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Ula<jlpaaoe M.n., lllacjlpaaoea M.r. 14. 11313 

OpOTORHC>-I!OHHli!J pa!li!Orpacjii!SI. nepcneKTHBbl HCITO/Ih30B8Billl 

B M9.llHUHHCKOJ! !IH8r"HOCTHKe, l.JacTb I. 

HapSIJly c coeepweHCTBOBaHHeM rpaauuuounoro penrrenoecKoro ~ero.aa 
a paapa6orJ(oll p11aa HOBbtX Meroaoe auarnocrnKH e p11ae crpaa e nocne;Jnue 

rOAbl B3y'llliOTCII B03MOlKHOCTH llpHMBH9HHII TlllKellblX ( TSilKellee :91JBKTpOH8) 

38plllKBHHLIX '18CTHU OTHOCHTenbHO BbiCOKHX SHepraif AnSI !IHilrHOCTil'IBCKI!X 

uenell, a nepey10 O'lepeab an11 paaHell !IRarHOCTHKH onyxoneebiX aa6oneea

HBA, OpHMeHeHRe TstlKellbiX aapRlKBHHbiX 'lllCTRU .aaer PR!I npeHMymecra nepea 

peHTreHOr'pacjluell: cjiR3H'I9CKRe 38KOHbl B38RM0!19HCTBHR HOHOB C BBWeCTBOM 

o6eCDB'IRB810T 6onee BbiCOKYIO KOHTp8CTHOCTb p8!1ROrpacjiH'IBCKO['O R300p8lKBHHB 

no cpaeaeHRIO c peHrr-eHor-pacjiH'IecKHM npH 6onee HH3KHX aoaax pa.aHaUHR, 

OTJtpb!BSIOTCR nepCDBKTHBbl nony'!BHHR HOBOJ! HB38BHCHMOH JlH8rHOCTH'IBCKOJI 

HHcjlopMauau. B crarbe JJaercg KPBTKHif o6aop cocrORHHR npo6neMbi, pacc~arpu
BSIOTCR HBKOTOpblB OCHOBHbiB cjiH3H'!eCKHB BODpOCbl, npHBOJlSITCSI peay:IbT81'bl nps

MeHeHHR p8JlHOr'pacjiR'!BCKOrO MBT0Jl8 HCCIJBJlOB8HHR, 06CylKJl810TCR npeHMyWeCT-

88 nepeJJ peHTr'BHOr'pacjluell H ITOTBHUH81JbHble B03MOlKHOCTH :91'0['0 HOBOr'O 

B8Dp8BIJBHHH,8 MHpOBOl! npaKTHKe MBTO!I npOTOHHQ-HOHHOH pa.auorpa¢HH npR

MeHBIJCR B HCCIJBJlOB8HHSIX Hll lKHBOTHbJX, H8 TK8HSIX 'IBIJOBB'IBCKOrO Opr'SHH3-

M8, npoeoJJRTCR nepBbie paJJHorpacjiH'!eCKHe accneJJOBBHHSI Ha naunearax. 

npenp&HT 06beAHHBHHOr'O HHCTHTyTa SIJlepHbiX HCCneJJOBSHIIH, 1ly6Ra 1978 

© 1978 06be/IHHeHHblil RHCTHTyT JlllepHIJJC HCCne!IOBBHHJl 0.y6HB 

1. BBE,4EHHE 

B ro apeMB KaK JneKrpoMaruuruoe HJnyqeuue H 3BYK 
y>Ke a reqeuue .n;nurenbuoro nepuo.n;a apeMeHH ucnonbJyror
cx qenoaeqecTBOM .n;nx .n;uaruocruqecKHX uccne.n;oaauuii, 
llpOTOHbl H HOHbl nHWb He.n;aBHO CTanH npHMeHBTbCB B Me.n;H· 
UHHCKoii .n;uarHOCTHKe. B 1946 r. Wilson I 1/, HblHe ~upeK
rop HauuoHanbHOH ycKopurenbHOH na6oparopuu HM. 3.<1>ep
MH (F'NAL) B liaTaBHH /CiliA/, yKa3an Ha B03MO>KHOCTb 
npuMeHeHHB 6biCTpbiX npoTOHOB a pa.n;uorpa4luu. Anderson12/ 
H3 qHKarcKoro yHuaepcurera npe.n;no>KHn ucnonbJoaaTb 
npOTOHbl B 3TOH o6naCTH, HCXO.D;Jl H3 TOrO o6CTOBTenbCTBa, 
qro npo6er llpOTOHOB B Be~eCTBe >KeCTKO CBB3aH C HX 
3HeprueH:. O.n;HaKo 3TO npe.n;no>KeHHe He Hawno npuMeHeHHB 
annoTb .no wecru.n;ecBTblX ro.n;oa, Kor.n;a, HaKoHeu, 6bmH 
anepable nonyqeubl KOHTpacruble pa.n;uorpaMMbl Ha nporo
Hax. ,[(nB peanH3aUHH npHHUHlla npoTOHHOH pa.n;uorpaiPHH 
npu uccne.n;oaauuu qenoaeqecKoro opraHH3Ma uau6onee 
no.n;xo.n;BIUHMH oKaJanucb npoTOHbi c 3HeprueH: 150-200 M3B. 
flpOTOHbl TaKHX 3HeprHH HMelOT, C O.D;HOH CTOpOHbl, .D;OCTa· 
roqHbiii .n;nx 3THX ueneH: npo6er, c .n;pyroH: cropoubl, 
MHOrOKpaTHOe KYROHOBCKOe pacceBHHe, KOTOpOe OHH HC· 
llbiTblBaiOT npu npoxo>K.n;eHHH uccne.n;yeMoro o6'beKTa, He 
TaK BenHKO, qro6bi llOMeWaTb nonyqeHHIO KOHTpaCTHOrO 

H3o6pa>KeHHH. 

IluoHepaMH npuMeHeHHB nporoHuoH: pa.n;uorpa4luu .n;nH 
ueneii Me.D;HUHHCKoii .n;uaruocTHKH 6blnH Steward H3 qHKar-
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cxoro yuuaepcnTeTa H A.M.Koehler H3 rapaapAa/3-tO.(Ouu 
npoAeMOHCTpHpoaanH npeHMy~eCTBa 3TOrO MeTOAa nepeA 
o6blqnoii peuTreuorpal}lueii Ami o6uapy)l(eHHB onyxoneii a 

MJirKHX TKaHJIX qenoaexa, a TaK)I(e uccneAoaanu B03MO)I(
uocTH MeToAa AnB pauueii AHaruocTHKH onyxoneablx 3a6o
neaauuii. 

Y CKOpeHHe HOHOB Ha 60nhWHX yCKOpHTenJIX CAenano 
B03MO)I(HbiM npHMeHeHHe AnB ABarHOCTHKH BOHOB BbiCOKOH 
3Hepruu. B PBAe pa6oT c noMO~hiO nyqxoa ycxopeuublx 
HOHOB H npOTOHOB nonyqeHbl paAHOrpaMMbl He06blqHO BbiCO
KOH KOHTpaCTHOCTH npH HH3KHX A03aX paABaD;HH. 

B nocneAHHe roAbl pa3pa6aTblaaeTcJI uecxonhKO paAHO
rpal}luqecxux MeTOAOB. MeTOAbl npoTouuo-uouuoii paAHO
rpal}luu pa3nuqaroTcB no I}IHJHqecKHM npuu:u;unaM, nono
)l(eHHbiM B HX OCHOBy: B OAHOM cnyqae npHMeHJieTCJI CBOH
CTBO npOTOHOB H HOHOB, 3ai<nroqaro~eeCJI B TOM, qTO HX 
npo6er B ae~ecTae cTporo CBJI3aH c 3Heprueii /MeTOA 
ocTaToquoro npo6era/, a ApyroM cnyqae ucnonhJyeTCJI 
CBOHCTBO npOTOHOB H BOHOB HCnbiTbiBaTb MHOroxpaTHOe 
KynoHOBCKOe pacceJIHHe Ha JIApax Be~eCTBa, CKB03b KOTO
poe OHH npOXOAJIT /MeTOA MHOrOKpaTHOrO pacceJIHHJI/. 
B TpeTheM cnyqae /MeTOA JIAepuoro pacceJIHBB/ AnJI :u;eneii 
AUaruocTHKH ucnonh3YIOTCB 6blcTpble npoTOHbl I c 3Hep
rueii-600 M3B/ H ux cnoco6uocTh ucnhlTbiBaTh JIAepuoe 
B3aHMOAeHCTBHe C Be~eCTBOM. 

B HaCTOJI~eB CTaThe OCHOBHOe BHHMaHBe YAeneHO HaH-
6onee nonHO pa3pa6oTaHHOMy, OTHOCHTenbHO npOCTOMy 
H nepcneKTHBHOMY MeTOAY - MeTOAY OCTaToquoro npo6era, 
HaXOAJI~eMyCJI y)l(e ceiiqac B CTaAHH HCnbiTaHHB Ha na
:u;HeHTax. llpeHMy~ecTaa ero nepeA peuTreuorpal}luqecKHM 
MeTOAOM no AOCTH)I(BMOH KOHTpaCTHOCTH H306pa)l(eHHJI H 
A03aM paAHa:o;HH noxaJauw a P.JIAe TeopeTuqecxux H 3K
cnepHMeHTanhHbiX pa6oT. O:u;eHKB cne:u;uanucTOB noKa3w
aaroT, qTo CTOHMOCTh npOTOHHO- HOHHOB paAHOrpal}luqeCKOB 
AHarHOCTHqeCKOH npo:u;eAyphl, no-BHABMOMy, CO BpeMeHeM 
MO)I(HO 6yAeT CAenaTb cpaBHHMOB CO CTOHMOCThlO CaMOH 
COBpeMeHHOH peHTreHOBCKOH TOMOrpal}luqecKOH npo:u;eAypbl. 
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2. c;~JH3HlJECKHE IIPHHUHIIbl 
IIPOTOHHO- HOHHOH PA,ll,HOT PAc;IJHH. 
IIPOXO)I(,4EHHE T JJ)I(EJlblX 3AP Jl)I(EHHblX 
lJACTHI.( lJEPE3 BEII!ECTBO. 
c;~JH3HlJECKHE CBOHCTBA TKAHEH 
OP r AHH3MA lJEJIOBEKA 

2.1. Ilomepu 3Hepzuu Ha UOHU3UliU10 e ee111ecmee, 
npo6ez, cmpezzAUH2 

llpoxoAJI qepe3 ae~ecTao, TJI)I(enaJI JapJI)I(eHHaJI qac
TH:u;a B3aHMOAeHCTByeT C 3neKTpOHaMH aTOMOB, 3TO npu
BOAHT K llOCTeneHHOMY CHH)I(eHHIO ee 3HeprHH. 3aMeAneHHe 
qacTH:Ubl npoAOn)l(aeTcJI AO Tex nop, noxa ee 3HeprHJI ue 
yMeHhWHTCJI AO Tennoaoii 3Hepruu aToMoB TopM03JI~eii 
cpeAbl. llpo:u;ecc TOpMO)I(eHHJI HOCHT CTaTHCTHqecKHH xapaK

Tep. 
~nJI xonuqecTaeuuoro onucauuJI noTeph 3Hepruu npo

ToHaMH npH HX npOXO)I(AeHHH qepe3 Be~eCTBO HCllOnh3yeT
CJI ypaaueuue lieTe I 11/ .3To ypaaueuue onHCbiBaeT noTepu 
3HeprHH T Jl)l(enoii 3apJI)I(eHHOB qacTHD;eH ua HOHH3aD;HIO 
H B036Y)I(AeHHe aTOMOB Be~eCTBa Ha 3neMeHTe nyTH dx. 
~nJI npoTouoa c 3Heprueii - 200 M3B, a HMenuo Taxue 
3HeprHH HCnOnh3YIOTCJI B nepBOM MeTOAe paAHOrpa
I}IHH, 3TH llOTepH Bbipa)l(aiOTCJI cneAYIO~HM o6pa30M: 

-dE/dx = 4rrp e4 z2 N 
0
B/ A· mv 2 

, /1/ 

rAe B= Z ln(2mv2/I),A H Z - Maccoaoe qucno H aToMHbiH uo
Mep TOpM03JI~ero ae~eCTBa, e H nJ - COOTBeTCTBeHHO JapJIA 
H Macca noKoJI 3neKTpoua, N 0 - qucno AaoraApO, c -
CKOpOCTh CBeTa, {3 = v/c, rAe V - CKOPOCTh qacTHD;bl, 
z- 31}11}1eKTHBHblii JapBA qacTH:Ubl; I - cpeAHJIJI :meprHJI 

B036Y)I(AeHHJI, KOTopaJI MO)I(eT 6b1Tb nepeAaHa CBJI3aHHOMY 
3nexTpouy. Benuquuy B Ha3biBaiOT TOpM03Hoii cnoco6-
HOCThiO Be~eCTBa, T .K. OHa COAep)I(HT xapaKTepHCTBKH 
TOpM03JI~eii cpeAbl. ~nJI npoTOHOB c 3Heprueii 200 M3B 
B= 0,5. 

liJ l}lopMynbl /1/ MO)I(HO BHAeTb, qTo noTepH 3HeprHH 
npJIMO 3aBHCJIT oT nnoTnocTH p H oTuoweHHJI Z/ A ae-

5 



mecTsa. llocxonbKY .nnJI 6onLweB: qacTH 3neMeHTOB, sxo-
_nJII.QHX B COCTaB TKaHeH opraHH3Ma qenoBeKa, Z/ A 

llpHMepHO KOHCTaHTa, TO npaKTH'IeCKH llOTepH 3HeprHH 

B TKaHJIX 3aBHCJIT TOnbKO OT nnOTHOCTH. ~nJI BO_nopo_na 
Z/ A s.nsoe 6onbwe. no 3TOH npH'IHHe so.nopo.n O'leHb 
3~eKTHBeH .nnJI TopMo*eHHJI JapJI*eHHMX qacTHU. B TO 
*e BpeMJI cne_nyeT HMeTb B BH_ny, 'ITO 6onbWHHCTBO MaTe
puanos c BMCOKHM co.nep*aHHeM so.nopo.na HMeeT 6onee 
HH3KYIO nnOTHOCTb, KOTOpaJI B pJI_ne cnyqaeB JIBnJieTCJI 
_noMHHHPYIOI.QHM rPaKTOpOM. 

<I>OTOHM /peHTreHOBCKOe H3nyqeuue/ _nocTaTO'IHO 6MCT· 
po BM6MsaroT H3 nyqxa. 3To BM6Msauue nponopuuouanLuo 
HHTeHCHBHOCTH na_naromero nyqKa H OllHCMBaeTCJI 3KCllO
ueuuuanLuoB: JaBHCHMOCTbiO oT TOni.QHHbi nornoTHTenJI. Ec
nu NY - qucno na.naromux ua nornoTHTenb .PoTouos c 3Hep
rueD: Ey. TO qucno .PoTOHOB nocne npoxo*.neHHJI o.nuopo.n
uoro nornoTHTenJI TonmuuoB: x 6y.neT: 

N = Nyexp(-f1X), 

r.ne f1 - K03~HUHeHT nuueB:uoro ocna6neHHJI nyqxa .PoTo
HOB, 3aBHCJIIUHH OT 3HeprHH E H Z BeiUeCTBa npHMepHO 
KaK Z 2 -: Z 3 • ~nJI cpaBHeHHJI y rPH3H'IeCKHX xapaKTepHCTHK 
npoTOHOB H peHTreuoscxux nyqeB: ua puc. 1 npe.ncTasneua 
3aBHCHMOCTb _nonH llOTOKa 'laCTHU OT rnyfiHHM ero npOHHK· 
uoseuug B roMoreuuyro cpe.nyl5~:Kax su.nuo H3 pucyuxa, 
ua6nro.naeTcg numb HeJHa'IHTenLuoe ocna6neuue nyqxa npo
TOHOB _no HX OCTaHOBKH. B peJynbTaTe, npH o_nHOM H TOM 
*e Bxo_ngiUeM llOTOKe TJI*enMe 3apg*eHHMe 'laCTHUM _naiOT 
3Ha'IHTenbHO 60nbWe HHrPOpMaUHH Ha BbiXO_ne H3 06'beKTa, 
'leM peuTreuoscxue nyqu. PeJKHH cna.n xpusoB:, cooTBeT
CTByromuB: ocTaHOBKaM qacTHU I puc. 1/, o6ecnequsaeT BM
coxuB: KOHTpacT pa.nuorpa.puqecxoro H3o6pa*eHHJI: .neTex
Top, pacnono*eHHMH s6nu3u xouua npo6era, o6uapy*HT 
6onbWOe H3MeHeHHe llOTOKa npOTOHOB npu CaMMX He3Ha'IH" 
TenbHMX H3MeHeHH}IX nnOTHOCTH nornOTHTeng. rnyfiHHHag 
KOHTpacTHOCTb pa.nuorpa.puqecxoro H3o6pa*euug, unu ero 
'IYBCTBHTenbHOCTb K H3MeHeHHIO nnOTHOCTH, xapaKTepH3Y" 
eTC }I BenH'IHHOH L\p/ !'lm, KOHTpaCTHOCTb peHTreuorpa.Pu· 
qecxoro - senuquuoB: 1lx/t'lm. B .naHHMX ycnosugx Ap/ Am"' 
"' 10 ~x/ Am. PeanLHO xaqecTBO pa.nuorpa.puqecxoro H3o6pa-
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Puc. 1. 3aeucuMocm& oo11u nomoKa ~acmu~J om 211y6uHbl 
npOHUKHOBeHUR npOIIIOHOB U peHIIIZeHOBCKUX Ay~eu B ZOMO" 
zeHHYIO cpeoy. 

*eHHJJ. yxy.nwaeTcg H3- Ja snuguug MHoroxpaTHoro pacceJI· 
HH}l 'laCTHU. 

113 ypasueuug lieTe su.nuo TaK*e, 'ITO noTepu 3Hepruu 
dE/dx B03pacTaiOT C na_neHHeM 3HeprHH 'laCTHUM. 3TOT 
pe3ynbTaT BMpa*aeTC}l B TOM, 'ITO BfinH3H OCTaHOBKH 'laC· 
THUbl Ha6nro_naeTC}l XOpOWO H3BeCTHbiH MaKCHMYM llOTepb 
3HeprHH, H3BeCTHbiH KaK 6p3rrOBCKHH llHK HOHH3aUHH. 3Ta 
CHTyauug B KOpHe OTnH'IaeTC}l OT TOR, KOTopag ua6nro_naeT· 
C}l _nnJI peHTreHOBCKHX ny'leH H HeHTpOHOB. 

llpH npaKTH'IeCKOH llOCTaHOBKe pa_nuorpa.puqeCKHX Ollbl" 
TOB Heo6xo_nHMO 3HaTb 3aBHCHMOCTb npo6era qaCTHU B 
TKaH}IX OT HX 3HeprHH, a TaK*e TOpM03HYIO CllOC06HOCTb 
TKaueB:. Ha puc. 2 npuse.neuM xpusMe 3aBHCHMOCTHnpo6er-
3Heprug B so.ne _nnJI .nuanaJoHa qacTHU H 3HepruB:, npe.n
CTasngromux HHTepec _nng pa.nuorpa.puu /12/. Bo.na no csouM 
TOpM03HbiM CBOHCTBaM 6nH3Ka K 6uonorH'IeCKHM 06'beKTaM. 
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Puc. 2. Kpuebte npo6ez - 3HepzuJI 0/IJI uoHoe e eoc'le. 

B pa6oTax /13,14/ npuse,ZJ.eHbl ,ZJ.aHHble o TOPM03HOH cnoco6-

HOCTH KOCTHOH TKaHH 'lepena 'leJIOBeKa, 0 TOpM03HOH 

cnoco6HocTH 6enoro, ceporo Bei.QeCTBa ronosHoro MOJra 

H MeTaCTaTH'IeCKOH MeJiaHOMbl. 

B cuny CTaTBCTH'Iecxoro xapaKTepa noTepL 3Hepruu 

napanJieJibHbiH ny'IOK MOH03HepreTH'IeCKHX 3apB)KeHHbiX 'lac

TH.U nocne npoxo)K,ZJ.eHHB roMoreHHOH cpe.IJ.bl BMeeT pa3-

6poc no npo6eraM, HJIB CTperrnHHr. B OCHOBHOM CO 

CTperrJIHHrOM CBB3aH xapaKTepHbiH BHJJ. cna,ZJ.a KpHBOH 

.D.JIB TB)KeJibiX JapB)KeHHblx qacTH.U B Koaue nyTB I puc.l/; 
npH ero OTCYTCTBHH Cna,ZJ. 6biJI 6bl cyi.QeCTBeHHO 6onee 

pe3KHM. CTperrnBHr BBJIJieTCJI OCHOBHbiM ~aKTOpOM, JIH

MHTHPYJOI.QBM npoJJ.OJILHoe /rny6HHHoe/ pa3peweHue Me

To,ZJ.a, OH Bblpa)KaeTCJI KaK CTaH,ZJ.apTHOe OTKJIOHeHBe npo

,ZJ.OJlbHOrO pacnpe,ZJ.eneHHB TO'IeK ocTaHoBI<B qacTH.Q. B peanL

HbiX YCJIOBHJIX npO,ZJ.OJibHOe pa3peWeHBe MeTO)J.a B BB)J. 

KpHBOH ,ZJ.JIJI npOTOHOB Ha puc. J 3aBHCBT OT .QeJIOH COBO· 

KynHOCTB ~aKTOpOB, B 'IHCJie KOTOpbiX: CTperrJIBHr, 3Hep

reTH'IeCKBH pa36poc ny'IKa, yxopo'leHue npo6eros, CBB

JaHHoe C MHOrOKpaTHbiM pacceBHHeM, H OWB6I<H B npo6ere, 
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suocHMble ,ZJ.eTei<TopoM. Kax npasuno, nepsble ,ZJ.Ba ct>axTopa 

HrpaJOT OCHOBHYIO pOJib. 
Hau6onee TPYJJ.HO.ZJ.OCTynHble qacTH qenose'lecxoro Tena 

HaXO,ZJ.BTCJI no,ZJ. CJIOeM TI<aHB, 3I<BHBaJieHTHbiM no TOpM03· 

HOB cnoco6HOCTH CJIOIO BO,ZJ.bl TOni.UHHOH 30-40 C.M. Ha Tai<OH 

.rny6BHe CTperrJIHHr npoTOHOB COCTaBJIBeT -1 ,00/o HX npo-

6era, y a -qacTH.U OH npHMepHO BnOJIOBBHY MeHLWe, y 

B,ZJ.ep yrnepo,D.a - 0,290/o ax npo6era. CTperrnuur npaMep

HO nponop.uuouaneH npo6ery qacTB.Ubl H o6paTHO nponop

.uuoHaneH xopHIO I<Ba,D.paTHOMY H3 ee aTOMHoro Maccosoro 

'IBCJia /lg/, 

2.2. PoAb MHOZOKpamHozo KYAOHoecKozo pacceJIHUJI 

IJpOXO,ZJ.JI qepe3 Bei.QeCTBO, 3apJI)KeHHaB 'laCTH.Qa He 

TOJlbi<O 3aMe)J.JIJieTCB, TepBB 3HeprHIO npH B3aHMO,ZJ.eHCTBHH 

C 3Jiei<TPOHaMH aTOMHOH o6oJIO'II<H aTOMOB, HO H ynpyro 

pacceusaeTCB B xynoHOBCI<OM none BJJ.ep aToMOB. B peJynL

TaTe 'laCTH.Qa HCnbiTbiBaeT He60JibWHe OTI<JIOHeHHJI OT CBOeH 

nepBOHa'laJibHOH Tpaei<TOpHH, pacceHBaBCb B I<a)K,ZJ.OM OT

,ZJ.eJILHOM ai<Te B3aHMO)J.eHCTBHJI Ha O'leHb MaJieHLI<HH yrOJI 

H npai<TH'IeCKH ue TepBB npu 3TOM 3Hepruu. CyMMapHLIH 

3cl>4leKT OT 60JibWOrO 'IHCJia MaJILIX OTKJIOHeHHH HOCHT Ha-

3BaHHe MHOrOKpaTHOrO pacceBHHJI. 

Pacnpe,D.eneHHe npoeK.UHH yrna OTKJioHeHHB qacTH.U a 

3a,ZJ.aHHOH nJIOCI<OCTH, B03HHKWee npH npOXO)K,ZJ.eHHH HX qe

pe3 MaJibiH CJIOH Bei.QeCTBa TOJII.QHHOH X, onHCbiBaeTCJI npu-

6JIH)KeHHO rayccoBLIM JaKoHoM. Cpe,D.HHH KBa,D.paT yrna 

OTKJIOHeHBJI <8 2 (x)> 3aBHCHT OT X CJie)J.yJOI.QBM o6pa30M: 

1 zZE ~)2- x_ 
<82(x)> = 2( pf3 LP~· 

Z, p H {3- 3apB,ZJ., HMnyJILC H V/c 'laCTH.Ubl, Z - JapB,D. 

aTOMOB sei.QecTsa, L p~.- pa,D.ua.uuouuaB ,ZJ.JIHHa MaTepua-

na, 

E = m y4rr·137 = 21,2 M3B, 
s e 

r,ZJ.e me - Macca 3JieKTpoua. 
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Ecnu y'IHTbiBaTb TOJibKO MHoroKpaTHoe pacceJIHHe, TO 

JIHHeHHOe pa3peilleHHe MeTO.D;a npH HCnOJib30BaHHH HOHOB 

yrnepo.D;a 6y.D;eT B qeTbipe pa3a nyqme, 'leM npu ucnonh30-

BaHHH npOTOHOB, a B pa3peilleHHH no llJIOU.{a.D;H BbiHrpbllll 

COCTaBJIJieT npHMepHO 16. PaCCMOTpeHHe COBOKynHOCTH 

tPaKTOpOB, BJIHJIIOU.{HX Ha Ka'leCTBO pa.D;HOrpacPH'IeCKOrO H30-

6pa~eHHJI, B nepsyiO oqepe.D;b crperrnuHra u MHoroKpar-

Horo KynoHOBCKoro pacceJIHHJI, no3BonJieT C.D;enaTb BbiBO.D; 

0 TOM, 'ITO HCnOJib30BaHHe B pa.D;HOrpa$HH TJI~eJiblX HOHOB 

(C, O,N).D;aer B03MO~HOCTb nony'IHTb nylfmee npocrpaHcTBeH

Hoe pa3pemeHHe, 'leM C nOMOU.{blO npOTOHOB. llpu 3TOM, O.D;

HaKO, CJie.D;yeT HMeTb B BH.D;Y, 'ITO .D;03bl pa.D;Hai.J;HH OKa~yTCJI 

Bbime. 

B MeTo.D;e ocTaTOlfHoro npo6era MHoroKpaTHoe pac

ceJIHHe JIBJIJieTCJI OTpHI.J;aTeJibHblM cPaKTOpOM, orpaHHlfHBaiO

ll{HM npOCTpaHCTBeHHOe pa3pemeHHe H B KOHelJHOM HTOre 

CHH~aiOU.{HM KOHTpacTHOCTb H306pa~eHHH. BMeCTe C TeM, 

KaK noKa3aHO B pa6oTe / lf>/, 3TOT 3«P44eKT MO~eT 6biTb 

ucnonb30BaH .D;JIJI nonyl.feHHJI pa.D;uorpa«iiulfecKoro H3o6pa

~eHHJI o6'beKTa. 

2.3 . .JlbepHoe 83QUMobeiicmeue 
u ezo poAb e pabuozpa(fiuu 

ilpOXO.D;JI qepe3 Bell{eCTBO, 6biCTpble TJI~eJible 3apJI

~eHHble lfaCTHI.J;bl: Me30Hbl, npOTOHbl, a -lfaCTHI.J;bl H 6onee 

TJI~enble HOHbl - HCnbiTblBaiOT JI.D;epHoe B3aHMO.D;eHCTBHe. 

B aKTe JI.D;epHoro B3aHMO.D;eH:cTBHJI l.facruu;a repHeT 3Ha

lfHTeJibHYIO .D;OJIIO csoeH: 3HeprHu, pacmennJIJI JI.D;po aroMa 

unu ynpyro pacceusaJicb Ha HeM, npu 3TOM oHa Bbi6hiBaeT 

H3 nylJKa, OTKJIOHJIJICb Ha 60JiblllOH yron. ilpH HCnOJib30-

BaHHH nylfKOB npOTOHOB B MeTO.D;e OCTaTOlfHOrO npo6era 

JI.D;epHOe B3aHMO.D;eHCTBHe HrpaeT He3HalfHTeJibHYIO ponb: 

C06blTHJI JI.D;epHoro B3aHMO.D;eHCTBHJI cpaBHHTeJibHO pe.D;KH, 

H JI.D;epHble CTOJIKHOBeHHJI npHBO.D;JIT JIHlllb K Me.D;JieHHOMY 

cna.D;y Ha nnOCKOM ylfaCTKe KpHBOH .D;JIJI npOTOHOB Ha pUC. J. 
TaK 'ITO BJIHJIHHe JI.D;epHoro B3aHMo.D;eH:crBHJI B MeTo.D;e 

OCTaTOlfHOrO npo6era B OCHOBHOM CBO.D;HTCJI K norepe He

KOTOpOH He60JiblllOH .D;OJIH HHcPOpMai.J;HH. Cne.D;yeT, O.D;HaKo, 
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OrOBOpHTbCJI, 'ITO npu HCnOJib30BaHHH nylfKOB HOHOB 3cPcPeK

Tbl, CBJI3aHHble C JI.D;epHblM B3aHMO.D;eHCTBHeM, MOryT CTaTb 

cymecrBeHHbiMH. RBJIJIJICb, raK ~e KaK u MHoroKparHoe pac

ce JIHHe, 3cPcPeKTOM OTpuu;a TeJibHblM npu cPOPMHPOBaHHH pa.D;HO

rpa«llulfecKoro H3o6pa~eHHJI B MeTo.D;e ocraTOlfHoro npo6e

ra, JI.D;epHoe B3aHMO.D;eH:crsue caMo no ce6e MO~eT B .D;py

rux ycnoBHJIX cny~HTb .D;JIJI H3ylfeHHJI BHyrpeHHeH: crpyKTYPbi 

o6'beKTa. 

Ha npuBu;une ucnonb30BaHHJI 3Toro JIBJieHHJI nocrpoeH 

HOBblH pa.D;HOrpa«iiulfeCKHH MeTO)l. - MeTO.D; JI.D;epHoro pac

ceJIHHJI. OH onucaH B pa6orax 116-20/u npuMeHJieTCJI 

Ha cpaBHHTenbHO KpynHbiX ycKopurenJix, nocKOJibKY .D;JIJI 

ero peanu3au;uu no pJI.D;Y cPH3HlfeCKHX npH'IHH rpe6yiOTCJI 

nporoHbi c 3HepruJIMH 600 M3B - 1 F3B. Ha.D; pa3pa6or

KOH MeTo.D;a JI.D;epHoro pacceJIHHJI pa6oTaiOT B lliseH:u;apuu, 

B EsponeH:cKoM u;eHTpe JI.D;epHbiX uccne.D;OBaHHH /U.EPH/ 

H DO q,paHI.J;HH, K HaCTOJIU.{eMy MOMeHTY MeTO.D; HaXO.D;HTCJI 

B cra.D;HH uccne.D;oBaHHJI o6pa3u;os TKaHeH: lfenoBel.fecKoro 

rena. CocTOHT OH B cne.D;yiOU.{eM. llylfOK npoTOHOB, npoxo.D;JI 

1.fepe3 HCCJie.D;yeMbiH 06'beKT, HCnblTbiBaeT JI.D;epHOe B3aHMO

.D;eHCTBHe. qaCTHI.J;a, HCnhlTaBillaJI JI.D;epHOe B3aHMO.D;eHCTBHe, 

pacceusaeTCJI Ha 6onbmoH: yron 0 N /eM. puc. 3/. Ecnu 

' I 
I ' 
I 

Pi 

: ~ uccneayeMbiiJ 
vPz oo'be~<r 

·p3 

Puc. 3. CxeMa, noRCHJI101J4aR npuHijun npuMeHeHuR Rbep
Hozo pacceRHUJI e pabuozpa(fiuu /16/, 
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pacnonmKHTL .nsa ,neTeKTopa P 1 H P 2, cnoco6HLIX per acT
papoBaTL Koop.naHaTLI npoxo*,neHHB qacTHULI, .no o6DeKTa 

H ,nBa TaKHX *e ,neTeKTOpa p H p nocne Hero, TO MO*HO 
3 4 

onpe,nenHTL TOqKy, B KOTOpOH npOH30WJIO C06LITHe B3aHMO • 
.neHCTBHB. JaTeM MO*HO nonyqHTL qacno B3aHMO,neHCTBHH 
Ha e,naHauy o6DeMa semecTsa o6DeKTa, KOTopoe nponopuao
HaJILHO nOTOKy qacTHU, qacny a TOMOB, npHXO,nBIUHXCB Ha 
I CM 3 HCCne,nyeMoro BeLQeCTBa, H BepOBTHOCTH B3aHMO· 
.neii:cTBHB. B oTnaqae OT MeTo,na ocTaToqHoro npo6era, 
KOTOpLIH ,naeT HHTerpanLHYIO nnOTHOCTL 06DeKTa B,nOJIL 
nyTH nyqKa qacTHU, MeTo,n B,nepHoro pacceBHHB no3BOnBeT 
npBMLIM cnoco6oM B o,nHoii: 3Kcno3HUHH onpe.nenBTL no
KanLHYIO nnoTHOCTL. Ba*HYIO .nononHHTenLHYIO H He3aBaca
MYIO HH<}lopMaUHIO ,naeT MeTo,n B,nepHoro pacceBHHB o co
.nep*aHaH BO,nopo,na no OTHOWeHHIO K ,npyrHM 3JieMeHTaM 
06DeKTa. )l;nB nonyqeHHB TaKOH HH<}lOpMaUHH ,neTeKTOpLI 
P1, p 2, p 3, p 4 ,no~HLI o6na,na TL ,nOCTa TOqHo BLICOKHM 
npOCTpaHCTBeHHLIM pa3peWeHHeM ,nng BLI,neneHHB C06LITHH 
pacceHHHB Ha qacTOM BO,nopo,ne 83 MHO*eCTBa C06LITHH, 
npoa3owe.nwax Ha B,npax accne.nyeMoro o6DeKTa. Cospe
MeHHLie ,neTeKTOPLI - nponopuaoHanLHLie a .npeB:<}loBLie 
KaMepLI - cnoco6HLI o6ecneqaTL Heo6xo,nHMYIO ToqHOCTL. 

2.4. 06 3A€M€HIIIHOM COCI/Iaee U nAOIIIHOCIIIU 1/IKaHeii 

opzaHU3Ma '-leAoeeKa 

l.Jpe3BLiqaHHO Ba*HLIMH ,IJ.JIB nOHHMaHHB B03MO*HOCTeH 
HOHHOH pa,naorpa<}lHH HBJIHIOTCH HCCne,noBaHHB nnoTHOCTeH 
TKaHeii: qenoseqecKoro opraHH3Ma. KaK noKa3LIBaeT 

Stewarctf~ HMeiOIUHecB ,naHHLie B 3Toii: o6nacTa, oco6eHHO no 
nnOTHOCTBM MBrKHX TKaHeH, ony6JIHKOBaHHLie 3a nocne,nHHe 
CTO neT, He y,nOBJieTBOpBIOT COBpeMeHHLIM Tpe6oBaHHHM. 
H3 MHoroqacneHHLIX Ha6nJO,neHaii: cne,nyeT, qTo TBep
,nLie opraHLI a ax npa,naTKH o6na.na10T .na<}l<}lepeHUH· 
poBaHHLIMH csoii:cTBaMH no nnoTHOCTH. llpe,nsapaTenLHLie 
H3MepeHHB yKa3LIBaiOT Ha TO, qTo onyxoneBLie TKaHH, 
nepsaqHLie H BTOpHqHLie, HMeiOT nnOTHOCTH, OTJIHqaJOIUHeCB 
OT nnOTHOCTeH OKPY*aiOIUHX TKaHeH npHMepHO Ha 3<fo /B/. 
CacTeMa TH3aposaHHLIX ,naHHLIX o <}la3aqecKax csoii:cTsax 
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naTonoraqecKHX TKaHeii: HaMH B naTepaType He o6Hapy*eHo. 
)l;nB nonyqeHHH a,neKBaTHLIX nocTasneHHoii: pa.naorpa<}laeii: 
3a,naqe MHHLIX 0 nnOTHOCTHX pa3nHqHLIX TKaHeH H HX 
H3MeHeHHHX npa nopa*eHaix pa3nHquoro Tuna rpynnoii: 
aMepHKaHCKHX naTOJIOrOaHaTOMOB H <}lH3HKOB 6Lina pa3pa-
6oTaHa o6mapHaB nporpaMMa accne,noBaHHH, peana3yJOLQaBCH 
Ha ocHoBe wapoKoii: Koonepauaa cneuaanacTOB - naTonoro
aHaTOMOB pa3naqHLIX accne.nosaTenLcKHX ueHTpos. llnaHa
pyeTcH pa6oTa no CHCTeMaTH3aUHH H3MeHeHHH nnOTHOCTH 
C TOqHOCTLIO BnJIOTL ,no BenaqHHLI 10-5 z/CM 3• 

fipH paCCMOTpeHHH B03MO*HOCTeH pa,naorpa<}lHH cne,nyeT 
HMeTL B BH,ny, qTO TeJIO qenoBeKa COCTOHT 83 ra30B, 
~,nKOCTeH H TBep,nLIX BeLQeCTB, ,naana30H nnOTHOCTeH KOTO • 
pLix orpoMeH, cornacHo Is/ oH npocTapaeTcB OT O,OOI2 
,nnB B03,nyxa, .no I ,02+I ,07 ,nnH TBep,nLix TKaHeii:; nnoTHOCTH 
~.nKocTeii:: I ,055 - Kposa, I ,005 + I ,009 - Moqu, cnHHHo
M03rosoB: *H,nKOCTH - I ,005 + 1,009; nnoTHOCTL *HPOBLIX 
TKaHeH • 0,92. )l;aHHLie 0 nnoTHOCTHX TKaHeH H MOp<}lonorHH 
opraHOB ,naiOT B03MO*HOCTL ,nenaTL BLIBO,nLI 0 Hanaqaa 
JIH60 OTCyTCTBHH naTOJIOrHqecKHX o6pa30BaHHH. )l;aHHLie 
0 CO,nep*aHHH OCHOBHLIX XHMHqecKHX 3JieMeHTOB, BXO,nHIUHX 
B cocTaB opraHoB qenoseqecKoro Tena, 6aoxaMaqecKae .naH
HLie, ,n03HMeTpHqecKHe napaMeTpLI H np. MO)KHO HaRTH B 
pa6oTe /21/,COCTaB HOpMaJILHLIX TKaHeH iipHBO,nHTCH TaK)Ke 
B pa6oTe /2z/. 

3. MET0,4 OCTATOfJHOFO IIPOiiEFA 

llepBLie 3KCnepHMeHTLI no npOTOHHOH pa,naorpa<}laa 
TKaHeH opraHH3Ma qeJIOBeKa npOBO,nHJIHCL Ha rapsap,nCKOM 
ycKopaTene B CWA. llyqoK npoTOHOB c 3Hepraeii: I60 M:JB 
HCnOJIL30BaJICB ,nflB KOHTaKTHOH pa,naorpa<}lHH o6pa3UOB ony· 
xoneii: M03ra qenoseKa. llocTaHOBKa onLITa TaKosa: BLIBe
.neHHLIH nyqoK ycKopaTenB ~ 0,5 eM cneuaanLHO pacceasa
eTCH npa npoxo*.neHHH CBHHUOBoro ana Me,nHoro nornoTa
TenB ,nJIB nonyqeHHB WHpOKOrO nyqKa paBHOMepHOH nJIOT· 
HOCTH; Ha paCCTOBHHH 3 M OT norJIOTHTeJIB nyqoK C 3Hep· 
raeii: 137 M:JB HMeeT paBHOMepHoe pacnpe.neneHae noToKa 
B pa,nayce -10 CM /eM. puc. 4jl6/ .B 3TOM MecTe pacno-
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noJ1UCTUp8HO&blu 
tb~ nO&JlDTUTII\11 

pactaJ&clT~ I~ 
=0~ 

oopauu. 
Tio<ctHU 

UMepCUOHH~ 
JI(.U&c0cTII 

nne~o~~oea 
U 31<pQH 

- ~ loCilCteTI 

Puc. 4. CxeMa :JKcnepuMeHma 0/I.R paouozpafPU'IecKozo uc
cAeOoeaHU.R. 

naraeTCJI uccne,IJ.yeMblH o6'beKT; noMemeHHbiH B cneuuanL
uy10 nneKcurnacoayJO clJopMy c napannenLHLIMH CTeHKaMH, 
uanonueuuy10 HMMepcuouuoii )f(HJJ.KOCTLIO. Cpa3y )f(e 3a 
o6'beKTOM pacnonaraeTCJI clJoTonneuKa. TaKoii MeTOJl. MO)f(eT 
6b1Tb Ha3BaH "KOHTaKTHOH paJ].HOrpaclJueii", llOCKOllbKY OH 
HMeeT CXOJ].CTBO C MeTOJ].OM KOHTaKTHOH ne'laTH C Hera TUBa. 
~llJI nony'leHHJI Haunyqweii KOHTpaCTHOCTH CHHMKa nepe)l. 
o6'beKTHBOM ycTaHaanuaaeTCJI cepuJI aapLupyeMbiX norno
THTeneii - nnacTHH H3 nonucTupeua. HcnonL3YJI Knuuoo6-
pa3Hblii nornOTHTenb, aBTOpbl npHWnH K BblBO)l.y, 'ITO TaKHM 
cnoco6oM MoryT 6biTL o6uapy)f(eHbl yqacTKH, r,IJ.e H3Meue
uue llllOTHOCTH COCTaBnJleT 0,01 z/cM3,3TH HCClle)l.OBaHHJI 
llOKa3anu, 'ITO B H)l.eHTH'lHbiX ycnOBHJIX npOTOHHaJI pa)l.HO
rpaclJHJI ,IJ.aeT B03MO)f(HOCTL nyqwero BH3yanLHoro ua6nJOJJ.e
HHJI BHyTpeuueii CTPYKTYPbl o6'heKTa, 'leM peuTreuorpaclJHJI. 
B pe3ynLTaTe npuMeHeHHJI npoTOHHoii pa,IJ.uorpac~Juu B uc
cne,IJ.oBaHHJIX Ha TKaHJIX 'lellOBeKa BbiJICHHllOCb, 'ITO pa3HH
Ua B clJH3H'leCKHX CBOHCTBaX HOpMallbHblX H naTOllOrH'leCKHX 
TKaueii JJ.OCTaTO'lHa JJ.llJI o6uapy)f(eHHJI auoManuii. lionee 
TOrO, nepBble )f(e 3KCnepHMeHTbl llOKa3anH, 'ITO B OTllH'lHe 
oT peuTreuorpaclJuu c noMOIULro npoTouuo-pa,IJ.uorpaclJuqec
Koro MeTO)l.a MO)f(HO, HeCMOTp11. Ha 3KpaHHPYIOIUee ,IJ.eHCTBHe 
qepellHblX KOCTeii, 06Hapy)f(HBaTL HeKallbUHHHpOBaHHLie 
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onyxonu M03ra / 7,. Ilocne.IJ.H11.11 pa6oTa npe.IJ.cTaan11eT 
OC06biH HHTepec: B Heii CHMynupyeTC11 KllHHH'leC:Ka11. CHTyaUH11 
H llOKa3aHa B03MO)f(HOCTb HCllOllb30BaHH11 clJoTonneHKH, 
KOTOpaJI 11Bll11.eTC11 XOT11 H YJJ.OfiHhiM, HO ,IJ.aneKO He ny'lWHM 
,IJ.eTeKTopoM. AuanorH'lHbiM o6pa3oM 3THMH )f(e aaTopaMu 
fiblllH llOKa3aHbl npeHMYIUeCTBa MeTO)l.a nepe)l. peHTreHOBCKHM 
)l.llH npJIMOrO o6Hapy)f(eHHJI BHyTpuqepenHblX :KpOBOH3llHJIHHH, 
o6naCTeii OTMHpaHHJI M03rOBblX TKaHeii, a TaK)f(e MHO)f(eCT
BeHHblX cKnepoTuqec:Kux nopa)f(eHuii. HJyqanucL TaK)f(e 3no
Ka'leCTBeHHble onyxonu Monoquoii )f(ene3bl. B pa6oTe /6/ 
JJ.eMoHcTpupyeTcJI ycTaHOB:Ka, npe.IJ.Ha3Ha'leHHaJI Jl.llJI uccne
Jl.OBaHHJI nauueHTOB. Oco6Liii HHTepec npe.IJ.cTaBnJleT clJaKT 
o6uapy)f(eHHJI B JJ.Byx cnyqaJlx ManeHLKOH onyxonu-caTen
nuTa, He 3aMe'leHHOH npH HCllOllb30BaHHH J].pyrux MeTOJ].OB 
uccne,IJ.oBaHHJI. 

Pa6oTa ua npoTOHHblx nyqKax co cBe)f(eonepupoaaHHblMH 
o6pa3uaMu TKaHeii opraHH3Ma qenoae:Ka npo.IJ.Oll)f(anacL ua 
CKaHHPYIOIUHX CHCTeMaX, pa3pa6oTaHHblX 0T)l.ellOM 4JH3HKH 
BblCOKHX 3Hepruii, AprouucKoii uauuouanLHoii na6opaTo
puu /ClllA/ / 23 .24/. 06pa3Ubl TKaHH MOllO'lHOH )f(elle3bl H 
TKaHH M03ra aBTOMaTH'leCKH nepeMemanHCb OTHOCHTellbHO 
nyqKa npoTOHOB c 3Heprueii 200 M:JB J].HaMeTpoM 6 MM. 
C noMomLro 3Toii annapaTypbl perucTpupoaanacL JJ.OllJI 
noToKa, npowe,IJ.WaJI qepe3 3neMeHT nnoma.IJ.H pa3MepoM 

6x6 MM 2,u Bbl'lep'lHBallHCb yqacTKH OJ].HHaKOBOH llllOTHOCTH. 
3TOT KOllH'leCTBeHHbiH MeTO)l. ll03BOllJlll Ha)l.e)f(HO 06Hapy
)f(HBaTb H TO'lHO llOKallH30BaTb CBe)f(He BHyTpuqepellHble 
KPOBOH3llHJIHHJI u paKOBble onyxonu M03ra. Il03)f(e a Ap
rouucKoii na6opaTopuu B pa6oTax /25,26/ 6blnu TaK)f(e 
nonyqeubl ,IJ.aHHble c noMomLro 6onee uoaoii u ycno)f(Heuuoii 
CKaHHPYIOIUeH annapaTypbl, B KOTOpoii HCllOllb30Banacb CHC
TeMa KonnuMaTopoa, clJopMupyromaJI 'leTblpe ny'lKa c 3Hep
rueii 200 M3B ceqeuueM 1 MM 2 .Ka)f(JJ.blii H3 3THX ny'lKOB 
llpOXOJ].HT qepe3 CHCTeMy CUHHTHllllJIUHOHHblX C'leT'lHKOB, 
paCllOllO)f(eHHblX llO ofie CTOpOHbl HMMepCHOHHOrO COCy)l.a 
c BOJJ.OH, B KOTopoM noMemaeTCJI uccne,IJ.yeMblH o6pa3eu. 
0THOCHTellbHblH C'leT 'lHCna npOTOHOB CUHHTHllllJIUHOHHbl
MH c'leT'lHKaMH, pacnono)f(eHHbiMH JJ.O u nocne o6pa3ua, 
perucTpupyeTCJI ua MaruuTuoii neHTe. Ilony'leHHble ,IJ.aHHble 
MoryT 6blTL npe,IJ.cTaaneHbl ua 3Kpaue JJ.HcnneJI. C noMomLJo 
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3TOH CHCTeMbi, o6na,IJ,aiOI.UeH BblCOKHM npOCTpaHCTBeHHblM 
pa3peweuueM, 6Lma npoae.u.eua cepu.R H3Mepeuuii pa3naq
HbiX TeCTOBLIX cPH3H'IeCKHX o6'beKTOB. B xo.u.e 3THX onLITOB 
no.u.Taep.u.unc.R p.R.IJ. TeopeTH'IeCKHX npe.u.cKa3aauii, a caMH 
uccne.u.oaaHH.R B 3Ha'IHTenLHOH CTeneHH cnoco6cTBoaanu 
llOHHMaHHID p.R,IJ,a cPH3H'IeCKHX acneKTOB npOTOHHOH pa,IJ,HO
rpaclJHH. B .u.anhHeiiweM aaTopbl ua.u.eroTc.R ucnonb30BaTb 
nony'leHHble .u.aHHbie .u.n.R H3y'leHH.R o6pa3IJ,OB TKaaeii B wu
poKoM .u.uana3oHe naTonoruqecKHx H3MeHeHHH. 

B pa6oTax, o KOTOpblx wna pe'lb BbiWe, 6blno noKa3aHo 
He TOnbKO TO, 'ITO M.RrKHe TKaHH nyqwe .IJ.HcllclJepeHIJ,HpyiOT
C.R C llOMOI.UbiD npOTOHOB, 'I eM C llOMOI.UbiO peHTreHOBCKHX ny
qeif, uo u To, 'ITO .IJ.03bl pa.u.uan.uu npu pa.u.uorpaclJuqecKoii 
npOIJ,e,IJ,ype 3Ha'IHTeRbHO MeHbWe, 'leM npH peHTreHOBCKOH. 
TaK, npu npocTeiiweii "KOHTaKTHoii" npoTOHHOH pa.u.uorpa
clJuqecKoii npon.e.u.ype Kapn.uaoMa Monoqaoii >Kene3bl o6uapy
>KHBaeTc.R npu .IJ.03e pa.u.uan.uu ua nepe.u.uroro noaepxuocTL 
HeMHOro HH>Ke 0,3 pao. llonyqeaue >Ke COOTBeTCTBYIDIIJ,eH 
KapTHHbl npu MaMMorpaclJuu Tpe6yeT 6-15 pao, npu Kcepo
MaMMorpaclJuu - -3 pao. fipH HCUOnb30BaHHH MeTO,IJ,a CKaHH
poBaHH.R .IJ.03bl eme HH>Ke /o6pa3IJ,bi TKaaeB: uccne.u.oaanHcb 
npu 0,005-c0,1 paoj. 

Hccne,IJ,OBaHH.R C llOMOI.UbiO a -qacTHIJ, H T.R>KenblX HOHOB 
npOBO,IJ,H.jiHCb B , JloypeHCOBCKOH na6opaTOpHH B liepKnH 
/CillA/ 112•14•271. B Ka'leCTBe .u.eTeKTopoB ucnonL3oBanucb 
nponopn.uouanbHble KaMepbl, TBep.u.oTenLHble .u.eTeKTOpbl, 
clJoTonnaCTHHKH. fipH llOCTaHOBKe 3KCUepHMeHTOB C HOHaMH 
He06XO,IJ,HMO HMeTb B BH.IJ.Y BnH.RHHe BTOpH'IHblX .R,IJ,epHbiX 
B3aHMO,IJ,eHCTBHH npH yqeTe .IJ.03 pa,IJ,HaiJ,HH H Bb16ope HaH-
6onee no.u.xo.IJ..RI.Uero .u.eTeKTopa. lloporOBbie TBep.u.oTenLHLie 
.u.eTeKTOpbi, TaKue KaK cnou HHTpaTa n.ennrono3bl, neKcau 
H ,IJ,p., He'lyBCTBHTenbHbl K nerKHM BTOPH'IHblM 'laCTHIJ,aM, 
COCTaBn.RIOIIJ,HM cPOH. Hx HCUOnb30BaHHe ,IJ,n.R n.eneif HOHHOH 
pa.u.aorpaclJuu no3BOn.ReT nony'laTb H3o6pa>Keuue oco6o Bbl
coKoa KOHTpaCTHOCTH. B liepKnH 6blnH BblllOnHeHbl H3Me
peHH.R TOpM03HOH CUOC06HOCTH pa3nH'IHblX 6uonorH'IeCKHX 
MaTepuanoB, TaKHX KaK KpOBb, M03rOBa.R, MYCKynbHa.R, 
>KHpoBa.R TKaHH, a TaK>Ke p.R.IJ.a .u.pyrux, urparoiiJ,Hx B pa.u.uo
rpaclJuu acnoMoraTenLHYIO ponb: napaclJuua, nrocuTa, nonu-
3THneua, COn.RHblX paCTBOpOB. 
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I13MepeHH.R Ha TaKHX 06'beKTaX, KaK M03r co6aKH, KOpo
Bbl, oau;bl, noKa3anu, 'ITO npu .IJ.03ax pa.u.uau;uu Meuee 
0,05 paO MO>KeT 6b1Tb 06Hapy>KeHO pa3nH'IHe B nnOTHOCTH 
Meuee 20/o. B CB.R3H c nonyqeaHeM TaKHX o6ua.u.e>KHBaiOIIJ,HX 
MeTO,IJ,H'IeCKHX pe3ynbTaTOB B 1976 r. B JloypeHCOBCKOH 
na6opaTOpHH /14/ C llOMOI.UbiD HOHOB 6blnH Ha'laTbl HCCne
,IJ,OBaHH.R nan.ueHTOB c onyxonLIO MonoquoB: >Kene3b1/coo6-
maeTc.R o 22 cnyqa.Rx/. B p.R.IJ.e cnyqaeB .u.uaruocTupoaa
HHe naTonorH11eCKHX H3MeHeHHH npOH3BO,IJ,HnOCb MeTO,IJ,OM 
llOHCKa aCHMMeTpH'IHblX o6naCTeH npH cpaBHeHHH pa,IJ,HO
rpaMM neaoB: H npaaoil rpy.u.a. B 114/ npe.u.cTaBneubl no.u.o6-
Hble pa,IJ,HorpaMMbl, OHH o6na,IJ,aiOT BblCOKOB KOHTpacT
HOCTbiO. B peanbHblX ycnoBH.RX ,IJ,03bl pa,IJ,HaiJ,HH npH HOHHOH 
pa,IJ,HOrpaclJHH COCTaBnJinH- 0,1 63p. 

KpaTKoe pe3IOMe 3Toii qacTH o63opa CBO.IJ.HTC.R K cne
.u.yromeMy. fipOTOHHO-HOHHa.R pa,IJ,HOrpaclJH.R Tpe6yeT MeHb
WHX .IJ.03 pa.u.uan.uu no cpaaueuuro c peuTreuorpaclJueii. 
Houuble pa.u.uorpaclJuqecKHe H3o6pa>KeHH.R 6onee KOHTpacT
Hbl, 'leM llpOTOHHble. fipOTOHHO-HOHHa.R pa,IJ,HOrpaclJH.R no-
3BOn.ReT .IJ.HcllclJepeHIJ,HpOBa Tb M.RrKHe TKaHH. 3aaepweHHe 
3Ha'IHTenbHOH 'laCTH MeTO,!J,H'IeCKHX HCCne,IJ,OBaHHH ll03BO
nuno Ha'laTL HCllblTaHH.R ua nan.ueHTax. 
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