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B OC.IIOBy .QHccepTaUHH nernH .118KOTOphle H3 9KCnepHMeaTanh.HhIX pa6oT, BbI

nonaeHHhIX aa cuaxpocpas0Tpo.11e na6opaTQpHH BhICOKHX eaeprHl! 06~e.nHaeaaoro Hac-

THTyTa H,nepHhIX Hccne.noBSHHll C Y'l8CTH8M aBTopa rpynnon, pyKOBOAHTeneM KOTopol! 

HBnHnCH 8BTOp. 3TO onh!Thl no H3MepeHHIO nonHhIX C8'10HHll B38HMOA8l!CTBHH ,,- -

M830HOB C npoTOHaMH ut (rr- p ) , 11snolK8HHbl8 BO BTopon '18CTH .QHccepTaUHH, H 

onh!Tbl no usMepea.1110 .n.11clicpepeauuanhHhIX ceqeaHll ynpyroro pacceHHHH aasa.n tr+ -

M830HOB aa npoToaax, usnolK8HHhI8 B TpeThel! '18CTU. 

TTpu nocTSHOBKe H npoBe.QeHHH STHX onhITOB Mbl CTpeMHnHCb nonyqaTb T0'1Hbl8 

KOnH'l8CTBeHHhI8 A8HHbl8 0 BenH'IHHSX, HBnHIOIIIHXCH cymecTBeHHblMH xapaKTepHCTH

KSMH nuoa-HyKnoaaoro B38HMO.QeltcT~HH, H HX aaepreTH'18CKOll 38BHCHMOCTH. 3To 

nosBommo ycTaHOBHTb PHA K8'18CTB8HHblX oco6eHHOCTelt Hccne.nyeMblX npoueccoB. 

TTo,npo6aoe onncaaue .11cnonb30BSHHOl! SKcnepnMeHTanhHoll annapaTypbl B AHC

cepTauuu .He npHBOAHTCH, B nepBoll 'ISCTH ,nuccepTauuu usnaraIOTCH H8KOTOpb18 Me

TOJlUqec~ue paapa6oTKH ( nepBbie noporOBble II JlH<pcpepeauuanbHblll ra30Bbl~ qepeHKOB

CKHe C'leT'IHKH, a TSKJKe HeKOTOpb!e pa60Tbl no HCKpOBb!M KSMepaM). 

B .nuccepTSIIHIO BKnIO'!eHbl TSKJKe H8KOTOpble H3 pa6oT aBTOpa, He CBlI38HHble 

C Ollb!T8MH Ha cuaxpocpa30TpoHe. B O)lHOl! H3 STHX pa6oT 6bmo, noKaaaao H8nl!'IH8 

cpeaoMeaonoruqecKoll CBH3H Me)K,ny 38BHCHMOCTHMH OT aaeprHH nonHblX ceqeann 

B381IMOJlellcTDHH H HSKnoaa nucppaKUHOHHblX KpHBblX • .llpyraH pa6oTa conepJKana 38Me

'18HHH no ITOBOAY ncnonh30B8HIIH Monenu KBSpKoBoro 06Meaa .!lmI o6~lICH8HIIH nHKOB 

B pacceHHHII aaaan,u npl!M8H8HII8 K 3TOMY npoueccy rnnoTe3bl 8Jl)ll!THBHOCTII KB8pK

KB8pKOBb!X aMnnnTyJl. 3TII pa60Tbl 1!3nOlK8Hbl npu o6cyJK.Qeanu 3KCIICpHM8HTanhHb!X 

peaynhTSTOB COOTB8TCTB8HHO BO BTOpon U Tp8Tbel! 'ISCTHX nuccepTaIIHH. B .[lHCCep

TSIIUH npuBe)leHbl TaKJKO' pesy'nbTSTbl H8KOTOPblX pa6oT 8BTopa, 6ea nonpo6.11oro H3-,. 
noJKeHl!lI CSMHX pa6oT. 3To 38M8'18HHe O KBSHTOBb!X 'IHcnax y I ( 1385)' B KOTO-
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poM yKS3bIBanocb, 'ITO, HCXO.IUI H3 'coBOKynHOCTll SKCnepHMeHTanbHblX .[laHHblXJ 

. + -
8TOMY peaoHaHcy.cne.[lyeT npn:nncaTb CilHH-'leTHOCTb 3/2, a ne 1/2, KSK STO 

6blnO c.[lenano B HeKOTOPblX_pa6oTax; ycTanoanenne SMilllpll'leCKHX 3SKOHOMepHOC

Ten, KSCSIOIUHXCH MSCC ll KBSBTOBblX 'lHCen rnnepOHBblX peaoaancoB co CTpan

BOCTblO s - - 1, a TSKlKe peaynbTaTbl BblilOilHeBHOro COBMeCTBO C rpynnon COT-

py.llHHKOB ll3MepeHHH .l(OilH SHTHnpOTOHOB B ny'lKSX 

TpOBL 

rr -MeaoHoB oT cnnxpo«jlaao-

npn o6cy)K.[l~Hllll axcnepnMeBTSilbBblX peaynbTaTOB B rnaaelll BTOpolt 'lSCTH 

n a § 3 rnaBbl II n !I S rnaBbI III TpeTbelt 'lSCTH .llHccepTaunn upnae.lleno co-

nocTaBnenne uony'l9.BBblX .l(SHHb!X .c B8KOT0pb!Mll cne.l(CTBHH~ll ll3 TeopeTH'l8CKHX 

H MO.llenbBblX npe.l(CTaBnennlt, OTHOCRIUHXC~ K CHilbHblM B3SHMO.[leitcTBHHM. 

B .llHCcepTaUHH. H3IlOlK8Hbl pa60Tbl, BbIIIOllHHBmnecH B, Te'lenne PH.Ila neT. 

nonblTKa BMec_THTb HX B paMKH- O.llBOlt .llll;CC0pTaUHH B8H360lKHO CBH3aHa C cy

mecTBeHHblMH '.I'.PY.llHOCTHMH BCne.llCTBHe He06blKHOBeHHO. 6b!CTporo pa3BHTHH 8KC

nepHMeHTSnbHO_lt, a TSKlKe H TeopeTH'leCKOlt «jlnaHKH aneMeBTSpHblX 'laCTHU. 

I • 

1. PaaneneHne no CKOpOCTSIM 6bICTpb!X aapSilKeHHblX 'laCTllll ( fJ "' 1) 'lepeH

KOBCKHMH C'leT'lllKaMH, ncnOilb3YIOlllllMH ~aBHCHMOCTb nopora Hilll yrna qepeHK~B~ 

CKOI'O nany'leHHSI OT CKOpOCTH qaCTllll, B03MOJKHO TOilbKO B TOM cnyqae, ecnn noxa~ 

aaTenb npenoMneHHH cpe.llbl n 6nH30K K 8.llllHHUe. OTOMy ycnoBHIO Y.llOBneTBOpH-

!OT TOilbKO raaOBbl8 CP8.llbl. noaTOMY C caMoro Ha'lana no.llrOTOBKll onb!TOB Ha nyq

KSX CHHxpo«jlaaoTpOHa, B 1956 rony, Mb! Ha'lann paapa6aTblBSTb ra30Bbl8 qepeHKOB

CKHe C'l8T'IllKH. 

Cnepaa 6bmo npoaeneao accnenoBa·ane pa60Tb1· rioporoaoro raaoBoro qepea

KOBCKoro C'I8T'IHKS ( nf4C) HS MaKeTe ( C'I8T'IHK Cl). liaMepeHIISI CO C'IeT'lllKOM 

cl npoH3BO.llHilllCb Ha CllHXpOUllKilOTpoHe ·OH.HH B nyqKe ,r+ -M830HOB C saeprnei! 

300 Mas. 3aTeM 6hm paspa6oTaH nr4C c cymecTBeHHO ny'llllHM Kos«jl«jlnuneHTOM 

caeToc6opa, ( C'leT'lllK c
2
), B KOTopoM qepeHKOBCKoe nanyqeane co6npanocb Ha 

«jloTOyMHOJKHTenb, paaMemeHHblll BHe ny'IKS 'ISCTHU, C noMombIO HaKnOHHOro napa-

6onH'IeCKoro aepKana. C'IeT'IHK c
2

, KaK n ace nocneny10mne C'IeT'lllKH, ncnbITb!

BancH Ha ny'IKSX CllHXpo«jlaaoTpOHa. B nr4C cs ncnonb30Banocb HSKnOHH00 c<pe-
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pn'leCKOe aepKano H 6blna cymeCTB8HHO yny'llll8Ha KOHCTpyKUHH. B peaynbTSTe HC

cne.lloBSHHH pa60Tbl STHX C'l8T'lHKOB 6blna noKa3aHa B03MOlKHOCTb HCilOilb30BSHHH 

nr4c .llilSI Bbl.lleneHHH c xopomelt s«jlcpeKTHBHOCTblO pe.llKHX 'lSCTHU aa 6onblll0M «jloae 

.llpyrHX 'ISCTHU (aanpHMep, fT -Me30HOB na «jloHe npOTOHOB H µ -Me30HOB na 

«jloae IT -M830HOB H npOTOHOB) • Eb!nO IlOKS38HO, 'ITO OCHOBHblM HCTO'IBHKOM npH-

C'I8Ta 'lSCTHU HHlK8 nopora HX perncTpaunn SIBilll8TCll C'l8T . . 8 -aneKTpOHOB n npen-

IlOlK8BO HCnOilb30BSBHe .llilll aanonHeHHll ra3>Bb!X qepeHKOBCKHX C'leT'IHKOB raaoB C 

MaKCHM8IlbHblM 388'18BH8M pe«jlpaKnHH R , .ll8!01UHX HSHM8BblllYIO nnoTBOCTb npn 38.llSBBOli 

B8IlH'IHRe n • 

Eb!n paapa6oTaH n npnMeaea MeTO.ll TO'IRoro onpe.lleneHHH nMnynbca 'l8CTHU 

ny'IKS Po no KpHBOli 3SBHCHMOCTH s«jJ«jleKTHBHOCTH nf4C( E OT ··.llaaneHnn raaa 

' B C'18T'IHKSX. npn He6onblllHX naBneHHllX ll nnOTHOCTllX BenH'lllHS fn ( 1 - E ) nn-
HeilHo aaBHCHT OT .llSBil8HHH. nnaeltHolt SKCTpanoµHUHefi fn ( 1 - E ) It Hyn10 aaxo-

.llHTCll noporoaoe naaneane, a no HeMy onpenenHeTcH noporoaoe aHa'IeHne 
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rne M -Macca 'laCTHU, per11cTp11pyeMblX C'l8T'IHKOM. 

Hccne.llOBSHHe n paspa6oTKS nr4C 6btnll nepBb!Mll pa60TSMH B STOM Hanpal'i

neHHH B CoaeTCKOM Col03e. npoBe.1(8HHbl0 ·nccne.llOBSHHH pa60Tbl Ilf4C nernH 

B OCHOBY paapa60TKH .llSilbHeltmnx noporOBblX r'830BblX qepeHKOBCKHX C'l8T'IHKOB, 

ncnonb30BSHHblX B onb!TSX HS CllHxpo«jlaaoTpOH0. B STHX .llSllbH'ei\lUHX paapa6oTKSX . 

6bma TSKlK8 coxpaHeHa OCHOBHSll xapaKT8pHall oco6eHHOCTb C'leT'IHKa Cs- npn

MeHeHne HSKilOHHOro c«jlepll'18CKOro 30pKana .llilH coonpaHHH '10p0HKOBCKOro 

ll3IlY'10Hllll HS <1>3Y. · 

2. C YM8Hb!UOHH8M yrna 0 yny'llll80TCH paapellleHne qepeHKOBCKOro 

C'l9T'IHK8 no CKOpOCTHM. ~ = tg 0 d0 = ( n 2 fJ 2 -1) ~ d 0 • HO yMeHbmaeTCll 

HHTOHCHBHOCTh nsnyqeHHH, nponopunoaanbHaH sin 
2 

0 noaToMy npn paapaooT-

11:e nn«jJ«jlepeaunanbHoro raaoaoro qepeHKOBCKoro C'IBT'IHKa (.Llf4C) nonlKeH ob!Tb 

BbI6paH onTHM8IlbHblli yron 0, 

OnTH'IeCKSll CHCT0MS C «jloKyCHb!M paCCTOHHHeM co6npaeT '10p0HKOBCK00 

nanyqeane npoaHannanpoBaHHOI'O no HMnynbcy IIY'IKa, COCTOHWero ll3 'laCTHU pa3Hb!X 
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Mace, B Pllll KOHU0HTpH't0CKHX Konen C PBllHYCBMH r I = f lg () I ( 01 -yron qe-

peHKOBCKOI'O H3ny'teHHH 'IBCTHU MBCCbI M I ) H. WHpHHBMH tJ. () I 

.Paa)leneHne IIO MBCCBM 'IBCTHU B TBKOM ny'tKe C IIOMOWbIO .nrqc ocymecTB

mieTCH TeM, 'ITO Ha <fioTOKBTO/l 4>8Y co5npaeTCH CBeT .TOllhKO OT 0/lHOI'O KOllbIIB. 

C TO'IKH 3p0HHH reoMeTpH'teCKO!i onTHKH nony'teHne 'nao5pa)KeHHH' ny'tKB 

no qepeHKOBCKOMy'nany'teHHIO 'IBCTHU CXO/lHO C 3a)la'teli nony'teHHll H305palK0HHH 

.B BCTpOHOMH'teCKHX TeneCKOIIBX ( pa3nH'tHe COCTOHT B OCHOBHOM B B0llH'tHHe 

nonH 3peHHll. H B )lOIIYCTHMblX. nenH'tHHBX aCSeppaun!i) • IToaToMy llnH nepnoro .nrtJc, 

npe)lH83HB't8BlllerocH llnll Bb!)leneHHH K-M030HOB B ny'tKBX CHHxpo<fiaaoTpOHa OHHH, 

HBMH 5bma npe1In01KeHa H paCC'tHTaHa OIITH'teCKBSI cxeMa, ncnonhayroman npHHUHII, 

Ha KOTOpOM OCHOBBHB 0/lHB H3 npOCTbIX 3epKBIIhHb!X CHCTeM BCTpOHOMH'teCKHX 

Tenecxonon, Tenecxona floM~Hocona-repwem1, He co)lep1KamaH aneMeHTOB, aKpa

HHpyromnx nyqox cneTa, n Han5onee npocTaH B naroTOnne.11nn. B Llf11C 5hmo 

ncnonhaonaHo HaKnoHHoe c"<fiepnqecKoe aepKano, ·qioKycnponanwee _'tepeHKOBCKoe 

H3IIY't0HHe Ha KOIIbU0BYIO Jlna<fiparMy, qepe3 KOTOPYIO 3TO H3IIY'teane nonanaeT 

Ha <fioTOyMHOlKHTenh, pacnonO)!{eHHhI!i BHe ny'tKa 'taCTHU TaK, 'ITO nnoc~OCTb <fioTo

KaTO/la nepneH)lHKynnpna aToMy nyqxy • .LlnH Bb15paHnoro yrna () = 4° a5eppaunn 

OnTH'teCKO!i CIICTeMbl .LlflJC 5bm~ llOCTBTO'tHO MallbI, 'tT05bI . no3BOllllTb OT)leIIHTb 

K -Me30Hbl OT fT -Me30HOB npH 3Heprnnx IlY'IKOB CHHXpo<fiaaoTpOHa. lOCTHpOBKa 

onTHKH .nrqc npOH3BO/lHII8Cb C IIOMOWbIO cneunanhHOI'O KOnnHMBTOpa. 

X 
Paapewemie no s_KopoCTHM 2 .nrqc YKB3BHHOI'O 

, nn'tl!Hbl t:,,.l = 5.10-4. Coa1::iaHHh1e B 1959 ro1Iy, aTn 

THnr 5bmO llOBe)leHo llO Be

.nrtJ c, nepBbJe B CoBeTCKOM 

Co103e, 5bmH ncnonb30B8Hbl B PH/le Onb!TOB Ha CHHXpo<fiaaoTpoHe. Paapa50TK8 .nrqc 

C aepKBIIbHOft OIITHKO!i Benach HBMII 0/lHOBpeMeHHO H He3BBIICHMO OT CXOllHb!X pa3-

pa5oTOK 38 py5elKOM. 

3. B 1957 I'OllY HBMH 5bmH HB'tBTbl pa5oTb! no C031l8HHIO HCKpOBO!i KaMepb! 

Ha OCHOBe paapa5oTaHHOI'O B <PH AHe ncxpoBoro C'leT'IHKa AHaMeTpOM 50 MM C aa-

30pOM 1 MM, HarronHSIBlllerocH CMeCbIO aproaa C a<finpoM • .Llnn IIO)laqn HMrrynhCHOI'O 

Bb!COKOI'O HanpnlKeHHH 5bm paapa50TBH ManoHHepunoHHblli reHepaTop, HCIIOIIb3YIO

m111i BOllOpO/lHblit THpaTpOH TrHl-90/8. AMnnnTylla HMnym,ca Bb!COKOI'O HanpHlK8HHH 

5blna .. 3 KB, nocTOHHHaH BpeMeHH HapaCTBHHll ., 0, 1 MKCeK. 

Hcxponan KaMepa nccne)loBanacb cnepna B HMnynhCHOM 'HeynpaBnHeMoM' 

pelKHMe, KOI'Jla reHepaTop nMnyn:i,con Bb!COKoro nanpnlKeHnn aanycxancH penaKca-
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lll!OHHO!i cxeMoli, H npOH3BO)lHncn C'teT HCKp B np11cyTCTBHH H OTCYTCTBHH HCTO't

HHKa HOHH38UHH ( Co 60 
). ITp11 paann'tHblX COOTHOWeHHllX B8IIH'tl!H HMIIYIIhCHOI'O It 

llOCTOSIHHOI'O aanpmtceann 5blnH nony'teHbl C'teTHble xapaKTepHCTHKn, CBHlleTeIIbCT

BOBBBWH8 0 BblCOltO!t a4i<fieKTllBHOCTH KBMepbl npn HMnynhCHO!t no/la'te Bb!COKOI'O Ha

npnlKeHHll. 

3aTeM 5bin ocymecTBneH aanyc1t HCKpOBO!t ltaMepb! TenecxonoM CIIHHTHnnHIIHOH

HblX C'teT'tHKOB. EbmO yCTBHOBneao cymecTBOBBHHe llBYX pa50'tl!X o5nacTelt pa50Tbl 

KBM8pbl: npn Manb!X O'IHWBIOWHX nomrx H npn O'IHWBIOWHX nonnx, 5nH3KHX K HBIIpll

)KeHHIO npo5on. S<fi<fieKTHBHOCTh HCKpOBOit KBM8pbl B ynpannneMOM pe:lKHMe 5bma 

OltOIIO 40%. 8To, no-BHllHMOMy, o5'hSICHHeTcn T8M, 'ITO npn Manott B8IIH'IHH8 3830pa 

3HB'tHT8IIbH8ll 'tBCTh nepBH'tHblX aneKTpOHOB y5npanacb nepellHllM <fipoHTOM Bb!CO

KOBOIIbTHOI'O HMnynhCB npe:lK)l8, 't8M B03HHKBIIH ycnonnn llIIH o5pa30B8Hllll pa3pll

)l8. 

Co3)l8HH8ll ynpaanneMan llCKpOBBll KaMepa 5bma OllHO!i H3 nepBb!X. K CO)Ka

neHHIO, B 1958 I'OllY 3TB pa5oTa, no He3BBIICSIWHM OT HBC npH'IIIHBM, 5bma npexpa

meaa. 

ITepBb!M onb!TOM Ha CHHXpo<fiaa~TpOHe, B KOTOpOM ncnonb30Bannch IICKpOBbie 

KaMepbl, 5bmo H3MepeHne ceqennli ynpyroro rr+ p -paccenn11n Ha 180° • .Llnn aToro 

onb!TB 5b!IIH pa3pa5oTBHbl llCKpOBbie KBM8pb! c 5-8 npoMeJKyTKBMH no 11-22 MM. 

fepMeTnanpoaaHHble xopnyca KaMep cxnenaannch H3 oprcTexna, aneKTpOllbl BCTaB

nnn11cb B na3hl B CTeHKax Kopnyca. BbICOKOBOnhTHblll OTCeK, BKnIO'IBBWHit HCKpOBOll 

pa3pl!/lHHK, MOHTllpOBBIICH Ha 0/lHOll H3 5oKOBb!X CT8HOK KBMepb! •. 

XapaKTepHCTHKH HCKpOBblX KBM8p CHHMBlll!Cb qepe3 pa3Hoe BpeMH nocne HX 

nanonHeHHn 1Inn onpe)leneann npeMeHn 'cTapeH11H' raaa B KaMepe. B llBnhHeftweM 

npH npoBe)leHHII 3KcnepnMeHTB raa O'IHWancn qepea 12-20 'IBCOB MHOI'OKPBTHOit rrpo

I'OHKOfi '18pe3 BKTHBHpOBBHHblit yronh, oxna)KJlaeMbiit lKHllKIIM 830TOM. 

B nepBb!X onbITBX B KB't8CTB8 pa5o'lero raaa ncnonh30B8IICH HeoH ., oco5oli 

'tHCTOTbI'. B peaynhTBTe IIp0B01l8HHbIX OnbITOB 5hma ycTaHoBneHa B03MO:lKHOCTb 

38M8Hbl neona CM8Cb!O 75% Ne + 25% He • KOTopan MOlKeT 5b!Th nony'teHa B KB-

't8CTBe no50'IHOI'O npo/lyKTB npn IIpOH3B0/lCTB8 )KHJlKOI'O 830TB. 

8 OIIblT8 Ha ~HHXpo<fiaaoTpoHe HCKpOBbl8 KBMepb! pa60Tan11 B Tll)l{8nb!X <fioHOBblX 

6 
ycnoBHHX (llO .. 10 'tBCTHUlcex), npn 3TOM ycnOBHll 8Kcnep11MeHTB Tpe5oaann pernc-

Tpaunn C Bb!COKOit aq><fieKTHBHOCTb!O OllHO!t nn11 llBYX 'IBCTHU B OllHOli KaMepe. IToa

TOMY 5bmH npOH3Be)leHbl KOIIH't8CTB8HHbl8 nccne)lOBBHHH a<fi<fieKTHBHOCTH KBM8pb! K 

per11cTpaunn H8CKOnhKHX OllHOBpeMeHHblX II pa3HOBpeM8HHblX 'IBCTHII. EbmO IIOK838HO, 
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'ITO cneah1 noaneJKamnx perncTpaunn qacTnu ( "aanycKaromne .:i:acTHUbI") MoryT 

"noeaaThCll' cneaaMII !pOHOBb!X 'laCTIIU II 6bma 113Mepeaa BepOl!THOCTb 3TOro ·noeaa

HHll' cneaa B 38BIICIIMOCTB OT MOMSHTS npOXO)Kll0HHH !pOHOBOli 'laCTHllbl qepea Ka

Mepy, onpeaeneaaoro C IlOMOlllbIO ocu11nnorpaqia. BnllllHBe !pOHOBbIX 'laCTHU ·Ha aj-

' <peKTHBHOCTb perncTpSUIIII aanycKaromeli 'laCTHUbl T0M CBilhHee, 'l0M 6onbIDe HHTep

Ban Bp0M0HB M0lKllY npOXO)Kll0Hll0M aanycKaromeli H !pOHOBbIX 'laCTHU ( ecnH !pOHO

BaH 'ISCTIIUS npoXOllHT llO noaa'ln BbICOKOBOilbTHoro BMnynhca). Hcxozrn H3 npeA

nonolKHT0IlhHOro MexaHH3Ma 3TOro HBil0Hllll 6bin BbICKS3aH pna 06m11x peKOMeHaa

u·un no IlOBbIID0HIIIO 3!p!p0KTHBHOCTII HCKpOBbIX KaMep C He6onhIDHMH aaaopaMH, pa-

6oTaIOIUHX B TlllK0IlblX !pOHOBbIX ycnOBIISIX. 

II 

B 1960-61 r.r.. Korna OTCyTCTBOBanH CHCTeMaTH'l0CKHe .ttaHHbie O aennqn-

HSX ut (IT-pl npu aaeprm1x Bh1me 2 faa, HaMn 6hmo nponaaezteao naMepea11e 

u t (17- pl a nHTepaane 11Mnynhcoa 3,4-9,2 faa/c. 

HaMepeHHll IlOilHblX ceqeanli B3allMO.[{eiicTBllll 'npoBO.tlHilllCb M0TO.[{OM ocna6ne

Hllll ny'IKa B ycnomrnx xopomeii reoMeTp1111. 

BbmO ocymecTBneHo 2 nocTaHOBKH OilbITa. Ce'!eHHH nnn HMilYnhCOB 3,4, 

3,9 II 4,9 raa/c ll3MepnnHCh C IICilOilh30BaHHeM lKH.[{KOBO.tlOpO.ttHOii MHID0HII nn1111oii 

168 CM. B 113Mepeannx C0'l0Hllli .[{IlH HMrrynhCOB 7,8, 8,4 II 9,2 raa/c, npOBO.[{IIB

IDIIXCll 11ecKonhKo paHhme II Ha npyroM ny'IKe, onpenennnach pa3HOCTh ocna6nean:H 

ny'!Ka .IT- -M0301IOB Il0Illl9Tl!ne110Bb!M II rpa<pllTOBb!M nornoTHTenHMII, coneplKaHHe 

yrnepona B KOTOphIX 6bmo ommaKOBhIM. l1aMepea11e ocna6nemrn ny'!Ka nponaaon11 -

nt,Ch .ttnH H8CKOilbKIIX TenecHb!X yrnoa. 

11Mnynhc 'laCTIIU B rry'!Ke onpenennncH rroporOBb!M ra30Bb!M ,.qepeHKOBCKHM 

C'l0T'IHKOM C 3 M0TOllOM, YKa3aHHbIM BbIIIJe. 

ITonpaaKa Ha KynoaoacKoe pacceHHne 6hma HaMepeaa 3KcnepnMeHTanhHO no 

ocna6nea1110 ny'!Ka IT -M030HOB CBIIHUOBbIM nornoTl!TeneM, 9KBHBaneHTllbIM BO.tlOpo-

.tlY B MIIIIISHII C TO'IKII 3p0!IIIH KynOHOBCKOro paccesmnH, T.e. IIMSIOlllllM Ty )K0 Ton-
llllllly B t -0.[{IIHIIIIaX. 

OnpeneneH11e conepJKa111111 /1 -Meaoaoa B ny'!Ke IT -MeaottoB 6bmo cnenatto 

C ITOMOlllbIO ocna6neHllll rry'!Ka 38 C'IST naepnoro B3811M0.[{0UCTBHSI 17 -M030HOB. 

PeaynhTaTbl H3MepeHHll 3KCTparronnpoaanHCh K HyneaoMy TeneCHOMy yrny 

MeTo.ttoM perpeccHoHnoro ananHaa. 
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OnpezteneHHbl0 TaKHM . cnoco6oM B0Illl'l11Hbl U t ( 1T - p ) IlpHB0.tl0Hbl B TB.6nH-

P Baa/c 

. J,4 . 
J,9 

4,9 

7,0 

8,4 

9,.2 

Ta6nnna 

u
1 

( ,,-pl M6H. 

JI, J!O, 6 

J0,5!0,4 

29, 7.:0, 4 

28,2~1,0 

28,7~2,J 

25 ! 4 

ITony'leHHbl0 B peaynhTaTe HSlIIHX H3MepeHHll B8Illl'lllllbl nonHhIX ceqea11ii B38H-. 

MO.tteiiCTBllll IT_- -M830HOB C npOTOHaMH xopolllo cornacyIOTCH C H3MepenHl!MH, BhIITOil

H8HHblMH 0.[{HOBpeMeHIIO nnn Il03JKe B npyrHx na6opaTOpHHX. Ecnn npencTaBHTb 38-

BHCHMOCTb 113MepeHHhlX HSMII B0Illl'lllll u t (,,-pl 

rne 

y = 

u =A +ny- 1 , 
t 

E,, 

M 
17 

OT a11eprH11 B a11ne: 

'ITO .[{OCTSTO'IIIO XOpOlIIO ynoaneTBOpHeT 8Kcnep11MeHTSilbllblM pe-'3ynhTaTaM, a TaKlKe 

onpaB.[{8110 C TO'IKII apeHl!ll Monen11 rromocoB Pen>Ke, TO K03q)!pllUl!eHTbl A II B IIM8IOT 

cneny10m11e a11aqe1111H: 

A (25,7 + 1,4 ) M6H, B (135 + 41) M6H. 

BepOHTIIOCTb Toro, 'ITO ceqe1111e OCTaeTCH rtOCTOHIIHbIM nnn Bo:cipacTaeT C poc

TOM aaeprnn B ll3MepneMOM HHTepaane ( TO eCTb, 'ITO ll '.:,_ 0 ) COCTaBm10T B8Illl'lll-

11y nopH~Ka 10-3 . TaKHM o6pa30M, B peaynbTaTe 8KCnepnMe11Ta Gb!IlO ycTSIIOBil0HO 

y6bIBSIIH0 C poCTOM aneprnn rronHblX ce•reunii B38HM0.[{8l!CTBl!ll IT -M830HOB C 
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npoToaaMH npn BblCOKHX aa:eprHSIX ( > 3 raB). r.11e 6blnO npHJISITO C'll'IT8Tb aTl'I ce

qeJIHSI nocTOSIHIIblMH, ,110CTHrlllHMl'I 8Cl'IMITTOTH'l0CKOro npe.aena. AaanorH'IIJblll pe3ynb

/ 1/ 
TaT 6bm o.aa:oBpeMeJIHO n He3aBa:cnMo nony'leH B UEPHe • 

YcTaJIOBneaa:e y6b1B8IIHSI BenH'IHH C1 t ( IT p ) npn Bb!COKRX aa:eprHSIX Beeb-

Ma cymecTB0HHO .11nsi Teopnll H Monenell cHnbHOro B38HMOll0l!CTl3HSI. OilHCblBSlOlllHX 

no·Be.aeaae C0'10Hl'lll B o6naCTH Bb!COKHX aaeprHll, 8 T8KlKe ycTaHaBnllBa!OlllHX CBSl3b 

MeJKlly Benn'IHIJ8MH C0'10Hllll pa3nH'IHblX npo11eccoB, B TOM 'lncne 8CHMITTOTR'l0CKl'IMH. 

3To npelKJ:!0 Bcero Monenh nomocoB PenJKe, a TaKJKe KBapKoBasi Monenb, ya:nTapllble 

C~MM0TpHH l'I T.,11. B nnccepTal!l'IH paccMaTpl'l13810TCSI aeKOTOpb!e cnenc;BHSI nnSI 8T11X 

Monenel!, BblT0K8101llHe H3 qiaKTa y6bmamrn nonHblX ceqeanll B381IM0.110l!CTBHSI 

301JOB C ayKnOII8Mll npH Bb!COKHX aa:eprHSIX. 

IT-Me-

TipoBe.aeHHblll aaanH3 nony'l0HHblX aKcnepaMeHTSnbHblX naHHblX IIOK83an, 'J'.TO 

aaepreTH'leCKSSI 38BHCllMOCTb nonHblX C8'10HHA IT p -B38HM0.11ellcTBHSI MOJKeT 6b!Tb 

onHcaaa C IlOMOlllblO Tpex non10COB PenJKe nHlllb npn aaeprHSIX Bbllll0 4 faB. 

HaMH 6bl.ll8 VCTSIJOBneaa aMnHDH'leCKSH 38BHCRMOCTb, CBSl3b!B8l01ll8SI' H:clMP.RP.Rl!'<I " 

aueprnell Benn'IHH nonablx ceqeann B3anMonellcTBnR n aaKnoaa nnqipaK11noHHblX KpH-

- t;.. ± . 
Bb!X pp, pp , IT p n· K p -paccesiansi. 

0Ka3anocb B03MOlKHblM 38BHCHMOCTb OT aaepran napaMeTpa b , onpe11enS110-
du 

mero HaKnOH ,amjJpaKl!HOHHOll KpHBOil:, ( dt = A exp bl) Bb!p83HTb qiopMynoil 

b ( s ) = 2 ,8 '[ l'.n S + Ir.: u t (Sl ]. 

IlpH 0.11HOM 3HS'leHHll napaMeTpa ,8 ', Bb16paHHOM nnSI BC8X nepe'IHcneJIJiblX npo11ec .. 

coB, nony'laeTCSI Konn'lecTB8HHO nocTaTo'IHO xopomo cornacy10masicsi c aKcnepa-

MeJITanb.llblMH naHHblMll 38BllCHMOCTb b = b ( S) 

ca nnR pp n 1r.:+ p -pacceSIHHR, pacmnpeane nnsi 

III 

(cylK81Ill8 nnqipaKl!llOHHOro KOHy

p p -paccesianll n T.n.). 

1. Ynpyroe nnoa-ayKnoaaoe paccesiane S1BnS1eTCS1 npocTel!mHM npo11eccoM cnnh

noro B38HMoneil:cTBHSI n noaToMy nccne,aoBaaHe ero nrpaeT qiyanaMea:Tanbay10 ponb 

nnSI Bb1SICH0HHSI ?BOl!CTB aroro B38llM0.110llCTBHSI. B TO lK8 BpeMSI IlHOH-HyKnoaa:oe 

pacceHHlle H838.11, HS yrnbl, 6nH3Kll0 K 180°, B o6nacTH Bb!COKHX aaeprnll OCTaBa

nocb no aenaBaero BpeMean aenccne.110BaHHblM. 
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B Ka'lecTBe nepBoll 38.118'1H no nccnen0Baan10 ynpyroro pacceS1ansi aa3an Mb! 

pemnna npo.FiaBeCTH H3Mepeansi .1111qiqiepea11nanbHb!X ceqeanil ynpyroro ,r+ p -pac-
o d u 1so0 

C0SIHHSI B yaKOM yrnoBOM HHTepBane OKono 180 • ~( ,r+ pl . npn H0CKOnbKl!X 

aaeprl!SJX 17+ -M030HOB. Yron 9accef!Hl!H 0 = 180° C HOKOTOp•,IX TO'IOK 3D8Hl!l1 

HBnHeTCSI 13bl.11eneaHbJM_, H 6bmll OCHOB8HHSI OlKl!.118Tb, 'ITO ecnn B ceqeaiin pacceSI-

HHSI aaoan HM8IOTCSI oco6eaaocTn, :ro OHH .110illKHbl 11p01IBl!TbCSI cnnbHee Bcero lip!! 

180°. 

B 1962 rony Mb! 11po2enn rrepBbili Ollb!T no H3Mepean10 nHqiqiepenunanbHbIX ce-

'leHnll ynpyroro ,r+ p -paccel!HHSI aaaan. H3Mepl!nncb ceqeanH paccel!HH'il Ha yron 

180° npn llBYX HMnynbC8X "+ -M830HOB, 3_,14 H 4,6 faBIC. 

TiepBR'lllblli 17+ -M830H, paCC8SIBlllllil:CSI H838.11 17+-MeaoH ll npoTOH OTLIS'lll, 

Bbin8T8BlllHli Bnepen, B. aanpaBneann ny'IKa, BbIA8nS1nl!Cb no !IX CKOpOCTHM C 110-

MOlllblO ra30BbIX qepeHKOBCKl!X C'18T'IHKOB. Bcero B ycTaHOBK8 ncnonb30Banocb 

3 LfflJC n 2 AftJC ( 1 nrtJC - nnH perHCTpaunn nepBll'lllblX TT+ -M830HOB, 2 ITflJC -

nnll npOTOHOH OTA8'1ll, Olll!H nrqc 6onhlllOro AH8M8Tpa )l!ISI paccel!BllillXCSI Ha38ll 

IT + ,-M830HOB ll OllllH TirtJCi BK!lro'l8HHbIH B 8HTl!COBr!a.118Hirn, ll!l'il yM8HbIII8Hl!SI 

qiona OT 11+ -M830HOB rryqKa). 

Hcnonb30Banacb lKl!llKOBOllOP0.11H8SI MHIIl8Hb nmrnoil 168 CM. 8TOT OllbIT, KSK 

n AanbHOfiIIIne onbITbI no JI.'.JMepe1rnro ceqeJIHfi yrrpyroro 11+ P -pacce'i!Hl!n Haaan, 

6bm cnenaH aa IIY'IK8 ·rrono>KHTenbHbIX 'ISCTl!U, BbrneneHHOM OT MHIIIOHH, pacrronoJ'{8H

HOil B KaMepe CllHXpoqia30TpOHa, BHyTpb KOnbua, o6pa30BSHHOrO MarHHTOM ycKopn

Tem1. MarHHTHSSI CHCT0M8 KaHana, KOTOpaH ocymecTBnHna ana_nn3 IIY'!Ka 110 nr-.rnynb..: 

caM H qJOKycl!poBana ero, OT Ollb!Ta K OllbITY l!3M8H'ilnacb, ll l!HTOHCl!BHOCTb nyqKa 

17+ -Me30HOB COOTB8TCTBOHHO yBe!l!l'IIIBSnacb. no KHH8MSTHKe yrrpyroro pacceH

HHSI llMITynbC rrpOTOHOB OT.118'1!! npnMepno Ha 400 MaB/c rrpeBOCX0.11IIT 11:1.rnynbC pac-

C8HB88Mb!X 'ISCTHU ny'IKS. Pa3peIIIenne no CKOpOCTSIM nn¢qiepenunanbllbIX raOOBbIX 

qepeHKOBCKllX C'l8T'IHKOB 1103DOnH!IO OTnemITb IIPOTOHbl OT.118'1ll yrrpyroro u+p -pac-

C8HHHH OT npoTOHOB IIY'IK8. 

HapS!llY C qlOHOM, CBH38HHblM C pa60TOH arrnapaTypbl, KOTOpblil Mor 6b!Tb HOIIO

cpencTB0HHO ll3MepeH 11p11 pa6oTe Ha rrycToil MHilleHn, l!Mencn TaK*e qJH311'18CKHil ~OH 

co6b!Tl!i!, KOTOpb!8 ITOHBn'ilm!Cb TOnT,KO npn pa6oTe C Ml!IIIOHblO, uarronaeHHOi! nonopo

noM, n ynoBn8TBOp51nll l!MOBIIIIIMCSI Kp!ITt,plHIM OTOOfH IICKOMbIX co6btTHii 110 CKop·oc

TSIM '!8CTIIU. 8TO B rrepByJO O'Iepenb cny'lall Heyrrpyroro B381IMOneilcTBII51 ,r+ - M8-

30HOB B BOAopone, B pe3y!lbTaTe KOTOpblX Bllepen BbinOTann '18CTl!Ubl, l!MeBIIIl!e Ty 
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)Ke CK0p0CTb, qTO H npOT0Hbl oTnaqH OT-ynpyroro 
+ 0 

" P __ pacce11HHII aa 180. 

Jlon11 TaKHX co6bITIII!: Morna 6b!Tb onpeneneHa TOilbKO C IlOMOIIIblO KOHTponbllblX 

Ollb!T0B. 
' 

HaMepeHHH np0H3B0llHilllCb nooqepellH0 C B0ll0p0ll0M II 6ea B0llOpona. B peaynb-

TaTe 113MepeHlll!, C yqeTOM nonpaB0K Ha aq¢eKTHBH_OCTb cqeTqllK0B II B3allMOll9HCT

Bll9 qaCTIIU B MH1119HII II nemec':Tne cqeTqllK0B 0b!Illl nonyqeHbl cnenyroume Bennq11Hbl 

ceqeH11ll. 

HMnynbc ,r+ - M930H0B du ( ~ MolcTepan) 

faBIC 

3,14 0,92 ~ 0,47 

4,6 0,39 + 0,24 

YxaaaHHbie OIIIII0KH q11cT0 CTaTIICTHqecxne. 

K ColKaneHl!IO, no aeaaBl!CHIIIIIM OT Hae O0CTOIIT8IlbCTBaM, 0ilbIT He 6bm npononlKeH 

ll He 6b!Illl nponeneHbl ueo6XOllHMbl8 K0HTpOilbllbie onbITbl llnll onpeueneHl!II BennqHHbl 

qiii:aHqecxoro' ¢0Ha (nonn HeynpyrHx co6b1Tell). TToaToMy npnnene11Hb1e peaym,TaTbI 

paCCMaTpHBann~-b HaMH KaK B8CbMa "npennapHT8IlbHb18. Ha CKa3aHH0r0 abIWe IICH0, 

qTo nonyqeHHbie Bennqn11b1 S1Bn11n11cb TOnbK0 oueHxol! nepx11ero npenena ceqe11n11 ynp:t

roro 1T + ~ - - pacce!IHIIII Ha 180° 1 TaK KaK OHH COll8p)KaT H8H3B8CTHYIO IlpHM8Cb 

HeynpyrHx CO0bITHA. 
, • du + 180° 

2. B 11aqane 1965 rona HaMH 0binH 113MepeHbl nenHqHHbl dfi(rr p) B yr-

0 + 
IlOB0M IIHTepBane 177-180 , cos 8 CUM= - (0,998 t- 1,000) npH HMnynbcax 11 - , 

M930HOB 3, 15; 4, 10 II 4,85 ran/ c. K 3T0MY Bp9M9HH y.>Ke HM8Ill!Cb H8K0T0pb1e axcne-
- /2/ /3/ /4/ 

pHMeHTanbHbie naHJible 06 ynpyroM fT P - pacceSIHHH Haaan ' ' , 0llHaKo 3T0 

0binll ll8HHbie, ycpenHeHHbI8 no 3HaqHT9IlbHbIM yrn0BbIM HHT8pBanaM. B H81ll9M 3KCne

p!!MP.HT9 6b!Illl nonyqeHbl nepBbie naHHbl9 0 Ben11q11Hax nnijiqiepeHuHanbHbIX ceqeHHA 

ynpyroro rr p - pacceHHHg Haaan B yaKOM yrnonoM nHTepBane II aToT aKcnepHMeHT 

no HaCT0IIIU9ro BpeMeHH IIBilSl9TCSI 91lHHCTB911HbIM, B K0T0p0M HenocpencTB9HHO H3-

M9p11Ill!Cb ceqeHHSI ynpyroro rr + p - paccesrn11n np11 BbICoxnx aaeprnSIX n yaKoM yr

nonoM HHTepnane, BKmoqa10meM, 180°. 

Hcnon&oy11 onbIT, nony'leHHb!ll B nepnoM 3KCnepHM9HTC no 113MepeHHIO 
du + 180° 
dQ ( fT P ) ', Mb! BO BT0pOli aKcnepHMCHT naecn11 cneny10m11e 0CHOBHbie ycoBep-

111e11cTB0Ba1I1111: 

a) Ynen11qeHHe q11cna Kpl!Tep11eB, no KOT0pbIM OTO[!panHCb IICK0Mbie cnyqaH 

ynpyroro pacces11111H: l) 6bmo BBeneao HaMepeH11e c xopornel! ToqnocT&IO, HMnym,ca 
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nporoHa OTllaqn; 2) TTpHM8119Hbl HC!tp0Bbl9 K8M9pbl, uanaBwne HHqiopMaUHIO 0 TpaeK

T0pHIIX qaCTHU. 

6) TTpocTpaHCTBeHHoe paaneneHne npoToHon oTnaqn OT 11acTHU ny11Ka (c no

MOIIIb!O Toro lKe MarHHTHoro cne1tTpOMeTpa, K0T0pbIA aHannanpoBan no HMnynbCY 

npoT0H•,I OTnaq11). 

B) 3Ha'lHTenbHOe yBennqeHHe 3alIIHTbl H3 6eTOHa H CBHHUa B0Kpyr ycTaH0BKH. 

r) CymecTB9HHOe yMeHblll9HH9 K0ilH'l9CTBa B91I19CTB8 Ha nyTH qacTHU. 

CxeMa aKcnepnMeHTanbHoll ycTaHOBKH npnBelleHa Ha pnc. l. B ycTaH0BKe nc

nonbaOBanacb Ta )K9, 'lTO H B npellbillYIIl9M OnbITe, lKHllKOB0ll0p0!1H811 MHIU9Hb nmr

HOlt 168 CM H TOT JKe .nr4C, ( DC Ha pnc. l) BM8CTe co CUHHTHnnllUHOHHbIMH 

cqeTqHJtaMH S 1 H Sa Bblll9Il!IBIUHA B ny111te ,r+ -M930Hbl. TTpoTOHbl OTllaqn, Bbl-
+ 

neTa10mne Bnepeu, B Ha!JpanneHnn, 6nna1toM K HanpaaneHHIO nanaromero rr -Meao-

aa, 0Tnen11nncb oT ny111ta n aHannanpoBanncb no HMnynbcy MarHHTHbIM cne1tTpoMeT

poM M H3 llBYX CHilbHOql01tycnpy10mnx MarHHTOB. B6nH3H nnocK0CTH nao6pa)K8BHII 

cneKTpOMeTpOM BOllOPOllHOl'l MHIUeBH paaMemanacb HCKpoBall KaMepa HK- II • no ro

p1130BTanbBOA K00pll!!BaTe TpeKa B HK-.11 npOH3BOllHil0Cb H3MepenHe HMnynbca npo

T0Ha 0TJlS'lH. 

Un11 yMeHbIUeHn11 qioua OT 

qepeHltOBCKHe cqeTqHitH Cln c2. 
rr+-MeaoHOB nyqKa cnyJKnnn nopor0Bb1e raaoBbie 

Pacce!IBIIIH9CII Ha381l 1T + -M930Bbl perHcTrHponanHCb CUHHTHnnSIUHOHHblM 

cqeT'lHK0M S 2 H 0CTaHaBnnnanHCb B cnoe CBHHUa TOillIIHHOll 22 CM Me)Klly cqeT-

qHKaMH S 2 H S 2 A 

C•ieTqHKH s2 H S 2A HMenH nocpennae 0TBepCTHII, B K0T0pble npoxon11n ny-

'l0K. 8TH 0TBepcTHII 0binll H9CK0ilbK0 6onhIUe no pa3Mepy, qeM cqeT'lHK s 8 • 

B nc1tp0Boll KaMepe HK-1 aa6n10nanncb cnenhl nanaBwero H pacce11B111eroc11 

rr + -MeaoHon. 3anycK nc1tp0Bb1x 1taMep ocymecTBn11nc11 coBnanemrnMn 

N = S 1 + S 8 + DC 1 + DC 2 + S 4 + S 6 + S 8 + S 2 - S llA - C 1 - C 2 

SijiqieKTHBHbill TenecHbIA yron ycTaH0BKH B CHCTeMe ueaTpa Mace paccqHTbl-

--3 
nanc11 HS SBM M9T0Jl0M__ MoHTe-Kapno II COCTaBnlln 2,45.10 CTepan llilSI l!Mnynb-

-3 -3 
ca 3,15 fan/c, 2,87.10 cTepan nnn 4,10 fan/c H 3,04.10 cTepan nn11 4,85 fan/c. 

CnepBa 6blna npoBeneHa a1tcnoa11un11 npn 3, 15 fan/ c H 06pa60Taab1 peaynb

TaTbI STOii 3KCn0311UHH. 3aTeM 0binH np0B91l9Hbl 3KCll03HUHH npn 4, 10 H 4,85 ran/ c. 

O6pa6oTKa naaHbIX, nonyqeHHbIX npn 6onee Bb1coxnx aHeprn11x, noxaaana, qTo npn 
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3THX 3aeprnHx Tpe6y10TcH 6onee cTporne.KpHTepnn oT6opa cnyqaeB ynpyroro 

p8CC9HHHH H838Jl, qeM 6bmH ncnonh30Ballhl npn 06p860TKe AallllbIX, OTHOCHIIIHXCH 

TOnhKO 1' 3, 15 raB/c. 8To 6bmO Bbl3B8HO K8K YM9llblli9HHeM BennqHllbl II3'MepHe

MOrO ceqeHHH, TaK H yxynwe11neM !pOIIOBb!X ycnoanll H3-3a M9llblllero npocTp811CTBeH

HOrO pa31tene11nn npOTOHOD o·r<:1aqn OT q8CTHU nyqKa, ncneACTBHe qero OTHO!II9HHe 

qncna 3aperncTpnpoB8HHhIX ycTaHOBKoll cnyqaen ynpyroro "+ p -p8CCeHHHH H838Jl 

K o6meMy qHcny nonyqeHHhIX cHHMKOB c ynennqenneM a11eprnn yMeHhIII8noch 

( 1:4,4 npn 3,15 ran/c; 1: 11 npn 4,10 ran/c; 1:40 npn 4,85 ran/c). Honb1e Kpn

Tepnn 6blnH ncnonb3onallbl TaKJK0 AnH IlOBTOpllott o6pa60TKH AaHHhIX npn 3, 16 ran/c 

H 11ann pe3ynhTaT, cornacyromnttcH C pe3ynhTaTOM, nonyqeHHbIM H3 3THX AaHHbIX 

-npn nepBOM cnoco6e o6pa6oTKH. TTpnMeHeHHbI9 KpHTepl'IH JlOCTaToqHo HaAeJKHO OT-

6npanH cnyqan yrrpyroro "+ p -paccesrnm1 11a3aJl. 

TTpn Bb1qncneHHH acpcpeKTHBllbIX ceqeHHll BBOJlllnI{Cb nonpaBKH Ha nnep11oe B3a-

HMonellcTBHe nepnnqHoro ·n paccen1111oro 11a3aA rr + -Me3oHoB n rrpoT01rn oTna qH 

B BOAOPOAHOll Millli9HH H cqeTqnKax, Ha npnMeCb µ -M030HOB B rryqKe, Ha pac-

nan paccennHoro rr -Me30Ha, 118 acpcpeKTl!BHOCTh CUl!HTHnnHUHOHHblX C'I0T'IHKOB 

H aneKTpOH!lb!X CUCT9M ll Ha acpcpeKTHBHOCTh IICKPOBbIX .KaMep. 

Ta6nl!Ubl 2 H 3, COJlOpJKalIIHO pe3ynbTaTbl OnllCbIBaOMbIX 113M9pOHl!ll, nocnpo

/16/ 
113B0Jl0Hbl B TOM Bl!Jl0, KaK OHH 6hlnJI ony6nnKoBaHbl B pa6oTe ( 3, 15 raB/ C 

/17/ 
rrepnb1li cnoco6 o6pa6oTKH ) n n pa6oTe (3, 15; 4, 10 :n 4,85 ran/c, nTopoll 

crroc:06. o6pa60TKH). B Ta6nnuax npHB9Jl0Hbl HMrrynbCbl rr + -M030HOB ny'IKa, KO

TOpbl9 Ha 30 Manic 6onhlli9 cpeAIIHX HMrrynbCOB B TO'IK0 B3aHMOAOllcTBHH. 

11Mrrynhc 
ran/c,,, 

cos 0 

T a 6 n n u a 2 

du/ d0 
MK6apHICTepan 

Pa6oTa 

---- -------------- -----••--- ---- ------ --- 4 ~\, T- ----•- ,...., -

3,15 -(0,998 -;-- 1,0) 
+ AaHHaH pa6oTa 

91 - 9 

2,92 -(0,58 -:- 0,92) 4 :!:. 4 (2) 

4,0 -(0,8 -;-1,ol 19 :!:. 5 (3) 

., ·'du + 180° 
Ha OCHOB8HHll cpaBHOHl!H l!3M0p0HHOII HaMH nenl!•ll!Hbl 7n< rT p) C HMODilll!Ml!CH 

KO Bp0M0HH OKOH'IaHHH Harnero Ollb!Ta pe3ynbTaTaMH npyrnx p1160T, conepJKalll:n,x 

ceqeHHH, ycpeAHCl!Hbl0 no 3!18'IHT0Ilhllb!M yrnOBbIM HHTepnanaM, 6b1no noKa3aHO 
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+ 
cymec1'BOB8HHe nnx:8 B ynpyroM rr p -paccenann H83aA npn ncex Tpex aHeprnnx, 

np:n KOTOpbIX HaMB 6blnH npOll3B9Jl8Hbl H3MepeHHH. 8TH IlHKH HBnHIOTCH Y3KHMH H 

( 4 I du ( + 180 o 3H8qnTenhHhIMH no BhICOTe np:n r3B c, HanpnMep, dQ rr pl 6once 

'I9M 118 rropnnoK B0Illl'IHHbl rrpeBOCXOJll!T C0'10Hl!O paccOH!ll!H Ha yrnhI 0KOno 90°). 

CymecTBOBaHne Y3KOro nHK8 B ,, ... p -paccennnH Ha3aA 6hmo 38TeM non-

TneplKJleHo B pnne pa6oT nenocpencTBeHHhIM H3MepeaneM yrnoBoro pacnpeneno -

HHH ynpyro p8CC0HHHbIX H83aA M030HOB. 

,llanee B JlHCC9pT8UHH paccMaTpHBBIOTCH pa3nH'IHble Teop8TH'l0CKH0 npeACKa3a-

BHH no nonony ynpyroro rr p -p8ccennnH Ha38ll. 

/5/ 
B CBH3H C npennoJKeHHOll B pa6oTe Monenbro, cornac110 KOTOjlOI1 Ill!KH B 

M030H-6apHOHHOM pacceHHHH Ha3an 06bHCHHIOTCH KBK pe3ynbT8T o6Mena KB8pKa

MH, naMn 6hlno cnenaao 3aMe'IaHne, x:acaromeecH CBH3H rnnp:nabl naKa B pacceH

BHH H838Jl Ji co6cTB0IUJblX HMnynhCOB KBapKOB, a TaKJKe yKa3aHO, 'ITO B 9T..>ll MO

nenn ne nonJKHO 6b!Tb IlHKOB Ha38Jl B 6apnoa-aHTn6apnollHOM pacceHHHH, 'ITO COOT

BeTCTByeT HM9IOIIIHMCH aKcnepHM0HTanbHbIM AaHHhlM. TTpnMeHeHne K P8CCMaTp1rnae

MOll MOAenn rnnOT03bl 8JlJlHTIIBHOCTH KBapK-KBapKOBbIX aMnnHTYA naeT PHA npen

CK83aHHH nnn 'OTHOIIJeHnll C9'19HHll ynpyroro pacceHHHH H~ 180° npn Db!COKHX aaep

rnnx. B 'laCTHOCTH, 

~(k:p)180° 
dO 

du ( + ) 18o
0 

d1f" P 

...!£:..._(ko )180° 
dO P 

du dO ( ,,- p )180° = 4: 

du dQ(k-p)180o ~c"i op i180°= 4:1:0:0 
d 0 

3TH npeACK838llHH oTnH'Illbl OT npencKa38HHH MO.[lenn nomocoB PenJKe. EbmH TaKJKe 

yKa38Hbl cneACTBHH pacrrpocTpaaeHHlI MOAenn Ha H0KOTOpbl0 Heynpyrne ABYX'l8CTH'I

Hbl0 npoueccbl. HanpHMep, 

~(k-p ➔ I,Or,O): _.!l_Q_(k -p ➔ I,+,,-) 
dO d 0 

~(k.-p ➔ I,-IT+·)=4:l:O, 
dO 

Korna yron MelKJly K n IT -Me3oHoM panea 180°. 
+ 3. EbmH H3Mepellbl AH!pcpepeaunanbllb!0 C9'10HHlI yrrpyroro IT p -pacceHHHH 

H838Jl B HHTepnane HMnynbCOB 2,08-4,70 ran/c npn 13 3H8'10HHHX HMrrynbca rr + 

M930HOD. TTonyqeHHbi0 Jl8Hllh10 AO H8CTOHIIl0ro BpeM0HH !'!BnHIOTCH 9JlHl!CTD0HHbIMH. 

J13MepeHHH npOH3BOJlHnJ!Ch npl'I !pHKCHpOB8HHOM yrne Bbin0Ta npOTOHOB OTJl8'1ll B 
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n.c. 0 = 1,9° ( qTQ COOTBeTCTByeT cpei:tHHM yrnaM paccesmmr B CUM OT 174,5° 

npn 2,06 ri:rn/c i:to 173° npn 4, 70 raB/c). S<ji<jieKTllBHbli!: HHTepnan yrnoB paccesmmr, 

Bb!A81IS18Mblll ycTaHOBKOl!:, MeHSl1ICSI C aaeprHeli n COCTaBnsin OT 2° ( B CUM) npn 

2,06 l'aB/c i:to 3° npn 4, 70 faB/c. 

CxeMa ycTaHOBKH, CXOJ:IHllSI co cxeMOU npei:tb!J:lymero OnbITa, npHBei:teHa na 

pHC. 2. 

MoanTopoM 
+ . s rr -Me30HOB cny2KH1IH CllllHTHnnsiUHOHHbl8 cqeTqHKH I n s:a 

H nr1Ic l DC 2, Ilm!Ha lKHJ:IKOBOJ:IOPOAHOli MHill8HH H 2 - 50 CM. 

TTpoTOHhI oTi:ta•rn or ynpyroro rr+p -paccesinnn na3ai:t npoxoi:tnnn qepea 

OTBepcTne CUHHTH1I!Il!UHOHIIOI'O cqeTqHKa Sa , noporOBblli ra30Bb!l!: qepeHKOBCKnlt 

cqeTqHK lCl, CUHHTllnm!UHOHHblli cqeTqH!t San nonai:tanH B MaI'HHTHbllt cneKTpOM8Tp H3 

ABYX cnnbHo<jio~ycHpy10mHX MarHHTOB M4_H M5. HcKpoBan KaMepa HK- II IIOMema

nach B <jioKyce MllI'HHTHOI'O cneKTpOMeTpa Me>Ki:ty CUHHTHnnSIUHOHHblMJI cqeT'll!KaMH 

s. H S5 • ra30Bbl0 noporOBbie qepeHKOBCKHe C'leT'IHKII IC I H 3C I, cny2KH1IH 

nnn nonanneHHSI <jiona rr+ -Me30HOB. 

p acceSIBlIIHi1cll Ha:1an fr+ M030H neTeKTHpOBancsi CUHHTHnnsiuHOHHbIM C'I0T'IH

KOM S5 H HCKpOBOii: KaMepoi1 HK-I. licKpOBbie KaMepbl -3anycKanHCb coBnaneHHSI

MH C'IeT•tHKOB 

N s,+ lDC2 tS2-SR-1Cl +s3+s4+s5-3Cl+S6. 

B :wne 9KCIIepnMeHT11 5btn0 nonyqeno OKono 5000 CHHMKOB HCKpOBblX KaMep, • Ha 

KOTOpblX C UOMOIIlblO p11na KpnTepneB 6btn0 Haiineno 372 cny'Iall ynpyroro rr + p -

pacces111n11 na3an. TTor.yqeHHbte nocne nneneHHH psrna rronpaBoK nH;p<jiepeHUHan&Hbie 

ceqemu1 _np11Bei:te11b1 B ra6n'!He 4. 

TTp1mene11Hbie. Olllll5KII HBlllllOTCH TOllhKO CTaTJICT!fqecKHMH. Iln11 Bcex aneprH!t 

HMeeTSH o6man neonpeneneunocTh ~ 10-11% B a6con10THoli Benu'IHHe ceqeHHi1 H 

aeonpanene11110CTb OKono 3% B OTHOCIIT81IhHOi1 B81Ill'IIIHC ceqen11li. 

. PeqynhT3Tbl Hlllll0ll pa6oThl IIOKa3b!BaIOT cymecTBOBaHH0 ABYX MaKCIIMYMOB, 

nonoJKem1e H lIIHpHHa KOTOpb!X COOTBCTCTBylOT H3BeCTHblM H3o6apaM A ( 2420) 

I! A ( 2840). 

16.11 
LlaHHbte pa6or , 0Tnoc11mnec11 K 6one0 mnpoKoMy yrnonoMy IIHTCpnany, 

CBllnorenbCTByIOT O cymccTBOBaHIHI MaKCIIMyMa npn .. 1,4 r,~n/c, COOTBeTCTBy10-. 

moro n30611pe /'1 ( 1920). Tf!KlfM o6pa3oM, ,xapaKTepnan cTpyKTypa B anopreTH-

16 

+ 
qecKolt saBHCHMOCTH: J:{H<ji<jiepeHuHanhHblX cetreHHlt rr p -paccennm1 Ha3an B HH-

Tepnane HMnynbCOB 1-6 ran/c COCTOHT a cymecTBOBaHHH Tpex MaKCHMYMOB, yMeHb

llla!OIIlHXCSI no Bb!COTe c pOCTOM aueprHn ( CM. pHC. 3). 

Ha puc. 4a cnnolIIHoli nnHnen HaHeceHa pac'IeTnan KpllBan nnn BenH'IHHhl ce
o 

treHHl!: ynpyroro ,,+ p -paccenHHSI Ha 174 (cuM), nony'IeHHasr a npei:tnono>KeHHH, 

qTo aTo paccenHHe uenHKOM o6ycnoBneno pe3onaHcaMn B S -KaHane. nonnasr 

aMnnnTyna npencTaBmmacb B BHne c:yMMbl 6peilT-BHI'HOPOBCKHX pe3oHaHCHbIX aMn

nnTyn 

f ( 0 >=I, f . ( 0) 
m m 

l I, 
-k- €- :_ ; C i + ½ > P £ C cos 0 > , 

ri:te f m (0) -pe30HaHCHbl8 aMnnHTYllbl pacceSIHHSI, o6ycnonneHHbl8 OTJ:18llbHbIMH 

H3o6apaMH, II £ .-IIOlIHblH n op611Ta1IhHblii yrnonoil MOMeHT pe3oHaHca, 

M 2 -S 

Mr ~ = X -, M H f - Macca H nomian UIHpHHa pe3onanca COOTBeTCTBeHHO, 

napaMeTp ynpyrocTn pe3ottaaca. BenH'IHHa 
I'e£ 

x - --y--• rne I'ef -lIIHpHH8 !111Sl pac-

nana pe3oHaHca no ynpyroMy KaHany. 

CY,_MMHpOBaHne IIpOll3BOllll1IOCh no •H306apnMA'. 1236). A ( 1670). A( 1924), 

A (.2420) u A ( 2840). Ilmr napaMeTpOB H3o6ap HCn01lh30Bannch SKCnepHMeH-

T81IhHbl8 3~a'IeHHSI. BapbHpOBaHHe napaMeTpOB pe30HaHCOB C U8llhl0 ,nonyqeHHSI 

HaHnyqmero cornaCHSI C SKCIIepHMel!Tanhllb!MH i:taHHb!MII He npOII3B0llH1IOCh. npH 

pacqeTe KpHBOli, rrpnBeneHHOll Ha PHC. 4a, 'leTHOCTH H306ap 

A ( 2840) nonaranHCb COBJJallB!OIIlHMH c qeTHOCThlO H3o6apb! 

pasi 6blna yCTllHOBllCfla panee, T.e. nono,'C"TenbHblMH. 

A (2420) H 

A ( 1920), KOTO-

H3MeHeHHe 'ICTHOCTei1 H3o6ap L\(2420) ·unH L\ ( 2840) rmn o6enx Hll o6paT-

HYIO (cM. pile. 46, B, r) npHBOllHT K 3aBIICIIMOCTl1M, KaqecTBeHHO OT1111'18101IlllMCl1 OT 

11ony'IeH!lblX B HallleM 3KCJJepllMOHTC, BCnencTBlle IIOHBn1110mei1c11 B 3TOM cnyqae ne-

CTpyKTlIBIIOli HHTep<jiepenuHlf c 6nmKaiilIIHMH L'. -H3o6apaMn. 

CnenyeT oTMCTHTh, '!TO "+P -pacce11HHe HB~an (nnH HMJJYllbCOB J:10 6 faa/c) 

yi:taeTC:SI yi:tonneTBOflHTenbHO ow~caTh, HCIIOnb:,ysi TOllbKO pe3oaa11cny10 aMrrnnTyi:ty. 

BKnan pe3oHaHCHOi1 aMJJlllfTYJ:lbl B rr + p - pacceSIHHe nasai:t cymecTBCHCH H !IpH 
+ 8 fan/c. nocKOllhKY OCHOBHOH BKnai:t n " p - paccesinne Ha3an B paccMaTpu-

BaeMoM llHTepBane aueprnil BHOCSIT pe3011aHChl B s -KaHane, nnH nponopKH Teo-

peTn'IeCKHX rrpei:tcKa3BHHii o " P -paccesimm nasan npn BbICOKHX aneprm1x, B qacT

HOCTH, npencKa3allnil TeopnH KOMIIneKCHblX yrnoBb!X MOMOIITOB, Heo6xon11M1,1 SKCnepn

MeHTll,'Ihfih!O naHHbie npn 6oneo Bb!COKlfX aneprHSIX, 'IeM 1fMe10mHecsi B HaCTOSimee 

BpeMSI. 
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no aamell: npoch6e A.H. TBep.11oxne6oab1M H A.A. XpymHHCKHM 6blnH nponaBe

nea&1 pac11eThl .1111qi<pepeanuanhHhlX ce11eaull: ynpyroro "+ P -pacce.1tHH.1t m,aan, 

HCXO.ll!lmHe H3 npencTaBneHHR aMnnBTY.llbl STOI'O pacceRHHR Kalt cyMMbl p030H8HC

HbIX aMnnBTY.11, npencTaBneHHb!X ll 6pell:T- BBrHepoBc1toll: cjiopMe H HepeaoHaHcHoll: aMn

n11-ry.11&1, npencTaBneHHoi\ B BR.Ile, cooTBeTCTBy10meM MonenH non10c·oB PenJKe 

f pea. + PenJKe (P11c. 5). 

Y11eT HepeaoHBIICHOlt aMnnHTY.llb! paccenHIIR, llpll BapbHpOB8HHH B IIIHpOKIIX 

npenenax napaMeTpOB TpaeKTopni\, He M0H!l0T BbIB0.118 0 nonolKHTen&HblX 'l0THOCTRX 

Hao6ap /::,. ( 2420) 11 I::,. ( 2840), 'ITO H cnenoBano OJKll.118Tb BBH.lly OTHOCllTen&HO 

Manoro BKnana HepeaoHaHcHoll: aMnn11Ty.11&1 B " + p - paccenHHe Haaan. 

nocKOnhKY 'l0THOCTa lI306ap I::,. ( 2420) II I::,. ( 2840). onpe.11eneHHbI8 H3 
. . /~/ 

STOI'O 9KCll8pHM0JITa, COBilllltaIOT· C 'l0T!IOCT51MH, llCllOTfh30B8!1!1blMH D pa6oTe , 
- 0 . 

rne aaan11a11p0Banoc& ynpyroe " p -paccen1111e aa 180, TO ·HMeeTcn .11onon1m-

Ten&Hoe 9KCnepUM0H!an&HOe no.11TB8plK.118Hll8 nony118HHb!M B STOii: pa6oTe OTpHii;a

TenhHblM 3H8'18Hll.ltM 'l8THOCTH 11306ap C ll30TOncn11110M T=l/2 ~ (2190) H 

/::,. ( 2850), pacnonO:lK0HHbIX COOTB8TCTD8HHO M8:lK.llY H306apaMH /::,. (1920) II 

6. (2420), /::,. (2420) H /::,. (2840). 

YcTaHoBneHHbI8 HSMH 'l8THOCTII Hao6ap /::,. (2420) H /::,. ( 2840) COOTB8T-

CTBYIOT npenc1taaaHHblM Ha OCHOB8 npencTaBneHH.lt O TpaeKTOpH.ltX PenJKe, ecnn 9TH 

nao6ap&1 npHHanneJKaT K l::,. 6 -TpaeKTOpHH. 

0cHOBHbl8 peaynhT8Tbl, H3nOJK0HHb10 B .1111ccepTaum1, 6&mll ony6nHKOB8Hbl B 

/9-21/ 
pa6oTax • .11onO:lK0Hbl aa M0lK.llyHapo.11HbIX KoacjlepeHUll.ltX no <pll3HK8 BbICOKHX 

aaeprnll: B KHeBe ( 1959), B Po11ecTepe ( 1960), B )KeaeBe ( 1982), B 01tcq>op.11e 

( 19tl5J. B SepKnH ( 1968}. 'iaCTb H3nO:lK0HHbIX B nnccepTaUHII H '·BhlnonaeJIHblX C 

yqacTH0M aBTOpa pa6oT nocnyJKHna OCHOBOlt nnn HanHCB.Hll.lt Tpex K8H/:IH.118TCKHX .llHC-
/22-24/ 

cepTaUH!i • pyKOBO/:IHTencM KOTOpbIX srnmmcg aBTOp. 
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PBc. 4. KpHB.b18 aeepreTB"18CK.0A 38BHCRM0CTB ynpyroro ,,.+ P -pa.cceSIHHSI sa 
174° (cnM) llllll p83Hb1X 'IOTBOCTeA H3o6ap lJ. (2420) H lJ. (2840), 
paCC"IBTABBble B npe.anonollC08KB, 'ITO STO paccesrnBe It0JIBIOM 06ycnos-
ne110 peaoaaacaMB B npSIMOM J[888ll8. a) lJeTBOCTR R306ap A ( 2420) H 

li (2840) COOTB0TCTB8BBO (+)(+) Q)11eTHOCTR Hao6ap C00TBeT-
CTB0BHO (+) (-). B) '10TBOCTB aao6ap COOTB0TCTB8HRO {-) (+), 
r) "10THOCTB R3o6ap COOTB0TCTB0BBO (-) (-). 
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Pnc. 5. KpHBhle SHepreTHqeCKOfi 38BHCHMOCTH yrrpyroro "+P -pacceHHHH Ha 

174° (cuM) nnH pa3HhlX qeTHOCTefi H306ap L\(2420) H L\(2840), 
paccqnTaHHwe B rrpenrronoJKeHHH, qTo aMrrnnTyna STOI'O pacceHHHH HBnH

eTCH cyMMOH peooHaHCHOfi n o6MeHHOfi penJKeBCKOfi aMrrnHTyU, a) qeT-

HOCTH H306ap L\(2420) n L\(2840) COOTBeTCTBeHHO (+)(+), 
6) qeTHOCTII Hoo6ap COOTBeTCTBeHHO ( +) ( -) , a)cooTBeTCTBeHHO (-) ( + ), 
I') COOTBeTCTBeHHO (-) (_-). 
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