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B:ee.ue~Re 

0.llHO:lf R3 OCHOBHbiX XB]lBKTepRCTRK URKml:'IeCKRX YCKOpRTene:lf fURKnOTpOH1 

CRHXpOUHKnOTpOH 1 URKnOTpOH C npOCTpBHCTBeHHOil :eapRBUReil MBI'HHTHOI'O noniiJ 

g:ensreTCSI BKCHBnbHO-cRMMeTpR'IHOe MBI'HHTHOe none, onpe.ueniiiOIUee 'IBCTOTY o6pa-

¢OpMRpOB8HHe TaKOI'O nong no 38.ll8HHOMY 38KOHY B Me,llHBHHOil nnOCKOCTH M~ 

)!{eT 6biTb ocymecT:eneuo KOnhue:ebiMH WRMMaMH, pacnonaraeMbiMR :e onpe.ueneuuoA 

rrocne.uo:eaTenhHOCTH, Bcr6op HY)!{Hoil KouqmrypauRR npe.ucTa:enSieT cnO)!{HYIO aa.uaqy, 

O.llHRM na :eoaMO)!{HbiX MeTo.uo:e onpe.ueneHRSI ueo6xo.uHMOA Kou¢nrypaunH 
. . 

KOnbUeBbiX ll1RMM SIBnSieTCSI MeTO.llt npR KOTOpOM IIpH6eraiOT K pacqeTy H. cyrr~p-

U03RURH MBI'HHTHbiX noneil O.llHHO'IHbiX KOnbUeBbiX WHMM .llO nonyqeHHSI TJ)e6yeMo-

ro aaKoua. 

B pa60Te paCCMOTpeHbi COCTa:enSIIOIURe MBI'HHTHOI'O nong KOnbUeBbiX ll1RMM 1 

pacqeT KOTOpbiX C,llenair HB OCHOBe rrpe.urronO)!{eHHSI 0 paBHOMepHOM HBMBI"HH'IHBBHHH 

o6'beMa WRMMbi no Hanpa:eneHHIO :eepTHKBnhHOH COCTaBnSIIOIUe:lf BHemuero HBMBI"HH-

qH:earomero rrong. 

npo:ee.u eHHbie pacqeTbi H 9KcnepRMeHTbi YK83biB8lOT Ha B03MO>KHOCTb pacqe­

Ta TBKHM MeTO,llOM COCTBBnHIOIUHX MBI"HHTHOI"O nonii KOnbueBbiX ll1RMM C TO'l'HOCTblO 

:e uecKonbKO npoueuTo:e. 

1. MeTO.ll pa:eHoMepuoro HaMarHH'IHBaHHH 

MarHHTHOe COCTOHHHe HBMBI'HH'IeHHOI"O ¢eppOM8I"HHTHOI'O Tena H pacrrpe.ue-

neuHe cocTa:ensrromRx MarHHTHoro nong :eue ero MO)!{HO onpe.uenHTh Ha cne.uyro-

meii CHCTeMbi ypa:eHeHHil: - -

Hr = Ho+ H , 

H = 'AWdf ~ divM- dv'- S ( R-n)d~'} 
l V' Z S' (. 
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I"Ae Ho - H8IIpSDK eHHOCTh BHewHei"O H8M8I"HH'IHB8 IOLUei"O IIOnH; H narrpH-

):!{ eHHOCTh M8I"HHTHOI"O IIOnH1 C03A8HH8SI H8M8I"HH'IeHHbiM TenoM 05'beMa v' 1 OI"-

paHn:'IeHHOI"O IIOBepXHOCTblO 5 1 H2: - HaiipSIMeHHOCTh peaynhTn:pyiOLUei"O M8I"-

HHTHOI"O nonSI nn:5o BHyTpH o5'beMa paccMaTpuaaeMoi"o Tena, nn:5o BHe ei"o; -M - naMai"HH'IennocTh aneMeHTa ci5'beMa dv' 
"Z. 

n:nn: '"rrnOTHOCTb MBI"HHTH hi X 

38pHAOB" aneMeHTa IIOBepXHOCTH d~ paCCTOHHHe OT TO'IKH Ha5rliO-

AeHIHI AO paccMaTpn:BaeMbiX dv' n:nn: d s' 
Cn:cTeMa ypaBHenn:fi 11.1.1 HMeeT cTpOI"Oe pewenae TonbKO anSI !J:>eppoMai"Hn:T­

. . . /1/ 
HhlX Ten, OI"pBHH'IeHHhlX IIOBepXHOCTSIMH BTOpOI"O IIOpHAKB • 0co5eHHOCTb TBKHX 

Ten COCTOHT B TOM, 'ITO B OAHOp_QAHOM BHewHeM rrone HX 05'beM HaMBI"HU'IHBaeTCSI 

paBHOMepuo. 

XoTH paBHOMepnoe naMai"HH'IHBanae crrpaaeann:ao nn:lllb B yKaaaunoM cny'Iae, 

Mbi 5yaeM IIpH paC'IeTe M8I"HHTHOI"O IIOnSI KOnbUeBbiX WHMM T8KMe rrpeaiiOIT8I"8Tb 

nx paanoMepnoe HaMai"HH'IHBanae. BoaMOMHOCTb TaKoi"o rrpearronoMeHHH ocnoaana 

H8 TOM, 'ITO BO MHOI"HX rrpaKTH'IeCKHX cny'I8SIX WHMMbi paCCM8Tpn:BaeMbiX KOH!J:>rr­

I"ypaun:fi MOI"yT HBXOAHTbCSI B M8I"HHTHOM COCTOSIHHH. 5ITH3KOM K paBHOMepHOMy 

H8M8I"HH'IHB8HH!Oo nocneanee HMeeT MeCTO rrpn: ycnoBn:n:, 'ITO paan:anbH8SI rrpOTSI­

):1{ eHHOCTb KOnbU eBbiX ill HMM Benn:Ka ITO cpaBHeHn: !0 C HX BbiCOTOfi. 

npearronoMeHHe 0 paBHOMepHOM H8M8I"HH'IHB8HHH 05'beMa KOnbUeBbiX llJHMM 

IT03BOITSieT aHann:TH'IeCKH paCC'IHT8Tb KaK pacrrpea enenn:e COCTBBITSIIOLUHX M8I"HHTHO­

I"O rronH, ·J'aK n 'IUcnennoe ana'Ienn:e HaMai"Hn:'IeHHOCTII M. 

11. CKanHpHhlfi rroTenuuan Ten c aKcn:anhHOfi cn:MMeTpnefi 

Ecnu naMai"HH'InBaiOr.uee none· oanopoano n: n:MeeT KOMIIonenTy 1-\-e=Ho J 

TO cKanHpHhlH IIOTeHUHan paBHOM8pHO H8M8I"HH'IeHHOI"O Tena B UHnHHAPII'IeCKOfi 

cn:cTeMe xoopannaT yao5no rrpeacTaBn:Tb cneayiOr.un:M o5paaoM: 

cp <> ( dv' ,
12 

, 
=Mol~· [(t:-Z')~Z7.+2'~2.-z.i£:ot;.(l§'-'l')] /2.1 I 
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:r.ae nono:m:eHo Ml =M Z,"l,'t' - KOOp,llHHaTbl TQqKH Ha6mo.zieHHSI; 
I I U) 6 ~ z, ~ - Koop.aHHaThl nepeMeHHofi ToqKH aneMeHTa o ~eMa clv' 

/2/ B ,aanbHBitlllHX npeo6pa30B8HHSIX BOCnOnb3Y9MCSI H3BBCTHblM COOTHOllleHHeM 

/2.2/ 

i"' .ll e 

Co:rnacHo TeopeMe o cno:m:eHHH cpyHKUHI1 Beccensr nepso:ro nopsr.aKa c HH.lleK· 
/2/ 6 u 

COM Hynb , ,anSI Ten, 0 na,aa!OLUHX 8KCHanbHOH CHMMeTpHeii, B03MO:lKHO cne,ayiO-

LUee npe.acTaBneHue cKansrpHo:ro noTeHuuan~: 

/2.3/ 

Ill. M a:rHt1THO'e none KonbueBbiX WHMM 

z 
,, 

\ 

2.R I 

CKanSipHhlit noTeHuHan paBHOM9pHO H8M8l"'HHqeHHOI"'O UHnHH.llpa B CHCTeMe Koop,an-

/2 3/ ·z' .,, HaT, yKaaaHHOfi Ha qepTe:m:e I, nocne HHTe:rpnpoBaHHSI · • no L- H 

~ MO:lKHO npe,acTaBHTb B BH,lle 
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CO i I -"6~ 
-r =2'iiMR J ~ e. Jol}.Z)],(>,R) d). 

Q \ 

li 

h' 
I 3.11 

3n.ecb 01 H ~1. onpen.eJISIIOTC.II H3 COOTHOlll6HHfi 

~.-=: r. +h 
npa ~~-h 

~t.="C-h npa ~ '-h 
~i~1.-h 

, &, = ~-h t ~1. = ~-+h 
~.-= h -~ npa - h-' ~ L. h ; R. , h 

- pan.Hyc H nonyBhlCOTa UHITHHLJ.pa, 

nonara.II B 13.1 I Z-=0 , Hafin.eM Bhipa)KeHae cKan.IIpHoro noTeHuaana 

HB OCR CHMMeTpHH: 

{ 
. . 1 ~. 

Cf'( o, -c) = v ~1.-+ R2
.- ~ } tz.. 

I 3.21 

Bhrpa)KeHHe H~ - cocTaBn.IIJOIUeil: MarHHTHoro non.II MO)KHO HaRTH H3 13.1 I B 

BHLJ.6 COBOKYllHOCTH llOITHhiX 9ITITHllTH'I6CKHX HHTerpanoB Tp6Tbero pon.a, nocne 

npHBen.eHH.II 9THX HHTerpanoB K Ta5ymrpoBaHHOH cPYHKUHH 1\..
0

( d._ 0.)/4/H~("Z ~) 
1s1 •r . , npen.cTaBnSieTc.II cnen.yiOIUIIM o6paaoM 

Hr(<;i!) =211M [ i- I[Aol.!.,i!>) ;-A.(.J., !!>•) +t F. l.l.)]} I:: 
1 

13.31 

e. \I LJ R G. . ~(~+R.)l." + ~z. 
r.ue ~""-~(o, '2.,R)=.Q'l.C ;)10 V{'l..+R)'2.!g2 I ~=-~L~.~.R.):: QlC. ~~n .I .. ..• \ 

· . ~"t'l.+~1-R 
~. ~ )!'· (~l "2, R) =O.'tC~Ih ~~===:= 

. . Vt'l-R)'J.+ ~1. 

K2. Kt _ 2 R o 
1 1? = 1? ((( ,-a,R) - Vcl.+R...)\ ~t'( ~1..'+ li'+ R) 

F o lcl..) -== ~ F (d.:~) - HOpMHpoBaHHhiil: annHnTuqecKHfi IIHTerpan nepsoro pon.a; 

l\.0 l0. 1 ~) - Ta5ynHpOBBHHa.II cPYHKUH.II .llBYX nepeMeHHbiX d.., , ~ 
A a.. /4/ VIa csoil:cTB cPYHKUHII 0 I J... 1 .s- I OTMeTI!M cnen.yiOIUHe : 

r 

HI 

Yl 
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3.11 

l\o(Od~)=Sl.n~ 1 

1\ ( 'ii ~' 2.. o zq.;J = <ii ~, 
13.41 

mana 

.21 

3 

Ie 

rne 

HOpMllpOBaHHhlll: snnHnTHqeCKllH HHTerpan BTOpOf'O p.H.[la. 

VI cnonh3YH cooTHOlll9HIIe /3/ 
3/ 

13.5/ 

1 
11 Bbipa :»<. emre 13.1 I .an.H pa.aHanhHOM cocTaBn.H rorueif MarHHTHoro non.H, Hall: .a eM 

13.61 

o603HaqaeT ccj;JepiH9CKYIO cPYHKUI110 ne:m.aH.apa 

BToporo po.aa c nonyuenbiM IIHtJ.f!KCOM. 

13.7 I 

/3.8/ 
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OobPIHO HanoonbWHi!: HHTepec rrpu cpopMnpoBaHHH aKcHanbHO-cHMMeTpH'!HbiX 

MarHHTHhlX rronei!: rrpencTaBngeT aHaHne H~ - cocTaBnmomei!: MarHUTHoro rronSI 

B cpenHefi rrnocKocTu I '! = 01 oT nByx CHMMeTpU'IHO pacnono)KeHHbiX KOnbue­

BbiX WHMM 1 IIOKaaaHHbiX Ha 'I9pTe)Ke 2, 

'l 

-zRJ 
---------~ 

2.R, ~ 

Y:epT, 2. 

B aTOM cnyqae Bbipa)KeHue H j: - cocTaBnSIIOIUefi MarHUTHoro rronSI B 

IInOCKOCTH Z = 0 MO)KeT obiTb · aarrucaHo B Bune: 

H~tt)-=-1'iiM t./\.o[J..lh.,-z.,R,),~(h,,,,R,)] + .1\o[J..(h,,-z.,R,),~(h.,-z,Rt)]+ 

.. \<'2. 
+ -p(h,,-z.,R~ Fo[J..lh,,1.,R,)] ~ 1\o[~th,,t..,R,),~(h,, "t:,R1.)] -

- J\o[ J.lh•, 'l, Rz.) 1 ~~ l h,, "2, R1.)] - ~ ( h,, '2.1 R1.). Fo [J..( h,, -z., Rt)] - /3,9/ 

-1\.o[J..(ht, 1, R,), ~lht,"l,R,)]- .1\o[J..(ht, <, R.,), ~,lht,~. R,)] 
\(t ' . . 

p(ht,'2.,R,) Fo[J.lhz. 1'2.1R.,)] + .L\o[tl(ht 17.,Rt) 1 ptLh'l.;~, R.t.)}-+ 

kt l + .J\o(d.( ~,,~,Itt) ,1>•lht, <., R1.!) + -pCh'l1 -z., R1.! fo ( <kl ht, <., Rt) 1J 

i 
! . 

I 

T 

E 

E 

1 

'l 

"1 
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CooTHOlll9HHe· 13.91 npe.ucTaBnHeT co6oii paaHOCTb MarHHTHbiX none:ii oT 

.llBYX UHnHH.llpOB KOHe'l:HOH BbiCOTbl 2.h -=-hz.-ha c pa.uHycaMH H R"- . 
l1a /3,91 nerKo nony'iHTb cflopMynbi .unH ~ -cOCTaBnHIOill9H M8I'HHTHOI'O 

nonH OT UHnHH,llpOB KOH9'l:HOH BbiCOTbl H KOnbU'9BbiX lllHMM, BepXHUe OCHOB8HHH KO-

TOpbiX y.uaneHbi B oecKoHe'l:HOCTb, nonaraH R, = 0 B nepBoM cny'l:ae Ii h2. -oo 
BO BTOpOM, 

CocTaBnHIOlllaH MarHHTHoro nomt Hr(~) oT mrrMM KoHe'l:Hoii BbrcoTbr 

HM99T KaK nono:>KHTenbHbiil: 1 TaK H OTpHUaTenbHbiH 3HaK, a OT lllllMM HeorpaHH'i9H­

HOH BbiCOTbl - TOnbKO nono:>KHTenbHbiHo 

06Il.lHM .llnH 9THX ;KOHcflHI'ypaUHH H8M8I'HH'i9HHbiX Ten HBnHeTCH HanH'l:He nono­

:>KHTenbHOI'O nonH C M8KCHMYMOM Henocpe,llCTB9HHO non UllnHH,llpOM Hnii KOnbue­

BOH lllllMMOH, 

Ecnrr paccMOTpeTb .MarHHTHoe none I H~ I oT CIIMMeTpH'iHO pacrronomeH­

H biX OTHocrrTenbHO .upyr .upyra urrnrrH.upoB Heorpanrr'l:eHHoii: BbiCOTbi I k'2. ~ o-:::> 1, 

TO MO:>KHO nony'iHTb 

13,!01 

Onpe.uenstiOTCH H3 13,31 IIO,llCT8HOBKOH ' h,. 

nprr pa.urryce urrnrrH.upa R-oo rra 13.101cne.uyeT, qTo 

H: =~'iT M. 
13.111 

..Qnst ueHTpa I (... = 0 I rra 13.101 Haii:.ueM 

H'"to) = '-luM [ l.- ~h:'-:Ri}. 
13.12/ 

..Qnst pacrrpe.ueneHHH MarHHTHOro rronH 

1J9HHOH Bb!COTbi xapaKT9pHbiM HBnsteTCH HanH'l:He MaKCHM8nbHOI'O nonst. IIpll '"'L =0, 

rrnaaHoro cna.ua nom! no pa.urrycy no TOlJKH "l. =:::::: R- h, , rr oonee peaKoro nprr 

~t::~dt+h.. 
I 
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B pHue npaKTnqecKnx cnyqaeB npeucTaBnHeT HHTepec paccMoTpeT~ MaranT­

aoe none KOnbUeBhlX WHMM 1 y KOTOphlX OUHH H3 reoMeTpHqecKHX paaMepoB Man 

no cpaBHeHHIO C .llpyrHMH. 

nepBOHaqaJibHO Hafi.[leM Bbipa:>KeHHe \-\~ -cocTaBnHtoWefi MarHHTHOI'O nonH 

KOnbueBhiX WHMM, y KOTOphiX pa,llnanbHaH npoTH:>KeHHOCTb I ~R = R2.- Ri I Mana 

no cpaBHeHHIO co cpe . .llHHM pa.llHYCOM I A R ~ R2. ~ Ri. = R I. 

PaanaraH Bhrpa:>Keane 13.91 B pH.ll n orpaanqHBaHcb nepBhiM npn6nu:>KeaneM, 

H8fi.[leM .llnH KOnbUeBbiX WHMM HeorpaHHqeHHOfi BhiCOThl 

1, R h, E.ol~) ~R · 
HZ! ( Z.) ='iII M [t '- -R)2+ h~] ~c-t +R)\h~, . 13.13/ 

B npe.ll enbHOM cnyqae npn R ~ oo , l:l. R =. Cohc:,t, B CHCTeMe KOOp.llUHaT 

CBH38HHO:li: C WHMMOli, nonyqHM 

H 1. · f h, R ~R Eold.) = ~ Q.. h,~R 
~(",)=- .. ·{iiM L(ll.-RY-1-h",) l~-tRY-th~J---> uM 'j'Z--Th~ 

r.lle Y - ToqKa Ha6niO.lleHHH. 

R-+o:::> 
R -"t =- ~ 

13.141 

CooTHoweHne /3.14/ onnchiBaeT MarHHTHoe none H~("2..) oT .llBYX cHM -

161 
MeTpHqHo pacnono:>KeHHhiX TOHKHX npHMOnHHeliHhiX WHMM • 0Tn:nq:nTenbHOH qep~ 

Tofi pacnpe.llenea:nil l -COCTaBnHIOUleH M8I'HHTHOI'O nonH OT TOHKHX no pa.llHy-

cy KOnbUeBhiX WHMM HBnHeTCH Hannq:ne M8KCHMyMa HanpH:>KeHHOCTH MarHUTHOI'O 

nonH B6nuan cpe.llHei"o pa.llnyca WHMMhi c OTXO.llOM OT Hero Ha He6onbWYIO Benu-

quHy K ueHTpy • 

B npaKTHKe ¢opMnpoBaHnfi aKcnanbHo-cnMMeTpHqHhiX MarHnTHhix none:ll: B na­

TepBane oT .lleCHTKOB .llO coTeH spcTe.ll Ba:>KHoe aHaqea:ne nMeeT aaaaue ~~1: -co­

cTaBnHIOlllefi M8I'HHTHOI'O nonH KOnbUeBhiX WUMM 1 BhiCOTa KOTOphiX Mana no CpaB-

HeHHIO C paCCTOHHUeM h, OT ueHTpanbHOH nnOCKOCTH .llO WHMM( t\h=h·ch
1
..(<h,\ 

Bun, qTo 

TaK, .llnH .llByx .llHCKOB ITOHKHX "no BhiCOTe "/ uunna.llpOB npu ycno-

A \yh ·C..< l , na 13.91 nonyqnM 171 

I . Ah f, R2-l-h7 1 
Hrtz.) = 2:ITM\lro.._-,\1..~, \..1.tfolcl) + (Q .. .,,l.+ h~ Eol~) · /3.151 
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Bbrpa)KeHrre 13.1~1 MO)KHO npe.ucTaBirTb IrHbiM cnoco6oM,' a IrMeHHO qepea ccpeprr-

171 'i9CKire tPYHKUiiir Jle)KSH.llpa BTOpOI"O po.ua C nonyuenbiM IiH.lleKCOM , a TaK)Ke 

C nOMOlUblO BCnOMOI"aTelJbHbiX IiHTei"panoB, Ta6nirUbi KOTOpbiX nprrBe.ll9Hbi B pa6o-
181 

Te 

.lJ.mi pa.urralJbHOft COCTaB1JSil01U9ft OT TOHKHX "no BbiCOTe" UiilliiH.llpO~ Hail:.ueM: 

13.161 

Ha ocrr crrMMeTprrrr rra 13.1"1 rr 13.161 nprr Z. = 0 IrMeeM 

., 13.17 I 

H __ "?-__ l~) = P~ 
13.181 

" . -.::: . .:: .:: = :;_ :.-: - .. -

CooTHoweHHst 13.151 H 13.161 c TO'IHOCTblO .uo nocTOstHHOI"O MHO)KirTenH ·onHcbrBaroT 

BepTHKallbHyro H pa.uHallbHyro cocTaBnstrom~re Mai"HirTHOI"O nong oT KPYI"OBOI"O BirTKa 
181 

C TOKOM 

Pac'l:eT Mai"HHTHoro nomr no 13.15 I rr /3.161 o6na.uaeT TeM nperrMyruecTBOM, 

'ITO fl03B01JSI9T no O.llHOMy paCC'IIrTaHHOMy BaprraHTY HaftTH pa~npe.ueneHrre COCTaB-

lJSilOlUiiX H:C~.) oT I"eoMeTpH'IecKrr no.uo6HbiX .urrcKoB rr KonbueBbiX WHMM c 

nOMOlUblO COOTHOWeHHft 

h. 
h. 

I P..l h. - __!. h.- R, 

1 I LllJSI .llHCKOBI 

I anSI KonbueBbrx 

WiiMMI · 

13,191 

.lJ.ng 061J9I"'IeHHSI pacqeTa KOMnOH9HThl Mai"HHTHOI"O nOlJSI Hr ("2-) oT ToH-

KHX "no BbiCOTe" K01JbU9BbiX WHMM Ha pHC, 1 npHB9,ll9Ha HOMOI"paMMa, nocTpOeH-

Hast Ha OCHOBe Bhl'IHC1J9HHft 0 BhlnOlJHeHHhlX B pa6oTaX 
17 t 81 • 
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no OCR OP.llRHaT HOMOI'p8MMbi OTJIOMCH 6e3p83MCpHbiH napaMeTp 

H'l:l'2..) - R_ - . 
L!TI M bh/h. • a no OCR a6cuRCC - h. . npRBC[lCHHaH CCTKa 

KpRBbiX npR pa3nRqHbiX 3HaqeHRHX t. = CuhS~ - - .uaeT B03MOMHOCTb 

paccqRTBTb Hl - cocTaBnHIOIUYIO Hanpsi:>K eHHOCTR MarHRTHoro nonH TOHKRX 

"no BbiCOTC" KOJlbUCBbiX lllRMM .llJlH 3HaqeHRH R~bh, C RHTCpBaJIOM MC:>K-

LlY TOqKaMU Ha6JIIO.llCHRH A"'L 0,25. h. 
K oopnRHaTbi ToqeK 9KCTpeMyMa R cooTBS.TCTBJ:,IOll(Re 3HaqeHRH ~ -cocTaB-

JlHIOll(efi HanpHMCHHOCTR MBI'HRTHOI'O nOJIH OT .llRCKOB MOI'YT 6biTb onpe.ueneHbi C 

noMOlllbiO rpagmKoB, npe.ucTaaneHHbiX l;IB ph:cyHKax /21- I 41. l13 aHaJIR3a aTRX 

rpa¢RKOB B cnyqae h., = C~\1\.st cne.uyeT, qTo H:l: ~ c~cTaBnHromaH MarHRTHoro 

nonH MaKCRMant:.Ha B ueHTpe I '2 =01 nnH .llllCKOB, pa.uRyc KOTOpbiX y.uoaneTBopHeT 

cooTHOllleHRIO R E V'2h, a npR lC>V2' h, aToT MaKCRMYM CMemaeTcH K Kparo .uncKa. 

Ero KoopnRHaTbi MOMHo onpe.uenRTb no KpRBbiM, R3o6paMeHHbiM Ha pRc. 2. 

npR R.:nh., llMCCT MCCTO·MaKCllMYM ll3 MaKCRMYMOB, KOIOflElll RfH4 

~' . -(l > \12 1[ I 1 CMCES39l'CR CT tUI!T):l!l f[ ft):l!lHl ;a:UCI:a, J2FC KCC~Eillli3TM loHlHi!Hl ~llfH! 
aenu'l'!s R~ lt):lfU:lM!l 1 n~:t5pawa~~:Hblll sut puc, 2. 

3HaqeHRe nonH _ _13_ u_~HTpe I 2 = 0, ~ = 0/ OT TOHKR-X "no BbiCOTe" Kont:.ueBbiX 

· lllRMM 1 CIIMMeTpRqHo pacnOJIOMCHHbiX OTHOCRTC-JlbHO--UCHTpaJlb_fl9~ _IJi:'~CKOCTR 1 MO:>KCT 

6biTb KaK OTpllU8TCJlbHbiM 1 TaK R nOJIOMRTeJlt:.HbiM. nocnenHee 38BllCIIT OT .OTHOlll-elHRH-

BHyTpCHHCI'O II BHClllHCI'O panRyCOB K panRycy Q :::. V2. h 
1 

• 

1 Y. Pa3MarHIIqiiaaromRe c.baKTOpbi nunuHnpoB u Kont:.ueBbiX lllRMM
191 

D.o CRX nop Mbi paccMaTpiiB8JlH COCT8BJIHI0ll(RC M8I'HRTHOI'O ilOJlSi 0 He penaH 

'imKaKRX 38KJliOqeHII:il: OTHOCRTCJlbHO BenRqRHbi H8M8I'HRqeHHOCTR M • 

npennOJIQ)KCHRC 0 paBHOMCpHOM H8M8I'HRqRB8HRR no3BOJlHCT B nepBOM npR-

6JIRMCHRR C.ll9Jl8Tb HCKOTOpbiC TeopeTRqCCKRC 38KJIIOqCHRH OTHOCllTCJlbHO BCJIRqUHbi 

M B 3aBRCHMOCTR oT reoMeTpRu paccMaTpiiBaCMbiX o6pa3UOB R aenuquHbi HaMarHR­

qRBaromero nonH. npll onpC.llCJlCHH:R p83M8I'HRqRB8IOll(RX ¢aKTOpOB R BCJIRqRHbi 

H8M8I'HRqCHHOCTII M n:rH U~JlRH.llPOB ll KOJlbUCBbiX lllRMM 6Y.llCM RCXO.llRTb R3 

onpC.llCJlCHRH COOTBCTCTByiOll(RX BCJIRqRH .llJIH paBHOMCpHO H8M8I'HHqCHHhlX 9JlJIHn-

. Ill 
COR.llOB Bp8ll(CHRH 

HanpSIM CHHOCTb M8I'HllTHOI'O nonS! BHyTpll 06'bCM8 Ten, orpaHRqeHHbiX noaepx-

I 
I 
I 

I 
I 
I 
1 

l 
L 
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191 
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HOCTSIMH BTOpOrO 'iJopSI,llK8s MO:>KeT 6biTb 38IIHC8H8 CJie,lly!OIUHM o6pa30M: 

14.11 

- HaiipSI:>KeHHOCTb T8K H83biB8eMoro 

p83MarHH'llfB8!0lllero IIOJISI 1 M~ - HaMarHn:'leHHOCTb, 

llllfii cP8KTOp 1 38BHCSIIUlfti: B ,ll8HHOM CJiy'lae TOJlbKO OT reOMeTpn:n: p8CCM8Tpn:Bae­

MOro o6paaua. 

,UJIH paBHOMepHO H8M8rHn:'leHHbiX IIO OClf ~ UHJIHH,llpOB If KOJlbUeBbiX lliHMM 

MO:>KHO OIIpe,lleJIHTb T8K:>Ke p83M8rHH'IlfB8!0IUee' IIOJie B Bn:ae:. 

& H-e=- Ml. · t~ ( "l, z, h, R) .llJlSI UHJIHH,llpOB 14.21 

.ll JISI KOJlbUeBbiX lliHMM , 14.31 

orrpe,ll·ensrroT 

o6'beMa. 

t -coCT8BJISIIOIUY!O M8rHHTHOrO IIOJISI ,llJISI TO'l:eK 1 Jie:>KaiUHX BHyTpH 

8TH cPYHKUHH MOJKHO TpaKTOB8Tb KaK p83M8rHH'IHB8!0IUHe cP8KTOpbi 1 oco6eH-

HOCTb KOTOphlX COCTOHT B TOM 1 'ITO OHH 38BHCSIT He TOJlbKO OT reoMeTpn:n:, HO If 

OT KOOp,llHH8T TO'leK Ha6JIIO,lleHn:SI, Eme O,llHHM OTJIH'l:HeM SIBJISieTCSI T0 1 'ITO IIOMHMO 

cPYHKun:ii !~(.,,z,h,R) n: t~('l,~,h,R1,R1.) n:MeiOTCSI cPYHKun:HJ1.('2,~ 1 h,R.) 
n: 1~('1 ~, h, Rt., R.1.. ") To:>K.uecTBeHHO paBHbre HYJIIO B cny'l:ae annHIICOH.llOB 

BpameHn:st. 

0.llH8KO pOJib pa3MarHH'IHB810lllHX cPBKTOpOB MOryT BbiiiOJIHSITb TOJlbKO cPYHKUHH 

t~l'> ~I h lIt) H -t:a ('l.,~J h) R., 
1 
Q1) B CHJIY CJie,lly!OIItHX COOTHOllleHHil:: 

14.31 

~ ~!.( (.1 tl h, R.) "l_J(. d~ J~ :~ tc.l(.l~) h, Qi,lt'L)'l.d~ ·~~ .d=l:, Q 1 

~ ~ 
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~ne HHTe~pHpOB8HH9 npOH3BOnHTCH no KOOpnHHaTaM ToqeK Ha6nmneHHH BHyTpH 

06'beMa v' 
B npaKTHKe o6brqHo paccMaTpHBanrrch paaMa~HrrqrrBammrre cpaKTOpbi, xapaKTe-

pH3YI0IllH9 cpenHIDID HHnYKUHID1 OTH9C9HHYID K U9HTpanbHOMY ceqeHHID HnH KO BCeMy 

o 6'beMy. B nepBOM cnyqae - 9TO TaK Ha3biBaeMbie 6annrrcTrrqecKrre, a BO BTopoM -

Ma~HHToMeTprrqecKrre paaMa~HrrqrrBammrre cpaKTOpbi, 

B cooTBeTCTBHH c aTrrM, ycpenHHH cpyHKurrm 

1_ f _\\).( -Z:).. ~).;) 
lr.l<;z,h,R)~2.1iRJe. e -+Q. Jot~<.)J.(~R.)d}. 

I) . 14.41 

· onrrcbiBammym paaMa~HrrqrrBammee none BHyTpH urrnrrHnpa panrryca R.. H Bb!COTbi 

2_h 
1 

no KOopnHHaTaM ToqeK Ha6niDneHHH 1 OTH9C9HHbiM K U9HTpanhHOMY ceqeHHID 

I ~ = 01 rrnrr KO BceMy o6'heMy, nonyqrrM: 

~ne 

~ne 

1 I 6annrrcTrrqecKrril: paaMa~Hrrqn:Bammrra cpaKTop 

N s( tn) = i + l!L~ 4 -+ tn'l.' (Eo lei!.)- Fold.s) J 
Lt'fi z. 

h 
tn=-R 

2... 
<k~ = o.:tc ~in~""~ 

2/ Ma~HHTOM9TprrqecKHil: pa3Ma~Hrrqn:BaiDillHil: cpaKTOp 

Nv(ln) - 1_+ _L- ~Vtn-z.+{fEol~~inf[Fota.")-Eolct..,)]}, 
- ~'ii m :JIY\ 'l 

~'l 
~ 

_ O.."'tC ~\n -

14.5 I 

14.6/ 

M e)Kny 6annrrcTrrqecKrrM rr Ma~HHTOMeTprrqecKrrM paaMa~Hrrqn:BammrrM cpaKTo­

poM cymecTByeT npocTaH CBH3b, a HM9HHO: 

Ns(.2.m) =. ~vlm)-+ m in N"lm) 

M a~HrrToMeTprrqecKrril paaMa~HrrqrrBammrra cpaKTOp 

6biTb onpeneneH B cnenyromeil: cpopMe: 

14.1 I 

KOnbU9BbiX WHMM MO)K9T 

I 
I 
\ 

I 

I , 

t 

r 
H 

~ 



'TPI:I 

tpaKTe-

:o BCeMy 

opoM -

'4.4/ 

BbiCOTbi 

4.5/ 

1.61 

l8KTo-

:,7 I 
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-+ h Rt 2:ii oo 

N. ='l.lih(~~-R~)l:!"lo 1-zdz J <l<f [~u l e:~'>-l e.~\ C') "f.. 
14.81 

nocne I:IHTerpi:IpoBaHI:ISI no l: l C. , ~ - KOOpLli:IH8T8M TO'!eK Haonro.ueHI:IS1 1 

Haxo.uSIIUI:IXCSI BHYTPI:I o6oeMa KOnbueBoii llJI:IMMhr, Bbrpa){{eHI:Ie /4.8/ npi:IMeT BI:ILl 

/4,8/ 

Yf3 /4.9/ BI:ILlH0 1 'ITO LlnSI onpe.ueneHI:ISI M8I'HI:ITOMeTpi:I'!eCKOI'O pa3M8I'HI:I'II:IB8IOIUe­

I'O cpaKTOpa KOnbUeBoii ill I:IMMbt He06XO,lJ.I:IMO HaiiTI:I I:IHTerpan, Bbipa){{eHHbiii COOTHO-

/4.10/ 

.[li:IcpcpepeHui:IpySI cooTHOlliemre /4.10/ LlB8*Llbi no napaMeTpy 

3YSI I:IHTerpanbHOe npe.ucT.aBneHI:Ie .umJ cpyHKUI:II:I fle){{aH.upa BTOpOI'O po.ua C nony-

/2/ 
uenbtM RHLleKCOM c nocne.uyroiUI:IM I:IHTerpi:IpoBaHI:IeM, Haii!/::r.eM cne.uyromee 

Bbipa){{ eHKe .UnSI MarHKTOMeTpi:I'!eCKOI'O p83M8I'HI:I'II:IB8IOIUero cpaKTOpa B OKOH'!a­

TenbHOii cpopMe: 
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Nvctn.,m,) = f NvliTl,)j~~ 
Lt'il l1_- ~~~1 

+ Nvlm,)/~1\ 
0*J- i - _}\,(~.~)- 2.. 

(~·\'l. + 
\.tn~J- i 

+ ~ tn~ l(~)\2tn~+iJ -n~s·-iJ~-
~m. [~'::;J-i] ~4m~~(t + ~S. F.L<~.) + 

tn,- \'Ylt. F o l~o) T 
~m,m'Z. 

+ 

I'Lle 

V4m~+tHrd·U!~;)\i -2.m~] E.L.tl _l~J\ :L ·E.( .I.,+ 
~tn, [ l~~Y"- i] ?>m,l~-1.) 

h. 
tn, =p; 

~ =- o."2.c. ~in 

m'1. =h-. R'l. 

£.i}J1L 
IY\1, 

1. h'l• 
-=~~===:=:~· f ~= 0.."1.~Sin i~tm~+l~-:L)'- ' 

'i m~ -+( i + tn. ~t. 
ll\'1. 

. ~ ~tn'f""-= ~ ' cl.. = Q"1.c ~•n 0 4 'li\-,) 

/4.111 

Nv(.\Yli)/411 , Nvltn~fll11 
- MBI'HHTOMeTpiPieCKHe p83MBI'HH'IHBB!OIUHe cpaKTOpbi 

unnHH.llpoa, onpe.ll emteMbie na 14.6 I. 

3HaHn:e pa3MBI'HH'IHBB!OIUHX. cpaKTOpOB n03BOJTSieT HBHTH H BenH'IHHy HBMBI'HH­

'!eHHOCTH M , Heo6xo.llHMYIO .llnSI Konn:'!eC"f'BeHHbiX pac'!eToB MBI'HHTHbiX noneil:. 

Ecnn: n:aeecTHa Kpn:aaSI HaMarHH'ln:BaHn:SI eeruecTBa M=M(H~)' 
CHSITaSI npn: N-::. 0 , To KpHBbre HaMarHn:'ln:BaHn:SI Ten MoryT ObiTb nocTpoeHbi 

Ha ocHoBaHnn: 14.1 I. Opn: aToM Heo6xo.lln:Mo nono)KHTb N :. ~nst · n:, .non~>-

aySich n:aeecTHoil: KpnaoH: M-=:- Ml\·h: .. ) , Haii:Tn: n:cKOMbie KpHBbie 1'-\-:: fvt(Ho,N). 
H a pn:cyHKe 151 LlBHa Kpn:eaSI HaMarHH'ln:BaHn:SI Ten na LlHHBMHoii: cTann: •. 3Tn: xpn­

B.bre nonyqeHbi Ha o.CHOBaHn:n /4.1 I n LlBHHbiX no HaMarHR'IHBaHn:IO eeruecTea, BaSI-
/10/ 

TbiX ll3 paoOTbl • 

' 

.l 

I 

I 
I 
I 

I 

l 
' i 

L 
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Y. 8KcneprrMeHT8libHaSI npoBepKa MarHIITHoro nonSI TOHKIIX 

"no BhiCOTe" KOlibUeBbiX, WIIMM 

lln~ npaKTIIKII npe.UCTaBnSieT HHTepec COilOCT8BIITb 9KCnepHMeHT8libHbie H 

pacqeTHhle .uaHHhle no pacnpe.ueneauro H?: -cocTaBnSiroruefi -TOHKHX "no BhrcoTe" 

KOlibUeB,hiX WHMM 1 C nOMOlUbiD KOTOpbiX npOH3BO.llSIT cpopMHDOB8HHe M8PHUTHhiX no­

nefi OTHOCHTenbHO He60libWO~ BenHqHHhl OT .ueCSITKOB LlO COTeH apcTe.u. 

PacqeT KoMnoaeHThi MarHHTHoro nonSI OT T8KHX KOlibUeBhlX 

WHMM MO:>KHO c.uenaTb C nOMOlUbiD HOMOrpaMMhi /pHC. 1 I 1 qTo 3aMeTHO yMeHbruaeT 

o6~eM BhlqHcneHHfi. 

B peanbHhlX ycnoBHSIX npu cpopMHpoBaHHH MarHHTHhlx nonefi aeo6xo.uHMO 

yqHTbiB8Tb BliiiSIHHe nOniDCHhiX H8KOHeqHHKOB Ha ~MarHHTHOe none WHMM1 T8K K8K 

OHII, o6hrqao cTaBSITCSI Ha noBepxaocTb nonrocoB HnH pacnonararoTcSI B Henocpe.ucTBeH­

HO~ 6nH30CTH OT HHX. BnHSIHHe noniDCHhiX H8KOHeqHHKOB MO:>KHO yqeCTb BBe.ueHHeM 

Ill I 
nonSipHaauHOHHoro noTeHuHana 

15.11 

- MBrHHTHhle npOHHU8eMOCTH 

HOpM8libH8SI KOMilOHeHT8 ilOliHOrO nonSI 1 B3SIT8SI 

aenocpe.ucTBeHao aa rpaHHue paccMaTpHBaeMhiX cpe.u. PeaynhTHpyroruee MarHHT­

Hoe none onpe.uenSieTcSI cyMMOii: nonefi oT aaMaraHqeHHhiX WHMM H nonSipHaauii:oa­

Horo nomr, onpe.u emteMoro 15.1 I. 

B o6rueM cnyqae peweHHe aa.uaq no onpe.ueneHHID nonSipuaauHoaaoro nonsr 
,., 

oqeHb CliO:>KH0 1 B .ll8HHOfi pa6oTe 9TOT BOnpOC He p8CCM8TpHB8eTCSJ. 

YqeT BnHSIHHSI nonro6ahlx HaKoaeqHHKOB MO:>KHO npoHaBeCTH, ecnH cqrrTaTb 

HX nnOCKHMH II 6earpaHHqHhiMII noBepXHOCTSIMII. 

Ta:K KaK MarHIITHhrii: aaaop orpaanq'eH .uByMSI noBepxaoeTSJMH 1 To peaynbTH­

p.yroruee Mara:aTHoe none B aaa~pe aneKTpoMarHHTa 6y.ueT hKnroqaTb B ce6SI .uo­

nommTenbHO nong OT LlBYX 6eCKOHeqHbiX CHCTeM aepKanbHO OT06pa:>KeHHhiX WHMM. 

np:1 9TOM LlliSI H8M8PHIIqeHHOCTH 3epK8nbHO OT06pa:>KeHHhiX WHMM MO:>KHO 38niiC8Tb 

Ofll.f:JUI!:>el:lt,l.lll IIHCTbT)I ., 

1l,.'.lepilb1X HCCJie)lOllaiiH.I!, l 
6H5JIJ.10TEKA 
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M ·l _u~L )t\ 
p+!. , 

- H8M8I'HIPieHHOCTb sepK8JibHO OT05pa:>KeHHbiX lllMMM, 

15.21 

M -Ha-

M8I'HM'IeHHOCTb lllMMMbl B 3830pe aneKTpOM8I'HMTa; jJ. M 8I'HHTH8H npOHM-

qaeMbCTb DOniDCHhlX H8KOHe'IHRKOB; h - HOMep OTpa:>KeHRH, 

Ecnn orpaHR'IRTbCH o5naCTbiD RH.llYKURfi, npn KOTOpb!X jJ. > 100, TO MO:>KHO 

npa5na:>KeHHO C'IRT8Tb 1 'ITO 3epK8nbHO OT05pa:>KeHHbie lllHMMbl RMeiDT O.llHY R Ty :>Ke 

BenR'IHHY H8M8I'HR'!eHHOCTR, T,e, 

(1'1) 

M o"'r -==- M . I 5.31 

npn 8TOM pac'!eT B 3H8'IRTenbHOfi Mepe ynpor.uaeTCH 1 n5o HeT He05XO,llRMOCTR 

B onpeneneHnn napaMeTpa jk 
B o6r.ueM cnyqae qacno oTpa:>KeHnii, Heo5xon:nMbiX .llnH nocTa:>KeH:nH sanaHHoii 

TO'IHOCTM pacqeToB 1 onpenenHeTcH Benn'IMHoii nonysasopa aneKTpoMarH:nTa n pann-

anbHOii npO'l'SJ:>KeHHOCTbiD lliRMM, KaK noKasann pacqeTbi nnH sasopa aneKTpo-

MarHRTa 2. h!, ~ 10 eM :n pan:nanbHoii npoTH:>KeHHocTn ·lllMMM hR::: R'l-P- 1 ~ 

~ 10 CM, BKnB.ll OTpa:>KeHH:Ii BbiUle TpeTbero K8K no BenM'IRHe, T8K R no npons­

BO,llHOfi HBnHeTCH M8nbiM, npn 8TOM norpelllHOCTb onpeneneHRSI cpOpMbi KpMBofi, 

no HBlllRM oueHKaM, He npeBbiUlaeT 2% - 3%. 

8KcnepnMeHTanbHoe pacnpeneneH:ne Ht: -cocTaBnHIDUlefi M8I'HHTHOI'O nonH 

TOHKRX "no BbiCOTe·"' KOnbUeBbiX lllHMM MO:>KeT 6biTb nony'IeHO H3 p83HOCTH M3Mepe­

lUUt M8L'HMTHOro DOlrH B pasnM'IHbiX ToqKaX UO p8.llMYCY B 3830pe aneKTpOM8I'HHT8 . . . 

C nocTaBneHHOfi lllHMMOfi H 6es Hee npH HeM3MeHHOfi BenM'IMHe H8M8I'HM'IMB8IDI.Uero 

TOKa B 05MOTK8X aneKTpOM8I'HHT8, VI 3 aTHX 8KCnep:nMeHTOB Mtti'HllTHOe; none lllHMM 

I \-\'t I MO:>KHO Bbi.llenHTb c TO'IHOCTbiD no iroc~osmlioii BenH'IIIlibi~ no-BH.llMMOMY, 

o5ycnoBneHHOfi, B OCHOBHOM ,I'HCT,epe3MCOM M8I'HHTHOI'O nonH aneKTpOM8f'HM~a npH 

nOBTOpHOM era BKniD'!eHMR H BbiKniDqeHMH, ,_Ha pncyHK8X 161 H 191 HpHBe,lleHbl KpH-: 
,, • '. • ' <,• "I . '. 

Bbre pacnp.en~neHnsr KOMnoHeHT~I .MBI'HRTHoro nonH H't (1.) OT .TOHKMX. *no Bbi7. 

COTe" KOnbQeBbiX lllHMM, .8KCnepnMeHTbi 6biJIH npoBe,lleHbl B 3830pe ·.llBYX aneKTp0"7 

M8I'HMTOB, I D 500 MM1 th, = 100 MM; rzS .1200 MM th:!> = 220 MMI. 

i 

I. 

.ll on: 

B nn 

aneK 

H8KC 

pem 

nac~ 

TbiB 

ro 1 

Benf 

nons 

Hbl:l< 

Hbl:l< 

np:n 

non 

ro 

171 

HOiJ 

3-E 
MeC 

BaT 

.ll p) 

\ 
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06pa60TKa 9KCnepHMeHTaJihHbiX naHHbiX npOII3BOnHJiaCh npH cnenyiOIUHX 

nonymeHHHX n: B cnenyiOIUeM nopHnKe • 

Bo-nepBb!X, BHewHee HaMarHR'ltrBaiOmee none npHHHManoch nocTOHHHbiM 

I 

B nnocKOCTH noniOCHb!X HaKoHe'IHRKOB H npn:paBHHBanach noniO H
0 

B ueHTpe 

aneKTpoMarHn:Ta. 8To nonymeun:e cnpaBennuBo nnsr 6onhweii qacTn: noJIIOCHbiX 

HaKOHe'IHIIKOB1 3a HCKJIIO'leHHeM Kpa.!I aneKTpOMarHHTa, rne, KaK ilOKa3aJIH H3Me­

peHHH1 HMeeT MeCTO pe3KI:!H poeT Mtl.rHHTHOro ilOJIH. npoTH:>KeHHOCTh 9TOH o6-

JiaCTH COCTaBnHeT OKOnO nony3a30pa aneKTpOMarHHTa. 

Bo-BTOpbrx, nnH 3anaHHOH reoMeTpHH WHMM 2h 
T biBaeTcsr Ha ocHOBaHHH I 4.11 I 3Ha'!eHne Mar HHTO MeTpnqecKoro· · pa3MarHH'IHBa IOIUe­

ro ¢aKTopa H ITO H3BeCTHbiM KpHBbiM HaMarHH'IHBaHHH Ten lpuc.51 onpenensreTcsr 

BenH'IHHa HaMarHH'leHHOCTH B enHHHUaX 4'iT M 
B-TpeThHX, pacc'!HTb!BaeTcH pacnpeneneHHe 7:_ -cocTaBnHIOIUeH MarHHTHOro 

nonH C ilOMOIUhlO HOMOrpaMMbi C yqeTOM 3-x OTpa:»<:eHHH. 

l1, Ei-qeTBepTbiX, . onpenenHeTcH P.a3HOCTh pacqeTHbiX H aKcnepnMeHTanh­

HbiX 3Ha'!eHHH. HanpH:>KeHHOCTH MarHHTHOrO nonH B Ka:»<:noii TO'!Ke. l13 nony'leH­

HbiX pa3HOCTe1i onpenen_HeTc.II cpenHee apn¢MeTH'lecKoe, KOTopoe oT6pacbiBaeTcH 

npll HaHeCeHHH aKCnepnMeHTanhHbiX TO'leK COBMeCTHO C pacqeTHbiMH. 

Ha puc. 16 I· noKa3aHbi pacnpen eneHnsr H 1:: -cocTaBnHIOIUeil: MarHRTHoro 

nonH KOnhUeBbiX lllHMM B 3aBHCI:!MOCTH OT ll3MeHeHHH BHelllHero HaMarHH'IHBa!OIUe-

ro nonH B nuanaaoHe Ho = 8400- 12000 apcTen. Ha cnenyiOmux pucyHKax 

171-191 naHbi COCTaBnH!OIUHe MarHHTHOrO nonH H~ ""\-\:c- I '2.. I oT on-

HOi!:, nByX H Tpex lllHMM 1 CHHTbiX npll nOCTOHHHOM HaMarHH'IHBaiOIUeM none. 

AHanus ~pa¢nKoB H3 pucyHKOB 161 - 181 noKa3b!BaeT, q~o B npenenax 

3-8% OT MaKCHManhHOrO 3Ha'!eHHH HanpH:>KeHHOCTH MarHHTHOrO nonH HMeeT 

~eCTO COBnaneHHe pacqeTOB C 9KCnepHMeHTaMH 1 npll KOTOpbiX MO:>KHO He Y'IHTbi­

BaTh B3aHMHOe BniiHHHe MarHHTHbiX noneii TOHKHX "no BbiCOTe 
11 

KOnbueBbiX lllHMM 

npyr ~a npyra. 

Pa6oTa nocTynuna B H3naTenhCKHii oTnen 27 anpenH 1959 rona. 
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