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PE~EPAT 

PaccMaTpnaeTc.fi nocTa.HOBKa aKcnepHMeHTa Ha ycTa.HOBKe TI113C no 

nOHCKy a@>e.KTOB o6pasOBa.H:wi KBapK-rJDJOHHO:ti Wia3Mll, KOTOpl:le MOryT npo

.fiBHThC.fi npH p~eHHH H9HTpaHhHHX CTpl~ ~aCT~ B ~eHTpaHDHHX CTon.KHO

BeHH.fiX ~ep; npUBO~HTC.fi 060CHOBaHHe BaEHOCTH H nepcne.KTHBHOCTH Ta.Koro 

Hanpa:BJieHM HCCJI9.D;OBa.HH!. Ha OCHOBaHlW nOJ.IY"1l9HHHX Ha CKM-200 aKcnep:a

M9HTaHhRHX .D;aHHHX H npoBe,n;eHHHX paC~OTOB ,n;aeTC.fi O~eHKa KOJm~9CTB9HHO 

H Ka~eOTB9HHO HOBHX peayJihTaTOB, OJKB,I~aeMHX nOCJie nepBHX 06J!YlieHd yoTa

. HOBKH B nyq.Ka.X .s.n;ep M~ I4 ~ · Ha cTaT~OTHKe perHcTp:apye.MHX J\ :a ;K0-

~aOTHll B IOO pas npeBmnaro~qei TY, ROTCipa.a: cyxqeoTByeT B HaOTOJmtee BpeWI. 

A1zH .D;MhReihnero pasBHT:wi STir!X J4C:CJie,D;OBa.Hd npe~araeTC.fi npi4Me

HJ4Th BH6opo~ perHOTPauHD paon~OB )\ H K0 - ~aCTBU 0 :aonOJih30Ba

HI49M npOBOJIO~HHX Ka.Mep r:a6pJIUUlOrO OnE:RTpOMeTpa TI1EC, ~TO MOJK.eT y:BeJIJd

~Th OKOpOCTh aa6opa CTaTHCTHKH e~qe E:a O.D;HH - .n;Ba nop~a. 

pe~paT COCTBBHn: 

OHRH. 3aKa3 224 



AHHOr£AUHfl 

PaccMaTpHBaeTCH nocTSHOBKa 3KcnepHMeHTa Ha ycTSHOBKe rase no 

DOHCKy 3~eKTOB OOp830BaHHH KBapK-r~roOHHO~ ~a3MH, KOTOp~e MOryT 

npOHBHTbCH npH polK)J.eHHH He~TpaJihHhlX CTpaHHhlX qaCTH~ B ~eHTpaJibHbJX 

CTO~KHOBeHHHX H,IJ.ep; npUBO,IJ.HTCH OOOCHOBaHHe Ba.JKHOCTH H nepcneKTHB

HOCTH TaKOrO Hanpaa~eHHH HCC~e,noBaHH~. Ha OCHOBaHHH no~yqeHHhlX 

Ha CIDVI-200 sKcnepHMeHTBJibHbtX .na.HHhiX H npoae.n.eHHbiX pacqeToB .n.aeTCH 

O~eHKa KO~HqeCTBeHHO H KaqecTBeHHO HOBhlX pesy~bTaTOB, O~H.naeMbJX 

noMe nepBhlX oo~yqeHH~ ycTaHoBKI1 B nyqKax n.nep/'19 .... S-LHa cTaTHc

THKe perHcTpHpyeMhiX .A H k 0
- qa.cTH~ B IO· pas npeBb1lllazo~eti Ty, 

KOTOpan C~eCTByeT B HaCTO~ee Bp6MR. 

~n ,IJ.aJibHe~mero paaBHTHR 3THX Hccne.n.osaHH~ npe~araeTCR npHMe

HHTb B~oopo"qHyro perHcTpa~ro pacn~oB )\ H ~~ /- qacTH4 c Hcno~b

soaatmeM npoBo~O'qHbDC Ka.Mep rH6pM,n.Horo cneKTpoMeTpa n1BC, qTo Mo-

JKeT yaeJIH'UITb CKOpOCTb Ha6opa CTi3.THC'NUU1 . 
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I. BaegeHHe. 

~po-~epH~e (AA) - B3SHMO~e~CTBHH npH peRHTHBHCTCKHX 3Hepr~

HX npe~ocTaBRHIDT WH3HKaM aoaMo~HOCTb HayqaTb ~epHoe Be~ecTBo B 

HeoohNHhiX ("aKcTpeMaRhHhiX") ycJIOBHRX ooRhWHX nRoTHocTett ( f ) 11: 

3~KTl1BH~ TeMnepaTyp (T
0
). 

ilpl1 OC~6CTBR6Hl1~ no~OOHhlX :ycROBl1H HCKRroqMT6RbH~H MHTepec 

Bbi3~BaeT fl0l1CK B03MOIKH~ tjlaaoB:btX nepexo~OB B aHOMa.JibHbi6 COCTOR

HM8 ~pOHiiOH MaTepHH H 0~006HH.O .B KBapK-I'JIIDOHHyro llRa3MY• PacqeThi 

C HCflORb30BSHH6M KBaHTOBO~ XpOMO~l1HaMMKH ll03BORRIDT 048Hl1Tb yCJIO

BHH, H600XO~KMHe ~H OOpa30BaH~H KBapK-I'JIIDOHHOI'O (4Va) - Be~eCTBa 

B AP ~- CTOJIKHoBeHl1RX. B p;;:r,n.e paooT [I+IO] npe~cKaablaaeTcR 

B03MO~HO~Tb nepexo~a B ~3 - cpaay J*6 npH 3HeprHRX ~OHSHCKOI'O 

CHHXpo~aaoTpoHa ( E p- 2-r4 raB/ A ) • 

Ha pHc. I npe,ncTaBJieHa aaBHCliMOCTb BepoRTHOCTH o6paaosaH~R 

q, y. - "crycTKa" ( Aq) oT Ep, paccqJiTaHHM B paMKax Mo~eJI~ (5 ]. 
Ha aToro pHCJHKa· BH,nHo, qTo aHaqeHHR .i\

4 
c~ecTBeHHhiM oopaaoM aa

BHCRT OT XapaKTepa HCllORb3yeMOPO B pacqeTax ypaBH6HH.ff COCTORHHR -

ero 3aBHCHMOCTH OT flROTHOCTH a.u.poHHOI'O Be~eCTBa ( f' ) , OT B6JIHqH

Hbl 3tfxi>eKTHBHOt1 KOHCTaHTbl KBapK-·I'RIDOHHOH CB.ff3H (~C). 

11pH TaKOH Heonpe,neJieHHOCTH 'l'60p6THqecKIDC npe~CKa3aHHiii OHH 

MOI'YT CJIJ*HTb JIHillb OpHeHTHpOM rrpH nJiaHHpOBB.HHH 3KCnepHM6HTOB. 

PeruarorqHM apryueHTOM a,u.ech ~C,JiiKHhl SIBHTbC.fi sKcnepHMeHTaJlbHhie 

HCCJie~oBaHHH 46HTpaJibHhlX AA- BaaHMo,neiiicTBHiii CUB), KOTOpbie Heo6-

XO,IJ.HMbl ~Sl llOJIYqeHHSI MaKCHMaJibHHX llROTHOCTet1 3H6pi'HH (CM. HanpH

Mep [22]) 

t __, ;2A·M·o .: 2~)o M·T2 
- v;ro 

r.ne M - Macca HJK.TloHa, V l:o - o6neM BaSHMo,ne~CTBH.fi c yqeToM pe

JIHTHmicTcKoro cpaKTopa (a) , a f 0 = 0 t I? ci>M-3 
riJIOTHOCTb HYKJIOHOB 

B .H,IJ.pax npH HOpMWibHhDC yCJIOBHHX. 1\aK BH,IJ.HO H3 pHC.2, Ha KOTOpOM · 
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H306paJKeHa saBHeHMOeTb £ . O'l' E. p , npH 3HeprH.IDC .ny6HeHeKoro 

eHHXpo~asoTpoHa MO/KHO noJiyqHTb £ ~ I raB/ciJM
3 *)' qTo paBHO 

HJIH npeBbllilaeT sHaqeHHH £ ~ 0,.4ri raB/qu
3

, noporosoe .D.JIH nepexo~ 
i1 

,U.OB B KBapK-rJIIOOHHyJO ~y no OI~6HKSM pfl)la TeopeTHqeeKHX pa60T 

[11;.23]. 

2. HsyqeHHe cTpaHHhtX qaeTug KaK MeTo.n noHeKa 

KBapK-rJIIDOHHO~ nJia3MH. 

Bb16op A , A 11 Ir>.- qaeTH~ .D.JIH noHeKa aHOMaJibHbiX aqxpeKTOB. 

eBH3a.HHbiX e o6pasoBaHHeM cy 9-- - nJiasMhl B AA - B3aHMo,nef1eTBHfiX, 

o6yeJioaJieH eoo6pa~eHH.FIMH Teope~rHqeeKoro H 3KenepHMeHTa.JibHo-MeTo

,nHqeeKoro xapaKTepa: 

a) PH,n TeopeTHqeeKHX Mo,ne~e~ [4-riO, 15+22] npe,neKasblaaeT, 

\ITO a,IJ.paH113acyiH paBHOBeeHOi1: q, :~ - nJia3Mhi, o6pasoBaBlllei1eH npH 

eHJibHOM B030YJK,UeHHYI a,IJ.pOHHOrO :3eii.t9CTBa, npHBe,neT K aHOMaJibHO 

CSOJI:&moMy- BHXOJT.Y' CTPaBHHX 'tlaCTml ( B T. -q. J\ 11 K0) npeBMYJlleCTBeH-' 

·no B o6J.tacTH 60J.[])II!EX nonepetnna: m.myJI])co:a (P T) 

cS) llpe,ttoxasi:£BaeTc.s: Ta.ae saue'l'Hoe no,n;n:oporoBoe poJ~t,tteoe 

aHTm'enepono:s ( 0 A/6? I0-3+Io-I B sa:sHcBMocTB o'f yCJio:ed: 

sKcnepmteH'l'a. 

e) O~eHKH BepoHTHOeTH pO)K,Il8HHSi B q, ~ - nJia3Me nap eTpa.HHbiX 

KBapKOB (S, S) flOKaSblBaiOT (7], tlTO yqeT ,nHa.I'pa.MM Ka.K q, 't,-- Ta.K H 

~~ - B3aHMO,Uef1eTBH~ (eM. pHc.3;, npHBO,nHT K BpeMeHaM yeTaHOBJieHHH 

paBHOBeeHH, KOTOpble epaB~ e H,nepHHM, npH 3TOM KO~eHTpa~HSi 

S ( S} - KBapKoB (no OTHOllleHHIO 1-: 6apHOHHOMY qHeJiy N a ) Mo:-tteT 
h. 

.noeTHraTb sHalleHHi1 5,{_ 1~ 0,1+0,6 B saaaeHMoeTH oT aeJIHtiHHbl T0 

(eM. p¥te.4). 
Iva 

:K) flo MHeHHIO HeKOTOpbiX TeopeTHKOB (eM. ,HanpHMep, (19,20,23)) B8JH1~ 
tmHa e 6y,r.r.eT e~eeTB6Hl-ICl 60Jiblllei1: 3a eqeT ,UODOJIH~iTeJihHOrO 

,U.HHSMaqecKoro emaTHR. 
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r' Bnaro~apn coxpaHeHHH crpaHHocTH o6~ee tlHcno po~AeHHux 

CTpaHH&X tlaCTH~ npaKTHtleCKH He yM9HbWaeTCH B pesynbTaTe HX nocne 

,Icy'IO~HX B3aHMO~etiCTBHf;l B Jl,IJ.pe, :ri03TOMy BUXO~ . ./\ (!{) - tlaCTH~ ~ae 

HH~opMa.IJ;HIO o nepBhiX HaH6oJiee ".ropnq11:x" cTa.n,Hnx pasBHTHH npo~ecca 

A A - ssaHMoAeticTBHn (KaK 11: BbiXo~ npHMbiX ·r - KBaHToa 11 nap f fA
O,IJ.HaKo, BepoRTHOCTb po)K,UeHHH A (K) ·- B ro3 

pas 60Jibllle H npH HX 

pel'HCTpaQHH He B03HHKaeT TaKHX (KaK ~JIR j-Lf-' H 1J) TSDKenh!X npo6.11e1 

c ~oHoM, CBRSaHHhlM c npo~eccoM APeJIJla-flHa [24], pacn~a.MH 

W Cry)- f-1-{'-t JC0 [25]. H oco6.eHHo c pacn~a.MH BTOpMtlHbiX m1oHo 

A.) BHyTpvtJl,IJ.epHbie npo6erH y K H A- qacTH~ 6onbwe, tleM y nao 

HOB H HyKJIOHOB, TaK tlTO HX Cnt3KTpaJibHble xapaKTepHCTHKH OTpWKaroT 

6o.11ee paHHHe 3Tanbi B03MO*HOI'O llpOQ6CCa o6pa30BaHH.f! H ~pOHH3aQMH 

'} ~ - nJiasMbl. 

~ ) 06HapJ1iKeHHyro noJIHpHsaQliiO A - qacTHQ, po}I{)leHHhlX np11 B3aH-

Mo~eticTBHH ~pOHOB C Jl,IJ.paMH, CJ3.f!3biBalOT C npORBJ16HHeM KBapKOBbiX 

cTeneHeti cao6o)J,bt [26,27] , noa~roMy HsyqeHHe aToti npo6JieMbl npH 

AA - B3aHMo~e~cTBHHX TaK~e npe)lCTaBJIHeT sHatlMTenbHbiM HHTepec. 

*) Hccne~oaaHHe noJinpH3a.QiiH J\. - rHnepoHoB (~A ) B nyqKe no.11 

pHSOBaHHbiX ~e~TpoHoB nosBoJineT npoBeCTH ~R J\ - qacTHQ nOJIHbiM 

fl0.11HpH3a[(HOHHbiH 3KCnepHM6HT, B KOTOpOM llO H3MepeHHRM ~ J.1 aCHM

MeTpHli ".11eso-npaso" MO)KHO onpe)leJmTb ace napa.MeTpbi noJIHpH3a.J.zy!H 

BKniOtla.FI 8Ha.JIH3HpyiOizyiO cnoco6HO<!Tb H ~enoJIRpl13Y10IllHM ¢aKTOp, liTO 

p.aeT B03MO*HOCTb H3yqHTb CTpyK~~ypy B3aHMO~ei1CTBHH ,IJ.JI.ff npeHMY£q9CT

B9HHO qeHTpaJibHhiX H nepH<PepHtle<:KMX d} A - coy,napeHHH, pas,n.eJine

MHX no xapaKTepy ~parMeHT~H [28]. 

3. CymecTByro~He aKcnepHMeHTaJibHbie Aa?H~e. 

OKCllepHMeHTaJibHOe HsyqeHHE! o6pa30BB.HH.f! CTpaHHbiX tiaCTHQ B 

S)1pO-SIJtepHbiX B3aMMO,IJ.ei1CTBM.f!X TOJlbKO HatiHHae'l'C.f! • .naHHbie no po:K,D.eH~· 

A v. K0 - qacTHQ B qeHTpaJibHbtX cTOJIKHoBerm.Rx R,nep (UB) noJiyttCHhi 

c llOMO~biO CTpHMepHbtX KaMep B Be~pl<JIH, npH Ep = 1,8 raB/A ,D.Jist' ., 
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B38J1MO~et1CTBHi1 Ar+ KCl (63/\) [29~ B AY6He (CKM-200) npH 

~ = 3,? raB/A ,D.JISI pB.3JIHtlHbiX ::1ap B3aHMO,D.etlCTBYIOII\MX jip.ep, pa3,D.e-

JieHHbiX Ha 3 rpynnbt: I) C C, C N e, 0 Ne ; 2) C Cu.. C ~..... ; 
3) C Pb 0 Ph ( OOII\aR cTaT:aCTMKa - 336 /\. H 84 K0 

) 
) 

[28,30+35]. KpoMe Toro MMeroTCR ,D.aHHbte ,D.JIH HeynpyrMx AA - B3aMMo-

,D.ef1:CTBMf1:, nonyt~eHHbte B ~6He Ha CIDd-200 [36] M nponaHoBof1: KaMepe 

(36+38] (c OOll\e£1 cTaTMCTMKotl-200 A H 60 K0 
) , KOTOphle MoryT 

CJIJ')KHTb oo'DeKTOM cpaBHeHM.ff ,D.Jist noHcKa "KOJIJieKTHBHbiX" aqxpeKTOB 

B U13. 
0CHOBHaR MH¢0pMaQHR 0 TOM, qTo H3BeCTHO cef1:qac 0 XapaKTepMC 

THKax J\ H K0 
- qacTHQ pox{)J.eHHblX B l(B (COKpruqeHHO "J\~ M "K~:), 

noHyqeHa Ha ycTaHoBKe CID~-200. 

flpH 3TOM npOBO~HHOCb cpaBHeHMe C COOTBeTCTByro~HMH xapaKTepM 
- ., I{ ~ u- L 

THK8.MM /\ (H"0 J - qacTHQ, oopaaoBaBlllHXCR B HeynpyroM n..e t - B3 
~~ ... A"H 

MO,D.ef.l:CTBHH, KOTOpoe MOIKHO paccMaTpMBaTb Ka.K cynepn03:V.UJ;mo He3aBHC 

MhiX N N - B3aHMo,JJ.eticTBl1t1, ycp~,uHeHHhiX no 3ap.fiAY H g)epM£1 - MMnyJI 

cy. 

B pesynTaTe KSyqeHJi.UI BHXO~a C'Ipa.mrnx 't.taCTm.J; He 6HJIO 06HapYJ!t9HO 

BHXO~ sa npe,n;EUIH OIIm60R ( !5%-20%) npeB:emeHd OTBOCHTeJl:DHHX MHO

aeCTB9HHOCTeft Ru =-~ n..A, K>y_ no cpB.BB:emno c :se.znrtmHo:l R u. O.tnios-
~ <~~ . H 

--L- ft ft 

Ba"mo lijt9HTHq>lfiUIPye.MHX /\ - rm:repoHOB cpe.ItJI 336 1\ , 'ITO YC?Ta-

BaBJm.BaeT :aepXHltlt IIJ?e~e.n:<n.i\> ~ Io-2 ( c ypoBHeM .n;ocToBepHocT:e: OO%) 
<n"> 

B TO xe :apeu 1\ 'i- rmiepoHOB c .P T > I raB/ c B I.t6HTpaJI:&HHX B3am.f 

.t(aitcTB:aax PC>.ll\rtaeTc.a: cylilecTBeHHo 60JI:ome, -qeu B ueynpyr.HX: h..?'-4 Pr -> t ,-
R S , 6 ~ ' =- 1 

• BOSMOmiO, TiTO RCTO'IImKOM TalmX a.HOMBJZ:bH 
~ - B 

'tlac~m:t SIBJI.S:eTcSi ropsrqd crycTo.tt ~ a.e lvt b1 , o6pasoBaBIImtiCJI 

Sa C'ti6'l' .JIOltaJ.rbHJiX ~TyatlHI B a.zu>OHHOI WISSMe, Ra.It STO npe,ItCRaSimaeT 

CSi B BeROTOpHX TeopeTaqecKHX pa6oTax (6.2~. 
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B nOJI:DSY TaRO I HHTepnpeTattlifi! rOBOp:KT Tatate TO'l' qalt'l', "'TO B pacnpe· 

JteJielmJIX A~ - rmiepoHoB no pB.SJilt1tBHM napaMe'l'Pau: 

- nonepeqHoMy HMnyJibCY (P T) , 6blCTpoTe ( 'cf ) 3H6pi'HH (T ~) H yrJiy 

B:biJieTa ( Cos e *> * )_ 6wm Bw:IBJieHbl BaJKHble oeo6eHHOeTH no epaB

HeHHIO e eOOTBeTeTBYJOII.\HMH xapa.KTepHeTHKaMH ,IJ.JIH f\ "- qaeTH~:. 

- CYII.\eCTBeHHa.fl qaeTb A ~ HMeT 3HaqeHHH p T> I raB/ c' qTo JieH<HT 

sa npe)J.eJiaMH KHHeMaTHKH - B3aHMO)J.ei1eTBHH ( .9% ± 2% no epaB-

HeHHIO 1..51:1,6'% ~A". 
- 8.H8JIOI'HqHhlH xapaKTep HMeeT H T~ (eM. pHe.5) HHTepBan T~0,6 ra 

eo.nepN<HT 5% A~- rHnepoHoB 11 HH o)J.Horo I\.,.. ; 
- B OTJlHqHe OT paBHOMepHoro ~- pacnpe.neJieH11H ,IJ.JIH A-.; (eM.pHe.6) 

COOTBeTCTBYIOII.\He pacnpe)J.eJieHHR ,IJ.JISI 1\~HMeiOT MaKeHMYM JI1100 B 

~eHTpaJibHOi1: 06JiaeTH ~ ()J.JIH ~ei'KHX H)J.ep- rpynna !), JIHOo.np11 

MaJibtX y (60Jibllltte AT - rpynna 3), qTo o6ycJioBJieHo BTopHtntbiMH 

npo~eeca.MH B THH<eJibiX MHIIIeHHX (nepepaeeeaHHe, Jt N ~ 1\ K 

'Z. N ~ A N H T • .n. ) ; 

- eoOTBeTeTBYJOII.\He pacnpe)leJieH11R. no Cos 8 ·)to (eM. pHe. 7) q¥teJia 

J\ 4- qaeTH~ rpyniThl ! H HX SHepi'HH HMeiOT H30TponHhl~ ("TepMa.JIM-

30BaHHHi1:") xapaKTep, B npOTHBOnOJIOH<HOCTb pacnpe)J.eJieHHIO no 

CoS 8 ~ ,MH 1\ H .. , KOTOpoe eoxprutSieT OC06eHHOeT11 po1K)J.eH11SI 

B N N - B3aHMo.nei1:eTBH.flX (nHKl-1 anepe.u. 11 H8.38Jl) ; 

- O~eHKH sqxpeKTHBHO~ TeMnepaTypbi (T0 ) ,IJ.JIH nJ\.~t, UOJiytreH~bie. 5 pe

syJibTB.Te cpHTHpoBaHHfl paenpe)J.eJieHIMI d..3o /clp3 ex.p(-t:) H 3Ha

qeHHf:i ·pi (40 J .naroT BeJIHt:l11HY T0~ !50 MaB, HaH60JiblliYIO ina qaeTHJ:4. 

po>K,U.eHHblX lcM. puc.5) BAA- BSaHMo.neticTBTtiHX. 

JE) BeJIH'tlHHbl T* 11 Cos 8 ~ pacq11TbiBSJU1Cb B eHe'l'eMe QeHTpa Mace 

N N - BsaMMo.nel1eTBHi1:, ,D.JIH EOToporo 1~~ 0~ Li r.).8/c 
**)tiaeTo HCnOJI03yeMblt:l MeTo.n onpe,neJieHHH T

0 
no ¢aTl1ponrumro ~msa.pvt

a.HTHbiX eeqeHHH E 4-39.-PL'I nt_r)· He HB.nn:eTca eTporm-1 M np»Bo,n.wr' 
~3 -~~ . 

R saabll.UeHHhiM sHaqeH'Hn: T 0 • 
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Ta.KlDI o6pasou nOJIY"{emme ua CKM-200 ,tta.HHHe no.n;TBeplr.ItaJOT nepcneRTlm 

HOOT:& HcnOJI:&SOBaHWI .A B K0 -"iaCTHtl ~ no:acxa &osMQJtHWC nepexo.n;oB 

B cy 8 - - q,asy, yKaSJ:mam' Ha BOSMOltHOCT:O nOJ'.IY1leHw.t pasorpe'l'Oi BJJ:

pOHHOit IJJla3MH (rasa) C JIOita.7I.DlmM CryCTKOM RBar.MH, ltOTOpHI .a:BJI.fi9TCSI 

HCT01iHBKOM 'tlacmtt c 60JI:E>Illlr.M ?:- • Taxoe RBapx-rmooHHoe sepHo npH .n;ocT~ 

TO~O Oon:omo! IJJlOTHOCTB 3HeprBH MOZ8'1' 0'1'8'1':0 RaTaHHSaTOpOM np~ecca 0 

pa30Ba.BHSI npOT.f.DitOHHOI paBHOB9CHOit XSarMH CO SHatmTeJibBOi KOm::t9HTpa

JtH9i 5-.ItBapKOB • 

KaK noRasimaeT oiiHT :pad om Ha ~-\M-200, npe.n;.naraewe sRcnepBMeHTH 

;ltOJIJltHH npOBO,l\l[T:&CSI B ~ ~ep C saH60JlbiJIJcDI 3Ba't!9Ime.M ~, HO C 

litOnO.ttDSOBaim9M Be CJ.miiiltO.M TJDt9JII:DC M:BmeHei (AT~ 60), "iT06H YM9H1>DlllT:& 

"won" B'rOP:H'ilmX npoD;eccoB <n.epepaccemme, j'[ N- 1\ K :a .lU>·). Ha.H6o

.nee nplm7leitaT'eJ.IblmM SIBJ.ISI9TCSI Bapna.HT ~-~, nplii ltOTOpOM cymecTB9HHO 

OQnerqaeTOB aBanHS ll HHT9pnpeT~ :pesyJI:&TaTOB (OJiaro.n;apa CEMM9TPHH 

6HcTpoTBHX pacnpe.n;anen~) x YB~HBaeTcH aecTROCTh oT6opa ueHTpanD

ma: ooy,n;apeHd .fflt9P. 

Oco6eBBHn zaTepec ~ noHcRa B03M~ s~eKTOB o6pasoBaBHH KBar

NH, a Ta:Klle ,1l;JlB B3yci9BB.fr n:posmneHd: RBapKOBOI CTpyETj"PR B nC>JIS,pRsa-

D;Hlt J\ - rmiepoHa, npe.n;c'ra.BJ1HeT npouecc p~emur 

P T > I raB/ C, B ROTOpO.M .RaK OWIO .nOKa.38HO B l34fr-·M930HH TaiOKe 06Jia-
/ 

)tai)T 60JIDIIIRMH P T H OP'.83HBaJOTCSI RSOTpOilHO pacnpe.n;eJieHHllMl!, "iTO .HBJISI9TC 

JR83alm9114 Ha ltaTaJll!'l'R'q9Clt09 .n;eioTBE9 BOSMOltHOrO CRJI:bBO BOS6j'JI'.Itemmro 

KBapKOBOrO Or.fCTRa. 

4. TIOCTaHOBRa 3KCnepHMeHTa H O!!na9MH9 pesy~:&Ta'l'H 

llocTaHOBKa sKcnepHMeHTa ua nepBOM sTane npe~araeuHX Hccne.n;oBaHR~ 

IIpaKTIDI9ClU1 H9 OTJmtiaeTCSI OT TOH, KOTopan: OWia OCYJit9CTBJI9Ha B noCJie,n;

BBX ~eHHRX YCTaHOBKR CKM-200 ( OM.pHc.8) 

UyqKOBSH "i8CTb TPHrrepHOA CHCTeMH, ROTOpaSI OC~9CTBHH9T sanyCK 

CTpBMGpHOA lta.MepH rnEC ( CIV!HT~OBHH9 Cll8~H $ + S.) np8,4Ha3Hal!e 
" "1 

ua MH o'l'dopa nyqttOBHX sr.ztep c HyEHHM sHa'tlelDieu 2 ( Ap) > 
npoxoJVDIUDC -qepes Mmnea:o. 
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UeHTpanbH~e cTonKoHoBeHHn aAep, a KoTopHX B3aHMo~e£tcTByDT 

npaKTH~ecKH ace HYKnoHhl HaneTaiD~ero aApa, oT6HparoTCH c noMO~biD 

BKJIIO~eHHbiX Ha aHTHCOBUBJleHHSI CtleT~HKOB sapmKeHHHX tPParMeHTOB 

( sc"-) H Het\TpOHOB - cneKTpaTopoa ( Sf\>. ITocJie~HHtl npe~cTaBJIHeT 

C06oti "C3H,IlBH~" H3 5 C~HTMJlfl'l1 0pOB (40 CM X 40 CM X 2 CM) H 5 

*eJiesHbiX 6JIOKOB (40 eM x 40 eM i IO eM) H o6JI~aeT 3~KTHBHOCTbD 

perHCTp~HH O,D.HOrO HefiTpOHa - c:neKTaTopa ·"' 0, 8+0, 9 • JReCTKOCTb 

oT6opa (Hs6HpaTeJibHOCTb) .paspa6o~a.HHoti Ha CKM-200 TpHrrepHoti cHc

TeMbl, MOHtHO xapaKTepHsoaaTb OTHOllleHHeM ce~eHHH UB ( 6'1'rl) K ce~eHH 

Heynpyroro B3aHMO,D.etiCTBHfl H,D.ep 6. , COCTaBJISIID!l.{HM, Hanp11Mep, ,D.Jlfl 
... -e$ ·-3 C N e - asa.HMo,nettcTBHH aeJIHqHHY 4a~.=: 8 ··I 0 . 

'-·,....,., 
0 llpH pa6oTe a nyqKax r.~ep c ooJiblliHM sHaqeHHeM Ap ~ecT-

KOCTb OTOopa Ta.KOf.l CHCTeMbl 6y,IJ.ET e~e OOJibiiie:t1:. 

O)f{H,D.aeMan cTaTHCT£1Ka ( N" H N ~ ) ObiJia ou;eHeHa 3KCTpanoJIH

u;Heti BHXo,o.a .1\ H 1\0 
- qacTHI.J;, r.:oJiy'!eHHoro Ha CKM-200 ,D.JISI u;eHTpa.nb 

HHX B3aHMO,D.et\CTBH:t1: nprtMepHO CHN.MeTpl1U.lihiX R,Uep (pHC •. 9 J • 11cnOJih3YSI 

3TY ou;eHKY ,IJ.JIH u;eHTpaJibHh!X CTOJlKHoaeHHii R,IJ.epu Si.. H ~Cu. , a Ta.K?Ke 

flOJ.rytleHHble H3 3KCnepHMeHTa 3qxpeKTHBHOCTb OT60p8. B3al1MO,Ilet1CTBHM, 

3qxpeKTHBHOCTb Tpt1rrepa ( 0, 5 ) ; 3cppeRTHBHOCTb perHcTpai.J;HH A H K0 

qaCTHI.J; ( 0, 3 H 0, 15) *) H C yqeT CM He BH)~HMbiX MO,D. pacnBJJ,a ( 0, 64 H 

0,34) n~aeM ~ 400-~acoBoro ~RTKBHoro o~eHRH ycT~OBKR 

rHEC N- 4·I03 u N ~ 2·I03• " . 

x) 3Ta Be.zmcuma CBSI3a.Ha c pas.MepoM soHH IIJioxoro paspememm 

136JIHSH TOTDGI B38BMO,It9HCTBU: ~.KTEBHOC'l'l> Ha6~eHWI V 0 
-co6 

THH H CJie,n:OBaTeJIDHO CTaTHCTmta MoryT 6HTJ, y:ae.mrqemz B 2-3 pa.aa.J eCA 

118 YCTBHOBRe :rm3C 6y}J3T oc~eCTBJieHH COOTB9TCTBYJ)UtH9 YCJIOBIDI. 
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~OH TaKme MOmeT 6HTb 04eHeH Ha OCHOBaHHH Oo~eHH~X 3KCnepHMeH

T8nbHUX ~aa~; OH o6yc~OB~eH B OCHOBHOM He~OCTaToqHO no~HHM pas

.u.e~eHHeM A H K0 qacTH~ H cocTaBnneT: ,IlJIR .1\ - 3% H ,IlJIR K0 - 7%. 

, )VIH ~IOCTpa: ~4HH ,IJ.OCTHrH,YTOi1 HBJJ.eiKHOCTH BbT)leJieHHII paCllSJJ.OB 

A H It<' - qacTH~ Ha pHc.1D, I1 npHae,neH~ HX Maceo able pacnpe,neJieHHH, 

a Ha pvtc.I2 - nOJiyqeHHoe npH ~HTHpoBaHHH pacnpe,neJieHHe no )l2 B 
~·t] 

CpaBHeHHH C TeopeTHqecKHM (cM.~ 1 
). 

Ha OCHOBa.Hlm a.Ha.Jm3a c.n:y-qaeB :p~eHRS: Hei!Tpan:DHHX CTpamWX! 

"iSCT~, ROTOpa:e 6Y'JJY'l sapei'HC'l'pRpOBaHH sa 400-"iaCOBOii ceaac 06-

JlY'lemiJI ycTaHOBKH miD-I B n:yqRe H.Ite:p M9 H $i. MOJKHO no.nyqRT:& 

CJie,TJyiOtqHe pesynTaTH: 

a) Ha cTaTHCTHKe, npeBhllllai0:-4ei1 B 40.;.80 pas TY, KoTopan cyu~ec 

ayeT B HacTomn;ee BpeMR, npoBepHTb H vmyqHTb oco6eHHOCTH o6pa.aoBa

HHnA H K0-qacTH~ B ~eHTpanbHbiK CTO~KHOBeHHflX R,IJ.ep, o6HapY*eHHhle 

Ha Cffi~-200 (eM. pas,u.en 3). 

6} llpoBeCTH UOHCK OiKH,UaeMbiX: npORBJieHHti KBapK-rJIIOOHHOM nJia3Mbi 

npH ~eHTpaJibHNX B3aHMO,U8MCTBHRX 6oJiee Tfl*eJINX, qeM Ha Cffi~-200, 

g,nep (~> 25), o6ecneqHB npH 3TOM qyBCTBHTe~bHOCTb K B03MO*HhlM 

OTHOCHT8JlbH~ Be~HqHHaM 3~KTOB Ha ypOBHe: (2+3)·10-2 - no BUXO

,IJ.y A H K0 H -ro-3 no BhiXo,ny ~~ H 2: Q • 

B) Hccne~oaaTb nonnpvts~IO J\ - rHnepoHoB, po*,lJ.eHHhlX s 

AA - B3aHMo,nei1cTBHRX, H ee aaBHCHMOCTb oT PT c ToqHocTbiO 2+3% 

)J)I.R H3MepeHH:i1 Be~kNHHbi crt\ . 
r) Hsy-qRT:& XB.paKTepxcTl'lltH "lCYMYJIHTHBHwc• 1\ '1 -rmrepoHoB c 

PT > I rsn/c Uix BHXO~,cneKTPS,naxgpH3auHD),RoTopHe H6CfT RaR6o

.nee BaJ!BY1> Jmqn~ o BOS.MOltHOM npon;ecoe o6pasoBB.HH.f! RBapK-r.mo

oHHoit IIJ.IaSMH. 
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flpH 8HaRH3e H HHTepnpeTa~HH Ha6nro~eHHUX 3~KTOB ~enecoo6pa3HO 

KCflQnb30BaTb ~fl cpaBHeHHH COOTBeTCTByiD~He XapaKTep~CTHKH B3aHMO

. .IJ.et\CTBH~ MaJIOHyRnoHHhiX CHCTeM (HanpHMep ~ Lt , KaK Ha CKivt-200 

a TaKJKe N A H d. A - B3aHMo.rtei1cTBH~. 

ITpeAfionaraeMNe Hccne.n.oa~H oco6eHHocTei1 o6pasoaaHHfl HetiT

panbHWX CTpaHHUX qacT~~ B ~ C ~enbiD flOHCKa B03MO*HbiX npOflBReHHi1 

4 a -Ma3Mbt, B HaCTOffil.\ee BpeMSI He HMeiDT cepbe3HOti KOHKypeHQH~ ~ 

He 6y~T ee HMeTb no Kpatiaeti Mepe a 6nH*aHillHe 2 ro.n.a. 

Y*e nonyqeH~e Ha c~~-200 pesynbTaTH npeBOCXO.JlflT aHanorHqfi~e 

.n.aHH~e, nonyqea~e c nOMO~bro cTpHMMepHoro cneKTpoMeTpa Ha Baaana-· 

Ke (CiliA), He TORbKO no CTaTHCTHqeCKOH o6ecneqeHHOCTH (B 5+6 pas), 

HO H no flOJIHOTe ~ BaJKHOCTH pe3yJibTaTOB npose.neHHOrO aHa.m:t3a. 

. oTo'npeH~eCTBO o6ycJIOBReHo OORbllieti 3HeprHeti fiAep H 6onee 

coseprneHHOti (6onee *ecTKoti) TpHrrepHoti cHcTeMoti oT6opa ~B*>), qTo 

fl03BORHRO flOJiyqHTb HaHOOJiblliyiD .nocTHrHyTyro B H.IJ.epHhlX nyqKax 3HeprH 

B030Y*.neHHfl (T0), H KOTOpaH OJIH3Ka K noporOBOti, HeOOXO.IJ.HMOti .IJ.Rfl 

o6pasoBBH~H q, ~ ~ IIJia3Mbt HJIH .n.aJKe npeabiillaeT ee (no o~eHKaM pH.n.a 

TSOpeT~eCKHX pa6oT). 

llepa~e o6JiyqeHHfl ycTaHOBKH rHBC-I B nyqKax fl.IJ.ep c A p>,; 25 

n03BORfl'l flOJiyqHTb KOJIMqeCTBeHHO n KaqecTBeHHO I-IOBHe pesyJibTaT~ 

(eM. a,6,B),KOTOp~e .IJ.OJI*HH 3Haq~TeJibHO ysenMqHTb HMero~eeCR npeH

~eCTBOe 

*) EcnM xapaKTepHsosaTb ~ecTKOCTb oT6opa QeHTpanbHhiX ssaHMo.n.eticT

BHi1 OTHOilleHHeM HX ceqeHMSi K HeynpyrOMY, TO OHa Ha CKivl-200, 
. O'"o.t~bu .. H? 

npHMepHo, a IO pas .u~we, t~eM Ha aaanorHqaon ycTaHOBKe 

Baaanaxa. 
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5. BosMO*HOCTH AaJibHe~mero pasBHTHR npe~~araeM~ 

HC~SJI.OBaHHiit • 

Bo3MO~HOCTH ~~bHe~wero pa3BHTHfl npe~araeMHX HCC~e~OBBHH~ 

CBfl3aH~ C llOC~e~HM 3TanOM npoeKTa fMBC - C C03~aHH9M ra6pH~O

ro CllSKTpOMeTpa HOBOrO THna*), OT~HQHTS~bHO~ OC068HHOCTbiD KOTOpor 

flB~eTCfl B03MO~HOCTb COBM9CTHoro aHaJIH3a B3aHMHO ~OllO~H~e~ HH

~OpMa~H, nonyqaeMo~ o~ospeMeHHo c noMombro cTpHMMepao~ a nposo

noqHHX KSMep, a TaK*e c n~Mombro ~yrHx ~eTeKTopos, KOTopue MoryT 

6HTb HcnonbSOBaHH ~a H~eHTH~HKaQHH peracTpapyeMHX qacTH~. B TaK 

cneKTpoMeTpe o6ecneqasaeTca ~ocraToqHo xopowaa ToqaocTb TpeKoBHX 

H3M9p9HH~ KaK ~JUt qacTH~ Cpe~HX 3HeprH:t1 (no ~OTOrpacpHSIM' CTpHMep

HOM KaM9JJbl), Ta.K H .JlJIR oqeHb iK9t~TKHX qacTM~, JI6Tffil.\HX Bnepe,n H pe

rHCTpHpyeMbiX CHCT9MOM npoBonoqK~ KaMep, KOTOpbie nocpe,llCTBOM 

MHKponpo~eccopos uoryT 6biTb BKJIJot~e~ B Tparrep. 

flo CBOKM BpeMeHHbiM paapeweHHRM nponop~OHaJibHble H ~peMcp0Bbl9 

K8M9pb1 ycTynaiOT 06bttlHbiM C~HHTH~.IIfl~OHHblM ro~OCKOllOM, HO HM6IOT 

JiyqiiiHe npOCTpa.HCTB9HHble paapemeiiHfl H o6~a,na.'OT PMOM CBOMCTB, 

o6nerqSJOUlHX HX BKJiroqeHHe B TpHr::-'epHylO CHCT9MY! 

- MaJIM tlyBCTBHT9~bHOCTb K MarHJ-iTHOMY llMID; 

- He6o~blliaH (no KOJIHt~ecTBY BemeeTsa) TOJIII.{HHa KB.Mep, qTo nosBoJiaeT 

BKJiroqaTb B TpHrrep qacTH~ C l~aJIOiit npOHHK~e~ CllOC06HOCTbiD, 

npoxo~ax qepes.HecKOJibKO Krudep; 

- B03MO~OCTb npOH3BOJibHO H onepaTHBHO M6HflTb pa3M9pbl H KOHcpHrypa 

~ID qyBCTBHT6JibHbiX n~OCKOCTeii .• 

*) rH6pH~bl:t:i Cll8KTpOM6Tp TaKOrO THna, C03~aHH6 KOTOporo 6HnO 

npeAnOiK9HO H 060CHOBSHO B !9?~, ro,n.y [42] B HaCTO~ee BpeMR 

ycneWHO HCllOJib3Y9TCS1 B 3KCnepHM9HTe [43]. 
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}J.OCTaTOtniO 60JibWOe peryJIHpt;,L£.. :e BpeMSI llaMJITH CTprtMepHO~ 

KaMepH (!~0 MKC) ll03BOJIJIIDT C llOMO~bD 6HCTp~ npo~eccopoB o6pa6o

TaTb Crti'HaJIH C npOBOJIOqHbiX KaMe:p rt OC~eCTBHTb pasJirt'IHbie JIOI'Hqec

KHe CXeMH OT6opa BaJIOK - pacn~OB He~TpaJibHbiX CTpaHHbiX qacTrt~ H 

rHnep~ep. BbiJIH paccMoTpeHbi H npocqaTa~ ~Be TaKHe JioraqecKHe 

CXeMH (B reoMeT,PD SKcnepHMeH'l'OB, IIpHB9,1t9HHHX Ha pHc.I3,I4): 

- flO BOCCTaHOBJI9HHD BepWrtHH BHJIKH B pacn~OM o6~eMe {sa MHWeHbD) 

- no pa3HH~e qHCJia HCKp (~HCJia :~~I'HCTpHpyeMbiX qacTH~) B 2-x KaMe-

pax, Me~ KoTop~ npoHsoweJI pacn~. 

BbinonHeHHbie pacqeTbi (Mo~eJIApoBaHHe) noKasaJIH, liTO c noMo~bro 

ll0~06HbiX TpHrrepHbiX CHCTeM BbiXO,Il perHCTpHpyeMbiX 1\ H K0 - qacTH~ 

MOHteT 6biTb yaeJIHqeH 6 OJiee qeM Ha nop~oK. 

BosMonma nocTaHOBKa 3KcnepaMeHTOB, B KOTOpbtX 6ec<f>HJibMoaan 

llaCTb I'H6pH~OI'O cneKTpOMeTpa r~C pa6oTaeT B aBTOHOMHOM peHtHMe. 

Mo~eJII1pOBaHMe O,IlHOI'O H3 TaKHX 3KCnepHMeHTOB (eM. pHc.l3) B KOTOpO 

,IJ.JIJI Tpi-trrepa npe~noJiaraeTcJI HCnOJib30BaTb paspa6oTaHHYID B paMKax 

npoeKTa rMBC M~opHTapHyro cxeMY Bl4] ~aeT ~JIR reoMeTpHqecKo~ s¢

~KTHBHOCTH perHCTp~H pacn~OB.~ - rHnepoHOB BeJIHqHHY (1•4).!0 

(a saBHCHMOCTH OT reoMeTpHH 3KcnepaMeHTa). ITo pacqeTaM, ocHOBaH

HbtM Ha 3KCTpanoJIR~H ~aHHbiX CKM-200, qepes "TpHrrepHbie11 KaMe phi 

Ct H c1,3' nepeKpbiBaD~He ~pTypy ycTaHOBKM, 6y~yT npoXO~T~.B 
Cp9.DJi9M -/5 cpOHOBbiX qacTH~ (H3 KOTOpblX -/0 3aP,fDK9HHhl9) • §.?oHOBbte 

3aiiyCKH, CBR3aHHble C B3aHMO~e~Cl'BH6M qaCTH~ B KaMepe cf lii pacna,n

HO.M o6oeMe, 6y;zyT COCTaBJI.fiTb 5-!00,.6 OT qHcJia pa.6otrHX 3a.IlYCROB ~1 

.Jlei'KO MOI'YT 6biTb ~liiCKpHMHHHpoBatibi llOCJie peKOHCTpyKIJ;HH Vi OOCt.teTa 

COObiTHt\. 

*) TaKM TpH_rrepHM CHCTeMa 6y~eT pacCMOTpeHa no,u.po6HO B CB.Fl3rt C 

pei'HCTp~e~ peJI.fiTHBHCTCKHX PHnep~ep. 



- 13-
,. ... ·' 

flpH TaKOt\ flOCTB.HOBKe 3KCne:pHMeHTa CKOpOCTb Ha6opa CTaTHCTHKH 

Mo~eT 6~b yBe~HqeHa e~e B 10+100 pas 6~aroAapn 6o~bWeMY 6~cTpo

AencTBHro npOBO~oq~ KaMep H B03MO*HOCTH pa6oT~ C nyqKaMH 6o~blli8W 

HHTeHCHBHOCTH (~o 106 ~ep sa ~~K~). ITpH 3TOM *e~aTe~bHO c~opMHpo 
BaTb AOCTaTo~o ysKH~ nyqoK (Ao 10 MM B AMaMeTpe), nponycTHB ero 

no HOHOnpOBO~ MHMO AeTeKTOpOB :pacn~~ qacTH~. 

ABTop~ BbipaiKaroT 6Jiarop.apHo~Tb IO.JiyKCThiHIO H 3.CKiiumqaK, npo

cMoTpeBUUiM pa6oTy H CAeJiaBWHM noJieSHble sa.MeqaHHH, a TB.K*e seeM 

COTpy)J.HHKa.M, npMHHMaBlliHX yqacTHt3 B o6CYiK)J.eHHH pacCMOTpeHHbiX BOn

pOCO B. 
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