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OHHAR XAPARTErnCTI!l{A PAEO'IU 

AA'l'Y:8711:,HOC'l'L Jl,B60'l'H. B 70-e ro,llll qJH3IIBa 811P.MCHTBPHHX t{8C'1'14U 

nocTamLIIa nepe.u YCKOpHT8JILHOtt T8XHHKOR 3a,wl1JY 3Ha'!HT8JIJ:>HOro 

yBelllI'ieHIDI HH'l'eHCHBHOCTH IlY'iKOB 'I8CTUU OT YCKOPHTerre:A Ha 8Hepr1rn .uo 

I reB - 003,IJ;IHHe Me80HHH:X 4Ja6p1m. Ha MHOI'l!X H3 CYIUCCTBYDlll!X qJ830Tpo

HOB r1pOBO,UH7111'.CJ:, H llpODO,llllTC.fl pa6oru llO yJJe/lHt{CHli'Kl HHTeHCHBHOCTH yc

KOp.HeMHX rlY'iKOB qac'l'HU, n TBKlKe IIO pacwnpeHIU) ,1Ui8rl830HB YCKOp.HeMHX 

HOHOB. 

B Jl!l6opuopHH .fl.IJ;epHl,IX npo6neM 06M,Il}lll8Hl!Oro llHCTHTYTB a.uepHHX 

HCC/le,IJ;OBIHHit B !96? r. 6H710 npe.unolKeHO npoBeCTH peKOHCTpyRQHIJ CHHXJ)O

UHR710TpOH!l OIDIH B <paso'l'pOH C npocTpBHCTBeHIIO!i BBpHBUHeff M!lrHH'l'Horo 

nom (<pasoTpoH OIDIH, ycTIHOBKB "~"}. Uenb_ pe1toHCTpyKUHH saKn1Jqanac1, 

B rlOllY'ieHl4H BHYTpeaaero llY'iKB YCKOpeHllllX npOTOHOB C HHTeHCHBHOCTJ:,IJ 

I0-50 MKA, B llOBHWCHHH ere KB'ieCTBa, a TBKlKe B paspa60'l'Ke CBCTeW 

BHBO.llB nytme c afxpeKTBBHOC'l'l,IJ 50-70%. 
HaCTOfmllJl ,rotccepTaUIIOHHBst p160Ta IIOCBHIIleHa BOllPOCBM (f)opMilpOBB

Hllll MBrIIllTHOrO [1011.fl !plBOTpOHB OIDIH. 011!1 .flBl!flCTC.fl 0606111eHHeM pa6o'l', 

BHll071HeHHHX no 8TOi1 npo611eMe B COOTBCTCTDHH C 11po611eMH0-'1'6Mft'1'Ht{eCKHM 

n Ill HOM 06'1.e.I(KlleHHoro HHCTH'l'YTB .11.ne;,HHX HCC/le,llOBftHl'lit. 

qe111:, pa6oTH COCT0.11118 B npore;uemrn KOMll/lCICCB pa6oT ITO pactieTy 

MBrHHTHOro rl071.fl !p830Tpona, B conepillCHCTBOBBHHH ll paapa60T!te M6TO,UIIK 

ipOpMHpOB8HIUl l.fflrHHTHHX r1011eti C r1pocrpa11cTBe1moli BBpHBUHe:A H 110/lYtie

HIU! Tpe6yeMHX xapllKTepHCTIIB M!ll'HHTHOro rlOriJI qJB30TpOHB OIDm. IlpH 8TOM 

pelllBDTC.fl c11e,IJ;Yt111He OCHOIJH!le 38,llBt{l!: 

I. Ha OCHOBBHflli Tpe60DBHH:A K· TO"lHOCTH t!JopM11ponamut MBI'IU!THOro 

IIOII.fl. qJB30Tpone onpe.nell.flllTC.fl Tpe60ll8HIIJI K Cl!CT8MaM H3Mepemrll Marmn

Horo rlOllfl, paspa6BTHBBIJTC.fl nporpaM!,111 ·ua BBM :UIIJI 8HB7IH8B pe3yllbTBTOB 

1'13:,rnpemu\ 11 Bll6opa 81JCMeHTOB WHMMl'!ponamm IlOIJJI, 

2. AHB711'!8HpyeTC.fl TOtIHOCTJ:, nsroTODIJeHl'!.fI MBI'IUITJ!Oli Cl'!C'l'eMl.l ql830-

TIJOH8, HB OCHOBe qero 38,llBOTC.fl TpeOOBBHl'!.fl K CHCT8M8 8lleMCJITOD WIIM

Ml'!pOBBHl-uI MBrHl'!THOl'O llOIJJI. 

ObbCibdttiHhltl EHcnrryT~I 
~~e~.m:u_ ._·r. utCj~AOBi.Ulml 

GMSflHtJTEHr"\ 
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3. OcymeCTBnJleTCH !pOpMHPOBBHlle MarHRTHOrO nonJl ~a80TPOHB C TO'IJ
HOCTbll, He06XO,n;RMOil ,I{nJl YCROP6Hlifi npOTOHOB .no ROHe'IJHOrO pa,lll{yca 6e8 
noTepb. Pa3pa6aTHB&1JTCll MeTO,ll,11 onpe,neneHM nono~eHM Me,lll{aHHOil no
BepXHOCTH cpe,IJ;Hero MBrHHTHOro IlOlill. 

Hay'IJHSJl HOBli8H8 pa60TH COCTOHT B cne~nueM: 
l. Ha OCHOBe ceTO'IJHOH MeTO,D;iiKH pac'IJeTa pa8pa6oTBHli Tpli pac'IJeT

H!le MO,Ue/1.H ,nnJl MBrHHTHOti Cl!.CTeMl,I yCTBHOBI{I!. "<l>", Il08BOllllDUHe npOBO
,UHTb OU6HKl4 B08MVlll8IDll1 MarmtTHOro IlOnH Bellll'IJIIHOH .no 100 M.T/1 C TO'IJ
HOCTE,ll 5-!0%. 

2. OcymeCTBneHB npBR'l'H'IJeCK.aH peaJIH881.UfJl ,Il.BYX MeTO,I{OB ll8Mepemm 
cpe,IUieil pB,Ili!B)IE,HOfi ROMIIOH8HTl1 MBrHHTHOro IlOJIH npH TO'IHOCTK 0,02 MTn. 

3. Pa3pa60TBHB MeTO,Qj,il{8 KOppeRUllH nono~eHlifi Me,ll,IBHHOtt noBepx
HOCTH MarHHTHoro noJISI (pB80TPOH8 OH.HM. 

4. P9a.ID180BBH M9TO,IJ; ll3Mepemm rapMOHliK ropli80HT8.lll,HWC · 
KOMIIOH9HT MaI'lillTHOrO nOJIH rrpH IIOMOIUH .n;aT'llfKOB XOJL/la C TO'l
HOCTE,ll (0,2-0,3) Mfll. 

IlpaKTlI'I8CKBfi geHHOCTE, pa6oru 
IlpoBe,neHHHe llCCJie,nOBBHI-Ut H 1popMHpOB8Hlie MarHl4THOro IlOJISI ~830-

TPOHB OIDili o6ecnetIRJlll ero Tpe6yeM!le xapaKTGpHCTRRH. <l>H3H'IeCKlill sa
ITYCK ll H8/18,IJ;KB CHCTeM ~830TpOHB TIOKBS&llH, 'ITO llHTeHCKBHOCTb BHYT
peirnero ycrrnpeHHOro IIY'IKB COCTBBWIOT ·-~l' 6 MKA, OTKJIOHeHHe ,U8HTPB 
YCKOpeHHOro ny'lKB OT cpe,IUiefi nllOCKOCTH YCKOpl'ITenLHOtt KBMOPH He 6onee 
l,5 CM, pasMep nytIKa B BepTHKBnE,HOM HanpaBneHIDi - (l-2) CM. (pH3Hqec
Klitt IlYCK YCKOpm.'e/lfl npo,neMOHCTpldpOBB/1 npll.BHJIE,HOCTb OCHOBlWX KOHUen
UHH, peanHSOBBHHllX npu: ~OpMHpOBBHHII ero JAanUITHoro nollll. 

Pac'leTJWe K 8KCnepKMeHTa/lE,HO-MeTO,n.HtIBCKH8 pesynbTBTH pa6om MO
ryT 6llTb HCnOnE,SOBIHH IIPH COS,n!lHllH MBrHHTf!HX none! Il)[K/lOTpOHOB K ~a
SOTpOHOB C npoCTPBHCTBeHHOH napHBUlleH, a TBKlle B .npyrHX OTpBC/lflX Ha
YKH, npHMeHJIDIUIX TeXHm<Y ~OpMllPOBBHHSI MBrHl!THHX nonett. 

Anpo6asw ll ey6mraagHH 
OcHOBHHe pesyllbT&Tl:l ,lll{CcepTBUKH ony6JIHKOBBHH B 14 p~6oTax, npH

Be.neHimX B cnHcKe /111Tepnypu, H ,IJ;OK/18,Jl;llBBJll!Cb HB BcecOll3HOM COBeUUl-'· 
Hl!K no YCKOPl!TellllM HOHOB HH3KHX ll cpe,nHHX &Reprint (KHeB, I98Ir.), 
Ylll BceCOllSHOM COBemaHHll no YCKOPHTe/lflM sapalleHHHX 'liCTKl.l (IlpOTBK
HO, l982r.), HB IX BcecoD3HOM COBemaHHK no YCKOPHT811JlM sapalleHHHX 
'IBCTHU (J]y6Ha, l984r.). 

CTpyuypa ,;gccepTBQUH 
Pa6oTa COCTOHT HS Bne.neHrut, Tpex rnaB H saKnll~eHJm; o6~eM -

145 CTp&HJm, 84 pacyHita, 17 Ta6n.HU, cnHCOK l!BTepaTypH H~CtmTHBBeT 
67 HBHMBHOBIHd. 
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CO,Il,EPlKAHHE P.ABOT!:l 

Bo BBe8eDK 0:POPMJIIJlpOBBHl,l nocTaHOBRB H BRTYBJIE,HOCTb sa,natm, 
uenb ]lHCC8pTRUIIH, O'l'Me'leHJI nay'!Hall HOBH3H8 H IlPBKTH'IeCKM neHHOCTb 
pa60TH. 

B rJIBBe l c,n;e.naH o6sop oco6eHHOCTCH ,nHH!lMWGt S8pslll8HHHX qac
Tlm ,nllll ~BSOTPOHB C npocTpaHCTBeHHOtt BBPHBUHell M!IIlillTHoro no71Jl~, KO
TOpoe llpH6/1KlleHHO MOlleT 6!lTb 38IDICBHO B C/18.n.Yilll8M BH,ne: 

B;s{"l, Y')= B;s ('l) + 8$.N{"t.} · ~OS (Ny,-¼). 

.Iv1fl YCTBHOBRH "<l>" Tpe6yeMHA SBKOH cpe,IJ;Hero MBrHHTHoro nO/lH BH6-

P•!!. B BH,ne s 9 10 

Bz (})=B0 exp(o,3S9J~0,83j &-2.,35"1 J + 1,Sf - o,025 J ) 
1 

r.ne Ba=l, l9Cia T11, { = J , 'l." =270 CM, N =4 - nepHO,I{lil'IHOCTl, CTPYKTYPll 
M&rHHTHoro nollfl, ti =15 ~M - pa,nia/lblWA mar CTPYKTypg. 

B rn■Be paccMOTpeHH oco6eHHOCTK ~BSOBOro' ,nBHll8HWI 'llCT.HU B yc
ROpJITene • .]CTRHOBne111 CMS!, Meamy napBMeTpOM K=I - ,:.n )2, r.ne 
l'l = i 'f :a' JI ,ttonycTnnam OTKJIOKeHwu.m cpe.ItHero MllI'HRTHOro nom H 

ero rpa,nHeHTa OT Tpe6yeMHX B9D'DIH. C,ne.Jl!lH 0630p TeoplW npoCTPIH
C'l'BeHHO! YCTOA'UIBOCTK ,nBXlleHIJ! 31pslll8HHHX 'lBCTmt (JIJUle!KIJI TeopM). 
MO,ll,11 TeOpliDl xcnOJlb30BllJIH .ltllll nonyqeKJUt .nonycKOB HI llMllllllTY.n.Y Bapaa
uu MII'!UITHOro nolll! A Bz1._npOK3BO.nHYll qiasH BIPKRUD L1 'fi!

1

f R rp•r
ena cpe.n;Hero no7lll L1 ~ ~15• PaCCMOTpeHRe pesoHBHCOB ~ =l, Q'l ~-2 
onpe.nelllleT ,nonycK Ha HH9lltle rapMOHXKK BepTKKB/lbHOA KOMilOHeHTH nollll 
( 8;u , Bz2). ,1lonycTKMHe IICKHeXJUI nonol'.eHM Me,ttHHHOI noBepnocm 
MlrmI'l'Horo n_g_JISI onpe,ne/lllllT ,nonyCRlil HB Be/lH'IHHll cpe,ItKeft pa,nHanbHOfl 
KOMIIOHenm .Bz x rapuonXK pl,1tll[allbHOA cocTBB7lfIDUei1 4:,- BH .n7lfl cpe.n
He! nnOCROCTK YCKOpHTenbKOA KBMepg. 

PaccMoTpeKH xe,umebHe peSOHIHCH!le ~eKm8 • HemmeAmdt peso
Hane 'leTBepTOI'O no.PH,1Uta B Q8RTJ)BJILHOf.t 30He YCKOpHTellll Ql ~ onpe.ne-

1 
JUleT .ttonycK HR IISMeHeime rpl,IUIBHTI ~891,1 OCHOBHOit rapMOHIDUI llOIISI .13 ~ .. 

PaCC'lliTaHJI DOJlJI ,nonyCKOB Ha xapaKTepRCTKKli MB.I'HKTHOro llOJlJI NlH 

Beel 0611aOTI pa60'DIX PIJlHYCOB YCKOPHTellH, npM BTOM BH,ltellllllfCJI SOH!l 
a1H6011ee aeoT!tllx ,nonycKOB: .nonycK na cpe,IJ;Hee MSI'HHTnoe none .nllll Bce2 
06111cm pa6o'Dlx pa,1tl(JcoB .4 B~ ~(l-l,5)_MTn, .nonycK Ha rpa,DlieKT cpe.n
aero IlOJISI B 30KB RORBtDUlX pl.ItJIYCOB 4 ;f .r~o.orn Tn/M, .ltOITYCR Ka l!.WIJDl-

i{ A.A.rusoB • .n;p. ATOMHM wepI'lm:, 27, BIDI.l, I969r., c.16. 
B.H.AKocoa 11 .n;p. OHHH, 9-8496,'· J:{y6Ha, 1974. 

8!3.Il • .ITl,mTpHeBcKd 11 .np. TpyJUl'Meir,ItyHapo.n;Hol KOHq>epeHUJII no fCKOPHTe
ruw: OIDIR, ,Ify611a, 1963 r., c.833. 

3 



TYM nepBott rapMOHHKH noM Bzi~(0,2-I) MTn, ,11onycK Ha cpe,ItHllD pa,ltl!

anl>HYll KOMIIOHBHTY IIOIDI Bz f(0,3-0,6) MTn. au ,I10IIYCKH Jll!HllRCb onpe

;neJlSlllllID,lll llPH BlipB60TKe Tpe60BBHIIH K CHC'l'8M8 ll TO'iHOC'l'll HSMepem 

pa811l{'IIHHX KOMIIOH8HT MBrHJITHOI'O IlOllll <tiasoTpOHa,_ K CHCT8M8 nporpawA 

,I1JUI aaaim:sa pe3yJlbT8TOB ll3MepeHtm·H K BH6opy 8JleM8HTOB lllllMMllpOBaHHJI 

ll011Ro 

Bo B'rOPOil I'/IBBB ,llHCCepTamrn npoBe,lleH 8H871H8 TO'lllOC'l'D: HSI'O'rOBJle

HKll M&rHH'rHO! cHCTew ~aSOTIJOHa Olliill, C({JopM,YID!poBaHH Tpe6oBaHWI R 

CHC'l'8M8 H3MepeHWI TOIIOI'paqJRH MaI'HllTHOro llOIISl 14 OllllCBHB CHCTSMR npor

PIMM Ha SR~ ,111.1/I 8HB7lli8S pesyJlb'l'B'l'OB llSMepeHm!: MBI'HKTHOI'O IIOIUI H BH-

6opa KOHQ1Hrypamm lilltMMllPYmtaX 9II8M8H'l'OB. 

119rnHTH08 none YCltOPR'l'BIUI C03J:(18'1'CS[ B sasope 91!8KTpOM!lrHHT8 

EI-Ii c ID-o6pasHHM MlrHHTonpoBOJ:lOM, J:(HaMeTp nontJCoB KOToporo coo-ra:a-

1111e-r 600 CM. B sasop 8JleK'rpoMBrHHT8 6 =I55 CM llOMell!lleTCH YCKOPHTeJI.&

HI.Jl Kru.rnpa, cxew ROTopol llOK838H8 Ha pllC .I • .lvuJ lllllMMRPOBllHWI MftrHll'l'

HOI'O ll011Sl B CHCTeMe npe]J.yCMOTpeHH 8JieMeHTH .5,?,8,9,IO,II. 

Plic. I. CxeMa MII'Hll'rHOI CHCTeMH 

YCTlllOBKH "~" • I- IIOllllC, 2-
BHeWHm!: )l;ICK, 3- BHJTpeHHd 

Jn{CK, -~- CIIllplJU,HH8, lllHMMH , ... 

5- KCHiteHTpRqecKne 06MOTKK, 

6- KllliHI,ll H sauem1, ?- C8K'l'OP

HH8 lllllMMH, 8- KOppeKTHpyDIUle 

llPYTKB, ~ 06MOTKK KOppeKUHR 

nepBo:l!: rapuomuw, IO- 60KOBHe 

HSKllBJtKJ[, II- ueH!paJlbHHe ceK

TOpHHe mm.lM!i, I2- pacKlllllllUllll>-

111ee YCTpO:l!:CTBO. 

AHa,ms TO'lllOCTR H3r0TOBJie-
,,,./, I • 
~ ~ ~ l . HM MllrHKTHO:lt CKCTSMH YCKOpHTe-

& / • ~ • 1lfl IIpOBO,llHJlCS[ nyTeM. pacqeTa B03-

_ ..f!:.._~-~ MYJilemrli MllI'lnITHOro nom IIPH IIO-

MOlllil .I1BYX MeTOJ:(OB: MBT0,118 pa:s

HOMBPHOI'O HaMBI'Hllql!BIHJIJl R MeT0,118 ceTOR. Ilep:BYI MeT0,11 liCllOJlb30BBllCS 

.ltJIJI oqeHKB B03MY1lt8Hd .M8I'HHTHOI'O nom OT Jl0K8Jll,HHX RCKBl:eHm!: reoMeT-

• po Marun:oA cac'l'e111. lwl noeyqeHKff B8Jll!l'l'.lDIH BOSM.Y11teiml MSI'HHTHoro 

nom OT ~OCTITO'fflO !IpO'l'RSeHHHX H CllOl:HHX ICK&SeH!d reo.MeTpU MIIIHHT

Hol CKCTe!.lil YCTIUlOJIKI "~". II '1'8Kllte J:(IUI yqen pas6poca MaI'HllTHllX :xa
pllK!BpHCTJIK M&TepKBJlOB BBTOPOM 6sna HCllOIIoSOBIHI Ce'l'O'IHM MeTo,nmca 
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pac'!eToB Ha ocHOBe CHCTSMH nporpaMM POISSON~. lfa-sa orpaHH'leH

Horo KO/W'l8CTB8 YSIIOB C8TKR ( ~I200) 6HJlli C03J:(8HH Tpld paC'l8'1'Hll8 MO

;nenH, K8lK,IllUI HS 'OTOP,HX IlOSBOJlSI/18 noeyqaTb pesyllb'l'BTl:l B BHJ:(8Jl8HHOil 

o6nac'l'H pactJeTa I,41. B ,1U1ccepTBUl'IH npHBe~eHo cpaBHeHHe pactJeTOB c 

9KCIIepMMeHTIJil,HW,IJ4 pesyJlbT&TBMH. TO'lllOCTo pactJeTa B03Mymeallll: MaI'HH'l'

HOro nolU! ;no ypoBH/1 IOO MTn npa noMouui·a'l'HX Mo~eneil cocTaBHIIa 5-IO%. 

PacqeTHHe MO,nenH H8 OCHOBe MSTO~a ceTOK 6HIIH TBKlK8 HCll07lb80B8Hli 

H8 BTane WHMMRpOBBHWI MBI'HRTHOI'O IIOJlll ,I1JUI IlOIIY'lBHIDI HI-q!OpMBLU!R O He

o6XO~HMHX HSMeHemmx B MBIHHTHOii CHCTeMe YCltapld'l'8Jlll. 

IlpH pactJeTe BOSMOlKH!,IX B03MymeHm!: MBrHHTHOI'O TIOIDI ({1830'l'poH/21 

6HIIld npoaH~IIH3HPOB8!W CIIe]J.ylI!IHe RX HC'l'OtJHllKH: 

I. HeToqHOCTb H3I'OTOBJl8HHSI H MOHTaim <t,eppOMBI'HHTHHX aneMeHTOB 

CUC'1'8MH. IlpHBOJ:(HTCfI mqopM!iUIUI no &Tott TO'IHOCTH. HaH60Jlbwyll Tpy,n

HOCTb BH8B8JIK H3I'OTOBJl8HHe H MOH'l'Bll CHCT8MH CllKPBIIbHHX UIHMM. Ha pnc.2 

npnBe;neHB 'lBCTb ,l18HHHX no TO'IHOC'l'H MOH'l'Bllll CTIHp81IbHHX WHMM. BH,ItHo, 

'ITO OHS COCTBBHU ~(0,5-!) MM. 

2. TeXHOllOI'HqecKH8 H3MeHeHHJI,BHecelUIHe B KOHCTPYKUHD MBI'HHTHO:lt 

CliCTeMH YCTIHOBKH "~" IIpK nepexo,11e OT MO,Il81Il4 9TO:ll CHCT8MY (MI:5,22). 

3. BJIHJmH8 pas!IM'll'I:ll M!lI'HHTHHX CBO:ltCTB MBTepHana sneMeH'l'OB MBr

HHTHO:ll CHCTeMH. Ha OCHOBBHIIH ,l11lHHHX no ll!Ml{tJ8CKOMy COC'l'BBY 88I'OTOBOK 

J:(llll MBI'HHTHO! CHCTeMH YCKOpHTBIJJI, nonyqeHHHX C 38BO,l18-HS_roTOBH'felUI, 

npH pac'leTe BBOJ:(HlfflCb HSMeHemm J:(llH KPRBOil 118MBI'lm'l8HHH. B(H),111U1 CTB

nn: npa HH}J,JKUHll 8 =I Tn - IO%, 8 =I,5 Tn - 3%, B =2 Tn - I%. 

tJ(MH) 
2 

1 - --
300 l 

t(••J- ~00 z 

o1~~:z::::=::zzti~½½'-;---~ 21,1(,v~), c? I I I ~mfZZZV///, 300 Z 

f · 200 
o ??:':-n°1 / ;zz zzu;, 300 '7 . ;,LLL..L2Lt.l/✓._"' ?J;JJ_ z ,~ <..,. 

I . + 

PHc.2. 0'l'KJIOHeHHe npoe~tm 

KOH'l'ypa BepX!rnx lllHMM OT KOH

(CMJ Typa Hl-tlllliHX. -o-o- BHyTpea

HHii KOHTYP, -x-x- HBpyl!HHil 

ROHTyp. 

(CH) 
CyMMHpOBBHli8 Bcex B03-

MOlKIWX B08!.\Vllt8HH:ll MII'HHTHOI'0 

llOIUI ~a30'l'POH8 TIOK8881IO, qTo 

(CM) OTKnOHBHKe cpe;nHeii B8pTH

K87lbHOii KOM110H8H'l'li IlOIUI OT 

(CM) Tpe6yeMOH Be)!!!'IlllIH MOllt8T 

,11ocT.i:ran .dB.?~30 MTn, 

_ nepBM rapMOHHKa - 8~73 MTn, 

cpe,llllml pa,mranbHIIJI KOMIIoHeHTa !lOIIJI Bt~ IO MTII. IIepBOHB'lBJlbHH8 mwe
peHWI Ml!I'IDITaoro noJUt <t,asoTpoHa npaKTHqecRH 11o~TBep,mt1IH 8TH pacqem. --- ---
~ C.E.Bopo~oB li .I1P• OIDIH, BI-II-I2070, .l{y6Ha, 19?8. 
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Ha OC)IOBe pacqeTB BOSMYmeHlrlt M!lffiHTHOro IlOllJI MBrHHTH!lJI CHCTeMa YCRO

PHTe/lll 6una CHB6llteHB ]lOII01lllRTe7U,HHMH TOROBHMI{ Ii cpepp0M3I'HHTHHMR ·WlfM

i..mpyD1!11MH sneMeUTBMH. 

.Il.anee BO BTopoa rnaBe ,na:ccepTaUmH paccMaTplillla~TCH Tpe60Ba1IBS1 K 

CRCT8M8 HSMepemm TOl10rpaqll1H MU'HHTHOro IlOllJI. Ha OCHOBe ]lBHHHX 110 ]l0-

11YCK8M HB napaMeTpll MBrHHTHoro Il07IJl'. YCTBHOBRH "~" 011pe,lle1IeHH Tpe6oBa

HH/I K TO'IHOCTH HSMepeHIUI Kallt]loro napaMeTpa •. STO 1108B07IH7IO YCTBHOBHTb 

C7le.llVDIIR8 Tpe60BBHM '.K TO'IHOCTH CHCTeM!l HSMepeHrur Il07IJl'.: TO'lliOCTl, yc

TBHOBKPI ]lBT'IlfRB 1107IJl'. 110 t, 'f,Z COOTBeTCTBeHHO 0,2 MM, 0,005°, l MM, 

11epeKOC ,Il8Tql{K8 B 117IOCKOCTH 'l. ''f He 6011ee 1° •· rrepeKOC HSMepHTenbHOH 

WTBHrH - 2·10 - 4 • YcTBHOB718H MHID!MB7lbHO H006XO]ll!Ml:ltt war HSMepeHWI 

Tonorprupirn no7IJl'. no pa,llnycy - 2, 5 cM. 

IlpH qJOpMHpOBallliH MarHHTHOrO nollJI cpasoTpOHB ]l7IJl'. HSMepemm KalK.I{OH 

TOnorpBqJHH no7IJl'. c~eM HHqJOpMBUIW npOBO,D,H71Cfi B cpe,llHeM B 3000 TO'!KBX. 

Jl7IJl'. nepepaOOTltli BToro 061.eMa ~OPM8Ul!K, pacqeTa xapBKT8piICTHK MBI'

HHTHOro noM H BH6opa llBpBMeTpOB B7IeMeHTOB rMl,tllpOBBHIDl 69718 paspa-
00T8H8 CHCT8MB, COCTOJimM HS II nporpa~IO Ha SBM. Bee rrporpaMM!l, 

sa 11cK11meHHeM nporpaMMbt CYCL OP$, paspa6oTaHH aaTopoM. lfaMepeHWI 

llOJU[ npoBO,D,HJmCl, B pEWiM8 OH-J!eJbl HJm cxp-.n:attH. B ]lHCC8PTaIUIB 

npHBO]lHTCH KpaTK08 OIIHcaHH8_ ~ H B03MOJKHOCT8tt K8llt,IJ;Ott nporpaMMhl. 

B TpeTbeA rnaBe ,D,HCCepTaUHH paCCIAOTpeHo WID.lMHpOBBHHe BepTHK87Ib

HOI H- pB,llH87lbHOil KOMIIOHBHT MBI'Hlii'Horo no/lll qJ880TpOH8 0Hffi1, BHB/lHBHPY

~TCJI MeTO,IUI HSMepeHlrlt ropHSOHTB7lLHHX KOM!lOHeHT no71R: Ii npHBO,D,IITCH xa~ 
P&KTepJICTHKH nytma yc1topeHHHX npoTOHOB. 

IlepBOHaqa111>HHe HSMepeHH!l MarHHTHoro ll071R: YCROpHTeiu/5/ ]l871Y cne-
c 

,lTJ'llllBe pesynI>TBTH: 

l. 0TK7IOHeHHe cpe,mtero MBrHHTHOro no71R: OT Tpe6yeMoro COCTBBH710 

30 Pll'n (pHc.3, RPHBEUI l). 

2. AMnnHTJ,IUI Ii c{!B3H '18TB8pToi1,BOCLMOtt H ,JI;B8Ha,Im!lTOi1 rapMOHHK TaKO

BH1 'ITO ,Il,7IH Tpe6yeMOi1 saBHCHMOCTH cpe,D,Hero IIOJIH o6ecrretmBallT ~OKYCH

POBKY qacTHU BO IlCBM ,IlHBIIBSOHe peOOqHX pa,D,HJCOB (pHc.4). 

3. AMn7IHTJ,IUI nepBoff Ii BTOpott rapMOHHK no71R: npeBHmam ,D,OllYCK B 

2-3 pasa, ,I(OCTHrBH B SOHe KOHeqHHx p8,D,HJCOB Be71HqHHH ~ 3 MTn. 

Jl7IR: q>OpMHPOBBHIDl MBrHHTHoro n07IJl'. B Tpe6yeMHx ,nony9RBX 6H7IH HC

no111,soBaHH ace BH,IUI mKMMHPYDUHX 8718MeHTO,. B ¥e1711,T8Te WHMMHPOBBHHH 

BepTHRB7lbHOi1 KOMIIOHBH'l'll MBrHHTHOro 1107IJl'. 6 , 7 • l YCTBHOBKI! "~" cpe,n

Hee none 6H7IO cc{lopMHpoaano C TO'IHOCTbD ;;tl,5 1i1'11 BO BCeM ,D,HanasoHe pa-

60tIIIX PB.D.HYCOB (pHC .3, RPHBM 6). AMn7IHTJ,IUI HHSWHX rapMOHHK CKOppeK

THpOBBHH ]lO B871Hqmrn:,He npeBHmBDUeff l MTn BO BCeM .D.HBnB30He paooqax 

pa.nuycoa YCROpHTellH. B 06110cm PB.JtHYCOB .:'.l'Z =(0-30) CM BM!llll'ITY,118 nep-

6 

;J 
:·1 

l:I 
iJ 
i 
i' 

~ 
~5 

11:'Q' .. 
PHc:3. 0TK7lOHeHHe cpe,n-

11\ f-::==,.._ ,
50 

,....-=::::::-, Ji Hero no7IJl'. oT TpeoyeMo

~11 '1 .21~00 21r z, 300 zrc"> ro Ha pasnnqHHx BTanax 

-to 

-2/} 

-;JO 

I 
lt1T.-IJ 
~I~ ~ C4 

cF1300 

-',Oj I I, 

30 

20 

10 

~ 

'8 

~ 
y ~ 

,<:I 

i".(cH) 

-aos 

WllMMHpOBBHHH IIOllJI: 

-- BRCnepHMe!IT' 

- - - pacqeT. 

Puc. 4. XapaRTepnc rnRH 

MarHHTHoro no7IJl'.: 

l,2,3 - BMIIllHTY,IU! tIBT

BepToit, BOCbMOit H ,D,De

HB,Il,IlBTOH rapMOHUR 1 

4 - OTR7lOIIeHHe cpasH 

qeTBepTOit rapMOHH!tH OT 

ocenofi 7IHHHH cnnpa111,

HOH lDHMMll. 

Pnc.5. XapaRTepHCTHltH 

cpe.zo-rea COCTBBllHDUett 

BCpTHR87lbHOfi KOMIIOHeH

TH M8I'HHTHOro IlOllH itia

SOTPOHB B ueHTpB7IbHOi1 

007IBCTH HB p837IH'IBHX 

~ >s~...... L..,,;;:/ , 1 , , 8Tanax wHMMKpOBBHM 

30 't (CM) no71R:. 

BOI rapMOHHRH OTmHMMHpOBBHa ,IlO BOllHqJdl{H (0,2-0,4) MTn. B ,D,HccepTBIUIH 

npHBO,D,IITCH nepaMeTpH fCTBHOB7leHHHX mHMMUpJllllHX aneMeHTOB. 

B U8HTpa111,aoa 067IBCTH ipasoTpOHa M8I'HHTHOe none ccpopMHpOBBHO B 

BllUle ,IlBfX BBPHBHTOB llOllH C 6BMIIOM npH B03MOl!HOCTH HSMeHeHIDI ero SM-
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ll,illTY.Jll:i (pnc.5, KPHBM 3)112•141• Ilo~o6paHa reoMeTprur QeHTpa YCKOpH
TeJlfl, ll03B07lllUllM llCll011b30BBTb BepTRKan~mm HOHHWI: llCTO'llUnt npn cox
paHeHRH BCex napaMeTpOB MarHftTHoro llOJlfl. O:popMRpOBaHHHii 6aMilOBl:liiiBa
pH8HT cpe~ero MllI'HHTHOro llOIUI o6ecne'll!BBeT BepTmtB~HYD ycToilqH.BOCTb 
~BH~BHM qacTmt ( Q~> 0¼ HBqHHruI C nepBoro 060pOTB YCKOpiieMoro ny'IRB 

(pmc.6,7). 

0.. 1oz 

a3lt3 

a.ztt.2 

,..-, 
/ ' 

o '1 Jt:-::'='a. ii1n ,M 200 250 l:. ta 

Ozt Oi 
o.2t 1,02 

0,H1,01 

Pll:c.6. 1IaCTOTH CB06o~
HHX 6eTaTpOHHHX K011e-
6aHHH. 1- 0:E, 2- Qt • 
-- nepBoHaqaru,Hrui: 
KOHlf)Hrypamui MBrHHTHOtt 
CHCTeMH, - - - nocne 
YCTBHOBKU WID.!MHPYKillliX 
sneMeHTOB. 

PHc.7. l!aCTOTH CBo6o~
HHX BepTHKBllb~X H pa
,IU!BllbHHX Kone6aHmi: B 
QeHTpBllbHOil 0611aCTH ~a
SOTPOHB ~JUl 6aMIIOBOro 
BBPHBHTB cpe~ero Mar
HHTHOro IIOIIJi. 

Ewm paCC'lliTaHH ll 
HSMepeHH ~OII01lltHTellbHHe 
xapBKTepHCTRKll IIOJIR: yc
KOPHTeJlfl,Heo6xo,mIM!ie 
:itJ11I onpe~eneHrur ycnoBRlt 
pa6om llOHHOro HCTO'IHK~ 

KB, pemeHIDI KOHCTPJKTHBHHX noripocoB,CBlt3BHHHX C onpe~eneHHeM YCHlllIH, 
~eitCTBYDllHX Ha 31l8M8HT!l YCKOPllT81lbHOH RBMepu, ll pB3M81116HHeM o6opy~o
BBH'Wl: CHCTSM!i Tp8HCllOpTHpOBKll BUBe~eHHoro llY'lltB. )lJIR: npe,llBapHTellbHO
ro,~6opn napaMeTpOB TPBKTB BKCH811bHOit HH~eroum IlY'lRB 6uno paCC'IHTa-
HO' H H8MepeHO MBI'HHTHOe none B~Ollb OCH BepTRKBllbHOro OTBepcTrur 
B M!I'HHTHOil CHCTeMe ~830TpOHa. 

. B ,IU!CCepTBQHK npoBe~eH BH8llU3 TO'IllOCTH HSM~eHr H OCYIIl8CTBll8HB 
npaKuqecRM peanHSaQWI .llBYX MeTO~OB .Ji3Mepemut • 9 cpe~ea COCTBB-
JlflUllefl pa,l1l!BllbHoi KOMIIOHeHTll IlOIIH ( 87. ) • .llllll nepBoro M8TO,Ita C liCilOllb
SOBBHHeM llH.IJYKQHOHHOit RBTYlUKU I!pOH3BO,IU!TCst 1rnuepemte paSHOCTH M8JB:,cy 

8 

l 

saaqeimmm cpe~elil COCTBB/lllUllett B6PTHKB1U,HOil ROMIIOHeHTH IlOJlfl (d Ba) 
~llll ,103yx IlllOCKOCTeil, O'?CTOSllIIHX OT_cpe~ea IlllOCltOCTH YCKOpHT811I,HOil 
HBMepu HB paccTOR:HHe ± a. Tor)f B'l. paccimTHBaeTCst no qiopMYJie 

B.JR)=-2~R f,18z('l)·'t·cl7. • 
0 -

)lJIR: &Toro cnoco6a Hs~epeHHst B't npoaHa11HaHpoBaHo BJIIDIHl!e Ha TO'I-
HOCTL HSMepeHM ~pea~a HYIDI 8118KTpOHHOro HHTerpaTopa TO'IHOCTR YCTB
HOBKR ,IUl'l''lllKB H KOop.iumaTHOro ycTpOJi1CTBa. CUCT8M8TU'l8CK~j,Wll6K8 H3-
MepeHd CBII3BHB C rpa.n;aeHTOM cpe~ero MarHHTHoro IlOllll ( d?:"' ) H HBK
IIOHOM ,Ita'l''ll!KB B pa,m!BllbHOM HBilpBBIIBJmH d~: 

I - dif r 
Oc (ABz) = 2a. di"~ 0~ 

CyMMBpHast TO'IHOC'l'b HSMepeHWI IIO STOMY MSTO,Izy° B D;9HTpaJII,Holil. 06-,; 
JIBCTli ycKOpliT9Jlst.i't=(0-50)· CM COCTBB1.Ul8TN ±0,05 M'l!II,B OCT8JU,HOtt 06.nao
TH pa6o<mx PMHYCOB - :tC0,2-0d) M'h. 

BTopoa MeTo~ 11SMepeH.W1 Bi. saKnnqaeTest B usMepemm cpe.nae:ro pa
,llHBllbHoro IlO'l'OKa HHJI.YKQHll MBrHll'l'ROro llOIDi npH llOMOIIIH KBTymKH'pa,n;ay"'." 
ca R • AHaima Olllll6oK HSM6Pi!_Hd ~IDI &Toro MeTo.na noKBSW!aeT 6onee 
BUCDKYD TOqHocu HSMepemm B'l. , KOTopai neimT B npe~enex ±0,Cla MT11. 

06a . MeTO,IUl HSMepeHl!.11 iJ,,_ 6sm I!CllQJ!I,30BBHY npu KOpperoum 
cpe~ei pa,JUia:,u,,olil. KOMllOH8HTH uanmmoro IlOJifl B QeHTpanI,HOJi1 o6d&C'l'Jt 

·qiasoTpoHa OIDIH 8 , I4/. IIepBoaaqannHOe saaqeHlle ii 'l.. ~ I, 5 MTn 6Yno 
oTmRMMHpOBBHO ~o Belllt'lHHU (0,2-0,3) MTn (pHc.B). )lJIR: umMMHpOBIHwt B'l. 
~ 
~ 

11:Q 
'1.0 

0,5 

PHc.B. Pa,mm~HBJI KOM-
llOHeHTa MaNHTKOro llOl!Jl 
B QeHTp&llbHOff o6nacTH 
YCKOpHTe/lll. I- nepBOHl
qa:rn,HYe HSMepeHU, 2-
HSMepeHIDI CKOppeKTJIJlO-

o ,-c '. ).p,' / ~ ,.c,,.,-. ,.;;::s.. B!_HHoro pacnpeJtenemm 
-:-..,.. Z(CH) B'l. , 3- pacqeTHoe pac-

-as 
60" X" 

npe,neneaue a~ . 

6ana BH,Iteneaa cpe.nwm 
-1,D p!,m!BllI,HBJl KOMIIOHBKTI 

IlOJlfl ~llJI paSJUAJIKX KeppeRTJPYDnltX eneueK'l'OB C TO'lHOCTbD He :x.vxe 
0,02 MT1 (pHc .9). Dln!MllpeB11U1e OCY111eCD11IUocL nyTeM nepepacnpe.nen&
HM yxe YCTIHOBJ!emmx DleMeHTOB H JC'l'IUIOBKH Jt0Il07IHRT811bHHX. 

. llpo:ae~e!lt IICC116~0BIKl:8 II KCIIOll30Bll . MeTO,It. HSMepe,ma I'l,IMO

Hmt ropKSOHTalU,JIYX KOMIIOHeHT MBIGTJtoro OOJIII npz IlOMOlllH .JtBT'q)[KH 
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~ 
~ 
~ 
"" 1.0 

0,5 

~ 
B 
N 

20 

P1m • 9 • Pa,lOI&nLHasJ ,. ROM
Il OHeHTB MBI'JmTHoro no
llll IIIRMMHpy llllll:X cpeppo
MllI'RKTHHX eneMeHTOB. 
I- ROJThIWBSSI DmMMB, 

2-5 CeKTOpHHe IlpJTKK, 
6, 7- CeKTOpHHe llrnMMH. 

0 I ' '7: t ~ ?---f ---=t:::-:-, '-<> ,I/,.. 1-S: Xonna,aecTKo copzeHTH
poBammx B pa,lJ;l!anLHOM 
llllll &3Ilt.\YT8IILHOM HanpaB
neHWIX Ha R3MepRTenL
HOtt mTaHre • .AHams omn-
6oR RSMepeaitH,CBllSBHHWC 
e) C HeTO'IHOCTLD opKeH

-o.s -10 
o5 

-1,0 """"7 -20 

TaD;HH ~aTtmRa, 6) C nnaH&pHHM sqxpeRTOM,IlORBSBn, qTo TO'IHOCTL K8Mepe
HM ~7111 8TOro MeTo~a COCTBl371ReT (0,2-0,3) MTn. 

IlpoBe~eHH ll3Mepemm rapMOKHK p&,11;1!811.E,HOff K B3J!MYTBnLHOff ROMIIOH8HT 
MaI'lmTHOro IlOJIR ~aSOTpOHR. BenK'fflHa rapMOHllK ropHSOHTBnLHHX ICOM-
ITOH8HT"ITOll/I ae rrpeBHmaeT 1,5 MTn. Pacqem noxasana, qTo MRRCIDAanLHHH 
BRna.n B rapMO!ffl.KR BHHJll!,lteHHHX BepTHRB11.E,HHX xone6BHmi op6nT 88p!iEeH
HHX qacTHII; .naeT nepBasI rapMOHRRa pl,lOIBnLHOR KOlffiOHeHTH Il01lll B SOHe 
K8H8'1HHX p8Jn{JCOB,K OH COCTBBlllieT He 6onee I,5 MM. 

~ 
~ 
c:: 

N 
l'Hc~IO. OTRnoaene 
QeHTPI ycxopexHoro 

I~ "l'SKB OT cp .... el 
0 j\ 100 200 nnooKOOTJI: YCROPRT811.E,-
~ ' ' ~ ''Uc;/ aoa K&Mepu. -1 

-2 

Hccne~oBaane n1p1MeTpoB ycxopeHaorc ny'tlKa npa cpaSKqecKOM nycxe 
H Hln8,10te CKCTeM <pBSOTpOHI mum IlOKBSano Heo6XO)t!WOe COOTl38TCTBHe 
XIPIKTepncT:mt c<popMXpOBBHKOro MII'HBTHoro n01111 YCKopnTellll YCT8HOBneH
JUDI ~m Hero Tpe6oBBHltflM. B I985r. 6HJIH nonyqem.1 cne.D;JDIUle napaMeTpH 
~•scTpeHa: npl! BenmtDIRe yoxep,11111ero Hanpgaeinm Ha .nyaaTe ~ =(30-35) 
RB a qaoTeTe IlOBTepeHHlt JIMIIJILCOB /,,, =200 In llHTeHOll&OCTL BHYTpeH
Hero nytma OOCTBBKna ~ r. 6 MKA, OTKJICKene QeHTpB ycxcpeRHOI'O IJY'llKB 

OT cpe.JlRel IllOCKOCTH YCKOPHT811.E,HOI KBMepH He 6onee 1,5 CM (pnc.10), 
pasMep nyqxa B BepTmtBnLHCM HanpaEneHim - (I-2) cu. 
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B 3BKlltJ•JeHl1JII ,llHCCepT8Ulfit ctllopuyn11pOBSHH OCHOBHble peayJILTBThl, no
llytieHHHe B pa6oTe: 

I. Coa~HO K onpo60BBHO MBfflliTHoe none C npocTpaHCTBeHHOll oop11-
81lHBil ,n7UI <pB80TpOH8 Ha 8Hepnrn 680 MaB, HMeltlilee YHl1K8nLHHe napeMeTpll 
,nlllI YCKOPHTeneil TBROro THTIB. 

2. QpopMynHpOBBHH .n;onyc:iw: Ha TOtIHOCTL (l)OpMHponam!ll: pa8JIU'!HHX 
xapBRTepHCTHK MarHIITHOro noJUI. Onpe.nenem,t MlillllMBllLHHe 3Haqemur .no
nyCKOB E UeHTpanLHOil o6JiaCTH 11 B aoHe pa,IU'lyCOB EHBO,na nyqKa YCKOpH
TBIDI. 

3. HCilOJll,30:saHa C8TO'lHaJI M8To~a pactieTa MaI'HllTmlX ITOJI8H 

,rr,mr nOJJY'lBHWI .n;awmx: no B08M;yllt8HWIM MaI'H.llTHoro no.,m as-aa 

Ollil160K B H3rOTOBneHHH 8JieMeHTOB MarHllTHOll CllCT8Mhl ~aaoTpOHa ll .llllll 
pactieTa IlOlleil IIIRMMHPYlllllfX .BlleMeHTOB. 

4. IIonyqem,t ~HHHe O TOtn!OCTH 1rnr0Tonnemm MBI'HlfTHOH CliCTeMlil 
.VCKOplf'reJIR II npoBe.neH HX aHam-rn, I103BOBHBlllHll onpe,IIeJIHTL B03MOllCHH8 
B03MymeHl-UI _MBI'HKTHoro IlOJIR. PeayJILTaTbl BHBlllf3B B03MymeH1rli Il03BOllHllH 
3B,ll8Tb Ha6op IIIHMMHPYlllllHX aneMeHTOB, Heo6X0,1J;l!MhIX .ll)Ul ITOllYtIBHIDl C HYl!t
HOH CTeneHLD TOtn!OCTH xapaKTepHCTliK MBI'HHTHOro ITOltlI (pB30TpOHa. 

5. Paspa6oTaH KOMIInexc nporpaMM Ha SBJ-.1, o6ecrretIRBBIOOlliX npoBe.nettne 
MBrHllTHHX KSMepeHlill: B pasn11qHHX pelltMMBX, BHan113 peayJILTaTOB H3Mepe-

•. "'Hlill 11 BH60p napaMeTpOB llilll\/11,rn:pyKll!llX 8llBMBHTOB. 
6. OcymecTBneHa paapa6oTxa MeTo~liK K3Mepett1m ope.II.Heil pa.IJ.l{anEHOtt 

KOMIIOHBHTH MllrHYTHOro IlOJIR YCI<Opli'l'Bllll. IlpoBe,lleHH ,!3Mepemm rapMOHliK 
rop11aOHT8nLHHX lCOMIIOHBHT no JUI .IIpoaHSJmS.HpOBaHa TO'll!OCTl> M8TO,ItOB li3MB:
pe;imil ropH80HT8.l[LHHX ROMIIOH8HT Mal'H.llTHOro no.,m. 

7. PeanK30BBHO tpOpMHpOBBHl!e llBpTHKanLHOll KOMITOHBHTH MBI'HliTHoro 
IlO/lSI ~BSOTpOHB 11·npoBe~eHa ROppeKQWI nono11teH1IJI Me,IU!'.SHHOtt IIOBepXHOCTll 
ITOJIJI. IlpH &TOM X8p8RT8PHC'l'lli<H MBrHHTHOro IlOJUI nony'leHH B rpaHKQaX 
,llOIIJCROB. 

8. HsMepeHHe xapaxrepHCTHK YCKOpeHHOro nytIK8 rrpH ~HSHqecROM 
rrycRe ~8SOTPOH8 OIDilf Ha SHeprHD 680 MsB IlORaaano, 'ITO nonytieHHOe 
MBrHJa:THOe none ·o6ecnetIHBaeT Heo6xo.nHMoe xaqecTBO ny'llrn ycxopemrax 
rrpOTOHOB •. 
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