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B coo6ue~nn"  ' nm 0 6 3 0 ~  p a 6 o ~  B 06nac~n AO3HMeTpHH n3nyse~nk n 
@ H ~ H K H  3aUIHTb1, BbInOJIHeHHbIX A 0  1979 r. B O T A ~ J I ~  p~kiaI&ioHHofi 6e30- 
naCHOCTH H PWHauHOHHbIX H C C J I ~ A O B ~ H H ~ ~  (OPE H PM) OMHM; H a c T o F I u e e  

coo6ue~ne  c o n e p m T  0630~  pa60~  B y ~ a 3 a H H o f i  06nac~n c 1979 no 1989 rr. 
H a n p a s n e ~ k i f l  nccnenosmnfi o n p e n e n n m T c R  O C O ~ ~ H H O C T F I M ~ ~  HCTOWHKOB 113- 

nysesn8 B OMHM n npexne B c e r o  6a30sbrx F I ~ ~ P H O - @ H ~ H ' I ~ C K H X  YCT~HOBOK, 

H a  KOTOPbIX BbInOnHRKlTCR OCHOBHbIe 3KCnePHMeHTbI.  n 0 c J I e n H e e  neCFITWle- 

THe XapaKTepH3yeTCFI YCHJIeHHbIM pa3BHTHeM B OMHM ~ K C ~ C ? ~ H M C ? H T E ~ J I ~ H O ~ ~  

6a3b1 k i ~ ~ J I e n 0 ~ ~ k i f i  C TRXeJIhIMH HOHaMH If PeJIFITHBHCTCKHMH FInPaMEi. 

B 3~08 CBR3H COTPYnHHKaMH OTAeJIa 3Ha'IHTenbHbIe YCHJIHFI 6b1nn HanpaBJIe-  

H ~ I  H a  H ~ Y ' I ~ H H ~  pannauno~~ot i  O ~ C T ~ O B K H  H ~ ~ I I J ~ T ~ I  OT H ~ J I ~ ~ ~ H H F I ,  rew- 
P H p y e M O r O  n p H  B ~ ~ H M O ~ ~ ~ C T B H H  HOHOB H PeJIFITHBHCTCKSX RneF)  C B e u e C T -  

BOM; c 3~0fi  x e  u e n b m  n3yr1anncb  n n @ @ e p e ~ u n a n b ~ b ~ e  p a c n p e n e n e H w r  an- 
POHOB H HaBeAeHHaR PWHOaKTHBHOCTb. 

6 0 J I b U I o e  BHHMaHHe 6bm0 YneJIeHO pa3BHTHH) MeTOAOB H CpenCTB no- 
3HMC?TPHH, B 'IaCTHOCTH, aBTOMaTH3HPOBaHHbIX CHCTeM PaALlmHOHHOTO KOHT- 

POJIFI, KOTOPbIe n 0 3 B O n H n H  nOBbICHTb KalIeCTBO H OnepaTHBflOCTb A03HMeTPH- 

s e c K o r o  KOHTPOJIFI, a T a m e  Y B e n n s n T b  06 '6e~ nonysae~ofi n ~ @ o p ~ a I & i n  o 
pankiaukio~~o8 O ~ C T ~ H O B K ~ .  

B H c T e K u I e e  n e c m n n e T n e  s a ~ e p m e ~ b r  pa60~b1 no H s y r I e H n m  C B O ~ C T B  

CpeACTB HHnHBkinYaJIbHOrO n 0 3 H M e T P H ~ e C K O r O  KOHTPOJIR, OCHOBmHbIX H a  

HCnOJIb3OBaHkiH FInepHofi  3MYJIbCHH H P ~ H T ~ ~ H O B C K O ~ ~  nJIeHKH (M@ICH), 
HasaTbI  HCCJIeAOBaHHFI C TepMOJIloMHHeC~eHTHbIMH AeTeKTOpaMH H neTeKTOPa-  

I 
Mki CnenOB ~ o B ~ ~ x ~ C ? H H ~  K a K  ELIIbTePHaTHBHbIMki CpenCTBaMH M@ICH. 

O C H O B H ~ I ~  HTOrH p a 6 0 ~  B 3TIIX HanpaBneHHFIx  6 y n y ~  H3JIOXeHbI B cneny- 
munx pasnenax, HO npeme B c e r o  ~ e o 6 x o n ~ ~ o  o x a p a ~ ~ e p n 3 0 s a ~ b  HCTOYHH- 

' 
K n  H O H H ~ H ~ ~ ~ I I J ~ X  H ~ J I Y ' I ~ H H ~  B OMHM, K o T o p b I e  onpenenmm pa,qnmno~- 
HYH) O ~ C T ~ O B K Y ,  MeTOnbI H CpenCTBa H3~t?pt?HHfi ,  a T a m e  KOHTPOJIFI A 0 3  

nsnyse~n8. 

2. MCTOYHMICM M3JIYYEHMn 

B ~a6nnue  nma x a p a K T e p n n n K a  OCHOBH~IX R ~ ~ P H O ~ H ~ H ' I ~ C K U X  y c T a -  

HOBOK OMHM K a K  HCTOWHKOB H ~ J I Y ' I ~ H H ~ ,  H 3  HHX 3 A ~ ~ C T B Y H ) I ~ ~ X ,  a 2 CO- 

OpyXaIOTCFI. Ha YCTmOBKaX TeHepHpYKITCFI MHOrHe BfWbI H ~ J I Y ' I ~ H H ~ ~ ,  OAHaKO 

1 



N T U ~ A U ~ U .  X U ~ U K T ~ ~ U C T U K U  OCHO6HblX R ~ ~ P H O - @ U ~ U ' ~ ~ C K U X  YCTUHOBOK O m  KUK UCTOlrHUKOt3 U 3 J l y l r e H ~ f i  

YCT~HOB ~a Y ~ c T H ~ ~ I ,  3 ~ e p r a ~  Yacno s a c ~ q  Y a c ~ o ~ a  Cmax- l l o ~ o ~  ~ o r n o ~ . ~ ( e ~ ~ a r r  
n0ny q a e ~ b ~ e  ~ ~ C T H U  B C e K y H A y  nOBTOpe-  HOCTb U3-  Hef iTp0-  A 0 3 a  B IIYqKe, 

H a  HHR HM- n y s e ~ ~ ~  HOB 3a rp/c 
YCTX-IOBKe IIynbCOB 3 a U H ~ 0 f i  

H3JIYqeHHR, Y CT8HOB- 

C- KH, C- I 



" X ~ C T K O C T ~ "  OnpeAeJTflC?TCFI YCnOBHeM @OPM~~POBWIUFI IIOnFI H ~ ~ P O H O B :  El 

PaCCeHHXoM none @ a 3 0 T p o H a  (AJIFI KOTOpOrO HaqaJIbHaR 3 H e p r U H  H ~ ~ ~ T P O H O B  

COcTaBJIfleT HeCKOJIbKO COT M3B) A 0 3 a  H ~ ~ ~ T P O H O B  C E < 0 , ~  M3B COCTaBJIReT A 

OKOJIO 60%, B TO B p e M A  K a K  H a  MFP-2 (HastlJIbHaFI 3 H e p r U f l  H ~ ~ % T P O H O B  - 
0,1+ 10 M3R) - OKOnO 12% OT noJIH0f i  AO3bI H ~ ~ % T P O H O B .  

P a ~ s a m o ~ ~ a ~  O ~ C T ~ H O B K ~  H a  C U H X ~ O @ ~ ~ O T ~ O ~ I ~  3a n o c n e n H e e  A e c n T u -  

n e T U e  CyUeCTBeHHO U3MeHPinaCb B CBfl3U C POCTOM AOCTHXHCUMO~~ UHTeHCUB- 

HOCTU n p u 6 n u 3 u ~ e n b ~ o  H a  IIOpFIAOK kl P a C u l U p e H U e M  aCCOpTUMeHTa YCKOpFIe- 

MbIX qaCTU4 A 0  KpeMHUfl .  npk i~ep  p a ~ U a I ( U 0 ~ ~ 0 f i  O ~ C T ~ H O B K W  B pafio~e 
KOHUa KaHaJIa  MeAJIeHHOrO BblBOAa I l y q K a  R A e p  YrJ lepOAa npeACTaBJIeH H a  

pic. 2. Aosa w3nyrl.eHwr ~ ~ U ~ J I H ~ F ~ T ~ J I ~ H O  H a  90% 06ycnosne~a aApOHHbIM 

KOMnOHeHTOM, npOCTpaHCTBeHHOe pacnpeAeJIeHEle  K O T o p o r o  C 3 H e p r U e f i  

6onee 20 M3B 3a 3~LIJ.Pi~0fi A a H o  B p a 6 0 ~ e / 5  '. B 3 ~ o g  Xe pa6o~e  n p e n c T a B n e -  

H ~ I  @ ~ I O ~ H C ~ I  u no361 asnyseaufi 3a ~ O K O B O ~ ~  3 a m ~ 0 f i  OT U ~ ~ Y ~ ~ H U F I ,  r e H e -  

p u p y e M o r o  B M u u l e H u  a n b @ a - s a c ~ u q a ~ u  u R n p a M u  yrnepona-12. n y ~ u  csuxe- 
HWfl paAUal(UOHHOr0  OH^ B ~ I I U ~ U  C U H X P O @ ~ ~ O T P O H ~ ,  n p U  C T ~ ~ U J I ~ H O M  YpOB- 

E1e WHTeHCUBHOCTU YCKOpeHHOrO n y q K a ,  U3yqanMCb B p a 6 0 T e I 6  '; YKOpOqe- 

H u e  AnUTenbHOCTU U H X e K T U p y e M O r O  n y q K a  C 400 500 MKC A 0  80 100 MKC 

M MCnOJIb30BaHUe hlMUleHU n e p e X B a T q U K a  AEUOT B03MOKHOCTb n p u 6 . n n 3 n ~ e n b -  

HO B A B a  pa3a CHU3UTb A03Y U3nyqeHUH.  

I 
ICirIOqeBofi P i H @ o p ~ a 4 U e f i  K nOHUMaHUKl p a n U a I l ~ 0 ~ ~ 0 f i  O ~ C T ~ H O B K W ,  pe- 

u l e H n r o  B o n p o c o B  ~ ~ U J ~ T L I  OT u 3 n y q e ~ u f i  u o n p e n e n e s w t o  a q e K s a T H o c T u  npn- 
MeHFIeMbIX CpeACTB paAUaIIUOHHOr0 KOHTPOJIFI A03UMeTPUqeCKUM X a p a K T e -  

, PUCTUKaM nOJIfl U3I Iy~eHUFI  FIBJIFIIOTCR ~ U @ @ e ~ e H I l U a n b H b ~ e  PaCnpeAeneHUFI  

aApOHOI3, B KOTOpbIX B OCHOBHOM npeACTaBUTeJIbCTBYtoT 3 H e p r e T U q e C K U e  

C n e K T p b I  H ~ ~ % T P O H O B  @ (E) . Ha pUC. 3 u 3 0 6 p a x e ~ b 1  C n e K T p b I  H ~ ~ ~ T P O H O B ,  YM- 

Puc. 3. 3riepzentuec~oe pacnpedeneriue $fimerica ~eiirporioe @(El : 
MEP-2 -- ria noeepxriocTu s a ~ z e d f i ~ c ~ e i l ~  peaKTopa; 4 8  Ti +' c - npu 
06fiyveriuu ~ u u e r i u  u3 zpa$u~a uonmu mTaria c sriepzueli 
4,2 McrBIriy ~ f l . ;  ' C + 6 - 3a 3ai~uroli w ~ ~ T O H U ,  ria KoTopy~) nadae~ 
nyYOK xdep yznepoc3a c sriepzueu 3,65 ~ ~ I ? , ! H ~ K : I . ;  p + Be - e p e n ~ y u u  
npororios c 6 e p m f i u e ~  npu sriepzuu 660 hi313. 



HOXeHHbIe H a  HX 3HeprMKl E - a (E) .E, BOCCTaHOBJIeHHbIe no p e 3 y n b T a T a M  

M 3 ~ e p e H M f i  H a  6 a 3 0 B b 1 ~  YCTaHOBKaX OMFIM. C ~ ~ K T P  H ~ ~ ~ T P O H O B  OT PEP-2 
H 3 M e p e H  H a  nOBepXHOCTM 3aMeAJIUTenR aKTHBaWOHHbIMU AeTeKTOpaMM; 

C n e K T p  OKa3ZlJICR no @ 0 p ~ e  6 n a 3 ~ k i ~  K CneKTPY H a  PaCCTORHHH 8 M OT P e a K -  

~ o p a ' ~  I .  Ha U H K n o T p o H e  Y-400 w 3 ~ e p e ~ o I ~  ' 3 H e p r e T u q e c K o e  pacnpeA:- 

n e H H e  H ~ ~ ~ T P O H O B ,  BbIJIeTWLLWX U3 Y ~ ~ ? P O A H O ~ ~  MHULeHM nOA Y r n a M H  0 , 
45' u 90' K n y s K y  MOHOB 48Ti  3HeprMM 4,2 M ~ B / H ~ K ~ o H ;  H a  pMc. 3 npen- 
CTaBneHO P a C n p e A e n e H H e  (E) 'E nOA oO ,  KOTOpOe MMeeT MaKCMMYM H a  

4 M3B BbIULe, q e M  IIOA 90'. a o n ~  H ~ ~ ~ T P O H O B  C 3 ~ e p r M e f i  6onee 4,2 M3B 
H 20 M3B COCTaBnReT COOTBeTCTBeHHO 35% M 0,2%. Y ~ ~ o B o ~  PaCnPeAeneHMe 

H ~ ~ ~ T P O H O B  CYIUeCTBeHHO aCHMMeTPU9H0I3 I .  

C ~ ~ K T P  H ~ ~ ~ T P O H O B  M3 6epunnue~ofi MLIULeHU, 6 0 ~ 6 a p n L I p y e ~ o f i  n p O T 0 -  

HaMH C sseprkiefi 660 M3B, 0 6 0 3 H a q e H  H a  pMC. 3 CUMBOJIOM p + Be. Hefi~po- 
HbI U ~ M ~ P R J I H I ~  I nOA Y r n O M  5' K n y q K y  IIPOTOHOB 38 CTWIbHbIM KOnJlMMa- 

TOPOM AUaMeTPOM 5 CM. 

C @ O P M M P O B ~ H H ~ I ~ ~  llYlIOK H ~ ~ ~ T P O H O B  MOXHO CqMTaTb npaKTMqeCKH 

HCTOrIHRKOM H ~ ~ ~ T P O H O B  BbICOKRX 3HeprMfi ,  T.K. 3KBHBWIeHTHaR A 0 3 a  H ~ ~ ~ T P O -  

HOB C 3Heprk ie f i  6onee 20 M3B COCTaBnReT 95% C Y M M ~ P H O ~ ~ ,  a AOJIR H ~ ~ ~ T P O -  

HOB M e H e e  1 M3B p a B H a  2% OT B c e r o  q u c n a  H ~ ~ ~ T P O H O B .  CMMBOJIOM C + E 

I 
O r M e q e H  C n e K T p  H ~ ~ ~ T P O H O B ,  k i 3 ~ e ~ e ~ ~ b I f i ~ ~  I 38 ~ ~ T O H H O ~ ~  3 a m ~ o k ,  H a  KOTO- 

pyI0 naffWI n y q 0 K  R n e p  C C 3Heprk ie f i  3,65 h B / H y ~ n .  C l l e ~ T p Z l J I b H o  ym0- 
B b I e  XaPaKTePMCTMKM nPOTOHHOr0 KOMnOHeHTa n O n R  M3JIYqeHMR 3a ~ ~ U I I T O ~ ~ ,  

H a  K O T O P Y ~  n m a e T  u snyae~ue  OT M a w e H u ,  6 0 ~ 6 a p ~ a p y e ~ o i i  n p o T o H a M u  c 
3sepraefi 660 M3B, n p e n c T a B n e H o  B p a 6 0 ~ e ' ~  I. ~ T U  AaHHbIe nOnTBepAkinM 

3KCnepMMeHTWIbHO P a H e e  BbICKa3aHHOe ~ P e A l l O n O X e H M e  0 TOM, qTO ITPM~IMHo~~ 

3aBbIUIeHHR AO3bI H ~ ~ ~ T P O H O B  HeKOTOPbIMU n p u 6 0 p a ~ u  RBJIRIoTCR nPOTOHbI, 

B b I n e T a I o u u e  u3 3 a m ~ b 1  I '  O I .  

~ H @ @ e p e H ~ M W I b H b I e  XapaKTePMCTMKM a n p O H H O r 0  KOMnOHeHTa n 0 n R  

M3nYqeHHR, 0 6 p a 3 y ~ ) ~ e r o c ~  n p M  B ~ ~ U M O ~ ~ ~ ~ C T B M M  nPOTOHOB, W I b @ a - q a c ~ M U  

M R A e P  YrJ IepOAa C 3HeprMef i  3,65 h B / H y ~ n . ,  npeACTaBneHb1 B pa6o- 
Tax15, 1 I -  1 6  I . P e s y n b ~ a ~ b ~ ,  n o n y s e H H b I e  B ~ T M X  pa6o~ax, no3~onunu B ~ I -  

RBHTb CJleAYIoLlJHe OCHOBHbIe 3aKOHOMePHOCTU: 

- y r n o s b I e  p a c n p e A e n e H u R  ~ ~ P R X ~ H H ~ I X  q a c T u u  M a A p o H o B  u3 ~ u m e ~ e f i ,  
6 0 ~ 6 a p ~ M p y e ~ b 1 ~  RApaMM, n o ~ o 6 ~ b 1  YrnOBbIM PaCnpeAeJIeHMRM n p M  6 0 ~ -  
6 a p ~ M p o B ~ e  n p o T o H a M u  npu yrnax 6onee 15' ; 

- BbIXOA aApOHOB M3 ~kiUIf?Hf?fi T O ~ ~ U H O ~ ~  OKOnO W i I H b I  A n R  H e y n p y r O -  

I 
r0 B ~ ~ U M O A ~ ~ ~ C T B M R  RAep-CHapRAOB M 6onee n p k i 6 n k i 3 k i ~ e n b ~ 0  npOnOpUMOHa- 

n e H  sscny HYIU~OHOB B mpe-c~apme;  
- C n e K T p b I  H ~ ~ ~ T ~ H O B  (E < 500 M3B),  BbUIeTaIoIUMX nOA 60nbUIMMM 

y r n a M u  K H a n p a s n e H u I o  ~ ~ e p - c ~ a p q a o ~  (Ec = 3,65 ~ B / H Y K T I . )  ~3 T O ~ C T O ~ ~  

MHUIeHH, 3aMeTHO H e  OTnUqaIoTCR OT C n e K T p O B  H ~ ~ ~ T P O H O B  npM 06nysesua 
MUUIeHM l I P 0 ~ 0 ~ a ~ L I 1 '  ' '  I. 

O T M ~ ~ ~ H H ~ I ~  3aKOHOMepHOCTM B COBOKynHOCTM C nkiTePaTypHb1MM am- 
HbIMM 0 RAPO-HAePHbIX B ~ ~ H M O ~ ~ ~ ~ C T B M R X  n03BOnHJlM p a 3 p a 6 0 ~ a ~ b  @ ~ H o M ~ -  

~ o n o r a q e c ~ a f i  M e T o n  n p o r ~ o 3 u p o ~ a ~ u ~  pa~aasaoa~of i  O ~ C T ~ O B K I I  npa s3a- 
M M O ~ ~ ~ ~ C T B M H  R n e p  C B ~ U ~ C T B O M ' ~  ' . K O H K ~ ~ T H ~ I M  ~ ~ O X ~ H e M  3T01-0 

MeTOAa H a  n p a K T A K e  RBMnMCb OIJeHKa p a f f k i a ~ o ~ ~ o f i  O ~ C T ~ H O B K M  M peKOMeH-  

ll0 3 a U k i T e  H a  n p e K T  YCKOpHTeJIbHOrO K O M n n e K C a  T R X e n b I X  U O H O B ' ~ ~ , /  

a T a K X e  CO3AaBaeMbIX: YCKOpHTeJIe peJIRTUBMCTCKkiX R H e p  - H y w r o ~ p o -  
He I2 5 1 M UMKJIOTPOHHOM KOMnJIeKCe n n R  nOJIyqeHMR n y s K 0 B  TRXeJIbIX MOHOB 

c s~epraefi 25-120 M~B/HYKJI (Y-400, Y-400 M) I2 ' . Hapqay c @ ~ H o M ~ -  

HOnOrkirIeCKMM MeTOnOM B OTneJIe pa3BMBZlJIH MeTOn P a C s e T a  nM@@epeH- 

IJMZlJIbHbIX XapaKTepMCTMK nOJIR M3nyrIeHHR B q4PO-RnePHbIX ~ 3 a U ~ 0 n e f i ~ ~ -  

BMRX H a  o c H o B e  M o n e n u  @ a f i e p c ~ p u ~ ,  K O T O P ~ I ~ ~  B CorIeTaHuu c pa3pa6o~a~-  
H ~ I M H  C ~ O C O ~ ~ M H  p e m e H u R  K u H e T u s e c K o r o  y p a B H e H u s  n e p e H o c a  asnyse~afi  B 

B e U e C T B e  A a B N I  BOSMOXHOCTb llPOTH03HPOBaTb paffkia~MOHHYIo O ~ C T ~ H O B K Y  

B 6onee CnOXHbIX (no CPaBHeHkiIo C @ ~ H O M ~ H O J I O ~ H ~ ~ C K M M  M ~ T O A O M )  Te0-  

MeTpkiqeCKMX YCJIOBLIRX M nOJIyrIaTb U H @ 0 p ~ a I J k i I o  06 YrnOBbIX M 3HepreTH-  

. a M e T O n a  B3aUMHO s e c K u x  p a c n p e n e n e H a R x   POH HOB 38 ~ ~ L L Q - ~ T o ~ ~ I ~  06 
n o n o n ~ ~ ~ o ~  npyr npyra, 06ecnesa~m 6b1c~~oe"  M n o n ~ o e  ' ' no- 
n y s e H M e  H ~ O ~ X O ~ U M O ~ ~  U H @ O ~ M ~ L & U U  no p a ~ k i ~ k i 0 ~ ~ 0 f i  O ~ C T ~ H O B K ~  H 3 m M T e .  

B ~ n m  raMMa-ki3JIyYeHMR HaBeneHHof i  p~kiOaKTkiBHOCTki  B 06uy1o AO- 

3Y,  n O n y l I a e M y I o  COTpyAHMKaMH, p a 6 0 ~ W U I U ~ k i  H a  6a30sb1x q a e p H o - @ k i 3 ~ -  

rIeCKHX YCTaHOBKaX OkIFIkI, OCTaeTCR AOCTaTOWO BbICOKHM (62%-88%) I2 I, 

qTO CTMMYnHpyeT BHMMaHHe K 3TOMY @ ~ K T O P Y  p a f f M a L & U ~ H H ~ f i  O ~ C T ~ H O B K H .  

Ha OCHOBe 3KCnepMMeHTZlJIbHOrO MCCJIenOBaHMR aKTUBaL&UA CTpOMTeJIbHbIX 

MaTepkiWIOB B 3 W I e  YCKOpMTeJIR H a  3 H e p r k i m  nPOT0HOB 680 M3B129 I YCTa- 

HOBneHO, 9TO B n O P R n K e  B03PaCTaHHR H a B e n e H H ~ f i  p ~ H O a K T H B H O C T H  C n e n y -  

IoT M p a M O p ,  06blWbG ~ ~ T o H ,  TPYHT, ~ ~ M ~ T U T O B ~ I ~ ~  ~ ~ T O H .  Benkiw~a y n e n b -  

H0fi  aKTHBHOCTM M p a M O p a  ( H a  1 r) B 5-7 pa3 MeHbIlIe, s e M  B r p y H T e ,  M B - 10 pas MeHbUIe,  rIeM B reMaTHTOBOM 6eT0He. A3yrIeHkie BJIMRHMR 60p~p0-  
BaHMR  TOHO HOB H a  CHMXeHMe H a B e n e H H ~ f i  PaffMOaKTMBHOCTU ~ ~ T O H H O ~ ~  3am-  
TbI BbIRBHJlO OIX'HMWIbHYIO CTeneHb ee 60puposa~us - 15 K r  6 o p a ~ a l  M~ 

6 e ~ o H a " O  I. n p M  3TOM 6bUI  npMMeHeH npMHUMn OIX'MMki3WMM PaffMarIHOH- 

HOG 3aI4UTbI H a  OCHOBe a H N I H 3 a  COOTHOUIeHHR 3aTpaTbI  - B ~ I ~ o A ~ ' ~  I. 

PeBkI3MR ~ a 6 y J I k i p o ~ a H H b 1 x  p e 3 y n b T a T O B  paCrIeTa PmMOaKTUBHOCTH, 

HaBeneHHof i  npOTOHaMM BbICOKkix 3 ~ e p r M f i ' ~  1 I ,  B CBeTe C O B P ~ M ~ H H O ~ ~  

H H @ O P M ~ M M  l I 0 ~ a 3 W I a l ~  I ,  qTO nOCTOBePHOCTb PaCqeTa  BbIXOAa H L ~ B ~ R ~ H H o ~ ~  

P m u o a K T u B H o c T H  c M C ~ O ~ ~ ~ O B ~ H H ~ M  nocnenaefi a n n p o K c u M w a M  c e r I e ~ ~ f i  

0 6 p a 3 o s a ~ u ~  p ~ M O H y I U r k i n O B  l 3  I B 4-6 pa3 T O W e e  HCnOnb3yeMbIX pa- 



H e e l 3  ' B OTHOUleHUki Be, Na u Na. n n ~  0 6 n y s a e ~ b l x  B e u e C T B  C He- 

CYUeCTBeHHbIM RbIXOaOM yKa3ClHHbIX PaAHOHYKnIIAOB AZlHHb1ei3 I MOXHO 

IIpkiMeHHTb 6e3 K O p p e K W M .  

~ ~ c c J I ~ A o B ~ ~ R  H ~ B ~ A ~ H H O ~ ~  PaAkIOaKTUBHOCTkI M U L U ~ H ~ ~ ~  T O ~ I ~ U H O ~ ~ ,  

n p ~ 6 J I S 4 3 k i ~ e n b ~ 0  paBHofi  AJIuHe AJIH H e y n p y r o r o  B ~ ~ M M O ~ ~ ~ ~ C T B M H  CHaPHAOB 

( ~ ~ O T O H ~ I ,  'He, ' C) c s~eprkiefi 3,65 r s B / ~ y ~ n . ,  no~asanw, mo B n e p B o M  

npu6na~e~kiki MOUJHOCT~ A O B ~ I  r a ~ ~ a - u 3 n y s e ~ u ~  B p a s n w q a o e  B p e M H  nocne 
o6nyse~m npOnOpUkioHanbHa sucny HYKJIOHOB B CHaPHAe13 1 I .  

Pa6o~a  B 3TOM HanpaBneHkiki  n p o n o ~ n a c b  B WCTM C03AaHUH aBTOMaTI.1- 

3HPOBClHHbIX CUCTeM PaAUaUkIOHHOrO KOHTPOJIH (ACPK) l 3  7 - 4  ' , C03AaHkIH, 

pa3BklTklH M BHeApeHHH HOBbIX, 6onee COBeplUeHHbIX MeTOHOB U CpeAcTB M3- 

M ~ P ~ H H H  A O ~ ~ ~ M ~ T ~ M ~ ~ C K P ~ X  ~ ~ P ~ M ~ T P O B  n 0 n ~  ki3~1yse~m l 4  - ' , M C C ~ ~ A O -  

smas x a p a m e p a c T u K  npa6opo~ panaauaoaaoro K o H T p o n H  u PIX c ~ i a v e -  
H M H / 4 9 - 5  9 1 

B H a c T o s I I i e e  B p e M H  ACPK A ~ ~ ~ C T B ~ W T  H a  @ ~ ~ o T P o H ~ ~ ~  I ,  peaKl.0- 

pax l 4  O ' kl KOMIIJIeIcCe C ~ ~ H X ~ O @ ~ ~ O T ~ O H ~ ' ~  ' I ,  B CTaAUki CO3AClHUH HaXOnMT- 

CH ACPK H a  WKJIOTPOHHOM K o M n n e K C e  y-400, y-400M. Ha OCHOBe IIJIaCTki- 

s e C K O r 0  CUkiHTWIJIHTOpa AkiaMeTpOM a B ~ I C O T O ~ ~  120 MM C03AClH npwGop, 
I I 0 3 B 0 J I H H ) ~ f i  H3MepHTb @JIH)~Hc, A03Y H C n e K T p  H ~ ~ ~ T P O H O B  C 3 H e p r w e k  

6onee 20 M 3 B I 4  - ' . naana3011 a 3 ~ e p e ~ a ~  @nH)eHca H ~ ~ ~ T P O H O B  HaXOAkIT- 

c s  B m T e p B a n e  3 + 2 . 1 0 ~  M - ~ ,  a T o  n o 3 ~ o n ~ e ~  ~ P O B O J J U T ~  u3r+1epe~u~ ~ e f i ~ -  
POHHOrO  OH^ H a  YpOBHe KOCMkiseCKOrO. 

CO~AZ~HO kl BHeApeHO B n p a K T H K y  pa6o~b1 YCTPO~~CTBO AnH KOHTIjOJIH 

K o H q e a T p a q u u  p a A u o a K T a n H o r o  uona B T e x H o n o r n s e c K w x  n o M e u e H w H x  pe- 
a K T O p a  kl H a  sb16poce B ~ T M O C @ ~ ~ Y ;  O H 0  AaeT B03MOXHOCTb perHCTpkIPOBaTb 

KOHUeHTpaUMki H a  YpOBHe - 10 B K / M ~ .  
c 0 3 ~ C l H b 1  H B H e n p e H b I  B IIpZlKTEiKy PiHAMBMnyaJIbHOrO KOHTPOJIH n e p C 0 -  

HaJIa a J I b 6 e ~ 0 - ~ 0 3 k i ~ e ~ p b 1  H ~ ~ ~ T ~ O H O B ' ~  ' H a  OCHOBe TePMOJIKIMkIHeCUeHT- 

HbIX AeTeKTOpOB (Tnn) LiF ki LiF, A03HMeTPbI r a M M a -  Pi 6e~a-ki3nyse- 
HUG n e p c T H e B o r o  T u n a  H a  o c H o s e  TOHKUX TJIn CaS04(Dy) AJIH KOHTPOJIH 

06nysesus ~k ic~ef i  p y K .  C o 3 n a H  a IIpOXOAuT UCnbITaHUH K O M ~ H H I ~ ~ O B C ~ H H ~ I ~  

k i H ~ k i B ~ A y a J I b H b 1 f i  AO3HMeTp ~ - ~ - H ~ ~ ~ T P O H H O ~ O  kI3nyseHMH H a  OCHOBe Tnn, 
H ~ ~ ~ T P O H H O ~ O  AO3MMeTpa a J I b 6 e ~ ~ o r 0  Tkina kl AeTeKTOpa CJIeAOB nOBpeXil le-  

Haf i .  P a 3 B u T  MeTOA kl p e a n H 3 0 B W b I  er0 PeKOMeHAarplki npki OnpeAeJIeHkiki m A H -  

B k i ~ y a J I b H o i ?  3 ~ B k i B a J I e H ~ H o f i  AO3bI aAPOHOB 38 3aLLLM~ofi yc~0pu~eJIefi  n p O -  

TOHOB C IIOMOubH) H ~ e p H 0 f i  @ O T O ~ M ~ J I ~ C ~ I ~ I ~ ~  I ,  W O  n03BOJIkiJIO YnY'IUlkITb 

TOrMOCTb ki3MepeHkiH A 0 3  B YCIIOBkIHX " X ~ C T K O ~ O "  C n e K T p a  H ~ ~ ~ T P O H O B .  

OCHOBH~IMH KPMTePUHMkI paAUaUMOHHOr0 PMCKa COTPYAHUKOB, pa6ol.a- 
IOuIIX C UCTOlIHkIKaMM kIOHM3UPYH)WMX U ~ J I Y B ~ H U ~ ~ ,  OCTaIOTCH CpeAHHH &i 

K o n n e K T n B H a H  A O ~ ,  a T a K x e  noso~oe  p a c n p e a e n e H u e  P (H) , K o T o p o e  B ~ I -  

P a X a e T  3aBkICUMOCTb IIPOUeHTa COTPYAHHKOB, nOJIYlIUBUlUX rOAOBbIe A03bI  

I3 npenenax OT 0 A 0  H, OT 3HarIeHUH ~ O A O B O ~ ~  A 0 3 b I  H. Ha PMC. 4 n o ~ a 3 a H b I *  

p a c n p e n e n e H w H  no3 O ~ J I Y B ~ H U I I  3a 1988 r. n e p c o H a n a  JIa6opa~opuu HAepHbIx  

pea~qwfi (JIFIP), OPE u PM, 3 K c n n y a T a u u o H H o r o  n e p c o H a n a  @ a s o ~ p o ~ a  
(JIFiI1, ) a OEIHM B U e n o M .  I C ~ K  BUAHO u3 pucyarca, npu nosax 06nyseau~,  
MHOrO MeHbUlHX KOHTPOnbHblX ( K n )  U-rIU npeAenbH0-AOnyCTUMbIX A 0 3  

(rlfln) , p a c n p e n e n e H u e  P ( E l )  6 n u 3 ~ 0  ( J I F I P )  K n o r a p u @ ~ u s e c ~ u  ~ o p ~ n a n b -  

HOMY (nH) , B TO B p e M H  K a K  AnH ~au6onee  0 6 n y n a e ~ b 1 ~  rpynn (nHIIl  ) 
P (H) c y u e c T s e H a o  o r n u n a c T c H  OT JIH. l l p e n c ~ a ~ n e ~ u e  0 6 n y s a e ~ o c ~ u  
COTpY,lJHMKOB paCnpeAeneHkIHMki P (11) Pi UX aHaJIU3 AaIOT B03MOXHOCTb: 

- CYAI?Tb O AOCTaTOWIOCTH ( C J I ~ B ~  Pi B B e p X  OT JIHj MJiM HeAOCTaTOWO- 

CTU ( C n p a B a  kl BHU3 OT JlH) M e p  Pi CpeACTB 3aLWiTbI; 



PUC. 4. ~ U ~ U C U M O C T ~  npoyetiTa co~pydt iu~os  N(H < H3) ,  noflyuu8- 
wux s~susazeti~tiym d03y H Meyee sadatitioli H3, OT H. 

-eAIIHOTO KOJIHqeCTBeHHOrO O ~ O C H O B ~ H H R  3 ~ a q e H U f i  KOHTPOJIbHbIX 

rOAOBbIX A 0 3  ( K r A A ) ,  "PU KOTOPOM eAHHbIM KOJIUqeCTBeHHbIM K P ~ T ~ ~ H -  

e M  YCTaHOBJIeHAR K r A A  M O X e T  6 b 1 ~ b  OAHa U T a  Xe BepORTHOCTb 06JIyqeHkiR 

AO3aMki B b I l l l e  K r A A  AJIR pa3JIUqHbIX n o n p a 3 n e J I e H U f i ;  

- KOJIUqeCTBeHHO OqeHUTb 0 6 % e ~  U qaCTOTY A 0 3 U M e T p U q e C K O r O  KOHTPO- 

JIR, B WCTHOCTU, HHAHBUAYaJlbHOrO A 0 3 H M e T p H q e C K O ~ O  KOHTPOJIR n y T e M  

p e r n a M e H T a q k i k i  B e p o H T H o c T u  n o n y q e s m  nos B b I m e  3ma~~ofi ( ~ a n p ~ ~ e p ,  
0,3 nAA)  ; 

- YCTaHOBJIeHUR BepORTHOCTU IIOJIyqeHUR A 0 3  BbIUle  3 w a H H 0 f i  U O q e H K Y  

A 0 3  0 6 n y s e ~ k i ~  H U X e  U 3 M e p R e M o f i  BeJIUqUHbI. 

B ~ I ~ o J I H ~ H H ~ I ~  B OPE U UCCJIeAOBaHUH 06ecnessnu C y u e c ~ s e H H b ~ f i  

n p O r p e C C  B nOHAMaHUU U ~ P O r H 0 3 H P O B a H H H  P ~ U W H O H H O ~ ~  O ~ C T ~ H O B K U  H a  

YCKOpkiTeJIRX TRXeJIbIX AOHOB H PeJIRTUBUCTCKHX RAeP,  YTOWEZnH xapame- 
PUCTAKA R H ~ P H O - @ U ~ U ~ ~ C K U X  YCTaHOBOK K a K  UCTOrIHHKOB UOHII3UpYH)uHX 

ki3JIyqeHUfi. C 0 3 ~ a H H b 1 e  aBTOMaTH3UpOBaHHbIe CHCTeMbI p a , I ( U m O H H O r O  

KOHTPOJIR nOBbICEZnU er0 KaqeCTBO U OnepaTkiBHOCTb, a T a K X e  y B e n u s m I l  

o 6 % e ~  n 0 J I y q a e M o f i  HH@oPM~LTI.IU 0 P ~ H ~ L T I . I o H H o ~ ~  O ~ C T ~ H O B K B .  B H ~ A ~ ~ H H ~  
B n p a K T H K y  ki3MepeHkifi HOBbIX, 6onee COBepll leHHbIX CpeACTB U 3 M e p e H G  no- 
~ H M ~ T P H ~ ~ C K H X  n a p a M e T p o B  noneii usnysesG nos~onuno  n o m e p x a T b  pa- 
H H ~ L T I . I O H H ~ I ~ ~  KOHTPOJIb H a  YPOBHe COBPeMeHHbIX ~ p e 6 0 ~ a H ~ f i .  

ABTOP n p m ~ a ~ e n e ~  ~ . ~ . E ~ c K ~ o B H o #  3a none3~b1e 3 a ~ e q a ~ ~ ~  n p M  

n O A r O T O B K e  pyKOnkiCU. 

J7NTEPA TYPA 

I. Aflelitiu~os B.E. u dp. - ONAN, Pl6-80-60I,Ay6tia, 1980. 
2. Arkhipov V.A. et al. - Kernenergie (DDR), 1988, 31, No.5, p.209. 
3. 4os6yti B.N., Yepesa~eti~o A.n. - ONAN, P16-83-341, Ay6tia, 1983. 
4. Kohfetidati~osa T.A. u dp. - O m ,  16-12858, Ay6tia, 1979. 
5. 6 a ~ 6 f l e s c ~ u l i  B.n. u dp. - ONJfN, 16-88-613, Ay6tia, 1988. 
6. Ga~at idu~os  A.H. u dp. - ONAN, 9-88-75, Ay6tia, 1988. 
7. Apxunos B.A. u dp. - ONAN, Pl3-12466, Ay6tia, 1979. 
8. Af le l i t i~~06 B.E. u dp. - ONANT PI6-81-102, Ay6tia, 1981. 
9. Aflelitiu~06 B.E. u dp. - A T O M H ~  ~ H ~ ~ Z U I I ,  1980, 49, c.188. 

10. Aleynikov V.E. et al. - "Neutron Monitoring for Radiation Projection Purposes". 
Proceedings o f  a Symposium, Vienna, 11-75 December 1972, vJZ, p.363, ZAEA, 
Vienna, I9 73. 

11. Af le l i t i~~06 B.E. u dp. - ONANI PI 6-82466, Ay6tia, 1982. 
12. A flelitiu~os B.E., Tmoweti KO Z:H. - OMAN, 16-83-359, Ay6tia, 1983. 
13. Kpbrflos A.P. u dp. - ONAN, 16-85-347, Ay6tia, 1985. 
14. Aflelitiu~os B.E. u dp. - ONAN, Pl6-85-97, Ay6tia, 1985. 
15. Kac~atios r.A., K o ~ o v ~ o s  M.M. - ONAN, 16-86-22, Ay6tia, 1986. 
1 6 . 6 m 6 ~ e s c ~ u l i  B.n. u dp. - ONAN, 16-86486, Ay6tia, 1986. 
17. nonrrtic~u A,, COCHUH A.H. - ONAN, P2-8 7-824, Ay6tia, 1987. 
18. K o ~ o v ~ o s  M.M. - ONAN, PI6-81-377,Ay6tia, 1981. 
19. K o ~ o v ~ o s  M.M. - ONAN, P16-82432, Ay6tia. 1982. 
20. K o ~ o v ~ o s  M.M. - ONIIN, P16-83-190, Ay6tia, 1983. 
21. K o ~ o v ~ o s  M.M. - ONAN, PI6-86-186, Ay6tia, 1986. 
22. G e c ~ p o s ~ a R  fir., K o ~ o v ~ o s  M.M. - ONAN, Pl6-87-304, Ay6tia, 1986. 
23. ~ecKp06tiaR fir., K o ~ o v ~ o s  M.M. - Tpydbr XI Bcecom~tio~o COse&aHuR no YCKopu- 

T ~ M  3UpXXeHHblX vacTuy, ONAN, A9-89-52, Ay6tia, 1989, T.ZZ, c.382. 
24. Afle~catidpos B.C. u dp. - ONAH P9-83-613, Ay6tia. 1983. 



25. Baldin A.M. et al. - proc. 1983 Particle Accelerator Corit. IEEE Trans. N~lcl. Sci.. 
IVS-30, N0.4, 1983. p.324 7. 

26. Ozanecxn H).y u dp. - O m ,  9-82-756,Ay6na, 1982. 
2 7. @fl epos KH. u dp. - O m ,  9-84-555, d j~6na,  1984. 
28. Komov~os M.M., JIe6edee B.H. - n p a ~ m v e c ~ o e  py~oeodcreo no puduaylronnoli 6e- 

sonacnoc~u na ~ C K O ~ U T ~ / ~ R X  3UpXXeHHblX vacruy. M.: 3nepzoaro~u3dar. 1986 
29. K U C ~ R H O ~  B.@. u dp. - O m ,  16-12375, Ay6na. 1979. 
30. K U C ~ R H O ~  B.@. U dp. - A T O M H ~ R  3HePZL4.S. 1983, 54, c.56. 
31. ICRP Publication No.37 (Annals o f the  ICRP, v.10, No.213). O n r u ~ u s a y u ~  padlrayuon- 

H O ~  3UWUTbl Ha OCHOBe U H a / l U 3 U  COOTHOUIeHlUl 3aTpaTbl - 6b120da. nepet30d n~~61l~Ka- 
yuu 37 MKP3. M. : 3nepzoa~omu3da~, 1985. 

32. Barbier M.  - Induced Radioactillitj~. Amsterdam. New York: North-Holland Publish- 
ing Co., 1969. 

33. Ac~anos A.A., Ko~ovKoe M.M. - A r o ~ n m  3nepz~11, 1988, 65, c.64. 
34. Silberberg R., Tsao C. - Astrophys. J., Supl. Series, 1973, Bd 220, S.25, 315. 
35. Ac~anos A.A., ~ m 6 f l e e c ~ u i i  B.17. - O m ,  PI6-85435,Ay6na, 1985. 
36. Ac~anoe A.A., ~ m 6 f l e e c ~ u r i  B.fl - O m ,  16-87486, Ay6na, 1987. 
37. K o ~ o v ~ o s  M.M., U u r u ~ u n  A.JI - ONAN, Pl6-81-108, Ay6na, 1981. 
38. Cudopos B. T., U u u r ~ u n  A.JI - O m ,  P16-82-25, Ay6na. 1982. 
39. rpomos B.O. u dp. - ONIIN, 16-87-228, Ay6na, 1987. 
40. Apxunos B.A. u dp. - ONIIN, 13-87-305,Ay6na, 1987. 
41. Eanandu~oe A.H. u dp. - Tpydbr XIBcecoi03~ozo coeewanun no ~ C K O ~ U T ~ R M  3a- 

pxxennbrx vacmy, ONIN, ,Ay6na, 1989, T. I ,  C. 92. 
42. Anelinu~oe B.E. u dp. - ATOMHILR ~ n e p z l ~ l ,  1983,54, c.68. 
43. Afleitnu~oe B.E. u dp. - O m ,  16-85-34, Ay6na, 1985. 
44. Kpb~nos A. P., Tu~outen KO T.H. - okfJ7M, 16-88-65, Ay6na, 1988. 
45. reflb@a~d E.K. u dp. -- ATOMFLILR 3HCPZW3, 1980, 49, c.108. 
46. Afleitnu~os B.E. u dp. - ON/IN, Pl6-81-607, AyGna, 1981. 
47. Kohtov~oe M.M., 4oe6yn B.N. - O M ,  P16-81-330, Ry6na, 1981. 
48. Xo r u  XOH, Uoe6yn B.N. - ONIIN, Pl6-87--589, ny6na, 1987. 
49. &LM6flet?cKuc B.U. u dp. - OkfAkf, P16-12705,Ay6na, 1979. 
50. Aflerinu~os B.E. u dp. - ONIIN, Pl6-80448, Ay6na, I980 
51. Aflerinu~oc B.E., T u ~ o u r e n ~ o  T.H. - ONAN, 16-81-103,Ay6na, 1981. 
52. Aflednu~oe B.E. u dp. - 17T3, 1983, NoI, c.49. 
53. Kac~anos r.lI., Komov~oe M.M. - ONAN, 16-83452, ,Ay6na, 1983. 
54. Kac~anoe r.lI. u dp. - O M ,  16-84-804, Ay6na, 1984. 
55. Eyvnee B. H. u dp. - ONIIN, P3-85428, Ay6na, 1985. 
56. Kac~anoe r.lI., Xenuzep H). - ONIIN, 16-85-207,Ay6na, 1985. 
57. Schmidt P. et al. - JINR, E6-85-536. Dubna, 1985. 
58. Eyvnee B.H. u dp. - ONIIN, Pl6-86491,Ay6na, 1986. 
59. K o ~ o v  ~ o s  M.M., M o ~ p o e  M.B. - O m ,  P3-86-184, Ay6na, 1986. 
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KB3aHbl pUlCe. 
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