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1 . BBEAEHI-1E 

npoTOH~ B~COK~X 3Hepr~~ C T04K~ 3peH~~ MX B03MO~HOrO ~c
nonb30BaHM~ B ny4eBO~ Tepan~M ~Bn~~TC~ B HaCTO~~ee epeMR Ha~-
6onee XOpOWO M3y4eHH~M~ T~~en~MM 3apR~eHH~MM 4aCTM~aMM. no 
cpaBHeH~~ C ny4KaM~ raMMa-KBaHTOB M 3neKTpOHOB npOTOHH~e ny4KM 
MMe~T cy~eCTBeHHO 6onee noKanM3oeaHHoe A03HOe pacnpeAeneHMe, Ko
Topoe nerKO nOAAaeTC~ peryn~pOBaH~~ B COOTBeTCTBMM C TeMM Mn~ 

MH~M~ KnMHM4eCKMMM Tpe6oBaHM~MM ~nM KpMTepM~MM. 
An~ Tore, 4To6~ e nonHOH Mepe Mcnonb3oeaTb 3TO aa~Hoe npe

MMy~ecTeo npOTOHH~X ny4KOB B W~pOKO~ KnMHM4eCKO~ npaKTMKe, He-
06XOAMMO pa3pa6oTaTb MeTOA~ asTOMaTM4eCKOrO COBMe~eH~~ A03HOrO 
MaKcMMyMa /nMKa 6p3rra/ c onyxonbO M cnoco6~ KOHTpon~ 3TO~ 
npo~eAYPbl . 

TaK, HanpMMep, np~ poTa~MOHHOM o6ny4eH~M rny6oKo 3anera~~~x 
onyxone~ ny4KaMM npoTOHOB MnM APYrMx T~~en~x 3ap~~eHH~X 4aCTM~ 
Tpe6yeTCR Henpep~BHO KOppeKTMpOBaTb MX npo6er TaK, 4T06~ nMK 
6p3rra HaxoAMfiCR BHYTPM npeAenoe naTonorM4ecKoro o4ara. BecTM 
TaKy~ KOppeKTMpOBKy BPY4HY~ B peanbHOM MaCWTa6e epeMeH~ HeBo3-
MO~HO, TaK KaK npM epa~eH~M 06beKTa /na~MeHTa/ nOA npoTOHH~M 
ny4KOM, COCTaB TKaHe~, 4epe3 KOTOp~e npOXOAMT ny40K, Henpep~s

HO MeHReTCR, a MX CyMMapHa~ TOPM03HaR CnOC06HOCTb B Ka~AOM Ha
npaeneH~~ o6ny4eHM~ HeM3aecTHa. 

nepB~~ war B HanpaeneHMM pa3pa60TKM aBTOMaT~4eCK~X MeTOAOB 
o6ny4eH~R na~~eHTOB 6~n CAenaH B na6opaTOP~M ~AePH~X npo6neM 
OI-1~H np~ y4aCTMM coTPYAH~Kos 0HKonor~4eCKoro Hay4Horo ~eHTPa 
/OHU/ ~ UeHTpanbHoro KOHCTpyKTOPCKOrO 6~po /UK5/ AMH CCCP. np~ 
npoTOHHOH Tepan~~ onyxone~ nM~esoAa 6~n npMMeHeH MeTOA Henpe
D~BHoro poTa~~OHHOro o6ny4eHM~ c aeToMaT~4eCK~M YAeP~~BaH~eM 
nMKa 6p3rra e npeAenax 04ara nopa~eH~R /ycTpo.:1cTeo "npoToH"/ 1·3·17 
np~ TaKoM MeToAe a npocseT n~~esoAa, a T04KY nepece4eH~R oc~ 
poTa~M~ o6beKTa C OCb~ npOTOHHOrO ny4Ka, BBOA~T M~H~aT~pH~~ 
nonynpOBOAHMKOB~~ KpeMH~ea~.:1 AeTeKTOP, C~rHan KOTOporo ~cnonb-
3y~T AnA asToMaT~4ecKoro perynMpoeaH~R 3Hepr~~ npoTOHHoro ny4-
Ka. AeTOMaTM4ecKa~ c~cTeMa cosMe~aeT n~K Gp3rra c AeTeKTopoM 
M KOMneHC~pyeT 80 apeM~ spa~eHM~ 06beKTa o6ny4eHMR nOA ny4KOM 
see M3MeHeHMR rny6~H~ 3aneraHMR onyxonM ~n~ TODM03Ho.:1 cnoco6-
HOCTM TKaHe.:1, ne~a~MX Ha nyT~ npOTOHHOrO ny4Ka / 3 /, 

npaKT~4eCKaR npoeepKa, npOM3BeAeHHa~ 80 epeMR pOTa~MOHHOrO 
o6ny4eH~~ paKa nM~esoAa npoToHaM~ 200 H3B Ha MeAM~~HCKOM npo
TOHHOM ny4Ke nRn OHRH, noKa3ana, 4TO MeTOA MO~eT o6ecne4MTb 

Ot v. ,;i. . • ';!,);\ "'f'TYl 
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T04HY~ noKan~3au~~ n~Ka Gp3rra e ueHrpe porau~~ ~ cy~ecreeHHO 

CH~3~Tb J1y4eBy~ Harpy3Ky Ha HOpMallbH~e TKaH~ ' 34 ' . 0AHaKO B 
c e~3~ c np~MeHeH~eM cpaeH~TellbHO 6on bw~x none~ o6ny4eH~~ 3TY 
npoueAYPY He06XOA~MO BeCT~ B HeCKOJl bKO np~eMOB , 11n03TalKH011 • 

Tpe6yerc~ 3Ha4~renbHOe e peM~ Ha noeropHy~ ~cT~POBKy 6on bHOro 
e py4Hy~, 80 epeM~ KOTOPO~ B03H~KaeT onaCHOCTb e r o CMe~eH~R ~3 
3aAaHHor o nonolKeH~~ ~ pacrer eepo~THOCT b Henpae~n b HO~ CT biKoe
K~ 3 TalKe~ o6ny4eH~R . 

YKa3aHH~~ MeTOA o6ny4eH~~ 6~no HaMe4eHo ycoeepweHCT eoearb 
~ np~MeH~ T b np~ npOBeAeH~~ W~POK~X Kn~H~4eCK~X ~cn~TaH~~ B 
MHoroKa6~HHOM KOMnneKce na6oparop~~ ~AePH~x npo6neM O~R ~ nocne 
3a eepweH~~ peKOHCTPYKU~~ C~HXPOU~KnOTPOHa B C~nbHOT04H~~ ~a3o
TPOH & . B HaCTOR~ee epeMR coeMecr Ho c l~5 AMH CCCP ~ OHU AMH 
CCCP pa3pa6oraHa Hoea R ycraHOBKa "Me3oH" c c~creMoi1 peHrreHoe
CKo~ ~ onr~4eCKO~ ueHTpau~~ ~no3eon~n~a~ ocy~ecrenRTb Ha n~H~~ 
c Manoi1 3BM porau~oHHoe o6ny4eH~e onyxone~ cnolKH Oi1 ~opM~ c ae
TOMnT~4ecK~M COBMe~eH~eM A03HOrO MaKC~MyMa C 04a r OM nopalKeH~R 

~ aBTOMaT~4eC K~ M pe ryn~pOBaH~eM W~p~H~ A03HOrO Ma K C~MyMa B co 
OT BeTCTB~~ c ~opMo~ ~ pa3MepaM~ onyxon~ ' 6 •16 ' . YcraHOBKa 6yAeT 
pa3Me~eHa B OAHOM ~3 npoueAYPH~X nOMemeH~~ MHOrOKa6~HHOrO 

KOMnneKca . 

Annaparypa , npeAHa3Ha4eHHaR AflR porau~OHHoro cKaH~poeaH~R, 

B 3Ha4~TeJlb HO~ Mepe CB060AHa OT ynOM~HyT~X B~We HeAOCTaTKOB 
ycrpo~crea " npoTOH11

• 06ny4eH~e npeAnonara~r npoeoA~Tb rop~3oH
TanbH~M, na pannenb H~M ny 4KOM npor oHoe, ce4eH~e KOToporo MeH bWe 
pa3Mepoe onyxon~. nyr eM Henpep~eHoro poTau~oHHoro cKaH~ poeaH~~ 
3aAaHHO rO 06beKTa o6ny4eH~~ nOA HenOAB~lKH~M npOTOHH~M ny4KOM. 
Bo epe MR ne pexoAa ny4Ka co crpoK~ Ha crpoKy A~CTaHU~OHHO ~3-
MeHR~T CR rop~30HTaflb H~e KOOPA~ HaTbl o6beKra o6ny4eH~R, a BHyT
p~nonocHo~ AaT4~K nepeMe~aeT CR no eepT~Kan~ TaK, 4T06~ OH no
o4epeAHO COBMe~anc~ C UCHTPOM POTaU~~ KalKAOH CTPOK~ CKaH~poea 

H~R. 

3a C4eT np~MeHeH~R ny4KOB npOTOHOB cpa BH~TellbHO He60J1bWOrO 
Ce4eH~R ~ o6ny4eH~~ 6onbw~x onyxonei1 e OA~H np~eM , 6e3 nepe 
IOCT~POBK~ 60J1 bHOrO, yCTaHOBKa 11He30H11 nOB~C~T T04HOCTb JlOKan~-
3aU~~ n~Ka Sp3rra no eceMy o6beMy onyxon~ ~ oco6eHHO T04HOCTb 
CT~KOBK~ 3TalKei1. np~ 3TOM Cy~eCTBeHHO COKpaT~TCR 06~ee epeMR 
o6ny4eH~R. 

Uen btO HacroR~ero coo6~eH~R RBnRe TCR on~caH~ e OCHOBH~x xa
paKrep~cT~ K ycraHoeK~ "Me3oH", ero ornaAK~ Ha n~H~~ c Manoi1 
38M ~ aHaJ1~3 pe3yJ1b TaTOB ~aHTOMH~X ~cn~TaH~H 3TO~ yCTaHOBK~ B 
pe)f(~Me 113an~Cb11 ~ 11 BOCnpo~3BeAeH~e11 Ha MeA~U~HCKOM npOTOHHOM 
ny4Ke na6opaTOP~~ RAePH~X npo6neM O~R~. 
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2. On~CAH~E YCTPOACTBA "ME30H" 

Ha p~c. 1 ~ 2 npeAcraeneH~ o6~~~ B~A ~ 6not<-cxeMa ycTaHOBK~ 
"Me30H~CTOA~e~ ~3 cneAY~~x OCHOBH~X 4acrei1: 

1. PoTaU~OHH~H CTeHA /PC/, Ha KOTOPOM Kpen~TCR t<pecno AnR 
yt<llaAK~ nau~eHTa 0 ne~raren~ DX' DY' DZ' Da ' 3aKpenneHH~e 
Ha POTaU~OHHOM CTeHAe, no3BOJ1RIOT nepeMe~aTb t<pecno B rop~3oH
TaJlbHOH nnoct<ocr~ /t<OOPA~HaT~ X, Y / , no eepT~Kan~ /KOOPA~Ha
Ta Z I, a raKlKe eoKpyr eepr~t<anbHOi1 oc~ /yron noeopora a I. 
KOOPA~Har~ nonolKeH~R t<pecna ~3Mep~IOTCR c noMO~br.> AaT4~Koe X , 
Y, Z, a. B t<a4ecree AaT4~t<OB An~ ~3MepeH~R t<OOPA~HaT ~cnonb-
3oeaH~ ~HAYKU~OHH~e ~a3oepa~aren~ ~~-126. 

P~c . 1. YcraHoet<a "He3oH": 
~OCHOBHO~ KOnll~MaTOp, 
4K - 4~CTOBO~ KOJlll~MaTOp, 
nnT - nornoT~Tellb nepe 
MeHHOH TOJl~~H~, f~ - rpe-
6eH4aT~H ~~nbTp, Bnn -
BHyTp~nonOCTHOH nonynpo
BOAH~KOB~~ AeTet<Top, PC -

PC porau~OHH~i1 cTeHA, X, Y, Z, 
a - KOOPA~HaT~ nonolKeH~R 

Kpecna POTaU~OHHOrO CTeH
Aa. 

P~c.2. 06111aR 6noK-cxeMa ycTaHOBK~ "Me-
30H11: 
X, Y, Z, a - AaT4~K~ KOOPA~HaT nonolKeH~R 

t<pecna Ha porau~OHHOM creHAe; DX , Dy, 
DZ, Da - waroe~e AB~ raren~ AnR nepeMe 
U1eH~R Kpecna BAOJlb KOOPA~HaT X,Y,Z , a 
COOTBeTCTBeHHOj nnT - nornOT~Tellb ne
peMeHHOH ron111~H~; L- AaT4~K ron111~H~ 
nnT; DL - waroe~i1 AB~rarenb AnR ~3Me
HeH~R TOJ1U1~H~ nnT; Bnn - BHyTp~nOJlOCT
HOH nonynpoBOAH~KOB~i1 AeTeKrop; H -
AaT4~K nonolKeH~R AeTet<ropa; DH - wa
roe~i1 AB~raTenb AllR ~3MeHeH~R nonolKe
H~R AeTet<ropa. 
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2 . nornor~ r enb nepeMeHHO~ ron~~H~ /nnT/ ycraHaen~eaer c~ Ha 
ny4 Ke npOTOHOB nepeA pora~~OHH~M CTeHAOM ~ npeAHa3HaYaeTC~ An~ 
HaeeAeH~~ n~Ka 6p3 r ra Ha o6nyYaeMy~ M~WeH b. Ha p~c . 3 cxeMar~ 

YecK~ noKa3aH np~H~~n Ae~CTB~~ nnr. nornoT~Tenb-neDeMeHHO~ ron 
~~H~ noeACTaen~ er co6o~ np~MoyronbH~~ napannenen~neA, 3anonHeH
H~~ BOAO~ , B KOTOPOM pa3Me~eH~ ABe n pAM~e TpeyronbH~e reoMeTp~ 

YeCK~e np~3M~, 3anonHeHH~e B03AYXOM. 3r~ np~3M~ MOryT nepeMe
~aTbCA e n por~eonono~H~x HanpaeneH~~ x BAOn b A~aroHan~ napanne
nen~neAa c noMO~biO AB~rarenA DL , a pe3yn b r~pyiO~aA ron~~Ha BOAbl 
Ha nyr~ npoTOHHor o nyY Ka ~3Mep~ercA Aa TY~KOM L . 

3. Y3en BHy rp~nonocrHoro nonynpoeoAH~Ko eoro AeTeKropa / BnA/ 
noeAHa 3Ha4eH AnA eeeAeH~~ a nonocr b rena na~~eHTa nonynpoeOAH~
Koeoro KpeMH~e eoro AeTeKropa, ~3Mep~IO~e ro MO~HOCTb A03~ a o6-
nacr~ o6nyYaeMo~ M~weH~. AereKrop pacnonaraercA BHYTP~ rpy6K~ 

~3 3nacr~4Horo Marep~ana ~ MO~eT nepeMe~aTbCA BAOnb Tpy6K~ c 
noMO~biO AB~rarenR DH, np~ 3TOM ~Meerc~ B03MO~HOCTb onpeAeneH~R 

era nono~eH~R AaTY~KOM H . 
4. 3neKTPOHH~~ nyn bT ynpa eneH~A / nY/ cny~~T AnA cbeMa ~ ~H 

A~Ka~~~ c~rHanoe c AaT4~Koe KOOPA~Har, ~HA~Ka~~~ pa6oYero nono
~eH~~ 3neKrpoMexaH~4e CK~x y3noe ycrpoe1crea "Me 30H11

, a raK~e AnA 
ynpaeneH~A 3anycKOM waroe~x AB~rarene~. nynb T ynpa en eH~A pa6o
ra er KaK B aBTOMaT~4eCKOM pe~~Me /no KOMaHAe 36M/, TaK ~ B ae
TOHOMHOM pe~~Me /py4HOe ynpaeneH~ e 3anycKOM AB~ra renee1 c no
M~biO B~HOCHOrO KHOn04HOrO nyn bTa ~n~ C nOMO~biO KHOnOK Ha nY/ . 
Ha p~ c . 4 noeAcraeneHa o6~aR cxeMa ~3MepeH~R OAHOH ~3 KOOPA~ HaT 
11 3a~)CKa AB~ rarenA AnA nepeMe~eH~H OAHoro ~3 nOAB~~H~x y3noe 
ycTpOHCTBa ""1e30H11

• WT p~x-n~H~eH noMel.lE' H 6noK, He BXOAR~~H B 
cxeMy nynbra ynpaeneH~R. 

5. KaHan BnA ~ MOHHTopa / M/ cny~~T AnA onpeAeneH~A MO~HOCT~ 
A03~ e ~eHrpe pora~~H c naMO~b~ nonynpaSOAHHKoeo r o AeTeKropa, 
AnA ~3MepeH~A HHTeHC~BHOCT ~ nporoHHo ro nyYKa H AnR c~HxpoH~3a
~~~ ~~Kna ~3MepeH~A C ~~ KnOM yCKOpeH~A npOTOHOB B C ~HXpO~~Kno
TpOHe . Ha p~c.5 noeAcra eneHa o~aR 6noK-cxeMa 3r oro KaHana. 

---
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PHc.3. C xeMaT~4ec

K~H Yepre~ nornor~

renA nepeMe HHOC1 
ron~~H~: 

OK - ocHOBHOH Kan
n~Marop, 4K - 4~c

TOBOH KOnn~MaTOp. 

\.' 

" 

... 

P~c . 4 . 5noK- cxeMa ~3Mepc
H~A KOOPA~HaT H 3anyCKa 
waroe~x AB~rareneH. 

~B - ~a3oepa~arenb ~ HAYK

~~OHH~H, YM - y c~n~r enb 

MO~HOCT~, WA - waroe~~ 

AB~rarenb . 

I 
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P~c.s. onoK - cxeMa 
KaHana BnA ~ MOH~ 

r opa: 
BnA - BHyrp~nonocr 

HOH nonynpoeoAH~Ko
e~H AereKrop, M -
MOH~TOP npOTOHHOrO 
ny4Ka. 

B KaYecree MOH~Topa nporoHHoro ny4Ka ~c nonb3yercR ~OHH3a~~

OHHa~ KaMepa ~n~ C~~HTHnn~~~OHH~H C4eT4~K TOn~~HOH OKano 5 MM, 
nepeKp~ea~~~~ ceo~M pa6o4~M ce4eH~eM none pe4Ha e ce4eH~e nyYKa. 
c~rHan MOH~Topa 4e pe 3 cneKTPOMeTp~4eCK~~ ycHn~Tenb Y- 204 18 ' 
nocrynaeT Ha BXOA KOA~POB~~Ka KA001 19

' , BXOAR~ero B nynbT CSA-
3~. 

B Ka4ecree BHyTp~nonocrHoro AeTeKropa MO~HOCT~ A03~ ~cnonb-
3yercR nonynpoeoAH~KOB~H n~r~~ -KpeMH~ee~~ Ae TeKrop c Yyecre~-
renbH~M 06beMOM OT 3 AO 10 MM 3. c~rHan BnA 4epe3 cneKTPOMeT-

v / 10/ '· / 8 / PH4eCK~~ npeAycHn~renb n-213 ~ yc~n~r enb Y-20~ nocrynaer 
Ha eropo~ exoA KOA~poe~~Ka KAOOl 19 1 , a raK~e Ha exoA A~CKP~M~
Haropa 002 1 111 , KOTOP~H no nepeAHeMy ¢POHTY 3TOr O CHrHana ¢Qp-
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:S: CD KOtiEU ~~~ H3~EPEHHH -- KY002l 
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IJ -
.. HP" ~ KB002 

I - -I2 L- KK004 

P~c.6. 5noK-cxeMa opraH~3a~~~ 
~~Kna ~3MepeH~~ ~ o6MeHa ~H
¢opMa~~e~ c 3BH np~ noM~~ 
nyJlbTa CB~3~ . 

M~pyer nor~4eCK~~ c~rHan. 3ror cHrHan npoxoA~T 4epe3 nepe~~ OA
HOBH6parop 064 1 121

, HCnOJlb3yeMbl~ All~ 3aAeP)I(KH CHrHana Ha BpeMR 
OAHOrO ~HKJla yCKOpeH~~ CHHXPO~HKJlOTPOHa, H nOCTynaeT Ha BTOpO~ 
OAHOBH6parop, KOTOP~~ ¢oPMHpyeT ynpaen~~H~ CHrHaJl All~ KOAHPOB
~~Ka KA001 191 c AllHTenbHOCTb~, paeHo~ All~TenbHOCT~ MaKpo~Mnynb
ca npOTOHHOrO ny4Ka. 3TOT CHrHaJl ~CnOJlb3yeTCR TaK)I(e AllR 3anycKa 
H3MepeHHR KOOPAHHar. Tper~~ OAHOBH6parop 064 ' 121 $opM~pyer cHr
Han KOH~a H3MepeHH~ KOOPAHHaT nOABH)I(H~X y3J10B ycTpO~CTBa 11He-
30H11. 

6. nynbT ce~3~ /nC/ npeAHa3Ha4eH All~ o6MeHa ~H$OpMa~~e~ Me)I(-

l 

AY 38M ~ nyJ1bTOM ynpaeneH~R. nC co6paH Ha ABYX 11 Kpe~Tax" craw \ 
Aapra KAHAK. B Ka4ecree $yHK~~oHa!1bH~x 6noKOB ~cnonb3oeaH~ I 
3JleKTPOHH~e 6JlOK~, pa3pa6oTaHH~e B 0TAeJ1e aBTOMaT~3a~HH $~3~- ·1 
4eCKHX 3KCnep~MeHTOB Jla6opaTOp~~ ~AePH~X npo6JleM Q~~~ / ?,9,l3·15/ . 

Ha pHc.6 npHBeAeHa $YHK~HoHanbHaR 6noK-cxeMa nynbra ce~3H. 
Ka*A~~ ~HKJl 06MeHa ~H$OpMa~~e~ Me*AY 3BH ~ ny npo~CXOA~T 

CJ1eAy~~HM o6pa30M: 
a/ 3BH 4epe3 KOHrponnep KK004 1131 ~ e~XOAHO~ per~crp KB002 1 131 

3ac~naer e ny KOMaHAY Ha 3anycK waroe~x AB~rarene~ H Ha ~3Mepe

H~e KOOPA~HaT. 

6/ nY nOAaer Ha ynpaBJlR~~He BXOA~ AB0~4H~X C4eT4HKOB KC002 171 

c~rHan~ c All~renbHOCT b~, nponop~~oHanbHo~ H3Mep~eM~M KOOPA~Ha
raM, np~ 3TOM Ha C4eTH~e BXOA~ 3T~ X C4eT4~KOB nOAa~TC~ ~MnyllbC~ 
c 4aCTOTO~ 10 Hr~ H3 reHeparopa KB00 11 131 . c~rHaJl~ MOH~TOpa ~ 
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BnA, nponop~HOHallbH~e HHTeHc~eHocrH nporoHHoro ny4Ka ~ MO~Hocr~ 
A03~, ~3MepR~TCR KOA~POB~HKOM KAOOl 19 ' . 

B/ ny $OpMHpyeT C~rHaJl KOH~a ~HKJla 06MeHa, KOTOP~~ 4epe3 
6noK BHeWHero ynpaeneH~R KY002 1 ~ ' nocrynaer Ha KOHTponnep 
KKOOl 71 ~ e~3~eaer C4HT~eaHHe pe3YllbTaroe H3MepeH~A e 38M. 

3. nPOrPAHHA YOPABJlEH~~ YCTPOI:!CTBOH "HE30H" 

00ArOTOBKa ~ 06Jly4eH~e na~~eHTa AOJl)I(H~ npOBOAHTbCR B ABYX 
OCHOBH~x pe)I(~Max pa6or~ ycrpoAcrea "He3oH": o pe*~Me 113anHcb" 
~ e pe*HMe "eocnpoH3BeAeH~e". KoHe4H~M pe3YllbTaroM nepeoro ~3 
3THX pe)I(~MOB ~BJlReTCR ~3MepeH~e Kp~BO~ reTeporeHHOCT~, T.e. 
3aB~C~MOCTH TOJl~~H~ CllO~ BOA~ B nornOT~Tene, He06XOA~MO~ ~llR 
HaBeAeH~R n~Ka Gp3rra Ha onyxonb, or HanpaeneH~R o6ny4eH~R. 
BropoA pe)I(~M - o6ny4eH~e cornacHo nol1y4eHHO~ Kp~eoA rereporeH
Hocr~. 

An~ Hal1aAK~ ycrpoAcrea "He30H11 ~ orpa6orK~ pe*~MOB 11 3an~cb 11 

~ "eocnpo~3BeAeH~e" 6~11~ cocrae11eH~ nporpaMM~, o61>eA~HeHH~e e 
o6~y~ c~creMy ~ o6ecne4~ea~~~e ynpae11eH~e cneAY~~~M~ npo~eAy

paM~: 

1. npoeepK~ $yHK~~OHaJlbH~X 6JlOKOB nyJlbTa CBR3~. 
2. H3MepeH~R rop~3oHranbHOro ~ eepr~Kal1bHoro npo$~11R nporoH

Horo ny4Ka. 
3. ~3MepeH~~ CTaHAaPTH~X OTKJlOHeH~H Bei1~4~H KOOPA~HaT B 3a

AaHHO~ T04Ke. 
4. H3MepeH~R OTHOWeH~R ~ ero CTaHAapTHOrO OT KI10HeH~~ C~rHa-

1108 BOA ~ MOH~ropa A11R $~Kc~poeaHH~x 3Ha4eH~A yrna noeopora PC 
H T011~HH~ 00T. 

5. H3MepeHH~ KpHBO~ Gp3rra. 
6. H3MepeHHR Kp~eo~ rereporeHHOCTH. 
7. Bocnpo~3BeAeHH~ KPHBO~ rereporeHHOCT~. 

4. HCnbiTAHHE YCTAHOBK~ "ME30H" 

Pa6ora c ycraHoeKo~ "He3oH" noKa3al1a, 4TO T04HOCTb onpeAene
HH~ KOOPAHHaT nOI10)1(eHH~ nOAB~)I(H~X Y3110B COCTaBH11a ~ 1% OT HX 
MaKCHMal1bHOrO 3Ha4eHH~ . Op~ 3TOM OCHOBHO~ BKJlaA B OWH6Ky BHOCHT 
HenHHeAHOCTb AaT4HKOB nono*eH~R. Ee y4er npH o6pa6orKe pe3ynb
raroe no3eonReT yMeHbWHTb OWH6Ky e ~3MepeHHH KOOPAHHar~ AO 0,3%. 

Hcn~TaH~R, npoeeAeHH~e np~ pa3n~4H~x MO~HOCTRX A03~,noKa3a

n~ , 4TO CTaHAaPTHOe OTKJlOHeHHe pacnpeAelleH~R OTHOWeHH~ CHrHaJla 
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BnA K CHrHany MOHHTopa o6paTHO nponop~HOHanbHO KOPH~ KBaApaTHO
MY H3 MO~HOCTH A03~ H 4TO nonyWHPHHa 3TOro pacnpeAeneHHA naAaer 
npHMepHo e 2 pa3a np~-1 noAa4e Ha BnA HanpA~eHHA cMe~eHHA ce~we 
20 B. B 3THX ycnoeHAx, Y4HT~BaA 3KcnepHMeHranbHO nony4eHHY~ 
KpyTH3Hy 3aAHero $pOHTa KPHBO~ 6p3rra, paeHy~ 2% OT MaKCHMyMa 
Ha 1 MM H 2 0, MO~Ho 6yAeT HaBOAHTb MaKCHMYM KPHBO~ Gp3rra Ha 
onyXOnb C T04HOCTb~ OKOnO 1-2 MM. 

H3MepeHHA KPHBO~ reTeporeHHOCTH 6~nH npOBeAeH~ Ha BOAHOM 
$aHTOMe, rpy6o HMHTHPY~~eM rpyAHY~ KnerKy 4enoeeKa. Ha p1-1c. 7 
npeAcraeneHO ropH30HranbHOe ce4eHHe $aHTOMa. nono~eHHe BnA no
Me4eHo KpeCTHKOM. 06naCTb 1 3anonHeHa BOAO~, o6naCTH 2 H 3 1-13-
fOTOBneH~ H3 neHonnacra c YAenbH~M eecoM 0,3 r/cM3 H npeAHa3-
Ha4eH~ AnA HMHTa~HH npaeoro H neeoro nerKoro, o6nacTb 4 H3ro
roeneHa H3 $roponnacra c YAenbH~M eeCOM 2,2 r/cM 3 1-1 HMHTHpyer 
no3B<"''"1r>'l'il1K. Ha p1-1c. 8 npeAcraeneHa KPHBaA rereporeHHOCTH, no
ny4eHHaA AilA AaHHoro $aHTOMa. KpHBble rereporeHHOCTH , CHATble 
AnA npOTHBOnOnO~H~X HanpaeneHH~ Bpa~eHHA $aHTOMa, OTnH4a
OTCA Ha 1 + 2 MM, 4TO COOTBeTCTByeT CPeAHeKBaApaTH4HO~ CyMMe HX 
OWH60K, onpeAenAeM~X T04HOCT bl:l H3MepeHHA MO~HOCTH A03bl H Kpy
TH3HO~ 3aAHerO $pOHTa Kpi-180~ 6p3rra. 3TOT pe3ynbTaT yKa3~BaeT 
Ha OTCyTCTBHe BnHAHHA HHep~HI-1 MeXaHH4eCKHX y3nOB Ha T04HOCTb 

onpeAeneHHA KPHBO~ reTeporeHHOCTH. 
AnA npoeepKH T04HOCTH orpa6oTKH MexaHH4eCKHMH y3naMH ycr

po~crea "Me3oH" KPHBO~ rereporeHHOCTH e pe~HMe "eocnpOH3BeAe-
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PHc.7. CxeMa $aHTOMa AnA HMHTa~HH o6nacrH rpyA
HO~ KneTKH 4enoeeKa. noACHeHHA B TeKCTe. 

P1-1c.8. KpHBaA rerepo- xoor-----------------------------~ 

reHHOCTH, H3MepeHHaA 
e pe~HMe "3anHcb" AnA i" 181Jl 

v :J: 
$aHTOMa rpyAHOH Kner- ~ 
KH 4enoeeKa. no rop~-1- 16&0 

30HTanbHO~ OCH orno
~eHa eenH4HHA, npo
nop~HOHanbHaA yrny 
noeopora PC, no eep
THKanbHO~ OCH - TOn
~HHa CnOA BOA~ /e 
eAHHH~ax 0,1 MM/ nnT. 1200

100 
lSCll .. 

a[rpa~J 

~r-----------------------------~ 

'i 181.0 
:J: 

..J 

1680 

PMc.9 . BocnpoH3BeAeHHe 
KPI-1BOH rereporeHHOCTM, 152.0 
nony4eHHOH e pe~1o1Me 11 3a
nHCb11. 06o3Ha4eHI1R no 
OCAM TaK11e >Ke, KaK Ha 
PI1C.8 . 1200 'I , 

m 1900 
<X trpul 

HHe11 B naMATb 38M 6~na 3anHCaHa KPMBaA B BHAe CHHYCOHA~ C MaK
CHManbH~MI-1 rpaAHeHTaM!-1 1 COOTBeTCTBY~~MMI-1 rpaAHeHTaM Kpi-180~ re
TeporeHHOCTM AnA $aHTOMa. 3ra KPHBaA 6~na orpa6oraHa 3areM e 
pe~MMe "eocnpoH3BeAeHHe11 . CpeAHAA KBaApaTH4HaA pa3HOCTb Me~AY 
HCXOAHO~CMHYCOHAHO~ H OTpa6oTaHHO~ KPHBOH, paBHaA OWH6Ke BOC
npOH3BeAeHMR KPMBO~ MeXaHM4eCKHMH y3naMH, COCTaBnAeT OKOno 
0,5 MM. AnA npoeepKH pa6orbl ycrpo~crea "Me30H11 e pe~HMe "eoc
npoM3BeAeHHe11 HenocpeACTBeHHO Ha npOTOHHOM ny4Ke 6~na OTpa6o
TaHa KpHBaA reTeporeHHOCTM AnA $aHTOMa /pHc.8/, paHee nony4eH
HaA B pe)!(HMe 113anMCb11

• Ha pMc.9 noKa3aHa KpHBaA 3aBHCMMOCTM 
ron~MH~ nepeMeHHoro nornorHrenA or yrna noeopora Kpecna, no
ny4eHHaA a pe~HMe "eocnpoM3BeAeHHe". 3ra KPHBaA a npeAenax 
1+ 2 MM COBnaA~eT C KPHBO~ rereporeHHOCTH /CM. PMC.8/ AnA $aH
TOMa, nonyt~eHHO~ a pe~MMe "3anHCb11

• Ha pMc. 10 noKa3aHo pacnpe
AeneHHe MO~HOCTH A031>l, M3MepeHHoe npM orpa6orKe KPHBOH rerepo
reHHOCTH a pe>KHMe "aocnpOM3BeAeHHe11 . CpeAHeKBaApaTH4HOe orKno
HeHHe M~HCCTH A03~ 3T0f0 pacnpeAeneHMA OTHOCMTenbHO CPeAHero 
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P~c. 10. 3a~~c~MOCTb 
OTHOWeH~~ c~rHanoe 

BnA ~ MOH~Topa OT 
yrna noeopoTa ~aH
TOMa e pe>K~Me "eoc
npo~aeeAeH~e". 

3Ha4eH~~ IKoTopoe "yAeP>K~eaeTc~" e ueHTpe epa~eH~~ ~aHTOMa .,.. 
COCTaen~eT 69% OT MaKC~MyMa KP~B0.:1 6p3rral paBHO ::: 2, 5%. 3Ha-
4eH~e 3T0.:1 OW~6K~ CKnaA~BaeTC~ H3 OW~6K~ H3MepeHH~ 

MO~HOCTH A03~ e pe>KHMe 113anHcb" I ::: 1 ,6%1 , OWHOKH
1 

onpe
Aen~eMo.:1 T04HOCTb~ OTpa60TKH MeXaHH4eCK~MH yanaMH KpHB0.:1 
reTeporeHHOCTH I = 1%I ,H owH6K~ ~3MepeHHR M~HOCTH A03~ eo epe
M~ pe>KHMa "eocn poH3BeAeHHe" I = 1 ,6%1. 11x cpeAHeKBaApaT~4Ha~ 
cyMMa npH6nH3~TenbHO pasHa CTaHAapTHOMy OTKnOHeH~~ nony4eHHOrO 
pacnpeAeneHHA, 4TO yKa3~BaeT Ha OTCyTCTBHe Bn~RHHR ~HePUHH Me 
xaH~4eCK~X y3noe ~ APYrHx cHcTeMaT~4eCKHX ~aKTOpoe Ha T04HOCTb 
HaBeAeHHA nHKa fip3rra npH 06ny4eHIA~ MIAWeHH B pe>KHMe 11 BOCnpOH3-
BeAeHHe11. TaK KaK nocneAHR~ ~3 nepe4~CneHH~X B~We OWH60K 11,6%/ 
He BnHAeT Ha T04HOCT b pe>KHMa 11 BOCnpOH3BeAeHHe11

, TO T04HOCTb Ha
BeAeH~A n~Ka bp3rra, COOTBeTCTBY~~aA ~3MeHeHH~ Ha 2% MO~HOCTH 
A03bl Ha 3aAHeM ~POHTe KPHBO.::i op3rra, COCTaBnAeT ::. 1 ,0 MM H 20, 
T. e. AOCTHrHyTaA 4HCTO annapaTypHaR T04HOCTb OKa3~BaeTC~ cy
~eCTBeHHO ny4We , 4eM B03MO>KHaA B HaCTOR~ee epeMA T04HOCTb ~HK
CaUH~ nauHeHTa Ha npOTOHHOM ny4Ke, COCTaBnA~~a~ + 5-10 MM. 

BblBOAbl 

Pa3pa60TaHa, CMOHTHPOBaHa lA OTna>KeHa Ha n~H~H C 38M aBTOMa
TH4eCKaA yCTaHOBKa 11Me30H11

, n03BOn~IOUiaR nocneAOBaTenb '10 COBMe
~aTb nHK 6p3rra c 3aAaHH~M~ T04KaM~ M~WeHH ~ HaAe>KHO YAeP>KHBaTb 
n~K B 3TOH 30He BO epeM~ poTaU~OHHOrO CKaHHPY~~ero 06ny4eHHA 
3nOKa4eCTBeHH~X onyxone.:1 ny4KOM npOTOHOB B~COKOH 3HeprH~. 

B xoAe npoeeAeHH~X ~cn~TaHH.:1 ycTaHOBK~ "Me30H11 cocTaeneH~ 

~ OTna>KeH~ nporpaMM~ AnR H3MepeH~~ ee TeXH~4eCKHX napaMeTPOB 
~ An~ ynpaeneH~~ e~ KaK e pe>K~Me YAep>KaH~~ n~Ka e 3aAaHH~x 
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T04Kax M~weHHipel!<~M"3anHcb"I,TaK ~ e pe>KHMe"eocnpo~aeeAeH~e" 
napaMeTpoe nepeoro o6ny4eH~~ eo epeM~ cep~~ noeTOPH~x ceaHcoe, 
a TaK>Ke An~ o6pa60TKH AaHH~x, nony4aeM~x eo epeMR poTau~OHHoro 
cKaHHPY~~ero o6ny4eH~A. 

113MepeHHR napaMeTpOB yCTaHOBKH "Me30H11 noKa3anH , 4TO OH~ 
COOTBeTCTBy~T MeAHKO- TeXHH4eCKIAM Tpe6oeaH~RM, KOTOp~e 6~nH e~
pa6oTaH~ HCXOAA H3 on~Ta 3KCnnyaTaU~H nonyaBTOMaT~4eCKOrO npo
TOH1na 3TO.::i YCTaHOBKH "npoTOH11 npH o6ny4eHHH paKa n~~eBOAa H 
ne rKoro. To4HOCTb onpeAeneHHA KpHeo.:1 reTeporeHHOCTH e pe>KHMe 
11 3anHCb 11 np~ IACnbiTaH~RX YCTaHOBKH "Me30H11 Ha MeA~LlHHCKOM npo
TOHHOM ny4Ke C~HXPOU11KnOTPOHa na6opaTOPH~ ~AePH~X npo6neM 011~11 

COCTaB~na =0,8 MM H 20 ~ T04HOCTb HaBeAeHH~ nHKa op3rra Ha o6-
ny4aeMyiO M~weHb e pe>K~Me "eocnpoi13BeAeHHe11 np11 ~cn~TaHHAX e Ta
KHx >Ke ycnOBH~X COCTaBHna :: 1 ,0 MM H 20. 

B 3aKnl04eHHe aeTop~ e~pa>KaiOT 6naroAaPHOCTb 4neHy-Koppecno~
AeHTY AH CCCP B.n.A>Kenenoey H npo¢eccopy A.I1.PyAepMaHy 3a co
Ae.:1cTBHe e npoeeAeHHH HacTo~~e.:1 pa6oT~, ~ . K . AKHMOBy, B.r . 3~Ho
ey, A.H.CHHaeey H COTPYAHHKaM OTAena aeToMaTH3aUH~ ~H3H4eCKHX 
3KCnep~MeHTOB 011RI1 3a H3rOTOBneHHe H noM~b 8 HanaAKe CTaHAapT
H~X 6nOKOB 3neKTpOHHKH 1 a TaK>Ke 6 . n . 0cHneHKO 3a IA3rOTOBneHHe 
nonynpoBOAHHKOB~x AeTeKTOpoe An~ BHyTp~nonocTH~X AaT4H KOB. 

ni1TEPATYPA 

1. MeAHUHHCKHH npoTOHH~H ny40K n~n 011~11. I I. noA peAaKuHe.:1 
B.n.A>Kenenoea 11 A.I1. PyAepMaHa. 011~11, 7287, Ay6Ha, 1973. 

2. AcTpaxaH 6 .8 . H AP· TpyA~ nepeoro Me>KAYHaPOAHOro ceMHHapa 
1111cnonb30BaHHe npOTOHH~X ny4KOB B ny4eBOH TepanHH11 • MOCKBa, 
6-11 AeKa6p~ 1977 r. , e~n.2., ATOMH3AaT, M. , 1979, c.99. 

3. A6a3oe S.M. H AP· 011~11, A-8883, Ay6Ha, 1975. 
4. npOTOHH~e ny4KIA B~COKIAX 3HeprH.:1 H ny4eBaR TepanH~ 3nOKa4eCT

BeHH~X onyxone.:1. noA peAaKuHeH s.n.A>Kenenoea H A.11.PyAepMa
Ha. 011~11, 9035, Ay6Ha, 1975. 

5. ~>Kenenoe B.n. HAP· 011RI1, P16-11183 , Ay6Ha, 1978. 
6. AcTpaxaH o.B.' naxOMOB 8.11. TPYA~ nepeoro Me>KAYHaPOAHOro 

CeMI1Hapa 1111cnonb30BaHHe npOTOHH~X ny4KOB B ny4eBOH TepanHH11 • 

MocKea, 6- 11 AeKa6pA 1977 r., e~n.2, ATOMH3AaT, M., 1979, 
c.92. 

7. ~ypaenee H.l1 . H AP· 011R11, 10-73332, Ay6Ha, 1973. 
8. AHAePT K. ~ AP· 011~11, 13- 7125, Ay6Ha, 1973. 
9. *ypaenee H.l1. 11 AP· 011R~1, 10-10576, Ay6Ha, 1977. 

10. Andert K. et al. IEEE Trans. on Nucl. Sci. NS-19, No3., 
1972, p.404. 

11 



11. 6ope~KO B.~. ~ AP· 0~~~. 13-6396, Ay5Ha, 1972. 
12. 6ope~KO B.~. ~ AP· o~~H. 13-12334, Ay5Ha, 1979. 
13. ~ypaenee H.H. ~ AP· OH~H, 10-8754, Ay6Ha, 1975. 
14. ~ypaenee H.H. ~ AP· OH~H, 10-94 79, Ay5Ha, 1976. 
15. ~ypaenee H.H. ~ AP· OH~H, lU - 10576 , AY6Ha, 1976. 
16. 3op~H B.n. ~ AP· o~~H, P16-11080, Ay6Ha, 1977. 
17. AcTpaxaH 6.B. AeTopcKoe CB~AeTenbCTBO CCCP ~ 405236 MK~ A61 

~ 5/10 oT 03.05.67 r. 6~nn. OHnOT3, 1979 r. ~ 29, c.269. 

12 

PyKon~cb nocTyn~na a ~3AaTenbCK~~ OTAen 
26 ~eepan~ 1980 roAa. 


