane 831!-

MyTOB, 

Bee STH <j>aKTOpbi aeo6XO.IlliMO Y'lllTbiB8Th npn pa3pa60TKe CHCT9Mb1 3a6poca 

qaCTiill B ·MarHHTHbil! KHIIan. 0.1lH8KO 6onee 1IO)lp06Hbil! aiianH3 STHX <j>aK;TOpOB BbiXo

.llllT 38 paMKll O)lHOl! pa60Tbi II: Tpe6yeT OC06oro paCCMOTpeHHll B KS)K)l0M KOHKpe;-

HOM cnyqae. 
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