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B~'lllCOB Hll 311CeJtaHHH CneUH11JlH3HpOB~HHOrO yqeHoro COBeTa 

B04~.01.04 llpH Ra6opaTOpHH BH'IHCJlHTe.llbHOA TeXHHKH H 

11BTOM11TH311UHH 06~eJlHHeHHOrO HHCTHTyTa RJlepHHX HCCJle.llOBilHHA, 

r.By6Ha MOCKOBCKOA o6naCTH. 

·c JlHCCepTilUHeA MOXHO 03HilKOMHTbCR B 6H6JlHOTeKe 0111111. 

Y'leHHA cexpeTapb coueTa 
KllHJlHJlllT !pH3HKO-MaTeMaTH'IeCKHX HayK 3.M.IIB11H'IeHKO 
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I!J~LJ2 i 

OSmAR XAPAKTBPHCTHKA PASOT~ 

B JlHCCepT&UHH npe.ncTaBnBHH K&TBM&TH'IBCICHB CXBKH H ICOWnneiCC 

nporpaww .nnR nonywHrpocronH'Iecroro weTo.na CBR3&HHHX raHanoa a 

npRMHX RJlBpHHX peaKUHRX, 

C03Jl&HHA rownnerc nporpaww, anropHTKH ICOTOpHx pa3pa6oT&H~ Ha 

OCHOBB TBOpHH npRWHX RJlBpHHX pe&ICUHA, HCnO.Ilb3YDTCR JtnR npOBBJlBHHR 

MBTOJlH'IBCKHX Hccne.noa&HHA H &HanH38 31CCnepHWBHT8JlbHHX Jl&HHHX • 

AKTyanbHocTb npo6newu. 

flpRMHe R.llBPHHB peaKUHH RBJlR~TCR B&KHHM HCTO'IHHICOM HH~pWaUHH 

Jl.llR H3Y'IBHHR &TOMHOro R.llpa. ~HH Jl&~T B03WOKHOCTb nony'I&Tb TO'IHY~ 

cneKTpocronH'Iecxy~ HH!popwauim o cTpynype ·R.npa, no3Towy .nnR raqec

CTBBHHoro 8H&JlH3a B&KHO HMBTb XOpowy~ TBOpBTH'IBCKy~ H BH'IHCnH

TBnbHY~ Cla3 y. 

Ynpyroe H Heynpyroe pacceRHHB 'I&CTHU HH3XHX 3HeprHA - ~JlH& H3 

TllKHX 3&.1111'1, CBH3b ll!lKJlY ynpyrHII H HeynpyrHIIH ICaHanaiiH peaKUHH 

OnHCUD&BTCR M!lTOJlOII CBII31lHIIUX X&Hanoa (MCK), 3TOT MBTOJl no3BOniiBT. 

paCC'IHTUB&Tb JlllqxJlB~BHUH&JlbiiLIB CB'I.BHIIR ynpyroro H Heynpyroro 

paCCBRHIIR OJlHOBpBIIBHIIO, 

Tp&JlHUHOHHO B TBOpHH npRMLIX RJlBpHLIX peaKUHA B IC&'IBCTBB noTeH

UHana IICnonb30B&JlCR MaKpOCICOilii'IBCKIIA !pBHOIIBHOnorH'IBCKIIA noTBHUHan 

B !p0p11e By.nca-C&KCOH&. O.llH&Ko,paC'IBT&IIi npOBOJliiKLIM B paiiKaX CT&H

.napTIIOA aepcHH MCK c warpocronH'IBCXHK noTeHUHanow, npHcy~ p11.11 He

.nocT&TKOB,B 'I&CTHOCTH,H&nH'IHB ClOJlhWDrO 'IHcna CBOClOJlHLIX nap&MBTpOB 

(napaMeTpH OilTII'IBCKOro nOTBHUII&na (00), nap·aweTpH JlB!pOpMaUIIII II 

Jlp,), OTCYTCTBIIB CBR311 C nonyNHKpOCXOnii'IBCKIIMH R.llBPHHMH MO.IlBJlRKII,· 

8 nocnBJliiBB Bp6MR nony'IBIIH 3KCn~pHWBHT&nbHHB Jl&IIIIHB, B KO

TOpHX yrnOBHB pacnpe.neneHHR Heynpyro paCCBRHHHX 'I&CTIIU 113MepeHH 

a 11111poxow yrnoaow JtHana3oHe. Hcnonb3oaaHHe nonywHxpocxonll'lecroro 

no.nxo.na X &H&JlH3Y 3THX '.naHHHX no3BO.JlRBT nony'I&Tb ·HOBY~ HH!pOpMaUHD 

0 CTpyxType R.llpa. 

flonyiiHKpOCXOnii'IBCKaR MO.Ilenb (flMM), B KOTOpoA Y'IHTHB&~TCR MHO~ 

ro'I&CTII'IHHe II OClMBHHHB HYK.IlOH-HyK.IlOHHHB KOp~BJlRUIIH, _n03BOJlRBT RBHO 

paccMaTpHB&Tb 3!p!pBKTH, CBR38HHHB C nnOTHOCTIIOA 3&BHCHMOCTb~ 

3!piPBKTIIBHOrO HyxnoH-HYX.IlOHHOro B3&HMO.IlBACTBIIR H .llBACTBHBM npHHUHna 

flaynH, PO.Ilb npHHUIIna flaynll ocoCleHHO cymeCTBBHHa npH onHC&HIIH 

B3&HMO.Il6ACTBHR HYX.IlOHOB HH31CHX 3HeprHA C RJlp&MH,Kpowe 3TOrO,HCCne-
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~OBaHHe B3aHMO~eltCTBHH HyKnOHOB HH3KHX 3HeprHlt C H~paMH npe~CTaB

nHeT 60nbWOlt HHTepec B CBH3H C TeM, qTo npH HH3KHX 3HeprHHX 6onee 
cymecTBeHHa CBH3b KaHanoB H, xax cne~CTBHe 3Toro,c 6onbwoa nepoHT

HOCTbD B036y~aDTCH COCTOHHHH H~pa-MHWeHH CnOXHOlt CTpyxTypu. 

H3yqeHHe Heynpyroro pacceHHHH HyKnOHOB H a-qaCTHU HH3KHX 3Hep

rHlt Ha H~pax cnyxHT BaXHUM HCToq~HKOM HH~OpMaUHH 0 napaMeTpax ~e

~OpMaUHH, pacnpe~eneHHH BemeCTBW B H~pe H nepeXO~HUX nnoTHOCTHX. 

3KcnepHMeHTanbHUe HCCne~OBaHHH C npOTOHaMH BUCOKHX 3HeprHlt,a TaKXe 

C ~pyrHMH qaCTHUaMH, npHBenH K,npe~CTaBneHHD 0 TOM, qTo ~e~OpMaUHH 

HeltTpOHHOrO H npOTOHHOrO pacnpe~eneHHlt B H~pax MoryT HMeTb 3HaqH

TenbHUe pa3nHqHH. 3TH pa3nHqHH,B CBOD oqepe~b, npHBO~HT K pa3nHqH

HM B napaMeTpax H30CKanHpHolt H H30BeKTOpHOlt ~e~opMaUHlt OTI. C 3TOlt 

TOqKH 3peHHH npe~CTaBnHeT HHTepec aHanH3 H30CnHHOBOlt CTpyKTypu He

ynpyrHx·nepeXO~OB.B H~pax, npoHBnHDmeltcH npH ~eynpyroM pacceHHHH 

HyKnOHOB HH3KHX 3HeprHlt Ha H~pax, B paMKaX TIMM, noCKOnbKY B 3TOM 

no~xo~e ~opM~axTopu HeynpyrHx nepexo~oo Henocpe~cTBeHHO CBH3aHu c 

npOTOHHUMH H HeltTpOHHUMH nepeXO~HUMH nnoTHOCTHMH. 

Taxxe axTyanbHHM npe~cTaBnHeTcH Hccne~oBaHHe Heynpyroro pac

ceHHHH a-qacTHU Ha H~paX,H3 aHanH3a 3KCnepHMeHTanbHUX ~aHHUX MOXHO 

Henocpe~CTBeHHO H3BneKaTb HH~OpMaUHD 0 CHne H30CKanHpHHX nepeXO~OB. 

0CHOBHUe uenH pa60TU: 

1.Pa3pa60TKa MaTeMaTHqecKHX CXeM H aJirOpHTMOB ~JIH C03~aHHH KOMn

JieKCa nporpaMM, peaJIH3YDmHX ouqHcJieHHe ceqeHHlt ynpyroro H 

Heynpyroro pacceHHHH HYKJIOHOB H cx-qaCTHU HH3KHX 3HeprHlt Ha H~pax 

MeTO~OM CBH3aHHUX KaHaJIOB B noJiyMHKpOCKOnHqecKOM no,nxo,ne H 

cpaBHeHHe pe3yJibTaTOB · C 3KCnepHMeHTaJibHUMH ~aHHUMH. 

2. Co3.naHHe xoMnnexca nporpaMM .nnH pacqeToB nonyMHKpocxonHqecxHx 

DOTeHUHaJIOB H ~OpM~aKTOpOB HeynpyrHX nepeXO~OB. 

3.Pa3pa60TKa BUqHCJIHTeJibHOlt CXeMU H anropHTMOB nporpaMMU ~JIH 

pacqeTa HHTerpaJibHHX xapaxTepHCTHK pacnpe~eneHHH nemecToa H 

noTeHUHana B H~pax. 

4.HCCJie~OBaHHe CXO,!l;HMOCTH pa3JIOXeHHlt ,!l;JIH noJiyMHKpOCKOnHqecxoro 

noTeHUHaJia H ~opM~axTopoo HeynpyrHx nepexo~oo H npooe~eHHe .npyrHx 

MeTO~HqecKHX pacqeTOB. 

5.HcnoJib30BaHHe co3~aHHoro xoMnnexca nporpaMM ~JIH pacqeTOB Teope-

THqecxHx ceqeHHlt ynpyroro H Heynpyroro pacceHHHH 

3HeprHlt Ha H~pax H aHaJIH3 3KCnepHMeHTaJibHUX ,!l;aHHRX. 

HayqHaH HOBH3Ha. 

qacTHU HH3KHX 

8 ~HCCepTaUHH pa3pa6oTaHU OpHrHHaJibHUe BUqHCJIHTeJibHHe CXeMU H 

OnHCaH C03~aHHUlt Ha HX OCHOBe KOMn.neKC nporpaMM, r~e peaJIH30BaH 
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nonyMHKpOCKOnHqecKHlt MeTO~ CBH3aHHUX KaHanoB, B KOTOpOM yqHTHBaDT

CH 3~eKTHBHUe CHnH H HyKnOH-HyKnOHHUe KOppenHUHH. TipoBe~eH UHKn 

HCCne~OBaHHlt,CBH3aHHUX C npHMeHeHHeM C03~aHHOrO KOMnnexca nporpaMM 

K aHanH3Y pacceHHHH npOTOH?B, HeltTpOHOB H cx-:.qaCTHU Ha $!~pax., .llnH 

HeCKOnbKHX H~ep npoBe~eHO cpaBHeHHe TeopeTHqeCKHX pacqeTOB , ... C 3KC

nepHMeHTanbHUMH ~aHHUMH ~nH nonyqeHHH ~H3HqecKHX pe3ynbTaToB; 

noMHMO ouqHcneHHH yrnooux pacnpe~eneHHlt ~H~epeHUHanbHHX ce

qeHHlt pacceHHHH B nporpaMMe peanH3oBaHu pacqeTu HHTerpanbHHX xapa

KTepHCTHK pacnpe~eneHHH oemecTBa H noTeHuHana o. H,~pax. Bnepoue. Hc

cne~ooaHo BnHHHHe HyKnOH-HyKnOHHUX KoppenHUHlt 060HX THnOB :(o6MeH

HUX H .MHOroqacTHqHUX) Ha COOTHOWeHHe Me~y HHTerpanbHUMH xapaKTe

pHCTHKaMH pacnpe~eneHHH oemecTBa H noTeHuHana B H~pax. 

TipaKTHqecKaH UeHHOCTb. 

qHcneHHUlt aHanH3 3KCnepHMeHTanbHUX ~aHHUX no ynpyroMy H 

HeynpyroMy pacceHHHD qacTHU. HH3KHX 3HeprHlt Ha H~pax. n03BOnHn 

nonyqHTb Hooue ~H3HqecxHe pe3ynbTaT~. 

PeanH3aUHH MaTeMaTHqecxoro H nporpaMMHoro o6ecneqeHHH nony

MHKpocxonHqecxoro MeTo~a CBH3aHHHX xaHanoB no3BOnHna pewaTb cne~y

DmHe ~H3HqecxHe 3a~aqH:. 

a) aHanH3 onHHHHH yqeTa npHHUHna naynH Ha ceqeHHH•ynpyroro. H 

Heynpyroro pacceHHHH npH yqeTe cHnbHolt CBH3H. KaHanoB peaKUHH (oc

HOBHoro H HeCKOnbKHX B036y~eHHUX COCTOHHHlt)~ 

6) aHanH3 BnHHHHH nnOTHOCTHOlt 3aBHCHMOCTH HyxnoH-HyKnOJiH,UX 

3~~eKTHBHHX cHn Ha ceqeHHH ynpyroroH Heynpyroro pacceHHHH~ 

B) anpo6aUHH HeltTpOHHUX KOMnOHeHT nepeXO~HUX nnOTHOCTelt, 

nocTpoeHHHX B paMxax nonyMHKpocxo~HqecKHX CTPYKTYPHHX H~epHux 

Mo~enea, ~nH aHanH3a 3KcnepHMeHTanLHHX ~aHHHX no pacceHHHD 

npoTOHOB, HeltTpOHOB H a-q'acTHU Ha H~pax; 
r) ~3BneqeHHe HH~OpMaUHH .06 H30CnHHOBOlt CTpyKType HeynpyrHX 

nepeXO~OB B pacceHHHH npOTOHOB H·HeltTpOHOB O~HHaKOBOlt 3HeprHH Ha· 

O~HHX H. TeX xe H~pa~, a TaKxe npOTOHOB H a-qacTHU~ 

-~>...e~HHoe onHcaHHe ynpyroro H Heynpyroro pacceHJ!HH.npoTOHOB H 

a-qacTHU.HH3KHX 3HeprHlt Ha H~pax. 

·Pa3pa6oTaHHue · MaTeMaTHqecxHe cxeMu MoryT nonyqHTb ~aJibHeltwee 

pa3BHTHe B TeOjlHH npHMUX, H,!l;epHUX peaKUHlt. 

Anpo6aUHH pa6oTU 

Pa6oTu, nonoxeHHHe 

35,36 H 37 COBemaHHHX 

B .OCHOBY ,!l;HCCepTaUHH, ,!l;OKJia,!l;~BaJIHCb Ha 

no H~epHolt cnexTpocxonHH .H cTpyxType 

aTOMHOro H,npa B 1985, 1986 H 19~.,7. ro,nax COOTBeTCTBeHHO, , Ha Me~y

Hapo~HOlt xoH~epeHUHH no H36paHHHM oonpocaM cTpyxTypu H.npa (.lly6Ha, 
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1989 ro~), Ha Hay'IHHX CeMHHapax RT~ H RBTA B OHHH, B HHH~ RfY. 

ily6JIHK8l{HH 

0CHOBHHe pe3yJibT8TH ~HCCepTBl{HH ony6JIHKOB8HH B 10 pa60T8X, B TOM 

'IHCJie B xypHaJiax.Nuc1.Phys.,H~, H3B.AH CCCP, YKp.~X,B npenpHHTax H 

coo6meHHH OHHH. 

CTpyKTypa H o6~eM pa60TH -~ 

nHccepT8l{Hll COCTOHT H3 BBe~eHHll, 'leTHpeX rJiaB H 38KJID'IeHHll, 

CO~epXHT 1~~ CTpBHHl{~ MBWHHOUHCHOro TeKCTa, 15 pHCYHKOB, 3 Ta6JIHI{H 

H npHJIOXeHHe. 

KPATKOE conEPXAHHE nHCCEPTAUHH 

.Bo BBe~eHHH ~aeTCll UOCTBHOBKa !pH3H'IeCkOl! 38~8'11!, 38KJID'IaD-
~ 

mel!Cll B H3Y'IeHHH CTpyKTypu ll~pa Ha OCHOBe ~BHHHX, UOJiy'laeMHX C 

UOMOWbD npliMUX ll~epHUX peaKl{Hl!. HOBYD HH!pOpMal{HD 0 CTpyxType ll)lpa 

H MeXaHH3Me peaKl{Hl! MOEHO llOJIY'IHTb C UOMOmbD 8H8JIH3a 3KCnepHMeH

T8JibHHX ~aHHUX ~Jill ~H!plflepeHl{HBJibHUX Ce'!eHHl! ynpyroro H Heynpyroro 

paccel!HHll 'IBCTHI{ HH3KHX 3HeprHl! Ha ll~pax B qonyMHKpOCKOUH'IeCKOM 
no~xo~e. 

· ~OpMyJIHpyeTCll PliJI !pH3H'IeCKHX 3a~aq, KOTOpue MOXHO - pewaTb 

TOJibKO B paMxax nonyMHxpocxonH'Iecxoro MeTo~a CBll3aHHHX xaHaJIOB. 

naeTCll KpaTKOe H3JIOXeHHe OCHOBHUX l{eJiel! pa60TU, OUHCBHHe 

CTpyKTypH JIHCCepTal{HH no rnaBaM. 

nepBall rnaBa nocBllmeHa o63opy MaTeMaTH'IecxHx cxeM, xoTopue 

HCUOJib3YDTCll ~Jill BU'IHCJieHHll ~H¢!pepeHl{H8JibHUX Ce'!eHHl! ynpyroro H 

Heynpyroro paccel!HHll qacTHit HH3KHX 3HeprHl! Ha ll~pax. 

B § 1.1 UpHBO~HTCll MBTeMBTH'IeCKOe OUHCBHHe MeTO~a HCKa

JKeHHUX BOJIH (MHB). B 3TOM MeTo~e OTHOCHTeJibHOe ~BHXeHHe 'IBCTHUU ~0 

H UOCJie B38HMO~e.'~CTBHll OUHCUBaeTCll HCKBJKeHHHMH BOJIHBMH, KOTOpHe 

liBJil!DTCl! peweHHl!MH ypaBHeHHll llipe~HHrepa C OUTH'IeCKHM UOTeHl{HBJIOM. 

MHB COBMeCTHO C OUTH'IeCKOl! MO~eJibD npHMeHHM npH BH'IHCJieHHH ynpyro

ro H Heynpyroro paccel!HHll qacTHit Ha c¢epH'IecxHx !!~pax npH ycnoBHH 

CJia6UX CBl!3el! MeX)ly OCHOBHUM H B036yXJteHHHMH COCTOl!HHl!MH. 0CHOBH8ll 

3a~aqa MHB - B03MOXHOCTb npe~CK83UB8Tb a6COJIDTHOe Ce'!eHHe Upl!MUX 

ll~epHux nponeccoB H onHCHBBTb cTpyxTypy yrnosux pacnpeJteJieHHl! 

npoJtyKTOB ll~epHUX peaKl{Hl!. 

B § 1.2 npHBO~HTCll MaTeMBTH'IeCKOe OUHCBHHe MeTO~a CBl!-

3aHHUX KBHBJIOB (MCK) B o6meM CJiyqae. OCHOBHal! BU'IHCJIHTeJibHBll :3a

~aqa 38KJID'IaeTCll B peWeHHH 6eCKOHe'IHOl! CHCTeMU JIHHel!HHX ~H¢!pepe

l{HBJibHUX ypaBHeHHl! BTOporo UOpl!~Ka ~Jill pac'!eTOB Ce'!eHHl! Upl!MUX 
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iiJtepHHX peaKl{Hl! paccel!HHll . 'IBCTHI{ Ha C!pepH'IeCKHX BH6paitHOHHHX H 

Jte!pOpMHpOBBHHHX liJtpax: 

[ 
h2 ( ~.- 1n (1n+l) ) + E - c 

2/.l dr2 r2 n 
U(r)_ ] ~1 j (r) 

n n 

~ JM - JM _;r 
L <~I j 1 I U I ~ I'j'1'> r~'1'j'(r) 

n' 1 'j' nnn n 

( 1) 

rJte U(r) - l{eHTpaJibHHl! OUTH'IeCKHl! UOTeHitHBJI, fi(~,C) - B38HMOJtel!

CTBHe, OTBeTCTBeHHOe 38 HeynptrHe nepeXOJIH (r - paJtHYC-B~KTOp Ha~ 

JJeTaDmel!. 'IBCTHI{H OTHOC.HTeJibHO IteHTpa liJtpa ,· i; - .. BHyTpeHHHe KO-

. OpJtHHBTH ll~pa ) , E - llOJIHall 3HeprHll · CHCTeMH 'IBCTHI{B-ll~po, Cn- 3Hep·

rHH OCHOBHOro H B036yxJteHHUX COCTOliHHl! ll~pa, XapaKTepH3yeMUX KBaH

TOBUM 'IHCJIOM CUHHa In'.jn .H 1n- .KBBHTOBUe 'IHCJia UOJIHOrO H op6HT8Jib-

HOrO.MOMeHTOB '18CTHI{H,~1 j (r) - HCKOMUe pa)lHBJibHUe BOJIHOBHe !pyH-
. - . n n . . j • 

Kl{HH,liBJiliDWHeCll K03!plflHl{HeHTaMH pa3JIOXeHHll UOJIHOl! BOJIHOBOl! lflYHKl{HH 
. . • . JM 

CHCTeMU 'IBCTHitB-ll~po ~0 C06CTBeHHUM lflYHKUHliM ~I . 
1 

UOJIHOrO yrno
n)n n 

Boro MOMeHTa CHCTeMU J H ero·npoeKitHH M, ll -·npHBe~eHHBll Macca. 

B § 1.3 npHBO~HTCll • UOJIHBll MBTeMBTH'IeCKBll CXeMa. pac'leTOB 

. ~HIP!flepeHnHaJibHux cetJeHHll ynpyroro H Heynpyroro paccel!HHll 'laCTHit 

HH3~HX 3HeprHl! Ha Jte!popMHpOBBHHUX liJtpax C B0;6yXJteHHeM pOTBitHOHHHX 

COCTOl!HHl! B 8)lHa6aTH'IeCKOM npH6JIHXeHHH. B 3TOM CJiyqae 6eCKOHe'IH8ll 

CHCTeMa JIHHellHUX ~H!plfl~peHUHBJibHUX ypaBHeHHl! npe~CTBBJilleTCll B 6o.Jiee 

npOCTOM BH~e.ilpHBO~HTCll BUBO~ !pOpMyJIH ~Jill ~H¢!pepeHl{H8JibHUX Ce'leHHl! 

ynpyroro H Heynpyroro paccel!HHl!; 

B § 1.4 ~aeTCll OUHCBHHe MaTeMaTH'IeCKHX·cxeM ~H¢!pepeHl{HaJibHOrO 
HTepal{HOHHOro.MeTO~a ~Jill peweHHll CHCTeMU ypaBHeHHl! (1)'. 3TOT MeTa~ 

BHrO~HO HCUOJib30BaTb J!Jill ~~ep C napaMeTpaMH Jte!popM8l{HH ~2 < 0.25, 

B OCHOBHOM, ~Jill BH6pal{HOHHUX B036yX)leHHHX. COC~Ol!HHl! ll~pa, r)le OH 

~aeT 3HB'IHTeJibHYD 3KOHOMHD UBMl!TH H BpeMeHH,Tpe6yeMoro ~Jill C'leTa. 

BTOpal! rnaBa UOCBllmeHa OUHCBHHD MBTeMaTH'IeCKHX CXeM J!Jill BU'IH

CJieHHll llOTeHl{HaJIOB H HCCJie~OBBHHD _CXO~HMOCTH pa3JIOXeHHl! ~Jill UOJiy

MHKpocxon'H'IeCKOro noTeH!lHBJia (ilMil) H lflOpM!pBKTOpOB Hey.npyrHX nepe

XO~OB (~Hil). 

B § 2.1 npHBO~HTCll BHBO~ !pOpMyJI ~Jill UOTeHl{HaJia B38HMO~el!CTBHll: 
B MaKpOCKOUH'IeCKOM UO~XO~e. 

ilpe)lUOJiaraeTCll; 'ITO B38HMO~el!CTBHe, KOTOpoe HCUUTUBaeT HBJJe

TaDmal! 'IBCTHI{a, OOHCUBaeTCll ~e!pOpMHpOBBHHUM OOTeHl{HBJIOM. 3TOT 00-

TeHl{HBJI KOMUJieKCHHll H BKJID'IaeT B ce611 IteHTpaJibHOe, "CUHH-op6HT8Jib~ 
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HOe n KYROHOaCKOe a3anMo~eBCTaHe. Pa~nanbHaH 3aancnMOCTb HOTeHUHa
na npe~nonaraeTcH B ~opMe By~ca-caxc?Ha n ee npon3ao~noa. 

· B § 2.2 ~aDTCH no~po6nue MaTeMaTnqecxne cxeMu ~nH nMTI n ~Hn. 
B 2.2.1 npe~cTaaneHU o6~ne npnHUHHU HOCTpOeHnH nonyMnKpOCKO

nnqecKOrO noTenunana. Bcne~cTane yqeTa npnnunna naynn nMTI HanHeTcH 

nenoKaRbHUM. npn 3TOM (1) npeapa~aeTCH a cncTeMy nHTerpo-~H~epeH-
unanbHUX ypaanenna, qTo 3HaqnTenbH01 ycnoxnHeT pewenne 3a~aqn. no3-
TOMY B cooTBeTcTann c npoue~ypoa, n3noxennoa a *), ocy~ecTanen ne
pexo~ oT nenoxanbnoro noTenunana K noxanbHOMy: 

ucr>=Jv0 cJr-r'J>pCr')dr' + IvEcJr-r'l> p(r,r'> j 0 CkCr)·s>as: c2> 

s = r'- r 
k2 Cr) = ~!!! [ E - ucr) - v ci'>] 

h2 c .. (3) 

r~e V
0 

n VE - axna~u COOTaeTCTaeHHO npHMOB n 06MeHHOB qacTeB 3~
~eKTnaHUX HYKROH-HYKROHHUX CHR a HYKROH-HyKROHHOe a3anMO~eBcTaHe, 

p(r) - nnoTnocTb pacnpe~enennH ae~ecTaa s H~pe, p(r,r') - H~epnaSI 

MaTpnua nnOTHOCTn, k(r) - aonnoaoB aeKTOp, m - Macca HaneTaD~eB 
qacTnUH, j 0 (k(r)s) - C~epnqecKaH ~YHKUnH 5eccenH, HOHaRHD~aHCH a 

_npoue~ype noxann3aunn: Vc(r) - xynonoacxna noTenunan. 
~OpMynu (2), (3) COCTaaRSIJOT ~OpMaRH3M, HCHORb3Ysi KOTOpHB, MOJK

HO Ha OCHOae nH~OpMaUHn 06 3~eKTnaHHX HYKROH-HYKROHHUX cnnax,UeH
TpanbHOB n nepexo~noa nnoTHOCTHX nocTponTb nonyMnxpocxonnqecxne on 

n ~opM~axTopu neynpyrnx nepexo~os ~nw ~e~opMnpoaannux H~ep. 

B 2.2.2 npnaonHTCH MaTeMaTnqecxne cxeMu ~nH auqncnennH nony
Mnxpocxonnqecxnx on H ~Hn ~nH npoTonoo. 

B cnyqae a3anMoneBcTaHH npOTOHa co c~epnqecKHM RnpoM 

raMHJibTOHHaH acea cncTeMu MOJKeT 6UTb 3anncan a anne 

H = T + Ht+ Vdiag+ v~oupl (4) 

3necb T - onepaTop KHHeTnqecxoa 3HeprnH npoTona, Ht- raMHJibTOHHaH 

Rnpa-Mnwenn, Vdiag- nnaronanbHaR qacTb,He au3uaaD~asi neynpyrnx ne

pexonos onepaTopa a3anMoneBcTanR npoTona c RnpoM-MnweHhD, Vcoupl
qacTb onepaTopa~ a3anMo~eBcTaHSI, o6ycJiaanHBaD~aSI CaSI3b KaHaJIOB. 

corJiacno nMM, nnaronaJibHaH qacTb noTenuHaJia npe~cTaaJIReTCR a 
anne: 

vdiag(r) U d(r) + Ue(r) + Up(r) · (5) 
Ill 

u d(r) = v D I Po(r') t 00 (r,r')(r') 2dr', (6) 

0 

*) / Perey F.G.,Saxon o.s.- Phys.Lett.,1964,v10B,p.107-109. 
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.' 

,~~ '.; 
I' 

.. ' 

'I ... 

u1 (r) 

2 
1+I00 (r)~ (r)I01 (r) 

I (r) --~------~-
00 1-I01(r) ~(r) 

U (r) = d p~(r) , 
p Ill 

I<I.O(r) !_ vE I f(s) P;~.ooCr,s) j (k0 (r)s)sn+2ds 
nl n 

0 

k 0 (r) { (2J.L/h
2 )[E - Ud(r). - Vc(r)] }1/ 2

, 

P;~, 00 Cr,s) (4rr)-1/ 2 I p(r,r+s) Y;~, 0 Cwr)dwr<fWs, 
ll 

~(r) = 
k0 (r)h2 • 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

B 3Tnx ~opMynax Ud(r) - o6uqnua ~onnnnr-noTenunan, Ue'(r) - axnan 
a HOTeHUHan OT o6MeHHUX HyKROH-HYKROHHUX KO~penHUnB (n3-3~ yqeTa 

npnnunna naynn), UP(r) - axnan a 
nnoTHOCTn pacnpenenennH ae~ecTaa 

noTenunan qnena, 3asncg~ero OT 
a H~pe. Konc·TaHTH v 0 , v E n 'd 

xapaKTepn3yDT, COOTaeTCTaeHnO, axnan a 3~eKTnanoe a3anMo~eBcTane 
npSIMOrO, o6MeHHOrO n 3aaHCH~ero OT nnOTHOCTn qnenoa, <1.-KOMHOHeHTa 
MaTpnuu nnoTHOcTn o6o3naqena qepe3 P;~,00 (r,s). 

,llRH B3anMo~eBCTanH HYKROHOa_ C an6paunoHHHMn H~paMn Ha OCHOae 

nMM npnaeneno TaKJKe aupaxenne ~nSI Vcoupl(r). 
B 2.2.3 npnaenenu MaTeMaTnqecxne cxeMu nnH ·auqncnenHH nMTI n 

~Hn a n3ocnnHOaOM npencTaaneHHn. 0Hn nCHORb3YDTCH nnH TOrO, qT06U 
a HaHOM anne yqeCTb pa3nnqng B npoTOHHU~ n HeBTpOHHUX nepexonHHX 

HROTHOCTHX .. 
B 2.2 .4 naioTcH MaTeMa~n:ecxne · cxeM_u nnH auqncnennH. nonyMnxpo

cxonnqecxoro a -qacTnqnoro noTenunana. 

H3yqenne pacceHHnH a-qacTnU Ha Hnpax - aaJKHUB ncToqnnK nH~Op
Maunn 0 caoBCTaax HnepnoB CTpyxTypu. B TO apeMH KaK npn HOCTpoeHnn 
HYKROHHUX OIT n ~Hn yJKe naBHO a HaHOM anne yqnTUaaDTC~ 06MeHHUe Hy
KROH-HyKnOHHUe xoppenHunn, o6ycnoanennue neacTaneM npnnunna naynn, 
~nH a-qacTHU, a3anMoneBCTayJO~nX CO cpenHnMn n THJKeRUMn HnpaMn, HB
HUB yqeT 3~eKTa onHOHYKJIOHHOrO 06MeHa a. ~pMaJin3Me MaTpHUU HJIOT
HOCTn orpannqnaancsi Jinwh cJiyqaHMH ynpyroro pacceHHnH .. .llJIH nocTpoe
nnH MaTeMaTnqecxoa cxeMu auqHcJieHnH a-qacTnqnux noTenunaJioB n 
~opM~aKTopoa neynpyrnx nepexonoa ncnoJib3yeTcH noJiyMnxpo·c~onnqecxna 

. • r 

nonxon, pa3anTuB nJIH pewennH 3anaq nyxnon-H~epnoro pacceHHnH .· 
B § 2.3 npnaonHTCSI ~OpMynH nJIR nHTerpanbHUX XapaKTepHCTHK. 
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pacnpe~eneHHH noTeHUHana H semecTaa B H~pax: o6~eMHUe HHTerpanu, 
cpe~HeKBa~paTHqHue pa~HYCU H MOMeHTU. 

AHaRH3 HHTerpanbHHX xapaKTepHCTHK ~aeT B03MOXHOCTb cpaBHHBaTb 

~eHoMeHonorHqecKHe noTeHuHanu C MHKpOCKOnHqecKHMH, a TaKXe 

, _cpaBHHBaTb pa3nHqHHe MHKpOCKOnHqecKHe MO~enH. 

B § 2:4 qHcneHH~ HCCne~yeTCH CXO~HMOCTb pa3ROXeHHA ~ng llMll _H 

cl>Hll. llpHBO~HTCH _ Ta6nHUH qHcneHHUX ;,,pe3yRbTaTOB, XapaKTepH3yJOmHX 

CXO~HMOCTb 3THX pa3ROXeHHA, 

TpeTbH rnaaa nocsgmeHa onHcaHHJO o6meA CTPYKTYPH naKeTa npo-

rpaMM H HCnORb3yeMHX MaTeMaTHqeCKHX MeTO~OB ~ng npoBe~eHHH Teope-

THqecKHX pacqeTOB H aHaRH3a 3KCnepHMeHTaRbHUX 

pacnpe~eneHHHM ynpyro H Heynpyro pacceHHHHX 

Ha H~pax. 

~aHHHX no yrnoau~ 

qacTHU HH3KHX 3HeprHA 

- .. 
_B § 3.1 ~3naraJOTCH o6mHe npHHQHnH nOCTpOeHHH C03~aHHOrO 

aBTOpOM naKeTa nporpaMM ECIS-SMA. Bee pacqeTH npOBO~HRHCb Ha 

9BM COC-6500. OCHOBHHe npo6n~MH, CBH3aHHHe C peanH3aQHeA pacqeTOB 

no ECIS-SMA Ha 3TOA 9BM, CBO~HTCH K TOMY, , qTo onepaTHBHaH naMHTb 

o9BM COC-6500 BO MHOrHX cnyqagx 6uaaeT He~OCTaToqHQA ~ng qHcneHHHX 

pacqeTOB, HO Ha~eXHOCTb 3TOA MaWHHU 3HaqHTeRbHO,BUWe no cpaBHeHHIO 

C 9BM cepHH EC. OnTHMaRbHOe peweHHe np_o6neMU HeXBaTKH naMHTH_6UnO 

HaA~eHO B pa36HeHHH naKeTa ECIS-SMA Ha ~Ba nocne~oBaTenbHO 3arpy

JKaeMUX B 9BM npor_paMMHUX MO~yng~ 

B § 3.~ ~aeTCH o6mag CTpyKTypa nporpaMMHOro naKeTa ECIS-SMA, 

no3BORHJOmero nOMHMO pacqeTOB ~H!MJepeHQHaRbHUX ceqeHHA pacceHHHH 

KaK B nonyMHKpOCKOnHqecKOM, TaK H MaKpOCKOnHqecKOM no~XO~ax, 

npOBO~HTb no~rOHKY HeKOTOpUX napaMeTpOB peaKQHH, MHHHMH3H~yg 
. 2 
X ~nH 3KcnepHMeHTanbHUX yrnoaux pacnpe~eneHHA, a TaKxe auqHcnHTb 

HHTerpanbHUe xapaKTepHCTHKH. 

0TIHCaHO ~YHKUHOHaRbHOe Ha3HaqeHHe OCHOBHUX nporpaMM, BXO~HmHX 

B naKeT nporpaMM ECIS-SMA. 

B § 3.3 npHBO~HTCH MaTeMaTHqecKHe MeTO~U H anropHTMU qHcne~

HUX pacqeTOB ypaBHeHHH Wpe~HHrepa (1), KOTOpoe HBnHeTCH KpaeaoA 

3a~aqeR KOWH ~ng 6eCKOHeqHoA RHHeAHOA CHCTeMU ~H!MJepeHUHanbHUX 

ypaBH:HHA BTOporo nopH~Ka. B ~eACTBHTeRbHOCTH pewaeTCH KOHeqHaH 

CHCTeMa ypaBHeHHA, paHr KOTOpOA onpe~enHeTCH 3a~aBa_eMOA TOqHOCTbJO. 

~ng CHCTeMU (1) npOBO~HTCH qHcneHHOe HHTerpHpOBaHHe ~0 HeKOTO~ 

poA TOqKH R , B KOTOpOA H~epHaH q'acTb, noTeHQHana npe~e6pelKHMO Ma-max . · 
~a, H Haxo~HTCH peweHHe c ToqHoc;:TbXl ito KimcTaHTU: B ToqKe l\naxnpo-

H3BO~HTCH CWHBaHHe peweHHA ypaBHeHHH (1) _ C KYJJOHOBCKH!'fH !pyHK,UHHMH, 

3HaqeHHH KOTOpUX HaXO~HTCH nyTeM HHTerpHpOBaH~H CHCTeMU RHHeAHUX. 

"~H!MJepeHQHanbHUX ypaBHeHHA 6e3 H~epHoA qacTH noTeHUHana, HCXO~H H3 
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ycnoBHH , qTo npH r~ ~ KYROHOBCKHe !pyHKUHH_ o6pamaJOTCH B HYRb. _ 

B §. 3. 4 OnHCUBaiOTCH anropHTMH MeTo~a HaHCKOpeAwero. cnycKa, 

HcnonL3yeMoro ~ng no~roHKH TeopeTHqecKHX yrnoaux pacnpe~eneHHA 
~H!MJepeHQHanbHHX ceqeHHA K 3KCnepHMeHTanbHHM. 

B § 3.5 npHBO~HTCH BHqHCRHTeRbHHe CXeMH ~ng pacqeTOB npOTOHHUX' 

nonyMHKpOCKOnHqecKHX OnTHqecKHX nOTeHQHanOB H !popM~KTOpOB Heynpy

rHX nepeXO~OB, npOTOHHHX H HeATpOHHUX llMll H cl>Hll, a TaKze npe~CTaB

neHa e~HHag CXeMa BHqHcneHHH npOTOHHHX H a-qaCTHqHHHX llMn H cl>Hll. 

B § 3. 6 ~aeTCH BHqHCRHTenbHast CXeMa pacqeTOB HHTerpanbHHX 

xapaKTepHCTHK pacnpe~eneHHH aemecTBa H noTeHuHana B H~pax. Bu6paHu 

~Be q>opMH npe~cTaaneHHH nnoTHocTeA pacnpe~eneHHH aemecTaa B H~pax 

p 0 (r) H nepexo~HHX nnOTHOCTeA pA(r). ~ng BHqHcneHHH HHTerpanbHUX 

xapaKTepHCTHK HCnORb3YJOTCH 3HaqeHHH llMll H cl>Hll, paccqHTaHHUe no 
!pOpMynaM H3 § 2.1. 

qeTBepTaH.rnaaa BKRJOqaeT B ce6g pe3yRbTaTH MeTO~HqeCKHX HC

cne~OBaHHA H aHaRH3 3KCnepHMeHTanbHHX ~aHHUX ~ng yrnOBHX pacnpe

~eneHHA ceqeHHA ynpyroro H Heynpyroro pacceHHHH qacTHU HH3KHX 

3HeprHA Ha H~pax a nonyMHKpocKonHqecKOM no~xo~e. a TaKze pacqeTu 

HHTerpanbHHX xapaKTepHCTHK pacnpe~eneHHH noTeHuHana H semecTaa a 
H~pax. 

B § 4.1 Ha HeKOTOpHX npHMepax HCCne~yeTCH noae~eHHe nonyMHK

HeynpyrHx ne-pOCKOnHqe,CKHX OnTHqecKoro noTeHUHana H. !pOpM!paKTOpOB 

peXO~OB B 3aBHCHMOCTH OT 3HeprHH HaneTaiOmHX qaCTHU H napaMeTpa 
nnOTHOCTHOA 3aBHCHMOCTH. 

AHanH3HpyeTCH TaK:~~:e q>opMa yrnoaux pacnpe~eneHHA ceqeHHA ynpy

ro H Heynpyro pacceRHHX HaneTaJOmHX qaCTHU ,B' 3aBHCHMOCTH OT 3HeprHH 
H napaMeTpa nnOTHOCTHOA 3aBHCHMOCTH. 

B § 4. 2 npHBO~HTCH pacqeTu H aHanH3 ynpyroro H Heynpyroro 
~ . . 94 96 100 pacceHHHH npOTOHOB C 3HeprHeA 25.6 M3B Ha H~pax ' ' Mo B· 

paMKax nonyMHKpocKonHqecKoro no~xo~a. 

npoae~eHHHA aHanH3 noKa3an, qTo ceqeHHH ynpyroro H Heynpyroro 
+' pacceHHHH C B036y~eHHeM COCTOHHHA 2
1 

~ng BCeX H~ep XOpOWO 

OnHCUBaeTCH O~HHM H TeM 'ze 3HaqeHHeM napaMeTpa nnOTHOCTHOA 
3aBHCHMOCTH d 3!MJeKTHBHOrO B3aHMO~eACTBHH (8). 

llpoBe~eHU TaKze nonyMHKpOCKOnHqeCKHe BUqHcneHHH BO BTOpOM no

pH~Ke aHrapMOHHqeCKOA BH6paUHOHHOA-MO~enH. YqeT aHrapMOHH3Ma ynyq

waeT onHcaHHe Heynpyroro pacceHHHH ~ng Hccne~yeMux H3oTonoa. Ceqe

HHH ynpyroro pacceRHHH Mano qyBCTBHTen~HH K yqeTy aHrapKOHH3Ka. 

B § 4.3 ~aeTCH e~HHOe nonyMHKpOCKOnHqecKoe OnHCaHHe· :pacceg

HHH npOTOHOB H HeATpOHOB C 3HeprHeA 24 M3B Ha g~pe 116sn'c yqeTOK 

pa3nHqHg B pacnpe~eneHHH npOTOHHOA H HeATpOHHOA nnOTHOCTeA· B 
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H3ocnHHOBOM npe~cTaBnennn. npoBe~ennua HaMH nonyMnxpocxonnqecxna 
ananH3 ~aeT oTnowenne ~e~pMauna ~n/~P>l. 3TOT pe3ynbTaT cornacy-
eTcR c BUBo~aMH, nonyqenHUMH B ~pyrnx pa6oTax. · 

B § 4. 4 npHBO~HTCR e~nnoe nonyMHKpocxonnqecxoMe onncanne 

pacceHHHH npoTOHOB H a-qacTHU Ha R~pax. 
li3yqaeTcR pacceRHHe npoTonoB c ·'3neprnea 2'5. 05 M3B H a-qacTHU 

90 :,J 
.c 3Heprnea 104 M3B na H~pe zr. npn ~annoM Bu6ope 3Heprna o~nH H 
Te xe nyxno·nnue on H cllHn Moxno ncnonb30BaTb ~nH onncaHHH pacceRHHH 
npoTOHOB H a-qacTHU. AHanH3 pe3ynbTaTOB llOKa3an, qTO C O~HHM H TeM 
xe onT~ManbHUM 3HaqenneM napaMeTpa d nonyqeno·xopowee onncaHHe yr
noBUX pacnpe~enenna ynpyropacceHHHUX npoTOHOB H a-qac.THU. 

~nR npoBepxn xaqecTBa nocTpoennux nonyMHKpocxonnqecxnx 
noTenunanoB paccqnTanu ceqeHHR ynpyroro pacceHHHR a-qacTHU c pa3-

90 - -nuqnoa 3Heprnea.~nH H~pa Zr H npoBe~eno cpaBHenne TeopeTnqecxnx 
pe3ynbTaTOB C 3KCnepHMeHTanbHUMH ~aHHUMH, nonyqeHHUMH B ~OCTaToqno 

WHpOKOM yrnOBOM ~Hana30He. 
llpOBe~eHHUB ananH3 llO~TBepll:~aeT BUBO~ 06 onpe~enHDwea ponH 

RBHoro yqeTa o6Mennux xoppenHuna npn o61>HCHeHHH ::utx!JeKTOB pa~yxnoro 

pacceHHHH. 
B § 4.5 npoBe~eH ananH3, HHTerpanbHUX xapaxTepHcTHK ~acnpe

~eneHHR noTenunana H BewecTBa B H~pax. 
npnBe~enu Ta6nnuu, · B·. KOTopux npe~cTaBnenu o61>eMnue HHTerpanu, 

MOMeHTU H cpe~nexBa~paTnqnue pa~nycu noTenunanoB, Buqncnennue ~nH 
'58 ' 

H~pa Ni B HHTepBane .3Heprna nyxnona OT .10 M3B .n;o 40 M3B,· a Taxxe 
OTHOWeHHH HOpMHpOBaHHUX KBa~pynonbHUX.H rexca~eKanonbHUX MOMeHTOB 
pacnpe~enenHR noTenunana H BewecTBa. noxa3ano, qTo "napywenne" Te

opeMu C3qnepa. HeBennxo. 
B 3aKnDqeHHH CI!JOpMynHpOBaHH OCHOBHHe pe3ynbTaTU pa6oTu: 

1. Bnep~ue pa3pa6oTanu MaTeMaTnqecxne cxeMH H anropHTMH ~nR 

nonyMHKpocxonnqecxnx neaTponnux, npoTonnux H a-qacTnqnux 
··noTenunanoB H rpopM!!JaxTopoB neynpyrnx nepexo~oB '8 TeopHH peaxuna 

ynpyroro H neynpyroro pacceRHHH qacTHU HH3KHX ~neprna mi R~pax c 
yqeTOM o6Mennux il MHoroqacTnqnux nyxnon-nyxnoHnux xoppenHUHB. 

2. C03~aH KOMnneKC nporpaMM, peanH3YDIUH~'pacqeTH Tpex THllOB 
nonyMHKpocxonnqecxnx noTenunanoB H rpopMI!JaKTopoB neynpyrnx nepexo
~oB: a) ~nR ananH3a pacCeRHHR npOTOHOB HH3KHX 3HeprHB Ha H~pax: 
6) ~~R COBMeCTHOrO ananH3a B H30CllHHQBOM npe~CTaBneHHH pacceHHHH 
HeBTponoB H npoToHOB HH3KHX 3Heprna_ na R~pax: B) ~nR coBMeCTHoro 
ananH3a pacceRHHH npOTOHOB H a-qaCTHU HH3KHX 3HeprHB Ha R~pax. 

3. npoBe~eno nccne~oBanne cxo~HMOCTH pa3noxe8na, ncnonb3yeMux 
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B MaTeMaTHqecxnx BupaxenHRX ~nH nonyMHKpocxonnqecxnx noTenunanoB 
H rpopM!!JaxTopoB neynpyrnx nepexo~oB. 

4. B paMxax co3~annoa TeopHH nonyMHKpocxonnqecxoro no~xo~a 

BnepBue pa3pa6oTano nporpaMMH~e Bnoxenne ~nR nax~Ta ECIS-SMA, 
ll03BOnHBWee pewaTb WHpOKHB Kpyr HOBHX I!JH3HqeCKHX 3a~aq, 

5. Bunonnenu qncnennue MeTo~nqecxne pacqeTu ~nR H3yqennR no
nyMHKpocxonnqecxnx onTnqecxnx noTenunanoB H ~PMI!JaKTopoB neynpyrnx 
nepexo~oB, a Taxxe ~H!!JI!JepenunanbHHX ceqenna ynpyroro H neynpyroro 
pacceHHHR qacTHU na R~pax B paMxax nonyMHKpocxonnqecxoro no~xo~a. 

6. Ha ocnoBe co3~annux npqrpaMM npoBe~en ananH3 3KcnepHMeH
Tanbnux ~annux no ynpyroMy H neynpyroMy pacceRHHD npoTOHOB c 3Hep
rnea 25.7 M3B na R~pax 96 • 100Mo, neaTponoB H npoTonoB c 3Heprnea 
25 M3B Ha R~pe 116sn, npOTOHOB C 3Heprnea 25.05 M3B H a-qacTHU C 
3Heprnea 104 M3B Ha R~pe 90zr. K pacceRHHD npOTOHOB H a-qacTHU Ha 
H~pe ·90

zr npHMenena e~HHaR Mo~enb. noxa3ano, qTo Bo Bcex cnyqaRx 
xopowee onncanne yrnoBux pacnpe~enenna pacceHHHHx qacTHU nonyqaeT
CR C O~HHM H TeM JKe 3!!JI!JeKTHBHHM HyKnOH-HyKnOHHHM B3aHMO~eitCTBHeM. 

7. no nporpaMMe ECIS-SMA npoBe~eH pacqeT ~nR H30TOllOB 96Mo_ H 
100 ' ' ' ' . 

Mo, . npoananH3HpoBaHa I!JOHOHHaH CTpyxTypa: HHlKHHX' B036y~eHHHX CO-
CTORHH!t. nonyqena HHI!JOpMaUHR 0 pa3nHqHHX B ~e!!JOpMaUHH npOTOHHOrO H 
neaTponnoro pacnpe~enenna B ·R~pax90zr H 116sn. 3TH.BHBo~u cornacy
DTCR c BHBo~aMH ~pyrnx R~epnux Mo~enea. B pacqeTax ceqeuna neynpy
roro pacceRHHR npoTonoB H a-qacTHU na H~pe 90 zr ncnonb3oBanu nepe~ 
xo~nue nnoTHOCTH, nocTpoennue B nonyMHKpocxonnqecxoa R~epno-cTpyx
Typnoa rpononnoa Mo~enn, qTo no3Bonnno npo~eCTH anpo6aunD· HX 
HeBTpOHHHX KOMllOHeHT. 

8. ~nR paeceRHHH a-qacTHU c 3Heprnea.59 M3B na R~pe 90zr npn
Be~enu pe3ynbTaTu anann3a BnHRHHR yqeTa npnnunria naynn H MHoroqac
Tnquux nyxnon-nyxnonnux xoppenHuna, MO~ennpyeMux nnoTHOcTnoa 3aBH
CHMOCTbD 3!!JI!JeKTHBHHX cnn, na ceqenHR ynpyroro H neynpyroro pacceR
HHR. noxa3aHo, qTo 6e3 ~x Y'JeTa yxy~waeTCR c·ornacne c 3KcnepHMeHTOM. 

9.Buqncnenu HHTerpanbnue xapaxTepHCTHKH pacnpe~eneHHR Bewe
CTBa H noTenunana B R~pe: o61>eMnue HHTerpanu, cpe~nexBa~paTnqnue 

pa~HYCH H MOMeHTH. npoananH3HpOBaHO OTKnoHeHHe OTHOWeHHR HOpMHpO
BaHHHX MynbTHnonbHHX MOMeHTOB pacnpe~enenHR BewecTBa H noTenunana 
OT 3HaqennR, npe~cKa3uBaeMoro TeopeMoa C3qnepa, H noxa3aHo, qTo 
OTKnonenne neBennxo. 

10. AnanH3, npoBe~ennua ~nH ceqenHH ynpyroro pacceHHHH 90zr, 
no~TBep~aeT onpe~enHDwYD ponb HBHoro yqeTa o6Mennux xoppenRuna B 
o61>HcneHHH 3!!J!!JexroB pa~yxnoro pacceRHHH, .Panee noxa3annyD B ~pyrnx 
pa6oTax. 

B npHnOll:eHHH ~aeTCR "PyKOBO~CTBO nonb30BaTenH naKeTa npo-
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rpaJD( EC:Is-SMA•, B EOTopox no.npo6Ho H3JiaraeTcll, J:aJ:HJI o6pa3o11 

HJXHO roTOBHTb naJ:eTH BXOJIHOR HH!p0p118UHH JIJill ECIS-SKA, OUHCHB&eTCll 

~JHitUHOH8JibHOe H83HaqeHHe BBOJIHIIHX napalleTpOB. 
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