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... u npecJaJI .11 cep~e .MOe mo.uy, "'mo6t>1 UCCollecJoBamb u 
ucnMmamb Myt]pocmbiO Bee, 'lmo cJe.MJemcs nocJ ne60M: 
amo 111J13/CeAoe · aaHSmue cJaA Boz Ct>IHa.M 'leAoBe'lec~~:U.M, 

"'mo6t>1 OHU ynpa:HCHJIAUCb 6 HeM. 

EKKJie3Ha.cT 1,13 

fipe,n;HCJIOBHe 

:::ha pa6oTa a.n;pecona11a, n nepnyro oqepe.n;&, CTy.n;eHTaM cTapiiiHX Kypcon, acnH

paHTaM, cneu;HaJIH3Hpyrom;HMCH n o6naCTH <l>IOHKH aneMeHTapHhiX qacTRu; H H,!!;CpHolt 

<l>H3HKH, a TaK*e - Ha'IHHaiOIII;HM cnolt ITYTh MOJIO)J;hTM y'ICHbTM. l\1h1 Ha.n;eeMcH, 'ITO 

OHa 6y,D;eT ll0Jie3Ha B ITOBCC)J;HCBHOit pa6oTe H TCM CllCIJ;HaJIHCTaM, KOTOpbiC HCilOJib3JIOT 

.n;aHH&Te o HyKJioH-HYKJIOHHhiX B3aHMo.n;eltcTBHHX. • 

HecKOJibKO rrpH'IHH rro6y.n;HJIH Hac HamrcaT& aTy pa6oTy. Bo-nepBbiX, ynpyroe 

HJKJIOH-HJKJIOHHOC paCCCHHHC HBJIHCTCH ,D;aBHO H llO)J;pOOHO H3y'laeMbiM npHMCpOM 

peaKD;HH paCCCHHHH )J;BJX 'laCTHII; CO CllHHOM 1/2, r.n;e llpOHBJIHCTCH MHOrO )J;eTaJICR 1 

cnH3aHnhlx c rronHpH3aD;HOHHbTMH HBJICHRHMH n CHJibHhTX n3aHMo.n;eltcTBHHX. B KJiac

CH'ICCKHX J'le6HHKaX llpH paCCMOTpCHHH a<P<PeKTOB, B03HHKaiOlli;HX H3-3a TOro, 'ITO 

MHOrHC 3JICMCHTapHbiC 'laCTHD;bl HMCIOT C06CTBCHHhiH MOMCHT KOJIH'ICCTBa )J;BH;)KCHIIH 

(cnHH), 06hi'IHO orpaHH'IHBaiOTCH paCCCHHHCM 6eCCIIHHOBOit 'laCTHIJ;bl na 'laCTHD;C CO 

CIIUHOM 1/2, a paCCCHifUC )J;BJX 'laCTHD; CO CUHHOM 1/2 B )J;CTaJIHX 06Cy;)K)J;aCTCH pC)J;KO. 

B peaJI&Holt npaKTHKe, o.n;HaKo, qacTo ncTpeqaeTCH HMCHHO aToT CJiyqait. Pa36HpaH 

<PeHOMCIIOJIOrHIO yrrpyroro HYKJIOH-HJKJIOHl!OrO paCCCHHHH 1 Mhl Ha)J;CCMCH 3aiiOJIHHTb 

B03HHKaiOlli;H:II: H3-3a 3TOrO rrpo6eJI B IIO,D;rOTOBKC MOJIO)J;h!X <l>H3HKOB. 

Bo-BTOp&Ix, rrepene.n;eHnaH 3)1;CCh na pyccKn:ll: H3hiK pa6oTa Bb!CTPnu;Koro, Jlera

pa H BHHTCpHHIJ;a, CO,D;Cp;)KaiiJ;aH <l>opMaJIH3M <l>eHOMCHOJIOrH'ICCKOrO OITHCaUHH yrrpy

roro HYKJIOH-HYKJIOIIHoro pacceHHHH, Y*C .n;anuo CTaJia KJiaccwieCKO:II: pa6oTolt, nno

,!I;Hm;ell: OCHOBHhiC OJJpC)J;CJICHHH 3KCJJCpHMCHTaJibHO H3MCp.HCMbiX BCJIH'IHH (ua6JIIO)J;a

CMbiX). OrrpC)J;CJICHHH H KOHBCHD;HH, c<PopMyJIHpOBaHHbiC HJIH BBC)J;CHHbJe BHCpBbiC B 

aToll: pa60Te, CTaJIH o6m;errpnuHThiMH. OnH HCITOJih3YIOTCH npaKTH'ICCKH rronceMecT-

110 KaK B TCOpCTH'ICCKHX1 TaK H B 3KCnepHMCHTaJibllbTX pa6oTaX, a CaMa CTaTbH 3THX 

aBTOpOB IJ;HTHpyCTC.H llO'ITH B K~O:II: HOBOR pa6oTe, IIOCBHlli;CHHOR BOilpOCaM HJKJIOH

HJKJIOHHOro HJIH 6apHoH-6apHmmoro B3aHMO,!!;eltcTBHH. BMeCTe c TeM, yKaJannaH cTa

ThH 6hiJia ony6JIHKOBana )J;OCTaTO'IHO ,D;aBHOj *YPIIaJI C HCH HC CJIIflllKOM ;laCTO BCTpe

'laCTCH B 6H6JIHOTCKaX H JJOTOMJ TpJ,D;HO)J;OCTJJJCII )J;JIH CTJ)J;CHTOB1 aCnHpaHTOB II ua•m

llaiOlli;HX caMOCTOHTCJI&nyro pa6oTy <l>H3HKOB. AnropH3onanHbT:II: nepeno.n; aToll: CTaTbH 

ua pyccKHlt H3hiK, rrponepennhiii o.n;nHM H3 ee anTopon (<D.JierapoM), rro3BOJIHT, rro na

meMy MHCHHIO, MOJIO)J;biM <l>H3HKa:-.t JJ03HaKOMHTbCH C OCHOBHbiMH OJJpC)J;CJICHIIHMH H 

ITOHHTHH'-'IH, conepur.enuo neo6xo.n;HMhnm c ca~wro ua•IaJia ca:-.wcTOHTCJihi!Oit pa60Tbl 

MH JIJOOOrO, KTO XOTb O,ll;lla;)K)J;ld o6palll;aJICH K pC3J.'IbTaTaM anaJIJf3a <l>a30BbTX C)J;BifrOB 

nyKJIOH-HyKJionnoro pacceHHHH. 

B-TpCTbHX, B xo.n;e KOJioccaJI&Hoit pa60T&I, rrpone,11.ennolt n rrporne.n;urHe .n;ecHTH

JICTHH 110 HaKOil.'ICHHI01 IIpOBCpKe, aHaJIH3Y H 0606lli;CHHIO 3KCilCpHMCHT8.'1bHhiX ;'{all-
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Hb!X. 0 CHJibHOM B3aHMO)J;efiCTBHH HYKJIOHOB ,n:pyr C ,!l;pyrOM, 6hlJIH pa3pa6oTal!bl IIpH

eMbl li: ~teTo,n::bt ;· nMerom;ne· 6onee mnpoKyro o6nacTi> rrpnMenennR, qe~1 qncTaR <Peno

Menoiiornsi ynpyroro nyKnon-nyiJ!onnoro pacceRnliH. B qacTnocTn, Mbt nMeeM n nn

)J;y TaK Ha3biBaeMbtit "rno6ani,tibili <l>nT nyKJioHHhlX crpyKTYPHbtx <PynKu;nli ". ,l(a}Ke 
rrp~ 6erJIOM' cpanuemm 3a,n:aq, pemeHHb!X rrpn <PeHOMeHOJIOrH'IeCKOM OIIHCaHHil N N
B3aHMO)J;eliCTBHH, H 3a,n:aq, pemaeMb!X B 3TOM "rJI06aJibHOM <l>nTe", BH)l;HO HX rny60KOe 

CXO)l;CTB0.'0,n:HaK01 )l:aJieKO He BCe <l>n3HKif1 3aHRTbie npo6JieMOH lf3BJie'leHHR CTpyKTyp

Hb!X <l>ynKu;nli HYKJiouon H3 )J;annh!xno rny6oKoneyrrpyroMy pacceHnnro, )J;OCTaTO'IHO 

xopomo 3HaKOMbt c om.tTO:'vl ananu3a n orrncamm NN-n3aHMO)J;eii:crnnR. Mbt na)J;eeM

cH,· 'ITO npnne,n:eHHb!e B )J;aJIHOH pafioTe IlpHJIO)KeHHH OKa}KyTCR IIOJie3Hb!MH II B 3TOM 
OTnomeunu: 

3,n:ecb CO)J;ep)f(HTCH rrepeno,n: ua pyCCKHii H3b!K OCHOBOIIOJiaraJOm;eii: CTaTbll Bb!CT

pHII;KOro, Jlerapa H BmtTepnnu;a, na KOTopyiO ,n:anee Mbi o6~>t<mo CChlJiaeMCR KaK na 

(BLW), If )t;allhl qeTb!pe IlpHJIO)f(eliJHii r)J;e KpaTKO, HO )J;OCTaTO'IHO IlOJIHO )J;JIH rrep

BOro 3HaK0~1CTBa, paCO.iaTpHBaJOTCR OCHOBHbie MeTO)l:bl H IlO)J;XO)l:bl
1 

yrrOTpe6JIHeMbie 

rrpu ananu3e n omtcanHH ynpyroro N N-B3aHMO)J;eiicTBHH. CrrucoK ncrronb3onannolt 
JIHTepaTyphl IIpHBO)l:HTCH K Ka}K)J;OMY IlpHJIO)f(eHHJO OT)J;eJibHO. 

., 

6· 

<PeHoMeHoJiorH.H HYKJIOH-HYKJIOHHoro 

pacce.HHH.H *) 

*) Ilepeso,A na pyccKJdi ~3biK craTbH Bystricky J., Lehar F., Winternitz P., 
"Formalism of Nucleon-Nucleon Elastic Scattering Experiments", ony6JIH
Kosannon s )Kypnane Le Journal de Physique, v.39 (N 1) (1978), p. 1 



rnaBa 1 

BBe,n;eHHe 
" ' ~ 

llpe,~~;crannem) nOAP06Hoe lf3JIO)KCHHe <ix>PMa.JIH3Ma AJIH onHcaHHH yrrpyroro HyKJioH

HYKJIOHHoro pacCCHHHH H paCCMaTpitBaiOTCH KaK y)KC lf3BeCTHhiC, TaK H HeKOTOpble HOBble 

pe3yJibTaThi • .ll.aH o63op pa3JIH'lHhiX npe,~~;CTaBJICHHlt MaTpinJ;hJ pacceHHHH, B KOTopoM yqH

TbiBaJOTCH npH.HIJ;Hilbl CHMMeTpHH TaKHC, KaK COXpaHCHHC 'leTHOCTH 1 HHBapHaHTHOCTb ITO OT

HOIIIeHHIO K o6pa!D;CHHIO BpCMCHH1 rrpHHIJ;Hil flayJIH H H30CIIHHOBaSI HHBapHaHTHOCTb. 9KCIIC

pHMCHTa.JlbHble BeJIH'lHHbl B CHCTeMe n;eHTpa MacC (c.n;.M.) H ~ Jia6opaTOpHOH CHCTeMe (JI.C.) 

Bhlp~eHhl qepe3 aMIIJIHTYAhl paceeHHHH. B K~AOH H3 3TifX ABYX CHCTeM ,~J;aHbl (co BCCMH 

IIOAP06HOCTHMH) COOTHOIIICHHH MC)K)l,y 3KCllCpHMCHTa.JlbHbiMH BeJIH'lHHaMH, BbiTeKaiOID;HC If3 

nepeqHeJieHHblX Bb!WC eHMMCTpnlt fipnBe,ll;CHbl TaK?KC Bblpa:a<eHHH, ll03BOJIHIOID;HC CBH"JaTb 

MC)K)l,y eo60H BeJIH'lHHbl B CHCTCMC IJ;CHTpa Mace 1'1 B Jia6opaTOpHOfi CHCTCMC. fipHBC,ll;CHa H 

o6ey)K,lJ;aeTCH o6ID;aH <l>opMyJia AJIH yrJIOBOI'O pacnpe,~J;eJieHHH KOppCJIHpOBaHHOI'O paceeHHifll. 

9Ta <PopMyJia eo,~~;ep)KHT see eyiD;eeTByiOID;He 3KenepHMeHTa.JibHbJe BeJIH'lllHbl. 0Ha MO)KeT 

6b!Th rrpHCllOC06JieHa AJIH OTJHCaHHSI JII060ro Bb16paHHOI'O 3KenepHMCHTa llpH HBHOM yKa3a

HHH Ha'la.JihH~ix IIOJIS!p113aiJ;HH H KOHe'lHhiX aHa.JIH311pyiOID;HX enoco6HOCTefi. PaceMOTpCHhl 

CJie,~J;eTBHH rrpHHIJ;Hlla flayJIH ,ll;JIH pacceHHHH TO:?K,ll;CCTBCHHbiX qaCT!f!J;. fioJiyqeHhl COOTHOWC

HHH MC:a<)l,y BeJIH'lHHa."\11{ B C.!J;.M., H3MCpCHHblMH npH e.u;.M. yrJiax paeCeHHHH 8 H 7r - 8 HJIH 

npH JI.C. yrJiax 81 H 82 (yroJI pacceHHHH H yroJI BhiJieTa qacTHIJ;bl OT,ll;a'lH). Oeo6oe BHHMaHHC 

YACJICHO eOOTHOIJICHHHM rrpH yme 8 = 11"/2, T. e. 81 = 82. MaTepHa.JI, co,~~;ep>KaiD;HfiCH B 3TOl!: 

CTaTbC~ MO)KCT 6hiTh ll0JIC3CH 3KCllCpHMCHTaTOpaM 1'1 <l>H3IfKa.-.r, 3aHHThiM <PeHOMCHOJIOI'H'lC

eKHM aHa.JIH30M, rrpit BOeCTaHOBJICHlfH aMUJIHTYA paeeeHHHH H3 3KerrepHMeHTa.JihHhiX ,ll;aHHhlX. . . 

I.J.eJib )l,al!l!Oli CTaTblf - IlO)l,pOfiliOC H3Y'lelllfC KHHCMaT!fKH liYKJIOII-liYK•'lOllliOI'O pac

CCHIIHH. ilOCKOJibKY 3a TIOCJIC)l,llllC 25 JICT (wm OKO.'lO TOro) 3TOli TCMe y:a<e IlOCBHlD;Cil 

fiOJiblllOil: ofu.eM miTepaTyphl, HCKOTOpb!C 'laCTH ,~~;anuolt CTaTblf fiy)l,yT HOCHTb xapaK

Tep ymr<PHn;HpyiOlD;Cl'O 063opa, TO!')l,a KaK B )l.pyrHX fiy)l,}'T CO)l,ep:a<aTbCH HOBhiC pe-

3YJibTaThl ()l,JIH 3HaKOMCTBa C OpHI'lUiaJibHbiJIHi pafioTaMH H rrpe)l,hl)l,y!D;H:I-IH o63opaMH 

CM. (2]-(16)}. 
B rnaBe 2 3TOlt cTaTbH o6cy:a<)l,aeTCH MaTpnu;a 1\1 uyKJIOH-HYKJiommro pacceHHHH, 

)l,aJOTCH H CBH3MBaiOTCH )l,pyr c APYI'OM necKOJihKO ee pa3JIH'lllhiX napa'>~eTpH3an;Hlt, 
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a TaK>KC o6cy>K,naiOTCH orpamf'ICHHH Ha Jvf, BblTCKaiO~HC H3-TaKHX rrpHHIJ;HllOB HH

BapHaUTHOCTH, KaK COXpaHCHHC 'leTIIOCTH, HIIBapHaUTHOCTb K o6pa~eimiO BpCMCIIH, 

H30TOnnqecKaH HuaapnauTHOCTh H npnun:Hrr Ilay;m. B rnaBe 3 Mhi onpe.nemieM rrouH

Tne 'IUCmotlSKCIICplll'viCHTaJibHOH BCJIH'lllHbl (HJIH 'lUCmozo 3KCIIepH~ICHTa), T. e. TaKOrD, 

KOTOphiH CO,nep>KHT TOJibKO CIIHIIOBblC IIpOCKU:HH na orrpe,nCJieHHhie 6a3HCHbie BeKTOpbl 

B llMIIYJihCIIOM llpOCTpaUCTBe. Ilepe'IHCJIHIOTCH 256 pa3JIH'lllbiX "'lHCTblX" 3KCIIepnMeH

TaJibHhiX BeJIH'lHH, B3HThiX B CHCTe~!e IJ:eiiTpa Mace, II 3aTeM HaXO,llHTCH BCe OrpaHH

'leHHH Ha HHX, CJie,nyiO~HC H3 IIpHHIJ:IfiiOB HIIBapHaUTHOCTif, paCCMOTpeHill,IX Bornane 

2. 06cy)l(,llaiOTCH TaK>Ke UCJIHHeii:Hhie COOTHOmeiiHH Me>K.ny 3KC1IepHMeHTaJihllbiMH BC

JIH'lHIIaMH B C.IJ;.M. H HeKOTOpble OrpaHH'leUHH, HaJiaraeMbie ua IIHX B <lJop.Me uepa

BCHCTB. "qHCTbJe" 3KCI1CpHMCHThl B JiaoopaTOpHOH CHCTeMe paCCMaTpHBaiOTCH B rnaBe 

4. ,[ljrH cny'laH, Kor.na o6a ua'laJihHhiX HyKJiona rronHpU30BaHhi, .nana o6~aH q)op~iyna, 
OTIHCblBaro~aH yrnoBoe pacrrpe.nenenne KoppeJIHpoBanuoro paccenHHH. Ih aToii o6~eii: 
<PopMy.'lhi rrony'leHhi 6onee rrpocrble, CBH3hlBaiO~ne pa3JIH'lHbie yrnOBhie pacrrpe,nene

nnn C KOMIIOHCHTaMH IIOJIHpH3aiJ;HOHHh!X TCH30p0B B Jia6opaTopnoii: CHCTCMC: narrpH

Mep, Kor.na Hpe.nrronaraeTCH, 'ITO o.nua H3 na•raJihllbiX rronHpH3auHtt (HJIH o6e) paBua 

HYJIIO n/HJIH C'lHTaeTCH, _'ITO O)l;Ha HJIH 06e KOHC'lllbiC IIOJIHpH3aiJ:HH IIC H3MCpHIOTCH. 

KO:IfiiOIICIITbl HOJIHpH3aiJ;HOHllblX TCII30pOB B .TJa6opaTOpHOil: CH\t,TC~Ie Bhipa>KaiOTCH B 

TCpMHHax MaTpHIJ;bl paCCCHHHH B Ta6JIHIJ:aX 5 H 6. lfucmue SKCIICpHMCUTaJibHb!C BeJIH

:'lJ.IHbl B C.IJ:.M., H _ B Jia6opaTopuofl: CHCTeMe CBH3biBaK>TCH .npyr C )l;pyroM B rna Be .5, r.ne 

II,O.'IHOCTb!O Y'ITeHbi. peJIHTHBHCTCKHC a<lJ<lJeKTbl •. 3aTeM Mbl CHOBa )l;aeM 06IIJ;YIO <lJop

MYJIY )l;JIH rrpmi3BOJibliOH SKCIICpHMCHTaJibliOH BCJIH'll!Hbi, IIOCJie 'ICrO paCCMaTpi!BaeM 

cJiy'laH, Kor,na BKJIIO'ICHI>I 1, 2, 3 unn .4 rron»pn3an:nn. B rnaae 6. ycTanaanuaaiOTCH 

JIHHCfi:I!blC COOTHOIIICHHH MC>K.ny 3KCI!CpHMCHTaJibHbiMH BCJIH'lHHaMH B Jia6opaTOpnofl: 

CHCTCMC, CJIC,llYIO~He ll3 06bi'llihiX I!pHHUHI!OB HIIBapHaHTHOCTH .. XOTH 3TH COOTHOIIIe

lUI~ ue HBJIHIO;CH ll~3aBHCHMbJMH OT anaJIOrH'lHb;X COOTHOIIICHHU )l;JIH e.u;:~~.. HX BH)l;, 

Y'lll~hmaH penHTHBHCTCKHe apa~eniiH cnnuoB, 3IHl'lHTeJibHO 6o~~e c~o>Kn;,,it, B rna

Be 7 o6cy)l(,llaJOTCH CJie)l;CTBHH rrpHuu;nrra.IIaynH. KpoMe Toro, 'ITO,ero Y'ICT CHH>KaeT 

'IHCJIO He3aBHCHMbiX aMrrJinTy.n B MaTpnu;e pacce~unH c 6 .no 5, TeM<;~MhlM cy~eCTBCH
no Orpa!IH'JifBaH 'IHCJIO He3aBHCHMblX SKCIICpHMCHTOB, CCTh H fij>Yri-IC CJIC)l;CTBHH yqeTa 

I!pUHI~UIIa Ilaynn. TaK narrpH~Iep, )l;JIH nn- H pp-paCCCHHUH.Mbi,IIpiiBO)l;HM BCC COOT

IIOIIICIIHH CHMMCTpHH MC>K,llY BCJIH'lllllal\tn, H3MCpCHllbiMH IIpH C.IJ;.M. yrJiaX (}. U1l'- (}, 

T. e. npn na6opaTopnhlx yrnax.lh n (}2 (yrnaxpacceHHHH n oT.na~m). )J;anee, rrony•IeHhi 

HIITep~CHbiC COOTHOIIICIIHH.)l;JIH nn~ H 1JP'PB:CCeHIIIHI;,Kor.na (} ::0 11'/2, J'· e. (}1·= (}2, paB

liO KaK H COOTHOJIIeiUJH Me>K.ny n_'D- H, CKa>KCM, nn-SKCIICpHMCHTaJihHh!MH BeJIIl'IHIIa~m. 

B~>IBO,llhl 11 B3rn».n Ha 6y~ee .nani>I B 3aKJIIO'temm. , 

HOBbie pe3yJII>TaThl CO)l;Cp>KaTCH B rJiaBax C 3 HO 7; B OCHOBHOM, OHH K.acaJOTCH BeJiu

'lllll, Tpe6yiO~HX HCIIOJib30BaHHH IIOJIHpH30BaJUibiX MHlliCHeli II, U OC06eHHOCTH, 6onee 

CJIO>KHhiX aKcrrepnMenTaJihllhiX aeJIH'liiii. XoTH Mhi II npiiBO,lliiM CCblJIKn ua pa60Thi 

,ll;pyrnx aBTOpOB B TeX CJIY'IaHX, KOr)l;a IICIIOJIJ>3YIOTCH HX P,e3YJII>TaThT, ~lbl. HC.Ub!Ta

JIHC'>, .naTb '1To-nn6o Bpo.ne HOJinoil: 6n6.TJnorpa<l>nn no .nannm.ty HpeA"'CTy. Mhl_ TaK>Ke 
'! ~ ' 

IIC O'ICI!b CTpCMUJIHCb CBH3aTb <lJopMaJIH3M, rrpe,nCTaBJieHHhiH B 3TOit,CTaThe, C ~1l!Oro-

'IUC.'ICHHhl~fH BII,ll;aMn 3KBHBaJieHTI!h!X <lJopMaJIII3~10B, paCCeHHHbiMU B JIUT~paTyp~. 
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Terreph uy>Kno CKa3aTh uecKOJihKO CJIOB o cornameHIIHX H o6o3Ha'leHHHX. 

B )l;aHHOfl: CTaTbe IIOBCIO,llY Mlil HCIIOJib3yeM O,li;HH H TOT >Ke Ha60p 6a3HCHblX BeK

TOpDB B HMIIYJihCHOM rrpOCTpaHCTBC B CHCTeMe u;eHTpa MaCC H TpH pa3HbiX Ha6opa B 

na6oparopnoit cHcreMe (caH3aHHliiX c na'lanhnon H paccesiHnoil: 'laCTIIu;aMH, a TaK>Ke 

C 'laCTHIJ,etl: OT)l;a'IH). Bo BCeX CJIY'laHX HCIIOJ!b3YCTCH O)l;l!a H Ta >Ke HOpMaJib K IIJIOCKQ

CTH peaKIJ;HH. XOTH TaKOil: IIO,li;XO)l; H HBJIHCTCH OO~HM )l;JIH MHOrHX, pa60TaiO~HX B 3TOli 

o6nacrH, aTo, CTporo roaopH, ne cornacyCTCH c Ba3eJihCKOit KOHBeHIJ:Heit [17]. ,Ll;efiCTBH

TCJihHO, CCJIH B TO'IHOCTH HCIIOJib30BaTh a,Ty KOHBeHIJ;HIO, TO IIOJIHpH3aiJ;HII paCCCHH~IOit 
'laGTHIJ;bl H 'laCTHIJ;bl OT)l;a'IH )l;OJI>KHbl. CBH3biBaTbCH C npOTHBOIIOJIO>KHblMII HOpMaJIHMH. 

"HopMaJib MHllleHH" B JiaoopaTOpHOil: CHCTeMe IIJIOXO OIIpe,ll;eJieHa. Bo BCHKOM CJiy'lae, 

HCCJIO>KHO rrpeo6pa30BaTh <lJopMyJihl H3 KOHBeHIJ;HH, r.ne HCIIOJib3yeTCH O)l;Ha I!OpMaJib, 

K <lJopMe B KOHBeHwfH C ,li;BYMH HOpManHMH. 

Mhl rroCJie.noBaTeJihHO HCIIOJih3yeM 4-Hu.neKcHhle o6o3Ha'leHHH )l;JIH aKcrrepHMen

TaJibHhiX BeJIH'IHH: Xpqil<> r.ne p H Q 0603Ha'laiOT IIOJIHpH3aiJ:HH pacceHIIHOlt 'laCTHIJ;hl H 

'laCTHIJ;hl OT)l;a'IH, a i H k OTIIOCHTCH K IIOJIHpH3aiJ:HHM Ha'laJibHOrO IIY'!Ka ('IaGTHIJ:hl

CHapH,lla) H MHWeHH. ECJIH Ha'laJibHaH 'laCTHIJ;a He IIOJIHpH30BaHa HJIH IIOJIHpn3aiJ:HH 

'!aCTHIJ;bl KOHC'IIIOrO COCTOHHHH He aHaJIH3HpyCTCH, 3Ha'ICI!l1e COOTBeTCTBYIO~ero HII

)l;CKCa nonaraeTcH nyneahiM. TaKoe o6o3na'leime .non>Kno rroMO'lh H36e>KaTh neKOTo

pon o6~eit rryTanHu;hl rrpH }l.neuTH<l>nKau,HH aKcnepHMeHTaJibHhiX BCJIH'lHH. Eho TaK>Ke 

IIOMOraeT IlpH rrepeXO)l;ax MC>K.ny KOIIBCHIJ;HHMH C O)l;I!Oit HOpMaJibiO H ,li;BYMH HOpMaJISI

MH, paBHO KaK H rrpn ycTal!OBJICIIHH COOTHOIIICHHU Me>K.ny pa3nH'llibiMH BCJIH'lHHaMH. 

B upllnu,nue, HCIIOJib30BaJme pa3HblX 6yKBCHHblX o603Ha'leuul1 ,li;JIH pa3HhiX aKcrrepn

MenTOB HC HBJIHCTCH HC06XO)l;HMhlM, IIO IIO HCTOpH'ICCKHM npH'IHHaM Mbl UCII0Jib3YCM 

6yKBhl I ,llJIH HHTeHCHBnocTett (rronepe'lnhlx ceqeuHit), P ,llJIH noJIHpH3au;nl1, A ,li;JIH 

acHMMeTpHit, D H K .nn» Teu3opoB '.nenonnpn3au;Hn H rrepe.naqn noJIHpn3au;nn, i\1 H 

N ,llJIH BKJia)l;OB )I.BYX Ha'laJibllbiX IIOJIHpH3aiJ:Hit B KOlle'IHbiC IIOJIHpH3aiJ;HH paCCCHHHOit 

'IaCTHIJ;lil H 'laCTHIJ;bl OT)l;a'IH II, UaKOHCIJ:, C )l;JIH KOppeJIHIJ,Hit IIOJIHpH3au;nit. 
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rnaBa 2 

MaTpiiu;a HYKJIOH-HYKJIOHHoro 

paece.HHII~ 

Y.n;o6uaH )l;JIH uanmx u;eneli ¢opMa MaTpHIJ.hi yupyroro uyKJion-nyKnouuoro pacce

HHHH HMCCT ilH)l; (4, 6, 12): 

1 M(k/> kt)- = 
2

{ (a+ b) + (a- b) (u1, n) (u2, n) + (c +d) (ui> m) (u2, m) + 

+ (c-d)(ul>1)(u2,1)+e(u1+u2,n)}.- {2.1) 

3)l;CCh aMIIJIHTY)l;hi a, b, C,- d H e HBJIHlOTCH KOMTTJICKCHiiiMH ¢ynKIJ;HHMH )l;BYX nepCMCH

HhiX, nanpHMep, HMTTYJihca k B c.u:.M. n yrna pacceHHHH 8. Ba3HCifhiC aei<TophT B c.u;.M. 

OHp~)l;eJIHlOTCH J<aK 

k1 + k; _ k1 - ki _ _ ki X k1 

1 = lk/ +I<. I. ' m = lk/ - ktl , n = lki x kl' (2.2) 

r.n;e ki H k/ - C)l;IHIH'JHhTC BCKTOpbi 1 JfarrpaBJICHifhiC ITO HMTTYJihCaM Ha'laJihHOii H paCCC

HHHOfi 'IaCTHU: B c.u;.M. CnHHOBhTe MaTpHIJ;hT u 1 H u 2 (MaTpHIJ.hi ITaynH) .n;eitCTBYlOT ua 

BOJIIIOBhiC ¢YIIKIJ;HH nepBOrO H BTOpOrO HYKJIOHOB COOTBCTCTBCIIIIO. (llpOCKU:IIII ( 0", a) 
ClllfHOBOfi MaTpHU:hT 0" ua npOH3BOJibUOC uanpaBJICHHC a 6y.n;yT TaK)f(C 3aUHCbiBaThCH B 

¢opMe (u ,a)= (ua) =ITa.) 
B ¢op:-,1yne (2.1) Mhi Y*e yqnH HHBapHauTnocTH OTHOCHTCJihlfO 'lCTHOCTH H o6pa-

Iu;CIIHH apeMeim. Mhi TaK*e npHIIHJIH upe.n;noJIO*euue, 'ITO 'laCTHU:hi TO)f()l;CCTBennhi, 

'ITO HMCCT :\teCTo )l;JIH pp- u nn-pacceHHHH. ,Il.Jin np--paccenuun 3TO o3uaqaeT npe.n;no

JIO)f(euue 06 H30TOIIH'ICCKOli HIIBapuaHTHOCTH IIYKJIOH-HYKJIOHHOro B3aHMO)l;CiiCTBHH. 

MaTpuu;a pacceHHHH )l;JIH ynpyroro paccenuHH .n;ayx HeTO)f()l;CCTBCHHhiX 'laCTHU: co.n;ep

*aJia 6hi 6-ft 'JJICII 1 a HMCIUIO 
1 
2J(u1-u2,n). (2.3) 

llpe)l;nOJiaraH BCe-TaKH H30TOHH'JCCKYIO HHBapHaHTIIOCTh1 MO)f(HO 3aHHCaTh :\laTpH

IJ;Y pacceHHHH )l;JIH pp-, nn- H np--paccenHHH a TCpMHHax .n;ayx MaTpHu; /Y!0 H Af1 BH.n;a 

{2.1), nonaraH 

M (k
1 

,k;) = Mo (1 - (:1 ,r2)] + 1111 [3+ (:1 ,r2)] , {2.4) 

12 

r.n;e r
1 

u r 2 - H30CHHHOBhiC uyKJIOHllhiC MaTpHll;hi, Mo u !-vf1 - H30CHHrnenian u H3D

TpHIIJICTHaH MaTpHIJ;bl pacCCHHHH COOTBCTCTBCHHO. QqeBH)l;HO, 'ITO 

M~p---+p~ 

M~p---+n~ 

M~p---+p~ 

M(nn---+ nn) = M1 , 
M~n---+ pn) = (1111 + Mo) /2, 
M(pn---+ np) = (1111 - Mo) /2. 

(2.5) 

!I>opMyJihl (2.4) H (2.5), B OTJIH'liiC OT BCCX .n;pyrHX B 3TOli CTaTbC1 OTHOCHTCH TOJibKO 

K paCCCHHHlO 3a C'lCT CHJibHOrO B3aHMO)l;eliCTBHH1 KOr)l;a 3JICKTpDMarHHTHhiC B3aHMD-

)l;CliCTBHH HrHOpHpylOTCH. 
Q6o6Iu;CHHhlH UpHHIJ;HII llayJIH )J,11H HYKJIOHOB HO)l;pa3yMCBaeT OHpC,ll;CJICHHbiC CD-

OTHOUICHH.Il CHMMCTpHH )l;JIH aMIIJIHTY)l; B (2.1); OHH CYMMHpOBaHhi B Ta6JIHU:C 2.1 [6): 

Ta6n11fl.a 2.1. 
CooTHomenHH CHMMCTpHH, BiiiTCKaiOIIJ;He H3 o6o6IIJ;eHIIoro rrpHHIIHIIa llaymr 

T=1 T=O 

a1(1?) = -a1(11' -'!?) 
b1(1?) = -c1(11'- t?) 
c1(t?) = -b1(11' -'!?) 
dl(t?) = dl('ll'- t?) 
e1(t?) = e1(11'- t?) 

ao( t?) = ao( 1r - t?) 
bo( t?) = eo( 71' - t?) 
eo(t?) = bo('ll'-'1?) 
do('!?)= -do(7r -'I?) 
eo( 'I?)= -eo('ll'- t?) 

Be3)l;C B )l;aiiHOli CTaThC MhT- 6y)l;CM HCIIOJih30BaTh a"!ITJIHTY)l;hi a, b, C, d H e, XOTH 

'IaCTO HCIIOJib3YlOTCH MIIOrHC pa3JIH'IHhiC, HO 3KBHBaJICHTHh!C1 rrapaMCTpH3aiiHH. 

XoruH3aKH [9] HCIIOJih3YCT MaTpHu;y pacce.HHUH - -

M (k,, kt) = au+ cu (u1 + u2, n) + mu (u1, n) (u2, n) + 
+ gu [(u1, 1)(u2 ,1) + (u1, m)(u2, m)] + (2.6) 
+ hu [(u1, 1) (u2, 1)- (u1, m) (u2, m)] , 

TaK 'ITO 

1 e 1 c d 
au = 

2 
(a+ b) , cu = 2 , mu = 2 (a- b) , gu = 2 , hu = - 2 , (2.7) 

'ITO IIO)l;pa3yMeBaeT 

a= au+ mu , b =au- mu , c = 2gu , d = -2hu , e = 2cu . ' (2.8) 

TaK Ha3hiBaeMhTC aMIIJIIITY)l;hi Bonb¢emnTeiiua B,-C, N, G, H [2] onpe.n;eJIHlOTCH 

KaK 

M (k
1

,k;) = BS + {C(u1_ + u 2 ,n) + N(u1 ,n) (u2 ,n)+ 
1 -+ 2G[(u1 ~m)(u2 ,m) + (u1 ,l)(u2 ,1)} -:1- (2.9) 

1 + 2H [(u1, m)(u2, m)- (u1 , 1)(u2 ,l)]}T, 

13 



r,n;e S 11 T eCTb cnHH-CHHrJieTHhl:lt H CIIHH-TpHUJieTHhl:lt npoeKI\HOHHhle orrepaTOphl co
OTBeTCTBCHHO: 1 1 . . . . .. 

S = 4 (1-: (u1 ,u2)] , T =:=. 4 (3+ (u1 ,u2)]_ 

· AMITJIHty,ll;hl Bon$umTe:ltua CBH3aHhl c HaiDHMH Tax: 

e 
B = b- c, C = 2 , N·= a , G =a+ b + c, H = d, 

'ITO BnC'leT 3a co6oit 

(2.10) 

(2.11) 

_ a= N ,· b= (B._ N +G)/2, c= (G-B- N)f2., d= H, e= 2C. (2.12) 

B T. H. "cHHrJieT-TpRITJieTHOM" npe.n;craBJJeHRH, MaTpR'IHhle 3JieMeHThl ecr& (18] 

M,. 

Moo 

Mu 

Mm 

Mo1 

M1-1 

·M..:1-i 

b-e, 
a+dcos'l9, 
1 . 

2 (a+b+c-dcos'19), 

- ~ (dsin'19 + ie), 
· v2 

_..!._ (dsin '19- ie) 
,J2 ' 

1 . 
= 2 (-a+b+c+dcos'19) = 

Mu - Moo - ../2 (M10 + M01) cot '19, 

Mu , M_u = M1-1 , Mo-1 = -!1.101 , 1\-!..:10 = -M1o, 

'ITO TIO,ll;pa3yMeBaeT 

a 
1 
2 (Mu +Moo- M1-1) , 

b 
1 
2 (Mu + M,, + Mt-1) , 

1 
2 (Mu-M •• + Mi-t) , c. 

d 
1 

2 cos'l9 (-Mu +Moo+ MI-l)= 
1 

v'2sin '19 (Mm +Mot) , 

l 
,J2 (M10- Mol) e 

(2.13) 

(2.14) 

)Kaxo6 H BHK (19) pa3BHJIH CIIHpaJibHblit 4JopMaJIH3M 1 B KOTOpOM COCTOHJIHH ITOMe'la
IOTCl; _). - npoeK{\Heit CTIHHB Ha HBTipaBJieHHe HMTIYJibCa 'laCTH{\bl (). CCTb KBaHTOBOe 

" .'JHCJIO cnupa.t~t>Hocmu). BBH,ll;Y Toro, 'ITO CYII\eCTBYJOT uexoTOphle ueo,n;H03HB'IHOCTH B 
OTipe,n;eJieHHH CTIHpaJibHhiX COCTOHHHit H aMTIJIHTY,ll;1 3,ll;eCb Mbl OTipe,n;eJIHM HCTIOJI&3ye
Mhlit HBMH 4JopMaJIH3M. ITo cyTH, ou cosna,n;aeT c 4JopMaJIH3MOM )Kaxo6a H BHxa [19], 
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MapTHHa H CnHpMeHa (20], ronb,n;6eprepa, rpncapy, Max,n;oyBeJIJia H Boura (16), Xo
IDH3aKH (9] H ,n;p. ,Upyrne aBTophl, uanpHMep, Koini-Tauuy,ll;)KH, Mopen&·H Hasne [21] 
H KOTaH&CKH:It (22, 23) HCDOJib3yiOT uecxoJI&KO HHhle cornameHHH o ¢a3ax (onycxaH 
4Jaxrop {-1)'-~ )J)IH 'IBCTHI\ 2 H 4). 

Mhl HCnonb3yeM CHCTeMy {\eHTpa Mace,. paccMaTpHuaeM ITJIOCKOCT& xz KaK ITJioc
xocr& pacceHHHH, HanpaBJIHCM OCb Z B,li;OJib HMTIYJibCa Ha<JaJibHOit 'laCTHI\bl H OCb y 
B,li;OJib HOpMaJIH D. CnHpaJibHble COCTOHRHH Ha'laJibHO:It H pacceHHHO:I\ 'laCTHI\bl eCTb 

( 
l + ).1 ) 

x~. = i _ >.1 
(2.15) 

H 

1 ( .un) ((~+-~)cos~-(~-~)sin~) 
X ~3 = exp -t-iJ x~3 = . 

2 (~+·>.a) sin~+(~- >.a) cos~ 
(2.16) 

CrrHpaJibHble COCTOSIHHSI 'laCTH{\ 2 H 4 onpe,ll;eJISIIOTCH C ,n;pyrolt ¢330:1\ KaK 

x'~. = (-1)!-~• exp (-i~n'/1") x~. = (- 1)!-~• ( ~~ + >.2) 
2 + >.2 

(2.17) 

H 

x'N. = (-1)!-~• exp [-iu; ('19 + 7r)] x~. 

= (-1p-~· 2 . 2 2 2 . , (-(1+>.4)sin!!-(!->...)cos!!) 

· {!+>...)cos~-(~->...)sin% 
(2.18) 

CnHpan&uocT& >. ,li,JISI uyKJioHa pasua 1/2, ecJIH npoeKI\HH cnHua napaJIJien&ua HM
nyn&cy, H -1/2, ecnH oua aHTHnapannen&ua. CnHpan&Hhle aMnJIHTY,ll;hl o6o3Ha'laiOTCSI 
xax < A3 >... I «<> I AI >.2 > H MOryT 6h1Th pa3JIO>KeH&I B px,n; no napi\HaJI&HhiM BOJIHaM: 

1 "" I .J( J < A3 A4 I«<> I A1 A2 >= 
2

ik 7 (2J + 1) < Aa >... T E) I At A2 > d~,. ('19) , (2.19) 

r,n;e >. = >.1 - >% p. = >.a - A4 H. di,. ('19) ecr& MaTpHnhl spatneHHSI BHruepa (24], 
y,n;oBJJeTBOpHIOmJ{e COOTHOIDeHHSIM 

di,. ('!?) = (-1)~-,. di,. ('!?) = (-1)~-1' d:~-1' ('!?) . (2.20) 

CoxpaHeHHe 'leTHOCTH, HHBBpHaHTHOCTb OTHOCHTeJibHO o6patneHHSI BpeMeHH H TlpHH
nHn IIayJIH BJieKyT 3a co6oD:, coOTBeTcrseuuo: 

< ->.a - A4 I TJ (E) I ->.1 - A2 > 
< A1 A2 I TJ (E) I Aa ~ > 
< >... ,\3 I TJ (E) I ,\2. At > 
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<>.a A.. I TJ (E) I >.I >.2 > , 
< Aa A.. I TJ (E) I At >.2 > , · (2.21) 

< ,\3 ~ I TJ (E) I ,\1 ,\2 > . 



9TH COOTHOilleHHH ~ nap~HaJII>HhiX BOJIH CUHpaJibHhiX aMUJIHty~, BMecTe C (2.1~) H 
(2:20),. a cao10 O'Iepe,~V> sneicyT 3a co6oit cnpase)l,IIHBOCTh · cne.zzy~ItiHx cOOTHomeHHit 
AnH UOJIHhiX CUHpaJibHhiX aMUJIHtyl(: 

<-.\a -~I <P 1-At - A2 > = (-1)~1-~2-~+~ <.\a'~ I <P !'At A~> ; 

< >.1A2[ <P' I Aa ~> . = · ( -1)~~.-~2-~3+A4 <.\a ~l<P.I At A2 > , · (2.22) 

. <~.\a I <P IA2 At ; = (~1)~1 -~~-:-~3+~ <.\a·~ I <PI At A2 ~> .. : 
IJpHHHMaH BO BHHMaHHe 9TH COOTHOmeHHH CHMMeTpHH H OCTaBnHH YK83aHHH TOJib

KO. Ha 3HaKH CUHpaJibHOCTeit HYKJIOHOB,. HMeeM . 

<Pt = < ++ I <P I ++ >=< ....:_ I <P I -- > , 

<P2 = < ++ I <P I -- >=< -- I <P I ++> , 

<Pa = < +-·I <P I +- >=< -+ I <P I -+ > , 

<P4 = < +- I <P I -+ >=< -+ I <P I ~-:- > , 

<Ps = <++I <PI+->=<-+ L<P 1--:- >=<:-;I <P 1,+-;- >= .. 

< -+ I <P I ++ >= - < -- I <P I -+ >= - < +- I <P I ++ >= 

- < ++ I <P I -+ >= - < +-;- I <P I -.- > • .. (2.23) 

Ilol(cTaBJIHH Bblpa:lKeHiie (2.1) )l,IIH M ~ Bbi~HcnHH Heo6xoi(HM~e MaTpH'IHble sne
MeHTbl, Mbl UOJIY'IHM COOTHOmeHHH Me:lK,Izy HHBapHaHTHbiMH C.~.M. aMUJIHtyl(aMH 
a, ... , e H cnHpaJibHbiMH aMnnHTyl(aMH <Pt, ... , <Ps. OcTaBaHCb B paMxax HamHX corna
menult, Mbl nony'IHM, TaKHM o6pa3oM, 'ITO 

<Pt ~(a cost?+ b- c+ d+ iesin~) .• _, 

<P2 = ~(acos_t?-b+c+d+ie.sin~), 
~(a cost?+ b + c- d+ iesint?) , 
2 . . ; · .... , .'. 

~ (-a cost?+ b + c+d- iesin t?) , 

<Pa 

<P4 

<Ps ~ (-a sin t? + iesin t?) . 

~OpMyJihl (2.24) MO:lKHO o6paTHTb, 'ITO l(aeT 

a 

b 

c 

d 

~ [(<Pt + <P2 + <Pa- <P4) cost?- 4<Ps sin t?) ; 
2 
1 . 
2 (<Pt- <P2 + <Pa + <P4) , 
'1 . • . . 
2 ( -<Pt + <P2 + <Pa+ <P4) , 

1 
2 (<Pt + <P2- <Pa + <P4) , 

i . . . 
e = -2((<Pt+<P2+<Pa-<P4)sint?+4<Pscost?). 
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'(2.24) 

. (2.25) 

:l 
'I If 
j 
! f 
J 

1 
'· ·.• 

j !: 

,: 
I J I r' 
I 

I 

,LVIsr pacceHHHH anepel(, xorl(a t? = 0, coxpaHeHHe nonnoro yrnoaoro MOMeHTa ane
'leT 3a co6oit e(O) = 0, a(O) - b(O) = c(O) + d(O). ,lVIH cmtpMbHbiX aMUJIHTYI( 9TO, 
O'leBHI(HO, UOI(p83yMeBaeT, 'ITO <P4(0) = <Ps(O) = 0. 

QqeBHI(HO, 'ITO MO:lKeT 6h1Tb BBel(eHO 6ecKOHe'IHO MHOro pa3HbiX THllOB RMUJIHTYI( 
fiYKJIOH-HJKJIOHHOro pacCeHHHH, H l(eltCTBHTeJibHO, B Hay'IHOft JIHTepaTJPe cym;eCTBy
eT o'leHI> 6on&moe HX 'IHcno. B I(OnonHeHHe K TeM, KOTOphle 6biJIH aael(eHbl Bblme, 
Mhl HaMepeHhl paCCMOTpeTb em;e I(Ba, a HMeHHO- aMUJIHTYI(hl "nonepe'IHOCTH" (HJIH 
"transversity") (22, 23) H o6.MeHH"'e aMUJIHT)'I(hl (25, 7), TaK KaK OHH o6e HCllOJII>3YlOTCsl 
pa3nH'IHhiMH rpynnaMH 9KCnepHMeH'taTOpoB. 

06MeHHble aMnJIHTYI(DI ll0Jie3Hbl llOTOMy, 'ITO B npe,n;ene BhiCOKHX· 9Heprnit OHH 
cooTBeTCTByiOT o6MeHy onpel(eneHHhiMH xaaHTOBhiMH 'IHcnaMH (noniOcaMH Pel(:lKe) 
a t -xaHMe (aMnnHTYI(bl No, Nt, N2 COOTBeTCTByiOT o6MeHaM c uatypMbHOlt 'leT
HOCT&IO, Uo H U2 - C HeHatypMbHOit 'leTHOCTblOj HH:lKHHlt HHI(eKC OTBe'laeT BeJIH
'IHHe t-KaHaJibHOro nepeaopOTa CllHpaJibHOCTH). 06MeHHble aMUJIHTYI(bl CBH3aHbl C S

KaHMbHbiMH CnHpaJibHbiMH aMllJIHTYAaMH H aMllJIHTyl(aMH a, ... C COOTHOmeHHIIMH 

~ 
~ 
~ 
I 
~ 

No 

Nt 

N2 

Uo 

u2 

~ (<Pt + <Pa) =~(a cost?+ b + iesin t?) , 

<Pa = ~ (-a sin t? + ie cost?) 

~ (<P4- <P2) = ~(-acost? + b- iesint?), 

1 1 2 (<Pt- <Pa) = 2 (-c+ d), 

1 1 
2 (<P4,+ <P2) = 2 (c +d) . 

9TO MO:lKHO o6paTHTb H llOJIY'IHTb 

a= (N0 -N2)cost?-2Ntsint?, 

b = No+N2, 

c U2-Uo, 

d = U2+Uo, 
e = -i [(No- N2) sin t? + 2Nt cost?) . 

(2.26) 

(2.27) 

"TpancaepcMI>HI>Ie" aMrrJIHTYI(I>I Tcdab 61>1.i!H BBel(eHbl KOTaHbCKHM (22, 23) )l,IIII To
ro, 'IT06bl I(Hai'OH3JlH30BaTb KpOCCHHI'OBble MaTpH~bJ. ,lVIH HyKJIOH-HyKJIOHHOI'O pac
Cei!HHH OHH CBH3aHbl CO CUHpaJibHbiMH aMllJIHtyl(aMH )Kaxo6a H BHKa <Proab COOTHO-

meHHeM 

r,n;e 

Troab = E (-1)b+d+l u~udd'<Pc'd'a'b'Ua•aUb'b, 
a'b'c'd' 

U=....!_(1 i) .j2 i 1 . 

'~6pbeJ,lHHeHH'hiH UHCTHTYT 

'rlAepHhlX H<t~neAOBaHRH 
Bl16fll10TEKA 

(2.28) 

{2.29) 



Bonee KOHKpeTH01 IIHTb HC3aBHeHMbiX 
11

TpaHeBepeaJibHbiX" aMHJIHTJ,ll; JI.aiOTeH Bbl

proKCHHHMH 

T1 =:T++++ ~ (q,t + q,2 + q,a- q,4 ~ 4i q,s) =(a+ e) exp (it?) , 

T2 = T----c-, 
1 . . ' '. .· ' .· ~· 
2 (q,I + q,2+ q,3- q,4 + 4i q,s) =(a- e) exp (-it?) , 

T3 =:T+-+-
1 . . 
2 (q,I- q,2 + q,3 + q,4) = b, (2.30) 

14 = T++--
1 . 
2 ( _q,l- q,2 + q,3- q,4).= -d, 

. T5 =:T+--+ 
1 . 
2 (q,I- q,2- q,a- q,4) =.,-c . 

<f>opMJJibi (2.30) B TOqHOeTH eOOTBeTeTBJIOT TCM1 KOTOpbiC HeiiOJib3yiOTCH B Ap
rOH~eKOfi Ha~HOHaJibHOfi Jia6opaTOpHH (eM., HaiipHMCp, (26)}. 
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j 

I 

fJiaBa 3 

9KCIIepHMeHTaJibHbie BeJIHqHHbl B 

CHCTeMe ~eHTpa M~CC 

3.u.eeh Mbl BBOJ.l.HM qeTblpCXHHJ.l.CKeHbiC 0603HaqeHIUI JI.JI.H BeCX 3KenepHMCHTaJibHbiX 

BCJIHqlfH. llepBblil: H BTOpOfi HHJ.l.CKebl o6o3Haqa!OT IIOJIHpH3a~HH B KOHeqHOM eOCTOH

HHH paeeeHHHOfi qacTH~ H qaeTH~ OTJ.l.aqH eOOTBCTCTBCHHO. TpeTHit H 'leTBCpTbiii. 

HHJ.l.CKebl o6o3naqaiOT naqanhHble rronBpH3a~H .rryqKa H MHmeHH eoOTBCTCTBCHHO. B 
eHCTCMC ~CHTpa Mace 3TH MeTKH o6o3Haqa!OTCH 6yKBaMH p, q, i H k: HMCHHO B TaKOM 

nop.HJI.KC. Ecnn KaKa.H-TO H3 HaqanhHhtX qaeTH~ nenonspH30BaHa HJIH rrOJIHpH3a~» 
KaKOit-TO H3 qaeTH~ KOHequoro eOCTOHHHSI HC aHaJIH3HpyeTCSI 1 TO eOOTBCTeTBYIO~aH 

MCTKa rrpHHHMaCT 3HaqeHHC 0. 

Ta6nn~a 3.1. 
3KenepHMCIITaJihllbiC BeJIHqHIIbl J.I.JI.H paeeeHIIH.H 'IRCTH~ enHHa ~ 

JbMCpHCMa.H Herron.HpH3. Tion.HpH3. Henon»pH3. Tion»pH3. 

BCJIHqHna HY'IOK1 nyqoK, nyqoK, nyqoK, 

HCIIOJIHpH3. HCIIOJIS1pH3. IIOJIS1pH3. IIOJ1HpH3. 

MHliiCHb MHlllCIIb MHlllCHb ~mmem, 

A B c D 

- - -

)J,n<l>¢epeH~HaJihliOC 

ceqCHHC 1 Ioooo Aoo;o Aoook AOOik 

TionHpn3a~nH 

paeeCHllliOH · •IaCTHllhl 2 PpOOO Dp.no Kp00k Afp(}ik 

ll0.'1Hpli3R~IISI 

qaCTRl\bl OT,ll,a'lll 3 POqOO KOqio D0q0k Noqik 

Koppensnnu 

IIOJIHpU3al{Hfi 4 . cpqOO Cpq;o cpqO,. Cpq;,. 

HeKoTopas "qHeTaH" aKenepuMeHTaJihHaH BCJIHqnua (KpaTKo, neKoTophlfi qneThlfi 

3KenepHMCllT), IIO OIIpCJI.CJICHRIO, CCTb BCJIRqHJIR, KOTOpa.H BKJIIOqaeT TOJibKO CIIRHQ

Bb!C npOCKl{RR ua 6a::~nellblC BCKTOpbl. 9TOT 6a::~ue :MO)KCT 6b!Tb pa3HbiM JI.JIH pa3Hb!X 
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'lacTII~, HO B CIICTeMe ~eHTpa MaCe )VIS BCeX 'laCTH~ fiy,ll;eT IICll0Jib30BaTbCH CIICTeMa 
BeKTOpOB 1, m~ n. B npHH~ne, BCero MO)KeT 6&ITb onpe,!J;e.neHC) 256 'IIICTblX aKcnepii
MeHTOB KaK KOMllOHeHTOB pa.3.1IH'IHbiX TeH30poB. 0HH CYMMHpOBaHbl B Tafimr~e 3.1 H 
onpe,ll;eJieHLI CJie,!J;YIO~IIM o6pa3oM: 

A.l. ~<l>¢epeH~118JThHoe ceqeHIIe )J)Uf aenOJispH3oBaHH&rx 'iBCTII~: 

a= 10000 = ~Tr (MM+) 

A.2. IIomrpH3a~Hs paccesHHOtl: 'laCT~&r: 

aP,Qoo '== ~Tr (a1pMM+) 

A.3. I1onsp113~11H 'IBCT~hl OT,!J;a'lll: 

aP0q00 = ~Tr (a2qMM+) 

B.l. AciiMMeTplls B ce'feHIIHX 113-3a nOJIHp1130BaHHoro ny.;Ka: 

aAoo;o = ~Tr (MauM+) . 

C.l. AciiMMeTplls B ce'leHIIHX 113-3a nonsp1130BaHHOtl: MllmeHH: 

1 
aAoook = 4Tr (Ma2kM+) . 

A.4. Koa¢q)H~HenT Koppens~llll noJJHp113alUiii np11 paccesn11H nepBOHa'laJJ&no ne-
· llOJJHp1130BaiiHbiX 'laCTII~: 

1 
aCJXfJO = 4Tr (a1pa2qMM+) . 

B.2. TeH3op ,11;enonsp113a~H MH nOJIHp1130BaHHoro ny'IKa: 

aDpOiO = ~Tr (a1pMauM+) . 

" 
B.3. Koa<l><l>H~HenT nepe,!J;a'lll nonsp113~HH OT ny'IKa K 'IBCTII~e OT,!J;a'IH: 

aKoqio = ~Tr (a2qMaw\'f+) . 

C.2. Koa<l><t>H~IIeHT nepe,!J;a'IH nonsp113a~HH OT ~11menH K paccesrnnoit 'laCTH~e: 

1 
aKp00k = 4rr (a1pMa2kM+) . 
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C.3. Ten3op ,11;enonsrp113a~1111 ,li;JJH nOJigpH30Bannofi M11men11: 

a D0qok = ~ Tr ( a2qM a2kM+) . 

. 0 .1. TeH30p aCHMMeTpHH ,IVIH noJJHpH30BaHHLIX ny'IKa 11 MHmenH: 

a.Aoo;k = ~Tr (Maua2.~:A-f+) . 

B.4. BKJJaA B Koa<l><l>H~IIeHT KOppens~ll nonsp113a~Hfi oT nonsp1130BaHnoro ny'IKa: 

aCpq;o = ~Tr (a1pa2qMauM+) . 

CA. BKJJaA B Ko3¢<l>H~HenT KoppeJI.H~H .nonsp113a~11lt OT nonsrp1130BanHofi MHmerm: 

aCpq0k = ~Tr (a1pa2q.Ma2kA1+) . 

0.2. BKJJa,ll; B nonsrp113a~11ro paccesnnoit qacnl~bi OT nonsp113a~Hn ny'IKa 11 MllmeHH: 

. 1 
aMp0ik = 4Tr (a1pMaua2kM+) . 

0.3. BKna,ll; n nonsrp113a~ro 'laCTH~hr OT,!J;a'IH oT nonsrpH3a~n ny'IKa 11 MHUieHII: 

aN0qik = ~Tr (a2q.Mati0"2kl\.f+) . 

0.4. BKJJa,ll; B Koa¢¢11~11enT Koppensr~HH nomrp113alUiit OT nonsrpH30BaHnhlX nyqKa H 

MllllieHII: 

aCpqik = ~Tr (a1pa2qMaua2kM+) . 

,lLTrs np0113B()JibHOf:i peaK~HH THDa ~ + ~ --+ ~ + ~ BCe 256 3KCnepHMeHTOB MOryT 
,!J;aTh He3aBHCHMYIO Hn¢opM~nro. O,!J;HaKo, ec.ri:n npe,11;nonararoTcsr coxpaireHHe 'leTno
CTH, 060fi~el1Hblfi npHH~ll IJayJIH H HHBapnaHTHOCTb · llO OTHOllieHHIO K ofip~eiiHIO 
BpeMeiiH, TO 'IHCJIO He3aBHCHMblX 3KCnepHMeiiTOB CHJibHO yMellblliaeTCH •. 

IJpn npOCTpaHCTBeHHblX OTp~eHHHX BeKTOphl 1 'If m MeHHIOT CBOf:i 3HaK, TOr,ll;a 

KaK BeKTop n coxpaH.HeTC.H. TeM caMhiM coxpanenHe 'leTHOCTH no,ll;pa3yMeBaeT, 'ITO 
OTJIH'IHblMH OT HYJI.H fiy,!J;YT TOJibKO BeJIH'IHHhl C 'leTHbiM 'IHCJIOM [ HJIH m HH,ll;eKCOB. 

06o6~eHHblil: npnH~nn IIaynn (BKJIIO'faro~nit H30Cnllnonyro HHnapllaHTHOCTb ,!J;..'l.H 
np pacce.HHIIH) Tpe6yeT paneHCTBa pe3yJI&TaTOB ABYX aKcnepliMeHTOB, CB.H3aHHblX B3a
HMHO!t 3a\fenoit ny'IKa na Mnmen& n paccesrunoit qacrn~hl na qacTney OT,!J;a'IH (nnn 

Hao6opoT). B o6~eM cnyqae 'IHCToro aKcnepHMeHTa 3TO ,11;aeT 

X ·k = (-1)!tJ+[mJ X . 
pq1 qpkt ' 

(3.1) 
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r,n;e [l]H [mj CCTb 'IHCJIO MeTOK lH m, COOTBeTCTBCHHO, cpe,n;H p, Q, i If k. 
CoxpanenHe 'ICTHOCTH nMecTe c COOTHomenHeM (3.1) ,n;aeT 

Xpqik = Xqpki . (3.2) 

}J;efi:CTBHC o6pam;eHHH BpeMeHH MO)f(eT 6bJTb Bblpa)f(eHO 'Iepe3 lf3~feHeHHC 3HaKOB 

060HX HMIIYJibCOB J<. If k/ If 3HaKOB 0"1 If 0"2, TaK )f(C KaK If ll3aHMHOfi: nepeMCHOH MCCT 

Ha'IaJibllbiX If KOHC'IHbiX COCTOHUHfi: If lfMITJJibCOB. 1103TOMY 6a3HCJibiC BCKTOpbi ITpH 
o6pam;eHHH BpeMCHH rrpeo6pa3yJOTCH KaK 

I---+ -1 , m---+ m , n---+ -n . (3.3) 

HnnapHaHTHOCTb OTUOCHTeJibHO o6pam;eiiHH npeMeJJH HpHBOJ(HT K COOTHOIIIeHHHM 

Xpqik = (-1)[mJ X;kpq. (3.4) 

0'IeHb ITOJie3HbiH MeTOJ( ,n;eMOHCTpa~Hlf COOTHOIIICHHH Me)f(,n;y pa3JJbiMH 3KCITCpH

MeHTaJibllbiMJI BCJIH'IHHa\fJI HCJIOJib3yeT HHnapHaHTHOCTb OTHOCHTCJibHO OTpa)f(eHHH B 

TIJIOCKOCTH pacceHHHH (T. H. rrpantmo Bopa (27)). )J;JIH nyKnon-nyKJionnofi: MaTpH~ht 
paCCCHHHH 3Ta lfHBapHaHTHOCTb BJIC'ICT 3a C06ofi: TO)f(,ll;CCTBO 

a1na2nM a1na2n = M , (3.5) 

KOTOpOe MO)f(HO nponepHTh, HCUOJ!b3JH ¢opMyJiy (2.1). 

06cy,n;HM Tenepb 'IlfCTble 3KCitepHMCHTbt B C.I~.M. 

(0) )J;lf(p¢epen~HaJihnoe ceqenHe a = /0000 eCTb, oqenu,n;no, CKMHp no OTHOllleHHJO 

KO BCCM paCCMOTpCHHbiM 3,ll;eCb J(lfCKpCTftbiM CHMMeTpHHM. 

(1) 

(2) 

(3) 

oauo'K:OMT!01teHmH'ble me'H.3opu {a'K:CUI1/Ibll'ble 6e-,;;mop'bt) PpOOO, POqoo, Aoo;o II Aoook· 
CoxpanenHe 'IeTHOCTH rrpHno,n;nT K TOMy, 'ITO e,n;nHcTnennhlMH nenynenbtMH K~M
rroHenTa~m OKa3b!BaJOTCH Pnooo, P0noo, A00no u Aooon· llpun~urr ITayJIH BJte'IeT 3a 

co6oit Pnooo = P0noo u A00no = AooOn· HaKoueu;, HIIBapnanTHOCTh K o6pam;enmo 

npeMenH ,n;aeT: Pnooo = Ao0no u Ponoo = A000n. TaKuM o6pa30M, H3 12 pa3JIH'IHbiX 

neJIH'Imi 8 panubi nymo, a ocTaBmuec.H 4 paBHhi ,n;pyr ,n;pyry. 

,4ByX'K:OMrt07tettmnue meuaopu Cpqoa, Dp0;o, Koqio, KPook• D0q0k n Awik· Coxpa

neuHe 'IeTHOCTu yMeHhlllaeT 'IHCJIO KOMrrouenT c 54 ,n;o 30. Y'IeT npii:Hu;Hrra ITa

YJIII rrpuno,n;uT K coOTuomeunHM Cpqoa = Cqp0o, Dp0;o = DOpOi, Kp00k = KOpko 11 

Aooik = Aooki, TaK 'ITO o<.'TaeTc.H TOJihKO 18 KOllmoHenT. HaKone~, annapaanT

JIOCTb K o6pam;enHJO npe]lteHH npnno,n;uT K COOTHOIIIeHHHM Cnnoo = Aoon;,, Cuoo = 
Aoou, Cmmoa = Aoomm, CmlOO = -Aoom,, Dmmo = -Dmmo H Kornlo = -Kolmo, 
yMeHbiiia.H 'llfCJIO pa3JIH'IHhlX aKcrrepHMenTon ,n;o 12. 

Tpex'K:oMnoue~trrmue me'H.30pbt Cpq;o, Cpqak, AfpOki u NOqik· Coxpa11enue 'IeTHOCTH 

yMeHhmaeT 'IHCJIO KmmoneuT co 108 ,n;o 52. lh rrpun~Hrra IIayJIH cne,n;yeT, 'ITO 

Cpq;o = Cqpa; 11 1\.fpOik = NOpki· HnnapuanniOCTh K o6pam;emuo npe~tenn rrpuno,n;HT 
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(4) 

K Cpq;o = ( -1 )1m) M;apq. TaKHM o6pa30M, y nac ocTaeTc~ 13 KOMnonenT. Hx 'IHCJIO 

MO)f(eT 6hlTh y:o.tenhmeno em;e ,n;aJibme, ecJIH HCHOJib3onaTh npanHJto Bopa (3.5}, 

KOTOpOe npHBOJ(HT K COOTHOllleHH.HM CmmnO = -Cuno. CnmmO = cnliO H CmnmO = 
c,nlO, a TaK)f(C CBSI3b!BaeT CnnnO c liOJIS!pH3au;Hel!. CnnnO = Pnaoo. B HTOre TOJibKO 

9 KOMITOHeHT TpCXKOMliOHCHTHbJX TeH30pOB OCTaJOTCH He3aBHCHMbiMH. 

I'Jemblpex?CoMnouettmH"ble me'lt3op"bl Cpq;k· CoxpaaenHe 'IeTHOCTH cno,n;HT 'IHCJIO 

neHyJICBbJX KOMHOHCHT C 81 J(O 41. .11pHH~Hll llayJIH UpHBOJ(lfT K COOTHOrne

HHIO cpqik = CqpkiJ a HHBapHaHTHOCTb K o6pam;enHJO npeMeHH BJIC'IeT 3a co6on 

Cpqik = ( -1)1mlC;kpq· TaKHM o6pa3oM, Mhl ocTaeMC.H ncero c 17 KOMnonenTaMH. 

HcnoJib3YSI npanHJIO Bopa (3.5}, Mhl MO)f(eM cneCTH neKOTOpble KOMnoneHTbt K 

KOMITOHCHTaM TCH30pOB 6onee HH3KOrO TIOpSI,ll;Ka, a TaK)f(C nal!.TH J(Ba HOBbiX CQ

OTHOIDCHH.H MC)f(,ll;Y KOMITOHCHTaMH Cpq;k· 9TH COOTHOIUCHH.H CJICJ(YIOID;He: 

a TaK)f(e 

Cnnnn 

Cnlln 

Gmmnn 

Gmnln 

1 , Gnlnl = Dom0m , Cnmnm = Do101 , 

Kammo , Gnmmn = Kouo , Cunn = -CmnOO , 

-Cuoo , Gnmln = -Kmma , Cmlnn = ClmOO , 

-D10m0, 

Cmmmm - Cuu , Cmmml = -Cmm · 

(3.6} 

(3.7) 

Henocpe,n;cTnenuo acnoJib3YH <fJopMyny (2.1}, Mhi MO)f(eM naJ:iTH, 'ITO 

a TaK)f(e 

a2mllrfa2m 

-ia21M a1na2m 

-auM au + atm!v! a 1m + a211\rf a21, 

auAf au - iauM a1ma2n - a 21M a21 , 

-ia2mM a1na21 = -auM au+ iaua2nM Utm + a21Af U21 . 

(3.8) 

'YMIIO)!{HB Ka)f(,n;oe H3 panencTB (3.8} na au cnena H ua auAf+ crrpaaa, no.rxy'IHM 

J(OIIOJIHHTeJihliO em;e TpH JIHHCJ:iHbiX COOTIIOIIICIIHH MC)f(J(Y K0]11JIOUCIITaMH Gpq;k If TCII-

30pa-..m Ulf3IUero nop.HJ(Ka. 9TH COOTHOJileUHH MO)f(HO 3aiiHCaTb, uanpHMep, TaK 

Clmlm 

Cumm 

Glmml 

Cmlml = -1 + DnOnO + Cuu, 

Cmmll = 1 - Aoann - Cuu , 
C.num = -1 + Ktinno + Cuu. 

(3.9} 

TaKHM o6pa30M, TOJihKO ,n;ne KOMnonenThi Cpq;k necyT nony10 (nHneitno ue3aBHCH

MYJO} nn<PopMa~HJO H B Ka'!ecTne TaKOBhiX Mhl Bbl6npaeM Cuu H Gmm· 
B KOH~e KOII~OB, Mbl OCTaeMCSI C 25 Jllillel!.HO He3aBRCHMbJMH BeJJH'IHHaMH. }J;anaJ:i

TC Tegepb Bblpa3HM BCC UeHyJICBbie 3KCnepHMCHTaJibHhle BeJIII'IlfHhl 'Iepe3 aMJIJJHTJJ(bl 

pacce.HuHH,onpe,n;eJiennhle n (2.1}. llOJiy'Iennhxe pe3yJibTaThl npe,n;cTannenhl n Ta6n. 3.2, 

r,n;e 122,'Heuynenhie aKcrrepHMenTaJtbHhie c.~.M. BeJIH'IHHhl ,n;anhi n snnoM nH,n;e. OCTan

nmecH 6 Ko:'vinonenT Gpq;k ,n;anhl B <fJop]ltynax (3.9}. 

BnnHnel!.nhle. KOM6Hnan.HH aMnJIHTy,n; a, b, c, d n e, Bbtpa)f(ennhie '1epe3 aKcnepH

MenTa..'lbHbte C.II,.M. BC.'llf'IHHbl, ,n;aHbl B Ta6JI. 3.3. 
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Ta6JIHUa 3.2. 9KcuepnMeHTa.'lbllbie c.~.M. nemPIHHhi, BbipiDKeHnbre "!epe3 a:~.mmiTy~hr 
pacce~mmr. 

a= Ioooo 

aCnnOO 

aDnOno 

a KonnO 

aCuu 

aP -

aCmm 

aGtn1o 

aDwmo 

aCnuo 

aKotmO 

aCuno 

aCt mOO 

aDmOmo 

aCmnto 
aDw10 

aCinmo 
aKOmmO 
aCnmlO 
aKouo 

aCnlmO 
aCmmao 

aClmno 

aCnnnn = ~ { lal2 + IW + lcl2 + ldl2 + lej2} 
1 . 

aA00nn = 2 {lal2 -IW -lcl2 + ldl2 + lel2 } 

aD0n0n = ~ {lal2 + IW -lcl2 -ldl2 + lej2} 

aKnOOn = ~ {lal2 -IW + lcl2 -ldl2 + lel2
} 

aCmmmm = ~ {lal2 + IW + lcl2 + ldl2 -lel2} 
aPnooo = aP0noo = aA00no = aA000n = 
aCnnno = aCnnOn = altfnann = aN0nnn = Rea*e 
aCuml = -aCimll = -aCmlll = 
aCtmmm = aCrn~mm = -aCmmlm = -aCmmml = Ima*e 
aCmnmO = aCnwt = aCnmOm = 
a Mwtn = a Afmomn = a Notnl = a NOmnm = Reb* e 
a Dotom = -a Dmolo = -a DomOI = 

aC,.tnm = aCtnmn = -aCmnln = -aCnmnt = Imb*e 
aCnmmo = aC1n01 = aCmnOm = 

a Atftant = a Aimonm = a Noun,= a Nommn = Re c* e 
a Kzoom = -a Kmool = -a K0m10 = 

aCnlmn = aCtnnm = -aCmnnl = -aCnmln = Imc*e 
-aCmmno = aCu0n = -aCmmOn = 
aAfnoll = -afl.,fnomm = aNonll = -aNonmm = -Red*e 
aCmlOO = -aAoolm = -aAooml = 
-aCnnmt = -aCnnlm = aCmtnn = aCtmnn 
a D0m0m = aCntnl '= aCtnln 

aCnmOI = -a AfiOmn = -,.a Nolnnm 
a Dowt = aCnmnm = aCmnmn 
aCn10m = -,.aJ\fmOin = -aNOmnl 
a Kmooin = aC,.un = aC,,.,., 

aCmnOl = -a Afzom~ = -a Nolmn 
a I<10o1 = aCmnnm = aCnmmn 
aCinOm = -aAfmOnl = -aNOmln 

aAoOmm = -aCnnu = -aCunn 
aCmtOn = -allfnotm = -aN0nmt 
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Imd*e 

Re (a*b+c*d) 
Im (a*b + c*d) 
Re (a*b- c*d) 

= -Im (a*b- c*d) 
, Re (a*c+b*d) 

Im (a*c+b*d) 
Re (a*c- b*d) 

= -Im (a*c- b*d) 

Re (a*d + b*c) 
= -Im (a*d+b*c) 

aC1100 = a Aoou = -aCmmnn = -aCnnmm 

aCm1n0 = aCtmOn = -aMnoml = -aNOnlm 

= -Re (a*d- b*c) 
= -Im (a*d- b*c) 

Ta6JIH~a 3.3. BH.'IHHeRnbre KOM6HH~H a, b, c, d, u e, BbipiDKeHHbre 'Iepe3 c.~.M. 

3KCnepHMCHTa.'lhllblC BeJIH'IHHbl. 

lal2 a = 2 { -1 + Dn0n0 +KOnnO+ CnnOO + 2Cuu} 

IW 
a 

= 2 { 1 + Dn0no - KannO - C,.,.oo} 

lcl2 a = 2 { 1- DnOnO + ;<annO- Cnnro} 

ldl2 = 
a 2 { 1- DnOnO- KonnO+ Cnnoo} 

lel2 = a { 1- Gun} 

a*b = % {DmomO + DIOIO + i (CmnlO- Ctnmo)} 

a*c = %{K0mma+Kouo+i (C,.rn~o-Cntmo)} 

a*d = % {Cmmao- Cuoo- i (CzmnO + Cmlno)} 

a*e = a{P+iCuu} 

b*c = % {CmmOO + Cuoo + i (CmlnO- Clmno)} 
a , 

b*d = 2 {KOmmO- Kouo + i (CnlmO + CnmiO)} 

b*e = a {Cznlo + i DIOmo} 

c*d = 
a , :, 
2 {DmamO- DtoiO +i (CtnmO + CmniO)} 

c*e = a {Cn110 + i K01ma} 
d*e = a {-CunO,+iCzmoo} 

E~HHCTBCHHbre ocTaBIImecH ne3aBHCHMble 3KcnepH:o.,reHTaJibHbre neJIH'IHHbl co~ep

)KaTcH B UOJIHblX CC'ICHHHX. )J.eltCTBHTMhHO, UOJIHblC CC'ICHHH MQ)KifQ 3aUHCaTb B BH~e 

(28; 29): 
a tot = aotot +allot (P BPT) + a2tot (PBk) (PTk) ' 

(HO) 

r~e pB H'PT- ITOJIHpH3a~H ny'IKa H MH!UCHH, k- e~HHII'lllblfi BCKTOp B nanpaBJICHHH 

Hl\IIIYJihCa Iry'IKa. BeJIH'IHHhl aotot, allot H a2tot ~iO)I(HO ITOJIY'IHTb, H3MCpHH UOJI-Hbte 

CC'ICHHH ripH COOTBCTCTBCHHO UOJIHp1I30BaHHblX Ha'laJibHhiX HYKJIOHax. 0HII CBH3aHbl C 
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aMilJIHTY,D;aMH 'lepe3 ODTH'IeCKYIO TeopeMy: 

271" 
Uotot = kIm [a{O} + b{O)J , 

271" 
Uitot = k/m[c{O}+d{O)J, 

471" 
u2tot = -k Imd(O), 

(3.11} 

rp;e k eCTb BOJJBOBoe 'IHCJIO. 0003Ba'leBJUI Uttot H U2tot He CJie,D;yeT DOBHMaTb 6yKBaJib

HO. ,lJ;elkTBHTeJibHO, 9TH "Ce'leHUR
11 

MOryT 6b1Tb DO.iiO:lKHTeJihHhiMH, paBHhiMB HYRIO 

H,IIH OTpHIJ,aTeRbBhiMH; TO,IIbKO Utot H Uotot .HBnHIOTCH DO,IIO:lKHTe,llbBO onpep;eneHHhiMH. 

B TepMHHax cnupanbHhiX aMrrJIHTyp; HMeeM 

271" 
Uotot = TIm [.PI{O) + .Pa{O)J , 

271" 
Uttot = k Jm.P2{0), (3.12) 

271" 
u2tot = -kIm [.Pt {0) + .P2{0) - .Pa{O)] . 

.. 
BenH'IHHhl UQtot, Uttot H U2tot DpBMO CB.H3aHbl C TpHITReTHhiM H CHHrneTHhiM ITOJJ

HhiMH Ce'leHHHMH CJiep;yiO~HMH COOTHOIDeHH.HMH! 

Uotot 
1 1 1 
4Ua +.4Ut,O + 2Ut,+l 1 

1 4 (ut,o- u,) , (3.13) Uttot 

1 
. 2 (ut,+l - Ut,o), U2tot 

(3p;ecb Ut,-1 = Ut,+I). 

B Ta6n. 3.2 p;aHhl Bhlpa:lKeHHH 25 nuueituo He3aBHCHMhiX sxcrrepHMeHTaJibHhiX Be

JIH'IHH qepe3 9 BC~CCTBCHHhiX napaMeTpOB: a6COJJIOTHLIX BMH'IHH H OTHOCHTC,IIbHhiX 

¢aJ al\.ffi,IIHTyp; a, b, C1 d H e. 0'1CBH,ZJ;H01 'ITO MO:lKHO Hai\TH 16 HC3aBHCHMLIX HMH

HCI\HLIX COOTHOIDCHHit MC:lK,D;y 3KCnepHMCHTaJibHblMH BCJIH'IHHaMH
1 

HCIIOJJb3yH TPHBH

aJihHhle COOTHOIDCHHH ,ZJ;nH KOMIIneKCHhiX 'IHCeJI. HarrpHMep, eCJIH (ua BpeMB) IIpHMCM 

X 1 = a, X 2 = b, Xa = C1 X4 = d H Xs = e, TO MOlKHO 3aDHCaTb O'ICBH,D;Ilhle TOlK,D;eCTBa 

MelKp;y aMD,IIHTJ,D;aMH: 

(x,xj) = lx,l
2 

(x1 xj) 
(xi xi) 

IIpH i = 2, 3,4, 5, j = 1, 2, 3, 4, 5 H j f= i. 

(3.14) 

Byp;y'IH paccMOTpeHHhiMH KaK paseucTBa MeJKp;y KBap;paTH'IHLIMB 'IJieHa.MH THrra 

(x; x;), COOTHOIDCHHH {3.14) npep;CTa:anHIOT DpHMep llOJIHOrO Ha6opa ue3aBHCH~hiX 
COOTHOIDCHHft. ,[(eftCTBHTeJibii01 H3 (3.14) C,IIC,ZJ;yiOT BCe DpO'IHC COOTHOIDCHHH, TaKHe 
KaK 

(x; xj) (x; xk) = lx;l2 (x; xZ) , (3.15) 
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HRH (30): 

H [31) 

(x1 x;) [ (x; xk) - (xk xj)] + (x, xj) [(xk x;) - (x; xk)J + 
+ (x,xk) [(x,xj)- (x;x;)] = 0 

(x;x;)(x;xk)(xk:~;;) = lx;l2lx;l2 lxkl2 

,ZJ;,IISI BCCX i, j, k,l = 1, 2, 3, 4, 5. 

(3.16) 

. (3.17) 

CoOTuomeHHH MeJK,D;y na6niOp;aeMbiMH MO:lKHO uanucaTb, uenocpep;crBeHHO nop;

cTaBJIHH B (3.15), (3.16) ,HJIH (3.17) COOTBeTCTBYIO~e Bhlpa:lKenHH H3 Ta6n. 3.3. ITO:: 
crynaH auanorH'IHbiM o6pa30M, MOlKHO nony'IHTb COOTHOIIIeimH MClKp;y BMH'IHHa'dH 

B na6opaTOpHOI\ CHCTCMC1 HJIH p;a:lKe MClK,ZJ;y C.IJ,.M. H 'Jia6opaTOpHblMH BMH'IHllaMH1 

nOJJb3YHCb Ta6JI. 4.1. B nuTepaType [30, 31, 32) yJKe o6cy)Kp;anifch MHOrHe H3 Taxux 

COOTHOIDeHHA, H MLI He 6yp;eM na ::!TOM 3ap;eplKHBaTbCH. 

AnanorH'IHbiM o6paJOM Mhl MOJKeM uaATH uepaBeHCTBa, cop;ep:lKa~ue axcrrepuMeu

TaJibHhle BMH'IHHhl. HanpHMep, H3 

0 $ Ia·± el2 

nony'laeM 

4IPI $ 1 + Dna..o +KonnO+ CnnOO , 

a H3 

0::; lc ± dl2 

cnep;yeT 

IDmamo- Dwml :51- Dnano . 

AnanorH'IHblM o6pa30M MO:lKHO nony'IHTb OCTaJibHhiC B03MO:lKHhte COOTHOIDCHHSI. 
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rJiaBa 4 

9KCIIepHM~HTaJibHhle BeJI:UqHHhl B 

Jia6opaTOpHOH CHCTeMe 

B mo6oM axenepiiMeHTe 113MepHMo TOJibKO HeKOTopoe yrJiosoe paenpe~MeHIIe. B 

3TOti: rJiaBe Mbl o6ey~HM <i>opMyJiy, OllHebiBaiOru;y!O YI'JIOBOe paenpe~MeHHe KOppeJIHpo

BaHHOro pacee.HHIIH MH CJIY'Ia.H, xor)la o6a Ha'IaJibHblx HYKJIOHa noJIHpR3oBaHbl. 9To 

Haii60Jiee 06~a.H ci>opMyJia MH ynpyroro HJKJIOH-HYKJIOHHOI'O paeeeHHHH. 0Ha eo~ep
)I(IIT Bee B03M0)1(Hble 3KenepHMeHTaJibHble BeJIH'IHHhl H MO)I(eT 6b1Tb Jiei'KO eBe)leHa K 

KOHKpeTIIhlM eJiy•mHM1 npe)leTaBJISIIO~M HHTepee. ,lJ;mr 3TOI'O )lOeTaTO'lliO llOJIO)I(IITb 

3Ha'leHIIH TeX IIJIII HHhlX Ha'laJibHhlX RJIH KOHe'IHhlX llOJIHpH3aqllt!: paBHbiMH HYJIIO JIH60 

Bb16paTb RX B onpe)leJieHHbiX HarrpaBJieHIIHX. 

Bse)leM eiiMBOJibi i, 11 A: 
- 1 + -- 1 + . I,= 2TrM,M, , I,~:= 2TrM1 (u,,n,)M, (l = 1,2) (4.1) 

MH ee•reHHA II llOJIHp113aqlltl: B paceeRHHH (Ha aHaJIH3aTOpe 1 MH paeeeHHHOft H 2 
MH 'laCTHqM OT~a'IH} e MaTpllqaMII paeeeHHIIR !111 11 M 2 H e~HHH'IH&IMH seKTopaMII 

Dt II n 2 B HanpaBJieUHHX HOpMa.Jieft K rrepaolt II BTOpOft aHaJIR3HpyiO~IIM nJIOeKOeTHM 

eOOTBeTeTBeHHO (Mhl npe)lllOJiaraeM, 'ITO aHaJIH3Hpyrom;He paeeeRHHH rrpOHCXO)lRT Ha 

6eeerriiHOBhiX H~ax). EcJIH i-A aHaJIH3aTop OTeJTCTByeT, TO Mbi noJiaraeM P; = 0 11 Jvf, 
paBHOft e)liiHH'IHOft MaTpHqe, 'ITO llO)lpa3yMeBaeT ji = 1. 

Ce'leHHe xoppMHposanHoro paceeHHIUI B o6~eM BH~e onpe~MHeTCH KaK 

Ep8 Pr (1\ ,1\) = TrM1M2pMiM(, (4.2) 

r~e 6yKBbi P8 H Pr o603Ha'laiOT noJI.srpH3aqHH Ha'laJibHoro nyqxa H MHrueHH, a p eeTb 

HYKJIOH-HYKJIOHHaR MaTpHqa nJIOTHOCTH noCJie nepaoro (T. e. H3y'laeMoro) pacee.HHHSI. 

Pa3MepHOCTH B (4.1) paBHbl nepaoA, BTopoA H TpeThelt eTeneHHM ee'leHHlt, eCJIH o6e 

P1 11 P2 paBHbl HYJIIO, TOJibKO o~Ha 113 HHX HMeeT HeHyJieaoe 3Ha'leHIIe HJIH o6e OHH 

OTJIII'IHbl OT HYJIH eOOTBeTeTBeHHO. 

Pa3JIO)I(HB MaTpHqy rrJIOTHOeTH p no 6a3HeHbiM TeH3opaM, MO)I(IIO noJiy'IHTb o6ru;yro 
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<i>oPMYJIY (32): 

Ep8 Pr (P1 ,P2) = it f2 u {[1 + AOOioPBi + AoookPn + .AixJikPB,Pn) + 
+ P1 !PpOOO + PB,DpOiO + PnKr:AXJk + PB,PnMpOik) nip+ 
+ P2 [Poq00 + PB,KOqio + PnDOqOk + PB,PnNOqik] n2q + (4.3) 

+ P1P2 (Cpq00 + PBiCpqiO + PnCpq0k + PBiPnCpqik] nipn2q} . 

8e3)le rro~pa3yMeBaeTeH eyMMHpOBaHIIe ITO llOBTOpHIO~MeH HH)leKeaM p, q, i II 

k. Ha npaKTHKe 3Ta <i>opMyJia noJie3Ha np11 o6pa6oTxe eo6biTIIA paeeeHHHH MeTO)lOM 

MaKeHMyMa npan,iJ.ono)lOOIIH. YrJiosoe paenpe~MeHHe, o6N'IHO R3MepseMOe B axerre

pHMeHTe, OrrlleNBaeTC.H OTHOilleHHeM 

Ep8 f1r (00) /Eoo (00) , 

eCJIH PI = P2 = 0 (T. e. MH axenepHMeHTOB 8.1, C.1 H D.1 Ta6JIHqN 3.1) H OTIIomeHIIeM 

EPsPr(PIP2)flti2EP8 Pr(OO), 

B OCTaJibHbiX CJiy'la.HX. ,lJ;IIci>ci>epeHq«aJibHOe ee'leHIIe (A.1 Ta6JIHqN 3.1) HBJIReTCH lle

KJIIO'leHHeM, TaK KaK B 3TOM 3xenepHMeHTe He06XO)lHMN a6cOJIIOTHhle. J:13MepeHIIH. 

<J)opMyJia (4.3) enpaBeMIIBa B JIIOOOti: eiiCTeMe OTC'IeTa, HO MN 6y)leM llen<i1lb3(>BaTb 

ee, B OCHOBHOM, B Jia6opaTOpHOft eiiCTeMe. (T. e. e llOKOH~eftCH MllilleHbiO), llpH'IeM 

HH)leKebl p, q, iII k 6y.1l)rT 3aMeHeHN Ha a, b, C II d. 
Ilp11 o6cy~eHIIH 3KenepHMeHTOB B Jia6opaTOpHOlt eHeTeMe, Mhl 6y)leM HellOJib3Q-

BaTh 

·k, k' and k'' {4.4) 

T. e. e~IIHH'IHble BeKTOpbl .B HanpaBJieHIIHX HMllYJibCOB Ha'laJibHOft H paeeeHHHOft 'la

eTIIq, a TaK)I(e 'laCTIIqhi OT~a'lll a Jia6oparopHoA eHCTeMe (k = ka). Mbi 6y~eM HenoJih-

30BaTh CJie~ro~e nonepe'IHhie aeKTophi: 
'• 

s = n x k, fl = n x k', s" = n x k", (4.5) 

r)le n orrpe,llMeHa a (2.2). 
B "'IHCTNX Jia6opaTopHNX axenepHMeHTax" Ha'laJihHble rrOJIHp113&qiiH onpe~MH

IOTCH no OTHOilleHIIIO K HarrpaBJieHIIHM k, s RJIII n, UOJIHpH33qllll paeeeHHHNX 'laCTHq 

R3MepHIOTC.H B HanpaBJieHIIHX k', S 1 IIJIH n, a MH 'laCTIIq OT)la'IH - B HarrpaBJieHIIHX 

~~~a . 
3aMeTIIM, 'ITO B llpHeyTCTBRe Mai'HRTHOI'O llOJIH enRHbl paeeeHHHbiX 'laCTHq HJIH 'la

eTRq OT~a'IH MOI'JT llO)lBepi'HJTbCH Bpa~eHIIHM npe)l(~e, 'leM 3TH 'laCTHqhl ~OCTHI'HYT 

aHaJIII3aTOpoB (eM. KOMMeHTapHH .B KOHqe 3TOA I'JiaBbl). 

Teneph paeeMOTpRM npe~CTaBJIRIO~He IIHTepec OT~MbHhle CJiy'laR,. HenOJib30BaB 

llpH 3TOM Te eBOfteTBa 3KenepHMeHTaJibHbiX BMH'IHH, KOTOpble 6y)lYT·ycraHOBJieHN B 

I'Jiaae 6. 
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A. HenonHpH3oBauubiA ny'IOK, uenonHpH30BauHaSI MHmeub: Pa = Pr = 0 .. 

A.l. llOJISipH3~H B KOHe'IHOM COCTOSIHHH He 8HaJIH3HpytOTCH: f>1 = f>2 = 0, 
jl == i2 = 1. 

Eoo (0 , 0) = u . . ( 4.6) 

A.2. AuanH3HpyerCH nomrpH3a~Hg pacceguuoA 'laCTHW>f: f>2 = 0, 12 = 1. 

Eoo (P1 ,o) = l1u (1 + P1 Pntn) . {4.7) 

A.3. AuanH3HpyerCH nonS1pH3aiUUI 'laeTH~bi ~~a'IH: F1 = 0, l1 = 1. . . -· - . . 

Eoo (o, P2) = l2u (1 + P2 Pn2n) (4.8) 

AA. AuanH3HPYIDTCH nongpJcia~u o6eux 'lacrii~. 

Eoo (P1 ,P2) l1l2u (1 + [P1 n1n + f>2n2n] P + 

+f>1f>2 [Cnmio n1nn2n + Ca'o''OO n~o.n26" + C,..k"OO n~om2k'' + 
+C,.,,,ooni,.,nu' + C,.,,.,,oon1,.,n2k'']). (4.9) 

B. non'SipH30BaH~biit ny'IOK, uenonHpH30Bau~aSI MHllleHb: Pa =1- 0, Pr = 0. 

· B.l. TionHpH38~HH B KOHe•IHOM COCTOHHHH He ·aHanH3HpylOTCH: f>1 = P2 = 0, 
jl = i2 = 1. 

EPsO (0 ,0) = 0' (1 + P Pan) . 

B.2. AHanH3Hpyerca nonapH3a~g pacceaHHoit 'lacTH~bi: f>2 = 0, l 2 = 1. 

Epso (iLO) l1u { 1 + P Pan+ f>1 [Pnln + DnanoPa~ntn+ 
Dk'o60 n1~) Pa 6 + 

(4.10) 

+ (D,..o60 nu + 
+ (D,..OI .. -o nu + Dk'OkO ntk') Pak)} . (4.11) 

B.3. AuanH3HpyerCH nonHpH3a~ua 'laCTH~bi OT~a'IH: f>1 = 0, l 1 = 1. 

Ei>so(o,P2) 

+ (Koo''60 n2s'' + 
+ 

l2u { 1 + P Pan+ f>2 [Pn2n + KannaPann2n+ 

l<,~k''60 n2_k") Pa. + ' 
(Ko."k0nu,+Kok''k0n2k'')Pak]}. {4.12) 

BA. AHanH3HpylOTCSI nonHpH3a~u o6eux · 'laCTH~ .. 

Bbip8)Keuue~a EPso (A, f>2) MO)f{HO TIOJIY'fHTb H3 (4.3), noJIO)f{HB Pr = 0. 
TaKHM o6prooM, B <l>opMyJie TIOHBSITCH TOJibKO P, Daoal, KobdJ, Ca!>Oo H CabdJ· 

C. HenonHpH3oBaHHhrR ny'lox, nongpn3oBaHHaH MHmeuh: Pa = 0, Pr =f. 0. 

30 

C.l. TionSipH3~H B KOHe'IHOM COCTOHHHH He 8HMH3Hpy10TCH: F1 p2 = 0, 
h=i2=L . 

Eo.Pr {0,0}= u(1 +P Prn) • 

C.2. AuanH3HpyeTCH nMHpH3~HSI pacce.~~uuoA 'laCTJUU>I: P~ = 0, l 2 = 1. 

Eo.Pr (P1 ,0) = l1u { 1 + P Prn + P1 (Pntn + Kn00nl'rnn1n+ 
+ (K,..oo.nt,.. + Kk'oo6nlk')Pr. + 

(4.13) 

+ (K,..OOknu+Kk'ooknt,.,)Prk)}. (4.14) 

C.3. AuanH3HpyeTCH nonHpH3aiJ,llll 'laCTH~bi O'i'~aqu: f>1 = 0, l1 = 1. 

EoJT ( 0, P2) = l2u { 1 + P Prn + P2 (P n2n + D0nonPrnn2n+ 
+ (Doo''O• ~,.., + DOk''O• ~k'' J'Pr. + 

+ (Da...'ok nu, + Dok''Ok n2k'') PTk]J . ( 4.15) 

c.4. AuanH3HpyiOTCSI nonHpH381UIH OOeHX '18CTH~. 
Bbip8)KeHHe~H Eo~ .(P1,P2) MO:>KHO nony'IHTb H3 (4.3), nonO)f{HB P8 = 0. 

. Ouo 6y~eT co~ep)f{aTb TonbKO P, Kaood, Dob(Jd, cab()() H cab()d. 

D. TioJISipH30BaHHl>le llY'fOK H MHmeub: Pa =f. 0, Pr =f. 0. 

D.l.. TIOJISipH3~HH B KOHe'IHOM COCTOSIHHH He aHaJIH3HpyiOTCSI: P1 = P2 = 0, 
jl =h= 1. 

EpB Fr (0, 0) = 0' (1 + P (Pan+ Prn) + Aoo..nPanPTn + 
+Aoo .. Pa.Pr. +Aoo.k (Ps.Prk + PakPr.) + 

+AookkPakPTk] . (4.16) 

D.2. Auanu3upyeTCH nonSipH3~SI pacceHHHOit 'IacTH~l>l: P2 = 0, . l2 = 1. 
EPsPr (Pt,O) Bbip8)KaeTCH 'lepe3 P, Aooc.i, Daaah KaOOd H Maocd· 

D.3. A~anH3HpyeTCH nonspH381U1$1 '1~1>1 OT~aqu: P1 = 0, l1 = 1. 
_ EPsPr (oP2) B1>1p8)1{8eTCH qepe3 P,-AOOcd, DObOd, KObcO H Nobcd· 

DA. AHanH3HpyiOTCSI nonHpH381UIH o6emc <JaCTH~. 

B 3TOM cnyqae BCe 'IJleBl>l B (4.3) OcTalOTeH B cl>opMyne; H XOTH ORa H Bl>lmi
Cl>IBaeTCSI 6e3 3a.Tpy~eHHit, see )f{e BeCbM'a r:PoMo3~Ka. M1>1 ue 6y~eM Bl>lmr
ci>lsaTI.. ee B CaMOM o6~eM B~e. HO paCCMOTpHM TOJlbKO HeKOTOpl>le HHTe
pecHl>le cne~HaJlhffi.te CRY'faH (yK~l>IBa~ K~HKpeTHl>le uanpaBileHHH nonsr
pH3a~HA). CKo~eHTpupyeMCH Ha riMepeHHHX, AaiO~ · HHTepecu~>~e KOM-
nolleBTl>l 4:HH.IJ.ekcuoro TeH30pa. · · 

(i) Pa = Pas, Pr = Prs, P1 = F1n1 = Pus'+ P1,.,k', P2 = f>2n2 = Pu,s" + 
·plk''k'' (auanH3HpylOTCH TMhKO KOMTIOHeHTl>l TIOm!pH3a~HH B IIJIOCKOCTH rrepBOrO 

pacceSIHHSI, TO eCTh Dt (n2) eCTb KOM6HH8~HH S1 H k' (s" H JC')]. 
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·EPsl'r (1\ ,.P1) = id2u{1 + AOO •• PBPT+ 

+ P1 (PB (D.;o.ont,. + Dk'o.o ntk') + PT (K,.oo. nu + Kk'oo. nlk' )) + 
+ P2 [ PB ( K o.".o nu• + Kok''.O n2k'') + PT ( Da."o. nu• + Dok''O& ntk'')) + 
+ P1P2 (C•'•"oon~o•nu• +C,.k''oon1,.~'+ 
+ C,.,,.,oo ntk'nu• + Ck'k''OO n1k'n2k" + · 
+ PBPT (C•'•"u nunu• +C.,,., .. n1,.n21o"+ 
+ Ck's"as ntk'~., + ck'k"BB n1k'n2k'' ))} . (4.17) 

(ii) PB =PBs, PT = PTk, P1 = P1n1 = Pl8's'+Plk'k!, P2 = J\n2 = Pu.s"+P1k''k!' 
(n1 H n 2 omiT& naxo~TCH B nnocKOCTH nepooro pacceHHHH). 

EPs.f'r (.Pt,Pt) =iti2u{1+Aoo.kPBPT+ 

+ P1 [PB (D.•o.o nu + Dk'o.o n1k') + Fr (Ks'ook n1o' + Kk'OOk n1k' )) + 
+ P2 [PB (Kos".O nu• + Kok''.O n2k'') + PT (Doo''Ok ~, + DOk"Ok n2k" )) + 
+ P1P2 [Cs's"oo nt,.nu• + Cs•icnoo nun2k"+ 
+ Ck's"OO n~k'n2o;1 + Ck'k"OO ntk'n2k'1 + 
+ PBPT (Cs's"sknt,.nu• + Cs'k"sk nun2k''+ 

+ C"'•"•knt"'~"'' +C"'""•kn1k'1't2k")J}. (4.18} 
80 BCCX <PopMynax, npRBC~CHHblX BbiiDC, HHOr~a 6blBaeT none3HblM Bblpa3HTb BCK

TOpHblC KOMnoHeHTbi qepe:i nonHpH&Ie yrnbi ¢1· H ¢2 Me>K,izy Hop_MMbiO 'K nnocKOCTH 

paCCCHHHH H ~BYMH HOpManSIMH K a.HanH3HpyiOID;HM nnOCKOCTHM. 0HHY~OBnCTBOpHIOT 
cne~IOID;HM COOTHOIIICHHSIM: 

cos¢1 

cos¢2 

(n,nt) 

(n, n2) 
sin¢1 = (n,n1 x k') =- (n1 ,s'), 
sin¢2 = (n,n2 x k'') =- (n2 ,s") . (4.19) 

Cne~eT HMeT& B BH~ Brut<Hoe . o6cTOHTMbCTBO, Kacarom;eecH ncex npHne~eHHbiX 
n&tme <PopMyn. B OTCYTCTBHe MarHHTHoro nong cKanHpHbie npoH3Be~eHHH c n1.1:• H n2k'' 
paBHbl Hynro, TaK KaK BCKTOpbi JC H JC' neiKaT B nepnolt H BTOpOit a.HanH3HpyiOID;HX 

nJIOCKOCTHX COOTBeTCTBeHHO. T. e. BCe KOMfiOHCHTbl fiOnHpH3a.IJ;HOHHblX TeH30pOB, Co

~ep~t<:am;He HH,li;CKCbl k' HnH k", $aKTH'ICCKH HCiJe3aiOT H3 H3MCpHCMbiX pacnpe~eneHHlt. 
)J.n.H TOrO 'IT06bi STH KOMfiOHCHTbi Ha6JIIO~aTb, HeofiXO,li;HMO HCUOnb3pBaTb MarHHTHOe 

none nepe.n; ananHJaTopoM, nooopa'IHnarom;ee nonxpH3a~HH. B .'lacTHOCTH, MarHHTHOe 

none Me~ MHmeH&IO u~anH3aTopoM 1 (2) a.n;on& HanpaamiHH.H s' (s") 6y,n;eT no
nopa'IHBaT& UOnHpH3a~HIO paCCCHHHOit 'laCTH~bl ('laCTHUbl OT~a~H). B lln(X;KOCTH k', n 
(k" ,n). CKanSipHbie npoH3Be~eHHH n1n H nlk' (n2n H n2k")a :rioM.cnyqae.6y~T nOHH

MaT&CH KaK KOCimycbi yrnqB Me~ HOpManHMH n 1 (n2) H HanpiumeHHHl1H
1 
K KOTOpbiM 

.KoMnoHeHTbi nonxpH3a~iiH pacceHHHolt qaci-H~ni (qacTH~bi oT~a'IH) n" k! (n H k") 6y

.n;}'T noaepnyTbi MamHTHbiM noneM (nocne pacc~taTpHBaeJI.IOro pacceHHHx). 

Ha6nro.n;aeM&Ie, H3MepHeM&Ie a na6oparopnolt CHCTeMe, Bbiprut<eHbi a Ta6n. 4.1 qepe3 
a'dnnHTY~bi a, b, c, d, e, a B Ta6n. 4.2 '- qepe3 cnHpan&Hbie aMnnHTY~bi. 
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Ta6mm;a 4.1. 9KcnepHMeHTan&Hble aenH'IHHbi B na6opaTopuolt cHCTeMe, Bbtprut<eHnbie. 

•1epe3 aMDJIHTy.n;bi pacceHHH.H. 

8.2. 

uDs~oso 

uD~·oko 

uDk'o.o 

uDk'OkO 

8.3. 

uKos11sO 

ui<os"kO 

uKok"sO 

uKok''kO 

C.2. 

uK.•oos 

uKs'OOk 

uJ<k'OOs 

uKk'OOk 

= 

= 

Rea*bcos (a+~)+ Rec*dcos (a-~}- Imb*esin (a+~) 

-Rea*bsin (a+~)+ Re~*dsin (a-D- Imb*ecos (a+~) 

Rea*bsin (a+~)+ Rec*dsin (a-~) +lmb*ecos (a.+~) 

Rea*bcos (a+~) - Rec*dcos (a-n -lmb*esin (a+~) · 

-Rea*ccos (.0 + ~}:_ Reb*dcos (.0- ;) + Imc*esin (.0 + ;) 

Rea*csin (.0 +;)- Reb*dsin (,B-;) + Imc*ecos (,B +;), 
-Rea*csin (.0 + ;) - Reb*dsin (.0- ~) ,- Imc*ecos (.0 + ;) 

-Rea*ccos (.0 + ~) ~ Reb*dcos ({3- ~) +lmc*esin ({3 + D 

Rea*ccos (a+;)+ Reb*dcos (a-n -/mc*esin (a+ n 
-Rea*csin (a+ n + Reb*dsin ( o:- ~) - Imc*ecos ( o: + n 

Rea*csin ( o: + ;) + Reb*dsin (a-~)+ Imc*ecos (a+~) 

Rea*ccos (a+ D ~ Reb*dcos ( ~- ;) - Imc*esin ( o: :+- ;) 
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11 

C.3. 

uDo."O• 

uDo¥'Dk 
'·. 

uDok"Os 

= -Rea*bcos (,8 + ~)- Rec*dcos (,8- ~) +lmb*esin (,8 + ~) 
Rea*bsin (P+ ~)- Rec*dsin (,8- ~) + Imb*ecos (,8 + ~) 

-Rea*bsin (,8 +;) -Rec*dsin (,8- ~)- Imb*ecos (,8 + ~) 
uDok"Ok = -Rea~bcos (,8 + ~) + Rec*dcos (,8- ~) + Imb*esin (,8 + ~) 

A.4. 

uGs'•"OO 
aCk's"OO 

aC•'k"OO 

aCk'k"OO 

D.l. 

8.4. 

aCs's"no 

aCk's"no 

aCs'I..J'nO = 

uCk'k"no = 

aCs'nso 

aCk'n•O 

= 

aC•'nkO = 

aCk'nko = 

-Rea*dcos (a+ {3)- Reb*ccos (a- ,8) + Jmd*esin (a+ {3) 
-Rea*dsin (a+ ,8)- Reb*csin (a- {3)- Imd*ecos (a+ {3) 

-Rea*dsin (a+ {3) + Reb*csin (a- ,8)- lmd*ecos(a + {3) 

Rea*dcos (a+ ,8)- Reb*ccos (a- ,8)- Imd*esin (a+ {3) 

aAoo.. = Rea*d cosO+ Re b*c- Im d*esin (J 

aAoosk = uAooks = -Rea*dsin(J- Imd*ecos(J 
uAookk = -Rea*dcos(J + Reb*c + Imd*esin(J 

-Red*ecos (a+ {3)- Ima*dsin (a+ (3)- Imb*csin (a- (3) 

-Re d*esin (a+ (3) + Im a*dcos (a+ (3) + Im b*ccos (a- (3) ' 
-Re d*esin (a+ {3) + Ima*dcos(a + {3)- Imb*ccos (a- (3) 

Red*ecos (a+ (3) + Ima*dsin (a+ {3)- Imb*csin (a- (3) 

Reb*ecos (a+ V + Ima*bsin (a+ V- Imc*dsin (a-~) = 
-uMk'Okn 

Reb*esin (a+~)- Ima*bcos (a+~)+ Imc*dcos (a-~) = 
-a"\1s'Dkn 

-Reb*esin (a+~)+ Ima*bcos (a+~)+ Imc*dcos (a-~) = 
-uMk'O•n 

Reb*ecos (a+~)+ Ima*bsin (a+~)+ Imc*dsin (a-~) = 
aAf•'D•n 
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C.4. 

. aCno"sD -Rec*ecos (iJ + ~) _.: Jma*csin ((3 + ~} + hnb*dsin ((3- ~) = 
uNok"kn 

aCnk''sO -Rec*esin(,8 + ;) + Ima*ccos ({3 + ;) - lmb*dcos ({J ~ ;) = 
-uNos"kn 

aCn•"kO Rec*esin ((3+ ;) - Im~·ccos ({3+;)- Imb*dcos ((3- ;) = 

-uNok''•n 

uCnk"kD . ( (J) . ( . (J) . . ( (J) . -Rec*ecos (3 + 2 - Jma*csin (3 + 2 -'- Imb*dsin (3- 2 = 

uNos"sn 

B 3TOM H CJie,IzyiOID;eM IlyHKTax ~JUI IIOJIHOTbl H HarJISI)lHOCTH BbliiHCaHbl CBSI3H C 

senHqHHaMH MaOcd 11 Nobcd. XOTSI B rro.zq>o6HOCTHX OHH o6cy:lK,ll;aiOTCSI B rnaBe 6. 

aCk'k''Dn 

uqsis"On 

aCs'nOs 

aCk'nO• 

aCs'nOk 

aCk'nOk 
/ 

aCn¥'0• 

aCnk"Os 

-Cs's''nO , Ck'¥'Dn = C¥k''no 

-Ck'k"nO , C¥k"Dn = Ck'•"nO 

Rec*ecos (a+;)+ Jma*csin (a+~) - Imb*dsin (a-~) = 

uMk'Dnk 

Rec*esin (a+~)- Ima*ccos (a+~)+ Imb*dcos (a-~) = 

-aMs'Onk 

-Rec*esin (a+~)+ lma*ccos (a+~) + Imb*dcos (a-~) = 

-uJI.fk'Ono 

Rec*ecos (a+~)+ Ima*csin (a+~) + Imb*dsin (a-~)= 
uM.,an. • . 

-Reb*ecos ({3 + ~}- Ima*bsin ((3 + ~) + Imc*dsin ((3- ~) = 
uNok"nk 

-Reb*esin ((3 + ~) + Ima*bcos ({3 + ~) - Imc*dcos ({3- ~) = 

-uNos"nk 
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0.2. 

D.3. 

D.4. 

uCna"so = -Reb*_esin (P + ~)- Ima*bcos (/J + ~)- Imc*dcos (/J- ~) = 

-uNo~;;~ins 

uCnk''Ok = -Reb•ecos(/J+~) -lma•bsin(IJ+~) -lmc•dsin({J-n = 
= uNo:r• ... 

uMnO&s = -uMnau = uNomss = -uNonkk = Red*ecos8 + Ima•dsin8 
uMnOks = uNansk = -Red*esin8 + Ima•dcos8 + Imb•c 
uMnask = uNOnks = -Red*esin8 + Ima•dcos8- Imb•c 

M:ro'... = Ck'nak , Mk'Ons = -C:rnak , Ms'Onk = -C~;•nos , M~;;~onk = C:rnas 
M:rosn = Ck'nkO , M~;•osn = -C:rn~;o , Ma'Okn = -Ck'naa , Mk'Okn = Cs'nso 

Nans. = -NOnkk = 1\.fna .. = -1\.fmau , NOnk• = A-fnask , Nansk = Afna~;s 
Nos''ns = cnk"Ok , NOk"ns = -Cns"Ok , Nos"nk = -Cnk''Os , Nok''nk = Cnti'O• 
Nos"sn = Cnk''kO , Nok"sn = -Cns"kO , Nos''kn = -Cnk''sO , Nok''kn = Cns''sO 

u(Cu•u +Ck'k"so) = - (IW + lcl2) cos{/J -a) 

u (Cs'k''sa- C"'•"••) = - (lbl2 + lcl2) sin (/J- a) 

u (Cs~:r··" + c"'""•") = (IW -lcl2) sin (/J- a) 

u (Cs'k''•k- Ck's"sk) = - (IW-: lcl2) cos (IJ- a) 

u (c •.• , •• - c"'"" .. ) - (lal2 -lel2) cos (a+ /3 + 8)-

-ldl2cos (a+ {J- 8) + 2/ma•esin (a+ /J + 8) 

U (Cs'k''ss + Ck's"ss) = - (lal2- lel2) sin (a+ /3 + 8)- , 

-ldl2sin (a+ {J- 8)- 2/ma•ecos (a+ {J + 8) 

u(c ••• "sk- ck'k"sk) (lal2 -lel2) sin (a+ {J + 8)-

-ldl2sin (a+ {J- 8) + 2/ma•ecos (a+ {J + 8) 

U ( Cs'k"ok + Ck'a"sk) - (lal2 -lel2) cos (a+ /3 + 8) + 

+ldl2 cos (a+ /J- 8) +21m a•esin (a+ /J + 8) 
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Ta6.11Hua 4.2. 9KcnepHMeHT8JI&Hble aemP-IHHhi B Jm6opaTopHoii CHCTe~te, B&Ipa*eHHhle 

qepe3 cnHpaJibllhle aMWIHTY,Abl. 

A.l. 

A.2. 

B.2. 

B.3. 

C.2. 

1 . 
u = 2 (1~1l2 + l~2l2 + 1~312 + 1~412 + l~sl2) 

uDnano 
uD.•oso 

uDt~oko 

uDk'OsO 

uDk'OkO 

uKanno 
u/{os"sO 

uKos"kO 

uKok"sO 

uKok"kO 

uK.•oo. 

uK.•ook 

uP= -Jm[~; (~~ + ~2 + ~3- ~4)) 

Re (~i~3- ~;~4) + 2l~sl2 

-Re r~: (~1- <1>2 + ~3 + <I>4))sin81 + 
+Re C~i~3+.<I>;~4)cos81 

Re [~; (~1 - <I>2 + i1>3 + i1>4)] cos 81 + 

+~ (I<I>1I2 -I<I>2I2 + 1<1>312 -1~412) sin81 

-Re [~;(~1- <1>2 + i1>3 + ~4)) cos81-
- Re (~i<I>3 + <1>2<1>4} sin81 
-Re [~; (<1>1- <I>2 + i1>3 + i1>4}) sin81-

+~ (l~1l2 -1~212 + 1~312 -1~412) cos01 

-Re (~i<I>4- <1>;~3) + 2I<I>sl2 

-Re [<I>; (-<1>1 + ~2 + ~3 + ~4))sin82-
- Re ( <I>i<I>4 + <1>;~3) cos 82 
-Re [~5 (-<1>1 + ~2 + ~3 + ~4))cos82 + 

+~ ( -1~112 + I<I>2I2 + 1~312 -1<1>412
) sin82 

Re [~5 ( -~1 + <1>2 + ~3 + i1>4}) cos82-
- Re { <I>i<I>4 + <1>;~3) sin 82 
-Re [~~(-<I>1 + ~2 + 4>3 + ~4))sin82-

-~ ( -1~112 + I<I>2I2 + 1<1>312 -1<1>412) cos82 

-Re [<1>5 ( -<1>1 + <P2 + i1>3 + i1>4)) sin81 + 
+ Re (<Pi<I>4 + <1>2~3) cos81 

Re [<I>;( -~1 + ~2 + ~3 + ~4)] cos81 + 

+~ ( -1~112 + I<P2I2 + 1<1>312 -1<1>41
2
) sin81 
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aKk'oCM = -Re [<1>~(-<1>1 +<1>2+<1>3+<1>4))cos01-

I D.l. 
- Re ( <t>;<t>4 + <t>;<t>a) sin 01 aAoo88 = Re. (<l>i<l>2 + <1>3<1>4) 

aKk'OOk = -Re [<!>~ ( -<1>1 + <!>2 + ii>a + <1>4)) sin 01 + 
aAoosk = aAook. = Re [<!>~ (<!>1 + <!>2 - Cl>a + <!>4)) 1 . . 

I aAookk = :-~ (I<I>1I2 + I<I>2I2 -I<I>al2 -1<1>412) 
+2 ( -1<1>11

2 
+ I<I>2I2 + I<I>al2 -1<1>412) cos81 

C.3. 
B.4. 

aDos"08 = -Re [<!>~ (<!>1- <!>2 + Cl>a + Cl>4))sin02-

1 
aCs's"nO = Im [<t>H<I>1 + <!>2- Cl>a + <!>4) cos (01 - 82) + 

- Re (<l>i<l>a + <t>;<t>4) cos82 + (Cl>i<l>a- <1>2<1>4)cos81sin82 + (<l>i<l>4- <1>2<1>a)sin01 cos82) 

aDos"Ok = -Re [<!>~ (<!>1- <!>2 + Cl>a + Cl>4))cos82 + aCk's''nO = Im [-<t>; (<!>1 + <!>2- Cl>a + <!>4) sin (81- 82) -
1 . - ( <l>i<l>a - <1>2<1>4) sin01 sin 82 + ( ~;<1>4 - <1>2<1>a) cos 81 cos 82) 

+2 (I<I>1I
2

- i<t>2l2 + I<I>al2 -1<1>412) sin82 
aCs'k"no = Im [-<t>; (<!>1 + <!>2- Cl>a -t <!>4) sin (81- 82) -

aDok"Os = · Re [<!>~ (<!>1- <!>2 + Cl>a + Cl>4))cos02 - - (<l>i<l>a- <1>2<1>4)cos81cos82 + (<l>i<l>4- <1>2<1>a)sin01sin02) 
- Re ( <l>i<l>a + <1>2<1>4) sin 82 aCk'k"no = Im [-<t>; (<!>1 + <!>2- Cl>a + Cl>4)cos (81 - 82) + 

aDok"ok = -Re [<t>; (<!>1- <!>2 + <1>3 + <1>4)]sin02 - + ( <l>i<l>a - <1>2<1>4) sin 01 cos 02 + ( <1>i<l>4 - <1>2<1>a) cos 01 sin 02] 

-~ (l<t>d
2

- I<I>2I2 + I<I>al2 -·1<1>412
) cos 82 aCs'n•O = Im [-<!>~ (<!>1- <!>2 + <!>3 + Cl>4)cos81- (<l>i<l>4 + <1>2<1>a)sin01] 

aCk'nso = Im [ <1>5 {<!>1 - <!>2 + Cl>a + <!>4) sin81- (<l>i<l>4 + <1>2<1>a) cos81) 
A.4. 

aCs'nko = Im [-<1>5 (<!>1 - <!>2 + Cl>a + <!>4) sin81 - (<l>i<l>2- <1>3<1>4) cos 81] 

aCnnoo = Re (<l>i<l>2- <1>*3<1>4) + 21<1>512 

J 
aCk'nko = Im [-<1>5 (<!>1- <!>2 + Cl>a + Cl>4)cos81 + (<l>i<l>2- <1>3<1>4)sin0t] 

aCs's"oo = -~ (l<t>1l
2 

+ I<I>2I2 -I<I>al2 -l<1>412)sin01sin02-
aCns"sO = Im [ <1>5 (-<!>1 + <!>2 + Cl>a + Cl>4)cos82- (<l>i<l>a + <1>2<1>4)sin02] 

j 
aCnk"sO = Im [ <1>5 (-<1>1 + <l>2+ Cl>a + Cl>4)sin82 + (<l>i<l>a + <1>2<1>4)cos02] 

-Re (<l>i<l>2 + <1>3<1>4) cos81 cos82 + aCns"ko = Im [-<1>5 (-<1>1 + <!>2 +<l>a + Cl>4)sin82- (<l>i<l>2 +<l>3<!>4)cos82] 
+Re (<!>~ (<!>1 + <!>2- Cl>a + <!>4)] sin (01- 02) aCnk"kO = Im [ <1>5 ( -<1>1 + <!>2 + Cl>a + <!>4) cos 82- ( <l>i<l>2 + <1>3<1>4) sin 82] 

aCk's"OO = -~ (I<I>1I
2 

+ I<I>2I2 - I<I>al2 -1<1>412) cos81 sin02 + C.4. 
+Re (<l>i<l>2+<1>3<1>4)sin81cos82 + aCs'nOs = Im [-<1>5 ( -<1>1 + ol>2 + <!>3 + <!>4) cos81- (ol>iol>a + ol>2<1>4) sin81] 
+Re [<1>5 (ol>1 + <!>2- Cl>a + <!>4)) cos (81- 02) aCk'nOs = Im [ <1>5 {-ol>1 + ol>2 + Cl>a + Cl>4)sin81- (<l>iol>a + <1>2oi>4)cos01] 

aCs'k"OO = ~ (l<t>1l
2 

+ loi>2I2 - I<I>al2 -1<1>412) sin 81 cos 02 - aC.•nok = Im [-<1>5 ( -ci>1 + cl>2 + cl>a + ol>4) sin 81 + {ol>i<l>2 + <1>3<1>4) cos81] 

-Re (ci>i<l>2+oi>3oi>4)cosB1sin82+ aCk'nOk = Im [-ci>5 (-ci>1 + ol>2 + cl>a + ol>4)cos81- {ol>iol>2 + ol>iol>4)sin81] 

+Re [ol>5 (<!>1 + <!>2- Cl>a + <!>4)] cos (81- 82) aCns"Os = Im [ <1>5 (ol>1- <!>2 .f. cl>a+ ol>4)cosB2- (ci>i<l>4 +ol>2<1>a)sin02] 

aCk'k"OO = ~ (1<1>11
2 

+ I<I>2I2 -loi>al2 -loi>412) cos81 c~02 + 
aCnk"O• = Im [ <1>5 (<!>1- cl>2 + ol>a + cl>4) sin 82 + (ci>ici>4 + oi>2oi>a) cos82] 
aCns"sO = Im [-ol>5 (ol>1- cl>2 + ol>a + cl>4) sin 82 + (ci>ici>2- <1>3ci>4) cos82] 

+Re (<I>ici>2 + cl>j<l>4) sin 01 sin02 - aCnk"ko = Jm[ <1>5(<1>1-ol>2+ol>a+ol>4)cos02+(ci>ici>2-oi>3oi>4)sin02] 
-Re (ol>5 (ol>1 + <!>2- Cl>a + cl>4)] sin (81 - 82) 

li D.2. 
·1 aol>nCMs = -Uol>nOkk = - Im [oi>5 ( cp1 + cp2 - Cl>a + ol>4)] 

aci>noks = Im {ci>iol>4- ci>2oi>a) 
aci>nask = -Im (oi>iol>a- ol>2ci>4) 
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0.4. 

t1 

(J (c ••• , •• + ck'k"u) 

u (Crk"u- Ck'r'u) 

u (Cs~s~• • .~: + C.~:•.~:" &A:) 
u (Crk''sk- Ck'r'•k) 

u (Cs~s"u - Ck'k"sa) 

U (Cs'k"u + Ck'r'os) 

u (C•'•"•k - Ck'k"sk) 

u (Crk''sk + Ck'r'sk) 

-~ o~1- ~212 + l~a + ~412) cos (81 + 82) 

= -~ o~1- ~212 + l~a + ~412) sin (81 + 82) 

Re [(~i- ~2) (~3 + ~4)] sin (81 + 82) 
Re [(~i- ~2} (~3 +~4)]cos(81 +82) 

[41~sl2 ..:. ~ o~1 + ~212 + l~a- ~412)] cos (82- 81) -

-2Re~; (~1 + ~2 +~a- ~4)sin(82- 81) 

[41~sl2 - ~ o~1 + ~212 + l~a- ~.d2)] sin (82- 81) + 

+2Re~; (~1 + ~2 +~a- ~4) cos (82- 81) 

- [4l~sl2 - Re (~i + ~2) (~a- ~4)] sin (82- 81)-

-2Re~; (~1 + ~2 +~a- ~4)cos (82- 81) 

- [4l~sl2 - Re (~i + ~2) (~a- ~4)] cos(82- 81)-

-2Re~; (~1 + ~2 +~a- ~4) sin(82- 81) 
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rJiaBa 5 

CooTHomeiiH» :M:eLK,n;y BeJIHqHHaMH B 

CHCTeMe u;eHTpa Ma~C H B 
Jia6opaTopHOH CHCTeMe· 

PeJI.HTHBHCTCKRe <l;>opMYJibi )J,JI.H )I,Hcp<l;>epeHIJ,HMbHhiX ceqeHaA, KOTOpbte 3aBHCHT 

OT Bbi60pa KHHeMaTaqeCKHX rrepeMeHHbiX, XOpOmO H3BeCTHbi II He 6y)l,yT 3)1,eCb 06Cy)K

)I,aThCH. PaccMQTPHM, O)J,naKo; rrpeo6pa3oBaHH.H B c.IJ,.M. )l.pyrax BeJiaqaH, H3Mepeunhlx 

8 Jia6opaTOpHOti CHCTeJVIe, II Bblpa3HM HX qepe3 KOM6HHaiJ,HH qHCTbiX <!KCI!epRMeHTaJih

HbiX C.IJ,.M. BeJIHqHH. rouopH B o6IIJ,eM BH)I,e, 3TH COOTHOilleHH.H :MO)KHO 3aiiHCaTb KaK 

X!bc.t = x;:;;:anlpbRHC.dk . (5.1) 

ITo rroBTopaiOIIJ,HMCH HH)I,eR:ca'W no)J,pa3yMeBaeTCH cyMMHposanHe. CaMBOJibi an1 P H 

bn
2
q .HBJIHIOTCH KOMIIOHeHTaMH. BeKTOpoB a H b, IIOBepHyTbiX Ha yrJibl peJI.HTII:BHCT

CKOro BpaiiJ,eHH.H CIIHHa BOKpyr HOpMaJIH K IIJIOCKOCTH pacce.HHHH. 0HH rrpe)I,CTaBJIHIOT 

HarrpaBJieHH.H CIIHHa pacce.HHHOit qaCTHII,bi II: qaCTHII,bi OT)I,aqa B C.IJ,.M., eCJIH 3TH Ha

rrpaBJieHHH B JI.C. 3a)l.aiOTC.H BeKTOpaMH a II b. 
YrJihi peJIHTHBHCTCKoro BpaiiJ,eHml ecTh 

n1 

n2 

8 
(}-2(1t=2a, a=2-91, 

8 
-1r + 8 + 292 = -1r + 2/3, f3 = 2 + 82 (5.2) 

)J,JIH pacceauuofi qaCTHIJ,bi H qacTHIJ,bi OT)I,aqa COOTBeTCTBeuno, r)l,e 8 eCTb yroJI pacce

.HHHH B c.IJ,.M., a 81 a 82 eCTh yrJihi pacce.HHHH a OT)I,aqu B JI.c. B nepeJI.HTHBHCTCKOM 

CJiyqae HMeeM 

a=O, /3=!!.. 2" 
(5.3) 

3aMeTHM, qro BCe yrJibi 8, (Jt, 82, a, {3 II Q1 HeOTpHIJ,aTeJibHbli TOr)l,a KaK Q2 ~ 0. 
Bee BeKTOpbi 11 yrJibi, <l;>arypapyiOIIJ,He 3)1,eCh, IIOKa3aHhi Ha pac. 5.1..JlerKo uaitTH, 

qTo 

k'nl 
s'nl 

lcosa+msina, k~2 = -lcosf3-msin/3, 
-lsina + mcosa, s~2 = lsin/3- mcos/3, 
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H 

m 
srR\ 

1\ 

k I 9 . 0 = cos 2 -msm 2, 

I . 0 0 
s = sm 2 +mcos 2. 

As 
I 
I 
I 
I 
I 
I 

T 

-r· ,-.~. I ... I .. kj=k" 

(5.5) 

PHc. 5.1. KHHeMaTHKa HyK.'lOH·HyKJIOHHoro pacceHHJUI a c.~.M. H a na6opaTopHoll CHCTe

Max. TioKa:3aHhl cne.rzyiOli.\HC yrnhJ: (}- yron pacceHHJUI a c.~.M., (}1 H 92 - }Ton pacceHHH.H H 

yrOJI BhlnCTa OT,lla'IH B JI.C. COOTBCTCTBCHHO. Yrnhl peJI.HTHBHCTCKOrO Bpali.\CHH.H fl1 = 2a If 
fl2 = -1r + 2{3 ,liJI.H paCCC.HHHOll 'laCTH~hl H 'laCTJU~hl OT,lla'IH COOTBCTCTBCHHO (B HCpCJI.HTH· 

llHCTCKOM IIpC,liCJIC HMCCM a= 0, {3 = rr/2). E,liHHH'!HhiC BCKTOphl IIOKa:3aHhl B CJIC,!zyiOli.\HX Ha

IIpaBneHH.HX: Ha'IMhHOl'O If KOHC'!HOl'O m.myJihCOB B C.~.M. ki If kj, HaiipaBnCHH.HX J"' ki+kf, 
m"' k/ - ~' lU.IIIYJibCOB Ha'laJibHOll, pacCC.HHHOfi 'laCTH~bl H 'laCTH~hl OT,lla'IH k = ~. k1 H 

k'', HanpaaneHH.Hx s = n x k, s' = n x k' u s" = n x k", r,L~e n "' ki x k 1. HaKoHe~. kn
1

, sn 
" ll " 1 kR2 H SR2 CCTb YKa:3aHHhJC BhllliC BCKTOpbl k', 5

1
, k" H S , IIOBCpHyThiC Ha yr;llhl f!1 (Hml f!2) 

iVlH pacCC.HHHOlt 'lacTH~ (qaCTJf~hl OT,lla'IH) COOTBCTCTBCHHO. 

<l>opMyJia (5,1) narrHCaHa ,L{JUJ 'ICTblpeXKOMIIOHCflTHbiX TCfl30pOB. <l>OpMyJibl M.H ~ 

TCH30pOB flH3111IfX paHTOB JICl'KO IIOJIY'IHTb1 llOJIO)f{HB 3Ha'ICHH.H COOTBCTCTBYIO~X Hfl· 

,L{CKCOB paBHbiMH HyJIIO H OrryCTHB COOTBCTCTBYIOli.\HC BCKTOpHbiC KOMIIOHCHTbl B npanolt 
'laCTH. 
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KIDK,L{biil H3 HH,L{CKCOB p, q, i H k B (5.1) paneH 0, l, m HJIH n I cM. (2.2)], a[b] paBHhl 

o, k', s' HJIH n I 0, k", s" HJIH n] H K~il H3 c H b paBeH 0, k, s HJIH n I cM. (4.4) H 

(4.5)]. . 
PaCCMOTpHM TCrrCpb OT,L{CJibHbiC CJIY'faH H3 Ta6JI. 3.1 H BbiBC,L{CM COOTHOIIICHH.H MC)K

~ ::JKCIICpHMCHTaJibHbiMH BCJIH'IHHaMH B C.~.M. H JI.C., HCllOJib3YH PC3YJibTaTbl rJiaBbl 3. 

A.2. Axll.IIU3Upyemc.n no.II.RpU3a~u.n pacce.nxxwx 'lacmu~: pis = pcm•. = P. 

B.2. IIo.II.RpU30BaHHbiU nY"O'~>, aH.a.AU3ttpyemc:n no.II.Rpuaa~u.n pacce.nH.xou 'lacmu~w. 
Xopomo H3BCCTHble napaMeTpbi Bom><l>eHmTeiina Da.OdJ = DpOioaR1 p Cj ecTb: 

D -

R -

A -

I( -

A' -

DnOnO (n.c. H c.~.M. BCJIH'IHHbl paBHbl wyr wyry) • 

Ds'oso= -Dmmsinasin~- Dm:'osin.( a+~)+ Dmamocosacos~, 

Ds'Oko = -Dmmsinacos~- Dzamocos (a+~)- Dmamocosasin~, 

Dk'Oso = Dmm cos a sin~ + Dzamo cos (a + ~) + Dmamo sin a cos~ , 
D D . () D . ( 0) D · · () k'OkO = 1010 COS a COS 2 - IOmO Sill a + 2 - ~OmO Sill a Sill 2 . 

B.3. Ilo.11.RpU306aHH.blii. ny'lo'l':, aHa.AU3Upyemc.n nOJIRpU3a~u.n 'lacmu~bl omaa'lU. IIo

nepe'lttble napaMemp'lll BoA'brjJeH.wmeuH.a y,L{OBJICTBOpHIOT cooTnomeHHHM KobcO = 
KoqiobR2 9 Cj. 

K -

Rt -

At -

R' t -

A' t -

Kanno (n.c. H c.'u;.M. BCJIH'IHHbl paBllbl wyr ,L{pyry) • 

Kos"sO = Ko11o sin.Bsin~ + Kozmo sin (.a+~) - Kammocos.Bcos~, 

Kos"kO = Kouo sin/Jcos; +Kozma cos (.a+;) + Kommocos/Jsin;, 

I<ok"sO = -Ko11ocos,Bsin~- KozmoCOS (.a+;) - Kommosin,Bcos ~, 

Kok"ko = -Kollocos,Bcos; + Kozmosin (~ + ;) + Kam"":sin,Bsin ;. 

C.2. IloA.npU3oeaH.tta.n Muwett'b, aHa.Auaupyemc.n noA.npu3a~u.n pacce.nHHoii. 'lacmu~w. 
B cny•Iae IIOJIHpH30BaHUOii MHIIICHH H HCIIOJIHpH30BaUHOl'O llY'IKa 6y,L{CM HCllOJib-

30BaTb CTpO'IHhie 6yKBbi MH auanoron napaMeTpoB Bom><l>eumTefina. Ilpn 3Tm1 

HMeeM Kaood = KpaokaR, P dk H Bhlpa3HM Kpaok 'Iepe3 Ko9;o: 
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ti 

kt - K = Kncxm (n.c. H c.~.M. BeJIH'lKHbl pimHhl .zq>yr ,u;pyry) , 

Tt - K U • • 8 T/ i ; ( · 8) . T/ 8 
•'OOO• = .:...nouosmasm2 -.notmasm a+

2 
+.nammacosacos2, 

at - K.ook = -Kouosinacos;- KotmoCOs (a+;) - Kammacosasin;, 

I 
Tt - 8 ( 8) 8 Kk'OO• = Kouo cos a sin 2 + Kotmo cos a + 

2 
+ Kemme sin a cos 2 , 

I K u 8. T/ • ( 8) u . . 8 at = k'OOk = .nouo cos a cos 2 - .notma sm a+ 
2 

- .nammo sm a sm 2. 

C.3. IlOJlJtpwoeaH.'HaJL MUWeH.b, aH.tl.IIU3upyem~ nOJlJtpwaqW~ "'acmuqt£ omiJa"'.u. 
llMeeM DObOd = Daqok bR29dk H BhlpiDK.aeM DoqOk B TepMHHax DpOio: 

d = D = Dn0n0 (n.c. H c.~.M. BeJIH'lHHbl paBHbi .zq>yr .zq>yry) , 

r = Dos"Os = Dtomsin,Bsin; + Dtomasin (.8 + ;) - Dmamocos,Bcos;, 

a = Dos"Ok = Dtoto sin .B cos ; + Dmma cos (.8 + ; ) + Dm0mo cos .B sin ~ , 

T
1 = Dok"Os = - Dmto cos .B sin ; - Dwmo cos (.8 + ; ) - Dmamo sin .B cos~ , 

a' = . Dok"Ok = - Dtoto cos .B cos; + Dtomo sin (.8 + ; ) + Dm0mo sin .B sin~ . 
A.4. Koppe.IIJI.quu no.!IJ£puaaquil iJM nepeoH.a"(tl.llbHO H.enoMpwoea'HH.t£X "'.acmuq. 

llMeeM CabOo = Cpq0oaR1 pbR2 q, TaK 'ITO (BepxHHe HH,D;eKChl ls Hems YKa3hlBa
JOT Ha CHCTeMy OTC'leTa: Jia6opaTOpHyJO H ~eHTpa MaCC COOTBeTCTBeHHO): , 

C~"noo 
Cs's"OO 

Ck's"OO 

Cs'k"OO 

c"'""oo 

C,:'~ (n.c. H c.~.M. BeJIH'mHhl paBHhi ,u;pyr ,u;pyry) , 

-Cuoo sin a sin .B + Ctmao sin (a: + .8) - Cmmao cos a: cos .B, 
Cuoo cos a sin .B - Ctmoo cos (a + .8) - CmmOO sin a: cos .B, 

Cuoo sin a: cos .B - Ctmoo cos (a + .B) - Cmmoo cos a: sin .B , 
-Cu00 cosacos.B- Ctmao sin (a:+ .B)- Cm,..Osino:sin.B. 

D.l. Ce"'eHU/1 iJM pacce.J£HWI no.!IJ£pwoea~t~tozo ny"'tea H.a noMpU3o6aH~toil Muwe-
HU [33J. HMeeM Aooat = Aoo;k e;dk: 

Aoo C . 28 c . 8 c 28 ss = 1100 Slll 2 - !mOO Slll + mmOO COS 2 , 

Aoosk = Aooks = ~ ( Cuoo - Cmmoo) sin 8 - Ctmao cos 8, 

Aoo C 28 c .(} c ·28 kk = 1100 cos 2 + tmoo sm + mmOO sm 2 · 
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r 
I B.4. 

C.4. 

JlOJIJipU3o6aHHWil ny"'ote, a~ttl.llwupywm~ noMpwaquu o6eux J>OHe"'.HWX "'.a

cmuq. :llMeeM cobcO = Cpq;oaRtpbRoqCi: 

C., r'nO = Cun0 cos (a: + .8) + Cm1n0 cos a sin .8 + Ctmma sin a cos .8 , 
Ck'r'nO = CunOSin (a:+ .B)+ crnlnOsino:sin.B- CtmnOCosacos.B, 

Crk''nO = Cun0sin (a+ .8)- Cmlnocosacos.B + CtmnOsino:sin.B, 

Ck'k''nO = -Cunocos(a+ .B)- CrnlnOsino:cos/J- Ctmnocosasin.B, 

Cznto cos (a + ~) + ~mn1o cos a sin ; - CtnmO sin a cos ; , c.,nsa 

Ck'n.O = 

Cs'nkO 

ck'nkO 

Cnr•.o 

Cnk''.O 

Cns"kO 

Cnk''kO 

C . ( 8) c . . (} c 8 
lnlO Slll 0: + 2 + mnlO Slll 0: Slll 2 + lnmO COS 0: COS 2 , 

C . ( 8) G 8 C . . 8 
- ln!O sm a: + 2 + mnlO cos a cos 2 + lnmO sm a sm 2 , 

clnlO cos ( 0: + ; ) + CmnlO sin 0: cos ; - CtnmO cos 0: sin ; ' 

-CnllO C?S (11 + ~) - CnmiO cos tJ sin ; + cnlmO sin tJ cos ; ' 

-Cnlto sin ~ + ; ) - CmnlO sin .B sin; - cnlmO cos tJ cos ~ , 

cnliO sin (11 + ~}- CnmlO cos .B cos ~ - CnlmO sin {3 sin~ ' 

( 8)·· . . 8 . . 8 
-CnllO cos .B + 2 - CnmlO sm .B cos 2 + CnlmO cos .B Sill 2 . 

IloMpwoeaHHaJL .MUWeHb, a~ttl.IIU3UpywmCJ£ noMpuaat~uu o6eux J>OHe"'.Ht£X "'a
cmuq . liMeeM ca/IJd = cpqOk aRt pbR. qdk H Bblpa)KaeM cpqOk 'lepe3 Cpq;o: 

Cs'nOs 

ck'nOs 

c,..nO" 

ck'nOk 

Cns"Os 

Cnk''Os 

cnliO cos ( 0: + ; ) + CnmlO cos 0: sin ; - CnlmO sin 0: cos ; , 

C . ( 8) c . . 8 c 8 nliO Slll 0: + 2 + nmlO Slll 0: Sill 2 + nlmO COS 0: COS 2 , 

C . ( 8) c (} c . . 8 
- niiO sm a + 2 + nmlO cos a cos 2 + nlmo sm a sm 2 , 

CnUo cos ( 0: + ; ) + CnmlO sin 0: cos ; - cnlmO cos a sin ; , 

-Ctnlo cos (11 + ~) - CmnlO cos .B sin; + CtnmO sin tJ cos;, 

-ClnlO sin (.8 + ; ) - CmniO sin tJ sin ; - ClnmO cos .B cos ; ' 
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t1 

Cns110k 

Cnk"Ok 

cs'."On 

ck'•"On 

Cs'k"On 

ck'k"On 

= 

= 

,.., . ({3 (}) c {3·. (};, ·p· (} 
'-'lniO Sill + 2 - mnlO COS COS 2 - '-'lnmO Sill Sill 2, 

-ClniOCOS ({3 + ~) -: CmnloSinP'eos~ + ClnmO cos{Jsin ~, 
Cuno cos ( 0' + {3) + ClmnO cos 0' sin {3 + CmlnO sin 0' cos {3 , 

Cuno sin (a + {3) + Ctmno sin a sin {3 - Cmlno cos a cos {3, 

Cuno sin ( 0' + {3) - c,mnO cos 0' cos {3 + CmlnO sin 0' sin {3 , 

-Cunei cos.(a + {3)- Ctmno sin dcos{J- Cmlno cos a sin{J. 

D.2. llo.~U~puaooauuwe ny"'or;; u .Mutueub, au(J.IIti3upyemCJI. no.!Uipuaaqu.R pacce.nuuwx 
"'acmuq. IfMeeM MaOcd = MpOik aR,pC;d~c H Bhrpa:lKaeM MpOik qepe3 Cpq;o: 

M,.o .. 
. 1 . 

- MnokJc = -Cuno cos(} - 2 ( Cm1no + Ctmno) sin(}, 

Mna~c. ,.., . e c· . 2 e c· 2 e 
'-'llnO Sill + mlnO Sin 2 - lm.nO COS 2 , 

A1n0sk = ·c · e c 2 e c · 2 e 
llnO Sill - minD COS 2 + lmnO SID 2 · 

D.3. lloJI.R.puaooauuwe n1J'I07C u Muweub, UH(J.IIuaupyemc.R. no.!Uipuaaqu.R 'lacmuq om
iJa'lu. )l,Jui 3KcnepHMeHToa, r.n;e H3Mep.HIOTC.H NObcd, c~t. many 6. 

D.4. 
lloJI.R.puaooa1mwe ny'lor;; u MUtueHb, aH(J.IIuaupywmC.R. no.~U~puaaquu o6eux t>OHe'l
uwx •tacmuq. CooTBeTCTBJIO~D;He coOTnomeHHH .n;anbl B (6.30) H (6.31). 
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rnaBa 6 

CooTHomeHH.H Me)K,n;y H3Mep.HeMhiMH 

BeJIHqHHaMJil B Jia6opaTOpHO:H CHCTeMe 

qHCJIO JIHHel!:HO He3aBHCHMbiX H3MepeHHl!: O)I.HO II TO :lKe B JII06ol!: CHCTeMe OTC'Ie

Ta. KoHe'IHO, 25 JIHHel!:HO He3aBHCIIMbiX II3MepeHHl!: B Jia6opaTOpHOfi CHCTeMe MO)KHO 

Bb16paTh MHOI'HMH cnoco6al.m. 

B OTJIIPlHe OT CHCTeMbl D;eHTpa· Mace, B Jia6opaTOpHOl!: CIICTeMe Mbl HCllOJih3JeM Tpii 

pa3.11H'IHbiX 6a3IIC31 'ITO (nMeCTe C peJI.HTHBHCTCKHMII BpaiD;eHH.HMII CITHHOB) yCJIO)KH.HeT 

COOTHOUieUH.H Me:lK.li.J 3KCnepHMeHTaJihllblMH BeJIH'IHIIa\fii1 CJie)l.JIOID;He H3 COXpaueHHH 

'leTHOCTH1 npHHD;Hlla TiayJIH H HIIBapuaHTHOCTH UO OTHOIIIeHIUO K o6paiD;eHHIO BpeMeHH. 

0THOC~TeRhHO npOCTOfi CIIOC06 BbiBO)I.a TaKHX COOTIIOIIIeHHfi COCTOHT B TOM, 'IT06bi 

ncrrOJib30BaTh coOTuomermH rrpeo6pa30BaHIIH Me)K)l.J 6a3HCHbiMH aeKTopaMH a o6enx 

CHCTeMaX. 06paiD;eune COOTHOIUeHHH (5.4) II (5.5) )l.aeT 

k (} .81J I• k" {3 11•{3 cos 2 + ssm 2 = KR
1 

cos a- sR, sma =- n
2 

cos· +sR
2

sm · , 

m = -ksin ~ + scos ~ = k'R, sin a+ sk. cos a = -k'k
2 

sin {3- s'k, cos {3. (6.1) 

Terrepb IIO)I.CTaBHM 3TH COOTHOIIIeUH.H B paBeHCTBa, BhiBe)l.eHHble B l'JiaBe 3, H npeo6pa-

3yeM pe3yJihTaTbl n Jia6opaTopnyro CHCTeMy. 

JlerKo an.n;eTh, KaK npann.11o Bopa MO)KHO npHMeHHTh B Jia6opaTopnoif CIICTeMe. 

9TO llpaBIIJIO 03HaqaeT, 'ITO )I.Be 3KCrrepiiMel!TaJihHbiX BeJIH'IHiibl paBHbl C TO'lllOCTbiO )1.0 

3HaKa, eCJIH O)I.Ha H3 HHX llOJiy'laeTCH H3 )l.pJI'Oif rryTeM 3aMeHbl HH)I.eKCOB 0 Han, n Ha 0, 
k W n k'') ua s (s' n s") n s (s' II s") na k k' II k''). 3naK paaen ( -1)1f 2([•Jr[•]i+[kJ,-[kJtl, . 

r.n;e [s); If [s]/ JKa3b1BaiOT Ha 'IHCJIO HH)I.eKCOB S-Titua B Ha'laJihHOM H KOHe'lHOM COCTQ

.HHifHXj TO :lKe Ca>vJOe OTIIOCifTCH K [k]; II [kj1. 

Coxpaiieiine "t:feTHOCTH, KaK n a cnCTeMe n;enTpa Mace, rrpHBO)I.HT K ToMy, 'ITO neuy

JieBhre 3Ha•IeHH.H HMeiOT TOJibKO Te H3MepHeMhie BeJIH'IHHbl 1 )1..11.11 KOTOpblX 'IHCJIO k, k', 
k'', S, 8

1 
H S

11
UJI)I.eKCOB 'leTHO. 

06o6~D;eHnhrfi npnnn;nrr IlayJin, n:-vreCTe c coxpauenHeM 'leTHOCTH, rrpnao.n;nT TaK)Ke 

K cooTnomenmo 

Xabcd = Xbadc . (6.2) 

<l>opMyJia (6.2) CB.H3hiBaeT 'IHCTble H3MepHeMhie BeJIH'IHHbl B Jia6opaTOpHOfi CHCTe

Me, eCJIH a If b paBHbl 0 H.TJH n, C If d paBllbl 0, k, S HJIH n (ncer,n;a C 'leTHbiM 'IHCJJOM 
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i1 

HH)leKCOB k H s). IJO)lCTaHOBKa (6.1) B (3.2) )laeT IIOCJie IIpOCTbiX Bbi'IHCJieHHft 

Xwbal = -Xbk"dccos(llt +fh) +Xbs"dcsin(81 +02) 1 

Xa~bal = -Xbk"dcsin (81 + 82)- Xbr'dccos (81 + 82) 1 (6.3) 

r)le b = 01 n H C 1 d = 0, k1 S1 n. 3aMeTHM1 'ITO BTOpoe COOTHOllieHHe eCTb CJie)lCTBHe 

nepsoro H rrpasn:na Bopa. HcrroJih3YH orrHTb (3.2) H (6.1) 1 TaK *e1 KaK H rrpaBHJIO 

Bopa1 rroJiy'laeM 

xk'k''cd + Xrr'cd = xk1s"cc- Xrk'1cc =tan (81 + 82} I (6.4} 
Xwo"cd - Xrk"cd Xwk"cc + Xrs"cc 

r)le (c,d} = (O,n) 1 (n 1 0} (k,s) HJIH (s 1 k). B HepeJIHTHBHCTCKOMcnyqae (6.4) cso)lHTCH 

K COOTHOilleHH!O 

X~'•"cd- Xa~w'cd = Xk'k"cc + Xt~s"cc = 0 . 
HHsapn:aHTHOCTb no OTHorrieHH!O 'K o6paw;eHH!O speMeHn: rrpHBO)llfT K 'coOTHOIJie

HHHM THna (3.4} B Jia6opaTOpHOft CHCTeMe TOJibKO TOr)la1 KOr)la BCe HH)leKCbl paBHbl 

0 HJIH n. _npyrHe KOM6n:uarvm HH)leKCOB )lalOT 6oJiee CJIO)f{Hble COOTHOllleHHH Me)f{)ly 

'IHCTblMH H3MepeHHHMH1 TaKn:e KaK: 

Xk'bsb + Xa'bkb 
Xwbkb - Xt~bsb 

X~k"ck_...:. Xas"cs 
Xak"cs + Xas"ck 

xk'bkd - Xs'bsd ,;; tan 81 I 

Xk'bsd + Xs'bkd 
Xak'ias + Xas"ak = tan 82 , 
Xak"ak - Xas"as 

(6.5) 

r,n;e a, b, C, d = 0, n, a-:/: C ~ b-:/: d. 06e CTpOKlf CBH3aHbl rrplt:Hf\HnOM IJayJIH (6.3}. , 
_npyroe CJie)lCTBHe HHBapn:aHTHOCTH no OTHOllleHH!O K 06paw;eHH!O Bpe~!eHH COCTOHT. 

B TOM, 'ITO CIIpaBeMHBO 

Xk'bcs sin 81 - Xs'bcs cos 81 
Xk'bcs cos 81 + Xs'bcs sin 81 

xck"sb sin 92 + Xcs11sb cos 82 I 

Xck''kb sin 92 + Xcs"kb cos 82 , (~.6) 

r,n;e b, C = 0
1 

n
1 

H )lBa nOCJie,LJ;y!OIIJ;HX COOTHOIIIeHHH1 KOTOpble TaK)f{e MOryT 6b1Tb BbiBe

,LJ;eHbl H3 (6.6) c nOMOIIJ;b10 npasn:na Bopa. IIo,n;CTasm:m (6.3) B (6.6} 1 rronyqaeM 'leThipe 

paBeHCTBa1 CBH3aHHble norrapHO npHHf\HnOM IJayJIH: 

Xk'bb• + Xs'bbk 
Xk'bbk - Xs'bbs 

Xak11kd - Xas11sd 
Xak"sd + Xas"kd 

Xk'bck - Xs'bc• = tan 81 , 
Xk'bc• + Xs'bck 
Xak11sa + Xas"ka = tan 82 1 

Xak"ka- Xas"sa 
(6.7) 

r,n;e a, b, c, d = 0, n 1 a -:/: d n: b -:/: c. 

Cne,n;ylOIIJ;He 'leTblpe COOTHOIIIeHHH1 BbiTeKa!OIIJ;He lf3 lfHBapn:aHTHOCTH 110 OTHOllle-· 

HH!O K o6paw;eHH!O BpeMeHH1 eCTb 

Xk'k"cd + Xs's"cd 

X"'•"cd- Xs'k''cd 
x"'k''cd- x ••• "cd 

xk's"cd + x.'k"cd 

(Xcdk.-Xcdsk) sin (81 +82)-(Xcdkk+Xcd.,) cos (81 +92) , 

(Xcdks-Xcdsk) cos(81 +82)+(Xcdkk+Xcdos) sin (81+82) 1 

(Xcdks+Xcd.k) sin (82-81)-(Xcdkk-Xcdos) cos (82-81) , (6.8) 

(Xcdk.+Xcdok) cos (82-81)+(Xcdkk-Xcdo.) sin (82-91) , 
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r;:r.e c, d = 0, n. 3aMeTHM, 'ITO -eCJIH c ¥ d, TO xcdkk = -xed.. no npaBHJIY Bop a 

If .rrpHHf\HIIY IJayJIH, 'ITO yrrpow;aeT COOTHOllleHHH (6.8). C )lpyrplt CTOpoHbl1 C = d 
BJie'leT 3a co6off xcdk. = xcdok· . 

Q6cy)lHM Terrepb OT)leJibllhie KJiaCChl H3MepsleMbiX 3KCnepHMeHTaJibllbiX BeJIH'IHH. 

(1) Ocmo'll:oMnoHeumn'ble meHaop'bl. 

P n000 = P0noo = Aoono = Aooon =. P 1 (6.9) 

KaK H B CHCTeMe 1\eHTpa MaCC. 

(2) ,l(ayX'II:oMnoxeumH.'ble memop'bl. Ilpn:Hf\HII Ilaynn: (6.2), (6.3) H (6.4) BJie'leT 3a 

co6olt 

Aooks 

Dok"Od 
Dos"Od 

Kk'OOd 
Ka~ood 

MH d=S 1 k H 

Aoosk , D0n0n = DnOnO 1 KnOOn = KOnnO 
-D.'od0sin(01 + 92)- Dk'OdOcos(Ot +82), 

-D.•odOcos (81 + 92) +Dk'odOsin (81 + 92) 1 

Kos"dO sin (91 + 92) - Kok"dO cos (81 + 82) , 
-Kos"docos(81 +82)- Kok"dosin(91 + 82) 1 

ck's"OO - Cs1k"OO (8 8 ) --"'..:....:"--_.::..:.:....::.::. = - tan 1 + 2 . 
Ck'k''OO + Cs1s'100 

(6.10) 

(6.11) 

(6.12) 

Hunapn:anTHOCTh rro OTHOllleHHlO K o6paw;enH!O npeMerm naKJia)lbiBaeT )laJihHell:

mHe orpaHH'IeHHH, a HMeHHO (3.4), (6.5) H (6.7), rrpHBO)lH K 

CnnOO 
Dk'oso + Ds'OkO 
Dk'okO - Ds'OsO 

Dos"Ok + Dok"Os 
Dos110s - Dok"Ok 
Kk100s + Ks100k 
Kk'OOk - K,•oos 

Kos"kO + Kok"sO 
Koa~•.o- Kok"kO 

A00nn• 

R' + A = tan 81 1 

A'-R 
I 

a+r =tan82, 
r-a' 

r; + at = tan 81 1 

a~- Tt 

At + R: = tan 82 · 
- -A~ t 

(6.13) 

(6.14) 

CooTnomenn:n (6.8) ynpow;alOTCH )i.o CJie,n;yiOw;n:x: 

Ck'k"oo+Cs's"OO 
Ck's"oo-Cs'k''OO 
Ck'k"oo-Ca's"OO 

Ck's"oo+C.•w•oo 

- (Aookk+Aooss) cos (81 +82) , 
(Aookk+Aoo •• )sin(81+82), 

2Aooko sin (82-81) - (Aookk-Aoo .. ) cos (82-81) I (6.15) 
2Aookscos(82-81) + (Aookk-Aoo .. )sin(82-81). 

TaKHM <i6pa30M
1 

Mbl ocTaeMCH c )lBeHa,n;I\aThiO uroaBHCI-IMbiMH senn:qn:uaMH, Ha

rrpn:Mep: Aoonn 1 Aookk, Aoo,., Aoosk1 Dnano, TpeMH H3 "'eTblpex seJIH'IlfH Da~o.o 1 
DwokO, Ds'Ok0 1 Dk'Oso; KOnnO If Tpe:.tsl lf3 BeJIH'llfH Kos"sOI Kok"kOI f(os"kO II Kok"sO· 
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(3) 

t1 

Tpex~Co.Mnonenmntte menaoptt. CoxpaneHHe 'leTHoCTH nci,IJ;pa3yMeBaeT, 'ITO Ka>K

)J,b!R H3 TeH30pOB HMeeT He 60Jiee 13 HeHyJieBbiX KOMnOHeHT. PacCMOTpHM BHa'laJie 

TeH3op .MaQcd. McnoJib3YH npanHJIO Bopa H (6.2), naxo,IJ;HM 

Afn0nn = P, Mnokk = -Mnoss· (6.16) 

06o6m;euHblit npHHIJ,Hn llayJIH BMeCTe C HHBapHaHTHOCThiO TIO OTHOIDeHHIO K 06-
pam;eHHIO npe111eun H npanHJioM Bopa BJie'leT 3a co6oR [c111. (6.5) H (6.7)J: 

Ms'Osn - 1\fk'okn 

Mk'osn + Ms'Okn 
Ms'Ori& - Mk'Onk = tan 81 · 
Mk'0n" + Ms'Dnk 

(6.17) 

B HTOre Mbl OCTaeMCH C 9 JIHHeflHO He3aBHCHMbiMH KOMnOHellTaMH IIOJIS1pH3aiJ,H

OHHOrO TeH30pa MaOcd B Jia6opaTOpHOfi CHCTeMe OTC'IeTa. 

llOJIHpH3aiJ,HH 'laCTHIJ,bl OT,IJ;a'IH, ,Zl;JIH CJiy'laH IIOJIHpH30BaHHbiX MHIIIellH H ny'IKa, 

CBH3blnaeTeH c nonspn3a:u,nelt paccesnnolt 'laCTHIJ,bl MaOcd o6o6m;euHbiM rrpHHIJ,H

rroM llaym1. Menonb3yst (6.2), nonyqaeM 

NOnnn = lvfnOnn = P , N0ncd = Mnodc, 

a eOOTHOllieHH.H, o6paTHble K (6.3), 03Ha'laiOT1 'ITO 

Nok''nd 

Nos''nd 

Nok"cn 

Nos" en 

-Mk'Odn cos (01 + 02)- Ms'Odn sin (01 + 02) , 

lvh•odn sin (81 + 82) - Ms'odn cos (81 + 82) , 

-Mk'OncCOs(Ot + 82)- Ms'OncSin (01 + 82) , 

Mk'Oncsin(01 +82)- Ms'OncCos(01 +82). 

(6.18) 

(6.19) 

MeTKH c H d n <l>opMynax (6.18) H (6.19) panHbi k HJIH s. TaKHM o6pa3oM, nee. 13 
nenynenhlx KOMnonenT NObcd BbipaiKaiOTCH '1epe3 lv!aOcd. 

.D;na Ten3opa Koppenst:u,nlt rronspH3al!Hit ens3aubl ,IJ;pyr c ,IJ;pyroM. IIpannno Bopa 

,IJ;aeT 

GabOn = -G[nxa][nxb]nO, (6.20) 

r,IJ;e a H b rrpo6eraiOT, COOTBeTCTBeHHO, '1epe3 (k', s')) H (k", s")), a MeTKH [n X Vj 

COOTBeTCTBYIOT HarrpaBJieHliJO BeKTOpHOrO npOH3Be,IJ;eHHH [n X vJ ,l1,11H rrpOH3BOJih

HOro e,IJ;HHH'IHOro neKTopa v. Bonee no,IJ;po6no: eooTHomenHe (6.20) ,IJ;aeT 

Ck'k"On 

Cs1k110n 

-Cs1s11n0 ' ck1s110n = Cs'k"nO' 

ck's"nO ) Cs1s11(}n = -Ck'k''nO. (6.21) 

)];pyme KOMIIOJieHTbi, CabiO H CabOi, cnst3aubl npHIIl!HnOM IIayJIH (6.3). 

0Ka3biBaeTC.H, 'ITO TeH30pbl KOppeJIHl!HH IIOJIHpH3al!HH MO>KHO. CBH3aTb C JvfaOcd 
H Nobcd· Brronne nenoepe,IJ;CTnenHo, npannno Bopa ,IJ;aeT 

CnnnO = P , Candl = Af[nxa]O[nxc]n • Cnbdl = No[nxb](nxc]n ' (6.22) 
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r,IJ;e a, b H c itpo6eraiOT 3Ha'le~H.H (s',k'), (s'',k'') H (s,k) eOOTBeTCTBeHHO. nocJie,IJ;-

Hee H3 paneHCTB (6.22) BMeCTe C (6.19) ,IJ;aeT . 

Cns"&O 

cns''kO 

Cnk''&O 

Cnk''kO 

-Ms'Onk sin (81 + 82)- Mk'Dnk cos (81 + 82) , 

M..,Ons sin ( 81 + 82) + Mk'On& cos ( 81 + 82) , 

M,.,Onk cos (81 + 82)- Mk'Onk sin (8~ + 82) , 

- M•'Dns cos ( 81 + 82) + Afk'Dns sin ( 81 + 82) . 

(6.23) 

OCTarom;HecH KOMnoneHTbi 3Toro TeH30pa n3aHMHO CBH3aHhl npHHl!HHOM IIay

mf (6.4) 

ck'k''nO + CN'nO =tan (81 + 82) . (6.24) 
Qk's''nO- Qs'k"nO 

9TH K03<l><l>H:u,HeHTbl KOppM.HIJ,HH en.H3allbl TaK>Ke C TeH30pOM Mnacd eOOTHOrne

HHSIMH (6.8), BbiTeKaiOIIJ;HMH H3 HHBapHaH;HOCTH no OTHOilleHHIO K o6pam;eHHIO 

npeMeHn: 

Ck'k"na+Cs's"nO 

Ck's"no-Cs'k"no 

Ck'k"no-Cs's"nO 

Ck's"no+Cs'k"nO 

(Mnoko-MnOsk) sin (81 +82) , 

(Mnoko-Mn~sk)cos(81+02), (6.25) 

(Afnoks+Mnosk) sin (02-81)..:..2MnokkCOS (82-0t) , 

(Mnoks+Mnosk) cos (02-01)+2Mnokk sin (02-0t) . 

TaKHM o6pa30M, Mhl Bblpa3HJIH npHMO HJIH KOCBeHHO, nee 52 HeHyJienhie KOM

UOHeHThl TpeXIUI,IJ;eKeHbiX Tell30pon '1epe3 9 JIHHefiliO He3aBHCHMhiX KOMUOHeHT 

TeH3opa Maocd· 

(4) lfem'b£pex'IWMnonenmnwe meH3opw. Coxpanenne 'leTnoeTH npHBO,IJ;HT K TOMy, 'ITO 

TOJihKO 41 KOMnonenTa Cabcd OTJIH'Ina OT nynst, a HMenHo: nee KOMnonenThl c 

'!eTHhiM 'IHCJIOM HH,IJ;eKcon n: nynh, ,IJ;Ba HJIH 'leTblpe. McnOJih3Y.H npannno Bopa, 

Mhl HeMe,l1,11eHHO MO>KeM CBeCTH 25 H3 3THX KOMnOHeliT K KOMnOHeHTaM TeH30pOB 

6onee HH3Koro panra • .IJ;eitcTBHTMbHO: 

Cnnnn = 1, 

Cabnn = -C[nxa](nxb]OO , Cnncd = - Aoo[nxc](nxd] , 

Cnbcn = Ko[nxb](n~c]O , Cnbnd = Do[nxb]O[nxd] • (6.26) 

Cancn = D[nxa]O[nxc]O , Cannd = K[nxa]OO[nxd] · 

B (6.26) 3naqenHH an b npo6eraJOT qepe3 (s', k') 1t (s", k'') eooTneTcTnenHo, a c H 

d- qepe3 k H s. OeTanuni:eeH 16 KOMnonenT eBH3allbl nouapHo npanHJI0:\1 Bopa: 

c,.,k"kk = Cs's"ss , C,.,,.,'ks = -C•'•"•k, 

ck's''kk = -Cs1k'1ss, CA.Js"ka = cs'k"sk• 

Cs'k''kk = -Ck's"s~ , c.'k"ks = Ck's"sk, {6.27) 

Cs's"kk = ck'k"so'' C•'s"b = -Ck'k"sk. 
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t1 

B HTOI'C Mbl OCTaeMC.H C 8 KOMDOHeHTaMH, HaUpHMep TeMH, 'ITO CTO.HT B npaBOA 

'laCTH (6.27}. . . . 

llpHHD;HD llayJIH (6.4} HaKJI~hlBaeT ~Ba ~OOaBO'IHhiX orpaHH'IeHH.H, a HMeHHO: 

Ck!k''sk + C,~tt'sk 
ck!o''sk- co'k!'sk 

ck!o''u- c;,k!'ss =tan ((It+ 02} 
Ck'k!'u +Co~~· .. 

(6.28} 

Em;e O~HO He3aBHCHMOe COOTHOIUeHHe Me:lK~ IUeCTbiO OCTaiOm;HMHC.H KOMDOHCH

TaMH MO:lKHO HaiiTH, HCDOJih3y.H HHBapHaHTHOCTb DO OTHOIUeHHIO K o6pam;eHHIO 

BpCMCHH. ,ll.eitCTBHTeJibHO, B C.~.M. Mhl HMeeM C1m11 = -CIUmo 'ITO B Jia6opaTOp

HOtt CHCTCMC MO:lKHO nepenHCaTb, HCUOJib3YH (6.1} H npaBHJIO Bopa KaK: 

[(Cs'k!'sk- Cs's"ss} sin02 + (C•'•"•Ic + Cs'k!'s•} cos02] cos 01 = 

= [(Ck!k''sk-Ck!s"ss)sin02 + (Ck!s"sk+Ck!k!'.,)cos02]sin01. (6.29) 

l-fTaK, Mhl OCTaeMC.H C UHTbiO KOMDOHCHTaMH. BMeCTO TOrO, 'IT06bi HCKaTb OCTaB

IUHCCH COOTHOIUeHH.H B Jia6opaTOpHOA CHCTCMe, Bblp33HM 8 KOM6HHa~A Cabcd 

qepe3 c.~.M. BeJIH'IHHbl. McnOJib3YH TOT <l>aKT, 'ITO clmlmo Cumm H Clmml HBJI.H

IOTCH JIHHeAHhiMH KOM6Hna~HHMH Cuu H TeH3opoB HH3mero panra [eM. (3.9}], a 

TaK:lKe HCD0Jih3Y.H npHH~HO llayJIH (6.28) H HHBapHaiiTHOCTb 110 OTHOIUeHHIO K 

o6pam;eHHIO BpeMeHH (6.29}, HaxO~HM 

c ....... + ck'k"•• (Aoonn- 1} cos ({3- a) ' 
(Aoonn- 1} sin ({3- a) , 

-(KOnnO- DnOno) sin ({3- a) , 
(KonnO- Dn0n0} cos ({3- a} , 

Cs'k''•• - Ck!•"•• = 

C•'•"•lc + Ck'lc"slc = (6.30} 

Cs'lc"sk- Ck!s"sk 

C•'•"••- Ck'lc"•• = -2Cuu cos (a+ {3 + 0} + 2Cmm sin (a+ {3 + 0) - , 
··- (AOOnn -1) cos(a + {3) cosO+ 

+(Konno+ Dn0n0- 2) sin (a+ {3) sinO, 

Cs'k!'•• + Ck!s"•• = -2Cuu sin (a+ {3 + 0)- 2Cmm cos (a +{3 +0)
- (AOOnn -1) sin (a+ /3) cosO-

-(KonnO+ DnonO- 2) cos (a+ {3) sinO, (6.31) 

. C...,' sic- Ck!lc"sk = 2Cml sin (a+ {3 + 0) + 2Cmm cos (a+ {3 + 0) + 

Cs'k!'sk + Ck!s"sk 

+ (Aoo..n- 1} cos (a+ {3} sin 0 + 
+(KonnO+ Dn0n0- 2) sin (a+ {3) cosO, 
-2Cuu cos (a+ {3 + 0} + 2Cmm sin (a+ {3 + 0) + 

+ (Aoo..n- 1} sin (a+ {3) sinO-

- (K0nn0 + Dn0n0- 2} cos (a+ {3) cos 0. 

M3 (6.30} H (6.31} BH~HO, 'ITO TOJibKO ,n;Be KOM6HHa~HH Cabcd H3 Beex OCTaJib

HbiX H3Mep.HeMbiX B Jia6opaTOpHOii CHCTeMe BeJIH'IHH .HBJI.HIOTC.H p;eiiCTBIITe.'lbHO 

He3aBHeHMhlMII (01111 ~aiOT Cuu H Cmm), KaK 11 O:lKH~anoeb. 
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I 
rJiaBa 7 

ITp:uHu;:urr IIayJI:u :u HYKJIOH-HYKJIOHHoe 
pacce.HH:ue 

MaTpii~a HYKJIOH-HYKJIOHHOro paceeHHIIH, IIerroJih3yeMaH B 3TOil: pa6oTe, CIIM

MeTpii'IHa 110 OTHOIIIeHJIIO K B3aHMHOll: rrepeeTaHOBKe 'laCTHI:( 1 II 2. ,lljiH IIpOTOH

IIpOTOHHOI'O IIJUi neii:TpOH-Heii:TpOHHOrO paeee.HHIIH 3Ta CIIMMeTpHH HBJI.HeTCH CJieJlCTBII

eM TO~eCTBeHIJOeTII 'laeTH~; ,lljiH IICHTpOII-ITpOTOIIHOrO pacee.HIIHH OTeyTeTBIIe neeiiM

MeTpii'IHOrO 'IJieHa, nporrop~IIOHaJibHOI'O (u1 - 0'2 , n), eCTb )l.OIIOJIHIITeJibUOe IIpe,n;rro

JIO:lKCHIIe, CBH3aHHOe e II30TOITII'IeeKOlt IIHBapiiaHTHOeTbiO H,n;epHbiX eiiJI. 

llpHMbiM CJie~CTBIIeM aTOA CIIMMCTpiiii, KOTOpaH OOBeiO~ IIenOJib3yeTCH B 3TOA eTa

The, HBJI.HeTeH TO, 'ITO 'IHeJIO HC3aBIIeiiMblX 3Kenep11MCHTOB (n JII060fi eiiCTeMe OTC'IeTa) 

eym;ecTBeHHo yMeHhiiiaeTeH (eM. rnanhl 3 II 6). 
)l,aJibHefiniHe CJIC,!:(CTBIIH npiiHl:(IIOa llayJIII MO:lKHO ITOJiy'IHTb )J.JIH IIeTHHHO TO:lK,!:(C

CTBCHHbiX 'laCTIIl:( (pp- HJIII nn-paeCeHHHe). To:lK,!l;CCTBCliHOeTb 'laCTHl:( JIII60 B Ua'laJib

IIOM, JIH60 B KOUC'IliOM COCTOHHHH IlpHBO,!:(HT K TOMy, 'ITO 

Xpqik (k1 , k.) = Xqpik ( -k1 , k.) = Xpqki (k" -k.) (7.1) 

Bee HH,n;eKCbT (MeTKH) B Tpex 'IJieHax (7.1) OTHoeHTeH K 6aaucy, onpe,n;eJienuoMy B 

(2.2) ~JIH Ha'laJibHhlX II KOHe'iHblX IIMITYJibCOB B HarrpaBJieHIIHX k. 11 k1. O,n;naKo, 3Ke

nepaMenTaJibHhTe neJIH'IHHhl, onpe,n;enennhle B rnaBe 3 pa3Me'leilhl B CHCTeMax, orrpe

,n;eneimhrx no OTHOUICHUIO K uarrpaBJI':HIIHM <f>aKTII'ICeKn paeeMaTpiiBaCMblX KOHC'IHbTX 

II Ha'iaJibHbTX HMnyJibeOB
1 

TO eCTb, -k1, k. )J.JIH BTOpOrO II kf, -k. )J.JIH TpeTbCrO 'IJICHa 

B (7.1). Il03TOMy, B ,!:(OIIOJIHeHIIe K (7.1), He06XO~HMO BbTnOJIIIIITb CJIC)J.YIOID;HC npeo6-

pa30BaHIIH: 

n -+ -n , I -+ -m , m -+ -I , )J.JIH k 1 --+ -k1 

H 

n --+ -n , I -+ m , m -+ I , )J.JIH ki --+ -ki . 

KpoMe Toro, HHBepeiiH k 1 --+ -k1, TaK:lKe KaK II k. -+ -k., 3a:~.teHHeT yron paceeHHIIH 

o=· = 0 na 1r- 0. 
Bonee no,n;po6no, <f>opMyJibl (7.1), BMeeTe C npHBe~eliHblMII B rJiaBe 3 COOTHOIUeHJf-
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~ 

II 

.HMH, IIpHBO~.HT K 

u(O) 

GnnOO (0) 
GtmOO {0) 

DnOnO (0) 
Dmomo(O) 

GllnO (0) 
GmtnO {0) 
GtnmO (0) 

Gmt (0) 
Gtmtm (0) 

G' (7r- 0) ' 
GnnOO ( 7r - 0) 
GtmOO {1r- 0) 
KOnnO (7r- 0), 
Ko11o {1r- 0) 
Guno (1r- 0) 

-Gmlno (7r- 0) 

-GnmtO {7r- 0) 
Gmt {1r- 0) 
Gtmml {7r- 0) , 

P (0) = -P (1r- 0) , 

Guoo (0) = GmmOO (7r- 0) , 

Dwm (0) = Kammo {1r- 0) , 
Dtamo (0) = Kamm {1r- 0) , 
GtmnO { 0) = -GtmnO { 7r - 0) , 
GtniO (0) = -GnltO {7r- 0) , 

GmntO (0) = -GntmO (7r- 0) , 
Gmm (0) = -Gmm (1r ..:_ 0), 

Gumm (0) = Gumni (1r- 0). 

(7.2) 

HarroMHHM, 'ITO MeTKH l, m, n scer~a orrpe~eJI.HIOTC.H B COOTBeTCTBHH c <f>aKTH'IeCKH 
npOBO~HMhiMH H3MepeHH.HM,H. 

IlpHBe~eHHbie Bhiiiie COOTHOIIIeHHH Me)K,lly H3MepHeMhl~ BeJIH'IHHaMH B C.~.M. MQ

ryT 6biTb rrpeo6pa30BaHbi C IIOMO~b!O (6.1) B COOTHOIIIeHHH Me)K,lly BeJIH'IHHaMH B JI.C., 

H3MepeHHhiMH rrp~~: yrJiax 01 H 02 (TO ecTb, yrJiaMH BhiJieTa pacce.Hnnolt 'laCTH~hi H 

'laCTH~bl OT~a'IH). 0~JJaKO TaKHe COOTHOIIIeHHH MO)I{HO IIOJIY'IHTb 6oJiee IlpDCThiM CIID

co6o:.t, HCIIOJih3YH Ta6JIH~hi 2.1 11: 4.1, eCJIH ncrrO?dHHTh, 'ITO rrpeo6pa3onanHe 0
1 

--+ 0
2 

(0--+ 7r- 0) COOTBeTCT!lyeT a--+ ~- {J H {J--+ ~-a. B pe3yJihTaTe IIOJIJ'IaeM: 

u(Ot) = G' (02) ' 
GnnOO (Ot) = GnnOO (02) 

. Gs's"OO (Ot) = Gs's"OO (02) , 
Gs'k"oo (Or) = -Gk's"oo (02) , 
Gk'k"OO (Ot) = Gk'k"OO (02) , 

Ds'OsO (Or) = Kos"sO (02) 
Ds'OkO (Ot) = -Kos"kO (02) 
Dk'OsO (Ot) = -Kok"sO (02) 
Dk'OkO (Ot) = Kok"kO (02) , 

Gs's"nO (Ot) = -Gs's"nO (02) , 
Gk's"no (Ot) = Gs'k''nO (02) , 
Gk'k"no (Ot) = -Gk'k''no (02) , 

Gs'nsO (Ot) = -Gns"sO (02) , 
Gk'nso (Ot) = Gnk"so(02) 
Gs'nkO {Or) = Gns''kO (02) 
Gk'n!.:O (Or) = -Gnk"kO (02) 
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P(Ot) = -P(02), 

Dn0no (Ot) = Konno (02) , 
Aooss (Ot) = Aooss (02) , 
Aoosk (Ot) = -Aoo.k(02) , 
Aookk (Or) = Aookk (02) , 

Ks'OOs (Ot) = Dos"Os (02) , (7.3) 
Ks'OOk (Ot) = -Dos"Ok (02) , 
Kk'OOs (Ot) = -Dok"Os (02) , 
Kk'OOk (Ot) = Dok''ok (02) , 

Gs'nOs (Or) = -Gns''Os (02) , 
Gk'nOs (Ot) = Gnk"Os (02) ' 
Gs1n0k (Ot) = Gns"Ok (02) , 
Gk'nok (Ot) = -Gnk''Ok (02) , 

I 
I 

' 

Mnokk (0,) 
Mnoko (Ot) 

Gs's''u (Ot) 

Gk'k"so (Bt) 
G"'"''•k (Ot) 

-Mnokk (02) , 
Mnask (02) , 
G,., •• (02) ' 

G"'"'' .. (82) 
Gk'•"•k (82) 

G"'"''•k (Ot) = -Gk'k''•k (02) , 
G"'""•• (Bt) = -Gk'•" .. (02) 
Gs's"sk (Bt) = -Gs's"•k (02) • 

,LJ;oiiOJIHHTe.'lhHbJe rrpOCThle COOTHOilieHHH Me)K,lly 3KCI1epHMeHTaJibHbiMH BeJIH'IHHa

MH B03HHKaroT rrpH 8 = 1rj2, TO ecTh, rrpH 81 = 82 • ,D.nH nn- (HJIH 'PJr) pacce.HHHH 

3TH COOTHOIIIeJIH.H C.'le~IOT 11:3 TOrD <f>aKTa, 'ITO a 1(7r/2) = 0, b1{7r/2) = -C(7r/2) (eM. 

Ta6JI. 2.1) (MHOrHe H3 HHX MQ)I{HO IIOJIY'IHTb H3 (7.2), IIOJIO)I{HB 7r- 8 = 8). 
B HTore rroJiy'IaeM (12(: 

P(i) 
Gm.nao (i) 

Dmm (i) 
Gmn!O (i) 
GtniO (i) 

GtmnO (i) = GmtnO G) = Gmm (i) = 0 ' 

Guoo (i) ' DnOno G) =KOnno (i) ' Dtamo G) = Kamm G) 
-D.namo (i) = -Kouo (i) = Kammo (i) , 
Gtn>nO (i) = .:_GnmiO (i) = -GntmO (i) , {7.4) 

-G,uo G) , Gtmlm (i) = Gtmml (i) ' 
2Dnono G)+ GnnOO (i) + 2Gmr (i) = 1 · 

IlOCKOJihKY H3 IIpHH~Iflla IJayJIH CJie~eT, 'ITO do( 7r /2) = e0 ( 7r /2) = 0, Mhl IlOJiy'IaeM 

TaK)I{e COOTHOIIIeHH.H Me)K,lly nn- (HJIH 'PJr) H np-3KCIIepHMeHTaMH B C.~.M. (12): 

a"" (~) G"" (~) 2 tmOO 2 

nn (7r) G"" (7r) a 2 llnO 2 

a"" G) [1- Giiii (i)] 
a"" (i) [ 1 + G;:::oo (i)- 2D;:~o (i)] 

_ 4 np (7r). [c"P (7r) -a 2 n~oo2 

4a"P (i) G'.!oo (i) ' 
4a"P (i) G~~o (i) , 
4a"P (i) [1- G;;ft (i)] , (7.5) 

, D~bno G) - K~nO (i)] · 
CooTHOilleHHH, 3KBHBaJieHTHhle (7.4), ~H nn HJIH p]rpacceHHHH Mo:»-no 3armcaTb H 

R Jia6opaTOpHOli CHCTeMe~ Iix MO)I{HO IIOJIY'IHTb nerrocpe~CTBeHHO H3 (7.4), BhlllOJIHHB 

COOTBeTCTBYIO~ne Bpa~eUHH 1 JIU6o H3 <f>op:1.1YJI Ta6JI. 4.1, BCIIO:O.UI1m, .'ITO a 1(7r/2) = 0, 
bt(7r/2) = -cr(7r/2). · 

- PaccMOTpeHnhle ~H n.c. cooTnomenHH crrpane~HBbi ~.II 81 = 02 = 1r /4 - a = 
(3- 7r/4 (T. e. 8 = 1rj2, a+ {J = 7r/2). Jla6opaTOpHhlfi yroJI pacceHHH.H, IIpH KOTOpOM 
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3TO HMeeT MecT01 paBeH 

s )1/2 
. cos8l = cos82 = (s +4m2 I (7.6) 

r.n;e S eCTb KBa)l;paT DOJIHOJl SHeprHH B c.n.M. 1 a m - MacCa HYKJIOHa. 

PaccMoTpHM ·nHa'laJie pacceHHHe TO}f()J.eCTBeHHbiX. HYKJIOHOB. Bee COOTHomeHHH 

{7.3} CnpaBe)l;JIHBbl llpH 82 = 81. B )l;ODOJIHeHHe K HHM HMeeM COOTHOmeHHSI: 

p = Aoosk = c,,,nO = Ck'k"nO = Afna., = c,,,,k = ck'k''•k = 0 I {7.7a) 

Ds'Os,O 
Do'Of.<Q 

Dk'o.o 

Dk'okO 

DrokO 
Dk'okO 
C,n.o 

Ck'nsO 
c.•m:o 

Ck'nkO 
c.,n.o 
Ck'n.o = 

-Dos''Os = -K,oo, = Kos".O 1 

Dos"Ok = - K s'OOk = - Kos'' kO 1 

Dok''O• = -Kk'oos = -Kok''.O 1 

-Dok"Ok = -Kk'OOk = Kok''kO 1 

Aookk - Aoo •• = c,,,oo- ck'k''OO I 

Aookk + Aoo,, = CnnOO - 1 1 

2Crk''oo = {1 - Cnnao) sin 281 1 

- Dk'o.o = tan81 1 

20"k''oo == tan281, 
D.•o.o c,,,oo + ck'k''OO 

-Cs'nOs = -Cna".O = Cns''O• 1 

-Ck'nOs = Cnk''.O = -Cnk''O•, 
-C,'nak = Cnr'kO = -Cn.r'ok 1 

-Ck'nOk = -Cnk''kO = Cnk''Ok, 
ck'nkO --
0 

=tan81 1 
s'nf.<Q 

c,,,,u + ck'k''•• = -c·'•"oo - ck'k''oo I 

cs'k''u = -Cs'k''OO I 

Ck'k''••- Crr'•• + 2Cs'k''sk = 1 - 2DnOnO + Cnnao. 

{7.7b} 

(7.7c) 

{7.7d) 

)J.JIH TO>K,IJ.ecTBeHHhiX HYKJIOHOB npH 81 = 82 (8 = 7r/2) He3aBHCHMhl TOJibKO TPH 

aMOJIHTY)l;b1 1 HanpHMep b = b1, d = d1 H e = e1 (HH:lKHHA HH)l;eKC OOHa'laeT H3Q

CIIHH T = 1). ThKHM o6pa30M1 cy~necrnyiOT TOJihKO 9 JIHHeAuo He3a.BHCHMhiX <~KcrrepH
MeHTaJihHhlx neJIH'IHH. ,ll;eACTBHTeJibH01 H3MepeHHSI U 1 Cnnao H Dn0n0 = Kn00n 6y.n;yr 

Onpe.n;eJISITb lbl21 ldl2 
H lel2• ,ll;Be He3a.BHCHMble KOMllOHeHTbl)l;BYXHH)l;eKCHbiX TeH30pOB1 

HarrpHMep1 Dro.o H Ds'okO 6y.n;yT onpe.n;MHTb Reb*d H Imb*e 1 a H3MepeHHe mo6oA H3 

BeJIH'IHH Aoo •• l Aookkl c .. ,,oo HJIH ck'k''OO .n;acT B HTOre Imd*e. HaKOHenl TPH KOMllO

HeHTbl TpexHH)l;eKCHhiX TeH3opOB1 HanpHMep Crn.o 1 CrnkO H Mnaks 1 .u.acr HaM Reb*e1 

Imb*d H Red*e. 
!l>opMyJibl {7.5} 1 CBSl3biBa!OtnHe nn- (HJIH pp-) H np-3KCnepHMeHTaJibHhle BeJIH'IHHbl 1 

(1 HMelOT CBOH SKBHBaJieHTbl B Jia6opaTOpHOA CHCTeMe. lfeTblpe He3aBHCHMbiX COOTHri-, 

meHHH <~Toro THna MO)f(HO 3anHcaTb B pa3JIH'IHOA q,opMe. Mhl rroJiaraeM y.n;o6HbTM 
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HCll0Jlb30BaTb CJie)l;ylOtnHit Ha6op COOTHOIIIeHHit: 

Unn (0:"00- c;:,k"OO) 
Unn { G?k"nO + Cki';t•no) 

Unn (1 + C::::OO- 2D:~na) 
unn (2D;::;,.0 - c;:, .• + C;:,'k, •• ) 

4u"P ( G~"oo - CJ;J',.,oo) , 
4unP(G;t"nO + CJ;f,,n0 ) 1 (7.8) 
4unp (1 + C::~oo- D~o- K;;::no) 1 

4u"P (D~o + K;;::na- c;~"•• + C;:f,.,,.) 
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3aKJIIOqeHHe 

B aTofi CTaTbe Mhl c.n;enaJIH o63op KHHer.taTHKH HYKJIOH-HYKJIOHHOro pacceRHHR If 

3arroJIHHJIH Mnorue naKyHhl B cym;ecTnyrom;eM ¢opM8JIH3Me. Mbr Koun;enTpHpOB8JIHCb 

TOJibKO ua ¢enoMenonoruqecKnx acneKTax npo6neMhl, T. e. ua CBR3RX Me)f(.n;y aKcrre

pHMeHTaJibHO H3MepHeMbiMH BeJIHqnua1\1H H MaTpnn;eit pacceHHHH, a TaK)f(e COOTHQ

rueHHRX Me)f(,LJ;y CaMHMH 3KCrrepnMeiJT8JibHhiMH BeJIH'lHHaMH. Tipe,LJ;CTaBJieHHhle B 3TOH 

pa60Te ¢opMyJihl )l;OJI)f(llbl 6b1Tb IIOJie3Hhl )l;JIR 3KCIIepHMeHTaTOpOB1 H3y'laiOIIJ;HX yrrpy

roe HYKJIOH-HYKJIOUHOe paccemme, a TaK)f(e )l;JIH TeX, KTO 3aUSIT ero aMTIJIHTY,LJ;HhiM 

aH8JIH30M. 

Tiony'leHHhre 3.n;ech pe3yJihTaThr .n;enaiOT B03MO)f(HhiM xuuoe n TO'IHOe cpauueune 

ncex aKcnepnMeHTOB, BhiiiOJIHeHHhiX npu pa3JIH'IHbiX yCJIOBHHX c n;eJihiO nony'leimR 

O)l;HOH H TOH )f(e ¢H3H'IeCKOfi HH<iJOpMan;HH (KaK, HarrpHMep, pa3JIH'IllhiX KOMIIOHeHT 

Teri3opa npam;ennx nonRpH3an;HH Dao& )l;JIR nonxpn3onammro ny'!Ka HJIH DobOd )l;JIH rro

JIRpn3ouarruon MHIIIeuH, pa3JIH'IHhle KOMrrorrerrThr rronRpH3an;H:li pacce.snmo:li qacTHII;hl 

HJIH 'laCTHII;hl OT,LJ;a'lH )l;JIH IIOJIHpH30BaHHhiX B Ha'laJibHOM COCTORHHH TIY'IKOB HJIH MH

urene:li H T. n.). TI03TOMY )l;OCTaTO'IHO pa3yMHbiti IIOJIHbTH CTIHCOK COOTHOIIIeHHll Me)f(,LJ;y 

3KCIIepHMeHT8JibHblMH BeJIH'lJUJaMH o6ecne'liiBaeT HCTIOJib30BaHHe JII06hiX 3KCnepHM!3H

T8JibllbiX ,LJ;alllfblX rrpH peKOHCTpyKn;HH aMITJIHTY,LJ; paCCeHHHH (nanpHMep, qepe3 aH8JIH3 

¢a30Bb1X C)l;BHrOB). C .n;pyro:li CTOpOHhl, 3TH COOTHOIIIeHHR ,LJ;eJiaiOT B03MO)f(HhiM pe8JIH-

3all;HIO llpOBepKH Ha B3aHMHYIO COrJiaCOBaHHOCTb ,LJ;aHHbTX pa3JIH'lHhiX 3KCrrepHMeHTOB, 

06bl'lll0 npOBO)l;HMbiX B pa3HbTX Jia6opaTOpMRX. TIOCKOJibKY MO)f(HO JierKO OTCJie,LJ;HTb 

UpOHCXO)f()l;eUHe 60Jibiiiefi 'laCTH 3THX eOOTHOIIIeHHfi H3 pa3JIH'lHhiX eHMMeTpM:li (eo

xpaneHJfR 'leTnOeTH, nunapManTnoeTH K o6pam;enmo BpeMenH H rrpHHUHrra IIaynH), 

IIpOBepKa 3THX eOOTHOTUeunil: eeTb TaK)f(e H rrpOBepKa llpHHUifllOB, Jie>KlUII;HX B lfX oe

HOBe. 

HeKOTOpble HOBbie <lJopMyJibl eo,n;ep~TCR BO Beex rJiaBaX OT 3 )1;0 7, HO Mbl XOTHM 

erren;HaJihno OTMeTHTb rro.n;po6noe H3yqenHe ene.n;eTBHit rrpHnn;Mrra TiaynH )l;JIH paeeeR

HHR TO)f()l;eeTBeHHbiX HYKJIOHOB, rrpe,LJ;CTaBJieHUOe B rJiaBe 7. )Lug nn- (HJIH pp-) pae

CeRHHR 3TH eOOTHOIIIeHHH ,LJ;aHbT Me)f(,LJ;y 3KerrepHMeHT8JiblfbiMH BeJIIf'IHHa\fH, lf3MepeH

HhlMH rrpH e.n;.M. yrnax () H 7f- () HJIH na6opaTopnhlx yrnax ()1 H ()2 (B1 n ()2 eeTh yron 

It paeeeHHHR H yroJI BbiJieTa qaeTHUbl OT,LJ;aqH). Tiepe'IIICJieUbl nee orpaHH'leHHR, B03HH

KaiOm;He rrpH () = 7f /2, T. e. rrpH ()1 = ()2 , KaK H eOOTnomenHH Me>K,LJ;y orrpe.n;enennbiMH 

rrpii TOM >Ke eaMoM yrne nn H np BeJIII'Iuuar.m. 

HMeR B BH,LJ;Y IIHTepee K HYKJIOH-HYKJIOHHhTM B3alfMO,LJ;eitCTBHRM, )l;OCTYIIHOeTb yeKo

pHTe.'IeH na rrpor.te:>KyToqnhre II BhreoKIIe aueprHII II nee no3pacraroruee MerroJih30BanHe 
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rrOJ1SipH30BaUHbiX IlpDTOlllfbiX MHIIIeueil:, Mbl e'IIITaeM, qTO eeil:qae HMeHHO TO BpeMR, 

I<or.n;a neo6xo,LJ;H!.10 .n;aTb HBHOe H nonuoe onneaune nyKJion-uyKnouu-oro ¢opMaJIH3Ma. 

Mhl XOTeJIM 6hr no.n;'lepKHJTh em;e pa3, 'lTO uee co.n;ep)f(auue .n;aunoil: eTaThH eeTh 

MMeuno ¢opMaJIH3M, TO eeTh 'lHCTaH KHHeMaTHKa. KaK TaKOBaR, oua ,LJ;OJI:>KHa 6hiTb 

noJie3HOil: IlpH JII060M HeCJie,LJ;OBaUHH HJKJIOH-HYKJIOHHOrD paeeeHHHH, TeOpeTnqeeKOM 

1-!JIH aKenepnMeHT8JibHOM. B 'laCTnOCTH, ueeh 3TOT ¢opM8JIH3M nMeeT nerroepe.n;eTBeu

noe OTHOIIIeHHe K JII06oil: llOllbTTKe peKOHCTpyKn;MH HYKJIOH-HYKJIOHHhiX aMITJIHTY,LJ; lf3 

,uaHHhiX. 9TO OTHOeiiTeSJ KaK K UpHMOll peKOHCTpyKUifH, JfeliOJib3YIOIIJ;eil: ,LJ;aHHble UOJI

HOrO aKenepnMenTa, KaK 3TO 6hiJIO onpe.n;eneuo Tiy3HKOBhiM, PbiH)l;HHhiM H Cl\.-!OpO,D;HH

CKIIM [6], TaK H )l;JIH peKOHCTpyKn;HH -qepe3 anaJIH3 ¢a3onhrx e.n;nHrou, Teopnro Pe)l;)f(e 

1-!JIH nro6oe nuoe pa3JIO)f(erme. 

B 6JIIJ)f(ail:meM 6y.n;ym;eM Mhl rrnanHpyeM rrpe.n;eTaBHTh ueKOTOpbre pa3MhiUIJieuuR 

1-1 pe3yJibTaTbl rrpHMeHeHifH ,n;auuoro ¢opM8JIIf3Ma )l;JIR peKOHeTpyKUI-IH aMITJIHTY)l;hl 

nyKnou-nyKnouuoro pacceHHHH H3 aKenepHMenTaJihHhiX .n;auuhrx. O.n;noil: H3coeTaBJIH

rom;Hx namero HIITepeea 3,LJ;eeb HBJI.!JeTCSI npo6JieMa O)l;H03Ha'IHOCTH TaKOil: peKOHCTpyK

UHH (6y,LJ;b TO npHMaR peKOHeTpyKII;HR HJIH peKOHeTpyKII;HH qepe3 aH8JIH3 ¢a30BbiX 

c,n;nuron) . .[l;aJihneitmaH rrporpaMMa, n KOTopoit rrpe.n;nonaraeTeH MenOJib30nanue 3Toro 

<PopMaJIIf3Ma, KacaeTeH o.n;uoupeMeuuon peKoncTpyKII;Iflf ,LJ;JIH ucex anepru:li (n yrnou) 

C HellOJib30BaiiHeM pauee pa3BHTOrO pa3JIO)f(eHHH aMllJIHTY,LJ;bl paeeeSIHifR ITO ,LJ;BYM rre

peMeHHbiM (eM. o630p [34] H CTaTbiO [35]). 

Bnaro.u.apHOCTH. Pa6oTa na.u. aToit CTaTbeil: uaqaJiaCh 6naro.n;apH CTHMy.lmpyrorueMy 

rrpe.u.no>KenHro JI.Ban PoeeyMa, KOTopoMy ,Mhi Bbrpa)f(aeM euoro 6naro.n;apuoeTb. Mbi 

rrpH3HaTeJihHhr .[I;.BeeeeTy, M.Boprmm, A.IOno.n;y,f.fpHnxayJy, P.Xeeey, K.Jlemanya, 

JvLM.Mopan'lHKy, H.IIaTepe, t-I.BeAAnreny H .[I;.Beppeuy 3a o6cy)f(.n;enHR ee TeM._ 
. ' . 
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BBe,n;euHe 

qeThipe IlpnJIO:lKeHim, rrpnne,n:eHHhre 3,n:ech, rrpn3nanhl o6'hHCHRTh cyTh pa3JIH'IHhrx 

MeTo,n:on rrpone,n:eHHH aHaJIR3a ,n:auHhiX o6 ynpyroM N N-pacceHHHR n Tex npe,n:CKa3a

HHil, KOTOpbie MO:lKHO 3KCnepHMeHTaJihHO na6mo,n:aTb. CTORT OTMeTRTh, 'ITO <i>eHOMeHo

]!OrR'IeCKOe OIIRCaHRe ,n:aHHhiX, naKOIIJieHHhiX B pe3yJihTaTe MIIOrOJieTHHX 113:\tepeunit, 

eCTh MaKCHMYM TOrO, 'ITO MOryT ,n:aTh 3KCnepHMeHTaTOphl • .IJ:na H3 OIIHCaHIIbiX MeTO

Jl,OB npaKTR'leCKR He 3aBRC.IIT OT :\IO)l.eJieit. C ,n:pyroit CTOpOHhi, )l.HJiaMHKa ynpyroro 

N N-n3am.to,n:eficTBRH ncer,n:a Mo,n:eJihHo-3anncuMa. 

CcwJIKa ua pauee ony6JIHKonaHHhifi N N-<PopMMH3M (nepnaH 'laTh 3TOro rroco-

6rm: rJiaBhl 1- 7 H "3aKJIIO'lenHe") 6y,a.eT o603Jia'laThC.II KaK (BLW) .. fl3 uero.6y.n:yT 

IIOCJie)l.OBaTeJihHO HCII0Jlb30Ballbl T. H. 'leThipeXHJI)l.eKCHbie o603Jia'IeHHH. B TeX CJiy'Ia

HX, KOr,n:a HCII0Jlb3YIOTCSI ony6JIRKOBaillihle pe3yJibTaTbi ,n:pyrHX anTOpOB, HpHBO)l.HTCSI 

COOTBeTCTBYIOIIIHe CChiJIKH na OpHrHHaJihHbie pa60Thl. • 

13 IlpHJIO:lKeHHH Al OIIHCbiBaeTC.II MeTO)l. IIpHMOR peKOHCTpyKIJ;HH a~mJIJfTYJl: pacce

H!Hf.ll (DRSA, rmu "direct reconstruction of the scattering amplitudes"). 3,n:ech MO:lKeT 

6h1Tb HCIIOJib30BaH KaK aHaJIHTH'IeCKRR, TaK H CTaTRCTH'IeCKHR IIO)l.XO)l.. 9KCIIepHMeii

TaJibHhle ,n:annhle )l.OJI:lKHbi 6biTb R3MepeHhi IIpR O)l.HOfi H TOR :lKe 3HeprHH (Ha rrpaKTHKe 

3TO 03Ha'JaeT, 'ITO 3Ha'leHR.II 3Heprnfi OT)l.eJibllbiX R3MepeHHH )l.OJI:lKHbi 6biTb KaK MO:lK

!10 6JIH)Ke .n:pyr K ,n:pyry). YCJIOBRH yrJIOBOH CHMMeTpnu, CBH3biBaiOIIIRe aMII.iiHTYJl:hl 

pacceHIIRH B rrepe)l.HIOIO H 3a)l.IIIOIO IIOJiyc<l>ephr, MOryT 6hiTh HCIIOJih30BaHI>I )l.JISI 'Ilf

CThiX n3ocrrnHOBhiX cocTO.IIHRit c I = 0, 1. CJie,n:onaTeJihHO, rrpn OTCYTCTBRR KaKoil:-Jin6o 

,LJ;pyrofi HH<i>OpMaiJ;RH, np- ,n:aHHbie MOryT 6hiTb paCCMOTpellbl' TOJihKO IIpH HeKOTOpOM 

O,LJ;HOM yrJie. 

B IlpnJIO)KeHRR A2 <PeliOMe!IOJIOrRH ynpyroro pacceSIIIR.II (<l>opMaJIH3M (BLW]) 
cpammnaeTcH c TaK Ha3bmaeMofi "yrrpyroii rrepe3apH,n:Koii" . .IJ:anee TaM *e rroKa3a

uo, KaK yCJIOBHH yrJIOBOH CHMMeTpnn :MO)I{IfO a,n:arrTnponaTI> K auaJIH3Y CMemarmoro 

H30CIIHUOBOrO COCTOHUHSI. 

B IlpHJIO)Kermn A3 orrncalf nau6onee na)KHJ>Ifi <PenoMenoJiorn•IeCKHfi uncTpyMeriT: 

anaJIH3 <Pa30Bb!X c,n:nuron (PSA). Pa3JIO)I{CIIHH mmapuaHTHhiX a:miJIHTYJl: paccemmH B 

pH,n: no uonnuo:-.mM Jie)KaH.n:pa u <Pa3oni>IM C,LJ;nnraM ~>J;aHhi n .HBHO:It nn,n:e. Ounca.IIhi npo

u,e.n:yphl yqeTa BKJia)l.OB O)l.HOilHOHUOrO o6Meua (OPE), 3JieKTpOMariiiiTHhiX norrpanoK 

II neyrrpyrOCTCfi . .IJ:auo 06'hHCHCHlfC OCHO!l "S-MaTpU'IUOro" • H "K-MaTpU'IiiOro" IIO)l.

XO)l.OB. 06cy>K,n:aiOTCH "ue 3aBHC.IIIIIRe OT 3Heprrm" (FE) R "3aBRC.IIIIIRe OT 3Heprnn" 

(ED) <l>a30Bhie aHaJIR3bi • 

.ll:JIH noJIUOThi o6cy)l{)l.eunH n IlpnJIO)I{eHnn A4 ,n:aeTCH oqepK rroTenu;naJihllhiX Mo,n:e

Jreit If npe)l.CJIO!l RX UpRMCHH:IIOCTII. 9TOT MCTO)l. )l.OJI)I{efl paCCMaTpHBaThCH KaK MO)l.eJII>-

1103aBHCliMhill:; BpH)l. JIH ll03M0)1{H0 a,n:aiiTHpOBaTh erO )l..'IH IIpHMOrO aHaJIH3a ,n:aHHhiX. 

C ,n:pyrofi CTOpOHhi, on ,n:aeT O'ICHb xoponme pe3y.TihTaThi npn 3neprriHX nn)l{e nopo

ra pO)I()l.eHHH IIHOHQB. 8 HCKOTOpbiX CJIY'IaHX y,n:aeTCSI. )l.OCTH'lb )l.a)Ke 6oJiee TO'IIIhiX 

Pe3yJihTaTon, '!eM n PSA. 
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A 1: I1 p.HMa51 peKOHCTpyK~H51 

aMTIJIHTY,LJ;hl 

1. "IloJIHbiR" H ",ll.OCTaTO'IHbiR" OUbiTbl 

KaK ynoMimaJioeh B pa6oTe (BLW] [1] (eM. nepnyiO 'laeTh <:JToro I1oeo6Ha), em:e B 

1957 ro;zy Ily3HKOB, PhiH)J,HH H CMopo)J.HHeKHii: [2] nneJIH rronaTHe "nMHOZO ont>1ma" 

)J,JIH eJiy'laH N N-paeeeaHHH., Ouu rrpe)J.JIO:lKHJIH neKOTOpblii: na6op H3MepHeMhiX Ha-

6JIIO)J,aeMhiX, KOTOpblfi OHM Ha3BaJIH "nOJIHbiM", eeJIH eo)J,ep:lKam;aHeH B HeM HH<l>Op

Mai~HH )J,OeTaTO'IHa )J,JIH llOJIHOrO H ue•IepllbiBaiOm;ero OIIHeaHHH ynpyroro paeeeHHHH 

B3aHMO)J,efieTJlyiOm;HX qaeTHl\. C TaKHM na6opOM KOIITpaCTHpyeT O)J,HHO'IHall ua6JIIO

)J,aeMaH neJIIPIHIIa, KOTOpaH )J,aeT O'leHb orpaliH'leiiHYIO H enenH<l>H'leeKyiO HH<l>OpMa-

1\HlO o paeeMaTpHnaeMOM nponeeee. IIoeKOJihKY TeopeTHKH nneJIH npe,n:eTaBJienHe o i 

MaTpHl\e paeeeHIIHII, KOTOpaH, K eO:lKaJieHHIO, He)J,OeTyrrua IlpHMOMY H3MepeUHIO, HO 

y,n:o6ua )J,JIH OITHeaHHSI B3aHMO)J,eii:eTBHH BO Beex ero aeneKTaX, "nOJIHbiii: OIIbiT" MO?KHO 

orrpe)J,eJIHTb KaK TaKOfi na6op na6JIIO)J,aeMhiX, KOTOpblii: 1103BOJIIIeT nponeeTH IIOJIHYIO 

ll O)J,H03Ha'IHYIO peKOHeTpyKII.HIO MaTpHI,\hl paeeeHHHSI (3j. ",Li,oeTaTO'IHbiM" ua6opOM 

na6JIIO)J,aeMhiX (" )J,OeTaTO'IHbiM" OIIbiTOM) MO:lKHO Ha3BaTb TaKOH na6op 3KerrepuMeH

TaJibHO H3MepHeMhlX BeJIHqHH, KOTOpbiH H03BOJISieT nponeCTH IlpHMYIO peKOHeTpyKI,\liiO 

MaTpHI~hi paeeeanua (DRSA nm1 "IIPAP"- rrpHMYIO peKoneTpyKII.HIO aMnJIHTY)J.hl pae

eeHima), HO e T. H. auc'll:pemH'bWU ueoattoatta'lHOCffi.RMU. DRSA HBJISICTell JJOJII!OeThlO 

MO)J,CJibliQ-He3aBHeHMhiM aHaJili30M, neiiOJih3yiom;HM TOJibKO <l>YII)J,aMeHTaJihHhiC 3aKo

Hbl eoxpaHCHHSI. C ,n:pyroil: eTOpGHbl, rQBOpSI 6yKBaJibHO, TaKOH anaJIH3 MO:lKeT 6hiTb 

llpHMeHeH TOJlbKO rrpH O)J,HOM yrJie paeeeHHllSI H O)J,HOii: aneprllH. 

AMnJIHTY)J.hl paeeeanHH MO:lKHO 3anHeaTb Jin6o 'lepe3 HX nem:eeTneunhle H MHHMbie 

•raeTn, Jin6o 'lepe3 neJin'lnHhl n T. n. "rroJIHpnoM" npe,n:eTanJiennn 

11 A= IAI exp(i7JA) , 

r.n:e A = a, b, c, d, e H 1JA eeTh <l>a3a aMHJillTY)J,hi A (eM. TaK:lKe IlpHJIO:lKenne A2). 

f1oeKOJihKY ua6JIIO)J,aeMhie ( KpO:-de "neJillqHII OJITHqeeKOH TeopeMhi", orrpe)J,eJieHHhiX 

ypanuenueM (3.11) B pa60Te (BLW]) HBJISIIOTell 6HJillHeiiHbiMH <l>YHKII.HIIMH aMHJlllTY)J, 

paeeeHHHH, rrpn JII06oM yrJie paeeemm11 ocTaeTCH ueorrpe)J.eJreuuoli o.n:na o6m;ast <l>a3a, 
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BXO)J.HII~aSI MHO:lKHTeJie:~<t BO BCe aMITJIHT)')J,bl. 9TO HBHO BH)J,HO B Bbipa:lKeHHSIX )J,JIH na-

6JIIO)J,ae:~<!biX, rrpHne,n:ennhiX B pa60Te (BLW). J1I06oe H3MenenHe o6m:eii: <l>a3bi ne 6y,n:eT 

nli)J,HO B na6JIIO)J,aeMbiX, TaK KaK aMHJIHTY)J,hl Beer,n:a IlOHBJISIIOTCSI KaK KBa)J,paT MO)JY

JIH npOH3Be)J,eHHH KOMllJieKCHQ-COrrpH:lKellllbiX BeJIHqHH. 9TH aMHJIHTY)J,hl, KpOMe TOrO, 

MO:lKIIO e'IHTaTb OTHOCHTeJibllbiMH IIO OTHOIIIeHHIO K O)J,HOH H3 (Bbi6paUHbiX 3apanee) 

aem;eCTBeHJJbiX HJill MHHMbiX qaCTeil: a, b, C, d, e. 3,n:eCb Mbl Bhl6epeM aMrrJIHTY)JY e KaK 

qnCTO nem:ecrnennyiO u noJio:lKuTeJihHyiO. TaKofi Bbi6op rrpOH3BOJien, uo onpan.n:an TeM 

<l>aKTOM, qTQ a6COJIIOTHOe 3HaqenHe e OCTaeTCH 6QJihlllHM rrpH BCeX yrJiaX paceeHHHSI B 

o6.>IaeTH aueprHii, r.n:e rrpone)J,eHhi H3MepenHH. 

,LI,onOJihHO JierKo rrpe)J.CTaBHTh rrpocroe aHaJinTuqecKoe DRSA-BI>JqucJienue, KaK 6bi

JIO llOKa3aHO B pa6oTe [4]. Ilpe,n:rrOJIO:lKHM Ha BpeMH, 'ITO JII06aH "'lllCTaa" na6JIIO)J,ae

MaH MO:lKeT 6b!Tb ll3Mepena (nee paBJJO, B KaKOH CHCTeMe OTC'IElTa: II.eHTpa MaC~ llJIH 

Jia6opaTopHofi) R He 6y)J.eM Y'~HThiBaTh aKerrepnMeHTaJihHI>Ie rrorpeumoCTR: 

e2 = u (1- Cmmmm) , 

r,n:e 1J = dufd0. KaK B (BLWj. ,Li,JIH ,n:pyrnx aMITJillTY)J, Hl\teeM 

e Rea= u Pnooo , -e Ima = IJ Cmtmm, 

e Reb= (J CmnmO, -e Imb = (J DtomO I 

e Rec = (J CnmmO' -e Imc = (J KotmO I 

e Red= (J CmmnO' -e Imd = (J ClmOO. 

(Al.l) 

(A1.2) 

(A1.3) 

(A1.4) 

(A1.5) 

KaK BH)J,HO H3 Ta6JI. 3.2 B (BLW), Ka:lK)J,aH 'u3 KO:\t6nnanuil: aMITJlllTY)J, B COOTHOIIIe

liHHX (A1.2)-(A1.5) npe,n:eTaBJIHeT 8 3KBHBaJieHTIIbJX 'lHCThiX na6mo,n:aeMbiX KaK )J,JIH 

BCIIWeTBeiiHbiX, TaK H )J,JISI MliHMbiX 'laCTeli H 2 IIa6JIIO)J,aeMbJe )J,JIH COOTIIOIIICHllH (A 1.1). 
Bu.n:no, qTo Bhi6op neo6xo,n:uMhiX H3MepeuHfi neJinK. 

HaxO:lK)J,e!lne MHIIHMaJibnoro •mcJia ua6JIIO,n:aeMhiX, neo6xO)J,HMbiX )J,JIH Toro, 'IT06bl 

11a6op 6hJJI noJiou, rrpe)J.eTaBJIHeT eo6ofr eKopee MaTeMaTnqeeKylo, •IeM <Pu3nqecKyto 

3a)J,a•Iy. roJib)J,UITefrn, MopaB'IHK ll BperMaH (1974 r.) [5] rrpe)J,CTaBHJIH ee pemeune H 

JJ,aJill BbiBO)J, nnomm o6m:ero npe,n:nHcanua )J,JIH <l>op:-.tyJIHpOBKll neo6xo,n:HMhiX n )J,OCTa

TO'IHbTX yCJIOBHH )J,JIH CJIY'IaH peaKJJ;HH MC:lK)JY qaeTHI~aMn e rrpOH3BOJibHbl~1 CTIHI!OM. 

CorJiaeno yrnep:lK,n:euuiO aTux anTopon, eCJIH N ecTb 'IHCJIO ne3aBHCHMh!X aMrrJinTy)J., 

TO TIOJIIIOC 3HaJJUe MaTplH~l>l paeCCSII!ll51 C TOqHoeTbiO )J,O 06II~efi <l>a3I>I Tpc6yeT TOJib

KO (2N- 1) Bell\CeTBCllllbiX <l>YHKII.llH 1 TIOCKOJibKY cyn~eCTByeT (N- 1)2 
He3aBHCHMbiX 

ueJmneiinbiX coonwmeuuii Me:lK)JY na6opo:M N
2 

na6JIIO,n:aeMhiX. KaK TOJihKO BbJTIO.'!

nenhi (2N- 1) n3Mepe11nfr, aMnJIHT)')J.bl MmKno n3nJieqb 1 pemaH na6op H3 (2N- 1) 
CB513aJUJbiX KBa)J,paTHbiX ypanneunfi ,ll,J!Sl aMTIJIUTy)J,. 

B IIpHIII,\Iille, 3TO U CCTh IIO.'IJiafl CXC~ia )1,..'111 Onpe,li.CJICIIHH l\TaTplU~bl paeCC51Hilll H3 

:'!KenepnMeuTa [3j.' Ee npHMenemte K CJiyqaJO pp-paeceHHHH, KOTopoe omtchmaeTeH rrH

Tb!O KmmJieKCHbiMH aMUJII!Ty)J,aMHI 03Ha'!aeT, 'ITO 25 JIHI!CHI!O He3aBliCHMbiX 3KCTie

Pii~fCHTa.'lbllbiX ll3l\tepeHHH CBH3aHbl 16 He3aBHeHMbn!H KBa,n:paTUbJMII ypaBHCHIISI:\fH. 
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Ilo3TOMY )J.JUI H3BJie'leHIUI aMUJIHTJ,!\ ,1\0CTaTO'IHO peaJIH30BaTb MHHHMaJibHbiJ1 Ha6op 

HJ ,neBHTH XOpOWO Bbi6paHHblX H3MepeHHJ1. · 

O,nuaKo ua ,neJie nee 3TO npe,neTaBJIHeT, B eHJibHOfi eTeneuH, TOJibKO aKa,ne!l.mqeeKHll 

HHTepec, llOCKOJlbKY Bbl60p 11a6opa Ha6mo,naeMhlX, KOTOpblit MO)KHO ,nefiCTBH~eJibHO H3-

MCpHTb, ,nmcryeTeH JCJIOBHSIMH 3KenepHMCHTa, TO eCTb KaqeCTBOM H u_a,ne)KHOfi ,nocryn

HOCTblO CTIHHOBblX OpHCHTaD;Hfi nyqi<:a H MHWeHH, B03M0)KH0CTbiO aHaJIH3a pa3JIHqHbiX 

KOMTIOHCHT llOJISipH3aD;Hii qaCTHD; B KOHC'IHOM COCTOHHHH H T. · ,n. Bonee TOrO, 3Kene

pHMeHThl BblllOJJHSIIOTCH B Jia6opaTOpHOfi CHCTeMe, HO aHaJIHTHqeeKHe pemeHHH .nJJH 

aMUJJHTY,!\ onpe,neJIHIOTCH B eHeTeMe n;eHTpa Mace. 3TO rro,np8.3yMeBaeT peJIHTHBHCT

eKHe rrpeo6pa30BaHHH, KOTOphle TO)Ke yCJIO)KHSIIOT ,1\eJIO. Ilo 3THM rrpJJqJJHaM qHCJIO 

Ha6mo,naeMhlX ,li;OJI)KHO 6hlTb 60JihWe, qeM (2N- 1). 

AuaJIHTJJqeeKaH DR.SA paccMaTpHBanaeb TaK)Ke B pa6oTax [6, 7). B pa6oTe [7J 
6hlJIO ane,neuo onpe,neneuHe "onTHMaJibHoro" Ha6opa ,nna N N -paeeeaHHH. 3TOT onTH

MaJihHhlii Ha6op eo.n;ep)KHT TOJibKO ,nH!J>!J>epeHD;HaJibHhle ee'leHHH, TIOJIHpH3aiJ;HH HJIH 

aeHMMeTpHH H ,1\BJXKOMUOHeHTHhle TeH30pbi. 0HH 06Cy)K,l\aJIHeh e TOqKH 3peHHH HX 

",noeTaToqHOCTH" HJIH llOJIHOThl (eM. Bblrue). IlOBTOpHM 3,1\eCb, B Ka'leCTBe npHMepa, 

BblqHCJieHHH H3 eTaTbH [7). . 

lh Ta6n. 3.2 B [BLW) HMeeM: 

u = (1al
2 + IW + lcl

2 + ldl
2 + lel

2
) /2, uP = Rea*e, 

u Cnnoo = (1al
2

- lbl
2 

- lcl
2 + ldl

2 + lel
2

) /2 , 

u Dnana = (1al
2 + IW -:- lcl

2 
- ldl

2 + lel
2

) /2 , 

u KonnO = (1al
2 

- IW + lcl
2 

- ldl
2 + lel

2
) /2 , 

H HeKOTOpbie KOM6HHaD;HH ,1\BJXKOMllOHeHTHblX TeH30pOB: 

u n+ = u ( Dm0mo + Dmco) /2 = Re a*b , 

u n- = u ( Dmamo- Dmm) /2 = Re c*d, 

u D0 = u Dcoma = Im b*e , 

u K+ = u ( KommO + Kmco) /2 = Re a*b, 

u K- = u ( Kamma- Kcruo) /2 = Re c*d, 

u K 0 = u K01ma = Im c*e , 

u c+ = u ( Cmmoo- Cuoo) /2 = Rea*d, 

(A1.6) 

(AL7) 

(ALB) 

(A1.9) • 

(Al.lO) 

(Al.ll) 

II: 
I 

'l 
I
:· .. I! 

•\ 

f I '~,j,'' 

-r\ 
'i.'1 

l 
'l 
l 
d 
·1.) 

.J , .. 
'• 

·I· 

1 
J 
I 

u c- = u ( Cmmoo + Cuoo) /2 = Re c*d, 

u C0 = u C1mro = Im d*e . 

(A1.12) 

Bo3bMeM npHMep nonHoro onTHMaJihHoro Ha6opa 10 3KenepHMeHTOB, a HMeHHo: 

CT, P, c+, c-, C0
, n+, n-. D0

, CnnOOo DnOnO 0 (A1.13) 

3TOT ua6op o6ecneqHBaeT Haxo)K)J;eHH!l 3HaqeHHii 

Re a*b, Re a*d, Re a*e , Re b*c, Re c*d, Im b*e, Jm d*e , (A1.14a) 

(1W + lcl
2

) , (1cl
2 + ldl

2
) H (1al

2 + ldl
2 + lel

2
) • (A1.14b) 

QqenH,nHO, 'ITO Ha6op 3KCrrepH!.1eHTOn 6y,neT llOJJHbiM, eCJIH nee N2 JIHHCiiHO HC3a

BHCHMblX H3MepHMbiX Ha6JJIO,naeMblX H3 Ta6JI. 3.2 n (BLW) MO)KHO BblqHCJIHTb Ha 

OCHOBe 3TOrO Ha6opa. 3TOT !J>aKT HaHJIJqiiiHM o6pa30M MO)KHQ rrpo,neMOHeTpHpOBaTh 

(eM. pa60TJ [Bj), HellOJib3JH HeKOTOphle TO)K,ll;eeTBa, errpane,nnnnhle .nJJH npOH3nOJibHblX 

KOMTIJieKCHblX 'lHeeJI X, y, Z H U: 

Reu•x · Imy*z +.Reu*y · Imz*x- Reu*z · Imx*y = 0, 

Reu*x · Imy*z- Reu*y · Rez*x- Imu*z · Imx*y = 0, 

Imu*x · Imy*z + Imu*y · Imz*x + Imu*z · Imx*y = 0, 

lxl
2 

• Rey*z = +Rex*y · Rex*z + Imx*y · Imx*z, 

lxl2 
• Imy*z = -Imx*y. Rex*z + Rex*y. Imx*z, 

lxl2 ·IYI2 = (Rex*y)2 = (Imx*y)2 
• 

IlpHMeHHM 3TH TO)K)J;ecTna ,nna DRSA yrrpyroro N N-paeceHHHH. 

(A1.15) 

(A1.16) 

(A1.17) 

(Al.lB) 

(A1.19) 

(A1.20) 

• IIprrMeHSIH !J>op~v~yny (AL15) .nJJH a, b, d, e u c, b, d, e rronyqaeM Im b*d H Re c*e. 
• IlpHMeHSIH !J>opMyny (AL16) .nJJH b,a,c,d rronyqaeM Im a*c. 
• IlpHMeHnn cnona !J>opMyJihi (A1.16) n (A1.15), rronyqaeM Im a*b, Im a*d, Im a•e, 
Im b*c, Im c*e, Im c*d n Re a*c, nhip3)KeHHhie qepe3 Re b*e Re d*c n Re b*d. 

• Hcrronh3ya ".n;rraronaJihHble" ua6mo,naeMhle <i>opMyn (AI.7), (ALB), (AI.9) H cooT

uomeHHH (ALlB), (AL19), rronyqaeM ocTanmHecSI nenuqrrnhl Re b*c, Re d*e H Re a* c. 

• Mo.nynn lal2
, IW, lcl2 , ldl2 H leJZ rronyqaeM, Herronh3YH !J>opMyJJhl (Al.lB), (Aq9) H 

(AL20). 

HTaK, rrony•IeHbl nee 25 mmefino HroanncnMhiX 6rrnrruelhfhiX BeJIHqrrn, Bblpa"'eu

HbiX 4epe3 Ha6op H3MepHeMhiX na6nro,nae:-.thlx (Al.l3). 3,nech neo6xo,nnMo c,neJiaTh 

!IeCKOJibKO 3aMe'laHilfi. 

1. CyiiJ;eCTBYeT ,neBSITb na6opon Tnna (A1.13). B caMOM .n;ene: Cnnoo nnn Dn0no MO)K

HO 3aMeHHTb Ha KOnnO· TpHnJieTbi c+, c-, co HJIH n+, n-, D 0 MO)KHQ 3aMeiiHTb 

Ha K+,K-,K0 • 
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2. Bhlpa>KeHIUI oT (A1.10) 11.0 (A1.13) JamiCaHbl B c.~.M. 0/1,HaKo BeJIH'IHIIhl B na-

6opaTOpHofi CHCTeMe CabOO. Daocll H Kooco HBJHIIOTCH JIHH:efiHhiMH KOM6HHa~HHMH 
c+,c-,co, n+,n-, D0 If K+,K-, ~. COOTBeTCTBeHIIO (eM. rnaay 5 B [BLW]). 
Cne)l;oBaTeJihHO, 10 onhtTOB (A1.13) a c.~.M. cooTBeTCTBYIOT 10 'IHCThiM na6mo

,ii,aeMbtM B Jia6opaTOpHOfi CHCTeMe. 

3. ,Una DRSA ne HBJIHIOTCHHeo6xo/1,HMbiMH 6onee CJIO>KHhle OttbiThl, BKJIIO'IaJO~He 

2 H 4 CttHHOBbtX HH/1,eKCa. C /1,pyroil: CTOpOHbl, B 3aBHCHMOCTH OT /1,aHHOfi 3KCTiepH

MeHTaJibHOfi yCTaHOBKH, H3MepeHIHI HeKOTOpbiX /l.BJXKOMJtOHeHTHbiX TeH30pHbiX 

BeJIH'IHII MOryT 0Ka3aTbCH 6onee CJIQ)KJiblMH, 'leM 0Itpe/1,eJieHHe TpeXHII/1,eKCIIblX 

Ha6JIIO)l;aeMhiX. 

4. Cy~ecTaytoT oco6eHno neno/1,X0/1.H~ue Ha6opbt 17 H3MepenHif, KOTOphte ne HBJIH

IOTCH /1,0CTaTO'IIUJMH /1,JISI Orrpe)l;eJieHHSI aMitJIHTJ/1. a, b, C, d, e. 

,UoBOJibHO oqeBH/l.HO, 'ITO allanHTH'IeCKaH DRSA ll.JIH Bcex cy~eCTBYIO~Hx · a:111JtJIH~ 

TY/1. rrpe/1,CTaBJIHeT co6on cBoero po11.a urpy, B KOTopyiO /1,0Jiro HrpaiOT MHOrue H3BecT

Hhte ¢H3HKH, pa6oTa!o~ne B 3TOli o6Ji:acTn. CnucoK orry6nnKOBa:HHhiX no 3TOMY Ha

rrpa:BJiemno pa6oT aeChMa o6umpHhlfi. TeM ne Menee,. qacrnhle DRSA, r11.e JieKOTOphte 

aMTIJIHTJ/1,bl OCTalOTCSI HeOnpe)l;eJieHHhlMH HJIH He0/1,H03Ha'!HbiMH, 6hiCTp0 HaiiiJIH CBOe 

orrpaB/1,aHHe. B 3TOM cnyqae aHaJIHTH'IeCKHil TIO/l.X0/1. no3BOJIHJI onpe/1,eJIHTb HeKOTOpbte 

)KeJiaTeJibHhte xapaKTepucTHKH OT/1,eJihHbiX aMitJIHTY/1. u 3TH qacTHhte DRSA rroMorJIH 

a¢¢eKTHBHO rrnanupoBaTb onTHMaJibHhie aKcnepHMeiiTht. B Ka'IeCTBe npHMepa MO)KHO 

yrroMxnyT~> CHHH-CHHrneTHbie HJIH crrnn-TpHnJieTnhle BKJia/1,bl B N N-B3aHM0/1,eilcTaHe, 

peKOHCTpyK~HIO HHTepeCHbiX qacTeli MaTpll~hl paccemnm (ae~eCTBeHHhle HJIH MHH

Mble qacTH, aMnJIHTY/l.bi c )l;aHnoit cnupaJihHOCThiO HJIH "TpancBepCHTH"), DRSA npH 

CIIeiJ:H¢H'IeCKHX yrJiaX pacceHHHH (''anepe/1,", "naJa/1,", II0/1, 90cM) H T. /1,. 

2. CTaTHCTH'IeCKHH aJiaJIH3 · DRSA 

B.ananHTH'IeCKOM DRSA ue npHHHMaiOTC.H ao mm~muue ¢aKTH'IeCKHe 'IHCJieJJIIbte. 

3Ha"!eHHH Ha6JII0/1,aeMbiX 11 HX3KcnepHMeHTaJibHble rrorpeiiiHOCTH. Ho B yrrpyroM PP". 
paccemmu, nanpnMep, u3MepeHHhte na6JII0/1,ae:-.Ihie co)l;ep)KaT a ce6e aJieKTpoMarnHT

Hhie a¢¢eKThi, KOTOph!e neo6X0/1,HMO TaK)Ke J'l€CTh IIpH H3BJieqeJ!HH aMIIJlHTJ/1. (eM. 

IlpnJIO)KeHHe A3). · 

,[LJIH TOrO 'lT,06hi J'l€CTh norpeiiiHOCTH H3:11epeHHR, 06hi'llJO npuMeHHIOTCH CTaTHCTH

'IeCKIIe MeT0/1,hl. Onm6KH aMnJIHTY/1. ::iaBHCHT OT aKcnepHMenTaJihHbiX norpeiiinocreli H 

yMeHbiiiatOTCH rrpH yBeJIH'IenuH cTerrenH rrepe(mpe/1,eJiennoCTH na6JII0/1,aeMbiX. 

B craTUCTu'leCKOM DRSA-aHanu3e naxo)l;.HT peiiienue cooTnoiiienHil /l.JlH./l.OCTJIIHbiX 

'IHCThiX H3MepeHnbiX Ha6JII0/1,aeMbiX u /l.JlH :Hx KOM6uuau:uii O/l.HOBpeMenno. Ha6mo)l;a

e:~lhie 3R/1,aiOTCH H.enocpe/1,CTBenno a na6opaTopnoli CHCTeMe [BLW). HeH3BCCTHbiMu 

napa:~leTpal\IH HBJIHIOTCSI Be~eCTBeHHhle H :"VIHHMbJe 'laCTII a:VIIIJIIITJ/1,. 11x ll0/1,rOHKa K 

,!l;amlbll\·1 MeT0/1,0:\1 nau:vtenhiiiiiX KBa/1,paToB npH:vteH.HeTCH npu Tex yrnax pacce.snux, 

rrpu KOT~pbtX cy~ecTBJIOT rro.'!Hble na6opbi na6JII0/1,ae:~tbiX. Ha 3TH. yrJiht o6hi'lHO na

KJia)l;hiBaJOTCH ll3Mepelii.JH C nepepaccemmeM, ,U..'IH KOTOpi>IX CTaTHCTIIKa C06biTHH 06hPl-
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no neBenuKa no cpaBnenuiO c /1,aHHbiMH no 0/1,IIOKpaTHOMY paccexnHIO. TaK KaK pa3Hble 

H3MepeHHH o6bi'IHO BbiTIOJIHeHIJ npu cnerKa pa3JIR'Ia:IO~HXCH yrJiax, Ka>K/1,aH Ha6mo

/1.aeMaH HIITepnOJI!IpJeTCH B ne60JibiiiOfi OKpeCTHOCTlf IIO yrny paCceHHHH. 

IloncK pemenHH na'lHifaeTCH co cny'lalinoro Bbl6opa 9 aMIIJiliTY/1.· Ecnu HeKOTopoe 

pemenne OKa3btBaeTCH npHeMJieMhiM, npon:e/l.Ypa noBTOpHeTCH. Ka>K/1,oe HOBoe pemenne 

/l.OJI)KHO 6b1Th npR3Ha:HO npReMJieMhiil.i, ecJIR oHo OTJiu'laeTCH ( c Y'~eTOM norpenmoCTeil 

aMIIJIRTY/1.) OT 0/1,11oro R3 y>Ke npRHHTm. TaKoil noucK noaropxeTcH·HeCKOJihKO cOTeH · 

pa3 /1,0 ·TeX nop, IIOKa He CTaHJT IIOSIBJI.!):TbCSI TOJibKO 06Hapy)KeHHble {>aHEJe peiiieHHH. 

HeKoTOpble pe~e~RH m16o o6Hapy)KHBaiOT Heonpe/l.e~eHHO.CTR ±1S0° ll.JIH oTno

cuTeJihllhtx ¢aJ BCex aMITJIRTy/1,, .JIH60 )l;alOT ¢RKCHpOBaHHI.Je 3Ha<i:eHRSI aMUJIHTY/1.bl 

(HanpRMep, e,cM. Bhlme), TO)i{/l.ecr~eHno paBnble HYJIIO. Ta:Kue pemenux, naJbiBaeMhie 

"TpHBHMbHhlMH", /l.OJI>KHbi 6h1Th y/1,anenhi. · 

OcTaBmRecx HeTpHBRaJihllbte pemeHHH MOryT 6b1Tb OTo6paubl )l;anee Ha 6a3e Kpu

TepHH x2, ~CJIH 3Ha'lel!HH x2 ua CTeneH'i. CB060/1,bl (DoF) CHJibHO P~JIH'IalOTCH. Bee 

Tp~BRaJibHhle pemeHHH 06bi'IIIO HMelOT 60JibllJHe 3Ha'lel!RH X2
• 

qT06bl HCKJIIO'IRTb "llJIOXHe" pe~eHHH, MO)KJIO HCllOJib30BaTh "HeCTaTHCT!f'IeCKlfe" 

KpHTepHH •. , 0HR MoryT 6b1Th pa3JIR'lHhiMR B DRSA-aHaJIH3ax pp- H np
B3aRM0/1,eliCTBRit. 9TH KpRTepRH KaCalOTCH a>vlllJIHTy/1,, KOTOpbie JierKO MOryT 6h1Th Bbl

pR)KeHhl 'lepe3 Ha6JII0/1,aeMbte npH RCllOJib30BaJIIIH, HanpHMep, pe3JJibTaTOB "!aCTHbiX 

aHaJIHTH'IeCKRX DRSA. 

· B Ka'IeCTBe npHMepa, npRBe/1,eM ·ueKoTophle HeCTaTHCTR'IeCKRe KpHTepHH, Hcnonb-

3oBaHnhte B aHaJIR3e DRSA [9] np-/1,annblx. 0/l.HH H3 MO~HhiX KpRTepHeB ocnoBan Ha 

xopomo R3BeCTHOli ¢opMe yrnoBofi 3aBucHMOCTR aHaJIR3RpyiO~en cnoco6uocTn AoonO· 
YliHIO)KaH Aoono Ha nono>KRTeJihiiO onpe/1,eJieHnoe 11.H¢¢epeH~HaJihuoe ce'lenHe, rrony

~IaeM y>Ke HMeiO~IOCH B pacnopH>KeHHH 3KCnepRMeHTaJibliJ10 BeJIH'IHIIJ, Bhtpa)KeliHJIO 

TOJibKO qepe3 /1,Be aMllJIHTJ/1,bl (Ta6JI. 3.2 B (BLW]). 11cnOJib3JH npe/1,CTaBJieHHe aMitJIH

TJ/1,bl qepe3 ee a6COJI10TfiJ10 BeJIH'IHHY II ¢a3y, HMeeM /1,JIH e 

e=Re,e=iei~O, Im,e=O, ¢.=0, (A1.21) 

H llOJiyqaeM COOTHOIIIeHRe 

aAoono = iai e cos¢a . (A1.22) 

0'leBH/1,IIO, 'ITO /l.JlH ¢nKCRponannoro 3Ha'IeHRH d Aoano yMeHhmeHHe Rea Tpe6yeT yae

nnqenHH e R uao6opOT. 

Ha6mo/1,aeMax Aoano(np) panna HYJIIO npR 0° u npH 180° c.~.M:. IlpH npoMe)KyTO'l

llhiX 3HepmHX Olla HMeeT IIIRpOKHli MaKCHl\~YM BOKpyr (JCM = 30° R IIIHpOKHH MlfiiHMJM 

npH OcM = 110°. 0Ha nepexo/1,RT 'Iepe3 ny.'lh OT noJIO>KRTeJihHOro K OTpuu:aTeJibfiOl\:y 

Juaq(maxMu npR OcM ""70° u OTHOCHTeJihnofi ¢a3e c/Ja(np) = ±90°, Tor11.a KaK la(np )I 
H e(np) OCTaJOTCH nenyJTeBhiMR. 06a HIITepBaJia ¢a3bl c/Ja . 

0° :S ifJa :S 180° H 180° :S c/Ja :S 360° . (A1.23) 
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O,lr;JIHaKOBO ,li.OllYCTHMbi npH O,li.HOft H TOft )KC 3HCprHH H O,li.HOM H TOM )Ke 3Ha•JeHHH yrJia 

pacceHHHH. 

)J;aJibHeftwee-pacCMOTpeHHe MO)Ker OKa3aTbCH pa3HbiM llpH paCCMOTpeHHH HHTep
BaJia ymos pacceHJIHH. ECJIH npH O,li.HOM BcM 6y.u.eT Haft,ll.eHa <Pa3a if>a(np) B O,li.HOM 

- H3 HliTepBaJIOB (A1.23), a npH COCC,li.HCM 3Ha'leHHH yrJia paCCCHHHH Ta )KC_CaMaH <l>a3a 
OKa)KeTCH B ,lJ.pyroM_HUTepBane, TO O'leBH,li.HO, 'ITO.Me)K,ll.y 3THMH ,li.BYMH 3Ha'I.CHHHMH 
yrnoB pacceHHHH <Pa3a if>a nepeceKaeT JIH6o 0°, JIH6o 180°. B TaKHX TO'IKaX cosif>a pa
BeH JIHfio-+1, JIHfiO -1 COOTBeTCTBeHHO, H BeJIH'IHHa Aoano(np) ,li.OCTHraeT JIOKaJibHOro 
aKCTpeMyMa (npe.u.nonaraeM, 'ITO lal He OTJIH'IHbi OT HYJIH). HHKaKHX no.u.o6HbiX oco-
6eHHOCTeft B yrJIOBOft 3aBHCHMOCTH aHaJIH3Hpyrom;eft CITOCOfiHOCTH B • np pacceHHHH ,!1.0 
cHx nop HHKor.u.a He Ha6mo.u.anoc&. OTCro.u.a CJie.u.yeT,. 'ITO iuo6oe 3Ha'!eHHe if>a B pac
CMaTpmiaeMoM yrJIOBOM ,li.Haiia30He pacCeHHHH MO)KeT BapbHpOBaTbCH BHYTPH O,li.HOrO, 
H TOJibKO O,li.HOrO H3 HHTepBaJIOB (A1.23). , - -

.[(pyroft npHMCp HCCTaTHCTH'IOCKHX KpHTepHCB CJie.u.yeT H3 TafiJI. 3.3 B (BLW), 
'r.u.e npHBC,ll.eHbi npOCTbJe COOTHOIIIeiiHH Me)K,lJ.Y lbl2 , lcl2 , ldl2 H Hafi.iJIO,ll.aCMbiMH 
u, Dnano, Kanna. Aoonn· BoJibiiiOe pa3JIH'IHC Me)K.u.y a6cOJIIOTHbiMH 3Ha'!eHHHMH aMIIJIH
TY.U. KaKOrO-JIHfiO pemeHHH H TCMH )KC 3Ha'ICHHHMH, llOJIY'ICHHbiMH H3 HafiJIIO,ll.aeMbiX no 
<t>opMyJiaM TafiJI. 3.3, HBJIHeTCH yKa3aHHCM Ha HCOfiXO,li.HMOCTb OTfipOCHTb IIpOBCpHCMOC 
pemeHHe. 

OrrHCaHHhifi 3,li.CCh no.u.xo.u. K cTaTHCTH'IOCKOMY DRSA-aHaJIH3Y He HBJIHCTCH e,li.HH
CTBeHHbiM. 0TMeTHM O,li.HH a<t><t>eKTHBHblii H Ha,li.C)KHbift MeTO,ll., npe/vlo*eiiH&Iii Becce 
H .u.p. (1978 r.) B pa6oTax (10, 3). 9ToT Mero.u. 6hiJI HCITOJih30BaH ,li.JIH DRSA-aHaJIH3a 
pp-,ll.aiiHbiX, H3MepeHHbiX na yCKOpHTeJie lfiiCTHTyTa HM. flayJIH Illepepa (PSI, liiBefi
uapHH). JJ:pyron no.u.xo.u. 6biJI Hcnonb3oBaH rrpH ananH3e pp-.u.aHHbiX npH 6 raB/c H3 
AproiiJICKOfi UaUHOilaJibJIOit JiafiOpaTOpHH (ANL). flpH TaKOM HMllYJibCe CIIHHOB03aBH
CHID;He napaMeTpbi He CTOJib BCJIHKH, KaK npH MeHbliiHX 3HeprHHX, H K TOMJ )KC HMeiOT 
MCHhiUJIO TO'IHOCTh. _ Ho 3,ll.eCh HH O,li.HH H3 3THX MCTO,li.OB He 06Cy)K,ll.aeTCH. 

3. Cyw;ecTByrow;He DRSA-aHaJIH3bi 

llepBbifi DRSA-aHaJIH3 ,li.JIH Bcex a-.inJIHTY.U. ynpyroro pp-pacceHHHH 6biJI ablnonneH 
JIHMOHOM, lloH,ll.pOMOM, OJibCCHOM, KnenneJieM, XaH,li.JiepoM H PaiiTOM B 1968 r. [12]. 
fJiaBHaH 'laCTb ,ll.aHHblX 6biJia H3MepeHa 3THMH aBTOpaMH B XOpOIIIO CJIJiaHHpOBaHHOM 
3KcnepHMCHTe • .Lf.;Ix aTofi ueJIH npoTOHHblfi ny'loK qHKarcKoro CHHXPOUHKJIOTpoHa 6biJI 
IIOJIHpH30BaH MeTO,li.OM pacCeHHHH Ha fiepHJIJIHCBOii MHWeHH BHJTpH yCKOpHTCJIH. 9nep
rHH BbiBe.u.enHoro ny'!Ka 6bma 429±7 MaB. IlpOTOHbi pacceHBaJIHCb Ha BHemHeft *H.U.
KOBO,li.Opo.u.Hoft MHmenH Ha yrnhi BcM = 65° H 115°. BbiJia H3Mepena aHaJIH3Hpyrom;ax 
cnoco6nocTh A00no npH 65° H npH o6oHx yrnax 6biJIH H3MepeHbi TaK)Ke IIapaMeTpbi 

Bon&<l>eliuJTeiiHa Dnono, Ds'Oso, Ds'Oko, D~c•o.o H Dk'OkO· 
BcJie,li.C~BHe COOTHOWCHHii CHMMeTpHH ,li.JIH H30CIIHHa I= 1 (eM. Ta6JI. 2.1 B (BLW]), 

3TOT Ha6op rrpe,li.CTaBJIHeT 9 He3aBHCHMbiX Ha6nro.u.aeMbiX. B o.u.uoM DRSA-ananH3e 
MOryT fibiTb HCJIOJlb30BaHbi ,li.Ba ,li.OIIOJIHHTeJibHbiX ,ll.pyr K ,lJ.pyry C.u.M. yrna, TaK KaK 
ClfCTeMa pp HBJIHCTCH TOJibKO H30TpHllJieTHOlt qHCJIO na6JIIO,ll.aeMbiX 6biJIO yBeJilf'JeHO 
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Ta6JIHua Al.l. CnHCOK .U.OCTYUHbiX- DRSA-aHanH30B ,li.JIH Ha6nro.u.aeMux B ynpyroM pp
pacceHHHH. )J;se Ha6nro.u.aeMble: da/dfl If Aoona = -~ HCnOJih3YIOTCH Bcer.u.a H 6e3 
HCKJliOqeHHH, ll03TOMJ OHH He yKaJaitbi. B CllHCKe. 

UHTepaan qHCJIO 

Jla6oparopHR Tkin, BcM, 3Ita'!eHHi!: Ha6nro.u.aeMble Cc&IJIKa, 
MaB rpa.u.. Bm.l ro.u. 

CHICAGO 429 .65 1 Dnana, Dro.o, DrokO, (12] 
Univ. 115 Dk'o.o, Dk'okO, Aoonn 1968 

PSI 447 38-58 6 ~n, Aoo •• , Aookk, (16] 
497 38-58 6 Aoosk, DnonO, KonnO, 1981 

517 38-58 6 Dro.o, Ds'OkO, 
539 38-58 6 Mrom, Mrokn 
579 38-58 6 

PSI 447 82-90 15 Bee npe,ll.bi,lJ.YID;He [17] 
497 82-90 15 H 1989 

517 82-90 15 Aoosll:. Dnano, Kanno 
539 82-90 15 Aoosk, Dneno, Konno 
579 82-90 15 Aoosk, Dnano, KonnO 

LAMPF 730 38-72 12 Aoo.A:, Aookk; Dnano; (18] 

Dro.o,- D,•oko, Dwo.o, 1990 

Dk'oko, Ka~ook, Kwook, 
AfnoaA:, lvfnokk, 

' Ms'onk• AfwOnk 
LAMPF 800 46-90 5 Aoonn, Dnano, Da~o.o, (19]. 

DrokO, Dwok.J, Kn~m 1985 

K.•oo., Ka~ook, Kk'ook. 
SATURNE 834 50-82 6 Aoann, Aoo,~c, Aookk, (20) 

II 874 46-83 7 D.•oJ.-o, Dk'okO, Knoon, 1990 

934 51-80 5 Ko.·.o, Kos"kO, Nonkk, 
995 51-82 6 Nansk, Nos"nk, Nos"kn 

1095 51-82 7 

1295 51-82 8 

1595 51-82 10 

SATURNE 1800 33-90 12 A00nn, Aoosk, Aookk, (21) 

II 2100 33-90 11 Ds•okO, Dk'okO, KnOOn, 1998 

2400 29-83 5 Ko,•.o, Kos"J.-o, Nankk, 
2700 42,82 2 Non•k• No."nk• Noo"kn, 

No.-sn 
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11HTepnan qficno 
Jla6opaTOpHH Tkino OcM, 3Ha'letmlt Ha6mo.n;aeMbie CebiJIKH, 

MaB rpa.n;. (JC1v! ro.n; 
ANL 5135 19-38 21 Aoocd X 4 [11] 

DobOd H KobdJ x 5 1986 

Nobcd x 7 

,li;O 11, TaK KaK yrroMHHYTble anTOpbl .n;o6anHJIH pe3yJihTaTbi rro Aoonn H3 pa60Tbl [13] H 
,!J;H<l><l>epenWfaJibHhie ce'lemrH H3 pa60Thi [14]. 

06~aH <l>a3a 6hiJia <l>HKeHponana H3 COIIOeTaBJICHHH <l>a3bl <l>HKCHpOBaHHOlt aMIIJIH
TY,!J;bl e <l>a3olt, IIOJiy'leHHOlt H3 aHaJIH3a <l>a30Bb!X e.n;nHrOB (PSA) B pemeHHH H3 pa6o

Tbl [15] (eM. IlpHJIO)KeHHe A3 o6 anaJIH3e <l>a30Bhix e,ll;nHron). CornaeHe pe3yJihTaTon 
o6oHx MeTO,li;OB OKa3aJIOCb ua y,li;HBJieune xopomnM. 

06uoniieHHbiH cnHeOK ananHJon DRSA )l;JIH pp-paeeeHIIH.H .n;aH n Ta6n. ALL JlerKo 

YBH,ll;eTb, 'ITO B IDHpOKHX yrJIOBOM )J;Halla30HC H 06JiaeTH a:yeprnlt H3MCpeHbl He TOJibKO 

,ll;nyx-, HO H TpexHH,!J;eKciibie na6mo.n;aeMble. Mo)KHO TaK)Ke 3aMeTHTb, 'ITO )l;JIH o6eerre

'ICHHH BbleOKOH aHaJIH3HpyiO~eii CIIOeOOHOeTH B IIOeJie.n;neM (aHaJIH3HpytOIIJ;eM) paeee

HHHH, B HCKOTOpb!X Ollb!Tax aHaJIH3Hp0BaJIHeb KaK IIOJIHpH3aqHH 'laCTHq OT,ll;a'IH
1 

TaK 

H HCKOTOpb!C IIOJIHpH3aqHH paeCeHHHh!X 'faCTHlt;. B p.H,!J;C 3KCIICpHMCHTOB B03M0)KH0CTh 

H3MepeHHH IIOJIHpH3aqHfi )l;JIH k'- HjHJIH k"-opnenTaqHfi 'laCTHlt; KOHC'lHOrO COCTOHIIHH 
6biJia HCKJIIO'fCHa. KaK OTMe'laJIOCb B (BLW), TaKaH B03M0)KH0CTh Tpe6yeT ,li;OIIOJIHH

TeJibHOrO CJIHH-pOTaTopa H, B )J;OIIOJIJICHHC K 3TOMy, nepeMCJIJHBaeT B MarHHTJIOM JIOJie 

'lHCThie na6mo.n;aeMble. B yKa3aHHOll Ta6JIHqe uepe'lHCJICHbi )J;OMHimpyiO~He na6mo

.n;aeMble, KPOMe .n;H<l><l>epenn;nanbnhlx ceqeuHll H Aoo.:o = Aooon· Ha rrpaKTHKe MnorHe 
Ha6JIIO)I;aeMbiC 6biJIH OIIpe)J;eJieHhl KaK K0:-.16HHaiJ;HH "'lHCTbiX" BCJIH'IHH. 

,L(oBOJibliO 60JibiJIOe 'IHCJIO CYIIJ;CCTBYIOIIJ;HX H3:1-tepenHit 1103BOJI.HeT IIpOBeCTH TaK)Ke 
(rroKa ne n~>momrennhilt) DRSA-anann3 )J;JIH pp-cncTeMbi rrpn .n;o6ano'lnhlx 2-x nnn 3-x 
aneprm1x (uarrpHMep, rrpH 650 MaB) JIAMII<I> (Los Alamos Meson Factory). 

DRSA-aHann3 )J;JIH np-cHcTeMhi pe3KO KO!ITpaeTHpyeT co cnyqaeM pp-pacceHIIHH. B 

nacTO.H~ee npeMH 011 rrpone.n;eH na-.moro xy)Ke. ToJihKO .n;anHhle CATYPH-11 HCIIOJib-
30BaHbi )l;JI.H peKOHCTpyKIJ;HH aMJIJIHTY)I; llpH IIliTH aueprHHX MC)K)J;y 840 H 1100 ~bB. 

Brrepnble DRSA-ananH3 rrpn aTHX aueprHHX 6biJI orry6nnKonan B pa69Tax [22] n 1992 r. 
0KOII'laTeJibllhie pe3yJihTaThl 6b!JIH orry6JIHKOBaHbl B 1998 r. B pa60TaX [9]; OHH 1IpHne

,ll;ellhl n Ta6n. Al.2. Ilpn aneprHn 800 MaB 6hiJIH ncrroJih3onanhl KaK ,ll;aunh!e CATYPH-

11, TaK H JIAMII<I>. Bee DRSA-ananH3hi MH np-cHcTeMbl 6biJIH Bbluonnenhi TOJihKO n 

rrepe.n;Heit IIOJIYC<l>epe If Ka)K,ll;h!lt H3 HHX - JIH!Uh B OKpCeTJIOCTH TaKoro O)J;HOrQ yrJia, 
r,ll;e 6hiJIH H3:11epeHhi nee neo6xo.n;HMhie .n;aHHhie. 

ti B .n;amih!X rro np pacceHJUIIO Bhiiiie 800 MaB H nrrJIOTh .n;o 1100 MaB cyiiJ;eCTnyeT 
rrpo6e.rr n · n3MepennHx da jdO.(np) rrpH yrnax 40° ::::; OcM ::::; 90°. 11MeioTeH n pacnopH

)Kenun TOJibKO Tpn na6opa: .n;aHHhie IlenCH.'lhBaHCKOrO rrpOTOIIHOro ycKopnTeJI.H (PPA) 
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npn 817 H 1028 MaB [23] H .n;annhle H3 BnpMnnreMa npn 991 MaB [24]. Hy)Klfo npHHHTh 
nO BHHMaHHC, 'ITO .n;aHHble H3 IleHCHJibBaHHlf IIpH BCeX TCX 3HeprHHX, r.n;e Cy~eCTBYJOT 
.n;pyrne H3MepeunH, ne cornacyiOTCH no xapaKTepy · yrnonolt 3aBHCHMOCTH c .n;pyrnMH 

.n;allllhlMH H II03TOMY HCKJIIO'l,ellhl H3 BCCX aHaJIH30B, HMCIOIIJ;HX XOTb KaKOfi-TO CMhlCJI. 
O.n;HaKO, 6a3a .n;aHHbiX 110 np-pacceHHHIO co.n;ep)KHT H3MepeHH.II dafdO.(np) npn MaJih!X 

yrnax, nh!IIOJIHCHHble n orrh!Tax Ha CATYPH-11 nni<:e 1135 MaB (25]. Ta :>Ke Ha6niO.n;a

eMaH npn yrnax OcM 2::130° 6hiJia H3Mepena na CATYPH-1 nnJIOTh .n;o 1252 MaB [26] 
(qHeJICHHb!C 3Ha'ICHHSI CO,ll;Cp)KaTCH, HanpnMep, B 6a3e )J;aHHbiX (27, 28]). IlOJIHhle eeqe

HHH, neo6xo.n;HMhiC )l;JIR nopMnpono'fHhlX n;enelt (eM. IlpnJIO)KCHHe A3), ro:lKe rrpHne.n;e

Hhl n Tex )Ke 6a3ax. TonhKO anepreTH'!eeKn 3aBHCHMhle PSA (IlpnnmKenne A3), o6~He 
)l;JIH pp- H np-paCCCHHHH lf BKJIIO'laiO~He BCC ey~CCTBYIO~HC Ha CCrQ)J;HH )J;aHHhiC, MD
rJT npC,ll;CKa3biBaTh pa3yMHYIO yrJIOByiO 3aBHCHMOCTb )J;H<l><l>epeHqHaJibHbiX CC'IElHHH. 

TaKne npe.n;eKa3aHHH 6b!JIH ncrroJih30BaHbl B pa6oTC (9). 

,L(auuhle, H3Mepeunhle B PSI na rry'fKC NA2, rro3noJIHIOT rrponeCTH c BhiCOKO~ CTe

rreuhiO TO'IHOCTH DRSA-aHaJIH3 )l;Jill np-paCCCHHHH e~e rrpn IIHTH )J;OIIOJIIIHTCJihHbiX 

aneprHHX MC)f(,lly 260 H 560 .MaB rrpn HCCKOJibKHX yrnax. IlOJIJ'IElHHble Pe3YJibTaThl 

6hlJIH orry6nnKonanhl H ncnoJih30BaHhl B 6a3aX .n;anHh!X MH cy~eCTBYIO~Hx PSA, TaK 
KaK 3TOT MCTO)J; paCCMaTpHBaeTCH KaK 6oJiee rrepCIICKTHiiHhlfi. . 

Ta6nnqa Al.2. CnHCOK rf(OCTYJitlbiX DRSA-anami30B MH na6.rr!O)I;aeMbiX B yrrpyroM 
np Jl pn pacceHIIHH. IlpH 800 .MaB fihiJIH HCil0Jih30Baiibl IICKOTOpb!C np-.n;aUHh!C 113 

JIAMII<I>. 3.n;ech, KaK H n npe.n;ht)l;yiiJ;ell Ta6nHu;e, da /dO. n Aoano = Aooon n crrwcKe He 

yKaJaubl 

11HTepaan qlfCJIO 

Jia6opaTOpHH Tkino OcM. 3Haqeuwlt Ha6niO.n;aeMbie CcbiJIKa, 

(MaB rpa.n;. Ocr.~ ro.n; 

SATURNE 800 42,62 2 Aoann, Aookk, Aoosk, 191 

II 840 54,61, 3 Dnono, Dos"Oko f(onno 1998 

74 Kos"ko, Kos"so, 
880 49,56, 4 Nrm.kk, Nansk 

61,77 

940 47,54, 4 

59,72 

1000 47,56, 4 

62,77 

1100 42,53, 3 
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A:~mnnTy.n;nhllt aua.rrH3 )l;JIH np-pacceHHHH II03BOJIHCT orrpe.n;enHTh aMIIJinTy.n;hl )J;JIH 

I = 0. )J,rm .n;auHbiX Tkin n c.q.M. yrna paccesuHH, aMrrJinTy)J;hl c I = 0 :IIO)KHO rrony'lHTh, 
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t1 

HCITOJib3YH COOTHOIUeHHe 

Amp (I= O) = 2 Amp (np)- Amp (pp) , {Al.24) 

eCJIH aMnJIHTY,D;bi ,c I = 1 H3BeCTHbl H3 pp-pacceHHHH. 9To ypasnenHe Bepno rrp11 Tex 
yrJiax, r.n;e aM:nJIHTY,D;hl np pacceHHHH orrpe,n;eJieHbl. <I>aKTop 2 B <f>opMyne (Al.24) oona
'laeT, 'ITO aMnJIHTy,D.hi c I = 0, soo6~e roBopH, onpe,n;eJIHIOTCH xy)Ke, '!eM aMrrJIHTY)J.bi 
c I = 1, eCJIH crrHHOBhle na6JIIO,n;aeMble pp- n: np-pacceHHHH H3MepeHbl c o,n;n:HaKoBoti 
TO'IHOCTbiO. 

4. 3aKJIIO'IeHHe 

B n;enoM, na6niO,n;aeTCH npesocxo,D;noe cornacHe Me)K,D;y aHaJIH3aMH DR.SA H PSA 
(eM. IIpHJIO)KeHn:e A3), ecn11 TOJibKO o6a onn: BbiiiOJIHeHbi na O,IJ;Hoit 11 Toti )Ke 6a3e, 
.n;annhlx. He.n;ocTaTOK DR.SA-rro.n;xo.n;a no cpasnenHIO c Mero,n;oM PSA cocTOHT B TOM, 
'ITO 60JibiUaH 'lacTb BXO,D;HbiX ,D;aHHbiX TepHeTCH. 9TO Bbi3BaHO TeM, 'ITO MO,D;eJibH~ 
He3aBHCHMblti aMIIJIHTY,D;Hblil: aHaJIH3 MO)KeT 6b1Tb BbiiTOJIHeH B O,D;HO If TO )Ke BpeM.H 
TOJibKO rrpH O,D;HOM yrJie H O,D;HOil: 3HeprHH1 IIpH'IeM TOJibKO IIpH Tex, IIpH KOTOpbiX 
cy~eCTByeT IIOJIHbiit Ha6op Ha6JIIO,D;ae~fbiX. • 
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A2: np-nepe3ap»,n;Ka H DRSA ,n;JI.H 
COCTO»HHH C 1==0 

Bse,D;eHHe 

B aTOM IIpiiJIO)KeHIIII o6cyp;IIM DRBA p;JIH np-pacceHHIIH TaK *e, KaK 11 peKOH
cTpyKJJ,IfiO aMIIJIIITYA pacceHHIIH c I = 0. HarroMHHM, 'ITO IIMeeTcH 6ecKouequoe 'lHCJIO 
pa3JIII'lHbiX rrpep;CTaBJieHHit aMITJIIITJ)I; II BCe 01111 B3aHMHO JIHHeitHO 3aBHCHMbl. 9TO 
o3Ha'laeT, 'ITO nee rrpep;cTaBJieHHH cTporo aKBHBaJieHTHhl. 8hl6op Toro IIJIII IIIIOI'O rrpep;
nO'lHTaeMoro npep;CTaBJieHHH 3aBIICIIT TOJlbKO OT KOHD;eTIJJ,Ifll p;aHHOrO KOHKpeTHOrO 3KC
rrep11MeHTa II OT COOTBeTCTBYIOID;eit 3KCnep11MeHTaJibHOit ycTaHOBKII. 

Pa3JIII'lHble npep;cTaBJieHIIH aMIIJIIITYA 3KBHBaJieHTHbl TaK)f{e II no OTHOni:eHIIlO K 
Bb16opy 6a3HCHblX BeKTOpOB. 9KcnepHMe;ITaTOp CB06op;eif B TOM, KaKyiO 113 'lacTHU. 
KOHe•moro COCTOHHIISI Ha3biBaTb "pacCeHHHOit", a KaKYlO- "'laCTIIu;eit OT)J;a'lll", paBHO 
KaK H B TOM, KaKOit IIMeHHO yrOJI 113 BCCX B03M0)f{HblX yrJIOB Me)K)J;y 3-BeKTOpa\>IH 
HMilYJibCOB 'laCTHU. Ha'JaJibllOrO H KOHe'IHOrO COCTOHHHit Ha3biBaTb "yrJIOM pacceHHHH". 

13 IIpiiJIO)KeHHH A1 6b1Jlo nOKa3aHo, 'ITO DRBA 3KBHBaJieHTeH peKoHCTPYKU.HH acex 
25 JIHHe:liHO He3aBHCHMblX 3KCilep11MeHTOB (113MepHeMbiX Ha6Jirop;aeMbiX) 113 IIOJIHOrO 
nop;MHO)I(eCTBa BCero JIHIDh 18 aKcnep'liMeHTOB. B npep;noJIO)KeHIIII o TOM, 'ITO ace oc
HOBHbie 3aKOHbl COXpaHCHIISI BbiiiOJIHHlOTCH,. 3TOT IIOJIHbl:it ua6op Il03BOJJSieT .BOCCTa
HOBHTb .ace·128 'lHCTbiX, .HCHC'le3aiOID;IIX, ua6mop;aeMhlX II JIJ06yro .HX HpOH3BOJibiiYIO 
KOM6HHaD;HJO. JIIo6aH ua6JIJO)J;aCMaSI 6yp;eT Bblpa:lKeHa' O,ll;H03Ha'IHO 'Iepe3 BeJIH'lHHbl, 
COp;ep~ID;IICCH B HOJIHOM. ua6ope, HC3aBIICHMO OT aMHJIIITY)I;llOrO npep;CTaBJieHHH. 

C<l>opMynuponaHH&Ie JTBCP*ACHHH O'leBII)J;Hbl, uo BCTpe'laJOTCH tPII3HKII, yTaep
)K)I;aioru;He, 'ITO 'lHCJieHHbJe 3Ha'lCHIIH O.D;HHX II TCX _)l(e ua6mop;aeMbiX, 6yp;y'lH Bbl'lHC
JlCHHbiMH '1Cpe3 a\-IIIJIIITY)I;bl ynpyroro paCCCSIHHH, OTJIH'laiOTCH OT 3Ha'lCHnti, Bbl'lHC
JICHHblX C HCIIOJib30BaHIICM T. H. aMilJIHTY)J; ynpyroil nepe3apH)J;KII (CE). 9TO B KOpne 
npoTunope•mT <l>enoMeuonomu ynpyroro N N -paccesmtH. Op;Hofi n3 npn'lHH yKa3an

. HOrO HCI1pop;y~1aHHOI'O JTBCp)K)I;eHIIH SIBJIHeTCSI HeiiOJlHOC onpep;eJIC!IUe HCilOJib3yeMO:it 
·q,OpMbi MaTpHD;bl paCCCHHHH H (HJIH) CHCTeMbl6a3HCHblX BCKTOpoB. 8 3TOilCmi3H HC06-
XO)J;H~f0 HallOMHHTb, 'ITO 3KCnepHMCHTaJibHO H3)v!epHC~IJ,Je BC.TJH'IHI!bl, CBSI3allllbJe C pac
CCHHHOti 'laCTHlWfi H 'laCTHU.Cfi OTp;a•m, pa3JIIf'IHbl, HO 06bi'IHO Bblpa)l(aiOTCH <l>YHKU.lf-
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HMH O)J;HOrO H TOrO )f(C yrJia pacceHHHH B CHCTeMe I{CHTpa MaCe _{C.I{.M.). 

3.n;ech cnoBa 6y.n;eT HcnoJib30BaTbC.H noJIHhlA NN-<l>opMaJIH3M .LVI.H ynpyroro pac

ce.HHHH (eM. pa6ozy [1], cchlJIKa na Koropyro .n;aerc» KaK (BLW]). B pa3.n;ene 2 .n;aroT

c» COOTHOIIICHHH npeo6pa30BaHHH Me)f()l;y npe,n;CTaBJieHHHMH "ynpyrOI'O pacce.HHHH" 

H "nepe3aps.n;Kn:" ,LVIH aMTIJIHzy.n;. B Ka<JeCTBe npHMepa B nynKTax A n: B rrpH Hc

rroJib30BaHHR rrpe.n;CTaBJieHHH HHBapn:aHTHhlX aMUJllfTY)J; (BLW) Bhl'llfCJIHJOTCH CIJHHo

B03aBHCHMble H CUHII()BOHe3aBHCHMbiC qaCTH ynpyroro )I;H<P<l>epeHI{HaJibHOrO Ce<JeHH.H 

np-pacceHHH.H (dufdrl.)np npH OcM = 1r. Bhi<JHCJieHHH BhiUOJIHeHhl OT)J;eJihHO,LVIH pacce

HHHoro neATpona (np--+ .np) H OT,n;eJibHO- ,LVIH nporona OT)J;a<JH (np--+ pn). O.n;nn: H Te 

>Ke BeJIH<JHHhl Bhlpa)f(aiOTC.H KaK <l>YHKI{Hn: ·· aMnJIHTy.n; Jllf6o KaK KOM6HHai{HH <JHCTMX 

3KCrrepHMCHTOB B TCpMHHax pa60Tbl (BLW). 

B nynKTax C H D HCIIOJib3YJOTCH npe.n;cTaBJieHHH CE .LVI» HHBapHanTnhlx aMnJIHTy~. 
B nHx c.u;.M. yron HBJIHeTCH corrpa>KennhlM K npe.n;hl.n;yll{eMy onpe.n;eneHHJO c.u;.M. yrna. 

BH.n;no, 'ITO .LVIH coOTBeTCTBYJOII{HX Ha6nro.n;aeMbiX pe3yJibTaThl He 3aBHCHT OT npe.n;

CTaBJienHH aMTIJIHTy.n;. Bo3HHKaJOII{He B CE H3MeneHHH 3HaKOB HJIH Ha3BaHHR neKOTo

phlx na6nro.n;aeMbiX paccMoTpeHhl B nynKTe E. If3MeneHHH CBH3aHbT TOJibKO c Bbl6opoM 

6a3HCIIbiX BeKTOpOB ITpH HCITOJib30BaUHH TOrO HJIH HHOro.npe,n;CTaBJieHHH. 

Ilpe.n;CTaBJienHbTe npHMephl Bhl6panhl He CJiyqallHo. PaccMOTpenHaa na6nro.n;aeMas 

HBJI.HeTC.H O)I;HOR H3 Tex, KOTOpble MOryT 6blTb HCITOJib30BaHhl ,LVIH. yMeHbiiieHH.H B03-

M0)f(HblX neonpe.n;enenHOCTeR B 3HaKax rrpH npoBe.n;eHHH DRSA o6II{ero np-ynpyrom 

pacce.HHHH B nanpaBJieHHHX "arrepe.n;" H "na3a.n;" (eM. naparpa<l> 4 3Toro IlpHJIO)f(eHHH). 

BbT6op rro)J;XO)J;HII{HX na6nro.n;aeMhlX ,LVIH 3TOR neJIH .n;ocTaTO'IHO orpann:<Jen. 

,li;H<l><l>epeHu;Hanhnoe ceqenHe np --+ np pacceaHHH ( du / df'l. )np MO)f(HO pa3.n;eJIHTh na 

"crrHHOBOHe3aBHCRMYJO" 'lacTh (SJ) H "CIIHHOB03aBHCHMYIO" (SD) <JaCTb: 

(dufdrl.)np = (du/dfl.)~! + (du/dfl.)~~ . (.,42.1) 

HH O)J;HO H3 )J;Byx CJiaraeMblX B npaBO:Il <JaCTH (A2.1) He MO)f(eT 6biTb H3MepeHO na 

npaKTHKe ITO OT)J;eJihHOCTH. C .n;pyrofi CTOpOHbi, B pa60Tax (2]-(4] 6blJIO npe)J;CKa3aHO, 

'ITO (Sfl)-BKJia)l; IIpOIIOpi{HOHaJieH JierKO H3MepaeMOMY )J;H<l><l>epeHI{HaJibHOMy ceqe

HHJO peaKI{HH nd--+ (nn) + p, KOr)l;a o6a HeitTpona npaKTn:qeCKH IIOKOHTC.H. 

Cne.n;ys MaTeMaTH<JeCKOMY <l>opMaJIH3My, pa3BHTOMY B pa60Tax [5]-[7J (KOTOpbTe 

3.n;ecb ne o6cy)f(.n;aroTcs), .n;H<l><l>epenu;HaJihHoe ce<JeHHe peaKI{HH nd--+ (nn) + p MO>Kno 

3aiiHCaTh B HMITYJibCHOM IlpH6JIH>KeHHH (IA) KaK 
¢ 

(dujdf!)nd = [1- F](dufdrl.)~! + [1- (1/3)F](dujdf'l.)~~. (A2.2) 

3.n;ecb F ecTb <l>opM<l>aKTOp ,n;eRTpoHa, paBHhiR e)I;HHHI{e B narrpaBJieHHH "Ha3a.n;" [8J. 
fiepBbill <JJieH B npaBOH 'laCTH (A2.2) HC'fe3aeT, H ,LVIH )J;H<l><l>epeHI{HaJibHOrO ceqeHUH 

rrpH OcM = 1r 3Ta TeOpHH .n;aeT 

(dujdrl.)nd = (2/3)(dujdf'l.)~~. (A2.3) 

.ll:aiurhlft pe3yJibTaT H ero CJie)J;CTBHH HCII0Jih3YJOTCH B rraparpa<l>e 2. 
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PeaKUHH nd --+. (nn) + p B nanpaBJieHHH . BhlJieTa neRTpoHa "naJa.n;" 6hlna He,n;aB- : 

ao HCCJie.n;oBaHa B ,n;eTaJIHX JierapoM H BHJIKHHhiM B CTaTbe [9]. li3 3TOR pa60Thi, a 

TaK)f(C H3 CTaThH (BLW) 3)1;eCb 6y,n;yT HCITOJib30BaHhl HCKOTOpble COOTHOIIIeHHH )I;JIH 

Bblpa>KeHHH pg,n;a KOM6HHai{Hfi aMTIJIHTY)J; '1Cpe3 "'IHCTble" aa6Jiro,n;aeMble. 

B IlpHJIO)f(eHHH AI no,n;qepKHBaJIOCh, 'ITO cooTaomeHHH yrnoBoA CHMMeTpHH (<l>op

MyJia {2.5) B (BLW]) cnpaBe,LVIHBhl ,LVIH 'IHCTbiX H30CIIHHOBhiX COCTOHHHR. ToJibKO B 

3
THX COCTOHHHHX MO)f(HO COBMeCTHO aHaJIH3HpOBaTh ,n;aHHble, nOJiy'leHHble npH COUpH

)f(eHHbiX yrJiax. B naparpa<l>ax 3 H 4 IIOKa3aHhl. yCJIOBHH, KOTOpble II03BOJIHJOT pacmH

pHTh B03MO>KIIOCTh TaKOro COBMCCTHOro aHaJIH3a Ha ynpyroe np-pacCeHHHe. 

2. Ynpyroe paccemme H ynpyras~ nepe3aps,u;Ka 

HanoMHHM, 'ITO MaTpHI{hl Mo H M 1 B <PopMynax (2.5) B (BLW] onpe,n;eneahl npH 

sbl6ope 6aJHCHhiX BeKTopos cornacno <l>opMynii.M (2.2) pa6oTh1 (BLW]. BeKTop k1 
JIC)f(HT B)J;OJih nanpaBJieHH!I pacceannoR qaCTHI{hl, KOTopas rrepBona•IaJihHO (,n;o B3aH

Mo.n;eitCTBHH) 6hlna qacran;eR ny<JKa. B 3TOM CJiyqae MaTpHn;y M(np --+ np) CJie,n;yeT 

IIOHHMaTh KaK MaTpHD;Y pacce.HHHH )I;JIH pacceHHHOA <JaCTHI{bl (HefiTpoHa), a MaTpHD;Y 

M(np--+ pn) KaK MaTpHn;y .LVI» 'lacTHD;hl oT,n;a<JH (npOToHa-MHmeHH). 06e MaTpHUbi 

co,n;ep>KaT O)J;HH H Te )f(e aMIIJIHzy)J;hl ao, bo, Co, do, eo Hal> bl> Ct. dt. e1 COOTBeTCTBeH
HO. qTO KacaeTC.H yrna pacceRHHH OcM B c.n;.M. )I;JIH ynpyroro np-B3aHMo.n;eltcTBHH,.To 

IIO)J; HHM IIOHHMaeTC.H yrOJI Me:>K,Izy HanpaBJieHHHMH HMITYJibCa Ha'laJibHOrO (ny'fKOBOI'O) 

He:itTpoHa H HMnyJibca BhiJieTaJOII{ero (pacceRHHoro) He:itTpona. QqeaH,n;HO, 'ITO 3Kcne

PIIMCHTaJihHO na6nro,n;aeMhle BeJIH'IHHhl npii o,n;noM H TOM >Ke OcM )I;JIH pacceaHnolt 

'faCTHI{hl H qacTHI{bl OT)J;a'IH pa3JIH'IaJOTCH. 

ECJIH B3aHMHO nepecTaBHTb KOIIC<JHble 'laCTHI{hl TaK, 'ITO yroJI pacce.HHHH B C.I{.M. 

6y,n;eT yrJIOM MC)f()l;y Ha<JaJibHbiM neltTpOHOM H BblJieTaiOII{HM IlpOTOHOM MHilleHH, TO 

nony'fHM cacreMy ynpyrolt rrepe3apR.n;KH (CE). BaJHCHhie c.u;.M. BeKTOphl rrpH noM 

06hi<JIIO H3MeHHJOTC.H COrJiacHO 

n == -neE ' l = -mcE ' m := - ~E . (A2.4) 

Ilocne 3Toro, MaTpHn;y M(np --+ pn) Ha3hlBaroT. "MaTpHu;elt ynpyroR nepe3apR,n;KH" 

(CE), KOTopaH HMeeT TOT )f(e caMhiR BH)I;, <JTO H MaTpHI~a yrrpyroro paccesHHH, HO 

,n;pyroR yrOJI paccesnHH H ,n;pyrHe (CE) aMrrJIHTY)J;hl. B CE-cHCTeMe seKTOp k~E 03Ha

<JaeT Terrepb HarrpaBJieHHe BbiJieTaiOII{elt • <JaCTHD;hl MHlleHH, a yrOJI pacceHHHSI eCTh 

ncM = 1r- OcM· MaTpHD;hl pacceRHHH· Terreph 6y.n;yT M~E H MfE H 6y,n;yT co,n;ep

>KaTh aMTIJIHTY)J;hl ~E, b~E, c:gE, ~E, ~E H afE, bfE, cfE, dfE; efE COOTBeTCTBCHHO: 

HanpaBJieHHH "Bnepe,n;" H "Ha3a.n;" )I;Jl.H ynpyroro pacceanHH H ynpyroR nepe3apa.n;KH 

B3aHMHO rrpOTHBOITOJIO)f(Hhl. CooTnomeHHH )I;JIH M(np --+ np) H ,LVIH M(np --+ pn) 

B3aHMHO MeHHIOTCH. 

CoOTnomenu.H npeo6pa30BaHHH Me:>K,Izy yrrpyruM pacceHHHeM H ynpyrolt rrepe-

3apa,n;Koll B npe,n;CTaBJieHHH HHBapHaHTHhlX aJ.m.iJHTY)J; IIpOCTbl. fipHMeHHB ypaane

HHe (2.5) H COOTHOliiCHHH CHMMeTpHH H3 Ta6JI. 2.1 B (BLW), CB.H3b aMIIJIH'cy)J; np .zt.'IH 

81 



•racTH~hl OT,n:a<rH (n HameM CJiy<rae- npOToHa) H CE aMnJIHTy,n: npH acM = 1r- BcM 
MO:lKHO 3aiJHCaTb TaK: 

anp--opn(acM) = -al (1r- BcM)- ao(7r- BcM) = -anp-np (BcM) , 

bnp--opn(acM) = -Ct(7r- BCM)- Co(7r- BcM) = -c"p--onp(BcM), 

c"P"-'Pn(acM) = -bt(7r- BcM)- bo(7r- BcM) = -bnp--onp(BcM), 

cf'P"-'Pn(acM) = +dt(7r- BcM) + do(7r- BcM) = +d"p--on~ (BcM) , 

enp--opn(acM) = +et(7r- BcM) +eo( 'If- BcM) = +enp-+np (BcM) • 

{A2.5a) 

(A2.5b) 

(A2.5c) 

{A2.5d) 

(A2.5e) 

Cne.n:yto~He ,n:aJiee <reThrpe npuMepa npHne,n:eHbJ .n:mr rro.n:po6Horo pa31>HCHemur CKa
Jannoro Bhi111e. 

A. Bbi'IHCJIHM HeKOTopyro BeJIH'IHHy Tnp--onp {BcM = 1r) ,n:JIH pacceHHHhiX <raCTH~, 
T. e . .n:nn HeitTponon. B pe3yJihTaTe nony<rHM 3To nwpa:>KenHe KaK cpyHK~HIO aMnJIHTy,n: 

ynpyroro pacCeHHHH, a TaK:>Ke - KaK KOM6rma~HIO JUIHeihiO He3aBHCHMbTX lf3)..1epHeMhiX 

BeJIH'IlfH. IJpH HCIJOJib30BaHHH cpopMaJIJf3Ma (BLW) BeJIH'IHHa Tnp--onp (8cM = 1r) 6y,n:eT 
cpynK~efi napaMeTpon .n:enomrpH3~HH. 

B. Hait,n:eM na6mo.n:aeMyiO Rr,p-+pn(BcM = 1r) .ll:JI.si <raCTH~ OT,n:a•m (npoTOnon), Bhi
pa:>Kennyro n TepMHHax aMnJIHTY.lJ: ynpyroro pacceHHHH. 3aTeM rrony<rHM TO :>Ke caMoe 

Bbipa:>KeHHe KaK cpyHK~HIO JIHHeHHO He3aBHCHMbiX H3MepneMbiX BeJIH'IHHj B ,n:aHIIOM 

cny<rae 3TO 6y.n:yT napa'l1eTphT rrepe,n:a<rH IIOJIHpH3a~mt:. BenH<rHna Rr,p--opn(BcM = 1r) 
6y,n:eT OTJIH<raThCH OT Tnp--onp(BcM = 1r), onpe,n:enennoit n npHMepe A. ITo,n;<repKneM, 

<rTo apryMenT 3THX Bhlpa:>Ketmfi, T. e. yron pacceHHHH, o,n:Hn H TOT :>Ke, T. e. OcM· 

C. Bhr<rHCJIHM, KaK u n npHMepe A, neJIH'Irmy r~:..np(acM = 0) B CE-cHcTeMe 
.n:nn BhiJieTaiO~Hx nefiTpouon. HanOMHHM, 'ITO Teneph, B CE-cHCTeMe, <raCTH~hi ';>T.lJ:a'IH 
eCTb Te 'laCTH~hi, KOTOpbie C'IHTaJIHCb pacce.siHHhlMH B "CHCTeMe ynpyroro pacce.siHH.si". 

On.siTh, nony<rHM BhTpa)KeHHe .ll:JIH r~:..np (acM = 0) KaK cpyuK~HIO CE-aMnJinTy,n; 
aCE, beE, CCE, deE, eCE. 3aTeM IlOJiy<rHM BhTpa)KeJ!He .lJ:JlH r~;:-mp(acM = 0) CIIOBa, 

no KaK cpynK~Hio napaMeTpon .n:enon.sipH3a~HH. By,n;eT ITOKa3ano, <rTo ynpyran nepe-

3ap.si,n:Ka ,n:JI.ff •raCTH~ OT,n:aqH H ynpyroe paccemme ,n:JI.ff pacce.sinHhiX <raCTH~ .n:aroT 

r~:..np (ac.M = 0) = Tnp-+np (BcM = 1r). ITo,n:qepKHeM, 'ITO pmyJihTaT, nonyqennhrii B 
nynKTe C, ,n:OJI)KeH cpanHnnaThCH c pe3yJihTaTOM H3 nynKTa A. 

D. Bbr<rncJIHM, KaK H n npHMepe B, nenn<rrmy R~:-pn(acM = 0) n CE-cHcTeMe .ll:JIH 

BhiJieTaiO~Hx npoTonon. Yron {acM = 0) J,n:ech TOT )Ke caMwtt, <rTo n nynKTe C .. Ha
ITOMHHM, 'ITO Terre ph, B CE-cHCTel\m, pacceHHHhTe <raCTH~bi eCTb Te, KOTOphTe C'IHTaJIHCb 

<raCTH~al\m oT,n:a<rH B "CHCTeMe ynpyroro paccenHH.si". On.siTh, rrony<rnM Bhlpa)Ketme 
A-'IH R;;:_pn(acM = 0) KaK cpynK~HIO CE-aMnJIHTy,n; acE, beE, ccE, deE, eCE .ll:JI.si pac

ceHHHhiX <raCTH~ n CE-cHcTeMe. ITony<rHM TaK)Ke Bhlpa)Kenne ,n:JIH R~:-pn(acM = 0) 
1) n TepMnnax napa,.,IeTpon nepe,n:aqn ITO.'IHpH3a~HH. By,n:eT npo,n:eMoncTpnponano, <rTo 

ynpyraH nepe3ap.si,n;Ka ,n:JIH pacce.siHHhiX qacTn~ H ynpyroe paccennHe .n:nn <racrn~ OT

,n;aqn .n:aroT R~:-pn(acM = 0) = Rr,p--opn(BcM = 1r). ITo,n:<repKHeM, <rTo pe3yJihTaT, rrony
'rennhrtt n rryiiKTe D, ,n:oJI)KeH cpamnmaTbCH c pe3yJihTaTOM H3 rrynKTa B. 
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· E. B "JaKJIIO<renne aToro paccMOTpeHH.si IIOKa:>KeM, KaK MeHHIOTc.il 'aKcrrepHMeHTaJih
HI>Ie BMH'IHHhl, eCJIH .BMeCTO "CHCTeMbi yrrpyroro pacceHHHH". HCIIOJib3yeTC.H "CHCreMa 
ynpyrott nepe3apH.lJ:KH", T. e. CE-eHCTeMa. · 

A. rnp-+np(BcM) ,D;JUI ynpyro pacce.IIHHhiX HeATPOHOB 

)l;Hcpcpepen~anhHbie ce<reHH.si yrrpyroro np-pacce.siHH.si npH o,n:HOM n TOM )Ke yrne 

pacce.siHH.si BcM ,n:nH o6eHx peaK~Hfi np-+ np H np-+ pn o.zumaKosw H pannw' [BLW): 

• 1( ) dO. = 2 lal
2 

+ IW + lcl
2 

+ ldl
2 

+ lel
2 

• {A2.6) 

Bwpa:>KeHHe ,n:JI.ff He 3aBHC~efi OT CIIHHOBbiX nepeMeHHhiX (SJ) <raCTH ,n:H<f>cpepeH
~lfaJibHOI'O Ce<reHH.ff yrrpyroro B3aHMO,n:elicTBH.ff IIpH JII060M yme HMeeT BH.lJ: 

(
du)SI(r) 1 . 

. dO. = 4la+W. ,, np--onp .. (A2.7) 

Bw<rnTa~ (dufdO.)~{thp H3 ypanHeHHH (A2.6), rrony<raeM 3aBHC.Hnzyro OT cnnnonhtx 

rrepeMeHnwx (SD) <raCTh ynpyroro .n:n<P<f>epeH~HaJibHoro ce<rennH (dufdO.)~{!J:'JP. Ee 
BH.lJ: TO)Ke He 3aBHCHT OT yrJia pacce.siHHH. 

B3.siB aMIIJIHTy,n:w ynpyroro pacceHHHH B HarrpaBJieHHH "Ha3a,n:" (rrpH BcM = 1r), 
HMeeM .ll:JIH OTH0111eHHH He 3aBHCH~efi Or CIIHHOBbiX nepeMeHHbiX (SJ) .:iaCTH yrrpyroro 
,n;n<fJ<i>epeH~HMbliOI'O Ce<reHHll K Ce<reHHIO (A2.6) npH TOM )Ke yrne, T. e. BeJIH'IHHbl 
r~f,_np ((JCM = 7r), KaK cpynK~Hlf aMIJJIHTy,n:: . , ' 

1 2 
2 41a+bl 

r~:-np( 7r) = 3 X -1---'"-------

2(1al2 + IW + lcl
2 + ldl

2
) 

(A2.8) 

3,n:ecb H ,n:anee HOpMHpyiO~Hft MHO)KlfTeJib 2/3 B3HT lf3 cpOpMyJihl (A2.3) ,n:JIH TQ

ro, <rTo6w cpannHnaTh ,n;aHHhle no peaK~HH nd -+ (nn) + p H ,n:aHnhre no ynpyroMy 

np-pacce.HHHIO. )l;JIH OTHOIDeHHH 3aBHCH~efi OT CITHHOBbiX nepeMeHHbiX (SD) <raCTH 

ynpyroro ,n:H<P¢epeH~Hanhnoro ce<reHrui K ce<reHHIO (A2.6) npH TOM :>Ke yrne, T. e. ,n:n.H 
BeJIH'IHHhl Tnp--onp (8cM = 1r), ITOJiy<raeM: 

!Ia _ W + ~(lcl2 + ldl2
) 

2 44~ _ _.:_...:___~ 
Tnp--onp(7r) = 3 X ~(lal2 + IW + lcl2 + ldl2) 

(A2.9) 

Tenepb ITOKa:>KeM, KaK MO)KHO 3aiTHCaTb COOTH0111eHHH (A2.8) H (A2.9) B cpopMe 

<f>ynK~Hit OT JIHHeiiHO He3aBHCHMbiX H3MepHeMbiX BeJIH'IHH. )l;JIH 3TOit ~eJIH npOCTeit
IiiYIO B03MO)KHOCTb ,n:aiOT napa'vieTphr .n:enOJI.Hp»3a~H. Hcrronb3yH o6o3Ha<renH.H Xsrbt 
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J<aK . B na6opaTOpHOA, T8.K K B C.~M. CKCTeMax (KHJJ;CKCbl OTHOCHTCH K pacceHHHOA 
'lacTHIJ.C, 'lacTHJJ.C OTJJ;a'IK, ny'IKOBOA 'lacTKJJ,e-cHapsp;y K 'laCTKU.e-MKIIICHH COOTBeT
CTB~lHHO) DOJiy'laCM (cM.{BLW)) JiH60 TeH30p JJ;CDOJIHpH3aJJ.HH JI,JIH UOJIHpH30BaHHOI"O 

ny'IJ<a du 1 . 
dflD.oi>O = 4Tr Ut. M O"lb M+ , (A2.10a) 

JIHOO TeH30p p.eDOJIHpH3aJJ,HK JI,JIH DOJIHpH30BaHHOA MKIDCHH ( CM. nepe'ICHb Ha6mop;a

eMbiX B2 HJIH C3 B (BLW)) 

du 1 + 
d.D.D0r0t = 4Tr u2r M u2t M • (A2.10b) 

COOTHomeHKH (A.10a) K (A2.10b) B3aKMHO 3aBHCKMble. 

cilopMyJia (A2.10a) ODHCbiBaeT 3KCDCpHMCHTbl, rp;e DOJIHpH30BaHHbiA HeATpOHHblit 
DY'JOK pacceHBaeTal Ha HCDOJISipH30BaHHOA DpOTOHHOA MKIDCHH. IloJI.HpH3aJJ,HH BbiJie
TaiOIIJ.HX HCATpOHOB KOHC'IHOrO COCTOHHKH JJ;OJilKHa H3MepHTbCH BO BTOpoM (aHaJIH3H
pylOIIJ.CM) paccesHHH. IlpH yrne pacce.HHHH BcM = 1T KHHeTH'IeCKaH 3HeprHH paccesiH
HOro HeATpoHa B na6opaTopHOA cHcreMe paBHa ayn10. Ilo3TOMY aa6mo.u;aeMble Ds<lb0(1r) 
OCTalOTal HC.DO,!J,ll.alOIIJ.HMHCSI H3MepeHKHM B ODbiTalC C <i>HKCHJlbBaHHOit (HeDOJJ;BH)KHOA 

B na6opaTOpHOit CHCTCMC) MHillCHblO. 

cilopMyJia (A2.10b) ODKCbiBaeT 3KCDCpHMCHTbl, rp;e HCDOJIHpK30BaHHblA Helt~pOH
Hblit ny'IOK pacCCKBaeTal Ha DOJIHpH30BaHHOA npOTOHHOA MHIDCHK H DOJIHpH3aiJ.HH Bbl
JieTaioiiJ.HX DpOTOHOB KOHC'IHOrO COCTO.HHKH K3MCpHeTal no BTOpOM pacceHHHK. 9Hep
rHH DpOTOHOB OTJJ;a'IH npK TOM )KC C3MOM yrJie paCCCHHHH 8cM = 1T npaKTH'ICCKH 
pasHa 3HeprHH Ha'laJibHbiX HeATpoaos 1:1 aa6JI10.u;aeMblC TeH30pbl DGrOt HBJIHlOTCH, B 

npHHIJ.HDC, H3MCpHMbiMH. 

,[J.nH napaMCTpoB p;enOJIHpH3aJJ,HH, DOMC'ICHHblX B na6opaTOpHOA CHCTCMC, npH 

8cM = 1T HMCCM ' 

+ (~) DnOnO = + (~) D0n0n = ~(1al2 + IW -lcl
2 
-ldl

2
), 

+ (~) D~c'osO = + (:~) D0s·o4 = + Rea*b - Rec*d, 

- (~) Datoko = + (~) Dok"olc = + Rea*b + Rec*d. 

IlpHHHMaH BO BHHMaHHC, 'ITO 

a{O) - b(O) = c(O) + d(O) , e(O) = 0 , 

a(1r)- b(1r) = c(1r)- d('rr) , e{1r) = 0 , 

noJiy'laeM Dlc'IJ80{1T) = Do4·o.(7r) = Danon(1T). 
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(A2.1la) 

(A2.1lb) 

(A2.1lc) 

(A2.12a) 

(A2.12b) 

,' 

' '~ 
r 
l 

(: 

I 
l 

,llJIH napaMeTpOB JJ;CDOJISipH3aiJ.HH, DOMC'ICHHblX B C.IJ..M. CHCTCMC, B HanpaBJieHHH 
"Ha3aJJ;" HMCCM 

Droro = Dotot = Dlc'Oso = ·Do4"04 = DnOnO = Danan , 

Dm!JmO = D0m0m = -Ds'OkO = Do~"Ok • 

BhipaJHM r~; (1r) H rnp-+np (1r) '1Cpe3 napaMeTpbl .u;enonspH3aiJ.HH: 

Sl 1 . 
r np(1r) = 6{1 + 2Denon{1T) + Dok"olc{1T)) , 

(A2.13a) 

(A2.13b) 

{A2.14) 

1 
Tn-np(1T} = 6(3- 2Denon{1T}- Dok"ok{1T)) • (A2.15) 

Op;HaKO, c10.u;a MO)KHO TaK)Ke no.u;craBHTh 3KBHBaJICHTHhie aa6JI10.u;aeMhie H3 <l>op
MYJI (A2.13a,h). B <l>opMynax (A2.14} H lA2.15) see senH'I~Hbl HBJIHlOTcH 'IHCThiMH 
Ha6JI10p;aCMbiMH. 

B. R,.,_pn(OcM) .U.JIK upoTOHOB OT.JJ.a'IH npH ynpyroM paccesHHH 

A.'dDJIHTYJJ;hl JI,JIH nepexop;a K 'lacTHIJ;aM OTJJ;a'l~ (npOTOHaM) p;alOTCH <l>opMyJia
MH (A2.5a-e). 0HH DOJIY'ICHbl H3 MaTpHIJ.hi M(np--+ pn) H COOTHOIDCHHA CHMMCTpRH 
H3 Ta6JI. 2.1 (BLW). IlpH yrne paCCCHHHH 8cM, BCerp;a onpep;eJIHCMOM paCCCHHHblMH 
'lacTHIJ.aMH, TO CCTb HCATpOHaMH, MaTpHu;a ynpyroro paCCCHHHH JI,JlH 'laCTHIJ;bl OTJJ;a'IH 
BblrJIHJJ;HT TaK: 

M(kfo ki) = ~ [- (a+ c) - (a-;- c) (u-11 n)(u-2, n) - (b- d}(ult i)(u-2, £)-

- (b + d)(ult m)(u-2, m) + e(u-1 + u-2, n)] . (A2.16) 

KaK OTMC'IaJIOCb Bhiiiie, JJ;Rql<l>epeHIJ;HMbHOe CC'ICHHC (<l>opMyJia (A2.6)} OCTaeTCH TeM 
)l(e caMhiM. CBH3hiBaH see Ha6n10p;aeMbie c yrnoM BhiJieTa pacceHHHoA 'laCTHIJ.bi (Hefi
Tpmm) H npHHHB BO BHHMaHHe onpep;eJICHHC 6aJHCHbiX BCKTOpOB COrJiaCHO <l>opMy
JIC (2.2) H3 (BLW], MO)KHO ysHp;eTh, 'ITO Sl-'lnen .u;mr aMIIJIHTYA •racTHIJ;hi oTp;a'IR 
6yp;eT -(a+c}/2 H T . .u;. (scer.u;a npH yme paccesmur 8cM)· ci>opMyJihi (A2.8) H (A2.9) 
JI,JlSI npOTOHOB OTJJ;a'JH npHMYT BHJJ; 

1 2 
· -la+cl 

Sl 2 4 
Rnp.,.+pn(8cM = 1r) = 3 X -:-

1
---------

2 (ia1
2 

+ lbl
2 

+ lcl
2 

+ ldl
2
) 

(A2.17) 

IlpHHHMaH BO BHHMaHHe ypaBHCHHC (A2.12), JI,JIH R.,P-pn(8cM = 1r) DOJiy'laeM 

.!Ia- cl2 + ~(IW + ld12) 
2 ~4 __ --=.....:....__---::\ 

Rn_pn(8cM = 7r) = 3 x ~(1al2 + IW + lcl2 + ld12) 
(A2.18) 
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Bee a.\frrJIHTY~hi paeeeHHHH n (A2.17) u (A2.18) ~OJI)KHbJ 6b1Tb B3HThi rrpu yrne 1r. 

<DopMyJihi (A2.17) H (A2.18) MO)KHO rreperrHcaTb B TepMHHax JIHHefiHO He3aBHeHMbiX 
H3MepHeMbiX BeJIH'IHH- rrapaMeTpoB rrepe.n;a'IH nOJIHpH3arvm (eM •. TaK)Ke Orrpe~eJieHHH 

Ha6mo~aeMbiX B B3, C2 B pa60Te [BLW]). OrrHTh, HeiiOJih3YH o603Ha'leHHH x.Tbtl rrpu 
OcM = 1r HMeeM JIH6o 

:K0rb0 = ~Tr a2r M alb M+ , (A2.19) 

T. e. K03<l><l>HIJ;HeHT rrepe.n;a'IH nOJIHpH3aiJ;HH OT rry'IKa K 'laeTHIJ;e OT,!l;a'IH
1 

JIH60 

da 1 + ( ) dQKsOOt = 4Tr a1s M a2t M , A2.20 

T. e. K03¢<l>Hn;HeHT rrepe.n;a'IH IIOJIHpH3aiJ;HH OT MHilleHH K paceeHHHOlt qaeTHIJ;e. 

<J>opMyJia (A2.19) OTHOeHTeH K paeeeSIUHIO 'rrOJIHpH30BaHHOro HeltTpOHHOrO rryq- . 
Ka Ha HeiiOJIHpH30BaHHOlt IIpOTOHHOfi MH~eHH. IlOJIHpH3aiJ;HH BbiJieTa!Om;ero IIpOTOHa 

KOHe'IHOrO eoeTOHHHH H3MepHeTeH BO BTOpOM paeeeHHHH B aHamr3aTOpe. CrrHHbi rra.n;a

IOID;HX na MHIIIeHh HefiTpOHOB ~OJI)KHbf 6biTh OptreHTilpOBaHbl JIH60 rrepiielfAHKYJIHpliO, 
JIH60 IIpO~OJibliO IIO OTHOIIIeHHIO K HarrpaBJieHHIO IIY'IKa. IJOJIHpH3aiJ;HH IIpOTOHa KOHe'I

HOrO COeTOHHHH ~OJI)KHa H3MepHTbeH, eOOTBeTeTBeHH0
1 

B TeX'")Ke HarrpaBJieHHHX. IlpH 

OcM = 7r rronyqaeM rrapaMeTphi Kanno(7r) n Kok"ko(7r). B npnuu;une, o6a K03¢<l>nu;uenTa 
HBJIHIOTCH na6mo.n;aeMbiMH, H3MepHMbiMH B Jia6opaTOpHOfi eHeTeMe. 

<flopMyJia (A2.20) OTHOeHTCH K paeceHHHIO HeTIOJIHpH30BaHHOrO HefiTpOHHOro IIY'IKa 
Ha IIOJIHpH30Bafll!Ofi IIpOTOHHOlt MHllleHH, a IIOJIHpH3aiJ;HH BbiJieTaiOID;HX HeitTpOHOB KQ
He'IHOrO eOCTOHHHH ,!l;OJI)KHa 6b1Tb HaH~ena. CHHHbl IIpOTOHOB MHJ:IIeHH ,!J;OJI)KllbJ 6biTb 

OpHeHTHpOBaHbl JIH60 rreprreH,!l;HKYJIHpHO, JIHfiO IIpO,!J;OJibHO no OTHOIIIeHHIO K HanpaB
JiemriO rry'IKa, a rronHpH3an;nH HeHTpouon Kouequoro eoeTOHHHH ~OJI)KHa H3MepHTbeH n 

narrpanneunH, rreprreH.n;HKYJIHpno~' uarrpaBJienmo rry'IKa n o6oll:x cnyqaHx. IloJiy'laeM 

rrapaMeTpbi Knoan( 7r) H Ks'ook( 1r), T. e. neH3MepHMbie n na6opaTopuolt ctreTeMe, T.K. KH2 
HeTH'IeeKaH 3IIeprHH HeJiTpOHOB KOHe'IHOrO eOeTOHHHH B Jia6opaTOpHOlt etreTeMe panna 
nymo. 

IlOBTOpHH Bbi'IHCJieHIIH, II0~06Hble Tel\f 1 'ITO fibVIH IIpO,!J;eJiaHbl ~H IIOJiy'lelllfH ¢op
MyJI (A2.lla- c), ,LVIH OcM. = 1r rronyqaeM 

+ (~~) Konno=+ (~~) KnoOn = ~(1al2 -IW + jcj2 -ldl2
) , (A2.2la) 

+ (~~) Kos"so = + (:~) Kk'OOs = + Rea*c - Reb*d, (A2.2lb) 

+ (~~) Kok"ko =- (:~) Ks'OOk = + Rea*c + Reb*d. (A2.2lc) 

Y'lifThiBaH <i>opMyJiy (A2.12b), rroJiyqaeM Ko.•so(7r) = Kk'oos(7r) = Kanno(7r). 

.,Z:I;na rrapaMeTpa rrepe.n;a'llf rrOJIHproau;nn, rroMe'lennhle KOMIIOHenTa.\fn emma n 
e.u;.M., ~aiOT rrpn o.n;noM n TOM )Ke yrJie 

Kouo = Ktoot = Ko.• so = Kk'oos = Kanno = I< noon , (A2.22) 
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Kammo = Kmrom'=- K.'ook = Kok"ko. (A2.23) 

IIocne 3TOro HMeeM 

R!~pn((JCM = 1r) = ~(1 + 2Kanno(7r) + Kok"k0)(7r) , (A2.24) 

1 . 
RnP-pn(OcM = 1r) = .6(3 ~ 2Kanno(7r)- Kok•k0(7r)) •. (A2.25) 

Mo)KIIO onHTb-TaKH rro~cranHTb 3KBHBaneHTHble na6mo~aeMble H3 <l>opMyJI (A2.22)n 

(A2.23). IIo~qepKHeM 1 'ITO Rn11{7r) OTJIH'IaeTCsi OT rn11(7r). 

IJOCKOJibKY 3~eeb Be3.n;e IIOCJie~OB8TeJibHO HeTIOJib30BaJIHCb OIIpe~eJieHHH 6aaneHbiX 
BeKTOpOB H COOTHOIDeHHH npeo6p830BaHHfi, npHBe~eHHble B pa60Te (BLW}, TO B nyHK

Tax A· H B OObi'IHO He B03HHKaeT He~opaayMeHHlt. Ha6mo~aeMble B c.n;.M. H B Jia6o
paTOpHOlt eucreMe orrpe.n;eJIHIOTCH o.n;noona'liio. B cueTeMe o6o3naqenult CE eHTYau;HH 

~aMaTH'IeCKH MeHHeTeH1 eCJIH 6y~T ucrronb3onaTbeH ~yrue 6aaucuhle neKTOpbi. B 

3TOM CJiyqae MOrYT H3MeHHTbeH HeKOTOpble 3HaKH H ~a)Ke H83BaHHH Ha6JIIO~aeMbiX. 
HMeHHO rro 3TOil: rrpu'IHHe peKOMen~eTCH, no no3MO)KHOCTH, H36eraTb cucreMbi yrrpy

rolt NN-rrepe3apH~KH, )J,.nx ~eMoucrpau;uH TO)K~eCTBeHHOCTH no~xo~on "yrrpyroro 
paceeHHHH" H "ynpyrolt. rrepe3apH~KH11 

1 B ~aJibHeil:meM He 6y~ MeHHTbeH HH BeK

TOpHblil: 6aaue, HH 0603H8'1eHHH Ha6JIIO,!l;aeMbiX. 

C. r~:-.np(o:cM) ~na aeiiTpOHOB OT~a'IH B yupyroii nepe3ap~Ke 

IIeperrumeM eOOTHOIIIeHHH rrpeo6paaonaHHlt (A2.5): 

' 
aCE(ClcM) = an-pn(ClcM) =- an-np(OcM) I 

bCE(acM) = bnP-Jin(acM.) =- c"P-nP(OcM), 

CCE(ClcM) = c"P-Pn(ClcM) =- bnP-nP((JcM), 

dCE(acM) = d"P-Pn(acM) = + d"P-nP(OcM) 1 

eCE(acM) = enP-pn(ClcM) = + enP-nJI (9cM) • 

(A2.26a) 

(A2.26b) 

(A2.26c) 

(A2.26d) 

(A2.26e) 

B 3TOM cny'lae n MaTpuu;e ynpyrolt rrepe3apH,!J;KH 3aMeHHIOTCH aMrrmrTy~hr H ymonoil: 

apryMeriT: nMeCTO OcM rroHBJIHeTeH llCM· 9Ta MaTpHu;a MO)KeT 6b1Th 3arrueaua n <l>opMe 

M(k1, k;)cE =![<acE+ beE)+ (acE- beE) (uiJn)(o-21 n) + (A2.27) 
2 . . 

+(ccE + ~E)(u1 , t)(u2,l) + (ccE._ ~E)(u11 Tn)(o-2, Tn): e~E(ui + o-2, n)] . 

<I>opMyJia (A2.12b) rrpH ucrroJib30BaHHH CE a:vmJIHTy.n; H yrna CleM= 0 6y.n;eT HMeTb 

BH~ 

. , aCE(O) :- bcE_(O) =. CCE{O) + dCE(O) ' eCE(O) = 0 .. (A2.28) 
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CnaHOBOHe3aBHCHMaH 'lacTb (S/(r)) ,~~;a<P<l>epeHIUfaJibHOro ceqeHHH npH JII06oM yr
ne B CE-npe,~~;cTaBJieHHH HHBapHaHTHbiX aMIIJIHTY,ll; ,~~;aeTCH Bblpa:lKeHHeM 

( da) CE-SI(r) 1 
dQ np--onp (o: = 0) = 41aCE(o: = 0) + CCE(o: =OW • (A2.29) 

CnnHOB03aBHCHMYIO qacTb ceqeanH, T. e. (dafdn)~~J, , rronyqaeM B npe,~~;cTaBJieHHH 
rrepe3apR,!1;KH Bhl'mTaaneM ypaBHeHHH (A2.29) .H3 (A2.6) npn TOM :lKe caMOM CE-yrne. 

Ero BH,!J; 6y,~~;eT TaKHM :lKe np11 BCex yrnax. 

)JjiH OTHomeHHH r~;:::;co: = 0) B CE-cncreMe HMeeM 

~lacE+ ccEI2 
. 2 4 , 

CE-SI(o: - 0} = - X E 2 I JCE12) 
rnp-+np - 3 ~(laCEI2 + lbCEI2 +Icc I + a-

2 . 

(A2.30a) 

cE· ( _) a ,li;JIH Rnp-+np 0: - 0 nonyqaeM 

~lacE- ccEI2 + ~(lbcEI2: ~~E12) 
2 4 . . 

CE ( - 0} = - X . CE12) 
rnp-+np o:- 3 !(1acEI2 + lbcEI2 + lccEI2 + ld 

. . 2 

(A2.30b) 

CE-aMIIJIHTY,!J;hl B <PopMynax (A2.27a,b) CJie,!J;YeT paccMaTpHBaTb rrpH O:cM = 0, To 
ecrb rrpH OcM = 71". Ilpeo6pa3oBaHHH CE-a..'diiJIHTY,ll; B aMIIJIHTY,ll;hi ynpyroro pacceHHHH 

(n Hao6opoT) ,~~;a!OT 

r~:-+np(O:cM = 0} = Tnp-+np(OcM = 7r), 

CE-SI ( 0} SI ((} ) 
rnp-+np 0:CM = =.rnp-+np CM = 71" • 

(A2.31) 

(A2.32) 

ECJIH 3TH coOTHomeHHH npeo6pa3oBaHHH Me:lK,li;Y npHMblMH H CE-a.'diiJIHTy,~~;aMH H3-
BeCTHMB O,li;HOM aMIIJIHTY,li;HOM npe,li;CTaBJieHHH, TO HX JierKO MO:lKHO 3aiiHCaTh B JII060M 

,~~;pyroM npe,~~;craBJieHHH. Hy:lKHhT TOJibKO coOTHomeHHH nepexo,~~;a Me:lK,li;Y ,li;BYMH aM

IIJIHTY,li;HblMH npe,~~;craBJieHH.IIMH: ynpyrHM pacceHHHeM HJIH CE. IIocKOJibKY TaKHe ,!{Ba 
aMIIJIHTY,li;HblX npe,li;CTaBJieHHH JIHHe:itHO CBH3aHbl, TO npeo6pa30BaHH.II Ka:lK,!J;Oil: 'IHCTOll: 

Ha6JIIO,ll;aeMOH, HJIH Ka:lK,li;Oit KOM6HHaiJ;HH HaMIO,ll;aeMblX, BCer,~~;a 0~03Ha'IHbl. QqeBII,li;
HO TaK:lKe, T:fTO Bbipa:lKeHHH AJIH paCCMOTPeHHhTX OTHOmenH:it KaK <l>YHKIJ;Hll: JIHHell:JTO 
3aBHCHMbiX Ha6JIIO,ll;aeMbiX, HBJIHTOTCH TO:lK,ll;eCTBaMH. 

D. R~pn(acM) ,D;JUI ynpyro paccexHHbiX npoTOHOB nepe3apx,n;KH 

By,~~;eM CHOBa noJib30BaTbCH <l>opMyJiaMH npeo6paaoBaHH.II (A2.26a, b, c, d, e). Te

nepb npeo6pa3yeM MaTpnu;y pacce.HHH.II H3 q,opMyJihl (A2.136) (He H3 Q>opMyJILI (2.1} 
pa6oTbi (BLW)!). 
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1 . ···. . . . .• 
M(k,, ki)cE = 2 [(acE+ beE)+ (acE- bcE)(uh n)(o-2, n)+ (A2.33) 

+(ccE + ~E)(uhl)(u2,l) + (ccE ~ ~E)(uh m)(o-2, m) + ecE(o-1 + o-2, n)] • 

Terrepb.rrepenHmeM COOTHom_eHHH c (A2.29} 'no {A2.30a,b). 

CrrnHOBOHe3aBHCHMaH 'lacTb SI ,~~;n<P<PepeHIJ;HaJibHOro ceT:feHHH npH n106oM yrne B 

CE-npe,~~;cTaBJieHHH HHBapnaHTHbiX a."fflJJHTY,ll; ,~~;aeTC.H Bblpa:lKeHHeM 

(
da)CE-SI(R) · 1 
dQ np-+pn (o: = 0) = 4laCE(o: = 0} + b~{o: =OW • (A2.34) 

Orr.HTb, crrHHOB03aBHCHMJIO qacTb (dafdn)~:;;:?<Rl B CE-cHCTeMe nonyqaeM Bbi

'IHTaHHeM ypaBHeHHH {A2.31) H3 (A2.6} rrp11 TOM :lKe caMOM CE-yrne. 

)]jig OTHOIUeJTH.II ~;::;~(0: =D) HMeeM 

!laCE + bcEI2 
2 4 

R~::;;~(o: = 0) = -3 ~(lacEI2 + jbcEI2 + lccEI2 + ~~EI2) 
(A2.35a} 

TTR neE (o: = O) HMeeM ,, ... ,, .. H nnp-+pn 

!lacE- bcEI2 + ~(lccEI2 + ldcEI2) 
2 4 . . 

( - O)CE = - CE 2) . 
Rnp-+pn o: - · · 3 ~(lacEI2 + lbc~l2 + lccEI2+ ld I. 

{A2.35b) 

CE-aMIIJIHTJ,ll;bl B ypaBHeHHHX OT (A2.34) ,11;0 (A2.35a,b} ,~~;omKHhi paccMaTpHBaTb

C.II npn O:cM = 0, io eCTb, npn OcM = 71". YnpocTHM orrHTb onncaHne np peaKIJ;HH. 

ITpeo6pa30BaHHe CE-aMIIJIHTY,ll; B aMrrJIHTY,ll;bl ynpyroro pacceHHHH H Hao6opOT ,!J;aJOT: 

~:-pn(O:cM = 0) = Rnp-pn(OcM = 7r) , 

~:.:;~(o:ct.f = 0) = Rnp-+pn(OcM = 7r} , 

(A2.36a) 

(A2.36b) 

1-fTaK, 6hiJIO rrpO,ll;eMOHCTpllpOBaHO, 'ITO ynpyroe np- B3aHMO,ll;ell:CTBHe ,!{aeT ,!{Jil'l 0,11;
HHX H TeX :lKe 3KCIIepHMeHTOB Te :lKe Ca.'\lble pe3yJibTaTbT KaK ,!{Jil'l ynpyroro pacCe.IIHHH, 

TaK H ,!{JIH ynpyroll: nepeaapH,li;KII. 

E. Ha6mo,n;aeM:&Ie.B CE-cucreMe 

B nyHKTaX C n D 6biJIH ncnonb3oBaHbl ie :lKe BeKTopable 6a3lichi)VIH c.u;.M. H na6o

paropHoA CHCTe:\lb1
1 

'ITO H B pa6oTe (BLW). B aTOM cnyqae npeo6pa30BaHHH MaTPUIJ;bl 
' ,, . - "\ 
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paeeeHHHH H3 eHeTeMhl CE B eHeTeMy ynpyroropaeeestHHH H Hao6opoT O'leBH,D;Hhl, H 
Bhlpa>KeHHH ,LVIH aeex Ha6nJO,~~;aeMhiX oeTaJOTeH 6e3 H3MeHeHHit. E~HeTBeHaoe pa3JIH
'1He Me>K,D;y YKB3aHHhiMH eHeTeMa'dH Jie>KHT B onpe,D;eJieHHH yrna paeeeHHHSI. 

Ho ecJIH 113MeHHeTCH aexTOpHhlit 6a3ne ,LVIH o,~~;Hoit H3 eHCTeM, HanpHMep, eemr B 
e.n;.M. ,LVIH CE-eHeTeMhl HenOJib3yeTeH 6a3He (A2.4), TO H3MeHHJOTeH TaK>Ke enHHOBble 
KOMnOHeHThl H HeHyJieBhle MeTKH (HH)J;eKehl) ,LVIH Ha6JIJO)J;aeMbiX. IJO,D;'IepKHeM, 'ITO 3TH 
Ha6JIJO,D;aeMhle, HX 3HaKH H ,D;a>Ke KX Ha3BaHHH eHJibHO 3aBHCHT OT Bhl6opa BeKTOpHOrO 
6a3Hea. 

IJpHBe,D;eM TpH npHMepa TOrO, KaK H3MeHHJOTeH Ha6JITO,D;aeMhle, eCJIH IIpH HeTIOJib-
30BaHHH HHBapHaHTHbiX a"IIIJIHTY,D; BeKTOpHbiit 6a3He 6y,D;eT JIH60 H3 pa60Thl (BLW), 
JIH60 H3 ypaBHeHHH (A2.4). 

IIepabrlt npHMep no,~~;qepKHBaer, 'ITO HeKoTophle Ha6nJO,~~;aeMhle oeTaJOTeH HeH3MeH
HhTMH (mmapHaHTHhiMH). TaK npoHCXO,!J;HT B cnyqae ,D;H¢¢epeHIJ;HaJibHoro eeqemiH 
ynpyroro paeeeHHHSI ,LVISI BbTJieTaJOm;HX He:l!:TpOHOB H ,ll.JIH BbiJieTaiOm;KX npOTOHOB npH 
TOM :lKe eaM0!.-1 e.n;.M. yrne B JIJ06o:l!: e:~~e-reMe. To >Ke eaMoe Ha6JIJO,D;aeTeH ,ll.JIH napa
MeTPa eTIHHOBOit KOppeJIHIJ,HH Aoonn TaK iKe, KaK H ,ll.JIH a"IIIJIHTY)J;hl enHH-CHHrJieTHOro 
paeeeHHHH b - c. 

BTopoft IIpHMep IIOKB3bTBaeT 3KenepHMeHT1 r,~~;e MeHHIOTCH 3HaKH1 HO Ha3BaimH 
nepeMeHIIbTX He MeHHIOTeH. HanpnMep, nonstpH3aiJ;HH, HJIH aHaJIH3Hpyrom;aH enoeo6-
noeTb Pnooo = Aoono no [BLW), Bh!pa:lKaeTeH qepe3 aMnJIHTY)J;hl paeeeHHHH KaK 
(dafdD.)Pnooo = Rea*e. JierKo rroxa3aTb, 'ITO aTH BeJIH'IHHhl ,u..n:H paeeeRHHoro nett
Tpona H ,D;JIH npoToHa OT)J;a'ln HMeiOT pa3Hhle 3HaKH (eM. nyHKThl A n B). 3HaKH 
,LVIH o,~~;nnx n Tex >Ke 'laCTHIJ; ne MenHIOTCH ,u..n:H CE- eReTeMhl, eCJIH aeKTOpHbifi 6a3ne 
eoxpaHSieTeH. C ,!J;pyrofi eTOpOHbl, 3HaKH ,ll.JIH KOJie'IHhiX He:l!:TpOHOB (HJIH rrpOTOHOB) Me
HHJOTeH MeeTa:MH, eeJIH eHa'laJia B3HThl 6a3HeHbie BeKTOpbl (BLW), a 3aTeM- 06bi'IHhlfi 
aeKTOpHbiH 6a3Re CE, onpe,~~;eneHHbiit <f>opMyJJott (A2.4). 

B xaqeeTae rrocne,~~;Hero rrpRMepa TOro, KaK B pa3HhiX aMnJIHTY,D;HbiX rrpe,~~;eTaBJie
HHHX e pa3HbTMH 6a3HeHbTMH BeKTOpaMH MeHHIOTeH Ha3B3HHH Ha6JIIO,D;ae!.lb!X1 MO>KHO 
ynoMHIIYTI> onpe,~~;eneHnhle a [BLW) rrapaMeTp ,~~;enOJIHpH3a:IJ;RH DnOno n rrapaMeTp ne
pe,~~;a'ln nonHpH3aiiHH KOnno (<f>opMyJihl (A2.10a) n (A2.19)). YKB3anHhie aa6nro,~~;aeMhle 
B3aHMHO o6MenHaaroTeH na3aanHHMH, ecnH ,u..n:H CE-eneTeMhi HenoJih3YIOTeH 6a3nenhre 
BeKTOpbi <f>opMyJihi (A2.4). 

06o6m;HTb npO,D;eMOHCTpHpOB3Hilhle TOJibKO 'ITO rrpHMepbl MO>KIIO eJie,D;YIOIIIHM o6-
pa30M. EeJIH BMeeTO M3TPHIIhl ynpyroro paeceHHHH HenOJib3yeTeH. MaTpHII3 ynpy
rOH nepe3apH)J;KH1 TO ,D;H<f><f>epelTIIHaJibllhle Ce'leHHH H napa"teTpbl KOppeJIHIJ;HU enH
IIOB OeTaiOTeH HeU3MeHHhiMH. Bee ,D;pyrHe napaMeTphl H3MeHHJOTeH, a HeKOTOpbie H3 
HHX ,D;a>Ke MeiiHIOT Ha3BaHHe. IlO,D;'IepxueM IIOaTOMy, 'ITO KOr,D;a HeTIOJib3JeTeH <f>eHo
MeiiOJIOrHH B paMKax N N-paeeeHHHH, TO TepMHH "rrepe3apH,D;Ka" npe,~~;CTaBJIHeT eo6oit 

1 6eenone3noe H auyTpemre ueeornaeoaaauoe ycno>Kuenne. qT06hr R36e>KaTh ne,~~;opa3y
'-1CHHif, Heo6xo,~~;nMo 6hTJIO 61>1 onneaTb TIOJIHhlfi NN-<f>opMaJIH3M (Toro >Ke THna, 'ITO 
H (BLW)) ,!J;JIH Ka:iK,!J;OrO B3HT0ffi aMIIJIHTJ,D;HOro npe,D;eTaBJieHHH npH Ka:iK,!I;Ofi eHeTe!.te 
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6a3HCIIhiX BeKTOpOB. MO>KHO JIHWb KOHCTaTHpOBaTb1 'ITO BIIJIOTh ,11;0 HaCTOHm;erO Bpe
MeHH noxa HHKTO He npeJUIPHHHJI Ta~'oit if3HypHTeJibHOA pa.6on,., H MHOrHe pa3yMHhle 
aBTOphl (OOJibrueit 'laCThiO - 3KenepRMeHT3TOphl) nonpoCTy H36eraJIH HenOJib30BaTb 

CE-Ha6nro,~~;aeMhle a caoKX CTaThHX~ 

3. fipBMrul peKOHCTpy~HB H30CHHrJieTHhiX aMDJIHTY~: o6~it CJiy'lait 

B aTOM pa3,D;eJie OHHChiBaeTCH onpe,~~;eneHHe aMHJIHTY,D; c H30CIIHHOM I = 0 B npe)J;llo
JIO>KeHHH, 'ITO aMHJIHTy~ c I = .1 H3BeCTHbl 11 'ITO npH yrne OcM.H3MepeHo ,D;OCTaTO'IHOe 
'IHCJIO lle33BHeHMblX Ha6JIIO,D;aeMbl~ ,ll.JIH np-pacceHHHH. IJOKa33HO, 'ITO IIO MeHbrueit Me
pe o,D;Ha Ha6nro,~~;aeMa:H, R3MepeHHa:H npR yrne 1r- Oc111, Heo6xo,L~.HMa ,LVIH Tom, 'IT06hl 
onpe,D;eJIHTh aMnJIHTY,D;hl c I = 0, BKJIIO'IaH HX <f>a3y no OTHOmeHHJO K aMnJIHTy,D;a..r c 
I= 1. CneiiRaJibHhle cnyqaR c Oc111 = 0, 1r o6ey>K,D;aiOTCH s naparpa<f>e 4. B OCHOBHOM, 
lf3JIO:lKeHne CJie,D;yeT pa6oTe (10] C HCII0Jih308aHHeM COOTHOWeHiflt H3 pa60Thl (BLW). . 

CHCTeMa pp co,~~;ep>KHT TOJihKO coeTOHHHH c I = 1, Tor,~~;a KaK 8 np-eHeTeMe ecTh 
coeTOHHHH xax c I = 0, TaK H c I = 1. IIoaToMy ecnR ,D;OCTYITHO ,~~;oCTaTO'IHOe KOJIH'Ie
CTBO )J;aHHhiX no np-paeceHHHJO npH O)I;HOA: 3HeprRH H O,!J.HOM yrJie, TO MO>KHO eHa'laJia 
H3BJie'lb np-aMnJIHTY,D;hl, a 3aTeM H 'IHCThle a..rnJIRTy)J;bl c I = 0, eCJIH H3BeCTHhi aM
TIJIHTy,!l;hl c I = 1. SlcHo, 'ITO TaxaH peKoHe'rpyKIJ.HH ao3MO>KHa TOJibKO 8 TOM cnyqae, 
KOr,D;a pp- H np-6a3hl ,!l;aHHhlX ,!I;OCTaTO'IHhl HJIH nOJIHbl, 8 CMbiCJie, paeCMOTpeHHOM B 

IlpHJIO>KeHHH Al. 

AMnJIHTY,D;hl, BhlnHeaHHhle a Ta6n. 2.1 [BLW], Mo:>KHO paenHcaTh a TepMHHax Mo-
,D;yneit H <f>a3 TaK, · KaK IIOKa3aHO HH:lKe: . 

AMnJ,IHTY)J;bl c I= 0 

laol[eXP (iao)](o) =+ laol[exp (iao*7r-9), 

lbol[exp (i.Bo)](O)=+ leol[exp (i'Yo)](7r- 9), 

leol[exp (i'Yo)](o) = + lbol[exp (i.Bo)](7r- 9), 

Idol [exp (ido)] (9) = -Jdol [exp (ido) ](1r- 9) , 

leol[exp(ieo)](9) = -leol[exp.(ieo)](7r- 9). 

AMnJIHTY)J;hl c I= 1 

la1l [exp (ia1)] (0) = + la1l [exp ia1] (1r- 9) , 

lb1l [exp (i.81)] (0) = - lc1l [exp i'Y1] (1r- 9) , 

lc11[~ (i'Yl)](o) =- lb1l[exp i.81](1r- 9), 
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(A2.37a) 

(A2.37b) 

(A2.37c) 

(A2.37d) 

(A2.37e) 

(A2.38a) 

(A2.38b) 

(A2.38c) 



ldrl [exp (ior)] (8) = + ld1l [exp' ior] (11"- 8) ; 

Jeri [exp (if1>]<8) = + le1l [~P if1](11"- 8} • 

(A2.38d) 

(A2.38e} 

BeJIH'IHHbl OT lao,rl JI.O leo,rl o6o3Ha'laroT a6conroTHhre 3Ha'leHHH, BeJIH'IHHhl OT oo,r 
!1.0 fo,r HBJIHlOTCH COOTBeTCTBylOID;HMH <l>a3aMH • .[JjrH np-HaMlOP.aeMblX MO)f(HO UOJIY
'IHTb np-aMTIJIHTYJI.M1 . 06o3Ha'leHHble COOTBeTCTByroiD;HMH a6COJI10THbiMH 3Ha'leHHHMH 

OT lanplli.O lenpl R <l>a3aMH OT Onp /1.0 fnp}, OTHOCHID;HMHCH K np-CHCTeMe. 

Pa3JIO)f(eHHe np-aMnJIHTY/1. no 'lHCTbiM H3ocnHHOBblM cocroHHHHM npH yrne 8 = 8cM 

li.aeT 
1 

anP = 2 (ao +ar), {A2.39a) 

1 
bnp = 2 (bo + b1} , (A2.39b} 

1 
bnp = 2 {QJ + c1) , (A2.39c} 

1 
dnp = 2 (do+ dl) ' {A2.39d} 

1 
enp = 2 (eo+ e1) . (A2.39e) 

IfcnOJib3YH Ta6JI. 2.1 (BLW), HaxOJI.HM CJieli.YlOID;He COOTHOllieHHH Me)I(P.Y np- H 

pp-aMrrJIHTYJI.aMH rrpH yrne 71" - 8cM H np- H pp-aMnJIHTyJI.aMH rrpH yrne 8cM: 

anp(11"- 8cM) = + anp(8cM)- al(8cM) , 

bnp(11"- 8cM) = + Cnp(8cM) - cl(8cM) , 

Cnp(11"- 8cM) = + bnp(8cM)- bl{8cM) , 

dnp(11"- 8cM) =- d,p{8cM) + dr(8cM) , 

enp(11"- 8cM) =- enp(8cM) + el{8cM) • 

{A2.40a} 

{A2.40b} 

{A2.40c} 

(A2.40d} 

{A2.40e} 

0TMeTHM, 'ITO npHBeP.eHHbie B Ta6JI. 2.1 (BLW) (HJIH B <i>opMyJiax (A2.37}, (A2.38}, 

(A2.39} H (A2.40)} COOTHOilleHHH He CHMMeTpH'lHbl. MO)f(HO OUpeP.eJIHTb HOBble aMITJIH

TYP.bi g H h: 
g=b+c, h=b-c (A2.41) 

no OTP.eJihHOCTH P.JIH CHCTeM c I = 0 H c I = 1. Tor11.a P.JIH Ka)I(Jl.ofi H30CITHHOBOfi 

CHCTeMbi BCe a'dllJIHTYli.bl 6yP.YT JIH60 CHMMeTpH'1Hbi1 JIH60 aHTHCHMMeTpH'lHbl. 

~ ByP.eM C'lHTaTb, 'ITO H3Mepenhr rroJIHhle na6ophi na6JI10P.aeMhiX P.JIH yrrpyroro pp- H 

! I np-pacceHHifH rrpH yrne 8cM H P.JIH o6enx cncTeM Bblrronnena rrpHMaH peKOHCTPYKU.HH 

a.'dUJIHTYli. BllJIOTb !1.0 06ID;HX <l>a31Jnp HJIH fJrP.JIH Ka)f(li.Oro paCCeHHHH. IlpeP.llOJJO)f(HM1 

'ITO B o6onx CJIY'IaHX o6m;ne <l>a3bl eCTb <l>a3bl aMUJIHTYli. enp HJIH er H OHH o6o3Ha'leHhi 
KaK fnp H f 1 COOTBeTCTBeHHO. 9TO 03Ha'laeT, 'ITO P.JIH Ka)f(P.Ofi aMTIJIHTYli.bi II3BeCTHbl ee 
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a6COJllOTHoe 3Ha'leHHe H ee 4>a3a OTHOCHTeJibHO enp HJIH e1; HarrpHMep,P.JIH a.'dTIJIHTYli.hi 

a1 onpeP.eneHbl !a1l H 1/1 = 01 :- fr. 

qT06bi peKOHCTpYifpoBaTb H30CHHrJieTHhie aMTIJIHTYli.bl 1 HeOOXO)lHMO HaATH 4>a3y 

l{J Me)I(JI.Y HamHMH np- n pp-a.'dnJIHTY):{a.MH. Bae11.eM: o6o3Ha'leHne w P.JIH <l>a3hi Me)f(P.Y 

a.\fnJIHTYP.OA c I = 0 H pp-aMTIJifiTYP.OA, a P.JIH cpa3bi Me)f(li.Y aMnJIHTy.u,oA c rml = 0 n 
np-aMTIJIHTYP.OA - OOo3Ha'leHHe X· · · · · 

OnpeP.eJIHM, aanpnMep, l{J ~ fnp- f 1. B CTaThe [10J6biJlo noK~aHo, _'ITO P.JIH.Ha
xo)f(li.eHHH fnp - f 1 c OP.HOA )lHCKpeTHOA lieonpe,zi.eneHHOCTbio HY)f(HO BblnOJIHHTb OP.HH 

np-3KcnepHMeHT TaK)f(e H npH yrne 71"- 8cM· .D:aa TaKHX H3MepeHRH O,l:{H03Ha'IHO onpe

P.eJIHT BeJIH'lHHY fnp- fl. 

06o3Ha'IHM 

Tor,zta 

H 

X =tan fnp- fl 
2 

2x 
sin(f;,p- f1) = 1 + x 2 ' 

. 1-x2 

cos(fnp-fl) = 1+x2 ·-

{A2.42) 

(A2.43a} 

(A2.43b} 

B Ka'leCTBe nepaoro npHMepa HaxO)I(Jl.eHHH fnp - fr paccMoTpHM ,l:{H<I><I>ePeHIJ,HaJib

HOe ce'leHHe np-pacceHHHH Ha yron 71"- 8cM· IIcnonb3yH <l>opMyny (A2.40), ero MO)f(HO 

3anncaTb KaK 

(:tP (11"- 8cM) = ~(lanp(8cM)- al(8cMW + lbnp(8cM)- br(8m.tW+ 

+ ICnp(8cM)- cl(8m,tW + ldnp(8cM)- d1(8CMW + lenp(8cM)- el(8cMW)::::: 

= (:) np (8cM) + (:) PP (8cM)-

- Re ( anp ai + bnp bi + Cnp ci + d,p di + enp ei) , · {A2.44) 

qT06bl H3~JIHpoBaTb pa3HOCTb 4>a3 H30CHHrJI(lT-H30TpHrrJieT H Bhipa3HTb HY)f(Hble 

BeJIH'IHHbi 'lepe3 OTP.eJibHO peKOHCTpyHpOBaHHhJe pp- H np-aMIIJIHTYP.hi H <l>a3bi, YP.06EIO 

3anucaTb 
Reanp af = lnn~lla1l cos (onp- or) . {A2.45) 

·Tenepb MO)f(HO BbiTIHCaTh pa3JIO)f(eHHe: 

COS (Onp- Or)= COS (onp- fnp- (or- fl) + fnp- fr) = 

= + COS ( Onp- fnp- {01- fr}) COS {fnp- f1)-
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- sin ( crnp- fnp- (a1- t:1)) sin (t:np- t:1),;.. (A2.46) 

- ( - ) 1 _ x2 
- • ( · ·) 2x 

ros crnp- fnp- (al - t:1) 
1 

+.x2 - sm a,;p- fnp - (a1 - t:1) 
1 
+ .x2 • 

H aHaJIOrH'IHLte BbtpiDKeHHH )VIR ,lij)yrHX Bell(eCTBeHHbtX qacreft B <l>opMyJie {A2.44). 

9TO npenpaTHT (A2.44) B KBa,lij)aTHOe ypaBHeHHe OTHOCHTeJibHO X, H3 KOTOporo fnp-fl 

HaxO,IJ;HTCH C O,IJ;HOA ,Il;HCKpeTHOit HeO.w{03Ha'IHOCTbiO. 

BMeCTO ,n;H<f><f>epeHIJ;HaJihHOro ce'leHHH np-pacceHHHH, MO)I(HO H3MepHTb nro6yro 

,n;pyryro Ha6nro,n;aeMyiO Onp npH OcM H 1r- OcM· Be.JIH'IHHhl 

(:;) np (OcM) Onp(OcM) , 

(:~) np (11"- Oc~vt) Onp(11"- OcM) , 

(A2.47) 

(A2.48) 

BbipiDKaiOTcx qepe3 aMnJIHTy,n;hl pacceHHHH H3 (BLW]. B pa60Te (10) ,n;eMOHCTpHpyeTCH 

npaKTH'leCKaH peaJIH3aiJ;HH TaKOrO IIO,Il;XO)l;a, 1103BOJIHIOII(aH npOBO,Il;HTb HHTepnOJIHIJ;HIO 

HJIH 3KCTpanOJIHIJ;HIO COOTBeTCTBYIOII(HX ,n;aHHbiX. 

3HaHHe O)l;HOft Ha6JIIO,n;aeMOit 1103BOJIHeT IIOJIY'fHTb KBa)l;paTHOe ypasHeHHe )VIH Be:

JIH'IHHbl X, H3 KOTOpOro JierKO OIIpe,IJ;e.JIHTb fnp - fl He 6onee 'leM C O,IJ;HOit ,Il;HCKpeT:

HOH HCO,IJ;H03Ha'IHOCTbiO (eM. ypaBHCHHH (A2.43a,b)}. J1H<f>opMaiJ;HH H3 BTOpOrO np
H3MepeHHH npH yrne 1r - OcM aTy HCO,IJ;H03Ha'IHOCTh ycTpaHHT. 

3aMeTHM1 'ITO HH<f>OpMalJ;HH 0 JII06b!X )l;Byx pa3.ri:H'IHbiX H3MepeHHHX1 BbiUOJIHeHHbiX 

IIpH 11"-flcM, MO)I(eT 6b!Tb Bb!piDKeHa B <l>opMe CHCTCMbl ,Il;BYX JIHHCitHbiX ypaBHCHHA )VIH 

COS (t:np-fl) H sin {enp-t:l), KOTOpyiO TaK)I(C MO)I(HO pemaTb BMCCTO )l;BYX KBa,n;paTifbiX 

ypaBHCHHit OTHOCHTCJibHO X. 0,n;HaKO B rrpaKTH'leCKOM llpHMCHCHHH 3KCIICpHMCHTaJih

Hble ,IJ;aHHbiC CO,IJ;Cp~T CTaTHCTH'ICCKHC IIOrpeiDHOCTH H CJIC,IJ;yeT HCIIOJib30BaTb MCTO,Il; 

HaHMCHbiiiHX KBa,n;paTOB )VIR TOro, 'ITOObl o6ecne'IHTb COrJiaCOBaHHOCTb MC)I(.nj 3Ha'le

HHHMH CHHyca H KOCHHyca. 

B crreiJ;HaJibHOM CJiy'lae BcM = 1rj2, H3 Ta6n. 2.1 [BLW] HMeeM e0 (7r/2) = 0 H 

2enp(7r/2) = e1(1r/2). Tor,n;a t/> = Enp- f1 = 0 H rrpRMaH peKOHCTPYKlJ;HH aMIIJIHTy,n; np
H pp-pacceRHHH ,n;aeT TaK:lKe H aMIIJIHTJ,Il;hi c I = 0 6ro KaKHX-JIH6o ,n;orrOJIHHTe.JILHhiX 

H3MepeHHft. 

KaK pa3'hHCHReTCH B TipHJIO)I(CHHH A3, aHaJIH3 <l>a30BhiX c,n;nHron (PSA) .n;aeT a6-

COJIIOTHbie <f>a3bl aMIIJIHTY,IJ; )VIH 'IHCThiX H30CIIHHOBbiX COCTORHHA IIpH BCCX yrnax pac

CCHHHH BcM· llla3bl OT a ,n;o f ,n;JIH pp- H np-aMIIJIHTy,n; <I>HKCHPYIOTCH BKJia,n;aMH o,n;

HOIIHOHHoro 06MeHa (OPE) )VIH B3aHMO,IJ;CitCTBHit npH 60JiblliHX pacCTOHHHHX (nepH

<f>epH'ICCKHX). Bonee Toro, npo11;e,n;ypa PSA, BLtiiOJIHRCMaH o,n;HOBpeMeHHO .IVIH pp- H 

': np-,n;aHHbiX1 aBTOMaTH'ICCKH OIIpC,IJ;e.JIHeT <f>a3y </J MC)I(,IJ;y pp- H np-CHCTCMaMH. 
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4. PeKOHCTJlYKU:H.S H30CHHrJJeTHol aMDJJHTY~Y "suepe~" H "aa3~" 

KaK y)l(e 6hiJIO BH.n;HO H3 ypanueHHit (A2.12a,b), MaTpHlJ;a pacceHHHH ynpoll(aeTcH 

)VIH paCCCHHHH "nrrepe.z(' (flcM = 0) H "Ha3a,n;" (flCM = 7r)._He3aBHCHMLIMH OCTaiOTCR 

TOJibKO TJ>H aMIIJIHTJ,Il;bl. TipH pacCCHHHH "nrrepe,n;" TOJibKO ycpe,n;HeHHOC 110 CIIHHaM 

IIOJIHOO CC'ICHHC H ,n;na CIIHHOB03aBHCHMbiX BKJia,IJ;a MOryT 6b1Tb OIIpe,n;e.JieHhl B HHKJII0-

3HBHhiX pp- H np-H3MepeHHHX. I.fcrrOJib3YH ypaBHeHHH (3.10) H (3.11) H3 (BLW), MO)I(HO 

CBR3aTb 'IJICHbi U11ot H U2tot C pa3HOCTHMH IIOJIHhlX Ce'leHHit: 

-l!.ur = 2uuoe, 

-l!.UL = 2(Uttot + 0"2tot), 

(A2.49a) 

(A2.49b) 

KOTOphle MOryT 6hiTb H3MCpeHbl ,Il;JIH COOTBeTCTBYIOIIJ;HM 00pa30M IIOJIHpH30BaHHbiX 

HYKJIOHOB. 0HH Jllt:HeitHO 3aBHCHT OT Tp~x HCHC'le3aiOIIJ;HX 8..\fiiJIHTY,IJ; qepe3 OIITH'le

CKHe TeOpeMbl: 

Utot = (211" / K)Im [a(O) + b(O)J, 

-l!.ur = 2uuoe = (411"/K)Im [c(O) + d(O)], 

-"l!.UL = 2(uu.>t + U2tot) = (411"/ K)lm (c(O)- d(O)). 

(A2.50a) 

(A2.50b), 

(A2.50c) 

BJiaro,n;apH 3THM OIITH'lecKHM TCOpeMaM, BCe_ MHHMbiC. 'lacTH aMIIJIHTY,IJ; ,IJ;JIH pp
H np-CHCTCM <f>HKCHpOBaHbl. I.fMeHHO 1103TOMY HeHC'le3aiOII(He aMIIJIHTY,IJ;b! paCCeHHHH 

Bnepe,n; HBJIHIOTCH a6COJIIOTHbiMH. EcJIH 6bl MO)I(HO 6b!JIO orrpe,n;eJIHTb IIOBOPOT np
CHCTCMbl 110 OTHOllleHHIO K pp-CHCTeMe Ha BcM = 11"1 TO a6COJIIOTHhle aMIIJIHTY,Il;bl 6hiJI.Jf 

6bl BTTOJIHe OllpC,D;e.JICHbl H llpH 3TOM yrne. 

qT06bi pCKOHCTpyHpOBaTb BCII(ecTBeHHJ>Ie 'laCTH aMTJJIHTY,IJ; pacceHHHH BIIepe,n;, Tpe-

6yeTCH OllpC,IJ;e.JIHTb IIO MCHhllleit Mepe TpH ,n;pyrHe Ha6JIIO,n;aeMMe KaK ,n;JI~ pp-, TaK 

H )VIH np-paCCCHHHH. B. TO'IHOCTH IIO,Il; yrJIOM 0° He.Jlb3H H3MCpHTb HHKaKyiO Ha6JIIO

,n;aeMyiO, CBH3aHHYIO C pacCeHHHeM. )J,nH pp-cHCTeMbl ,n;aHHbiC ,Il;OCTYIIHhl, Ha'IHHaH C 

yrna BcM = 4°. B np-pacceHHHH ua6Jiro,n;aeMhle H3MepeHhl rrpH yrnax Meubme, 'leM 

BcM = 10°. 

!llaKTH'ICCKH 1 BellJ;eCTBCHHhie 'laCTH H,IJ;epHblX aMIIJIHTy.l:s; pp-pacceHHHH -BIIepe,n; XOpo

IIIO 3KCTparroJIHPYIOTCH K B = 0 c rroMOII(biO rrpoiJ;e,n;yphl PSA, KOTopaH rrpe,n;cTaBJIHeT 

co6oit HaHJiyqmyiO IIO,IJ;rOHKY yrJIOBOii 3aBHCHM0CTH JII06oft H3MepeHHOit ua6JIIO,IJ;aeMOft. 

)J,nH np-CHCTeMbl orrpe,n;e.JieHHe Ha6JIIO,n;aeMbiX B HarrpanJieUHH-" Bnepe,n;" MO)I(f!O 3a!l<te

HHTb H3MepeHHHMH ,IJ;H<f><f>epeHlJ;HaJibHOrO Ce'leHHH H ,IJ;RYX HeHC'IC3aiOII(HX rrapaMCTpOB 

crrHnonoft KOppeJIHll;HH rrpH BcM = 11". B Ka'ICCTBC rrpHMepa paccMOTpHM na6mo.n;aeMhie 

(BLW] Aoonn(11") H Aookk(11"). TaK KaK e(O) = e(7r) = 0, 

(~~) np (1r) = ~ [1al2 + IW + lcl2 + ldl2 1] , (A2.51a) 

(~~) np (1r) Aoonn(11") = ~ [1al2 -IW -lcl2 + ldl21] , (A2.51b) 
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n 

(~tP (rr) Aookk(rr) = Rea•d + Iieb•c. 

I1enOJib3YH rrpOCTOe COOTHOmeHHe THna 

HaXO)J:HM 

Ia + dl2 
= lal2 + ldl2 + Rea*d, 

(~)np (rr}(1 + Aookk) = lb+ cj2
, 

(:;) np (1r}( 1- Aookk- 2Aaonn) = lb- cj2
, 

(:tP (rr)( 1- Aookk + 2Aaonn) = lb- cj2, 

(A2.51c) 

(A2.52} 

(A2.53a} 

(A2.53b} 

(A2.53c} 

r,n:e nee BeJIH'lHHbJ BbJ'lHeJieHbJ npH IJCM = '/1". I.fenOJIJ>30BaB YKa3aHHble H3MepeHHH, 
IlOJiy'laeM OeTaBIITHeCH TpH Bem;eCTBeHHbiX 'lacTH np-aMDJIHTy)J:, HO e He3aBHeHMbiMH 
HeOrrpe,n:eJieHHOCTHMH 3HaKOB ,li.1IH KaJK,li;Oil: KOMfiHHaD;HH aMilJIHTy)J:, H3-3a qero llOJiy<J:a
eM BOCeMb B03MO:lKHbJX pemeHHil:. BCHKHit He3aBHeHMblit aKCrrepHMeHT, rrpone,n:eHHblil: 
npH BcM = 1r, yMeHhmaeT <J:RCJIO Heonpe,n:eJieHHocreit n 2 pa3a. 

9TH Iieonpe,n:enenHOCTH MO:lKHO yeTpaHHTb HeeKOJihKHMH pa3HhiMH crroco6aMH. Bo
nepnhlx, ITO MCHbiiieit Mepe MOiKHO HCITOJib30BaTb 3HaK OTHOIIIeHHH 

Re (a(O} + b(O}) 
p(O} = Im (a(O} + b(O}) ' (A2.54) 

a'dUJIHTY,!J: pp- H np-paeceHHHH "nnepe,n:". 3aMeTHM 1 <ITO ,li.JIH pp-pacceHHHH 3Ta BeJIH
qJlHa onpe,n:eJIReTCH B PSA (eM. IlpHJIO:lKeHHe A3} BllJIOTb ,n:o 3 r3B H H3BeCTHa BIIJIOTb 
)J:O O<J:eHb BbJCOKHX 3HeprHit H3 ,n:pyrHX H3MepeHHit, a TaK:lKe H3 )J:HCrrepCHOHHbJX COOT
HOIIIeHHlt ,[(Jm np-pacceRHHH 3Ta ua6mo,n:aeMaH H3BeCTHa BllJIOTb ,n:o 1.3 r3B H3 PSA 
H MO:lKeT 6MTb paCC'fHTaHa BIIJIOTb )J:O 10 r3B (eM. pafioTy (11]). . 

,[Wyrag B03MO:lKllOCTb eOeTOH'T B RerrOJib30BaHRH' He3aBRCHMbJX BeJIH<J:HH, orrpe,n:e
JJeHHbJX B nyJlKTax A, B (C, D), HJJH TOJihKO ax 3uaKos. CpasHeuae e Teopaeit cyiD;e
CTBYIOID;HX H'3MepeHHil: TaKoro po,n:a paCCMOTpeHO, HanpHMep, B pafiOTe [9]. 

B 3aKJIIO<J:euae, KacaHeh npe,n:MeTa naparpa<t>on 3 H 4, no,n:qepKHeM, 'ITO BIIJJOTb 
,n:o uaeTogm;ero speMeHH DRSA aMrrJJHTYA np-pacceRHHH npa BcM 6hiJI BhmOJJHeH 6e3 
HCIIOJib30BaHHH CBH3elt c ua6nro,n:aeMhiMH rrpH conpRiKeHHOM yrne 11"- BcM· He pac
CMaTpanaJJCH TaK:lKe 6onee o6ID;HA nonpoc o DRSA aMnJIHTYA np-paceeHHHR H3 ,n:nyx 
"HenoJIHhlx" ua6opos 3KCnepRMeHTOB: o,n:uoro npH BcM, a ,n:pyroro - rrpH 1r- BcM· 
11HTepeCHhie H,!J:ell llO 3TOlt TeMe MO:lKJIO Hai:tTH B pafioTe (12]. 
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11 

A3: AHaJIH3hi cpa30BhiX c,n;BHroB 

1. YrnoBrui 3aBHCHMOCTh aMnnHTJ'A pacce.s:am~ 

B CTaTbe (BLW) [1} 6hiJIO IIOKa3aHO, KaK Bhlpa:lKa.IOTCH Ha6mo~aeMhle ynpyroro 

NN-pacceHHHH qepe3 aMnJIHTY~hl, uxowru~He B MaTpHizy pacceHHHH. B IlpHJIO)f{eUHH 

AI paccMaTpHBaJICSI no~o~ DRSA (npHMaH peKOHCTPY~HH aMnJIHTY~ pacceHHHH), 

KOTOpblit MO)f{eT fihiTb BbiUOJIHeH npH ~aHHOA 3HeprHH H yrne pacceHHHH. ,[VIg TOrO, 

'IT06hl yqeCTh yrJIOBYIO 3aBHCHMOCTh Ha6Jiro~aeMbiX, aMIIJIHTJ~hl pacCe.SIHHH ~OJI)f{

Hbl 6h1Tb pa3nmKeHbl B pSi~ nO llOJIHHOMaM Jle:lKa.H~pa H nap~HaJibHQ-BOJIHOBbiM aM

llJIHTy~aM S;, S;;, S;-1,;, S;+l,J, SJ, KOTOphle He 3aBHCHT OT yrna pacceHHH.SI (eM. 

pa6oTy [21). 3~ecb op6HTaJihHhiA Mo.MeHT o6ooua'laeTC.SI 6yKnoA L, a noJIHhiA yrnonoA 

MOMeHT- 6yKnott J. IIap~HaJibHo-nonuonaH MaTPH~a ynpyroro pacceHHHH o6o3Ha'leua 

KaK S. IIap~HaJihHo-BOJIHOBhle aMIIJIHTY~ht CBst3aHbl c <l>a30BhiMH c~HraMH oL,;, r~e 
HH~eKChl OTBe'laiOT 3Ha'leHHSIM op6HTaJihHOro H yrnonoro MOMeHTa. CornacHO cneK

TPOCKOIIH'IeCKHM o6o3Ha'leHHHM, 3Ha'leHHH op6HTaJihHoro yrnonoro MOMeHTa L no.Me

'laiOTCSI 3arnaBHhiMH 6yKnaMH S, P, D, F, G, H, I, J, L, M, N H T. ~{., coOTBeTCTB~HHO 
'IHCJIOBhiM 3Ha'leHH.SIM 0, 1, 2, 3, 4 H T. ~- HH)f{HHe HH~eKChl o6ooHa'laiOT nOJIHblil: yrno

uoil: MOMeHT, a BepXUHe HI~eKChl OTMel.JaiOT CIIHHOBoe COCTOHHHe (CHHI'JieTY OTBe'laeT 

3Ha'leHHe 1, TPHIIJICTJ - 3). ,[VI.s~ N N-roaHMO~eil:cTBHSI H..VIeeM npaBHJIO: 

(-l)L+•+I = -1, (A3.1) 

r~e I eCTh H3ocnHH, a s - noJIHhlit cnHH CHCTeMhl. 

l13 ypaBHeHH.SI (A3.1) cne~eT, 'ITO aHaJIH3 <l>a30BbiX C~BHrOB (PSA) no ~aHHbiM 0 

pp-pacCeSIHHH CO~ep)f{HT <l>a30Bble ~BHrH 1So, 2D2, 1G4 , 
1I6, H T. ~- C 'leTHbiM CHHrJie

TOM L = J, He'leTHhle TpHnJieTHhle L = J <l>a3hl 
3
P" 

3
F 3 , 

3
H 5 H T. ~-. He'leTHhle TPH

nJieTHhle L = J ± 1 <l>a3hl H 'leTHhle L = J napaMeTphl cMemHBaHH.SI 3P 0 , 
3P 2, f2, 3F 2 , 

3
F4, f4, 

3
H4, 

3
H6, f5, 

3J6···· 

CHCTeMa c I = 0 co~ep)f{HT cno6o~Hble napa.VIeTphl ~.SI He'leTHbiX CHHrJieTHhiX 

L = J <Paaonhlx c~HroB 1P" 1F 3, 1H 5 , 
1J7 , H T. p;., 'leTHbtX TpHnJieTHhiX L = J 

<l>a3 3D 2, 3G4, 316, u T. ~-. 'leTHhiX TpHnJieTHhiX L = J ± 1 <l>a3 H He'leTHhiX L = J 
napaMeTpOB CMemHBaHHSI 3S1o f1o 3D1o 3F3, f3, 

3G3, 
3G5, fs, 

315 H T. ~-
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,[VIH CHHfJieTHbiX H He CBH3aHHbiX. TPHnJieTHhiX aMIIJIHTY~ HMeeM . 

S; = exp(2i~;) - 1 , . S;,; = exp(2i6;,J) - 1 , (A3.2a) 

rp;e L ,;, J. Cn.s~3aH-iihle Tpunn'~uble nap~HaJihHo-BOJIHOBble aMIIJIHTY~hl. cop;ep)f{aT 

TaK)f{e napaMeTPbl CMemHBaHHH fJ, KOTOphle CBH3blnam Me~ co6oA OTHOCHTMbHbte 

<l>a30Bble ~BHfH C Op6HTaJihHbiMH MOMeHTaMH L = J ± 1: . . 

S;:~,J = cos2f; e:cp(2io;H,J) -1,· 

SJ =isin2f; exp(i (o;+I,J+OJ-t,J)). 

JA3.2b} 

(A3.2c} 

Ilap~aJibHQ-BOJIHOBaH MaTpH~a ynpyroro pacceSIHHH ~H CBSI3aHHhiX COCTOHHHil: C 

yrJIOBbiM MOMCHTOM J .= £ ± 1 MO)f{eT 6b1Tb 3aUHCaHa B <i>opMe 

S;_,.f SJ 
SL,i = (A3.3} 

S; SJ+I,i 

eCJIH HCllOJib30BaTb ypaBHeHHH (A3.2b}, (A3.2c). 

IlOJIHHOMhl Jle)f{aH~a H HX npOH3BO~Hhle y~OOHhl. B HCllOJib30BaHHH, TaK KaK BQ

nepBhiX, CTeneHh nonHHOMa HMeeT CMhiCJI op6uTanMioro yrnoaoro MOMtm-Ta L, H no

BTOpbtX, H3-3a HX CBOitCTB OpTOI'OHaJibHOCTH. IlpH HCllOJib30BaHHH Ha npaKTHKe ::JTOT 

6ecKouel.fuhlil: p.s~~ ~OJI)f{eH 6b1Th o6opnau npH ueKOTopoM, xopomo onpe~eneuuoM, 3Ha

'leHHH Lmax· OcrannmecH 'IJieHbl, OT Lmax ~o 6ecKOHC'IHOCTH, MOryT 6btTh 3aMeHe

Hhl 'IJieHOM, npe~cTaBJISIJO~M nepu<l>epH'IeCKytO 'laCTb B3aHMO~eitCTBHSI, HanpHMep, 

BKJIMOM OT o6MeHa O~HHO'IHhiM BHPTYaJihHbiM llHOHOM (QIIE). A.VIIIJIHTY~hl pacce

SIHHH a, b, C, d, e ,D;OJI)f{Hbl 6h1Tb nonpaBJIE;Hbl Ha 3JieKTpOMarHHTHble a<P<I>eKThl, ·3a

BHCSI~He OT nma B3aHMo~eil:cTnyro~ax 'laCTH~. 3aMeTHM, 'ITO ~enb PSA cocToHT B 

Onpe~eneHHH H~epHOit 'lacTH B3aHMO~eftCTBHSI 1 a HMeHHO-
11

'1HCTO Sl~epHblX <l>a30BhlX 

C~BHfOB11 • • . 

HH)f{e nopora po)f{,D;eHHH o~Horo nHoHa TThro <l>a30Bhle c~BHrH 6L,J H napaMeTphl 

CMemHBaHHSI f; ae~ecTBeHHhl H cooTuomeuHe yHHTapHOCTH ~H S-MaTpH~hl · Bhlnon

H»eTCH aBTOMaTH'IeCKH. Bhlme TThr npHCJTCTBYIOT HeynpyrocTH H CHTya~HSI, 'u3MeHH

eTCSI H3-3a npo6JieM YHHTapHOCTH. 9TH H3MeHellHH He3Ha'IHTeJihHbl ~SI CHHrJieTHblX 

H HeCBH3aHHblX TpHUJieTHhiX nap~HaJI~HhlX BOJIH ( ypaBHellHe (A3.2a)},. r~e <lla30Bhle 

c~BHrH npocro CTaHOBHTCSI KOMnJieKCHhiMH. B ypaaHeHH»x {A3.2b,c) <l>a3hl OJ±t,J npu

HHMaiOTCH KOMUJieKCHhiMH, a fJ OCTaiOTCH Be~eCTBeHHhiMH. YCJIOBHe YHHTapHOCTH Tpe-

6yeT, '1To6ht Imo ~ o.. · 
IJepBoe npe~CTaBJieHHe, IIOJIHOCTbtO COBMeCTHMOe C YHHTapHOCTbiO, 6btJIO IIOJiy'leHO 

BpaitaHOM (1981 r.) 13], KOTOpbtil: BBeJI T. H. "meCTOit napaMeTP". <l>opMyJia (A3.2c} HM 

6htJia 3aMeHeHa na 

SJ = isin2E; exp(i (cSJ+t,J + 6;-t,J +a;)) . (A3.4) 
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r,D;e ,ZJ;OIIOJIHHTeJJ&HblA 'UleH OtJ MO:lKHO IIOHHM8Th xaK MHHMYIO 'lacTh fJ. TeopeTHKH 

BCer,D;a IIbiT8JIHCh nony'IHTh '3TY BeJIH'IHny pac'leTHHM nyTeM, IIOCKOJihK}' OHH C'IH

TaJIH, qro uue,D;eaHe STOro 'Ulena ,D;OJDKHo ynyqmBTh · cxo,D;HMOCTh PSA. 9TH ,D;eTaJIH 

3,D;eCh He p&CCM8TpHBa.IOTCH, TaK KaK BIIJIOTh )1;0 HHHemHero BpeMeHH Bee npaKTH'Ie

CKHe npHMeaeHJUI TaKoro IIOJI.XO,D;a DOKa3aJIH, ~o 3TOT napru.ieTp aecym;eCTBea. Tax 

npoHCX:O,D;HT IIOTOMy, ~0 "3¢cl)eKT mecTOro napaMeTJia" YMHO.>Ka.e'l'QI Ha sinf.J, a oce 

fJ MaJIH. llo 3TOA IIpH'IHHe 6y,D;eM C'IHT8Tb, 'ITo TOJlhKO 5L,J MOryT 6HT& KOMDJieKCHH, 

a "mecTOA napaMeTp" 6y,D;eT onym;ea. 06c~eHHe 3THX no,D;pO(isOCTeA MO:H<HO naATH 

B pa6oTax (4, 5). · 

P83Jlo:H<eHHe CHBrneT-TpHUJieTBhiX aMnJIHTJ,D; pacceHHHH [BLW) .nmr ~enelt PSA 

6Hno unepBHe BHnHCaHo u 1955 r. CTannoM (6). B ero npe,D;CTaBJieHHH HY:H<BHe co

OTHomeHHH BHrJIH,D;HT Ha.HOOJiee npOCTO, ~0 6HJIO O'leHh Ba:lKHO BO BpeMeBa, KOr,D;a 

o&beM UaMHTH ,D;JIH KOMIIhiOTepHhiX BH'IHCJieHHit HrpaJI pemaiOm;yiO pOJib. 3,D;eCb MH 

npHBO,D;HM HY:lf<HHe <l>oPMYJIH ,nm1 Upe,D;CTaBJieHHH HHB&pHa.HTHHX aMIIJIHTY,ZJ;. 

06ooHa'laR nonHHOMH Jle:H<aH,D;pa KaK PJ{cos9cM) = PJ, a HX npoH3BO,D;Hble no 

COS 9m.t KaK ~(cos9cM) = PJ, MO:lKHO 38UHC8Th Onpe,D;eneHHHe B pa6ore (7) HHB8pH

aHTHHe aMUJIHTJ,D;H pacceHHHH B BH,D;e . 
1 ~ [ ( SJ.J ) a= 4iK ~ (2J + 1) J(J + 1) cos9 PJ + SJ+t,J PJ+1 + SJ-1,J PJ-1 + 

+ .. ::r _, ( ,jJ(J + 1) 2SJ- J SJ+1,J- (J + 1) SJ-1.J)] , {A3.5a) 

1 ~[ . b = 4 'K L... (2J + 1)(SJ,J + SJ) PJ-
' J=O 

(A3.5b) 

- 1'.\ ( y' J(J + 1) 2S' + (2J +l)S.v ooo8- J Smr (J +l)S,_..,) J. 
1 

00 

[ c = 4iK]; (2J + 1)(SJ,J- SJ) Pr (A3.5c) 

- Pj ( ,jJ(J + 1) 2SJ + (2J + 1)SJ,J cos9- J SJ+t,J- (: + 1)SJ-1,J)] , 

d= 4i~ EJ(/+1) [-(2J+1)SJ,J fj+ (,jJ(J+1) 2SJ +SJ+l,J)J PJ+l-

- ( ,jJ(J + 1) 2SJ- SJ-l,J)(J + 1) ~-1] , (A2.5d) 
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sin 9 00 2J + 1 [ · · ] 
e= 4K ];J(J+1) -SJ,Jfj-JSJ+I,JPJ+t+(J+1)_SJ-1,JP'J-1 , (A3.5e} 

r,D;e K- HMnyn&c Ha'l~&aoro liYKJIOHa B c.~.M. (uonaouoe qacno), S00 = S10 = S0 = 0. 
llo,D;'IepxaeM em;e p83, 'ITO Te aeH3BeCTahle cso6o,D;Hhle napaMeTpH, 3Ha'leHHR KOTo

phiX ,ZJ;OJI:lf<Hhl 6b1Tb H&lt,D;eHhl npo~e.zzypoit MHHHMH38~H MeTO,D;OM H&HMeHhiiiHX KBa,ll;

paTOB, H eCTb ¢830Bhle C)J;BHrH. 

· 2. · BKJI~ o~onHonnoro o6Mena 

P83JIO:H<eHHe a.vmJIHTY,D; pacceHHHH o6pe3aeTCH npH HeKOTOpOM 3Ha'leHHH IIOJI

HOrO yrJIOBOrO MOMeHTa Jmax, KOTOpoe Onpe,D;emleTCSI IIO BeJIH'IHHe X2 
Ha . CTeiieHb 

cso6o)J;hl (DoF) cxO,D;SIII\erocH PSA-pemeHHH. Tpe6yeTCH, 'IT06H 3TO pemeaHe 61>1no 

"cTa6Hii&HhiM", T. e. npH ysena'leHHH 3Ha'leHHH Jmax 3H&'IeHHH ucex 6onee HH3KHX 

¢830Bh1X C,D;BHroB H3MeHHJIHCh He3Ha'IHTeJihHO. 

)J,nH 3TOrO COCTOHHHH C 6oJiee BhiCOKHMH yrJIOBhiMH MOMeHT8MH OOhi'IHO 3aMeHH

IOTCR 6opHOBCKHM npH6JIH:H<eHHeM O,D;HOIIHOHHOro BKJia,n;a [8)-[10). O,D;iiOnHOHHhle HH

BapaaHTHhle 8MIIJIHTY,ZJ;hl, BKJia,ll; OT KOTOpbiX npH J · $ Jmax HeOOXO,D;HMO Bbl'leCTb, 

cne,D;y!OII\Ife: 

If 

r,D;e 

aopE{pp) = eoPE(PP) = 0 , 

boPE(PP) = -Fo(1T- 9CM) , CoPE(PP) = Fo(9cM) , 

doPE(PP) = Fo(9cM) + Fo(1T- 9cM) . 

aoPE(np) = eopE(np) = 0, 

bopE(np) = -2F+(1T- 9cM) , CQPE(np) = -Fo(9cM) , 

doPE(np) = -Fo(OcM) + F+(1r- OcJVI) , 

2M1M2 1-cosOcM x/2, k=O,+; 
Fk(OcM) = JL~E x 1 + (JLV2p2)- cosOcM 

npH 3TOM: 

(A3.6a) 

{A3.6b) 

(A3.6c) 

(A3.7a) 

(A3.7b) 

(A3.7c} 

(A3.8} 

Jlvf1, ,\12 -MaCChi UYKJIOHOB IIY'IKa H MHIIIeHH COOTBeTCTBeHHO, /.Lo- M8CC8 1r
0

, Jl+ - MaCCa 

1T±, E- UOJIHaH 3HeprHH, p- HMIIYJihC B C.~.M., j2 - KOHCT8HTa· IIHOH-HYKJIOHHOit CBH3H. 

B npHH~Hne, j2 MO:H<eT 6&JTh pa3JIH'IHOA ~H o6Meaa BHPTYMhHhiM 1r
0 (p~ H n~ 

pacceHHHe "snepe.z(') H ,D;JIR o6MeHa BHpTyanhHhiM 1r± (n~paccesiHne "aa3a,D;"). Tio

CKOJihKY TOJlbKO ,D;JIH o6MeHa BHpTyaJihHhiM 7T± KOHCTaHTa CBH3H MO:H<eT 6biTb TO'IHO 

H3Mepeaa, o6bi'IHO s PSA BBO,D;HTCH HMeaao 3TO 3Ha'leHHe /
2

• C ,D;pyron CToponhi, B 

:-.mnHMH3a~noauoA npo~e,D;ype PSA BeJIH'IHHa / 2 MO:H<eT paccMaTpHBaThCH KaK CBo-

6o,n;Hhlfl napaMeTp. )l;ns ynpyroro pp-pacceHHHH PSA npe,D;cTaMHeT co6on O,D;HY H3 

-pe)J;KHX npo~e,D;yp, II03BOJIHIOIIJ,HX onpe,D;eJIHTb 3H8'1eUUe KOUCT8HTbl CBH3H ,D;JISI OOMeHa 

BHpTyaJibUhiM 1r0, HO Bhi'IHCJieHHhle npH 3TOM norpeniHOCTH OK83hJBaiOTCH 3Ha'IHTeJih

HhiMH Ill). 
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Hb!X. 0 CHJibHOM B3aHMO)J;efiCTBHH HYKJIOHOB ,n:pyr C ,!l;pyrOM, 6hlJIH pa3pa6oTal!bl IIpH

eMbl li: ~teTo,n::bt ;· nMerom;ne· 6onee mnpoKyro o6nacTi> rrpnMenennR, qe~1 qncTaR <Peno

Menoiiornsi ynpyroro nyKnon-nyiJ!onnoro pacceRnliH. B qacTnocTn, Mbt nMeeM n nn

)J;y TaK Ha3biBaeMbtit "rno6ani,tibili <l>nT nyKJioHHhlX crpyKTYPHbtx <PynKu;nli ". ,l(a}Ke 
rrp~ 6erJIOM' cpanuemm 3a,n:aq, pemeHHb!X rrpn <PeHOMeHOJIOrH'IeCKOM OIIHCaHHil N N
B3aHMO)J;eliCTBHH, H 3a,n:aq, pemaeMb!X B 3TOM "rJI06aJibHOM <l>nTe", BH)l;HO HX rny60KOe 

CXO)l;CTB0.'0,n:HaK01 )l:aJieKO He BCe <l>n3HKif1 3aHRTbie npo6JieMOH lf3BJie'leHHR CTpyKTyp

Hb!X <l>ynKu;nli HYKJiouon H3 )J;annh!xno rny6oKoneyrrpyroMy pacceHnnro, )J;OCTaTO'IHO 

xopomo 3HaKOMbt c om.tTO:'vl ananu3a n orrncamm NN-n3aHMO)J;eii:crnnR. Mbt na)J;eeM

cH,· 'ITO npnne,n:eHHb!e B )J;aJIHOH pafioTe IlpHJIO)KeHHH OKa}KyTCR IIOJie3Hb!MH II B 3TOM 
OTnomeunu: 

3,n:ecb CO)J;ep)f(HTCH rrepeno,n: ua pyCCKHii H3b!K OCHOBOIIOJiaraJOm;eii: CTaTbll Bb!CT

pHII;KOro, Jlerapa H BmtTepnnu;a, na KOTopyiO ,n:anee Mbi o6~>t<mo CChlJiaeMCR KaK na 

(BLW), If )t;allhl qeTb!pe IlpHJIO)f(eliJHii r)J;e KpaTKO, HO )J;OCTaTO'IHO IlOJIHO )J;JIH rrep

BOro 3HaK0~1CTBa, paCO.iaTpHBaJOTCR OCHOBHbie MeTO)l:bl H IlO)J;XO)l:bl
1 

yrrOTpe6JIHeMbie 

rrpu ananu3e n omtcanHH ynpyroro N N-B3aHMO)J;eiicTBHH. CrrucoK ncrronb3onannolt 
JIHTepaTyphl IIpHBO)l:HTCH K Ka}K)J;OMY IlpHJIO)f(eHHJO OT)J;eJibHO. 

., 

6· 

<PeHoMeHoJiorH.H HYKJIOH-HYKJIOHHoro 

pacce.HHH.H *) 

*) Ilepeso,A na pyccKJdi ~3biK craTbH Bystricky J., Lehar F., Winternitz P., 
"Formalism of Nucleon-Nucleon Elastic Scattering Experiments", ony6JIH
Kosannon s )Kypnane Le Journal de Physique, v.39 (N 1) (1978), p. 1 



rnaBa 1 

BBe,n;eHHe 
" ' ~ 

llpe,~~;crannem) nOAP06Hoe lf3JIO)KCHHe <ix>PMa.JIH3Ma AJIH onHcaHHH yrrpyroro HyKJioH

HYKJIOHHoro pacCCHHHH H paCCMaTpitBaiOTCH KaK y)KC lf3BeCTHhiC, TaK H HeKOTOpble HOBble 

pe3yJibTaThi • .ll.aH o63op pa3JIH'lHhiX npe,~~;CTaBJICHHlt MaTpinJ;hJ pacceHHHH, B KOTopoM yqH

TbiBaJOTCH npH.HIJ;Hilbl CHMMeTpHH TaKHC, KaK COXpaHCHHC 'leTHOCTH 1 HHBapHaHTHOCTb ITO OT

HOIIIeHHIO K o6pa!D;CHHIO BpCMCHH1 rrpHHIJ;Hil flayJIH H H30CIIHHOBaSI HHBapHaHTHOCTb. 9KCIIC

pHMCHTa.JlbHble BeJIH'lHHbl B CHCTeMe n;eHTpa MacC (c.n;.M.) H ~ Jia6opaTOpHOH CHCTeMe (JI.C.) 

Bhlp~eHhl qepe3 aMIIJIHTYAhl paceeHHHH. B K~AOH H3 3TifX ABYX CHCTeM ,~J;aHbl (co BCCMH 

IIOAP06HOCTHMH) COOTHOIIICHHH MC)K)l,y 3KCllCpHMCHTa.JlbHbiMH BeJIH'lHHaMH, BbiTeKaiOID;HC If3 

nepeqHeJieHHblX Bb!WC eHMMCTpnlt fipnBe,ll;CHbl TaK?KC Bblpa:a<eHHH, ll03BOJIHIOID;HC CBH"JaTb 

MC)K)l,y eo60H BeJIH'lHHbl B CHCTCMC IJ;CHTpa Mace 1'1 B Jia6opaTOpHOfi CHCTCMC. fipHBC,ll;CHa H 

o6ey)K,lJ;aeTCH o6ID;aH <l>opMyJia AJIH yrJIOBOI'O pacnpe,~J;eJieHHH KOppCJIHpOBaHHOI'O paceeHHifll. 

9Ta <PopMyJia eo,~~;ep)KHT see eyiD;eeTByiOID;He 3KenepHMeHTa.JibHbJe BeJIH'lllHbl. 0Ha MO)KeT 

6b!Th rrpHCllOC06JieHa AJIH OTJHCaHHSI JII060ro Bb16paHHOI'O 3KenepHMCHTa llpH HBHOM yKa3a

HHH Ha'la.JihH~ix IIOJIS!p113aiJ;HH H KOHe'lHhiX aHa.JIH311pyiOID;HX enoco6HOCTefi. PaceMOTpCHhl 

CJie,~J;eTBHH rrpHHIJ;Hlla flayJIH ,ll;JIH pacceHHHH TO:?K,ll;CCTBCHHbiX qaCT!f!J;. fioJiyqeHhl COOTHOWC

HHH MC:a<)l,y BeJIH'lHHa."\11{ B C.!J;.M., H3MCpCHHblMH npH e.u;.M. yrJiax paeCeHHHH 8 H 7r - 8 HJIH 

npH JI.C. yrJiax 81 H 82 (yroJI pacceHHHH H yroJI BhiJieTa qacTHIJ;bl OT,ll;a'lH). Oeo6oe BHHMaHHC 

YACJICHO eOOTHOIJICHHHM rrpH yme 8 = 11"/2, T. e. 81 = 82. MaTepHa.JI, co,~~;ep>KaiD;HfiCH B 3TOl!: 

CTaTbC~ MO)KCT 6hiTh ll0JIC3CH 3KCllCpHMCHTaTOpaM 1'1 <l>H3IfKa.-.r, 3aHHThiM <PeHOMCHOJIOI'H'lC

eKHM aHa.JIH30M, rrpit BOeCTaHOBJICHlfH aMUJIHTYA paeeeHHHH H3 3KerrepHMeHTa.JihHhiX ,ll;aHHhlX. . . 

I.J.eJib )l,al!l!Oli CTaTblf - IlO)l,pOfiliOC H3Y'lelllfC KHHCMaT!fKH liYKJIOII-liYK•'lOllliOI'O pac

CCHIIHH. ilOCKOJibKY 3a TIOCJIC)l,llllC 25 JICT (wm OKO.'lO TOro) 3TOli TCMe y:a<e IlOCBHlD;Cil 

fiOJiblllOil: ofu.eM miTepaTyphl, HCKOTOpb!C 'laCTH ,~~;anuolt CTaTblf fiy)l,yT HOCHTb xapaK

Tep ymr<PHn;HpyiOlD;Cl'O 063opa, TO!')l,a KaK B )l.pyrHX fiy)l,}'T CO)l,ep:a<aTbCH HOBhiC pe-

3YJibTaThl ()l,JIH 3HaKOMCTBa C OpHI'lUiaJibHbiJIHi pafioTaMH H rrpe)l,hl)l,y!D;H:I-IH o63opaMH 

CM. (2]-(16)}. 
B rnaBe 2 3TOlt cTaTbH o6cy:a<)l,aeTCH MaTpnu;a 1\1 uyKJIOH-HYKJiommro pacceHHHH, 

)l,aJOTCH H CBH3MBaiOTCH )l,pyr c APYI'OM necKOJihKO ee pa3JIH'lllhiX napa'>~eTpH3an;Hlt, 
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a TaK>KC o6cy>K,naiOTCH orpamf'ICHHH Ha Jvf, BblTCKaiO~HC H3-TaKHX rrpHHIJ;HllOB HH

BapHaUTHOCTH, KaK COXpaHCHHC 'leTIIOCTH, HIIBapHaUTHOCTb K o6pa~eimiO BpCMCIIH, 

H30TOnnqecKaH HuaapnauTHOCTh H npnun:Hrr Ilay;m. B rnaBe 3 Mhi onpe.nemieM rrouH

Tne 'IUCmotlSKCIICplll'viCHTaJibHOH BCJIH'lllHbl (HJIH 'lUCmozo 3KCIIepH~ICHTa), T. e. TaKOrD, 

KOTOphiH CO,nep>KHT TOJibKO CIIHIIOBblC IIpOCKU:HH na orrpe,nCJieHHhie 6a3HCHbie BeKTOpbl 

B llMIIYJihCIIOM llpOCTpaUCTBe. Ilepe'IHCJIHIOTCH 256 pa3JIH'lllbiX "'lHCTblX" 3KCIIepnMeH

TaJibHhiX BeJIH'lHH, B3HThiX B CHCTe~!e IJ:eiiTpa Mace, II 3aTeM HaXO,llHTCH BCe OrpaHH

'leHHH Ha HHX, CJie,nyiO~HC H3 IIpHHIJ:IfiiOB HIIBapHaUTHOCTif, paCCMOTpeHill,IX Bornane 

2. 06cy)l(,llaiOTCH TaK>Ke UCJIHHeii:Hhie COOTHOmeiiHH Me>K.ny 3KC1IepHMeHTaJihllbiMH BC

JIH'lHIIaMH B C.IJ;.M. H HeKOTOpble OrpaHH'leUHH, HaJiaraeMbie ua IIHX B <lJop.Me uepa

BCHCTB. "qHCTbJe" 3KCI1CpHMCHThl B JiaoopaTOpHOH CHCTeMe paCCMaTpHBaiOTCH B rnaBe 

4. ,[ljrH cny'laH, Kor.na o6a ua'laJihHhiX HyKJiona rronHpU30BaHhi, .nana o6~aH q)op~iyna, 
OTIHCblBaro~aH yrnoBoe pacrrpe.nenenne KoppeJIHpoBanuoro paccenHHH. Ih aToii o6~eii: 
<PopMy.'lhi rrony'leHhi 6onee rrpocrble, CBH3hlBaiO~ne pa3JIH'lHbie yrnOBhie pacrrpe,nene

nnn C KOMIIOHCHTaMH IIOJIHpH3aiJ;HOHHh!X TCH30p0B B Jia6opaTopnoii: CHCTCMC: narrpH

Mep, Kor.na Hpe.nrronaraeTCH, 'ITO o.nua H3 na•raJihllbiX rronHpH3auHtt (HJIH o6e) paBua 

HYJIIO n/HJIH C'lHTaeTCH, _'ITO O)l;Ha HJIH 06e KOHC'lllbiC IIOJIHpH3aiJ:HH IIC H3MCpHIOTCH. 

KO:IfiiOIICIITbl HOJIHpH3aiJ;HOHllblX TCII30pOB B .TJa6opaTOpHOil: CH\t,TC~Ie Bhipa>KaiOTCH B 

TCpMHHax MaTpHIJ;bl paCCCHHHH B Ta6JIHIJ:aX 5 H 6. lfucmue SKCIICpHMCUTaJibHb!C BeJIH

:'lJ.IHbl B C.IJ:.M., H _ B Jia6opaTopuofl: CHCTeMe CBH3biBaK>TCH .npyr C )l;pyroM B rna Be .5, r.ne 

II,O.'IHOCTb!O Y'ITeHbi. peJIHTHBHCTCKHC a<lJ<lJeKTbl •. 3aTeM Mbl CHOBa )l;aeM 06IIJ;YIO <lJop

MYJIY )l;JIH rrpmi3BOJibliOH SKCIICpHMCHTaJibliOH BCJIH'll!Hbi, IIOCJie 'ICrO paCCMaTpi!BaeM 

cJiy'laH, Kor,na BKJIIO'ICHI>I 1, 2, 3 unn .4 rron»pn3an:nn. B rnaae 6. ycTanaanuaaiOTCH 

JIHHCfi:I!blC COOTHOIIICHHH MC>K.ny 3KCI!CpHMCHTaJibHbiMH BCJIH'lHHaMH B Jia6opaTOpnofl: 

CHCTCMC, CJIC,llYIO~He ll3 06bi'llihiX I!pHHUHI!OB HIIBapHaHTHOCTH .. XOTH 3TH COOTHOIIIe

lUI~ ue HBJIHIO;CH ll~3aBHCHMbJMH OT anaJIOrH'lHb;X COOTHOIIICHHU )l;JIH e.u;:~~.. HX BH)l;, 

Y'lll~hmaH penHTHBHCTCKHe apa~eniiH cnnuoB, 3IHl'lHTeJibHO 6o~~e c~o>Kn;,,it, B rna

Be 7 o6cy)l(,llaJOTCH CJie)l;CTBHH rrpHuu;nrra.IIaynH. KpoMe Toro, 'ITO,ero Y'ICT CHH>KaeT 

'IHCJIO He3aBHCHMbiX aMrrJinTy.n B MaTpnu;e pacce~unH c 6 .no 5, TeM<;~MhlM cy~eCTBCH
no Orpa!IH'JifBaH 'IHCJIO He3aBHCHMblX SKCIICpHMCHTOB, CCTh H fij>Yri-IC CJIC)l;CTBHH yqeTa 

I!pUHI~UIIa Ilaynn. TaK narrpH~Iep, )l;JIH nn- H pp-paCCCHHUH.Mbi,IIpiiBO)l;HM BCC COOT

IIOIIICIIHH CHMMCTpHH MC>K,llY BCJIH'lllllal\tn, H3MCpCHllbiMH IIpH C.IJ;.M. yrJiaX (}. U1l'- (}, 

T. e. npn na6opaTopnhlx yrnax.lh n (}2 (yrnaxpacceHHHH n oT.na~m). )J;anee, rrony•IeHhi 

HIITep~CHbiC COOTHOIIICIIHH.)l;JIH nn~ H 1JP'PB:CCeHIIIHI;,Kor.na (} ::0 11'/2, J'· e. (}1·= (}2, paB

liO KaK H COOTHOJIIeiUJH Me>K.ny n_'D- H, CKa>KCM, nn-SKCIICpHMCHTaJihHh!MH BeJIIl'IHIIa~m. 

B~>IBO,llhl 11 B3rn».n Ha 6y~ee .nani>I B 3aKJIIO'temm. , 

HOBbie pe3yJII>TaThl CO)l;Cp>KaTCH B rJiaBax C 3 HO 7; B OCHOBHOM, OHH K.acaJOTCH BeJiu

'lllll, Tpe6yiO~HX HCIIOJib30BaHHH IIOJIHpH30BaJUibiX MHlliCHeli II, U OC06eHHOCTH, 6onee 

CJIO>KHhiX aKcrrepnMenTaJihllhiX aeJIH'liiii. XoTH Mhi II npiiBO,lliiM CCblJIKn ua pa60Thi 

,ll;pyrnx aBTOpOB B TeX CJIY'IaHX, KOr)l;a IICIIOJIJ>3YIOTCH HX P,e3YJII>TaThT, ~lbl. HC.Ub!Ta

JIHC'>, .naTb '1To-nn6o Bpo.ne HOJinoil: 6n6.TJnorpa<l>nn no .nannm.ty HpeA"'CTy. Mhl_ TaK>Ke 
'! ~ ' 

IIC O'ICI!b CTpCMUJIHCb CBH3aTb <lJopMaJIH3M, rrpe,nCTaBJieHHhiH B 3TOit,CTaThe, C ~1l!Oro-

'IUC.'ICHHhl~fH BII,ll;aMn 3KBHBaJieHTI!h!X <lJopMaJIII3~10B, paCCeHHHbiMU B JIUT~paTyp~. 
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Terreph uy>Kno CKa3aTh uecKOJihKO CJIOB o cornameHIIHX H o6o3Ha'leHHHX. 

B )l;aHHOfl: CTaTbe IIOBCIO,llY Mlil HCIIOJib3yeM O,li;HH H TOT >Ke Ha60p 6a3HCHblX BeK

TOpDB B HMIIYJihCHOM rrpOCTpaHCTBC B CHCTeMe u;eHTpa MaCC H TpH pa3HbiX Ha6opa B 

na6oparopnoit cHcreMe (caH3aHHliiX c na'lanhnon H paccesiHnoil: 'laCTIIu;aMH, a TaK>Ke 

C 'laCTHIJ,etl: OT)l;a'IH). Bo BCeX CJIY'laHX HCIIOJ!b3YCTCH O)l;l!a H Ta >Ke HOpMaJib K IIJIOCKQ

CTH peaKIJ;HH. XOTH TaKOil: IIO,li;XO)l; H HBJIHCTCH OO~HM )l;JIH MHOrHX, pa60TaiO~HX B 3TOli 

o6nacrH, aTo, CTporo roaopH, ne cornacyCTCH c Ba3eJihCKOit KOHBeHIJ:Heit [17]. ,Ll;efiCTBH

TCJihHO, CCJIH B TO'IHOCTH HCIIOJib30BaTh a,Ty KOHBeHIJ;HIO, TO IIOJIHpH3aiJ;HII paCCCHH~IOit 
'laGTHIJ;bl H 'laCTHIJ;bl OT)l;a'IH )l;OJI>KHbl. CBH3biBaTbCH C npOTHBOIIOJIO>KHblMII HOpMaJIHMH. 

"HopMaJib MHllleHH" B JiaoopaTOpHOil: CHCTeMe IIJIOXO OIIpe,ll;eJieHa. Bo BCHKOM CJiy'lae, 

HCCJIO>KHO rrpeo6pa30BaTh <lJopMyJihl H3 KOHBeHIJ;HH, r.ne HCIIOJib3yeTCH O)l;Ha I!OpMaJib, 

K <lJopMe B KOHBeHwfH C ,li;BYMH HOpManHMH. 

Mhl rroCJie.noBaTeJihHO HCIIOJih3yeM 4-Hu.neKcHhle o6o3Ha'leHHH )l;JIH aKcrrepHMen

TaJibHhiX BeJIH'IHH: Xpqil<> r.ne p H Q 0603Ha'laiOT IIOJIHpH3aiJ:HH pacceHIIHOlt 'laCTHIJ;hl H 

'laCTHIJ;hl OT)l;a'IH, a i H k OTIIOCHTCH K IIOJIHpH3aiJ:HHM Ha'laJibHOrO IIY'!Ka ('IaGTHIJ:hl

CHapH,lla) H MHWeHH. ECJIH Ha'laJibHaH 'laCTHIJ;a He IIOJIHpH30BaHa HJIH IIOJIHpn3aiJ:HH 

'!aCTHIJ;bl KOHC'IIIOrO COCTOHHHH He aHaJIH3HpyCTCH, 3Ha'ICI!l1e COOTBeTCTBYIO~ero HII

)l;CKCa nonaraeTcH nyneahiM. TaKoe o6o3na'leime .non>Kno rroMO'lh H36e>KaTh neKOTo

pon o6~eit rryTanHu;hl rrpH }l.neuTH<l>nKau,HH aKcnepHMeHTaJibHhiX BCJIH'lHH. Eho TaK>Ke 

IIOMOraeT IlpH rrepeXO)l;ax MC>K.ny KOIIBCHIJ;HHMH C O)l;I!Oit HOpMaJibiO H ,li;BYMH HOpMaJISI

MH, paBHO KaK H rrpn ycTal!OBJICIIHH COOTHOIIICHHU Me>K.ny pa3nH'llibiMH BCJIH'lHHaMH. 

B upllnu,nue, HCIIOJib30BaJme pa3HblX 6yKBCHHblX o603Ha'leuul1 ,li;JIH pa3HhiX aKcrrepn

MenTOB HC HBJIHCTCH HC06XO)l;HMhlM, IIO IIO HCTOpH'ICCKHM npH'IHHaM Mbl UCII0Jib3YCM 

6yKBhl I ,llJIH HHTeHCHBnocTett (rronepe'lnhlx ceqeuHit), P ,llJIH noJIHpH3au;nl1, A ,li;JIH 

acHMMeTpHit, D H K .nn» Teu3opoB '.nenonnpn3au;Hn H rrepe.naqn noJIHpn3au;nn, i\1 H 

N ,llJIH BKJia)l;OB )I.BYX Ha'laJibllbiX IIOJIHpH3aiJ:Hit B KOlle'IHbiC IIOJIHpH3aiJ;HH paCCCHHHOit 

'IaCTHIJ;lil H 'laCTHIJ;bl OT)l;a'IH II, UaKOHCIJ:, C )l;JIH KOppeJIHIJ,Hit IIOJIHpH3au;nit. 
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rnaBa 2 

MaTpiiu;a HYKJIOH-HYKJIOHHoro 

paece.HHII~ 

Y.n;o6uaH )l;JIH uanmx u;eneli ¢opMa MaTpHIJ.hi yupyroro uyKJion-nyKnouuoro pacce

HHHH HMCCT ilH)l; (4, 6, 12): 

1 M(k/> kt)- = 
2

{ (a+ b) + (a- b) (u1, n) (u2, n) + (c +d) (ui> m) (u2, m) + 

+ (c-d)(ul>1)(u2,1)+e(u1+u2,n)}.- {2.1) 

3)l;CCh aMIIJIHTY)l;hi a, b, C,- d H e HBJIHlOTCH KOMTTJICKCHiiiMH ¢ynKIJ;HHMH )l;BYX nepCMCH

HhiX, nanpHMep, HMTTYJihca k B c.u:.M. n yrna pacceHHHH 8. Ba3HCifhiC aei<TophT B c.u;.M. 

OHp~)l;eJIHlOTCH J<aK 

k1 + k; _ k1 - ki _ _ ki X k1 

1 = lk/ +I<. I. ' m = lk/ - ktl , n = lki x kl' (2.2) 

r.n;e ki H k/ - C)l;IHIH'JHhTC BCKTOpbi 1 JfarrpaBJICHifhiC ITO HMTTYJihCaM Ha'laJihHOii H paCCC

HHHOfi 'IaCTHU: B c.u;.M. CnHHOBhTe MaTpHIJ;hT u 1 H u 2 (MaTpHIJ.hi ITaynH) .n;eitCTBYlOT ua 

BOJIIIOBhiC ¢YIIKIJ;HH nepBOrO H BTOpOrO HYKJIOHOB COOTBCTCTBCIIIIO. (llpOCKU:IIII ( 0", a) 
ClllfHOBOfi MaTpHU:hT 0" ua npOH3BOJibUOC uanpaBJICHHC a 6y.n;yT TaK)f(C 3aUHCbiBaThCH B 

¢opMe (u ,a)= (ua) =ITa.) 
B ¢op:-,1yne (2.1) Mhi Y*e yqnH HHBapHauTnocTH OTHOCHTCJihlfO 'lCTHOCTH H o6pa-

Iu;CIIHH apeMeim. Mhi TaK*e npHIIHJIH upe.n;noJIO*euue, 'ITO 'laCTHU:hi TO)f()l;CCTBennhi, 

'ITO HMCCT :\teCTo )l;JIH pp- u nn-pacceHHHH. ,Il.Jin np--paccenuun 3TO o3uaqaeT npe.n;no

JIO)f(euue 06 H30TOIIH'ICCKOli HIIBapuaHTHOCTH IIYKJIOH-HYKJIOHHOro B3aHMO)l;CiiCTBHH. 

MaTpuu;a pacceHHHH )l;JIH ynpyroro paccenuHH .n;ayx HeTO)f()l;CCTBCHHhiX 'laCTHU: co.n;ep

*aJia 6hi 6-ft 'JJICII 1 a HMCIUIO 
1 
2J(u1-u2,n). (2.3) 

llpe)l;nOJiaraH BCe-TaKH H30TOHH'JCCKYIO HHBapHaHTIIOCTh1 MO)f(HO 3aHHCaTh :\laTpH

IJ;Y pacceHHHH )l;JIH pp-, nn- H np--paccenHHH a TCpMHHax .n;ayx MaTpHu; /Y!0 H Af1 BH.n;a 

{2.1), nonaraH 

M (k
1 

,k;) = Mo (1 - (:1 ,r2)] + 1111 [3+ (:1 ,r2)] , {2.4) 

12 

r.n;e r
1 

u r 2 - H30CHHHOBhiC uyKJIOHllhiC MaTpHll;hi, Mo u !-vf1 - H30CHHrnenian u H3D

TpHIIJICTHaH MaTpHIJ;bl pacCCHHHH COOTBCTCTBCHHO. QqeBH)l;HO, 'ITO 

M~p---+p~ 

M~p---+n~ 

M~p---+p~ 

M(nn---+ nn) = M1 , 
M~n---+ pn) = (1111 + Mo) /2, 
M(pn---+ np) = (1111 - Mo) /2. 

(2.5) 

!I>opMyJihl (2.4) H (2.5), B OTJIH'liiC OT BCCX .n;pyrHX B 3TOli CTaTbC1 OTHOCHTCH TOJibKO 

K paCCCHHHlO 3a C'lCT CHJibHOrO B3aHMO)l;eliCTBHH1 KOr)l;a 3JICKTpDMarHHTHhiC B3aHMD-

)l;CliCTBHH HrHOpHpylOTCH. 
Q6o6Iu;CHHhlH UpHHIJ;HII llayJIH )J,11H HYKJIOHOB HO)l;pa3yMCBaeT OHpC,ll;CJICHHbiC CD-

OTHOUICHH.Il CHMMCTpHH )l;JIH aMIIJIHTY)l; B (2.1); OHH CYMMHpOBaHhi B Ta6JIHU:C 2.1 [6): 

Ta6n11fl.a 2.1. 
CooTHomenHH CHMMCTpHH, BiiiTCKaiOIIJ;He H3 o6o6IIJ;eHIIoro rrpHHIIHIIa llaymr 

T=1 T=O 

a1(1?) = -a1(11' -'!?) 
b1(1?) = -c1(11'- t?) 
c1(t?) = -b1(11' -'!?) 
dl(t?) = dl('ll'- t?) 
e1(t?) = e1(11'- t?) 

ao( t?) = ao( 1r - t?) 
bo( t?) = eo( 71' - t?) 
eo(t?) = bo('ll'-'1?) 
do('!?)= -do(7r -'I?) 
eo( 'I?)= -eo('ll'- t?) 

Be3)l;C B )l;aiiHOli CTaThC MhT- 6y)l;CM HCIIOJih30BaTh a"!ITJIHTY)l;hi a, b, C, d H e, XOTH 

'IaCTO HCIIOJib3YlOTCH MIIOrHC pa3JIH'IHhiC, HO 3KBHBaJICHTHh!C1 rrapaMCTpH3aiiHH. 

XoruH3aKH [9] HCIIOJih3YCT MaTpHu;y pacce.HHUH - -

M (k,, kt) = au+ cu (u1 + u2, n) + mu (u1, n) (u2, n) + 
+ gu [(u1, 1)(u2 ,1) + (u1, m)(u2, m)] + (2.6) 
+ hu [(u1, 1) (u2, 1)- (u1, m) (u2, m)] , 

TaK 'ITO 

1 e 1 c d 
au = 

2 
(a+ b) , cu = 2 , mu = 2 (a- b) , gu = 2 , hu = - 2 , (2.7) 

'ITO IIO)l;pa3yMeBaeT 

a= au+ mu , b =au- mu , c = 2gu , d = -2hu , e = 2cu . ' (2.8) 

TaK Ha3hiBaeMhTC aMIIJIIITY)l;hi Bonb¢emnTeiiua B,-C, N, G, H [2] onpe.n;eJIHlOTCH 

KaK 

M (k
1

,k;) = BS + {C(u1_ + u 2 ,n) + N(u1 ,n) (u2 ,n)+ 
1 -+ 2G[(u1 ~m)(u2 ,m) + (u1 ,l)(u2 ,1)} -:1- (2.9) 

1 + 2H [(u1, m)(u2, m)- (u1 , 1)(u2 ,l)]}T, 
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r,n;e S 11 T eCTb cnHH-CHHrJieTHhl:lt H CIIHH-TpHUJieTHhl:lt npoeKI\HOHHhle orrepaTOphl co
OTBeTCTBCHHO: 1 1 . . . . .. 

S = 4 (1-: (u1 ,u2)] , T =:=. 4 (3+ (u1 ,u2)]_ 

· AMITJIHty,ll;hl Bon$umTe:ltua CBH3aHhl c HaiDHMH Tax: 

e 
B = b- c, C = 2 , N·= a , G =a+ b + c, H = d, 

'ITO BnC'leT 3a co6oit 

(2.10) 

(2.11) 

_ a= N ,· b= (B._ N +G)/2, c= (G-B- N)f2., d= H, e= 2C. (2.12) 

B T. H. "cHHrJieT-TpRITJieTHOM" npe.n;craBJJeHRH, MaTpR'IHhle 3JieMeHThl ecr& (18] 

M,. 

Moo 

Mu 

Mm 

Mo1 

M1-1 

·M..:1-i 

b-e, 
a+dcos'l9, 
1 . 

2 (a+b+c-dcos'19), 

- ~ (dsin'19 + ie), 
· v2 

_..!._ (dsin '19- ie) 
,J2 ' 

1 . 
= 2 (-a+b+c+dcos'19) = 

Mu - Moo - ../2 (M10 + M01) cot '19, 

Mu , M_u = M1-1 , Mo-1 = -!1.101 , 1\-!..:10 = -M1o, 

'ITO TIO,ll;pa3yMeBaeT 

a 
1 
2 (Mu +Moo- M1-1) , 

b 
1 
2 (Mu + M,, + Mt-1) , 

1 
2 (Mu-M •• + Mi-t) , c. 

d 
1 

2 cos'l9 (-Mu +Moo+ MI-l)= 
1 

v'2sin '19 (Mm +Mot) , 

l 
,J2 (M10- Mol) e 

(2.13) 

(2.14) 

)Kaxo6 H BHK (19) pa3BHJIH CIIHpaJibHblit 4JopMaJIH3M 1 B KOTOpOM COCTOHJIHH ITOMe'la
IOTCl; _). - npoeK{\Heit CTIHHB Ha HBTipaBJieHHe HMTIYJibCa 'laCTH{\bl (). CCTb KBaHTOBOe 

" .'JHCJIO cnupa.t~t>Hocmu). BBH,ll;Y Toro, 'ITO CYII\eCTBYJOT uexoTOphle ueo,n;H03HB'IHOCTH B 
OTipe,n;eJieHHH CTIHpaJibHhiX COCTOHHHit H aMTIJIHTY,ll;1 3,ll;eCb Mbl OTipe,n;eJIHM HCTIOJI&3ye
Mhlit HBMH 4JopMaJIH3M. ITo cyTH, ou cosna,n;aeT c 4JopMaJIH3MOM )Kaxo6a H BHxa [19], 
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MapTHHa H CnHpMeHa (20], ronb,n;6eprepa, rpncapy, Max,n;oyBeJIJia H Boura (16), Xo
IDH3aKH (9] H ,n;p. ,Upyrne aBTophl, uanpHMep, Koini-Tauuy,ll;)KH, Mopen&·H Hasne [21] 
H KOTaH&CKH:It (22, 23) HCDOJib3yiOT uecxoJI&KO HHhle cornameHHH o ¢a3ax (onycxaH 
4Jaxrop {-1)'-~ )J)IH 'IBCTHI\ 2 H 4). 

Mhl HCnonb3yeM CHCTeMy {\eHTpa Mace,. paccMaTpHuaeM ITJIOCKOCT& xz KaK ITJioc
xocr& pacceHHHH, HanpaBJIHCM OCb Z B,li;OJib HMTIYJibCa Ha<JaJibHOit 'laCTHI\bl H OCb y 
B,li;OJib HOpMaJIH D. CnHpaJibHble COCTOHRHH Ha'laJibHO:It H pacceHHHO:I\ 'laCTHI\bl eCTb 

( 
l + ).1 ) 

x~. = i _ >.1 
(2.15) 

H 

1 ( .un) ((~+-~)cos~-(~-~)sin~) 
X ~3 = exp -t-iJ x~3 = . 

2 (~+·>.a) sin~+(~- >.a) cos~ 
(2.16) 

CrrHpaJibHble COCTOSIHHSI 'laCTH{\ 2 H 4 onpe,ll;eJISIIOTCH C ,n;pyrolt ¢330:1\ KaK 

x'~. = (-1)!-~• exp (-i~n'/1") x~. = (- 1)!-~• ( ~~ + >.2) 
2 + >.2 

(2.17) 

H 

x'N. = (-1)!-~• exp [-iu; ('19 + 7r)] x~. 

= (-1p-~· 2 . 2 2 2 . , (-(1+>.4)sin!!-(!->...)cos!!) 

· {!+>...)cos~-(~->...)sin% 
(2.18) 

CnHpan&uocT& >. ,li,JISI uyKJioHa pasua 1/2, ecJIH npoeKI\HH cnHua napaJIJien&ua HM
nyn&cy, H -1/2, ecnH oua aHTHnapannen&ua. CnHpan&Hhle aMnJIHTY,ll;hl o6o3Ha'laiOTCSI 
xax < A3 >... I «<> I AI >.2 > H MOryT 6h1Th pa3JIO>KeH&I B px,n; no napi\HaJI&HhiM BOJIHaM: 

1 "" I .J( J < A3 A4 I«<> I A1 A2 >= 
2

ik 7 (2J + 1) < Aa >... T E) I At A2 > d~,. ('19) , (2.19) 

r,n;e >. = >.1 - >% p. = >.a - A4 H. di,. ('19) ecr& MaTpHnhl spatneHHSI BHruepa (24], 
y,n;oBJJeTBOpHIOmJ{e COOTHOIDeHHSIM 

di,. ('!?) = (-1)~-,. di,. ('!?) = (-1)~-1' d:~-1' ('!?) . (2.20) 

CoxpaHeHHe 'leTHOCTH, HHBBpHaHTHOCTb OTHOCHTeJibHO o6patneHHSI BpeMeHH H TlpHH
nHn IIayJIH BJieKyT 3a co6oD:, coOTBeTcrseuuo: 

< ->.a - A4 I TJ (E) I ->.1 - A2 > 
< A1 A2 I TJ (E) I Aa ~ > 
< >... ,\3 I TJ (E) I ,\2. At > 
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<>.a A.. I TJ (E) I >.I >.2 > , 
< Aa A.. I TJ (E) I At >.2 > , · (2.21) 

< ,\3 ~ I TJ (E) I ,\1 ,\2 > . 



9TH COOTHOilleHHH ~ nap~HaJII>HhiX BOJIH CUHpaJibHhiX aMUJIHty~, BMecTe C (2.1~) H 
(2:20),. a cao10 O'Iepe,~V> sneicyT 3a co6oit cnpase)l,IIHBOCTh · cne.zzy~ItiHx cOOTHomeHHit 
AnH UOJIHhiX CUHpaJibHhiX aMUJIHtyl(: 

<-.\a -~I <P 1-At - A2 > = (-1)~1-~2-~+~ <.\a'~ I <P !'At A~> ; 

< >.1A2[ <P' I Aa ~> . = · ( -1)~~.-~2-~3+A4 <.\a ~l<P.I At A2 > , · (2.22) 

. <~.\a I <P IA2 At ; = (~1)~1 -~~-:-~3+~ <.\a·~ I <PI At A2 ~> .. : 
IJpHHHMaH BO BHHMaHHe 9TH COOTHOmeHHH CHMMeTpHH H OCTaBnHH YK83aHHH TOJib

KO. Ha 3HaKH CUHpaJibHOCTeit HYKJIOHOB,. HMeeM . 

<Pt = < ++ I <P I ++ >=< ....:_ I <P I -- > , 

<P2 = < ++ I <P I -- >=< -- I <P I ++> , 

<Pa = < +-·I <P I +- >=< -+ I <P I -+ > , 

<P4 = < +- I <P I -+ >=< -+ I <P I ~-:- > , 

<Ps = <++I <PI+->=<-+ L<P 1--:- >=<:-;I <P 1,+-;- >= .. 

< -+ I <P I ++ >= - < -- I <P I -+ >= - < +- I <P I ++ >= 

- < ++ I <P I -+ >= - < +-;- I <P I -.- > • .. (2.23) 

Ilol(cTaBJIHH Bblpa:lKeHiie (2.1) )l,IIH M ~ Bbi~HcnHH Heo6xoi(HM~e MaTpH'IHble sne
MeHTbl, Mbl UOJIY'IHM COOTHOmeHHH Me:lK,Izy HHBapHaHTHbiMH C.~.M. aMUJIHtyl(aMH 
a, ... , e H cnHpaJibHbiMH aMnnHTyl(aMH <Pt, ... , <Ps. OcTaBaHCb B paMxax HamHX corna
menult, Mbl nony'IHM, TaKHM o6pa3oM, 'ITO 

<Pt ~(a cost?+ b- c+ d+ iesin~) .• _, 

<P2 = ~(acos_t?-b+c+d+ie.sin~), 
~(a cost?+ b + c- d+ iesint?) , 
2 . . ; · .... , .'. 

~ (-a cost?+ b + c+d- iesin t?) , 

<Pa 

<P4 

<Ps ~ (-a sin t? + iesin t?) . 

~OpMyJihl (2.24) MO:lKHO o6paTHTb, 'ITO l(aeT 

a 

b 

c 

d 

~ [(<Pt + <P2 + <Pa- <P4) cost?- 4<Ps sin t?) ; 
2 
1 . 
2 (<Pt- <P2 + <Pa + <P4) , 
'1 . • . . 
2 ( -<Pt + <P2 + <Pa+ <P4) , 

1 
2 (<Pt + <P2- <Pa + <P4) , 

i . . . 
e = -2((<Pt+<P2+<Pa-<P4)sint?+4<Pscost?). 
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'(2.24) 

. (2.25) 

:l 
'I If 
j 
! f 
J 

1 
'· ·.• 

j !: 

,: 
I J I r' 
I 

I 

,LVIsr pacceHHHH anepel(, xorl(a t? = 0, coxpaHeHHe nonnoro yrnoaoro MOMeHTa ane
'leT 3a co6oit e(O) = 0, a(O) - b(O) = c(O) + d(O). ,lVIH cmtpMbHbiX aMUJIHTYI( 9TO, 
O'leBHI(HO, UOI(p83yMeBaeT, 'ITO <P4(0) = <Ps(O) = 0. 

QqeBHI(HO, 'ITO MO:lKeT 6h1Tb BBel(eHO 6ecKOHe'IHO MHOro pa3HbiX THllOB RMUJIHTYI( 
fiYKJIOH-HJKJIOHHOro pacCeHHHH, H l(eltCTBHTeJibHO, B Hay'IHOft JIHTepaTJPe cym;eCTBy
eT o'leHI> 6on&moe HX 'IHcno. B I(OnonHeHHe K TeM, KOTOphle 6biJIH aael(eHbl Bblme, 
Mhl HaMepeHhl paCCMOTpeTb em;e I(Ba, a HMeHHO- aMUJIHTYI(hl "nonepe'IHOCTH" (HJIH 
"transversity") (22, 23) H o6.MeHH"'e aMUJIHT)'I(hl (25, 7), TaK KaK OHH o6e HCllOJII>3YlOTCsl 
pa3nH'IHhiMH rpynnaMH 9KCnepHMeH'taTOpoB. 

06MeHHble aMnJIHTYI(DI ll0Jie3Hbl llOTOMy, 'ITO B npe,n;ene BhiCOKHX· 9Heprnit OHH 
cooTBeTCTByiOT o6MeHy onpel(eneHHhiMH xaaHTOBhiMH 'IHcnaMH (noniOcaMH Pel(:lKe) 
a t -xaHMe (aMnnHTYI(bl No, Nt, N2 COOTBeTCTByiOT o6MeHaM c uatypMbHOlt 'leT
HOCT&IO, Uo H U2 - C HeHatypMbHOit 'leTHOCTblOj HH:lKHHlt HHI(eKC OTBe'laeT BeJIH
'IHHe t-KaHaJibHOro nepeaopOTa CllHpaJibHOCTH). 06MeHHble aMUJIHTYI(bl CBH3aHbl C S

KaHMbHbiMH CnHpaJibHbiMH aMllJIHTYAaMH H aMllJIHTyl(aMH a, ... C COOTHOmeHHIIMH 

~ 
~ 
~ 
I 
~ 

No 

Nt 

N2 

Uo 

u2 

~ (<Pt + <Pa) =~(a cost?+ b + iesin t?) , 

<Pa = ~ (-a sin t? + ie cost?) 

~ (<P4- <P2) = ~(-acost? + b- iesint?), 

1 1 2 (<Pt- <Pa) = 2 (-c+ d), 

1 1 
2 (<P4,+ <P2) = 2 (c +d) . 

9TO MO:lKHO o6paTHTb H llOJIY'IHTb 

a= (N0 -N2)cost?-2Ntsint?, 

b = No+N2, 

c U2-Uo, 

d = U2+Uo, 
e = -i [(No- N2) sin t? + 2Nt cost?) . 

(2.26) 

(2.27) 

"TpancaepcMI>HI>Ie" aMrrJIHTYI(I>I Tcdab 61>1.i!H BBel(eHbl KOTaHbCKHM (22, 23) )l,IIII To
ro, 'IT06bl I(Hai'OH3JlH30BaTb KpOCCHHI'OBble MaTpH~bJ. ,lVIH HyKJIOH-HyKJIOHHOI'O pac
Cei!HHH OHH CBH3aHbl CO CUHpaJibHbiMH aMllJIHtyl(aMH )Kaxo6a H BHKa <Proab COOTHO-

meHHeM 

r,n;e 

Troab = E (-1)b+d+l u~udd'<Pc'd'a'b'Ua•aUb'b, 
a'b'c'd' 

U=....!_(1 i) .j2 i 1 . 

'~6pbeJ,lHHeHH'hiH UHCTHTYT 

'rlAepHhlX H<t~neAOBaHRH 
Bl16fll10TEKA 

(2.28) 

{2.29) 



Bonee KOHKpeTH01 IIHTb HC3aBHeHMbiX 
11

TpaHeBepeaJibHbiX" aMHJIHTJ,ll; JI.aiOTeH Bbl

proKCHHHMH 

T1 =:T++++ ~ (q,t + q,2 + q,a- q,4 ~ 4i q,s) =(a+ e) exp (it?) , 

T2 = T----c-, 
1 . . ' '. .· ' .· ~· 
2 (q,I + q,2+ q,3- q,4 + 4i q,s) =(a- e) exp (-it?) , 

T3 =:T+-+-
1 . . 
2 (q,I- q,2 + q,3 + q,4) = b, (2.30) 

14 = T++--
1 . 
2 ( _q,l- q,2 + q,3- q,4).= -d, 

. T5 =:T+--+ 
1 . 
2 (q,I- q,2- q,a- q,4) =.,-c . 

<f>opMJJibi (2.30) B TOqHOeTH eOOTBeTeTBJIOT TCM1 KOTOpbiC HeiiOJib3yiOTCH B Ap
rOH~eKOfi Ha~HOHaJibHOfi Jia6opaTOpHH (eM., HaiipHMCp, (26)}. 
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j 

I 

fJiaBa 3 

9KCIIepHMeHTaJibHbie BeJIHqHHbl B 

CHCTeMe ~eHTpa M~CC 

3.u.eeh Mbl BBOJ.l.HM qeTblpCXHHJ.l.CKeHbiC 0603HaqeHIUI JI.JI.H BeCX 3KenepHMCHTaJibHbiX 

BCJIHqlfH. llepBblil: H BTOpOfi HHJ.l.CKebl o6o3Haqa!OT IIOJIHpH3a~HH B KOHeqHOM eOCTOH

HHH paeeeHHHOfi qacTH~ H qaeTH~ OTJ.l.aqH eOOTBCTCTBCHHO. TpeTHit H 'leTBCpTbiii. 

HHJ.l.CKebl o6o3naqaiOT naqanhHble rronBpH3a~H .rryqKa H MHmeHH eoOTBCTCTBCHHO. B 
eHCTCMC ~CHTpa Mace 3TH MeTKH o6o3Haqa!OTCH 6yKBaMH p, q, i H k: HMCHHO B TaKOM 

nop.HJI.KC. Ecnn KaKa.H-TO H3 HaqanhHhtX qaeTH~ nenonspH30BaHa HJIH rrOJIHpH3a~» 
KaKOit-TO H3 qaeTH~ KOHequoro eOCTOHHHSI HC aHaJIH3HpyeTCSI 1 TO eOOTBCTeTBYIO~aH 

MCTKa rrpHHHMaCT 3HaqeHHC 0. 

Ta6nn~a 3.1. 
3KenepHMCIITaJihllbiC BeJIHqHIIbl J.I.JI.H paeeeHIIH.H 'IRCTH~ enHHa ~ 

JbMCpHCMa.H Herron.HpH3. Tion.HpH3. Henon»pH3. Tion»pH3. 

BCJIHqHna HY'IOK1 nyqoK, nyqoK, nyqoK, 

HCIIOJIHpH3. HCIIOJIS1pH3. IIOJIS1pH3. IIOJ1HpH3. 

MHliiCHb MHlllCIIb MHlllCHb ~mmem, 

A B c D 

- - -

)J,n<l>¢epeH~HaJihliOC 

ceqCHHC 1 Ioooo Aoo;o Aoook AOOik 

TionHpn3a~nH 

paeeCHllliOH · •IaCTHllhl 2 PpOOO Dp.no Kp00k Afp(}ik 

ll0.'1Hpli3R~IISI 

qaCTRl\bl OT,ll,a'lll 3 POqOO KOqio D0q0k Noqik 

Koppensnnu 

IIOJIHpU3al{Hfi 4 . cpqOO Cpq;o cpqO,. Cpq;,. 

HeKoTopas "qHeTaH" aKenepuMeHTaJihHaH BCJIHqnua (KpaTKo, neKoTophlfi qneThlfi 

3KenepHMCllT), IIO OIIpCJI.CJICHRIO, CCTb BCJIRqHJIR, KOTOpa.H BKJIIOqaeT TOJibKO CIIRHQ

Bb!C npOCKl{RR ua 6a::~nellblC BCKTOpbl. 9TOT 6a::~ue :MO)KCT 6b!Tb pa3HbiM JI.JIH pa3Hb!X 
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'lacTII~, HO B CIICTeMe ~eHTpa MaCe )VIS BCeX 'laCTH~ fiy,ll;eT IICll0Jib30BaTbCH CIICTeMa 
BeKTOpOB 1, m~ n. B npHH~ne, BCero MO)KeT 6&ITb onpe,!J;e.neHC) 256 'IIICTblX aKcnepii
MeHTOB KaK KOMllOHeHTOB pa.3.1IH'IHbiX TeH30poB. 0HH CYMMHpOBaHbl B Tafimr~e 3.1 H 
onpe,ll;eJieHLI CJie,!J;YIO~IIM o6pa3oM: 

A.l. ~<l>¢epeH~118JThHoe ceqeHIIe )J)Uf aenOJispH3oBaHH&rx 'iBCTII~: 

a= 10000 = ~Tr (MM+) 

A.2. IIomrpH3a~Hs paccesHHOtl: 'laCT~&r: 

aP,Qoo '== ~Tr (a1pMM+) 

A.3. I1onsp113~11H 'IBCT~hl OT,!J;a'lll: 

aP0q00 = ~Tr (a2qMM+) 

B.l. AciiMMeTplls B ce'feHIIHX 113-3a nOJIHp1130BaHHoro ny.;Ka: 

aAoo;o = ~Tr (MauM+) . 

C.l. AciiMMeTplls B ce'leHIIHX 113-3a nonsp1130BaHHOtl: MllmeHH: 

1 
aAoook = 4Tr (Ma2kM+) . 

A.4. Koa¢q)H~HenT Koppens~llll noJJHp113alUiii np11 paccesn11H nepBOHa'laJJ&no ne-
· llOJJHp1130BaiiHbiX 'laCTII~: 

1 
aCJXfJO = 4Tr (a1pa2qMM+) . 

B.2. TeH3op ,11;enonsp113a~H MH nOJIHp1130BaHHoro ny'IKa: 

aDpOiO = ~Tr (a1pMauM+) . 

" 
B.3. Koa<l><l>H~HenT nepe,!J;a'lll nonsp113~HH OT ny'IKa K 'IBCTII~e OT,!J;a'IH: 

aKoqio = ~Tr (a2qMaw\'f+) . 

C.2. Koa<l><t>H~IIeHT nepe,!J;a'IH nonsp113a~HH OT ~11menH K paccesrnnoit 'laCTH~e: 

1 
aKp00k = 4rr (a1pMa2kM+) . 
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C.3. Ten3op ,11;enonsrp113a~1111 ,li;JJH nOJigpH30Bannofi M11men11: 

a D0qok = ~ Tr ( a2qM a2kM+) . 

. 0 .1. TeH30p aCHMMeTpHH ,IVIH noJJHpH30BaHHLIX ny'IKa 11 MHmenH: 

a.Aoo;k = ~Tr (Maua2.~:A-f+) . 

B.4. BKJJaA B Koa<l><l>H~IIeHT KOppens~ll nonsp113a~Hfi oT nonsp1130BaHnoro ny'IKa: 

aCpq;o = ~Tr (a1pa2qMauM+) . 

CA. BKJJaA B Ko3¢<l>H~HenT KoppeJI.H~H .nonsp113a~11lt OT nonsrp1130BanHofi MHmerm: 

aCpq0k = ~Tr (a1pa2q.Ma2kA1+) . 

0.2. BKJJa,ll; B nonsrp113a~11ro paccesnnoit qacnl~bi OT nonsp113a~Hn ny'IKa 11 MllmeHH: 

. 1 
aMp0ik = 4Tr (a1pMaua2kM+) . 

0.3. BKna,ll; n nonsrp113a~ro 'laCTH~hr OT,!J;a'IH oT nonsrpH3a~n ny'IKa 11 MHUieHII: 

aN0qik = ~Tr (a2q.Mati0"2kl\.f+) . 

0.4. BKJJa,ll; B Koa¢¢11~11enT Koppensr~HH nomrp113alUiit OT nonsrpH30BaHnhlX nyqKa H 

MllllieHII: 

aCpqik = ~Tr (a1pa2qMaua2kM+) . 

,lLTrs np0113B()JibHOf:i peaK~HH THDa ~ + ~ --+ ~ + ~ BCe 256 3KCnepHMeHTOB MOryT 
,!J;aTh He3aBHCHMYIO Hn¢opM~nro. O,!J;HaKo, ec.ri:n npe,11;nonararoTcsr coxpaireHHe 'leTno
CTH, 060fi~el1Hblfi npHH~ll IJayJIH H HHBapnaHTHOCTb · llO OTHOllieHHIO K ofip~eiiHIO 
BpeMeiiH, TO 'IHCJIO He3aBHCHMblX 3KCnepHMeiiTOB CHJibHO yMellblliaeTCH •. 

IJpn npOCTpaHCTBeHHblX OTp~eHHHX BeKTOphl 1 'If m MeHHIOT CBOf:i 3HaK, TOr,ll;a 

KaK BeKTop n coxpaH.HeTC.H. TeM caMhiM coxpanenHe 'leTHOCTH no,ll;pa3yMeBaeT, 'ITO 
OTJIH'IHblMH OT HYJI.H fiy,!J;YT TOJibKO BeJIH'IHHhl C 'leTHbiM 'IHCJIOM [ HJIH m HH,ll;eKCOB. 

06o6~eHHblil: npnH~nn IIaynn (BKJIIO'faro~nit H30Cnllnonyro HHnapllaHTHOCTb ,!J;..'l.H 
np pacce.HHIIH) Tpe6yeT paneHCTBa pe3yJI&TaTOB ABYX aKcnepliMeHTOB, CB.H3aHHblX B3a
HMHO!t 3a\fenoit ny'IKa na Mnmen& n paccesrunoit qacrn~hl na qacTney OT,!J;a'IH (nnn 

Hao6opoT). B o6~eM cnyqae 'IHCToro aKcnepHMeHTa 3TO ,11;aeT 

X ·k = (-1)!tJ+[mJ X . 
pq1 qpkt ' 

(3.1) 
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r,n;e [l]H [mj CCTb 'IHCJIO MeTOK lH m, COOTBeTCTBCHHO, cpe,n;H p, Q, i If k. 
CoxpanenHe 'ICTHOCTH nMecTe c COOTHomenHeM (3.1) ,n;aeT 

Xpqik = Xqpki . (3.2) 

}J;efi:CTBHC o6pam;eHHH BpeMeHH MO)f(eT 6bJTb Bblpa)f(eHO 'Iepe3 lf3~feHeHHC 3HaKOB 

060HX HMIIYJibCOB J<. If k/ If 3HaKOB 0"1 If 0"2, TaK )f(C KaK If ll3aHMHOfi: nepeMCHOH MCCT 

Ha'IaJibllbiX If KOHC'IHbiX COCTOHUHfi: If lfMITJJibCOB. 1103TOMY 6a3HCJibiC BCKTOpbi ITpH 
o6pam;eHHH BpeMCHH rrpeo6pa3yJOTCH KaK 

I---+ -1 , m---+ m , n---+ -n . (3.3) 

HnnapHaHTHOCTb OTUOCHTeJibHO o6pam;eiiHH npeMeJJH HpHBOJ(HT K COOTHOIIIeHHHM 

Xpqik = (-1)[mJ X;kpq. (3.4) 

0'IeHb ITOJie3HbiH MeTOJ( ,n;eMOHCTpa~Hlf COOTHOIIICHHH Me)f(,n;y pa3JJbiMH 3KCITCpH

MeHTaJibllbiMJI BCJIH'IHHa\fJI HCJIOJib3yeT HHnapHaHTHOCTb OTHOCHTCJibHO OTpa)f(eHHH B 

TIJIOCKOCTH pacceHHHH (T. H. rrpantmo Bopa (27)). )J;JIH nyKnon-nyKJionnofi: MaTpH~ht 
paCCCHHHH 3Ta lfHBapHaHTHOCTb BJIC'ICT 3a C06ofi: TO)f(,ll;CCTBO 

a1na2nM a1na2n = M , (3.5) 

KOTOpOe MO)f(HO nponepHTh, HCUOJ!b3JH ¢opMyJiy (2.1). 

06cy,n;HM Tenepb 'IlfCTble 3KCitepHMCHTbt B C.I~.M. 

(0) )J;lf(p¢epen~HaJihnoe ceqenHe a = /0000 eCTb, oqenu,n;no, CKMHp no OTHOllleHHJO 

KO BCCM paCCMOTpCHHbiM 3,ll;eCb J(lfCKpCTftbiM CHMMeTpHHM. 

(1) 

(2) 

(3) 

oauo'K:OMT!01teHmH'ble me'H.3opu {a'K:CUI1/Ibll'ble 6e-,;;mop'bt) PpOOO, POqoo, Aoo;o II Aoook· 
CoxpanenHe 'IeTHOCTH rrpHno,n;nT K TOMy, 'ITO e,n;nHcTnennhlMH nenynenbtMH K~M
rroHenTa~m OKa3b!BaJOTCH Pnooo, P0noo, A00no u Aooon· llpun~urr ITayJIH BJte'IeT 3a 

co6oit Pnooo = P0noo u A00no = AooOn· HaKoueu;, HIIBapnanTHOCTh K o6pam;enmo 

npeMenH ,n;aeT: Pnooo = Ao0no u Ponoo = A000n. TaKuM o6pa30M, H3 12 pa3JIH'IHbiX 

neJIH'Imi 8 panubi nymo, a ocTaBmuec.H 4 paBHhi ,n;pyr ,n;pyry. 

,4ByX'K:OMrt07tettmnue meuaopu Cpqoa, Dp0;o, Koqio, KPook• D0q0k n Awik· Coxpa

neuHe 'IeTHOCTu yMeHhlllaeT 'IHCJIO KOMrrouenT c 54 ,n;o 30. Y'IeT npii:Hu;Hrra ITa

YJIII rrpuno,n;uT K coOTuomeunHM Cpqoa = Cqp0o, Dp0;o = DOpOi, Kp00k = KOpko 11 

Aooik = Aooki, TaK 'ITO o<.'TaeTc.H TOJihKO 18 KOllmoHenT. HaKone~, annapaanT

JIOCTb K o6pam;enHJO npe]lteHH npnno,n;uT K COOTHOIIIeHHHM Cnnoo = Aoon;,, Cuoo = 
Aoou, Cmmoa = Aoomm, CmlOO = -Aoom,, Dmmo = -Dmmo H Kornlo = -Kolmo, 
yMeHbiiia.H 'llfCJIO pa3JIH'IHhlX aKcrrepHMenTon ,n;o 12. 

Tpex'K:oMnoue~trrmue me'H.30pbt Cpq;o, Cpqak, AfpOki u NOqik· Coxpa11enue 'IeTHOCTH 

yMeHhmaeT 'IHCJIO KmmoneuT co 108 ,n;o 52. lh rrpun~Hrra IIayJIH cne,n;yeT, 'ITO 

Cpq;o = Cqpa; 11 1\.fpOik = NOpki· HnnapuanniOCTh K o6pam;emuo npe~tenn rrpuno,n;HT 
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(4) 

K Cpq;o = ( -1 )1m) M;apq. TaKHM o6pa30M, y nac ocTaeTc~ 13 KOMnonenT. Hx 'IHCJIO 

MO)f(eT 6hlTh y:o.tenhmeno em;e ,n;aJibme, ecJIH HCHOJib3onaTh npanHJto Bopa (3.5}, 

KOTOpOe npHBOJ(HT K COOTHOllleHH.HM CmmnO = -Cuno. CnmmO = cnliO H CmnmO = 
c,nlO, a TaK)f(C CBSI3b!BaeT CnnnO c liOJIS!pH3au;Hel!. CnnnO = Pnaoo. B HTOre TOJibKO 

9 KOMITOHeHT TpCXKOMliOHCHTHbJX TeH30pOB OCTaJOTCH He3aBHCHMbiMH. 

I'Jemblpex?CoMnouettmH"ble me'lt3op"bl Cpq;k· CoxpaaenHe 'IeTHOCTH cno,n;HT 'IHCJIO 

neHyJICBbJX KOMHOHCHT C 81 J(O 41. .11pHH~Hll llayJIH UpHBOJ(lfT K COOTHOrne

HHIO cpqik = CqpkiJ a HHBapHaHTHOCTb K o6pam;enHJO npeMeHH BJIC'IeT 3a co6on 

Cpqik = ( -1)1mlC;kpq· TaKHM o6pa3oM, Mhl ocTaeMC.H ncero c 17 KOMnonenTaMH. 

HcnoJib3YSI npanHJIO Bopa (3.5}, Mhl MO)f(eM cneCTH neKOTOpble KOMnoneHTbt K 

KOMITOHCHTaM TCH30pOB 6onee HH3KOrO TIOpSI,ll;Ka, a TaK)f(C nal!.TH J(Ba HOBbiX CQ

OTHOIDCHH.H MC)f(,ll;Y KOMITOHCHTaMH Cpq;k· 9TH COOTHOIUCHH.H CJICJ(YIOID;He: 

a TaK)f(e 

Cnnnn 

Cnlln 

Gmmnn 

Gmnln 

1 , Gnlnl = Dom0m , Cnmnm = Do101 , 

Kammo , Gnmmn = Kouo , Cunn = -CmnOO , 

-Cuoo , Gnmln = -Kmma , Cmlnn = ClmOO , 

-D10m0, 

Cmmmm - Cuu , Cmmml = -Cmm · 

(3.6} 

(3.7) 

Henocpe,n;cTnenuo acnoJib3YH <fJopMyny (2.1}, Mhi MO)f(eM naJ:iTH, 'ITO 

a TaK)f(e 

a2mllrfa2m 

-ia21M a1na2m 

-auM au + atm!v! a 1m + a211\rf a21, 

auAf au - iauM a1ma2n - a 21M a21 , 

-ia2mM a1na21 = -auM au+ iaua2nM Utm + a21Af U21 . 

(3.8) 

'YMIIO)!{HB Ka)f(,n;oe H3 panencTB (3.8} na au cnena H ua auAf+ crrpaaa, no.rxy'IHM 

J(OIIOJIHHTeJihliO em;e TpH JIHHCJ:iHbiX COOTIIOIIICIIHH MC)f(J(Y K0]11JIOUCIITaMH Gpq;k If TCII-

30pa-..m Ulf3IUero nop.HJ(Ka. 9TH COOTHOJileUHH MO)f(HO 3aiiHCaTb, uanpHMep, TaK 

Clmlm 

Cumm 

Glmml 

Cmlml = -1 + DnOnO + Cuu, 

Cmmll = 1 - Aoann - Cuu , 
C.num = -1 + Ktinno + Cuu. 

(3.9} 

TaKHM o6pa30M, TOJihKO ,n;ne KOMnonenThi Cpq;k necyT nony10 (nHneitno ue3aBHCH

MYJO} nn<PopMa~HJO H B Ka'!ecTne TaKOBhiX Mhl Bbl6npaeM Cuu H Gmm· 
B KOH~e KOII~OB, Mbl OCTaeMCSI C 25 Jllillel!.HO He3aBRCHMbJMH BeJJH'IHHaMH. }J;anaJ:i

TC Tegepb Bblpa3HM BCC UeHyJICBbie 3KCnepHMCHTaJibHhle BeJIII'IlfHhl 'Iepe3 aMJIJJHTJJ(bl 

pacce.HuHH,onpe,n;eJiennhle n (2.1}. llOJiy'Iennhxe pe3yJibTaThl npe,n;cTannenhl n Ta6n. 3.2, 

r,n;e 122,'Heuynenhie aKcrrepHMenTaJtbHhie c.~.M. BeJIH'IHHhl ,n;anhi n snnoM nH,n;e. OCTan

nmecH 6 Ko:'vinonenT Gpq;k ,n;anhl B <fJop]ltynax (3.9}. 

BnnHnel!.nhle. KOM6Hnan.HH aMnJIHTy,n; a, b, c, d n e, Bbtpa)f(ennhie '1epe3 aKcnepH

MenTa..'lbHbte C.II,.M. BC.'llf'IHHbl, ,n;aHbl B Ta6JI. 3.3. 
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Ta6JIHUa 3.2. 9KcuepnMeHTa.'lbllbie c.~.M. nemPIHHhi, BbipiDKeHnbre "!epe3 a:~.mmiTy~hr 
pacce~mmr. 

a= Ioooo 

aCnnOO 

aDnOno 

a KonnO 

aCuu 

aP -

aCmm 

aGtn1o 

aDwmo 

aCnuo 

aKotmO 

aCuno 

aCt mOO 

aDmOmo 

aCmnto 
aDw10 

aCinmo 
aKOmmO 
aCnmlO 
aKouo 

aCnlmO 
aCmmao 

aClmno 

aCnnnn = ~ { lal2 + IW + lcl2 + ldl2 + lej2} 
1 . 

aA00nn = 2 {lal2 -IW -lcl2 + ldl2 + lel2 } 

aD0n0n = ~ {lal2 + IW -lcl2 -ldl2 + lej2} 

aKnOOn = ~ {lal2 -IW + lcl2 -ldl2 + lel2
} 

aCmmmm = ~ {lal2 + IW + lcl2 + ldl2 -lel2} 
aPnooo = aP0noo = aA00no = aA000n = 
aCnnno = aCnnOn = altfnann = aN0nnn = Rea*e 
aCuml = -aCimll = -aCmlll = 
aCtmmm = aCrn~mm = -aCmmlm = -aCmmml = Ima*e 
aCmnmO = aCnwt = aCnmOm = 
a Mwtn = a Afmomn = a Notnl = a NOmnm = Reb* e 
a Dotom = -a Dmolo = -a DomOI = 

aC,.tnm = aCtnmn = -aCmnln = -aCnmnt = Imb*e 
aCnmmo = aC1n01 = aCmnOm = 

a Atftant = a Aimonm = a Noun,= a Nommn = Re c* e 
a Kzoom = -a Kmool = -a K0m10 = 

aCnlmn = aCtnnm = -aCmnnl = -aCnmln = Imc*e 
-aCmmno = aCu0n = -aCmmOn = 
aAfnoll = -afl.,fnomm = aNonll = -aNonmm = -Red*e 
aCmlOO = -aAoolm = -aAooml = 
-aCnnmt = -aCnnlm = aCmtnn = aCtmnn 
a D0m0m = aCntnl '= aCtnln 

aCnmOI = -a AfiOmn = -,.a Nolnnm 
a Dowt = aCnmnm = aCmnmn 
aCn10m = -,.aJ\fmOin = -aNOmnl 
a Kmooin = aC,.un = aC,,.,., 

aCmnOl = -a Afzom~ = -a Nolmn 
a I<10o1 = aCmnnm = aCnmmn 
aCinOm = -aAfmOnl = -aNOmln 

aAoOmm = -aCnnu = -aCunn 
aCmtOn = -allfnotm = -aN0nmt 
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Imd*e 

Re (a*b+c*d) 
Im (a*b + c*d) 
Re (a*b- c*d) 

= -Im (a*b- c*d) 
, Re (a*c+b*d) 

Im (a*c+b*d) 
Re (a*c- b*d) 

= -Im (a*c- b*d) 

Re (a*d + b*c) 
= -Im (a*d+b*c) 

aC1100 = a Aoou = -aCmmnn = -aCnnmm 

aCm1n0 = aCtmOn = -aMnoml = -aNOnlm 

= -Re (a*d- b*c) 
= -Im (a*d- b*c) 

Ta6JIH~a 3.3. BH.'IHHeRnbre KOM6HH~H a, b, c, d, u e, BbipiDKeHHbre 'Iepe3 c.~.M. 

3KCnepHMCHTa.'lhllblC BeJIH'IHHbl. 

lal2 a = 2 { -1 + Dn0n0 +KOnnO+ CnnOO + 2Cuu} 

IW 
a 

= 2 { 1 + Dn0no - KannO - C,.,.oo} 

lcl2 a = 2 { 1- DnOnO + ;<annO- Cnnro} 

ldl2 = 
a 2 { 1- DnOnO- KonnO+ Cnnoo} 

lel2 = a { 1- Gun} 

a*b = % {DmomO + DIOIO + i (CmnlO- Ctnmo)} 

a*c = %{K0mma+Kouo+i (C,.rn~o-Cntmo)} 

a*d = % {Cmmao- Cuoo- i (CzmnO + Cmlno)} 

a*e = a{P+iCuu} 

b*c = % {CmmOO + Cuoo + i (CmlnO- Clmno)} 
a , 

b*d = 2 {KOmmO- Kouo + i (CnlmO + CnmiO)} 

b*e = a {Cznlo + i DIOmo} 

c*d = 
a , :, 
2 {DmamO- DtoiO +i (CtnmO + CmniO)} 

c*e = a {Cn110 + i K01ma} 
d*e = a {-CunO,+iCzmoo} 

E~HHCTBCHHbre ocTaBIImecH ne3aBHCHMble 3KcnepH:o.,reHTaJibHbre neJIH'IHHbl co~ep

)KaTcH B UOJIHblX CC'ICHHHX. )J.eltCTBHTMhHO, UOJIHblC CC'ICHHH MQ)KifQ 3aUHCaTb B BH~e 

(28; 29): 
a tot = aotot +allot (P BPT) + a2tot (PBk) (PTk) ' 

(HO) 

r~e pB H'PT- ITOJIHpH3a~H ny'IKa H MH!UCHH, k- e~HHII'lllblfi BCKTOp B nanpaBJICHHH 

Hl\IIIYJihCa Iry'IKa. BeJIH'IHHhl aotot, allot H a2tot ~iO)I(HO ITOJIY'IHTb, H3MCpHH UOJI-Hbte 

CC'ICHHH ripH COOTBCTCTBCHHO UOJIHp1I30BaHHblX Ha'laJibHhiX HYKJIOHax. 0HII CBH3aHbl C 
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aMilJIHTY,D;aMH 'lepe3 ODTH'IeCKYIO TeopeMy: 

271" 
Uotot = kIm [a{O} + b{O)J , 

271" 
Uitot = k/m[c{O}+d{O)J, 

471" 
u2tot = -k Imd(O), 

(3.11} 

rp;e k eCTb BOJJBOBoe 'IHCJIO. 0003Ba'leBJUI Uttot H U2tot He CJie,D;yeT DOBHMaTb 6yKBaJib

HO. ,lJ;elkTBHTeJibHO, 9TH "Ce'leHUR
11 

MOryT 6b1Tb DO.iiO:lKHTeJihHhiMH, paBHhiMB HYRIO 

H,IIH OTpHIJ,aTeRbBhiMH; TO,IIbKO Utot H Uotot .HBnHIOTCH DO,IIO:lKHTe,llbBO onpep;eneHHhiMH. 

B TepMHHax cnupanbHhiX aMrrJIHTyp; HMeeM 

271" 
Uotot = TIm [.PI{O) + .Pa{O)J , 

271" 
Uttot = k Jm.P2{0), (3.12) 

271" 
u2tot = -kIm [.Pt {0) + .P2{0) - .Pa{O)] . 

.. 
BenH'IHHhl UQtot, Uttot H U2tot DpBMO CB.H3aHbl C TpHITReTHhiM H CHHrneTHhiM ITOJJ

HhiMH Ce'leHHHMH CJiep;yiO~HMH COOTHOIDeHH.HMH! 

Uotot 
1 1 1 
4Ua +.4Ut,O + 2Ut,+l 1 

1 4 (ut,o- u,) , (3.13) Uttot 

1 
. 2 (ut,+l - Ut,o), U2tot 

(3p;ecb Ut,-1 = Ut,+I). 

B Ta6n. 3.2 p;aHhl Bhlpa:lKeHHH 25 nuueituo He3aBHCHMhiX sxcrrepHMeHTaJibHhiX Be

JIH'IHH qepe3 9 BC~CCTBCHHhiX napaMeTpOB: a6COJJIOTHLIX BMH'IHH H OTHOCHTC,IIbHhiX 

¢aJ al\.ffi,IIHTyp; a, b, C1 d H e. 0'1CBH,ZJ;H01 'ITO MO:lKHO Hai\TH 16 HC3aBHCHMLIX HMH

HCI\HLIX COOTHOIDCHHit MC:lK,D;y 3KCnepHMCHTaJibHblMH BCJIH'IHHaMH
1 

HCIIOJJb3yH TPHBH

aJihHhle COOTHOIDCHHH ,ZJ;nH KOMIIneKCHhiX 'IHCeJI. HarrpHMep, eCJIH (ua BpeMB) IIpHMCM 

X 1 = a, X 2 = b, Xa = C1 X4 = d H Xs = e, TO MOlKHO 3aDHCaTb O'ICBH,D;Ilhle TOlK,D;eCTBa 

MelKp;y aMD,IIHTJ,D;aMH: 

(x,xj) = lx,l
2 

(x1 xj) 
(xi xi) 

IIpH i = 2, 3,4, 5, j = 1, 2, 3, 4, 5 H j f= i. 

(3.14) 

Byp;y'IH paccMOTpeHHhiMH KaK paseucTBa MeJKp;y KBap;paTH'IHLIMB 'IJieHa.MH THrra 

(x; x;), COOTHOIDCHHH {3.14) npep;CTa:anHIOT DpHMep llOJIHOrO Ha6opa ue3aBHCH~hiX 
COOTHOIDCHHft. ,[(eftCTBHTeJibii01 H3 (3.14) C,IIC,ZJ;yiOT BCe DpO'IHC COOTHOIDCHHH, TaKHe 
KaK 

(x; xj) (x; xk) = lx;l2 (x; xZ) , (3.15) 
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HRH (30): 

H [31) 

(x1 x;) [ (x; xk) - (xk xj)] + (x, xj) [(xk x;) - (x; xk)J + 
+ (x,xk) [(x,xj)- (x;x;)] = 0 

(x;x;)(x;xk)(xk:~;;) = lx;l2lx;l2 lxkl2 

,ZJ;,IISI BCCX i, j, k,l = 1, 2, 3, 4, 5. 

(3.16) 

. (3.17) 

CoOTuomeHHH MeJK,D;y na6niOp;aeMbiMH MO:lKHO uanucaTb, uenocpep;crBeHHO nop;

cTaBJIHH B (3.15), (3.16) ,HJIH (3.17) COOTBeTCTBYIO~e Bhlpa:lKenHH H3 Ta6n. 3.3. ITO:: 
crynaH auanorH'IHbiM o6pa30M, MOlKHO nony'IHTb COOTHOIIIeimH MClKp;y BMH'IHHa'dH 

B na6opaTOpHOI\ CHCTCMC1 HJIH p;a:lKe MClK,ZJ;y C.IJ,.M. H 'Jia6opaTOpHblMH BMH'IHllaMH1 

nOJJb3YHCb Ta6JI. 4.1. B nuTepaType [30, 31, 32) yJKe o6cy)Kp;anifch MHOrHe H3 Taxux 

COOTHOIDeHHA, H MLI He 6yp;eM na ::!TOM 3ap;eplKHBaTbCH. 

AnanorH'IHbiM o6paJOM Mhl MOJKeM uaATH uepaBeHCTBa, cop;ep:lKa~ue axcrrepuMeu

TaJibHhle BMH'IHHhl. HanpHMep, H3 

0 $ Ia·± el2 

nony'laeM 

4IPI $ 1 + Dna..o +KonnO+ CnnOO , 

a H3 

0::; lc ± dl2 

cnep;yeT 

IDmamo- Dwml :51- Dnano . 

AnanorH'IHblM o6pa30M MO:lKHO nony'IHTb OCTaJibHhiC B03MO:lKHhte COOTHOIDCHHSI. 
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rJiaBa 4 

9KCIIepHM~HTaJibHhle BeJI:UqHHhl B 

Jia6opaTOpHOH CHCTeMe 

B mo6oM axenepiiMeHTe 113MepHMo TOJibKO HeKOTopoe yrJiosoe paenpe~MeHIIe. B 

3TOti: rJiaBe Mbl o6ey~HM <i>opMyJiy, OllHebiBaiOru;y!O YI'JIOBOe paenpe~MeHHe KOppeJIHpo

BaHHOro pacee.HHIIH MH CJIY'Ia.H, xor)la o6a Ha'IaJibHblx HYKJIOHa noJIHpR3oBaHbl. 9To 

Haii60Jiee 06~a.H ci>opMyJia MH ynpyroro HJKJIOH-HYKJIOHHOI'O paeeeHHHH. 0Ha eo~ep
)I(IIT Bee B03M0)1(Hble 3KenepHMeHTaJibHble BeJIH'IHHhl H MO)I(eT 6b1Tb Jiei'KO eBe)leHa K 

KOHKpeTIIhlM eJiy•mHM1 npe)leTaBJISIIO~M HHTepee. ,lJ;mr 3TOI'O )lOeTaTO'lliO llOJIO)I(IITb 

3Ha'leHIIH TeX IIJIII HHhlX Ha'laJibHhlX RJIH KOHe'IHhlX llOJIHpH3aqllt!: paBHbiMH HYJIIO JIH60 

Bb16paTb RX B onpe)leJieHHbiX HarrpaBJieHIIHX. 

Bse)leM eiiMBOJibi i, 11 A: 
- 1 + -- 1 + . I,= 2TrM,M, , I,~:= 2TrM1 (u,,n,)M, (l = 1,2) (4.1) 

MH ee•reHHA II llOJIHp113aqlltl: B paceeRHHH (Ha aHaJIH3aTOpe 1 MH paeeeHHHOft H 2 
MH 'laCTHqM OT~a'IH} e MaTpllqaMII paeeeHHIIR !111 11 M 2 H e~HHH'IH&IMH seKTopaMII 

Dt II n 2 B HanpaBJieUHHX HOpMa.Jieft K rrepaolt II BTOpOft aHaJIR3HpyiO~IIM nJIOeKOeTHM 

eOOTBeTeTBeHHO (Mhl npe)lllOJiaraeM, 'ITO aHaJIH3Hpyrom;He paeeeRHHH rrpOHCXO)lRT Ha 

6eeerriiHOBhiX H~ax). EcJIH i-A aHaJIH3aTop OTeJTCTByeT, TO Mbi noJiaraeM P; = 0 11 Jvf, 
paBHOft e)liiHH'IHOft MaTpHqe, 'ITO llO)lpa3yMeBaeT ji = 1. 

Ce'leHHe xoppMHposanHoro paceeHHIUI B o6~eM BH~e onpe~MHeTCH KaK 

Ep8 Pr (1\ ,1\) = TrM1M2pMiM(, (4.2) 

r~e 6yKBbi P8 H Pr o603Ha'laiOT noJI.srpH3aqHH Ha'laJibHoro nyqxa H MHrueHH, a p eeTb 

HYKJIOH-HYKJIOHHaR MaTpHqa nJIOTHOCTH noCJie nepaoro (T. e. H3y'laeMoro) pacee.HHHSI. 

Pa3MepHOCTH B (4.1) paBHbl nepaoA, BTopoA H TpeThelt eTeneHHM ee'leHHlt, eCJIH o6e 

P1 11 P2 paBHbl HYJIIO, TOJibKO o~Ha 113 HHX HMeeT HeHyJieaoe 3Ha'leHIIe HJIH o6e OHH 

OTJIII'IHbl OT HYJIH eOOTBeTeTBeHHO. 

Pa3JIO)I(HB MaTpHqy rrJIOTHOeTH p no 6a3HeHbiM TeH3opaM, MO)I(IIO noJiy'IHTb o6ru;yro 
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<i>oPMYJIY (32): 

Ep8 Pr (P1 ,P2) = it f2 u {[1 + AOOioPBi + AoookPn + .AixJikPB,Pn) + 
+ P1 !PpOOO + PB,DpOiO + PnKr:AXJk + PB,PnMpOik) nip+ 
+ P2 [Poq00 + PB,KOqio + PnDOqOk + PB,PnNOqik] n2q + (4.3) 

+ P1P2 (Cpq00 + PBiCpqiO + PnCpq0k + PBiPnCpqik] nipn2q} . 

8e3)le rro~pa3yMeBaeTeH eyMMHpOBaHIIe ITO llOBTOpHIO~MeH HH)leKeaM p, q, i II 

k. Ha npaKTHKe 3Ta <i>opMyJia noJie3Ha np11 o6pa6oTxe eo6biTIIA paeeeHHHH MeTO)lOM 

MaKeHMyMa npan,iJ.ono)lOOIIH. YrJiosoe paenpe~MeHHe, o6N'IHO R3MepseMOe B axerre

pHMeHTe, OrrlleNBaeTC.H OTHOilleHHeM 

Ep8 f1r (00) /Eoo (00) , 

eCJIH PI = P2 = 0 (T. e. MH axenepHMeHTOB 8.1, C.1 H D.1 Ta6JIHqN 3.1) H OTIIomeHIIeM 

EPsPr(PIP2)flti2EP8 Pr(OO), 

B OCTaJibHbiX CJiy'la.HX. ,lJ;IIci>ci>epeHq«aJibHOe ee'leHIIe (A.1 Ta6JIHqN 3.1) HBJIReTCH lle

KJIIO'leHHeM, TaK KaK B 3TOM 3xenepHMeHTe He06XO)lHMN a6cOJIIOTHhle. J:13MepeHIIH. 

<J)opMyJia (4.3) enpaBeMIIBa B JIIOOOti: eiiCTeMe OTC'IeTa, HO MN 6y)leM llen<i1lb3(>BaTb 

ee, B OCHOBHOM, B Jia6opaTOpHOft eiiCTeMe. (T. e. e llOKOH~eftCH MllilleHbiO), llpH'IeM 

HH)leKebl p, q, iII k 6y.1l)rT 3aMeHeHN Ha a, b, C II d. 
Ilp11 o6cy~eHIIH 3KenepHMeHTOB B Jia6opaTOpHOlt eHeTeMe, Mhl 6y)leM HellOJib3Q-

BaTh 

·k, k' and k'' {4.4) 

T. e. e~IIHH'IHble BeKTOpbl .B HanpaBJieHIIHX HMllYJibCOB Ha'laJibHOft H paeeeHHHOft 'la

eTIIq, a TaK)I(e 'laCTIIqhi OT~a'lll a Jia6oparopHoA eHCTeMe (k = ka). Mbi 6y~eM HenoJih-

30BaTh CJie~ro~e nonepe'IHhie aeKTophi: 
'• 

s = n x k, fl = n x k', s" = n x k", (4.5) 

r)le n orrpe,llMeHa a (2.2). 
B "'IHCTNX Jia6opaTopHNX axenepHMeHTax" Ha'laJihHble rrOJIHp113&qiiH onpe~MH

IOTCH no OTHOilleHIIIO K HarrpaBJieHIIHM k, s RJIII n, UOJIHpH33qllll paeeeHHHNX 'laCTHq 

R3MepHIOTC.H B HanpaBJieHIIHX k', S 1 IIJIH n, a MH 'laCTIIq OT)la'IH - B HarrpaBJieHIIHX 

~~~a . 
3aMeTIIM, 'ITO B llpHeyTCTBRe Mai'HRTHOI'O llOJIH enRHbl paeeeHHHbiX 'laCTHq HJIH 'la

eTRq OT~a'IH MOI'JT llO)lBepi'HJTbCH Bpa~eHIIHM npe)l(~e, 'leM 3TH 'laCTHqhl ~OCTHI'HYT 

aHaJIII3aTOpoB (eM. KOMMeHTapHH .B KOHqe 3TOA I'JiaBbl). 

Teneph paeeMOTpRM npe~CTaBJIRIO~He IIHTepec OT~MbHhle CJiy'laR,. HenOJib30BaB 

llpH 3TOM Te eBOfteTBa 3KenepHMeHTaJibHbiX BMH'IHH, KOTOpble 6y)lYT·ycraHOBJieHN B 

I'Jiaae 6. 
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A. HenonHpH3oBauubiA ny'IOK, uenonHpH30BauHaSI MHmeub: Pa = Pr = 0 .. 

A.l. llOJISipH3~H B KOHe'IHOM COCTOSIHHH He 8HaJIH3HpytOTCH: f>1 = f>2 = 0, 
jl == i2 = 1. 

Eoo (0 , 0) = u . . ( 4.6) 

A.2. AuanH3HpyerCH nomrpH3a~Hg pacceguuoA 'laCTHW>f: f>2 = 0, 12 = 1. 

Eoo (P1 ,o) = l1u (1 + P1 Pntn) . {4.7) 

A.3. AuanH3HpyerCH nonS1pH3aiUUI 'laeTH~bi ~~a'IH: F1 = 0, l1 = 1. . . -· - . . 

Eoo (o, P2) = l2u (1 + P2 Pn2n) (4.8) 

AA. AuanH3HPYIDTCH nongpJcia~u o6eux 'lacrii~. 

Eoo (P1 ,P2) l1l2u (1 + [P1 n1n + f>2n2n] P + 

+f>1f>2 [Cnmio n1nn2n + Ca'o''OO n~o.n26" + C,..k"OO n~om2k'' + 
+C,.,,,ooni,.,nu' + C,.,,.,,oon1,.,n2k'']). (4.9) 

B. non'SipH30BaH~biit ny'IOK, uenonHpH30Bau~aSI MHllleHb: Pa =1- 0, Pr = 0. 

· B.l. TionHpH38~HH B KOHe•IHOM COCTOHHHH He ·aHanH3HpylOTCH: f>1 = P2 = 0, 
jl = i2 = 1. 

EPsO (0 ,0) = 0' (1 + P Pan) . 

B.2. AHanH3Hpyerca nonapH3a~g pacceaHHoit 'lacTH~bi: f>2 = 0, l 2 = 1. 

Epso (iLO) l1u { 1 + P Pan+ f>1 [Pnln + DnanoPa~ntn+ 
Dk'o60 n1~) Pa 6 + 

(4.10) 

+ (D,..o60 nu + 
+ (D,..OI .. -o nu + Dk'OkO ntk') Pak)} . (4.11) 

B.3. AuanH3HpyerCH nonHpH3a~ua 'laCTH~bi OT~a'IH: f>1 = 0, l 1 = 1. 

Ei>so(o,P2) 

+ (Koo''60 n2s'' + 
+ 

l2u { 1 + P Pan+ f>2 [Pn2n + KannaPann2n+ 

l<,~k''60 n2_k") Pa. + ' 
(Ko."k0nu,+Kok''k0n2k'')Pak]}. {4.12) 

BA. AHanH3HpylOTCSI nonHpH3a~u o6eux · 'laCTH~ .. 

Bbip8)Keuue~a EPso (A, f>2) MO)f{HO TIOJIY'fHTb H3 (4.3), noJIO)f{HB Pr = 0. 
TaKHM o6prooM, B <l>opMyJie TIOHBSITCH TOJibKO P, Daoal, KobdJ, Ca!>Oo H CabdJ· 

C. HenonHpH3oBaHHhrR ny'lox, nongpn3oBaHHaH MHmeuh: Pa = 0, Pr =f. 0. 
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C.l. TionSipH3~H B KOHe'IHOM COCTOHHHH He 8HMH3Hpy10TCH: F1 p2 = 0, 
h=i2=L . 

Eo.Pr {0,0}= u(1 +P Prn) • 

C.2. AuanH3HpyeTCH nMHpH3~HSI pacce.~~uuoA 'laCTJUU>I: P~ = 0, l 2 = 1. 

Eo.Pr (P1 ,0) = l1u { 1 + P Prn + P1 (Pntn + Kn00nl'rnn1n+ 
+ (K,..oo.nt,.. + Kk'oo6nlk')Pr. + 

(4.13) 

+ (K,..OOknu+Kk'ooknt,.,)Prk)}. (4.14) 

C.3. AuanH3HpyeTCH nonHpH3aiJ,llll 'laCTH~bi O'i'~aqu: f>1 = 0, l1 = 1. 

EoJT ( 0, P2) = l2u { 1 + P Prn + P2 (P n2n + D0nonPrnn2n+ 
+ (Doo''O• ~,.., + DOk''O• ~k'' J'Pr. + 

+ (Da...'ok nu, + Dok''Ok n2k'') PTk]J . ( 4.15) 

c.4. AuanH3HpyiOTCSI nonHpH381UIH OOeHX '18CTH~. 
Bbip8)KeHHe~H Eo~ .(P1,P2) MO:>KHO nony'IHTb H3 (4.3), nonO)f{HB P8 = 0. 

. Ouo 6y~eT co~ep)f{aTb TonbKO P, Kaood, Dob(Jd, cab()() H cab()d. 

D. TioJISipH30BaHHl>le llY'fOK H MHmeub: Pa =f. 0, Pr =f. 0. 

D.l.. TIOJISipH3~HH B KOHe'IHOM COCTOSIHHH He aHaJIH3HpyiOTCSI: P1 = P2 = 0, 
jl =h= 1. 

EpB Fr (0, 0) = 0' (1 + P (Pan+ Prn) + Aoo..nPanPTn + 
+Aoo .. Pa.Pr. +Aoo.k (Ps.Prk + PakPr.) + 

+AookkPakPTk] . (4.16) 

D.2. Auanu3upyeTCH nonSipH3~SI pacceHHHOit 'IacTH~l>l: P2 = 0, . l2 = 1. 
EPsPr (Pt,O) Bbip8)KaeTCH 'lepe3 P, Aooc.i, Daaah KaOOd H Maocd· 

D.3. A~anH3HpyeTCH nonspH381U1$1 '1~1>1 OT~aqu: P1 = 0, l1 = 1. 
_ EPsPr (oP2) B1>1p8)1{8eTCH qepe3 P,-AOOcd, DObOd, KObcO H Nobcd· 

DA. AHanH3HpyiOTCSI nonHpH381UIH o6emc <JaCTH~. 

B 3TOM cnyqae BCe 'IJleBl>l B (4.3) OcTalOTeH B cl>opMyne; H XOTH ORa H Bl>lmi
Cl>IBaeTCSI 6e3 3a.Tpy~eHHit, see )f{e BeCbM'a r:PoMo3~Ka. M1>1 ue 6y~eM Bl>lmr
ci>lsaTI.. ee B CaMOM o6~eM B~e. HO paCCMOTpHM TOJlbKO HeKOTOpl>le HHTe
pecHl>le cne~HaJlhffi.te CRY'faH (yK~l>IBa~ K~HKpeTHl>le uanpaBileHHH nonsr
pH3a~HA). CKo~eHTpupyeMCH Ha riMepeHHHX, AaiO~ · HHTepecu~>~e KOM-
nolleBTl>l 4:HH.IJ.ekcuoro TeH30pa. · · 

(i) Pa = Pas, Pr = Prs, P1 = F1n1 = Pus'+ P1,.,k', P2 = f>2n2 = Pu,s" + 
·plk''k'' (auanH3HpylOTCH TMhKO KOMTIOHeHTl>l TIOm!pH3a~HH B IIJIOCKOCTH rrepBOrO 

pacceSIHHSI, TO eCTh Dt (n2) eCTb KOM6HH8~HH S1 H k' (s" H JC')]. 
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·EPsl'r (1\ ,.P1) = id2u{1 + AOO •• PBPT+ 

+ P1 (PB (D.;o.ont,. + Dk'o.o ntk') + PT (K,.oo. nu + Kk'oo. nlk' )) + 
+ P2 [ PB ( K o.".o nu• + Kok''.O n2k'') + PT ( Da."o. nu• + Dok''O& ntk'')) + 
+ P1P2 (C•'•"oon~o•nu• +C,.k''oon1,.~'+ 
+ C,.,,.,oo ntk'nu• + Ck'k''OO n1k'n2k" + · 
+ PBPT (C•'•"u nunu• +C.,,., .. n1,.n21o"+ 
+ Ck's"as ntk'~., + ck'k"BB n1k'n2k'' ))} . (4.17) 

(ii) PB =PBs, PT = PTk, P1 = P1n1 = Pl8's'+Plk'k!, P2 = J\n2 = Pu.s"+P1k''k!' 
(n1 H n 2 omiT& naxo~TCH B nnocKOCTH nepooro pacceHHHH). 

EPs.f'r (.Pt,Pt) =iti2u{1+Aoo.kPBPT+ 

+ P1 [PB (D.•o.o nu + Dk'o.o n1k') + Fr (Ks'ook n1o' + Kk'OOk n1k' )) + 
+ P2 [PB (Kos".O nu• + Kok''.O n2k'') + PT (Doo''Ok ~, + DOk"Ok n2k" )) + 
+ P1P2 [Cs's"oo nt,.nu• + Cs•icnoo nun2k"+ 
+ Ck's"OO n~k'n2o;1 + Ck'k"OO ntk'n2k'1 + 
+ PBPT (Cs's"sknt,.nu• + Cs'k"sk nun2k''+ 

+ C"'•"•knt"'~"'' +C"'""•kn1k'1't2k")J}. (4.18} 
80 BCCX <PopMynax, npRBC~CHHblX BbiiDC, HHOr~a 6blBaeT none3HblM Bblpa3HTb BCK

TOpHblC KOMnoHeHTbi qepe:i nonHpH&Ie yrnbi ¢1· H ¢2 Me>K,izy Hop_MMbiO 'K nnocKOCTH 

paCCCHHHH H ~BYMH HOpManSIMH K a.HanH3HpyiOID;HM nnOCKOCTHM. 0HHY~OBnCTBOpHIOT 
cne~IOID;HM COOTHOIIICHHSIM: 

cos¢1 

cos¢2 

(n,nt) 

(n, n2) 
sin¢1 = (n,n1 x k') =- (n1 ,s'), 
sin¢2 = (n,n2 x k'') =- (n2 ,s") . (4.19) 

Cne~eT HMeT& B BH~ Brut<Hoe . o6cTOHTMbCTBO, Kacarom;eecH ncex npHne~eHHbiX 
n&tme <PopMyn. B OTCYTCTBHe MarHHTHoro nong cKanHpHbie npoH3Be~eHHH c n1.1:• H n2k'' 
paBHbl Hynro, TaK KaK BCKTOpbi JC H JC' neiKaT B nepnolt H BTOpOit a.HanH3HpyiOID;HX 

nJIOCKOCTHX COOTBeTCTBeHHO. T. e. BCe KOMfiOHCHTbl fiOnHpH3a.IJ;HOHHblX TeH30pOB, Co

~ep~t<:am;He HH,li;CKCbl k' HnH k", $aKTH'ICCKH HCiJe3aiOT H3 H3MCpHCMbiX pacnpe~eneHHlt. 
)J.n.H TOrO 'IT06bi STH KOMfiOHCHTbi Ha6JIIO~aTb, HeofiXO,li;HMO HCUOnb3pBaTb MarHHTHOe 

none nepe.n; ananHJaTopoM, nooopa'IHnarom;ee nonxpH3a~HH. B .'lacTHOCTH, MarHHTHOe 

none Me~ MHmeH&IO u~anH3aTopoM 1 (2) a.n;on& HanpaamiHH.H s' (s") 6y,n;eT no
nopa'IHBaT& UOnHpH3a~HIO paCCCHHHOit 'laCTH~bl ('laCTHUbl OT~a~H). B lln(X;KOCTH k', n 
(k" ,n). CKanSipHbie npoH3Be~eHHH n1n H nlk' (n2n H n2k")a :rioM.cnyqae.6y~T nOHH

MaT&CH KaK KOCimycbi yrnqB Me~ HOpManHMH n 1 (n2) H HanpiumeHHHl1H
1 
K KOTOpbiM 

.KoMnoHeHTbi nonxpH3a~iiH pacceHHHolt qaci-H~ni (qacTH~bi oT~a'IH) n" k! (n H k") 6y

.n;}'T noaepnyTbi MamHTHbiM noneM (nocne pacc~taTpHBaeJI.IOro pacceHHHx). 

Ha6nro.n;aeM&Ie, H3MepHeM&Ie a na6oparopnolt CHCTeMe, Bbiprut<eHbi a Ta6n. 4.1 qepe3 
a'dnnHTY~bi a, b, c, d, e, a B Ta6n. 4.2 '- qepe3 cnHpan&Hbie aMnnHTY~bi. 
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Ta6mm;a 4.1. 9KcnepHMeHTan&Hble aenH'IHHbi B na6opaTopuolt cHCTeMe, Bbtprut<eHnbie. 

•1epe3 aMDJIHTy.n;bi pacceHHH.H. 

8.2. 

uDs~oso 

uD~·oko 

uDk'o.o 

uDk'OkO 

8.3. 

uKos11sO 

ui<os"kO 

uKok"sO 

uKok''kO 

C.2. 

uK.•oos 

uKs'OOk 

uJ<k'OOs 

uKk'OOk 

= 

= 

Rea*bcos (a+~)+ Rec*dcos (a-~}- Imb*esin (a+~) 

-Rea*bsin (a+~)+ Re~*dsin (a-D- Imb*ecos (a+~) 

Rea*bsin (a+~)+ Rec*dsin (a-~) +lmb*ecos (a.+~) 

Rea*bcos (a+~) - Rec*dcos (a-n -lmb*esin (a+~) · 

-Rea*ccos (.0 + ~}:_ Reb*dcos (.0- ;) + Imc*esin (.0 + ;) 

Rea*csin (.0 +;)- Reb*dsin (,B-;) + Imc*ecos (,B +;), 
-Rea*csin (.0 + ;) - Reb*dsin (.0- ~) ,- Imc*ecos (.0 + ;) 

-Rea*ccos (.0 + ~) ~ Reb*dcos ({3- ~) +lmc*esin ({3 + D 

Rea*ccos (a+;)+ Reb*dcos (a-n -/mc*esin (a+ n 
-Rea*csin (a+ n + Reb*dsin ( o:- ~) - Imc*ecos ( o: + n 

Rea*csin ( o: + ;) + Reb*dsin (a-~)+ Imc*ecos (a+~) 

Rea*ccos (a+ D ~ Reb*dcos ( ~- ;) - Imc*esin ( o: :+- ;) 
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11 

C.3. 

uDo."O• 

uDo¥'Dk 
'·. 

uDok"Os 

= -Rea*bcos (,8 + ~)- Rec*dcos (,8- ~) +lmb*esin (,8 + ~) 
Rea*bsin (P+ ~)- Rec*dsin (,8- ~) + Imb*ecos (,8 + ~) 

-Rea*bsin (,8 +;) -Rec*dsin (,8- ~)- Imb*ecos (,8 + ~) 
uDok"Ok = -Rea~bcos (,8 + ~) + Rec*dcos (,8- ~) + Imb*esin (,8 + ~) 

A.4. 

uGs'•"OO 
aCk's"OO 

aC•'k"OO 

aCk'k"OO 

D.l. 

8.4. 

aCs's"no 

aCk's"no 

aCs'I..J'nO = 

uCk'k"no = 

aCs'nso 

aCk'n•O 

= 

aC•'nkO = 

aCk'nko = 

-Rea*dcos (a+ {3)- Reb*ccos (a- ,8) + Jmd*esin (a+ {3) 
-Rea*dsin (a+ ,8)- Reb*csin (a- {3)- Imd*ecos (a+ {3) 

-Rea*dsin (a+ {3) + Reb*csin (a- ,8)- lmd*ecos(a + {3) 

Rea*dcos (a+ ,8)- Reb*ccos (a- ,8)- Imd*esin (a+ {3) 

aAoo.. = Rea*d cosO+ Re b*c- Im d*esin (J 

aAoosk = uAooks = -Rea*dsin(J- Imd*ecos(J 
uAookk = -Rea*dcos(J + Reb*c + Imd*esin(J 

-Red*ecos (a+ {3)- Ima*dsin (a+ (3)- Imb*csin (a- (3) 

-Re d*esin (a+ (3) + Im a*dcos (a+ (3) + Im b*ccos (a- (3) ' 
-Re d*esin (a+ {3) + Ima*dcos(a + {3)- Imb*ccos (a- (3) 

Red*ecos (a+ (3) + Ima*dsin (a+ {3)- Imb*csin (a- (3) 

Reb*ecos (a+ V + Ima*bsin (a+ V- Imc*dsin (a-~) = 
-uMk'Okn 

Reb*esin (a+~)- Ima*bcos (a+~)+ Imc*dcos (a-~) = 
-a"\1s'Dkn 

-Reb*esin (a+~)+ Ima*bcos (a+~)+ Imc*dcos (a-~) = 
-uMk'O•n 

Reb*ecos (a+~)+ Ima*bsin (a+~)+ Imc*dsin (a-~) = 
aAf•'D•n 
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C.4. 

. aCno"sD -Rec*ecos (iJ + ~) _.: Jma*csin ((3 + ~} + hnb*dsin ((3- ~) = 
uNok"kn 

aCnk''sO -Rec*esin(,8 + ;) + Ima*ccos ({3 + ;) - lmb*dcos ({J ~ ;) = 
-uNos"kn 

aCn•"kO Rec*esin ((3+ ;) - Im~·ccos ({3+;)- Imb*dcos ((3- ;) = 

-uNok''•n 

uCnk"kD . ( (J) . ( . (J) . . ( (J) . -Rec*ecos (3 + 2 - Jma*csin (3 + 2 -'- Imb*dsin (3- 2 = 

uNos"sn 

B 3TOM H CJie,IzyiOID;eM IlyHKTax ~JUI IIOJIHOTbl H HarJISI)lHOCTH BbliiHCaHbl CBSI3H C 

senHqHHaMH MaOcd 11 Nobcd. XOTSI B rro.zq>o6HOCTHX OHH o6cy:lK,ll;aiOTCSI B rnaBe 6. 

aCk'k''Dn 

uqsis"On 

aCs'nOs 

aCk'nO• 

aCs'nOk 

aCk'nOk 
/ 

aCn¥'0• 

aCnk"Os 

-Cs's''nO , Ck'¥'Dn = C¥k''no 

-Ck'k"nO , C¥k"Dn = Ck'•"nO 

Rec*ecos (a+;)+ Jma*csin (a+~) - Imb*dsin (a-~) = 

uMk'Dnk 

Rec*esin (a+~)- Ima*ccos (a+~)+ Imb*dcos (a-~) = 

-aMs'Onk 

-Rec*esin (a+~)+ lma*ccos (a+~) + Imb*dcos (a-~) = 

-uJI.fk'Ono 

Rec*ecos (a+~)+ Ima*csin (a+~) + Imb*dsin (a-~)= 
uM.,an. • . 

-Reb*ecos ({3 + ~}- Ima*bsin ((3 + ~) + Imc*dsin ((3- ~) = 
uNok"nk 

-Reb*esin ((3 + ~) + Ima*bcos ({3 + ~) - Imc*dcos ({3- ~) = 

-uNos"nk 
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' u 

0.2. 

D.3. 

D.4. 

uCna"so = -Reb*_esin (P + ~)- Ima*bcos (/J + ~)- Imc*dcos (/J- ~) = 

-uNo~;;~ins 

uCnk''Ok = -Reb•ecos(/J+~) -lma•bsin(IJ+~) -lmc•dsin({J-n = 
= uNo:r• ... 

uMnO&s = -uMnau = uNomss = -uNonkk = Red*ecos8 + Ima•dsin8 
uMnOks = uNansk = -Red*esin8 + Ima•dcos8 + Imb•c 
uMnask = uNOnks = -Red*esin8 + Ima•dcos8- Imb•c 

M:ro'... = Ck'nak , Mk'Ons = -C:rnak , Ms'Onk = -C~;•nos , M~;;~onk = C:rnas 
M:rosn = Ck'nkO , M~;•osn = -C:rn~;o , Ma'Okn = -Ck'naa , Mk'Okn = Cs'nso 

Nans. = -NOnkk = 1\.fna .. = -1\.fmau , NOnk• = A-fnask , Nansk = Afna~;s 
Nos''ns = cnk"Ok , NOk"ns = -Cns"Ok , Nos"nk = -Cnk''Os , Nok''nk = Cnti'O• 
Nos"sn = Cnk''kO , Nok"sn = -Cns"kO , Nos''kn = -Cnk''sO , Nok''kn = Cns''sO 

u(Cu•u +Ck'k"so) = - (IW + lcl2) cos{/J -a) 

u (Cs'k''sa- C"'•"••) = - (lbl2 + lcl2) sin (/J- a) 

u (Cs~:r··" + c"'""•") = (IW -lcl2) sin (/J- a) 

u (Cs'k''•k- Ck's"sk) = - (IW-: lcl2) cos (IJ- a) 

u (c •.• , •• - c"'"" .. ) - (lal2 -lel2) cos (a+ /3 + 8)-

-ldl2cos (a+ {J- 8) + 2/ma•esin (a+ /J + 8) 

U (Cs'k''ss + Ck's"ss) = - (lal2- lel2) sin (a+ /3 + 8)- , 

-ldl2sin (a+ {J- 8)- 2/ma•ecos (a+ {J + 8) 

u(c ••• "sk- ck'k"sk) (lal2 -lel2) sin (a+ {J + 8)-

-ldl2sin (a+ {J- 8) + 2/ma•ecos (a+ {J + 8) 

U ( Cs'k"ok + Ck'a"sk) - (lal2 -lel2) cos (a+ /3 + 8) + 

+ldl2 cos (a+ /J- 8) +21m a•esin (a+ /J + 8) 
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Ta6.11Hua 4.2. 9KcnepHMeHT8JI&Hble aemP-IHHhi B Jm6opaTopHoii CHCTe~te, B&Ipa*eHHhle 

qepe3 cnHpaJibllhle aMWIHTY,Abl. 

A.l. 

A.2. 

B.2. 

B.3. 

C.2. 

1 . 
u = 2 (1~1l2 + l~2l2 + 1~312 + 1~412 + l~sl2) 

uDnano 
uD.•oso 

uDt~oko 

uDk'OsO 

uDk'OkO 

uKanno 
u/{os"sO 

uKos"kO 

uKok"sO 

uKok"kO 

uK.•oo. 

uK.•ook 

uP= -Jm[~; (~~ + ~2 + ~3- ~4)) 

Re (~i~3- ~;~4) + 2l~sl2 

-Re r~: (~1- <1>2 + ~3 + <I>4))sin81 + 
+Re C~i~3+.<I>;~4)cos81 

Re [~; (~1 - <I>2 + i1>3 + i1>4)] cos 81 + 

+~ (I<I>1I2 -I<I>2I2 + 1<1>312 -1~412) sin81 

-Re [~;(~1- <1>2 + i1>3 + ~4)) cos81-
- Re (~i<I>3 + <1>2<1>4} sin81 
-Re [~; (<1>1- <I>2 + i1>3 + i1>4}) sin81-

+~ (l~1l2 -1~212 + 1~312 -1~412) cos01 

-Re (~i<I>4- <1>;~3) + 2I<I>sl2 

-Re [<I>; (-<1>1 + ~2 + ~3 + ~4))sin82-
- Re ( <I>i<I>4 + <1>;~3) cos 82 
-Re [~5 (-<1>1 + ~2 + ~3 + ~4))cos82 + 

+~ ( -1~112 + I<I>2I2 + 1~312 -1<1>412
) sin82 

Re [~5 ( -~1 + <1>2 + ~3 + i1>4}) cos82-
- Re { <I>i<I>4 + <1>;~3) sin 82 
-Re [~~(-<I>1 + ~2 + 4>3 + ~4))sin82-

-~ ( -1~112 + I<I>2I2 + 1<1>312 -1<1>412) cos82 

-Re [<1>5 ( -<1>1 + <P2 + i1>3 + i1>4)) sin81 + 
+ Re (<Pi<I>4 + <1>2~3) cos81 

Re [<I>;( -~1 + ~2 + ~3 + ~4)] cos81 + 

+~ ( -1~112 + I<P2I2 + 1<1>312 -1<1>41
2
) sin81 
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<' ~-
aKk'oCM = -Re [<1>~(-<1>1 +<1>2+<1>3+<1>4))cos01-

I D.l. 
- Re ( <t>;<t>4 + <t>;<t>a) sin 01 aAoo88 = Re. (<l>i<l>2 + <1>3<1>4) 

aKk'OOk = -Re [<!>~ ( -<1>1 + <!>2 + ii>a + <1>4)) sin 01 + 
aAoosk = aAook. = Re [<!>~ (<!>1 + <!>2 - Cl>a + <!>4)) 1 . . 

I aAookk = :-~ (I<I>1I2 + I<I>2I2 -I<I>al2 -1<1>412) 
+2 ( -1<1>11

2 
+ I<I>2I2 + I<I>al2 -1<1>412) cos81 

C.3. 
B.4. 

aDos"08 = -Re [<!>~ (<!>1- <!>2 + Cl>a + Cl>4))sin02-

1 
aCs's"nO = Im [<t>H<I>1 + <!>2- Cl>a + <!>4) cos (01 - 82) + 

- Re (<l>i<l>a + <t>;<t>4) cos82 + (Cl>i<l>a- <1>2<1>4)cos81sin82 + (<l>i<l>4- <1>2<1>a)sin01 cos82) 

aDos"Ok = -Re [<!>~ (<!>1- <!>2 + Cl>a + Cl>4))cos82 + aCk's''nO = Im [-<t>; (<!>1 + <!>2- Cl>a + <!>4) sin (81- 82) -
1 . - ( <l>i<l>a - <1>2<1>4) sin01 sin 82 + ( ~;<1>4 - <1>2<1>a) cos 81 cos 82) 

+2 (I<I>1I
2

- i<t>2l2 + I<I>al2 -1<1>412) sin82 
aCs'k"no = Im [-<t>; (<!>1 + <!>2- Cl>a -t <!>4) sin (81- 82) -

aDok"Os = · Re [<!>~ (<!>1- <!>2 + Cl>a + Cl>4))cos02 - - (<l>i<l>a- <1>2<1>4)cos81cos82 + (<l>i<l>4- <1>2<1>a)sin01sin02) 
- Re ( <l>i<l>a + <1>2<1>4) sin 82 aCk'k"no = Im [-<t>; (<!>1 + <!>2- Cl>a + Cl>4)cos (81 - 82) + 

aDok"ok = -Re [<t>; (<!>1- <!>2 + <1>3 + <1>4)]sin02 - + ( <l>i<l>a - <1>2<1>4) sin 01 cos 02 + ( <1>i<l>4 - <1>2<1>a) cos 01 sin 02] 

-~ (l<t>d
2

- I<I>2I2 + I<I>al2 -·1<1>412
) cos 82 aCs'n•O = Im [-<!>~ (<!>1- <!>2 + <!>3 + Cl>4)cos81- (<l>i<l>4 + <1>2<1>a)sin01] 

aCk'nso = Im [ <1>5 {<!>1 - <!>2 + Cl>a + <!>4) sin81- (<l>i<l>4 + <1>2<1>a) cos81) 
A.4. 

aCs'nko = Im [-<1>5 (<!>1 - <!>2 + Cl>a + <!>4) sin81 - (<l>i<l>2- <1>3<1>4) cos 81] 

aCnnoo = Re (<l>i<l>2- <1>*3<1>4) + 21<1>512 

J 
aCk'nko = Im [-<1>5 (<!>1- <!>2 + Cl>a + Cl>4)cos81 + (<l>i<l>2- <1>3<1>4)sin0t] 

aCs's"oo = -~ (l<t>1l
2 

+ I<I>2I2 -I<I>al2 -l<1>412)sin01sin02-
aCns"sO = Im [ <1>5 (-<!>1 + <!>2 + Cl>a + Cl>4)cos82- (<l>i<l>a + <1>2<1>4)sin02] 

j 
aCnk"sO = Im [ <1>5 (-<1>1 + <l>2+ Cl>a + Cl>4)sin82 + (<l>i<l>a + <1>2<1>4)cos02] 

-Re (<l>i<l>2 + <1>3<1>4) cos81 cos82 + aCns"ko = Im [-<1>5 (-<1>1 + <!>2 +<l>a + Cl>4)sin82- (<l>i<l>2 +<l>3<!>4)cos82] 
+Re (<!>~ (<!>1 + <!>2- Cl>a + <!>4)] sin (01- 02) aCnk"kO = Im [ <1>5 ( -<1>1 + <!>2 + Cl>a + <!>4) cos 82- ( <l>i<l>2 + <1>3<1>4) sin 82] 

aCk's"OO = -~ (I<I>1I
2 

+ I<I>2I2 - I<I>al2 -1<1>412) cos81 sin02 + C.4. 
+Re (<l>i<l>2+<1>3<1>4)sin81cos82 + aCs'nOs = Im [-<1>5 ( -<1>1 + ol>2 + <!>3 + <!>4) cos81- (ol>iol>a + ol>2<1>4) sin81] 
+Re [<1>5 (ol>1 + <!>2- Cl>a + <!>4)) cos (81- 02) aCk'nOs = Im [ <1>5 {-ol>1 + ol>2 + Cl>a + Cl>4)sin81- (<l>iol>a + <1>2oi>4)cos01] 

aCs'k"OO = ~ (l<t>1l
2 

+ loi>2I2 - I<I>al2 -1<1>412) sin 81 cos 02 - aC.•nok = Im [-<1>5 ( -ci>1 + cl>2 + cl>a + ol>4) sin 81 + {ol>i<l>2 + <1>3<1>4) cos81] 

-Re (ci>i<l>2+oi>3oi>4)cosB1sin82+ aCk'nOk = Im [-ci>5 (-ci>1 + ol>2 + cl>a + ol>4)cos81- {ol>iol>2 + ol>iol>4)sin81] 

+Re [ol>5 (<!>1 + <!>2- Cl>a + <!>4)] cos (81- 82) aCns"Os = Im [ <1>5 (ol>1- <!>2 .f. cl>a+ ol>4)cosB2- (ci>i<l>4 +ol>2<1>a)sin02] 

aCk'k"OO = ~ (1<1>11
2 

+ I<I>2I2 -loi>al2 -loi>412) cos81 c~02 + 
aCnk"O• = Im [ <1>5 (<!>1- cl>2 + ol>a + cl>4) sin 82 + (ci>ici>4 + oi>2oi>a) cos82] 
aCns"sO = Im [-ol>5 (ol>1- cl>2 + ol>a + cl>4) sin 82 + (ci>ici>2- <1>3ci>4) cos82] 

+Re (<I>ici>2 + cl>j<l>4) sin 01 sin02 - aCnk"ko = Jm[ <1>5(<1>1-ol>2+ol>a+ol>4)cos02+(ci>ici>2-oi>3oi>4)sin02] 
-Re (ol>5 (ol>1 + <!>2- Cl>a + cl>4)] sin (81 - 82) 

li D.2. 
·1 aol>nCMs = -Uol>nOkk = - Im [oi>5 ( cp1 + cp2 - Cl>a + ol>4)] 

aci>noks = Im {ci>iol>4- ci>2oi>a) 
aci>nask = -Im (oi>iol>a- ol>2ci>4) 
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0.4. 

t1 

(J (c ••• , •• + ck'k"u) 

u (Crk"u- Ck'r'u) 

u (Cs~s~• • .~: + C.~:•.~:" &A:) 
u (Crk''sk- Ck'r'•k) 

u (Cs~s"u - Ck'k"sa) 

U (Cs'k"u + Ck'r'os) 

u (C•'•"•k - Ck'k"sk) 

u (Crk''sk + Ck'r'sk) 

-~ o~1- ~212 + l~a + ~412) cos (81 + 82) 

= -~ o~1- ~212 + l~a + ~412) sin (81 + 82) 

Re [(~i- ~2) (~3 + ~4)] sin (81 + 82) 
Re [(~i- ~2} (~3 +~4)]cos(81 +82) 

[41~sl2 ..:. ~ o~1 + ~212 + l~a- ~412)] cos (82- 81) -

-2Re~; (~1 + ~2 +~a- ~4)sin(82- 81) 

[41~sl2 - ~ o~1 + ~212 + l~a- ~.d2)] sin (82- 81) + 

+2Re~; (~1 + ~2 +~a- ~4) cos (82- 81) 

- [4l~sl2 - Re (~i + ~2) (~a- ~4)] sin (82- 81)-

-2Re~; (~1 + ~2 +~a- ~4)cos (82- 81) 

- [4l~sl2 - Re (~i + ~2) (~a- ~4)] cos(82- 81)-

-2Re~; (~1 + ~2 +~a- ~4) sin(82- 81) 
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rJiaBa 5 

CooTHomeiiH» :M:eLK,n;y BeJIHqHHaMH B 

CHCTeMe u;eHTpa Ma~C H B 
Jia6opaTopHOH CHCTeMe· 

PeJI.HTHBHCTCKRe <l;>opMYJibi )J,JI.H )I,Hcp<l;>epeHIJ,HMbHhiX ceqeHaA, KOTOpbte 3aBHCHT 

OT Bbi60pa KHHeMaTaqeCKHX rrepeMeHHbiX, XOpOmO H3BeCTHbi II He 6y)l,yT 3)1,eCb 06Cy)K

)I,aThCH. PaccMQTPHM, O)J,naKo; rrpeo6pa3oBaHH.H B c.IJ,.M. )l.pyrax BeJiaqaH, H3Mepeunhlx 

8 Jia6opaTOpHOti CHCTeJVIe, II Bblpa3HM HX qepe3 KOM6HHaiJ,HH qHCTbiX <!KCI!epRMeHTaJih

HbiX C.IJ,.M. BeJIHqHH. rouopH B o6IIJ,eM BH)I,e, 3TH COOTHOilleHH.H :MO)KHO 3aiiHCaTb KaK 

X!bc.t = x;:;;:anlpbRHC.dk . (5.1) 

ITo rroBTopaiOIIJ,HMCH HH)I,eR:ca'W no)J,pa3yMeBaeTCH cyMMHposanHe. CaMBOJibi an1 P H 

bn
2
q .HBJIHIOTCH KOMIIOHeHTaMH. BeKTOpoB a H b, IIOBepHyTbiX Ha yrJibl peJI.HTII:BHCT

CKOro BpaiiJ,eHH.H CIIHHa BOKpyr HOpMaJIH K IIJIOCKOCTH pacce.HHHH. 0HH rrpe)I,CTaBJIHIOT 

HarrpaBJieHH.H CIIHHa pacce.HHHOit qaCTHII,bi II: qaCTHII,bi OT)I,aqa B C.IJ,.M., eCJIH 3TH Ha

rrpaBJieHHH B JI.C. 3a)l.aiOTC.H BeKTOpaMH a II b. 
YrJihi peJIHTHBHCTCKoro BpaiiJ,eHml ecTh 

n1 

n2 

8 
(}-2(1t=2a, a=2-91, 

8 
-1r + 8 + 292 = -1r + 2/3, f3 = 2 + 82 (5.2) 

)J,JIH pacceauuofi qaCTHIJ,bi H qacTHIJ,bi OT)I,aqa COOTBeTCTBeuno, r)l,e 8 eCTb yroJI pacce

.HHHH B c.IJ,.M., a 81 a 82 eCTh yrJihi pacce.HHHH a OT)I,aqu B JI.c. B nepeJI.HTHBHCTCKOM 

CJiyqae HMeeM 

a=O, /3=!!.. 2" 
(5.3) 

3aMeTHM, qro BCe yrJibi 8, (Jt, 82, a, {3 II Q1 HeOTpHIJ,aTeJibHbli TOr)l,a KaK Q2 ~ 0. 
Bee BeKTOpbi 11 yrJibi, <l;>arypapyiOIIJ,He 3)1,eCh, IIOKa3aHhi Ha pac. 5.1..JlerKo uaitTH, 

qTo 

k'nl 
s'nl 

lcosa+msina, k~2 = -lcosf3-msin/3, 
-lsina + mcosa, s~2 = lsin/3- mcos/3, 
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H 

m 
srR\ 

1\ 

k I 9 . 0 = cos 2 -msm 2, 

I . 0 0 
s = sm 2 +mcos 2. 

As 
I 
I 
I 
I 
I 
I 

T 

-r· ,-.~. I ... I .. kj=k" 

(5.5) 

PHc. 5.1. KHHeMaTHKa HyK.'lOH·HyKJIOHHoro pacceHHJUI a c.~.M. H a na6opaTopHoll CHCTe

Max. TioKa:3aHhl cne.rzyiOli.\HC yrnhJ: (}- yron pacceHHJUI a c.~.M., (}1 H 92 - }Ton pacceHHH.H H 

yrOJI BhlnCTa OT,lla'IH B JI.C. COOTBCTCTBCHHO. Yrnhl peJI.HTHBHCTCKOrO Bpali.\CHH.H fl1 = 2a If 
fl2 = -1r + 2{3 ,liJI.H paCCC.HHHOll 'laCTH~hl H 'laCTJU~hl OT,lla'IH COOTBCTCTBCHHO (B HCpCJI.HTH· 

llHCTCKOM IIpC,liCJIC HMCCM a= 0, {3 = rr/2). E,liHHH'!HhiC BCKTOphl IIOKa:3aHhl B CJIC,!zyiOli.\HX Ha

IIpaBneHH.HX: Ha'IMhHOl'O If KOHC'!HOl'O m.myJihCOB B C.~.M. ki If kj, HaiipaBnCHH.HX J"' ki+kf, 
m"' k/ - ~' lU.IIIYJibCOB Ha'laJibHOll, pacCC.HHHOfi 'laCTH~bl H 'laCTH~hl OT,lla'IH k = ~. k1 H 

k'', HanpaaneHH.Hx s = n x k, s' = n x k' u s" = n x k", r,L~e n "' ki x k 1. HaKoHe~. kn
1

, sn 
" ll " 1 kR2 H SR2 CCTb YKa:3aHHhJC BhllliC BCKTOpbl k', 5

1
, k" H S , IIOBCpHyThiC Ha yr;llhl f!1 (Hml f!2) 

iVlH pacCC.HHHOlt 'lacTH~ (qaCTJf~hl OT,lla'IH) COOTBCTCTBCHHO. 

<l>opMyJia (5,1) narrHCaHa ,L{JUJ 'ICTblpeXKOMIIOHCflTHbiX TCfl30pOB. <l>OpMyJibl M.H ~ 

TCH30pOB flH3111IfX paHTOB JICl'KO IIOJIY'IHTb1 llOJIO)f{HB 3Ha'ICHH.H COOTBCTCTBYIO~X Hfl· 

,L{CKCOB paBHbiMH HyJIIO H OrryCTHB COOTBCTCTBYIOli.\HC BCKTOpHbiC KOMIIOHCHTbl B npanolt 
'laCTH. 
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KIDK,L{biil H3 HH,L{CKCOB p, q, i H k B (5.1) paneH 0, l, m HJIH n I cM. (2.2)], a[b] paBHhl 

o, k', s' HJIH n I 0, k", s" HJIH n] H K~il H3 c H b paBeH 0, k, s HJIH n I cM. (4.4) H 

(4.5)]. . 
PaCCMOTpHM TCrrCpb OT,L{CJibHbiC CJIY'faH H3 Ta6JI. 3.1 H BbiBC,L{CM COOTHOIIICHH.H MC)K

~ ::JKCIICpHMCHTaJibHbiMH BCJIH'IHHaMH B C.~.M. H JI.C., HCllOJib3YH PC3YJibTaTbl rJiaBbl 3. 

A.2. Axll.IIU3Upyemc.n no.II.RpU3a~u.n pacce.nxxwx 'lacmu~: pis = pcm•. = P. 

B.2. IIo.II.RpU30BaHHbiU nY"O'~>, aH.a.AU3ttpyemc:n no.II.Rpuaa~u.n pacce.nH.xou 'lacmu~w. 
Xopomo H3BCCTHble napaMeTpbi Bom><l>eHmTeiina Da.OdJ = DpOioaR1 p Cj ecTb: 

D -

R -

A -

I( -

A' -

DnOnO (n.c. H c.~.M. BCJIH'IHHbl paBHbl wyr wyry) • 

Ds'oso= -Dmmsinasin~- Dm:'osin.( a+~)+ Dmamocosacos~, 

Ds'Oko = -Dmmsinacos~- Dzamocos (a+~)- Dmamocosasin~, 

Dk'Oso = Dmm cos a sin~ + Dzamo cos (a + ~) + Dmamo sin a cos~ , 
D D . () D . ( 0) D · · () k'OkO = 1010 COS a COS 2 - IOmO Sill a + 2 - ~OmO Sill a Sill 2 . 

B.3. Ilo.11.RpU306aHH.blii. ny'lo'l':, aHa.AU3Upyemc.n nOJIRpU3a~u.n 'lacmu~bl omaa'lU. IIo

nepe'lttble napaMemp'lll BoA'brjJeH.wmeuH.a y,L{OBJICTBOpHIOT cooTnomeHHHM KobcO = 
KoqiobR2 9 Cj. 

K -

Rt -

At -

R' t -

A' t -

Kanno (n.c. H c.'u;.M. BCJIH'IHHbl paBllbl wyr ,L{pyry) • 

Kos"sO = Ko11o sin.Bsin~ + Kozmo sin (.a+~) - Kammocos.Bcos~, 

Kos"kO = Kouo sin/Jcos; +Kozma cos (.a+;) + Kommocos/Jsin;, 

I<ok"sO = -Ko11ocos,Bsin~- KozmoCOS (.a+;) - Kommosin,Bcos ~, 

Kok"ko = -Kollocos,Bcos; + Kozmosin (~ + ;) + Kam"":sin,Bsin ;. 

C.2. IloA.npU3oeaH.tta.n Muwett'b, aHa.Auaupyemc.n noA.npu3a~u.n pacce.nHHoii. 'lacmu~w. 
B cny•Iae IIOJIHpH30BaHUOii MHIIICHH H HCIIOJIHpH30BaUHOl'O llY'IKa 6y,L{CM HCllOJib-

30BaTb CTpO'IHhie 6yKBbi MH auanoron napaMeTpoB Bom><l>eumTefina. Ilpn 3Tm1 

HMeeM Kaood = KpaokaR, P dk H Bhlpa3HM Kpaok 'Iepe3 Ko9;o: 
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ti 

kt - K = Kncxm (n.c. H c.~.M. BeJIH'lKHbl pimHhl .zq>yr ,u;pyry) , 

Tt - K U • • 8 T/ i ; ( · 8) . T/ 8 
•'OOO• = .:...nouosmasm2 -.notmasm a+

2 
+.nammacosacos2, 

at - K.ook = -Kouosinacos;- KotmoCOs (a+;) - Kammacosasin;, 

I 
Tt - 8 ( 8) 8 Kk'OO• = Kouo cos a sin 2 + Kotmo cos a + 

2 
+ Kemme sin a cos 2 , 

I K u 8. T/ • ( 8) u . . 8 at = k'OOk = .nouo cos a cos 2 - .notma sm a+ 
2 

- .nammo sm a sm 2. 

C.3. IlOJlJtpwoeaH.'HaJL MUWeH.b, aH.tl.IIU3upyem~ nOJlJtpwaqW~ "'acmuqt£ omiJa"'.u. 
llMeeM DObOd = Daqok bR29dk H BhlpiDK.aeM DoqOk B TepMHHax DpOio: 

d = D = Dn0n0 (n.c. H c.~.M. BeJIH'lHHbl paBHbi .zq>yr .zq>yry) , 

r = Dos"Os = Dtomsin,Bsin; + Dtomasin (.8 + ;) - Dmamocos,Bcos;, 

a = Dos"Ok = Dtoto sin .B cos ; + Dmma cos (.8 + ; ) + Dm0mo cos .B sin ~ , 

T
1 = Dok"Os = - Dmto cos .B sin ; - Dwmo cos (.8 + ; ) - Dmamo sin .B cos~ , 

a' = . Dok"Ok = - Dtoto cos .B cos; + Dtomo sin (.8 + ; ) + Dm0mo sin .B sin~ . 
A.4. Koppe.IIJI.quu no.!IJ£puaaquil iJM nepeoH.a"(tl.llbHO H.enoMpwoea'HH.t£X "'.acmuq. 

llMeeM CabOo = Cpq0oaR1 pbR2 q, TaK 'ITO (BepxHHe HH,D;eKChl ls Hems YKa3hlBa
JOT Ha CHCTeMy OTC'leTa: Jia6opaTOpHyJO H ~eHTpa MaCC COOTBeTCTBeHHO): , 

C~"noo 
Cs's"OO 

Ck's"OO 

Cs'k"OO 

c"'""oo 

C,:'~ (n.c. H c.~.M. BeJIH'mHhl paBHhi ,u;pyr ,u;pyry) , 

-Cuoo sin a sin .B + Ctmao sin (a: + .8) - Cmmao cos a: cos .B, 
Cuoo cos a sin .B - Ctmoo cos (a + .8) - CmmOO sin a: cos .B, 

Cuoo sin a: cos .B - Ctmoo cos (a + .B) - Cmmoo cos a: sin .B , 
-Cu00 cosacos.B- Ctmao sin (a:+ .B)- Cm,..Osino:sin.B. 

D.l. Ce"'eHU/1 iJM pacce.J£HWI no.!IJ£pwoea~t~tozo ny"'tea H.a noMpU3o6aH~toil Muwe-
HU [33J. HMeeM Aooat = Aoo;k e;dk: 

Aoo C . 28 c . 8 c 28 ss = 1100 Slll 2 - !mOO Slll + mmOO COS 2 , 

Aoosk = Aooks = ~ ( Cuoo - Cmmoo) sin 8 - Ctmao cos 8, 

Aoo C 28 c .(} c ·28 kk = 1100 cos 2 + tmoo sm + mmOO sm 2 · 
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I B.4. 

C.4. 

JlOJIJipU3o6aHHWil ny"'ote, a~ttl.llwupywm~ noMpwaquu o6eux J>OHe"'.HWX "'.a

cmuq. :llMeeM cobcO = Cpq;oaRtpbRoqCi: 

C., r'nO = Cun0 cos (a: + .8) + Cm1n0 cos a sin .8 + Ctmma sin a cos .8 , 
Ck'r'nO = CunOSin (a:+ .B)+ crnlnOsino:sin.B- CtmnOCosacos.B, 

Crk''nO = Cun0sin (a+ .8)- Cmlnocosacos.B + CtmnOsino:sin.B, 

Ck'k''nO = -Cunocos(a+ .B)- CrnlnOsino:cos/J- Ctmnocosasin.B, 

Cznto cos (a + ~) + ~mn1o cos a sin ; - CtnmO sin a cos ; , c.,nsa 

Ck'n.O = 

Cs'nkO 

ck'nkO 

Cnr•.o 

Cnk''.O 

Cns"kO 

Cnk''kO 

C . ( 8) c . . (} c 8 
lnlO Slll 0: + 2 + mnlO Slll 0: Slll 2 + lnmO COS 0: COS 2 , 

C . ( 8) G 8 C . . 8 
- ln!O sm a: + 2 + mnlO cos a cos 2 + lnmO sm a sm 2 , 

clnlO cos ( 0: + ; ) + CmnlO sin 0: cos ; - CtnmO cos 0: sin ; ' 

-CnllO C?S (11 + ~) - CnmiO cos tJ sin ; + cnlmO sin tJ cos ; ' 

-Cnlto sin ~ + ; ) - CmnlO sin .B sin; - cnlmO cos tJ cos ~ , 

cnliO sin (11 + ~}- CnmlO cos .B cos ~ - CnlmO sin {3 sin~ ' 

( 8)·· . . 8 . . 8 
-CnllO cos .B + 2 - CnmlO sm .B cos 2 + CnlmO cos .B Sill 2 . 

IloMpwoeaHHaJL .MUWeHb, a~ttl.IIU3UpywmCJ£ noMpuaat~uu o6eux J>OHe"'.Ht£X "'a
cmuq . liMeeM ca/IJd = cpqOk aRt pbR. qdk H Bblpa)KaeM cpqOk 'lepe3 Cpq;o: 

Cs'nOs 

ck'nOs 

c,..nO" 

ck'nOk 

Cns"Os 

Cnk''Os 

cnliO cos ( 0: + ; ) + CnmlO cos 0: sin ; - CnlmO sin 0: cos ; , 

C . ( 8) c . . 8 c 8 nliO Slll 0: + 2 + nmlO Slll 0: Sill 2 + nlmO COS 0: COS 2 , 

C . ( 8) c (} c . . 8 
- niiO sm a + 2 + nmlO cos a cos 2 + nlmo sm a sm 2 , 

CnUo cos ( 0: + ; ) + CnmlO sin 0: cos ; - cnlmO cos a sin ; , 

-Ctnlo cos (11 + ~) - CmnlO cos .B sin; + CtnmO sin tJ cos;, 

-ClnlO sin (.8 + ; ) - CmniO sin tJ sin ; - ClnmO cos .B cos ; ' 
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t1 

Cns110k 

Cnk"Ok 

cs'."On 

ck'•"On 

Cs'k"On 

ck'k"On 

= 

= 

,.., . ({3 (}) c {3·. (};, ·p· (} 
'-'lniO Sill + 2 - mnlO COS COS 2 - '-'lnmO Sill Sill 2, 

-ClniOCOS ({3 + ~) -: CmnloSinP'eos~ + ClnmO cos{Jsin ~, 
Cuno cos ( 0' + {3) + ClmnO cos 0' sin {3 + CmlnO sin 0' cos {3 , 

Cuno sin (a + {3) + Ctmno sin a sin {3 - Cmlno cos a cos {3, 

Cuno sin ( 0' + {3) - c,mnO cos 0' cos {3 + CmlnO sin 0' sin {3 , 

-Cunei cos.(a + {3)- Ctmno sin dcos{J- Cmlno cos a sin{J. 

D.2. llo.~U~puaooauuwe ny"'or;; u .Mutueub, au(J.IIti3upyemCJI. no.!Uipuaaqu.R pacce.nuuwx 
"'acmuq. IfMeeM MaOcd = MpOik aR,pC;d~c H Bhrpa:lKaeM MpOik qepe3 Cpq;o: 

M,.o .. 
. 1 . 

- MnokJc = -Cuno cos(} - 2 ( Cm1no + Ctmno) sin(}, 

Mna~c. ,.., . e c· . 2 e c· 2 e 
'-'llnO Sill + mlnO Sin 2 - lm.nO COS 2 , 

A1n0sk = ·c · e c 2 e c · 2 e 
llnO Sill - minD COS 2 + lmnO SID 2 · 

D.3. lloJI.R.puaooauuwe n1J'I07C u Muweub, UH(J.IIuaupyemc.R. no.!Uipuaaqu.R 'lacmuq om
iJa'lu. )l,Jui 3KcnepHMeHToa, r.n;e H3Mep.HIOTC.H NObcd, c~t. many 6. 

D.4. 
lloJI.R.puaooa1mwe ny'lor;; u MUtueHb, aH(J.IIuaupywmC.R. no.~U~puaaquu o6eux t>OHe'l
uwx •tacmuq. CooTBeTCTBJIO~D;He coOTnomeHHH .n;anbl B (6.30) H (6.31). 
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rnaBa 6 

CooTHomeHH.H Me)K,n;y H3Mep.HeMhiMH 

BeJIHqHHaMJil B Jia6opaTOpHO:H CHCTeMe 

qHCJIO JIHHel!:HO He3aBHCHMbiX H3MepeHHl!: O)I.HO II TO :lKe B JII06ol!: CHCTeMe OTC'Ie

Ta. KoHe'IHO, 25 JIHHel!:HO He3aBHCIIMbiX II3MepeHHl!: B Jia6opaTOpHOfi CHCTeMe MO)KHO 

Bb16paTh MHOI'HMH cnoco6al.m. 

B OTJIIPlHe OT CHCTeMbl D;eHTpa· Mace, B Jia6opaTOpHOl!: CIICTeMe Mbl HCllOJih3JeM Tpii 

pa3.11H'IHbiX 6a3IIC31 'ITO (nMeCTe C peJI.HTHBHCTCKHMII BpaiD;eHH.HMII CITHHOB) yCJIO)KH.HeT 

COOTHOUieUH.H Me:lK.li.J 3KCnepHMeHTaJihllblMH BeJIH'IHIIa\fii1 CJie)l.JIOID;He H3 COXpaueHHH 

'leTHOCTH1 npHHD;Hlla TiayJIH H HIIBapuaHTHOCTH UO OTHOIIIeHIUO K o6paiD;eHHIO BpeMeHH. 

0THOC~TeRhHO npOCTOfi CIIOC06 BbiBO)I.a TaKHX COOTIIOIIIeHHfi COCTOHT B TOM, 'IT06bi 

ncrrOJib30BaTh coOTuomermH rrpeo6pa30BaHIIH Me)K)l.J 6a3HCHbiMH aeKTopaMH a o6enx 

CHCTeMaX. 06paiD;eune COOTHOIUeHHH (5.4) II (5.5) )l.aeT 

k (} .81J I• k" {3 11•{3 cos 2 + ssm 2 = KR
1 

cos a- sR, sma =- n
2 

cos· +sR
2

sm · , 

m = -ksin ~ + scos ~ = k'R, sin a+ sk. cos a = -k'k
2 

sin {3- s'k, cos {3. (6.1) 

Terrepb IIO)I.CTaBHM 3TH COOTHOIIIeUH.H B paBeHCTBa, BhiBe)l.eHHble B l'JiaBe 3, H npeo6pa-

3yeM pe3yJihTaTbl n Jia6opaTopnyro CHCTeMy. 

JlerKo an.n;eTh, KaK npann.11o Bopa MO)KHO npHMeHHTh B Jia6opaTopnoif CIICTeMe. 

9TO llpaBIIJIO 03HaqaeT, 'ITO )I.Be 3KCrrepiiMel!TaJihHbiX BeJIH'IHiibl paBHbl C TO'lllOCTbiO )1.0 

3HaKa, eCJIH O)I.Ha H3 HHX llOJiy'laeTCH H3 )l.pJI'Oif rryTeM 3aMeHbl HH)I.eKCOB 0 Han, n Ha 0, 
k W n k'') ua s (s' n s") n s (s' II s") na k k' II k''). 3naK paaen ( -1)1f 2([•Jr[•]i+[kJ,-[kJtl, . 

r.n;e [s); If [s]/ JKa3b1BaiOT Ha 'IHCJIO HH)I.eKCOB S-Titua B Ha'laJihHOM H KOHe'lHOM COCTQ

.HHifHXj TO :lKe Ca>vJOe OTIIOCifTCH K [k]; II [kj1. 

Coxpaiieiine "t:feTHOCTH, KaK n a cnCTeMe n;enTpa Mace, rrpHBO)I.HT K ToMy, 'ITO neuy

JieBhre 3Ha•IeHH.H HMeiOT TOJibKO Te H3MepHeMhie BeJIH'IHHbl 1 )1..11.11 KOTOpblX 'IHCJIO k, k', 
k'', S, 8

1 
H S

11
UJI)I.eKCOB 'leTHO. 

06o6~D;eHnhrfi npnnn;nrr IlayJin, n:-vreCTe c coxpauenHeM 'leTHOCTH, rrpnao.n;nT TaK)Ke 

K cooTnomenmo 

Xabcd = Xbadc . (6.2) 

<l>opMyJia (6.2) CB.H3hiBaeT 'IHCTble H3MepHeMhie BeJIH'IHHbl B Jia6opaTOpHOfi CHCTe

Me, eCJIH a If b paBHbl 0 H.TJH n, C If d paBllbl 0, k, S HJIH n (ncer,n;a C 'leTHbiM 'IHCJJOM 
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i1 

HH)leKCOB k H s). IJO)lCTaHOBKa (6.1) B (3.2) )laeT IIOCJie IIpOCTbiX Bbi'IHCJieHHft 

Xwbal = -Xbk"dccos(llt +fh) +Xbs"dcsin(81 +02) 1 

Xa~bal = -Xbk"dcsin (81 + 82)- Xbr'dccos (81 + 82) 1 (6.3) 

r)le b = 01 n H C 1 d = 0, k1 S1 n. 3aMeTHM1 'ITO BTOpoe COOTHOllieHHe eCTb CJie)lCTBHe 

nepsoro H rrpasn:na Bopa. HcrroJih3YH orrHTb (3.2) H (6.1) 1 TaK *e1 KaK H rrpaBHJIO 

Bopa1 rroJiy'laeM 

xk'k''cd + Xrr'cd = xk1s"cc- Xrk'1cc =tan (81 + 82} I (6.4} 
Xwo"cd - Xrk"cd Xwk"cc + Xrs"cc 

r)le (c,d} = (O,n) 1 (n 1 0} (k,s) HJIH (s 1 k). B HepeJIHTHBHCTCKOMcnyqae (6.4) cso)lHTCH 

K COOTHOilleHH!O 

X~'•"cd- Xa~w'cd = Xk'k"cc + Xt~s"cc = 0 . 
HHsapn:aHTHOCTb no OTHorrieHH!O 'K o6paw;eHH!O speMeHn: rrpHBO)llfT K 'coOTHOIJie

HHHM THna (3.4} B Jia6opaTOpHOft CHCTeMe TOJibKO TOr)la1 KOr)la BCe HH)leKCbl paBHbl 

0 HJIH n. _npyrHe KOM6n:uarvm HH)leKCOB )lalOT 6oJiee CJIO)f{Hble COOTHOllleHHH Me)f{)ly 

'IHCTblMH H3MepeHHHMH1 TaKn:e KaK: 

Xk'bsb + Xa'bkb 
Xwbkb - Xt~bsb 

X~k"ck_...:. Xas"cs 
Xak"cs + Xas"ck 

xk'bkd - Xs'bsd ,;; tan 81 I 

Xk'bsd + Xs'bkd 
Xak'ias + Xas"ak = tan 82 , 
Xak"ak - Xas"as 

(6.5) 

r,n;e a, b, C, d = 0, n, a-:/: C ~ b-:/: d. 06e CTpOKlf CBH3aHbl rrplt:Hf\HnOM IJayJIH (6.3}. , 
_npyroe CJie)lCTBHe HHBapn:aHTHOCTH no OTHOllleHH!O K 06paw;eHH!O Bpe~!eHH COCTOHT. 

B TOM, 'ITO CIIpaBeMHBO 

Xk'bcs sin 81 - Xs'bcs cos 81 
Xk'bcs cos 81 + Xs'bcs sin 81 

xck"sb sin 92 + Xcs11sb cos 82 I 

Xck''kb sin 92 + Xcs"kb cos 82 , (~.6) 

r,n;e b, C = 0
1 

n
1 

H )lBa nOCJie,LJ;y!OIIJ;HX COOTHOIIIeHHH1 KOTOpble TaK)f{e MOryT 6b1Tb BbiBe

,LJ;eHbl H3 (6.6) c nOMOIIJ;b10 npasn:na Bopa. IIo,n;CTasm:m (6.3) B (6.6} 1 rronyqaeM 'leThipe 

paBeHCTBa1 CBH3aHHble norrapHO npHHf\HnOM IJayJIH: 

Xk'bb• + Xs'bbk 
Xk'bbk - Xs'bbs 

Xak11kd - Xas11sd 
Xak"sd + Xas"kd 

Xk'bck - Xs'bc• = tan 81 , 
Xk'bc• + Xs'bck 
Xak11sa + Xas"ka = tan 82 1 

Xak"ka- Xas"sa 
(6.7) 

r,n;e a, b, c, d = 0, n 1 a -:/: d n: b -:/: c. 

Cne,n;ylOIIJ;He 'leTblpe COOTHOIIIeHHH1 BbiTeKa!OIIJ;He lf3 lfHBapn:aHTHOCTH 110 OTHOllle-· 

HH!O K o6paw;eHH!O BpeMeHH1 eCTb 

Xk'k"cd + Xs's"cd 

X"'•"cd- Xs'k''cd 
x"'k''cd- x ••• "cd 

xk's"cd + x.'k"cd 

(Xcdk.-Xcdsk) sin (81 +82)-(Xcdkk+Xcd.,) cos (81 +92) , 

(Xcdks-Xcdsk) cos(81 +82)+(Xcdkk+Xcdos) sin (81+82) 1 

(Xcdks+Xcd.k) sin (82-81)-(Xcdkk-Xcdos) cos (82-81) , (6.8) 

(Xcdk.+Xcdok) cos (82-81)+(Xcdkk-Xcdo.) sin (82-91) , 
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r;:r.e c, d = 0, n. 3aMeTHM, 'ITO -eCJIH c ¥ d, TO xcdkk = -xed.. no npaBHJIY Bop a 

If .rrpHHf\HIIY IJayJIH, 'ITO yrrpow;aeT COOTHOllleHHH (6.8). C )lpyrplt CTOpoHbl1 C = d 
BJie'leT 3a co6off xcdk. = xcdok· . 

Q6cy)lHM Terrepb OT)leJibllhie KJiaCChl H3MepsleMbiX 3KCnepHMeHTaJibllbiX BeJIH'IHH. 

(1) Ocmo'll:oMnoHeumn'ble meHaop'bl. 

P n000 = P0noo = Aoono = Aooon =. P 1 (6.9) 

KaK H B CHCTeMe 1\eHTpa MaCC. 

(2) ,l(ayX'II:oMnoxeumH.'ble memop'bl. Ilpn:Hf\HII Ilaynn: (6.2), (6.3) H (6.4) BJie'leT 3a 

co6olt 

Aooks 

Dok"Od 
Dos"Od 

Kk'OOd 
Ka~ood 

MH d=S 1 k H 

Aoosk , D0n0n = DnOnO 1 KnOOn = KOnnO 
-D.'od0sin(01 + 92)- Dk'OdOcos(Ot +82), 

-D.•odOcos (81 + 92) +Dk'odOsin (81 + 92) 1 

Kos"dO sin (91 + 92) - Kok"dO cos (81 + 82) , 
-Kos"docos(81 +82)- Kok"dosin(91 + 82) 1 

ck's"OO - Cs1k"OO (8 8 ) --"'..:....:"--_.::..:.:....::.::. = - tan 1 + 2 . 
Ck'k''OO + Cs1s'100 

(6.10) 

(6.11) 

(6.12) 

Hunapn:anTHOCTh rro OTHOllleHHlO K o6paw;enH!O npeMerm naKJia)lbiBaeT )laJihHell:

mHe orpaHH'IeHHH, a HMeHHO (3.4), (6.5) H (6.7), rrpHBO)lH K 

CnnOO 
Dk'oso + Ds'OkO 
Dk'okO - Ds'OsO 

Dos"Ok + Dok"Os 
Dos110s - Dok"Ok 
Kk100s + Ks100k 
Kk'OOk - K,•oos 

Kos"kO + Kok"sO 
Koa~•.o- Kok"kO 

A00nn• 

R' + A = tan 81 1 

A'-R 
I 

a+r =tan82, 
r-a' 

r; + at = tan 81 1 

a~- Tt 

At + R: = tan 82 · 
- -A~ t 

(6.13) 

(6.14) 

CooTnomenn:n (6.8) ynpow;alOTCH )i.o CJie,n;yiOw;n:x: 

Ck'k"oo+Cs's"OO 
Ck's"oo-Cs'k''OO 
Ck'k"oo-Ca's"OO 

Ck's"oo+C.•w•oo 

- (Aookk+Aooss) cos (81 +82) , 
(Aookk+Aoo •• )sin(81+82), 

2Aooko sin (82-81) - (Aookk-Aoo .. ) cos (82-81) I (6.15) 
2Aookscos(82-81) + (Aookk-Aoo .. )sin(82-81). 

TaKHM <i6pa30M
1 

Mbl ocTaeMCH c )lBeHa,n;I\aThiO uroaBHCI-IMbiMH senn:qn:uaMH, Ha

rrpn:Mep: Aoonn 1 Aookk, Aoo,., Aoosk1 Dnano, TpeMH H3 "'eTblpex seJIH'IlfH Da~o.o 1 
DwokO, Ds'Ok0 1 Dk'Oso; KOnnO If Tpe:.tsl lf3 BeJIH'llfH Kos"sOI Kok"kOI f(os"kO II Kok"sO· 
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(3) 

t1 

Tpex~Co.Mnonenmntte menaoptt. CoxpaneHHe 'leTHoCTH nci,IJ;pa3yMeBaeT, 'ITO Ka>K

)J,b!R H3 TeH30pOB HMeeT He 60Jiee 13 HeHyJieBbiX KOMnOHeHT. PacCMOTpHM BHa'laJie 

TeH3op .MaQcd. McnoJib3YH npanHJIO Bopa H (6.2), naxo,IJ;HM 

Afn0nn = P, Mnokk = -Mnoss· (6.16) 

06o6m;euHblit npHHIJ,Hn llayJIH BMeCTe C HHBapHaHTHOCThiO TIO OTHOIDeHHIO K 06-
pam;eHHIO npe111eun H npanHJioM Bopa BJie'leT 3a co6oR [c111. (6.5) H (6.7)J: 

Ms'Osn - 1\fk'okn 

Mk'osn + Ms'Okn 
Ms'Ori& - Mk'Onk = tan 81 · 
Mk'0n" + Ms'Dnk 

(6.17) 

B HTOre Mbl OCTaeMCH C 9 JIHHeflHO He3aBHCHMbiMH KOMnOHellTaMH IIOJIS1pH3aiJ,H

OHHOrO TeH30pa MaOcd B Jia6opaTOpHOfi CHCTeMe OTC'IeTa. 

llOJIHpH3aiJ,HH 'laCTHIJ,bl OT,IJ;a'IH, ,Zl;JIH CJiy'laH IIOJIHpH30BaHHbiX MHIIIellH H ny'IKa, 

CBH3blnaeTeH c nonspn3a:u,nelt paccesnnolt 'laCTHIJ,bl MaOcd o6o6m;euHbiM rrpHHIJ,H

rroM llaym1. Menonb3yst (6.2), nonyqaeM 

NOnnn = lvfnOnn = P , N0ncd = Mnodc, 

a eOOTHOllieHH.H, o6paTHble K (6.3), 03Ha'laiOT1 'ITO 

Nok''nd 

Nos''nd 

Nok"cn 

Nos" en 

-Mk'Odn cos (01 + 02)- Ms'Odn sin (01 + 02) , 

lvh•odn sin (81 + 82) - Ms'odn cos (81 + 82) , 

-Mk'OncCOs(Ot + 82)- Ms'OncSin (01 + 82) , 

Mk'Oncsin(01 +82)- Ms'OncCos(01 +82). 

(6.18) 

(6.19) 

MeTKH c H d n <l>opMynax (6.18) H (6.19) panHbi k HJIH s. TaKHM o6pa3oM, nee. 13 
nenynenhlx KOMnonenT NObcd BbipaiKaiOTCH '1epe3 lv!aOcd. 

.D;na Ten3opa Koppenst:u,nlt rronspH3al!Hit ens3aubl ,IJ;pyr c ,IJ;pyroM. IIpannno Bopa 

,IJ;aeT 

GabOn = -G[nxa][nxb]nO, (6.20) 

r,IJ;e a H b rrpo6eraiOT, COOTBeTCTBeHHO, '1epe3 (k', s')) H (k", s")), a MeTKH [n X Vj 

COOTBeTCTBYIOT HarrpaBJieHliJO BeKTOpHOrO npOH3Be,IJ;eHHH [n X vJ ,l1,11H rrpOH3BOJih

HOro e,IJ;HHH'IHOro neKTopa v. Bonee no,IJ;po6no: eooTHomenHe (6.20) ,IJ;aeT 

Ck'k"On 

Cs1k110n 

-Cs1s11n0 ' ck1s110n = Cs'k"nO' 

ck's"nO ) Cs1s11(}n = -Ck'k''nO. (6.21) 

)];pyme KOMIIOJieHTbi, CabiO H CabOi, cnst3aubl npHIIl!HnOM IIayJIH (6.3). 

0Ka3biBaeTC.H, 'ITO TeH30pbl KOppeJIHl!HH IIOJIHpH3al!HH MO>KHO. CBH3aTb C JvfaOcd 
H Nobcd· Brronne nenoepe,IJ;CTnenHo, npannno Bopa ,IJ;aeT 

CnnnO = P , Candl = Af[nxa]O[nxc]n • Cnbdl = No[nxb](nxc]n ' (6.22) 
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r,IJ;e a, b H c itpo6eraiOT 3Ha'le~H.H (s',k'), (s'',k'') H (s,k) eOOTBeTCTBeHHO. nocJie,IJ;-

Hee H3 paneHCTB (6.22) BMeCTe C (6.19) ,IJ;aeT . 

Cns"&O 

cns''kO 

Cnk''&O 

Cnk''kO 

-Ms'Onk sin (81 + 82)- Mk'Dnk cos (81 + 82) , 

M..,Ons sin ( 81 + 82) + Mk'On& cos ( 81 + 82) , 

M,.,Onk cos (81 + 82)- Mk'Onk sin (8~ + 82) , 

- M•'Dns cos ( 81 + 82) + Afk'Dns sin ( 81 + 82) . 

(6.23) 

OCTarom;HecH KOMnoneHTbi 3Toro TeH30pa n3aHMHO CBH3aHhl npHHl!HHOM IIay

mf (6.4) 

ck'k''nO + CN'nO =tan (81 + 82) . (6.24) 
Qk's''nO- Qs'k"nO 

9TH K03<l><l>H:u,HeHTbl KOppM.HIJ,HH en.H3allbl TaK>Ke C TeH30pOM Mnacd eOOTHOrne

HHSIMH (6.8), BbiTeKaiOIIJ;HMH H3 HHBapHaH;HOCTH no OTHOilleHHIO K o6pam;eHHIO 

npeMeHn: 

Ck'k"na+Cs's"nO 

Ck's"no-Cs'k"no 

Ck'k"no-Cs's"nO 

Ck's"no+Cs'k"nO 

(Mnoko-MnOsk) sin (81 +82) , 

(Mnoko-Mn~sk)cos(81+02), (6.25) 

(Afnoks+Mnosk) sin (02-81)..:..2MnokkCOS (82-0t) , 

(Mnoks+Mnosk) cos (02-01)+2Mnokk sin (02-0t) . 

TaKHM o6pa30M, Mhl Bblpa3HJIH npHMO HJIH KOCBeHHO, nee 52 HeHyJienhie KOM

UOHeHThl TpeXIUI,IJ;eKeHbiX Tell30pon '1epe3 9 JIHHefiliO He3aBHCHMhiX KOMUOHeHT 

TeH3opa Maocd· 

(4) lfem'b£pex'IWMnonenmnwe meH3opw. Coxpanenne 'leTnoeTH npHBO,IJ;HT K TOMy, 'ITO 

TOJihKO 41 KOMnonenTa Cabcd OTJIH'Ina OT nynst, a HMenHo: nee KOMnonenThl c 

'!eTHhiM 'IHCJIOM HH,IJ;eKcon n: nynh, ,IJ;Ba HJIH 'leTblpe. McnOJih3Y.H npannno Bopa, 

Mhl HeMe,l1,11eHHO MO>KeM CBeCTH 25 H3 3THX KOMnOHeliT K KOMnOHeHTaM TeH30pOB 

6onee HH3Koro panra • .IJ;eitcTBHTMbHO: 

Cnnnn = 1, 

Cabnn = -C[nxa](nxb]OO , Cnncd = - Aoo[nxc](nxd] , 

Cnbcn = Ko[nxb](n~c]O , Cnbnd = Do[nxb]O[nxd] • (6.26) 

Cancn = D[nxa]O[nxc]O , Cannd = K[nxa]OO[nxd] · 

B (6.26) 3naqenHH an b npo6eraJOT qepe3 (s', k') 1t (s", k'') eooTneTcTnenHo, a c H 

d- qepe3 k H s. OeTanuni:eeH 16 KOMnonenT eBH3allbl nouapHo npanHJI0:\1 Bopa: 

c,.,k"kk = Cs's"ss , C,.,,.,'ks = -C•'•"•k, 

ck's''kk = -Cs1k'1ss, CA.Js"ka = cs'k"sk• 

Cs'k''kk = -Ck's"s~ , c.'k"ks = Ck's"sk, {6.27) 

Cs's"kk = ck'k"so'' C•'s"b = -Ck'k"sk. 
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t1 

B HTOI'C Mbl OCTaeMC.H C 8 KOMDOHeHTaMH, HaUpHMep TeMH, 'ITO CTO.HT B npaBOA 

'laCTH (6.27}. . . . 

llpHHD;HD llayJIH (6.4} HaKJI~hlBaeT ~Ba ~OOaBO'IHhiX orpaHH'IeHH.H, a HMeHHO: 

Ck!k''sk + C,~tt'sk 
ck!o''sk- co'k!'sk 

ck!o''u- c;,k!'ss =tan ((It+ 02} 
Ck'k!'u +Co~~· .. 

(6.28} 

Em;e O~HO He3aBHCHMOe COOTHOIUeHHe Me:lK~ IUeCTbiO OCTaiOm;HMHC.H KOMDOHCH

TaMH MO:lKHO HaiiTH, HCDOJih3y.H HHBapHaHTHOCTb DO OTHOIUeHHIO K o6pam;eHHIO 

BpCMCHH. ,ll.eitCTBHTeJibHO, B C.~.M. Mhl HMeeM C1m11 = -CIUmo 'ITO B Jia6opaTOp

HOtt CHCTCMC MO:lKHO nepenHCaTb, HCUOJib3YH (6.1} H npaBHJIO Bopa KaK: 

[(Cs'k!'sk- Cs's"ss} sin02 + (C•'•"•Ic + Cs'k!'s•} cos02] cos 01 = 

= [(Ck!k''sk-Ck!s"ss)sin02 + (Ck!s"sk+Ck!k!'.,)cos02]sin01. (6.29) 

l-fTaK, Mhl OCTaeMC.H C UHTbiO KOMDOHCHTaMH. BMeCTO TOrO, 'IT06bi HCKaTb OCTaB

IUHCCH COOTHOIUeHH.H B Jia6opaTOpHOA CHCTCMe, Bblp33HM 8 KOM6HHa~A Cabcd 

qepe3 c.~.M. BeJIH'IHHbl. McnOJib3YH TOT <l>aKT, 'ITO clmlmo Cumm H Clmml HBJI.H

IOTCH JIHHeAHhiMH KOM6Hna~HHMH Cuu H TeH3opoB HH3mero panra [eM. (3.9}], a 

TaK:lKe HCD0Jih3Y.H npHH~HO llayJIH (6.28) H HHBapHaiiTHOCTb 110 OTHOIUeHHIO K 

o6pam;eHHIO BpeMeHH (6.29}, HaxO~HM 

c ....... + ck'k"•• (Aoonn- 1} cos ({3- a) ' 
(Aoonn- 1} sin ({3- a) , 

-(KOnnO- DnOno) sin ({3- a) , 
(KonnO- Dn0n0} cos ({3- a} , 

Cs'k''•• - Ck!•"•• = 

C•'•"•lc + Ck'lc"slc = (6.30} 

Cs'lc"sk- Ck!s"sk 

C•'•"••- Ck'lc"•• = -2Cuu cos (a+ {3 + 0} + 2Cmm sin (a+ {3 + 0) - , 
··- (AOOnn -1) cos(a + {3) cosO+ 

+(Konno+ Dn0n0- 2) sin (a+ {3) sinO, 

Cs'k!'•• + Ck!s"•• = -2Cuu sin (a+ {3 + 0)- 2Cmm cos (a +{3 +0)
- (AOOnn -1) sin (a+ /3) cosO-

-(KonnO+ DnonO- 2) cos (a+ {3) sinO, (6.31) 

. C...,' sic- Ck!lc"sk = 2Cml sin (a+ {3 + 0) + 2Cmm cos (a+ {3 + 0) + 

Cs'k!'sk + Ck!s"sk 

+ (Aoo..n- 1} cos (a+ {3} sin 0 + 
+(KonnO+ Dn0n0- 2) sin (a+ {3) cosO, 
-2Cuu cos (a+ {3 + 0} + 2Cmm sin (a+ {3 + 0) + 

+ (Aoo..n- 1} sin (a+ {3) sinO-

- (K0nn0 + Dn0n0- 2} cos (a+ {3) cos 0. 

M3 (6.30} H (6.31} BH~HO, 'ITO TOJibKO ,n;Be KOM6HHa~HH Cabcd H3 Beex OCTaJib

HbiX H3Mep.HeMbiX B Jia6opaTOpHOii CHCTeMe BeJIH'IHH .HBJI.HIOTC.H p;eiiCTBIITe.'lbHO 

He3aBHeHMhlMII (01111 ~aiOT Cuu H Cmm), KaK 11 O:lKH~anoeb. 
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I 
rJiaBa 7 

ITp:uHu;:urr IIayJI:u :u HYKJIOH-HYKJIOHHoe 
pacce.HH:ue 

MaTpii~a HYKJIOH-HYKJIOHHOro paceeHHIIH, IIerroJih3yeMaH B 3TOil: pa6oTe, CIIM

MeTpii'IHa 110 OTHOIIIeHJIIO K B3aHMHOll: rrepeeTaHOBKe 'laCTHI:( 1 II 2. ,lljiH IIpOTOH

IIpOTOHHOI'O IIJUi neii:TpOH-Heii:TpOHHOrO paeee.HHIIH 3Ta CIIMMeTpHH HBJI.HeTCH CJieJlCTBII

eM TO~eCTBeHIJOeTII 'laeTH~; ,lljiH IICHTpOII-ITpOTOIIHOrO pacee.HIIHH OTeyTeTBIIe neeiiM

MeTpii'IHOrO 'IJieHa, nporrop~IIOHaJibHOI'O (u1 - 0'2 , n), eCTb )l.OIIOJIHIITeJibUOe IIpe,n;rro

JIO:lKCHIIe, CBH3aHHOe e II30TOITII'IeeKOlt IIHBapiiaHTHOeTbiO H,n;epHbiX eiiJI. 

llpHMbiM CJie~CTBIIeM aTOA CIIMMCTpiiii, KOTOpaH OOBeiO~ IIenOJib3yeTCH B 3TOA eTa

The, HBJI.HeTeH TO, 'ITO 'IHeJIO HC3aBIIeiiMblX 3Kenep11MCHTOB (n JII060fi eiiCTeMe OTC'IeTa) 

eym;ecTBeHHo yMeHhiiiaeTeH (eM. rnanhl 3 II 6). 
)l,aJibHefiniHe CJIC,!:(CTBIIH npiiHl:(IIOa llayJIII MO:lKHO ITOJiy'IHTb )J.JIH IIeTHHHO TO:lK,!:(C

CTBCHHbiX 'laCTIIl:( (pp- HJIII nn-paeCeHHHe). To:lK,!l;CCTBCliHOeTb 'laCTHl:( JIII60 B Ua'laJib

IIOM, JIH60 B KOUC'IliOM COCTOHHHH IlpHBO,!:(HT K TOMy, 'ITO 

Xpqik (k1 , k.) = Xqpik ( -k1 , k.) = Xpqki (k" -k.) (7.1) 

Bee HH,n;eKCbT (MeTKH) B Tpex 'IJieHax (7.1) OTHoeHTeH K 6aaucy, onpe,n;eJienuoMy B 

(2.2) ~JIH Ha'laJibHhlX II KOHe'iHblX IIMITYJibCOB B HarrpaBJieHIIHX k. 11 k1. O,n;naKo, 3Ke

nepaMenTaJibHhTe neJIH'IHHhl, onpe,n;enennhle B rnaBe 3 pa3Me'leilhl B CHCTeMax, orrpe

,n;eneimhrx no OTHOUICHUIO K uarrpaBJI':HIIHM <f>aKTII'ICeKn paeeMaTpiiBaCMblX KOHC'IHbTX 

II Ha'iaJibHbTX HMnyJibeOB
1 

TO eCTb, -k1, k. )J.JIH BTOpOrO II kf, -k. )J.JIH TpeTbCrO 'IJICHa 

B (7.1). Il03TOMy, B ,!:(OIIOJIHeHIIe K (7.1), He06XO~HMO BbTnOJIIIIITb CJIC)J.YIOID;HC npeo6-

pa30BaHIIH: 

n -+ -n , I -+ -m , m -+ -I , )J.JIH k 1 --+ -k1 

H 

n --+ -n , I -+ m , m -+ I , )J.JIH ki --+ -ki . 

KpoMe Toro, HHBepeiiH k 1 --+ -k1, TaK:lKe KaK II k. -+ -k., 3a:~.teHHeT yron paceeHHIIH 

o=· = 0 na 1r- 0. 
Bonee no,n;po6no, <f>opMyJibl (7.1), BMeeTe C npHBe~eliHblMII B rJiaBe 3 COOTHOIUeHJf-
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II 

.HMH, IIpHBO~.HT K 

u(O) 

GnnOO (0) 
GtmOO {0) 

DnOnO (0) 
Dmomo(O) 

GllnO (0) 
GmtnO {0) 
GtnmO (0) 

Gmt (0) 
Gtmtm (0) 

G' (7r- 0) ' 
GnnOO ( 7r - 0) 
GtmOO {1r- 0) 
KOnnO (7r- 0), 
Ko11o {1r- 0) 
Guno (1r- 0) 

-Gmlno (7r- 0) 

-GnmtO {7r- 0) 
Gmt {1r- 0) 
Gtmml {7r- 0) , 

P (0) = -P (1r- 0) , 

Guoo (0) = GmmOO (7r- 0) , 

Dwm (0) = Kammo {1r- 0) , 
Dtamo (0) = Kamm {1r- 0) , 
GtmnO { 0) = -GtmnO { 7r - 0) , 
GtniO (0) = -GnltO {7r- 0) , 

GmntO (0) = -GntmO (7r- 0) , 
Gmm (0) = -Gmm (1r ..:_ 0), 

Gumm (0) = Gumni (1r- 0). 

(7.2) 

HarroMHHM, 'ITO MeTKH l, m, n scer~a orrpe~eJI.HIOTC.H B COOTBeTCTBHH c <f>aKTH'IeCKH 
npOBO~HMhiMH H3MepeHH.HM,H. 

IlpHBe~eHHbie Bhiiiie COOTHOIIIeHHH Me)K,lly H3MepHeMhl~ BeJIH'IHHaMH B C.~.M. MQ

ryT 6biTb rrpeo6pa30BaHbi C IIOMO~b!O (6.1) B COOTHOIIIeHHH Me)K,lly BeJIH'IHHaMH B JI.C., 

H3MepeHHhiMH rrp~~: yrJiax 01 H 02 (TO ecTb, yrJiaMH BhiJieTa pacce.Hnnolt 'laCTH~hi H 

'laCTH~bl OT~a'IH). 0~JJaKO TaKHe COOTHOIIIeHHH MO)I{HO IIOJIY'IHTb 6oJiee IlpDCThiM CIID

co6o:.t, HCIIOJih3YH Ta6JIH~hi 2.1 11: 4.1, eCJIH ncrrO?dHHTh, 'ITO rrpeo6pa3onanHe 0
1 

--+ 0
2 

(0--+ 7r- 0) COOTBeTCT!lyeT a--+ ~- {J H {J--+ ~-a. B pe3yJihTaTe IIOJIJ'IaeM: 

u(Ot) = G' (02) ' 
GnnOO (Ot) = GnnOO (02) 

. Gs's"OO (Ot) = Gs's"OO (02) , 
Gs'k"oo (Or) = -Gk's"oo (02) , 
Gk'k"OO (Ot) = Gk'k"OO (02) , 

Ds'OsO (Or) = Kos"sO (02) 
Ds'OkO (Ot) = -Kos"kO (02) 
Dk'OsO (Ot) = -Kok"sO (02) 
Dk'OkO (Ot) = Kok"kO (02) , 

Gs's"nO (Ot) = -Gs's"nO (02) , 
Gk's"no (Ot) = Gs'k''nO (02) , 
Gk'k"no (Ot) = -Gk'k''no (02) , 

Gs'nsO (Ot) = -Gns"sO (02) , 
Gk'nso (Ot) = Gnk"so(02) 
Gs'nkO {Or) = Gns''kO (02) 
Gk'n!.:O (Or) = -Gnk"kO (02) 
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P(Ot) = -P(02), 

Dn0no (Ot) = Konno (02) , 
Aooss (Ot) = Aooss (02) , 
Aoosk (Ot) = -Aoo.k(02) , 
Aookk (Or) = Aookk (02) , 

Ks'OOs (Ot) = Dos"Os (02) , (7.3) 
Ks'OOk (Ot) = -Dos"Ok (02) , 
Kk'OOs (Ot) = -Dok"Os (02) , 
Kk'OOk (Ot) = Dok''ok (02) , 

Gs'nOs (Or) = -Gns''Os (02) , 
Gk'nOs (Ot) = Gnk"Os (02) ' 
Gs1n0k (Ot) = Gns"Ok (02) , 
Gk'nok (Ot) = -Gnk''Ok (02) , 

I 
I 

' 

Mnokk (0,) 
Mnoko (Ot) 

Gs's''u (Ot) 

Gk'k"so (Bt) 
G"'"''•k (Ot) 

-Mnokk (02) , 
Mnask (02) , 
G,., •• (02) ' 

G"'"'' .. (82) 
Gk'•"•k (82) 

G"'"''•k (Ot) = -Gk'k''•k (02) , 
G"'""•• (Bt) = -Gk'•" .. (02) 
Gs's"sk (Bt) = -Gs's"•k (02) • 

,LJ;oiiOJIHHTe.'lhHbJe rrpOCThle COOTHOilieHHH Me)K,lly 3KCI1epHMeHTaJibHbiMH BeJIH'IHHa

MH B03HHKaroT rrpH 8 = 1rj2, TO ecTh, rrpH 81 = 82 • ,D.nH nn- (HJIH 'PJr) pacce.HHHH 

3TH COOTHOIIIeJIH.H C.'le~IOT 11:3 TOrD <f>aKTa, 'ITO a 1(7r/2) = 0, b1{7r/2) = -C(7r/2) (eM. 

Ta6JI. 2.1) (MHOrHe H3 HHX MQ)I{HO IIOJIY'IHTb H3 (7.2), IIOJIO)I{HB 7r- 8 = 8). 
B HTore rroJiy'IaeM (12(: 

P(i) 
Gm.nao (i) 

Dmm (i) 
Gmn!O (i) 
GtniO (i) 

GtmnO (i) = GmtnO G) = Gmm (i) = 0 ' 

Guoo (i) ' DnOno G) =KOnno (i) ' Dtamo G) = Kamm G) 
-D.namo (i) = -Kouo (i) = Kammo (i) , 
Gtn>nO (i) = .:_GnmiO (i) = -GntmO (i) , {7.4) 

-G,uo G) , Gtmlm (i) = Gtmml (i) ' 
2Dnono G)+ GnnOO (i) + 2Gmr (i) = 1 · 

IlOCKOJihKY H3 IIpHH~Iflla IJayJIH CJie~eT, 'ITO do( 7r /2) = e0 ( 7r /2) = 0, Mhl IlOJiy'IaeM 

TaK)I{e COOTHOIIIeHH.H Me)K,lly nn- (HJIH 'PJr) H np-3KCIIepHMeHTaMH B C.~.M. (12): 

a"" (~) G"" (~) 2 tmOO 2 

nn (7r) G"" (7r) a 2 llnO 2 

a"" G) [1- Giiii (i)] 
a"" (i) [ 1 + G;:::oo (i)- 2D;:~o (i)] 

_ 4 np (7r). [c"P (7r) -a 2 n~oo2 

4a"P (i) G'.!oo (i) ' 
4a"P (i) G~~o (i) , 
4a"P (i) [1- G;;ft (i)] , (7.5) 

, D~bno G) - K~nO (i)] · 
CooTHOilleHHH, 3KBHBaJieHTHhle (7.4), ~H nn HJIH p]rpacceHHHH Mo:»-no 3armcaTb H 

R Jia6opaTOpHOli CHCTeMe~ Iix MO)I{HO IIOJIY'IHTb nerrocpe~CTBeHHO H3 (7.4), BhlllOJIHHB 

COOTBeTCTBYIO~ne Bpa~eUHH 1 JIU6o H3 <f>op:1.1YJI Ta6JI. 4.1, BCIIO:O.UI1m, .'ITO a 1(7r/2) = 0, 
bt(7r/2) = -cr(7r/2). · 

- PaccMOTpeHnhle ~H n.c. cooTnomenHH crrpane~HBbi ~.II 81 = 02 = 1r /4 - a = 
(3- 7r/4 (T. e. 8 = 1rj2, a+ {J = 7r/2). Jla6opaTOpHhlfi yroJI pacceHHH.H, IIpH KOTOpOM 
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3TO HMeeT MecT01 paBeH 

s )1/2 
. cos8l = cos82 = (s +4m2 I (7.6) 

r.n;e S eCTb KBa)l;paT DOJIHOJl SHeprHH B c.n.M. 1 a m - MacCa HYKJIOHa. 

PaccMoTpHM ·nHa'laJie pacceHHHe TO}f()J.eCTBeHHbiX. HYKJIOHOB. Bee COOTHomeHHH 

{7.3} CnpaBe)l;JIHBbl llpH 82 = 81. B )l;ODOJIHeHHe K HHM HMeeM COOTHOmeHHSI: 

p = Aoosk = c,,,nO = Ck'k"nO = Afna., = c,,,,k = ck'k''•k = 0 I {7.7a) 

Ds'Os,O 
Do'Of.<Q 

Dk'o.o 

Dk'okO 

DrokO 
Dk'okO 
C,n.o 

Ck'nsO 
c.•m:o 

Ck'nkO 
c.,n.o 
Ck'n.o = 

-Dos''Os = -K,oo, = Kos".O 1 

Dos"Ok = - K s'OOk = - Kos'' kO 1 

Dok''O• = -Kk'oos = -Kok''.O 1 

-Dok"Ok = -Kk'OOk = Kok''kO 1 

Aookk - Aoo •• = c,,,oo- ck'k''OO I 

Aookk + Aoo,, = CnnOO - 1 1 

2Crk''oo = {1 - Cnnao) sin 281 1 

- Dk'o.o = tan81 1 

20"k''oo == tan281, 
D.•o.o c,,,oo + ck'k''OO 

-Cs'nOs = -Cna".O = Cns''O• 1 

-Ck'nOs = Cnk''.O = -Cnk''O•, 
-C,'nak = Cnr'kO = -Cn.r'ok 1 

-Ck'nOk = -Cnk''kO = Cnk''Ok, 
ck'nkO --
0 

=tan81 1 
s'nf.<Q 

c,,,,u + ck'k''•• = -c·'•"oo - ck'k''oo I 

cs'k''u = -Cs'k''OO I 

Ck'k''••- Crr'•• + 2Cs'k''sk = 1 - 2DnOnO + Cnnao. 

{7.7b} 

(7.7c) 

{7.7d) 

)J.JIH TO>K,IJ.ecTBeHHhiX HYKJIOHOB npH 81 = 82 (8 = 7r/2) He3aBHCHMhl TOJibKO TPH 

aMOJIHTY)l;b1 1 HanpHMep b = b1, d = d1 H e = e1 (HH:lKHHA HH)l;eKC OOHa'laeT H3Q

CIIHH T = 1). ThKHM o6pa30M1 cy~necrnyiOT TOJihKO 9 JIHHeAuo He3a.BHCHMhiX <~KcrrepH
MeHTaJihHhlx neJIH'IHH. ,ll;eACTBHTeJibH01 H3MepeHHSI U 1 Cnnao H Dn0n0 = Kn00n 6y.n;yr 

Onpe.n;eJISITb lbl21 ldl2 
H lel2• ,ll;Be He3a.BHCHMble KOMllOHeHTbl)l;BYXHH)l;eKCHbiX TeH30pOB1 

HarrpHMep1 Dro.o H Ds'okO 6y.n;yT onpe.n;MHTb Reb*d H Imb*e 1 a H3MepeHHe mo6oA H3 

BeJIH'IHH Aoo •• l Aookkl c .. ,,oo HJIH ck'k''OO .n;acT B HTOre Imd*e. HaKOHenl TPH KOMllO

HeHTbl TpexHH)l;eKCHhiX TeH3opOB1 HanpHMep Crn.o 1 CrnkO H Mnaks 1 .u.acr HaM Reb*e1 

Imb*d H Red*e. 
!l>opMyJibl {7.5} 1 CBSl3biBa!OtnHe nn- (HJIH pp-) H np-3KCnepHMeHTaJibHhle BeJIH'IHHbl 1 

(1 HMelOT CBOH SKBHBaJieHTbl B Jia6opaTOpHOA CHCTeMe. lfeTblpe He3aBHCHMbiX COOTHri-, 

meHHH <~Toro THna MO)f(HO 3anHcaTb B pa3JIH'IHOA q,opMe. Mhl rroJiaraeM y.n;o6HbTM 
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HCll0Jlb30BaTb CJie)l;ylOtnHit Ha6op COOTHOIIIeHHit: 

Unn (0:"00- c;:,k"OO) 
Unn { G?k"nO + Cki';t•no) 

Unn (1 + C::::OO- 2D:~na) 
unn (2D;::;,.0 - c;:, .• + C;:,'k, •• ) 

4u"P ( G~"oo - CJ;J',.,oo) , 
4unP(G;t"nO + CJ;f,,n0 ) 1 (7.8) 
4unp (1 + C::~oo- D~o- K;;::no) 1 

4u"P (D~o + K;;::na- c;~"•• + C;:f,.,,.) 
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3aKJIIOqeHHe 

B aTofi CTaTbe Mhl c.n;enaJIH o63op KHHer.taTHKH HYKJIOH-HYKJIOHHOro pacceRHHR If 

3arroJIHHJIH Mnorue naKyHhl B cym;ecTnyrom;eM ¢opM8JIH3Me. Mbr Koun;enTpHpOB8JIHCb 

TOJibKO ua ¢enoMenonoruqecKnx acneKTax npo6neMhl, T. e. ua CBR3RX Me)f(.n;y aKcrre

pHMeHTaJibHO H3MepHeMbiMH BeJIHqnua1\1H H MaTpnn;eit pacceHHHH, a TaK)f(e COOTHQ

rueHHRX Me)f(,LJ;y CaMHMH 3KCrrepnMeiJT8JibHhiMH BeJIH'lHHaMH. Tipe,LJ;CTaBJieHHhle B 3TOH 

pa60Te ¢opMyJihl )l;OJI)f(llbl 6b1Tb IIOJie3Hhl )l;JIR 3KCIIepHMeHTaTOpOB1 H3y'laiOIIJ;HX yrrpy

roe HYKJIOH-HYKJIOUHOe paccemme, a TaK)f(e )l;JIH TeX, KTO 3aUSIT ero aMTIJIHTY,LJ;HhiM 

aH8JIH30M. 

Tiony'leHHhre 3.n;ech pe3yJihTaThr .n;enaiOT B03MO)f(HhiM xuuoe n TO'IHOe cpauueune 

ncex aKcnepnMeHTOB, BhiiiOJIHeHHhiX npu pa3JIH'IHbiX yCJIOBHHX c n;eJihiO nony'leimR 

O)l;HOH H TOH )f(e ¢H3H'IeCKOfi HH<iJOpMan;HH (KaK, HarrpHMep, pa3JIH'IllhiX KOMIIOHeHT 

Teri3opa npam;ennx nonRpH3an;HH Dao& )l;JIR nonxpn3onammro ny'!Ka HJIH DobOd )l;JIH rro

JIRpn3ouarruon MHIIIeuH, pa3JIH'IHhle KOMrrorrerrThr rronRpH3an;H:li pacce.snmo:li qacTHII;hl 

HJIH 'laCTHII;hl OT,LJ;a'lH )l;JIH IIOJIHpH30BaHHhiX B Ha'laJibHOM COCTORHHH TIY'IKOB HJIH MH

urene:li H T. n.). TI03TOMY )l;OCTaTO'IHO pa3yMHbiti IIOJIHbTH CTIHCOK COOTHOIIIeHHll Me)f(,LJ;y 

3KCIIepHMeHT8JibHblMH BeJIH'lJUJaMH o6ecne'liiBaeT HCTIOJib30BaHHe JII06hiX 3KCnepHM!3H

T8JibllbiX ,LJ;alllfblX rrpH peKOHCTpyKn;HH aMITJIHTY,LJ; paCCeHHHH (nanpHMep, qepe3 aH8JIH3 

¢a30Bb1X C)l;BHrOB). C .n;pyro:li CTOpOHhl, 3TH COOTHOIIIeHHR ,LJ;eJiaiOT B03MO)f(HhiM pe8JIH-

3all;HIO llpOBepKH Ha B3aHMHYIO COrJiaCOBaHHOCTb ,LJ;aHHbTX pa3JIH'lHhiX 3KCrrepHMeHTOB, 

06bl'lll0 npOBO)l;HMbiX B pa3HbTX Jia6opaTOpMRX. TIOCKOJibKY MO)f(HO JierKO OTCJie,LJ;HTb 

UpOHCXO)f()l;eUHe 60Jibiiiefi 'laCTH 3THX eOOTHOIIIeHHfi H3 pa3JIH'lHhiX eHMMeTpM:li (eo

xpaneHJfR 'leTnOeTH, nunapManTnoeTH K o6pam;enmo BpeMenH H rrpHHUHrra IIaynH), 

IIpOBepKa 3THX eOOTHOTUeunil: eeTb TaK)f(e H rrpOBepKa llpHHUifllOB, Jie>KlUII;HX B lfX oe

HOBe. 

HeKOTOpble HOBbie <lJopMyJibl eo,n;ep~TCR BO Beex rJiaBaX OT 3 )1;0 7, HO Mbl XOTHM 

erren;HaJihno OTMeTHTb rro.n;po6noe H3yqenHe ene.n;eTBHit rrpHnn;Mrra TiaynH )l;JIH paeeeR

HHR TO)f()l;eeTBeHHbiX HYKJIOHOB, rrpe,LJ;CTaBJieHUOe B rJiaBe 7. )Lug nn- (HJIH pp-) pae

CeRHHR 3TH eOOTHOIIIeHHH ,LJ;aHbT Me)f(,LJ;y 3KerrepHMeHT8JiblfbiMH BeJIIf'IHHa\fH, lf3MepeH

HhlMH rrpH e.n;.M. yrnax () H 7f- () HJIH na6opaTopnhlx yrnax ()1 H ()2 (B1 n ()2 eeTh yron 

It paeeeHHHR H yroJI BbiJieTa qaeTHUbl OT,LJ;aqH). Tiepe'IIICJieUbl nee orpaHH'leHHR, B03HH

KaiOm;He rrpH () = 7f /2, T. e. rrpH ()1 = ()2 , KaK H eOOTnomenHH Me>K,LJ;y orrpe.n;enennbiMH 

rrpii TOM >Ke eaMoM yrne nn H np BeJIII'Iuuar.m. 

HMeR B BH,LJ;Y IIHTepee K HYKJIOH-HYKJIOHHhTM B3alfMO,LJ;eitCTBHRM, )l;OCTYIIHOeTb yeKo

pHTe.'IeH na rrpor.te:>KyToqnhre II BhreoKIIe aueprHII II nee no3pacraroruee MerroJih30BanHe 
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rrOJ1SipH30BaUHbiX IlpDTOlllfbiX MHIIIeueil:, Mbl e'IIITaeM, qTO eeil:qae HMeHHO TO BpeMR, 

I<or.n;a neo6xo,LJ;H!.10 .n;aTb HBHOe H nonuoe onneaune nyKJion-uyKnouu-oro ¢opMaJIH3Ma. 

Mhl XOTeJIM 6hr no.n;'lepKHJTh em;e pa3, 'lTO uee co.n;ep)f(auue .n;aunoil: eTaThH eeTh 

MMeuno ¢opMaJIH3M, TO eeTh 'lHCTaH KHHeMaTHKa. KaK TaKOBaR, oua ,LJ;OJI:>KHa 6hiTb 

noJie3HOil: IlpH JII060M HeCJie,LJ;OBaUHH HJKJIOH-HYKJIOHHOrD paeeeHHHH, TeOpeTnqeeKOM 

1-!JIH aKenepnMeHT8JibHOM. B 'laCTnOCTH, ueeh 3TOT ¢opM8JIH3M nMeeT nerroepe.n;eTBeu

noe OTHOIIIeHHe K JII06oil: llOllbTTKe peKOHCTpyKn;MH HYKJIOH-HYKJIOHHhiX aMITJIHTY,LJ; lf3 

,uaHHhiX. 9TO OTHOeiiTeSJ KaK K UpHMOll peKOHCTpyKUifH, JfeliOJib3YIOIIJ;eil: ,LJ;aHHble UOJI

HOrO aKenepnMenTa, KaK 3TO 6hiJIO onpe.n;eneuo Tiy3HKOBhiM, PbiH)l;HHhiM H Cl\.-!OpO,D;HH

CKIIM [6], TaK H )l;JIH peKOHCTpyKn;HH -qepe3 anaJIH3 ¢a3onhrx e.n;nHrou, Teopnro Pe)l;)f(e 

1-!JIH nro6oe nuoe pa3JIO)f(erme. 

B 6JIIJ)f(ail:meM 6y.n;ym;eM Mhl rrnanHpyeM rrpe.n;eTaBHTh ueKOTOpbre pa3MhiUIJieuuR 

1-1 pe3yJibTaTbl rrpHMeHeHifH ,n;auuoro ¢opM8JIIf3Ma )l;JIR peKOHeTpyKUI-IH aMITJIHTY)l;hl 

nyKnou-nyKnouuoro pacceHHHH H3 aKenepHMenTaJihHhiX .n;auuhrx. O.n;noil: H3coeTaBJIH

rom;Hx namero HIITepeea 3,LJ;eeb HBJI.!JeTCSI npo6JieMa O)l;H03Ha'IHOCTH TaKOil: peKOHCTpyK

UHH (6y,LJ;b TO npHMaR peKOHeTpyKII;HR HJIH peKOHeTpyKII;HH qepe3 aH8JIH3 ¢a30BbiX 

c,n;nuron) . .[l;aJihneitmaH rrporpaMMa, n KOTopoit rrpe.n;nonaraeTeH MenOJib30nanue 3Toro 

<PopMaJIIf3Ma, KacaeTeH o.n;uoupeMeuuon peKoncTpyKII;Iflf ,LJ;JIH ucex anepru:li (n yrnou) 

C HellOJib30BaiiHeM pauee pa3BHTOrO pa3JIO)f(eHHH aMllJIHTY,LJ;bl paeeeSIHifR ITO ,LJ;BYM rre

peMeHHbiM (eM. o630p [34] H CTaTbiO [35]). 

Bnaro.u.apHOCTH. Pa6oTa na.u. aToit CTaTbeil: uaqaJiaCh 6naro.n;apH CTHMy.lmpyrorueMy 

rrpe.u.no>KenHro JI.Ban PoeeyMa, KOTopoMy ,Mhi Bbrpa)f(aeM euoro 6naro.n;apuoeTb. Mbi 

rrpH3HaTeJihHhr .[I;.BeeeeTy, M.Boprmm, A.IOno.n;y,f.fpHnxayJy, P.Xeeey, K.Jlemanya, 

JvLM.Mopan'lHKy, H.IIaTepe, t-I.BeAAnreny H .[I;.Beppeuy 3a o6cy)f(.n;enHR ee TeM._ 
. ' . 
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BBe,n;euHe 

qeThipe IlpnJIO:lKeHim, rrpnne,n:eHHhre 3,n:ech, rrpn3nanhl o6'hHCHRTh cyTh pa3JIH'IHhrx 

MeTo,n:on rrpone,n:eHHH aHaJIR3a ,n:auHhiX o6 ynpyroM N N-pacceHHHR n Tex npe,n:CKa3a

HHil, KOTOpbie MO:lKHO 3KCnepHMeHTaJihHO na6mo,n:aTb. CTORT OTMeTRTh, 'ITO <i>eHOMeHo

]!OrR'IeCKOe OIIRCaHRe ,n:aHHhiX, naKOIIJieHHhiX B pe3yJihTaTe MIIOrOJieTHHX 113:\tepeunit, 

eCTh MaKCHMYM TOrO, 'ITO MOryT ,n:aTh 3KCnepHMeHTaTOphl • .IJ:na H3 OIIHCaHIIbiX MeTO

Jl,OB npaKTR'leCKR He 3aBRC.IIT OT :\IO)l.eJieit. C ,n:pyroit CTOpOHhi, )l.HJiaMHKa ynpyroro 

N N-n3am.to,n:eficTBRH ncer,n:a Mo,n:eJihHo-3anncuMa. 

CcwJIKa ua pauee ony6JIHKonaHHhifi N N-<PopMMH3M (nepnaH 'laTh 3TOro rroco-

6rm: rJiaBhl 1- 7 H "3aKJIIO'lenHe") 6y,a.eT o603Jia'laThC.II KaK (BLW) .. fl3 uero.6y.n:yT 

IIOCJie)l.OBaTeJihHO HCII0Jlb30Ballbl T. H. 'leThipeXHJI)l.eKCHbie o603Jia'IeHHH. B TeX CJiy'Ia

HX, KOr,n:a HCII0Jlb3YIOTCSI ony6JIRKOBaillihle pe3yJibTaTbi ,n:pyrHX anTOpOB, HpHBO)l.HTCSI 

COOTBeTCTBYIOIIIHe CChiJIKH na OpHrHHaJihHbie pa60Thl. • 

13 IlpHJIO:lKeHHH Al OIIHCbiBaeTC.II MeTO)l. IIpHMOR peKOHCTpyKIJ;HH a~mJIJfTYJl: pacce

H!Hf.ll (DRSA, rmu "direct reconstruction of the scattering amplitudes"). 3,n:ech MO:lKeT 

6h1Tb HCIIOJib30BaH KaK aHaJIHTH'IeCKRR, TaK H CTaTRCTH'IeCKHR IIO)l.XO)l.. 9KCIIepHMeii

TaJibHhle ,n:annhle )l.OJI:lKHbi 6biTb R3MepeHhi IIpR O)l.HOfi H TOR :lKe 3HeprHH (Ha rrpaKTHKe 

3TO 03Ha'JaeT, 'ITO 3Ha'leHR.II 3Heprnfi OT)l.eJibllbiX R3MepeHHH )l.OJI:lKHbi 6biTb KaK MO:lK

!10 6JIH)Ke .n:pyr K ,n:pyry). YCJIOBRH yrJIOBOH CHMMeTpnu, CBH3biBaiOIIIRe aMII.iiHTYJl:hl 

pacceHIIRH B rrepe)l.HIOIO H 3a)l.IIIOIO IIOJiyc<l>ephr, MOryT 6hiTh HCIIOJih30BaHI>I )l.JISI 'Ilf

CThiX n3ocrrnHOBhiX cocTO.IIHRit c I = 0, 1. CJie,n:onaTeJihHO, rrpn OTCYTCTBRR KaKoil:-Jin6o 

,LJ;pyrofi HH<i>OpMaiJ;RH, np- ,n:aHHbie MOryT 6hiTb paCCMOTpellbl' TOJihKO IIpH HeKOTOpOM 

O,LJ;HOM yrJie. 

B IlpnJIO)KeHRR A2 <PeliOMe!IOJIOrRH ynpyroro pacceSIIIR.II (<l>opMaJIH3M (BLW]) 
cpammnaeTcH c TaK Ha3bmaeMofi "yrrpyroii rrepe3apH,n:Koii" . .IJ:anee TaM *e rroKa3a

uo, KaK yCJIOBHH yrJIOBOH CHMMeTpnn :MO)I{IfO a,n:arrTnponaTI> K auaJIH3Y CMemarmoro 

H30CIIHUOBOrO COCTOHUHSI. 

B IlpHJIO)Kermn A3 orrncalf nau6onee na)KHJ>Ifi <PenoMenoJiorn•IeCKHfi uncTpyMeriT: 

anaJIH3 <Pa30Bb!X c,n:nuron (PSA). Pa3JIO)I{CIIHH mmapuaHTHhiX a:miJIHTYJl: paccemmH B 

pH,n: no uonnuo:-.mM Jie)KaH.n:pa u <Pa3oni>IM C,LJ;nnraM ~>J;aHhi n .HBHO:It nn,n:e. Ounca.IIhi npo

u,e.n:yphl yqeTa BKJia)l.OB O)l.HOilHOHUOrO o6Meua (OPE), 3JieKTpOMariiiiTHhiX norrpanoK 

II neyrrpyrOCTCfi . .IJ:auo 06'hHCHCHlfC OCHO!l "S-MaTpU'IUOro" • H "K-MaTpU'IiiOro" IIO)l.

XO)l.OB. 06cy>K,n:aiOTCH "ue 3aBHC.IIIIIRe OT 3Heprrm" (FE) R "3aBRC.IIIIIRe OT 3Heprnn" 

(ED) <l>a30Bhie aHaJIR3bi • 

.ll:JIH noJIUOThi o6cy)l{)l.eunH n IlpnJIO)I{eHnn A4 ,n:aeTCH oqepK rroTenu;naJihllhiX Mo,n:e

Jreit If npe)l.CJIO!l RX UpRMCHH:IIOCTII. 9TOT MCTO)l. )l.OJI)I{efl paCCMaTpHBaThCH KaK MO)l.eJII>-

1103aBHCliMhill:; BpH)l. JIH ll03M0)1{H0 a,n:aiiTHpOBaTh erO )l..'IH IIpHMOrO aHaJIH3a ,n:aHHhiX. 

C ,n:pyrofi CTOpOHhi, on ,n:aeT O'ICHb xoponme pe3y.TihTaThi npn 3neprriHX nn)l{e nopo

ra pO)I()l.eHHH IIHOHQB. 8 HCKOTOpbiX CJIY'IaHX y,n:aeTCSI. )l.OCTH'lb )l.a)Ke 6oJiee TO'IIIhiX 

Pe3yJihTaTon, '!eM n PSA. 
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A 1: I1 p.HMa51 peKOHCTpyK~H51 

aMTIJIHTY,LJ;hl 

1. "IloJIHbiR" H ",ll.OCTaTO'IHbiR" OUbiTbl 

KaK ynoMimaJioeh B pa6oTe (BLW] [1] (eM. nepnyiO 'laeTh <:JToro I1oeo6Ha), em:e B 

1957 ro;zy Ily3HKOB, PhiH)J,HH H CMopo)J.HHeKHii: [2] nneJIH rronaTHe "nMHOZO ont>1ma" 

)J,JIH eJiy'laH N N-paeeeaHHH., Ouu rrpe)J.JIO:lKHJIH neKOTOpblii: na6op H3MepHeMhiX Ha-

6JIIO)J,aeMhiX, KOTOpblfi OHM Ha3BaJIH "nOJIHbiM", eeJIH eo)J,ep:lKam;aHeH B HeM HH<l>Op

Mai~HH )J,OeTaTO'IHa )J,JIH llOJIHOrO H ue•IepllbiBaiOm;ero OIIHeaHHH ynpyroro paeeeHHHH 

B3aHMO)J,efieTJlyiOm;HX qaeTHl\. C TaKHM na6opOM KOIITpaCTHpyeT O)J,HHO'IHall ua6JIIO

)J,aeMaH neJIIPIHIIa, KOTOpaH )J,aeT O'leHb orpaliH'leiiHYIO H enenH<l>H'leeKyiO HH<l>OpMa-

1\HlO o paeeMaTpHnaeMOM nponeeee. IIoeKOJihKY TeopeTHKH nneJIH npe,n:eTaBJienHe o i 

MaTpHl\e paeeeHIIHII, KOTOpaH, K eO:lKaJieHHIO, He)J,OeTyrrua IlpHMOMY H3MepeUHIO, HO 

y,n:o6ua )J,JIH OITHeaHHSI B3aHMO)J,eii:eTBHH BO Beex ero aeneKTaX, "nOJIHbiii: OIIbiT" MO?KHO 

orrpe)J,eJIHTb KaK TaKOfi na6op na6JIIO)J,aeMhiX, KOTOpblii: 1103BOJIIIeT nponeeTH IIOJIHYIO 

ll O)J,H03Ha'IHYIO peKOHeTpyKII.HIO MaTpHI,\hl paeeeHHHSI (3j. ",Li,oeTaTO'IHbiM" ua6opOM 

na6JIIO)J,aeMhiX (" )J,OeTaTO'IHbiM" OIIbiTOM) MO:lKHO Ha3BaTb TaKOH na6op 3KerrepuMeH

TaJibHO H3MepHeMhlX BeJIHqHH, KOTOpbiH H03BOJISieT nponeCTH IlpHMYIO peKOHeTpyKI,\liiO 

MaTpHI~hi paeeeanua (DRSA nm1 "IIPAP"- rrpHMYIO peKoneTpyKII.HIO aMnJIHTY)J.hl pae

eeHima), HO e T. H. auc'll:pemH'bWU ueoattoatta'lHOCffi.RMU. DRSA HBJISICTell JJOJII!OeThlO 

MO)J,CJibliQ-He3aBHeHMhiM aHaJili30M, neiiOJih3yiom;HM TOJibKO <l>YII)J,aMeHTaJihHhiC 3aKo

Hbl eoxpaHCHHSI. C ,n:pyroil: eTOpGHbl, rQBOpSI 6yKBaJibHO, TaKOH anaJIH3 MO:lKeT 6hiTb 

llpHMeHeH TOJlbKO rrpH O)J,HOM yrJie paeeeHHllSI H O)J,HOii: aneprllH. 

AMnJIHTY)J.hl paeeeanHH MO:lKHO 3anHeaTb Jin6o 'lepe3 HX nem:eeTneunhle H MHHMbie 

•raeTn, Jin6o 'lepe3 neJin'lnHhl n T. n. "rroJIHpnoM" npe,n:eTanJiennn 

11 A= IAI exp(i7JA) , 

r.n:e A = a, b, c, d, e H 1JA eeTh <l>a3a aMHJillTY)J,hi A (eM. TaK:lKe IlpHJIO:lKenne A2). 

f1oeKOJihKY ua6JIIO)J,aeMhie ( KpO:-de "neJillqHII OJITHqeeKOH TeopeMhi", orrpe)J,eJieHHhiX 

ypanuenueM (3.11) B pa60Te (BLW]) HBJISIIOTell 6HJillHeiiHbiMH <l>YHKII.HIIMH aMHJlllTY)J, 

paeeeHHHH, rrpn JII06oM yrJie paeeemm11 ocTaeTCH ueorrpe)J.eJreuuoli o.n:na o6m;ast <l>a3a, 
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BXO)J.HII~aSI MHO:lKHTeJie:~<t BO BCe aMITJIHT)')J,bl. 9TO HBHO BH)J,HO B Bbipa:lKeHHSIX )J,JIH na-

6JIIO)J,ae:~<!biX, rrpHne,n:ennhiX B pa60Te (BLW). J1I06oe H3MenenHe o6m:eii: <l>a3bi ne 6y,n:eT 

nli)J,HO B na6JIIO)J,aeMbiX, TaK KaK aMHJIHTY)J,hl Beer,n:a IlOHBJISIIOTCSI KaK KBa)J,paT MO)JY

JIH npOH3Be)J,eHHH KOMllJieKCHQ-COrrpH:lKellllbiX BeJIHqHH. 9TH aMHJIHTY)J,hl, KpOMe TOrO, 

MO:lKIIO e'IHTaTb OTHOCHTeJibllbiMH IIO OTHOIIIeHHIO K O)J,HOH H3 (Bbi6paUHbiX 3apanee) 

aem;eCTBeHJJbiX HJill MHHMbiX qaCTeil: a, b, C, d, e. 3,n:eCb Mbl Bhl6epeM aMrrJIHTY)JY e KaK 

qnCTO nem:ecrnennyiO u noJio:lKuTeJihHyiO. TaKofi Bbi6op rrpOH3BOJien, uo onpan.n:an TeM 

<l>aKTOM, qTQ a6COJIIOTHOe 3HaqenHe e OCTaeTCH 6QJihlllHM rrpH BCeX yrJiaX paceeHHHSI B 

o6.>IaeTH aueprHii, r.n:e rrpone)J,eHhi H3MepenHH. 

,LI,onOJihHO JierKo rrpe)J.CTaBHTh rrpocroe aHaJinTuqecKoe DRSA-BI>JqucJienue, KaK 6bi

JIO llOKa3aHO B pa6oTe [4]. Ilpe,n:rrOJIO:lKHM Ha BpeMH, 'ITO JII06aH "'lllCTaa" na6JIIO)J,ae

MaH MO:lKeT 6b!Tb ll3Mepena (nee paBJJO, B KaKOH CHCTeMe OTC'IElTa: II.eHTpa MaC~ llJIH 

Jia6opaTopHofi) R He 6y)J.eM Y'~HThiBaTh aKerrepnMeHTaJihHI>Ie rrorpeumoCTR: 

e2 = u (1- Cmmmm) , 

r,n:e 1J = dufd0. KaK B (BLWj. ,Li,JIH ,n:pyrnx aMITJillTY)J, Hl\teeM 

e Rea= u Pnooo , -e Ima = IJ Cmtmm, 

e Reb= (J CmnmO, -e Imb = (J DtomO I 

e Rec = (J CnmmO' -e Imc = (J KotmO I 

e Red= (J CmmnO' -e Imd = (J ClmOO. 

(Al.l) 

(A1.2) 

(A1.3) 

(A1.4) 

(A1.5) 

KaK BH)J,HO H3 Ta6JI. 3.2 B (BLW), Ka:lK)J,aH 'u3 KO:\t6nnanuil: aMITJlllTY)J, B COOTHOIIIe

liHHX (A1.2)-(A1.5) npe,n:eTaBJIHeT 8 3KBHBaJieHTIIbJX 'lHCThiX na6mo,n:aeMbiX KaK )J,JIH 

BCIIWeTBeiiHbiX, TaK H )J,JISI MliHMbiX 'laCTeli H 2 IIa6JIIO)J,aeMbJe )J,JIH COOTIIOIIICHllH (A 1.1). 
Bu.n:no, qTo Bhi6op neo6xo,n:uMhiX H3MepeuHfi neJinK. 

HaxO:lK)J,e!lne MHIIHMaJibnoro •mcJia ua6JIIO,n:aeMhiX, neo6xO)J,HMbiX )J,JIH Toro, 'IT06bl 

11a6op 6hJJI noJiou, rrpe)J.eTaBJIHeT eo6ofr eKopee MaTeMaTnqeeKylo, •IeM <Pu3nqecKyto 

3a)J,a•Iy. roJib)J,UITefrn, MopaB'IHK ll BperMaH (1974 r.) [5] rrpe)J,CTaBHJIH ee pemeune H 

JJ,aJill BbiBO)J, nnomm o6m:ero npe,n:nHcanua )J,JIH <l>op:-.tyJIHpOBKll neo6xo,n:HMhiX n )J,OCTa

TO'IHbTX yCJIOBHH )J,JIH CJIY'IaH peaKJJ;HH MC:lK)JY qaeTHI~aMn e rrpOH3BOJibHbl~1 CTIHI!OM. 

CorJiaeno yrnep:lK,n:euuiO aTux anTopon, eCJIH N ecTb 'IHCJIO ne3aBHCHMh!X aMrrJinTy)J., 

TO TIOJIIIOC 3HaJJUe MaTplH~l>l paeCCSII!ll51 C TOqHoeTbiO )J,O 06II~efi <l>a3I>I Tpc6yeT TOJib

KO (2N- 1) Bell\CeTBCllllbiX <l>YHKII.llH 1 TIOCKOJibKY cyn~eCTByeT (N- 1)2 
He3aBHCHMbiX 

ueJmneiinbiX coonwmeuuii Me:lK)JY na6opo:M N
2 

na6JIIO,n:aeMhiX. KaK TOJihKO BbJTIO.'!

nenhi (2N- 1) n3Mepe11nfr, aMnJIHT)')J.bl MmKno n3nJieqb 1 pemaH na6op H3 (2N- 1) 
CB513aJUJbiX KBa)J,paTHbiX ypanneunfi ,ll,J!Sl aMTIJIUTy)J,. 

B IIpHIII,\Iille, 3TO U CCTh IIO.'IJiafl CXC~ia )1,..'111 Onpe,li.CJICIIHH l\TaTplU~bl paeCC51Hilll H3 

:'!KenepnMeuTa [3j.' Ee npHMenemte K CJiyqaJO pp-paeceHHHH, KOTopoe omtchmaeTeH rrH

Tb!O KmmJieKCHbiMH aMUJII!Ty)J,aMHI 03Ha'!aeT, 'ITO 25 JIHI!CHI!O He3aBliCHMbiX 3KCTie

Pii~fCHTa.'lbllbiX ll3l\tepeHHH CBH3aHbl 16 He3aBHeHMbn!H KBa,n:paTUbJMII ypaBHCHIISI:\fH. 
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Ilo3TOMY )J.JUI H3BJie'leHIUI aMUJIHTJ,!\ ,1\0CTaTO'IHO peaJIH30BaTb MHHHMaJibHbiJ1 Ha6op 

HJ ,neBHTH XOpOWO Bbi6paHHblX H3MepeHHJ1. · 

O,nuaKo ua ,neJie nee 3TO npe,neTaBJIHeT, B eHJibHOfi eTeneuH, TOJibKO aKa,ne!l.mqeeKHll 

HHTepec, llOCKOJlbKY Bbl60p 11a6opa Ha6mo,naeMhlX, KOTOpblit MO)KHO ,nefiCTBH~eJibHO H3-

MCpHTb, ,nmcryeTeH JCJIOBHSIMH 3KenepHMCHTa, TO eCTb KaqeCTBOM H u_a,ne)KHOfi ,nocryn

HOCTblO CTIHHOBblX OpHCHTaD;Hfi nyqi<:a H MHWeHH, B03M0)KH0CTbiO aHaJIH3a pa3JIHqHbiX 

KOMTIOHCHT llOJISipH3aD;Hii qaCTHD; B KOHC'IHOM COCTOHHHH H T. · ,n. Bonee TOrO, 3Kene

pHMeHThl BblllOJJHSIIOTCH B Jia6opaTOpHOfi CHCTeMe, HO aHaJIHTHqeeKHe pemeHHH .nJJH 

aMUJJHTY,!\ onpe,neJIHIOTCH B eHeTeMe n;eHTpa Mace. 3TO rro,np8.3yMeBaeT peJIHTHBHCT

eKHe rrpeo6pa30BaHHH, KOTOphle TO)Ke yCJIO)KHSIIOT ,1\eJIO. Ilo 3THM rrpJJqJJHaM qHCJIO 

Ha6mo,naeMhlX ,li;OJI)KHO 6hlTb 60JihWe, qeM (2N- 1). 

AuaJIHTJJqeeKaH DR.SA paccMaTpHBanaeb TaK)Ke B pa6oTax [6, 7). B pa6oTe [7J 
6hlJIO ane,neuo onpe,neneuHe "onTHMaJibHoro" Ha6opa ,nna N N -paeeeaHHH. 3TOT onTH

MaJihHhlii Ha6op eo.n;ep)KHT TOJibKO ,nH!J>!J>epeHD;HaJibHhle ee'leHHH, TIOJIHpH3aiJ;HH HJIH 

aeHMMeTpHH H ,1\BJXKOMUOHeHTHhle TeH30pbi. 0HH 06Cy)K,l\aJIHeh e TOqKH 3peHHH HX 

",noeTaToqHOCTH" HJIH llOJIHOThl (eM. Bblrue). IlOBTOpHM 3,1\eCb, B Ka'leCTBe npHMepa, 

BblqHCJieHHH H3 eTaTbH [7). . 

lh Ta6n. 3.2 B [BLW) HMeeM: 

u = (1al
2 + IW + lcl

2 + ldl
2 + lel

2
) /2, uP = Rea*e, 

u Cnnoo = (1al
2

- lbl
2 

- lcl
2 + ldl

2 + lel
2

) /2 , 

u Dnana = (1al
2 + IW -:- lcl

2 
- ldl

2 + lel
2

) /2 , 

u KonnO = (1al
2 

- IW + lcl
2 

- ldl
2 + lel

2
) /2 , 

H HeKOTOpbie KOM6HHaD;HH ,1\BJXKOMllOHeHTHblX TeH30pOB: 

u n+ = u ( Dm0mo + Dmco) /2 = Re a*b , 

u n- = u ( Dmamo- Dmm) /2 = Re c*d, 

u D0 = u Dcoma = Im b*e , 

u K+ = u ( KommO + Kmco) /2 = Re a*b, 

u K- = u ( Kamma- Kcruo) /2 = Re c*d, 

u K 0 = u K01ma = Im c*e , 

u c+ = u ( Cmmoo- Cuoo) /2 = Rea*d, 

(A1.6) 

(AL7) 

(ALB) 

(A1.9) • 

(Al.lO) 

(Al.ll) 

II: 
I 

'l 
I
:· .. I! 

•\ 

f I '~,j,'' 

-r\ 
'i.'1 

l 
'l 
l 
d 
·1.) 

.J , .. 
'• 

·I· 

1 
J 
I 

u c- = u ( Cmmoo + Cuoo) /2 = Re c*d, 

u C0 = u C1mro = Im d*e . 

(A1.12) 

Bo3bMeM npHMep nonHoro onTHMaJihHoro Ha6opa 10 3KenepHMeHTOB, a HMeHHo: 

CT, P, c+, c-, C0
, n+, n-. D0

, CnnOOo DnOnO 0 (A1.13) 

3TOT ua6op o6ecneqHBaeT Haxo)K)J;eHH!l 3HaqeHHii 

Re a*b, Re a*d, Re a*e , Re b*c, Re c*d, Im b*e, Jm d*e , (A1.14a) 

(1W + lcl
2

) , (1cl
2 + ldl

2
) H (1al

2 + ldl
2 + lel

2
) • (A1.14b) 

QqenH,nHO, 'ITO Ha6op 3KCrrepH!.1eHTOn 6y,neT llOJJHbiM, eCJIH nee N2 JIHHCiiHO HC3a

BHCHMblX H3MepHMbiX Ha6JJIO,naeMblX H3 Ta6JI. 3.2 n (BLW) MO)KHO BblqHCJIHTb Ha 

OCHOBe 3TOrO Ha6opa. 3TOT !J>aKT HaHJIJqiiiHM o6pa30M MO)KHQ rrpo,neMOHeTpHpOBaTh 

(eM. pa60TJ [Bj), HellOJib3JH HeKOTOphle TO)K,ll;eeTBa, errpane,nnnnhle .nJJH npOH3nOJibHblX 

KOMTIJieKCHblX 'lHeeJI X, y, Z H U: 

Reu•x · Imy*z +.Reu*y · Imz*x- Reu*z · Imx*y = 0, 

Reu*x · Imy*z- Reu*y · Rez*x- Imu*z · Imx*y = 0, 

Imu*x · Imy*z + Imu*y · Imz*x + Imu*z · Imx*y = 0, 

lxl
2 

• Rey*z = +Rex*y · Rex*z + Imx*y · Imx*z, 

lxl2 
• Imy*z = -Imx*y. Rex*z + Rex*y. Imx*z, 

lxl2 ·IYI2 = (Rex*y)2 = (Imx*y)2 
• 

IlpHMeHHM 3TH TO)K)J;ecTna ,nna DRSA yrrpyroro N N-paeceHHHH. 

(A1.15) 

(A1.16) 

(A1.17) 

(Al.lB) 

(A1.19) 

(A1.20) 

• IIprrMeHSIH !J>op~v~yny (AL15) .nJJH a, b, d, e u c, b, d, e rronyqaeM Im b*d H Re c*e. 
• IlpHMeHSIH !J>opMyny (AL16) .nJJH b,a,c,d rronyqaeM Im a*c. 
• IlpHMeHnn cnona !J>opMyJihi (A1.16) n (A1.15), rronyqaeM Im a*b, Im a*d, Im a•e, 
Im b*c, Im c*e, Im c*d n Re a*c, nhip3)KeHHhie qepe3 Re b*e Re d*c n Re b*d. 

• Hcrronh3ya ".n;rraronaJihHble" ua6mo,naeMhle <i>opMyn (AI.7), (ALB), (AI.9) H cooT

uomeHHH (ALlB), (AL19), rronyqaeM ocTanmHecSI nenuqrrnhl Re b*c, Re d*e H Re a* c. 

• Mo.nynn lal2
, IW, lcl2 , ldl2 H leJZ rronyqaeM, Herronh3YH !J>opMyJJhl (Al.lB), (Aq9) H 

(AL20). 

HTaK, rrony•IeHbl nee 25 mmefino HroanncnMhiX 6rrnrruelhfhiX BeJIHqrrn, Bblpa"'eu

HbiX 4epe3 Ha6op H3MepHeMhiX na6nro,nae:-.thlx (Al.l3). 3,nech neo6xo,nnMo c,neJiaTh 

!IeCKOJibKO 3aMe'laHilfi. 

1. CyiiJ;eCTBYeT ,neBSITb na6opon Tnna (A1.13). B caMOM .n;ene: Cnnoo nnn Dn0no MO)K

HO 3aMeHHTb Ha KOnnO· TpHnJieTbi c+, c-, co HJIH n+, n-, D 0 MO)KHQ 3aMeiiHTb 

Ha K+,K-,K0 • 
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2. Bhlpa>KeHIUI oT (A1.10) 11.0 (A1.13) JamiCaHbl B c.~.M. 0/1,HaKo BeJIH'IHIIhl B na-

6opaTOpHofi CHCTeMe CabOO. Daocll H Kooco HBJHIIOTCH JIHH:efiHhiMH KOM6HHa~HHMH 
c+,c-,co, n+,n-, D0 If K+,K-, ~. COOTBeTCTBeHIIO (eM. rnaay 5 B [BLW]). 
Cne)l;oBaTeJihHO, 10 onhtTOB (A1.13) a c.~.M. cooTBeTCTBYIOT 10 'IHCThiM na6mo

,ii,aeMbtM B Jia6opaTOpHOfi CHCTeMe. 

3. ,Una DRSA ne HBJIHIOTCHHeo6xo/1,HMbiMH 6onee CJIO>KHhle OttbiThl, BKJIIO'IaJO~He 

2 H 4 CttHHOBbtX HH/1,eKCa. C /1,pyroil: CTOpOHbl, B 3aBHCHMOCTH OT /1,aHHOfi 3KCTiepH

MeHTaJibHOfi yCTaHOBKH, H3MepeHIHI HeKOTOpbiX /l.BJXKOMJtOHeHTHbiX TeH30pHbiX 

BeJIH'IHII MOryT 0Ka3aTbCH 6onee CJIQ)KJiblMH, 'leM 0Itpe/1,eJieHHe TpeXHII/1,eKCIIblX 

Ha6JIIO)l;aeMhiX. 

4. Cy~ecTaytoT oco6eHno neno/1,X0/1.H~ue Ha6opbt 17 H3MepenHif, KOTOphte ne HBJIH

IOTCH /1,0CTaTO'IIUJMH /1,JISI Orrpe)l;eJieHHSI aMitJIHTJ/1. a, b, C, d, e. 

,UoBOJibHO oqeBH/l.HO, 'ITO allanHTH'IeCKaH DRSA ll.JIH Bcex cy~eCTBYIO~Hx · a:111JtJIH~ 

TY/1. rrpe/1,CTaBJIHeT co6on cBoero po11.a urpy, B KOTopyiO /1,0Jiro HrpaiOT MHOrue H3BecT

Hhte ¢H3HKH, pa6oTa!o~ne B 3TOli o6Ji:acTn. CnucoK orry6nnKOBa:HHhiX no 3TOMY Ha

rrpa:BJiemno pa6oT aeChMa o6umpHhlfi. TeM ne Menee,. qacrnhle DRSA, r11.e JieKOTOphte 

aMTIJIHTJ/1,bl OCTalOTCSI HeOnpe)l;eJieHHhlMH HJIH He0/1,H03Ha'!HbiMH, 6hiCTp0 HaiiiJIH CBOe 

orrpaB/1,aHHe. B 3TOM cnyqae aHaJIHTH'IeCKHil TIO/l.X0/1. no3BOJIHJI onpe/1,eJIHTb HeKOTOpbte 

)KeJiaTeJibHhte xapaKTepucTHKH OT/1,eJihHbiX aMitJIHTY/1. u 3TH qacTHhte DRSA rroMorJIH 

a¢¢eKTHBHO rrnanupoBaTb onTHMaJibHhie aKcnepHMeiiTht. B Ka'IeCTBe npHMepa MO)KHO 

yrroMxnyT~> CHHH-CHHrneTHbie HJIH crrnn-TpHnJieTnhle BKJia/1,bl B N N-B3aHM0/1,eilcTaHe, 

peKOHCTpyK~HIO HHTepeCHbiX qacTeli MaTpll~hl paccemnm (ae~eCTBeHHhle HJIH MHH

Mble qacTH, aMnJIHTY/l.bi c )l;aHnoit cnupaJihHOCThiO HJIH "TpancBepCHTH"), DRSA npH 

CIIeiJ:H¢H'IeCKHX yrJiaX pacceHHHH (''anepe/1,", "naJa/1,", II0/1, 90cM) H T. /1,. 

2. CTaTHCTH'IeCKHH aJiaJIH3 · DRSA 

B.ananHTH'IeCKOM DRSA ue npHHHMaiOTC.H ao mm~muue ¢aKTH'IeCKHe 'IHCJieJJIIbte. 

3Ha"!eHHH Ha6JII0/1,aeMbiX 11 HX3KcnepHMeHTaJibHble rrorpeiiiHOCTH. Ho B yrrpyroM PP". 
paccemmu, nanpnMep, u3MepeHHhte na6JII0/1,ae:-.Ihie co)l;ep)KaT a ce6e aJieKTpoMarnHT

Hhie a¢¢eKThi, KOTOph!e neo6X0/1,HMO TaK)Ke J'l€CTh IIpH H3BJieqeJ!HH aMIIJlHTJ/1. (eM. 

IlpnJIO)KeHHe A3). · 

,[LJIH TOrO 'lT,06hi J'l€CTh norpeiiiHOCTH H3:11epeHHR, 06hi'llJO npuMeHHIOTCH CTaTHCTH

'IeCKIIe MeT0/1,hl. Onm6KH aMnJIHTY/1. ::iaBHCHT OT aKcnepHMenTaJihHbiX norpeiiinocreli H 

yMeHbiiiatOTCH rrpH yBeJIH'IenuH cTerrenH rrepe(mpe/1,eJiennoCTH na6JII0/1,aeMbiX. 

B craTUCTu'leCKOM DRSA-aHanu3e naxo)l;.HT peiiienue cooTnoiiienHil /l.JlH./l.OCTJIIHbiX 

'IHCThiX H3MepeHnbiX Ha6JII0/1,aeMbiX u /l.JlH :Hx KOM6uuau:uii O/l.HOBpeMenno. Ha6mo)l;a

e:~lhie 3R/1,aiOTCH H.enocpe/1,CTBenno a na6opaTopnoli CHCTeMe [BLW). HeH3BCCTHbiMu 

napa:~leTpal\IH HBJIHIOTCSI Be~eCTBeHHhle H :"VIHHMbJe 'laCTII a:VIIIJIIITJ/1,. 11x ll0/1,rOHKa K 

,!l;amlbll\·1 MeT0/1,0:\1 nau:vtenhiiiiiX KBa/1,paToB npH:vteH.HeTCH npu Tex yrnax pacce.snux, 

rrpu KOT~pbtX cy~ecTBJIOT rro.'!Hble na6opbi na6JII0/1,ae:~tbiX. Ha 3TH. yrJiht o6hi'lHO na

KJia)l;hiBaJOTCH ll3Mepelii.JH C nepepaccemmeM, ,U..'IH KOTOpi>IX CTaTHCTIIKa C06biTHH 06hPl-
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no neBenuKa no cpaBnenuiO c /1,aHHbiMH no 0/1,IIOKpaTHOMY paccexnHIO. TaK KaK pa3Hble 

H3MepeHHH o6bi'IHO BbiTIOJIHeHIJ npu cnerKa pa3JIR'Ia:IO~HXCH yrJiax, Ka>K/1,aH Ha6mo

/1.aeMaH HIITepnOJI!IpJeTCH B ne60JibiiiOfi OKpeCTHOCTlf IIO yrny paCceHHHH. 

IloncK pemenHH na'lHifaeTCH co cny'lalinoro Bbl6opa 9 aMIIJiliTY/1.· Ecnu HeKOTopoe 

pemenne OKa3btBaeTCH npHeMJieMhiM, npon:e/l.Ypa noBTOpHeTCH. Ka>K/1,oe HOBoe pemenne 

/l.OJI)KHO 6b1Th npR3Ha:HO npReMJieMhiil.i, ecJIR oHo OTJiu'laeTCH ( c Y'~eTOM norpenmoCTeil 

aMIIJIRTY/1.) OT 0/1,11oro R3 y>Ke npRHHTm. TaKoil noucK noaropxeTcH·HeCKOJihKO cOTeH · 

pa3 /1,0 ·TeX nop, IIOKa He CTaHJT IIOSIBJI.!):TbCSI TOJibKO 06Hapy)KeHHble {>aHEJe peiiieHHH. 

HeKoTOpble pe~e~RH m16o o6Hapy)KHBaiOT Heonpe/l.e~eHHO.CTR ±1S0° ll.JIH oTno

cuTeJihllhtx ¢aJ BCex aMITJIRTy/1,, .JIH60 )l;alOT ¢RKCHpOBaHHI.Je 3Ha<i:eHRSI aMUJIHTY/1.bl 

(HanpRMep, e,cM. Bhlme), TO)i{/l.ecr~eHno paBnble HYJIIO. Ta:Kue pemenux, naJbiBaeMhie 

"TpHBHMbHhlMH", /l.OJI>KHbi 6h1Th y/1,anenhi. · 

OcTaBmRecx HeTpHBRaJihllbte pemeHHH MOryT 6b1Tb OTo6paubl )l;anee Ha 6a3e Kpu

TepHH x2, ~CJIH 3Ha'lel!HH x2 ua CTeneH'i. CB060/1,bl (DoF) CHJibHO P~JIH'IalOTCH. Bee 

Tp~BRaJibHhle pemeHHH 06bi'IIIO HMelOT 60JibllJHe 3Ha'lel!RH X2
• 

qT06bl HCKJIIO'IRTb "llJIOXHe" pe~eHHH, MO)KJIO HCllOJib30BaTh "HeCTaTHCT!f'IeCKlfe" 

KpHTepHH •. , 0HR MoryT 6b1Th pa3JIR'lHhiMR B DRSA-aHaJIH3ax pp- H np
B3aRM0/1,eliCTBRit. 9TH KpRTepRH KaCalOTCH a>vlllJIHTy/1,, KOTOpbie JierKO MOryT 6h1Th Bbl

pR)KeHhl 'lepe3 Ha6JII0/1,aeMbte npH RCllOJib30BaJIIIH, HanpHMep, pe3JJibTaTOB "!aCTHbiX 

aHaJIHTH'IeCKRX DRSA. 

· B Ka'IeCTBe npHMepa, npRBe/1,eM ·ueKoTophle HeCTaTHCTR'IeCKRe KpHTepHH, Hcnonb-

3oBaHnhte B aHaJIR3e DRSA [9] np-/1,annblx. 0/l.HH H3 MO~HhiX KpRTepHeB ocnoBan Ha 

xopomo R3BeCTHOli ¢opMe yrnoBofi 3aBucHMOCTR aHaJIR3RpyiO~en cnoco6uocTn AoonO· 
YliHIO)KaH Aoono Ha nono>KRTeJihiiO onpe/1,eJieHnoe 11.H¢¢epeH~HaJihuoe ce'lenHe, rrony

~IaeM y>Ke HMeiO~IOCH B pacnopH>KeHHH 3KCnepRMeHTaJibliJ10 BeJIH'IHIIJ, Bhtpa)KeliHJIO 

TOJibKO qepe3 /1,Be aMllJIHTJ/1,bl (Ta6JI. 3.2 B (BLW]). 11cnOJib3JH npe/1,CTaBJieHHe aMitJIH

TJ/1,bl qepe3 ee a6COJI10TfiJ10 BeJIH'IHHY II ¢a3y, HMeeM /1,JIH e 

e=Re,e=iei~O, Im,e=O, ¢.=0, (A1.21) 

H llOJiyqaeM COOTHOIIIeHRe 

aAoono = iai e cos¢a . (A1.22) 

0'leBH/1,IIO, 'ITO /l.JlH ¢nKCRponannoro 3Ha'IeHRH d Aoano yMeHhmeHHe Rea Tpe6yeT yae

nnqenHH e R uao6opOT. 

Ha6mo/1,aeMax Aoano(np) panna HYJIIO npR 0° u npH 180° c.~.M:. IlpH npoMe)KyTO'l

llhiX 3HepmHX Olla HMeeT IIIRpOKHli MaKCHl\~YM BOKpyr (JCM = 30° R IIIHpOKHH MlfiiHMJM 

npH OcM = 110°. 0Ha nepexo/1,RT 'Iepe3 ny.'lh OT noJIO>KRTeJihHOro K OTpuu:aTeJibfiOl\:y 

Juaq(maxMu npR OcM ""70° u OTHOCHTeJihnofi ¢a3e c/Ja(np) = ±90°, Tor11.a KaK la(np )I 
H e(np) OCTaJOTCH nenyJTeBhiMR. 06a HIITepBaJia ¢a3bl c/Ja . 

0° :S ifJa :S 180° H 180° :S c/Ja :S 360° . (A1.23) 
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O,lr;JIHaKOBO ,li.OllYCTHMbi npH O,li.HOft H TOft )KC 3HCprHH H O,li.HOM H TOM )Ke 3Ha•JeHHH yrJia 

pacceHHHH. 

)J;aJibHeftwee-pacCMOTpeHHe MO)Ker OKa3aTbCH pa3HbiM llpH paCCMOTpeHHH HHTep
BaJia ymos pacceHJIHH. ECJIH npH O,li.HOM BcM 6y.u.eT Haft,ll.eHa <Pa3a if>a(np) B O,li.HOM 

- H3 HliTepBaJIOB (A1.23), a npH COCC,li.HCM 3Ha'leHHH yrJia paCCCHHHH Ta )KC_CaMaH <l>a3a 
OKa)KeTCH B ,lJ.pyroM_HUTepBane, TO O'leBH,li.HO, 'ITO.Me)K,ll.y 3THMH ,li.BYMH 3Ha'I.CHHHMH 
yrnoB pacceHHHH <Pa3a if>a nepeceKaeT JIH6o 0°, JIH6o 180°. B TaKHX TO'IKaX cosif>a pa
BeH JIHfio-+1, JIHfiO -1 COOTBeTCTBeHHO, H BeJIH'IHHa Aoano(np) ,li.OCTHraeT JIOKaJibHOro 
aKCTpeMyMa (npe.u.nonaraeM, 'ITO lal He OTJIH'IHbi OT HYJIH). HHKaKHX no.u.o6HbiX oco-
6eHHOCTeft B yrJIOBOft 3aBHCHMOCTH aHaJIH3Hpyrom;eft CITOCOfiHOCTH B • np pacceHHHH ,!1.0 
cHx nop HHKor.u.a He Ha6mo.u.anoc&. OTCro.u.a CJie.u.yeT,. 'ITO iuo6oe 3Ha'!eHHe if>a B pac
CMaTpmiaeMoM yrJIOBOM ,li.Haiia30He pacCeHHHH MO)KeT BapbHpOBaTbCH BHYTPH O,li.HOrO, 
H TOJibKO O,li.HOrO H3 HHTepBaJIOB (A1.23). , - -

.[(pyroft npHMCp HCCTaTHCTH'IOCKHX KpHTepHCB CJie.u.yeT H3 TafiJI. 3.3 B (BLW), 
'r.u.e npHBC,ll.eHbi npOCTbJe COOTHOIIIeiiHH Me)K,lJ.Y lbl2 , lcl2 , ldl2 H Hafi.iJIO,ll.aCMbiMH 
u, Dnano, Kanna. Aoonn· BoJibiiiOe pa3JIH'IHC Me)K.u.y a6cOJIIOTHbiMH 3Ha'!eHHHMH aMIIJIH
TY.U. KaKOrO-JIHfiO pemeHHH H TCMH )KC 3Ha'ICHHHMH, llOJIY'ICHHbiMH H3 HafiJIIO,ll.aeMbiX no 
<t>opMyJiaM TafiJI. 3.3, HBJIHeTCH yKa3aHHCM Ha HCOfiXO,li.HMOCTb OTfipOCHTb IIpOBCpHCMOC 
pemeHHe. 

OrrHCaHHhifi 3,li.CCh no.u.xo.u. K cTaTHCTH'IOCKOMY DRSA-aHaJIH3Y He HBJIHCTCH e,li.HH
CTBeHHbiM. 0TMeTHM O,li.HH a<t><t>eKTHBHblii H Ha,li.C)KHbift MeTO,ll., npe/vlo*eiiH&Iii Becce 
H .u.p. (1978 r.) B pa6oTax (10, 3). 9ToT Mero.u. 6hiJI HCITOJih30BaH ,li.JIH DRSA-aHaJIH3a 
pp-,ll.aiiHbiX, H3MepeHHbiX na yCKOpHTeJie lfiiCTHTyTa HM. flayJIH Illepepa (PSI, liiBefi
uapHH). JJ:pyron no.u.xo.u. 6biJI Hcnonb3oBaH rrpH ananH3e pp-.u.aHHbiX npH 6 raB/c H3 
AproiiJICKOfi UaUHOilaJibJIOit JiafiOpaTOpHH (ANL). flpH TaKOM HMllYJibCe CIIHHOB03aBH
CHID;He napaMeTpbi He CTOJib BCJIHKH, KaK npH MeHbliiHX 3HeprHHX, H K TOMJ )KC HMeiOT 
MCHhiUJIO TO'IHOCTh. _ Ho 3,ll.eCh HH O,li.HH H3 3THX MCTO,li.OB He 06Cy)K,ll.aeTCH. 

3. Cyw;ecTByrow;He DRSA-aHaJIH3bi 

llepBbifi DRSA-aHaJIH3 ,li.JIH Bcex a-.inJIHTY.U. ynpyroro pp-pacceHHHH 6biJI ablnonneH 
JIHMOHOM, lloH,ll.pOMOM, OJibCCHOM, KnenneJieM, XaH,li.JiepoM H PaiiTOM B 1968 r. [12]. 
fJiaBHaH 'laCTb ,ll.aHHblX 6biJia H3MepeHa 3THMH aBTOpaMH B XOpOIIIO CJIJiaHHpOBaHHOM 
3KcnepHMCHTe • .Lf.;Ix aTofi ueJIH npoTOHHblfi ny'loK qHKarcKoro CHHXPOUHKJIOTpoHa 6biJI 
IIOJIHpH30BaH MeTO,li.OM pacCeHHHH Ha fiepHJIJIHCBOii MHWeHH BHJTpH yCKOpHTCJIH. 9nep
rHH BbiBe.u.enHoro ny'!Ka 6bma 429±7 MaB. IlpOTOHbi pacceHBaJIHCb Ha BHemHeft *H.U.
KOBO,li.Opo.u.Hoft MHmenH Ha yrnhi BcM = 65° H 115°. BbiJia H3Mepena aHaJIH3Hpyrom;ax 
cnoco6nocTh A00no npH 65° H npH o6oHx yrnax 6biJIH H3MepeHbi TaK)Ke IIapaMeTpbi 

Bon&<l>eliuJTeiiHa Dnono, Ds'Oso, Ds'Oko, D~c•o.o H Dk'OkO· 
BcJie,li.C~BHe COOTHOWCHHii CHMMeTpHH ,li.JIH H30CIIHHa I= 1 (eM. Ta6JI. 2.1 B (BLW]), 

3TOT Ha6op rrpe,li.CTaBJIHeT 9 He3aBHCHMbiX Ha6nro.u.aeMbiX. B o.u.uoM DRSA-ananH3e 
MOryT fibiTb HCJIOJlb30BaHbi ,li.Ba ,li.OIIOJIHHTeJibHbiX ,ll.pyr K ,lJ.pyry C.u.M. yrna, TaK KaK 
ClfCTeMa pp HBJIHCTCH TOJibKO H30TpHllJieTHOlt qHCJIO na6JIIO,ll.aeMbiX 6biJIO yBeJilf'JeHO 
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Ta6JIHua Al.l. CnHCOK .U.OCTYUHbiX- DRSA-aHanH30B ,li.JIH Ha6nro.u.aeMux B ynpyroM pp
pacceHHHH. )J;se Ha6nro.u.aeMble: da/dfl If Aoona = -~ HCnOJih3YIOTCH Bcer.u.a H 6e3 
HCKJliOqeHHH, ll03TOMJ OHH He yKaJaitbi. B CllHCKe. 

UHTepaan qHCJIO 

Jla6oparopHR Tkin, BcM, 3Ita'!eHHi!: Ha6nro.u.aeMble Cc&IJIKa, 
MaB rpa.u.. Bm.l ro.u. 

CHICAGO 429 .65 1 Dnana, Dro.o, DrokO, (12] 
Univ. 115 Dk'o.o, Dk'okO, Aoonn 1968 

PSI 447 38-58 6 ~n, Aoo •• , Aookk, (16] 
497 38-58 6 Aoosk, DnonO, KonnO, 1981 

517 38-58 6 Dro.o, Ds'OkO, 
539 38-58 6 Mrom, Mrokn 
579 38-58 6 

PSI 447 82-90 15 Bee npe,ll.bi,lJ.YID;He [17] 
497 82-90 15 H 1989 

517 82-90 15 Aoosll:. Dnano, Kanno 
539 82-90 15 Aoosk, Dneno, Konno 
579 82-90 15 Aoosk, Dnano, KonnO 

LAMPF 730 38-72 12 Aoo.A:, Aookk; Dnano; (18] 

Dro.o,- D,•oko, Dwo.o, 1990 

Dk'oko, Ka~ook, Kwook, 
AfnoaA:, lvfnokk, 

' Ms'onk• AfwOnk 
LAMPF 800 46-90 5 Aoonn, Dnano, Da~o.o, (19]. 

DrokO, Dwok.J, Kn~m 1985 

K.•oo., Ka~ook, Kk'ook. 
SATURNE 834 50-82 6 Aoann, Aoo,~c, Aookk, (20) 

II 874 46-83 7 D.•oJ.-o, Dk'okO, Knoon, 1990 

934 51-80 5 Ko.·.o, Kos"kO, Nonkk, 
995 51-82 6 Nansk, Nos"nk, Nos"kn 

1095 51-82 7 

1295 51-82 8 

1595 51-82 10 

SATURNE 1800 33-90 12 A00nn, Aoosk, Aookk, (21) 

II 2100 33-90 11 Ds•okO, Dk'okO, KnOOn, 1998 

2400 29-83 5 Ko,•.o, Kos"J.-o, Nankk, 
2700 42,82 2 Non•k• No."nk• Noo"kn, 

No.-sn 
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11HTepnan qficno 
Jla6opaTOpHH Tkino OcM, 3Ha'letmlt Ha6mo.n;aeMbie CebiJIKH, 

MaB rpa.n;. (JC1v! ro.n; 
ANL 5135 19-38 21 Aoocd X 4 [11] 

DobOd H KobdJ x 5 1986 

Nobcd x 7 

,li;O 11, TaK KaK yrroMHHYTble anTOpbl .n;o6anHJIH pe3yJihTaTbi rro Aoonn H3 pa60Tbl [13] H 
,!J;H<l><l>epenWfaJibHhie ce'lemrH H3 pa60Thi [14]. 

06~aH <l>a3a 6hiJia <l>HKeHponana H3 COIIOeTaBJICHHH <l>a3bl <l>HKCHpOBaHHOlt aMIIJIH
TY,!J;bl e <l>a3olt, IIOJiy'leHHOlt H3 aHaJIH3a <l>a30Bb!X e.n;nHrOB (PSA) B pemeHHH H3 pa6o

Tbl [15] (eM. IlpHJIO)KeHHe A3 o6 anaJIH3e <l>a30Bhix e,ll;nHron). CornaeHe pe3yJihTaTon 
o6oHx MeTO,li;OB OKa3aJIOCb ua y,li;HBJieune xopomnM. 

06uoniieHHbiH cnHeOK ananHJon DRSA )l;JIH pp-paeeeHIIH.H .n;aH n Ta6n. ALL JlerKo 

YBH,ll;eTb, 'ITO B IDHpOKHX yrJIOBOM )J;Halla30HC H 06JiaeTH a:yeprnlt H3MCpeHbl He TOJibKO 

,ll;nyx-, HO H TpexHH,!J;eKciibie na6mo.n;aeMble. Mo)KHO TaK)Ke 3aMeTHTb, 'ITO )l;JIH o6eerre

'ICHHH BbleOKOH aHaJIH3HpyiO~eii CIIOeOOHOeTH B IIOeJie.n;neM (aHaJIH3HpytOIIJ;eM) paeee

HHHH, B HCKOTOpb!X Ollb!Tax aHaJIH3Hp0BaJIHeb KaK IIOJIHpH3aqHH 'laCTHq OT,ll;a'IH
1 

TaK 

H HCKOTOpb!C IIOJIHpH3aqHH paeCeHHHh!X 'faCTHlt;. B p.H,!J;C 3KCIICpHMCHTOB B03M0)KH0CTh 

H3MepeHHH IIOJIHpH3aqHfi )l;JIH k'- HjHJIH k"-opnenTaqHfi 'laCTHlt; KOHC'lHOrO COCTOHIIHH 
6biJia HCKJIIO'fCHa. KaK OTMe'laJIOCb B (BLW), TaKaH B03M0)KH0CTh Tpe6yeT ,li;OIIOJIHH

TeJibHOrO CJIHH-pOTaTopa H, B )J;OIIOJIJICHHC K 3TOMy, nepeMCJIJHBaeT B MarHHTJIOM JIOJie 

'lHCThie na6mo.n;aeMble. B yKa3aHHOll Ta6JIHqe uepe'lHCJICHbi )J;OMHimpyiO~He na6mo

.n;aeMble, KPOMe .n;H<l><l>epenn;nanbnhlx ceqeuHll H Aoo.:o = Aooon· Ha rrpaKTHKe MnorHe 
Ha6JIIO)I;aeMbiC 6biJIH OIIpe)J;eJieHhl KaK K0:-.16HHaiJ;HH "'lHCTbiX" BCJIH'IHH. 

,L(oBOJibliO 60JibiJIOe 'IHCJIO CYIIJ;CCTBYIOIIJ;HX H3:1-tepenHit 1103BOJI.HeT IIpOBeCTH TaK)Ke 
(rroKa ne n~>momrennhilt) DRSA-anann3 )J;JIH pp-cncTeMbi rrpn .n;o6ano'lnhlx 2-x nnn 3-x 
aneprm1x (uarrpHMep, rrpH 650 MaB) JIAMII<I> (Los Alamos Meson Factory). 

DRSA-aHann3 )J;JIH np-cHcTeMhi pe3KO KO!ITpaeTHpyeT co cnyqaeM pp-pacceHIIHH. B 

nacTO.H~ee npeMH 011 rrpone.n;eH na-.moro xy)Ke. ToJihKO .n;anHhle CATYPH-11 HCIIOJib-
30BaHbi )l;JI.H peKOHCTpyKIJ;HH aMJIJIHTY)I; llpH IIliTH aueprHHX MC)K)J;y 840 H 1100 ~bB. 

Brrepnble DRSA-ananH3 rrpn aTHX aueprHHX 6biJI orry6nnKonan B pa69Tax [22] n 1992 r. 
0KOII'laTeJibllhie pe3yJihTaThl 6b!JIH orry6JIHKOBaHbl B 1998 r. B pa60TaX [9]; OHH 1IpHne

,ll;ellhl n Ta6n. Al.2. Ilpn aneprHn 800 MaB 6hiJIH ncrroJih3onanhl KaK ,ll;aunh!e CATYPH-

11, TaK H JIAMII<I>. Bee DRSA-ananH3hi MH np-cHcTeMbl 6biJIH Bbluonnenhi TOJihKO n 

rrepe.n;Heit IIOJIYC<l>epe If Ka)K,ll;h!lt H3 HHX - JIH!Uh B OKpCeTJIOCTH TaKoro O)J;HOrQ yrJia, 
r,ll;e 6hiJIH H3:11epeHhi nee neo6xo.n;HMhie .n;aHHhie. 

ti B .n;amih!X rro np pacceHJUIIO Bhiiiie 800 MaB H nrrJIOTh .n;o 1100 MaB cyiiJ;eCTnyeT 
rrpo6e.rr n · n3MepennHx da jdO.(np) rrpH yrnax 40° ::::; OcM ::::; 90°. 11MeioTeH n pacnopH

)Kenun TOJibKO Tpn na6opa: .n;aHHhie IlenCH.'lhBaHCKOrO rrpOTOIIHOro ycKopnTeJI.H (PPA) 
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npn 817 H 1028 MaB [23] H .n;annhle H3 BnpMnnreMa npn 991 MaB [24]. Hy)Klfo npHHHTh 
nO BHHMaHHC, 'ITO .n;aHHble H3 IleHCHJibBaHHlf IIpH BCeX TCX 3HeprHHX, r.n;e Cy~eCTBYJOT 
.n;pyrne H3MepeunH, ne cornacyiOTCH no xapaKTepy · yrnonolt 3aBHCHMOCTH c .n;pyrnMH 

.n;allllhlMH H II03TOMY HCKJIIO'l,ellhl H3 BCCX aHaJIH30B, HMCIOIIJ;HX XOTb KaKOfi-TO CMhlCJI. 
O.n;HaKO, 6a3a .n;aHHbiX 110 np-pacceHHHIO co.n;ep)KHT H3MepeHH.II dafdO.(np) npn MaJih!X 

yrnax, nh!IIOJIHCHHble n orrh!Tax Ha CATYPH-11 nni<:e 1135 MaB (25]. Ta :>Ke Ha6niO.n;a

eMaH npn yrnax OcM 2::130° 6hiJia H3Mepena na CATYPH-1 nnJIOTh .n;o 1252 MaB [26] 
(qHeJICHHb!C 3Ha'ICHHSI CO,ll;Cp)KaTCH, HanpnMep, B 6a3e )J;aHHbiX (27, 28]). IlOJIHhle eeqe

HHH, neo6xo.n;HMhiC )l;JIR nopMnpono'fHhlX n;enelt (eM. IlpnJIO)KCHHe A3), ro:lKe rrpHne.n;e

Hhl n Tex )Ke 6a3ax. TonhKO anepreTH'!eeKn 3aBHCHMhle PSA (IlpnnmKenne A3), o6~He 
)l;JIH pp- H np-paCCCHHHH lf BKJIIO'laiO~He BCC ey~CCTBYIO~HC Ha CCrQ)J;HH )J;aHHhiC, MD
rJT npC,ll;CKa3biBaTh pa3yMHYIO yrJIOByiO 3aBHCHMOCTb )J;H<l><l>epeHqHaJibHbiX CC'IElHHH. 

TaKne npe.n;eKa3aHHH 6b!JIH ncrroJih30BaHbl B pa6oTC (9). 

,L(auuhle, H3Mepeunhle B PSI na rry'fKC NA2, rro3noJIHIOT rrponeCTH c BhiCOKO~ CTe

rreuhiO TO'IHOCTH DRSA-aHaJIH3 )l;Jill np-paCCCHHHH e~e rrpn IIHTH )J;OIIOJIIIHTCJihHbiX 

aneprHHX MC)f(,lly 260 H 560 .MaB rrpn HCCKOJibKHX yrnax. IlOJIJ'IElHHble Pe3YJibTaThl 

6hlJIH orry6nnKonanhl H ncnoJih30BaHhl B 6a3aX .n;anHh!X MH cy~eCTBYIO~Hx PSA, TaK 
KaK 3TOT MCTO)J; paCCMaTpHBaeTCH KaK 6oJiee rrepCIICKTHiiHhlfi. . 

Ta6nnqa Al.2. CnHCOK rf(OCTYJitlbiX DRSA-anami30B MH na6.rr!O)I;aeMbiX B yrrpyroM 
np Jl pn pacceHIIHH. IlpH 800 .MaB fihiJIH HCil0Jih30Baiibl IICKOTOpb!C np-.n;aUHh!C 113 

JIAMII<I>. 3.n;ech, KaK H n npe.n;ht)l;yiiJ;ell Ta6nHu;e, da /dO. n Aoano = Aooon n crrwcKe He 

yKaJaubl 

11HTepaan qlfCJIO 

Jia6opaTOpHH Tkino OcM. 3Haqeuwlt Ha6niO.n;aeMbie CcbiJIKa, 

(MaB rpa.n;. Ocr.~ ro.n; 

SATURNE 800 42,62 2 Aoann, Aookk, Aoosk, 191 

II 840 54,61, 3 Dnono, Dos"Oko f(onno 1998 

74 Kos"ko, Kos"so, 
880 49,56, 4 Nrm.kk, Nansk 

61,77 

940 47,54, 4 

59,72 

1000 47,56, 4 

62,77 

1100 42,53, 3 
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A:~mnnTy.n;nhllt aua.rrH3 )l;JIH np-pacceHHHH II03BOJIHCT orrpe.n;enHTh aMIIJinTy.n;hl )J;JIH 

I = 0. )J,rm .n;auHbiX Tkin n c.q.M. yrna paccesuHH, aMrrJinTy)J;hl c I = 0 :IIO)KHO rrony'lHTh, 
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t1 

HCITOJib3YH COOTHOIUeHHe 

Amp (I= O) = 2 Amp (np)- Amp (pp) , {Al.24) 

eCJIH aMnJIHTY,D;bi ,c I = 1 H3BeCTHbl H3 pp-pacceHHHH. 9To ypasnenHe Bepno rrp11 Tex 
yrJiax, r.n;e aM:nJIHTY,D;hl np pacceHHHH orrpe,n;eJieHbl. <I>aKTop 2 B <f>opMyne (Al.24) oona
'laeT, 'ITO aMnJIHTy,D.hi c I = 0, soo6~e roBopH, onpe,n;eJIHIOTCH xy)Ke, '!eM aMrrJIHTY)J.bi 
c I = 1, eCJIH crrHHOBhle na6JIIO,n;aeMble pp- n: np-pacceHHHH H3MepeHbl c o,n;n:HaKoBoti 
TO'IHOCTbiO. 

4. 3aKJIIO'IeHHe 

B n;enoM, na6niO,n;aeTCH npesocxo,D;noe cornacHe Me)K,D;y aHaJIH3aMH DR.SA H PSA 
(eM. IIpHJIO)KeHn:e A3), ecn11 TOJibKO o6a onn: BbiiiOJIHeHbi na O,IJ;Hoit 11 Toti )Ke 6a3e, 
.n;annhlx. He.n;ocTaTOK DR.SA-rro.n;xo.n;a no cpasnenHIO c Mero,n;oM PSA cocTOHT B TOM, 
'ITO 60JibiUaH 'lacTb BXO,D;HbiX ,D;aHHbiX TepHeTCH. 9TO Bbi3BaHO TeM, 'ITO MO,D;eJibH~ 
He3aBHCHMblti aMIIJIHTY,D;Hblil: aHaJIH3 MO)KeT 6b1Tb BbiiTOJIHeH B O,D;HO If TO )Ke BpeM.H 
TOJibKO rrpH O,D;HOM yrJie H O,D;HOil: 3HeprHH1 IIpH'IeM TOJibKO IIpH Tex, IIpH KOTOpbiX 
cy~eCTByeT IIOJIHbiit Ha6op Ha6JIIO,D;ae~fbiX. • 
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A2: np-nepe3ap»,n;Ka H DRSA ,n;JI.H 
COCTO»HHH C 1==0 

Bse,D;eHHe 

B aTOM IIpiiJIO)KeHIIII o6cyp;IIM DRBA p;JIH np-pacceHHIIH TaK *e, KaK 11 peKOH
cTpyKJJ,IfiO aMIIJIIITYA pacceHHIIH c I = 0. HarroMHHM, 'ITO IIMeeTcH 6ecKouequoe 'lHCJIO 
pa3JIII'lHbiX rrpep;CTaBJieHHit aMITJIIITJ)I; II BCe 01111 B3aHMHO JIHHeitHO 3aBHCHMbl. 9TO 
o3Ha'laeT, 'ITO nee rrpep;cTaBJieHHH cTporo aKBHBaJieHTHhl. 8hl6op Toro IIJIII IIIIOI'O rrpep;
nO'lHTaeMoro npep;CTaBJieHHH 3aBIICIIT TOJlbKO OT KOHD;eTIJJ,Ifll p;aHHOrO KOHKpeTHOrO 3KC
rrep11MeHTa II OT COOTBeTCTBYIOID;eit 3KCnep11MeHTaJibHOit ycTaHOBKII. 

Pa3JIII'lHble npep;cTaBJieHIIH aMIIJIIITYA 3KBHBaJieHTHbl TaK)f{e II no OTHOni:eHIIlO K 
Bb16opy 6a3HCHblX BeKTOpOB. 9KcnepHMe;ITaTOp CB06op;eif B TOM, KaKyiO 113 'lacTHU. 
KOHe•moro COCTOHHIISI Ha3biBaTb "pacCeHHHOit", a KaKYlO- "'laCTIIu;eit OT)J;a'lll", paBHO 
KaK H B TOM, KaKOit IIMeHHO yrOJI 113 BCCX B03M0)f{HblX yrJIOB Me)K)J;y 3-BeKTOpa\>IH 
HMilYJibCOB 'laCTHU. Ha'JaJibllOrO H KOHe'IHOrO COCTOHHHit Ha3biBaTb "yrJIOM pacceHHHH". 

13 IIpiiJIO)KeHHH A1 6b1Jlo nOKa3aHo, 'ITO DRBA 3KBHBaJieHTeH peKoHCTPYKU.HH acex 
25 JIHHe:liHO He3aBHCHMblX 3KCilep11MeHTOB (113MepHeMbiX Ha6Jirop;aeMbiX) 113 IIOJIHOrO 
nop;MHO)I(eCTBa BCero JIHIDh 18 aKcnep'liMeHTOB. B npep;noJIO)KeHIIII o TOM, 'ITO ace oc
HOBHbie 3aKOHbl COXpaHCHIISI BbiiiOJIHHlOTCH,. 3TOT IIOJIHbl:it ua6op Il03BOJJSieT .BOCCTa
HOBHTb .ace·128 'lHCTbiX, .HCHC'le3aiOID;IIX, ua6mop;aeMhlX II JIJ06yro .HX HpOH3BOJibiiYIO 
KOM6HHaD;HJO. JIIo6aH ua6JIJO)J;aCMaSI 6yp;eT Bblpa:lKeHa' O,ll;H03Ha'IHO 'Iepe3 BeJIH'lHHbl, 
COp;ep~ID;IICCH B HOJIHOM. ua6ope, HC3aBIICHMO OT aMHJIIITY)I;llOrO npep;CTaBJieHHH. 

C<l>opMynuponaHH&Ie JTBCP*ACHHH O'leBII)J;Hbl, uo BCTpe'laJOTCH tPII3HKII, yTaep
)K)I;aioru;He, 'ITO 'lHCJieHHbJe 3Ha'lCHIIH O.D;HHX II TCX _)l(e ua6mop;aeMbiX, 6yp;y'lH Bbl'lHC
JlCHHbiMH '1Cpe3 a\-IIIJIIITY)I;bl ynpyroro paCCCSIHHH, OTJIH'laiOTCH OT 3Ha'lCHnti, Bbl'lHC
JICHHblX C HCIIOJib30BaHIICM T. H. aMilJIHTY)J; ynpyroil nepe3apH)J;KII (CE). 9TO B KOpne 
npoTunope•mT <l>enoMeuonomu ynpyroro N N -paccesmtH. Op;Hofi n3 npn'lHH yKa3an

. HOrO HCI1pop;y~1aHHOI'O JTBCp)K)I;eHIIH SIBJIHeTCSI HeiiOJlHOC onpep;eJIC!IUe HCilOJib3yeMO:it 
·q,OpMbi MaTpHD;bl paCCCHHHH H (HJIH) CHCTeMbl6a3HCHblX BCKTOpoB. 8 3TOilCmi3H HC06-
XO)J;H~f0 HallOMHHTb, 'ITO 3KCnepHMCHTaJibHO H3)v!epHC~IJ,Je BC.TJH'IHI!bl, CBSI3allllbJe C pac
CCHHHOti 'laCTHlWfi H 'laCTHU.Cfi OTp;a•m, pa3JIIf'IHbl, HO 06bi'IHO Bblpa)l(aiOTCH <l>YHKU.lf-
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HMH O)J;HOrO H TOrO )f(C yrJia pacceHHHH B CHCTeMe I{CHTpa MaCe _{C.I{.M.). 

3.n;ech cnoBa 6y.n;eT HcnoJib30BaTbC.H noJIHhlA NN-<l>opMaJIH3M .LVI.H ynpyroro pac

ce.HHHH (eM. pa6ozy [1], cchlJIKa na Koropyro .n;aerc» KaK (BLW]). B pa3.n;ene 2 .n;aroT

c» COOTHOIIICHHH npeo6pa30BaHHH Me)f()l;y npe,n;CTaBJieHHHMH "ynpyrOI'O pacce.HHHH" 

H "nepe3aps.n;Kn:" ,LVIH aMTIJIHzy.n;. B Ka<JeCTBe npHMepa B nynKTax A n: B rrpH Hc

rroJib30BaHHR rrpe.n;CTaBJieHHH HHBapn:aHTHhlX aMUJllfTY)J; (BLW) Bhl'llfCJIHJOTCH CIJHHo

B03aBHCHMble H CUHII()BOHe3aBHCHMbiC qaCTH ynpyroro )I;H<P<l>epeHI{HaJibHOrO Ce<JeHH.H 

np-pacceHHH.H (dufdrl.)np npH OcM = 1r. Bhi<JHCJieHHH BhiUOJIHeHhl OT)J;eJihHO,LVIH pacce

HHHoro neATpona (np--+ .np) H OT,n;eJibHO- ,LVIH nporona OT)J;a<JH (np--+ pn). O.n;nn: H Te 

>Ke BeJIH<JHHhl Bhlpa)f(aiOTC.H KaK <l>YHKI{Hn: ·· aMnJIHTy.n; Jllf6o KaK KOM6HHai{HH <JHCTMX 

3KCrrepHMCHTOB B TCpMHHax pa60Tbl (BLW). 

B nynKTax C H D HCIIOJib3YJOTCH npe.n;cTaBJieHHH CE .LVI» HHBapHanTnhlx aMnJIHTy~. 
B nHx c.u;.M. yron HBJIHeTCH corrpa>KennhlM K npe.n;hl.n;yll{eMy onpe.n;eneHHJO c.u;.M. yrna. 

BH.n;no, 'ITO .LVIH coOTBeTCTBYJOII{HX Ha6nro.n;aeMbiX pe3yJibTaThl He 3aBHCHT OT npe.n;

CTaBJienHH aMTIJIHTy.n;. Bo3HHKaJOII{He B CE H3MeneHHH 3HaKOB HJIH Ha3BaHHR neKOTo

phlx na6nro.n;aeMbiX paccMoTpeHhl B nynKTe E. If3MeneHHH CBH3aHbT TOJibKO c Bbl6opoM 

6a3HCIIbiX BeKTOpOB ITpH HCITOJib30BaUHH TOrO HJIH HHOro.npe,n;CTaBJieHHH. 

Ilpe.n;CTaBJienHbTe npHMephl Bhl6panhl He CJiyqallHo. PaccMOTpenHaa na6nro.n;aeMas 

HBJI.HeTC.H O)I;HOR H3 Tex, KOTOpble MOryT 6blTb HCITOJib30BaHhl ,LVIH. yMeHbiiieHH.H B03-

M0)f(HblX neonpe.n;enenHOCTeR B 3HaKax rrpH npoBe.n;eHHH DRSA o6II{ero np-ynpyrom 

pacce.HHHH B nanpaBJieHHHX "arrepe.n;" H "na3a.n;" (eM. naparpa<l> 4 3Toro IlpHJIO)f(eHHH). 

BbT6op rro)J;XO)J;HII{HX na6nro.n;aeMhlX ,LVIH 3TOR neJIH .n;ocTaTO'IHO orpann:<Jen. 

,li;H<l><l>epeHu;Hanhnoe ceqenHe np --+ np pacceaHHH ( du / df'l. )np MO)f(HO pa3.n;eJIHTh na 

"crrHHOBOHe3aBHCRMYJO" 'lacTh (SJ) H "CIIHHOB03aBHCHMYIO" (SD) <JaCTb: 

(dufdrl.)np = (du/dfl.)~! + (du/dfl.)~~ . (.,42.1) 

HH O)J;HO H3 )J;Byx CJiaraeMblX B npaBO:Il <JaCTH (A2.1) He MO)f(eT 6biTb H3MepeHO na 

npaKTHKe ITO OT)J;eJihHOCTH. C .n;pyrofi CTOpOHbi, B pa60Tax (2]-(4] 6blJIO npe)J;CKa3aHO, 

'ITO (Sfl)-BKJia)l; IIpOIIOpi{HOHaJieH JierKO H3MepaeMOMY )J;H<l><l>epeHI{HaJibHOMy ceqe

HHJO peaKI{HH nd--+ (nn) + p, KOr)l;a o6a HeitTpona npaKTn:qeCKH IIOKOHTC.H. 

Cne.n;ys MaTeMaTH<JeCKOMY <l>opMaJIH3My, pa3BHTOMY B pa60Tax [5]-[7J (KOTOpbTe 

3.n;ecb ne o6cy)f(.n;aroTcs), .n;H<l><l>epenu;HaJihHoe ce<JeHHe peaKI{HH nd--+ (nn) + p MO>Kno 

3aiiHCaTh B HMITYJibCHOM IlpH6JIH>KeHHH (IA) KaK 
¢ 

(dujdf!)nd = [1- F](dufdrl.)~! + [1- (1/3)F](dujdf'l.)~~. (A2.2) 

3.n;ecb F ecTb <l>opM<l>aKTOp ,n;eRTpoHa, paBHhiR e)I;HHHI{e B narrpaBJieHHH "Ha3a.n;" [8J. 
fiepBbill <JJieH B npaBOH 'laCTH (A2.2) HC'fe3aeT, H ,LVIH )J;H<l><l>epeHI{HaJibHOrO ceqeHUH 

rrpH OcM = 1r 3Ta TeOpHH .n;aeT 

(dujdrl.)nd = (2/3)(dujdf'l.)~~. (A2.3) 

.ll:aiurhlft pe3yJibTaT H ero CJie)J;CTBHH HCII0Jih3YJOTCH B rraparpa<l>e 2. 
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PeaKUHH nd --+. (nn) + p B nanpaBJieHHH . BhlJieTa neRTpoHa "naJa.n;" 6hlna He,n;aB- : 

ao HCCJie.n;oBaHa B ,n;eTaJIHX JierapoM H BHJIKHHhiM B CTaTbe [9]. li3 3TOR pa60Thi, a 

TaK)f(C H3 CTaThH (BLW) 3)1;eCb 6y,n;yT HCITOJib30BaHhl HCKOTOpble COOTHOIIIeHHH )I;JIH 

Bblpa>KeHHH pg,n;a KOM6HHai{Hfi aMTIJIHTY)J; '1Cpe3 "'IHCTble" aa6Jiro,n;aeMble. 

B IlpHJIO)f(eHHH AI no,n;qepKHBaJIOCh, 'ITO cooTaomeHHH yrnoBoA CHMMeTpHH (<l>op

MyJia {2.5) B (BLW]) cnpaBe,LVIHBhl ,LVIH 'IHCTbiX H30CIIHHOBhiX COCTOHHHR. ToJibKO B 

3
THX COCTOHHHHX MO)f(HO COBMeCTHO aHaJIH3HpOBaTh ,n;aHHble, nOJiy'leHHble npH COUpH

)f(eHHbiX yrJiax. B naparpa<l>ax 3 H 4 IIOKa3aHhl. yCJIOBHH, KOTOpble II03BOJIHJOT pacmH

pHTh B03MO>KIIOCTh TaKOro COBMCCTHOro aHaJIH3a Ha ynpyroe np-pacCeHHHe. 

2. Ynpyroe paccemme H ynpyras~ nepe3aps,u;Ka 

HanoMHHM, 'ITO MaTpHI{hl Mo H M 1 B <PopMynax (2.5) B (BLW] onpe,n;eneahl npH 

sbl6ope 6aJHCHhiX BeKTopos cornacno <l>opMynii.M (2.2) pa6oTh1 (BLW]. BeKTop k1 
JIC)f(HT B)J;OJih nanpaBJieHH!I pacceannoR qaCTHI{hl, KOTopas rrepBona•IaJihHO (,n;o B3aH

Mo.n;eitCTBHH) 6hlna qacran;eR ny<JKa. B 3TOM CJiyqae MaTpHn;y M(np --+ np) CJie,n;yeT 

IIOHHMaTh KaK MaTpHD;Y pacce.HHHH )I;JIH pacceHHHOA <JaCTHI{bl (HefiTpoHa), a MaTpHD;Y 

M(np--+ pn) KaK MaTpHn;y .LVI» 'lacTHD;hl oT,n;a<JH (npOToHa-MHmeHH). 06e MaTpHUbi 

co,n;ep>KaT O)J;HH H Te )f(e aMIIJIHzy)J;hl ao, bo, Co, do, eo Hal> bl> Ct. dt. e1 COOTBeTCTBeH
HO. qTO KacaeTC.H yrna pacceRHHH OcM B c.n;.M. )I;JIH ynpyroro np-B3aHMo.n;eltcTBHH,.To 

IIO)J; HHM IIOHHMaeTC.H yrOJI Me:>K,Izy HanpaBJieHHHMH HMITYJibCa Ha'laJibHOrO (ny'fKOBOI'O) 

He:itTpoHa H HMnyJibca BhiJieTaJOII{ero (pacceRHHoro) He:itTpona. QqeaH,n;HO, 'ITO 3Kcne

PIIMCHTaJihHO na6nro,n;aeMhle BeJIH'IHHhl npii o,n;noM H TOM >Ke OcM )I;JIH pacceaHnolt 

'faCTHI{hl H qacTHI{bl OT)J;a'IH pa3JIH'IaJOTCH. 

ECJIH B3aHMHO nepecTaBHTb KOIIC<JHble 'laCTHI{hl TaK, 'ITO yroJI pacce.HHHH B C.I{.M. 

6y,n;eT yrJIOM MC)f()l;y Ha<JaJibHbiM neltTpOHOM H BblJieTaiOII{HM IlpOTOHOM MHilleHH, TO 

nony'fHM cacreMy ynpyrolt rrepe3apR.n;KH (CE). BaJHCHhie c.u;.M. BeKTOphl rrpH noM 

06hi<JIIO H3MeHHJOTC.H COrJiacHO 

n == -neE ' l = -mcE ' m := - ~E . (A2.4) 

Ilocne 3Toro, MaTpHn;y M(np --+ pn) Ha3hlBaroT. "MaTpHu;elt ynpyroR nepe3apR,n;KH" 

(CE), KOTopaH HMeeT TOT )f(e caMhiR BH)I;, <JTO H MaTpHI~a yrrpyroro paccesHHH, HO 

,n;pyroR yrOJI paccesnHH H ,n;pyrHe (CE) aMrrJIHTY)J;hl. B CE-cHCTeMe seKTOp k~E 03Ha

<JaeT Terrepb HarrpaBJieHHe BbiJieTaiOII{elt • <JaCTHD;hl MHlleHH, a yrOJI pacceHHHSI eCTh 

ncM = 1r- OcM· MaTpHD;hl pacceRHHH· Terreph 6y.n;yT M~E H MfE H 6y,n;yT co,n;ep

>KaTh aMTIJIHTY)J;hl ~E, b~E, c:gE, ~E, ~E H afE, bfE, cfE, dfE; efE COOTBeTCTBCHHO: 

HanpaBJieHHH "Bnepe,n;" H "Ha3a.n;" )I;Jl.H ynpyroro pacceanHH H ynpyroR nepe3apa.n;KH 

B3aHMHO rrpOTHBOITOJIO)f(Hhl. CooTnomeHHH )I;JIH M(np --+ np) H ,LVIH M(np --+ pn) 

B3aHMHO MeHHIOTCH. 

CoOTnomenu.H npeo6pa30BaHHH Me:>K,Izy yrrpyruM pacceHHHeM H ynpyrolt rrepe-

3apa,n;Koll B npe,n;CTaBJieHHH HHBapHaHTHhlX aJ.m.iJHTY)J; IIpOCTbl. fipHMeHHB ypaane

HHe (2.5) H COOTHOliiCHHH CHMMeTpHH H3 Ta6JI. 2.1 B (BLW), CB.H3b aMIIJIH'cy)J; np .zt.'IH 
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•racTH~hl OT,n:a<rH (n HameM CJiy<rae- npOToHa) H CE aMnJIHTy,n: npH acM = 1r- BcM 
MO:lKHO 3aiJHCaTb TaK: 

anp--opn(acM) = -al (1r- BcM)- ao(7r- BcM) = -anp-np (BcM) , 

bnp--opn(acM) = -Ct(7r- BCM)- Co(7r- BcM) = -c"p--onp(BcM), 

c"P"-'Pn(acM) = -bt(7r- BcM)- bo(7r- BcM) = -bnp--onp(BcM), 

cf'P"-'Pn(acM) = +dt(7r- BcM) + do(7r- BcM) = +d"p--on~ (BcM) , 

enp--opn(acM) = +et(7r- BcM) +eo( 'If- BcM) = +enp-+np (BcM) • 

{A2.5a) 

(A2.5b) 

(A2.5c) 

{A2.5d) 

(A2.5e) 

Cne.n:yto~He ,n:aJiee <reThrpe npuMepa npHne,n:eHbJ .n:mr rro.n:po6Horo pa31>HCHemur CKa
Jannoro Bhi111e. 

A. Bbi'IHCJIHM HeKOTopyro BeJIH'IHHy Tnp--onp {BcM = 1r) ,n:JIH pacceHHHhiX <raCTH~, 
T. e . .n:nn HeitTponon. B pe3yJihTaTe nony<rHM 3To nwpa:>KenHe KaK cpyHK~HIO aMnJIHTy,n: 

ynpyroro pacCeHHHH, a TaK:>Ke - KaK KOM6rma~HIO JUIHeihiO He3aBHCHMbTX lf3)..1epHeMhiX 

BeJIH'IlfH. IJpH HCIJOJib30BaHHH cpopMaJIJf3Ma (BLW) BeJIH'IHHa Tnp--onp (8cM = 1r) 6y,n:eT 
cpynK~efi napaMeTpon .n:enomrpH3~HH. 

B. Hait,n:eM na6mo.n:aeMyiO Rr,p-+pn(BcM = 1r) .ll:JI.si <raCTH~ OT,n:a•m (npoTOnon), Bhi
pa:>Kennyro n TepMHHax aMnJIHTY.lJ: ynpyroro pacceHHHH. 3aTeM rrony<rHM TO :>Ke caMoe 

Bbipa:>KeHHe KaK cpyHK~HIO JIHHeHHO He3aBHCHMbiX H3MepneMbiX BeJIH'IHHj B ,n:aHIIOM 

cny<rae 3TO 6y.n:yT napa'l1eTphT rrepe,n:a<rH IIOJIHpH3a~mt:. BenH<rHna Rr,p--opn(BcM = 1r) 
6y,n:eT OTJIH<raThCH OT Tnp--onp(BcM = 1r), onpe,n:enennoit n npHMepe A. ITo,n;<repKneM, 

<rTo apryMenT 3THX Bhlpa:>Ketmfi, T. e. yron pacceHHHH, o,n:Hn H TOT :>Ke, T. e. OcM· 

C. Bhr<rHCJIHM, KaK u n npHMepe A, neJIH'Irmy r~:..np(acM = 0) B CE-cHcTeMe 
.n:nn BhiJieTaiO~Hx nefiTpouon. HanOMHHM, 'ITO Teneph, B CE-cHCTeMe, <raCTH~hi ';>T.lJ:a'IH 
eCTb Te 'laCTH~hi, KOTOpbie C'IHTaJIHCb pacce.siHHhlMH B "CHCTeMe ynpyroro pacce.siHH.si". 

On.siTh, nony<rHM BhTpa)KeHHe .ll:JIH r~:..np (acM = 0) KaK cpyuK~HIO CE-aMnJinTy,n; 
aCE, beE, CCE, deE, eCE. 3aTeM IlOJiy<rHM BhTpa)KeJ!He .lJ:JlH r~;:-mp(acM = 0) CIIOBa, 

no KaK cpynK~Hio napaMeTpon .n:enon.sipH3a~HH. By,n;eT ITOKa3ano, <rTo ynpyran nepe-

3ap.si,n:Ka ,n:JI.ff •raCTH~ OT,n:aqH H ynpyroe paccemme ,n:JI.ff pacce.sinHhiX <raCTH~ .n:aroT 

r~:..np (ac.M = 0) = Tnp-+np (BcM = 1r). ITo,n:qepKHeM, 'ITO pmyJihTaT, nonyqennhrii B 
nynKTe C, ,n:OJI)KeH cpanHnnaThCH c pe3yJihTaTOM H3 nynKTa A. 

D. Bbr<rncJIHM, KaK H n npHMepe B, nenn<rrmy R~:-pn(acM = 0) n CE-cHcTeMe .ll:JIH 

BhiJieTaiO~Hx npoTonon. Yron {acM = 0) J,n:ech TOT )Ke caMwtt, <rTo n nynKTe C .. Ha
ITOMHHM, 'ITO Terre ph, B CE-cHCTel\m, pacceHHHhTe <raCTH~bi eCTb Te, KOTOphTe C'IHTaJIHCb 

<raCTH~al\m oT,n:a<rH B "CHCTeMe ynpyroro paccenHH.si". On.siTh, rrony<rnM Bhlpa)Ketme 
A-'IH R;;:_pn(acM = 0) KaK cpynK~HIO CE-aMnJIHTy,n; acE, beE, ccE, deE, eCE .ll:JI.si pac

ceHHHhiX <raCTH~ n CE-cHcTeMe. ITony<rHM TaK)Ke Bhlpa)Kenne ,n:JIH R~:-pn(acM = 0) 
1) n TepMnnax napa,.,IeTpon nepe,n:aqn ITO.'IHpH3a~HH. By,n:eT npo,n:eMoncTpnponano, <rTo 

ynpyraH nepe3ap.si,n;Ka ,n:JIH pacce.siHHhiX qacTn~ H ynpyroe paccennHe .n:nn <racrn~ OT

,n;aqn .n:aroT R~:-pn(acM = 0) = Rr,p--opn(BcM = 1r). ITo,n:<repKHeM, <rTo pe3yJihTaT, rrony
'rennhrtt n rryiiKTe D, ,n:oJI)KeH cpamnmaTbCH c pe3yJihTaTOM H3 rrynKTa B. 
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· E. B "JaKJIIO<renne aToro paccMOTpeHH.si IIOKa:>KeM, KaK MeHHIOTc.il 'aKcrrepHMeHTaJih
HI>Ie BMH'IHHhl, eCJIH .BMeCTO "CHCTeMbi yrrpyroro pacceHHHH". HCIIOJib3yeTC.H "CHCreMa 
ynpyrott nepe3apH.lJ:KH", T. e. CE-eHCTeMa. · 

A. rnp-+np(BcM) ,D;JUI ynpyro pacce.IIHHhiX HeATPOHOB 

)l;Hcpcpepen~anhHbie ce<reHH.si yrrpyroro np-pacce.siHH.si npH o,n:HOM n TOM )Ke yrne 

pacce.siHH.si BcM ,n:nH o6eHx peaK~Hfi np-+ np H np-+ pn o.zumaKosw H pannw' [BLW): 

• 1( ) dO. = 2 lal
2 

+ IW + lcl
2 

+ ldl
2 

+ lel
2 

• {A2.6) 

Bwpa:>KeHHe ,n:JI.ff He 3aBHC~efi OT CIIHHOBbiX nepeMeHHhiX (SJ) <raCTH ,n:H<f>cpepeH
~lfaJibHOI'O Ce<reHH.ff yrrpyroro B3aHMO,n:elicTBH.ff IIpH JII060M yme HMeeT BH.lJ: 

(
du)SI(r) 1 . 

. dO. = 4la+W. ,, np--onp .. (A2.7) 

Bw<rnTa~ (dufdO.)~{thp H3 ypanHeHHH (A2.6), rrony<raeM 3aBHC.Hnzyro OT cnnnonhtx 

rrepeMeHnwx (SD) <raCTh ynpyroro .n:n<P<f>epeH~HaJibHoro ce<rennH (dufdO.)~{!J:'JP. Ee 
BH.lJ: TO)Ke He 3aBHCHT OT yrJia pacce.siHHH. 

B3.siB aMIIJIHTy,n:w ynpyroro pacceHHHH B HarrpaBJieHHH "Ha3a,n:" (rrpH BcM = 1r), 
HMeeM .ll:JIH OTH0111eHHH He 3aBHCH~efi Or CIIHHOBbiX nepeMeHHbiX (SJ) .:iaCTH yrrpyroro 
,n;n<fJ<i>epeH~HMbliOI'O Ce<reHHll K Ce<reHHIO (A2.6) npH TOM )Ke yrne, T. e. BeJIH'IHHbl 
r~f,_np ((JCM = 7r), KaK cpynK~Hlf aMIJJIHTy,n:: . , ' 

1 2 
2 41a+bl 

r~:-np( 7r) = 3 X -1---'"-------

2(1al2 + IW + lcl
2 + ldl

2
) 

(A2.8) 

3,n:ecb H ,n:anee HOpMHpyiO~Hft MHO)KlfTeJib 2/3 B3HT lf3 cpOpMyJihl (A2.3) ,n:JIH TQ

ro, <rTo6w cpannHnaTh ,n;aHHhle no peaK~HH nd -+ (nn) + p H ,n:aHnhre no ynpyroMy 

np-pacce.HHHIO. )l;JIH OTHOIDeHHH 3aBHCH~efi OT CITHHOBbiX nepeMeHHbiX (SD) <raCTH 

ynpyroro ,n:H<P¢epeH~Hanhnoro ce<reHrui K ce<reHHIO (A2.6) npH TOM :>Ke yrne, T. e. ,n:n.H 
BeJIH'IHHhl Tnp--onp (8cM = 1r), ITOJiy<raeM: 

!Ia _ W + ~(lcl2 + ldl2
) 

2 44~ _ _.:_...:___~ 
Tnp--onp(7r) = 3 X ~(lal2 + IW + lcl2 + ldl2) 

(A2.9) 

Tenepb ITOKa:>KeM, KaK MO)KHO 3aiTHCaTb COOTH0111eHHH (A2.8) H (A2.9) B cpopMe 

<f>ynK~Hit OT JIHHeiiHO He3aBHCHMbiX H3MepHeMbiX BeJIH'IHH. )l;JIH 3TOit ~eJIH npOCTeit
IiiYIO B03MO)KHOCTb ,n:aiOT napa'vieTphr .n:enOJI.Hp»3a~H. Hcrronb3yH o6o3Ha<renH.H Xsrbt 
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J<aK . B na6opaTOpHOA, T8.K K B C.~M. CKCTeMax (KHJJ;CKCbl OTHOCHTCH K pacceHHHOA 
'lacTHIJ.C, 'lacTHJJ.C OTJJ;a'IK, ny'IKOBOA 'lacTKJJ,e-cHapsp;y K 'laCTKU.e-MKIIICHH COOTBeT
CTB~lHHO) DOJiy'laCM (cM.{BLW)) JiH60 TeH30p JJ;CDOJIHpH3aJJ.HH JI,JIH UOJIHpH30BaHHOI"O 

ny'IJ<a du 1 . 
dflD.oi>O = 4Tr Ut. M O"lb M+ , (A2.10a) 

JIHOO TeH30p p.eDOJIHpH3aJJ,HK JI,JIH DOJIHpH30BaHHOA MKIDCHH ( CM. nepe'ICHb Ha6mop;a

eMbiX B2 HJIH C3 B (BLW)) 

du 1 + 
d.D.D0r0t = 4Tr u2r M u2t M • (A2.10b) 

COOTHomeHKH (A.10a) K (A2.10b) B3aKMHO 3aBHCKMble. 

cilopMyJia (A2.10a) ODHCbiBaeT 3KCDCpHMCHTbl, rp;e DOJIHpH30BaHHbiA HeATpOHHblit 
DY'JOK pacceHBaeTal Ha HCDOJISipH30BaHHOA DpOTOHHOA MKIDCHH. IloJI.HpH3aJJ,HH BbiJie
TaiOIIJ.HX HCATpOHOB KOHC'IHOrO COCTOHHKH JJ;OJilKHa H3MepHTbCH BO BTOpoM (aHaJIH3H
pylOIIJ.CM) paccesHHH. IlpH yrne pacce.HHHH BcM = 1T KHHeTH'IeCKaH 3HeprHH paccesiH
HOro HeATpoHa B na6opaTopHOA cHcreMe paBHa ayn10. Ilo3TOMY aa6mo.u;aeMble Ds<lb0(1r) 
OCTalOTal HC.DO,!J,ll.alOIIJ.HMHCSI H3MepeHKHM B ODbiTalC C <i>HKCHJlbBaHHOit (HeDOJJ;BH)KHOA 

B na6opaTOpHOit CHCTCMC) MHillCHblO. 

cilopMyJia (A2.10b) ODKCbiBaeT 3KCDCpHMCHTbl, rp;e HCDOJIHpK30BaHHblA Helt~pOH
Hblit ny'IOK pacCCKBaeTal Ha DOJIHpH30BaHHOA npOTOHHOA MHIDCHK H DOJIHpH3aiJ.HH Bbl
JieTaioiiJ.HX DpOTOHOB KOHC'IHOrO COCTO.HHKH K3MCpHeTal no BTOpOM pacceHHHK. 9Hep
rHH DpOTOHOB OTJJ;a'IH npK TOM )KC C3MOM yrJie paCCCHHHH 8cM = 1T npaKTH'ICCKH 
pasHa 3HeprHH Ha'laJibHbiX HeATpoaos 1:1 aa6JI10.u;aeMblC TeH30pbl DGrOt HBJIHlOTCH, B 

npHHIJ.HDC, H3MCpHMbiMH. 

,[J.nH napaMCTpoB p;enOJIHpH3aJJ,HH, DOMC'ICHHblX B na6opaTOpHOA CHCTCMC, npH 

8cM = 1T HMCCM ' 

+ (~) DnOnO = + (~) D0n0n = ~(1al2 + IW -lcl
2 
-ldl

2
), 

+ (~) D~c'osO = + (:~) D0s·o4 = + Rea*b - Rec*d, 

- (~) Datoko = + (~) Dok"olc = + Rea*b + Rec*d. 

IlpHHHMaH BO BHHMaHHC, 'ITO 

a{O) - b(O) = c(O) + d(O) , e(O) = 0 , 

a(1r)- b(1r) = c(1r)- d('rr) , e{1r) = 0 , 

noJiy'laeM Dlc'IJ80{1T) = Do4·o.(7r) = Danon(1T). 

84 

(A2.1la) 

(A2.1lb) 

(A2.1lc) 

(A2.12a) 

(A2.12b) 

,' 

' '~ 
r 
l 

(: 

I 
l 

,llJIH napaMeTpOB JJ;CDOJISipH3aiJ.HH, DOMC'ICHHblX B C.IJ..M. CHCTCMC, B HanpaBJieHHH 
"Ha3aJJ;" HMCCM 

Droro = Dotot = Dlc'Oso = ·Do4"04 = DnOnO = Danan , 

Dm!JmO = D0m0m = -Ds'OkO = Do~"Ok • 

BhipaJHM r~; (1r) H rnp-+np (1r) '1Cpe3 napaMeTpbl .u;enonspH3aiJ.HH: 

Sl 1 . 
r np(1r) = 6{1 + 2Denon{1T) + Dok"olc{1T)) , 

(A2.13a) 

(A2.13b) 

{A2.14) 

1 
Tn-np(1T} = 6(3- 2Denon{1T}- Dok"ok{1T)) • (A2.15) 

Op;HaKO, c10.u;a MO)KHO TaK)Ke no.u;craBHTh 3KBHBaJICHTHhie aa6JI10.u;aeMhie H3 <l>op
MYJI (A2.13a,h). B <l>opMynax (A2.14} H lA2.15) see senH'I~Hbl HBJIHlOTcH 'IHCThiMH 
Ha6JI10p;aCMbiMH. 

B. R,.,_pn(OcM) .U.JIK upoTOHOB OT.JJ.a'IH npH ynpyroM paccesHHH 

A.'dDJIHTYJJ;hl JI,JIH nepexop;a K 'lacTHIJ;aM OTJJ;a'l~ (npOTOHaM) p;alOTCH <l>opMyJia
MH (A2.5a-e). 0HH DOJIY'ICHbl H3 MaTpHIJ.hi M(np--+ pn) H COOTHOIDCHHA CHMMCTpRH 
H3 Ta6JI. 2.1 (BLW). IlpH yrne paCCCHHHH 8cM, BCerp;a onpep;eJIHCMOM paCCCHHHblMH 
'lacTHIJ.aMH, TO CCTb HCATpOHaMH, MaTpHu;a ynpyroro paCCCHHHH JI,JlH 'laCTHIJ;bl OTJJ;a'IH 
BblrJIHJJ;HT TaK: 

M(kfo ki) = ~ [- (a+ c) - (a-;- c) (u-11 n)(u-2, n) - (b- d}(ult i)(u-2, £)-

- (b + d)(ult m)(u-2, m) + e(u-1 + u-2, n)] . (A2.16) 

KaK OTMC'IaJIOCb Bhiiiie, JJ;Rql<l>epeHIJ;HMbHOe CC'ICHHC (<l>opMyJia (A2.6)} OCTaeTCH TeM 
)l(e caMhiM. CBH3hiBaH see Ha6n10p;aeMbie c yrnoM BhiJieTa pacceHHHoA 'laCTHIJ.bi (Hefi
Tpmm) H npHHHB BO BHHMaHHe onpep;eJICHHC 6aJHCHbiX BCKTOpOB COrJiaCHO <l>opMy
JIC (2.2) H3 (BLW], MO)KHO ysHp;eTh, 'ITO Sl-'lnen .u;mr aMIIJIHTYA •racTHIJ;hi oTp;a'IR 
6yp;eT -(a+c}/2 H T . .u;. (scer.u;a npH yme paccesmur 8cM)· ci>opMyJihi (A2.8) H (A2.9) 
JI,JlSI npOTOHOB OTJJ;a'JH npHMYT BHJJ; 

1 2 
· -la+cl 

Sl 2 4 
Rnp.,.+pn(8cM = 1r) = 3 X -:-

1
---------

2 (ia1
2 

+ lbl
2 

+ lcl
2 

+ ldl
2
) 

(A2.17) 

IlpHHHMaH BO BHHMaHHe ypaBHCHHC (A2.12), JI,JIH R.,P-pn(8cM = 1r) DOJiy'laeM 

.!Ia- cl2 + ~(IW + ld12) 
2 ~4 __ --=.....:....__---::\ 

Rn_pn(8cM = 7r) = 3 x ~(1al2 + IW + lcl2 + ld12) 
(A2.18) 
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Bee a.\frrJIHTY~hi paeeeHHHH n (A2.17) u (A2.18) ~OJI)KHbJ 6b1Tb B3HThi rrpu yrne 1r. 

<DopMyJihi (A2.17) H (A2.18) MO)KHO rreperrHcaTb B TepMHHax JIHHefiHO He3aBHeHMbiX 
H3MepHeMbiX BeJIH'IHH- rrapaMeTpoB rrepe.n;a'IH nOJIHpH3arvm (eM •. TaK)Ke Orrpe~eJieHHH 

Ha6mo~aeMbiX B B3, C2 B pa60Te [BLW]). OrrHTh, HeiiOJih3YH o603Ha'leHHH x.Tbtl rrpu 
OcM = 1r HMeeM JIH6o 

:K0rb0 = ~Tr a2r M alb M+ , (A2.19) 

T. e. K03<l><l>HIJ;HeHT rrepe.n;a'IH nOJIHpH3aiJ;HH OT rry'IKa K 'laeTHIJ;e OT,!l;a'IH
1 

JIH60 

da 1 + ( ) dQKsOOt = 4Tr a1s M a2t M , A2.20 

T. e. K03¢<l>Hn;HeHT rrepe.n;a'IH IIOJIHpH3aiJ;HH OT MHilleHH K paceeHHHOlt qaeTHIJ;e. 

<J>opMyJia (A2.19) OTHOeHTeH K paeeeSIUHIO 'rrOJIHpH30BaHHOro HeltTpOHHOrO rryq- . 
Ka Ha HeiiOJIHpH30BaHHOlt IIpOTOHHOfi MH~eHH. IlOJIHpH3aiJ;HH BbiJieTa!Om;ero IIpOTOHa 

KOHe'IHOrO eoeTOHHHH H3MepHeTeH BO BTOpOM paeeeHHHH B aHamr3aTOpe. CrrHHbi rra.n;a

IOID;HX na MHIIIeHh HefiTpOHOB ~OJI)KHbf 6biTh OptreHTilpOBaHbl JIH60 rrepiielfAHKYJIHpliO, 
JIH60 IIpO~OJibliO IIO OTHOIIIeHHIO K HarrpaBJieHHIO IIY'IKa. IJOJIHpH3aiJ;HH IIpOTOHa KOHe'I

HOrO COeTOHHHH ~OJI)KHa H3MepHTbeH, eOOTBeTeTBeHH0
1 

B TeX'")Ke HarrpaBJieHHHX. IlpH 

OcM = 7r rronyqaeM rrapaMeTphi Kanno(7r) n Kok"ko(7r). B npnuu;une, o6a K03¢<l>nu;uenTa 
HBJIHIOTCH na6mo.n;aeMbiMH, H3MepHMbiMH B Jia6opaTOpHOfi eHeTeMe. 

<flopMyJia (A2.20) OTHOeHTCH K paeceHHHIO HeTIOJIHpH30BaHHOrO HefiTpOHHOro IIY'IKa 
Ha IIOJIHpH30Bafll!Ofi IIpOTOHHOlt MHllleHH, a IIOJIHpH3aiJ;HH BbiJieTaiOID;HX HeitTpOHOB KQ
He'IHOrO eOCTOHHHH ,!l;OJI)KHa 6b1Tb HaH~ena. CHHHbl IIpOTOHOB MHJ:IIeHH ,!J;OJI)KllbJ 6biTb 

OpHeHTHpOBaHbl JIH60 rreprreH,!l;HKYJIHpHO, JIHfiO IIpO,!J;OJibHO no OTHOIIIeHHIO K HanpaB
JiemriO rry'IKa, a rronHpH3an;nH HeHTpouon Kouequoro eoeTOHHHH ~OJI)KHa H3MepHTbeH n 

narrpanneunH, rreprreH.n;HKYJIHpno~' uarrpaBJienmo rry'IKa n o6oll:x cnyqaHx. IloJiy'laeM 

rrapaMeTpbi Knoan( 7r) H Ks'ook( 1r), T. e. neH3MepHMbie n na6opaTopuolt ctreTeMe, T.K. KH2 
HeTH'IeeKaH 3IIeprHH HeJiTpOHOB KOHe'IHOrO eOeTOHHHH B Jia6opaTOpHOlt etreTeMe panna 
nymo. 

IlOBTOpHH Bbi'IHCJieHIIH, II0~06Hble Tel\f 1 'ITO fibVIH IIpO,!J;eJiaHbl ~H IIOJiy'lelllfH ¢op
MyJI (A2.lla- c), ,LVIH OcM. = 1r rronyqaeM 

+ (~~) Konno=+ (~~) KnoOn = ~(1al2 -IW + jcj2 -ldl2
) , (A2.2la) 

+ (~~) Kos"so = + (:~) Kk'OOs = + Rea*c - Reb*d, (A2.2lb) 

+ (~~) Kok"ko =- (:~) Ks'OOk = + Rea*c + Reb*d. (A2.2lc) 

Y'lifThiBaH <i>opMyJiy (A2.12b), rroJiyqaeM Ko.•so(7r) = Kk'oos(7r) = Kanno(7r). 

.,Z:I;na rrapaMeTpa rrepe.n;a'llf rrOJIHproau;nn, rroMe'lennhle KOMIIOHenTa.\fn emma n 
e.u;.M., ~aiOT rrpn o.n;noM n TOM )Ke yrJie 

Kouo = Ktoot = Ko.• so = Kk'oos = Kanno = I< noon , (A2.22) 
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Kammo = Kmrom'=- K.'ook = Kok"ko. (A2.23) 

IIocne 3TOro HMeeM 

R!~pn((JCM = 1r) = ~(1 + 2Kanno(7r) + Kok"k0)(7r) , (A2.24) 

1 . 
RnP-pn(OcM = 1r) = .6(3 ~ 2Kanno(7r)- Kok•k0(7r)) •. (A2.25) 

Mo)KIIO onHTb-TaKH rro~cranHTb 3KBHBaneHTHble na6mo~aeMble H3 <l>opMyJI (A2.22)n 

(A2.23). IIo~qepKHeM 1 'ITO Rn11{7r) OTJIH'IaeTCsi OT rn11(7r). 

IJOCKOJibKY 3~eeb Be3.n;e IIOCJie~OB8TeJibHO HeTIOJib30BaJIHCb OIIpe~eJieHHH 6aaneHbiX 
BeKTOpOB H COOTHOIDeHHH npeo6p830BaHHfi, npHBe~eHHble B pa60Te (BLW}, TO B nyHK

Tax A· H B OObi'IHO He B03HHKaeT He~opaayMeHHlt. Ha6mo~aeMble B c.n;.M. H B Jia6o
paTOpHOlt eucreMe orrpe.n;eJIHIOTCH o.n;noona'liio. B cueTeMe o6o3naqenult CE eHTYau;HH 

~aMaTH'IeCKH MeHHeTeH1 eCJIH 6y~T ucrronb3onaTbeH ~yrue 6aaucuhle neKTOpbi. B 

3TOM CJiyqae MOrYT H3MeHHTbeH HeKOTOpble 3HaKH H ~a)Ke H83BaHHH Ha6JIIO~aeMbiX. 
HMeHHO rro 3TOil: rrpu'IHHe peKOMen~eTCH, no no3MO)KHOCTH, H36eraTb cucreMbi yrrpy

rolt NN-rrepe3apH~KH, )J,.nx ~eMoucrpau;uH TO)K~eCTBeHHOCTH no~xo~on "yrrpyroro 
paceeHHHH" H "ynpyrolt. rrepe3apH~KH11 

1 B ~aJibHeil:meM He 6y~ MeHHTbeH HH BeK

TOpHblil: 6aaue, HH 0603H8'1eHHH Ha6JIIO,!l;aeMbiX. 

C. r~:-.np(o:cM) ~na aeiiTpOHOB OT~a'IH B yupyroii nepe3ap~Ke 

IIeperrumeM eOOTHOIIIeHHH rrpeo6paaonaHHlt (A2.5): 

' 
aCE(ClcM) = an-pn(ClcM) =- an-np(OcM) I 

bCE(acM) = bnP-Jin(acM.) =- c"P-nP(OcM), 

CCE(ClcM) = c"P-Pn(ClcM) =- bnP-nP((JcM), 

dCE(acM) = d"P-Pn(acM) = + d"P-nP(OcM) 1 

eCE(acM) = enP-pn(ClcM) = + enP-nJI (9cM) • 

(A2.26a) 

(A2.26b) 

(A2.26c) 

(A2.26d) 

(A2.26e) 

B 3TOM cny'lae n MaTpuu;e ynpyrolt rrepe3apH,!J;KH 3aMeHHIOTCH aMrrmrTy~hr H ymonoil: 

apryMeriT: nMeCTO OcM rroHBJIHeTeH llCM· 9Ta MaTpHu;a MO)KeT 6b1Th 3arrueaua n <l>opMe 

M(k1, k;)cE =![<acE+ beE)+ (acE- beE) (uiJn)(o-21 n) + (A2.27) 
2 . . 

+(ccE + ~E)(u1 , t)(u2,l) + (ccE._ ~E)(u11 Tn)(o-2, Tn): e~E(ui + o-2, n)] . 

<I>opMyJia (A2.12b) rrpH ucrroJib30BaHHH CE a:vmJIHTy.n; H yrna CleM= 0 6y.n;eT HMeTb 

BH~ 

. , aCE(O) :- bcE_(O) =. CCE{O) + dCE(O) ' eCE(O) = 0 .. (A2.28) 
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CnaHOBOHe3aBHCHMaH 'lacTb (S/(r)) ,~~;a<P<l>epeHIUfaJibHOro ceqeHHH npH JII06oM yr
ne B CE-npe,~~;cTaBJieHHH HHBapHaHTHbiX aMIIJIHTY,ll; ,~~;aeTCH Bblpa:lKeHHeM 

( da) CE-SI(r) 1 
dQ np--onp (o: = 0) = 41aCE(o: = 0) + CCE(o: =OW • (A2.29) 

CnnHOB03aBHCHMYIO qacTb ceqeanH, T. e. (dafdn)~~J, , rronyqaeM B npe,~~;cTaBJieHHH 
rrepe3apR,!1;KH Bhl'mTaaneM ypaBHeHHH (A2.29) .H3 (A2.6) npn TOM :lKe caMOM CE-yrne. 

Ero BH,!J; 6y,~~;eT TaKHM :lKe np11 BCex yrnax. 

)JjiH OTHomeHHH r~;:::;co: = 0) B CE-cncreMe HMeeM 

~lacE+ ccEI2 
. 2 4 , 

CE-SI(o: - 0} = - X E 2 I JCE12) 
rnp-+np - 3 ~(laCEI2 + lbCEI2 +Icc I + a-

2 . 

(A2.30a) 

cE· ( _) a ,li;JIH Rnp-+np 0: - 0 nonyqaeM 

~lacE- ccEI2 + ~(lbcEI2: ~~E12) 
2 4 . . 

CE ( - 0} = - X . CE12) 
rnp-+np o:- 3 !(1acEI2 + lbcEI2 + lccEI2 + ld 

. . 2 

(A2.30b) 

CE-aMIIJIHTY,!J;hl B <PopMynax (A2.27a,b) CJie,!J;YeT paccMaTpHBaTb rrpH O:cM = 0, To 
ecrb rrpH OcM = 71". Ilpeo6pa3oBaHHH CE-a..'diiJIHTY,ll; B aMIIJIHTY,ll;hi ynpyroro pacceHHHH 

(n Hao6opoT) ,~~;a!OT 

r~:-+np(O:cM = 0} = Tnp-+np(OcM = 7r), 

CE-SI ( 0} SI ((} ) 
rnp-+np 0:CM = =.rnp-+np CM = 71" • 

(A2.31) 

(A2.32) 

ECJIH 3TH coOTHomeHHH npeo6pa3oBaHHH Me:lK,li;Y npHMblMH H CE-a.'diiJIHTy,~~;aMH H3-
BeCTHMB O,li;HOM aMIIJIHTY,li;HOM npe,li;CTaBJieHHH, TO HX JierKO MO:lKHO 3aiiHCaTh B JII060M 

,~~;pyroM npe,~~;craBJieHHH. Hy:lKHhT TOJibKO coOTHomeHHH nepexo,~~;a Me:lK,li;Y ,li;BYMH aM

IIJIHTY,li;HblMH npe,~~;craBJieHH.IIMH: ynpyrHM pacceHHHeM HJIH CE. IIocKOJibKY TaKHe ,!{Ba 
aMIIJIHTY,li;HblX npe,li;CTaBJieHHH JIHHe:itHO CBH3aHbl, TO npeo6pa30BaHH.II Ka:lK,!J;Oil: 'IHCTOll: 

Ha6JIIO,ll;aeMOH, HJIH Ka:lK,li;Oit KOM6HHaiJ;HH HaMIO,ll;aeMblX, BCer,~~;a 0~03Ha'IHbl. QqeBII,li;
HO TaK:lKe, T:fTO Bbipa:lKeHHH AJIH paCCMOTPeHHhTX OTHOmenH:it KaK <l>YHKIJ;Hll: JIHHell:JTO 
3aBHCHMbiX Ha6JIIO,ll;aeMbiX, HBJIHTOTCH TO:lK,ll;eCTBaMH. 

D. R~pn(acM) ,D;JUI ynpyro paccexHHbiX npoTOHOB nepe3apx,n;KH 

By,~~;eM CHOBa noJib30BaTbCH <l>opMyJiaMH npeo6paaoBaHH.II (A2.26a, b, c, d, e). Te

nepb npeo6pa3yeM MaTpnu;y pacce.HHH.II H3 q,opMyJihl (A2.136) (He H3 Q>opMyJILI (2.1} 
pa6oTbi (BLW)!). 
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1 . ···. . . . .• 
M(k,, ki)cE = 2 [(acE+ beE)+ (acE- bcE)(uh n)(o-2, n)+ (A2.33) 

+(ccE + ~E)(uhl)(u2,l) + (ccE ~ ~E)(uh m)(o-2, m) + ecE(o-1 + o-2, n)] • 

Terrepb.rrepenHmeM COOTHom_eHHH c (A2.29} 'no {A2.30a,b). 

CrrnHOBOHe3aBHCHMaH 'lacTb SI ,~~;n<P<PepeHIJ;HaJibHOro ceT:feHHH npH n106oM yrne B 

CE-npe,~~;cTaBJieHHH HHBapnaHTHbiX a."fflJJHTY,ll; ,~~;aeTC.H Bblpa:lKeHHeM 

(
da)CE-SI(R) · 1 
dQ np-+pn (o: = 0) = 4laCE(o: = 0} + b~{o: =OW • (A2.34) 

Orr.HTb, crrHHOB03aBHCHMJIO qacTb (dafdn)~:;;:?<Rl B CE-cHCTeMe nonyqaeM Bbi

'IHTaHHeM ypaBHeHHH {A2.31) H3 (A2.6} rrp11 TOM :lKe caMOM CE-yrne. 

)]jig OTHOIUeJTH.II ~;::;~(0: =D) HMeeM 

!laCE + bcEI2 
2 4 

R~::;;~(o: = 0) = -3 ~(lacEI2 + jbcEI2 + lccEI2 + ~~EI2) 
(A2.35a} 

TTR neE (o: = O) HMeeM ,, ... ,, .. H nnp-+pn 

!lacE- bcEI2 + ~(lccEI2 + ldcEI2) 
2 4 . . 

( - O)CE = - CE 2) . 
Rnp-+pn o: - · · 3 ~(lacEI2 + lbc~l2 + lccEI2+ ld I. 

{A2.35b) 

CE-aMIIJIHTJ,ll;bl B ypaBHeHHHX OT (A2.34) ,11;0 (A2.35a,b} ,~~;omKHhi paccMaTpHBaTb

C.II npn O:cM = 0, io eCTb, npn OcM = 71". YnpocTHM orrHTb onncaHne np peaKIJ;HH. 

ITpeo6pa30BaHHe CE-aMIIJIHTY,ll; B aMrrJIHTY,ll;bl ynpyroro pacceHHHH H Hao6opOT ,!J;aJOT: 

~:-pn(O:cM = 0) = Rnp-pn(OcM = 7r) , 

~:.:;~(o:ct.f = 0) = Rnp-+pn(OcM = 7r} , 

(A2.36a) 

(A2.36b) 

1-fTaK, 6hiJIO rrpO,ll;eMOHCTpllpOBaHO, 'ITO ynpyroe np- B3aHMO,ll;ell:CTBHe ,!{aeT ,!{Jil'l 0,11;
HHX H TeX :lKe 3KCIIepHMeHTOB Te :lKe Ca.'\lble pe3yJibTaTbT KaK ,!{Jil'l ynpyroro pacCe.IIHHH, 

TaK H ,!{JIH ynpyroll: nepeaapH,li;KII. 

E. Ha6mo,n;aeM:&Ie.B CE-cucreMe 

B nyHKTaX C n D 6biJIH ncnonb3oBaHbl ie :lKe BeKTopable 6a3lichi)VIH c.u;.M. H na6o

paropHoA CHCTe:\lb1
1 

'ITO H B pa6oTe (BLW). B aTOM cnyqae npeo6pa30BaHHH MaTPUIJ;bl 
' ,, . - "\ 
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paeeeHHHH H3 eHeTeMhl CE B eHeTeMy ynpyroropaeeestHHH H Hao6opoT O'leBH,D;Hhl, H 
Bhlpa>KeHHH ,LVIH aeex Ha6nJO,~~;aeMhiX oeTaJOTeH 6e3 H3MeHeHHit. E~HeTBeHaoe pa3JIH
'1He Me>K,D;y YKB3aHHhiMH eHeTeMa'dH Jie>KHT B onpe,D;eJieHHH yrna paeeeHHHSI. 

Ho ecJIH 113MeHHeTCH aexTOpHhlit 6a3ne ,LVIH o,~~;Hoit H3 eHCTeM, HanpHMep, eemr B 
e.n;.M. ,LVIH CE-eHeTeMhl HenOJib3yeTeH 6a3He (A2.4), TO H3MeHHJOTeH TaK>Ke enHHOBble 
KOMnOHeHThl H HeHyJieBhle MeTKH (HH)J;eKehl) ,LVIH Ha6JIJO)J;aeMbiX. IJO,D;'IepKHeM, 'ITO 3TH 
Ha6JIJO,D;aeMhle, HX 3HaKH H ,D;a>Ke KX Ha3BaHHH eHJibHO 3aBHCHT OT Bhl6opa BeKTOpHOrO 
6a3Hea. 

IJpHBe,D;eM TpH npHMepa TOrO, KaK H3MeHHJOTeH Ha6JITO,D;aeMhle, eCJIH IIpH HeTIOJib-
30BaHHH HHBapHaHTHbiX a"IIIJIHTY,D; BeKTOpHbiit 6a3He 6y,D;eT JIH60 H3 pa60Thl (BLW), 
JIH60 H3 ypaBHeHHH (A2.4). 

IIepabrlt npHMep no,~~;qepKHBaer, 'ITO HeKoTophle Ha6nJO,~~;aeMhle oeTaJOTeH HeH3MeH
HhTMH (mmapHaHTHhiMH). TaK npoHCXO,!J;HT B cnyqae ,D;H¢¢epeHIJ;HaJibHoro eeqemiH 
ynpyroro paeeeHHHSI ,LVISI BbTJieTaJOm;HX He:l!:TpOHOB H ,ll.JIH BbiJieTaiOm;KX npOTOHOB npH 
TOM :lKe eaM0!.-1 e.n;.M. yrne B JIJ06o:l!: e:~~e-reMe. To >Ke eaMoe Ha6JIJO,D;aeTeH ,ll.JIH napa
MeTPa eTIHHOBOit KOppeJIHIJ,HH Aoonn TaK iKe, KaK H ,ll.JIH a"IIIJIHTY)J;hl enHH-CHHrJieTHOro 
paeeeHHHH b - c. 

BTopoft IIpHMep IIOKB3bTBaeT 3KenepHMeHT1 r,~~;e MeHHIOTCH 3HaKH1 HO Ha3BaimH 
nepeMeHIIbTX He MeHHIOTeH. HanpnMep, nonstpH3aiJ;HH, HJIH aHaJIH3Hpyrom;aH enoeo6-
noeTb Pnooo = Aoono no [BLW), Bh!pa:lKaeTeH qepe3 aMnJIHTY)J;hl paeeeHHHH KaK 
(dafdD.)Pnooo = Rea*e. JierKo rroxa3aTb, 'ITO aTH BeJIH'IHHhl ,u..n:H paeeeRHHoro nett
Tpona H ,D;JIH npoToHa OT)J;a'ln HMeiOT pa3Hhle 3HaKH (eM. nyHKThl A n B). 3HaKH 
,LVIH o,~~;nnx n Tex >Ke 'laCTHIJ; ne MenHIOTCH ,u..n:H CE- eReTeMhl, eCJIH aeKTOpHbifi 6a3ne 
eoxpaHSieTeH. C ,!J;pyrofi eTOpOHbl, 3HaKH ,ll.JIH KOJie'IHhiX He:l!:TpOHOB (HJIH rrpOTOHOB) Me
HHJOTeH MeeTa:MH, eeJIH eHa'laJia B3HThl 6a3HeHbie BeKTOpbl (BLW), a 3aTeM- 06bi'IHhlfi 
aeKTOpHbiH 6a3Re CE, onpe,~~;eneHHbiit <f>opMyJJott (A2.4). 

B xaqeeTae rrocne,~~;Hero rrpRMepa TOro, KaK B pa3HhiX aMnJIHTY,D;HbiX rrpe,~~;eTaBJie
HHHX e pa3HbTMH 6a3HeHbTMH BeKTOpaMH MeHHIOTeH Ha3B3HHH Ha6JIIO,D;ae!.lb!X1 MO>KHO 
ynoMHIIYTI> onpe,~~;eneHnhle a [BLW) rrapaMeTp ,~~;enOJIHpH3a:IJ;RH DnOno n rrapaMeTp ne
pe,~~;a'ln nonHpH3aiiHH KOnno (<f>opMyJihl (A2.10a) n (A2.19)). YKB3anHhie aa6nro,~~;aeMhle 
B3aHMHO o6MenHaaroTeH na3aanHHMH, ecnH ,u..n:H CE-eneTeMhi HenoJih3YIOTeH 6a3nenhre 
BeKTOpbi <f>opMyJihi (A2.4). 

06o6m;HTb npO,D;eMOHCTpHpOB3Hilhle TOJibKO 'ITO rrpHMepbl MO>KIIO eJie,D;YIOIIIHM o6-
pa30M. EeJIH BMeeTO M3TPHIIhl ynpyroro paeceHHHH HenOJib3yeTeH. MaTpHII3 ynpy
rOH nepe3apH)J;KH1 TO ,D;H<f><f>epelTIIHaJibllhle Ce'leHHH H napa"teTpbl KOppeJIHIJ;HU enH
IIOB OeTaiOTeH HeU3MeHHhiMH. Bee ,D;pyrHe napaMeTphl H3MeHHJOTeH, a HeKOTOpbie H3 
HHX ,D;a>Ke MeiiHIOT Ha3BaHHe. IlO,D;'IepxueM IIOaTOMy, 'ITO KOr,D;a HeTIOJib3JeTeH <f>eHo
MeiiOJIOrHH B paMKax N N-paeeeHHHH, TO TepMHH "rrepe3apH,D;Ka" npe,~~;CTaBJIHeT eo6oit 

1 6eenone3noe H auyTpemre ueeornaeoaaauoe ycno>Kuenne. qT06hr R36e>KaTh ne,~~;opa3y
'-1CHHif, Heo6xo,~~;nMo 6hTJIO 61>1 onneaTb TIOJIHhlfi NN-<f>opMaJIH3M (Toro >Ke THna, 'ITO 
H (BLW)) ,!J;JIH Ka:iK,!J;OrO B3HT0ffi aMIIJIHTJ,D;HOro npe,D;eTaBJieHHH npH Ka:iK,!I;Ofi eHeTe!.te 
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6a3HCIIhiX BeKTOpOB. MO>KHO JIHWb KOHCTaTHpOBaTb1 'ITO BIIJIOTh ,11;0 HaCTOHm;erO Bpe
MeHH noxa HHKTO He npeJUIPHHHJI Ta~'oit if3HypHTeJibHOA pa.6on,., H MHOrHe pa3yMHhle 
aBTOphl (OOJibrueit 'laCThiO - 3KenepRMeHT3TOphl) nonpoCTy H36eraJIH HenOJib30BaTb 

CE-Ha6nro,~~;aeMhle a caoKX CTaThHX~ 

3. fipBMrul peKOHCTpy~HB H30CHHrJieTHhiX aMDJIHTY~: o6~it CJiy'lait 

B aTOM pa3,D;eJie OHHChiBaeTCH onpe,~~;eneHHe aMHJIHTY,D; c H30CIIHHOM I = 0 B npe)J;llo
JIO>KeHHH, 'ITO aMHJIHTy~ c I = .1 H3BeCTHbl 11 'ITO npH yrne OcM.H3MepeHo ,D;OCTaTO'IHOe 
'IHCJIO lle33BHeHMblX Ha6JIIO,D;aeMbl~ ,ll.JIH np-pacceHHHH. IJOKa33HO, 'ITO IIO MeHbrueit Me
pe o,D;Ha Ha6nro,~~;aeMa:H, R3MepeHHa:H npR yrne 1r- Oc111, Heo6xo,L~.HMa ,LVIH Tom, 'IT06hl 
onpe,D;eJIHTh aMnJIHTY,D;hl c I = 0, BKJIIO'IaH HX <f>a3y no OTHOmeHHJO K aMnJIHTy,D;a..r c 
I= 1. CneiiRaJibHhle cnyqaR c Oc111 = 0, 1r o6ey>K,D;aiOTCH s naparpa<f>e 4. B OCHOBHOM, 
lf3JIO:lKeHne CJie,D;yeT pa6oTe (10] C HCII0Jih308aHHeM COOTHOWeHiflt H3 pa60Thl (BLW). . 

CHCTeMa pp co,~~;ep>KHT TOJihKO coeTOHHHH c I = 1, Tor,~~;a KaK 8 np-eHeTeMe ecTh 
coeTOHHHH xax c I = 0, TaK H c I = 1. IIoaToMy ecnR ,D;OCTYITHO ,~~;oCTaTO'IHOe KOJIH'Ie
CTBO )J;aHHhiX no np-paeceHHHJO npH O)I;HOA: 3HeprRH H O,!J.HOM yrJie, TO MO>KHO eHa'laJia 
H3BJie'lb np-aMnJIHTY,D;hl, a 3aTeM H 'IHCThle a..rnJIRTy)J;bl c I = 0, eCJIH H3BeCTHhi aM
TIJIHTy,!l;hl c I = 1. SlcHo, 'ITO TaxaH peKoHe'rpyKIJ.HH ao3MO>KHa TOJibKO 8 TOM cnyqae, 
KOr,D;a pp- H np-6a3hl ,!l;aHHhlX ,!I;OCTaTO'IHhl HJIH nOJIHbl, 8 CMbiCJie, paeCMOTpeHHOM B 

IlpHJIO>KeHHH Al. 

AMnJIHTY,D;hl, BhlnHeaHHhle a Ta6n. 2.1 [BLW], Mo:>KHO paenHcaTh a TepMHHax Mo-
,D;yneit H <f>a3 TaK, · KaK IIOKa3aHO HH:lKe: . 

AMnJ,IHTY)J;bl c I= 0 

laol[eXP (iao)](o) =+ laol[exp (iao*7r-9), 

lbol[exp (i.Bo)](O)=+ leol[exp (i'Yo)](7r- 9), 

leol[exp (i'Yo)](o) = + lbol[exp (i.Bo)](7r- 9), 

Idol [exp (ido)] (9) = -Jdol [exp (ido) ](1r- 9) , 

leol[exp(ieo)](9) = -leol[exp.(ieo)](7r- 9). 

AMnJIHTY)J;hl c I= 1 

la1l [exp (ia1)] (0) = + la1l [exp ia1] (1r- 9) , 

lb1l [exp (i.81)] (0) = - lc1l [exp i'Y1] (1r- 9) , 

lc11[~ (i'Yl)](o) =- lb1l[exp i.81](1r- 9), 
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(A2.37a) 

(A2.37b) 

(A2.37c) 

(A2.37d) 

(A2.37e) 

(A2.38a) 

(A2.38b) 

(A2.38c) 



ldrl [exp (ior)] (8) = + ld1l [exp' ior] (11"- 8) ; 

Jeri [exp (if1>]<8) = + le1l [~P if1](11"- 8} • 

(A2.38d) 

(A2.38e} 

BeJIH'IHHbl OT lao,rl JI.O leo,rl o6o3Ha'laroT a6conroTHhre 3Ha'leHHH, BeJIH'IHHhl OT oo,r 
!1.0 fo,r HBJIHlOTCH COOTBeTCTBylOID;HMH <l>a3aMH • .[JjrH np-HaMlOP.aeMblX MO)f(HO UOJIY
'IHTb np-aMTIJIHTYJI.M1 . 06o3Ha'leHHble COOTBeTCTByroiD;HMH a6COJI10THbiMH 3Ha'leHHHMH 

OT lanplli.O lenpl R <l>a3aMH OT Onp /1.0 fnp}, OTHOCHID;HMHCH K np-CHCTeMe. 

Pa3JIO)f(eHHe np-aMnJIHTY/1. no 'lHCTbiM H3ocnHHOBblM cocroHHHHM npH yrne 8 = 8cM 

li.aeT 
1 

anP = 2 (ao +ar), {A2.39a) 

1 
bnp = 2 (bo + b1} , (A2.39b} 

1 
bnp = 2 {QJ + c1) , (A2.39c} 

1 
dnp = 2 (do+ dl) ' {A2.39d} 

1 
enp = 2 (eo+ e1) . (A2.39e) 

IfcnOJib3YH Ta6JI. 2.1 (BLW), HaxOJI.HM CJieli.YlOID;He COOTHOllieHHH Me)I(P.Y np- H 

pp-aMrrJIHTYJI.aMH rrpH yrne 71" - 8cM H np- H pp-aMnJIHTyJI.aMH rrpH yrne 8cM: 

anp(11"- 8cM) = + anp(8cM)- al(8cM) , 

bnp(11"- 8cM) = + Cnp(8cM) - cl(8cM) , 

Cnp(11"- 8cM) = + bnp(8cM)- bl{8cM) , 

dnp(11"- 8cM) =- d,p{8cM) + dr(8cM) , 

enp(11"- 8cM) =- enp(8cM) + el{8cM) • 

{A2.40a} 

{A2.40b} 

{A2.40c} 

(A2.40d} 

{A2.40e} 

0TMeTHM, 'ITO npHBeP.eHHbie B Ta6JI. 2.1 (BLW) (HJIH B <i>opMyJiax (A2.37}, (A2.38}, 

(A2.39} H (A2.40)} COOTHOilleHHH He CHMMeTpH'lHbl. MO)f(HO OUpeP.eJIHTb HOBble aMITJIH

TYP.bi g H h: 
g=b+c, h=b-c (A2.41) 

no OTP.eJihHOCTH P.JIH CHCTeM c I = 0 H c I = 1. Tor11.a P.JIH Ka)I(Jl.ofi H30CITHHOBOfi 

CHCTeMbi BCe a'dllJIHTYli.bl 6yP.YT JIH60 CHMMeTpH'1Hbi1 JIH60 aHTHCHMMeTpH'lHbl. 

~ ByP.eM C'lHTaTb, 'ITO H3Mepenhr rroJIHhle na6ophi na6JI10P.aeMhiX P.JIH yrrpyroro pp- H 

! I np-pacceHHifH rrpH yrne 8cM H P.JIH o6enx cncTeM Bblrronnena rrpHMaH peKOHCTPYKU.HH 

a.'dUJIHTYli. BllJIOTb !1.0 06ID;HX <l>a31Jnp HJIH fJrP.JIH Ka)f(li.Oro paCCeHHHH. IlpeP.llOJJO)f(HM1 

'ITO B o6onx CJIY'IaHX o6m;ne <l>a3bl eCTb <l>a3bl aMUJIHTYli. enp HJIH er H OHH o6o3Ha'leHhi 
KaK fnp H f 1 COOTBeTCTBeHHO. 9TO 03Ha'laeT, 'ITO P.JIH Ka)f(P.Ofi aMTIJIHTYli.bi II3BeCTHbl ee 
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a6COJllOTHoe 3Ha'leHHe H ee 4>a3a OTHOCHTeJibHO enp HJIH e1; HarrpHMep,P.JIH a.'dTIJIHTYli.hi 

a1 onpeP.eneHbl !a1l H 1/1 = 01 :- fr. 

qT06bi peKOHCTpYifpoBaTb H30CHHrJieTHhie aMTIJIHTYli.bl 1 HeOOXO)lHMO HaATH 4>a3y 

l{J Me)I(JI.Y HamHMH np- n pp-a.'dnJIHTY):{a.MH. Bae11.eM: o6o3Ha'leHne w P.JIH <l>a3hi Me)f(P.Y 

a.\fnJIHTYP.OA c I = 0 H pp-aMTIJifiTYP.OA, a P.JIH cpa3bi Me)f(li.Y aMnJIHTy.u,oA c rml = 0 n 
np-aMTIJIHTYP.OA - OOo3Ha'leHHe X· · · · · 

OnpeP.eJIHM, aanpnMep, l{J ~ fnp- f 1. B CTaThe [10J6biJlo noK~aHo, _'ITO P.JIH.Ha
xo)f(li.eHHH fnp - f 1 c OP.HOA )lHCKpeTHOA lieonpe,zi.eneHHOCTbio HY)f(HO BblnOJIHHTb OP.HH 

np-3KcnepHMeHT TaK)f(e H npH yrne 71"- 8cM· .D:aa TaKHX H3MepeHRH O,l:{H03Ha'IHO onpe

P.eJIHT BeJIH'lHHY fnp- fl. 

06o3Ha'IHM 

Tor,zta 

H 

X =tan fnp- fl 
2 

2x 
sin(f;,p- f1) = 1 + x 2 ' 

. 1-x2 

cos(fnp-fl) = 1+x2 ·-

{A2.42) 

(A2.43a} 

(A2.43b} 

B Ka'leCTBe nepaoro npHMepa HaxO)I(Jl.eHHH fnp - fr paccMoTpHM ,l:{H<I><I>ePeHIJ,HaJib

HOe ce'leHHe np-pacceHHHH Ha yron 71"- 8cM· IIcnonb3yH <l>opMyny (A2.40), ero MO)f(HO 

3anncaTb KaK 

(:tP (11"- 8cM) = ~(lanp(8cM)- al(8cMW + lbnp(8cM)- br(8m.tW+ 

+ ICnp(8cM)- cl(8m,tW + ldnp(8cM)- d1(8CMW + lenp(8cM)- el(8cMW)::::: 

= (:) np (8cM) + (:) PP (8cM)-

- Re ( anp ai + bnp bi + Cnp ci + d,p di + enp ei) , · {A2.44) 

qT06bl H3~JIHpoBaTb pa3HOCTb 4>a3 H30CHHrJI(lT-H30TpHrrJieT H Bhipa3HTb HY)f(Hble 

BeJIH'IHHbi 'lepe3 OTP.eJibHO peKOHCTpyHpOBaHHhJe pp- H np-aMIIJIHTYP.hi H <l>a3bi, YP.06EIO 

3anucaTb 
Reanp af = lnn~lla1l cos (onp- or) . {A2.45) 

·Tenepb MO)f(HO BbiTIHCaTh pa3JIO)f(eHHe: 

COS (Onp- Or)= COS (onp- fnp- (or- fl) + fnp- fr) = 

= + COS ( Onp- fnp- {01- fr}) COS {fnp- f1)-
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- sin ( crnp- fnp- (a1- t:1)) sin (t:np- t:1),;.. (A2.46) 

- ( - ) 1 _ x2 
- • ( · ·) 2x 

ros crnp- fnp- (al - t:1) 
1 

+.x2 - sm a,;p- fnp - (a1 - t:1) 
1 
+ .x2 • 

H aHaJIOrH'IHLte BbtpiDKeHHH )VIR ,lij)yrHX Bell(eCTBeHHbtX qacreft B <l>opMyJie {A2.44). 

9TO npenpaTHT (A2.44) B KBa,lij)aTHOe ypaBHeHHe OTHOCHTeJibHO X, H3 KOTOporo fnp-fl 

HaxO,IJ;HTCH C O,IJ;HOA ,Il;HCKpeTHOit HeO.w{03Ha'IHOCTbiO. 

BMeCTO ,n;H<f><f>epeHIJ;HaJihHOro ce'leHHH np-pacceHHHH, MO)I(HO H3MepHTb nro6yro 

,n;pyryro Ha6nro,n;aeMyiO Onp npH OcM H 1r- OcM· Be.JIH'IHHhl 

(:;) np (OcM) Onp(OcM) , 

(:~) np (11"- Oc~vt) Onp(11"- OcM) , 

(A2.47) 

(A2.48) 

BbipiDKaiOTcx qepe3 aMnJIHTy,n;hl pacceHHHH H3 (BLW]. B pa60Te (10) ,n;eMOHCTpHpyeTCH 

npaKTH'leCKaH peaJIH3aiJ;HH TaKOrO IIO,Il;XO)l;a, 1103BOJIHIOII(aH npOBO,Il;HTb HHTepnOJIHIJ;HIO 

HJIH 3KCTpanOJIHIJ;HIO COOTBeTCTBYIOII(HX ,n;aHHbiX. 

3HaHHe O)l;HOft Ha6JIIO,n;aeMOit 1103BOJIHeT IIOJIY'fHTb KBa)l;paTHOe ypasHeHHe )VIH Be:

JIH'IHHbl X, H3 KOTOpOro JierKO OIIpe,IJ;e.JIHTb fnp - fl He 6onee 'leM C O,IJ;HOit ,Il;HCKpeT:

HOH HCO,IJ;H03Ha'IHOCTbiO (eM. ypaBHCHHH (A2.43a,b)}. J1H<f>opMaiJ;HH H3 BTOpOrO np
H3MepeHHH npH yrne 1r - OcM aTy HCO,IJ;H03Ha'IHOCTh ycTpaHHT. 

3aMeTHM1 'ITO HH<f>OpMalJ;HH 0 JII06b!X )l;Byx pa3.ri:H'IHbiX H3MepeHHHX1 BbiUOJIHeHHbiX 

IIpH 11"-flcM, MO)I(eT 6b!Tb Bb!piDKeHa B <l>opMe CHCTCMbl ,Il;BYX JIHHCitHbiX ypaBHCHHA )VIH 

COS (t:np-fl) H sin {enp-t:l), KOTOpyiO TaK)I(C MO)I(HO pemaTb BMCCTO )l;BYX KBa,n;paTifbiX 

ypaBHCHHit OTHOCHTCJibHO X. 0,n;HaKO B rrpaKTH'leCKOM llpHMCHCHHH 3KCIICpHMCHTaJih

Hble ,IJ;aHHbiC CO,IJ;Cp~T CTaTHCTH'ICCKHC IIOrpeiDHOCTH H CJIC,IJ;yeT HCIIOJib30BaTb MCTO,Il; 

HaHMCHbiiiHX KBa,n;paTOB )VIR TOro, 'ITOObl o6ecne'IHTb COrJiaCOBaHHOCTb MC)I(.nj 3Ha'le

HHHMH CHHyca H KOCHHyca. 

B crreiJ;HaJibHOM CJiy'lae BcM = 1rj2, H3 Ta6n. 2.1 [BLW] HMeeM e0 (7r/2) = 0 H 

2enp(7r/2) = e1(1r/2). Tor,n;a t/> = Enp- f1 = 0 H rrpRMaH peKOHCTPYKlJ;HH aMIIJIHTy,n; np
H pp-pacceRHHH ,n;aeT TaK:lKe H aMIIJIHTJ,Il;hi c I = 0 6ro KaKHX-JIH6o ,n;orrOJIHHTe.JILHhiX 

H3MepeHHft. 

KaK pa3'hHCHReTCH B TipHJIO)I(CHHH A3, aHaJIH3 <l>a30BhiX c,n;nHron (PSA) .n;aeT a6-

COJIIOTHbie <f>a3bl aMIIJIHTY,IJ; )VIH 'IHCThiX H30CIIHHOBbiX COCTORHHA IIpH BCCX yrnax pac

CCHHHH BcM· llla3bl OT a ,n;o f ,n;JIH pp- H np-aMIIJIHTy,n; <I>HKCHPYIOTCH BKJia,n;aMH o,n;

HOIIHOHHoro 06MeHa (OPE) )VIH B3aHMO,IJ;CitCTBHit npH 60JiblliHX pacCTOHHHHX (nepH

<f>epH'ICCKHX). Bonee Toro, npo11;e,n;ypa PSA, BLtiiOJIHRCMaH o,n;HOBpeMeHHO .IVIH pp- H 

': np-,n;aHHbiX1 aBTOMaTH'ICCKH OIIpC,IJ;e.JIHeT <f>a3y </J MC)I(,IJ;y pp- H np-CHCTCMaMH. 
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4. PeKOHCTJlYKU:H.S H30CHHrJJeTHol aMDJJHTY~Y "suepe~" H "aa3~" 

KaK y)l(e 6hiJIO BH.n;HO H3 ypanueHHit (A2.12a,b), MaTpHlJ;a pacceHHHH ynpoll(aeTcH 

)VIH paCCCHHHH "nrrepe.z(' (flcM = 0) H "Ha3a,n;" (flCM = 7r)._He3aBHCHMLIMH OCTaiOTCR 

TOJibKO TJ>H aMIIJIHTJ,Il;bl. TipH pacCCHHHH "nrrepe,n;" TOJibKO ycpe,n;HeHHOC 110 CIIHHaM 

IIOJIHOO CC'ICHHC H ,n;na CIIHHOB03aBHCHMbiX BKJia,IJ;a MOryT 6b1Tb OIIpe,n;e.JieHhl B HHKJII0-

3HBHhiX pp- H np-H3MepeHHHX. I.fcrrOJib3YH ypaBHeHHH (3.10) H (3.11) H3 (BLW), MO)I(HO 

CBR3aTb 'IJICHbi U11ot H U2tot C pa3HOCTHMH IIOJIHhlX Ce'leHHit: 

-l!.ur = 2uuoe, 

-l!.UL = 2(Uttot + 0"2tot), 

(A2.49a) 

(A2.49b) 

KOTOphle MOryT 6hiTb H3MCpeHbl ,Il;JIH COOTBeTCTBYIOIIJ;HM 00pa30M IIOJIHpH30BaHHbiX 

HYKJIOHOB. 0HH Jllt:HeitHO 3aBHCHT OT Tp~x HCHC'le3aiOIIJ;HX 8..\fiiJIHTY,IJ; qepe3 OIITH'le

CKHe TeOpeMbl: 

Utot = (211" / K)Im [a(O) + b(O)J, 

-l!.ur = 2uuoe = (411"/K)Im [c(O) + d(O)], 

-"l!.UL = 2(uu.>t + U2tot) = (411"/ K)lm (c(O)- d(O)). 

(A2.50a) 

(A2.50b), 

(A2.50c) 

BJiaro,n;apH 3THM OIITH'lecKHM TCOpeMaM, BCe_ MHHMbiC. 'lacTH aMIIJIHTY,IJ; ,IJ;JIH pp
H np-CHCTCM <f>HKCHpOBaHbl. I.fMeHHO 1103TOMY HeHC'le3aiOII(He aMIIJIHTY,IJ;b! paCCeHHHH 

Bnepe,n; HBJIHIOTCH a6COJIIOTHbiMH. EcJIH 6bl MO)I(HO 6b!JIO orrpe,n;eJIHTb IIOBOPOT np
CHCTCMbl 110 OTHOllleHHIO K pp-CHCTeMe Ha BcM = 11"1 TO a6COJIIOTHhle aMIIJIHTY,Il;bl 6hiJI.Jf 

6bl BTTOJIHe OllpC,D;e.JICHbl H llpH 3TOM yrne. 

qT06bi pCKOHCTpyHpOBaTb BCII(ecTBeHHJ>Ie 'laCTH aMTJJIHTY,IJ; pacceHHHH BIIepe,n;, Tpe-

6yeTCH OllpC,IJ;e.JIHTb IIO MCHhllleit Mepe TpH ,n;pyrHe Ha6JIIO,n;aeMMe KaK ,n;JI~ pp-, TaK 

H )VIH np-paCCCHHHH. B. TO'IHOCTH IIO,Il; yrJIOM 0° He.Jlb3H H3MCpHTb HHKaKyiO Ha6JIIO

,n;aeMyiO, CBH3aHHYIO C pacCeHHHeM. )J,nH pp-cHCTeMbl ,n;aHHbiC ,Il;OCTYIIHhl, Ha'IHHaH C 

yrna BcM = 4°. B np-pacceHHHH ua6Jiro,n;aeMhle H3MepeHhl rrpH yrnax Meubme, 'leM 

BcM = 10°. 

!llaKTH'ICCKH 1 BellJ;eCTBCHHhie 'laCTH H,IJ;epHblX aMIIJIHTy.l:s; pp-pacceHHHH -BIIepe,n; XOpo

IIIO 3KCTparroJIHPYIOTCH K B = 0 c rroMOII(biO rrpoiJ;e,n;yphl PSA, KOTopaH rrpe,n;cTaBJIHeT 

co6oit HaHJiyqmyiO IIO,IJ;rOHKY yrJIOBOii 3aBHCHM0CTH JII06oft H3MepeHHOit ua6JIIO,IJ;aeMOft. 

)J,nH np-CHCTeMbl orrpe,n;e.JieHHe Ha6JIIO,n;aeMbiX B HarrpanJieUHH-" Bnepe,n;" MO)I(f!O 3a!l<te

HHTb H3MepeHHHMH ,IJ;H<f><f>epeHlJ;HaJibHOrO Ce'leHHH H ,IJ;RYX HeHC'IC3aiOII(HX rrapaMCTpOB 

crrHnonoft KOppeJIHll;HH rrpH BcM = 11". B Ka'ICCTBC rrpHMepa paccMOTpHM na6mo.n;aeMhie 

(BLW] Aoonn(11") H Aookk(11"). TaK KaK e(O) = e(7r) = 0, 

(~~) np (1r) = ~ [1al2 + IW + lcl2 + ldl2 1] , (A2.51a) 

(~~) np (1r) Aoonn(11") = ~ [1al2 -IW -lcl2 + ldl21] , (A2.51b) 
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n 

(~tP (rr) Aookk(rr) = Rea•d + Iieb•c. 

I1enOJib3YH rrpOCTOe COOTHOmeHHe THna 

HaXO)J:HM 

Ia + dl2 
= lal2 + ldl2 + Rea*d, 

(~)np (rr}(1 + Aookk) = lb+ cj2
, 

(:;) np (1r}( 1- Aookk- 2Aaonn) = lb- cj2
, 

(:tP (rr)( 1- Aookk + 2Aaonn) = lb- cj2, 

(A2.51c) 

(A2.52} 

(A2.53a} 

(A2.53b} 

(A2.53c} 

r,n:e nee BeJIH'lHHbJ BbJ'lHeJieHbJ npH IJCM = '/1". I.fenOJIJ>30BaB YKa3aHHble H3MepeHHH, 
IlOJiy'laeM OeTaBIITHeCH TpH Bem;eCTBeHHbiX 'lacTH np-aMDJIHTy)J:, HO e He3aBHeHMbiMH 
HeOrrpe,n:eJieHHOCTHMH 3HaKOB ,li.1IH KaJK,li;Oil: KOMfiHHaD;HH aMilJIHTy)J:, H3-3a qero llOJiy<J:a
eM BOCeMb B03MO:lKHbJX pemeHHil:. BCHKHit He3aBHeHMblit aKCrrepHMeHT, rrpone,n:eHHblil: 
npH BcM = 1r, yMeHhmaeT <J:RCJIO Heonpe,n:eJieHHocreit n 2 pa3a. 

9TH Iieonpe,n:enenHOCTH MO:lKHO yeTpaHHTb HeeKOJihKHMH pa3HhiMH crroco6aMH. Bo
nepnhlx, ITO MCHbiiieit Mepe MOiKHO HCITOJib30BaTb 3HaK OTHOIIIeHHH 

Re (a(O} + b(O}) 
p(O} = Im (a(O} + b(O}) ' (A2.54) 

a'dUJIHTY,!J: pp- H np-paeceHHHH "nnepe,n:". 3aMeTHM 1 <ITO ,li.JIH pp-pacceHHHH 3Ta BeJIH
qJlHa onpe,n:eJIReTCH B PSA (eM. IlpHJIO:lKeHHe A3} BllJIOTb ,n:o 3 r3B H H3BeCTHa BIIJIOTb 
)J:O O<J:eHb BbJCOKHX 3HeprHit H3 ,n:pyrHX H3MepeHHit, a TaK:lKe H3 )J:HCrrepCHOHHbJX COOT
HOIIIeHHlt ,[(Jm np-pacceRHHH 3Ta ua6mo,n:aeMaH H3BeCTHa BllJIOTb ,n:o 1.3 r3B H3 PSA 
H MO:lKeT 6MTb paCC'fHTaHa BIIJIOTb )J:O 10 r3B (eM. pafioTy (11]). . 

,[Wyrag B03MO:lKllOCTb eOeTOH'T B RerrOJib30BaHRH' He3aBRCHMbJX BeJIH<J:HH, orrpe,n:e
JJeHHbJX B nyJlKTax A, B (C, D), HJJH TOJihKO ax 3uaKos. CpasHeuae e Teopaeit cyiD;e
CTBYIOID;HX H'3MepeHHil: TaKoro po,n:a paCCMOTpeHO, HanpHMep, B pafiOTe [9]. 

B 3aKJIIO<J:euae, KacaHeh npe,n:MeTa naparpa<t>on 3 H 4, no,n:qepKHeM, 'ITO BIIJJOTb 
,n:o uaeTogm;ero speMeHH DRSA aMrrJJHTYA np-pacceRHHH npa BcM 6hiJI BhmOJJHeH 6e3 
HCIIOJib30BaHHH CBH3elt c ua6nro,n:aeMhiMH rrpH conpRiKeHHOM yrne 11"- BcM· He pac
CMaTpanaJJCH TaK:lKe 6onee o6ID;HA nonpoc o DRSA aMnJIHTYA np-paceeHHHR H3 ,n:nyx 
"HenoJIHhlx" ua6opos 3KCnepRMeHTOB: o,n:uoro npH BcM, a ,n:pyroro - rrpH 1r- BcM· 
11HTepeCHhie H,!J:ell llO 3TOlt TeMe MO:lKJIO Hai:tTH B pafioTe (12]. 
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A3: AHaJIH3hi cpa30BhiX c,n;BHroB 

1. YrnoBrui 3aBHCHMOCTh aMnnHTJ'A pacce.s:am~ 

B CTaTbe (BLW) [1} 6hiJIO IIOKa3aHO, KaK Bhlpa:lKa.IOTCH Ha6mo~aeMhle ynpyroro 

NN-pacceHHHH qepe3 aMnJIHTY~hl, uxowru~He B MaTpHizy pacceHHHH. B IlpHJIO)f{eUHH 

AI paccMaTpHBaJICSI no~o~ DRSA (npHMaH peKOHCTPY~HH aMnJIHTY~ pacceHHHH), 

KOTOpblit MO)f{eT fihiTb BbiUOJIHeH npH ~aHHOA 3HeprHH H yrne pacceHHHH. ,[VIg TOrO, 

'IT06hl yqeCTh yrJIOBYIO 3aBHCHMOCTh Ha6Jiro~aeMbiX, aMIIJIHTJ~hl pacCe.SIHHH ~OJI)f{

Hbl 6h1Tb pa3nmKeHbl B pSi~ nO llOJIHHOMaM Jle:lKa.H~pa H nap~HaJibHQ-BOJIHOBbiM aM

llJIHTy~aM S;, S;;, S;-1,;, S;+l,J, SJ, KOTOphle He 3aBHCHT OT yrna pacceHHH.SI (eM. 

pa6oTy [21). 3~ecb op6HTaJihHhiA Mo.MeHT o6ooua'laeTC.SI 6yKnoA L, a noJIHhiA yrnonoA 

MOMeHT- 6yKnott J. IIap~HaJibHo-nonuonaH MaTPH~a ynpyroro pacceHHHH o6o3Ha'leua 

KaK S. IIap~HaJihHo-BOJIHOBhle aMIIJIHTY~ht CBst3aHbl c <l>a30BhiMH c~HraMH oL,;, r~e 
HH~eKChl OTBe'laiOT 3Ha'leHHSIM op6HTaJihHOro H yrnonoro MOMeHTa. CornacHO cneK

TPOCKOIIH'IeCKHM o6o3Ha'leHHHM, 3Ha'leHHH op6HTaJihHoro yrnonoro MOMeHTa L no.Me

'laiOTCSI 3arnaBHhiMH 6yKnaMH S, P, D, F, G, H, I, J, L, M, N H T. ~{., coOTBeTCTB~HHO 
'IHCJIOBhiM 3Ha'leHH.SIM 0, 1, 2, 3, 4 H T. ~- HH)f{HHe HH~eKChl o6ooHa'laiOT nOJIHblil: yrno

uoil: MOMeHT, a BepXUHe HI~eKChl OTMel.JaiOT CIIHHOBoe COCTOHHHe (CHHI'JieTY OTBe'laeT 

3Ha'leHHe 1, TPHIIJICTJ - 3). ,[VI.s~ N N-roaHMO~eil:cTBHSI H..VIeeM npaBHJIO: 

(-l)L+•+I = -1, (A3.1) 

r~e I eCTh H3ocnHH, a s - noJIHhlit cnHH CHCTeMhl. 

l13 ypaBHeHH.SI (A3.1) cne~eT, 'ITO aHaJIH3 <l>a30BbiX C~BHrOB (PSA) no ~aHHbiM 0 

pp-pacCeSIHHH CO~ep)f{HT <l>a30Bble ~BHrH 1So, 2D2, 1G4 , 
1I6, H T. ~- C 'leTHbiM CHHrJie

TOM L = J, He'leTHhle TpHnJieTHhle L = J <l>a3hl 
3
P" 

3
F 3 , 

3
H 5 H T. ~-. He'leTHhle TPH

nJieTHhle L = J ± 1 <l>a3hl H 'leTHhle L = J napaMeTphl cMemHBaHH.SI 3P 0 , 
3P 2, f2, 3F 2 , 

3
F4, f4, 

3
H4, 

3
H6, f5, 

3J6···· 

CHCTeMa c I = 0 co~ep)f{HT cno6o~Hble napa.VIeTphl ~.SI He'leTHbiX CHHrJieTHhiX 

L = J <Paaonhlx c~HroB 1P" 1F 3, 1H 5 , 
1J7 , H T. p;., 'leTHbtX TpHnJieTHhiX L = J 

<l>a3 3D 2, 3G4, 316, u T. ~-. 'leTHhiX TpHnJieTHhiX L = J ± 1 <l>a3 H He'leTHhiX L = J 
napaMeTpOB CMemHBaHHSI 3S1o f1o 3D1o 3F3, f3, 

3G3, 
3G5, fs, 

315 H T. ~-
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,[VIH CHHfJieTHbiX H He CBH3aHHbiX. TPHnJieTHhiX aMIIJIHTY~ HMeeM . 

S; = exp(2i~;) - 1 , . S;,; = exp(2i6;,J) - 1 , (A3.2a) 

rp;e L ,;, J. Cn.s~3aH-iihle Tpunn'~uble nap~HaJihHo-BOJIHOBble aMIIJIHTY~hl. cop;ep)f{aT 

TaK)f{e napaMeTPbl CMemHBaHHH fJ, KOTOphle CBH3blnam Me~ co6oA OTHOCHTMbHbte 

<l>a30Bble ~BHfH C Op6HTaJihHbiMH MOMeHTaMH L = J ± 1: . . 

S;:~,J = cos2f; e:cp(2io;H,J) -1,· 

SJ =isin2f; exp(i (o;+I,J+OJ-t,J)). 

JA3.2b} 

(A3.2c} 

Ilap~aJibHQ-BOJIHOBaH MaTpH~a ynpyroro pacceSIHHH ~H CBSI3aHHhiX COCTOHHHil: C 

yrJIOBbiM MOMCHTOM J .= £ ± 1 MO)f{eT 6b1Tb 3aUHCaHa B <i>opMe 

S;_,.f SJ 
SL,i = (A3.3} 

S; SJ+I,i 

eCJIH HCllOJib30BaTb ypaBHeHHH (A3.2b}, (A3.2c). 

IlOJIHHOMhl Jle)f{aH~a H HX npOH3BO~Hhle y~OOHhl. B HCllOJib30BaHHH, TaK KaK BQ

nepBhiX, CTeneHh nonHHOMa HMeeT CMhiCJI op6uTanMioro yrnoaoro MOMtm-Ta L, H no

BTOpbtX, H3-3a HX CBOitCTB OpTOI'OHaJibHOCTH. IlpH HCllOJib30BaHHH Ha npaKTHKe ::JTOT 

6ecKouel.fuhlil: p.s~~ ~OJI)f{eH 6b1Th o6opnau npH ueKOTopoM, xopomo onpe~eneuuoM, 3Ha

'leHHH Lmax· OcrannmecH 'IJieHbl, OT Lmax ~o 6ecKOHC'IHOCTH, MOryT 6btTh 3aMeHe

Hhl 'IJieHOM, npe~cTaBJISIJO~M nepu<l>epH'IeCKytO 'laCTb B3aHMO~eitCTBHSI, HanpHMep, 

BKJIMOM OT o6MeHa O~HHO'IHhiM BHPTYaJihHbiM llHOHOM (QIIE). A.VIIIJIHTY~hl pacce

SIHHH a, b, C, d, e ,D;OJI)f{Hbl 6h1Tb nonpaBJIE;Hbl Ha 3JieKTpOMarHHTHble a<P<I>eKThl, ·3a

BHCSI~He OT nma B3aHMo~eil:cTnyro~ax 'laCTH~. 3aMeTHM, 'ITO ~enb PSA cocToHT B 

Onpe~eneHHH H~epHOit 'lacTH B3aHMO~eftCTBHSI 1 a HMeHHO-
11

'1HCTO Sl~epHblX <l>a30BhlX 

C~BHfOB11 • • . 

HH)f{e nopora po)f{,D;eHHH o~Horo nHoHa TThro <l>a30Bhle c~BHrH 6L,J H napaMeTphl 

CMemHBaHHSI f; ae~ecTBeHHhl H cooTuomeuHe yHHTapHOCTH ~H S-MaTpH~hl · Bhlnon

H»eTCH aBTOMaTH'IeCKH. Bhlme TThr npHCJTCTBYIOT HeynpyrocTH H CHTya~HSI, 'u3MeHH

eTCSI H3-3a npo6JieM YHHTapHOCTH. 9TH H3MeHellHH He3Ha'IHTeJihHbl ~SI CHHrJieTHblX 

H HeCBH3aHHblX TpHUJieTHhiX nap~HaJI~HhlX BOJIH ( ypaBHellHe (A3.2a)},. r~e <lla30Bhle 

c~BHrH npocro CTaHOBHTCSI KOMnJieKCHhiMH. B ypaaHeHH»x {A3.2b,c) <l>a3hl OJ±t,J npu

HHMaiOTCH KOMUJieKCHhiMH, a fJ OCTaiOTCH Be~eCTBeHHhiMH. YCJIOBHe YHHTapHOCTH Tpe-

6yeT, '1To6ht Imo ~ o.. · 
IJepBoe npe~CTaBJieHHe, IIOJIHOCTbtO COBMeCTHMOe C YHHTapHOCTbiO, 6btJIO IIOJiy'leHO 

BpaitaHOM (1981 r.) 13], KOTOpbtil: BBeJI T. H. "meCTOit napaMeTP". <l>opMyJia (A3.2c} HM 

6htJia 3aMeHeHa na 

SJ = isin2E; exp(i (cSJ+t,J + 6;-t,J +a;)) . (A3.4) 
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r,D;e ,ZJ;OIIOJIHHTeJJ&HblA 'UleH OtJ MO:lKHO IIOHHM8Th xaK MHHMYIO 'lacTh fJ. TeopeTHKH 

BCer,D;a IIbiT8JIHCh nony'IHTh '3TY BeJIH'IHny pac'leTHHM nyTeM, IIOCKOJihK}' OHH C'IH

TaJIH, qro uue,D;eaHe STOro 'Ulena ,D;OJDKHo ynyqmBTh · cxo,D;HMOCTh PSA. 9TH ,D;eTaJIH 

3,D;eCh He p&CCM8TpHBa.IOTCH, TaK KaK BIIJIOTh )1;0 HHHemHero BpeMeHH Bee npaKTH'Ie

CKHe npHMeaeHJUI TaKoro IIOJI.XO,D;a DOKa3aJIH, ~o 3TOT napru.ieTp aecym;eCTBea. Tax 

npoHCX:O,D;HT IIOTOMy, ~0 "3¢cl)eKT mecTOro napaMeTJia" YMHO.>Ka.e'l'QI Ha sinf.J, a oce 

fJ MaJIH. llo 3TOA IIpH'IHHe 6y,D;eM C'IHT8Tb, 'ITo TOJlhKO 5L,J MOryT 6HT& KOMDJieKCHH, 

a "mecTOA napaMeTp" 6y,D;eT onym;ea. 06c~eHHe 3THX no,D;pO(isOCTeA MO:H<HO naATH 

B pa6oTax (4, 5). · 

P83Jlo:H<eHHe CHBrneT-TpHUJieTBhiX aMnJIHTJ,D; pacceHHHH [BLW) .nmr ~enelt PSA 

6Hno unepBHe BHnHCaHo u 1955 r. CTannoM (6). B ero npe,D;CTaBJieHHH HY:H<BHe co

OTHomeHHH BHrJIH,D;HT Ha.HOOJiee npOCTO, ~0 6HJIO O'leHh Ba:lKHO BO BpeMeBa, KOr,D;a 

o&beM UaMHTH ,D;JIH KOMIIhiOTepHhiX BH'IHCJieHHit HrpaJI pemaiOm;yiO pOJib. 3,D;eCb MH 

npHBO,D;HM HY:lf<HHe <l>oPMYJIH ,nm1 Upe,D;CTaBJieHHH HHB&pHa.HTHHX aMIIJIHTY,ZJ;. 

06ooHa'laR nonHHOMH Jle:H<aH,D;pa KaK PJ{cos9cM) = PJ, a HX npoH3BO,D;Hble no 

COS 9m.t KaK ~(cos9cM) = PJ, MO:lKHO 38UHC8Th Onpe,D;eneHHHe B pa6ore (7) HHB8pH

aHTHHe aMUJIHTJ,D;H pacceHHHH B BH,D;e . 
1 ~ [ ( SJ.J ) a= 4iK ~ (2J + 1) J(J + 1) cos9 PJ + SJ+t,J PJ+1 + SJ-1,J PJ-1 + 

+ .. ::r _, ( ,jJ(J + 1) 2SJ- J SJ+1,J- (J + 1) SJ-1.J)] , {A3.5a) 

1 ~[ . b = 4 'K L... (2J + 1)(SJ,J + SJ) PJ-
' J=O 

(A3.5b) 

- 1'.\ ( y' J(J + 1) 2S' + (2J +l)S.v ooo8- J Smr (J +l)S,_..,) J. 
1 

00 

[ c = 4iK]; (2J + 1)(SJ,J- SJ) Pr (A3.5c) 

- Pj ( ,jJ(J + 1) 2SJ + (2J + 1)SJ,J cos9- J SJ+t,J- (: + 1)SJ-1,J)] , 

d= 4i~ EJ(/+1) [-(2J+1)SJ,J fj+ (,jJ(J+1) 2SJ +SJ+l,J)J PJ+l-

- ( ,jJ(J + 1) 2SJ- SJ-l,J)(J + 1) ~-1] , (A2.5d) 
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sin 9 00 2J + 1 [ · · ] 
e= 4K ];J(J+1) -SJ,Jfj-JSJ+I,JPJ+t+(J+1)_SJ-1,JP'J-1 , (A3.5e} 

r,D;e K- HMnyn&c Ha'l~&aoro liYKJIOHa B c.~.M. (uonaouoe qacno), S00 = S10 = S0 = 0. 
llo,D;'IepxaeM em;e p83, 'ITO Te aeH3BeCTahle cso6o,D;Hhle napaMeTpH, 3Ha'leHHR KOTo

phiX ,ZJ;OJI:lf<Hhl 6b1Tb H&lt,D;eHhl npo~e.zzypoit MHHHMH38~H MeTO,D;OM H&HMeHhiiiHX KBa,ll;

paTOB, H eCTb ¢830Bhle C)J;BHrH. 

· 2. · BKJI~ o~onHonnoro o6Mena 

P83JIO:H<eHHe a.vmJIHTY,D; pacceHHHH o6pe3aeTCH npH HeKOTOpOM 3Ha'leHHH IIOJI

HOrO yrJIOBOrO MOMeHTa Jmax, KOTOpoe Onpe,D;emleTCSI IIO BeJIH'IHHe X2 
Ha . CTeiieHb 

cso6o)J;hl (DoF) cxO,D;SIII\erocH PSA-pemeHHH. Tpe6yeTCH, 'IT06H 3TO pemeaHe 61>1no 

"cTa6Hii&HhiM", T. e. npH ysena'leHHH 3Ha'leHHH Jmax 3H&'IeHHH ucex 6onee HH3KHX 

¢830Bh1X C,D;BHroB H3MeHHJIHCh He3Ha'IHTeJihHO. 

)J,nH 3TOrO COCTOHHHH C 6oJiee BhiCOKHMH yrJIOBhiMH MOMeHT8MH OOhi'IHO 3aMeHH

IOTCR 6opHOBCKHM npH6JIH:H<eHHeM O,D;HOIIHOHHOro BKJia,n;a [8)-[10). O,D;iiOnHOHHhle HH

BapaaHTHhle 8MIIJIHTY,ZJ;hl, BKJia,ll; OT KOTOpbiX npH J · $ Jmax HeOOXO,D;HMO Bbl'leCTb, 

cne,D;y!OII\Ife: 

If 

r,D;e 

aopE{pp) = eoPE(PP) = 0 , 

boPE(PP) = -Fo(1T- 9CM) , CoPE(PP) = Fo(9cM) , 

doPE(PP) = Fo(9cM) + Fo(1T- 9cM) . 

aoPE(np) = eopE(np) = 0, 

bopE(np) = -2F+(1T- 9cM) , CQPE(np) = -Fo(9cM) , 

doPE(np) = -Fo(OcM) + F+(1r- OcJVI) , 

2M1M2 1-cosOcM x/2, k=O,+; 
Fk(OcM) = JL~E x 1 + (JLV2p2)- cosOcM 

npH 3TOM: 

(A3.6a) 

{A3.6b) 

(A3.6c) 

(A3.7a) 

(A3.7b) 

(A3.7c} 

(A3.8} 

Jlvf1, ,\12 -MaCChi UYKJIOHOB IIY'IKa H MHIIIeHH COOTBeTCTBeHHO, /.Lo- M8CC8 1r
0

, Jl+ - MaCCa 

1T±, E- UOJIHaH 3HeprHH, p- HMIIYJihC B C.~.M., j2 - KOHCT8HTa· IIHOH-HYKJIOHHOit CBH3H. 

B npHH~Hne, j2 MO:H<eT 6&JTh pa3JIH'IHOA ~H o6Meaa BHPTYMhHhiM 1r
0 (p~ H n~ 

pacceHHHe "snepe.z(') H ,D;JIR o6MeHa BHpTyanhHhiM 1r± (n~paccesiHne "aa3a,D;"). Tio

CKOJihKY TOJlbKO ,D;JIH o6MeHa BHpTyaJihHhiM 7T± KOHCTaHTa CBH3H MO:H<eT 6biTb TO'IHO 

H3Mepeaa, o6bi'IHO s PSA BBO,D;HTCH HMeaao 3TO 3Ha'leHHe /
2

• C ,D;pyron CToponhi, B 

:-.mnHMH3a~noauoA npo~e,D;ype PSA BeJIH'IHHa / 2 MO:H<eT paccMaTpHBaThCH KaK CBo-

6o,n;Hhlfl napaMeTp. )l;ns ynpyroro pp-pacceHHHH PSA npe,D;cTaMHeT co6on O,D;HY H3 

-pe)J;KHX npo~e,D;yp, II03BOJIHIOIIJ,HX onpe,D;eJIHTb 3H8'1eUUe KOUCT8HTbl CBH3H ,D;JISI OOMeHa 

BHpTyaJibUhiM 1r0, HO Bhi'IHCJieHHhle npH 3TOM norpeniHOCTH OK83hJBaiOTCH 3Ha'IHTeJih

HhiMH Ill). 
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0TMeTHM, 'iTO 3TH OPE-aMIL11HTY,IU>I HMeiOT npanHJihHOe noporonoe none,n;eHHe. 

Mo:lKHo c ynepeHHOCThiO yTnep)K)I;aTb, 'ITO y'leT nKna,ii.a o,n;HonHOHHoro o6MeHa sn

nseTcs Ha y.n;HBJieHHe BruKHbiM ynyqweHHeM PSA-no,n;Xo,n;a. HeKoTOphle H3 ~H3HKOB 
IIIJIH ,ll;aJihiiie H 3aHBJil'IJIH, 'iTO ::Jio ynyqmeHHe MOrJIO 6hJ 6hJTb em;e fionee cym;eCTBeH~ 
nwM, eCJIK 6hJ 6hlJI Y'iTCH TaJOKe BKJia,ll; ".n;nyxnHOHHoro" o6MeHa. O,n;HaKo cym;ecrnye-r 

ps.n; ,n;HarpaMM «ileAHMaHa ,li;JIH o6MeHa .n;nyMH BHPTYaJihHhlMH nHoHall-m, a nKJia,n; HX 

ncex Bhl'iHCJIHTh HenerKo. Bonee Toro, caMo no ce6e no.n;o6Hoe npe,li;JioJKeHHe. Heno

cne.n;onaTeJibHO, TaK KaK o6MeH ,li;BYMH BHpTyaJihHbiMH TIHOHaMH He HBJIHeTCH nepH~e
pH'iCCKHM B3aHMo,n;eitcTnHeM. 0JKH,n;ae-rcsl:, 'ITO BKJia,ll;hl BHPTYaJihHhJX ,li;ByxnHOHHhlX 

o6MeHOB n N N -B3aHMo,n;eil:cTBHe ,n;oJIJKHhl, ua C&'\fOM .n;ene, BXO.n;HTh B cno6o.n;Hhle napa

MeTphl, onpe.n;enseMhie n npone.n;ype PSA, TO ecTh B "'IHCTO s.n;epHhle ~a30Bble c,n;nHrH". 

lfMCHHO IIO 3TOH npH'IHHe TaKHe BKJia,ll;bJ HHKOr,n;a He HCTIOJlb30BaJIHCb Ha npaKTHKe HH 

n o,n;HoM H3 ony6nHKOBaHHhlX n JIHTepaTYpe PSA. TeM He MeHee, neMano Ha'IHHaiOm;Hx 

~H3HKOB HarrpaCHO IIOTpaTHJIH ,li;OBOJlbHO MHOrO BpCMCHH Ha CIIOCOObl yqeTa BKJia,ll;a 

,li;BYXIIHOHHOro 06MeHa JIHIIIb IIOTOMy, 'ITO HX IJJIOXO HH~OpMHpOBaHHble pyKOBO,lJ;KTCJIH 

CJICTIO BepKJIH HeKOTOpbiM TCOpCTHKaM. 

3. 9JieKTpOMarHHTHble BKJI~bl 

KynoHOBCKHe aMnJIHTY,ll;bl H KyJioH-H,n;epuaH HHTep~epeu~H paccMOTpeuhi n pa-

6oTax (2, 10J. )J,Jis KynouoncKoii qacTH HHBapHaHTHhlX aMrrJIHTy,n; pp-paccesnHH J,n;ech 

Hcnonb3yiOTcH cooTuomeuHH, npHMeueHHbie n CaKJie-)KeuencKoM (SG) PSA (7]: 

r.n;e 

a TaKJKe 

ac(pp) = Fa(BcM) - Fc(1l"- BcM) , 

bc(PP) = Fc(BcM) , cc(pp) = -Fc(1l"- BcM) , 

dc(PP) = ea(pp) = 0 , 

/c(BcM)= (
1 

-
11

8 
)exp[-i17ln(1-cos8cM)], 

p -cos eM 

(A3.9a) 

(A3.9b) 

(J\3.9c) 

(A3.10) 

11 = a (Tkin + M) I JTkin(Tkin +2M), a = IIOCTOHHUaH TOHKOH CTPYKTYPhl = 
1/137.036, /vf = MaCCa llpOTOHa, p = HMITYJihC B C.J:\.M. 

.lJ:nH yrJIOBhiX MOMCHTOB L Bhime, 'leM Lmax• aBTOphl SG PSA .n;o6aBHJIH n aMJJJIH

Ty.n;y e rronpanKH Bpelha H PanneJIH (1962 r.) (12Jna MaruHTHhiii Jl.tOMeHT: 

!:!. e = i M~~ ( 3 + 4 /lp) x 

[ 

1 Lm.,.2£+1 ] 
x sinBcM -sin8cl\f E L(L+ 1)Pl,(cos8cM) (A3.11) 

r,'(e Jlp = 2.792847386 CCTh ITOJIHhllt MarlllfTHbiH MOMCHT npOTOHa B l'l,lJ;epHhlX MarHeTQ-

nax. 
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.lJ:pyraH ~opMa 3JieKTpOMarnHTHhlX BKJia,li;OB ,llaua n pa6oTax (11; 13): B CTaTi.e (14) 

3TH BKJia,ll;bl HCCJie,llOBaJIHCb B rrpH6JIHJKeHHH OOMeHa O,li;HHM ~OTOHOM. HHKaKOtt H3 

3THX aJihTepHaTHBHblX MeTO,llOB 3,1leCb He pacCMaTPHBaeTCH. 

BJaK.'<~o,zteAcTnue MeJK.n;y 3Jie~TpH'iecKHM 3apH,D.OM H MarHHTHhiM Mo~e~ioM rrpoHc

xo.n;HT TaKJKe n yrrpyroM np-pacces~HH, r,lle (auoManhlihltt) MaruHTHhltt MOMe~T uett

TPOHa BeJIKK. O)J.IiaKO, COOTBeTCTByiOm;He BKJia_i:t~ ~ aMIJJIHTY,ll;bl. He O'leHh cym;eCTBeH~ 
Hhl, UOCKOJibKY C&'\fH nP:.,n;aHHhle onpe,n;eJieHbl C OOJiee 3ua'iHTeJibHbiMH .3KCnepHMeH-

. ·. ·.· .. ,, 
TaJibHbiMH norpemHOCTHMH. 

.. 
4. PSA. Bhlme :nopora po)K,D;eHJUI DHOHOB 

3,D.eCb OITHWCM O)J.HH H3 B03MO~Hb1X ITO~O,li;OB K paCCMOTp~HHIO MHH~~brX qacrefi 

~a30BhlX C.n.nHron rrpH 3HeprnHx nhlme nopora po)K)I;eHHH nHOHOB. Ou Hcnonb3onancs n 

SG PSA; ,!1;0 1983 r. OH HCITOJib30BaJICH TaKJKe B PSA BHp,D.:lKHHCKOro nonHTeXHH'ieCKOro 

HHCTHTyTa (VPI). 

B 3TOM TIO.n;XO,D.e rrpe,n;nOJiaraeTCH, 'iTO Jllflllh HeCKOJihKO ~a30BbiX C)J.BHrOB HBJIHIOTCH 

KOMIL11CKCHbJMH1 TOr,D.a KaK BCe npo'iHe OCTaiOTCl'l nem;eCTBeHHhlMH BIIJIOTh )1.0 HaHBbiC

IIJHX 3Hepmfi, npn KoTopwx PSA em;e MOJKeT 6hiTh nhlrronueu. KpHTeplieM 8i>I6opa 

Olll'ITb OCTaeTCH BeJIH'IHHa x2 /DoF ,li;JIH uatt,llCHHoro PSA-pemeHHH llOCJie ero CXO)J.HMo

CTH. (KoHe'iHO, 3,D.eCb npHCyTCTByeT 3JieMeHT cy&beKTHBHOCTH H npe,D.TIO'iTCHHil: ITOJIIr 

JonaTeJis.) MHHMaH 'laCTh Bhl6paHHhlx ~a30BhiX c.n.nuron n paccMaTpHnaeMOM no.n;Xo.n.e 

3aiTHChiBaeTCH B ~OpMe 

ImJL,J = .{ 2 (aLJ)n .( 0 , )(L+n+!> 
L:--x T-TLJ 

, n=O · n! . 

forT ::5 TLJ 

(A3.12) 

forT> TLJ 

r.n;e ,li;JIH i<aJK,Z\oit ~aahl eCTh cnoe 3Ha'leuue rroporonott 3HeprHH TLJ TaK JK~, i<aK H 

BCJIH'IHH (aLJ)o, (aLJ)l H (aLJh, KOTOphle )J.OJI:lKHhl paCCMaTPHBaThCH KaK CBOfiO,D.

Hhle napaMeTphi. Tpe6onauHe ueOTpHII;aTeJibHOCTK Im~LJ coOTne-rcrnye-r uanoJKeHHIO 

YCJIOBHH "HeynpyroJ.t YHHTapHOCTH". 

MHHMhle 'laCTH ~a30BhiX C,llBHrOB 'IYBCTBHTeJihHbl KO BCeM BKJIIO'IaeMhlM B aHaJIH3 

3KCITCpHMeHTaJibHhlM TO'IKaM. BaJKHhiH BKJia,D. ,D.aiOT. ITOJIHhle Ce'iCHHH(Uo,tot), ITOJillhle 

ynpyrue ce'ieHHH (uo,tot(el.)) H noJIHhle Heynpyme ce~eHHH (uo,tot(inel.)). QqenH.n;HO, 
KOHe'iHO, 'iTO 

uo,t'?t = ua,tot(el.) + uo,tot(inel.) . (A3.i3) 

B HHTepnane 3HeprHlt, rrepeKphiTOM cym;ecTny!Om;HMH PSA, HMee-rcs JIHmh 

HeCKOJihKO He3aBHCHMbiX H3MepeHHfi HeynpyrHX HjHJIH yrrpyrHX ITOJIHhlX CC'IeHHH. C 

,ll;pyrofi CTOpOHbl, HJI.IeeTCH MHOrO H3MepeHHil: Ce'leHHR pa3JIH'IHhlX neyrrpyrHX KallaJIOB. 

9TH .n.annhle ne HBJIHIOTCH He3aBHCHMhiMH. Hx B03MO)KHhlfi BKJia,n; n PSA H coOTHome-

- HHH MeJK.n;y noJIJihiMH ce'leHHH!.fH pa3JIH'IHhlx Kaua.'IOB NN-peaKnHR paccMOTpeHbl s 
pafiOTe (15), 110 3)J.eCb 3Ta TeMa OfiCy)K,II;aTbCl'l He 6y,n;eT. 
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t1 

B PSA ,rvu1 np-pacceHHIIH co)J;ep:lfQl.TCH ace <l>aahl H napaMeTpbl cMeWIIBaHIIH c 

I = 0, 1. TipH 3TOM <Paaosble C)J;BHI'H ,lVIH H30CIIHHa I = 1 MO)KHO IICIIOJib30BaT&. KaK 

$11KCHpOBaHHhie seJIH'IHHhi B ana.JIH3e np-,n;aHHhix, 3a..\feHHB OPE ttaCTh B <Paaoshlx 

c,n.sHrax pp-pacceHHHH na OPE ,lVIH np-cHCTCMhl 11 TaK>Ke H3MeHHB IIOJIHHOMHa.JihHble 

MHO>KHTCJIH. 'cosMeCTHhiA PSA lVIH pp- H np-)J;aHHhiX, TaK >Ke, KaK H PSA c <l>HKCHpo

saHHhiMH. <l>aaoBhiMH C)J;BHI'8.MII 113 pp-pacceHHHH, onpe,n;ena:eT cso6o)J;Hble napaMeTPbi 

npH I = 0. KoHettHhiM 3TanoM HBJIHeTCH npo~e;zypa MHHIIMH3au;IIH, B KOTopoA see 

napaMeTpbl paccMaTpHBaiOTCH KaK CBOOo)J;Hhle. , 

On11canHaH 3,D;ech PSA-npou;e.zzypa, BhiiiOJIHHeMaH c IICIIOJih30BaHHeM )J;aHHhlx, 113-

MepeHHhiX B OKpeCTHOCTH HeKOTOpOit $HKCHpOBaHHOR KHHeTHtteCKOR 3HeprHH Tkin 1 Ha-

3biBaeTCH PSA "np11 <l>HKCHpOBaHHOA 3HepmH" (FE PSA). )lnsr 11 3Hepm3aBIICHMOI'011 

PSA (ED PSA) <l>aaosble C,U.BIIrH MO)KHO no,n;rOHHTh, HanpiiMep, IIOJIIIHOMIIaJibHbiM, 

pa3JIO>KeHIIe:M BH)J;a 

""'•s (aLJ)n ( )n L --1- X Tkin- To , 
n=O n. 

(A3.14) 

r)J;e T0 ecTb u;enTpaJibHaH TO'IJ<a B HeKOTopoM 38,!1;aHHOM HHTepsane. TipaBHJihHoe no

poroaoe noae)J;eHHe MO>KHO o6ecne~IITh, yMHO>KIIB (A3.14) Ha OPE-<l>aKTOpbl. Bonee 

BbiCOKHe napu;HanhHhie BOJIHhl, KaK y>Ke OTMettanoch Bhftne, HBJIHIOTCH ttHCTO OPE~ 

BOJIHaMH. 

Xopomo H3BeCTHO, 'ITO rrpH Ma.JibiX aHepmHx OPE <l>aaoahle C)J;BHI'H npH HH3KHX L 
He COOTBCTCTBYIOT 11 '1HCTO H)J;epHbiM" ¢aaoBhiM C,D;BHraM. B 3TOM CJiy'lae ,lVIH 180 II 
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$a30BbiX C,D;BHI'OB 3aBHCHMOCTb ,lVIHHbl paCCeHHHH H a<l><l>eKTHBHOI'O pa,n;Hyca j16, 17] 

OT 3HepmH MO>KeT 3aMeHHTb OPE-<l>aKTOpbi [7J (eM. no)J;po6HoCTII a TipHJIO>KeHHH A4). 

5. K-MaTJJH'IHblli no)J;xo,u; 

On11caHnaH Bhlme npou;e;zypa PSA He HBJIHeTCH e)J;HHCTBeHHO B03MO>Knoll:. Mo>KHO 

HCIIOJib30BaTh TaK>Ke no)J;XO)J; KOMnneKcnoll: K-MaTpHIJ;hl, paaBHThiA ApH,D;TOM 11 Pone

paM (1982 r.) [18J (eM. TaK>Ke [191), B KOTopoM S-MaTpllrr.a JaniiChiBaeTCH a BH,n;e 

S = (1 + i K)/(1- i K), (A3.15) 

K+ Ko 

K= (A3.16) 

Ko K_ 

Bew;ecTaennhie 11 MHHMhie ttaCTH aneMenTOB aroA K-MaTpHll;bl ,n;aiOTCH BhlpalKemuiMII 

R K 
_ sin2s + cos2c: sin2d 

e ±- , 
cos 2s + cos 2c: cos 2d 

Re J(, _ sin 2c: 
0 

- cos 2s + cos 2c: cos 2d ' 

ImK± = tan2 P±, ImK0 = tanp+ tanp_COSJL, 
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(A3.17a) 

(A3.17b) 

{A3.17c) 

r,n;e {2s = 8J+1,J. , 2d = 8J-1,J) ; 8 H f aew;ecTBeHHbi a P+• p_, p, HBJIHIOTCH napaMeT
pa..\1'11 ueynpyrOCTH.·KOHe'IHO, 8 H f B $opMyJiax {A3.17) He TOJK,D;eCTBeHHbl TeM->Ke 

o6o3HatteHHHM B <l>opMynax {A3.2b,c), KpoMe cnyttaH, Kor,n;a neT neynpyroCTH. TaKofi 

K-MaTpllttHhifi no)J;xo,n; neHBHO BKJIIO<raeT see Tpe6oaanHH yHHTapHOCTH. 

HaA)J;eHHble <l>aaoBble C)J;BIIrH M:ol')'T 3aTeM 6h1Th napaMeTpH30BaHbi ,lVIH oiiHcanHH 

HX 3HepreTII<JeCKOfi 3aBHCHMOCTH. ~ha napaMeTpH3aiJ;HH 6onee )J;eJIIIKaTHaH; <reM yrJio

BaH 3aBHCHMOCTb Ha6JIIO,D;aeMhiX1 IIOCKOJibKY.TIO'ITH HHKaKHX TeOpeTH'IeCKHX YKa3aHIIfi 

na ee xapaKTep ne cyw;ecTByeT, KpoMe xapaKTepa nose,n;en11H y nopora. 9ro OTHOCIIT

CH KaK K sew;ecTBeHHhiM (np11 Tkin = 0), TaK H KO MHHMhiM (Tkin ~ TThr) ¢aaoBhiM 
C,U.BIII'aM. 

Bb16op S-MaTpllttHoro n/HJIH K-MaTpllttHoro HO)J;XO)J;OB IIO,ll;P06Ho o6cy>K)J;aJICH 

IllnpyuroM 11 Knapc$eJI)J;oM B 1988 r. J20]. 9TH aaTOpbl cpaBHIIJIH SG PSA [7, 21] 

c VPI'PSA [19, 22] H )J;aJIH uecKOJihKO noJie3HbiX peKOMeH)J;all,llfi. OHII IIPIIWJJII K Bbi

BO,!J;Y, 'ITO IIpll TeKylll,eM COCTOSIHHH Cylll,eCTBOBaBIIIHX K TOMY BpeMeHH (B 1987 r.) )J;aH

HbiX IIO ynpyroMy pp-pacCeHHH!01 COrJiaCHe Me>K;zy aew;eCTBeHHbiMH ttaCTHMH ¢a30BbiX 

c,n.aHroa, Hafi)J;eHHhiX 3TIIMH )J;BYMH pa3nH'IHhiMII PSA, 6biJIO anonue xopOIUHM. qTO 

KacaeTCH ueyrrpyrOCTefi, TO OT)J;aTb npe,n;IIO'ITeHHe. KaKOMy-TO O)J;HOMY 113 3THX )J;Byx 

MeTO)J;OB oKaaanoch TPY)J;HhiM )J;eJIOM. 

Huor)J;a pa3JIH'IHH Me>K;zy· MliHMhiMH <JaCTHMH q)a30BbiX C)J;BHros, Bhi'IHCJieHHhiX 

npH HCIIOJib30BaHIIH S- HJIII 'K-MaTpllu;, HBJIHIOTCH sa:HmhiMII. B Ka•IeCTBe npm.iepa, 

ynoMHHeM noae)J;eHHe /m8(1S0 ). Ona OTJIII'IaeTcH i:>T nyJIH a PSA Apn,n;Ta H coaBTopoa, 

na'IHHasr c Itopom po>K)J;CHHH IIHOHOB, TOr)J;a KaK ocTaeTcH paauofi nyn10 B nan6onee 
cse)KIIx pememrHx FE SG PSA np11 acex anepmHx. · 

6. CocTaBneaae 6a3 ,D;aHHbiX u peaJJH3au;as Bbi'IHCJieHaii B PSA 

HyKnon-nyKnonnhie PSA 6hiJIII paapa6oTanhi H BbiiiOJIHHJJHCb ·so Mnomx na6o

paropHHx MHpa. OnH o6ecne•maanH o6pa6oTKY ,n;aHnhlx, rrpe,n;CKa3aJJHH ,lVIH HOBhiX 

H3MepeHHil: panee He H3MCpHBIIIHXCH BCJIII'IHH H IIOMOI'aJIH B IIJiaHHpOBaHHII HOBhlX 

113MepeHHfi .. BhiJIO Kpailne >KeJiaTeJihHhiM coJ,n;aTb KOMIIHJIHIJ;IIII NN-)J;aHHhlx, a sno

cne,n;cTBHH - JICI'KO )J;OCTYIIHbiC 68.3hl )J;aHHbiX. 0)J;HaKO pH)J; aBTOpOB ny6JIHKOBaJI CBOH 

pe3yJihTaThl TOJihKO B rpa<l>H'IeCKOM BII)J;e, 'ITO 6hiJIO H )J;OCTaTO'IHO 6e30TBeTCTBeHHbiM1 

H ,n;ocToll:no 6oJibiiiOI'O coJKanenHH. TI~TOMY nepe,n;Ko. 6biJIO Kpafine Tpy,n;nhiM )J;eJIOM, 

Tpe6yiOili,IIM 60JibiiiOH 3aTpaThl BpeMCIIH1 IIOJJY'IHTb 'IHCJJCHilble Ta6JIHIJ;bl )J;aHHbiX OT 

asTopoa. B PeJYJihTaTe qacTh H3MepeHiihlx )J;annhix oKaaanacb noTepmmofi, a •IacTb 
,!l;aHHbiX BCe-TaKH IIpHIIIJIOCb C'IHThiBaTb C rpa¢JfKOB.· 

B npournoM, nau6onee rrOJJHbiMH cao)J;a~m ,n;aHHhiX 6biJIH KOMIIIfJIHIJ;HH- MaK

rpempa, ApH)J;a H PafiTa (1968 r.) [23). Bonee CTaphle KOMIIHJIHIJ;HH co,n;ep>KaT; B OCHOB

IIOM, ,!J;H¢¢epenrr.HaJibHhle H noJIHhie ce'leHHH N N -pacceHHifH. B Tpex KOMIIIfJIHll,lfHX 

CaKJJe [24, 25] nepe'lnCJieHbl npaKTH'ICCKH ace ony6nHKoaamihle panee CBO)J;KH ,n;annhlx. 

_ On11 npiiBe)J;eHhi TaK>Ke a Ta6nnrr.ax Jlan,n;oJib)J;Ta-BepnwTeAHa [26]. 

O,n;nofi H3 HaHOOJiee IIOJIHbiX KOJIJICKIJ;Hfi ,D;aHHbiX BO BCefi HCCJie)J;OBaHHOil: 3Hepre-
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Tlf'IeCKOit OMacT11 SBJJSeTCS ,lzypxaMCK!UI 633a ~annhiX no <f>11311Ke BhiCOK11X anep

mtl (Durham HEP Database, <l>H311'IecKoe OT~e.nen11e ,[cypxaMcKoro yn11nepcHTeTa: 
·Dept. of Physics, Durham Univ., South Road, Durham DH1 3LE, U.K., e-mail 

m.r.whalley@durham.ac.uk). rpynna, nOAAep>KHBRJOID;!UI 3TY 633y ~aHnhiX, BeCbMa 
cephronas. B YK33aHnott KOJIJieKIJ,lf11 no'ITH neT om116oK; n CJiyqae o6napy>Ken11s omH-

6oK B OpHrHnaJibnbiX pa6oTax rpynna 'facTO KOnCyJibT11pOBaJiaCb C COOTBeTCTBYJOID;11M11 
aBTOpal\.m H 3TH OIUH6K11 HCnpaBJJSJI11Cb. 

,ll.annhle B anepreT11'IeCKOM 11HTepnane PSA (nH>Ke 3000 MaB MH pp H nH>Ke 
1300 MaB MS np) nepe'fHCJienhi n 633e ~annhlx "I1nTepaKT11BHoit nporpaMMhl SAID" 

(1987 r.) [27). cha 633a ~aHnhiX nenpephiBHO o6nonJISeTCS, a caMa nporpaMMa K0p

peKT11pyeTCS. 

HeKOTOpble na6opbi ~annhlx 113 pa3nbiX na6opaTOp11it ny~aJOTcs n nopM11poBKe. 

"HopMHpOBKa" 03na'IaeT, 'ITO nee ~annble neKOTOpOro O~noro na6opa YMHO>KRJOTCS na 

0,11;111{ 11 TOT >Ke 06ID;Htl MHO>K11TeJib, 'IT06hi yMenbiUHTb paCXO~enHe C ,11;pyr11M11 ana

JIOrH'IHbiM11 na6opaMH ~annhlx no TOil >Ke na6JIJO~aeMo:ii:. HopMHpyJOm;Htl MnO>K11TeJib 

(N F) paccMaTpHnaeTcs KaK cno6o~bltl nepeMeHnhifi napaMeTP. Bhl6op Toro na6opa 

~anHbiX, KOTOpblit ~OJI>KeH 6bJTb OTHOpMHpOBan, 3aB11C11T OTerO BKJI~a n 3naqen11e X2
• 

Cym;ecTnyJOT TaK>Ke onpe~enennhle peKoMen~a~H11 no nopMHpOBKe ~anHbiX B pa6oTax, 
cne~11aJibHO nocnsrm;eHHbiX 3TOMY nonpocy. B 6oJibiUHHCTBe pa6oT no cym;ecTBYIOIIJ;HM 

PSA nepenopMHpOnKe rro~nepran11Cb, B ocnonnoM, ~annhle no ~H<l><f>epeHIJ,lfaJibnbiM 

ceqenHsM. TeM ne Menee, 3Ta npo~e~a co~ep>KHT 3IIa'IHTMhHYJO ~OJIJO cy6-MKTH
BH3Ma, nnoc11Moro anTopal\m PSA. 3aMeT11M, 'ITO nepenopMHponKa ne y~aeTcs, ecJIH 

<f>opMbl H3Mepellllb!X yrJIOBbiX pacnpe~eJieH11H pa3JIH'Inbl HJI11 eCJI11 a6COJIJOTnble 3na~ 
'fei!HS ~aiiHbJX 6JIH3KH K llJJieBbll\1. 

,ll.Jis rrponepKH'p33HbiX na6opon ~aHHhiX na neo6xo~HMOCTb HX nepeHopMHpOBK11 

no nxo~HhiX ~anHhiX ~JIH PSA ~OJI>KHhl y'I11ThlnaTbCS TOJibKO cTaT11CTH'IeCKHe onmoKH 

H3MepennbiX na6mo~aeMbiX. 06cy>K~enHe p33JIH'IHhiX crroco6on nbi'IHCJienns pean11~ 
CTH'IeCKHX TIOrpemnOCTefi 113MepenHH BhiXO~HT 3a paMKH o6cy~aeMOH 3~eCb TeMbJ; 

TeM He Menee B Ka'JeCTBe rrpHMepa l\10)Kn0 YKa3aTb MeTO~, OH11CRHnhltl B pa60Te [29, 4): 

B 6oJibiUHIICTBe cym;ecTBJIOID;HX PSA norpemnocTH ncex npe~CKa3anni!: ( na6JIJO~a~ 
eMbiX, a'v!IIJIHTJ~, <f>a30BbiX C~nHron) 06bl'fHO nbi'IHCJIHIOTCS C HCHOiJb30namieM TOJibKO 

~HarOHaJibHhiX 3JieMeHTOB MaTpH~hl OIIJH60K. 

Ilpo~e~pa MHHHMH3a~JIH MO>KeT HR'fHilaTbCS CO CJIJ'IaitHOrO na6opa Cn060~HhiX 

<l>33onblx c~nuron n npn <f>uKcnponamroM 3naqemm nopM11py10m;e~'o Koa<P<Pn~nenTa 
N F = 1, rro~o6no TOMy, KaK 3TO ~MaeTcH B anann3e DRSA, orrncannoM B IlpHJJo>Ke-· 

HHH AI. IlocKOJibKY 'IHCJIO cno6o~nhiX rrapa.\feTpoB n PSA 3HR'IHTeJJbHO 6oJibiUe, qeM 
n DRSA-anaJIH3e, noncK PSA-pemenmr 3aMeTno CJIO>Knee. · 

t1 PSA C'IHTaeTcs "o~no3naquhi;o.f", KOr~a rro.'ly'Ieno TOJibKO o,~~;no peiUenne. TIOCKOJih-
Ky rroJIHbill: na6op na6JIIO~ae:'vlhiX rrp11 ncex yrnax pacceHHHH lllfKOr~a ne MOr 6hJTb rro

nyqen, "o~H03Ha'Inhl:ii:" PSA liW>KeT nenpaBH.'IhHO npe~CK33aTh yr.'lonyJO 3aBHeHMOeTh 

TeX na6JIJO~aeMbiX, KOTOpble He H3MepSJIHeb. 
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,lVUI Bbi'I1ICJien11:ii: MO>KeT 6hiTb HCnOJib30nana JII06as 113 eym;eeTnyJOID;HX IIpOrpaMM 
MHH11M113aiJ,lfH. 3aMeTHM, o~aKo, 'ITO B 1960 r. ene~11aJihno MH ~eneR PSA n ,[cy6ne 
HropeM HnKonaenH'IeM CHJIHHblM 6biJia nanueana nporpaMMa MHHHMH3aiJ,lf11, KOToprut 

HenoJih30BaJiacb neeMn rpyrrrraMH, pa60TaBIIIHMH n OH.HH. Bnaqane aTa rrporpaM
Ma 6hiJia narrHcana na Mam11nnoM Ko~e, B 1967 · r: ona 6hiJia nepen11eana na. s3hiKe 

FORTRAN. KpoMe Toro, 11CIIOJib3onannhiit n neil: MeTO,!J; HaHMenbnmx KBa~paron 6b!JI 
,!J;OITOJIHeH MeTO~OM MaKCHMyMa rrpan~Oil0~06HH H ITOJiy'IeHH!UI nporpa'viMa IIOJIJ'IHJia 

o6m;ee Ha3BaHHe FUMILI. B 1968 r. 3Ta rrporpaMMa 6bina BKJIJO'fena ee RBTOpOM B 

6H6nHoTeKy QEPH, rrpn'IeM n neil: ona enona 6hlna ynyqmena (eM., nanp11Mep, pa6o

TY (30]). Mno>KeCTBO ITOJI?JOBaTenefi c p33HbiX KOnTHnenron, nponepsnrrmx aTy rrpo
rpaMMy, C'IHTaeT, 'ITO FUMILI SBJIHeTcs o~o:ii: H3 JIY'IIU11x (ecn11 ne Hanny'IIUett) cpe~11 
cym;eCTnyJOm;Hx nporpa\fM :noro !illaeca. 

BoJiblU11HCTBO p33JIH'IHhlX PSA HCITOJib30naJI11Cb n tex >Ke na6opaTop11sx; r,~~;e onn 

6hiJIH e03~anbl. ,lJ.pyrHM <l>H311KaM 6bTJIO ~OeTaTO'IHO CJIO>KHO HeiTOJib30BaTb 3Tif npo

rpaMMbl. ToJibKO nporpaMMa SAID 6hlna nrumeana TaK, 'IT06hl 6bJTh ,~~;oeTynnofi neH
KOMY )KeJiaJOm;eMy. 3~eeb K nell: ~RHhi neKOTOphie KOMMeHTapH11. 

• B naCTosm;ee npeM.H SAID {YnnnepeHTeT )l;>Kop~>Ka BaiUHIIITOHan Bnpm11eK11R Ilo

JIHTextmqeeK11il: HHeTHTyT, GWI 11 VPI) (28) MO>KHO Bhi3BaTb !IeeKOJibKHMH cnoeo6a~if: 
- JIH6o qepe3 De6 no ~eey gwdae.phys.gwu.edu, 

- nu6o KOMan~oi!: ssh -C -X said@gwdae.phys.gwu.edu, 

- .'m6o KoMau~oi!: ssh -C -X said@lux2.phys.va.gwu.edu. 
Iloene Bhi3ona rrporpaMMa rrpeMaraeT ueeKOJibKO on~Hfi. 

• HenoJih3yeMhie n SAID o6o3Ha'feHHH na6nJO~aeMhiX HHbie, qeM n (BLW], no eooTno

menHH nepexo.n;a Me>K~ .n;nyMS eHeTeMaMH 0603Ha'l:eH11fi OIIHeanbl seHO 11 0.LJ;H03Ha'IHO. 

• O.n;nn H3 ne.n;oeTaTKOn 633hi .n;aHHbiX nporpaMMhi SAID eoCT011T n TOM, 'ITO n nefi 

orrym;eHbi H3Mepennhie KOM6nua~uH 'fHeThiX na6JIJO.n;aeMbiX. KpoMe Toro, He~oeTaTO'f
no XOpOmO 06'bHeHHeTCH1 KaK 3TH KOM6HJ!a~~IH 3aMeHSIOTes :IHeTbiMH Ha6JIJO~aeMJ.JMH. 
Ho. n JII060M enyqae, TaKOll: IIO,li;XO.LJ; BUOCHT rrorpeiUHOeTH. 

• IJpaKTH'feeKH nee pa3JIH'IHhie na60pb1 ~aUHbiX, BXO.LJ;HIIJ;He B rrpo~e.n;ypy MHHHMH3a
~HH1 nepeHOpMHponaHhi. 

• ED PSA ne .n;aeT rrorpemnoCTeil: nbi'IHCJienHhlX <l>a30BhlX c.n;nnron, aMJJJIHTY.LJ; pae
eeHHHH, nopMnpono'IHhlX Koa<P<Pn~nenTon H npe.n;eK33I,maeMbiX na6JIJO~ae:'vlhiX. XoTs 

TaKne rrorpemnoCTH .n;anbi n FE PSA, neT o&bHenemtH rrpo~e~pbl nx Bbl'flfeJiennH. 

• AnTOphi SAID yTnep>K.n;aioT, 'ITO nee pememtH e,~~;nneTilcnnhJe. 

7. B3aHMHas: )J;ODOJIHHTeJibnocTL PSA u DRSA 

Maor11e <Pn3HK11, pa60TaJOm;ne n ;non o6naeTu, uo;~•rcpKnmwu neo6xo;~n~10CTb rrpo
BepKH pe3yJihTaron PSA MeTO.LJ;OM DRSA. 06ey.n;nM ~ll~Ceb ;~ocTOIIH("TIHl u orpamt•ieHIUI 

Ka>K,~~;oro lf3 TaKnx anann3on (eM. TaK>Ke Ilpnno>Kenne AI}, ("JWi~YH pa:rMrenennH~1,· 
C,!J;enanHbiM n pa6oTax (4, 5]. 

IJoeKOJibKY ITOJll!OCThiO MO,LJ;eJihiiQ-lle3aBHeH!\Ii>Jlt a:\IIIJIIIT)"l~llhl It :111:1.'111:1 ~IO>KCT 6hJTh 
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BblllOJIHeH JIHWb npH HeKOTOpOM O)I,HOM, OT)J,eJibHO B3.HTOM, yrne pacee.HHH.H H HeKo

TOpott o.n:nott, OT.D.eJibHO B3.HTOA, 3HeprnH, DRSA aeH36e*HO orpanH'leH ne6oJibWHM 

'IHCJIOM TeX yrJIOB H 3HeprHft, rrpH KOTOpbiX HMeeTC.H )I,OCTaTO'IHblti Ha60p H3MepeHHbiX 

na6JIIO)J,aeMhtx. IIo 3TOA npH'IHHe OH HHKor.n:a He 6y.n:er ynHnepeanbHbiM HHCTPYMeH

TOM, npe)J,eKaJbiBaiOm;HM HeHJBeeTHble (ae HJMepeHHble) BeJIH'IHHbl. IIpH o.n:nott 3Hep

rHH peweHHe DRSA npH O,!J,HOM yrne He JasHeHT OT peweHHA npH ,!J,pymx yrnax, H 

TaKOtt aMTTJIHTY,!J,Hblti aHaJIH3 MO>KeT BbiSIBHTb B03MO>KHble aHOMaJIHH B yrJIOBOft HJIH 

3HepreTH'lecKOA 3aBHeHMOCTH. 

B no,!l,XO,!J,e PSA pexoaeTpyxn;H.H a~mJIHTY.D. pacee.HHHSI B03MO>KIIa )J,a>Ke no Henon

HOMY na6opy na6.iiro)J,aeMblX (31). OrcyrcTnue Ha6nro.n:aeMbiX rrpH aexoropblx yrnax 

KOMneHeHpyere.H npHMeHeHHeM rJia)J,KHX <l>YHKIJ,HA, 3aBHeSIIJJ;HX OT yrJia paeee.HHHSI, Ko

TOpble "erJia>KHBaiOT" B03M0)KHble aHOMaJIHH B yrJIOBOA 3aBHeHMOCTH Ha6JIIO)J,aeMbiX. 

lb-Ja 3TOA yrnonott HenpepbiBHOeTH, o6ycnoBJieHHolt rrapal'vteTpH3an;Helt (nKJIIO'la.H Ha

npaBJieHHe "nnepe,!J,"), H3-3a KyJIOH-Sl)J,epHOft HHTep¢epeHI.J,HH H H3-3a TOro, 'ITO BbleiDHe 

<l>aJOBble e)J,nHrH <l>HxeupyroTCH OPE, o6m;a.11 <l>aJa aMnJIHTY.D. paeeeHHH.H onpe.n:enena 

npH seex ymax. )J,n.11 PSA n pp-pacee.HHHH 3JieKTpoMarHHTHble nonpanKH npe)J,eTaBJISI

IOT .n:ononHHTeJibHOe orpaHH'leHHe. Bee aro 03Ha;aeT, 'ITO PSA neer.n:a )J,aeT a6eoJIIOT

Hble a."fnJIHTy)J,bl. 

B JanHeHm;eM OT 3neprnH PSA <l>aJOBbte C,!l,BHrH napaMerpH3yiOTe.H xax <l>YHKIJ.HH 

3HeprHH, BBO)l,.H TeM eaMbiM OTHOeHTeJibHO TTJiaBHyiO 3HepreTH'leeKyiO 3aBHeHMOeTb 

neex napaMerpoB. 0Tero.n:a cJie,!J,YeT, 'ITO ED PSA ne SIBJIHeTeH xopomHM HHCTpyMeHTOM 

)J,JIH o6aapy>KeHHH HOBbiX eTpyxTyp. 

B npe.n:nono)KeUHH o TOM, 'ITO 3JieKTpoMarHHTUa.H 'laCTb ynpyroro N N-paeceHnHH 

xopowo H3BecTua, HH>Ke nopora po)K)J,eHHH rrHOHOB PSA MO>KeT C'IHTaTbCH MO,!l,eJibHo

He3aBHCHMbiM. IIpu Taxux 3HeprHSIX TOJibKO OPE-nxna)J,bl Mornu 6ht 6h1Th paecMaT

punaeMbi KaK 'laCTh, CJia6o 3aBHCHIIJ;aSI OT MO)J,eJIH. 

IIpH ynenuqemm 3HeprnH nepH¢epH'Iecxoe roaHMO)J,eticTBHe, onHehlnaeMoe 0PE, 

BBO,!J,HTeH npH nporpeeeHnuo B03paeTaiOm;Hx 3Ha'leHHHX Lmax· lh-3a B03pacTarom;elt 

Ba>KHOCTH HeyrrpyrHX B3aHMO)J,efieTBHfi HeKOTOpble ¢a30Bble e)J,BHrH MOryT CTaTb KOM

nJieKeHbiMH. 9To yneJIH'IHBaeT 'IHCJIO cno6o)I,UbiX napaMeTpos. MnaMble qacTH nnoxo 

orpaiiH'leHbl )J,JISI 6oJiee BhlCOKHX yrJIOBbiX MOMeHTOB H )J,OJI>KHbl 6paThCSI H3 MO)J,eJieft. 

IIo3TOMY c poeTOM 3HeprHH PSA cTauonaTeH nee 6onee MO,!J,eJihHo-3a!JHCHMbiM. O,!l,liaKo 

nepxnHit npe.n:en npHMeHHMOCTH PSA ou,eHHTh TPY.D.HO. 

HaHJiy'lumA enoeo6 rrponepKH enpaBe)J,JIHBOCTH MO)J,eJibiio-JanHeHMhiX BKJia)J,OB n 

PSA eoeTOHT n cpanneHHH rrpe.n:exaJaHHA PSA )J,JIH aMnJIHTY.D. c anaJIH30M DRSA. 

B noM cMbrene DRSA HBJIHeTCH .n:orrOJIHHTeJibHbtM x PSA. CornaeHe Me)K,ll,)' unMn 

rro)J,)J,ep>KHBaeT PSA, KOTOpbrA JaTeM MO>KeT 6b1Th HenOJib30BaH )J,JISI npe.n:eKaJanuft ne

JIH'IHH, em;e ne H3Mepennhlx. IIpoTHnope•me Me>K.D.Y pe3yJihTaTa."fH 3THX ,!l,B)'X ~IeTo)J,OB 

OObi'IUO yKaJhiBaeT na no3MO>KHble aHOMaJIHH n 6aJax axcrrepuMeHTaJihHhrx ,n:anHhiX. 

CpannenHe ananu30B PSA H DRSA Ba>KHO TaK>Ke npH 3nepru.Hx n6JIH3H rropora 

nHonnoro po)K)J,eHHH. AHaJIH3 DRSA o6ecne'IHnaeT, KpOMe TOro, nponepxy crrpane.n:-
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I JIHBOCTH PaJJIH'IHbiX nOTenu;HaJibublx MO,!l,enen (eM. pa6ory (4)). C .n:pyron croponbi, 

nOTeHIJ;HaJibHble MO)I,eJIH II03BOJISIIOT BbiiiOJIHHTb )J,OCTaTO'IHO TO'IHYIO OI.J,eHKy HH)KUero 

npe.n:ena npHMeHHMOCTH PSA no 3neprHH, xax 3TO pa3'hHeneno n IIpHJIO>KeimH A4. 

3aKJIIO'IeHBe · 

Mo>KHo ynepeHHo yrsep>K,!J,aTb, 'ITO Mero.n: <l>aJOBbiX C,!l,BHroB, KOTOpoMy renepb y>Ke 

OOJiee 50 JieT, yerremHO Bbl)l,ep>KaJI KOHKJpeHI.J,HlO CO BCeMH .D.PYrHMH THllaMH aHaJIH3a 

3KenepHMenTaJibHbiX Aannhix. PaJJIH'IHbie peanHJ~HH PSA 6hi.'IH seehMa irone3Hbi A1JSI 

npe)J,eKa.JaiiHSI ellHHOBbiX Ha6JIIO)J,aeM~X H q)aBHeiiH.Il C peJyilh;aTaMH HOBbl~ 3xenepH

MeHTOB. Ona TaK*e oqenb noMorna npa Bb16ope uan6onee a<l><l>eKTHBHbiX MexaHH3MOB 

nepe)J,a'IH nOJIHpH3ai.J,HH ,!l,Jl.ll TTOJiyqeHH.H ny'IKOB IIOJIS!pH30Bal!HbiX HettTpOHOB H3 no
JIS!pH30BaHHbiX npOTOHHbiX riy'IKOB. TeoperHKH qaero Bbl'iHCJIHK>T <l>aJOBble e.n:si.rn, a 

ne cnHHOBble na6JIIO)J,aeMhte, H n03TOMJ PSA o6ecnequnaer enH3b Me)K)zy TeopHeft u 

3KcnepuMeHTOM. Haxoneu;, PSA HenoJib3yerCH n nro6htx MO)I,eJIHx rrpH Bbi'IHCJien~»x 
napaMerpos rrpOTOH-H,!l,epnoro paeeeHHHH. IIo seeM 3THM npH'iHHaM MO>KHO C'iHTaTb, 

'ITO )J,JIH nro6on na6opaTOpHH, pa60Tarom;eA B paccMaTpHsaeMoA o6nacTH necne.n:osa

HHlt, O'leHb Ba)KHO HMeTb eBOtl e06CTBeHHblii:, Ha)J,e>KHblfi H TO'iHbiA, HHCrpyMeHTapafi 
aHaJIH3a <l>aJOBbiX C)J,BHrOB. 
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A4: AHanH3 B TepMHHaX 

NN-noTeH~Hana 

1. 06IJJ,He 3aMe'laHHB 

OnHcanHe )l.RHaMHKR N N -cHcTeMhi nOTeHil,Ra.JiaMH pa3Jl1'1"IHOI'O T:Hna npHBJieKa

TeJibHO rJiaBHhiM o6p830M TeM, 'ITO aBTOMaTH'IOCKH BBO)l.HTCH 3HepreTH'leCKaH 3aBHCH

MOCTb. CaMa H)l.eH TaKoro ITO,D;XO,D;a ITOHBI.IJlaCb1 sepOHTHO, B TO •)Ke speMH, KOr,D;a 6hiJIO 

HaiTHCaHO ypaBHeHHe illpe,D;HHrepa. 9TO He 6hiJIO J)l.RBHTeJlbHO, TaK KaK B TO BpeMH 

paccMaTpHBaJiaCb TOJlbKO 06JiaCTh HH3KHX 3HeprHt\, r)l.e HeynpyrocTH OTCJTCTBJIOT. 

0)1.HaKO BITOCJie)l.CTBHH MHOrHe cpH3HKR IT0)1.HRMa.JlH BOllpOC 0 TOM, .'ITO TaKOC ITOTCH

Il,Ha.Jl .B. o6nacTH ::meprHA sblme nopora po)K)l;eHHH nHOHOB. B aTOM llpHJIO)KCHRH Mhl 

6y)l.eM cne.n;osaTh pa6oTe [1). lloCJie,D;HRe pe3yJibTaThi 6biJIH no)l.biTO)KCHhi B pa6oTC [2). 

MaTpHu;a pacceaHRH HrpaeT o'leHb sa)Knyro pOJib B onHcauHH s3aHMO)l.et\cTBHH 

,D;BJX HJKJIOHOB. 0)lHaK0 B onpe)l.CJICHHOM CMbiCJIC 3TO )lOITOJIHHTCJlbHOC llOHHTHe; Mbl 

)Ke 6y)l.eM HHTepeCOBaTbCH )lpyrofi cpyn)l.aMeHTa.JlbHOfi BeJIH'IHHOt\: raMHJlbTOHHaHOM 

B3aHMO,D;CfiCTBHH
1 

TO eCTh - B uepeJIHTHBHCTCKOM npH6JIH)f{CHHR - )lBJXHJKJIOHHblM 

ITOTCHil,Ha.JIOM. 

3aMeTHM, 'ITO npOTHBOITOJIO)f{HaH TO'IKa 3pCHHH, KOHC'IHO, TO)KC B03MO)Klla H npH-

HHTa MHOrHMH B cpH3RKC 3JleMeHTapHbiX 'laCTHil,. Ee CJTb B JTBCp)K)l;eHRH, 'ITO TeOpHH 

)lOJI)KHa 6hiTb ITOCTpOeHa 6e3 )l.HHaMR'ICCKHX npRHil,RITOB, a Ha)l.O RCXO)lRTb ITpHMO OT 

o61>eKTOB Tuna S-MaTpRil,hl· Ho nOTCHil,Ra.JI, B )l.Ononnenue K pacceanHIO, onHCbiBa

eT TaK)KC H CBH3aHHbiC COCTOHHRH
1 

MaTPH'IHhlC 3JICMCHTbl BHC MacCOBOfi ITOBepXHOCTH 

H )l.pJr:He BCJIH'IHllhl, 3aBHCHIIl,HC He TOJlbKO OT acHMITTOTR'leCKHX CBO:ftCTB BOJIHOBblX 

c:l>ynKil,Rfi. B nro6oM cny•Iae, .aa)Ke eCJIH, cTporo rosopa, N N-noTellll,Ra.JI ne cylll,e

cTnyeT, OH MO)KeT paccMaTpHBaThCH KaK IIOJle3Hblfi l\taTeMaTR'leCKHtl: RHCTpyMeHT )lJUI 

aHaJIHTH'leCKOI'O npO)lOJI)KeHRH a'dllJlllTJ)l B ue<\Ju3R'leCKJIO o6JiaCTh ll T. IT. 

Ha116oJiee o6IIl,Rfi N N -nOTeHil,Ha.JI, KOTOpbl:A Mo:>Kuo ucnoJib30BaTh )lJIH onHcaumr · 

iynpyroro pacceHH11H, 6hiJI nnepnble sne.aen B o611x0)1. llyJ11KOBhlM, PhlH)lHHblM H CMo

po)lHHCK11M B 1957 r. [3) 11 3aTeM )l.CTaJibHO paccMOTpeu 0Ky6o 11 MapmaKoM B 

1958 r. [4]. 
flpe)l.ITOJiaraH, 'ITO HepeJIHTHBHCTCKH:ft ITOTCHil,HaJI o6Jia)l.aeT )lOBOJlbHO o6IIl,RMH 

CBOfiCTBaM11liHBapHaHTHOCTH (T. e. liHBapHaHTHOCTbiOITO OTHOillCltHIO K TpaHCJIHil,RHM, 
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npalll,eHHHM, raJIHJieeBbiM rrpeo6p830BaHHHM, TipOCTpaHCTBCHHbiM OTpa)KeHHHM, o6pa

IIl,eHRIO BpCMCHH, nepeCTaHOBKe )lBJX 'laCTHil,)", a TaK)KC 3pMHTOBOCThiO, MO:lKHO IlOKa-

3aTh1 :<JT01 Hai!pHMep, IlpOTOH-ITpOTOHHhlfi (W) ITOTCHil,HaJI11MCeT BR)1. 

V = Vt + '1.-2 (ut.u2) -f. 1f:J (0:1, r) (ci2, r} +\14 (u1 + u2,L)+ 

+ Vs (uhL), (u:r,L) +Va (uhp), (u2,p), (A4.1) 
r.n;e L = [ r x p ], a Vi (i = 1.. .. 6) HBJUliOTCH Belll,eCTBeHHhiMH c:l>YHKil,liHMH CKaJIH

pos r
2

, '#, £
2

• ECJIH rrpe)l.nOJIO)KHTh, 'ITO H,D;epHblC C11Jlhl 3apH)l.OBG-He3aBHCHMbi (T.e 

HMeeTCH HHBapHaHTHOCTb ITO OTHOilleHHIO K Bpalll,eHHHM B H30TOITR'IeCKOM rrpOCTpaiJ

CTBe), TO o6IIl,Hfi.BH)l. NN-rrOTCHil,HaJia MO:lKHO rrOJiy'IHTh, )l.o6aBHB B ypasnenHe (A4.1) 
nreCTh COBepmeHHO aHaJIOrJI'IHbiX 'IJ1CHOB1 KOTOphle 3aBHCHT OT npOH3BOJlbHhlX cpyHK

Il,HA \'r, ... , \.'t2, JMHO:lKeHHbiX Ha ( T 1 • T 2 ). ~JU! 3TOrO IlOTeRil,11aJia BhiilOJlliHIOTCH Te 

:lKe CaMbie YCJIOBHH, 'ITO H )l.JIH MaTpHil,hi pacceHHHH. fi03TOMJ OHH HMCIOT 0)1.HRaKOBJIO 

CTPYKTYPY H o.n;no H TO :lKe 'IHCJio Koa#Hu;HeHTOB. 

,lJ,na Bhi'IHCJleHHA Ha 3HepreTH'lCCKOfi UOBCpXHOCTH Mhi MO:lKeM OrpaHH'IHThCH rrep

BhlMH IlHThiO 'IJieHaMH B ypaniJeHHH (A4.1), C<iHTaH1 'ITO \li 3aBHCHT TOJlhKO OT r 2 H 

£
2

• B 3TOM CJiyqae BKJia)1.hi B MaTpH'lHhie 3JieMeHTbT OT 'lJleHOB, 3aBHCHIIl,HX HBHhiM 

00p830M OT OTHOCR'}'eJibHOI'O HMilJJlhCa p, BCer.n;a 3KBHBa.'IeHTHhi KOM6HHall,HH 'IJleHOB. 

JaBHCHTil,HX TOJihKO OT r H L. 0Tcro.n;a CJie.ayeT, 'ITO HCCJie.z(osanue yrrpyroro pac~eanHa 
H upaMaH peKOHCTPYKil,HH aMITJIHTY)l. pacceanua (llPAP, 11JlH DRSA) MOrJT, B nyqmeM 

CJiyqae, )l.aTb mimb HeKHif Ha6op 3KBHBaJieHTHhiX IIOTeHil,HMOB. Bhi60p Me:lK)ly HHMH 

MO:lKHO C,ll;eJiaTb1 HCITOJ1b3JH )l.aHHhle 0 CBH3aHHhTX COCTOHHHHX1 H,D;epHhlX BOJIHOBhlX 

<\JyHKIJ;HHx, )l.aHHhie o TpexnyKJIOHHhiX CHCTCMax H T. )l. [5]. 

Heo6xo.n;HMO rro.n;qepKHJTh; 'ITO nOTCH~HaJihi THrra (A4.1), 3aBHCHIIl,He OT ~Kopocru, 
3KBHBaJieHTHhl )l.OBOJibHO o6J4HM HeJIOKaJlhHhiM IlOTeHil,HaJiaM B ypasneHHH llJpe)l.HH
repa (6]. 

MaTeMaTH'leCKH KoppeKTnoe penrenHe o6paTnoit 3a)l.a'lH B TeopHH p~cce~!IHH [7,'8],· 
T. e. BhlBO)l. ITOTeHil,HaJIOB H3 3KCIIepHMCHTaJlhllhiX )l.aHHhiX1 BCTpeqaeTCH. C IlpHHil,HUH

aJlbHhiMH Tpy.n;IiocTHMH, TaK 'ITO. rroHBJienue p83JIH'lHhiX no)l.XO)l.OB neo6xo)lH.MO. JIH-

6o pacceanHe MO)KeT 6hiTh onHcauo na ocnone HCITOJih3onanHa cpenoMenoJioruqe2K·~ 
DOTe'Hil,HaJIOB C IlpHMeHeifHeM p83HOI'O pO)l.a MaTCMaTH'IeCKRX H cpH3H'ICCKHX, npe)l.U~ 
JIO:lKeHHA, JIH60 HJ:lKHO pa3BHTb IIOCJle,D;OBaTeJihlfJIO Me30TflfJIO .TeOpliiO H,D;epHhiX CHJI •. 

BoJihriiott TPY)l.HOCTbiD HBJIHeTca :ro, 'ITO 8 KOHKpeTnhix Bhi'lHCJienuax scer)l.a noHIIJI;~ 
IOTCH HIITerpaJihi, CO,D;Cp:lKalll,He cpH3H'leCKHe B~H'IHHhi IIpH BCeX 3HeprHHX

1 
TaK 'ITO 

3TH BeJIH'IHifhi )I;OJl:lKTfhi 6biTb H3BCCTHbi )l.JIH 3HeprHit, JCTpeMJIHIOIIl,HXCH K 6eCKOHe'l-· 

HOCTH. Ho xy:lKe ncero TO, 'ITO TeM caMhiM Mhi rroria)l.aeM·B peJIHTHBHCTCKyro o6JiaCTh 

H B 06JiaCTH1 r,n;e, He06XO_.D;HMO J'lHThlBaTb neynpyrHe acp<\JeKThl, 'ITO JIHlllaeT CMhlCJia 

CaMy KOHil,eiiiJ;HIO IIOTCHT~IIaJia. 

2. ~uaa paccesam~ H 3cl>cl>eKTHBBLiii · P3AHYC 

ilO'lTH mo6biM no~eH~KaJIOM c )I;BYMH CBOOO)I;TfbiMH rrapaMeTpaMH MO:lKHO OITH

CaTb none,n;eime .!lH<\Jcl>epenu;HaJlbuoro ce'leHHH (9). Heo6xo.n;nMo JIIIUih y'leCTh nepnhllt, 
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c<PepH'ICCKH-CHMMCTpH'IHblit qneu B <PopMyne (A4.1). B aToit o6nacTH y.n.o6Ho onHcbi

BaTb paCCCHHHC C IIOMOIIJ,blO <l>H3H'ICCKH O'ICBH)I.Hb1X rrapaMCTpOB: ,IJ,.'lHHbl paCCCHHHH lf 

a<P<PeKTHBHOrO pa,z:r.Hyca [10, 11, 12]. ,[ljiH np-paCCCHHHH 3HeprCTH'ICCKYIO 3aBHCHMOCTb 

1S
0 

<l>a30BOrO c,D.BHra 0o MO:lKHO arrrrpOKCHMHpOBaTb Bblpa:lKCHHCM 

1 1K2 .. 2 4 5 6 -Kcot o0(np)=-(-)--
2 

ro+Pr0K -Qr0 K + ... , 
a. np 

(A4.2) 

r)I.C a.(np) = ( -28.680 ± 0.28) • 10-13 CM - )I.JIHHa np-paCCCHHHH1 To(np) = (2.46 ± 

0.05) • w-13 CM - a<P<PeKTHBHblit pa,z:r.Hyc, K - BOJIHOBOC 'IHCJIO, a P, Q HBJIHJOTCH 

norrpaBKaMH, KOT0pb1MH MO:lKHO npeue6pC'Ib B HH:lKaftillCM llpH6Jlll:lKCHHH. 

,[ljiH pp-paCCCHHHH )I.OJI:lKHbl 6blTb rrpHHHTb1 BO BHUMaHHC KYJIOIIOBCKHC CHJibl: 

7r 

( 2
-·)-

1
· • cotoo(PP) + L(17) = 

exp 1r17 -

= ~ [-(1 ) - .!_ K 2ro(PP) + Pro(PP )2 K
4 

- QPo(pp )
5 
K

6 + .... ] 
a. pp 2 

(A4.3) 

• 00 1 
jJ=Iifme2 =2.88·10-13 cM,1J=1/Kp, L(1J)=-ln1]-'Y+17

2 L ( 2 2), 
n=l n n + 1] 

a.(pp) = ( -7.788 ± 0.008) · w-13 eM, r 0 (pp) = ( -2.714 ± 0.010) .lQ-
13 

eM, 

'Y = 0.57721 - KOHCTanTa 9i\:Jlepa. 

BeJIH'IHIIhl, Bhi'IHCJICHIIble cornacno {A4.3), xopomo cornacy10TCH c .n.aHHhlMH o ce

'ICHHHX pp-pacceHHHH, no Kpai%neit Mepe- B o6naCTH 3HeprHil 0.17- 10 MaB. 

B. MeTo.n.ea¢¢eKTHBHOro pa,z:r.Hyca H )I.JIHHbl pacceHHHH HCB03MO:lKHO nony'IHTb 

l!aCbiiD;CliHC H)I.CpHbiX CHJ1
1 

TaK KaK 3Ta TCOpHH npeHe6peraeT o6MCHllbiMH CHJiaMH H 

liCJIHHCilllbiMH a<P<PeKTaMH H, KpOMC TOrO, HC TTpC)I.IIOJiaraeT OTTaJIKHBaHHH l!a MaJiblX 

p~ccTosniHHX. O.n.HaKo, ceqenHH pacceHHHH onHCblBaiOTCH B npe.n.enax norpemnocTeil 

aKcm!pHMCHTa. BMme 10- 20 MaB cPa30Bble C)I;BHrH pacceHHHH, Bbl'IHCJieHnhle a paM

KaX yrroMHHyToro MeTo.n.a, pacxo.n.HTCH c ¢a30BblMH c.n.sura>vm, rronyqenHblMH H3 PSA

MeTo.n.a. J1po6JieMa B TOM, 'ITO IIpH HH3KHX 3HCprHHX 3<l>cPCKTHBHO pa6oTaJOT TOJibKO 

H,li;Cpllb1C CHJib1 IIpHTH:lKCHHH, TOr)l;a KaK ITpH BbiCOi<HX 3HCprHHX 3cPcPCKTbl OTTaJIKH

BaTCJlhHOrO KOpa ycHJIHBaiOTCH. KpoMe TOrO, C pOCTOM 3HeprHH CTa1-IOBHTCH Ba:lKllbl

MH 60JICC BbiCOKHC cPa3bl. J103TOMY )I;BYX napaMeTpOB OKa3blBaCTCH HC,li;OCTaTO'IHO )I;JIH 

rrpaBRJlhHOrO OIIUCaHRH cPa30BhiX c,D.BRrOB. 

3. OnucaHHe o(lSo) ,D;JIH np- H pp-pacceHHHH 

B Ka'ICCTBC rrpRMepa IIOKa3aH pe3yJihTaT OITRCaHHH cPa30BhiX C)I;BRroB o(lSo) = Oo. 
~H np- H pp-pacceHnRH B o6naCTR 0.17- 310, rronyqeHHbli% B pa60Te (13]. Y'IRThiBaJICH 

rroJihKO IJ.CHTpaJibHblit qneu rrOTeliiJ.HaJia c MHrKRM KOpoM Vc(x) B ¢opMyne (A4.1), 

KOTOpblll: IIapaMCTpR30BaJICH B BH)I.C cyrrepii03RIJ.HH IOKaBCKRX IIOTCHIJ.HaJIOB 

Vc(x) = (b0 + b1 exp( -x) + ~ exp( -2x) + ... ) , (A4.4) 
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r.n.e bi - xoa¢<PHIJ.HCHTbl, 3Ha'ICHHH KOTOpblx )I.OJI:lKHbl 6blTb orrpe.n.eneubl. BeJIH'IHHott 

X o6ooHa'leHa X = /-' · r, r.n.e /-' = 139.6 MaB CCTb Macca IIHOHa, a r HMCeT CMbiCJI 
paccTOHHHH MC:lK)J.y HYKJIOHa\fH. 

B o6nacTH 3HeprHlt 20 - 310 M3B 6M.im ucnonb30BaHhl 3naqeHRH '<Pa3o8oro C)I.BHra 

Oo(PP ), B3HThie H3 pe3yJihTaTOB .n.y6nencKoro cPa30Boro anam13a (PSA). ,lVIH o6nacTH 

3nepran HHiKe 20 MaB npe.n.rronaranoch, 'ITO BIDKeH TOJihKO 18
0 

cPa30Bhilt c,D.BHr 8
0 

n 
'ITO BKJI~bl BhiCmHx cPa3 npeue6pe:lKHMo MaJibl. B aTolf· o6Jiacrn ·o0(pp) 6Mna orrpe

.n.enena H3 )I.JIHHbl pacceHHHH a.(pp) H 3<}>¢"eKTHBHoro pa.n.eyca r.(pp ); ananornquo, 
oo(np) 6hma onpe.n.enena H3 COOTBCTCTByrom;Hx .n.annblx 'no np pacceHHRro. 

3aBRCH."IOCT~ Oo(PP) OT aneprnH B o6nacTn 0.17- 3Hl M3B, KOTop~ y.n.oBJieTBOpH

eT KpHTCpRIO X
2

, 6biJia HOJIY'-JCHa B pa60Te (13) C TO'IHbJM Bbl'IHCJICHRCM KYJIOHOBCKOrO 

B3aHMO)I.CftCTBHH. Cl>a30BbJC c,Il.BHrH t5o(pp) H oo(np) Bhlme 20 M3B 6biJIH O)I.HHaKOBbJ, TaK 

KaK onH 6blJIH nony'ICHbl H3 COBMCCTHoro PSA•)I.JIH pp- H np-.n.annblX ( CM. llpHJIO:lKCHHe 

A3), r.n.e npe.n.nonaranocb, 'ITO KYJIOHOBCKHe H H)l.epnble cPa30Bble C)I.BHrH ClMHTHBHbl. 

BMJIO ycTanoBJieno, 'ITO aneprCTH'Iecxyro 3aBHCRMOCTh KaK o
0
(pp ), TaK H Oo(np) 

HpH Hlf3KRX 3HeprHHX HCJ1b3H BOC1IpOH3BCCTif O)I.HHM R,TCM :lKC UOTCHIJ.lfaJIOM .. ,lVIHHa 

pacceHHHH a~(np ), Bbl'IHCnennaH H3 PP:...n.aHHhTx, 6hma nonyqena paanof:i (17.1 ±0.1) x 
w-

13 
CM, 'ITO CHJibHO npOTHBOpC'IHT 3KCHCpHMCHTy.' B pa6oTe [13] 6b1JIO TaK:lKe no

Ka3aHo noporoBoe liOBC)I.CH~e Oo(pp ), Oo(np), H oo(np ), ,Bbl'I!ICJICHHbiX lf3 pp-.n.aHHbJX 

npH T ki~ = 0. 9TH TpH 3HepreTH'Iecine 3aBHCHMOCTH · CHJibHO Pa3RH'IaiOTCH, Tor.n.a ,KaK 

3aBHCHMOCTb Vc = Vc(x) )I.JIH pp- H np-cnCTeM Ka~ecTBCHHo ITO'ITH o.n.unaKoBa: _ 

BOJiee Toro, 3TOT pe3yJihTaT o6o3naqaeT HH:lKunn npe.n.en crrpaae)I.JIRBOCTH PSA, 
KaK 3TO ynoMHuanoch B llp.HJIO:lKenHe A3.' . · . 

KaK CJIC)I.CTBHe pe3ynhTaToB pa6oTbl (13), B pH.n.e PSA 6blnit BBe.n.euhJ .n.sa pa3-

HhTX 
1
So(np) H 

1
So(P'P) <Pa3onblx C)I.BHra· B ¢opMe cno60)I.HhiX rrapaMeTpon. On!lcaaite 

.n.aauhJX OT 3Toro yny'lmHJiocb ue.n.ocTaToqim )l.JIH Taro, 'ITo6bl' nocne.n.oBaTeni.no !lc
rronb3oBaTb TaKoe pacm;enneuHe. 

4. CTaTH'IeCKHe noTeH~HaJJbi 

B cnoe BpCM.H 6biJIO c.n.enano ueMano IIOITbiTOK onHcaTb N N -B3alfMo.n.ei%cTBHH c no

MOIIJ;bJO CTaTH'ICCKHX JJOTCH~HaJIOB, 3aBHCHIIJ;HX OT IIpOCTpaHCTBCHHhiX, li30CJJHHOBblX 

If CJJHUOBbiX nepeMCHHbiX HJKJIOHOB, a TaK:lKe HX OTHOCHTCJibHOA 'ICTHOCTH, HO HC OT 

HX CKOpOCTClf (yrJIOBOrO MOMCUTa). 9TO COoTBCTCTByeT y'ieTy nepBbiX Tpex 'IJICHOB B 

nOTeuiJ.Hane o6m;ero BH)I.a (A4.1). TaKHe nOTCHIJ.HaJibl rrplfBO)I.HJIH K y.n.oBJICTBOpHTCJih

HoMy coriiaCHIO c 3KCHCpHMeHTOM IIPH lie c.inimK0:\1. Bblcoimx 3HCprHHX (T. e. rrpHMepno 
.n.o 150 MaB). . - , . ' 

HarrpHMep, TlOTCHIJ.HaJI rapTenxay3a (14], IIOJIY'ICHHbli\:. ua OCHOBC. CTaTH'ICCKOrO 

rrpH6Jin:lKeHHH B Me3onuoit TeopHH, xopomo YAOBJICTBOpHCT <PenoMeuonorH'ICCKHM Tpe-

6osarmHM. On 6bln nonyqeu c Hcnoni,3o~anneM TeOpHH qy-Jioy f15) B npl~6JIR:lKCHHH, 
cornacuo KOTopoMy noKoHm;He-cH uyKJIOHbl o6MennBaiOTc.H nn~na'v!H n P-cocTOHHHu, a 

00:\teHaMH 6onee qeM )I.BJM.H niiOHaMH MO:lKHO npeue6pC'Ib. J10TCHIJ.HaJI rapTeuxay3a 
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,~~;aeT xopomee onHcamm ce'leHHJ:!: paccesHHH H <t>OTo,D;e3HHTerpan;HH ,~~;el:t:rpoHa snno:rb 

,11;0 310 MsB, o,~~;HaKo xy:lKe cornacyeTCH c ,~~;aHHbiMH no pp-pacceHHIUO H npHBO,D;HT K 

HenpaBHJlbHOJ:!: llOJIHpH3aD;HH. CTOHT OTMeTHTb, 'ITO 3TOT UOTCHIJ;HaJI He HMeeT CB060,D;

Hb1X napaMeTpOB H CO)J;ep:lKHT TOJibKO <l>H3H'leCKHe BeJIH'lHHbl. 

. . .. Me30HHJIO TCOpHIO H,D;epHbiX cHJI MO:lKHO HCnOJib30BaTb ,ivul nony'leHHH ,~~;pyrHX cra

TH'lCCKHX nOTCHIJ;HaJIOB. B npHHn;Hne, O)J;HOMe30HHbllt nOTeHD;HaJI (OPEP: "One Pion 

Exchange Potential") B03HHKaeT O)J;H03Ha'lHbiM o6pa3oM: 

V:z(r) = Tic. wf(rlt r2) 3(0'1t 0'2) + 381,2 1 +; + :2 . exp( -x) /
2 

• [1 1 ( )) 
p.c 

x~T·r, 

(A4.5) 

. r,D;e 1£ -: MRCCa llHOHa, a 81,2 eCTb CHMBOJIH'leCKOe 0603Ha'leHHe ,D;JIH TCH30pHb1X CHJI 

8 
3 · (rt. u1)(r2, u2) ( ) 

1,2 = r 2 - O'lJ 0'2 • 
(A4.6) 

06bi'lHO TaKOJ:!: CTaTH'leCKHJ:!: nOTeHIJ;lfaJI 3allHCb!BaeTCH s. BH,D;e 

V(r) = V:z(r) + V4(r) , (A4.7) 

r,D;e l/4(r) COOTBeTCTBYeT o6MeHy ,D;BYMH Me30HaMH. 9TOT 'IJieH CHJibHO 3aBHCHT OT 

Mero,~~;a csoero nony'leHHH. 3,~~;ecb, HMeiOTCH B BlfAY noTeHn;Hanbi TMO (16], BW (17], 
KMO (18);CS (19). 

5. IIo:reHD;HaJibi, JIHHeiiHo 3aBHaim;ue o:r cKopoc:reii 

CornacHe c sKcnepHMeHTOM MO:lKHO ynyqmHTh,. BBO,D;H cnHH-op6HTaJibHOe B3aHMo

,~~;eJ:!:c:rsHe, TO eCTb 4-J:!: 'lJieH B <i>opMyne (A4.1). (8 paMKaX Me30HHOJ:!: :reopHH CM., 

HanpHMep, pa60Ty (20).) CHmen H MapmaK (21) ,D;06aBHJIH K nOTeHIJ;HaJIY rapTeHxay3a 

CJie,D;YIOID;HJ:!: .qJieH {eM. TaK:lKe (22)}: 

Vo d (exp(-P.Lsr)) VLs(r) = -- · d ( ) AJIH r > r0 , (A4.8a) 
/'LST /'LST /'LST 

VLs(r) = VLs(ro) AJIH ro ~ r , (A4.8b) 

1· n r,~~;e Vo = 30 MsB, - = 1.07 . w-13 
CM,. ro = - = 0.21 . 10-

13 
CM. 

/'LS me 
Ilo:reHn;Han CH~ena-MapmaKa xopomo onHCbiBaeT nose,~~;eHHe AH<l><l>epeHI~HaJih

HbiX ce.qeHHJ:!: NN-paccesHHH H nonspH3an;HJ:!: snJIOTb ,11;0 150 MsB, HO He socnpoH3-

BO,D;HT napaMeTpbl ,D;ellOJIHpH3aiJ;HH. l.!HCTO <t>eHOMeHOJIOI'H'leCKHe IIOTCHIJ;HaJihl ,naiOT 

MHOI'O JIY'lliiHe pe3yJibTaTbi npH 6onee BbiCOKHX 3HeprHHX. 

raMMeJib H Tanep (24), HCUOJib3YSI pe3YJibTaTbi <l>a30BOro aHaJIH3a C:rarrna, MrrcH

naHTHCa H MerpononHca (23], 3anHcanH noTCHD;HaJI AJISI pp-paccestHHH B <t>opMe 

V = Vc(r) + VT(r) + VLs(LS) , (A4.9) 
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r,~~;e Vc, VT, VLs He 3RBHCSIT OT 3Heprnn. 9:roT rrOTeHn;Hano:rnnqae:rcs OT rrOTemwana 

o6xnero BH,D;a :ronbKO :reM, ~noB HeM orryxneH 'lJieH {u1 L) · (u2 L). l.!nen (u1, u 2) B HB

HOM BH,D;e He BbiiiHCRH, a BMeCTO Hero pa3)J;eJibHO 3ai!HCaHbi CHHI'JieTHbllt H TpHIIJieTHbiJ:!: 

IIOTeHIJ;HaJibl. Ilo:reHIJ;HaJI CO,D;ep:»CHT OTTaJIKHBRTCJibHbiJ:!: KOp. l.!eTHbiJ:!: CHHI'JieTHbiJ:!: IIQ-

TeHIJ;HaJI B3HT H3 npe,D;bi,D;yiiJ;eJ:!: pa60Thl raMMe.im; KpHCTHRHa H Tanepa (25), . 

1V+(r) = +oo AJIH r :5 1rt ' (A4.10a) 

1v+(r) = _1v;+. exp(- 1p."[;r) 
. . C I + Jtcr 

AJISI r > 1rt , (A4.10b) 

1 r,~~;e 1rt = 0.41 . 10-13 
CM, 

1 Vc = 423 MaB, 1+ = 1.45. 10-13 .CM. 
JLc 

He'leTHbiJ:!: TpHrrJieTHblii: rro:reHn;Han Bb16paH B <l>opMe 

3V-(r) = +oo AJIH r :5 3rt , (A4.11a) 
3
V-(r) =- Vi(r) 812 + VLs(r) (L, 82) AJIH r > 3rt , (A4.11b) 

r,~~;e L = [r x p], S = (u1 + u2)j2 H VLs = 0 ,D;JIH 'leTHbiX L. 9:ro:r rrOTeHn;Han 

Bb16paH TaK, 'IT06bl orrHca:rb naHny'liDHM crroco6oM pe3yJihTaTbl PSA rrpn 310 MaB H3 

pa6o:rbr (23] H ce'leHnH rrpH 18.3 H 70 MaB. 

Pa,D;HYC ,D;CliCTBHH CIIHH-Op6HTaJibHOro IIOTCHIJ;HaJia MCHbiiJC1 'ICM IJ;eHTpaJibHOro, H 

paBeH 0.3 • lQ-
13 

CM. l.JT06bl IIpH HH3KHX 3HeprHHX YJIY'liiiHTb COrJiaCHe C ,D;aHHhiMH, 

<lJopMa TeH30pHOI'O IIOTeHIJ;HaJia HCCKOJibKO H3MeHeHa: 

VT(r)·= vT(1-· 3ri)). exp(-JLrr) . 
r I£Tr . (A4.12) 

Kor,~~;a r --+ 00, T. e. IIpH HH3KHX 3HeprHHX, 3TOT IIOTCHIJ;HaJI rrepeXO,D;HT B IIOTCHIJ,H

an IOKaBbi, a npn BbiCOKHX aHepniHx OH MeHee CHHrynHpeH. HaHJIY'Imee cornacne c 

,D;aHHbiMH UOJIY'IaeTCH npH CJIC.nJIOIIJ;CM Bb160pe napaMeTpOB: 
3r- = 0.4125 ·10-13 

eM, 
3VT = -26 MaB, 3 /LT = 0.8·10-13 cM-1, 3VL-s = 7318 MaB, 

3JL£s = 3.7 • 10-13 CM-1 . 

Ilo:reHn;Han raMMeJIH-Tanepa xopomo cornacye:rcH ·c ,~~;aHHbiMH no ce'leHHHM n rro

JIHpH3aD;HHM B HHTCpsane 10-310 MaB. 

raMMeJib H Tanep IIpHMCHHJIH CBOJ:!: nOTeHIJ;HaJI K OIIHCaHHIO ,D;aHHblX no np
pacce.HHHI01 Y'lHTbiBaH 3apH,zi;OByiO He3aBHCHMOCTb H,D;epHbiX CHJI. 0HH IIpHIDJIH K Bb!BQ

.ny, 'ITO CIIHH~OpfiHTMbHbiJ:!: IIOTeHIJ,HaJI TOI'O :lKe 3HaKa H TOro :lKC pa,D;Hyca ,D;CJ:!:CTBHH (HO 

MCHbiiiCJ:!: rny6HHbi) KaK H )J;JIH He'leTHbiX COCTOHHHJ:!:, .zieJ:!:CTBYeT TRK:lKe H B 'IeTHblX TpH

IIJieTHbiX COCTOHHHHX. BeJIH'lHHbl, aHaJIOI'H'IHble <lJHrypHpyiOIIJ;HM B {A4.lla,b), OKa3hl

BaiOTCH cne.nyiOIIJ;HMH: VL~ :== 5000 MaB, P.ts = p.£5 = 3.7 ·10-13 cM-1• 

):VIH COCTOHHHit C T = 0 (24j pa,nnyCbl :lKCCTKOI'O KOpa 6biJIH:. 3rt = 0.41· 10-13 CM 
1rt = 0.5 · 10-13 CM • , , . 
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IlpH T = 0 nee rrOTenn;Ha.nhi 6pa.nHch n <PopMe IOKanhl. B TO npeM.H onH HCrrOJih-

3onanHch .zt7UI onHcaHH.II ,11,aHHhiX B nmpoKOM ,!I,Harra30He ::meprHi:t: ,IJ;anuble o nepepac

. Ce.HIIHH H KOppeJI.HJJ;HHX llOJI.!!pH3all,Hi:t B Te npeMeHa OTCyTCTBOBaJIH. 

HaKoueu, yrroMHHeM 3,11,eCh o rroTeHUHaJie Bpai:tana (26] B BH,!I,e 

5 

V = l:Anxnexp(-2x}+ V2 (OPEP), (A4.13) 

n=2 

r.n;e V2 .n;au n {A4.5) H ,li;JI.II ueuTpaJI&uoro rrOTenn;Hana nne.n;en 6ecKoHe"!HO )KeCTKHii 

OTTaJIKHBaTeJihllhii:t KOp. IloTeHUHaJI Bpaftana .n;aeT xopomee onHcanRe ce"!enHi:t R no

JIHpR3auRI:t n miTepnane 40 - 310 MaB, a TaK)Ke onHchlnaeT na6mo.n;aeMble )J,JI.H rrepe

pacceHHHi:t. 

6. IlOTeHD;HaJibl, 3aBHC11I:u;He OT CKOpOCTeii KBa,zJ;paTH'IHO 

,IJ;a.n&Hei:tnme YJIY"'IIIelfRH o6H3allhl CBOHM rrpOHCXO)K,ll;eHHeM KBa,ll;paTH"'HbiM IIO CKD

pOCT.IIM "!JieuaM n q,opMyne (A4.1). XaMa.n;a H ~oncTon [27] rrpe)J,JIO)KHJIH rroTenn;Ha.n, 

KOTOpbii:t orrHChiBaeT <Pa30Bble c.n;nHrR R3 PSA R aKcrrepHMeHTaJihHble .n;auuble B HHTep-

nane OT 10 .n;o 310 MaB: • 

V(r) = Vc(r) + VT(r) 812 + VLs(r)(LS) + VLL(r) L12 , (A4.14) 

r.n;e 

L,2 = (u1u2)L2 - [Cu1L)(u2L) + (u2L)(u1L)]/2 = [8LJ + (u1u 2)]L
2

- LS
2

, 

Vc = 0.08 · ~(T,T2)(u1u2) · Y(x) [1 + acY(x) + bcY2 (x)] , 

VT = 0.08 · ~(T1T2)(u1u2) · Z(x) [1 + aTY(x) + ~Y2 (x)] , 

VLs = fJ • GLs Y2(x) · [1 + bLs Y(x)] , 

Z(x) 2 
VLL = J1. • GLL-2 • [1 +aLL Y(x) + bLL Y (x)], 

X 

Y(x) = exp( -x)jx , 

Z(x) = [1 + 3/x + (3/x
2
)] Y(x) . 

3.n;ec& p, - Macca nRoua, x = r J1. c/li, L - op6HTaJihHbli:t yrnonolt MOMenT, J -
IIOJIHbJi:t yrJIOBOi:t MOMeHT, pa,n;RyC )Ke(."TKOro KOpa paneu Xo = 0.343 R rrOTellll,RaJI OKa-

3hlBaeTCH 6ecKoHe"'HhiM rrpH x = x0 . qaCT& rrOTeHIJ.Ra.na oT OPEP <l>HKCRponana, a 

OCTaJihHble "'JieHhl co.n;ep)KaT cno6o.n;nhle napaMeTphl. 3naqenH.II napaMeTpon H cpanne

HHe C 3KCllepHMeHTaMR IIpRBO.n;.IITCH B pa6oTe 127]. 

TaKoii )Ke MeTo.n; KoncrpyHponanR.H noTeHll,Hana RCIIOJih3onan n pa6oTe [28]. B neil 

npene6peraJIOCh ,uanHbiMH rrpH aneprH.HX IIR)Ke 10 MaB. 
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7. IJpHMep DOTeH:u;HaJia C Msi:I'KHM KOpOM 

IloTeHURaJihl Tnrra XaMa.n;&I-,IJ;)Ko~CTOHa [27] c MHrKRMKOpOM II3Y"'aJIIICh, nanpn

Mep, Pei:t,!l,oM {1968 r.) (29], Ynernoi:t {1969, r.) (30] R .n;pyraMn. B Ka"!ecrne npaMepa 

rrpiine.n;eM Bhi'IIICJieHH.H II3 pa6arbl [30], r.n;e HCCJie.n;onaJicH NN-rroTeHIJ.IIaJI .n;nH H3o

TOIIR"'eCKoro TPHIIJieTm:.ro cocroHHnH. On co.n;ep)KHT ueiiTpaJI&nyro, Teu3opnyro, cnn

uonyro, CIIHH-op6RTaJibHYIO, KBa,n;paTII'IHJIO CIIHH-Op6RTaJibHJio 'IaCTit R 3aBHCIIT OT 

JIOJIHOrO yrJIOBOrO MOMenTa J. IlOTeHUHaJI C MHrKHM KOpOM .n;JIH qeTHOro CHHrJieTiiOrO 

COCTOHHRH 6&m B3.HT H3 pa60Tbi [13) (cpopMyJia {A4:4)). IloTeHlJ,HaJI )J,JIH II30TimH'Ie

CKOro TpHIIJieTHOrD COCTOHHH.II V(x; J) 6biJI 3aiiiiCall B BII,ll;e 

V(x, J) = {1- s2 /2) Vo(x, J) + {~2 /2) vtnpl(x, J) +' {s, L). V(.:L)(X, J)+ 
+ s,2 VT(x, J) + {s, L)2 V{s,L)•{x, J) , (A4.15) 

r.n;e x = fJ r, p, = 139.6 MaB = 0.707_ <l>M-1 , r- paccTO.IIHRe Me:>K,Zzy nyKnonaMR, s-
rronu&Ji:t cmru, L - op6iiTaJihHhllt MOMenT. · 

Ka)K,ll;hiii H3'nKna.n;on n rioTeHll,HaJI RMeeT nee, cpannHMhi11 c .n;pyr!IMII. Bon&IIIHH

cTno 3THX BKJia,li;OB. HMeiOT KaK OTTaJIKIJBaJOIJJ;JIO, TaK II rrpHTHrHBaiOIIJ.YIO "'aCTH, HO 

TOJihKO B COCTOHHHHX 1$0 H 1 D2 ualt.n;eu M.llrKHlt KOp. ·Aua.JiOrH'IHO BbiBO,lJ;Y pa60Tbi [13) 

MO)KIIO CKa3aTb, "'TO H)J;epuble IIOTeHIJ.HaJihi )J,JIH pp- H np-H30TOJIH"!eCJ<HX TpHITJieTHbiX 

COCTOHHRlt pa3JIH<iHhl. XOTH OTKJIOHeHHH H BhlXO,li;.IIT 3a KOpH,li;Op OIIJH60K, 3TH pa3JIR

'IHH oqeu& MaJihi. 9To no3BOJI.IIeT c.n;eJTaTh Bhlno.n; o TOM, "'TO ·.n;n.11 Tex Bhi"'HCJienHii, r.n;e 

He Tpe6yeTCH IICKJIJOqHTeJibHO BbiCOKa.ll TO'IHOCTh, o6a llOTeHIJ.IfliJia o6ecne'IHBaJOT XQ

pOIIIee OllHCaHHe·H30TOIIH'IeCKHX TpifllJieTHhiX COCTO.IIHH!t ,li;BJX HJKJIOHOB, cpaBHHMOe 

c auepreTn:'IeCKH 3aB.HCHMhiM PSA. 

8. IJoTeHJJ;HaJibl ·pe30HaHCBOii MO.IJ.eJIH 

IlpH llOCTpOElHIIH BCeX pacCMOTpeHHbiX Bhiiiie IIOTeHJJ;HaJIOB rrpe,n;nOJiaraJIOCh, 'ITO 

uyKJIOHhl o6MeHHBaJOTC.II o,n;HHM, .n;nyMH HJIH 6oJI&IIIHM qHCJIOM rrlionon. B ~eKOTOphiX 
IIOTeHIJ.HaJiaX HCII0Jib3JIOTCH H3BeCTHble CBOltCTBa pa3nH<iHbiX6030HHbiX IlOJiei:t TaKHX, 

KaK 71", p, w, 1J H T . .n;. B 3TOM cnyqae rrpRCYTCTBYIOT .n;I>o6nhle JIOKaJaTeJTH crenenelt, 

COOTBeTCTBJIOIIJ.He OTHOIIIeHIIHM Mace T.II)KeJibiX Me30HOB K Macce IIHOHa. Cno60,li;Hbie 

napaMeTpbi CBH3aHhl C KOHCTaHTaMH· CBH3eft )J,JIH B3aHMO,ll;efiCTBRH COOTBeTCTBJIOIIJ.HX 

Mroonon c nyKJionaMII. TaKofi rro.n;xo.n; K rrocTpoeuiiiO noTeniJ.HaJIOB rrpHHHTO Ha3biBaTh 

pe3ouaucuoit Mo.n;en&ro; ou paccMaTpHnaJICH, uanpHMep, B pa6oTax Xonm3aKH H Ma

"'H,ll;hl (1961 r.) [31], Xomn3aKH R .n;p. (1962 r.) [32], MaK-Keana (1962 r.) [33], Cana,n;&I 

H .n;p. (1962) [34], Ba6RKona (1963 r,) [35], CKOTTH.n Bonra (1963 r.) [36], Bpafta:Ha H 

CKOTTa (1965 r.) [37]. · 

HarroMHHM, "'TO o.n;uorrnoHHhl1i o6MeH o6cy)K,ll;aJICH n IlpHJIO)KeHHII A3. 3.n;ec& )Ke OT

MeTHM, "'TO pg.n; <l>H3HKOB C'IHTaeT, "'TO BJIHHHHC o6MeHOB TH)KeJibiMH Me30HaMH MO)KeT 

npHBO,li;HTb K TeM )Ke CaMbiM a<P<PeKTaM, 'ITO II 06MeH ,li;BJM.II IIHOHa~m,. HO COOTBeT

CTBJIOHJ.He ,lJ;HarpaMMbl <lJeiiHMaHa OCTaiOTCH IIpOCTbiMH. 

B KaqeCTne npnMepa, npiine.n;eM uecKOJihKO KOMMeHTapHen K aTOii TeMe, B3HThlx 

H3 pa6oThl [38]. AnTophl paccMoTpeJIH o.n;no6o30HHhllt o6MeH R nccne.n;ona.nH BJIHHHHe 

119 



71"--, '7--, w--, <P--, B±- H r-Me30HOB. I1cCJie,!I.OB8JIOCb BJIHHHHe .D.BYX I'HITOTeTH'IecKHX 

CKaJIHpHblX MC30HOB- H30CKaJIHpa SoH H30BCKTOpa St. J1CITOJib30BaJIHCb ITOTeHU:HaJibl 

CXO,!I.HOI'O BH,!I.a H C TeMH »ce ITHTblO 'lneHa.\iH1 KaK H B <t>opMyne (A4.14). KaJK,!J.blit 'IJICH 

ITOTeHIJ.HaJia 6blJI cynepn03HIJ.Helt ITOTeHU:HaJIOB I0KaBbl. 

B TaKoro po.u.a nOTeHII.HaJihHOit MO,!J.MH TPY.D.HO npaBHJibHO y'leCTb "a<t><l>eKTbl 

OT,!I.a'IH", ITOpO~aeMhle TH)I(MblM Me30HOM1 TaK KaK erO Macca MOJKeT 6b1Tb TOI'O JKe 

ITOpH,!I.Ka (HJIH Bblme), 'ITO H MacCa HYKnOHa. Ilo 3TOlt ITpH'IHHe TOJibKO o;eHTpaJibHaH 

H TCH30pHaH 'JaCTH JTOTeHU:HaJia paCCMaTpHBaJIHCb KaK 3aBHCHMble OT KOHCTaHT CBH3H 

COOTBeTCTBYlOIIJ.HX Me30HOB C HYKJIOHa.\iH. IlMHblfi llOTeHII.HaJI CO,!J.ep)l(aJI 27 CB060,!J.

HblX napaMeTpOB. Ilony'leHHblit ITOTeHIJ.HaJI ,!I.OCTaTO'IHO XOpomo BOCilpOH3BO,!I.Itn 3Hep

l'eTH'IeCKY10 3aBHCHMOCTb cnHH-CHHrneTHbiX <l>830nblx C.U.BHroa B 1 So , 1 D2 (I = 1) H 
1 P1 , 1 F3 (I = 0) cocTOHHHHX B HHTepBaJie na6opaTOpHbiX aHeprHlt 20 - 310 MaB. 

9. IlOTeH~aJI"bl C rpaHH'IH"biMH yCJIOBHSIMH 

<f:lem6ax H JIOMOH (39, 40) npe,!I.JIO)I(HJIH ,!l.pyrol\ llO,!J.XO,!I. K OllHCaHHlO H,!l.epHblX CHJI, a 

HMeHHO - OCHOBaHHblfi Ha rpaHH'IHblX YCJIOBHHX, HaKJia,n.biBaeMblX Ha BOJIHOBYlO <l>YHK

IJ;HlO. 0HH Ha'IHHaiOT C TOI'O <t>aKTa, 'ITO HeCTaU:HOHapHble a<t><t>eKTbl1 B03HHKaiOm;He 

H3-3a MHOI'OMe30HHblX H CTpaHHbiX BHpTyaJibHblX COCTOHHHfi, B OCHOBHOM, Ba)I(Hbl npH 

MaJihiX paCCTOHHHHX1 MeHhlUHX, 'leM llOJIOBHHa KOMilTOHOBCKOlt ,!J.JlHHbl BOJIHbl llHOHa. 

9TH BHPTYaJihHhie COCTOHHHH o6na,n.aiOT BblCOKOit aHeprHelt, H llOaTOMY MOJKHO npe.u.no

JIOJKHTb1 'ITO npH TaKHX paCCTOHHHHX BOJIHOBaH <l>yHKIJ;HH He 3aBHCHT OT OTHOCHTMb

HOH KHHera•recKoit aaeprau pacceuaaeMhiX nyKnonoa. TaKasr "BHyTpeaHsrx" o6nacT& 

HCKniO'IaeTCH rpaHH'IHblMH JCJIOBHHMH (KOTOpble ~e 3aBHCHT OT 3HeprHH), HaJIOJKeHHbl

MH na norapii<PMH'IecKyro npoH3BO,!I.Hyro aonHoaoit <l>YHKIJ;HH. Pa,n.nyc 3Toit BHJTpeHHefi 

06JiaCTH CJIC,!J.YCT Bbl6HpaTb TaK, 'IT06bl BHC ee MOJKHO 6biJIO 6hi HCITOJib30BaTb CTa

U:HOHapHbilt llOTCHU:HaJI. 9TOT MCTO,!I. O'lellb J,!I.06en ,!I.JIH paCCMOTpeHHH MHOI'O'IaCTH'I

HbiX B3aHMO,!I.Ct!.CTBHlt. IlpH llO,!J.XO,!I.Hlll;CM Bbl60pe rpaHH'IIIhiX JCJIOBHfi H "BHCmHero" 

CTao;uonapHoro noTeHU:HaJia 6hlno nonyqeuo xopomee cornacHe c ,!J.aHHhiMH no' NN
paccexHHIO annOTb .u.o 310 MaB. 

06hi'IHO HaxO,!J.HT IlOTCHIJ;HaJihi 1 . KOTOpbiC ,!l.alOT XOpomee OnHcarme <l>830Bl>IX C,!J.BH

I'OB pacceHHHH, nony•reuaoe a PSA H3 3KcnepaMeHT8JibHbiX .n.annl>Ix. KaK yJKe yrroMH

HaJIOCb, TaKaH 3a,!l.a'la HMCCT MHO)I(eCTBO peiUCHHlt, llOCKOJlbKJ <l>830BbiC C,!I.BHI'H Onpe

,!I.CJIHIOT ITOBC,!I.CHHC BOJIHOBOt!. <i>JHKU:HH TOJibKO Ha 6eCKOIIC'IHOCTH, TOr,!J.a KaK ITOTCH

U:HaJI ,!I.Ct!.CTBJeT BO BCeM npOCTpaHCTBC. 

MoJKuo peaJIH3oBaTh cne.n.yiOIIJ.Hfi MeTO,!J.. I1cxo.n;sr H3 o6ru;ero. paccMOTpenHH Bl>I

.u.e.'lHIOTCH OT,!I.eJihHble 'IJICHbl B (A4.1) H llOCTJJIHpyeTCH TaKaH <i>YHKIJ;HOHaJih!laSI 3a

BHCHMOCTb COOTBCTCTBytOIIJ;HX KOa<l><l>HU:HCHTOB OT paCCTOHIIHH MC)I(,!I.Y HJKnOHa!.m (u 

HX OTHOCHTMhHOt!. CKOpOCTH), KOTOpaH CO)l;Cp)I(HT ,!I.OCTaTO'IHOC 'IHCJIO CBOOO,!I.Hl>IX na

paMeTpOB. 3aTCM BapHaU:HOHHblM MCTO)l;OM UaXO,!J.HTCH OllTHMaJibllblC 3Ha'ICHHSI 3THX 

11 napaMeTpoa. 

Boo6ru;e ronopH, PSA ue HBJISieTeH ueo6xo,!J.HMbiM npoMeJKyTO'IHblM aTanm1 :\-leJK

.u.y aKcnepnMeHTaJihHhiMII .u.auHbiMII 11 nOTenu:naJIOM. O.u.naKo ou no3BOJIHCT aKono~mTb 
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KOMllbtOTepnoe BpCMH 111 llOMHMO aTOI'O, aBTOMaTH'leCKH J'IHTbiBaeT YIIHTapHOCTb MaT
pHD:bJ pacceHIIHH:. 

Cym;ecTBy~ ,!I.Ba Mero.u.a Bbl'IHCJieHHH · noTeHU:HaJIOB. IlepBbll\ Me'ro.n. OCHO~au ua 

npHMOM pemeuHH ypaaaeHux Illpe.n.uHrepa. B Ka'leCTBe npuMepa pacc:MOTpHM nOTeH

U:HaJI XaMa,n.bl-~OHCTOHa n·npe1re6peJKeM KYJIDHOBCKHMn cunaMa; Ilonarasr 

2 M·EcM M . 
K = , U1 = - · V1(x) , 

J.L J.L (A4.16) 

IIOJiyqaeM ,!I.JIH CUHH7CHHI'JleTHOI'O COCTQH!IHSI 

( 
d,2 J(J + 1) . . ) . ·. . 

dx2 + ~- x2 - Uc(x) + 2J(J + ~) ULL(x) · 4>(x) = 0 . (A4.17) 

):VIR TpHITJieTa L = J HMCCM 

( d'l 2 J(J+1) () (')· () 
dx2 + K - x 2 - Uc x - 2 Ur x + ULs x -

- [2J(J + 1) -1] ULL(x)) · 4>J(x) = 0 (A4.18) 

H .u.nsr L = J ± 1 rronyqaeM ,!I.Ba .n.n<l><l>epenn;HaJI&HbiX ypaaaenusr BTopi>ro rropH)l;Ka: 

[ 
d,2 · .. ' J(J _;_ 1) . . J- 1 
- + K 2 

- - Uc(x)- 2 -- Ur(x) - (J- 1) Uu;(x)-
dx2 . x2 2J +.1 . . . · 

. LL]· 6{ J(J + 1) ' . . .. 
- (J- 1) U, . · 4>J(x) ._ 2J + 1) Ur(x) · WJ(x) = 0, (A4.19a) 

[ 
d,2 2 (J + 1)(J + 2) . . J + 2 

dx2 + K - x2 - Uc(x) + 2 2J + 
1 

Ur(x) - (J + 2) ULs(x)+ 

] 
6..jJ(J + 1) 

+ (J + 2) ULL(x) · WJ(x) + 2J + 
1
) . Ur(x) · 4>J(x) := 0, . (A4.19b) 

r.n;e 4>J(X) H WJ(X) CCTb BOJIHOBble <l>YHKU:HH ,!I.CfiTpOHa. 
. • 1 • ' ' • 

IIo.n.qepKHeM, 'ITO <l>83DBhle c.u.anrn pacceHnusr nxo.n.srT n <l>YHKU:HH 4> J(x) n WJ(x) 
HCSIBHblM o6p830M. 

,L(pyroit Mero.u. 6&IJI npe.u.noJKeH ,L(pyKapea&IM (1949 r.) [41). · BMecro BOJIIIOBhrx 

<l>YHKIJ.Hl\ OH paCCMaTpHBaJI HX JIOrapn<l>MH'IeCKHe 1Ip0H3BO,!I.Hble H 3aMeHHJI ypaaHe~ 
Hue Illpe.n.HHrepa .U.H<l><l>epeHo;HaJihHbiM ypaaHeHneM rrepaoro nop.sr.n.Ka .n.nsr <P83oahlx 
C)l;BHI'OB pacceH:HHH:. 

,L(JI.sr He ·cMemunaiOm;uxc.sr .cocro.srHHl\ (cuurneT If. Tpimner c L = J) HMeeM·. • · 

do(Kx) 1 [ · . . 
~ = 2 71" X U(x) BL+l/2(Kx) COSOL(Kx)- NL+l/2(Kx) smoL(Kx)' 
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~ ~ 

i1 

lim OL(Kx) = OL(K) , lim OL(Kx) = 0, 
z-.oo K-.o - (A4.20) 

rAe BL+l/2(Kx) H NL+lf2(Kx) eCTh <);>yuK~HH BeccenH u HeiiMaua coOTBeTCTaeuuo. 

,lVIH CMeillHBaiOI.qHXCH COCTOHHHii }P,deeM TpH ypaBHeHHH, COAep:lKarqHX <);>a30Bhle 

c~BHrH OJ,J+l, OJ,J-1 H fJ. ,lVIH <);>a30BbTX CABHroB CTarrna H AP· (23] cOOTaeTCTBYIO
I.qHe ypaaueHHH AaHhl, uanpHMep, Ba6HKOBhiM a pa60Te (42). 9TH <);>opMynhl 3AeCb He 
IIpHBOA.HTCH. 

CHTyal\HH cTaHOBHTCH 6onee CJIO:lKHOii npH HH3KHX 3HeprHHx, rAe ueaooMO:lKHO pa3-

~eJIHTb HAepuyiO H KynouoacKyiO 'laCTH <);>a3oBbiX CASHroa. B 3TOM cny'lae ueo6xo~HMO 
y'IeCTb KYJIOHOBCKHfi ITOTeHJ:\HaJI B ypaBHeHHH IllpeAHHrepa HJIH ypaBHeHHH )J;pyKape

Ba. ITocne 3Toro ypaauenue )J;pyl<:apeaa MH ue CMemauubiX <);>a30BhiX CABHroB rrepe
ITHCbTBaeTcH B <);>OpMe [42): 

doL(r~K,7J) =- K-1v r[cosoL(r,K,7J)FL(r,K,7J) 

+ sinoL(r,K,7])GL(r,K,7J)r, .oL(O,K,7J) =0, 

rAe FL H GL ecTb KYJIOHOBCKHe <);>yHKJ:\HH nerrpepbiBnoro cneKTpa. 

10. CoupeMeHahle no~O,D;hl K MO,D;eJIBM noTeH~Hanou 

(A4.21) 

B Te apeMena, KOrAa Teopus rroJIIOCOB PeA:lKe paccMaTpHaanacb KaK ynuaepcanb

Hbiii HHCTpyMeHT MH OIIHCaHHH B3aHMOAeiiCTBHH pa3JIH'IHbTX MPOHOB, MHOrHe Teo

peTHKH IIhiTaJIHC.b CBeCTH B3aHMOAeiiCTBHe ABYX · 'laCTHI\ CO CITHHOM K cynepiT03HJ:\HH 

B3aHMo~eiicTaHfi nyKnonoa c 6ecciTHHOBhiMH 'IaCTHJ:\aMH. B Ka'leCTae npuMepa yno

MHHeM CTaTbiO KoTTHHreMa H BHHX May (1964 r.) [43). Ouu npe,LVIO:lKHJIH nyKnon

HYKJIOHHblit IIOTeHI\HaJI, CBH3aHHblit C IIHOH-HYKJIOHHbiMH H. IIHOH-IIHOHHblMH aMIIJIH

TyAaMH, HCIIOJih3YH ITpeACTaBJieHHe qHHH H Cl>y6HHH (1960) [44] AJIH MalfAeJihCTaMOB

CKHX aMIIJIHTy~. JIHIIIb IIOOJKe, ua 6a3e H3MepeiiHit HOBbiX CITHHOB03aBHCHMhiX NN
na6JIIO~aeMbiX H npH yaenu•IeHHH 3HeprHH ycKopHTeJieit (U.EPH, ITponiHHO), 6bTJIO 

YCTaHOBJieHO, 'ITO TeopeTH'IeCKHe npeAHOJIOJKeHHH TaKOrO po~a HpHBOA.HT TOJihKO K 

6onee cyrqeCTBeHHOMy paCXOJK~eHHIO C 3KCHepHMeHTOM. 

OnHcaHHe B3aHMOAeitcTBHH MPOIIOB rrpu npoMeJKyTO'IHbTX 3nepraHx, Bhiiiie nopora 

pOJKAeiiHH ITHOHOB, TaKJKe 6a3HpyeTCH na AHCIIepcHOHHbiX COOTHOIIIeHHHX H MO~eJIHX 
Me3ounoro o6MeHa. ThKoii !'.1eTOA acrrOJib30BaH ITapHJKCKolt rpynuott (uarrp., JlaKoM6 

H ~p. (1980 r.) (45), KoT3 H ~p. (46), Jlya30 (1984 r.) (471) IIpH onpe~eJieHHH MIIH

MOit 'IaCTH <);>a30BbTX c~BHroa MH 6oJihiiiHX L. Mx Bhi'IHCJieuHH ~aiOT TeopeTH'IeCKH 

xopomae Ha'lanbHbie ycnoBHH MH 'IHCTO <);>euoMeuonorH'IecKoro PSA, KOTOphlii qacTo 

cpanmmaeTCH c Kone•urbam pC3yJihTaTaMH PSA. )J;pyrHM ITPHMepoM HBJIHeTCH Bouu

CKHit rroTeHJ:\HaJI (Maxnefi~T, XonHuAe u 9JihCTep (1987) (48], 9nhcTep H AP· (1988 
r.) [491). Mo~eJIH o6Mena Me3ouaMH qacTo HCITOJih30BaJIHCb TaK:lKe MHOrH!\1H ~YrHMH 
aBTOpa~m. I1c'leprrbiBaiOrqe ITOJIHbiH (na 1993 r.) CIIHCOK CChiJIOK ITO 3TOfi TeMe ~au, 
uarrpn!ldep, B cTaThe [2]. 
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CTOHT yrrOMHHYTb TaKJKe "npoMe:lKJTO'IHhlit" <);>euoMeuonorH'IeCKHit MeTo~, pa3-

BIIBaBmHfic.H rpyrrrroit <);>on repa.\f6a. Ou COCTOHT B TOMi 'ITO AJ!H KaJK~OrO <);>a-

30BOrO CABHra Bbi'IHCJIHIOT IIOTeH~HaJibi, IICIIOJih3yH TeOpHIO o6paTHOrO pacceHHHH. 

«l>aJOBhie c~auru npH pa3Hb1X 3HeprHHX, orrpe~enenHhie H3 PSA, npe~CTaamnOT 
11

3KcrrepHMeiiTaJibHbie" BXOAHbie AaHHbie. CyrqecTayro:rqHe pC3yJILTaTbi (KHpCT H ~p. 
(1989 r.) [50], <);>on repa!\16 II AMoc (1990 r.) [51]) ycnemuo BOCIIpOH3BOAHT Bei.qeCTBeH

Hble 'laCTH <);>a30BbiX c,n;nnron npH nro6oit aueprHH HHJKe 800 MaB. MeTOA 3TOit rpyrrrrbi · 

MOJKeT 6b!Tb, B 11pHH~IIe, IICIIOJib30BaH H AJIH O.lllfCaUHH .MHHMblX <raCTeii: <);>a:30BhiX 

c,n;aHroa. K co~euHro, p~H'IHH Me,;;AY :Hey~pyrHMi; "~~THMH 4>33o'a~,x c,n;~uroa; 
Bbi'IHCJieHnhlx B pa3HbTX peanH3al\HHX PSA, AOBOJibHO BeJIHKH (nt. flpHJIO)f(enHe A3). 

IloAp06HOCTH MeTO~a (51] 3AeCb He 06Cy)f(AaiOTCH, HO TeM He Meuee CTOHT OTMeTHTb, 

'ITO TaKoro POAa npe,n;CTaBJieHHe N N-B3aHMo,n;efiCTBHH MO)f(HO c ..11erKOCTbiO rrpHMeHIITb 
K ormcauHro HYKJIOH-H~epuoro pacceHHIIH. 

3aKJi'roq:euue 

Bue ::iaBHCIIMOCTII OT Toro <i>aKTa, <rTo onucaHue yrrpyroro . N N ~B3aHMOAeitcTBHH 
IIOTeH~aJiaMH. HBJIHeTC; MO,LI;eJibHQ-3.aBHCHMbiM H COAep~HT :'viHOrO. 3JieMeHTOB cy6'h

eKTHBH3Ma, YMBHTeJihHO ·MHoro H3BeCTuhlx <);>H3HKOB 'HIITepecyiOTCH rro~o6uoro' POAa 

liCCJie,LI;OBaHHHMH. IloTeu~aJibHbiH IIO,LI;XO)l;, B OCHOBHOM, pa3BHBaeTCH TeOpeTnKa!'dH, 

TaK KaK 3TOT !'deTOA ue cnHruKoM rronC3eu MH aua.iJa3a ,n;auubi~. HH~e' rropora rrH

ouuoro pO)f(,LJ;eHHH pa3JIH'IHhle IIOTeHI\HaJibl XOpOIIIO BOCIIpOH3B0AHT. <);>a30BbTC CABHrH, 
rrony<raeMble ~ pe3yJihTaTe PSA-rrpoqeAJi)bl. HnJKe Hll)f(Hero rrpe,n;ena IIPHMCHHMOCTH 

PSA qeuTpaJihHblit rrOTenqnan xopomo npe~CKa3hiBaeT ,n;n<);><);>epenqHaJibHhle ce'IeiinH 

~ H np- pacceHHHH MeTOAOM a<);><);>eKTHBIIoro PMnyca u ,LVIHHbi pacceHIIHH. IlpH Bbi

COKHX 3HeprHHX ITOTCHJ:\llaJibHbTH IIOAXO,LI; BHyTpenue orpauH<ren o6naCThl0 HHJKe 1 r3B 
H HCJih3H 0)f(HAaTh1 'ITO 3TOT HHTepBaJI 6y,n;eT KOrAa-JIH60 pacnmpeu. 
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