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CTPYHOB. 
Jleomm H:e:KOJiaemA. 

HHCTRTyT, T80peTH"i8CROA H 'axcnep:e:MeHTaJll,HOfi ~l!KB, MocKBa. 
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OHIWI XAPAKTEPHCTHKA PABOTl:l 

ARTyaJU,HOCTl> 
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HatmHas c 70 l'O,ttOB,Hapsmy C,HHTeHCHBHO pasB:e:BaeMHN:e: HCCJI8,ttO
Ba.HlIJlMH a@leKTOB eyMyMTRBHOl'O pO,Jr,1teHHS 'lacnru;, IIOBIDC ,ItWlaMH'l8CKHX 
MO,tteJiefl B .impo-a;1tepHOM B88HMO,tt8!CTB:tm, o6pasoBaHHS l'OpS'leil :e:·IIJioTHOfl 
Jtll8pHOff M8T8p:tm, 8KTHBHO BBYllSID'lC/i np01\8CCH @8I'M8HT81\HH peMTHBHCT
CKHX Jtll8p. HCCJie,ItOBaHHe B BCilOJI1,80B8HH8 nponecCOB @al'MeHTan:tm yr:,ry6-
M8T 3H8HHS O CTPYKTYP8 a;1tep, Il08BOM8T B JI86opaTOpHWC YCJIOBIDIX no:,ry
qaTl> H HCCJie,ttoBaTl> H8RTpOHOR36HTO'lHH8 H,Iijla :anaJIH OT oCIJiacTR CTa6:wu,
HOCTH, c»c>PMRPOB8Tl> BTOp~H8 nyqial pe,ttKHX @8I'M8HTOB, BKJIKJtl88 KOpOTKO
:amJ3Y11tH8 .impa, o6ecne'lHBaeT .ttaHm&m, Heo6xo.ttHMHMH np:e: HBY'l8HliW pacn
pocTJ)aHeHHS KOCMH'leCKWC JIY'leil B raJiaKTHKe :e: reJIBoc~epe :e: T • .tt. Peme
HHe STRX BODpOCOB TJ>8,6yeT HBMepeHHS C8'l8H:e:ff R;!tpO-ltll8PHOl'O BSa:e:MO
.neilcTBM Ha nponeHTHOM ypOBHe TO'IHOCTR. 

Ilp:e: HCCJle,ItOBaH:tm ~pal'M8HT8n:tm pe.mtTHBHCTCKHX .imep B03HllKJI8 H 
eme o,ttHa npoCIJieMa. B Ha'laJie 80 ro.noB B pa;1te ycxop:e:TeJU,HHX axcne
p:m11eHTOB {Hanp:m11ep, rpymm ~l'WleH,Itepa) noSBwmc1, yxasaHHS Ha cymecT-· 
BOB8HH8 8HOM8JIOHOB. 0H:e: npe,ItCTaBMJIHCl> KOMllOH8HTOil (llOPJtllKa 6 %) 
P8JISTRBHCTCKHX ltll8PHIDC ~parMeHTOB C 8HOMaJil>HO 6o~l>WHM C8'l8HH8M 
BSa:e:Mo,tteilcTBM, B 5-6 pas npeBHW8.RJllHM H3B8CTH08 CWll,HOe B38HMO,IteffcT
BH8. HeCMOTJ)S Ha TO, 'ITO B ,Itpyr:e:x axcnep:HM8HT8X OHB He llO,ItTBep,nwmc1,, 
CHTyanM OCTaBaJiaCL cnopHofl H npoTHBope'lHBOil. OHa ycyry~CL HHTPH
ryD!leff HHTepnpeTan:e:eA aHOMaJIOHOB KaK HOClltT8~8A OTKJ)liTOl'O l\B8Ta. 
TaIG!M o6pasoM,K I983 r. CJIOJ!HJI8CL 8KTya~LHWI 3KcnepHM8HT8Jil,H88 
npoCIJieMa, CBO.n:e:,emaSC/i K llOHCRY aHOMBJil,HOil @8I'M8HT8IOIIH • 

B IlOHCKOBIDC 3KCll8pHM8HTaX BaJ!IIHM KPRT8pH8M ,ItOCTOB8pHOCTR HB
M8TM IlpaBRJU,HOCTL HSMepeHHS Heynpyr:e:x ce'lem HOpMSJILHOil KOMllOH8H
Tli p8JISTHBHCTCKHX ~P8I'M8HTOB H nepBR'lHHX R;Itep. IloaTOMY llOJIY'l8HB8 
HOBliX,lt8HHIDC Ha BliCOKOM ypOBH8 TO'IHOCTH no C8'l8H:e:HM B3aRMO,It8ilCTBM 
(H B nepByr> O'l8pe,Itl> C H3M8H8HH8M 38PJtll8) p8JISTHBHCTCKHX a;1tep H HX 
<W8I'M8HTOB CTaJIO aKTyaJU,HOff 38,It8'l8fl. 

C08,It8HH8_ HOBHX YCKOpHTeJiefl P8JISTHBHCTCKHX .imep ("HyluIOTpOH" H ,ItP,) 

H ,ItaJILHSflmee pa3BHTH8 peMTHBHCTCKOil R;It8PHOil qlR3HKH (HanpHM8p, HCMe
,ItOBaHBe nepexo.Ita 8.ItPOHHOil MBTepim B KBapK-l'JilOOHHYJO IIJI83MY) CM88HO 
C pacm:e:pea:e:eM 3KCll8PHM8HTaJU,HHX M8TO,ItOB :e:, B nepByr> O'lepe,ItL, C 
BH9.ItP8Hll8M B M8TO.ttHRY pel'HCTJ)an:tm pe.mtTHBHCTCKHX a;1tep apceHa~a qlRBH-
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IGI 'l:acnm BHCOIWX :meprd. IloaTOMY npHMeHemte IIIHPOKO H9B8CTHHX .ne
T8KTOPOB (HanpHMep, npOllOPWIOmlJU,HHX KaMep) ,nJrJI pel'HCTPanmI BHCOKO
aHepreTH'l:HHX smep SIBJllI8TCSI aKTy-8Jll>HOil M8TC>,nH'l:8CKOil 98,I!;a'l:eil. 

Uem, pa6om - cos,naHHe aJieKTPOHHOil ycTaHOBIGI n npoBe,neHHe 
ItHKJia axcnepHMeHTOB Ha BHCOROM CTaTllCTH'l:8ClWM ypOBHe o6ecne'l:eHHOCTll 
H C MaJIHMH CHCT8MaTH'l:eC.!GlMll norpeDIHOCTm.m:: 

- no H9Mepemno ce-qemrff C H8M8H8HR8M sapsma peJmTHBHCTC.KRX 
smep n roe qiparMeHTOB, 

- no npoBepRe aRcnepHMeHTaJll>HHX yKasam Ha Ha~eHHe aHo
MaJII,HOil qiparneHTanmI. 

HamaH HOBR9H8 HCMenoBaHHH COCTOHT B pea.imsaxum opnr.llliaJll>HOil 
MeTo,nnIGI npone,neHRH axcnepHMeHTa n no.ny-qeHHH HOBHX axcnepHMeHTaJll>
HHX .n;aHHIDC: 

- no H3Mepemno C TO'l:HOCThD I-Ii5% A-saBHCHMOCTH ce-qemrff BSaR
MO.D;eilcTBRH C HSM8H8HH8M sapsma smep 9F C lIMIIYJll>COM nopsmKa 
4 A raB/c, 

- no ce'l:emtHM POJ!tlt8HHH H BSaHMe>,neilcTBHH B BemecTBe M8KCRrMca 
peJI.!ITHBHCTC.KHX qipaI'MeHTOB smep 24Mi c lIMIIYJll>COM 4,5 A raB/c, Bnep
BHe ycxoperurux Ha CHHXPO!laSOTPOHe JIBS owrn. 

BHcOKaH TO'l:HOCTh HSMepeHHH nosB~ Bll,D;~Th BRJI8,I!; ~Topac
meMeHHH B Heynpyroe smpo-smepHoe BSaHMo,neilcTBHe, ,naTh nepXHJ!llO oneH
KY Ha cymecTBOBaHHe aHOM8JlOHOB, axcnepHMeHTaJll>HO nponepnT~ I'HIIOTesy 
onHcamtH Heynpyrnx smpo-smepmoc ce'l:eHHil a;mnTHBHHMH "pa,u;:eycaMH nsan
Mo,neilcTBHH" peJI.!ITHBHCTC!WX smep. 

IIpaRrnecKaH ueHHocTh pa6oTH sarnaeTcst B cos.u;arn HOBoil 
axcnepHMeHT8Jll>HOil YCTaHOBIGI, HCMe,n:OBaHHH oco6eHHOCTeil pa6oTH npo
noprmoHaJll>HHX ItaMep npn perncTpaxum TJ)SROB PeJmTHBHCTC.KRX smep, 
no.ny-qeHHH HOBHX .n;aHHIDC no smpo-smepHOMY BSaHMo,n;eilcTBmo. 

Pea;msoBaHHHe MeTo.D;H'l:ecIGie pemeHHH n nOJzy'l:eHHHe .n;aHHHe MocyT 
6HTh ncn0Jll>SOB8HH npn HCM8.D;OB8HRR TOH.KRX Bqxp:lKTOB BSaHMo,neilcTBHH 
peMTHBHCTCKRX smep, ·nsy-qeHHH pacnpOCTJ)8H8HHH KOCMH'l8CKRX .ny-qeil 
B raJiaKTHK8 ,nJrJI 8CTJ)Oqll'ISHIGI, .D;Jl!I npaxrnec.KRX sa,u;a'l: pa.u;naUHOHHOil 
6esonacHOCTH B ROCMOH8BTHK8 n cnyTHRROBOil CBH9H, npn pac'l:eTe norJio
meHHHX .nos ,n.,m smepHoil pa.u;noTepallHR B Me.nmtWie, HaRoHen, npn ncMe
.nonamm npoxOJ!tlteHHH P8Jl!ITHBHCTCKRX smep -qepes nemecTBO ('ITO aKTY8Jll>
Ho, B -qacTHOCTH, npn cos,naHHR lq)HoreHHHXycxopnTeJieil). 

AeTOp Sall@lll88T: 

I. MeTC>,nH'l:8CIGI8 pesyJll>TaTH: 
- axcnepm.1eHT8Jll>Horo ncMe,nonamm oco6eHHocTeil pa6oTH nponop

It1IOH8Jll>HHX .KaMep B ny'l:KaX peJI.!ITHBllCTC.KRX smep, 

2 

., 

I 

~ 
l 
,J 

I 

- cos.naHRH, sanycxa ycTrumRR B smepHHX ny-qxax H ncMe.n;oBaHHH 
ee xapaxTepHcTHK, ·xoTopHe _o6ecne'lliJIH npoBe,n;emre ncMe.n:oBamiil smpo
smep.HliX Bsam.1O.n;eilcTBHil. 

2. SRcnepHMeHTMhHHe pesyJll>T8TH: 
- HSMepeHHH C TO'l:HOCThD I-I,5% A-saBHCRMOCTH ce'l:em BSam.1O

,neilCTBHH C HSMeHeHHeM sapsma smep 19F , nosBOJWBWHe Bll,D;8JWTh BKJI8.D; 
~TopacmeMeHRH B Heynpyroe smpo-sme_pHoe nsam.io.n;eilcTBne, corJiacyio
mniiCH C TeOpHeil BOS6~eHHH B HM8T8Kl!l8M smpe .D;RllOJll>HOro EI pesoHaH-
ca C nOMe,nyI(lllHM pacna.u;oM no ItaHMY 6 Z = I, . 

- HSMepeHHH ce-qemrff BSaRMo.n;eilcTBM C HSM8H8HR8M sapsma C Be
mecTBOM MeRcnrMca peJI.!I_THBHCTCKRX qipaI'MeHTOB smep 24

Mg. c sapsmOM 
6 + II, nosBoJWBWHe onemtT» BepXHXl!O rpamrny Ha aHOMaJIOHH, POJIIItaKillHe 
B KOH8'l:HHX COCTOHHHHX HOPMa~He ipparueHTH, - M8Hee I,6% - H K8CR8,I!;
HH8 aHOM8JlOHH - MeHee I%,- npH paCCTOHHHH .no Bepl!IHHH B98HMO.D;eilcTBM 
6onee 0,8 CM. · 

Anpo6ailJIH pa6oTH. PesyJI1,T8TH, llMO:llteHHHe B OCHOBY .nnccepTaxum, 
,nol(Jl8,I!;HBMlICh Ha Hay-qHHX ceMllllapax OHMO H JIBS o:wrn:, Ha sace.naHMX 
ce~ Y'l:eHoro coBeTa owrn, npe.n;cTa~ch Ha XXII MeJf11tYHapo.D;HYJO ROH
qiepeHnHD no qJII3HRe BHCOKRX aHeprnil COLP, J1eilnnnr, 1984), Ha II nm 
MeJ111tYH8pO.D;HH8 .KOHqJepemom no ,mpo-,mepHO?q B3aRMO.D;8HCTBHm (illBenM, 
Bnc6D, 1985; wpaHUHH, CeH-MMO, 1988). 

Ily6Jm.EgmIDI. B .nnccepTartHH o6o6meHH pesyJI»T8TH H8KOTOPHX pa-
6OT, mmOJIHeHHHX aBTOpOM B 1982-1988 rr. B 06meRHCTHTYTOKOM Hay'l:HO
M8T~8CKOM O~Memm. OOHOBHHe pesyJll>TaTH.ony6JWKOB8HH B pa6o-
TarJ.-5/. . 

CTpyKTYJ)a H O6'I>eM l@COepTaIOm. JlnooepTanM COCTOHT H3 BBe,n;e_
HRH, 'l:8THpex rMB, 88KJDO'l:8HRH H HSJIOX8H8 Ha 113 CTJ)ammax. B Heil 
co,nepJmTCSI 50 PRCYHROB, 8 Ta6;mn n OIIHOOK UHTHPY8MOA JWTepa
TYPH H3 l3I HanM8HOBa.mm:. 

CO.IlEPJ!fAIIBE P AEOTH 

Bo BBenemm: no.D;'l:8pKHYTa 8KTy-8Jll>HOCTh npoMeMH, CqJOpMY'JmpOBaHH 
n~ pa6oTH, onpe.neJieHH OOHOBHH8 nMOXSHHH, BHH8O8HHH8 Ha 9amRTY• 

B nepBoil rJiaBe RSJ10Jt8HH coo6paxeHRH no BH6opy cxeMH nooTaHOBIGI 
8KCil8PRM8HT8, ormcaHH nyqKH peJmTHBllCTCIGIX smep, yc;a,OB.Ka l'I ee 
OCHOBHH8 ya.m, HCCJie.n;onmm xapaRTepncTHKH ycTaHoBim' 1 • 

0CHOBHl:l8 T!)86OB8IDIJI R YOTaHOBRe: }Ut8HTH~ nepBH'l:Horo 
smpa 11 ero Tpe.Ka, onpe,neJieHRe Bepnnm BSam.io.n;eilcTmm, iuteHTH~ 
@aI"MeHTOB no sapsmy. 
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B OCHOBy no.nxo.zta 6WIO nOJIOJlt8HO COBM81118mte B O,JUlOM 8RCll8pm.!8HT8 
,ltByX uesama:cm.mx 3JI8KTPOHHHX M8TC>,Itlllt, perncTpeyymuu; pasHHe aTPR6YTH 
.IJ,Iij)O-Jm8PHOI'O BSaIIMo.neflcTBHJI: pe.rurmBKCTC.IGl8 q>paI'M8HTH H BTOptrnma 
'ISCTHIVi. BH60p M8To.zta HCCJie,noBaHl'lll Ollp8,n8JIJI8TCSI CDOACTBaMH BSaHMO
,neAcTBHJ! peJlfITHBHCTCKHX Jmep: 4!()8I'M8HTH na.namtero smpa ~6pasymTCSI RaK 
'1aCTmn1-Ha6JilmaT0JIH B nepHq>e!)K'I8CKHX BSaHMo,neflCTBHJDC, H3JJY"I8lOTCll B 
y::IKOM KOHYC8 Bnepe.n H llM8lOT CKOPOCTH,6JIHSRH8 K cxopocTH nepBH'IHOI'O 
smpa. ,lurH ones.KB yrJIOBOI'O pacnpe,neJieHl'lll 41P8I'M8HT?B 8HaJIHSl1J)YMCSI H 

cpaBBHBalOTCll C 8RCnepHM8HTOM p83Jlll'IHH8 M(),IJ;eJIH, OllHCliB8DI!H8 M8X8HHSM 
41P8I'M8HT8ItHH. ,lurH oneH.IGI BTOPH'IHliX '18CTHn HCnOJI1>SymTCSI axcnepHM8H
T8Jll,HH8 ,naHHHe. B O(:HOBY onpe,neJieHHJ! sapJmOB IJ1pameHTqB H OT6opa co6H
THA· C KP8THliM BS8HMO,neAcTBH8M nOJIOJlt8H Oplll'HHaJIDHliA M8TO]t C8~0Hl1J)O
B8HHOI'O '18p0HROBCROI'O ,neT8KTOpa, BnepBHe llpe,nJIOJlteHHlifl B 0Hllli 3;)I',lte 
Pa.nH8TOPH C'l8T'IHKOB o,nHOBp8M8HHO CJIYJ!8T MHlll8H1,]I). HecOMH8HlWM .noc
TOHHCTBOM 11epeHKOBCKOI'O C'l8T'IHRa HBJlfl8TCSI KBB,npaTH'IHaH saBHCl!MOCTl, 
HHT8HCHBHOCTH H3JJY"I8HHH OT sapJma. OT .npyrmc 3JI8KTPOHHHX ,neT8KTOp0B 
ero BHI'O,JUlO OTJIH'l88T nO'ITH nOJIHaH H8-qyBCTBJil:TeJIDHOCT1, K Me,nJI8HHl,IM H 

CR111,HO HOHHSl1J)YDI!HM BTOPH'IHHM '18CTHU8M1 H nOBmt8HH8H -qyBCTBJil:T8JibHOCT1, 
K peJlfITHBHCTC.KHM 1I8CTHU8M, HSJIY1188Ml:IM no.n 60JII,JJIBMH yr.nm.m. BTO!)K'I-
HH8 '18CTHUH p81'HCTPl1PYMCSI 0,IJ;HOllJI8'18BHM KOOp.nmt8THHM cneKTl)OM8TPOM H8 
OCHOBe nponopnROHaJibHHX RaMep. Bepmma BSaHMo.zi;eflCTBHJ! B T8KOI CX8M8 
8KCnepBMeHT8 MOX8T H3M8pJIT1,CSI B 11epeHROBCROM ,neT8KTOpe no H3M8H8HHlO 
sapa;na B coce.zumx C'l8T'IHRaX, WD1t B KOOp.ItHH8THOM llJI8'18 no TpeKaM BTO
pH'IHliX '18CTHU (.ItJIJI '180TH co6HTHA). 

CxeMa axcnepHM8HTaJU,HOfl ycTaHoBim"11 H THllH'IHHA ,nHCllJlefl C06H
THJ! C o,nHOKPaTHHM BSaHMo.neflcTBH8M noRa38HH H8 PHC. I. YcTaHOBRa pao
nOJiaI'aJiaCl, Ha RaHaJ18 5B BHBe,neHHOI'O IJy'IKa CHliXp0qi830TpOH8 JIB3 0Hllli. 
llc:IOJibSOBaJIHc1> ny'IRH Jmep yrJieRo.na, RHCJiopo,na, q>Topa H MarHl'lll. HHTe~
CHBHOcT1> IJy'IKa COCTaBJlfIJia 3·!0" 88 c6poc .ItJIJI M8I'HHH, yrJIOBaH pacxo
,nHMOCTl, M8H88 5 MPB.n, pasMepH ox X5y = 9 X !3 MM. ,lurH HClt1IlO'Iemta 
HCR8JK8IDUI HHq>OpMaitHH q>OpMHpOBaJICSI "MHI'Imfl" Tpi!I'I'ep Ha ~oe smpo, 
BX0,IJ;mit88 B neHTl)8llHYJll '18CT1, Mm118HH, C noMOIIl1,lO CnHHTWIJillUHOHHHX 
C'l8T'IHROB Sl+5. 3apa;n ny'IKOBOI'O Jmpa H3M8PJ1JICSI 'l8p8HKOBC.KHM C'l8T'IH
KOM c paspememteM 5 z = 0,26e. 'l'pe.KH ny'IKOBoro smpa perncTpeyoBa
JIHC1> nponopnROHaJU,HHMH KaMepru.m, C Y'l8TOM peKOMeH;Itand, Cq>OpdYJIHpO
BaHHHX B~ BTopoll I'JiaBe. 12 nponopnHOHaJll,HHX R8Mep co6paHH B 4 TpeX
KOOp.nHH8THHX C1irORa. 1IyBCTBHT8JIDHafi o6JiaCTl> f) 128, mar llp0BOJIO'l8K 
2 MM, BliCOKOBOJibTHliA sasop ? MM. To'IHocu HSMepemta xoop.nmtaT Bxo,na 
llY'IKa B Mmll8Hl, COCTa~a 0,4 MM, TO'IHOCTl, 88m.!YT8JI1,HOI'O yrJia - 0,3 
Mpa.It. 

*1H.A.I'oJJyTBHH, B.A.HHIGITHH, B.A.CBl1J):HJtOB,Coo6memte 0.11HH,PI-83-583, 
)T,y6Ha, !983. 
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Ilpmn~IUillaJibHOA '18CT1,l0 YCT8HOB
.K0: HBJlfI8TCll "mmaa" MHIIl8Hl>-,n8T8KTOP 
ns 40 tiepeHKOBC.KllX C1I8T'IHKOB C pa
,nHaTOpaMH HS llJI8KCHI'.Jiaca TOJilllHHOil 
no ny11ey 5,2 MM n q>OTOYMJJODT8JUI-
MH THlla W3Y~. Ilo OCH ny'IRa C1I8T
'IHKH pacnoJIOJKeHH c maroM 6 MM, B 
nepneimneyJISIJ)HOll llJIOCKOCTH OHH 
pasBepsym BeepoM c yrJIOBHM maroM 
25,?0 H nepHo,noM rno0 , o6pasya 
-qyBCTBHT8llHYID o6JiaCT1, ,nnaueTpOM 

~ ~ . ~ 

EVENT 6475 RUN JO y 

~ 

. ++.++ . ! 
. ~ f---•/•,--.. j . 20 MM. IloJIHoe BHYTpeHHee OTl)a:llteHHe 

CBeTa cos,naeT YCJIOBHJ! ,nJIH_nOJIHoro 
cBeToc6opa, o6ecnetIHBaH onTHMBJib~ 
Hoe npocTl)aHCTBeHHoe paspememre. 
.AMwm-ry.nH tiepeHKOBC.KllX m.myJibCOB 
HSMepJIJIHCl, 256-RaHaJil>HHMH sa~o
BO-iUrq>POBHMH npeo6pasoBaTeJlfIMH. 

. B naysax MeJlmY c6pocaMH ny'IKB 

Pnc. I. CxeMa ycTaHOBKII ll ~HCllJieil 
co6HTHH. IlK I-8 - 6.no~ llP?1lOPIUIO
HallHHX RaMep, · SI-5 H C!-40 - cnHH-

Bee C1I8T"mKH KOHTl)OJIHpOBaJIHCl, THJLlI.!1UlIOHHHe H 11epeHKOBC.IGl8 C"!8T-· 
CB8TOBHMll: CHI'HaJiaMH. Bsam,10.n,eficT- tIHKII. 
BHH Jm8P H ~paI'MeHTOB OT6l1J)8JIHC1, 
no HSMeH~mm·aMIJ.JilI-ry.nH B'coce.nHHx c"!eT'IHKBX. Cpe,lUlee sapJmOBoe paa
pemeHHe COCT8B:wIO 0,26e. ~KTHBHOCTI, pas~e~emtH qiparM~~TOB c npo6e
I'OM 6oJiee 3,6 CM lIJIJIDCTPl1PY8TCH Ha pnc. 2. B!mHo, tITO nrr;eHTll:qmnIPYJJT
Cll ~parMeHTH BIJJIOTl> .no 6opa. 3apJmoBoe,paapemeHHe no ceMH ctieT'!HKaM 
cocTaBMeT O,le. · · · 

IIponopnROH8llHble RaM8PH /2"°'1 ..... 
llJietia IlK 5-? H IlK 8 HCnOJI1,30Ba-
JmCl, ,nJIH YTO'IHeHHH BepmnHH BSaH
Mo,neflcTBHJ! nepBH'IHoro Jmpa H 
qiparMeHTOB. Ka~Hfl HS MOKOB 
COCTOHJI HS Tpex O,JUlOKOOp,mmaTHblX 
K8Mep 8H8JIOI'H'IHO IlK I-4. PasMep 
-qyBCTBHT~HOil 06.nacTH: KaMep 50 100 150 z; ' 

IlK 5,8 - 384 MM, IlK6 - 640 MM, Pnc. 2. 3apa;noBHe cneKTphl Jm8P 24Mg 
. 2 2 

IIK'7 - 896 MM. KaMepbl npo,eyBaJIHCl, (Z1) H ero q>paI'MeHTOB BTOPOI'O (Z2 ) 
"MaI'Htieckott" rasoBofl CMec1>1D: H Tl)euero noKOJieanA (z~) npn 
aprou, Hso6yTaH (3~), IJ1peoH OT6ope co6HTHA c npo6eroM dOJiee 3,6 cu. 
l3BI (0,2%) ll: HSOllpOllHJIOBHfi CllHpT. 
Hliq>OJlM8n:ruI C KaMep C'IHTliBaJiaO!, llOCJie,noBaT8JI1,HO aJI8KTl)OHHKOil Lecroy 
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B TPH 6Jro1ta ynpaBJieHRJi CtJll'.THBB.lmeM 
B cT~apTe KAMAK. Ha pHc. 3 np:ime
'AeHp pacnpe'AeJieJme paSHOCTH KOOMH
HaT Bepnnm: O~OitPaTHOro BSaEMO'ABflCT
BWI, lISMepemrax tiepeHKOBCIWMH C'IBT
tJll'..KaMH H KaMepm.m IIJietia. Cpe~e
KB~paTHtIHoe OTMOH8Jme COCTBBJill-
8T OT 3,4 'AO 5,I MM npn pasHWC ItPH
TepKJDC OT6opa TPBKOB BTOPH'IHWC tiac
Tm(. C YtIBTOM ey~OHOBCKoro pacceH
HRH BTOplfllllHX tiaCTm( TO'IHOCTI, H8M8-
peHRH xoop,inrHam Bepmrum BsaEM0,1tei1-

100 

,o 

30 20 10 10 20 30 

X(!-XnK 'MM 

cTBWI tiepeHKOBCIWMH CtieTtIHR&m PHc. 3. Pacnpe'AeJIBJme paSHOCTH 
cocTamma MeHee 3 MM. lIHMo co6u- xoop,inrHaT Bepnnm: BsaRMO'AeilcTBWI, 
m ll(),It llRROM COCTaBJmeT ,Ito 4% OT HSMepemrax tiepeHKOBCKBMH C'IeT1DIBa
tIRMa BSaHM0,It8itCTBd, 'ITO COOTBeT- MR H ltaMepaMR IlJIB'Ia. 
CTBYBT ZBCTRBM BTOPH'IIWM 'IBCTRI(aM 
c yqeTOM axcenTaHca n.netia. 

,lJ,m KOHTPMH Ha6opa 'ABHHWC HCllOJll,SOBBMCI, 3Bv! CM-3 H CHCT8Ma 
nporpaMM D. CKopOCTI, I!pH8Ma 'ABHHWC COCTaBJlfIJU3 OT IO ,ItO 40 co6uTd" 
B saBHCEMOCTH OT ,ItJIHHl:l co6HTHH H HHTBHCHBHOCTH.IJY'!Ka, 'ITO COOTB8TCT
BY8T 7-28 fflCH'IaM C06Lim, perncTpHpy8MWC sa CYT.KH YCKOPHTenHoro 
BpeMeim. 

YcTaHOBKa nos~~ npOB8CTH ~ KCM8,ItOBam @arMeHTaIOm 
peMTHBRCTC~ {'er/ 2 , HSMepKTb A-saBKC:eMOCTH C8'18Hd C lI8M8H8.lm8M 
sapll.I(a 11;!tJ)a' 4•5 , BHll~TI, llOHCR aHO~I,HOro BSaHMO,IteitcTBKH @8rM8H-· 
TOB ~THBKCTC.KHX smep Ha/BLICOKOM YJ)OBHe CTaTHCTH'I8CKOfl o6ecnetieH
HOCTH K TO'IHOCTH HSMepe.emi 31. 

Bo BTOpofl r~Be aHarnKPY8TCSI BOSMOZHOCTI, llPKM¥~ nponop
ItHOHaJildllDC .KaMep MJl perncTparom ~THBRCTC.KHX smep' -', • 

IlponOpm!OHa.Jll,HH8 .KaM8pH - HaK6Mee pacnpocTpaHemmlt KOOp,inrHaT
HHfl ,It8T8KTOp B COBpeMeHHOM 9RCll8pHM8HT8 B qlR8KK8 BHCOIG!X SHeprd. )lml . . . 
ycne11IHoro HCllOJU,SOBaHWI .KaMep H MJl perncTpaitKK smep Bwmo onpe.iteJIKTJ, 
mt M8TO,ItK'l80.KH8 oco6eHHOCTH B 9TKX YMOBKJDC. 

HcMe,ItOBaHWI npOB8'A8HLl co OTa.H;ItapTHJDIK Iij)OllOpm!OHMl,JmMK RaM8-
pmm JE) c maroM npOBMO'I8K 2 MM, BHOOROBOJll,TJIHMSasopOM 7 MM H "Marn
'18CKOfl" raso:aofl CM80l,I) Ha OCHOB8 HSOeyTaHa. HsyqeHLI aqxpBK~OCTI, 
pernoTparom, MH038CTB8HHOCTI, H nmpHHa MaCTepoB (.KJlSOTEI)- rpymxa 

i1 A.B.BmlmeBcm H 'AP· IlpenpHHT OWIH, I3-83-I6, Jl.v6Ha, 1983. 
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llOM8,ItOBaTeJibHO opa6oTaBIImX npoBMO'IeK) B saBHCEMOCTH OT sapsma smpa 
H p8m'IMOB pa6om KaM8pLI. 

aixiieKTHBHOCTb perncTparom 6 ltaK q.ffli.KqHSi Hanpsmemm Ha .KaMe
pe ;ItJI/1 smep c z = 12, IO, 6, I, noxasaHa na pxc. 4a. IIpoBe.Itemmlt 
aHaJIR8 ItPlmWC Sqq>8KTHBHOOT8fl ll0Ka8M, 'ITO Hanp!llt8mm Uo, COOTB8TCT
BYlJIIR8 paBHofl ajlqeKTHBHOCTH (B o6JracTH c ~ I), CBJISaHLI C 88pll.I(OM 
smpa z npOCTHM 13Lipaze.1meM: 

1.0 

0.1 

0.1 

0~ 

0.2 

Uo 'ii'-ln z~ · (I) 
. ---- --~- ·- ~----, ,.r. 

~••.----..-,.-~------, .. 
100 • 

31 

£ 

3.0 4.0 u .•• 3.0 •.O U,k8 

Pnc. 4. 8aBHCllMOCTI, OT HanpJ11temm (a) Sqq>eKTHBHOOTH perncT
panmr smep c Z = 12, IO, 6, I H (6) ln z 2 npH Sqq>eK
THBHOCTH 0,2; 0,4; 0,8; l,O. 

HeCMOTpH Ha npn6JimlteHHOCTI, 13LipaZeHRJi (I~ ~eflHOCTI, saBHCllMOCTH 
xopomo npoMeDBaeTCSI Ha pzo. 46. BLipaze.1me (I) OTPaJKaeT nepBYJ) Me
T0,ItH'I8CKYJO ooo6eHH~CTI,. AHa,ms 88BKCllMOCT8il Ha PHO. 4 npHB0,ItKT K BLI
BO,Ity, "lTO nponopIOIOHanHLie KaMepH C In!q>POBLIM C'I>8MOM HH(pC)pilaitHR MOI'YT 
npHM81UITI,CSI B lta'I8CTB8 ,It8T8KTOpa - ,ltRCitPBMRHSTOpa sap,ma smpa. Ilpoo
T08 COOTHOme.1me (I) ll08BMH8T H8 TMDKO llO,It6npaTI, pa6otIRe HanpstEeHRH, 
HOH oneimBaTI, 9qq>8KTHBHOOTI, 'AHCitPHMRHanHK. BaltHHM HBJIH8TCSI R BOSMOZ
HOCTI, pa6om C ll0Hmlt8HHHM H8npHZ8.lm8M (~ llOBLim8HHLIM noporoM pernoT
PanHK). 

Ha pn:c. 5 nplllle,Il;8HLI THllR'IHH~ 8SBHCRMOCTH Sqq>8KTllllHOCTH pernoT
PanHK OT H8np!Dit8Hml B BepoHTllOCTH perncTpaitKK co6um c onpe,Ite~eHHoa 
MHOl!8CTB8HHOCTI,I) Ni (pHc. 5a) R mHpHHOit Si (pRc. 66) KJiaCTepoB. 
ECJIH ,ItM 0,ItHOS8pll.I(HWC tiaCTRU cpe)UIJUi MH038CTB8HHOCTI, H nmpHHa MaC
TepoB Ma6o M8HlWTCSI C HanpHZeHReM OT I 'AO I,18 H I,114 COOTB8TCT
B8HHO, TO ,ItM smep STa 88BKCRMOOTI, CY1118CTBeHHa. B Ha'IM8 IlJIBTO aqxpelt
THCHOCTH perncTParom smep (N) = I,3, (S) = I,I2 n ,ItOCTHraDT B MaKCK
yYMe 4 R 3,5 COOTB8TCTB8HHO. Ilo1tasaHa BTOpaH oco6eHHOCTI,: ll8paM8TPH 
MaCTepoB OnpB'AeJimlTCSI f-~8KTPOHSMR, conpoBOJr,T.tamtmm smpa npH npo.'.. 
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t,s. 
1.0 ··r·-~ 1.0 

0,8 .'"\ A o.• f u••••C r. 

0.8 0.8 

I ::t 
s, 

s 

1, 

3.0 :1.5 3.0 3.5 o1,0 U,kB C.S 

Plilc. 5. BepOSITHOCTlI peI'HCTPamm C06HTHii c (a)-onpe.neJieHHO:l! 
MHOJ!t8CTB8HHOCTl,II Ni H (6)-ll!HpZHO:l! Si RJiaCT8pOB 
B.samrcHMOCTlI OT Hanpmlemm. 

xoJIQtemm ~epes nemecTBO RaMepu, R nponoptn10HaJI1,HH z2
• Ta.ImM o6pa

soM, c yne~emreM z H Hanpsatemm nospacTaeT ~CJio Itll8cTepoB H Y"XYlI,

maeTCSI !IpOCTP8HCTB8HH08 H .n;ByxTP8KOBOe paspemeHHe. 3TO npHBO,ItRT K 
orpalm'I8Hlll0 ,ll;llll8Mli'l:8CKOro ,ll;llanasoHa no aanpgemm npR O,ll;HOBpeMeHHoff 
perncTPmnm smep c pasHHMH sapsmaMH. Ome~eHa TP8Tl,JI oco6eHHocT1,: 
8CJIH cpe.n;HeKBa.n;pa~oe OT.MOH8HH8 U8HTP8 RJiaCTepa OT TP8Ka pacTeT 
C H8npst!t8HH8M HZ , TO nmpzaa Ha nOJIYBliOOTe· STOrO pacnpe,n:eJieHHSI He 
samrcHT OT z R Hanpsatemm H paBHa I. 65 MM ,ItJllI sapsma 9 B ,ll;llanasoHe 
Hanpsatem OT 3,2 .n:o 4,6 KB. IlOSTOMY no.n:~epromaeTCSI 8KTy-8Jil,HOCTI, 
pasBHTHSI H8Tpa.n;imJroHHHX no.n;xo,n:oB K peKOHCTPYK!Uffl MHOX8CTB8HHliX C06li
m C ~acTHeM ,peJIIITlIBRCTCKIDC smep H ippaI'MeHTOB, minpimep, B paMKax 
MO,IteJIH_ - ZHTerpaJia no HCKOMO:l! TpaeKTOpmi:*i 

CcpoJ>MYJIHpOBaHli Tpe6onamm no on-rm.msamm KOHCTPYRinm KaMep, me 
KOMnOHOBKe, no BH6opy pel!WMOB pa6oTH. BH6paHa KOHKp8THaSI cxeMa KOOp,int
H8THOro ,ll;8T8KTopa C HCnOJil,SOB8HH8M TP8XKOO.P,ItZH8THliX 6JIOKOB, B KOTO
PHX: ClII'H8Jil,Hli8 IlJIOCKOCTlI noBepeyTH OTHOCHT8Jil,HO·.n:pyr ,n:pyra Ha 60°. 

TaKl!!M o6pasoM, onpe.n;eJieHH npax~eclGI noJiesHHe pexoMeimamm no 
npHMeHemm RaMep ,ItJllI perncTprunm smep. 

B TpeTl>e:l! rJiaBe 0IlHC8HO HCilOJII,SOBaHHe YCT8HOBIGI ,ItJllI HSMepemm 
ce~emtlt BS8:BMO,n:e:l!cTBWI C HSM8H8HH8M sapsma smep· 19i? C smpaMl'I'. yrJie
po.n;a, ~. M8,ll;H, HI:tltWI, B~paMa, BHa.!yTa H ypaHa C TO~OCTl,11 
I-I,5%'4,51 • . 

' ' MElll;lty ~epeHKOBCRllMH c~e~KSMH pacnoJiaraJIHCI, TPH MlllllSHH C TOJI
mmtaMl'I'., COOTB8TCTByxiliHMII npHMepHO 10, 20 H 3()% BS8EMO,n:efCTmtl! ~Topa. 

*'IO.A • .ffttyBeHKO. IlpeµpZHT O:illlH, PI-88..:29, ,lly6Ha, 1988. 
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HCilOJII,30B8HH8 TP8X Mlllll8H8:l! IlOSBOJlll-
8T YM8m.mtTI, BJIHSIHH8 CHCT8Ma~ec
KHX H CJJY1I8:l!HliX OIIIH60lt R YB~Tl> 
TO~OCTI, HSM8peHWI. Ha pnc. 6 npH
Be,lJ;8H cneKTP ClII'H8JIOB OT c~e~OB, 
pacnOJIOlt8WWX sa MmIIeHI,11. IImtH smep 
~opa H ipparMeHTOB OnHCliB8JIHCI, rayc
COBC!tl!MR pacnpe,n:eJieHlilnv'll! C ~8TOM • 
"6eJioro" Cil8KTP8 OT smep,npOBS8HMO
.n:eflcTBOB8BIIIIDC C BemecTBOM C~8'1'1lll'.KB. 
O&em8HHH:l! IlHK ipp8I'M8HTOB C sapsmOM 

·MeHee 5 OnHOliB8JICSI JiorapRq.MH1l:8ClGI
HOJ)M8Jll,HW pacnpe,n:eJieHHeM. Ce~eHHe 
BS8HMO,n:effcTBM onpe,n:eJISIJIOCI, no 
cpopMYJie: 

(: 
· N1 l J A 

0,1z~1 • ln ~ - X L '/J' NA' 

N 

0 "'~------------

0 
0 

0 

"' 

z=5 6 7 8 9 

"b' ....... 2b· ~b 6b 8b 1b0 

z• 

Plilc. 6. CneKTPli ClII'H8JIOB ~e
peHKOBCKHX c~e~OB IlOCJie 
Mm118H8:l!. 

(2) 

r.n:e L , A HJ' - TOJimHH8, aTOMHH:l! Bee H IlJIOTHOCTI, Mm118HH, l - TOJI
mima IlJI8KClII'JiaCOBOro pa,n:HaTOpa, .II - cpe.n;HSISI ,It1IHH8 CB060.n;HOrO npo6e
ra ~opa B nJieKclII'Jiace, N1 H N2 - ~CJio smep ~opa B c~e~x .n:o 
H noCJie MHII18Hel. ~8HR'JI CHCT8M8T~8CrotX norpemHOCTel, !IpOB8,lJ;8HHli8 
npm,mM pac~eTOM H no.nyqewme HS cpaBH8HM pesyJII,T8TOB Ha pasHHX Ml'[

mewoc,c pasHl,lMlt c~e'1'1mKBMl'I'. H pas~llMH cnoco6ru.m.06pa60TKR, noxasa
JIH, ~TO ci~H8 npemtmaM CT8TlIC~8ClGIX TO~OCT8:l!. 3KcnepHMeHT8Jil,Hli8 
.n;aHHHe/4, 51 noxasaw HS pHC. 7, r.n:e 
annpoKCHMHpOBaHli napaMeTPHsane:eA 6~...=u ... ::.;_ _________ ___, 

Epa.n:Ta (xpOMe TmlteJiliX MHII18H8:l!): 

6'.iz~, • 1rmrJ(Ap
113+ A.r 113-jJ)

2 
(3) 

c napaMeTPaMR r
0 

= I,4?8±0,006 4f4 
. + 

H J3 =. 0, 996-:0, 028. J{aHHHe cpaBHH-
B811TCSI C pas~ SKCil8pHM8HTaJII,
HliMl'I'. pesyJII,T8T8Ml'I'., IlOJJY:1!8HHliMH B 

pA 'HeA. ' NeA H FeA BSam.io.n:elcT
BHSIX. 06,cpmamCSI pas~HHe napaMeT
pnsaUHH H CT~Il8HI, BX !IpHM8HHMOCTH. 
Bee MaCCilBli .n:aHHHX. cpaBHHB811TCSI C 
pesyJII,T8T8Ml'I'. pac~eTOB B paMKaX_ 
Teopmi: MHoroxpaTHoro paccemmSI 
TJiay6epa, r.n:e pacnpe,n:eJieHHe IJJIOT
HOCTH smepHOfl MaTePHH pacC'lllTaHO 

j 

9 

•• 

50. 

••. 

• 
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6 1 • A)•A) 
Plilc. 7 • 3aBHCHMOCTI,- C81!8HM 

OT MaCC n~a~e,r.o. -~~ :e: _smpa 
Mlllll8HH. 



MeTO'AOM XBpTpH4o.Ra. IloKasaH0 Y'AOB
~eTBOPHT6JII,H0e cor~acne T60pHH R 
sxcnepHMeHTa (IqlOMe T.lllteJlllX WnIIe
Hei1). AHaJmSHPYeTCR ormcaHne Heyn
pyrIDC smpo-smepmuc ce'lem a;mn
THBHw.m: "pim:nycaMH B88llM®6MCTBRlI" 

smep: 

6 = 107i (Rp + Rr)~ (4) 

CJr~.11 BHpalltemm (4), nsMe.RaeTciI 
8.lmRTllBHml "pim:nyc B88llMO'Aei1CTBRlI" 
JlYK.1I0H8 (CM. pnc. 8). Ilo.RBS8H8 npn
MeHHM0CTl, rHnOTeSl:l orurcaHRlI ce'le
m ( 4) C T0'IH0CT1,l0 'AO I, 5% 'AO 
AT~ 60 n - 'AO 3,7% M.11 6Mee TJl
:ateJIHX smep. 06c~aeTCR Te~eHUWI 
OTlt7I0H6HlllI ce'leHHM B88llMO'A6fiCTBRlI 
c TmteJil:lMH smpaMH Ha pnc. 7,8.IIo
Ka88HO, 'ITO 3TH OTKJIOH6HlllI cor~
cymTCR C BKJiim0M q>OT0p8CllleIIJieHRlI 
B Heynpyroe smpo-smepHoe BaaHMo
'Aei1cTBRe, ormcl:lBaeMoro Teopnefi 
BOS6~eHRlI B Ha~eTaKl!leM ~e 
~0~1>Horo EI-pesoHaHca c noCJie-1 'AYIIIItllM pacnimoM no .RBHaJJY .t.Z = I. 5/ 
H3 pnc. 9 ~o cor~aCHe TeopeTll
'leC.KIDC 8Ha'leHHi1 ce'leHRlI o6pasoBa
HM 180 npl! !pOT0P8CllleIIJieHIDr smpa 
I~ n aRcnepHMeHTa. Sxcnepm1eH
Tam,'iwe 'A8HHl:le nMY1IeHl:l RS ZT - 88-

,.:~ &!'°3 t cp• 

,,. -l 

~'. ,,.,----t-··,·-i'---..... l I i fl!' t "I' ·············l!i······~ 

10 ~I.a. O •• 

' fl~ • F 
□ •• 
• p 

20 60 100 200 A, 

PRc. 8. 38BHCZMOCT1, "pim:nyca 
B38HMO'A6il.CTBH.!111 JlYK.1I0R8 OT 
M8CCl:l smpa WnIIeHR. 

bKyA,M!iH 
300 

19 111 
F • Zy - 0 • X 

200 

100 

0 

40 60 80 Zr 

PRc. 9. CpaBReHne aKcnepHMeR-
T8JIJ,HHX 'A8HHHX H TeopeTH'leC
KmC sRa'leimil. ce'leID!Jl o6paso
BaHH.!l 1~o npH ipoTopaCI11eIIJie
mm smpa 19r. 

BHCHMOCTH ce'lem q>paI'MeHTainm: <I>Topa B Kl'[CJIOPO'A C Y'leTOM smepHoro 
K8R8~ <I>parMeHTamm. IloCJI~ BI:,ttDlCJ16H ,l(BYMJI cnoco6ro.m: Ha OCROBe 
rHnOTeSH ~RTOpH88IUm ce'lem qiparMeHTmnm: H nps!Ml:lM qll11TllPOB8HneM 
'ABRJWX no TpeM ~er.KEM MllllleWIM. lIMY'!eHHl:le axcnepHMeRTBJII,Hl:le 'ABRHl:le 
MOI'YT 61:lTl>.RCn~soBaHH R B.Ka'I6CTBe Iq)HT6PH.!l 'AOCTOBepHOCTl! H8Mepe
mm cpe,IUmX ~ npo6era pMJITRBHCTCIWX smep B CJIOJKl:IHX MllllleWDC B 
aKcnepll!M6HT8X no nOHCRY 8ROM~Oro B38llMO'A6i1CTBH.!l <l>P8I'M8RTOB. 

B 'l6TB6pTofi r~aBe ormcaRO RCCJI8'AOB8HRe HS YCT8ROBK8 ce'leRHi1 
B38HM®8il.CTBH.!l C HSM6,ereM sapsma smep ~g Hero qJp8I'M8RTOB C 
Be~ecTBOM JJJleKcnr~ca 3 c ~M1,10 npoBepror aKcnepHMeRTSJII,HOro Ha6.mo
'A6HH.!l 8RO~Oil. qJp8I'M8HT8IUmo 
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llaeTCR Iq)aTm o6sop aKcnepHMeHTaJlldlHX pa6oT no RCCJI~oBamm 
8HOMMOHOB B nepHO'A 1954-1985 IT. IlOCKOJIJ,RY ~a npo6era HOCJitT 
CT8THCTJit'l8CKRil. xapaRTep, TO 8HOMaJil,HOCT1, Re mm~eTCR B lmltJitBW"BJII,
HOM B88llMO'A8itCTBHH. RB.neHlle "npo~eTCR" CT8THC'l'H'l8CKH Jit npHBO'AHT K 
Yl38JIH'l8HIDD 'IR~ B38llMO'A8ilCTBHil B6.mmR TO'IKH p()lQt8HH.!l @8I'M8HTOB. 
AHaJIHS 22 SKCnepHMeHTOB C qJOT08MyJI1,CHOHHOil M8TO'AJitKOil J,I I5 - C ,11;pyroff 
M6TO'AltKOi1, B.RJllJ'I8.!l ~eKTpoHHym, noKaSHBaeT, 'ITO, KBR npamIJio, 
Ha6JiinteHHe 8qq>eKT8 CBJ138HO C MMOfi CT8THCTJit'l8CKOil. o6ecne'l8HHOCT1,!) 
Onl:lTOB. O'AH8K0 nepBl:lit OTpJm8T8JII,J:Ilii1 pesym,TaT nOJJY'leH llM8HH0 C npH
M8H8HHeM ~TOaMyJII,CHJ,I B OHHH B rpynne K.ll.To~CTOB8 ~) lle~eTCR Bl:lBO'A 
0 CB08Bp8M8HHOCTH H 8RTY~OCTH nOCT8HOBKl'[ sKcnepmeHT8 no npoBepKe 
JIBJI8HH.!l 8JI8KTpOHHO! M8TO'AltKOi1 J,I nOJJY'leHH.11 CT8THCTH'l8CKH o6ecne'l8HHO
ro pesy~l>T8T8 M.11 moom:e;eya,n,HHX RaBMOB q>paI'M8HTaIOm. 

IlpH noCT8H0BK8 Sa'A8'IH o6pa60TKH HHqJOJ)M8mm C YCT8HOBKH 8H8JIH
SHPY8TCJl 11TOnOJIOrH'leCKRil." MeTO'A• 0TM8'l88TC.!l RSK H~OCTaTOR 60JWIJa.!l 
B8Jil!1DJB8 nonpaBOK 'AO 20% 'AM <I>YHmum nor~01iieHHJI B HHTepBMe OT 
I ,ItO 2,5 CM. 

IlpOB~8H p8C'l8T BKJia,Il;8 BT0Plf'lHHX ~8CTlllt C Y'l8TOM HX mmym,cHo
ro l!r yr~oBoro pacnpe.ne~emm B CMe~eHlle <z2> q>paI'MeHTOB .Kalt 4\YHRltlIH 
pacCTOJlHH.11 OT Bepmmm nepBH'IHOI'O B88HMOJJ;eloTBJitSI. :&decTe C Y'l8TOM 
BKJia,Il;a O -~eKTpOH0B nepBJit'IHOI'O smpa nOJJy'leHO xopomee COI'~Clle 
0 8RCil8pm.!eRTaJil,JmMH qJJ;BllI'BMR. C.Y'!8TOM STOI'O .BH6HPSIOTCJl rpaJmIU,1 
paS'AMeHH.11 q>pameHTOB. 

.U,W HSMepeHll.11 BepO.!ITHOCTeil P0JIUJ:8HH.!l H ce'lemd BSam.i~elcTBJit.11 
qipaI'MeHTOB Mal'HWI paspad0T8H "cn8KTpa.JiliHl:li1" MST® 8H8JIHS8 / HHq>Ol)Ma
~ ce~OHHJ)OB8HHOI'O 'lepeHltOBCK0I'O ,Il;8T8KTOpa, CB06QJUIHI OT H~0CT8T
KOB 11TOnOJIOI'lN8CKOI'0 11 no.nx®a •. C noMOJIIH) 8JlI'OplilTMa 11Clt8'llt8 11 aMIIJmTY
'AH B ,Il;IIYX noCJI8,Il;OBaT8JWWX C'l8T'IHK8X Onp8'A8JI.!18TCJ'I TOJII,KO C'l8'l"llillt1 

B lt0TOpoM npOHSOIIIJlO B381r!MQJ:t8l0TBH8, II 8Ha.Jm3HPYJ)TC.!l 8MIJJIHT1,IUW8 

Cll8KTJIH CHI'H8J[OB, o6pasyeuwc ~paI'M8HT8MR B ,I1;8BJlTH noCJre,IJ;j'DllllX .c'IeT
'llllt8X. Be.,m,nma nonpaBKH, CB.!IS8HH8.!l c 01111i161tol onp~eJieHll.11 TO"lIGI nep
BH'IHOro B38llMQJ'.t8lCTBRII, COCT8BJIJ18T JmiIII, 2,4%, B TOM 'IHCJ!8 'AM nepBo
I'0 C'l8T"mlt8 - I,6%. BliBe,JteHO BHJ)aiteHHe, 0imCl:lB8Dll88 q,yHianm IIOI'~Ollte
Hll.11 - 38BHCHMOCTl, 'll![~ ~8I'M8HTOB OT paocTOmmH ,Il;0 Bepmmm BS8BM0-
;u;elcTBJitSI. OHo Y'IHTHBSeT .BH6HBaRHe qipal'MeRT0B, pO,Il;HBllIHXC.11 B nepBH'IHOM 
BSaBMQJ:teilcTmm, H qJp8n.18HTH, pO,Il;lUIIIIlleCR B QJ:tHOM :wm ,1U3yX np0M8zyT0'l:
ma: B38HMQJ:telcTBJit.!IX CTapumx @8I'M8HTOB. . 

H) B.P.Bannik et al. Proc. of 18-th Int. Cosmic Ray Conf., 
Bangalore, Indi~, 1983, v. 7, P• 44. 
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06p1]00TaIDI 65000 B3allJMQ,It8HCT
Bml Jl;ltep 24Mg C IJJ18KCHI'JiaCOM. qo7 
JJY'l8llll BepOJITHOCTH ipparMeHTau;mr

2 

Jl;ltep 11 qipameHTOB c Z = 12 + 7 B 
paaHHe RaHaJIH c Z .?: 6. BepOS!THOCTH 
qiparMeHT~ B R30TOIIH SJI8M8HTOB C 
HetJeTHw.m z no~aBJieHH, ttTO corJia
cyeTC.11 C psJ;ltOM MO~eJieit (B KOTOPHX 
BepOS!THOCTH po~eHR.11 CB.1!8W38IDTCfI 

·••N ·••N : 1~ :~E:;J__.__.__.___._, .. 

:c;J:E:;J 
:.t:;J :E3Q 

C 38BRClllMOCTbD OT SH8pl'IDI CB.11311 
qiparMeHTa B Jl;ltpe)R ~aHHW.m, no.ny
tteHHliMR B EepKJlll npn aHeprIDI 2A raB. 
Ha pnc. IO noRaaaHH ipyHRUIDI nor
JiomeHR.11 B IIJieKcnrJiace qiparMeHTOB 
c Z = II + 6, ROTOpll8 onncimaDT

x.,. J x.,. 

Pnc. ID. wyHRUIDI norJiomemm 
B IJJieitcnrJiace ipparMeHTOB 
Mar.mm c z =II+ 6. 

C.11 o~oit SRCnOH8HTOil C napaMeTpa 1..CM 

MK HopMamllllX cpe,mmx ~ npoo~ra, 
KOTOplle B np~eJiaX onmOOK corJiacy-

25 

IDTC.11 C peayJibT8TaMH, onncaHHHMH 20 

B npe.IUmYII1ei1 rJiaBe. Ha p11c. II 
noRa38Ha 38BHClllMOCTb cpe~eit .wm
llll cBo6o~oro npooera B IJJieKCHI'-
Jiace OT_ 38pJl;lt8 qip8I'M8HT8 ,nJI.11 no
JJY'l8HHllX B SKcnepRM8HT8 ~aHHHX 
11 onyOJIHKOBaHHHX no axcnepRMeH-
TaM B EepRJm. ~OHaJibHa.11 3a
BRCllMOCTb ~ammx, IlOJJY'l8HHblX npn 
pa3HIDC SHeprWIX C TOttHOCTDID no-
pJl;ll;Ra 2,5%, ,~OKCllMRpyeTC.11 cTeneH-
HOi1 ipyHRIJ;neil 2 • . 

15 

10 

Ha aHaJIRsa ,naHHIDC (pnc. IO) 
BH.7UIO, ttTO onncaHRe (WHRIJ;llli norJio
memm He Tpe6yeT np11BJietJeHR.I! r:imo
TeSll 06 aHOMaJIDHOCTlI. wopr,mmHO 
~aeTC.11 oneHKa Ha cyw;MY Bcex aHOMaJIO
HOB, nepexo.nsmtme B HOpMamHHe cppar
MeHTH c z = II + 6 B ~nanasoHe npo-
6eroB 60Jiee 0,8 CM, Be.llli'IRHoil nonpaB
Kl:I Ha nepmtl!. ctteTttHR, paBHoi1 I,6%. 
ECJm npe~OJIOJmTb, ttTO q,parMeHT 
coxpaWieT CBOD aHoMamHOCTb n He 
llpo.l!BJIS!8TC.I! B HOpMaJibllllX @'H.KIU!IDC 

12 

5 

ny1.4KU cpparMeMmbl 
LI.Z~1 

e C.0.Mg.F. A Mg 

0 Fe 
·,...... ■ Ar 

o Fe 
a Ar 

1,,52-z•o.s1 

···, .. . ~·-r~. 
~"·e. 

0 "~ 

Ga.(),o. 
Ou,, 

10 15 20 Z 

Pnc. II. 3aBRCllMOCTb cpe~eit 
~ npo6era ;i\ B IJJieKcnrJia
ce OT sapJl;lta cpparMeHTa z • 

.1a3 ii 
1,s--1 ~ 0 Z<6 

T • Z<7 

1,0~ ~ t 1 .,~t~:.~---t+tf f-
0 2 3 4 x.cm 

Pnc. 12. CxopoCTb o6pasoBaHR.I! 
MJUUUilRX qipaI'M8HTOB RaK @'H.KIJ;Hli 
paccTOJIHIDl OT·TOttKl:I nepBnttHO
ro B3al!MO~ei1CTBM. 

norJiomeHR.I!, RaR ~cRasHBam HeKOTOpHe TeopeTHtJecIWe MO~eJilI, TO 
RaC~Hit M8XBHll3M ~OJDiteH npHBO~Tb K BOspacTaHHD B nepBHX ctteT'mRaX 
.ItC>Jm1!8CTB8 MJia,znmtX ippameHTOB. Ha PRC. 12 noRasaHa @'HKURII CKOpOCTli 
oopaaoBamm ~ cpparMeHTOB c Z < 7 n: z .:::: 6 OT paccTOmraJI OT 
TOttKl:I B38lIMO~ei1cTBM. B nepBOM ctteTttn:Ke S8M8THH OTRJIOHemm, ROTOpHe 
nosBOJIIDDT oneHRTb Bepxm:m rpaHnny Bepo.11THocrn po~eHR.I! Rac~oro 
8HOMaJIOHa B8JllittHHOi1 MeHee I%. (Taitoe OTKJIOHeHHe MOlltHO Taltllte OO'bJIC
HHTb He~OYtJ8TOM norpeDIHOCTli onpe~eJieIDUI BepnmHH B3am.!O~eilcTBWI). 

Ilo ltpai1Hei1 Mepe MOltHO onp~eJieHHO KOHCTarnpOB8Tb H8IlO~TB8~8-
Hn:e HaOJIXmeHR.I! aHOMaJIOHOB B caHTRMeTpoBOM ,JUranasoHe ,wm:H npo6erod3/. 

B saRJIIO'Iemm npHBO~TC.11 OCHOBHHe pesyJibTaTH ~l'ICC8PTanROHHOfl 
pa6oTH: 

I. Cos~aHa l'I sanymeHa B ~epHOM nytJKe 3KCil8PliM8HTaJIDHa.1! ycTaHOB
Ra B COCTaBe 40-RaHa.l[blloro· C8RIJ;llOHl'lpoBaHHoro tJepeHKOBCKOrO ~eTeKTO
pa, BnepBHe npe~JIO:xteHHoro B OHfilf, H KOOp~aTHoro ~eTeKTOpa Ha OCHOBe 
24 nponopnHOH8JU,HHX RaMep c OOIIU!M 'IRCJIOM KaH8JIOB 4352. 

HCCJI~OB8HH OCHOBHHe xapaRTepHCTn.lW YCT8HOBIW: TOttHOCTb onpe~e
JI8Hll.l! napaMeTpOB nepBHtJHOrO anpa, sqi!eKTRBHOCTb pas~eJieHll.11 ~paI'MeHTOB 
no sa~ H TOttHOCTb onpe~eJieHll.11 BepnmHH B3aliMO~eilcTBIDi, nosBOJin:Bnme 
npOB8CTli nnKJI HCCJie~OBaliml anpo-Jl;ltepHoro B88ID40~eflcTBR.I! Ha BHCOROM 
CT8THCTHtJeCKOM ypoBHe. 

2. BnepBHe Cl'ICTeM8THtJ8CIW HCCJie~oBam.t M8TO~HtJ8CKHe oco6eHHOCTli 
paOOTH nponopnHOHaJIDHHX R8M8P IIPH perHCTpann:n peMTRBHCTC.KHX anep 
C 38psJ;lt8Ml'l I+ 12. Il0Ra38HO, 'ITO 06H'lHHe nponopnHOHaJIDHlle RaMepH 
C I.OI(ppOBlilM C'I>E!MOM HHqx>pM~ MOryT npm.t:eWITbCfI B Ratt8CTB8 ~eTeKTOpa
~HC!tpm.mH8TOpa 38psJ;lta Jl;ltep. Hay,i:em.t l'I cipopMYJin:POB8HH orpaHHtJeHl'IJI l'I 
npaRTHtJeCIW nOJI83Hl,18 peROM8B;ItanHH no npnMeHelmJD nponopnHOHaJibHWC Ra
Mep ,nJI.11 perHCTpann:n peJIR:TliBHCTCKHX Jl;ltep. 

3. BnepBHe C TOttHOCTbD I+ I,5% H3MepeHa B ~RanasoHe Jl;ltep Mm118-
Hl'I OT yrJiepo~a ~o ypaHa A-saBHC:ilMOCTb ce11em BSal!Mo~eflcTBll.11 C ll8Me
H8Hl'l8M sap~a Jl;lt8P q,Topa-19, Il03BOJIHBmaJI 8KCil8pm.i8HT8Jll,HO npOB8pHTb 
rHnOTesj- OIIl'ICBHR.I! Heynpyrmc ~po-Jl;ltepHHX cetteHl'lit 8.ImHTRBHllMH "~
caMH BSaHMo~eflcTBIDI" anep. 

4. c.ncnOJll,SOBBmleM :aucoRott TOtJHocTi RSMepewm·cettemdt axcnepa
MeHTa.lll,HO BHJt8Jl8H BK.118,Jt ipoTopac~e.lI.lleHWl B Heynpyroe 8,Iijlo-anepHoe Baa
RMo~e!cTmte, corJiacYJ]ltmtca c Teopneff Bos6Y3,IJ;eHn:.11 B HWI8T8Dll8M 8,Iijle 
.JU{IlOJil,HOro EI-peaorumca C nOCJI8,eyDl!W4 pacn~OM no KaHaJIY C HSM8H8HR8M 
sapH,Ita Ha I. 

5. Paspa60T8H "cneKTpam.HHit" M8TO~ 8H8Jil'ISa HH(!)OpMann:H ttepeH
KOBCKoro C8RIJ;llOHRJ)OB8HHOro ~8T8RTOpa l'I npl!MeHeH ~= 

a) onp8,D;eJI8Hn:S! BepOS!THOCTe:11 qiparneHTanHH Jl;lt8p C 38psJ;ltOM 7 + 12, 
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KOTOpHe xaqecTB6HHO corxacyroTCR C MO~eJimwm, npe~nOJiaralCJ!lllMH 38BHCH
MOCT1, BepORTHOCTH ~parMeHTan;mr OT aHeprmr CBR8H ~parMeHTa B nepB~
HOM impe; 

6) H8Mepelml! cpe~HHX ~ CB060'AHOro npo6era peMTHBHCTCKIDC 
~parMeHTOB Marmm-24 c sap~oM 6 + II, KOTopHe corxacyroTCR c peaym
TaTaMll A-saBHCHMOCTH ce'leimtt C H8MeHeHReM sapsma B npe~e~x 8KCll8PH
M8HT6llHWC onm6oK H paHee no.7JY'leHHb1Mir sHaqe.lmJIMlt B EepHJIH. 

6. Ha OCHOB8 "crieKTpax1>Horo" M8T0,Ita npOCTHM cnoco60M, CB06o~
HHM OT nonpaBOK Ha a~opHm peKOHCTPYKLtlm C06HTWI, llOJJY'l8HH 8KCll8pH
M8HTamHH8 oneHKH Ha BepXHllllD rpaHHnY BepORTHOCTE: o6pa80Balml! npH 
8H8PI'HJIX CHHXJ)oq>a80TpOHa: 

a) aHOMallHWC qparM8HTOB, pOJ!f;D;aDitWC B KOH6'IHOM COCTOmmR HOp
MBXl>HI:re ~parMeHTH C sapsmm.m 6 + II, - M8H88 I,6%; 

6) .KaC~WC aHOMamHWC qparMeHTOB C aapimm.m M8Hl,IJl8 6 H 7 -
MeHee 1%, 
lll)H paccTORHlm OT TO'IKll B8aHMO'A8lCTBHR dOJiee 0,8 CM. 
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