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3mume BMrum-ry.n; ynpyrmc ~POHHHX npoueccoB neooxo.n;HMo .n;M npo

BePKH ll .n;am,Hettmero pa3BRTWJ Teop:im CHJll>HHX B3al/lMO.n;ettcTMil, a INec

Te C 3THM ll ,ll,JIJJ np0Bep1rn H YCTaHOBJleHWJ rpamru np!IIMeHI/IMOCTll ipyn.n;a

MeHTaJll>HHX qJR3ll'leCRHX npHHIUffiOB: llJ)R'lllHI!OCTH, ymtTaPHOCTH, J10pe11u

RHBapHaHTHOCTR, aHaJlHTR'lHOCTH, Ha ROTOPHX OCHOBH:eaJOTCJI R KBaHTOBaR 

TeopHJI IlOJl.lI, R ,J:(llCnepcHOI!HHe COOTHOmeHHJI,·R TeOpllJI KOMI!JleKCHHX MO

MeHTOB • .8 Ha.CTOJill!ee BPeMJI TeopeTH'leCKHe COOTHOmeHWJ R yTBepllt,ll;eHWJ 

npHHHMaJOT xapaRTep acl/lMnTOTR'leCKIDC TeopeM, TO'lHHe RPRTepRR, KaR npa

BHJlO, ynasaTJ, He y.n;aeTCJI B CRJJY HeB03MOlKHOCTH noRa IlOJlHOCTLD OilRCaTL 

JIBJieHWI. ·TeM cyme<U'BeHHee R BaJKHee npoJIBJJ.JieTcJI pom, aKcnepRMenTa B 

R3y'leHRR B3aRMO.n;eilcTBR9 3JleMeHTapHWC qacTRU npR BblCOKRX aneprnm: • 

.11nqiop.1au,oo o CTPYKType BMnJ1HTY.n;H ynpyroro rJTN -pacceJIHRJI MOirJio 

nony'lRTJ, HeCROJll,RI/IMll cnoco6aMR. HanpRMep, np.R MaJlHX :meprWJX 3TO 

MOl!tliO C,IJ,eJlaTJ, MeTO,J:(OM qJa80BOI'O aHaJlllsa. On I/IMeeT MIIOro ,J:(OCTHlKeHRil, 

o.n;naKO npaRTR'leCRH nenpRMeHI/IM npn BblCOKRX aHeprHJIX, 

'MOl!tliO on.0.caTJ, aMnJlllTY.DY 'IN' -pacceJimtJI MeTO,J:(OM aMnJ1RTy.n;11oro 

a11aJ1Rsa B pesym,TaTe npoBe.n;emtJI TaR nasu:aaeMoro nomioro onuTa, sa

RJllO'laromerocJI B R3MepeHRH .n;RqxpepeHURaJll>HHX ceqemril, noJIJipnsaURR, na

paMeTpOB BpameHRSI CilHHa. R H A B' peaRURJIX rr±p - rr±p, rr-p - rr
0
p. 

0,ll,Ha.KO nyTJ, 3TOT CJlOl!teH, TO'l.HOCTH l13MepeHHSI noJJ.Jipnsaunonnwc napa

MeTpOB eme HeBHCOKH ll nocTaBJlellHB.JI uem, He ,J:(OCTl1rHyTa. l)e.n;ocTaTKOM 

3TOrO MeTo.n;a JIBJIJieTc'JI HeB03M01!tHOCTJ,. onpe.n;e11eImn: o6mero cpa30BOrO qiaR

Topa ,ll,JI.II Bcex COCTaBJlJilOIIlHX tJiN -aMnJlHTy,nu. Ero MOlKHO onpe,neJrnTJ, B 

onuTax no KYJlOHOBCKOil HHTepPepeHURH, ll3Y'lM ynpyroe pacceJIHHe nHO

HOB Ha npOTOHax llJlll sr,npax, a TaRJKe no HHTepcpepeHURll RpaTHHX paccesr

I!Hil "m10HOB Ha nyKJIOHa.X sr,npa. 

lloJKanyil, CaM!rli npOCTOil nyn noJiyqemtJI HHipop,,aURR O MO.DYJlJIX -H 

qiasax saBHCSlllleil ll He saBHCSUl!ell OT cmrna qacTell (I'// -aMnJlllTy,ll,bl - 3TO 

co1JAe~THHil a.HaJlll3 .n;aHHblX no ynpyroMy n±p-pacceJIHRD ·H pacceSII!Hro nno

HOB Ha 6eccnHHOBHX sr,npax. 0.n;HaRO no 3TOMY nyTH npoil,neHO CaMOe KOPOT

KOe paccTOJIHHe. Kan O,ll,llH HS nepBHX maroB MOl!tliO paccMaTpllBaTJ, pesyJlL

TaT~ pa60T, npe.n;cTaBJlJieMHX B ,ll,HCCePTaUR:11 ll co.n;eplltall!HXCSI B ny6JlllKa-
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)UUIX/1,2 ,3 ,41_ B lil'!X uayqanocb paccesrnlle nll0H0B Ha 6eccnllH0Bml ,mpe 
4He c ue.ru,IO nonyqemm ,naHHUX o 6eccmrnoBOil qacTR aMnJIHTy.D;H ynpyroro 
'JIN -paccesrnmI l1 3KBHBaJieHTHOM pa.IJ;Hyce M:Pa. ll MeTo,D;HqecK0M CMblCJle 
MP04He y,nodH0 TeM, qTo B CMSaHH0M C0CT0JIHHH He HMeeT B036ylK,D;eH!lblX 
ypom1en. 

B nepBO-ti "rnaBe K0P0TK0 0imCHBaeTCSI .IJ;H(ppaKI.(H0HHM Te0pHSI pacceSI
IIM rnay6epa151, ee HeK0Topue ::rncnepHMenTaJIE,HHe npunol!te!OOI u oosop 
sKcnepHMeHTaJIE,HblX pa6oT no ynpyrOMy paccenmm nR0H0B Ra nerKHX ,mpax. 

Mo,ne.ru, rnay6epa· cnpaBe,D;JIHBa B 06JJaCTll MaJl!IX_nepe,naHH!IX HMnym,
C0B ll llCX0.D;llT ll3 MH0roKpaTH0CTll coy,napeHllil qacTRI.(ll BRYTPll ,mpa, npe,n
nonara.fI a,D;MTllBH0CTb pa3ll0CTei1 ~3 ynpyrRX pacceSIHHil Ha 0T.D;eJU,HUX 
HYRJl0Hax. AMnJIRTY.D;ll pacceJIHHii paa1rnx RpaTH0CTeii llHTeµIlepupym, o6pa-

3YR B yrn0Bl:lX pacnpe,neneHIDDC M8l<Cl1MYMH ll MlllllMYMll, Il0Jl0JKeHlle R0T0PUX 
onpe,neJUieTcR_pa.D;HycoM ,mpa. 

3Ta Mo,nem, ,naer ormcaHHe :[lacceRHHR a,npoHOB Ha ,mpax qepes napa~ 
. MeTpll aneMeHTapHllX aMnJIRTy,n ll (pOJl,l(pru{T0P ,mpa. 'faRHM o0pa30M, M0l!tH0 

nonyqHTb llllijJ0IJ',lat(HIO 06 aMilJIHTy,nax a,npoH-a,npoHHI:.IX B3aHM0,nencTBHH ll o 
CTpyRType ,mpa ll3 ,naHHb!X no paccerumIO a.IJ;P0H0B Ha ,mpax. 
. 3RcnepRMeHTaJIE,HaSJ CllTya)UIB xapaRTepnayeTCSI 60JIE.mllM MeTo,D;HqecRRM 
pas11006pasHeM, HO HaH60Jll,!lll1H y,neJIE,Hlli1 Bee npHHa.D;J19l!tllT aJleRTp0HHblM 
MBTO.D;aM ,neTeRTllP0Bal!lIB pacceSIHH0H qacTHI.(ll .HJIH qac:rnn pacceS!HHon H 
oT,naqu. 

B o6nacTll MaJlllX nepe,naHHblX HMnyJlbC0B 3RCnepUMeHTaJU,Hlle .D;aHHlle 
nwTli'IeCRll 0TCyTCTBYIOT• IlOJKaJIYH, TOliRO B 0.D;H0ii pa6oTe ro66H R ,np. 
I I uayqanocb pacceRHHe qacTun Ha 12c Ha MaJllle yrJlbl, Ho us-aa HH3RO
ro a11epreT:aqecRoro paspemeHmI He 6uJIH u,neHTll~HUHPOBaHHnpoueccu c 
B036yJK.D;eHHeM ,mpa. 

unuTu no pacceSIHllro IlH0H0B Ha ~enrpoHaX BUITOJIH8Hll B odnacTU 3Hep
rali 0,9;.15 raB B ,D;HanasoHe nepe,naq 0,165 £/ti f. 2,28 (raB/c)21'll. B 

aTHX onuTax 11a0J1IO,naeTcSI xo~omee cornacae c Teopuerr rnay6epa .no aHa
qeuurr /ti:::- o, 7-1-0,8 (ratl/c), pacxOl!t,neHRe npu /ti 7 0,8 (raB/c) 2 nmta 
onpe,neneHHoro o0~RcHel!lIB He RMeeT. Bee pa6oTu xapaRTepusyroTcSI a6co
J1IOTHofl TQqHOCTblO H3MepeHHH 15% + 20%, cTaTHCTUqecRlle 0!lll16RR- 3% + 
+ 19%. . 

Ilo yrrpyroMy rr 4He-pacceS1H1rn ecTb ~Be pa6oru:rrpu I,25 rsB/c/8/ :a 
7, 76 ral3/c19/. l13MepeHmI npoB0.D;HJIHCb B oonacTH n7e.naq 0, 15fltl.f 0,5 
(ral:l/c)2 y/8/ a npll 0,05~/t/ f. 0,5 (raB/cJ2 B / 9 • JJ:aHHHM o6eHX pa-
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I. 

60T npncyl!lll 60Jlb!lll1e Omll6Rll,ll noaT0My ~ll3HqecRHe BHB0.D;H H0CRT RaqecT
BellHWt xapaKTep. 

B 3BlOIXJlleime M0lltH0 cRaaaTb, qTQ M0,neJlb rnay6epa SIBJ!ReTCSI oplil'll
BaJII,ffBM annapaTOM ,nJUI usyqeIDUI cBOilCTB aneMeHTapllblX npoueccoB :a 
CTPYRTYPH ,mpa, npe,ncTaBJlRIOl!lllM HH0r,na yHHRaJIE,Hlle B03M0JKHOCTH, Hanpn
Mep, nonyqeHlle ~p.!auHll O CDRH0B0H aaBRCHM0CTli aMnJIRTy,nu ynpyrux 
npoueccoB, ee qiaae, aaBRCRMOCTR q>a.3U OT t U T.,n. 3TU B03MOJKH0CTR, 
H8COMH8liH0,Ha,no peaJlll30BaTb, aanoroM ycnexa B 3TOM HanpaBJieHllll SIBJIR
erost U0BHIIJ8Hlle TQqHQCTll ll3M8peHRH. 

Bo BT0poli rJiaBe peqb u,neT 06 3RCnepHMeHTaJ1:&HOH ycTaHoBRe, ee 
pa6oTe n CllCTeMe R0HTP0M. 

3RcnepUMeHTaJlbHaR ycTaHoBRa noRasaHa Ha pHc.1. B KaqecTBe MHme-

HH-AeTeKTopa cnyx1rna KaMepa_ Bum,coHa 50X50x50 ciJ
3 , rrouell{eHHaS! B uar

HHTHoe rrone.B pa6oTe HCIT0nb30B8.JlaCb MeT0,nHKa.~eTeKTHPOBaHHH qacTHUH 
OT)ta1lll. CyTb ee C0CTOHT B TOM, qro RaMepa, pa60TM C Il0HlllK8HHllM KO
sqxpmn1eHTOM J)acmnpeHllR, perucTpllpyeT Jlllllll, CHJlbHOH0HH3YlllllH8 o{,-qac
Tllt(ll oT,naqH Manon aHepru ll MaJI0 qyBCTBRTeJll,Ha R BUCOK03Hepruq111,1M 
qacTimaM, no3B0JIRSI TeM CaMblM pa6oTaTb C Illl0HHUM nyllR0M 60JlbIDOH HH-
TeHCRBH0CTR ( 5. 104qacTRu/UURJ1.). . 

AJlb~-qacTllUll oT,naqu, HBHBmHeCS! pesynbTaToM yrrpyroro rr- 4He-pac
cesrnmI B RaMepe, perllCTPHPOBaJlUCb (floTorpa(jmqecRRM M8TO.D;0M, a M0HHTO
pnpoBaHlle nyllRa ocymecTBJlRJlOCb MOHHT0pnpyromen CUCTeMOH, C0CTO!IllleH 
:113 qiOT03MyJlbcnli ll aneRTPOHH0r0 MOl!UT0pa. 

C~eMRa TpeR0B np0H3B0.D;HJlaCb cTepeORaMepoil .1Il1TMO C TpeMR 0d~eR
TllBaMH "!'yccap-nnaaMaT EB" qepea TOJlCTOe RaMepHoe CT8RJIO. 0d~eRTllBH 
6HJ1ll paccqaTaHH TaR, qTo npeJIOMJ18HM, ncnllTUBaeMUe nyqoM CBeTa B Ra
MepHOM H npUJirnM!lllX cTeRnax, 0HJIU B3allMH0 CROMUeHcnpo:sa.Hu. 

KaR U3B8CTH0, npa cneRTpOMeTplipOBaJIUH 6ucTpux pacceSIHllblX qacTHU 
.D;JIR nonyqeHllSI xopomero t -paapernel!M 11t = .ZKo0de ueodXO.D;HMU Bll
coKne TOqHQCTU H3M9p8HllSI yrJIOB 8, B03pacTamtHe C pOCT0M RMnyJlbca 
Ko. 11!.ecTqe cTaHOBSITCSI li Tpe6oBaHM R UMilY JlbCHOMy aHaJillay. 

Ilpll cneRTP0MeTpHp0BaHHll xe qacTRUU OT,naqu, paapemeHRe no t 
IlpaRTllqecRH He sa:BRCHT OT aHeprHli HaneTax:meil qacTHI.(ll. HMnyJlbC qacTH
Ull oT,naqH ,n0B0JlbHO Toq~o onpe,neJUieTCJI no npo6ery, o0ecneq:aBaSJ Bua
meM cnyqae paaperneHRe Al-:::: 1,5 .10-3 (raB/c)2• HBHoe npeRMymecTB0 
aToro M8T0,na np0SIBJUieTCR B HCCJ18.D;OBaHllli ynpyroro pacceSIHllSI Ha SI,npax, 
T.R. npaRTRqecRH T0JlbR0 TaR MOlKHO .D;HCRPHMHHllpOBaTb co6llTIUI c paaBa
JlOM ,mpa li ero B036yl!t.D;BHH8M. 
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Pac.1. 
CxeMa 3KCnepHMeHTaJll,HOli YCTaHOBKll ll KaMeP
HUH CHHMOK C Me.nneHHHMll aJU4ia-qacTllnaMll 
OT)J.a-<m Ha <t,OHe One.nHOli TyMaHHOH IlOJIOCH 

ny,ma. 

~ 

~RacnonolkeHuP 
~uMeHmo~bH<lro o!QP\laobClHUQ 

M - Muwl?:Hb ~ Ma?HUmH011 nut. 
o.ncc.pocpo.iompoKd. 

/\i'"'J\,:.-Ma?HumHble .au.'"'3bl. 

cn-40 • MO?HU"1bl. 
K.11. • koM•po &u,•c••o-21l30~0!I MUWeHb·at)lkrop llilep oTilaHLC 

Mt;M1;l",;Mo•umopbl r,;«i<CI ll"Me~ot<>t. 

Pac.2. 

~3.t 

100 

o l 4 & I 10 8"\ci,n. -8°QXp. 

Pacnpe.neneHRe pasHocTeu asMepeHHIDC a RRHeMaTaqecKa 
CTBYl!II!RX m~ny.lll,Cy YrnoB BUJieTa a.lll,cpa-qacT,m OT)J.aqa 
BaJie nepeMHHHX HMlly.lll,COB 135-155 MaB/c. 

6 

COOTBeT
B RHTeP-

I' .. 

B rnaBe TpeTbeil no.n.poOHO asnaraeTCH MeTo~a ll3MepeHM IlOTOKa 
IlROHOB, aOCOJIIOTHaH BeJmqHHa ROToporo peracTpnponanacb ~OTOaMy.lll,CllH
MR. nJIJI onpe.neneHM ,ll,0.71H IlOTOKa, npnXO.nRII19HCH Ha HepaOoqae Ka'APU,llC
IlO.lll,30BaJiaCb IUjjpOpManHH llHTerpa.lll,Horo aneKTpOHHOro MOHRTOpa oo. llll
TeHCllBHOCTll ny'<II{a B K81K,ll,OM OT,lJ,9.llI,HOM.llMnym,ce. 110'AP06HO ojcylil,IJ;a.IOTCJI 
acToqHRKn norpemHocTett n c.n.e.nam,r ax oneHRn. ToqnocTb naMepe.HruI rroTo
Ra npa 3,48 raB/c cocTaBJIJieT MeHee 3%, npa 6,13 raB/c - 13,8 %. 

. 0,nHOH R3 MeTo.IUiqecRRX IlpOOJieM 011110 onpe,nene1rne COCTaBa rasOBOV. 
cMeca, HanonHH:smett RaMepy. neno B TOM, qTo aa-sa .IUiq.qiysnn nos,nyxa 
qepea ,ll,R~parMy ll MaunapOBHe OKHa_ KQJmqecTBeHHoe COOTHOmeHRe MelK.DY 
COCTaBHNMR qacTSJMll rasoBOtt CMeca, COCTOJIBllleil ll3 renRH, napoB BO.D;ht ll 

rrpo~acjxpyH~apoaaam~ro ooa,nyxa, R3MeHHJIOCb BO BpeMeHR. 3TH aaMeHeHIDI ne 
rrpnBeJill R 3HaqaTeJJI,HOMy ll3MeHeHRID llJIOTHOCTll renHJI B KaMepe, 0)1.HaKO 
cymecTBeHHO orpa3llJIRCI, Ha TOp.l03HOll cnocoOHOCTll rasOBOfl CMecn. Ilo
aTOMy Beeb no.nyqeHHHff aRcnepllMeHTaJII,Hmi MaTepnan Oun rro.n.eneH Ha He
CKOJII,KO qacTeii, ,ll,M Kallt,ll;Oli R3 ROTOPHX Ouna onpe,neneHH CBOll TOIM03Hlle 
rrapaMeTpH D saBRCllMOCTll OT COCTaBa CMecn. 

MeTO,ll, onpe,neneHM 3TOro COCTaBa OCiiOBaH Ha nponopJ.n,tOHUJJI,HOCTR 
ROJmqecTBa 3Bes,n, rut.eID!llllX Oonee ,ll,BYX qepHHx nyqefi, KQJmqecTuy aTOMOB 
C £!"72. 3Bea,nu Ha <poTOITJieHKe CBR,ll,eTeJII,CTBYIDT O Heyrrpyrnx coy,napeHR
.f!X mm HOB c .fl~paMa rarra .fl,l\ep Kacnopo~a, rrpaae~max K paaaany arnx Mer. 

IlJIOTHOCTb reJ!llH ouna onpe,neneHa c TQqHQCTbID 1,5% rrpa 3,48 raB/c 
a 2,1 % npa 6,13 raB/c. Ilapnaam,Hoe ,naBJieHae oos,nyxa cocraBJIJino 
(2,7±0,4)% npa 3,48 raB/c (2,7±1,6J% np:a 6,13 raB/c. 

B qeTBePTOll rnaBe aanaraeTCH MeTo~a o6pa00TKR TpeROBOro MaTe
paana. OnacuaaDTC.fl MeTO,ll, npocMOTpa CTepeocHllMKOB, KPHTepRll OTOopa 
cne,noB OCTaHOBHBIDRXCJI B KaMepe qacTRU. SqxileRTRBHOCTb .IU3YXKpaTHoro 
npocMOTpa 99,5% - 100%. 

l1sMepHJ!llCb TpeRR Ha no.nyaBTOMaTe IiYOC, .naHHH~ ll3MepeHRi1 nocTyna
JIH Ha :.-IBM "l,JRHCK-2", a aaTeM nepe,naBaJ!llCb Ha E3CM-4, r.n.e sanHCHBaJmCb 
Ha MarHRTHYIO JleHTy. 

B P,eay JII,TaTe o::!paOoTKn TpeKOB Ha SBM o3CM-4 rio nporpaMMe "'l'pe
:irn-2"/47 MH nonyqaJm J.UiqJOIJ,mURID oo RMnyJII,ce P a yrne BHJieTa am,qia
qacTRUhl OT)J.aqH 0 OTHOCRTeJJI,HO HanpaBJieHIDI IIy'll<a IlHOHOB, .RX OmR0Kll l1 

pm:i; npoMeieyToqHUX ,ll,OilOJIHRTe.lll,HUX )J.aHHIIX. 3HaHRe P ll 0 HeOOXO,nllMO R 
.nocTaToqHO ,ll,JIJI a.neHTH~llKanHR ynpyr.ax coOHTRfl no RHHeMaTRKe. 

nJIJI onpe.neneHM yrna 0 HeOOXO,ll,llMO 3HaTb HanpaBJieHRe Ily'<II{a B 
Rallt,ll;ofl ToqRe paOoqero oO~eMa RaMepu. 0Ho Ouno onpe.neneHo Mo,neJII,HUM 
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cnoco60M C TOtJHOCTI,JO ±0,3° • .I(ruI qero li!.CnOJU,30BaJ1RCI, TpeKTOplIB mm-· 
HOB, nOJJy'ieHHHe npli o6nyqem RaMepH B 06!l'IHOM pel!rnMe pa60TH ny'<lROM 
Manoil liHTeHCliBHOCTR. 

.UM B~cneHRII napaMeTpoB cne.na am,qia-qacTHUH nporpaMMa "Tpe
RH-2" llCilOJU,3yeT ypaBHeHHe .I(BlillteHruI sapRllteHHoil tJacTHUH B Ma.I'Hl!THOM 
none c ytJeToM TOpMOllteHRlI, onHcuroeMoro BHpallteHHeM EeTef1o/. 0,nHaRo 
qacTI>JO pa6oTH aTott nporpaMMH no onpe,neneH:iuo minyJU,ca He npmnnoc1, 
BOCilOJll,30BaTI>Csi, 

0

T.R. qiopMyna .l:ieTe nepecTaeT 6HTI, npa:mrn1,nott, KOr,na. 
CKOPOCTI, tJaCTJmH cpaBHHBaeTCH co CHOpoCTI,JO aneRTpoHOB aTOMOB cpe.I(H. 
EcJm aJU,ipa-tJaCTHUa .I(BHllteTCH B 4tte, TO 3TO CJJytJaeTCH npH ee TIMilyJU,ce 

t;.;n. :::: 55 MaB/c, npli ROTOpoM ee ilpo6er COCTaBJIRil 1 CM B ycnoBHIDC . 
Ramero onuTa•>. lloaTOMy ~ ~.mnnOCI, HCnOJll,30BaTI, aMIDiplltJeCRli MO.I(ll
WllURPOBaHHYJO woPAYJJY neTe'.11 , xopomo OilHCHBaKUIYJO TopMosHHe noTepH 
ll Ilpll MaJlHX. aHeprWDC. !Io TeXHHtJeCRliM npHtJllHaM ee HeJU,3g O!inO BCTa
BllTI, B nporpaMMy "'l'peRH-2". noaTOMY .nonOJllll1TeJII,HO OHJia HailHCaHa npo
rpaMMa .I(JIR Bll'IlicneHllH sam1C,!lMOCTli npooer-m.my JU,C no MO.I(HqJHURPOBaH-. 
HOH qiopMyne li HMilyJU,C tJaCTHUH OT,naqn nepeonpe,neruinCH noTOM np:a no
MOIItH 3TOil 3aBHCHMOCTH no npoOery. Bll'IRMeHHOMy npor_paMMOll "Tpemir-2". 
HenpaBllJll,HOCTI, Bll'Ili!.CJleHHH HMnyiu,ca no 3TOll nporpaMMe npaKTRtJeCKR 
He CKU3HBa.JiaCI, Ha 3HatJeHH.l'I yrna 11 ero OmH6Im. 

Upn pa6oTe nporpaMMH "'l'peKH-2" na pasm,IX ee aTanax BCTynana B 
,neilcTBJiie BcnoMoraTeJU,HM, peryMpylOlllM H ynpaBJIRIOlllM nporpaMMa"Kime
tmTntJe?K.ll.ll anaJms''. Ona npoBepH.na cOOT:BeTCTJ3YJOOllie KPHTepm1 B npo
necce cqeTa l'I B COOTBeTCTBHH C BHilOnHeHReM l'IJm HeBHilOnHeHReM RX npo
.I(OJliWJJa UM npepurona oOctJeT COUHTHH. B pe3yJU,TaTe COKpaTli!.nOCI, CtJeT
HOe BpeMfl Ha dill~ Oonee tJeM B 3 pasa n cymecTBeHHO oonerqnnacr, o6pa-
6oTKa ctJeTHoro MaTepnana. 

B aTOll llt6 rnaBe npaBe,neH no.npo6HJIB aHaJm3 li OU6HRH norpemno
CT6ll onpe,neruieMHX napaMeTpOB. IlpoaHaJJ.H3HPOBaHa saBHCl!MOCTI, TO'lHOCTH 
onpe,nenemm m.my JU,ca P anr,ipa-qacTJmH oT,naq:a oT norpemncicTn asMepe
mrn ee npooera, npoBe.neH.o cpaBHeHHe :B!l'IHcneHRil no oOHtJHoil H MO.I(HrpH
nnpoBaHH_on <PopuyJiau EeTe/IO, II/, oneneHo BIDI.IIHHe TOtJHocTn nocne.nne:il 
na TOtJHOCTI> onpe,neneHHH .l:', nccne,noBaHa saBHcmiocTI> npo6er-ru.my JU,c 

•1 3Tofi npo6ner,w He cymecTBOBano .B onuTax no ynpyrOMy 1I"'.'p-pacceH
nnr/121, T.R. npl'I P,,,;,. npOTOH B BO.n;opo.ne HM6Jl npo6er 1 MM, tJTO MeHI,
me omH6KH ero asMepeHl'IJi. 
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np:a pasJmtJHOM nponeHTHOM _co,neplltaHHH B03.IzyXa B rasoBOll CM6Cli!. KaMepH 
ll BJlRHHHe norpemHOCTli B onpe,nenefillll KOM'l6CTBa Bos.nyxa Ha Oillll6Ky 
HMny JU,ca, oneHeHH cTaTUCTHtJecKli!. qiJl!OKTyarum noTepr, aHeprim aJU,ifxt
qacTHneii. 

C,ne.nan a.Ha;ms H oneHRa BCex OmH6oI< B onpe,neneHHH yrna am,qia
qacTHUH OT,naqa: OmH6KH H3MepeHHii li HeTOtJHOCTli n,n;eHTliqJHKaURn TOtJRli 
B3aHMO,nencTBHH, norpemHOCTH, BH3BaHHOil OmH6I<oil HMnym,ca, ourn6oK, 
o6yCJlOBneHHHX O.I(HOKpaTHHM li MHoroKpaTHHM paccemmeM. YtJTeHa Heonpe
.neneHHOCTI, HanpaBJl6HRH nytJEOBIDC nli!.OHOB. 
· PaspemeHHe no t cocTaBMeT 0,8.10-3 - 2,65.10-3 (raB/c) 2 B 

saBHcw.iocTH OT nepe,n;aHnoro HMnyJU,ca np11 3,48 raB/c n 1,15.10-3 -
- 2,9.10-3 (raB/c)2 npH 6,13.raB/c •). 

Cpe,n;HeRBa.npaTlitJBa.!I OmH6Ka yrJia BHJieTa am,cpa.-qacTl1UH COCTaBM6T 
2,5°-1° B saBHCHMOCTH OT :nMnym,ca. Ha pli!.C.2 npe~cTaBJI6HO O.I(HO H3 
pacnpe,neJleHRii pasHOCTefi H3MepeHHHX H KHHeMa~0.qecKH COOTBeTCTBY!OlljliX 
HMnym,cy yrnoB BHneTa am,cpa.-qacTRU OT,natJH. OHO ~eMOHCTp0.pyeT Kaqe
CTBO 13H.I(eneHHH ynpyrruc co6HTHH. lllHpHHa nHKa, npe,ncTaB.llffiO'Jtero YllPY:
rae co6HTHH, HaXO.I(llTCH B COOTBeTCTBlili C oneHKaMll B03MO~HHX OmH60K 
B onpe,neneHHR yrna. 

llHTM rnaBa nocrurmena pesym,TaTaM l'ICc.ne,n;oBaHmr.ynpyroro rr- 4He
pacceHHRII. IIonyqeHH OHR Ha CTaTHCTHtJeCKOM MaTeprm.ne 2450 .i 400 yn
pyrHX C06HTllli npH 3,48 ll 6,13 raB/C COOTBeTCTBeHHO. 

113MepeHWi llPOBO.I(llJlllCI, B 06Jl/lcTn KBa,UpaTOB nepe,n;aHHHX qeTHpex
M6PHHX HMnym,coB 0,0056 !=. /ti £ 0,0087 (raB/c)2 npli 3,48 raB/c n 
0,0056 ~ft/(= 0,0462 (raB/c)2npa 6,13 raB/c • 

l{aqecTBO BH.I(eJieHHH ynpyrmc co6HTHfi IlOKasaHo Ha pnc.2. COOTHO
meHRe aqxpeKT-qJOH ~ 13/1. ~OH H80TponeH. 06cyl!t.I(a!OTCH ero llCTO'lHHKli 
(HeilTPOHH, acnapHTeJll>HHe nponeccu, KorepeHTHoe po~,n;eHne, KBas1tyn
pyr1te nponeccH, np:nMec1, Il-P ~ n-p), ,neJiarOTcH oneHKH n npHBe,n;eH 
MeTO.I( yqeTa ~ona. 

11sMepeHHHe .nniWiepeHURam,HHe ceqerIBH noKasaHH Ha pnc.3 (cHcTe
MaTntJecKHe OIDH6KR COCTaBJimOT 3~3% npli 3,48 raB/c n.14'.i IT.PH 6, 13 
raB/c, cTaTncTHtiecRHe omH6KH yKasanu na pHcyHRe). OHR xopomo corJia-

•) Xy,n;mee paspemeHHe npli 6,13 raB/c ooycnoB.neno 60Jll>ID6H Heonpe,ne-
neHHOCTI,IO co,neplltaHWI oos.nyxa Brase KaMepu. 
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cymcH c aKcnoHenun:am,noii annpoKCRMaun:eii do/a't = AexpBt • flpn 
3,48 raB/c napaMeTp HaI<JlOHa ,ll;llippaI<un:onnoro nRI<a rr- 4He-pacce1rn1rn 
ecTh B = (27,9±2,0) (raB/c)-2• ~CllOJII,3YH MOAeJlh norJ10111aroQe~~Hoii 
c(flepH, MH noJ1yqHJIB aKBRBaJleHTHHii pa,nnyc .fI,l{!)a 4He R

3
= 2 tic-VB = 

=(2,08±0,07),C , qTo HaxO,nliTCH B COOTBeTCTBRll c ,naHHr;ll no pacceH
HliID aJ1eKTponoB: R;1 = 1,31 A 1134He = (2,079±0,042)F 113 • 3To cooT
BeTcTBHe c~eTeJlhCTBYeT 06 OMHaKOBOM pacnpe,neJleHRH B ~e IlJIOTl!O
CTll Be111ecTBa R sapmi;a. l13Mepeno noJIH, ceqefil!e ynpyrororr He-pacceH
fil!fl IlPR 3,48 raB/c. Ero BeJ1Hqnna out = (20,2±1,8) M6 xopomo corna
cyeTcH c pacqeTaMH no Mo,nem r.nay6epa. 

AHaJ.tR3HPYH McWiepeHUI:!am,HHe ceqenM ynpyroro rr-4lle-pacceflill!fl B 
paMKax MO,neJIH r.nay6epal15/, MH npHIDJIH K BHDO~ o corJiaCHll aKcnepR
MeHTaJlhHHX AaHliWC C · 3TOii MOAeJII,D. BnepBHe 6HJIH nonyqenH 3HaqeHRfl 
nap&1eTpa Ha.KJIOHa 6eccnnHoBoii qacTH aMilllliTYAH ynpyroro 'JiN-pacceH-
ID'IH 2 

& = (6,41 ± 2,09) (faB/c)-2 npn 3,48 raB/c ( i =7,43, n-1 = 8), 
8= (12,9 ± 6,2) craB/c)-2 npn 6,13 r~B/c (;t2=6,97, n-1 = 4). 
B MCcepTaun:H H3JlaraeTCH TeopeTnqecKM I:! aKcnepHMeHTaJII,HaH CH-

Tyaun:H, CJIOJKHBIJiaJICfl npn n3yqerurn napaMeTpa HaKJlOHa ~(E) AH1PaKUI:!
OHHOro KOHyca B ynpyroM Up-pacceHHHH, H A8JiaeTCfl cpaBHeHHe nonyqen
Horo snaqeHM napaMeTpa HaKJIOHa OeccnnHoBoii aMilJIBTYAH ynpyroro Ilp
pacceHHRJI C HM8Kl!IU™RCH aKcnepHMeHTaJII,HHMR ,naHHHMH H TeopeTnqecKHMH 
MO,neJI.RMH. 

Ha pnc.4 npnBe.nenu aKcnepHMeHTam,HHe auaqeunn napaMeTpa HaKRO-
Ha 8 = ( 4,p + 811-p ),/.2 , noJ1yqenHHe B onmax no ynpyroMy Ilp-pac-
ceHHHID, H onpe,neJieHHHii HaMH napaMeTp HaKJIOHa TOJII,KO 6eccmrnOBOil: qa
CTH aMilJIBTy,nu aToro nponecca np:a 3,48 raB/c. Ha aToM ~,

1
~,cyHI<e no-

Kasana KPHBM, paccqnTaHHaH no Mo,neJIB ~asnHcKoro n ,np. • 
Mo,nem, HCXO,nHT H3 npeAOOJIO'K8HliH O TOM, qTo aMnJIBTYAH ynpyni.x 

nponeccoB HBJlflIDTCH JIBHeiiHHMH cynepll03HUI:!RMH pesoHaHCHHX H ,nwppaK
UI:!OHHHX aMilJIHTy,n. PesoHaHC!,! onpe,ne.llJIIOT CTpyKTypy B IlOBe,neHHH ~(~) 
npH aHeprHHX Memme 3 raB, a M(l)paKUI:!OHHHii cpOH, B03paCTM C aneprH
eii, oOecneqaBaeT cy~enne .nn~paKUI:!OHHoro nRI<a. 

KpnBan Ha pnc.4 ecTL peaynLTaT uo,neRLHoro pacqeTa, He yqnTHBaD
~ero cnHHOBoro n peaoHaHCHoro BKRa,noB. Hamn .naHHHe cornacyDTCH c 
0TUM pac,ieTOM, 

KaqecTBeHHOe cornacne non1qeHO I:! C Tp8XIl0JlDCH08 pe,nXeBCKOR 
uo,neRLD qy, innRnnca n PapnTa! 71. 
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Plic.4 

3amrcHMocT:i, napru..,eTpa Hrurno1-1a ru..,nJIBTY.D:H ynpyroro <JiN-paccemmJI 
B = (C,~p +C1rp)j2 OT ru.,nym,ca na11eTaI001ero n:ao1-1a P11.c •• Kp:aBB.JI 

paccq:mana no IV.o,neJIB Jlasnnc1<0ro.:a ,np/16/ des yqeTa cnRHOBOH sa
BTTCHMOCTH li pesoHaHCHHX ~o/OB B ru..,nJIBTy~. 0 - .n.amme li3 KOM
Ill1JUmlili Jlas,rnc«oro n .np. 16 , • - ,naHH11e11 I, I. - .11.aHH11e rpynn11 
JI:au,neHoayi.m/19/, X - ,naHHH/191, oopaOOTamme XennepOM :a ,n:p/201, * - ,namrne Cepnyxoro/211, El - ,naH~e Hameil pa6oTH. 

GpaBHeH:ae nonyqeHHoro HaMli napru..,eTpa H8RJIOHa deccnaHoBofi qacTn 
ru..,nJ!liTy,nH ynpyroro Ilp-pacceJIHHJI c :mcnepHMeHTaJl!,HHMH ,naHHHMR no na
pru..,eTpy ua:irnoHa Been aMnJ!liTy,nu ynpyroro Tip-pacceJIHWI noKasuroeT, qTo 
B npe,n:enax onrn:6oK H3KJIOH CSeccmrnoBofi aMn1111Ty.nu MeHI,IDe. HaKJIOHa non
HOH aMnJiliTY.D:l:l liJlli cpaBHliM c HliM.0,n:HaKO CTporoe KOJiliqecTBeHHOe cpaBHe
mrn c.nenaTI, He y,nanoci,, T.K. ru.1eIOu.u1ecJI .naHmm no ynpyroMy Ilp-pacceJI
HRIO B odnaCTli a1-1eprHfi Harnero 3KCnepHMeHTa, 3-4 raB, OTHOCJITCJI K liH
TePBB.JIY HeCKOJl!,KO ijQJl!,!DliX nepe,naHHHX HMny Jl!,COB. 

0CHOBHl:l0 pe3yJl!,TaTH R BHBO,Il;ll ,Il;HCCepTarurn, MOryT 6HTI, CWOµ.IYJ!li
pOBB.Hll cne.ny!WlllM o6pasoM: 

1. Ilpe,n:cTaBJleHa MeTo,nmta o6pa6oTKli ,naHHHX Ha Bcex aTanax aKcne
pRMeHTa no ynpyroMy n-4He-pacceJIHli!O Ha MaJWe yrmi, BblI!OJ!HeHHoro c 
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nOMODthil Kai.1ep11 BlfJlhCOHa,paCloTanmen D CilCl.{liaJJI,HOU pCliCltl.le • HMeH110 
J.!eTO,I(HKa: 

a) npocMOTpa cTepeocHm.JKon, 11suepem1!1, -odc'-!eTa Tpcrwn n 
n,n:eHTmfnrnauirn ynpyrnx codh!Tlr1; 

Cl) or.pe,n:enemur nororr.a mrnaon I! cocTana mrnonH1mrr:cl1 i:c.iWpy 
rasoBOH Cl.ICC!!,· 01.{t:IIOK 11X norpel!IHOCTeii; 

B) onpe,n:eilemrn nMnyn1,ca am,ifia-qacTHIUI oT,nilqrr no ee npooery n 
cMeca rasoB np:a no11,ouin MO.IU1,f;nn:apopn1mon q:op~y.7ill neTe/11/; 

r) amurnsa u oueHOK on11CloK 11:.r,1ylihC,~ :;; :,r·H. mm era M1,cpa-•mcrnu1:; 
.n) oueHOK Ii yqeTa 1oHa; 
e) odpae!OTK\1 nonyqeHHIDC ,I(aHHl:lX no MeTo.ny -HamA€HI,!DliX 1rna,rijUTOB C 

ueJ!I,KJ onpe,neneHHJI ncKoMwc qms:aqecK:ax napaMeTpon. 
2. HsMepeHH .n.:aqxpepeHUitaJl!,1111e ceqemm ynpyroro pacceJIHrr.f! 0Tprrua,

TeJ1I,HO sapRJKeHHl:lX IlliOHOB Ha smpax 4ue B 06°JlaCTll MUJ!illC 'nepe,n,UHHHX 
Irna.npaTOB tJ€THpexMepHHX HMnyJ!I,COB 0,006~/-t/f 0,087 Ii 0,006f/t/f0,046 
(raB/c)2 npa 3,48 H 6, 13 raB/c c a~COJl!OTHOli TOqHOCTI,IO 3% :a 14 :.:~ 
COOTBeTCTBeHHO. 

3. Onpe.nenemi noJ!Hoe ceqeHRe o:} H napru..,eTp HaKJlOHa B aMn
JIRTY.nH ynpyroro Il-4He-rcce.f!HRJI np:a 3,48 raB'/c: oi =(20,2±1 8) MC>, 
B = (27,9±2,0)(raB/cJ-. Onpe,neneH SKBRBB.neHTHHH pa,nuyc JI,I(pa 4lle~ 
BeJ!liqRHa KOToporo R3= (2,08±,0,07)F Haxo.nnTcJI B xopomeM cooTBeTcT
BRll C .naHHHMli 3KCilepliMeHTOB no pacceJIHli!O aneKTpOHOB Ha JI,n:pax. BeJ!li
qRHa nonytJeHHOfi OIDR6Kli COli3MepRMa c norpeIDHOCT.f!Mli B onuTax c aneKT
pottru..,.1:1.. COOTBeTcTrnrn Beirnq:au 3KID1,B8.JleHTHOro pa,nHyca, DOJlyqenmvc B 

1 3KcnepnMeHTax .IlBYX TJ1IlOB, CBll.,neTem,cTeyeT 06 o,nHHaROBOM pacnpe.neJle
Hlili B JI,I(pe IlJlOTHOCTll neuiecTBa H 3apJI,n:a. 

4.YcTaHOBJ18HO,qTO nonyqeHHHe yrJJOBl:le pacnpe,n:eneHliR 11 ITOJJHOe 
ceqeH11e ynpyroro rr 4He-paccesrHttll Haxo.nsrTcsr n xopome1.1 cornac1111 c 
Teop11e~ rnaye!epa. 

5. BnepBH€ B OCiJ!aCTll MaJll:lX nepe,naHHIDC RMnyJl!,COB onpe,neneH napa
MeTp HaRnOHa 6eccnnHoBoff qacTn ru..,nJ!liTy.n:11 ynpyroro !TtN-pacceJIHIDI 
8 =(6,41+2,09) (raB/cJ-2 np:a 3,48 raB/c. IlonyqenHrui; BeJ!litJnna corna-

- - /16/ cyeTcJI B npe,nenax o!DlidOK c uo,neJ!I,IO Jlas1rncKoro n ,np. 11 TpexnoJ1IOc-
HOfi pe,nlKeBCKOii MO,I(€J!I,ef171• -

B .nnccepTaURli yKasuroeTcJI Ha BalKHOcT:i,_ npone,n:eHnJI umcna aKcnepa
MeHTOB, BI(Jl!Oq3!00\ero B ce6JI ODHTH no pacceJIHli!O nROHOB Ha JI.D:pax, c 
ueJ!!,Rl KoMnneKcHoro nsyqeHliJI cnoficTB ru..,nJIBTY,IJ;H ynpyroro 'JiN -pacceJIHliJI. 
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