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MuoroKa6HHHbrll KOMnneKc Jla6oparopHH SiaepHbiX npo6neM Ol15U1 
anSI HCnOnb30BBHHS! TSI>KenbiX 38pSI>KeHHb!X 'IBCTHU B MeaHUHHe 

PaccMaTpHBaiOTCSI nepcneKTHBhr ucnonb30B8HHSI npoToHoa u nu-Me30HOB 

Bb!COKOH 3Hep!"'HH B MeaHUHHe nocne 3BBepweHHSI peKOHCTpyKUHH CHHXpOUHKnO 

TpOHB B CHnbHOTO'IHb!l!: cpa30TpOH H BOnpoCb! C03aBHHSI TpeXKBfiHHHOI"'O KOMn

neKCB anSI ne'leHHS! OHKOnOI"'H'IeCKHX 6onbHblX, 

Pa6ora BhmonHeHa a Jla6oparopHH SiaepHblX rrpo6neM OH .Hl1. 

npenpBRT 061.eJUI&eRROro BBC:TBTYT& aJlepawx BC:CJJeJlOB&Jml • .IJ;y6aa 1978 

Dzhelepov V.P. et al. P16 - 11183 

Many Procedure Room Complex of laboratory of Nuclear 
Problems, .ITNR, for Application of Heavy Charged Particles 
in Medicine 

The perspectives for further application of high energy proton 
and pion beams for medical purposes after the synchrocyclotron 
conversion to a high current phasotron and the organization of 
a three procedure room complex for treating cancer patients have 
been considered. 

The investigation has been performed at the laboratory 
of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06'beQBB6HHbl/l BRCf'Bry'l' !ilQ6pHb1X BCC06QOB8BB/l J1y6B8 

Ilporpecc YCKOpHTem,HOH TeXHHKH H .IJ,OCTWKeHH.II .II.IJ,ep

HOB ~H3HKH nocne.IJ.HHX .IJ,eC.IITHneTHii no3BOnHnH nonyqHTb 

.IJ,eTanbHWe CBe.IJ,eHH.II 0 ~H3HqecKHX CBOHCTBaX nyqKOB T.ll

)l(enwx 3ap.ll)l(eHHWX qacTHU H npe.IJ,CKa3aTb HX Ba)I(HWe 

npeHMyiUeCTBa npH HCnOnb30BaHHH B nyqeBOH TepanHH 

H .IJ.HarHOCTHKe 3noKaqecTBeHHWX o6pa3oBaHHii. B P.II.IJ.e 

HayqHWX UeHTpOB, B TOM qHcne B na6opaTOpHH .II.IJ,epHWX 

npo6neM 06'be.IJ,HHeHHOrO HHCTHTyTa .II.IJ,epHWX HCCne.IJ,OBa

HHH, y)l(e HaKonneH OnWT no nepBOMY KnHHHqecKOMY npH

MeHeHH10 npOTOHOB H Be.IJ,yTC.II pa60TW no H3yqeHH10 B03MO)I(

HOCTH HCnOnb30BaHH.II B nyqeBOH TepanHH .IJ,pyrHX T.ll)l(enWX 

3apJI)I(eHHWX qaCTHU /l-4 /. 

0.IJ.HaKo oKoHqaTenLHoe, cTaTHCTHqecKH o6ocHoBaHHoe 

3aKmoqeHHe 0 npaKTHqecKOH UeHHOCTH nyqKOB T.ll)l(enwx 

3ap.ll)l(eHHWX qaCTHU H HX TepaneBTHqecKHX npeHMyiUeCT

BaX no cpaBHeHH10 C 3neKTpOHHO-~OTOHHWM H3nyqeHHeM 

MO)I(eT 6WTb nonyqeHO TOnbKO B pe3ynLTaTe WHpOKHX 

KnHHHqeCKHX HCnWTaHHH Ha rpynnax nauHeHTOB qHcneH

HOCTbiO B HeCKOnbKO COT qenoBeK no Ka)I(.IJ,OH noKanH3a

UHH 
151

. 
TaKHe KnHHHqecKHe HcnwT&HHJI Haa6onee uenecoo6pa3-

HO OCymeCTBHTb H& .IJ,eiCTB~X HnK peXOHCTpyapyeMWX 

YCKOPHTenJIX 3&pAlKeHHWX q&CTIIU, IICnOJUt3yeMWX B H&CTOJI

mee BpeMJI B OCHOBHOM AnA npoBe.IJ,eHBJI .H3HqecKHX HC

cne.IJ,oBaHaii. B 3TOM cnyqae MO)I(HO orpaHaqaTLca C03.IJ,a

HHeM npHMWK&IOIUero I< YCKOpHTeJIIO cneUH&nH3HpOB&HHOrO 

naBHnbOH& C HeCI<:OnbKHMH neqe6HWMH K&6BH&MH, OCH&IUeH

HOrO He06XO.IJ,HMWM o6opy.IJ,OB&HHeM H annapa Typoi .IJ,nB 

nyqeBOB TepanHH H .IJ,H&rHOCTHKH. 
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fipH TaKOM nOJJ;XOJJ;e oqeBHJJ;Hhl CJieJJ;YJO~He npeHMyi.QeCT-
sa: 

11 Bo Mnoro pa3 yMenLwaeTcJI o6maJI cyMMa 3aTpaT 
Ha npoBeJJ;eHHe WBpOKBX KJIHHBqecKBX BCnLITaHHH. 

21. fipH pa3pa60TKe MeTOJJ;OB JJ;BarHOCTHKH onyxoneii: 
B MeTOJJ;BK OnTHMaJibHOrO nnaHHpOBaHBJI B 06JiyqeHHJI na
UBeHTOB OTKpLIBaeTCJI npJIMOH nyTb K BCnOJib30BaHHIO JJ;JIJI 
3THX ueneii scero naKonneuuoro onwTa 3KcnepnMeHTaJibHOii: 
JIJJ;epuoii: cllB3HKH, a TaK)I(e COBpeMeHHOH H3MepBTeJibHOH 
annapaTypLI H BLiqBCJIBTeJibHOH TeXHHKB, HMeiOIUeHCJI Ha 
JJ;eHCTBYIOIUBX YCKOpBTeJIJIX. 

31 Bo3MO)I(HOCTB nonyqeuuJI na O.IJ.HOM ycxopnTene nyq
KOB 3apJI)I(eHHLIX qaCTBU pa3JIBqHoro BHJJ;a n03BOJIJIIOT ocy
IUeCTBHTb B YCJIOBBJIX OJJ;Horo MHOrOKa6BHHOrO KOMnJieKca 
CpaBHBTeJibHLie KJIBHBqeCKBe HCnLITaHBJI Ha nyqKaX TaKHX 
qacTBU, B, B qacTHOCTB, nonyqHTb pe3yJILTaTLI no BX 
KOM6BHBpOBaHHOMy B03JJ;eHCTBBIO. 

B na6opaTOpBB JIJJ;epuwx npo6neM 06oe.nuuenuoro BH
CTBTyTa JIJJ;epHLIX HCCJieJJ;OBaHBH Ha peKOHCTpyupyeMOM yc
KOpBTeJie 680 M3B B HaCTOJIIUee BpeMJI BeJJ;yTCJI pa60TLI 
no C03JJ;aHHIO MeJJ;nKo-6uonoruqecKoro KOMnneKca c JJ;BYMJI 
npoueJJ;ypHLIMB Ka6BHaMB JJ;JIJI npOTOHHOH TepanBB B OJJ;HOH 
Ka6unoii JJ;JIJI nu-Me3onnoii Tepanuu. 06maJI cxeMa KOMn
neKca noKa3aua na pucyHKe. 

TepanesTuqecKue npoTounwe nyqKu BMeroT cllBKCBpo
sauuoe ropu3onTanLuoe nanpasneuue B nonyqaiOTCJI nyTeM 
3aMeJJ;JieHBJI BLIBe,neHHOrO B3 YCKOpBTeJIJI nyqKa npOTOHOB 
C uaqaJILHOH 3Heprueii: 700 M3B B BHTeHCBBHOCTLIO OKOJIO 
50 MKA JJ;O Koneqnoii: 3Hepruu 200 M3B B nocneJJ;YIOIUero 
cllopMuposanuJI 3aTopMO)I(euuoro nyqKa B axpoMaTuqecKoii: 
CBCTeMe B3 KBaJJ;pynOJILHLIX JIBH3 ~1, ~ 2 , Q1 - Qs B OT
KJIOHJIIOIUBX MarHBTOB M 1 B M 2 .Oco6euuocTbiO 3Toii: cxeMLI 
noJiyqeHBJI TepaneBTBqeCKBX npOTOHHLIX nyqKOB JIBJIJieTCJI 
B03MO)I(HOCTb lilopMBpOBaHBJI B JJ;BYX npoueJJ;ypHLIX noMeiUe
HBJIX MOJJ;BcllBUBposaunoii: KPBBoii Bp3rra c nnocKoii: sep
WBHoii:, npOTJI)I(eHHOCTLIO 5-6 zjc~ B MJirKBX TKaHJIX B 
KPYTLIM 3a,nnuM cllpoHTOM. 3To ocymecTBJIJieTcJI c noMOIULIO 
MarnBTHoro auanu3a I OTKJIOHJIIOIUBe MarHBTLI M 

1 
B M

2 
I, 

B ucnonL30BaHBJI KOJIJIBMaTopos K 1 B K 2 , pacnoJio)l(eHHLIX 
B 06JiaCTB MaKCBMaJILHOH JJ;BCnepCBB B HaCTpOeHHLIX Ha npo-
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nycxauue Tpe6yeMoro cnexTpa qacTHU, swpe3aeMoro H3 
WBpoxoro 3HepreTnqecxoro pacnpeJJ;eneHHJI 3aTopMmKeHHLIX 
npoTonoB. llpoT JI)I(eHHOCTb nnocxoro MaKCHMyMa xpusoii 
Bp3rra MO)I(HO 6yJJ;eT aBTOMaTnqeCKH H3MeHJITb BO BpeMJI 
poTaUHOHHOrO HJIH CKaHHPYIOIUero 06JiyqeHHJI nauueHTOB 
B COOTBeTCTBHH C pa3MepaMH onyXOJIH no HanpaBJieHHIO 
npoTonuoro nyqxa. llpn 3TOM B MaKCHMyMe xpusoii Bp3rra 
o6ecnequsaeTCJI MO~HOCTb JJ;03hl OKOJIO 100 paO/MUH npH 
JJ;BaMeTpe nOJIJI o6JiyqeHHJI JJ;O 6 CM. fiepeBOJJ; nyqxa H3 
o.nnoro npoueJJ;ypnoro noMemeuuJI B JJ;pyroe ocymecTBJIJieTcJI 
nyTeM H3MeHeHHJI TOKa TOJlbKO B OJJ;HOM nOBOpOTHOM Mar-

HHTe M 2 . , 
fipOTOHhl BLICOKHX 3HeprHH C TOqKH 3peHHJI HX B03MO)I(

HOrO HCnOJib30BaHHJI B JiyqeBOH TepanHH JIBJIJIIOTCJI B HaCTO
JIIUee BpeMJI HaH60Jiee H3yqeHHLIMH TJI)I(eJILIMH 3apJI)I(eHHLIMH 
qacTHUaMH. ITo cpasuenHID c nyqxaMH raMMa-xsaHTOB H 
3JieKTpOHOB npOTOHHLie nyqKH HMeiOT cymecTBeHHO nyqmee 
,no3noe pacnpe.neneuue, KOTopoe nerxo no.n.naeTcJI perynu
posaBBIO B COOTBeTCTBBB C TeMB BJIB BHLIMB KJIBHBqeCKBMB 
Tpe6osaHBJIMB BJIB KpBTepBJIMB. 

~JIJI TOrO qyo6LI B nOJIHOH Mepe BCnOJib30BaTb 3TO Ba)I(
HOe npeuMymecTBO npoTOHHLIX nyqxos B wupoxoii KJIBHBqec
xoii npaKTBKe, ueo6xo,nBMLI pa3pa6oTKB aBTOMaTnqecKux 
MeTOJJ;OB yoquoro onpe.neneuuJI noJIO)I(eHBJI onyxonn BHYTPB 
TeJia nauBeHTa B aJJ;eKBaTHLIX MeTOJJ;OB KOHTpOJIJI 3a COBMe
IUeHBeM JJ;03HOrO MaKCBMyMa C onyXOJibiO. 

llepswii war B 3TOM nanpasneuuu 6wn c.nenau B na-
6opaTopuu JI,nepuwx npo6neM OHJIH. llpu o6nyqeuuu ony
xoneii nBIUeBOJJ;a 6LIJI npBMeHeH MeTOJJ; HenpepLIBHOrO poTa
UBOHHOrO o6nyqeHBJI C aBTOMaTuqecKBM y,nep)I(HBaHBeM 
nuKa Bp3rra B npeJJ;enax oqara nopa)l(eHBJI12 •31 . llpu TaKoM 
MeTo,ne B npOCBeT nBIUeBOJJ;a BBO,ZUITCJI MBHBaTIOpHLIH nony
npOBOJJ;HBKOBLIH ,naTqBK, CBrHaJI C KOTOporo BCnOJib30BaJICJI 
,nnJI asToMaTuqecKoro perynuposaHBJI 3HeprBB npoTonnoro 
nyqKa u KOMneucuposaHBJI scex B3Meneuuii reTeporeunocTa 
B rny6BHLI 3aJieraHBJI onyXOJIB npB Ka)I(JJ;OM MaJIOM B3Me
HeHBB noJIO)I(eHBJI 06'beKTa o6nyqeHBJI npB ero BpaiUeHBB. 

MeTo.n nonyquT .nanbueiwee pa3BBTBe B npu npose
.nenuu WBpOKBX KJIBHBqeCKBX BCnLITaHBB B MHOrOKa6BHHOM 
KOMnJieKce na6opaTOPBB JI,nepHLIX npo6JieM OHJIH. B ua
CTOJIIUee speMJI cosMeCTHO c UKB AMH CCCP co3JJ;aeTcJI 
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HOBOe yeTpOBCTBO e eHeTeMOB peHTreHOBeKOB H onTH'IeeKOB 
~eHTpa~HH, n03BOnsro~ee oey~eeTBnSTL poTa~HOHHOe o6-
ny'leHHe onyxoneii enmKHOB filopMbl e aBTOMaTH'IeeKHM 
eOBMe~eHHeM ,II;03HOrO MaKeHMyMa e O'larOM nopa)l(eHHS H 
aaToMaTH'IeeKHM perynHpcaaHHeM WHPHHbl ,D;03Horo MaKeH
MyMa B eOOTBeTeTBHH e filopMOB H pa3MepaMH onyxonH. 
YeTpoiieTao npe.nnonaraeTes yeTaHOBHTL B npo~e.nypHOM 
noMe~eHHH H26 /eM. pUCYHOK/. 

)l;ns Tex noKanH3a~Hii onyxonH, Kor.na npHMeHeHHe 
BHyTpHnonoeTHOrO ,D;aT'IHKa OKa)l(eTes HeB03MO)I(HbiM, HaH-
6onee nepeneKTHaHLIMH MeTo,D;aMH onpe.neneHHS nono)l(eHHS 
H pa3Mepoa rny6oKo 3aneraiO~Hx onyxoneii y)l(e eeiiqae 
SBnSIOTeS MeTO,D;bl npOTOHHOB pa,D;HOrpafiiHH 16-8/. fipH He
nonL30BaHHH 3THX MeTO,D;OB 18 •91 Bee reTeporeHHOeTH H H3-
MeHeHHS TOn~HHbl TKaHeii ,D;nS n1060r0 HanpaaneHHS npOTOH
HOrO ny'IKa MOryT 6biTL TO'IHO onpe,D;eneHbl B e,D;HHH~ax 
npo6era eaMHX npOTOHOB, H Ha 3TOB OeHOBe eoeTaBneHa 
HH,D;HBH,D;yanLHas nporpaMMa .nns poTa~HOHHoro o6ny'leHHs 
na~HeHTa Ha npoTOHHOM ny'IKe. B MHoroKa6HHHOM KOMn
neKee Jla6opaTopHH s.nepHbiX npo6neM OHJIH npe.nyeMoTpe
HO e03,D;aHHe ene~HanH3HpOBaHHOrO npOTOHHOrO ny'IKa 
e 3HeprHeB ,D;O 260 M3B H OT,D;enLHOrO noMe~eHHS ,D;ns 
npoBe,D;eHHS ,D;HarHOeTH'IeeKHX npo~e,D;yp Ha OeHOBe MeTO,D;OB 
npOTOHHOB pa,D;HOrpafiiHH, npH'IeM "npoeBe'IHBaHHe" na~HeH
Ta Ha npoTOHHOM ny'IKe 6y.neT npoH3BO,D;HTLes a.neKBaTHo 
BLI6paHHOMY enoeo6y o6ny'leHHS, T .e. Kor.na 6onLHoii Haxo
,D;HTes B nonO)I(eHHH eH,D;S. 

B .nononHeHHe K 3TOMY HaMe'laeTes npHMeHeHHe Me To
,D;OB pa,D;HOH30TOnHOB ,D;HarHOeTHKH Ha OeHOBe HenonL30Ba
HHJI KOpOTKO)I(HBY~HX pa,D;HOHyKnH,D;OB, KOTOpble MO)I(HO 6y
,D;eT Hapa6aTbiBaTL B ,D;OeTaTO'IHOM KOnH'IeeTBe Ha HHTeH
eHBHbiX npOTOHHbiX ny'IKaX eHnLHOTO'IHOrO fila30TpOHa Jla6o
paTopHH s.nepHbiX npo6neM OHJIH. 

Ha TepaneBTH'IeeKHX npoTOHHLIX ny'IKax MHoroKa6HH
Horo KoMnneKea Jla6opaTopHH s.nepHLIX npo6neM OHJIH 
B nepayro oqepe.nL npe.nnonaraeTeJI npoaeeTH WHPOKHe KnH
HH'IeeKHe HenbiTaHHS Ha TaKHX noKanH3a~HSX, KaK onyXOnH 
nH~eao.na, nerKoro, ropTaHH, nonoeTH pTa H HoeornoTKH. 
llocne 3aaepweHHS pa3pa6oTOK H BHe.npeHHs MeTo.noa npo
TOHHoii pa,IJ;HOrpafiiHH CTaHeT B03M0)1(Hb1M o6ny'leHHe H ~e
noro ps.na .npyrHx rny6oKo 3aneraJO~Hx onyxoneii, TaKHX, 
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KaK paK no,II;)I(eny.no'IHoii )l(ene3bl, npoeTaTLI, MO'Ieaoro 
ny3Lips H ,D;p./. 

lloMHMO .nayx TepaneBTH'IeeKHx npoToHHbiX ny'IKOB B 
MHOrOKa6HHHOM KOMnneKee Jla6opaTOpHH S,D;epHLIX npo6neM 
OHJIH 6y.neT TaK*e co3.nau KnHHH'IeCKHii ny'IOK OTpH~a
TenLHbiX nH-Me3oHoB. CxeMa ero paenono)l(eHHS noKa3aHa 
Ha pUCYHKe. MeTO,D; filopMHpOBaHHS TaKoro DY'IKa OeHOBaH 
Ha HCDOnL30BaHHH WHpOKoyronLHOB MarHHTHOB nHH3bl, Bnep-

Bble pa3pa6oTaHHOB H HenLITaHHOB B Jla6opaTOPHH S,D;epHbiX 
npo6neM ,D;ns nony'leHHS HHTeHeHBHLIX ny'IKOB nH-Me3o
HOB /4/. B HOBOM BapHaHTe ,D;nS npOTOHHOrO ny'IKa C 3Hep
rHeii 700 M3B H HHTeHCHBHoeTLIO 30 MKA, na.naro~ero 
Ha MHWeHL H3 BOnLfilpaMa pa3MepoM 3x3x3 CM 3 , TaKaS 
nHH3a n03BOnHT nony'IHTL DY'IOK OTpH~aTenLHbiX nH-Me-
30HOB CO ene.nyro~HMH napaMeTpaMH: 3HeprHS DH-Me30HOB
.no 80 M3B, HHTeHCHBHOCTL ny'IKa nH-Me30HOB- 1,5.109c-1, 
cpe,D;HSS nnOTHOCTL IIOTOKa - 2.10 7 CM - 2 C -l, MaKeHManL
HaS nnOTHOeTL OeTaHOBOK B BO,D;e - 2.106 Z ·lc ·l, MO~OeTL 
,D;03LI B MaKCHMyMe ,D;03Horo paenpe.neneHHS - .no 
100 pao/MUH, nno~a.nL nonepe'IHoro ceqeHHS ny'IKa B o6-
naeTH Kpoeeoaepa llH- Me 30HHOB nHH3Ll - 80 CM 2. 

B BLI6paHHOM aapHaHTe nony'leHHJI KnHHH'IeeKoro nyq
Ka OTpH~a TenLHbiX nH- Me 30HOB WHpOKOyronLHaS MarHHT
HaS nHH3a filoKyeHpyeT Me30Hbl BepTHKanLHO BBepx B npo
~e,D;ypHoe DOMe~eHHe, pacnonO)I(eHHOe Ha BTOpOM 3Ta)l(e 
DpHeTpOBKH. llpH 3TOM nH-Me30HLI 6y,D;yT DpOXO,II;HTL qepe3 
OTBepeTHe B BepxHeii 'laeTH )l(ene3HOrO SpMa nHH3bl H C06H
paTLCS B filoKyce, pacnono)l(eHHOM sue MarHHTHoro nons 
nHH3Ll Ha onpe,D;eneHHOM paCeTOSHHH OT nona BTOporo 
3Ta)l(a. 3TO npe,D;CTaBnSeTeS Y,D;06Hb1M C TO'IKH 3peHHS 
yeTaHOBKH CBepxy CHCTeMLI peHTreHOBCKOB H onTH'IeCKOB 
~eHTpa~HH na~HeHTa, pa3nH'IHOrOIOCTHpOBO'IHOrO,,D;03HMeT
pH'IeeKoro H .npyroro acnoMoraTenLHoro o6opy.noaaHHs, 
a TaK*e .nns o6ny'leHHs 6onLHoro, Haxo.ns~erocs B HaH-
6onee 6naronpHSTHOM nono)l(eHHH - ne)l(a. 

llocne 3aaepweHHs Heo6xo.nHMbiX pa,D;H06HonorH'IeCKHX 
3KenepHMeHTOB Ha 3TOM nH-Me30HHOM ny'IKe npe,D;nonara
eTCS npoBe,D;eHHe WHpOKHX KnHHH'IeeKHX HCnbiTaHHB Ha cne
,D;YW~HX MHWeHSX: 3nOKa'leCTBeHHble onyxonH HOCornOTKH, 
nonoeTH pTa, ~HTOBH,II;HOB H CniOHHOB )l(ene3, MOnO'IHOB 
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)Kene3LI, nH~eao.na, nerKoro, no,D;)Keny,noquoii: )Kene3LI, npo

cTaTLI H ,np. 

IlpH llOnHOM HnH qacTHqHOM TOPMO)KCHHH BLIBC.D;CHHOrO 

H3 ycKopHTemi npoTOHHoro nyqKa c 3HeprHeii: 700 M3B 
H HHTCHCHBHOCTbiO .D;O 40 MKA B03HHKaeT HanpaaneHHLIB 

Bnepe,n MO~LIB llOTOK 6biCTpLIX HCBTpOHOB C WHpOKHM 

:mepreTHqecKHM cneKTpoM, annoTb .no 3HeprHH 700 M3B, 
H MO~OCTbiO .D;03bl Ha paCCTOJIHHH OKOnO 30 M OT 3aMe,D;

nBTenJI .no 25 pao/..wuH/10,11~TaKoii: nyqoK 6blcTpblx ueii:T

pouoa 6y.neT nonyqaTbCJI o.nuoapeMeHHO c TepaneaTHqec

KHMH npOTOHH~MH nyqKaMH H MO)KCT npe,D;CTaBnJITb 

3HaqHTCnbHbiB HHTepec B pa,D;H06HOnOrHqecKOM H KnHHHqec

KOM nnaHe KaK HCTOqHHK pa,nHaUHH C BbiCOKHMH 3HaqeHHJI· 

MH nHHCBHbiX llOTepb 3HeprHH, HMCIO~HB 6naronpHJITHOe 

.D;03HOC pacnpe,neneHHC C WHPOKHM MaKCHMYMOM Ha rny6HHC 

10-20 CM B MJirKOB TKaHH 1111 . 

B MHOrOKa6HHHOM KOMnneKce Jia6opaTOpHH JI.D;CpHbiX 

npo6neM 01UIH npe.nycMaTpHBaeTcJI TaK)Ke npoue.nypuoe 

noMe~eHHe H213/cM. pucyHoK/, npe.nua3uaqeuuoe ,nnJI npo

ae.neHHJI raMMa·TepanHH C UCnbiO H3yqeHHJI MCTO.D;HKH KOM-

6HHHpOBaHHOrO npOTOHHOro- H raMMa·o6nyqeHHJI, a TaK)Ke 

,nnJI Hcnonb30BaHHJI a KpaB:ueM cnyqae, KaK pe3epauoro 

HCTOqHHKa H3nyqeHHJI. 

Ilocne 3aBepweHHJI peKOHCTPYKUHH CHHXPOUHKnOTpOHa 

Jia6opaTopHH JI,nepHbiX npo6neM OHJIH a cHnbHOTO"'HbiB 

4la30TpOH H C03,D;aHHJI MHOrOKa6HHHOrO KOMllnCKCa llOJIBHTCJI 

peanbHaJI B03M0)KHOCTb O.D;HOBpCMCHHOrO HCDOnb30BaHHJI 

BbiBC.D;CHHOrO H3 YCKOpHTCnJI MO~OrO llpOTOHHOrO nyqKa 

KaK ,nnJI Hccne.noaaHHB no JI,nepuoii: 4>H3HKe, TaK H ,nnJI ueneii: 

OHKOnOrHH. TaKaJI B03M0)KHOCTb MO>KCT 6b1Tb peanH30BaHa, 

..1 Puc. 06JIIQJI CXeMa MHOZOKa6UHHOZO KOMnAeKca Jla6opa

., mopuu JIOepHbiX npo6AeM OH.RH OAJI ucnoAb306aHUJI IIJIJICeAbiX 
30pJIJICeHHbiX. '4QCIIUl# 6 MeOUijUHe. 1 - lllepane611U'4eCKUe 
npOIIOHHble ny'4KU; 2 - nu- Me30HHbiU ny'40K 6biCOKOU UH
IIeHCU6HOCIIU OAJI Ay'4eeou •epanuu; 3 - ny'4oK OAJI npolloH
Horl paouozpag;uu; 4 - Herl•POHH~>Irl ny'4oK; 5,6 - npoijeoyp
HbJe Ka6uHbl OAJI npoiiOHHou 11epanuu; 7 - npoijeoypHaJI 
Ka6uHa OAJI nu- ..we30HHOU •epanuu; 8 - noMeJIIeHue OAJI 
ouazHOCIIUKu; 9 - po•aliUOHHble KpecAa, 10 - peHIIZeHoecKue 
ijeHIIpaiiOpbl; 11 - oniiU'4eCKUe ijeHIIpOIIOpbl; 12- npoijeoyp
Hble CIIOAbl; 13 - npo11eoypHaJ1 Ka6uHa OAJI za..w..wa- •epa
nuu; 14 - nyAbii06QJI KOMHalla; 15 - MQAQJI 3BM. 
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ecnH Ha HaqanhHOM yqaCTKe BhiBO~a npOTOHHOrO nyqKa 

DOMeiUaeTCJI ~OCTaTOqHO TOHKaJI MHWeHh, BTOpHqHhle qac

THU.hl H3 KOTOpOH HCDOnh3YIOTCJI B 4JHJHqecKHX 3KCDepH

MeHTaX, a npowe~HH qepe3 MHWeHh npOTOHHhiH nyqoK -

MJI Me~HKo-6uonoruqecKHX uccne~oaaHHii nu6o a npo

TOHHOM, nH60 B nH-Me30HHOM BapHaHTe. KpoMe TOrO, 

DO~rOTOBKa 60nhHOrO K o6nyqeHHIO B O~HOM H3 npou.e~yp

HhiX DOMeiUeHHH MO)I(eT npOH3BO~HThCJI BO BpeMJI o6nyqeHHJI 

~pyroro 6on&Horo a coce~Heii Ka6HHe. Bee 3TO npuae~eT 

K 3aMeTHOMY DOBhiWeHHIO 34l4JeKTHBHOCTH HCDOnh30BaHHJI 

BpeMeHH pa60Thl YCKOpHTenJI, B TOM qucne OTBO~HMOrO 
MJI o6nyqeHHJI 6on&HhiX. 

B HaCTOJIIUee apeMJI Ha nnoiUa~Ke MHoroKa6HHHoro 

KOMnneKca Jla6opaTopHH JI~epHhiX npo6neM OHJIH Jaaepwa

IOTCJI CTpOHTenhHhle pa60Thl B DpHCTpOHKe K 3~aHHIO YCKO

pHTenJI, a KOTopoii: pa3MeiUaJOTCJI ace npou.e~ypHhle Ka6u

Hhl, KOMHaThl ~nJI o6cny)I(HBaJOIUero nepcoHana H no~co6-

Hhle DOMeiUeHHJI. 0KoHqayenhHOe BpeMJI BBO~a MHOrOKa6HH

HOrO KOMDneKCa B DOCTOJIHHYJO 3KCDnyaTaU.HIO onpe~enJieT

CJI cpoKaMH JaaepweHHJI peKOHCTPYKU.HH acero ycKopuTenJI. 

MHoroKafiHHHhiH KOMDneKC Ha 6a3e CHnhHOTOqHoro 4Ja30-

TpoHa Jla6opaTopHH JI~epHhiX npo6neM OHJIH noJaonHT 

OCyiUeCTBHTh nporpaMMY WHpOKHX KnHHHqeCKHX HCDhiTaHHH 

H nonyqHTh npaKTHqecKHe peKOMeH~aU.HH ~nJI HCDOnh30Ba

HHJI HOBhiX B~OB pa~HaU.HH B nyqeaoii: TepaDHH. 
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