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l.BBeneHHe 

fnaBHOH uenhiD nyqeBOH TepatiHH, K8K H3BeCTH0 1 HBnHeTCH rropaMeHHe 

Bcex orryxoneBLIX KneTOK no TaKoH cTerreHH, qTo6LI rronHOCThro rrpenoTBpa

THTh 'IUBOe pa3paCT8HHe orryxonH, flpH 9TOM He06XOAJIMO o6ecrreqHTb yc

nOBHH, B KOTOpbiX CBOnHTCH K .MHHHMYMY ITOBpeMneHH.I1 BnHHIDIUHe Ha BOC- 1
• 

rrpOH3BOnHTenbHYID CITOC06HOCTb OKpyMaiDIUeH 3nOpOBOJ[ TK8HH. 

8 H8CTOHIUee BpeMH1 KOrna B nyqeBOH TepaiiHH OiCITOnh3YIDTCH B OC

HOBHOM peHTI"eHOBCKHe nyqH H 9neKTpOHbl 1 OTHOIIleHHO H8HOCHMOI"O HMH 

ITOBpeMneHHH B 3nopOBbiX TK8HHX Tena K IIopaMeHHID H orryxonH OK83biBaeT

CH cpaBHHTenhHO 6onblllHM. Jlng yMeHhllleHHH BenHqHHol 9TOI"O OTHOIIleHHH 

HepenKO rrpHMeHHIDT o6nyqeHHe C nByX HnH HeCKOnhKH~ IT03HUHM 1 pacrrpene

nHH Harpy3KY oT o6nyqeHHH no 6onhlllOMY o6'beMy 3nopoBoM TKaHH. H o na

Me B 9TOM cnyqae nro6oe ynyqllleHHe OTHOIIleHHH rropa~eHHH B orryxonH K 

r:opaMetrHID OKpyMaiDIIlHX 3nopOBbiX TKaHeM HBHnOCb 6E I 6onhlllHM noCTHMeHH-

eM, 

l1neanhHbiM cpencTBOM neqeHHH orryxoneli 6hmo 5hi TaKoe H3nyqeHHe, 

KoTopoe pa3pylllano 6hi TonhKO orryxoneBhie KneTKH, H 3 HaHOCH ymep6a 

OKpyMaiDIUHM HOpManhHbiM KneToqHhlM CTpyKTypaM, 3"01"0 HeB03MOMHO 
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AOCTI.Plb ):!8/KB B ycnOBIHIX 1 KOI'Aa HCTO'IHHK p8/1H8UHH l10MB!ll8BTC51 B CaMy 

OllyXOJlb, 0AH8KO K T.lKOil HAB8JlbHOll CHTYBllliH MO/KHO rrpH6JlH3HTbC51 1 BCJ!H 

HCITOJ!b30B8Tb B ny'le lOll TepallHH rry'IKH T51/K8Jlb!X 38p51li<BHHbiX 'laCTHU, rrony-

'188Mb!X OT YCKOpHTBJ eli Bh!COKHX 9HBpf'Hll, 

Ope/KAB 'IBM rre1eilTH HerrocpeacTBBHHO K rrpo6neMe HCITOJ!b30B8HHH 

CyiUeCTBYIOIUHX OTB'IB•:TBBHHbiX yCKOpHTBJ!Bll Tmi<BJlbiX '18CTHU AJ!51 HHTepe-

CYJOIUBll HaC UBJ!H 1 K[ aTKO OCT8HOBHMC51 Ha tPH31i'IBCKHX CBOllCTBaX 9THX 

'18CTHU, 51BJl5110!llliXC51 OCHOBHOll npH'IHHOll HX 3H8'lliTBJlbHO 6onee BWCOKOll 

sljlljleKTHBHOCTH AJ!51 JlT'IBBOll TepanHH no cpaBHBHHIO C 9JlBKTpOHHO-lj!OTOH-

Hh!M H3J!Y'IBHHBM, 

2. ctJU3>l'IBCKHB OC06CHHOCTU TH)!(BJ!LIX 38p511KBHHhiX 

'IDCTHU 

BnepBwe Ha B~MomHOCTb rrpHMeHeHHH THmenwx 3apHmeHHwx 'laCTHU 

BhlCOKHX aHepruA an~ o6ny'leHHH rny6oKo pacnono)!(BHHhlX orryxoneA yKa3an 

;,; 
B 1946 f', 8HJlbCOH • Opu 8TOM OH OTMBTHJ!, 'ITO B OTITH'IHB OT 8JlBK-

TpOHHO-lj!OTOHHOf'O U3Iy'leHH51 MOH08HepreTU'IBCKHB ny'IKH 11pOTOHOB 1 11Bll

TpOHOB1 anbljla-'IDCTHI If 11p. cna60 paCCBHB810TC51 no Mepe 11p0HHKHOBBHH51 

B rny6b Ten a. 3TH 'I JCTHUbi HMe!OT orrpeaeneHHbiA rrpo6er H He nospe/Kt:W-

lOT TKaaeA, pacnonomeHHhlX 3a ero npeAeiTaMH. ilnH npoTOHOB c aaeprHeil 

200 MsB rrpo6er B Tl aHH COCTSBJIHBT OKOITO 25 CM 1 'ITO BnOITHe /10CT8TO'l

HO AJIH o6ny'leHH51 Har6once rny6oKo ne)!(aiUHX onyxoneA. flHHeAHaH nepena

'la 8HBpf'Hii ( fl03) T IKHX 'IBCTHU B03p8CTBBT C f'JJy6HHOI1 !1p0HHKHOBBHH51, 

o6pa3y51 B KOHUB rrpc6era pe3KHll llliK - "nHK 5parra", 0pOCTOTa KOJ!Jlli-

M8UHH If B03MOIIUIOCT' riJOKYCHpOBKH TIPI\B.'lblX 38pH1KBHHhlX 'IBCTHU !103BOIT5!-

lOT lj!OpMHpOBaTb nyqJ 11 Jl!o6oti lj!OpMhl, B TOM 'IIICJ!B AHBMBTpOM 13 HBCKOJ!b-

KO MH.'l.'li1MBTpOB 1 'IT<• OC06eHHO BBIKHO, H8llp!iMCp, B HBKOTOphlX CITY'l851X 

paJ]HOTepallHU nopalKB l!f!J,JX onyXOJlb!O y'laCTKOB M03f'a. 
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DoMIIMO 6narorrp11HTHoro rrpocTpaHCTB8HHoro pacrp8A8n8HIIH rrorno-

!U8HHOH A03bl 1 ny'IKII TH)I(8nbiX 38pH)I(8HHbiX 'l8CTIIU B II llpOKOM HHT8pBan8 

BbiCOKIIX 3H8'l8HIIH JJD3 xapaKT8pH3YIOTCH ITOBbllll8HHbl .1 3H8'!8HH8M 

CIIT8nbHOH 6Honorii'I8CKoii a¢<jl8KTIIBHOCTH ( OE3) x/. 81 o CBH3aHo c 

. /2/ 

OTHO-

'ITO cornaCHO CY!U8CTBYIO!UHM rrpeACTaBn8HH HM paA!BUHH C HH3KHM 3Ha-

'l8HII8M JJD3. KBK rrpaBH.110 1 Bbi3b!BaeT r1168nb Kn8TOK ~ p83ynbT8T8 H8KOIT

n8HIIH cy6n8TanbHbiX ITOBp8)1(A8HIIH 1 KOTOpb18 B OTA8nbf. OCTH n8rKO BOCCTa

HaBniiB810TCH, PaAHaUHH )1(8 c BbiCOKHM 3Ha'l8HH8M JJD 3 y6HBa8T Kn8TKH 

B p83Y.11bT8T8 OAIIHO'lHbiX H806paTIIMbiX rropa)I(8HI!H, 

Lf aCTO orryxonb COA8p)I(HT o6naCTH C H8AOCT8TKO~ l KHCnopOAa, KOTO

pbl8 M8H88 'lyBCTBIIT8nbHbl K pa,'UIBUIIII C H113KOH !JD3 ( npiiM8pHO Ha <jlaK

TOp 3 no cpaBH8HIIIO co 3AOpOBbiMII Kn8TKaMH). M8po i aToro pa3nH'liiH 

HBnBeTCB KI!CnOpOAHbiH a<jl<jl8KT ( K3), orrp8A8nB8MbiH K 9K OTHOIII8HH8 A03bi, 

H806XOAIIMOH AnB C03A8HIIB ABHHOrO OHOnorH'l8CKOrO 3~<jJ8KTa (HanpHM8p 

50%;-Hblll ypOB8Hb Bbi)I(IIB88MOCTH) B KJieTKaX C H8AOC' ·aTKOM KHCi10pOAa, 

K Jl038 1 Bb!3h!B810Ill8H TBKOH )1(8 a<jl<jl8KT B Kn8TK8X 1 H ~Cbi!U8HHb!X KHCnopo

xx/ 
AOM 

PaAHilUI!g c BbiCOKOH JJD3 B31111MOA8I1CTBY8T c H ~Cbl!U8HHbiMII 11 JJIIIII8H

HbiMII KHC!IOpOAa Kli8TK8MH llpll6li1!3HT8nbHO OAHHBKOBO. 3TO o6ycnoBn8HO 

T8M, 'ITO, KaK y)l(e YITOMHHanOCb 1 Kn8TKII 1 oony'l8HHbie 'l8CTI!U8MII C BbiCO-

KOH IIOHII38UHeH, YOIIBBIOTCB rnaBHbiM o6pa30M nyT8M llpHMOrO B3811MOA8H-

CTBHB 3THX 'l8CTHU C MOn8KyJJBMII BApa Kli8TKI! 1 HM810llHMH AnHHHbl8 U8-

TIO'lKH, ITYT8M A8ITOJJHM8p1138UIIH 3TIIX MOn8Kyn, 

x/ 
0THOCIIT8nbH8B 6l!OnOrl!'l8CK8B 3<jJ<jl8KTHBHOCTb ABH!OrO TIIITa paAIIBUIIH 

OITp8A8nH8TCH KBK OTHOIII8H118 A03bl raMMa-ny'I8H C 3V8prH8H 200 K3B, C03-

ABIO!UHX OITp8A8neHHhlH 6Honorii'I8CKHH 3tPtP8KT 1 K A038 paCCMaTpHB88MOro 

THna .PBAIIBUHH, C03ABIO!U8H TBKOH )1(8 3<fJtP8KT, 

xx/8 6 " /2/ 
OAHOM 113 0 'bBCH8HIIH 3Toro BBn8HIIB IIp8AITOnar ~eTCH , 'ITO B cny-

'188 pBAIIBUIHI C H113KOH JJD3 6onbiii8B 'IBCTb Kn8TOK l'IIOH8T B peaynbT8T8 

XHMH'l8CKHX p88KUHH I18pHOKCHAOB ( HanpHM8p 1 rrepeKII< 'b BOAOpOAa) C BbiCO

KOMOn8KynBpHbiMI! U8ITO'lKBMII BHYTPII KneTO'lHOro >IIlpu. B KneTKax, nHIIIeH

HbiX KHCnOpOAa, IIepHOKCIIAbl B MeHbiiieH Mepe C03AaiOrC>I nyTeM paAIIOnH3a, 

II 3TO MQ)I(eT 06'bBCHIITb IIOHII)I(eHHyiO p11AH8UIIOHHYIO 'IyBCTBIIT8llbHOCTb T8KIIX 

Kn8TOK, 
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/3/ 
Ha pHc, 1, B3HTOM H3 pa6oThi cflaynepa , no~a38Hhi 3KcnepHMeH-

T8JibHbie sHa'IeHH51 OE3 11 K3 B 38BHCHMOCTH oT J1n2. YpuBHH BhDKHBaeMoc-

TH OTHOC51TC51 K KJI8TK8M KYJibTypbi TK8H8H IIO<IeK 'I8JIOI38K8 !IOCJI8 06Jiyqe-

HHH qacTHUBMH c pasnn'!HhiM 3HB'IeHneM dE I d x H3 3Toro pncyHKa 

BHAHO, 'ITO Bee cna6oHOHH3HpyiOrrme paAHBUH a ( dE I d x;;, 5 K3B/ MHKPOH) 

HM8!0T B8JIH'IHHY 063, O'I8Hb 6JIH3Ky!O K 8AHHHUe . .UJJ~I CHJlbHOHOHH3Hpy!O-

wei1 panHaUHH OE3 yeeJIH'IHBaeTCH c pocToM dE I d X AO M8KCHM8JlbHO-

ro 3Ha'IeHH51 npH dE I d x "' 120 K3BIMHKpoH, a saTeiV BHOBb yMeHbwaeTCH, 

3TO 03H8'188T, 'ITO, Ha!IpHMep a -'IaCTHUhi, HMGJOU\J~e dE I d x "' 120 K3BI 

MHKpOH, 3H8'IHT8JlbHO 3~~eKTHBHee Bhl3hlB8!0T 6HOJIOrHI8CKH8 ll0p8*8HH51, 

'18M JIJ06851 JierKO ll0Hll3l!pyiOW851 p8.[1ll8UllH ( y -Jiy'Ill H 3JIGKTpOHbi), llJIH 

0'!8Hb CllJibHO HOHll3HpyiOI!lll8 '18CTllUhi, T8KH8 K8K OCK' JJlKll .[18Jl8HHH, 

BeJ!ll'IHHa K3, noKa3aHHoro na TOM )1(8 pHC. 1, c KA3hiBaeTc51 Han6onb

lllei1 ( oKono 3) ami cna6oHOHH3upy!Ol!lei1 pa.[IHaUHH, LIJI I KoTopoli OE3 = 1. 

K3 CTpeMI!TC51 K eLII!HHUe .[IJI51 cunbHOI!OH!I3HPYIOlllHX q, ICT!IU c dE I d x 

120 K3B/M!!Kp0H, 3TO 06CT051T8JibCTBO O!Ip8JJ:8Jl518T B8HHOe ITp8liMYI!l8CTBO 

TaKoi1 CI!JibHOI!OIU!31!pyiOI!lei1 paLtl!aUHll, KaK rry'IKH T51M' )JlbiX I!OHOB, 

B r:aCTOHI!lee npeM51 o6l!leiip1!3HaHo, 'ITO Hal!6onee 3$<\leKTI!DHLIMI! qac-

TI!U8 Mil ,'lJIH JJY'I8BOH Tepaiii! H 3J10KA<J8C TB8HHhiX o6pa3 )88HI!H, ITO-BHLli!MO-

My, 6ynyT oTpl!UaTeJibHhie rr -Me30Hbi c .mepruHMI! <·T 25 AO 200 M3£
2

•
31

• 

TeparreBTI!'IeCKI!e rrpe I!Myl!leCTB8 OTp HUB TeJibHb!X II H OH< •B o6yCJIOBJie Hhl y HH

K8JlbHOCTb!O nx B3ai!MOAei1cTBH51 c HLIPBMI! aTOMOB, Htl!6onee Ba)KHOi1 oco-

6eHHOCTb!O 7T -M830HOB yK838HHhlX 3HeprHH HBJIH8TCH CliOC06HOCTb npo-

XOAI!Tb B8Cb nyTb B TK8HI! .[10 IIOJIHOrO TOpM0)K8HI!H IT )'!Til 6e3 HJJ:epHbiX 

B38HMO.[IeifcTBHH, 8 KOHUe CBOero rrpo6era OHll CO 10(·%-0H BepOHTHOCTb!O 

saxeaTbiBBJOTCH HLIPBMI! aTOMOB, cocTaBJIH!OlllHX TKaHb TaK KBK npn 3TOM 

B HLipO BHOCHTCH O'I8Hb 60Jiblll851 3HeprH51, p8BH851 M8<Ce ITOKOH rr -Meso-

Ha ( 140 M9B), TO, KBK rrpaBHJI0 1 KB*LibiH BKT ITOrJIOI!l ~Hll51 7T -M830Ha 

COITpOBO*LI88TCH paspyl!leHI!eM Sl.[lp8 H BhiJieTOM ll3 He ~o p83JII!'IHbiX '!8CTHU, 
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0CHOBHYJO 'laCTb TH;<ellh!X aTOMOB1 o6pa3yJOlllHX TKaHb 1 COCTaBllSIJOT aTOMbl 

KHCnopoAa ( <fJopMyna TKaHH: C 21 H 1 40 0 57 N3 ) 
1 

H 1 KaK rroKa3biBaJOT OIIbiThi 1 

IIp!i HX pa3Bane B p!'3Y1lbTaTe 3aXBaTa 1T -Me30Ha HCIIYCKaJOTCH HeiiTpo

Hhl1 IIpOTOHbl li TaKH ~ C!illbHO HOHH3Hpy!Oll1He 'laCTHUhl1 KaK anb<fJa-'laC'l"HUbl 1 

HOHbl Li Be 1 B H Ap. 

/3/ 
H a MHKpo<fJoTor pa<fJHSIX pH c. 2 13 H 4 1 3aHMCTBOBaRHhiX H3 pa6oThi 

IIOKa3aHhl ReKOTOpb!E xapaKTepRbie THIIbl paCllleiTlleRHSI SIApa KHC110pOAa 
16 0 

B pe3y1lhTaTe ITOPllO·ueHHH "- -Me3oRa. H a pH c. 2 HCHO BHAHO 

pa31lH'IHe Me~Ay CllEAaMH anb<fJa-'laCTHU 1i ITpOTOHOB C ITpH61lH3HTe1lhHO OllH

RaKOBblMH ITpo6eraM 1. 3TO pa31lli'IHe ( 601lhlllaH ITllOTHOCTb 1i llllipHRa cnena 

allh<lJa-'laCTHU) o6yc.IOB1leRO B ReCKOllbKO pa3 6onee BbiCOKOif BellH'IHROif 

J103 anb<fJa-'laCTHll ITO cpaBReRHJO C ITpOTORaMH. EC1lli OTC'IeT BeCTH ITO 

'laCOBOH CTpenKe 1 TO ITepBblH TpeK - 9TO TpeK anh<lJa-'laCTHUbl C 9HepPHeif 

9 MaB1 a BTopoii TI=eK rrpHRanne~HT npoTOHy c aaeprHeii 117 MaB. 06a 

TpeKa aaxoASITCSI B mocKOCTH ~MYllhCHH. CneAyJOmHe ABa TpeKa onao3apSIA-

HblX 'laCTHU Bblr'llSIA~IT O'leHb ITllOTHblMH H3-3a npoeKUHH 1 TaK KaK OHH HMe

!OT RaKllOH 45° K ITHOCKOCTH 9MY1lhCHH • .QBa lleBblX TpeKa lle~aT B ITllOC -

KOCTH 9MY1lbCHH 1 HO OHH Re 3aKaR'IHBa!OTCSI B none 3peRHSI. Ha p!iC, 3 naH 

npHMep pacmenneHH:I SIApa KHcnopona nocne 3aXBaTa oTpHuaTenbaoro TT -

Me3oHa 1 npHBOASilller o K BhineTy Tpex anb<Pa-'laCTHU H npoTOHa. EonhmaSI 

'laCTb 6H0110r'H'IeCKOrO nopa~eRHSI 1T -Me30RaMH Bbi3BaRa 9THM THITOM 

B3aHMoneiiCTBHSI. Ht pHc. 4 iioKa3aRbi ABa npHMepa pacmenneRHSI SIApa 

16 
0 1 B KOTOpbiX o6pa30Ba1lHCb SIApa B c aaeprHeii. oKono 5 MaB. 

0 pH 3aXBa Te TT--Me3oRa MPOM H3 IT011HOH MaCChi ITOKOSI 

1T -Me30Ra (140 /1\aB)I KaK 9TO BHARO H3 Ta6n. 11 OK0110 40 MaB pac

XOAyeTCSI Ra npeOAC1IeRHe 9ReprHH CBSI31i HYKllOROB 1i <fJparMeRTOB1 70 MaB 

yROCSITCH Reii.TpoRali..H 1 a OKOnO 30 MaB IIpOSIBnSI!OTCSI B BHAe KHReTH'IeCKOH 

9HeprHH npOTOHOB 1 anb<fJa-'laCTHU li 6onee TSI~ellb!X HOHOB, l.{aCTHUbl C 

Z ~ 1 B OCHOBHOM IiMe!OT KOpOTKHJl: npo6er1 BbiCOKY!O ITllOTHOCTb HOHH3aUHH 
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P11c.2. OpHMep rr -aaxeaTa Sl.!lPOM KHcnopoJla. 3ToT rpHMep HnnJOCTpHpy-

eT pa3nlfqHe Me*llY TpeKaMH 8fib¢a-qaCTHU If rrpJTOHOB C TeM *e 

CaMbiM rrpooel'OM, EcnH OTCqHTbiB8Tb ITO qaCOBOli CTpenKe OT Tr- -

Me30Ha, TO 1-A TpeK - 3TO TpeK anb¢a-qacTHUb C 3Hepl'Hell: 9 Mae, 

eTopoll: - TpeK ITpOTOHa C 3Hepl'HeA 1, 7 Mae, Oe a 3TH TpeKa HaXo

JlRTCR e rrnoCKOCTH aMynhCHH. CneJlyJOIUHe Ilea TJeKa OJlHOaapHJlHbiX 

qacTHU ebll'nRJlSlT oqeHb nnOTHbiMH 113-38 llpOeKU'fH, TaK KaK OHH 

HMeiOT HaKnOH 45° K llnOCKOCTH 3MynbCHH. Dea rJeebiX TpeKa ne
*BT e llnOCKOCTH 3MynbCHH, HO He 3BKBHqHeBJOTCR B IIOne 3peHHR, 
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PHc.3. DpHMep o6mero !Hila pacmerrneHH51 51/lpa rrocne 3aXBaTa rr -Me3o

Ha KHCllopoAOM, ':\8IOlllHM TPH anhcpa-'IacTHUbi H rrpoToH. Eonhwa51 

'18CTb 6H01IOX:H"'E CKOrO IIOpa)!(eHH51 7T -Me30H8MH Bbi3B8H8 9THM 

BHJlOM B38HMOAEICTBH~ 
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Puc.4. nBa rrpuMepa pacmerrneHHH Hapa Kucnopoaa 
KOTopbiX rronyqunuch Hapa 6opa. 
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Ta6mma 1 

PaciTpeJienemre 9Hepi'Iili MaCChi ITOKOSI TT -Me30Ha ITpH 

38XBaTe B BOAe 

CpeAHSISI 9HeprHSI C!.SI3H 

K~rHeTH'leCKaSI 9Hepi 'HSI 

Hei:iTpoHhi 

Macca rr- 139,6 M9B. 

z > 2 

z "'2 

z .. 1 

Y!Toro: 

40,0 

4,5 + 0,5 

8,0 + 0,4 

16,5+0,6 

70,0 + 5,0 

139,0~5,1 

H C03A8IDT 6onhlliOe noKanbHOe 9Hepi'OBbiAeneHHe B HeiTOCpeACTBeHHOH 6nH-

30CTH OT MeCTa 38:XBaTa, HefiTpOHbl YHOCSIT 38MeTHYID 'laCTb ITOnHOH Kli

HeTH'leCKOH 9Hepi'HH HO BHOCSIT OTHOCHTenhHO He6onblli0H BKnaa B Ty 'l8CTb 

9HeprHH, KOTOpaSI IT<•rnoruaeTCSI B OKpeCTHOCTH TO'!Kii 38XB8Ta. Ho A8lKe C 

9TOH OI'OBOpKOH cne.1yeT ITp!i3H8Tb, 'ITO 9TO H eCTb HeHTpOHH8SI TepaiTHSI 

B ee ny'lllieM BHAe, PaCITpeaeneHHe ao3bl ITO rny6HHe SIBnSieTCSI B 9TOM 

cny'!ae 6onee 6naro: IpliSITHbiM, '!eM anSI HeHTpOHOB OT BHerueHI'O HCTO'IHHKa, 

MolKHO ITpeacTaBHTb ce6e, 'ITO HefiTpOHbi !floKyc~rpyiDTCSI Ha OITyxonh co 

BCeX HaiTpaBneHHH 1 t yiTpyrHe H HeyiTpyrHe B38HMOaeHCTBiiSI ITpOHCXOASIT 

6 
u /2/ 

ITpH 9Hepi'IiSIX, rae le'le HOe AeHCTBHe HeHTpOHOB SIBnSieTCSI HaHny'llliHM , 

/3/ v Ha pHC. 5 COITOCTaBneHbl rny6HHHbie paCITpeaeneHHSI ao3 C y'le-

TOM 063 anSI ITapan lenbHb!X ITY'IKOB I'8MM8-KB8HTOB, TSilKenbiX HOHOB H 

rr- -Me30HOB. P ac 'leTHbie paciTpeaeneHHSI ITornorueHHOH ao3bi( B 59 pax ) 

'Bbi6HpanHCb TaKHM c6pa30M, 'IT06bl ITony'IHTb KaK MOlKHO 6onee OAHOpOAHOe 

paciTpeaeneHHe ITO BC•!H o6nacTH OITyxonH Ha rny6~rHe OT 10 ao 15 CM. BenH'lli

Ha K3 ITpHBOAHTCSI anH rny6HHhi 10-15 CM. 3Ha'leHHSI 063 B3SITbi anSI 80%-Horo 
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ypoBHSJ BhDKRBaeMoCTii, Dy"'Kii TSJ)K81lhiX liOHOB liMeiOT 3Hn"'liTenhHO 6onee Bhi

COKiiH K3 no cpaBH8HiiiO c raMMa-ny"'aMii, O.'lHBKO BcneJl<:TBiie Manoif JlllliHhi 

SJJlepHOI'O B381iMO/l8HCTBiiSI 3H8"11iT81lbH8SI "'BCTb nOI'110Jll8HHOH Jl03bl o6yC110B118-

H8 BK118Jl0M 6onee 118I'KiiX KOMnOH8HT, B03HiiK8101UiiX np~ ¢parMeHT8Uiili nep

Bii"'HhiX SJJlep. 3Tii npouecchi Jl11SJ TBKiiX TSJ)K ellhiX SJJle J, KaK N e , Ar li 

Fe
1 

uenliKOM OTBeTCTBeHHhi 3a nopa)KeHne Ha rny6nHe 6onhmei1: "!eM 15cM, 

1i pacnp8Jl8118Hii8 rny61iHHOH Jl03hl Jl11SJ TSI)K81lhlX liOHOB OK83hlB88TCSI ¢aK-

TH"18CK1i 111illlb H8MHOI'O ny"'llJe, "18M pacnp8Jl8118Hii8 JlO~ hi Jl11SI I'8MMa-1ly

"18H. nnSJ ny"'KOB 38M8Jl118HHhiX npOTOHOB H anb¢a-'-laC rliU rny61iHHOe 

pacnpeJleneHiie Jl03hi nyqme, Ho Bhllii'phlill B K3 O"'eHb Man, Dy'-IKii 3aMeJl-

118HHhlX OTpliU8T8J1bHhlX 7T -M830HOB liM810T npeBOCXO :(HOe pacnp8Jl8118Hii8 

Jl03hl no rny6RHe li xopolllee 3Ha"'eHHe KHC110pOJlHOI'O ~<P<PeKTa. 

Ha cneJlyiOJlleM pucyHKe ( p11c.6), 3aHMCTBOBaHHOM 1i3 pa6oThi Poy3e-

/2/ 
Ha 1 Jl88TCSI CpaBHHT81lbH8SI OU8HKB a¢¢eKTHBHOCTii J831lli'-1Hh!X BHJlOB 

pBJlliBUHii C TO'-JKH 3p8HHSI Tpe60B8Hiill 1 B03HHKBIOJllliX II]11i 11Y'-18BOH Tepanlili 

paKa. 3¢¢eKTHBHOCTb XapaKT8pH3yeTCSI B81lli'-IHHOH OTHCill8HiiSI nOBp8)KJl8HiiSI 

B onyX0111i 1 HBXOJlSJIU8HCSI HB rny61iH8 OT 10 JlO 15 CM, K nOBp8)KJl8HiiiO B 

3/lOpOBOH TKBHii Ha nyTH ny"!Ka. DpHBeJleHHaSJ oueHKa rKmoqaeT OE3 li K3. 

K3 Jl11SJ TSJ:Keni>IX liOHOB npRHiiMancSJ paBHhiM eJlliHiiUe, ll11SJ OTprruaTenbHhiX 

7T -Me30HOB- 1,5 H ll11SI 9118KTpOMBI'HiiTHOI'O ll31ly"'eJiiH- 3. 3TOT rpa-

¢HK Jl8MOHCTplipyeT "18TKO Bblp8)K8HH08 npeliMyJlleCTBO 7T -M830HOB, KOTO

pwe B OTHOill8Hiili B03Jl8HCTBHSI HB onyX01lb He liM810T 1e6e pBBHhlX Cp8Jlli 

llPYI'IiX '-IBCTiiU. TepaneBTH'-IeCKHH a¢¢eKT y OTpHuaTenbHWX 7T -M830HOB 

B 12 pa3 601lbllle, "18M y I'BMMB-KBBHTOB, ll B 2,5-3 p< 38 Bblill8 1 "18M y TH-

)K81lhlX HOHOB, Bllb¢8-"'BCTiiU li npOTOHOB. 

K C0)KB118Hlll0 1 B HBCTOS!Wee BpeMH 1iCnOJ1b30BBTb OTpliUBT81lbHh!8 7T 

M830Hhl B Tepanlili paKOBhlX 3a6oneBBHiill He npe!lCTBBJ1SJ8TCH B03M0)KHhlM, 

TBK KBK Jl11H nolly"'eHiiH B onyX011H Jl03bl B 150 6ap He J6XOJlHMO OCTBHOBiiTb 

8 
npliMepHO 10 7T- -M830HOB B KB)KJlQM Ky61i'-J8CKOM CB !TiiMeTpe onyXOJlli, 

13 



0 

I 
J;~./06 f"e/CM2 

---+---+---+ 

8 fZ ItS 
pa.cc,o.JIHI.Je 

4 8 
8 fiilca.HU. (CM) 

12 

PHc.5. Bb!'!Hcne-~~aoe pacnpeAeneHHe A03bi a aaaHCHMOCTH oT rny6HHbi npo

HHKHoae~IHI B TKaHH AnH paanH'!HhiX napannenhHbiX ny'IKOB. BenH'IH

aa K3 AaHa AnH rny6HHbi 10-15 eM. 3aa'leHHe OE3 B3HTbi AnH 

80%-HOI'O ypOBHH. BbllKHBaeMOCTH. 

16 



TaxoA HHTeHeHBHOeTH oeTaHOBOK nHOHOB He MO*eT ll81b HH OllHH H3 ey-

meeTBY!OlUHX B MHpe yeKOpMTeneA. nonyqeHHe nyqKOB TT- -Me30HOB e Heo6-

XOUHMOA UJlH JlyqesoA TepaiTHH HHTeHeHBHOeTb!O HBJ1HeT:H oqeHb enO*HOA 

3anaqeA, TaK KaK Tpe6yeT e03UaHHH UOporoeTOHlUHX efJlbHOTOqHWX npOTOH

HLIX yexopaTeneA Ha 3HeprHH 500-700 M3B H TOK 0,1-IMA (6·10
14

-6·10
15 

rrpoT/eex) 

qaeTHOeTH B 

TaK Ha3biBaeMbiX "Me30HHbiX ljla6paK". 8 .JH[(e eTpaH, H B 

CCCP 
191

, pa3pa6oTaHbi ana pa3pa6a TbiB 'liOTe H rrpoeKTbi Ta-

xax "ljla6pax" Me30HOB, a B CWA, KaHane a illBeAuapl H Y*e HaqaTo ax 

eoopy*eHHe e UeJ1b!O qaeTHqHOPO aenOJ1b30BaHHil H .QJ11l Me30HHOA Tepa
/2/ 

ITHH 

B naeToHmee speMH naa6onee peanbHhlM nnH MetHUHHhl HBJ1HeTeH rrpa-

MeHeHae npoToHOB a 3aTeM neATpOHOB rr anbljla-qaeTrru. Bee 3TH qaeTHUhl • 

B OeHOBHOA qaeTH eBOero npo6era HBJlllJOTeH OTHOCHTaibHO ena6o HOHH3H-

py!OlUHMH. !1 XOTH OHM He HMeJOT 38MeTHbiX npenMyUleC TB rrepea y -ny-

qaMH H 3J1eKTpOH8MH HH B OTHOWeHHH 053, HH no KHenopOLIHOMY 3cpljleKTy, He

H81l reoMeTpHqeexaH onpenenenHoeTb nyqxa rr HaJ1Hqrre n11xa Epsrra o6ye-

Jl8BJ1HBaJOT HX eymeCTBeHHOe npeHMylUeeTBO nepea 1-nyqaMH B OTHO-

WeHHH paenpeaeJleHHH rny6HHHWX .Q03. KaK BHLIHO Ha pHe. 6, OTHOeHTeJ1b

H81l 3cpcpeKTHBHOeTb OK83biB8eTeH !:(Jlll 3THX qaeTHU BTp )e nyqwe, qeM LIJlll 

3J1eKTpOM8PHHTHOPO H3J1yqeHHH. 

Bee eKa3aHHOe BbiWe OTHOeHJ10eb K TepanHH rnyt·HHHbiX oqarOB, no-

nepeqHbie pa3Mepbl KOTOpbiX eoeTaBJ1HJOT no KpaAHeA 1\ epe HeeKOJlbKO eaH

THMeTpOB. CpaBHHTenbHO ena6oe paeeeHHHe TH*enwx ~apH*eHHhlX qaeTHU 

B TKaHHX n03BOJ1HeT o6pa30BhlB8Tb e HX ITOMO!Ub!O TOHlHe nyqKH, npHPO.Q-

Hhle llJlll HeATpOXHpyprHqeeKHX ueneA. Co3.Q8Tb T8KHe rryqxrr e ITOMO!Ub!O 

Y -nyqeft HJlH 3J1eKTpOHOB B006!Ue He npe.neT8BJ1HeTeH B03MO*HbiM. 

npa Heene.QOB8HHH esoACTB TOHKHX nyqKOB, KpOM~ XO.Qa HOHH38UHOH

Hb!X rroTepb e sHeprHeA qaeTHU, H3MeHeHHH OE3 a K::, ene.nyeT nprrHHM8Tb 

BO BHHM8HHe eeTeTeTBeHHOe ymapeHHe nyqxa rrpH ero rrpOHHKHOBeHHH B 

TK8Hb. 
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YlliHpeHHe rry•n a rrpH ef'O ocTaHOBKe B O'laf'e, 3anef'aJOIUeM Ha I'ny6H

He 7 CM, XapaKTepH;IyeTCSI AnSI !IpOTOHOB Ta6n. 2. l13 Ta6nHUbl BHAHO, 

'ITO YlliHpeHHe IIY'IK8 OK83biBaeTCSI ManhiM nH!llb IIpH 0'18I'8X AHaMeTpOM 

6onee 5 MM. IT pH M• !HhlliHX pa3Mepax rropa)j(aeMoll: o6nacTH HeT CMhiCna 

OCT8H8BnHB8Tb !IpOT•>Hbl B O'laf'e, TaK K8K yBenH'IeHHe pa3Mepa IIY'IK8 CBO

AHT Ha HeT IIpeHMyll eCTBa, CBSI38HHhle C HCIIOnb30B8HHeM !IHKa EpSI'I'a. 

TaK KaK YlliHPEHHe rry'IKa H3MeHSieTCSI o6paTHO rrporropuHoHanhHO Kop

HJO H3 MaCChi '18CTHI lbl, TO C !IOMO!Ub!O anh<jla-'laCTHU MO)!(HO rrony'IHTb IIy'I

KH B AB8 pa3a 6onee y3Kiie, 'I eM C IIOMO!Ub!O !IpOTOHOB. LlanhHeJl:!llee t ITO cpaB

HeHHIO C anb<jla-'laCT~UaMH) yMeHb!lleHHe pa3Mepa IIy'IKa AnSI KnHHH'IeCKOI'O 

!IpHMeHeHHSI, IIO-BHAH IIIOMY, 6onb!liOJl: UeHHOCTH He IIpeACTaBnSieT. C !IOMO!Ub!O 

TOHKHX IIY'IKOB !IpOTO iOB H anbCpa-'laCTHU MO)!(HO IIOA8BnSITb <pyHKUii!O I'HIIO<fJH38 

H ocyrueCTBnSITb Apy rHe BHyTpH'Iepe!IHbie BMe!llaTenbCTBa, He IIpOH3BOASI 

TperraHaUHH H H36ef'.tSI OCnO)!(HeHHll:, HepeAKO COIIYTCTByJOIUHX orrepaUHSIM 

Ha M03I'e. 

Ta6nHua 2 

3aBHCHMO:Tb AHaMeTpa IIY'IK8 B KOHUe rrpo6ef'a OT 

AHaMeTpa BXOASI!Uef'O IIY'IKa AnSI IIpOTOHOB C rrpo6ef'OM 

7 CM TK81 JeSKBHBaneHTHOJl: cpeAhl 

LlHaMeTp BXOASI!Uef'O 0 MM 2 MM 4 MM 6MM 8MM 

rr~'IKa 

LlHaMeTp rry'IKa B 
4MM 4,5 MM 5,6MM 7,2MM 8,9MM 

I'ny6HHHOM O'laf'e 
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3. Hcrronb30BaHHe ycKopHTeneii: TH*enhx qacTHU 

nnn nyqeBoii: TeparrHH 

/4/ 
To5Halll H floypeHc rrepBbiMH B 1952 f'. Herro llb30BanH rryqKH rrpo-

TOHOB, geii:TpOHOB H anb<fla-qaCTHU OT CHHXpOUHKnOTpO! a B BepKnH (C llJA) 

gng paAHOOHOnOf'HqecKHX HCCneAOBaHHH. flOAOOHbie pao:>Tbl Ha ITpOTOH8X C 

/5/ 
3HepPHeii: 19 0 M3B HaqanH rrpoBOAHTbCR B illBeUHH c 1956 P. flapcoHOM 

KnHHHqecKHe HCCneAOBaHHR rro rrpHMeHeHHID rrpoTOHOB lhlCOKHX 3HepPHH B 

/6/ 
nyqeBoii: TeparrHH BenHCb KHnboepPoM H np, c 195J f', B fapBapACKOM 

YHHBepCHTeTe ClllA Ha CHHXpOUHKnoTpoHe c 3Hepl'Heii: 160 M3B, 

flpHMeHeHHe gnn nyqeBOH TepaiTHH HMeHHO rrpOTO!HbiX rryqKQB OT AeH

CTBYIDlllHX HnH crreuHanhHO coopy*aeMbiX ycKopHTeneii: rrpencTaBnneTcn ceii:

qac HaHOOnee HCHbiM, 0rrbiT ITOK83biBaeT, qTo rrpH oqe !b CKpOMHbiX K8ITiiT8-

noBnO*eHHRX rrpaKTHqecKH OT nroOOI'O 1i3 AeHCTBYIDlllHX rrpOTOHHhlX YCKOpli

Teneii: Ha 3Hepl'Hii Bblllle 100 M3B MO*HO rronyqHTb Te: JaiTeBTHqeCKHe rrpo-

TOHHbie rryqKii, 

BrrepBbie B CoBeTCKOM Corose TaKoii: TeparreBTHq•)CKHH rryqoK c 3Hep-

f'HeH 90-200 M3B Obln C03A8H Ha CHHXPOUHKnOTpOHe 6:l0 M3B fla6opaTOPHH 

ggepHbiX rrpo5neM OH.HH (Lly5Ha) B arrpene 1967 f'. :3.fl. Ll*enerroBbiM, 

171 
B.H. KoMapoBbiM H O.B. CaBqeHKO • 06lllan cxeMa <flopMHpoBaHHR H 

Tp8HCITOpTHpOBKH rryqKa ITOKa3aHa Ha pHC, 7, .Llnn ITOn)qeHHR TeparreBTHqec

KOf'O rryqKa rrpOTOHOB C yKa38HHOH 3Hepl'Hell BbiBeAeHf hie H3 B8KYYMHOH 

KaMepbi ycKopHTenn rrpoTOHbi c 3HepPHeii: 670 M3B <Pm ycHpyroTcn rrapoii: 

Maf'HiiTHbiX KB8ApyrronbHbiX nHH3 (MKfl) Ha TOpM03Rlll d1 <fJHnbTp (Tel>) COOT-

BeTCTByiOllleH TOnlllHHbl, 3aTOpMO*eHHbie rrpOTOHbl OTKn:>HHIDTCR M8f'HHTOM 

(OM) Ha BXOA <floKyCHpyrolllef'O KaHana, oqHlll8HCb rrpli 3TOM OT rrpHMece:ii: 

ITOCTOpOHHHX qaCTHU1 a 3aTeM TpaHCITOpTHpyroTCH Ha p9CCTORHHe OKOnO 

30 MeTpOB B KnHHHqecKOe ITOMellleHHe, pacrrono*eHHOe 38 MHOf'OMeTpOBOH 

oeTOHHOH 38lllliTOH. Llnn rronyqeHHR HeOOXOAHMOH liHTefCiiBHOCTii rrpOTOHHOf'O 

rryqKa B MecTe pacrrono*eHHR o5nyqaeMOf'O oo'beKTa H.! rryTH TpaHcrropTHpoB-
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KH IIY'IKa ycTaHOBJieHbl CeMh tPOKYCHpy!OlllHX Mai'HHTHbUI KBaApyiiOJihHbiX 

JIHH3 ( Mctl!IOK). OpH STOM c uenhJO HCKJIJO'IeHHH pacce HHHH rrpoTOHHOI'O 

IIY'IKa B B03Ayxe OH IIpOXOAHT BHyTpH OTKa'IHBaeMOI'O 1>8KYYMIIpOBOAa (BT). 

KnHHH'IeCKOe IIOMellleHHe BKJIIO'IaeT B Ce6H HeCKOJlhKO OTAeJihHbiX KOMHaT. 

2 
KoMHaTa 1 - rrpoueaypHaH, nnomaAhJO 18M rrpeaHa3Ha•:eHa anH pasMeme-

' HHH o6ny'IaeMOI'O 06~eKTa H He06XOAHMOI'O A03HMeTpH~eCKOI'O o6opyAOBa-

2 
HH51o l13 KOMHaTbl 2 - IIyJihTOBOll 1 IIJI0lll8Ahl0 }Q M 1 CCyllleCTBJI51eTCH 

A03HpOBKa npoTOHHoro rry'IKa. KoMHaTa 3 BhiAeneHa an~ MeAHUHHCKOI'o 

nepcoHana, ocymecTBJIHJOlllero KOHTponh sa rrauHeHTaMM. OoMemeHHH HH)K

Hero 3T8)Ka 1 paCIIOJIO)KeHHhie IIOA KOMHaTaMH } H 2 1 H" eJOT 8H8JIOI'H'IHYIO 

IIJ18HHpOBKY H OCHallleHbl peHTI'eHOBCKHM o6opyAOB8HHe" AJI51 CpaBHHTeJih

HOI'O H3y'IeHH51 paAH06HOJIOI'H'IeCKOI'O B03):lellCTBH51 I'IMM8-KB8HTOB H 

IIpOTOHOB. 

06lllHll IIJiaH pa3MellleHHH A03HMeTpH'IeCKOI'0 1 IOCT!pOBO'IHOI'O H BCIIO-

MOI'aTeJihHOI'O o6opyAOB8HHH, npeAH83Ha'IeHHOI'O AJ151 KCHTpOJI51 3a XOAOM 

06Jiy'IeHHH OHKOJIOI'H'IeCKHX 60JihHbiX H 6HOJIOI'H'IeCKHX C·6~eKTOB Ha MeAH-

UHHCKOM IIpOTOHHOM IIY'IKe Jla6opaTOpHH HAepHbiX npo61 eM 0l1Hl1 1 IIOKa3aH 

Ha pHC. 8. B COCTaB 3TOI'O o6opyAOBaHHH BXOAHT cnea:rJOlllHe OCHOBHbie 

3JieMeHTbl; KOJIJIHMaTOpHaH CHCTeMa (K), II03BOJIH!Olll8H IIOJiy'IaTh 38A8HHblll 

IIPOtPHJih IIpOTOHHOI'O IIY'IKa COOTBeTCTBeHHO <iJopMe 06ly'IaeMOI'O o6~eKTaj 

UH.'IHHAp ¢apaaeH (il¢) AJIH TO'IHOI'O H3MepeHHH a6com>THOI'O 3Ha'IeHHH 

HHTeHCHBHOCTH 3aTOpMO)KeHHOI'O !IpOTOHHOI'O IIy'IKaj Haliop H3 HeCKOJlhKHX 

HOHH38UHOHHbiX KaMep (l1K) 1 ycTaHaBJIHBaeMbiX IIOCJie):liJBaTeJihHO Ha Hall-

paBJieHHH IIpOTO~HOI'O IIY'IKa AJIH KOHTpOJIH ero HHTeHCHBHOCTH H 

Bblll8'IH 3anaHHOll A03bl j IIOJiyiipOBOAHHKOBble KpeMHf eBbl9 A03HMeT

pbl (00ll) pa3MepoM OKOJIO 3 MM C AHCT8HUHOHHbiM HepeMellleHHeM B 

ABYX B38HMHO rreprreHAHKYJIHpHbiX HaiipaBJieHHHX llJIH CH~ITH51 pacrrpeneneHHH 

IIOI'JIOllleHHOll A03bl B <iJaHTOMe j ITOABH)KHblll <iJaHTOM H3 WeKCHI'Jiaca ( 0¢) 

C IIJiaBHO perynHpyeMOll TOJllllHHOll AJIH CH51THH KpHBbiX 3p3I'I'a H H3MepeHH51 

19 



P11c.1. 06ma>1 < xeMa ¢opMHpoaaHII>I TepneBTH'leCKOPO npoTOHHOPO nyqKa 
H paCITOJO*eHHe KnHHHqeCKOf'O ITOMellleHHH B KOpnyce CHHXpOUHKnO
TpOH8 ll16opaTop1111 smepHbiX npo6neM Ol1ffl.1. BKY - BBKYYMHB>I 
KaMepa rcKopHTenH; OH - oTKnoHSJIOlllHe aacaJl.KH; P - BbiBe.ueHHbiH 

npoTOHHIIii nyqoK c 3HepPHell 670 Mas; MKJI - Maf'HIITHBH KBBil
pynonbHL>I IIIIH3a an" ¢oKyc11poaKH nepBH'IHOPO rryqKa; Ttl> - TopMo-
3>11UIIii "'iiibTp; OM - OTKIIOH>I!OIUIIll M8f'HIIT; K - KOIIIIHM8TOpbl; 

BT - BE KYYMHbiii TPBKT; M<I>JIITK - MBf'HHTHbie ¢oKyCHPYIOIUHe IIHH-
3bi npoT )HHOf'O KBHBnBj 38 - 38WHTHbl9 BOpOT8j ,UA - Jl03HMeTpH

qeCK8SI ,mrrapaTypa; PK - poTaUHOHHoe Kpecno; I - npoueaypHa>~; 

2 - nyiDoTOBBSij 3 - KOMH8T8 nnH OCMOTpa. 
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rrornomeHHOH A03bl Ha paanK'IHOH ~ny6KHe TKaHe8KBKBaleHTHOH cpeaht; poTa

UKOHHOe Kpecno (PK) j peHTI'9HOBCKHH H OIITH'I9CKHH ue 'ITpaTOpbl (Pll) anSI 

IOCTHpOBKH H cPHKCHpOBaHHSI o6ny'la9Mh!X 06'b9KTOB Ha OI:H IIpOTOHHOI'O rryq

Ka; KOMIIneKC aneKTpOMeXaHH'I9CKOI'O BCIIOMOI'aTenhHOI'•> o6opyAOBaHHSI1 

6noKOB IIHTaHHSI K aneKTpOHHhiX ex eM ( UY) anSI AHCTaH llHOHHoro yrrpaBne-

HHSI A03HM9TpK'I9CKOH K IOCTKpOBO'IHOH arrrrapaTypoft H leiipephlBHOH 3aiiHCH 

BenH'IHHhi rrornoureHHoft aoabi rpaqm'leCKH Ha neHTe caMorrnmymero rrpn6opa 

Ha pnc. ~ IIOKaaaHa cl>oTorpaci>HSI rrauneHTa, aaci>HKCHpoBaHHOro B poTa

UKOHHOM Kpecne rrepea Ha'lanOM CeaHC8 o6ny'leHHSI. Op} BKnJO'I9HHH nHH3 

cPOKCHpyromero KaHana IIOnHaSI HHT9HCHBHOCTh 3aTOpM0~8HHOI'O IIpOTOHHOI'O 

rry'IKa c aHeprnel!: 185 MaB BoapacTaeT Ha Bhtxoae KaH.ma rrpnMepHo B 

8 
10 pa3, AOCTHI'8SI 3Ha'l;9HKSI 6•}0 IIpOTOHOB/CeK. 0nOTHOCTb IIOTOKa yBenH-

7 
'IHBaeTCSI IIpH 8TOM B 40-50 pa3 H COCTaBnSieT Ha OCH ny'IKa 3•10 IIpOT0-

2 
HOBICM ceK. 

!I pH OIITHManhHOM pe~KM9 IIHTaHHSI nHH3 cPOKYCHp) IOID9I'O KaHana C 

IIOMOillhiO ABYX IInOCKOIIapannenhHblX HOHH3aUKOHHblX Ka~ tep 6hinH IIpOB9A9Hhl 

H3MepeHHSI KpHBhlX Eparra B cl>aHTOMe H3 rrneKCHI'naca, KOTOpblH IIO CB09H 

TOpM03HOH CIIOC06HOCTH M9H99 '19M Ha 3% OTnH'IaeTCSI OT MSII'KOH TKaHH. 

EparroBCKHe KpHBhie, CHSIThie B TaKHX ycnoBHSix· rrpH a1 eprHSIX aaTopMo~eH-

HhiX IIpOTOHOB 185 H 88 MaB, rroKa3aHhi Ha pnc. 10 11 11. CKopoCTh Ha-

KOIIneHHSI A03bl B 6parroBCKOM M8KCHMyMe COCTaBnSieT OKOno 200 paa/MHH 

rrpn aHeprHH rrpoToHoB 185 MaB H oKono 90 paaiMHP. - rrpn aHeprHH rrpo

TOHOB 88 MaB. TaKHM o6paaoM, cTaHaapTHhiH ceaHC o6Tiy'leHHSI, B Te'leHHe 

KoToporo rro rrpaBKnaM TepaiiHH 6onhHOH aon~eH rrony'IITh aoay B 500-600 
x/ 

pan, rrpoaon~aeTCSI BC9I'O H9CKOnbKO MHHYT 

0THOID9HH9 A03bl B 6p8I'I'OBCKOM IIHKe K BXOAHOH Q03e anSI 8H9pf'HH 

rrpoToHOB 1 85 MaB rrpH ncrronb30BaHHOM MeTone cl>opMH >OBaHHSI rry'IKa coc-

x/ 
3a BpeMSI rronHoro Kypca ne'leHHSI 6onbHOH o6bi'IHO n onyqaeT cyMMapHyJO 

aoay oT 5000 no 8000 pan. 
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PHc.B. 06H 151 c .. eM a pacrrono)f{eHIHI .ct03HMeTpi.PieCKoH, K>CTuposottJ-IOii H 

sen ~1orarenbHon anrrapaTypu B KJIHHHqecKOM noMemeHHH Kopnyca 
CHHxpoum JioTpoRa lla6opaTopHII SJnepHbiX npo6neM OIHIVI. Bn - na

KyyMnpos )Jlj K - KOJIIlHMflTOp; '"1K - HOHH3aUHOHHUe KaMepLI; 

D4> - BOD BlDKHhll'i Q:>aHTOM H3 nneKCHI"'IlllC8; nnn - rrpo¢H1111JlY10lUH:8 

nonynpOB( ·nHHKODIJie aeTeKTOphl i PK - poTaUHOHHoe Kpecno; U4> -
UH.11HHJlp < >apa.OeSI; flC - nepuCKOIUP-IeCKc'HI CHCT8M8 Ha61:uo,aeHHH 3[1 

o6nyl..!aeM ,JM o6'beKTOM; n3 - II0tlBH)f(H851 6eTOHH851 38lUHTa; PU -
peHTr'eHOf CKHH UeHTpaTop; flY - nynbT ynpaBJl8HHH. 
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Pnc, 9, ¢oTorpacjm.H rraulieHTa, 3acjmKC!ipoBaHHoro B poTaUiiOHHOM Kpecne 
rrepea HaqanoM ceaHca o6nyqeHii.H, 
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PHc.lO. BparroBcKaSI KPHBaSI aaTopMo)Keaaoro lpOTOHHoro rry~Ka rrpH 

aaeprHH rrpoTOHOB 185 MaB, H3MepeHH lSI aa Bhrxone ~oKyCHpy!O

mero K8H8118 IIpH OITTHM8nbHb!X 3H8~eH iSIX ero rrapaMeTpOB. 
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TaBnSieT n In 
M8KC B 

aHCITepCHeH 38TOpMO 

HHSI rrepBH~HhiX rrpoT 

K aacToSimeMy 

OY!.HYI 6hmo rrpoBea 

Kypc rrpOTOHHOH Tep 

Ka~eCTBeHHblX HOBOO 

OCBeUleHbl B p800T8' 

CTHTyTa 8KCIIepHMeH 

paoOT, H8 IIpOTOHHOI 

~eCKHX HCCneaOB8HH 

B8HHSI cny)K8T TeM ( 

MeHeHHe rry~K8 B OJ 

P a 6oTh! no rrp• 

rrepcrreKTHBhl 1 T8K K 

HHTeHCHBHOCTb Tepa 

nee a~~eKTHBHOH CH 

rrepcrreKTHBhl eme 6 

MOH B H8CTOSIUlee B 
/8/ 

HbiH ~830TpOH I 

HOB 00 50 MK8 BMe 

CHBHOCTH Bb!BeneHHI 

Ha pHc. 12 m 

~eCKHH rrpOTOHHhlH 

yCKOpHTenSI. 3aa~HT 

anSI MeUHKO-OHOnor 

meHHH yBenH~HTCSI 

Me30HHOH TepaiiHH 

ynaCTCSI CIIpOeKTHP' 



TaBnSieT n In = 1,63, 3To o6y<;:noaneuo 6onblliOH 3HepreTH'IeCKOH 
MBKC BX, 

AHcrrepcueii: aaTopMO*eHHoro rry'IKa, HaKarrnaaaeMoii: B rrpouecce aaMeAne-, 
HHSI rrepBH'IHbiX rrpOTOHOB, 

K H8CTOS!llleMy MOMeHTY Ha MeAHUHHCKOM npOTOHHO \of ny'IKe n.Hn 
OJ.1HJ.1 6hmo npoBeAeHO 6onbllloe 'IHCno ceaucoa o6nyqe iHSI:,.H nonHhiH 

Kypc ITpOTOHHOH TepaiTHH rrpolllnH 19 ilBUHeHTOB C pa3nH'I!biMH THITBMH 3no

K8'1eCTBeHHbiX HoBoo6paaoBaHHH, PeaynbT8Thi o6ny'leHHSI 6onbHhiX 6yayT 

ocaellleHhi a pa6oTax rrpo<iJ, A.J.1. PynepMaHa H apyrux coTpyllHHKOB J.1u-

CTHTyTa 3KCrrepHMeHTanbHOH H KnHHH'IeCKOH OHKOnOI'HH, l:poMe KnHHH'IeCKHX 

pa6oT, ua npoTOHHOM rry'IKe OJ.1HJ.1 rrpoaeaeH IIIHPOKHH Hpyr paaHo6HonorH-

'leCKHX HCCnellOBBHHH H8 KynbTypaX TKaHeH H H8 *HBOTl' b!X, 3TH HCCnellO

B8HHSI cny*BT TeM ¢YHA8MeHTOM, HB KOTOpOM OCHOBBHO <nHHH'IeCKOe rrpH-

MeHeHHe ny'IKa B OJ.1HJ.1. 

Pa60Tbl no rrpOTOHHOH TeparrHH B 0J.1HJ.1 HMeiOT AOC TBTO'IHO XOpOIIIHe 

rrepcrreKTHBhl, T8K KBK B 1970 I', npenrronaraeTCSI 3H8'1H1enbHO yBenH'IHTb 

HHTeHCHBHOCTb TeparreBTH'IeCKOI'O rry'IKB ,B peaynbTBTe H•:rronb30B8HHSI 5o

nee a<P¢eKTHBHOH CHCTeMbl Bb!B0ll8 rrpOTOHOB H3 KBMepb! yCKOpHTenSI, 3TH 

nepcneKTHBhi ellle 6onee yny'llllaTCSI nocne ocyllleCTBneHH SI nonroTaanuaae

Moii: B HBCTOS!lllee BpeMSI peKOHCTpyKUHH CHHXpOUHKnOTpOi8 B CHnbHOTO'I-

/8/ 
Hb!H <iJaaoTpOH , paCC'IHTBHHbiH Ha yaenH'IeHHe BHyTpE HHei'O TOKB rrpOTO-

HOB llO 50 MKB BMeCTO CyllleCTBYIOIIIHX 2,3 MKB H HB YBE •nH'IeHHe HHTeH

CHBHOCTH BbiBelleHHOI'O rrpOTOHHOI'O rry'IKB ITpHMepHO B 2(10 pa3, 

Ha pHC, 12 ITOK838Hbl pa3nH'IHbie rry'IKH '18CTHU ( B WI0'18SI TeparreBTH

'IeCKHH rrpOTOHHbiH rry'IOK), KOTOpbie 6yAyT C03A8Hbl noc;Ie peKOHCTpyKUHH 

YCKOpHTenSI, 3H8'1HTenbHO pBCIIIHpS!TCSI rrnOIIIBAH ITOMellleHiiH, Bb!llenSieMbiX 

anSI MeAHKo-6aonoru'leCKHX accneaoBaHHH. KonH'IeCTBO rpouenypHbiX noMe

llleuaii: ysenH'IHTCSI BllBOe, flOSIBSITCSI HeKOTOpb!e B03MO*f OCTH H B o6naCTH 

Me30HHOH TepailHH ( B OCHOBHOM HCCnet!(OBaTenbCKOI'O XB] >BKTepa), ecnH 

yaacTCSI crrpoeKTHpOBBTb H coaaaTb cno*Hoe IIIHpoKoyro. IbHOe <iJoKycHpyro-
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(JR =2,0 2fcl'fl 

Tp= 88 H3!J 

GE = 16 M38 {f8"ft) 

-- R ljc112 nAeKcuulaca 

P~:~c.ll. Ep9rroBcKa51 K'JI:!Ba51 3aTOpMolKeHHoro rrpoTOHHoro rry'iKa rrp1:1 

9Hepri:IH rrpo"o :oB 88 M3B, H3MepeHHa51 Ha BhiXone <jloKyc~:~pyiOIUero 

KaHana np1:1 liTTHManbH~x 3Ha'ieHH51X ero napaMeTpoB. 
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Wee ycTpOHCTBO .Qn51 nony'IeHI151 BbiCOK011HT0HCI1BHblX ITY'IKOB OTpi1UaTenbHbiX 

TT -Me30HOB, 0.QI1H 113 B03MOlKHbiX Bapl1aHTOB paCITOnOlKe IH51 TT -Me30HHOH 

Me.QI1K0-6110nori1'IeCKOH na6opaTOpl111 BMeCTe C ~OKYC11pyKW11M ycTpOHCTBOM 

CXeMaTI1'IeCKI1 ITOKa3aH Ha p11c, 12 ITYHKT11pOM, 

BTopbiM aeiicTBYJOW11M TepaneBTI1'IeCKI1M npoTOHHbiM Iy'IKOM 51Bn51eTC51 

ITY'IOK VI HCTI1TyTa TeOpeTI1'IeCKOH 11 9KCITepi1MeHTanbHOH ~113 11KI1 ( M OCKBa), rro-

/10/ 
nyqeHHblll n.n.ronb.QI1HbiM, B.C.XopOWKOBblM 11 ap. B Mae 1 )67 r. • Ha PI1C, 

13 (a 11 6) npi1Be.QeHa cxeMa pacnonolKeHI151 o6opyaoBaHI151 Ha ny'IKe, MM

nynhCHbie MarH11THbie ITOn51 Bbi6paCb!BaJOT ITY'IOK 113 KaMe)>bl yCKOpi1Ten51 B 

BaKyyMHblll TpaKT, Docne ~OKYCI1p0BKI1 11 ITOBOpOTa ITy'IOK HanpaBn51eTC51 B 

npoueaypHoe noMeweHI1e. Ero HHTeHC11BHOCTb np11 sHeprl1 1 E < 200 MsB 
p-

10 
cocTaBn51eT 6·10 npoToHOBII1Mnynbc. Ha pHc.l4 npHBe.Q~Ha ~oTorpa~H51, 

11nnJOcTpHpyJOWa51 pacnonolKeHI1e o6opyaoBaHI1H B STOM noMeWeHI111. Dono

lKeHHe 60nbHOrO B ITO.QBHlKHOM Kpecne BbiBep51eTC51 C ITOMOWbJO OITTI1'IeCKO-

ro UeHTpaTOpa H peHTreHOBCKOH ycTaHOBK11 C sneKTpOHHC-OITTI1'IeCKI1M npe

o6pa30BaTeneM, 

Oco6eHHOCTbJO npoTOHHoro ny'!Ka MT3<P HBnHeTCH 1 03MOlKHOCTb pe-

rynHpOBOHI15I 8Hepr11H ITpOTOHOB ITyTeM Bbi60pa MOMeHTa ~peMeHI1, Ha KOTO

pOM o6pb!BaeTCH HX yCKOpeH11e B npOTOHHOM C11HXp0TpOHE H ITY'IOK Bb!BO

.QHTCH HapylKy, TopM0351WHe ~HnbTpbi OKElJbiBaJOTCH np11 ~·TOM HeHylKHbiMI1, 

TaKoii cnoco6 pa6oTbi IT03BOn51eT nony'IaTb 6onee BbiCOK )e OTHoweHue rny-

611HHOH .Q03bi K noBepxHoCTHoii, .QOCTI1raJOwee 4-5. Tepan eBTR'IecKa51 .Q03a 

(200 paa) MolKeT 6biTb nony'IeHa B Te'IeHue aoneii: MI1HY rbi, TaK 'ITO npo-

ITYCKH85I CITOC06HOCTb YCKOpliTen51 npaKTI1'IeCKI1 onpeaenHE·TC51 BpeMeHeM, 

Heo6XO.QHMbiM .QnH yKna.QKH H JOCTHpOBKH 60nbHOPO, 

KoH~Hrypauu51 ny'IKa MT3<P xopowo BH.QHa Ha puc. 15, Dn51 ~oTorpa-

~1ipOBaHI151 6NnO HCITOnb30BaHO ecTeCTBeHHOe CBe'IeHRe lneKCRrnaca Ha 

nyTI1 nporoHHoro ny'IKa. Dy'IOK 11MeeT pe3KO oqep'IeHHhlE rpaHRUhl u He 

nopalKaeT TKaHeii, nelKawux 3a oqaroM rropalKeHus. 
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P 11 c.12. DpenrronaraeMaSI cxeMa BbiBona rry'IKOB 11 rrnaH sKcrrepi!MeHTanbHbiX 

3anoB !IC :ne peKOHCTpyKUIIII C IIHXpOUI!KnOTpOH8 flHD 0115111 B 

CllnbHOTI'IHhlA ¢a30TpOH (yCT8HOBK8 "¢"). 
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I 
PHc.13a, 06maH CXeMa BbiBOAa TeparreBTH'IeCKOf'O IIY'!Ka B l'T3cl>. 1 - paa

p51AH851 IIeTnH; 2 ,3,4 - OTKIIOHHIOlllHe M8f'HHTbl; 5,6 - IIHH3bl 

Mn-14; 7 - IOCTHpOBO'IHblll CTOII C o6opyAOB8HHeM AII51 ljlopMHpO

B8HH51 II H3MepeHH51 IIy'!Ka; 8 - pOTBUHOHHOe KpecnJ; 9 - peHTre

HOBCKHll arrrrapaT; 10 - rrynhT yrrpaaneHHH rry'IKOM; 101 - rrpoue

AypHaH; 102 - rrynhTOBaH; 103 - IIOAf'OTOBI!TeiibHa:I, 
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II 

P~c.l36. Cx Ma paaMemeH~fl o6opyAOBaH~fl B npoueAypHOM noMell!eH~~. 
I OU"IP<eCKRli UeHTpaTop; 2 - KOLILIRM8TOp ; 3 - RHLIYKUROH-
Hl .H Il.B r'IHKj 4 - HOHH38UHOHHbl6 KaMepbi; 5 - Ha60pHblf:\ 4lHnbTp

nornOTj [Tenb; 6 - npeLI.MeTHbln. CTOnHK; 7 - peHTT'9HOBCK8H Tpy6-
K8 "Ca leM06RLI~f!" ;8 - poTaUROHHOe Kpecno; 9 - 30D "CapeM0-
6anaH"; 10 - CTOliKR nnaT¢opM R Kpecna; II - rHe3AO ycTaHOBKR 
KOn6 C 6HOnOf'HqeCKHMH KynhTypaMrr; 12 - IOCTHpOBO't.IHbli% CTon; 

13 - rJ•e6eH'IaTbill ¢HnbTp; 14 - nocneAHHH KaMepa BaKyyMnposo
na; 15 - Kopnyc •cHpeMo6MnHH"'. 
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TeparresTH'leCKI!H rrpoTOHHhiH rry"'OK YIT3¢1 T01lbKO "'TO scTyrrHn s 

CTpoit, 05ny'leHHe H~ HeM rrpornen rroKa (arrpenb 1969 r.) scero OAHH 5o11h

HOH, HO ¢pOHT pa50T 5yAeT 5biCTpO paClliHpS!TbCSI, 

Orr biT ShiSOAa ~ nHHH'leCKHX rrpoTOHHhiX rry"'KOS s lly5He H s MocKse 

IIOK83biSaeT, "'TO HC[ 011b30S8HHe cyrnecTSYIOlliHX YCKOpHTeneH A11SI MeAHilHH

CKHX uenelf SII011He E 03MOiKHO H OIIp8SA8HO, 8K118Ah!S8SI HeCK01lbKO COT TSI

CSI'l py5nelf S ycoBeprneHCTSOS8HHe YCKOpHTenelf, MOiKHO II011Y'lHTb IIy'lKH, 

rrpHrOAHhie KaK A11SI I CC11eAOSaTe11bCKHX 1 TaK H A11SI 11e'le5HhiX ueneR. 0co-

5eHHO rnHpOKHe so3M )iKHOCTH s aToM OTHorneHHH HMee-r ycKopHTenb YIT3¢1. 

YiKe ceitqac ero rrpoiyCKHaSI crroco5HoCTb orpaHH'lHsaeTCSI speMeHeM rroaro

TOSKH 5onbHOro. EcnH 5yllyT Shllle11eHhi COOTSeTCTSYIOlliHe cpeACTsa, TO 

MOiKHO 5yAeT yse11H'l!Tb "'HC110 Ka5HH AO 6 H C03A8Tb Ka5HFhl CIIeUH811bHO

ro H83Ha'leHHSI- 05lleTepaiieSTH'leCKHe, rHHeK0110rH'leCKHe, HeHTpOXHpyp

rH'leCKHe H T,A. B a roM cny'lae K011H'leCTso ceaHcos o5ny'leHHSI 5onbHhiX 

MOiKeT 5hiTb AOSeAeHO AO HeCK011bKHX AeCSITKOS S CYTKH, npH YC110SHH 

OCyrueCTS11eHHSI YK83cHHOrO IIepCIIeKTHSHOrO pa3SHTHSI TeparreSTH'leCKHX IIy'l

KOS s OYI.HYI H YIT3ci• HYiKAhi s HHX MOCKOSCKHX OHKonorH'leCKHX y'lpeiKAe

HHH S OIIpeAe11eHHOH Mepe 5yAyT YAOS11eTsopeHhl, 

TpeTbHM ¢H3I1'WCKHM HHCTHTyTOM1 S KOTOpOM MOiKHO 5yAeT IIpOSOAHTb 

Jle'leHHe 3110Ka'leCTSe~HhiX OIIYX011eH MeTOA8MH IIpOTOHHOH TepaiiHH 1 SISHT

CSI ¢H11H811 ¢1H3HKO-TE XHH'leCKOrO HHCTHTyTa, paCII0110iKeHHb!ii: 511H3 JleHHH

rpaaa (faT'lHHa) 1 rAo S 1968 r, SCTYIIH11 B CTpOH ¢a30TpOH HS aHeprHIO 

rrpoToHos 1000 Mas. B HaCTOSirnee speMSI TaM seaeTCSI rroaroTOBKa K Ta

KHM pa5oTaM, 

Mbi C'lHTaeM, "'ro rrpH coopyiKeHHH A11SI gaepHo-¢H3H'leCKHX Hccneao

BaHHH 11I05oro HOBOrC COBeTCKOrO IIpOTOHHOrO YCKOpHTeJISI Ha aHeprHIO Bhl

rne 75-100 Mas cnea reT cpa3y rrpeaycMaTpHBaTb B rrpoeKTe s03MOiKHOCTb 

ero K11HHH'leCKOrO HC1011b30B8HHSI A11SI paAH81lHOHHOH TepaiiHH, 
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fiAepao-cfJH3H'IBCKHe HHCTHTYTbl B lly6He, MoCKBe (J; T3~) H raT'IHHe 

RBRTCR He TOnbKO U9HTpaMH 1 r.[le 6yAeT ITpOBOAHTbCR ne'I3HH8 60nbHb!X 

paKOM 1 HO H xopoweit IllKOnoit AnR ITO.[lrOTOBKH Bpa'leH-OHJ:OnOrOB H ljJH3HKOB 1 

pa6oTaiOWHX B o6naCTH nyqeBOit TepaiTHH paKa C ITOMOWb!o TR)I(enhiX 'laCTHU 

BhlCOKHX 8HeprHit, 

4, YcKopHTenH TR)I(enbiX 'laCTHU, crreuHanhH<~ 

ITPBAHa3Ha'IBHHbl8 gnR MBAHUHHCKHX yeney 

0CT8HOBHMCR Terrepb KpaTKO Ha BOITpOCe 06 yCKOpHrenRX, rrpeAHa3Ha-

'18HHhlX CITBUHanbHO .[lnR MBAHUHHCKHX ueneit, 

KaK rroKa3hiBa JOT sneMBHTapHhie pac'leTbi, AnR ny'IE BOii TeparrHH c 

ITOMOWb!O ITpOTOHOB .[lOCTaTO'IHO HM8Tb YCKOpHTBnH HMITyn~CHOro .[leHCTBHR 

H8 SHeprHH AO 200 MsB (c B03MO)I(HOCTb!O rrnaBHOro ITOHH)I(BHHR 8HeprHH 

xl 
AO 50 MsB) H qacTOTOit ITOBTOpBHHR HMITynbCOB 1-10 B CeK , Heo6XOAH-

Mb18 HHTBHCHBHOCTH ITY'IKOB ITOpRAKa ( 1 t- 5) 10
11 

ITpoT/ceK OKa3b!B8IOTCH 

B HBCKOnbKO ABCHTKOB pa3 M8Hbill8 1 'IBM HHTBHCHBHOCTH Ha YCKOpHTenHX1 

ITpHM8HH8Mb!X B H8CTORW88 Bp9MH AnR RABpHO-ljJH3H'IBCKll X HCCne.[lOBaHHH, 

3TO rrocneAHBB 06CTORTenbCTBO O'IBHb CYWBCTBBHH0 1 TaK KaK IT03BOnHeT 

pe3KO CHH3HTb 3aTpaTbl Ha paAHaUHOHHYIO 38WHTY yCKOpi!TBnR H yrrpowaeT 

rrpoljJHnaKTH'IeCKHe H peMOHTHhie pa6oThi, CaMH ycKopHTeTIH MoryT 6biTb 

C.[lenaHbl ITpH 8TOM .[lOCTaTO'IHO KOMITaKTHbiMH. B peaynb1 aTe CTOHMOCTb 

COOpy)l(eHHH TaKHX yCKOpHTeneit 6yAeT CylliBCTBBHHO Hli)l('~ CTOHMOCTH aaa

norH'IHl>IX yCTaHOBOK 1 HCITOnb3yBMb!X RABpHblMH na6opaTCpHRMH, 

x/ 
Mbi ae paccMaTpHBaeM rroKa Borrpoc o wHpOKOM rrpHMoHeHHH AnR ny'leBoit 

TepaiTHH .[leit'TpOHOB HnH anbljl8-'18CTHU 1 T8K KaK AnH non: ''IBHH H 8THX qac

THU C rrpo6eraMH B TKaHH 1 paBHblMH ITpo6ery ITpOTOHOB, ITOTpe6yiOTC.II 3Ha

'IHTenbHO 6onee AOporocTOHlliHe ycKOpHTenH. YKa)l(eM, onaaKo, 'ITO rrocne 

HBKOTOpOrO A006opyAOBaHHH YCKOpHTBn.ll B raT'IHH8 1 TaM MO)i(HO 6yABT ITO

ny'IHTb ITY'IKH ABHTpOHOB H anbljla-'laCTHU C 8HeprHHMH l HHTBHCHBHv'~T5.'1H 1 
.[lOCTaTO'IHblMH AnH HCITOnb30BaHHH B uenRX ny'IBBOit Tep,liTHH, 
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0~eBllAH0 1 ~10 CTpOllTeiTbCTBO yCKOpllTeiTell AITH MBAHUHHCKHX uerreil 

MO~eT 6hlTb 0!1p8EUBH0 1 eCITll OHO ocyweCTBITHeTCH B KpyrrHNX rreqe6HNX 

UeHTpBX 1 o6cny~HB810illHX TeppllTOpll!O C HBCerrermeM, COCTBBITmO!llllM He 

MeHee ~eM HeCKOIT .• KO MHJIJIHOHOB nrrn aecHTKOB MHITJIHOHOB qerroseK, YcKo

pnTerrn AOJI~Hhl HM~Tb He MeHee 10 KB6HH AITH o6rry~eHHH 60JibHhlX C TBM 1 

~T06bl rryqoK MO~H) 6biiTO 6br rrooqepeAHO HarrpaBITHTb B JIJ06y10 ll3 HHX, 

CornacHo rrpE usapnTerrbHbiM oueHKaM, o6ume pacxoahr no coopy)KeHnJO 

(Ha OCHOBe H3BeCTihlX B HBCTOHwee BpeMH rrpHHUHITOB) yCKOpHTeiTH UJIH 

MeAllllllHCKllX ueneil HB yKB38HHble 8Heprnn ll TOK, CHa6~eHHOI"O 10 Ka5HHB

Mll C HY~Hb!M 050p)'llOBBHlleM KOMMYT8Ullll 11 pa3BOAKH rryqKOB 1 COCTBBHT 

He 5onee HeCKOJibKilX MannnoHOB py5neil. Ecnn yqeCTb aarree TOT rrporpecc, 

KOTOphlll y~e HCHO 0503H8qHJICH B ITOCJieAHHe I"OAN B TBXHHKB rrorryqeHHH 

CllJibHhlX M8I"HHTHhll H SITeKTpH~eCKllX ITOJIBll HB OCHOBe llCITOITb30BBHHH 

CBBpXITpOBOllllMOCTll a T8K~e B03M0)KHOe ycrrewHOe p83BllTHe HOBb!X MeTO

UOB ycKopeHnH ~ac1 au, TO c 5onbwoil orrpeaeneHHOCTbJO MO~Ho rrpencKa-

38Tb, ~TO rrpll H8J1Hqllll COOTBBTCTBYIOillllX peweHllll ll rronuep~Kll B Heuane

KOM 5y uyweM OHKO.r ornqeCKHe llHCTllTYTbl Haweil CTpBHbl MOI"yT 5b!Tb OCHB

weHbl MBJIOI"858pHTHb!Mll H OTHOCHTeJibHO H8UOpOI"HMll yCKOpllTeJIHMll TH~e

Jlb!X ~acTnu BbrcoKn' aHeprnil. HaM rrpencTaBnHeTcH ea~HLTM, qTo6Lr rrpn 

COOpy~eHHH TBKHX 3CKOpllTeJ1ell rrpeuyCMBTpllBBJIOCb TBK~e C03U8Hlle llJlll 

cyweCTBeHHOe p83B¥Tlle B COOTBeTCTBYIOillllX llHCTHTyTaX MBUHK0-5HOJIOI"ll

~eCKllX na5opaTOpllll UOCTBTOqHO WllpOKOI"O !1pO~lliTH 1 OCHBWBHHhlX COBpeMeH

HOll arrrrapaTypoil. B oco6eHHOCTll uenecoo6pa3HO rrpn aTOM o5ecrre~nTb 5na

rorrpnHTHLre yCJIOBHS: UJIH DpOBeueHHH B 3TllX JI860p8TOpllHX HBY~Hb!X llCCne

AOBBHllll B o5naCTll [JieTO~HOll ll MOJieKyJIHpHOll paano5HOJIOI"llll C llCITOJib30-

BBHllBM yCKOpeHHhlX TH~BJihlX ~aCTllU. 
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PHc.15. ~oTorpa~Hg CBe~eHH9 oprcTeKna B rrpoTOHHOM rry~Ke. 
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3 a K n ID q e H u e 

B saKniDqeHu•' MOlKHO CKa3aTh, qro TeparruH snoKaqecTBeHHbiX orry-

XOneA C IIOMOWbiD rHlKen~X qaCTllll B~COKHX 8HepruA HBnHeTCH rrporpec-

CHBHbiM HaqanoM B MenuuuHe, o6ewaiDWHM eA HOBbiA 6onbwoA ycrrex. Y c-

KOpeHHOe pa3BllTlle llOHHO-KOpiiyCKynHpHOA Tepa11llll ll 11penMyWeCTBeHHOe 

HCI10nb30B8HHe ee iapHny C 11pHMeHHeMOA B HaCTOHWee BpeMH aneKTpOHHO

¢oTOHHOA repa11uel 11pencraBnHIDT co6ol HaspeBwyiD sanaqy. WupoKnl 

¢poHT nnH 8KC11epHMeHTanbHO-KnHHllqeCKllX H llCCnenOB8TenbCKHX pa60T 

OTKpbiBaiDT 11pOTOH! ble yCKOpllTenn Bb!COKHX 3Heprul, pa60T8IDWHe B Hnep-

• 
Ho-¢nsuqecKnx HHC"HTyTax Hamel crpaHbi. CoopylKeHne nnH pHna OHKono-

rnqecKnx HHCTHTYT<lB Cepllll C11eUHanbHbiX MenHUllHCKllX yCKOpHTenel H HYlK-

Hoi a1111aparypb1 He CBH3aHo c 11peononeHneM cepbe3HbiX rexHnqecKnx 

TpynHOCTel, He Tp€ 6yeT qpe3MepHbiX K811HTanbHbiX 38Tpi'IT ll MOlKeT 6biTb 

ocywecTBneHo B C)!< aTbre cpoKu. 

ilnH ycKopeHH~ peweHHH 8TOI BalKHOI sanaqu Heo6xonHMO o6~e~HHHTb 

ycunnH MuHucTepcrBa snpaBooxpaHeHHH CCCP, AMH CCCP, AH CCCP n 

foCKOMHTeTa 110 llCIOnb30B8HHID 8TOMHOA 8Heprnu ll nonyqHTb 11onneplKKY 

CO CTOpOH~ foCKOMHTeTa 110 HayKe H TCXHHKe. 

illapOKOe BHenpeHHe B 11p8KTHKY neqeHHH paKa HOBOrO MOWHOrO MeTa

na- nyqeBOI Tepa!Hll C 110MOWbiD THlKen~X 38pHlKeHH~X qacTHU B~COKllX 

3Heprul HBHTCH nal bHeiiUHM KpyiiHhiM warOM Ha 11YTH HCI10nb30B8HHH no-

CTHlKeHul Hnepaol •m3HKH Ha 6naro qenoBeKa. 

ABTOpbr Bbipa}J:aiDT rny6oKyiD npnsHaTenbHOCTb aKaneMHKY AMH CCCP 

H.H. EnoxnHy, npocjl. A.l1. PynepMaHy, M.l1. BaAH6epry, O.B. CaBqeHKo, B.l1.Ko

MapoBy, B.C. XoporlKOBy, M.ct>. JioMaHoBy sa nnonorBopHbie nncKyccnu. 
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