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BBeneBB8 

BoccTaHOBn8HB8 MaTpBllbl pacce,rnHst no 3KCnepBM8HTanLBblM naHBblM HBnH8TCH onuon 

B3 HSHoonee B8JKHblX sana'I, KOTOpb18 npHXOnHTCH peWaTL ij>H3HKaM, 38HHM81011IHMC!I paccest

HH8M HytrnOHOB HYKnOHSMH. 3a nocnenHH8 ronbl onHO3Ha'IHO8 onpeneneHH8 MaTpHllbl li)'ltnOH

HYKnOHHOrO paccestHHII ynanoc1, npoB8CTH B oonaCTH 3Hepran 50-310 MsB
11

- 11• BblW8 no

pora MesoHooopasoBAHHst onHO3Ha'IHoro ·pewenHH 3Tolt sana'IH noKa He HaltneHo. 

KaK H3B8CTHO, no nocnenuero BpBM8HB ij>a30Bbllt aHanH3 stBnstncst npaKTH'l8CKH enHH

'CTB8HHblM MeronoM BOCCT8HOBn8HH!I MaTpHllbl paccesrnHst Ha OCHOBBHHH 3KCnepHM8HTBnLHblX 

naHHblX. Ilo3TOMY, roBopst 00 onpeneneHHH BMnnRTynbl paccestHHH npR 3HeprHH, 6nH3KOlt K 

600 MsB, Mbl oyneM KacaTLCst TOnLKO pesyni.TaTOB ij>asoBoro aHanusa. 

<Pa30Bbllt aHanH3 HyKnoH-HyKnOHHOro paccestHRH npu 3HeprHH 630 MsB, BblllOnH8llHbllt 

/4/ 
panee, nan TpH npROnH3HT8nLHO paBHOBepostTHblX Haoopa ij>a30BblX cnBRroB • Ilpu 3TOM OKS"" 

sanocb, 'ITO HeonHO3lla'IHOCTL peweHR!I npHcyma nHWI, COCTOHHRIO C H3OTOnH'l8CKHM cnu11OM· 

Ta 0 
14

•
7

•
351

• Jlnst Ta 1 ij>a30Bbl8 cn1mrH B npenenax O~ROOK nnst pa3Hb1X HBOOpOB COB-

nanaroT. 0TCyTCTBR8 onHO3H8'1HOro peweHHH nnst T - 0 CBH38HO C aenocTaTKOM 3KCn8pB-

M8HTanbHblX cBeneHHlt O np -B38HMoneltcTBKH. TaK, K Ha'lany naHHOlt paOOTbl nnst pn -

/8 33/ 
paccestHHH npH 3HeprHR 630 MsB OblnH R3M8p8Hbl nHWL nuij>ij>epeHnRanbH08 CEi'18HH8 • H 

/34/ 
nom1pHsa11H11 

QqeBHnHo, 'ITO cpenH HOBblX BO3MOJKHblX _3KCnepHM8HTOB B nepBylO O'lepen1, cneno_Bano 

CTSBHTb T8KH8 , KOTOpb18 HaHoonee sil>il>eKTHBHO R npoCTO Morn• Ob!Tb ucnonb3OB8Hbl 

nnst nenen coKpameHRst 'IKcna cymecTBOBaBwax aaoopoB ij>asoBblX cnBuroB. AaanRa npencKa

aa11Hlt, nonyqeHHbIX as coBMecTnoro ij>asoBOro ananasa, noKaaan, 'ITO TaKHMH sKcnepHMeHTa

/36/ 
MR stBnstroTcst onblTbl no H3M8p8HRIO napaMeTpOB Tpoltaoro paccestnHst Boni,ij>e11wTeAna • 

Ilocne nnaHRpOBBHB!I 3KCll8pHM8HTOB no TpOll:HOMy pn -pacces1HHIO OblnR npHH!ITbl K 

BblllOnH8HHIO 3KcnepRM8HTbl no H3M8p8HRIO napaMeTpa Boni.ij>eHWTeAaa R Ha yrnax 70°, 
0 0 • /16/ . 

90 • 125 (c.11.11.). na10m11e OIITHMBnbHYIO 11Hi!>opMa111110 B it>aaOBblll: aHanH3 npH MHHH-

ManbHblX 38TpaTaX CHn H cpencTB. 

Jlm, nocTaHOBKR Ollb!Ta TpeooBanocb BbIOpaTL MeTOn H3MepeHR!I Rpn. H3B8CT-

HO, 'ITO nono6Hbl8 3KCnepHM8HTbl B8CbM8 TpynoeMKH, nalKe B Cny'lae pp -paccestHHst. B 
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I 

aa111eM cnyqae TPYAHOCTH pe3KO B03pacTann, T,K, TpeooBanocb OAHOBpeMeHHO aq,¢eKTHBHO 

perncTpnpoBaTb npoTOH n ael!Tpoa. AnnapaTypa AOIIJl(Ha oblna o6naAaTb xopo111nM BpeMeHHblM 

paape111eaneM n · 6011L111oll cBeTocnnoi! i:1m1 perncTpannn oTaocnrenbHO peAKHX nponecc~B )>n -

B3aBMOA81iCTBHH npn AOCTaTOqHQ BHT0HCHBHOM ¢oHOBOM B311Y'l0HBB, Oob!'IHblll cnoco6 

onpeAeneann napaMeTpOB Tpollaoro paccenann c_noMOI!lbIO naMepeann acnMMeTpnn B yrnonoM 

pacnpeAeneann qacTnn nocne Tp8Tbero pacce<IHHSI CHBHTBMRilBOHHblMB C'10T'IBKaMn, KOTOpb!ll 

·paaee ncnonb3oBancn npn nayqeaun pp -CTOIIKHOB0HHII, B aa111eM cnyqae na-aa HU3KOII 

a<p¢eKTUBHOCTB aellTpOHHbIX A0T0KTOpOB OKaaancn aenpnrOAHblM, 

ITpoBeAeaue SKcnepuMeaTa HBHIIOCb B03MQ}KHblM TOllbKO nocne•Toro,· KaK npn Tp0Tb0M 
. /~IO/ 

paccenanu ny'IKa npoTOHOB obma ncnonLaoBaHa nc!poBan KaMepa , ynpaBnneMan cnc-

TeMoi! C'l0T'IBKOB, J1CKpoBaH KaMepa aaxBaTbIB00T OOllblIIOll T0110CHbli! yron U B CBily 8Toro 

qpeaBbI'lallao ynooaa· AIIH perncTpannu peAKHX nponeccoB, 

11TaK, HCKpOBbl0 KaMepbl o6ecne'IBBann BblCOKyIO aq,¢eKTHBHOCTb perncTpannH npoTOHOB 

n 6011L111y10 cBeTocnny, a cncTeMa C'leTqaKoB - xopo111ee paape111eane no BpeMeHHbIM xapaK

TepncTHKaM, 

ITpnMeHeHne HCKPOBbIX KaMep Bbl3Bano H000XOAHMOCTb C03AaHHH npn6opa AilH OblCTpoi! 

06pa60TK11 q,oTocanMKOB, conepJl(amnx TpeKH nayqaeMblX coobITBII, TaKoll npn6op obm coa
/15/ 

ASH npn yqaCTHH aBTOpa H onncan B paooTb , ITonyaBTOMaT cymecTB0HHO COKpaTHn Bpe-

MH npoCMOTpa ~OTOMGHKH, 

ITapa_MeTp Ron ' H3M8peHHblll 118 yrnax 70°, 90° H 125°, Obin ncnollb30BaH AnH 

yTO'lll0HllH Tpex paaee H3B8CTllbIX 11a6opOB ¢aaoBbIX CABHrOB B 70BM8CTHOM ¢a30BOM anann-

30 npH 8Hepruu 630 MaB. TTpu 8TOM yAanOCb OTOpOCHTb OAHH B3 cymeCTBOB8BIIIBX aaoopoB' 

¢aa n yriy'IIIIIITb TO'IHOCTb onpeAenennn ¢aaOBbIX CABHroB, 

Ebm paccMOTpeH Bonpoc npHMoro BOCCTaHOBneHHH MaTpBilbl pacceHHHH aa OCHOBaHHH 

8KCnepHM0HTanbHbIX A811HbIX, KaK ylKe roBopnnocb, npn BOCCT8HOBn0Hlll! MaTpnm,1 pacceHHBH 

AO CHX nop OTAaBa/lOCb npeAnQqTeHne nponeneHHIO ¢aaoBoro aaannaa, T,K, Ha OCHOBaHHH 

8KcnepHM0HT8nbHbIX na_HHbI:,C, nony'l0Hllb!X 6ea ncnonb30BaliJfH nomipnaoBaHHOll npOTOHHoll MH-

111enn, npHMOe BOCCTOHOBnea~e aMnnHTYAbl paccenam1 SIBII_HeTCH AODOnbHO TPYAHOll aaAaqel!, 

ITon11pnapB8HHaR npoTOHHaH MHIII0Hb AaeT B03M0Jl(HOCTb H3M8pHTb PHA cymeCTBGHHO HOBbIX 

BenHqnn: TeHaop nom1pnaaunH u TeHaop cmrnonoti KoppenHUHH npn paccesmnn nom1pHaona11-
·- · · . · · /18 19/ 

Hb!X qacTnn Ha nonHpH30BalIIIOl1 MHIIIGHH (;renaopbl Tp8Tbero H 'IGTBepToro paHrOB) 1 
, 

MOJl<HO noKa3aTb, qTo C nOMOillblO HOBbIX BenHqJIH aaAaqa npHMoro DOCCTaHOBilGHHH MaTpH-
. /19/ 

Ubl paccemrnn CHllbHO ynpomaeTcH 

IlnccepTaUUH COAeplKHT qeTbipe rnaBbl H 38KnroqeHHe, 

B nepBofi .rnaBe AOHbl o6mne ¢opMynbI, Bbl_pa=romH·e CBH3b napaMeTpOB pacceHHHH C 

aKcnepHMGHTanbHOi! n11¢opMauHell, nonyqaeMoll c HCKPOBbIX KaMep, .3AeCb oco6oe BllHMaH11e 

4 

yAeneao napaMeTpy Tpollaoro pacce11ann R. Ilanee B aToll rnaBe Aaabl peaynLTSTbI paaee 

np0B0A0HHOro ¢aaoooro aaannaa npll aaeprHH 630 MaB u 3aBHCHMOCTII R pn (0) 'D Pn(0). Apn(0)' 

Dbl'IBCil8HHbl8 no H3B8CTllblM ¢a30BbIM CABllraM, TloKaaaHbl M8TOA B peaynbTaTbl n11a11npoB8-

ll BH 8KCnepBM8HTOB no B3M8p0HllIO R pn , D pn, A pn • 

BTOpan rnana coAepJl(llT onacaane aKcnepnMellTOB no BaMepe11B10 Rpn ll PPn aa 

yrnax 10°, 90° I[ 125° c,n.a. IlaeTCH noCTHHOBKH I[ noApo6ao onHCbIBaIOTCH YCIIOBllH Onb!Ta, 

3AeCb Jl(8 npeAcTannellbl peaynLTaTbl axcnepnMellTH n yTO'IHBHlible Ha nx ocaone ¢aabl pac

CeslllHSI, 

Tp8TbH rnaBa nocBHI!l0HH o6pa6oTK8 ¢oTOCHHMKOB ~ llCKp0BblX KaMep. Onaca~bl no11y

aBTOM8Tll'18CKHII npaoop AIISI npocMOTpa H B3M8p8HBH CHBMKOB C BCKpoBb!X KaMep B M8TOA 

o6pa6oTKH 8THX AallHb!X aa 8110KTpOHHblX C'l0THblX Mamaaax. PaccMOTpeHbl ocooeHHOCTB llC

nonb3oBaHHblX nporpaMM o6paoOTKH C y'leTOM nonpaBOK HH I'80M8TpB'l0CKH0 BCKHlK011BH npn 

q,oTorpa¢npOB811Hll Tp0KOB, 

B '18TB8pTOII rnaBe npBB0A0Hbl pHC'18THbl0 3Ha'l0HBH KOMnoaeHT Teaaopa no11<1pnaan:an 

n Te11aopa cnnaoBoll Koppe1111nnH npn paccella~n nonRpnaoBaHHblX ayKnonoB aa nonnpnaonaa

Holl npOTOHHoll MHIII0Hll, TlOKH3aHa B03MOJl(HOCTb npllMOro BOCCTaHOB/1811BH MaTpBilbI paccen

HHH HH OCHOBaHHB 8THX HOBblX B811HqffH, 

. /8-25/ 
B ABCCepTan:nn ncnOilb30B8Hbl peaynbTaTbl, ony611BKO~Hlibl8 B paoOTHX B AOIIO-

Jl(8HHbl0 aa XII-II M0JKllyHapoAHOII KOH¢epeannn no ¢naBK0 Bb!COKBX aaeprnll B .lly6ae 

( 1964 r.). Ha M8JKllyHapoAHoll xon¢epeHnKH no HBTOMaTnaannn B3M0p8HBII B Ily6ae ( 1964). 

HS KOH¢epeanBH no onTH'l8CKBM npH6opaM B neHHarpaAe (1964 r.) Baa C0CCHll 0TA8110HHSI 

HA0pHOII ¢H3llKB AK8A8MBH HHyK CCCP (HOHopb 1985 roAa). 

rnaBS I 

3K<:nepBM0llTbl no TpOIIHOMY pacceSIHBIO HyJtnOHOB HyKIIOHHMH 

/28/ 
ITyauKoB, PbtHAHII H CMopoABHCKHII BnepBble B paooTe BBenn noanTne •nonnoro 

onhITa•KaK Haoopa aKcnepnMeHTOB, no peay/ll>TaTaM· KOTOpb!X MO}KHO OAH03Ha'IHO BOCCTH

HOBBTb MaTpnny paccenann. Onb!Tbl, KOTOpble Hy}KHO npoBeCTll A/Ill aToro 'B CHCT8M8 ABYX 
/28-80,20/ 

HyKIIOHOB
1 

noApOOHO oocy}KA0Hbl B paooTaX • 3TH OnbITbl OTIIB'laIOTCH Apyr OT Apy-

ra cnHHOBblM COCTOHHll0M ny'IKa B MBIII0HB B xapaKT8pOM ll3M8pS10MblX B011H'IBH, l13M8p8HH!I 

napaMeTpOB Tpollaoro pacceHHBSI HBillIIOTCH aeo6xoABMb!M 8KCnepBM8HTOM npn npoB8A0HBB 

HaBoonee npocToro BapnaaTa nonaoro onb!Ta. Eea B3M8p8!1B!I 8TBX B0IlH'IBH 1{8T OAH03HH'I

HOro ¢aaoooro HHannaa. 
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flapaMeTp R • OnpeaeneHHe napaMeTpa R Trut :1Ke, xax n mo6oro i:tpyroro napaMeT-
/36/ 

pa Bom,<peHmTellna Tpe6yeT paccesrnm1 ny,urn nocnei:toBaTem.Ho na Tpex MnmeHstx. flpn 

STOM nepaoe pacc8SIHII8 HCllOIIb3Y8TCSI /:I/ISi nonyqeHHH ny'llta C 38/:ISHH0ll ll0IIS!p!Iaanuell. P1 • 

BTopoe paccesinue - sTO TOT :1Ke nponecc, B peay11&TaT8 xoTOporo npoucxonuT HHTepecy10-

mee Hae Bpamenue Bexropa no1IHpusa11un, CnuHoBoe cocTosinue qaCTHll nocne BTOporo pac

cesinnsi onpenensteTCSI B Tp8Tb8M - 'aHa/III31IPYIOID8M' paccestHHH, 

... 
pt 

ri:te 

B o6meM cnyqae nongpnsannn npu paccenHIIH no1UipusoBaHHoro ny'llta c nonsipuaanuell 
/20/ 

na H8llOIIS!pH30B8HHOll MHIII8Hll co CllHH0M 1/2 onpei:te/IH8TCSI Bblp8:1K8HII8M : 

12 <;>2 
0 ➔ 

I2![P2 +D(P1 ;;2 l l ;2 + 

➔ ➔ ➔ ➔ ➔ ➔ 
+ [ A (PI. k 2 ) + R (P 1 , n 2 x k2 ) ] s 2 + 

(U) 

➔ ➔ ➔ ➔ ➔ ➔ 

+[A'(P1 k2l + R'(P1,n 2 X lr:2 l]k2 l, 

0 ➔ ➔ 

12 =1 2 (1 +P 1 P2 ), 

➔ 

n I H n 2 -opTbl HOpManell ll/IOCX0CTell· nepBoro H BT0poro pacc8SIH!Ill I p 2 - ll0IIS!pH-

aannn, X0TOpan B03HHXa/Ia 6bl BO BTOp0M pacceHHHH npH pacceHHHH H8Il0IIHPH30BaHH0ro nyq

K8 , D , R , A , R 'A' - napaMeTphl Bon&<peHIIITellna 
1 

➔ 

k 2 H 
➔ 

➔ ➔ ➔ 

s,= n 2 X k.2 
➔ ➔ . ... ➔ ➔ 

( n 1 n 2 ) = cos <t> 2 , ( n 1, n 2 x It 2 ) = sin <t> 2 , 

k ' 2 -OpTb! IIMilYIIbC0B '18CTHJI /:10 II ll0C1I8 BTOporo paCC8HHHH. 

Bb16npast C00TBeTCTBYIOIDHM o6pa30M HanpaB1I8HHSI n I II ;: 2 ' M0:1KHO H3 <j,opMyllbl 

( 1.1) · nonyqHTb i:tirn <; >2 Bb1pa:1Ke1me, xoTopoe 6yneT <j,ynxunell T01IbX0 oi:tHoro nnn i:tBy:x 

napaMeTpoa Bonb<peHrnTellna. Tax, nanpuMep, ecnn BblopaTb ;11yqal! ;: 1 l ; 2 , TO 

➔ 0 ➔ ➔ ➔ 
I 2 <a> 

2 
= I 2 I P 2 n 2 + RP,_ s2 + R 'p 1 k ; l . ( 1.2) 

B sTOM c11yqae nocne TpeTbero paccenIDin yr110Boe pacnpei:teneHne paccenHHbIX qaCTHJI 
➔ ... , . 

( yqJITb!BaH, qTO n 8 l It 2 ) : 

l o ·. . 
13 = 18 [I +P3 (P2 cos <t> 8 -RP 1sin<l>8 )]) 

( 1,3) 

(; 2 , ; 8 ) = ( ;
2 

x k 
8 

, ri 
8 

) ..,._ sin '1> 
3 

(; 2 ; 8 l=cos<l> 8 

6 

f 

' ·l, ,1 

i 

. I 

flonyqeHHoe BblpalKe1111a cpaay lKe yKaablaaeT B03M0JKHbla cnoco6bl onpeneneHHH R • 

3TO Jip8:1Kll8 Bcero 113Mapeue &CHMM8Tpllll 'BB8pX-BHH3' B TpeTb8M paccestaHH ( a • KO-

TOpan CBSl38H8 C R COOTH0ID8Hll8M 

t 1 •-RP 1 P 1 , 

Taxolt cnoco6 o6bl'l!IO. a: Rcnon&aoaancsr paBee B psrne paooT i:tnst onpenene11nsr R B pp 

paccestHKH, O.iui:axo B cnyqae pn-paccaSIHHSI 8TOT M8TOJl npaKTHqecx1r TPYJlH0 ocymacT-

BRM H3-<38 Manoll HHT8HCHBJIOCTH IlOIIS!pH30B8HHblX llyqKOB H Mll.lIOll s<p<peKTHBHOCTH 11eltTpo11-

HblX /:18T8KTOpOB, MaMepeHHe napaM8TpOB TpoltHoro pn -pacc8HHH.!l CT8H0BHTCSI B03M0:1K-

Hb!M TOm.K0 llpH JrCilOIIb30B8HHH B Tp8Tb8M pacceSIHHH Jl8T8XTOpa C 0OIIbIDHM ·TeneCHbIM yr

lIOM, B xaqecTB8 T8Koro Jl8T8KTOpa, 110-Bl!JlHM0MY, npome Bcero IlpHM8HHTb HCKP0BYIO Ka

Mepy. 

flpu pa6oTe c ucxpoaoll KaMepolt onpeneneHHe napaMeTpa nenecoo6paaHee npoll3BO/:IHTb. 
/26 41/ 

M8TOJlOM MrutCHMyMa npaB)lOIIOJlO0HSI t t T,K. npu STOM HCll01Ib3Y8TCH yr110Boe pacnpe-

Jl81I8HH8 qacTHJI BO BCeM HHTepaane H3M8H8HHSI yrnoB paCC8HHlrH e. H 4>8 (na6.cuCT,), 

KpoMe roro, npn o6pa6oTKe B sTOM ~11yqae M0:1KH0 TaK:1Ke onpenenHTh H P 2 • 

<t>yHKIIHH npaB)lOilOJlO0HH B cnyqae pacceHHHSI n qacTHJI Ha yrnbl e. H ~. B co
/26/ 

0TB8TCTBHH C HM88T BHJl: 

L(P 2 ,R) 
" I \ I 

1
~

1
[1 +Pa (0 8 )(P2 cos<t> 8 -RP1 sln~ 8 l], ( 1,4) 

Hau6011ee Bep0HTHb18 3HaqeHHH B81IHqHJI p 2 H R onpenenHIOTCH H3 YCIIOBHH MllKCHMyMa 

,j,ynxnuu npaBnonono6nn. neTan&Ho cnoco6 onpeneneHnn aToro MrutCHMyMa Tax :1Ke, xax H 
· /12/ 

cnoco6 onpeaeneHHH ornn6ox ucxoMbIX BennquH P2 H R npnBeneH B pa6oTe • 

CnenyeT 311M8THTb, qTO Ha OCH0B8HIIH Bblp8:1K8HIIH ( 1,3) M0:1KH0 cpasy )1{8 yxasaTb 

cnoco6bl, C IIOM0IDbIO K0TOpb!X HCX1IIOqa10TCSI omnoxn B onpeneneHHII P2 II R ' B03HIIXa

IOIDH8 ns-sa H8C0BepmeHCTBa II3M8pHT8llbHOll ycTSH0BXII. CooTB8TCTBy10mne 3HaqeHHSI 'noiic

Hb!X' napaMeTp0B M0:1KHO 0b!IIO onpene111ITb, IICil0IIb3ySI B Tp8Tb8M pacceSIHIIH H8Il0IISlplI30-

BaHimll nyqox ( <;; >2 • O ) • 3TH ornnoxn B onpenenennn R Trut:1Ke MoryT 0b!Tb nc-

K/IIOqQHbI, ecnn H3MepeHHH npOB0JllITb C H3MeH8HH8M HanpaBneHHSI nonsipnsanun pt , He

TPYJlH0 BHJl8Tb, qTo Bblpa:1Ke11ne ( 1,3) nepexo,a:HT B 

l o 
18 = 1

8 
[I+ P 8 (P2 cos <1> 8 + RP1 sln~8 )] ( 1.5) 

➔ ' ➔ ➔ 
B cnyqae, ecnH pt C00TB8TCTB8HHO napa1111e1IbH0 II/III aHTHnapa1I1I81IbHO B8KTopy n 2 X lr:2 • 

A 
Tax xax '110:1Knoe• anaqenne R npn aroll onepauun anaxa ne MensieT, To cpennee 
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.. 
B8UB'111H R 

O 
Hal!11eHHblX ripa 3Ha'leHBSIX IIOmlp1!13allBB 1I8pBB'IHOro IIy'IXa p I B - pl , 

6y11eT paBH0 BCTBHH0MY 3Ha'I8HIIIO R • AHanorB'IHbl8 paccylK/leHBSI MoryT HM8Tb 'M8CTO 

11 11nS1 11pyrnx napaMeTpoB Tpol!Horo pacceHHBH. 

Tpy/lHOCTB B npoB8/l8HIIB sxcnep11M8HTOB no Tp0l!H0My pacceSIHIIIO AUH onpe11eneID1S1 ua

paMeTpOB O, R , A , R,, A, nocne110BaTenbHO B03pacTaroT. B CMY ST0ro ol5CTOHT8llbCTBa 

B nepByro o,repeAb 15hlno npoBeAeHo nnaHnpoBaHne sxcnepnMeHTOB no onpe11eneID1ro napaMeT-
/16/ 

poB O pnfpn n A pn • ITp11 aToM 11nH KalK/loro napaMeTpa 15blnH Hal!11eHbl onTKManhHbie 

yrnhl, Ha K0T0pblX Ha/lo B8CTH H3M8p8HIISI C MHID!ManbHOI! 3aTparol! Bp8M8HH Ha ycxopnrene, 

'ITOl5bl pa3/l8llBTb TpB HM8l0ll!HXCH Hal5opa <paaOBbIX CABllroB. 

. /16,27/ 
Ilocne nnaHnpoBaHBH sxcnepaMeHTa 15bmO pemeno npoBecTII aaMepeann napaMeT-

o O 0 
pa RP,,: Ha yrnax 70 , 90 11 125 • 

rnana II 

HaMepeHne napaMeTpa R B yupyroM pn -paccenH1111 upn 

saepr11n 605 MsB 

3KCII8pHM8HTanhHan ycTaH0BKa. CxeMa 8KC1IepHM8HTa llllSI H3M8p8BHR. RPD npB 
0 0 0 /21,22/ 

paccenHHH aa yron II 2 = 90 , .70 n 125 npnne11eHa Ha pnc. 1 • Ily,rox nom1paso-

BaHHblX 'laCTHll nony,rancn npH pacceHHBB BblB8/l8HH0ro H3 ycK~pnTenn (1) nyqxa npoTOHOB 

Ha yrnepO)lHOI! MHlII8HH ( 5). Jlnn STOro BblJ38/l8HHbll! ny'I0K npoT0B0B 0TKll0HllllCH Ha 2° 

BBepx C noM0lllblO MarHBTHblX HBCa/l0K ( 2). noMemeHHblX B paCC8HHH0e MarHHTH0e none yc

KopnTenH, ¢oxycapoBancn KBa11pynonbHblMH MarHBTHblMII nHH3BMH (3) H nocne 0TKnoH8HHH 

BcnoMoraTenbHblM MarHHT0M (4) Ha 8° BHH3 nona11an Ha MHlII8Hb H3 yrnepona. TonmBBa 
2 0 

MHlII8HB C0CTaBnnna 23 r/cM • ITpoTOHhI, pacceHBHbl8 Ba yrnepo11e Ba 6 BBepx, ol5pa30BbI-
/45/ 

Bann ny'I0K c nom,pnsannel! P 1 = 0,37! 0,03 • 

JlnH ycTpaB8HHll 'nO)l{Hb!X' s¢¢eKTOB B H3MepeHHHX npn ·112 .. 125° B 70°(c.n.n.) Ba

npaeneHH8 B8KTOpa nonHpH3anan Ha H8K0T0poe Bp8Mll H3M8Hanocb Ba ol5paTHOe. H3M8H8HHH 

B pacnono>KeHBH 06opy110BaHna, <popMnpyromero nom1pnsoBaHHb11! nyqox B ST0M cny,rae, no-

xasaHhI. na pac. 1 nyHKTHpoM. Jlm, Tex >Ke neneli :e sKcnepnMeHTe npe:· 11 2 .. 00°. ncnonh-

30BancH nenonHpH3oBaHHbli! ny'I0K npoTOH0B C sHeprneA 605 MsB •. 

ITonHpnaoaaHHhiA nyqox npoTOH0B ¢oKycapoBanca KBa11pynonhHhIMH nnHsaMn ( 7), npo

xo11nn ,repes xonnaMaTOp B aamHTH0I!: CT8He ycxopaTenn (8) B 0TKn0HHnCH ll0II0nHBT8nbHblM 

MarHHTOM (9) Ha yron 6° BBepx. IlpH ST0M 0TKn0H8HHB npoBCX0/lBna 0'IBCTKa ny'!Ka OT 

npaMeca Hel!TpanbHblX ,racTan, rnaBHblM ol5pa,~_o,.. Hei!TpoHoB, ol5paayromaxcn B npon~cce 

ol5M8HHoro pacceHHBll np0T0H0B Ha yrnepo11e. BBBllY Toro, .'ITO BeKT0p HanpH>K8HH0CTB Mar

HBTHo.ro nonH npa ST0M oTKnoHeHBB napanneneH ( ana aHTBnapanneneH \ BeKTopy nonHpaaa-
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nHa, B3M8H8BBB nonH pB38llBB PI He llpOBCX0/lBT, ITocne llpOXOlK/l8llBSI qepes 11ononHBT8nh

Hbl8 KOnnHM8TOpb1 nom1pB30BaHHbli!: nyqoK nona11an Ha 'Hei!:.TpOHHylO' MBlII8llb0 r11e BCnb!TbIBan 
6 

BTopoe pacceHHBe. HnTeHcnBHOCTb ny'!Ka B T0'IK8 BToporo pacceHHBll C0CTaBnHna ~2.10 npo-
2 /44.45/ 

TOHOBICM .ceK llpB sneprmr 605 + 9 MsB • 

8 Ka'leCTBe 'nel!TponnoA' MBlII8HB IICnOnh30BanCSI nel!TpOH 11el!Tp0Ha. B 8KCn8pBM8HTe 

npa STOM ll3M8pHnach pa3H0CTb s¢¢eKTOB. OT pacce11BaTenel! 11:3 CJ\ B C , KBa3Bynpyrae 

pp -CTOHKH0B8HB:H IICKHIO'IanBCb C'I8T'IBKOM aHTBCOBiia11eaaA. PaccenBaTenHMII npB B3Me

pena na yrnax 80° 11 10° 
2 

rpa¢11Ta (4,07 rlcM ). 

cny>KBnB nanBH/lpbl H3 TH>Kenoro nonHsTaneaa ( 5,28 r/cM
2

) 11 

2 
3,26 r/cM /lllH CO

2 

·o 2 
Ha yrne 125 TOlllllBHbl paccenBaTenel! C0CTaMRllll 4,38 r/cM 11 

B C CO0TB8TCTB8HH0. 

AKTbl ynpyroro paccenHan npoToHoB ael!TponaMa, co11ep>KalllHMBCH B n11pax 11el!Tepnn, 

perncTpnpoBannch TenecxonoM H3 CllHHTHnnnnnoH!lblX C'I8T'IHK0B CI II: C 2 , BKlll0'181lllblX 
/42/ 

Ha C0BIIa/leHne C ael!Tp0IIHblM C'I8T'IIIK0M C' nna Ca • C,reT'IHK C 8 15bln BKlllO'I8ll 

Ha aHTHC0Bna11e1Ine C 0CTanbllblMB C'I8T'IBKaMH H cnyJKBn llllSI ycTpaaenan ¢oRa aapH>K8HllblX' 

'IaCTBn, rnaB!lblM ol5pa30M OT KBa3nynpyrax - pp -CT0llKH0Bellnl!. HMnynbc C BblX0/la CX8Mbl 

coBna11ennA aanycKan HMnynbCHble renepaTopbI, IIBTaromne BCKp0Bb18 KaMepbl, CX8Mbl HyMe

panan Kallpa B CX8Mbl ynpaBneBBH <pOToannapaTaMB; .. 
Ilonnpasanan <er I >2 ,B03.HBKaromaa BO BT0p0M pacceaRBB, ananH3Bp0Banacb C noM0lllblO 

/19/ 
pacceHHHH Ha MnmeHH (aaann3aTope), noMemeHHol! BHYTPH ncxpoaol! KaMepbl • AHannsaro-

o 2 o o 
poM npn pal5oTe Ha yrne 80 cny,,rnn anroMHHBA ( 24 r/ CM ) , Ha yrnax 125 a 70 - yrne-

2 
POil (6,75 B 16,8 r/cM. COOTB8TCTB8HHo). Bo ecex cny'IaHX MHlII8Hb 11e.:rnnacb Ha llB8 qac-

/8 10/ 
TH /lnK yM8HblII8HHH MH0r0KpaTaoro KynoH0BCKoro paccenHBH ' • 

HcxpoBaH KaMepa (16) (pnc. 1) noaoonHna aa11e)l{Ho onpe11enBTh npoxo)KlleHae aapH

>KeHHhIX 'IaCTHll ,repe3 HeATpOHHblll C'I8T'IBK. ITpoexnBB TpexoB B KaMepax Ha /lB8 B3HBMH0 

nepn&H/lHKynHpllb19 nnoCK0CTB <poTorpa<pHpOBanBCb ua 35- MHnnHM9TpoBylO nneHKy. 

H 3M e p e H 11 "· B xaMepax Ha6nro11anoc1, yrnoBoe pacnpe11eneH11e npoTOH0B, paccesrnRhIX Ba 

aHanaaaTope npH ycnoaaa, 'ITO B ny,rox npn BTopoM pacceHHBB noMemancH pacceaaaTenh 

113 CO2- pn -pacceHBH8 npoBCX0/lBno npa ST0M BnB Ha HeATpoHe /181!:TepHH, HnH Ha 

Hel!TpoHax, CBH3HHHblX B sr11pax yrnepo11a. BTopol! sq,¢eKT BMH8TCH ¢onoM. Ero onpe11ensrna, 

na6n1011an B xaMepe yrnoBoe pacnpe11enea11e npoT0H0B I: B cny,rae, ecnn pacceBBaTenh 

B3 CO2 3aMeHHllCH pacceHBaTeneM H3 rpa<pBTa C • OTl!0lll8HH8 s<p<peKTOB OT CO2 B C 
· o o ·o 

C0CTaBnHnO 1:3, 1:4 a 1:3,8 11nH yrnoB 80 , 125 a 70 CO0TB8TCTB8HH0. 

Cne11yeT 3HM8TBTb, 'ITO <poH B KaMepax H8CK0nhK0 yaenB'IBBancH aa C'I8T 0TH0CB

TenbH0 15onblIIOro Bp8M8HB 'naMHTB' BCKPOBOil KaMepbl (oKono I MKcex). EonblIIOe BpeMSI 

naMHTH npBB0/lBno HB0r/la K ll0HBn8HBIO ¢ororpaipafi C TpeKaMB llBYX BnB na>Ke H8CK0nbKHX 
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qacTnn, BBnny Toro, qTO cnnMKH c qncnoM TpeKoB 6onee onaoro ae o6pa6aTblBannc&, 9TOT 

¢on 6bln ncKnIDqen npn npocMoTpe, 

Bec&Ma BalKllhIM aTanoM B npoaenennn aKcnepnMeBTa BBnnnoc& onpenenenne.'nolKllhlx" . 
napaMeTpoB n B3Mepenne aaanu3npyIDmell cnoco6nocTn B TpeT&eM pacceBnnn Pa • B onhITax 

na yrne 00° anann3npyIDmaB cnoco6nocTb 61,ma B3BTa H3 panee BhlnonHennoro aKcnepnMeH-
/11/ 0 0 • /37-40 47 62/ 

Ta , Ha yrne 70 n 126 6hlnn ncnon&30BSHhl naHnhle H3 nnTepaTyphl · ' ' , Onpe-

nenenne •noJKHhlx• napaMeTpoB npoaonnnocb Ha nyqKe HenonBpH30BSHRhIX npoTonoB, Bo3nn-
A 

KaIDmaB npn aToM aHH30Tponnn yrnoaoro pacnpenenennn npoToHoB 13 no a3HMyTan&Ho-

MY yrny ~a nennKoM 06n3ana caonM nponcxoJKUeHHeM_HecoaepmeHcTBy aKcnepnMeHTan&Holl 

ycTaHOBKH n MOJK0T 6b1Tb ncnonb30Bana nnn BBeneHBll nonpaBOK B pe3yn&T8Tbl OCHOBHblX 

n3Mepe11nll, Ilpn B3MepeHnnx Ha yrnax 125° n 70° onpenene11ne •nolKllhIX• napaMeTpoB He 

1IpOH3BOJlBnoch, • noJKHble' ·a#eKTbl npn H3Mep0HBB R ObtnB ncKnIDqeHbl 6naronapll TOMY, 

qTo B3MepeHBB npoaonnnnc& npn nayx nanpaanennBX nonBpB381IBB nepanqnoro ny~Ka P1 

OTnnqaIDmBXCll na 180°. JlaRHbI0, nonyqeHHbl0 npn 9TOM. COOTBeTCTBYIDIIIBM o6pa30M yc

peJlHllUBCh, 

tJncno none3HbIX cnyqaea npnBeneHo B cnenyIDmei! Ta6nnne, 

Ta6nnna 

PaccenaaTenb Yron 
tJncno 

BO BTOpoM BToporo 
cnyqaea 

II p n M e.q a H n e 

paccenmrn pacceBHHR 

CO2 
90° 5671 OCHOBHOl! aKcnepnMeHT 

C 90° 2962 
M3MepeHne •noJK11hlx• 'napaMeT-

Ha 90° 15836 poB Ha Henonllpll30B8HHOM nyq-
KC 

CO2 125° 797 

C 125° 5630 
0CHOBHOl! 9KcnepnMeHT 

CO2 10° 4197 OcHoBI1ol! aKcrrepnMeHT 
C 10° 1375 

9355 OnpeneneHne P 8 · npn aHeprnn 
135 MaB 

BCEro: 45823 

Pe3yn&T8Tbl npenBapnTenbHblX onblTOB Ha yrne 90° o6pa6aTb!B81lRCb HS nnacKone, 

OcHoanol! MaTepnan 6bln o6pa6oTaH Ha nony~BTOMaTnqecKoM npn6ope, cnennan&Ho pa3pa-

60TaHHOM nnn aTnx nenei!
1151

, • 

JlaHHbI0, nonyqeBHbie Ha nonyaBTOMaT0 ,3aH.OCRllRCh Ha 6YMalKllyID neHTY, KOTopaSI nc

nonb3oBanacb JlnB BB0Jl8 9TRX JlBHHblX B ane11;TpOHHQ-CqeTHYID MSWRHy 'MnHcK'-2 Jlllll 

nan&nei!mel!·oopaooTxn, B pe3yn&TaTe o6pa6oTKH yrnoBbIX pacnpeneneHni! npoTOHOB, ncnbl-
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Taamnx TpeT&e paccennne, nonyqeHbl 3naqeHnn napaMeTpoa: 

P 2 ( 90 o) - - 0,07 ± 0,06 

P 2 (125°) ~ -0,U ± 0,16 

P 2 (70°) = -0,05 ±0,018 

R (90°) = 0,50 ± 0,11 

· R(l25°) =--0,06 ± 0-,26 , 

R ( 70°) = 0,09 ±0,19 

3Tn napaMeTphl HanliyqmnM o6pa3oM cornacoabrnannc& co 3HaqeHm1Mn, paccqnTaHHbIMR a 
/4/ 

pa60Te no BTOpoMy Ha6opy ¢a3~BhIX cnanroa, n no aennqnHe napaMeTpa R 0T6pac&1-

aann HSOOpbl nepBblll n TpeTnll (OTKnoneHne HS nBTh, meCTh OWIIOOK), 6btn0 II3BeCTHO, on

HSKO, qTo yToqHenne ¢a3oaoro anann3a a aHanornqHhIX ycnoBnBx RHorna naeT HecKon&KO R3· 

MeHeHHbl0 pemennB, KOTOpble yJKe BilOnHe YJlOBneTBopnTenbHO onnCblBSIDT HOBble Jl8HHb10, 

B CBB3R c 3TRM ObtnO npoaeneHo yToqHe11ne paHee nonyqeHHhIX Ha6opoa· ¢a30BbIX cnanroa c 

HOBb!Mll JlSHHhIMH no p 2 ll R , Ilpn 3TOM OK83anoc&, qTo OTopaCbIBSeTCll TOnbKO TpeTbE 

pemenne ( X 
2 

B03pacTaeT no 2? ). IlepBb!ll H BTOpoll Ha6op OJlRHSKOBbl no x 2 

KpHTepRID, IJpn 3TOM 06a pemeHH!I ·ynoaneTBOpHTellbHO onHCb!BSIDT Rpn Ha acex yrnax, Ilo-

9TOM pemeHBR, OJlHaKo, HMenn BeCbMS 6011&mne oum6Kn y ¢a30Bb!X CJlBHrOB nyqeHHbI0 npn 
a a 
s, n Po /24/ 

• IlonbITKR HaRTR 9KcnepnMeHT, KOTOpblll cymeCTBeHHO CHR3Rn 6bl 9TH 

omn61rn, He yBeHqanncb ycnexoM, rr·naHnpoBaHne noKS3blBano, qTo Jlllll yMeH&mennB omn6oK 

neo6xOJlRMO oomee nOBb!WeHne TOqHOCTR acex 9KcnepnMeHTOB, Torna• ObtnO llpllH!!TO pemeHne 

ncnonb3oBaTb ace cymecTByIDmne H nnTepaType naHHbie l Taonnna 2) npn aneprnn 630-680 Maa 

An!! yroqneHBB ¢a30BOro 8H81lB38, Ilpn 9TOM qncno 9KcnepnMeHT81lbHblX TOqeK B ¢a30BOM 

anann3e B03p0Cll0 C 96 no 209, B OCHOBHOM 38 C'leT no6aaneHHblX naHHblX no a#eKTIIBHO

My ceqeHHID n nonnp113annn B pp -paccesrnnn, B pe3yn&TaTe yToqaennn nonyqeHbI ¢a30Bbie 

Ha6opbl, npBBeJleHHble B Taf;innne 3, J13 TaonRllbl BBJlB01 qTo OTHOWeHBe X
2 /x2 BnOIIHe 

YJlOBneTBOpHTenbHO H omn6KB ¢a30Bb!X CJlBBrOB 38MeTHO yMeHbWRllBCb. 

Ha pnc. 2 nOK838Hbl yrnoBble 38BRCHMOCTR napaMeTpa 

OCTaBWBMCll na6opaM <P830Bb!X CJlBHrOB. 

R , paccqnTaHHbie no JlBYM 

OnHoapeMeHHo c onpenenenneM R R Pa B pa6oTe R3MepeHbl Te JKe aennqHHbl Jlllll 

KB83Rynpyroro pacceBHBll nonllpR30BaHHblX npoTOHOB Ha HellTpOHax, CBll38HHblX B llJlpax yr

nepona. Ilonyqeabl peayn&TaTb1: 

C 
p2 (90°) = 0,02 ± 0,06 , 

p~ (125 °) =-0,27 ± 0,26 

p~ ( 10° ) = 0,09 ±0,16 

C 
R ( 90° ) - 0,23 :!: 0,11 , 

Re (125°)a-0,49 ±0,41 

R °(70° ) = 0,12 ± 0,23 

CnenyeT OTMeTBTb, qTo BennqnHbl R B p 2 , nonyqeHHble npn pacceBHRII npOTOHOB 

Ha Hei!Tponax B llJlpax 11el!Tep11ll B npBHUBne MOrYT OTllUqaTbCSl OT.Tex JKe BellR'IRH Jlllll 

cao6onHoro pn -pacceBHBSl, CoOTBeTCTByIDmHe nonpaBKII K 9KCnepnMeHTallbHblM Bennqn-

HaM, yqnThIB8IDII1lle B38HMOJlellcTBHe BbmeTaIDmnx qaCTHU B KOHeqHoM COCTOllHHII Jlllll anep-
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148-53/, 
rnn 147 MaB, 6hlnH Bbl'IHCneHhl a pa6oTaX • 3TH Bbl'IHCneHHR He BIIOnHe rrpHMOHHMhl 

nm1 Hamero cny,rnsr, T.K. DpH pacq:eTaX y'IHTb!BanoCh TOflbKO B38HMOllellcTBH9 B S -COCTOR-

HHH. OnHaKO 3TlI nonpaBKH nomKHbl CTHpaThCR C yaenn'lel!HeM yrna H pOCTOM 3l!eprKH H 

nnsr aamero cnyq:asr, no-BHllHMOMY, 6ynyT Mel!&me, 'leM 3KcnepnMeHTan&l!b1e omn6ur~ KpoMe 

Toro, !Ip51Mb!MH 3KCDOpHMOHT8MR 6hmo IIOK838HO, 'ITO p pp R Dpp B cnyqae ynpyroro II 

Knaauyrrpyroro pacceirHHR {11a rrp0To11e nellTpoHa) npu a11eprnn 630 Maa n npenenax TO'l-
/34/ 

'\ HOCTH 3KcnepnMeHTa COBnanaIOT • TeM 11e MeHee, BOIIpOC O rrorrpaBKax !18 KB83Ryrrpyroe 

paccellHHe, K?He'IHO, aacnylKRBaeT OT)le!IhHOrO pacCMOTpeHRR. 

rnaaa III 

' 06pat50TKa 3KcrrepHMeHT81IhHhlX naHHblX 

IlpR <poTorpa<j,npoBaHRH HCKPOBblX KBMep nonyqaeTCR 6o!Ihmoe KOIIH'I8CTBO <j,oronnemrn. Ha 

KBlKllOM Kanpe c<poTorpa<pRpOBBHa HCKPOBSH KBMepa B llBYX npoeKllRRX C TpeKoM, HOMepoM 

Kanpa H HOMepoM nneHKH. Ha Kanpe Hano RaMepRTh B o6enx rrpoeKURRX yron BXOllB,H yron 

pacceRHHSI HS 0/lHOM lI3 pacceHBaTeneii BHyTpH HC!tpOBOll KaMephl, ecnR BblllOIIHeHbI cneny-

10mne KpHTepRH: 

1. Ha Kanpe ecTh TOnhKO OllHH TpeK. 

2. Yron H31IOM8 TpeKa 6onhme qeM 2° XOTR 6bl B onHoll npoeKIIHH. 

3. TpeK Ha CHHMKe KaMepbl B "neiiTpOHHOll BeTBII" OTCYTCTBYeT { 3TO RMeeT MeCTO B 

cnyqae H3MepeHRR pn -pacceRHHR; lllIR pp-pacceRHHR BO BTOpoll BeTBH TpeK, Hao6o-

poT, non>KeH 1IpHCyTCTBOB8Tb) • 

IlpR o6pa6oTKe H3MepeHHhlX cnyqaeB Ha C'IeTHOJl. MamHHe H8KII81lh1B8IOTCR eme 110-

IIOIIHHTen&Hbie KpHTepHH: 

1) Yron BXOll8 TpeKa B ncKpOBYIO KaMepy He OTIIH'IaeTCR OT cpenHero yrna BXOlla 
0 ' 

TpeKa 6on&we 'IOM Ha 3 • { Bb16paChlB8HHe TSKRX cnyqaeB npH rrpoCMOTpe Ha JlHSCKOIIQ 

non>KeH JlenaTh na6opaHT). CpenHHll yron axoJla onpeneneH no 6on&moMy KolIH'IeCTBY cny

qaea. 

2) Yron ·pacceRHHR neJKRT B npenenax 0 8 m<4° - 30°>na6. (npn HaMepenan na yr-
o O '0 

ne 02 = 70 B rrpenenax<4 - 20 > na6.). 

nrtsr o6pa6oTKH 6ism C031l8H cnennan&Hhlll nonyaBTOMSTR'leCKHil IIpR60p JllIR 1IpOCMOTP!3 

R R3MepeHn>I CHHMKOB C RCKPOBb!X KaMep, KOTOpblil cymecTBeHHO YCKOpRn o6pa60TKY 

.. 8 X \yae!IR'IHII TO'IHOCTb H3MepeHn>I ( .. 3 X ) R CHlln 6on&my10 'ISCTb <pH3H'IeCKOil Har-
/ 16/ 

rpyaKR npH o6pa6oTKe • 05mHfi BH/l npH6opa rroKaaaH Ha puc. 3. PeaynbTBThl H3Mepe-

HHS! npo6HaaroTCR Ha IIRTHnopo>Ke'IHyIO 6yMa>KHYIO nep<poneHTY Ha nep<j,opaTope IIA H 38T8M 
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BBOllRTCR B aneKTpOHHYIO C'IeTHyJO MSIDRHy "MHHCK- 2" • nnn Dpo6HBKR KOpoTltHX nporpaMM 

RIIR geo6xonRMhlX KOllOB Ha 6yMa)l{B'.yIO nep<j,oneHTY {Enn) 6hln C031l8H HynhT ynpaBn8HHR 

ll!IR py'IHoll npo6nmrn, KOTOphlll TBKJKe CBH38.H C nep<j,opaTopoM nn . 

IlpenaapnTen&HaR 06pa60T11:a peayn&~aToB Ra aneKTpOHHOA C'IeTRoll 

Mam RH e. Ha OCHOBSHHR 118.HHhlX. nonyqeHHblX Ha nonyaBTOMBTR'leCKOM npu6ope, Hy)l{B'.0 on

pe)lenHTb yrnoBble R npoCTpaHCTBeHHhle •xoopnHHBTbl Tpexa H IIOJlrOTOBRTb Bech MaTepuan 

Jln51 nan&Hel!mel! o6pa6oTKR. 

a) 3alIRch JlBHHhlX HS MBIDRHe ,, MRlICJt-2" ., 0K8381IOCh nenecoo6pa3HhlM Rcnonh30B8Tb cy-. 

mecTay10my10 B OH.RH cBRah C'leTHhlX MamRH "MnacK-2" R M-20, BBOJlRTb nee 11aHHb1e c 

Eiln BB MBIDRHY "MRHCK-2", a TBM nocne !IpOJlBapRTen&HOl! o6pa60TKR HBKBIInHBBTb RX Ha 

MBrllRTROl! nel!Te '{Mn). Ilocne HBKOIIIIeHRR JlOCTBTO'll!Oro KO!Ill'IeCTEla AB.HHhlX nee& MBTOpR

an' B .Te'lel!He xopoTKoro ~peMeHR nepenaeTcR Ha Mamnay M-20, rne aaaepmaeTCll npenaa

pnTen&RaR 06pa60TKa 1R peayn&TBThl 38DHChlBBIOTCH Ha Mn MBIDRHhl M-20, 

nm1 BBeAeHRll llBRHhlX B MBIDRHy "MHHCK-2" 6bin HCIIOIIb30B8H TejCCTOBb!l! BBOll, pa-

60T8IOIDRl! B HeCTSH)lapTHOM pelKRMe. B'oTIIR'IHQ OT o6hlKHOBOHHoro TOKCTOBoro BBOJla, IIpR 

KOTOpOM He BBOllRTCR llOKOTOpble KOJl,bI, B aTOM cny'lae BBOJlRTCH Bee KOAhl, 38 RCKIIIO'IOHlIOM 

1IpR3Hal!:a rpBl!Hllhl 30Hhl. B rrpRIDIRIIe, MOlKRO RCIIOIIb30B8Tb TBKlKe IIR<pponol! BBOA MaIDRHhl 

"MnncK-2". B Ta1toM cnyqae neo6xonuMo npo6naaT& nocne KBlKl!Oro R3MepeHRH npuaaax aa

lIRCH HS "MRl!CK". 

Pa6oTa Ha Mamnae "Maac11:-2" aeJleTCR no TpeM nporpaMMaM. IlporpaMMa l - BBOA 

llSHHhlX C Enn, o6pa6oTK8 R 381IRCb Ha Mn MaIDR!Ib! ,, Munc11:-2". 

IlporpBMMa 2 nepenaeT 'l:Hcnoaol! MaTepnan c MarHRTHoll neHThl aneKTpoHHoll c'IeT-

non MamRHhI "MnacK-2" Ha Mamany M-20. 

nporpaMMa 3 nonroTaBnRBaeT MarHRTHyJO neHTY JllIR 381IRCH 'IRCen R 38IIRCb!BaeT 

TyAa nporpaMMbl I H 2. 

6) Ilocne 
I 

nepe11a'IR Marep11ana Ha MamRHy M-20 nponcxonRT ero npenaapRTenblla!I o6pa6oTKa 

-R OTpa6oTaHHbll! MaTepHan 38ITHChlBBeTCSI Ha Mar!IHTHYIO II0HTY MamR!Ibl M-20. IlpH 3TOM 

Y'IRTbll;IBIOTCll norrpaBKR Ha reoMeTpH'leCKRe HCKa>KeHHH, B03HHKa10mne 38 C'IOT l!eneHTpanb

HOfi npoeK1IHH IIpH <!>ororpa<pHpOBB.HHR H aa C'IOT Renapannen&HOCTR nnoCKOCTeil CTOHOK HCK

poBofi ltaMepbI, IIRB'.3 H nnoCKOCTH <poTODII0HKH. 

nocne rrpe11BapHTenhHOfi o6pa6oTKH acex JlSHHhlX Mhl nony'IRM JlnH KBlKl!OrD cny'la!I 

pacceRHHR COBOKyDHOCTb yrnOBhlX H D~OCTpaHCTBOHHhlX KOOpllHHaT ( "1 

DOIIHOCTblO xapaKTep11ay10mHX 3TOT cny'lail. 

"• )- X 

Tenepb Hama aanaqa - H3 6on&moro 'IRCna cnyq:aeB, KSlK/lb!l! H3 KOTOPhlX OIIHCb!BBeT-

CR KoopllHHaTaMH x
1 

- ( x ! • ••• • x! ) , aaHTH a* -= f a*1 , ••• , a*m )- onemcn napa-
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MeTpoB a - ( a 1 1 ... 1 am ) 1 X0T0pble xapaxTepHaylOT H3Y'i48M08 HBn8HH8 H nx OWH0XH 

(7. • OKa3bIB48TCH, '{TO Hannyq:my10 0II8HKY C T0'lXll 3peHH!l MllHHMyMa u. M0lKH0 II0-

ny'llln., ecnH axcnepHM8l!Tan&Hble AaHHbl8 oopaoaTbIBaTJ, MeTOA0M MaKCHMyMa npaBn0II0A0-
/28/ 

0HH, xoTOpbil! nonpooHo paccMoTpeH B paooTe • KoM11nexc paooT, H3no]KeHHbIX B rnaBelll1 

A48T B03M0lKH0CTb 0bICTpO IIpoBeCTH oopaooTKY 00/Ibmoro K0nH'l8CTBa <poTolineHKH H nony

'l'.JlTJ, HCK0MbI8 IIapaMeTpbI. 

fnaBa IV 

3KCII8pHM8HTbl C IIOnHpH30B8HHOll 1Ip0TOHHOJ! MHW8Hb10 H IIp!lM0e B0CCTaH0Bn8HH8 

M8TpH1!¥_ Jl4CC8SIHHSI 

ITpsrMoe B0CCTaH0BneJllle MaTpHIIbl pacceSIHHSI Ha 0CH0BallHH axc11epHM8HTanbHbIX nan-

HblX II0 Io p , 11apaMeTpaM Bon&<peHmTel!Ha, napaMeTpaM 11epena'lll 11onHpH3a1IHH H 

IIapaMeTpaM CIIHH0BblX 1toppenS11IHll c,.,. H Cmf HBnHeTCSI noB0nbH0 TpyAH0ll 3a.[laq:el!. 

IToaToMy oobl'lHO 0TAaBanoc& npenno'IT8HHe np0Benenn10 <pa3oaoro aHrulll3a Ann onpeneneHnsr 

KOaqiq>HllH8l!TOB MaTpHllbl paCC8SIHHSlo 

_Kax H3B8CTH01 1IpHM8H8HHe norrnpH30Bal!H0ll IIpoT0HH0ll MHW8HH ( ITITM) 3Ha'lHTenbH0 

ynpomaeT psrn 011&1ToB no nyx11011-Hyx11ouH0My pacceHan10· H, oonee Toro, naeT B03M0JKH0CTL 

. ' H3M8pHTL psrn cymecTB8HH0 H0Bb[X B81IH'lHH: II0II!lpH381IH10 paccesrHHofi 'l8CTHilbI M plk 

II0IISlpH381IHIO 'i8CTHllbI 0T.[la'{ll N 21k IIpH pacceHHHH nonHpH30BaHHbIX HyKII0II0B Ha II0IISI-

pH30BaHnofi IIpOT0HHOll Mllmenu, T8H30p CIJHH0B0ll xoppemmuu C pql npn paccesrHHH neno-

m1pH30BaHHbIX 'l8CTHII Ha ITITM H T8ll30J) :CIIHHOB0fi K0ppenSlllHH Cpqlk IIpH paCC8!lHHll 

II0nSlpH30BaHHbIX HYKII0H0B Ha nom1pnaoBaHHbIX llYKII0HaX. ITepe'lHCII8HHbI8 BenH'lHllbl SIBn!llOT

CSI K0MII0ll8HT8MH T8ll30p0B Tp8TLero H '{8TB8pToro palll"0B, 

3TH cnolKHbI8 om,iTb[ ae IIBIISIIOTCSI neooxoAHMbIMH C T0'lltH 3peHHSI npoaenennsr <paao

BOro ananuaa, HO 0HH M0ryT urpaTb BalKHYIO pon& npn B0C,CTaHoBneHHH MaTpHllbI paccesr-

HHSI, OC008HIIO npH aneprnn Bblme nopora M830llO!)0pa3oB_aHH!I. 3TH Aa.llH&Ie ycTpaHHIOT neonHo3Hlfl -

H0CTll B <pa30BOM aHalIH38 MoryT CnylKHTb npoBepxoll T0'lH0CTH APY!'HX 0IIbIT0B, npoaepxoll 

paanH'lHbI::C 3ilKoHoB coxpaHenusr n T.n. 

Kax 0btnO 'noxaaano, axcnepHM8HTbI C npHM8H8HH8M II0IISlpH30B8HHbIX IIY'iK0B ll Mnme

Hell 3H8'lHT81IbH0 ynpomaroT IIp!!M0e B0CCTaH0l'lneHHe MaTpHIIbI pacce>IHH>I. Jlanee 3alIHW8M · 
/28-32/ . 

aMIIIIHTYAY pacce>1HH>I B BBAe: 

. .. .. 
M - .!.:!:! -\; a-b <;;1 ri)(;;2-:>+ .!..(if1 +<i2 ,ri)+ c+d (u1°!i><; ;;;,+c-dr;V><<V, (4,1) 

2 2 2 2 2 
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l'A8 .. .. 
k1 H k 1 -8ABlIH'lHbI8 B8XT0pbl B nanpaaneHHH HB'lan&Horo H K0H8'iH0Kro HMnyn&C0B 

s c.u.M. 

.. 
n• 

.. .. 
k 1 X k 1 

l~ xr,1 
.. 
mm 

.. .. 
k1-k1 
~ I k,-ktl 

a, b, c ,d, e - KOaqiq>HIIH8HTbI MaTpH!lbl pacce!lRH>I l 

;; I - MaTpHIIbI ITaynn. 

.. .. 
k1 + k1 
~ 
fkt + k, I 

Bocnonb3yeMC>I IIp0H31'10nbH0CTbIO oomell <pa3bl B MaTpHne pacce!lHHSI H oy.iieM C'IHTaTL, 'ITO 

xoa¢¢mtneHT e -nemecTB8HHblll H non0]KRT8/IbHbll!, Terna RM88M: 

e
2 

= 10 0- Cm mm m ) • (4,2) 

a 0CTa/IbHbl8 xoa¢q,nnHeHTbl no cymecTBy paBHbl onpeneneHHbIM aKCII8pHM8HTan&HbIM nenn

'lHHaM 

Io P e Re a· I O C mfm m = - e Im a, 

I 0 C mom= eReb 1 10 De., • - e Im b , 

IO cnmm c::, e Rec 1 10 IC e., = - elm c, 

I 0 Cmmn-=ceRed, 10 Cfm=-elmd. (4,3) 

Taxoe 'n?HefiHoe' B0CCTanoBII8HHe MaTpHllbI pacce>IHH!l nonnocTbIO ycTpan!leT Bee H80AH03-

Ha'IH0CTH (npn A0CTaTO'IHOfi TO'IH0CTB OIIbITa), KpoMe oomefi <pa3&1, K0Topyro M0lKH0 'onpene

nHTb C II0M0!llhIO 0IITH'l8CKOJ! T80p8Mblo 

3 a K n ro 'I e H n e 

JluccepTaung II0CB>lll!8H8 H3Y'l8HHIO B0IIpocon, CBS!38HHbIX C 0AH03H8'IllbIM B0CCTaH0B

II8HH8M MaTpB!lbl pacceS!HHS! HyKII0H0B HYKII0H8MH. OcnOBHbl8 peayn&TaTbl, II0IIY'l8Hllbl8 npu 

pemenHH aTnx BonpocoB, M0JKH0 cq,op~ynupoBaT& cnenyromnM oopaaoM: 

/16/ 
l. ITpoBeAeHo IIII8HHp0Banue 3KCII8pHM8HT0B no TpofinoMy pn -pacceRHHIO rrpu 

anepruu 830 MaB n nal!11eH&1 onTnMa11&Hb1e yrnbl, Ha K0Top&1x nauoonee panuonan&H0 cne-

11yeT B8CTH H3MepennS! rrapaMeTp0B Rpn, Dpn H APll • 
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nnannpoBaHHB no3BonneT BblnonnHTb 9KCnepHM0HTbl nan6onee 9KOllOMH'!HblM C TO'lliH 

3penan 3aTpaTbl BpeMenn aa ycKoparene cnoco6oM. Ilonyqeaable pe3ynhTaTbl npa 9TOM oKa--

3bIBa10Tcn nan6onee s<pq>eKTHBHbIMH JlnH onpe11eneHHH HaHB0pOHTH0lllllero Ha6opa !pB.3.~lJbIX 

CJlBHroB H3 Tpex paaee cymecTBOBaBlllHX. 

2. Pa3pa6oTaH M9TOJl H3Mepeann napaueTpoB Tpol!aoro pn -paccesrnnn c noMOIIU,10 1 

HCKpOBblX KaMep H C03.tlaHa _9KcnepHM8HTMbllaSI yCTaHOBKa, Il03BOnSIIomasr npoBBCTH H3Mepe-
/21/ . 

HHSI napaM8Tpa Bonb!peHmrel!na R Pb • YcTanoBKY MOJKIIO ncnom.aoBaTb TaK>Ke B 11py-

rnx aaanorKqJ!blX onhlTaX, r)le •rpe6yeTCH l!a.tl0lKHO H 9!p!p0KTHBHO Bb!ll8nHTb pe11KHe aKTbl 

pn - B3aKMOJl0ilCTBHR npH Hannqnn .tlOCT8.T0qJ!O HHTBHCHBHOro q>oaa. 

3. BblnonHen KOMnneKC pa6oT no aBTOM8.TH3annn o6pa60TKH CHHMKOB C HCKpOBblX Ka-
/9, 10, 12-15/ / 15/ 

Mep . • Co3.tlaH nonyaBTOMaTH'IBCKHil np116op ' 3HaqnTenbno yCKOPHIOil!Hi! npoc-

CMOTp H H3M0p8HH0 yrnoB pacceSIHHSI '!aCTHJl npn 0JlHOBp8M8HHOM YB8nH'l0HHH TO'IHOCTH H3-

Mepennn H cymecTB8HHOM CHH2K8Hlil'.ll'. !pll3H'l8CKOl! aarpy3Kll na6opaHTa. CocTaBnBHbl nporpaM-
/12,14/ 

Mb! o6pa60TKll 11aHHbIX na 9JI8KTpOIIHblX C'l0Tllb!X Mamnnax. 3aIIKCb 'IHCnOBoro MaTe-

pnana npoB011nnacb aa Mamnne 'MnncK-2', oTTy.tla MaTepnan nepe.tlaBancn na 3BM M-20 H 

nocne npe11Bap11Tenbnoi! o6pa6oTKH 3allHChlBancsr na MarnnTnyro nenTy. 11cKOMbIB napaMeTpbI 

c nx om116KaMH onpenemmncb MBTO.tlOM MaKCHMyMa npaB11ono1106nn aa Mamnne M-20. 

4. Pa3pa6oTaH MBTO.tl 6blCTporo onpe11eneann H BBe11eann nonp0BoK na reoMeTpnqecKne 

HCKa2K8llHSI, B03HHKaromne npH !pOTOrpaq>npoBaHHll Tp0KOB. Pe3ynbTaTbI H3M8p0HHSI o6pa6aTbl
/ 17 / 

BanHCb C yqeTOM 9THX nonpaBOK 

5. BnepBbte BhlfionaeHbl aKcnepnMeHTbl no H3Mepennro napaMeTpa 'l'poi!noro paccennnn 

R pn B ynpyroM 

nonyqenhl cne11y10mne 

pn -pacce1rnnn Bblme nopora M830noo6pa3oBaHHSI npn sneprnn 805MsB. 
/21 22/ 

pe3ym.TaTbl t . : 

RPb(70°) -0,09 t,0,19 

Rpb(90°) e0,50 ±0,11 

RPb( 125°) = -0,06 ± 0,26 , 

P Pb (70 ° ) - - 0,05 ±0,018 , 

p Pb(90°) e -0,07 .± 0,06 , 

0 

PPb(l25 )=-0,H±0,16. 

011n0Bp8M8HHO onpe11eneHbl TB 21(0 BBnH'!Hllbl npn KBa3HynpyroM paccenHHH npoTOHOB Ha 

aei!Tpoaax B sr11pe yrnepo11a. 

C . 

RP,.(70°) =0,12 ±0,23 
C o 

p Pb (70 ) = 0,09 ±. 0,16 , 

C o 
Rpb (90 ) = 0,23 ±. 0,11 , 

C -
P (90° ) = 0,02 + 0,06 , 

Pb -

C o 
RPb( 125 ) = -0,49 ,± 0,41 

C o 
PPb(l25 )=-0,27 ±.0,26 
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6. HncJ,opManmr O pn -B3aKMOJl0i!CTBHH, nony'l0Hll8Sl B 9KCnepHM0HTe HCHOnb30B8n8Cb B 

COBMBCTllOM cJ,aaoBoM an0nH30 pp - H pn - .tl8HHbIX npn s.iteprnn 630 MsB. IlpH 9TOM 

OKa30nocb, 'ITO 0.t!HH H3 panee cymecTBOBaBmHx aa6opoB <p830Bb!X C.tlBHrOB M02KHO OT6poCHTh 
2 /21 22/ 

no KpHTepnro X ' 

7. Hapn11y c nccne11oeanneM npo6neMbl O.tlH03Haqaoro cJ,aaoeoro anannaa paccMoTpea 

Bonpoc npnMoro BoccTanoBnennn MaTpHJlhl.HYKnoH-nYKnonnoro paccenann. IloKa3aHo, 'ITO B 
/29,30/ ' 

OTIIH'!He OT npellbUlYillH?t, npe11no21<eHnl! HCHO~b30Banne nonnpH30Baaaol! npoTOHHOll 

lll0Hll B onbITaX no HYKnOH-HyKnOHHOMy pacceHHHIO 11aeT B03M02KHOCTh CBBCTll yKa3aaayro 

• /18 19/ )laqy K pemea1110 CHCT8Mbl BOChMH nHHel!HbIX H 0.t!Horo KBBJlp_aTH'IHOro ypaBHBHHil ' • 

MB-

38.-

B 3aKnIO'l0HH8 aBTOp C'!HTaeT CBOHM npHHTHbIM .tlOnPOM Bblp83HTb rnyooKyIO 6naro)lap

HOCTh aay'!HOMy pyKOBOJlHT81IIO IO.M. Ka3apHHoBy 38 noMOil!b B npoB0.tl8HHH JlBHHoi! pa60Tbl; 

B.n. A21<enen0By, n.11. nanHJlycy, A.A. TsrnKnay n 11. Ynerne 3a aeH3M8HHyro noJl11ep2KKy n 

HHTepec io BC8M pa6oTaM no Hccne)loBaHHIO HyKnoH-HyKnoaaoro B38HMOJl8i!CTBHSI; C.11.En-

'neHbKOl!, H: EbICTPIIIlKOMy, n. BnH'TepHHTny, .H. KayTCKOMy, n. nne6ny, M. Manbl, 

A.4>. nncapeBy, O. Crony, H.H. Cnnnay, IO.H. CnMoaoBy, B.B. 4>e11op0By, H. 4>pnruy a 

3 • .HaoyTy, B COTpyJlHH'l8CTB8 C KOTOpbiMH ObI/m BbtnOnHBHbI paoOTbI1 BXO.tlHil!H0 B OCHOBy 

.tlHCC8pT8IlHIII C.M. EHJIBHbKOMy, H.n. Kn~niuoey, r.A. OcocKOBy, P. M. PbIHJlHHy, . .H.A.CMo

p0.tlHllCKOMy H .H. Yp6anny 3a MHOPO'!HcneHHbI8 none3Hbte o6CY2K.tl0HHH; rpynne M.r. Meme

pHKOB8 38 nonyqeane aeo6XO.tlHMbIX .tlBHHbIX H 'l8CTH annapaTypbI Amt BblBO.tla npoTOHHoro 

nonnpH30Baanoro ny'!Ka; E.IlaBJIH'IKOBOi! 3a H3rOTOBJI0HH0 CUHHTHJinHUHOHHbIX KannnmrpoB 11nn 

Hel!TpOHHoro C'l8T'lHKa; A.K. pai!qepy H KOnneKTHBy M8XBHH'l0CKHX MaCTepCKHX na6opaTopnn 
. . 

n11epahlx npo6neM 3a KaqecTneaaoe np0Be11eane aeo6xo11HMbIX Mex0anqecx:'~x paooT; H.n.3onb-

HnKoBy, H.E. ~.tlOBHHOfi H KonneKTHBY <poTona6opaTopnn aa npoHBJIBHHe 60Jibllloro KonnqeCT~ 

Ha q>oronnenKn n 11pyrne p060Tbl; H.T. rpexoBy n M.M.ne6e11eaKo 3a noMOII!b B pemeann op

r0Hn3aunoHHbIX BonpocoB; n.4>. fpaqeaofi, B.A. MaKcnMoBoi!, B.M.- CaKoBcKoMy, C.11.CMnp

HoBofi, T.JI. TnMocj,eeeofi, B.4>. YcTHHoBy H .H. 4>nnrepoBofi 38 noMOil!h B naroToBneann an

napaTypb1, np0Be11enan H3MepeHHfi n npocMoTpe nneHKn )I: nn21<eHep0M na. aneKTpoHHol! Bbt-
. . 

'lncnnTenbHofi Mamnae BU A.H. Ecj,nMoBofi, C.B. Ka.t!blKOBofi H 3.B. nb1ceaKo 3a noMoII!b npn 

o6pa6oTKe MaTepnan0. 

ABTOp rny6oKo npnaaaTenea cBoel! 21<eae nnnnaa ner0p0Boi! 3a nocTonaayro no1111ep~-

Ky B p860T0 H 38 Bbmonaeane HaMepeanfi n p0cqeToB, CBnaaHHhIX c onpe11eneaneM s¢'PeK-

THBHOCTH nonyaBTOMaTH'lBCKoro npn6opa .tllIS! npoCMOTpa n H3MepeanH TPBKOB C HCKPOBblX 

KaMep. 
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Ta6nBna 2 

3KcnepHM8HTanhHbl8 nAHHble no N - N-pacceSIHRIO, ncnon&30BABHble AnH npoB8/18HBll 

<J,aaoBoro aaannaa 

E _, Mae 
'facno nuTepaTypuwii Benn"IBHa T0"l8K HCT0'!:HHK 

rPP 
0 590,650,657,660 65 /63 ..: 69/ 

l'pp 635,657,680 41 /34, 70, 71/ 

Dpp 6J5 6 / 34, 70/ 

App 608 5 /45/ 

Rpp 6J5 5 /72/ 
cPP 

ml 605,66~ ·2 /43', 73/ 
cPP 

nn 605,640,660 16 /43,74,75/ 
pp 

Itot 640 1 /76/. 
Inp 

0 580,590,6JO 50 /33, 8, 78/ 
pnp 605,635 12 /21,22,34/ 

Rnp 605 J /21, 22/ 

DnJ> 6J5 l /34/ 
np 

Itot 6JO 1 /77/ 
Ind/0/ 

I 6JO I l 
Inp/0/ I /4/ 
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Taomma 3 
1461 

<t>aaoBbte CABKrK B rpa11ycax ( napaMeTpK3aUKSI CTanna K AP, ) ayKnoa-ayxnoanoro 

paccesIHKSI npn saeprHH 630 Msa ,,_ 

Haoop 1 Haoop l' Haoop 2 Haoop 2-' 

So·+ Mo So;tMo so ± ~so 80 + ~80 

JlettcTBKT0nbHhl0 qaCTK ¢aaoBWX CABKrOB 

,r .. 0,001 o,ooa a 003 o 007 0 062 0 009 0,055 O,QD!i 
'So -21,66 ~84 -21:53 4:85 -21:55· 2:63 -28,80 2,42 

!~ -14,78 9,74 -6,26 7,60 1,97 6,34 o,82 5,55 
-34,05 4,47 -40 45 7 80 -58,93 1,12 -48,52 10,90 ·~ -11.,06 4,65 -11.:29 5:32 -60,70 9,91 -67,31 6,87 

3lt -24,31 4,03 -28,06 3,43 -38,12 3,25 -36,17 3,8'5 
3p2- . 34,25 1,50 25,42 1,84 18,93 1,37 21,43 1,42 

E.1 27,26 2,76 25,32 2,18 -6,58 8,60 1,34 9,00 
Jn, -17,24 2,49 -17,59 3,06 10,39 5,87 18,42 5,99 
1D 7,17 · 1,65 6,84 2,27 6,12 1,77 3,45 ·1,97 
3 ~ 
3Di. 14,40: 4,97 15,83 3,06 25,18 3,63 19,57 5,13 
n.s -4,48 2,07 -4,34 3,23 6,90 1, 79 8,15 2,54 

3£2. -2,58 0,92 -3,93 2,10 -0,31 1,47 -7,03 2,26 
P2. - 4,03 1,17 -1,01 1,34 -7,99 l,40 . 0,31 2,61 

.fF 4,76 .?-,21 3,72 2,72 2 15 180 0,099 4,16 
3 s -2'96 1'14 
3

P1 2 01 1 20 -3,95 1,50 -10,45 1,70 
I\ 3:rz 0:93 1,22 0,83 1'36 0'61 J,ll. 0,85 

3£s 1.6,77 o,68 18,19 0,60 -1'92 4'64 -0,98 6,52 
G3 . 3~62 1,67 -0,81 2,24 2'11 2'79 0,54 3,70 

'G., . 5,41 0,74 5-,16 0,86 4:76 o:6, 5,n o,67 :a,, 5,63 1,91 3,17 2,29 -2,29 2,98 -1,74 2,54 
Gs -3,15 1,cu -~,33 1,92 -0,92 o,aa -1,68· 1,62 
e,, -4,10 o,67 -6,57 0,59 -3 43 0 88 -3,48 .1,13 

311,, -2,62 o,65 2,26 o,63 0:61 0:49 3,03. o,81 
A~ 5,65 1,64 6,96 1,41. -5,64 1,83 -5,15 1,53 
3~ -3,36 0,82 -1,88 0,82 -1,80 0,95 -5,29 0,94 
J11g -2,40 0~50 .2,87 0,47 0,94 0,31 2,35 0,31 

ManMwe qacTK ¢aaOBhlX C/lBHroB 

JE 
} 3,64 

-1 57 3,64 
} 2,67 

4,45 6,38 
3 0 0,43 -1'24 2,38 o,n -0,22 3,40 
3~ 

P2. ~57 2,57 2,59 2,82 
~Da. l.4,27 2,11 16,34 3,75 6,67 2,42 1.,56 2,23 
3:t, 

} 1.,99 0,22 3,49 2 09 } 3,10 0,38 , 7,02 2 60 
3 'I. 2:85 3:20 F .. 2,86 6,97 

11~ 201,72 213,74 209,55 194,64 

1,13 1,20 l,17 1,10 

' 
B Haoopax I· n 2 MHKMbte qacTK 

a a 
PB F npe11nonaranHCb O/lKHHKOBhlMK. 
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