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1. BseAeHHe _ _ _ . _ 
0AHO_u0· HaH6onee nep'cneKTHBHhlX HanprumeHHH npoTOHHOH Tepa-_ 

nn:n: - ne"leHue onoKa"lecTBeHHblX onyxone:H rnana. C noMo~biO npoToH

HhlX ~Y"lKOB MO)KHO cpopMHpoBaTb p;ooiu.xe nonB: c pe13KHMH rpaHHIJ;aMH, 

~To ~ol3~ons:eT noABOAHTL ahicoKHe p;o13bl :K o61ly"laeMo:H MHWeHH njm 

M~o:H HarpyoKe lia oKpy)K~Ll.\He 13Aopoin>Ie TKa~m; 8To AenaeT BOI3-

--. MO)KHW ripHMeHeiille Kpynaoro cppax~HoaHpoBaHWI, :riorAa aeo6xop;H- _ 

~bi~ p;ns: ne"leaiDI'onyxomi p;o13bl.50:... 70 !penMoryT 6biTb noABep;~Hbi · 
_mi. 4 ~--·5 cppa:KIJ;HH H npop;Oll)KHT~HOC;b Kypca' ne_.qe~WI 6yA~TCOCTa
B~Tb o'l' aecKonbKHxp;ae:H AOHecKon~KHX H~~nl. [1]. . . · · . , 

. Jle"leH.He MeJiaHOMbl I'Jial3a npoTOHHblMH llY"iKaMH MOiKeT C"lHTaTbC.S: 

6AHHM Hl3 aa.H6onee ycnewHblX MeTop;oa ne"leHWI I>axa,H ero peKoMeH

AYIOT ~pOBOAHT~ KaK caMOCTOaienbHOe ne"l~HHe B 80 % 'cny<iaea (AIDI 
·cmA eTo 1500-6o~bHblX a·rop;) [2]; 'IIoo'I!oMy a'6o-l1bWHHCTBe :u;e:HTpoa· 

npoToi:IHOH TepanHH 1I~"leHHio onyxone:H 'rnaoa iAens:eTC.S: 601IbWOe BHH~ 
MaHHe. 1

' 

IlpOAOll)KHTellbHO~Tb o6ny"leHHJI rnaha He p;omKHa npeBbiWaTb He-
. , .. , , I ' .. • ' ' 

CKOllbKHX MHHyT, TB:J< KaK _aHaTOMH"leCKOe CTpoeHHe rn:aoa He noi3BO

JIJI~T :>KeCT.KO 13aKpenHTb ero Ha BpeMJI 06ny"leHWI H M~)KHO TOllbK~-13a
cJ>n:xcn:poaaTb. HanpaaneHHe Bl3r.JIJip;a Ha HeKoTopylo caeT.JII.l.\YIOC.S: ~eTxy. 

. ·B 1987 rop;y B npo:i(eAypHo:H Ka6HHe No;1 K~HHHKo-cp~13H"lecKor~ 
xoMmi~xca JUIII ORHH 6bln ccpopMHpoaa'a_npoToHHhlli ny"l~K co cpep;

He:H a~eprHen 100 MaB c ~op;H4)H~HpOBaHHon_cpopM~R_KpHBOR Bparra. 

[3]. 0AHaKOrnpH 13aMeAJICHHH nY"'Ka 660 MeB AO CP~AHeH aaeprHH 100 
, , • f .. · . ·. . I ' ,, , , , ' ' 

MaB ero HliTeHcHBHOCTb B peoynbTaTe HeynpyrHX .JIAepHblx Bl3aHM0-

Aei1ci:BHn c :Bell\eCTBOM 13aMep;miTens: cyll\eCTBeHHo CHH)KaeT~, a: TaK)Ke ·- .· -·>·-, ,- . , v\ ·_' . , 1 • ; • • • • •· ', 

yaen:H"lHBaeTc.s: cpaooBblH'o6'beM nY"'Ka, "'TO npHBo;I(HT :rc 6ol1bWHM no-_: . . ' ~ 

TepJIM npH er,o TpaHcnopTHpOBKe B npo~eAYPHYJO Ka6HHy no :UMeiDI.l.\e-
Myc.s: cpoxycHpyJOI.l.\eMy xaaany. Moll\HOCTb p;013bl Taxoro ny"l:Ka aa nno., 

- CKOH · BepwHHe MOAHcpH:u;MpOBal:IHOH KpHBoH Bperra cocTaBIDieT acero 

0,3 f'p/M:mi./MKA. IlpH eToM p;nHTellbHOCTb ceaiica liY"leBoro n:e-.leHHJI 
rnRI3a cocTaa.JIJieT oKono 30 MHHyT, "'To :Rans:eTc.s: aenpueM:n:eMblM. · _ 

TnKHM ~6paooM, Hl3:-13~ HeAOCTaT~"lHOH HHTCHCHBHOCTH ccpopMHpo

BaHHoro ny"l:Ka OKai3MOCb HCBOOMO)KHblM · ero e(pcpeKTHBHOe HCnOJI_b- -

130BaHHe. AIDI n:y:<ieao:H TepanHH rnaoa. B. HOBOH cxeMe cpopMHpOBaHWI 

ny"lKa C IJ;enhiO UOBblWCHIDI ero HHTCHCHBHOCTH 6blJIO YMCHbWCHO pac-
\ 
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CTOJIHlle, Ha KOTOpoe /];Oll)KCH TpaHcnopTHpOBaTbC.S: ny"lOK, a TaK)KC 

Hcnonbi30BaH CHllbHocpoxycHpyiOI.l.\liH KBaApynonbHbiH AY6rreT ,II;4 Tllna 

15K50 c anepTypo:H 15 eM, c noimll\biO KOToporo p?-:JMep ny~Ixa B Kpoc

coBepe 6bln yMeHbWeH AO paoMepoB oxono 10 MM:. Bee aTo nooaonHno 

YBeJIH"lliTb MOI.l.\HOCTb ·p;013bi B nY"iKC B HCCKOllbKO p;eC.S:TKOB pa13. 

2. <l>opMHpOBaHHe IIY''IKa 
CxeMa cpopMHpoBaHIIJI nY"lKa npHaep;eHa Ha pnc.l. · Bbiaep;eHHblH HO 

KaMepbi cpaooTpoHa npoTOHHbiR ny"loK c aHeprHeii 660 M~B oTKJIOHJI

eTcJI Ha yron 6° MarHHTOM OM-1H ABYMH p;y6neTaMH KBaApynol1bHbiX 

nHHI3 ,II;1 li ,II;2 cpoxycHpyeTcJI Ha axop; yrnepop;Horo oaMep;nn:TeiDI. ,II;Ba 

MarHHTa - OM-1(2) li BKM cny)KaT p;nJI xoppeKTllpOBKH nono)KeHWI 

ny"lKa Ha Bxop;e yrnepop;Horo oaMep;nHTeJIJI. 

3aMep;neHHbiH p;o Heo6xop;HMOH cpep;HeR 9HeprHH npOTOHHbiH ny"loK . 

oTKJIOHJieTcJI MarHHTOM Cll-37 Ha yroix oKono 30° li lj>oxycHpyeTc.s: . 

KBaApynonbHbiM p;y6neTOM ,II;4 Ha paCCTOJIHHll OKOJIO 500 MM OT Kpall 

nHHI3bi B xa6HHe No.7. B peoynbTaTe oaMep;neHHJI ny"loK HMeeT wn:

poxoe aHepreTH"lecKoe pf.cnpep;eneHHe,n npH noaopoTe ny"lxa npoHn

aop;IITCJI ero MarHIITHbiH aHMHI3. illHpHHa 9HepreTII"leCKOI'O pacnpe

p;eneHHJI ny"lxa nocne MarHW~Horo a~ann:oa onpep;eJIJieTcJI panMepaMH 

xonnn:MaTopoa, ycTaHaBliiiBaeMbiX p;o II nocne noaopoTHoro MarHHTa . 

B AaHHOM cny"lae Bapbn:poaann:cb paoMepbi TOllbKO xonmiMaTopa, pac

nono)KeHHoro Herrocpep;cTBeHHo 13a oaMep;nn:TeneM. 

B pe13ynbTaTe III3MepeHHH 6bln HacTpoeH lj>oeycnpyiOI.l.\IIH KaHan II 

ocyll\eCTBneH nepBbiH aTan lj>opMn:poaaHWI rrpoTOHHbiX ny"lKOB npii 

Tpex OHa"leHHJIX cpep;Heii aHeprHII npoTOHOB- 70, 85 H 100 MaB. 

3. XapaKTepHCTHKH ny'IKa . -
Bbinii Hccnep;oBaHbi ocHOBHble napaMeTpbi ny"lKOB npii Tpex 

nHa"leHWIX cpep;HeH eHeprnll npoToHOB- 70, 85 li 100 MeB. ,II;ns: :3TMX 

ny"lKOB C nOMOI.l.\blO HI30/];0130I'pacpa [4] MIIHHaTIOpHbiM nonynpOBOAHll

KOBbiM p;eTeKTOpOM 6blllll lli3MepeHbi ll130AOI3Hble pacnpep;eneHIIJI B BOI3-

p;yxe H a BOAe. IIo HOOAOOHhlM pacnpeAen:eHWIM a B013Ayxe MO)KHO onpe

p;enliTb nono)KeHHe xpocco~epa ny"lim. lloop;onHoe pacnpeAeneHHe A.JIJI 
ny"lKa c aHeprHeH 70 MeB B ropH130HTaJibHOH nno~KOCTII B aop;e npH.: 

Bep;eHO Ha pliC. 2. ~a 9TOM )KC pucyHKC npHBC/];CHO ropH130HTMbHOe 

· ~- · -a ·f....,..... 
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Pnc.l. CxeMa cpop:t'tUiponann:.H npoTonnoro nyqKa 
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11nop;onHoe pacnpep;eneH11e B Bonp;yxe, 113 KoToporo onpep;eneHo, 'ITO 

ny'IOK o6panyeT KpOCCOBep Ha paCCTOHHIUI 50, Cl\f OT Kpali JI11H3bl .IJ:4, 

B BepT11KaJibHOll nJIOCKOCT11 ny'IOK npaKT11'!eCK11 napanJieJibHblll. 

Ha p11c.3 npimep;eHo nonepe'!Hoe ce'!emre ny'!Ka, 113MepeHHoe 6en 

BbiXO)l;HOrO KOJIJI11MaTopa B.MeCTe pacnOJIO)KeH11H KpOCCOBepa, pa.nMepbi 

ny'!Ka no 50% 1130ypoBHIO COCTaBJIHioT, 6 MM no rop1130HTaJI11 11 9 MM 

no BepT11KaJIIL 

Ta6rr.l. OcHoBHh!e rrapaMeTpoi rrry6IIHHDIX ;a;onHoiX 
u . 

pacrrpe;a;erreHIIII 

8Hepr11H KoJIJI11Ma Top an,MM Dmax/Dnx. Psx .• rp/M11H/MKA 

70 M:3B p;11aMeTp 8 CM 3,3 3,05 10,2 

30 MM * 60 MM 2,3 3,33 6,2 

20 MM * 60 MM 2,0 3,38 4,0 

85 MaB p;11aMeTp 8 CM 4,5 3,0 14,7 

30 MM * 60 MM - - 8,5. 

20 MM * 60 MM - - 6,2 

100 MaB p;11aMeTp 8 CM 6,0 3,0 17,0 

Kp11Bble Bparra 11 113op;o3Hbie pacnpep;eneH11H 113MepHJI11CI:. B Bo

p;HHOM <f>aHToMe, np11' TaKoM ero nono2KeH1111, np11 KOTopoM n11K Bparra 

coBMe~ancH c KpoccoBepoM ny'!Ka. OcHOBHbie napaMeTpbi rrry611HHbiX 

p;onHbiX pacnpep;erreHnii - p;11cnepcmr npo6era an, OTHorneHIIe p;onb! B 

n11Ke Bparra K BXOp;Hoii gone Dmax/ Dsx. II MO~HOCTb )l;O:Jbl Ha Bxop;e 

Kp11Boii Bparra Psx., HopM11poBaHHble Ha 1 MKA 11HTeHC11BHOCT11 Bb!Be

p;eHHoro 113 <f>a.noTpoHa ny'!Ka, np11BO)l;HTCH B Ta6rr.l. Ha puc. 4 np11-

Bep;eHbi Kp11Bble Bparra p;nH ny'IKOB c aHeprnHM11 70 11 100 MaB. 

4.Mop;u<t>uKan;u.JI nuKa Bparra 
.IJ:nH O)l;HOpOp;Horo o6Jiy'!eH11H MIIllieH11 o6bi'IHO IICnOJib:JyeTCH MO)l;11-

<f>n~11poBaHHOe rny611HHoe p;onHoe pacnpep;eneHne. Ilpn aToM ynK11ll niiK 

Bparra npeo6pa.nyeTcH B op;Hopop;Hoe p;onHoe pacnpep;eneH11e c nnocKoii 

BeplliiiHOll, npOTJIJKeHHOCTb KOTOpoll COOTBeTCTByeT pa.nMepaM o6ny
'!aeMOll M11llieH11, 11 KpyTbiM cnap;oM p;o:Jbi na Hell:. Ha116onee npocTbiM 

MeTop;o:M: Mop;n<f>nKa~nn miKa Bparra HBJIHeTCH 11cnoJib30BaHne rpe6eH

'!aToro <f>nJibTpa. 
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fpe6eH'1aTbiH !fiiiJibTp - 9TO ycTaHaB:rllBaeMbiH Ha ITYTII ny'1Ka na
Mep;rriiTCllb crro:amoii Kon<Pnrypa~nn; Torr~nna KOToporo panmi'lHa B 
panrrll'lHhiX y-qacTxax ,anepTyphl KaHan:a .. 'tf:acTu npoTOHHoro ny'1Ka, 
npornep;nme panmr'lnyro Ton:~nny Be~ecTna rpe6en'1aToro !fiiiJihTpa II 
ocTaBIIBlliUe B HeM panrrii'lnyro 'laCTh Ha"IaJihHoii aneprnn, o6panyroT 
na6op KpiiDbiX Bparra c YMeHhllieHHhiM ocTaTo'lHhiM npo6eroM. Pe
nyrrhTIIpyro~nii nnK ecTh cyMMa a·rux c~e~eHHhiX nnKoB Bparra c ne
::mMep;rrennol'r 'laCThiO ucxop;noro ny'1Ka. c:t>opMa ~pe6en'1aToro !flurrh
Tpa p;orrJKna 6hiTh Bhl6pana ncxop;JI nn:ycrroBIIJI, '1T06hl npornep;wue -qe
pen HerO llpOTOHhi npii CMelliiiBaHIIII B penyJihTaTe MHOI'OKpaTHOI'O Ky
JIOHOBCKOI'O pacceJIHIIJI o6panoBbiBaJIII 6bi nap;aHHOe rrry6IIHHOe )];03HOe 

pa<;npep;en:enne. ,I{JIJI nepez.vwrnnBaHIIJI ny'1Ka, npowep;rnero 'lepen rpe-
6en'1aThiii !flnn:hTp, o6bl'1HO npnMeHJIC'fCJI p;onon:nnTeJihHhiH pacce:naa
Terrh. 

Han6orree npoCThiM II yp;o6HhiM KaK .p;rrJI pac:eToB, TaK II p;rrJI nnro
TonrreHIIJI u ¢opMnpoBanuu p;o;:moro pacrrpe;~;errenua JIBITJieTcJI cTyneH
'laTbiH rpe6en'1aThiH <Pnn:hTp. B •raKoM rpe6eH'1~~oM ¢nrrbTpe npe-

, o6panonanne rrryf?nnnoro p;onnoro pacnpep;erremrJI rrponcxop;IIT B pe
nyrrhTaTe cyMMIIponaHIIJI IIMerou~eucJI ncxop;rroii Kpnaoii Bpnrra c pH
;n;oM TaKIIX 2KC KpliBbiX Bpnrra, CM:C~CHHhiX OTHOCIITeJibHO IICXO;D;HOII 
Ha HCKOTopyiO TOllll!IIHY t1 ·rr c OTHOCIITen::bnoi'r IIHTeHCIIBHO~ThiO Pi, 
KoTopaa orrpep;en:JieTcJI nap~Imrrhnm1: ·· p;orreii iiy...JKa, rrpornep;wero p;an
HYIO TOITll!imy i3e~ecTaa rpe6en'1a::eoro q)nrrhTpa. Korrn'leCTBo · cTyne
nex i onpep;en:JieTcJI cpopMOII ncxop;noii Kpnaml' Bporra·, neo6xop;nMol'r 
rrry6nnoii p;ommro pac~pep;erreH~IJI ir cTerreHhiO .era .op;nopop;nocTII. Ha 
pnc.5 · rrpe;~;cTaarrena Mop;n¢u~nponannau KpiiBM Bparra, norry'len:Haa c 
liCITOllM30BaHIIC~.1 TOllhKO O;D;HOII CTyneHbKli ~pe6eH"I~TOI'O $IIJihTpa ;D;liJI 
ny'lxa c ::meprnel'r 85 MaB. Ha nToM 2rce pncynxe npimep;eHhi 'ucxop;nrur u 
cMe~ennaa Ha TOllll!IIHY 0,9 r/cM2 xpnBhie Bparra, 'a p~nyrrhTaTe cyM
MnponamiJI ICOTOpbiX C OTHOCI!TCllbHhiMI! BeCaMII Pi IlOJIY'leHo MOp;II!fiii-

. I~uponaunoe p;onHoe pacnpep;errenne. Ha pnc.6 npHBO.!l.HTCH ropH3()H-
TarrhHoe unop;onnoe pacnpep;erreuue p;rrJI :::>Taro JKe IIY"!Ka, nnMepennoe 
6e3 BhiXO;Jl;HOI'O KOllliHMa TOp a. 

TaKnM o6panoM, ncnon:h:JVJI npocTeiiwui! rpe6en'1aTbiH !flnn:hTp acero 
.... ._, .< .-, ' • • 

C · O;D;HOII CTJITeHbKOII' MO:IKHO norry'lUTh rrry6I1,HHOe p;o::moe pacnper~;erre-
HIIe C IlliOCI\OII Bepllimtoii OKOJIO 15 MM II HCO;D;HOpO;IJ;HOCTbiO ;JJ;03bi Ha 

. . . 

8 

Y,mm 
620 6 12 18 25 31 37 62 

57 . 57 

51 3S 51 
46 ~~~10-. 46 

40 //;~ ~ \ 40 

35 \\\\ 11 35 

29 Ill! 1\ r 29 
\ II 1\~\\1/l 

24 

18 

13 

7 

20 6 

.\'If/ 
'I 
I 
I. 

24 

1.8 

13 

7 

2 
12 18 25 31 37 X,mm 

PHc.6. l130,IJ;03Hoe pacrrpe,IJ;eJieHHe MO,IJ;H<J>Mn;H
poBaHHoro rrpoTOHHoro rry"tfKa 

neii ± 5%, npoTJIJKeHHOCTh KOTopoii p;ocTaTO'lHa p;rrJI o6n:y'1eHHJI BHy
. TpiirJia3HbiX. MIIllieHeH. 

5. BbiBO;D;bi 

• Panpa6oTaH II pean:unoaan nepBhiH nTan ¢opz.vnrponaunJI npoToH
noro ny'1Ka BhlCOKOH IIHTeHCHBHOcTn c nueprneii 70 - 100 MnB, 
npep;nanna'leHHoro ;o;mr n:e'leHUJI onyxorreii rn:ana; 

Gl llnMepeHbl OCHOBHhle rrapaMeTpbi ITY'lKOB. rrpn Tpex ::JHa'leHl!JIX 
cpep;neii nHepruu npoTonon - 70, 85 n 100 MnB; 

o C noMO~biO rpe6eH~mToro ¢nrrbTpa norry'leua Mop;mJm~nponaH
HM Kpunaa Bpnrra c nrrocxoii BeprnnHoii; 

o Mo~HOCTb p;onhi B c¢opMupoBaHHOM ny"'Ke n HeCK01IbKO p;eCJITKOB 
pan npenocxop;uT MO~HOCTh p;onbl B anan:orii'lHOM ny'1Ke, non:y
'leHIIoM·B Ka6nne No.1, ~To nonnoJIJieT coKpaTHTh p;miTeJibHOCTb 
op;noro ceanca o6rry'1eHUJI rilana ;n;o 1 MIIH. 
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EyrouuoB IO.r. » ):{p. 
YJKHH nyqoK npoToHo8 c ::meprneii 70-100 M3: 
M~ o6nyqeHH~ onyxoneii ma3a 

Ha cpa30TpOHe mm Ol15H1 ccpopMHpOBaH ri( 

CHBHOCTH-C :meprneii 70_:.100 M3B,- npe):{HaJHa< 
maJa._ lhMepeHbl OCHOBHbie napaMeTphl nyqx01 
::JHeprnu npoToHoB: 70; 85 n 100 M::JB. C n 
nonyqeHa Moii.ncpwunposaHH~ KpHB~ Ep::Jrra c n: 
O):{HOro ceaHca o6nyqeHH~ ma3a npH riOJIY'lCHHOI 
cocTaBJI~Tb oKono I MHH .. 

I • • ' • 

· Pa6oTa BblriOJIHeHa B Jla6opaTopm1 .smepHhiX 
., ' ' 

' ' 

Coo6meHHe Ofue)IHHeHHOI'o HHctHIYTa !IUepllbll 

-. llepeBO):{ aBTOpOB 

Budjashov,Yu.G. et al. 
The Narrow 70-100 MeV Proton Beams 
for Eye Tumours. Irradiation.· 

Th~ riarrow 70-100 M~V pr~ton beams fore: 
at the phasotron of the Laboratory of Nuclear PI 
teristics of these beams ar~ measured for energie~ 

, dose distributions with a spread-out-Bragg-peak a 
beams provide the treatment duration less· thap 01 

The investigation has been performed at the 
JINR. I 
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