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T09HOB onpeneneHHB xapaKTepHCTHK K6MBPhl nenBHHR HMBBT B6*HOB 

3H69BHHe HB TOHbKO B H3MBPBHHH naHH~ RDBPHOA ~H3HKH, HO H npH 

KOHCTPYHPOB6HHH H H3fOTOBHBHHH K6MBphl, BbDope BB 0DTHM6HbHbU 

peliHMOB pa60Thl. 

8 naHHOM C006MBHHH DPHBBDBHhl PB3YHbT6Thl B~HCHBHHR MBTODOM 

MbHTe-Kapno DOTBpb OCKOHKOB B M6TBPH6HB 3HBKTPOZIOB HJ-36 HX 

DOfHO&eHHR H aMDHHTYDHOfO pacnpBDBHBHHR 8 KaMepe DBHBHHR, KOTOP6R 

H3f0TOBHBH6 DHR H3Y9BHHR BhlXODa MfHOBBHHhlX r-KB6HTOB DPH DBHBHHH 

z 
3 9 Pu pB30H6HCHbiMH HBATPOH6MH. 

1. 8Ll'IHCHBHHe TOPM03HOA CDOC06HOCTH H ZlnHHhl npo6e·ra 

8 M6TBPH6H6X 3HBKTPOZI6 H pa609BM f63B K6MBPhl DBHBHHR 

838HMODBACTBHB MB&DY DBHJIYSHMCR HOHOM H 6TOM8MH eemecTBa 

RBHRBTCR UBHHKOM 3HBKTPOM6fHHTHbiM. Era MOJIHO P63DBHHTb H6 PRD 

npOCTbiX DpOUBCCOB: 1) 836HMODBACTBHB Hnpa HOH6 C 3HBKTPOHHblMH 

o60H09K6MH 6TOMOB BBmBCTBa< 2) B36HMODBACTBHB 3HBKTPOHOB HOH6 C 

RDP6MH 6TOMOB BB.eCTB6< 3) B36HMODBACTBHB Rnpa HOH6 C 6TOM6MH 

BBWBCTB6(1)- 8xnan 3THX DPOUBCCOB 8 DOTBPH 3HepfHH B OCHOBHOM 

onpenBHRBTCR CKOPOCTbD HOHa. 

K H6CTORI!lBMY apeMeHH 

cnoco6uocTb, 

3HBKTpOHHbiMH 

onpenenReMaR 

o6onOttK6MH 

xopomo TOPM03H6R 

B36HMOZIBACTBHBM " 
aTOMOB TOPM03H6R 

CDOC06HOCTb)[2]. llo Mepe TOPMOJIBHHR HOH6 8 BBmBCTBB BCe 60HbMYD 

l 



aemecrea. TopM03HBH cnoco6Hoctb, onpe~enHeMaH 3THM npoueccoM 

(H~BPHBH TOPM03H8H CDOC06HOCTb), H3BBCTH8 3H8lfHTBnbHO XY~B. 

B nocneaHee epeMH ~.XeHHHrepoM 11 ap. pa3pa6oraHa nporpaMMa 

STOPOW-82 ~nR pacqera TOPM03HOA CDOC06HOCTH H npo6era HOHOB (3,4]. 

AeropaMH a nporpaMMY BKJIJ>lfBHLI llaHHLie, YlfHTLIBBl:llllHB xapaKrepHCTHKH 

B38HMOliBACTBHH HOHQB C 6TOMaMH BBIQBCTBa, H HCD0Jlb3088HLI pa3HLIB 

(tiOPMYnLI B. 38BHCHMOCTH OT 3HeprHH HOHOB. ZlnR BLNHCJlBHHH TOPM03HOA 

CDOC06HOCTH MW BOCDOJlb3088JlHCb 3TOA nporpaMMOA. 

8 pa60lfBM 06beMe KBMBPLI aBJlBHHR HMBBTCR 39 3JlBKTPOllOB, 19 

3JlBI<TPOllOB 113 ~OTOphiX CO CJlOHMH OKHCH DJIYTOHHH Pu0
2 

, a OCTBJlbHh!B 

3JlBKTPOllLI H3 lfHCTOrO annMHHHH TOJllllHHOA 0, 1MM. Cno11 H3 OKHCH 

DJlYTOHHH Ha 8J1XlMHHHBBhiB DO~DOllKH HaHBCBHLI C ~BYX CTOPOH. CnoH 

oKHCH nnyroHHR noKpLITLI cnoeM Jonora TOJllllHHOA 3 0+ 50MKr /CM
2

• 

PaCCTORHHB MBll~Y 3JlBKTPOllOM C OKHChl:l DDYTOHHR H lfHCTb~ 8Jll:lMHHHBBh~ 

3nBKTPO~OM 2 MM. 8 KBlfBCTBB pa60lfBrO raJa HCDOJ1b3YBTCH H3o6yraH 

DPH naenBHHH 25 ropp. 

Bbl'-IHCJlBHHB TOpM03HOA cnoco6HocrH npo6era QCKQJlKOB 

DPOBOllHJlQCb B Pu0
2

, AU, Al H 

TOlfKaX OT 10-
4 

llO 1,5 M38/HYKJ10H 

H306YtaHB 8 183 3HepretHlfBCKHX 

H8 38M CDC-6500. ZlnR Bbl'-IHCJlBHHA 

Bbr6HpaJIHCb OCKODKH ~BDBHHH 2 3 
"Pu, KOTOpiJe HMBJ)T HB38BHCHMbJe BLIX Ollbl 

BbimB 0,1\ [5] ,H ODPBllBDRJlHCb HX 3JlBMBHTHbie BbiXO~bl. KpoMe roro. 

p8ClfBTbi DPOBOllHJlHCb H llDR o:-qactHU. 

Ha PHC. 1 npHBBl.:tBHbl PB3YJlbT8Tbi BbllfHCJlBHHR TOPM03HOA 

CDOC06HOCTH ,l:tnR o:-lfaCTHULI H PHllB 3J1BMBHTOB, YK838HHbiX 8 Ta6JIHUB 1, 

B PU0
2

, Au H H3o6yraHB. TOlfHOCTb BbllfHCJlBHHR COCTBBJlRBT ±5% llJlR 

3HBprHH 60nbWB 0,2 M38/HYKJ10H H YXYllWBBTCH llJlR 6onee HH3KHX 

3HBprHA. 
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PHC. 1. 3aBHCHMOCTb TOPM03HOA CDOC06HOCTH OT 3HeprHH 

OCKOnKOB B Pu0
2 

(a), Au(6} H H306YTaHe(a) . 
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2. 8bRHCneHHe ROTepb OCKOHKOB H aMRJIHTY~HOrO pacnpe~eneHHR 

a KaMepe aeneHHR 

6biJIH C~enaHbl CJieAYKlllU1e OCHOBHb!e npe~nOJIOJKBHHR: 1) MHmeHb 

RBJIReTCR RJIOCKHM CJIOBM C paBHOMepHO pacnpeneJIBHHOA RJIOTHOCTb~, 2) 

·nonnmtcKH MHmeHBFI H co6HPaKllllHX anKlMHHHeabiX 3JIBKTponoa Hacron&Ko 

TOJICTbie, '-ITO OCKOJIKH HB RpOXO.li:RT HHX, 3) OCKOJIKH, 

B03HJ.1KaKlWHe RPH .li:BJIBHHH ZJgPu pe30HaHCHb~l1 HBATPOHaMH, pa3JIBTaKlTCR 

H30TPORHO. 

/ 
.... 

/ 
/ 

./~ --~ <( 
I 

/ / 

AI 

PHc. 2. llpHHUHRHaJibHaR CXeMa ABHlKBHHR OCKOJIKa B KaMBpe. 

neACTBHTBJibHO, BbRHCJieHHR .li:JIHHbl OCTBTO'-!HOrO npo6era B Al 

ROKa3bEaKlT, '-ITO OCKOJIKH .l(eJIBHHR He RPOXO.li:RT '-lepe3 CHOH Al TOJI!IlHHOA 

0,1 MM. 8 pa6oTe [6) 6bmO ROKa3aHO, '-ITO BHHRHHe HBH30TPORHOCTH 

yrnoeoro pacnpeneneHHR ocKOJIKOB Ha noTePH MeH&me 1%, Korna 3HBPrHR 

fl03TOMy MOlKHO Haum 



ll.OCT6TO'iHbiB OCHOB6HI1R, 11 cnell.YBT pacCM6TPI1Batb TOnbKO OCKOnKI1, 

ll.BI1~YW11BCR B HanpasneHI1H OT- noll.nO~KI1. 

Ha p11c. 2 M6KCHManbHb~ reneCHb~ yron Q, ROll. KOTOPb~ OCKOnKH 

BbmeTa~T, onpenenReTcR ll.nHHOA npo6era s MaTepHane MHmeHI1. Ecn11 

MHWBHb COCTOHT 113 Oll.HOfO M6TBPHana, TO OOTBPH 113-36 nornOWBHHR 

OCKOnKOB, HB BbiXOliRDlHX H3 MI1IDBHI1, MO~HO Bb!p6!{11Tb K6K (7]: 

T 
( 1) 

rll.e T- TonmHHa MaTep11ana or era nosepxHOTI1 no T04KH 

B03HI1KHOBBHI1R OCKOnKa; 

R(E
0
)- ll.ni1H6 npo6era OCKOnKa C 3HeprHeA E

0 
8 ll.6HHOM 

Marep11ane. 

C ll.pyroA CTOPOHbl, ecn11 TOPM03H6R CROC06HOCTb 1138BCTHa Ha BCBM 

OYTH OCKQnKa B semeCTBe, TO MQJ{HQ BbNI1COI1Tb era CPBZI.HHA nonHb~ 

npo6er [1,2]: 
Eo dE 

R(E) f (--)-• <E I 
o dX 

dE 
rll.e (----) - ropM03HaR cnoco6HOCTb ocKonKa 8 semecTse. 

dX 

(2) 

8 HameM cny~ae Heo6xoll.HMO Y4HThlBatb TaK•e norep11 8 cnoe Au. 

BBBliBM cnell.Y~DlHB 0603H64BHH.R: E0- Ha'ianbH6.R 3HeprHR OCKOnKa, E 
' 

-ero 3HeprHR nocne npoxo•neHH.R cnoR Puo~ 11 E~- 3HeprHR ocKonKa 

nocne Bbtxolla H3 cnoR 3onora. Torll.a cpell.HHA npo6er ocKonKa s cnoe 

PuO~ 360HIDBTC.R K6K 

• 

' 0 dE 
f (- )_, 

dX ' ' ' 
dE, ( 3) 
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a B cnoe Au 

rne 
dE 

(--) 
dX ' 

E 

' dE 
J (--)-· 

dX ' ' ' 
dE, 

dE 
(--) -

dX ' 
TOpM03HaR CflOC06HOCTb OCKOflKa B 

PU0
2 

~ AU COOTBeTCTBeHHO. 

(4) 

KaK B~~Ho ~3 p~c. 2, c noMombn npocToro reoMeTp~YecKoro paccMOTpeHHR 

MelKDY ~ H R
2 

YCTBH8BflHB8eTCR cnenynwee OTHOWBHHe 

TPuO /TAu = Rt/Rz' 

' 
(5) 

r~e TPuo- TOflWHHa CflOR Pu0
2 

OTero flOBepXHOCTH ~0 T09KH 

' B03HHKHOBBHHR OCKOflKB flO OCH KBMBpbl, 

TAu - TonmHHa cnoR Au. 

H3 BbiP8lKBHHA (3), (4), (5) MOlKHO fl0flY'H1Tb 

T 

T 

'"0 
' 

A" 

Et dE -1 

J (--) dE 
t: dX 

2 

' 
(6) 

[cnH onpenenHTb 3HeprHn E
1 

OCKOflKB B rpaHH9HOA T09Ke MelK.liY 

CflORMH Pu0
2 

H Au M8TO.li0M 9HCflBHHOrO HHTerpHpOB8HHR, TO MOlKHO 

Bbi9HCflRTb npo6erH OCKOnKa R1 H R2 C 38~8HHOA H898flbHOA 3Hepr~eA E0 

H, CJIC.<.JOllaTeJibHO, MaKCHMaJibHbli.f TeJieCHbU":f YI'OJ1 

BblfleTa ( np~ E
2 

= 0 ) • flp~ Bhi9HCflBHHH npo6era OCKOflKB C 3Hepr~eA, 

3H8YBH~e KOTOpOA OTCYTCTBOBBflO B HCXOQHh~ .liBHHb~, DPHMBHRflCR MBTO.ll 

HHTBPDOflRUHH narpaHlKB. 

DnR CYMMBPHOR KHHBTH9BCKOA 3HeprHH OCKOflKOB B pacYeTax 

~CDOflh30BBflHCb naHHbie 113 pa60T (8,9), r.n:e DPHBe~eHbl 38BHCHMOCTH ee 

OT MBCCOBh~ Y~cen npH aeneHHH 
2 3 9 PU T8Dfl0Bh!MH HBATPOHBM~. 

CYMMapHaR KHHBTH9BCKBR 3HeprHR pacnpeaenRBTCR MBlK.liY OCKOflKBMH 

o6paTHO nponopUHOHBflhHO HX M8CCOBblM 9HCfl8M, D03TOMY 113 38BHCHMOCTH 

6 
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CYMMBpHOA K~HBTH~BCKOA 3Hepr~~ OT MBCCOBOrO ~HCJta OCKQJlK8 MOSKO 

era Maccosoro ~Hcna. 8 ra6n~ue 1 npe.ztcraeneabl ycpe.ztHeHHhie 

xapaKTBP~CT~K~ .ltJlR OCKOJlKOB, ~MB~mHX HaH60JtbmHA BhaO.lt. 

DnR DOJlY~BHHR 8MflJlHTY.ltHOrO paCOPB.ltBJlBHHR BhRHCJlRJl8Cb 3HBPr~R 

QCKOJlKB, KOTOPBR nornomaeTCR B pa6o~BM ra38, T.K. BMDJl~TY.zta 

HMDYJlhCOB OT OCKOJlKOB DPOROPUHOHBJlbHa nornomeHHOA B qyBCTBHTBJlbHOM 

cnoe KBMBpbi 3HBprHH. H3 flOJl)'~BHHOrO aMRJlHTYllHOrO pacnpe.zteneHHR 

MOlKHO 6t.IJlO OUBHHTb 3«i«iBKTHBHOCTb peri1CTP8UHH OCKOJlKOB B KaMepe 

[10]. 

* 

(7) 

r llB k
1 

- nonpaBO~HhiA K03«i«iHUHBHT Ha OOTBPH H3 -38 nor JtOmBHHR, 

k2 - OTHQmBHHB ~HCJla OCKOJlKOB HB.zt noporOM llHCKpHMHHBQ~H 

K o6mBMY ~HCJlY OCKOJlKOB, OCT8BHBmHX CJl8ll B pa60~8M 

r 638 KBMBPhl. 

2.80 

r 
£ 
c. r ~ 
~ 2.60 t -0 

<= 

2.40 r-
r . . . . . . 

r 
I I I 2.20 

30 40 50 60 

ATOMHhu::l HOMBP 

PHC. 3. 3aBHCHMOCTb flQTBPb nornomeHHR OT 8TOMHOrO HOMBpa. 
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Ta6nHua 1.. YcpenHeHHLte xapaKTBPHCtHKH ocKonKoB 

---
HllPO RTOMHblA 3neMBHTHbiA YCPBZIHBH. CYMMapHaH 3HBPrHH 

HOMBP BLIXOll, Mace a 3Hepnut, •• HYKnOH 
% 11:38 M>B/HyK. 

As 33 0,14 83,0 104,34 1,257 

se 34 1,36 85,1 103,94 1,221 

Br 35 2,20 87,5 103,47 1,183 

Kr 36 4,38 89,5 103,24 1,183 

Rb 37 6 50 92,3 103 47 1,154 

sr 38 12,30 94,4 103 82 1,100 

y 39 10,80 96,8 103,82 1,073 

Zr 40 17,70 99,4 103,76 1,044 

Nb 41 13,50 101,9 103,65 1,017 

Mo 42 15,60 104,1 103,53 0,995 

~ 43 6,10 106,2 103,09 0,971 

Ru 44 4,50 108,1 101,87 0,942 

~ 45 0,60 109 7 100,27 0,914 

In 49 0 10 126,0 84,55 0,671 

sn 50 3,66 129,7 84,61 0,652 

Sb 51 7,47 131,5 83,75 0,637 

Te 52 16,36 133,3 82,18 0,617 

I 53 14,49 135,5 79,80 0,589 

xe 54 16,98 137,5 79,16 0,576 

Cs 55 11,37 140,1 73,96 0,528 

Ba 56 12,34 142,4 71,17 0,500 

La 57 6,20 145,0 68,48 0,472 

Ce 58 5 06 147,0 65,64 0,447 

Pr 59 2,10 149,3 62,77 0,420 

Nd 60 1,40 151,6 60,27 0,396 

3. 06cy*llBHHe peJynbtatoB 

flporpaMMR MoHte-Kapno ZlnH Bb~HCnBHHR norno~BHHR OCKOHKOB H 

aMnHHTYllHOro pacnpeneneHHH 8 KaMepe ZlenBHHR HRDHCRHR 8 R3b~B 

FORTRAN-77 Ha 3BM PDP-11/70 C HCDOnb30BaHHBM HMBDmeACR 6H6HHQTBKH. 
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3neKTPOZILI s KaMepe lteneHHR paJlteneHLI Ha 4 rpynnbl no HX 

TOJlUIHHe; o,103Mr/cM
2

- 1, 0, 938Mr /CM
2

- 9, 0,982Mr /CM
2

- 7' 

1, 098Mr /CM
2

- 2. llnR KalkltOA rpynmi BbNHCJlRJlHCh noTe pH ZIJlR 25 

JJleMeHTOB, KOTOPbie npel!CTasneHbl B Ta6nHUe 1, a 36TeM npOBOliHJlOCb 

ycpeltHeHHe no seeM MHWEHRM. H aMnflHTYliHOe 

p~cnpelleneHHe OUeHHB6JlHCb ycpeZIHeHHeM nony~eHHL~ pe3YJlbTaTOB liJlR 

25 3JleMeHTOB. 

"' 
£ 
0. 
~ 
~ 
0 

"' 

Ta6nHua 2. YcpeZIHeHHLie noTepH ocKonKos 113-3a nornomeHHR 

rpynna HHTepsan ycpeli.HeH. noTe pH, 
aTOMHOrO HOMepa 

• 
nerKaR 33 45 2,35 

TRJKenaR 49 + 60 2,54 

nnR scex 3JleMeHTOB 2,45 

8.00 

Nd 
In 
As 

4.00 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 

TonmHHa cnoR Pu0
2

, Mr ;cM
2 

PHC. 4 3aBHCHMOCTh ROTepb OCKOJlKOB OT TOJlDlHHLI CJlOR PU0
2

• 

Ha pHC. 3 noKa3aHa 3aBHCHMOCTb fiOTePb OCKOJlKOB OT HX aTOMHOrO 

HOMepa. KaK BHliHo, s cny~ae HameA KaMepLI neneHHR noTepH He6onLmHe 
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H ~RR CaMero TRJCBROro 3RBMEHTa Nd COCTaBRRDT ~2, 7 %. DnR 3REMeHTOB 

nerKoA rpynnhi Maccosoro pacnpelleneHHR norepH no'nH He MEHRKITCR c 

BTOMHbiM HOMEPOM, HO ~nR 3ReMeHTOB TRJCenoA rpynflbl 3Ta 3BBHCHMOCTb 

TaKaR 36BHCHMOCTb o6ycnosneHa pacnpe.lleneHHeM 

KHHBTH~BCKOA 3HeprHH DO Macce OliHOrO OCKOHKa DPH l!BHBHHH 
239

Pu 

HeArpoHaMH. B ra6nHue 2 npel!crasneHbi ycpel!HBHHbJe norep11 l!RR nerKOA 

11 TRJCBHOA rpynnbl H llRR BCBX 3RBMBHTOB. 

BOO 

~ 

"' % 

"' ~ 
"' "' 
~ 
~ 
~ 

'-' 400 

1.0 2.0 30 
AMnnHTY.lla, M3B 

P11c. 5. AMnHHTYliHOe pacnpe.lleneHHe s KaMepe .lleneHHR. 

Ha PHC. 4 MOJ[HQ BHliETb, qro DOTBPH H3-3a nornomeHHR OCKORKOB 

113MBHRDTCR HHHEAHO C TOHmHHOA CROR Pu0
2

, qro 

pe3yHbTaTOM pa60Tbl(lO]. 

coana.naer c 

nonyqeHHOB 6MfiHHTYliHOB pacnpe.lleneHHe npel!CTaBHBHO Ha pHC. 5, 113 

KOTOPOfO BHliHO, qro MaKCHMYM aMDHHTYliHOfO pacnpenenEHHR HaXOliHTCR 

a HH3K03HeprerHqecKoA o6nacr11. 3TO 06bRCHRETCR TEM, qro Hama 

KaMepa neneHHR pa6orana npH HH3KOM nasneHHH pa6oqero raJa, no3TOMY 
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3HeprHR, nornorueHHaR pa6oqHM ra30M, oqeHh Mana. fipH Bh~Ope nopora 

aMnJIHTY~HOA ~HCKPHMHHaUHH npHXODHTCR Y~HTh~aTh 3TOT ~aKT. Ha pHc. 

6 riOKa3aHa 3aBHCHMOCTh 3~~8KTHBHOCTH pefHCTpaUHH OT nopora 

aMriJIHTYDHOA ~HCKPHMHHaUHH. 

100 
~ .. 
~ 
u 
0 

"' ~ 
"' ~ 
~ 
ru 50 .. .. 
~ 

1.0 2.0 3.0 4.0 
fiopor ~HcKPHMHHaUHH, M38 

PHc. 6. 3aBHCHMOCTb 3~~eKTHBHOCTH perHcTpauHH oT 

nopora DHCKpHMHHaUHH, 

8 3aKJIKl~BHH8 aS TOPhi BbipalKaKlT 6naronapHOCTb fl. 6. fiHK81IbH8PY H 

A. 6. fiOUOBY 3a UBHHL!e DHCKYCCHH H coseni, 8. YanoYHOBOA 3a 

nonroTOBKY naHHb~. 
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