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888A8HR8 

)lns pa3pa6llTb18a&Moro 8/ na6opaTOpRR SA8pHb1X npo6neM OHHH pensTII8RCTCKOrO 

URKDOTpOHa (Pll) Ha 8H8prR~ npOTOH08 700 ~88 Mai'HRTH08 none 8 Cp&AH&I nnOCKOCTR 

/1/ 
onpeA&DS8TCS 8blp8.lK8HR8M : 

H(r,l))• H(r)[l+f(r)C~Ys(...L -NI))]., 
If ( 1) 

r.lle 2rrlr a N - paARMbHbll war H nepHOAR'IHOCTb CTpyKTypbl MarHRTHOro nons, 

Tpe6yeMas paAaan~as 3a8RCRMoc:b cpeAaero nons H(r) H aMnnllTYAbl ocH08.HOI 

rapMOHHKK H
8 
(r)•f{r)H(r) , a TaK>K8 .llOnyCKR Ha He& npH 3Ha'l9HRIIX OCH08HbiX napa-

M9Tp08 nK~~:noTpoaa ( N •·8, it •7, 7 eM) npKBe.lleHbl Ha pac. 1 • .UonycK Ha eenH'lHHY cpe.ll­

Hero nons onpeAenaeTCS KOH8'lHOll 9Hepraell 'l8CTHU R COCTaenseT .t,(2-3)•10-
4 

npH MilltCR" 

MaObHOM npapaweHKK 9H8pi'HR 3a 060pOT 2e V0 •4QQ K98, ,...I lll·ttf'(ll 
~51~·---------r-------~----~---r---------r---------r------

~·~~----~4-------~-------+--------r-------i-------.,~~ 

".s 11,0 I 1'-----= I I ~ I/ i 

?..JV I I I I I I I 
D M1 1110 1$11 2t1Q ts0 .JD/1 r., t,._J 

Pac, 1. (I)- (2). 3aeacaMOC'l'b cpeAaero MarHHTHoro non11 H sapuauaa oT pa.llayca .llDH 

p&UIITIIBHCTCKOI'O UHKJtO!J)pOHa aa eHepi'KIO npoTOHOB 700 Mea. (3) naHHH nonycKOB 

Ha B9UH'IKHY B8pH8UIUI noruJ llpll AQ. m:t.0,09. (4) KpHB811 fmln(r)H(r). 
COOTBQTCTBYIOWaK Qit •·0, 

a 

_\_' \,- ,. 
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Jlna &3yqesaa aonpocoa, CBB3aHHb1X c <PopMBpOB8HBeM M8rHBTHoro nona pen&TBBBc-r; 

cxoro UHKnOTpOH8; 6bln8 B3i'OTOBn&H8 MO.!l&nb M8rHHTHOll CBCT8Mbl B M8CWT868 K •l/f$,087!' 

H8 pac. 2 npsaeaesbl peayn&T8T&l nocneasero &T8D8. <PopMBpoBaslia cpeaBero nohs 

B B8pB8UBB DOnR 88. MO.!l&nB M8rHHTHOll CHCT8Mbl 38 cqeT npolpHnBp088KBB CBCT8Mbl CnBp8n&­

/2/ 
HbiX WHMM B nonJOCHbiX B8KOHaqHHKOB &neXTpOM8rHHT8 

(·\ 
'.\ 

l:iapH8UBB nona yaoanemopaeT 38.!l8HBbiM Tpe6oa8BBRM a ne:IKHT B npeaenax .!lony-

CXOB, aa BCJtniOq&HB8M KOH&qHhlX p8.!lHfCOB, 

~8KCHM8DbB08 OTKnOB8BBe cpa.!lH&ro nona OT p930H8HCHOrO 3811:088 B BHT8pB8ne pa­

.!lBfCOB dr • (25,0- 5,,4) CM He np8BbiW88T :!:.50 &, ~ U8HTp'anbBOll 06n&CTB OllO .!lOCTBr88T 

• 600 s. Mccne.!lOB8HBR B8 Moaena noxaa8na, qTo WBMMBpoB8HHe cpe.!lBero nona B &TOll 

o6n8cTa 38 cqeT npo<Pana non10csoro B8xoaeuax8 aanaeTca Manoe<P<t>exTHBHbiM, Heuene-

C006p83Hb1M aBnB8TCB T8X:IK8 .Qan&H&llwee li3M8H8BH8 3830p8 2_~ (r) M8:1KllY cnap8n&Bw-

MB WHMM8MH 1 TaX xax &TO Bbl3b1B88T fXYllW8HBe X8p8XT8p8 p8.QBEI/1bBOll 38BHCBMOCTB B8pa• 

auas a ueaTp8n&Boll o6nacTH, noeToMy <PopwapoB8HBe cpeaaero nona a &Toll o6n8CTB 

.QOmKHO 6b1Tb 8 OCHOBBOM npOB8ll8HO 38 cqeT HCnOnb30B8HBB TOKOBbllC o6MOTOK, 

H8CTOaW8R p860T8 noCBRW8H8 HCCne.QOB8HHIO TOKOBhJX 06MOTOX penaTBBBCTCXOro 

uaxnoTp~H8, ToxoB8R cacT&M8 PU cocTOBT B3 o6MoTox rpy6oll R Tosxoll xopp&KIIBB .QJla 

WRMMBpOB8HBll Cp8.QHero nona H M8llH8HHOll nOB8pxHOCTB H rapMOHHq&cKHX 06MOTOK - .!lAB 

KOpp&XURR HHa:Uax ( 1,2,3) B. 0CHOB80ll r8pM08BX nona, P8CDOnO>K8HHe TOKOBblX 06MOTOK 

B K8Mepe penaTHBBCTCXOro UBXDOTp088 B306p&>K880 88 pac, 3, 

H8 OC8088HXB DpOB9ll88BblK BCCD8llOB8BBll C TOXOBblMH 06MOTX8MH MO>K80 CUT8Tb, 

qTo MO.!l8DHpOB8~He M8r8HTBOII CHCT8Mbl penRTBBHCTCXOrO UBKDOTp088 88 &seprBIO npoTo­

' 
BOB 700 ~sa 38Koaqe8o. 

8 npHnO>K88HH 1 npBB8ll8HO npa6nB>K8HH08 Bblp8>t<88He llDR pacqeT8 nona npaMOIUIB8li-

80ro npoaoaaHK8 npaMoyron&aoro ceqeaaa, p8cnono>t<e8BOro M&>KllY nnocxon8pannenbBWMB 

noaepxHOCTaMH >t<&ne38, 

~8rHHT808 none npOBOllHHK8 ( npaMOnB88ll8blll TOK1 88TOK) np8 88nHqHH <PeppoMar­

HHT80rO sxpaaa K08eq8olt BblCOTbl p8CCMOTpe8o B npllno>K&8HH II 

ToxoB8a cacTeM8 PU 

1, 06MOTK8 rpy6oll KOpp8KURH nona 

06MOTKH rpy6oll KOpp8KIIHB BKniOq810T 22 KOHU8HTpHqecxHe KOnbD&Bble K8TyWKB
1 

pac­

nonO>K9HHh18 M8>Kllf noniOC8MH enettTpOM8r8HT8 H CHCT8M0ll CnHp8DbHbiX ljJHMM (psc, 3), 
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Pae'I&T nona OOMOTXH B Taxoll eno:>KHOll MarHHTIIOA e&eT&Me He npe.cteTaBnSI&TCSI 
x) 

B03MO:>KHbiM , noaTOMY Obln H30p811 axenepHM&HTanbllblll nyTb &eene.ctOBaHHII Xa:>K.ClOll 

o6MOTKH Ha MO.ct&nH MarHHTHOll e&eTeM&I UHKnOTpOHa, 

C aTOll uenbiD OblnO H3rOTOBn8110 O.ClHHHa.ctoaTb TOXOBbiX OOMOTOX, r&OM&TpH'I&eKH& 

paaMepl>l H paenono:>K&HHe XOTOpbiX .ctOeTaTO'IIIO 6nH3XO MO.ct&nHpOBanH OOMOTXH rpy!Soll 

xoppexuKH PU. PaaMeweaae aTHX o6MOTOX sa xpwwxe xaMepbl MO.cten& MarHHTHOA e&eTe­

Mbl noxaaa110 Ha pRe, 4, KaTyWXR nOM&Ulan&eb B naaax, npOTO'I&HHbiX B .CliDpan&BbiX .Cl&C­

xax, H xaqeeTBe npOBO.ClHHXa &enOnb30Ban8eb M&.ClH8SI Tpy!Sxa 6 (0,7x0,15) eM, o!SepHyTall 

e .ctea enoa xanepuoA neHTOll TonwauoA 0,02 CM, He11 xaTywxa npon&Tbleanaeb ISaxenRTo-

BhiM naKOM. 

C&cTeMa eo.ctaHoro oxna>KJl&HHII oiSMoTox noasonana pa!SoTaTb npa nnoTHOeTax Toxa 

2000 a/eM
2 

( I •500 a), 

Ka:>KJlall KaTywxa Morna H&3aBHCHMO nOJlKniD'IaTbeSI K HeTO'IHHKy DHT8HHH 0 TO'I-
-3 

HOeTb CTa6&nH38UHH KOTOpOrO no TOKY eoeTaBnRna :!:_I' 10 , VfaMepeHHe MariiRTHOro non11 
-4 

npoaaeo.ctanocb M&rHH·ToMeTpoM Xonna, TO'IHOCTb KOToporo eoc"raensna :!:.5•10 , .LlaT'IHX 

MarHHTOM&Tpa paenonaranea ua HaMep&Tenblloll WTaHre, KOTopaH o6eeneqHaana ero yeTa­

Hoexy e TO'IHOeTbiD :!:.0,01 eM no panayey 0 :!:.0,01 O no aaKMyTy II :!:.0,05 eM DO BbleOTe, 

CTa6HnKa8UHH MBrHKTHoro nonH a aaaope anexTpoMarHKTa oeyweeTensnaeb no Toxy e 
-4 

TO'IHOeTbiD !_5• lO , 

8&IJleneHKe MarHKTHoro non11 o!SMOTKH oeyweeTBnHnoeb nyTeM aa&MyTanbHbiX HaMe­

peual! Ha OJlHOM nepKOJl& eTpyKTypl>l MarHHTHOi! eKeT&MI>l npK BKniD'I&HHOi! H BblKniD'I&HHOi! 

o6MoTKe, 3xenepKM&HTanbHO 6wno ye'raHoeneHo, 'ITO npH xoppeKUHH epenuero nontr. HMeiD­

wero senH'IHHY :!:.1000 a,MaruaTHoe none o6MOTKK (e npenenax TO'IHOeTH axenepHM&HTa) 

HBDHeTeSI nKH&i!HOll ¢yHKUH&ll TOK8 0 H HM&&T M&eTO npHHQHn eynepn03HUHH nonel! OTJlenb-

H~X 06MOTOK, 

Ha pae. 5 npaseneH&I pa.ll&anbH&Ie paenpeneneHHR MarHHTHOI'O nonH o6MoTox, B&I-

..o.eneHHbl€ HS MO.llenH, 

XapaxTep axpaHKpoeaHKR nonR o6MoTox eHeTeMoll enapanbHbiX WKMM onpenensnes 

axenepHM9HTBDbHO, BbmK :rax:>Ke npoee.ll&Hbl pae'I&Tbl nons 9THX o6MOTOK e aaaope anexTpo­

MarHKTa no ¢opMyne BKTKa (5) (pae.6). VIa pRe. 5 H 6 BKJlHO, 'ITO axpaHKpyiDwee nel!­

eTeKe enapanell paeT&T e yM&HbW&HH&M OTHOW&HHH b/R , rne R - ep&JlHHll pa.o&ye 

06MOTKK, b -paeeTOHHIIe OT MOCKOeTR Z •0 JlO eepeJlKHbl KBTyWKK, C Jlpyrol! 

eTopoH&l, axpaHRpoeaHRe paenpoeTpBHH&TeR no panRyey oT ueHTpa no r w R- h 11 ena6o 

BnHReT HB xapaxTep KpKBOll B o6naeTR MBKe&ManbHOrO rpBJlK&HTa (oT r~ R-h JlO r~R+b ), 

3TO ll03BOnReT e JlOeTBTO'IHCll TO'IIiOeTbiD Henonb30BBTb JlnSI Ollp&Jlen&HRSI MBrHHTHOrO 

X) MarHHTHOe COCTOSIHHe CReT&Mbl enHpanbHblX WHMM He .llOB&Jl&HO JlO COCTORHHJI 
H8Cbi!UeHHH, 

7 
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Plrc. 5. MaraaTIIoe uoae 'I'OllOBt.ut o6Mcrio& r)IJ'6oa I<OJIP81Dl•• •• MOll...,. ( U. • IJI!OO "'• I 1 "'400 a), 
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» I 2 J 4 5 6 
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• IO 12 12 12 I 10 IO -----
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• 12 I 8 6 4 4 
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1 

i'? 

nons npH BCTpe'IHOM BKn~qeHHH 06NOTOK HA M0~911H pe3yRbT8T~ p8C'I9T8 nona 06MOTOK 

8 3 a3ope sneKTpoMarHaTa no <jlopM'yne (5). 

OTxnoueuae cpeauero nons OT pe3ouaucuoro 3Ha'leHKs, xoTopoe ~omKHO 6&tTb 

CKOMneHCHpOB8HO H8 MO~enH C nOMOWblO o6MOTOK,1 npeacTaBneHO liB pHC. 7 ( KPHB8S 1 ) •. 

P8C'I9Tbl no onpe~eneHH~ TOKOB B o6MOTK8X ana WHMMBp08BHHa cpeilHero nona H8 

Moaena MarHBTHoll cacTeM~ npo80~BUHCb Ha 9JleKTpOHR0-8M'IIICnHTenblloll Mawaae Ol1Hl1. 

Jlna pac'leTOB 6~nH HCnonb3088Hbl a8a M9T0~8 - M9TO~ B8HMQHbWHX KB8ap8TOB H M9TO~ 

naaeauoro nporpaMMHp088HBa. 

a) B cny'lae MeTO~a H8HM9HbWRX [CBa~paT08 TOKH 8 06MOTK8X 6~nH H8II~9Hbl H3 

ycnoBBa MBHBMyMa 8blp8»<9HHJI 

n 
•m 2 --
I [ H (r • ) - I ~ (r • ) 11 ] , • I v 

8

2 

a•·l tel a•l (2) 

rae m - qacno To'lex 8 HHTepsane pa~ayco8 r11 - rk , H (r.) - none, no~ne:>Kawee 

lllHMMHpOB8HB~ B TO'IK9 r a 1 f1 (r 0 ) - 3H8'1911He KOs<jl<jJHUH9HT8 nponopUHOH8llbHOCTH 

Me>Kay noneM H TOKOM I 8 i -of:MOTKe. 8 TO'IKQ f 0 1 V0 - OCT8~We9CH HQCKOppeKTHpQ­

BaHHhiM none, n - qHcno o6MoToK. 

1:3 p8C'I9TQ fibtnO npBHIITO 1 'ITO TOKH B 06MOTK8.X npoH3BOnbHbl no BenH'IHHQ H no 3H8."" 

xy, qacno pacqeTH~x -T~'Iex - m • 32. nonyqeuo cne~yiowee pacn;_peaeneHBe TOK8 a o6MoT-
x) . 

KBX 

N r 1 ~- -~ _ 2 T- 3 __ 4. r- ~--~;~1~--~-~-
- ~--- 1 --------.----~--r- _::-::l ____ ~_ -

11(A) -3202,8 1337,4 \ -1474,1 \ 253,7\ -337,3 \ 489,EJr., 

l 
N 7 8 1 9 :10 ~ll ~ ~ ~ _ ~-~ 

-~~- ' 1 

\(A) ~~~9,4 , 4301,4 1 -5017,8 l637,~-~t1~8~!3_~ 

Peayn&TaT pacqeTa npase~ea 11a pac. 7 (xpasall 2). MaKCHMMbHoe OTKnoaeaae 

nons BenH'IHHOl! 1:_180 9 Ha H8'18nbHbiX pa~HyC8X CBII38HO C Bhl6pOC8MH nona .H8 KpRBOII l, 

H He MO:>KeT 6b[Tb CKOppeKTHpOB8HO aaHHOll CHCT9MOA 06MOTOK. 3TH OTKnOH9HBH llOnll 

aomKHbl 6btTb BcnpaBneH~ 38 'Cite'!' H3M9H9HHS itpo<jJHnll CHCT9Mbl cnapanbHbiX lllHMM. 

nosTOMy B aanbHeAlllHX p8C'IQT8JI. HCXO~H8H KpBB811 non11 (xpHBBII 1) 6&Ina 38M9HQH8 

"rnaaxoa• xpasoa. B 91'0M npe;C~nono)KeHHH npoa3BoaHTCH pacqeT MeToaoM naaeAaoro 

llpOrpaMMHpOB8HHSI. 

x) 3aax MHHyc co;;:;:;;eTc:T8yeT aanpaaneaa~ Toxa B o6MoTxe, npa xoTopoM ee none 
Hanpasneuo npoTHBonono)KHO non~ anexTpoMarHHTa. 
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0
) MeTOJ:l naHeitHoro nporpaMMHpoaaHH!l 38KIIl0'189TC!l B TOM, 'ITO H3 cacTEIMbl ypaa-

H9HHit n 
H (r • ) - I. f1 (r ) I 1 • v 

t•l • • (3) 
se 1,2 ••••••• m 

aaxoJ:JHTCil MHHHManbHOe 3Ha'leHHe A , r.ae A• max(v0 ). B&mH npoae.aeHbl pacqeTbi .an<~ 

J:lB)'X cnyqaea: 

1. ToKH a ooMOTKax o.aac>ro 3HaKa; MaKCHManbKbllt TOK \1 1 \ = 500 a; qacno pac­

qeTHbiX TO'l9K ffi =26. 

PacqeT .a an cne.aytOlllee pacnpe.aeneaae ToKa a ooMOTKa x: 

N 2 3 4 5 6 1 8 9 

I
1 

(a} -434,3 -500 -215,9 -232,4 0 0 0 0 -48,9 

\ 
10 

0 

II 

0 

0ocTpOeHK81l no 3THM J:l8HKbiM KpHB8Sl 2 HMeeT M8KCHM811bHOe OTKIIOHeHKe nonSl 

, B pac'leTHbiX TO'IK8X paBH09 A • :!:,.23,5 3 ( pKC. 8), 
OT HCXOJ:lHOlt Kpi'IBOlt 

2. ToKH a o6MOTKax oooax 3HaKoa; M8KCBMan&Hhllt TOK \I1 I •500 a;· 'IKcno pac-

qeTHblX TO'l9K m •26, 

B sToM cnyqae nonyqeHo cne.ayromee pacnpe.aeneaue ToKa a o6MOTKax: 

N 2 3 4 5 6 1 8 9 10 11 

I
1 
(a) -500 -352,5 -207,8 -453,3 384,6 -464,5 500 

-500 -500 . 500 338,5 

r· 
MaKCHManbuoe oTKIIoHeKue pacqeTHolt KpHaolt 3 oT acxOJ:lHalt Kpusolt I paaao A =t_l5,ls 

(puc. 8). 

KaK aa.auo H3 3THX pac'leToB, uenecoo6pa3Ko wauMupoaaTb ucxo.auoe cpellaee 

none MOJ:JenH (puc. 9, KpUB8Sl J) TOni>KO B 06118CTH paJlH)'COB f>.r• (0-25)CM• TaK K8K 

HCITOIIb3)'eMb19 HCTO'IHUKH OHTaKHSl He 003BOnSlnB BOCOpOH3B9CTU pacqeTHble 3HaqeHKSl TOKOB
0 

a 3KcnepaMeHTe Ha Mo.aena 6panHCI> cne.ayJOlllBe 3Haqeuua TOKOB a o6MoTKax: I 1 = I 2 • I3 •· 

~-400a, I
4 

= -133 a, MaKCKM811bKOe OTIUIOKeHU9 nona B STOM p11y'la9 pa&HO :!:,.80 3, ( C )''le­

TOM CI'II8}KUBaHltll UCXOJlHOit KpKBOlt ROna B ll9KTp9, pUCo 9, KpUaaa 2). 0TM9THM, 'ITO 

OCT8BWK9Ca Ha pa3Hb1X paJl&ycax MOJleiiH noKani>Hbie BbiOpOCI>i cpeQ.119I'O nona He MOryT 

ObiTb OTWBMMupoaaHbl nonHOCTbJO JlaaHolt cacTeMolt o6MOTOK rpy6olt: 'ltoppeKUHB a nosToMy 

.aon}KHbi 6&ITI> cKoppeKTBpoaaHbl c noMOlllb!O o6MOTOK TOHKoll KoppeKuHH, a TaK}Ke 3a 

C'leT H3MeKeHHR npo<PHIIR CHCTeMbl cnupal!bHbiX WBMMo 
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Pac. 8. Wawwapoauae cpe.a;seru non• sa wo.a;en11 pac"l&TBWN cDOCo6ow ·(weTo.a;OM n11aelsoro 
nporpawwapoauaa) o6woTaawa rpytSol Koppeuaa. 

~H-4-------~----------

· Pa:c. 9. WBMMHpoaane cpe.a.aero nona aa Mo.a.ellB TOXOBblMH o6MoTKaMH. (_1} Or&noaeaae cpe.a.Bero 
DOJIB

1 
c.popMHpOBaHHOro C UOMOWbiO CDBpWlbBblX WHMM R D"OJIIOC~blx B8][0H~URKOB S.U8Jt1'po­

M.8rHBT8 oT peaoaaacsoro auoua; (2) OTIUIO!IeHBe cpe.llaero non:s npa: BJUIJOUHBR o6MOTO& 
rpy6ol: KOppe1tUIIW • (3) 'Q:riUIOBQHHG CpeJIH&ro DOOSI HA OCBO!laBBB p~CllleTa C TOJtOBbiNH o6MOT­

K.aM.K TOBJtOI JtoppeKilBB. ~ 

_r­
-.!= 
' ',-J-
'~ 
-i­
F -~-

~;,\f= 

\-
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BcTpe'laoe no OTHoiueaa10 x non10 snexTpoMaraaTa 8Xnf0'1&Hae T()xOBliiX 

yMeabwaeT, 8apaana10 nona H8 ( r) 8 ueaTpanbHolt ol5nac'l'a, Pa.aaanbHaa aaaac&Mo8F. · 

epe.aaero nona a. 8apaauaa Ha a.o.aana M&rHaTlioA cacT&M&I .ao a noene axnJO'I&HKil . 

8bJX o!SMoTox npa8e.aeaa aa pae, 2. 8a.aao, 'ITO B3Meaeuae 8apaauaa M&no a· .ae · npa8o.a•~ 
K cyweeT89HHOM;y eM&w&HBIO pa.aayca, COOT88TCT8y10wero HB'Iany 89pTBKanbliolt 

po8KH Cxpa8aa r 
1 

(r)H(r) ), ~ · 
m ll (\ 

Ha oeH08&Haa npo8e.aeHKbJX acene.ao8411KI reoNerpa'leexae napaNe_Tpw a 

a&Ie aNnep8KTKa o15NoTox rpy!Solt xoppe~:uaa PU 6~na 8w!Spauw ene.ayJOwBMR: 

Ta!Snaua 

No 2 3 4 6, 6 

<llu-•<1111 (eM) 91-39 168,6-98,5 216,1-166,5 21!6, 7-224,7 360,5-305,7 435,5-380,7 

h1 (eM) 45 46 45 45 45 45 
1\h (eM) 8,7 ·9,0 10,2 10,3 10,3 10,0 -a 
IW.lO 40,0 45,0 45,0 40,0 30,0 28,2 

No 17 8 9 10 11 
418 -41

8 
(eM) 503,4-445,2 552,4-513,6 693,7-662,9 629,3-603,9 663,Q-640,2 

hi (eM) 45 45 45 45 45 
1\h (eM) 10,1 10,,3 9,6 10,7 11,7 
IW.10~ 8 

31,9 26,6 23,9 25,5 29,3 

3.1l&eb <118 - lfl8 - Hapy:>KHJIII H 8H:YTp9HHKI .llBBIII&Tp lt8T:YI.IJKII
0 

hI - p8CCTORHae OT Cpe.aaet DROeKOCTK .llO HalKH&ro OCa088HaR K8TYWKa, 

1\h •-~- h1 - 8&1COT8 XBT;ywxa, 

IW - 8MD9p88Tita HB O.llH;y K8T;yWK;y, 

D , 0!5MOTXa TOj!KOI KOPQ&IF!IBB: nons 

.llns WaMMKpo8aaas noK&RbH&IX ueo.aaopo.aaocrelt cpe.aaero nons PU aenaqaaot 

ao :!;.40 S npeayCMOTpeH&I 06MOTKH TOHKOI KOpp&KilRH, .ll8B.Illl8Tb ll89 KOHI(9HTpH'I9CXae 

06MOTKH ( eopox '19Tblpe K0Rbll98ble K8T:YWKa) :YKR8.1l&IB810TCII no npocp11n10 CHCT&MbJ 
e.napanbHbiX WllMM (pac, 3), 
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' 
MarHHTHoe ndne K8lK.IlOI OI5MOTKH 8 TBKOI CBCT9M9 MOlK&T 15WTb npe.aeT8BR9HO 

B BRAe 
H=H

0
(R,h,r) +:kH

1
(R,'h,h

1
.,r)+(l-k)H 1 (R,h,hM,r), (4) 

r.ae H0 - none xaT;ywxa 8 aos.a;yxe, H1 H H3 - none OTol5palK&HKll xaT;ywxa 8 enapanb­

HbiX wHMMax a non10eawx HBKOB&'IRHKBX aneKTpOMBrHBTB, cooT8&TeTB~BHo; k .. ~·A¢ , Arp . w 
aaaM;yTanbaas npoTRlK&HBOCTb cnapanbHol WBMM&I (.ana PU. K.:00,4): 2h 1( r ) - I!IWCOTB 

aaaopa M9>K.Il:Y enHp8RbH&IMH WRMMBMB: 2hM ( r ) - 8bleOT8 1!1830p8 M&>K.Il:Y DORIOCHbi,MH 

H8KOHeqHHK8MH. 

npa pae'I&Te M&rRBTHOrO nona ofi'MOTKR, DOM9W9HHOII- 8 3830pe. ( ~ MO>K9T 6b1Tb 

aenonb3oaaHa ~opM;yna nona 8HTK8: 

f.1- 1 a 1 R
2 -« 1 

-(2al +:h )1 

H-O,lw•EW•it( __ )[ !F
0
(a)+ 1 ~(a 8 )1+ 

" n=O f.l+ 1 v'(R+t) 1 +(2nf ..:'b) 2 ll (R+r)1 +(2af + h·) 

1 R 2'-r 2 -·(2af -h )
2 

_ 
11 

I F.o {ti .. ) + 
1 1 

E0 (tl .. ) ll , + 
V(R+r) +(2al-·h ) 1 (R+ r) +:(2af-•h) 

rae n - aoMep oro6pallc:eaaar 
R +R 

R ~ T2 - cpe.naal pa.aa;yet 

f.1 - M8rBHTH8$1 npOilRila&MOCTio ~ppoM8rR&TRK8f 
h - p8CCTOIIHB8 no 89pTHK8RH OT MOCKOCTR Z •· (} 

cepe.UHHbl K8T:YWKB, napaM9Tplll SRRBDTa'I&CltRX HHTerpWI08. aD"" 2V l'lt " 

(R+:r) 2 +·(2af+h) 

R f3 = 2 V Rr 
a (R+:r)8 + ( 2af -·h )a 

'I'-

(5) 

.ao 

Oaaaxo 8 cnyqae, ~:or.aa MOlKHO npeueGpe'lb ltpH8HI!IIlOll KSTyWitB <IR-·rl<< R ) , 

M8rHBTROe none OT KORil&HTpaq&eKOI Jt8T:YWKR C .llOCT8TO.aOI TO'IROCTbiO onpe.aenae~H 

no ~OpM;yne .llRH nneHOK TOK8 8 1!181!10pe, 'ITO D0380RH9T 8H8RHTH'I8CKB y'leCTb !SeCKOJleq-, 

Hoe 'IIICRO OT06paJK&HBI npB I' • 

H • • 
0 l.fW [ch y" (x+b+s)+Cos~).[C:h!-(x +tws)-Cos.!!....h), 
-·-- lla r t . ...l..-:.. + 

b 
{cb T ·(ll-bu)+Cosf-h ).{lcbf-(ll-b+s)-CoThl, 

[ ch.!Ux+b-·a)+Cos.!.hl ·lcb!...lx+ b-a) -·Cos~ I • I 
+:Ia f • f f · f .. , 

lchf-<x-b-a)+CosTh l•lchf-<s-lt-s) -·Co'! p I • 

(6) 

rae 2b - WRpHBa nneHKH TOX8, 2s • 2R - 838BMH09 CM8W8RB9 DO OCR X 8KRIO'IeRR&IX 

8CTpe'IHO a8yX nap DR&HOL 
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.llns npoaepxH cxeML.t pac'leTa oi5MoToX PU 15blnH npoae.aeHbl aa Mo.aena Mar'HHTHoA 
. 0 

CHCTEIMbl 9KCRepHMEIHTbl C napoJI Oi5MOTOX, PBCRORO>KEIHHQ TOXOBbiX XEIT)'WeX H, CHCTEIMW 

OXnB:>K,l:lEIHHS Ha HH>KHeJI Xpb!WXe KBMEipbl ROX838HO Ha pHc, 10. ToXOBbiB XEITyWKH p83MEI­

ll.IBnHCb B R83BX 1 RpOTO'IEIHHbiX B .l:liOpaneBOM KOnbtie, 8 KB'IEICTBB RpOBO,l:llfHXEI HCROnb3o-

aancs npoao.a n3B-1 tS a0,137 CM, KaT:ywxa nponRTbiBanacb 15axenaToaMM naxoM R 
r-, 

Oi58pTb1BanaCb nBKOTKEIHbiO TOnWHHOJI 0,02 CM, CHCTEIMEI OXIlEI>K,l:lBilHS nd~BOillllll! pai50T8Tb-

RpH RllOTHOCTSIX ,TOKEI " 2000 a/cM2 , 

Ha pRe. 1i npaae.aeHo cpaaHeHHe pac'leTa no <j:JopM:ynaM (4) H (6) c axcnepaMeH­

TOM RpH BCTpe'IHOM BKniO'IEIHRH Oi5MOTOX, npa {lEIC'IEITe B ¢OpM:yne ( 4) REI 15&fn )''ITEIH 

TpeTHJI 'lneH (axna.a xoToporo 1 no oueaxe,ae npea&~waeT HecxonbXJIX npoueH'Toa), npR 

, STOM OTKnOHEIHHEI p8C'IEIT8 OT axcnepHMEIHTEI He RpEIBbiWEIEIT :!:_3%, <ho )'K83bllii8EIT, 'ITO 

npe,l:lllO>KEIHHEIH CXEIMEI p8C'IEIT8 (4) R03BOnseT C ,l:lOCTEITO'IHOJI TO'IHOCTbiO p8CC'IHT8Tb 

MEIJ;'HHTHoe none KOHUEIHTpH'Iecxax oi5MoTox TOHKoA xoppexuaa PU. 

Pac'leT&I nona oi5MOTOK TOHKOA xoppexnKH PU (napaMeTpbi npKae.aeHbl a Ta15naue U) 

ROK838nH 1 'ITO Bb!6paHH8ll CRCTEIMEI R03BOnHT IICRpaBni!Tb B03M)'WBHHSI CpEI.l:lHBI"O ROllS! aenH­

'IIIHOJI:!:(2Q-40) 9 RpH MHHHMBilbHOJI pEI,l:lHBnbHOl! npQTSI>KEIHHOCTH nona dr • (30-50) CM. 

8 nocne.aHeM cTonl5ue Tal5nHUbl np11ae.aeao pacnpeaeneHHe Toxa a o6MoTxax ToHxoa xop-

pexuHH, nony'IEIHHOe pBC'IEITHblM CROCOI50M .ana <j:JopMHpOBBHHa p930H8HCHOI"O 38KOH8 

cpe.aHero nons MOLten& ( TOKH RpHBB.l:lBHbl ana PU). npeBbiWEIHHe 'IHCna EIMnepBHTKOB 

B HEIKOTOpbiX 06MOTK8X, HEill 38.ll8HHbiM CBa38HO C WHMMHpOBBHHBM nOKBnbHblX B03M)'Ule­

HHJI cpeaaero nona 6onblllHx .:!:. 40 a. Pac'leTbl_ npoliiO.l:lHilHCb Ha 38M no <j:JopM:ynaM ("') a 

(5) B llHBR830He pa.QH)'COB dr a ( 12-54) CM. Ha OCHOBEIHHK 9THX pBC'IEITOB MO>KHO C.Qe-

""£l8Tb BblliiOll, 'ITO Bb115paHHaa CHCTEIMB Oi5MOTOK R03BOilH_T OTUlHMMHpOBBTb none HB MO.Qe-

na a HHTepaane pBllHycoa d r ~ ( 12-53,4) CM 
C TO'IHOCTbiO .CIO .:!:.15 a (pHc, 9), 

.llanbHellwa,. xoppexuHH cpeaHero nona Ha MOLienH a saaaHHLix aon:ycxax :!:_(2-3)•10-4 

HBnS&TCSI Heuenecoo6p83HOJI 1 TBK KBK WHMMKpOBBHKe HEIO.QHOpOLIHOCTeJI ROnH BEIIlH'IHHOl! 

.:!:.15 a HBXO.CIHTCa B Rpeaenax TO'IHOCTH 06pa6oTKH npo<j:Jana CHCTEIMbi CRHpanbHb!X WKMM, 

KpoMe Toro, pac'leT <j:Jasoaoro .CIBH>KeHHH ana npHaeaeHHoro xapaxTepa OTxnoHeHHJI cpea­

Hero nons oT peaoHaHcHoro ( xpHBBll 3, pac, 9) noxaaan, 'ITo cMemeHHe <j:Jaa&J He npelii&I­

waeT .:!:.30°. 

Tax KBK KOHUEIHTpH'IEICKHe K8TYWKH )'MEIHbWBIOT pai50'IHJI 3o!l30p )'CKOpKTEIIlH, 15bln 

pBCCMOTpeH BTOpOJI BBpHBHT 9THX KBTYWEIK 8 BHllEI CEIKTOpHbiX
1 

p83MEIUlEIHHb1X B nasax 

MEI>K.CI)' CnKpBnbHblMH WHMMBMH, 0LIHiiKO, KEIX ROK83BnH pEIC'IEITbl H 9KCRepHMEIHTb1, CEIK­

TOPHbiEI 06MOTKH He Y.CIOBneTBOpSIOT COBMEICTHbiM Tpe60BBHHliM <j:JOpMHpOBEIHHH Cpe.QHEII"O 

nona H B8pK8UHH, Tax, HBRpHMep, KOI"LIB MBKCHMBnbHBa aenH'IHH8 cpeaHero Rona, C03.Qa­

BEIEIMOI"O CEIKTOpHOl! Oi5MOTKO~', LlOCTHI"EIEIT nopa.QKEI 40 a, BBpHEIUHll nona COCT8BnaeT 

"'80 3, KpoMe TOI"O, CEIKTOpHblEI 06MOTKH He Ol5n<1llBIOT TOll I"H6KOCTbiO WHMMHpOBBHHll 

18 
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KaTyWKH TOHKOjl xoppaKUHR C CHCTEIMOI OXIllllK.IlEIHBa 11:8 H&lKHal .Xpb!WKEI x8Mepw 

Ma.aenx • 
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P11c. It. MarHHTHOe none o6MOTOK TOHKOI Koppexuaa Ha. Moaenx. 

No I 2 

R(cw) 30,4 32,4 

AR(cw) 1,2 1,2 

h (c.<) 1,55 1,55 

" 480 480 

(I), (2) o-o-o- - SI<cnep~~weRTIUibHoe none o6MOTOK I a 2 • (S) - none o6"'0TOI< 
1 H 2 opa Hx BCTpeqaoM BKniO'IeHRH. -o-o-o- - sJtcnepRMeHT, AA A -pac'I&T 

20 . 
?! .~ 

(\ 

" 

-: -,~~,;r-~·-.-c-~-7-·: 'i.: I 1 •• I"·-'. 

HI CpellJIBI . Wa~aa 
.aaaNeTP (cw) (cw). 

I. !60,0 IO,O 

2. !90,0 IO,O 

3. 220,0 IO,O 

4. 245,0_ ."10,0 

5. 270,0 IO,O 

6. 295,0 IO,O 

7. 320,0 IO,O 

8. 345,0 10,0 

9. 370,0 " IO,O 

ro. 395,0 IO,O 

[I. 420,0 lO,O 

[2. 445,0 IO,O 

[3. 467,5 7,5 

[4. 487,5 7,5 

[5. 507,5 7,5" 

[6. 527,5 7,5 

[7. 547,5 7,5" 

[8. 566,0 6,0 

[9. 583,0 6,0 

~o. 600,0 6,·o 
~I~ 617,0 6,0 

<V 

~2~: 633,2 6,0 

' ' '''iS ;; ,~; t:;;'i::t~·~~~ 

T" a CS n • n a n 

l:iYCOT8 

(cw) 

0,5 

0,5 

0,5 

0,5 

0,5 

0,5 

0,"5 

0,5 

0,5 

0.,5 

0,5 

0,5 

0,5 

0,5 

0,5 

0,5 

0,5 

0,5 

0,5 

0,5 

.0,5 

0,5 
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. IW. 

sa o.aa:r 
xaT;rwxy 

450 

450 

4I2 

375 

375 

375 

375 

375 
' 

375 

375 

375 

375 

300 

300 

300 

300 

300 

255 

.255 

255 

255 

255 

•' 

'<A •:: 

IW 8a o.as:r 
xaTyw&y ( pac'le'r) 

- 564 

-339 

846 ' ' 

232 

76 ' 

40 ' -
-248 

-·165 

-III 

-197 

57. 

485 
' 

52 

- 139" 
I,, 149 / 

266 

- 24 \ 

- 334 

- 398 

-482 

442 

259 

j 

•" 

I 
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cpe.OHero nons H M&llKBHHOJI noeepXHOCTH, KOT.OpBH C!.IU9CTBye,T B 88pHBHT9 'KOHneHTpH'I&­

CKHX o6MOTOK. no9TOMY HCnOnb30BBHH9 C9KTOpH.biX KBTJ;'W&K HBnHeTCII nenecoo6pa3Hb!M 

TOnbKO nns KOpp9KilHH rBpMOHHK nons, 

Ill , rapMOHH'i9CKI!9 06MOTK!! 
(" u 

B peniiTHBHCTCKOM nHxnoTpoue a aouax nellcTeljs npocTbiX H napaMeT~H'i&CKIIX peao-' 
' . 

" " 

HBHCOB HBKJI Bllb!BB9TCS O!'pBHH'l9HH9 HB B&nH'IKHy HH3WHX !'BpM\)HHK nons, .. f:l&nHoJKIIB !'BpMO-

HKKH onpenenseTCS JlOnyCTHMblM yB&llll'l9HH9M BMnnHTYJlbl pB.OHBilbHbiX K2n&6BH!!JI nocne 

npOXO>Kll&t!HS llBHHOI'O p930HBHCB, llonyCKII HB eenH'IHHbl HH3WHX rapM~HHK .Ons p930HBHC.., 

Hb!X 30H npKB9.09Hbl B TB6nHne Ill 

Ta6nana m 

Q, Tan peaoHaHca 
B oa6 y »< Jl a10 was npOTSJK&HHOCTb llonyCTKMBS B&nH'IHHB 

r·apMOHHKB no I'BpMOHHKH ( 9) 

1,0 npoCTOJI I D-30 5-10 
1,0 n apaMeTpH'l&CKHA 2· 0-30 12-15 
1,5 napaM.,TpH'l&CKHJI 3 291-293 3-l;J 

OueHXH, npaseneHHble a pa6oTe
121

, noxasanu, 'ITO O»<KJlB&Mbte senH'IHHbi HKawax 

rBpMOHHK nons, o6yCilOB/I9KHbl9 !'90M9TpH'l9CKHMK HBTO'IHOCTSMK 1!31'0T08neHKS. MBI'HKTHOJI 

CHCT&Mi!P-,PU, 'MoryT COCTBBnHTb ~ 20 9, 

KoppeKilHIO aTHX rapMOHHK ua ·uaxnOTpoue npeJlnonaraeTcs ocywecTsnsTb c noMOWbiO 

I"BpMOHH'l&CKHX 06MOTOK, 

rapMOHH'l9CKH9 06MOTKH HCCnenosanHCb 8. JlByX B8pHBHTBX: 

- KBTYWKK 0 pacnon0»<9HHb19 8 p1!1AOH9 06MOTOK rpy6oJI KOpp9KilHK nons, K 

KBTyWKK, pacnonO)K9HHble 8 naaax MB»<.Oy l:nHpBilbHbiMH WKMMBMK, 

PacqeT cpe.ouero nonst 11 BMnnaTyJl rapMOHKK CKMM&TpH'IHOA napbl rapMOHK'lecxax 

KaTywex Mo>KeT 6b1Tb nposeJleH coo-rseTcTseuuo no npa6nl!)i(euabtM Bbipa>Keuas~ (!!PH 

YCilOBHH ' ~«I • illL « 1 ) : 
R h 

(O) 

H • 

(m) 

H a . 

0, 2 • lW• l'.R· .1'. cp 
',.(h -•h )r87\ ~ 

3 I . 

{h
1
Q' (x

1
)-h Q' (x )I, 

-~ 3 -~ 2 

0,8·1W· AR· Stt(nt¥\ h Q' -h o' (x")l 
_:_ __ ~r.-l';ifi:r' I m -li 2 "'n -li • 
m"('l,-hl )rl'iR 

'22 

(7) 

(8) 

.'-~1! I 

·,) 

•, 

·, 

rile·- m ."'1,2 R +R HOM&p rilpr.tOHHKH 1 ~h •·II:,~- BbiCOTB KBTyWXH1 R • ~ - CP4Il!K.I 

pa~ayc ycTBHOBKJI l(aTywxa,· ~R .. R2 -R
1 
a~¢ - paaaali~a11 a BSHMyTanbllaa npOTl!lliC&il~ 

H09T~ KBT)'UlKH 0 Q', J.zl - npOH3BOJlH'IIS cq)epH'l9CKOI tPYHKUHH Jle)KBBJlpB BTOp~O poJ:la, 
· · "';' a t· x) 

'apryMeHTa 'z •· R ±J + h.,A • npa ycnOBHK, 'ITO M_ << 1 . M9)KJl)' rapwollllxolt 1
•

2 2Rr h · 

SHl!9KC8 m . 11, Cp&l!HIIM noneM HB OCHOB~HSH cpo,pMyn ( 1) R ( 8) ,NOliC~O )'CT8IIOBH'rlo Cll&l!yiO"' 

Ul)'IO D,!>OCT)'IO C:,BQio! 

•\ 

Oii~HKH ana 1, 

6ol 

H. ( r). 
1

,. 
1f0~ r) r>O . 

4Sin(m¥) 

·m· Aop 
Q' (x) 
~ 

Q:~ Cx) 

3-1 H 8 I"BpMOHHK nons nOKB381lH 0 'ITO OTHOWeH&e 
Q. .(•) --

(9)' 

cnal5o 

3 88RCHT 01' 
Q~( ,., 

B Bblp8:lK9HHH ( 9) · MOlKHO J!Cn0111o8p8&Tb· 3R&-' 
B paAoae r • ~ ; nOSTOMy 

'18HRe
1 

ll D(JR 'r • R, 

· PaoqeTbl, nposei:teHable no cpopr.tyne (8), noKa38na, 'ITO :Ons KOMileacflllaa 1 11 ·. 3 rap-' ,,. 
' • ' • ' .\ 'i-"x_. ' 

MOHR X nona BOilH'IHHOA 20 3 Tpe6y8Mble 8MnepBRTKR H8 OllHY .rapMOllli'18CX)'IO XST)f~Xy,' ,,. 
.. , . . . a a ' 

pacncmolll;eiiH}'IO a paaoae ot5MoTox rpyl5oa KoppexnKa, paallbl 2,~·10 IW. R 1,7•10 ·lW, 

COOT&eTC:rseHHO (paC'l9T 15bln RpOB!!Jl&H 6ea y'leTa Jl8iiCTBIIII CRCTeM~ bnRpanbHbiX Ullf,WM ·a 

I'IOiliOCBbiJt H8XOHe''IHHKOB Sll9KTpOM8l'!fHT8 HS M8I"KRTHOe ~one XSTyW&K), Hell.OOT18t'K~M· :t•· 

T~XH~ K8T~W9K SBilSe-TCS 3HB'IHT&nbHBS Ili!IJl,RBnbiUIS npOTSlK9HHOI!:'I'b B03M)'UleHRB ~r • 2'~ 
H. 15onbW&R MOUlHOCTb,, KCTO'IHHXOB llRTBHR,S, 3TH Hel!OCTBTKH OTCyTCTByJdT B I"&pMOHH'I.CKRX 

KBT)'WX&X, pacnollOlKOHHbiX B naaax MS:lKJly CI'IHpanbHbiMH WRMMBMH, 

J" 
JlnR BblliCHeiiRS BnHSHHR .CRCT9Mbl OllRpanbHbiX WRMM R DOniOCRbiX H8KOHB'IHHXOB 

3n&xTpoMarHRTa 11a M·arHHTH~e none cexTopHbiX xaTywex • npo8epu cpopMyn p&C'I&Ta G·blnR 

ll~OBeJl8.llbl 9KCnep&M9HTbl HB MOJl8nH C CRCTeMoA K3 Tpe?t nap C9KT~pHb1X 'KBT)'UleX, ~a­

T~U XpeDHnHCb H8 JliOpanesoA Dli&CTRHe, llOM&UleHHOA Me:lKJly CDRpBilbHbiMH WRMMBMH 

(p~. 12). napaMeTpbl K8TYWKH:' R •35 CM, ~R •2,4 CM, 8 •1,4 CM CTonUlHHa Ot5MO'I'XII), 

~b •1,2 OMI ~cp •14°,"1W -6S0, J.{aTyWKH 6blllH HBMOTBHbt R3 npOBOll8 n38-:2 ~..0,.181 CM, 

npa 8CT8CTBeHHOM OXIt8)Kl!eKIIR X8TyWeK nnOTHOCTb TO,X& 'lepea npOBOllHHK JlOCTIIrana ' 2 ~ . . 
• 800 a/eM • 3KcnepuMeHTbl 6blnH npoeeaeHbl npH llBYX 3H8<18HIIaX Dap&M~Tpa hI ,• none 

X8TyUlXR Bbll!OnsliOCb nyTeM ~HMyTan~biX. H3MepeHirl no 18 TO'IKSM H8 DepaO.I!ie CTp)'KTypbl 

M&I"RBTHOll CHCT9Mbl, 3EcnepRM8HTb1 hOX83ana, 'ITO none COIC'I'OPJJOI K&Tyw·xa. DpBXTB'IeCU 

He 38BRCIIT OT ypOBHS nona sneK,TP0!-48I"HRT8, Cpaaaeuae peaynbT&To_a pacqeTa cpel!H&I'O 

x) Ta15nHilbl ana pBC'IeT&' cpyHKilHR Q'· ~( z) 
/3/"'-

apryMeiiTa ll C0Jl8p)K8TCB B pat5oTe 
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•' 

PRe, 12, CexTOpaHe xaTywxa sa B8)KB81 xpHwxe ata.Mephl MOJlemr, 

24 

nonR H repMOHHK ( 1,3 H 8) no ¢opMyneM ( 7) H ( 8) e pe3nO>K8HH9M 3KenepHMeH1lliJI1&Hlloml 

xpHBbiX a pst.l:l <Pyp&e, noxe3biBaeT HX xopowee eoana,o:esHe (pRe, 13), 3To yxa3biBileT sa.' 

TO, "'TO npH Oll9HK9 MarHHTHoro nonst eeKTOpHOit KllT)'WKII
1 

nOM9W9HHOit M9)K,I:ly en~~p-­

HbiMH WHMMBMH B 3830pe 3n9KTp0MilrHHTa, .QOeTBTO"'HO orpBHH"'HTbCSI pae"f.eTOM noll3l 

K8TYWKH B B03.Qyxe. 

Heene.QoaaHHH noxa3anH, "'TO rapMOHHKH nonst ( 1,3 H 8) eexTopaolt xaTyWKH -

HO YM9HbW810TeR e poeTOM HOMepa rapMOHHKH 1 H OTHOW9HH9 RX 8MnnHTy.Q 
Kepe~ 

non.JO-nopR.QKa .l:lByx. 

Jlnst KOpp9KUHH HH3UlHX H oeHOBHOit rapMOHHK B eTpyKType MarHHTHoro naps ~ 

npe.QyeMOTp9HO n!ITb rapMOHH"f.eeKRX 06MOTOK, napaMeTpbl H MaKeHManbHbi9 a.Mn9!1JIIIn'Imll 

xaTywex npHBe.QeHbi a Ta6nHue I Y. 

Ng 

I. 

2. 

3. 

1+. 

5. 

He3Ha"f.eHHe 
06MOTKH 

I rapMOHKKa 

2 rapMOHHtea 

8 rapuomnca 

3 rapMOHP!Ka. 

8 rapumntKa 

T a 6 n H u a IY 

</>H - ¢8 (eM) h 2 - hI (eM) 

i 60-30 1 13,3-8,3 
I I 

I I39-85 13,29 - 8, 79 

I 552-498 16,2I -II,7I 

I 
611-577 

' 
I5,48 -I0,98 

670-6I6--~,45 - 9,95 

! 
i 

I: 

IW • l0-3a~ OliiOilW CCl!J£­

TO!!HJY'III' II<IJIIIY'IIIli 

I"'S> 

:l,CJ! 

2',.@ 

2',.(0) 

I' 2',.(!)) 

Pae"f.eTbi noxa3ans, 'ITO npa Bbi6paHHbiX aMnepaHTxax eexTopHbl&> otiNHIJIIIHlt IWWWJD 

npOH3BO,I:lHTb Kopp9KUJIIO 11'11<3lllHX rapMOHHK BenH'IHHOl! • 25 3
1 

OOHOBHOili - 4IDJ a. Ill ~ 

ro non11 - 25 3 npa. pll.l:lll84bHoll npoTH)K9HHOe1'H ,li03MyiUeHHRt &rr -3IJJ m<~<o. 

IY. Miciif-Jll!ftlle Me.Qnassolt noaepxsoeTH o6MOTKIHOIH! I!Jl!6(imll111 'llliHIWil! 

xoppexunH non11 

nono>KeHIM ~SIIill!<!l>ll noaepxsoeTs a yexopnTene onp:e;amuiH!IlQI! 111 ~ 

yenOBH9M paa I!Hrl:-rnl'& J£Tllllllo Cpe.QHero 3Ha"leHH!1 pa.nHBnbHO.JI\ IlOIIHIDliHHilnHI I1Dm1! W - Q) #41#• .. 
0TKnOH9HH9 hf!!-.lliJIIWIIIIDit IllCieepXHOeTH OT eepe.QHHbl 3a3opa• lMJIIft!PBI !HI! J:1WJDK<HD> ~ 

:!:. 0,5 eM Ha Ite85: ~. 

Jln11 OOeJZ:liB- :!l'm!ll!'O .nonyexa, KaK 3TO ene.Qye'll KGJ IitiJQ1DK<li!HI!IR ~ - rrm. 
~m. 
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'Z(cM)-

7r-.--.--T--.--r-~~ 

6 
1-Msl 

5 

" 
3 

2. 

o k::::::P"" ~ I 

-f ':-~-:-':---l-J....._--L____L___j 
28 JOJ2 .fl. 36 38 40 42 

'Z.(CM}-

t : 
H1!s) 

5 

t : 
H,(3) 5 

4. 

3 

2 

48 "" ~ 
't.(cM}-

·~...J 0~ -:-< 
_, L..__.___._ _ ___. _ _.___.___.___, 

28 30 32 J4 36 JB 40 42 

7.(c~1)-

PRe, 13, CpeJlHee none II rapMOHIIKII (1, 3 II 8) CIIMMeTpH'lHoll napbl ceKTOpHbiX KBTyweK 

Ha MOJlenii, (I) --- 3KCnep1IMeHT npii h I =2,0 CM, X X X - pacqeT npii hI = 2,0 CM, 

(2) --- 3KCnepiiMeHT npii hI •3,4 CM, 0 0 0- pBC'leT npH hI •3,4 CM, • 

26 

u 

,,~,--, 

( Q. - t.t8CTOTC1 8KCH8nbHbiX KOne68HKA) 1 B9nHqRH8 H, , HaMepHeMaSI B cpeD.HeA reoMe-

TpHqecKoit nnoCKOCTH aneKTpoMarHHTa, non>KHB Haxo,a,HThCH a npe.nenax OT Hr ""':!:.2,5 8 

npH r = 100 CM JlO H,= .!, 1,5 3 npH r =300 CM, 

KoppeKUHSI MeJlHBHHoll uosepxHOCTH pen!ITHBHCTCKoro UHKnoTpoHa 6yJleT ocywecTBn!ITb­

C!I o6MOTKBMII rpy6oll If TOHKOll KOppeKUHII I10l1!1, 

Ha pRe. 14 npRBe.QeHbl peaynbTBThi pac'leTa pa.llRBnbHOll KOMnOHeHTbl non11 3TIIX 

KBTyWeK, Pac'leT Bhll10nHeH no cpopMyne BHTKB 6ea y'leTa Bnii<IHH!I CHCTeMbl cnHpBnbHblX 

lllHMM H nonrocaoro HaKoHet~HHKa aneKTpoMarHHTa aa MarHHTHoe none KBTyWKH. KaTylllKH 

rpy6oil KOppeKUHH n03BOnS!IOT HCnpaBI1!1Tb pd.llHanbHYIO KOMI10H6HTY non!! Bel11I'lHHOll B He-

CKOJlbKfl COT apCT9.D. 1 8 K8TYWK8 TOHKOH KOppeKUHH - OKORO JJ.B8.llU8TH 8pCT9.ll. 

3BKI110'leHHe 

Ha OCHOBBHIIII HCCI1e.llOB8HHll, npoBe.lleHHbiX C TOKOBbiMH o6MOTK8MH HB MO.llel1H Mar­

HHTHOJI cRcTeMbi PU, MO>KHO C.llenaTb cne.llyiOWRe BhiBO.llbi: 

I) VfcnonbaosaHHe o6MOTOK rpy6oll KoppeKUHH ua MO.llena MBf'HHTHoll CHCTeMbl noaso­

n!leT OTWHMMHpOBBTb cpe.llHee MBf'HHTHOe none B HHTepsane pBJlRyCOB Llr •(3-53,4) CH 

C TO'lHOCTbiO .!,80 3 

2) PacqeTHbiM cuoco6oM noKaaaHo, 'ITO npH acuonbaosaHHH o6MOTOK TOHKOll KoppeK­

UIIII cpeJlHee M8f'HIITHOe none MO.llenH MO>KeT 6b1Tb CcpOpM1IpOB8HO C TO'lHOCTbiO .!,15 3 

B RHTepaane pa.lliiYCOB Ll r = ( 12-53,4) CM, 

.[lose.lleHae cpe.llHero nona aa MO.llenH .llO aa.llaHHbiX .llOnycKoa't(2-3)•10-
4 

aa C'leT 

'11p0cp1InHpOB8HIIH CHCTeMbl C111Ipdi1bHbiX WIIMM S!BnS!eTCH Heuenecoo6p83HbJM, 

3) noKaaaHa uenecoo6paaaocTb paaMeweHIIS! rapMOHII'leCKHX o6MOTOK B naaax 

Me>K.lly CI1HpBI1bHblMH WHMM8MH, 

4) 06MOTKH rpy6oit II TOHKOil KOppeKUKII n03BOnHIOT ocywecTBII!ITb perynHpOBBHIIe 

nono>KeHIISI Me.llR8HHOit nosepXHOCTH, 

Ha OCHOBBHIIH peaynbTdTOB IICCIIe.llOBBHHit, II3nO>KeHHbiX B pa60TBX /1/,/
2

/ II HBCTO!I-

meR, MO>KHO Ctt:HT8Tb1 tt:TO MonenHpOB8HH.e MBrHHTHOA CHCTeMbl penSITHBHCTCKOrO UHKnO­

TpOHB Ha aHeprHIO npoTOHOB 700 Maa aaKOH'leHo. 

ABTOpbl BblpB>KBIOT 6nal'O.ll8pHOCTb B.B.KynHKOBY aa KOHCTpy1IpOB8HHe TOKOBbiX o6-

MOTOK, A,M,Oaepoay II H.A.PeyTy - aa noMOWb npH npoBe.lleHHII MBf'HHTHbiX HaMepeHIIJI. 
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JW(3/R) 

2Dr----+- ~-
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so 150 f)fJI) ·-
400 't{CM) 

PHc. 14. Pa.cu~anbHBR KOMiloHeHTt:t noJtSJ KBTyruex rpy6o.A: H TOHKolt KoppexuuK PU, paccqHT8HHas:~ 
no q.n.>pM:yne BHTxa. 

n.:lpB:MBTpbi KBTyWeK 

),\_ -- -~--- l -_ -----r -- 2 ---:-- ---:;- • '-1 
- I ' 

~ ~. i ;. ' Jo, u..,;;;' i •><, 5-J'l, 51127; 5-n7, 5 ir·n, 5-167,5 
h,-h, (eM) II 9,4-'l,b I 9,'-1-7,1) I' 

(eM) 1 ':1,80 IO,J5 

i 5 
r2s7, 5-~5o,u __ _ 

/10,15 

28 

'{J;I, 

• 

npano>K8HII9 

none npBMOnHHeiiHoro DpOB0.11HHX8 DpliMOyronblloro C8'18HIISI, p8CDODO:IK9HHOrO tde:IK.ay --------· ~ --· ... . - -----------·-~--
DDOCKODapannenbHbiMH noaepXHOCTSIMB »eeneaa, 

none npHMOnHHeiiHOrO DpoBO.IliiiiK8 DpRMOyrODbHOrO C&'I&HHSI B 3830pe f C DOMer-

- /5/ -
!UbiO KoHe'IHOil KOM6HH811HH SD&MSHT8pHbiX cPyBKUBll H& Bblp8»C89TCSI • l'fcDODb3yB B cpop-

- oo 1 9 1 IID+:I 
Myne (6) paano>KeHHe ·a Pllll aa.aa fn9• 2I ~ (_-__ ) npa 9> 0 nony'IHM 

n-o.:n+1 9+1t , x} 
nocne aHTerpapoaaaaB npa6na»eeuaoe Bblp8:1KaHHe .ana z KOMDOH&BTbl non11 • OrpaBB'IB" 

B8l1Cb jlByMll 'ln&H8MK pg.aa, BM&&M! 

r.ae 

H • • 
0,1·1W·f A 
---- • [arcSine - r Si c . -,.11·(h

2

-n
1

) ~ ~ ac n s+arcS!nD1 -arcSin'D11 ]+ 

+ O,liVi·f ; A 
8 

[ Sia f-h 1 ( 1 + 3B ) _ 

,.11(~-JY 3(81-4) B +2Co"fhs B+ 2Cosf--hs jiT:T 

Sin 11 h1 3 Sinfh _ r _ .< • 1 + --/}.- > _ , < 1 - '+ ~, + 
B-·2Co,h1 B-2eosp 1 B -4 B+2Cosp1 B+2Co-p1 B -4 

Sinf-h1 ( ___ 1 

B - 2Cosf-h 1 B -2Cosf b 2 

1 3Bll 
3B )+ ·(- - 1). 

+ B 1_4 :zv'B*-4 B'-4 

• (arcSin C
1 

-arc Sin C1 + arc Sin 0 1 -arc Sin 0 1 )1., · 

A • ch.f(x +b) -chf.< x-b), 

, 
B • cb(-(x+:b)+:ch-[-<x-b), 

c,-

C s• 

.. 
2+ aeo.r h1 

s + 2Cos r•l 
_2-+-seosp! 
B+2Cos~ 

r 

( 10) 

x) PaccMoTpeBBe npose.aeuo .an11 cawMeTpB'IHOI oTBOCRTenbBo nnocKOCTB z •0 
napbl nneao1t TOKa npB s '= 0 
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~. '''¥ ....... ·. -~·:··~·· . ;,.:~-~~ • 

I 

" D
1

n ? -:_~Cost:: h 1 

B-·2Cosf-h 1 

02 = 
2- BCClsf-.ha 

B - 2CCls . .'!L h1 r (\ 

Pac'I&Thl noxaahiBBIOT, 'ITO OCHOBHOII sxna,a B Bhlp8)f(8RRB ( 10) BHOCBT nepBbll 'Ul&R, 

<l>opMyna ( 10) M0)f(8T 6h!Tb Rcnonb30B8B8 ,an11 p8C'l8T8 MBrBBTHOrO non11 XOnbll&BOI 

KOHU9HTpH'l9CXOI lt8TYWKB KOH&'IHOI! B&ICOThl C .OOCT8TO'IHO 6on_bWHM pa,aHyCOM KpHBB3Hhlo 

rlpBnO)f(9HB8 II 

MarHBTHoe none npoao.aHexa npR HanH'lHB ¢eppoMarHRTHoro axpaHa xoHe'lHOI 

BbiCOTbi. 

MarHBTHoe none o.aHHO'IHoro .npoao.aHHKa - npiiMOnHHei!Hhlll T~K, BHTOK - axpaHilpo-
. I 

B8HH09 6earpaHH'IHhiM CnOeM Q:leppOMBrHeTHKB Bb!COTOJ! 2c 1 HB p8CCTOliiHHH h '> 2 C , OT 

npOBO.OHRKB MO)f(HO npe.aCTBBHTb C00TB9TCTB9HHO 

r.ae 

npH 

H = 0,21(1-y 1 )~ . 
u==O 

X ( 11) 2n 

Y x 2 + ( 4nc + h ) 2 

.... 
" "" :.... I Rt 2---'4 ~,,s 

a. • O,h·I(l- y ) •• ~o y - 21Fo(a. )+ -~r--- n ... ~v ~(a,,)l,(l:l) 
v' (Rn)2 +(4nc+~ (R+r) +(4nc+tf 

~-~-1 
y ... il+T. 

npH j.1 •· oo ( y • 1 ) H8CTynaeT IIOnHOe aKp8HHpOB8HHe H0 ll 0 

j.! •·1 (y• 0) OTCYTCTByeT s¢Q:leKT 9Kp8HBpOBBHKII ¢eppOM8r'H9THKOM MBrHJITHOrO 

non11 npOBO.OHHXBo 

Kax BH.OHO 83 QJOpMyn ( 11) H ( 12), s!pipeKT 9KpiUIHpOB8Hilll He 3BBRCHT OT B&ICOT!ol 

YCTBHOBXR 9Xp8H8
1 

B 38BHCKT llHWb OT MBr'HHTHOrO COCTOSIHHSI ( j.! ) 9Kp8R8, 

Ecmr sxpaH He asnseTclil cnnoUIHbiM, a HMeeT nepHO.OH'lecxyiO no pa.aeycy H aa&MyTy 

CTpyxTypy (Hanp&Mep, 3Kp8H p8.UHan&HO-C9KTOpHOr'O HnH pa.aHanbHo-cnHpMb~Or'O TBna) 

M8r'HRTH09 none npOBO.OHKKB MO>K9T 6biTb BhlpA>K9HO KBK 

:u 

I 

.'l 
11 

',,1,' 

·:~--

H.= (1-k)H
0

+ kH 1 , 

r.ue H 
0 

- none nposo.UHHKB B soa.uyxe, H 1 - none axpaHHposaHHoro npoBO.UHHxa, 

k=~ - Koa¢¢auHeHT aanonHeHHII. 
2rr 

llaTepaTypa 

(13) 

1. 13.n. ,llMHTpaescxeJI, H.II. 3annaniH, B.C. Pbi6anxo, JI.A. CapKHCSIH. Onpe.ueneHae ocHos­
HbiX napaMeTpOB MBrHHTHOJ! CHCTeMbl penliTRBHCTCKOr'O UHKilOTpOHB. npenpHHT QVff!Vf, 

1431, ,lly6Ha, I 963. 

2. 13.n.,llMaTpHeBcKHJI, H.II. 3annaTHH, B.C.Pbi6anxo, II.A.CapxacsH. Mo.uenaposaHRe 
MBrHHTHOrO DOilSI penHTHBHCTCKOrO URKilOTpOHB C npOCTpBHCTBeHHOJI B&pRBUHSJI HB 
3HeprHIO npOTOHOB 700 Mas. npenpHHT OV!Hl-1,1432, .lly6Ha, 1963. 

3. tl.Vl.,llaHRilOB, H.II. 3annaTHH, B.C. Pbi6anxo, JI.A.CapKHCHH, Vl.B.nonosa. Ta6nHUbi 
cpyHKUHJI .unll pacqeTa MBrHHTHbiX nonei!. npenpHHT OVIHVI, P-702, ,lly6Ha, 1961. 

4. tl.n. ,llMHTpaescxaJI, H.II. 3annaTHH, B.tl. Kon&ra, A.A.KponRH, II10 <l>y-cl!H, 
B.C.P&I6anxo, II.A.CapKHCSIH. MeTO.U onpe.ueneHHII nono>KeHHSI paBHosecH&IX op6HT 
B UHKilOTpoHe c npocTp8HOTB9HHOil sapaauHeJI MBrHHTHOrO nonll. npenpHHT OVIHVf, 

1057, ,lly6Ha, 1962. ' 

5.6.Xsr. 3neKTpOMBrHHTHbie p8C'l9Tbl. r3Vl, MocKBB, I 934. 

r 

PyxonHCb nocTynHna B aa.uaTen&cKHll oT.uen 
:.!5 HIOHII I 964 r, 


