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Bonpoc 0 X8p4KTepe HORH3BpymmKX B3~eHRA B4 npOTORBYX ycxopBTeaKX BYCOXOA 

/1-71 
saepraa paccwOTpea a p!IAe pa60T • Ka'leCTBeBaaH xapTBB8 npawepao OAHB8XOBll 

118 BC9X cymecT&ytomBX yCXOpBT9JlllX TaKOrO TB118o YCT8BOBJ19B00 B '18CTBOCTB 0 'ITO AOMH

npytomHA sxnBA B 6xonorB'IeCKyJOA03Y 38 38mBToA saocsrr ObiOTpbie aeATpOIIY. Ha ycxc>

pxTenllX c saepraeA ycxopeBBbiX npoTOBOB B aecxonbxo Aecgrxoa faa cymecTaeaayto 

pom. 38 3BmBToA 6om.woA TOI!mBBbl Mory xrp8Th nOToxa 11 -Meaoaos
151

• BJ<n8A 

a A03Y BbtcoJ<osaepreTJ!'IBbiX ayJ<noaos ( E > 20 Mas) H8 38mxmeaabtX 1'f8CTJ<8X C'IBTae'l'-

CJI H93R8'1BTenbBbiM 0 OAB81<00 BMeHBO 9T8 J<OMDOB9RT8 HrpaeT OnpeA9JIHJOmyto pom. 

llpB p8C'I9Te B XOBCTpyHpOBBHHB 38mHTbl, BOO OH8 JIB.IIJ19TCJI HCTO'IBHJ<OM, BOCDOJIBJIJOlllHM 

noTepB aeATpoaos tSonee MHrJ<oA 'I&CTB cnexTpa. CooTuoweBBe p83JIH'IJ¥>1X t<OMnoaeaT xa-

JIY'f9BHJI B npOCTp8HCTB9HRGe p8Cnpe.QeneBBe DOTOJ<OB B 1<8~AOM J<OBXpeTHOM CJIY'I89 

TecBO CBJI38Bbl C XORCTpyt<BReA yCKOpHT9JIJI H J<OBCTpyt<BReA 3A8BHJI0 C p83Mep8MB B p83-

MemeHHeM cnenxanbaoA 38lllHTbl. Ha-aa cno~BOCTH aa.Qa'IH J<OnH'IeCTBeaaaH CTopoaa 

sonpoca xe Mo~eT ObiTb y.QosneTaopxTem.ao peweaa pac'leTHbiM nyTeM. JlocToaepable 

CB9A9BHJI B .ll8BHOM CJiy'lae MO~eT o6ecne'IBTb Jllllllb 9t<CnepHMeRT. 

B nauaoA paooTe npHBOAJITCH peayJ1bT8Tbl B3MepeuxA noneA xany'leHIIH B anaaxx 

CBRXp<;><jla30TpOH8 H8 10 faa H B <i>H3R'I9CJ<HX B8BBJ1bOB8X0 B t<OTOpbtX p83M.emeuo 9t<CnepH

M9RT811hB09 o6opynos8BBe. 

MeTO.Ilbl B3MepeBBSI 

~TOObl p8Cnonar8Tb AOCT8TO'IBO fiOJIHbiMB .ll8BBbiMB 0 liOJISIX B3JIY'I9BHH1 BeOOXO.QHWO 

3R8BBe 
0
liJIOTHOCTeA BOTOJ<80 ero H8Dp8BJ19BHOCTB B 9BepreTB'I9CJ<OrO Cli9XTp8 '18CTHB B 

·y -xsaRTOB B HRTepecyJOmBx ll'llC TO'IIt8X. B H8CTOHlllee speMH Jl03HWeTpBSI ae p8cnonar8-

eT Cp9ACTBBMB, J<OTOpbte o6eCD9'1BIIB 6bl liGny'I9BBe BC'IepnbiBAJOmeA BB<i>OpM8BBB T8Jt:OrO 

poJ:ta npB TOA CJIO~OA J<apTHHe noneA B3JIY'I9BBH, ltOTOp8H BWeeT MecTo R8 yCJ<OpHTeJISIX 

BbtCOJ<OA 9BeprHB. 3necb Mbl CT8JlltBB49MCH C 9BepreTB'IeCJt:HMB CD9Jt:Tp8MB 0 npOCTBp8to

mBMBCSI OT TennoaoA oonaCTB JlO saeprxa nopSIJllta 1010 
sa, B nenww PIIAOM ycnolKasno

lllBX 38Jla'ly ocooeaaocTeA ( OTCyTCTBBe, xax upaaan:o, peaxo swpa~eaaoA aaupaanex-

s 



BOCTH B31ty'i9BWB, ero BM!IyiiJ>CBblil xapax-rep B Jtp, ), 0AB8XO AlUI onpeJ{enBBJISI CT9D9BB 

6BonOrB~9C&oll OD4CBOCTB C YAOBn9TBOpBT9nbBOil J{nH npa&TB~9C&BX ueneil TOqaOCTb~ 

MO~BO orpaBBqBTbCSI S~J{ene&BBM HBC&onb&BX OCHOSB~X &OMDOB9HT C rpy6oll aaepreTB~e

C&Oil rpaQ8llBell. Ta&BWB &oMnoaenTaMB BBn>DOTCH aeliTpOBbl BB3&Kx • cpellBBX aaeprBil • 

a~co&oaaepreTB~H~e KyKnoa~ ( E > 20 Mas), 11ue~maACH s aameu pacuop~eDB auua

paTypa D03SonSieT B~A9nl1Tb II B3M9pBTb cneJ{yiOD1119 B9nB'liiB~: 

1) DOTO& TennoB~X B9iiTpOBOS0 

2) DOTO& npOM9JKyTO~X ueATpOBOS (0,5 88 < E< 0,1 Mas), 

3 ) nOToK 6~cTpbiX ueATpouoa (0,1 < E < 20 Mas ), 

4) DOTO& ny&nOHOS C 9He prBell > 20 Mas, 

5) MODlBOCTb llo3~ S S03AyXe S paAa X, 

Hau6onee yllo6a~M ABTe&TopoM llnB perucTpauuu Teunos~x aeATpoaos s uawax 

ycnoSBSIX cneAyeT DpBSBaTb 6opa~ll C~9T"'HK, o6naQaiOrnHA XOpomHM 6biCTPOileiiCTSB9M 

( paspewa10mee speuu nopsmKB 1 M&ceK), "'TO cymecTseuuo s ycnosBSIX BMny nbCBoro 

H3 ny"'9BBll, H XOpOWBMH llBCKpBMBlfHpyiODlHMH CSOIICTSaMH, "'TO 0"19JIL DBHHO DpH HanB"'HB 

6onbworo KOnH"'eCTsa aap!I:>KeHHbiX "'&CTBD c pasnH"'HOII yAanbHOII xouxaauxell, Bopablll 

C"'eT"'B& s KOM6aaauBH c CH 2 -saMeAnHTeneM uoasonBeT ocymecTsnsrn. perBCTp4DBJO 6b!CT

p~x B npoMeJKyTO'IB~X ael!TpOBOS, nollOflBblil A9T9KT0p nOny'lHn S B8CTOS111l99 speMSI DlBpo

)[09 npxsaaaue s o6nacTH ueATpoauol! llOSBMeTpHH, XapaxTepBCTBKB npx6opa, npBMeaeauo-

/8/ 
ro &aMH, ODHCaH bl S pa6oTe , noTOKB HyKnOHOS SbiCOKOA aaeprBB B3MepeBbi C DOMODlblO 

u ~/ 
oop orosoro ll9T9&TOp8 C ( n, 2o) C BCDOnb30SaBBeM MBTOAB&B, ODHC8BBOA S pafloTe , 

J1 0 HH3 80BIO S S03JlyXe, o6ycnosneHKyJO )l9i!CTSH9M SCBX KOMDOB9BT CMemaHHOrO B3ny'l9BB!I 

y c KopaTeng, B3MepBnH CT8Hil8PTHOl! KaMepol! c aniOMHBBes~MB CTeHKaMB, MomuocTb ll03~ 

S S031lYX9 onpellenSieTCSI1 0"19SHilHO, 

D8MB H y -KS8HT8MH, 

S OCHOSHOM llnliHBODp069:>KHhiMH 38pSI:>K9HH~MB '18CTB-

Cne llyeT yooMBHYTb ewe o6 OllHOM npx6ope, acnonbaosaHHOM HBMB s nepBOil nocne 

a anycxa ycxopBTens. Pe"'b HlleT o Manol! nponauosol! nyabip&Kosoli K&Mepe (pa60"'BA 

o6~eM 0 ,5 n), KoTopaSI noasonuna ua6niOAaTb KapTBBY uoauaanuu s opraaaqecKol! cpelle 

H C)lenaTb HBXOTOp~e rpy6bl9 KonB'l9CTS9HH~9 0Jl9HXB, 

PeaynbTaTbl H3Mepeaul! 

J13MepeHHSI C nponaHOBOil KaMepoA fJbinB BblllOnHeHbl S HeCKonbXBX TO"'KaX S nea

TpanbBOA 'laCTH sana yCKOpHTeng npB BHTBHCHBHOCTB ycxopeHHOrO ny"'Xa DOpHilKa 

0,6 • 108 
npOTOBOB Ha DHI<n, 06pa60TKa <jJOTOCHHMKOB ( OllHR B3 HHX npBS91l9H Ha pHC, 1) 

6~na S~DOnHe&a SH3yan&HO 693 KOOpllBHaTH~X H3MepeHHII B CBO)lHnaCb K DOilC'19Ty S Ofl~e

M9 X8M9p~ KOnB'l9CTB8 Tp9KOS cneJlYIODlHX 'l9T~pex rpynn: 

4. 

1 ) TO'l9"1Bbl9 Tp9U ( >UIPA OTJl, 

2) 'qepB~e ' Tpe&B JlnBBOll 6 

&aMepbl (npOTOB~ OTilA"'B C aaeprB< 

3) •cepble• C&B03B~8 Tp9&B 

4) C&DbHO BC&pBBn9BHbl9 cepb 

fionyqeRB~e ycpellReRHb19 s en 

noasonano CllenaTb psm upa&TB'lBCK 

DOil4BnsnlDlee 6om.m11RCTBO A&TOS B 

aeATpoaaMII c aaeprxell ueaee 10 

S CM9WABBOM 113Jiy"'9BBII ycxopliTen 

Ocaosuas cepBH B3MepeuA c noMe 

196:.! r. SO Bp9MSI 91<CD9pBMeBTOS I 

( Cu 50 uu) 6~na pacnono:>Keaa s 

nollteBWe MBmeD 11 paauemeue ME 

o6opyllOS8BBH S nepBOil DpOSellBHKI 

Mepeawil oTaecea~ 1< 10
10 

npoTOB< 

aaeprKH yCKOpeHH~X DpOTOBOB S p 

npellenax, 6~nK npoeelleBbl cneuaa 

aocTB pacceuaoro usn~eDB OT 

38BIICIIMOCTb CKOpOCTB C"'eTa ll9T8 

KIIX <jJIIKCBpOsaBB~X TO"'XaX) OT aE 

ll9Ba ¢yHKUIISI BRilA J<E0,7 ' I<OTOP• 

oflpaayJODliiXCH B OllBOM aKTe aeyn 

sane 1-30 raa
1101

• PeaynbTaT~ 1 

aeiiTpOBOB, a Tai<:>KB B~COJ<Oa&epr4 

5, 6, 7, Ha p11c. 8 npKBelle&bl sa• 

CouocTasneawe aa ocaoBABBl 

Cn9JlYIOWB9 3AM9~ABBH. nOToltB TE 

"'BM DOTO&II s~meneli<Ameil uo aae 

OTBOCIITem.BaH aenB"'IIBa soapaCTj 

M&nOil C TO"'ItB 3p9BBII IIX llOnll S 

s~coJtoil auepr•• ( E > 20 Mas) 1 

WBBCTSe T0"191t B3Mep9BBII Konefll 

CTaeT S llSYX CKy"'8HX: B pailoBe 

CTeBaMB, B '18CTBOCTII, 38 60 CM 

BIITb T9M, 'iTO 83-38 cymeCTB9BE 



.aaxo AJill onpenen&IDill CTenen 

~ownoaeBT c rpyooa aaepreTW~e

>Bhl IDI3IKX • cpena.x saeprxl • 

; 11 a aamew pacnopJVKem111 anna-

0,1 Mas), 

nnoawx ael!Tpoaoa a aawax 

i x opomaM ObiCTponeAcTaaeu 

oao a ycnoaamt HMny1Ihcaoro 

qTo oqeBb neaao npa aanaqua 

l&JibaoA IIOBB3anHeA. BopahiA 

ocymecTBJHZTb perllcTpauHJO ObiCT

.nyqan a aacTosnnee apeMSI mHpo-

3XTepacTHxR npaoopa, npHMeaeaao

A aaepraa H3MepeBhl c noMOWbJO 

OJlHIH, ODHC8RBOA B paOOTe/9/, 

>MnoaeaT cwemaaaoro aanyqea.s. 

ohlMH CTeBK8MH. MomBOCTb Jl03bi 

poOe >K&biMH 38pSI>K9RHbiMB qaCTH-

OB8HHOM H8MH B nepHOJl DOCJie 

obrpbKoaoli KaMepe (paooqaA 

aaanaH a opraauqecKol! cpene 

a HeCKonbKHX Toqxax a ueu-

peaaoro nyqxa nopS!Jlxa 

aa aax npaaenea aa puc. 1) 

H CBOJlHJI8Cb X DOJlCqeTy B OO~e--

1) Toqeq&bie orpeu ( Qpa OTJlaq• H npOTOBbi c aaepruell < 10 Mas), 

2) '~epRhle ' Tp&IR JlnHHOI OOJiee 3 MM0 BO He npeBblWAIOWell JIHae liHWe pa3M&pb1 

I8M&phl (npOTOHhl OTAA~H C aHeprHel DpHOJIH3HTe1IbBO OT 10 JlO 50 Msa), 

3) 'cephle' CIB03Bhl8 Tp&IJI (npOTOHbl BbiCOIOll SBeprHH, " H /l -M830Hb1) 0 

4) CHJibBO RCipliBn&BBhl& Cepble Tpeu, xapaiT&pHbi& JlJIII aneiTpOHOB ( E > 0,5 Mas). 

Ilonyqeaable ycpenaeaJlhle aenHqRHhl upencTaaneHbl n TaonHne 1. C onocTaanemze ax 

D03BOIIHJIO CJl&JIATb pSUI npAITB~9CIHX BhiBOJlOB0 r naBBhlil R3 XOTOpblX COCTOHT B TOM, qTO 

nonaenmomee oom.maacTao aiTOB B3AHMOAelcTaqll a opraHHqec•ax cpenax ooycnonneao 

aeliTpoHauw c saeprHell weHee 10 Mas, •• cnenosaTe.IIbRo, HayqeaHJO aToA JtounoaeaTbi 

a CMewaaaoM Hany~ea.H yc~:opHTenll JlOJlliUIO OhlTh :rneneao nepaocTeneaaoe nnuaaHe. 

Ocaosaas. cepHll aauepeiDIA c nowOWbJO sneiTpoaHoA annapaTyphl 6bina npoaeneaa a 

196:.! r. ao ape us. s~:cnepxweaTOB no HauepeaaJO ceqe HRA K + p - aaaauoneACTBKA. MHmeBb 

( Cu 50 MM) Ohlna pacnOJIO>K9JI8 B paAoae BhiBOJlBOro DpliMOJIRBellaoro npoMe >K;yTia. no-
noJKeiDie uwmen • p8auemene wecTaoA aamRTbl a nelcTsyJOmero axcnepaMeaTaJibaoro 

ooopyJlOB8IDISI B nepliOJl DpOB&Jl&HliSI B3Mepena noxaaaBbl H8 pKC. 2. Bee p eayJibTaTbl H3 -

MepeaaA OTRQCQRhl I 10
10 

DpOTOJIOB0 ycxopeHBhii JlO ltOHeqaoll aaeprHR 10 raa. IlOCKOJlbKY 

9H&prHSI ycxopeRHblX DpOTOHOB B p83JIHqablX 9ICDepBM9HT8X MO>KQT W&HSITbCSI B WBpO!tBX 

npenenax, OhlnK npoaeneabl cnenKaJihHble KaMepeaHll nns. BhlSICHeHKSI aasucauocTK HRTeHCHB

aocTW p8cceHaaoro Kanyqenu OT aaeprliR yc~:opeaaoro nyqxa npOToaoa. H8 pac. 3 noxaaaaa 

38BHCHMOCTb cxopocTH cqeT8 Jl9TeXTOp8 ObiCTpbiX aeiTpOJIOB ( OTCqeTbl Op8JIJ1Cb B H&CKOJlb

ltHX ~HXCKpOB8HHblX T0q)(8X) OT aaeprHH ycxopeBBblX DpOTOROB, nn11 CODOCT8BJI9HHII npaae

Jl9B8 ~YRXBIIII BIIA8 IE 
0
•7 , IOTOp811 XOpOmO ODKCbiB89T cpenaee ~RCnO JIIIBHBBhlX q8CTlln , 

00p83YIOWHXCII B OJlBOM UTe aeynpyroro B3811MOJl&ICTBHII DpOTOBOB C s aeprKell B HBTep

aane 1-30 raa1101• PeayllbT8Tbl H3MepemzA DOTOIOB TennOBbiX, npOM&lKYTOqBblX H 6biCTpblX 

Heilorpoaoa, a Tai>Ke BhiCOioaaepreTKqHhiX ay~:noaoa ( E >20 Mas) npencTaaneHbi aa pac . 4, 

5, 6, 7. Ha pBC. 8 npaaeneabl aaa~eHRII uomaocTJI Jl03hl B p8Jl8X B aoanyxe. 

ConocTaaneaae aa ocaoaaaaa pac. 4, 5, 7 Tpex rpynu aellorpoaoa noaaon11eT cnen8Tb 

CJI&JlYIOWH& 3AM9~8HBSI. IlOTOIH T&OJIOBhiX B&iiTpOBOB, IUlX npaBHJIO, cymeCTB&BRO MeRbme, 

qeu nOTOIH Bhlmene>KAmeA no aaepraa rpynnhl npoM&>KYTOqHhiX B OhiCTpbix ael!orpoaoa, ax 

OTHOCHTellbJI8ll B8JillqJIBa B03p8CT89T 38 3alllHTBhiMII CTeBaMH, JIO OCT89TCSI npeaeope>KHMO 

M8JIOil C TOqiii 3peB1Ul IIX JlOJIH B DOJIHOA Jl039 B&iiTpOHOB, 0TBOWeHlle DOTOX8 ByXJIOHOB 

BhlCOIOA saepra• ( E >20 Mea) • DOToxy npoueJKyTOqahlX • ObiCTphiX ael!orposos a OOJib

mBBCTBe Toqe• aauepeRBu JtoneoneTCll B npenen8X OT 0,1 no 0,3. 3T8 aenHqJiaa soapa

CT8&T B JlBYX cnyq8liX: B paiOJie DpSIMOJIKR&IBbiX DpOM&JKyTIOB II 38 TOHXRMK 38lllHTHbiMB 

CTeJ18MK 0 B qacTHOCTH, 3a 60 CM CTeaoA 3Jl8JIHJI ycxopBTeJISI. IlocnenJIBI ~KT MOlKHO OO~IIC

BRTb T&M, qTO R3-3A cymeCTB&JIHOll pa3HRUbl B ~nHHaX CBOOOJlHOrO npooera BeiiTpOROB 

5 



9TKX nayx rpyllll 6onee HB3K09BepreTH'IHbie HeliTpOHbl ocna6nlllOTC51 3R8'lBTeJibHO CHIIbHee, 

H 9TOT nponecc He MOJK9T npH He60IIbliiOA ToniUHKe 38InHTbl 6b!T1> KOMneHCHpOB8H H9ATpo

H8MH, reaepapyeMbiMB a 3amaTe &yKnOH8MH BbiCOKoA sHepraa. Kona'lecTaeRHble J18HHble 

ana nauuoro cnY'la" TaJtoabl: noTOK aeATpouoa c s Heprael! < 15 Mas yMeHbmaeTCR 3 a 

cTeHoA 3AaHKH a 7-8 pa3, &yKnoHoa c suepraeA > 20 Mas - a 2-3 pa3a. 

06IUHM JlfiH BCeX rpynn Rel!TpOHOB SIBfiSI9TCH pe3JtOe yaenH'IeHBe B9fiH'IHH nOTOJtOB 

B paAoae OTKpb!TbiX np!IMOIIJIHeiiiibiX npoMeJKyTKOB, RBniiiOIUHXCSI MOIUHb!Mil fiOK811hHbiMB 

HCTO'IHHit&MH H3ny'leHBH0 KOTOpble onpenenmoT p8J1B81lBOH&yiO 06CT8HOBKY H8 yCKOpHTene 

a uacTOSilllee apeMll. Ha y'laCTKR npliMonHHei!HbiX npoMeJKyTJtoa (8 M x 4) npaxonHTCR 

OltOfiO 16% o6meA llfiHHbl BBJ<YYMHOA K&Mepbl YCKOpHTenR, OCT811hH&SI '18CT1> K8Mepb1 38Kpb!T8 

ceKilH!IMB MarRHTa. EnaronapH CBOHM pa3MepaM ( TonmHHa 6oxoabiX CTOeK MarHHTa pasHa 

1,5 M, llfiHR8 fiYTH B JKefie3e JlllH '18CTHil, HllYWHX n o lt8C8Te llbHOl! J< op6HTe , COCT8Bn!I9T 

3 M) MBI"liHT yC!tOpHTenR MOr 6bi cnyJKHTb B9CbM8 nel!CTBeHliOli 38lURTOl!, np&l<TH'IeCJtH 

nenKKOM nornoma JOmelt 11 -Me30Hbi • &yKnOHbi BbiCOKHX a u e prxil. OnHaJto 3Ha'leHIIe ~o~ar-

HHTa l<8K eCTeCTBeHHOli 3BIUHTbl CHIIbHO CHHJKea o 113-38 H8Jlll'IHR 8 HeM 60fibliiiiX OKOH 

H 3aaopoa MeJKny ceJtllHRMH. Hx c yMMapHaR nnowanb cpaaHKMa c nnomallbJO, npaxonSilllel!

cR aa yqacTKR npmwonaaeltab!X npoMeJKyTKoa, uo OHII ue arpa10T ace JKe TaKolt cymecTaeu

uolt pona, nOCKOIIblty 06nanaJOT KOfifiHMHpyJOIUHM nel!CTBHeM H BbiJlefiSIJOT nponyJtTbl nepBH'I

RbiX B38HMOJleltCTBHll, neTRIUHe fiOil yrnOM 90° It aanpaaneRHJO yC!tOpeH HbiX npOTOROB. 

npaMeHeRHe 6opaoro 
181 

noaaonReT C'IJ.BTl:fRlt8 c a aMennaTeneM 

B o6me~o~ CyMM8pHOM fiOTOl<e npOMe JKyTO'IHbiX H 6biCTpb!X HeltTPOHOI) ODpenenHTb 

aenH'IH&y lt8lKilOA <jlpBl<llHH H OlleHHTb, !tpOMe TOro 1 s<jl<jleJtTRB&yJO aueprHJO 6biCTpblX Relt

TPOROB. nono6H8!1 nponenypa 6blna Bblnonaeua B 60IIbliiHHCTBe TO'Ielt H3MepeRRll. Heo6xo

llRMO oroaopHT1> llB8 06cTOIITellbCTB8 0 ltOTOpble K 8C8JOTCII B03MOJKHbiX OliiH60K npH 8H8fiH3e 

pe3yllbT8TOB 9 THX H3MepeHHlt. nepaoe CBII38HO C TeM, 'ITO 9HepreTH'IeCJt8R 38BHCHMOCTb 

neTeJtTopa accnenoaaHa no 15 Mas a MeTOil o6pa60TKR pe3y11hTaToa He npenycMaTpaaaeT 

y'leTa HeltTpOHOB 6onee BbiCOKOlt 9HeprHH. Ecn, OCHOBBHHe, OllH8JtO, C'IHT8Tb, 'ITO CB.II38H

H8R C 9THM OmH6Jta HeaenHK8, nocKOIIbKy, ao-nepBbiX 0 DOTOit Hei!TPOHOB BbiCOJtOl! 9HeprHK 

He npeBbllU89T 30% OT o6mero DOTO!t8 H81ll<8J1MBeBblX HeATpOROB, BQ-BTOpblX, 38BHCHMOCTb 

' 's<jJ<jlel<THBHOCn.-sHeprHR" nnR naaaoro neTeKTopa HMeeT nanaJOmHi! xapaKTep a o6nacTH 

CBbiWe 15 Msa. BTopoe o6cToRTe 11hCTBO CBH3aao c aanaqaeM yrnoaol! 3BBHCHMOCTH y ne

Tel<TOpa. 0J1H8.J[0 H3MepeHHII nOJt83bl88JOT1 'ITO, Jt81t npaaKno, DOK838HH!I n e TeKTOp8 np8l<TK

'IeCKH He 38BHCSIT OT ero OpHeHT81lRH, 'ITO roaopHT 0 Jl0CT8TO'IHOll H30Tp0DHOCTH Helt

TPORHOf'O nOToJta. B Te:X: cny'la51X, xorna ecn. yKa3aHBR aa anaoTponaJO, noKaaaHHR 

neTel<Topa cnenyeT ycpenaRTb no peayllbTaTaM H3MepeHRA npa pa3nH'IHbiX nonoJKeHRRX 

OCR ,'leTel<TOpa. 

BenH'IHHbl H COOTROW9HRII DOTOKOB TennOBbiX, npoMeJKyTO'IHbiX H 6wcTpblX HeltTpOHOB0 

6 

8 T8JtlKe &yl<fiOHOB BbiCOKOJ! aRe~ 

cTaaneaw a Ta6nane 2. CnenyeT 

8 nonHOM nOTOKe aeltTpOHOB ycx 

meHHJO a6comoTHblX aenH'UIH noT 

eCnB noTOl< B neHTPBnhHOlt '18CT1 

cpenaae aena'IHRbl noToxa cOCTa 

HIIH 4 M OT K8Mepb1 yCKOpiiTen 

6nH30CTH OT CTeR (0,6 M CHnHK 

- 1/200. 

( 

B TOM c/Iy'lae, xorna Mbl 

poro o6nanaJOT p83nH'IROlt 6aonc 

ll911bBblX KOMfiOHeRT RBJI!IeTCII HI 

ra'leCl<Olt onacaocTH. Heo6xon11~ 

cny'lae - aeltTPOBOB. B o6nacTH 

llBTb, 'ITO Jlfill cneKTp8 aeltTpOHC 

JOT cnpaaennaablM, ecna nepaou. 

awme aepxuelt rpaBHDbl HHTepaa 

OT 0,1 110 15 Mas, l<OTopyJO " 

HMeTb M8KCBMYM• 3TO o6ycnOBJ 

HOM non BfiHSIHBeM HeltTpOHOB R• 

B03HIIK8101UHMH 8 nponecce 38M! 

60fibliiRX 9HeprBRX 6oM68pABpyK 

MeHTOB C Z ~ 20 neJKBT B pa~ 

OT 0,5 no 2 Msa a cnexTpe aei 

Te I 11 I. ABT0p8MH STOll p860Tbl 

CnaJtTpe 8 CTOpO&y 6011bliiBX 9H! 

nOTox Hel!Tpoaoa y~o~eHhwaeTCR 

M9TOil8 IIJlepHbiX <jloT09MYIIbCHA. 

'19HR51 ycJtopBT9fill RBnReTCR, 80 

MeTpH'IeCKHX ycnOBHA B p83HOOI 

HbiX MaTepuanoa ycxopaTensr ( ll 

peallbaoA <jlopMbl cneJtTpa pac'le 

MeHTanbHOe onpeneneaae <jlopMb 

TpyllHY~ <jJH3R'Iec~y~ 381l8'JY, n 

OK83b!B8JOTCII 3JleCb na60 Henpll 



;nSIJOTCSI 3B8"1.T9JihRO CRIIhRee, 

ObtTb KOMnescaposas seATpo

'KB. Kona'fecTaesswe .llasswe 

< 15 Mas yMeBbwaeTCR aa 

- s 2-3 paaa. 

XCSJ MOm,HbiNK nOI41lbHbiMH 

~ oocTaBOBI<y aa ycKopxTene 

:oa (8 M X 4) DpHXO.llBTCSI 

Ta.nbsaa 'faCTb KaMepw aaxpwTa 

)OK OBhlX CTOelC M8r&HT8 p8BH8 

~.llbRO I! X OpOBTe, COCT8B.I!HeT 

!HHOI! 34WHTOI!, Dp6" TB'IeC!<B 

epraJI. 0.llHaKO 3H8'1eHRe Mar-

lB'fB!I B HeM oonbwax oxos 

:Ma C D.llOW4Abl00 1IpHXO.ll!llllei!

'8IOT BCe JKe T8KOA cymeCTBeH

H Bbl,lle.llHIOT rrpO.llYXTb! rrepBH'f-

10 yc~topeaswx rrpoToaos. 

181 en eM D03BO.IllleT 

lb!X sei!TPOHOI;I orrpe,lleDBTb 

lHYIO aseprs10 owcTpbtx sell

e TO'fex H3MepeRBH. Heooxo-

3MOlKHbtx Oll!ROOX DpB 4R4.11R3e 

oHepreTR'feCX4!1 38BHCHMOCTb 

1lbT4TOB He npenyCM8TpHB4eT 

AB8KO, C"'HT8Tb, "'TO CBJl3BB

seiiTpOHOB BbiCOKOII SHeprHR 

HOB , B()-BTOpbrX t 38BlfCHMOCTb 

JlllRII xapaKTep B oonacTB 

f yrnoaoll 38BHCHMOCTR y ne

IIOK838HHH neTeKTOpa Dp4ITB

ITO'IHOII H30TpODHOCTH sell-

IRB30Tp01IHI00 DOK834HB!I 

•• pa3nH'fHbiX nonoJKeHB <Dt 

' O'fHblX B OblCTpwx sei!Tposos, 

1 
I 

4 T4KlKe ByX.IlOHOB Bb!COitOJI SBeprHB .ll.llSI BecltOIIbltBX TBDH'fBbiX Ji03Hil:HA (pHC. 2) ope,ll

CT4B.IleBb1 B T4011Hil:e 2. Cne,llyeT OTMeTHTb, 'ITO B4BOO.Ilee 3H4'lllTellbBOA ltOMIIOBeBT011 

B DMHOM DOTOie BeATpOHOB yCIOpHTe.llSI iiBJIRIOTCSI npOMeJKYTO'fRble aeATpOHblo no COOTHo

WeHBIO a6coniOTBbiX aenB'lllll noTOIOB MOlKBO Bbl.llenRTb aecltollbio xapaiTepawx aoa. Tax, 

eC.IlR DOTOit B Q;eUTp8DbBOA 'f4CTR 34D8 YCXOpHTe.llR DpRHSITb YC.IlOBBO paBBblM e,llRllHil:e, TO 

cpe,llRRe Be.llB'fBRbl . DOTOJUl COCT8BRT: B paAoae DpSIMO.IlBHeltHblX DpoMeJKYTXOB ( B8 paCCTOH

llHR 4 MOT ltaMepbl YCKOpHTe.llR) - 5, BB8 3.ll8RR!I YCKOpBTe.ll!l B aenocpe,llCTBeHHOJI 

o.llBaocTR OT CTeB (0,6 M CBnRI<ATHOro ltRpDH'Ia) - 1/30, a R3MepxTenbawx naasllbosax 

- 1/200. 

0 cneiTpe seATposoa ycKopwTens 

8 TOM C.lly'f88 0 XOI"'.ll8 Mb! BMeeM .!19.110 CO CMeW8HBbiM R3ny'feHB9M 0 IOMDOHeHTb! KOTO

poro oona.llaiOT p83.11B'fKOA oaonorH'fecKoA a~eXTRBHOCTbiO, a saBHe Be.llR'fRH DOTOitOB OT

,llenbHhiX ltOMIIOHeBT HB.11SI9TCSI He,llOCTATO"'BbiM yC.IlOBReM .!1.1111 onpe,lle.lleliJI!I CTeneHR ORMo

I"'R'feCIOII ODaCHOCTRo HeOOXO.llRMbl CBe,lleRRSI 0 CDeltTpe OCBOBHblX KOMDOH911T 0 B ,llaBHOM 

5 
cny'fae - seiiTpOROB. B oonacTH opoMeJKyTo'fRblX aseprall ( 1 < E < 10 sa) MOlKBO o~ 

,llaTb, 'ITO ,ll.llSI CDeltTpa seiiTpOHOB HMeeT MecTO 34BHCRMOCTb }/E. 3TO llOIIY!lleRHe C'IRT8-

lOT CnpaBe,ll.llHBblM 0 ec.llB rrepBOH8'f4.1lbB8!1 aseprR!I seATpOBOB RCTO'fHRI8 .119lKBT 3H8'fHTe.llbBO 

Bblme aepxsell rpaHRil:hl BHTepBSna npoMeJKYTO'fHwx aseprwll. B oo.nacTB sseprall aeiiTposoa 

OT 0,} no 15 Mas, IOTopy10 Mw saaaanx o onaCTbiO ObiCTpwx seiiTposoa, crre~:Tp nonlKes 

RMeTb M81tCBMyM. 3TO OOyCDOB.IleHO TeM, 'ITO ll8HHaH 'faCTb CDeiTpa cpopMHpyeTCH B OCHOB

HOM DO.ll B.llRSlllBeM ReiiTpOHOB RCDapeHBll, ltOTOpble RCDYCitaiOTC!I B03oyJKileBBbiMH !lllp4MB 0 

B03BHK4IO!llHMR B DpOQ;eCCe 3aMen.lleRR!I HYX.I!OROB R TT -Me30ROB Bb!COKOII sseprHHo llpR 

oonbWHX aseprRHX ooMoapnRpyiOmeA 'faCTHUbl MaXCRMYM B cne~:Tpe wcnapellHs n.nH ane-
171 

MeHToB c Z ~ 20 nelKRT B pallose uec~tonbXRX Mas • HanR"'Re M4ICH!I.Q'M8 B oonacTB 

OT 0,5 no 2 Mas B crreKTpe seiiTpossoro li3Dy"!eHBs aoxpyr oeaaTposa oTMe'feso B paoo

Te /}}/• ABTOp8MR STOll paoOTbl YCT8ROB.IleHO T8XJKe, 'ITO RMee T MeCTO pe31<JIIi CD4ll B 

cneKTpe B cToposy oO.IlbDliiX as~prxll, a aMesso, B wsTepaane asepr11A OT 2 .llO 12 Mas 

nOTOit seiiTposoa yMeRbwaeTC!I sa naa nop!llllta. 3TH peaynbT4Tbl nony'feBbl c rroMO!llbiO 

Me'fo.lla H.llepsb!X cjloT03M)'DbCRII. Borrpoc o cneiTpe OblCTpb!X seiiTposoa pacceRBsoro sany

'feRR!I ycKopxTens RBn!leTCs, aoo6me roaops, TPYAROII opo6neMoll. BBR.llY cnoJKHOCTR reo

MeTpR'feCitRX YC.IlOBRII R p83HOOOp83R!I B CO'feTaHBR OCROBHblX ltORCTpyltTRBRblX R 38WRT-

HblX MaTepHa.llOB yCitOpHTe.ll!l (JKe.neao, oeTOR, CR.IlRK8THblA ltRJ'IIIR'f) 38.!18'14 onpeneneRH!I 

pe8.1lbHOA cjJOpMbl CII0ltTp8 pAC'IeTHbiM nyTeM npenCTaB.Il!leTCH BeCbM8 C.I!OlKJIOA. 3IcnepH

MeHT8.1lbBOe Onpe,llenesRe cjlopMbl CDeltTpa B DOilOOHbiX yC.IlOBHRX rrpe,llCT8B.Il!leT T 8 IlKe 

TpyllHYIO cjJR3R'IeCI<YIO 38.ll4'fY 0 IIOCXODbiy B3BeCTRble MeTOilbl seiiTpORHOII CD0KTpOMeTpRR 

OX83blB8IOTCSI 3,lleCb .llBfSO HenpR0M.IleMblMB 0 .llBfSO TpeoyJOT, 1[8)[ B Cny'fae M0TO,ll8 cjJOTo-

7 



9MYnbCHII, AnHTenbHOII o6pa60TXB peaynbTBTOS B3MepeHBII, lloaTOMY AnR OUeHKB ~eCTKOCTH 

cnexTpa 6wcTpwx ueATpouos MW acnonb3osana senu~uay 'cpeuaeA' aueprua, xoTopy~ onpe

nen!IJIH H8 OCHOSBHHII H3MepeHHII C nponopii110H8nbHbiM 6opHbiM C~eT~HXOM/8 /, HCnOnb3yH 
/12/ 

nponeAypy, onacauay10 XeHltHHCOM • 3aa~eHHe 'cpenaell' aaeprau 6wcTpb!X aeiiTpoaos 

S pa3nH~HbiX n03llllHSIX H3MepeHHII MO~eT MeR>ITbell, K81t SHABO 113 Ta6nHilW 2, S WllpOKHX 

npenenax. 

Y aae oTCyTeTBy~T xax11e-na6o axenepaMeHTallbawe ABHHble oTHOCHTellbHO eneKTpa 

ueiiTpoaos e saepruell eswme 15 Mas. CseneHHSI s nHTepaType OTHOCHTenbHO noseneaaa 

eneKTpa s aToll o6naeTH o~ellb Mano~acneli.Hbl, CneAyeT oTMeTRTb axenepuMeHTBllbHbie 
/13/ 

pe3ynbTaTbi, nony~eaHwe npu R3y~euaa aeiiTpoaos KOCMH~OCKRX ny~ell , Ha ocuosaHHH 

H3MepeHHII SHeMYTOSOII lt8Mepoll AeneHHR H eseAeHHII 0 xapaXTepe 3Se3A S 9MY11beHH 6wno 

yeTauosneao, ~To s o6naeTH aHeprull OT 10 AO 500 Mas enexTp aocuT naAa~mall xapaxTep, 

nnasuo B3MeHRRCb no aaxoay E'
1
•5 • Bw~aeneHae eneJtTpa xaexanHbiX uyxnouos np11 aHep

rHH AO 2 fas
1141 

npBSOAHT K TBKOII ~e ltB~ecTseHHOA lt8pTHHe H ABeT S eny~ae nerKBX 

aneMeHTos AnSI epenaeA auepra11 -xaexaAHbiX ayxnoaos senu~uy oxono 100 Mas, Pe3y11b

TaTbi pac~eTa eneXTp8 HeiiTpOHOS 38 TOneTWUII enOSIMB 38WIITb/
151 

YK83b!S810T0 OAH8KO, HB 

uanu~11e aeKoTopoA oco6eHHOCTH s enexTpe - ena6o sbrpa~euaoro MaxcauyMa s paAoae 

100 Mas, KOTOpb!ll CSR3aa, o~esBARO, e 6biCTJlWM ysenu~eaueM ee~eHHR B3aBMOAell:eTsHR 

eyxnouos npu aaepruu HB~e 150 M as. Bee aTa eseAeHBR ABIOT S03MO~HdcTb eocTBSHTb 

nBWb npu6nu~eHHoe npeneTasne HIIe o peanbHOA$opMe enexTpa ay~:nouos s o6naeTH 6onb-

InHX 3Beprul! , TeM He Meaee ORB n03SonS!~T BBM npennono~HTb 0 ~TO npH Sbl~HeneRHII A03bl 

nbrcoxoaaepreTB~II bi M ayxnoaaM ( E > 20 Mas) s pacce«HHOM uany<Ie HBH ycxopuTensr Mo

JKeT 6biTb npanueaua cpeAHS!R aueprusr 100-200 Mas. HenocTaTO~HOCTb AaHHbiX o enexTpe 

ayxnoHos s o6nacTB 6onbwHx auepraA B esuaauaasr e Hell ueonpeneneHHOCTb npa oneHJte 

A03bl He MoryT, OAll81tO, npHSOABTb K 3HB~HTe11bHOA omu6xe, nOCKOnbKY S o6naeTB esbJWe 

20 Man npenellbRo-AonycTHMwe nOToxn ena6o aasueSIT oT aHepruu
1161

• llpyroil npH~RHoA 
aeonpeneneHHOCTH IIBnReTeS! OTeyTCTBHe A8HHWX 0 COOTHOWeHHB npOTOROS R Hel!TpOHOS B 

o6me M nOToKe ayxnoaon e aaeprueA esbrme 20 Mas, KOTOpbiA Mbl onpenen!IJIH noporosbiM 
12 

AeTeKTopoM C (n,2n) , BepxaaA npeuen OTuoweHHsr '!Rena npoToaon K 'IHeny aeliTpoaon 

MOlKeT 6biTb OlleReH no H3MepeHRS!M C HOHH381lBORHOi! K8Mepoll:, ecnll AOnyCTBTb 0 'ITO sesr 

BOHH381lRH S K8Mepe o6yenosneH8 npOTOHBMil (<jlaxTB'Ieexa eymeeTseHHbiil BKnBA S BOHH38-

HB~ s xaMepe nonJKaw TBJ<lKe sHOCBTb Me30HW H aneKTpOHbi), nono6aaH oneaxa AaeT 

senH'IJIKy, He npeSWW810WYJO 3H8'leHRII 1,0, !13 A8HHbiX0 nony~eHHWX R8 OCHOSBHHB pae'leTa 
171 

SIAepHoro xaexaAa , a Toro <jlaxTa, ~To nonable npo6era ueATpouos sweoKoA aaepr11a 

3HB'lHTenbHO npeswwaiOT npo6eru npOTouos, eneuyeT, ~o peallbuoe oTaoweHRe <IRena 

npOTOHOS It '!Beny HBliTpOHOS cymeCTSeHHO MellbWe, 

8 

~ 

llnH onpeneneHHH CTeneBJ 

Sb!pall<e&a B 6apaX, 'ITO AOCTBJ 

aoA B paAaX, Ha <jlaxTop xaqec 

THil B31!ylleBilll C TO'II<B 3peHH 2 

'leBHII OAB03B8~BO essr38H C HS 

- nenH'IBHOII nJlBeiiHbiX noTepb 

llpH onpeneneHBB SenH'lHHbl AO 

MKPE unsr o6oasaqeHH!I A03bl 

XO.[l8, llepnwl! eoeTOIIT B onpe, 

paenpeneneHH!I xaK ~yRXIlHH 01 

onpellenesa c DOMOIIlbiO TJCaHe5: 

flll3- pacnpenenesull npe.[lCTBS 

TpyllBOCTB MOryT 6biTb 0 no-sH. 

MeTOA8 nnll aenocpeACTSeHHOr 

He BH8ApeB ewe mHpOKO S nps 

IIHlO 38l14"1H 1 liCUOilh30SB.HHbiA 

HbiX ~OMflOHeBT CMeW&BHOrO H 

saHHH H3seeTBbiX COOTHOWeHHII 

llp11 nponeneuuu nonpo6soro K 

DO OH noasonHeT HCn011b30S8~ 

'leRH!I pe3y11bT8T8 C TO~HOCTb: 

3ancH AnH aac 6onee yno6sw: 

llpH Sbl~HeneHHH .[l03bl B· 

uen011b30S8B8 XOpOWO H3SeCTB 

ABeT CllBAYIOWHe 3H8'1eHHH AO.: 

- 0,0011 MK6ap/uel!Tp., npo• 

- 0,0018 MK6ap/ueATp. lln 11 6 

WY~ senH'!HHY H8XOAHJIB no 1 

ruB aTOll rpynnbl sel!Tpoaos, 

e suepruell cawwe 20 Man 61 

eornaeyeTCH co epenHHM asa• 

100 AO ·40Q Ms/
171 

H eooTs• 

npBBOAHTeH n eaHHTapHbiX HOI 

no-BH.l1RMOMY, 34BhiJ.IIeRBOA, 0 . 

o6naeTH aaepruA s saeTo!ImeE 



• noaTOMy llllR Oli9HKB lKOCTK OCTH 

" cp e,qaeA' aaeprau, KOTopy~ orrpe-

/8/ 
>HblM C'I9T'IBKOM 1 BCITOIIh3yR 

a• a aepru• 6~cTp~x aeATpoaoe 

3HAHO •a Ta6n•n~ 2, e m11poJ<BX 

A8HB~e OTHOCBT9nbHO CIT9J<Tpa 

lType OTHOCHT9nbHO rroeeA9HBB 

TM9THTb 3KCIT9pHM9HT81IbHbl9 

/13/ 
ecJtHX ny'lell • Ha ocaoeaHHH 

paKTepe aee3A e aMynbCHH 6MnO 

:rreKTp HOCBT na,qa~mHll xapaKTep, 

! K8CI<8ARbl X Hyl<rrOROe npll aRep

)THHe H AaeT e cny'lae nerxax 

t'IHHy oKono 100 Mae, Peaym.

/15/ 
.WBTbl YlC83biB8lOT, 0AH8XO, H.S 

<eaaoro MaKCHMyMa e palloae 

HR9M C9'19HHll B38HMOA9iiCTBHR 

!lB~T B03MOlKHdcTb COCT8BHTb 

Tpa ayxnoaoe e o6nacTH 6onL-

>KHTb, -t:TO IIpB BbP:JHCneHHR .ll03bl 

JOM R31lY '19 HRH yCKOpliT91lR Mo

: TaTO"'HOCTb liBHRb!X 0 CR9JtTp9 

aeonpe,qeneanoCTb npa oneuxe 

e , ROCXOIIbKY B o6naCTR CBMWe 

/16/ 
a aeprHR , npyrol! RpR'IBBOl! 

·eaHH RpOTOHOB H H9l!TpOHOB B 

•phrA M~ orrpe11erriUIB noporoe&rM 

ITpOTOHOe K 'IHCny aeliTpOHOB 

!poll, ecnB IIORyCTHTb, 'ITO BCB 

CyW9CTeeHHb!l! exna,q B ROHH3ll

b!), no1106Ha11 Oll9HI<ll li89T 

IY'19HR~X Ba OCHOe8BMR p8C'I9Tll 

I H9l!TpOHOB e~COKOI! aaeprBH 

l941lbB09 OTHOW9RHe 'IHCna 

7 
( 

nns onpe,qeneHHR CTeneJDI 6BOitOrli "19CKOll OnHCROCTll ll034 R3rry'laHHll AOillKH8 6~Tb 

eblpalKeaa e 6spax, 'ITO AOCTRraeTCll yMROJKeHlleM eenB'IHHbl rro rnomeaaoll 1103~, ehlpalKea

aoA " pa.11ax, aa <j>axTop xa'leCTsa- 6eapa3 Mepab!A xoaqujJllnReHT, xapaxTepaayiOmHA llllHH~A 

TBn B3nyB9Bllll C TO"'KR 3 p 9HHR ero 6HOilOrB 'I9CXOrO e03Ael!CTeR R, $aJtTOp K8'19CTBll H3ny

'19HRII OAH03Hll"'RO CeB3aH C H8'116onee e8lKHblW B IIRRHOM Crry'l89 ljJB3R"'9CKBM UllpllM9TpOM

- BellB"'.BHOll llRRaliH~X nOTepb aaeprBll ( nn3) ROJJli3HpyiOWell '18CTHil~ B MHrXolf TK8HB, 

np11 onpe,qeneHRB B9nB'IHHbl A030eOrO aKeHeaneHT8 B3ny'I9HHB ( T epMRH, p9l<OM9HAOeaHH~ll 

MKPE 11n11 o603aa"!eBHR 1103hr sany"'e&BB e 6apax 
1181

) B03MOlKHbl, o'leBHIIHO, 11ea rroii

XOIIB. nepBb!ll COCTOBT e onp91191l9HHH nornomeHHOll 1103~ ll3rry'leHBR B RCCrreiiOBRHBB ee 

pacnp91191l9HJIB I<RK ljlyRXIlBll OT nn3, 011H8KO, 9CilR ITOrllOW9HH8R 11038 MOJK9T 6~Tb neri<O 

Orrp9119fl9R8 C UOMOWbiO TI<8H9aKBHB8fl9HTHOll BOHB38UBOHHOll K8M9p~, TO BCCR9AOB8HH9 

nn3- pacnpeneneRB ll npeiiCTaenBeT CllOlKHYIO 9 KCrrepBM9HT8flbHYIO 38AB"ly
1 1 

g 
1

• MaorHe 

Tpy.!IBOCTB MOryT 6~Tb , RQ-BB.[;BMOMy , yCTp8H9Hhl npH HCROllb30B8HBB peXOM6HH81lHOHHOrO 

1201 
M9TOII8 llllll HenocpeACTe9HHOrO Onpe,qeneHB ll <j>aKTopa X8'19CTB8 , OliRBXO aTOT M9TOA 

ae eaenpea ewe mspoKo e npaxTuxy A03BMeTpH'IeCKRX H3Me~aall. BTopoll noAXOII 1< peme-

HHlO 3 A!l81;fB 1 RCBOJib30B8HHbiA K8MB 1 C OCTOHT B paa.a.enbHOM K3MepeHHH nOTOKOB OT.ll8Rb-

HbiX X.OMIIOB8BT CMeW8HHOrO H3Ay'I8HHSI B OIIp8ll91l8KHH ero .ll030BOrO 3KBHBSneRT8 HB OCHo

B8HHB R3B9CTR~X COOTHOW9HHil lll9lKJlY ROTOICOM R 1103011 B 6apax llllR OTJl91lbRblX KOMROR9HT, 

npll npOB9li9HHH ROAp06HOrO HCCR9110B8Hllll aTOT M9TOA He MeHee CROlK9H "1 9 M nepBbif!, 

HO OR U03BOilR9T HCROnb30 B8Tb Cp8BHBT91lhHO rpy6y~ CU9XTp8nbHY~ KRpTHHy Jlllll nony

'19HIIR pe3yllbT8T8 C TO'IHOCTbiO, npH9Mil9MOll llllll npaXTB"'9CKHX nenel! , H R09TOMY OK8-

381lCR AllB nac 6onee yAo6a~w. 

npH ebi .. HCil9HHB Jl03bl H3rry'I9HRR 88 OCHOe8HHR H3MapeRHblX eerrR'IHH ROTOKOB OblR8 

HCITO/Ih30e8H8 XOpOWO H3e9CTR8Sl 38BHCMMOCTb ll03bl OT 9HaprHR ael!TpOHOe/
211

, KOTOpB!I 

II89T cnenyromae 3 H8'19RRB 1103bl RB 9AHRII'IHblll ITOTOX; Tennoe~e HallTpOH~ 

- 0 ,0011 MX6sp/nel!Tp., rrpOM9"'YTO'IRbl9 ael!TpORbl CR9l<Tpa 1/E (0,5 < E < 10
5 

ae) 

- 0,0018 MK6ap/nel!Tp, nn11 6biCTp~X aeilTpOHOe (0,1 < E < 15 Mae) COOTB9TCTByJO-

" . 
myro eenH'IHHY aaxo~Rnll no KpReoA A03a-saeprsa, ucnonb3ya eenH'IHHY 'cpenae~· aaep-

r;,ux 9TOA rpynnhl R9i!Tp0ROB, KOTOpaB onpe,qengnacb ICSK yKll38HO B~We, nn11 HyKrrOHOe 

c aaepraell cehrwe 20 M a e 6blno npKBHTO aaa'leHRe 0,1 wx6sp/ayxnoa, 3Ta eenR'IHHa 

COrnacyeTCB CO CP9ARRM 3R8"19RH9M A03bl Rll 9ARBR'IBblil fiOTOK npOTOBOB C aaeprHell OT 

100 AO 400 Mae
117 1 

11 cooTeeTcTeyeT TaKoMy lKe aaa'leBHJO nnR a el!Tpoaoe, I<OTopoe 

npaeoAHTCB e caaHTapablX aopMax
1 161

• B nocne,qaeM cny'lae yKaaaaaaB nxljlpa HBrrReTCB, 

no-eH~BMOMy, 38BbiJD9BROll, OliRlli<O XOpOWO 060CBOB8BH~e ~8RR~9 nnR eliTpOHOe STOll 

o6naCTH aaeprHll B R8CTOBWee epeMB OTCYTCTeyJOT, 

9 



10 
Oupenel1eBBhle yi43aJIBbiM o6p830M 3Bll'I&BHH A03bl B wx6sp/10 npOT080B Anll pa3-

1111'18bllt TO'lex 3A4BJIH ycxop11Tel1ll npeACT8B.IIeHbl Bll pxc. 9. B Ta611Jille 3 uoxa341l Bltl1&.11 

8 A03Y OTA81lbllb1X ltOMD0888T 113JIY'l8BJISI B8 DpJO(epe R8CltonbltHX xap8!tTep8biX D0311llJIA 

113M8p8Hllll. Kax Mbl 811AIIM, 3118'18T811b8b1A 81tn8A 38 38m;JITOA (AO 50-80%) A88T rpyu

D8 6hiCTpbiX 8eATpo80B. B uesTpa11bROM 38118 ycxop11Tel1ll, rae B 8acToJIIllee speMII O'rCyT

CTsyeT CD8U88/Ibii8SI 38m;BTa, a TaltlKQ 8a Y'faCTlt8X 3a TORJ!;OA 3am:IITOA (0,6 M CJUIIIIt8T-

80I'O ltHpDH'Ia) Cym8CTB8R8blll Blt11AA B 1103Y (AO 70%) 8ROCliT JIYitnORbl BbiCOitHX 988pi'IIIl. 

Pom. Teni108b1X R npoweJKyTO'I8biX nel!TpOB08, X8X DpABIII10, 883Ra'IRTellbaa, R&CMOTpH 8a 

TO, 'ITO OHII COCT8811li!OT upeo6118A810m;:yJO '18CTb o6mero DOTOIUl R8l!Tp0118. 

npll OniiC88BOM CDOC06e onpeneneHB SI 1103080I'O 91t8HB8D8HT8 R3nY'f88HSI :yCXOpHT811SI 

Mbl o6XOIIRW 8806XOAHMOCTb 0Dp8A8118RII ll cjJa.ItTOpa 1!;8'18CTB8 113JIY'I8RIISI '18pe3 nn3-pacnpe

Jl81188lle . Ue11ecoo6pa38o, on8axo, H8 ocaosaBHII non:y'le8BbiX c8e.neBIIA o xoMno8e8T80M 

COCT888 H3D:y'I8RIIB C,U8118Tb OD88JtY 881IJI'IH8Y cjlaxTOpa lt8'18CT88 AIIB CM8m8R80I'O H3Jiy'I8-

RIIll yCllOpiiT8DB, DOCltOIIblty 8CSIXH8 IIODOIIHIIT8nbHbl8 C88A8HIISI 0 cjJaKTOpe lt8'18CT88 113D:y'l8-

HJISI 88 yCKOpHT81ISIX 8biCOit:Ol! 388pi'RR Dp8ACT8BIIIIIOT Dp8ltTR'I8CllRA BHTepec. 3Ha'I8Hllll 

/22/ 
cpaK T o pa K&'lecTs a nn11 8el!Tpo8o8 c s8epr8el! Meaee 15 Ms8 11388CT8bl (eM. aanp. ) , 

80 C881l8RHSI 0 cjlaKTOpe lt8'18CT88 JIYitl10808 8biCOKOll 3R8pi'RR 0'18Hb 6eABbl. ~3 6JIOIIOI'II'I8-

CitRX 3KCnepRM8HT08, 8biDOIIReH8biX 8a ny'IX8X DpOT0808 C 3Repraell 8 B8CKOIIbltO COT88 

Ma8
1231

, cne.nyeT, 'ITO zx OTROC&Te1lbaag !SaonoruqecxaH sljxjlellTH880CTb 611113Ita x &ABHII

ue. Pac'leTht, 8blnon8eHHbte .nnB npoT0808 c ssepr8ell oT 100 AO 400 Ma8
1171

, AAIOT ADS! 

cjJaKTopa K8'18CTB8 cpe.nsee 38a'leRHe 1,4. Un11 8eATpOHOB B aTOM RHTepsane 38epr&A 8enu

'IHR8 cjJax ·ropll K 8'18CT88 HQ DpR80iliiTCll, OA881tO, 88 OCH0888H8 TeX lK8 p8C'I8T08 MOll<80 

D0118I'8Tb, 'ITO DpH6JllllK8HH08 ero 3R8'18HHQ IIOIIlKRO paB811TbCSI 4. npu Oll8Bit8 

cjlaKTOpa K8'18CT88 CM8W8BHOro B311Y'I8HHB yCKOpHTQIISI Mbl HCXO,UBIIB H3 3TIIX A8YX 388'18-

BHl! anSI BYitnouos c asepr11eA C8btwe 20 Ms8 u H3 .nonymeRIISI, 'ITO oTsomeRIIe 'lacna 

DpOTOH08 K 'IRCny H8l!Tp0HOB p88HO 1. npu 9TOM 8CSI HORH38UBll 8 803AyXe U01IlK88 6b1Tb 

npHDRC8H8 , lt8K OTM8'18110Cb, npOT088M BbiCOKOA 9H8pi'IIR, 8 M830Hbl R ·y -KB8HTbl llOIIlKHbl 

6b1Tb R3 p8CCM0Tp811HSI HCKIIIO'I88bl, 'ITO 38B8llOMO DpHBOllRT IC H8KOTOpOM;r 38BbiW8HHJO 

ll03bl H3D:y'I8RHB, 80 H8 881IH'IHHY cjlaKTOp8 K8'18CTB8 3 TO ,nonyme8R8 BIIBSIQT cna6o. Dony

'IQBBble TaKHM o6p830M 3H8'18HHB cjJaXTOp8 Jta'leCT88 CMQW8HROI'O H31IY'18BIIB yCK0pRT81111 

(T86n. 3, nocnenuuA cTon6en) npesblwa!OT 8enR'IRHbl, onpeneneuRble sxcnepuMe8Tallbuo 

H8 6esaTpOHe/
1
Q/' H RX cne.nyeT paCCMaTpH88Tb, D0-8HAHMOM;r, ltaK 88pXHIOIO rpaBHuy 

peal1bHbiX 3Ha'I8HHA. 

3 a x n 10 " e u R e 

HccnenoaaRIIe noneA pacceauuoro B3ny'leHBH CRHXpcxpa30TpOH8 6btn0 npo-

sene8o c uellbJO 8biBCHeHIIH p8AH8DH08HblX ycnosRll na ycxopuTene R onpene-

10 

... , 

~ 

118011 CT8D8RII palliiAJUIOB80A 

9ltCD8piiM8HT8TOpOB, pa60TaJOmJ 

110311M8TpB'l8CUA ltOIITponb 8 

lt08TponKp088RIIJO 8811H'IBHbl DOTOI 

lt8lt ltOMD0888T, ,U8JOm;Hit OCB0880l 

nono68oro TRna. DpR nocTHI'BYTO 

10 
llpOTOB08 (10 DpOTOH08/Cex) y 

1111 II H8 TeppHTOpHII, DpHI18I'8IOm:e 

CTBMbiX yp08H8A ADS! npo<l>eccHOBI 

ysen11'18HII8 RRT88CH880CTII ny'llta 

K T81tOMY lKQ BbiBOAY npH801liiT c 

xos 8 npe.nenax ca8HT&p8o-38m:R1 

o6Jiy'18HIIB 
1241 

• 

B 38KIIJO'I8HH8 88TOpbl Bblpl 

110311M8TpBR nB3, DpOA81188W8MY 

Tpeu, ua6niOA88Mble 8 paf 

p - 0,4 r/cM
3

), pacnonolKe88oa 

7 
88 MHW8Hb 6·10 DpOTOD08 C 3HI 

To'le'IRbl& Tpexs •• 

'4ep8ble • Tpexs, 3 < f < 5 

"Cepble• Clt803Hb18 Tp8KR • 

TpexR snexTpOB08 11 n03HTJ 



10 
B MXlisp/10 !lpOTOBOB Anll pa~ 

9. B TA6Jli1Il8 3 DOX83Ail BXJiaJI 

CXOllhltHX lCapaXTepBb!X JI031liUIA 

IIDilTOil (no 50- 80%) naeT .l'pYJI

a, rna B aacTomn:ee apeMs OTCyT

·oaxoA 3811lllTOil (0,6 N CllJIIlltJIT

BOC SIT ByltnOJibl BbiCOitBX 9ll8pMill , 

no, B83B8"1BT81IhBa0 BOCWOTpll 88 

nOToxa aeATpoaa. 

:axaaneBTa B3ny"'aBBII ycxopaTena 

TBa Bany'laBilll 'lapea Jlll3-pacnpe

Bb1X CBenaBilA 0 ltONDOBeHTBOM 

1'19CTB8 nnH CM811l8BBOrO H3ny'le-

19HilSI 0 lj>aKTOpe ltA"19CTBA ll3ny'le

ltTH'I9CitBil BHTepec. 3BA'I9HBSI 

M /22/ 9B ll3B6CTBbl ( CM. Banp. ) , 

~praa o"'eBb liellBbl. !'fa 6xonorw'le

c saepraell B aecxom.xo COTe& 

r s<lx!JexTBBHOCT& 61Illaxa " en&Bil-

100 no 400 Ma/ 
171

, naiOT nn11 

B &TOM HHTepaane aaepraA aena

asna Tex lK9 paC"'OTOB MO~O 

IHSITbCSI 4. llp• ouene 

r acxonnna aa sTxx nsyx aaa'le

·meHXH, 'ITO OTHOIIl9HR9 "'RCIIB 

:aaana11 B aoanyxe uonlKBa 6b1Tb 

a M930Bbl H ·Y -KBBHTbl nOnlKJibl 

.HT K H91tOTOpOMy 38BbiW9HXIO 

~onymeaxe MRII9T cna6o. llony

IBBROro aany"'eHilH ycxopaTenH 

eneneaable sxcnepaMeHTam.ao 

:MOMy, XBK BepXHJOIO rpaiDin;y 

caaxpO<jlaaoTpoaa 6bmo npo-

aa ycxopaTene 8 onpene-

nallllll CTeneiK pAJlB..XOBBOil ODJICilOCTil nepcoBana • 

9ltCUapllW8BTATOpOB, pa60TAJOIIlllX ycxopxTensr. Y CTJIJIOB.II81lO, 'ITO 

B nepBOW MOll< aT 

ltOBTponllpOBBBBJO B81lB'IBHbl DOTOXB libiCTpbiX llOiiTpOBOB B ByXnOHOB BbiCOJtOil 9Heprllll , 

Jtalt ltONJIOB9HT, ABIOIIlBX OCHOBHOil BXnBJl a . 6aonorH"'9CKYID ll03Y B3ny'I9Hilll H8 YCKOpBT91l9 

DODOliBOrO THUB. llpH llOCTHr&yTOil B BBCT0Km89 Bp9NB BHTeHCHBBOCTH BByTpe&Bero DY'IK8 

10 
JIPOTOilOB (10 !lpOTOHOB/Calt) ypOBIDI llany'I9Hilll B 113WapiiT9JD.BbiX DABB1lb0BBX YCitOpllTe-

1111 • aa TeppxTopax, npaneraromeil x anaHBJO ycxopaTena, ae npeaocxonHT npenenbRO nony-
/13/ 

CTBMbiX ypoaaeA nna npocj>eccaoaam.soro o6nY'IeHila • OnRaxo nnaaxpyeMoe na1lbKeilmee 

yaenll"'eBBe llHTeHCHBHOCTil ny"'Ka caaxpo¢aaOTpo&a Tpe6yeT ycaneDa 3811lllTbl ycxopaTan11. 

K TUOMY lKe Bb!Bony npaaonxT conocTaMeHile peaym.TIITOB B3MepeBBA aeliTpOHHbiX noTo

xoa B npenenax CIIJIBTapao-31llllllTBOil 30Hbl yCXOpllTenH C BOpMIIMil B9!1pocj>eCCBOH8nbBOrO 

o6ny'leHilH 
1241• 

B aaxnJO"'eRwe IIBT.opbl Bb!palK&JOT linaronapaoc-rb xonnexTBay na6opaJITOB rpynnbl 

noaxMeTpxB JIB3, nponenaamewy 6oro!my10 pa60Ty npa npoaeneiDIIl aaMepeawa. 

Ta6nana 

Tpel<.ll, aa6nronaeMble B pa6o'lew oli'beMe nponaaoaoll KaMepbl ( V -600 cw
3

, 
3 p 0,4 r/cM ) , pacnonolKeHaoA a neHTpam.aoA 'IBCTH sana ycKopwTenH npa c6poce 

aa MnmeBb 0.10
7 

npOTonoa c aaepraeil 8 rsa. 

'lfepHbie' TpeltH, 3 < f < 50 MM 

'Cepble' cxaoaable Tpexa •.•• 

Tpexa anexTpoaoa a noaaTpoaoa 

11 

865 :!.:. 40 

5,1 :!.:. 0,6 

5,6 :!.:. 0,65 

23 :!.:. 1,4 • 



;:; 

T a !S " a 11 a 2, 

noslll - ~K Hei'!Tp~HO; -- cJl /I010 rrpOTOHOB! 
UH.f! : Te.:JIOBble llporAeJKy- .obiCTpbl e HyKJIOHbl • 
~~~~~ : He!-! TpOHhl TO'!Hhle Hei't TpOHhl ( E > 20fAsB) 

: HetlTpOHbl 
( p11c .2) : Nr Nn ;V6 !1/H 
I 
2 

3 

4 

5 

6 

7 

8 

9 

IO 

II 

roo 
260 

60 

roo 
27 

2I 

I8 

55 

4 ,4 

2 ,0 

2 ,2 

730 
3250 

250 

760 

25 

32 

23 

I 22 

9 

2 ,5 

3,! 

400 
2! 50 

I 50 

260 

II 

I6 

9 

58 

3 

I, 9 

I, 8 

85 
700 

· I 40 

roo 
I 2 

30 

20 

42 

4 

]lOJill B % 

!V.,. . N"/ 
~ ~ / ;VI: 

7,6 
4, I 

ro 
8 ,2 

36 

22 

26 

20 

55 
5I 

42 

62 

33 

32 

33 

44 

2! , 5 44 

3I 

39 

39 

38 

T a !S 11 a 11 a 3, 

~/ 
/~ 
30 
34 

25 

2I ,5 

I5 

I6 

I3 

2I 

I5 

30 

23 

u~~ l'!- i'(osa H~ ~!TpOHOB B A!KclsP/r010ilpOTOHOB : ,UOJI.f! B % 

~/ 
/Nr 
6 ,5 
II 

23 

8 ,2 

I3 

30 

28 

I5 

I 9,5 

: Cpe;l(Hll.f! 
• 3Heprlll.f! 
' 6biCTpbiX 
: HetlTpOHOB 

: E5' M3B 

0 ,6 
2 ,5 

4 

2 ,5 

I ,O 

I , 5 

IS 

ro 
5 

0 , 6 

0 ,4 

,llosa B 
B03llJ'Xe 
pa.ll/IoigP 

2 , 4 
23 

I,O 

3 ,0 

0 ,5 

0 ,5 

~~~~~ 'l'cllJIOBbJC fipor.;e;KY,1'0'1- : liu~Tphle HyKJiOH!J! CyMMap : IJZ : D? : Dnz : Dnz 
He:,TpOHbJ Hble HeHTpOHbi ! HempOfibl ( £:;. 20f .. 3B) Ha.f! : • , • 

: ...., n : n 7'1 ;l(03a : ~ • _ • ~ • ~ 

~aKTOp Ka'!eCTBa 

(oueHKa) 



-"' 

8 

9 

IO 

II 

ll031f-
L\11H 

55 

4,4 

2 ,0 

2 ,2 

I 22 

9 

2 ,5 

3,! 

( -.,.._. 

58 

3 

I , 9 

I ,B 

42 

4 

T a 15 n H n a. 

;:(oaa HE/ !TpOHOB B MK63p/ I0I0llp0TOHOB 

20 44 

2I ,5 44 

3I 

39 

3. 

39 

38 

2I 

IS 
30 

23 

: ]lOJIR B % 

!5 

I 9,5 

: 
~~~~i 'l'ti1JIOBbJC : ITpot~e:it;p•oq- : liu~Tpue :Hyi<JIOHh) CyMuap : ~ : ~ : ~ : r;::: : 

He:,TpOHbl :Hb!C HC~!Tp0Hbi : HC!1 T pOH!; : ( E:>- 20!·;;3B) Hall ·: • . . 
: D : .V : ;noaa : · · · 

D, : n : 5 : 7JH :Dr. : .D"E:. : Dx. : .D:£ : .D'L 

I O, II I,3 9,3 8 ,5 I 9,2 0 ,6 6 ,8 48 44 

2 0 ,28 5 , 9 79 70 !55 O,I8 3,8 5! 45 

3 0 ,065 0 ,45 5 , 7 I 4 20 ,2 0 , 33 2 ,2 28 70 

4 O,II I , If 9,5 IO 2! 0 , 52 6 ,5 45 47 

5 0 ,03! 0 ,045 0 , 4I !,2 !,7 !, 9 2 ,7 24 ,5 7I 

6 0 ,023 0 , 0~8 0 ,59 3,0 3, 7 0 ,6 I,5 I 6 82 

7 0 ,020 0 ,038 0 , 50 2 ,0 2,6 0 ,8 I, 45 I 9 77 

8 0,060 0 ,22 2 ,5 4 ,2 7,0 0 , 9 3, I 36 30 

9 0 ,048 O,OI6 O, I2 0 , 4 0 ,54 0 , 9 3,0 2c 74 

IO 0 ,0022 0 ,0045 0 ,048 - 0 ,055 4 8 ,2 88 -
II 0 ,0022 0 ,0054 0 ,035 - 0 ,042 5 13 83 -

IO 

5 

0 ,6 

0 , 4 

0 ,5 

~aKTOp Ka'!CCTBa 

(Ol.ICHKa) 

6 ,5 

5,5 

4,2 

5,2 

4,5 

4,I 

3,6 

6,2 

3,8 

9,2 

8 ,8 
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P Re. 2. nnau 3 A8HHSI yc JtopuTen B H pa3Memeuue MeCTHOA 38WHTbl • axcnep11M9BT811bROro 

o6opyAoBaRHSI s n epBOA nposeAe BIISI B3 Mep e auA. A - ~opwu~eJtTOP aa 600 Jtas; 
B - IIHH9HHbtA yC!tOpBT91lb R8 9 Mas; B - ny1lbT ynpa811eRBSI nY; r- yclt:OplllO

w •e DpSIM01111BeARble npoMe~TJtll; ll - BBOABOA npSIM01111Hel!Rblft npOMe~TOitj 
E - BbiBOAROA npKM01111HeAubtA npoMe~Tolt:; )!( - Jtauan nono~HTellbRbiX K -
Me3ouos; 3 - xauan MeAneHRbiX K -Me3ouos; 11 - K8H81lbl OTpH1l&Te11bllloiX 

rr -M930HOB 0 K - Jt8H81l ueATp811hllloiX '18CTHU; n- OABH H3 6eTOBBbiX AOMII

XOB ; M - Jtauan MeAneHBbiX K -Me3oaos; H - scno MoraTenbBioiA nym.T 

ynpasnei!IISI; 0 - Jtauan • nonoJKHTellbHbiX K -Me30HOB BB3xoA aaepru11; 
n - lt:8B811 ueATp811bRbiX K -Me30HOs; p - Jt8H811 nono~BTellhBbiX rr -Me3o-

uos; C - na6opaTopuble noMemeauSI; T - ~B3H'IeCJtRe nasum.ou1o1; Y - MHmeKb 

I -II - noounuu, pe3y11bT&Tbt B3Mepe HIIA s xoTop~o~x uaabl B Ta!Snllnax 2 • S. 
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oA 3811l.BT~ B 9XCD8pBM8BT4ni>BOrO 
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Pac. 3 • 3aaacawocTa. 'Dena OTC'IaToB .neTeiTopa aei!TpoBoB 

OT 9Bepraa YCIOpeBB~X DpOTOBOB, 
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2 10 
PBc. 4. floTOltB TennoBbiX ael!Tpoaos (ael!TplcM /10 npoToaos). 

Pxc. 5. floTOKH npoMeJKyTO'lBhiX H e 
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3 / CM /10 npOTOHOB), 

7 2 10 PBc, 5. noTOKH npoMeJKyTO'LIIbiX B 6bJCTpb!X Hel!TpOHOB 0,5 < E < 1,5·10 aB (aeATplcM / 10 npOTOHOB), 
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P11c. 6. noTO~II npoUeJ!'YTO'IBbiX II 6biCTpb!X ueATpOHOB 0,5 < E < 1,5•10 
7 

:9B 
(ReATpou~/c~/1010 npOToHoB). npo~HnhR~A paape3 3A8HBJI CHHXpo

~30TpoRa no IIIIHBB a -a pile. 2. 
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Puc. 7. noTOKH HyKnl 



5 < E < 7 
1,5•10 35 

lpea 3Jl8HBll CHHXpo-

2 10 Puc. 7. noTOKH ayxnoaos c 3Hepruei! > 20 M as (ayxn.lcM / 10 npoTOHos). 
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Pac. 8. noaa B B03.QYX8 (pllll./10 upOTOROB). 

22 

PRe. 9, 3Ha'leHBll ,ll03bl B MK6ap/ 1 
.noah!, Bbi'IHcne&Hbie c Y"' 
CnyqaKX yK83biB89TCll 3HB 

< 20 Mas. 
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10 
Pxc. 9. 3ua'leHBII 1103hl a MK6ap/10 npoTouos. Uxcjlphl, OTMe'leHHhle 'lepToit, na10T 3Ra'leRBII 

1103hl, s&r"'HCneR&hre c y'leTOM nOTOKa ftYIUIO&os c aHeprueA > 20 Mas, s OCT81tbHhiX 
cnY"'aAX yKaablsaeTCII aaa"'eaxe 1103hl, o6ycnonneaaoA TOn&Ko aeitTpouaMB c aaeprueA 

< 20 Mas. 


