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OBII(A5I XAP AKTEPHCTHKA P ABOTbI 

B n11ccepTau1rn paccMaTpIIDaeTcH JaMKnyTaH cxeMa q11crreHuoro aHarn1-

3a nmpmwro Kpyra MaTeM~TuqecKnx Mo.n;e11e1r, npIID0JllllUIIX K Ja.n;aqaM Ha 

co6CTDeHHhle 3Haqemrn II KpaeBbIM JanaqaM JlJIH CIICTeM rnrnei'illhIX ofo,rK

uoneHHI,IX nmpcpepenUI1arn.H1,1x ypanHeHIIH BToporo rropH.n;Ka. 3anaqn Tarwro 

1macca B03HIIKaIOT npII IlCCJienonamm JlllCKpe_rHhlX II HerrpephlBHhlX CIICKTp0B 

nmpcpepenu1mJILHhlX orrepaTopon n cnnryJIHpnon 3a.n;a•1e IlITypMa-Jlnym-mJIH. 

Pa3pa6oTaH II0JlX0Jl, II03BOJIHIOIUIIII emrno"o6pa3HO pemaTb JlJIH KBaHT0B0-

MexanuqecKIIX CIICTeM Janaqy Ha CDH3aHHhle C0CT0HHIIH II 3anaqy pacceHHIIH. 

Ilhl'IIICJIHTeJibHaJI CXCMa 0CH0DaHa Ha npIIMeHeHIIII conpeMCHHhlX MCT0Jl0B: 

JlIICKpeTII3aUIIII uerrpepbIBHOII 3a.n;amr C II0M0IUI,IO MOJlIIcj:lIIUilponaHHOro MeT0-

na Kone•rnhlx 3JieMeHT0D u MeTo.n;a IITepaUIIII rronrrpocTpancTna JlJIH pememrn 

aJire6paIPICCKOll 0606menno:1I rrpo6JieMhl co6CTDeHHhIX Juaqennft. C TI0M0IIlbIO 

C0JJlaHnoro rrporpaMMnoro o6ecneqemrn BhlII0JIHeHhl qJicJieHHhle uccJie.n;onamrn 

p1r.n;a aKTyaJibHhlX MOJleJieii: KBaHTOBOH Mexammu, CBH3aHIIhlX C µ-KaTaJIII30M. 

IlocTaHoBKa 3a,n;aq H ax aKTyaJibHOCTb 

C03.n;aHIIC 3cpcpeKTIIBHhlX cpCJlCTD qucJieHHoro anamna MaTel\,IaTU'lCCKUX 

MOJlCJieii: HBJIHeTcH o.n;uoii: IIJ aKTyaJibHhlX Ja)laq 1mnern1ponaumr <pll3II'!ec1mx 

rrpoueccon. 

OcHOBHOII Kpyr Ja,n;aq, pemaeMhlX B mrccepTarum, CBH3aH C IICCJie)l0Ba

HIIeM MaTeMaTJiqecKIIX MOJleJieii rrpoueccon µ-KaTaJIIIJa B paMKax ypanHeHIIH 

III pe,n:1rnrepa. 

CucTeMa Tpex qacTIIU, BJanMo,n;ei'rcTBYIOIUIIX no JaKoHy KyJiona, n nacTo

!TITTN' npmmr rrnrr:r~TClI ocuonnoi'r 110,nem,In ofip,nonamrn ue101mm'KYJ1 n10-ronon 

no,nopo,n;a II pacceHHIIH MC30aT0M0B, aKTJaJibH0CTI, IIJyqemrn KOTOpOII CBH3aHa 

~;- \. 
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C uccne,n:OBaHIUIMII pa3]IIIqHhlx xapaxTepIICTIIK MIOOHHoro KaTamna si:,n:epHbIX 
peam:i:nn CIIHTe3a l ' 2• HeKOTOphle. BmKHhle ,ll;]IH conpeMeHHbIX :ifrcnepIIMCHTOil 
napru.1eTpbI nponeccoB µ-KaTanII3a BhlpmKaIOTCH qepe3 1IOKa1IhHhlC xapaKTe
pIICTIIKII B01IHOilhlX q>yHKUilll 3a,n:aqII Tpex TC1I. B paMKax a,n:ua6aTU'ICCIWrO 
npe,n:cTaBneHIUI Mo:lKHO HaII6onee a,n:eKBaTHO yqeCTb npammhHOC acm.mTOTII
qecKOC noBe,n:eHIIe B01IHODOll q>YHKUIIII B OC06hlx Toq1mx, qTo HC06xo,n:UMO ,ll;1IH 

onIICaHII5I o6pa30DaHIIH Me30M01IeKy1I II HII3K03HepreTU'ICCKOro paccesi:mrn. 
O,n:HaKO nODhlJIICHIIC TOqHOCTII pacqeTOD B paMKax Tpa.n:nnnoHHOro amra6a

TnqecKoro MCTO,n:a, 3aK]IIOqaromerocsi: Il pa31IO)KCHIIII IICIWMOII D01IHODOII q>JHK
U:IIII 3a,n:aqII Tpex KY1IOHODCKIIX TC]l no co6CTDCHHhlM q>JHKU:IIHM onepaTopa 
3a,n:aqn .ll:BYX KY1IOHODCKIIX U:CHTpon, IIMCIOID;ero HenpepbIDHhlll II .n:ncKpCTHhlII 
cneI<Tphr, npIIBO.ll:IIT K Heo6xo,n:m,rocTII pacIIInpeHn~ a,n:na6aTnqecrwro 6a3nca, 
'ITO cymecTDCHHO ycnmrrnsi:eT Ja,n:aqy. 

B HacTosi:mee BpeMsi: 6onee :iqiqieKTHDHhlM cnoco6oM nccne,n:onaarrn Ja,n:a•nr 
5ID1IHCTCH MeTo,n: amrn6aTnqecKoro runepcqiepnqecrmro (Ar) npe,n:cTanncmrn ~ 
3,n:ecb raMII1IhTOHIIaH H TpexqacTnqaon CIICTeMhl c qim,cnponaHHhlM yrnoDbIM 
MOMCHTOM J (nocne Bhl,n:eneHIIH yrnODhlX nepeMeHHhlx) B nmepcqiepIPieCKIIX 
rwop,n:nHaTax {p, X, B} 4 3amICbIBaeTcsi: B cne,n:yromeM nn,n:e 

H= Hp+Ap. 

Hp HB1IHeTc5I pa,n:nanhHOII qacThIO KIIHeTIIqecKoII 3HeprnII onepaTopa H, onpe
,n:ensi:romei'r ,ll;DII2KeHne OTHOCIITe1IbHO rimeppa,n:nyca p. OnepaTop 

AP = p-:2 Hx0 + V, (1) 

061,e,n:nHHIOIUIIII yrnonyro qacTh KIIHeTnqecrmiI 3Hepnm onepaTopa H n noTeH
nnan TI01IHOro B3aIIMO,ll;eIICTBirn KY1IOHODCKOII CIICTCMbI V, OTIIICbIDaeT yrnonoe 
none,n:eHIIe CIICTeMbl npII q>IIKCIIpoDaHHOM nmeppa,n:nyce p. B ,ll;IICcepTau;nn 
pacc1,rnTpnBaeTcsi: cnyqaiI J = 0. 

Co6CTBeHHble 3HaqeHIIH >-a(P) n COOTDeTCTDYIOIUIIe HM co6cTDeHHhle q>yHK
U:HII 'Pa(P, X, B) orrepaTopa (1) Ha3bIBaIOTCH Ar TepMaMII II Ar rapMOHIHrnMII, 
COOTDeTCTDCHHO. Ar rapMOHIIKII o6pa3yIOT no1IHhllI 6a3IIC D rII1Ih6epTODOM 
npocTpaHCTDe L2 KBa,n:paT~HO IIHTerpnpyeMbIX q>yHKU:IIII, 3aDIIC5IID;IIX OT 

1BuHIIU:KIIII C.H., IloHoMapen JI.H. I I 3qA51, T.13, Dhm.6, c.1336-1418, 
1982. 

2Gerstein S.S., Ponomarev L.I. I I Muon Physics. Eds. V.Hughes and 
C.S.Wu. New York. Academic Press. 1975. 

3Macek J. I I J.Phys.B. 1968. V.1. P.831. 
•<t>oK B.A. I I l13B. AH CCCP. Cep. q>II3. 1954. T.18. c.161. 

2 

< 

i 

I -

•: 
.:1 

i 
) 

k 

.. 

·• 

yrnonhrx nepeMeHHhIX X, B. B pe3y1IhTaTe pa3nmKeHnsi: nonHonoil: cpyHKU:IIII 
Ja,n:aqn Tpex Ten no :i-roMy 6a3IICY 

w(p,x,B) = Lfa(P)'Pa(P,X,B) (2) 
a 

ypaDHCHIIC illpe,n:nHrepa CDO,ll;UTCH K 6ecKOHeqHOII CIICTeMe 06hlKHODeHHhlX 
.n:ncpcpepenmranbHhIX ypaDHCHIIII 

(-p-58pp5ap + >-a(P) - E)fa +~{Had~+ Qab8p/b + p-5ap(lQab!b)} = 0 (3) 

OTHOCIITC1IhHO runeppa,n:IIyca p. 
OcHODHbie ,ll;OCTOIIHCTDa Ar 6a3nca IlbITeKaIOT II3 CBOIICTB onepaTopa (1): 

• cneKTp onepaTopa qncTO ,ll;IICKpeTHhlII, 
• yqnThlDaeTCH ,n:a1IbHO,ll;CllCTDHe IIOTeHu;IIana V. 

Hanuq1rn 3THX CDOIICTB, a TaK2Ke BhlCOKaH crwpoCTb CXO,ll;HMOCTH Ar 
pa31ImKeHIIH (no,n:Tnep2K,n:eHa qncneHHhlMH IICC1Ie,n:0BaHIIHMH, Bhln01IHCHHhlMII 
n ,n:uccepTan1m) n oTmrqne OT Tpa.n:nnrrnnooro a,n:na6aTuqec1mro pa3nmKe
mrn, CCTeCTDCHHaH nocTaHomm rpaHuqHhl~ ycnOBHII KaK. ,ll;1IH npo61IeMhl Ha 
CDH3aHHhle COCTOHHIIH, TaK II ,ll;1IH 3a,n:a'III paCCCHHHH, n03Il01IHIOT C"IlITaTb Ar 
no,n:xo,n: 6onee rrepcneKTHDHhlM ,n:nsi: peIIIemrn rrnanTono-MexaanqecKOII 3a,n:aqu 

Tpex TC1I. 
Peam13au;IIH Ar no,n:xo.n:a ocymecTnnsi:eTcsi: B TPH :iTarra; Ka:iK,n:hlfr II3 Ko-

TophIX MmKeT 6bITb paccMoTpeH He3aDIICIIMO ,n:pyr OT ,n:pyra: 

• Dhlqncnenne N-rrepBhlX qneHOD Ar 6aJnca (Ar TepMOB u Ar rapMOHIIK), 
e DhlqncneHue MaTpnqHhJX 31leMeHTOB Hab II Qab· 
• peIIIeHIIe CIICTCMhl N pa,n:IIa1IbHhlX ypaBHeHIIII. 

qIIC1ICHHOC peIIIeHne Ka2K,n:oro II3 3Tanon npe,n:cTaB1IHeT DeCbMa C1IO)KHYIO 
3a,n:aqy. Ilo3TOMY IlmKHOe 3Haqemrn rrpIIHIIMaeT pa3pa6oTKa :icpcpeKTIIDHhlX 
anropIITMOD n peann3y10mero IIX nporpaMMHOro o6ecneqeansi:. CymecTnen
HhIM MOMeHTOM HD1IHeTCH C03,n:anne cpe,n:CTD KOHTp01IH TOqHOCTII nonyqaeMhlX 
pe3y1IhTaTOB. 

llpyroiI na.lKHOII Mo,n:efilIO rmanTonoiI Me;_aHIIKn, nrparomefr <pyH,n:aMeH
TanhHYIO p01Ib D TeopIIII aTOMHhlX CT01IKHODeHnil:, HD1IHeTCH CIICTeMa .ll:BYX 
KY1IOHODCKIIX u;eHTpOB. PacqeT ee xapaKTCpIICTIIK neo6xo,n:IIM ,ll;]IH IICC1IC,ll;O
DaHIIH npo61IeM KDaHTODOII XIIMIIII II Me30aTOMHOII q>II3IIKII 5 • Kp011e Toro, 

•Bates D.R., Poots G. I I Proc. Phys. Soc. 1953. V.66. P.784. 
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pemeHIIe 3a,n;a'IU ,n;Byx KYJIOHOBCKilX neHTpOB .s.mmreTcH 0,Zl;HIIM II3 3TaIIOD pc
meHIIH 6orree crrmKHhlX 3a,n;aq. 

B HaCTom.n;ee npeMH D CBH3H C IIOTpe6HOCTHMH qnnmrn yrrpaDJIHCMoro 
TepMoa.nepHoro CIIHTe3a II .nuarHOCTIIKII IIJia3Mhl B03HIIKJia Heo6xo,n;IIMOCTb 
uccrre.noBaHIIH 3a,n;a'III .nnyx KYJIOHOBCKIIX neHTpOD D KOMTIJieKCHOlI IIJIOCKO
CTII 6 • 8To Tpe6yeT pa3pa60TKil ymrnepCaJibHhlX arrropIITMOB II rrporpaMM, 
rrpHro,ZJ;HhlX 0,Zl;HOBpeMCHHO B ,ZJ;IICKpeTHOM II HerrpephlBHOM crrernpax 7 • 

B BhlT.lIHYThlX cq>epOII,Zl;aJibHhlX KOOp,nrmaTax (€, 77, cp) CTannoHapnoe ypan
HeHIIe IIIpe.nuarepa, orrIIch.maromee .nmnKenue OTpnnaTeJibHO 3apa1Kennofr •ra
CTIIIJ;hl (:meKTpOHa IIJIII MIOOHa) B rrorre .nnyx IIOJIO)KIITCJibHhlX 3apa,non Z1 II 
Z2, 3aKpermeHHhlX Ha paCCTOHHIIII R .npyr OT ,npyra, MO)KHO CBCCTII K CIICTC
Me o6hlKHOBeHHhlX ,ZJ;IIq>q>epeHD;IIaJibHbIX ypannennii ,nrra pa.nrrnJihHOll II ( 0 II 
yrnonon: 3(77) KyrrononcKIIX cqiepon,naJihHhIX q>yHKIJ;IIlI (PKC<I> II YKC<t>) 8 

d {( 2 dIIm,q} { 2( 2 ) m
2 

} df f -1)~ + C f -1 - Am,q + af- €2 - l IIm,q = 0, (4) 

d: {(1 - 77
2

) d~;,q} + { c2(1 - 77
2

) + >-m,q + b17 - l :
2

772 
}sm,q = 0, (5) 

r.ne a = R(Z1 + Z2), b = R(Z2 - Z1), c = kR/2, k - IIMIIYJihC :irrernpoua, 
CBH3aHHhlll c :ineprnen: E cooTHomemieM E = k2 /2, ·>-m,q - KoncTaHTa pa3,ne
rrenIIa, a m II q - COOTDeTCTBeHUO a3IIMyTaJibHOC II pa.nnaJihUOe rrnaHT0DhlC 
'IIICJia. 

B nerrpephlBHOM crreKTpe (E > 0) PKC<I> HMCCT acnMrrTOTIIKY 

Nm { a l1r } ( 1) II(f)-+ Tsin c€ + 
2
/n(2c€) - 2 + bm,q + 0 €2 upu f-+ oo, 

r.ne l = m + q - op6IITaJihHOe KDaHTOBOe qucrro, Nm,q II bm,q ecTh coOTDCT
CTneHno aMIIJIIITy,na II q>a3a pa,nIIaJibHOH q>YHKIJ;IIII. 

B crryqae HerrpephlnHoro crreKTpa pemeHIIe 3a,na•m .nnyx KyrroaoncKux nea
Tpon cocTOIIT n HaxmK,neHIIII q>a3hl pacceamrn 8m,q PKC<I> no ·3a,naHH01I nem1-
'IIIHC E. 

.Ilrra pemeuIIa 3a,naqII n uerrpephlBHOM crreKTpe rrpe,nrrmrrnno ,nocTaT0•1-
HO 6orr1,moe KOJIII'ICCTBO arrropIITMOD II rrporpaMM. O.nuaKO 6oJiblIIIIHCTDO 

6CorroBhen E.A. Hea,n;IIa6aTII'IecKue rrepexo,nhl B aToMHhIX CTOJIKHonemrnx. 
Ycrrexu q>II3 uayK, T.157. BhlII.3. 1989. 

1}Kanrran T., IIanrron .II.B., Ily3hlHIIH H.B. - IIperrprrnT OH5IH. Pll-91-
138 . .Ily6Ha, 1991. 

8 KoMapon H.B., IIonoMapen JI.H., Crrana:Hon C.IO. Cqicp011,naJibHhle II Ky
JI0HOBCKIIe cqiepoII,naJihHhle <pynKnIIn. -M.: HayKa, 1976. 
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arrropnTMOD .nrra pcrnemrn pa,nnarr1,uoro ypannemrn ( 4) Tpe6yroT cymccTnen
HhlX 3aTpaT DpCMCHII 8BM, 'ITO Dhl3Dauo nco6xo.nnMOCTbIO IIHTerpnponaTb 
6hlcTpo ocnrmrrnpyromyro <pyuKnnro na 6orr1,rno111 nuTepnarre II3111enemrn ap
ryMcHTa. B uacTom.n;ee npeMa .nrra Dhl'IIIcrremrn yponner1: :ineprnii cna3aHHhlx 
COCTOHHIIlI II <pa3 pacceamrn aKTIIDHO pa3BIIDaeTCH rro.nxo.n 9 

, OCHODaHHhlII 
ua ncpexo.ne OT ypanueuna Illpe.nrrnrepa K nemmefrno111y ypanHenuro Mnrr
ua 10 ' pemcnne KOTOporo Il3MCHHCTCH nrranno. 8To Il03DOJIHeT 3(pq>CKTIIDHO 
IICII0Jib30DaTb MCTO,ZJ;hl 'lIICJICHHOrO IIHTtrpnponauna C anToMaTII'ICCKIIM DbI-
6opoM rnara II cymccTnenno coKpaTIITh npeMa, ueo6xo,nII11rne na Dhl'IIIcrremrn. 
Ilo,nxo.n IICpCIICKTIIDCH .nrra perncmrn 3a,na•m .nnyx KYJI0H0DCKIIX ncnTpon KaK 
D ucnpcpb.!BH0M TaK II D ,nncKpCTIIOM CilCKTpe. 

Hccrre,nonanrrn nponc,ncuhI D C00TDCTCTDIIII C npo6JICMHO-TCl\IaTII'ICCKII111 
nrrauoM H<l>B8 II ,noronopoM o nay•rnoM coTpy,nnrPrccTne OMBT H<I>B8 II 
HA8 IIM. H.B.Kyp•rnTona. 

Uenb paooTbI: 

1. Pa3pa6oTaTb arrropIITl\IbI DbPIIICJICHIIlL £Taprnnx 'IJICHOD acnMTIT0TII'IC
crmx pa3JIO)KCHII1I Ar rapMOHIIK, Ar _TCpM0D II MaTpII'IHbIX 3JICJ\ICHT0D 
npu MaJihIX II 6orrhrnnx 3ua•1emrnx rnneppa,nnyca. 

2. Pa3pa6oTaTb 3q>q>CKTIIDHYIO Dhl'IIICJIIITCJihHYIO cxe111y pcrncnrrn CilCK
TpaJibHOlI 3a,na•m ,nrra CIICTCMhI pa,nnaJibHbIX ypanncnnfr Ill pc,nrmre
pa (3) 60Jibill01I pa3MCpH0CTIL 

3 . .IlaTb nocTanonKy 3a,n;a•ur pacceamrn KaK mrnefrnofr Kpacnofr 3a,na•m .nrra 
CUCTCMbI o6hIKHODCHHhlX .nn<p<pepcunnaJibHhlX ypanucunfr II pa3pa6oTaTb 
arrropnTMhl ce •1ncrrcunoro pcrnemrn. 

4. BhlTIOJIHIITb nporpaMMHYIO pcamnannro arrropIITllfOD n nn.nc naKCTOD 
npmrna.nllbIX nporpaMM (IIIIII). 

5. Hccrrc.rionaTh 3(pq>CKTIIDH0CTb pa3pa6oTaHHhlX arrropnTMOD II C03,naHHhIX 
Ha UX OCHODC fififI Ha IIpIIMCJ)C pac•ICT0D XapaKTCpIICTIIK (ypODHCII 
3HeprIIfI cmr3aHHbIX COCTOHHIIII II C0OTDCTCTDyromnx DOJIH0DbIX q>YHK
nrn1:) OCH0DHbIX MC30llfOJICKYJIHJ)HhlX CUCTCM. 

6. Pa3pa6oTaTb 3q>q>CKTIIDHYIO DbPIIICJIIITCJihH}'IO CXCMY pcrncmrn KDaHT0D0-
MCXaHIPICCI{Oll 3a,naqn .nnyx nenTpOD D nenpepbIDH0M CTICKTpc. 

•Korsch H.J., Laurent H. // .J. Phys. B. 1981. V.14. P.4213. 
10Milne W.E. // Phys. Rev. 1930. V.35. P.863. 
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HayqmUI HOBH3Ha 

1. Ha ocHone pacrrrnpemrn KOHe•rno-::meMCHTHoro' 6a3nca cpyHKUIIHMII, }"III

ToIBaIOIIUIMII anpIIOpHyro IIHcpopMaumo O rronenemm IICKOMhlX peIIICHIIII 
Ha paccMaTpnnaeMoM IIHTepnarre, pa3pa60TaH1,1 opnrirnarri,Hhle arrropnT
Mhl qncJICHHoro peIIIeHUH Janaq Ha co6cTneHHhlC 3Ha•ICHIIH II KpaenhlX 

Janaq nrrH CIICTCM JIIIHCHHhlX 060IKHoneHHhlX nucpcpepeHUIIaJibHhlX ypan

HeHIIII BTOporo rropH,llKa. 

2. Pa3pa6oTaHhl 3cpcpeKTIIBHhlC arrropIITMhl II nrrepn1,1e llhl'IIICJICHI,I CTap

IIIIIe qJieHhl acIIMIITOTllqecKIIX pa3JIO,KCHUII Ar TCpMon, Ar rapMOHIIK, 

MaTpIIqHI,IX 3JieMCHTOB rrpn MaJihlX II 6oJibIIIIIX 3Ha•ICHIIHX rnrreppam1-

yca. 
3. IlpenrrmKeH HOBhlII crroco6 peIIICHIIH 3a,lla•rn: paCCClfHIIH nrrH CIICTCMI,I 

pa.llIIaJibHbIX ypanHeHI111 Illpemrnrepa. C IIOMOIUbIO rrpeo6pa3onam111, 

yqnThlnaromnx aCIIMIITOTII'ICCKIIC oco6eHHOCTII · HCKOMbIX pannaJibHhlX 

BOJIHOBI,IX cpyHKUIIH rrpn MaJibIX II 60JibllllIX 3Ha'ICHIIlfX rnrreppannyca, 

Jana•ra pacceHmrn cnonnTcH K rruuc11:HoII onHoponHm1: rpamPrno:(r Jana'le. 

4. BrrepBbie ,llJIH peIIIemrn KBaHTOBO-MCXaHII'ICCKOII Janaqn nnyx UCHTpon 

n HerrpephlBHOM crreKTpe rrpnMeIIeH rronxon, ocHonaHHhlII Ha rrpeo6pa3o

namm pannarr1,Horo ypanHeHirn K ypanHeHIIIO MnrrHa. 

IlpaKTHqecKaJ:I u:eHHOCTb 

CoJnaHHhllI rrrrrr, rrpenHa3Ha'IeHHhllI nrrH 'IlICJICHHoro peIIIeHIUI Jana'III Ha 

CBH3aHHhle COCTOHHIUI II Jana'III pacceHHIUI nrrH CIICTCMhl pa,llIIaJII,HbIX ypanHe

HIIH, BOIIIeJI cocTanHO!I 'IaCTbIO n rrporpaMMHOe o6ecrrc•ICHIIe nrrH 'IIICJICHHoro 

IIccrrenonamrn Janaqn Tpex KyrroHoncKIIX Terr, ccpopMymrponaHHoi'r n Ar rro.ri

xone. 3To II03IlOJIIIJIO C llhlCOKOII TO'IHOCTbIO II 61,1cTpOTOII IIpOBeCTII paC'ICTI,I 

yponHeII 3Heprnn II IlOJIHOllhlX cpyHKUIIH pH,lla Me30MOJICKJJI. 

IJOMHMO CITeUIIaJibHOro Ha3Ha•Iemrn, IJIJIJ npcncTailJIHeT caMOCTOHTeJibHJ!O 

npaKTII'lccKyro ueHHOCTb KaK arrrrapaT .llJIH qncrre1moro nccrrenonamrn nmpoKo

ro Kpyra MaTeMaTnqec1rnx 11,rnnerre11:, npnnonHIUIIX K Janaqe Ha co6cTneHHhle 

3Ha•reHIIH IIJIII K . Kpacno:(r 3ana•1e ,llJIH CIICTeMhl JIIIHeIIHhlX o6hlKHoneHHhlX 

nIIcpcjJepeHUIIaJII,HhlX ypanHeHIIH IlToporo IIOpHnKa. IJIJIJ ycneIIIHO npIIMC~ 

HHJICH nrrH 'llICJieHHOro pcIIIeHirn HCKOTOphlX aKTyaJII,HhlX 3ana•1 KBaHTOBOII 

MCXaHIIKII. 
IIporpaMMhl ,llJIH Dbl'IIICJICHIIH CTapIIIIIX 'IJieHOD aCIIMIITOTII'IeCKIIX pa3JIO

,KCHIIH Ar 6a3uca II MaTpII'IHbIX 3JieMCHTOD IIMCIOT 60JII,IIIOe 3Ha'!eunc nJilf 
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rrponcp1m rrpaDIIJibHOCTI: rrorryqeHHhlX 'IIICJieHHhlX pe3JJibTaTOD, B ,llaJibHeII

IIIIIX IICCJienonaHIIHX acIIMIITOTII'IeCKIIX CBOHCTD Ar 6aJnca, Heo6xonIIMhl nJIH 

peIIICHIIlf MHOroKaHaJibHOII 3a,lla•m pacceHHIIH. 

IIporpaMMbI nrrH DhlqucJieHIIH cjJaJ pacceHHIIH PKCcD HenpephlBHoro cneK

Tpa Janaqn nnyx KJJIOHOBCKIIX ueHTpon II03BOJilfIOT rrponeCTII pacqeThl C Dhl

COKOII TO'IHOCTI,IO II 6hlCTpOTOH D IIIIIpOKOM nuana3oHe II3MeHeHHH napaMeTpon 

Janaqn. Ilo CDOIIM xapaKTCpIICTIIKaM nporpaMMhl npenocxonHT CYIUCCTBJIO

mne. 

Arrpo6au:mi: pa60ThI 

Pa6oThl, nocnyMIIBIIIne ocHono11 nnccepTauun, 6hlJIII nono2KeHhl Ha uayir

HhlX ceMIIHapax OMBT McDB3, MA3 HM. Kyp•raTOna, Ha 12-o:ii Me2Knyua

ponuo11 KoncjJepeuuun rro aTOMHoi'r cjJIIJHKe B r. BaHKynepe, KaHana, 1989 r. 

Ily6JIHKaU:HH 

OcHOBHhle pe3JJII,TaThl nuccepTaUIIH ony6JIIIKOBaHhl B 8 neqaTHbIX pa6o
Tax, n TOM qJicJie n nnne npenpIIHTon McDB8, n MaTepIIanax: 12-oii Me2K,n:y

HaponHoi'r KonqiepeHumr no aTOMHOII cjJII3IIKe, n 2KypHane Few Body Systems. 

CTpyKTypa H o6'beM p:HccepTaU:HH 

lbrccepTaurrn cocTOIIT II3 nneneHIIH, qeThlpex rnan n .3aKJIIO'lemrn, co

nep2KIIT 35 Ta6nnu, 10 pIICYHKOD II CITIICOK UIITIIpyeMOII mITepaTyphl (119 
HaIIMeHODaHIIH). 

KPATKOE C0.1IEP)KAHME .1IMCCEPTAU:MI1 

Bo aae,I{eHHH naeTcH KpaTKOe onncamre HccrrenyeMhlX n nuccepTan;uu 

3ana•1. IIpnnonuTCH llCTOpIIH pa3BIITIIH MeTonon IIX qncJieHIIOro peIIIeHHH. 

06ocHODhlDaeTCH aKTyaJibHOCTI, II Heo6xo.zu111,1ocTI, pa3DIITUH HODbIX nonxonon, 

a TaK2Ke coJnanIIe · ennHoro 'IIICJICHHoro MeTona l.lJIH perneHIIH 3TIIX Jana•1. 
CqiopMynnponaHhl OCHODHhle Tpe6onaHIIH, npen'.bHDJIHeMhle K Dhl'IIICJIIITeJib

HhlM CXeMaM. 0IIHChlnaeTClf CTpyKTypa nnccepTaUIIII. 

B nepaoii rnane nonpo6Ho OIIIICaH Ar nonxon nnlf perneHIIH KDaIITODO

MeXaHII'leCKOII Ja,lla'III Tpex Terr. B §1 naHa o6mrur TeopnH Ar nonxona. 

Ilp1rnonHTCH OCHODHhlC ypaDHeHHH II arrropIITMhl Dhl'IIICJieHirn Ar 6aJIICa 

II MaTpnqHhlx 3JieMeHTOB (§2), OCHOBaHHhle Ha pa3JIO)l(CHIIII Ar rapMOHIIK 
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ITO· MHO)KeCTBY <pyHKI(Irii:, mmroqaromeMy <pyHKI(IIH CTaH.uapTHOro KOHe'IH0-

3JICMeHTHOro 6a3IICa H <pyHKI(IIII HeCTaH.uapTHoro 6a3uca. Ilmr IIOCTpoeHIIlI 

<pyHKI(Illi HecTaH.uapTHOro 6a3IICa IICilOJib30BaJIIICb aHaJIIITil'ICCime Dbipa,Ke

HII.lI CTaprrrnx 'IJieHOB aCIIMIITOTil'IeCKIIX pa3JIO)KeHIIII Ar rapMOHIIK rrpn p - 0 
II p - 00. B §3 OllIICbIBaeTC.lI MeTO}lIIKa pememrn CIICTeMbI pa.umWihHbIX 

ypaBHeHIIH (3). Ikcne.uyeTClI CXO}lIIMOCTb Ar 6a3IICa II DJIIIlIHIIC Ha TO'IHOCTI, 

BbI'IIICJieHIIH <pJHKI(IIB HeCTaII.UapTHOro 6a3IICa. IlpIIDO}llITClI pe3JJibTaTbI DhI

'IIICJieHIIii ypoBHeii 3HeprIIii II COOTBeTCTDJIOII(IIX UM pa.uuaJibHbIX DOJIHODbIX 

<pJHKI(IIH }lJI.lI no3IITpoHna: e+ e+ e-, Me3oMoneeyn dtµ II ddµ. 
Bo BTOpoii rJiaBe IICCJie}lJIOTC.lI aCIIMIITOTil'!eCirne CDOIICTna Ar 6a3IICa II 

MaTpII'IHbIX 3JieMeHTOB. 3.uecb rrpIIBO}llITClI OCHODHbie <popMJJibI }lJI.lI DbP-IIICJie

HII.lI aCIIMilTOTII'IeCKIIX pa3JIO)KeHIIH Ar TepMOD, Ar rapMOHIIK II MaTpII'IHbIX 

3JieMeHTOD }lJI.lI 6oJibIIIIIX (§1-2) II MaJibIX (§3) 3Ha'!eHIIH nmeppa.unyca. B §4 
rrpe.ucTaBJieHbI an:ropnTMhI, peamnonaHHbie n OT.UeJibHOM rrai,eTe nporpaMM 

II rrpe.ucTaBJI.lIIOII(Ile caMOCTO.lITeJibH}'IO I(eHHOCTb }lJilI }laJibHCIIIIIIIX IICCJIC}lO

naHIIH aCIIMilTOTII'IeCKIIX CBOHCTD Ar TCpMOD, Ar rapMOHIIK, MaTpII'IHhIX 

3JieMCHTOB. IlpnBO}l.lITC.lI pe3JJibTaTbI DbI'IllCJieHIIII HeCKOJibKIIX rJiaDHbIX 'IJIC

HOD aCIIMTOTII'leCKIIX pa3JIO,I(eHIIII Ar TepMOD II MaTpII'IHhIX 3JieMeHTOD }lJilI 

II03IITpOHII.lI II Me30MOJieKJJibI dtµ II IIX cpaBHeHIIe C pac'!eTaMII. 

B TpeTheii rJiaBe paccMaTpIInaIOTC.lI MeTO}lbI II anropIITMbI, peaJIII30DaH

Hbie B IIIIII, KOTopbiii ycrrenrno rrpIIMeH.lIJIC.lI .UJI.lI pememrn CIICTCMhI pa.unanh

HhIX ypaBHeHIIH IIlpemrnrepa (3) 6on1,moii pa3MepHocTn. B §1 onuc1,rnaeT

cH <pyHKI(IIOHaJibHOe HaIIOJIHeHIIe IIaKeTa (paccM.aTpnnaeTClI KJiacc pemaeMbIX 

3a}la'I, MeTO.U .UIICKpeTII3anuu, MeTO.UhI pememrn anre6panqecKOII 3a.ua•m). B 
o6meii IlOCTaHODKe, 3a}laqa COCTOIIT D BbI'IIICJieHIIII HeCKOJibKIIX MIIHIIMaJibHhlX 

co6CTDeHHbIX 3Ha'IeHUH E CHCTeMbI II3 N 06u1rnoneHHhlX .umpq:iepeHI(IIaJihHhlX 

ypanHenuii 

.c(Y(x)) = ES(x)Y(x), (6) 

a TaK,Ke pemeHII.lI Kpaenoi'I 3a.uaqu 

.c(Y(x)) = F(x), (7) 

r.ue onepaTop 

d d d d 
.C = - dx A(x) dx + V(x) * U(x) + B(x) * Q(x) dx + dx B(x) * Q(x). 

Y(x) = (Y1(x), ½(x), ... , YN(x)) - neKTOp IICKOMhlX q:iym,I(Ili'I, a F(x) = 
(F1(x),F2(x), ... , FN(x)) - ne1(Top <pyHKI(IIH npanoii qacTII. A, B, V, S -
1rna.upaTHbIC MaTpIII(hl pa3MepHOCTII N X N, 3JieMeHThl KOTOphlx - .nnq:iq:iepeH

I(HpyeMhIC <pJHKI(IIII Ha 3a}laHHOM IIHTepnane [xo, xi], a Q, U - Irna.upaTHhlC 
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MaTpnn1,1 pa3McpnocTn N x N, y.uonneTnopHIOII(IIe ycnomrnM 

U = UT, Q = -QT, 

II 3JICMCHThl I..:OTOpbIX MoryT fihlTb 3a}laHhl Ta6JIII'IHO. IIo.u onepauue11 / */ Me)K

.uy MaTpIIUaMII no.upa3yMenaeTClI B(x) * Q(x) = {BijQij, li,j = 1, 2, ... , N}. 
Ha Konuax IIHTepnana [xo, xi] IICKOMhie q:>JHKI(IIII Y.UODJICTDOplIIOT rpaHII'IHhlM 

JCJIODII.lIM . 
c(l)dY;(xo) + c~2)Y;(xo) = 0, i = 1, 2, ... , N, 
' dx (8) 

(3)dY;(x1) + (4)v.( ) _ O 
c, dx c, L; x1 - , 

r.uc c~j), j = 1, 2, 3, 4 - }lCIICTDIITCJihHbIC 'IlICJia. 

IlncKpeTmau1rn HenpepbIDHhIX 3a.uaq (6), (8) II (7), (8) ocymecTDJilI

nacb MCTO}lOM KOHC'IHbIX 3ITCMeHTOD 11 C pacmnpeHHhlMII D03MmKHOCTlIMII: 

uoryT IICIIOJib30DaThC.lI <pyHKI(IIII CTan.uapTHoro KOHe'IH0-3JICMCHTHOro 6a3nca 

JII06oro IIOJ).lI}lKa; 6a3IIC MmKeT 6bITb }lOIIOJIHeH <pyHI,I(IIlIMII HCCTan.uapTHO

ro fia3IICa, HeCJII(IIMII aIIpIIOpHJIO IIHq:>OpMaUIIIO O IIODe}leHIIII peIIIeHIIlI Ha 

pacc1rnTpunaeMOM IIHTepnane. B pe3JJibTaTe }llICKpCTII3aI(IIII 3a}la'I (6), (8) 
II (7), (8) IIOJIJYICHhl anre6paIPieCKalI 0606meHHalI rrpo6JieMa co6CTDeHHhlX 

3Ha'ICHIIII II neo.unopo.unalI CIICTCMa JIIIHCIIHhlX ypanHeHIIII, COOTDCTCTDCHHO . 

MaTJ)HUbI anre6pan<recKIIX 3a}l,VI lIDJilIIOTClI CIIMMCTJ)II'IHbI11II IIOJIO)KUTeJib

HO OIIJ)C}lCJieHHhlMII MaTpnua1m, IIMCIOII(IIMII 6JIO'IHO-}lIIarOHaJibHJIO CTp}'KTJ

py. Anre6pmPrccKaH o6o6mennalI npo6neMa co6cTDCHHhIX 3uaqeunf1 pemanac1, 

MCTO}lOM IITepan1m no.unpocTpaHCTDa 12 , KOTOJ)hlll II03DOJI.lieT O}lHODJ)CMCHHO 

Dbl'IIICJI.lITb HCCKOJihKO co6CTDCHHhlX 3Ha'ICHIIII, 6mrnrn11:mmc K HCKOTOJ)OMY 

3a}laHHOMY ncmecTDeHHOMY 'IIICJIY ( c.unnr CIICKTpa). PerneHIIe HCO}lHOJ)O}lHOII 

CIICTCMbI JIIIHCIIHbIX ypaDHCHIIII CDO}lIIJIOCb K IIOCJIC}lODaTCJihHOMY pcrneHIIIO 

.unyx CIICTCM ypaDHCHIIII, nonr1eHHhlX IIOCJIC LU-q:iaKTOpII3aunu MaTpIIUbI. 

3q:iq:ieKTIIDHOCTb LU pa3JIO)KCHII.lI }lOCTIIraeTC.lI DbPIIICJICHIICM 3JIC'MCHTOD Ma

TJ)UU L rr U no cTon6uaM 13 . IlporpaMMHalI pcamnau1rn anropunrnn OIIII

cana D §2. Pc3JJibTaThl 'UlCJieHHhlX uccne.uonaHIIII J)lI}la 3a.ua•r Ha COOCTDCH

HbIC 3Ha'ICHIIlI, IICIIOJib30DaHHblX D Ka'IeCTDC TCCTODblX }lJI.lI IIJIJIIOCTpaunn 

11 CTpenr r., <l>nKc Il:;,rc TcopnlI MCTo.ua 1wnc•rn1,1x 3JICMCIITon. -1\,I.: Mnp, 

1977. 
12IlapncTT E. CnMMeTpIPIHa.lI npoGncMa co6cTncnnhlx 3ua,rennf1. -M.: Mup, 

1983. 
13Bathc K.-J., Wilson E. // Numerical Methods in Finite Element Aualisis. 

Printicc-Hall, Inc., Englewood Cliffs., N.J. 1980. 
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oco6o noJie3HhlX no3MO)KHOCTefI IIIIII, TaKnx 1rnK ucnoJib3onamrc q:iyuKu1111 

K0HeqH0-3JICMeHTHoro 6a3IICa IlhlC0K0ro nop.!I,n:Ka, <pyHKUIIII HCCTaH,n:apTH0ro 

6a311ca, Il03MO)KHOCTh pemcmrn CIICTCM .UII<p<pepcHUilaJihHhIX ypanHCHIIII 6oJib

IIIOll pa3MepHOCTII II 3a,n:aHI1.!I ee K03<p<pIIUIICHTOB KaK Il auaJIIITII'ICCKOM, TaK II 

Ta6JI11qHOM nn.n:e, IIpIIBO,U.!ITC.!I n §3. 3.n:ecb .n:aH aHaJIII3 TO'IHOCTII IlOJIY,ICHHhIX 

pe3JJihTaTon, npnno,n:HTC.!I 3aTpaThl pecypcon 3BM (npeM.!I c•reTa, Tpe6ycMaJI 

onepa THBHaJI. IIaM.!ITh). 

t.JeTBepTM rnaaa nocnHruetta 3a,n:aqe pacce.!Imrn. lIJIH pememur 3TOII 

npo6JieMhl npe,n:JiaraeTc.!I HOBhIII no.n:xo.n:, ocHonHa.!I n,n:e.!I KOToporo 3a1rn10•ra

eTc.!I n TOM, qTo C IlOMOIUhIO cneuuaJibHhlX npeo6pa3onaHIIII Y'IIIThlBaCTC.!I 

acnMIITOTIJqeCKOe none.n:em1e IlOJIHOilhlX <pyHKUIIII KaK npn MaJihIX, TaK II 

npu 6oJihIIIIIX 3Haqemrnx nmeppa.n:nyca. Ilpn 3TOM coxpaH.!ICTC.!I JIIIHCIIHOCTh 

IICXO,UHOII 3a,n:aqu OTH0CIITeJibH0 B0JIH0ilhlX <pyHKUIIII, ,U0CTIIraCTC.!I ycTOIPIII

B0CTh qncJICHH0ro pemeHIUI. B HOBOU II0CTaHOBKe 3a,n:aqa q:iopMyJiupyeTC.!I 

IrnK KpaenaJI 3a,n:aqa C O,UH0pO,UHhlMH rpamrqHhIMII ycJI0BIUIMH rrcpnoro po.n:a. 

3q:i<peKTIIBHOCTh MeTo.n:a 6hma rro,n:Tnep)K,n:eHa n pe3JJihTaTe pcmcmrn pH.n:a 

aKTJaJihHhlX 3a,n:aq: O,UHOKaHaJihHOII 3a,n:aqu pacce.!IHII.!I C neruecTBCHHhlM (§1) 

H KOMIIJieKCHhlM (§2) IlOTeHUIIaJiaMilj BhlqucrreHII.!I K03<p<pllUIICHTOB npo3pa•1-

H0CTII II OTpa)KeHII.!I n cneKTpaJibHOll 3a,n:aqe illpe,Uirnrepa Ha Ilp.!IMOII (§3). 

B §4 .n:aeTc.!I o6o6ruemre npe,n:JiaraeMoro no.n:xo.n:a .UJI.!I pememur N-KaHaJihHofr 

3a,n:aqn pacces.HII.!I n cJiy<rae o.n:ttoro OTKphIToro Ka_HaJia, cq:iopMym1ponaHHof1 

n Ar no.n:xo.n:e. Ilpuno.n:HTC.!I pe3JJihTaThl nhr•mcJieHu11 <pa3hI paccc.!IHII.!I .UJI.!I 

no3IITpomrn e+ e+ e-. B §5 npe,n:JiaraeTc.!I HOBhlII MeTo.n:_ •mcJiettnoro peme

HII.!I KBaHTOBO-MexaHIIqecKOII 3a,n:aqn .n:nyx UCHTIJ0B Il HenpephlBH0M cneK

Tpe, BKJIIOqaIOIUIIlI n ce6.!I .n:na 3Tana - BhlqucJieHIIe KOHCTaHT pa3,UeJICHII.!I II 

YKC<D (n.1), II nhlqncJieHIIe PKC<D n, n •racTHOCTII, IIX <pa3 pacce.!IHII.!I (n.2). 

KoHCTaHThl pa3,n:eJiemrn II YKC<D onpe,n:eJI.!IIOTC.!I, cooTBCTCTneHHo, KaK co6-

CTBeHHhle 3Ha'ICHil.!I II co6CTBeHHbie <pyHKUIIII yrJionoro ypanHeHIUI (5) II .UJI.!I 

ux Bhl'IIICJICHII.!I ycnemHo npnMeH.!IJIC.!I IIIIII, pacc1mTpIInaeMhlll n TpCThCII 

rJiane. lIJIH pememrn nToporo 3Tana 3a,n:aqu npIIMCH.!IJIC.!I no.n:xo.n:, ocuonna.!I 

II.UC.II KOToporo COCTOIIT n TOM, 'ITO C Il0M0IUhIO CilCIJIIaJihHOro npeo6pa30-

namrn llCXO,UHOe mrnefrnoe pa.n:uaJibHOC ypanuemre ( 4) CBO,UIITC.!I K HCJIIIHCII

H0MY ypanHemoo M1mHa. Pemem1e ypanuemur MnJIHa II3MeH.!ICTC.!I rmanHo 

n npoTrmonoJion<uocTh PKC<D, KOT0paJI .!IBJI.!IeTc.!I 6hlcTpo ocurmm1py10ruefr. 

qIICJICHHOe pemeHne noJiyqeHHOll 3a,n:a•m C BhICOKOll ToqHQCThIO II 6hlCTIJOTOII 

ocyruecTBJI.!IJI0Ch MCTO,UOM PyHre-KyTTa Il.!ITOro nop~,UI(a 14 C aBTOMan1qecKIIM 

14<DopcafrT lin<., MaJihKOJihM M. MamIIHHhle MeTO.Uhl MaTeMaTIPrec1mx Bhl

•rncJieHIIII. -M.: Mnp, 1980. 

10 

'" 

-nh16opoM mara IIHTcrpIIJ)~BaHn.!I. Pacc1mTpunaeTc.!I rrporpaMMHaJI pean1namrn 

rrpc,UJIO)KCHHhlX aJiropIITM0B, npnB0,U.!ITC.!I pe3yJihTaThl BhlqncJICHIIII K0HCTaHT 

pa3,n:cJicu11.!I 11 <pa3 pacce.!IHII.!I PKC<D .UJI.!I pa.3mPIHhlX napaMcTpon 3a,n:aqn. 

Ilan aHaJIII3 T0'IHOCTII -IlOJIJ'ICHHhlX pe3JJihTaTon, rrpune.n:eHO npeM.!I cqeTa . 

B 3aKJIIO'leHIIII .n:ncccpTaunn c<popl\IyJiuponaHhl 0CH0BHhlC pe3yJihTaThl, 

BhIH0C.!IIUIICC.!I Ha 3aIUIITy: 

1. Pa3BIIT C,UIIHhlll rro.n:xo.n: K Il0CTaH0BKe 3a,n:aqn ua CB.!I3aHHhle COCT0.!I

Hil.!I II 3a,n:aqn pacce.!IIIIUI .UJI.!I CIICTCMhl pa,UIIaJihHhlX ypanneHIIII illpe.n:rmrepa. 

Ilpe.n:JimKCHhl npeo6pa3onaHII.!I, Y'IIIThlBaIOruue acm,mTOTIPICCKIIe oco6eHHO

CTII IICK0MhIX pa.n:naJibHhlX BOJIH0ilhIX <pyHKIJIIll n HYJIC 11 Ha 6ccKOHC'IHOCTII, 

B pC3YJibTaTe KOTOphlx 3a,n:a•ra pacCC.!IHIUI CBO,UIITC.!I K JIIIHCIIHOII o.n:nopo,n:HOII 

rpanu•rnmr 3a,n:a•rn. 

2. Pa3pa6oTana 3<p<pCKTIIBHa.!I Bhl'IIICJIIITCJihHa.!I CXCMa pCIIICHIUI CilCK

TpaJibHOII II Kpacno11 3a,n:a•111 ,UJI.!I CIICTCMhl JIIIHCIIHhlX 06bIKHOBCHHhIX .Uil<p

<pcpcHIJIIaJihHhlX ypaBHCHIIfI BToporo II0p.!I,UKa, OCH0BaHHa.!I Ha rrpIIMCHCHIIII 

conpCMCHHhlX MCTO,UOB: annpOI,Clll\IaUIUI ucrrpcpbIBIIOfr 3a,n:a•m (l\ICTO.U Koucq

HhIX 3JICMCHTOB C Il03MmKHOCThIO IICII0Jlh30BaHU.!I anpuopHOII IIH<pop1munu 0 

uonc.n:emm pememur c noM0IUhIO q:iym,uuf1 HCCTau.n:apTHoro 6a3uca, a TaI,-

2KC <pJHKIJIIII CTaH,n:apTuoro K0HC'IH0-3JICMCHTH0ro 6a3IICa BhlCOimro IIOp.!I,UKa) 

II pCIIICHIUI aJirc6paIPICCIWfI 0606ruemrnf1 qpo6JICMhl co6CTBCHHhIX 3HaqeHIIII 

( MCT0.U IITcpaunn no.n:npocTpaucTna). 

3. IlhlnoJiueua nporpal\IMHa.!I peamnaunH pa3pa6oTaHHhlX aJiropIITMOB n 

Bil.UC IIIIII, IIMCIOIUCro ru6rmfr IIHTCp<pcf1c C II0Jih30IlUTCJICM, KOTOphlfI II03Il0-

JI.!ICT ocyruccTBJI.!ITh Bhl6op 3a,n:a•m ( ua co6CTBCHHhIC 3HU'ICHil.!I IIJIII KpacnyIO), 

3a,n:anaTb K03<p<pIIUIICHThl ucxo.n:nofr CIICTCMhl .UII<p<pcpeuumWibHhlX ypanHCHIIII 

n auamrTnqecKoM 11 Ta6mPIHOM nn.n:c, naphnponaTh n mnpm,nx npe.n:cJiax no

p.!I,UOI{ <pyHKUIIfI KOHcquo-3JICMCHTIIOro 6a3IICa II 3a,n:anaTb <pyHI,UIIII HCCTUH

.n:apTHoro 6a3nca, pemaTh aJire6pmPICCKIIC 3a,n:a•111 60JihIIIOII pa3tICJ)H0CTII, 

K0HTJ)OJIIIponaTb TO'IH0CTh IIOJIY'IaCMhlX pC3JJihTaTOB. 

4. Pcrneu p.!I,n: 3a,n:a•r, aKTyaJihHhIX n pa3m1quhlx pa3.UCJiax <pII3IIKII. IloJiy

•rcuubre pe3JJibTaThl 110,UTBCpmmn ua npaKTIIKC 3<p<pCKTIIBHOCTh mu,cTa. C 
IIOM0IUhIO IIIIII 6hlnn pcmcHhI: 

• O.n:HoKaHaJihHa.!I 3a,n:a•ra pacCC.!IHII.!I C BCIUCCTBCHHhIM II KOMIIJICKCHhll\I 

IlOTCHIJIIaJiaMII. 

• 3a.n:a•ra O Ilhl'IIICJICHIIII K03<p<pIIIJIICHTOil npo3pa'IHOCTII II 0Tpa)KCHil.!I n 

cneKTpaJihHOII 3a,n:a•rc illpcmmrepa ua _np.!!Mof1. 

• 3a.n:a•rn Ilhl'IIICJICHil.!I co6cTBCHHhIX 3Ha•rennii ( K0HCTUHT pa3,UCJICHII.!I) II 

cooTBCTCTBYIOIUIIX co6cTncnnhlx q:iyuKumr (YKC<I>) yrJionoro ypanHeHII.!I 

.UJI.!I CIICTCMhI .n:nyx KJJIOH0BCKIIX UCHTpon n HcnpcphlBH0M CIICKTpc. 
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5. B paMKaX pemeHilJl: KDaHTODO-MeXaHIPiec1wii 3a,na•m Tpex TCJI, cqiop
MyJinponaHHOII B Ar rronxone, pa3pa6oTaHI,I aJiropIITMhl II IlbIIIOJIHCHa IIX 
rrporpaMMHM peaJin3a:D;IIJl: ,!l;JIJl: Ilhl'IIlCJICHIIJl: CTapmnx 'IJICHOD acnMIITOTII'IC
CKIIX pa3JIO:rKeHIIll Ar rapMOHIIK, Ar TepMOil II MaTpII'IHbIX 3JICMCHTOD IIpII 
MaJibIX II 6oJibmnx 3Ha'lemrnx rurreppanIIyca. · "' 

6. Ilrr.K KnaHTono-MexaHnqecKoii Ja,na•m Tpex TeJI, cqiopMym1pona1moii 
n Ar rronxone, c rroMonn,10 IIIIII pemcHa crreKTpaJibHM 3a,na•rn II 3a,na•rn 
pacce.KHIIJl: B crryqae onHoro OTKphlTOro KaHaJia ,!l;JIJl: CIICTCMhl panuaJibHbIX 
ypanHeHm'i Illpenmrrepa. IIorryqeHhl crrenyromuc pe3JJibTaT1,1: 

• IIponeneHbI pac'leThl xapaKTepIICTIIK (yponHei'r 3Heprm'i Cil.K3aHHbIX co
CTOJl:HJII°i II COOTileTCTBJIOIUIIX BOJIHOilhlX qiyIIKIIIIII) Me30MOJieKJJI.KpHhlX 
cncTeM dtµ n ddµ, cncTeMhl e+ e+ e-. 

• IIponeneHhl pacqeThl qia30ilhlX CMeIUCHHII DOJIHOilbIX qJJHKIIHfr, }IIlITJl:IO
IIIIIXCJl: pemettneM MHormrnHaJibHoii 3a,na•n1 pacce.KHII.K n cJiyqac onttoro 
OTKpbITOro KaHaJia mm CIICTCMhl e+ e+ e-. 

7. IIpe,nJIO:iI{eH 3qJqJeKTIIIlHbIII MeTon pcmcmrn KDaHTODO-Mexann•recKOII 3a
,naqn nnyx nenTpon n HcrrpephlDHOM crreKTpe, ocnonaHHhlii ua upeo6pa3onamrn 
pannaJI1,noro ypanncmrn IIIpennnrepa K Hemrneii:HoMy ypanuemno Mrmua. 
Pa3pa60Tan1,1 aJiropIITMhl n n1,rnorrneua nx rrporpa1,1Mua.K peamnanrrn nmr 
nhlqncrreHII.K PKC<l> n, n qacTHOCTII, IIX qia3 pacce.KHII.K. 
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