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1. BeeoeHue 

06CTOHTeJJbHbiMH HCCJJe~OBaHH.IIMH, BblllOJJHeHHbiMH 

p.II~OM aBTOpOB, 6biJJO llOKa38.HO, "'TO HeynpyrHe 

B3aHMo~e8cTBH.II nuouoB H HYKJJOHOB c .R~paMH B o6nacTu 

:mepru8, 6on&wux ~ec.RTI<oB M3B, peami3YJOTC.II B ocHOBHOM 

nocpe~CTBOM .MexaHH3Ma BHYTPH.R~epH&Ix KacKa~oB u no

cne~ywli(ero ucnapeHH.II unu ~eneHH.II Bci36Y*~euuoro ocT a

TO"'Horo .11~pa /eM; 11- 4 I, r~e MO)I(HO uaiiTH ~an&ueiiwyw 
6u6nuorpa4Juw/. ,D.n.11 · ocHOBHbiX xapaKTepucTHK :nux 

. B3aHMO~eBCT.BHH paCC"'JfTaHLI no~po6H&Ie Ta6JJHUbl H rpa!IJHKH, 

ll03BOJl.lllO!llBe C llOMOU(blO npOCTOB HHTepllOJl.IIUHH llOJJylJaTb. 

~aHHbie ~Jl.ll npoMe)l(yTOlJH~IX 3HalJeHHH napaMeTpOB.· 

Meuee H3ytleH&I - KaK B 3KcnepuMeHTan&HoM, TaK u B 

TeopeTHlJeCKOM OTHOWeHHH. ~ . .ll~epHi.Ie peaKUHH llO~~eHCTBH

e~ Y·KBaHTOB BbiCOKOH 3HeprHH. ,lJ.JJ.II OllHCaHB.II TaKHX 

peaKuu8 B pa6oTax /5-7 I 6hln npe~no*eH BapuaHT KacKa~
HOB MO~enu. Pe3yJJ&TaTbl paclJeTOB OKa3anHCb B uenJJOXOM 

COrJJaCHH C OllbiTOM. flpo~On)l(a.ll HalJaTOe,paHee HCcJJe~OBa-. 
· HHe /S/, B HaCTO.Rll(eB pafioTe Mbl npHBO~M _pe3ym~TaTbl 
llO~p06HbiX H CHCTeMaTH"'eCKHX pacqeTOB !IJoTO.II~epH~IX pe

aKUHB. ~n.11 pa 3JJH'IHbiX .11~ep oT amoMHHH.II ~o ypaua H. wupoKoii 

o6nacTH 3uepruii Y -KBaHTPB ·Ty = 50 .M3B -:- 1,3 F3B: 
HcKJJJO~euue ~ nerKHX . .R~ep c Mac.coB&IMH . lJHcnaMH A<: 27 
o6yCJJOBJleHO TeM, 'ITO 3HeprH.II B036y)l(~eHH.II OCTaTO"'HbiX 

-.R~ep.,B 3THX CJJylJa.RX, K!lK npaBHJJO, O"'eHb'BeJJHKa H.MO~eJJb 

ucnapeHH.II qacTHU oKa3biBaeTC.II nnoxo npHMe~HMoii./1~ Or

. paHH"'eHHe i10 MaKCHMaJJbHOB 3HeprHH He Cyll(e CTBeHHO H CBJI· 

·3auo c TeM, 'ITO Mbl orpaauqunuc& ·paccMoTpeaueM y- N 
B3aHMO~eBCTBHB. BHyTpH .ll~pa C po~eHHeM Bcero JlHWb 

O~Horo H ~BYX TT -~e30HOB• · 
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Mo,IJ;em, H MeTo,IJ; pacqeTa no,IJ;po6uo on:HcaHLI B pa6oTe I 5{ 

B cnyqae TH)I(enLIX· H,IJ;ep· Ha OCHOBe MeT~,IJ;a, npe,IJ;ilO)KeHHOr~-, 
B pa6oi-e /8/~ yqTeua KOHKypeHUHH npo.u;ecca HcnycKa.'uH~ ,. 
qaCTHD; · C npo.u;ecCOM ,IJ;eneHHH Ha HCnapHT~nLHOH CTa,IJ;HH." Ja 
HCKmoqeuHeM cne.u;Hani.uo oroBopeuHLIX cnyqaeB, ,IJ;nH_ napa
MeTpOB nnoTHOCTH YPOBHeii HCITYCKaromero qacTHD;LI H,IJ;enH- -
ID;erocii H,IJ;ep a~ H a f MLI Bc~r.zia 6y,IJ;eM BLI6HpaTi. 3Jiaqe'-· ' 1 .. 
HHH an == af ,;, A /10 M_3B - "" . 

IIepBLIH pa3,IJ;en pa6oTLI nocBHID;eH cpaaueumo TeopeTH"' 
qecKHX ,IJ;aHHLIX c ·:·onLITOM. Bo BTopoM pa3,IJ;ene co6paHLI· 
pacqeTHLie 3HaqeHHH HaH6onee Ba,KHLIX cpe,IJ;HHX xapaKTepHc
THK HeynpyrHX B3aHMO,IJ;eHCTBHH MOHOXpo'Ma THqeCKHX y -
,KBau~oB. B uacTOHil\ee BpeMH B pH,IJ;e na6opaTopHii y~e·co3-
,IJ;aHLI ycTaHOBKH, n_03BOllHIOID;He nonyqa TL ITYtlKH MOHOXpOMa
THqecKHX }' -I<BaHTOB, ll03TOMY TeOpeTHqeCKHe ,IJ;aHHLie 
BeCLMa none3HLI )J;llH cpaBHeHHH,- a TaK)Ke )J;llH pa3nHqHLIX 
o.u;euoK H npe,IJ;ci<a3aHHii.: Heo6x_o,IJ;HMLie ,IJ;auin.l:e ';~mi:npoMe
)KyToqHhJX 3HaqeHHH 3HeprHH H ,IJ;pyrHX "H,IJ;ep MO)KHO OD;eHHTL 
nyTeM HHTep~onH.u;HH. Pe3ynLTaTLI ,IJ;n~ TOPM0.3Horo H3ny~e
HHH H3Bnei<aiOTCH COOTBeTCTBYIOID;HM HHTerpHpOBaHHeM ITO 
TOPM03H~My · cneKTPY Y-KBaHTOB B HHTepaane. oT 50 M3B 
,IJ;O MaKCHManLHOH 3HeprHH 'I),m/ CM. no,IJ;po6uee pa6o"fy 15//. 

Bee yi<a3aHHLI~ HH)Ke OWH~KH TeopeTHqeCKHX ,IJ;aHHLIX 
HBllHIOTCH qHCTO CTaTHCTHqeci<H~H. 

2. Cpaenenue c onbllllOM 
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0,IJ;HOH H3 ·• Ba:>KHLIX xapai<TepHCTHK H,IJ;epHOH peaKD;HH 
HBllHIOTCH ceqeHHH ee pa3nHqHLIX I<aHanoB~ Ha pHc.·.'i noKa-
3aHO~ KaK cornacyeTCJI C OITLITOM BepOHTHOCTL o6pa30BaHHH 
cboT03MynLcHouHLix 3Be3,IJ; c pa3nHqHLIM ·qHcnoM nyqeii. Pac--

. qeT BLmonueu ,IJ;nH H,IJ;pa . 50 . .Ti ,I<oTopoe_ ~ cnyt~a·e B3aHMo
,IJ;eiicTBHH C }' -I<BaHTaMH MO)KHO cqHTaTL cpe,IJ;HHM. H,IJ;pOM 
cboTo3?.'iynLcHH ·Ilford · G- 5.. /6e3 yqeTa.B3aHMO,IJ;eiicTBHH 
c Bo.z:topo,IJ;oM/. Pac<leTHLie H 3I<cnepHMeiiTanLHhie ·3uaqeHHH . . 
oqeHL 6nH3KH ,IJ;pyr K ,IJ;pyry,' npHqeM TeOpHH npaBHllLHO 
nepe,IJ;aeT oTHOCHTenLHLI~ BLIXO,IJ; 3Be3,IJ; c pa3nH_qu:biM qHcnoM 
TpeKOB. , ,. ·· , · 

·· . : Ha puc'. 2 C ~OllbiTOM cpaBHHBaeTCH ,IJ;pyraH HHTepecHaH 
xapai<TepHCTHKa - . c'eqeHHe cboTopO)K)J;eHHH HeHTpOHOB .ITO,IJ; 
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O.t 0.2 0.5 to at 0.2 .. 05 tO 1; 
PHc. 1.- BLIXO,IJ; 3Be 3,IJ; c "± 3apH)KeuHLIMH qacTHD;aMH B clio To-
3MYllLCHH, o6nyqeHHOH TOpM03HLIM }' -HJnylJeHHeM C MaKcH
ManLHOH . 3HeprHeH Ty /B OTHOCHTenLHLIX. e,IJ;HHHl{aX/. 
KpHBL179 _: 1 .'llflc'IeT; 3KcnepuMeHTanLHLie TO'IKH BJ.HTLI. HJ 
pa6oT . • . 

,IJ;eiicTBHeM MOH03uepreTHlJeCKHX y ~KBaHTOB; Xopomee co
rnacue ,IJ;a:>Ke no a6conroTuoii Benuquue pac'IeTHLIX u 3Kcne
pHMeHTanLHLIX J:taHHLIX B 3TOM ciJyqae rOBOpHT 0 ,IJ;OCTaT<)q
HO. TOlJHOM MO,IJ;enHpOBaHHH He TOllLKO. KaCKa,IJ;HOH, HO H HC
napHTenLHOH cTa,IJ;HH. npouecca, T .K. cpe,IJ;H qacTHU c 3Hep~ 
rH.!IMH Tn < 15 M3B OCHOBHYIO ,IJ;onw cocTaBnHIOT ucnapu- · 
TenLHLie ueiiTponLI. HeKoTopLie pacxo)K,IJ;eHHH B o6nacTu 
6onLlllHX TJ' H nerKHX _H,IJ;ep MO)KHO o6'LHCHHTL TeM, qTo B 
3KcnepuMenTe H3- 3a ue3HaHHH Toquoro xo,IJ;a KPHBOH qyBcT
B.HTenLHOCTH HeHTpOH~OrO ,IJ;eTeKT?faTepHeTCH qacTL HeHT
pOHOB c 3HeprHHMH 1n > 5 •M3B I I. lionee nnaBiiaH 3aBH
CHMOCTL 3KCnepHMeHTanLHLIX ce'IeHHH fiT '3HeprHH 06'LHCHH-. . . 
eTCH~ no-BHAHMOMy,JeM, qTonpH~HcbcbepeHUHPOBaHHHITOny-
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PHc. 2. Ce'leHHe lboTopo~eHHH HeiiTpOHOB c 3HeprHeii Tn < 
< 15 M3B Ha pa3nH'IHbiX H.D;pax. 3ariiTpHxoBaHJibi~ o6nacTH 
yKa3biBaiOT Heonpe,D;eneH~OCTL 3KcnepH~eHTa1? 4 1 ·~. Cnnow
HaH H nyHKTHpHaH KPH.BLie -. pac'leT CO 3Ha'leHHHMH napa
M{npa nnoTHOCTH ypoBHeii a cooTBeTCTBi:mHo A /10 H 
A /20 M3B-1. . . .. 

'leHHLIX B OllLITe ,D;aHHbiX, He06XO.D;HMOM · .D;HH onpe.D;eneHHH 

ceqeHHH npH li>HKCHpoBaHHOM' 3Ha'leHHH TY 7 npoHCXO.D;HT HeKo

Topoe "crna:>KHBaHHe" 3KcnepHMeHTa. 

XY:>Ke, 'leM .D;pyrHe xapaKTepHCTHKH, KacKa.D;Ho-HcnapH

TenLHaH MO.D;enL BOCllpOH3BO.D;HT Ce'leHHH · BbiXO,D;a OT.D;enLHbiX 
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H30TOllOB_ /CM. pHC. 3,4/. 3.D;eCL MO)KHO rOBOpHTL HHWJ. 0 

npH6HH3HTeHLHOM cornaCHH C OllbiTOM /XOTH TO'IHOCTL H3-

MepeHHH TO:>Ke HeBenHKa/. 3To y~a3LIBaeT Ha He06XO.D;HMOCTL 

,D;anLHeB:wero ycoBepweHCTBo:BaHHH MO.D;enH pacna,D;a B036y:>K

.D;eHHbiX H.D;ep; B qacTHOCTH, · cne.D;yeT y'IHTbiBaTL BnHHHHe 

060HO'Ie'IHbiX 31blbeKTOB Ha llHOTHOCTL ypo:BHeH OCTaTO'IHOrO 

H.D;pa. / AHanorH'IHLie 3aKnro'leHHH nony'leHLI' . TaK:>Ke .D;nH 

HYKROH-H,IJ;epHbiX B3aHMO,D;eHCTBHH /18/ /. 
IIpH pac'leTe BbiXO.D;a ·H30TonoB B peaKnHH y + 19 7Au Ha 

pHc. 4 Y'IHTbiBancg BKna.D; nponecca ,D;eneHHH. IIocKonLKy, 

O.D;HaKO, OCTaTO'IHLie H.D;pa B 3TOM. cnyqae HBHHIOTCH :t~e 

Qmg f25 120 115 flO 105 A 

i 

O.f 

f 

O.f 

O.Of 
0 5 fO 15 20 llA 

I 27 ·. 
PHc. 3. Ce11e.HHH peaKUHH I( y, yp xn) ·; _ B 3aBHCHMOCTH 
OT 'IHCna BLIHeTeBIIIHX HYKROHOB !!J.A npB ly =0,3 H 1 T3B. 
CnnowHMe H nYHKTHPHble KPHBLie - pac'leT. 3Ha'IKaMH o, 

• ,ll , A , o , x HaHeceHi.I pe3y.nLTaTLI H3MepeHHii co-·. 
OTBeTCTBeHHO .D;nH H30TonoB I , Sn , In , T e , Sb H Ag /15, 16} 

IIpH 3TOM .D;BOHHble 3Ha'IKH OTMe'laiOT pe3ynLTaTbl H3Mepe
HHH TOHLKO -_O.D;HOrO H3 napbl _H30MepOB. Ilo BepxHeH OCH 
OTRO:>KeHO MaCCOBOe 'IHCHO H30TOna A. . . 
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PHc. 4. Ce'leHHH peaKI.(HH 197 Au(.y, xn) B JaBHCHMOCTH 
OT 'IHCna BbineTt!BIIIHX HYKllOHOB f..A npH ·T ='0,3; 0,4 H 
1 F3B /_,6/. 3KcnepHMeHTanbiibie TO'IKH iJ'J.HThl H3. pa-
60T /16,17/. CnnomHLie KpHBbie - pac'leT c yqeTOM JJ.eneHHH 
/noKa3aHhl CTaTHCTH'IeCKHe OillH6KH paC'IeTa/. llyHKTHpOM 
H illTpHX -nyHKTHpOM llOKa3aHhl COOTBeTCTBYIOII.(He. J].aHHbie 
6e3 yqeTa JJ.enenHH. ITo aepxHeii ocH OTno)KeHo Maccoaoe 
'IHCno HJOTona A·.· 

CllHillKOM T.H)KellbiMH, 3TOT BKna)]. HeBenHK H, KaK BHJ].HO H3 

Ta6nHI.(bl, COCTaBn.HeT Bcero llHillb HeCKOllbKO M6. -TeopeTH

'IeCKHe H 3KCnepHMeiiTanbHhle .. ce'leHHH B -ia6nHI.(e . 6nH3KH 

J].pyr K JJ.pyry, XOTH HMeeTCH 6onbillOH pa36poc 3KCnepHMen

TanbHbiX. 3Ha'leHHii /oco6eHHO npH T y =1 F3B/. 
C. onLITOM.xopomo cornacyroTcH TaK)Ke 3HepreTH'IeCKHe · 

H yrnoBLie pacnpe.IJ.eneHHH BTopH'IHLIX qacTHI.(. Cieneilb co

rnacHH BHJJ.Ha H3 p·Hc. 5 H 6, r,Ae B xaqecTBe npHMepa npH

Be.IJ.eHLI J].aHHbie . J].ll.H B3aHMOJ].eHCTBHH y - KBaHTOB C .I}JOTO-

3MJnLcHeii. /TeopeTH'IecKHe KPHBLie pacc'IHTaHhl JJ.llH JIJJ.pa _ 

_
1 0 Ru • OJ].HaKO HX I}JopMa MallO H3MeH.HeTCH npH nepeXOJ].e 

K HJJ.paM c JJ.pyrHMH 3Ha'leHHHMH A /. 
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OD2 0.1 
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O.DI 0.1 

Puc. 5. 3HepreT1i'leCKHH cneKTp npoTOHOB/B OTHOCHTenbHbiX 
e,I:{HHHUaX/ H3 3Be3,1:{ C 'IHCnOM nyqe:ii n+ > l, o6pa30BaHHbiX 
B 4JoT03MynbCHH TOpM03HhiMU Y ·KBaHTaMU C MaKCHMaJibHOH 
3Heprueii Ty. r:HcrorpaMMbl - pac'leT, 3KCnepHMeHTaJibHble 
TO'IKU B3JITLI H3 pa6oT' /9. I o I. · 

TaxHM o6pa3oM, a paccMorpeuuoii o6nacru 3Hepruii 
Ty .;;. 1,3 T3B xacxa,I:{HO -ucnapuTeJibHaJI MO,I:{eJib 4JoTOJI,I:{ep
HbiX peaxuuii c y'leToM xoHKypeuuuu npouecca ,l:{eJieHHJI. 
B CJiy'lae TJI:>KenbiX JI,I:{ep XOpOWO OllHCbiBaeT BCIO COBOKyn
HOCTb UMelOJ.QUXCJI 3KCnepuMeHTaJ1bHbiX ,l:{aHHbiX flO Heynpy
rHM B3aUMO,I:{eHCTBUJIM TOpM03HOrO y ·u3Jiy'leHUJI U TO He· 
6onbmoe KOJIH'IeCTBO pe3ynbTaTOB, KOTOpble llOJiy'leHbl B 

.. 

dS Tp~30M~ 

50 

0 I ~~ 
-t -05 0 Q5 1 . 

Puc. 6. YrnoaLie pacnpe):{eneuuJI nporouoa /a oruocurenb
Hblx e,l:{uuuuax/ u3 3Be3,1:{ c qucnoMnyqe:ii n + >I, o6pa3oaau
HbiX B 4JOT03MynbCUH TOpM03HbiMH Y ·KBaHTaMH C 3Heprue:ii 
T'; =1,150 T3B. rucrorpaM~a/- pac'leT, 3KcnepHMeHTanb-
Hble. TO'IKH B3JITbl H3 pa60Tbl /9 • . 

OllbiTaX C MOHOXpOMaTH'IeCKHMH Y~KBaHTaMH. 3TO ll03BO· 
nJieT paccMa rpuaa Tb xacxa,I:{HO- ucnapurenhHyro MO,I:{enb xax 
OCHOBY ,I:{JIJI.pa3JIH'IHbiX OUeHOK H npep;cxa:iaHHH. C llOMOIUblO 

3TOH MO,I:{~nH · 6~oiJIH pacc~~TaHbl 3·aBHCUMOCTU pa3nH'IHbiX . 
xapaxrepucrux 4JoroJI,I:{epHbiX peaK!lHii ·or Maccoaoro 'IHcna · 
JI):{pa·M·um:euli u 3Hepruu y .;.x:Biiura. Hau6onee Ba:>KHble H3 · 
HHX npHBe,l:{eHbl B CJie,l:{yiDIUeM pa3,1:{eJie. 
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3. Pac'ielflHble. xapaKillepucmuKu ¢omo11oepHbiX npoijeccoe 

Ha puc. 7 noxa3aaa 3HepreTH'Iecxas 3asucHMOCTL cpe,A
aero ·'IHCJia xacica.AHLIX HYKJIOHOB. /Bee npuse.AeHHLie HJDKe 
.AaHHLie OTHOCJITCJI K MOH03HepreTU'IeCKUM Y- KBaHTaM/. 
Mao:lKecTsennocTL po~aiOIQHxcs ayKJioaos 6LicTpo so3pac
TaeT c ysenu'leaileM TY t H TeM 6LicTpee, 'leM 6onee TJI:lKe- · 
JILIM JIBJIJieTCJI 11.Ap0-)4UWeHL. . . 

Bonee AeTaJILHO 3asucuMOCTL MHO:lKeCTBeHHOCTunpoTo
HOB H neii:Tpoaos oT Maccosoro 'IUCJia JI.Apanpe.ACTaBJieHa 
Ha puc. 8. Pa3nu>lue 3aBUCUMOCTeii ii·P ( A) u n0 ( A ),.a Tax
:lKe nepece'leaue KPUBLIX KA .AJIJI pa3HLIX JI.Aep aa puc. 7 
o6bJICHJieTCJI TeM, 'ITO BeJIU'IUHa 3Hepruu o6pe3aHUJI Tcut * c . . . 
.AJIJI npOTOHOB . yBeJIH'IHBaeTCJI C pOCTOM 3apJI.Aa JI.Apa :- MUWe-

-
t:iA rln-

u2311 

as to 0 OS 1.0 "Ji GeV 
Puc. 7. Cpe.AHee qucno xacKa.AHblX HYKJIOHOB l'lA H HeiiT
poHoB 1i

0 
, BLI6UTblX u_3 B.Aep ·y-xsaHTaMu c 3Heprueii TY. 

·* Kax noxa3LIBaeT cpasaeaue ~acxa.AHLIX pacqeToB c onLI
TOM, cne.AyeT C'IUTaTL, 'ITO. B JI.Ape norJIOIUaiDTCJI BCe HYK;.. 
JIOHLI, 3HeprUJI KOTOpldX npeBOCXO.AHT rny6HHy llOTeHUHaJIL- . 
HOH JIMLI Ha HeKOTOl})'l;O BeJIU_'IUHY ~cut'_; KOTOpag JIBJIJieTCJI .. 
napaMeTpOM TeOpUU /1/. 
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.Puc. 8. 3aBUCUMOCTL cpe.AHero 'IUCJia KaCKa.AHblX npOTOHOB 
U HeHTpOHOB OT MaCCOBOrO 'IUCJia JI.Apa-MHWeHU .AJIJI Tpex 
3Hepruii y-K~aHTOB. . . 

.< ~ • • • ' 

HU, B TO BpeMJI KaK .AJIJI: HeiiTpOHOB Tcut = c~nst;;"·)J;pyroit 
npU'IUHOH 6oJiee CUJILHOH UO cpaBHeHHIO C npOTOHaMU 38,BUCU

. MOCTU BblXO~a HeiiTpOHOB OT MaCCOBOrO 'IUCJia A.· JIBJIJieTCJI 
3Ha'IUTeJILHLIH U36LITOK HeiiTpOHOB B TJI:lKeHLIX JI.Apax. . 

Ha puc. 9,10 noKa3aHo, KaK 3asucHT OT Maccosoro 
qucna A_ u oT 3Hepruu Ty cpe.AHJIJI MHO:lKeCTBeHHOCTL po:lK-:, 

v 

· .Aaromuxcs 11 -)4e3oHOB. B OTJIH'IHe OT cnyqag a.Apoa- JI.AepHLIX 
· a3auM6~eii.ci'suii· I cM./.27 I j ne Y.AaeTcs npe.AcTa:BuTJ.'. :n: 17 

«iJYHKUUeH TUna n!! = a( :ry) ·AbB? 'BCeH paC(;MaTp;HBaeMOH_ ... 
o6nacTu 3Haqeauu Ty u A. ECJIU <?rpaau'IUTLCJI o6nacThiO He .. · 
cilumxo:M Manblx 3aaqenuii' .. 1), /cxa:lKeM,. Ty>300 _M3B/,_!o. 
3aBUCUMOCTL OT MaCCOBQrO 'IUCJia JI.Apa-MUWeHU npe.ACTaBH-

i3 
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Pac. 9. 3HepreTH'IecKaa 3aBHCHMOCTL cpe,D;Heii MHO)I(ecT
BeHHOCTH llHOHOB, pO)I()J;aiO~HXCJI B .HeynpyrOM 4JOTOJI,D;epiiOM 
npo~ecce. n17 =n 0 + n + + n - nonHoe 'IHcno naoHoB. 

17 17 n--

Pac. 10. 3aBHCHMOCTL cpe.D;Heii MHO)I(eCTBeHHOCTH po)I()J;aro
~Hxca .. nHoHoB oT Maccouoro 'IRena a.npa-MaweHH .D;na·Tpex· 

3HeprHH T yo ,ii
17 

= n~ -t ii~ + n
17

.:.. • . • 

14 

Ma B BH.D;e n
17 

"" A -O,"I 9 • HHTepecHo oTMeTHTL, 'ITO, uo

nepBLIX, a6COJIIOTHaJI BeJI:U:'IHHa K034J4JH~HeHTa b CHJILHO 

OTJIH'IaeTCJI OT COOTBeTCTByro~ero 3Ha'leHHJI )J;JIJI a,D;pOH· 

JI,D;epHLIX CTOJIKHOBeHHH, , r,D;e . b =··0,03, H, BO.:BTOpLIX, 

B 4JoTOJI,D;epHLIX peaKQHJIX Ha6JIIO,D;aeTCJI CHJILHaJI 3aBHCHMOCTL. 
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Puc~ 11. Cpe,D;HHe 3Heprua B036y)I()J;eH!!JI · E * / M3BI, TfM
nynLc p ·I M3B/c/ H yrnouoB: :MoMeHT M · lu e,nHHH~ax li I 
):(JIJI JI,nep, o6pa30BaBWHXCJI llOCJie OKOH'IaHHJI KaCKa,D;a B JI)J;• 

pax ·14HWeHJIX Al , Ru , U • 
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Pac. 12. 3aBHCHMOCTL cpe~HHX 3Ha'leHHii yrnoaoro MOMeHTa 
H HMnynLca JI~pa-ocTaTI<a OT ero 3Heprlia· B036~eHHJI. · 
fiyHI<THpHaJI, CUJIOWHaJI H WTpHX -nyHI<THpHaJI I<PHBLie OTHo
CJITCJi cooTBeTcTaeaao I< 3HeprHJIM clloToHoB TY =0,3; 0,6; 
1 F3B. . 

I<03«il«ilHUBeHTa b OT H30TOnH'IeCI<OrO COCTOJIHHJI HCUYCI<ae
MO'rO ~ -Me3oaa. /eM. pHc. 10/. 

Cpe):taae xapai<TepllcTHI<U o6paJoBaBwerocJI nocne I<ac
I<a~a ocTaTO'IHoro JI~pa - 3HeprHJI Bo36y~eHUJI E* , ero 
HMnynLc P a · yrnosoii MoM:eaT M - a JaaacuMocTJI .. oT 

. . ' I . 
3Heprua TY npaae~eHLI aa puc. 11. 3aBHCHMOCTL pa3JIH'IHLIX 
cpe~HHx BeJIH'IHH oT 3HeprHH Bo36y)l(~eHHJI E* noi<aJaaa · 
aa puc. 12-1:4, r~e pac'leTHLie 3HatleHHJI npaae~eHLI no 
.oTiiOWeHHIO I< MaKCHMaJILHLIM 3Ha'leHHJIM 3HeprHH B036y)I(
~CHHJI E'tnax, HMnynLca Pmax = Ty/ c H MOMeHTa M max = 
= Pmax • H / R - pa~HYC JI~pa, Ha I<OTopoM nJIOTHOCTL JI~ep
Hoii MaTepHH yMeHLWaeTCJI B CTO paJ no cpaBHeHHIO C n.JIOT
HOCTLIO B neHTpe JI~pa/. 

H3 pHC. 12-14 BH~HO, 'ITO OTHOWeHHe pi I /P max B03pac
TaeT H cTpeMHTCJI I<· e~HHHUe npH E* ... E * . , no3TOMY - · · .· max. 
BeJIH'IHHa P.1. / Pmax HMeeT M~I<CHMYM npH E* = -E~ax/2. 
H o6paUlaeTCJI B HYJIL npR ,E * = E k ax .· Hao6opoT, OTHOWe
HHe ~h / Mm~x npH E* -> E'iuax He HMeeT Mai<CHMaJILHoro 

16 

38a'leHHJI, noci<oni.Ky·no._nHoe nornoUleHHe, I<or~aPII. = Pmax·,· 
I<aK npaBHJIO, _npOHCXO~T JIHWL npH MaJILIX 3Ha'leHHJIX npH
nenLHOrO napaMeTpa HaJieTaiOUlero y- KBaHTa; B 3TOM CJiy-
qae M < M x; • _ . : · · max . . , ... 
_ 06pa~aeT aa ce6s BHHMaHHe, 'ITO OTHOWeHHH P / Pmax, 
M / M m a·x .. : H. cooTBeTCTBYJOUlHe aenH'IHHLI.~JIH HX npo~OJIL"' 
HLIX H.nonepC'IHLIX KOMnOHeHT. O'leHL CJia6o 3'a.BHCJIT OT Mac-

'. v. • • • • 

CLI g~pa-~HWeHH H OCTaiOTCJI npai<TH'IeCI<H HeH3MeHHLIMH 
a IIIHpoKoM- HHTep:Oane ~ 3Ha'leHHii A • · 

Ha .PHC::· 15 noi<a3aHo, Kai< H3MeaseTCJI 3apg~ H Macca · 
Jl~pa-~HWeHH' B pe3yJILTaTe Heynpyroro B3aHMO~eHCTBHJI 
c ''Y -KaaHTOM. CyMMapaoe -~·qacno Iiyi<noaoB, TepseMLIX 
H~po:M: B pe3ynL·TaTe · pa3BHTiiH BHYTPHJI~epaoro I<acica~a 
H H'a cTa~HH pacna~aao36y)l(~eHHoro _H~pa-:qcntTI<a, 6LicT~ 
po yae,rrH'IHBaeTCH npH nepexo~e I< TJI)I(eJILJM·.g~paM. B_H3_
MeHeHHe 3apg~a g~pa 8 Z . B paCCMOTpeHHOH o6.naCTH 3Hep
niii ocHOBHoii BKna~ ~aroi npoTOHhl. BenH'IiiHa· 1:1. Z yMeHL
waeTCJI B 06Jiac·TH TJI)I(CJILIX Ji~ep, r~e B03pacTaeT 3apg~ 
s.zipa Z H BLICoTa KynoHoBci<oro GapLepa,. npenJITCTayro- · 
Ulero BLIJieTy H3 .R~pa' 3ap.R)I(eHHLIX 'laCTHU.: 3TOT 34Jcllei<T · 
nposBJiHflTCJI TeM CHJILHee, 'qeM MeHLWe 3HeprHH y _;•I<BaHTa. 
T Y a, cn~~oaaTenLao, . 'leM MeHLwe 3aepr:Hs BTopH'IHLix 
'laCTHU. 

Cne~yei Tal()l(e HMeTL B BH~Y. 'ITO aa nponecc pacna~a 
B036y)l():{tmHhlX OCT a TO'IHLIX JI~ep OI<aJLIBaiOT BJIHJIHae 060-
no'le'IHLie nonpaBI<H, no3TOMY a JaBHCHMOCTH uenH'IHH 1:1. Z 
H ·. 1:1. A OT . Maccouoro 'IHCJia A· npo.iiBJIJIIOTCH aeperynsp·
HOCTH. KpHBLie Ha pac·. 15 npoue~eHLI qepeJ pacc'IHTaHHLie 
3Ha'leHHJI Tal<,_ 'IT06LI 0Tpa3HTL ycpe~HeHHyJO, rJia~~yJO 

'laCTL 3TOH JaBHCHMOCTH. 
IlOCKOJl~KY pacna~ OCTaTO'IHLIX B036y~eHHhlX' g~ep 

3a:BHCHT. TOJILI<o oT ax 3Hepr:HH B036y)l(~eHilJI, Mac eLI B: 3ap.R
~a, a uH:yTpHH.i\epHLie KacKa~LI, aaanaapouainiLie y -I<aaa-

x/ B pa6oTe /21/ He Ha6JIIO~aJIOCL' MaKCHMyMa B COOT
BeTCTByJOUlHX pac'leTHLIX xapaKTepHCTHKax a~poa- JI~epHLIX 
B3aHMO~eHCTBHH H3- 3a He~OCTa TO'IHOH CTaTHCTH'IeCI<OH TO'I
HOCTH paC'IeTa; 
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Pac. 13. 3aBHCHMOCTh cpe,nHHX 3Ha'leHHii napannenhHoii co
cTasmnollleii HMnynhca H nepneH,naKynspHoii cocTaBnBIOilleii 
MONeHTa OCTaTO'IHOrO B,npa OT ero :meprHH B036y)KJJ.eHHB. 
Bee o6o3Ha'leHHB KaK lla pac. 12. ' 
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Pac. 14. Koppensuas Me)KJJ.y cpe,nHHM. 3Ha'leHHeM nepneH,D.H~. 
KynspHOH COCTaBnBJOilleH HMnynLca H :meprHeH B036y)KJJ.eHHB 
s,npa-o.cTaTKa npa TY =0,3 H 1 T3B. Pe3ynhTaTbl pac'leTa 
npaKTH'IeCKH He 3aBHCBT OT MaCChi s,npa-MHWeHH. 
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KOHKpeTHL1x s.nep; rna,nxHe KPHBble npose,neHbl "Ha rna3". 
qepe3 pac'leTHhie 3Ha'leHHB. . · ·· .. .. .. · · .. 
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TOM, 11 -l4e30HOM HnHiHyKnOHOM·~ p~3nH'IaioTCBnHWhnepBbiM 
CTOnKHOBeHHeM, TO HeynpyrHe B3aHMO,neiiCTBHH C ,nocTaioq
HO pa3BHThiM BHYTPHB,nepHbiM xacxa,noM o6na.naroT 6nH3KHMH 
cpe,nHHMH xapaKTepHCTHKaMH, He 3aBHCBIUHMH OT THna 
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rrepBH'IHOii qacTHULI. B pH,IJ;e cnyqaeB :Me*,D;Y · 3THMH xapai<:
TepucTJii<:aMH MO)KHO ycTaHOBHTL IlpH6JIH)KeHHLie KOJIH'IeCT
BeHHLie COOTHOilleHHH, O,IJ;HaKO OHH HMeiOT Be~LMa 'laCTHOe 
3Ha'leuue. 

4. 3aKAIO'l€HUe 

IIpuBe,IJ;eHHLie ,IJ;aHHLie ,IJ;aroT ,IJ;OCTaTO'IHO rronuoe rrpe,IJ;
cTaBneuue 0 MeXaHH3Me HeyrrpyrHX B3aHMO,IJ;eHCTBHH 
BLICOK03HepreTH'IeCKHX Y -KBaHTOB C JI,D;paMH. ,lJ;aJILHeiimee 

. coBepmeucTaoBauue Mo,IJ;enu Tpe6yeT rrpe)K,II;e Bcero 6onee 
To'luoro y'leTa o6o.noqequ~oix 34><PexTo:B B: BKna,IJ;a uepaBuo
BecHLix /rrpexoMrrayH,IJ;HLIX/ rrpoueccoB pacrra,IJ;a BLICOKOB03-
6y*,D;eHHhiX OCTaTO'IHhiX JI,D;ep. 
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