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§ 1. BBEAEHHE 

np~ B38~MOAe~CT B~~ 8APOHOB C nOKOR~~MCR HyKnOHOM BwneT HyK­
nOHOB Ha3aA sanpe~eH K~HeMaT~Ko~. HO paspeweH n~ B3a~Mo ­

Ae~CTBHH C Ae~TpOHOM HnH 6onee TR~en~M AAPOM . 
HsMepeHHe ~HKn03~BH~x c neKrpo s raKHX HYKnOHOB 6wno sa noc­

n eAHHe roA~ npoAenaHO a ~enoM PAAe 3KcnepHMeHTOB ~ Ha pasnH4-
H~x AApax I t-&~ nony4eHHWe A8HH~e npoAeMOHCTp~poaan~ PAA 
xapaKrepHWx oco6eH"ocre~. B 48CTHOCTH, oKasanocb, 4TO HHBap~-

1 1 do 
aHTHoe ce4eHI1e - · -· -- 11MeeT ABe APKO awpa~eHH~e o6nacr11: o, P dT 
o6nacTb Man~x 3Ha 4 eHI1H T I T - KI1HeTH4ecKaA 3Hepri1A HYK110Ha a 
c~ creMe n oKOA RApa/ c 60J1 bW11M H8K110HOM, xapaKrepH~M A11R "npo­
croro c rp11nn11Hra", 11 oonacTb 6onbW11X T c Mai1~M HaK110HOM, ocra­
~HMCA np8KTI14eCKH Hei13MeHH~M B W11poKOM 11HTepBa11e 3HeprH~ na­

A8~ero 8APOHa. 
no4TI1 BCe 113BeCTH~e H8M 3KCnepi1MeHTW B~no11HeH~ 8 HHKn03HB­

HOH nOCT8H08Ke. TaKHe 3KCnepi1MeHTW He MOryT A8Tb AOCT8T04HOH 
HH~pM8~1111 0 AHH8MI1Ke npo~eCCOB , H noTOMY MHOr11e 80npoc~, A8~e 
11Me~He npHH~HnH811 bHOe 3H84eHHe, OCT80TCA 6e3 OTBeTa . Hanpi1Mep, 
Ha 88~HWH AJ1R ~3HK~ 80npoc - K~KyO 48CTb Ce4eHI1A 83811MOAeHcT­
BHA COCT8B11AOT KOJ111eKTH8Hiole 3~KTW /npoRBneHI1e rpynn HyKnQH0 8 
K8K MHOrOK8apK08WX CI1CTeM/ - M~HO OTBeTI1Tb , 11HWb HCK1104118 A0-
110 asaHMOAe.:icraHH , o6'bACHReMWx ''o6w4HWMH11 MexaHHSMaMH. K 3 THM 
o6w4H~M MeX8HH3M8M MO*HO OTHeCTI1 OnHC8HHe K883Hynpyri1X 11 KB83H­
Heynpy r11X 8APOH-AAePHWX B3 8HMOAeHCTBHH npOCTWMH AHarpaMM8MI1 
OAHOKp8THOrO pacceAHHA 111111 p8311~4HOrO THna 11Tpey r011bHWMI111 A118-
rpaMM8MH 16 •71 , c nOMOIIIbO MOAe11eH, AOnycKaiOIIIHX 803MO*HOCT b 0011 b­

WI1X ~epMI1-HMnynbcoa HYKnOH08 a AAPe 181 11 APYrHx. 
B~6op Me*AY 811 bTepHaTI1BH~MH MOAe11AMH 4acro MO*Ho CAe11aTb, 

HCnOJ1b3YA AOn011HHTeJ1bHyO HH~pM8~110 0 KOppeJ1R~I1AX 8 11Mny11bC8X 
8TOPI14HWX 48 CTH~, conpOBO*A8~X B~XOA HYKnOHa B KHHeM8TI14e CKH 
sanpe~eHHyo AJ1A BAPOH-HYKnOHHoro esaHMOAe~cT8MA o6nacTb. B caA-
3H C 3THM C11eAYeT nOA4epKHyTb B8MHOCTb npoaeAeHI1A 6onee 11H~p­
M8TH8HWX 3KCnepHMeHTO B, K KOTOpWM MOMHO OTHeCTH HCCneA088HHR 8 
nonyHHKn03HBHOH 111111 3KCKn03H BHOH nOCT8HOBK8X H on~TW 8 n OJ1ApH -

3088HH~X ny4K8X. 
B Ka4eCTBe npHMepa c owneMCR Ha HccneA08aHHe nporoH-Ae~TpoH­

HWx B38HMOAe~CTBHH npH pp • 1,67 f3B/c, 8 KOTOPOM, B 48CTHO­

CTH, 6111110 n OK838HO, 4TO 8~XOA npOTOHOB 8 06J18CTb, 3anpe~eHHy0 
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P~c. 1a. 06nacTb e~XOAa 
KyMynRT~BH~X HYKnDHOB Ha 
A~arpaM.'Ie ~Mnynbc-yron 

AnR AeHTpoH-npOTOHHWX 
B3a~MOAeHCTBHH np~ 

10 r3B/c. 

K~HeMaT~KOH ynpyroro 
pacceRH~R, CBR3aH, rnae­
H~M o6pa30M,C MeXaH~3MOM 
npOMe*YT04HOH ~ -~306a­
pw191 . TaKOH B~BOA 6~n 
CAenaH Ha OCHOBaH~~ ~3y-
4eH~R KOppenR4~H ~Mnynb ­

COB npoAyKTOB peaK4~~ ~ 

OTHOC~TenbHOrO B~XOAa 

npOTOHOB ~ HeHTpOHOB B 
K~HeM3T~4eCK~ 3anpe~eH­

H~ .QnR ynpyroro HYKnOH­
HYKnOHHOrO pacceRH~R o6-
nacTb. 0AHaKo HMnynbc 
naAa~~ero RApa e yKa3aH­
HOM 3Kcnep~MeHTe 6~n He­
BenHK. no3TOMY BWBOA 
~MeeT 4aCTHWH xapaKTep 
H, 4T06w pewHTb eonpoc e 
06~eM, He06XOAHMO nony-
4~Tb AaHH~e e o6nacTH 
npeAenbHOH ~parMeHTa4~~. 
KOTOpaR HaCTynaeT np~ 
3HeprHRX - 4 r38/HyKJlOH 
AnR naAa10111ero RAPa 1101 . 

B CBR3H c H3no*eHH~M, 
paccMaTpHeaeTcR ea~aHT 
3KcnepHMeHTa no H3y4eHH~ 
KOppenA4HH BTOPH4H~X 
4aCT~4 80 B3aHMOAeHCTB~-

P~c . 16. 06nacTb B~XOAa 
KyMynRTHBHWX HyKnOHOB Ha 
AHarpaMMe HMnynbc-yron 
.QnR npOTOH-AeHTPOHHWX 
B3a~MOAeHCTBHH npH 
5 r3B/c. 
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P~c . 2. CxeMa 3KcnepHMeHTa. 

RX RApO- HyKflOH C B~XOAOM npOTOHa MaKC~MaflbHO B03MO*HOrO ~M­
nynbca /KYMYflRT~BHOrO npOTOHa/ np~ HMnynbCe naAa~CU~ero RAPa 
4,5- 5,0 r3B/c Ha HYKflOH. 

§ 2. nOCTAHOBKA 3KCnEPHMEHTA 

no-B~A~MOMy, onT~MaflbHOH AnA peweH~R nOAo6HWX 3aAa4 ycTa­
HO BKoH RBnReTCR CTPHMepHaR KaMepa C BHyTpeHHeH *HAKOBOAOPDAHoH 
M~WeHb~ / 11 /. 

Ha ~ /a ~ 61 3awTp~xosaHa o6nacT b yrnoe ~ HMnynbcoe ew­
neTaiOUI~X KyMynATHBHWX HYKnOHOB AflR cny4aR B3aHMOAeHCT B~R na­
Aa~CU~ero AeHTPOHa C HMnynbCOM 10 r38/c C npoTOHOM MHweH~ /a/, 
a TaK*e .QnR o6paTHOH reoMeTP~~ /6/. B~AHO, 4TO e nepeoM cny4ae 
TeneCHWH yron npHMepHO B 40 pa3 MeH bWe. MaKCHMafl bHO B03MO*H~H 
HMnynbC HyKnOHa COCTa&nReT 'L 8, 9 r38/c . 8 3TOM npeAenbHOM cny-
4ae HMnynbCW ABYX APYrHX HYKnOHOB, awneTa~X TO*e noA 0 ° no 
OTHOWeHH~ K HanpasneHH~ naAa~CU~ero AeHTpOHa, paBH~ 0,56 r38/c. 

TaKaR K~HeMaT~Ka ewneTa HyKnOHOB npeAeflbHO B03MO*H~X HM­
nynbCOB onpeAenHna aw6op cxeMW onwTa, KOTOpaR npeACTa eneHa Ha 
e~c.2. 

ny40K AeHTpOHOB /10 r3B/c/ naAaeT Ha BOAOPDAHY~ MHWeHb, no­
Me~eHHY~ BHyTpb CTp~MepHOH KaMepw, HaXOAR~eHCR B MarH~THOM no­
ne. HMnynbCH~H aHanH3 ewneTaiOUIHX anepeA 6wcTpwx 4aCT~4 npo~3-
BOAHTCR AOnOflHHTenbH~M MarH~TOM. npoCTOH TpHrrep, OCHOBaHHWH 
Ha coa naAeHHH CHrHanoe OT paccpeAOT04eHH~X BAOflb TpaeKTOPHH 
6wcTpOrO npoTOHa / < p> = 8 r38/c/ C4HHTHflnR4HOHH~X C4eT4HKOB 
81 8 2 s s o6ecne4HeaeT OT6op HHTepecy~~Hx Hac co6~THH . 
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PHc.3. CxeMa nporpaMM~ 
reHepau~oH1. 

§ 3. MOAEnHPOBAHHE 
YCnOBHA 
3KCnEPHMEHTA 

YcnoeH~ 3KCnepHMeHTa 
MOAenHp0 8anHcb c noMO~b~ 
nporpaM~ MoHTe-Kapno -
reHepa~.tHH HCKyCCT8eHH~X 

co6~THH. CxeMa nporpaMM~ 
npeAcTa8neHa Ha pHc.3 . 
reHepHpy~TC~ co6~TH~ yn­
pyroro pacce~HH~ H pas8a­
na AeHTpoHa Ha npoTOHe 8 
80AOPOAHOH MHWeHH, nOMe­
~eHHOH 8 CTpHMepHy~ KaMe­
py. Henpo8SaHMOAeHCT8o-
8aawHe 4aCTHU~ ny4Ka, yn­
pyro pacce~HH~e AeHTPOH~, 
~CT~e 8TOPH4H~e HYK110H~ 
OT pas8ana AeHTpoHa Tpac­
CHPY~Tc~ 4epe3 MarHHT Ka-
Mepw H BHa11H3Hpy~~HH Mar­

HHT AO no60H SBAaHHOH nonepe4HOH nnOCKOCTH, 8 KOTOPQH nony4a­
~TC~ pacnpeAeneHH~ HX cneAo8. 

BAOnb TpaeKTOPHH 11paccTaeneH~11 C4eT4HKH H npoH380AHTC.R 
CyMMHP08aHHe C11Y4Be8 C08 naAeHH.R, COOT8eTCT8y~HX 8W6paHHOH 
reOMeTpHH, T.e. onpeAen.ReTC.R 3~eKTH8HOCTb TpHrrepa. 

HsMeHeHHe pasMepo8, pacnonolKeHH.R H "HanonHeHH.R11 MHWeHH no-
380n~eT npo 80AHTb OUeHKH K011H4eCT8a ¢oH08WX sanyCK08. 

npeAYCMOTpeHO 8apbHp08aHHe napaMeTp08 ny4Ka H reoMeTpHH 
311eMeHT08 YCTaH08KH. 

An.R H1111~CTpaUHH MeTOAa Ha PHC.4a,6 noKaSBHW pacnpeAeneHH.R 
6WCTPWX 3ap~liCeHHWX 4BCTHU 8 nnOCKOCTH, OTCTO.R~eH Ha 15 MOT 
~WeHH. PasHep MHWeHH no ny4Ky COCTa811.ReT 40 CM, MarHHTHDe 
none 8 MarHHTe KaMepw- 1T, 8 aHa11H3Hpy~eM MBrHHTe- 1,5 T, 
AnHHa MarHHTHOH AOPOliCKH 83~Ta 1,3 M H 2 , 0 M COOT8eTCT8eHHO. 
Ha PHCYHKax sawTPHX08aH~ o6nacTH nonaAaHH.R npoTOH08- cneKTaTo­
D08 (S) H ynpyro pacce.RHHWX AeHTPOH0 8 (D') 

3~~eKT BWXOAa KyMy11.RTH8HWX npOTOH08 HMHTHP08a11CR npH reHe­
paltHH npoAneHHeM 11XBOCTa 11 HMnyn bCHOrO pacnpeAelleHHR HYI<J10H08 
8 ~Ape AeHTepHR AO 600 M3B/c. 3To npH8eno K HMnynbCHOMy 
cneKTpy npOTOH08-cneKTBTOP08 8 na6opaTOPHOH CHCTeMe KOOPAHHaT, 
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PHc.4. PacnpeAeneHH~ 
~CTpWX npoTOH08 8 
nnocKOCTH 11 D 11 no OCH 
y /a/ H no OCH Z /6/ 

B o5o3HB4eHHRX PHC.2. 

~1ft 
2 

H3o6paliCeHHOMy Ha PHC.5. MaowTa6 H306paliCeHHR 8 o6naCTH OT6opa 
co6WTHH HB 3TOM pHCYHKe 8S.RT pa8HWM 100 . CTpellKOH OOKaSaHa OCb 

TenecKona c4eT4HKOB. 
&O~TCR 8 Ta611H4e. 

0CH08H~e xapaKTepHCTHKH 3KCnepHMeHTa npH-
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HMnynbC ny~Ka Aei1TpOHOB 

4~Cn0 Ael:iTpOHOB B ~Mnynbce 

nonepe~Hoe ce~eH~e ny~Ka 

Yrnoeoi1 pa a6poc ny~Ka 

Ta61111~a 

An~Ha *~AKOBOAOPOAHOH MHWCH~ 

OonHoe ce~eH~e B~XOAa KyM. npOTOHOB 

4acToTa cpa6a T~BaH~I:i Tp~rrepa 

Aon~ ¢oHo~x aanycKOB OT co6~T~H 
e raae KaMep~ ~ OKHax 

10 r3B/c 

105 

1 CM 

5 ' 

40 CM 

5. 1 o-29 CM2 

- 400 e ~ac 

$ 20 9 ~ac 

B~AHO, ~To np~ paayMH~x napaMeTpax ny~Ka AeHTPOH08 3~K­

T~8HOCTb Tp~rrepa 6n~3Ka K 100%. 
CneAyeT OTMeT~Tb, ~To ll>OHa OT " -MeaoHoB ~ K -MeaoHoB 8 

~ccneAyeMOM ~HTepeane ~MnynbC08 HCT, TaK KaK npeACnbHO AOnyc­
T~ M~e B peaK~~RX T~na dp ~MnynbC~ 3T~X ~aCT~~ pa 8H~ COOTBeT­
CT8eHH0 6,45 ~ 6,99 r3B/c, T.e. ne*aT H~*e o6nacT~, ox8aTw8a­
e MoH CHCTeMOH Tp~rrepHWX C~eT4~KOB. 

N 

1000 

500 

4. 

6 

P~c.S. HMnynbcH~ cneKTP npo­
TOHOi-cneKTaTopoe ~ o6nacTb 
oT6opa con~THH 9 na6opaTOPHOH 
CHCTeMe KOOPA~HaT. 

7. 
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-J 

PHc.6. 3ae~cHMOCTb ow~­
~ onpeAeneHH~ 3¢¢eK­
TH 8HOH MaCCW C~CTe~ (" N) 
OT T04HOCTH ~3MepeHHH 
HMnynbca " - Me3oHa. 

Ao CHX nop np~ o~eH­
Kax ~ He Y4HTwean~, 4TO 
8 paccMaTpH eaeMWx 
83a~MOAeHCT8HRX , KpOMe 
npOTOHOB C ~MnynbCaM~ 8 
~HTepeane 7-9 r3B/c H B 
TenecHOM yrne, onpeAe­
nReMOM C~CTeMoH TpHrrep­
H~X C4e T4HKOB, 6yAYT 
&03 HH KaTb TaK*e AeHTpo­
HW, KOTOpwe , KaK H npo­
TOHW, MOryT HHH~H~POBaTb 
aany cKH ycTaH0 8KH. TaKHe 
AeHT POHW Ha6n~AanHcb 
3KCnepHMCHTanbHO BO 
B3 aHMOAeHCT8HRX AeHTpo­
HOB C HMnynbCaMH 

t. MWJr 

MJB 
7 

60. 

4 0. 

20. 

0 

P., = 8.8 r, B/c 
Pn-= 0.4 rlB/c 
9 =so· 

c.P,.. 1o;. ( a ) 
-p;= 2°/o (b) 

3% (c) 

~9=10' MH,.= 1.97 rJ B/c• 

P,. = 1.0 r, Bi c 
P1 = 0.4 rl B/ c 
a =so· 
t.9=10' 

2 4 6 
e.~ I P,.-

0/o 

6,3 r 3B/c H 8,9 r3B/c 
c BOAOPDAOM H APYr~MH ~APaMH 1 12

'
111

. OTHOWeH~e 4Hcna Aei1TpOH08 
K YHCny npOTOH08 8 H3y4aeMOM AHana30He HMnynbCO B MO~eT AOCTH­
raTb ABYX nOPRAK08. 

B npHH~Hne aanyCKH OT AeHTPOH08 MO*HO noAaB~Tb. 0AHaKo Me­
xaHH3M noR8neHH~ AeHTPOH08 8 cnyYa~x 6onbWOH nepeAa4H HMnynbca 
TaKoMy "pwxnoMy" RAPY caM no ce6e npeACTa 8nReT 3Ha4HTenbH~H 
HHTepeC. no3TOMy C06WTHR C 8~XOAOM AeHTpOH08 *enaTenbHO pe­
rHCTPHP08aTb ~ HCCneAOBaTb. 

AnA pa3AeneH~~ C06biTHH C B~XOAOM npOTOH08 HnH AeHTPOH0 8 
MO*HO HCnOnb30 8aTb pa3HH~Y B CKOPQCTRX Y CaMOrO MeAneHHOrO 
npoToHa H caMDro 6~cTporo AeHTPOHa 8 paccMaTp~8aeMOM HHT epeane 
HMnynbcos I f3 ~In = 0,991, {Jdmu = 0,979/. 3Ta paaHHUa AOCTa­
T04Ha, 4To6W 8 30-40 pa3 nOAa BHTb 3anycK OT AeHTPOHOB C no­
MO~b~ raaoeoro noporoeoro ~epeHK08CKoro c~eTYHKa, n~6o, Hc­
nonbay~ BpeMRnponeTHY~ TeXHHKy /Ha paCCTORHHH "" 25 M tl t) 1 HC/, 
npOH380AHTb 3anyCK TOnbKO OT npOTOHOB Hn~ TOnb KO OT AeHTPQHOB. 

nocKOnbKy ~enb~ 3KCnep~MeHTa ~Bn~eTCR B~~CHeH~e MeXaHH3M08 , 
npH 80AR~~X K 06pa30BaHH~ npoTOHOB npeAenbHO 803MO*HWX HMnynb­
C08 , He06XOAHMO ~3y4aTb KOppenRUHH napaMeTPOB 4aCTHU - npOAYK­
TOB B3aHMOAeHCTB~~. HMe~TCR 8 B~Ay: npOCTpaHCT8eHH~e KOppen~­
UHH , MHO*eCT8eHHOCTb, COCTaB COnpOBO*Aa~HX 4aCT~U no MaccaM H 
aap~AaM . 
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He ~c Kil~4eHo, 4TO 
6biCTpbiH npOTOH MO*eT 
fiwTb npOAYKTOM pacnaAa 
pesoHaHc a, n~6o conpo­
BO*AaTbCR o6pa308aHHeM 
pesoHaHca. HeKOTopwe 
MOAen~ npeACKaawaa~T 

nOR8JleH~e YSKHX 6apH­
OHHbiX pesoHaHcoa. B 
3TOH Clly4ae He06XOA~MO 
C A0CTaT04HOH CTeneHb~ 
T04HOCT~ H3HepATb 3~­
¢eKT~BHble HaCCbl KOM6H­
HaU~H 4aCT~U pa311H4HO­
ro ~Hnynbca. 
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1. P, =&.8 ~= 0.6 
2. P,= 1.0 ~=1.0 

3. P,=8.8 P,r= 0.4 

4. P.,=1.0 ~=0.4 

1 rlBicl 

AP : 1•/o 
~.l 

A9 :10 
I 

Pac4erw ow~6oK a 
3~eKT~BHOH Hacce AJlR 
KOH6~Haq~H HYKilOHa Hll~ 

11 -He30Ha He60Jl bWOrO 
HHnyllbCa C HYKilOHOH 
KaK Hanoro, raK H npe­
AellbHO 6onbworo HH­
nynbca, noKa3aHbl Ha 
p~c.6-8. 

np~ 3TOH Ha pHC.6 ~ 
l OW~6KH np~BeAeHbl B 
3aB~CHMOCT~ OT T04HO­
CTH ~3MepeH~H ~Mnynbca 
MeAJleHHOro aApoHa , a e 
Ka4ecree napaMerpa 
83RTbl T04HOCTH H3Hepe­
H~A HMnynbca 6blcTporo 
npoTOHa. 

a· 

PHc.8. 3aeHc~HOCTb OWH60K 
e-0nPeAelleHHH 3¢¢eKT~BHbiX 
Mace or yrna paaneTa npo­
AYKTOB pacnaAa CHCTeMbl . 

Ha p~c . 8 npoHnn~cTpHpoeaHa saeHCHMOCTb OWH6KH e s¢¢eKTHe­
HOi1 Hacce-Qr yrna pasnera nPOAYKTOB pacnaAa pe3aHaHca e na6o­
paropHoi1 C~CTeMe KOOPAHHaT. 

Hs pac4eroe B~AHO, 4TO npH H3MepeHHAX HMnynbcoe MaKCHManb­
HOH Bei1H 4~Hbl I- 9 rsB/c/ T04HOCTb B onpeAelleH~H HMnyJlbCOB no­
PRAKa 1,5-2%, AOCTH*HMaR Ha CTPHMepHOH KaMepe, n03BOJlReT 
onpeAen~Tb s¢¢eKT~BHY~ Macey KOM6HHaU~H " ~n~ N c 6biCTPbiM 
npoTOHOM c T04HOCTb~ nopRAKa 20 MsB/c . 

HMeeTcR B03MO*HOCTb 3Ha4~TellbHOro noewweH~R T04HOCTH nyreM 
H3MepeH~R KOOPA~HaT 6wcrpwx npoTOHOB nocne MarH~THoro aHanH3a. 

§ 4. 3AKI104EHHE 

8 3aKil~4eH~e MO*HO c¢opMynHpo aarb npeHMy~ecrea npeAJlaraeHOH 
peAaKqHH OnwTa. K HHM CJleAyeT OTHeCT~: AOCTaT04HO 60JlbWY~ ee­
JlH4HHy /5 rs8/HyKilOH/ HMnynbCa AllR H3y4eHHR npoqecCOB penRTH­
BHCTCKO~ RAePHOH ~3HKH ~ 8 CBA3H C 3THM ~CnOJlb308aH~e YH~­
KaJlbHbiX Ha cerOAHRWHHH AeH b 803MO*HOCTeH C~HXpo~a30TPQHa /yc­
KOpeHHe RAep AO 60JlbWHX 3HeprHH/. 

4eTKoe KHHeMaT~4ecKoe BbiAeneHHe KYMYnAT~BHbiX npoTOHOB e 
npocrei::.we.-:1 RAepHOH peaK4H~ (dp) ; ewner conpoeo*Aa~~~x 6~>~crpwi1 
npOTOH npOAYKTOB B3aHMOAeHCT BHR B nepeAH~~ nonyc~epy H C ~M­
nyllbCaMH, AOCTaT04HbiMH, 4T06bl BbiHTH 3a npeAellbl MHWeHHj npOCTO­
Ty Tp~rrepa; Many~ A011~ ¢QHOBbiX COfiwTHH, 4TO 3KOHOMHT pecypCbl 
o6pa60TKH. 

AeropaM xoTenocb 61>1 no6naroAaPHT b A.H.Konbllloey H ll.C.A*rH­
peR 3a 06CY*AeHHe eonpOCOB, CBR 3aHHbiX C AeHTpoHHbiM ~OHOM. 
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