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~nB mupoKoro Knacca 3KcnepuMeHTanbuwx 3a~aq, pe
maeMwx C nOMOIUbiO MeTO~HKH (~, E),B KOTOpo:ii B KaqeCTBe 
~ - ~eTeKTOpa MO>KeT 6WTb KaK HOHH3aU.HOHHaB KaMepa, 
TaK H TOHKHH nonynpOBO~HHKOBWH ~eTeKTOp, Tpe6yeTCB 
o6ecnequTb ~ocTaToquo xopomee pa3pemeuue KaK no Macce, 
TaK H no 3Hepruu, oco6euuo ~nB H3yqenHB npBMWX B~epuwx 
peaKU.Hii ua TB>Kenwx uouax, B pe3ynLTaTe KOTopwx o6pa-
3YIQTCB H30TOnM, ne>Ka(UHe no Macce B WHpOKOM ~Hana3o
ue /I I. 

Cornacuo TaKoMy MeTo~y, HMnynLcw c ~eTeKTopoB 
TenecKona, HCnOHb3yeMWX COOTBeTCTBeHHO ~nB H3MepeHHB 
HOHH3aU.HOHHMX noTepb ( !\ f:) H OCTaBmeii:CB 3HeprHH ( E- !\E) 
npo~yKTOB B~epuwx peaKU.Hii, no~aJOTCB ~nB perucTpau.uu 
HX B MHOrOMepuw:ii auanH3aTOp. B 6onbWHHCTBe cnyqaeB 
npuMeueuuB TaKoro MeTo~a c u.enLJO HCKnJOqeuuB BKna~a 
B pa3pemeuae E-~eTeKTopa, B03HBKaiOmero a3-3a pa36po
ca no 3Hepraa B pe3ynLTaTe npoxo>K~euuB auanu3apyeMoro 
H30TOna qepe3 /1 E -~eTeKTOp,H BOCCTaHOBneHBB ero 3Hep
rHH BCnOnb3YIOT CXeMy CYMMBpOBaHBB. 

TaK KaK y~enbHaB HOHB3aU.HB B30Tona 12 ' 3 I 

- d E I d X ;:; ( B M z 2 I E) en ( E l 459 I M ) /1/ 

/r~e B- const, 1\1 - MaccoBoe qucno H30Tona, Z - ero 3apB
~oBoe qacno, E - 3HeprHB H30Tona nepe.IJ. BXO.IJ.OM B 11 E -
~eTeKTop, I - cpe~uuii noTeuu.uan HOHH3aiJ.HB aTOMOB Be
ll(eCTBa TaKoro ~eTeKTopa/, TO B pe3ynLTaTe ua nnocKOCTH 
auanu3aTopa, ua KOTopoi no ocu a6cu.ucc OTKna~wBaeTcB 
/1E,a no ocu op~uuaT E, nonyqaJOTCB c ToquocTbiO ~o nora-
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pHillMa, cna6o 3aBHCJIII~ero oT H3MeHeHH.II E, "rHnep6oJibl", 

COOTBeTCTBYIOII.Uie pa3nH'IHhiM H30TOnaM: 

2 
L\ E, E - M Z . /2/ 

lloA6op pa3peweHHi no Macce H 3HeprHH BeAeTc.ll nony-

3MnHpH'IeCKHM cnoco60M B Ka>K,IJ;OM KOHKpeTHOM cnyqae 

c 6om.woii: 3aTpaToi An.ll 3Toi uena .ll,oporocTO.IIlltero J.tHK

noTpouuoro BpeMeHH. 
TaKoii: no.ll,6op OCHOBHhiX napaMeTpOB .ll,eTeKTOpOB npaK· 

TH'IeCKH HCKniO'IaeT nonHyiO peana3aJ.tHIO BCeX B03MO~-
HOCTeii:, lano~euuwx B MeTOAHKe ( L\ E, E) . 

Qem. HaCTO.IIllteB pa60Thl KaK pa3 H COCTOHT B HaXo~

.ll,eHHH napaMeTpOB .ll,eTeKTOpOB, HeOOXO.Il,HMhiX An.ll pal 7 

.ll,eneHH.II npOAYKTOB .ll.ll,epHhiX peaKJ.tHH C nOMOllt.biO MeTOAHKH 

( L\ E, E) npH MHHHMan.bHOH noTepe HHillOpMaJ.tBH 06 HX 3Hep
reTH'IeCKHX cnexTpax, a TaK~e An.ll nony'leHH.II AeTan.bHOi 

HHillOpMaJ.tHH 06 OT.Il,en.bHhiX yqacTKaX 3THX cneKTpOB npH 

H3y'leHHH MeXaHH3Ma np.IIMhiX .ll.ll,epHhiX peaJCJ.tHH H aHanH3e 

CTPYKTypw JI.Il,ep c noMOllt.biO TaJCBX peaxJ.tHi. 
)J;n.11 npoBepiCH 3THX paC'IeTOB HCnOn.b30BanaC.b MeTo· 

AHKa ( L\ E,,E) C nJIOCKOnapannen.bHOH HOHH3aJ.tHOHHOH JCaMepoii: 

B Ka'lecTBe L\E - .ll,eTeKTopa, 1-ax xaK An.ll nony'leHH.II ueo6-
XOAHMoro pa3pemeHH.II .ll,OCTaTO'IHO H3MeHHT.b .ll,aBneHHe 

B KaMepe. 

OnucaHue MemoouKu ( AE, E) c uoHuaaijUOHHOU 
KaMepou e Ka'lecmee L\E-iOemeKmopa 

Pac'leT HOHH3aJ.tHOHHOH JCaMephl Benc.ll no MeTO.Il,y, H3· 

no>KeHHOMY B pa6oTe I 41 
"liT06hl CBeCTH .ll,O MHHHMyMa napa3HTHhle noTepH 3Hep

rHH auanH3HpyeMoi qacTHJ.thl npH npoxo>K;J;eHHB ee OT L\ E -
AeTeKTopa K .E- A.eTeJCTopy, B uaweM Tenecxone BhiXOAHoe 

OKHO nJIOCJConapannen.bHOH HOHH3aJ.tHOHHOH JCaMephl C CeTJCOH, 

Hcnon.b3yeMoi B Ka'leCTBe L\ E-AeTeKTopa, BwnonaJieT OA

HOBpeMeHHO illYHJCIUIIO BXO.Il,HOrO OKRa BaKyyMHOH JCaMephl 

c aBTOHOMHoi OTKa'IKoi, B KOTOPYIO noMemeu E-AeTeJCTOP 
I puc. 1/. TaKoe coBMemeuHe BwnonHeH(} 6naro.ll,ap.ll TOMY, 
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Puc. 1. TeAecKon ( L\E,E) c nAOCKonapaAAeAbHOU uoHuaa
!4UOHHou Ka.Mepou C Ce111KOU. 1 - COOUpaiOJI#UU 3/leKmpoO, 
2 - ceJIKQ, 3 - MailAap, 4 - 6biCOK060/Ib111HbiU 3AeK111pOO, 
5 - ~111oponAQC11106biU U30/I.JIIIOp, 6 - 6QKYYMHQ.JI Ka.Mepa 0/1.11 
noAynpoeoOHUKoeozo E- OelleKIIopa. 7 - noAynpoeoOHUKo
BbiU E- Oe111eKIIop, 8 - nAeKcuzAacoebiU c111aKaH, 9 - oxpaH
Hoe KOAbi40, 10 - Kopnyc •eAecKona. 

'ITO BhiCOKOBOn.bTHhiH 3neKTPOA H CeTKa C C06HpaiOIJ.UIM 

3neKTPOAOM COOTBeTCTBeHHO 3aKpenneHhl Ha ABYX HeCYlltHX 

MeTaJIJIH'IeCKHX naHenJIX, KOTOphle, B CBOIO O'lepe.ll,.b, C O.ll,HOH 
CTOpOHhl 3aKpenneHhl Ha aBTOHOMHOH BaKyyMHOH KaMepe, 
a C npOTHBOnono~oii: - Ha illnaHJ.te C BXO.Il,HhiM OKHOM 
HOHH3aJ.tHOHHOi KaMephl. 

Mainap B OICHaX KaMepw 3aKneeH Me>K;J;y BHyTpeHHHMH 
H BHeWHHMR nneKCHrnaCOBbiMH CTaKaHaMH C J.ten.biO npe.ll,O· 
xpaHeHR.II OT B03MO~OrO OTphiBa ero BO BpeM.II OTKa'IKH 

KaMepw H uanonaeHH.II ee raloM. Kauepa uanonaJieTCJI 
CMeC.biO, COCTO.IIllteii: H3 90~ aproHa H 10~ MeTaHa. )J;aB
neHHe ra3a B ARanaloHe 0,3 - 2,5 aTMoclllepw noA6HpaeTcJI 
H3 ycnoBR.II nony'leHHJI ueo6xoAHMoro pa3peweHHJI. 

C uen.biO o6ecne'leHH.II MRHHMan.bHoro pa36poca B npo6e
rax aHanH3HpyeMhiX 'laCTHlt C y'leTOM KOHICpeTHOH reoMeTpHH 

-4 peaKJ.tHOHHoii: KaMepw Tenecuwii: ee yronB3.11T- 3.10 cp. 
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lJyBCTBHTeJILHbiH 06'beM KaMepbl, npo6er 'laCTH:Ubl B KO
TOpOM COCTaBmleT 62 MM, onpe,nemt:eTCJI oxpaHHbiM KOJILUOM 
H C06Hpa10IUHM 3JieKTpO,nOM, BblnOJIHeHHbiMH TaKHM o6pa30M, 
'ITO reoMeTpH'IeCKHii npotllunL co6uparomero 3JieKTpo.na H 
BHyTpeHHHH npotilHJib OXpaHHOrO KOJIL:Ua nOBTOpJIIOT Ce'leHHe 
nyqKa aHaJIH3HpyeMbiX qacTHU I puc. 21. 

C uenLIO YHHtilHKaUHH KaMepbl ,nJIJI pa3JIH'IHbiX npo4luneii 
aHaJIH3HpyeMbiX ny'IKOB, tilopMHpyeMbiX KOnllHMaTopaMH, OHa 
cHa6)1(eHa Ha6opoM co6uparomux 3JieKTpo.noa H oxpaHHbiX 
KOJie:U, KOTOpble BblnOJIHeHbl C'heMHbiMH. 

CHrHaJI C HOHH3a:UHOHHOH KaMepbi no,naeTCJI qepe3 npe
,nyf5~HTeJIL Ha aM~JIHTy,nHbiH npeo6p~30BaTeJIL THna 6AJ1-
6 , 1103BOJIJIIOIUHH He CHH)I(aTb Ka'leCTBO perHCTpHpyeMbiX 
crreKTpoa npu yaenH'IeHHH 3arpy3oK. TaKoii *e npeo6pa3o
aaTenL HCIIOJIL3yeTCJI H B 3JieKTpOHHOM TpaKTe, co,nep)l(a
J:UeM E- ,neTeKTop. B Ka'leCTBe perucTpaTopa B3JIT MHoro
MepHblii aHaJIH3aTop I All -4096-31 B pe)I(HMe HaKonneHHJI. 

B Ka'leCTBe E-,neTeKTopa ucrronL3yeTCll KpeMHHeBblii 
IIOBepXHOCTH0-6apbepHbiH ,neTeKTOp. 

OnpeOeAeHUe pa3peweHUJI no 3Hepzuu ~E - oemeK1110pa , 
Heo6xoouMozo OAJI uoeHmuf)uKaijuu npooyKmoe .ROepHbJX 

peaKijUU 

Pa3peweHue no 3HeprHH ~E- ,neTeKTopa OTBeTCTBeHHO 
3a u,neHTHtilHKa:UHIO npo,nyKTOB peaKUHH B MeTO,nHKe (~E,E) 
H B OCHOBHOM onpe,nenJieTCJI CTaTHCTH'IeCKHMH tilnyKTya:UHJI
MH HOHH3a:UHOHHbiX nOTepb 3apJI)I(eHHbiX 'laCTHU npH npo
XO)I(,neHHH HX qepe3 ,neTeKTOp. 

Haii,neM aHaJIHTH'IeCKHH BH,n OTHOCHTeJILHOrO pa3pewe
HHJI no 3HeprHH ~ E - ,neTeKTopa KaK tilYHKUHIO £( M' E' ~E) • 
,D;n.JI 3Toro ucrronL3yeM tllopMyny 6eTe Ill cpe,nHeii noTepu 
3HeprHH Ha e,nHHHUY nyTH ,nn.JI 'laCTHU TJI)I(enee 3JieKTpOHa 
a Hepen.JITHBHCTCKOM cnyqae. TaK>Ke ucrronL 1 yeM tllopMyny 
cpe,nHeKB,,npaTH'IHOH tilnyKTya:UHH IIOTepb 3HeprHH ,nJIJI TaKHX 
qacTHU 16 rrpu ycnoBHH, 'ITO 

(~E/E)<O,l. 121 
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Pu~. 2. Ilpof)uAu oxpaHHozo KOAbija u co6upaKJJ11ezo 3AeKm
pooa. J - OXpaHHOe KOAbijO, 2 - Ce'leHUe ny'IKQ QHQAU3U
pyeMbJX 'IQC111Uij, 3 U 5 - KOAAUMQ1110pbJ, 4 - C06UpaKJJIIUU 
3AeKmpoo, 6 - E- oemeKmop. 

Y'lTeM TaK)I(e COOTHOWeHHe Me)l(,ny WHpHHOH ( 0 L\ E ) Ha 
nOJIOBHHe BbiCOTbl pacrrpe,neneHHJI HOHH3a:UHOHHbiX noTepb 
H cpe.nHeKaa.npa TH'lHOii tllnyKTyauueii ( a ) B cny'lae, Kor .na 
TaKOe pacrrpe,neneHHe 6JIH3KO K rayCCOBCKOMY, T .e. 

8 ~ E = 2, 35a . 131 

Tor.na OTHOCHTenhHoe pa3peweHHe no 3Hepruu ,nn.JI 
~E-.neTe~Topa 

R~E= E/l67MAE
6

en(E/459IM). 141 

TaK KaK E;M no "runep6one" ,nn.JI o.nHoii H Toii *e qacTH:Ubl 
c (l\1,Z) Ha rrnocKOCTH (l~E, E) H3MeHJieTCJI 6blcTpee, 'leM 
en(E/4591M), a ~EB yBeJIH'IHBaeTCJI Ill npH yMeHL-

meHHH E~1,To, KaK cne.nyeT H3 141, pa3peweHHe no "runep-
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6one" ynyqmaeTCJl B cTopoHy yMeH~omeHHJl E IM AO TeX 
nop, noxa sxna.n: s pa3pemeHHe OT 3c)cllexTa nepe3apJIAKH eme 
Man. CneAoBaTeJI:bHO, AOCTaTO'IHO o6ecne'IHT:b pa3pemeHHe 
no Macce s MeTOAHKe ( 11 E, E) npH MaxcHMaJI:bHOM 3Ha'leHHH 
E/M. H TOrAa sw6op pa3peweHHJl 6yAeT onpe,lleJIJIT:bCJl TOJI:bKO 
/1E 6 , T.e. ,llaBJieHHeM ra3a B CJiyqae HOHH3alliiOHHOBKaMepLI 
HJIH TOJimKHOi nonynpoBOAHHKOBoro E-AeTeKTopa. Ho npH 
nony'leHHH I 41 He Y'IHTLIBanoc~o H3MeHeHHJl CKopocTH 
'laCTHULI BAOJI:b ee nyTH. llo3TOMY 3Ha'leHBJl R I1E no cllop
Myne 141 npH 

(!1E/E) > 0,1 151 

6YAYT Ha MHOrO OTJIH'IaT:bCJl OT 'IHCJieHHLIX pac'leTOB q3-
Jiepa / 7 I TO'IHoro KHHeTH'IecKoro ypasHeHHJl AJIJI ciiJIYKTya
UHB HOHH3a:UHOHHLIX noTep:b, BLinOJIHeHHLIX C nOMOIJl:biO 
3BM l•a6A. 11. 

TaK KaK B cllopMyne I 41 11E B B3JITO H3 I 11 nyTeM 3aMeHw 
dx Ha /1x, 'ITO B03MO>KHO npH yCJIOBHH 121, TO AJIJI YCJIOBHJI 
151 HaiAeM /1E B onHcaHHiaiM HH)I(e cnoco6oM. 

llpOH3Be,lleM HenOJIHOe pa3,1leJieHHe nepeMeHHiaiX B ABell· 
cllepeHUHaJI:bHOM ypaBHeHHH 111 H npOHHTerpHpyeM ero: 

E -11 E /1x 
f. EdE =- f BMZ 2 fn(EI4591M) dx. 

E 0 
161 

B cnyqae )l(e nonHoro pa3AeJieHHJl nepeMeHHLIX B /11 
H nocJie,llyiOIJlero HHTerpHpOBaHHJl MLI nOJIY'IHM CJieBa HH· 
TerpaJIJ.HYIO noxa3aTeJI:bHYIO cliYHKUHIO, KOTOpaJI HMeeT peme
HHe B BH,Ile 'IHCJieHHOrO pJI,Ila, 'ITO HaC He ycTpaHBaeT. 

Tax KaK fn ( E 1459 I M) JlBJIJieTCJl HenpepLIBHOi cliYHX-
llllei OT E , a E, B cso10 o'lepeA:b, JlBJIJleTcJI HenpepwsHoi 
cliYHKUHei OT x, TO Ha OCHOBaHHH TeopeMLI 0 cpe,llHeM 

E-/1E 2 f EdE= -BMZ 11xfn(E~I4591M). 111 
E 
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'fall.IIU& I 

Cpa .. t••• pacutoa a6cou1'1oro pupueaut::..E (Si)-,uteuopa 
DO cpopiiJ.I&Il (4) I (IO) c pac'lttUI lluepa/7/ .ua <:( -'l&etiU. 

c 11epr1aK1 5,16 liB I 6,78 liB • 

-----------------------------~;(i;B)·----------------------------

t::..E/E _____ !~=~~~~!,;-~~------------------~~-~!~~-~! ________ _ 
no q•••PJ no toP- no toP- no t{a.ltpJ no toP- no cpopiiJ-

/7/ ({)' (I~~ /7/ ({~' (fo) 
------------------------------------------------------------------

O,I 36,6 38,0 38,7 60,2 59,2 60,2 

0,2 55,7 54,0 55,7 87,7 64,0 87,0 

0,3 70,2 66,0 69,4 Ill roo 109 

0,4 8lt,7 76,2 79,6 !34 II9 !25 

0,5 99,4 65,1 93,0 !59 !32 149 

------------------------------------------------------------------
I ,I.IJI p&C'It!OB I/ Z nato 11 pa6otw 18/,' .,,,, I • IJZ (IB) 

Ut z - tapu .I,IJia •••ctiiA AE-.lttt&topa. 

qTo6w HCKmo'IHT:b E ~ B 17 I, AOMHO>KHM 11 I cnpasa Ha 
MHO>KHTeJih 

E -.1 E 
1 =- f fn(EI49JIM) dEIL\Efn(E~ 1459 IM). 181 

E 

H Tor,lla npa AOnOJIHHTeJIJ.HOM ycnoBHH, 'ITO H3MeHeHHe 
E naueiHo 3aBHCHT oT x , E t s 11 I H 181 6YAYT paBHLI. 

Ilocne HHTerpaposaHBJI 17 I c y'leToM 181 nony'IHM 
cnenyiOmee swpa>KeHHe 

.1E[1-(11E/2E)]- (BMZ
2

1E) L\xi[1-(E/.1E)]£n[ 1-

- ( .1E/E) ] - 11 = ( BMZ 
2 
/E) .1 x fn ( E/459 IM) • 191 
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flpaBaJI 'laCTL B /9/ · He 'ITO BHOe kak '\EBB /4/. Hcxmo· 
'IBB B JieBoi 'laCTB Bwpa>KeHBJI /9/ BMZ ~x/E, xoTopoe 
nony'laeTcJI B3 3Toro >Ke BWpa>KeHBJI /9/, OkOH'IaTeJILHO 
nOJIY'IBM: 

R ~E = E I 167M ~E [ 1 - ( ~E /2 E) 11 1 - ([ 1 - ( E I A E) 1 X 

x fn[l- (~E/E) 1-111 ten(E/459IM) +[1- (E/~E)1x 

X en [ 1 - ( ~ E/E)} - 1 II fn ( E/ 459 IM) • 
/10/ 

Kax cne,AyeT B3 cpaBHeHBJI pac'leToB a6comoTHoro 
pa3pemeHBJI ~E(Si) ·AeTexTopa no cllopuyne /10/ cpacqe
Ta:ua 1bnepa/7/ .AJIJI a·'lilCTBJlC3Hepraei5,16a 8,78 M3B, 
cilop:uyJioi /10/ MO>KHO nOJIL30BaTLCJI C TO'IHOCTLIO ,AO 1 +2~ 
,AJIJI noTepL 3HeprBI ,AO 0,3 E,a C TO'IHOCTLIO ,AO 6,5~ • ,AJIJI 
noTepL 3Heprai OT 0,3[,Ao 0,5 E.H, CJie,llOBaTeJILHO, cpe,llHe· 
kBa,ApaTB'IHaJI c)JIY•TYallBJI noTepL 3HeprBB ,AJIJI TJI>KeJILIX 
'laCTBil B HepeJIJITBBBCTCkOM CJIY'Iae, kOTOpYJO MO>KHO B3· 
BJie'IL B3 cilopMyJILI /10/, noJiy'leHHOi P3 npe,llDOJIO>KeHBJI, 
'ITO pacnpe,AeJieBBe BOHB3allBOHHLIX noTepL 6JIB3KO k rayc • 
COBCKOMY B 'ITO B3MeHeHBe 3HeprBB 'laCTBilLI JIBHeiHO 
3aBBCBT OT TOJIIIlBHLI ~E. AeTekTOpa, Oka3WBaeTCJI TO'IHee, 
'leu B yxa3aHHOM Bwme .llBana3oHe 3Bepra~6~pe,llHeKBa,Apa-TB'IHoi cilnYKTYallBB, noJiy'leHHOi B pa6oTe • 

Ho Tax xax ocHOBHoi ueJIJ.IO pa6oTw JIBJIJieTcJI onpe,Ae
JieHae pa3pemeHBJI no 3Hepraa ~E - AeTeKTopa, Heo6xO.IlBMO
ro ,AJIJI B,AeHTBciiBKallBB npo,AykTOB JI,AepHLIX peakllBB, TO 
Y.A06Hee B ,AaJILHeimeM BCnOJIL30BaTL ynpOIJleHHLII: BB,A 
cllop:uynw /10/ 

2 . 
R ~E ;; E I 167M ~ E [ 1 - ( ~ E I 2E) 1 .• en ( E /459 I M) • /11/ 

H xax cne,AyeT B3 puc.3 pa6oTw 19 < M• a·'laCTBil IE a = 

= 8,78 M3B/ OTJIB'IBe 3Ha'leHBi, pacc'IBTaHHWX no cllop:uyne 
/11/, OT 3Ha'leHBi R~E no q3Jiepy COCTaBJIJieT 

0, 9 9 .:S:I R~ E /ll/ll~Efq3nep/ I $ 0 , 9 6 /12/ 
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Q2 

I 
I I 
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I l 

(f 6£~{ f AEA67M H-~f/ZE)]en(E hs91M} r/2 
• 1-Cf!IJUR ~~6' 

Q5 

0 1-Cf!Pf.S ~m)pOO 

Qif as 
llE/E 

Q6 ().7 ~ 

Puc. 3. CpaeHeHue pac~e•oe ~AYK•ya~uu uoHU3a~uoHHWX 
no•epb no ~OpMyAe /4/ C ~UCAeHHWMU pac~e•aMU q3Aepa 
•o~HOZO KUHe•u~eCKOZO ypaeHeHU1 ?AA ~AYK•ya~UU UOHU· 
3a~uoHHbiX no•epb npu ~ E < 0,8 E 7 u c 3KcnepuMeH•aAb
HWMU 3Ha~eHUAMU 3Hepze•u~eCKUX pa3peUieHUU noAynpo-
600HUK06WX KpeMHUeebiX ~E - Oe•eK•opoe OAA a - ~ac•u~ 

212 Po/ E a= 8,78 M3B/ /9/, 

B BHTepecyJOIQeM HaC BHTepBaJie 

O,l:S(~E/E) ::;0,5. /13/ 

Pacxo>K,AeHae Ha rpac)axe 3KcnepBMeHTaJILHWX TO'IeK 
c pac'leTHoi xpaBoi no q:mepy cornacyeTcJI co cpeJlBeKBa.A
paTB'IHWM pa36pOCOM no TOJIUlBHe noJiynpOBO.AHBKOBLIX 
~ E - AeTexTopoB. 
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«lO 

9,0 

ao 
7.0 

l97flu ('t.c, '2 C) 
E (12C)= 80N:JG 
e =30°.17c. 

0 

";"- 6.0 

~ ;.0 
)( I 

~ 4,o 

lO 
i J 

2.0 

1.0 

0,{ 

djE 
0,2 0,3 

Puc. 4. CpaeHeHue 3KcnepuMeHmaAbHOzo omHocumeAbHozo 
pa3peweHUJI uoHu3afiUOHHou KaMepbl o.u 12 C I E 1 = 
= 80 M3B/ c pac'lemaMu no r/JopMyAe /4/ /cnAowHaJI ~pu
eaR/. /Ha zpar/JuKe omAo:«eHa nozpewHocmb, ceJI3aHHaJI 
c nozpewHocmbJO U3MepeHUJI !l E /. 

Ha puc. 4 npuse,IJ;eHo cpasHeHHe 3aBHCHMOCTH 3Kcnepu

MeHTaJibHOI'O OTHOCHTeJibHOrO 3HepreTH'IeCKOrO pa3peWeHHJI 

Haweii HOHH3a:UHOHHOH KaMepbl OT /). E/E C paC'IeTaMH no 

(lopMyne 1111 ,IJ;JIJI 
12 C I E 12C = 80 M3BI. KaK BH,IJ;HO H3 

rpa(luKa, JKcnepHMeHTaJI&Hble 3Ha'leHHJI TaK>Ke xopowo ne

pe,IJ;aJOT o6~:uuii xo,IJ; pac'leTHOii KPHBoii. Pacxo)I(,ZJ;eHHe JKcne

pHMeHTa c pac'leTaMH cornacyeTcJI c pa3JIH'IHeM B npo6e

rax 'laCTH:U B 'IYBCTBHTeJibHOM 06'beMe K8Mepbl H3- 3a 

KOHe'IHoro TenecHoro yrna H HaTJI>KeHBJI Maiinapa B OKHax 

KaMepw. 

TaKBM o6pa3oM, (lopMyny 1111 npaKTB'IeCKB MO:>KHO 

acnon&30BaTb ,IJ;JIJI sw6opa ueo6xo,IJ;BMoro pa3peweHBJI !l E -

12 
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1 

I 

' 

,IJ;eTeKTopa B MeTO,IJ;HKe ( flE,E) B BHTepsane 1131. CJie,IJ;yeT 

TaK>Ke 3aMeTBTb, 'ITO (lopMyJiy 1111 MO:>KHO nony'IBTb ny1:eM 

BHTerpaposaHBJI 11/ 6e3 yqacTBJI norapa(lMa B3- 3a cna6oii 

ero 3aBHCBMOCTB oT B3MeHeHBJI E/M • 

TaK KaK scer,IJ;a JKcnepaMeHTaJI&Hoe pa3peweHae !lE -

,IJ;eTeKTOpa Xy>Ke TeopeTH'IeCKOrO B3- 3a KOHe'IHOH BeJIB'IBHbl 

paCXO,IJ;HMOCTB nyqKa aHaJIH3BpyeMWX npo,IJ;yKTOB JI,IJ;epHbiX 

peaK:UBH, (lopMBpyeMOrO C nOMOI:QbiO KOJIJIHMaTOpOB, B He

B,IJ;eaJibHOrO Ka'leCTBa ,IJ;eTeKTOpa, TO B (lopMyJiy 141 CJie,IJ;yeT 

BBeCTB Ko34MtlB:UHeHT a, Y'IBTbiBaJOI:QHii 3TO o6cTOJITeJibCTBo: 

R ~E ;; a2 
E/167 !lEM[ 1- ( flE/2E) Hn ( E/4591M) , /141 

a 

a= R ~E (pacxo,IJ;BMOCTb ny'IKa, Ka'leCTBO ,IJ;eTeKTopa)/ltflE1 /15/ 

R ~E pacc'IBTblBaeTcJI B Ka)I(,ZJ;OM KOHKpeTHOM cnyqae 

npaKTB'IeCKB C ,IJ;OCTaTO'IHOH TO'IHOCTbiO, TaK KaK reoMeTpBJI 

3KCnepBMeHTa 3apaHee B3BeCTHa, a OTKJIOHeHHe ~~'eCTBa 

!l E-.l{eTeKTopa oT B,IJ;ean&Horo 3apaHee B3MepaMo • 

Onpe,IJ;eJIBM OTHoweHae !l E/E , npa KoTopoM uacTynaT 

pa3,IJ;eJieHBe pacnpe,IJ;eJieHBH BOHB3a:QHOHHbiX noTepb ,IJ;BYX 

coce,IJ;HBX B30TOllOB C (M, Z) B (M + 1, z )a C O,IJ;BH8KOBOH 

Ha'laJI&Hoii 3Hepraeii E npa ycnosaa, 'ITO pa3peweHae no 

3Hepraa E -,l{eTeKTopa H "TOJII:uHHa" no 3HeprBB E -nnoc

KOCTB aH8JIH3aTopa paBHbl HYJIIO B 'ITO BCnOJib3yeTCJI CXeMa 

C yMMBpOBaHHJI. 
~JIJI npOCTOTbl paCCMOTpeHHJI 3aMeHBM pacnpe,IJ;eJieHBe 

BOHB3a:QHOHHbiX noTepb B30TOna paBH06e,IJ;peHHbiM TpeyrOJib

HBKOM T8KHM o6pa30M, 'IT06bl COBna,IJ;aJIH BX BbiCOTbl B WH

pBHbl H8 llOJIOBBHe BbiCOTbl, 'ITO npaKTH'IeCKB BblnOJIHHMO 

c ,IJ;OCTaTO'IHoii TO'IHOCTbiO I puc. S,al. A TaK>Ke B03bMeM 

"xy,IJ;WHH" CJiy'laH, KOr,IJ;a HHTeHCBBHOCTB pacnpe,IJ;eJieHBH 

,IJ;BYX COCeABBX B30TOnOB O,IJ;BH8KOBbl. 

Tor,IJ;a, ecJIH 

f = [ flE(M + l)- flE(M)] /8/).E(M)' 1161 
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a) b( 
E .e.E 

6)~ &)~ 

E 1lf\J\ E-L_ITVT\_.L...-:-_s_~~ 
t>f(M) AE(M+f) AE{M) Af(M+t) 

2) 

E l I )lti!K I '1111' I ) E 
Af(N,E+6,)1!.E(H,E) ll.E{H+f,E) 

A.E(HH,£+6r) 
I 

fs•"fLH 

3) 

Af(M,EJ AffM+i,E) 
AE(H,E•6r) Af(H+1,£+6£} 

I 
f.E<.?H12 

Puc. 5. Bw6op yc.II06UU O.II.R noAy'leHU.R U3oaonHozo pa3pe
weHu.R c noMOIIIJ,IO MeaoouKu ( 6E, E) • 

r~e 6 E ( M) B A E( M + l) - 3Hepruu neuTpoB TB)I(eCTB pacnpe
~eneuui BOHB3aiUIOHHiaiX noTeph COCe~BX B30TOnOB, 0 6E(M)
WBPBHa ua nonoBBHe BwcoTw pacnpe~eneuua B30Tona (M, Z), 
paBuo e~Bullne. To pacnpe~eneuua coce~uux B30TonoB 
conhJOTc• /puc. 5,6/. B cnyqae )l(e, xor~a f=2 
3TII pacnpe~eneHBJI nonuocThJO pa3~enaJOTca I puc~'- 5, 6/. 
,l.J;anhHeimee yBenB'IeHBe r He npBBe~eT K npaKTB'IeCKOMy 
ynyqmeuuJO pa3pemeuua no Macce, a TOnhKO yBenB'IBT 
annapaTypu~odi: nopor no 3Hepruu B3·3a YBenB'Ieuua TOn~QB
uw 6E ·AeTeKTOpa, 'ITO CaMO no ceoe npBBe~eT K "oope3a· 
HBIO" 3HepreTB'IeCKRX cneKTpOB 3TBX B DOnee nerKBX B30· 
TOnOB. 

14 

Ha ocuoaauuu cKa3auuoro nerxo onpe~enBTh ueooxo
~uoe pa3pemeuue no 3Hepruu 6E-~eTeKTopa ~· pa3~e
neuua pacnpe~eneuua ~Byx coce~ux B30TonoB, KOTopoe 
cne~yeT B3 ueooxo~uoro ycnoBua /16/, r~e 

l<f<2, 
/17/ 

C DOMOIQhiO 4»opuyJIW /1/: 

R 6 E < M > = s A E < M > I 6E e < M) ;;; I I eM • e e /18/ 

H Tor~a ~· pa3~eneuua pacnpe~eneuul ~Byx coce~uux 
B30TOnOB Ha OCHOBaHBB /11/ B /18/ TOn~QBHa 6E -~eTeJC• 
Topa ~oJDKHa OlaiTh Taxoii, 'IToow 

6Ee IE;;;;; 1-ll- [u
2f 2

M/83,5fn(E/459IM)]I.1/ 2 /19/ 

Hanpuuep, B cnyqae E/M = 6,8 M3B/HYK.IIOH, a= l Be = 2 
OTHOWeHBe 6E/E ~- BOHOB OT 12C ~0 40 Ar AAB KpeMBBe
BOro ~eTeKTOpa neliCBT B oonaCTB ~ 0,07 - 0,25. 

Cne~yeT 3aueTBTh, 'ITO Bepxuaa rpauuna no M B 4»op
uyne /19/ orpauuqeua 3Ha'leuueu AE/E , npu KoTopou 
BKna~ B pa3pemeuse 6E -~eTeKTopa oT 3c)cllexTa nepe3a
pa~KB 3Ha'IBTeneu. 

Onpeoe.lleHue 6K.IIaoa E- oeaeKaopa 6 U301110nHoe 
pa3peweHue MellloouKu ( AE, E) 

Teneph Y'ITeu BKna~ E·AeTeKTopa B B30Tonuoe pa3-
pemeuue MeTO~KR, TaK KaK B3" 3a CYIQeCTBOBaBBB KOHC'IHOi 
Benuquuw ero pa3pemeuua no 3Beprss C)y~y't uepa3pemeuw 
pacnpe~eneuua AA• o~oro B Toro )l(e B3oTona c 3Hepruel 
OT E ~o E + o E , r~e o E- WBpuua pacnpe~eneHB.& no 3Hep
ruu ua nonoBuue BlaiCOTial /puc. 5 z,o/. H 'IToow coxpaHRTh 
B30TODHOe pa3pemeHBe /19/, Mlal ~OJDKHial yBenB'IRTh OTHO· 
meuue 6E/E, T.e. uaiiTB TaKoe 

n > e ' /20/ 
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npH KOTOpOM H30TOIIHOe pa3peWeHHe CTaHeT paBHbiM /18/. 
TaK KaK BKna~ E-~eTeKTopa B H30TOnHoe pa3peweHHe co
CTaBnJieT 

[ llE(M,E) - llE(M,E + oE)]/ilE(M,E);; RE /21/ 

r ~e R E - OTHOCHTenJ.Hoe pal 1)eweuue no 3HeprHH E -~e
TeKTopa, TO scer~a ~oiDKHo BblnonHJITbCJI cne~yro~ee uepa
BeHCTBO: 

RE < 0/nM), /22/ 

'ITO xopowo BH~Ho H3 puc. 5 z,o. B npoTHBHOM cnyqae pac
npe~eneHHJI HOHH3ai.(HOHHbiX UOTepb COCe~HHX H30TOUOB 
conbiOTCJI. Tor~a ~n.11 pa3~eneHHJI 3THX pacnpe~eneuuii, 

'IT06bl coxpaHHTb /18/, ueo6xo~HMO BblnonHeHHe cne~yro
ll.(ero ycnoBHJI: 

2 2 2 2 
( l / f M ) = R tl E ( M , E ) + R E . /23/ 

n 

H3 3Toro ycnoBHJI nonyqaeM n • H OKOH'IaTenbHO /19/ 
nepenuweTCJI cne~yro~M o6pa3oM: 

/lEn /E;:, l-ll-[a 2 f 2 M/83,5(1-R~f 2 M 2 ) x /24/ 

x fn (E/4591M) 111 / 2 • 

H TOr~a Ha OCHOBaHHH /22/, /23/ cne~yeT, 'ITO ~.II nony
'leHHJI H30Tonuoro pa3peweHHJI E -~eTeKTop ueo6xo~HMO 
Bb16paTb TaKoii, 'IT06bl scer~a ero 

RE<l/fM._/2, /25/ 

a HH>KHJIJI rpauuna 6blna O'leBii~Ha. 

B Ka>K.D;oM KOHKpeTHOM cnyqae E -~eTeKTop Bbi6HpaeT
CJI, HCXO~JI H3 ycnOBHH 3KCIIepHMeHTanbHOR 3a~a'IH H npaK
TH'IeCKHX B03MO>ICHOCTeii. 

HanpHMep, ~n.11 HHTepsana H3MeHeHHJI !lEn /E ~o 0,2 
B pe3ynJ.TaTe pa3no*eHHJI B p.11~ Teiinopa /24/ nony'IHM, 
'ITO: 
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. tlE0 /E~a
2 f 2 M/l67(l- Ri:f 2 M2

) fn(E/4591M) • /26/ 

IIOIIYTHO 3aMeTHM, KaK xopowo BH~HO H3 wopMynbl /26/' 'ITO 
'leM MeHbWe R E, TeM MeHbWe Tpe6yeTCJI OTHOWeHHe /lE n/E , 
'ITO TeM caMbiM ysenH'IHBaeT WH3H'IeCKYJO uuwopMaiOIIO uc
cne~yeMbiX peaK:nHi. A H3 WOPMYnbl /26/, HCIIOnb3YJI /lEn/& 
=[(~lEe /E)+ f) upa3no*euue B p.11~ Teiinopa /19/, uaxo-
~HM, 'ITO 

R~::;;, R~E (f E/llEe) /[ l + (f E/llEe)]. 
e 

)J,anee, C TO'IKH 3peHHJI y,no6CTBa, Bbl6epeM 

( =(ilEf /E)i+l 

r~e l > l , t + 

/27/ 

/28/ 

/29/ 

TaK KaK B cnyqae paBeHCTBa HapywBTCJI 06JI3aTenbHOe 
ycnosue /22/. 3a~a~HMCJI TaK*e uenbro onpe~enHTb pa3-
peweuue no 3HeprHH E -~eTeKTopa, npH KOTopoM ero BKna~ 
B H30TOIIHOe pa3peweHHe 6y~eT MHHHManbHbiM. 3TO B03-
MO*HO, ecnH 

/27/ ... R
2
LlEe • E Ej"!lE f , /30/ 

Kor~a 

(f 2 E 2 /llE~) << l. /31/ 

TaK KaK ~JI (E/M) = /7 - 10/ M3B/HYKIIOH !lEe 1 E ~JI 
nerqaiiwero H30Tona ( M = 2) pasuo 0,01, TO /30/ BbiiiOJIHBMO, 
uanpHMep, npH t = 0,5. B3JIB nocne~uee. 3a ocuosy, nony
'IHM, 'ITO 

RE:; {1/fM) • (ilEf (M,E) /E) t/ 2 , /32/ 

r~e 

t = fn[A~e(2,E) /E] 2fn[AEe(M,E) /E] .• /33/ 
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CneAosaTeJILHo, HaXOAHM ~Ee /E no 4JopMyne /19/, 
t - no 4JopMyne /33/ H R E - no 4JopMyne /32/, KoTopoe 
H nOACTaSJIJleM S /24/. 

TaKHM o6paJoM, AJIJl paJAeneHHJl npOAYKTos JlAepHwx 
peaiCUHH C nOMOII{LIO MeTOAHKH ( ~E, E) npH MHHHMaJILHOH 
noTepe HH4JopMaUHH o6 HX 3HepreTH'leCKHX cneKTpax H AJIJl 
nonyqeHHJl AeTanLHoii HH<I!opMaUHH o6 OTAeJILHWX yqacTKax 
3THX cneKTpOS npH H3y'leHHH MeXaHH3Ma npJlMWX JlAepHWX 
peaKnHii H aHaJIHJe CTPYKTypw JlAep c noMOII{LJO TaKHX 
peaiCUHH He06XOAHMO, 'IT06W noTepJl 3HeprHH aHaJIH3Hpye
MOrO H JOTona npH npoxo:>K,D:eHHH qepe 3 ~ E - AeTeKTop 6wna 
pasHa /24/, a OTHOCHTeJILHOe paJpeWeHHe no 3HeprHH 
E - AeTeKTopa nOA'IHHJlJIOCL ycnosHJO /25/. 

O!leHKU Heo6xoowwozo 'lUCAa KaHaAoe no ocJtM !\ E H F: 
npu OeyMepHOM QHQAU3e 

Pa36HeHHe no OCJlM AOJI>KHO 6WTL TaiCHM, 'IT06W HCICJIJO
'IHTL YXYAWeHHe paJpeweHHJl no Macce S MeTOAHKe ( /\E,E) 
H3- Ja ICOHe'IHOrO 'IHCJia ICaHaJIOS aHaJIH3aTopa. 

0\feSHAHO, 'ITO HH>KHe:ii rpaHHUe:ii 'IHCJia KaHaJIOS no 
OCH ~E 6yAeT TaKoe HX 'IHCJIO, npH ICOTOpOM noJiyWHPHHa 
pacnpeAeJieHHJl HOHHJaUHOHHWX noTepL aHaJIH3HpyeMOH qac

THULl ( o ~E) npH npoxo:>K,D:eHHH qepe3 /\E - AeTeKTOp 6yAeT 
pasHa HHTepsaJiy no 3HeprHH Me >KAY ASYMJl COCeAHHMH Ka
HaJiaMH, S ICOTOpOM HaXOAHTCJl MaiCCHMYM nHKa aHaJIH3Hpye
Mo:ii qacTHUW, T.e.: 

K AE ;;: (A E / o ~E ) , /34/ 

rAe K /\E - HOMep KaHana no OCH /\E, S ICOTOpOM HaXOAHTCJl 
MaKCHMYM nHKa aHaJIHJHpyeMo:ii qacTHULI. TorAa, y'IHTwsaJI 
/18/ H /34/, noJiy'IHM, 'ITO 

KA >fl\1. 
L1E - /35/ 

TaiCHM >Ke o6paJOM HaXOAHM Heo6XOAHMoe 'IHCJIO KaHanos no 
ocH E , HCKJIJO'laJOII{ee yxyAWeHHe HJOTOnHoro paJpeweHHJl 
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MeTOAHKH, S COOTSeTCTSHH C pa3peweHHeM E - AeTeiCTOpa, 

HCnOJIL3YJl /32/ 

KE::: [ fM(E/AEe ) t/ 2 ], /36/ 

rAe K E - HOMep nJIOCICOCTH aHaJIHJaTopa, Ha ICOTOpo:ii Ha

XOAHTCJl nHK aHaJIH3HpyeMOH 'laCTHUW. 

OneHKa /36/ nony'leHa npu ycnosHH, 'ITO s MeTOAHKe 
(/\E,E) HMeeTCJl CXeMa CYMMHposaHHJl, HCKJIIO'laJOII{aJlSICJiaA 
s paJpeweHHe E- AeTeiCTopa OT pa36poca no 3HeprHH HJ- Ja 
npoxo>KAeHHJl qacTuneii /\E - AeTeKTopa. 

TorAa, HanpHMep AJIJl 12 C / E/M =6,8 M3B/HYKAOH/ 
npeAnO'ITHTeJILHee pa36HeHHe Ha aHaJIHJaTope AH-4096-3 
32 (/\E) x 128 (E) , TalC KaiC H3 /35/ H /36/ CJieAyeT pa3-
6ueHHe 24( /\E) x 80 (E) . 

TaK>Ke CJieAyeT o6paTHTL SHHMaHHe Ha TO, 'ITO Aa)Ke 
npH SWnOJIHeHHH CaMWX SWCOICHX Tpe6osaHHH 1C /\E- H 
E - AeTeiCTopaM, noJSOJIJlJOII{HX HJOTOnHoe paJAeneHHe npo
AYKTos JlAepHWX peaiCUHH, TeM He MeHee HeS03MO)KH0 
nony'IHTL KOHe'IHYJO HH4JopMaUHJO o KaHanax peaKnHii, Ha
npHMep, S pa:iioHe 40Ar 6e3 HCnOJIL30SaHHJl OUeHOIC 

/35/ H /36/, TalC ICaiC Tpe6yeTCJl Ha OCHOSaHHH 3THX OUeHOIC 
pa36HeHHe 80 (/\E) x 250 (E) , T.e. Tpe6yeTCJl aHaJIH

JaTOp C JanOMHHaiOII{HM ycTpOHCTSOM, COAep)Kaii{HM 60JILWe 
20 000 Jl'leeiC, HJIH >Ke HCnOJIL30SaHHe nopOrOSLIX AHCIC

pHMHHaTOpOS. 
Ha puc. 6 npuseAeHw cneKTpw npOAYKTos peaKUHii 

( 1 9 7 Au + 12 C) H ( N i + 12 C) , nony'leHHwe c noMOIULIO 

MeTOAHKH ( /\ E,E) AJIJl OAHO:ii H Toii )Ke ux Ha'laJILHoii 3HeprHH, 

H3 ICOTOpWX SHAHO cpaSHHTeJILHO XOpowee paJpeweHHe 
no Macce, HeCMOTpJl Ha TO, 'ITO noiCa no TeXHH'leCKHM 
npH'IHHaM S MeTOAHKe He HCnOJIL30SaJiaCL CXeMa CYMMH
posaHHJl. HHTepecHo OTMeTHTL, 'ITO AOnOJIHHTeJILHWM yiCa
JaHHeM Ha npaSHJILHOCTL HAeHTHWHKaUHH npOAYKTOS peaK
UHH JlSJIJleTCJl oTcyTcTsHe s cneKTpax 8 Be , KOTopw:ii He 
MO>KeT HaXOAHTLCJl S CSJl3aHHOM COCTOJlHHH. 

TaKHM o6paJoM, ycnosHJl /35/ H /36/ noJSOJIJIJOT pea
JIHJosaTL HJOTOnHoe paJpeweHHe MeTOAHKH (/\E, E) • 
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19 7 12 Puc. 6. CneKIIPiol npooyKIIOe peaKr~uu ( Au+ C) u 
(Ni + 12C) , nollytteHHiole C noMOJI#IoiO MeiiOOUKU (~E,E). 

B 3aKJII01.feHBe aBTOPLI 6naro.napJIT r .H.fl»neposa 3a 
BHTepec K pa6oTe, B.B.BoJJKosa- 3anone3HLie o6cy)I(,AeHBJI, 
H_.C.KpaweHBHHHKosa, JI.ll. lleJJHoKosa H A.H.ronoBHHa -
3a noMOIQb. 
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