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r 3aHeBCKllif JO.B. H ;lp. 14 - 11330 I 

HcnonbaosaHHe Ts!>KenLix aaps>KeHHLIX qacTHU anst paa11orpaqntH 

(06aop) 

B HaCTOSIIHee apeMH Ha MHOI"'HX coapeMeHHhiX ycKopHrenbHbiX KOMnneK

cax npOBOASITCSI liCCnenOB8HHH no HCnOnb3088Hll~ YCKOpeHHbiX npoTOHOB 

II MHOI"'038pSIAHbiX HOHOB K8K nnH nyqeBOA TepanHH, T8K H AnSI UeneA pa;lHQ

rpa<jli!H, 

• B HaCTOSIIUeM o6aope npoaeneHo CHCTeMaTli3HposaHnoe o6o6rneHHe 
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9KCnepHMeHTanbiibiX peaynbTaTOB flO npOTOHHOH H HOIIHOA paJiHOI"'paqll'lll, 

Pa60T8 BLmonHena B Jla6opaTOpliH BbiCOKIIX 9HeprHA 01--UIH. 

npenpHHT 06'beOHHeHHOI"'O HHCTHTyTa swepHbiX HCCneOOBBHHII. lly6Ka 1978 

© 1978 06'bePHHeHHblft HHCTHTyT Hn.epHb/JC HCCnen.OBBHHil 0y6HB 

BBE,4EHHE 

OTKPblTHe PeuTreuoM B03MO:lKHOCTH nonyqeuHx filoTorpa

fi~HqecKoro H306pa:lKeHHX 06oeKTOB C llOMO~biD peHTreHOB· 

CKHX nyqeu npHBeno K 3apo~eHHID nyqeBOH ~HarHOCTHKH. 

B ~anLueimeM noxBneuHe HCKYCCTBeHHblX H30TonoB, pa3-

BHTHe cpe~CTB perHCTpaiJ.HH HOHH3Hpyro~ero H3nyqeHHX, 

a TaK:lKe 3neKTpOHHKH H BblqHcnHTenLHOB TeXHHKH Cy~eCT· 

BeHHO pacmHpHnH ee B03MO:lKHOCTH. B uacTOXIIJ.ee BpeMx 

apceuan nyqeBoi ~HaruocTHKH nononHHncx HOBblMH MeTo

~aMH pa~HOrpafliHH* - npOTOHOrpafiiHeH H HOHOrpafiiHeB, 

OCHOBaHHblMH Ha npHMeHeHHH KOpnycKynxpHoro H3nyqeHHX: 

npOTOHOB HnH MHOr03apX~HblX HOHOB /x~ep/. 
H~eanLHblM ~nx KnHHHU.HCTa pa~Horpafi~HqecKHM H3o6pa

:lKeHHeM XBnXeTCX H306pa:lKeHHe, COOTBeTCTBYIDIIJ.ee TOMY, 

qTO MO:lKHO YBH~eTL npH BCKpbiTHH opraHOB. llpH HCllOnL· 

30BaHHH peHTreHOBCKOrO H3nyqeHHX C yBenHqeHHeM 3HeprHH 

yxy~maeTcx B03MO:lKHOCTL pa3nHqaTL CTPYKTypbl, cxo~Hble 

llO XHMHqeCKOMy COCTaBy. HcnonL30BaHHe MXrKOrO peHT· 

reHOBCKOro H3nyqeHHX C 6onLWHMH 3HaqeHHXMH K034141H· 

IJ.HeHTOB a6cop6IJ.HH B Be~eCTBe npHBO~HT K 3HaqHTenLHOMY 

yBenHqeuHID ~03bl. Bo3MO:lKHOCTH Tpa~HU.HOHHblX MeTo~oB 

peHTreHO~HarHOCTHKH, HCllOnL3YIDIIJ.eB KOHBeHU.H~HanLHOe 

*Pa~HOrpaCiiHil- - 3TO MeTO~ HCCne~oBaHHX 06oeKTOB, 
HCllOnL3YIDIIJ.HB B03~eBCTBHe HOHH3Hpyw~ero H3nyqeHHX 
Ha pa3nHqHoro BH~a ll03HIJ.HOHHO·qyBCTBHTenbHble ~eTeK· 
THPYIDIIJ.He ycTpoicTBa. HufllopMaU.HX o6 o6oeKTe MO:lKeT 
npe~cTaBmiTLcx filoTorpafi~HqecKHM cnoco6oM, c noMOIIJ.biD 
IJ.HfilponeqaTaiDIIJ.HX ycTpoicTB, rpafllonocTpOHTenei, a TaK
:lKe BblBO~HTbCX Ha ~HCnneB, 3KpaH TeneBH30pa. 
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H3Jiy'leHHe, Cylll,eCTBeHHbiM o6pa30M HC'IepnaHbl, H ,1:\aJib" 

He:Hmee ux npaKTH'IecKoe cosepmeHCTBOBaHHe onpe,L\enseT

CJI HCnOJib30BaHHeM HOBbiX MeTO,L\OB perHCTpaUHH, npHeMa 

H o6pa60TKH ,1:\aHHbiX. 

Il03TOMY CTpeMJieHHe noJiy'IHTb MaKCHMYM HHiilOpMaUHH 

06 HCCJie,L\yeMOM 06'beKTe npH MHHHMaJibHOH ,L\03e 06Jiyqe

HHS, a TaiOKe C MHHHMaJibHbiMH cy6'beKTHBHbiMH OlUH6KaMH 

KJIHHHUHCTa Bblpa3HJIOCb B C03,L\aHHH aBTOMaTH3HpOBaHHbiX, 

pa6oTalOUI,HX Ha JIHHHH C 3BM raMMa·KaMep, CKaHHpyro

UI,HX YCTpOHCTB, n03HTpOHHbiX H, HaKOHeU, TOMOrpalilH'IeC· 

KHX ycTaHOBOK I 1-3/. 06W.HM .L\JIS 6oJiblliHHCTBa no,L\o6HbiX 

ycTpOHCTB JIBJISeTCJI cpaBHHTeJibHO HeBbiCOKOe npOCTpaH· 

CTBeHHOe pa3pemeHHe, 06bi'IHO OKOJIO 10 MM, 0,1:\HaKO 

npocTpaHCTBeHHoe pa3pemeHHe EMI - cKeHepa 6JIH3KO 

K 2 MM /34/, 

Ilporpecc B Jie'leHHH 3a6onesaHHH, 3aHHMaiOW.HX nep

Bble MeCTa B CTpyKType CMepTHOCTH HaCeJieHHS, H npe:>K,L\e 

BCero 3JIOKa'leCTBeHHbiX onyxoneH, CBS3aH C KOpeHHbiM 

ynyqmeHHeM paHHeH ,1:\HarHOCTHKH H 6onee 3414leKTHBHOH 

nyqeso:H Tepanue:H. BnepBble B03MO:>KHOCTb ucnoJib30Ba

HHs ycKopeHHbiX npoTOHOB ,1:\ns nyqeso:H Tepanuu 6blna no

Ka3aHa B 1946 ro,L\y/ 4/,Hccne,L\OBaHHS no HCnOJib30BaHHIO 

TS:>KeJibiX HOHOB ,1:\JIJI uene:H pa,L\HOrpalilHH 6biJIH Ha'laTbl B 

1967 ro,L\y/ 5~ H s- 1968 ro,L\y 6blnH nony'leHbl nepsble pe3ynL

TaTbl no npoToHHo:H pa,L\uorpa4luul6z Ce:Hqac npuHuunuanLHo 

noKa3aHO, qTo npHMeHeHHe YCKOpeHHbiX npOTOHOB H MHOro-

3apH,L\HbiX HOHOB B UeJIHX ny'leBOH ,1:\HarHOCTHKH n03BOJIHeT 

nony'laTb /cpaBHHTeJibHO C peHTreHOBCKHM H3JiyqeHHeM/ 

CyiUeCTBeHHO 60JiblliYIO HH~i~OpMaUHIO, KaCaiOIUYIOCS TOHKOH 

aHaToMuqecKo:H CTPYKTYPhl o6'beKTa uccne,L\oBaHus, oco-

6eHHO o6pa30BaHHH B MHrKHX TKaHHX. llpH 3TOM KOHTpacT· 

HOCTb ,1:\eTaneH H306pa:>KeHHH ,1:\0CTHraeT He06bJqaHHO BbiCO

KOH cTeneHH, a noKanbHble H HHTerpanbHhle .L\03bl norno

w.eHHOH 3Hepruu, T.e. nyqesble Harpy3KH Ja npoue.L\ypy, 

OKa3biBaiOTCS 3HaqHTenbHO MeHblllBMH. 

B HaCTOSIUee BpeMS BO MHOrHX lilH3H'IeCKHX ueHTpax 

Ha YCKOpHTeJibHbiX KOMnneKCaX npOBO,L\HTCJI HCCJie,L\OBaHHS 

He TOJibKO no TepanHH paKa TS:>KeJibiMH 3aps:>KeHHbiMH 'laC· 

THUaMH, HO H no ,1:\HarHOCTHKe pa3JIHqHbiX naTOJIOrHqeCKHX 

npouecCOB: HOB006pa30BaHHH, 3a6oneBaHHH BHyTpeHHHX op· 
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raHOB, UeHTpanbHOH HepBHOH CHCTeMbl H HeKOTOpbiX .L\PY" 

rux. 
IlOHCKOBble pa60Tbl C yCKOpeHHbiMH 3aps:>KeHHbiMH 'laC" 

THUaMH ,!J.JIJI Me,L\HUHHCKOH ,1:\HarHOCTHKH Be,L\yTCJI B Tpex 

HanpasneHHSX. H3y'laiOTCS: 

- BbiCOKOKOHTpaCTHaS pa,L\HOrpalilHS, OCHOBaHHaS Ha 

6biCTpOM H3MeHeHHH HOHH3aUHH, COOTBeTCTBYIOW.eM cna,L\y 

KpHBOH .6p3rra; 

• KOHTypHaS pa,L\HOrpalilHS, HCnOJib3YIOIUaS 3414leKT 

MHOrOKpaTHOrO KYJIOHOBCKOrO pacceSHHJI Ha rpaHHUe o6'beK· 

Ta; 

- s,L\epHas pacceusaroiUas pa,L\Horpa~i~Hs. 

I. B3AHM0,4EHCTBHE T.JDKEJibiX 
3AP..R)I(EHHbiX flACTll.Q C BEJl(ECTBOM 

PaccMoTpHM BKpan.J,e HeKoTopbie oco6eHHOCTH B3aHMO· 

,1:\eHCTBHJI TS:>KeJibiX 3aps:>KeHHbiX 'laCTHU C BeiUeCTBOM, 

Ba:>KHble ,!J.JIS noHHMaHHJI npOTOHHOH H HOHHOH pa,IJ.HOrpa-

lilHH. 
B OTJIH'IHe OT peHTreHOBCKOrO H3nyqeHHS, HMeiOIUero 

cnyqaHHYIO 3aBHCHMOCTb B3aHMO,IJ.eHCTBHJI C aTOMaMH se

IUeCTBa, B3aHMO,L\eHCTBHe 3aps:>KeHHbiX qaCTHU HMeeT He· 

npepbiBHbiH xapaKTep. IlpH 3TOM OCHOBHbiM MeXaHH3MOM 

noTe pH 3HeprHH JIBJISeTCJI HOHH3aUHOHHOe TOpMO:>KeHHe qac

THU Ha aTOMaX Belll,eCTBa. BenHqHHa y,IJ.eJibHbiX HOHH3a· 

UHOHHbiX noTepb, onpe,L\enseMas lllopMyno:H .6ere- .6noxa, 

nponopuuoHanLHa KBa,L\paTy Japs,L\a qacTHU (z). KOHUeH

rpaUHH 3JieKTpOHOB B Belll,eCTBe (n 8 ) H He 3aBHCHT OT MaCCbl 

'laCTHUbl: 

1 dE z2 n e /1/ 
p dx fi2c 2 

C yMeHbllieHHeM CKOpOCTH ({:3c)senuquHa HOHH3aUHOHHbiX 

noTepb B03pacTaeT, .L\OCTHras MaKCHManLHoro 3HaqeHHJI 

s6nH3H TO'IKH ocTaHoBKH /nHK .6p3rra/. YMeHLmeHHe 3Hep

rHH uoHa aJoTa 7 N. HanpuMep, c nepsoHaqanLHOH 3Heprue:H 

278 M3B/HYKA. no Mepe npoxo:>K,L\eHHJI ero qepe3 sew.ecTBO 
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C llllOTHOCTLIO p = 1,2 z/cM2noKa3aHO Ha puc. 1/7/.KpBBaJI 

Eplrra ~nJI 3TBX ~e BOHOB, npoxo~JI~Bx qepe3 so~y. no-

~00,----------

~ 
:.:: 
£ 
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(1) 
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E ~DO 
0.. 
Cl> 
!I: 

(T) 

I I D' I !. I ' 0 
Kon-ao aemecTaa 

I I I I I I I 

Puc. 1. 3HepzuJI uoHo6 aao111a 6 aa6ucuMoc•u 011 npouOeH
Hozo nyiJU 6 nOZAOIIIUIIIeAe C nAOIIHOCIIbiO p = 1,2 Z/CMii.. 
Ha'laAbHaJI 3HepzuJI uoH06 278 MaB/a.e.M. 

KalaHa Ha puc. ,2"8/.Bu~Ho, 'ITO nBK Eplrra BMeeT He6onLWYIO 

WBPBHy, B COOTHOWeHBe BellB1fBH BOHB3ai.I,BOHHLIX llOTepL 

B llBKe B Ha nnaTO 3aBBCBMOCTB COCTaBnJieT OKOllO 6. 3aBB

CBMOCTb WBPBHLI flBKa Eplrra OT aTOMHOrO HOMepa 1faCTBI.I, 

6blcTpo na~aeT c B03pacTaHBeM A ~o -10, npu ~anLHeii
weM ysenB1feHBB A oHa Me~neHHO BOJpacTaey/9/. 

XapaKTep ocna6neHBJI noToKa T~enhlx MOHOJHepreTB

qecKux JapJI~eHHLIX 1faCTBI.I, npB npoxo~~eHBB qepe3 se-

6 

~ 
9... 

~ 5.0 
() 

"-g 
fl: lt.O 

I 

:lc 
:::J 
c:: 

0 

Puc. 2. Kpu6aJI Ep:nza OAJI uoHo6 7N 
aHepzueu 278 MaB/HyKA. 6 6ooe. 

20 

C Ha'laAbHOU 

~ecTso-nornoTHTenL npe~cTasneH Ha puc. 3. 3a cqey 

BOHH3ai.I,BOHHOrO TOpMO~eHHJI B nornOTBTene npOHCXO~BT 

JaMe~neHHe qacTBU.LI c pe3Koii noTepeii 3Hepruu H nocne

~YIO~eii ee OCTaHOBKOH. ,nnBHa npo6era R JapJI~eHHOH 
qaCTHI.I,LI B Be~eCTBe O~H03Ha1fHO xapaKTepB3yeT BenH1fHHY 

KBHeTB1fecKoii JHeprBH T qacTBU.LI. ,nnJI npoToHa senB1fBHY 

R MO~Ho ou.eHHTL no ciJopMyne I 1°1: 

RP 

zD.26T 1,1 
p 

500 
z/cM2. /2/ 

r~e Z - aTOMHLiii HO:Mep se~ecTBa. KaK cne~yeT Bl clJop

MynLI EeTe- Enoxa, BOHHJau.uoHHLie noTepu paBHOJapJI~eH

HLIX 1faCTBI.I, C paBHLIMH CKOpOCTJIMB, npOXO~JI~X qepe3 
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ToAU/UHa nOl/IOmume/111 

Puc. 3. )(apaKmep ocAa6AeHUA UHmeHcueHocmu nomoKa aa
PAJKeHHbJX '1acmu14, npoxoOAU#UX 'lepea nozAomumeAb. R -
OAUHa npo6eza; ~ - ocAa6AeHue uHmeHcueHocmu, onpe
OeAAeMoe AOepHbJMU eaauMoOeucmeuAMU; a - eeAU'IUHa 
cmpezzAuHza. 

O,IJ,BHaKOBOe BCJ.UCCTBO, paBHLI, TOr,IJ,a KaK KBHCTB"'CCKBC 

3HeprBB BX OTHOCJITC.H KaK MaCCLI "'aCTBU. Cne,IJ,OBaTenLHO, 

BenB"'BHY BOHB3aUBOHHLIX noTepL i "'aCTBULI MO)I(HO Bblpa-

3BTL qepe3 BenB"'BHY BOHB3aUBOHHLIX nOTepL j "'aCTBULI 

BLipa)l(eHBeM: 

r,IJ,e 

8 

(dE ) 
dx Ti 

2 
z 0 (dE ) ' 
_I -- To 
z2 dx J 

j 

To 
J 

TiM j 

Mi 

131 

141 

CB.H3L MC)I(.IJ.Y aenH"'BHaMB npo6eroa i B j qacTBU c 

3HeprHJIMB T i B Tj, COOTBCTCTBCHHO, B O,!J,HOM B TOM )I(C 

nornoTBTene onpe,D,enBeTC.H BLipa)l(eHBeM 

R/T i) 
z~ M 0 

_J __ I 

z 2 M 
j 

R 0 (T 0) o 

J J 

BenB"'BHa T 0 onpe,D,en.HeTC.H clJopMynoii: I 410 

lSI 

C 
J u 

noMOJ.ULIO npBBC,!J,CHHLIX BLIWC Bblpa)I(CHHB nerKO OUC-

HBTL BCnB"'BHY BOHB3aUBOHHLIX noTepL, npo6erB MHOr03a

p.H,D,HLIX BOHOB li -qaCTBULII no BMC~ll.\BMC.H Ta6nB"'HLIM 

3Ha"'eHB.HM ,IJ,n.H npoTOHOB I j - qacnn~al. 
CTaTHCTB"'eCKBii xapaKTep B3aBMO,IJ,eii:cTBHJI B3ny"'eHBJI 

C BCIUCCTBOM npHBO,!J,HT K ciJnyKTyaUB~M BenH"'BH npo6erOB 

R OT,IJ,enLHbiX "'aCTBU MOHOXpOMaTH"'CCKOrO ny"'Ka, K TaK 

Ha3biBaeMoMy cTperrnuHry. Ecnu a ecTL cpe,D,HeKBa,D,pa

TB"'HOe OTKnOHeHBC peanLHLIX npo6erOB OT cpe,D,Hero 3Ha

"'CHBB, aenB"'HHa cTperrnuHra B npoueHTax onpe,IJ,en.HeTc.H 

BLipa)I(CHHeM: 

lOOa 
f =- 161 

R 

CB.H3L MC)I(.IJ.Y aenB"'HHaMH cTperrnBHra qacTBU i H j c 

KBHCTB"'CCKBMB 3HeprB.HMB T 0 B T. , COOTBCTCTBCHHO, 3a,IJ,a-

CTC.H ciJopMynoii:: 
1 

J 

M 0 lh 
f 0 (T i ) = ( _J ) f 0 (T 0 ) , 

1 Mi J J 
171 

r,IJ,e Tj - onpe,D,en.HeTC.H BLipa)KeHBeM 141. BenB"'BHa cTper

rnuHra 3apJI)KeHHLIX "'aCTBU cna6o 3aBBCBT OT BeJ.UeCTBa 

nornoTBTenJI B ,IJ,n.H npoTOHOB c 3HeprB.HMB 15075001 MaB 
cocTaBn.HeT I 1,3 -7-ll~ cooTBeTCTBeHHO /35/. 

He6onLwoe ocna6neHBe noToKa 3ap.H)KeHHLIX qacTBU 

~I puc. 31 onpe,D,en.HeTCJI HeynpyrBMB JI,D,epHLIMB B3aBMo

,IJ,eii:cTBB.HMB qacTBU B nornoTBTene. Ce"'eHBe .H,D,epHLIX 

B3aBMO,IJ,eHCTBBH MO)I(HO OUeHBTL no ciJopMyne/ 11( 
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a = rr(r A.1/3 + r A t/3 - 2'1R)2 
T 0 T 0 i ' /8/ 

r~e AT H Ai - aToMH~e aeca Bei.QeCTBa H HaneTaiOI.QeB: qac

THU.~, r 0 - JI~epHbiH paAHYC I :::: 1,45 ci>M/, t1R - napaMeTp 

nepeKp~THJI /== 0,85 ci>M/. C yaenuqeHHeM Mace~ MHoro-

3apJI~HbiX HOHOB COKpai.QaeTCJI ~nHHa JIACPHbiX B3aHMO~eB:

CTBHB, O~HaKO ~n.ll npOTOHOB H nerKHX HOHOB KOnHqeCTBO 

HeynpyrHX JI~epHbiX B3aHMOACBCTBHB B TKaHe3KBHBaneHT

HOM BCIIJ,CCTBe HCBenHKO. TaK, 15 CM TKaHH COCTaBnJieT 

npHMepHO 1 AnHHY JI~epHoro B3aHMO~CBCTBH' ~n.ll HOHOB 

Ne H oKono 2 JI~epHbiX ~nHH - ~n.11 HOHOB Fe 12 • Heyn

pyrue JIACPHLie B3aHMO~CBCTBHJI npHBO~JIT K nOJIBneHHIO 

nerKHX KOMnOHCHT ~parMeHTaiJ,HH JIACP BCI.QCCTBa C ~o
CTaToqHo 6onbWHMH npo6eraMH, a TaK>Ke K HCKOTOpOB 

pa~HOaKTHBH3aiJ,HH BCIIJ,CCTBa. 

IlpH npOXO>K~CHHH 3apJI>KCHHbiX qaCTHIJ, qepe3 BCIIJ,CCTBO 

npOHCXO~HT OTKnOHCHHe qaCTHIJ, OT nepBOHaqanbHOrO Ha· 

npaaneHHJI 3a cqeT MHoroKpaTHoro KynoHoBcKoro pacceJI

HHJI. B KaqeCTBe xapaKTepHCTHKH BenHqHHLI MHOrOKpaTHOrO 

KynoHOBCKoro pacceJIHHJI y~o6Ho npHHHMaTb cpeAHCKBa~

paTuqHLIB pa~HYC pacceJIHHJI 0 TOHKOrO nyqKa, ~HaMeTpOM 
KOTOporo Ha BXO~e B BCI.QCCTBO MO>KHO npeHe6peqb. BenH

quHa CPCAHCKBaApaTHqHoro paAHyca pacceJIHHJI qaCTHIJ,~ 

MaccoB: M /a Maccax npoToHa/ Ha rny6HHe t onpe~enJieTcJI 
B~pa>KeHHCM 

0 = 0,03(.!...} 1,65 

R 

---{),45 
RM 

-Q,l 
z /9/ 

r~e R npo6er qacTHU.bl c 3apJI~OM z B Bei.QeCTBe. 

II. BMCOKOKOHTPACTHA.R PA,4HOFPAC/>H.R 

2.1. Cnoco6bl noAy'leHu.R BbiCoKoKoHmpacmHozo 
U306paJICeHUJI 

B~cOKOKOHTpacTHaJI, c xopowHM rny6HHH~M pa3pewe

HHeM npOTOHHaJI HnH HOHHaJI pa~Horpa~HJI CYI.QCCTBCHHO 

npeaocxo~HT peHTreHorpa~HIO, o6~qHo Hcnonb3yeMyiO ~.II 

10 

06Hapy>KCHHJI pa3nHqHB B nnOTHOCTJIX MJirKHX TKaHeB. IlpHH· 

URn B~COKOKOHTpaCTHOB pa~HOrpa~HH OCHOBaH Ha TOqHOM 

Onpe~eneHHH TOqKH OCTaHOBKH TJI>Ken~x qacTHU, npowe~WHX 

qepe3 uccne~yeMbiB o6'beKT. Ha puc. 4 cpaBHHBaiOTCJI 

-?P. 

::t 
:s: 
~ 
u 
<1l 
iJ" 

>< :s: s 
0:: 
t::1 
0 
>< 
0 
0.. 
t:: 

0 
t!l 
I 

1:;: 
0 
~ 

5 10 
2 

TonlllHHa nornoraremi (r/cM ) 

Puc. 4. HHIIleHCUfmoc;,b ny'lKa npomoHoe u peHmzeHoecKux 
Ay'leU B 3QBUCUMOCIIIU 0111 npouOeHH020 nymu 6 BOOHOM no-
2AOIIIUI/leAe. 3Hepzu.R npomoHoe -137 M3B. 3Ha'leHue nuKo
eozo Hanp.RJICeHUJI Ha peHmzeHoecKou mpy6Ke -100 KB. 

B03MO>KHOCTH npOTOHOrpa~HH H peHTreHorpa~HH no KOHT

paCTHOCTH/36/. IloKa3aHO ocna6neHHC nOTOKa npOTOHOB H 

peHTreHOBCKHX nyqeB, npOXOAJII.QHX qepe3 BO~HbiH nornOTH· 

TCnb. Pa3HHIJ,a B Macce BCIIJ,CCTBa Ha BenHqHHy t1m BLI3~Ba
eT H3MCHCHHC nOTOKa peHTreHOBCKHX nyqej Ha BenuqHHY 

i'>.X, fiOTOKa npOTOHOB - Ha BenHqHHY t1p. 0THOWCHHC 3THX 

BenHqHH xapaKTepH3yeT OTHOCHTenbH~e B03MO>KHOCTH ~BYX 

MCTO~OB no KOHTpaCTHOCTH H306pa>KCHH.Il. 

Ha puc. 5 noKa3aH~ HeKoTop~e npHHI.(HnuanbH~e cno

co6~ nonyqeHHJI H3o6pa>KeHHJI o6'beKTOB c noMOI.QbiO nyqKa 

TJI>Ken~X 3apJI>KeHHbiX qaCTHIJ,. qaCTHIJ,~ MOH03HepreTH· 
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qecKoro napannenLHoro nyqKa npoToHoB HnH HOHOB, npo

XO.IJ.JIIJ.lHe qepe3 06'beKT, OCTaHaBnHBalOTCJI B HeKOTOpOH o6-
naCTH 8x. Ha pa3MemeHHOH B 3Toii o6nacTH clloTonneHKe 
nonyqaeTcJI H3o6pa)l(eHHe Hccne.u.yeMoro o6'beKTa I puc. SA/. 
0CHOBHbiM He.IJ.OCTaTKOM 3TOrO cnoco6a JIBll.lleTCJI TO, qTo 
nneHKa n03BOll.lleT nepeKpbiTL BeCLMa MallYJO qaCTL o6naCTH 
8x. Ha puc. Sli noKa3aHa cxeMa nonyqeHHJI H3o6pa)l(eHHJI 

C nOMOIJ.lLIO TOHKOrO nyqKa npOTOHOB HllH HOHOB, KOTOpble 
CKaHHpyiOT HCCne.u.yeMbiH 06'beKT H OCTaHaBnHBaiOTCJI B 
6onLWOM CU.HHTHnnJIU.HOHHOM cqeTqHKe. BenHqHHbl ocTa

ToqHbiX npo6erOB H3Mep.IIIOTCJI no aMnnHTY.IJ.aM HMnynLCOB 
cqeTqHKa. 

CxeMa nonyqeHHJI H3o6pa)l(eHHJI c noMOIJ.lLIO no3HU.HOHHO
qyBCTBHTenLHOrO .IJ.eTeKTOpa lnponopiJ,HOHanLHOH KaMepbll 
H CU.HHTHnnJIU.HOHHoro cqeTqHKa npe.u.cTaaneHa Ha puc. SB. 

n.!JIIOIC 

o6\tKm 

C/JOTOnlliUI<a 

nponqo~uoHaA6HaA 
klLflt.pa 

( !J} 

CtjUHTtJIIA#l/VOHH61Q 
Clli'T'IUK 

Puc. S.Cnoco6bl noAy'-leHUJI abiCOKOKOH111pacmHozo paouozpa
g;u..,ecKozo U3o6paJICeHUJI o6'beKmoa. /A/ - IlpuMeHeHue 
,PomonAeHKU 011.11 paouozpa,Puu. /Iii - CKaHupoaaHue o6'beK
ma IIIOHKUM ny'-IKOM. /B/ - Hcno/lb30BaHue KoopouHaiiHozo 
OellleK1!10pa COBMeCIIIHO CO CI#UHIIIU/1/lJII#UOHHbiM C'-leiii'-IUKOM. 
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llponopu.HoHanLHaJI KaMepa onpe.u.enJieT npocTpaHCTBeH
Hble Koop.U.HHaTbl qacTHU., CU.HHTHnnJIU.HOHHhlH cqeTqHK -
aenHqHHhl ocTaToqHoro npo6era. ,[l.eTeKTOpbl pa6oTaiOT B 

pe)I(HMe coana.u.eHHii. 
linoK- cxeMa nepaoii ycTaHOBKH, Ha KOTopoii 6blno nony

qeHo H3o6pa)l(eHHe o6'beKTOB, noKa3aHa Ha puc. 6. llyqoK 

npoTOHOB c 3HeprHeii 160 M3B .U.HaMeTpoM 0,5 CM na.u.an 
Ha CBHHIJ,OBYIO HllH Me.U.HYIO MHWeHL. Ha paCCTOJIHHH OKOllO 
3 M OT Hee o6pa30Bb1BancH noqTH O.IJ.HOPO.U.HbiH B pa.u.Hyce 

10 CM nyqoK npoTOHOB c 3HeprHeii 137 M3B. IlpoTOHbl 
npoxo.u.HnH qepe3 Hccne.u.yeMbiH o6pa3eu. H ocTaHaBnHBanHCL 

B HeKOTopoii o6nacTH Ax. r.u.e pa3MemanacL clloTonneHKa. 

KOHretJ14e, 

HUUJeHb 

nv~~ •'tr~ G -1++-----1------------.. 

no, 

cporonJJeHKa 

~ 

.o.X 

Puc. 6. 3KcnepuMeHmallbHaJI ycmaHoaKa 011.11 noAy'-leHUJI 
6biCOKOKOHIIIpaCIIIHOZO paouozpafPU'-IeCKOZO U306paJICeHUJI 06'b
eKIIIa, 06/ly'-laeMOZO npOIIIOHQMU. 

ToqKa OCTaHOBKH Ka)I(.IJ.OH qacTHIJ,bl O.IJ.H03HaqHo CBJI3aHa C 

KOnHqecTBOM BeiJ.leCTBa DO nyTH npOTOHa. )J.nJI YCTpaHeHHJI 

reoMeTpHqecKoro 3cllclleKTa uccne.u.yeMbiH o6pa3eU. noMeman
CJI B KOHTeHHep C napannenLHbiMH CTeHKaMH, 3anonHeHHbiH 

TKaHe3KBHBaneHTHbiM aemecTBOM lao.u.oiil. ,D;n.11 o6ecneqe
HHJI HaHnyqweii KOHTpaCTHOCTH B nyqoK BBO.IJ.HllCJI norno

THTenL I p = 1 z/ CM 2 I. 3To 6blno Heo6xo.IJ.HMO .u.n.11 coaMe
meHHJI o6naCTH OCTaHOBKH qaCTHIJ, C llOllO)I(eHHeM nneHKH. 

B pa6oTax/13,14/ aaTopw noKa3biBaiOT npeHMymecTBO 

llpOTOHOrpa<}JHH no cpaBHeHHIO C Tpa.IJ.HIJ,HOHHbiMH MeTO.IJ.aMH. 
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2.2. ToMozpa~u'lecKaJI yc111aHoeKa 

CxeMa ycTaHOBKB .D.JIR TOMorpacllaqecxoro accne,D.osaHBR 
o6'LeKTOB MOH03HepreTB'IeCKBM napaJIJieJibHbiM ny'IKOM 
BOHOB renas npe,D.cTaBneaa aa puc. 7/15-17/. AnepT.:pa 
KOJIJIHMaTopa, cllopMBPYIOIUero DJIOCKBH DY'IOK, COCTaBJIReT 

~ 

nogo,om~¥6/IJ cm,y.11 

Puc. 7. CxeMa yc111aHoeKa OAJI 1IIOMozpa~u'lecKozo uccAe
ooeaHUJI 6uoo61>eK111a napaAAeAbHbiM ny'lKOM uoHoe zeAUJI. 

1,3x24 cM2. Hoaw renas c 3Hepraeil 910 M3B npoxo,D.RT 
qepe3 D03BUBOHHO-'IYBCTBBTeJibHbiH ,D.eTeKTOp/ DpODOPUBO
HaJibHYIO KaMepy I, accne,D.yeMwii o6'LeKT a ocTaaasnasaiOTCR 
B 6JIOKe CUBHTBJIJIRUBOHHbiX ,D.eTeKTOpOB, KOTOpbiH COCTOBT 
B3 6 C'leT'IBKOB TOJIIUBHOH 1,2 MM Ka~,D.blH. )J;na YCTpaHeHBR 
reoMeTpaqecxoro 3~eKTa o6pa3eu noMemea B so,D.y. 113-
Mepeaas DpOBO,!J.RTCR ,IJ.JIR 64 yrJIOBbiX D03BUBH 06'LeKTa 
/c waroM 2,8° /. KonaqecTBO co6WTBH 3a O.D.HO B3Mepeaae 

- - 5·103 • HacllopMauaa o6pa6aTwsaeTcR B 3BM. Ilonaoe 
speMR B3Mepeaail - 10 MUH. YcTaaosxa no3BOJIReT nerxo 
ODpe,D.eJIRTb JIOKaJibHOe B3MeHeHBe DJIOTHOCTB B o6'LeKTe, 
paBHOe 2~, DpB Bbi,D.eJIReMOH ,IJ.03e, MeHbWeH 'leM 50 MpaO. 
Ilo CpaBHeHBIO C CaMbiM JIY'IWBM COBpeMeHHbiM ,D.BarHOCTB
qecKBM annapaTOM TBDa EMI -cKeHepa Ha BOHHbiX TOMOrpa
cllB'IeCKBX ycTaaosxax ,D.o3a yMeHLwaeTCR B 10-:-50 pa3 npa 
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DpOBe,D.eHBB BCCJie,D.OBaHBH 06'LeKTOB C paBHOH 'IYBCTBBTeJib
HOCTbiO B3MepeHBH. 

Mo,D.epHB3BpOBaHHaa ycTaHOBKa CO,D.ep~BT 13 CUBHTBJI
JiaUBOHHbiX C'leT'IBKOB B TpB DpODOPUBOHaJibHble KaMepbl 
/IlK/, ,D.Be B3 KOTOpbiX YCTaHaBJIBBaiOTCa Me~.D.Y 06'LeKTOM 
B 6JIOKOM CUBHTBJIJiaUBOHHbiX C'leT'IBKOB ,D.Jia onpe,D.eJieHBa 
yrna pacceaaaa qacTau. ABTopw yxa3wBaiOT, 'ITO npaMe
aeaae Tpex IlK noswwaeT npocTpaacTBeaaoe pa3peweaae 
ycTaHOBKB Ha cllaKTOp 2y2. 

YcTaaosxa acnoJib3yeTca ,IJ.Jia ,D.ByMepaoil peKOHCTpyx
UBB CTpyxTypw Mo3ra. He,D.ocTaTKOM RBnReTcR 6onLwoe 
/HeCKOJibKO CeKyH.D./ BpeMR Ha6opa CTaTBCTBKB DpB cllBKCB
poBaHHOM nono~eHBB o6'LeKTa. Bo3MO~Hwe .D.B~eHBR na
uaeaTa B :no BpeMR MOryT BCDOpTBTb Ka'leCTBO TOMOrpaM
Mbl. YBeJIB'IeHBe 6biCTpO,D.eHCTBBa 3JieKTPOHBKB, BCDOJib3ye
MOH .D.JIR C'leT'IBKOB, D03BOJIBT yMeHbWBTb speMR B3Mepe
HBH B, cooTBeTcTBeaao, speMa 3KCD03BUBB. Cne,D.yeT oT
MeTBTb, 'ITO MaTeMaTB'IeCKBH annapaT, C03,D.aHHbiH ,IJ.JIR 
peaTreaoscxoil TOMorpacllaalls/, nepeaocBTCR B aoa-renae
BYIO TOMOrpacllBIO /19/. 

2.3. Paouozpa~uJI c noMOU#biO 111JIJtCeAbiX uoHoe 

IlpaauanaanLHaR cxeMa aoaaoii: pa,D.aorpacllaal 201 
npe,D.cTasneaa aa puc. 8. IlapannenLawil nyqox TR~enwx 
BOHOB DpOXO,!J.BT qepe3 06'LeKT B OCTaHaBJIBBaeTCR B Ha6ope 
nnacTP;KOBbiX cllonLr - a,D.epHbiX Tpexoswx ,D.eTeKTopos. Pac
npe,D.eneaae TO'IeK OCTaHOBKB COOTBeTCTByeT pacnpe,D.eJieHBIO 
ocTaToqaoro npo6era qacTBU, npowe.D.WBX qepe3 semecTBO. 
HcnoJIL3yeMwe nnacTBKoswe cllonLrB B3 HBTpaTa uenJIIOJIOlhll 
He 'IYBCTBBTeJibHbl K qaCTBUaM C MaJibiMB BeJIB'IBHaMB JIB
HeHHOH nepe,D.a'IB 3Hepraa /JIII3/. Hoabl c aToMHbiMB 
HOMepaMB 6-:-10, DpOXO,IJ.R qepe3 Ha6op ,D.eTeKTOpOB, Bbl3bi
BaiOT DOBpe~,D.eHBe DJiaCTBKOBbiX cllonbr. Ilocne 3KCD03BUBB 
cllonbrB DpORBJIRIOTCR B rB,D.paTe OKBCB HaTpBR ,!J.O o6pa30Ba
HBR B MeCTe DOBpe~,D.eHBH OTBepCTBH. HacllopMaUBR C K~OH 
DJiaCTBHbl nepeHOCBTCR Ha clloTODJieHKB, KOTOpble CKaHBpyiOT
ca ,D.eHCBTOMeTpOM. )J;aHHble nepe,D.aiOTCR B 3BM ,D.Jia OKOH
'IaTeJibHOH o6pa6oTKB. Ha6op nnacTBKOBbiX ,D.eTeKTopos 
co,D.ep~T 25 -:50 cnoes. ABTopw pa6oTw I 20! onpo6oBaJIB 
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Ha6op nnaCTHKOBhlX 

aeTeKTOpOB 

Puc. 8. JipuijunuaAbHaR cxeMa ycmaHoeKu OAR paouozpa
rjjuu c noMOIJ#biO mRJICeAbiX uoHoe /yzAepooa/. 

3TY MeTOAHKY Ha llJaHTOMaX C nyqKOM HOHOB yrnepoAa npH 
3HepruH 250 M3B/HyKA. H neToM 1976 roAa uaqanH npuMe
HHTb ee AnH o6cneAOBaHHH MonoqnoH >Kene3w. 

2.4. Buo U3AytteHuR u eo3MOJICHocmu 
ebiCOKOKoHmpacmHou paouozparjjuu 

Bw6op onTHManLnoro BHAa H3nyqenHx AnH paAuorpa
!l~HH C llOMOI.UblO TH>KenWX 3apx>KeHHWX qaCTHU He06XOAHMO 
npoBOAHTb c yqeToM senHqHH npo6era, cTperrnunra, 

nornOIUeHHOH A03W, MHOrOKpaTHOrO pacceHHHH. 
B cpasuenHH c raMMa-KsanTaMH TH>Kenwe 3apx>Kennwe 

qaCTHUW 6onee qyBCTBHTenbHW K ManWM pa3nHqHHM 3neKT
pOHHOH nnOTHOCTH 06'beKTa, KOTOpwe MOryT 6WTb BH3yanH-
3HpOBaHW C BWCOKOH KOHTpaCTHOCTbiO npH ManWX A03aX. 
Pa3peweHHe MeTOAa MO>KHO pa3AenHTb Ha rny6HHHOe H 
60KOBOe. rny6HHHOe pa3peWeHHe, T .e. pa3peweHHe H3Me-
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peHHH BWAeneHHOH 3HeprHH, 3aBHCHT OT 3HepreTHqeCKOrO 
pa36poca qacTHU H senHqHHW cTperrnHnra. noKosoe pa3-
pewenHe onpeAenxeTCH senHqHHOH OTKnOHeHHH qaCTHU H3- 3a 
MHoroKpaTnoro paccexnHx. Ha puc. 9A noKa3anw senHqHHW 
cpeAHeKBaApa THqHoro OTKnOHeHHH peanbHWX npo6eroB a OT 
cpeAHero 3HaqeHHH B 3aBHCHMOCTH OT BenHqHHW npo6era 
s BOAe AnH pa3nHqnwx qacTHU I AaHnwe H3 pa6oTw I 2°/. 
BenHqHHbi paAHycos OTKnoneHHH nyqKoB pa3nHqnwx qacTHU 
Ha BWXOAe 83 o6'beKTa B 3aBHCHM~CT~ OT TOni.UHHW norno
THTenx npeAcTasneuw ua puc. 9E 20

/BuAHO, qTo c ysenH-

D,~ p 
;;--.. 
~ 

~ 
~ o,.; 

~-...:. 
.,f'l 

" QC q2 ..., ~ 

I 
~ 
QC 

~ qi 
c 
~~ 

II 

0 

'{ i 1"2 f6 20 Jl( 21 32 :trto t. !... !.. !._ !~ !_ ~ .. 
Co11iJuuu ttnnSee (2P /c.N 2) 1,5 --- --.--

~ 
~ 
~;;-- ~.o 
~{ 
~~ 

"' 
~ 

~ .. os 
~~' 
lll:::i' 

e-~ 
0 

p 

" 
~-

0 4 ~ 11. 16 20 .111 21 32 .56 1(0 
Cpt.dHt.nJ npo6u (2/c,.,t) 

1 (JI} 

i 
(e) 

Puc. 9. BeAuttuHa cpeoHeKfJaopamuttHozo omKAOHeHUR peaAb
HbiX npo6ezoe om cpeoHezo 3HatteHuR npo6eza e eooe OAR 
pa3AUttHbiX ttacmuij I A/. BeAuttuHa cpeoHezo paouyca om
KAOHeHuR nyttKQ ttacmUij e 3Cl8UCUMOCmU om eeAUttUiibl cpeb-
He20 npo6eza /B/. · · ' 
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'leHBeM MaCChi 'laCTHI(, HCDOJIL3yeMbiX ~JIJI pa~HOrpa«<IHH, 

'IYBCTBHTeJILHOCTL MeTO~a B03pacTaeT. 

HeKoTopwe cpaBHHTenLHWe xapaKTepacTHKH TJI~enwx 
3apJI~eHHWX 'laCTHI( c npo6eroM BCH 

2 
,paBHWM npa.w:epHo 

24 Z/CM 
2 

( p = 1,26 Z/CM 3), DpHBe~eHbl B aOOAUij<C: 1. 

Ta6Auf4a 1 

BnA H3ny- 3aepr!HI, Crper- PallHyc pacceHHHSI a MM 
'IeHHH (MaB/ayKn.) I'JIHHI' (23r/cM 2 aemecraa J 

(%) 

p 200 1,0 6,3 
d 130 0,78 4,6 2He 200 0,5 3,2 t>c 390 0,28 1,7 

7N 425 0,26 1,6 so 465 0,24 1,5 
tONe 525 0,21 1,3 

PaCC'IBTaHHble 3Ha'leHHJI HOHH3aUHOHHLIX DOTepL B 3aBH

CHMOCTH OT BeJIH'IHH.bl Dpo6erOB MHOr03apJI~HLIX BOHOB B BO
~e noKa3aHw aa puc. 10 /lui, 

ToquocTL H3MepeHHJI HeO.IJ.Hopo~HOCTeii no nnoTHOCTB 

B accne~yeMOM o6t.eKTe onpe~enJieTcJI BeJIB'IHHoii cTperr

JIBHra. ,nnJI CTaTUCTH'IeCKOrO yBeJIH'IeHH.Il 'IYBCTBHTeJILHOCTH 

~0 BeJIU'IHHbl ± w Heo6XO.IJ.BMO 'lepe3 e~HHH'IHYIO DJIOllla~L 
o6t.eKTa nponycKaTL N 'laCTHU, r~e 

w = _o_ 

iN". /10/ 

CBJI3L .w:e~y Tpe6ye.w:oii 'IYBCTBBTenLHOCTLIO H Heo6-

xo~MLIM DOTOKOM peHTreHOBLIX nyqeii NY MO~O 3aDHCaTL 
cne.IJ.YKKQHM o6pa3o.w:: 

11 

0 - 1 X--

fL 

1 

)N e -flx 
y 

/11/ 

r.IJ.e 0 x - H3MeHeHHe TOJilllHHbl X 06t.eKTa, KOTOpoe .IJ.O~HO 
6biTL 06Hapy:>KeHO /'IYBCTBHTeJILHOCTL MeTO.IJ.a/, fL - K03«ll

«<IHUHeHT ocna6neHHJI. CpaBHHTenLHoe KOJIH'IeCTBO T.ll:>Kenblx 

qacTHU N H peuTreHOBCKHX ny'Ieii NY , o6ecne'IHBaiOlllHX 

paBHYIO 'IYBCTBHTeJILHOCTL H3MepeHHH, MO:>KHO DOJIY'IHTL, 

DpHpaBHHBa.ll BeJIH'IHHbl W H 0 X , llo BeJIH'IHHaM 3Hepre

TH'IeCKHX DOTepL B BellleCTBe nerKO cpaBHHTL .IJ.03bl. Oueu

KH, BbiDOJIHeHHble bY.IJ.HHrepoM, DOKa3aJIH, 'ITO BeJIH'IHHa 

DOrJIOllleHHOH .IJ.03bl DpH HCDOJIL30BaHHH peHTreHOBCKHX ny

qeii c 3Hepraeii 60 K3B B 8,7 paJa npeBbiiUaeT aenH'IHHY 

.IJ.03bl, DOJiy'laeMyiO DpH HCDOJIL30BaHHH HOHOB reJIHJI C 

CJIJ ~ , ~ 
~ 10' ~os ~ 't.,os ~ 

';:J ... 

~ ~, tot 
~ ~ 
~ '8 
~ (.1 

" 
0 

~ 
(: 
(.1 

c:: 

~ 
i ~ 

s-oo #o-t ~ 
#Ol 

Puc. 10. KpU6ble ,opM03HOU cnoco6Hoc,u pa3AU'IHbiX uoH06 
6 3a6ucuMoc,u o, 6eAU'IUHbl npo6eza 6 6oOe. BeAu'IUHbl 
3Hepzuu UOH06 6 e0UHUJ4UX M3B/a.e.M. YK030Hbl Ha KpU6biX. 
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3Hepraeii: 910 M3B. linH3XHe 3Ha'leHHJI OTHOWeHHH Be
nH'IHH ~03 npH HCnOnL30BaHHH rauua-XBaHTOB H npOTOHOB 
npHBO~JITCJI TaiOKe B pa6oTe /22/. 

B cnyqae npoToHorpa,4JHH o6'LexTa co cpe~Heii: nnoT
HOCTLIO p = 1 Z/CM 3 BenH'IHHa nornoweHHOH ~03bl 0/ pa()j 
onpe~enJJeTCJI Bblp8.)KeHHeM /26/ 

D = rrr
2

RE (~)2 . /12/ 
CA(M) 2 R 

r~e Llt I cM/ - H3MeHeHHe Tom.QHHbl o6'LexTa, xoTopoe 
~OIDKHO 6biTL o6Hapy~eHO; TO'IHOCTL cpe~HeXBa~paTH'IHO· 
ro OTXnoHeHHJI Llt COCTaBnJieT BenH'IHHY r ; R - npo6er 
npoTOHOB B cM, a I cM/ - cpe~Hexsa~paTH'IHoe oTxnoHeHae 
npo6eros npoTOHOB c 3Hepraei E I M3B/, xapaxTepH3yiO
IQee senH'IHHY cTperrnHHra; A I cM 2f - nnoiQa~L o6'LeXTa, 
no~sepraeuoro pa~aorpatiiH'IecxoMy o6cne~osaHHIO, C = 
= 6,25·107 M3B/cM3·paCJ. 

Ha puc. 11 noXa3aHa BenH'IHHa ~03bl B OTHOCHTenLHbiX 

ti 
Q) . 
li1 
§.< 
0 -
<.i1 
g 
t:( 

2 lf ' 10 II. llf 16 18 10 
ATOMHhiH HOMep 

Puc. 11. BeiiU'IUHa CJ03bl 6 o•Hocu•ellbHbiX ei:JUHUI#OX 6 3a-
6UCUMoc•u o• a•OMHOZO HOMepa 30pJIJICeHHOU 'IOC.Uijbl. 
,aAuHa npo6eza uoHo6 6 6eu,ec•6e oi:JuHaKo6a. 
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e~HHBQaX B 3aBHCHMOCTH OT a TOMHOrO HOM epa 3apJJ~eHHbiX 
'laCTHU/23/. BenH'IHHbl npo6eros qacTHU paBHbl. B cnyqae 
npHMeHeHHJI TpHTOHOB ~JI BbiCOXOXOHTpaCTHOH HOHOrpa
tiiHH BenH'IBHa ~03bl MHHHManLHa. llpH BCnOnL30BaHHH 6o
nee TJI~enblx qacTHU ~o3a B03pacTaeT, TaK KaX ysena
'IHBaeTc.R senH'IHHa Jlll3 /puc. 10/. An• TJI~en~a~x HOHOB 
6y~eT Ha6niO~a TLCJI ~ononHHTenLHOe ysenH'IeHHe ~03W H3- 3a 
CTaTBCTH'IeCXOrO Bbl6biBaHHJI HeXOTOpOH 'laCTH 'laCTHU B 
pe3ynLTaTe Jl~epHbiX B3aHMO~eHCTBHH; 

2.5. HepcneK•U6bl pa36u•u" 

K HaCTOJIIQeuy speueHH BblnonHeH p•~ accne~osaTenL
cxax pa6oT no H3y'leHHIO B03Mo~ocTei pa~aorpatiiHH c 
nOMOIQLIO npOTOHOB H MHOr03apJI~HbiX HOHOB /~0 HOHOB 
XHCnopo~a BXniO'IHTenLHO/. 

Tax, s pa6oTe /24/ yxa3blsaeTcJI, 'ITO ~n• onpe~eneHHJI 
CMeiQeHHJI TO'IXH OCTaHOBXH 'laCTH:Q, npOXO~JIIQHX 'lepe3 
6HOTXaHL C HOB006pa30BaHBeM ~HaMeTpOM 1 CM H OTnH
'IHeM no nnOTHOCTH Ha 5~, senH'IHHa CTperrnBHra ~OIDKHa 
6wTL weHee 0,5 MM. HcnonL30BaHHe nyqxa HOHOB 160 c 
3Hepraeii: 250 M3B/HYKII. /senH'IHHa npo6era B TXaHB 
cocTaBnJieT 10 CM/ nerxo no3sonJJeT o6Hapy~TL no~o6-
HYIO aHowanHIO. 

H3wepeHH.R, npose~eHHble Ha tilaHTOMax H pa3nH'IHbiX 
6aonoraqecxax o6'LeJCTax, noxa3ana, 'ITO H3WeHeHHe nnoT
HOCTH Ha senH'IHHY, WeHLWYIO 'I eM 27 3~, nerxo 06Hapy
~BaeTCJI npa Manblx ~o3ax. Tax xax onyxona oTnH'IaiOTCJI 
no nnoTHOCTH OT HOpWanLBOH TJCaHH /B 3aBHCHMOCTB OT 
noxanH3a:QHH H THna/ npHuepHO Ha 3~/25~ BbiCOJCOICOHT· 
paCTHaJI HH3X0~03HaJI pa~HorpatiiHJI JIBnJieTCJI nepcneXTHB· 
HbiW MeTO~OW 06Hapy)l(eHHJI HOB006pa30BaHHH B paHHei 

CTa~H. 

lly'IXH TJI)I(enbiX 3apJI~eHHbiX qaCTH:Q MO~O HCnOnL· 
30BaTL xax ~n• npose~eHHJI TouorpatiiH'Iecxax o6cne~osa
HHi 06'LeXTa no CXeMe, aHanOrH'IHOH npHBe~eHHOH Ha puc. 7, 
TaX H ~JI CXaHHpOBaHHJI 06'LeXTa TOHICHM ny'IXOM, OTXno· 
HeHHe ICOTOporo 3a~aeTCJI warHBTHWMH 3neMeHTaMH JCaHa
na. llpocTpaHCTBeHHoe pa3peweHHe, yxyAWaeuoe MHoro
xpaTHWM xynoHoscxau pacceJJHHeu ny'IJCOBbiX qacTHU, npa-
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MCpHO COOTBCTCTByeT B 3TOM CJiyqae pa3Mepy IIY'IKa. 

CoJ.n,aHHe cKaHupyiO~Hx rrpoTOHHhiX ny'IKOB paJMepoM 

1-:-2 MM II03BOJIJICT ,ll,CTCKTHpOBaTh aHOMaJIHH ,ll,HaMeTpOM 

OKOJIO 1 MM IIpH KOMIIpeCCHOHHOH IIPOTOHOrpa«iiHH MOJIO'IHOH 

)I(CJIC3hl H OKOJIO 3 MM - IIpH IIpOTOHOrpa«iiHH qepena/25< 

ABTOPhl 3Toil pa6oTLI npuBo.n,JlT napaMeTphl u.n,eanLHoro 

CKaHHpyiO~ero npOTOHHOrO IIY'IKa: 

- CTa6HJihHOCTh HOMHHaJihHOrO 3Ha'leHHJl 3HeprHH Jiyq-

liie 1/200%; 

- BeJIH'IHHa 3HepreTH'IeCKoro pa36poca MeHee 0,25%; 

- pa3Mep IIY'IKa :S_ 1 MM; 

- .n,JIHTeJILHOCTh c6poca ny'IKOBhiX qacTHU - 1 c; 

- HHTCHCHBHOCTh - 10
8 C-l 

T Jl)l(eJihle MHoroJapH.n,HLie HOHhl 6onee y.n,o6Hhl ,ll,JIJI 

«iiopMHpOBaHHJl TOHKHX IIY'IKOB, T.K. IIpH paBHhiX npo6erax 

BCJIH'IHHhl 8 ,ll,JIJI qaCTHI.I, C MaccaMH M i H M j OTHOCJITCJI 

KaK 

oi Mi v, 
-"'(-) 
8 j M i 

/13/ 

Hau6onee 'IYBCTBHTeJILHhiM JlBJIHeTCJl cnoco6 HOHHOH 

TOMOrpa«iiHH, OH II03BOJIJleT IIpOBO,ll,HTh BhiCOKOKaqeCTBeH

HYIO peKOHCTpyKI.I,HIO CTpyKTYPhl 06beKTa rrpH cpaBHHTeJihHO 

HHJKHX .n,oJax. H.cnoJILJoBaHHe HOHOB yrnepo.n,a c npo6eroM 

B TKaHH, paBHhiM 12 CM, II03BOJIJleT HaXO,ll,HTh aHOMaJIHH 

paJMepoM 0,1 c~/2?u.n.uaKo BpeMH, neo6xo.n,HMoe ua npo

Be.n,eHue TOMorpa«iiH'IecKoro o6cne.n,oBaHHJl, ueo6xo.n,HMO 

yMeHLliiaTL. Ha puc. 12 rroKaJaua cxeMa BOJMO)I(Horo B 6y

.n,ymeM YCKOpHTeJIJl TJl)l(eJihiX HOHOB yrnepo.n,a. Y CKOpHTeJih 

,ll,OJI)I(eH o6ecrre'IHTh 30 c6pOCOB IIY'IKa B CeKyH.n,y, Ka)l(,ll,hiH 

H3 KOTOphiX ,ll,OJI)I(eH BhiBO,ll,HThCJl IIO CBOeH BhiBO,ll,HOH CBC

TeMe. 06bCKT BCCJie,ll,OBaHBJl «iiBKCBpOBaH, .n,eTeKTOphl Bpa

Il.l,aiOTCJl CBHXPOHHO C BMIIYJILCaMB rry'IKa1201 . 

B pa6oTe/ 23/ yKaJhiBaeTCJl ua BOJMO)I(HOCTh ucnoJILJO

BaHBJl npoTOHHo- HOHHOH pa.n,uorpa«Puu B uen.11x pauueil .n,uar

HOCTHKB BH«iiapKTa MBOKap.n,a. IlpH 3TOM rrpOI.I,e.n,ypy IIOJiy

'leHHJl pa.n,Borpa«iiH'IeCKBX B306pa)l(eHBH 06beKTa /MOMeHThl 

BhiBO,ll,a IIY'IKa Ha 06beKT/ He06XO,ll,BMO CBHXPOHB3BPOBaTh 

C BMIIYJihCaMB 3JieKTPOKap.n,uorpaMMhl. 
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Puc. 12. CxeMa 603MOJICHOZO e 6yoyfl#eM ycKopu11e.IIJI uoHoe 
yz.11epooa. C6pocw ny'IKa Ha o6'beK• ocyt~~ec116.11JII011CJI no
c.lleooea•e.llbHo 'lepe3 pa3.11U'IHble 6bi600Hbre cucJreMbl. 06'b
eK• tjuKcupoeaH, oeJreKJrOpHaJI 'lac•b epat~~aelllcJI. 

I II. KOHTYPHAH PA,lfHOTPAti>HR 

IlpBHI.I,BII, Ha KOTOf:OM OCHOBaHa TaK Ha3hiBae:MaJI KOH

TypHaJI pa,l{BOrpa«iiBJI 26•27/, BJIJllOCTpBpyeTCJI Ha puc. 13 . 
qaCTBI.I,hl napaJIJieJILHoro JapJI)I(eHHoro ny'IKa npoxoAJIT qe

pe3 HeKOTOphlii 06beKT B nona,l{aJOT Ha liiOTOIIJieHKY JIH60 

Ha KOOPABHaTHWH ,l{eTeKTOp C BWCOKBM npocTpaHCTBeHHWM 

pa3pemeuue:M /puc. J3a/. To'IKa ocTaHOBKB 'laCTB:U ua

XOABTCJI ,D.aneKO 3a ,l{eTeKTOpOM, ycTaHOBJieHHWM B6JIH3B 

06'1teKTa. fipOTOHW BJIB MHOr03apA,D.HWe BOHW, DpOXO,IJ.A

ll.l,lle 'lepe3 06'1teKT, BCIIWTWBaiOT MHOrOKpaTHOe KYJIOHOB

CJCOe pacceAHBe Ha DOJIOlKBTeJILHO 3apA)I(eHHWX A,D.pax. 

Ha puc. 136 IIOKa3aHO pacnpe,D.eJieHHe HHTeHCHBHOCTH napan

JleJILHWX 'laCTHil ny'IKa, npOXO,l{JIIl.I,IIX MBMO 06'1teKTa /He-
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Puc. 13. llpUHijUn paouozpa¢uu o6oeKma 3a c~em MHozo
KpamHozo KYAOH06CKOZO pacceJIHUJI 3UpJIJICeHHbiX ~aCmUij 

HQ MQAble YZAbl. 

npephlBHaH DHHHH/, H qacTHU, HCllhlTaBillHX KYDOHOBCKOe 

pacceHHHe B OfibeKTe /nyHKTHpHaH DHHHH/. HHTerpaDhHOe 

pacnpe~eDeHHe HHTeHCHBHOCTH nyqKa B llDOCKOCTH ~eTeK

TOpa HMeeT llODO:lKHTeDbHhlH H OTpHQa TeDhHhlH BhlfipOChl, 

COOTBeTCTBYIOIQHe rpaHHQe 06beKTa. J103TOMY yqaCTKH HC

cne~yeMoro 06beKTa, HMeiOll(He O~HHaKOBYIO llDOTHOCTb, 

OKaHTOBhlBaiOTCH Ha <l>oTonneHKe ~BYMH paCllOJIO:lKeHHb}:MH 

BllDOTHYIO ~pyr K ~pyry JIHHHHMH - CBeTJIOH H TeMHOH. 

lliHpHHa 3THX JIHHHH 3aBHCHT OT 3HeprHH qaCTHU, llDOTHO

CTH H ·TODIQHHhl 06beKTa, a TaK:lKe OT paCCTOHHHH Me:lK~y 

24 

o6beKTOM H ~eTeKTopoM. )l;JIH npoTOHOB c 3HeprueB: 160 M3B 
xopornee HJo6pa:lKeHHe nonyqaeTCH ~a:lKe ~JIH TaKux o6beK

TOB, KaK aDIOMHHHH TOJill(HHOH 16 MM H ypaH TOJilUHHOH 

5 MM. )l;nJI npoTOHOB c 3HeprueB: 7 F3B - ~JIH aDIOMHHHH 

/150 MM/ H ypaHa /50 MM/. MeTo~ noJBODJieT perucTpH- , 

poBaTh 1-:- 2~-HYIO ~o6aBKY K CTaJIH TOJilUHHOH 6-:-75 MM/2 7! 

H JIBDJieTCJI, no-BH~HMOMy, nepcneKTHBHhlM ~DJI qeneH 

~e<l>eKTOCKonuu. B pa6oTe /27 ,rtpuBe~eHw pa~uorpaMMhl He

KOTOphlX 06beKTOB, B TOM qucne fiHOJIOrHqeCKHX, HJIDIOCT

pHpyiOll(He B03MO:lKHOCTH MeTO~a. 

IV. JI~EPHA.JI PACCEHBAIOJ4AJI PA,lJ)fOFPA~HJI 

.H~epHaJI pacceHBaJOll(aJI pa~uorpa<l>HJI noJBOJIHeT npo

BO~HTh TpexMepHyiO peKOHCTpyKQHIO HCCJie~yeMoro 06beK

Ta, ofinyqaeMOrO nyqKOM 3apJI:lKeHHbiX qaCTHU - llHOHOB, 

npOTOHOB, ~eHTOHOB, Jl~ep reDHJI, a TaK:lKe ,IJ,aeT HH<i>OpMaQHIO 

06 OTHOCHTeDhHOH KOHQeHTpaQHH HeKOTOphlX 3DeMeHTOB 

/HanpHMep, Bo~opo~a/ B o6beKTe. 

0CHOBHaJI qaCTh qaCTHU, npOXO~HlUHX qepe 3 06heKT, 

HCllhlThlBaeT 3JieKTpOMarHHTHOe B3aHMO~eHCTBHe C a TO

MaMH BeiQeCTBa, qTo Bhl3hlBaeT MHOrOKpaTHOe KYJIOHOBCKOe 

pacceHHHe qacTHU Ha Manwe yrnw. HeKoTopwe qacTHUbi 

HCllhlTbiBaiOT CHJihHOe H~epHOe B3aHMO~eHCTBHe H pacceu

BaiOTCJI no~ 60JibillHMH yrnaMH eN . PerHCTpaQHH co6hlTHH, 

COOTBeTCTBYIOlUHX JI,IJ,epHOMY B3aHMO,IJ,eHCTBHIO, JIOKaDH3a

UHJI reoMeTpuqecKOH TOqKH B3aHMO,IJ,eHCTBHH B HCCDe~ye

MOM 06beKTe, OCyll(eCTBJIJieMhle OfihlqHhlMH B <l>H3HKe Bhl

COKHX 3HeprHH MeTO,IJ,aMH, ll03BOJIHIOT llOJiyqaTh HH<i>OpMa

UHIO o6 o6heKTe. IlpHHUHll MeTo~a noKa3aH Ha puc. 14. 
J1yqoK 3apJI:lKeHHhlX qacTHU npOXO~HT qepe3 KOOp,II,HHaTHhle 

~eTeKTopw I1K1, I1K2 H nona,IJ,aeT Ha o6heKT. PacceJIHHhle 

Ja cqeT Jl~epHoro B3aHMO,IJ,eHCTBHJI qacTHUhl perHCTpHpyiOT

CH KOOp~HHaTHhlMH ,IJ,eTeKTOpaMH J1K3 H J1K4. )};JIH OT6opa 

HHTepecyiOll(HX COfihlTHH HCllOJih3YIOTCH CUHHTHJIJIHUHOHHble 

cqeTqHKH. 

HH<l>opMaUHJI c Koop,IJ,HHaTHbiX ,IJ,eTeKTopoB/nponopuuo

HaJihHbiX HJIH ,II,peB:<l>oBble KaMep/ llOCTynaeT B naMHTh 3BM, 

aHaJIH3HpyeTCJI H CJIY:lKHT ,IJ,JIJI reoMeTpHqeCKOrO BOCCTaHOB-
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Puc. 14. CxeMa 3KcnepuMeHmaA&Hou ycmaHoeKu OA~ uay
'leHu~ o6-,.eKmoe MemoooM ~oepHou pacceuea10zqeu paouo
zpa(Juu. 

neHBJI TpaeKTopuii na,IJ.aro~eii B pacceJIHHoii qacTB~, a TaJOKe 
,IJ.nJI onpe,IJ.eneHBJI reoMeTpB'ICCKOB TO'IKB B3aBMO,IJ.CBCTBBJI. 

H3y11euue B03MO*HOCTeii JI,IJ.epuoii pacceusaromeii npo
Tonorpaclluu npe,IJ.BapuTenbHO uaqa To B pa6oTax I 28-32(y CKo
peHHLle ,IJ.o 3Hepruu 500+1000 MaB npoTOHbl ucnLITLIBaJOT 
ynpyroe (p-p) -pacceJIHBe ua aToMax BO.li.OPO.ll.a u KBa3u
ynpyroe pacceJIHBe ua npoTouax TJI)f(CllLIX JI,ll.ep /raKBX KaK 
C, N, 0 u ,IJ.pyrux/. Ha puc. 15 npuBe,IJ.eHLI .li.BcPcPepeu~uanb
awe ceqenuJI ynpyroro (p-p) -pacceJIHBJI u KBa3uynpyroro 
pacceJIHBJI npOTOHOB Ha aTOMaX C /29/, 

Cne,IJ.yeT OTMeTBTb, 'ITO senuquaa ceqeuuJI cna6o Me
HJICTCJI C H3MCHCHBCM aTOMHOI'O HOMepa Be~eCTBa MBWCHB. 
Ecnu ynpyroe (p-p) -pacceJinue ,IJ.aeT KoMnnanapuwe co6w
TBJI, To KBa3uynpyroe pacceJIHBe He JIBnJieTcJI KOMnnanap
HbiM B MO)f(CT npOXO,IJ.BTb no peaK~BB (p, pn) BllB (p,pp) . 

Ilpu KBa3uynpyroM pacceJIHBB annapaTypa 6y,IJ.eT pe
rucTpupoBaTb O,IJ.Hy 3apJI)f(CHHYJO 'laCTB~y B nepBOM cnyqae 
H ,IJ.Be 3apJI)f(CHHble 'laCTB~bl - BO BTOpOM. Ce'ICHBJI KBa3B
ynpyroro pacceJIHBJI no 3TBM peaK~BJIM _npuMepno paBHbl. 
PerucTpupyro~aJI cucTeMa, o6na,IJ.aro~aJI xopowBM yrnoBbiM 
pa3peweHBCM, n03BOnJieT ,IJ.OCTaTO'IHO XOpOWO OT,IJ.enHTb 
cnyqau ynpyroro pacceJIHHJI OT KBa3Hynpyroro (p,pp) -
pacceJIHBJI no yrny KOMnnanapnocTu. 
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Puc. 15. YzAoeoe pacnpeoeAeHue npomoHoe npu pacce~Huu 
Ha eooopooe u yzJ1epooe. 

Ecnu ny'IOK npOTOHOB BHTCHCHBHOCTbiO N npOXO,IJ.BT 
11epe3 Be~eCTBO BB,IJ.a CnOmH f , TO 'IBCllO pacceJIHHbiX co-
6biTBB TBna (p, pn) B 3llCMCHTapHOM 06'beMe V 6y,IJ.eT 

N 
na( +rna 

Sl = 0,6 NVd~n)c (p,pn) 0 

12n + 16m+e 

/14/ 

a co6biTBii Tuna (p, 2p): 

ea +na +rna 
N = 0 6NVd p-p (p,pp)c (p,pp)o 

S2 ' · 
12n +16m+ e 

/15/ 
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r,IJ,e d - fiJIOTHOCTb Be~eCTBa, a(p, pn)c - Ce'ICHHe KBa3H· 

ynpyroro pacceJIHHJI THna (p,pn) Ha npoToHax yrnepo,IJ,a, 

a ( . ) - ceqeHHe KBa3Hynpyroro pacceJIHHJI THna (p, pp) 
p,_pp 0 

Ha npoToHax Kacnopo,D,a, a P _ P - ce'leHHe ynpyroro pacceJI-

HHJI Hf BO,IJ,OpO,D,e. TaK KaK a(p,pp)c"' a(p!..pp)o ; 

ap- p - Ta(p' pn) c ' a ,IJ,JIJI o6bl'IHOH TKaHH e "" 2<m + n) ' 

nerKo BH,IJ,eTb, 'ITO ynpyroe pacceJIHHe Ha6mo,IJ,aeTCJI B 1/3 

cnyqaes, KBa3aynpyroe pacceJIHHe ua TJI*enblx aToMax -

B 2/3 cnyqaes. 

TaKHM o6pa30M, BH.D.HO, 'ITO Ns1 3aBHCHT OT nnoTuo

CTH Be~eCTBa H KOHD;eHTpaD;HH TJI*eJlblX aTOMOB, Ns2 -
OT llJIOTHOCTH, KOHD;eHTpaD;HH TJI*eJlblX aTOMOB H aTOMOB 

Bo,IJ,opo,D,a. 0Tnoweuae Ns 1 IN s2 JIBnJieTCJI ueJasaca-

MblM OT llJIOTHOCTH H 3aBHCHT TOJibKO OT KOHD;eHTpaD;HH 

aTOMOB COCTaBHblX JJieMeHTOB. 

Ecna annapaTypa no3BonJieT oTnH'IHTb ynpyroe pac

ceJIHHe ua so,IJ,opo,D,e OT KBa3Hynpyroro pacceJIHHJI THna 

• (p, pp), TO KOJIH'ICCTBO ynpyrHX (p-p)-pacceJIHHH COCTaB

JIJieT BeJIH'IHHY 

Ea 
N' 

S2 

p-p 
=0,6NVd------, 

12n + 16m+ E 

a OTHOWeHHe 

N~2/ N Sl Ea /na +rna 
p-p (p,pn )c (p,pn)o 

/16/ 

/17/ 

onpe,D,enJieTCJI TOJibKO KOHD;eHTpau;HeH aTOMOB BO,D,OpO,D,a B 

BeiD;eCTBe. 

C noMO~biO JI,D,epuoii pacceasaiOID;eii pa,D,Horpa~HH I Jnep

raJI npoTOHOB 500-:-1000 M3B/ nony'leHbl TpexMepuble 

pacnpe,IJ,eneHHJI nnoTHOCTH B ~aHTOMax H3 C, CH a H20 npa 

06'beMHOM pa3peWeHHH OKOJIO 2 ,.w,.w3, ABTOpaMH pa60T 

npoBe,IJ,eHbl TaK*e npe,D,BapHTCJibHble H3MepeHHJI Ha *HBOT

HblX npH 06'beMHOM pa3pCWCHHH OKOJIO 43 MM 3 • 

BenH'IHHbl .D.03 /s pao/ .D.JIJI pa3nH'IHblX TO'IHOCTeii 

onpe,IJ,eneHHJI H3MeHeHHH llJIOTHOCTH 06'beKTa H pa3JIH'IHblX 

senH'IHH JneMeHTapHoro o6'beMa npe,D,cTasneHbl B •a6Au
ije 2 /29/. 
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Ta6Auija 2 

PasMep To'IHOCTb 
aneMeHTapHoro 1% 5% 10% 
o6beMa 
( MM2) 

l 50 2 0,5 
10 5 0,2 0,05 

100 0,5 0,02 0,005 

B HaCTOJI~ee speMJI co3,IJ,aeTCJI ycTaHOBKa ,IJ,nJI npoToH

Hoii pacceHBaiO~eii pa,D,HOrpa~HH C npHMeHeHHeM B Ka'leCT

Be KOOp,D,HHaTHblX ,IJ,eTeKTOpOB nponopD;HOHaJibHblX KaMep/ 32( 

HH~OpMaD;HJI C - 1500 KOOp,IJ,HHa THblX npOBOJIOK KaMep 'le

pe3 6nOKH 6blCTpOH JJICKTpOHHKH C'IHTblBaHHJI nepe,D,aeTCJI 

B 3BM HP21 MXE, 6blCTpo,D,eiicTBHe .D.OCTHraeT 10
4

co6bJ· 

muu/c6poc. Pe3ynbTaTbl o6pa6oTKH npe,D,cTaBJIJIIOTCJI c no

MO~biO u;seTHoro ,IJ,HcnneJI. llpe,D,enbHaJI ,IJ,03a o6ny'leHHJI 

>KBBOH TKaHH ll03BOJIJICT Ha6HpaTb CTaTHCTHKY ,IJ,O 500 co-

6bi111UU/ MM 3. 

HHTepec K JI,D,epHoii pacceasaro~eii pa,D,aorpa~HH onpe

.D.enJieTCJI cne,IJ,yiO~HMH ~aKTopaMH: 
1. XapaKTep B3aHMO.D.eiicTBHJI qacTHU c se~ecTBOM He 

3aBHCHT OT KOJIH'ICCTBa JJieKTpOHOB B Be~eCTBe H JTHM 

OTJIH'IaeTCJI OT BCCX OCTaJibHblX MCTO,IJ,OB. 

2. Hcnonb3YIOTCJI cTaH,D,apTHble H npe,D,eJibHO npoCTble 

,IJ,JIJI ~H3HKH BblCOKHX JHeprHH JKCnepHMCHTaJibHble ycTa· 

HOBKH. 

3. HeT Heo6xo.D.HMOCTH HCKJDO'IaTb BJIHJIHHe reoMeTpa

qecKoro ~aKTopa nyTeM pa3Me~eHHJI accne,IJ,yeMoro o6'beK

Ta B cneu;HaJibHOM KOHTCHHepe C TKaHeJKBHBaJICHTHblM Be

~eCTBOM. 

4. 0TCYTCTBHC *CCTKHX orpaHH'ICHHH Ha HMllYJibCHblH 

pa36poc ny'IKa, a Tal<*e cna6ble Tpe6osaHHJI Ha ~oKycapos

Ky H HHTCHCHBHOCTb. 
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V. COBPEMEHHOE COCTO.HHHE ME~HHCKOFO 
IIPHMEHEHH.H IIPOTOHHOH H HOHHOH 
PA,4HOFPAf/JHH 

IlpOTOHLI H HOHLI, 6naro~apJI OC06eHHOCTJIM B3aHMO· 
~eBCTBHJI HX CO cpe~OB, paCCMOTpeHHblM BLIWe, MOryT 
o6ecne'IHTL cymecTBeuuoe noBLIWeuue Ka'leCTBa ~aruo
CTHKH H 3cil4leK~HBHOCTH ny'leBOrO neqeHHJI. IlpH'IeM, nocne~
Hee MO:>KeT 6LITL yny'IWeHO B 3Ha'IHTenLHOB Mepe 3a C'leT 
npeiJ,H3HOHHOCTH o6ny'leHHJI, ~OCTHraeMOrO C nOMOmLJO 
BLICOKOKa'leCTBeHHLIX pa~HOrpaMM. 

IlHOHepaMH KHHHH'IeCKOrO npHMeHeHHJI npOTOHHOB pa~HO
rpalbuu JIBnJIIOTCJI HeBponaTonor Steward H3 quKar
cKoro YHHBepCHTeTa H ibH3HK Koehler H3 rapBap~cKoro 

YHHBepcHTeTa /13,14, 33, 39/. IlpeHMYIIJ,eCTBa npOTOHOrpa
ibHH nepe~ peHTreuorpalbueii: BnepBLie 6wnu noKa3aHLI npu 
o6ny'leHHH anroMHHHeBoro nornOTHTenJI I 61, MHHHManLHOe 
H3MeHeHHe TonmHHLI nornOTHTenJI, KOTOpOe 06Hapy:lKHBa
HOCL, COCTaBHJIHO 0,01 z/cM 2HnH OKOHO 0,05'fo o6meii: 
TOHIIJ,HHLI. Pa~uorpaMMLI xapaKTepuJoBanucL BLICOKOB KOHT
paCTHOCTLIO npH OTHOCHTenLHO 6e~HOM npOCTpaHCTBeHHOM 
pa3peweHHH. Pa3MLITOCTL KpaeB H306pa::>KeHHJI COCTaBnJina 
npHMepuo 1,5 MM. 

KnHHH'IeCKOMY 3Tany uccne~oBaHHii: npe~wecTBoBanu 
pa60TLI Ha ibaHTOMaX H :>KBBOTHLIX, BblnOHHJieMble, KaK npa
BHHO, C HOMOIIJ,LIO BLICOKOKOHTpaCTHOB pa~HOrpaibHH. 

PJI~ 3KCnepHMeHTOB no H3y'leHHIO BHHJIHHJI reTeporeH
HOCTeii: Ha Ka'leCTBO npOTOHOrpaMM B03~yXOHOCHLIX nono
CTeB nerKHX y KpLIC BhlnOHHHn Jung IYHHBepCHTeT B Yn~
cana, IllBeiJ,uJII Ha ny'IKe npoTOHOB c 3Heprueii: 185 M3B 3?1 

HcnonLJOBanucL TaK:>Ke reTeporeuuhle TKaHe3KBHBaneHT
Hhle qmHTOMLI H3 nepcneKca, BO~LI. ,lJ,nJI OIJ,eHKH HHibopMaiJ,HH 
npHMeliHHaCL ~eHCHTOMeTpHJI nonyqeHHOrO ibOTOH306pa
:>KeHHJI. To'IHOCTL H3Mepeuuii: u.unuH~puqecKHx nonocTeii: c 
pa~HYCOM, 6onLWHM 'leM 0,5 CM, JanonHeHHLIX B03~YXOM 
H OKpy:>KeHHLIX BO~OB, 6blna He Xy::>Ke 0,02 CM. B pa60Te 
yKa3LIBaeTCJI Ha B03MO:lKHOCTL HCnOnL30BaHHJI npOTOHOrpa
cPHH ~nJI onpe~eneHHJI ~eMHHepanuJaiJ,BH KOCTeii:, TaK KaK 
OTHOWeHHe TOPM03HOB cnoc06HOCTH BLICOK03HepreTH'IHLIX 
npOTOHOB B KOCTHOB TKaHH H BO~e COCTaBnJieT BeHH'IHHy 
0,90, a nnOTHOCTL KOCTH 1,5-7-1,9 2/CM 3 /38/. 
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C noMombro ny'IKa npoToHoB c 3Heprueii: 137 M3B npo
BO~Hnocb pa~uorpaibH'IecKoe uccne~oBauue 'lenoaeqecKoro 
M03ra, B3JITOrO Ha ayTOnCHH OT 6onLHLIX C MYHLTH<iJopMHOB 
rnuo6naCTOMOB H C MeTaCTa3aMH B M03r MYU.HH·npo~yiJ,H
pyiOmeii: a~eHoKapu.uHOMLI no~eny~o'IHoii: :>KeneJLI/13/, 

rnuo6nacToMa noKanuJoBanacL B 6enoM aemecTBe npa
aoro nonywapHJI c ua6yxauueM nocne~uero H ~HcTop3Beii: 
cucTeMLI :>Keny~o'IKOB. Cpaaueuue npoTouorpaMM H peHT
reuorpaMM noKaJano, 'ITO nepBLie co~ep::>KaT 3Ha'IHTenLHO 
6onLWe HHibopMaiJ,HH 0 BHyTpeHHeii: CTpyKType M03ra H 

CTpOeHHH onyxoneii:. 0Ka3aHHCL BH3yanH3HPOBaHHLIMB ~a:lKe 
6a3anLHLie raurnuu. O~HaKo nornoiiJ,eHHaJI .~o3a cocTaauna 
290 pai) 3a 0,8 MUH. ABTOphl yKa3blBaJOT, 'ITO HCnonL3o
BaHHe yCHHHBaJOmHX 3KpaHOB CHH3HT ~03y ~0 1 pai) l3a 
npou.e~ypyl. 

Cne~yJOIIJ,HM waroM JIBHnHCL 3KcnepuMeHTLI c TKaHe-
3KBHBaneHTHLIMH IJ,HHHH~paMH pa3HH'IHOrO pa3Mepa, KOTOphle 
noMeiiJ,anucL BHYTPL qepena lcpe~ueqepenHyiO JIMKY, na
pH3TOOKIJ.HnHTanLHYJO o6nacTL H ~P-1. HcnonL30Bancx nonu
CTHpeu I p = 1,04 z/cM 31 ~HaMeTpoM 0,5-7-0,75 OIOUMa 
npu ~nuue 1,25 OIOUMa H nJOCHT I p = 1,2 z/cM31 ~HaMeTpoM 
0,75 orouMa. KaK H B npe~LI~ymeii: cepuu uccne~oaauuii:, 
~JI HCKnJO'IeHHJI BHHJIHHJI HenpaBHHLHOB reoMeTpH'IeCKOB 
cPOPMLI M03r nOMeiiJ,anH B COCY~ C BO~OB. JIIOCHT oco6eHHO 
xopowo BH3yanH3HpoaancJI. B ~pyrux 3KcnepHMeHTax B 
'lepenHyJO KOp06Ky noMemanCJI ibHKCHpOBaHHLIB B ibopMaHHHe 
ayToncuii:Hhlii: M03r. B o~HOM cnyqae rpaHHIJ.LI onyxonu 
C IJ,eHLIO KOHTpOnJI MeTHHHCL CBHHIJ,OBLIMH MapKepaMH. 

TaKHM o6pa3oM, ycTaHoBneua B03MO:lKHOCTL BHJyanu
JaiJ,HH nnOTHOCTeii: THna HeKanLIJ.HcPHU.HpoBaHHLIX onyxoneii: 
M03ra B CHTyaiJ,HJIX, CXO~HLIX C KHHHH'IeCKOB. IlpH 3TOM 
~o3a Ja ~uaruocTH'IecKyro npou.e~ypy He npeahlwana 0,5 pao. 

HJyqanucL B03MO::>KHOCTH ~uaruocTHKH onyxoneii: Monoq
uoii: :lKeneJLI ua onepau.uoHHOM MaTepuane, nony'leHHOM OT 
~YX 6onLHLIX, pa~HKanLHO onepupoBaHHLIX no nOBO~y HH· 
cPHHLTpyromeii: npoTOKOBOH KapiJ.HHOMLI C MeTaCTa3aMH B 
HHMibOY3HLI cpe~OCTeHHJI H no~MLIWe'IHOB o6naCTH /t4(0~Ha 
6onLHaJI 6Lina no~aepruyTa npoTouo- H peHTreHoMaMMo
rpa<lJuu. XopowaJI B~HMOCTL TKaHeBLIX reTeporeuuocTeii: 
npH npOTOHOrpa<iJHH n03BOnHna BLIJIBHTL Y :noB 6onLHOB 
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ManeHbKYIO AO'IepR!OIO onyxonb Ha HeKOTOpOM paCCTOJIHHH 
OT nepBH'IHOH, He 06Hapy)l(eHHYIO paHee npH peHTreHOBCKOM 
HCCneAOBaHHH. 

YAOBneTaopHTenbHOro Ka'leCTBa npoTOHOMaMMorpaMM 
y;:J;aaanocb AOCTH'Ib npa A03e HH)I(e 0,1 pao Ha onepauaoH
HOM MaTepaane H 0,3 paO - AnJI )I(HBOH nauHeHTKH. Ba)I(HO 
OTMeTHTb, 'ITO A03bl npH npOTOHOpaAHOrpacllHH 6blnH Cyll.leCT
BeHHO HH)I(e, 'leM npH KOHBeHUHOHanbHblX MeTOAaX paAHO
rpacllHH. ~ocTaTO'IHO yKa3aTb, 'ITO A030BaJI Harpy3Ka npa 
KOHBeHUHOHanbHOH MaMMOrpacllHH - 6~15 paO, KCepopaAHO
rpacllHH- 3 pao 1391. 

B nocneAYIOil.leM accneAOBaHHJI no AHarHOCTHKe onyxo
neii: MOJJO'IHOH )l(ene3bl H naTonorH'IeCKHX COCTOJIHHH M03ra 
6blnH npoAOn)l(eHbl B AproHHCKOH HauaoHanLHoii:na6opaTo
PHH Ha CKaHHPYJOil.leM nyqKe npOTOHOB C 3Hepraeii: 
200 M3B 1 25 • 39~:6blna nony'leHa YAOBneTaopaTenbHaJI BH3ya
nHJaUHJI CBe)I(HX HHTpauepe6panbHbiX KpOBOTe'leHHH H KOp
peKTHOe ax nouapoaaHHe npa AOJOBOH Harpy3Ke acero 
B 1, 7 MpaO. CKaHHPYIOII.lee o6ny'leHHe npenapa TOB MOnO'IHblX 
)l(ene3· no3aonano CHH3HTb A03y AO 3,4 Mpao. B npHHUHne 
noKaJaHa B03MO)I(HOCTb pa60Tbl B o6naCTH A030BblX Harpy30K 
nopJIAKa 1x10-4 paO, XOT.II, pa3yMeeTC.II, cllaKTH'IeCKHH ypo
BeHb 3aBHCHT OT KOnH'IeCTBa Tpe6yeMOH HHcllOpMal.lHH. 

no C0061l.leHHIO HauaoHanbHOro paKOBOro HHCTHTyTa 
onyxonH MOnO'IHOH )l(ene3bl AHaMeTpOM 2 MM MOryT 06Ha
py)I(HBaTbC.II C nOMOil.lbiO CKaHHPYJOil.lero npOTOH,OrO ny'IKa 
npa o6nyqeHHH c A03oii: He 6onee 100 Mpai> 40(cneAyeT 
OTMeTHTb, 'ITO TaK KaK OTHOCHTenbHaJI 6HonorH'IeCKaJI 
34lclleKTHBHOCTb npoTOHOB pasHa 1/41/ ana MeHee I 42/, ax 
KnHHH'IeCKoe npHMeHeHHe 6onee 6e3onacHo, 'leM peHTre

HOBCKoro H3ny'leHH.II. 
B BepKnH wapoKo accneAoaanacb paAHOrpacbHJI c no

MOII.lb!O JcKopeHHblX JIAep rena.11 I 16 ,1 7,: yrnepoAaf:w~KHcno
poAa' 24 , B TOM 'IHCne C npHMeHeHHeM MeTOAa KOMnbiOTep
HOH TpaHcaKcaanbHOH peKOHCTPYKllHH An.ll npeua3HOHHoro 
nnaHapoaaHHJI nyqeaoro neqeHH.II~ a TaK)I(e AnJI.PaAHorpacllaa 
TKaHeH C pa3nH'IHOH 3neKTpOHHOH nnOTHOCTbiO B cpeAaX 
TOnll.lHHOH B HeCKOnbKO MHnnHMeTpOB. JionbWa.ll cepH.II HC
cneAOBaHHH BblnOnHeHa Ha cllaHTOMaX npH paAHOrpacllHH C 
noMOil.lbJO JIAep yrnepoAa. H3MepeHHe TOPM03HOH cnoco6-
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HOCTH HeKOTOpblX o6pa3UOB M03ra OTHOCHTenbHO BOAbl Aano 
cneAYIOil.lHe pe3ynLTaTbl: AnJI 6enoro Bell.leCTBa - 1 ,0307± 
±0,0019, An.ll ceporo Bell.leCTBa - 1,0290±0,0013, An.ll 
MeTaCTa3HPYJOil.leB MenaHOMbl - 1,0451±0,0012. C cepe
AHHbl 1976 roAa JIApa yrnepOAa HCnOnb3YIOTCJI AnJI MaMMO
rpacllHH nauaeHTOB, accneAOBaHO 22 qenoaeKa c paHee 
o6aapy)l(eHHbiMH onyxonJIMH ana npeABapaTenbHblMH 6aon
CHJIMH. ABTOpbl yKa3b1BaiOT, 'ITO AOJa B 100 MpaO o6ecne-

I:W I 
qaaaeT BblCOKOKa'leCTBeHHYIO paAHorpaMMY 1 1• Hcnonb30-
BaHHe JIAep yrnepOAa An.ll paAHOrpacllHH CKeneTa no3BOnHT, 
KaK HaAeJOTCJI aBTOpbl, BHAeTb He TOnbKO KOCTH, HO H MJir
KHe TKaHH. TaK, Ha paAHOrpaMMe HorH qenoaeKa, nonyqeH
aoB: TaKHM o6pa30M, BHAHbl He TOnbKO KOCTH, KO)I(a, HO 
H HeKOTOpble CYXO)I(HnHJI. 

Ba)I(HO OTMeTHTb, 'ITO HOHOrpacllHJI n03BOn.lleT 06Hapy
)I(HBaTb He TOnbKO noKanbHble, HO H AHcllcllY3Hble H3MeHeHH.II 
nnOTHOCTH, HanpHMep CHnHK03 nerKHX /39/, 

C 197 5 roAa Ha npOTOHHOM CHHXpOTpOHe IJ,E PHa /III DeB
uapa.11/, a 3aTeM a a CaKne /<l>paHUHJI/ BeAeTC.II H3y'leHHe 
JIAepaoB: pacceaaaJOII.leii: paAHorpacllaa. llpeABapaTenbHble 
HCCneAOBaHHJI npOBOAHnHCb Ha reTeporeHHblX cllaHTOMaX B 
Ha MneKOnHTaiOil.lBX - KpOnHKaX H MblWaX. llpH paAHOrpa
cllHH ronOBbl KpOnHKa H KHWe'IHHKa KpblC nerKO 06Hapy)I(H
BaiOTCJI onyxona AHaMeTpoM 2,2 eM. HHcllopMaUBJI npeA

cTaBnJieTCJI Ha uaeTHOH AHcnneB:, nonyqeHbl uaeTHble clloTo
rpacllaqecKHe H306pa)l(eHH.II B 16 UBeTaX, COOTBeTCTBYIOil.lBX 
pa3nH'IHblM rpaAal.lBJIM no nnoTHOCTH o6'beKTa. HHTepecHo, 
'ITO qacno npoTOHOB, ynpyro pacceJIHHblX B onyxona MblWH, 
npHMepHO Ha 10~ npeBblWUeT KOnH'IeCTBO npOTOHOB, ynpyro 
pacCeJIHHblX OKpy)l(aiOil.lBMB HOpManbHblMH TKaH.IIMH, 'ITO 
06'bJICHJleTCJI, KaK C'IHTaiOT aBTOpbl, nOBblWeHHOH KOHI.leH
TpauHeB aTOMOB BOAOPOAa B onyxonH. 06'beMHOe pa3pe
meHHe MeTOAa - OKOnO 2 MM 3, 3TO BeCbMa 06HaAe)I(HBaiOil.lBB 
pe3ynbTaT, HeCMOTpJI Ha HH3KYJO CKOpOCTb Ha6opa BHcllop

Mal.lBB. 

TaKHM o6pa30M, y)l(e H3 KpaTKOrO 0630pa COCTO.IIHH.II 
MeABI.lBHCKOH npOTOHOrpacllHH H HOHOrpacllHH .IICHbl npH'IHHbl, 
Bbl3blBa101l.lBe HHTepec K 3THM pa6oTaM, XOT.II npeAKnHHH
qeCKHe HCCneAOBaHHJI MeTOAOB Ha'lanHCb HHTeHCHBHO nocne 
1973 roAa. Co3AaHae MeABI.lBHCKHX ny'IKOB Ha coapeMeHHblX 
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YCKOpHTeJibHbiX KOMnJieKCaX, a B ,D,aJILHeHllieM cneuBaJIBJH

poBaHHbiX Me,D,HUBHCKBX YKOpBTeJieH, HeCOMHeHHO npBBe,D,eT 

y>Ke B 6JIB:>Kaii:mee BpeM.II K CKa'IKY B 34JclleKTBBHOCTB ,D,Bar

HOCTHKH onyXOJieBbiX B MHOrHX ,D,pyrBX 3a60JieBaHBH. 

3AKJIJOlJEHHE 

3KcnepBMeHTaJILHble HCCJie,D,OBaHBJI, npOBO,D,BMble B Ha

CTO.II{Uee BpeM.II MHOrBMH HCCJie,D,OBaTeJibCKBMB rpynnaMB 

<i>BJBKOB B Me,D,HKOB, no npHMeHeHBIO KOpnyCKYJI.IIpHOrO Ja

p.H>KeHHOrO H31Iy'leHHJI B UeJIJIX ,D,BarHOCTHKH OCHOBbiBaiOTCJI 

Ha yaepeHHOCTH B B03MO>KHOCTH C03,D,aHBJI HH3KO,D,03HOrO 

BbiCOKO'IYBCTBBTeJILHOrO MeTo,D,a pa,D,HOrpa<i>HH ,D,JIJI Me,D,B

UHHCKOH npaKTBKH. 

KoHBepcBOHHoe peHTreHoBcKoe H3o6pa>KeHHe noJBOJIJieT 

JierKO pa3JIH'IaTb TKaHH, 3Ha'IBTeJILHO OTJIH'IaJOIUHeCJI no 

nJIOTHOCTB, HanpHMep: KOCTHYIO B M.llrKyiO TKaHL; TKaHb, 

o6oraiUeHHYIO KOHTpaCTHbiM BeiUeCTBOM, H HOpMaJILHYJO. 

,D;JIJI YJIY'IWeHBJI npocTpaHCTBeHHoro paJpeweHB.II H 

nOBblllieHBJI 'IYBCTBBTeJibHOCTH no nJIOTHOCTH C03,D,aHbl CKa

HHPYIOIUBe ycTpOHCTBa B paJpa6oTaHa MeTO,D,BKa TpexMepHOH 

peKOHCTPYKUHB o6~eKTa. 0.D.HaKo .D.Ola o6Jiy'leHB.II nauueH

TOB peHTreHOBCKBM H31IY'IeHHeM ,D,a>Ke Ha HaH60Jiee COBpe

MeHHbiX ycTaHOBKax, TaKHX KaK CAT BJIH EMI -cKaHHpyJO

IUBX CHCTeMaX, COCTaBJI.IIeT 06bl'IHO 2-:-4 paof 2/. BeJIH'IBHa 

,D,03bl OrpaHH'IBBaeT lliHPOKOe npBMeHeHBe yCTaHOBOK B 

npo<l>uJiaKTB'IeCKBX ue11.11x. XapaKTep BJaHMO.D.eii:cTBH.II peHT

reHoacKoro B31IY'IeHBJI C BeiUeCTBOM HCKJIIO'IaeT TaK:>Ke 

B03MO>KHOCTb BCCJie,D,OBaHBJI CJIO:>KHLIX ,D,JIJI peHTreHO,D,BarHo

CTBKH o6JiacTeH, HanpBMep n03BOHO'IHOrO CTOJI6a B cnBHHOrO 

MOlra. Oco6eHHOCTL BJaBMo,D,eii:cTBB.II c BeiUeCTBOM Kopnyc

KYJI.IIpHoro Jap.H>KeHHoro BJJIY'IeHBJI He ,D,aeT TaKBX orpaHB

qeHBH. 

TaK, ecJIB aeJIB'IHHa npo6era JapJI>KeHHLIX qacTBU, 

nocJie KOTOpOH pe 3KO yMeHLWaeTCJI BHTeHCBBHOCTb nOTOKa 

qaCTHU, JaBHCBT OT 3JieKTpOHHOH nJIOTHOCTB BeiUeCTBa, B 

JI,D,epHOH pacceBBaJOIUeH pa,D,BOrpa<i>BH JaBHCBMOCTb OT 3Jiei<T

pOHHOH nJIOTHOCTH OTCYTCTByeT. HcnoJILlOBaHBe ny'IKOB 

T.II>KeJibiX 3apJI>KeHHbiX 'laCTHU ,D,JIJI BbiCOKOKOHTpaCTHOH TeHe

aoB: pa,D,Borpa<i>uu yMeHLmaeT .D.OJY o6Jiy'leHBJI nauBeHTa 
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no cpaBHeHHIO C Tpa,D,HUBOHHbiMB MeTO,D,aMB B HeCKOJILKO 

,D,eCJITKOB pal. 

COJ,D,aHBe TOHKBX CKaHHPYJOIUBX ny'IKOB paJMepOM Me

Bee 1 MM OTKpbiBaeT B03MO>KHOCTb npoBe,D,eHBJI TOTaJILHOro, 

c BLICOKBM paJpeweHBeM, o6cJie.D.oBaHBJI nauBeHTa. HJMeHe

HBe nJIOTHOCTB MeHLWe 'leM Ha 2'*' B o6~eMe OKOJIO 1 MM 

Y:>Ke MO>KeT 6L1Th 11enco o6Hapy>KeHo. llpoae,D,eHBe TpexMep

HOH peKOHCTPYKUBB o6~eKTa npB TOMOrpa<i>B'IeCKOMHCCJie

,D,OBaHBB C nOMOIUbiO nyqxa Jap.H>KeHHbiX 'laCTHU n03BOJI.IIeT 

,D,eTeKTBPOBaTL H3MeHeHBe nJIOTHOCTH B HeCKOJibKO ,D,eCJITbiX 

npoueHTa lla/. 
JI,D,epHa.ll pacceBBaJOIUa.H pa,D,uorpa<l>BJI, OCHOBaHHaJI Ha 

,D,pyrOM MeXaHH3Me B3aHMO,D,eHCTBBJI B31Iy'leHBJI C BeiUeCT

BOM, CYJUeCTBeHHO ,D,OnOJIHJieT B03MO>KHOCTb BbiCOKOKOHT

paCTHOH TeHeBoi pa,D,Borpa<t>uu. MeTo.D. noJBOJIJieT He TOJihKO 

peKOHCTpyBpOBaTb BCCJie,D,yeMbiR o6~eKT no nJIOTHOCTB, HO 

B ,D,aeT BH<i>opMaUBIO 06 OTHOCHTeJibHOR KOHUeHTpaUBB HeKO

TOpbiX XBMH'IeCKBX 3JieMeHTOB BeiUeCTBa. 0,D,HaKO HCCJie,D,o

BaHBe 3TOR MeTO,D,HKB Ha 6BOJIOrB'IeCKHX o6~eKTaX npaKTB

qeCKH TOJibKO Ha'IBHaeTCJI. 

HHTeHCBBHoe pa3BHTBe paJJIB'IHLIX MeTO.D.OB pa,D,uorpa

<i>HB C nOMOJUbiO TJI:>KeJibiX 3ap.H:>KeHHbiX 'laCTBU onpe,D,eJI.HeTCJI 

He TOJibKO B03MO:>KHOCTbiO lliBpOKOrO npBMeHeHBJI BX B Me· 

,D,BUBHe, 6HOJIOrBB, TeXHHKe, HO B HaJIB'IHeM Hay'IHO-TeXHB

'IeCKOrO noTeHuBaJia, o6ecne'IHBaJOIUero ycnewHyJO peaJIBJa

UHIO 3TBX BCCJie,D,OBaHBR. 

Ha CBBXpo<i>a30TPOHe 06~e,D,BHeHHOrO HHCTBTyTa JI,IJ,epHbiX 

uccJie,D,oBaHBR I ,IJ;y6Ha/ B 1970 ro,D,y 6biJI anepable noJiy'leH 

ny'IOK ,D,eRTOBOB c 3Hepruei 5 F3B/HYKA! 43/.B HaCTOJIIUee 

apeMJI cnexTp ycxopJieMLIX JI,D,ep pacwapeH .IJ.O HeoHa/ 4~1fH
TeHCBBHOCTh B BMnYJibCe BbiBe,D,eHHOrO ny'IKa JI,D,ep reJIBJI, 

BMeJOIUero 3HepreTB'IeCKHR pa36poc 10-3 , COCTaBJI.IIeT 

3.1d
0
qacTuu. HaJIB'IBe no.D.o6Hhlx nyqxoa npaae11o K paJBep

TbiBaHBJO lliBpOKOR nporpaMMbl pa60T no peJIJITHBBCTCKOH 

JI,IJ,epHOR <i>BlBKe, a TaK:>Ke CTBMY11BpOBaJIO C03,D,aHBe YCJIOBHR 

,D,1IJI npoBe,D,eHBJI Me,D,BK0-6BOJIOrB'IeCKBX HCCJie,D,oBaHBR. 

B HaCTOJIIUee apeMJI npoao,D,JITCJI pa6oTLI no C03,D,aHBJO 

ny'IKOB c 3HeprBJIMB .D.O 200 M3B/HyKA. 
Bo MBOrBX CTpaBaX MBpa COBepweHCTBYJOTCJI BMeJOIUBe

CJI YCKOpBTeJIH B ny'IKH JI,D,ep, pa3pa6aTb1BaiOTCJI npoeKTbl 

KaK YBBBepCaJibBbiX yCKOpBTeJihHbiX KOMnJieKCOB, TaK H 

cneuaaJIB3BpoaaHHLIX ycxopuTeJiei I 45-4 7 I. 
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