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'BBe~eHHe. ,, 
liHTepec K II3Y'I~HUIO UJirKUX ap;poH - ap;pOHHbiX IIporrecCOB, xapaKTeprmyiO~UXC.I! MaJib!UU 

nonepe'!Hb!MU nMnyJibcaMn po)K)J;eHHblx '!acTnrr,·cn.l!3aH c nonb!TKoii onncaHUH BTnx nporrec

coa Ha ocHoBe KBapK - napTOHHo:ii · CTPYKTYPbl ap;poHOB.' ,ll;JIJI· omrcaHUH TaKl!X nporreccoa 

panpa6oTaHbl p.I!)J; MOp;erreil · peK0~6UHarriiOHHOro. Tnna, B KOTOp~X ycTaHaBJIIIBaeTCH CBJ!3h 

Me)K)J;Y <flyHKIII!.I!MII·p~c~pe;J;e~eHIIJI KBapK'- II~pTOHOB Ha'!aHbHOrO a~;poHa II liHKJII03l!BHb!UU 

Ce'!eHI!JIMI! o6panoBaHUH 6b!CTpb!X liJill Jlli)J;IIpyiO~llx '!aCTIIII B o6rracTJIX <!>parMeHTaiiiiU B3a-

IIMO;J;eiicTBYIO~liX-a)J;pC>HOB (l, 2, 3j; <• 
OcHoBaHUeM )J;JIJI TaKoro rrop;xop;a nocrry)Knrro aKcnepiiMeHTaJibHOe Ha6JIIOp;eHIIe rrpii6JIII31I

TeJibHOro rro;:~;o6rm <f!YHKIIIIII pacnpep;erremm aaneHTHb!X KBapKOB rrpoToHa, orrpep;erreHHb!X ll3 

rrry6oKoHeynpyrnx rrenToHHb!X rrporreccon, n HHKJII03l!BHb!X crreKTpoa eio <flparueHTarrnn B 

Jr±- Me:JOHbl [4]., Ilocrrep;mre, corrracHo BTIIM Mop;eJIHM; 'o6j>anyroTc.l! B penyrrh'TaTe peKoM6Ii

Harrnu 6biCTporo Ban:eHTHOrO KBapKa II Ma..'IOBHeprll'!HOrO aHTI!KBapKa 1!3 COCTaBa Ha'!aJibHOrO 

npoTOHa. B paMKaX T'aKoro ~O)J;XO)J;a B pa6oTe [5) Ha OCHOBe aHaJil!3a liHKJIIOIJl!BHbrx CIIeKTpOB 

Me30HOB II Me30HHbiX pmoHaHCOB B 06nacTJIX <!>parMeHTaiiHl! K±-MeiJOHOB onpep;eJiei!bl <f!YH" 

KIIIIII pacrrpej~eJieHUH KaK BaJieHTHb!X, TaK II C~paHHb!X MOpcKIIX KBapKOB B K±.:. MeiJoHax; 

Ilop;o 6ne Me)Kp;y liHKJIIOIJliBHb!MII cneKTpaMll Jlli)J;IIpyiO~UX 'ap;pOHOB · l! <f!YHKI!ll.I!Mll · pac

rrpep;erreHIDI BaJieHTHb!X KBapKOB (IIJIII aHTliKBapKOB) BO BIJaUMO)J;ellCTBYIO~liX ai!pOHaX BOC
npOII3BO)J;liTC.I! . TaK)Ke B paMKaX' KBapKOBb!X <l>parMeHTaiiiiOHHb!X · MO)J;eJiell II 'B. MO/];e.'IJ!X. CJIII-' 

.l!Hll.l! rmapKOB l!3. ,JIDaUMOp;eHCTBYIO~UX · ap;poHOB, XOTJ! KUHeMaTnKa · 0 6paaoBruiliJ!'' ap;pOHOB 

cy~ecTBeHno paann'!Ha· B paMKax Mop;ene:ii peKoM6mrarrnrr n cnUHHll.l! [6], ·a B paMxax <flpar; 

MeHTarrnoHHbiX Mop;erre:ii npep;norraraeTCH cy~ecTaemm p;pyrrur cxeM~ ap;poHnnarrrm KBapKoB.' 

Ilpu 8TOM Jllii];IIpyiO~Ull ap;poH, B BaJieHTHOM COCTaBe KOTOporo IIMeeTC.l! no KpaHHell Mepe 

op;nH'KBapK, COBnap;arO~llll no apOMaTy C Op;HIIM 1!3 BalieHTHbiX KBapKOB <l>paf'MeHTIIpyro~ero 

ap;poHa, o6panyeTCji acnep;cTBne peKoM6IIHarrnn p;ammro aarreHTHOro KnapKa c M:an:0'3Heprn'!-, 

HbiMII KBapK - napTOHaMl! liO COCTaBa MOp.l! <flparMeHTnpyro~ero agpomi; IIJill BCJiep;CTBl!e 

crriiHHliH aan:eHTHoro KBapKa' n aHTHKBapKa Hn p;ayx aoanMop;eikTsyro~Hx ap;ponon, a B paM

Kax <!>parMeHTa~UOHI!biX MO)J;eJieH- BC.'Iep;CTBl!e <l>parMeHT~lii! BaJieHTHDrO KBapKa C TaKiiM' 

)Ke apoMaTOM liD cocTaBa Ha'!aJibHoro ap;poHa. 

Ecrrn rrepeihn oT' paccMoTpeHrur rrnp;npyro~ero ap;poHa K · rpyrrrre ap;poHori · B o6rracTJix' 

<flparMeHTaiiJill BIJallMO)J;eCTBYIO~IIX '!aCTIIII~ TO BOIJHIIKaeT'ecTeCTBeHHO BOIIpOC 0 CBOllCTBaJC 

mrp;npoaaHIDI TaKnx ~pyrrrr ap;poHon. Mo)KHO o)Kn)J;aTb, '!TO rrnp;npyro~nll: am:! em H'HecKoJibKO 

6JIU)KaHIIIllX K IieMy no' 6b!CTpOTe ap;poHOB MoryT o6pano:BaTb rpyrmy a):;pOHOB (mm CTpyro ), 

KoTopaJI TaKa{e 6yp;eT ·o6rrap;aTb caoncTsoM mrp;nponiuiiDI. Ilpn: ~JToM'nM:eeTcJI B suP;y;-'~To· 

xapaKTepncTUKII.TaKOH rpyrriibl ap;pOHOB KaK rreimro 6yp;yT·onpeAeJIJITbcH <fly!iKi.II~en pacnpe

)J;eJieHIIH II KBaHTOBbiMII '!IICJiaMII KBapKa, KOTOpbiH <flparMeHTIIpyeT B ':lTY rpyrrrry '!aCTll~ { IIJIII 

CTpyro ). c p;pyroii: CTOp,OHbl: eCTCCTBeHHO o)i{il~aTb, '!TO npir yiierrir~eHIIII '!IIClia •racTnriB 'rrn~' 
u " •• ' ' f· 'u " "•. " u ·' . . " . . " 

)J;IIpyro~eii rpynne ap;pOHOB CBOliCTBa JIII)J;llpOBaHIIJ! TaKOll rpyiiiibl ap;pOHOB MOryT TepJITbCJI. 

Tarme rrpep;ciaaireiiiDI MoryT) 6b!Th o6oCHOBaiibl B paMKax CTPYHHb!X MOp;erreii: :i.mo2KCCTBeH

Horo o6pano'naiurn a~pOHOB, 'i KOTophrx: rrorraraeTci; '-<iT~ rrocire <J>opM:npoiali:im mip;npyro~ero 
ap;pomi irponcxop;IIT <JlopMnpoaaam! 6rrn)Kanmerci K rieMy_no:6h!cTpoT.e ap;pi:ma·n·T.p;., rroKa' 

BOJIHa agpommailnrt mi )J;OXOART )J;O CaMm Mep;JieHHb!X ap;poHOB ( CCblnKir' Ha pa6oTbl, B KOTO-' 

pb!x paccMaTpiiBaiOTCJI panrrii'!Hble MexaHU3Mb!_ ap;pommatiuii KnapKoa; Atmirio' HanTu a [7)). 
llcXO)J;Jl ll3 CKaiJaHHOrO Bb!IIIe, MO)KHO orrp_e)J;emiTb CIIeKTaTOpHyro ap;poHHyiO CTpyiO B MJir

KUX rrporreccax, KaK rpymry ap;pOHOB, KOTOpaJI06Jiap;aeT CBOllCTBOM Jlli)J;UpOBaHIIJI, T.e. HeCeT 

IIH<flopMaiiliiO OTHOCUTe.'IbHO KBapKa liD COCTaBa <flparMeHTIIpyro~ero ap;poHa. 

,!J;JIJI ap;poHHb!X CTpy:ii, B OTJIII'!lle OT JIII)J;IIpyiDIIIIIX ap;pOHOB, TaKIIe xapaKTepUCTIIIm K&K 

Macca II napJI)J; CTpyii, a TaK)Ke UHO)KeCTBeHHOCTb 'laCTIIII B CTpye, He JIBJI.I!IOTCJ! 4;IIKCIIpOBaH-
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HhiMH BeJII'I'lUHaMn. EcTeCTBeHHO OlKH~aTL, 'ITO, IIOMUMo liHKlii03RBHLIX crreKTpOB a~poHHLIX 
CTpyn, CBOHCTBa liii;IJ;IIpOBaHUH CTpyil ;IJ;OlilKHLI IIpOHBJIHTLc.i TaKJKe U B pacrrpe~eneHHHX ITO 
:lTIIM Beliii'lUHaM • 

.I(rr.a BLI~elleHHH a~pOHHhiX CTpyH B MHOrO'IaCTH'IHhiX KOHe'lHhiX COCTOHHIIHX IIpiiMeHHIOTCH 

paa:m'lHoro BII;IJ;a arrropiiTMhi no rroncxy -II pexoncTPJKI:IIIH a~pOHHhiX cTpyii. B pa6oTe [8] 
npe~JIOlKeH 6uuapHhiH B- arrropnTM IIO IIOIICKY II peKOHCTPYKI:IIIH a~pOHHhiX CTpyii, B KOTOpOM 

KaK Mepa 6JI:IIDOCTH · MelK~ 'laCTIII:IaMH i II k IlCIIOJIL3yeTCH IIOJIOlKIITeJILHaJI 6ropa3MepHaH 

peJIHTIIBHCTCKU IIHBapnauTHa.a BeJIU'lUHa b;k, xapaxTepH3yroll1a.a OTHOCIITerrLHoe paccTo.a:Hue 

MeJK~y aTnMn 'laCTIIJ:IaJA:ll B 4-MepHoM rrpocTpancTBe cxopocTeii [9]. B :JTOM rrpocTpancTBe 

a~pOHHaH CTpy.a orrpe~eJIHeTCH KaK rpynrra 'laCTHJ:I, cpep;uee' paCTOHHUe MelK~Y KOTOpL!Mll 

MHoro MeHLllie cpe~Hero paCCTOHHHH MelK~ BCeMn 'laCTHI:(aJJ:II ITO BCeMy lflaaOBOMJ o6'LeMY 

peaKI:~IIH. IIoMHMO B- arrropnTMa, Ha ocnoBe BeJIU'lHH b;k rrocTpoeHhi TaK)Ke An'- arrropnTM 

[lO]II 6nnapHhiH Bk- arrropiiTM (11]. He B;IJ;aBaHCL B ;o;eTaJILHoe o6cyJK;o;eniie An- arrropnTMa, 

OTMeTIL'\r rrnmL, 'ITO A2-, A3-, ... , An- arrropiiTMLI ocnoBaHhi ua MHHIIMima~:~Irn lPYHKI:IIIOHaJIOB 

A2 , A3 , ••• , An, orrpe~erreHH'h!X Ha MHoJKeCTBe BCeB03MOlKHLIX paa6uenu:ii MHmKeCTBa 'laCTUI:( 

B KOHe'lHOM COCTOHHIIII Ha ):\Be, Tpii, •.• , n- rpyrrrr 'laCTUJ:I (10]. Ilpii :lTOM ):IJIH IIOCTpOeHHH 

rrro6oro ua lflynx~:~uonarroB A2, A3, , .. , An IIcrrorrL:JyeTc.a ImcpopM·a~:~u.a. OTHocnTeJibHO Bcex 
a;o;poHOB, BKliiO'leHHhiX B anamm. 

OcnoBHhlM ne~ocTaTKOM An- arrropiiTMa HBn.aeTc.a To, 'lT9 ;o;n.a anarrll3a co6LITIIH c 6onL

mo:ii MHOJKeCTBeHHOCTLIO 'laCTliJ:I eMy Tpe6yeTCH BpeM.a Ha HeCKOllbKO nop.a~KOB 6ol!Lllie, 'IeM 
B- arrropnTMy. HarrpuMep, rrpii auarruae co6LITu.a c 10 ~aCTUJ:IaMU A 27, arrropnTM TpaTIIT na 

~Ba rrop.a;o;xa 6onLme BpeMenu '!eM B- anropnTM, II BTa panrm~:~a YBeJIU'lnBaeTc.a axcrronen~:~n
arrbno c yBemi'lenneM 'liicna 'IaCTUJ:I, BKliiO'IeHHLIX B aHarrH3. Eonee Toro, rrpn n > 2 BpeM.a, 

xoTopoe neo6xo;o;nMo A~- arrropnTMy ;o;n.a anarrima co6h!Tu.a, _ TaKJKe yBenU'lUBaeTc.a axcrro

HeHI:(llaJibHo C yBel!II'leHUeM n . .I(aHHOe o6CTOHTellbCTBO genaeT IIpaKTl!'IeCKU HeB03MOlKHhiM , 

ucrronL:JOBaHHe An- arrropnTMa ;o;mi aHaJIH3a co6LITIIH c MHOlKeCTBeHHocTLIO 'laCTUI:( 6onhme 
HeCKOliLKUX' ):\eCHTKOB. , , , _ , . , 

0THOCIITeiTLHo Bk- arrropnTMa (11]. OTMe~IIM, 'ITo, 6y;o;y'lii 6IInapHhiM arrropiiTMoM, on 

o6na;o;aeT BCeMuupenMyll1eCTBaMII B- arrropiiTMa, o;o;naxo norii'lecxa.a cxeMa Bk-;-: anropiiTMa 

3aMeTHO OTliii'laeTCH OT'liOrUKII'B-' arrropllTMa, KOTOJ)a.a, ,B CBOIO_O'lepe~b; IIOCTpoena B IIOli

HOii anarroruu c noru'!ecxo:ii cxeMo:ii arrropnTMa xonna6op~I. JADE [12, 13, 14]. Borrpoc o 

TOM, K KaKIIM OTJIII'll!HM IIpii IIOIICKe II peKOHCTpyKI:(Illl CTpyH :lTO MOlKeT IIpUBeCTII, HBJIHeTCH 

rrpe~MeToM oT;o;enLuoro nccne;o;oBanu.a. 0TMeTIIM rrumL,' 'ITo B paMxax Bk::' arrropnTMa co6u

panue 'laCTIIJ:I B CTpyu na~mnae~c.a c 'la~TIII:(hl, y KoTopoJi ~ax~~~~hHb!H nopei!I:( .,:, !f>axTop 

"{ = E /m B co6LITIIII, r;o;e En m- BHepru.a n Macca 'laCTUI:(hl B cncTeMe ~:~en':rpa Mace B3aiiMo

~eiicT~nn. Ecnu, uarrpuMep, 6~uJKa:iima.a K ~e:ii 'lacTUI:(a B rrpoc~p~CTBe cxopocTeii naxo~uTc.a 
Ha paCCTOHHIIU 60llbllie, '!eM bcut, ~0 II<>iiCK CTpyn B TaKOM co6hiT~ npexpa111aeTCll. Ilpll :lTOM 

C06LITUH CO CTpyeii U O;IJ;HOU BHeprii'IHOII 'IaCTIII:Ien, lleTJII11UM~I· ~ ~pOTll~OII~liO)f{Hhie' CTOpOHhi, 
M~ryT (ihiTL IIHTeprrpeTnpoBaHhi Bk- arrropiiTM~M xax 6eccTpyiiHhie c'o6biTU.a._ -

B HaCTOHI11eit pa6oTe Ha OCHOBe aHarrim'a BKCll~pUMeHTa'rrbHbiX ;IJ;aHIILIX II;; MHOlKeC~BeH
HOMy j)OlK~eHIIIO 'IaCTliJ:I B 7T-p-ll 1r.:.C- B3am.m;o;e:iicBI~XUpxt IlM!IYliLce 7f-,- ~rooua:4o raBjc 

rroxaaauo, 'ITO a;o;p~HHhie CTpyu, ~LI;o;eneHHhie B- arrropnTMO~!, o6rra;o;aroT CBOIICTBoM JII~~upo
Banu.a n, cne~oBaTeJILHo, necyT Irn!f>opMaJ:IIIIO o xapax':repncTnxa:x KBa:pxa, Bcne;J;CTBlle !f>par-
Menra~:~mi xoT<>poro onn po~Imucb. · ' · · , , - '" ,. 

,. ·~ <"" 

2 ,, 

1. :B'ii;Aeneiiii'€l"cMewaH:abiX.aApoiiHbix cTpyii ~Ha ocaoBe .--
' ' . . " . ,,. ,_ 

onaapHoro B- anropHTMa 

HacT<>HI11UH pa:J;o;en rrocBHI11eH orrncanUIO u ;o;a=ne:iimeMY H3Y'!eHUIO CBOIICT~ 6UHapnoro B
arrropnTMa (8] ITO Bhi~eJieHIIIO a~pOHHhrx .CTpyH B MHOrO'IaCTU'lHhiX KOHe'!HhiX COCTOHHUHX, a 

TaKJKe BLI~elleHIIIO CMelliaHHLIX a~po:mri.Ix CTpyii, COCTOHI11nX liD 71'±- MOOOHOB U.IIpOTOHOB. , 

B-. arrropiiTM ITO IIOUCKY II peKOHCTPYKJ:IllU a~OHHhiX CTpyH B MHOrO'laCTU'lHOM K~He'lHOM 
COCTOHHIIU B3aJIMO):IeHCTBIIHOpraHII30B~_ciJ:~·Il1liM o6pa3~M [8]:· . ' ... , , , ,· , 

, L .IJ:rr.a xa)f{~oro c~6hlTU c N- 'laCTHJ:IaMn,B KOHe'lHOM COCTOHHn~i (~anee':B TeKCTe, xax. 

O~HY '!aCT~; T~ II ~pyilny '!acT~~ 6y;o;eM Haiman: npe~A.acmepoM), orrp~emOOTCH 
N(N -1)/2_'riapnh!X Ilnl! 6nnapnnri xapaxT~piic-i-nx b;k [9]; xoTopLie JIBIDnoTc.a paccTO-' 

HHHHMII B rrpc;cTpaHCTBe CK~poc~~ll ,Me:lKiiJ' rrpexmacTepaMI! i II k c MaCCaMH m; ll m~; 
u c 4-uMrrynhc~MH p; iJ Pk; ~OOTBeTCTBeHHo: - •. , '• - . 

·. ··(p; ·Pk)-2 
b;_k=- ---

. m; ,mk , .. 
(1) 

; i;;' =' ~ 

:· Ilpu ~TOM, ecTeCTB~HH~, rrpe;o;rr~rr~a,;;~c.a, '~'!'ON?. 2. 

2; ·Orrpe~en.aeTc.a MIIHUMallbHOe :JHa'leHne'b;.,;,nkmin = min{b;t<} :n3 ·N(N . ..:; 1)/2 BeJIU'lUH 

.b;k, T:e. orrpe;o;en.aeTCH'IIapa rrpeKJiaCTepoB im;~'n km;;. C MIIHUMal!LHhiM paCCTOHHIIeM B' 

rrpocTpiillcTse cxopocTen.: '· · 

3. Ilorr~~eHHOe MUHIIMaJibHOe 'oHa'le~~-b;~L~~;~, cpaBHIIBa~,T~-~c:~~~o:ropo:ii_ Haiiep~ ;;~~ 
,' gaHHOll Beliii'lllHOll bcut, KOTOpaH nBJIHeTCH napaMeTpOM o6pe38.IU!li,~Op_IITM.a•.: "'<~•) 

4: . Ecm~ · b;m J '' ;· b;,.1 , T~· ~iio~e;o;Yp~ pexblic;pyi~~ -~~p'~ii~hiX cTpyn. ;a~~pliiaeT.& 
'" f , .'.-,m~n I • •, ,·- ·~ ., ~-!_ •• ~.--·.·~·:·"";:,,_, __ !) ~: ,·;'.'·' 

s: Eciui b;:;:k;,,~· < b;,.1; To ·~Ba rrpexrraciepa i,:.;,;· II k;,.;~ o&be~IIHHIOTc.a B o;o;iln rrpexrracTep 

>c MaC cOil ·mi~~~-;,m:~ 'it 4:_nMriYribcOM p;;;;j~kmtn. = pi,;.;~; + Pk~-~ > ( mt,~~k~i~. ~ Plm~~k~in) ,: T .e~' !
'lnC.io rrpexnacTepoB yM'enLmaeTc.a'Iia'e;o;mimzy: 'N:~->(N-;-' 1):· ·; '" · 

. "1 · , • ~ · · · r t_1,: · 

6. Ilpu (N -l) ·?_ 2 rrpo~:~e;o;ypa IIOBTop.aeTCH ~liH (N; -:-l) rrpeKJiacTepoB, eclii!-lKe 

( N- 1) =: 1 rrpo~:~~ypa pexoncTpyKI:IIIH a~poHHhiX cTpyiloaBepmaeTCH. 
c '" •• • '. • ·_ ~ ·, -

7. Bee rrpexnacTephi, 'lncno '!acTUJ:I B xoToph!X 6onLme ii~il paBHo 2·, paccMa:TpnBaroTc.a 
KaK a~pOHHLie CTpyn B ~aHHOM co6hiTIIII. , , 

i j • 

ll3 CKa3aHHOro BhiUie, CJie~yeT, 'l;O 6I!Hap~ ~opUT~ ITO peKOHC;.pyxl:IIIH, agpOHHhiX 

CTpy:ii JIMeeT TPI! ~CHOBHhiX aneMeHTa: ~ - nornxa iurr~piiTMa, b ~ MeTpuxa anropnTMa I~ c 
- rrapaMeTp o6proaun.a arrropiiTMa. B 'laCTHOCTU, noru~a B:--. anropnTMa OCHOBaHa Ha co6u-. 

paHUI! 'laCTU~ B rrpexnacTephi rryTe:M CpaBHeHIIH MHHIIMal!LHOrO pacCTOHHIIH MelK~y rrapa.'\rU 

rrpexnacTepoB c napaMe;poM o6proaHIIH ~opi!TMa B xo;o;e KalKp;oiln;epaJ:~uu, ona H3JIOJKeHa, 

BLime B nrr. · 1 -: 7. MeTpUKa B- anropn~Ma orrp~en.aeTc.a BLip~lKeHIIeM (1 ), T .e. paccTo.amxeM 

MeJK;o;y ABYMH rrpexnacTepaMI! i u k B ilpocTpancTBe cxopocTen;·npegnoJKeirnoii B pa6oTe [9], 
a rrapaMeTpOM o6proann.a HBJIHeT~ B_elii!"'IIHa b,.1• . _· . . . . ' . ·.· .. , 

·.:·, Kax' y:lKe· 6hiJio OTMe'leHo, noruxa B- airropnTMa llOCTp~eHa B, IIOJIHOll ananorun ~ a,rr2 
ropiiTMOM xonna6opal:(UII JADE no rrbncxy, a;o;po~ cTpy:ii ~. e+ e--· ·~;~~~~ciiciai~J;~· 
[12, 13, 14]. 0TJIU'lUe :JaKJIIO'laeTCH B T'ou, 'l.;,.b B JADE-:: anropii;.Me BMeCTO BerrwiUHLI bik, 
orrpegeJIHIO~ell 6JIII30CTL MelK~ rrpeKJiaCTepaJJ:II i U k, UCIIOJIL3yeTCH KBagpaT· e#exTiUIHOll 

Macchi rraphi rrpexnacTepoB m;k =: (p; +. Pk)2 u, cooTBeTCTBeHHo, rrapaMeTpoM o6proanu.a 
' . ,, ' ' ' 

3 



. 2 -
J!BIDieTC.!I BeJilf'IIIHa fficut> T.e. Haiiepep; onpep;eJieHHaJIBeJIII'lliH~ C paaMepHOCThlO KBap;paTa 

Macchi, =, 'ITo'To JKe caMoe, 6ropaaMepHaJI neJIII'I~Ha·vcut ;, m-:,.tfs, rp;e ,jS- ;Heprxm n 

CIICTeMe qeHTpa MaCC Bmi.IIMOp;eUCTBIIH. 0TMeTIIM, 'ITO XOT.ll. BeJIII'IUHhi. b;k . II mfk cmn:JaHhi 

MeJKp;y C060H npOCThiM COOTHOIIIeHIIeM, a IIMeHO 

' 2 . :. ' ' 2 
b;i = m,,- (m; + mk) 

m;mk 
'(2) 

anropiiTMhi,' nocTpoeHHh!e Ha IIX ocHone, ·T.e. · B-'- xi JADE-' anropiiTMhi, cooTBeTCTBeHo, 

coneprneHHO p<IDliii'IHhle, KaK BTO noK<IDaHO paHee B [8jn 6yp;eT IIpop;eMOHCTpiipOBaHO B Ha

CTOJIIIl;eH pa6oTe. TaKoe OT~II'llie nonHIIKaeT B ,cBHnii c TeM, 'ITO B BhipaJKeHIIe (2) nxop;JIT 

neml'ixmhi m; II m~, Macchi npeKrracTepon iII k'; KOTOphie MeHJIIOTCJI npii pa6oTe a.'IropnTMa, 

T.e. OT op;HOH UTepaqu K p;pyron, B TO BpeM.ll KaK napaMeTp o6proaHU.ll aJirOpiiTMa OCTaeTCJI 

HeiinMeHHhiM. Ecm! B :Ka•recTne M:eTp1IKn rrorrhtloBaThc.:r'pap;:ianhHOH 6hiCTpoToii MeJKp;y p;nyMJI 

npeKJiaCTepaMII Pikt ~OTOpaJI 'cnJiniura C b;k COOTHOIIIemi:eM ( onpep;erreHIIe· Pik 6jp;eT rrpiiBep;eHO 

HIIJKe) 

b;k = -2 + 2ch(p;k), (3) 
I 

TO norry'Iemrhii'r TaKIIM o6paaoM anropiiTM 6yp;eT a6corriOTHO np;eHTn•reH B- anropiiTMy, T.K. 

B BhipaiKeHIIe (3) BXOp;JIT TOlihKO 'IIICliOBhie KOa<fl<f>IIqiieHThi, KOTOphie, KaK II napaMeTpo6pe-

3aHIIJI anropuTMa, He MeH.l!IOTCJI oT nTeparrnn K nTeparriiii. 

B pa6oTe [8] npu a.Hannne aKcnepiiMeHTaJihHhiX p;aHHhiX 1r-p- u 1r-C:- nnanMop;eiicTBnii 

'npu IIMnyJihCe Ha'!aJihHOrO 11'-;- Met3oHa.40raBjc p;JIJI Bhip;t'.JieHIIJI cneKTaTOj)HhiX CTpyn B o6-

JiaCTJIX <flparMeHTai!liii HaJieTaiOIIl;eH 'IaCTIIqhi II MliiiieHII, 6hiliii IICnOJiht30Ba~I TOlihK~ 3apJI

iKeHHhie 7r- Me30Hhi. 0'ICBIIp;HO, Op;HaKO, 'ITO CTpyu, o6paaoBaHHhle DClie)J;CTBliC <flparMeHTai!liii 

KBapKOB, p;UKBapKOB' II rJIIOOHOB, cop;epiKaT B CBOeM COCTaBC BCCB03MOiKHhiC 'IaCTliQhl,'XOTJI 

B ocHOBHOM aTO nap.HJKeHHhie· 7r±.::. MetlOHhi II <f>oTOHhi OT pacnap;on 1r0- MenoHon:·KoHe'!Ho, 

orpaHK<JeHUJI Ha paneHCTBO Mace 'IacTuq, BKJIIO'ICHHhiX B .aHaJIII3 no noiicKy II peKoHcTpyKqun 

CTpyii, He HBliJICTCJI cyW;ecTBCHHhiM p;li.ll 6xmapHbiX anropuTMm3, KaKO~hiMli HBliJIIOTC.H B- II 

JADE- anropiiTMhi, T.K. p;aiKe rrpu paneHCTBe Mace ncex 'IacTuq, BKliiO'IeHHhiX B aHanun, 

npu pa6oTe anropuTMa, T .e. c ynerru'IeHIIeM qucrra UTeparrun, Macchi nperoiacTep'on MenJI

IOTcJI ll MoryT TOlihKO paCTII. C p;pyroir CTOpOHhi, orpaHII'ICHII.H Ha paBe,IICTBO MaCC 'IaCTIIq, 

.BKliiO'IeHHhiX B aHaJIIID no noiiCKY II peKOHCTpyK~II CTpyn, MoryT 6hiTh cyrn;~cTBCHHhiMII 
npii IIcnorrhnonaHIIII An- anropUTMa [15]. ,ll;aHHOe cyrn;ecTneHHoe OTJIU'IIIe MeiKp;y·B:-u An
anropiiTMaMu MOJKHo noK<~-'3aTh Ha ocHone rrepeMeHHhiX f;.y II P:j., onpep;erreHHhiX p;JIJI naphi 

npeKrracTepon i .II k B pa6oTe [8]: 

f;.y = Yi - Yk , 

p~ = ft.2 
- P,}, :..., Pf - PfL' 

. . 1 l . Ei(k) + pi(k)L 
Yi(k) =- n , 

2 Ei(k) - pi(k)L 

P;(k)L = A(k) • ii;k ' 

.?; + ftk .?;. 
IP; +P•i = P;k. 

iiik = 

~ ' ' -

(4) 

(5) 

(6) 

(7) 

(8) 

3p;ech PT. HBJIJieTC.H nonepe'IHhiM HMIIYlihCOM KaK rrpeKrracTepa i, TaK u npeKrracTepa · k no 

OTHOlliCHIIIO . K HanpaBJICHUIO n;k CYMMapHoro TpexMepHoro HMIIYlihCa P;k '= .fi;. + pk p;nyx 

rrpeKrracTepo:B i II k, ·a b,.y - p&'3HOCTh 6hicTpoT npeKrracTepon i II· k B HanpaBJiemm ii;k 

cyMMapHoro TpexMepHoro nMnyl!hca .?;,. 0TMeTHM, 'ITO npu PT = 0 a6coJIIOTHoe OHa'IeHue 

BeJIU'lliHhi f;.y nepexop;IIT B paauaA.bUYW 6hiCTpoTy Pik p;JIJI CIICTeMhi liD p;Byx npeKJiaCTepoB i 

4 

II k, T.e. Pik = !t;.yl, a npn b,.y = 0- PT CTaHOBIITC.H m.myrrhCOM KaiKp;oro II:J npeKrracTepon i 
II k B CliCTCMf> !IX qeHTpa Mace. 

BPlili'IIIHa b;k B nepeMeHHhiX f;.y II Pj. BhipaJKaeTC.H IIpOCThiM COOTHDIIICHIICM: 

b;k = -1+ 
2 

1 +--% 1 +--% ch(t;.y) + _T_. ( p2) ( p2 ) . p2 
rn; • rn,. .m;mk ---

-- (9) 
:t-!·r 

' ' . 
PacCMOTpiiM p;B~ p;nyx•raCTU'IHhiX npeK~acTepa, nepBhiii IID KOTOphiX 'cOCTOIIT IID )lBJX 7r

M!'30HOB, a BToponn:J p;nyx HyKrroHoa·. Torp;a, nom,.'3y.Hch nb!p~'iK~IineM (9);p;riJI paccTo.HHUJI n 

npoeTpaHCTBt' CKOpOCTeii MCJKp;y p;ByMJI IIIIOHru.UI b\;) II p;ByM.H HYKliOHaUU b~~) H<lX~~IIM: :· 

4P2 

b(o2) =-2+2ch(po)= m;' 
I " 

,·(10) 

rp;P n = 1r IIJIII N, P.(PN).- l!errwnma nunyrrbca 1r- Me:JoHa (HyKrrmia) B cncTeue qeHTpa 

MaCe IIIIOHHOro ( HYKliOHHor;>) npeKrracTepa,. a p.(pN) -. pap;IIaJihHaJI 6~IcTp<>Ta ~lt'JKp;y p;ByM.H 

7r- Ue:JOHaMJI (HYKliOHaMriY B. ~II;~HHOM (Hy~;,HHOM) ~peKJiaCTCJ;C. Ilpii 6rrni:3KJIX 3Ha•reHIIHX 

nMnyrrhcon P. ~ PN paccTo.HHIIe B npocTpaHCTB<' cKopocTen MCiKp;y p;ByMJI 1r- MenoHa~m 

h\;> no'ITII B 50 pan npenhirnaeT Bemr•rimy b\~l, T.e. b\;> ~ 50 b\~). TaKoe nHa'IIITelibHOe 

OTliii'IIII' B pac<~TO.HHIIJIX MCiKp;y 7r- Me:JoHaUII II HyKliOHaMII B.npOCTpaHCTBC CKOpOCTCH MOiKI'T 

6biTb cyrn;ecTBCHHhiM npn ncnorrb:JOBaHHII A,.- arrropnTMa Ha ocHone. nepeli.H'HHoii' b;k. :)J;rrJI 

npeop;olieHIIH :non T.pyp;IIOC;U B pa6oTe [15] 6hiliO npep;liOiKCH!J nep~xiTII OT nepeMCHOii ~;k K 

b;k, KOTopaJI, onpep;eJIJieTCJI BhipaJKeHIIeM: . 

b' _:_ · m;mi'b· 
ik- 2 ak' 

mo 
(11) 

' ,l 
rp;e m 0- HeKoTopa.H xapaKTepHaJI ap;poHHaJI uacca, m 0 ~ 1 raB. llpu ~TOM p;rrJI paccToJIHII.H 
MelKp;y p;nyMJI 1r- MenoHaMII ir p;nyMJI HYKliOHaMII IIMeeM (n = 1r nmr N): . ... .: . . ::. 

) ' ~~ 

'(o) · . ? ? m~ · 4P,; 
b12 =[--+-ch(p,.)]--:z=-2 -

'no . ~ rn~ 
'v' " 

. ~ -,, 
(12) 

TaKIIM o6p&'30M, npu P, ~ PN p;Ba 7r;c MenoHa II p;Ba HYKliOHa Haxop;.HTC.JI Ha op;xmaKonoM 

paccTOHHim no oTHorneHIIIO K nepeMeHHoii. b;k. Op;HaKo B aToM crry•rae pap;IIaJihHbre 6hiCTpOThi 

p, II PN B CIICTeMe liD p;ByX niiOHOB II liD p;nyx HJKliOHOB, COOTBeTCTBCHHO, H!' Op;IIHaKOBhi II 

PN < p,. Eomee Toro, Beliii'IIIHa b;k He o6rrap;aeT .HCHhiM <f>rmii'I<'<'KIIM CMhicrroM B OTliii'III<' 

OT BCJ!II'Il!Hhi b;kt KOTOpaJI CCTb paccTO.HHIIe MC'JKp;y )l;ByMJI 'IaCTIIqaMII i II J.- B 4-MepHOM 

npocTpaHCTBC CKOpOCTCII B CTporou, uaTeMaTII'ICCKOM CMhiCliC aToro noH.HTIIJI. 

B HacToJirn;eii pa6oTe noKaaaHo, 'ITO p;rr~ 6xmapHoro B- anropiiTMa orpaHII'ICHIIC Ha pa

BeHCTBO i.mcr 'IaCTllq, BKliiO'ICHHhiJC; B aHaJIIID no noiiCKY CTpyii, He .HBliJif'TC.H cyrn;<'CTBt'HHhiM. 

II o6JID~Te~bHbl~·:· Eorree Toro,: BKliiO'ICHIIe B a!IaJIIID ITO IrOIICKy CTpyii ll01tiiim ;;±:~ Mroh

HOB,':rruoKe ·II rrpo'T~Hon yrry'IIIIaeT xapaKTe'p1rcTiiKn u cnoirr.'l'na peKoHcTpyiip<;saim·~,.:· 'ni>;r 

~TOM CTpyil ii rrpiino)r;nT K o6iiapyiKeHIIIO CB~iicTB liii~Ilponamm 'II BHJ"TPf'HHcii 'CTPYKT),phi :; 

caMIIX cii>YII: B ~acTiiocTII, B pacnpep;erreHII!IX no a<f><f>eKTIIB!IOli M'acceCTI;Yii, Bhip;erreirHwx 

Ha ocHoBe B- arrropnTMa npoJIBJIJIIOTca xoporno naMeTHi.re pmoHaHcHhi!; CTI));IiTYJ~W, ~n"ina;I
Hhre, no-BI!p;I!MOMy, C b,.- pet30HaHCaMII. 

Ha puc. 1 noKaaaHo rronep;eHne Ni •mcJia 0, '.., 2, 3 II T:A· CTJlYIIHhiX co6hiTIIii (p;arrce B 

T<'KCT<' j- cTpynHhie co6hiTII.H) no BnaiiMop;Pii<'TBII.HX 1r-p n 1r"'C, OITJ><'A<'lii'HHhiX Ha ocHoBe 

fl ... aJiropl!TMa, B tlaBIICUMOCTII OT napaMeTpa o6pt"l"d.H1IJI anropiiTMa b.-ul· llpii rJTOM B aHa

mme J'IIIThiBaJIIICh BCe C06hiTIIJI, B KOTOphiX cyMMapHoe 'IIICJIO 7r±- MC::IOHOB II ITJlOT!>HOB. B 

5;) 
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PllcyuoK 1 .. 3aBIIC~MoCTb _ 'IIIcrr~ N;: cMewaHHbiX j -. cTpJliHbiX- ~ofibiTIIii oT Berrii'IIIHbi 
napaMeipa o6peaaHIIH bcut gnH r.-p- II '-n:-c- B.3am.mgeiicTBI1ii. Kpl~BaH-1 - ~i11crro 6eccTpyii

HhiX C06biTllll, 2 - 'IIH".JIO Oj:IHOCTpyiiH~X co6~lT-11ll, 3 ___: 'IliCliO fiBYX~TpyllHbiX co6biT11ll, 4 -
'IUCJIO 3:-cTpyiiHhiXC06hlTllll, 5.- 'IliCliO 4-cTpyllHbi~ C06hlT~ll, 6 - 'II1Cll0 C06biTI1ll Cll.!IThiO 
lli10HHbiMI1 CTpyli~Ill B KOHe'IHOM COCTo'mfim. .. .. . - -. ' , 

6 

o! 16 
.D 

14 
_:, 

.D 12 

_o 10 

bR 40 r3B/c 1\._ p ----·--- bL 
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0 
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/ --- ---------
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bcut 

PHCYHOK 2. '3aB11CliMOCTb xapaKTep11CTliK npaBOll (R) 11 rreBOll (£) CTpyii, COCTOH~llX 
11a npoTOHOB II 7r±- Me:JOHOB, B ABJXCTpyiiHhiX co6biTIIHX, Bbi~erreHm.ix B- arrropiiTMOM, B 
13aBliCI1MOCTI1 OT napaMeTpa o6proaHIIH bcu1: a- panMepbi npaBOll (R) 11 rreBOll (£) CTpyii bR 
11 bL, 11 paccTcmHiie Me2Kf1Y R- 11 .u--:-·cTpyHMII bRL B npocTpaHcTBe -cKopocTeii (nHa'IeHIIH bRL 
yMeHhWeHbi B 10 pan); 6- MaCChi npaBOll (R) 11 rreBOll (£) CTpyii ffiR II ffiL, li a<P<l>eKTllBHaH 

Macca ffiRL ):IBJXCTpyxmoii CI1CTeMb! {nHa'IeHIIH ffiRL JMeHbWeHb! B 10 pan). 

7 



KOHe'IHOM COCTO.!!Hllii 6o1Ibl1Ie lliiii paBHO IJ;ByM. 3aanCHMOCTII panMepOB npaBOH (R) II JieBOU 

(£) CTpyH bn ll bL, a TaK:lKe paCCTO.!!Hlle Me:lKI);Y HllMll bRL B llpOCTpaHCTBe CKOpOCTeH OT na
paMeTpa o6proaHII.!! bcut B ~J;BYXCTpyHHhiX tr-p- co6biTII.!!X npe~J;CTa.BiieHbl na pnc. 2. Ha pnc. 
2 npegcTa.BiieHhl, TaK:lKe, naancnMocTn Mace R n L CTpyii, mn II mL, II MacChi AByxcTpyimoii 
CllCTeMbl ffiRL OT napaMeTpa o6pe:JaHU.!! aJITOpllTMa bco.t B A!lJXCTpyiim,rx -;r":"p- co6biTIIHX. 
IlycTb cTpy.!! J, rl);e J = R xmn L, cocTOHT 113 N J 'IacTnn; c 4-IIMIIyiihcaMbl p;; rge j = 1, 2, 
.. : , NJ . . Tor~J;a aenn'IHHhl bJ. mJ, bnL u mnL onpe~J;erunoTC.!! Bbipa:lKeHIDiMn: 

bJ = 2 NJ Nr 

"J(NJ -1) LLbik, 
1=1 k>i 

bRL = _ ( Pn _ PL )
2

, 

mn mL 

NJ 

m~=P], PJ=LPi; (13) 
i=l 

m~L = (Pn + PL?· (14) 

. CpaaHeHHe naancnMOCT.en, npe~J;CTaarreHHbiX Ha pnc. 1 n 2, c aHarror~ naanciiMo
CT.!!MH, norry'IeHHbiMU C y'IeTOM TOiibKO 7r±_ Me:JOHOB B KOHe'IHOM COCTO.!!IIIIIi: [8], noxamsma.eT, 
'ITO BKIIIO'IeHIIe npOTOHHOH KOMllOHeHThl CTpyii npaKTH'IeCKII He BJIII.!!eT Ha. pa:3Mep CTpyu II 
Ha XapaKTep 3aBIICHMOCTII pa:3Mepa CTpyn OT 3Ha'IeHU.!! napaMeTPa bcuf· Thxn:M o6pa30M, B 
crry'!ae cMeiUaHHhlX a~J;pOHHhlX cTpyii I);JI.!I nHa'IeHII.!! napaMcrpa o6proa.HW1 B- aJiropiiTMa, 
TaK :lKe, :KaK II 1\JI.!I Ciiy'!aJI 7r±- Me:JOHHbiX CTpyn, IIMeeM bcu1 = 10 - 20, . T.K. OTHOliieHIIe 
N3 /N2 = 0.01 H 0.07 npii bcut = 20 II 10, COOTBeTCTBeHHO (CM., Ta.K:lKe, [8]). 0TMeTIIM, 
'ITO 'IIIcrro ABYXCTpyiiHhiX co6Liinii N2 IJ;OCTnraeT caoero Ma.KCHM}'Lia npii ~ma'IeHHU bcut ~ 5 
a tr-p- ananMO~J;encTBII.!!X, II npii nHa•reHIIe bcu1 ~ 10 B 1r-C- ll3aHMop;encTBHHX. Ilcxop;ll 113 
:nora, B HeKOTOpbiX Ciiy'!aJIX, 1\JI.!I yBeiiii'IeHU.!! 'IHCiia IJ;BJXCTPyiim,rx C06b1THH Mhl{)yp;eM ll01Ib-
30BaTbC.!! nHa'IeHneM napaMeTpa bcut 113 o6rracTn 5 < bcu1 < 20. 

lb o6~ero 'IllCiia 16811 co6biTllH tr-p- B3anMOIJ;eHCTBuH HMeeM 15834 co6hlTU.!!, B KOTD
pbiX cyMMapHoe 'IIICIIO 7r±- Me:JOHOB II llpOTOHOB B.KOHe'IHOM COCTO~ 601Ibme li1IH paBHO 
~J;ByM. Ilpii aToM IJ;iill bcu1 = 10 IIMeeM N0 = .4261 6eccTpyiim,rx co6hiTHii, N 1 ·~ 9412 O)I;Ho
CTpynHbiX co6LITnii, N 2 = 2016 ~J;ayxcTpynHhiX co6blTuH, N3 = 140 Tpex:CTpyiim,n co6hlTnii 
n N4 = 5 'IeThlpexcTpyiiHbiX co6biTHH. B crry•rae bcu1 = 20 HMeeM No = 2776, N 1 . = 12146, 
N2 = 903 n N3 = 9, cooTBeTCTBeHHO. Ha piic. 3 npe~J;CTa.BiieHbl pacnpe~J;erreHII.!! npo;D;01IbHhiX 
trMnyrrLCOB npaaoii (R) u rreaoii (L) cTpy:H: nn IJ;BJXCTpyiim,rx co6"uTuii B 1r-p- B3aHMo;n;e:H:
CTBll.!!X npi1 bcul = 20. Pacnpe~J;eiieHU.!! al);pOHOB (tr±- Me:JOHOB II npoTOHOB), BXOIJ;.!!IQHX B 
3TH cTpyu, np~cTaBrreHbi Ha puc. 4. Ilpe~J;CTaBrreHHble proyiibTaTbl noxanblBaiOT, 'ITO npn 
bcul = 20 Ha61IIOIJ;aiOTC.!! ~);Be XOpOliiO pa:JI);eiieHHble CTpyu. Ilpn 3TOM CTpyn paDIJ;eJieHbl ltaK B 
«jla:JOBOM llpOCTpaHCTBe CaMliX CTpyn, TaK II B «jla:JOBOM npOCTpatrCTBe a~J;pOHOB, o6panyroiQHX 
3TII CTpyu. Ilpn OHa'IeHIIII napa.MeTpa bcul = 10 pa.'31);eii.!!eMOCTb CTpyH He TaKa.!! XOpOlUaJI, KaK 
IJ;ii.!! CiiY'Ja.!! bcut. = 20, OIJ;HaKO npn 3TOM KOiill'IeCTBO IJ;BJXCTpyiim,rx C06blTuH 3Ha'IHTeJibHO 
6orrL11Ie. 

. B Ta6rrnn;ax 1 II 2 npe~J;CTa.BiieHbi cpe~J;HHe nHa'IeHII.!! nap.!!IJ;a II MHO:lKeCTBeHHOCTII.'Ia.CTnn; 
B CTpye, a TaK:lKe napa.MeTpa xopperrnpoBaHHOCTH IJ;BJX CTpyH B ABJXCTPyiim,n co6blTHHX 
npn.oHa'Iemm bcut = 10 n.20 6en BKJIIO'IeHII.!! npoTOHOB Ban= no noiicxy crpy:H, II c 
y'IeTOM npoTOH~B B KOHe'IHOM COCTO.!!HIIU. B Ka'IeCTBe napaMcrpa KOP}l~OBaHO~ CTpyH 
B IJ;ByXCTPyimbiX C06biTII.!!X B3.!!Ta BeJIII'IUHa!:!,. = 180° -{}n-ih, rl);e {)R II {)L-;- ll01I.!!pHble Jriibl 
npaaoii ( R) II rreaoii ( L) cTpyii OTHOCIITeJibHO HanPaBrreHU.!! IIMizyllbCa Ha.'I~~or.o.1r-- Me:JoHa 
B CIICTeMe ~:~eHTpa Mace 1r-p- B3aHMOIJ;eHcTBII.!!. ProyiihTaThl, np~eHm.re B Tafum:u;ax 1 II 
2, 6yp;yT no~J;po6Ho o6cy:lKIJ;aTbC.!! B crre~J;yro~eM pa:J~J;erre IJ;aHHOH pa6oTbl. 3~J;ecb :lKe OTMeTHM, 
'ITO, KaK Ciie~J;yeT liD npe~J;CTaBiieHHbiX B Ta6rrnn;ax 1 II 2 proyiibTaTOB, BKJIIO'IeHHe B aHaJIIIn 
llO llOIICKY II peKOHCTPYK!<IIH CTpyn TaK:lKe II llpOTOHHOH ltOMnOHeHTbl CTpyu COBMeCTHO C 
KOMllOHeHTOH li3 7r±- MffiOHOB yrry'IliiaeT KoppelmpOBaHHOCTb AIIJX CTpyll II npufu:rmKaeT 
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brut - 10 Tr p- B:JaiiMOI);ei!CTBII.!!, 40 iaBjc, 16811 co6biTllll 

~- "--

15834 co6biTIIll c N(,±,p) > 2. 14904 co6biTH.!! c N,± > 2 

Beml'mHa 2-cTpyiiHLie co6biTI!ll 2-cTpyii:Hbie co6biTll.!! 1-cTpyiiHhle co6LITII.!! 
(pa.'3ME'P:- rr±-MeaoHbl 7r±-ME'3. II npoTOHhl - .7r±-cMe3. II ll]lOTOHbi 

HOCTb) LrcTpyn ·R2-cTpy.11 LrcTpyn RrcTpyJI Lc-cTpy.!! R)c-CTJlY.!! 

NJ 2.9 2.8 3.0 2.9 
·-·· 4.3 4.2 

QJ 0.00 -0.30 0.21 -0.34 . 0.19 -0.41 

b.l 5.9 5.6 5.9 5.7 9.2 8.9 

bk 2.2 2.1 2.2 2.1 3.3 3.2 

111.1 (i<lB) .0.73. 0.68 0.99 0.71 1.7 :1.3 

Pr(i<lB) .0.71 0.72 i 0.66 0.69 0.62 0.59 

xV> -0.24 0.33 -0.42. 0.34 -0.40 . 0.33 
iJJ (rpa~J;.) 47 35 38 33 33 32 

D. (rpag.) "12 4.3 ' 

but, 23 ... 24 He onpe~J;PrreHo 
111 111, (ir>B), 3.1. 3.8 

N; 1724 2016 3911 I 5501 

Ta6;m~a 1. XapaxTepi!CTIIKII <"Tpy:H: nn ogHncTpyiiHi.r)( J!'gayx'cTJ)yiiH':br:x co6~ITuii B 
tr-p- B3ai!MO~J;eiicTBIIl!X up11 nHa•reHJm napaMeTpa b~,;, = 10 . .IJ:rr.11 L=-'cTpyii'aitecTc> :JHa•reHI!ll 

yrrra {) t, llJHIBe~J;eHhl nHa'reHI!l! 180° '- ih. 

bcut = 20 7r p- B:Jai!MOIJ;ei!CTBUll, 401<lBjc, 16811 cofibiTllli 
; 

15834 co6bi~II.!! c N(~±,p) > 2, 14904 co6biTII.!! c'N~± > 2 

B cmr•mHa 2-cTpyi'mhle co6biTl!n 2-rTpyiiHhl<' co6biTII.!! 1-cTpyi'mhle co 6LITII.!! 
(pa3MCp- 7r±-Me30Hhl. 'i±:_Men. u_np<lTOHhl ' rr±-fviea. ·i1 npoTOHhl 

HOC.Tb) £2-CTJlY.!! Rrc:Tpyn LrcTpy.!! RrcTpy.!! Lt-l'TJlY.!! Rt-l'TJlY.!! 

N.J ·2.8 2.8 2.9 2.7 5.3 5.0 

CJJ 0.09 -0.40 0.31 -0.47 0.18 -0.43 

bJ 10.2 10.5 9.9 10.4 20.0 19.8 

h 3.1 3.2 . 3.1 3.2 5.7 5.6 

11lJ (1aB) 0.85 0.82 1.2 0.81 2.8 2.2 

Pr(i<lB) 0.73 0.70 0.64 0.67 0.65 0.60 

x\;IJ -0.40 0.55 -0.61 0.56 -0.44. 0.42 

{) J (rpa~J;.) 30 21 22 . 19 30 ?-_, 
D. (rpag.) . :·. 8.4 2.7 ., , .. •, 

bnL 37 38 He onpl'gerreHo 

mnL(iaB) 4.5 5.4 

Ni 689 903 5149 I 6997 

Ta6nu~:~a 2. XapaxTepucTl!KII cTpyii un oi);HO<'Tpyi'rHhlX u ~J;ByxcTpyiiHbiX co6hlTnii B 
tr-p- ananMogeiicTBlll!X npu nHa'reHIIII napaMeTpa b<ut = 20 . .IJ:rr.11 L-- <"Tpyii BM<'<"To nHa•reHI!ll 
yrrra th npnB<'}J;CHhl nHa•reHII.!! 180°- {)~. 
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P. (f3B/c), c.n;.M. 

Pncyllmc 3. PacnpC/l;eJieHHJI no npop;om.HOM}' mmyin.cyPz npaBOii: R- H JJeBOii: L- CTpyii:, 
B cncT~re l:l;eHTpa Mace 1r-p- BciaHMop;eiiCTBm'i, B ABy=Tpyiim,Dc co6HTm~X, BUAeneH:IlblX B
anropnTMo~ npn :ma'!eHHH napaMeTpa o6pmaHWI b.,.t = 20. B coCTaB CTpyii: BXO)\RT KaK 
1r±- Me:JOHhl, TaK H npOTOIU.l. 
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PncynoK 4. Pacrrpep;enemrn 7r±- MeooHOB n npoToHoB, nxop;JIII:l;HX B npanyiO (R) mm 

JieByro ( L) cTpyn B gByXCTpyii:HhlX co6biTHJIX, Bhlp;elleHHhlX s.:..' anropnTMOM npll 3Ha'!eHilll 

napaMeTpa o6proaoo bcu1 = 20. Px - KOMIToHeHTa rronepe'!Horo llMITYJibca 'IaCTill:l;, nxop;xll:l;ux 

B R- u L- cTpyn; no HanpaBJieHIIIO ocu x, a yCM- 6ucTpoTa '!aCTHJ:l; B cucTeMe J::(eHTpa Mace 
7r-p-- B3a!IMOp;ellCTBIIH. 
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::ma'lelllle nap.!I):I3 CTpyH K O:lKII):IaeMhiM B paMKax KBapKOBhiX npe):ICTaBJieHiru :JHa'IeHll.!IM. Ilpll 

aTOM MHOJKeCTBeHHOCTb '!aCTilll B CTpy.!IX npaKTU'leCKil He MeH.!IeTC.!I. 

2. YHHBepcarrbHOCTb aApOHHbiX cTpy:H 

B OAHOCTPYHHbiX H ABYXCTPYHHbiX COObiTH.HX 

HacTo.!I~IIii poogen nocn.!I~eH aHMlliJY xapaxTepiiCTHK cMelllaHHhiX cnexTaTopHhiX cTpyil B 

O):IHQ- II J:IBYXCTpyMHhiX C06hiTU.!IX, Bhi):IeJieHHhiX Ha OCHOBe B- anropiiTMa. IlpegcTaBJieHhl 

proyJihTaThi aHamma axcnepiiMeHTaJihHhiX AaHHhiX no 1r-p- II 1r-C- B:JaiiMoge:iicTBII.!IM, no

JIY'leHHhie c noMo~hiO 2- MeTpono:ii IIIIK OIUHI, o6Jiy'leHHoil ny'IKOM 1f-- Me:JOHOB c IIM

nyJihCOM 40 raB/c Ha ycxopriTeJie II<t>B8. B OTJI11'Ille OT (8] npu BhigeneHim 11 peKOHCTPYKil11ll 

cneKTaTOpHhiX CTpyll B o6naCT.!IX <lJparMeHT3J:l11ll ny'!Ka II M11llleHII llCnOJihiJOBaJI11Cb He TOllhKO 

7r±.:.. Me:JOHhi, Ho n npoTOHhi B KOHe'IHOM cocTonHIIII. Kax 6hino OTMe'!eHo, nxmo'leHne B aHa

mrd npoTOHHOM KOMnOHeHT~ CTpyn B gononHeH11e K 1f±- Me:JOHHOH He MeH.!IeT ty~eCTBeHHO 
BeJI11'IIIHY napru-reTpa o6penaHU.!I anrop11TMa bcut, ima'!eHire KoToporo HaxogiiTC.!I B npegenax 

10 ~ bcut < 20. Ilp113Ha'!eH11.!IX bcut > 20 B J:IBYXCTpyMHhiX C06b1Tll.!IX UMeiOTCll XopolliO pooge

ne~Hble CTpyR, B TO BpeMH KaK npn bcut ~ 10 poogeiDreMOCTb CTpyM He TaKaH 'IeTKaH, KaK npn 

bcu; ~ 20, OJ:IHaKO KOJI11'leCTBO gnyxcTpyr'IHhiX co6biTIIMIJHa'IIIT!!llhHO 6oJibllle. Ilpn :JHa'!eHll.!IX 

rrapaMeTpa o6pe3aHII.!I 10 < bcut < 20 BCe co6hiTll.!I CO CTpyHMll gellliTCH, B OCHOBHOM, Ha ):~Be 

rpynnhi: og~ocTpyliHhie 11 ;:~nyxcTpyilHhle. Komr'leCTBO TpexcTpyilHhiX co6biT11M3Ha'mTeJibHO 

MeHbllle. 

B ogHocTpyilHhix co6hiTmrx cTpyiO c cosl'h· > 0, rge i)J - yroJI BbmeTa cTpy11 no OT

HOllleHlliO KOC11 B:JaHMO):IeMCTBU.!I B CllCTeMe UeHTpa Mace 1rN~ BIJaiiMO):IeMCTB11.!I, T.e. CTpyiO 

B ~6JiaCT11 <IJparMeHT3J:l11ll rry'!Ka 6ygeM Ha:JhiBaTh R1- cTpyeil, a cTpyro c cos iJJ < 0, T.e. 

cipyiO B o6iracT11 <IJparMeHTaU11II M11llleH11- L 1- cTpyeii. B gnyxcTpyilHhiX co6hiTH.!IX R~ n L~ 
CTPYII onpegeJI.!IIOTC.!I ycnoBneM !JR > YL, T.e. CTPY.!I c 6oJihlllllM :JHa'!eHneM 6hicTpOThi ecTh 

R~"- cTpy.!I, a gpyran - L2- cTpy.!I. · . 

B Ta6JI11uax 111 2 npegcTaBJieHhi xapaxTep11CTUK11 R- n L:._ cTpyil B ~AHOCTpy:lmhlx n gnyx

cTpyilHhiX co6hiTII.!Ix, a TaKJKe nHa•reHll.!I Nj '!11cna OJ:IHOCTpymrx (j =:= 1) ii i\nyxcTpyilHhlX 

(j = 2) co6hiTnil, np11 3Ha'!eHll.!IX bcut = 10 ii 20 B 1r-p- ooa11MogeilcTBll.!IX. Ilpn :JTOM J = R 
umr L 11 o6onmi'laeT rrpanyiO 11nir JieByiO cTpyiO, cooTBeTCTBeHHo, NJ - MHOJKeCTBeHHOCTh 

'Ia~Tllll B CTpye, QJ II ffiJ- oap.!IJ:I I:! Macca CTpyn COOTBeTCTBeHo, pT 11 XF .. - nonepe'IHhiM 

l:!MnyJihC U ):lOll.!! llpO):IOllbHoro l:!MliYllbCa CTpyii B CUCTeMe UeHTpa Mace 1f-p- B.:3aiiMO):IeMCTBll.!I 

cooTBeTCTBeHHO. PanMep CTPYII B 4-MepHoM npocTpaHCTB~ cxopocTeil onpegell.!IeTC.!I BeJIII

'lliHOII bJ (eM. BhipaJKeHlie (13)), KOTopyiO MOJKHO 11HTepnpeT11pOBaTb KaK ):111aMeTp CTpyii. 

Taxoe onpegeJieHIIe panMepa cTpy11 ygo6Ho TeM, 'ITO He Tpe6yeT onpegeneHll.!I ueHTpa cTpy11 

B npocTpaHCTBe cxopocTeil. B pa6oTe (10] panMep CTPYII B rrpocTpaHCTBe cxopocTeil onpe

geJI.!Ie;rc.!I BeJI11'IllHOii bk, KOTOpan CBJ!:JaHa C BeJill'lllHaMll bJ 11 NJ COOTHOllleHIIeM (8] 

bk = -2+2v1+(1 ~ ~J b;. (15) 

BeJIU'l11HY :bk· MOJKHO 11HTepnpeT11ponaTh xax pageyc. CTPY11 B rrpocTpaHCTBe cxopocTeii, T.K. bk 
.!!BJI.!IeTC.!I paCCTO.!IHIIeM MelKJ:IY '!aCTIII~eii 11 UeHTpOM CTpyrr, ycpegHeHHhiM IIO BCeM '!aCTUJ:laM, 

BXOfi.!I~llM B CTpyiO. B Ta6JIIIU3X 1 II 2 npiiBe):leHhi TaKJKe Cpe):IHlle 3Ha'!eHll.!I BeJill'lllH bJ 11 h. 
B OJ:IHOCTpyiiHhix co6hiTII.!IX MHOlKeCTBeHHOCTh '!aCT11Il KaK B R1-, TaK n B Lt- CTpye 

paBHa NJ, ~ 4.2 npll b.;.., = 10 u 6oJiee •reM Ha eJ:~IIHIIJ:lY 6oJibllle cooTBeTCTBYIO~ero 3Ha'!e

HltJI B gnyxcTpyilHhiX co6hiTll.!IX, NJ2 ~ 3.0. BoJiee Toro, TaKIIe xapaxTepncTnK11, KaK Macca 

/, 
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I 

<"TpJ11 tHJ II ee panMep bJ (nmi bk), B O):IHOCTpyMHhiX co6b1Tll.!IX MHOro 60Jibllle, '!eM B J:IBYX

CTpyiiHhiX. )laHHOe o6CTOHTeJibCTBO yKa."JhiBaeT, no-B11):1UMOMy, Ha TO, 'ITO O)IHOCTj)JHHble 

co6hiTliJI- aTo TaKIIe co6biTIIJI, B KOTOphlx BTopan cneKTaTopHan cTpyn nmr, no xpa:lmei"r 

Mepe, ero UeHTpanbHaH HJIII llll):IHpyiO~aH 'JaCTb He COCTOIIT liD 6onee '!eM O)IHOU nap.!IJKeH

Hoii 'IaCTIII!bl ( 7r±_ Me:JOHOB ll npOTOHOB ). Ilpn IJTOM nap.!I:iKeHHb!e' 7r- Me:JOHhr ll npoTOHhi, 

KOTOpbie uoryT HaXO)J;l!TbC.!I Ha nepn<IJei:nrn llllll Ha XBOCTe TaKOU ·"HeBII):IliMOII" CTpyn, MO

ryT nonaCTb B Bbl)leJIJieMJIO CTpyiO, COCTO.!I~YIO 113 7r±_ Me:JOHOB II npoTOHOB ll yneJIU'lllTb 

cpe)IHIOIO MHOlKeCTBeHHOCTh 'IaCTIIJ:l B Rt- "ll Lt- CTpynx:nn OAHOCTpynHhiX co6hiTIIii.:Ec

Te<"TBPHHO npn aToM; 'ITO TaKUe nepmpepll'IeCKliC" UJIII "•ryJKue'' niiOHbl II npOTOHhi 6ygyT 

YB<'liii'!liBaTb KaK Macey CTpyn, TaK II ee pa."JMep B npOCTpaHCTBe CKOJlOCTeii, Talf KaK OHII 113 

npOTIIBOnOJIOlKHOil CTpyn. 
Tel\! Ht' MeHPe, B OTJIII'!lle OT MHOlKeCTBeHHOCTll 'IaCTllll B CTpye, ee MaCChi, II panuepa. 

orHoBHhie KnHeMaTn'recK11e xapaxTepiiCTIIKII R- II L- cTpyii, TaKne, xax nonepe'IHhlli liM

nyJihC Pr, )IOJIJI npo)IOJibHoro IIMnynhca :rF nyron BhmeTa iJJ cTpyn B o/iHo-u gnyxcTpy:lnihlx 

co6b!Tlll!X ):IOBOJibHO 6mmKll gpyr K AJlyry. ir :OTJIII'IaiOTCJ! He 6onee 'IeM H~ 10 - 15% Tij)ll 

aHa'H'Hllll bcut = 10. Bnii:JOCTh TaKHX xapaKTepncTIIK cTpyil no OAHOCTpy:lmhiX u ABYX

<"TpyiiHhiX C06hiT11ll MOlKeT 6biTb TaKlKe llCnOJib3ClBaHa KaK Kj)llTepiiii ):IJIJ! Bhi6~pa 3Ha'IeHll.!I 

napaMeTpa o6penaHUJI anropnTMa bcut ~ 10. Ilpn ynemr•IeHH11 bcut xapaKTepncTl!Kll cTpy:ii nn 

)lBJXCTpyiiHhiX co6biTllll MaKCllMallbHO IIpn6mrlKaiOTC.!I K IJHa:'IeHIDIM, OlKII~aeMhiM B paMKaX 

KBa[HC .. napTOHHbiX rrpe):ICTaBJieHnii ( CM. xapaKTepllCTIIKll CTpyii un )IB)'XC.Tp)'IiHhiX eofihiTli.!IX 

np~r bwt = 20, Ta6mrua 2) .. Ilpii <>TOM paCXOlK):IeHUe MelKAY 3Ha'IeHill!Mll xapaKTepl!CTl!K CTpyil 

1m ogHocTpyil~hiX 11 ABYXCTpyiiHhiX co6hiTnii ynemi<mBaeTc.!I,' 'ITO CBJI:JaHo c TeM._ ,'ITO rrpn 

bcut -> 00 Bee co6hiTll.!I, 11HTepnpeT11pJIOTCJ! aJiropUTMOM KaK· O):IHOCTpyHHhie. 

Jlo cnx mip Mhi cpaBHIIBamr xapa:KTepncTnKn R( L )- cTpyii no ogHocTpyiiHhiX u ABYX

cTpyiiHhiX eo6biTUII, T.e. R 1 c R 2 (L1 c:·L2 ). IlepeiigeM K cpanHeHnro xapaKTepiiCTIIK R
ll L- cTpyii MelKAY co6oi"r 1m O)IHO- n· gnyxcTpyilHhiX co6hiTn:ii, T.e. Rt c: L1 n R 2 c L2. 
Ilpii <>TOM MOliCHO o6HapylKIITh, 'ITO '3Ha•i~Hll.!I TaKUX xapaKTepiiCTliK, KaK MHOlKeCTBeHHOCTb 

'IaCT11Il B CTpye, panMep CTJlJ11 II ero IIOIIepe~IHhlll l!MnyJihC O):ll!HaKOBhi,·B TO ·BpeM.!I KaK :JHa

'!CHHe napnga, MaCChi cTpyH II upogonhHoii uepeMeHHoii ;rF naMeTHO p.;,."JJIII'IHhl AJIH R-· u L
cTpyii. PaerrpegeneHll.!I ITOCJie)IH11X BeJIIl'lllH HecyT Ha ce6e OTUe'IaTOK ~BapKOBOli CTj)JKTyphl 

<IJparMeHTnpyro~eii B R- mm L- eTpyiO •raeTII~hi, T.e. IIY'IKOBoii ~raeTHilhl II MIIllleHII. Ilpn 

llcut = 10 gnJI R- CTpyH (o6nacTh <lJparMeHTaUIIII ny'IKOBoro 7r-- Me:JoHa) IIM<'<'M QR, ;, -0.41 

II QR
2 

= -0.34, :B'To npeM.!I xaK gn.!I L- cTpyu (o6nacTb <IJparMeHTa~xm npoToHa) 11MeeM 

(h,, = 0.19 II QL
2

, = 0.21. Ilpn bcut = 20 IIMeeM QR, = -0.43 II QR2 = -0.47, a gnn 

L- cTpyii QI-, = O.i8 II QL. = 0.31. IIcxo)lll ll:J KBapxonoro coc;aBa7r-- Mt'n!>Ha II npOTOHa 

MOlKHO onpegenHTb cpe):IHIIH 3ap.!IIl; KBapKa B o6naCT.!IX <lJparMeHT3Illll1 7r-- Me:JOHa II npoToHa 

QR = (Qu + Qd)/2 = -0.5II QL = (2Q, + Qd)/3 = 1/3, r)le Qq- nap.!IA xnapxa (aHTUKBapxa) 

q. 0TMeTUM, 'ITO 6en Y'IeTa IIJlOTOHHOll KOMUOHeHThi CTpyu 3Ha'IeHII.!I Q1,2 :JHa'IIITI'llhHO 

MeHbllle: QL
2 
~ 0 II 0.1 IIpll bcut = 10 11 20, COOTBeTCTBeHHO. 

B pacnpegeneHll.!IX no npogonbHMM 11MUYJihCaM L- cTpyii ( o6naCTh <IJparMeHTaUIIll np~
ToHa) Ha6niOgaeTC.!I MaKCIIMYM B o6nacTH npogonbHoro nMnynhca cTpyu P, -~ -4rllB, <"BJI

naHHhr:ii e <IJparMeHTauueil B L- cTpyiO gnxnapxa rrpoToHa, puc. 3. Taxal! xapaxTepHan gn.!I' 

):IIIKBapKa CTpyKTypa cy~eCTByeT DO BCeX liHKJII03llBHhiX cneKTpax JIH)Illpyio~liX 6apUOHOB;' 

xoTopbie MoryT o6poooBhiBaTbC.!I Ha· guxnapxe npoTOHa (16, 17]. Hann•un• gurcnapxonoro 

MaxcuMyMa rrpiiBOJ:I11T K ynenH•IeHniO nemi'IUHhl XF gnJI L- cTpyii c y•reT<>M npoToHHoii KoM

noHeHThl CTpyii. 
TpeTbeii BeJIII'IIIHoii, pacnpegenemre KOTopoii cyurecTBeHHO oTJIIPIHo AJIJI R- II L- cTpyii 

B 7r-p- B3aUMO):IeliCTBIUIX, J!Bl!HeTC.!I Macca CTJ>JII, pacnpe)leJieHIIl! KOTOpoii npe):ICTaBJieHbl Ha 

pnl". 5. B pacnpe)leneHH.!IX no Macce R II L I'Tpyii B ogHo- n gnyxcTpyiiHhiX co6b1TIIJIX, Bhige-
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PHcyuoK 5. Pacnpe~J;erreHllii no Macce npaBh!X (R) H rreBh!X (L) cTpyii: IID iJ:BJXCTpynHh!X 

(Bepxmie piiCYHKII) II O)J;HOCTpJHHhiX (HII:lKHlle pncymm) co6h!THR B 7r-p- B3anMO)J;eHCTBlliiX. 

CTpyn Bhl)J;erreHh! B- arrropiiTMOM npn :JHa'!eHIIII napaMeTpa o6proaHllii bcut = 10 n cocToxT 
II3 7r~±- Me:JOHOB II npOTOHOB. 
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PHcyuoK 6. Pacnpe)J;eiTeHID! no Macce npash!X (R) n rreBhiX (L) C':J:'py:ii IID )J;BJXCTp,YiiHhiX 

(BepXHlle pucyHKII) H O)J;HOCTpyRHhiX (HII:lKHIIe pncyHKH) co6h!Tn:ii B rr-ir: B3anMO)J;eRCTBHHX. 

CTpyn Bhl~J;erreHhi JADE- arrropnTMOM npn :JHa:'Jemrn napaMeTpa o6proaHllii m~t = :2oraB2 

ll COCTOHT liD 7r±_ Me:JOHOB ll npOTOHOB. fla Hll:lKHeM npaBOM ~piiCJHKe TO'IKaMll npe)J;CTaBlieHO 

TaKlKe pacnpe~J;erreHHe no Beliii'IIIHe MR, iJ:liH CliJ'IaH, Kor)J;~ B aHarriiD BKmo'IeHhi Bee co6h!Tllii 

c cyMMapHh!M 'IIICliOM 7r±- Me:JOHOB n npoTOHOB N(,.±,p) 2: 4. 
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neHHhiX B- anropiiTMOM oaMeTHa orrpep;eneHHaJI cTpyKTypa . .IJ:eTanhHOMY aHanrmy MaccOBhiX 

ciieKTpOB CTpyH IlO O)l;HO- II Jl:BJXCTpJllHhiX C06biT!Ill 6yp;eT IIOCB.!ImeH CJiep;yromuiJ paop;eJI 

p;aHHOll pa60Thl. 3p;ecb Heo6xop;UMO liiiiiih IIOp;'IepKHJTh, 'ITO 9Ta CTpJKTJpa OTJili'IHa Jl:ll.!I 

fl'- I(£- CTpJII II CB.!IOaHa C TIIIIOM fjlparMeHTIIpyromeiJ B CTpyro 'IaCTIIqbi. 0TMeTUM
1 

'ITO 

HIIKaKOll CTpJKTJpbi HaiiOp;06IIe TCX, KOTOpbie IIpep;cTaBJieHbi Ha JliiC. 5 B pacrrpep;eJICH!I.!IX IIO 

Ma:cce R- u L- CTpyH· He BOOHnKaeT, ecnii p;ll.!I Bhlp;eneHII.!I cTpyii ucrronwoBaTh arrropnTM 
JADE (eM~ puc. 6.) .. 

· TaKnM o6paooM, nn Bcero cKaoaHHoro BhiiUe crrep;yeT, 'ITO CBOllCTBa KaK R-, TaK II L
cTpyii JHUBepCallhHhi C TO'IHOCThiO 10-15% B O)l;Ho-II IJ;BJXCTpJllHhiX C06hiTII.!IX • .3aMeTHOe 

OTliii'IIIe IIO MHOXCeCTBeHHOCTII 'IaCTUq B CTpJ.!IX, IIX paoMepax II Maccax CB.!IOaHO,C IIOIIOp;a

HIIeM B CTpJU UO O)l;HOCTpyilrrhlx C06biTIIll "'Iyxcnxl' 'IaCTUQ. IloKaaaHO TaKXCe, 'ITO .'JHa'IeHU.!I 

TaKIIX xapaKTepiiCTIIK KaK oap.!Ip; cTpyn, ero Macca n p;oll.!I rrpop;oJihHoro IIMIIJllhca cyme

CTBeHHO oaBIIC.!IT OT KBapKoBoro cocTaBa ¢parMeHTnpyromeii B cTpyro 'IaCTIII:Ihi, B To BpeM.!I 

KaK MHOXCe.CTBeHHOCTh 'IaCTIIq B CTpye, ee paoMep II IIOIIepe~Hhlll liMIIJllhC. He aaBIIC.!IT OT 

o6rracTII ¢parMeHTaQnii II op;nHaKOBhi p;~ R- II L- cTpyii. 0TMeTIIM TaKxce, 'ITO yKaoaHHhle 

o6.cTO.!ITerrhcTBa crrpaBep;mmhi TOJihKo p;ll.!I R- II L- cTpyii, Bhlp;eneiiHhiX B- arrropnTMoM, B 

TO BpeM.!I KaK xapitKTepiiCTIIKII CTpyil, Bhip;erreHHhiX anropnTMOM JADE' He OTpaxcaroT KBap

KO~oro COCTaBa fjlparMeHTUpyromux B CTpyro 'IaCTIIq. Ilpn 9TOM MHOXCCCTBeHHOCTh 'IaCTllQ 

B CTPY.!IX oaMeTHO 60JibiUe, 'IeM IJ;ll.!I CTpyii, Bhlp;eJieHHhiX B- ali_ropiiTMOM, 'ITO JKal3h!BaeT 

Ha To, 'ITO cTpyii, Bhlp;eneHHhle arrropiiTMOM JADE CIIJihHO rrepeKphiThi Mexcp;y co6oil (eM., 
TaKxce, [8]): .. 

3. A~pOHHhie c~pyH c onpe~eneHHhiM 3Ha"'eHH:eM 

3rreKTpH"'ecKoro~apa~a 

KaK yxce OTMe'rarroch, B pacrrpep;eneHII.!Ix rro Macce R- n L- cTpyr! aaMeTHa orrpep;eneH

HaJI CTpJKTypa:, paoJIII'IHaJI B 06JiaCT.!IX fjlparMeHTaqun 7r-- MeaoHa (fl- CTpJ.!I) II IIpOTOHa 

(L'- CTpy.!I) . .IJ:aHHaJI cTpJKTypa CTaHOBUTC.!I 6onee orrpep;eneHHoii, ecrrii rrpoBecTu paop;erreHne 

cTpyii rro OHa'IeHll.!IM erreKTpn'IecKoro aap.!Ip;a Qn u Q£. Ha puc. 7 rrpep;'cTaBJieHbi pacrrpe

_p;erreHU.!I rro Macce R- n L-. cTpyii c paomr'IHhiMn OHa'IeHli.!IMII arreKTpn'IecKoro oap.!Ip;a U3 

OIJ;HOCTpJ!IHbiX II 1\BJXCTpJllHbiX 7r-p-- C06biTilli 1 Bbip;erreHHhiX Ha OCHOBe B- arrropiiTMa IIp!I 

:JHa'Iermn rrapaMeTpa bcut'= 10. TaKne xce pacrrpep;eneHn.!I, HO 6ro y'IeTa· rrpoTOHHoii KOMIIo-
' HeHThi CTpyn, rrpep;CTaBJieHbi Ha pnc. 8. 

CpaBHeHne puc. 7 n 8 rroKaobiBaeT, 'ITO BKJIIO'Ienne B aHaJIU3 rrpoTOHHoii KOMIIoHeHThi 

CTpyn rrpaKTU'IecKn He BJili.!IeT Ha pacrrpep;eneHne rro Macce R- cTpyil ( o6nacTh ¢parMeHTaquu 

7r-- Me:JoHa) rrpn :JHa'IeHII.!Ix :Jap.!Ip;a Qn = 0, ±1 n ±2, a TaKxce Ha pacrrpep;eneHne rro Macce 

L-· cTpyii (o6nacTh ¢parMeHTaqnn rrpoToHa) rrpn :JHa'IeHIIe :Jap.!Ip;a QL =. -2. OgHaKo B 

pacrrpep;eneHII.!Ix rro Macce L- cTpyii rrpn :JHa'IeHli.!Ix :Jap.!Ip;a QL = 0, ±1 n +2 Ha6nrop;aroTc.!I 

cymecTBeHHhie OTJIII'I!I.!I C J'IeTOM U 6ea J'IeTa IIpOTOHHOll KOMIIOHeHThi CTpyn. 8Tu OTJIII'I!I.!I 

CBJIDaHMco6nacThiO M:acc ~- peooHaHca rrpii QL = 0 (~0 ---> p1r-) nQL = 2 (~++---> p1r+) 
·II c o6rraCThrO Mace ~*(1600)- prooHaHca rrpn QL = ±1·(~•+---> p1r+1r- n ~·----> p1r-1r-). 

Ha puc. 9 rrpep;cTaBJieHo cyMMapHoe pacrrpep;em!rme rro Macce L- CTpyii c :Jap.!Ip;aMn Q L = 0 

n 2,-Korp;a·B CTPJ.!IX IIMeroTc.!I TOJihKO p;Be '!aCTllqbl: op;Ha rm KOTOphlx- rrpoToH, a p;pyraJI-

1r±- Me:JOH. B aToM pacrrpep;eneHne Y'ITeHbi Bee r;.. cTpyn, yp;oBJieTBop.!Iromue rrepe'IuCJieHHbiM 

Bbiiiie JCliOBU.!IM ll.'J O)l;HOCTpJllHhiX II Jl:BJXCTpJllHhiX C06biTllll B 7r-p-- B3aiiMOp;ellCTBII.!IX
1 

Bbi

p;eJieHHbiX rrpu 3Ha'remru bcut = 6. 3p;ecb xce rrpep;cTaBJICHhi proyrrhTaTbi ¢uTnpoBaHli.!I aToro 
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11 p, 40 r3B/ c (bcut= 1 0, 13444 CTpyil) 

r ··* I t .. . I 200 OL = 0' 400 • • . OR ~ 0 
• • ...... ·' ,200 - • . . ~ 

0 0 ' ' I t I ,.., 'J.. "1 I I ' ' I I 0 0 ' ' .J-r.-. I I I I ' ' ' I I I I ' 
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10~ 0.,·.1 ..J--r-...' I'' I I I II I I 
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t * . -- I 
~~ 0

1
\ ~· ..... , hw ~: ~ ~~~-

0 1' '2 '3 4 
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) 

;~ : ,. ; 

PHcyHoK 7. CyMMapHhle pacnpep;enemrn no Macce cMeiiiaHHhiX R- n L- cTpyii c panmi'I· 

HhlMll .'JHa'ICHII.!IMll aJieKTpii'!eCKoro 3ap.!Ip;a II3 OIJ:HOCTjlJllHhiX ·ir' IJ;BJXCTpyiiHhiX C06biTIIIi; B 

7r-p-- BaanMop;eilcTBli.!IX. CTpyu Bbip;eJieHbi B- arrropiiTMOM npii nHa'ICHI!Il napm.ieTpa'o6pt'-· 

OaHli.!I bcut = 10 ll COCTO.!IT IlO 7r±- Me:JOHOB II ll}>OTOHOB. 3Ha'ICHllli oap.!I)l;OB CTpyii I!J>IIB~)l;CHbi 
Ha COOTBeTCTBJIOmiiX }>IICJHKax. 
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11-p, 40 r3B/ c (bcut= 1 0, 12832 CTpy:M:) 
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PucyuoK s: CyMMapHbie pacrrpep;eneHHJino Macce 1r±- MeOaHHhiX R- H L- cTpyii c pao

ilii'IIlhiMu OHa'ICHliJlMH aneKTpH'ICCKOrO oapllp;a HO Op;HOCTpyRHhiX H p;ByXcTpyRHbiX COfihiTHR 

B 1r-:p-c BoanMop;eiicTBIIJIX. CTpyH Bhlp;eneHbi B- anropiiTMOM rrpn ::ma'IeHnn rrapaMeTpa o6-

pmamrJI bcut ~ 10 U COCTOJ!T TOilbKO Iro 7r±- MCOOHOB. 3Ha'ICHIIJl oapllp;OB CTpyii IIpiiBep;CHhl 
Ha COOTBCTCTBY!Oll.IUX piiCYHKax. 
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-rr-p, 40 f3B/c (bcut=6, 5503 L- CTpy:M:) . 
120 f-

J 
ID· 801 
Entries 589 
Mean 1.238 
RMS .8177E-Ot 
Jt/ndf 13.20 · / 5 

100 1- PI 1.229± 
P2 .2820± 

...£.3 96.22± 

80 1-

I "I Q(p1r) = 0 I1 +2 I 
~ I ~ 

60 

40 

20 

-1.5 . 2 '3 3.5' 4' 
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2
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PucyuoK·9. CJMMapuoe pacnpE:AeneHHe no Macce L- CTpyii c oapllp;aMII Q = O.II +2, 
coCTOJlll1JIX IIO op;Horo rrpoToHa II op;Horo oapJI:lKeHHoro 1r;f:,...- Meo.oHa IIO. op;HoCTpyiimdx H 

IIBJ'XCTPyiim.lx co6mllii B 1r-:p- BOaHMop;eiicTBUJIX. CTPYII Bhlp;tmeHh1 B- anropHTMOM npH 

:JHa'IelillH rrapru.s:eTpa o6proaHHJ! bcut = 6. IlpE:ACTaBneHhl·TaK:lKe peoynbTaThl <flHTa nope

:JOffiiHCHOR <flop:~.cyne Epeii:Ta- BmHepa. IlapaMeTphl Pt H P2 - Macca n WHpiiHa peooHaHca 
B ThB, COOTBeTCTBeHHO, a p3 - HOpMRpOBO'IHblii MHO:lKHTenb. illHpima 6IIHa B. riiCTOi:'paMMe 

paBHa40MaB. 
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pacnpe11erremrn <PopMyrroil: Bpeil:Ta - nnrHepa: 

BW(M) = Nnorm 
I J.l 11 1 ,..., . r..-. ,....,.,,.., (16) 

r11e Mr • ., rres n Nnorm - COOTBeTCTBeHHo Macca, wnpnHa penoHaHca n HOpMnpoBO'IHh!II MHo

:lKUTeJrh, KOTopb!e CB.H3aHbl c napaMeTpaMn <l>nTa Pr = Mre., P2 = rres"n P3 = 4Nnorm/f~••' 
npegcTrumeHHb!Mll Ha ,TOM :IKe pHC)'HKe. 0TMeTUM, "'TO npn U3MeHeHUll 3Ha"'eHli.H napaMeTpa 
bcut B npegerrax 5 < bcut < 15 3Ha"'CHll!I Bellll'll!H Mr .. II r r<$ MeH.HIOTC.H B npegerrax OT 1.22 ran 
110 1.25 ran II OT 0.21 ran /10 0.40 ran, COOTBeTCTBeHHO. 

Pacnpe/lerreHne no Macce L- CTpyil: c QL = ±1 n c ycrroBneM, "'TO B cTpye nMeiOTC.H Tpn 
"'aCTlfi1bl, 0/IHa ll3 KOTOpb!X - npOTOH, a )\Be )lpyhre - 71"±- MC30Hhl, np~CTaBJICHO Ha pUC. 
10. cho pacnpe/lelleHne no Macce L- CTpyii 113 0/IHOCTPYHHblX II IIBYXCTPYHHhiX co6biTIIii 
B 1r-p-- Bnam.io>~eiicTBII.HX, BhllleJieHHh!X npu nHa"'eHrm bcut = 8. Ha puc. 10 np_ellcTaBrreHh! 
TaK:~Kepenyrrh'I~aTh! <PuTIIp<;maHII.H no <PopMyrre Bpeii:Ta- nurHepa. Ilpu nnMeHeHu~ nHa"'emrx 
napaMeTpa bcut B" npegerrax 5 < bcut < 15 nHa"'CHli.H BCffii"'IIH Mres II r res MeH.HIOTC.H B npegerrax 
OT 1.50 fan )10 1. 78 fan ll OT 0.21 ran /10 0.52 fan, COOTBeTCTBCHHO. PenyrrhTaTbl <I>IITa no
Bll~~llMOMy, yKanh!BaiOT ua To, "'TO B CTpyxx npn 3H~"'emui QL = ±1 Bhi/Iell.HeTc.H penoHaRc 
Ll*{1600), T.K. ero 6peH'IIIHr no KaHarry N7r7r COCTaBJI.HeT 75-90%, B TO BpeM.H KaK 6peH'IIIHr 
no Kauarry N7r paBeu 10-25%. ,UaRHoe o6cTO.HTerrhCTBo MO:IKe'l' 6h!Th npn"'nuoil: Taro, 'ITo 
aToT' penoHaHC He Ha6rrrogaeTc.H npn QL = 0 n +2. 0TuocnTerrhHO N* penoHaHCOB MO:IKHO 
OTMCTIITh, "'TO nx 6peH"'IIHr no KaRarry N7r7r MeHhwe, 'IeM llll.H .6.*(1600)- penoHaHca. 

IlOMIIMO OC06CHHOCTCll B pacnpe)ICJICHII.HX no MaCCC CTpyii, CB.HnaHHbiX, B03MO:IKHO, C fl.
lillli fl.*(1600)- penoHaHCaMU, Ha puc. 7 II 8 IIMCIOTC.H CIIJ;C OC06CHHOCTH npn QJ = 0 II ±2 B 

o6rraCTH Mace CTpyii 2m" < mJ < 0.6 f.'an, II npn QJ = ±1 B o6rracTII Mace CTpyil: 3m" < 
mJ;< 1.1fan n (mp +2m")< mJ < 2.2ran. " 

.Urrx crry'IaJI 71"-c- BnanMolleiicTBnil: pacnpe11erreHn.H no Macce R-n L- cTpyil: np'ellcTaBrreHh! 
Ha puc. 11 npn 3Ha"'CHIIH napaMCTpa bcut = 10. n" aTOM crry"'ae, B )IOnOJIHCHIIe K oco6eH
HOCT~M, HMCBWIIM MCCTO B 71"-p-- BnaHMO/IellCTBH.HX, npii QL = 2 HMCCTC.H OC06CHHOCTb B 
o6rracTn Mace CTpyii 2mp < mJ < 2.2 ran, a TaK:IKe npn QL = 1 B o6<racTn Mace cTpyil 
(2mp' + m") < mJ < 2.8 ran. 

PaccMoTpiiM CHa"'arra oco6eHHOCTII npn QJ = 0 ll ±2 B o6rraCTU Mace c~pyil: 2m" < mJ < 
0.6 ran. lin Bb!pa:IKCHH.H (2) crregyeT, 'ITO Macca CTpyii, COCTO.HIIJ;IIX 113 /IBYX 71"±- MC30HOB ll 
Bhi/ICll.HeMh!X B- arrropHTMOM npu nHa"'eHnn napaMeTpao6penaRU.H bcut = 10, Y)IOBJICTBOp.HeT 

ycrroBnro: 2m" < mJ < m" vf4 + bcut = 0.52ran. TaKnM o6panoM, cTpyn, cocToxw;ne nn 
IIBYX 71"±- MenoHoB n Bhl/ICll.HeMh!e npn nHa'IeHne bcu1, nanorrH.HIOT o6rracTh Mace B IIHTepBarre 
OT 2m" /10m" v4 + bcut• Heo6XO/IliMO OTMeTIITh, ·"'TO BepXHIIll npe/lell B pacnp~erreHrm no 
Macce IIBYXniiOHHhiX cTpyil: onpe/leJIHeTcH BCllli'UIHOII m" vf4 + bcut TOllhKO B crry"'ae, Kor11a 
pacnpe11erremre no Macce Bcex B03MO:IKHh!X )IByxniiOHHh!X KoM6nHa~uii wnpe, 'IeM BeliU'IIIHa 

-m" ( \/4 + bcut - 2). Pacnpe11erremm no Macce BceBonMO:IKHh!X IIBYXTIHOHHh!X KOM6mra~ii B 
71"-C--BnaiiMO)IeiiCTBUHX, np~CTaBJICHbl·Ha·puc. 12. lin puc. 126 crregyeT,."'TO IllUpl!Ha paC" 
npe/ICllCHU.H no Macce BCCBOnMO:IKHb!X /IBYXllUOHHh!X CUCTCM MHoro 60J!bllle, "'CM. BeJIU"'UHa 
m,. ( v4 + bcut- 2) = 0.24 ran, ll CliC)IOBaTeJibHO, IIBYxnHOHHble CTpyn c nap.H/IOM QJ = 0 II ±2 
6ygyT nanoJIH.HTb o6rraCTb Mace 2m,. < mJ < m,. vf4 + bcut = 0.52 f'an, "'TO .H UMeeT MCCTO. 
,UJI.H CTpyii C nap.H/IOM QL = 2 ll COCTO.HIIJ;UX 113 /IBYX npoTOHOB UMeeM YCliOBl!e 2mp .< mJ < 
mP v'4 + bcut = 3.5 ran. 0/IHaKo Illnprma pacnpe11erreHU.H no Macce Bcex )IByxnpoTOHHhlx cn
CTeM, npe/ICTaBJieHHb!X Ha puc. 12z, l.IHOrO MCHbWC BeJIIl"'IIHbl mp ( V4 + bcut- 2) = 1.64fan, 
u, ,CliC/IOB<iTellbHo, IIBYXllPOTOHHble CTpyn 6)?zyT nanoJIH.HTb o6JiaCTb Mace OT 2mp )10 2.2 ran, 
KoToprur onpegeJI.HeTc.H BepxHUM npegerroM pacnpegerreHII.H no Macce Bcex )IByxnpoTOHHh!X KOM-
6xmar~n1I, npe/ICTaBrreHHh!X Ha puc. 12z. 

n-p. 40 f3B/ c (bcut=:=8. 5835 L - cTpyif) 

·1 l1 I ~tries 802 
35 1- 319 

Ueon 1.661 
RMS .1803 

30 f-
x'/ndf34.95 / 22 

I It I P1 1.648± .1539E-01 
P2 .3100 ± .2496E-01 
P3 29.11 ± 2.527 

25 ~ II~ \11-
Q{pmr) = -1 l1 + 1 

20 ~ 111111 ~ 

15 f-
Ill I ·1 

r I I I~ 
10 

5 

0 
0 . 0.5 1 1.5 2 2.5 3 3.5 4 
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) 

Pucyuox 10. C)'MMapHoe pacnpCAC.'Iemie no Macce L- cTpyii c nap.H/IaMII q = -1 II 
+ 1, COCTOliiiJ;IIX H3 OIII!Or~ llpOTOHa li AByx nap.H:lKCHH:bDC: 71'±- Me30HOB 113, 0/IHO<"TpyiiHb!X II 
AByxcTpyiiill.cr co6uTuii. B 71'-"p-- ~anMOAeHCTBIDIX. CTpyn Bh!AeJieHu_ B-. arrropiiTMoM IIpxi 
nHa'Ieinm napaueTpa o6pen~ li.,.., ;,;, 8 .. IIp~CTaBJICHbl TaK~e penym>T<\Tbl <l>riTa,no pe~ 
noHaHCHnii <l>oJ>Myne BpeiiTa- nnrHePa:_ IlapaM~pu P1 n P 2 ,_: Macca 11 IllupnHa prooHaRca 
B ran, COOTBeTCTBmmO; a p3 :_ ~opAmpoBO'llil.rii MHOlKliTellb. ffiiipiiHa fi~IHa B rlll"T;lrpai.tMe 
paBHa 40 MaB. 

21 



11-C, 40 f3B/ c (bcut= 1 0, 1 0812 CTpy:M:) 
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' PucyuoK;·ll.'.CyM:MapHb!epacnpegeneHIDI no Macce cMewaHm:IxR-n L- CTpyi c pM
mi'IHb!MU nH~~ieHuiMu eneK,Tpn'IecKoro nap11ga un ogHocTpynHh!X II gsyxcTpyiHhi:x co6h!Tui B 
'Ir-e- B:JauMop;eiicTBUHX. CTpyn Bbi)IeneHLI B- anropiiTMOM 'npu :JHa'JeHnn nap'aMeTpa o6pe
:JaHim bcut ='lQ U .COCT011T II:J 71"±- Me:JOHOB II_npOTOHOB. 3H~'IeHIDI napH)IOB CTpyn npiiBep;eHbl 
Ha COOTBeTCTBYIO~IIX piiCYHKax. 
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n-c, 40 f3B/ c 
22500 

20000 

17500 

~ 1- ~122500 
.... ...,. . 20000 

12500 

10000 

7500 

5000 

2500 

0 

2500 

2000 

1500. 

'1000 

.soo 

0 0 

a 

Q(P") = 0 
+ Q(Fl = 2 

1 '2 3 4" 

Mcpn) (n;B/ c2
) 

17500· 

'15000 

12500 

10000 

7500 

5000 

2500 

0 
5 

PucyuoK 12. Pacnpep;eneHIDr no ecpcpeKTHBHoi M:acce agpoHHbix. nap·B. 1r-e- ooruiM~ 
geHCTBIDIX: a .:..· gmr agpoHHLIX nap,. COCT011~IIX IID,·'Ir±_· Mei30HOB. n' npo~OHOB; 6- p;ITH nap, 
COCT011~IIX TOITbKO liD 7r±_:: Me130HOBj 6 _: )IIDr nap liD. nPOTOHa II·;r-- MffiOHa·(rncTorpaMMa), 
a TaK)Ke nn ripoToHa n 1r+:.:. MrooHa (+)u· e·- 'gilli'agpoHHLix'naj), cocToH~nx"TonbKo Iro 
IIpOTOiiOB; . ·.::: I;' 

:: 
'~ . ' 
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IIepeiigeM K paccMoTpemuo oco6eHHocTeii npu QJ = ±1. B aToM CJI)"'ae Macca CTpyii, 
c<icTo.li~IIX 1m Tpex rr±- MetlOHOB n BhlfleJIJieMbiX B- anropnTMOM npu nHa'IeHnn napaMeTpa 
o6peoaHll.li bcut. ygosneTsopJieT yCJioBIIIO 

3m,. < mJ < m,. J5 + bcut + {2 + bcu.).j4 + bcut. {17) 

Ilpn Bh!Boge BhlpaMemrn (17) fiJI.li sepXHero npegena mJ UMeJIOCb_B sngy, _'ITO no Kpaii
Heii Mepe flll.li ogHoii-naph! rr±- MetlOHOB 1m TpexrruoHHoii cTpyu nMeeT MecTo orpamr'Ie
H~Ie li:a a<fl<fleKTIIBHJIO Macey m 12 < m,../4 + bcuh 'ITO .li~eTCJI np.liMbiM CJI~CTBII.eM JIO
rl~Kli TIOCTpOeHII.li fl - anropUTMa. Ilpu bcut• = 10 Ha OCHOBe Bbipa:lKeH~' (17) HaXOfiUM 
3~,. < mJ < 1.08 raB, 'ITO cornacyeTC.li C pacnpegeneHH.liMII, 'npegcTaBJieHHhU.lli Ha puc. 
7, 8 II 11. •' 

; ,Il;o ciiX nop Mhl paccMaTpnsann oco6eHHOCTII B pacnpegeneHnHX no Macce'gsyx- n Tpex
'!aCTII'IHhl~ CTpyn, COCTO.li~IIX II3 ~IaCTU~ 'c' OfiUHaKOBOH MaCCOH, a UMeHH~, II3 7r±_: MetlOHOB 
nJrn na npoTOHOB. IlepeiigeM Tenepb K- paccMoTpeHIIIO gsyx- II Tpex<IaCTII'IHbiX cM'ew1l.HHbiX 
CTpyH, T.e. CTpyii, COCTO.li~IIX KaK llt:l npOTOHOB, TaK II liD 7r±- MetlOHOB. B cny-iae fiBJX'Ia
CTII'IHb!X CTpyn 3TO CTpyu TUna ( 7rp ), a B CliJ'Iae Tpex'!aCTII'IHb!X CTpyn- CTpyll Tuna ( 7r7rp) 
u'(rrpp). " . _ . 

: ,lJ;nJI CJI:Y'rrur fiBYX'IaCTII'IHbiX CMell11l.HHbiX CTpyii C QL = 0 II +2, Bhlgell.lieMbiX npn bcut = 10, 

nit~eM: (m,.+mp) <:rnJ<.'.j(m,.+ mp)2 + m,mpbcut = 1.58raB.-,Il;ll.liMaccbi mJ Tpex'!acTn'I
HhlX CMeillaHHbiX CTpyn, Bb!f~eJIJieMbiX fl- anropiiTMOM npu DHa'!eHII.liX mipaMeTpa o6petl1l.HII.li 
b;;,,, MO:lKHCJ_ :nony'IIITb orparm•IeHIIe 

! 

mt + m2 + ci3 < mJ < J<m3 + ml2(max))2 + m3m12(max)bcut' (18) 

r~e ml2{max) = .j(mt + m2)2 + mtm2bcu., ~ITO .liBJI.lieTC.li CJI~CTBIIeM TCiro, 'ITO CHa'laJia B 

npeKJiacTep (12) o6'begnH.liiDTC.li '!acTII~bi 1 n 2, a naTeM c npeKJiacTepoM {12) o6'b~UHJieTc.li 
'!acnr~a 3. . • , -; 

i ,Il;nJI Mace Tpex'IaCTU'IHbiX cMell11l.HHbiX cTpyii Tuna J = ( rrrrp) npu bcut ~ 10 nM:eeM: (2m,+ 
rr{p) < m,.',P <--2.7raB. OT~eTnM, 'ITO B aToM cny<rae IIMeiOTC.li gse cx~Mhl o6panoB1l.HIUI 
cipyii J ,;, ( 1r1rp ): nepsaa - Korga cHa'!ana o6panyeTCJI npeKnacTep ( rri), a naTeM K HeMy 
npncoegmme~cJI npoToH\ II s-i-oprur- Korga cHa'rana o6pa::lyeTCJI npeKJiacTep (rrp), a naTeM K 
He~ry npucoegnHJieTCJI BTOpoii niiOH. ,Il;JI.li nepsoro CJIY'Irur; Ha oc~ose'Bbipa::lKemUr (18), UMeeM 
m((u)p) < 2.7raB, agJIJI BToporo CliJ'IaJI- m((1rp)") < 2.3raB. ,lJ;JI.li Mace Tpex'!aCTU'I~X 
c:Mew1l.HHbiX cTpyii TIIrra J:;, (ipp) npu bcut = 10 HaxognM (m; + 2mp) < m"PP < 4.6r,..B, 
npn aTOM m((1rp)p) < 4.6 raB; a m((pp)7r) < 4.3 raB. Ha puc. 7, 8 II 11 rrpegCTaBlleHbi Bee 9TH 
oco6eHHOCTII B pacnpegeneHnHX no Macce L- cTpyii npu QL = ±1. -

ThKnM o6panoM, MO:lKHO cgenaTb cJiegyi<>~ee naKJIIO'IeHIIe: see cTpJKTYPhl B pacnpegeJie
Hli.liX no Macce cTpyii IIMeiO~IIeCJI na puc. 7, 8 u 11 (na HCKJIIO'IenneM CTPYKTYP B o6naCTHX 
A- II A•(1600)- peooH1l.Hcos) He .liBli.liiOTC.li <fliinU'IecKnMu, II ux noJIBnemre o6yCJiosneHo B
anropnTMOM no BbigeneHniO_CTpyii. 'ITo Me KacaeTc.li oco6eHHOCT.eii npu QL· ==:_ 0 u 2 s:o6-
~a~!uMaccA(l2S2):_ p~OIIaHca, n npu QL _=;" ±i so6Jia~Tu ~acc.A*(1~00)-. pen'oH1l.Hca, 
:o MO)KHO npi:fiiiC>Jio:lKiiTb, ..fTo noMIIMo B:C:JiafllCl,, o6yCJio~_eiiHoro B- illropiiT~~oM, .BOOMO:lKHo 
TaK)Ke II DaMeTHOeycnJieHIIe BKJiaf~OB OT CaMIIX 9TUX pet30H1l.HCOB no OTHOilleHliiO K. <flo_HJ. 
llpu :no~l ycuJiemie proOH1l.HCHoro i.K;iaga 6ygeT IIMeTb MecTo B TOM cny'rae, 'Korga cpegm;e 
paCCTO.liHUe Me:lKgy pe30H1l.HCOM II 6JIII:lKaHwen K HeMy 'IaCTII~eli B npOCTjJ1l.HCTBe CKOpOCTeH 
6oJibllle, 'IeM flll.li CJIY'IaJI <floHosoii no OTHOilleHll!O K peooHaiicy cncTeMbi. OgHaKO TIOli)"'eHue 
OTBeTa Ha BOlljJCJ_C 0 TOM, HaCKOllbKO MO:lKeT 6b!Tb )'Bemi'!eH BKJiag OT jJetlOH1l.HCa A(1232) 
no OTHOUleHIIIO K <floHy noCJie BhlgeJieHIUI CTpyn no fl- anropUTMJ II npii KaKOM DHa'!eHlre 
napaMeTpa bcut <'mo 6ygeT MaKCIIMaJibHbiM, Tpe6yeT ganbHeiiwux IICCJiegoB1l.HIIII. 
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B gaHHoii pa6oTe Mbi He cTa.BnM ueJibiO BhlgeJiemre II uccnegosamre agpoHHbiX petJoHaH
''"B B rr- I'- Bnan~mgeiicTBII.liX npn 40 r ... B I c, a XOTIIM liiiWb noKanaTb, 'ITO agpoHHb!e CTPYll, 
BbiAt'JIHt'Mblf' B- anropnTMOM,. IIMeiOT na.MeTHYIO BHJTpeHHIOIO (sonMO:lKHO, petJoHaHCHYIO) 
rTpyKTYI'Y u ;ITO .'3Ta cTp)'KTypa onpegeJIJieTc.li 'IaCTII~eii; <flpar:..reHTnpyiO~ei"r B aTn c.fpy1i. 
CTpyu, BhlgeJieHHbJe Ta.KnM o6pa.aoM, Hec:yT uH<flopMa~niO o csoux ''pogiiTennx", T.e, o6aa.
gmoT csoiirTBOM mrgupmiamm B o6nacTHX <flpanreH;a~nu saanM~·,:ieiicTBYI<>IUnX' 'IaCTII~. Ta
Knu o6pa."JoM B- anropnTM Bhlgeli!IeT c:Tpynumr l!IIAIIPYI<>~IO, ~eHTpaJibHYIO '!aC:Tb cTpyn; 
'Ia<"TIIl!hl BHYTIHI KOTopoii reHeTli'IecKII csnnaHbi gpyr c gpyroM Mexa.HnnMOM IIX o6pano-
BaHnH. 0TMPTI!M e~e pa."J, 'ITO CITIIM csoiicTm>M Hf' o6Jia.gaiOT c:Tpyn,·sb!ge:rrneMb!e JADE-
aJirtlpiiTMOM. {; 

4. 3aKJIJOqeHHe 

OcmmHbl<' p<':JYllbTa.Tbl, n(my'ICHHbl<' B Ha<"Ton~eii pa.6oTe, nocBHIU<'HHoii' no11rKy 11 peKoH
I'TPYKUIIII agpoHHbiX CTpyi'r B n:-;p- 11 7r-C- B:JaiiMOAeiiCTBll.liX npll 40r"B/c Ha OCHOBC B
aJiropnTMa. Mo:lKHO c<flopMyJinposaTI> cJiegyi<>~liM o6panoM: 

1. IloKanaHo, 'ITO BKliiO'IeHne B a.Hamm no noneKy cTpyi'r npoToHHoi'r KoMnoHeHTbl cTpyn • 
COBMl'CTHO C 7r±_ Mt'DOHHOII KoMnoHeHTOII JliY'IWaeT xapaKTejlliCTIIKII Bb!flt'nnei.IbiX cneK

Ta.Topifux,cTpyi'r, T.e. ripufiJIU:lKa.eT liX K :JHa'IPHII.liM,O:lKllfi3.PMbiM B pa.MK3X KBapK- nap
TOHifb!X npegcT~BlleHJiii 0 '~TPYKTYPP agpoH~B. Ilp:ll aTOM i:ma'H;Hllt: rrapaMPTl)a o6pe
na.HI!fl anropUTMa bcut npaKTII'If'CKII HP Mt'HHeTC.li II OCTaeTC.li BHpt"geJiaX 10 < ilcut ·< 20. 

2. YcTaHoBJicHo, 'ITO xapaKTt<Pli<'TliKII R(L )- cTpyii, B ogH.oCTI;YIIHbiX 11. fiB)~XcTpyiiHhlX 
c<l6h!Tll.liX OTliU'IaiOTC.li gpyr OT•gpyra MPHet' 'I<"M Ha.)O -15% npn b.-ui = 10. T.e. 
OfiHOCTpytiHb!e C06biTllH .._: :lTI-l cofibiTIIH, rge BTOpa.H "HeBIIflll~ta.H"- 'cTpy.li t'OCTOIIT 113 
H<'iiTp1Uibl!'biX 'Ia.CTllli 11, Ht~ 6om~e • '!eM li:J OAHOII napH:lKPHHOii 'Ial'Tll~bi ( rr±- MP:JOHfl: IIJIII 
npoT<ma).'' · - · 

3. 06n~pyl!(eHo, 'ITt:i B o6JI~.cTJIX <flparMeHTa~Im rr-'- MrooHa 11 npoToHa pamtepb! ··~p~;ii 
B npoCTpaiiCTBe CKOpOCTeli, l!X nonepe'IHbiC l!MnyllbCbi II MHO)Kt'CTBCHHOCTb 'Ial'Tll~ B 
Hnx ogHHaKoBhl, B TO speMJI KaK napHAhl cTpyii, pacnpegeneHim no goJIH npogoJibHoro 
IIMnyllbCa II no MaCCe CTpyii naBIIC..liT OT KBapKoBoro coeTaBa <flparMeHTIIpyiO~liX B 

CTpyK> agpoHOB. 

4. B pacnpegeJieHIIHX no Macce CTPYII o6Hapy)KeHbi CTPYKTYJ>hl, l'B.li:JaHHbii' ,. <flparM<"HTII
pyro~liM B cTpyiO agpoHOM. B •racTHOC.Tll, B o6JiaCTll <flparM<'HTauuu npoT<ma B pacnpe
geJiennnno Ma.cce L::_ CTpyH C :13J).llf10M QL = 011. +2 ofiHapy:lK<'Hbi Ma.Kl'IIMYMbl, KOTOJ1blt'.· 
sepo.liTHO, CB.lln1l.Hb! c A 0 (prr- )- II A++ (prr+ )- penoHaHcaMJI, cooTB<'T<"TBt'HHo, a npu 
QL ';'= ±1 o6Ha.py)KeHbi Ma.KCIIMJMbi, KOTOpbie, BOtlMO:lKHO, CB.li:Ja.Hbi (' LJ.*(1600)·- pt•no
Ha.HCOM: npn QL = +1 COCTO.liHUe A*+(1600)-+ (prr+rr-), a npu ()L = -1 COl'TO.liHIIt' 

A*-(1600)-+ (prr-1r-). 

5. IloKa."J1l.HO, 'ITO npuBegeHHb!e Bb!Ille oco6eHHOCTII1 T.e. CBOiiCTBa llllflllpOBa.HII.li 11 peno
HaHCHaJI BHyTpeHH.li.li cTpyKTypa CTpy1r, o6HapyMlma.IOTC.li TOllbKO y cTpyii. BhlA<'liPHHbiX 
B ~ anropl!TMOM. CTpyii, BblgeneHHb!e JADE - anropliTMOM, Ht~ o6mt.gaKlT 1m OAHIIM 

liD 9Tl!X CBOllCTB .. 

HaM npnHTHO no6narogapl!Tb IIHTepHan;noHanbHbiii KOJIJieK;IIB 2 M npona.Hosoii KaMepbi 

na. npegocTaBJieHne aKcnepiiMeHTaJibHoro MaTepnana II noJienHbiP o6C)')Kfi<'HIIH. 
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