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MeTe~ HaMepeHHR ce~eH~H 

.JiJIFI H3MepeHHFI ce~eHH;:r. Ft~pe-snepHbiX B3aHMeAeHCTBHH Mbl 

Hcne/lb3eBa/IH MeTeA /1/ 1ecHeSaHHbiH Ha aHa/IH3e aapFtAesere CeCTasa 

ny~Ka aa MHWeHbR. 3KcnepHMeHT npoaeAHJIC:R Ha ny~:ce MeAJieHHora 

BbiSeAa CHHXpe+a.aeTpeHa JlB3 m1fll-1_ (KaHa/1 68). B Ka~eCTBe aaAaJOil!era 11 

aHa/IH3HPYIOUiera AeTeKTOp_OB HCnO/IbOOBa/IHCI:> CL\HHTHIIJIRL\HOHHbiS C~e~HKH 

C pa3MepaMI1 nllaCTMacceBbl:< CL\11HTHJIJI!iiTOpeB - AHaMeTp 25 MM 1 TeJIUII1Ha -

3 MM H 150 X 150 X 10 MM CeOTSeTCTBeHHe. ~aCCTeRHI1e MeK~Y 

c~eT~HKaMI1 

- 15 CMo 

175 CM 1 paccTeRHI1e MeKAY aaAaRUIHM c~e~lo'IKeM H MHweHI:>IO 

3aAaiOUIHH c~eT~HK pa6eTa/l· B peKHMe perHCTpaL\HH RAep 

yrnepena. Op1o1 KaKAeM cpa6aTIJiaaHHI1 aaAaRil!ere c~e~~>~Ka +DPM~>~pesancR 

CTpe6-CI1rHan A/IF! 113MepeHI>IFI cyMMapHere 

aHanHa~>~py10111ere c~e~~>~Ka • 

p11c.1. 
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P11c. 1. CneKTP c11rHanes aHaJt~>~B~>~pywll!ero c~eT~~>~Ka. 

BHAHbl ni>IKI-1
1 

coeTBSTCTBYIOIIII.<Ie npelleTy ~?pea i1HaJII131-1PYRIII1114 C~eT~I1~C 

~aCTI-11..\ C pa3111-1~HbiMH aapRAaMI-1. 0TC~eTbl B nt>eAeCTa/le (KpaHHI>IH JteSbiH 

ni>!K) .coe.TSeTCTBYRT. CJiy'tafiM 1 KerAa B aHa/ll-131-1py10llii>IH c~e~"'" Hl1 OAHa 

aapRKeHHaR ~acT~>~Ua He nenana. . Ecn11 Tenept> ~>~aMep~>~Tb aen~>~~I1Hbl w41= 
¢' M 4' M N
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"' WM= N
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I NM, rAe N6 "' N6 - ~wcno OTC'teTOB s nHKax, 

ceeTSeTI:TBYIGIIII-1:< aapFtAY 6 1 a N¢' 11 NM - 'ti>IC/10 cpa6aTIJISaHJ.1H aaAaK!Uiere 

C~eT~I>!Ka (I>IJIH nOJIHOS 'ti>IC/10 DTC'teTOB so seeM cneKTPe) B 

BKCnepi>!MeHTaX 6e3 MHWeHI-1 H C M11WeHbiO CDDTBeTCTBeHHD 1 TO OTHOWeHI>!e 

R = WMtw
41 

ecTb sepoRTHDCTb Taro, ~To :RApo yrnepoAa npoHneT M~>~WeHb 

6ea 113MeHeHHFI aapFtAa. To ecTt> s TaKOH necTaHosKe eKcnep~>~MeHTa 
r 

I (hn.t:llhll'"~<"i.ia rmcnrryr ·1 
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~sMepneTcR ce~eH~e HaMeHeH~n aapnAa naAa~•ero Ha MHWeHb nApa. 3To 

ce~eH~ oTn~~aeTcn DT nonHero He~np~roro Ha c~MM~ ce~eHHH 

+parMeHTaU.HH 12C +A -+ llc, lOC, 9 C, KOTOpan He npeBOCXOA~T 10% OT 

nonHero ~e~np~roro ce~eHHn /2/. HeKoTop~e Ap~r~e sonpoc~, censaHH~e 

C on~CaHH~ MeTOAOM ~3MepeH~n, paCCMOTpeH~ B HaWeH pa6oTe /1/. 

3Kcnep~MeHT 

UenbiO aKcnep~MeHTa 6~no 

D3aHMOAeHCT8~ B o6naCTH 

BKCnepHMeHTe HCnOnbSOBanHCb 
' '2 

(2,46 H 4,92 r/CM ) H MeAb 

~aMeHnnacb KpynH~M~ waraMH 

. 12_. 
~HaMepeH~e ce~eH~H o; + A 

aHepr~ 500 - 800 MaB/H~KnoH. B 

MHlileHH.: ~rnepoA <3,46 r/cM2 >, an10M~HHI1 
<7,10 r/cM2 >. 3Hepr~n nAep ~rnepoAa 
H&CTpoHK~H ycKop~Tenn <nann 3,05; 

3,31; 3,57 ~ 3,83 xrc) H C~TeM MRAneHHOrO B~BOA_a, 6onee MenK~e 

war~ .no aHepr~~ npH KaiAOM aHa~eH~~ nann ocy•ecTBnnn~cb nocTaHOBKDH 

aaMeAn~TeneH <non~cT~pon 5, 10, 15 ~ 20 r/cM2 > e +DKyce ~5 KaHana 

en-1. Ha none 3,57 Krc, xoTopoe cooTeeTcTeyeT aHepr~~ yrnepoAa 840 

MaB/HyKnoH, 6~na npoeeAeHa npoeepxa aHepr~~ nAep e KaHane 68. 

npoeepxa npoeoA~nacb no ~aMepeH~IO ~rna noeopoTa n~~xoe~x ~acTHU. e 

MarHHTHOM none 1Cn-41 H Aana aHa~eHHe SHeprHH 740±40 MaB/H~KnOH. 

PaanH~He SHeprHH nAep B ~CKOpHTene ~ B KaHane 68 06bRCHneTCH 

3Ha~~TenbH~M KOnH~eCTBOM ee•eCTBa (B03Ayx, paan~~H~e A~TeKTOp~) B 

KaHanax Bn-1 ~ 68. H3MeHeHHe TOKa MarHHTa 3Cn-12, OC~•ecTBnniO•erO 

noeopoT ny~xa ~a KaHana Bn-1 e KaHan 68, ~cnonbaoeanocb KaK 

KOCBeH~H KOHTpOnb H3MeHeHHfl SHeprHH n~~KOB~X ~aCTHU. npH ~CTaHOBKe 

·a~MeAnHTeneH HnH npH nepeXOAe K Ap~rOM~ pe•HM~ B~BOAa ny~Ka H3 

~CKOpHTenn. 

Pea~nbTaT~ H3MepeHI1H 

Ha pHc. 2 npHeeAeHa aHepreTH~ecxan aaeHCHMOCTb ce~~~ HaMeHeHHn 

aapnAa Ha MHWeHnx C, Al, Cu. rop1130HTanbH~e ~epTO~KH ~ Ka.AOH 

TO~KH COOTBeTCTB~T AHanaaOH~ 113MeHeHHfl 3HeprHH n~~KOBOrO nApa npH 

npoxo•AeHH~ ~epe3 MHWeHb (HOHH3aU,~OHH~e nOTep~ SHeprHH). 3Ha~KaM~ 

Q ,o ,o ,A .Ann Ka.AOH MHWeH~ o6oaHa~eH~ peaynbTaT~ ~_aMepeHHH np~ 

B~BOAe ny~xa 113 ycKopHTenn Ha nonnx 3,05; 3,31; 3,57 H 3,83 xrc 

COOTBeTCTBeHHO. 

Ha pHc.3 npH&eAeH~ aHepreTH~ecxHe aaeHC~MocT~ eeponTHOCT~ W<0;1> 

npau.eccos, xorAa e aHan~HP~IO-~H c~eT~HK n~6o He nonaAaeT HH OAHa 

aapn•eHHan ~acT~u.a, n~6o nonaAaeT He- '6onbwe TP.ex ~aCTHU. c 
eA~~~~H 3apnAaMH (CHJl!?H~H paaDaJ! 51~pa-cHapnAa) • ._8 OTJ!~~~e OT 
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P11c.2. Ce~eHHR H3MeHeHI1H aapnAa Ann MI1WeHei1 C;Al ,Cu. 
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ce'ieHI1fl, 113MeHeHHR 3apRAa 0 KOTOpoe B BblfipaHHbiX yCJIOBI1RX HC 3aBHCHT 

aT pa3Mepos aHaJIH3Hp)IIOIJiero C'ieT'iHK·~ ()lrll.bl BbiJieTa, nepeKpblaaaMble 

,C'iCT'ii1KOM, 3Ha'ii1TeJit>Ho· 6ont>we· )'rnoe K)'JIOHOBCKpro MHoroKpaTHoro 11 

)lnp)lroro pacces.HHfl . RAep )lrnepo.na a MHWeHH) , aen~t'iHHbl W<O; 1l 

C)'UieCTBeHHO 3aBHCRT OT pa3MepOB AeTCKTOpDB H B3aHMHOro pacnOJIOKeHHfl 

AeTeKTOpOB H 

paCC'i HTbiBaJII1Cb • 

MHWeHH. floaTOM'J CC'iCHHR )'Ka3aHHbiX 

05C)IKAeHHe pe3)1JibTaTOB 
~ 

npol1,eCCOB He 

~aHHble, npHBCAeHHble Ha pHc.2, roaopRT o6 O'iCHb cna6oi1 

3HepreTH'ieCKOH 3aBHCI1MOCTI1 Ce'ieHHi1 H3MeHeHI1R 3aps.Aa. Ha nep_aw1 

B3r.llflA0 3TO Bbl3biBaeT HeKOTOpOe HeAO)IMCHHe 0 nOCKOJibK)' B )'Ka3aHHOH 

05JiaCTH 3HeprHH Ce'ieHHe npOTOH-npOTOHHOrO B3aHMOAeHCTBHfl MeHReTCfl 

B 1,7 pa3a /3/. CJ!CA)'eT HMeTb B BHA)I 0 OAHaKo 0 'iTO B 3TOM •e 

3HepreTI1'ieCKOM Al1ana30He Ce'ieHI1e Hei1TpOH-npo_TOHHOrO B3<111MOAeHCTBI1S'I 

npaKTH'iCCKH nOCTOflHHO. Ce'ieHHe B3a~tMOAeHCTB~tst AD )IX RAep 

onpeAe.IIReTCfl B OCHOBHOM 11X reoMeTpH'ieCKHMH pa3MepaM11 0 a 3<1BI1CHMOCTb 

HX OT CC'iCHHH 3JieMeHTapHb1X npoueccoa (pp,npl. - norapHtMH'ieCKaS'I /4/. 

HenocpeAcTaeHHbiH pac'ieT, ablnonHeHHbiH no MOAeJIH 141, .naeT ·a 

·paccMaTpHaaeMOM AHana3oHe 3HeprHi1 poeT nonHbiX He)lnp'}rHx ce'iaHHH 

)lrnepoAa C )lrllepOAOM 0 aJIIOMHHHeM H MeAbiO acero Ha 5-8% 0 'iTO He 

npOTHBOpe'iHT nD.II)I'ieHHbiM 3KCnepHMCHTaJibHbiM AaHHbiM. 

B pa6oTe /2/ npHBOAflTCH ce'ieHHfl tparMeHTal1.HH 12 c .. 11 c, 10 c 11 
9 c 

Ha pa3JIH'iHbiX MHWeHflX npH 3HeprHHX 1,05 H 2,1 raB/H)IK.IIOH. 8eJIH'iHH~. 

CODTBe.TCTB)'IOUIHX Ce'ieHHH B npeAeJiaX OWH60K OAHHaKOBbl npH o6eHX 

aHeprHstx. EcnH Hcnonb30aaTb 3TH ce'ieHHfl KaK nonpaaK)', nepeBOAflW,)IIO 

ce'ieHHst H3MeHeHHR aapstAa a nonHble HeynpyrHe, TO Allfl _yrnepo.na, 

a.IIIOMHHHH H MCAH noJI~'iaeM COOTBeTCTBeHHO 790±30 M6 0 1100±40 MO ~ 

1750170 M6, 'iTO xopowo cornac)leTcfl c 

nOJIH~MH He)'np)'rHMH Ce'iCHHRMH 

31lCpruH 3,7 ra8/H)'KJIOH. 

(780±30, 

H3MCpCHH!>IMH 

1130.180, 

HaMH paUI2C 

1700±90 t-t6) 

/5/ 

npH 

MeAJieHHbiH MOHDTDHHbiH poeT. DCJIH'iHHtil I.J (0; 1) C )'MeHbW2HUCM 3t<Cpr11H 

RAep )'r.llepoAa CKOpee acer.o CDR3aH C MCTOAHKOH H::JMepeii~Ut. flOCKOJlbK)I. 

npo.nont>HbiH 11t.1n)'Jibc tparMeHToa RApa-cHapsma na,~:~aeT aMecT~ c ero 

HMn)'JibCOM 0 a ":fMCHbiUCH~te nonepe'iHOrO HMn)'JibCa npOHCXOI'II1T t-<CilJI~HHee, 

TO )'BeJIH'iHBiliOTCR yrllbl BbiJICTa tparMeHTOB H CHH c MCHbWeH 

aepostTHOCTbiO nonaAaiOT. B aHaJIH311p)':C9111H C'ieT'iHK. 

Kor.na 3Ta pafioTa 61>1na aaaepweHa 11 roTCBHJiact> K ne'iaTu, ablwna a 

CBeT CTaTbst /6/ 1 B KOTOpOH·, D 'iaCTHOCTH, np11BO.IlHJII1Cb pe:.!)'JibT<lTbl 
. ' 12 

.H3MepeHHR Ce'ieHHH H3M~HeHI1fl 3aps.Aa B peaKl1,11H C + C np11 311Cpr11stX 
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418, 561, 693 11 915 MaB/HyKJIOHo 3HepreTH'ieCKHH XOA Ce'ieHHHo KaK 11 9 

HaweM SKCRepHMeHTe, O'ieHb cna6bli1 ( OT 670±7 M6 np11 418 Ma8/HyK.IIDH. 

AD 709±7 M~ npH 915 MsB/H)IK.IIOH). O.nttaKO a6COJI~TH~ DHa'ieHHR 

ce~eHHH, npHBeAeHHble B pafioTe /6/ 1 CHCTeMaTH'ieCKH MeHbWe nony'ieHH~K 

HaMH Ha 3-47.. flpH STOM aBTOp~ /6/ HCnOJib30Ba.IIH TO'iHO TaKOH •e MeTOA 

113MepeHHR 1 KaK 

CI1CTeMaTH'ieCKoe 

11 Mill. 

pacxo•AeHHe 

BnonHe B03Mo•Ho 1 'iTO 

06)1CnOBJieHD HeCKO.IIbKO 

)'ROMRHyToe 

OT.IIH'iaiOUIHMHCR 

npol1,eAypaMI1 BbiAeJieHHR )'rnepOAHbiX ni1KOB B aMnJII1T)IAHIIIX 

xapaKTepH3)'eT _TO'iHOCTb MeTOAa. 
_.,.... 

CReKTpAK · H 

ABTOpbl 6naroAapHIII A.M.Sa.IIAHH)' H H.H.CeMe~WKHHY 3A nDCTaHO&Ky 

aa.na'iH, B.l.rpHWHH)' 3a none3Hble o6c)'•AeHHR, a TaKBe nepcoHany 

yCKOpl1Te.llfl Cia 'ieTK)'IO H onepaTHBHY~ nepecTpOHKy • peKHMOB BIIIBOA·a n)"iKa 

H o6ecne'ieHHe ycTOH'i11BOH pa60TIII C~Kpo+aCJOTpOHa. 
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