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nnH ll0Bb!UI9HHH HHT9HCHBHOCTH ily'IKOB '18CTHU 1 llOJIY'I89MbiX Ha aeli

CTBYIOUIHX CHHXpOUHKJIOTpOH8X1 B pHJl9 YCKOpHT9.1IbHbiX na6opaTOpHli pa3pa-

68Tb!B810TCH HJIH yme OCYill9CTB.1IHIOTCH npoeKTbl peKOHCTpyKUHR Jl9liCTBYIO

IllHX M8UIHH/ 1/ • 

· YBenH'IeHHe TOKa BHyTpeHHero ny'IKa npH ynyqweHHH ero KalJeCTBa 

H MOH09HepreTH'IHOCTH IT03BOJIHJIH ITOBbiCHTb HHT9HCHBHOCTb BbiB9ll9HHhlX ·'18C

THU H8 llB8 llOpHJlK8, 

8 H8CTOHUI99 Bp9MH cymeCTBYIOT TpH HanpaBJieHHH peKOHCTpyKUHH CHHXpo

UHKJIOTpOHOB: ., 
1. I13M9H9HH9 BbiCOKO'I8CTOTHOli CHCT9Mbl H HCTO'IHHK8 38pH:>K9HHblX 

'18CTHU npH COXp8H9HHH CTpyKTypbl M8I'HHTHOI'O llOJIH. ,·· ~ 

2. BBeJleHHe npocTpaacTBeHHofi sapHaUHH H pacTymero cpeJlHero Mar

HHTHoro il0.1IH 1 H9 Jl0CTHI'8101ll9I'01 0JlH8KO, H30XpOHHOfi 38BHCHMOCTH, 

3. PeKOHCTpyKUHH CHHXpOUHKJIOTpOHa B H30XpOHHblli UHKJlOTpOHo 
/2/ 

B OH.HH (ny6aa) , KonyM6nlicKoM yHHBepcnTeTe (CilJA) n. SREL 

- BxpnmHHHSI (CiliA) /3-5/ paccMaTpHsaeTCH BTopoe aanpasneHHe peKoHCTpyK

UHH. B Ta6nHue 1 npHBeJleHbi npeLtnonaraeMbie napaMeTpbi 9THX ycKopHTenefi. 

B. Jl8HHOli pa6oTe npHB9Jl9Hbi pe3yJihT8Tbl c:jlopMHpOB8HHH M8I'HHTHOI'O 

llOJIH MOJl9.1IH M8I'HHTHOli CHCT9Mbl c:jla30TpOH8 C OpOCTp8HCTB9HHOfi B8pH8UH9li 

nonSJ OHHH (YcTaHoBKa "'til") c Koa¢¢HuneHTOM noJlo6HH 5,22. 



Ta6nnna -1 
I 
'· 

f1apaMeTpb! yeKOp1IT8IIli OIHIH Columbia SREL 

3aeprnll rrpoToHOB (Mas) 680 550.;600 600 

HaTeHeiiB!I• rry'!Ka ( MKa) 25.;50 5440 20-t50 

HarrpSI~eane aa ayaaTax 
(KB,) 50 50 

llnarraaoH qaeToT (Mrn) 18,2.;14,4 26,5.;18,5 
-~ 

qaeTOT8 IIOBTOp8HIIli 
UIIKIIOB (ru) 700 300 

MarHHTHoe none (Kre) 12.;16 17.;20 

. MaKenManbHbiii. paanye 
op6HTbl (eM) 270 203 

3aaop Me~y IIOIIIOeHbiMII 
H8KOH8'IHIIK8MII (eM) 145448 113.;40,6 

3aaop Me~y errnpanSIMII 
(eM) 12.;30 2,54.;10,1 

qa~TOT~I eB060AHbiX J Q, 1.;1;2 
Kone6aanii Qz O-t0,3 0,2.;0,3 

qneno ennpaneii 4 3 

Paanye aaqana ~naTTepaoii 
~OKYCIIpOBKII (eM) 8,3 5, 

MoAennpoBBHHe· IIOmi ·MarHHTHOH CHCT8Mbi 0 rrapaMeTpbi KOTOpOH o5cylK

A8IIHCb B pa5oTel61 1 IIpOHSBOAHIIOCb C ~enbiO: 1) rrqATB8plKA8HHII Bbi5paHHbiX 

OCHOBHbiX rrapaMeTpOBj 2) YTO'IH8HHH KOH~nrypaUHH CIIHpBIIbHbiX H KOIIbU8BbiX 

lliHMM, o5ecrreqnBarorueii Tpe5yeMbre xapaK:repncTnK:n rronH; 3) orrpeAeneH:nH 

TOIIOrpa~HH MarHHTHoro IIOIIH 38 rrpeA8IIbHbiM ·paAHYCOM AnH pellleHHH BOII~O

COB1 CBH38HHbiX C BbiBOAOM IIy'IK8 H3 K8M8pbi YCKOpHTenH, 

Tpe5oBaH:nH K MarHHTHOMY nonro 

TpyAHOCTH ~OpMHpOBBHHH IIOnH Ha KOH8'IHbiX paAnycax MOAenn Bbi3B8IIH 

aeo5xoAHMOCTb :nsMeHeH:nH Tpe5yeMbiX saB:ncnMocTeii: cpeAHero nonH H (r ) 
:n Bap:nau:n:n H / r) , rrp:nBoAHMhrx B pa5oTel 61. 
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HoBhrii: saKOH H3Me.HeH:nR cpe.aaero nonR no pa.UH) 

- 2 6 8 9 10 
H(~)=H 0exp(0,359 f +0,83~ -2,351 ~ +1,5 ~ - 0,025~ 

/ 

r.ae H·0 = 11002 a, ~=L 
rk 

rk = 51,724 CM, 

3.aecb :n B AanbHeiillleM, ecnn sTo He 

pasMepbl OTHPCHTCH K MOA8IIH~ CHCT8Mbl, 

oroBopeao, Bee 

Ha puc, H 2 IIpHB8.U8Hbi Tpe6yeMbl8 38BHCHMOCTH 

H ( r), n=-r- dll R-d-. H (r) r 4 • 

AMnn:nTy.aa ocaosaoii rapMoH:nK:n H
4 
(r) .anSI Bht6paHHorc 

onpe.aenSinacb np:n nocTOHHHOM sHaqea:n:n napaMeTpa crr:nJ 

N ,\ = 11,492 eM n AnSI saAaHHOii sasncnMocTn qacTOTbi cE 

KanbHbtX Kone5aanul2/ ( Ta5nnua 2 ) • 

Tpe5oBaH:USI K TO'IHOCTH ~OpMHpOBBHHH 38A8HHOrO IIOII! 

B pa5~Tax1 21 n I 7 I, saKnroqaroTCH B cneAyrorueM: 

1. YMeHbllleH:ne neperra.aa cpeAHero nonH, Bbi3btBarou 

Tpe5yeMoro .ananasoHa qacToT ycKopmoruero HanpSilKeHnH, HE 

raTb 200 s. 

2, 8 AHaiTaSOHe paAHYCOB r = 0412 CM OTKIIOH8HHE 

oT Tpe5yeMoro .aomKHO 5btTh B rrpe.aenax 0 .< · d H < 8 3 

C ~aSOBOH ycTOH'IHBOCTbiO 'I8CTHul71,.oAH8KO 3TOT AOIIycK ITO 

a oro cnyqaSI BOSMyruea:nH ·d H ( r) , :n aeo6xoAHMO oueanBaTb 

cosAaHHoro sKcnepnMeHTanbHoro rronSI nyTeM pacqeTa Ha 38~ 

THU B 3TOM none, 

3, nnSI ~830BOH YCTOH'IHBOCTH 'I8CTHU B o5naCTH paAHYC 

Heo6xo.anMo, .qTo5br noKasaTenb pocTa nonSI B.aonb paAnyc. 
.'\ ' ' 

ycnOBIIIO 1--"- I "' ( 0,0640,11). 31-o SKBIIBaneHTHO .aonyc 
n 

cpe.aaero MarHHTHoro nonSI .1 d ..!!!I_ I"' ( 2,3411) s/cM, 
dr 
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a SREL 

600 

20t50 

18MeT.flbl KOTOpoll: o5cylK

lllTBeplKlleHIHI Bbi5paHHbiX 

CITI1p8nbHbiX li KOnbUeBbiX 

n nons; 3) onpeneneHHs '' 

coM nns perneans Bonpo-

:omo 

'lllliycax Monenn Bhi3Bann 

ell: cpenaero nons H(r) 

HoBbii aaKoH H3MeHeHI1R cpenaero nonR no pan11ycy HMeeT s11a: 

- 2 6 8 9 10 
H(g)=H 0 exp(0,359g +0,83g -2,351 g +1,5 g - 0,025g ), (1) 

rne 11 0 = ll902a, rk = 51,724 CM, 

3necb 11 B nanbHelrneM, ecnu sTo He orosopeao, ace reoMeTpHqecKne 

paaMepbt OTHPCSTCS K MO!lenll CliCTeMbi. 

Ha pnc. 

II (r), 

11 2 ITpHB9ll9Hbl Tpe6yeMbie 38BHCHMOCTH 

r dll 
n=---, 11

4
(r). 

R dr 

AMnnliTYllB OCHOBHOil: rapMOHHKH 11
4 

( r) nns Bhi5paHHoro cpenHero nonH 

onpeaenHnBCb npH ITOCTOSHHOM 3Haq9Hlll1 napaMeTpa CITI1p8DbHOCTI1 nonH 

N ..\ = 11,492 eM 11 nnH aanaHHoll: aasncHMOCTI1 qacTOThi cso6onHhiX aepTI1-

KanbHhiX Kone6aHnl12/ ( Ta6n11ua 2 ) • 

Tpe5oBaHliH K ToqHOCTll <f!opMMpoBaHHH aanaHHoro nonH, o5ocHoBaHHbie 

B pa5oTax12/ 11 17 I, aaKmoqaJOTCH B cnenyJOIUeM: '' 

1. YMeHbWeHHe nepenana cpenHero nonH, Bbi3hiBaJOutee pacwHpeHH~. 
' Tpe6yeMoro llHBnaaoHa qaCTOT YCKOPHIOI!lero HanpHlKeHliH 1 He llOnlKHO llOCTll-

raTb 200 s. 

2. B nMariaaoHe pan11ycos r = 0412 eM oTKnoHeHite cpenHero nonH 

oT Tpe6yeMoro aonlKHO 6biTb B npenenax 0 < · ~ H < Sa , qTo CBH3aHo 

:: <f!aaoaoil ycToilqMBOCTbiO qacTnu/7 I,. onHaKo sToT nonycK nonyqea nm1 qacT

·Horo cnyqag soaMyuteHHH -~ H ( r) , 11 Heo6xonHMO oueHHBBTb KOHKpeTHbtl Bllll 

C03ll811HOl'O SKCnepMMeHTBnbHOl'O !IOnH nyTeM pacq~Ta HB 38M llBIOI<eHllH qac

Tiill B STOM none. 

3 • .Um1 <f!aaoaol ycToilqnaocTn qacTHU B o5nacTn pannycoB r = 12-l50 eM 

aeo6xonMMo, qTo6bi noKaaaTenb pocTa nonH snon& paa11yca ynoaneTBOPH.Il 

ycnoBMJO I fln_l "'(0,0640,11). 31-o SKBMBaneHTHO nonycKy Ha rpa.nHeHT 
n 

cpe.nHero MarHHTHoro nonH I~ ..Lil1, (2,3411) alcM. 
dr 

5 
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4. Ha KoHe'IHhiX pannyeax r "= 50 -+ 51,7 I?M Tpe5yeTes:r BbiiiO:IHemre 

yenoBHSI 1,05, ·s. Q ," :S 1,10, onpenenSieMoro eneTeMo~ •. BbiBoAa ny'IKa n:.:i 

yeKopnTenSI, 3To yenonne, e yqeTOM xapaKTepa Tpe6yeMoii sannenMoeTn 

II ( r ) , npn~oAHT K, nonyeKy Ha epenHee none I ~ n I ~ 0,14. · ' 

5. Tpe5yeMaSI !flnaTTepHaSI !floKyenpoBKa nomKHa 6biTh o5eene'IeHa, Ha'In-

HaSI e r >_ 3 eM, llpH Bblll0JIH9HHH AOnyeKa llO nyHKTy ( 2), 

6, B 30He pannyeoB r = 3 ~ 50 eM OTKJIOH9HH9 BapHBUHH OT Tpe6ye-

MOll B91III'IIIHhl onpenemieTeSI J].OIIyeKOM HB qaeTOTY eBb50AHh!X B9pTHK8JibHhiX 

~one5aHHil: qaeTHU - 0,05 ::; 11 Q z ::; 0,15, 1 

7. B o6naeTII BbiBona ( r = 50 ~- 51,7 eM) qaeToTa Q z non:>KHa 

YADB1I9TBOpSITb yenDBIIIO 0,15 :S Q z :S 0,25, 'ITO e.OOTBeTeTByeT 

11114_1 
I~ "' 6% , .im6o I 11 < _d¢ 4 > I "' 

dr 
-3 ....!lillL , 3neeb ¢ ( r ) -5,10 eM 4 

asiiMYT paenonomeHHSI MaKeiiMyMa 4 rapMOHHKII 

Hs 
.8. OrpaHH'IeHHSI Ha HH3rnne rapMOHHKII (-~) 

panbHOil: o5naeTH enenyromne: s 
I 

HHKB 5.10-3 • 

1 rapMOHHKa 

nonSI. 

eTpyKTyP,I IIOJI5I B ueHT

-3 10 , s = 2 rapMo-

3KenepiiM9HTbl Ha MOA9JIH MarHIITHOH CIICT9Mbl 

BHelliHHil: BIIA IIO.riiOeHOI'O H8KOH9'IHHKa MOA91III 11306pameH Ha pile, 3, 

B 3asope aneKTpoMarHIITa ( 2 h M = 2'1,6 eM) yeTaHaBniinaeTeSI KaMepa, 

KpbllliK8MH KOTOpO:il: enymaT AIICKH 113 HepmaBeJOIUe:il: eT81IH 1 CO'I1I9H9HHbl9 Ha 

KoHe'IHhiX pannyeax e npo¢nnnponaHHoil: KOnbueno:il: lliiiMMo:il:, l.feTbipe rrapbi 

KpHB01IIIH9il:HhiX lli!IMM paAH81IhHOil: IIpOTSimeHHOeTblO ( 1,0-t57,5) eM1 eABIIHY

TbJe Apyr OTHOCIIT91IbHO Ap.yra Ha yron 90° 1 KpeiiSITeSI K KpbilliK8M KaMe phi 

eHMMeTpH'IHO OTHOeiiT91IbHO CpeAHeil: IIJIOCKOeTII MarHHTa, I1x oeeBbl9 1IHHHH 

orrnchiBaJOTCH ypaBHeHJieM errnpan11 ApxnMeAa r. =N A¢ ( N ,\ = 11,492 eM), 

a 6oKOBhl9 llOB9pXHOCTH Ollp9A91ISIIOTCSI 83IIMYTB1IbHOH IIpOTSimeHHOCTblO lliiiMM 

a ( r) 

UeHTpanbHaH qacTb crr11panbHhiX rnJIMM s:rnns:reTcs:r cneMHoil:, 'ITO pacrniipSI

eT B03MOmHOCTH IIpll !flopMHpOBBHIIH IIOJISI B 8TOH o6naCTH, 

8 

.)l 
'.1 ··\I 

·/I , 
i 

'I' .. 

li 
I 

~ 
. -~·,, .. 

' 
0' 
\1 
i 

.. j 

'1. 

i 

I ·,, 

Pnc. a. ,Bnn rromocaoro aaKoaeqanKa Monenn 11arHIITJ 

llHfJJ 

1000 

500 

zo 
I 0 I I 

tO 

-500 

Pnc. 4, Cpaaaeane pacqeTHhiX n aKcrrepnMeHTanbHhiX na! 
rronSI n aapnaunn. 1 - aKcrrepnMeaT; 2 - P,ac'IeT. 
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M . Tpe6yeTCSI BbinOnHeHHe 

T9MOH BbiBO)la IIY'IK8 US 

Tpe6yeMoti: . 38BHCHMOCTH 

dn: ' 1-l.!:> o,I4.-, n . . 

t 6btfb o6ec~eqeaa, Ha'IH

EIKTy ( 2), 

aue Bapuauuu oT Tpe6ye

cBb60ilHbiX BepTHKanhHb!X 

) .'18CTOTa Q z JlOmKHa 

25, 'ITO C.OOTB9TC~ByeT 

~, 3)leCh ¢ (r)-
CM 4 

1 nonn, 

cTpyKTY!l>I rronn B ueHT-

10-:1, s = 2 rapMo-

CHCT9Mbl 

m uao6pa:>KeH Ha puc, 3, 

CTaHaBnHBaeTCSI KaMepa, 

cTanu, co'lneHeHHbie Ha 

IIIH.MMoll:, l.JeTbipe napb! 

(1,0-t57,5) CM; CllBHHy-

<ITCH K Kpb!IIIKaM KaMepb! 

li'HHTa, J1x OC9Bbl9 nHHHH 

AcP ( ,NA = 11,492 eM), 

•fi. rrpoTSI:>KeHHOCTbiO WHMM 

SI C'b9MHOtl:, 'ITO p8CI1lllpSI-

!8CTH, 

' ' 

I 

l 
I 
I 

'' I 

fOOD 

500 

-500 

., 

P11c, 3, .BIIA nomoCHOI'O HBKOHe'IHIIKa MOAenll l'.JBI'IIIITHOit CIICTeMblo 

500 

aos 

j~K 

Puc, 4, Cpasuenne pac'!~THbiX 11 aKcnepiiMeHTanbHbiX 113MeHeHIIit cpe.naero 
nonR 11 sapnaun11, 1 - aKcnepiiMeHTi 2 - pac'I~T. 

. 9 
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HsMepeHIHI MarHIITHoro nonSI Ha· Moaenii npoiisBoauniicb c noMOllibiO 
. . . . . I 

aBTOMaTII3IIpOB8HHOI'O II3MepiiTenbHOI'O CTeHaa/8/ B 144' paBHO~epHo. pac;_ 

npeaeneHHbiX no oKpy:lKHOCTII TO'IKax nnSI. Ka:lKaoro paaiiyca. P~syn~TaTbi 
II3MepeHIIll pei'IICTpiipOBaniiCb C nOMOllib!O UII~poneqaTaiOrneil MalliiiHKII II nep

~opaTopa' rip II HenpepbiBHoM nepeMemeHIIII aaT'IIIKa xonnoBcKoro MarHIIXoMeT: 

pa. 3KcnepiiMeHTanbHO HailneHHaSI TO'IHOCTb II3MepeHIISI cpenHero nonSI H 

cocTaBnSieT 1,5•10-4, a aMnniiTYilbi ocHoBHOil rapMoHIIKII - 5·10-4 H • 05-

pa5oTKa nony~eHHOll IIH~OpMaUIIII npOII3BOJliinacb Ha 3BM CDC -1604A. Orm-

C8HIIe pacqeTHbiX nporpaM~. npiiBO/liiTCSI HIIJKe, 

Ha. piic. 1 II 2 noKasaHbi cpeaHee none, aMnniiTyaa II oTKnoHeHIIe ·~asbi 

OCHOBHOll rapMOHIIKII no pesynbT8T8M nepBOI'O II.3MepeHIISI M8I'HIITHOI'O nonSI 

MOJlenii,. 3Kc:nepiiMeHTanbHbie KpiiBbJe B . OCHOBHOM nOJlTBeplK/l810T _ npaBIInb

HOCTb npenBapiiTenbHO Bbi5paHHbiX napaMeTpOB CHCTeMbi 1 XOTSI ~TKnOHeHIISI 

nonSI. OT Tpe5yeMoro Ha HeKoTopbiX paniiycax sHa'IIITenbHbi ( l'l. H "' 2000 a, 

l'l.:H 4 "' 1000 a). CnenyeT oTMeTIITb1 'ITO B o5nacTII- r .,;,: 0-+ 9 ·eM aKcrrepii-

M~HTanbHb~e. 3Ha'IeHIISI H4 (r) HIIJKe Tpe5yeMhiX1 'ITO IlpiiBeno 5bi. K OTCyT-

CTBIIIO BepTIIKa·nbHOH ycTOll'IHBOCTU 'I8CTIIU B ueHTpe, 

Ha· piic• 2 npiiBeaeHbi TaKJKe pesynhTaTbi pac'leTa nnSI ciicTeMbi cnii

. panbHb!X lliiiMM. B npennonoJKeHIIII IIX paBHOMepHOI'O HaMai'HII'IIIBaHIISI/6/, 

llnSI ynyqrneHIISI xapaKTepiiCTIIK nonst B03MOJKHO 5binO II3MeHHTb 83IIMy

TanbHYIO npOTSIJKeHHOCTb cniipanbHblX lliiiMM a ( r) , 1 MIIHIIManbHOe J! MaKCII

ManbHOe paCCTOSIHIISI OT MeJlii8HHOll nnOCKOCTII JlO IIOBepXHOCTeH1 OI'p8HII'IIIB810-

lliiiX lliiiMMbl B BepTIIKilnbHOM HanpaBneHIIII ( h 
1 

II h 
2 

) 1 II paCCTOSIHIIe 

MeJKilY HOniOCHbiMII H8KOHe'IHIIK8MII 2 h M , Openenbi IIsMeHeHIISI aTIIX Benii'IIIH 

o5cyJKnaniicb B pa5oTe/6/. 

Heo5xoniiMoe' II3MeHeHIIe reoMeTpiiii ciicTeMbi. onpenenstnocb cneayromiiM 

o5pasoM: 

1) C noMOllibiO 3BM paCC'IIITbiBaniiCb cpeaHee none II BapiiBUIIH OT . . 

ManbiX aneMeHTOB MarRIITRoil CIICTeMbi; orrpenenSIIOlliiix npenrronaraeMbie II3-

MeHeHIISI reoMeTpiiii; 

2) pac'IeTaoe none y'IIITbiBanocb B aKcnepiiMeRTanbHhiX KpiiBbiX ans 

npeJJ.biilymeij: reoMeTpiiu crrcTeMbi; 

10 

.,~-~-

I 
~ 
q 
l :~ 
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r 

, 3) pasMepbl II ¢opMa MBnblX aneMeHTOB MeHSiniiCb B 

nop, noKa ae aocirrranu OJKIIJJ.aeMoro ynyqrneHIIH aKcnepm 

BbiX; 

4) npOII3BOJliin.ocb II3Mepeaiie nonst JJ.nst II3MeReHHOH. I'• 

UIIKn nOBTOpSinCH 38HOBO, 

Ha prrc. 2 u 4 cpaBRIIBaiOTCSI aKcneprrMeHTanhHbie II 

npeaeneHIISI noneil. 

PaCXOJKJleHIISI MeJKJlY HIIMII MOI'yT 5b!Tb '18CTII'IHO. 05lo 

B pac'IeTe He y'IIITbiBanocb BnustRIISI oTpaJKaromrrx noBepx 

a aTo oco5eHHO cymecTBeHHO nprr onpenernRIIII ~a3bi • Bap 

paC'IeTOB COCTaBnsteT 5t-10%, ~JlH8KO JlnSI .ManbiX II3MeHeHIIf 

TeMbi ynaeTCSI JlOCTIII'HYTb 'aennOXIIX pesynbT8TOB no ~OpMl 
.I 

Ha puc. 5 II 6 nimBeneRbi OTKnoaearrst aKcnepiiMeHTI 
' . f 

Tpe5yeMbiX anSI aaii5o.ryee :'xapaKTepRbiX aTanoB' Moaeniipol 

xa'paKTepiisyroT nonSI ·uep'B·baa'lanbRoil reoMeTpiiii ciicTeMb I ... . . - ; 
OIIIICbiBaiOT Ra'IanbHbiil jii KC>He'IHbiil: pesynb;raTbi rro ~opMHp 

MIIHIIManbHOM sasdpe Memdy cniipanhlibiMII lliHMMaMII 2 h1 
. ) ~ ) \ ; 

'ITO C~OpMIIpOB8HHOe rrone,:5nii3KO K Tpe5yeMOMy;. llnst 06 
• •• l 

ciipOBKII Ha MeHblliiiX, qeM; r .,;, 5; eM; paniiycax, nanbHeil . .~ . 

nonHstnacb c. cii~TeMoil,i y: .. ~.oTopoil ! paccToSI~IIe MeJKny crrnp 

Mil B ueHTpe yMeHbllielfO fl~ , 2 h;l = 2,3 CM (
1
KpHBbie 4 I 

' . ' I , . • nnno cMecTIITb MIIHIIManhHbiil panliyc, rne ~naTTepHast ~ot \ i d ·, . • 

raeT Tp~5yeMoil Benii'IIIHbi .j( r =! 2,9 eM). CpaBHeHIIe He 

'I8TEO!nbHOH reoMeTpiiii CIICTeMbl JJ.aHo iia piiC, 7,, .. ·' . 

0CHOBHbie II3MeH~HIIst:' CIICTeM~I 38KniO'IaniiCb B cneJJ.yl 
l I · . j 

l ). OepBoHa..:anhHO ~bi5paHHb;il sasop Me:JKJJ.Y cniipan 
' :; , lo : •• • 

B ueHTpe 2 h 1 = 4 'eM yMeHbllieH ao Benn'III,Hbl 2h . . .•. ' . ' ~ 

2); llm1 KOMIIeHCaUIIH 't:peJJ.Hero nonst B aTOH o5naCTH ~ I .· , . ' 
T8< cniipanhHbiX lliiiMM It- yBi:!nii'IeH 3830p Me:JKay !==TBnbHb!MII': 

. 1 . 

KaMepbi, 
I . /~ ( ' 

3). YMeHbllieHIIe at--tnTIIITy/lbl OCHOBHOll rapMOHHKII Ha KC 
I . ,_ 1 

ao' Tpe5yeMb!X 3HB'I9HIIll 5pin0 JlOCTIII'HyTO 38 C'leT II3MeHI 

h ~(r) CniipanbH~IX lliiiMM! Ilpii 0/lHOBpeMeHHOM IIpOQIIniipOBa 
. : ' . 

UeBb!X lliiiMM l:UISI q5eci_Ie'IeHIISI Tpe5yeMOI'O cpeaHero nrnSJ. 
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D~:;:'BOJl!InHCh C noMOUlhiO 

B 144 paBHo~epHo. pac;.. 

o pann:yca. PeaynhTaTbi 

1T8IDII.lefi M8lliHHKII II nep

mnnOBCKOI'O M8I'HHTOM9T

p9HIISI cpenHero nom1 II 

OHHKH - 5.1Q-4 ii • 06-

3BM CDC -1604A. Onn:-

!Tyna H OTKnOH9HII9 ·ljla~bl 
epeHn:sr MarHHTHoro nonsr 

nonTBepmnaiOT .. npann:nh

cTeMbi1 XOTSI OTKnOH9HHSI . -
:n:TenbHbl ( /}.II ,;, 2000 a, 

= 0-t 9 · CM 9KCIT9pii

'lTO npiiBeno 6b! K OTCyT-

,• 

:qeTa nnSI CHCT9Mbl CITH-

HaMai'HH'lHBBHIIH/6/. 

> 6btn0 H3M9HSITb 831IMy

MHHHManbHOe II M8KCII

l9pXHOCTell1 OI'p8HII'liiB810-

H h 2 ) 1 H paCCTOSIHHe 

,J II3M9H9HIISI 9TIIX B9nii'liiH 

onpenenSinocb cneayiO!llHM 

1ee. none n: Bapn:aun:SI · oT 

IIIX npeanonaraeMbie n:3-

-i9HT8nhHblX KpHBbiX nnSI 

~l 
~1 
I 
'j 

I 
I ., 
I 
I 
I 
l 
' 

~ I 

! 
I 

· 3) pa3Mepbi n: ljlopMa ManbiX aneMeHTOB MeHsrnn:ch B pac'leTe no Tex 

nop, noKa He noc'I'n:ranij: omn:naeMoro ynyqllleHn:SI aKcnepn:MeHTanhHhiX Kpii-

BbiX; 

4) npOII3Bonn:nocb H3Mepenn:e nonSI nnSI H3M9H9HHOfi reoMeTpH1I 1 II BeCb 

UHKn nOBTOpSinCSI 38HOBOo 

Ha p1Ic. 2 II 4 cpaBHIIBaiOTCSI aKcnepn:MeHTanhHbie n pacqeTHbte pac

npeneneHn:SI noneii. 

Pacxomnenn:sr Memny Hn:Mn: MoryT 6btTh qacTn:'lHO o6'bSICH9Hbi TeM; 'lTO 

B pacqeTe He Y'lHTbiBanOCb BnHHHHSI OTpamaiOII.lHX ITOBepXHOCTefi · ITO'!IOCOB1 

a aTo oco6enHo cymecTBenno npn: onpenereHn:n: ljla3bl Bapn:aun:n:. To'lHOCTh: 

pacqeTOI3 cocTaBnSieT 5~ 10%, 'onHaKo nnSI .ManbiX H3Meaean:ii reoMeTpliii cnc-

' TeMhl ynaeTCSI nocTn:rHyTh aennoxnx pe3ynhTaToB no ljlopMnponaHiiiO nonsr. 

Ha pn:c. 5 n: 6 npn:BeneHbi oTKnoHeHIISI aKcnepn:MeHTal:lhHbiX noneii OT 
' ., 

Tpe6yeMbiX nnSI Han:6onee i'xapaKTepHbiX aTanoB' Monenn:poBann:SI. Kpn:Bbte ·1. 
~ . . . 

x~paKTepn:3yiOT nonsr 'nep~B.onattanhnoii reoMeTpn:n: cn:cTeMbi. KpnBbte 2 n: 3. · 
\ ... · ' ' . ; ,. 

onHCbiB810T aaqanhHblit j H Ki:>He'l!lbiiii peaynh!8Tbl no ljlopMIIpOB8HHIO nonSI np!f 1 
MHHHM8nb!IOM 3a3dpe Me>i<ny cnn:panbHblMH lliiiMMaMn: 2 h1 = 3 CM. Bl!llH~, ( ;. 

) ~. >. : ' 

ttTo cljlopMIIpoBaHHoe none.; 6nn:3KO K Tpe6yeMoM:y~ llnSI o6ecnettenn:SI ljloKy~. , 
, ,, r . 

cn:poBKH na MeHbllin:x, qeM'· r = 5' eM, pann:ycax, nanhneiimasr pa6oTa Bbi-
, • ,J ' :· 4 

nonnSinacb c CIICTeMoii, y ~oTopoii 1 paccToSian:e Me:>Kny cniipanhllbiMII llil!MMa-1 

. I ... ·. . ·- ·. 
MII B U~HTpe yMe~blli910 ll~ .2h11 = 2,3 CM (tpl!Bbl9 4 li 5). 3To. IT03BO~ 

nn:no CM9CTHTb MliHHManbHblfi pannyc, rne ljlnaTTepH8SI ljloKyCHpOBK8 llOCTll-• 
I ' " . . 

ra~T Tpe6yeMoii Benn:'I~Hbl . .!( r ·. =I 2,9 eM). CpaBnean:e na'lanhHoii n OK oil.:... 
j ' 

qaTenhnoii reoMeTpn:n: cncTeMbi naao iia pnc. 7 •• 
- ~ •, ' 

OcHOBHbJe H3MeH~HnSI:' cncTeM~I 3aKniO'Ianncb B cnenyiOII.leM': · 
j I 'I, i j 

l >; TiepBOHattanh~O .B~!6pa!IHbi1fi 3830p Me~ny Cnl!panbllblMH lUHMM8Mh,~ 

B ueHTp'e 2 h 1 ';= 4 'cMj•MeHbmen no sennttn:libi 2h 1 = 2,3 eM. -' 

2): llnsr KoMneacaun:n 'cpeanero rronSI · B 9Totl o6nacTn: yMeHbllieaa BbiCO-:-~ 
i ;' ' ' 

Tai ?nn:panhHbiX lliHMM H· yB~nn:qea 3830p Me:>Kny pTanbllbiMH·. lliiCKaM~ KpbtllieK 
\ ; ' 

K8M9pbl. 
• f :~ 

3) · YMeHbllieHIIe a!'-1nnn:Tynht ocHOBHoii rapMoHnKn na Kone'IHbiX pannycax,\' ~ 

no' Tpe6yeMbiX 3HB'I9H~ii 6~mo docTHrHyTo 38 C'lST H3Menei!HSI C pani!Y.CO~ 
h ~(r) ' cnnpanbHblX lliliMMi npii OllHOBpeMeHHOM npoql!lnllpOBBHllll h1 ( r) KOnb.;. 

f ' ' 

ueBbtX lliHMM nnSI q6ec~eqeHIISI Tpe6yeMoro cpeanero nam. 

'' 
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Pzc. 5. 0TKnoHeHHH cpenaero nons DT Tpe6yeMoro AnH psna xapaKTepahlx 
sKcrrepnMeHTOB. 

1!./41>1 
Ml 

/000 

500 

0 'Z{af/ 

l(I>'IJ 

. Puc. 6. 0TKnOHeHHSI 8MITnH.'~'Yllhl H ·clJaabi OCHOBHOft l"apMOHHKH OT Tp~6ye_MbiX 
3HaqeHHil ,nnR pHJl8 X8p8KTepHbiX SKCnepHMeHTOB. 

12 
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1: 
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4) ¢opMnpoBaHne cpe)laero rromr B o6nacnr cpeJlmrx 

ra~OCb IIyTeM. H3MeHeHIHI .. Yf:liOBOii IIpOTSDKeHHOCTH. CIIHpan: 

0KOH'l8Tenbl'IaSI KOHcpHrypaUHSI IIpHB9Jle,lla Ha pH~. 8, a a ( r 

cSI cnenyroiiiHM o6pasoM: 

a= 
1T 

6 
rrpn ( 

1T 2 -4 4 -6 
a=-+(r-20) • 8,182.10 + (r-20) 1,0891.10 -(r· 

6 ' 

rrpn 

a= 0,610865 + (r-30).1,7453 .10-
3 
••• 

a= 1L +(r-30) ·2,618 ~ 10 
6 

-2 4 

5) llnH cpopMHpOBaHHSI cpenHero IIOnSI Ha paJlHycaX 

Ha BbrcoTe crrnpanbHhiX IIIHMM. ycTaHoBneHa norronHHTenbHa~ 

Ma H <;:JlenaH Bb!p93 CO CTOpOHbl h I CIIHpanbHbiX IIIHMM. ( 

HaHny<IIIIHii pesynbTaT no MonenHpoBaHHIO MarHHTHor . ' 

"IP" rrpnBeneH Ha pHc. 9. 0TKrioaeane cpe!lHero 'rronSI · o 

rrpeBb!rllaeT :!:}0 9 1 a aMIInHTy)la "OCHOBHOii rapMOHHKH OTm 

Hoii He 6onee, qeM Ha 300 s. fpanneHT ¢asbt ocHoBHoii ·n 

Ha KOToporo B sHa'lHIDnbHoii · cTerreHH orrpenenHeT ycToiiq: 

qacTnu, oTnH<IaeTCSI oT Tpe6yeMoro He 6onee, qeM Ha ~(~ 

Ha pHc. 10 H 11 Hso6pa:lKeHbi aMrrnHTYllbi H ljlasbi 8-·il 

3TH rapMOHHKH eme BHOCSIT saMeTHbiii BKnaJl B <jloKyCHpyK 

pHaUHH rronH Ha JlBH.:lKeHHe qacTHU. Ha pHcyHKax rrpHBe)leHhl 
I ' • -

abi 1-ii, 2-ii H 3-ii rapMOHHK 1 xapaKTepH3YIOIIlHX TO'IHOC 

c6opKH H H3MepeHHii Ha MQ)lenH M8I'HHTH0ll CHCTeMbi. 

ra"pMOHIIK BO BCeM )lHaiia3oHe paJlHyCOB He rrpeBbiiiiaiOT Cnl 

H 1 ::; 30 a, H 2~ 50 a, H 3 ::; ; 36 a. nnSI ueHTP 
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4) ~opMHpoBaHHe cpeaHero nonH B o5nacTH cpeaHHX paarrycoB aocTH

ra~ocb IIyTeM H3M9HeHHH ·yr:noBOfi IIpOTH)I{9HHOCTH CIIHpanbHb!X Ill~MM a ( r). 

OKoHqaTenbfiaH KOH!j:mrypaUHH np!'IBeae,aa Ha pH~. 8, a a ( r) . npeacTaBnHeT

CH cnenyrolllHM o5paaoM: 

7T 
a= 

6 npii 0,86 :5 r :5 20 eM 

7T 2 -4 4 -6 6 -9 
a=-+(r-20) ·8,182.10 +(r-20) 1,0891-10 -(r-:-20) 5,4454-10. 

6 

npH 20 < r :S 30 CM, 

a =0,610865 + ( r-30) .1, 7453 .10 - 3 
••• 30 < r <· 40 CM 

a= .IL +(r-30) ·2,618 ~ 10.-2 

6 . . 40 <r< 57,5 CM 

5) llnH ¢opMHpoBaHIIH cpeaHero nonH ua paaiiycax r = 0 4 2 eM. 

Ha Bb!COTe CIIHpanbHbiX IllHMM ycTaHOBneHa aononHHTenbH8H KOnbUeBaH IllHM-, 

Ma H <;:aenaH Bb!p93 CO CTOpOHbl h I CIIHpanbHb!X Ill•RMM ( "8HTHIIlHMM8") • 

Harrnyqnmll: peaynhTaT no Moa~nHpoBaHHIO MarmiTHoro nonH ycTaHo~KH 

"~" npHBeaeH Ha puc. 9. 0TKnoHeHHe cpenHero nonH oT Tpe5yeMoro He 

npeBbiiDaeT :!:,70 8 1 a 8MIInHTyaa "OCHOBHOfi rapMOHIIKH OTnHq[leTCH OT aaaaH

HOll He 5onee, qeM Ha 300 8, fpanHeHT <fla3bl OCHOBHOfi rapMOHHKH 1 B9nHqH

H8 KOTOporo B 3HaqHTenbHOfi CTeneHH onpeaenHeT ycTofiqiii:iOCTb. aBH)I{eHIIH 
d¢ -

qacTIIU, oTnrrqaeTcH oT Tpe5yeMoro He 5onee, qeM Ha L'l. ( __ 4 ), 4, 6• Io-3..llill!.. 
dr · CM 

Ha puc. 10 II 11 Hao5pa*eHbi aMnnHTyahi H ¢aabi 8-ll: H 12-~ rapMOHIIK. 

3TH rapMOHHKH ellle BHOCHT 38MeTHbifi BKnan B QJOKycnpyiOIIl9e nefiCTBlle B8-

pli8UIIH, nonH Ha aBit)l{eH!Ie qacTnu. Ha pncyHKax npiiBeaeHbi aMrrniiTyabi u 4Ja

~br 1-fi, 2-ll: H 3-ll: rapMOHIIK 1 XapaKTepii3YIOIIlliX Toql!QCTb. H3rOTOBneH~H 1 
c5opKH H H3MepeHHH Ha MoaenH MarHHTHOH CHCTeMbi. AMIInHTyahi STIIX 

ra'pMOHHK BO BCeM )lH8II830He pa/l!IyCOB He IIpeBbllll8IOT cneayiOIIlHX 3HaqeHHfi! 

H 3 :S · 36 s. llnH ueHTpan'buoit o5nacTH 
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lf..=.!ht n n 
(paa) 

6 

20 
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....... -<.~.!. ~3.")! . 
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30 ~0 • 50 ?(Cf'l} 

Pnc, II, ¢>a3bi Bbtcwnx n nnawnx rapMOHI!K nomt. 

II, I 3 
1r !: 2,B.W- • ~ :::; 4,2.10-

3
, H -3 

_a < 3.10 • Ha peKoHCTpynpyeMoM ycKopnH -
Tcne rrpn TaKnx ~e peanhHo ocymecTBMMhtX norrycKax na n3roToBnenne ane

MeHTOB MarHHTHOH CHCT9Mhl1 ·KaK H Ha MOnEmn, O~HnaeTCSI rrpn6nn3HTenb

HO ITSITHKp8TH09 YM9Hbill9Hne aMrrnnTyn rapMOHMK OillH60K, B 9TOM cnyqae He 

B03HnKaeT neo6xonnMOCTH rronaBnennsr Hnamnx rapMoHnK MarnnTHoro rronsr. 

XapaKTep aaBncnMocTn cjlaa nuarnnx rapMOHIIK yKaahmaeT na rrpew6nanaromee 

Bnlls!HUe B03MYill9HIIM rronsr, Bbl3biBaeMblX H9TO'IHOCTSIMU H3rOTOBn9HHSI 1i c6op

KII crrnpanhHhiX rnnMM na Monenn. 

llnsr 6onee TO'!Horo KonnqecTBennoro anannaa coanannoro.MarnnTnoro 

rronsr orrpenensrncsr noKaaaTenh pocTa cpennero nonsr n no anannTnqecKnM 

Bblpa~eHHSIM Bbl'IHCnSinHCb 'IBCTOTbl CB060nHhiX pannanbHbiX ( Q r ) ll Bep

T,HKanbHbiX ( Q z ) KOne6aHIIM 'IBCTHU, i13M9H9HHSI 9TH X BenH'IHH B 38BHCH

MOCTH oT pannyca' rrpxmeneHhi na pnc. 12. Coanannoe cpennee none ynoa

neTaopsreT Tpe6oBainsrM, rrpen·hsrBnsreMhiM ¢a::ioBbiM' nan~ennsrM qacTnu, B 

16 

nnarraaone pannycoa 24-t51, 7 C¥• ( f.n 
n 

= 0,06' .. 0,10), 

o6nacTn f.H "' 70 a, 'ITO anaqnTenbHO BbiiUe norrycKa. B 1 

y'IHTbiBannch aKcnepnMeHTanbHhte senn'IHHhi . aMrrnnTyn n . . 

rapMOHHK aapnaunn rronsr. ITpn aToM nnsr anannaa coanannofi 

aanoch ·~pe6yeMoe cpen~ee none (Qz (HT) · , Qr (ii T) 

KpnBhte Q ( H ) , Q ( H ) 
z p r p Bhi'IHCnsrnncb nnsr SKCJ 

cpennero nonsr. tJacTOThi Q z (II T) n Q r ( ii T) acrony ynoane 

neHHhiM ycnosnsrM. Heo6xonnMasr sennqnna ¢naTTepno:fi ¢01 

cynnTh no anaqennro Q z ( H T), HMeeT MeCT0 1 H8'IHH8SI C 

= 2, 9 eM. ITpn r < r H cjloKycnpoBKa 6yneT ocymecTsnsrTbcs 

cpennero rronsr. tJacTOThi~ Q ( H ) , Q (H ) , onpenensreMJ 
Z D r D ,:· 

MeHTanbnoro cpennero nonsr, naxonsrTcsr B nonycKax B o6 

r = 24 -t 51,7 eM. B uenTpe Monenn qacTOThi Q (H 
z p 

BhiXonsrT na norrycTHMhiX · npenenos, onnaKo nocne TOHKofi F 

nero MarnnTnoro rronsr ycTofiqnsocTb nsn~ennsr · qacTuu 6yl 

Ornn6Ka B onpenenennn qacToT Q z n Q~ no ana 

pa~ennsrM ouennaanacb nyTeM HHTerpnpoaannsr ypasnennfi n 

PeaynhTBThi pac'!eToB npnaeneHhi na pnc. 13, na KoToporo 

qncnennsr no anannTnqecKHM Bbipa~ennsrM o6ecneqnaaiOT no' 

HOCTh npn npensapnTenbHOM anannae naMepennoro MarHHTH 

ITporpaMMa Bhi'!Hcnennfi .Ha 3BM 

Hn¢opMaunsr, nonyqennasr B peaynhTaTe MarnnTHhiX nat 

nenu,nanocnTcsr na 6yMa~HyiD nepcjlonenTy B anne·nsrTnanaqn~ 

BaHHhiX qncen c cjlnKcnpoaannofi aansrTofi. Ha nepcjlonenTe co. 

noaoK naMepenn:fi, aennqHHhl pannycos naMepennfi n noKaa 

aonhTMeTpa npn naMepenrin nanpsr~e~nsr c naT'lnKa Xonna. E 

c nep¢oneHThi B onepaTHBHYID naMsrTb 3BM CDC -1604A 1 

c noMomhlo nonnporpaMMhi READER , . nanncannofi na aaTc 

C rroMOillhiD rronrrporpaMMhi REMES , nanncannofi na FOI 

nnanpyeTcsr ssenennasr uncjlopMauusr c TO'IKH apennsr cnyqai 

rrep¢opauuu, Bht6pocoB naMepenufi n napyrneH:usr cjlopMhi rrpo6B 

17' 



50 'Z(Cf'f) 

ID!!IIK nom1, 

peK~HCTpynpyeMOM yCKOpH

:KaX na n3roroBnenne ane

o~nnaercsr npn6nnanrenb

oum6oK; B aroM cny'lae ne, 

3pMOHHK MaPHHTHOPO nonsr, 

aabmaer na npeo6nana10mee 

THMH 113POTOBneHHSI H c6op-

3a coanannoro Marnnrnoro 

nonsr n no anannrnqecKnM 

~nnanbllb!X ( Q r ) H Bep-

;I , 8TH X BeiiH'IHII B 3aBHCH

IHHOe cpennee none ynoB

IhiM nBn~eHJIHM qacTnu, B 

,_,. 

l 
I· 
I ,, 

-!' --

nnana3olle panHyCOB 24-t51, 7 C¥, ( ~~~ 
n 

.= 0,06~ -t 0,10). B ueaTpanbHOfi 

o6nacTn: ~ H "' 70 a, 'ITO 3Ha'IHTenhHO Bbillle nonycKa. B pac'I~Tax qacToT 

y'IHTbiBanHCb 8KCnepHMeHTailbllbie BeiiH'IHHbl aMniiHTyn H !jlas 4,8 H. 12-fi 

rapMOHHK Bapnaunn nonsr. fipn aToM nnsr anannaa cosnaHimfi Bapnaunn aana

Banocb Tpe6yeMoe cpen11ee none ( Q z ( H T) · , Q, (H T ) - KpHBhi~). 
KpHBbie Q z ( H P ) 1 Q r ( H P) Bbi'IHCmrnncb nmr aKcnepnMeliTanhlloro 

cpennero nom1. lfacToTbi Q z(II T) n Q , ( ii r) Bc10ny ynoBnerBopsriOT nocTaB

neHHbiM ycnoBHHM. Heo6xonnMasr Benn'IHHa ¢naTTepllofi ¢oKycn:poBKH1 ecnn: 

cynn:rh no slia'leHHIO Q z ( H T), nMeeT Mecro1 , Ha'lnnasr c pannyca r 
11 

= 219 eM, fipn: r < r
11 

if:loKycn:poBKa 6yneT ocymecTBiiSIThCSI sa cqer' cnana 

cpennero nonsr. lfacTOTbL Q ( H ) 1 Q (il ) 1 onpenensreMbie nnsr aKcnepn-
z D r D 

MeHTanhnoro cpennero nonsr, naxonsrTcsr B nonycKax B o6nacTn: pann:ycoB 

r = 24 -t 51,7 eM. B ueliTpe Monenn: qacTOThi Qz (UP)' n: 0. <iip) 
BhiXonsrr ns nonycTHMhiX npenenoB1 onllaKo nocne TonKofi KoppeKun:n: cpen

, 11ero Marnn:Tnoro nom1 ycrofi'IHBOCTb nBn~enn:sr qacTuu 6yneT o6ecneqeJia. 

Ollln6Ka B onpenenenn:n qacroT Q z no anamiTH'IeCKUM Bbi-

pa~eHHSIM OUeHHBailaCh nyTeM HliTerpHpOBaHHH ypaBHeliHfi nBH~eliUH 'laCTHU, 

PeaynhTaTbi pac'leToB npn:Benelibi na pnc. 131 n:a KOToporo Bn:nlio1 'ITO Bbi

'In:cnelin:sr no ananHTH'IeCKUM Bb!pa~eHHSIM o6ecne'IHBaiOT nocTaTO'IHYIO TO'I-:. 

HOCTb npn: npenBapn:TeilbHOM aJiaiiHSe HSMepeliliOPO MarHHTHOPO nOiiSI, 

fiporpaMMa Bbi'IHCileHH:ii Ha 8BM 

I11iif:lopMaun:SI1 nony'leliliasr B pesynhraTe Marnn:THbiX n:sMepeHHfi na Mo

nenn:1 nanocnTcSI na 6yMa~nyro nepif:lonenry B Bnne nHrnana'IHhiX nenopManHao

BaHlihiX 'lncen c if:ln:KcnpoBaliliOfi aansrTofi. Ha nepif:loneliTe conep~aTCR 3aro

iiOBOK liSMepeliH:ii1 Beill!'IHHbl pannycoB li3Mepelillfi II noKasaliHH un:if:lpoBOPO 

BOilhTMeTpa npn: n:sMepelirin: nanpSI~e~n:SI c nar'ln:Ka Xonna. BBon nnif:lopMaunn 

c nepif:loneliThi B onepaTHBHYIO naMSITh 8BM CDC -1604A ocyllleCTBnsreTCSI 

c noMOlllhiO nonnporpaMMhi READER , JianHcalinofi lia aBToKone CODAP- I. 

C noMolllhiO nonnporpaMMbi REMES , nanncanno:ii lia FORTRAN ..:..63 1 ana-
• 

iiHSHpyeTCH BBenelili8H Hliif:lopMaUHH C TO'IKU SpeHHSI CiiY'IBHHb!X c6oeB npU 

nepiflopaUHH1 Bbi6poCOB HSMepelillfi II HapyllleHIISI if:lopMbl npo6HBKII llliif:!OpMaUIIII 
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Q,(H~·t+-·-016. 

Q,(FI,) ! . i . '"'* I . 
·t ! . I 
-~--tto ~az 

Puc. 12. qacTDThl cao6o~HhlX xone6auuA ~acTun u oTHDCHTen&uoe DTKnoueuue 
.fiOK838Tens pOCTS c4lopMHpOB8HHOrO fiOnH. 

--IDS 

Puc. 13.•Cpaaueuue ~acTDT Q. u Q, , pacc~HTaauwx no auanHTH
qecKBM Bbipa>KeHRHM H HHTerpupoaaaRHM ypaeaeuuA naH>KeHHB. I - aHanBTB
treCKBe. BblpS)KeHHRf 2 - no ypaBHeHHHM llBHJK.eHBH. 
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l(CI'f} 

aa nep~oneaTe. B cnyqae o6aapy*eHHH ornn6oK nonnporJ 

COOTB9TCTBYlOUlYlO AHBrHOCTIIKY •. 

llporpaMMa 1, HanncaHHaH aa H3biKe Algol-60, C I 

posoqaofi Ta6rrHilbi naT"'IHKa Xonna onpenemieT-' naMepeHHbie 

AHT rapMOHH"'IeCKHfi aHarrH3 Ha K8*AOM pa):IHyce ):IITSI npenc~ 

B BHne: 

N 

H =H + k:, H k cos ( k cp -E\) '. 

rne ii .;. cpenHee none, H k aMnrrHTyna k -TOfi rapMOI 

k -Toil: rapMOHHKHo 

·nepepa6oTaH.IIaSI TaKHM o6paaoM HHijlopMailHSI aanHCbiBa 

HylO neHTY AITSI narrbHefirnero HCITOITb30BaHHSI. 

llporpaMMa II , HanHcaaHaSI Ha Algol-60, pacc"'lt!Tb 

nonSI 'oT aneMeHTOB, onpenenSIJOUlHX Manbie HaMeHeHHSI reoN. 

cHcTeMbi/10/. OnpeneneHHe cpenHero nonSI rrpoHaBOAHTCSI rr 

R 
H = 8M I k · h ( ') , 

17 

• :a-72 f [ /lH ( r' ) _ {3, (r' ) ] 2 r Q ~ (x J - h 1 (r') Q ' 
r RH k . . ~ 

..;7 

rne: . M - ITOCTOSIHHaSI HaMarHH"'I9HHOCTb 9IT9M9HTa1 { S 

Ha6nroneHHSI 1 { CM) 1 r' - paAHYC HCTO"'IHHKOB1 { CM) 1 h H ) 
I . 

HOe H MaKCHM8ITbHOe paCCTOSIHHSI OT MenHaHHOfi rrnoCKOCTH 

orpaHH"'IHB8lOUlHX aneMeHT ITO BepTHKanH1 { CM) 1 . fl H 1 fl k 

rpaHHilbi aneMeHTa, {pan), R H ,· R k. - pannanbHbie rp 

{ CM), Q_:Yz (X) - npOH3BOAH85I clflepH"'IeCKOfi !flyHKilHF. 

r2. + h 12 (r , ) + (r , )2 
pona oT apryMeHTa x 

1 
• Bbi"'I 

2rr' 

Q~~ npOHCXOAHT ITO 

19 



~~~: 

-t+-:-·-015 
) ! i . .., 
I . . I I . . I 
·-·-flO a2 

:TenbH09 - OTKnOH9HH8 

·--fD5 

:J:HHbiX no ananHTH

•HRst. ) - BHBnHTH-

l(Cif) 

aa nep~oneaTe. B cny~ae o6aapy*eHnH own6oK noanporpaMMa ne~aTaeT 

COOTBeT.CTBYIOlUYIO llH8rHOCTllKY • . 

flporpaMMa I, aanneaaaag aa H3biKe Algol- 60 , e noMOIUbiO rpanyn-

poaoqaofi Ta6nHUbi aaT'IHKa Xonna onpeaenHeT· H3MepeHHbie nonn n 'nponaao

llHT rapMOHH'IeeKnfi aaanna aa KB*llOM paanyee anH npeaeTaB~eHHH nonH II 

B BHae: 

N 

H =H + ~ H k cos ( k ¢ -E> k), 
k=~ 

( 2) 

rne ii - epenaee none, II k aMnnnTylla k -Toil rapMOHHKHI e k - !jlaaa 

k -Toft rapMOHHKH. 

'flepepa60T8H.H8H TBKHM o6pa30M HH!jJOpMBUHH aanUebiB8eTeH Ha MarHHT

HyiO neaTy anH aanbaefiwero nenonhaoaaHHH. 

flporpaMMa II 1 aanneaaaag aa Algol-60, paee'l'liTbiBaeT MarHHTHbie 

ITOnH ··aT aneMeHTOB, onpeaenHIOIUHX Manbie H3MeHeHHH reoMeTpHH MarHHTHOfi 

eneTeMbi/10/. Onpeneneane epeaaero nonH nponaBollHTeH no 

rae: M - noeTOHHHBH HaMarHU'IeHHOCTb aneMeHTa, 

aa6nroaeHHH, (eM) t r' - pallHYC HeTO'IHHKOB, (eM) t h
1 

(a) • 

n h 
2 

( 8) 

r - pannyc 

MHHHManb-

HOe H MBKCUManbHOe paeeTOHHHH OT M81lH8HHOfi nnoeKOCTH llO ITOBepXHOeTeil1 

orpaHH'IHBBIOIUHX aneMeHT no ,BepTHKanH 1 (eM) 1 . {3 H {3 k - 83HMyTanbHble 

rpaanUhi aneMeHTa, ( paa), R H , R k - paananbHbie rpaHUUbi aneMeHTa1 

(eM) I Q_:J.f (X) IlPOH3BOllHBH c~epnqecKoil ~YHKUHH ne*aaapa 2-ro 

pona OT apryMeaTa x 
1 

2 h 2 ( , ) . ( , )2 r.+ 1 r +r 
·----

2rr' 
Bbi'IHeneane aenH'IHHbi 

Q ,II 
-12 

npoHeXOilHT no 

19 
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... k lT 
Q ' ( x) = 0,5 -- E ( ""'2", k), 

-Yz - x-1 
·1· (4) 

rne 
k =v _2 ___ _ 

x+1 ,aE<+·~ - IIOnHhiH annHIITH'IeCKHH HHTerpan 

2-ro pona. 

AMrrnnTyna n ljlaaa 4-ii rapMOHHKH Bbt'lncmnoTcff no aaaqeaHHM ljlyphe

KOMrroaeaT 8TOH rapMOHHKH! 

{
A

4 1= .JM ~ 
B4 " r3i2 

Rk , 
f ~ [h

2
(r')Q;_..J. (x

2
)-h

1
(r')Q; _ _!_(x

1
)]x 

RHyr' 2 2 

__ sin.J [,BH(r ') +r/>0 ] +sin 4 [,Bk (r ') +rf> 
0

] 

{ 5) 
X 

cos 4 [ fl ( r') + ¢ ] - eos •I [ ,8 ( r ') +rf> ] 
, 1 · H • 0 k 0 

rne cp o - IIOCTOHHHhiH cnBHI' OTC'IeTa a3HMyTa, a BenH'IHHa Q ' I Bbl'IHC-
4--

nHeTCH no 

Q' (x) =0,1-x k I 4(32x 2 -l2)F (~.k)+ 
4-.!. . 2 

2 

+ [_x_ (27-32x2 
x-1 

+ 3 X: I (7 ~'32 X 
2 

) ] E ( ; • k) I. 

F(; ,k) - rronHhtii annnrrTn'lecKnii HHTerpan 1-ro pona. 

20 

2 

{ 6) 

.. 
Y'IHThtBatoTCH pacqeTHbte nom1 oT K -MallhiX aneMeH' 

MeHTanhHOM none, 3aMepeHHOM Ha Monenn Mfli'HHTHOH CHCTe 

IOTCH OTKnOHeHHH HOBhiX xapaKTepHCTIIK, nons OT Tpe6yE 

L\H =H -ii L\H =H -H 
8KC Tp 4 4 8KC 4 Tp 

L\¢ =.!_min[e- k-(-r-+¢ )+2rrj], 
k. k k N"- o -

j = 0,1,2 .... 

KpoMe aToro, Bhi'IHCnHeTcH aKBHBaneHTHoe L\ H
4 

, y'IHThiBato 

TanhHyto 3aBHCHMOCTh cp 
4 

(r ) ! 

L\H4 =L\11 4 -N"-H 4 [1-
aKs Tp 

8 
~ 

( 114 ) Tp __ _ 

- 2 2 . 

H Tp [ (Q z Tp) + n Tf: 
17 -nrp 

rne 

r dH 
n· ·= ---- ----

II dr. 

Q (r) - aanaaaaH aasncnMOCTh. 
ZTp -

Bbt<JncneHHH qacToT cao6onHhiX Kone6aanii _ BhmonHSito~ 

qecKHM Bbipa)KeHHSlM! -

Q _ 1 ..,. ck [ 2<- dek >2-< 1 
- -n + ~ - r -- --

z' k=4,8,122 dr k 2 -1-n 

1 k
2 

+--) + ---
.k2 k 2 -1-i 

21 



(4) 

annnnTnqecKnfi nnTerpan 

( 5) 

~n· li"liRa Q ' Bbl""C .,. 4-...!.. "'" -
2 

( 6) 

lo ' 

,, 
' 

YlJnThiBaiOTCSI paclJeTRhre nonSI oT K -ManhiX sneMeHTOB B sKcnepn

MenTanbHOM none, saMepenaoM na Mo.oenn MarairTnofi cncTeMbi,, n onpe.oenSI

IOTCSI OTKnoHeHHSI HOBbiX xapaKTepHCTHK, nonSI OT TpeoyeMbiX 3H8lJ9HHii:: 

118 =H -ii 
3KC Tp 

11H =H -H 
4 4 9KC 4 Tp 

1 r , 
11 ¢. =- min [ e - k ( -- + ¢ ) ± 2 17 j ], 

k· k k NA o ( 7) 

j ""0,1,2 .... 

KpoMe 9Tor:o, Bhi'IncnSieTCSI 9KBHBaneHTHoe 1111
4 

, y'IHTbiBaJOmee 9KcnepnMeH-

TanbHYIO 38BliCHMOCTb ¢
4 

&): .. 
8 

[1- --. 
17 -"Tp 

~ 

( II 4 ) d[11¢(r)] 
Tp___ ] ---- ' 

- 2 2 dr 
H Tp [ (Q z Tp J + n Tp ] 

r dll 
n =-----

H dr. 

Q (r) - 38.08HH8SI 38BIICliMOCTb. 
ZTp 

Bbi·lJncnennSI 'I8CTOT cao6o.OHbiX Kone6annfi .BbmonHSIIOTCSI no anannTII

lJecKnM BbipameHHSIM: 
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I 

i l . 
I . 

rlle 

.. 

·uk 
( k ,; ii ' 

d84 . 4 d 
-=-+4 [~ dr N,\ -;r;- ¢ 4 (r)], 

3 
Qr=l0+n)[I+ 8 < 

£4 r 

4 

d 84 2 ~ 
d r ) ] I · 

1,. 

( 10) 

: 

e 3THX ¢opMynax aenHlJHHbi H H n MoryT rrpHHHMBTb nn6o 

3KcnepnMeHTanbHbie, f!R6o Tpe6yeMbre aHatJeHRH. B orrRCbiBaeMofi nporpaMMe, 

noMHMo y)l{e nepeqncneHHhiX aennqna, onpellenHeTCH saaqeane 

n Tp 

llnH n · , BbilJHcneaaoro no H3Mepeaao~y cpeaaeMy nonro. 

3 a K n ro q e H n e 

B pa6oTe nano:>KeHbi peaynbTaTbi nccnelloBaHHH Ha Mo.r:~enn MarHRTHOfi 

CllCTeMbl c!JaaoTpOH8 C npOCTp8HCTBeHHOH B8pR8UHefi nong B M8CIIITa6e }: 5,22. 

B peaynbTaTe pactJeTOB n aKcnepuMeHTOB no ¢opMupoaaHRID aa.r:~aHHoro 

nong Hafi.QeHa KOHcfJRrypaURSl BCeX 3neMeHTOB MarHHTHOH CRCT8Mblo 0IIIR6Ka 

ccf!opMnpoaaaaoro cpellHero nonH cocTaBnHeT ;!:_70 3pcTe.Q npn .r:~onycTRMhiX 

oTICnoHeHRHX no aapnaunn ao aceM llRana3oHe pa.r:~nycoa. ¢opMIIpoaaaue cpe.Q

Hero nonH .[10 Tpe6yeMb!X llOnyCKOB 6ylleT OCyiiieCTBnSlTbCSl C noMombiD ane

~eHTOB ~OHKOH KOppeKUHR. 

A BTOpb! Bbipa:>KaiDT 6narollapHOCTb B. n.n:>Kenenoa:,:. B. n.nMHTpHeBCKOMY 

38 ITOCTOSlHHOe BHllM8HHe K pa6oTe 1 none3Hhl8 .QHCKYCCHH H 38M8lJ8HH~ 1 
' ' IO~H.lleHHCOBy, B.H.AHOCOBy, n.n.BacnneBCKOH, n.T.lliniiinHHHHKOBY 38 C03- . 

.r:~aHne n o6ecneqeH~e pa6o·rhr .aBTo~aTnaupoBaHHoro naMepuTenbHoro cTeHlla. 
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( 10) 

MOI'YT npHHHM8Tb nH6o 

onHCbiBaeMo!l: nporpaMMe, 

:reTCH 3H8'19ltlte 

.HeMy nonro, 

Hfl: Ha MonenH MBI'HHTHO!l: 

nomi B MacuiTa6e 1: 5,22.' 

~opMHpoBaHHlO 3anaHHOI'O 

IHTHO!l: CHCT9Mbi. 0um6Ka 

spcTen npH nonycTHMbiX 

'COB •.. ¢opMHpOB8HHe cpen;_' 

3nHTbCH . C llOMOlllblO sne-

IOB~, B.D • .UMHTpHeBcKoMy 

.HCKYCCHH It 38M9J.J:8HJtsi 1 

f ,IIJmumiHHHKOBY 3.8 C03-. 
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