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*ayqeHH6 IlHOH-nHOHHOro B38HKO,ll6acTBHR HM66T B8XH06 3HaqeHH6 

,llJIR IlOH.HM8HHH \PH314KH CHJILHliX B38HM0.116iCTBH"· *M6IDUUf6CR B HBCTOR~ee 

11pe1rn CBe,neHJUI 0 cpaaax IlHOH-nHOHHOrO paccel1Hl!S1,noJ1yqeHHli6 H3 H3y•ie­

HBS npoueccoB c yqacrHeK -K630HOB,B6Cldla H6IlOJIHli/I(B nepByD oqepe,nL 

aTO OTHOCHTCfi R :0.-BOJIHOB!iM qiaaaM 7r7r -pacceRHHR B o6JI8CTH aHeprr.ti 

H1£1r < 0,6 raB, r,lle axcnepHM6HT8JILH1i1e .naHHble aHaqHT6JILHO OTJIHqa­

DTCR ,npyr OT .npyra. Ell\6 60JILM8H Heonpe,ll6JI6HHOCTL IlOJiyqaeTCH npH 

3KCTp8ll0IDiUHH qiaa K noporoBO" 06JI8CTH, npH llOilliTK8X onpe,neJI6HHR 

HH3KOaHepreT.H'l6CKHX napaMeTpOB - .nmm 7flf-p8CC6RHHH. 

3HaqeHHfi S -BOJIHOBiiX ,11JIHH <Jr -paCC6RHHfi Q 0 H 02 , nony­

qeHHbl6 npH 8H8JIH36 paanHqHlilX 3KCll6pHK6HT8JILHblX .118HHliX, npHB6,116Hbl 

B raox. I. KaK BHAHO ua Ta6JIHUN, B HacToRmee BpeMR cymecTByeT 

60JILM8fi Heonpe,116JI6HHOCTL B aaaqeHHRX :2:, -BOJIHOBlilX ,llJIHH 7[7r-pacce-

RHHR: ..{),8 *1r < Qo < 0,8 Jrr. ; -0,2 711£ < 0.z < 0,2 k-7r • 

B8JtHWI HCTOqHHKOM HHqJOPY8UHH 0 .JtJIHH8X Jr1[ -pacceRHHR RBJIRIDTCR 

peaxuun x N- 1nrN B6JIBaH nopora H K-- 37[ -pacna,ll1i1. Heo6xo,llHYO 

no,nqepKHYTL, ~o. K8K CJI6JIY6T Ha 8H8JIH38 ,118HHblX no aTHM peaKUHRY, 

uayqeHHe O,ll;Horo xaHaJia peaxuH" 7r N--... 7["1£ N B6JIH3H nopora HJIH 

K-+ 37f -pacna.itoB He MOlleT .ll8TL H8.ll6JtHblX cBe,ll;eHH~ o nHOH-nHoH­

HOM B38HUO,lJ;6"CTl!HHe 

Io B1i1nonHeHHR HBCTORll\ea pa60T1i1 aKcnep:11ueHT8JILH1i1e .ll8HH1i1e no 

peaKUHRM 7C N - 7r?r N B6JIH3H nopora cyll\eCTBOBaJIH TOJILKO ,llJIR O,llHoro 

K8H8JI8/I3, 3/ 
7C-f- lfTff-n. (I) 

TaKHM 06paao11, Heo6xo,11u110 61i1JI0 HayqHTL ,llpyrne KaHaJili peaKUH~ 

x: N - 7f rr N, B qacTHOCTH, pe 8KUHH 7< + p - 7r 7f N , OTHOCHTe JILHO 

KOTOPliX SKCll6PHM6HT8JILHbl6 ,ll8HHbl6 npH SHeprHRX HHllt6 7;. < 300 MaB 

llOJIHOCTLID OTCYTCTBOB8JIH. 
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HacTOHIJlaH pa6oTa nocBHl!leHa HCCJie,lloBaHHIO peaKI.V'IR 7r N~ 7r7f N 

B6JIH3H nopora H K ....... 37f - -pacna~os, c ueJI:&IO onpe,llenemrn s -BOJIHO­

BhlX ,llJIHH 7[ 7r -pac ceHHHll. 

Pa6oTa BhlnOJIHeHa B Aa6opaTopHH ll.ll6PHhlX npo6Jiew OHHH. OcHoBHhle 

pes·yn:&TaThl ony6JIHKOB8Hhl B pa60TaxlI4- 201 H ,llOK1I8,llhlB8JIHC:& Ha Hayq­

HhlX C6MHHapax ]a6opaTOPHH ll,llepHhlX npo6JieM, ]a6npaTopHH BhlCOKHX 

aHeprHil OHHH, Ha HayqHoR ceccHH OH~ AH CCCP no ~H3HKe aneMeHTapHhlX 

qaCTHU B 1973 r., HS 16-oR H·l7-oR M6llt)lyHapo,llHhlX KOH~epeHUHffX no 

WH3HKe BhlCOKHX aHeprliil (quKaro, CUJA, 1972 ~.; ]OH.J!OH, AHrJIHH, 

1974 r.), Ha 2-oR uex~yHapOAHOR KOH~&p6HUHH no 8Jl6M6HT8pHhlM qaCTH­

uaM (3KC-att-ilpOB8HC, ~paHUHff, 1973 r.) H Ha 4-oR Mex,1tyHapOAHOA 

KOHW6P6HUHH no aKcnepHM6HTaJI:&HOR Me30HHOli cneKTpOCKonHH (EocToH, 

ClllA, 1974 r.). 

~HCC6pTaUHH COCTOHT H3 ll6Thlpex rJiaB. 

B ne pBoR rJiaBe AHCC6pTaUHH H3Jl0~6H8 IlOCTaHOBKa 3KCil6PHM6HTa, 

M6TOAHKa noHCKa _H HA6HTHWHK8UHH C06hlTHR Heynpyroro B3aHMOAeRCTBHll 

7[+ -M630HOB c npOTOH8MH B ipo ToaMyJI:&CHH: 
7[+ p-- 7\1" 7(-t n 
7[-f"? ~ 7[-f-7[0? 

7[? ~ Tff J'f 

(2) 

(3) 

(4) 

B 3KCnepHM6HT6 HCnOJI:&30BaJIHC:& aMyJI:&CHOHHhle KaMephl, COCTaBJieH­

Hhle H3 CTaffASPTHhlX 3MYJI:&CHOHHhlX CJI06B HldK~li EP TOJllllHHOR 600~. qe­

Thlpe Kawephl paauepaMH lOxI0~,5 cw3 H TPH KaMephl paawepaMH 

20xIOx4,5 cw3 o6nyqaJIHC:& 7[+-MeSOHaMH c 3HeprHeR 24ots MaB H 

29o±s MaB, o6paaoBaHHhlMH Ha BhlB6ASHHOM nyllKe npoToHoB c aHeprHeR 

670 MaB Ha CHHXPOUHKJIOTPOHe AHIT OHHli. 

IlOHCK C06hlTHR, npHH8AJI6E8IJIHX peaKUHHM (2)-(4), npOBOAHJICH no 

OCT aHOBKaM l("T-MeSOHOB. HaRA6HHhl6 no OCTaHOBKaM CJI6Ahl 7[T- M630HOB 

npoC JI6EHB8JIHC:& AO TOllKH B38HMOA6RCTBHH. IlpH npOCMOTpe o6mero o6~e-
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MS 185 CM3 SMYJI:&CHH H8R,ll6HO 22000 OCTSHOBOK n-+-M630HOB. Ilocne 

npocnelOIBSHHH TpeKOB 7r+-MeaoHOB asperucTpHpoBSHO 12400 HeynpyrHX 

B3SHMO,ll6RCTBHR 7C+-M630HOB C npOTOH8MH H ffAP8MH B ~T03MYJI:&CHH; H3 

HHX OT6Hp8JIHCI> T8K H83blB86Mhl6 "BOAOPOAOil0~06Hhl6 11 C06blTHH 6ea HBHO­

ro npH3HaKa B38HMOA6RCTBHH H8 HJtP6 (6ea CJie,lla HJtPS OTAS'lH HJIH SJI6-

KTPOH8 B ueHTpe 3B63.lthl)' CO,lt6px81f1H6' IlOMHMO BTOPHllHOro x+ -11630-

HS, eme O,ltHH CJI6A, KOTOpaR OK8HllHBSJICll B KSMepe; 6hlJIO HaM;lteHO 

700 TSKHX C06hlTHR. C06hlTHll H3M6PHJIHC:& H 06pa6aTh1BaJIHC:& Ha 3BM no 

nporpaMMe reOM6TPHll6CKOR peKOHCTPYKUHH H KHH6MaTHll6CKOro SH8JIH3a 

C06hlTH~ B ~TOBMYJI:&CHOHHYX K8Mepsxl201. 

Cpe}UI OT06p8BHYX C06hlTHR 6hlJIO 7 C06YTHA C .ltBYMH BTOpHllHhlMH 

x+ -11eaoHaMH npH aHepr111H -r:r-~ 230 MaB. IIpH aHeprHH Gr-~ 275 MaB 

6hlll HS!,lleH 0,ltHH CJiyqaA c .ltBYMfl BTOpHllHhlMH ][+ -M630H8MH. OcTall:&Hhle 

C06h1Tllffl SHSJIHSHPOBSJIHCD no KHH6MSTHKe pesxuuR (3)-(4). qHCJI8 co6y­

THR, y.ztoBJieTBOPHlllltHX KHHeMSTHKe peaxitidt (2)-(4) npx aHeprHHX 

7; ~ 230 YaB H 7; ~ 275 UaB, npHBe,lleHY B Ta6.11. 2. OueTu, llTO 

HH 0,ltHO H3 C06YTHR, Y.ltOBJI6TBOPfllOlllHX Kl/fH6MSTHKO pesx~Hit (3) HJIH (4), 

ae y~oBJ1eTBopa.110 KHHeMaTHKe 3THX peaxUHI o~aospeMeHHO. 

IlpH onpe.zteneHHH nonahlx celleHHA peaKuHA (2)-(4) yllHThlBanuci. 

nonpaBKH, CBH3SHHhl6 c 3qJqJ6KTHBHOCT:&IO llOHCKa OCTaHOBOK ~+-ueaOHOB, 

npOCJI6XHBaHHH Tp6KOB H onpe.zt6JI6HHH nepBHllHOrO noTOKa x+-M630HOB. 

~JIH KSlr,;ZlOro THUS pesKuHR onpe,ll6JIHJISC:& reoueTpHll6CK8H aqJq>eKTHBHOCTD 

KSMep no M6TOAY MOHTe-Kspno. 

0,llHHM H3 BSXHYX BOnpoCOB npH onpe.11eneHHH C6ll6HHA B38HllO,lleRCT­

BHfl c npOTOHaMH B ~OT08MYJlbCHH HBJIH6TCll yqeT BKJiaAa B38HMO,ll6ACTBHR 

HS HJtPSX B ~T03MYJI:&CHH B HCCJie.ztyeMhle H8WI npoueccu. HSMH 6uns Bhl­

pa60T8HS M6TO,llHKS, ll03BOJIHmlJl8H onpe.11enHT:& 3TOT BKJiaA npH nowomH 

aHSJll'.188 C06hlTHA, COA6PXSlllHX HBHhlR npH3H8K B88HMOAeRCTBHH Ha H,11pe 

( CJI6A HAPS OTA8 llH HJIH SJI6KTPOH8 B U6HTpe 3B63ALI). B peayJI:&TaTe aHa-
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JIH3a Haft'AeHo, qTo BKJia'A ~OHOBblX co6liTHft 'AJIH peaKumi (I), (2) c 'ABY­

MH BTOpHqmnm 7f .:.11eaoHaMJ4 . COCTaBnHeT (20±5 )%, a 'AJIH peaKUHft (3}, 

(4) c O'AHHM BTOpHqHliM 7r -Me30HOM - (so±rs)%. 

llI3MepeHH'ue ::rnaqeHHH ceqeHHft peaKUHft (2)-( 4) npHBe'ASHli B 

radn. 2.B yKaaaHHl:lX omH6KaX yqreHa ueonpe].leJieHHOCTL B oueuxe qmHa. 

TaM ~e 'AJifl cpaBHeHHH .npHBe'AeHu ceqeHHH npH aHeprl4H · 7;~300 MaB, 

noxyqeHHlie B UEPHe/211. Ha puc. I H 2 npHBe'AeHli HUeDIItHeca ].lSHHse 

no ceqeHHHll peSKUHft (2) 14 (3) B o6xacTH aHeprHA 'AO 400 Ma:a. Iloxy­

qeHHlie HaMH · ceqeHHfl YK83HBSDT Ha TO, qTo c yBenHqeHHeM SHeprHH 

B6nHaH nopora 11e aoHoo6paao:aaHHfl celleHHe u ( x+ x+ n) pacTeT auaq)4-

Te11:0Ho Me~neuuee, 11eM ce11eHxe u( Jr+ 71'
0 p). 

Bo BTopoft rnaBe ].lHcceprauHH npoauaJIHaHpOBSHH 'ASHHue no peaK-

UHflM. Jr N - Jr Tr N B6JIH3H nopora. 

3HBHHe ceqeH14A 'ABYX KBHSJIOB peSKUHft {I), (2) B6JIHSH nopora no-

3BOJifleT onpe'AeJIHT:& OTHOWeHH8 X~ l~il/l~~il MO'AYJieft H30TOilHll6-

CKH-HHBapHSHTHblX SMIIJIHTY].l peSKUHft xN~ .7CTr/V Ha nopore B co-

CTOHHHHX B, H P~ 1 • IlapaMeTp X Hrpaer cyll(eCTBSHHYll po:iu, B 

Hl'!aKoaHeprerHqecKoft TeopHH peaKUHA 7rN- Tr7r N {rpH6o:a, AHcem,11 1 

AHHCOB~q)/25/ . B 3TOft TeOpHH B03MOlltHOCT:& onpe].leneHHH 'AJlHH 7[~ -pac-

ceHHHH CBH3liBB6TCH c 06Hapy:11teHHeM a~eKTOB nepepacceflHHH 7[ -Meao­

HOB B KOHSllHOK COCTOHHHHi 3TH a~eKTli CYD16CTB6HHliM o6p830M SBBHCHT 

or napaMerpa X • l/lcnon:oaya HaMepeHHoe HBKll aHaqeHHe ceqeHHH peax­

UHft (2) npH aHeprHH 230 MaB H HMSllll(HCCH 3HaqeHHH CSllSHHft peBKUHH 

(I) B6JIH3H nopora H .yqHTJUlaS CBHS:& aMilJIHTY'A STHX KBHBnOB C 

H30TOilHqecKH-HHB8pH8HTHliMH 8MllJIHTy;zt8KH, H8XO'AHK; 

I~' I =D,36i{),03 :.\)( ; I r=,1 \ =0,2oi{),os *7t X =I,Si{),4 • 

IlonyqeHHOe 3H8116HHe napaKeTp8 x IlOK83liBSeT, llTO npH6nl'l~SHHe, 

npHMeHHBmeeca paHee B pa6orax12, 31 c UBHLll onpe~eneHHH pa3HOCTH 'AHHH 

K~ -pacceRHHH ( Qo - Q2 ) HS 'A8HHliX no peaKUHH (I), HecnpaBS].lJIH-
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BO. B STHX pa60T8X B KB8'AP8Te MSTPHllHOro aneMeHTS peSKUlil4 (I) yqH­

TSBSJIHC:& TOJI:&KO JIHHeAHse no OTHOCl4Ten:&HliM 14Mnyn:ocaM KOHellHliX qac­

THU qneHs. 0'AH8KO npH 3HaqeHHH x =I,8 BKJia'A Jll4He~HblX qJieHOB 

c·mtmKOM 1o1ax, 14 HYlltHO yqHTHBBTI> 'UleHs 6onee :aucoKoro (BToporo 14 

TPCT:&ero) ll0Pfl'AK8· 

B HSCTOflll(eft pa6oTe npOB6'A6HO BliqHCJieHHe Ky614qeCKl4X no OTHOCH-

ren:&HHlol HltilYJii>CSM qJieHOB B a1o1nJIHTY'A6 peaKUHft lf'N~7nrN l'I no 

nonyqeHHliK ~op11yna11 np08H81IH3l'lpOBSHH 3KCnepHM6HT8Jli>Hlie 'AaHHlie no 

peSKUHH (I ) B o6naCTH aueprllft (200+260) MaB (Bcero 486 C06liT14ft). 

AHaJlHS npOB6'A8H MeTO].lOM M8KCHM8JILHOro npaB'AOilO'A06Hfl. ~Jlfl Bliql4TaHHfl 

BKJia].la ~OHOBliX C06liTHft npH oueHKe napauerpoB MeTO'AOM MaKCHM8Jli>HOro 

npaB'AOnO'A06Hfl dlin npH»eHeH cnoco6, npe'AJIO~eHHlift B pa6oTei261. B 

pesyn:&TSTe 8HaJIHS8 nonylleH npOCTOA BH'A 'AJlfl KBa'ApaTa MaTpHllHOro ane­

MeHT8 peaKUHH (I), Y'AOBJieTBOpHren:&HO onHCliBaDll(Hft BCD COBOKynHOCT:& 

3KCnepHM8HT8Jli>HliX 'AaHHblX: 

/M!2:... /.t-C(K~-±E) , C = 3,7±o,6, (5) 

r].le K12 ecTJ> OTHOCHTSJI:&Hlift H»nyn:oc KOH811HliX l[ -u.eaOHOB, £ -

Bli].leneHHBfl aHeprHH (B e].lHHHUSX u.accli Jr -Me3oHa). Ha~].leHa 3aBHCH­

MOCT:& IlOJIHoro CelleHHH peaKUHH (I) OT 3HeprHH: 
2. E z. z + 

<5"= f • f = 0,38::.0,05 M.6H (6) 

Ha pHc. 5 aKcnepHMSHTan:&Hue O'AHOMepHlie pacnpe'AeneHHH peaKUHH (I), 

H3 KOTOPliX Olin HCKJlfillleH BKR8].l ~OHOBliX C06liTHft, cpaBHHBBIDTCH c reo­

peTHqecKHIUI pacnpe'AeJieHHH»H. Ha pHc. 4 npHBe].leHli aKcnepH»eHTan:&Hble 

3HaqeHHH H TeoperHqeCK8H 3aBHCHMOCT:& OT 3HeprHH IlOJIHoro ceqeHl4H 

peaKUHH (I). 

IlpH SHaqeHHH X =It 8 3WW6KTli Ile pe p8CCSHHHH IlHOHOB B KOHeqHOM 

COCTOHHHH M8Jlli, H onpe~eJIHT:& ~JIHHli 7rlr -pacceHHHH HS l4MemUl14XCH 'AaH­

HliX He Y'A86TCH. Ha pHc. f,noKaaaH pe3yn:orar BliqHcneHHH cyu.wapttoro 

BKna~a JIHHe~HliX, KBa'Ap8THqHID( H KY014118CKHX qneHOB, CO'AepE811l14X ].lnH-
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Hy 7f7r-p8CC8RHHR Q0 , B O,llHOM8pHLl8 pacnp6,ll8ll6HHH pe8KUHH (I). 

3TOT BKna.11 He npeB1i1maeT (5+7)% (npH /a 0 l :Eo I). TaKHM o6paaoM, ,zma 

06Hapyxel!HH acQil>eKTOB nepepacceHHHH IlHOHOB B KOHeqHOM COCTOHHHH H 

onpe,ll6ll6HHH ,llnHHLI p8CC6HHHH Qo noTpe6yeTCH CT8THCTHK8, npHMep-

HO H8 ,llB8 nopH,llK8 npeBLIW8Hl~8H HM8Bl~YllCH. 

lfayqeHHe peaKnHit 7fN~7f7fN npe,llCT8BnH8T HHTepec T8Klt8 c 

TOqKH apeHHH .11pyroH HH3K03HepreTHqecKoit T80PHM - T80pHH 11MHrKHX11 

nHOHOB. B pa6oTax BaHH6epraf27/, OnccoHa H TepHepa/28/ noKaaaHo, 

qTO B6llH3H nopora B nponecc 7[ N-"" lfl[N OCHOBHOit BKll8,ll .!\86T ,llH8-

rpruw:a 0,llHOM630HHOro o6iteHa H q:ro ,H3M6PHB C6ll6HHll peaxmdl· ;;,v .... ;;-" Aj 

MOJtHO B npMHUHne onpe.11enHTb H6H3B8CTHLI~ napaMeTp nHOH-nHOHHOit Bep­

WHHbl ~ ' onpe.11enHHllllH~ BKna.11 HapywaHJ~ero KHpan&HYD CHMM8TPHD qne-

H8 B aqiqieKTHBHblH narp&HJKHBH nponecca 7f7f ~ 7f7r • 

Onpe.11enHTb o.11noaHaqHo napaueTp ~ TOn&Ko Ha .llBHHHX no non­

HLIM C8ll8HHHM peaKUHH (I) He Y.ll86TCH/281. ~cnon&aya TSKJte nonytfeHH06 

H8MH 3H8ll6HH6 nonHoro C6ll6HHH p88KUHH (2) npH SHeprHH 230 MaB (cu. 

pHc. I), HBX0.1lHY o.11HoaHaqHyHJ BenHqHHY .llnH ~ 

~ = o,25to,20 . 

0,llH8KO Bonpoc 0 TOM, HBCKOJil>KO cnp8B6,llllHB8 npHM6H6HH8H MO,ll6Jll. ,llllH 

H3BneqeHHH HH([x:>pM8UHH 0 nHOH-nHOHHOM B38HMO,ll6~CTBHH H3 ,ll8HHblX no 

pe8KUHHM 7fN-:>7r:TffV' Tpe6yeT cpaBH6HIDl 6onee .1l6T8llbHblX TeopeTHqe­

CKHX pacqe:roB c 3Kc.nepHM8HTan&Hwm ,llaHHWOI no IlOllH!ll( H ,llHqxpepeHUHaJlb­

HLIM ceqeHHllM paanHllHliX KaHa.JIOB. 

npyrHM 06~6KTOM npHM6HHMOCTH T60pHH o6p830B8HHH Tpex CHllbHO­

B38HYO,ll6HCTBYBllllHX qacTHU B6nHaH nopora125/ HBnHHJTCH K - 3JT .-pacna-· 

.llLI, .11anaL1e no KOTOPLIM npoaHanHaHpOBBHLI c nen&HJ onpe.11eneHHH s -Bon­

HOBHX ,llllHH 7r7r-pacceHHHH B Tp6Tb8H rnaBe ,1lHCCepT8UHH. B 3TOT 8H8-

llH3, B OTnHqHe OT npe,llLl.llY~l'IX, BKHHlll6Hbl H8H6onee TOllHble ,ll8HHLl6 no 

BCeM K8HanaM K __,. 37C : a) .11anH1i1e1291 no ~ I, 5 MHH pacna.11aM 

K±_,..7[±7f±7[+(pacnpe.11eneHH6 no rpacIJHKY nan:Hna); 6) ,ll8HHble/30/ no 

8 

~ 0,5 MnH pacna.11aM K~--.. 7L+rrr 0 (aHepreTHqecrrntt cneKTP 7l 0 -MeaoHa); 

B) napnHa nt.H1i1e mHpHHL1/3I/ Bcex KS Ha noB K _,,. 3 Jr • 

_IlpoaiiaJIH3HpOBaH BOnpoc 0 CTeneHH HapyweHHH npaBHna 

l<1Tl=I/2 B k~31r-pacmuax: onpe.11eneH BKll8.1l nepexo,1laj4T/=3/2 

B 8Mil1IHTY.ll8X JC~ 37t' ' nony11eHL1 ,llB6 .11onyCTHML16 06118CTH ,ll1lff 

BOllHOBblX ,llllHH 7C'/( -pacceHHHH 

O.o = 0,59±o,07 *~ 

az =-0,2oto,03 >.1r 

aa H Q2 

ao = -0 ,43to ,04 ;\-7[ 

a2 = o,ro±o,o5 >.Jr 

.s. -

8H81l6HH6 Qo HS nepBOrO p6W6HHH ( ao =0,59±o,07) H8XO~HTCH 

B xopomeM cornaCHH c peay1IbTST8MH pa6o~7 • II/. 

Hccne,llOB8H Bonpoc 0 BJIHHHHH qneHOB C116,llyD~ero, ll6TBepToro, 

nopH,llKB Ha nonylleHHble aHalleHHH ,llJIHH pacce.HHHH H ycTaHoBneHo, llTO 

6CXH 8H8JIHTHqecKH6 t{Jl6Hli qeTBepToro nopa~Ka He 8HOM8JlbHO Ben:HKH, 

TO HX Y1l6T KOJt6T H3H6HHTD nonyqeHHbl6 3HaqeHHH Q0 H8 to,2 )rK H 

a2 - HS to,I *~ • UOJtHO H8,ll6HT»CH, qTO ~8XbHeftmee yaenHll6liH6 H 

yToqH6HH6 3KCll6PHM6HT8llbHOro K8T6pHana no K. ~ 37r pacna,llBM noaBonHT 

pemHTb Bonpoc 0 B611H1lHH6 8H8llHTHll6CKHX qneHOB ll6TB6pToro nopH,llK8 H 

6onea TO'lHO onpe.11enHTD .1111HH1i1 ur -pacceamrn. 

B nocne~HeA, qe:rBeproa,rnaBe ,llHCcepTaUHH Hccn:e.110BaHo pa.11Ha~H­

OHHoe p8CC6HHH6 n-+ -M630HOB HS npOTOH6 C HCnyCK8HH6M lKeCTKHX O -
KBBHTOB ( Et > 50 MaB) : 

7r tp - 7[ 1'}"f (4) 
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npH aHeprH!IX 7;.- 230 MaB H 275 MaB. ~o BliilOJIH6HHll HSCTOH~ett pa6o­

Tli cy~eCTBOBSJIS TOJILKO O,llHS aKcneplUleHTSJILHSll oueaKa/21/ ceqeHHll 

peSKUHH (4) ( Eo > 50 MaB) npH aHeprHH 7;- 300 MaB, KOTOpaa HSXO­

,ll.HJIBCL B corxaCHH c paHHHMH TeopeTuqeCKHMH pacqeTSMH/32, 33/ no 

MO,ll.6JIH CTSTHqecKoro HYKJIOHa, He yqHTliBSW~eit H3JlyqeHHll npOTOHB 

(puc. 3). 

B HBCTOH~ett pa6oTe H3MepeHli ceqeHHll peaKIUIH (4) npH aHeprHHX 

7;.. - 230 MaB H T7r ~ 275 MaB, KOTOpue OKSSBJIHCI> paBHIDIH (o,45t1s) 

H (01 82.;tO,JS) K6H 1 COOTB6TCTB6HHO. IloJ1yqeHHH6 HSUH SKCnepHMeH-

TSJll>Hlie 3HaqeHHH HBXOAffTCH B xopomeu corJIBCHH c peay1Il>TBTBKH BHqHc­

neHHit no MO,ll.6JIHM, r,11.e yqTeHO H3JlyqeHH6 npOTOHa,- c peayn1>T&T&lOlpa-

60TH/34/ H npOB6A6HHOro HSMH pacqeTa (puc. 3, ~YHKTHp) no MOA6Jll'l 

MycaxaHOBa/351; STO YK83HB8WT HS He06XO,ll.HMOCT1> yqeTa B TeopeTuqe­

CKHX pacqeTax H3JlyqeHHH npOTOHB. 0TM6TIUI TBKX6, qTo HS H3MepeHH!iX 

HSMH ceqeHHit Heynpyroro 7fTJ>-B38HKOA6itCTBHfl CJI6AY6T (CM. T86JIHUY 

2)' qTo HHXe Gr <. 300 MaB PBAHBIUIOHH06 pacceHHH6 -,r-t--M830H8 HS 

npOTOHe c HcnyCKSHHeK xeCTKHX ?!' -KBBH~OB flBJIH6TCll rJIBBHHM HeJ npy­

rHM KBHBJIOM 71"+p-pacceHHHH H HM66T ceqeaue, npuuepHO HS nopllAOK 

npeBHWSD~ee ceqeHHe M6SOH006paaoBSHHll. 

B Saitnmqeaue npHBOAllTCH OCHOBHli6 BHBOAli H peayJil>TBTH: 

I) BnepBue noJ1yqeHH ABHHHe o peaKIUIHX ueaouoo6paaoBaHHH B 7fff 
-coy,11.apeHHHX npu aaeprHax Hue Tic- <- 300 MaB. lilauepeHo ceqeaHe peaK-

UHH -,r+p-Jr+x+n npH 0r-230 MaB, KOTOpoe OK888JIOC1> p8BHWl 

30:_!~ KK6H; oueHeHo ceqeaue a Toi peaKUHH npu T; ~ 275 MaB; 

26:,~g KK6H. HauepeHu ceqeHHH peaxrui:H 7[1-p ~x:r7[0p npH aHeprHH 

7;.~ 230 MaB (18:~2KK6H) H npH SHeprHH ~ ~ 275 MaB (48:~ KK6H). 

2) BnepBue ua1o1epeHH ceqeHHH paAHSUHOHHoro pacceHHHH 7[ 1-ueao­

aa Ha npoToHe c ucnycKaHHeM :ia:eCTKHX 0-KBBHTOB ( E;r > 50 MaB) npH 

aHepruax HH:ia:e 7; < 300 MaB. IloKaaaHo, qTo aToT npouecc HBJIHeTca 
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rxaBH!ill aeynpyrHM K8H8JIOM 71"+f-BS8HMO,ll.ettcTBHH B 06J18CTH SHeprH~ 

H.Ue 300 MaB. Ceqeaue STOit peaKIUIH npH aHeprHH -r;~ 230 MaB OKaaa­

JIOCI> paBHlilJI (0,45±o,I5) M6H H npH aaeprHH T;,-~ 275 MaB -

(0,82±o,35) K6H, T.e. npuuepao HS nopH,11.0K 6ox1>we ceqeHHH MeaoHoo6-

paaoBaHHH. Ha Cp8BH8HHll noxyqeHHLIX SKCnepHM6HT81ll>HliX SHaqeHH~ ceqe-

HHll peaKIUIH Ir-tp ~ 7[+;-f c npe,11.CKBSBHHHKH paanHqHux TeopeTuqecKHX 

KO,ll.6Jleit C,11.eJIBH BliB0,11. 0 He06XO,ll.HMOCTH yqeTa HanyqeHHH npOTOHB. 

3) Onpe,11.eJleHu H30TorutqecKH-HHBapHaHTHne aunxHTYAli I F11 I H IF~-1 I 
peaKrui:it KN- 7r7rN aa nopore; AJIH OTHoweHHH X =I r:,. // IF,,1 ( Hatt­

A8HO 3Haq6HHe X =I,8±o,4. C,11.exaau npe,11.CKaaaHHH ,11.JIH noJIHliX c eqeHHit 

Bcex KBHBJIOB 7t: N --> 7f "lf N. 

4) Bli11HCJl6HH Ky6HqeCKHe no OTHOCHTeJll>HHM HUflYJll>CBM qJleHH B au­

IlJIHTy,ll.e peaKUH£1 7fN- 1urN B paMKBX TeopHH o6p830BSHHH Tpex CHJll>HO­

BSBHKO,ll.8£tCTBYDlllHX qacTH~ B6JIH3H nopora H nonyqeHli Q)opuyJili ,11.JIH KBB,11.-

paTa MBTpHqaoro 8116K6HT8 pe8KUHH 7Cf--;> Jr 1- "Ir- n 

n pH6nH:aeHHH. 

B Ky6HqecKOK 

5) IlpOB6A6H BH8JIH3 axcnepHll6HT8Jll>HblX ABHHliX no peaKUHH 

7C-f__,. 7[1-'lf-n B HHTepBaJie aHeprHI -r; =(200-t260) MaB c TOqffOCTl>IO 

,11.0 Ky6uqecKKX no OTHOCHTeJil>HliU HMIIYJil>CBM q11eHOB. IlonyqeH DpOCT0£1 

BHA ,11.JIH KB8,ll.P8T8 MBTpHqHoro SJleMeHTB , KO TOpHit YAOB116TBOPHT6111>HO 

onHCHB86T BCIO COBOKYilHOCTI> aKcnepHMeHTBJll>HHX ABHHHX; 14 onpeAeJieHa 

38BHCHMOCT1> nOJIHOro ceqeHHH peaKUHH OT SHeprHH. 

BHqHC116H BK118A qJr6HOB 1 COA6PlltBlllHX AJIHHY 7UC -pacceHHHH ao 1 B 

O,ll.HOK6pHli6 cneKTpli H OU6H0H8 He06XO,ll.HK8H ,11.JIH onpe,11.eneHHHa., CTaTHCTH­

qecKaH TOqHOCTI> aKcnepHM6HT8Jll>HblX ,11.BHHNX (H6CK01Il>KO A6CHTKOB TliCfiq 

C06HTHit). 

6) B paKK8X MOA0JIH 0JICCOHa H TepHepa onpeAeneH nap8M6TP TeOpHH 

11 MHrKHX11 nHOHOB ~ =0,2sto,20, onpe,11.eJIRllll!IHI BK1IBA HapywBDlllHX KHPBJll>­

HYIO CHIBleTpHD qJleHOB B a1.f!4.>eKTHBHli£1 JiarpaHEHBH nHOH-nHOHHOrO B38HMO­

,ll.6itCTBHH. 

II 



7) BnepBHe npoBeAeH COBMeCTHH« 8H8JIH3 aKcnepHM6HT8Jll>HHX ABH­

HHX no K - ~7r -pacna,11;8.ll B pauKax TeopHH 06paaoBaH1t1H Tpex cHn1>Ho­

B3Bill!OA6MCTBYD~1t1x qacTHl{ B6llH3H nopora. HccneAOBaH BOnpoc 0 CTene­

HH HapyrneHH.fl npaBHna /AT! =I/2 B 3THX pacnaAax; onpeAeReH BKR8A 

nepexoAa I ATl=3/2 B aunRHTYAH, napl{HBRI>HHe mHpHHH H cneKTPH 7r -

MesoHOB paaJmqHHX KBHBROB K~ 31r • lia npoBeAeHHoro auaRHsa, c Toq­

HOCTI>ID AO Ky6HqeCKHX qReHOB BKRDqHT6Hl>HO, nonyqeHH ,ll;Be AOilYCTHMHe 

oCinaCT!tl AR.fl s -BOHHOBb!X ARHH 

Oo = 0,59:!:.o,O? 71-,. 

a2. =-o,2o±o,03 *Jr 

Jrlf -p8CC6l'IHH.fl ao H Q2. ; 

ao =-0,43±o,04 ~?r 

c<z = o,rn±o,os *.,,. 
8) PaspaOOT8H8 CHCTeMa nporpaMM AR.fl 00p860TKH 3KCil6pHM6HT8RI>­

HHX ABHHHX H 8H8RH38 illHpOKoro KR8CC8 HAepHHX pe8Kl{HM B ilJOT03MY1ll>­

CHOHHblX KaMepax. 

TaCinHl{a 2 

PeaKl{HH ~OT03MYHI>CHOHHH6 K8M6pH BOAOPOAHBH ny-

230113 MaB 27str5 Ma:s 
3HPl>KOB8.fl Kalle 
pa, UEPH 

qHcRo ceqeuHe qHcno ceqeuHe 
~300 Ms:s 

COON- MK6H C06H- 11K6H 
THM THLl trncno ceqe-

0061:1- HH6, 
TH« MKC5H • 

7r-t-p-1r+x--t-n 6 30+!8 
-12 I 26+55 

-20 2 25+21 
-I6 

7[+ p - 7[+ 71:° p 5 rn+I2 
-9 4 45+34 

-25 9 uo'4o 

x+p--o» 7[+ of 24 420±150 II 820±350 I8 220±50 

( Er > 50 MaB) 
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I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

:o. 

:r. 

Ta6J11u~ I 

$ -BOmIOBli6 ,Il)Uffili 7r1f-p8CC6RHrul ao H az. (B 6,IUl'.HH~lC );-.,,. ) 

Vfcxoa-~aJt Ccwr-
ao a2. peaic:"u.Jt RH 

ao-az =0,25±0,05 
7[-p __,,. rr-t-rr-n 

2 
( 7;, =200-:-245 MaB) 

a. - a, =0,42±0,IO r-p -.. Jr·nr-n 3 
( 7; =247 Ma:s) 

o,rn±o,02 1[-t-p __,, 7r ·nr+ n 4 
(0,72 ra:s/c) 

2a0 +az=-O, 95±0,20 n:-p __,, 7f+7f-n 5 
(0,4I ra:s/c H I,3 ra:s/c) 

I Qo I =0, 52±0, ffi I a,l=o, r?±o, 02 7[ I{_,. 7f7f N' 6 
l;.<I ra:s 

0,6±0,25 k+_,. n:+n:-e-tv 7 

O,I7±0,I3 K±. __,. 7[+ce± ~ 8 

0,67±0,06 0,021±0,004 ·rp_,,n•lr"n (2 ra:s/c) 9 

- {)[-t7r-n x p~ x-~·p(2,?7 ra:s/c) 
IO 

-0,05 <a.< 0,6 -O,I2<az<Q04 Jr-p..._-rr+Tr-n 

(I7,2 ra:s/c) 
7[+ p _,,7[+1(-11++ 

(7,I ra:s/c) 

0,65±0,16 7[/>l-1nrN II 
( ~ =430 Ma:s) 

0 5+0,I -0,1±0,1 • -0,2 
L"± 12 

0 5+0,3 
- • -0,I o±o,r 

0,59±0,07 -o,2o±o,03 
k __,,. 2nr 

-0,43±0,04 o,ro±o,05 Hae To.fl-
~a.fl pa-

OT8 
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0(3r+1£+n) M6H 

0.4 

0,3 

0.2 
!=O 

0 
0,1 

~ 
170 200 230 260 350 380 Tj( M36 

P.Kc . l. lloJIHue ce'\leHHH peaKUHH xt-f-1f+x+-n 
To'\IKH: • - aacTORl!IBH pa 6oTa; o - / 21/ ; 

o - / 22" TeopeTH'\leCKHe KPHBlie npH paaHux ~ 
IlOJIY'\16Hli no ~OPMYJIBll pa60Tli /28/. 

0('1'•:rr•p) 116H 

0,7~ 

l D.6 I-

0.51-

0,4. 

0,3 

0,2 

0,1 

f * t 
170 200 230 260 290 320 350 380 '10 T 11 M1B 

Pwc. 2. !IOJIHlie ceqeHHR peaKl.\HH T+p-ir•"rr 0 p 
To'\IKH: • - Hacron1I1an pa6oTa; A - /23/, 

0 - /21/' • - /24/. 
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IO(n·~p; £ 1>SOM36)M6H 

1 ,6 ~ . . 

1,4 

1,2 

1,0 

0,8 

0,6 

0,4 

0,2 

~ 
100 . 200 

,,,,,..- - -
I~ Baier et af 

~QVQ 

~hers 

.mo T:rr M3S 

Pwc. 3. Ce'\leHHe pe&KUHH x+p-Jr+d'f ( E; > 50 Ma:s) 
·CnJIOmHli6 KPHBli6' - peayJihTB Tli p8C'\16TOB B pa60T8X 

/32, 33, 34/. llyHKTHpOM IlOK838H pe ayJihTBT p8C'\16TB 
no ll.0,lt6JIH /35/. To•rnH: • - HBCTOHUlBH pa60T8; 

0 - /21/. 

61tK6' . 
100 
go · 

80 

70 

60 

50 

40 

30 

20 

10 
0 
170 190 210 230 250 270. T~a5 

Puc. 4. 3Hepr eTH'\16 CK BH aa BHCHll.OCTh noJIHoro ce'\leHHH peaKUHH 
x--p- 7f+1c-n. 

To'\IKH: • - pa6oTa /13/, • - /36/, 4 - /3/. 
KpHBBR - ~PllYJIB (6) (CM. T6KCT). 
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l/uCllO cOlfollnuU 

1 

cosli(i;~-) r:2 x,~ rf, 
1 -1 

co>li<,;'if, l cos1K,;p;;.1 

PHC. 5. 0)lHOMepHble pacnpe.11eneHHH peaKUl'IH 7r--p- -x'"rr-n. 

Eeapaa11epHble BenHqHHbl -:x:y CBH38Hbl c OTHOCHT6RDHblMH 
KMnynbC8MK KOHeqHblX qacTHU cne,ZlyID~HM 06paaow:xy 2 ~9//2~E·, 

r,lle fij - npHBe.11eHHaH 11acca napbl qacTHu; HH,lleKc "I" 
OTHOCHTCH K }[+ -M630HY, "2" - K 7r - -M630HY, 

% 

11 311 - K HettTpoHy. 
CnnomttaH rHcTorpaMMa - aKcnepHMeHT. CnnomHaH nHHHH -
IlOCTOHHHbltt MSTpHqHbdi aneMeHT; nyHKTHP - MSTpHqHbltt ane­
MeHT (5) (cu. T6KCT). 

"· % % 
cos!K,;'i{.J 

~- z}, 6 z~, ~l"I 6 

6 f ~-
a,.-1 I~ 

rf, 6 t 1~~11 
6 4 

4 a,' -1 11d1m1- 2 ..• 1'1111 
2 mu1 111 u11111 • 1 o ti····1m11 ' ,.111~M~! 
0 " '- 111m11 111 111111t 11111 ~1~~~ -z ' 

-z a • *1 -4 

11~ 1 L-..--, 

~~- ll lll~Wlll••"·; 
I a,· ·1 

-4f ./ . -{j 

-6t' 
-4 • 

- 4 I a.••1 

-{j -6 
-6 -6 

PHc. 6. BKna,ll tteaHanHTHqecKHX qnettoB, co,llepaa~HX .ZIHHHY pacceHHHH 
Q0 , B 0,llHOMepHb16 pacnp6,ll6R6HHH , ,lleneHHbl6 HS 8H8HOrHq­

Hble pacnpe)le neHHH no qJ830BOMY 06'J>eMy (npH Q 0 :±I) i 
aamTpHXOB8HHbl6 oc>naCTH COOTB6TCTBYIDT H60npe,ll6ll6HHOCTH 
B napmrnTp6 X =I ,8±o ,4. 
ITO OCH Op,l!HHST OTROE6H8 B6nHqHH8 OTKROH6HHH OT 6,ZIHHHUH 
(B npou6HTax) . 
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