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.QanbHe:Hwax pa6or 

B pa6ore aaercg OITHCBHHe Me.QHUHHCKO~o nporoHHo~o ny'IKa CHHXpOUHKno

rpoHa Ha 680 MaB Jla6oparopHH H.QepHhiX npo6net.~: 011Hl1 H peaynbTBThi e~o Hc

nonbaoaaHHH B Jiy'IeBOH TepaiiHH OHKOnO~H'IeCKHX 60nbHb!X, TipHBO.QHTCH CBe.QeHH.II 
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S u m m a r y 

The medical proton beam of the 680 MeV syn
chrocyclotron of the Laboratory of Nuclear 
Problems, JINR, has been described. The re
sults of its application for treating cancer 
patients have been presented. The method of 
producing a high energy pion beam from the 
680 MeV accelerator aimed at bio-medical 
research and physical investigations has 
been presented. The basic properties of the 
beam have been reported. The preliminary re
sults of radiobiological experiments perform
ed by using this beam are presented. The per
spectives for further application of high 
energy proton and pion beams for medical pur~ 
poses after the synchrocyclotron conversion 
to a high current phasotron and the organiza
tion of a three procedure room complex for 
treating cancer patients have been consider
ed. 

$1. Meouf#UHCKuii npo•oHHt.lii ny'IOK Jla6opa•opuu 
JJoepHt.IX npo6AeM OHJIH u pe3yAt.•a•t.• ezo 
ucnoAt.3oeaHUJI e AY'Ieeoii •epanuu 
OHKO.IIOZU'IeCKUX 60./lbHWX 

B aacToJimee speMJI xopowo B3BeCTHbl Te npeaMymecT
sa, KOTOpble MOryT 6biTL nony'leHbl DpB BCDOnL30BaHBB 
TJI)I(enbiX 3apJI)I(eHHbiX 'laCTHU BbiCOKOB 3HeprBB B ny'leBOB 
Tepanaa a paABOHeiTpoxapypraa. Bnepsble aa 3TO 6blno 
yKa3aao BanLcoaoM eme s 1946 roAy /I/. llpaMeaeaae 
npoTOHOB B MeA&naae JIBnJieTCJI cei11ac aaa6onee peanLHbiM. 
OnbiT noKa3b1BaeT, 'ITO npa o'leHL cKpOMBbiX KanaTanosno
)l(eHBJIX MO)I(HO DOny'IBTL TepaneBTB'IeCKBe DpOTOHHble DY'IKB 
npaKTB'IeCKH oT nro6oro H3 AeicTsyromax ycKopaTenei aa 
3Hepraa BbiWe 100 M3B. 

To6aiec a Jloypeac 121 nepBbiMB acnonL30BaJIH AnJI 
paAao6aonora1feCKBX accneAOBaaai B 1952 rOAY ny'IKB 
DpOTOHOB, AeiTpOHOB B anL~-'IaCTBU OT CBHXPOUBKnOTpOHa 
B BepKJIH. llOA06Hble pa6oTbl aa npoToaax c 3Hepraei 
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190 M3B Ha'laJlll nposo~HTLCJI B msei{HH c 1956 ro~a Jlap
COHOM / 3/ o KJIHHH'IeCJ<He HCCJie~oBaHHJI no npHMeHeHHIO 
npOTOHOB BLICOI<HX 3HeprHH B Jiy'leBOH TepanHH Be~yTCJI 
KHJIL6eproM / 4/ c 1959 ro~a B rapsap~CI<OM YHHBepcHTeTe 
cmA ua CHHXPOUHI<JIOTpoue c 3Heprueii 160 M3B. 0CHOBHLIM 
uanpaBJieHHeM 3THX HCCJie~OBaHHH 6LIJIO ycnewuoe HCnOJIL· 
3osauue Y3I<HX ny'II<OB TJI)I(enwx 3apJI)I(euuwx 'laCTHU MJI 
ueneii pa~uoueiipoxupypruu. 

Ilepswii B CoseTci<oM Co103e ye~HUHHCI<Hii npoTouuwii 
ny'IOI< 6LIJI C03~au Ha CHHXPOUHI<JIOTpOHe 680 M3B B Jl'~?
paTOpHH JI~epuwx npo6neM OHJIH /)l.y6ua/ B 1967 r. . 
rnasuoii uenLIO uaMe'leuuoii nporpaMMLI pa6oT no npoTou
uoii TepanHH 6LIJIO HCnOJIL30BaHHe WHpOI<HX npOTOHHLIX 
ny'II<OB ~JIJI o6ny'leHHJI rny6oJ<o pacnoJIO)I(euuwx onyxoneii 
6oJILWHX pa3yepos. 

B I<ouue 1965 r. H B uaqane 1966 r. B Jla6opaTopuu 
JI~epuwx npo6neM OHJIH 6wJIH npose~euw npe~sapuTeJILHwe 
3I<CnepHMeHTLI /6/ no BLIJICHeHHIO B03MO)I(HOCTH noJiy'leHHJI 
npoTouuwx ny'II<OB c . 3Heprueii OT 100 ~o 200 M 3B 
nyTeM TOPMO)I(eHHJI B no~xo~JI~eM se~ecTse swse~euuoro 
H3 yci<opHTeJIJI npoTouuoro ny'II<a c 3Heprueii 670 M3B. 
Pe3yJILTaTw 3THX :JI<cnepHMeuToB oi<a3aJIHcL o6ua~e)I(HBaiO
~MH, H B ~aJILueiiweM c uenLIO co3~aHHJI uau6onee 6naro
npHJITHwx ycnosuii ~JIJI npose~eHHJI B Jla6opaTopHH JI~epuwx 
npo6JieM Me~lco-6HOJIOrH'IeCI<HX HCCJie~OBaHHH 6LIJIO npe~
JIO)I(eHo/7/ BLIBeCTH 3aTOpMO)I(eHHLIH ny'IOI< npoTOHOB B H30· 
JIHpOBaHHOe 3I<CnepHMeHTaJILHO•J<JIHHH'IeCJ<Oe noMe~eHHe, 

pacnoJIO)I(euuoe 3a ua~e)I(HOH 6eTouuoii 3a~Toii, a MJI 
yBeJIH'IeHHJI HHTeHCHBHOCTH npOTOHHOrO nyqJ<a B MecTe 
pacnoJIO)I(eHHJI o6nyqaeMoro o6~ei<Ta ua nyTH TpaucnopTu
poBI<H ny'II<a yct'auosuTL llloi<ycupyiO~ii I<auan H3 pJI~a 
MarHHTHLIX I<Ba~pynOJILHLIX JIHH3 COBMeCTHO C Bai<YYMOnpo
BO~OM. 

B uacToJI~ee speMJI o6~aJI cxeMa nonyqeuuJI, liloPMHpo
BaHHJI H TpaucnopTHpOBI<H npOTOHHOrO ny'II<a C 3HeprHeH 
oT 100 ~o 200 M3BswrnJI~HT cne~yiO~M o6pa30M I puc. 1/. 
Bwse~euuwii H3 Bai<yyMuoii I<aMepw yci<opuTeJIJI npoTouuwii 
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Puc. 1. 06111a.11 cxeMa ~opMupo6aHUJI •epane6111U'IecKozo 
np01110HHOZO ny'IKQ U pacnOAOJICeHUe KAUHU'IeCKOZO noMe111e· 
HUJI 6 30QHUU CUHXPOliUKA0111pOHQ Jla6opa111opuu JIOepHbiX 
npo6AeM OHJIH. BKY - 6aKYYMHa.ll KaMepa ycKopu111eA.II; 
OH - 0111KAOH.1110f11Ue HacaoKu; P - 6bl6eOeHHblll npo1IIOHHblii 
ny'IOK c 3Hepzueii 680 M3B; MKJI - MaZHU111Ha.ll Kaaopy
noAbHa.ll AUH3a OAJI ~oKycupo6KU nep6U'IHozo ny'IKa; T~ -
1110PM03JifiiUU ~UAb111p; OM - 0111KAOHJIIOfiiUU MQZHU111; K -
KOAAUMQ1110pbl; BT - 6QKYMHblii 111paK111; M~JIHK.- MQZHU111-
Hble ~OKYCUPYIOIIIUe AUH3bl np01110HHOZO KaHaAa; 3B - 3Qf11U111· 
Hwe 6opo•a; )(A - 003UMe111pU'IecKa.ll annapa111ypa; PK -
po111QI#UOHHOe KpeCAO; "1 " - npOI#eOypHaJI; "2" - nyAb· 
111060.11; "3" - KOMHQ111Q MeOUI#UHCKOZO KOH111pOAJI nai#UeH11106. 
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ny'loJC c 3Heprae:i 680 M3B tiK>KycapyeTcJI napoA: :w:arHBTHWx 

JCBa.Qpynom.Hwx JJBH3 Ha Top:w:o3JIUUI:i 41am.Tp B3 )KB.QJCoro 

napa41BHa BnB BO.QW TOJlii(IIHOA: OJCOnO 1,5 M. 3aTOpMO)I(eHHWe 

npOTOHW C UOMO~.biO OTJCnOHJIIO~ero :w:arHBTa O'IB~IOTCJI 

OT UpB:W:ecei UOCTOpOHHBX 'laCTBU, a 3aTeM TpaHCUOpTBpy

IOTCJI Ha paCCTOJIHBB OJCOno 30 M B ICJJBHB'IeCJCOe no:w:e~eHBe. 
~JI UOny'leHBJI He06XO.QBMOi BHTeHCBBHOCTB UpOTOHHOrO 

UYlfJCa B npone.QypHo:w: no:w:e~eHBB Ha seeM nyTB TpaHcnop

TBPOBJCB UY'IJCa YCTaHOBneHW CeM.b :w:arHBTHWX ICBa.Qpynom.

HWX JJBH3 C anepTypoA: 12 CM, a .QnJI BCICniO'IeHBJI pacceJIHBJI 

UpOTOHHOrO UY'IJCa B B03.Qyxe CMOHTBpOBaH BaJCyy:w:onpOBO.Q 

C UOnHOB .QnBHOH 26 M, OTJCa'IBBaeMWH .QO .QaBneHBJI HB)I(e 

1 MM Hg. 
DonuaJI BHTeHCBBHOCT.b 3a TopMO)I(eHHoro npoTOHHoro 

ny'IJCa c 3Heprae:i 185 M3B Ha awxo.Qe 4loKycspy10~ero 
KaHana UpB OUTBMan.bHOM 3Ha'leHBB TOJCa B036y)I(,QeHBJI B 

MarHBTHwx nBH3ax npaMepuo a 10 pa3 6on~:.we, qe:w: npa 

BWJCniO'IeHHWX MarHBTHWX nBH3aX, a UnOTHOCT.b UOTOJCa 

UpOTOHOB B03pacTaeT UpB 3TBX ycnOBBJIX npBMepHO B 

40-50 pa3. ,lJ;Ba:W:eTp 3a TOpMO)I(eHHOrO UY'IJCa UpOTOHOB 

B ~OJCan.bHOi UnOCJCOCTB UOCne.QHeH nBH3W COCTaBnJieT 4-
5 c.w, a yrnoaaJI pacxo.QBMOCTb upa6na)l(aeTCJI JC ±1 o. 

A6conJOTHaJI aeJJB'IBHa nonuoA: BHTeHCBBHOCTB B nnoTHo

CTB UOTOJCa 6wna B3MepeHa HeCJCOnbJCBMB MeT~.QaMB, pe3ynb

TaTw JCOTopwx coanana B upe.Qenax 10~15 . Ups 3HeprBB 

npoTOHOB 185 M3B nonuaJI BHTeHCBBHOCTb B MaJCCBManL

HaJI UnOTHOCTb UOTOJCa COCTaBnJIIOT, COOTBeTCTBeHHO, OJCOnO 

109 ceK-1
a 5.10 7 c.w-2 ceK-1• BpeMeHHaJI CTPYKTypa aw

Be.QeHHoro npoTOHHoro ny'IJCa/B/ xapaJCTepH3yeTCJI HaJJB'IH

eM cryCTICOB 'laCTBU, BMe.I()IUBX .QJJBTenbHOCTb 160 MKCeK 
B cne.QYIOUUIX .Qpyr 3a .QpyroM qepe3 Ka)I(.Qwe 8 .weeK. Ka)I(.Qwi 

TaJCOH CryCTOIC B CBOIO O'lepe.Qb pa36BBaeTCJI Ha MBICpo

cryCTICB .QJJBTenbHOCTbiO OJCOnO 1,5.10-8 CeK B paCCTOJIHBeM 

Me)I(.Qy UOCne.QOBaTenbHWMB MBICpocryCTJCaMB 7 ,1.10-8 ceK. 
Bpe:w:eHHaJI CTPYKTypa ny'IJCa 3aTopMO)I(eHHWX upoTOHOB He 

UpeTepneaaeT CJCOnbJCO-HB6y.Qb C~eCTBeHHWX B3MeHeHBB. 

TaJCoi ny'IOJC ups o6ny'leHBB 6onbHWX B 6aonora'leCJCBX 

06'beJCTOB MO)I(HO C'IBTa Tb npaJCTB'IeCJCB HenpepWBHWM BO 

apeMeHB a 3TO oupe.QenJieT TaJCYIO cy~ecTBeHHYIO oco6eH

HOCTb Me.QBUBHCJCOrO UpOTOHHOrO UY'IJCa Jla6opa TOpBB JI.Qep-
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HWX npo6neM OHJ.IH, KaJC B03MO)I(HOCTb yupaaneHBJI napa

MeTpaMB UY'IJCa Ha OCHOBe MeTO.QOB o6paTHOB CBJI3B. 

3JCcnepBMeHTanbHO- KJJBHB'IeCJCOe UOMe~eHBe COCTOBT 

B3 HecJConLJCBx JCOMHaT: npone.QypHoi, uno~.QbiO 18 .w 2 , 

npe.QHa3Ha'leHHoii .QnJI pa3Me~eHBJI uanaeHTa so apeMJI 

o6ny'leHBJI B He06XO.QBMOrO .Q03BMeTpll!z'leCJCOro o6opy.Qo

BaHBJI; nynbTOBOH, nno~a.QbiO B 10 M , B ICOMHaTW .QnJI 

Me.QBUBHCJCOrO ICOHTpOnJI 3a 6onbHWMB. ,lJ;nJI o6ecne'leHBJI 

pa.QBanaoHHoi 6e3onacHOCTB o6cny)KBBaiO~ero nepcoHana 

nynbTOBaJI ICOMHaTa OT.QeneHa OT UPOUe.QypHOH 6eTOHHOB 

3aUUITOi TOnliUIHOi OJCOnO 1 M, a UpOXO.Q Me)I(.Qy 3TBMB 

JCOMHaTa:w:a so apeMJI ceaHca o6ny'leHBJI nepeiCpwaaeTcJI 

UO.QBB)I(HOA: 3aUUITOH B3 6eTOHHWX 6nOJCOB TOnliUIHOA: OJCOnO 

60 c.w. CyMMapHaJI .Q03a no HeA:TpoHa:w: B raM:w:a- JCBaHTaM 

B nynbTOBOA: ICOMHaTe BO BpeMJI o6ny'leHBJI 6onbHOrO MeHJI· 

eTCJI B pa3HWX TO'IJCaX OT 0,3 .QO 2,2 M63p/'laC, T.e. HBr.Qe 

He npeawwaeT npe.QenLHO .QonycTBMoro ypoBHJI. ITo:w:e~eHBJI 

HB)I(Bero 3TalKa, pacnono)l(eHHwe no.Q npone.QypHoA: B nynb

ToaoA: ICOMHaTaMB, BMeiOT aaanorB'IHYIO nnaHBPOBJCY B OCHa

~eHW peHTreHOBCICBM o6opy.QOBaHBeM .QnJI cpaBHBTenbHOrO 

B3y'leHBJI pa.Qao6aonora'lecJCoro B03.QeicTBBJI raMMa-JCaaH

TOB B UpOTOHOB. 

B npone.QypHoA: B nynLToaoA: JCOMHaTax pa3Me~eHo .Qo-

3BMeTpB'IecJCoe, IOCTBpOBO'IHOe B BCUOMOraTenbHOe o6opy

.QOBaHBe, npe.QHa3Ha'leHHOe .QnJI JCOHTpOnJI 3a XO.QOM o6nyqe

HBJI 60nbHWX B 6BonorB'IeCJCBX 06'beJCTOB Ha Me.QBUBHCICOM 

npoToHHOM ny'IJCe 191 I puc. 2/. ,ll;n• B3MepeHBJI a6conJOTHoii 

B OTHOCBTenbHOA: BHTeHCBBHOCTeii UpOTOHHOrO Uy'IJCa BC

nonL3yeTcJI UBJJBH.Qp Cl>apa.QeJI B nnocJConapannenbHWe BOHB-

3anaoHawe KaMepw. Pacnpe.QeneHae .Q03W a TJCaHe3JCBasa

neHTHWX ~HTOMaX OUpe.QenJieTCJI C UOMO~biO UO.QBB)I(HWX 

:w:anora6apBTHWX KpeMHBeawx .QeTeJCTopoa. B PJI.Qe cnyqaea 

.Q03a B OUYXOJJB B3MepJieTCJI Henocpe.QCTBeHHO ICpeMHBeBWMH 

.Q03BMeTpa:w:a, BBe.QeHHWMB B nonoCTb qenoaeqecJCoro Te

na /lO/. 3TH .QeTeJCTOpW U03BOnJIIOT TO'IHO HaBeCTB UBIC 

Iip3rra Ha O'lar uopalKeHBJI. BJCniO'IeHae B OTJCniO'IeHBe ycJCo

PBTenJI B OTUYCJC 3a.QaHHOH .Q03W UpOB3BO.QBTCJI aBTOMaTB

'IeCJCB B3 nynbTOBOH ICOMHaTW. flonepe'IHOe Ce'leHBe nyqJCa 

UO.Q6BpaeTCJI B COOTBeTCTBBB C ~OpMOH OUYXOJJB B pery

napyeTCJI UpB UOMOUUI CnenaanbHOrO JCOnJJBMaTOpa, COCTaB

neHHOrO B3 Ha6opa UO.QBB)I(HWX nnaCTBH. JionbHOB BO BpeMJI 
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Puc. 2. 06111a.J1 cxeMa pacnoAoxeHU.JI ~oauMe•put~ecKoiJ, 
IOC•Up060'1HOU U ecnoMoza•ellbHOU annapa•ypw 6 KIIUHU
t~eCKOM noMeJIIeHUU 3~QHU.JI CUHXPOIIUKAO•poHa Jla6opa•opuu 
.JI~epHbiX npo6AeM OHJIH, Bll - eaKyyMonpoeo~; K - KoA
AUMa•op; HK - UOHU3cJfiUOHHQ.JI KaMepa; nrz, - no~BUJICHbiU 
tjaH•oM ua nAeKcuzAaca; PK - po•ar~uoHHoe KpecAo; ~rz, -
fiUIIUH~p tflapa~e.JI; llC - nepUCKOnut~ecKa.JI cuc•eMa Ha6AIO
~eHU.JI aa o6Ayt~aeMbiM o6'beK•oM; ll3 - no~euxHa.JI 6e•oH
Ha.JI aa111u•a; P~ - peH•zeHoecKuiJ r~eH•pa•op c •eAeeu
auoHHoiJ yc•aHoeKoiJ /•eA./; TY - •eAeeuauoHHa.JI yc•aHoeKa 
~A.JI Ha61110~eHU.J1 aa 6oAbHbiM; HY - ny11r.• ynpaeAeHU.JI. 
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06ny'leHBJI c)BKCBpyeTCJI B Kpecne, KOTOpOe MOlKeT nepeMe
maT&CJI B ropB30HTaJI&HOB B BepTBKaJI&HOB nJIOCKOCTJIX B 
aaToMaTB'IecKB noaopa'IBBaT&CJI a npe,l\enax aw6pauuoro 
yrJIOBOrO BHTepBaJia BOKpyr aepTBKaJI&HOB OCB. IOCTBpOBKa 
6on&uoro ua ocu npoTouuoro ny'IKa oc~eCTBJIJieTCJI c no
MO~&ID OnTB'IeCKBX ~eHTpaTOpOB, Jiy'leB Jia3epa B peHTre
HOBCKOrO annapaTa C 3JieKTpOHHOOnTB'IeCKBM YCBJIBTeJieM 
JIPKOCTB B3o6palKeHHJI. Ha6JIID,l\euue 3a 6on&HWM so apeMJI 
ceauca o6ny'leHBJI npOB3BO.l\BTCJI C nOMO~&ID 3aMKHYTOB 
TeJieBB3BOHHOB ycTaHOBKB B 3epKaJI&HOB nepBCKOnB'IeCKOB 
CBCTeMW. 

06nyqeuue 60JI&HWX npOBO,l\BTCJI KaK B CTaTB'IeCKOM 
pe)I(BMe, KOr,l\a 3a,l\auuaJI .l\03a ,l\aeTcJI c O,l\Horo BJIB ue
CKOJI&KBX noJieB, TaK B B pe)I(BMe pOTa~BB, KOr,l\a na~BeHT 
BO BpeMJI 06Jiy'leHHJI Bpa~aeTCJI BOKpyr BepTBKaJI&HOB OCB, 
npoxo,l\JI~ei 11epe3 ~euTp onyxonu. Ilocne,l\HBB MeTo~- MeTo~ 
uenpepwauoro poTa~uouuoro o6nyqeuuJI npoToHaMB rny6oKo 
pacnono>Keuuwx onyxonei c aaToMaTB'IeCKBM y~ep>KuaauueM 
npu 3TOM nuKa lip:Jrra B npe~enax oqara nopa>KeHBJI -
pa3pa60TaH B npBMeHeH Ha Me,l\B~BHCKOM npOTOHHOMny'IKe 
Jla6opaTopuu JI~epuwx npo6neM OHJIH anepawe a MBpoaoii 
npaKTBKe I 10/. 

Ha nyTu K rny6oKo pacnoJiolKeuuoii onyxonu TJilKenwe 
3apJI>Keuuwe qacTB~w ~OJDKHW nepece'l& "cnoeuwii nupor" 
B3 pa3JIB'IHWX no nJIOTHOCTB B KOHc)Brypa~BB TKaHeii. IlpB 
3TOM npaaun&uoe pacnono>Keuue ~03Horo MaKCBMyMa BHYTPB 
o6.,eKTa o6nyqeuu.11 Tpe6yeT TPY.l\OeMKBX awqucneuui, Ko
Topwe K TOMY lKe ~aiDT MaJiyiD TO'IHOCT&. KpoMe Toro, 
B3BeCTHWe MeTO~W npOTOHHOH TepanBB He no3BOJIJIIOT npB
MeHJIT& no,l\BBlKHoe o6nyqeuue, TaK KaK ,l\JIJI :noro ueo6xo
.l\BMO uenpepwauo Y'IBTWBaT& u KOMneucupoaaT& B3MeHeHBJI 
reTeporeHHOCTB, TO~HW OT,l\eJibHWX TKaHeii B rny6BHW 
3aJieraHBJI onyXOJIB npB KalK~OM MaJIOM B3MeHeHBB nOJIOlKe
HBJI 06.,eKTa 06Jiy'leHBJI . 

0CHOBHaJI B~eJI HOBOrO MeTO,l\a 06Jiy'leHBJI 3aKJIID'IaeTCJI 
B TOM, 'IT06W no~ KOHTpOJieM ~03BMeTpB'IeCKOrO ~aT'IBKa, 
BBe~eHHOrO BHyTpb o6.,eKTa o6Jiy'leHBJI, 3aCTaBBT& nBK 
lip:Jrra qenuoquoo6pa3HO Ka'laTbCJI a npe,l\enax naTonoru
qecKoro oqara, uenpepwauo "npocTpa'IHBaJI" onyxonb oT 
rpauu~w ~o rpauu~w. 
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llpHH~HnaanLHas cxeMa qenHoqHo-poTa~oHHoro o6ny
qeHHS H3o6pa>KeHa Ha puc. 3. Ha nyTH ccllopMHpo:sa.HHoro 
KOnnHMaTOpOM Ill nOTOKa napannenLHLIX MOH03HepreTH
qeCKHX 3aps>KeHHLIX qacTH~ 121 noMeJ.QeH nnocKonapan
nenLHLI:ii BO)VILIB nor noTHTenL 131, ~HCTaH~HOHHO ynpaB
nseMLI:ii npa noMOIQH npaao~a I 41. 

BHyTpL o6"LeKTa o6nyqeHHS 151, B ~eHTP onyxona 161, 
IHanpHMep, B npOCBeT nHJ.QeBo~al, BBe~eH MHHHaTIOpHLIB 
nonynpoao~HHKOBLI:ii ~03HMeTpaqecKH:ii ~a TqHK 17 I. Bo apeMs 
o6nyqeHHS TOniQKHY nornoTHTens 131 HenpepLIBHO H C paBHOB 
CKOpOCTLIO TO yaenaqaaaiOT, TO yMeHLWaiOT, 3aCTaBngg nHK 
lip3rra nepeMeJ.QaTLCS BHYTPH o6'LeKTa o6nyqeHHS a~onL 
OCH nyqKa. 3a cqeT o6paTHOB CBS3H Me~y CHrHanOM ~aTqa
Ka 17 I H npaao~oM I 41, MO>KHO 3acTaBHTL nHK lip3rra He
npepLIBHO KaqaTLCS B rpaHH~aX onyxonH 161 HnHaBTOMaT:H· 
qeCKH HenpepLIBHO COBMeJ.QaTL 3a~aHHYIO TOqKy KpHBOH 
lip3rra c MecToM pacnono>KeHHS ~a TqaKa 17 I. 

MeTO~ n03BOnSeT npHMeHSTL KaK CTaTaqecKyiO, TaK H 
poTa~OHHYIO TeXHHKY o6nyqeHHS - BpaJ.QaS 06'LeKT o6nyqeHHS 
151 "no~ nyqoM" TaK, qTo6LI ~aTqHK 17 I ace apeMs coana

~an C OCLIO poTa~HH. 
AaToMaTaqecKas perynapoaKa nono>KeHHS ~o3Horo MaK

CHMyMa n03BOnSeT nOnHOCTLIO H36aBHTLCS OT BHeCeHHS 
nonpaao:v. Ha reTeporeHHOCTL TKaHei H H3MeHeHHe rny6HHLI 
3aneraHHS onyxona B Tene na~HeHTa. 

MrHoBeHHLie TOniQKHLI nornoTHTens 131 MS Ka~oro 
Manoro yrna noaopoTa ot;'beKTa o6nyqeHHS 151 3anHCLIBaiOT
cs so apeMs nepaoro ceaHca o6nyqeHHS Ha npoH3BonLHOM 
HOCHTene HHcllopMa~HH 181 H BOCnpOH3BO~STCS CHHclla3HO 
c noaopoTOM o6"LeKTa 151 npa cepaa nocne~yiOIQHX ceaHCOB 
cllpaK~HOHHpoaaHHOrO oonyqeHHS. B 3TOM cnyqae nono>KeHHe 
o6"LeKTa o6nyqeHHS Ha poTa~HOHHOM cTeH~e npa nocne~yiO
J.QHX ceaHCaX o6nyqeHHS ~On>KHO CTpOrO COOTBeTCTBOBaTL 

nono>KeHHIO BO BpeMS pe>KHMa 3anHCH. 
llonyqeHHe KpHBLIX lip3rra H ~03HLIX pacnpe~eneHHB 

B TKaHe 3KBHBaneHTHLIX cpe~ax npOBO)VITCS C nOMOIQLIO 
HOHH3a~HOHHLIX KaMep H nonynpOBO)VIHKOBLIX ~03HMeTpOB 
Ha cllaHTOMaX H3 nneKCHrnaca HnH C BO~SHLIM HanonaeHHeM, 
TOpM03HaS cnoco6HOCTL KOTOpLIX MS BLICOK03HepreTHq
HLIX npOTOHOB BCero Ha 3~ OTnaqaeTCS OT TaKOBOB MS 
MSrKOB TKaHH. 3neKTpOMeXaHHqecKaS KOHCTpyK~S nepe-
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Puc. 3. Hpu&~unuaA~tHa.Jr cxeMa 'leAHO'IHo- po•a&IUOHHozo Me
•ooo o6Ay'leHU.Jr. 1 - KO.II.IIUMa•op; 2 - ny'IOK npo•oHoe; 
3 - MOCKo- napaAAeA~tHWil soc>Nwil noz.11o•u•eA1>; 4 - 3./leK•
ponpueoc>; 5 - o6-..eK• o6Ay'leHU.Jr; 6 - onyxo.111>; 7 - eHy•pu
noAoc•Hoil c>o3UMe•p; 8 - Kpuea.Jr ze•epozeHHoc•u s Hocu
•eAe UH-OpMO&IUU. 
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Me(UeHHJI AaT'IHKa B BOAJIHOM cllaHTOMe n03BOnJieT OCy(UeCT
BnJITL KaK CKaHHPYIOIUee ABH)I(eHHe, TaK H He3aBHCHMLie 
nepeMemeHHJI AaT'IHKa-A03HMeTpa no TpeM B3aHMHo-nep
neHAHKynJipHLIM HanpasneHHJIM. 06pa60TKa A03HMeTpH
qecxoii HHcllopMau;aa a nocTpoeHae H30A03HLIX xapT AnJI 
rOMOreHHOH cpeALI npOH3BOAHTCJI aBTOMaTH'IeCKH Ha CBJI3H 
c 3BM "MaHcx-22" /10/. 

Pe3ynLTaTw A03HMeTpaqecxax H3MepeHHii noxa3ana, 
'ITO npH OnTHManLHOM pe)I(HMe nHTaHHJI nHH3 WOKYCHpyJO
ID;ero KaHana MOIUHOCTL A03LI B 6p3rrOBCKOM MaKCHMyMe 
COCTaBnJieT OKOnO 300 pao/MUH npH 3HeprHH npOTOHOB 
185 M3B H OKOnO 120 pao/MUH npH 3HeprHH npOTOHOB 
90 M3B. 0THoweHHe A03LI B naxe lip3rra K BXOAHOii A03e 
npH 3HeprHH npOTOHOB 185 M3B COCTaBnJieT B BLI6paHHOM 
MeTOAe WOpMHpOBaHHJI ny'IKa BCero 1,6 H o6ycnosneHO 
6onLWOH 3HepreTH1feCKOH AHCnepcaeii 3aTOpMO)I(eHHOro nyq
Ka, HaxanJIHsaeMoii B npou;ecce 3aMeAneHHJI nepBH'IHLIX 
npOTOHOB. r ny6HHHLie A03Hble pacnpeAeneHHJI 3a TOPMO)I(eH
HOrO ny'IKa npOTOHOB H3MepJinHCL C nOMOIULIO HOHH3aD;HOH
HLIX, nonynpOBOAHHKOBLIX H TXaHe3XBHBaneHTHLIX AeTeXTO
pOB H, C y'leTOM nonpaBXH Ha XOA C )l(eCTXOCTLIO H TXaHe-
3KBHsaneHTHOCTL, o6Hapy)I(HBaiOT xopowee cornacae s npe
Aenax HeCXOnLXHX npou;eHTOB, XaK AnJI OTHOCHTenLHOH 3a
BHCHMOCTH, TaX H a6COJIIOTHOH BeJIH'IHHLI nornomeHHOH 
A03LI /II/. ,l(03HOe none BLICOX03HepreTH'IHLIX npOTOHOB 
nO'ITH n;eJIHKOM onpeAenJieTCJI HOHH3aD;HOHHLIMH noTepJIMH
nepBH'IHLIX npoTOHOB nyqxa. BxnaA BTOPH'IHLIX qacTHD; B 
A03HOe pacnpeAeneHHe, H3MepeHHLIH nonynpOBOAHHXOBLIM 
cnexTpOMeTpOM, B cornaCHH C cymecTBYIOIUHMH TeopeTH
'IeCXHMH OD;eHXaMH / 12/, COCTaBnJieT OXOnO 1 0~ OT nonHOH 
A03LI npoTOHHoro nyqxa. 

ITepsoHa'lanLHO nocTpoeHae A03HLix Tonorpacllo-aHaTo
MH'Iecxax xapT AnJI pa3JIH'IHLIX ycnOBHH o6ny1feHHJI npOH3BO
AHnocL py'IHLIM cnoco6oM 113/. B HacToJimee speMJI pa3pa-
6oTaHa nporpaMMa pac'leTa H30A03HLIX xapT Ha 3BM 
li3CM -6 B nnOCXOCTH cpe3a Tena 6onLHOrO AnJI pa3nH'IHLIX 
BapHaHTOB MHOrononLHOrO H poTaD;HOHHOrO o6ny1feHHH. llpo
rpaMMa CyMMHpyeT A03HLie nonJI AnJI 3aAaHHLIX Hanpasne
HHii npoTOHHoro nyqxa c y'leTOM xpasH3HLI nosepxHOCTH 
Tena H ero reTeporeHHOCTH. 
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3xcnepHMeHTanLHLie nposepxH TO'IHOCTH nOCTpOeHHJI 
A03HLIX pacnpeAeneHaii Ha nonepe'IHLIX cpe3ax Tena qeno
sexa, BLinOJIHeHHaJI Ha reTeporeHHLIX TKaHe3XBHBaneHTHLIX 
cllaHTOMaX, noKa3ana, 'ITO xapT~ H30A03 AJIJI OAHOnOnLHOrO 
H MHorononLHoro o6ny1feHaii HMeiOT norpewHOCTL He 6onee 
10-15~ /10,13,14/. 

MeAHnHHCKHii npoTOHHLiii nyqox JUIIT OHJIH HMeeT no
CTOJIHHoe cTporo cllaxcaposaHHoe ropH30HTaJILHoe Hanpas
neHae. Pa6o1fee speMJI Ha nyqxe BLIAenJieTcJI ABa pa3a 
B HeAeJIIO. 3TH ABa 06CTOJITenLCTBa onpeAenHnH CXeMy 
o6ny1feHHJI 6onLHLIX B nono)l(eHHH CHAJI B nnaHHpOBaHHe 
o6ny1feHHJI no THny xpynHoro cllpaxnaoHaposaHHJI 7l3/. Ha 
OCHOBe nony'leHHLIX napaMeTpOB MeAHD;HHCXOrO npOTOHHOrO 
nyqxa 6LIJIH BLI6paHLI OCHOBHLie HanpasneHHJI XnHHH'IeCXHX 
HCCJieAOBaHHH - o6ny1feHHe WHpOXHMH npOTOHHLIMH ny'IXaMH 

TaXHX onyx~neii, xax PlJ~.fs<~)>TaHH, capKOMa XOCTeii, pax 
namesoAa a pax nerxoro 

IlpoBeAeHHIO KnHHH'IeCXHX HCCneAOBaHHH npeAWeCTBOBa
JIB paAH06HOJIOrH1feCXHe 3XcnepHMeHTLI no onpeAeJieHHIO 
OTHOCHTenLHOH 6aonorH1feCXOH 3cllclleXTHBHOCTH /01i3/ npo
TOHOB B pa3JIH'IHLIX yqacTXaX XpHBOH lip3rra no OTHOWeHHIO 
x 180 KB peHTreHoscxoMy H3nyqeHHIO. Ha MeAHUHHCKOM 
npoTOHHOM nyqxe c 3Hepraeii 180 M3B 6wna H3y1feHa Oli3 
B 3aBHCHMOCTH OT nHHeHHOH noTepH 3HeprHH /JII13/ npOTO
HOB B AHana30He 0,7 - 2,3 K3B/MK B OTHOWeHHH XPOMO
COMHLIX a66epaD;HH H B03HHXHOBeHHJI nHXH030B B XJieTxax 
XOCTHOrO M03ra MLIWeii H onyxoneii /JIHMWOCapXOMa IlnHC
ca/. 

Ilo xpaTepaJO AereHepau;aa HopManLHLIX a onyxoneswx 
KJieTox Oli3 npoToHoB s yxa3aHHOM AHana3oHe JII13 He 
pa3JIH1faeTCJI. Ilo XpHTepHIO XpOMOCOMHLIX nepeCTpoex B 
KJieTXRX KOCTHoro M03ra 01)3 npOTOHOB B naxe H Ha cnaAe 
XPHBOH lip3rra no OTHOWeHtiiO X TRXOBOH Ha BXOAe pasHa 
1,3 /IS/.Iiwno TaK)I(e noxa3aHo, 'ITO Oli3. npoTOHOB B naxe 

lip3rra no OTHOWeHHIO X 180 KB- HOMY peHTreHOBCXOMy H3ny
'leHHIO no CTeneHH nOARBneHHJI nOCTTpaBMa TH'IeCXOH pereHe
pan;HH ne'leHH COCTaBnJieT 0,8/16{Taxoe cna6oe H3MeHeHHe 
Oli3 so sc"eii o6nacTH xpasoii lip3rra o6'LJICHJreTcJI 6onLwoii 
3HepreTH1feCXOH AHCnepcaeii 3RTOpMO)I(eHHOrO nyqxa npo
TOHOB H, XaX cneACTBHe 3TOrO, pa3MR3RHHOCTLIO naxa 
lip3rra. 
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C ,D.eKa6pJJ 1967 r. no 31 BIOnJJ 1974 r. Ha Me,nBI(BHCKOM 
npOTOHHOM ny'IKe n.Hn OHJIH npoBe,neaa ny'leBaJJ TepanBJJ 
84 60nLHhiM 3nOKa'leCTBeHHhiMB onyxonJJMB pa3nB'IHhiX noKa
HB3a~Hi. 3a 4-12 ae.nenL cyMMapaaJJ ,no3a aa oqar .noBo
.nBHaCL .no 4000-75000 pao npa pa3oBwx ,no3ax 600-
400 pao. Ceaacw o6ny'leHBJJ o6wqao cne.noBanB 2 pa3a 
B He,D.eHIO. 

He,nocTaTOK BMeBWBXCJJ ,D.aHHhiX 0 KHBHB'IeCKOM npBMe
HeHBB WBpOKBX ny'IKOB TJJ)I(eHhiX 3apJJ)I(eHHhiX 'laCTB~ ,nHJJ 
npJJMoro o6ny'leHBJJ 3noKa'lecTBeaawx onyxoneB, a TaK)I(e 
OTCYTCTBBe C06CTBeHHOrO onwTa 3aCTaBBHB Ha'laTL C o6ny
'leHBJJ npOTOHaMB noBepXHOCTHO pacnono)l(eHHhiX onyxoneB, 
TaKBX, KaK MenaHOMa KO)I(B TynOBB~a C MeTaCTa3aMB BHB 
6e3 MeTacTa3oB B peraoaapawe 30Hhl, pei(B.D.BB MenaHOMhl 
KO)I(B, MeTaCTa3hl paKa B HBMtilaTB'IeCKBe Y3Hhl no,D.Mblllle'I
HOB o6nacTB, conaTapaaJJ peTBKynocapKoMa B o6nacTB mea. 
flpB npOTOHHOB TepanBB 8 TaKBX na~BeHTOB He Ha6HIO,nanOCL 
o6~X p<~aKTBBHhiX JJBneHBB, He MeHJJnCJJ COCTaB KpOBH. 
Ha nonJJx o6ny'leHHJJ pa3BHBancJJ cyxoB BHB oqarOBhiB 
BHa)I(HhiB 3nH,nepMBT, 3aKaH'IBBaBWBBCJJ B Te'leHHe 1- 3 He
.nenL nocne oKOH'IaHBJJ o6ny'leHHJJ. llepe3 3-4 MecJJ~a ua 
KO)I(e OCTaBanaCL cna6aJJ nBrMeHTa~BJI B ,D.BCXpOMBJI. PeaK
TBBHhle JJBHeHBJI CO CTOpOHhl onyXOHB H HOpManLHhiX TKaHeB 
6hlnB a,neKBaTHhl norno~eHHOB ,D.03e B3ny'leHHJI. 

no noBO.D.Y MenaHOMhl I 1- III CTa.nBBI B ee MeTacTa30B 
y 4-x 6onLHhiX npoTOHHYIO TepanBIO npBMeHJJHB npe.nonepa
llBOHHO. B pe3ynLTaTe o6ny'leHHJJ onyxonL yMeHLmanacL 
B 1,5-2,5 pa3a. racTonoraqecKoe accne.noBaHBe TKaHeB, 
y.naneHHwx qepe3 3,5-6 He.nenL nocne o6ny'leHBJJ no.nTBep
,nBno Bwpa)l(eHHoe ny'leBoe noBpe)l(,neaae onyxona. 3a)I(BB
neHae onepa~BOHHOB paHw, KaK npaBano, npoxo.nano nepBH'I
HhiM HaTJJ)I(eHBeM. 

flocne o6ny'leHBJI npOTOHaMB MeTaCTa30B paKa B HBM
tilaTB'IeCKHe y3nw IY 2 6onLHwxl, 6wna .nocTBrHyTa pe-
3op61(BJJ onyxonB. 

Bwpa)l(eHHhiB npoTBBoonyxoneBhiB 3c)clleKT nony'leH TaK)I(e 
npa npoTOHHOB Tepanaa onyxoneB onopaoro annapaTa y .D.BYX 
6onLHhiX, HMeBWBX pe~B,D.BB CHHOBBaHLHOB capKOMhl H OC
TeoreHHYIO capKOMY. 

HaKonneHHhiB OnhiT no3BOHBn nepeBTH K npOTOHHOB Tepa
naB paKa ropTaHB, na~eBo,D.a B nerKoro. 
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flpB npOTOHHOB TepanBB nepBhiX 10 6onLHhiX, o6ny
qaBWBXCJJ no nOBO,D.y paKa ropTaHB, npBMeHJJHB CYMMapHhle 
oqaroBwe .D.03hl 5500-7500 pao, npa pa3oBwx oqaroBwx 
,no3ax 500-600 pao. 06ny'leHae Bena 2 pa3a B He,neHIO 
BnB 3 pa3a B 2 He,D.enB, B OCHOBHOM C 2- X 60KOBhiX noneB, 
pa3MepOM 6x8 - 8x10 CM. Y BCeX 3TBX 6onLHhiX l6onL
WBHCTBO KOTOphiX BMenB paK ropTaHB III CTa,nBBI onyxonL 
ac'le3.na, y3nw aa wee nepecTanB naJJLnaposaTLCJJ. Jiwno 
.nocTBrHyTo aenocpe,ncTBeHHoe B3neqeaae. B .nanLHeBweM 
pe~B.D.BBhl onyxona He B03HBKanB. O,nBaKo qepe3 3-6 MecJJ
~eB nocne o6ny'leHBJI y na~BeHTOB nOJIBBnBCL ny'leBhle 
nepBXOH,D.pBThl, KOTOphle noTpe6oBanB ,D.OnOHHBTenLHOrO ne
'leHBJI. 1ie3 pe~B.D.BBa ana MeTacTa3oB 6onee 5 neT Ha6HIO
,naiOTCJJ Tpoe 6onLHhiX. 

KpoMe Toro, e~e 'leTBepo 6onLHwx, BMeawax paK 
ropTaHB Ill CTa,D.BB, nony'IBnB npOTOHHYIO TepanBIO npe,n
onepa~BOHHo I cyMMapHaJJ oqarosaJJ ,no3a 2800 - 4400 pao, 
pBTM o6ny'leHBJJ - no 400 pao 2 pa3a B He,neHIOI. MecTawe 
peaKTBBHhle JIBHeHBJI 6hlnB yMepeHHhiMB. 06~X peaKTBBHhiX 
JJBneHBB He 6wno. Bee 3TH na~aeHThl aa6HIO,naiOTCJJ 6e3 
pei(B,D.BBa BHB MeTaCTa30B OKOnO 3- X neT. 

flpOTOHHaJI TepanBJJ paKa nB~eBO,D.a Ill-IV CTa,nBB npo
BO,nBnacL 33 6onLHhiM. nu~eao.n o6ny'lanB nonJJMB 5x10 -
5x7 CM, pacnonO)I(eHBhiMB B 2-3 3Ta)l(a B,D.OnL ,D.HBHHBKa 
na~eao.na. CoBMe~eaae nBKa 1ip3rra c onyxonLIO Ha Ka)l(,noM 
3Ta)l(e 06ny'leHBJI npOBO,nBnB no,n KOHTponeM MBHBaTIOp
HOrO nonynpOBO,D.HBKOBOrO ,neTeKTOpa, KOTOphiB BBO,D.BnCJJ 
B npocBeT na~eao.na. HcnoJJL30BanB KaK MeTO.D.BKY eTa
TB'IecKoro o6ny'leHBJJ IKa)l(,nwB 3Ta)l( na~eao.na o6nyqana 

C 3-x uanpaBneHBBI TaK B 'leHHO'IHO-pOTai(BOHHYIO MeTO,D.H
KY, npB KOTOpoi TO'IHaJJ nOKanB3a~BJI nBKa Jip3rra Bhlnon
HJJnaCL cnei(BaHLHOR aBTOMaTB'IeCKOR YCTaHOBKOR l"flpo
TOH" I. Ceaacw o6ny'leHBJJ cne,noBanB 2 pa3a B ue.neHIO. 
Pa3oBaJJ O'larosaJJ ,no3a 400 pab, cyMMapaaJJ oqarosaJJ 
,no3a Kone6anacL Me)l(,ny 4650 B 6200 pab. . 

MecTawe a o6~e peaKTBBHhle JJBneHBJJ npa npoTouao:i 
Tepanaa 6wna Meuee Bhlpa)l(euw, qey npa raMMa- Tepanaa 
paKa nB~eBO,D.a. flpB ,D.HHaMB'IeCKOM Ha6HIO,D.eHBB He OTMe
'lanBCL ny'leBhle noBpe)l(,neHBJI BHB 3aMeTHhle CKnepOTB
'IeCKBe B3MeHeHBJJ noKpOBHhiX TKaHe:i BHB TKaHei BHyTpeH-
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HHX opraHoB. He 6wno nynbMOHHTOB HnH 6poHXHTOB. JIHWb 

y O,IJ;Hoi 6oni.Hoi I cyMMapHaJI ,IJ;03a 6200 paoj qepe3 7 Me

CJII{eB nocne npOTOHHOH TepanHH B03HHKnH TPOcllH'IeCKHe 

H3MeHeHHJI a nHmeso,IJ;e H 6oni.HaJI norH6na npH JIBneHHJIX 

Me,IJ;HCTHHHTa. 

H3 28 6onbHLIX, nony'IHBWBX nonHLii Kypc npoToHHoi 

TepanHH no nOBO,IJ;y paKa nHmeBO,IJ;a III-IV CTa,IJ;HH, 3Ha

'IHTenbHOe coKpameHHe pa3Mepoa onyxonH Ha6mo,IJ;anocb so 

acex cnyqaJix. 73~ 6oni.HLIX )I(HnH He MeHee nonyro,IJ;a. 

flo nOBO,IJ;y COnHTapHLIX 3nOKa'leCTBeHHLIX onyxonei ner

KOrO npoTOHHaJI TepanHJI npoae,IJ;eHa 14 nai{HeHTaM. H3 HHX 

10 HMenH nepHcllepH'IeCKHH paK nerKOrO 6e3 KnHHH'IeCKH 

onpe,IJ;enJieMLIX MeTaCTa30B B perHOHapHLie 30HLI, H 'leTBepo 

ne'leHw no noao,IJ;y MeTacTa3oB paKa a nerKoe npH H3ne'leH

HOM nepBH'IHOM oqare ,IJ;pyroi noKanH3a:QHH. ,lJ;HaMeTp ony

xonH B nerKOM He npeaLIIUan 5,5 c..w; o6ny'leHHe, KaK 

npaaHno, aenH c npJIMLIX nonei I nepe,IJ;Hero H 3a,IJ;Hero/, 

npH'IeM ,IJ;HaMeTp nonJI Ha 2 c..w npeaLIIUan BH,IJ;HMLie pa3Mepw 

onyxonH. 

,lJ;eBJITH 60nbHLIM, HMeBWHM nepHcllepH'IeCKHB paK nerKO

ro, o6nyqeHHe npoToHaMH npoae,IJ;eHo B Ka'leCTBe nepaoro 

:nana KOM6HHHpOBaHHOrO ne'leHHJI. fiocne CYMMapHOB oqa

rOBOH ,IJ;03LI 2700-3300 paO /pHTM o6ny'leHHJI - 400 pa(J 
2 pa3a B He,IJ;emo/ pa3Mepw onyxonH y HHX yMeHbWHnHcb 

B 1 ,5-2 pa3a. 3aMeTHoe yMeHI.WeHHe onyxonH HacTynHno 

H y OCTanbHLIX 60nbHLIX, nony'IHBWHX O'larOBYIO ,IJ;03y 3900-
5200 pao. 

Bee 6onbHLie nepeHecnH o6ny'leHHe xopowo. Bwpa)KeH

HLie MeCTHLie H 06mHe peaKTHBHide JIBneHHJI He Ha6mo,IJ;anHCb. 

Y weCTH onepHpOBaHHidX 6onbHLIX XHpyprH'IeCKOe BMeWa

TenbCTBO /no63KTOMHJI/ npOXO,IJ;HnO 6e3 TeXHH'IeCKHX Tpy,IJ;

HOCTei, CBJI3aHHLIX c o6ny'leHHeM. Onepa:QHOHHaJI paHa, 

KaK npaBHnO, 3a)KHBana nepBH'IHLIM HaTJI)KeHHeM. 

TaKHM o6pa30M, KnHHH'IeCKHH OnLIT, HaKonneHHLIB Ha 

Me,IJ;HI{HHCKOM npOTOHHOM ny'IKe Jla6opa TOpHH JI,IJ;epHLIX npo6-

neM OHJIH, noKa3an HecoMHeHHyro :uenecoo6pa3HOCTb H 

npeHMymeCTBa npHMeHeHHJI npOTOHOB BLICOKHX 3HeprHH B 

ny'leBOB TepanHH OHKOnOrH'IeCKHX 6onbHLIX. 
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§2. MeOUf4UHCKUii nu- ..we30HHWii ny'loK Jla6opa•opuu 
.JIOepHbiX npo6.11e..w OHJIH 

B nocne,IJ;HHe ro,IJ;LI no cllH3HKe nH-Me30HHLIX B3aHMo

,IJ;eicTBHB c semecTBOM nony'leH 6on1.woi 3KcnepHMeHTan~o
HLii MaTepHan, noKa3LIBaiOmHB, 'ITO HaH6onee 3clxlleKTHBHLI

MH 'laCTHI{aMH ,IJ;nJI ny'leBOB TepanHH 3nOKa'leCTBeHHLIX 

o6pa30BaHHH, no-BH,IJ;HMOMy, 6y,IJ;yT OTYH:QaTenbHLie nH-Me-

30Hial c 3HeprHJIMH oT 25 ,IJ;O 100 M3B 17•181. 
K CO)KaneHHIO, ,IJ;O HaCTOJimero BpeMeHH HCnOnb30BaTb 

OTpH:QaTenbHiale nH-Me30Hial B TepanHH paKOBiaiX 3a6oneBaHHH 

He npe,IJ;cTaBnJinocb B03MO)I(HiaiM, TaK KaK ,IJ;nJI nony'leHHJI 

B OnyXOnH ){03LI B 150 63p He06XO,IJ;HMO OCTaHOBHTb npH

MepHO 108 
nH-Me30HOB B Ka)K,IJ;OM Ky6H'IeCKOM CaHTHMeTpe 

onyxonH 1171. 

fiy'IKH nH-MHHyC-Me30HOB, ,IJ;OCTaTO'IHiale no HHTeHCHB

HOCTH ,IJ;nJI KnHHH'IeCKOrO HCnOnb30BaHHJI B ny'leBOB TepanHH 

OHKOnOrH'IeCKHX 6onbHiaiX, HaMe'laeTCJI nony'IHTb Ha CTpOJI

mHXCJI Me30HHLIX clla~HKaX B Jloc-AnaMoce /CWA//l 9/ , 

BaHKyaepe /KaHa,IJ;a/ O/ H QropHxe /Waei:uapHJI/ /l 8/ • 

Cne,IJ;yeT OTMeTHTb, 'ITO Ha acex 3THX Me3oHHiaiX clla6pHKax 

,IJ;nJI nony'leHHJI TepaneBTH'IeCKHX nH-Me30HHiaiX ny'IKOB npe,IJ;

nonaraeTCJI HCnOnb30BaHHe "06Iai'IHOH" OnTHKH napaKCHanb

HiaiX ny'IKOB Ha OCHOBe KBa,IJ;pynonbHiaiX nHH3 H OTKnOHJIIOmHX 

MarHHTOB C aKcenTaHCOM no TeneCHOMY yrny OKOnO 

10-2 c•ep. 
Me)K,IJ;y TeM B nyqeaoi TepanHH ,IJ;nJI yMeHI.WeHHJI o6ny

'leHHJI 3,1l;OpOBiaiX TKaHeB 'faCTO HCnOnb3yeTCJI MHOrononbHOe 

o6ny'leHHe oqara nopa)KeHHJI, a TaK)Ke ceKTOpHaJI HnH Kpy

roaaJI poTa:QHJI na:uHeHTa. llo3TOMy npHMeHeHHe cHni.Hocxo

,IJ;JimHXCJI /KOHBepreHTHWX/ ny'IKOB 3apJI)KeHHLIX 'laCTH:Q, 

H B 'laCTHOCTH, nH-MHHyC-Me30HOB, npHBeno 61a1 K 3Ha'IH

TenbHOMy ynyqweHHIO OTHOWeHHJI nopa)KeHHJI B onyxonH K 

nopa)KeHHIO OKpy)KaJOmftX 3,1l;OpOBiaiX TKaHeB, r,IJ;e OHO He)Ke

naTenbHO, H HaH6onee nOnHO COOTBeTCTBOBMO 61a1 OCHOBHOH 

:QenH ny'leBOH TepanHH. 3TO 06CTOJITenbCTBO HaTanKHBaeT 

Ha MLICnb 0 B03MO)KHOCTH HCnOnb30BaHHJI, BMeCTO Tpa,IJ;H

:QHOHHiaiX ,IJ;nJI cllH3HKH 'laCTH:Q BlaiCOKHX 3HeprHi KaHanOB 

'laCTH:Q H3 KBa,IJ;pynonbHLIX nHH3, WBpOKOyronbHiaiX clloKy

CHPYJOmHX CHCTeM C cymeCTBeHHO HenapaKCHanbHiaiMH Tpa-
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eJCTOpHJIMH, BDJJOTL ,AO 40°· 80~ 'ITO npHBe,AeT IC YBeJJH'IeHHIO 
aJCcenTauca no Tenecuouy yrny npuuepuo ua .ABa nopJI.AJCa 

I .AO 1 caep./. 
B pa6oTe 12II 6wJJH paccuoTpeuw .ABa B03MO)I(JILIX ueTo

,Aa DIHPOKOyrOJJLHOH 41oKyCHpOBICH npHMeHHTeJJLHO IC nonyqe
HHIO ICOHBepreHTHLIX ny'IKOB DH·Me30HOB. 0,AHOH H3 TaJCHX 
41oKYCHp~~X CHCTeM JIBJJJieTCJI TOpOH.AaJJLHaJI MarHHTHaJI 
JJHH3a Tuna "AneJJLCHH", npe.AJJO)I(eHHaJI B 1950 r. O.Ko4I03.A
XauceHoM H .AP· 1221, a TaiC)I(e B 6e3)1(eJJe3HOM sapuauTe -
B. B. Bna.AHMHPCKHM H .AP· B 1956 r. 1231 .,lJ,pyroii THn DIHpoKo
yrOJJLHLIX 41oKyCHp~~X CHCTeM - 3TO COJJeHOH.AaJJLHLie 
JJHH3LI C O,AHOpo,AHLIM HJJH HeO,AHOpO,AHLIM aKCHaJJLHO- CHM
MeTpH'IHLIMH warHHTHLIMH noJJJIMH. Hau6onee cosepweuuwe 
cneKTPOMeTpLI TaKoro THna C HeO,AHOpO,AHLIM noneM 6LIJJH 
nocTpoeuw .AJJJI 6eTa- cneKTpoc~eonuH CJJ3THCOM H 3ur6a
noM /24/. B 3THX cneKTpoMeTpax .AOCTHrnyTa pa3pemaJOIQaJI 
CnOC06HOCTL B 4~ npH CBeTOCHJJe 8~ OT 477 HJJH OKOJJO O,AHO· 
ro cTepa,Auaua. CpasuuTem.uoe 4ln3HKO- TeXHH'IecKo,21~o
nOCTaBJJeHHe 3THX MeTO,AOB, npoH3Be,AeHHOe B pa6oTe , 
noKa3aJJO, 'ITO XOTJI COJJeHOH.AaJJLHLie JJHH3LI C HeO.AHOpO,A· 
HLIM noJJeM JIBJJJIIOTCJI 6onee TPY.AOeMKHMH B OTHOWeHHH 
pac'leTa, o.AHaKo ouu cymecTseuuo npome B ocymecTBJJeHHH. 
H3rOTOBJJeuue 6onLDIHX KaTymeK Bo36y)I(.AeuuJI o6wquoii 
KpyrJJOi 41opMLI JIBJJJieTCJI 3a,Aa'leii 3Ha'IHTeJJLHO MeHee 
CJJO)I(JIOi, 'leM H3rOTOBJJeHHe KaTymeK B036y)I(.AeHHJI CJJO)I(· 
uoro npo4IHJJJ1 .AJJJI TopoH.AaJJLHLIX JJHH3. KpoMe Toro, ua
JJH'IHe 60JJLDIHX pacceJIHHLIX MarHHTHLIX noneii BHe 3a30POB 
TOpOQaJJLHLIX JJHH3 OKa3LIBaeT CHJJLHOe BJJHJIHHe Ha TpaeK· 
TOPHH ,ABH)I(eHHJI 'laCTH:Q H npHBO,AHT K nOJIBJJeHHIO 3Ha
'IHTeJJLHLIX a6eppa:uui H3o6pa)l(eHHJI HCTO'IHHKa. Tio3Touy 
B JIJ(TI OHJlH npH pa3pa60TKe DIBPOKOyrOJJLHOB 41oKycupyJO· 
IQeii CHCTeMLI 6LIJJ C,AeJJaH BL160p B nOJJL3Y COJJeHOH,AaJJLHLIX 
JJHH3 C HeO,AHOpO,AHLIM aKCHaJJLHO- CHMMeTpH'IHLIM MarHHT
HLIM noJJeM. 

B 1973 ro,Ay nOJIBHJJOCL npe,AJJO)I(eHHe HCnOJJL30BaTL 
.AJJJI 41oKycupoBKH nu·Me3ouos uarHHTH~ TOPOH.AaJJLH~ 
JJHH3Y csepxnpoBO.AJIIQero THna 1251. O.AHaKo cse,Aeuui o 
peaJJH3a:QHH 3Toro npoeKTa noKa ue uweeTCJI. 

B Jla6opaTopuu J~,Aepuwx npo6neu OHJlH 6LIJJ ocymecT
BJJeu BapHaHT DIHPOKOyrOJJLHOB COJJeHOH.AaJJLHOB nH·Me30H· 
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HOH JJHH3LI C HeO,AHOpO,AHLIM aKCHaJJLHO • CHMMeTpH'IHLIM uar • 
HHTHLIM noJJeM / 26/, COCTOJIIQei H3 ua6opa HMe~XC.II B 
pacnOpJI)I(eHHH rOTOBLIX KaTymeK B036y)I(.AeHHJI OT uarHHTa· 
coneuoH.Aa Tuna MC-4. CxeuaTu'leCKH qepTe)l( 3Toi JJHH3LI 
noKa3aH ua puc. 4 /ceqeuue A-A/. Jluu3a co6upaeTCJI H3 
ropH30HTaJJLHO pacnOJJO)I(eHHLIX KaTymeK B036y)I(.AeHHJI C 
ucnoJJL30BaHHeM roToBoro, pacDIHpeuuoro no KpaJIM, sepx
uero H HB)I(Jiero )l(eJJe3uoro JipMa oT uaruHTa-coneuoH.Aa 
MC-4 H oKp~aeTCJI 6oKOBLIM JipMOM .AJJJI 3aMwKaHHJI uar
HHTHoro nOTOKa. flpOMe)l(yTO'IHOe JlpMO, pacnOJJO)I(eHHOe 
ue)I(.Ay TpeTLei H qeTsepToi KaTymKauu, co3,AaeT npoBaJJ 
nOJJJI B cepe,AHHe JJHH3LI H pe3KO yseJJH'IBBaeT uarHBTHOe 
none s o6nacTB wuweua B 4lo~eyca. TaKoe pacnpe.Aeneuae 
npHBO.ABT K yseJJH'IeHHIO npawepuo B .ABa pa3a Tenecuoro 
yrna 3axsaTa, no cpasueHBIO c O.AHOPO.AHLIM noneu c Toi 
)l(e cawoi anepTypoi B HHTerpanoM noJJJI f f\dz, a TaiC)I(e 
K cymecTseuuowy I 1,5-2 pa3a/ ywenLmeHBJO c41epB'IeCKBX 
H XpOMaTH'IeCKBX a6eppaUBB. Ha OCHOBaHBB pac'leTOB 6wna 
sw6paua 4lopwa ueuTpaJJLnoro 3a~Tuoro cep.Ae'IHBKa B3 
naTyHB, npe,AoTspaiQaJOmero npJIMOe nona,Aauae B o6nacTL 
41oKyca 3apJI)I(eHHLIX B ueiTpaJJLHLIX 'laCTBU, o6pa3yiO~XCJI 
B MBWeHH, H yrJJOBaJI 3aBHCBMOCTL nOBOPOTa BHHTOBLIX 
.ABa41parw BJJH nonacTei, pa3Memeuuwx ua 3TOM cep.Ae'IHBKe 
H npe,AHa3Ha'leHHLIX ,AJJJI pa3,AeJJeHBJI nOJJO)I(BTeJJLHO H OT· 
puuaTeJJLHO 3apJI)I(euuwx qacTBU. BaKyywuaJI KaMepa, 3a
KpL1TaJI CBepxy B CHB3Y aJJJOMHHBeBLIMB ,ABa4lparuaMB, no-
3BOJJJieT H36e)l(aTL pacceJIHBJI na-Me30HOB B B03,Ayxe. TaKaJI 
COJJeHOH,AaJJLHaJI JJHH3a 41oKyCBpyeT ny'IOK na·Me30HOB sep· 
THKaJJLHO BHB3 B 3a30p ue)I(,Ay 5 B 6 KaTyWKaMB, B nauBeHT 
B 3TOM cnyqae 6y.AeT uaxo,AHTLCJI B uaa6onee 6naronpBJITHOM 
.AJJJI o6ny'leHBJI ropH30HTaJJLHOM noJJo)l(eHHB ua cneuuanL
uoM uauunyJJJITOPHOM cTone. PacqeTuwe MaKCBMaJJLHLie 
yrJJLI paCXO,AHMOCTH B CXO,AHMOCTB ny'IKa COCTaBJJJIIOT 50° B 
40° , COOTBeTCTBeHHO, TeJJeCHLIB yroJJ 3axsaTa OKOJJO 
0,44 caep B K034141B:UBeHT nponycKaHBJI pa3,AeJJHTeJJLHLIX 

BHHTOBLIX nonacTei npauepuo 70~. · 
HeKOTOpLie OCHOBHLie napaMeTpLI COJJeHOB,AaJJLHOB JJBH3LI 

npase,Aeuw s aa6.11. 1. 
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Ta6AUf.la 1 

0CHOBHLie napaMeTpLI coneHOH~anLHOH HHH3LI 

1. BwcoTa 4,2 M 
2. ,li;HHHa 2,7 M 
3. illHpBHa 1,8 M 
4. Bee nHH3LI 86 T 
5. qHCnO BHTKOB 2500 
6. MaKCHMan~ouwii: TOK B036Y:>~<.neHHJI 900 A 
7. AnepTypa 

450 MM 
8. ,D;naua :ueHTpan~ouoro 3auunuoro 

Cep~e'IHHKa C BHHTOBLIMH 
nonacTJIMH 1,3 M 

9. HHTerpan OCeBoii: COCTaBnJIIOIQeii: 
6 MarHHTHoro non11 2,35.10 3pC.CM 

10. fiOTpe6nJieMaJI MOI.QHOCTL 820 KB111 

PacnonmKeuue coneuoa~an~ouoii: nHH3LI B 3~aHHH cau
xpo:uaKnoTpoua Jla6opaTopHH Jl~epuwx npo6neM OHJIH H 
CHCTeMa TpaHcnopTHpOBKH BLIBe~eHHOrO npOTOHHOrO llY'IKa 
K Me30HHOH MHWeHH noKa3aHLI Ha puc. 4. fiOBOpOTHO
~OKYCHpYJOI.QHH npOTOHHLIB KaHan COCTOHT H3 Tpex OTKno
HJIIOI.QHX MarHHTOB /OM-1, Cll-37 B Cll-10-2/ H nJITH 

KBa~pynonLHLIX HHH3 /~y6neTOB THna MJI-3/ C anepTypoi 
80, 120, 120, 120 H 100 MM, COOTBeTCTBeHHO. 0CHOBHOe 
OTKnOHeHHe npOTOHHOrO ny'IKa OCyiQeCTBnJieTCJI MarHHTaMH 
Cll-37 ua yron 30° H Cll-10-2 ua yron 10°. KpoMe Toro, 
caMo MarHHTHoe none coneuoa~an~ouoi nHH3LI no uanpaB
neHHIO BLI6pauo TaK, 'ITO OTKnOHJieT npOTOHHLii ny'IOK Ha 
yron 20°, o6ecne'IHBaJI HOpMan~ouoe na~euae ny'IKa ua 
~BYXMeTpOBYJO 6eTOHHYJO 3ai.QHTHYIO CTeHy 3~aHHJI CHHXpO
:QHKnoTpoua. ,D;n11 raweHHJI npoToHHoro ny'IKa nocne npo
XO:>K,neHHJI Me30HHOH MHWeHH coopy)l(eHa ~ononHHTenLHaJI 
3ai.QHTa H3 )l(ene3a H 6eTOHHLIX 6nOKOB 06IQeii: TOniQHHOH 
7,5 M. JKene 3HLie nnHTLI o6IQeii: TOni.QBHoii: 1 ,5 M o6ecne'IH
BaiOT OCHOBHOe ocna6neHHe nOTOKa 6LICTpLIX Heii:TpOHOB. 
lieTOHHLie 6nOKH BMeCTe C 6eTOHHLIMH CTeHaMH 3~aHHJI 
CHHXPO:QHKnOTpOHa yMeHLWaiOT Hapy)I(HLIH Heii:TpOHHLIH ~OH 
~o YPOBHJI ~onycTHMoii: HOpMw. Ha nepBoM 3Ta)l(e 3~aHHJI 

20 

nc.f'~ 
MeiJ<JN:J-6u011or>rvEtXIfE nyy!(u 
m~e/NJ/1 "laefU~ CIIHJ<PO· 

'fU~ofpoH.If 

Puc. 4. 06111aJ1 cxe.wa ,Pop.wupoeaHUJI MeoU.liUHCKozo nu
.weaoHHozo ny'IKQ 6 30UHUU CUHXPOf#UKA0111pOHa Jla6opa111opuu 
JloepHr.rx npo6Ae.w OHJIH. OM-1, CII- 37, CII-1 0-2 - 0111KAo
HJIIOJIIUe .wazHu•r.•; MJIII - .wazHU111Hr.re KeaopynoAr.Hr.ae AuH
ar.r nepeu'IHozo npo•oHHozo ny'IKa; IIJI - nu- .weaoHHaJI AUH
aa; /ce'leHue no A-A noKaar.reae• eep•uKaAr.Hr.u"l paapea nu
.weaoHHou UlUpOKOYZOAbHOU MUZHU111HOU AUH3bl U npOf.leoyp
HOZO noMeJIIeHUJI/. 
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CBHXPOIUIICJIOTpOHa COOpYlfCeHO nponeAYPHOe UOMeJUeHBe o6· 

JUeH UJIOJUaAI.IO OKOJIO 10 M
2
.JloKaJIJ.HaJI 3a~UKTa, pa3MeJUeH· 

HaJI Hasepxy nponeAypHoro nou:eJUeHBJI, npeAoxpaHJieT ero 

OT pacceJIHHoro 41oHa npoTOHHoro ny'IKa. Me30HHaJI MBWeHJ. 

A&a:WeTpOM 10 CM pacnoJiaraeTCJI Ha BepTBKaJIJ.HOH OCR 

JIBH3W B Y3KOM 3a3ope Me)I()J;y nepBOH B BTOpoi KaTymKaMB. 

fiorJIOJUeHBe HeiiTpOHHOrO 4l<>Ha, B03HBK~IOJUero B MBIUeHB, 

o6ecne'IBBaeTCJI MaCCBBHWMB 3JieMeHTaMB CaMOB JIBH3W. 

fipoTeKaiOJUaJI B MeAHWX Tpy6KaX BO BpeMJI pa60TW JIBH3W 

BOAa C03AaeT HaB6oJiee BWrOAHYIO AJIJI OCJia6JieHBJI UOTOKa 

HetiTpoHOB MeAHO-BOAHYIO KOMU03BUBIO. 

B HaCTOJIJUee BpeMJI BWBeAeHHWH UY'IOK B3 CBHXPOIUIK

JIOTpoHa JIJill OHJIH &MeeT BHTeHCBBHOCTJ. Ha BWXOAe BaKy

YMHOI KaMepw oKono 1,5-2.1d2 npo•oHoe/ceK. llocJieAo

BaTeJIJ.HWi BW60p OUTBMaJIJ.HWX 3Ha'leHBB TOKOB BO BCeX 

3JieMeHTaX UOBOPOTH0·4IOKYCHPYIOJUero TpaKTa npB HaJIB'IBB 

B HeM BaKyyM-a U03BOJIJieT AOBeCTB AO Me30HHOH MBWeHB 

B3 YeAH UOTOK npOTOHOB 1,0-1,5.1012 cer1.B 3TBX YCJIOBBJIX 

AJIJI na-MBHyc-Me3oHoB c 3Hepraei oKono 30 M3B 6wna 

nony'leHw cneAYIO~e napaMeTpw ny'IKa: noJIHaJI BHTeHcas

HOCTJ. 1,0-1,5.10 ceK-l, UJIOTHOCTI. UOTOKa 
4 

1,0 • 
1,5.105 

CM-2 
ceK-l,UJIOTHOCTI. OCTaHOBOK- 5-7.10 z-lceK-l 

B BOAe. ,lJ;JIJI UY'IKa nB•fiJIIOC•Me30HOB 3TH napaMeTpW B 

3,5-4 pa3a BWWe. MOIUBOCTI. A03W B UBKe 6p3rraAJIJI ny'IKa 

OTpQaTeJIJ.HWX UB·Me30HOB COCTaBJIJieT OKOJIO 3,5 
5 paO/MUH. 

rny6BHHWe A030BWe pacnpeAeJieHBJI pa3AeJieHHWX B CMe· 

maHHWX ny'IKOB na-nJIIOc- a na-:waHyc-Me3oHoB AJIJI pa3-

JIB'IHWX MBWeHei noKa3aHw Ha puc. 5. CTeneHJ. pa3AeJieHBJI 

UY'fKOB UB-MBHYC· B fiB•fiJIIOC•Me30HOB - 98~, npBMeCJ. 

MIO-~BHYC·Me30HOB B UY'IKe UB·MBHYC·Me30HOB - OI<OJIO 

12~. ,lJ;030BWi BI<JiaA HeiTpOHOB COCTaBJIJieT He BWWe 1~ 
OT UOJIBOi A03W ny'II<a UB·MBHyC·Me30HOB B UBI<e .6p3rra. 

llony'leHHwe B Jla6opaTopaa JIAepHwx npo6neM OHJIH 
C UOMOIUI.IO npeAJIO)I(eHHOrO MeTOAa WBpOI<OyrOJII.HOB 4lo1<y· 

CBpOBI<B BHTeHCBBHOCTB B UJIOTHOCTB OCTaHOBOI< fiB· Me 30H • 

HWX UY'fKOB 3Ha'IBTeJIJ.HO /Ha OABH·ABa UOPJIAI<a/ npeswma

IOT aBaJIOrB'IHWe napaMeTpW CYJUeCTBYIOIUIIX ny'II<OB I<ai< Ha 

CBHXPOIUIICJIOTpOHe JIJill, Tal< B Ha ApyrBX YCI<OpHTeJIJIX 

Tai<oro )l(e T&na B CCCP a 3a py6e)I(OM. 3To OTKpwBaeT 

HOBWe B03MO)I(HOCTB AJIJI npoBeAeHBJI MeAHK0-6BOJIOrB'IeCI<BX 
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Puc. 5. FAy6uHHble oo306ble pacnpeoeAeHU.II pa30eAeHHbiX u 
CMelllQHHbiX ny'IK06 nu- nAIOC· II nu- MUHyc- Me30H06 0.11.11 
pa3.11U'IHbiX MUIIleHeU. 
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B ICJIBHII'ieCJCBX BCCJie,II;OBa.HBB. B HaCTOJIII(ee BpeMJI Ha 3TOM 

ny'IJCe npOBO,II;JITCJI BCCJie,II;OBa.HBJI 0:63 B ICBCJIOpO,II;HOrO 3W

WeJCTa no BW*KBaeMoCTB JCJieToJC HeLa B KYJihType TKaHB 

B no ICOJIB'IeCTBY JCJieTOIC C XpOMOCOMHWMB nepeCTPOBJCaMB 

B ICOCTHOM M03ry MWWeii. B Ka'leCTBe CTaH,II;apTHOrO BB,II;a 

B3JIY'IeHBJI BCDOJih30BaJIBCh y -ny'IB 
137 Cs 1277 . no 

npe,~~;BapBTeJihHWM ,ll;aHHWM, 0:63 nB-MBHyc-Me30HOB B BRICe 

Jip3rra DO 3TBM .D:BYM ICPBTepBJIM COCTaBJIJieT 1, 7 a Be JIB

'IBHa ICBCJIOpO,II;HOrO OTHOWeHBJI 6JIB31Ca IC 1 ,8. 
KpoMe Toro, nonyqeuuwe ny'IKB oTpBQaTeJihHWX B no

JIO*KTeJihHWX nB-Me30HOB npe,II;CTaBJIJIIOT HeCOMHeHHWB BH

Tepec .D:JIJI npoBe,~~;euBJI WB3H'IecJCBX Bccne,~~;oBaHBii, r,~~;e B8JK

uw BWCOJCaJI BHTeHCBBHOCTh B 60JihWaJI DJIOTHOCTh OCTaHOBOIC 

nB-Me3oHoB. K uacTOJIII(eMy BpeMeHB ua 3TOM nyqJCe Y*e 

BWDOJIHeH IUIJCJI 3JCCnepBMeHTOB DO onpe,ll;eJieHBIO MHO*eCT

BeHHOCTB Heii:TpOHOB, B03HBJCaiOII(BX npB 3aXBaTe OTPBQa

TeJihHWX DH-Me30HOB TJI*eJIWMB Jl,ll;paMB B no B3y'leHBIO 

3cllcllef2Ta o6pa30BaHBJI BWCOICOCDHHOBWX Jl,ll;epHWX B30Me
poB. 28,29/. 

§3. llepcneK•U6bl ucnoA~>306aHUJI npo•oHoe 
U nu- Me30H06 6biCOKOU 3Hepzuu 6 MeOUf#UHe 
noc.11e 3Q6epllleHUJI peKOHC•PYKI#UU 
CUHXPOI#UK.IIO.pOHQ Jla6opa•opuu JIOepHWX 
npo6.11eM OJUIH 6 CUAJ>Ho•o'IHWU ¢Q3o•poH 
/yc•aH06Ka "tiJ"/ 

Pa6oTw no TepanBB TJI*eJIWMB 3apJI*eHHWMB qacTB

QaMB B OHJIH BMeiOT ,~~;ocT a TO'IHO xopoWBe nepcneJCTBBW 

B CBJI3B C OCyll(eCTBJIJieMOB B HaCTOJIII(ee BpeMJI peKOH

CTpyJCQBeii CBHXpOQBICJIOTpOHa B CHJihHOTO'IHWB cl»a30TpOH/30/, 

paCC'IBTaHHOB Ha YBeJIB'IeHBe BHyTpeuuero TOJCa npOTOHOB 

,11;0 50 MKMA /BMeCTO Cyll(eCTBYJOII(BX 2,3 MKMA/ B Ha 

yBeJIB'IeHBe BHTeHCBBHOCTB BWBe,ll;eHHOrO ny'IKa npBMepHO 

B 100 pa3. 

Ha puc. 6 noKa3auw pa3JIB'Iuwe ny'IKB qacTBQ /BKJIIO'IaJI 

TepaneBTB'IeCJCBe/, JCOTopwe 6y,~~;yT C03,11;auw nocne peJCou

CTPYJCQBB ycKopBTeJIJI. 3ua'IBTeJihHO pacWBpJITCJI nnoll(a.D:B 

DOMell(eHBB, BW,II;eJIJieMWX ,II;JIJI Me,II;BJCO- 6BOJIOrB'IeCJCBX BC

cne,~~;o:sa.HBii. KoJIB'IeCTBO npoQe,~~;ypuwx noMell(eHBii .D:JIJI npo-
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Puc. 6. llpeonoAazaeMJ>IU 6apuaH• cxeMw ny'IK06, 6K.IIIO'IaJI 
npo•oHH~>IU u Me30HH~>IU •epane6•u'lecKue ny'IKU, noc.11e 
peKOHC•PYKf#UU CUHXPOf#UK.IIO.pOHQ Jla6opa•opUU JIOepHWX 
npo6.11eM OJUIH 6 cUA~>Ho•o'IHWU ¢Q3o•poH. Ha npo•oHHOM 
•epane6•U'IeCKOM KaHaAe noKa3aHa axpoMa•u'lecKaJI cuc•e
Ma U3 'le.blpex np.IIMOYZO.IIbHbiX MQZHU.06 /3.11eMeH.bl 9, 
9; 10, 10' KaHaAa VI /, c noMOIII~>IO Ko•opwx 6yoe• noAy
'la•~>cJI 3QOQHHOe pacnpeOe.lleHUe np9•0HHOZO ny'IKQ no 
uMnYA~>caM. B6epxy Ha pa3pe3e A-A o•oeA~>Ho noKa3aHa 
cxeMa •paHcnop•upo6KU nep6U'IHozo npo•oHHOZO ny'IKa u 
no.lly'leHUJI •epane6.U'IeCKOZO nu- MUHyc- Me30HHOZO ny'IKQ 
C nOMOII#biO IIIUpOKOYZO.IIbHOU MQZHU.HOU .IIUH3W. 
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TOHHOI TepanHH ysenH'IHTCJI B~Boe. llpe~ycMaTpHsaeTCJI 

B03MO)I(JIOCTL nepexmoqeHHJI npoToHHoro nyqxa H3 o~oii 

xa6HHw B ~pyrYJO. Tio~roTosxa 6onLHoro x o6ny'leHHJO B 

O~OM H3 npo.o;e~ypHWX noMe~eHHI MO)I(eT npOH3BO~TLCJI 
so spew• o6ny'leBH• ~pyroro 6onLHoro B coce~el xa6HHe. 

3TO npHBe~eT X 3aMeTHOMY DOBWDieHB10 34MileJCTHBHOCTH HC

nonL30BaHH• spe:weau pa6oTw ycxopuTena, oTsonuoro ~a 

o6nyqeHH• 6onJ.Hwx. C~ecTBeHHoe ysenu'leHHe HHTeHcus

HOCTH BWBe~eHHOrO npoTOHHOro Dy'IXa D03BOnHT C noMO~L10 

cpaBHHTeHLHO DpOCTOI HOHHOI ODTHXH /axpoMaTH'Iecxa• 

cucTe:wa 'leTwpex np•uoyronLHWX uarHHTOB/ nony'laTL 

3~aHHOe 3HepreTH'Iecxoe pacnpe~eneHue nyqxa, Heo6xo

~uoe ~· pasHo:wepHoro o6ny'leHHJI scero o6"Le:wa onyxonu, 

HnH o6pa30BaTL ~OCTaTO'IHO Y3XBI, MOHOXpo:waTH'IeCXHI 

Dy'IOX ~· Docne~OBaTeHLHOrO CXaHHpOBaHHJI pa3nH'IHLIX 

yqacTXOB onyxonu cno)I(HOI clK>puw. B o~ol H3 xa6BH 

HaMe'laeTCJI HCDOHL30BaHBe ycTpOICTB Ha OCHOBe npHHIJ;H

DOB DpOTOHOrpac)IHH ~· paHHei ~arHOCTHXH 3noxaqecT

BeHHWX o6pa30BaHHI. 

Ha 6a3e cHnLHOTO'IHOro c)la3oTpoHa OHJIH npe~onara
eTCJI Tal()l(e C03~aTL KnHHH'IeCXHI ny'IOX OTpH.o;aTenLHWX 

nu-:we3oHos. Cxeua ero nony'leHBJI noxa3aHa Ha puc. 6 
I A-A/. Bwse~eHawl nyqox npoTOHOB onycxaeTCJI c no

YOIIlL10 nosopOTHWX :warHHTOB Ha ypoBeHL nepBoro 3TA)I(a B no 

lKeCTJCoc)loxyc&pYJO~euy uarHBTHo:wy xaHany, pacnono)l(eH

HOMY B 6eTOHHO.W TYHHene, TpaHcnopTBpyeTCJI X WHpOXO

yronLHOI Me30HHOI nBH3e coneHOB~aJILHOrO T&na C Heo~

HOPO~WM axcuan~oHo- cuu:weTpB'IHWY none:w 1261. Taxa• 

nBH3a npa T~aTenLHO no~o6paHHOM pacnpe~eneHBB :war

HBTHoro non• Ha ocB o6ecne'IBsaeT TenecHwl yron 3axsaTa 

0,5 c•ep npB YHHHMaJILHLIX cc)lepB'IeCXBX B xpoMaTB'IeCXBX 

a~pa.o;a•x. Ecnu y~acTca ~osecTB ~o Me30HHOi MKWeHa 

DpOTOHHWI ny'IOX BHTeHCBBHOCTL10 OXOnO 20 MKMA, TO 

B c)loxyce Taxoii ue3oHHoi nBH3W /s :uecTe pacnono)l(eHBJI 

oqara DOpa)l(eHHJI/ MO)I(JIO O)I(B~aTL DOTOX OTp&.D;aTenLHWX 

DH-Me30HOB HHTeHCBBHOCTL10 ~0 109 
CeK-1.llpB ~a:ueTpe 

c)loxyca 10 CM 3To o6ecne'IBT cxopocTL HaxonneHBJI ~o3w 
HeCXOHLXHX COT pa~ B MBHYTY, 'ITO JIBnJieTCJI BDOnHe 

~OCT a TO'IHLIM He TOHLXO ~JI DPOBe~eHBJI WHpOXOrO xpyra 

pa~H06BonorB'IeCXHX 3XCDepHMeHTOB, HO B ~JI XnHHB'IeCXHX 

o6nyqeHHH 3Ha'IHTenLHWX XOHTHHreHTOB OHXOHOrH'IeCXHX 
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6onLHWX. B sw6paHHOM sapaaHTe uarHBTHaJI nBH3a c)loxy

cupyeT Me30HW sepTHXaJILHO ssepx Ha yposeHL nona BToporo 

3Ta)l(a. 

3TO npe~cTaBnJieTCJI y~06HWM C TO'IXH 3peHBJI YCTaHOBXB 

csepxy pa3nB'IHoro JOCTBPOBO'IHOro, ~o3&MeTpaqecxoro a 

~pyroro BCnOMOraTenLHOrO o6opy~OBaHBJI, a Tal()l(e ~JI 
o6ny'leHHJI 6onLHoro s Hau6onee y~o6HoM nono)l(eHBB- ne)I(A. 

llpB DOXa3aHHOi Ha puc. 6 nnaHHpOBXe Dylfi(OB OT CBnL

HOTO'IHOrO cjla30TpOHa C03~aeTCJI B03MO)I(Jf0CTL O~OBpeMeH

HOi pa6oTw Ha ycxopaTene xaxc)IH3BXaM 3XcnepBMeHTaTo

pau, TaX B Me~XaM. TaXaJI B03MO)I(Jf0CTL B03HBXaeT TOr~a, 

XOr~a Ha Ha'laJILHOM yqaCTXe BWBO~a DPOTOHHOrO nyqxa 

DOYe~aeTCJI ~OCTaTO'IHO TOHXaJI MKWeHL, BTOpB'IHWe qac

TBIJ;LI B3 XOTopoi BCDOHL3YJOTCJI B c)IB3B'IeCXHX 3XCDep&MeH

TaX, a DpOWeAmBR 'lepe3 MKWeHL npoTOHHWi Dy'IOX MO)I(eT 

HCDOHL30BaTLC. B Me~xo-6Honor&'leCXHX BCCne~oBaHHJIX 

nu6o B npoTOHHOM, na6o B na-Me30HHOM sapaaHTe. 

Me~axo-6aonora'lecxaii xounnexc Ha 6a3e canLHOTO'IHO

ro c)la3oTpoHa OHJIH no3BOnBT 3Ha'IBTenLHO pacWHpBTL 

a HHTeHcac)lu.u;aposaTL paHee Ha'laTwe accne~osaHBJI no 

H3yqeHHJO B03MO)I(Jf0CTH DPHMeHeHHJI DPOTOHOB H Me30HOB 

BWCOXOi 3HeprBB B Me~BIJ;BHe H DOHY'IHTL He06XO~BMLIR 
npaXTB'IeCXBi ODLIT ~n.JI WHpOXOrO HCDOHL30BaHBJI HOBWX 

BH~OB pa~a.D;HB B nyqeBOH TepaDHH OHXOnOrH'IeCXBX 6onL

HWX. 
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