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AKTyaJihHOCTh npo6neMbl, OtKphIT:0:e KBapKOB0ll: ctpyKtyphl HYKJI0H0B II CBJI3aH­
HaH C Hell. B03M0lKH0CTL cymecTB0BaHIIH MYJILTIIKBapK0Bh!X KOHq>11rypan11i!: B aT0MHLIX HJII_Jax 
oKa3aJill rny6oKoe BJIIIIIHlle Ha JI,11.epHyIO q>ll311KY B n;eJioM II oco6eHHO Ha q>ll311KY Jierqai!:­
IIIIIX H,11.ep. O,u.Hoi!: 113 rnaBHh!X 3a,11.aq ,mcnep11MeHTaJILHoro n reope111qecKoro 11ccne,11.0BaHHH 
ITpon;ecc0B B3a1rno,11.ei!:CTBIIH ITP0T0H0B C nerqai!:IIIIIMII H.zl;paMII ITpn 6oJibIIIOi!: 11epe,11.aqe HM­
ITYJILCa Q > Jf3B/c HBJIHeTCH 11onyqeHne 11Hq>opMan;1111 o ctpyKType 3TIIX H,11.ep Ha Mam,rx 
paCCTOIIHIIIIX MelK,11.y HYKJI0HaMII rNN ~ 1/,Q < 0.5<l>M H 0 NN-B3a11M()Jlei!:CTBIIII B o6nacTII 
ITepeKph!BaHIIH HYKJI0H0B. OHm,11.aeTcJI, qTo IIMeHH0 Ha TaKllX paCCT0HHIIIIX cymecTByeT lle­
peX0,11.HaH o6nacTL OT a,11.p0HHh!X K KBapK-rJIIO0HHb!M CTelleHIIM CB060,11.hl B CTpyKtype H,11.pa. 
O6HapyJKeHlle TaKoi!: o6JiaCTII Ha 3KCITep11MeHTe IIBIIJI0CL 6LI co6b!THeM 11epBOCTemiHHOfi 
BaJKH0CTII B q>ll311Ke CIIJILHb!X B3allM0,1J.ell.cTB11i!:. B 3TIIX IICCJie,11.0BRHIIJIX HCKJIIOq11TeJILH0e 
BH11MaH11e y,11.eJIHeTCH ITpocrei!:IIIei!: H,11.epHoi!: c11cteMe - ,11.ettrpoHy. 

B HaCT0Jintee BpeMII HaK0IIJieH 6oJILIIIOi!: ofrbeM 3KC11ep11MeHTRJILHh!X ,11.aHHb!X ITO pd­
CT0JIKH0BeHIIIIM B KYMYJIHTIIBHOi!: o6JiaCTII II llJiaH11pyeTCH 11poBe,D;eH11e H0BhIX, npe11Myrn;e­
CTBeHH0 II0JIHp113aD;II0HHb!X 3KC11ep11MeHT0B Ha C0BpeMellHLIX ycK0plrTeJILHLIX K0MIIJieKcax. 
B y11pyroM p 3 JI e-pacceHHHII Ha3a,U. 11p11 HaqaJILHLIX 3HeprHHX 1-2 f3B ,11.0CTllrHYTLI 6oJILIIIHe 
ITepe,11.aq11 IIMIIYJILCa Q ~ 2 - 3 f3B/c, K0T0pLie ·cymecTBeHHO Bb!IIIe, 'leM B aHanorHqHh!X 
,11.aHHh!X 110 3JieKTp0HH0MY pacceHHIIIO, II 3T0 ,11.aet 0CH0BRHlle Ha,11.eJITLCH Ha 110JiyqeH11e H0-
B0ll:, ITO cpaBHeHIIIO C 3JieKTp0HHLIMII 3KC11ep11MeHTaMH, HHq>OpMaD;HII 0 CTpyKtype II,11.pa 
3 JI e. Oco6Litt IIHTepec BLI3LIBaIOT peaKD;HII KBa3Hy11pyroro BLI611BRHHH 6LICTpLIX MaJioHy­
KJI0HHLIX KJIRCTepoB H3 H,11.ep, y>Ke 11epBaH II0IILITKa II0HHTL K0T0pb!e llpHBeJia K rny6oKoll: 
11,11.ee 0 q>JIYKTyan;IIHX IIJI0TH0CTII H.D;epHoro BemecTBa (,ll.11. BnoXHHD;eB, 1957). Tio3,ll.Hee 
ITPII IICCJie,11.0BRHIIII y11pyroro pd- pacceJIHIIJI Ha3a,11. 6LIJIII BLICKa3RHLI H ,11.pyr11e IIHTepeCHLie 
11,11.e11 B q>H311Ke 11poMeJKytoqHb!X 3Hepr11tt - cymecTB0BaH11e HYKJI0HHLIX H306ap N* B H,11.pax, 
Tpex6ap110HHL1e pe30HaHCLI, ,11.IIHRMI!Ka n;BeTa. B IIOCJie,11.Hei!: ,11.eKa,11.e uaqaT0 aKTHBH0e IIC­
cne,11.oBaHlle H0Boro KJiacca 11pon;ecc0B c 6oJibIIIHMll Q - poll(JleHne CtpaHH0CTll B peaKD;HIIX 
pd -+ 3 JI eX, llHTepec K K0T0pb!M Bb13BaH B0llp0C0M. 0 co,11.ep>KaHHII CKpLIT0i!: CTpaHH0CTH 
B HJKJI0He, n, B03M0JKH0, B ,11.etttpoHe • 

O,11.HaKO 11onyqeH11e peaJILHOi!: KOJinqecTBeHHoll: I!Hq>OpMan;11n 0 H,11.epHoll: CTpyKtype B 
KBapKOBOi!: o6JiaCTll 113 ,11.aHHLIX 06 a,11.p0H-H,11.epHLIX B3RIIMO,U.ell:cTBHHX 0Ka3aJI0CL cyrn;ecTBeHH0 
6onee CJIOlKHOtt 3a,11.aqefi, qeM 3T0 11pe,11.cTaBJIHJI0Cb B CaM0M Haqane CTRH0BJieHHH RBapKOB0JI: 
q>H3HKH. MolKHO BLI,11.eJIHTb HeCK0JILK0 11po6JieM, B03HIIKalOID;IIX HR 3T0M IIYTH. Bo-11epBLIX, 
HMeIOT MeCT0 ,11.0B0JILH0 tpHBHaJILHLie 3q>q>eKTbl Bo36yll(JleHHH HJKJI0H0B MIIIIIeHH 110,11. ,u.ett­
CTBlleM HaJietarorn;ero 11yqKa, He tpe6y10rn;11e cyrn;ecTBeHH0ro yqaCTHH BLIC0K0HMIIJJILCHLIX 
HJKJI0HHLIX K0MII0HeHT B0JIH0BOfi q>YHKD;llll II,11.pa. KoppeKTHbltt yqer 3THX 3q>q>eKTOB 11pe,11.­
CTRBJIHeT 0THI0,11.b He TpHBIIRJILHJIO 11po6JieMy. Bo-BTOpLix, CBH3b Ha6n10,11.aeMLIX xapaKTe­
pnCTHK C BOJIHOBOi!: q>JHKD;llell: H,11.pa He HBJIHeTCH ,11.0CTRT0'IH0 11po3pa'IHOJI: ,11.a>Ke B paMKax 
11poctei!:1IIIIX II0JIIOCHb!X MexaHH3M0B BCJie,11.CTBlle 3q>q>eKTOB B3RI!MO,D;ell:cTBHH B HR'IaJILH0M 
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n KOHeqHOM C0CTOJIHllJIX. B-TpeTbllX, CJIOJKHOfi rrpo6JieMOil JIBJIJieTCJI yqeT peJIJITllBllCTCKIIX 
3cpcpekTOB B cocTaBHbIX cncTeMax. BamHLIM .n;ocTnJKeHHeM rrocJie.l(HHX .n;Byx .n;ernTHJieTHfi 
B 3TOJ:i o6JiaCTll 6bIJIO C03,l(aHne IlyaHKape-HHBapnaHTHOfi TeOpllll pacceJIHIIJI B paMKax pe­
JIJITl!BllCTCKOil KBaHTOBOfi Mexamrnn (PKM) CllCTeM C qJl!KCl!pOBaHHbIM qncJIOM '!aCTllU. 
8 qacTHOCTll, )(JIJI 3a.n;aqn Tpex TeJI IlOJiyqeHbI. ypaBHeHllJI q>aMeeBCKOro Tll!Ja, l!Me!OIUlle 
rrpaBHJibHblfi HepeJIJITHBHCTCKl!fi rrpe.n;eJI. 8TOT rroiom.n; .n;orrycKaeT pacnmpem1e Ha JII06oe 
(KoHeqHoe) qncJIO qacnn~.ll TeM caMbIM,C03,l(aeT q>eHOMeHOJIOfl!qecKylO OCHOBY ,l(JIJI IIOCJie.n;o­
BaTeJibHOro yqeTa peJIJ1Tl!BllCTCKl!X 3cpq>eKTOB B a.n;poH-JI.llepHbIX rrponeccax rrpn rrpoMeJKy­
TOqHbIX 3Heprl!JIX. B TeXHllqecKOM OTHOIIIeHllll 3Ta 3a.n;aqa oqeHb rpoM03,l(Ka. Ha rrpaKTl!Ke 
3cpq>eKTl!BHbIM crroco6oM J1BJIJ1eTCJ1 · coqeTaHne peJIJITl!BHCTCKoro orrepaTopHoro rro.n;xo.n;a ·c 
.n;narpaMMHbIM, 3KBl!BaJieHTHbIM cyMMl!p0BaHlllO qJieH0B pH.n;a MHOrOKpaTHoro pacceJIHIIJI 
B HepeJIJITl!BllCTCK0M rrpe.n;eJie, qTo B HeKOTOphlX cJiyqaJIX II03BOJIJleT rn6Ko BbIXO,l(l!Tb 3a 
paMKll rrp116JII1JKeHl!Jl C "cp11KCHpoBaHHbIM qHCJI0M qaCTHU". HaKo,Hen, cymecTByeT rrpo-
6JieMa yqeTa HeHyKJIOHHbIX KOMII0HeHT BOJIH0BbIX cpyHKUl!fi ~.n;ep, TaK11x KaK It.ti. > 11 
INN* > B .n;efiTpoHe. OneHKII 3THX BKJia.n;oB B irnapKoBol!: 11JI11 Me3oHHofi Teop1111 N N-c11JI 
rroKa He Moryr rrpeTeH.n;oBaTb Ha KOJI11qecTBeHHoe orr11caH11e. Co3.n;aH11e CTporoJi Teop1111 
rrponeccoB Ha JI.n;pax c 60Jibnt11MH rrepe.n;aHHbIMII IIMIIYJibcaMH JIBJIJleTcJI 3a.n;aqeJi oT.n;aJieH­
Horo 6y.n;ymero n, oqeBn.n;Ho, rroTpe6yeT yqeTa oqeHb 6oJlbrnoro q11cJia CTerreHefi CBo6o.n;bI. B 
HaCTOJIIII;ee BpeMJI B03MOJKeH yqeT JIIIIIlb HeKOT0pbIX, Han6oJiee oqeBH)(HbIX no CBOefi 3Haq11-
M0CTH acrreKT0B cTpy1nypbIB paMKax rrpocTbIX MexaHH3M0B. B 3TOJi cnTyaunn .n;JIJI 6oJiee 
my6oKoro rroHnMaHHJI .n;nHaMHKll rrponeccoB cymecTBeHHoe 3Haqeiin:e nMeeT pacrn11peH11e 
KJiacca aHaJIH311pyeMbIX peaKUllfi rrpn KHHeMaTnqeCKll 6Jill3KIIX ycJI0BHJIX. 

TaKHM 06pa30M, aKTyaJibHOfi rrpo6JieMoJi B Teop1111 a.n;poHHbIX rrponeccoB Ha MaJioHy­
KJI0HHbIX CHCTeMaX rrpll 6oJibIIIOil rrepe.n;aqe llMIIYJibCa JIBJIJleTCJI pa:ipa6oTKa rro.n;xo.n;oB, B 
KOT0pbIX KaK M0JKH0 6oJiee II0JIH0 paccMaTp!!BalOTCJI B rrepByIO oqepe.llb o6blqHI,Ie JI)(ep­
Hb!e 3cpq>eKTbI, o6ycJIOBJieHHble HYKJIOHHhlMH CTerreHJIMII CB06o.n;bl, ii paMKax peaJil!CTl!qe­
CKIIX NN-rroTeHnllaJIOB C yqeT0M peJIJITl!BIICTCKHX 3cpcpeKTOB Ha rrocr1e.110BaTeJlbHOil OCHOBE', 
MH0roqacTnqHI,IX CBOliCTB MHIIIeHII, rrepepacceJIHHfi, BHe3HepreTnqefKHX BKJia.n;oB, a TaKJKe 

I . yqHTbIBaeTCJI B036yJK.n;eHne HYKJIOH0B ITO.I( .n;efiCTBHeM rra.n;aIOmero rryqKa II MO,l(eJinpyIOTCJI 

KBapKOBble acrreKTbI cTpyKTypbI. 

IJ;enhlo ~HccepTa1.r1ni JIBJIJleTrn: 
o pa3pa60TKa rro.n;xo.n;oB .n;JIJI orrncaHHJI (KBa3n)yrrpyr11x rrpoueccoB pacceJIHHJI c rrepeCTpofi­
Kofi Ha .n;Byx- H TpexqaCTHqHI,IX CBJI3aHHbIX CHCTeMaX Ha OCHOBe rrpnMeHeHHJI orreparnpHoro 
cpopMaJIH3Ma Teopnn pacceJIHIIH B PKM n ee HepeJIJITHBncTcKora' rrpe.n;eJia B coqeTaHHH c 

.n;narpaMMHOfi TeXHl!KOfij 
0 orr11caHne Ha 3T0J:i OCH0Be rrpoueccoB pacceJIHHJI rrpoTOHOB Ha3a,l( Ha MaJIOHYKJIOHHhlX 
Cl!CTeMaX - JierqafiIIIIIX n.n;pax, HYKJI0HHhlX KJiacTepax B n.n;pax, - II peaKUllfi C o6pa3oBa­
Hl!eM Me30H0B B pd-cTOJIKHOBeHHJIX. Ilpn 3T0M oco6oe BHIIMaH11e y.n;eJIJleTCJI IIOIICKY HOBhlX 
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K0Jil!qecTBeHHhlX KpHTepneB ,l(JIJI MexaHll3M0B peaKUllfi ll TaKllX ycJIOBllfi B3allMO.n;eltCTBllfl, 
rrpn K0T0pbIX CTPYKTypa JI)(pa B o6JiaCTll MaJihlX paccT0HHHlt Mem.n;y HYKJIOHaMll MOJKeT 
rrpoHBllTbCJI Han6oJiee 1IpKO Ha q>oHe MaCKIIPYIOJUllX ee 3q>q>eKTOB. 

Hay'IHaJI HOBH3Ha pa6oThl H 3Ha'IHMOCTb pe;iynbTaTOB 

B .n;nccepTaunn pa3BHT no.n;xo.n; B paMKax orrepaTOpHoro n .n;narpaMMHoro cpopMaJIII3MOB 
KBaHTOBOfi Teopnn paccenHHJI .n;nn orr11caH11J1 (KBa3n)yrrpyrnx rrponeccoB t nepecTpofiKofi 
Ha .n;Byx- ll TpexqaCTnqHI,IX CBH3aHHhlX COCT0JIHllJIX rrpn rrpOMeJKyrnqm,ix 3Heprnnx 1 + 
{23}-+ 3 + {12}, 1 + {234} -+ 4 + {123} n 6nHapHbIX peaKUllfi c poJK.n;eHneM Me30H0B 1 + 
{23} -+ {123} + X, B K0T0pOM BrrepBbie 0,l(HOBpeMeHHO yqTeHbI MHoroqacTnqHL1e acrreKTbI 
CTpyKTYPbI, B3aHMO)(efiCTBHe B HaqaJibHOM H K0HeqHOM C0CTOHHHHX, B11e311epreTnqecKne 
BKJia.n;bI, peJIJ1THBHCTCKHe 3q>q>eKThl B PKM, B036yJK.n;eHne K0HCTHTyeHTOB. 

Ha 3TOfi 0CHOBe IIOJiyqeH pn.n; BaJKHhlX qJH3H'IE'Cl{llX pe3yJibTaTOB. Ilp0Be.n;e11 aHitJill3 llMe­
lOJUHXCJI 3KCrrepnMeHTaJibllhlX .n;aHHhlX 0 pacceHHHH rrpoT0JIOB Ha3a.n; 11a JI)(pax .n;efiTepnJI, 
3 He n 4 He, < N N > -KJI~CTepax B n.n;pax lp-o6onoqKn, qTQ II03B0JIHJio rronyquTb Ho­
BYIO K0JIHqecTBeHHYIO HHq>opMaUlllO O MexaHH3Max 3THX rrponeccoB, pa3pa60TaTb ,l(JIJI llllX 
HOBble KpHTepnn, rrepeCMOTpeTb poJib B03M0JKHhl~ 3K30THqecKHX BKJia)(0B, BhlHCIIHTb poJib 
CTpyKTYPbI n.n;pa-MllIIIeHn. Pa3BHT H ycrreIIIH0 rrpnMeHeH HOBblfi rro.n;xo.n; K Teopnn peaKnnfi 
KBa3nyrrpyroro BbI6HBaHHJI 6bICTphlx .n;efiTpOHOB

0

(p,Nd) H3 JierKHX n.n;ep, B KOTopoM yqTeHa 
,l(HHaMHKa cpopMnpoBaHHH .n;efiTp0Ha B rrponecce ero BbI6HBaHHH. Pa3BHTa .n;ByxcTyrreHqa­
TaJI Mo.n;eJib 6n11ap11bIX peaKnnfi c poJK)(eHneM Me3oHoB: pd-+ 3 H eX0

, X 0 == ~, r/, w, ¢, qrn 
BIIepBhle II03BOJIHJIO o6HapylKIITb ll rrapaMeTpH30BaTb CllJibH0e B3aHMO.n;eficTBHe B 17 - 3 He 
CHCTeMe, ofrhJICIIHTb pn.n; 3KCIIepnMeHTaJibllhlX oco6eHHOCTefi 3THX HponeccoB, Bhl'IIICJIHTb 
ceqeHne peaKUHH pd-+ 3 HA[{+. BMeCTe C TeM yCTaH0BJ!eHo, '!TO 0,l(Ha ll3 OCHOBHhlX Tpy­
,l(IIOCTefi TeopeTnqernofi HHTeprrpeTaUllH II0JIJipH3aUHOIIHbIX .n;aHHbIX 0 pd-cTOJIKHOBeHHHX 
o6ycJIOBJieHa 60JibIIIHM BKJ!a,l(OM rrpoueccoB B036yJK.n;eHHH HYKJI0H0B MHIIIeHH no.n; .n;efiCTBHeM 
rryqKa, K0TOphle MaCKHpyIOT CTpyKTypy n.n;pa B o6JiaCTH MaJibIX pacCTOHHHfi n He IIOMa!OTCH 
Ha.n;eJKHOMY KOHTp0JIIO. B 3TOJ:i CBJ13ll pa3pa6oTaHa HOBaJI CTpaTernn IIOHCl{a 3q>cjleRTOB 
CTpyRTyphl JI,l(ep B o6JiaCTll rrepeRpbIBaHHJI IIYRJI0JIOB B a.n;po11-R.n;epHhlX B3aHMO.n;el!cTBHJIX. 
Ee cyTb CB0,l(HTCJI K uaxolK,l(eHHIO TaRHX ycJIOBHfi, rrpn KOT0phlX rro.n;o6Hhle BKJ!a)(hl, B tJa­
CTHOCTH, MeXallll3MbI C o6pa30BaHlleM IIHOJIOB B rrpoMeJKyT0'IHhlX COCT0JIIIHJIX, cymeCTBeHH0 
rro.n;aBJieHhl. B .n;nccepTaUHH BrrepBhle ycTall0BJieH n .n;eTaJibH0 HCCJIE',l(OBaH pn.n; uan6oJiee 
rrepcneRTHBHhlX B 3T0M OTJIOIIIemm rrpoueccoB: 

• BrrepBbie uatt.n;euo, qrn rrpouecc KBa3nynpyroro pd-paccenunn p+d-+ (pp)(0°)+n( 180°) 
npn Epp==0-5M3B JIBJIJleTCJI 3q>cpeKTHBHhlM cpe.n;CTB0M H3ytJeHHJI BhlC0ROHMilj'JlbCH0il R0M­
II0HeHThl B.cp . .n;ellTpoua ll BHe3HepreTnqernofi aMIIJIHTY.llhl N N ( 1 S0 )- pacceJllll!JI. 
• AHaJiornqHyIO poJib nrpaeT paccenune H)'RJioHa 11a3a.n; ua (NN)-nape B n.n;pe, HaxoJVI­
meficH B COCTOJIHHH C ll30CIIllHOM T == I, B peaKUHJIX KBa3nyrrpyroro Bhl6HBamrn (p,Nd). 
• .l(JIJI ua6JIIO,l(elillJI N N*-KoMIIOHeHT B .n;efiTpOHe BrrepBhle rrpe.n;JioJKeH0 HCilOJ!h30BaTb peaR-
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nmo pd-+ dN*-+ dmr+ c BirneToM N*-n306aphl Ha3aA B c.n.M. n HaltAeHhl onTHMaJihHhle 

ycJIOBHJI Bhl,!{eJieHHJI N* -H306ap IlOJIOlKHTeJibHOlt lfeTHOCTH. 

• BnepBhle 6e3 IlpHBJielfeHHJI CB060AHhlX napaMeTp0B noJiylfeH0 onncaHHe .l{aHHhlX O rrpo­

necce p3 H e-pacceJIHHJI Ha3aA Ilpll Tp > 1 faB n ycTa~oBJieHhl ero cymecTBeHHhle CBOltCTBa, 

B TOM lfHCJie HCKJIIOlfllTeJihHO CllJibHaJI 3aBHCllMOCTb ce-qeHHJI OT BeJIHlfHHhl BhlCOK0HMIIYJib­

CHOlt HYKJIOiiHolt KOMIIOHeHThl BOJIHOBOlt <pyHKilllll JIApa 3 He, cp23( q, p ), rrpn q > 0.6 faB/ C 

IloJiylfeHHhle pe3yJibTaThl MoryT 6h!Tb llCII0Jib30BaHhl Ii yJKe rrpnMeHJIIOTCJI rrpn IIJiaHHpo­

BaHnn H0BhlX 3KC1IepnMeHTOB no n3y-qeHHIO CBOltCTB Jier-qaltnrnx JI.l{ep ll < N N >-KJiaCTepoB 

B JI.l{pax B o6JiaCTH nepeKph!BaHHJI HYKJIOHOB. Hosh!lt IIOJIJipn3annoHHhllt 3KCIIepnMeHT 

no pa3BaJiy AeltTpOHa B cnennaJibHolt KHHeMaTnKe, rrpeAJIOJKeHHhllt Ha COSY [1], noJI­

HOCThlO OCHOBaH Ha noJiylfeHHhlX B AHCCepTannn pe3yJihTaTaX llCCJie,!{OBaHHJI KBa3nynpy­

roro pd-pacceJIHHJI Ha3aA. Ce-qeHne n napaMeTp cnnH-CIIHHOBolt KoppeJIJinnn peaKnnn 

pd -+ 3 H ew(<p ), BhllfHCJieHHhl_e B AHCcepTannn, ncrroJih30BaHhl npn o6ocHoBaHnn cooT­

BeTCTBYIOmero 3KcnepnMeHTa Ha HYKJIOTpOHe OH.HM [2]. Pe3yJihTaThl aHaJin3a ynpyroro 

p3 H e-pacceJIHHJI Ha3a,!{ cymecTBeHHO MeHJIIOT TO'IKY 3peHHJI Ha_ 3TOT nponecc KaK HCTO'IHHK 

nmpopMannn O BhlCOKOHMIIYJibCH0lt CTPYKType JI.l{pa 3 He ITO cpaBHeHHIO C pe3yJibTaTaMH, 

. IlOJiylfeHHhlMH paHee B paMKaX ABYXTeJibH0ro npn6JimKeHHJI K BOJIHOBOlt <pyHKilllll JIApa 

3 He. pa3pa60TaHHhllt B AHCCepTannn HOBhllt MeTOA perneHHJI 3a,!{alfn O CBJI3aHHOM COCT0-

JIHHH CHCTCMhl ABYX TCJI B PKM AJIJI pJIAa IIOTCHilHaJIOB BnepBhle Il03B0JIHJI ycTaHOBHTb 

llCKJIIOlfHTCJibHO BaJKHYIO p0Jib peJIJITHBHCTCKHX 3<p<peKTOB B 
0

peaKilllJIX Bhl6nBaHHJI n ne­

peAalfn HYKJIOHa H3 N N* -KoMnoHeHThl ,!{eltTpoHa. MeTOA MOJKeT 6h!Th ncnoJib30BaH AJIJI 

perneHHJI PJIAa 3a,!{alf aTOMHOlt H KBapKOB0lt qJH3HKH. JJ:ByxcTyneHlfaTaJI MOACJib peaKilllll 

pd -+ 3 HAK+ n MeTOA BhllfHCJieHHJI JIAepHoro qiopM<paKTopa ncnoJib30BaHhl B JIHTepa­

Type AJIJI onncaHHJI nponeccoB c poJKAeHneM K+-Me3oHoB. Pe3yJihTaThl paclfeTa celfeHHJI 

peaKnnn pd -+ _3 HAK+ noJioJKeHhl B ocHoBy pa3pa6aTbIBaeMoro Ha COSY npeAJIOJKeHHJI 

3KC1IepnMeHTa no H3YlfCHHIO CBOltCTB JI.l{pa rnnepTpHTHJI [3]. 
OcHOBHhle pe3ynbTaThl, BhlH0CHMhle Ha 3a!IlHTy. 

1. Pa3BHT qiopMaJIH3M AJIJI aMIIJIHTJAhl nponecca paCCeJIHHJI C nepecTpoltKolt Ha ABY­

XHYKJIOHHOlt cncTeMe p + (N N),,1 .=e d + N, BKJI10lfa10melt OAHOHYKJI0HHhllt o6MeH (OHO), 

o6MeH N*-n306apaMn, 0AH0KpaTHoe pacceJIHne (OP), B036yJKAeHne ~-H3o6aphl (~). 

2. IlpoBeAeH aHaJIH3 ynpyroro pd-pacceJIHHJI Ha3aA B paMKax M0AeJin OHO+~+ 

OP+ N*, no3B0JIHBrnnlt CAeJiaTb cJie,!{JIOmne BhlB0Ahl: 

• MexaHH3M ABYKpaTH0T0 pN-pacceJIHHJI C B036YJKACHHCM ~- ll306apbI A0MllHHpyeT B ce­

lfCHHH nponecca pd-+ dp npn aHeprnHx 0.5-1.0 faB; 

• YlfeT o6MeHa N*-n306apaMn B paMRax 6q-Mo.l{eJin AJIJI dN N* BeprnnH yJiy-qrnaeT comacne 

C ,!{aHHbIMll 0 ce-qeHHH npn 0.7-1.5 faB; 

• nepepacceJIHHJI B HalfaJihH0M ll K0HC'IH0M COCT0JIHHJIX B paMRaX MexaHH3Ma OHO nrpaIOT 

cymecTBeHHYIO poJib B celfeHnn nponecca; 
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• celfeHne nponecca pd -+ dp npn 0.5-1.0 faB .l{aeT orpaHnlfeHne CBepxy Ha lfHCJieHHhie 

3HalfeHnJI napaMeTpoB 06pe3aromnx nMnyJihC0B A,,, Ap < 1 faB/c B M0H0II0JihHhIX MC30H-

6apnoHHhlX <pOpM<paKTopax; 

• MOACJib OHO + Li + 0 p HCA0CTaTO'!Ha AJIJI_ 0IIHCaHHJI TCH30pHolt II0JIJipH3annn AeltTpoHa, 

ylfeT nepepacceJIHHlt, o6MeHOB N* -H306apaMn ll 3K30TH'ICCKHX BRJia,!{0B He pernaeT 3TO!t 

npo6JICMbij 0CH0BHaJI TPYAH0CTb CBJI3aHa C YlfCT0M BKJia.l{a Li-MeXaHH3Ma. 

3. YcTaHOBJICHhl CJICAJIOmne nponeccbI, B K0T0phlX cymecTBCHH0 Il0,!{aBJieHbI Mexa­

Hll3Mhl, MacKHpyromne CTPYKTYPY HApa B o6JiaCTll BhlC0R0llMIIYJibCHhlX HyKJI0HHbIX R0M­

IIOHCHT 3a ClfCT B036YJKACHHJI HYRJI0H0B MHIIICHll Il0A ACltCTBHCM ny'!Ka np0T0H0B: 

• nepexoAhl Ha cocT0JIHne c n3ocnnHoM T=l KoHelfHolt NN-napbI B nponecce p + d -+ 

N + ( N N) c Hll3Kolt aHeprnelt 0TH0CHTCJibHoro ABlllKeHHJI B nape ENN ~ 0 - 5MaB; 

• pacceJIHne HYRJI0Ha Ha3aA Ha (NN}-nape B H,n:pe, HaxoMmettrn B C0CT0HHnn c T:::;l; 

• peaKilHJI pd -+ dN* c o6pa30BaHneM HYRJI0HHolt H3o6aphl N• B RHHeMaTHlfeCRolt o6JiacTn, 

B ROTopott Beeb HalfaJibHhll1 llMIIYJibC YH0CHTCJI R0HClfHhlM ,n:eil:TpOHOM B JI-cncreMej 

• ynpyroe paCCeJIHlle Ha3a,!{ Ha H,n:pax 6oJiee R0MilaRTHhIX, 'ICM ,n:eil:Tp0H - 3,4 He. 

4. B .n:narpaMMHOM n onepaTOpH0M qiopMaJIH3Max pa3pa6oTaH no,n:xo,n: ,n:JIJI onncaHHJI ynpy­

roro p
3 
H e-pacceJIHHJI Ha3a,n: npn 3HeprHJIX 1- 2 raB Ha 0CH0Be TpeXTCJibHOlt MH0T0KaHaJib­

HOlt BOJIHoson <pyHKilHH H,n:pa 
3 He n ee npoeKilHH Ha d + p-RaHaJI c YlfeT0M neHTpaJibHhIX 

II TCH30pHbIX NN-cnJI, 3<p<peRTOB B3aHMo,n:eltcTBllJI B HalfaJibH0M ll R0HC'IH0M C0CTOJIHHJIX, C 

ylfeTOM BRJia,!{a BHpTyaJibHbIX IIH0H0B, P0JKAaIOmHXCJI B no,n:nponecce pd -+3 He'/1"0 • 

5. Ha OCHOBe pa3pa6oTaHHOTO no.n:xo.n:a II0JiylfeH0 0IIHCaHlle 3RCIIepHMCHTaJibHbIX ,n:aH­

HhlX O nponecce p3 He -+ 
3 Hep 6C3 llCII0Jib30BaHllJI CB060AHbIX napaMeTp0B ll ycTaH0BJICHhl 

ero cymecTBeHHhie cBoil:cTBa npn aHeprHJix Tp > 1 faB: 

• )lOMllHHpyeT TOJibK0 0AHH MexaHll3M - Il0CJie,n:oBaTeJibHaJI nepe,n:a-qa pn-naphlj 

• ,n:oMnHnpyeT S- R0MII0HeHTa A {( N N)(1 S0) + N} B0JIH0Bolt <pyHRilHH H.l{pa 3 He; 

• nepepacceJIHHJI B HalfaJibH0M ll K0HC'IH0M C0CT0JIHHJIX nrpaIOT llCRJIIOlfHTCJibH0 BaJKHyIO 

poJib, 3HalfHTCJibHO YMCHbIIIaJI a6coJIIOTHYIO BCJilllfHHy CC'ICHHJI rrpn Bc.m. = 180° ll ll3MCHJIJI 

<popMy ero YrJI0BOlt 3aBHCHM0CTH B C00TBeTCTBHH C )laHHbIMH 3RcnepnMeHTa; 

• onpe,n:eJIJiromntt BRJia,n: BH0CHT BbIC0R0llMIIYJibCHaJI R0MII0HCHTa <pa.n:,n:eeBCROlt B0JIH0B0lt 

<pyHRilllll H,n:pa 
3 He, cp23

( q23, pi) npn 6oJibIIIllX 0TH0CHTCJibHbIX llMIIYJibCax q23 > 0.6 

raB/c NN-naphl B 
1

So-COCTOJIHHll n Hll3RHX lIMIIYJibCax_ CIICRTaTopa Pt< 0.1 raB/c. 

6. Pa3pa60TaH MeT0,n: ylfeTa B3aMo,n:eltcTBHJI B HalfaJibH0M ll R0HC'IH0M C0CT0JIHHJIX B 

nponeccax ynpyroro pacceJIHHJI n peaRnHJix KBa3nyrrpyroro Bhl6nBaHHJI RJiacTepoB (p,Nx). 

7. Pa3BHTa Mo,n:eJib 71" + p o6MeHa ,n:JIJI nponecca pp-+ pn 7r+ B ~-peJoHaHcHolt o6Jia­

CTH, Ha ee OCHOBe IIOJIY'ICH0 onncaHne HMeromnxCJI 3RcnepnMeHTaJibHhlX ,!{aHHbIX 0 CClfCHHll 

3TOTO rrponecca, 'ITO ll03B0JIHJI0 cymecTBCHH0 CR0ppeKTHp0BaTb BRJia,!{ ~-pe30HaHCHoro Me­

XaHH3Ma B ce-qeHne rrponecca pd -+ dp. 

8. IlpeAJIOJKeH HOBhllt no,n:xo,n: K nccJie.l{oBaHnIO CTPYKTYPhl .iiettTpoHa B peaKilllJIX pa3-
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Bana pd ..... pnp Ha ocHoBe aiiamrna npoI(ecca KBa.snynpyroro pd-pacce11HHJ1 Ha3aJl B paM­

Kax Mo)lenn !::,. +OHO+ OP n nony-qeHHbIX npn 3T0M BLIBOJlOB: 

• MexaHH3M 0JlH0HYKJI0HHoro o6MeHa Jl0MnHnpyeT B nepexo)le pd~ N + (N N), c o6pa.so­

BaHneM cnHrJieTHoll NN-naphl BCJie)lCTBne H30Tonn-qecKoro n )lHHaMn-qecKoro no)laBJieHniI 

!::,.- MeXaHH3Maj 

• BHe3HepreTn'leCKne cBollcTBa pN-pacceJIHHJI B N N(1 S0 )-cocTOJIHnn· npo11:iiJIJ110Tc11 B Bn)le 

RpKHX oco6eHHOCTel1 II 3HepreTH'leCKol1 n yrnoBoll aaBHCHMOCTJIX Ce'leHirn n II0Be)leHnH Tw 

B peaKI(nn pd-+ n + (pp) npn OTHocnTeJihHoll 3Heprnn pp-napu EPP-~ 5M3B B o6nacTn 

Ha'laJihHbIX 3Heprnl1 0.4-0.T r3B. 

9. Pa.3BHT HOilhlll II0)lX0)l B Teopnn KBa.snynpyroro BbI6HBaHHJI 6LicTpLIX KJiacTepoB H3 

llerKnX JI)lep IIp0T0HaMn C Y'leTOM. )lHHaMHKH q>OJ>MnpoBaHHJI KiiacTepa B npoI(ecce ero· 

BLI6nBamrn B TpaHCJIJII(H0HH0-llHBapnaHTHOll' M0)lelln o6oJIO'leK c K0pOTKO)lellCTBYIOIUllMH 

KoppelIJII(HJ!Mll JllllI d-, t-, a-KllaCTepoB ll B TpexTellhHOll a - n - p-MO)leim R)lpa: 6 Li - )lJUI 

peaKI(Hll ·(p,Nd). Ha 3T0l1 OCH0Be II0lly'leH0 onncamie HMeJOIUHXCJI 3KCIIepnMeHTallhHLix' 

)laHHhlX o peaKI(HJIX (p;Nd). 

10. Hall)lert H0Bhlll ll30T0IIH'leCKnl1 KpnTepnll )llIJI MexaHH3Ma paCCeJIHHJI IIp0TOHa Ha3a)l 

Ha JlBYXHYKllOHH0ll CHCTeMe < N N > Ha 0CH0Be 0TH0IUeHHJI ce-qemitt peaKI(nll KBa3nynpy­

roro BLI6nBaHHJI 6bICTpLIX )lellTpOH0B (p,pd) n (p,nd) Ha 0)lH0M n TOM lKe R)lpe. 

11. Pa.spa6oTaH 3q>q>eKTHBHhll1 MeT0)l 'IHCJieHH0ro peineHHJI 3a)la-qn O CBJl3aHH0M co­

CT0JIHHH B pelIJITHBHCTCKoll KBaHTOBoll MexaHnKe JlBYX Tell c pa3HhlMH MaccaMn, B3anMo­

)lel1cTBYJOIUHX nocpe)lCTB0M cyMMLI KYll0H0BCKoro n llHHellHoro II0TeHJ::(Hall0B (qij -CHCTeMa) 

n rny6oKoro npnT11rnBa10mero rroreHI(na.ria ( N N* -cncTeMa) B HMllYllhCH0M 11pocrpaHcTBe. 

Ha 3Tofi ocHoBe BLI'lnCJieHhl HMllYllhCHhle pacnpe,uelleHHJI B BeprunHax d -+ N +'N* ( ½ +, ½ -) 

ll 3lleKTpoMarHHTHLIJ!: q>OpMaKT0pa 7r-Me30Ha B IIOTeHqnaJibHOJ!: qij-MO)leJIH. ' . 

12. YcTaHOBlleHa 11pnHI(HIIallhH0 BalKHaJI p0llh pelllITHBHCTCKHX 3q>q>eKTOB B peam1nn 

d( e, ep )N* B paMKax cneKTaTOpHoro MexaHH3Ma n c)lellaH BLIB0Jl o pa3MLIBamm ·HepeJIJ1Tn­

BHCTCKoro KpnTepHJI JllIJI BLI)lelleHHJI n306ap no nx -qeTHOCTn B 3Tol!: peaKI(HH. IloKa3aHo, 

'ITO BKJia)l npoI(eCC0B C )leBo36ylK)leHneM Bhl6nBaeMol1 HYKllOHHOJ!: ll306apbI N* 11peHe6pe­

lKHM0 Mall 3a C'leT pelIJITHBHCTCKliX 3q>q>eKTOB. 

13. IIpoBe)leH aHallH3 MexaHH3M0B peaKqnn pd -+ dN* -+ dn,r+. B pe3yllhTaTe ycra­

H0BlleHo, 'ITO B 3TOJ!: peaKI(llll B03M0lKH0 Ha6JIJO)leHne N N*(l/2+ )-KOMIIOHeHTLI )lel!:TpoHa B 

YCll0BHJIX, 11pn K0T0pbIX Bech Ba'lallhHbil!: llMIIYllhC B ll-CHCTeMe YH0CHT BT0pll'IHLIJ!: )lel!:TpoH. 

Hal!:)leHhl KpnTepnn Bhl)leJieHnR N N* -K0MII0HeHThl Ha ocHoBe cnnBoBhlX Ha6llJO)laeMLI·x. 

14. IIpe)lJIOlKeHa n pa3BHTa JlByxcTyneH'laTaJI M0)lellh peaKI(nn pd -+3 HeX 0
, Ha 

0CH0Be KOTopol!:: C)lellaH BLIB0)l 0 Hallll'lllll CllllhBoro B3aHM0)lel!:CTBllJI B CllCTeMe ~-3 He npn 

Hll3KHX 3Heprn11x, H )laHa 0I(eHKa napaMeTp0B rn11ore'rn-qecKHX KBa.3llCBJI3aHHbIX TJ - 3 He 

cocToJIHnl!:; BhlqnclleH 11apaMeTp cnnH-CllHHOBol!: KoppelIJII(HH B peaKI(nn pd -+3 He,f;(w); 

BLiqnclleHo ceqeHne npoI(ecca pd -+3 HAJ<+ n noKa.saHo, 'ITO JlBYXCTyneH'laTLIJ!: MexaH113M 
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)lOMHHnpyeT no cpaBHeHnJO C O)lH0CTyneHqaTbIMj noJiy'leHo OIIl!CaHl!e OTH0IUeHnl!: BLIX0)la 

Me30HOB ri' /ri, ,f;/w II q>OpMLI 3Hepro3aBHCIIM0CTII Ce'leHnll o6pa3oBaHl!JI T/, ri',w, ,j; Me30H0B. 

Anpo6aQHR. MaTep11aJILI )lHCCepTal(JIH He0)lH0KpaTH0 )l0KJia)lLIBaJil!Cb Ha CeMl!Hapax 

Jla6opaTOp1111 JI)lepnux 11po6neM, Jla6opaTOp11n TeopeT11'leCKol1 q>ll3HKH, Jla6opaTOpnn Bhl­

coKnx 3Heprii:.tt OMRM, na6opaTOpnn Teopnn aT0MHoro ·RJlpa HMMR<I> MrY, IIMR<I> (r. 

rarqnHa), na6opaTOpnn TeopeTnqeCKo.11 RJlepHo.11 q>H3HKH MR<I> Ka3axcwna, Kaq>e)lpLI Teo­

peTnqerno.n q>H3HKH Ka3rY, 11HcTnTyTa RJlepHo.11 q>H3HKH npn Hccne)loBaTeJihCKoM I(~HTpe 

B r.lOJinx (repMaHnJI) n 6LIJIH npe)lcTaBJieHLI aBT0p0M Ha ClleJlYIOIUl!X KOH<pepeHI(HJIX: 

Int. Conf. Few Body and Quark-Hadronic Systems (Dubna, 16-20 June, 1987); III­

n.11 MelKJlYHapOJlHLI.11 CHMn0311YM " HyKJIOH-HYKJIOHHLie ll a)lp0H-JI)lepHLie B3al!M0)lel1cTBHJI 

npn npoMelKyTO'IHLIX 3Heprn11x" (raHnHa, 21-23 a11peJIJ1 1986 r.); BcecOI03HaJI ruKoJia 110 

MaJioqacTn'IHLIM cncTe1irnM (IIanaHra, OKT116ph 1986); The Third Int. Symp. ''1rN and 

N N Physics", (Gatchina, April 17-22, 1989); Few-Body problems ( Alma-Ata, 1992); 

BcecoJ03HaJI ruKoJia no MaJio'lilcTnqnuM cncTeirnM, (Rnrna6a)l, cenTJI6ph, 1989); MelKJlYHa­

po)lHoe coBemaHne no RJlepHo.11 cneKTpocK011nn n cTpyKType aTOMHoro RJlpa, AnMa-Aw, 

21-24 anpeJIJ1 1992; National conference of Physics of Few-Body and Quark-Hadronic 

systems (June 1-5, 1992, Kharkov, Ukraine); Inter. workshop DUBNA.DEUTERON-91 

(11-13 June, Dubna, 1991); 2-nd, 3rd, 4th, 5th-Int. Symposiums DUBNA. DEUTERON 

(Dubna, September 14-18, 1993; 4-7 July 1995, 2-5 July 1997, 6-10 July 1999); Workshops 

on N fl- Interactions (Moscow, ITEP, 8-11 July, 1991; 9-12 September, 1995); Int. Conf. 

Quark Confinement and the Hadron Spectrum (Como, Italy, 20-24 June, 1994); Fourth 

Int. Workshop on Light Cone Quantization and Nonperturbative Dynamics. Theory of 

Hadrons and Light-Front QCD (August 15-25, 1994, Zgorzelisko, Poland); Int. Conf. 

Mesons and Nuclei at Intermadiate Energies (May 3-7, 1994, Dubna); Int. Workshop 

HADRON-96 (12-16 February, 1996, Stara Lesna, Slovac Republic); Int. Workshop on 

Meson Properties, Production and -Interaction (10-14 May, Krackow, Poland); 12th Int. 

Symp. on High Energy Spin Physics (10-14 September, Amsterdam, The Netherlands); 

Research Workshop on Progress in current Few-Body problems (JINR, Dubna, June 8-

July 6, 1997); XVth International Conf. on Few-Body problems in Physics and Satellite 

Meeting on Relativistic Approaches to Few-Body Systems (21-26 July, 1997, Groningen, 

The Netherlands); MelK)lJHapOJlHM noH<pepeHI(HJI no 3JieKTpoMarnnTHLIM B3aHM0JlefiTBHJIM 

c HYKJioHaMn n RJlpaMn (21-26 October, 1997, Santorini, Greece); XIII n XIV MelKJlYna­

po)lHLie CeM1mapLI 110 q>ll3HKe BbIC0KHX 3Heprn.n (.lfy6Ha, 2-7 ceHTJ16p11 1996 H 17-21 asryCTa 

1998 rr.); XLIX CosemaHne 110 RJlepHott c11eKTpornorrnn n cTpyKType aTOMHoro 11npa 

(.lfy6Ha, 21-24 a11peJIJ1 1999). 

06'beM " CTPYKTypa pa60TLI . .D:nccepTal(HJI H3JIOJ!(ella Ha 276 CTpannuax ll COCTOHT 

H3 BBe)leHJrn, ceMn rllaB, 3aKJIJOqeHHJI, rrpHJI0lKeHHJI; cnHC0K JlHTepaTyphl BKJII0'laeT 329 

HaHMeH0Banntt, llpHBe)leHo 86 pncyHK0B, 7 Ta6JIHI(. 
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Ily6n11KaQHH. Ilo MarepaanaM .l(Hccepran;aa ony6nHKOBaHo 38 crarell.. 

OcHOBHOe C0.ztep:mauue pa60Thl 

Bo BBe.zteHHH o6ornoaaHa aKTYJihH0CTh npo6neMLI, cq>opMynapoBaHLI n;en~ pa6orLI H 

ee 0CH0BHLie pe3yJihTaTLI. 

IlepBaJI rJJaBa II0CBJIIIIeHa peJIJITHBHCTCKOll. ,!l;HHaMHKe cocTaBLIX CllCTeM. B pa3,n;ene 1.1 

,n;aH KpaTKHll. o63op cymecrayromax MeT0,!l;0B 0IIHCaHllJI peJIJITHBllCTCKHX CHCTeM, 0TMeqeHLI 

0CH0BHLie npo6JieMLI, B03HllKa!OIIIHe B JIBH0 K0BapHaHTHLIX no,n;xo,n;ax. OcHOBHOe BHHMaHlie 

y,n;eneH0 H3JI0Hl.eHll!O q>opMaJIH3Ma peJIJ!TllBllCTCKOll. KBaHTOBOll. MexaHllKH C q>llKCHpoaaHHLIM 

~

Pd 

\ 
p 

a 

_rXK 
6 II l 

xETull 
,) I! lit 

P:ac. 1: MexaHH3MLI ynpyroro pd-pacceJIHllJI Ha-

3a,n;: ( a) - rpeyroJibHaJI .l(HarpaMMa 0IJ0, ( 6) -
0.ztHOHYKJIOHHLill. o6MeH (OH); (a)- o,ltHoKparHoe 

pN-pacceJIHHe (OP); (i) - 6- MeXaHH3Mj (a) 
- MexaHH3M rpex6apaoHHLIX pe3oHaHcoa (TBP), 

(e) - o6MeH N*-:a306apoll., (:>IC) - CBJI3h npo­

n;ecca pd -. dp c KaHaJioM pd -.3 H e71. 

qncnoM qacran; B ,n;nHaMnKe caeroaoro 

q>poHTa ()].C<I>). Ilpn paccMorpe­

HHH 3a,n;aqn rpex ren B pa3,n;ene 1.2 

npoae,n;eHo conocraaneHne ,n;ayx rro,n;­

xo,n;oa - )].C<I> 6e3 rpexqacrnqHoro 

yrnoaoro ycnoan11 n Mero,n;a BaKKepa­

RoH,n;parroKa-TepeHTheB~ (BRT), aa­

ropaMn Koroporo 6Lina nocrpoeHa non-

. HM cncreMa reHeparopoa IlyaHKape 

,n;JIJ1 3a,n;aqa rpex ren H cq>opMynn­

poaaHa reopnn pacceJIHHJI B repMn­

Hax peJIJITHBHCTCKHX ypaBHeHHil q>a,n;­

,n;eeBCKoro rnna. B arnx ,n;ayx. no,n;xo­

,n;ax a 6opHOBCKOM npn6Jilllll.eHlrn II0Jiy-

qeHLI aMIIJIHTY,zµ,I .ltJIJI npon;eccoa c ne­

pecrpoll.Koll. a + {,81 } -. "Y + {,Ba} n 

paaaana a+ {,81 } -. ,+ ,8 +a, KoropLie 

npnMeHJI!OTCJI B nocne,n;yrom;:ax rnaaax 

np:a onacaHHH npon;eccoa Ha ,n;elirpoHe, 

a raKHl.e Ha n,n;pax 3•4 He B ,n;ayxrenh­

H0M IIpH6Jilllll.eHHll. IloKa3aHo, qro 

IIpH npoMelll.yroqHLIX 3HeprllJIX HMe!OT 

MeCT0 paaJillqllJI Melli,!J;y paccMaTpHBa-

eMLIMll no,n;xo,n;aMH, KoropLie :acqe3aror 

T0JihK0 a npe,n;ene BLIC0KHX 3Hepr:all. -Js-. oo. OrMeqeHo, qro ,n;JIJI 3a,n;aq:a ,n;ayx ren c pa­

BHLIMH MaccaMH m 0 = mp ,n;ell.crByer npHHIIHII MHHHMaJibHoro peJIJITHBH3Ma B PRM, qro 

II03B0JIJ!eT llCII0Jib30BaTh B PRM 6oraryro q>eHOMeHOJIOr:aqecKy!O HHq>OpMaD;ll!O 0 II0TeHD;ll­

anax NN-a3aHMo.n;ell.cTBHJI, HaKonneHHY!O B paMKax mpe,n;HHrepoBcKoro q>opMaJIH3Ma. B 

cnyqae mo, -/- mp 3T0T IIpllHIIHH HeIIpHMeHHM, qro IIpHB0.l(HT K Heo6xo.l(HMOCTll Henocpe,n;­

CTBeHH0 pemaTb C00TBeTCTBY!OIIIee .l(HHaM:aqecK0e ypaBHeHHe. 
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B aroll CBJI31! B pa3,n;ene 1.3 pa3pa6oraH Mero,n; qncneHHoro pemeHHJI ypaBHeHHJI ,n;JIJ1 

co6cTBeHHLIX q>yHKIIHll II co6craeHHHLIX 3HaqeHnl! Maccoaoro oneparopa peJIJITHBHCTKoll. 

3a,n;aq11 ,n;ayx TeJI B llMIIYJihCH0M rrpocrpaHCTBe .ltJIJI CllCTeMLI N N*, B3al!M0,n;el!crayromel! 

nocpe.n;cTBOM rny6oKoro rrpHTJ!rHBa!Omero II0TeHn;nana, ~ CHCTeMLI KBapK-aHTIIKBapK c cyM­

MOli KYJI0H0BCK0r.o H JIHHel!Horo Il0TeHD;HaJioB: 

[Jp
2 

+ mf + Jp
2 

+ m~ - M] 1/>(p)+ < PIVl1/> >= 0, (1) 

r,n;e < pjit, >= 1/>(p) - BOJIH0BaJI <l>YHKIIHJI CBJl3aHH0ro C0CT0JIHHJI, M - ero Macca; p -

3-HMIIYJihC KOHCTHTyeHTa a c.n;.M., m; - Macca i-ro K0HCTHTyeHra. B cnyqae cy~MLI KYJI0-

HOBCKoro H JIHHeliHoro Il0TeHD;HaJI0B ,!l;JIJI pemeHHJI HHTerpO-.ltllq>q>epeHn;HaJibHOro ypaBHe­

HHJI C Cl!HrynllpHLIM ll,D;pOM II CKpLITLIM co6CTBeHHLIM rrapaMeTp0M BIIepBLie llCII0Jib30BaHa 

HHTeprrOJIJID;HJI IIOJIIIIIOMaMH JleH1.a11,n;pa BLIC0Koro rropn,n;Ka N=l00-200. B pa3,n;ene 1.4 IIpll­

ae,n;eHLI pe3yJihTaTLI pacqera, nonyqeHHLie 11a ocHoae .n;aHHoro Mero,n;a ,n;JIJI cneKrpa Mace n 

BOJIHOBLIX q>yHKUHl! pn,n;a Cl!CTeM C raMHJihTOHaHaMH Bll,D;a fi2 + r, p 2 - ; + br, p + r, 

Jm2 
+ p

2 
- ; + br, aKCllaJibHLIX K0HCTaHT pacrra,n;a 'Tr, I<- Me30II0B If 3JieKTpoMar11HTl!0ro 

q>opMq>aKropa 7r-Me3oHa F,r(Q 2
) BO q>pOHTOBOfi lI MrH0BeHH0li ¢opMax ,!l;HHaMHK. Ilony­

qenLI HMHYJihCHLie pacnpe,n;enen:an B Bepm:aHax d -. N N* H3 pemenllJI ypaBneHHJI ( 1). 

llpoBe,n;eHO cpaBHeHHe nonyqeHHLIX pe3yJihTaT0B C pemeHHeM nepeJIJ!TllBllCTCK0ro ypaBne­

HHJI III pe.n;HHrepa If 0CIIHJIJIJIT0pHLIMll q>yHKIIlll!Mll ll3 rueCTHKBapK0BOfi M0,D;eJIH ,n;e.!l:rpona. 

B rnane 2 paccMorpeHLI reopernqeCK:ae no,n;xo,n;LI K omrcaHnro ynpyroro pd pacceJIHHJI 

Ha3a,n; npH 3Heprirnx 0.5 -2 faB. B pa3,n;ene 2.2 nonyqeHa B o6meM na,n;e cnHH0BaJI crpyK­

rypa aMnn:ary,n; npon;eccoB rnna ½ + 1 -. ½ + 1 (Heynpyroe pacceJIHHe) H ½ + 1 -. ½ + 0 

,!l;JIJI qacTHII IIOJI0Hl.HTeJibl!0fi qeTH0CTH, r,n;e 1, 1/2, 0 - CIIHHLI qacTHD;. MaTpHqHLI.!l: 3Jie­

MeHT 11pon;ecca 1/2 + 1-. 1/2 + r npe,n;cranneH B Bn,n;e 

< N'µ', Nd'ITIN µ, ).d >= rp!,e~-''l• e!,-'>Tpa(k, k', u)cpµ, (2) 

r,n;e cpµ (cpµ•)- nayneBcKn.!l: cmrnop Haqanhnoro (KoHeqHoro) rrporona B cocroJIHHH c npo­

eKn;Hefi cmma µ (µ'), e~-'l( ef>)- BeKrop noJIJ1pn3an;1m naqanhnoro d (KoneqHoro d') ,n;efi­

rpoHa B COCTOJIHHH C npoeKn;Heli CIIHHa ). (N); ,8, a = x, Y, z. B CHCTeMe K00p,D;HHaT 

OZ TT k + k', OY TT [k X k'], OX TT= (k - k'), r,n;e k(k') - 0TH0CHTeJihHLifi nMnynhc B 

HaqaJibll0M (KoHeqHoM) C0CT0J!Hllll npon;ecca, II0JiyqeHo: 

Txx = Mi + M2uy, Txy = M1Uz + Msux, Txz = Mg+ MioUy 

Tyx = MiaUz + Mi4u,,, Tyy = M3 + M4Uy, Tyz = Muux + M12u., 

Tzx =Mis.+ M16uy, T,v = M11u,, + Misu., T,z =Ms+ M6u
11

• 

(3) 

Bee na6nro,n;aeMLie Bem1qHHLI BLipalll.a!OTCJI qepe3 llHBapHaHTHLie aMIIJIIITy,n;LI 

Mi, ... Mis- IlonyqeHLI q>opMyJILI ,n;n11 ycpe.n;HeHHoro no CIIHHaM ceqeHHJI, noJIJ1pH3aIIHH 
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BT0pll'IH0ro npoTOHa < U; >, TeH30pHolt ll BeKTOpHolt IIOJIJ!pl!3anlltt K0He'IH0ro .nettTp0Ha 

P; n Pii· B cnyqae ynpyroro pacceHHllH T-nHBapHaHTHOCTb HanaraeT 6 .nonoJIHl!TeJ!blll.JX 

orpaHll'lemifi Ha 'll!CJI0 He3aBllCl!Mh!X IIHBapllaHTHh!X aMIIJIHTY.ll- «l>opMyJihl ,llJIH :noro ciiy­

'laH 6h!Jill II0JIY'leHh! B pa6oTe· (4] . .ll:JIJI l!HBap11aHTHh!X aMilJillTY.ll M; II0Jiy'leHh! .neTaJibHh!e 

BhlpruKeHllH .llJIJI MeXaHl!3M0B, ll306palKeHHh!X Ha pnc.l, 6-e. «l>opMyJihl (3) l!CII0J!b3YIOTCH 

.nanee rrpn orrHcaHn,n Heyrrpyrnx rrponeccoB p < np :>-> dp B rnaBe 5. 

MaTpll'IHhllt :meMeHT 6nHap.Horo rrponecca Tl!rra 1/2 +o -> 1/2 + 1 orrpe.nenHeTCH 6-IO 

l!HBapnaHTHh!Mll aMIIJillTY.llaM11 M;(i = 1, ... , 6): 

T,, = M1u, + M2u,,, Ty= M3 + M4uy, T, = Msu, + M5u,,. (4) 

BhlpruKeHl!H .llJIJI Ha6JI10,llaeMh!X BeJil!'ll!H II aMrrnnTy.ll (4) peaRilllll pd -> N N(1S0 )N B 

paMKax cyMMhl Tpex MexaHl!3M0B -

OHO + t. + OP - npnBe.neHh! 

.. 0. 
u 

IO 

"' :. 102 

~ :g 

ll1rtm.111, 
\+,+, 
3\ ♦• 

\ 2 \ 11 , .............. :\! 

\·\° ♦ 

\~ 
..... •··. 

10 '------------""-' 0,2 0.4 0,6 0,8 1,0 1,2 

TP, f3B 

Pnc. 2: Bmia,11; ll.-pe3oHaIIcHoro MexaHn3Ma B ce-

'leHne yrrpyroro pd-pacceHIIl!H 1Ia3a,11; rrpll paaJill'l­

Hh!X rrapaMeTpl!3aIIl!HX aMIIJillTY.llhl N N -> N ll.: 1 

- rrapaMeTp113aIIIIH ll3 pa6oThl [4]; 2 - IIaCTOHIIIaH 

pa6oTa 6e3 y'leTa cpaKTopa Z(k) B Bep1II111Ie 1rNll.; 

3 - TO me, 'ITO !Ia KpllBOH 2, HO c y'leTOM cpaKTOpa 

Z( k ). To'IKll ( •) - aKcrrepHMeIITaJ!bHhle ,11;aIIHhle [7]. 

.nanee B rnaBe 4. Oco6oe BIIl!Ma­

IIl!e y.neneHo MexaHl!3MY Bo36ym,11;e­

IIllH Ll.-ll306aph!. TaK KaK aMIIJIII­

Ty,11;a .rrponecca N N :.== N t. Bxo­

.llllT B ce'leHne rrponecca pd -> dp 

B 'leTBepTolt CTerreHll, TO Borrpoc 0 

rrapaMeTpax :nott aMIIJIIITY.llhl HBJIJl­

eTCH O'le!Ib BruKHh!M. .UnH KOIITp0JIJI 

Ll.-BKJia,11;a B pa3,11;ene 2.3 rrpoBe­

,11;eH aHaJill3 peainn11 pp -> pn1r+ B 

ti.- pe30IIaHCHOlt o6JiaCTll. B rrapa­

rpacpe 2.3.2 rrocTpoeHa aMrrJI11Ty,11;a 

rrponecca pp -> pn1r+ B rroJIIOCIIolt 

M0,1\eJIII o6Me!Ia 7r + p- Me30IIaMll 

C aHTllCllMMeTpll3anett !IO IIa'laJib­

!Ih!M rrpoToIIaM. Y•1Te1Ih! BKJia,11;h! 

ti++ ll ti+ -l!306ap B CTaTl!'leCKOM 

rrpll6Jil!JKeHl!ll ,1\JIJI Clll!H0BOlt q{cTll 

rrporraraTOpa Ll.-H3o6aphl. B OTJill­

'llle OT (4], BIIe3HepreTll'leCK0e rro­

Be,11;eHl1e ll.-n3o6aph! Y'lllTh!BaeTcH k-

3aBllCllMOCTblO lllllp!!!Ihl Ll.-ll306aph! 

r(11:) = ro C:)3 Z(k), r,11;e Z(k) = [(KR+ k)/((11: + k)], kR ll k - l!MllYJibChl 7r-Me30Ha B 

pe3oIIaHce II BHe ero (r0 = 120MaB), ll rro,11;cTaIIOBKolt B BeplllllHY 1r N t. cpaKTopa Z(k) 1l2 

IIapHey C o6h!'l!Ih!M MOHOIIOJ!b!Ih!M cpopM<paKTOpOM. B pa3,11;ene 2.3.4 IIpOBe,1\eHO cpaBHeH11e 

'IIICJleHHh!X pac'leTOB C 3KCIIep11MeHTaJ!b1Ih!MII ,11;aHIIh!MII O peaKilllll pp -> pn1r+ rrpn 

10 

3IIeprn11 800 MaB. IloKa3aIIo, 'ITO rrapaMeTp113an11n aMIIJIHTY.ll N N :.== N t. ll3 pa6oT (4], 

[5] 3aBh!lllalOT BKJia,11; ll.-n306aphl, a B [4] IICHaJKeIIa TaI{JKe <p0pMa 3Hepro3aBl!CIIMOCTII. B 

paa,11;ene 2.4 Hal1.neHhI orrT11MaJibIIhle aHa'leH11H napaMeTpoB ,\ .. = 0.53raB/c ,\P = 0.7raB/c 

ll3 OIIl!CaHl!H 3HCIIepnMeHTaJibHh!X ,1\aHHh!X (6]. 

103 

'e- 10 2 

10 
"' :. 

~ 
'"o 
-., 10 

0 0,5 

·~.• ..... 
.... . 

...... ~. 

pd ➔ dp 

···· .. ~ ....• 
·• ... 

1,5 2 

TP, faB 

2,5 3 

Puc. 3: Pe3yJibTaTh! pac'!eTa ceqe111IJ1 nponecca 

pd -> dp rrpn 0c.m. = 180° B aaBHCl!M0CTII OT Kil-

HeTII'leCK0ll 3Hepr1III naqaJibHoro np0TOHa B na6. 

CIICTeMe TP Ha ocHoBe Mexan1I3M0B OH+t.+OP 

(crrnolIIHaH HpnBaH) 11 OH+ ti. + OP+ N*­

o6J.tem,t (1IITp1IXOBaH ). To'!KII - 3KCIIep11Me11-

TaJibHh!e ,11;annhle: (*) - [7], (•) - [8], qepHh!e 

KBa,11;paTh! - [9] 

• 

B pa3,11;ene 2.4 npIrne,11;eHh! OCHOBIIhle 

cpopMyJihl Mo,11;enn OH+ ti.+ OP rrpo­

necca pd -> dp c ncrr0Jib30BamteM aM­

nn11Ty.llhl N N :.== N t. ll3 pa3,11;ena 2.3 n 

npe.ncTaBJieHh! pe3yJibTaThl 'lllCJieHHh!X 

pac•IeTOB. IT pnMeHeHne nonyqeHHh!X 

B npe,1\hl.llJIIIeM pa3,1l;eJie pe3yJibTaTOB K 

nponeccy pd -> dp np11Beno K cyme­

CTBeHHoMy YJIY'lllleHl!IO onncamrn 3KC­

nepHMeHTaJibHh!X ,1\aHHh!X O . Ce'leHl!II 

• :noro nponecca B ti.- pe3oHaHcHolt 06-

nacT11 . 0.2 - 0.6fa8. .no cpaBHeHHIO c 

pe3yJibTaTaMII pa6oTh! [4] (p11c. 2). 

YcTaHOBJieHo, 'ITO yqeT BHe3Heprenr­

'IeCHOro.noBe.neHHH Ll.-H306aph! 0'1€Hb 

BaJKeH. KaK B11,11110 113 pnc. 2, pac­

'IeTHoe ceqeirne cymecTBeHHo MeHH­

eTCH npH BKJIIO'lellllll !!JIii IICKJIIO'leHHH 

cpaKTopa Z ( k) B Bep1II11Hy 1r N t. BHe 

oKpecTHocTn TO'IKII TP = 0. 7faB, B 

KOTOJ)Ofi B IIMIIYJibCH0M npH6JIIIJK€HIIII 

Ll.- 113o6apa HaX0,1\HTCH Ha MaCCOB0ll 

IIOB('J)XHOCTII ,1\Jl/1 ,1\0MHIIIIJJYIOIIIefi ,1\II­

arpaMMhl. I1ccne,11;0BaHa 'IYBCTBllT€Jlb-

HOCTb aMnJIIITY.llhl ll.-peaoHaHcHoro MexaHH3Ma nponecca pd -> dp K rrapaMeTpaM Bep-

lIIIIHHh!X cpopMcpaKTopoB 7r N N, 1r N ti., pN N II pN ti.. IloKaaano, 'ITo 'ITO ana•IaHIIH 

,\ .. ,P = l.3faB/c .llJIJI napaMeTpOB o6peaaHHJI BeplIIIIHHh!X cpopMcpaKTOpOB pe3KO 3aBh!­

lllalOT ce'!eH1Ie nponecca pd -> dp no cpaBHeHHIO C 3Kcrrep11MeHTaJibllh!MII ,11;a11111.JMII nplI 

Tp = 1 - l.5faB/c. IloKaaaHo, 'ITO Ll.-Mexairn3M B orn11q11e OT Mexa1111JMa OH ,110-

BOJibHo· CJia6o 'IYBCTBHTeJieH !{ Bh!COK0IIMnyJibCHblM H0MnonenTaM B0JIIJ0BOfi cpy1mum1 ,11;efi-

Tpona II, c;re,11;0BaTeJibIIo, MacmrpyeT CTPYKTYPY ,11;eltTpoua Ha MaJih!X NN-paccTOmnrnx. 

Hall:,11;eHo, 'ITO B paMKax cyMMhl Tpex MexaHII3M0B OHO+t.+OP ne y.naeTcH on1IcaTb a6-

COJIIOTHYIO BeJIII'IIIHY ce'!eHnH pd -> dp np1I Tp = 1 - 1.5 faB II TenaopnyIO nonnp11aaur.10 
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T20(Bc.m. = 180°) rrpn Tp > OA f3B. 

8 CJieJzy!OIUllX pa3,nenax llCCJie,noBaHa poJib rrepepacceJIHllll B Ha'laJibHOM ll KOHe'IHOM 

COCTOJ!Hll/lX ,!IJI/1 MeXaHll3Ma OH B 3l!KOHaJibHOM rrpn6JilllKeHllll, a TaKlKe BKJia,n_ ,npyrnx 60-

nee 3K30Tll'leCKllX MexaHll3MOB: TEP, o6MeH N· -ll3o6apaMll, CB/13b C KaHaJIOM 1/ - 3 He. B 
pa3,nene 2.5.2 .QJI/1 aMIIJillTY.!Ihl o6MeHa HYKJIOHOM B rrpouecce pd -+ dp c y'leTOM rrepepac­

ce11Hnll B Ha'!aJibHOM n KOHe'IHOM COCTOJ!Hll/lX noJiy<IeHO cne.zzyIOIUee BblpameHne: 

Tott'·= TB(dJ,PJi di,Pi) + -
4 

i j d2q Fpd(q)TB(d1, PJi di+ q, Pi - q) + 
1rPi 

+-4 i f d2q' fpp(q')TB(d1 - q',PJ + q';di,Pi)-
1rPJ 

(
4 

)~ jfd2qd2q' Fpd(q)fpp(q')TB(d1-q',P1+q;di+q,p;-q). (5) 
1r PJPi 

3,nech Pi n d; (pf, d J) - llMnyJihCbl Ha'!aJihHhIX ( KOHe'!HhIX) nporoHa n ,nel!TpoHa B 

c.u.M. p + d; q n q' B (5) - nepe,naHHble B pd- n pp- nepepacce11Hn11x ,nayMepH1,1e nM­

rrynhchl, cooTBeTcTaeHHOj fpN - aMnJinTy,na yrrpyroro pN-pacce11Hn11; aMIIJIHTy,na yrrpyroro 

pd-pacce/!Hll/1 anepe.n Fpd(q) Bld'lllCJI/leTC/1 Ha OCHOBe Teopllll MHOfOKpaTHOfO pacce/!Hll/1 

fnay6epa-CnTeHKO, Mcxo,!I/1 ll3 BblpalKCHll/1 (-5) ycTaHOBJieH HOBblH Ka'!eCTBeHHbll! 3cpcpeKT: 

3a c'!eT rrepepacce/!Hllll 3aMe,nJIJ1eTCII y61,1aaHne ceqeHll/1 0 H npn OTKJIOHeHllll yma pacce­

J!Hllll OT 3Ha'!eHll/l Bu.><. = 180°. 

B rraparpacpe 2.5.1 nccne,noaaHa poJib MexaHll3Ma o6MeHa N• -n306apaMn B paMKax 

KorepeHTHOl! cyMMbl OH + OP + ~ + N• Ha ocHoae rnecTHKBapKoaol! Mo,nenn .QJI/1 dN N* -
aepIIIHH. ,ll;JIJ1 aMIIJill'rY.Qbi rrpouecca Pid -+ dpJ, a paMKax MeXaHH3Ma OEO (pnc.1,6, e) 

ncnoJib30BaH EKT no,nxo,n. BonHoBa/1 cpyHKilllll ,nel!TpoHa a KaHaJie d-+ N + B, W~NuB, 

HOpMnpoBaHHa/1 Ha 3cpcpeKTl!BHOe 'll!CJIO Nf8 
,!IJI/1 COOTBeTCTBYIOIUell p + B K0MIIOHeHTbl 

,ne.l!TpoHa, onpe,neJI/leTC/1 llHTerpaJIOM rrepeKpbIBaHll/1 MelK)zy 6-KBapKOBO.l! BOJIHOBOl! cpyH­

Killle.l! ,ne.l!TpoHa 1116q ll npoll3Be,neHlleM BHyTpeHHl!X BOJIHOBblX cpyHKUll.l! 6apnoHOB, ,!IJI/1 

KOTOpbIX l!CIIOJib30BaHa TpaHCJIJ!Ill!OHHO-llHBapllaHTHa/1 MO,!IeJib 060Jio'leK. Y'leT MeXaHll3Ma 

o6MeHa N*-n306apaMn ynyqrnaeT comacne c 3KcnepnMeHTaJibHblMll ,naHHb!Mll o ceqemm 

B llHTepaaJie 3Heprnl! 0.7-1.5 f3B ( pnc.3). O,nHaKO paCXOJK,!IeHne C 3KCIIepnMeHTOM no 

T
20 

He ycTpaHHeTC/1 Hll rrpn y'leTe MexaHH3Ma o6MeHa N*-n306apaMn, Hn rrpn y'leTe ne­

pepacce11Hn.l!. KaK noKa3aHo B pa3.n;ene 2.4.5, yqeT MexaHH3Ma TEP rrpn caMhIX o6mnx 

rrpe,!IIIOJIOlKeHll/lX O CilllHOBO.l! CTpyKType aMilJillTY;J;bl o6pa30BaHll/l Tpex6apnoHHOfO pe3o­

HaHca TaKme He pernaeT rrpo6JieMbl T20, O6ocHoBaHo rrpe,nrronomeHne, '!TO na rrpo6neMa, 

an.n;nMo, ecTL cne,n;cTBne nMIIYJibCHOro rrpn6nnJKeHHII ;J;JI/1 aMIIJIHTY.Q N N ;= N ~ B ~­

pe3oHaHCHOM MexaHll3Me. O,nHaKO BblXO,!I 3a paMKll llMIIYJibCHOfO rrpn6m1lKeHll/I Hen36eJKHO 

CB/13aH C BHe3HepreTn'leCKllM BKJia.n;oM 3TllX aMilJillTY.Q, HeKOHTponnpyeMhlM no He3aBHCll­

MblM 3KCIIep11MeHTaJibHblM ,naHHblM. 

B rraparpacpe 2.6 nccne.n;oaaHa cBll3h nponecca pd -+ dp c KaHaJioM pd -+
3

He77 Ha 

ocHoBe c .n;ayxcTyrreH'!arol! Mo,nen11 peaKn1111 pd -+3 He77 ( cM. maay 5). Ha.l!.n;eHo BhlpaJKe-

12 

:~ 

',11 

Hile .QJI/1 .QJI/1 aMIIJillTY.Qbl rrepexo.n;a pd -+ B•, r,ne B• - KBa3llCBJI3aHHoe cocTOJIHl!e B cncreMe 

1/ - 3 He n Ha 3To.l! ocHoae rrocTpoeHa aMIIJillTy,na rrponecca pd -+ B* -+ dp. · IloKa3ano, 

'!TO BKJia,n TaKoro MexaHll3Ma B ce'!eHne Ha .QBa rropJI.QKa HHJKe MexaHn3Ma OH. 

l:t' 
(123) 1 

(o) 

XI 
(b) (c) 

Pnc. 4: Me:.caHn3Mhl rrepe,na'IH np­

napbi B rrpoI{ecce 0+{123} ~ 1+{023}: 

a - IIII, b - HIIII, c - IIBII 

B rJiaBe 3 paccMOTpeHbl MeXaHH3Mbl yrrpy­

roro p3 H e-pacce11Hll/l Ha3a.Q rrpn 3Heprllllx 0.5 

-2 f3B. ,ll;JIJ1 orrncanll/1 cTpyRTypu H.npa 3 He 
.Ha rrepaoM 3Tarre ncrroJib30BaHo rrpn6JlllJKeHne 

.!IBYXTeJibHo.l! d + p ROHcpHrypannH, a 3areM -

TpexTeJibHa/1 5-RaHaJibHa/l BOJIHOBa/1 cpyHRUll/1 

H3 peIIIeHll/1 ypaaHeHH.l! «l>a,n.n;eeaa. Ilpn 3TOM 

IIOKa3ano, '!TO Y'leT TpexqacTH'IHblX CBOll:cTB 

cTpyRTYPhl H,npa 3 He HMeeT rrpHHnrirrHaJibHoe 

aIIa'!eHne ,U:JI/1 ycTanoaneHll/1 ,noMHHHpyromero 

MexaHH3Ma peaRUHH. 

B ·pas,nene 3.1 B paMRax rrpH6JlllJKeHl!II, 

orpaHll'!eHHOro d + p-RoHcpHrypanHe.l! II,!Ipa 
3 He, IIOJIY'leHbl aHaJillTl!'ICCRl!e BblpaJKeHl!/1 ,l(JI/1 

aapJI,!l;OBOro cpopMcpaRTOpa II.QPR 3 He, a TaRJKe 

MexaHH3MOB o6MeHa ,ne.l!TpOHOM (O,ll;) l! Tpe­

yroJibHO:I!: .n;narpaMM!.Y 0,!IHOIIl!OHHOro o6MeHa 

(OIIO) B rrponecce p 3He-pacceHHl!II Haaa,n. 

Ilpnae,n;eHbl peayJibTaTbl 'Il!CJieHHblX paC'IeTOB aapll,!IOBoro cpopM!paKTOpa II,!Ipa 3 He l! C'Ie­

Hl!/1 rrponecca p3 He -+ 3 Hep Ha ocHoBe pa3BHToro cpopMaJill3Ma, a TaRJKe ceqeHl!/1 po:­
pacce11Hllll Ha3a,!I B paMRax .!IBYXTeJibHO.l! t + p- MO,l(eJill o:- traCTl!Ilbl. ,ll;an RpllTH'IeCRl!:I!: 

aHaJill3 peayJibTaTOB B .!IBYXTeJibHOM npn6JlllJKeHlll!. B pa3,!IeJie 3.3 Ha OCHOBe llCilOJib30Ba­

Hl!/I 4-x MepHoro .n;narpaMMHoro cpopMaJill3Ma l! TpeXTeJibHO:I!: BOJIHOBO.l! cpyHRUllll JI,!Ipa 3 He 
nonyqeHo Han6onee o6mee BhlpaJKeHne .QJI/1 Mexann3Ma nepe.n;atrH napbl tracTnn B nponecce 

4 + {123} -+ 1 + {423}, ycTaHOBJieHa CB/I3b c 3-x MepHo.l! cpopMymi:poBROtt n 6opHOBCRl!M 

npn6JIHJKeHneM B CTan,napTHO.l! Teopnn paCCe/!Hl!/1. YtrTeHa TO)R,!IeCTBeHHOCTb traCTllil ,l(JIJI 

cnytra11 cpepMliOHOB. Hatt.n;eHHOe BhlpaJKeHne nMeeT BH.n; 

Ts= 6(21rf
3 J d3

q23 L23(q23, Q1)xt,(1) {cp
23

+ (4; 23)cp31 (2; 31) 

+ cp42+ (3; 42)cp31 (2; 31) + cp34+ (2; 34)cp31 (2; 31 )}xp( 4). (6) 

3,necb cpii ( k; ij) - cpa,zmeeBCRa/1 ROMilOHeHTa IlOJIHO.l! BOJIHOBOtt cpyHRUllll TpextraCTll'IHOro 

CB/I3/IHHOfO COCTO/IHl!/1 { ij k }; CJiaraeMLie cp23+ cp31 , cp42+ cp31
1 cp34+ cp31 OTBetralOT aMIIJillT)',!IaM 

IIBII, EIIII H HIIII, cooTBeTCTBeHHo, npHBe,neHHhIM Ha pnc.4. lifccne.n;oaaHa ca11ar, 3To:I!: 

aMIIJillTY.Qbl C MeXaHl!3MOM o6MeHa ,nettTpOHOM. 
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B naparpaqie 3.5 noeTpOeHa ennHOBaJI CTpyKTypa aMIIJIHTYJU,I (6) e y'IeTOM 5-n KaHaJIOB 

B BOJIHOBott q>yHKI(nn H,npa 3 He, onpe.n;eJIJieMh!X NN- B3anMo,netternneM B 3 S1 -
3 D 1 n 1 S0-

eoeTolIHHJIX. -MaTpll'IHhltt 3JieMeHT nepe.n;a'In rraphl HYKJIOHOB e y'IeTOM nepepaeeeJimiil B 

HalJaJII,HOM n K0HelJHOM eoeTOlIHillIX npe.n;eTaBJieH B Bn,ne 

Tff" = -3 < x}->x'(l)ef>A(4,2,3) J ½.2 + ½_3 J x(4)ef>-r(l,2,3)ipl+) >. (7) 

Ha oeHOBe 3TOro BhlpaJKeHHH B .n;nqipaKI(IlOHHOM rrpn6JinJReHHil pa3pa6oTaH q>OpMaJIH3M 

.n;JIJI y'IeTa nepepaeeeHHntt B 

10• 

fr 
io 10

2 

:r 

a 
"O 
15 "O 100 

10·2 

A, r3B/c 
1.0 1.4 1.8 2.2 2.6 

I 
I 

\ ~ ., ... ---~;-------... 

>\ ! <:·::-----:::::::::::::,," 
~ 

r,~'•, I ■ 
,,·,. 

--~·, 

r~.-:-~::J,.,. ·<._'<~ 
\ ,' 5'~-~-.. 
. : '--,; ... 
: --~:-... a ' ... '·,. ···.::,'· .. 

·----i-_ 

0.2 0.4 0.6 0.8 , 1.0 1.2 1.4 1.6 
r •. r3B 

Pne. 5: ,UnqiqiepeHI(nam,Hoe ee'!eHne ynpyroro p 3He­
paeeeJIHHJI npn Or,.M. = 180° nan q>yHKI(HlI Ha'IaJibHoil 3Hep­

rnn rrpoToHa Tp n nepe,naHHoro HMIIYJihea ~- Bee npn­

Bhle ( npoMe 7) rroJiy'IeHh! 6e3 Y'IeTa , nepepaeeeaHnfi: 6-

IIII(S+ D ), 4,7 - IIII(S), 3 - HII(S), 1 - IIBII(S+D), 

5 - IIBII(S), 8 - O,U(S+D, e HHTerpaJIOM nepeKph!BaHnlI 

< ¢dJcp
23 > ), 2 - O,U(S+D, e HHTerpaJIOM nepeKph!Bamrn 

< /Pdl1PA > ). To'!KH ( +) ~ 3KenepnMeHTaJihHhle ,naHHhle[lO). 

Ha'IaJibHOM n KOHelJHOM eo­

eTOlIHHJIX npn onneaHnn Me­

xaHn3Ma nepe.n;a'In np-nap1,1. 

B naparpaq>e 3f 5.2 H3Jiara­

eTeJI erroeo6 oI(eHKn peJIJITn­

BHeTeKnx 3q>q>eKTOB, OeHO­

BaHHhltt Ha pe3yJihTaTaX onn­

eaHHH ynpyroro paeeeJIHHJI 

Ha J.IBYX'!ae_Tll'IHOM eBJI3aH­

HOM eoeT0JIHilll B PRM. B 

pa3,neJie 3.6 npnae.n;eHhl pe-

3YJihTaTL1 lJHeJieHHhlX pae'Je­

TOB eelJeHHlI B epaBHeHnn 

e 3KerrepnMeHTaJibHh!Mll ,naH­

HhlMH. B naparpaq>e 3.6.1 

npnae.n;eHh! pe3yJihTaThl .n;JIJI 

HH3KHX 3Heprntt 10-30M3B. 

Ilpn 

3TOM YHHTapn3aI(nlI aMIIJIIl­

TYJ.lhl rrpoao,nnTeJI Ha oeHoBe 

K-MaTpH'IHoro rro.n;xo.n;a. IIo­

Ka3aHo, 'ITO y'IeT o6MeHa 

HeKoppeJinpoBaHHott napott, 

He paeeMaTpnaaanrntteH pa­

Hee B JIHTepaType, yBeJIII'Ill­

BaeT eelJeHne IIOJ.1 60JiblIIHMil 

yrnaMn npn 3HeprHHx ~ 20-
30 M3B. B rraparpaqie 3.6.2 npnae.n;eHh! pe3yJihTaThl pae'!eTOB npn npoMeJRyTO'IHhlX 3Hep­

rnHx. IIpo,neMOHeTpnpoBaHa poJib pa3JIH'!Hh!X MeXaHH3MOB nepe.n;a'In np-rrap1,1 (IIBII, 

HIIH, rrrr, o6MeH .n;ettTpOHOM O,U), OTHOenTeJIJ,Hhltt BKJia,n S- n D-BOJIH a BOJIHOBOtt q>yH­

KI(Illl H,npa 
3 He. Ifa epaBHeHnlI pe3yJihTaTOB paelJeTOB .n;nqiqiepeIII(HaJibHOro eelJeHHlI yrrpy-

14 

roro p 3He-pacceJIHillI Ha3a,n e 3KCIIepnMeHTaJibHhlMil .n;aHHhlMil .n;eJiaeTCH BhlB0.1.1, 'ITO J.10-

MHHHPYIOIIIHM MexaHH3MOM lIBJIJieTCH IIOCJie,noBareJibHaJI rrepe.n;a'Ja HeB3aHMOJ.letteTBYIOIIIett 

rraph! (IIII). IlpnBe,neHhl Ka'!eeTBeHHhle JJ:OBOJ.lhl, 061,JieHJIIOII(Ile BhlJ.leJieHHOeTh MexaHH3Ma 

ITIT npn yrne·paeeeirnnH Or,,.,, = 180° 110 epaaHeHnIO e .npyrnMn MexaHn3MaMn nepe,na'In 

np-rraphl. HeeMoTplI Ha 6oJibrune nepe,naqn HMIIYJihea BKJia,n MexaHII3Ma IIII oKa3hlBaeTeJI 

eJia6o'!yBeTBnTeJii.Hh!M K y'IeTy D-KOMIIoHeHT BOJIHOBott q>yHKIIHH 3He (npnahle 4 n 6). Bee 

oeiaJihHhle Il3 paeeMaTpnBaeMhlX MexaHH3MOB - o6MeH .n:ettTpOHOM (KpHBh!e 2 n 8), rrepe­

.n;a9a B3a:nMo.n;etteTBYIOIIIett rraphl (npnahle 1 n 5) 11 HenoCJie.n;oBaTeJihHaJI rrepe,naqa· np-naphl 

(KpHBaJI 3) - O'IeHb qyaeTBHTeJibHhl K y'IeTy D-KOMIIOHeHT BOJIHOBOtt 4JYHKI(llll H.n;pa 3He, HO 

,naIOT npeHe6peJRHMO' MaJihltt BKJia.n: no epaBHeHl!IO e MeXaHH3MOM rrrr n 3KenepnMeHTOM. 

YeTaHOBJieHa neKJIIOlJHTeJibHO BaJRHaJI poJib rnay6epoBeKl!X nepepaceeJIHntt a HalJaJibHOM 

n KOHe'IHOM eoeTOlIHillIX, yMeHblIIa!OII(IIX a6coJIIOTHYIO BeJIH'IHHY Ce'!eHHlI pacceJIHillI IIOJ.1 

yrnoM Or,,M. = 180° B 30-40 pa3 ( CM. KpHBYIO 7 Ha pnc.5) n cymeeTBeHHO MOJJ:Ilq>lII(HpyIO­

mnx yrnoByIO 3aBHCllMOCTh CelJeHillI (pnc. 6). KaK BHJ.IHO Il3 3TIIX pneyHKOB, npn yqeTe 

nepepaccelIHHtt B HalJaJibHOM Il KOHelJHOM COCTOlIHillIX MexaHH3M IIOCJie,noBaTeJibHOtt nepe­

,na'In II03BOJIJieT onncaTb 3KCIIepnMeHTaJibHhle .n;aHJ!hle B IlHTepBaJie Tp ~ 0.9- 1. 7 ThB 6e3 

npnBJielJeHlllI HeHyKJIOHHhlX CTeneHefi CB06o,nhl. O6cy)RJ.lalOTClI B03MOJRHhle MeXaHH3Mhl npo­

I(ecca npn 3HeprnHx HHJRe ~lf3B. ITpnae.n;eHhl "pe3yJihTaThl oI(emm peJIJITnBncrcKnx 3q>­

q>eKTOB, pOJib ROTOpbIX Hafi,neHa He3Ha'Il!TeJihHOtt J.IJI)I J.IOMIIHIIPYIOIIIero MexaH1!3Ma BIIJIOTh 

,no 3Heprnlt ~lf3B, HO eymeerneHHofi npn Tp > 1.5 f3B. 

B naparpaqie 3.6.3 npo.n;eMOHCTpnpoaaHhl HpKne 3q>q>eKThl, o6ycJioBJieHhle BKJia,noM 

A{(N N)(1S0 ) +N} -KOMIIOHeHThl BOJIHOBOtt q>yHKIIHH H.n;pa 3 He (KaHaJI v = 1). I1oKa3aHo, 

'ITO npn neKJIIO'JeHHll 3Toro KaHaJia celJeHne yMeHblIIaeTClI Ha HeCKOJibKO nop11.n;KOB. 

B pa3,neJie 3. 7 nccJie,noBaH BKJia,n BhlCOKOilMil)'JlbCHhlX KOMIIOHeHT S-BOJIHOBOfi 4JYHKI(llll 

cp23 ( q 23 , Q1 ) B ce'!eHne paccMaTpnaaeMoro npoI(ecca. ,llJIH Bhl'IHCJieH1111 npocTpaHCTBeHHhlX 

IlHTerpaJIOB B (6) neIIOJib30BaHa cenapa6eJibHalI napaMeTpH3aI(l!lI BOJIHOBOfi 4JYHKI(IIII H,npa 
3He: 

<I>v(q, Q) = 11v1Pv(q)xv(Q); (8) 

J.IJIJI BhllIBJieHll/1 BKJia,na BhlCOKOHMIIYJibCHhlX KOMIIOHeHT BOJIHOBofi q>)'IIKl\1111 ( 8) BMecro IIOJI­

HhlX 4JYHKI(Hfi IPv(q) n Xv(Q) IICIIOJih30BaJil!Ch !IX BhlCOKOl!l\,In)'JlbCilhle (¢v) (pnc.7) H HH3-

KOHMIIYJibCHhle Xv ,,acTn. I1oKa3aHo, 'ITO IIII-MexaHH3M IICIIOJih3YeT O'IeHb MaJieIIhKlle 11M­

nyJihChl "cneKrnropa" p1 ~ 0 - 0.2f3B/c B qiyHKIIIIII Xv(Pi), 'ITO IIBJIJieTCH o.n:Hofi 113 npn­

'IHH JJ:OMHHHpOBamrn 3TOro MexaHH3Ma. B TO JRe BpeM/1 3TOT MexaHH3M IlCIIOJib3YeT O'IeHh 

6oJiblIIHe 3HalJeHH11 OTHOeHTeJibHoro IlMIIYJibCa B nape {23}, q23 > 0.6f3B/e (KpllBaJI 3 Ha 

pne. 7). 8Tn .n:aa caofieTBa paecMaTpnaaeMoro npoIIecca IIBJIIIIOTC/1 npaKTnqecKn uan6o­

Jiee BaJRHhlMil JJ:JIJI IIOJiy'IeHl!lI HHq>OpMaI(IIII O BhlCOKOIIMIIYJibCHhlX HOMIIOUe11TaX BOJIIIOBOfi 

q>yHHI(IIII 11.n:pa 3 He. Hatt.n:eHO HalJecTBeUHOe 061,11rne11ne 3TIIX pC3)'JlhTaTOB Ha ocuoee aHa­

JlllTH'JeeHIIX Bb!paJReHnfi J.IJI/1 aMIIJIHTYJJ:hl nepe,na,111 np-napb! B S-BOJIIIOBOM npn6JIIIJReHl!II. 
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Pnc. 6: .L{mpqiepeHunaJihHoe ceqeHne_ yrrpyroro 

p3 fl e-pacceJ!HlIJI B rrpn pa3JIIlqHIJX HaqaJibHhIX 

:rnepnrnx 900-1700 M:iB n yrnax pacce11Hn11 0u..w. = 
160 - 180°. Pe3yJihTaTbl pacqeTa B paMKax cyMMbl 

MexaHll3MOB IIBII + HIIII + BIIII B S-BOJIHOBOM 

rrpn6JillJKeHllll ,!(JIJI BOJIHOBO:ll: qiyHKUHH 11.l(pa 3 He rro­

Ka3aHbl IIITpllXOBhIMH (6opHOBCKOe rrpH6JIHJKeHne) H 

CIIJIOlliHb!MH ( C yqfaoM nepepacceJIHH:ll:) JIHHHJIMHj 

kP - HMITJJihC rrpoToHa B c.u.M., ToqKH - :iKcnepH­

MeHTaJihHh!e ,!(aHHble tfO]. 

IloKa3aHo, qTQ B KOHKypeH-

UHH MeXaHH3MOB Illl H OIlO 

pe111a10my10 pOJih HrpaeT Bb!COKO­

HMnyJihCHaJI KOMnoHeHTa qiyHKUHH 

<,?v( q). BhICOKOHMnyJihCHaJI KOMno­

HeHTa qiyHKUHtt <,?1,2(q) 6onee HH­

TeHCllBHa no cpaBHeHHIO C BOJIHO­

BO:ll: qiyHKUHe:ll: ,!(e:ll:TpoHa u ( q)' oco-

6eHHO npn q > 0.5 GeV /c (pHc. 

7). 8TO eCTh oqeBH,!(HOe CJie,!(CTBHe 

Toro qiaKTa, qTo 11.l(po 3 He 6onee 

KOMnaKTHO, qeM .l(ettTpOH. IlpH no,!(­

CTaHOBKe BOJIHOBO:ll: qiyHKUHH .l(e:ll:­

TpoHa u ( q) B BLipameHne . ( 8) BMe­

CTO qiyHKUHtt 'Pt ( q) Il <,?2 ( q) ceqeHne 

pn-nepe.l(aqn B 6opHoBcKoM npn-

6;rnmeHnn yMeHh111aeTc11 B ~40 pa3 ll 

CTaHOBHTCJI cpaBHl!MLIM no a6cOJIIOT­

HO:ll: BeJinqnHe c 6opHOBCR.IIM BRJia­

,!(OM OIlO, RaR 3TO llMeeT MeCTO B 

B npouecce pd ---+ dp npn Tp > 
1 r:iB ( CM. rJI. 2). IlpoBe,!(eHO 

cpaBHeHHe npoueccoB pd --+ dp .II 

p3 He --+ 3 Hep. IloRa3aHo, qTo :iRc­

nepnMeHTaJihHOe nccJie,!(oBaHne npo­

uecca ynpyroro p3 He pacceJIHl!JI Ha-

3a.l( npn 3HeprHRX HaJieTa10mnx npo­

TOHOB Tp ~ 2.5f:iB MOJKeT ,!(aTh YHHRaJlhHYIO nHqiopMaUHIO o BHe:JHepreTnqecROM NN­

B3a.lIMO,!(e:ll:cTB.IIH, ROTOpal! B pd-pacceRH.IIH MOJKeT 6LITh ,!(OCTHrHyTa Jlllllib npn 6onee Bbl­

COR.IIX HaqaJibHhIX 3Heprl!RX ~ 9 r:~B. 

B RaqecTBe ,n:orroJIHllTeJihHoro TeCTa .l(JIJI MexaHH3Ma nepe.l(aqn pn-napLI B naparpaqie 

3.7.1 BLiqncJieH napaMeTp cnnH-CnHHOBO:ll: ROppeJIJIU.II.II ~ ,!(JIJI rrpouecca fi 3He--+ 3Hep C 

noJIJ1p.lI30BaHHL!Mll HaqaJihIILIM nyqROM Il Ml!llieHblO 

~ = da-(TT) - da-(T !) 
da-(TT) + da-(T !) 

(9) 

r,!(e do-(TT) n do-(T !) - ceqeHne .l(JIJI napanJieJlhHLIX n aHTnnapaJIJieJihHLIX cnnHOB cTaJI­

RHBalOill,HXCR qacT.IIU, 

"""' .. , 
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Pnc. 7 :_ RBa.l(paTh! BOJIHoBott qiynRunn <p1 H3 8 n S­

BOJIHLI .l(e:ll:TpoHa (RSC) u B HMnyJlhcHOM npe.l(cTaBJie­

H.II.II: 1 - <pf(q), 2 - u2(q), 3 - Bb!COROHMnyJihCHaJI qaCTb 

qiyIIRUll.lI 'Pl ( q), 3HaqeHl!JIMil ROTOpo:ll: IlOJlHOCThlO orrpe­

,neJIJleTCR ceqeHne rrpouecca p3 He --+3 Hep rrpn Tv > 1 

f:iB. 

B rnane 4 paccMaTpnBalOTCJI 

rrpoueccLI p + d --+ n + (pp) 

n p + d --+ p + (np), B ROTO­

phlx 6blcTpaH N N - rrapa o6pa-

• 3yeTCJI B COCTOJIHH.II C He60J1b-

1110:ll: 3Heprnett OTHOCllTeJlhHOro 

.l(B.IIJKeHnR ENN ~ 3M:iB, a 

BTOpHqHhlli HJRJIOH BblJieTaeT B 

3a,nH1010 rronycqiepy. Mexa­

H.II3Mhl 3T.IIX rrpoueccoB paCCMO­

TpeHLI no aHanornn c ynpyrnM 

pd- pacce11mIeM na3a,n c yqe­

TOM Tpex aMnJinry,n: OHO+t. 

+ OP. Ilpo,neMOHCTpnpo­

BaIIhI OTJinqn11 oT ynpyroro npo­

uecca pd --+ dp, o6ycnoBJieH­

HHe TeM, qTo BHyTpeHHee co­

CTOJIHlle ROHeqHoli N N(1 So)­

naphl OTJlll'IaeTCR OT COCTOJI­

HllJI .l(efiTpOHa. fJiaBHLIM CJie,n­

CTBl!eM 3TOro JIBJIJ!eTCJI IlO,!(aBJie­

Hile BKJia,na !i-pe3oHancnoro Me­

xaII.II3Ma 3a cqeT H30TorrnqecKl!X 

COOTHOJIIeIIllli ll ,!(OMl!HllpOBamIe 

MexaHl!3Ma 0,!(HOHyRJIOHIIOro 06-

Mena. Paccqn:Tanhl ,nllqiqiepenunaJihnoe ceqenl!e ll rroJIJ1pn3aunonnLie xapaRTepncTl!R.II 

paccMaTp1rnaeMhlX npouecCOB. O6napymen oTqeTJI.IIBhlli MllllllMYM B .l(IlqiqiepeHUllaJlhIIOM 

ceqenlln, o6ycJIOBJieHHhlli nyneM aMIIJI.IITJ.l(hI pN-pacce11nn11 B 1 S0 -cocTORHllll narronoBn:ny 

BHe:inepreTnqeCKott rroBepxnocTl! tvN(q,k) rrpn q = 0.4 f:iB/c, k2/m = 3M:iB ROTOpLitt, 

B CBOIO oqepe.l(h CBR3an c oTTaJIRnBaTeJihIIhlM RopoM B V( 1S0)- rroTenunane. IloRa3ano, 

qTo CllrIIaJIOM ,!(OM.IIII.IIpOBaIIl!JI MexaH.II3Ma 0,!(IIOIIYRJIOHHOro o6Mena JIBJIJleTCJI xapaRTep-

noe .l(JIJI non10cnoro Mexanll3Ma rroBe,nenHe Ten3opHott anaJil!3llpy10mett cnoco6nocTll rrpn 

0u..u. = 180° KaR qiynRU.IIll naqaJlhnott :ineprnll c .II3MenenneM 3HaKa T20 npll Tp ~ 1.2f:iB 

He3aB.IIC.IIMO OT BIIJTpennero COCTOJIH.IIJI BbIJieTalOill,ett Brrepe,n (pp)- napbl. 

B pM.l(eJie 4.2 anaJI.II3.IIPYeTCR 3RCRJII03.IIBIIM peaRU.IIR pacIUennennn ,nettTpona p+d--+ 

N(l80°) + (N N)(0°) na ocnoBe Mexann3Ma o,!(nonyRnonnoro o6Mena. B ycJIOB.IIJIX R.IIIIe­

MaT.IIK.II :iRcrrepnMeIITa, nJiannpyeMoro na COSY, nccne,noBana poJih BhlCIII.IIX napunaJlh­

HhlX BOJIH C yqeTOM BRJia,na uenTpaJibllhlX .II TeH30pHbIX C.IIJI B NN-Ba.lIMO,!(e:11:cTB.II.II (cM. 
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pnc. 8). ,[(JIH MeXaHH3Ma 0,!UI0HYKJIOHHOro o6MeHa B pa3)1eJie 4.3 rrpoBepeHa T0qHOCTh 

ll3BeCTHhIX COOTHOIIIeHnfi MelKey ceqeHHJIMll yrrpyroro pd-pacceJIHllJI Ha3a)I ll pac111errJieHnJI 
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PHc. 8: ,[(n<jl<jlepeHnnaJ!hHoe ceqeHne peaK­

nnH p + d -> p(0°) + p + n(l80°) B C.Q,M. 

KaK <pyHKQllJI KllHeTnqecKofi 3Heprnn HaqaJib­

HOro rrpoTOHa B Jia6opaTOpHoii CllCTeMe, Bhlqn­

CJieHH0e B paMKax MexaHH3Ma OHO. lfocna 

nepe,ll KpHBhlMH o603HatJalOT 3HeprHIO 0TH0CH­

TeJibHOro )IBHlKeHUJI HYKJI0H0B B BhIJieTa10111efi 

Brrepe,ll pp-nape, Epp (B MaB). YtJTeHhI S-, P­

, D-, F-, G- napnnaJihHhle B0JIHhl 0THocnTeJib­

Horo )IBHlKeHnJI B pp-nape, a Tam11e cnHrJieTHhle 

n TpHIIJieTHble C0CT0JIHHJI. 

)lefiTpOHa C o6pa3oBaHneM TpllrrJieTH0fi 

np-rrapbI, OCH0BaHHhIX Ha aHaJinTnqe­

CKOM rrpO,llOJ!lKeHnn BOJIHOBOfi <pyHKQnn 

NN-pacce11Hn11 no oTHOCHTeJihHOMY HM­

rryJ!hcy kB TOqKy, 0TBeqa10111yw CBJI3aH­

HoMy COCT0JIHHIO. B pa3,!\eJie 4.4 )laH 

BhlB0)I ll30TOIIHqecKnx CO0THOllleHHfi )IJIJI 

rrponeccoB o6pa30BaHHJI cnHmeTHoii n 

TpHrrJieTHofi (pn)-rrap )IJIJI cnyqa11 Mexa­

HH3Ma 06MeHa HYKJI0H0M H BHpTyaJihHhlM 

Me30H0M, B3aHM0)leficTBYIOlllHX B rrpoMe­

lKYTOqH0M COCTOJIHHH. 

B rnane 5 paccMaTpnBaIOTCH pe­

aKnnn KBa3nynpyroro BhI6nBaHn11 Hy­

KJIOHHhIX KJiaCTepoB (PKBK) ITO,!\ )lefi­

cTBHeM npoTOH0B C 3HeprHefi B HeCK0JihK0 

COTeH MeraaJieKTpOHB0JibT. B paM-

Rax TpaHCJIHQH0HH0-HHBapHaHTHOfi M0-

,lleJIH o6oJioqeK (TI1MO) aHaJIH3HpyeTCH 

p0Jih B036ylK)leHHhIX KJiaCTepoB B 0CH0-

BHhIX COCT0JIHHJIX Jl,llep 1 p-060JI0'1KH: Bhl­

JICHJIIOTCJI nx CBOHCTBa, YCJIO!lHJI HaH-

6oJiee 6narorrpHHT1Ible )IJIH rrp0HBJieHHJI 

nx BI1Jia)la B ceqeHn11x JI,llepHhIX peaK­

QHfi. AHamrnHpyIOTCH pa3JIHqHhle cno­

co6h! yqeTa HCKalKeHHii IIa)lalOlllHX H 

YX0MlllHX B0JIH - 3fiKOHaJibHOe rrpH6JIH-

lKeHne, MO)leJih CHJihHoro norno111eHHJI. B 

pa3)1eJie 5.2 pa3BHT MeTO)I y<IeTa HCKalKe­

HHli B PKBK Ha ocHoBe .ll!!<ppaKnuoHHoro rrpu6JIHlKeHn11 fnay6epa-CHTeHKo, aHaJiornqHhlli 

MeTOey yqeTa rrepepacrnHnii B ynpyrHx rrponeccax, KoTOphlli 6h!JI H3JI0lKeH B maBax 2 n 

3. IloKa3aHo, qTQ B peaKQHJIX KBa3nynpyroro Bhl6uBaHn11 (p,Nx) rrpH pacceJIHHH Ha3a)I Ha 

MaJioHyKJIOHHoii Cl!CTeMe BKJia)I B036ylK)leHHhIX KJiaCTepoB x* M0lKeT 6b!Th Han6onee 3Ha­

lJHTeJieH. IlpH 3TOM oco6eHHO cy111ecTBeHHhl nepeX0)lhI C ll3MeHeHHeM CXeMhI lOHra KJia­

CTepa u;J =I Ux], npHBOMlllHe K 06ora111eHHIO CIIeKTpa B036ylK)leHHJI OCTaTOqHoro H,llpa. 

IfanolKeHhl pe3yJihTaThl pacqeTa xapaKTepncTHK peaKQHli KBa3uyrrpyroro Bhl6nBaHHJI )leli-
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TpOH0B lf a,-qacTHQ, rroJiytJeHHhle Ha OCHOBe HMelOlllHXCJI rrpe,llCTaBJieHHli O MexaHH3MaX 

pacceJIHHJI Ilp0TOH0B Ha COOTBeTCTBYIOlllllX Jierqalill!HX 11,llpax. B naparpa<jle 5.3.3 noJiy­

qeHO Y.llOBiieTBopnTeJibHOe orrucaHHe crreKTp0B B036ylK)leHHJI OCTaTOqHbIX /1,llep B peaKQH/IX 

12C(p; pd)10 B, 6 Li(p, pd)4 He, coorneTcrnyw111nx rrepexo,llaM Ha cocTOIIHHJI o6onoqeqHhIX 

KOH<pHrypanuli s4p6, s3p7
, s2p8. u s4

, s2p2
, COOTBeTCTBeHH~. 

Ta6JIHU~ I. _9TH()_lllem1e .llH<p<pepeHnnaJihHhlX ceqeHnli [dO'(p, nd)/ dO'(p, pd))102 

Co6hlTHJI 

Jbpo- " HH3Ko,HepreTntJecKne" "BhlCOKO,HepreTnqecKne" 

MUll!eHb 3KCil, Teopu11 3KCII. Teopn11 

Ro= 9 Ro= 1 Ro= 9 Ro= 1 

1£i 6, 1 ± 0, 9 13,7 80,0 9,1±1,5 6,1 42,8. 

6£i 0,30 ± 0, 16 0 0 8,1±1,5 6,9 48,6 

B naparpa<jle 5.3.2 BhltJHCJieHo OTHoll!eHne ce•IeHnfi R = O'(p,nd)/O'(p,pd) Ha H,llpax 

6 Li n 7 Li (cM. Ta6n. 1) )IJIJI pa3JIHqHhlX MexamrnMoB "3neMeHTapHoro" rrponecca p+ < 

N N >-> dN, ornuqaw111nxc11 :matJeHneM Ro, K0TOpoe JIBJIJieTCJI OTHOIIJeHneM ceqeHHil 

pacceJIHHJI rrpoTOHa Ha H30CHHrJieTHOii (T=0) u _H30TpurrneTHoil (T=l) NN-napax B H,llpe­

MHll!eHn. 

KaK BH.l\H0 H3 Ta6nnnhl, .!IJIH MexaHH3M0B c Ro= 9 (OTTO, .6.-pe3oHaHCHhlli MexaHH3M, 

pH.l\ aMIIJIHTY.ll c rrpoMelKyTO'IHhlM TEP) Ha6JIIO.llaeTCJI Y.ll0BJieTBopnTeJ!hHoe cornarne MelK)ly 

Teopnefi n 3KcnepnMeHT0M npu E* > 25MaB. B TO lKe BpeM11 rrpe,ll110JiolKeHne o .l\OMHHH­

poBaHHII MexaHll3Ma O)IH0HYKJI0HH0ro o6MeHa ( Ro = 1) pe3KO !Ip0TIIB0peqnT l!Me!Ollll!MCR 

,llaHHhIM rrp11 Tp = 670M3B. B naparpa<jle 5.3.1 pa3pa60TaH <j>opirnJI113M )IJIJI 011ucaH1111 

peaKQHII 6 Li(p,pd)o B TpexTeJ!hHOil O - n - p-M0)leJIH H,llpa 6 Li C IICII0J!h30BaHneM )IJIJI 

aJieMeHTapHoro rrponecca p < np >-> dp cyMMhl Tpex MexaHll3M0B, n306palKeHHhlX Ha 

pile. 1, 6, B, l. IlpHBe)leHhl pe3yJihTaThl 'IHCJieHHOro pacqeTa xapaKTepl!CTIIK noli peaK­

QHII. BcJie)ICTBl!e cy111ecTBeHHoro 0TJIH'IHJI rrponpaHCTBeHIIOfi qacTII BOJIHOBOil <jlyHKQIIII 

TpH!IJieTH0il < np >-rrapbI OT B0JIH0BOli <jlynKQllll CB060)IHOro )lell:Tp0Ha B 06111eM CJiytJae 

CJie)lyeT 0lKH,!\aTb 113MeHeHII/I C0OTHOll!eHH/1 Mell{)ly BKJia,!\a~rn o6cyll{)laeMbIX MeXaHJI3M0B 110 

cpaBHeHIIIO C 11ponecCOM pd -> dp. O)1HaKO 3a ClJeT )IOMIIHHpOBaHll/1 .6.-MexaHl!3Ma rrpll 

3Hepr1111 Tp = 670MaB, rrp11 KoTOpoli 6hlJIII nony<IeHhl aucnepnMeHTaJihHhle ,!\aHHhle no 

peaun1111 6 Li(p, pd)o, 0TJI11qne OT KJianepnoil o - d Mo)leJiu oua3anoch ne o'leHh cy111e­

CTBennhIM, 3a IICKJIIOqen11eM IlOJIHp113aQH0l!HhlX xapauTepHCTIIK. 

B rnane 6 IICCJie)I0BaHa poJ!h peJI/ITIIBIICTCJ{IIX 3<p<peUTOB, CB/13aHHhlX C Bep­

llll!Hoil dN N*. B rraparpa<jle 6.2 rrpoBe,!\eno cpaBnenue 11epem1Tl!BIICTcKoro 

pac'leTa peaKn1111 uBa311y11pyroro Bhl6l!Bamrn rrpoTonoB l!3 N N* -KoMnoHeHThl )leil­

Tpona c pem1THBl!CTCK11M11 pe3yJihTaTaM11 B BKT II H,[(C<I> IT0.l\XO.llaX. IloKa-

3aHo, 'ITO HepeJIHTIIBIICTCKllil pe3yJihTaT OTJlll'!aeTC/1 OT peJIHTIIBHCTCUOro Ka'!eCTBeHHO 
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Pnc. 9: CeqeHne peam~nn pd -+ dN* ,!(JUI MexaHn3-

M0B OH n OTTO ,l(JIH pa3JJnqHhIX yrnoa pacceHHHH 

.n.efiTp0HOB B JI-cncTeMe npn ycnoann IPil = IP:i• J: 
0d, = 10,1.50,20,40 

aKnnn d( e, ep )N*. 

3a cqeT 6oJJ&lllofi :rneprnn CBH3H 

B KaHaJJe d -+ N + N* (c: ~ 
600M3B). B naparpaqie 6.3 no­

nyqeHa oneHKa ceqeHHH peaKnnn 

d(e,ep)N* B ,UC<l>-no.n.xo.n:e B HM-

IlYJJbCH0M npn6JIH)KeHnH. TToKa-

3aHo, qTQ p-B0JJH0B0fi xapaKTep 

nMnyn&cHoro pacnpe.n.eneHHJI N* -

ll306ap OTpnuaTeJJbHOfi qeTH0CTll B 

.n.efiTpoHe, omn.n.aeMhlfi B HepeJUITH­

BHCTCK0M npn6nnmeHnn .n.nH cneK­

TaTopHoro MeXaHH3Ma 3TOi1 peaK­

nnn He np0HBJJHeTCH B peJJHTHBHCT­

CK0M Il0,!(X0,!(e BCe,!(CTBHe 3Haqn­

TeJJbH0ro C,!(Bnra 0TH0CHTeJibH0ro 

nMnyJI&ca B KaHaJJe d -+ N + 
N*. YcTaHoBJJeHo, qTo no 3T0fi 

me npnqnHe no.n.aaJJeH BKJJa.n. 3q>­

qieKTOB .n.eao36ym.n.eHnH HYKJJ0HHhIX 

n306ap npn nx Bh!6naaHnn H3 

N N* -K0Mil0HeHThl .n.ettTpoHa B pe-

B pa3.n.ene 6.4 nccne.n.oaaHa B03M0mHoCTh Ha6JJIO,!(eHnH N N* -KoMnoHeT .n.efiTpoHa c no­

M0II.\blO peaKnnn pd -+ dN* c Bh!JJeTOM N* -n3o6aph! Ha3a.n. B c.n.M. BhlqnrneHo ce~eHne n 

TeH30pHM noJUipn3annH peaKnnn pd -+ dN* B paMKax MexaHH3Ma o6MeHa HYKJJ0H0M Ha 

OCH0Be llCil0J!b30BaHHH 6-KBapKOBO.i1 M0,!(eJJH .n.e.i1Tp0Ha ,!(JUI dN N* -BeplllHH, a TaKme nccJJe­

,!(0BaH BKJJa.n. MeXaHH3Ma 0,!(H0ilH0HH0ro o6MeHa. y CTaH0BJJeHhl ,!(Be Ba}KHhJX oco6eHHOCTll 

3Toro nponecca - o6pailleHne B HOJJb 0THocnTeJJbHoro nMnyn&ca B aepnrnHe d -+ n + N• 

noJJ10c11ofi .l(llarpaMMhl o6MeHa 11el1Tpo110M npn onpe.n.ene11Holl: 3Heprnn Bhllne nopora n 

3HaqnTeJJ&11oe no.n.aanenne aMnJinTy,n.hl OTTO B ToqKe ocTaH0BKn N*-n306apb1 nonomnTeJib­

Hofi qeTH0CTn B JI-cncTeMe. O6a 3TH caoi1cTBa paccMaTpnaaeMoro nponecca o6ecneqnaaroT 

6naronpHHTHhle ycJI0BHH .D.JIH Ha6JJIO,D.eHnH N N*(I/2+). K0MnoneHT ,n.efiTpona (cM. pnc. 

9). yqTeHbl 0CJI0)KHeHnH, CBH3aHHh!e C pacna,n.oM N*-n306aph1 B KOHeqHQM COCT0HHnn, n 

qionoBh!e npouecch! nepe3oHaHcHoro pom.n.eHHH 7r-Me30H0B. IIoKaaaHo, qTo HpKnMn cn­

rnaJiaMn ,n.JIH Bhl,D.eJieHnH noJJIOCHoro MexaHH3Ma B peaKQnn pd -+ dN* -+ dn1r+ Ha q>OHe 

Hepe30HaHCHhIX MeXaHH3M0B pom.n.emrn 7r-Me30Ha HBJIHeTCH 60JiblllaH Il0JI0)KllTeJibHM TeH-

30pHM noJIHpn3aUnH KoHeqHoro .n.ettTpoHa (T20 ~ 0.6-0.7) n nyneaoe 311aqeHne TeH3opHo.i1 r: ,·~) 
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aHaJJn3npyIOillei1 cnoco6HocTn 3T0fi peaKnnn. 

B rnane 7 nccne,n.oBaHhl peaKnnn pd -+ 3 JI eX0 c o6p.a3oBaHneM Me30H0B X 0 = 
T/, r,', w, <p n peaKUHH pd.-+ 3 HAJ<+. PaccMoipeHhl .ri;ayxcTyneHqaTh!.i1 MexaHH3M 3Tnx 

peaKnntt (pnc.lOa) c no.n.nponeccaMn pp -+ d1r+, 1r+n -+ r,p(AJ<+) n o.n.nocTyneHqaTblfi 

(pnc.106) .D.JIH pd-+ 3HAJ<+ c no.n.nponeccoM pp-+ pAK-+;. 

P _ 1t• _ T)(K•) P K• 

--------- . ~ 
3 

d 6 ~ d a 
3
He(

3
HA) 

Pnc. 10: ,UayxcTyneHqaTh!ll: (a) MexaHH3M peaKnnli pd -+ 3He T/ n pd -+ 3HA J<+ n 

O,D.HOCTyIIeHqaThlfi (6) MexaHll3M peaKUllll pd-+ 3JIAJ{+ 

IIonyqeHbl Bh!pameHHH ,n.JIH aMIIJJHTY.D. MexaHH3M0B pnc.lOa n 106. B qacTH0CTn, ,n.JIH 

aMnJIHTY.D.hl .n.ayxcTyneHqarnro MexaHH3Ma Ha.i1,n.e110 Bb!pameHne: 

~ . 
·Ma= - M1(pp-+d1r+) M2(1r+n-+r,p(AJ<+))F(Po,Eo), 

2mN 
(10) 

r.n.e mN - Macca HYKJI0Ha, Af1 n M2 - aMnJinTy.D.hl no,n.nponeccoa pp -+_ d1r+ n 1r+n-+ 

T/P( 7r+n-+ AJ<+) Ha· MaCC0B0.i1 II0BepXH0CTn, C00TBeTCTBeHH0j :F - q>OpMcj)aKTop, onpe,n.e­

JIHeMbl.H B0JIH0Bh!Mll q>YHKUHHMH '-Pd n '-Pr ,n.e.i1Tpo11a n H.n.pa 3He (nnn 3HA): 

F(Po, Ea)= j drc.p;(r) c.pd(r) exp[iP0r + iE0r] 41rr-1
, (11) 

Eo, Po - 3HeprnH n nMnyn&c npoMemyrnqHoro 7r-Me3ona. 

IIoKa3h!BaeTCH, qTQ npn onpe,n.eJJeHHhIX KllHeMaTnqeCKnX YCJI0BHHX ,n.ayxcTyneHqaTblfi 

MeXaHH3M cyilleCTBeHH0 Bbl,D.eJieH cpe.n.n ,n.pyrnx B03M0}KHh!X MeXaHH3M0B TeM, qTo B co­

oTBeTCTBYIOillefi eMy aMIIJIHTy.n.e ace npoMemyToqHble qacTllUbl naxo,D.HTCH oqeHb 6JJH3KO 

K MaCCOBOfi Il0BepXH0CTll. B 3T0M 0TH0il!eHnn paccMaTpnaaeMhlfi MexaHH3M II0JIH0CThlO 

anaJiornqeH MexaHll3MY ,n.ByKpaTH0ro pN-CTOJIKHOBeHllH C B036ym.n.enneM ~-:irno6apb1 B 

ynpyroM pd-pacceHHnn Haaa.n. npn 311eprnn 0.5 - lf3B, paccMoTpeHHoMy B rnaBe 2. 

IIoKaaaHo, o,n.HaKo, qTo a6Jin3n nopora .n.ayxcTyneHqaThlfi Mexann3M pe3K0 npoTnBope­

qnT 3KcnepnMeHTaJJ&HhIM ,n.anHhIM o ceqeHnn paccMaTpnaaeMoro nponecca ( CM. KpllBYIO 

1 Ha pnc.11). n qTo KaqecTBeHH0e cornacne C 3KCIIepnMeHTOM nMeeT MeCT0 TOJ!bK0 npn 

oTHocnTeJibH0M T/ - 3He - nMnyn&ce k > 500 Ml3 / c. Ha ocHoBe 3Toro Ha6JIIO,D.eHnH c.n.e­

JiaH Bh!B0,D. 0 cyilleCTBeHH0M BKJJa.n.e B3anMo,n.efiCTBHH B K0HeqHQM C0CT0HHllll B6JJH3H nopora 

peaKUllll pd -+ 3 Her,, npe,n.JI0)Kena KBa3npe30HaHCHM qiopMa 3Toro B3allM0,D.e.i1CTBHH ll 

Hafi,n.eHhl C00TBeTCTBYIOilllle napaMeTphl KBa3llCBH3aHHblX COCT0HHllfi B CllCTeMe T/ - 3 He 

nyTeM q>llTllp0BaHHH 3KcnepnMeHTaJJbHhIX .n.aHHhIX Ha 0CH0Be ,!(ByxcTyIIeHqaTofi M0,D.eJin. 
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P11c. 11: )].11qiqiepeHu11aJihHoe ce'!eH11e pea&u11n 

pd -t 3He17 (KpllBMe 1,2) 11 pd -t 3HAJ<+ (Kp11-

BM 3). 8Kcrrep1rneHTaJibHhle TO'IKII )(JIJI peaK­

Ullll pd -t 3He T/ B3HThl ll3 M. Laget, J.F. Lecol­

ley Phys. Rev. Lett. 61 (1988)2069; 0u.M. - yroJI 

BMJieTa Me3oHa B c.u.M. p - d. 

Cornarne np11 k = 0 - 300 MaB/c 

)(OCTIIraercn np11 yqere B KOHe'!HOM 

KaHaJie .I\BYX pe30HaHCOB (KplIBaJI 2 

Ha p11c. ll), nepBhlfi 113 KOTOphlX Haxo­

.1\IITCH HllJKe 11opora IIpll OTHOCIITeJih· 

Hott aHeprn11 EJ1
l = - 7 + -6 MaB 

11 11MeeT m11p11Hy f(I) = 5-25 MaB, a 

BTOpoii - Bhlme nopora: EJ2l = 1-120 

MaB, f(2
) = ,50 - 1,50 MaB. )].nH 

6onee TO'!Horo onpe.11eneH11H napa­

MeTpos BToporo pe3oHaHca Heo6xo­

.z\11Mhl )(OIIOJIHIITeJibHhle 3KCIIep11MeH­

TaJib!lble )(aHHble B IIHTepBaJie Tp = 
1.1-1.3 faB. 

IloKa3aHo, '!TO .z\ByxcTyneH'!aTaJI 

MO)(eJib xopomo OIIIICLIBaeT cpopMy 

3HepreTII'IeCKOfi 3aB1ICIIMOCTII IIMelO­

II(IIXCJI 3Kcnep11MeHTaJibHhlX ceqeH11fi 

Bhlllie noporos np11 IIMIIYJibcax B c.u.M. 

p* = 0.4-:- lfaB/c )(JIJI 77-Me3oHa 11 

p* = 0 -;- 0.5raB/c )(JIJI W-Me30Ha, 

a TaKllte OTHOII1eH11e ce'!eH11fi R( 171 
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ll R(¢>/w). IIony'!eHM aHaJI11T11-

qec&11e BhlpameH11J1 )(JIJI napaMeTpa 

CIIIIH·CIIIIHOBOfi KOppeJIJIUIIII B peaK­

Ullll p 3 ]f e -t 
3 H eX° C IIOJIJlpll30BaHHhlM IIY'IKOM II MIIIIleHblO II npllBe)(eHbl pe3yJibTaTbl 

COOTBeTCTBYIOII(IIX 'IIICJieHHhlX pac'!eTOB. 

B pa3)(eJie 7.3 Ha OCHOBe 11306pameHHb!X Ha pllc.10 MexaH113MOB BIIepBb!e paCC'lllTaHO 

)(llqJqJepeHUl!aJibHoe ce<1eH11e peaKUIIII pd -t 3HAJ(+ (KpllBan 3 Ha p11c.ll). Hafi)(eHo, 

'!TO ero MaKc11MaJibHOe 311aqe1111e ( ~ 1116/cp) npuMepHo B 50 pa3 Mel!he, '!eM B cnyqae 

pom.11e1111JI 'f/·Me30l!OB. OTHOCl!TeJibllhlii BKJia)( O)(l!OCTYIIel!'!aTOro MeXal!II3Ma (pllc.106) Ha 

)(Ba-Tp11 nopH)(Ka HllJKe BKJia)(a )(ByxcTyneH'!aToro Mexa11113Ma. 

B 3aKJIIO'-IeHHl1 cqiopMyJillpOBaHhl OCHOBHbie pe3yJibTaThl, Bhll!OCl!Mhle Ha 3all(IITY, B 

Ilp11nomeHI1l1 np11Be)(eHbl )(eTallbHhle BhlpameHllH )(JIJI MaTp11u pH)(a IlOTe11u11aJI0B, IIOJIY· 

qeHHhlX np11 'IliCJieHHOM pemeHIIII 3a.11a'm O CBJl3aHHOM COCTOHHllll .z\BYX TeJI B PKM. 
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