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AHHOTan;n11 

B ,!l,OKJia,n;e KpaTKO .ll3JiaraeTCH .llCTOp.llH nyqeBOH Tepamrn:. OTMeqaeTCH cymecTBeH

HOe IIOBhI!IIeH.lle acpcpeKT.llBHOCT.11 nyqeBoro Jie'l:eH.llH np!i rrepexo.n.e K HOBhlM .llCToqn.11KaM 

1rnnyqenafi, c03,n;arom.11M 6onee 6narorrp.11HTHoe pacrrpe,n;enenHe ,!l,03hl B TeJie rrauHeIITa. 

PaccMaTpllBaIOTCH npe.n.rrocb!JIKll np.11MeHeH.1IH THJKeJihlX H,!l,epHhlX 'laCTHU ,!],JIH neqeHHH 

3JIOKa'leCTBeHHhlX HOBOo6pa3oBaHllH .II Ha'laJio KJilll!llqecKHX MCIIb!TaHHH C 3TllMll 'laCTll

uaMll B pH,n;e q>ll3llqecK.llX uenTpOB pa3Hb!X CTpan Mllpa. 

Ilo,n;po6no OIIllChlBaeTCH ,MHOrOKa6HHHhlH KOMIIJieKC ,!],JIH ·nyqeBOH TepaII.llll na rry'I

Kax cpa30TpOHa Ol1JIH, C03,!],aHHhlH B Jla6opaTOpllll H,!],epHhlX rrpo6JieM BO BpeMH IIO

CJie,!],Hefi peKOHCTPYKUllll ycKop.11TeJIH. IlpllBO,!l,HTCH rrepBb!e J{Jlllllli'leCKlle pe3JJIJ,TaThl no 

Jie'leHllIO OHKOJIOr.ll'leCKllX 60JIJ,Hb!X Ha npoTOHHhlX nyqKax 3Toro KOMIIJieKca. KpaTKO 

npe,!l,CTaBJieHhl nepcneKTllBhl np.11MeHeH.llH nyqKoB THJKeJib!X H,!l,epnux qacTHU B ny'leBOH 

Teparr.11.11 H ,n;:11arnocT.11Ke na ,n;pyrnx 6a:ioBhlX ycTaHOBKax OH.RH, 
O6cyJK,n;aeTCH neo6xO,!],HMOCTI, C03,!],aH.IIH B ).zy6ne a.n.e1rnaTII0H KJillHll'leCKOH 6a3hl (p~

,!l,.llOJIOI'll'leCKOH KJillH.llK.11) .11 opraHR3aUHH peraonaJihlIOro ne'!e6no-.n.11arnocT.11qecKoro 

uenTpa C ueJIJ,IO MaKC.llMaJII,HO 6blcTporo .II acpcpeKTIIBIIOro IICIIOJih30BaH.llH HOBhlX H,!l,epno

q>ll3~'1eCK.llX MeTo,n;oB .11 annapaTypnhlx pa3pa60ToK, rrocToHnno B03HllKaromHx B OH.RH, 
B Me,!l,HUIIHCKOH rrpaKT.llKe. 
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1. Bae,n;eHHe 

CMepTHOCTI, OT 0IIH0,10rllqecKHX 3a60JieBa11nfi 3aHlll\laeT BTopoe l\leCTO B Mllpe II0CJie 

cep,n;eqno-cocy.n.ncT11hlx 3a6oneBaHHfi. EJKero.n.no l!3 KaJK.D.MX CTa TMCH'I qenoBeK 3a6one

BaeT paKOM OHOJIO TpexcoT, ll 'HOT IlOKa3aTeJIJ, C KaJK,!l,I,11\1 ro.n.oM ycTofiq11B0 pacTeT. TaK 

3a rrepno.n. BpeMCllll C 1980 no 1994 ro.n. 'lliCJIO 60JIJ,Hb!X C Brrep,BMe B JKll3Hli yCTaHOBJieH

HI,IM .n.11arH030M 3,10Ka•1eCTBe111mx HOBoo6pa30BaHHH yBeJillqllJIOCI, B PocCllli Ha 28,5% II 

.D.0CTllrJIO 411,8 Thie., a qncno yMepnmx OT paKa B03p0C,10 na 34,7% II COCTaBIIJIO 300,6 
ThlC. [l]. 

B nacTonmee BpeMn /lJIH JieqeHHH OIIK0JIOr11qec1mx 3a60JieBa1111fi IICIIOJih3JIOTCH Tpll 

OCH0BHbIX MeT0Jla: x11pyprHn, nyqeaan Tepan11n II XliMIIOTeparrm1. <l>yn.n.aMeHTaJII,HI,Ie 

11ccne.110Ba1111)1 B 0611acT11 MOJieHynHpnoii 611onor1111, BepOHTIIO, rrp11Be.n.yT B 6y.n.ymeM K 

OTKphlTIIIO 11p11q1111 B03IIIIKIIOBe1m11 paHa ll TeM Cal\lI,IM yKaJKyT IIJTI, K 6onee acpcpeKTII

BHOH Tepan1111. O.n.11a1w, JlO Tex rrop noKa :na uen1, He 6y.n.eT .n.ocTnrnyTa, pa:rn1n11e 11 

COBepIIIeHCTBOBa1me yHa3al!HI,IX M_eTO)lOB neqe1111H OCTaeTCH I'JiaBHOii 3a)laqefi. 

Cpe,!l,11 3TllX MeTO)l0B ny•1enaH Tepan11H CaMOCTOllTeJibHO IIJill B KOM611nau1111 C ,!l,py

rHMll MCTO,!l,a1411 IIpllMCII.HCTCll B 40-75% BCCX c,1yqaeB OII_KOJI0rnqeCKllX 3a6oneBaHllH ll 

cymeCTBJIOmne TCIIJlCIIUl!H yHa3bIBaIOT Ha B03pacTaHlie 3TOii p0,1ll B 6JinJKaiimeM 6y.n.y

meM [2]. 

2. KpaTKaJI HCTOpHJI Jiyqeaoii TepaIIHH 

HcTop1111 pa3BllTllH nyqenoii TepaIIllll BCCr)la 6b!Jia Tecno CBH3aHa C IIOIICKOM ll npn

MenenlleM TaKIIX IIp0HllKaIOmHx 113nyqe1mii, KOT0pMe no CBOIIM xapaKTepllCTllHaM Hall-

6onee IIOJIHO COOTBeTCTB0BaJIII 6M l'JiaBHOii uen11 JIJ'IeBOii Teparrllll - rropaJKe1111IO BCeX 

orryxoJieBhlX l{JleTOK np11 MlllIIIMaJihlIOM noBpeJK)leHllll HOpMaJibHI,IX TKaneii, KaK OKpy

JKaIOm11x orryxon1, cnapyJKn, TaK n naxo,n;Hm11xcn nnyTpn onyxoneBoro 06'1,eMa. 

JlyqeaaH Teparmn II0HBIIJiacb Ha CTMHe BeKoB, cpa3y Il0CJie OTHpMTIIH X-nyqeii Pen

Tl'e!IOM,. Ha nepBOM 3Tane pa3BliTllH, npo.n.onJKaBIIJIII\ICH OHOJIO 50 JieT, B nyqeaoii Te

parr1111 llCIIOJih30BaJIIICI, rnaBHhll\l o6pa30M pCHTI'eH0BCHIIC nyq11 C a11epr11eii .D.O 300 H3B. 

BMCOKaH IIOBepxnocTIIaH )l03a, cna6aH rrp0IIIIHaIOmaH cnoco611ocTI, Ii II0BhlllleHHaH .D.03a 

na KOCTHhie TKa1m, np11cym11c pc11TreHOBCHllM JiytiaM HIIJIOBOJibTIIOI'O )lllana3011a a11cp

r11ii, 'laCTO IIpllBO,!l,IIJlll I{ OCJIOll{llelmJIM II IICl{Jl!0lJaJIII B03MOlHHOCTh ycnclllH0ro nyqenom 

neqc1mH rny6oHo pacnonmKeHHMX onyxoneil. 

3a IlOCJie,!l,Hlle TPII )lCCHTIIJICTIIH ccpopM11poBaJiac1, JIJ'ICBa.JI Tcpan1111 3JI0Ha•1eCTBe11-

HI,IX orryxoneii, llCIIOJib3JIOmaH raMMa-nyq11 6°Co, 3JICHTp011111,[C 11y•11m 11 TOpMo:moe 113-

JIJ'len11e MeraB0JihTIIOro )llla11a3ona ancpr11ii. Ha p11c. 1 1101rn3a11hl rny6mmue )l03HMe 

pacupe.n.ene1111n OT ncToqnnuon raMMa-ny 11eii c :rneprnm.rn: oT 60 mo1B .n.o :J5 MaB [3], a 

Tamue OT ane1nponm,1x ny•rnoB c a11epnrnM11 OT 7 .n.o 28 MaB [4]. MoJKHO OTMCTllTh .n.sa 

o6cTOHTeJihCTBa. Ilepaoe - 3TO OT'ICTJIIIBO BwpalHCIIIIOC npem,1ymccTBO )l03HOro pac

npe)leJieHllJI MeraBOJibTHOii pa)lllaUllll. .ll,1111 ny•!l{OB raMMa-KBaHTOB OHO o6ycJIOBJieHO 

66n1,IIIeii npommammefi cnoco611ocTblO II IIOCTCIICIIIIWM napacTaHIICM BXO)lHOil. )l03U, 
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qro oqeHb BcUKH0 ,n;rn y11e1Ibll!eI111ll JIY'ICBoii uarpy3KII Ha K0lKY II Il0./lK0lKllhle TKaHII . 

.l{JIR 3JieKTp0HIII,IX ny'IK0B xapaKTepno 6UCTpoe Il3lleHCIIIle Jt03U ua onpe,neJICHHOli r,1y

forne, qTQ ll03B0,1HeT cymecraenuo Ylle!lbllll!Tb Jt03Y na II0pl!aJlbHUC TKaHII 3a onyxoJib!O. 

8Topoe - 3TO c.1a6oe 113lteuenI1e ,no311ux xapaKTcpncTIIK B .u11a11a3011c 3HeprI1li ra~rna

KBaJIT0B OT 22 .no 35 l\hB II yMellbll!CIIIle 1,pyTI13Hbl na)lelll!Jl .U03bl B6JIIl3II K0HL{a npo

llllKH0BCIIIIJl 3JICKTp0HH0[O ny'IKa C poCT0ll 3HeprI111 3JieKTp0110B. TaKOC II0Be)leHile 

.U03HUX xapaKTepHCTIIK yKa3uBaeT Ha 6ecncpcneKTHBIIOCTb .llJIJl 11yqeaoli Tepa1111·11 ,naJib

uefirnero ll0BUIIIeIJl!Jl 3Hepr11I1 IICT0'IHIIK0B 3,1eKTpo11110-cpoTOHHOfO 113JIY'leJIII.II. 
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P11c. 1. a) r.1y6mrnuc ,U03Jlble pacnpe,neJICHll.11 OT IICT0'IJIIIK0B 

raMMa-11yqcli c 3HeprHHMH oT 60 K3B 11.0 35 M3B [3]. 

6) rny6nuuue Jl03Hble pacpn.neneun.11 OT 3JICRTpouIJux 

ny'IK0B c 3HeprnHMH OT 7 .no 28 M3B [4]. 

CymecrBeHnoc ynyqruenne rny6nHHUX _n;o3HhlX pacnpe.nene11nli MeraB0JihTIIUX ncToq

HHK0B pa.nnaunn BMecre C 6onee TO'IHOli .ll03llMCTpneli ll OIITllMH3aIJ;Heli IIJiaHllp0BaIJHR 

Jiy'leBoro JIC'leHH.11 o6ecne'IHJIH 3Ha'IHTeJibHldli nporpecc B ll0BUllieHllll 3!p!pCKTllBHOCTll 
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nyqeaoli Tepa1111n. B Ta6n11ue 1 npnae,nem,r ,naHHble yaen11qeHnR BhIJKHBaeM0CTH n~11eH

T0B B CIIIA C pa3JIH'IHbIMll TIIIIaMII 3JI0KaqeCTBeHHbIX o6pa30BaIIlll1 npn HCII0Jlb30BaHl!ll 

MeraB0JlbTH0li pa,nnaunn no cpaBHeHHIO c KllJIOBOJibTH0li [5]. 

OJl}laRo, HCCM0TpR Ha TaK11e BireqaTJIRIOlllHC .ZJ;0CTlllKeHHR nyqeaoii: Tepannn B 0THO

llICHllll HeR0T0pbIX Tllll0B 3JI0KaqecTBeHHbIX onyxonett, Hey_n;aqn nyqeBoro neqeHHR Bee 

eme ocTaJOTCR qacTblM .11anenneM. B Ta6nmi;e 2 rrpnae.neHhI cae.neHHR o qncne n~neH

T0B, yMeprnnx oT paKa B CIIIA nocne npoxom.neHHR Kypca nyqeBoli Tepann, n ouenKa 

'IHCJia nau11eHT0B C pa3JIH'IHbIMll Tl!IlaMll JI0KaJIH3aL{Hl1, y K0T0pbIX CMepTH0CTb M0JKeT 

6b1Th 0THecena 3a C'leT MeCTHbIX n pernonapnbIX ney_n;aq nyqeBoro neqenn.11 B OOJlblliefi 

cTenenn xapaRTepirnyeMhIX, KaR peun.n;nBhI onyxonn [2]. 

Ta6nnua 1. Yaen11qenne BbIJKl!BaeM0CTll nauneIIT0B C pa3nnqHbIMll THllaMH 3JI0Raqe

CTBeHHblX onyxoJiefi rrpn HCll0Jib30BaHllll MeraBOJlbTHOH pa.nnaunn no cpaBHCHll!O C KH

JI0B0JlbTH0li [5]. 

8bIJKHBaeMOCTb 6oJibHbIX 

Tnn onyxonn 
c 5-Tll JieTHHM cp0K0M 

na6JIIOJlCHllR ( B % ) 

KnnoBOJihTHaH MeraBOJibTHaH 
pa.nnaun.11 pa.nnaun.11 

Bone3Hh Xo.lllKKHHa ( JIIIM<porpanyneMaT03) 30 - 35 70 - 75 

PaK Tena MaTRll 35 - 45 55 - 65 

PaK npe,ncTaTeJibnoli JKeJie3bI 5 -15 55 - 60 

PaR H0C0fJI0TKll 20 - 25 45 - 50 

PaR MoqeBoro ny3hlpR 0 - 5 25 - 35 

PaK .11nqI111KoB 15 - 20 50 - 60 

CeMnnoMa .11nqeR 65 - 70 90 - 95 

9M6pnonaJibHbIH paK RHqeK 20 - 25 55 - 70 

OcHOBHa.11 npnqnna 3Tl!X Hey_n;aq o6ycJIOBJieHa HeB03M0JKH0CTblO II0.ZJ;BCCTll R onyxonn 

_n;o3y, .ZJ;0CTaToqny10 .UJIR ee II0JIHOii: CTepHJill3aL{Hll, npn coxpaHeHllll y.n;oBJieTB<?PHTCJlb

H0f0 aHaToMnqecKoro ll q>yHKL{HOHaJibHOfO C0CT0RHllR H0pMaJlbHbIX TRaHett, Haxo.nn

lllllXCR BHYTPH o6nyqaeMoro o6beMa. .l{annble Ta6Jll!L{a 2 f0B0pRT 0 TOM, qTQ 0K0JI0 

30% nauneHT0B, yMeprnnx nocne npoxom.neiin.11 Kypca nyqeBofi Tepannn, MoJKHo 6bIJIO 

6bl cnacTn eJKero.nno npn .nanhnefirneM ynyqruennn Mero.noB n cpe.ncTB nyqeBott Tepannn. 

3. Ilpe,rtilOCLIJIRH npuMeHeHHJI ny'IROB TJIH<eJILIX JI,rtepHLIX 
11acTHn; ,rtJIJI ny11eBo:u Tepanuu 

YMeHbllICHl!e nyqeBoli Harpy3Rll Ha H0pMaJihHble TRaHn, 0RpyJKaIOni;lle onyxoJlb CHa

PYJKH, M0lKCT 6bITb .ZJ;0CTllfHYT0 c II0M0IIJ;b!O ynyi:imeHHR T0JibK0 reoMeTpnqecRHX q>aK

T0p0B pacnpe,neneHH.11 .ZJ;03bl. 9To BP.II.It Jill y.n;acTCR c.nenaTb C II0M0IL{b!O MCfaB0JlbTHhIX 
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llCTO'IHllK0B :meKTp0H0B ll raMMa-KBaHTOB. KaK 3T0 6irno Bll,nH0 Ha pnc. 1, rrpn 3Hep

rIDIX cBI.rme 20 M3B rrpo,nom.Hoe pacrrpe,nenemi:e ,no3u OT HCT0'IHHR0B raMMa-pa,nHanHn 

rrpaKTII'IeCKll He yJiy'ImaeTCJI C p0CTOM 3Heprnn, a y 3JieKTp0HHLIX IIY'IR0B o,nH0 U3 

ocH0BHhIX npeHMym;ecTB - pe3Koe yMeHbmeHne ,no3LI Ha onpe,neJieHoii. rJiy6nHe•- rro

CTeneHH0 llC'le3aeT C yBeJIU'IeHneM 3Heprnn. 

Ta6JI1Ina 2. On:eHKn 'IUCJia nanneHTOB B CIIIA, yMepmnx B pe3yJILTaTe Hey,naqn Jiyqe

Boro Jie'IeHnR [2]. 

EJKero,nHan One1ma qncJia 
JloKaJI1I3annn onyxoJin CMepTH0CTb 110 rrannenToB c 

,naHHhIM Ha MeCTHLIMU ney,na'lab.rn, 
1974 ro.n KaK 0CH0BH0H 

rrpn'IHH0H CMepTH 

roJIOBa II men 7900 3200 
Ilnm;eBo,n 6300 3700 
MoJIO'lHaR JKeJieJa 32750 4600 
IllettKa MaTKn 7800 4700 
Terro MaTKn 3400 2000 
JIH'IHIIKII 10700 9000 
Ilpe,ncTaTeJibHaR _JKeJieJa 18000 llOOO 
Mo'IeBoii. IIY3Lipb 9200 5000 
Mo3r 8100 7700 
Koma 5100 3500 
JlerKne 75400 8000 
JlnMq>OMa 20400 2500 

IloJIHoe 'IHCJI0 205050 64900 

lly'lKll TRllieJihIX 3apRllieHHhIX 'IaCTllll BLIC0KHX 3Heprnii:, TaKHX KaK rrpoT0HhI, ,nett

Tp0HLI, aJibq>a-qacTHD:LI ll JierKUe ll0HhI II03B0JIRIOT pa,nllKaJibH0 YJIY'lllillTb rJiy6HHHOe 

,no3Hoe pacnpe,neJieHHe. 8To CBR3aH0 C TeM, 'ITO B 0TJIII'llle OT 3JieKTp0HHO-q>OTOHHOro 

ll3JIY'leHHR IIY'lKll TRllieJihIX 3apRJKeHHhIX qacTHD: ropa3,no CJia6ee pacceHBalOTCR B TKaHll 

no Mepe npoHHKH0BeHHR B rny6b TeJia; olm HMelOT xopomo orrpe,nene1mLiii. npo6er, JIH

Hettnue rrepe,na'lll 3Heprllll ( JITI8) TaKHX qacTHD: B03pacTalOT C rJiy6HHOii. np0HllKHO

BeHIDI, o6pa3yR-B K0Hile npo6era TaK Ha3LIBaeMLiii. "nHK Bp3rra", 6Jiaro,napR K0TopoMy 

,no3a ll3JIY'IeHHR, norJiom;enHaR B rJiy6HHHOM 0'Iare, M0JKeT 6LITb B HeCK0Jll,K0 pa3 6oJibllle, 

'leM Ha II0BepXH0CTll- TeJia ,naJKe npll o6Jiy'leHllll c o,nnoro HarrpaBJiellllR. 

CJie.nyeT 0TMeTllTb, 'ITO ,n03HLie II0JIR 6oJiee TRJKeJILIX peJIRTllBllCTCKllX R,nep, TaRHX 

Kai{ neona llJlll aproHa, cpopMHPYIOTCJI B 3aMeTHOil: Mepe 3a C'leT BTOpll'IHLIX qacTnn:, B03-

HllKalOIIlHX B nponeccax cpparMeHTan:Hn TRJKeJihIX H0H0B H 3T0 npHB0,nHT K o6pa3oBaHHIO 

nemenaTem.noro ,no3oBoro BKJia,na 3a IIHK0M Bp~rra. 
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Ha pHc. 2. [6] rrpHBe,nem,1 mm cpaa11e11HH rny6HHHLie ,no3HLie pacrrpe,neJieHHH rry'II{0B 

TH}l{eJILIX 3apHllieH1ILIX qaCTHU, raMMa-Jiy 11eii 
6
°Co H rry'!Ka 11eiiTpOIIOB C 3HeprHeii 14 

M3B. 911epreTH'leCKHii crreKTp rry'IK0B TmKe,1LIX 3apHllie!IHLIX '!aCTHU 110.n.06pa11 TaK, 

'IT06LI o6pa3oBaTh o,nuopo,nHoe pacrrpe,ne;1e1me ,no3LI 11a rny6m1e oT 8 ,no 12 CM BTKa1m. 

KaK CJie,nyeT H3 3Toro paCCM0TpeHHH, rry'IKII THiKe,1LIX 3apmKeIIIILIX 'laCTIIU 6naro

,napH T0JihK0 caoe:i.1y 11pe11:.1ymecTBY B reoMeTp11'1ecK11x cj>aKTopax pacrrpe,nene1111H 11orno

rue1111oll: ,Q03LI 1103B0,1HIOT B ,naa-Tpll pa3a y:11eJ1hlIIIITh ,1y'leByIO narpy3KY Ha 0KpyllialOJUHC 

orryxoJih H0pMaJihHLie TKaHII 110 cpaa11e111110 C ra:.n.1a-,1y 11aMH OT 6°Co H, KaK CJie,QCTBlle 

3Toro, MoryT 0Ka3aThCH 60,1ee 3cj>cj>eKTIIBIILl:1111 npH 06,1y'lei1HH rny6oKo 3aJieralOJUHX 

orryxonell: 60,1hlll0f0 pa3Mepa, pacrr0,10iKeH!lblX B6JIH3H }1{113HeHJJ0 BalliHLIX opraH0B. 

IIoMIIMO 'ICTK0 BLipallieHIILIX 11pem.1ymecTB rem,!eTpH'leCKoro HJIH, KaK eme roB0-

pHT, MaKpocK0JJH'ICCKoro pacrrpe,nene1m11 nor,1ome1111oi:i ,no31,1 THlliem,1e 3apHllie1111Lie qa

CTHULI xapaKTepH3JIOTCH 6narorrp11HTHLIMH H3MCl!eJJHHMH pH,na cj>aKTOpOB 6HOJIOrH'le

CK0ro ,neli:CTBHH, CBR3aHHLIMH C Bb!COKIIMH 3JJa'leHHRMH JlHHeiiHLIX rrepe,naq 3HeprHH 

( JIII9) HJIH oco6eHHOCTHMH :l!HKp0CK0IIH'leCKOro pacrrpe,neJieHHR 11ornorue1111oii ,Q03LI H3-

JIY'leHHR • .L{JIR raMMa-Jiy'leii H 3JieKTpOH0B TOJI!,J{0 MaJiaR 'laCTh 11ornome11Hoii ,Q03LI BLI

,neJIReTCR npn 3Ha'!emrnx JIII9, ,Q0CTHralOIUIIX 30 K3B/MKIII [7] . .L{JIR npoTOHOB, aJihcj>a

qacni:u H 6onee TR}l{CJILIX H0HOB 3aBHCHMOCTh JIII9 OT rrpo6era '!aCTHU B H20 JJOKa3aHa 

Ha pnc. 3. [8]. y rrpOTOH0B BLIC0K03Hepren1'1HLiii J'laCT0K cneKTpa JIII9 rrpoCTHpaCTCR 

,no 100 K3B/MKM, y H0H0B reJIHH - ,no 250 K3B/MKM, y nouoa neoua ,no 1500 K3B/MKM. 

.L{o 900 K3B/MKM rrpocnipaIOTCR cneKTpLI JIII9 y IIJ'!Ka neiiTpo110B [9] H ~ o6JiaCTH 

,Q03Horo MaKCHMJI\Ia y IIJ'!Ka OTpHUaTeJihJJLIX JJH-MC30!10B [IO]. 
Ily'IKH TH}l{CJILIX 3apRllieHilhJX 'laCTHU B IIIHpOKOM HiITepBaJie BLICOKHX 3Ha'leHHll: 

J1II9 xapaKTepH3JIOTCR II0BLIIIICHHLIM 3Ha'!eHHeM OTII0CHTeJihHOH 6HOJIOI'H'ICCKOH 3cj>

cj>eKTliBHOCTH (OB9), KOTopoe ,QJIR ,naHHoro THIIa pa,nHallHH orrpe,neJIReTCR KaK OTHOJile

HHC ,Q03LI raMMa-nyqell: C 311epr11eii 200 K3B, C03,QalOJUHX orrpe,neJieHHLiii 6HOJIOI'li'ICCKHii 

3cj>cj>eKT, K ,Q03e paccMaTpHBaeMoro nrna pa,nHaUHH, C03,QalOJUCii TaKOll }l{C 3cj>cj>eKT. Cd

rnaCH0 cyrueCTBYIOJUliM rrpe,ncTaBJICIIHHM pa,nHaUHR C IIH3KliM 311aqe11HeM JIII9, KaK rrpa

BliJIO, BLl3LIBaCT rn6eJih KJICT0K B pe3JJihTaTe Ha!{OIIJICHHH cy6JICTaJihIILIX II0BpClli,nCHHii, 

K0T0pLie B 0T,neJih!IOCTH JierKO B0CCTaHaB.JIHBalOTCH. PaAHaIJHR }KC C HhlCOKliM 3Ha'!eHHCM 

JIIJ9 y6HBaeT KJICTKH B pe3yJihTaTe O,QHII0'IJJLIX neo6paTHMLIX rropalliCHHH • 

lJ:acTO 0IIJXOJih co,nepHmT o6JiaCTH c IIC,Zl.OCTaTKOM KliCJIOpo,na, KOTOpLie MCHee qy

BCTBHTCJlhHLI K pa.n.naUHH C HH3!{0ll JIII9. Mepoii 3T0ro pa3JIH'lliR RBJIReTCR KHCJIOpo

,Zl.H0e OTHOIIICHHe (KO), onpe,nenneMoe KaK 0T110111e11ne ,Zl.03LI, Heo6xo.n.nMoll: ,nJIR co3,na, 

HliR .n.au11oro 6HOJIOrif'ICCl{Oro 3cj>cj>eKTa (11arrpHMep, 50%-Hhlii ypoBeHh BJ,l}l{liBaeMOCTH) 

B KJICTKax C He,noCTaTKOM KHCJiopo.n.a, K ,Q03e, Bbl3blBalOJUell: TaKoii }l{C 3cj>cj>eKT B KJICTKax, 

HaCl,IJUCHHLIX KHCJiopo,noM. 

.L{JIR raMMa-nyqell: H 3JieKTpo110B KO cocTaBJIRCT 2,5--3. Pa.n.naunn c BhlC0KHM 3Ha

'ICHHeM JITI9 B3aHMo,neiiCTBYeT C HaCLIJUCHHLIMH H JIHJIICHHLIMH KHCJIOpo.n.a KJICTKaMH 

HpH6JIH3HTCJihHo o,nmiaKoao H KO JMCHhlllaeTcR. 

Ha pnc. 4 11pe,ncTaBJieHLI 3KcrrepHMCHTaJihHLie ,na11111,1e no 3aBHCHMOCTH OB9 n KO 

OT BCJIH'IHHLI JIII9 [11]. B o6nacTH I 3Ha'!eHHii JITI9 oT 1 ,no 10 K3B/Mru.1 OB9 MHHH-
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MaJihH0 H 6JIH3KO K 1. B o6nacTH II OT 10 ,no 100 K3B/MKM OB9, B03pacTan, .n.ocTnraCT 

MaKCHMaJihHoro 3Ha'IeHHR H B o6nacTH III, r,ne JIII9 6oJihllle 100 K3B/MKM, OB9 cHoBa 

yMe11b111aeTCH H3-3a 3cj>cj>eKTOB naCLIJUCHHH. KO MaKCHMaJihHO B o6nacnr I, 3aTeM 1rnaBH0 

yMeHhJilaeTCH B o6JiaCTII II II ,nocTnraeT MHHHMaJihH0ro 3Ha'!eHHR paBHoro 1 B o6JiaCTH 

III rrpn 3Ha'!eHnHx JIII9 oKono 200 K3B/MKM. KpoMe 6narorrpHRT11oro H3MeHeHHH 3THX 

,nayx cj>aKTopoa (yaeJin'leHHH OB9 H yMeHhlIICHHH KO) 6nonorH'ICCKoe .n.ei!:cTBHe TR

llieJILIX 3apHllieHHLIX '!aCTHll C BLICOKHMH 3Ha'ICHHHMH JIII9 xapaKTepH3JIOTCR TaKllie 

MCHbllleli 3aBHCHM0CThlO OT cj>a3LI KJieT0'IH0ro IJHKJia H pelliHMa cj>paKIJHOHHpoBaHHR no 

cpaBHCIIHIO C pa,nnaune.ii C IIH3KHMH 3Ha'ICHHHMH JIII9 [12,13). 

MolliHO 0}l{H,QaTh, KaK 3TO 6LIJIO II0Ka3aH0 B pH,ne pa6oT [6,14], '!TO TaKoe pa3JIH'lHC B 

cpaKTopax 6HOJIOI'H'ICCKOro ,ne.iiCTBHR Melli,ny pa.n.HaIJHCii C HH3KliM li BhlC0KHM 3Ha'ICHH

HMH JIII9 no Rpaiiueii Mepe B HCl{OTOphlX CJIY'laRX (HanpnMep, 6oJihlIIHX rHIIOKCH'lHhlX 

orryxoJIRx, pe3HCTCHTllhlX K o6hl'lllhlM THl!aM.pa.n.na1um, HJIH MC,QJICHH0 paCTJJUHX onyxo

JIHX, a TaKlliC 6narorrpirnTHOM C00TII0IIICHHH OB9, ,QJIR onyxoJICBhlX H 6JIIl3JIC}l{arunx 

H0pMaJihHhlX TKa11eii) rrpHBe,neT II~H HCII0J!h30BaHHH IIJI0TH0H0IIH3HPYIOJUett paAHaunn K 

YBCJIH'leHHIO II0palliCHHR B 0IIJXOJIH rrpH coxpaHeHHH ypoBHR II0Bpelli,Zl.eHHH H0pMam.HhlX 

TRaueii BHJTPH orry·xoneaoro o6'beMa. 

Cne,nyeT 0TMCTHTh, '!TO C00TH0IIICIIHC MC}l{,Zl.y ,Zl.030ll H Bep0RTII0CTblO nopalliCIIHH 

orryxoJIH xapaKTCpH3YCTCR ,Zl.0B0J!hl!0 KpyToii 3aBHCHMOCTblO - JBCJIH'lCHHe ,Q03hl Ha 10-

20% IIOBLIIIIaCT 3cj>cpeKTHBHOCTh H3JIC'!eHHH C 20 . .n.o 80% [15]. IIpn HCII0Jil,30BaHnn 

pe,nRo H0IIH3HpyIOJUCH pa,nnaunn TeparreBTH'leCRHii HHTCpBaJI 'laCT0 0l{a3hlBaCTCR O'lCHI, 

Y3RHM, pnc. 5 [2]. Ilpn BCpORTH0CTH H3JIC'ICHHR orryxonn, paBH0ll 80%, Bep0RTH0CTI, 

0CJIQ}l{IICHHH ,Q0CTHraeT 30%. 

Ecnn ,naH{C Bee 6narorrpHRTHhlC H3MCHCHHH 6nonorn'leCKHX cj>aKTOpOB B CJIJ'lae TRlliC

JlhlX 3apRlliCHHhlX '!aCTHll C BhlC0RHMH 3Ha'!eHHRMH JIII9 T0J!bKO Y.D.BORT TeparreBTH'lCCK0C 

0TH0IIICHHe, TO, Ra!{ 3T0 cne.n.yeT H3 pnc. 5, rrpn coxpaHCHHH BCp0RTII0CTH H3JIC'lCHHR 

0IIJX0J!li B 80%, BepoRTH0CTI, OCJIQ}l{IICIIHR H0pMaJihHhlX TRaHett M0}l{eT 6hlTI, rrpaKTH'lC

CKH CBC,Zl.eHa K HYJIIO [2]. 

Bee TRlliCJihle 3apRlliCIIHhle qacTHIJhl HMCIOT CXO,QHhlC rrpeHMJJUCCTBa B 'lHCT0 reoMe

TpH'lCCKHX cj>aKTopax ,Zl.03Horo pacrrpe.n.eJICHHR no cpaBHCHHIO C npHMCHReMOH B HaCTO

RJUCC BpCMR raMMa-paAHauneii. BhlcTphle HCHTpOHhl He HMCIOT npeHMYJUCCTB B OTH0-

meHHH rny6HHHOro ,Zl.03Horo pacnpe.n.eJICHHH, HO MoryT Ql{a3aTbCR 6onee 3cj>q>eK'.l'HBHhlMH 

npH B03,QCHCTBHH Ha pe3HCTCHTHhle orryxonn H3-3a 6naronpHRTllhlX 6nonorn'lCCKHX cj>aK

TopoB, o6ycJIOBJICHHh!X BhlC0KHMH 3Ha'lCHHHMH JIIT9. Ecnn orpaHH'lHThCR TOJil>K0 reo

MeTpH'lCCKHMH. cj>aKTopaMH ,Zl.031101'0 pacrrpe.n.eJICHHR, TO HaHJIJ'lillHMH ,Zl.JIR JIJ'lCB0.li TC

panHH 0KalliJTCR rrpOTOHhl H JICI'KHC HOHhl. EcJIH B pe3JJ!hTaTe KJIHHH'lCCKHX HCIIhlTaHni!: 

6y.n.eT ,Zl.01{a3aHO rrpenMJJUCCTB0 HeiiTp0H0B ,Zl.JIR JIC'ICHHR pe3HCTCHTHhlX onyxonefi, TO 

TR}l{eJihle HOHhl, CO'ICTa!OJUHC B ce6e 6narorrpHRTHhlC oco6eHHOCTH q>H3H'lCCKHX n 6nono

rH'lCCl{liX cj>aKTOpOB, OKalliJTCR Han6onee nepcneKTHBllhlMH ,Zl.JIR JIJ'lCBO:lt Teparrnn. 
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Pnc. 5. BepoHTHOCTh H3Jie'leHHH onyxoJIH .n;JIH pa.n;nau;HH c HH3Rofi H BLicoRofi JIII8 

H BepOHTHOCTI, OCJIOHrneHHfi HOpMaJihHLIX TRaHefi B 3aBHCHMOCTH OT .ll03hl 

pa.n;aau;mr [2]. 
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He.n;aBHO B pn.n;e pa6oT 6LIJio noKa3ano, 'ITO Manan ,no6aBKa (10-20%) pa.n;nau;HH c 

BLICOKIIMII 3Ha'!eHIIJIMII JU18 ne rrponopu;11011aJibHO c11n1,Ho no1111maeT KO ( c 2,5 .n;o 1,8-
1,5) [16,17,18]. Ilo3TOIIIY np11Mene1111e Ho~161111au;1111 .llBYX TllnoB 113.rryqe1111fi c Hll3HHMII li 

BhlCOHlil\111 3Ha'!ellllJIM JII18, HaH Hanp11Mep, npoTOHllbIX II HefiTpOHHhlX IIY'IKOB BLICOHHX 

3Hepr11il: TaHJRe MOJReT OHa3aTbCfl BeCU!a nepcrreHTIIBHhll\l. 

4. IlepnouaqaJibHLIH rrep110~ KJI~H.HqecK.HX 11crr1>1TaH.HH 

Ha rryqKax TJI.>HeJILIX JI~epHLIX qacT.Hll; 

M.n;en 11cnoJih30BaHIIJI THllieJihlX 3ap11me1rnwx 'IaCTIID; B Jiy'IeBoil: Teparr1111 6hlJia BhICRa-

3aHa P.BIIJII,COIIOM eme B 1946 ro.n;y [19]., o,nnaHO ee ocymecTB,1eHlie CTaJIO B03MOJRHLIM 

TOJII,RO nocJie nOJIBJie111111 ycROpJITeJieil: TmHeJihlX 3apmKeHHhlX '!aCTJID;, paCC'IIITaHHLIX Ha 

3Heprmr B coTHJI M3B. 

To6J1arn JI Jloypenc [20] rrepBhl!IIJI B_ 1952 ro.n;y JICilOJih30BaJIJI ny'IHJI npOTOHOB, ,nefi

TponoB n aJI1,qia-qacTJ1D; OT cJ111xpou;1mJI0Tpona B BepK,1J1, ClllA .llJIH 111e.n;J1Ko-6noJiorn

'!eCKHX J1crne,n0Ba11J1il:. Ilo.n;o6nwe pa6oThl na npoTOnax c 3Heprnefi 187 M3B Ha'!aJIH 

npoBO,l(JIThCH B lliBeD;JIJI c 1956 ro.n;a JlapCOHOM [21]. KJIJIHJl'IeCKJle JICCJie,noBaHJIH no 

npJ1MeHeHJ1IO npoTOIIOB BhlCOHJIX 3HeprJ1il: B Jiy'IeBoil: TepaIIJIJI BeJIIICI, KJ1Jih6eproM C 

1959 ro.n;a B rapBap.n;CKoM ymrneprnTeTe, ClllA na cnHxpou;J1HJI0TpoHe c 3Heprneil: 160 
M3B [22]. 

B HaCTOJ!Il\ee BpeMJI B MJlpe HaC'IJITLIBaeTCfl 25 I~eHTpoB, JICnOJih30BaBIIIliX liJIJI IIC

noJib3YIOil\JIX B Jiy'IeBoil: TepanJIJI rry'IKJI Tfl}l{eJihlX 3ap11JReIIIIhlX qaCTJID;. Bee Ollll (3a 

HCKJIIO'IeHJ1eM u;eHTpoB B J10111a-JlJ1H.lla, ClllA JI lfafia, Rnomrn) npJ1MeHJ110T .llJIH u;eJiell: 

Jiy'IeBofi TepanJIJI IIY'IHJI TmKeJihlX 3ap11HWHHLIX '!aCTIID;, IIOJIY'!aeMLie Ha llCCJie,noea

TeJII,CKJIX qJJ13Jl'IeCHJIX ycHopJ1TeJI11x, TaK KaH B 3TOM cJiy'Iae BO MHoro pa3 yMeHbIIIaeTCJI 

o6mqJI cyMMa 3aTpaT Ha rrpoBe.n;eHJ1e IIIJ1poKJ1x KJIJ1HJ1'!ecKJ1X J1CIILITaHJ1fi. Eme 20 Tamrx 

I{eHTpOB rrpe.n;rroJiaraeTc11 co3,naT1, B 6JIJ1JRaiirnJ1e ro.n;w. .L{am1Lie no BCeM 3THM u;eHTpaM 

rrpJ1Be.n;eHhl e Ta6JIJ1D;ax 3 J1 4 [23]. MJ1pOBOll KJIJIHJl'!eCKJlfi OllhlT Ha IIY'!KaX TJIJReJILIX 

3ap1IllieIIHLIX '!aCTJID; HaC'IJITLIBaeT OKOJIO 19 ThlCJ!tj rrau;JleHTOB, o.n;naKO MaKCHMaJII,Hhlfi . . 
OIIhlT II JIY'IIIIJle Pe3YJibTaTLI cocpe.n;oTO'IHJIJICI,, B OCHOBHOM, B .llBYX cpaBHJITeJihHO Y3KHX 

o6JiaCTJIX - oq>TaJII,MOHKOJIOrJIII J1 o6Jiy'IeHIIJI BIIYTPH'iepenHLIX MHIIIenefi. TaK B 1991 
ro.n;y' H3 Bcex o6ny'IeHHLIX npoToHaMJI 6oJihHLIX 66% 06Jiy'IaJIJ1Ch no noBo.n;y orryxoJiefi 

rna3a JI y 17% 6oJihHLIX o6Jiy'IaJIHCh enyTp11qepemrne 111J1rne11J1 [24]. 
. B Jla6opaTopHH n.n;epIILIX npo6neM c caMoro Ha'!aJia 3a,naqa 6LIJia rrocTaBJieHa ro

Pa3.llO IIIlipe - C03.l(aTh Ha ,nefiCTBYIOil\eM ycKOpJITeJie Me,l(JID;JIHCKJle ny'IKH .llJlH Heno

cpe.n;CTBeHHoro o6Jiy'IeHHJI onyxonefi pa3JIH'IHLIX JIOKaJIH3au;J1fi. 

IIepBLifi B. CoBeTCKOM Co103e (Hwne CHr) npoTOHHhlfi ny'IoK c Heo6xo.n;HMLIMH .llJIJI 

ny'!eBoii: TepannH napaMeTpaMJI 6LIJI c03,naH B 1967 r. no npe.n;nomeHHIO B.Il • .L{JReJierroBa 

B Jla6opaTopnH n,nepHhlX rrpo6neM OM.HM (.L{y6ua), Ha q>a3oTpoHe 680 M3B [25]. Bee 

pa6oTLI Ha 3T0M IIY'!Re npoBO.llJIJIHCh COBMeCTHO COTPY.llHHHaMH MHCTHTyTa 3RcrrepH

MeHTaJil,H0fi n KJIHHH'!ecKoii: OHKOJiornn AMH CCCP (uhll1e OHKOJIOrn'leCKHfi Hay'IHLifi 

u;eHTp PoccnficKoii: AMH) H rpynnofi q>H3HHOB Jla6opaTopnn n,nepuLix rrpo6JieM OH.HM. 
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KJIIIHll"'IeCKIIe IICCJie,llOBaHIIH 6Ll,111 Haqan.r noc,1e 'cep1111 !plI31IKO-,ll0311Me'fp11qecKIIX 11 

pa,n1Io61IOJIOr1Iqecm1x 3KCnep1IMeHTOB. OHl1 npOBO,lllIJIIICb Ha Me,lllil.(11HCKOM npoTOHIIOM 

rryqKe JIJIII O11Jil1 c 1968 r. no 1974 r. (11 6wn11 nplIOCTaHOBJieHw 113-3a peKOHCTpyK

I\IIII ycRoplITeJIJI 11 CTpOIITeJibCTBa MHOroKa6111111oro K,111H11KO-<plI31IqecKoro KOMII~eKca). 

Ta6JI1Il(a 3. World wide charged particle patients totals [23] 
July 1995 

WHO WHERE WHAT DATE DATE 
FIRST LAST 
RX RX 

Berkeley 184 CA. USA 
~e 

1954 - 1957 
Berkeley CA. USA 1957 - 1992 
Uppsala Sweden p 1957 - 1976 
Harvard NA. USA p 1961 
Dubna Russia p 1967 - 1974 
Moscow Russia p 1969 
Los Alamos NM. USA 71'- 1974 - 1982 
St. Petersburg Russia 

heavy ion 
1975 

Berkeley CA. USA 1975 - 1992 
Chiba Japan p 1979 
TRIUMF Canada 71'- 1979 -1994 
PSI (SIN~ Switzerland 71'- 1980 - 1993 
PMRC, sukuba Japan p 1983 
PSI (SIN) Switzerland p 1984 
Dubna Russia p 1987 
Uhpsala Sweden p 1989 
C atterbridge England p 1989 
Lorna Linda CA. USA p 1990 
Louvain-la-Neuve Belgium p 1991 
Nice France . p 1991 
Orsay France p 1991 
N.A.C. South Africa p 1993 
IUCF IN. USA p 1993 
UC Davis CA. USA 

heavy ion 
1994 

HIMAC, China Japan 1994 

. 

TOTAL 

RECENT DATE 
PATIENT OF 

TOTAL TOTAL 

30 
2054 June-91 

73 
6444 July-95 

84 
2877 May-95 

230 
904 Nov-94 
433 June-91 
86 June-93 

367 Dec-93 
503 
444 Abril-95 

1785 ec-94 
39 July-95 
65 Spring-95 

620 Mar.-95 
1262 Apnl-95 

21 Nov-93 
472 Nov-94 
468 Oct-94 
67 April-95 

1 Dec-94 
19 Dec-94 
25 Feb-95 

llOO pions 
2512 JOns 

15761 protons 
19373 all particles 

B TeqeHIIe 3Toro nepBonaqaJibHOro nep1Io,na KJIIIHIIqecKIIX IICIILITaHIIH Ha Me,lllID;IIH

CKOM IIpOTOHHOM rryqKe JIJIII O11Jil1 nyqeBOe Jieqe1rne 6LIJIO npoBe,neHo 84 rrar:i;IIeHTa~, 

B OCHOBHOM, no noBO.llJ 3JIORaqecTBeHHLIX onyxoneii nlill.(eBO,lla II nerl{oro [26]. IlpoTOH

HLitt rryqol{ rrpe.nocTaBJIJIJICJI .llJIJI Me.lllII.\IIHCl{IIX l(enefi 2 pa3a B ne.nemo, nplI 3TOM l{a

JK,lloro 6oJibHOro o6nyqaJIII cppaHD;IIOHIIpOBaHHO ( 10-15 ceaHCOB B Teqem1e 1-1,5 Mee.)' 

TaK qTo o6mee 'IIICJIO JieqefinLIX nyqeBLIX ceaHCOB COCTaBIIJIO Ol{OJIO TLICJl'IH. B 3TOT 

neplIO.ll BpeMeHII 611JI ocyll(eCTBJieH nepexo.zi; OT MHOrOIIOJlbHOro o6nyqenHJI R poTaD;IIOH

HOMy 06./IyqeHIIIO C aBTOMaT1IqeCl{IIM COBMell(eHIIeM MaKCIIMyMa ,ll03Horo pacnpe.zi;eJieHHJI 

(nlil{a Bp3rra) c o6nyqaeMoii onyxoJihIO. 
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Ta6n1In;a 4. Proposed "New facilities for protons & ion beam therapy" [23] 
July 1995 

INSTITUTION PLACE TYPE 1ST COMMENTS 
RX? 

P.S.I. Switzerland p 1995 200 Me'J var. energy, gantry, 

19'95 
dedicate line 

TRIUMF Canada p eye beam line constructed and tested 
Berlin Germany p 1996 72 MeV cyclotron; eye treatment 

beam line. 
G.S.I. Darmstadt Germany 10n 1996 First Carbon beam in the medical 

cave 7/6/95 
KVI Groningen The Netherlands p 1997? plan:- 200 MeV accel.; 2 rrns; 

NPTC (Harvard) 
1 gantrf 1 fix. · 

MA USA p 1998 at MG ; 235 MeV cyclotron; gantry; 
4 horiz beam 

NC Star NC USA p 1999? cyclotron; 70-300 MeV; 2 horiz; 

Regensburg Germany 
1 gantry . 

.P 1999? gantry; 1 fixed beam; 1 eye beam. 
Hyogo Japan 10n 2000 protons & ion; 2 gantries; 

TERA Italy 2000? 
1 horiz; 1 vert; 1 45° deg. 

ion H- accel; 60-250 MeV p; +BNCT; 

AUSTRON ? 
isotope prod. 

Austria ion protons and lifht ions. 
Beijini · China p ? 250 MeV slnc rotron. 
Brook aven NY USA p ? linear acce erator. · 
Clatter bridge England p ? • upgrade using booster linear acelerator. 
ITEP Moscow Russia p ? 3 horiz. -1 fix beam, 2 gantry, 1 exp., 

H- accel. 
Jiilich (KFA) Germany p ? exp. beam line; tans for therapy. 
Krakow Poland p ? 60 MeV✓roton earn. 
Kyoto Japan p ? 250 Me synchrotron; gantry; 

1 fixed honz beam. · 
Proton IL USA p ? 300 MeV protons; therapy & 
Development lithograpliy 
N.A. Inc. 
Tsukuba Japan p ? 230 MeV; 2 rms; 1 vert + 1 h beam; 

1 gantry 

B pe3yJihTaTe 3Toro rrepBOHa'laJibH0ro IIOIICl{OBOro 3Tarra 611JIH IIOJiyqen11 ,ll01{a3aTeJib

CTBa rrpaBIIJibHOCTH OCHOBH11X IICXO,llHhlX !plI31Il{O-TeXHII'leCRIIX, pa,lllI061IOJIOrll'leCl{IIX 

II RJIIIHII'IeCRIIX rrpe.nnoc1IJIOI{, pa3pa6oTaH11 MeTO,lllIKII 06nyqen1IH p11.na JIORa~113an;1Itt 

onyxoneii II IIOl{a3aHa n;enecoo6pa3HOCTb paCIIIIIpeHIIJI l{JlllHII'leCRIIX IICCJie,lloBanntt no 

rrpOTOHHOli Jiy'IeBoii Teparrnn 3JIOl{aqecTBCHH11X orryxone.tt. 

5. MHoroRa6HHHLIH KOMIIJieKc 
Jia6opaTopHH JI~epHLIX rrpo6JieM OM.HM 

.ll:JIJ1 B11rroJIHenn11 naMe'lenHoii rrporpaMM11 pa6oT B Jla6opaTopnn 11.nepm;ix rrpo-

6neM 011Jil1 R Roney 1985 r. 611no 3aseprneno c03,nanue MHoroRa6nnnoro RJIHHHRO

cpn3nqecl{oro ROMIIJICl{Ca [27,58], ROTOp11.tt B HaCTOJim;ee BpeMH BRJIIO'Iae'f B ce611: IIHTb 

I1pOTOHH11X l{aHaJIOB MC,lllII\llHCl{Oro Ha3Ha'IeHHH .llJIJI o6nyqeHHJI rny6ol{O 3aJieraIOm;llX 

onyxonett IIIllpOKHMH ll Y3RHMll rrpoTOHH11Mll IIY'lRaMH pa3Jill'lHOii 3HeprHH ( OT 70 .no 660 
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M3B); Me,wrn;1rncmi:tt '/l"-MC30HHhlli RaHaJI ,ll;JIH JiyqeBOfi Tepamrn: HHTCHCHBHhlMH rryqRaMH 

OTpnn;aTCJihHhlX 71"-Me30HOB C 3HeprHHMH OT 30 ,n;o 80 M3B; RaHaJI Hel!:TpOHOB Me,n;nn:nu

CROro Ha3HaqeHHH ( cpe,n;HHH 3HeprnH Heii:TpOHOB B nyqRe OROJIO 350 M3B) ,ll;JIH ,o6Jiy

qemrn 6oJihlllllX, pa,wrope3llCTCHTHhlX onyxoJiel!:; TepaneBTnqecRyIO raMMa- ycTaHOBKY 

,ll;JIH HCIIOJih30BaHHH B RaqeCTBe pe3epBHOro HCTOqHnKa H3JiyqeHHH, a TaKJKe ,ll;JIH npoBe

,n;eHHH MCTaHD;HOHHOfi raMMa-Teparrnn npn coqeTaHHhlX MCTO,n;ax o6JiyqennH. O6mnl!: 

BH,11; RJIHHHRO-qJH3HqecRoro ROMIIJICRCa H cxeMa pa3B0,ll;KH nyqRoB qJa30Tpoua IIOKa3aHhl 

Ha pHC. 6 H 7. 
,[{JIH qiopMHpOBaHHH rnnpoKHX (,n;HaMeTpOM 3-6 CM) npoTOHHhlX nyqRoB C 3HeprHHMH 

100, 130 n 200 M3B n nx pa3BO.n;RH B Ra6nHu N! 1 n 2 ncnoJih3JeTCH RaHaJI VIII [28-30]. 
9ToT RaHaJI II03BOJIHeT TaRJKe qiopMHpoBaTh B Ra6nne N! 1 ,n;narnocTnqec1mii: (,wraMe

TpoM OROJIO 3 MM) IIpOTOHHhlli nyqoR C 3Heprneii: 660 M3B ,ll;JIH npoTOHHOfi TOMorpaqinn 

[31,32]. KaHaJI XI npe,n;Ha3Haqen ,n;JIH qiopMnpoBannH B Ka6nne N! 3 J3Koro (,n;naMeTpoM 

5-20 MM) npoTOHHoro nyqKa c 3Heprnel!: 660 M3B [33]. ,[{JIH rroJiyqemrn Me,n;nn:nncKoro 

71"-Me30HHOro nyqRa BhIBe,n;eHHhle H3 ycRopnTeJIH rrpoTOHhl TpancnopTnpyIOTCH no KaHaJiy 

IX R IIIHpORoyroJihHOii: MarHHTHOii: JlllH3e, KOTOpaH q>oRycnpyeT o6pa30BaBIIIHeCH B MH

IIICHH OTpnn;aTCJlhHhle '/l"-MC30HLI BepTnRaJihHO BBepx, B Kaforny N! 4 [34-37]. KanaJI X 
CJIYlKllT .n;JIH qiopMnpoBannH TeparreBTnqecRoro nel!:Tpmrnoro nyqKa B Ka6nne N! 5 [38, 
39], a TaRJKe nrnpoRoro npoTOHHoro nyqRa c ,n;naMeTpoM noJIH o6JiyqennH io 21 CM. C 
IIOMOII{h!O RaHaJia VI qiopMnpyeTCH J3RHii: npoTOHHhlli rryqoR. B ,n;naIIa30He 3Heprnii: OT 

70 ,n;o 100 M3B. 

6. 06opy,n;oBaHHe H annapaTypa 
,ll;Jlll JiyqeBOH TepanHH H ,n;HarHOCTHKH 

. KaR yme OTMeqaJIOCh B pa3,ll;eJie 3, nyqKn TfilRCJihlX 3apHJKeHHJ,IX qacTHO: ITO cpaBHC-• 

IIHIO C raMMa-KBaHTaMH H 3JICRTpoHaMH llMCIOT cyll{eCTBeHHO Jiyqrnee ,11;03I!Oe pacnpe,n;e

JieHne; ROTOpoe ,n;onycRaeT rn6Roe peryJlllpOBanne B COOTBeTCTBHll c TCMH HJIH HHhlMH 

RJlllHHqecRHMH Tpe6oBaHHHMH HJlll RpnTepnHMH. ,[{JIH roro, qTo6u B IIOJII!Oii: Mepe HC

IIOJlh30BaTh 3TO BaJKHOe npenMyll{eCTBO nyqRoB THlKCJihIX 3apHJKeHHhlX qacTHO: B nrnpoRoii: 

RJlllHHqecRoii: npaRTHRe, Heo6xo,wi:Ma pa3pa60TRa YHHBepcaJihHhlX MeT0,11;0B qiopMnpoBa

HIDI ,11;03HhlX IIOJieii: H annapaTyphl ,ll;JIH HX H3Mepe1_rnii:, MeT0,11;0B TOqHoro orrpe,n;eJieHHH 

IIOJIOJKCHIDI onyxoJlll BHYTPll TeJia rran:neHTa, a TaRJKe a,n;eKBaTHhlX MeT0,11;0B .ROHTpOJIH 

3a COBMCII{CHHeM ,11;03HOro MaKCllMJMa C OIIJXOJlhlO •. B Jia6opaTopmi: H,n;epnux npo6JieM •. 

OI1JIH BhIIIOJIHeH pH,n; pa3pa6oToK, o6ecneqnBaIOII{HX. BLIIIOJIHeHHe 3THX Tpe6oBannii:. 

MoH03HepreTnqecRHe nyqmi: THlKCJihlX 3apHlKCHHhIX qaCTHO: cpaBHHTCJihIIO pe,n;Ro HC

IIOJlh3JIOTCH B RJlllHnqecKofi npaKTHKe, H3-3a Toro, qTo pa3Mep rro,n;JieJRall{ero nopameHHIO 

oqara 06hlqHo 3aMeTH~ npeBOCXOMT IIIHpnny IIHKa Bp3rra. lfro6LI yBeJinqHTh IIIllpHHY 

yqacTKa C MaRCllMaJlhHOii: ,11;030ii:, o6Jiyqenne npoBO,n;HT IICMOIIOXpOMaTnqecRHM nyqRoM co 

ClleD;llaJlhHO no,n;o6paHHhlM CIICRTpoM, qTo 3KBHBaJICHTHO HaJIOlRCHHIO HCCROJihRllX KpH

BhIX Bp3rra C pa3HOfi my6lrnott paCIIOJIO}KCHHH IIHKa, pnc. 8 [40]. 
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,U;rn HeMOHOXpoMaTll:'IeCKllX rryti:KOB THJRem,rx 3apJIJReHHhlX tJ:aCTIID;, IIOJIY'laIOID;llXCH 

rryTeM TOpMOJReHl!H BLIBe,11,eHHOfO ll3 ycKOpl!TeJIJI nepBlltJ:HOfO nyti:Ka lIJill o6pa3yIOID;l!XCH 

-B pe3yJihTaTe B3al!Mo.n.ettcTBllH rrepBlltJ:Horo nyti:Ka c Ml!IIIeHhIO, neo6xo,11,11Moe ,ll,03HOe pac

rrpe,11,eJieH11e MOJRHO ccpopMllpOBaTb C IIOMOID;hIO l!OHHOH OIITl!Kll. B 0,11,HOM ll3 3THX MeT0-

,11,0B, rrpe,11,JioJReHHOM 11 arrpo611poBaHHOM B Jla6opaTop1111 H,11,epHLIX npo6JieM 011JIM, 113 

IIIllpOKoro 3HepreT111IeCKOfO crreKTpa tJ:aCTl!Il; C IIOMOID;hIO aBTOMaTl!3llpOBaHHOfi KOJIJill

MaTOpHofi Cl!CTeMLI Bhl,11,eJIHeTCJI TOJihKO Ta tJ:aCTh, KOTOpM Heo6xo,11,11Ma ,11,JIJI o6pa3oBaHl!H 

M0,11,llqJllll;llpOBaHHOil: Kpl!BOH Bp3rra C IIJIOCKOH BepnmHofi ll KPYTLIM 3a,IJ,HHM cppOHTOM, 

pnc. 9 [30]. 

< 
<? 
0 100 ~ 

0: 
< 
:c 
.0 

< -a, 50 Ii lJl ~ t ~ 0 
:c 
t-

0 o 

Pnc. 8. 

0 2 3 4 5 6 7 
CAHTUM8TPbl 

8 
H20 

9 tO H U! t3 

IlpHHD;llII cpopMnpoBaHHJI rny6nHHOfO ,IJ,03HOro pacnpe,11,eJieHl!H C nmpoKHM 

MaKCHMYMOM II KPYTLIM 3a,ll,HllM cppOHTOM. 9neprnH ll lIHTeHCllBHOCTb !)T

,11,eJihHhlX MOHOXpOMaTHtJ:eC~lIX IIY'lKOB npoTOHOB no.n.6npaeTCH TaK, 'IT06hl 

rrpn cMeIII.1rnan11n nonyti:nTh M0,11,llcpm:i;npoBaHHyw Rpnnyw Bp<:1rra c nmpn

nott ,IJ,03Horo MaRCHMyMa OKOJIO 5 CM [40]. 

t4 

Bo3MOJRHOCTH cpopMnpoBaHHJI C IlOMOID;h!O THJReJILIX 3apHJReHHhlX 'laCTllD; ,IJ,03HhlX 

IIOJiett npaKTHtJ:eCRH JII06oil: npocTpaHCTBeHHOfi KOHcpnrypau;nn MoryT OKa3aTbCH IIOJie-

3HhlMll TOJihRO B cnyti:ae ,11,0CTaTO'lHO IIOJIHoro orrpe,11,eJieHHH cpopMLI ll pa3MepoB onyxoJill, 

a TaRJRe MeCTa ee pacnonoJReHHH BHYTPH Tena nau;neHTa. 
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~ :t 2,5 ~ 

IO II II ., 
" TOllllUKl 101111, 1/-• 

Mo;n;nqinunpoBaHHan RpnBan Bp3rra c rrJiornott BepnrnHott. 

O6hl'1Hhle MeT0)l.hl T0IIH'leCR0H peHTreHo;n;narH0CTHRll He Il03B0JIRIOT II0JIY'lHTb TO'IH0-

CTH, Heo6xo)l.llMhle )I.JIR Teparrnn TRJReJihlMll 3apRJReHHhlMll qactnuaMH. BaJRHhlM IIIaroM 

B 3T0M HarrpaBJieHHll RBHJI0Cb npHMeHeHne MeT0)I.0B R0MIIb!OTepHOH peHTreHOBCR0H T0-

Morpaq>Hll. B Jla6opaTOpnn n;n;epHhlX npo6JieM pa3pa6oTaH BapnaHT rrpoCToro peHTre- ' 

H0BCRoro R0MIIb!OTepHoro TOMorpaqia )I.JIR rroJiy'leHHR TOIIOMeTpH'leCK0H HHq>OpMaI(Hll 

B TaR0M Il0JI0JReHHil TeJia nauneHTa, npn R0T0p0M rrpoB0)I.IlTCR ;n;aHHhlH ceaHC Jiy'leB0H 

Tepannn [53]. Ha pnc. 10 Il0Ra3aHo, Il0Jiy'leHH0e Ha 3TOH yCTaH0BRe, B0CCTaH0BJiennoe· 
' TOMorpaq>H'leCROe H306paJReHne rpy;n;H0H RJieTRll rrau;nenTa C )l.03llhlMll II0JIRMH, C03)1.a-' 

BaeMhlMll Ilp0T0HHhlM IIY'IR0M npn poTaI(H0HH0M o6Jiy'leHHH. 

Ilpn llCil0Jib30BaHllll MeT0)I.0B rrpoTOHHOH R0MIIbIOTepH0H TOMorpaq>llll Bee reTepo

reHH~CTll Il Il3MeHeHHR ToJimllHhl TRaHeH )I.JIR JII06oro HanpaBJiellllR ny'lRa TRJReJihlX 3a

pRJReHHhlX 'laCTllU MoryT 6hlTb T0'IH0 onpe;n;eJieHhl B e;n;llHllI(aX npo6era caMhlX 3THX 'la-
\, 

CTllU MllHYR CJI0JRHhle Bhl'IIlCJieHHR, RaR B cJiyqae penTreH0BCRHX T0M0rpaMM HJIH rryTeM 

llX RaJIH6poBRll no rrpoT0HHhlM T0MorpaMMaM, ll Ha 3TOH 0CH0Be C0CTaBJieHa llH)l.llBH;D;y

aJibHaR nporpaMMa )I.JIR MHororroJibHoro, poTau;noHHoro HJIH cRaHnpyIOmero o6Jiyqemrn • 

nauneHTa Ha ny'lRe TaRllX 'laCTilI(. BapnaHT TaKOH ycTaH0BRll C03)1.aH B Jla6opaTO

pnn n;n;epHhlX npo6JieM [31,56]. Ha pnc. 11 II0Ra3aH0 noJiy'leHH0e C II0MombIO 3T'att 

ycTaH0BRll T0Morpaq>n'leCROe ll306paJReHne q>aHTOMa rpy;n;nott RJieTRll qeJI0BeRa. 
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Pnc. 10. PenTreHOBCRaR TOM0rpaMMa rpy;n;nofi KJieTRll nau;nenTa C )l.03HhlMM II0JIRMH, 

C03)1.aBaeMhlMll Hp0T0HHhlM IIJ'IH0M C 3Heprnefi 200 M3B, rrpll poTaI(ll0H

II0M 06Jiyqe11nn onyxoJin nmueBo;n;a. 

Toqnoe C0BMeiue1rne B npouecce o6Jiyqemrn cqiopMnpoBannoro .zi.03noro pacnpe.zi.e

Jiennn C onyxoJieBblM o6'beMOM HBJIHeTCR O'lellb CJIO}KII0H ll )1.0 ROHI(a nepeIIIeHH0ll: 3a

.zi.aqefi. IlepBb!ll: IIIar B 3TOM HanpaBJienuu 6b!JI c;n;eJiaH B Jla6opaTopun n.zi.epm>1x rrpo-

6JieM OMRM C0BMecrno c OHIJ, PAMH [57,59]. Ilpn 06Jiyqe11uu onyxoJiell: numeBQ!la 

B npoCBeT nnmeB0)l.a BB0)l.llTCR MllHHaT!OpHb!ii H0JIJilp0BO)l.llllHOBblll: )l.aT'lllH, cnrHaJI C 

K0Toporo HCII0Jib30BaJICR B CHCTeMe o6paTHOH CBR3ll )I.JIR aBT0MaTU'leCK0ro peryJinpoBa

llllH 3Heprnu npoT0HH0ro IIJ'IKa ll R0MneucupoBaHHR BCeX ll3MCHeHllll: rereporeHH0CTll 

u rJiy6uubl JaJierauun onyxoJin npn KaJR)I.0M MaJioM H3Me11e1rnu noJioJRenun o6'beRTa 06-

Jiyqenun Bo BpeMn ero Bpamenun. 
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P1:1c. 11. PeROHCTpy1:1poBaHHOe l:1306pameHl:le cpaHTOMa rpyti;HOfi RJieTRH qeJIOBeRa, 

IIOJiy'IeHHOe C IIOMOIIl,blO rrpoTOHHOI'O ROMIIbIOTepuoro TOMorpacpa. 

To'!HOCTb COBMeru,eIIl:IJl t];O3HOI'O MaRCl:IMyMa C orryxoJiblO B rrpon:ecce o6Jiy'IeHl:IJl 3aBH

Cl:IT TaRJRe l:I OT p1Iti;a RJil:IHl:l'!eCRll:X cpaRTOpoB l:I rrpeJRti;e BCero OT Toro C RaROfi TO'IHOCTblO 

3ati;aeTCJI IIOti;JieJRam1:1fi o6Jiy'IeHHIO Ml:IIIl:IMaJibHhlfi o6'beM, COCTOJIIIl,llll !I3 caMofi orryxoJIH 

n ORpyJRa10ru,11x TRaHefi, o6JiytJaeMb!X ti;JIJI coati;aHHJI aarraca, ueo6xoti;HMOro ti;JIJI rropame

HlIJI Bcex 3JIORa'!eCTBeHHhlX RJieTOR. IloMl:IMO 3TOI'O CJieti;yeT Y'Il:ITb!BaTb TaRHe cpaRTOphl 

RaR Heorrpeti;eJieHHOCTb rrpn yRJiatJ;Re rran,He11Ta Ha rryqRe OT ceauca R ceaucy, cTerreHb 

ero HeIIO,'l;RlIJRHOCTll BO BpeMJI o6Jiy'IeHHJI, l:13MeHeHne cpopMhl lI IIOJIOJReH!IJl BHyTpeHHHX 
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opraHoB 1:1 T.ti;. PemeHl:le Bcex 3Tl:IX aaii;aq Tpe6yeT Ha1wrrneHI:1JI H o6o6ru,eHHJI RJIHHH

qecrrnx ii;am111x, paapa60TRI:I MeTO,'J;OB JReCTROll cpl:IRCaD,lIH rran:1:1eHTOB, CO3ti;aH!IJl rrpen,H-

3lIOIIHb!X Cl:ICTeM peHTreHOBCROfi l:I OIITl:l'!eCI{Oll D,eHTpaD,HlI rran,HeHTa, 06ecrre'!HBaIOII1,l:IX 

ROHTpom, aa ero IIOJIOJReIIl:leM B rrpon:ecce ywrati;RH lI o6Jiy'IeHHJI. 

OK occ.... sn 

PHc. 12. YcTaHOBRa "Meaoa" ti;JIJI cRaHnpy10ru,ero poTan,noaaoro o6Jiy'leHH11 rey6oRo 

pacrroJioJReHHhlX orryxoJiefi. OK- ocHOBHofi ROJIJIHMaTOpj lIK- 'llICToBofi 

ROJIJil:IMaTOp; IIIIT - rrornoTHTeJib rrepeMeHHofi TOJIIIl,HHhlj f<f> - rpe6eH

'laThlfi cpHJibTp; PC - poTaD,HOHHhlfi cTeHAj BII.LJ: - BHYTPHIIOJIOCTHofi 

IIOJiyIIpOBOt];HlIROBhlfi ti;eTeRTOp. X, y' z, a - ROOpti;HHaTbl IIOJIOJReHHJI 

RpecJia poTaD,HOHHoro cTeHii;a. 

21 



B Jla6opaTOpm1 H,n:epm,1x npo6JieM coBMecTHO c OHU PAMH pa3pa60TaHa ycTa

HOBRa "Me3oH" ,n:JIJI CRaHnpy10m;ero poTaIIHOHHoro o6JIY'leHHH rny6oRO pacnoJIO}l{eHHhlX 

onyxoJieii:, B ROTopoii: yqTeHhl Bee 3TH Tpe6oBaHHH. O6m;nii: BH.ZJ: ycTaHOBRH "Me3oH" 
noRa3aH Ha pnc. 12 [52]. ,,. 
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Pnc. 13. 
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~ MM 

ToMorpa:i.!.Ma IlJieRCHrJiaccoBoro q>aHTOMa B BH,n:e ypoBHeii: KOHIIeHTpaIIHH 

H30Tona 22Na, noJiyqeHHaH C IlOMOlUbIO Il03HTpOHHOro 3MHCCHOHHOro TOMO

rpaqia. Kpyrnhle ornepcTHH B q>aHTOMe HMeIOT ,n:HaMeTp 2,5; 3,0; 3,5; 4,0; 
5,0 n 6 MM COOTBeTCTBeHHO no HanpaBJieHHIO qacoBoii: CTpeJIKH. 

22 

B Jla6opaTop1111 n,n:epm,rx npo6Jiel\l 011R11 3aBeprneno c03,n:a1111e nepBoro 0Teqe

CTBe1111oro nOJ1IIOMacrnTa6noro no31!Tpo1111oro 3MIICCl!Olll!Oro TO~!Orpaqia (I18T), COCTO-

- nm;ero 113 512 HOMn0311IIl!Ollllb!X ClIIIHTl!,1,1RTOpOB II 256 qJOTOYMHO}l{HTeJieii:. OcHOBHOfi 

oco6eHHOCTblO C03,n:airnoro I18T RBJIReTCR np11Me11e11ne HOMn0311lIIIOHHblX CIIIIHTHJIJIJI

TOpOB, coqeTaIOIJJ;l!X MaJioe BpeMR BhlcaeqHBaHIIR ( OR0,10 3 HC) H .n:ocTaToqno BhlCOKYIO 

3cpq>eHTl!BIIOCTb per11CTpann11 amrnrHJIRUliOII!lblX ra1rna-RBaHTOB ( ~ 45%) npn BpeMeH

IIOM pa3perne111111 1, 7 HC. Ka}RJJ.hlli TaHoi1: CUIIHTIIJIJIRTOP na6pan 113 160 qepe.n:yIOJUHXCR 

CJIOeB 1rnacT11qecHoro CUIIIITHJIJIRTOpa II CBIIIIUOBOli qJOJibrH TOJIIJJ;IIHOH 150 MKM II 30 MK!II 

COOTBeTCTBeuno. 

Ilp0Be,n:e1m nepBb!e TeCTOBblC IICIIhlTaHl!R II ll3111epenbl HeKOTOpble xapaKTepl!CTIIHH 

noro TOl\!Orpacpa c 11c110Jib30Ba1111eM no311Tpo1111blx 113Jiyqarenei1:. Ha p11c. 13 npe.n:

cTaBJieHa B Bl!.l].e 1!3oypoBHeH J{O.IIUCI!Tpa111m 1130TOna 22Na TOll!Orpa111Ma IIJieKCHrJiacco

BOI'O cpaHTOMa, IIOJIY'ICUIIan Ha C03,laIIHOM 118T. )lmr npocTpaHCTBeHHOro pa3pellieHHR 

TOMorpacpa Jl.OCTHrnyro 3Ha'!eHl!e 4,0 MM (no;maJI llillpl!lra na llOJIYBb!COTe) B nJIOCRO

CTII l{OJibUa II 10,5 MM no OCH TOl\iorpacpa. 8TII napaMeTpb! He ycrynaIOT 60JibllIHH

CTBY Hbllle BhIIIyCHaeMb!X 3a py6e)!{OM HOMMep•recHUX fl8T. BMeCTe C TeM np11Menenue 

KOMn0311lIIIOHHhlX CUIIHTHJIJIRTOpOB II pn,ia .n:pyr11x pa3pa6oroK ll03BOJIHJI0 B .n:eCRTKII 

pa3 COKpaTllTb CTOIIMOCTb TOl\lorpacpa no cpaanen1110. C 3apy6e}KHb!MII KOMMepqecKl!MH 

• fl8T. C03JJ.aHnhli1: fl8T 6y.n:eT IICIIOJib30BaTbcR B 11_ay,rno-11ccne.n:0BaTeJibCKIIX 11 .n:11ar

Hocr11qecH11x uemrx, a TaH}l{e .n:nn aep11cp11Hau1111 06:1yqen11n 011HoJior11qecHHX 6oJihHhIX, 

npoxoMIJJ;IIX Hype nyqeBoro ;1eqen11n na MeJJ.11u1111cH11x ny'IHax cj>a3orpona OI1RI1. 

7. «l>H3HK0-~03HMeTp1PieCKHe H3MepeHHR 

)lJIR noJiyqemrn q>ll3llH0-.1103HMeTpllqecHoi1: llHq>OpMau1111 0 Me.ZJ:l!UIIHCKIIX ny'!Kax H 

.llJIR nacTp0i1:J{II KaHaJIOB qacTl!U 6blJia pa3pa6oTana, Jl3rOTOBJieHa II CMOHTl!poBaHa )J.e

reKT1!py1orn;an annapaTypa, B OCHOBHOM, pa6oTalOIJJ;aH B aBTOMaT11qecKOIII pe}l{HMe Ha 

CBR311 C 8BM H BKJIIOqaIOIJJ;aH B ce6n: IIOHH3a11110111Ible KaMepb! .ZJ:JIR l\lOHHTOpHpOBaHllR 

nepBllqHI,IX H BTOP,llqHI,IX ny'!HOB [41]; HaJiopHMeTpb! .IIJIJI a6coJIIOTHOfi KaJI116poBKII nep

BHqnoro rrporoHHoro ny'!Ha [42,43]; 11011113a111101111ble Ka111ephl .n:nn 113Mepe1111n npocplinn 

npoTOHHoro rryqKa; Heno.n:Bll)!{llble 11 no.l].BUHUlble Jll!IIeil.Hl1 113 noJiynpOBO.ll.llllK0BblX 3Jie-

111eHTOB ,n:JIJI .n:eTaJihHhlX H3Mepe1111il. nonepeqnoro pacnpe.n:enermn nyqHoB 3apR}l{eHHMX 

qacTllII [ 44]; H30.ll.03orpaq> .n:nn onpe.l].eJienun npocTpancTBennoro pacnpe.n:eneHHR nyq

KOB 3apH}l{eHHI,IX •1acnu~ B 803.ZJ:YXC ll BOJJ.IIOH cpe.l].e [45]; 111arHUTHble 11H.ZJ:YKIIHOHHI,Ie 

.n:aTqHHH ,n:JIJI MoimTopupoaanun nporonnoro IIY'ma B aaKyy111e [46]; aaKyMnhle npoqi11-

JIOMeTpw II onT11qecK11e HH.1111KaTopw .IIJIR 11a6mo.l].elll!R 3a cpopMofi H noJIO}l{eH11eM nyql{a B 

BaKyyMe; CIIHHTHJIJIRIIHOHHI,Ie U IIOJiynpOBO.llHUKC:>BMe cqeT•IIIKII .llJlR 113111epeHl1R COCTaBa 

IIY'IKOB H .n:p. 

C noll!OIJJ;b!O 3TOfi annaparypw 6wm1 Bl,IIIOJIHeHI,I H3MepeHUR napaMeTpOB BMBe.zteH

Horo rrpoTOnnoro rryqKa cpa10Tp0Ha OI1.HI1 [38,39] 11 nonyqenhl ace neo6xomrnwe q>H3HKO

.n:03uMeTp11qecm1e xapaKTepUCTHKU Me.zt11UIIIICHIIX rryqK0B. OcnoBHI,Ie peayJJLTaTI,I rrpo

Be.n:eHHI,IX 113Mepe1111il. noKa3aHw na pnc. 14-16 11 o6o6iueuw B Ta6JI11Ue 5. 
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PHc. 16. ITpHMep11 rny6.HHH11x .H30,ll;03H11X pacnpe.n;eneml:l!: .H cocTaBa Meaonn11x nyq

ROB paaJI.Hqn11x 3Heprn.l!:, nonyqeHHLIX C ITOMOl.l.{1,IO .H30,ll;030rpaqia .II CIOJH

T.HJIJIHO:.HOHH11X cqeTq.HROB. 

25 



Ta6JIHna 5. «l>H3liKO-)l03liMeTpHqecKHe xapaKTepHCTHKH Me)lHl.tHHCKHX nyqKoB peKOH

CTpyapoBaHHoro lpa30Tpona, paccqHTalIUL!e Ha HIITCIICHBIIOCTb BLrne.nem11,1x npOTOIIOB 

1 MKA 

N•N• Ho- SueprHJI Ho- Bun lfnTCH- }~Ha- MouumcTL 
nn Mep Tpanc- Mep qacTHU, CHU- MeTp Jt03bl B 

Ka- nopTH- Ka- B Ka- HOCTL ny,1- MeCTe 11pnMe'laHHe 
ua- pyeMwc 6u- 6uue qaCTIUl KOB pacno-
Jia npOTO- HU H HX 8 Ka- 8 Ka- JIOlKCHHJI 

HOB 3Hep- 6une 6m1e 06J1y'lae-
(MaB) rHJI (ceK- 1) (CM) MOfO 

061.eKTa 

(pa11/Mm1) 
1 VIII 200 1 npoTOHLt 5. lQ8 2-6 10-200 200 MaB npoTonu noJiy'la-

200 MaB IOTC.O TOpMO)KeHHeM B yr-

JJCPO/l!IOM 3aMCJlJIHieJJe (11) 
2 VIII 100 1 npoTOHl,I 108 2-6 30-120 100 MaB npoTOnu 

100 MaB 

3 VIII 660 1 IlpOTOHl,I 10• 0,3 6,0 )l,JJJI JlHarHOCTH'leCKHX 
660 M:.B uenel! 

4 VIII 130 2 npoTOlll:,I 2 -108 3-6 25-100 130 M•B 11p0Ton1,1 nony'la-
130 M38 IOTCJI TOpMO)f(elJHeM B yr-

nepo11110M 3aMe)lJJHTeJJe (Il) 
5 XI 660 .3 IIJ>OTOJILI 5 -107 0,5~2 600 )l.nll 011ytpH'lepen11wc 

660 M•B 06J1y'leHHII 
6 IX 660 4 7r-MHHYC (1 + 2)· 2-10 4+6 11"-Meaouu nOJiyt1a10Tc.a 

Me30Hhl -IO' ua MHllleHH H3 BOJIL<J,paMa ' 

30-80 M•B TOJllllHHOII 5 CM 
7 X .660 5 nelltponu (3+ 5)- 5-15 2,5+9 Hel!Tpouu noJ1y'laKJTCJ1 

~o cpenneR .lQ8 Ha 6epHJIJIHeeoA MHllleHH 
aneprneR TOJllllHHOII 36 CM 
350 MaB 

8 X 250 5 npoTOlU~ 1105-109 /10 21 1102000 250 M•B ·npoton1,1 noJiy-
250 M•B '13JOTCJI ropMOJKeHHeM B yr-

JIC)>OJlHOM 3aMe)lJIHTeJie (11)' 

9 VI 70-100 7 npoTOIILl (1 + 3)- 0,5-2 /10 3000 IlpoTonu c >HeprneR 70-
70-100 -108 100 M•B nOJ1y,1a10TCJ1 Top-
M•B MOlKeHHeM 8 yrJiepo.z:tHOM 

3aMeJlJIHTeJle (Il) 
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A6conIOTHaJI TO'III0CTb )l0311MeTp11'1CCimx 113!<1Cpc1111i1: C0CTaBHJia ±5% )l,111 npOTOH

HhIX ny'IH0B H ±2% mrn ra~1111a-ycTa11oaH11 POKYC-'.VI [47-51]. 

8. Ilpone.n;ypHLie xa6HHLI 

Km1HHH0-qi11311qec1mi1: HOMnncHc Jla6oparnp11H n;1.ep11ux npo6neM OIUU1 1rneeT 

ce111b rrpoue.nypHhIX Ha6m1, KoTopue oc11ame11hl cncu11am13Hpoaa1111uM 06opy.noaa11I1e111 

)lllll npoBe)lCIIHH Me)lHH0-6HOJI0rH'leCHII; H l{,1UIIH'leCHHX HCClle)lOBa11ui1:. l.J:eT!dpe Ha-

6m1u (J\'!N! 1, 2, 3 u 7) rrpe.n11a311a'le11u )l,1H npornnnoil: Tepanm1, Haforna N! 4 - )lllll 

TepallIIH OTPIIUaTellbllbllllll 7r~llle30Ha!IIH, Ha61111a J'i! 5 - )lllll ,Heii:TpOHHOii: TepanIIII II 

Tepan11H· np0To1111L111111 ny'IHaMII c 60.1brn1rn11 nonmrn o6nyqenu~.· 'B ua6H11e N! 6 paaMe

me11a TepaneBTll'ICCl{aJI ra111Ma-yCTa11oaHa POKYC-1\L 

Ka6H11a N! 1 ocnamena opHrnHaJibHi>il: qi11311qecuoii II Me)lHUHHCHOil: annapaTypoii, 

pa60Taromeii na CBH3H C 3BM. ~nnapaTypa 1103B0,1HCT npoB0)lJITb o6JIJ'ICHIIC 6oJib

lllHX, rJiy601m pacnoJI0}Hel!HldX onyxoncil: cnom11oii qiopMhl, TaHIIX KaH 3110.Ha'ICCTBCHH!dC 

0IIJXOJIH lll!IUCBO)la, Jiefl{OfO u o6naCTII men [52]. . ,. 
,lJ,llll Ha6H1{LI N! 1 crreu11anbHO pa3pa6oTatild II0B!dC BapHaHTLI ropH3011T1lJibHOI'O peH

TrCH0BCJ{OrO °KOMllb!OTepHoro TOMOrpaqia [53] 11 npoTOIIIIOl'O H01'1,Ilb!OTCpHOfO TOJ,!Ofpaqia 

[31,32]. O6e 3TH JCTaH0Bl{II COBMemenu CO CTCll,ll.0M, Ha KOTOpOM pa3lllCIUa!OT 60JibHOfO 

BO Bpell!H o6JIJ'ICIIHH. npoTOHaMH. 3To .naeT B031\IO}HII0CTb BldllOllllllTb )lllarH0CTll'lCCHIIC 

H0MilblOTCpH!de TOM0rpaM!llld II o6Jiy'laTb rrau11c11Ta npoTOHaMH B O)lHOM H TOM }KC ll0JIO

O}HeHHII; 'ITO ll03B0llllCT UJiaHHpOBaTb II. BldIIOJIHHTb 06.1yqe1111e C BldCOHOil: TO'IH0CTb!O. 

O6nyqe1me npoB0JlllT opHrHnaJihH!dM MCT0)l0M poTaUHoHnoro TpexMep11oro cuan11-

poaan11H c HcrroJIL3oBaimeM mrna Bp3rra {,ll.0J11oro MaHc11111y111a ·a uo11ue npo6era npoToH

Horo llJ'lHa) [59]; IlauHeHTa qJHHCHpy10T B Hpecne poTaUIIOIIIIOro CTCH)la B IIOJIO}HCHIIH 

"CIIM" 11 111e.nne1iao Iipaiua10T no.n ropII30HTaJibllldlll 11poToHH!dJ1,t ITJ'IH0III. Ko11h10TepII311-

poaaHHaJI CIICTCMa OTCJIC}HHBaCT yroJI IIOB0poTa poTaUHOHHOfO 
1
CTCH)la II aBTO!.JaTll'lCCHII 

perym1pyCT 3aepr1110 ITJ'IHa (T.e. BeJI1t<11111y npo6era •rncTHU) TaH, tJTo6u 11a KaH!Jl0III 

nanpaBJICHIIH o6Jiy'leBIIH. mm Bp3rra (Jl03II!dii Ma!{ClfMJIII). aBTOMaTH'ICCHH COBMCIUaJICH 

C onyxoJib!O. 3To ll03~0~CT 111aHCJ1!11aJibHO cocpe)l0TO'll!Tb )l03J o6JIJ'ICHHH B onyx0JIII, 

H OCJia611Th. pa)lllaUIIC>HHJIO 11arpy3uy Ha 611113JIC}Ha1UJ1e 11op111aJihlllde TKa!III. 

IlporpaMMY TaHoro o6JIJ'ICHIIH l{O!llllblOTCp paCC'IHT!dBacT 1Ho penTrCHOBCHHM H0Jll

llb!OTepHbIM TOMorpaM~a!II .na11110ro 6oJihl!Oro, BldIIOJIIICIIII!dM 1ia TOM }KC ropH30HTaJlhHOM 

Jp0BHe, HCllOCpe)lCTBCIIHO nepe)l HJIHHH'ICCHIIM Hp0TOIIHbllll o6JIJ'ICIIHCM (HOf)lil 60JibHOii: 

J}He qJHRCllpOB~H B llOROlReHHH o6JIJ'ICIIHH) pHC. 17. PoTaUIIOIIIIOC o6JIJ'ICHHC BCJlYT 

11ocnoii:110, .n11cHpCT110 nepeMelUaJI uperno c 6oJihH!dM B)lOJih oc11 p0Tau1111 •. MeTOJlIIHa 

)laCT BldCOHJI0° TO'IHOCTb o6Jiy'leHHH, Il03B011HCT o6oii:THCb 6C3 BBC,ll.CIIHH HOl!Tpom,HldX 

BHJTpHllOJIOCTH!dX ,ll.03IIMCTp11'leCHHX )laT'lllH0B H. He Tpe6yCT Bocnpoll3B0)ll!MOCTII ll03bl 

60JibHOro B TC'ICIIHC pH)la ceaHCOB qipaHUIIOIIIIJ)OBaHnoro 06ny•1e1111H. 
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flpone,zzypHaJI Ka6Irna N! 2 rrpemra3HaqeHa ,nmi o6JiyqenHJI OHKOrHHeKoJiorHqecKHX 

6oJII,HLIX IlIHpOKHM npoTOHHLIM rryqKOM. fJiy6HHHOe J:{03HOe pacrrpe,neJieHHe qiopMH

PYIOT C IIOMomLIO rpe6eaqaToro tpHJILTpa. PernonaJILHLie JIHM<paTHqeCKHe J3?JLI J:{OIIOJI

HHTeJILHO 06Jiyqa!OT na raMMa-ycTaHOBKe B rrpoqe,nypHOH KafiHHe N! 6. 
B TpeTLeii rrpone,zzypHoii Ka6nae ,nJIJI rrpoTOHHoii Teparrnn CMOHTHpoaauo o6opy,no

Baane, npe,naa3uaqeuuoe J:{JIJI cTepeoTaKTnqecKoro KOHBepreHTHoro 06Jiyqenn11 MaJILIX 

BHJTpnqepeIIHLIX MHiueneii J3KHM rrpoTOHHLIM nyqKoM C 3HeprHeii 660 M3B MeTOJ:{OM 
"HanpoJieT". 

Ka6nHa N! 4. ocaameHa o6opy,noaaHneM .n,111 o6JiyqeHHJI rrannenToB B noJioJI<eHHH 

JieJKa. Cw,na BLIBe,nea BepTHKaJILHLiii rryqoK oTpnnaTeJILHLIX 7r-Me30HOB. hocJie 3aBep

mean11 pa,nno6noJiornqecKHX 3KC1Iepm,!eHTOB Ha 3TOM nyqKe 6y,zzyT rrpoBOJ:{HTL KJIHHH

qecKHe HCCJie,noBaHHJI no o6Jiyqenmo 3JIOl{aqecTBeHHLIX orryxoJieii HOCOrJIOTKH, nOJIOCTH 

pTa, mnpOBHJ:{HOH H CJIIOHHOH }KeJie3 H .np. 

B Ka6nay N! 5 BLIBe,neu TeparreBTnqecKnii ueiiTpOHHLIH nyqoK, KOTOpLiii 6y,neT HC

IIOJIL30BaH ,nJIJI JiyqeBoii Teparrnn 6oJILlllHX, rnnoKcnqHLIX onyxoJieii, - RaK caMocToJI
TeJILHo, Tai{ n B l{OM6naa[{HH c npOTOHaMH. 

B :ny JKe Ra6nuy BLIBe,nea H mnpom1n npoTOHHLiii nyqoR c :meprnen 250 M3B, Ha 

KOTOpOM 6y,zzyT npoBOJ:{HTL CHMJJILTanuoe poTa[{HOHHO-Cl{airnpywmee 06Jiyqeu1-1e 60Jih

lllHX, rny6oKo 3aJierawm1-1x onyxoJieii cJIOJKHoii qiopMLI. 

)J,JIJI KaJK,noro ll3 3THX rryql{OB ( rrpOTOHHOro ll HeiiTpoauoro) HCIIOJIL3JIOT CBOH CTeH,n 

J:{JIJI poTa[{HOHHoro o6JiyqeHHJI na[{HeHTOB B IlOJIOJKeHHH "CRM". 

MeTOJ:{HKa CHMJJihTaHHoro o6JiyqeHHJI npoTOHaMH HalIOMHHaeT poTa[{HOHHO-CKaHH

pywmee 06Jiyqen1-1e, o,nnaRo, 3,neci, opnrnHaJihHaJI arrnapaTypa no3BOJIJieT Becnr o6Jiy

qeane OJ:{HOBpeMeHHO ( T .e. CHMJJILTaHHO) 14 J3RHMH ropH30HTaJihHLIMH, He3aBHCHMLIMH 

.npyr OT .npyra npOTOHHLIMH nyqKaMH. fopH30HTaJILHLie CJIOH, KaJKJ:{LIH H3 l{OTOpLIX 06-

JiyqaeTCJI CBOHM J31{l!M nyql{OM, CTLIRJIOT no BepTHRaJIH Tai{, qTo IlOJIHaJI MaKCHMaJihlfaJI 

BLICOTa o6Jiyqae.Moii MHllleHH COCTaBJIJieT 21 CM. 

B Ra6nuy N! 7 BLIBe,nen npoToHHLiii. nyqoK c 3Heprnen 70-100 M3B II MOIIUIOCThIO 

J:{03LI B aecKOJILRo TLic11q pa,n/MIIH, ,nocTaToqnoii J:{JIJI 06Jiyqean11 onyxoJieii. rJia3a 3a 

BpeMJI Ol{OJIO 1 MHH. Ka6IIHa o6opy,noBaHa CTeH,nOM J:{JIJI o6JiyqeuHJI 60JILH0ro B IIOJIO}Ke
HHII "CIIJ:{JI". 

\, 

I{ HaCTOJII[{eMy BpeMeHH npoae,neua OTJia,nRa Bcex KauaJioB nyqI(oB II noJiyqeuLI 

Bee Heo6XOJ:{IIMLie !pil3Hl{0-,[{03HMeTpHqecmie XapaKTepHCTIIKH Me,[{H[{IIHCl{l!X nyql{OB. B 

1987-1989 rt. BLIIIOJIHeuLI paJ:{Ho6noJiornqecm1e :mcnep1rneHTLI ua nyqKax npOToaoB· n 

HefiTpOHOB BLICOl{l!X 3Heprnii. H naqaTLI l{JIIIH'llqecl{l!e o6JiyqeHIIJI 60JII,HLIX ( COBMeCTHO 

c OHi.( PAMH) ua npoToanLix nyqKax c IICllOJih30BaHileM pa3pa60TaH11Lix MeTOJ:{HK 

<popMnpoBaHHJI J:{03HLIX noJieii, poTa[{HOHHO-CRannpywmero 06Jiyqenn11 rJiy6ouo 3aJiera

IOI[{HX onyxoJieit, a TaUJKe HOBLIX cnoco6oB peKOHCTpyRTHBHOil: penTreHOBCKOH TOMorpa

tpHH, HOBH3Ha l{OTOpLIX 3auperrJieHa aBTOpCKHMH CBHJ:{eTeJILCTBaMH [55-57]. I{ KOH[{Y 

1995 r. IIOJIHOe qncJia OHKOJIOrnqecKHX 6oJILHLIX, rrpome.nmnx Hype tppaK[{HOHHpOBaH

aoro JiyqeBoro Jieqeun11 ua Me,nn[{HHCKHX nyqRax peKOHcTpynpoBanaoro <pa3oTpona, 

COCTaBHJIO TPHMaTh ,neBJITI, qeJIOBeU. 
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9. HeROTOphle RJIHHIPieCRlle peayJILTaThl 

JlyqeBM TepannR RBJIBeTCR OCHOBHhlM MeTO,ll;OM JieqeHHR 6oJibHhlX no IIOB,Q,D;Y paKa 

IIIeiiKH MaTKll. ITpn 3TOM noqTn y 75% 6oJibHhlX JIJ'!eBaR TepannR RBJIReTCR He TOJibKO 

OCHoBiihlM, HO n eMHCTBeHHhlM MeTO)l;OM JieqeHHR. O.n.HaKo, HeCMOTpR Ha IIOCTORHHOe 

COBepIIIeHCTBOBaHlle MeTOJJ.OB JiyqeBOH Tepannn, 30-45% 6oJibHhlX paKOM IIIeiiKH MaTKH 

norn6aIOT OT ocHOBHoro 3a6oJieBaHnR B TeqeHne 5 JieT. KpoMe Toro, y 5-30% 6oJibHhlX 

B pa3JillqHhle cpoKH IIOCJie 3aBepIIIeHHR JieqeHHR cpopMnpyIOTCR JiyqeBhle noapelli,neHHR 

HOpMaJibHhlX.opraHOB ll TKaHeii, npenMyrn:ecTBeHHO IIpRMOii KHIIIKH lI Moqeaoro IIJ3hlpR. 

B CBR3ll C 3THM npo6JieMa IIOBhlIIIeHHR 3qJqJeKTHBHOCTlI JiyqeBoro JieqeHHR paKa rneil:KH 

MaTKH OCTaeTCR no-npelliHeMy aKTyaJibHOil:. 

ITpn JieqeHHH Tpa.11.nunoHHhlMH MeTOJJ.aMH (aHyTpnnOJIOCTHOe raMMa-o6JiyqeHne MaT

Kn) IIRTHJieTHRR Bhl}l{llBaeMOCTb 6oJibHhlX COCTaBJIBJia 63,2 - 85% (acex CTa.11.Hll 3a6oJie

BaHnR), npn 3TOM Jiyqeahle OCJIO}l{HeHHR B npnJielliarn;HX K MaTKe HOpMaJibHhlX opraHaX 

Ha6JIIO,D;aJilI y 6,5 - 27,3% 60JibHhlX. 

C ueJib!O IIOBhlIIIeHHR 3qJqJeKTHBHOCT1I JiyqeBoro JieqeHHR paKa IIIefiKH MaTKH, onTH

MH3aunn )];03HOro pacnpe.11.eJieHHR B o6nyqaeMOM 061,eMe lI CHlI}l{CHlilI JiyqeBhlX OCJIO}l{

Hemrtt B npnJie}l{arn:11x K MaTKC TKaHRX 1I opraHaX B KJilIH1IqecKott npaKTHKe CTaJIH HC

IIOJib30BaTb HOBhle BH.11.hl HOHH3HpyIOrn:ero H3JiyqeHHR - TRJKeJihle 3apRllieHHhle qacTHUhl 

BhlCOKHX 3Hepr11fi, B qaCTHOCTH, npoTOHhl. 

C ,n~Ka6pn 1987 r. Ha -Me.11.HUHHCKOM npoToHHOM nyqKe JI.HIT Ol1.Hl1 npoae,neHo 

IIpOTOHHo-raMMa nyqeBOe JieqeHlle 34 6oJibHhlX no noBO,D;y paKa rnefiKH MaTKH. J13 Hnx: 

6 6oJibHhlX IIOJiyqRJIH npe,nonepaunoHHOe o6JiyqeHne, 25 - pa.11.nKaJiblIOC hpoTOHHO

raMMa 06JiyqeH11e B caMOCTORTeJibHOM aapnaHTe n 3 - naJIJIHaTHBHOe Jiyqeaoe JieqeHne. 

Pe3JJibTaThl ROM61IHHpOBaHHoro IIpOTOHHo-raMMa nyqeaoro neqeHHR paRa IIIefiRH 

MaTKll npe,ncTaBJieHhl Ha Ta6JIRUe 6 [60]. Henocpe.11.cTBeHHO lI3JieqeHhl 100% 6oJibHhlX. 

J13 34 6oJibHhlX 18 Ha6JIIO,D;a!OTCR CBhlIIIe 3 lI 5 JICT. JKnBhl 6e3 pel(lI.11.HBa lIJilI MeTac~a-

30B 83% 6oJibHhlX npn Tpex- lI nRTHJieTHeM Ha6mo.n.eHHlI. YMepJIH Tpll 6oJibHhlX qepe3 2 
ro.11.a nocJie o6JiyqeHl!R no npnq11He: peUlIMBa pa.n.nope3HCTeHTHOfi onyxoJIH, MeTacTa3a 

B B~pXHIOIO TpeTb BJiaraJilllll;a (aHe 30Hhl o6JiyqeHnR), HHTepKypeHTHOro 3a6oJieBaH1IR 

(nHCJJibTa). 

JlyqeBbIX peaRUllil: n OCJIO}l{HeHnfi co CTOpOHhl .IIpHJiellialll;lIX R o6nyqaeMofi MHIIIeHH 

(MaTRa) HOpMaJibHhlX opraHOB (Moqeaofi IIJ3hlpb 1I IIpRMa.R RlIIIIRa) H TRaHefi He na6JIIO

,naJin y Bcex 6oJibHhlX. 

IloJiyqeHHhle nenocpe,ncTBeHHhle lI OT,D;aJieHHhle pe3JJibTaThl npoTOHHO-raMMa Jiyqe

aoro JieqeHllR nORa3aJI1I npenMyrn:ecTBa IIpl!MeHeHHR npoTOHOB nepe.11. .11.pyrlIMH Bll,naMll 

nyqeBoro JieqeHHR paRa IIIeiiRlI MaTRH: OTCJTCTB1IC JiyqeBhlX IIOBpelli.11.CHllfi npnJielliarn;l!X 

R MaTKe HOpMaJibHhl~ opraHOB (MoqeBoro IIJ3hlpR 1I npiIMofi RlllllRll). 

IlocJie onpo60BaH1IR MeTo,na poTaUHOHHOro CKaHllpyIOrn:ero o6nyqeHllR Ha qJaHTOMaX 

[54] HaqaJIOCb RJillHl!qecRoe 1ICIIOJib30BaHl!e 3Toro MeTo.11.a )];JIB JieqeHlIR 6oJibHhlX paROM 

IlllII(eBo,na. .n:o anpeJIB 1994 ro,na 5 nauHeHTOB C paROM Illilll;CB0.11.a 6hlJill o6JiyqeHhl C 

npRMeHeHneM ropH30HTaJibHOro peHTreHOBCRoro KOMIIblOTepnoro TOMOrpacpa .11.JIR IIOJiy-
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qenHR TOMorpaqJHqeCKHX H3o6palliCHHfi rpy.11.11ofi ,rneTKH nal(UCHTa Ha Tpex ypoBHRX 

o6JiyqenHR [61 ]. TaKHC TOMOrpaMMhl CHHMaJIHCb B reqe1me Bcero Kypca cppaRUllOHIIPO

BaHHOro Jiyqeaoro Jieqemrn Ralli.11.oro naune11Ta H noJBOJIHJIJI TeM caMhlM yqnThlBaTb ace 

oco6eHnocTn JKJiaJJ.KH naune11Ta. KJimmqec1me pe3JJibTaThl JiyqeBoro JieqeHHR 3TOil: 

rpynnhl nauneHTOB ern:e npe.11.CTOHT OTC,"JC}l{HBaTb a TeqeHHC 3 ll 5 JieT IIOCJie OROHqa

HHR Kypca 06Jiyqe11nR. MeTo,n cKa11npy10mero p0Taunon11oro o6nyqenHR na npoTOHHOM 

rryqKe npnMeneH a Jia6opaTOpHH R.11.CpllhlX npq6JICll Ol1.Hl1 anepBhle a MHpOBOH npaK

THKC. 

Ta6m1ua 6. Pe3JJihTaThl npoTOnno-raMMa 06,,yqennn paKa rnefiKH iiaTKH (OHU ll JI.HIT 

Ol1.Hl1) 

Henoc- }lfaahl 6e3 pe11n.11.1rna YMepmt OT: 

lJ:ncJio pe.11.cT- n.iin MeTaCTa30B 6onee 

CTa.11.nn 6oJib- Benno peun- MeTaC-

ll3Jie- 3 JICT 5 JJCT .11.HBa Ta30B 

qeJlhl 

IB 11 11 10 5 - 1· 

IIA,B 4 4 3 - I -

IIIB 3 3 2 - - -

Bcero 18 100% 15/18(83%) 5/6(83%) 1 1· 

• lJ:epe3 2 r. nocne 06nyqc11nR - OT MCTaCTa3a B BepXHIOIO TpeTb 

BJiarannma (ane 30Hhl o6nyqennn). 

•• lJ:epC3 2 r. nocJie o6nyqemrn - oT nncyJJhTa. 

llHTepKy-

penTnoro 

3a60Jie-

BaHHR 

-

-

1--

1--

10. IlepcneRTHBhl ucnoJIL30BaHHJI B 011:JIH ny'IROB TJiiHeJililX 

JI~epHhIX -qaCTHD; B .JiyqeBoii TepanHH H ~HarHOCTHRe 

IToMHMO yHie cymeCTBJIOIQHX ll anpo6npoaaHHhlX rryqKoB TR}l{eJihlX R,nepHbIX qacTllU 

qJa30Tpona JI1!6opaTOpllH n.11.ep1mx rrpo6JJeM B Ol1.Hl1 llMCIOTCR npm!UllITHaJJbHble B03-

MOlliHOCTll npnMeHeHllR TaKHX nyqKoB B nyqeBofi TepanHll H )l.l!arnocTHKe ll Ha Jlpyrnx 

6a30BbIX ycTaHOBKax l111CTHTyTa. 

Eme B 1975 ro.ny 6hlJia pacc.M0Tpe11a B03.MO}l{nocTh HCITOJlb30BaHHR nyqnoB MH0ro3a

pR,D;llblX HOHOB Ha· ycnopHTCJibHOM KoMnncnce Jia6opaTOpnn BhlCOKllX 3Heprna OH.HM 
[62] . .[{JIB o6nyqeHllR .JIOKaJJH3aUHii, 11axo,nml{llXCR na rny6nne JlO 20 CM MRfKOfl: TKaHH, 

neo6xo,nHMbl 11yqnn nonoa yrncpo.11.a ll Kncnopo.n.a c 311epr11ell: oKoJJo 400 M3B/HyKJioH ll 
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H0H0B He0Ha c ,rneprnell 0K0JJ0 500 MaB/HyKJJOH. l1HTeJICHBHOCTh TaKllX rryqKoB ;:{0JJ

Jl{Ha 6bITh rrop11;:iKa 101.1 /Z2 
11;:iep B ceK. KaK ylKe 0TMeqaJJ0Ch BhIIIIe B pa3;:iene 3 TaK11e 

rryqKn MHoro3apJ1;:lHhIX ll0H0B MoryT 0Ka3a'JibCJI BeCbMa rrepcrreKTllBHhIMII rrp11 06nyqen1111 

pe3llCTeHTHhIX orryxonell, K0T0phle C0CTaBJJJIIOT 0K0JJ0 10% OT Bcex 3JJO!{aqecTBeimhlX II0-

B006pa30Ban11l1 [63]. · 

8 1975 ro;:iy 6bIJJO TaKlKe Bhl;:{BllHYTO rrpe;lJJOlKeHlle 06 llCIT0JJh30BaHllll B Jla6opa

TOpllll neil:TpOHHoll <pll3llKII rryquoa nellTpoHoB peaaKTopoB MBP-30 II MBP-2 ;:in11 

Me;:inKo-6irnnor1Iqec1rnx nenell [64]. B noll pa6oTe 6Lrna rroK·a3aHa rrp1rnn1m1IaJihHa11 

B03M0lKII0CTh rroJiyqemrn C Il0M0II.(hlO !plIJlhTpoB rryqK0B 6b!CTphlX nlleTpOH0B, o6Jia;:{alO

ll.(llX Heo6xo.zu1MhIM 3HepreT1IqecHllM pacrrpe;:ieJieHlleM ll ;:{0CTaT011110l1 llHTeHCllBH0CThlO. 

Cne;:iyeT TaKlKe 0TMeTIITh, qTo cyll.(ecrnyIOIIJlle na MBP-2 rryq1rn TeITJI0BhIX HellTpoHoB 

MoryT 06ecrreq1ITh rrpoae;:ieHlle II nel1Tp0H03aXBaTHOl1 Teparrllll II, B qacTH0CTII, C 6opo

co;:ieplKall.(1IMll BeIIJeCTBaMll. TaKaJI 6opHel1TpOH03aXBaTJiaJI TepaITIIJI M0lKeT 0Ka3aThCJI 

IlOJie3H0H rrplI JieqeHIIll HeH0T0phlX TllIT0B orryxonell r0JJ0BHoro M03ra [63]. 

Ycrrex nyqeaoro neqeHIIJI 0HK0Jior11qecK11x 6oJihHhIX B 3Haq11TeJihH0l1 cTerreHll orrpe

;:ieJIJ1eTc11 CB0eBpeMeHH0 Il0CTaBJJeHHhIM ;:i11arH030M ll ero T0qH0CThIO. BamHoe MeCT0 

cpe;:in ;:i1IarHocTnqecK1IX MeTo;:ioB 0HK0Jior1Iqecu11x 3a6oneBaH1Il1 3aH11MaeT pa;:i11onyKn11-

tlHaJI ;:{IIarH0CTIIKa, B oco6eHHOCTH, C 110!\I0IIJhlO rrp11MeHeH1IJI YJibTpaK0p0TH0lKllBYIIJllX 

pa;:ilI0HYKJIII.ll;0B - Il03llTp0H!lhIX ll3JiyqaTeJJel1. 

MMelOTCJI H0HKpeTHhle rrpe;:iJimKe!lllJI ll pa3pa60THll ITO rronyqe111IIO Ha 6a30BhlX yCTa

llOBKax 'OM.HM pa3JillqHhIX pa;:i110HyHJJ1I;:{0B ;:in11 Me;:i1InirncK1IX nenell: Ha <pa3oTpone 

OM.HM [65,66] II na JIY8-40 JIH<l> [67]. Heornphle pa3pa6oTKII ;:i1IarHocTnqeCKol1 arr

rrapaTyphl Ha 0CH0Be rrporropn1IoHaJihHhIX HaMep BhIIl0JJHeHhl a Jla6opaTOplllI BhIC0HIIX 

3Hepr1Iil: [68]. O;:iHaHo Bee 3Tll rrpe;:inolKeHllJI 11 pa3pa6oTKII cMoryT Hal1Tll rrpaKT11qecKoe 

rrp1IMeHeH11e T0JihK0 B cnyqae C03;:{aHIIJI a;:ieKBaTH0H HJlllHllqecuoil: 6a3hl B .ll:y6He. TaK, 

co3;:iaHHhIH B Jla6oparnp1I11 11;:iep1rnx rrpo6neM OM.HM Me;:i1Iuo-Texn11qecK1IH K0Mrrneuc 

MOlKeT 06ecrreq1ITh HeCH0JihK0 ThICJlq ceaHC0B o6nyqeHllJI 6oJihHhIX B ro;:i llJill Il0JIHhlll Kypc 

nyqeaoro JieqeHllJI 0H0JI0 350 rran1IeHT0B B ro;:i. K C0lKaJieHIIIO, B HaCT0Jlll.(ee BpeMJI Ha 

Me.ll;IIfllIHCKIIX rryquax <pa30TpOHa ()J1.RM Jieq11TCJI He60JihHIOe K0JillqecTB0 6oJihHhIX, qTo 

CBJI3aHo c 0TCYTCTBIIeM B .ll:y6He crien1IaJI1I31IpoBaHHoro pa;:i11onornqecuoro cTan110Hapa c 

He06XO.ll;IIMhIM KoeqHhIM !pOH;:{OM 11 C00TBeTCTBYIOIIJIIM qlICJJ0M Bpaqell-pa;:ilI0JIOrOB. 8To 

He .zi;aeT B03M0JRH0CTII IloJiyqnTb a;:ieKBaTHYIO 0T;:iaqy OT 3HaqlITeJihHhlX cpe;:icTB, BJI0-

JReHHhIX HaK B HayqHy10 pa3pa60Tuy rrpo6neMhl, Tau II B coopyJRen11e caMoro Me;:i1IKo

TeXH1IqecKoro K0MITJieKca. 

CJIOJRllJiaCb C0BepHieHH0 Heo6h!qHaJI CHTyan1111, Kor;:ia CJI0JRH0e !plI31Iqecuo-TeXH1Iqe

CKOe o6opy.zi;oBaHHe H arrrrapaTypa .ll;JIJI Jieqe111IJ1 6oJihHhIX yJRe C03;:{aHhl II <pyHHnlioHH

PYIOT, a Heo6xo.zi;!{MaJI KJIIIHIIqecKaJI 6a3a, CT0_IIM0CTh K0T0poll C0CTaBJIJleT MeHee o,n;noll 

qeTBepTII OT yJRe BJI0JReHHhlX cpe;:icTB, 0TCYTCTByeT. 

.n:JIJI 3<p<peKTIIBHoro llCil0Jlh30BaHIIJI Me;:{IIH0-TeXHIIqecuoro H0MITJJeKca rrpe,zi;JJ0JReH0 

IlOCTp0IITh crren1IaJI1I31Ip0BaHHhll1 pa;:{1I0JI0r11qecH1IH CTan11011ap ( KJlllHHKY) Ha 60 K0eK 

Ha TeppllT0plIII II B C0CTaBe HMeIOIIJeHCJI B .ll:y611e Me;:icanqacTII N! 9 .ll;JIJI pa3Mell.(eHHJI 

60JihHhIX. Pa;:i1IOJIOr1Iqecu11ll CTaUII0Hap rrpe;:icTaBJIJleT co6oll 3;:{aHIIe rrp11MoyroJihH0il: 
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tj)opMhl ;:{JIHHOH 48 MeTpoB II 11111p11nol1 15 MeTpoB, m.1eIOIIJee ceMh 3TalKel1 ll C0e.ll;IIHeHH0e 

;:{JIJI y;:io6CTBa 6oJihHhlX II Me.zi;.rrepC0HaJia nepexo;:iaMII c HMe!Oll.(HMllCJI Il0JIHKJIIIHHK0ll n 

ocH0BHhlM 6onh111Iq111,1M 3;:ianneM Me.zi;canqacrn N! 9. MMeeTCJI rrpoil!e.zi;nml1 3KcrrepTH3Y 

11 YTBepJR;:ieHHhl:fi rrpoeKT pa.ll;IIoJior1IqecKoro CTannoHapa, BLmonneHHhIH fCIIM. 

HaMeqaeMhll1 ofrheM KarrnTaJihHh!X BJI0JReH1IH C0CTaBJIJleT 0H0JI0 4,0 MJIH. ,D;0JIJiapoB, 

BHJIIOqaJI CT0IIM0CTh T0JlhK0 caMoro He06XO.ll;IIMOro o6opy;:ioBaHHJI (B neHax 1995 ro,n;a). 

B cnyqae peam13an1I11 rrpoeKTa paMoJior1IqecKoro CTannoHapa nOTpe6yerrn oKoJio 

3000 qacoB pa6oThl ipa30Tpo11a B ro;:i, tJT06hl o6ecrreqnTh rroJIHhll1 Hype nyqeBoro ne
qeHIIJI 350-TII 0HK0JI0rI!qecKllX 60JihHhlX. CTOIIMOCTh Kypca JietJeHllJI o,n;noro 60JlhHoro 

C0CTaBIIT B cyll.(eCTBYIOIIJIIX neHaX B cpe,n;neM 0K0JI0 2000 ;:{0JIJiapoB, a B cnyqae napaJI

JieJihHOR pa60Thl <pa30TpOHa H Ha !pll31ItJeCKl!e 3KCrrep11111eHThl CT0llM0CTh JietJeHHJI ll3-3a 

3K0H0MIIII 3JieKTp03Heprnn M0JReT y111eHbllIIIThCJI ,n;o 1000 ;:{0JIJiapoB. 8To, npnMepHo, Ha 

rrop11;:ioK 111eHL111e, qe111 B npoeKTnpye1110111 nenrpe a;:ipoHnoii Tepannn B MTaJIIIn [63]. 

11. 3aRmoqeHHe 

B Jla6oparnpnn 11.zi;epm.ix rrpo6ne111 OM.HM Ha 6a3e <pa30TpoHa c03,n;an ll <pyHKnHO

Hnpyer MHOrOKa6irnHhlll KJIHHHKO-!pH3HqecKH:fi K0MUJieKc, Ha K0T0p0M o6ecrreqeHa B03-

M0JRH0CTh JieqeHHJI 0HK0JiornqecKllX 6oJibHhIX Ha Il!Hp0KIIX ll Y3KllX nytJKax npoT0H0B, 

OTpnnaTeJibHhIX IlH-Me30H0B ll Hel1TpOHOB BhIC0Kll~ 3Heprntt, a TaKJRe coqeTanHoro Jie

qeHHJI Ha 3TllX rryqKax. BrrepBhle Ha o,n;no111 ycKopnTeJie rronyqeH TaKoii Ha6op Me,n;n

nnHcKnx rryqKoB TJIJReJII.IX 11;:iepHhIX qacTnn. 8To Il03B0JIJleT ;:{JIJI KaJR;:{0ro 60JihHOro HH

;:{HBH;lyaJibH0 rro;:i6npaTb HallJIYtJilIH:fi BH,D; H3JIYtJeHHJI, HCX0,n;JI ll3 oco6eHHOCTe:fi J];03Horo 

pacnpe,n;eneHHH n 6nonorntJeCKHX xapaKTepncTnK Kam,n;oro Bn;:ia tJacTnn, a TaKJRe pa3-

Mepa n KJIHHHqecKllX oco6eHHOCTe:fi orryxoJill. 

.n:JIJI JietJeHllJI 6oJibHhIX Ha Me,D;HqllHCKllX rryqKaX !pa30TpOHa pa3pa60TaHhl H ycneHIH0 

rrpHMeHHIOTCJI B KJIHHHKe opnrHHaJihHhle MeT0.ll;IIKll ll TeXHllKa <pop111npoBaHHJ1 ;:{03Hh!X 

Il0Jiett, H0Bhle crrocofo,1 peK0HCTPYKTHBH0.ii peHTreH0BCK0l1 ll rrp0TOHH0:ii TOMOrpa<pllll. 

BrrepBh!e B MHpOBOR rrpaKTllKe rrpe,D;JI0JReHhl rrpneMhl ll CM0HTHpoBaHa ,n;e:iiCTBY~Il\aJI 

Me.ll;IIKo-TexHntJecKaJI arrnapaTypa ,D;JIJI poTannoHH0-cKaHnpy10ll.(ero 06nytJeHHJ1 rny6oKo 

3anera10mnx onyxonell, a TaKlKe o,n;noBpe111enHoro cKannpy10ll.(ero o6nytJeHHH 6oJihil!O:fi 

MHilleHH HeCK0JihKllMH Y3KIIMH nyqKaMH rrpoT0H0B, qTo o6ecrreqnBaeT Bh!C0HYIO Tt>qHoCTh 

ll Il0JIHYIO K0MIIbIOTepnyIO aBTOMaTI13aflHI0 06nyqenn11. 

IlJiaHnpyeMoe coopyJReHne B ,lfy6He a,n;eKBaTH0fi KJIHHntJecKo:ii 6a3hl - pa,n;noJio

rnqecKoro cTannoHapa Ha 60 K0eK - BMeCTe c rrepcneKTHBo.ii ·ncnoJih30BaHHJI B ny
qeBofi Teparrnn MH0r03apH,n;HLIX H0H0B n Hel1TpoHoB, a TaKlKe HMeIOillHXCH B OM.HM 
pa3pa6oTOK B o6JijiCTH II0JiytJeHHH pa,D;H0H~KJlll,D;0B n annapaTyphl ;:{JIJI pa.ll;IIOHYKJIII,D;H0:ii: 

.ll;IIarH0CTHKH, OTKp0IOT B03M0JRH0CTll opraHll3aflllll B ,lfy6He C0BpeMeHH0ro JietJe6Ho

.ll;IIarHOCTHqecKoro nenrpa, K0T0phlii o6ecrreqnT B TeqeHne 6JI1IJRal1111nx 10-15 JieT npo

Be,n;eHne Il!Hp0Kl!X 111e,n;nKo-6noJiornqecKHX ll KJIIIHlltJeCKl!X HCCJie,n;oBaHHfl: no JieqeHllIO 

0HK0JiorntJeCKHX 6oJihHhIX rrytJKaMH THJReJibIX 11;:iepHbIX tJaCTlln. 
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