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HavqHJiE PYKOBOAHTeltil: 

KaH,llH,118'1' lfJHSHK0-118T818'l'HqecKHX HayK l,fl,Ea6aHB 
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Kall.llH,llaT ~H3HKo-wa'l'all8THqecKtx H8YK A.C.AJ!eKCaJUIB 

Be;1t1•ee npe;11JipxaT1r1e 

~!UH I'pya.CCP 

AnopewepaT paaoc11aa " If 

38111S'l'8 AHCcepTaltlUI COO'fOl'l'CH n 
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l.l'JI008.U.IOOI eanpaB.Jl:BHHeM B HJt8PB0-Wll811118CKOll 8CDeJC'l't l)H•H 

KOCMJllqecK•X xyqeA C'l'&HOBl'l'CH 1ayqes1e H~OH-HJtBPBMX • 11,ltpo-HJtep­

lll:IX B381110A81IC'l'BHA np• BWCOKIX aaeprl!HX. 3TO CBH88HO, • qacTHOO'l'H, 

• c awcTpwM pa8BH'l'H8M YCKOPH'l'BlDHOI 'feXlllKH H8 BC'l'peqHWX ayqxax. 

HyKJIOH-11,AepHble B88HMOA6AC'l'Blr!H B o6nac'l'H BWCOKlilX saeprak nOSBO­

lHD'l' '1'8KK6 noiyqH'l'D CB6A8JUIH 0 HYKlOHBl:ilX B3811MOA81IC'l'BRRX apa 

saepr1U1x, 6&1Da11X lOuu faB. 

.l1&H asyqeHHH xapaK'l'6pHC'l'llK 9ApoBBl:ilX B881lMOJelcTBlll B pasnxqJlllx 

fiApaX, B A•anasoae aaepr•A rol1 - lol3 aB, B 1958 ro;1t1 6lill coa­

A&B DOA PYKOBOAC'l'BOK nJl<>Weccopa fparopvBa H.J. I K.w.w. BBYK mec­

'l'OnepoBa B.H. 110B.11aa1U10JU!lillil xuopuHp c paao11el JmOlllBJtH IO il- • 
ABTOP np1r1a.11an Henoci:eic1'l!aHB08 yqaC'l'IB B KBOrO.Jl:B'l'HHX COBKSC~HliX 

axcnep•MBBTax H~ 111'1 • EptH 1958-1967 r.r. no 1ccneA0BaHaD xa­
paxtep•c'l'llK YK888HHWX B88HMO~elcTBKI B8 BHCO'l'8 3250 .. HS~ ypoBB6M 

110PJl, aa rope !p11ra1t. 

~CCl8AOB8HHR npoBOAl.lHC• HOHK88IUIOBBOA 118'1'0.-KKOI, cy•ec'l'BeBHO 

yny11weaaoA Ba C'f8~· Aparait, BS BeCKO:GJ;KJlX B8pJ18BT8X annapaT.YpY. 

0CBOBHW8 Bli:SOAW, KO'l'OJ!i6 Cwmi no.ny'l8BH 18DOCJeAC'!ll8HHO c yqac­

TK811 8BTOpa, C&lH BBlOJrsHW B paCO'l'SX tr - 18) • 

OAB.1111 H8 nocne]UIBX BapK8BTOB ann&p&TYJIN •••xac• YCT810Blla DO 

•BJ'l8Ull Byx.JOHllWX B3HllOA81cnd B 11'.UJ>0-'8, CO'IH8~JI a.1op•­

HTP • aponop"-'OB8llHli8 C'IHUU. 



B JlJICC8P!llUIJI BCD01i80ll8a.Ci Xl8It peay.11>!8!H •OC18AOBllXI 

Bl 8!01 JCf8BOME8. Bee 1all8ptJ111J1 • aaa11a a1cuap ... 1-

!8.lll>JllilX ,ltSBIDIX BYDOIJl811H COTPY~BIKBIOI 1a6opa2opJU1 CB8pXBYCOKllX • 
8B8pridl EpeBsac1oro waaaqecxoro llBCTBTyTB, PJKOBO:AIUDDIJI IBTOpoK. 

Jl,JlccepTBIVIH OOCTOBT 18 BB848Jl.IUI • llHTI r;aaB. 

B BB8~8BHB ~·BY xpaTKH8 OOB0Bllil8 BWBOlW, KOTOpwe 6w.n.11 DOIY­

qeBW DPH BCCl8l0B8HHI ffA8PIU:.IX B88HKO~elcTB•I IOB.ll88!UIOBJIOI M8TO­

~·xol B8DOCP8ACTB8JlBO c yqaotB8M 8BT0pa. 

B DepBOI r1aB8 OJllllC8118 auuapatypa I M8TO~K8 18.llBpiHll. 

Bo BTOpol B !peon.el rzaBSX DPIOIOXfl!CH 81CD8p1Dl6Bf8JD,Jlli8 A&B­

HW8 no yrnoBO.ll;f pacnpe~8181Utll • asepr&Ti1118CKOMY CD8KTPY o~··oq­

IDiX seitpoHOB c asepr1el ~ s.ra11 a• BB BWCOT8 3250 • BS~ 
ypoBB8K MOPH H asan1a aTJIX ,Jt8HHWX. 

B qefBeptol • IIHTOI rnaBSX M318r8ETCH axcnep.IUl8H'f81iHW8 4aa­

Bl:il8 no onpa,Jt11J1eHu uapI.Utanuoro ~o H nouoro \< xoacw>1~1-
eatoB ueynpyroct• BYJCIOBOB B yr1epo~e • npoB8~·· 8BSll3 8TIX 

:48BIDIX• 

ll. Henocpe~C'fll8BB08 8KCU8p1U18HT81•B08 13Y'f8Bl8 818M8BtepBOrO 

SITS B38 .. 0~8ICTBllJI ByBllOBOB np• BWCOKllX asepr1HX B8 BWCOTSX rop 

c DPBM8118Bl8M IOHK38!UIOBHOro K810PBM8Tp8 npe4no1&raet 8H8Hl8 np ... 

poJtH RIPBl'IBOI l'l;lt8p&0-8KT"BBOI qact•~. TSK KSK noTOK 84POBOB BS 

BHCOT8 rap OOCTOHT 18 ByJUIOBOB, WIOBOB H KSOHOB. EcnH OCHOBHBST•· 

CB aa aap~OBOI B838BIC•MOC!H ~epBl:ilX C.IJI, TOrAS MO&BO YTB8p& -

:48~, qfo xapaKT&paCtllKH B881MOA81CTBHI npoTOHOB H H8iTpOHOB 

oi1aa•o111 DP• BwcoxKX aaepr111x. Ha-as npoctoTH axcaep1M8Bta 1ay­

~•BJ1• a~a .. oAtlotBIJI BYKJIOBOB c BAPS .. qezeoooCSpaa••• npoBOJt•t•, 

•ODOIJoBy• UO'!OK KllTpoKOB. 
~BTSWIKS!tlH aeltpoROll J upu~ne TJWll81Joll8' TH K8K &ti -

TpGBH-8A.IJllJTB8HBH8 B,l.tepao-sKT•BBH• I AOll'OZJlll)'lllll qactlllUI, Bl 
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HMB!OlllHe aJieKTpHqecxoro aaplQta. 

lloCKOJll>KY B npelllUIX HSDIHX OlllilTSX ~ ,Is,I9) ' np.1u1eHB8MSJI 81In8-

patypa He noSBOJIHJIS Ami KSJQtoro HHABBH;ltYSJI•Horo onyqaa onp8A8JIHT:& 

npxpo4y H,lt8p&0-8KTHBHOi qaoTHI:Uil, n8A8Dll\8i HS YOTSHOBKy, B HSJI8ra-

8KOI •OAKW•KartHH aoaasaW10Hmdi Kaxop.1U1etp 6Hx Aononaea cacteMol 

nponop1P10Ha.nr.m.ix cqetqHKOB. 

B yctaao~xe np.IDleBHJIHC:& oeu:r. pBAOB nponopnaosan•BHX cqefqKKOB 

npnoyronHoro cneua paaepalOI 300 x II x 5,5 o•3 
• B xa~oM 

PS'JlY HaXOABJioc• no 26 cqefqi!KoB. 

~cnom;ayell!ie nponopW10BaJI:&m.te oqetqJIKa GHJIH paspa6otaBH H 

CKOHCTpyapoBSHH B fililtlilt W'Y Baoan:&qOBWI B.B. t rp•ropomm H.JI. K 

illeotonepoBHM B.H •• lloApo6HOe )IX OJIHC8HH8 npHBOAHTCB B ps60T8[20]. 

BepXH1118 ABS PflAS (I H ll ) nponopqHOBaJI•HHX oqeTqHKOB npeAHS3-

H8ll8Hli AU YOT8HOBJI8HHH H.8JIJillHH JUIH O!rCYTOTBWl 88pl'l;lts y B,l.tepao­

-aKTHBHOi llSCTBIUil (B nepBOM cxy11se asyqselllie B88JUIOAllCTBIH KOrY1' 

:BHSHB85CB KBK HYUOHSJIH, TSK H ~ -K8SOH8Jlll; BO B!OpOM - TOII>KO 

BYKJIOH8llll). llOA ~llJI:&TPOM pacnonsraJIHO:& ABS Pfl)tS 011etqHKOB cm H IY), 

llpiAJ!SSHSll8BHH8 l.lUl oqeJUUI q.n:ona B!Op.iillllliX 8Spa&8HHHX qaoTHit, po­

AKBIBllXOB B peay.nr.TST8 B881D10l8IOTBBJI Jgt8pB0~8KTJIBBOI llSCTHI:Uil B 

~BJI:&Tpe. 0CT8JI•Hlil8 TPB p,Sgta 011e2qmco:s, pacnOJIOZ8BHI:l8 B rJiy6BH8 

BOBI488WIOHBOro K8JIOp.1t111npa, c:n;yau.11 ~JIB Blitpe60TKB CBI'Haxa, ynpaB­

;nJD)~8rO pa602oa cqe2'111KoB. 

TUBK oGpaSOM, B KBQOll llll,1(KBll,'Z(18;KHOll o;iqqae, c DOllO~D CKO­

!HMH nponopIUIOHaUHHX cqe'fuKOB' llH 11orJI111 onpeA8;1HT• 8B8K aaps:,p 

.ll;lt8PJl0-8KTKBHOI qaOTJIIUil II KOOMHH8TH BTOP1411HHX 88plDBHwt qepso­

. -SK!BEBliX qacTBq, !SK lCSK OOH oqefqlKOB COC8;1{HJIX PHAOB pacnoxara­

XBO• BO B88HKBO-nepnslij(JIKYJ!JiPHliX HanpaBX&HBHX. 

~JUI per1ctpaJ:t11B ~IBBIBoro CODpOBOZJt8HBf:[ HA8PH0-8K!HBBHX qact.HU 

• AOUOJIHHT8JlDHOro KOB!pou noxaaaBJll AB'YX :aepXBJIX ~OB nponop!UIO-
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HBlll>IillX cqeTqlDCOB KCll0JID80B8JI80D CRCT8118 cqeTqHKOB reJtrepa-MIDlU!e­

' pa, BK.nnqeHl!lilX B ro)tooxon. B yoTaHOBKe npH11aHHJIHCD I44 cqeTqmICa 

ll!SHOI IIJ[OlllSJtH (IS, IOO, 330c-2 ) • 

ro)!OCKOII. llJIOlllS)tDID tv 3 .,} paommaraJIC.ff BWll9 OB~OBOrO qJHiID­

Tp8 Ha)t yCTSHOBKOI. ~.WU.Tp OT6lrlpaJI IIP9HJIY~6CTB8HHO ll,ll;9pH0-8KTHB­

HHe qacTHI{H 0 llBJiliM BOS,llYMHHll COIIpOBOZ)tellll:eM. 

HOJU!38IUIOHHl:ill K8HOPHM6Tp IIJIO~S~IO IO ~ COCTOHJI HS I2 PH'AOB 

HORHSS~HOHHlilX K8119p )tJIHHOi 330 CM lrl )!H8M9Tp011 IO CM, B K8llt)t0M 

PH'AY HBXO'AHJIOCD IIO 32 K8Mepw (B I H BO Il P.ff,1!8X 6h!JIO no 33 KaMepw 

H :a xn PH.1!Y - 30 xa11ep). 

BepXHHe )!BS pll,ll;8 HOHHSS~OBHHX xa11ep (I H Il), pacnOJIOll!eHH!ile 

no)! 3 lrl 5 OJI CBHH~a ' perHCTpHpoBSJIH aneKTPOHHO-«iOTOHHYID KOllll0-
0 . 

li&BTY OT "" -Me30HOB, reHepHpOB8HlWX 8,1tp0H8Jllrl B ({>RIJIHpe-11HmeHH, 

H CJIYZll.llll )!JI.ff onpe~9JI9BHll aaeprHH 3JI9KTPOBHO-({>oTOHBOI KOllllDH6HTH. 

HHXe HaXO~JICH co6CTB6HHO K8JIOPHll9TP H3 ,1!6CHTH pll,ll;OB HOHHaa­

IU{OHHWC K&:Uep, llpoC.11'.0eBHHX JK9.1l8BOJI TOJI~HOR no IO Oil ( IIO 5 0111i 

noi w Hy PH.1!811K). [OaBBH TOJI~HH8 JKBJieaa B KSJIOPHllBTpe COCTSBJIH­

:ua ("./ 720 r.c11-2 , T.e. ,..,, 5,5 ll,ll;epHH:x: npo6eroB. llp1 no11oll(H aTol 

qacTH YCTSHOBKM llOZHO 6H.JIO Onpe,1!8JIHTI> CYJOlSPHYID auepr1r1m, nepe)taH­

liYIO 8)tp0HOM) po)!Hl!mRllCH B peayJIDTSTe B38il.MO)telcTB!rllt BTOpR!qlOOC 

H,1!6pH0-8KTR!BllliX qacT~ (Ea.a.)• 

T8KllJ( o6paaou, B KBZ'AOK HH~BH~YBiIDHOU o;uyqae, c nOKOll!DID R!OHH-

aan1r10HHOro xanop1ueTpa lll>I xor:aK onpe)tenKTD noneym aHeprJUJ 

nep:eHqHol H~epHO-SKTHBROI qacTH~, npome;itlllei qepea YOTSHOBICY ' 

a T81Ute KOOp)tKH8!H 8JI6KTpoHHO-({>OTOHlllilX KSCKS)tOB t pa3BHBmHXCH 

B B6lll6CTB9 YCTSHOBKK, TSK K8K HOHH88IUl'.OHHiil6 K&Mepy O)tHOro PH.lt8 

6Y:IIll pacn~noaeB!i nepneBJtincYJIHPHO xauepau ,1tpyroro pa)ta. 

Ha~ m PHAO• nponopIUl'.OHBXI>Jllllt cqefqHKOB H8X0,1t.nXCH WHllDTP-MH1116HD 

HS yr~spo~a (20 r.cu-i), B KOTOPOK H)tepHC-8KT.lilllHYe qacTH~ HCIIH-
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THBBXI B38HllO)t61CTBHH. 

0T6op CO~T.H~ B YCT8HOBK8X K8iIOPHll9TplflJeCKOI'O THna B6~6TCH no 

cy1111apHoxy aBe~oBN,?teneuHJD B :ee~ecTBe xanopH11eTpa. EcnH H'Aepuo­

-aKTHBHaH QBCT:Hna, yna:emaH HS YCTSHOBK;y, noTepana B HSI 'AOJIID 

SHeprHH, npe:eamall~ID H9KOTOpym noporoByll B6JIHqHHy, TO OHS 6Y'A6T 

aaperHCTPHPCBaHa, H688BHCHllO OT 116CT8 BS8Hll0)!61CTBH.H B'APOHa c 

l!e~eOTBOll yCT8HOBira. 

~JIH cpa6BTiil!8RHH YCT8HOBKH Tpe60B8ROCD, qT06Y O)tHOBpeueHHo, 

T.e. :e npe;zi;e;nax paapemam111ero Bpe11eaH ycmHoBKH "?: =2.ro-3 cex., 

BYilOJIHl'lllHCD cne;zt.Vll111R!6 ycno:e.lll'I: 

I. XoTH 6w B )!Byx pn'Aax xa11ep B03H.HK1IB cy1111apHaH HOHHSBl.UIH, 

npeBYmaD~8H 150 p.q. B KSx,1!011 pn~y. 

2. CYlOl8PH8ff HOHHaan.wi: BO :ecex !2 PH'ASX HOHHSS~HOHHNX K811ep 

npeBlima:aa 3000 p. q. 

3. Cyu11apHSH HOHHSanHH B KBX)!OU HS p!J,ll;OB I H Il nponOPIUlOHBJID­

HWC: cqenmco:e He npeBbllllSJia noporoByll B9illt:lIHHy ( 5 peJIJHJIBHCTCKHX 

qac!fHn). 

4. Cy1111apH8H HOHM3BIUIH XOTH 6w B O'AHOJI HS PH~OB Y,YI H Yil IIpo­

IIOpQHOH8.11DHl>IX cqeTqlllCoB npe:elll!lla:aa noporo:eyxi :eer.1r1qxuy B ISO pemi­
Tlrll!HCTOKllX qaoT:Hn. 

Ms :ecex aaperHCTPHPOl!BEHblX, T8KHll o6paaoK, C06YTHlt, H638B.llCR-

KO OT JleCT8 Baa.1111o~aRcTBHH, OT6Hll!JIHCD JI.llllI> cxyqa.11 ll8)!6Hlffi HS 

YCf8HOBKY O'AJ!ROlIHHX HJI.11 c KBJIHM B03~lllHHll conpoBOl!Ql9HH911 a~po­

HOB, npoxo)tff~X :a npe)tena:x: fa;neoHoro yr:aa ycT&Ho:ex.11. 

IlpB oT6ope O'AHH9qHEIX HelTpoBOB Tpe60B8XOCD, qT06li OTOYTCTBO­

Bana HOHHS8IUUI B ~BYX BepXHll.X pll,ll;a:X: (I H ll) nponOpJ.UIOHSJIDHHX 

cqeTQHKOB .II Re opa6aTHB8X Hlrl O)!HH HS reltrepOBOKHX oq~fqHKOB • 

IlpH STOil Tp89Kf0PRIH qacT.111:t~,nocfpo8HR8S IIO .JISKCRlllBJIDHiill fOJiqKall 
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:soex PHllOB xaxop11t11npa, ;ii;oDHB 6wra nepeoa:Kau uol(a;iu, I H II pH­

~o:s nponop!VIOHaJI])m.pc cqeTqJltKOB. 

IlpH OT6ope aelTpOHOB c 118.llllM B03'AymHllM COllpOBOllt,lt6H11te11 Tpe6o­

:sanocL, qTo6s OTOYTO'f:BOBa.na HO:ID188~HH H8 DPO'AOJI.J:eHlltH CTBO.na ' 

nocTpoeRlioro no 'ASHH!ill xanopHJ1e!pa B 'A:B'YX Bepxlilllx PH'ASX (I H Il) 

nponop~lltOHSXLHblX cqei;tqHKOB, a :BOS)J;ymBOe conpOBOllt,lteH11te pel'lltCTPH­

pOBSXOOb B Tex :le Pll'ASX Ha paCCTOHHHH ~ 30 CK OT fiPO'AOJIZBHKJi 

CHO.US. 

TaKall o6pasou, 60.lillt OTo6paBHJile C06HTHH HSXO~K.lIHOL B npell;e.nax 

TB.lIBCHOro yrna YOTBHOBKH, TO KH KOrJLll ODP6l8.lilltT~ C.lIB'AYE~He napa­

MeTp& aaperRO!!!PHPOBSHHOl'O Co6H'fKH: 

I) aaepr11tm qac'f~s; 

2) H8XJ!l!llt6 .iLlIH OTCYTCTBHS 38p!lll;8 y qacTHI.Ui; 

3) H8.lIHQ11te HXH OTCYTCTBHS BOB'AYmHoro .lIHBHSBOro COllpOBO:IC'A6HHH; 

4) MBOTO :BBSHllOlBICT:BHl! qaCTHIU>I, B qacTHOCTllt, lltll6.lIO Xllt llBC'fO 

B88HllOll;aAc!:sHa B yrxepoll;e, c:s11taqe WIK aenaae; 

5) yron np.1CCOJ:1;a qacTHW>f. 

TaK KSK :B aameA YCT8HOBK8 nornOTHTBXL 6sx HBOll;HOpolaH, nonaoe 

BHapro:s~aneHJla B YCTSHOBKB onpe;ii;enHXOCL B BSBHCHKOOTK OT K8C'f8 

B88.11110lBICTBllJt all;poHa. 

IlpH BB8HK0,11;8IC'fBHllt HelTpOH8 B BepXHeH KOM6Hlll!poBSBHOll ~lltJI])Tpe 

c +'PB nonaoe BHepro:shl,?teHeHHe B YCTSHOJIK8 p8llHH.lIOC~ CYllllSPHOllY 

8HeprOllLJl8.lI6HKll • aaperHOTpKpOB8HH9MY pR;ztSllJI Kauep, B8X0,1Ulll(JIMHCH 

KSK llO;zt CBHHUOBWI ~lltm.!poll - Eno ' '.r8K .II B &eJl88HOM norXO'.rfrl!Ue 

ycxaHo:sx.11 - Es.a.• 

To eeTL E0 • E"'o +Es.a. 

llp• BBS.IDIO;ztelo!B~K nel1po11a B aeaesaou nor110!11t!rene yc!aao:sx.11 

llOlU:IOe aaeprOBhl,?t8H8B.18 P8BHJl~Oe~ cy11uapBOKY aaeprO:Bhl,?t8Jl8llJO) t 
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aaperHC'.rpKpoBSHHOKY J.IBA8K!f xa11ep, liBXO~R~KllKCR IlOA aeneBHl:ilKM ;:H~b­

TPSIOI ycTaHOBKH - ER.a. , T.e. E0 : Ea.a. 

B KSz,1(0)( U~l!JH:,14Y8lll>HOll cny'iae npa onpeA6Jl6HIUI BHeprKK He£l'.l'po­

HOB BBOA.llJlHCb nonpaB.KM,yqKTlilBaD~He HBAOKep BHeprHH aa C'ieT KOHeq­

HOI TOJlll!HHH xaJiop.11Kexpa .11 p.ll,ltll 11eTOAI1'<ecux norpemHoc:re.lt. 

m. Sa 62I 'i8C pa60'?H YOTBBOJIKJI 6WIJI O!o6paBH C06HTIUI c 

Eo~ 5.roIIa:s, KS KOTOPlllX 100 llfA8HTH!IJHu,apyewx K8K H6A!po1W 6es 

conpo:s0z,1teBJlll H 83 - uaA!poHOB o 11amiD1 BOB;llYlllHHll conpoB0z,1tea11e11. 

Ha•1 .11suepetrnR noKBaan.11, 'iTo .11u2erpa:iu.Hlil.ll aaepretaqeoxaa 

cneKTp OT06paHHUX C00li1Tlltl! B H!IT6PBB1Ie 3Hepru 5.roIIa:s • 5.Ia12ss 

Ha BHCOTB 325u K H8A ypOBHBM MOPH MO:KHO 81lllpoKCHMKpoB8'fl> CTeneH-

HHK 3SKOHOll: _, 
N (~ E)= A. E 

IlOK838T6JlD cneKTpa f noTOK8 4Jlll 0,1.t.IJIOq.llJiX HeAxpOHOB OK888JICR 

P8BB.wl 2,08 ~ 0,22. 

JJ.o H8C'!OJ'llll6rO Bpe11em1 auepreTnec:rudl Cll8K!p HeATpoJIO:i,Hll8pRJi-· 

~H TOn»Ko Ha ypoBBe 11opH L21] • 

B pa6oTel
21161iln no;i:yqeH A•!lxl>epeanKanLHHI aHepre'!aqeo!Dlll cnaBTp 

selTpOHOB Ha ypoaue llOPfi B 06Ji8CTH aBeprKH 500-IOOO I'aD.OB MOJIST 

11!ilTL npe.JlcTaBJieH B BH.lte N(\:)<llE:. A-E-~,rAe ( -Z,96 :t O,IO, a 

cor.11acaoL22]B BKJte r- (E} ell: = 5.2.· 10·10 
( ';°) ·0dE. 

JlXll Onp8)l8.ll6Hlilff B6C01lll'l'HOI HBT6HCMBHOC!H OAKHOllBHX HBITpOHOB 

HBOc1XO)lHllO TOqHo 3H8TL reo11eTpK'i8CKHR ~airlop YCTBHOBKJ1,yqHTHlla­

m11UIA B COOTB8TCTBHH 0 yrnOBHll pacnpe,1t6Ji6HHell perucTpupyeKHX Hel­

TpoHOB H reouaTpHqecKKe psa11epw YCTSHOllXll. 

Ecnu a6cOJUJTHaH HB'feHCKBHOCTL aeUTpoao:a c aHepruA ~ E
0

, HJU'DUIX 

D BBPTHKSJU.HOll .eanpaBJI8HKH,H8 rny6KHe 8TMOC~PH :>C-~ •• nonaoe 

qacno aaperHCTpHpoBSHHHX YC'!8HOBKOA HBl'!pOHOB 88 6,llHHH!.U' Bpell6HH 

Ha n;r6ue x- F\o\ 'TO reoxaTpxqecm wanop YC'!8HOBKK r paneu: 
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06~ IlO!OK Hel1poHOB, perllCTpHpyeKHlt YCTBHOBKOI, OJUICliBSeTC.11· 

cpyHIU.U16lt :8K,lt8: ~ : s f J cl :JC d 'a' ~ e !:) ( 0) d C.U I 

r.ite :Aw:: ~}>~-cl f.> -a11e11eBTapm TeJiecH!dl yro11; 8 -seBHHNit 

yro11 rrpoxOQeu.11 settTpOHOB; oC .1 j:> -npoeK14K.1 aeHHHoro yr11a Ha 

Il.JlOCKOCTK, nepneH,ll;HKYJIHpJWe OCHll xuep; '.:1(9)-HHTeHCIUJHOC!:L Hel-

TpoHOB HAYlllilX no H81IpeBJI6HIUl e , HS reyCIJIHe BTllOCcpepw :>C • 

COOTBeTCTBYllfll6e BB8Q6HH8 r60ll8TPMqecxoro 9aRTOpa paBHO 

2,03 t 0,16 ~.cTepa.it 
-· 

YqeT reoKeTpaqecKoro ~BRTOpa YCTSHOBKJI .. nonpaBOK, 06ycJIOBJI8H-

HlilX o6paTliliDI XO,ltOK QBCT.IU .. HSJIKQHeK CBH~OBoro cpHJI:LTpa HS ycTS­

HO•Ke, II08B01!JieT HSll IIO;n;,'QHTb HCTHHJl06 asaqeHl(e HBTeBCKBHOC!K 

O,lt.IUlOllHNX H6'1TpoHOB 6es BOS,JtyJllBOro conpOBOQ6UH c 3Hepr11el ~ 

s.rol1aB aa rll;Y6ue 690 r/c~. a:ra B~111111sa pnaa(2,2 .t 0,06)10-9 

Cll-zCeK.-l.CTepa,lt-1. 

0KOHQ8T8;!1JiHO HHTerpanbmil aaepreTllQ8CKKI cneKTP O,lt.IHOTDllilX 

H81Tpoao:e BS BliCOTe 3250 ll HS.it ypoBBBll llOp!I B 06JI8C!ll asepr11a 

500-5000 rs:e, llOXHO npe,JtCTSBH!:L B BH,ll6: 

F(~E)a6.Io-s ( 100){2.pa ~ 0,22) 0K-2. 06x.-I cTepa.it.-I 
E 

fA6 i 118KBpHBTCH B raB. 

Ilpe,llC!8BIDieT llH~pec onpe,lteJIHJ., KSJCYll .itOm> o61116rO IIO!OKS 

»08X axpoHOB .Iii BYKJIOBOB H8 B~CO!SX rop OOC!8B.JIHJ)T OT06paBJU1e B8-

IOI 0,l{UO"llJIH8 H81Tpollli. 

IlOCKOIJ.KY y0!8BOBB8 Be MOrJIS H,lleBTKWllIUIJ>OBST:L 8ApoBH c 60JIIo­

Ull conpoBoa,1teBKe11, 11i1 11oae11 .11.Ul> o~es•n STY .itoD>, :eocnonao -

B&BIDJlC:L B.11,ltOll nep:e1111uoro CII6KTP8 HYJUIOBOB • :BllO:IB8 Onp8,ll8XBHBOI 

llOX8Dll 116XBH118118 IIJ>OXOQ8BU ByUOBOB qepea 8fllOOW8PY XO ypoBIUI 

H86~l0,lt8Bllft,& Taxze BOCno~aoBa~os 9IOll8PIUl8H9lXSBJillUI ~IBBWIUI ' 
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IIOXytl8HBHllH H8llB HS ,ltpyroit YCT8HOBK6 [r3]. 

BliNKCJ18HH8H BBTeHCIBHOC'ri ByKJIOBOB C asepr.lileA E0~ 5.Ioll BB 

HS BWCO!e" 3250 II 01aaanac~ pa:euolt 3,6.Io-8c11-2ceK-ICTBP8,l(-I • 

Ecxa Cp&BBKTi nonyq8BBJD HH'l'eHOHBBOCTi HYKJIOBOB c KHT8HCHB­

BOC'!IID O,ltKHOlllll>IX HeilTpOHOB, aaperHCTpHpoBSH!lliX HSllll, TO 'AOXH 

O,ltllHOlf.HHX He.l!:TpoHOB c SBepnel ~ s.rol1a1 B o611tBll nOTOKe BC6X 

HYKJIOBOB BS BliCOTSX rop COCT8BKT 6~. ~OJll'I O'AKBOllHl>IX H81TpoBOB c 

aaeprHel ~ s.rol1aB B 0611!811 llO'rOKe :aoex a,npoHOB [ 15] COCT8BH ~ 
IY. HenocpeACTB8HHOe HBK8peHXe KO~HI4K8Hf8 HeynpyrOCTH BO 

B88HllO'A8ilCTBIUIX 8'APOBOB B KOCllHQeC.KHX nyqsz KpalHe 88TPYJtBHTen:o­

HO BS-38 TPYJ{HOCTBR KS11epeHIUI aaepraa BTOp.lilllliliX ll8CTJIU.. 

B H8C'r0H~el pa60Te lllil K8ytl8.IIH Beynpyroe B8811KO'A6IOTBH8 Bel­

!poBOB C H.ll;p&IUI 8'rOllOB yrnepoAS B llHTepEJ~6 &HeprKK 500-5000 I'aB. 

llp• STOil YCT8HOBKa noaBOJii!JIS B K8lr,ltOM CJIYqae K8ll6PHTL JIJ(Sl, nap­

UBSRJ»Blil KO~K~.lil6HT HeynpyrOCTH K"'• -,ltO.JIJl aseprKK, II6p&A8BBYJJ 

BO B88HMO'A81CTBHH B SJI8KTpoRH0-4JOTOHHYD KOMIIOH8B'ry. ~JUI 8TOro H6-

o6XO,ltilll.O B KSJl,?lOM OT,lteX:LHOK ony11ae onpe]tenHTL 0 IIOllOlltl>m TOHKlilX 

CBHH~OBWX WH.ll1oTpoB H pH,lt8 HOBK88UHOHBliX KSllep 3H6pri!ll ifloTOHOB , 

BOSHHKmHX B nepBoM axTe Baal!llO'ABACTBBH H.itepuo-aKT.lilBBliX qacTHU E
1

, 
.1 aaeprHD nepBHqHol H'Aepso-aKTBBHOA "llBCTBU!i E0 

k. :~ 
~ e~ , 

IlOOKOJILKY TOJilllHH8 rpa~HTOBOI llllllleHH {20r/cll) 8HaqaT6XbHO ll6HD-

•e npo6era B88illl.O.lt6ACTBHH HYKJIOHOB B yrxepO'A6,,lt.aJI KOppeKTHOro 8K<>-

1IOpHlleHTanbBoro onpe]teneau K"• :e yrnepo,lte ueo6xo.tumo 0T<S.1pa!Io 

JI•lllb C06liTllH,r.ite 6li118 nonHaH YB8P6HHOCTL B H8XBQBX B38.llllO,lt6itCTBBR 

BBl!poBOB B llllllleHa.Ilo,lt rp&qllofTOBOA llHlll8HloD yCT8HOBIUI HSXO,ltHJICH 

CBHBUOBlilt ~HJII.Tp TOJI~HBOI B 5 Cll (34/o..il-),r)te H6A!poHlil T8KZe 
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uornH npoB38HMO;zteiCTBOB8TD. Ilp1D1BBH8K8R annapaTypa U08BOnJIJl8 J 

KS:s,ltOM HH;itllllll,llYSJU:,HbM c.nyqae BliJIBXHTII B38HMO'ABACTBHB RBATpoROB 

HKBRHO B rpaWHTOBOH Ji111meHH. 

3a 621 qac pa60TH YCT8HOBKH 6wxo OT06paHO 96 HettTpoHOB, npo­

B38HKOABiCTBOB8BWHX B rpa~HTOBOi MHDIBBll 0 auepraeH Eo~s.1oII BB 

H c E8~ > 2.Ia1~aB. 
Cpe'AHBB BKCnepHMBHT8XbHOe SHaqeHHB napuwa:in.Horo KO~HUH6HT8 

ueynpyrocTH c(t..$.') OK838X0Cb paBHHK 

0.37 i 0,04 

0'AH8KO npH 8KOnepHMBHT8XDHOK onpeA6X6HllJl1 napUKBXbHOro KOSll.>4J•­

UKBBT8 aeynpyrocTH K"• B yrxepo'AB c TOllIIHHOA 20 r/o~ HMBBT 

cy~ecTBBBHOB ausqeHHB PB.1l nonpaBoK: 

a) nonpsBKB ll8 'ABYKpaTHHB BSBHMOABiCTBHH HBiTpOBOB B yrnepO'ABt 

6) llOIIJl8BK8 BB B38KMO'ABiCTBHB HBiTpOHOB B CBHHUOBOM WHXbTpe; 

B) nonpaBKS BS llO'AllHTKY Ea@ HABPH0-8KTHBIWKH Q8CTHU8KH, B03-

HHKWHKH B rpaWHTe npH B38KllO'ABACTBKK HeATpoHOB. 

a) B CpB'AHBK B ".I I/4 BCBX CXJ'll8BB uorno Ha6lIJOA8TbCH BTOpxq­

HOe J38HMO'ABICTBHB. 

IlonpaBKS H8 BTOpHqHoe B38HMO'ABiCTBK6 HYKXOHOB BBOAHX8Cb KBTO­

'AOK IlOCXBAOB8T6XbmlX npH6XHXBHid!. Ilpwqeu, npeAnonaranocb, qTo 

pacnpeAeneHKe napwranbaoro KOS~HUHBHTa K"• B nepBou z nocze­

'AYJl~llX 8KT8X OAHHaKOBO. 

IlpH yBenaqeHHH TOX~Hlill KHmBHH B08HHK8BT HB06XO'A.IDIOCTD yqBTS 

nonpaBOK, paccqHTSHHblX 'AJill 6onee BliCOKllX KP8THOCTBI B38HKO'A6A­

CTBKI. 

IlonpeBK8 H8 llHOrOKJ8THliB B38IDlOABACTBIH BeATpOHOB B yraepO'AB 

6Y'ABT paBHS: 
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6) UpH onpeAeneHHH KO~WHIU!BHTa aeynpyrocTH, KaK 'AOXH aaeprHH, 

nepeASHHOA Ir -KBSHT8K BO B38HKO'AB~CTBHHX KOCMHQBCKHX H8~Tpo­

HOB B yrnepO'AB c llDMOlllbll TOHKJ4X CBHHqOBWX WHXDTPOB, HS06XOAHYO 

yqecTD, qTo BTOPHllFlli6 BSSHKO'ABACTBl!li KOryT npOH30ATH H B TOHKHX 

CBHHnOBWX @H:JIIiTpaX. 

HanHqHe llO'A rpa@HTOBOA KHW6Hbm 34 r/c~ CBHHqa npHBOAHXO K 

yBeuqeHHll aKcnepHMeHTBXbHOro SHB'lBHHH K j'To B I,I8 pas HXH 

en_ K,,.o 
1--:: : 0. SS '(. ,,.o 

B) KSK HSBSCTHO, npH B38HKOABICTBHH HBATpOHOB B rpaWHTOBOA 

UKDIBHH, KpoKe '3t
0 

-ueSOHOB POX'ASllTCH c·onpe'A8JieHHOI BBpOHTHOCTbll 

H fl.lt6PH0-8KTHl!HliB qacTHUH. 

BenwqHHY BKna;zta AOllOXHHTSXbHOA HOHH88UHH B BBPXHHX Pfl'ABX 

.CI H Il) KBKBP OT B.ltBPHO-BKTHBHblX 'l8CTHn, B08HHKllUIX B rpSWHTOBOA 

°KKlll8HH npH B88HKO'A8ACTBHH HeATpOHOB, KOXHO O~BHHTb, HCXO)tll HS 

PH'A8 8KCnepIDlBHT8Jll>HO HauepeHHYX B&nHqHH, TBKHX, KSK MHOlEEICT -

B8HHOCTD BTOpHqlililX XHBHBBl:ilX qeCTHn ns 1 BBpOHTHOCTD BS8HUO'A8A­

CTBHH B,'Z!BpHO-SKTHBHOA qacT~, napnKBXblllil KO~H~HSHT aeynpy­

roCTH K,-ro B.1l8PH0-8KT.llBBOA qacT~H B CBWll\8 H T·'A·· 

Ilocne yqeTa nonpaBKH aa nO'AllllTKy: 

Kn• = 0,95 t."o 
YqeT MSTOAHqeoKllX omH60K, o6yc~OBXBHlllilX HBToqaoCTRKH B KSae­

P8BHH Eaw H E88 , nonpaBoK sa 'ABYKpaTaoe Baa1uoAeAcTB1e B yrne­

po;zte, HS AOllOXHHTBXDHOe B88HMOA6ACTBH6 HBATpOHOB B CBHBnOBOU 

WIUD>Tpe K Ha noAnHTKY B BenKQKlfY ES\I> OT H'Aepso-aKTBBHHX qacTKn, 

BOSHHKmBX B rpai1Te, llOSBOXHST HSU llOXYQHTD HCTHHBOe asaqeBHe 

K ,,.. 

" 
AXS HBATpoHOB B yrnepoAe~ 

K "• = 0,31 ;t 0,06 
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SHaqeHae K"• B yrnepo].te cy~ecTBeHHO npeBNmaeT BeJiaqaHbl rrap-
1 

UH81Il>HOrO KOSqiq>auaeHTa HeynpyrOCTH KJt'o ' npHBOAHMble B JIHTepa-

Type (0,16 ~ 0,29). PaaJiaqae uo•eT 6NTb BNSB8HO Tell 06CTOHTeJib­

'CT:SOll • qTQ c;n:yqaH c Eaqi = 0 HCK2Ill'i8JIHCb H3 Hamero paccuoTpe­

HHH. ~e~CT:SHT8JILHO, SHeprru1 SJieKTPOHHO-ipOTOHHOI KOMUOHeHTN onpe­

,l1;8:JlliJ18Cb no ITOK838HHHll :sepXHHX ABYX pH,ll.OB HOHH38UHOHHNX KaMep,B 

K8llt;ltOtt HS KOTOPHX uor perHcTpHpOB8TLCH JIHIDL TQJiqoK, npe:swmaD~>rt! 

200 p.q. Cne.n;OB8T62ILHO, qacTL C06NTHI, HAeHTH~HUHpyeW:ilX KSK 

cnyqaa c E3~ = o, uorna o6naAaTI> aHeprHei E3w~ 2.1ol0a:s ( T.e. 

0 ~ K<O,I). 

IlpH 6on:r,mo11 npoueHTe TSKHX co6Ji1THtt cpe.ztuee i:JHaqeHHe K ,.. .. 11oitteT 

6NTL B Hame11 CJiyqae cy~eCTB6HHO 38BJilmeHo. 

EcJUI. BKJJ:JlqHTb B OT6HpaBll!ile co6HTHH HettTpOHN, np0B3aHMO'AeACT­

BOB8BmHe B rpawnoBott MHmeHH c npaKTHl;{6CKH UOJIHHM 'l.TCYTCTBHeM ne­

pe'AaqH 3Hepr1K B aneKTPOHH<>-Q}OTOHHytl KOllITOHeHTy, T.e. co6NT.ll'.fl c 

!:l, .. ~ 0 H 'j > 0 no ,ll;SHHblM nponopitHOH82I:&HNX cqeTl;{HKOB' TO cpeAHHH 
,..,. '",lV . 

Bemmrna ( K,io) .n;M Heit:rpoHo:a :a yrnepo].te c sHepraeA 5.IOII t: 

' E0 '= s.rol
2 

a:a paBHO 

<'. K,f)~ 0,23 :t 0,07. 

8aBHCKllOCT:& (K ~·>OT aHeprd B38.llYO:zteltc:rByJ>ll!HX HeA!pOHOB ].tJlfl 

paaHNX HHTepBal!OB SHeprHH Eo oqeHb cna6o BHpa•eHa B HCCJ1e;ztye11ol1 

axepreiraqecKo« o6nac!H. 

lloxyqeHHOO pacnpe;zteJieH•e BeJIHTUfHlil t"'o ( a Cll6J(OB8T6Jlt.BO' H 

K ~ ), ;llJ!ll :SS8HJIO;i.te«cTBd HeJaTpOHOB c SHepraeit ~ s.1a1Is:s' npoac­

me:ztmHX B yrnepo;i.te t OK8S82IOCL Beet.Ka lllHPOKHM.Bemmrna t..Jt" CHllLHO 

!llJIYJETYHPJ'6T,CyutecnytlT co6&1THH c 6onmoA nepe.n;aqeit aHepr.HH 5'T• -

11ea0Hall,XOTH HX H 118l!O '"" 20% Co6JilTHI c BeJIMqffHOll Kr"~ 0,6). 
OCHOBHOI npHqHBOI, KOTOPBH .n;e.naeT pacnpe].teJieHHe t.Jr9 mape 

HCTHHHOI'0,11Bl!H6TCH H8JIOZ6Hl6 BTOpHqliblX RaCK8,ll;OB H8 nepBHqHJile H 
-14-

aaBNmeHHe no STOJa npH'i.llHe SHeprHH \liOTOHOB, B03HHKWHX B nep:so11 

aKTe. 

aa xapaKTepa pacnpe.n;eneHl/lH ·:aenHqHHbl f..,ro JIOZHO CJ(BJISTL 

C.lI6.n;yJlllltH6 :SHllO:ztH: 

a) c BepOHTHOCT:&m IO-IS% HJl86! 116CTO. T8K08 B38HMO;zteACfl!H6 HeA­

TpoHOB c HJ.tPBMH yrnepo:zta, npH KOTOpOM B O].tHOll 8KT6 BSSHJIO.D;elc!-
0 I 

BH.ll sr - Mea0Ha11 rrepe].taeTCll 6om;maH qacu aHeprHH - ( t.l". > 
0,6). 

6) Bemi:qaH8 K Jto n-pe!repmrnaeT cyll(ecTBeHHble qinyK~a~HH OT HYJIH 

.n;o e;ztHHH~li. 

Koaqiq;HI.U16BT ueynpyrocTH K B HYKl!OH-H,ltepB011 Baa1111o;ziettcT-

BHH onpe].tel!H6TOH, K8K ].tOJJ:H SHeprHH nepBHqH9A 'i8CTH!Ul, rrepe;i.taH­

HOll BO B88HllO;i.t6ACTBHH BCSM reuepHpOBaHJUiJi BTOpJlqHJilM qacT.11~011: 

'!:... 't. .. 
K"' -Eo 

r,iie t~ - aHeprHH B!l!OJ>HtlHhlX BHOBJ:. poJE,l:{eHm qacTH~ B L c.11cTe11e, 

a E0 - rronHaH aHeprHH nepBHTIHOit qacTIDJ,bl. 

0;llHBKO Hll6IDDt.116CH B HBCTOHll(ee :speMH SKCnep.1111eHT8JIJ;HNe ,l1;8HHbl6 

OTHOOHTSllLHO KOSqiql.ll~HeHTa HeynpyrOCTH B o6naCTH 60llt.lllHX aHepratt 

Bee e~~ ].tOBOll:&HO CKy;i.tHlil .II BO llHOrou npOTHBOpeqaT ;zipyr Apyry. 

.1lJIH onpe:ztel!BHlllH ll02IHOro KOaQi<lJHU.116HT8 HeynpyrOCTH K np.11 H,llep­

HNX B88HllO].tei1cTBlllHX B&ICOKOA SBeprHH qacTO non:&symTCH COOTHOmeH.11e11, 

Bbl!r6K81llllHll HS HSOTOllH'~6CKOlt HHBBPHSBTHOCT.11 1 

(K)-::.'3(Kn°) [231 

l'].t6 K.sr• - ,ll;OJJ:H aHeprHH, nepe:ztaBaeuaH B 0].tHOll SKTe 11680HBK. 

ilOllHlill KOsqiq;HUHBHT Beynpyro~TH K MOllElT 6HTL H8Me-1 

pea HeaaBHCHMO OT K-"• , ec.na onpeJ.teXHTL ~omo BJi1COKOSHepraqH&1x 

HYKl!OHOB A cpeJ.tH BTOPH'iHhlX qacTH~ H sueprxm aTHX HYRllOHOB E2• 
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