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1. BBE,QEHHE 

C80HMH ycnexaMH ~H3HKa 8 6onbWOH CTeneHH o6A3aHa C03AaHHO 
H08WX 3KCnepHMeHTanbHWX MeTOA08 H annapaTypw, o6ecne4H8aO~HX 
WHPOKHe 803MO*HOCTH AnA ~enoro PAAa npHnO*eHHH 8 CMe*HWX o6-
naCTAX H~YKH H TeXHHKH H oco6eHHO 8 MeAH~HHe H 6HonorHH. Cpe
AH HaH60nee KpynHWX MeTOAH4eCKHX AOCTH*eHHH ~H3HKH 8WCOKHX 
3HeprHH, KOTopwe Y*e Ha4HHaOT HrpaTb 8a*HY0 ponb 8 C03AaHHH 
H08WX 3~eKTH8HWX H 6esonaCHWX MeTOA08 MeAH~HHCKOH AHarHOCTH
KH, 8 HCCneA08aHHH MHKPOCTPYKTYPW 6HonorH4eCKHX o6DeKT08, 
He06XOAHMO OTMeTHTb KOOPAHHaTHWe AeTeKTOPW HOHH3Hpy~HX H3-
ny4eHHH - nponop~HOHanbHWe H APeH~08We KaMepw. npH npo8eAeHHH 
pa3nH4HWX MeAHK0-6HOnOrH4eCKHX HCCneA08aHHH TaKHe AeTeKTOPW 
HMeOT Cy~eCTBeHHWe npeHMy~eCT8a /no cpa8HeHHO C TPaAH~HOHHWMH/: 
a/ 8WCOKHe 4Y8CT8HTenbHOCTb, npOCTpaHCT8eHHOe paspeWeHHe 
H 6WCTPOAeHCT8He, 4TO noa~onAeT Ha A8a-TPH nopAAKa CHH3HTb 
A03Y o6ny4eHHA /HanpHMep, no cpa8HeHHO co cny4aeM npHMeHeH!o1A\ 
peHTreH08CKOH nneHKH/; 6/ nony4eHHe HH~opMa~HH B YA06HOM 
8HAe AnA 83aHMOAeHCT8HA C 38M B peanbHOM MaCWTa6e 8PeMeHH, 
o6pa60TKH AaHHWX no pa3nH4HWM KPHTepHRM H npeACTa8neHHA pe
synbTaTo8 8 HarnAAHOM 8HAe Ha ~8eTHWX HnH 4epH0-6enwx AHCnne
AX. 

,Qpyroe MeTOAH4eCKOe AOCTH*eHHe ~H3HKH BWCOKHX 3HeprHH -
Hcnonbao8aHHe ny4K08 aTOMHWX AAeP AnA HOHHOH paAHOrpa~HH. 
TaKHMH ny4KaMH o6naAaeT 06DeAHHeHHWH HHCTHTYT AAePHWX HCCne
A08aHHH 8 ,Qy6He. XoTA 3TH ny4KH noKa A8nAOTCA YHHKanbHWMH, 
OAHaKO OHH npeACTa8nAOT HaCTOnbKO 3aMaH4H8We nepcneKTHBW, 4 ) 
HY*HO HaAeATbCA Ha nOA8neHHe 8 6nH*aHWeM 6yAy~eM cne~HanH3H
po8aHHWX YCKOPHTeneH AnA MeAHK0-6HonorH4eCKHX ~eneH. 

B HacToA~eM coo6~eHHH npH80AHTCA KpaTKaA HH~pMa~HA o Me
TOAax H annapaType, co3AaHHwx 8 nB3 OH~H AnA HccneAo8aHHH 
8 o6naCTH AHarHOCTHKH 3a6one8aHHH H MOneKynApHOH 6HOnOrHH. 

2. METO,QHKA H AnnAPATYPA .Qn~ ,QHAfHOCTHKH 3A60nEBAHH~ 

2.1. HoHHaA paAHorpa~HA 

noA8neHHe H08WX aBTOMaTH3HP08aHHWX peHTreHOBCKHX ycTaH080K -
KOMnbOTepHWX TOMOrpa~OB - cy~eCT8eHHO paCWHpHnO 803MO*HOCTH 
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AHarHOCTHKH, OAHaKO BenH4HHa ny4eBOH Harpy3KH 3a OAHO o6cne

AOBaHHe 6nH3Ka K npeAenbHO AOnyCTHMOH rOAOBOH A03e. 8 nocneA
HHe rOAW AnR AHarHOCTH4eCKHX HCCneAOBaHHH CTanH npHMeHRTb yc
KOpeHHWe TR*enwe 3apR*eHHWe 4aCTH~wl1~ Oco6eHHOCTH a3aHMo
Ae14cTBHR C Be~eCTBOM TR*enwx 3apR*eHHWX 4aCTH~ /HOHOB/ B cpaa
HeHHH C peHTreHOBCKHM H3ny4eHHeM n03BOnROT npoBOAHTb paAHO
rpa$H4eCKOe o6cneAOBaHHe npH cy~ecTaeHHO MeHbWHX A03ax o5ny-
4eHHR H AaOT 6onbWYO HH$OpMa~HO 0 TOHKOH aHaTOMH4eCKOH CTpyK
Type. 

XapaKTep B3aHMOAeHCTBHR C Be~eCTBOM HOHOB /npOTOHOB/ 
H peHTreHOBCKHX ny4el4 noKa3aH Ha pHc. 1. HanH4He pa36poca 
no npo6eraM MOH03HepreTH4eCKHX 4aCTH~ o6ycnoaneHO CTaTHCTH4ec
KHM xapaKTepOM nOTepb 3HeprHH /CTparrnHHrOM/, nHMHTHPYO~HM 
4YBCTBHTenbHOCTb MeTOAa. H3 pHc. 1 BHAHO, 4TO 4YBCTBHTenb
HOCTb xapaKTepH3YeTCR aenH4HHOH AP /llm npH Hcnonb30BaHHH 
npoTOHOB /HoHoa/ H aenH4HHOH AX/am npH Hcnonb30BaHHH peHTre
HOBCKHX ny4eH. 8enH4HHa CTparrnHHra npoTOHOB Ha rny6HHe 
- 30 CM BOAW COCTaBnReT /"/1% npo6era, AnR HOHOB renHR - Q, 5% 
H HOHOB yr nepoAa - 0, 28% 2 , 3TO 03Ha4aeT, 4TO HOHbl renHR 
H yrnepoAa o6ecne4HBaOT 4YBCT_BHTenbHOCTb H npOCTpaHCTBeHHOe 
pa3peweHHe COOTBeTCTBeHHO B ABa H 4eTwpe pa3a ny4we, 4eM 
npOTOHW. 

8 1978 r. Ha CHHXPO$a30TPOHe na6opaTOPHH BbiCOKHX 
3HeprHH OH~H C03AaH MeTOAH4ecKHH KaHan BbiBeAeHHblx HOHOB renHR 
c 3HeprHel4 HecKonbKO coT M38 Ha HyKnoH/s/. AnR H3Y4eHHR ao3-
MO*HOcTel4 HCnOnb30BaHHR HOHOB renHR AnR paAHOrpa$HH pa3pa-
60T&Ma H HCCne~oBaHa 3KcnepHMeHTanbHaR YCTaHOBKa Ha nHHHH 
C 38M /pHC. 2/ 4-6/, npHH~Hn MeTOAa OCHOBaH Ha npe~H3HOHHOM 
H3MepeHHH OCTaT04HWX npo6eroa 4aCTH~, npoWeAWHX 4epe3 H3y4ae
MbiH o6"beKT. HccneAOBaHHR npoaOAHnHCb Ha $aHTOMax c pa3nH4Hw
MH H3MeHeHHRMH no nnOTHOCTH. 06pa60TKa AaHHbiX OCy~eCTBnRnacb 
B pe*HMe OH-naHH C ~enbO nony4eHHR OCHOBHbiX xapaKTepHCTHK 
H onTHMH3a~HH pe*HMa pa6oTw. HH$OpMa~HR o pacnpeAeneHHH nnoT
HOCTH HccneAyeMoro o6"beKTa BbiBOAHTCR Ha ~aeTHOH T8-MOHHTop. 
OcHOBHble napaMeTpw ycTaHOBKH: 3HeprHR ny4Ka - 200 M38/HyKnoH; 
HMnynbCHWH pa36poc ny4Ka - 0,3%; 6WCTPOAeHCTBHe ycTaHOBKH -
104 C06WTH~/ c; 4YBCTBHTenbHWe pa3Mepbl - 25Qx250 MM2 ; npOCT
paHCTBeHHOe pa3peWeHHe- 2x2 MM2; pa3peWeHHe no nnOTHOCTH 
B 06"beKTe /npH o6~eM KOnH4eCTBe Be~eCTBa 25 r/cM2/ - 0,08%; 
norn~eHHaR A03a - lo-s paA. Pe3ynbTaTw noKa3waaoT, 4TO ycTa
HOBKa n03BOnReT noKanH30BaTb y4aCTKH pa3MepOM HeCKOnbKO MHn
nHMeTpOB, OTnH4a~HeCR no nnOTHOCTH OT OKPY*aO~ero Be~eCTBa 
Ha eAHHH~bl npo~eHToa. AanbHe14wHe HccneAoBaHHR a 3TOM Hanpaa
neHHH: paAHOrpa$HR C nOMO~bO HOHOB yrnePOAa, nOBbiWeHHe 6WCTpo-
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OPOTOHbl HOCTb nyqKa npOTO-
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qeHCTBHR yCTaHOBKH, HOHHaR TOMorpa$HR. Pa6oTa BWnOnHReTCR 
npH y4aCTHH nBTA OH~H H 0HKOnOrH4eCKoro Hay4HOro ~eHTpa AMH 
CCCP. 

2.2. YcTaHOBKa AnR raMMa-HHTepocKonHH 

EcnH peHTreHorpa$HR H paAHOrpa$HR AaOT npeAcTaaneHHe o 
CTPYKType H KOH$Hrypa~HH BHyTpeHHHX opraHOB na~HeHTa, TO raM
Ma-HHTepOCKOnHR n03BOnReT nony4HTb HH$OpMa~HO 0 pa60Te pa3-
nH4HbiX opraHoa. B opraHH3M BBOAHTCR npenapaT c raMMa-aKTHB- t 
HWMH 3neMeHTaMH, H no ero pacnpeAeneHHO HCCneAYOT COCTORHHe 
opraHH3Ma. ,ilnR 3THX ~eneH HCnOnb3yOT raMMa-KaMepbl Ha OCHOBe 
KpHCTannoa NaJ, o6naAaO~He BbiCOKOH 3$$eKTHBHOCTbO perHCTpa
~HH raMMa-H3ny4eHHR, HO HMeO~He HH3KOe npOCTpaHCTBeHHOe pa3-
peweHHe /-10 MM/ H HeBbiCOKOe 6WCTPOAeHCTBHe. 

B n83 OH~H pa3pa6aTwaaeTCR ycTaHOBKa AnR raMMa-HHTepOCKO
nHH Ha OCHOBe nponop~HOHanbHOH KaMepbl, 3anonHeHHOH KCeHOHOM 
noA AaaneHHeM. $yHK~HOHanbHaR cxeMa ycTaHOBKH noKa3aHa Ha 
pHc. 3. OcHOBHwe napaMeTpbl AeTeKTopa: 4YBCTBHTenbHWe pa3-
Mepbl - 28Qx28Q MM 2 ; 3$$eKTHBHOCTb perHCTpa~HH raMMa-H3ny4eHHR 
c 3HeprHeH 80 K38 -40%; npocTpaHCTBeHHOe pa3peweHHe-
- 2 MM; 6biCTPOAeHCTBHe - 2x1Qb co6./c; AHana30H 3HeprHH raM
Ma-H3ny4eHHR - 30+ 80 K3B. HH$OpMa~HR c AeTeKTopa perHcTpH
pyeTCR 3neKTPOHHOH annapaTypol4 H nepeAaeTCR a 38M. AaHHble 
0 pacnpeAeneHHH paAHOaKTHBHOrO H30TOna npeACTaBnROTCR Ha 
~aeTHOH HnH 4epHo-6enbiH TB-MOHHTOp. B HaCTOR~ee apeMR ycTaHoa
Ka npOXOAHT CTeHAOBble HCnWTaHHR. 
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Puc.3. ~YHK~OHanbHaH cxeMa ycTaHOBKH AnH raMMa-HHTepo
cKonHH. 

3. AnnAPATYPA AflR ~CCnEAOBAH~~ B MOnEKYnRPHO~ 6~0nor~~ 

3.1. np~6op AflR aHan~3a TOHKOCflOHHWX paA~OXPOMaTorpaMM r 

ToHKocnoi:1HaR paA~oxpoMaTorpa~~R w~poKo np~MeHReTcR AflR ~c

cneAoBaH~H 6~onor~4ecK~ aKT~BHbiX ee~ecTB, Me4eHHblx 8H, 14 c. 
82 P, 85 S. 06pa6oTKa paA~oxpoMaTorpaMM 3aKnl04aeTcR e noKan~-
3a~~~ paA~OaKT~BHbiX 30H ~ ~3MepeH~~ ~X aKT~BHOCT~. np~MeHRIOT

CR HeCKOflbKO MeTOAOB aHafl~3a paA~OXPOMaTOrpaMM: aBTOpaA~Or

pa$1-'tR C nocneAYIO~Io'tM lo1CnOflb30BaH~eM lKHAKOCTHbiX C~HHTHflflR~HOHHbiX 

C4eT4HKOB, CKaHHpOBaHI-'te C nOMO~biO ra3opa3pRAHbiX C4eT4HKOB, 
Cy~ecTBeHHbiM HeAOCTaTKOM 3THX MeTOAOB RBnReTcR AflHTenbHoe 
epeMR o6pa6oTKH paAHOxpoMaTorpaMM lAo coTeH 4acoe/. B 1978 r. 
B ns3 O~R~ pa3pa6oTaH AflR 3THX ~enei:1 HOBbiH npH60p 11YPAH11

, 

o6naAaiO~HH CfleAYIO~HMH AOCTOHHCTBaMH/7,s( np1o160p 11 BHAHT 11 BCIO 
paAHOXpOMaTorpaMMY pa3MepOM AO 200x200 M2 ; o6pa60TKa paAHO
XPOMaTorpaMM npOH3BOAHTCR 6e3 HX pa3pyWeHHR; MOryT o6pa6a
TbiBaTbCR paAHOXPOMaTorpaMMbl C 11 TPOHHOH11 MeTKOH; epeMR o6pa-
60TKH paAHOxpoMaTorpaMM coKpa~aeTcR B 1 0 + 100 pa3. CxeMa 
npH6opa npHBeAeHa Ha pHc. 4. ToHKocnoi:1HaR paAHOxpoMaTorpaMMa 
noMe~aeTCR B ra30BbiH 06DeM AeTeKTopa, KOTOPWH COCTOHT 1-13 
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PHc,4. ~YHKQHOHanbHaH cxeMa 
npH6opa "YPAH". 

PHc.5. ABTopaAHorpaMMa /cHHMOK 
c 3KpaHa TeneBH3opa/, xapaKTe
PH3yro~aH pa3pemeHHe npH6opa. 
Ha cTeKnHHHyro DOAnO~y c no
Mo~ro pacTBopa, coAep~a~ero 
3 H, HaHeCeHbl DHTHa AHaMeTpOM 
2 + 3 MM c nepeMeHHblM mar oM. 
MHHHManbHoe paccTOHHHe M~y 
rpaHHQaMH DHTeH - OKOnO ) MM, 

nponop~~oHanbH~x KaMep c APeH
~oa~M~ npoMemyrKaM~. ~H~opMa

~~R o noKan~aa~~~ ~ ~HTeHc~a

Hocr~ paA~OaKT~BHbiX 30H paA110-
xpoMarorpaMM o6pa6aTbiBaercR 3neKrpoHHOH annaparypoH, 11 pe
aynbrar~ npeACTaenR~TCR Ha TB-MOH~TOP ~ ~11~pone4aTb. napaMer
p~ np~6opa: 4YBCTB~TenbHOCTb - 5 ni1KOK~P11ICM 2 ; npocrpaHCTBeH
HOe paapeweHI1e I AnR 

3H I - 1 MM I CM. p11c. 51; 6~cTPOAeHcr
BI1e - AO 10 5 co6.1c; cpeAHee apeMR o6pa60TK11 paA110xpoMaror
paMMbl - 30 MI1H. "YpaH11 lp11c. 61 ~cnonbayercR AnR ~ccneAoea
HI1H e Mem~aKynbrercKOH npo6neMHOH na6oparop1111 MoneKynRpHOH 
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PHc.6. 06~A BH,D; npH6opa "YPAH" B Me~aKynbTeTcKoA 
npo6neMHOA na6opaTopHH MoneKynHpHoA 6HonorHH H 6Hoop
raHHQeCKoA XHMHH MfY, 

611onor1111 11 6~oopraHI14ecKOH x~M~~ MrY. ~pyraR MOAI1~11Ka~I1R 
np116opa, C03AaeaeMaR np11 y4acr11~ ~M6 AH CCCP, pa6oraer Ha 
ni1HH~ c 3BM CM-4 lpHc. 41. CoxpaHRR re me napaMerp~, np116op 
o6ecne4HT npocrpaHcraeHHOe peweHHe He xyme 1 MM AnR 3 H, 14 C I' 
~ 32p. 

3.2. YcraHoeKa AJ1R A~~paKTOMerp~~ 6enKOBbiX MOHOKPHcrannoa 

npH peri1CTpa~~l1 A~~paK~I10HHOH KapTI1H~ OT MOHOKp~crannoa 
6enKOB 11 HYKnei1HOB~X KI1CnOT 11 B HeKOTOP~X APYri1X cny4aRX 
He06XOA11Ma napannenbHaR perHCTpa~~R A~~paK~I10HHOH KapT~H~ 
80 MHOr~x T04KaX. B 3TI1X cny4aRX B A11~paK~~OHH~X np~6opax 
AOnmeH 11CnOnb30BaTbCR 3neKTPOHH~H aHanor ABYMepHOH peHrreHos
CKOH nneHK~. CKOPOCTb CDeMK~ B A11~paKTOMerpe C KOOPA11HaTH~M 
AeTeKropoM onpeAenRercR 3~$eKTI1BHOCTb~ per~crpa~1111, 411CnoM 
3neMeHTOB npocrpaHCTBeHHOrO pa3peweHI1R 11 6~CTPOAeHCTBI1eM. 
Heo6xoA~Mo o6ecne411Tb OAHOepeMeHHY~ per11crpa~~~ ny4KOB a 6onb
wOM reneCHOM yrne np11 yrnOBOM paapeweHI1~, AOCTaT04HOM AnR 
pa3AenbHOH per~crpa~1111 coceAH~X Al1~parl1poaaHH~x ny4eH. 6~cr
POAeHcTBHe AeTeKropa orpaHI14HBaer 11HTeHCI1BHOCTb nepBI14HOro 
ny4Ka. B 1980 r. B nB3 OHRH npl1 y4aCTI111 HK AH CCCP C03AaHa 
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PHc.7. ~HK~oHanbHaR cxeMa ycTaHOBKH AP~-1. 

-
-

PHc.8. OO~A BHA ycTaHOBKH AP~-1 a HHCTHTYTe KpHcTan
norpa~HH AH CCCP. 

.I 

aeToMaTH4ecKaR 6~CTPOAeHcTey~aR ycTaHOBKa APA-1 c a~coKHM 
pa3p~eHHeM AnR perHcTpa~HH peHTreHOBCKOH AH$paK~HOHHOH Kap
THH~ 9,10/, Ha PHC, 7 noKa3aHa CXeMa YCTaHOBKH, B COCTaB KOTO
POH BXOART: AeTeKTOP Ha OCHOBe ABYXKOOPAHHaTHOH nponop~HOHanb
HOH KaMep~ c 4YBCTBHTenbHOH nno~aAb~ 350x350 MM 2 , roHHOMeTp 
C peHTreHOBCKOH Tpy6KOH H MOHOXpoMaTOPOM, perHCTpHpy~~aR 
3neKTPOHHKa H annapaTypa COnPR*eHHR C 38M no nporpaMMHOMY 
H HHKpeMeHTHOMy KaHanaM; CHCTeMa npeACTaeneHHR AH$paK~HOHHOH 
KapTHH~ Ha TB-MOHHTope. APA-1 /pHc. 8/ pa6oTaeT Ha nHHHH 
c 38M CM-2. AH$paK~HOHHaR KapTHHa oT MOHOKPHCTanna 6enKa Ha
Ka~nHeaeTcR B onepaTHBHOH naMRTH 38M B BHAe MaTpH~~ H3 50 
T~CR4 4Hcen, Ka*AOe H3 KOTop~x npeAcTaenReT co6oH KonH4ecTeo 
KBaHToe, 3aperHcTpHpoeaHH~x AaHH~M KaHanoM AeTeKTopa. HH$OpMa
~HR B~BOAHTCR Ha TB-MOHHTOP HnH ~H$pone4aTb. OcHOBH~e napa
MeTp~ YCTaHOBKH: 3$$eKTHBHOCTb perHCTpa~HH peHTreHOBCKOrO 
H3ny4eHHR C 3HeprHeH 8 K38 - 70%; epeMeHHOe pa3peWeHHe -
'0,6 MKC; 4HCnO 3neMeHTOB pa3peweHHR AH$paK~HOHHOH KapTHH~ -
50.000; npeAenbHaR CKOpOCTb Ha6opa AaHH~X - 250.000 co6,/c. 
60nbWOe 4HChO 3neMeHTOB npOCTpaHCTBeHHOrO pa3peweHHR, B~COKHe 

3$$eKTHBHOCTb H 6~CTPOAeHCTBHe APA-1 no3eonR~T ycKOPHTb npoee
AeHHe AH$paK~HOHH~X 3KCnepHMeHTOB Ha ABa nopRAKa. noA06H~e 

YCTaHOBKH MO*HO C ycneXOM HCnOnb30BaTb TaK*e AnR AH$paKTOMeT
PHH M~We4H~X TKaHeH, 

4. 3AKI1104EHHE 

Pa3pa6oTKa HOB~X MeTOAOB perHcTpa~HH H3ny4eHHH,C03AaHHe coe
peMeHHOH 3neKTPOHHOH annapaTyp~ Ha nHHHH C 38M - BCe 3TO OTKpW
eaeT WHPOKHe B03MO*HOCTH AnR HCcneAOBaHHH B o6naCTH MeAH~HH
CKOH AHarHOCTHKH H MoneKynRpHoH 6HonorHH. Oco6~H HHTepec 
npeACTaBnR~T non~TKH C03AaHHR HOB~X MeTOAHK C npHMeHeHHeM He
TPaAH~HOHH~X BHAOB HOHH3Hpy~HX H3ny4eHHH, npHMepOM 4eMy 
MO*eT cny*HTb HOHHaR paAHOrpa$HR. PeanH3a~HR nepBOH 04epeAH 
npoeKTa YKTH, C03AaeaeMoro a AY6He OHRH coeMeCTHO c HA3 
HM, H.B.Kyp4aTOBa, n03BOnHT WHPOKO pa3BePHYTb nOA06H~e HC
cneAOBaHHR. 
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