
\T 
I < 

( 

(' 

EPEBAI-Cmrn <f>!.13J.1q'E(:!{JI!~ V!fCTMTYT 

ABYHJ!JffH 

A]EKCAH T!.1I'PAHOBMq 

Ha npaBax pyKonMcM 

Y~K. 53'7.59!:538.56:539.12 

V.3MEPEH!.1ff nOTOKOB '1i, p , ll. KOCM!.1l!ECKOro 

~3]Y4EHM8 IIPJtf 3HEPI'MffX Bl:IDIE 500 f3B 

C nPMMEHEffi1EM PnM-,llETEKTOPOB 

Cneu111tlJ1bHOCTb OI.04.!6 - it111s111Ka aTOMHoro l'!,ll,pa 111 

3.lleMeHTapH~X ~aCTlllU 

A ~ T o p e ~ e p l'l T 

JI.HCceP'raui-rn Hl'l co111c1<0.H111e y"eHof;l cTeneH111 KaH.nlll,lJ,~.Ta 

~1113111KO-MM'eMl'!.Tl14ehK11X Hl'J.YK 

Epettrnt -· T<JP,1 



PacSoTa BYno.1Heea B EpeBaHCKOM ~HsHqecxoM HHCTHTyTe 

ffayqHYR pyKOB0.11.H'l'enb: K&H,lPl.11.&T lf>HSHXO-M&TeMaTHqecxHX 

Hayx OraeecRH A.r. 

~HUHaJlbHHe onnoeeHTH: !oxTop ~MSHKO-M&TeM&THqecKHX K&yK ~ 

Cap11qe:Ba J.M. (HMMflt MI'Y) 

'KaK.11.H.11&'1' cliHSHXO-M&TeM&THqecKHX 

aayK EpllYKHH A.!. (tHAH CCCP). 

Be.11.Y•&R opraHHS&UHR: HHCTH'l'YT ~HSHKH AH rp.CCP. 

3autHT& COC'l'OHTCR 11 41 11 I.OOH~ I98'.3 r. B ,fq~ 

qacoB Ka sace.11.aKHH CneUHaJIHSHpoBaHHOro coBeTa l 0'.34.0'.3.0I np11 

Epe:se.KcKoM lf>HSHqecttoM BRC'l'HTJTe (r. Epe:Bae-'.36, y.1.MapxapRHa,2). 

c ,1lHCCepTauHeR MOXHO OSH&KOMH'l'bCR B 6H6n110'1'eKe EpeBaHCKOrO 

~HsHqecxoro HHC'l'HTyTa. 

!:BTopelf>epaT pasoc.1aK " 1 i' " ~ I98'.3 r. 

YqeKYA cexpeTap& CneuH&JlllSHpo:BaHHOro co:BeT& 

B.A.IUax6aSRH 

2 

( 

I. OElllAff XAPAKTEPMCTVIKA PAEOT!:I 

!HccepTaUHR OOCBRmeKa HsyqeHHm COCT&Ba OOTOKa 0,1lHHOqHHX a.11.­

pOHOB KOCMHqeCKHX Jlyqe~ (K]) H cneKTpOB KOMOOHeHT 3Toro nOTOKa 

('ii,p, 11.) Ha BNCOTe rop. MsMepeHHR 6b1JIH npoBe,D,eHh! He. KOMn.lleKOHOR 

ycTaHOBKe "IlHOH" EpeB&HCKoro ~HSHqecKoro HHCTHTyTa (Ha BNCOTe 

3250 M H&.11 ypoBHeM MOpR), COCTORmeR, B OCHOBHOM HS HOHHS&UHOH-

~ 1oro KaJtopHMeTpa (MK) H .11.eTeKTopa peHTreHoBcxoro nepexo.11.aoro 

HSJlyqeHHR (Pirn-.11.eTeKTOpa). 

AK.Ty&JlbHOCTb TeMH. !aRRHe 0 COCTaBe noTOKa a.11.pOHOB npH SRep­

rHRX ~30~ rsB BeCbMa CKY.11.Hhl. IlpHqHHOR TOMY RBJIRDTCR MeT0,1lHqec­

KHe TPY.11.ROCTH, BOSHHKammHe npH cos.11.aHHH cBeTOCHJlbHHX .11.eTeKTopoB, 

U03BOJIRmmHX H,1leRTH~HUHpOBaTb a.11.poHH T&KHX SHeprHR. !aRHHe, noJty­

qeHHHe B pasJIHqHblX GKCnepHMeHT&X, qacTO Re cornacymTCR .11.pyr c 

.11.pyroM. Te.Koe pacxollt,ll,eHHe Ra6xm.11.aeTCR H B pesyJlbTaTax, KacammHx­

CR GRepreTHqecKHX cneKTpOB 0.11.HHOqHHX a.11.pOHOB. AR&.J!HS KOHKpeTHNX 

ycJIOBHR 3THX 3KCnepHMeHTOB nOKMl!l.J!:, qTo OCHOBROR npHqHHO!ii T&Kor• 

paSROrJl!l.CH~ ,1l!l.HHHX gB.J!ReTCR MeT0,1lMK& perHCTpallHH .J!HBHeBOrO Con" 

pOBOlK,1leHMR a.11.poHOB B K&ll:~OM GKCnepMMeHTe, KPMTepHH OT6opa, !I. 

T!l.K~e onpe.11.eJ!:eRHe 0,1lMHOqHOCTH a~pOH!I. npH o6pa6oTKe saperHCTpH­

poBaHHblX co6NTH!ii. 

~ B aacToffme!ii pa6oTe BnepBNe c npMMeHeHHeM MHoroMo.11.y.l!:bHOro PITH-

,B,eTeKTopa 6ua pea.JIH SOBaHa B 'HHTepB!l.J!:e saepr'H!ii' '.300 ~ E ~ 500 rsB 

H,1leHTHcP'HKaU'HR BCeX KOMnOHeHT noTOK'\ e . .11.poHOB (nHOHRO!ii, npoTOHHOR 

H He!iiTpOHHO!ii). Tuna 'HCC.J!e,1lOBaHa saBMCHMOCTb co9TaB!I. 3TOro noTO­

l(e. OT SHeprHH a,n,pOHOB, a T&KlKe OT ycJIOBM!ii OT6opa co6HTH!ii no con­

pOBOll,ll.eHH~. ~CTIO.J!bSYR llOJlyqeHHHe B HaCTORme!ii pa6oTe ,1l!l.HHNe, a 

TaKlKe cpaBH~B!l.R HX c pesyAbTaTaMH ipyrHX 3KCnepHMeHTOB, 6H.J!O 
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ycTaHOEJleHO, qTo KpV.THqHHMH napaMeTpaMl'I, onpeAeJlJIE~HMV. COCTaB ¥. 

cneKTpH ~OMnOHeHT noTOKa aApOHOB, JIBJIJIETCJI ,11,onyCTHMaJI nJlOTHOCTb 

conpoBOXAeHV.Jl (f!IWIX ) v. 3HepreTv.qecKHR nopor qyBCTBV.TeJlbHOCTV. 

AeTeKTOpOB conpOBO~AammHx qacTV.U ( e.~~ B Ke.JK,11,0M 3KCnepHMeHTe. 

s yqeTCM CKa3aHHoro, CV.CTeMaTHqecKv.e V.CCJle,IJ,OBaHV.Jl 3aBV.CV.MOCTV. 

COCTana v. cneKTpOB OTAeJlbHHX KOMnOHeHT noTOKa a,11,pOHOB OT 0 v. 
. . J~~ 

en. BnepnHe npoBeAeHHOe B AV.Cceprauv.oHHO~ pa6oTe, npe,11,cTaBJIR-

illTCJI aKTyaJibHHMV.. . (. 

Ue:rn v. 3a,11,e.qv. pa6oTH. McnoJlbSO'BaHv.e MHoroMOAYJlbHoro PITV!­

,11,eTeKTopa, no3BOJlammero v.,11,eHTH~v.uv.poBaTb nv.oHH v. npoToH!il B sHep­

reTHqecKoM HHTepBaJie 300 + 500 rsB ,11,aJIO B03MOXHOCTb V.CCJle,IJ,OBaTb 

OT,11,CJlbHYe KOMnOHeHTH nOTOKa a,11,poHOB. 06meR.ueJlbm HaCTOJlmeR pa6o­

TH JIBJlffeTCJI V.CCJie,IJ,OBaHv.e COCTaBa nOTOKa 0,11,HHOqHYX a,11,pOHOB v. 

3HepreTv.qecKv.~ cneKTpOB KOMnOHeHT 3TOro noTOKa npH pasJlv.qHYX 

3HaqeHv.ax nJlOTHOCTH conpoBox,11,eKv.a. Sa,11,aqM, nocTa"BJleHHYe B pa6o· 

Te, MOltHO C~OpMyJlv.poBaTb CJle,11,ymmv.M o6pasoM: 

I. MeTo,11,v.qecKv.e BonpocH, cBasaHHHe c onpe,11,eJ1eHv.eM xapaKTe­

pv.cTHK v.cnoJlhsyeMHX npv.6opoB: a) a6coJ1mTHaJ1 KaJ1v.6poBKa MK c v.c­

noJtbsonaHHeM HOBHX ycKopv.TeJlbHHX ,11,aHHHX no MCCJle,11,oBaHV.m Jl,11,epHO· 

3JleKT-poMarHHTRYX KaCKa,IJ,OB; 6) V.CCJle,11,0BaHMe B03MO'.lKHOCTM ·)yQ~ -
H.ll,eHTM4Jv.Kauv.H B Pl1M-.neTeKTO'Pe ycTaHOmtH t1eTo.n,oM Mo,11,e.llv.poBaHHJI 

noc.lle,11,Hero. . ~ 
2. PacqeT BJ1HJ1HHJ1 pasJtv.qHuX ~OHOBHX npouecco'B Ha ,11,ocToBep­

aocTb v.,11,eHTH~V.KaUHH v. Ha Ha6J1m,11,aeMym nJlOTHOCTb JlMBHe'Boro 

c.onpOBO'.lK,IJ,l'!HHJI. 

3. Onpe,11,eJleli'Ae Ji'.tf>-oTHOmeHHfl B noToKe 9.,11,pOHOB c E)300 r0B 

M KCCJle,IJ,OBaHHe saBKCl'IMOCTH 3TOro OTHomeHHJI OT 3HeprHV. a.n,pOHOB M 

OT DJIOTHOCTH JIHnHenoro conpOBO'.lK,11,eHV.Jl. 
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. 4. Onpe,11,eJleHv.e BCeX ~8.ltTOpOB, B.llHRmmv.x Ka Kao~mAaeMyll HK­

TeHCHllKOCTlll nOTO.Ka nHOKOB, npOTOHOB H HeATpOKOB np11 , ....... (Ans-t. 

5. MsMepeHMe sHepreTv.qec:itMX cneKTpo:e.ocHO'BHHX 1t0Mn0Hewr no­

T01ta 8.UPOHOB KJI Dpll pe.3JIH'UIHX SHa'leHJllflX .J>M~I<· 

6. Onpe,11,e.JleHHe HMllKeR rpaHHUH ceqeHHR Heynp7roro »SaHMo,11,eR-
tn.eL 

CT»Hfl npoTOHOB c a,11,paMH aTOMOB :sos,zcyxa Gp.RJr c MCDOllt..SOBaHHeM 

HenocpeAC~eHHO HSMepeKHoro cneKTpa npoTOHOB npH MMHHMaJllllKOM 

SHa'leHMH 

HayqKaJt HOllMSHa pa60TH. BnepBHe H 3Mepeaa SaBHCHMOCTlll 1.i/p ~ 
OTHOmeKHR B nO'l'Olte a,npOHOB KJI OT 3HeprHH qacTHU H OT D.JlOTKOCTH 

JIHBKe»oro conpo»ox.neHv.a. 

Bnep:BHe nocpeACTBOM npflMOA M,IJ,eHTH~MltaUHH a,11,poHOll HSMepeHH 

3HepreTHqecxHe cnexTpH nHOHOB H npoTOHOll, DpH'leM HSMepeHHR BH­

DOJlHeKH npH Tpex saaqeKV.JlX ft..orl< (O,I M-2, 0,3 M-2 H 2,0 M-2). 

OnpeAeJleHa HM~Hflfl rpaHHUa ceqeHHR Heynpyroro BSaHMo,11,eAcT-
•h.c.~ 

Bii.fl 11poTOHOB C fl,Il,p8MH BOSAyXa 0 p-a,,ir , npH'leM ,IJ,Jlll 3TOR UeJil'! 

:enep:BHe HCDO.Jlt..SOBB.H R~nocpe,11,CTBeKHO H3MepeHHHR cneKTp npOTO~OB 

Dplll MHHHMaJllllHOA IUOTHOCTH conpoB~eHHfl. 

Bnep:eee HSMepeHY cneKTpH HeRTpoHOB B n0To1te a,11,poHo» K] 
-2 . -2 

npllf f m•)C =O, I M H 0, J M • 

Paspa6oTaH anropRTM MOAellv.ponaKMR MKoroMo,11,7.llt..HHX PIM­
,neTe1tTopo:a. 

Paspa6oTaHa MeToA1t1ta pacqeTa ll.IHJtHHfl. oT6opa co6Y'l.'HR Ha 

~eltTH:BH..Yll c:aeTOCllJIY KUOpHMeTpH'leCKHX ycTaKOBOlt. 

Ilpa1tTM'lec1taR ueHHOCTt... AaHHHe o cocTa3e v. cne1tTpaX noToxa 

a.tqlOHOB HCD0.11113JllTCJ1 ,11,.lfl npo»epltH TeopeTH'leCltMX MO,IJ,eJieA B3B.HMO­

A81o'l'BHR a.lpOROB npK C:Bepx:BHCOKHX 3HeprMJtX. IlpH cpa:sHeHHH pac-
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qeTHHX M axcnepHMeH'l'aJtHO HSMepeHHHX xapmtTepHCTHlt nOTOKa, ec­

TeCTBeH~o. c.ne.nyeT nOJlb30B6TbC.R MaKCHMaJlbHBM Ha6opoM "H36Hpa­

Te.nbHHX11 napaMeTpOB, qyBCTBHTe.nt.HHX K MO,ZJ,eJl.RM BSaMMO,ZJ,eiltcTBH.11. 

MsMepeaaoe BnepBHe B eacTo.Rmea pa6oTe noBe,ll.eHHe 1i/P-oTaome­

HHH c M3MeHeHMeM KBX 8HeprHH, Tait H n.nOTHOCTM conpOBOll,ll.eHH.11, 

c 3TOilt ToqKH speHH.R, MOMeT C.HYJKHTt. TeCTOM MO,ll.eJlel B3aHMO,ZJ,eR­

CTBH.R npM eaeprH.RX, npeBBmaDmHX 3HeprHD aa6.HD,ll.aeMHX a.npoHOB. 

~.n.11 eToilt ~e ue.nH MoryT 6YTb npHMeHeHH H pesyJJbTaTY, xacammHeC.R 

3HepreTMqecKHX cneKT~OB nMOHOB, npoTOHOB H HeiltTpOH~B, no.nyqeu-~ 
HYX B HaCTOHmeilt pa6oTe. 

iaspa6oTaHHBA a.nropMTM Mo.ne.nHpo:&aHHH PilK-,ll.eTeKTopoB, nos-

110.nsmmwR BHqHC.HHTb OlltH,ll,6eMHe pacnpe.ne.neHH.11 3HeprOBY,ZJ,e.neHHI qac­

THU B MO,ll.y.n.11x .neTeltTOpa, MOZeT 6U9b npHMeHeH npH npoeKTHpo:aa.HHH 

cos.na:eaeMBX P!Ut-]l.eTeKTOpoB, a Taue npM BB6ope "onTHM6.HbHHX r:ia­

paMeTpOB noc.ne.nHHX. MeTO]l.HKa )"leTa BJIH.RHKK'6 -e.nexTpOHOB,o6pa­

syeMBX B o6'beMe PilH-.neTeKTopa H orpaHH-cm:sammHx ero paspemanmym 

cnoco6aocTt., Mo~eT 6HT• npTt1MeaeHa .n.ns ouemtn npe.ne.nbHBX 11os­

MO~HocTefi PnH-.neTe1tTopo11, xoacTpyHpyeMUX B co11peMeHHHX excne­

pHMeHTa.nt.H~X ycTaHomtax B UEPH-e H ~HA!. 

Anpo6auM.11 pa6oTY. Fc.sy.nt.TaTH, no.1y'leHHBe B ,ll.BcceprauMH, 

6HJIH npe,11.cTa11.1eHH Ha I6-oR ( KHoTo, !979 r. ) , .1'1 -oilt (Ilap111, 

I98Ir.) Mes,nyHapo.nHHx 1tof14>epeHUHSX, 7-oilt (leHMHrpa.n, !980 r.), 

8-oA ( PM1o1,I982 r.) e:sponeRcttHX CHMnosHyMax H Boeconsaoilt ( 

c EpeBaH, !9'79 r.) ttoff4>ePeHUHH no KOCMHqecKHM nyqaM, a TaK.Se 

.no~.na,n.BBaJIHCt. Ha ceMMHapax E~H. 

Ily6nHKB.UMH. Ilo pesynt.TaTaM ,ll,Mr~eprauHH onyd.nMKOB6HO .nec.RTb 

pa60T, cnHCOlt KOTOpBX npHBO,ll,HTC.11 B ltOHUe aBTopeiPepaTa. 

Ii 

CTpy~Typa M o6~eM .l!.lllCCeP'!aUMlll. JHccepTa~l/lH COCTOl/lT lll3 1111e­

,ll.eHlll.R,. OHTl/l rJ1a11 Ill 3aKJlll'ieHlllH. 0Ha. lll3JIO*eHa Ka !IS CTpaK111uax 

MamlllHOnlllCHOro Te~CTa Ill co.n.epl!tv.T 22 Ta6JIHUH Ill 38 pMCyKKOll. 

Cnl/lcox UMTHpyeMoA JllllTepaTyps 111tJ111qaeT 9! KaHMeR011aHMe. 

11. KPATKOE COUPJKAHME PAEOTH 
•. 

Bo 1111e]l.eHl/lH 06cyJK,ZJ;aeTc.11 axTyaJJoHOCTb npo11e.n.eHHHX lllCCJ1e.no11a­

~ fflllA, ~OPMYJIMpyeTCH l/lX ueJib Ill TipMllO~HTCH xpaTxoe OTilllCaHl/le co.nep­

)l(aHHa ltaJIC,ll,Oli HS rxa11 ,ll.ll!CCePTauHOHHOA pa60TH. 

B nep11oil rJ1a11e .ll.lllcceprrauHM npHllO.l!.MTCH onHcaHl/le ycTaH0111tM 

"Il1110H". OCHOllHBMH YSJlaMM KOTopo« HllJIHllTCH MOHl/l3aUl/lOHKldt lt9.JIOpH­

MeTp Ill PTIM-.neTeKTop. HK ycTaHOllKH npe.nHasHaqeH ,ZJ,JIH HSMepeHHa 

3:ieprHH per!llCTpHpyeMHX a.npOKOll 11 06Jl6CTH ~'.300 reB, fI.n.epH0-

3JleKTpOMarH!llTHBR xacxa.n. (ff3K), o6pasyeMHli a.npoHoM 11 11emecT11e 

norxoTMTeJIH xa.nopMMeTpa (2 p.11.n.a Pb 3 CM M 2 CM M IO p.11.no11 Fe 
no IO CM Ka.JKAH«) perlllCTplllpyeTc.R 11 HOHl/l36UHOHHHX xaMepax, pacno­

JIO)l(eHtmX Me*.l!.Y norJIOTHTe.naMl/l (3! ttaMepa 11 Ita)l(]l,OM p.11]1.y) 110 BSaH­

MOnepneH.n.HKYJJHpHHX aa~paBJieHl/l.RX 11 qepe.n.yID~lllXCH p.11.nax. TattaH.KOH­

CTpyttUlllH HK nos11oxaeT cxe.nHTb sa pas11HTHeM ff3K ttax .11 npo.n.oJibHOM, 

Tax H 11 nooepeqHoM Hanpa11J1eHMHX. BwKHHM .1111x.11eTc.11 11onpoc o nepe­

xo.n.e OT l/lSMepeHHUA aMfiJllllTY.ll. CMrHaJIOB 11 KaHa.nax ItaJIOpMMeTpa K 

~ 0Heprllllll ff3K, HHlllUHHpo11attHoro 11 MK perlllcTpv.pyeMblM a.n.poHOM (aHep­

reTHqecxaH 1taJ1lll6po11xa MK). 3ToT nepexo.n ocymecTBJieH 11 .n11a aTa­

na. Bo-nep11Hx, 111i1<1HCJ1eH sapR:.n, o6pasyllmHAcH 11 rase xaMepa nplll 

npo.neTe qepes Hee o.naoi:t 'iMTMU.bl ff3K. C yqeTOM cnexTpa ttacxa,n.Hb!X 

qacTlllU, reoMeTplllM KaMep, ,ll.a11J1eHMH rasa 11 HMX Ill np. onpe.neJieHa 

6MOJllllTY.l1a ClllrHaJla Ha llNXO,ll,e xaMepbl, COOTlleTCTllYIDmaH naHHOMV 

sapg.ny. Bo-11Topax, c Hcnoxbso11aHllleM ycxopHTeJlbHH~ naHHblX cc11ep-
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meH nepexo.n. OT qMcJ!a '!acTMU :e ff3K K ero aaeprM111. Jl.JIR conocTaBJie~ 

Hlllff pesyJibTaTO:e paSJllll'lHHX 3KcnepMMeHTOB c ueJibD :eN6opa KaJI!116po­

IIO'!HOro KO~fll111uvreHTa npe,11.JIOllteH napaMeTp R.=- (~It; ·.6.1)'£~c'!'MC· 
I . 

J!O 'laCTlllU ff3!{ nocJie i -ro CJ!Off norJIOTWl'eJIR, ~-TOJ!lllMH8 3Toro 

CJIOR. £ -3HeprHR H3K). He 38BMCRUlllllil HM OT TOJillllllKbl norJIOTMTeJiei:t' 

HM OT 3HepI'MM fl3K. 

PaccMoTpeaa npMpo)l.a pasJI!ll'lHNX rpaKTopoB, :eJrnR»ll\MX aa 3Hepre-

TM'lecxoe paspemeaMe KaJiopvrMeTpa. ~ 
OnMcaa PIWI-,11.eTeKTOp ycTaHOBKlll, pacnoJio~eHHNlil Ha.n, IB< M npe,11.­

Hastta'leHHNlil .n;:rsr ·11>"111.n.ettTMi1":1ntau111M perMCTpMpyeMNX a,1.1.poao:e. AHaJ1111-

sMpo:eaH MeTO)J. 3Hepro:eN.n,eJieHMJ.\, Ha KOTOpOM OH OCHOE8H. 

H'rn-,11.eTeKTOp COCTORJI MS '.36 0).1.MHaKOBNX M0,11.yJieJ.\, pacnoJIO*eH­

HblX B 4-x nJiocxocTRX ( 9 Mo.n,yJ1elil :e Ka1K,ll.Olil nJ1ocxocTM ). B coc­

TaB KalKAOI'O M0,11.yJisr BXOAMJia MHOronpo:eOJIO'!Haff nponopu1110HaJlbHasr 

r.aMepa ( Mrnt) ~a6o'D!M od~eMoM 90x90x4 cM3 , aanoJIHeHHasr cMeCbC 

90% Ar +I0%(1-f4. CMrHaJibHNe npo:eoJIOKlll :e MID{ dNJIH crpynm~po:eaHN 

B TPlll ceKUMM ( 0,3x0,9 M2 ), T.e. :eecb PIWI-.n,eTeKTop cocTosrJI vrs 

I08 MHcpopi.taTHBHNX xaHaJibB. Pa.n,HaTop 111sJ1y'leimR npe.n.cTa:BJisrJI codoJ.\ 

:::20 CJIOeB MalilJiapa TOJlll\lllHOiil 22 MKM, npOTRffYTblX c maroM B 3 MM. 

OH 6NJI 111sroTOBJ1eH B Blll.11.e 6J10KoB nJ10111a,n,bD Ix3 M2 111 noxpNB6JI TPlll 

MTJK B Ka1K,ll.Oli! nJiocxocTH. }l,Jiir ,n,aHHO~ KOHCTpyxu1in1 n.eTeKTopa 6NJ1111 

pacC'!lllTaHN cpe,n,H111e SHa'leH!llll 3HeprOBbl.1J,eJ!eHllllil nlllOHOB H npOTOKOB ~ 

pasJilll'lHNX 3Hepr111!il B MOAYJIRX ,11.eTeKTopa. 0,11.HaKo noJittoe npe.n.cTa~Jle· 

!'!Ille 0 pas,11,eJieKllllll '!8CTMU MOlKHO COCT6B111Tb Jl!llMb no pacnre,11,eJleKlllSlM 

noJIHNX 3HeprOBbl,11.eJ1eH111~. ,11.JIH qero 6HJ1a cos.n.aKa nporpaMMa Mo.n.eJI111-

poBaH111R MKoroMo.n.yJibHNX PTW!-,11.eTeKTopoB MeTo.n;oM MoHTe~RapJ10. C no­

MOmhID 3TO~ nporpaMMbl 6NJI111 paccq111TaHN OlKlll,ll.6eMNe 3HeprOBN,!1.P.JleHlllH 

nlllOHOB 1ll npOTOHOB BO :sceM ,!1.1116nasoHe 3HeprMlil '.300 + 5008 rsB. 
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}lJIH y'ieTa :Fl M0,11,eJ1111pOB6HlllM 6b1Jllll 1/ICCJ1e,ll,OB6Hbl peaJibHble xapaxTep111c­

TlllKlll Mffi{ Pffil!-,11.eTF>Ji.Tope.. PesyJ1bT6Tbl 3THX lllCCJie,n.oBaHM~ c 111cnoJib-

SOB6.H11le1.: pa.n.v.oaKTllll3HblX 

npoBe.n,eHHblX c nOMOmbID 

6b!Jllll lllCnOJlb30B8Hbl ,ll.Jlff 

ycTaKOBKlll. 

~ 1ll 4 .. 11lCTO'lH11lKOB, a.TaitJKe H3MepeHl'!i:1:, 

JI -MeSOHOB 1ll npOTOHOB ( £ npo.f." 2018 r2B) 

3HepreTlll'!ecKoi1 KaJ11116poBKV. PTIM-11,eTeKTopa 

~ TiplllBO,ll,lllTCsr Kp6.TKOe on111caK111e 3JleKTpOHHOlil annapaTypN, 1/ICUOJib-

30B6KHOi1 B 3KCnep111Mewre. 06cyJK.n,eHbl ycJIOBlllR ~OpM111pOB6Hlllff Tp111rrep­

HOro 111MnyJibca, onpe.n.eJ1HIDm111e 3HepreTH'lecx111!:1: nopor ycTaHOBKlll v. 

corJiacycm111e 6NCTpb!i1 (PTIM-.n.eTeitTop) Ill Me,ll,JieHHbli1 (MR) '16.CTlll ycTa-

HOBKM, 

Bo BTopolil rJinBe nepeq111cJieHbl cplll311l'lecKMe 3a.n.a'l111, nocTaBJleHttNe 

nepe,11. 3KCnep111MeHTOM, c yqeTOM KOTOpblX ccpopMyJI111poB6Hbl ceMb KplllTe. 

p111e:s OT6opa co6b1Tllli1. B npouecce oT6opa noJieSHNX co6NTllli1 KOHTpoJ1~ 

H8Jllll'llllH JlMBHeBoro conpOBOlK,11.eHlllR perMcTp111pyeMblX a.n,pOHOB npOB0,!1.HJl­

CH no noKasaK111srM PITM-.n.eTeKTopa Ha nJioma,n.111 0,8 M2 B6J1111sM TpaeKTO­

p111111 qaCTMUN (KOJIOHHa, COCTORU16.H 1113 3 1/IJ!lll 4 Mo.n,yne~). PasMepbl o.n;­

HO~ ceKUHM PIWI-.n.eTeKTOp~ onpe,11.eJIRIDT Maxc111MaJibHO .n.onycTMMYID nJioT­

HOCTb conpOBOJK,11,eHlllH, nplll KOTOpOi1 :sepORTHOCTb lllCKaJKeHHff noKa3aK1/I~ 

OCHOBHblX ceKUlllJ.\ .n.eTeKTOpa (np111nMCblB6eMblX a,11.poHy) Mana. OueHKP. 

( BToro napaMeTpa .n.aeT f me.x= 2. 0 M-2. 0To6paHHble co6b!Tlllsr clb!Jllll 

KJ16CClll~lllUMPOB6Kbl no M8KClllM6JlbHO ,11.onycT1/IMOi1 nJIOTHOCTlll conpoBOlK,!1.e­

HlllR, np111'!eM nep:sru1 KaTeropHsr xapaKTepMsoEaJ1acb· BeJ1111q111Hoi1 napa­

MeTpa Pm"><.= O.I M-2 , :sTopasr - Pmttx. = 0,3 M-2 , a TpeThD KaTe­

rop111ID ~OCT8BlllJIM :see OTocSpaHHNe c~6blTJ.'IR, T .e. 3,11,ecb fmM.= 2 .OM-2 

~o onpe,11,eJ1eHt4ll. 

! AttaJ1111s co6uT111i1 noxasaJI, '!TO Ha6nm~aeTcsr cy111ecTBeHK8R 3aBv.c111-

wocTb l<l\paxTepa co6b!TMi1 OT rJ1y6mm reHepan111H fl'3K B MK. 
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4aCTMqHo 3TO o6yc~OBJieHO BKJiaAOM 3JieKTpOHHO~OTOHHO!it KOMTIOHerrru 

KOClolH'ieCKHX ·'!Yqefit. 0.n.HaKo, OCHOBHO!it T'fPM'iMHO!it TaKo!it 38.'BMCHMOCTH 

f!BJif!eTC!l o6paTHN!it TOK qa~THQ aJib6e,ll,O M3 ~K TIUH pe.3BHTHH H~K B 

nocJie,D,HeM. ~HTeHCHBHOCTb H npoqHe xapattTepHCTHKH noToxa qacTMU 

aJib6eAo 6HJIH MCcJie,ll,oBaHH Ha 3To!it *e ycTe.HoBxe. PesyJibTaTH MccJie­

noBa1rnf,\ 6L!JIH HCTIOJlbSOBat!bl B nporpaMMe MC,4eJIMpoBaHH!l BJIM!lHHf! 

3TOI'O llBJieHH!l Ha pacnpe,ll,eJieH;t.e OOOblTM!it no tte.TeropM!lM. 

Ha Ha6JIDAaeMyD nJioTHOCTb conpoBon\,l!,eHM!l BJIMRET Tax*e ~-
3JieKTpOHbl, 06pasyeML1e perMCTpv.pyeMHM a.npOHOM Henocpe,ll,CTBeHHO 

H8JI. ycTaROBKo!it v. BHYTPM ee o6~eMa. !JI11 oueax11 BJIMllHHll aToro '3¢­

?P.ttTa TaKHM 6L!JI~ C03,ll,aHa nporpaMMa MO~eJIMpoBaHM!l Ha 3IM. 
PaccMoTpeHl:l TaK*e npoqMe 3¢~eKTN :exv.11mm11e Ha Ha6~m.naeMym 

TIJIOTHOCTb conpOBO*,ll,eHMll. 

( 

TpeTbll rxaBa TIOCBHmeHa HSMepeHHE 11;'p-oTROmeKH!l B TIOTOKe 

sapIDKeHHblX aapOHOB Ha rJiy6MHe aTMOC~epH 700 r/cM
2 . !JIR o6pa6oT­

KH AaHHLIX PTm-,ll,eTeltTOpa 6HJI HCTIOJlbSOBaH MeTO,ll, MaKCMMaJibHOI'O 

npaBAOTIO,ll,061111. CorJiaCHO pac'ieTHblM pacnpe,ll,eJieHHllM TIHOHOB H npo­

TOHOB no napaMeTpy npa:eaono,ll,06v.11 6sJ1v. onpeAeJieHs BttJia,ll,H O,ll,Horo 

copTa qaCTHU B ,ll,pyro~ npH v.x H,ll,eHTH~HKaUHH c onpe.neJieffHO!it 3~~ex­

THBHOCTbE. 3HaHMe 3THX napaMeTpOB TIOS'BOJIHJIO BOCCTaHOBHTb 'iHCJIO 

npoTOHOB M TIHOKOB B OTAeJibHLIX 3HepreTHqeCK11X HHTepBaJiaX. 

POHOBL!e aq.~eKTbl, 0 KOTOpb!X I'OBOpMJIOCb BO BTOpoR rxa:ee, noB­

JIHRJil/l H Ha 0HeproBN,II,eJ1eHlllH a,II,poHOB B MOAYJIHX PIIM-,ll,eTeKTopa, lllC-~ 
·1i.a3MB TeM CaMHM Ill lllSMepae~rne 1i/p-oTHome1rne. B nporpe.MMaX MO­

AeJIMpo:eaHMll 3THX npoueccOB 6HJia npe,II,yCMOTpeHa BOSMO~HOCTb HM!llTa­

U'ilH 0Mepro:eL1,ll,eJieHlll!ol a,ll,pOHOB M if>oHOBHX qacTMU.B MOAYJillX PlIB-,II,e­

TeKTopa. '3To noSBOJIMJlO yqeCTb BJIMllHMe 3TlllX npoueccoB Ha 11/fo­
OTHOmeHHll, OKOH'iaTeJihHL!e saaqeHHll KOTOpL!X B pasJI~qHb!X 3HepreTM-

IO 

( 

( 

qecKV.X lllHTepBaJiaX npMBOAHTCll B Ta6JIMUe. 

Ha pHC. I np~rne,11.eHa .n.ByMepHaH li-f .21.111arpaMMa, noxas1rna10lll.M 

d:aJI'l'l'{He 3KCnepMMEiHTaJibHblX ,II,aHHLIX no o/p -OTHOmeH'.1ffM n TIOTOtte 

a.;n.poHOB c E> 300 raB. BM.II.HO, 'iTO CHCTeMaTH3V.pOBaHHOe lll3y'ieHMC 

,ll,aHHOro Bonpoca BnepBb!e npOBO,l!,HTCll B H~CTOHID.ej.;! pa60TP, 

O•rHomeHlllR lllHTerpe.JibHHX ll!HTeHClllBHOCTett noToKoB n1110110B 111 npo­

~OHOB MOJKKO npe,ll,CTaBHTb B BV.,II,e A (E/30J fnlE- B raB)' r,l!,e ,ll,JIR 

A H m no.iiy'ieHbl 3Ka<1e1nrn A = 0.42 :!: O.OI • 0,43 ;!: 0.02 r 

o.er :!: o.m Ill tn= I.29 :t o.m , r.r2 :t o.06 , o.94 ! o.oe 
)I.JI.II SHa'ieHH!l D,..."\ll.11. = O.I M-2 ' 0.3 M-2 • 2.0 M-2 COOTBeTCTBeHHO 

I 
3a:eMCHMOCTb ,-;;r-oTHOIDeH!llff OT ?...,"" np.rne,netta Ha plllC. 2. 

ITpoBe.ll.eHHoe cpa:eHeHMe nonyqeaHb!X .naHHHX c pesyncTaTaMH ,II,pyr111x 

0KcnepMMewroB noKaaaJio Ha MX pasyMHOe cornacv.e, xoTR B .naHHOR 

o6JiaCTM 3HeprlllR He~ocpe,ll,CTBeHRa.R M,II,eHTH~HttaUl/lll a,ll,pOHOB 6b!Jia 

npoBe,ll,eKe Jilllmc B O,ll,HOM axcneplllMeHTe (ycTaHOBtta M3p111xeHACKoro 

yH"J.Bepr,v.TeTa, CmA). 

l.JeTBepTall rJiaBa TIOCBRJ!leHa OlipeAeJieHl/llO 00,'dlettTl/lBRLIX '5attTOpOB 

3xcnos111u111M ,nJIR pasxMqH~X xoMnoHeHT noToxa a.21.poHOB. ITplll onpe~e­

xeHMlll 2/MlettTlllBHOR CBeTOClllJ!H ycTaROBltlll yqMTHBaJIOCr BJilllllHHe c~6~­

ettTMBHOI'O TIO)l.XO,ll,6 o6~a6oTqlllltOB npM OT6ope co6HTlll~. BN3BaHHOe 

Tpe6o:eaHHeM MaJIOCTH 3HeprM!it H3K, BNHOClllMOa MS 6oKOBliX CTeHOK MK. 
:3Tc 6b!JIO ,ll,OCTlllrHyTo BBe.nea11eM sea "He'3¢(fleKTHBHOCTM" y ttpae:e MK, 
BeJIH'iV.Hbl ltOTOpb!X AJ!ff K8JK,'1,0I'O pR.ua onpe;n,eJI!lJIMCb' lllCXO)l.ll 119 3Kcne­

pv.Mel'l'teJibHHX pacnpe;n,eJieimf,\ "ToJI'iKOB" H3K no KaMepaM ,11.aHHoro plt;n,a. 

CToKasaHo, 'ITC ecJilll 6es yqeTa BJIHllHMH .nattHoru ipaKTopa cBeToc~Jia 

ycTaHOBK\.! c ocTaBJiltJia "'2. 0 icTep. (npM yrxoBoM pacnpe.nexemrn 

8.,1!,pOHOB r-Q:::,it(J) ,TO H3-36. ,II,aHHOI'O 0c'!lif'eKT6. OHa yMeHbmaeTC!l ,l!,O 

2 I.4 M cMr. 
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YrJ10:soe pacnpe,lleJie1rne a.npoHoB, noJiy'ieHHoe c y<reToM KOHCTYK­

THBHblX oco6eHHOCTej1[ ycTaHOBKH (meJibHOCTb 1'! T.,ll.), TI0.1!,TBep,llHJIO 

pe3yJib•raTbl ,ll.pyrMX 0KcnepHMeHTOB 0 TOM, tfTO noKaSaTeJib KOCl!Hyca 

seffi1'1'Horo yrJia ..- 7. 

C Y'leTOM :ionpaBOK (ertmeKTHBHOCTb Mffi{, "Mepr:soe BpeM11" ycTa­

HOBKH Vl T.,ll..), BJIHRIDmHX Ha Ha6JI10,ll.aeMy10 1'!HTeHCHBHOCTb TIOTOKa, 6bl­

JI}! onpe.neJieHbl ecpifleKTHBHHe 3HatfeHm1 rpaK'l'opa 0Kcno 3HU11l1'! ,ll.JIR: ita'?K­

.nol1r KOMTIOHeHTbl TIOTOKa a,llpOHOB. 

~ nHToj1[ rJia:se npo:se.11.eH cpaBHHTeJinHhlfil aHaJI11s ycJtOBlllj1[ pa3Jiw( 

HhX 0KCnepVlMeHTOB, B KOTOpl:ilX VlSMepRJiaCb HHTeHCVlBHOCTb noTOKa 

0.1!,VlHO'-lHblX a,ll.pOHOB npH E ..... I T:.:iB. noK'l3aHo, tfTO H3Mepl'!eMM MH­

TeHCVlBHOCTb no·ro1rn O.Jll<IHO'IHl:ilX a,l!,pOHOB saBHCV!T OT p<r;11,a fF-aKTOpOB,, 

11a1KHei'lun1n V.3 KOTOpb!X- MaKCMMaJibHO ,ll.OTIYCT"Ma!'! nJJOTHOCTb conpo­

I>O~\.l!,e1nrn !~" "'·"' c 1'1SMeHe1meM KOTOpo'.!l Ha6JJIOJl,aeMaf! 1'!HTeHClllBHOCTb 

r.cTo:i:a nplll :;: "'I T3B MOJKeT Me!U!TbC>I ~IO pas. KpMT!<ltfHl:lM napaMe'l'­

·:,·: · r.:aJIHe'fCH TaK'?Ke E" - 0HepreT11ltfeCKllli1r nopor tfYBCTBHTeJJbHOCT\11 

."·:18K'!'O:;JOB f:OHTpOJJfI conpOBOlK,ll.eHl1ll. 3aIJVIC1/!MOCTb VlHTeHCIABHOCT\11 

;J()'~'OK'"- OT f ·1 ,IJ.OJIJKHa 61i1Tb CJJa6ee '.lp!tl t:~ ,e:<.. t .. no cpaBHeHV.lO co 

CJIJ'-lae!l f . ; ~: .. ( E:.c = BI MeB - KplllTlll'!e~KM 3Heprn.fl ,ll.JIR B03,Z!,yxa). 

'.-la P'~". 3 np11!Be,nettbl pesyJibTaTbl pa3JJM'!Hh!X GKcnepm~eHTOB, a TaKJKe 

Ha1:;v. ,n.attH1rn no noToKaM a.npoHOB npt'I :·.··I TGS. Viz noro pMcyttKa 

rZAHG, '!TC )l.eii!CTB\l!TeJJbHO 1Ia6JJlO,ZJ,aeTCll ltoppeJIH1\l1H ~lelK,Z!,Y z.., 1'! 

HO.::iJiiG,ll.aeMol1 lllHTeHCHBHOCTbll noTOKa, .n-(ll<!'!eM .n.aHHble npvi C.,.,<< BI M3f 

6JW3KVI ;n,pyr K ,ll.pyry. noJiy'leHHHe aaM\11 ,IJ.aHHble .no cn~KTPY 0,11.VIHOtf­

HHX "'APOHOB IlO,ll.TBepiK,l!,O.llT pesyJ!bTaTN .!l.ryrnx Ha6JJJll'.l,eH1'!t\, corJiaCHO 

~· (., ;:opblM HaKJIOH cneK'l'pa a,npOHOB npt'I ,, . =- ll'•l ..t yneJ!Htf\l!BaeTCfI c 
JH'HX. 

fOC'::'OM 3Hepr111t1. 

BnepnNe noJJyqeffil eHepreTM'!eCKllle cneKTPN npoTotton v. n1t10HOB 

I? 

( 

t 
(' 

( 

(nplll Tpex 3Ha'leHlrnx f-'"""' ) . XoTR GTVI cne:t-:.Tpbl TaKJKe Tpy.n.tto npe;n,­

CTaBVlTb B Blll,l!e noKasaTeJJeii! TYHKUVIVI c e.nv.HHM no1tasaTeJieM BO nceM 

f:lHepreTV.'!eCKOM ,ll,llla!la30He, o,nHaK.o B V!HTepBaJJe 6J0~20JJ f3T3 -:aKEH! 

annpoKClllMO.Ut'IR 61rna npoBe,IJ.eHa 71.JHI ;icex cneKTpo:s, 1'!:::~.1epeHHNX B 

Hac·rntrmel1 pa6oTe (anpoHbl, nt'IOHhl, nIJOTOHbl, tte~TpoHbl ~. HanpMMep, 

V.HTerpaJibHbllil 3HepreT\lltfeCK\llj1[ cneKTP npOTOHOJ\ B yK:..saHHOii! O~JlaGT!~ 

3Heprl!l1 BHp8.lKaeTC!l Y:aK: 

I ( t) - (2 4~ +'o 04' Io-5 (E )-I.9o±o.o4 2 I T /' > · - • , - ' • · , TcB; M- cTep- c - · 

7 (>~L (3 13 ± 0·03) Io-5tL \-I.BS± o.o3 -2 -I -I -'-1' if' ' - • \ T:JB) M CTep c 

1- (?l)= (3 78 ± 0 06) ro-'i/l ~:-I ·84± o.04 -2 -I -I /-' ' ' ( • T:,B) M CTep . c 

.1!,JIR SHa'leHMH r > - 0 I - 2 0 ~ - 2 2 0 - 2 "' -','l'><'-~ - • M • • J M 1'I • M COOTne.CT 

reHHO. 11pVl: 0TVl:X :'\e SHatfeHMHX p ~ cneKTpbl Il\llOHOB OllVl:C1'!IlalOTC.fl 
\ Yr'\l'l.ro 

BFpaJKe!Ul!lMl-1 : 

T.,,(>E)= (? .6 ± 0.2) ro-6 E -2.6 ;t O.I9 M-2 cTep-I ceK-I 

,- ( E-)= (3 2 .:!: 0 I) 10-6 J-::-2.56 .:!: O.I5 -2 -I -T ....,, > · • • L- M cTep ceK -

. I + 
.I- (>f)= (9.2 .:!: 0.4) ro-~ - - 2.56 - O,I5 -2 -I -I " t:: M cTep ceK 

CneKTp npoTOHOB nplll MHHt'IMaJI'bHOM s111a'leH'l'!l'I Pmc."= O. I M-
2 

6bl'Jl MCTIOJ!bSOBa!l'. ,ll.Jlll oueHK'I'! HmitHef.\ rpal'l:MUl:il. 0 j~~r - CetfeHVIR: 

Reynpyroro B3al/lMO)l.ei1cTB!tlfl npoTO!l'.OB c ~,11.paMlll aTOMOB B03,ll.yxa 

:p111c .4). 
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~5MepeHw TaKxe 5HepreTHqeCKMe cneKTpY HeRTpOHOB. IlOJIY"leH­

Hble .n.aaHHe 6HJ!H cpa.BHeHH c pesyJlbT6T6MM .n.pyrHx 5KcnepHMeK'l'OB, 

ID. OCHOBHl4 PE3YJlbTATH H BHOO,llH 

I. TipH yqacTHM aBTOpa C05.n.aaa KpynaeRmaR KOMnJieKCHall ycTa­

~OBKa no MCCJIBJJ.OB6HMll nOTOKOB, npOTOHOB M HeiTpOHOB KOCMHqeCKMX 

Jlyqet:\ C 5HeprHllMH :300-?000 PaB M MX B56MMO,ll.BiCTBMll C paSJ!H'IHY- ( ·'; 

MH ll,ll.paMH. 0CHOBHHMH ysJtaMH ycTaHOBKH llBJlllllTCll MOHHSaUMOHHYR . 

KaJ1opHMBTP nJ1oma.n.b11 IO M2 H MHoroMonyJI&HY« PIIM-neTeKTop c 3CP­
peKTHBHOi nJIOW.6.ll.bil 36 x 0,8 M2• T6Koe coqeT6HMe npM6opoB o6ec­

neqMJ!O M3Mepea~e 5HeprMH -perMCTpMpyeMYX q6CTHU M MX MJJ.eHTH¢MKa~ 

UHll. BnepBHe B 5KCnepHMeHTax c KOCMMqeCKHMH JIY'l{6MM ocymeCTBJleHa 

CBll3l> c 3-m.I B pein1Me " On- line". c yqeTOM npeUM3HOHHYX ycKop11-

TeJ1HblX M3MepeaHR npoM3Beneaa a6COJlilTHall K6JIM6pOBKa K6JIOpMMeTp6, 

Ilpe.n.JlollCeH YHMBepca.nbHblt:i napaMeTp R. = (~flt ·AX;)/£' nOSBOJlllllW.H« 

conocTaBHTb .n.aHHYe pa3JIMqHblX 5KCnepHMeHTOB no MCCJle,ll.OBaHMll ff3K 

aesaBHCMMO OT 5HeprHH qacTMU H TOJIW.MHY norJ!OTHTeJlll KaJ!OpHMeTpa. 

2. Cos.n.aaa nporpaMlll'a Mo.n.eJ1MpoBaHJt11 MHoroMo.n.yJt&HYX Pil~-.n.e­

TeKTopoB, nosBOJ11111m.a11 BY'l{HCJ!HTl> MBTO,ll.OM MoaTe-K6pJ10 pacnpe.n.eJ1e-

HH1t noJIHYx aaeproBH.n.eJ1eHHia 1.1aCTHU B .n.eTe&Topax KsJtyqeaHll. Pa6o­

Tocnoco6aocT• aJ1ropHTM.a npo:BepeH6 MMMT14pOB6HMBM paSJIH'l{HbIX 5KC- ( ·. 

nepiiMeHTOB no MsyqeHHil PI!M-,ll.eTeKTopoB H cp6'BHeHHeM xapaKTepMc-

THK, noJ1yqeaHbIX pacqeTHYM nyTeM H 5KCnepMMBHT6JlbHO. fiporpaMMa 

Mo~eT 6YTb McnoJ11isoBaaa npHnpoeKTHpoBaHHH PIIM-neTeKTopoB H on­

THMMSaUHH lltX napa.MeTpOB. c nOMOW.lill J!.6KHOi nporpaMMY 6YJia KCCJ!e• 

aoBaHa BOSMOXHOCTl> 1i"/p-HAeHTH~HKaUHllt OJJ.HHO'IHYX 6,ll.pOHOB KOCMM· 

qec&MX J1yqe~ B PIIM-AeTeKTope ycT6HOBKM BO :eceM .ll.M6nasoae aaep-

I4 

( 

( 

rHR. )Jill COOOCT6BJleHHJI paC'IBTKYX H 5ttcnepHMeHTaJl1>HHX Jiacnpe,ll.e­

JleHHA 0aeprOBY.n.eJ1eHHfi a.n.pottOB B MOJQ'JlllX PIIK-AeTettTopa,nponop­

UMOHa.Jl»Hble Ka.Nepa, lltCOOJ!asyeMYe B lt8'1eCT'Be neTeKTOPO'B MSJlyqeHHll, 

6YJIM HCCJ!BJJ.OBaHH lit 0TKMM6po:saaH pa.n.HoaitTHBHblMllt ~ - M t -MCTO'l{­

HHKa.MK, 6 T6KJre t' -Me30H6MH lit npOTOHaMM KOCMM'leCKHX JlyqeR. Pe­

SYJ!l>Ta'nt HCCJ1e,ll.OBaHHR 6HJIH y11TeHbl npM MO.D.eJIHpoBaHMH PIIM-.n.eTeKTo­

pa JCT6HOBKH. 

3. Ilo&asaHO, 'l{TO .D.Jlll KOppeKTHOfi 1i/p-H.n.eHTH4JMK8UHM aeo6-

X0.1J,HMO orpattHqlltTb TlJlOTHOCTb JIHBHeBoro conpOBO-.il,eHllt9 perHCTpHpy­

eMoro a,n.poaa B MO,llJJ!llX PfM~.n.eTeKTopa. Mcxon11 HS KOHcTpyKTHBHHX 

oco6eaaocTeR PIIM-.n.eTeKTopa .ll.Jlll MBXCHM8JlbHO .n.onycTHMO~ nJIOTHOCTH 

~onpOBO~.n.eHHll, npH KOTopo« BepORTHOCTb lltCKaJKeHMff 5HeprOBblJJ.eJleHHR 

a.n.poaa qacTMUaMH conpoBOllC.n.eHHll MaJ16, 61i1J10 noJ1y'leHo sHa1.1eHHe 

... 2,0 M-
2• BnepBYB lltCCJ!B,ll.OBaHHll COCT6Ba H cneKTpOB nOTOY.OB an­

pOHOB KOCMHqecKHX Jlyqefi B rJ1y6HHe aTMOC~epu 6blJ!H npoBe.n.eHH npH 

p63JIH'l{KYX OJIOTHOCTllX BOS,ll.ymHoro conpOBOJK,ll.eHHff, .D.Jlll qero o6pa-

5oTKa npOHSBO.lJ,lltJlaCb .D.Jlll Tpex KaTeropHR C06HTHR, OTJ!HqaromHXCll 
. -2 -2 ...£! 

saaqeHHeM fTr'la)< ( O,I M , 0,3 M M 2,0 M ). 

4. BHJ1 npoHSBenea aHaJIH3 ~OHOBHX aq,~exToB, BJIHRromMx Kax 

Ha aa6Jlro.lJ,6eMyro OJIOTKOCTb JllltBHBBOro conpoBOllt.lJ,eHHff, TaK M Ha TO'l{­

HOCTa '1i"/p-H.n.eHTH~HKaUHM. Hallt60J1ee cymecTBeHHHe npoueccH 

( b-aJ1eKTpoHT:1, aJt&6e.n.o ) 6YJ1llt 11poMoneJ1MpOBatm MeTo.D.OM MoaTe-
1 

KapJ10. B Mo.n.eJ1MpoB6HMK BJ!HllHHR qac~HU aJ1&6eno 6HJ!H HCnOJlb50BaHY 

pesyJl&TaTH no HCCJle.lJ,OBaRMID xa~aKTepHCTHK 3TOro 'llBJleHHll, noJly­

qeHHble tta aacToJ1111efi ycTaaoBKe. &.IJ10 oueaetto BJIHllHHe K6~.n.oro npo­

uecca aa pacnpeAeJteaHe co6YTHR no 1taTeropM11M. 

5. ~aspa60T8Ha MeTO.lJ,MKa onpe.n.eJ!eHHll HCTMHHOro qMCJla OHOHOB 

M npOTOHOB c MCnOJliiSOBaHHBM HSBeCTHHX a<fli!'eKTHBHOCTeR perHcTp6-
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UHH M lt03/M>HUHeKTOB pe~eltUHM npH H,ll.eKTH~MltaUHH 3THX qacTMU. ·lxs 
nocJte,ll.Ke~ 6HJ1 npHMeKeK MeT0,'1!, MaltCHMaJlbKOro npaB,ll.OTIO,ll.06Hff. 

6. BnepBHe noxyqeau saaqeKHff <Ji/p -oTHOmeK~ll B noToK.e 

O,ll.HHOqKHX a.n.pOHOB npH Tpex pasJlHqHHX saaqeKHllX f m~" H npH 

paSJlHqHHX 3HeprHllX B ,ll.HanasoHe 300-2000 raB. floKaSllKO,qTQ npH 

y1tasaHHYX TIJlOTKOCTRX conpOBO~,ll.eKHR c yBeJ1HqeHH6M aaeprHH ,ll.OJlll 

nMOHOB yMeH11maeTCn H npM E ~ 2000 I'aB noTOlt sapIDl(eKHHX a.n.po­

HOB npaK.THqecKH cocTOMT MS npoTOHOB. B HKTepBaxe aHeprMR 500-

1600 raB 96BHCHMOCT'lt J./f' -OTKOmeKMll OT 3ReprMM npe,ll.CTllBJlSeTCll 

BBH.n.e A(Er.e/3~-i;,11.e m.=l,29.:!:0,0J, I,12~0,06 H 

0,94 .:!: 0,UB, a A =U,42 .:!: 0,01, 0,43 = 0,02 H O,BI .:!:" O,(Jf 

npM f mia, =O, 1 M-2, 0, 3 M-2 H 2, 0 M-2 COOTBeTCTBeHHO. 

7. IlpoaHaJlMSHpoBaHY paSJlHqHHe ~aKTOpH, BJ1Hllmm1t1e Ka HSMepR­

eMOe 3HaqeKHe a6coxmTHHX HKTeKCHBHOCTea pa3J1HqKHX ltOMTIOH6HT no­

TOltll a.n.poaoB. B qaCTKOCTH, npoaaaxMsHpoBaHo BJlHRHHe oT6opa, nyH 

ltOTOpOM opaKOBa.JHC'lt co6HTMll c saMeTHYM BHHOCOM 3HeprMM H3K qe­

pes clOltOBYe CTeHltH wt. Ilo1tasaHO, qTQ cy6~eltTHBKY~ no,ll.XO,ll. npM 

3TOM c~eCTBeHHO BJlMSeT Ka ai[xl>eltTHBHym CBeTOCHJlY ycTaKOBltH. 

Ilpe,ll.JlO~eHa MeT0,11.Hltll oueHKH BYclOpRH, ltOTOpaa MO~eT 6YT'lt npHMeHe­

Ha 13 xm6HX 1taJIOpHMeTpHqeC1tHX yCTllHOBltllX. 

(_;1 

6. RsMepeHY aHepreTH~ec1tHe cne1tTpH 0,11.HHoqayx a,11.poKOB npH 

500 raB. IlpH aaeprHH E =1 TaB MKTerpaJlbHH~ noTOlt paBeK ( , . 

3,9 .X ro-5M-2cTep-Ic-I H 5,0 X I0-SM-2cTep-Ic-l npH f,.,..,.,. = 

0,1 M-2 M 0,3 M-2 COOTBeTCTBeHKO. noxyqeKHble ,11.aKKHe conocTaB-

xeHY c pesyJlbTaTaMH .n.pyrHX 31tCTI6pMMeHTOB. Ilo1ta3~HO, qTO aamM 

pesyJlbTllTH cymeCTBeKHO ,11.onoxasmT M3BeCTHHe ,11.aHHHe 0 xapa1tTepMC­

THlt8.X noT01ta o;n.HKOqHHX a.n.poHOB npH f rnax< I M-
2

• 
9. BnepBHe nyTeM npllMOA MAeKT~~HltllUH~ noxyqeaY 3aepreTH-

16 

( 

( 

qecxae cne1t'l'pH naoao:a • Dpo'l'OHOB c E > 500 I'8B np11 'l'peX sHatte­

HIUIX g.""'" . HSMepeHHYI cne:tt'l'p Dpo'l'ORO:B c f"""'• ... Q,I M-
2 

CSHJl 

HCftOJl•SO:BaH ,11,.lR oueHJt• ce'leHHR H8JDP1I'Oro BS8KMO.ll.8AC'l'BHR npoTC>­

HOJl c 11.11.paMK a'l'OMO:B BOS.ayxa, .... tnmHel rpaHllUY ltO'l'Oporo DOJlJ-
tl'(i.n~~ + + C-

-1888 ouemta v p-o.;~>;272 - I2 MCS K '.302 - 20 MCS np11 <: :> .·0,8'.3 

TaB 11 4,0 TaB co0'1':Be'l'C'l'B8HHO. MMHHMU•Hoe seatteHMe f .... l.IJ< , .11.oc­

'l'MrKJ'TOe B eac'l'oa•eM s1tcnep11MeH'l'e, .11.aeT ocao:aas11e noxaraT11, qTo 

npoMS:&e.11.eKHaS ouemta CSJlMSKa 1t MCTMHHOM1 SKa'leHHm. 
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Ta6JIV1ua 

3Ha'!eHl1ff 'fi/ p -OTHOmeHHff B nOTOKe a11.poHOB Ha rJiy6V1He 

aTMOC~epY 700 r/cM2 B pa3JIHqHYX 3HepreT11qecKHX 

Kll'HpM.Jlax, 

~ 
I 

O, I o,·3 2,0 ) 
( 

300+500 0,23! 0,2! 0,32 :!'0,23 0,67± 0, 30 

500+700 o, 35 ! o,n 0, 40 "!:: 0, II 0,8I .:!:0,!6 

700+!000 O,IB!:O,IO 0, 22 !:O, IO 0,48.:!: 0, I2 

1000+!600 0, rn ! O,II 0, I9 :!: O,II 0 ,.'.36 .:t 0' !2 

!600 <O,IO <0,09 O,I6:t.O,IO 
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