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Mero.ItO!A KOJlbl.leBoro pacce1rnareJIR onpe.1teJ1enu .1tHcpqiepen1.1Ha]lbH!le cettemrn ynpyroro ( n -p )

pacce.RHHR B oelJiaCTH yr]!OB OT 5° )(0 35° C.1\.H. npH :rneprI,m Hel!TJ:OHOB 590 M3B. HaClmo.1teH Cll]lb

Hllfi. pocT ce11e1rnn c yMeHbrueHHeM yrJia paccemrn.11 ; npH :JTOM ce'ieHH.fi paccesrnl'I.R "nnepe.1t" npeBuma

llT cettemu, paccesm,rn "nasa.n" • Ha OCHOBaHHH C0!10CTaB]leHH.f! IIOJIY11f:HHUX pe3yJibTaTOB C npe;tcKa3a

HH.fiMH onr~~ecKOR reopeMU ,l(eJiaeTC.11 BUBO.It O neoelOCHOBaHHOCTH paccuorpeHH.fi npOl.leCCOB pacceRHH.11 

HYKJIOHOB HYKJIORaMH llpH 3Hepr1rnx OKOJIO 600 lfaB C HC!10Jlb30BalllrnM rrpe,ncraBJieHHfi O HYKJIOHe, KaK 

o '<epnoM mapuKe. 

B B e .It e H H e 

O.nnon H3 npoelneu, B03HHKallmHx npH HCcne.nonaHHH B3aHuo.nencrBH.R HYKJIOHOB C HYKJIOHB.MH, 

.RBJI.ReTC.11 BCCCTaHOBJieHHe aunJIHTY.ltll ynpyroro pacce.RHH.11 

(I) 

T .e • onpe,ll;eJieHHe 110 3KC11epHMeHTaJII,H!lM ,naamu, KOM!lJieK·caux BeJIHIIHH ct. , J , f , O H C 

.ltJI.R Kax,ll;oro yrJ1a,pacce.11nu.11 H sneprHH aaJ1eta1JmHx HYKJIOHOB. HMellmHec.11 B nacroHmee Bpeu.11 onur

nue )taHHlle )taJieKO He)tOCTaTOl!Hll ,ll;Jl.11 pemeHH.11 3TOfi 3a)tattH H !103TOMY npe)tCTaBJI.ReT HHTepec nony

tteHHe H3 dr.n;eJ1inux on1,JTOB 11ucnennux 3Hattemdt pa3JIHIIHblX nesaBHCHMllX xo1161rnaqHt! Koacfxpmurnnron 

8Jl!1JIHTY.It~ R llaCTHOM cny11ae ,l(JIR pacce.RHH.11 B11epe.1t ( -{J = o0) BupaxeHHe (I) HeCROJlbKO yrrpomaer

C.11 BCJle)tCTBKe roro, l!TO K03qJCpHl.lHeHT O ( -J .. . o0) oelpamaercn B HYJib. B pe3yJibT8,Te, ce11eHHe 

pacce.11nH.11 Ha yron, J- = o0 npHHH1iaer B;,r.n;: 

6 CJ= 0°) =I~ t+: I J \2 
+ I J 12

+ I c.i 2 

C )\pyroR CTOPOHll, 0!1THttecKaR reope1.1a !103BOJI.ReT Rafi TH llHHMYll 11acn CleCCllHl!OBOrO ttJieHa 

o/.. ll.MTTJIHTY)\hl pacceRHHR Bllepe)t , HC!10Jlb3YR .nanaue O !10JIHblX cetteHlrnX c5t B3aHMO)teffcTBH.R HYK-

JIOHOB C HYKJIOHaMH !IpH TOR xe 3HeprHH: 

Irn ci ( ~ =0°) = ~~t (2) 

r .ne K - nonnonoe ttHCJIO naneranmero nyKnona. 

Pa3HOCTb (3) 

onpe.neJ1.ReT BKJ!a)t )t8t!CTBHTeJibHOR llaCTH CleccnHHOBOro H C!1HHOB03aBHCHMllX ttJieHOB aMTTJIHTY.Itll B 

pacceJJHHe HYKJIOHOB Bnepe)t • TaKHU oelpa30M~ 3Hamrn !IOJIHUX cetteHHtl B3aHM.o.neRCTBHR H )(Hqi<pepeH

quaJIJ;Horo cettel!H.11 pacc&.RHH.11 ~YKJIOHOB Ha yroH. {} = o0 ,JtaeT B03MOXHOCTb 11a.nn: ttHCJ18HHUe 3Ha

qeHH.R .ltBYX He3aBHCHMUX $yHKUHff (2) H (3) OT K031p(pHUH8HTOB aunJIHTY.Itll pacce.RHHR ~JI.II 3TOro yrna. 
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Me TO.it HCCJl8)tOBamrn H onUTlrne ,n;aHHUe • 

B onuc1rnaeuon paOore onpe.n;eneHH .n;HqxpepeHnnwn,Hue ceqeHH.fl ( n -p )-pacce.FIHH.fl 11p1! cpe.1t

Heff :rneprnH nenrponon En = 590 M3B B HHTepBane yrnoB or 5° .n;o 35° c.n.H. J{nsi H3Mepennn 

Ouna CKOHCrpyHpOBaHa cnenHaJILHa.fl ycTaHOBRa C KOJILU6BUM pacceHBaTeneu ( 110.n;poOHO OllHCaHa 

B /I/): cxeua Qnl,ITOB C Koropon npe,JtCTaBJleHa na pHc.I~ KOJIJIHMHpOBaHH~ff nytiox HeffTpOHOB C 

pacxo.n;HMOCTLn lp =·0,5° .H nonepeqnuu ceqeaHeM B BH.n;e xonina na.n;an Ha coocaun c HHM. pacce-

. HBaTenL. Ilocne.n;HHtt npe.n;crann.FIJI cooon Top, a TOQHee MHoroyronLHHK, coOpanautt H3 UHJIHH.n;pHqec

RHX OJIOltOB C ,llHB.µerpou 62 MU., paClll)JIOX6HHliX 110 oxpyia:HocrH co cpe.1tmm pa.ItHYCOM R .. 32 CM. 

Henrponu, pacce.FIHH~e Ha yron 

<P Jl.c = mct.9 ( ~ ) + IP , (q) 

perHcTpHpoBaJIHCh HeRrpOHHUM Tenecxon~u, ycraHOBJl6HHHM Ha paccro.FIHHH X or KOJILUOBoro pac-

CeHBaTeJl.fl. IlepeM81!l8Hlle T8J16C1tona B,llOJIL OCH HeffrpOHHOro nyqxa ( H3M6H6HH6 paccro.FIHl'I.FI X ) 

no3Bonnno H3yqar1, pacce.FIHHe HeffrpoaoB Ha pasnue yrnu. 3qxpexr, cBR3aHHNff c pacce.FIHHeM Hettr

poHOB nporoHaMH, HaXO.ltHJIC.FI KaK pa3HOCrh B CQ8Te C pacceHBaTeJI.FIMH H3 110JIH3rHJl6Ha H rpa¢Hra. 

B paOoTe H8110Cpe,D;crBeHHO onpe,n;eJl.flJIHCh JIHWh orHOCHT8JlhHNe B6JIHQHHU ceqeHHff, qro n03BO

JIHJIO HCKJIDQHTL HeodXO)tHMOCTh B onpe.1teJieHHH aOconnrHOff B6JIHQHHN noroxa uenrpOHOB H p.Fl,Jta xa

paxrepHCTHK H6ffTpOHltOro T8Jl6CltOlla._ Hatt.n;eHHUe OTHOCHTOJILHHe C6Q8HH.fl HOpJ,!HpOBaJntCh Ha H3B8CT

H06 .JtJUf 3ron 3HeprHH ceqeHHe ( n ,.. ·p )- pacceamrn Ha yroJI -{J = 35° 121. PesynLTaTu H3Mepemiff . . 
11pHB8.lt8HU B radnHne I. YRa3aHHHe norpemHocrH onpe.n;eJIRDTC.fl craTHCTHQ6CKHMH ow~OKaMH H3Mepe

HHtt H norpemHOCThD ceqeHH.FI, HCllOJlh30BaHHOro )tJIR HOpMHpOBKH. 

TadnHna I 

Yron paccesunrn 0THOCHT6JILHU8 B8JIHQHHH Ceqemrn ( n.: ~)-~acce.FIHH.fl B 
f/° C.U.H. ceqeHHff ( n -p)-pacce.FIHH.FI O)tHHHUax 10-2 CM /cTepa.n; 

5 2,7.: 0,5 IO.: 2 

8 2,2.: 0,3 8,2 .:!;. I,4 

II,5 I,7 .:t 0,2 6,4 .!. 0,9 

23 I,2.: O,I 4,3 .:!;. 0,5 

35 (Hopuupoinca) I 3 7 + 0 2121 
' - ' 

CeqeHH.fl (n - p )- pacceRHH.fl Ha yrJIU"Ir0 H 23° )tJl.fl HettrpOHOB ron xe 3HeprHH OUJIH H3Me

peHU paHee a Hamett RadoparopHH npu noMOlllH .1tpyron uero~HKH/31. 3HaqeHH.fl ceqenuff,nonyqeHHHe 

.ltJl.fl 3THX yrnoa, xopomo cornacynTC.FI C COOTB8TCTBYID~HUH B8JIHQHH8.MH, HaH~eHHUUH B Hamett paOore. 
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06utHe saMeqaHH.fl o xapaKrepe (n-p )-pacce.f!HH.fl 
npH 3HeprHH ~600 M3B. 

)laHHHe ra6JillitH l CBH,lt8T8JII,CTBYDT 06 otieH!, CHJII,HOM B03pacraHHH ceqemtn C YM8H1>me1rne:u: 

yrna pacce.f!HH.fl j npH 3TOM, xax noxa31:maeT cpaBH8HH8 HS:u:epeHHHX HallH ceqem1R C C8\J8HH.f!MH 

,ltJl.fl yrJIOB __ 6JIH3KllX K 180° 121, npH 3HeprHH 590 M3B pacce.f!HHe "Bnepe,Jt" ( ir = o0) craHOBHTC.fl 

,Jtrute 6onee uepo.RTHHM, qeu pacce.f!HHe "nasa,1t" ( "l7'= 180°) B OTJIHqHe OT. roro, qro Ha6JID,1tanoc1, 

npn uen1>mHx 3Hepr1mx HeltTpoHoB. 0,Jtnon H3 np11turn raxoro H3MeHeHH8 qiopua xpHBon· ynpyroro ( n -p)

paccenHH.fl. c aneprHelt uoxer .f!BHTLCB pesxoe yBeJIH\J8HHe BKJia,Jta ueynpyr11x nponeccoB B ceqen11e 

( n .-P ) B3aHMO,JteltcTBHSI npH 3Hepr1rnx, 60JII,IDHX 400 !fan, npH,ltavmee pacceHHHll ,ltmfxppaKitllOHHYt! 
t 

xapaKTep. 

Eon1,ma.fl aHHSOTpomrn paccesmrn, xapaxtepHsy1n11a.flcn Teu, \JTo npH 590 113B ce'l!eHHe 6np (5°) . 

npeBumaer B II pas ce'lleHHe 60 p(90°), (paBHoe cornacHo 121 0,91.: o,o6.I0-27cu2/cTepa,1t) H 

pe:i~oe yuen11qeHHe · ce'l!eHHI!: :s o6na.CTH MMYX yrnoB' ( i5- = 10°- 5°) .f!BJIIIDTCSI .nonon11HTeJILHHMH 

apryueHTallH, no,n:rBep:z:,1t~DDtHMH ycTaHOBJl8HHYD B /'J/ H806XO,ltHMOCTl> y11era npH 8.H8.JIH38 ,JtaHHNX no 

ynpyrouy (n - p)~paccenHHD npw yxasaHuo! saeprHH cocTO.f!HHR c sHaqeHHSIMH op6HranLuoro uoueara 

nopR,Jtxa 6 H Bume. 

. lJHCJl8HHY8 3H8.'118HHSI BYpall:~HHI!: (2) H (3) H 
saxn1>qem1e •. 

'H!.feDlllH8C!I B H8.CTQ!l11tee Bpeu.11 B JIRTeparype 3ltCnepHUeHT8.JILHU8 ,lt8.HHYe Il03B0Jllll)T onpe,JteJIHTI, 

MHHMYD qacTI, K03<MlHitH8HT8. o(_ B BUpa:Z:~BHH (I) ,JtJIII yrna 'J,= o0 B WHpOKOll 06Jlll.CTH 3HeprHR. 

COOTB8TCTBYDlllH8 B8JIHqHHY ,ltJIII B3aHMO,Jt8ffCTBH.fl HYKJIOHOB B COCTO.f!HHSIX C H30TOilH\J8CKHMH CilHHrulH 

T=O H T=I, nuqHc11enHue no (JlopuyJiaJl 

J _, (~Q.-Oo) K6t(PP) 
m Cl T • 1 1J - . = 43\ • 

Q. Q • K6\(np) _ K6t,(\'P} 
JmclT.0 (u=o)=2 4.R. 4.'.K' 

(5) 

,npnBe,JteHY Ha pnc.2. IlpH 3TOU dunK HCilO!b30BaHY ,JtaHHYe O IlOJIHYX C8'11BHHIIX, nonyqenHue ItaK B 

·namelt Ha6opaTopnH, raK H sa rpaHnrteR n npmBe,1tennue B o6sopax 141• Mozno BH,1ter1,, qro ecnH 

npn :rnepr.1rnx neltrponoB, ueH1>mHx 200 MaB, l}8JIH\JHHa 3m cf ( J- • o0) onpe,1te11serc.11, B ocnoBnou, 

BKJia,JtOM CT COCTOIIHHti C T=O, TO npH 3H.8prHSX 600 M3B BKJia,JtY OT o6oux THilOB COCTOSIHHll cTano

B!ITCSI O.ItHHaKOBm.m •. 

lJIS naxoz,JteHMSI BTOpolt H3 yKa38.HHYX Bame KOM6HHa~Hlt K03rpq)H~H8HTOB aunJIHTY,!tH (BHpaJ:8HH8 

/3/ ) neo6XO,ltHMO 3~8.TI, BeJmqirny ,1tHqxilepe1titHaJil,HOro ue'l8HHSI ( 11 -p)-pacceJJHHII )tJIII yrna J • o0 • 

Tax Kalt BO ncex H3B8CTHYX HCCJie,ltOBaHHSIX TaKHe ,1taHHYe OTCYTCTBYDT, MY oro6paJIH Te pa60TH, B 

KO+PPHX yrnosue saBHCH!IOCTH ce11enHlt 6UJIH HsyqeHY ,ltO yr11os, HaH6onee 'dJIH3KHX K HYJID rpa.,JtyCOB, 
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H 3KCtpanOJUipOBanH HX K {j- = o0 • 3KCTpanonHpoBaHHbie ce11eHHll ,n;nll 11ethlpex 3HeprHff H Hatt,n;e11111,1e 

no HHM BKna,n;hl ,n;ettCTBHtenLHOR llaCTH 6eccnHHOBOrO H CrtHHOB03aBHCHMhlX 11neHOB aunnHTY,D;hl B ce11e-

11ae ( n '-p )-paccellHHSI. Bnepe,n; .naHhl n Ta6nmie 2 (TOlll!OCTL I0-20%). 

Ta6mu~a 2 

En B lfaB 90 }faa/5/ 137 Maa/6/ 400 lfaB/7/ 590 M:rn 
,n;aHHall 
pa6ota 

-~-~-----t5 3Kc.Tpano11. ( t1,. 0°) 

a ro-27cM2/ctepa.n !4 II 4,0 !2 

6,Kc.1panoJ1. ( -& =0°)- [I rndop (-8-so•)] 2 
IO 8,5 0,5 6 

B ro-27cM2/ctepa.n 

OnTHlleCKasr TeopeMa, TI03BOnHH BhlllHC~HTL MHHMYD 11acTL 6eCCl1HHOBOro ,ne11a aunnHTY,D;hl pac

C0SIHHSI, onpe.nenHeT T0M Ca.MHM MHIIHManLHO B03MOXHYD B0nHIIHIIY C0110HHH pacceHHHR Bnepe.n, paanyn 

,n;nsr aneprHH H0RTpOHOB 590 M3B 

Om,n(J=o 0J=-[Imdnp(~=-0°)r. == 5,8.ro-27c:il/cTepa.n 

CpaBH0HH0 nony11011HhlX HaMH p83Y11LTaTOB C npe,n;cKa3aHHRMH OllTHlleCKOff T00p8Mhl l10Ka3h1Baet, 

IITO ce11e11He ( n -p )-paCC0SIHHSI ,n;nH En= 590 MaB ,D;OCTHraeT BenHIIHHhl Omit! (0°) y"xe llpH yrne 

pacceHHHH -cf= 11° H npo,n;onxaeT B03pactaTL C YM0HLmeHHeM yrna. Haff,n;eHnoe 3Hall0HH8 pa3HOCTH 

Q:lKtTpanoJl, (J-so 0
);.. [Im olnp(&=o")]

2 
(CM~Ta6nHUY 2) CBH,JteTenLCTByeT O TOM, IITO llpH pac

CMaTpHBa0MOff aneprHH ,n;eRCTBHT0nLHasr 11acn 60CCl1HHOBOro H CTIHHOB03aBHCHMhl0 11110Hhl aMnnHTy,n1,1 

BHOCSIT 3gatjHT8nLHhlff Bltna,n; B (n - p)- paCC0RHH0 Bllepe,n. 3TOT ~aKT, BMeCTe C nony11eHHhlMH 11aMH 

,naHHhlMH ~ 3HallHT011LHOll nonnpH3aUHH HYKnOHOB llpH ( n -p )-pacceRHHH/B/, l103BO~R0T c,nenaTL 

saK11Dll0HH0 0 110060CHOBaHHOCTH TIOTihlTOK pacc_MaTpHBaTL nponecc pacceirn,,rn H0llTpOHOB rtpOTOl!aMH 

npH 3HeprHH Olt0110 600 M3B Ha OCHOBaHHH npe,n;cTaBneHHff O 11yxno11e, Kalt O 110pHOM mapHKe, T.K. 

,nnR Taitoll MO,nonH a.MTI11H:ry,n;a pacceRHHR Bnepe,n; CBO,D;HTCH K MHHM02 llaCTH 6eccnHHOBOro 11ne11a, a 

l1011JIPH3aUHSI OTCYTCTBy~:r191• 3TOT BhlBO,D; MOXHO pacnp'octpaHHTL H 11a (pp)-pacceSIHHe npH T0X xe 

a11eprHsrx, Tait xax nonsrpHsanHsr B 3TOM c11y11ae Taxxe zueet s11a11HT81ILHYD nenHIIHHY /IO/, a ,n;Hqxpe

pennHanLHhle C0110HHH, 6hlC?po BOspactan C YM0HLM0HH0M yrna, ,ltOCTHranT 11pe,n;cKa3a1111oro OTITHll0C-

KOI! TeopeMoff MHHHManLHoro 3Hall0HHH yxe llpH J = I5° /II/. . 

}· .... 

' 

;f 
C 
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a 100 200 JOO 400 500 600 £, M 36 

PHC ~ 2 ··3a~preTH'l_8CKE,i.SI s·aaiCHMOCTh J mot ( J- = · 0°) ,JJ;JUI 

B3aHMO,D;8ftCTBHSI. HYKJIOHOB B COCTOSIHJfSIX .c TsO H 

T=I (. '.IOtIHOCT:& l"'J IO% ) • 
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