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BhlBO,D; nepBHtUlhlX nyqKOB IlO3BOnJieT, ao-nepBhlX, 6na

ro,z:,;apg IlpHMeHeHHIO BHCWHHX MHUieHee:, 3llaqHTenLHO 31}>

l}>eKTHBHee HCilOnL3OBaTL ycKopeHHhlH nyqoK ,z:,;ng 1}>113HqecKHX 

3KCnepHMCHTOB H, BO·BTOphlX, IlOBhlWaTL HHTeHCHBHOCT.b 

ny11Ka 6e3 CO3,D;aHHJI ,Il;OilOnHHTCnLHOH .n;oporoCTOJimeii 3a~

Thl. B pe3ynLTaTe npoae,z:,;eHHhlX Ha CHHXpod>a30TpOHe OH.HH 
pa.6oT K 1973 ro,z:,;y 61a1na CO3,D;aHa CHCTCMa Me,z:,;neHHoro Bbl· 

BO,D;a ny~a, IlO3BOHJIIOmag BhlBO,D;HT.b nepaHqHhlH nyqoK 

c 34>d>eKTHBHOCT.blO 6onee 90"/o 3a BpeMJI OT 50 ,D;O 500 MCeK. 
HacToJimag ,IJ;HCCepTanHJI IlOCBJimeHa HCcne,z:,;oBaHHlO,D;H· 

HaMHKH nyqKa B nponecce pe3OHaHcHoro awao,z:,;a H pacqeTy 

xapaKTepHCTHK BhlBO,D;HOH CHCTCMhl. B OCHOBY ,D;HccepTaUHH 

nernH pa60Thl /1-9/, BhlilOHHCHHhle aBTOPOM HHH npH ero 

yqaCTHH a OH.HH a 1968-1973 rr. ,ll;HccepTanHJI COCTOHT 

H3 BDC,D;CHHJI, qeTblpex rnan H IlPHHO)KCHHJI. 

Bo eeeoe11uu paCCMOTpeHhl pa3nHqu1a1e MCTO,Il;hl BhlBO,D;a 

nepBHtUlhlX nyqKOB H npOH3Be,D;eH cpaBHHTCHLHhlH aHanH3 

CBOHCTB pe3OHaHCOB 6eTaTpOHHhlX Kone6aHHH C ToqKH 3peHHJI 

IlPHMeHHMOCTH BX ,z:,;ng Me,z:,;neHHoro BhlBO,D;a. Ha CHHXpod>a-

3OTpoHe OH.HH 6nIDKaiimHMH K pa6oqeii ToqKe (n=0,67) pe-

3OHaHcaMH pa,z:,;HanLHhlX 6eTaTpOHHhlX xone6aHHH .BBHJIIOTC.I: 

v =l/2(n =0,79) H v =2/3(n:0,624). IlpH HCilOH.b3OBaHHH .n;nH 
Me,z:,;neHHOrO BhlBO,Il;a pe30HaHCa v =1/2/ l O/npHXO,IJ;HTCJI nocne -

X 

,z:,;oaaTenLHO nepe·ceKaTL pe3oHaHchl 2vx + 2vz =3 . (n=0,73) H 

2v +v =2(n=0,77). PacqeThl H 3KCnepHMeHT IlOKa3anH, qTo 
X Z . 

B03,D;CHCTBHe 3THX pe3oHaHCOB npHBO,Il;HT _ K IlOTepe qaCTH 

IlY'{Ka H BCnHqffHa IlOTepL BO3pacTaeT C YMCH.bWCHHeM 

cKopocTH H3MeHeHIDI ;~;·• Ilpe,IJ;DoqTHTenLHee · a 3TOM 

OTHOWeHHH pe3OHaHC vx ""2/3, npH no,z:,;xo.ne K KOTOpOMY He 

nepeceKaroTcJI onacHwe pe3ouauc1a1. 
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Puc. 1. Pacno.110:JKeHue o6opyooeaHUJI CUCllleMbl MeO./leHHOZO 
6bl600a ny'IKQ /a/ U npOBOOHUKOB nO./IIOCHblX 06MOIIIOK P J 
u P2 /a/. 

BhlCOKaH 34>4>eKTHBHOCTb BhlBO'Aa 'AOCTHraeTCH 3a cqeT 
6oJILmoii r.ny6HHhl 3a6poca nyqKa a 3a3op nepaoro OTKJIOHHro
mero, cenT}'M· MarHHTa /15-:-20 CM/, qTo B03MO)KHO 6naro'Aaps 
'AOCTaToqHoii mHpHHe pa6oqeii o6JiaCTH CHHXpotl>a30Tpoua 
B KOH~e ycKopeHHH H ycTpaHeHHIO BJIHHHHH ero HeJIHHeiiuo
CTeii / 3/. 

Ha puc. la noKa3aHo pacnoJio)KeHHe o6opy'AOBaHHH cu
CTeMhl Me'AJieHHOrO BhlBO'Aa nyqKa. B npoMe)KyTKe Me)K.ny 
-1 :u II 'KBa'APB.HTB.MH HclX0'AHTCH nepBhlH. cenTyM·MarHHT 
FM H ropH30HTaJib110.:.qioKycupyromas JIHH3a FL, tl>oi>Mupyro~ 

mue nyqoK Ha BXO'Ae BTOpoii BhlBO'AHOH CTyneHH. HcXO'AH H3 
xapaKTepHCTHK ny'IKa npu pe3ouauce, CBH3a.HHhlX c uenu
ueiiuocTHMH IlOJIH, pa6oqee IlOJIO)KeHHe FM Bhl6paHO Ha'pac-
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Puc. 2. Pacnpeoe.11euue B03MYIJleHUJI ~B (x), co3oaeaeMozo 
IIIOKQMU o6MOIIIKU P2. IIyHKIIIUPHblMU KPUBblMU nOKQ3QH BK./IQO 
a 31110 pacnpeoe.11euue moKa a KaJKOOM npoeoouuKe. 3Ha'le· 
HU.JI mo Koe cocmae.11J110111: i / x = ±20 CM/=65A, i / x =±40cM/= 
=lSSA. 

CTOHHHH Xs= + 35 CM OT ~eHTpa KaMephl, 1103T0MY nepaag 
CTyneHb 'AOJI)KHa 6hlTb IIO'ABH)KHOH. IloJIO)KeHHe BTOpoii CTy
neHH, TaK)Ke COCTOHmeii H3 MarHHTa H ropH30HTaJibH0·4>o
KYCHPYIOll\eH JIHH3hl, Bhl6paHO Ha paCCT0HHHH X = +70 CM, 
qTo no3B0JIHeT: ao-nepahlx, 'AJIH o6ecneqeHHH He6onLmoii 
TOJIIQHHhl cenTyM- MarHHTa FM 0TKJI0HHTb B HeM nyqoK 
Ha yron, He npeahlmaromuii 14 Mpao, H, ao-aTophlx; C'AenaTL 
BTOPYIO CTyneHL HeITO'ABH)KHOH, a TaK)Ke, IlOCK0JILKY B 3T0M 
cnyqae npaKTHqecKH HeT orpaHHqeHHii Ha ee aec, 'A0CTaToquo 
CHJibHOH MH 0TKJIOHeHHH nyqKa Ha yroJI II0PH'AKa 0,2-0,3 pao, 
'IT06hl o6ecneqHTb npoXO)K'AeHHe HM MHHHMaJibH0r0. IIYTH 
B HeJIHHeHHOM pacceHHHOM none . III KBa'ApaHTa. ronoi3HaH 
CTyneHb BHemueii TpaHCII0PTHPOBKH paccMaTpHBaJiaCb co
CTOHmeii H3 'AY6JieTa KB~PYII0JibHhlX JIHH3. 

Bo36y~eHHe pe30HaHca IIP0H3B0'AHTCH C Il0M0(QblO 'ABYX 
IIOJIIOCHhlX•··;o6MOTOK /pHC. la/. O6MOTKa P 1, BKJIIOqaromas 
a ce6s 8 np'c:,BO'AHHKOB, pacnono)KeHHhlX Ha pa'AHycax R0 ±1O CM 
H Ro ±30 CM, H3MeHHeT Il0Ka3aTeJib IlOJIH 'AO pe30HaHCHOro 
3HaqeHHH. O6MOTKa P2 C npoB0'AHHKaMH, pacnoJIO)KeHHhlMH 
Ha 8<, t,2O CM H R O ±40 CM, BBO'AHT BTOPYIO rapM0HHKy 
B03MyIQeHHH. Tpe6yeMaH 3aBHCHM0CTb B03MyIQeHHH OT pa
'Aff)'Ca 4>opMHpyeTCH no.i:(6opoM CO0TH0meHHH TOKOB a np0B0'A· 
HHKax /pHC. 2/. O6paTHhle np0BO'AHHKH o6MOTOK npoJI0)KeHhl 
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TaK, 'ITO 'AHilO.JILHaJI KOMilOHeHTa IlOJIJI Ha Ro OTCYTCTByeT. 
Pac'leT npoH3BO'AUJICJI KaK 'IHCJieHHLIMH, TaK H aHaJIHTH· 

'leCKHMH MeTO'AaMH. Ha nepBOM 3Tane C IlOMOUlLIO aHaJIHTH
qecKHX MeTO'AOB 6LIJIH IlOJiy'leHLI OCHOBHLie COOTHOWeHHJI, 

xapaKTepH3YIOUlHe noBe'AeHHe nyqxa npu pe30HaHce,H npu-
6JIH:>KeHHLie 3Ha'leHHJI. napaMeTpOB BLIBO'AHOH CHCTeMLI. 3a

TeM C yqeTOM IlOJiy'leHHLIX pe3ym.TaTOB 6LIJIO BLIIlOJIHeHO 
'IHCJieHHoe MO'AeJIHpOBaHHe pe:>KHMOB BLIBO'Aa C HCilOJIL30Ba
HHeM xapTLI MarHHTHOro IlOJIJI, IlOJiy'leHHOH nyTeM H3MepeHHH. 

Ilepeaa ZAaea IlOCBJIUleHa aHaJIHTH'leCKOMY HCCJie'AOBa
HHIO IlOBe'AeHHJI ny'IKa npH BLIBO'Ae B YCJIOBHJIX pe30HaHCa 
V,x = 2/3. IlpH 3TOM HCilO.Jll.30BaJIOCL rJI~KOe npH6JIIDKe• 
HHe /I I/ H 'ABH:>KeHHe paccMaTpHBaJIOCL B IlJIOCKOCTH z =o. 

YpaBHeHHe 'ABIDKeHHJI C y'leTOM JIHWL 'IJieHOB, BJIHJIIOUlHX 
Ha pe3oHaHc /S/, npHHHMaeT BU'A 

x"+ (1-n
0 

-n
2

x 2 - ••. )Ix =-(k
0

+k
2

x2 + k
4

x4)sin20, /l/ 

r'Ae x = R O - R = R 0 - Ro I - OTKJIOHeHue OT crnruKeHHoro 
C ~ 

neHTpaJILHoro pa'AUyCa, RO - neHTpaJILHLIH pa'AHYC B KBa'A· 

paHTe ycxopHTeJIJI, I= 1 + 
2 

,L , L - 'AJIHHa npJIMOJIHHe:eHoro 
. . "Ro 

npoMe:>KyTKa. ,lJ;Hcl>cl>epeHnHpOBaHHe Be.z:(eTCJI IlO a3HMYTY 0 . 
YpaBHeHHe /1/ OilHCLIBaeT 'ABH:>KeHHe B Me'AHaHHOH IlJIOCKO· 

CTH ycKOPHTeJIJI C IlOKa3a TeJieM IlOJIJI n ( x) =no+ n2x2 + ••. npH 

HaJIH'IHH .2-:e a3HMyTam.Ho:e rapMOHHKH B03MYUleHHJI LlBz = 
= b 0 + b 2 x 2 + b 4 x 4 , KoTopyro Ha CHHxpocl>a3oTpoHe OH.HM 
HaH6onee npocTo. C03'AaTL, qepe'AYJI 3HaKH B03MyUleHHJI 

B coce'AHHX KB~paHTax. CBJ13L Me:>K'AY km H bm / m =0,2, 4 / 
'AaeTCJI BLipruKeHHeM 

4 RC 
k =---b , 

" B m m 
/2/ 

RoBo c 
r'Ae Bc=-R- ' Bo - BepTHKaJILHaJI npoeKnHJI MarHHTHoro 

C 

IlOJIJI Ha pa'AHYCe Ro, a K03cl>cl>HnHeHT 4/77 nonyqaeTCJI.H3 paJ
JIO:>KellHJI CTyneH'laTOH cl>opMLI. B03MYUleHHJI. B PJI.A cl>ypLe. 

IlpHCYTCTBHe B B03MYUleHHH 'AHilOJILHoro 'IJieHa ko . npu
BO'AHT K ucxruiceHHIO paBHoaecHo:ii op6HTLI, KoTopaJI a· 3TOM 

6 

•" 

~ 

,. 

cnyqae. C T~'IHOCTLIO 'AO BeJIH'IHH BToporo IlOPJl'AKa OilHCLIBa -

e'I'.CJI cl>opMyJI~MH , • 

ko .. • · 2k0 . 
x = .. , s~20, x' = . cos20, /3/ 

· o 4 41.;;:no)I · · · ' o 4~(1-n )I . · ·. . . ' ' 
. " . o.. . .. 

H . ic H3MeHeHHIO 3cl>cl>eKTHBHLIX 3Ha'leHHH no , k 2 , k 4 ·, n 2 • B 
qacTHOCTH, . 3cl>cl>eKTH~Hoe 3Ha'leHHe ,Q ~· H3MeHJieTcJI Ha ae·~ 

JJ.H'IHHY • 

on= - _kok2' /4/ 
[4-(1-n 0) Ill . 

c. IlOMOUlLIO nepaoro npH6JIH:>K~HHJI Me'l'P'Aa KpLIJIOBa:: 
EoroJII06oBa/ 12/ 6LIJia ,noJiy'leHa,.. cHCTeMa ypa:eHe~IIH, on~

CLIBaIOUlaJI 'ABH:>KeHHe Ha HOpMaJIH30BaHHOH cl>a30BOH IlJIOCKO· 
CTB(x ,u=3/2x ') . Ha a·3HMyTe 0= 0 B 'AeKapTOBOH CHCTe-

Me KOOP'AHHaT 

dx 3 k.· ( 2 2) 3 . k ( - 4 6 2 2 5 4) -- = - X - U +·-- 4 3x + X U - U -
do 16 2 · 64 , . 

3 9 · - 4 I Lln u - 16 n 
2 

lu ( x 2 + u 2 ) , 

/5/ 

~ = - .2. k x u - .2.. k x u ( u 2 + 3 x2) + l.. I Lln x + 9
6 

n Ix (x2 
+ u

2
), 

do B 2 16 4 4. 1 2 . 

r'Ae x - OTKJIOHeHHe OT paBHOBeCHOH op6HTLI. 

II pH n _2 = 0 , k 4 = 0 /B03MYUle11He b2r sin20 ' / KOOP'AH • 
HaTLI oco6LIX TO'leK CHCTeMLI /5/ paBHLI 

X O o:2·x . 0 4Llnl ;' ; x· + 2· / ;t Lln I /6/ 
O= 'U o= ' l;= 'U 1= ---r:--' 2 3 =- VJ ~' K2 . ' ' , K2 

... ' 2.ilnl 
u =---2;3· k 

2 
,.-.: !" 

•~t1:•~. ~~.Ii." • l•,; . '~ •• ,.,} "'•, _.,.:_ .... -...., .. 

, . , " :q~paaJi 1 ·.HJ,: ~,THX io11e·~ J,IBiiie,T_CJI YCTOH'IHBOH oco(fo:e 
TO'IKOH Tllna "neHTp", a OCTaJILHLie - H~yqTQj\'l~LIMH TO'IKa • 
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MB THna "cewio". IlpJIMLie, coe,D;HHJIIOU(He 3TH TO'IKH, JIBJIJIIOT~ 

CJI O,ll;HHM H3 peWCHHH CHCTCMLI H onpe,D;CJIJIIOT 06JiaCTL YCTOii

'IHBOCTH. <l>a30BLIC TpaeKTOpHH, npoXO,D;Jlll{HC qepe3 TO'IKH 

BHC 3TOH o6JiaCTH, YXO,D;JIT B 3TOM CJiy'lae B 6eCKOHC'IHOCTL. 

IlpH ~fl ➔ 0 IlJIOI!la,D;L o6JiaCTH YCTOH'IHBOCTH CTpeMHTCJI K Hy

JIIO. _IlOJIHLIH 3MHTaHC BLIBC,D;CHHOro IlY'IKa onpe,D;eJIJICTCJI 

IlJIOllla,D;LIO, orpaHH'ICHHOH pa3OMKHYTLIMH BeTBJIMH cena

paTpHC LI B Ha'laJie H B KOHI~e BLIBO,D;a. ~JIJI ero YMCHLWCHHJI 

Heo6XO,D;HMO H3MCHJITL yroJI IlOBopoTa B FM TaK, 'IT06LI 

KOMneHcHpoBaTL yMeHLWeHHe yrna Bxo,D;a qacTHn B FM B 

Te'leHHe BLIBo,D;a. MrHoBeHHLiii 3MHTaHc BLIBe,D;eHHoro 

nyqKa onpe,D;CJIJICTCJI BCJIH'IHHOH HMilYJILCHoro pa36poca H 

3aBHCHMOCTLIO n OT pa,D;Hyca /puc. 3/. 

rfn 
-60 -1/0 -20 o, 20 ..... ,, -.............. f ,,.,. .. ~. .. .. ' ,, /,. , 

', / ', / '\ ✓ 
\/ \ / \ I 

I\ 1 .0,02 ,<, 
I \ I \ I \ 

\_,, ... : _\ .... _/ . \_,, 

n 
0,8 

t/O 

~ 
Q6 

0;1/ 

0.2 . 

-20 0. 20 1/0 

60 }(.CM 

a 

8 

X,CM 
60 

Puc. 3. 3aeUCUMOCmb U3MeHeHUJI noKa3ameAJI n0AJI om X • 
. co3oaeaeMaJ1 ... moKoM 40A e o6MomKe P 1 npu unoyK11uu 
B_·::: )0 KI'c /a/, U _·3a6UCUM?_Cm·b n(x) npu .. B0 = 10 KI'C 
e omcymcmeue eo3MYUleHUJI. •. · ·• •··· •. · 

·a 

~ 

j 
~ 

H3 CHCTCMLI /5/ 6LIJIH noJiy'leHLI BLIPWKCHHJI ,D;JIJI rny-

6HHLI 3a6poca B FM, Ha'laJILHoii paccTpoiiKH, 31}xl>eKTHBH<>

cTH BLIBO,D;a, a TaIOKe. WIJI ,nonycKOB Ha K031}xl>HllHCHTLI n2 H 

k4' BLl3LIBaIOil{He, KaK ·3TO ~Jie,nyeT H3 /5/, CTa6HJIH3allHIO 

,D;BIDICCHHJI. BeJIH'IHHa k 4 MHHHM~JILHa, CCJIH B BCTBJIX 06-

MOTKH P2 BLIIlOJIHCHO CJIC,ll;YIOlllCC COOTHOWCHHC TOKOB: 

i(x = ±20 CM )/i(x = ±40 CM-)= 0,42. IlpHCYTCTBHe B 

pa3JIO)KCHHH. n.oxa3aTeJI11 noJIJI npu pe3oHaHce 'IJieu:a n 
2 

x 2 

npHBO,D;HT K CTa6HJIH3allHH ,D;BIDICCHHJI 'laCTHll C Ha'laJILHOH 

aMnJIHTy,D;oii a O < 4 MM. 
IlyJILCallHH B CHCTeMaX . IlHTaHHJI BLl3LIBaIOT HepaBHO

MepHOCTL TOKa BLIBC,D;CHHOro nyqica •. Hau6oJiee )KCCTKHe 

Tpe6oBaHHJI npe,D;'LJIBJIJIIOTCJI K cucTeMaM nuTaHHJI P 1 / oT

HoweHHe aMnJIHTY,D;LI nyJILcanuii ic TOKY ,D;OJDKHO 6LITL MCHLWe 

0,004~/ H K CTOJIY rJiaBHoro ToKa /o.THoweHHe aMnJIHTY,D;LI 

K IlOJIIO MCHLWC 0,003o/o/. IlpHMCHCHHe pC)KHMa BLIBO,D;a 

c BKJIIO'ICHHLIM Bll CHIDICaeT Tpe6oBaHHJI K ,nonycKaM Ha 

nopJI,D;OK. BJIHJIHHe nyni.canuii MO)KHO B 3Ha'IHTCJILHOH CTene

HH cxoMneHcupoBaTL, MeHJIJI c noMOlllLIO 6wcTpo·,D;eiicTBYIO

lllCii o6paTHOH CBJl3H CKOpOCTL H3MCHCHHJI TOKa B p 1 nponop

nHOHaJILHO pa3HOCTH MC)K,D;Y ·3a,D;aHHoii HHTeHCHBH<>CTLio BLI

Be,D;eHHoro nyqxa H HHTCHCHBHOCTLIO B ));8.HHLIH MOMCHT: 

Bo emopou zAaee npHBe,D;eHLI MeTo,n H pe3YJILTaTLI pac

'ICT9B Ha 3BM pe30HaH(?HLIX,YCJIOBHH H xapaKTepHCTHK nyq

Ka Ha BXO,D;e FM . HHTerpupoBaJIHCL noJIHLie ypaB11eHHJ1 

. ,D;BH)KCHHJI npH ~ = 0 . MarHHTHOe ,none B npe,D;eJiax KaJK,ZtOro 
< ·~- ·~ • ~ .:. • ' • - • 

KBa,D;paHTa npHHHMaJIOCL a3HMyTaJILHO O,D;HOpO,D;HLIM, a ero 

pacnpe,D;eJieHHC IlO• pa,D;Hycy 3a.zi_aBaJIOCL B COOTBeTCTBHH ·c 
:e:3~epeHHJ1MH. IIpn,10JIHHeiiHLie ·npoMe)KyTKH. _paccM~ -rpuBa.-

~ci. KaK cB060,D;11oe npocTpaHCTBO. · ·· • 

Ha p:e:c. 4. IlOKa3aHLI xapaKTCPHCTHKH hy~Ka IlJ)H BH,nyK

nHH Bo = IQ' KI'c Ha B_xo~e FM B. TC'leH~e BLIB_o~a::~Be.llll: 

'IHHa HMilYJILCHOro, pa36poca:. npHHHMaJiaCL paBHOH ··:f)_e_ = 
. . . . .':-· . . : .. ,.. .· . . . ' .· -:: Po 

"". ±2. io -4 •. BH~qami. /np~ .TOKe· :e o6MOTKe' ·p 1; I 1 • ~- 38~36A/ 
BLIBO,D;11TCJI qacTiinLi MaKCHManLHLIX · aMilJIHTY.ll. c HMIIYJILCOM 

p -: ~p. ,3MHT.aHc I! HMny~i.cHi.iii pa36po~ • BLieo,n11Moro ny'IKa o . .... - $.. .... . , . _ ~-- ,· .·,. ~- • • V. $_ _ 

B, 3.TOT MOMCH'I.' MHHBMaJILHLie H yBeJIB'IHBaIOTCJI C POCTOM 

11: q~uj; ·• ,= -~2,2~.A ,.BLIBO,D;JITCS qa~}HJ.(LI DCCX HMilYJIL~OB 

~ff- p 0-~p. ~O p 0+~p •. <l>a3o~aJI,o6p~cTL, 3aHHMaeM~JI npH 31:OM 
ny'IKoM, noJCa3aHa Ha pucyHKe xocoii WTPHXOBKOii. Ilpu yBe -
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Puc. 4. 4'>a306ble .xapaK111epUCIIUKU ny'tii/a · iia exooe·· FM 6 
11et1eHUe 6bl600a: '. . ·:' .. 

. ' 

JIH'leHHH_ I 1 OT: 42,28A JXO 45.;64A 3~Hnrnc· Hec~ontico yne
JIH'IHBaeTCB. <l>a3oBaB o6JiaCTh Ha Bxo.zxe FM, 3aHHMaeMa.H 
Il~KQM npH 11 =45,64A, IlOKa;J~Ha Hi(p~CYHKe BepTHKaJibHOH 
mTp~o:eKoii. _. IIpH_ .zxa.m,Heii111eM · yBeJIH'leHHH '3MHTaHc H liM
nynLcHwii pa36~0C Y~~'.H~lllalOTC.H JXO ~}'JIB ~pH., 11 .:_ 5()~7Ai 

.. B 111peitberl z.11aee, H3JIO)KeHLI pac'leii.i CH,CTeMLI rpaH-
, ':· : :·, , . . .. ~. t - ~ . { -, 

cnopTHP<>B:i,<H Bhl~e.zx~,J.l~Or.<>. fff~~~· _I<:OT~J)i.Ie npoH3BO~HlIBCb 
Ha 3BM li3CM-6 u C,IJ;C-'62OO iIO bporpa.MMe FORM. 71 ,IXJIH 
non.H B ycKopu-rerie. ··3a:JiS:1tHori. Ha OCHOBaHHH MarHHTHLIX 
H3Mepeuuii: B Ka.q~i¥:ee· iaqaJii:H~X. ycJIOBJtii B ropu:io11-
T,µt~HQii qJIOCKOC~H npHHHMaJIHCb ~30Bf:d_e KOOP'AHHaT~ Tpex 

T~~e~. ~a., a.3HMY,'.'!;e _ fM,, onp~ien~/t:?e _ ,cepe~H~Y H' K.pa_H 
nyqKa.. 'Ans Ka)K,IXOH H;I 3TIP[ TO'leK 3a.zxaBaJICB Ha6op Ha:. 

~ ·• • · • · i • • ·, l ;.,'>: · ~ : . :# u ~· ; ·. ,;- · - • .. ~ .. , , :,_. , f 

'l~bHhlX .YCJIOB~ B ~~P.THKaJibHOH IlJIQCKO_C!H, COOTBeTCT-
B}'.ff;>uuiH sepTHK~HOMY 3MHfaHCY nupKyJIHp'yro~ero Il}''IK~: 

·. ' Pac'le"l'._,rippH~B~)UIJiqH icaK· .zi~g pe)KJIMa C np_oMe)K}'TO'I
HhlM ~;306pa>KeH~eM B _ ropH30HTaJibHOH IlJIOCKOCTH /TaK 

• .. .,., ., - > ' < -:. ,-- • ; - • - •••• ~ • ; ;~ -· • - ;_. _. • •• ·.-~. • •• _ _;_ ,:- •• ; • • ._:, 
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Ha3WBaeMwii · pe)KHM nepe1poxycupoBKH/, TaK H .IXJI.H pe)KBMa 
6e3 TaKoro npoMe)KyTO'IHoro H3o6pa)KeHHH /pe)KBM ue.zxo4>o
KYCHPOBKB/. Ha puc. 5 IlOKa3aHLI TpaeKTOpHH 'IS.CT~ BHYTPB 
II KBa,D;paHTa IlpB 3THX pe)KBMaX. B pe)KHMe He,IXOlpOKYCH

poBKH pa3HLie • TpaeKTOpHB npoxo.zx.HT o6nacTH c pa3JIHq
HLIMB 3Ha'leHBHMB n, 'ITO npBBO'AUT K cymecTBeHHOMY B03-
pacTaHBIO 34>rl>eKTHBHOro 3MBTaHca B o6eux IlJIOCKOCTHX. 
B pe)KBMe nepe1poKycupoBKB, Ha'IHHas c a3HMyTa npoMe)Ky
TO'IHoro H306pa)KeHBH, Kpaiiuue TpaeKTOpHH MeHHIOTCH Me
CTaMH, 'ITO 3Ha'IHTeJibHO BLipaBHHBaeT cpe.zxHee 3Ha'leHHe 

x,cm :aaj .. ~ 
2 

70. - -· - 1 

60- -----------·----·+-----

::~£1 I I 
-+-- - _)_ -

I 
0 15° ao· 4S

0 60° 75' 90' 
8 

90 
x,cm 

b 
80 

70. 

60 

so , I 
i 

f.+O I • . 

· o i5' ao· tis· 60° 75• go• . . ' s 
Puc. 5. TpaeK111opuu,npo1110Hoe eo II KeaopaH111e OAJI pexuMa 
Heoo{ftoKycupoaKu /a/ u nepe{PoKycupoeku /a/. Kpue,;,e 1,2 
u 3 coo111ae111c111ey,o111 eHympeHHerl, ijeH111paAbHOrl u HapyxHorl 
11LJc111uijaM Ha exooe FM. Ilo ocu a6cijucc 0111.11oxen a3uMy111 
O a zpaoycax. 
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Puc. 6. Oct1UAAozpaMMa 1110,Ka ebieeoeHHozo ny'IKa. Macwma6 
epeMeHu: 100 MCeK Ha oe.iieHue. 

n B,IJ;OnL Ka>K,IJ;OH H3 TpaeKTOpHii, Bcne,IJ;CTBHe qero BilHjlHHe 

HenHHeHHOCTeii nong Ha 34>cl>eKTHBHLIH 3MHTaHC BLIBe,IJ;eH
Horo ny~a B 3TOM pe>KHMe 3HaqHTenLHO MeHLWe. 

PacqeT, BLinonHeHHLIH ,z:,;ng pe>KHMa nepeclioKyCHPOBKH 

H HMnynLcHoro pa36poca ±2. 10-4, ,z:,;an cne,z:,;yrollUle 3HaqeHHjl 
3MHTaHCa Ha BLIXO,IJ;e H3 ycKOpHTeng; ropH30HTanLHLIH 3MH
TaHC COCTaBngeT 64rr MM.Mpa0; BepTHKanLHLIH -53TTMM.Mpac). 

B 'lemeepmoil zAaee npHBe,z:,;eHLI nonyqeHHLie B pe3ynLTa
Te H3MepeHHii napaMeTpLI CHCTeMLI BLIBO,IJ;a_, npOH3Be,IJ;eHO 
HX cpaBHeHHe _c pacqeTHLIMH, a TaK>Ke paccMaTpHBaJOTCjl 
HeKOTOpLie npe,z:,;no>KeHHjl no yMeHLWeHHIO 3MHTaHca BLIBe
,z:,;eHHOro nyqKa H yBenuqeHHIO 34>cl>eKTHBHOCTH BLIBO,IJ;a. 

3anycK cucTeMLI Me,z:,;m;mHoro BLI~o,z:,;a noKa3an xopo~ee 
COOTBeTCTBHe nonyqeHHLIX napaMeTpOB C pacq"eTHLIMH. H3 -
Mepe11Hag 34>cl>eKTHBHOCTL Bldao,z:,;a coc.TaBHna 94%. Ha p11c. 7 
npHBe,z:,;eHa clioTorpacliHg nyqKa Ha BHewHeii: MHWeHH ./Ha pac-

12 

CTOJIHHH 1,5 M OT BLIXO,IJ;a H3 BHeWHero ,z:,;y6neTa KBa,z:,;py
nonLHLIX nHH3/. Pa3Mep nyqKa COCTaBnJieT: 20 MM no ro
PH30HTa.Jlll H 5 MM no BepTHKanu. CpaBueuue pacqeTHLIX 

H nonyqeHHLIX"napaMeTpOB n~H HH,IJ;YJCitHH Bo = 10 KI'c npu
Be,IJ;eHo H_H>Ke B Ta6Jllllle. 

H3 Ta6JlllllLI BB.AHO, qTo 3KCnepHMeHTaRLHO nonyqeHHOe 
3Haqeuue ropB30HTan&Horo 3MHTauca B 1,5 pa3a npeBoc
xo,IJ;BT pacqeTuoe. 3To o6'LJICHJieTCJI ,z:,;po>KaHBeM nyqKa B npo
uecce BLIBO,IJ;a B3·3a HecTa6HnLHOCTeii B CHCTeMe nHTaHBJI 

BLIBO,IJ;HLIX MarHBTOB. Be,z:,;yllUleCJI B HaCTOJILQee BpeMJI pa6OTLI 
no BBe,IJ;eHHIO B uenL nBTaHBJI 3THX MarHBTOB 6LICTpo,z:,;eii
CTBYIOLQeii o6paTHOH CBJI3B no3BOIlj1T CBeCTB 3TOT 34>cl>eKT 
K MHHHMyMy. 

Ha puc. 6 noKa3aua ocuunnorpaMMa TOKa BLIBe,z:,;euuoro 
nyqKa, nonyqeJiuaJI B pe>KBMe BLIBO,IJ;a C BKnroqeHHLIM Bq. 

,lvmTenLHOCTL BLIBO,IJ;a 350 MCeK. KaK BB.AHO B3 ocuunno
rpaMMLI, MO,IJ;YilJIUBJI BHTeHCBBHOCTH BLIBe,IJ;eHHOro nyqKa 
He npeBLiwaeT 50~ H BLI3BaHa rnaBHLIM o6pa3oM nyn&cauug
MH B CHCTeMe nHTaHB.H p 1 B B CTOne rnaBHOro TOKa. BBe-

Puc. 7. 4>o11ozpa¢ua ny'IKa Ha eHewHeil MUUJeHu. lllKaAbl -
6 CM. 
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AeHHe B nenL nHTauu11· PI 6LICTPOAeiicTByromeii o6paTHoii 
CB.H3H 3Ha'IHTenLHO yMeHLWHT 3TOT 3<l>cl>eKT H, B03MO)KHO, 
Il03BOnHT B Ka11eCTBe pa6011ero pe)KHMa MeAneHHoro BLIBOAa 
HCnonL30BaTL pe)KHM C OTKJilO'leHHLIM Bq. B HaCToJimee 

BpeM.H B 3TOM pe)KHMe ny'IOK BLIBOAHTCJI B Bff'Ae nocneAo
BaTenLHOCTH cryCTKOB. 

3MHTaHc BLIBe'AeHHoro llY'IKa MO)KHO yMeHLWHTL, Kop
pe1CTHpy11 3aBHCHMOCTL IlOKa3aTenJI nonJI OT paAHYCa. Pacqe
TLI IlOKa3anH, 'ITO C IlOMOmLIO cpaBHHTenLHO npOCTLIX Kop

peKnuii MO)KHO A06HTLC.H yMeHLWeHHH ropH30HTanLHoro 3MH
TaHca 6onee 11eM B 2 pa3a. 

B npUAoxeuuu npuBeAeHo onHcaHue nporpaMMLI, no3ao
mnomeii paCC'IHTLIBaTL ropH30HTanLHYIO H BepTHKanLHYIO 
npoeKnHH TpaeKTOpHB 3apH)KeHHLIX .'laCTHn B MarHHTHOM 
none cnHxpocl>a3oTpoua c ·y11eToM ero pacceHHHLIX noneii npn 
pa3nH'IHLIX 3Ha'leHHHx· HHAYKnirn. 

OcHOBHLie pe3ynLTaTLI H3nO)KeHHLIX B AHCcepTanHH pa6oT 
CBOA.HTCH K cneAyJO~eMy. 

1. Ha OCHOBe aHanH3a BnHHHHH pe30HaHCOB, ne)KamHx 

Me)KAY V = l/2 H vx = 2/3, Ha AHHaMHKy ny11Ka IlOKa3aHo, 
X . 

'ITO AnH MeAiieHHOro BLIBOAa HaH6onee ne~ecoo6pa3HO HC-

nonL30BaTL pe30HaHc V X = 2/3, npH IlOAXOAe K KOTOPOMY 
He nepeceKaJOTCH pe30HaHCLI, 3aMeTHO BnHHIOmHe Ha .D;HHa
MHKY nyqKa. · 

2. C noMomL10 MeTo.n;a KpLinoaa- lioromo6oaa Hccne.n;o-
BaHLI CBOBCTBa pe30HaHca V = 2/3 H paCCMOTpeHLI oco-x 
6eHHOCTH BLIBO.D;a npH HCilOnL30BaHHH B03MymeHHii b2x2sin20 H 

b 4 x 4sin 2 0. lfay11euo BnHHHHe CTa6HnH3HPYIOinHX· HenHHeii
HOCTeii. BLI6paHa cxeMa BLIBO.D;a, Il03BOnH10maH nony'laTL 

BLICOKYIO 3Ji>cl>':!KTHBHOCTL /::: 940/o/ npH .l);OCTaTO'IHO ManoM 
3MHTaHce BLIBe.n;eHHoro ny11Ka. Hccne.n;oBaHO BnHHHHe HM
nynLCHOro pa36poca. OneiieHLI ~onycKH.Ha __ nfnLcanHH B cH

cTeMax IlHTaHHH. IlpOH3Be.n;eH y'leT HeKOTOpLIX° 3<l>cl>eKTOB, 
CB.H3aHHLix.-c: HecTanHoHapHOCTLIO IlOKa3aTenH nonH. 

3. BLiiionHeHo· 'IHCneHHOe MO.D;enHpoBaHHe Ha 3BM 

li3CM -6 H C,D;C-62OO .l);BH)KeHHH IlY'IKa npH BLIBO.D;e. B pe -
3ynLTaTe pactfeToB 6LmH nony11eHLI Tpe6yeMLie 3Ha'leHH.H 
pe30HaHCHLIX TOKOB H xapaKiepHCTHKH IlY'IKa Ha BXO.D;e B FM 
B Te11eHHe BLIBO.D;a. 

4. BLinonHeH pac'leT napaMeTpOB CHCTeMLI TpaHcnopTH

poBKH BLIBe,D;eHHOro IlY'IKa H nony11eHLI ero xapaKTepHCTHKH 
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B TO'IKe nepBoro H306pruKeHHJI. IloKa3aHo, 'ITO HeJIHHeiiHwe 

HCKa>KeHHJI B KpaeBOM none MHHHMaJibHW, ecJIH ny'IOK HMeeT 

BHYTPH ll-ro KBa,npaHTa npoMe>KyTO'IHOe H3o6pa>KeHHe Bro

PH30HTaJibHOH IlJIOCKOCTH, 'ITO IlO3BOJIJleT 3Ha'IHTeJILHO 

YMeHbWHTb 3MHTaHC BWBe,neHHOro IlY,'IKa. 

5. IlpOH3Be,neHO cpaBHeHHe 3KCnepHMeHTaJibHWX pe3yJIL• 

TaToB c pactJ:eTHWMH. CpaBHeHHEU- noKa3LrnaeT xopowee 

coBna,neHHe · pactJ:eTHwx H nonytJ:eHHLIX B nponecce HacTpoiiKH 

CHCTeMW napaMeTpOB. 34xl>eKTHBHOCTb BWBO,na COCTaBJIJleT 

94"/o. 
6. IloKa3aHa BO3MO>KHOCTb C IlOMOll\blO cnenaaJILHO no

,no6paHHOrO COOTHOWeHHJl TOKOB B npOBO,ttHHKax Pl yMeHL· 

WHTb 6onee 11eM B 2 pa3a ropH30HTaJILHWH 3MHTaHc BWBe

,neHHOro nyqKa. IlpH 3TOM 3Ha'IHTeJibHO CHH>KaIOTCJl Tpe6oBa· 

HHJI K CTa6HJibHOCTH CTOJia rnaBHOrO TOKa. 

7. PaccMOTpeHa cxeMa BWBo,na c TpeMJl OTKJIOHJllOII\HMH 

MarHHTaMH, IlO3BOJIJllOll\aJl IlOBWCHTb 34>cl>eKTHBHOCTb ,no -::;.99"/o. 
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20 Map ma 19 75 zooa. 


