


TIOCKOJ!bKY 8.TOMH08 fl.lUJO npe,IJ.CTB.BJ!fl8T co6oll HyKJJOHHYKJ cpe,u,y 3H8.

~HT8JJbHNX p8.3M8pOB, OHO MO~eT CJJy~KTb npOCTp8.HCTB8HHO-Bp8M8HHHM B.Ha

JIH38.TOpOM ,IJ.MHB.MHKH B..IJ.POH-a,IJ.pOHHHX B38.MMO,IJ.8llCTBHll H, B qacTHOCTH, 

nepeXO,IJ.B. KBB.pKOB B B..IJ.pOH~. ~fl HHT8prrpeT8UHH TB.KHX npOQ8CCOB MO~HO 

BOCTIOJ!b30BB.TbCfl MO,IJ.8Jib~ BHYTPHfl,IJ.8pHNX KB.CKa,IJ.OB, BB8,IJ.fl B Hee onpe,IJ.e

ne~e np8.IJ.TIOJI0~8HHfl 0 M8XB.HH3M8 B..IJ.pOH-a,IJ.pOHHOrO B38.HMO,IJ.8ACTBHfl. 

TipHM8HHMOCTb MO,IJ.8JJH BHyTpHfl,IJ.8pHHX KB.CKB.,IJ.OB, He npHHHMB.~~eA BO 

BHHMB.HH8 TipOCTB.HCTB8HHO-Bp8M8HH0~11p8.3M8.3KH 11 B..IJ.POH-B..IJ.POHHbiX B38.HMO

,IJ.8tlCTBHll, orpaHHqeHa 3HeprHflMH T ~ IO faB B cllyqae CTOJJKHOBeHHA 

B.lijJOHOB C fl.IJ.PaMH H B H8CK0.1lbK0!8.3 M8HbiDHMH 3HeprHflMH, KOr,IJ.a paCCMB.T

pi!B~TCfl CTOJJKHOB8HI!fl fl,IJ.8p/I, 2 . rlpH 60JJblUHX 3HeprHflX MH0~8CTB8HHOCTb 
pO~,IJ.B.ID~HXCfl HH3K03HepreTHqecKI!X ~B.CTHU, XapaKTepH3YTO~HX p8.3B8TBJI8H

HOCTb ( 11MO~HOCTb") T80p8THqecKoro KB.CKB.,Il;B., npeBOCXOil;I!T 3KCnepHM8HT8..1lb

~yn H .n.oaoJJbHO 6hlcTpo aospacTaeT npH yaeJJH~eHI!H 3HeprHH. B pa6oTax 
1.1-~1 ~ 

11UnC1-='ClOV, "'iTU ,U.JJ.11 :fJ1:f"'111JCOVlJ'1 l,;UJ..JH1l,;rtn \,; U11Dt'1'UM Mt::UUAU.J.J.YIMU :fY11-

ThlB8.Tb Bp8Mfl ~OpMMpOBB.HHfl BTOpHqHHX qacTHU BO BHYTPHfl,Il.8p~X CTOJIKHO

B8HHflX, 

'HaMH paspa60TB.H8. MO.IJ.H~HUHpOBB.HHB.fl MO,IJ.8.1lb BHYTPHfl,IJ.epHHX KB.CKB.,IJ.OB, 

B KOTOpOll HB.pfl,JJ,Y C qaCTHUB.MH, BXO,Il;~I!MH B COCTB.B 6apHOHHOrO b6-TIJJ8T8. 

H M830HHOrO 3~-TI.118TB., B p8.3BHTH8 KB.CKB.,IJ.HOtl JIB.BH~ yqHTHBB.IDTCfl HOBH8 

~H3H~8CKH8 06oeKTH - KBapK-rJJ~OH~e CTpyHhl, KOTOphle MoryT paCTIB.CTbCfl 

HJJH ~e ycneTb npoB3B.HMO,IJ.etlcTBOBB.Tb c BHYTPHfl,IJ.epHHMH HYKJJOHB.MH. 3To 

CHH~8.8T MH0~8CTB8HHOCTb qaCTHll, o6p8.3YKJ~HXCH B 8.1l;pOH··fl.IJ.8pHOM B38.HMO

,IJ.8ACTBHH, a rJJB.BH08 - TI03B0.1lfl8T C.118,IJ.HTb 38. .IJ.HHB.MHKOll po~eHHfl H pac

TIB..IJ.B. TB.KHX CTpyH, TO 8CTb 8.HaJJH3HpOB8.Tb npoPeCCH nepeXO.IJ.B. KBB.pKOB B 

B.,IJ.pOHH. 

x/ 
3.n.ecb H B83.IJ.e ,IJ.aJJee T - KHHeTHqecKa.R aHeprHH nepaHqHotl qacTHUH 
B JJa6opaTOpHOtl CHCT8Me KOOPAHHB.T, PL H y=pL/(T+M) - ee 
HMTIYJJbC H CKOpOCTb, sW - TIOJJHB.fl 3HeprHfl CTaJJKHBa~~HXC.R QB.CTHU 
B CHCT8M8 I!X U8HTpa MB.CC,p" H ~ - nonepeQHa.R I! npO,Il.OJlbHB.fl KOM-
TIOH8HThl I!MnyJJbCB. BTOpH~HOtl QB.CTHUH, x=2ps-W - ~tlMB.HOBCKB.H 
nepeMeHHafl, e =-ln(tg~L~2 ) , eL - yroJJ s~eTa qacTHUH B JJa6o-
paTopHotl CHCT8Me KOOp~HB.T. 
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B OCHOBY Harneti MO,IJ,e.lll/1 DOJIOJKeH ODIIIC8HHbl~ B pa6oTe/6/ KB8pKOBbl~ 
MexaHH3M B3aHMO,IJ,eMCTBIIIH BbiCOK03HepreTHtlecKIIIX a,IJ,poHoB. B peaynhTaTe 

T8KOrO B38KMO,IJ,eMCTBIIIH o6paayeTCH O,IJ,H8 YJJIK ,IJ,Be CTpyHbl C KB8pKaMK HJIH 

c KBapKOM H ,IJ,HKBapKOM Ha KoHuax. ITpe,IJ,nonaraeTcH, "lTO 3TH cTpyHbl 

o6~a,IJ,8~T T8KIIIMK JKe CBOMCTB8MM H, B tl8CTHOCTIII, B38HMO,ll,8~CTBYIDT C BHyT

pHH,ll,epHb!MM HYK~OH8MK T8KKM JKe o6pa30M, K8K Ill a,IJ,pOHbl C ,IJ,aHHbiM KBapKOBbiM 

COCT8B0Mx/. 0TJilll"lK8 COCTOKT Jllllillb B B8Jilll"lliiH8 M8CCbl, illlllpHHe Ill MO,ll,8X paC

Dfl!J,8, 

WlllpliiHY pacna,IJ,a r (OH8 C"lliiT8eTCH O,ll,IIIH8KOBO~ ,ll,JIR scex CTPYH' MOJK

HO paCCM8TpliiB8Tb K8K ~HOMeHOJIOPIIIGeCKHn rrapaMeTp Ill Orrp8,IJ,8JIHTb ero 1113 

Cp8BH8Hlll.fl K8CK8,!J,Hb!X pactleTOB C 3KCll9piDVI9HTOM, VbseCTHbl T8Kllt8 MO,IJ;eJib

Hbl€ oueHKl/1 r~ o, ~ I'3B/7 I. 
B Ka"lecTBe nepsoro rrpH6JIHJKeHlii.R 6y,IJ,eM C"llliTBTb, "lTO a TO"lKe 

polK,ll,eHH.fl rrpoMeJKyTO"lHOM KB8pK-8HTIIIKB8pKOBO~ rrapbl pacrrpOCTp8H.RID~8.f!CH 

BHYTPIII .R,IJ;p8 CTpyHa p83pb!B8eTCH H8 ,ll,B€ HOBbiX C KB8pKOBbiM COCT8BOM, 

orrpeiJ,eJI.ReMbiM IIIX KOH!1.8Mlll. PactleT p8CIT8,IJ,8 CTpyH, BbiJieTeBIDIIIX 1113 H,ll;pa, 

rrp01113BO,ll,IIITC.fl B TepMIIIH8X nepeMeHHO~ W=p + E ( p - rrpO,II,OJibHbl~ 
fl I 

liiMJY.llbC, E- 3HeprHH CTpyHbJ) - TBK, K8K 3TO OITIIIC8HO B Harne~ pa6oTe 

/G . Pacna,IJ, MOJKeT npo111cxo,IJ,HTb ,11,0 Tex nop, noKa 3TO KHH8M8TllltleCKH 

B03MOlltHO. 

He,ll,OCT8TKOM T8KOPO DO,ll,X0,11,8 RBJIHeTC.fl TO, tlTO B Kallt,ll;bl~ MOMeHT 

speMeHH MOllteT pO,IJ,liiTbCR a,IJ,pOH C rri06biM KliiHeM8TllltleCKH ,IJ,OnyCTl/1~ 3H8"le-
~"'.ti?'~· '"urrHnl-.r>a c ITin cnpua llRJ.t ntAURU:lA'UPfl'l(lA'P t"ll'nVHHWP unnP._nlA/7 I PnRn-

- o.J - - , ~ ' • .. .. • ' -

pHT, "lTO nepBb!M pOJK,IJ,88TCR BCeP,IJ,8 C8Mbl~ Me,IJ,JieHHbl~ a,IJ,pOH. Boo6~e POBO

pR, 3TO 06CTORTeJibCTBO MOlltHO Y'QeCTb nyTeM BBe,IJ,8HliiH COOTB8TCTBYID~KX 

~HOM8HonorHtl8CKIIIX ycnosHA, perynHpyv~Kx pacna,IJ, cTpyHbl. O,IJ;HaKo Ha 

paCCM8TpliiB8eMble Hlllllt8 Cp8,1l;Hlll8 B8JIK'QKHbl 3TO BJIHH8T CJI860. 

BaJKHO OTM8THTb, "lTO np111 YMeHbill8HHH 3H8prHH, KOr,IJ;a KB8pK-rJIDOHHbl8 

cTpyHbl pacna,ll,aDTCR npaKTH"l8CKH cpaay JK8 nocn8 HX o6paaosaHKR,Hama MO

,IJ,H~pOBaHHM MO,II,9Jlb aBTO!&lT.Iitl9CIU1 nepeXO,II,HT B 061i'UIYID KaC.KaJmYIO M0-

,11,8Jib c p830HaHCaMM. ITpK 8~8 M8HbiDKX 3HeprK.RX, KOr,IJ,a K p830HaHCHbl8 

"l8CTMUbl pacna,IJ,aDTCH B6JIM3M TO"l8K HX po~8HM.fl, OCT88TC.fl J!Killb ITHOH
HYKJIOHHbl~ K8CK8,ll,, OITKCBHHbl~ B pa60T8X/l, 2 ,8/. 

ITp111 Bb!COKHX 3H8prHHX H8o6xo,IJ,MMO npHHHMaTb so BHHMaHHe YM8HbmeHHe 

ITJIOTHOCTH H,11,8pHoro B8~8CTB8 B rrpoueCC8 p83BIIITH.fl BHyTpHH,IJ,8pHoro KBCKa

,11,8 (3~KT Tpe~JIKHra). 3To Otl8Hb C~8CTB8HHO, KOr,IJ;a B 8,11,pOH-HYKJIOHHb!X 

x/c8q8HH.R saaHMo,n;e~cTBHH cTpyHb! c HYKJIOHOM nonaraJIMCb paBHYMM ce"l8-
HKHM COOTB8TCTByD~X a,IJ,pOH-HyKJIOHHb!X B38HMO,IJ,8f-'CTBH~. Opil 3TOM 
,ll,JIH ITJIOXO H3B8CTHb!X CetleHHf-' B38HMO,IJ;8f-'CTBHH Bb!COK03H8pr8TH"l8CKHX 
rKnepOHOB H pe30H8HCHb!X tl8CTlllll HCITOJib30BaJIHCb H9KOTOpble anrrpoK
CHM8llliiOHHbl8 B~allteHH.fl. 

2 

cTOJIKHOB8HHHX pollt,ll,a8TCR 6oJibiD08 "lHCJio qacTHU. B paccMaTpHBaeMoA 

HaMM MO,IJ,8JIK B KaJ!,li,OM HeynpyrOM BHyTpHH,ll,8pHOM CTO~KHOBeHl/1111 pOlK,II,88TCH 

He 60JI88 ,IJ,ByX "qaCTHU" - CTpyH, IT03TOMY Tp8MJIKHr M8H88 BaJK8H. KpOMe 

TOPO, ,ll,a.ll88 Mbl orpaHH"llliMCH p8CCMOTpeHH8M JIHBH8BO~ KOMITOH8HTbl BTOpllltl

Hb!X tl8CTlllll,, Ha KOTopyro Tp8f-'m1Hr BJIH.fi8T 3H8"lliiT8.~bHO Cll86ee, t18M H8 

HH3K03Hepr8TH"l8CKHe "lBCTH!l,bl. YtlHTb!BaH 3TH coo6paJK8HHH, Mbl noKa npe

H86p8rm~ 3qxp8fTOM Tp8~JIHHra, tlTO IT03BOJIIIIJIO HCITO.IIb30B8Tb BepCHIO K8C-

K8,1l;HOA MO,ll,8JIH B/, B KOTOpof-' He MeHHeTCH npocTpaHCTBeHHOe pacnpe,ll,e-

JieHl/18 HYKJIOHOB1 lll c~8CTBeHHo ynpocTHTb pac"leT. 

Ha p11c.l ITOK838HO, KBK peayJibT8Tbl paC"leTOB 38BHC.f!T OT B8Jillltll11Hbl 

r. Blii,IJ,HO, "lTO 3T8 se~lll"lHHa 38KJIJO"leHa B npeiJ,enax 0,:..- - 1 f3B. Halllllyq

me8 COPJI8Cl1e C OITb!TOM ITOJIY'Q88TC.fl nplll 3H8'Q8HIIIK f = 0,7 I'3B, KOTopoe 

Ill IIICITO~b3Y8TCH BO BC8X rrpHB8,ll,8HHb!X Hl/IJK8 peayJibT8T8X. 

P111c.2 liiJIJIJOcTpHpyeT xopomee cornac111e pactleTHO~ 111 3KcnepHMeHTaJib

HO~ cpe,IJ,He~ MHOJKeCTB8HHOCTlll pOJK,11,8~~~~~XCH t18CTlllli. B K8tleCTBe nep8MeHHbiX 

HCITO.llb30B8Hbl OTHomeHH.fl R=npA 1 nPP 111 ~=A <>PP 1 o pA , r,IJ,e 
± ± 1n 1n 

A- M8CCOB08 tll/ICJIO .R,IJ,p8-Mlllill8Hlll, n~A - Cp8,IJ,H.fl.fl MHOJKeCTBeHHOCTb 

38p.RJK8HHb!X "l8CTIIIU B H8ynpyroM CTOJIKHOBeHl/1111 rrpOTOH8 C H,IJ,pOM, n~p 
COOTBeTCTByro~a.R MHOllteCTB8HHOCTb ,ll,JIH !J-p CTOJIKHOBeHHH, G PP -II G' pA 

1n 1n 
- C8tl8HHH Heynpyroro rrpOTOH-ITpoTOHHOrO Ill npOTOH-R,IJ,epHOPO B38KMO,Il,8M-

CTBKH. 

Ha C.lle,IJ,yro~8M pHCYHKe Cp8BHHB8JOTC.fl HHKJIJ03HBHble TeopeTHtleCK08 H 

aKcnepHMeHTallbHoe pacnp8,IJ,eneHHH poJK,IJ,a~HXCR qacTHU no HMITYJibCaM. 

B COOTB8TCTBHIII C 3KCnepHM8HTOM "ll/ICJIO Me30HOB p83KO (Ha nopR,ll,Kl/1) y6bl

aaeT C pOCTOM HX HMITYJibC8, B TO BpeMR KBK MHOllt8CTBeHHOCTb HyK.IIOHOB 

OCTaeTC.fl ITO'QTH Hei13M8HHO~ (3!WJeKT 11 Jiii,IJ,lllpOB8HliiH 11
). 

OH8pr8TH"l8CK8.fl 38Bi!CiiMOCTb cpe,IJ,HHX yrJIOBb!X pacnpe,IJ,eii8Hlll~ BTO

p11tlHb!X tl8CTi!U nOK838H8 H8 p11C.4, i!X 38BiiCI1MOCTb OT M8CCOBOPO "ll/ICJ!a 

H,IJ,p8-MI1ru8HH - Ha pile.~. Bo BC8X cnyqa.Rx HMe8T MecTo xopome8 cornac111e 

C OITb!TOM. 

Cneey8T, O,IJ,HaKo, KMeTb B BI1IJ,Y, tlTO xopom88 cornac11e pactleTHb!X H 

3KCnepHM8HTaJibHb!X )!,8HHb!X H8 pi!c.l-~ C8MO ITO ce68 e~e He,IJ,OCTaTO"lHO 

AJI.fl Bb!BO,ll,8 0 Cnp8B8,ll,JIHBOCTH K8CK8,ll,HO~ MO,ll,8JII1 B 06JI8CTH Bb!COKHX 3Hep

rHA, ITOCKOJibKY ,ll,8HHble pi!c.I-b OTHOCRTC.fl TOJibKO K BbiCOK03H8preTHQ8CKO~ 

KOMITOH8HT8 K8CK8,11,Hb!X Q8CTHIT, ~.fl 60JI88 onp8~8JI8HHb!X Bb!BO,ll,OB Heo6XO,Il;HM 

8H8JIH3 HH3K03H8preTH"l8CKIIIX Q8CTKU, QTO CBH38HO C Tpy,ll;HbiM p8Ctl8TOM 

B036YJK,11,9HHH H nocne~ero paCIT8,ll,8 .fl,ll,P8 (o~HOBp8M8HHO C Jtl8TOM Tp8~

RHHra H MHOrOG8CTiltlHb!X B38HM0,11,8~CTBiiM, KOr,IJ,a C O,ll,HIIIM HYKJIOHOM B38lii

MO,ll,9HCTBymT Cpa3y H9CK~KO ~ac~) ll f!Bna9TCH rrpe~~9TOM ~Heftwero 

paCCMOTpeHHJI. 
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3aBKCKMOCTb 6~CTpOTHOPO pacnpe~ene- 3aBHCHMOCTb cpe~He« MHO~eCTBeHHOCTK 
HKH 3ap~eHHb!X l.I8CTH1j OT mKpH~ HHBHeBhiX l.I8CTHU (f > 0,8) OT H~a-
pacna~a CTpy~ r. MHIUeHK. 
0yHKTKpHaH rKcTorpaMMa - aKcnepKMeH- ITpoToH-~ep~e B38HMo~eRcTBKH npK 
TaHb~e ~aH~e ~f! Heynpyroro B38H- T:200 raB. ITpHMaf! -;¥acqeT, 
MO~e«CTBKH npOTOH8 C H~pOM cepe6pa TOl.IKK - 3KCnepMMeHT O/. 
npK T=200 raB/9/. CnHOIUHaf! K IUTpKX-

nyHKTKpHaf! PKCTOPpaM~ - COOTBeT
CTBYIOU1KA TeopeTKt:leCKIH! pact~eT ,11, 'lf! 
r=0,4 K I raB. PaCCMaTpKB810TCH l.lac
TKtn>I CO CKOpOCTHMK f3 ;> 0,85. 
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PKc.3. ~HKH~3KB~e cet~eHKH o6paaosaHHH npoToHOB K JL± -

Me30HOB B HeynpyrHX CTOHKHOBeHHf!Xp+p, p+12c, p+108Ag 

npH PL = 0,3 raB/c K T=IOO r3B. 
rHCTOPP,8~ - pact~eT, 3KCnepKMeHTaHb~e TO'!.IKH - H3 
pa6o~7II/. 
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PHc.4. Yrnos~e pacnpe~eneHHH aap~eHHhiX t~aCTHU B HeyiTP.YrMx 
B38HMO~eRCTBHf!X p+208Ag. 

Cnnom~e rHcTorpa~ -jPact:~eT, nyHKTHp~e - 3KcnepH
MeHTaHb~e ,11,a~e 9•12 • PaccMaTpHBaDTCH t~acTH~ co 
CKOpOCTf!MH fl > 0,85. 

PHc.5. Yrnos~e pacnpe,~~,eneHMH aapRKeHHb!X l.I&CTHU B HeynpyrHx 
27 208 238 CTOHKHOB8HHHX p+p, p+ Al, p+ Ag, p+ U rrpH 

T=200 r3B. CKopOCTH ti&CTHU} > 0,85. 0603H8ti8HHII -
K&K H8 pKc.4. 
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'mfA'lmECKME KATErOPMH I1YBJIMKAilHA 
OB'bE~HHOro HHC'DfTYTA s,nEPHYX 

HCCJIE,nOBAHHA 

HIIJleKc -T_.... 

1. 3KcnepMMeHT&n~H8~ 0M3MK8 .WCOKMX 3HeprMA 

2 . TeopeTM~cKa~ OMSMKa .wcoKMx 3HeprMA 

3. 3KcnepMMeHT8n~H8~ HeATpoHH8~ 0MSMK8 

4. TeopeTM~cKa~ OMSMKa HM3KMX 3HeprMA 

5. MaTeMaTMKa 

6. RAepHa~ cneKTpocKOnM~ M paAMOXMMM~ 

7. tM3MK8 T~*enYX MOHOa 

8. KPMoreHMKa 

9. YcKOPMTenM 

10. AaTOMaTMaa~M~ o6pa6oTKM 3KcnepMMeHTan~HWx 
A8HHWX 

11. Bw~cnMTen~Ha~ MaTeMaTMKa M TexHMKa 

12. XMHM~ 

13. TexHMKa ~3M~ecKoro 3KcnepMMeHT8 

14. HccneAoaaHM~ TaepAWX Ten M *MAKOCTeM 
~AePHWMM MeTOA8MM 

15. 3KcnepMMeHT&n~H8~ ~SMK8 ~AePHWX pea~MM 
npM HM3KMX 3HeprM~X 

16. noaMMeTPM~ M ~3MKa aa~Tw 

17. TeopM~ KOHAeHCMpOa8HHOrO COCTO~HM~ 

18. Hcnon~aoaaHMe peayn~TaToa M MeTOAo• 
~YHA8MeHT&n~HWX 0M3M~eCKMX MCCneAOa8HMM 
a CMe*HWX o6n8CT~X H8yKM M TeXHMKM 

19. 6M~3HKa 


