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B8,Jzylll88 HayllHO-HCCJI8,ltOB!l'l'8JILCK08 yqpe~OH:118: liay11Ho
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~'l'a 'A:11CC8P'l'BLUm COO'l'OliTCfI "-"---- 1989 ro,tta 
B _ llaCOB Ha 38C8,It8Hlil1 Cll81J,liWIHS:11pOBaHHOro COBO'l'a .Il 04?.0I.02 
npn Jia6opaToplil1 Blicoxwc sneprnn. 06'hO'AID!8HHoro HHC'l'HTy'l'a JUOpHWC 
ncCJie,ttOBaHlilt, Jiy6na MoCKOBCKolt 06.nacT:11 1 JiadopaTopM Bl!COKWC 
SH8prlilt OlliiH, KOHql8p8Hlt-38JI, 

C 'A:11C08p'l'WJ,HOlt MOJKHO OSHSKOMli'l'LOSl B 6H6Jm.O'l'8K8 Jlli3 OlliiH. 

ABTopoqieparr paaoCJI~ "-" ____ 1989 ro,na. 

Y11e1nut C8ltp8'1'apL 
one~HaJll4SHPOBaHHOro OOBO'l'a M M.~.Jlwca11!.IB 

OEIIWI XAPAKTEPllC'IHKA PAEO'IH 

AKTy:aJIE,HOCTb npo6~9Mll 
B pa.MRa.X C0Bp8M8HHO:lt KOIDJ;8IIIJ;lm CTpoemm: 3~8M8HTapHWC 'W.C'l'Hit H8'1' 

sanpeTa Ha CYil18CTBOBaJm8 MHOroKBapKOBHX a,JU)OHOB, T.e. aJU)OHOB, coc
TORlllHX 60Jl88 ~8M H3 Tpex ~8HTmlX KBaPKOB. ECJIH TaKHX o6'b8KTOB B 
npHpo,ne HOT, TO npHHD;lllll:l cTpoeHWl aJUlOHOB 'AOJllltHH 6HTb ,nonOJIHeHH ao
B&Ml!· nOJIOllt8HHHMH, HS KOTopmc BHT8Ka.7m 6H COOTB8TCTB,VmlH8 sanpeTH. 
ECJIH llt8 MHOrOKBaPKOBH9 aJU)OHH cymeCTBYIDT, TO Oll!ll,I(a8TCSI HX 6oraTaH 
Cn8KTPOCKOIIW!, 88 HCCJI8'AOBaHH8 H HS~8Hli8 CBO:ltCTB TaIWX a.n;I>OHOB 
nOSBMHT rJJy-6l!t8 nOHR.Tb npn:pOJJY cin:, CBS!SHBaRllllWC KBapKll B a.n;poaax. 
K MHOrOKBapKOBHM a.n;I>OHaM OTHOCSlTCJI T,U, 6apHOHlm - M8SOHH!l8 peSOHaH
CH, Y KOTOpHX no,n~emr KaHaJlll pacna,na, CO'A8Pllta.IltR8 T~O M8SOHH B' 
KOH8~0M COCTOstHRR, H KOTOpH8, KaK npaBUO, paCIIa,ItalOTCH C o6pasom
'HH8M 6apHOHa R aHTR6apHOHa. Ta.Krul Cil8IJ;l1\pHlta o6ecne~eT ~8TKYJJ Clll'
HaTYPY me pacrumoB H cos,naeT onpe,ne~emlHe npemqI11ecTBa me sKcnep:ir
M8HTMbHoro noHCKa no CpaBH8HRIO C ,IU>Yl'HMII MHoroKBapKOBHMR a.n;po:em.m. 
IloaTOMY non:cK 6ap:iroHReB HBJI/leTca O'AHRM RS nepcneKTRBBHX aanp~eHH:lt 
SKcnepIDJ1eHT8.JII,HIDC RCM8'AOBaH:ilil B WRSRK8 a,JU)OHOB, 

Hrur6o~eo aKTHBHO 3KCn8pIDJI8HTH no noRcey 6apROHR8B npoBOrotimCL 
Ha npoTstl!t8HRH nOM8,nH8ro' 'A8Cst'l'll'JI8Tlili. 0,nHaKO BOnpoc 06. me cymeCTBO
BaHHR noKa eme H8 pemeH. O.nao RS HaR60~88 C~HHX YKMrumil O cymecT
BOBaHRR 6ap:iromm: 6~0 no~HO B 3KcnepRMOHT8, npOB8'A8HHOM Ha SPS B 
UEPHe, B KOTopoM Ha6JllO.It8JIOCb Tpn: sa~oBHX cocTomum: cTpaHHoro YSKO
ro pesoHaHca U c mccott 3IO0 MaB/c , :xapaKTepn:sYJllleroca SKSOT~ec
KRM Ha6opoM KBaHTOBWC ,nrce~. K :ircMe,noBaHRJO sToro pesoHaHca B noc
~e,nHRe ro,nH 6~ npoHMeH 6oJu.mo:lt RHTepec. 

Ilpn: nORCK8 6apROHR8B, KaK R ,!(pyl'RX HOBHX a,JU)OHOB, BalltHO n~
'lli'l'b BC8CTOpOHHH8 CBH3aHHH8 C HHMR .namme. Trut, ~ ]t0KaSaT8JII,CTBa 
RX cymecTBo:samm B8lltH08 3Ha~8HR8 HM88'1' me Ha6.mQn8HR8 B 3KcnepRM8H
Ta.X, npoB8'A8HHHX B paSlm'tJHWC IIY'llt8.X R np:ir paSHI:lX 3H8PI'mlX, noRCK 
pa3H006pa3HHX KaHMOB HX pacna,na, a Tal0lt9 IlORCK paSH006pasmoc COC
TOJlHJllli, npe,nCTa.BHTMett Toro llt8 RJia.CCa a,IU)OHOB. 

lle~b:ro pa6oTH smJmeTca npoBepKa cymecTBOB8.HWl ysKoro 6ap:iroHHH 
UC3I00) R, B ~e no]tTBepz,ttemm, noRcKH HOBHX KaHa.110B ero pacna

.na R HOBHX cocr.,..napwe.1~Q!U_!Llfil~)-1«~TWJJI8TY, Trutoit SUC3) 
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M,VJII,THitlI9T aJU)OHOB KpOM9 cTpammx: 6apHOID!9B ,ll;OJlllt9H BKJI!Otra.Tb B CBOtt 
COCTaB 6apROID!tt 603 CTpaHHHX KBapKOB, a Ta.Kllt9 6apnomm co CKpHTOft 
CTpaHHOCTb!O, T.e. CO,ll;9Pl!t81Itll9 napy CTpammx: KBapKa H aHTHKBapKa. 

)LJIJI pememm: IIOCTaBJI9HHOtt 38,ll;atru: 8Ha.Jm3Hp0Ba.JI8Cb 3KCII9PRM9HTaJI1,
Ha.<I HHcp0PManwl, IIOJJY'tJ8HHM Ha cepnyxoBCKOM YCKOPHT9JI9 B :rrytme Hett
TPOHOB co cpe.n;Hett 3Heprn:ett "'40 raB c noMOI!lbIO ycTaHoBKH me-2. llcKa
JilICb 6apnoHHH c OTPHIJi3.T9JII,HOtt H IIOJIOUTeJII,Hott cTpaHHocn10, pacna.n;al!r 
l!lH9CJl Ha A , p n mroHH H A , p R mrom cooTBeTcTBeHHo. llcKaJICJI 
T8IO!t9 s u (3)-napTHep 3TRX 6apHOHR9B - 6apHOID!tt co CKPHTOtt CTpaH
HOCTblO, npo,IzyKTH·pacna.n;a KOTOporo co.n;eplltaT '!8CTHIJ1:I C IIp0THBOnOJIOlKHH
MR 3Ha'tJ:9HRSlMH CTpaHHOCTH. 

HOBH3Ha, Hay::<maJI 3Hatru:MOCTb H npaKTirJ;9CKaJl l18HHOCTb pa60TH 
1. IlOJJY'tJ8HO YKa38ID!9 Ha CYlll9CTBOBaHR9 HOBoro KJiaCCa COCTOmmil:, 

SIBJISmllllXCJl IIp0,ll;CT8BHT9JD'lMH Mll:oroKBapKOBHX a.n;poHOB - Y3KHX 6apnoID!eB, 
CO,ll;9!)llta.IllRX CTpaHHHe KBaprui:. TeM CaMElM.Ka'tJ8CTB9HHO pacmnpeHa cneKTPO
CKOilliJl aJU)OHHHX COCTOJlHRfi. 

2. IlOJJY'tl8HHH9 P93YJibT8TH 6HJIH HCnOJib30BaHH B p.a.n;e T90p0TH'tJ:9CKllX 
pa6oT H nOCJiylltllJIR pa3BHTIIIO MO,ll;9JI9tt CMbHHX B3aRMO,ll;9ftCTBRtt H, B 'laCT
HOCTH, MO,ll;9JI9ft CTp09ID!H a,n;pOHOB. 

3. Pa3pa6oTaHH aJiropn'lMEl IIOHCKa H pacno3HaBaHM WH3H'l:9CIDIX Tpa
eKTopntt 38PJI~9HHHX '!aCTHIJ; H Ha RX OCHOB9 003,IJ;aH KOMIIJI9KC M8T9M8TH'l:9C
IDIX IIpOrpaMM. 3TH nporpa.MMl:l IIpRM9HRIOTCJI COTPYJ4ID!'tl8CTBOM EHC-2 npII 
pememm nm:poKOro KJiacca !pFI3H'l:ecKHX 3a,n;a-q, 

4. Ilo.7JY"tJ9:mme B .n;HccepTanHH pe3yJibT8TH RCIIOJII,3YJOTCH IIPH IIJiaHH
pOBaH:IIH 3KcnepRMeHTOB IIO IIOHCKY Y3KaX p930HaHCOB Ha cepnyxOBCKOM yc
KOPHT9JI9 (IIp09KT "3KC'l!APM"). 

Anpo6alllIJl pa6oTH 
Pe3yJibT8TH, Bome.n;nrn:e B ,IJ;HccepTaD;l,IIO, o6CYl!t,ll;a.lIHCb Ha Hay-qHHX C9MR

Hapax B Jia6opaToprur BHCOKHX 3Heprn:tt 06~9,ll;HH9HHOrO HHCTHTYT8 .a.n;epHHX 
HCCJI9,ll;OBaHHtt, :11HCTHTYT9 !pFI3HKH BHCOKHX 3Heprlift T6HJIHCCKoro rocy.n;ap
CTB9HHOrO YHRB9pCHT9Ta, <W:3H'l:9CKOM HHCTHTYT9 HM,Il.H.Jie6e,n;eBa AH CCCP, 
B :11HCTRTYT9 ~3HKH BHCOKHX aHeprlift (CepnyxoB), :11HCTHTYT9 T90p9TR
'tJ8CKOtt H 3KCII9pMM9HT8JibHOtt !pFI3RKH; 6HJIH IIpe.n;CTaBJI9HH Ha Melli,ll;yHapo.n;
mu: KOHq>epeim;rurx no ~SRK9 BHCOKRX 3Heprlift B 1986 r. (EepKJm, ClllA). 
H B 1988 r. (M!OHxeii, il>PI'); Ha MelK,!(yJiapo.n;HOM C9MHHape "KBapKH-88" 
(T6wm:cn); Ha C9MHHap0 no ~3HK9 'laCTHil; B 1988 r. (T6HJIHCH), a T~e 
Ha pa6o'l:HX COB9l!l8HHHX COTpy,ll;HH'tJ:90~ IIO 3KCII9J)HM9HTaM HfC-2. 

I1v6JIHKaizyIH 
0cHOBHH9 pe3yJII,TaTH H BHBO,ll;H ,ll;HCC9pTaD;l,IH CO,ll;9PlltaTCJl B oey6Jll!Ko

BaHHHX pa6oTax /l:..fJ/ n B MaTepHaJiax YIIOMHHYTHX KOHW9peHD;l,Iii. 
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06~8M JU!CC80T8IDm 
,IurccepTanM COCTOHT ll3 BB9,ll;9HHH, IIHTH rJiaB, 3aKJIIO'tJ:9HHH R CimCKa 

- • D;l,ITUPOBaHHOft JIHT9P8TYPH, 

CO,UEP.lKAHiIB PAFO'IH 

Bo BBeneHlm o60CHOBHBa9TCH aKTYaJibHOCTb T8MH, Hay,JHM 3Ha'tJ:HMOCTb 
II npaKTH'tJ:8CK8Jl Il;9HHOCTb pa6oTH. IlOKa3aHa CTPYKTYP8 II cqx:>pM,VJIHpoBaHa 
OCHOBHrui Il;8Jib ,n;HccepTaD;l,IH. :l13JI0~8HH OCHOBHH8 IIOJIO~emm., BHHecemme 
Ha 38l!lHTY. 

B II9pBott rJiaB8 o6cyamaIOTCH ,ll;Ba B03MOlKHHX IJYTH nOHCKa 6apIIOHR9B, 
T.H. "formation"-n "production"-aKcnepHMeHTH, BTopott nyTb II03BOM9T 
OCYlll9CTBIITb nOHCK 6apHOHR9B C JII06HM H'a6opoM KBapKOB H HBJIH9TCJl 9,ll;HH
CTB9HHO npHeMJieMHM ,ll;Jill pemeHM IIOCT8BJI9HHOtt 3a,IJ;atru:. 

B 3TOtt llt9 rJiaBe ,n;aHa Kp8TKaJl xapaKT9pHCTHKa·OIJY6JIHKOBaHH!U: 3KC
II9pRM9HT8JibH!U: .n;aHHHX, B OCHOBHOM no IIOHCKY 6apHOHR9B, co.n;ep~ 
CTpaHHHe KBapKH. B 'laCTHOCTH, npHB9,ll;8HH pe3y.m:.TaTH 3KCII9pHM9HTa 
WA-62, BHIIOJIH9HHOro Ha SFS B UEPHe. B 3TOM 3KCII9pHM9HT9 BO B38HMO,IJ;9tt
CTBHHX L- co cpe,ll;HHM HMeyJIMOM 135 raB/c ·c Be MRm9HbIO o6Ha~eHo 
pollt,It9HH9 Tpex 3ap.a,n;OBHX COCTOHHRtt Y3Koro 6apHOHHH C OTPHIJi3.T9JII,HOtt 
CTpaHHOCTb!O u +' u O 

H u- C Maccott OKOJIO 3100 MaB/ c2• pacna.n;alW!IDCCH 
Ha /\ , p n 3apmitemrue mroHH. Ifa-3a H30TOIIR"tJ:9cKoro cmrHa I ~ 1 R 
Ha.Jm'l:HH no Mam.matt Mepe o.n;Horo • cTpaHHoro KBaPKa U .n;OJil!teH co.n;ep
lltaTb He MeHbme "tJ:eTHpex BaJI9HTHHX KBapKOB/aHTHKBapKOB (MHIDIMaJII,HH:11 
KBapKOBHtt COCTaB u+ - sud.cl). :113-38 HaJIH'l:HH u--COCTOHHim HCKJIIO'la
eTCH T~e ero HHTepnpeTanM KaK o6H"tJ:Horo o-qapoBaHHoro Me3oHa. He
o6H-inmM HBJIHeTCH y3KM mHpHHa (P ~ 30 MaB/c2 ) Ha6mmeHHoro pe30HaHca 
npH ,ll;OCT8TO'l:H0,60JII,1110tt ero Macce. Il03TOMY HCCJie,n;oBaHRe U BH3HB8JIO 
6oJII,moft HHT9pec KaK C 3KCII9pHM9HT8JibHOtt, TaK H C T90p9TH'tJ:9CKOtt TO'l:9K 
3pemm.. 

:113 IIpHBe.n;eHHHX .n;pyrHX 3KCIIepHMeHT8JibHHX ,ll;aHHllX CJie.n;yeT, 'ITO MHO
rHM R3 COCTOHHn:tt, Ha6JrxmaBmHMCH B 0,ll;HOM 3KCII9pllM9HT9, npOTHBOIIOCTaB
JI9Hll OTPHW1TeJibH!l9 pe3yJibT8TH O,IJ;Horo HJilI p.R.Ita 3KCII9pHM9HTOB. Il03TOM,V 
npn IIOHCK9 HOBHX COCTOJIHru!: BalltHO He TOJlbKO Ha6mmeHHe T9X E9 coc
TOHHHft, HOH COCTaBJI9HH9 Il;9JIOCTHO:li ~H3H~9CKOft KapTHHH CBH3aHHHX C 
HllMH ,ll;aHHHX. 

Bo BTOpott rJiaB9 o6cyamaIOTCH OCHOBHHe Tp960BaHM,· npe.n;Maitll9MH9 
K 3KCII9pHM8HTY, B KOTOPOM MOEeT 6HTb pemeHa IIOCTaBJI9HHM 3a,It8'!8 -
IIOllCK Y3KHX 6apHOHH9B, co.n;eplltalltlIX CTpamme RBapKlI. TaKo:11 3KCIIepm&eHT 
Iv.OEST 6&n aqxl>eKTHBHO OCYlll9CTBJI9H IJYT9M IIOHCKa pacna.n;oB 6apROHH9B, 
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np:imowmimc K Y3KIDII mmaM B cneKTpa.X 3qxp9KTHBHllX Ma.CC KOH9'IH!iX coc
TOmmii. Ilp9,It.7IOllt9HHaJl c-rpaTerll/l noHCKa onpeneJIR.eT o~o H3 OCHOBHllX 
TpedOBaHRft, npen'bllBJIJISMUX K 3KCll9PIDII9HTY,- BHCOK09 pasperneHRe no 3ip
q>9KTlIBHElM MaCCaM HCCJie,llYeMIDC CHCTSM • .Il,Jm. llOHCKa y:3KHX p030HaHCOB, 
pacn~a.I!JllllOCCR C o6pa.30BaHli9M CTpaHHHX 'ID.CTHU, Heodxo~ COBeprneH
HaJl CHCTSMa ~eHTHqll'IKaD,lill CTpa.HHHX "IaCTHIJ;, a.1ruoite dapHOHOB H aHTH
dapHOHOB. HeftTpa.m,HHe CTpa.HHHe 'l'.ffiCTHm:i: A , A , K0 MoryT duu ~eH
THipHD;llpOBaHH no ImKa.M B cneKTpax llcpp8KTHBHHX Mace HX Ilp0,llYKTOB pac-

+ 
~. a 3aPRllt9HHHe It'" - C IlOMOillI>ID ra30BHX rroporOBHX ~epeHKOBCKHX 
c~eT~KOB. EapHOHH li aHTHdapHOHH, p li p,TaIO!te MOryT 6HTn ~9HTH(plill;li
p0BaHH c-noMomnro ~epeHKOBCKHX C~ST'IHKOB. 

3KcnepIDlleHTaJinHllli MaTepHaJI, aHaJill3 KOTOporo COCTaBJIJleT OCHOBY 
namroft padOTH, 6HJI lld~eH C llOMOmnro cneKTpoMeTpa IBC-2, pacnoJIOllteH
HOro B KaHaJie 4H cepnyxoBCKoro YCKOpHTeJIR.. Il~OK KaHaJia 4H COCTOM, 
B OCHOBHOM, li3 He:liTpOHOB co cpenHHM HMIJYJinCOM ~40 raB/c npH He6oJI:E,
mott llpliMSCH K~-Me30HOB - I,5% H 3aPRlll:9HHHX "IaCTHIJ; - OKOJIO 2%. lIHTeH
CliBHOCTn HSHTpOHOB COCTaBJI.!JJia (0,85±0,2).I06 HefiTpOHOB B CeKYH,IJ;Y llpR 
cdpoce Ha BHYTpeimyio MmIIeHn IoII YCKOpeHHHX no 70 TuB llpOTOHOB. 

CxeMa OCHOBHHX 3JieMeHTOB Cll9KTpOM9Tpa EHC-2 IlOKa3aHa Ha pHc.I. 
B Ka~eCTBe cneKTpOMeTpH~ecKoro MarHHTa M HCllOJin30BaJICR MarHHT CII-40, 
KOTOpH:lt HMSJI scp:l)eKTHBHYID .ll:JilIHY MaI'HHTHoro IlOJiil 200 CM n arrepTy-pY 
(IOOx29) cif. IloJie MarHHm H3MeHMo nonepe~ cocTaBJIBIC:llYID llMIIYJin
coB 3apmKeHHHX ~aCTliIJ; Ha 0,63 raB/c. IlponopD,HOHaJI!,HHS KaMepH PC liC
IlOJin30BaJIHCn KaK ,ItJIR BOCCTaHOBJieHHR TpaeKTOplili 3apJmeHHHX 'ID.CTHU, 
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Plic.I. CxeMa pacnOJIOllteHHR Ha ny,me OCHOBHIIX aJieMSHTOB cneKTI)OMeTpa 
EHC-2. 
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TaK ll B CliCTSMe 3aIJYCKa cneKTI)OMeTpa. MomrTOp He:liTpOHOB MO o6ecne
~BaJI KOHTPOJin HeftTpOHHoro i:zy,:ma u cmnrpomr3~ padom ycreHOBKII c 
padOTO:li YCKOpliT8Jiil. Jvm ~eHTllq>RKaD,liH 3apsm:emrux: tra,CTllIJ; npIIMeHrumcn 
nBa MHoroKaHaJinHHX noporOBHX rasoBIDC qepeHKOBCKRX cqeT'llma CIR C2, 
nepBHtt ll3 KOTOpllX, ceMRKaHaJII,Hml:, 6WI HallOJIHeH B03.JJYXOM, a BTOpo:11, 
~eTHpHaJU]p.TllKaHaJinHH:li,- ippeoHoM-I2. Pac~eTHHe.noporome m.myJinCH 
CBe~eHRR "IaCTHIJ; B cqeT~KaX np:imeneHH B mdJiune I. B Ka~ecTBe MHme
He:lt TI,2,3 npIDlleHHJil:[cn Bonopon, yrJiepon, a..m..mmrn

1
.r Menn. Jlur,ztKoBono

po.IlHall MHII1eHn HMeJia TOJilltlfflY 2,I, a rmepHHe 3,4•AI 3 r/cif, rne A -
aToMm!i~ Bee .a;a:ep MmneHH. ,mepHHe MmIIemr "l8penoBaJIHcn qepe3 K8l!UUle ~ 5. rn4 saperncTpRpOBaHHHX B3aHMoneiiCTBRii. ·. · 

Ta6JIHIJ1:l I 

CqeT'filR ras rr~or ~ IIoFor/c IIoFor/c/p 
. aB/c · aB c aB c 

CI B03.JJYX 6,0 2I,2 40,3 
C2 ippeoH-I2 3,I I0,8 20,5 

.Il,7m. 3anycKa cneKTpoMeTpa TpedoBaJiocn, qTodu ~epe3 Bero ycTaHOB
ey llpOIILlIO He MeHee 4 .. x sapmteHHHX tra,CTRIJ;. KoJIHqecTBO OTcqeTOB MO 3a 
D,liM YCKOPHTeJUI COCTaB.II.RJIO I, 5 • I05' a KOJIHqecTBO co6uTHii, ynoBJieTBo
PRmtmC YCJIOBRID 3aIJYCKa ClleKTpoMeTpa, - I03• 

· B nuccepTaD,HOHHOft padoTe npoaHaJIH3HpOBaHa RHq/OpMan;irJI o I,9•I07 

He:liTpOH-llPOTOHHHX ll 2,4•I07 He:liTpoH-.a;a:EipHllX B3aHMoneil:CTBIDDC, sape
rucTpRpOBaHHHX 3a 2800 qacoB padOTH YCKOpHT8JI.fI. BcR SKcnepHMeHTaJII,
HaJl HHipopMan;irJI pa3MeCTMa.Cn Ha 860 MaI'HliTBHX JieHTax. 

IIoxasaHO, qTO cneKTPOMeTp EHC-2 R YCJIOBIDI npoBenemrR 3KCllepR
MeHTa ynoBJieTBopmoT npen'bllBJIReMHM K HliM TI)edoBamISIM. 

TpeTnR fJia.Ba llOCBlllileHa MeTo,n;mte o6pa6om 3KCllepHMeHTaJinHOft llH
qJOJIMaI];lm, aHaJil'IS KOTOpott llp0BO,ll;IIJICH ll03TallHO. IlpneneHa cxeMa TaKOro 
nosTa.JIHoro aHaJIH3a. 

Ha 3Tane reoMeTpHqecKoii peKOHCTpyxnlm codHTlili C llOMOillI>ID npo
rpaMM BISON, PERUN R VIEW BOCCTaHaBJmBaJIRCn TI)aeKTOpRR 3apmteHHWC 
qacTHIJ; u onpen0JIHJmc1, ux napru11eTpu. 

H~elltHoe mneJiemre "He:liTpaJI:&HHX mmoit" ( V0 ) smJIR.eTCH o,ItHRM R3 
npellMYllteCTB 3KcnepIDl!eHTa mc-2. OllTllMHSaD;IUI YCJIOBHfi mneJieHUH Clll'Ha
JIOB V0 npOHOXO~ Ha srene CTaT1IcT.rqec1toro aHaJIJISa C Il0M0mn!O npo
rpa.MMH BISMXC. 3a V0 npmmMa.nac:& napa pa.3HOIDJieHHo sapHlltemmx ,ra,c
TRn, MRHRMaJinHoe paCCTOHHR8 Mel!QIY TpaeKTOPHR:MR KOTOpHX He npemmraJIO 
4-KpaTHyI) B8JIH~ 3KCllepHMeHTaJII,HOro paspememm no 3TOMY IIapa.MeT
py. B 3aBHCRMOCTll OT Tmia HCilOJin30BaHHO:li Ml'lllleHR ero BeJIR"mHa COCTaB
JIJtlia OT O,I no 0,2 CM. 
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licCJie,ey-eMl:le COCTO.fllllm llCKaJilICI, cpe.n;R C06llTllH, B KOTOPllX sapR.
lltemme tra.CTll~, COilpOBOllt.D;al!Jltlie vo, llCXO,ItW!H H3 06IItei1 Bepilllffill B3a:H
MO.n;ettCTBIDl. Ilpn OT6ope C06llTHH Tpe60BaJIOCI,, '!T06ll TpaeKTOPIDI Bcex 
"IaCTHD; A / A /K0 H ff .xopomo cmnBaJnic;, B o6JracTR MH1I1eHH, T.e. 'lT0-

6H cpe.D;Hee KBa,IU>aTH"l:eCKOe paCCTOR.mre Mellr,Ily TpaeRTOpID!Ml'I "IaCTJID; ll liX 

o6IIteil: Bepm:imott He npeBHmaJio 4-KpaTHYJO BeJJH<mHY paspemeHHR. no :no
MY napaMeTpy. Bemr<m:Ha 3TOro paspememra B 3RCn03HlllUlX C HCnOJII,30Ba
mreM pasmr'tlHHX MHmeHett pas.mrtJaJiac;, B npe.n;eJia.X OT 0,2 .n;o 0,5 CM • 

liaMa.n;!ma.mrc;, TaKllte orpamrlJ:eHH.fl Ha rpamn:m o6~eMa, B KOTopoM pacna
.n;a.mrc;, aeilTpa.n:I,HHe cTpamme "IaCTllll;El. ,UmrHa ero no IIY'1X'/ cocTaBJillJ!a 
OROJIO 2-.x M, a nepe.n;HR.JI rpaH~ Haxo.n;wrac;, Ha paccTOJlllllli IO-Tll CM 
3a RpaeM ,mepHOH liJm Henocpe.n;cTBeHHO 3a RpaeM lltH.D;KOBO,n;OpO.n;HOli Mlill!e-
HH. 

Ha CJie.D;ylOIIleM 3Tane aHaJm:3a HCnOJII,30BaJmCI, Te V0
, N!R. KOTOpllX 

3cp:peRTHBHa.fl Macca CHCTeM (prn /(prt) /(Wir) OTJm'IIaJiaCI, OT Ta6.Jmimoro 
3Ha't!eHH.fl Maccll A/ A./K0 He 60Jiee 't!eM Ha 7/IO/IO MsB/c2 coo~eT
cTBeHHo. 

Ha 3Tane CTaTHCTll't!8CROro_aHaJIH3a C nOMOII!I,R) nporpaMMll BISUXC 
BiltmCJiffJIOCI, OlltH.D;aeMoe pacnpe.n;eJiemre -qepemtOBCRoro CBeTa OT Rruit.n;Ofi 
3a!)JlllteHHott tra.CTllDl:l Mellt,Il;y pa3Jm't!HllMH RaHaJia.MH C't!8T1!HKOB. C yqeTOM 
3TIIX pacnpe.n;eJieH:HH H aHaJmsa CHrHaJIOB, nOJIY't!eHHllX OT CI l:i C2, onpe
.n;eJVlJIHCI, OTHOCHTeJII,Hlle BepO.flTHOCTll ~eHTI:rq>HRaJJ;lm Kallt.D;OH sap.flllteHHOH 
"IaCTllll;El R8.R IlHOHa, RaOHa liJm npoTOHa (Hmr COOTB8TCTBYD!leHaHTll'mC
Tll~). CHCTeMa n.n;eHT1$J:RaIJ;Im n03BOJI&Jia: a) B HHTepBa:{!e HMIJYJII,COB 
3 ~ P ~ IO rsB/c c BepO.flTHOCTI,R) 80% OT.n;e~Tl:, n± OT K"" H p(p); 
6) B RHTepBaJie liMIJYJII,COB IO~ P ~20 rsB/c c BepMTHOCTl:,R) 70% pas.n;e~ 
JI.flT]:, n±, ~ R p(p); B) B RHTepBaJie ~JIMOB 20 ~ P ~ 40 rsB/c c 
BepO.flTHOCTI,Rl 7CJ% OT.n;8JI.flTJ:, p(p) OT n± ll K1. 

.ItmJ. onpe.n;eJieHHJl 3cp:peRTllBHOCT8H peI'HCTpau;im llCROM!lX pe30HaHCOB 
c nOMOII!I,R) nporpaMMll Mo.n;e.mrpOBaHH.fl RSIMUL npOBO,n;HJiaCl:, reHepan;im co6ll
Tllll pollOl;eHH.fl 6apHomreB c n.x noCJie,n;yIO!ll;ID.ff pacna.n;aMR H perucTpaD;1Ie:ii. 
IlpH pac't!eTax np.lIHHMa.JmC]:, BO BHHMamre: reoMeTpll.fl pacnOJIOllteHHR. 3JieMeH
TOB cneRTpOMeTpa, :Eey'JIOHOBCROe pacceamre 3apR.llt9HHilX -qacTJID; B BeIIteCT
Be, npOCTPaHCTB8HHOe paspemeHHe nponOpD;IIOHaJII,HllX KaMep ll me 3qJqlBR
TllBHOCTl:,, a TaIO!te 3qJqlBRT.IIBHOCTb BOCCTaHOBJieHll.fl HCCJie.n;yeMl:IX C06llTHH 
npHMeH.flBmHMRC.fl MaTeMaTH't!eCRHMll nporpa.MM9.M.II. Ewro onpe.n;eJieHo, '!!TO nc
ROM!le pe30HaHCll MOryT 6HTl:, saperHCTpllpOBaHll C nOMOIItI,R) cneRTpOMeTpa 
Bl:C-2 C 3qJqlBRT.IIBHOCTI,R) nop.R,n;Ka ro-4 B RHHeMaTH't!9CROH o6JracTH: 

XF ~0,2, 

PT~ I TuB/c , 
(I) 

r.n;e. ~ - nepeMeHHa.fl ~:iil:HMa.Ha, a PT~ nonepe't!Hllfi m.mym,c cn:cTeMH. 
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B 't!BTBepTOH rJiaBB npHBO.D;.flTC.fl pesyJI:1:,TaTH noHCRa Y3RRX 6apllOHHeB_ 
C OTPHD;:tTeJIJ:,HOH HJ.IOJIOlltllTeJII,HOH cTpaHHOCTI,Rl,. 0603Ha't!eHHllX COOTBeTCT
BeHHO, U/M s u Ms , a TaRl!te ysRoro 6apuoHHR. co cRpHTOH cTpaHHocnID, 
06osHa1meMoro l1'1i I). C ::no:11 ~eJI;,ID 6wr~ oTo6paHo 706I3/9253/ 624 7I co-
6HTHi1,. co.n;eJ)lltall1llX COOTB8TCTBeHHO .A / A /Ki ll He MeHee .D;BYX sapmteH
HllX 1:Ja.CTJID;. 

EapllOHH.II llCRaJIHCI, B cneRTpax 3cfxIJeRTllBHllX M3.CC ROHe't!HllX COCTOJl-
IDii1 C OTPllIJaTeJII,HOH CTpaHHOCTI,Rl: 

.Aprr+' 
J\.prr+n+-, 
A p1r+1r-, 
Ap1r-, 

(2a) 

(26) 

(2B) 

(2r) 

ll B 3apa.n;0Bo-conp.fll!temrux: COCTO.fIHIDIX C noJIOlltllT8JII,HOi1 CTpaHHOCTJ:,D: 

A prr-, (3a) 

Apn.~n-, (36) 

A p n-n+, (3B) 

A p rr+. (3r) 

B ROM6HHaD;IIJlX, co.n;ePl!taIItHX A. OTpHD;:tT8JII,HaJl 1:Ja.CT~ C HaH60JIJ:,
mHM m.mym,coM npHHHMa.n:ac:1:, sap, a B ROM6nHan;imx, co.n;ep~ A, no-, + 
JIOlmTeJI]:,HaJl "IaCT~ c MaRCUMaJII,HllM liMIJYJII,COM npnHllMaJiaCI, 3a p. 3a Ir" 
npHHHMaJm:CI, Bee OCTaJII,HHe 3apal!teHH1le 't!aCTHIJ1l. 

.Itml HCRJIIO't!eIDffi "IaCTH qioHOBIDC ROM6HHaD;IIH, He co.n;ep~ peaJII,HHe 
p/p, llCilOJII,30BaJiac;, HHqiopMa'.q,!ll OT CI H C2. !IpH 3TOM He3aBllCllMO OT 
qioHOBHX YCJIOBHi1 BO Bcex aHaJIH3HpyeM!:lX ROM6:ima:q,m.x N!Jl 3apR.llteHHllX 't!aC
Tll~ O.D;llHaROBOro Tllna 6WIH BH6paHH 0,Il;HHaROBHe RPllTep,m llX H.n;eHTllqJHRa
D;IIH. Trume YCJIOBH.fl u.n;eHTHqlHRaD;IIH He .flBJI.flR)TC.fl onTHMaJII,HHMH N!Jl BH.n;eJie
IDI.R. HCCJie.n;yeM!lx ROM6HHaD;!Ii1, HO IICRJIIO"IaR)T B03MOJKHHi1 3JieMeHT cy6MRTUB
HOCTH npll noHCRe HOBllX COCTOflHHii. KaH.n;H.n;aTll B pH p, B OCHOBHOM, UMe
.mr HMnYJII,C MeH;,me I5 rsB/c, '!!TO HHl!te nopora -qepemtOBCROro H3Jiyq8IDI.R. 
B CI/2 NIR. p/p. IIosTOMY omr He Mor.mi: 6HTI, n:.n;eHTHq,m:J;HPOBaHH o.n;H03Ha't!
Ho. !Ipll OT6ope HCRJIIO'IJaJmCI, He TOJIJ:,RO Te ROM6HHan;im, B ROTO,PIDC RaH.n;H
.n;aT B p 6llJI C 6oJI;,moi1 BepoR.THOCTI,R) n:.n;eHTllqlm:tliPOBaH RaR Ir,'HO H Te 
ROM6:mtau;im, B ROTOPHX CllCTeMa n:.n;eHTHqlUR8.D;IIH He n03BOJI.flJia pasJIH"IaTI, 
M8'J'!.JJY co6oi1 p• Ir :a K-. IIpn TaruIX yCJIOBH.flX OT6opa cpe.mL OT
pnmTeJII,Hll.x llaCTH~, RaH.n;H.n;aToB B p, ncKJI!O't!aeTca+no-qTn 9CJ% rr- n: Tepa
eTca He 6oJiee 20% p • .Itml 't!aCTHq, RaH.n;H,D;aTOB B.Ir", npHMeRIIJIHCI, TaRHe 

I) liH.n;eRc S YRa3llBaeT Ha HaJIHtme CTpaHHoro RBapRa, a HH.n;eRc <I>-- Ha 

CKpHTYJ) CTpaHHOCTI,. 
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YCJIOBWI n;n;eHTII(pRKaIJ;mr, B pesyJU,TaTe KOTOpmc 6wro OCTaBJieHO 60.Jiee 90% 
Bcex IIBOHOB. IlocJie TaKOro aHaJlli3a KOHei:nmx COCTOJIHIIfi (2a)-(2r) KOJill
'I9CTBO BC9X 11CC.lI9.ztY9MllX KOM611HaIJ;11il: YM9HI,Illl1JIOCI, IlO'ITH B IO pas II coc
TaBMO 907! ( Ta6JI. 2). C Y'I9TOM .naHHIDC O pOlK,I]:9Hl1H p npli cepnyxOBCIUIX 
SHepI'lffiX II np11Be,neHHIDC YCJIOBIIli OT6opa MOlKHO IlOJiy'IHTI,, 'ITO cpe,n;II oc
TaBllllIXCH KOM611HaIJ;11il: OKOJIO 8% co.napm:a.T A+ p + nIIoHH. 

Ta6JIHIJJ3. 2 

KOH9'IH09 lfuCJIO XapaKT9pl1CTHK11 B!:16pocoB 
COCTOHH119 KOM6. 

Cpe.rtHHH Macca IllirpIIHa lfuCJio 
MaB/c2 MaB/c2 KOM6HHa!J;l1li 

11\p rt 48!5 3059±7±20 53±I5 92±33 
A.P rr 57I5 3042±7±20 38;tI5 47±24 

Ai>~ I562 3062±5±20 28±8 43;tI7 
A_p Irrf 4295 3046±5±20 29±12 7I±36 

Ai> rr 2694 3069±9±20 72±22 65±25 
APIP" 4362 3040±6±20 34±,II 47±20 

B CJIY'Ia9 11eCJI9.l:(OBaHHH COeTOJlHlili C IlOJIOlltIIT9JII,HOfi CTpaHHOeTI,IO IIC
KJIIO'IaJIIICI, TOJII,KQ Te KOM611HaD;1111, B KOTOpwc KaH,nn;D;aTH B p G BHeOKOli 
BepOHTHOCTI,IO MOrJIH 6HTI, n;n;eHTH<pIIIl,HpOBaHll KaK rr+. 8TO IT03BOJIHJIO eoxpa
HHTI, 60.Jiee 90% acex p. A B KOHS'IHllX cocTOHHHHX 6wrn n;n;eHTH<pHIJ,Hpo:aa
Hll TOJII,KO rro reoMeTpII'I9CK11M H Kl1H9MaTH'I9CKHM rrpII3HaKaM. B pesyJII,TaT9 
TaKOro OT6opa 'Il1CJIO Beax KOM6IIHail,Hfi B KOH9'IHUX COCTOJllillil.X (3a)-(3r) 
YM9HI,illHJIOCI, IlO'ITII B .naa pasa n COCTaBHJIO I4372 (Ta6JI.2). Bo Bcex no
JIY'I9HHIDC crreKTpax a<p<peKTHBHUX Mace KOHe'IHIDC eOCTOHH11fi (2a)-(3r) B 
pail:oHe Maccu 3050 MaB/c2 Ha6.JI1!).l:(a.JIHCI, BH6pocu pa3JIH'IHOH CTaTHCTHtJ:ec
KOfi 3Ha'Il1MOCTH. XapaKTep11eTHKH Ha6.Jil!).l:(eHHUX B!:16pocoB rrpHB9.l:(9Hll B Ta6-
JIHIJ;e 2. 

Cy'r.wapHUe cneKTPH Bcex KOH9'IHHX COCTOHHHfi C OTpHIJJ3.TeJII,HOfi H no
JIOlltHT9JII,HOfi CTpaHHOCTI,IO (2a)-(2r) li (3a)-(3r) rrpHBe,neHU COOTB9TCTBeH
HO Ha pnc.2 a (CITJIOIDHM rncTorpaMMa) H 2 6. Ha STHX crreKTpax B 06-
JiaCTli MaCCH 3050 MaB/c2 BH.n;HH 'I9TKlle rnmn, o6yCJIOBJieHHue npeBl:lmeHWI
MH COOTBeTCTBeHHo B I50 n I40 KOM611Hail,Hli Ha.rt <pOHOM. CTaTHCTH'IecKHe 
3Ha'IlIMOCTII ITHKOB B cneKTpaX aqxileKTIIBHHX MaCC KOHetIHHX eoeTOHH11fi COT
PlIIJJ3.T9JIDHOfi II llOJIOlmT9JII,HOfi cTpaHHOeTI,IO eOCTaBJIHIDT COOTBeTCTBeHHO 
7,5 u 6 CTaH,napTHllX OTKJIOHeHHfi OT <pOHa. IlYHKTHPHOfi rneTorpaMMoil: Ha 
pHe.2 a npHBe.rtaH enaKTP a<p<peKTHBHHX Mace CYMMH KOHe'IHIDC COCTOHH11ll 
(2a)-(2r), ITOJIY1I9Hifilfi nplI M9H99 CTpOl'HX KPIITepIDlX n;D;9HTH!pRKail,Hll p. 
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:fHJia IICKJI101IeHa rII-
ITOTe3a rrpOHCXOllt;!l;eHIIH CIII'
HaJIOB B pesyJII,TaTe KIIH9-
MaTII'IeCKOrO OTpaiiteHIIH 
KaKIIX-Jm60 p930HaHCOB. 
II3-3a HeITpaBIIJII,HOfi n;D;eH
TII<pIIKaIJ;l111 sapms:emnnc 
'IaCTIIIJ;. 

HeCMOTpa Ha He3Ha
'IIITeJII,HHe pa3Jm'tJIIH Mellt.ztY 
IJ;9HTpaJII,HllMII 3HatieHIIHMII 
Mace BH6pOCOB, Ha6.mQIJ;aB
mRXCH B Kallt.l:(OM ll3 COCTOH
HIIfi (2a)-(2r) :ir (3a)
(3r), CYMMEl 'Il1CeJI _o6yc
JiaBJIHBallll1RX IIX KOM611Ha-

'5 350 
Il,Hli ( Ta6JI.2) B rrp9.l:(eJiax 

- omrr601t COBna;a;aIOT C 'tJIIC
JiaMII KOM6HHaIJ;11tt; o6yc
JiaBJIHBalll!IID,m llllKII B CYM
MapH!lX crreKTpax. 8TO 
IT03BOJL'l.eT npa.nrrOJIOlltIITI,, 
'ITO Bee li.1IH 60JII,WIIHCTBO 
ns Ha6.mrul;aeM!lx B1:16pocoB 
Sll!JIJilOTCH (pli3H'I9CKIIMR 
CHrHaJia.Mll, T • e. 'ITO 
na6.mQIJ;aIOTCH no -qempe 
sapsui;oBHX COCTOHHWI ys
Kl!X pe30HaHCOB C OTPHIJJ3.-
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Oi,2 2,6 3,0 3,4 3,8 
3<D<D9KH1BHOs:J MOCCO, i38/C

2 

TeJIIiHOli H IlOJIOMTeJII,HOfi 
cTpaHHocTiiro U/Ms :ir Ms. 

,II.ml ITOHCKa 60Jiee 
JI9rK!IX COCTOHHHfi 6apno-

PHc.2. CyMMapHUe cnaKTpH a@>eKTHBHHX Ma.CC HWI npH CXO.l:(HllX yCJIOBH.8.X 
KOHe'IHHX cocTMHHfi A + p + nn:oHH oT6opa co6HTHii :ircCJie.no-
(a) H A + p + ITIIOHH (6). BaJICH crreKTP a<p<peKTIIBHHX 

Mace c:ircTeMH A p. B llOJIY
'I8HHOM Cil8KTpe (pHc.3) B 06.JiacTH MaCCH 2400 MaB/c2 Bn;D;9H nIIK, o6ycJIOB
JieHIDlfi 59 KOM611Hail,HHMH Ha.rt q>OHOM (5,3 CTaH.n;apTHWC OTKJIOHeHWI). Ew!:o 
rroJiy1I9Ho TaKJKe yrmsaHHe Ha pacrra,m. U/ Ms H Ms tiepes TaKIIe npoMe
zyTo'IHHe cocTOJml1fl cooTBeTcTBeHHo B cIIcTaMax A p H l\_p. 0THOCHT9JI:&
HM B9pOHTHOCTI, TaKIIX KaCKa.rtHHX pacna;a;OB He rrpeBHmaeT 20%. 
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EapnoHHii co CKpHTOli cTpaHHOCTI.10 
ncKaJICR no pacna;n:aM, co;n:e~ 6a
pnoH, aHTii:6apHOH n CTpaHHHe '18.CTHnH- ,. 
licCJie;n:oBaJIHCI, Te Bo'CeMI. COCTORHllli, 
'KOTOplle Hall60JI99 ;I(OCTYJIHll ;n:JIR IIOHC
Ka B 3KCII9PHM8HT9 EIIC-2: 

Ap K~, 
Ap K-, 
Ap K+TT+, 

.i\pK-n+, 
K~pp K +, 

./\p K+,r-, 
Ap K-1r:.." 
Kgpp K-. 

(4a) 

(46) 

(5a) 

(56) 

(5B) 

(5r) 

(5;n:) 

(5e) 

0 
Ill ... 
0 
Q) 
"I 
:s: 
< 
0 

:I<'. 

02,0 2,4 2,8 IlpH IIOCTpOeHIDI cneKTPOB aq,:peK-
3qxpei<T>1Bt-fOA MOCCO, r;js/c2 THBHHX Ma.CC KOHe"lllHX COCTOJlHl!li (4a)

(5e) npe,m:ro.rrara.n:001,, '!TO 6oJiee Tmte-
PHc.3. CneKTP aifxReKTHBHI:lX Ma.CC JIHM sapmiteHHHM 'BCT.maM COOTB0TCT-

CHCT9Ml:l A p. BY])T 60JII,llilI9 HMIJYJII,CH. 3TO IIOSBOJIH-
JIO cymecTBSHHO YM0HI,!ID!Tl, KOM6HHaTop-

mtii q>OH. ,lJ,7m HCKJIIO'lSHWl q>OHOBI:lX KOM6HHa.u;r.ni:, o6ycJIOBJI9HHllX HSIIpaBHJil,
HOit H,It9HTH~UII9li sapmit9HHllX 'BC'rlm, aHaJIHSHpOBaJiaCI. HHq>OpMaUIIB OT 
CI H C2. B KOM6HHaUIIJ!X, OT06pamm:x B pesyJII.TaTe TaKoro aHaJIH3a, B 
H9CKOJII,KO pas (2+9) YB9JIU'lHJ!aCI, OTHOCHT0JII,HM ;I(OJISl p, p ll ~- Boero 
B pesyJII,TaTe npooo;n:eHHoro OT60pa 6WIO ocTaBJieHO Il897 KOM6HHa:a;itit 
(Ta6JI.3). Bo BC9X CII9KTpax aq>cpeKTHBHliX Mace KOH9'lHHX COCTORHHii (4a)
(5e) B o6JiacTH MaCCH 3250 MaB/c2 Ha6JIJO;n:aroTCR BH6pOCH paSJra'lHOli CTa
TllCTll'l9CKOii SHa'!HMOCTll. XapaKT9pHCTHKll aTKX BH6pOCOB IIpllB9;I(9Hli B Ta6-

JIH~ 3. 
Ha pHc.4 npe;n:cTaBJI9H eyMMapmrli CII9KTP 3ip:p0KTHBHliX MaCC, IIOJiy'l'.9H-

Hll:tl: ,nJilI BC9X COCTOJUm:tl: (4a)-(5e). B 06.rracTH MaCCH 3250 MaB/c
2 

Ha6Jm
;n:aeTCR IIHK, o6ycJIOBJI9HHHii 220 KOM6HHaUIIBMH Ha;n: q>OHOM 766, TIO COOT
B0TCTBY9T OKOJIO Boci;MH CTaH,IJ;apTHHM OTKJIOH9HHRM. Ha6JIRJ;n:eHmt:tl: Clll'HaJI 
He MOlltST 6HTI. CJie;n:cTBHeM KHHeMaTll'lSCKoro 0Tpa11teHHR Kaitoro-JIH6o peso
HaHca, IIOCKOJII,KY BH6poCH npncyTCTBY])T B paSJill'IHHX KOH9'!HHX COCTOIDm
RX (4a)-(5e) npii 6JIH3KllX Ma.coax. CJI9;I(OBaT9Jil,HO, IIOJiy'l'.0HHH9 ;n:aHHH9 
MOryT 6HTI, paCCMOTp9Hll KaK YKaSaHHe Ha' cym9CTBOBaHH9 ysKoro M930HHO
ro pesoHaHca C HYJI9BOii CTpaHHOCTl,IO t\n B Tpex sapR;n:OBHX COCTOmmsrlC -

IIOJIOlltlIT9JII,HO:ti,HYJI8BOii H OTp~T9JII,HOft. 

IO 

.~Y 

Ta6JIH~ 3 

KoHe'!Hoe lfuCJIO XapaKT9pllCTllKll Bll6pocoB 
COCTORHlle KOM6. 

Cpe;n:HM Macca Illnpmm lfuCJIO kOM6H-..... _ 

MaB/c2 MsB/c2 · Haµaii 

.(_\p~ 
/\.p IC 
.6.ii ~ n± 
A rcn± p '+ 
K~ pp K-

320 
<'u 

--en 2ao 
~ 

8 240 

0 

-....._200 

•:S: 
:s: 6 160 
I 
:s: 
~ 120 
0 
~ 

g 80 
1-
u 
~ 40 
:s: 
< 
0 

5339 3230±8±20 
3017 3250±7±20 
II04 3240±7±20 
I094 3220±9.±20 
1343 3270±7±20 

~ O 2,6 3,0 314 3,B 

3(l)(l)eKTl-1BHQ~·MOCCO, r38/c2 

~I6 73±32 
2I±l2 23±12 
23±10 24±IO 
54±21 34±14 

47±I8 5Qt20 

Ewm li3M9p8Hll IIapaM9Tpll ce
'l9HHR HHKJIIOSHBHOro po~eHIDl pe
SOHaHCOB, npe;n:cTaBJieHHoro B BH,It8 

exp(-b•P;)·(f-XFt. c ne-
ToM HSMepeHHHX IIapaM9TPOB 6wm 
onpe;n:eJieH!l BeJIH'!HHll nponsBe;n:eHHii 
II2J!HHX -ce'leHHfi po~emm U/ Ms, 
Ms n ~ B KllHeMa Tll'!e cKoii o6Jiac
TH HX perHCTPanrrH (I) Ha B8pORT
HOCTll HX paCIIa;n:OB IIO Ha~aSM!:lM 
KaHaJiaM. 

B IlllTOfi rJiaB8 npoBe;n:eHO 
cpaBH8HH8 xapaKT8pllCTllK Ha6JIIO
;n:eHHHx peSOHaHCOB C ;I(aHHllMll ;n:py
rHX 3KCII9pHMeHTOB. PacCMOTP8Hll 
OCHOBHll8 T90p8TH'l8CKll8 MO;I(eJIH 
6apHOHH8B! ;DyaJII,HO TOIIOJIOl'H'!8C
KaR IOUl MO;I(MI., ,uepHM wm no
T8HUIIaJII.HaR MO;n:eJII., MO;I(8JII, Mem
KOB M'JlI H MO;I(9JII, IJ;B8TOBllX MOJI9-
KYJI, KOTOpaR ripe;n:cTaBJIR8T co6ofi 

PHc.4. CJ'MMapHHfi CII8KTP Sq>cpeKTHBHllX ynpo~eHHllfi BapHaHT MO;I(8Jlli MemKOB 
Mace KoHe'!HllX cocToruurtt (4a)- ;n:Jm CJIY'BH 6oJII.lIIHX op6ZTaJII,HHX 
(5e). • Bos6~em. 

Eapnomrfi B MO;I(9JIH IJ;B9TOBllX 
MOJI8KYJI·- 3TO T.H. ;n:HKBOHHH, C0-

~8p,!taJ!!H9 napy KJiaCT9pOB (;n:mtBapK H aHTH,1UlltBap~).pas;n:eJI9HHllX 60Jil,lIIHM 
op6HTaJII,HllM MOM9HTOM. CocTORHHR C (3-3)-IJ;BSTOBOil CB/l3l,IO M9ll{,lty KJiaCT8-
pa.MH HaSHBa!OT T(true)-6apllOHHRMH, a COCTOJlHHR C (6-6)-IJ;BeTOBOfi CMSI,10 
- M(mock)-6apnoHH1IMH. B OTJili'lli9 OT T-6apHOHH8B M-6apROHHH MOryT 6UTI, 
;n:ocTaTO'!HO ySKID.m:. 

II 



ConOCTaB7I9Hll9 np9'ACTaBJI9HHHX B .IJ;liCC9pTall;Iill pesy~bTaTOB no Ha6JIIo-. 
'ASmno Ms c 'AamruMU, noJIYtJSHHllMll B :mcnepHMSHTS WA-62 no Ha6JnQnemno 
u . Il03BOJill9T npe~MOl!tHTb, "ITO B o60HX :mcnepIIM9HTaX Ha6.mo.:na.eTCJl 
O.IJ;liH H TOT lite pesoHaHc U/Ms 2). IIpllCYTCTBI19 cpe.IJ;H npO.IJYKTOB pac
na.na 3TOro p930HaHC~ 6apHOHa ll aHTll6apllOHa, a TaKlite 3R30T"A"l9CKID1 Ha-
6op ero RBaHTOBHX tJHce~ cB~eTe~bCTBYIDT o npHH~SlKHOCTH U/Ms R 
6apllOHIDIM. -

COBOKYJIHOCTb nOJIY"!Smrnx 'Aamrux no U/M S , MS ll Mv MST B03MOlK
HOCTb npe~o~OlltHTb CYJ!lSCTBOBaHRe · o6mero ~ HHX SU(~)-MY~bT~eTa 
6apnomreB. TaK, r.accH pesoHaHCOB U /Ms H ~ OTJm'lBIOTCJI 'A.PYI' oT 'APY
ra Ha I80.;.200 MsB/c2, "ITO COOTB6TCTBY9T THillI'tfHOMY pacmeMemno pa3Jill
trallIIlllXCSl Ha 6.D;liHlllJY runepsa~a ypOBHeil B $ U (3)-MY~bTllM6Tax: 6apllo
HOB, a Mel> MOllt6T 61:lTJ; paCCMOTP6H Ra.R Ra.H;IWJ;aT B 6apIIOHllll <J_O CRpl:l'l:'0~ ' ... 
CTpaHHOCTb!O. 

Bee paccMOTP9HHl:l6 COCTOS!HHS! 'AOJilltHl:l CO'A6PlltaTb He M9H96 4 ~6HT
mci: RBapKoB; OHR xapaRT6pll3YIDTCJl MMOH mllpllHOH ll MaCCa.Mli 3Ha"!HT6~L
HO Bl:IID9 6apHOH-aHTR6apllOHHOro nopora. oTll Ra"l9CTBa, a TaIOKe Il0Jly"I6H
H06 YRa3aJra9 Ha B03MOlltllllll llX Kac~tt pacna.n II03BMS!IOT OTH9CTll Ha6JrIO
'A9~6 pesoHaHCH K npe'ACTaBHTe~ M-6apHoHHeB. B STOM c.ny,:rae U/Ms 
ll Ms MOryT 61:lTb paccMoTpellll Ra.K M-6ap110Hllll 4- c op6HTMblilllll MOMSH-
TOM L = 3 ll ll30CllllHOM 3/2. . 

CYJ!lSCTBYST TaRllte ~yraSI B03MOlltHOCTb miTepnpeTall;Iill iJ./ Ms KaR 

mecTmmapROBOro COCTOS!HllSl THna ( cf S)g-(o?)s • B 3TOit cxe~e 'ABa 
MaCTepa, o6pa3YllIIlllX 6apllOHHfi, CB!l3allll OKT6THOil IJ;BSTOBOfi Tpy6Koil. 
PacctJHTaHHaSI Macca OCHOBHoro COCTOS!HllSl TaROH CllCT6MH 3,0.;.3,I rsB/c2 

HaXO.IJ;HTCSl B cor~acmr c no.ny,:remruMH 'AaHllllMll 06 U/Ms. Rs ll ~ B 
par.max 3TOH CX6Ml:l MOryT 6HTb OT0~6CTBJI91lll C OCHOBHl:lMll COCTO.fllralThra 
(q,2S)g-(q,3 )s ll (q.2S)s-(q,2s)s COOTB6TCTB9HHO. 

B sa~"l9Hllll ccpopM;{JmpOBaHl:l OCHOB1lll9 pesy~bTaTH 'AllCC6pTanmr: 
I. IlO'ATB6~9HO CYJ!l9CTBOBami:e Tp0X sa~owx COCTOS!Hllil: (oTpll:ua

T9~bHOro, IlO~OlltHT8~bHOro ll H9llTIJMbHOro) ysRoro M930HHOro p630HaHca 
c 0Tpm::1pTe~bHOil: cTpaHHocn10 U , pacn~a10merocS1 Ha A, p II mrollll. 
Ilo'ATBe~ellll pacIIa.Illl sapSlllteHffilX cocTOS!Hllil: U Ha Aprr+n- II Aprrtrrt. 

2. IIo.ny,:rellll HOBl:le 'AaHlllle 06 sToM pesoHaHce, o6osHatJeHHOM U/Ms: 
a) BnepBH6 saperncTp!IpOBallll pacna,Illl H9HTpMbHOro COCTOS!HllSl Ha 

l\W; 
6) BnepBH9 nOJIY"lSHO YRa3aHHe O CYm6CTBOBaHHII ~allt,IU,l sapmt9HHHX 

COCTOS!Hllfi u/1-1s- B Ra.HMS l\.pr.r. 

2> Pa3Jm"lli9 U6HT~bHl:lX 3Ha"l9Hllll Mace ~9lltllT B npe'Ae~ omn60K eKcne
PIDIISHTOB. 
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3. IIo.ny,:reHo YRa3aHHe o CYmSCTBOBaHHU C-cOIIpS!lKSHHoro c U/ Ms 
HoBoro ysRoro pesoHaHca c no~OlltHTeJlbHOii cTpaHHOCTbIO Ms. SaperucT
pllpoBaHl:l "l9TH!)9 ero sapMOBHX COCTOS!HllSl (OTIJll$TMbH06, H6i1T~H06, 
1!._0~0l!Cl!TS~bHQ.9 II ~allt,IUl IlO~OlltlIT9~bH09) B pacn~ax Ha A, prnr, A,Pir, 
Aprrn+ II Ap!Y. -

4. Onpe'Ae~ellll ocHOBHHe xa~TepHcTHKII pesoHaHcoB U/Ms H Ms: 
a) Macca (3053+2+20) MeB/c2 ; · 
6) mllPllHa r ~(35±5) MeB/c2; 
B) ll30TOilll"l9CKIIll CllllH I~ 3/2. _ 
5. HsMepeHH xapaRTepIIcTIIKII po~eHM U/Ms II Ms He:iiTpOHaMII co 

cpe~ett eHeprueii r,14() reB B KIIHeMaTH"lecKoil: o6JracTII PT~ I reB/c, 
Xi: ~ 0,2: . 

a) npOll3B6'A6Hll9 C6"16HllSl p0~9HllSl Ha BepO.lITHOCTb pac~ no Rallt
'AOMY ll3 Ha6~~a9MHX Ra~OB_ C 90% YPOBH9M 'AOCTOB9pHOCTll ~lmT B npe

. ,It9MX (0,5+I,0) MR6 Ha HYRJIOH; 

6) saBllCllMOCTb C6"19HHS! OT PT II X F 0IlllCHBa9TC.lI BHpallt9Hll9M 
(1-XF)n • ex p~b-P~) npII b = (2,8±0,4) (reB/c)-2 H n = 3±I. 

6, YRasaHo Ha B03MOJKHoe CYJ!lSCTBOBamre"6Mee ~el'KOro pesorumca 
B CllCT9M6 '7\.p C MaCCOtt (2400±7±20) MeB/o2• 0THOCKT6nHaSl B9pOS!THOCTb 
RacRa.nHHX pacn~oB U /Ms '!apes· aHMorntJHoe pesoHaHCHoe cocTomme 
B CllCT6M6 Ap ~ (20.±,8)%. 

7. IlOJIY"l6HH 'AaHHl:l6, YRa3HBal!IlllI6 Ha cylll9CTBOBaHll6 Tpex sapJl'AOBHX 
COCTOHHllll (oTpll$T9~bHOro, HeilTpMbHOro H no~OlltlIT6~bHOro) HOBOro ys
Koro MesoHHoro HecTIJaHHoro pesoHaHca ~• pacnaMIOOlerocSI c o6pasoro
:imeM CTpaHHHX 'lBCTHU. Pe30HaHC Ha6~ca B BOCbMll cneKTpax ecI>cI>eRTHB-

,f- - .- + o+ 
HHX Mace KoHetJHHX cocToa:imil:: AW, J\.p1{¥, ApK-, ,ApKll"" H K5p~. 
llsMepeHH OCHOBHl:l9 xapaKT6pllCTHKII p930HaHca: 

a) mcca (3255+3+20) MeB/c2 ; 
6) mIIPllHa r ~ (35±5) MsB/c2 ; 
B) ll30TOilll"l0CKllil: CIIIIH I ~ i. 
8. IIo.ny,:reHH OCHOBHH6 xapaKT6pIICTlIKll po~eHllSl 14n HSil:TIJOHaMll co 

cpe~eil: eHepruett N 40 reB B KllH9MaTII"l6CKOii o6~CTII p T ~ I reB/ C II . 

x,, ~ 0,2: 
a) npOH3B6'A6Hll9 C6"10HHS1 po~eHHSl Ha BepOS!THOCTb pacna.na no 

Ha~aeMHM KaHaJiaM C 90% ypOBHSM 'AOCTOB6PHOCTH ~elltllT B npe'A6Jia.X 
(0,3.;.I,0) MR6 Ha HYMOH; 

6) 3aBIICID/l0CTb C0"19HHS! OT PT H XF OIIllCHBa6TCJl Bl:lpaxt0Hll6M 
(t-XFt· exp(-b•P;), r'Ae b= (2,5±0,6) CreB/c)-2 H n = 4,0±I,5. 

9. Ha OCHOBaHllll aHaJmsa COBOKYJIHOCTII llOJIY"lSHHHX 'AaHHl:lX B pac
CMOTP9HHOM II .IUJYI'!!X BKcnepIIMSHTax c,n:e~aH BHBO'A O np~9lltHOCTH pe-
30HaHCOB U/Ms, Ms H ~ K npe'ACTaBHTeJim/l o~oro SU (3)-MYn~e
Ta MHOroKBapKO;BHX ~poHOB - 6apIIOIDI6B. 
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IO. IIpooo,n;eHo· conocTamreHJie xapaxTepIIcTmt U/Ms, Ms II Mq, c 
npe.n;c:Eta.samun.m: p.ima TEiopeTH'!ecRRX Mo.n;e~ett. Pesy~DTaT npooo,n;emi:oro 
~3a yxa3Ima8T ~ B03MOlltHY10 IDC IIplIH~8l!tHOCTD K op6lITaJIDH0 B?3-
6Yiii,It8HHHM COCTOJlHKRM KJiacca T.H. M-6aplIOHlI8B lIJilI OCHOBHHM COCTOJ'IHID!M 
6-KBapKOBHX a,IJ;pOHOB, B KOTOpllX KBapKOBH8 KJiaCT8pH CBJl38.H!l OKT8THHMII 
D;B8TOBHMlI CHJiaMH. 

II. PemeHH 3a,n;a,m, lIM8!0llllI8 M8TO,ll;IItJ:8CK08 3HatJ:8HlI8: 
a) npe,n;n:Ollt8Ha lI BHe,n;peHa CliCTSMa opraHIIsaD;lrn o6pa6oTKII 3KCII9pli

M9HT8JIDHO:li lIHq,OpMaD;lrn, IIMYtJ:9HHOfi B 3KCII9plIM9HTaX Bl'.C-2; 
6) paspa60TaH psm aJII'OpliTMOB H Ha RX OCHOB9 C03,I(aH. KOMIJJISKC Ma

T8MaTlitJ:9CKlIX nporpaMM, IIP:IIM9Hll9MHfi COTpy,ll;HlitJ:9CTBOM EHC-2. 

0CHOBHH9 pesy~DTaTH lIRCC9pTamm ony6Jll!KoBaHH B pa6oTax: 
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