


PaOoTa BhlilOJIHeHa B Jia6opaTop1rn H,l.l.8f,Hh!X npo6JJeM 06'h8,II.l1H8HHOro 
11HcT11TyTa r1:n:e pH11x 11ccJie.r.:0Eamu1 (r. ,ll,y6Ha). 

HaytrHhlll pyKOB:;_;mTe,rw: CTS.Pllfilll HaytrHblll COTPYJJ,HllK KaH,IU1,naT 
{pll3UKv-MaTeMaTl1'!80KllX HayK 

KJ.A.Il;ep6aKoB; 

()(t;n~ra.11>H:1e onnoHeHThl: 

,no1,Top q;11a11KO-MaTeMaT11trecKUx HayK B.E~EeMeB, 

.n?RTO p q:11a11Ko-MaTeMaT11qecKllx HayK 'A .E.Kypemrn. 

Be,nymee Hay'IHO-¾CCJJe,noBaTSJII,CK.Oe y-qpelit,ll,em1e; MocKOBCKlffl 
.. 

.11Hr.te rte pH0--{1lll311'I8 Cillii1 HHCTllTYT, r • MOCi<Ba • 

· ABTopeq;epaT paaocJ".lBH 11 II · I975 r. 

3atmiTa ,I(liccepTawrn cocTo:uc.A: 11 II 1975 r. B 

II " -qacOB Ha aace,n,aHllll Y"<IeHoro coBeTa Jia6opaTopm1 .R,1tepm-.1x npoelneM 

mum:. 
C ,II.l1CCepTaurreu·MoiKHO 03H8!\0M11TI,C.A: B 6116JJ110TeKe 06'h8,Il,11H8HHOro 

;rncTiITyTa. H,l.l.epm,rx 11c::;Jl8):\0B8HMH. 

YqeHhltt ceKp2.Tnpi Co:r:.e Ta 
Ka H,n;ll,I\8 T (j:}!3llI<O-M8 T eua TJ1qe CKHX H8yK 

FJ.A.EaTycoB 

] 
;j 

<I>AJIOMKMH 

Mropb BacJ1JibesJ1q 

I - 8717 

MCCJIE~OBAHME YnPYroro PACCEHHMH 

nOJIO)KMTEJibHhlX M OTPMUATEJibHhlX nMOHOB 

nPM 3HEPrMM OKOJIO 100 M3B HA H~PAX 3He M 4 He 

C MCnOJib30BAHMEM CTPMMEPHOJ1 KAMEPhl 
BhlCOKoro ~ABJIEHMH 

CneQHaJibHOCTb 01.04 .01 - 3KCnepHMeHTaJibHaH qm3HKa 
A Brnpeq>PpaT nHrcepTat\HH Ha coHCKBHHe y<1ettoll cTenettH 

KBHnHnarn qJH'IHKO M BT6MBTH'l6CKHX HBYK 

( IlttccepTlllllHI IIIIIIIICBHB HB pyccKOM Il3b1Ke) 

@01,:;:,µ~iiemmfi r.-ncn:r:i;v · 
4 unspm..1~ Dt:e.rmp,eoom:Q 
L.; w,~~W,•iOTE«.A-



' 

'r 
\ 

Ilpl'I l'ICCJie,ltollaHl'IH npou.ecCOB 13SaHM0,1tei1CTBl'lll llllOHOll C ll,llpaM11 

He06XOJll'IMO CKOHIJ.eHTPHPOBaT:r:. llHl'IMaime Ha nsyqenmi pacce!lHH!l IlllOHOll 

1l pai10He peaoHaHCOll n, 1l nepByIO oqepe.iu,, If pailoHe nepBoro 6ap~IOH

Horo peaoHaHca, T .e. npa ,meprnHX n110HOB oT IOO ,llO 300 ,.:aJJ. rpyn-

noil JK.CTpOTa 113 l.lEPHa / l/ 6blJIO 11CCJie,Zl_DBaHO po.cccmrne fi?.Ol!OR 

Ha H.llpax yr JJepo,!1.a B yxasaHHOM 1rnTepsuJJe :iriep:n,li. <;TH 

3RCnepm.ieHTaJII,Hf,Ie peayJII,T8TbL CTHMYJil1pOBaJil1 nOHBJiem1e 60JJI,:,JQ1'0 tJlfC

Jia pa6oT, HOC]lfl~6HHblX 3TOii npo6JieMe. 

8Kcnepl1!.!8HT8JII,HblX Jl8HHWC no pacceHHIIIO nHOHOB cpet(Hl1X 3Heprnii 

Ha ;!ipyrnx JierKHx aiipax, Hanp11Mep, Ha ll:itpax remrn, noKa 11ano /?+'ii .• 
B TO JKe BpeMH.- K npo6JieMe ynpyroro pacceirnnH nHOHOll Ha a;npax ren_l1ll 

B03Hl1K oco6ui1 l1HTepec B Cllll3H C npe,!VIOllreH11e11 :;!.iiJTepHXatlMa ii P.Xogr 

ll!Ta,ltTepa /7/ - ROill:JTaTl>Cll 113BJleq1, C1le,1teHl1!1 06 3JJ6KTpO!J8rIHITIIOl.l 

·f,op1f~auope nnoHa 113 cpaBHett11a ,1tHrJ,,wepeHu.nam,m1x ceqe1rni1- ynpyroro 

pacceHHl'IH Ha H,Zlpax remrn Il-OJIOlKl1TeJII,HblX l1 OTPHU.aTeJJI,IJblX nHOiIOB. 

8KcnepnMeHTaJil>Hue ,ll8HHble no ynpyro:ry 1,acceamuo nnoHOB Ha lll{

pax remrn-3 l{O Cl'IX noµ B006lll8 OTCYTCTB01l8Jil1. 8TO CiOJII,WOii npo6eJI, 

T.K. HJlPO reJJl1H-3 llBJIHeTCH co:oopweHHO C81fOCTO!lT6JII,HblM flJlPOM I} OT

Jll'ltJaeTCB OT reJil'IH-4 K8K Cill'IHOllb!M, T8K l1 lt30TOH-CilllHOB1JM COCTOHHl16M, 

B ;n11ccepTau.n11 on11caHbl 3KcmepmJeHm no l13Mepemm ,1t!1rJx;,eµenu.11-

8Jil>HHX ce1rnH11U ynpyroro pacce!lHl1ll 3apm1teH11h!X m1011on npn a11eprn11 

98 '..!3'3 Ha sr,l.lpax r.emrn-3 1-r' remrn-4, Bh!IlOJIHe111111e c noLWllU>IO cneu.11aJI1,

HO paapa60TaHHOii ll C03Jl8HHOii ,ZlJJH 3TOii ~eJll/1 reJI11eno» CTpm.rnpHOii Ka

ueph! Bh!COKOl'O ;naBJieHHll, l'I l{aH 8H8Jll13 peayJil>TaTOB 1!3MCpeHl1ii. 

~nccepT81J.11H COCT011T 113 Jl61lHTl1 rJJaB. B nepBOii rJiaBe - 13B6,Zl6Hl11!

,naH KpaTKHii OC53op no JlBYM TeMa!.I. C O,ZlHOii C'.WpOHbl, pacCJ.IOTpeH npor

pecc 3Kcnep11M6HT8JlbHOit TeXH~Kl1 CTPllMepHh!X KaMep, a C ,!J.pyroii - BOil

pOC!,£ ynpyroro pacceHHJrn IlllOHOll Ha a;npax reJI11ll. 
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Bo IJTOpO.tl rJiaBe ,n;1rncepTanm.t omicaHa IIOCTaHOBKa 3KcnepllM8HTa 

no pacceimmo IIllOHOB Ha reJilll! • B Ka'leCTBe OCHOBHOro 3JieMeHTa MR 

llCCJI8,ll;OIJaHl!fl 6uJia llCIIOJIL30BaHa reJilleBaH CTpllMepHaH KaMepa B!ICOKO

ro ,n;aBJieHlrn • 0Ha cJiylKl'lJia O,ll;HOBpe11eHHO Mll1118HLIO ll ,n;eTeKTOpOM. KaMe

pu TaKoro Tnna paapa6oTaHu B E,y6He 18 , 91. 8Tll KaMepu pa60Ta10T oea 

l!CKyccTIJ8HHOro oopuBaHl!H paapn,n;a. BBe,ll;eHl!eM He3Ha'lllT8JILHblX ,n;o6aBOK 

yrJI8BO,ll;_Op0,l{OB (IIOpH.ztKa 0, I%) B OCHOBHOM raa ~OCTllraeTCH TaKOM. 8W°" 
W8KT, 'lTO nal!OOJiee HpKO CBeTHTCH TOJILKO neHTpaJILHue ··qacTll CTIJllMe

poB. 8TOT M8TO,ll; II03BOJIH8T IIOJiyqaTL XOpOIIIO JIOKaJill30B8HHhle CJI8,l{ll 

3H81l1!T8JILHO 60JILIJl8U HpKOCTl!, 1l8M B OC>hl'lHblX CTpllM8JJHblX KaMepax. 

Bell YCT8HOBK8 pacrrOJIOllieHa Ha rryqKe ·IJ),lOHOB OT. M830HHOro 

TP8KTa JlaoopaTOpllll HA8PHhlX npooJieM (puc~·I). J{JIH IIOBOPOTa·nyqKa 

ITT/fOHOB B ImMepy-Ml!!Il8HI. l! ){Jill ,ll;OITOJIHllTeJII.HOro aHaJil!Sa qacTllU Ha 

B!.lXO,ll;e ue:JOIIHOro TpaKTa HaXO,ll;liTCll OTKJIOHflJJl!ll!tl II .aHaJIH3llpY-

lOll!llH MarHllT idC-4-2. B aa30pe 1.mrH11Ta pacrronoirnHa reJiuenaf! 

CTflllMepHafl KaMepa npll aTMO.cgjepHOM .ztaBJieHllll HaXO,l{lllijeroca· B Hett ra-

3a. 8Ta 1ca11epa cJiyilniT MH ll3MepeHllH 1111nyJI:&eOD ·qacTllU B _nyqKe. ~a

Jiee Ha IIYTI! IIy'lKa paCIIOJIOllC8Hhl ,!{0IIOJIHllT8JILH8fl gjOKYCHpyI01I1aH KB8.ztpy

IlOJILHaH J!llH3a MJI-9 ll OCHOBHaH KaMepa-Mlllll8HI>, T.e. CTPllM8PH8fl Ka-:-, 

Mepa BhlCOKorci .ztaMemrn (CKBJU. ;ll.JIH gjop1i1.11poBaH11H 11 1JOHmop11poBaH11H 

nyqKa J1.110HOB ll ,l(JIH ynpaBJieHHH KaMepo.ii l!CIIOJII.3Y8TCfl CHCTeMa CUl!H-

TllJ!JIHUl'.IOHll!IX cqeT'lllKOB, B TOM 1ll1CJie _; KOJII>Ue:130lt ro,n;OCKOII 113 cqeT

'lUIWB, 01cpyllCa:0111Hx KaMepy·. PacceanHue B ra3e RaMepu 11 nonaBtrme B 

O,l{IUI 113 cqeT'll!KOB ro.l{OCKOIIa lll!Olihl ,11;aIOT ITOJI83H1IC sarryCRII. 3a Ka

Mepo.ii CKB.I\ p_acnoJio::;ett qepeHIWBCKl!tl cqeTtJl!K, cJiyliCa11111il ;zwn anaJIH3a 

COCTaBa nyqKa. 

8JieKTPOllll8H CllCTeMa ooecneqllIJ88T pa6oTy y'cTaHOBKII: B 'cJiyqae 

C0BII8,!{8HIIH CllrHOJIOB OT COOTBeTCTBJI0111HX C'l6T1ll!KOB, 'lTO. CBll,ll;eTeJII,

CTByeT O IJ03MOniliOCTll ITOJie3HOrO COOhlTl!H, npOl!CXO.l{l!T CJie,l{yiOfi!88: . Cl!I'

HaJI COBIIa;D;eH!lH uanptiMH8TCH qepe3 Cl!CTeMy 6JIOKl!POllKll Ha Cl!CTeMy 

annycKn, IIOCJie qero aanycKaeTCH B!ICOKOBOJILTHblll rettepaTop l!MIIYJII.C

HL!X irnnpnJJCennH; cpa6aTbrnaeT cTpmrnpHaH KaMepa, co6uTl!e woTorpacpl!

pyeTcH, 11 ;n;aJIIiHetiIUee npoxoii(,l(ett11e cl!rHaJIOB 6JIOKnpyeTCH Ha perymipy-
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eMoe BpeMHOT O,I ,llO I ceK, B Te'l6Hil6 KOTOporo npOIICXO'AllT nepe

THJKKa mreHKII II cncTeMa npIIXO]{llT B COCTOHHil8 rOTOBHOCTII. 3anycK II 

{j)OTOrpawIIPOBaHne 'ABYX CTpI1M8pH1!X KaMep, IICll0Jlb3yeMblX B ycTaHOBKe, 

npOll3BO;lll1TCH HeaaBncnuo. 

B TpeTLeli rJiaBe ,ll8TailbHO OllIICblBaeTCH IICllOJlb3yeMaH 3KcnepIIM8H

TaJibHaH annapaTypa. CTpeMJieHne yBeJIIl'lIITb ]{aMeHile B Kauepe-MI1me

Hn CBH3aHo, O'l6Bil]{HO, C TeM, 'lTO llPII 3TOM BOapacTaeT nROTHOCTb 

HanoJIHHIOll{ero raaa 11 TIO.IIBJU!eTC.11 B03MOJKHOCTb YB6Jll11I11Tb llllCJIO B3a!1-

i. MO]{et!CTBl1li, npOl'ICXO,llfllllillC B raaeKaMepu. B TO lite BP6MH 3Ta ynpa:s-

. J1He11aH, 61rnTpO]{ei1CTBYI01llaH, 06Jia;llaIOlll8H Mamm BpeMeHeM na11HTl1 

l1 C00TBeTCTB8HHO BblCOKIIM :speMeHHblM paapemeHileM (HaPH'AY C xopo

W11M npocTpaHcT:seHHUM paapememrn11) Kauepa noa:somieT Ha6JIIO'AaTb cJie

'Ahl H,llep OT]{8lJl'I ,llallte npII He6om,mmc 3HeprIIHX lll10!i0B l1 aaTeM l13Ue

PHTb Bee yrJio:sue mippeJIHI~lm. Kailepa CKBJ{ pa601aeT npII 'A8DJiemrn 

4 a TM/ IO, III. CoeicTBeHHO Kauepa npe,lloTaMHeT oo6oil nReKcilrJiaco.:. 

BLIU cocy,ll C ;rOHKIIMll CTeHK8M.ll, aaKpblTblii c:sepxy OllTil'l8CKllM CT8KROM. 

BHyTp6HHl1li 'All8M6Tp ee - 450 M)J, DblCOTa - I20 MM. 06~eM M6Jlt'AY STUM 

cocy,llOM l1 OT8JlbHOi1 060JIO'lKOfi KaMepbl aanOJIHH8TOH aaoTOII, IIM6IOll{llM 

60J11,mee npo6HnHoe mmpHllteHne, qeM ·reJiuil. (tloTorpawI1po:samrn 1taMepu 

rrpoI18BO'AIITCH c:sepxy 'ABYIJH {j)OToannapaTa1111 P(t!K-5, CMOHTupoBaHHhlMH 

Ha oomeli llJll'IT8 • KaMepa BM6CTe C Hlll!ilHIM 1 BbICOKOBOJibTHHM 3Jl8KTpo

'AOM yoTaHaBJIHBaeTCH Ha ITJieKCilrJiacoBOM Il30JIHTOpe, KOHCTPYKUIIH KOTO

poro ll03B0JIHeT samrnan BUCOF.OBOJlbTHbll! 3Jle!{TPO'A KOH]{eHcaTOPHhlM 

MaoJIOM 'AJIH npe]{OTBpameHllH KOpoHttpo:saHIIH c;µTOro aJieKTPO,lla. J{JIH 

IlllTaHllfl KaMepbl 6uil CKOHCTpynpoBaH II ll3rOTOMeH DblCOKOBOJlbHblit re

nepaTop llMnyJibCHLIX uanpmiieH11U C Marrniu,aJihHblM BbIXO;l!HblM HanpHl!(6Hl'l

eJJ 800 F.r/12/. ITp11MeHemre remrn-3 ,llJIH HallOJIH8HUH KaMepu co

npmJCeHO C pe111eHlleM orrpe)leJieHHJ,IX T8XHlltJ6CKIIX BOTIPOCOB, CBH3aHHhJX 

C He06XO]{llMOCTbIO o6eonetJnTb coxpaHHOCTb 3TOro ~eHHOrD l!30TOTia II 

B03MOlKHOCTb ero oqni:JTKl1 'AJIH noBTOpuux ~l!KJIOB 11cnoJI1,aonaHI1/I /IJ/. 

CTpntiepHaH KaMepa B MarHUTHOM noJie (CRi.!II) CJIYJJCllT B. KOH8tJHOM 

CIJeTe 'AJIH onpe,lleJieHl!ff, m.myJibCOB qacTllU, B nytJKe no peayJihTaTaM ll3-

M!lPSHllH ~OTOrpa(j)llli CJl8;l!OB lJ!lCTllit B ST Oil KaMepe. reHepaTop BhlCOKO-
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BOJibTHblX IIMTIYJihcoB ,n;JI.11 m1ramrn Kauephl pacnonaraerc.11 a sasope Melf!'AY 

H!lTymKaMll MarHl!Ja. 

S~eHTllBHOCTb pa60T!l BC8X C~llHTllJIJI!U~lrnHHblX. CIJeTtJllltoB nep~O'All

qecK!1 KOHTPOJil!POBaJiaCb ll l13MepHi18CI, Ha rryqi<e lJ!lCTlIU • 1lepCHl{OBCHl!M 

CIJEiTtJllK 'AJl~_8H8JIII38 cocTa:sa.nyqKa l1M8JI pa,llllaTOP 113 llJl8RCl1rJiaca. 

B tJeTBepTOl! rJiaBe rOBOPllTC.11 0 ceJieKUlll! llllOHOB no BpeM6Hll npo

JieTa, MOHllTOp11pOBaHllll lJllCJia TIil OHOB, rrpome,n;nrnx qepes MHl'!CHb, 

06 aMTIRllTYAHhlX cneHTpax C: qepeHKOBCHOro CtJeTtJllKa II 8H8Jlll38 3Tl!X 

cneHTPOB. Bpeua-npoJieTHhltl M6TO;l! ll03BOJIH8T yMeHI,lllllTb IJllCJIO pel'l1CT

pllpyeMhlX llPllM8CHblX 'l8CTll~ B nyqite (T.e. MIOOHOB' 11 3JieKTP9HOB). 

Ilpll 3TOM l!CllOJib3yeTCH TOT IJ)aHT 1 'ITO IlllOHbl I MIOOHbl l1 aJieI<TpOHhl npo

XO;!IHT aa pa8Jill'lH08 Dpe!JH paccTOHHlle Mell!,lly 6830:BH!Jll CIJeTtJllK81411 I 

II 3 (OM. p11c. I). IlO,ll6llpaH aa)lepJ(l{y B cqeTtJl!Ke I, MOlKI!O no;ziaBllTb 

per11cTpau11ro npnMeOHblX qacTUU cqeT 1lllK8Mll, BKJIIOtJeHHb!Mll Ha COBll8]{eHllfl. 

1lllCJIO qaoTllU, npome]{lllllX qepea 1taMepy-Millll6Hb, MOHl!TOpllpyeTCH CllC

T8MOil OUIIHTIIJIJIHUUOHH!lX CtJeT'lllKOB, BKRIOIJeH~blX Ha COBna;zieHllH-aHTll

oo:sna]{eHllH Crc
2

c
3
u

4
u

5
c 6 (cu. p11c. I). C ~eJibIO onpe]{eJieHHH cocTaBa 

nytJKa B aMTIJillTY'AHhlil aH8Jlll38TOp san11cuaaeTc.11 crreKTp m,myJibCOB C '16-

peHKOBCKOro cqeT'll!Ita • B cneKTpe Ha6JIIO;llaIOTOH Tpll llllH8, COOTBeTCT- · 

DYIOllllle llllOHaM, lllOOHaM ll 3Jl6KTPOHaM·. Ill1I{ll pa3,n;eJI.IIIOTC.II C ITOl!Oll!b!O 

SBM. B peayJIIiTaTe, 3H8fl OTCtJeT LfOHllTOpa II npo~eHT lll!OHOB B nytJKe, 

MOlltHO onpe,lleJil!Tb noTOH llllOHOB qepea UllmeHb - BeJilllJllHY, HCOOXO'Al'l

uyro MR ll3MapeHllfl cetJeHHit. 

B llflTOi1 rJiaBe OllllCaHbl pa3Jill1JHble MeTO,llbl l!3Mepemrn mmyJibCOB 

. tJ8CTllU B nytJKe ll paa6poca llLfllYJlhCOB. B KatJeCTBe cpe]{CTBa ll3Mepe

Hllfl 8Heprllll lJ80Tll~ B nytJKe llCllOJlb30B8Jiach HPIIBaH npo6er-aHeprllH. 

H:cTaTll, "npo6el!CHaH" HPl1BaH 'A8BaJia TaKlKe l1 npe]{B8PllT6JII,Hble OB6'A8-

HllH O COCTa:se nytJKa. ;npyro.tt UCTO'A - cpaBH6Hl!e 1131.!epeHHOil,'AJ!llH!l 

npo6era fl'AP8 OT]{atJll B Kauepe C pacqeTHOii 'AJ!llHOtl llPll onpe]{eJieHHOit 

H8'l8JlbHOtl aneprllll llllOHa • STO ll03BOJIHJIO onpe]{CJ!l!Tb
0 

3Heprl!IO lll!OHOB 

Henocpe]{CTB8HHO B oauotl raaonoii Mllill8Hll. M, HaHOHeU, OOHOBl!hJL{' 

cpC,llCTBOM ll3MepeHl1H llLITIYJibCa qacTl1~ CJiymma CTpllMepnaH Kauepa 

B uarHllTHOM ITOJie. CJie;l!bl, C{j)OTOrpa~llpOBaHHL!6 B CK!ffl, ll3MepHJil!Ob1 

ll onpe;zieJIHJiaCb !IX KPllBll3Ha. naJiee, l1CXOAH H3 B8JllllJllH!,1 uarHllTHOro 

n_oJIH, BL!'ll1CJIHJICH m.myJibC .KalK,llOit tJaCTll~. Bee MeTO,llbl ll03BOJlllJill no-
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JIY'llHTl> xopomo cornacyIOII!H8CH peayJII>TaTu, 8HeprHH i'I HMnyJII>C Ili'IOHOB 
B nyqxe oxaaaJil'ICl> CJI8)ty!OII!HllH: T=(98,t7) MaB, P=(I92,±9) MaB/c. 

B mecTott rJiaBe OIIHCaHa npoue)typa o6pa60TKH 8KCII8Pi'IM8HTaJil>HO
ro UaTepHaJia H MeTO,ll; IIOJIY118HHH ;zuiqxpepeHUl'laJil>HWC ceqeHHtt ynpyroro 
pacceHHHH sapHX8HHHX Ili'IOHOB Ha H,ll;pax reJIHH-4 i'I reJil'IH-3. YxaaaHHHe 
pea~HH ynpyroro pacceHHHH MOl!tHO saIIHCaTl> B CJI8)tyIDII!8M Ei'l,ll;e: 

+ I/ + If 5r-+ He-x-+ I-le, 
+ l ± JH :r-+ He ➔ 1' + e. 

IlpH KHH8TH'q8CKOtt aneprHH IIHOHOB (98,±7) MaB 6HJIO IIOJiyqeHO 400.000 
THCH'll WOTOrpa~A npH pa60T8 C reJIHell-4 H.!50.000 WOTOrpa~Htt npi'I 
pa6oTe c reJIHell-3. ~oTorpa~HH cny11an ynpyroro pac.ceaHHH nHOHa Ha 
reJIHH npe.ll;cTal!JIHeT co6ott .ll;»yxny11eBy10 SBeSJtY (pHc. 2). CJie~ pacce
HHHoro nzona H cJie,lJ; H.ll;pa·oT,1J;a11H xopomo paSJIHqa10TcH. l'IoHHSYJOII!aH 
CIIOC06HOCTl, H,ll;pa OT,ll;a'lli'I BeJIHKa, .H MOTHOCTl> ero CJie.ll;a SHa11i'IT8Jil>HO 
npelll,lmaeT IlJIOTHOCTl> CJI8,ll;8 pacceHHHOro nHOHa • liTaK, nepBaH 88,ll;a
qa npH o6pa60TK8 saKJIJO'qaJISOl> B TOM, qT06H npOCMOTpeTI> 8KCilOHHpo
B8HHH8 ~OTOnJieHD H OTHCKaTI> J308,ll;BYXJIY118BHe 8B88,ll;U. IlpOCMOTP npo
HSBO,ll;HJICR ,ll;B8QE,I, a~eKTHBHOCTl> ,ll;ByKpaTHOro npOCMOTpa COCTSBJIH
Jia He ueuee 99%. 

0CHOBH8H uacca HSUepeHHI 6UJia npO,ll;6Jl8H8 Ha npocuoTpOBO-HSUe
PHTeJll>HOU CTOJie. HsuepHJIHCl> KOOp,ll;HHSTH TOIIKH B38HUO.ll;eicTBHH, yr
JIU pacceHHHH H npo6er H,ll;p8 OT,ll;811H (B Tex CJiy11aHX, KOr,ll;a CJ18,ll; H,ll;
pa O~,ll;811H 88KaH11HB8JlCH.BHYTPH Kauei;ll,I), a T8KXe onpe,ll;eJIHJICH Houep 
0116T11HK8 ro,ll;OCKOna, OT KOTOporo IIPOHSomeJI sanycK Kauepu. Koop,1J;H
H8TQJJ CBCT8U1 88,ll;8J38JIH penepuue xpecTH. qaCTl> C06HTHtt (OKOJIO 400 
CJIJ:q88B) 6wia HSUepeHa Ha IIOJiyaBTOYaTaX. CpaBH8HH8 pesyJII>T8TOB 
HsuepeHHA HS IIOJIY8BTOUaTax H npocUOTpOBO-HSllepHT8Jil>HHX CTOJiax IIO

Kasano, 'qTO 5TH-pesyJll>T8TH BilOJIHe COBU6CTHUH. 

lv!H 88,ll;aHHOtt HaqaJII>HOA aneprHH IIHOBOB 6HJIH COCTSBJieHH KHHe11a
TH11ecKHe T86JIHitH, T.e. lll,lllHCJieHI,[ SHa11eHHH yrna pacceaHHH H,ll;pa OT
,ll;811H B 88BHCHUOCTH OT yrna pacceHHHH IIHOH8 H BH11HCJI8HH SHalleHHH 
npo6eroB H,ll;p8 OT,ll;811H TaKZe B 88BHCHJIOCTX OT yrna pacceHHHH IIHOHa. 
KpBTepHH OT6opa C06HTHR ynpyroro pacceHHHH 88KJIJOllaJIHCl> B Tpe60Ba-
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PHc. 2. ~OTOrpaWHH C06HTHH ynpyroro paCC6HHHH IlHOHa Ha H,ll;pe reJIHHo 

.IM: 
d.A, 

m6/sr 
n'fle 

15 

10 

5 

dtJ• 
till • 

m&!sr 
n4He · 15 

10 

5 

/ 
~ . 

30 60 90 120 150 180 8,r, 30 60 90 120 150 
tl>ao. 

PHc.3 (a,O). 
~Hw~epenuHan1>HHe ce11eHHH B cHcTeue ueHTpa uacc ynpyroro 
pacceHHHH n-- H rr+_MeSOHOJ3 c SHeprHett 98 MaB Ha H,lJ;pax 
renHH-4, cnnomuue KpH»He - pesyJ11>TaT waso»oro aHaJIHsa. 
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mm COOTBeTCTBIUI 113MepeHHblX yrJIOB paoceimnn H npo6erOB H;ztpa OT;zta

q11 pacqeTHhlM 3HatJeH11HJ.I. IlpH STOM CTpO11JIHCJ, pacnpe;zteJiemm OTKJIOHe

Hllii 113uepeHHhIX 3HatJeHHit OT pacqeTHhlX, KOTOphle 3aTeM annppKc11u11po

BaJI11O1, KPHBhlMH raycca. B KatJeOTBe co611T11iiynpyroro paoceHHHH np11-

HH1JaJI11c1, CJiyqa11, ;ztJI!l ICOTOPhlX OT_KJIOH8Hl1e 113UepeHHOI'O 3HatJeHH!l _OT 

pactJeTHOI'O He npeBbllllaJio 36", I';zte 6' - CTSH;ztapTHOe OTKJIOHeHHe. l'.13 

noJIHoro tJHCJia Hatt,l.\eHHllX T8KHM o6pa3OM co611THii ll!ItJl:!TaJic!l gioH 

Heynpyrmc nponeccoll, KOTOPhlft onpe,l.\ensincsi no HHTepm\JIY, npl:IMUKa

romeuy IC rpaH11ne 3 6 • Ha116OJiee MOIJlHWJ 1tp11Tep11eM 6b1?Ia yrJIOlla!l KOp

peJinu11n np11 ynpyro~ pacceaH1:111, a·1tp1:1Tep11tt coOTll8TCTBHH H3MepeH

Horo 11 pacqeTHOI'O npo6erOB!l;ztpa OT;ztaq11 IlO3BOJIIIJI OT6pOCllTJ, TOJIJ,KO 

qacTl> Heynpyr11x co61unii. 

;ll.7ill BLitJl1CJI8Hllfl ceqeHHii.He06XO;!lllMO 3HaTJ, ;ztJI!l.ICSJK,I\OI'O llHTepBa

Jia yrJIOB pacce!lHllfl 60 ' ll ICSKOii TeJieCHUii yroJI .B03MOlK!iO paccell

Hlle nnonon c nocne;zty1om111,1 3anyc1toM KaMephl (ne;ztJ, 3anycK npo11cxo;llllT 

B KOH8tJHOM CtJeTe TOJIJ,ICO B Tex CJiylJaHX, KOI';l(Q pacceHHlrntl ITllOH no

na;l(aCT B O;l(IIII 113 OICpyJKaJO!;iHX Kauepy aqeTIJl1KOll I'O]IOCKOna) • BCJilllJll

Ha 3TOro TeJICCHOro yrJia xapaICTCPl13:JCT I'COMeTp11qecKyIO aqirJ)eKTHB

HOCTI, perf!CTpan1111 paccemumx Ill1O11OB cn11HTllJIJlll~IWHHblM I'O;l(OCKOilOM: 

l>.!! =J.·1:•t..(e,\,h.ri0•c.0, · 

r;zte £. ( s J - reoMeTplltJCCKclfl aqi(J/elCTl1BHOCTJ,. 

ra3 KaMepbl llBJiflCTCll cymecTBeHHO npOTlllKCIIIIOH Ml'Illl8HJ,IO ,11 BbltJl1C

JieHl:le a@:J;eICTllBHOCTl'I npoBO;l(11Jioc1, MeTo;ztou MoHTe-KapJio /l4/. Ko311,.'.. 

neBall wopua ynpaBJIHIOlllCI'O I'O;l(OCKOila OIC83aJiaCl> OIJ8Hl> y;zt8tJHOi1 1 npn 

STOM TCJICCHblH yroJI A.O.. uano M8HlieTC!l B l!IHPOKOM l:IHTepBaJie yr

JIOB pacceHHl1H. 

J(11cWJepeHn11aJII>Hble ceqeHH!l ynpyroro pacceHHIIH B naoopaTop11oil 

CHCTeMe KOOp;ztl!HaT BbltJl1CJillJil1C!, no ~opuyJie 

dti e.Jl(e) 
JO. =- 11-•n L•t>Q.(S) ' ,. 

r;zte ANIS) - tJHCJIO CJiyqaeB ynpyroro pacceHHllll B IIHTepBaJJe yrJIOB 

paccenHHH 6 6l ; 
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Rx- IJl'ICJJO Ill'IOHOB, npome;ztm11x qepe3 1tauepy; 

/'\, - lJIICJJO ll;ztep I'~Jll'Ifl BI CM3 ICaMepbl; 

L - ;!!JlllHa BhIOpaHHOH SqJq)CKTIIBHOii 3OHbl B ICaMepe, B caHTllM8Tpax; 

6Qf0}- TCJJeCHblft yroJI, xapa1tTep113yro11111u acIJq,CICTllBHOCTJ, I'O;!!OCICOfla, 

BhllJIICJICHHhl.11 MCTO;!!OM :JoHTe-KapJIO. 

IlOJiytJeHHUe CelJ.8HllH 3aTeM nepeBO;!lllJIJ/ICI> B CJ/ICTeMy neHTpa Mace. 

B ce;ztJ,MOii rJiaBe IlPJ/IBOllflTCfl ll o6cyl!C;!laIOTCfl noJJyqeHHble SKcnep11-

IJCHT8JJI,JII,Je pe3yJJI>TSTbl /!5, 16/. Ha pnc. 3 noRa3aHhl ;llnp;LepeHn11an:r,

Hhle ceqeHnH B cncTeue neHTpa Mace ynpyroro pacceHHHH x--_ H · £+ _ 

L!e3OHOB C SHeprneii 98 MaB Ha ll;l(pax remrn-4. CnJIOll!Hble ICPllllblC - pe-

3YW>TaT ~a3OBOI'O aHaJin3a. 0ICOHlJ8T8JII,Hafl CTaTllCTl1K8 COCT8BllJI8 "" .,.,,. 2354 cJiylJaH x- ne ynpyroro pacceHHHH n I447 cJJyqae:e x- He 
ynpyroro pacceHHttH. Ha pnc. 4 noKa3aHU aHanornqHble ceqeHHH n cny

qae I'~Jlllll-3. 8;ztec:r, CilJIOll!Hhle ICPHBhle - pe3yJJI>TaT pacqeTOB B llMilYJil>C

HOM np116JJ11JKeH11n. O1rnn11arem,nall cTaT11cTnKa - 757 co6blTHii 7,-ile 
ynpyroro pacceHHHH n ~28 cnyqaeB :l,+

3/-le. ynpyroro pacceHHlln. 

B BOCI>MOii I'JiaBe noJiylJeHHI-Je :mcnepl!MclHTaJII>Hhle pe3yJI1>TaThl aHa

Jlll3llpyIOTCH. B cJiyqae pacceHHllll Ill!OHOB Ha fl;llpax reJJIIH-4 Bb!IlOJIHeH 

~a3OBblii aHaJIH3 /I7 /, a paCtJCThl B llMilyJJMHOM rrptt6JIUiiteirnn npo;zteJia

HU ,l.\JISI pacceSIHWSI IlllOHOB KaK Ha H;ztpax I'eJil!fl-3, TaK·n Ha fl;ztpax re

JIHH~4 /18,19/. ~83OBhli1 8HaJIH3 BblllOJIHeH C yqeTOM ·5,-p - ll 'D-BOJJH. 

IIapnHaJII>HaH ·aunJIHTy;zta ll;ztepHoro pacc·e!lHHH_ 3annch!Banac:r, B qiopirn: 

( . \' 7: =- k e1f _ z, 'eJ-1 
t .t L , r;ne 

4 - peaJil>Hhlli ~a3OBhlii C;!!Bllr (B pa;ztttaHaX llJill rpa;nycax) BOJ!Hbl C 

MOMCHTOM t 
~l - 6e3pa3Me~Hhli1 Roaqicimn11eHT HeynpyrocTH nponecca B3avrMo;zteHcT

m:a (ccJm ~t< t . , TO OTKPl:.!Thl Heynpyrne Ka~aJihl). 

B Ta6nnne I npnne;zteHbl H86Opbl ~83OBhIX C;!!BIII'OB, IlOJiytJeHHhIX 113 

Hall!HX Sl<;Cilepll!,!8HTaJJl>HblX peayJII>TaTOB• 11 3H8lJeHllll (..Z./it?JF ; ri"(e 

hi,r= - lJllCJIO CTeneHeii CBO6O;!lhl. ' 

II 



Ta6JIHlliL.l 

81) I h SL ' SL' t/, 
rpa;zc t0 rpa]l ~1 rpap; ~.t ;( /#1..1:F 

r.·"J.le -17,25 0,55 17,92 0,83 4,21 0,87 . ! 15r ~g. 
.± 2,41 ,±0,08 .± 1,27 ,±0,05 ,±0,31 ,±0,02 1,01 mb/sr 1r-

3
He 

98M35 

x~"f.le -21,18 0,51 16,II 0,87 4,52 0,85 \ ~""YflbCHOenpu6J1UlKe~ue 

.± 2,42 ,±0,08 .± 1,29 ,±0,04 ,±0,63 ,±0,02 0,55 10 

IlpH J31,lqHCJI8HHH 81.!IIJIHTy;zt pacceHHHH B Hl.!IlYJIDCH0M npH6JiliXeHHH 
/20/TaKXe npHMeHHJICH l.!8T0;zt nap~H8JID1WX B0JIH, npH 5T0!.! liCil0JID80-

B8JIHCD W88U P8CC8HHHH IlH0H0B H8 CB060;ztH0M HyKJI0H8 H Ilp0H8B0;ztWI0CD 
ycpe;ztHeHHe no pa8JIHquu1.1 H80T0il-CilHH0BblY C0CT0HHHHM CHCT8!.lll IlH0H
HyM0H. 

PacqeTu 0blJIH mlil0JIH8Hhl C TpeYH CB060;ztHbll.!H napa1.1eTp81.!li, B CIIy
trae reJIHH-4 5T0 6HJIH: R. - pa;zcHyc H;ztpa, J'~ - waaa BOJIHhl Pn 

H .f - BB8;zt8HH8H B S - E0JIHy 1.!HHM8H tJ8CTDt a B CJiytrae reJIHH-3: 
Ki H ~~- ;!!BS pa;zcuyca, CBH88HHWC C H8CHMl.!8TfHtIH0CTDID pacnpe;zce-

JI8HHH np0T0H0B H HCHTp0H0B B 5T0M H;lijl81 H ~ 3 - wasa B0JIHU ~.3. 

B T86JIH~e 2 npHB8;zt8Hhl noJiytJeHuue 8H8tJ6HHH napal.!8TP0B H tz/n.,~F , 
r;zce /'\..~F - tJHCJI0 CT8ll8HeA CB000;zthl. 

Ta6m1ga 2 

R,1 ) fl~ • 81 
i3/"1r,F 3.1 ' J' qiepMH cJ)epMH rpap; 

gc"He. 1,70,±0,03 14,0,±0,5 0,16,±0,04. 2,4 
SL.+1He.. 1,62,±0,03 13,9,±0,6 0,16,±0,04 2,9 
7i._3He.. 1, 8!,±0, 03 2,24,±0,08 17,0,±0,5 1,6 

!7i..+.3He. 1,93,t0,02 3,1!,±0,13 18,Q±0,5 2,7 

12 

15 

10 

5 

do 
d0, 

mlysr 

5.-. 

30 60 

++ 
~.+~- : 

90 

Tl• 3He 
98M35 

120 150 
0,r,epag 

. viMnynbcHoe npuc5.nu»:eMue 

' ~ 
30 60 90 120 150 

8,r,2pag. 
P.ic.11, (a,Cl), 

t\l1Wf2CpCHI.(l181IDHUC C0tJCHl1H B CHCTCMC !~CI!Tpa Mace ynpyroro 
pacceHHHH TC-tt rr+-1.1eaottoB c aHeprneii 98 ifaB na HApax 
reJittH-3, CilJIOlllHblC KpHBh!C - pesyJIDT8T paCtJ0TOB B mmym,
CHOM npu6JIHJKCHHH. 
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C rrmrnnu,10 TaKoro npocToro no;,oco]la y;7.1aJ1oc1, noJiy,rnTI> ]lOCTaTotJ
no xoporuec orrncamie 11ammc aKcrrepm.1e11Ta,11,HI:lX ]laHHIDC no ynpyroMy 
pacceirnmo m10110B Ha H]lpax remm. 

Ocnom-me pesy,nI,TaThl ]lIICCepTal.lllOHHOii pa60Thl cwopMym1poBaHLI B 
ITOCJiei'(JieH rJiaBe-saKJIIOIJCHlrn. 

I. )l.J1n 1;sy,iemrn pacceHHl'lH mrnnoB 11a rcJil'lll cos]laHa opl'lr1rnam,-
1mn ycTaHonKa c ruJmcnoH cTpm.ie.pnoti ItaMepot! m.co1mro ;ztaBJiomm,B 
:wTopoii :rnepBllCl- peaml30BaH CITOl.\118JII,Hllii peJKW.1 pa60Tll, IT03BOJifllO!ililt1 
TIOJ1Y'IUTL Hp!to CDCTfl!l\HCCfl CJ1(;,11;bl 1·:01rns1;p3101illTIC lJaCTH1\/8+IJ/. 
Km.wpa fl:UJIHCTCH O.Z\llODPCM6HHO M!HJWHLIO H ]leTCKTOPOM, npll 3TOM TIOBll-
1'.ltJHl'.6 i'(8n;'Wlllm, ·r.c. TIODL!l!l(l!ll16 IIJIOTHOCTl'l 111:llllCHl'l, TI03DOJIH6T yBemi
TJl;TI, •n;cno B3amJO]lelicTBHH B mmcpe, a D03MOlltHOCTI, Ha6nJO]l6Hl1H CJre
]lOB fllWP OT;llU'Hi 1103DOJ'IfieT v'.3M6PffTI, npo6ern 1; yrnOBL!e uoppem1::1rn. 

2. IipDBC]l61lbl 3Itcll03IH\lrn K81,lepbl C re,meM-3 11 C reJIHOM-4 npn 
;ziannema; 4 aTM. n nytJ1cax sapmKeHHllX m;oHOB c anepr11ei1 9-8 i:lsil. Ila 
1ca1rnpe c rllmicu-3 noJiytJeno 150000 t];oTorpa[Jmti M c reJineM-4 -
1100000 ·.:'oTorpaqmii. 

3. !Iponc,11e1m llj)OCMOTp V: ll3Mep6Hll6 3RCilOHllPOBaHHOf.i (QOTOllJieHirn, 
pacc 111:TaHa KHHOIJaTmta ynpyroro pacceHHllfl mrnHoB Ha H.zu>ax reJillfl, u 
Bne;nem,1 1,p11Tep111: oT6opa, oTo6pauo I585 cnytJaeB pacceHHl'lH sapHlKeH-
1111x mrnuon Ha H,lipax remm-3 11 3801 CJI,Yllafi - na a,11pax reJiua-4. 

4. EsMepeH1! nm3Jl1>cu ;1 pasopoc mmyni,coB tJaCTl11\ n nytJ1te, 
COCTaB nytJKa ll lJl1CJIO nllOl!OB, npOlll6,l\IllilX tJepea ItaMepy, onpe,11eneHa 
reoueTp.itJecKafl sw1:[JeKTllBHOCT1> ynpanJimJmero sanycKoM KaMepu ro,110-
crwna Cl.\l!HTllJIJIHl.\lWHllblX ClJCTlfl:KOB 114/. 

5. Ila OCHOBe DhlllOJ'IHCHHllX 1rnMepe1mti ll paCIJCTOB TIOJ'IY'IOHU ,l\l'lqi{]e
pem.1naJI!,HUe ce,rnnmr ynpyroro paccemum sapHlKCHHllX mrnnon c auep
rueii 98 lfal3 ua Ht1pax re.mm-3 v remm-4. [31rnpemm na H}.lpe 
remm-3 Bhlnom1e1m nnepnue n 1mp0Boii npmtTY.Ke. 

B pe3y,11,TaTe nonytJeHU l!OB!JO iWHHhl(J. no pacceHHJlllO ITl10HOB Ha 
fl.i,\pax remm-3 n reJillfl-4, HaXO,l\Hli\llXCH n pa3J11l'lH!lX CITllHOBllX 11 

l'.30TOll-CITllHOBLIX COCTOHmmx /15, 16/. 

6. BnepD11e nunoJIHeH :))aaonui1 aua.mrn pacceatt.iH n11011on Ha 
H,11pax rcnmi-4 c ytJeToM S; P- 1; J(-nonH, noJiytJcH Ha6op 1:tasoBux 
C.i.\BllPOB /I7 / • 
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7. J{JIH onncaHJllfl ynpyroro paccoamm n110!!0B na H.i.\pux re1,1m-3 
11 remm-4 llCITOJ1L30Jl8HO 111,my JJI,CHOe npu6Jll1litOHl1e, KOTopoe n03llOJll'lJIO 
nonyllliTI, ;zi:ocTaTO'll!O xopocrne pesyJll>TUThl np1; HUJ'IV.'lll)l Tpex CBOClOl(llhlX 
napaMeTpon IIB, 191. 

PauoTu, no 1coTop1111 uamwaHa ,11ncce pTa!.lllH, onyGm11con<1HLI 
/6+19/ n ,11mtnai'(l;Jnamw1, Ha XII :.!Ci:t,l\yHapci;ztuoH Romr,c pem11rn no r)Viamrn 
BllCOKJllX aneprntt. )cr6Ha' 1964 r.; Ha ifo1~,11yHapo]lHOl1 KO!l(]!CIJCH!.\l:H no 
annapaType B fl)1rn1rne Bh!com:x sueprni1, CTsiit;;op.i.\, 

0

!%6 r.; HQ :.:01:q.r.:;
napo,l\HOM c1mnoaHyMc no RJ;;epH011 sneR-rpomme, BepcaJII>, I96G r.; 
Ha IY :.:e1:c,11yHapo,11noii 1t0mI1epeHl.\liH no Q1;a1me nuco1t1:x ,)lluprnil i; 

CTpy1,Type H;z(pa t Jty6Ha. I97I r.; mi I t,:er.t,l\y!WPO.i.\HOll ICOW;epeH!.\UI 
no TOXHOJIOrl'l:V. CTpm.iepHl:lX KaMep, Aprom1, 1972 r: 
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