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A H H 0 T A U H B 

np11BDl1RTCRi pe3ynbT8Tbl 113MepeHI!il yrrpyroro /J-P -paCC9RHIIR B 

06IT8CTII IIHTep<j>e!eHUIIII KYITDHOBCKOro II HrrepHOrD B3811MDrr9ACTBIIil 

(010007~ /'1:/!& 0 102 (faB/c)2) B IIHT9pB8IT9 3Hepri!tl 8-70 f3B 1 BblTIOIT

H8HHbiX Ha cepny:wacKOM ycKopHTene. DoKa3aHo, ttTO eenHYHHa oTHowe
HHH ll8i1:CTBHT81lb Ot\ \18CTH 8MITIIHTy.llhl yrrpyroro /J-fJ -p8CC9SIHHSI K MHH

MOil ot, M9HR9TCR! B yK838HHOM 3HepreTI<'19CKOM IIHTepB8IT9 OT -0,35+0,05 

rrpH HMITYITbC9 p ~ = 9 039 faB/c 110 - 0,092 :!:_ 0,011 npH p =69,8 f;;,/c, 

qTQ CornacyeTCSI 1: pe3yllbT8T8MH pacqeTOB1 BbUTOIIH8HHbiX B DBHHOH pa-

6oTe H8 OCHOB8 HCIIepCHOHHbiX COOTHDW8HHH C O.O.HHM Bbi'HfT8HHBM. 8 
CT8Tb8 OIIHCBH M ~TOll H3M9p8HHH H 8H81IH38 3KCII9pHM9HT81IhHOro M8T9-

pH8118. DpHM8!:eH 19 BO.llOpOllHOti CTpyH B K81.J8CTB9 BHyTpeHH8ti MHW9HH 

ycxopRT9ITR OTITH 89T 3TOT 9KCIT9pHM9HT OT nperrbirryiUero, B KDTOpOM 

H3M9p9H napaMeT J H8KITOH8 rrH<j>rjlep9HUH8ITbHOrD C9'19HHR ynpyroro p-p 
paCC8HHHSI B TOM ~e 9H8pr8TH~8CKOM llH8IT830He. 

S U M M A R Y 

The measu:ement results are presented for an elastic 
p-p scattering in the interference region of the Coulomb 

and nuclear in:eractions(0.0007::: 't;_::: 0.02(GeVjc)2) in the 
energy range 8-70 GeV. Measurements were performed at the 
Serpukhov accelerator. It is shown that the value " (,.is 
the ratio of t1e real part of the elasticp-p scattering 
amplitude to t1e imaginary one at t = 0) changes in this 
energy range f:om -0.35 ±. 0.05 at the momentum p ~9.39 GeV/c 
to -0.092..t O.lll atp= 69.8 GeV/c,it agrees with the 
results of cal:ulations performed on the basis of disper
sion relations with one substraction. 

In the pr!sent paper the method of measuring and 
analysing the !Xperimental data is described. Use of the 
hydrogen jet a1 an internal target of the accelerator 
differs this e:periment from the previous one in which 
the slope para1eter of .the elastic r-rscattering differen
tial cross sec:ion was measured in the same energy range. 



I3BE,Il,EHllE 

ll HacroameR pa6ore coo6manTCR pesyn&TaT~ Hccnr~oBaHHR ynpyroro 

npOTOH-ITpOTOHHOrO paCC8RHHR B 06JiaCTH 3HeprHi1 nepB~llJHOrO DYl!Ka 8 + 

70 f3B 11 B HHTepBane KBa,n;para rrepe~aHHoro 4-HMnyn&ca 0,0007~It.l~ 0,02 
') 

(fsn/c)'-, 06JiaCTb MaJI~X nepe;n,aHH~X HMTIYJibCOB HHTCJi>eCJHl T6M, liTO B 

llCii IIHTCIICHBHOCTH 3JlCKTpOMarHI1TIIOrO !-! R;n,epnoro p3!':CeRHI1M cpaBHHM~ 

TIO BCJHI'IHHe II B03MOlKHO H8UJIIO;ll,CIII16 HHTepcDepeHUIHt w::li\ZI.y HHMH. AH8Jll13 

IHIT8pc'flCpCHUHOHHOi1 KapTHII~ B ;n,HqxpepeHUI1MbHOM CCl!6l!1111 dO(t)/dt 

TI03BOJ!l16T orrpe;n,eJIUTb BCJ!Ifl!HHY 11 3HaK OTHOll!CHll'l1 pe.!lJihHOM l!3CTif 8MTI-

JlliTY.ll.~ paCCCRHHR K MHHMOH J.. = HeA/ImA t O . 3H 1lHUe B6JI11l!l1HH o/.. 
I _,.. 

B8JKHO ;ll,JIH nponepKH 11 pa3BI1TI1Jl HCKOTOpHX HaiipaBJI8Hi1M B T60pi1H Cl1J!b-

HI:lX B3al1M0;11,6MCTBl1M: .D.l1CD6pCl10HH~X COOTHOlli6Hlill, aK'~llOMaTl1'!6CKOH T60-

p!il1 TIOJIH, TeOpHH KOMDJI6KCHHX MOM6HTOB 'l1 ;n,p. !1po6JI:O)M~, CBH3aHH~e C 

pacceHHHCM l!8CTHU Ha MaJIH8 yrJIH, B HaCTORII\C6 Bp6Mfl l1HT6HCl1BHO l1C

CJIC;ll,yJOTCJl B 3KCl16pl1M6HTaJlbHOM/I-H/ M TCOpCTl1'I6CK::n./IS-20/ IIJI3H8X. 

I. CXEMA 3KC!IEPlllAEHTA, AllHAPATYPA. 

!I3CTO.flman pauoTa B~l10JIH6Ha Ha cepnyXOBCKOM r:poTOII!IOM Cl1HXpo

Tp0HC 70 Thn (Y-70). Ona RBJIHeTcH rrpo;n,oJIJKCHHCM n pasnnTIICM aKcrre

pnMeHTOB, c;n,eJiann~x panee na cunxpor)Ja3oTpone Oliffi IC Thn /I-
4/ 11 

~'-7(/5-7/. D pa6oTa/I.2,7,9,IO/ }lano no;n,po6noe cmtcan~c~e MeTo:na 

H3MepenHi1 H anrrapaTypH. 

YCT8HOBKa CMOHTl1poBaHa Ha O;ll,HOM !13 J!l1Hei1H!:1X yqaCTJCOB KaMCpH 

yCKOpl1T6JIH Y -70. Ilepeql1CJil1M OCHOBHH6 Y3JII:l annapa·~·ypbl, l1X xap3KTe

pHC THKH l1 lpyHKUHH. 

3 



a) C T y ~ i a H r a 3 0 B a H B 0 ~ 0 p 0 ~ H a H U H-

m e H L C r e JI H e B li M K p H 0 H a C 0 C 0 U. 3TO ycTpoiiCT

BO cflop.tHpyeT BO~Oi[X>;D.Hyll CTPYil-MHmeHL B BaKJYUHO~ Kauepe YCKOpUTeJIH. 

T!JIOTIIOCTI> CTPYH ~'· ro-7 
r/cu

3
' ;nHaueTp..., lfQ MM. YcTpoifCTBO pa6oTa

eT B HunyJILCHOM P!3li!Hue, BpeMH cy01ecTBOBaHHH CTPJH 2CO MeeK. i3 KalK

~ou IVIKJie ycKopHTi3JIH ( -"'2500 uceK) cTpyn-uKmeHL tP<>pUHpyeTcH I-3 

pa3a, T. e. B Tet~eiiKe 200+600 uceK BHJTpeHHHK nyqoK B npouecce yc

KopeHHJI UHOroKpaTIIO (4+I2 X !04 pa3) nepeceKaeT BO;D.Opo;D.HJIO MHWeHL. 

6) ,U e T e K T 0 p li. 8 IIOJiyiipoBO~HHKOB!lX KpeMHHeBUX ,u;eTeKTO

poB paCIIOJIOJreHil B' BaKJJUHOU KBHaJie-HOHOIIpoBo~e HB paCCTOHHHH 352 CM 

OT UHmeHK. ilepJl~BHraJICI> IIO ~yre OKpymiOCTH C ueHTpoM B UHWeHI1, 

OHH IIpOCN8TpKBaDT'yrJIOBOH HHTepBaJI 91;.84° H perHCTpHpyM 3HCpreTH-
-

qecKHe cneKTPH BTOpHt~Hux qacTHu. Xapru<TepHCTHKH ~eTeKTopoB: mHpHHa 

(B;D.OJIL HaiipaBJieHK:il nepBHliHOrO IIJliKa) 5 NU, MHHa 20 UM, TOJill1HHa 

liJBCTBHTeJI:DHoro c~IOH IOO;.JOOO NKu, aHepreTHt~ecxoe pa3pemeHHe 60;. 

roo KaB (no cJ.. qac·i~Huau c E t:}.. = 5.8 MaB). 

B) C U K H T K JI JI H U H 0 H H ll e T e JI e C It 0 II !l. Tpn 

TeJieCKOIIa C TpoKHI\IUH COBIIa;neHHHNH HaCTpoeH!l Ha o6JiaCTL MKmeHH IIO;n 

yrJiou 65°. OHK ue111ee liJBCTBHTeJILHH K H30TpoiiHouy qx>Hy ycxopHTeJIH, 

qeu IIOJiyiipoBO~HHK~IBHe ~eTeKTOpll, K II03TOUJ y;no6H!l ;D.JIH KOIITpoJI11 

CT86KJILHOCTH IIOII~\aHKH IJyqKa Ha UKmeHL H Heo6XO;D.HU!l M11 MOHHTOpH

poBaHHH (npHBe~eH~cJI K 06111eft HIITeHCHBHOCTH) CIIeKTpoB, H3UepeHH!lX 

~eTeKropaUH no~ p~I3HilNH yrJiauH B pa3Hoe BpeUJI. 
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r) 3 Jl e K T p 0 H 11 K a. flo BOCbMil CflCKTIJOM8T:[)l1'·18CKl1M KaHa.JiffiA 

CllrHaJII1 C ;ll.CTCKTOPOB flOCTyflaJOT Ha KO;IJ)1pOBlUHI< HOMepn ;n,eTCKTOpa 

(4 pa3pn;n,a) I! KO;ll.llpoBll\I!K 3MflJIHTY;ll.b1' (7 pn3pMOB); 4 C06biTIHI, KaJK

;n,oe no II pa3pH;n.on, !1opr.nipy!OT n npoL!CJ:\yTO'llloil rraMHT'I~ O;LJ,HO cJiono, 

KuToroe rrr.penocHTcil n onepaTHBHyio naMBTn 3B!Jl G3CM-3M. CTapTOBbiii 

HMriyJibC yCKOpllTCJ!il 3anycJ<aeT BpC!.lC!!Hll;\ KO;I\l!pGBI.:\IUC, iKOTOpblii l10CJJe

;I\OB3TCJ!hHO BL!paoaTbiB3CT 64 npeMC!ll!biC t.!CTKH C 3a;n,aHPiblM IIHTCIJBMOM 

(8;.J2 t,1CCI<). 0J(llllBpet,!CHIIO C renepC:ll(lleii npeMCHHOii ME!TKH ITpOHCXO;I\llT 

C'b8M 11HtiJOpMaUl'Il1 CO CUHHTI1!I!IilUHOHHbiX T8!!8CKOTIOB. 3Ta ::IHl}}OpMaU11il qepe3 

rrpoMeY.(yTo'lHYRl naMilTb raKJKe rrocrynaer B Jl>I.l. TaKI1M o6pasou,uaccl1B ,n:aH

Hhlx, co6paHHhlX B O,TI:HOM Ul1K!I8 yCKOpHTC!Ill, ,TI:8!!11TCil Bp8M!3HHb!M.l1 M8TKaM.l1 Ha 

611 qacrn. 3anHCHMoCTb 3Hepr1111 BHyrpemJero rryqKa £'/1:) OT npeMC-

r,-
Hll ycKopeHI!H <.- oupe;n,eJJfl8TCH 3aKOHOM H3MCH8Hl1H HarHHTHOro liOJ!H 

J/ ('f:) ) il03TOMY Kall(,II,0\1 '!3CTH JJCI'l<O COfiOCT[lBI1Tb 3HEpreTH'!CCK!Iii 

A ~o (nO EO ) ( r.-L t'- ) 
11HTepna.rr J.J r, = r, ~+.f - · ;., "' i+d - L, i, , r;n,e ~ -

HoMep npeMeHHo\1 MCTKI1 • .1. 8° MoJKHo BbiOllpaTh n rrpe;n,e;wx c .. 25 .,. I, c 
f3B, 'ITO XapaKTepl!3yeT pa3p8!II3JOll{YKl CfiOCOOI!OCTL annnpaTypu !IO 3!!Cp

rHH nepBli'!HOro IIyl.JKa. 

0TMCTI!M nalKHYRl OC068HHOCTb Ofi!ICLIB8CMOW 3fl11apa:rypbl: BCC CJ•eKT

poMeTp11<!8CKI18 KaHa.rru pa6oraiOT Ha o;n,1m aMriJmry;n.HbiH <o,IJ,>~poB'\HK. Car

HaJJ KO;I!.l1poB!I\l1Ka "33HflT
11

, KpoMC 3BTOMQ.Tl1'!CCI<Oii OJJOK lpOBKl1 BC8X 

Cll8KTpoMeTpH'l8CKl1X TpaKTOB, ooprmaeT TclKJKe cqCT CU:HlTHJIJIHUl10HHL!X 

MOI!l1TOpoB. 3TO o6yCJJ OBJII1B88T O'!CI!G nm;;HQC CDOliCTBO annaparypLI: 

H838Bl1Cl1MOCTb OTI!OCliTCJJbHOH 3ifltfl8KTIIBHOCT!I I<a!Ja.JIOB )T 3arpy3Kli. 

1kilOJJ13Yi1 KO;ll.llpOB!l(HK C M8pTBbiM BpeMeHeM JO MKCCK, \lbl MOrJHI pa6o

T8Tb ua cpe;n,Hew '!8CTOT8 5+8 Kru C npoc<JeTffi-111 l5+2C!Z, I!C pHCI<yn 

BH8CTI1 Cl1CT8MUTII'!CCKI1e O!lll16KI1 B ll3!.!CpC!Il!il 113-3 a pa.3HOCTI1 3fllfYJCKTIII3-



HOCTSH OT]I.8JlbHI!lX K8HMOD. l!M88TCH, O:IlHaKO, >I 118;zJ.OCT8TOK B CX8M8 

C O;zJ.HHM KO;zJ.>!po:illllltKOM: 6JIOK KO;zJ.HpoD8HHH HOMepa ;zJ.8T8KTOpa ;n.aeT C60H 

llpH COBlla;n.aiOIIIH :< CHrHaJiaX, '!TO B8;zJ.8T K nepeK8'!K8 UHcJlopMaUHH H3 O;zJ.

HOro cneKTpoMe '~p>~'!ecKoro r<aHaJia n ;n.pyrott. B 11ameu cJiyqae npH onTH

MaJII>Hoil: H8CTpoifl<e CHCT81AH nepeKaqKa A J/f.v' COCT8BJIRJI8 0,3+0_,5% 

npH '!8CTOT8 Ha BXO;n,e 5 KrU. 

,llJIR KOHTpj>JIR Cll8KTpolA8Tp>1'!8CKHX TpaKTOB Ha BXO;zJ. npe:n,ycHJIH

T8JI8H no:n,aeTCH cepHH CHrHaJIOB, aMllJIHTy:n.H KOTOpHX no:n,o6paHH TaK, 

'!To6u o6ecrreq>~!r:& y;n.o6HyJO nponepxy JIHHefulocTH H cTa6HJI:&HOCTH pa6o

TH npe;n.yCHJI>IT8!rrei1, yCl1Jil1 T8JI8H H KO:n,HpoBIIIH1<8. 3a;n.aDJIHH cepHD reHe

paTop HMSCT Bpi~M8HI!Oe ynpaBJI8HHe: KOHTpoJIHPYDJIH8 CHrHaJII:l rrorra;n.aDT 

TOJI:&KO D nepBI:ll~ BpeueHIIOH HHTepna.n H He M8W8DT o6pa6oTK8 3Hepr8TH

'!8CKHX Cll8KTpoB B OCTaJI:&H!lX 63 HHT8pBaJiaX. 

2. 00 PHJIOIC M3MEPEH11~, XAPAICTEPMCTMKA .D..AHHlilX. 

B pa6o TUJI/3' 
11

' 5 ' A/ HCCJI8;zJ.OBaJIO Ch ynpyroe p-p pacceRHHe MSTO

:IlOM perHCTP8Ul'll~ '!8CTHU OT;zJ.8'!1!, H;zJ.YIIIHX C BHyTpeHH8H llJI8HO'!HOlt ll0-

JIH3THJI8HOBOH W1W8HK. B 3'1'HX pa6oTaX TO'!HOCT:& H3UepeHHH B o6Jxac

TH ua.nux rrepe~aq / t / !::... O,OI (Thn/ci orpaHH'!eHa cJie:n.yD!lHMH cflaK

ropaMH: 

a). CYIIIeC~I'BYD!I1aH TeXHoJiorHR H3roTOBJieHHR CH2-nJieHKH He no3BO

JIReT IlOJiy'!HT:& :MHW8Hh TOH:&me 0,5 MKM. Ho :n,a~e IlpH 3TOH TOJIIIIHHe 

MHOroKpaTH08 ]l8CC8HHHe llpoTOHOB OT:Il8'!H yCJIOlltHRST o6pa6oTKy ]1.8H

HbiX H BHOCHT <iHCT8M8TH'!8CKH8 OWH6KH B pe3yJI:&T8Til; 

6). IIpo;n.y1:Tu n:n.epHux B3 aHuo:n,eifcTBHH nporoHOB c yrJiepo:n.ou 
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C03;D,aJO'l' ¢loH, KOTOptl~ llpH MaJlliX nepe;naqaX CTaHOB~jTC.II 3Ha'lHTeJlbHO 

6oJII>me 3<lJ<PeKTa HsyqaeuoA peaKt(HH pp _,.. pp; 

B). BpeM.II pa60T!i MHmeHH BO B,HyTpeHHell fiytll(e :orpaHH'leHO 1+2 'l8-

C8UH H3-3a pa;nHBt(HOHHOI'O pa3pymeHH.II fiOJIH3THJleHa., 
I 

llpeo;noJieHHe 3 THX Tpy,li,HOCTeit li.OCTHraeTC.R HCl,IOJIL30B8HHeM CTpyit-

HOit ra30BOit BO;D.Opo;D.HOA MHmeHH/IO,II/. MHmeHL ~:jnmpyeTC.R B BaKYYM

HOH Kauepe ycxopHTeJUI B BH;ne CBepx3ByKOBOH raso:~OH CTpyH, ;D.HaMeTp 

KOTOpoii B 06JIBCTH ny'lKa,.,. 40 UM (pnc.I). Il.nOTHO,I}Tb rasa ;,.... I0-7 

r/cu
3 

;D.eJIBe'l' npeHe6peZHUO llaJiliU pacce.RHHe BTOpH~HHX npoTOHOB B MH-
' 

meaH B HccJie;nyeuott o6JiacTH E .,.. 0,4 M3B H B TO ~e BpeU.R ;nocTBTO'lHa 

;D.Jl.II HCCJie;noBaHH.II ynpyroro P-P B3aHuo;neACTBH.II npl;t I t./f0,3 craB/c)2 • 

~.II HJIJIIOCTPBUHH npHBe~eU OUeHKy CKOpoCTH C'leTa ~eTeKTOpa C 'lYBCT-
1 

BHTeJILHOit llOBepXHOCTDIO ! cu2
1 

y;naJieHHOI'O OT MHillleHH Ha paCCTO.IIHHe 

"'300 cu. 

dK/ d'l'= ,/(4 . P · 1 ;ud · Lll.V · 'J /tll':: 

p = ro-7 r/cu3 ; ~ = 6.023 x ro23arouoB/r ... toJI~>; {dojdw)twf 
= 4 u6n/cTepa;n - ceqeuHe ynpyroro p-p pacce.Rmui B Jia6oparopnoi1 

cHcreue ;D.JI.R qacTHUU oT;na'lH npH / i/!:::O.OI (Thlji/ci;At..8G-5cT~pa;n. 
r.- I 

- yroJI, 3aXBBTb1Baeuuii ;neTeKTOpoM; 1J L = 5 MKC!I:K - BpeM.R 0.1\Horo 

o6opoTa BHyrpeHHero ny'lKa aa Y-70; J = 5 x IO:IrnpoToHon/uaKJI -

HHTeHCHBHOCTb BHyTpeHHero ny'lKa (;nHaMeTp fiy'lKB ycKOpi!Te.nH Y-7l' 

npH 3HeprHH E 7 8 ThB ,.._ IO MM, T.e. ueH:r,me ;nJIIaueTpa ra3onoi1 

CTpyH-MHmeHH). 

ITpH aTHX ycJioBH.RX BO npe11.11 UHpl(yJI.RUHH BHy~peuuero ny,cKa qepe3 

uHmeHI> ciopocT:r, c'leTa ;nerexTopa d.~/ dt'cocTai3.naeT "'3C'O ttacTnu/ ceK 

JleTeKTOpi He 06Jia;D,BilT yrJIOBOH H30HpBTMI>HjJCTblD H 4yBCTBIITeJlb-
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) 
-40 -20 

-10 -5 
-2 -1 

Plic.I. Pacilpe,ll,eJJ.tjlHHe IUIOTHOCTH BO,li,Opo,ll,a B CTpye-uHmeHH (B OTHOCH

TeJibHHX e;i(HHliU8X). 

N N 
120 120 

80 

'35 

E,=16r3B 
t•0.0018 

80 

40 

E,•18r.M 
t=0.0013 

P:~~c. 2. Cne:KTpl:l t~acTHlll oT.n,aqH, 3aperHcTpMpoBaHHI:le noJiynpoBO.D.HHKOBY-
i 

MH ,ll,eTeKTOpaMlll· flyHKTHpOM flOKa3aHH cneKTpbl B !!X>HOBOft fl03H-

UHif ( C IIOpMlrpi>BKOH X I/4) J - IIOMep aUIUIHTYJI.HOrO KaHa

Jia. 
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H!:l K Ocll!leMy p8J!.ll8UHOHHOMY ITOJI!O yCKOpllTeJIJI. ~lHTeHC !iBHOCTI> \flO II a 38Bl!

CliT OT 3HepreTH'!eCKOrO llHTepBaJia, Ha KOTOpblll HUCTj;x.>eH ;n.eTeKTop, ll 

' 
oT ero ttyBCTBHTeJI:&Horo o61:>eua. Hafl6oJiec onaceH cpoi1 JJ.JIR nepnoro ;n.e-

TeKTopa, pa60T8Dl!lero B OclJI8CTll yrJIOB 88+89° ll per~CTpllpyJOU(ero 

cneKTp n f!HTepna.n:e 0,3 + 2,0 Man. ,llJIR no;n.anJieHHJJ \er<Jia;n.a qacTHU, 
' 

ITpoXOJI.R!llllX nepB!:lii: ;n.eTeKTOp H8CKB03:&, C38JJ.ll Hero ybaHOBJieH 8HTll

COBITa,11,8TeJII>HHH CtteTttliK. Ero CllPHaJI clJIOKHpyeT JIJOclO!~ ;n.pyroif ITORBHB-

' 
WHHCR o;n.HonpeMeHHo cHrHaJI. Teu caMbiM no;n.aBJIReTcJI jpon nepBoro ;n.eTeK-

Topa, a na,n,eHHe 3<!J<I>eKTHBHOCTll lf3-3a CJiyttaii:HHX COB:;Ia;n.eHHH OK83biD8-

eTCJI OJJ.HHM If TeM JKe JJ.JIJI BCeX CIT8KTpoMeTpntteCKHX Ti~a:KTOB. 3Kp8Hll

poBKa nepBOPO ;n.eTeKTOpa CtteTttliKOM 8HTHCOBITa;n.eHHH bHHJKaeT cpOH Ha 

20%. MaJiaR 31JcpeKTliBHOCTD 3TOH Mepu POBOpliT 0 TOM,, '!TO <floH B OCHOB

HOM C03JJ.810T HH3K03Heprli'!Hble tJ8CTllUil, OCT8H8BJIHB8IOi!IHeCJI B nepBOM 

;n.eTeKrope, TaK JKe K8K H llpoTOHH OTJI.8tJH OT ynpyror!) p-p pacceRHHJI. 

B cpe;n.HeM cpOHOB8R 3arpy3Ka CITeKTpoMeTplltJeCKH!X: K8HaJIOB COCT8B

JIReT 30 ;. 40% OT arJxileKTa ynpyroro pacceRHfiJI. 

Ha pHC.2 JJ.8Hbl TlWHtJHHe 3HepreTlftJeCKHe cnei<Tpi'l '!8CTllU OTJJ.8tJl1, 

perHCTpMpyeMble ITOJ!. pa3HHMH yrJiaMH KpeMHlleBilMH ITOJIIYllpoBOJJ.HllKOBW.!H 

JJ.8TeKTOpaMH C BHyTpeHHeif BOJJ.OpoJJ.HOH MHWeHH-CTpyH. <00110Dbli1 ll pa6o

tJHH crreKTPH H3MepJJDTCR C MHHHMaJI:&HilM pa3pb!BOIA ITO inpeMeHH. 3TO J!.O-

' 
CTHraeTCJI CJieJJ.yiOIIIHIA nopJJJ!.KOM nepe;n.BH/Ke!IHJI ITJiaTI!JOP!f.Ail C ;n.eTeKTopaMH: 

I 

qepe3 KaliGI.He IO UHKJIOB paclOTH ycr<opMTeJIJJ ;n.eTeKTOJ:jbl H3 3a;n.aHHoii 

"paC)oqeil:" IT03HUHH nepeuemaDTCJI Ha +I ,4° B "<l><>HOBY!kl" IT031iUHD, r;n.e 

H3UepeHHe JJ.JIHTCJI 5 UHKJIOB, 3aTeM OHH B03BIP8lli810TCJI B npeiK-

Hee "paC)oqee" ITOJIOJKeHHe. PaCCTO.HHHe MeBGJ.y cpOHOBOH: H paeioqeii: IT0-

3HUHRUH .6 ().: {)/fOI-l- f)faf: +I.4° BblclHpaeTCJI TaK
1

, '!TOclbl ITifKH OT 

ynpyroro p-p pacceRHHR B 3HepreTIItteCKHX CIT8KTpaX, COOTBeTCTBYIO!llliX 
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3THM II03HnHIDA ~t,IPH H D,Pt~f,Hmr,eJKHo pa3;n.eJIJIJIHCl'>. '131lle Bcero IIHK 

B ll03HUHH ~~'BHXOJJ,HT 3a odnaCTl'> 'IYBCTBHTeJil'>HOCTH JJ,eTeKTOpa H 

BOO 6me He Ha6JID;niaeTC.fl (3 TOT CJiyqatf IIpHBe;n.eH Ha pHC. 2). H a CTa,1J,HH 

o6pa6oTKH HHt!JopwlaUHH, llOCJie IIpHBe;n.eHH.fi K eJJ,HHOH lfHT6HCHBHOCTH 

BHyTpeHHero ITyqi<ia (MOHJITOpHpoBaHHe ITO C'I6TY cnHHTHJIJIHnHOHHbiX TeJiec-
i 

CKOTIOB), qJoHOBHEi ClleKTpbl B~HTaiJTC.fl H3 COOTB6TCTBYDlliHX pa60'IHX 

cneKTpoB. aTHM ;zJIOCTHraeTC.fl BH;zJ,eJieHHe 3<Ix!JeKTa H3 rpoHa. B pa6oqetf 

TI03HnHH CTaTHCTl'IKa Ha6HpaeTC.fl B Te'leHHe IOO UHKJIOB. B 3HepreTH

'16CKOM HHTepnand rro nepnHqnouy nyqJCy A E0 
t:::- 3 I'3B (.t:t'L = 96 uceK) 

KaJrJJ.Hi1 .n.eTeKTop~perHcTpHpyeT,.., 3000 qacTHU. THTIH'IHHii aKcnepHueHT 

CKJla;n.HBaeTC.fl H3 9TI2 IIOCJie,li.OBaTeJil'>HO npo~eHHHX yrJIOBUX II03HnHit 

(H COOTB6TCTBYilll!.Hx HM rpoHOBHX ll03HnHit, C;zJ,BHHYTbiX Ha +I,4°). TaKHM 

o6pa30M, B 3M&! HOM HHT6pBaJI6 3HeprHH II6PBH'IHOro nyqKa E0 ~ 3 f3B 

3a IBOO nHKJIOB li'a6oTH ycKopHTeJin H3uepJieTcn ,li.HrprpepeHUHaJil'>Hoe ceqe

HHe ynpyroro p-J!I pacceflHH.fl B 96 yrJIOBHX HHTepBaJiaX (8 ;zJ,6T6KTOpoB). 

PHc. 3 noKa:llbiBaeT "pacTflliiKy" nyqKa - HHTeHCHBHOCTl'> Bblxo;n,a 

BTOpH'IHHX tJaCTHJ)l, 3aperHCTpHpoBaHHHX O;zJ,HHU H3 CUHHTHJIJiflllHOHHbiX Te-
l 

JI6CKOTIOB. TpH u:ll.KCHMyua COOTB6TCTBYDT Tpeu UHKJiaM qJoiJMHpoBaHH.fl 

CTPyH-MHmeHH B ·i~eqeHHe o;n,Horo UHKJia ycKopeHHfl. BH;n,Ho. 'ITO Bpeufl 

cymecTBOBaHH.fl uJirmeHH "- 200 uceK (A tJ,.., 6 ThB); c'leT uell\ll,y JI.BY-
' 

M.fl COC6;zJ,HHMH CT:i)Y.fiMH MaJI H xapaKTepH3yeT CT6ll6Hl'> 'IYBCTBHTeJil'>HOCTH 

MOHHTOpHHX TeJie·I~KOTIOB K pap,HaUHH, B03HHKaDJleit OT B3aHUO;zJ,8HCTBHfl 

UHPKYJIHPYDIIIero pHyTpeaHero ny'IKa c ocTaTO'IHHU ra3ou H KOHCTPyKUH

flUH ycKopHTeJin.; AHaJiorH'IHble ;naHHble noxa3aHbl Ha pHc .4. 3;n,ecl'> npe;n,

CTaBJieH C'16T llO.jiyiTpoBO,li.HHKOBbiX ,li.6T6KTOpoB, UHmeHl'> cpa6aTbiB88T 

;ll.BSll!;ll,H. TpeTHH [.&aKCHMyM B patfoHe 6I BpeueHHOrO HHTepBaJia o6yCJIOB

Jl8H c6pocou nytrita Ha UHmeHl'> TIOTpe6HTeJieti, pa6oTSDllHX IISpaJIJI6Jil'>HO, 
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PHc.3. YIHTCHCHBHOCTb cqeTa CJ:lHHTHJIJI1JJ:lHOHHbiX UOHii'ITOIJOB IIpH ({lofllHpo

BaiiHll no;nopo;nHOM CTpyH TpH pa3a B O]J.IIOU :UHKJie ycKOpeHHJI 

npoTOIIOD. 
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~.BPEiilfHHGrO MAHAliA 

PHc.4. ltHTeHcHBnoc!Th ctteTa noJiyiipoBo~HHKOBoro ~eTeKTopa IIpH ifx>PUH
i 

poBaHHH CTJ,tyH ~Da pa3a B O~HOU IlBKJie ycKopeHH.fi. J!Ba IIepBLIX 

IIHKa CO OTBf/:TCTBYDT BpeueHH CYDteCTBOBaHH.fi CTpyH-UMmeHH, 
i 

TpeTHfi IIHK i o 6ycJioBJieH c6pocou npoTOHHoro nyqKa Ha MlfmeHn 

napaJIJieJI&H<I' pa6oT8DJtHX IIOTpe6HTeJieR. llyHKTHpHa.fi JIHITH.fi OTMe

qaeT ypone1lr:o ctteTa OT reHeparopa KOHTpoJI1!. 
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HO Ha v 300 MeeK 003l!le CTpyi1HOH MHIUeHH. tl>oH MelK;ll.y C!~pyRMH 3;neCb 

60Jibme, TaK KaK ;neTeKTOpH ne HUeDT yrJIOBOH ceJieKUHH, 3THM MH XOTHM 

no;nqepKHYTb, 'ITO no;n;nepJKaHHXl BHCOKOrO BaKyyMa B Kru.li;pe yCKOpHTeJIR 

BO BpeMR pa6o Til CTpyi1HOH MHIUeHH H CTa6HJlbHOCTH UllpK \fJIHpyJOmero nyq

Ka DpHXO;!lHTCR DpH]J.8B8Tb nepBOCTeDeHHOe 3HaqenHe. 

O,nHH H3 MeTo;nHqecKHX onuTOB co CTpyliHoil Ml!De!!b;o Ch:lJI nocnRmeH 

onpe;n.eJieHHD aHepreTH'IecKoi1 pa3pemaKXI\eif cnoco6nocTll ~neKTfOMeTpn

qecKHX TpD.KTOB B pa60'IlfX yCJIOBHf!X. ,li,JIR 3TOrO Mel!l;lly .!l1I:IeHb!O H ;n,e

TeKTOprum Ha paCCTORHHH 50 MM OT CTpyH-MHt:JeHH YCT::l!I!)Bl1JIII t:~eJieBOH 

KOJIJIHMaTOp C IUHpHHOi1 4 MM, 3THU 6uJia Opli6JI!f;;;eHHO oc;yt:teCTDJleHa reo-

MeTpV!R TO'Ie'IHOll MHmeHVl. IlJVlpHHa Ha6JII0,11.aeMHX l11!KOB B cneKTpaX '18C

THU OT]J.O.'IH B OD!lTe C TO'Ie'IHOll MHIUeHb!O OllpCll,eJifieTC.fl ml!pHHOll ;neTeK

TOpa (5 UM) H ero pa3peiU8JOillei1 CDOC06HOCTbiO. 0cipa60TlKa IlOJI:{'IeHHHX 

]J.8HHHX OOK83aJia, 'ITO OOJIYDIJOBO]J.HV!KOBHH COCKTpJUeTp HMeeT 3HCpreTH

'16CKOe pa3p6IU6HV!6 B Dpe;neJiaX 30.;.45 !(3B ( CTan;napTHOe OTKJIOH6HH6 0 

HOJ.aaJlbHOrO 3 a.KOHa, DpHH1ITOrO B Ka'leCTB6 tf1YIIKUiiVl pa3pemeHH1I). 

3. AJIT'OPnTM OEPAIDTirn JWIH!1X. 

B H]J.eaJibHOM CJiyqae TO'Ie'IHOll MH!!Je!Ill II TO'!e'IHOrO; ;neTeKTOpa C 

BHCOKHM 3HepreTH'I6CKHM pa3pemeHH6M ynpyro paccefli!Hbfe IlpoTOHH OT]J.a

'IH o6pa30BHBaJIH 6u B ClleKTpe y3KYJO JIVIHHPJ, a 'IHCJIO "<ii8CTHU B JIHHHU 

( ee OJ!Ofi18]J.b) 6UJIO 6u O;ZJ.H03H8'1HO li IlpoCTO CBR38110 C ;nHtlJcpepeHUH8Jlb

HHM ceqenHeu pea.Kl.(HH pp ._,.. pp. CJiyqai1 namero pea.n1
1
noro aKcrrepH

M6HTa OTJHI'18CTCH OT H;ZJ.CaJibHOH KapTVlll!l ll Tpe6yeT y'IE'Ta reoueTpVl

'ICCKHX H annapaTypHHX ~aKTOPOB. 

HaH6oJiee cymecTnennoe BJIHHHHe na pa3pemaPJmyJO c'noco6nocTb 
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aKCIIepHMeHT8 OK al!lB8eT MHUieHb, 0Cb ra30BOti CTpyH-MHUJeHH nepiieH;li.H

KYJIHpHa OCH BHyT,peHHero IIytiKa. EoJiblllaH t!8CTb ra3a COCpe;li.OTOt!eHa B 

KOHyce C paCTBopi)M "" 50°. B Hame}i 38;ll.8t!e IIpoTHlKeHHOCTb MHUieHH B 

HaiipaBJieHHHX, IIe pneH;li.HKyJIHpi!HX nyqKy, HeCYilleCTBeHJia, TaK KaK 

KI!HeM8THKa pacce•flHiiH onpe;n,eJineTCH TIOJIHpH!lM yrJIOM {) If He 38BiiCHT 

oT a3nMyTaJihHoro yrJia f . CJie;noBaTeJibHO, B ;naJibHei1UieM l.loJKHo C'IIi

T8Tb MHUieHb O;zi.HO''Jep!IUM o6pa30B8HHeM: HHTh B;li.OJib IIpOTOHHOrO rryqKa. 

Pacnpe;neJieHHe IlJI'JTHOCTii B O;zi.HOMepHOH MHll!eHH llpli6JIHJKeHHO OTIIlC!lBa

CTCH QJYill<UHeti faycca CO CT8H;ll.8pTH'IlM OTltJIOHeHHeM ~ X "- I CM. Ee 
BJIHRHHe Ha xapaKTepHCTliKll rmKa ynpyroro pacceHHHH B crreKTpe rrpH

ne;nerm B Ta6JIHUe I BMCCTe C ;npyrHMH rJlaKTOp8MH, 0 6yCJIOBJIHB8lOIIIHMH 

anepreTHtiecKoe 1-: yrJioBoe pa3pemenHe aKcnepHMeHTa. 

Ta6Jinua I. ~aKTOp!l, o 6ycJIOBJililBa!O!llHe yrJioBoe H aHepreTHt~ecKoe 

pa3pCl!ICHIW aKcrrepHMCHT8. 

!?,", 

!1!! 

I. Pa3Mep MlilUICHH 
X = I CM 

2. 3HepreTliltieeKoe 
pa3perneime 
;neTCKTopa 

J. 

4. 

5. 

Pa3Mep ;neT';KTopa 
X = 0,25 CiA 

YrJIOB!le pa,3Mepu 
BHyTpeHHerl) nytiKa 

PacceHHHe ripo TO HOB 
OT;ll.8'111 B Ml~llleHH ;li.JI.fl 
E = 0,3 MaiB 

.t,(} 
(Mpa;n) 

3 

0,7 

0,3 

0,4 

14 

/Jf Af ~ J !Ji -:!'.,.) 

MaB/c MaB K8H8JII:l 

5,6 0,3 6 

O,B 0,04 0,5 

I,4 0,08 I,5 

0,5 0,03 0,6 

0,7 0,04 0,8 



6. Ycpe~HeHHe no ~Hep
rl111 rrepB11'IHOro rryq
Ka E = +I,5 I'3B 
(MR E ';' 20 ThB) 0,4 0,02 0,04 

* ,ll.nR p = 50 M~B/c. 

** B 3TOH Ta6Jmue BeJIH'!HHa /Jj xapaKTep113yeT 3He))reTI1'!ecKoe pa3-
perneHHe ~eTeKropa I, BHpaJKeHHoe B '!11CJie KaHaJIO 13 B Ha6mo~aeuou 
aMITJII1Ty~HOM CileKTpe (CM.p11C.2 11 ypaBHeHI1e (3) ). 

H3 Ta6JII1UH I B11~Ho, '!TO pa3uep MHIIIeHH, pa3uep ~eTeKTopa 11 ero 

3HepreTI1'!ecKoe pa3pemenHe orrpe;zr.eJIRJOT cpopuy mlKa y1pyroro pacceRHI1R 

B cneKTpe. OcTaJI:&HUMI1 <j)aKTopaMI1 uoJKHo npeHe6pe'!:&. 

TiepBI.IM ruarOM o6pa6oTKH ;zr.aHH!iX RBJIReTCR ITp11Be:'l,eHI1e CilCKTpoB 

K e;zr.I1HOH 11HTeHCHBHOCTH BHyTpeHHero ITJl!K8 (MOHHTOp'.ipoBaHHe), K e;zr.H

HOH Moma;zr.11 ;zr.eTeKTopoB 11 BH'!HTaHHD ~oHa. 

Y'!eT pa3pema1001eii cnoco6HocTI1 crreKTpoMeTpa CBl;li.I1TCR K pemeHI110 

liHTerpaJI:&Horo ypaBHeHHR 

E' "'a:r ({ E ')-2 
SkDI{E)=j K(£,Ej!{E)dE'; 1/{f,E')~ eerf(- ,~_~ ] 

f. 1rni.I'J f ()(..T (t ( i) 
silll.h (£} Ha6JIJO;zr.aeuui1 annapaTypH!iK cneKTp. H.n.po ypaBHeHHR K(E, E I) 

eCT:& cpyHKUHR pa3pemeHHR annapaTyJll. Mll HCITOJib3yeM ;li.Jlil Hee cpyHKUHD 

raycca, ~HcnepCHII KOTOpoH {J.! H3MepReTCR 3KCITepi'!MeHTaJI:&HO (CM. 

IT. 2). s (E) - HCKOL(8il cpyHKUHR, OITI1C!iB810018R cneKTJ:, ITpHBe;zr.eHHHH 

K nyJieBOMY 3Ha'!eHHIO napaueTpa 6" . 
YpaBHeHHe (I), Boo6me roBopR, He HueeT o;zr.H03Ha'!Horo pemeHHR 

/2I/. Ha <pyHKUHJO t {E) npnxo;n,HTCR HaKJia~uBaT:& ;zr.oPoJIHHTeJI:&HHe Tpe-
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6. YcpeAHeHHe no aHep
rHH nepB11'lHOPO ny'l
Ka E = +I,5 raE 
( MR E ';' 20 I'.3B) 0,4 0,02 0,04 

* Jl.,nJI p = 50 MaE/c. 

** B aroii Ta6Jmue BeJIH'lHHa t1j xapaKTepn3yeT aHepreTH'lecKoe pa3-
pemeHHe AeTeKTOpa I, B!ipaJKeHHOe B 'lHCJie K8HaJIO 13 E H86JIJOAaeuoM 
a!.!TIJIHTYAHOM CITeKTpe ( CM, pHC. 2 H ypaEHeHHe (3) '). 

'H3 Ta6JIHU!i I BHAHO, 'ITO pa3Mep MHIIIeHH, pa3Mep AeTeKTOpa 11 ero 

aHepreTn<IecKoe pa3pemenHe orrpeAeJIJIJOT <PoPMY ITHKa t1pyroro paccenHHJI 

E cneKTpe. OcTaJII>HUMH cj)aKTopaMH MOJKHo rrpeHe 6pe<II>. 

!lepBI.lM ruarOM o6pa6oTKH A8HHHX JIBJIJieTCJI npHBei'l,eHHe CITCKTpoB 

K eAHHOH HHTeHCHBHOCTH BHyTpeHHero IIytiKa (MOHHTopi~pOE8HHe), K eA11-

HOH TIJiomaAI1 AeTCKTopoB 11 BH'lHTaHHD ~oHa. 

Y<IeT pa3pema1001eii crroco6HocTH cneKTpoMeTpa cB:lAI1TCJI K pemeHI1JO 

l1I!TerpaJibHOrO ypaBHe!UfJI 

f' 
tnQ~ ({ E ')-2 

S~Wi(E):j K(£,Ej!(F)dE'j Jl{f,E')~ eap(- ~-~] 
f~~ ·-~ (~ 

J;.wJ [ £} Ha6JIIOAaeuHii annapaTypHHH cneKTp. FUI.po ypaBH eHHJI K(E, E') 

eCTI> <flyHKUHJI pa3pememHI annapaTyiJl. Ml:l HCITOJin3yeM AJIJI Hee t!JYHKUHD 

raycca, AI1CITepcHJI KOTOpoH 0 ~ H3MepJieTCJI aKcnepKMeHTaJII>HO ( CM. 

n. 2). s (E) - 11CK0).(8JI t!JyHKUHJI, OITI1CHB8J0018JI cneKTJ:, IIpHBeAeHH!iH 

K nyJieEoMy 3Ha'!eHHD napaueTpa 6" . 
YpaBHeHHe (I), Eoo6me rOEOpJI, He HMeeT OAH03H8'lHOro pemeHHJI 

12I/. Ha <pyHKUl110 t {E) npnxoAHTCJI HaKJiaAUBaTI> AOCOJIHHTeJII>Hue Tpe-
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6oBaHH.II THIIa rJl8JI,J( 0 CTH HJlH orpaHH'tfeHHOCTH, l'po 6Ji:e;,Ja ytJeTa rasnema

IOI!Iei1 CTIOCQ6HOCTI: E !;il8"[l8'l'ypl:l HBJIHeTCJl TlillH'tfHOil ;D.JI.fl l!I!1"[JOK~lrO K.llacca 

aKcrrepHMeHTOB. OHr sacJiyJ:cmaeT no;n.pt>6Horo pacc1 roTpe!IH.fl, 'ITO 6y}l.eT 

c;n,eJiaHO B OT;D,eJII:.HC i1 ny6.1!HKaUlEl. 

Bt,rpasnu crreK~P J{J) = Jvfjdd 'tfepes ;n,wNiJepenuna.11I:.Hoe c~'!e
HHe yrrpyroro p-Jl r acceJIHH.fl 11 ,;lYJIKmtiO pacrrpe;n,eJieHH.fl IIJUTHocTti Be

mecTBa B l.Hf:UeHI1. l 81l!J8Bl11! uCI:. X B;D.OJII:. nepi!H'!Horo 11Yl!Ka. · YCTb 

;n,eTeKTOp /'t HaXo;z llTC.fl B ri03tiUlHl l, H JI::HH.II, coe;n,IHI.flnll\a.fl l{CI!TD 

mrmeHil c uenTpou :r eTeK'l'\Yfla, o 6pasyeT c oc:&IO nyqKa yroJI (). : • 
t-

1 
rv 

( dG"J7 ) - -'~ dw tUlh- ol' w 
tLfU 

D=l.o&j~ra,· .1/ __ !ln~eF(l). 
'1 ~- /-LI I 
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Jl -it' (I 
c-e 11 0 - aMliJ!MTy;n.a 11 cjJa3a KyJionoBcKoro pacceJ:HH.fl; t? - Koam-

l!muuenT, Y'111THB81001HH BKJia;n C llHHO 33BH C.flll\HX '1Jl8HOB B 8MllJ!HTy;ny yrr

pyroro p-p pacce.f!HH.fl; JB~ CKOpoCTb '18CTHU B J.aOopaTOpHOH 

CHCTeMe KOOp;D.HHaT, BHp8JK8HH8.fl B 8;D.HIIHU8X :! ; a - pa;n,Hyc HyKJIO-

Ha; /!; - rrapaMeTp Hai<Jiona ;n,Mi!JcpepenunaJibnoro ce"eHH.fl yrrpyroro 

p-p pacce.f!HHH; /c l1 fte'fll£ BOJ!I!OBOC '1l1CJ!O H llMfYJII>C B·C.U.l1.; 

r: { tf aJieKTpoMai'Hl!THHH i!JopMrpaKTop llpoTOHa. do/ d U) ..tad-
lJ.l1ili{JepeHUHaJibHOe ceqenHe p-p paccemm.fl B Jia6opaTCipnoi1 cncTeMe 

KOOp;zi.HHaT. 0HO BHpa!laeTC.fl qepe3 U3BCCTIIYIO HHT8lXYEP8HUl10HHYIO ~)OI'

MYJIY I3eTe/I5/ (5). MHMMa.fl 11 ;n.eilcTnMTeJihHaR qacTH JI;nepnoli aMIIJIIITY

;nl:l pacceJIHHJI Jh , J/ 2.. rrapaMeTp113YRJTCJI n Bl!;D.8 ( 6). c,_ -Hop~m
poBO'!HHe MHOlKJIITCJIH. lleOClXO;zi.HMOCTb BB8;D.811l1H MIIOlKJII~eJief! ci_ CJIC

;nyeT !13 TOI'O, '!TO B H81U8M 8KCllepHM8HTC HCT aelCOJ!K THOrO MO!filTO )'i'l'''-

B<llll!JI lly'!Ka, T.e. BCJ!H'!l!H<l :J.p (ITpoll3Be;neHH8 H!JTCHCI!B!1LlCT1~ 

Ha liJ!OTHOCTb Mli!U8HH) H8l!3B8CTHa. jei{aj- pacrpe;neJIC!lll8 ll.'WT-

HOCTll nemecTBa B CTpye-Mllill8HI1. 1!3 npo CTHX I'80M8Tfii'18CKIIX CCI<) 0p:1-

JKeHHH MOlKHO llOJIY'!liTb CB.fi3b npocTpaHCTBCHIIOH neper..el!HOii X C yr·-

JIOBO!i rrepeMennoil (}. : 11 0" ft.( 6 ~ a 9~ 9). D cTJOTMYJie ~;:1 cnnnr 

lt f} 0 
B .fiB HOM Bl1;ne Y'111THB88T CI1CT8M8TH'18CKYIO Olllll CKy B :lKClll' f'\\l..ll'll-
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I3. J,. -0,080 0,020 = 
14. ~ II,42 0,296 r.. 0 u,...J 

15. Ci O,C O,OCl 20,0 

16. (/ 770,14 7,614 7,7 

17. j o,o O,C' o,r 
I8. J1 4,5I 0,38 o, 6 

I9. 01 0,0239 0,0004 0,007I 

20. 
J2 

4,16 0,24 0,60 

2I. c2 0,0456 0,0004 O,OIZ+2 

22. 
J'3 

5,20 0,22 0,60 

23. . 03 0,0537 0,0003 0,0163 

24. 
J"4 

4,35 0,16 0,60 

25. 04 0,087 0,0004 0,0269 

26. as 9,08 0,18 0,60 

27. c5 O,I060 0,0004 0,0320 

28. J 6 
10,88 0,16 0,60 

29. c6 O,I642 0,0007 0,0499 

30. a 7 
9,27 0,16 0,60 

31. c7 0,2022 0,00 0,06I3 

32. a 8 
6,10 0, CX) 0,60 

33. C8 0,2591 0,00 0,0777 

34. 46° 0,0025 0,002 00 

OTMeTHM pR;n, Kapru<TepHbiX oco 6euHOCTei1 o 6pa6aTbiBaeMblX ;n,ammx. 

flapaMeTp HaKJIOHa ,~liqipaKUHOHHOrO KOHyca t Bblt!l'lCJIReTCR C OIIIH6KOi1 

Ug , 6JIH3KO.i1 K >rpaUH'!HBaiOlll8W ero BeJIH'!HHe l t. 3TO 3Ha'!liT, 

'ITO Ha6op ClleKTpo 3 '!aCTJIIU OT;zJ,a'!li OTHOCHTCR K y3KOMY HHTepBMY yr-
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J!OB (llJ!li nepe;naHHHX HMnyJibCOB) TaK, "'TO B paMKax ;nannoro 3Kcrre-

pnuenTa MOr 6H 6HTb onpe;neJieH CO 3118'1HTCJ!bHO xy;nmei1 T )'1110CTb!O, '1eM 

lJ t , To lKe OTHOCHTC.II K onTHI.feCKOH TOI.fKe , Jianp)THB, KaJIH6po-

BOI.fHHe napaMeTpH Cn
1 

J.n. (E"- Cn. :'1 . -t /IL.)iBHI.flfCJI.IIIOTC.R c omH6KaMH, 
(I ' l 

MeHbllliHAH orpaHlf'1HTeJiei1. 3TO noK83HB8eT, l.fTO He3an::cHM8.11 KMI19Jx'BK8 
L'\.._'L 

;neTeKTOpoB 6y;neT noJie3HOH, eCJIH OHa BllllOJIHeHa C T0'1IIOCTb!O -:;;- o;:.I%. 
~ '-~ 

llopt.!HpoBOI.fHHe K03riqJHUHeHTH ~ , np11BOJJ..III!llle creKTpH K a6co-

JUlTHOH UIKa.ne, orrpe;neJI.RKlTC.II C T0'1HOCTb!O '~ 2~~. 3TO B OC IIOBHOM OclyC

JIOBJieHO 3a;zJ.ai!HeM 0 ITTH'1eCKOH TOI.fKH. 8CJIH CH.IITb OrpaH II• em1e C 0 , 
TO OUIH6Ka K031JqJHUl!ei!TOB Q B03p8CT8eT ;no I0-I5%. 

3HaqeHH.II KaJIH6poD0'1HHX napaueTpoB ~It- , j"-- 'Jl: 83HBaJOT,K8K 

BHclHpaeTC.II 06JlaCTb '1YBCTBHTCJlbHOCTH ;neTeKTOpoB: rrepB!ill ;neTeKTOp 

perHCTpHpyeT '18CTHUH OT;naqH B ;nHana3oHe G,3-I,5 Man, BOCbMOH - B 

;nHanaJoHe 2,0-I2 M3B. 

IlocJie onpe;neJieHH.R ncex napaMeTpoB ;nHqxpepeHUl1MbJme ceqenH.R 

B Jia6opaTOpHOH CHCTeMe H B C.l.\.M. MoryT 61:lTb JlerKO Blll.fHCJieHI:l no 

cl><>PtJYJISU (2,4). 

OnHcaHHI:lif a.nropHTM He e;nHHCTBeHno B03MO~Hif. EJ!I ouenKH yc

TOHI.fHBOCTH pe3yJibTaTOB no OTHOUieHHIO K cnoco6y Oclpa6o TKII Ue3aBHCH

MO 61:lJI peaJIH30B8H MrOpHTM, B KOTOpoM JJ.HI!JrpepeHUllaJibi!J!e ceqeHH.II Bl:l

l.fHCJI.IIJIHCb no llJIOI!laJJ.H nHKOB ynpyroro pacce.RHHR B cneKrpax. B ;nan-

HOM CJiyqae nocJie;noBaTeJlbHO npoBO;zJ.HJ!HCb CJle;nyKli\He onepaUl!H: 

I. MoHHTOpHpoBanHe cneKTpoB 11 Bl:l'1HTaHl1e l\lOHa. 

2. Yl.feT pa3pemeHH.II ;neTeKTopon no q>opMyJie (I). 

3. BHI.fHCJieHHe ueHTpa T.RJKecTH rrn:~on, cp3n11 en He t x c oJKH;nae

MI:lMH KHHeUaTHI.feCKHMli BeJIHI.fl1HaMH II onpe;neJICHliC KaJIH6IOB0'1Hl:lX napa-

ueTpoB. 

21 



4. Bl:ll!HCJieiJlfe p&.C ;-:pe,ZJ,'~JI CHl! H DCl!j8CTBa B Ml1ID8Hli ( C~YHKUHH tfel (:r) 
B cyopMyJie (2) ). 

5. Bl:llJHCJieHne rlJ!oqa.n.n mmon. TaM, r,ll.e lJBCTI> nnKa Bl:lXo;n,HT 3a 

rpaiiHUy liYBCTBii'I8JlbHOCTil ,Zl,8T81<TOPOB, npoBO,Zl,HTCH 3KCTpanOJlfllllifl no 

c:fx.l.PMYJie (2). 

6. BHliHCJICH 11e ,ll.HmlpepeHu>~aJII>Horo cel!eHH.R no nJioma.n.u mtKOB. 

,iJ!OCHTCR nonpaBin Hll HC .'ll!He;jHyn 30.Bl1CHJ.lOCTb ,llll~j1(1;epeHUaJibHOro CC1.JC

III1H d6"(£i ldt,) r(1{,5) OT 3!!8pP111l l!aCTHUI:l OT,Zl,Bl!Vl B npe,ll.CJ!BX Till-
~-, (.QIJ 

Ka ynpyroro paccemm.R. 

7~ !Iaii,ZJ,8Hl!08 C81.J8Hil8 annpOKCHMilpyeTCH \iJOpMyJiaMH(5,6) H Bl:l

l!HCJIHID~CH 0H3Hl!8GKH8 napaMeTpl:l. 

4. G:lCTEl.IATWIECKHE OllE1EI\H. 

'7 I 
l!eonpe;n,eJie!lHOCTb lJYBCTBHTeJibHOii IlJ!Oli\a,1J,H ,ll.8T8KTOpoB /J. 0/ SJ 

11X OTHOCHT8JlbHOr:J noJIOll\8llllH Ll J: l1 OIDH6Kil B nepe;n,aqe HHWoPMBUHH 

TIO CI18KTpoM8TpHli3CKHI.I KBIIMBM H3-3a c60eB B KO,Zl,HpOBaHHH HOMepa 

;n,eTCKTopa ..1#/ vV 11pll OOJlbiDHX CKOpoCTHX Cli8Ta 11p11BO,ll..RT K CHCT8Ma

TH1.J8CKHM Oll!H 6KaM B ,ll.lliJxpepeHUHaJibHI:lX C8l{8HHJIX ll B qJH3HlJ8CKHX na

paMeTpaX. Ta6JIHIJa 3 npe,ll.CTBBJ!JICT CHCT8MBTHli8CKHe OIDil6KH B napaMeT

pe d-. • f1pHBe;neHH neJIHtiHHH, ycpe;n,neHHI:le no aHeprHH nepBHl!Horo 

nytiKa. 

nrr 

I. 

Ta6JIHUa 3. C:HcTeMaTHl!ecKHe orrm6Kll B onpe;n,eJICHHH napaMeTpa 

HCTOt!IIHK OIDlf6KH 

Heonpe;n,eJieHHOCTh TIJioman.n ,ll.8TCKTopoB 
fj ::_, v! 

- - = lio 
' .... 
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2. Heonpe~e~eHHOCTL OTHOCHTe~LHOro 

no~oxeHHR ~eTeKTOpoB x=D,5 uu 

3. C6oH B Ko~MpoBaHHH Houepa 

MTeKTOpa :I% 
----------------------------------------
Cpe~HeKB~paTHqHan cHcTeuaTHqecKan 

OIIIH6Ka 

5. PE3YJI1TAT!i Jl HX OR!Yllm.EHHE 

O,OI2 

o,oro 

0,028 

0CHOBHOH pe3y~LT8T H8CTO.Illlt8H pa6oTH - 38BHCH-.&OCTL napaueTpa 

ot = !!!:A I oT :meprMM - npHBe~eH B Ta6JIHUe ~ H Ha pHc.6. 
ImA/t.-,o 
B Ta6JIHU8 4 UH llpHBO~HU TaKBe no~Hoe ceqeHHe ynpyroro P-P 

paccenHHR era =(,J{+«U 1-A,napaueTp 4 a3RT H3 Hameii 

npe~~~eft pa6oTH /6 , nonpaBKa ~ yqHTHBaeT yu~HLmeHHe 3Haqe

HHR ~ npH 6o~LmHX i: H 6u~a oueHeHa HaMH H3. OCHOBe ~aHHHX 

pa60T/J5/ H /29/, cyMMapHBR(CHCT8MBTHqecKaR H CTSTHCTHqecKan) 

omH6Ka Atf#l = :!:. 4%. 
Ha pMc. 5 np1me~eHH 3uaqeHHR oi.{E}, no~yqeHHbe c nouomLD pa3-

HHX MropHTMOB o6pa6oTKH ~aHHHX H no p83~MqHHU Bb60pKau HH~IJlBUHH, 

3~eCL noKa3aHH TaKliB pe3y.JILTBTH Hameii npe~BapHTeJ.LHOA ny6JIHKBUHH .• 

Pa36poc TOqeK B OCHOBHOU He npeBOCXO~HT CTl'lTHCTHqecKHX H 

CHCT8M8THqecKHX OIIIHOOK, qro rOBOpHT 06 YCTOtiqHBOI:TH pe3y~LTBTOB 

no OTHomeHHD K pa3HOMY BH6opy cnoco6oB o6pa6oTKH ~aHHHX H KpHTe

pHeB OT6opa HH~puBUHH. 

Ha pHc. 7 ~n npMMepa noKa3aHo ~HciJ<'lepeHUHML toe ceqeHHe tJ-· 
rro~Huii ua6op Ta6JIHU A4"~ 6~eT ony6JIHKoBaH '>T~e.JILHO. 
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PrsaJc 
o~--~~~~ --------~so~-------.~----.---~70~ 

PHc. 5. Pe3yJII>TaTll Bllt.£HcJieHH1I o/, - OTHomeHH1I }l.eitcTBHTeJI:&Hoit t.IacTn 

ru.tllJIHTy}l.ll )accemn111 K MHHuoR. • - }l.aHHlle npe}I.BapHTeJI:&Hoit 

o6pa60TKH, C006~eHHlle B /J4/. 0, • - pe3yJibTUTll Bllt.IHCJie-

HH1I o(, ITO }I.BYM ITJ.X>rpaMMa.M C pa3JIHt.£HilUH 8JirOpU!'U8Ul1 o6-

pa6oTKK HCKO}I.HllX arrrrapaTypHllX cneKTpoB. B TOt.IKe p = 70 faB/C 

rrpnBe}l.eHll pe3yJII>TaTll o6pa6oTKH TpeX cepHfi H3MepeHHH 1 

-·-.-pe3y1IhTaTI:l pact.IeToB no }I.HcrrepcnoHHI:lM cooTHomemun/16/ , 
pe3yrri>TaTll pact.IeToB no Teoplm K•JJ.m.rreKcnllX MoMeH

''Y/ T'JB1 ,- , 
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Prsstc 
6 8 10 20 40 60 80 100 

r-r-r-r-ro.-----~-..----.--.-~--~ 

-0.1 

-l -- R.e. A 
PHc.6. 3KcnepHueHTaJI:&Hue .n.amwe .n.nn ne.nlttHIHbl ""'" Im A 

B o6.nncTH :meprHii cBurne 11 ran. V -/I2/, o -/!3/, 
0 -/4/, ~ -/!4/, .& -/5/, • - .n,aHI M pa6oTa. 

JlHHHH noK83UBaDT pe3yJI:&T8TJ. TeOpeTRtfeCKHJ pac'l!eTOB. 

-·-/I6/, --- /20/, - .n,aHHa.II patioTa. 
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Ta6JII'IU8 4. 3H8'ICIHHI OTHOllieHH.II BCUleCTBCHHOii K !AHHMOU 'l8CTlf 

aMITJIHTy~u yrrpyroro p-p pacce.f!HH.II u oet. 
!.t.! 

p (f'aB/c) d... Uf!L (MOH) 
nrr 

I. 9,39 0,35I :!:. 0,048 

2. I9,07 - 0,25tl ±. o,czo 8,4' ±_ (':;It 

3. 38,03 - O, I7I ±. 0, 029 7,61 ±. 0,3I 

4. 40,03 - O,I68 ±. O,CI5 7 ,6· ±. 0,30 

5. 50,63 - O,I59 ±. O, OJO 7, 31 ±. 0,29 

6. 55,33 - O,I54 :!:. 0,022 7 ,3'> ±. 0,29 

7. 59,43 - O,I22 :!:. 0,020 7 ,2() ±. 0,29 

B. 69,83 - o, 092 ±. O,UI 7 'I:~ :!:. 0' 28 

a) • .lli'ICllepCHOIIHUe COOTHOmeHH.fl. B OU.'l3CTll 3HCp 'Hi\ ,ZI.O 60 f'aB 

TeiTepo HMeiOTC.fl 3KCllepHMeHTaJI:bHUe ~allllb!C 0 pCCL'lbiiO i ll MIIl!MOfi 'l3CT.f!X 

aMITJIHTY~H p-p paccemm.fl. BeJIH'll1Ha l.llli!Moii <IacT:r CL\! l.JJI1TYAH p-p !! }5-p 

pacce.f!HH.fl cJie~yeT 113 noJIHLIX ceqenl1ii O.i.ot./' '/. Co rocTaBJiemre 3TIIX 

]l,D.HHHX Ha OCHOBC ]l,llCllCpCllOHHHX COOTIIOiJ·,cHIIii O'!CIIb :IITCpCCHO C TO'lKH 

3pBHHH llpoBepKI'I OCHOBHUX aKCHOM TCOplUI flOJiil llpll klll<CI:MaJibHUX ]1.0-

CTlllKllMh!X celiqac ::l!IeprHHX. O;n,HH 1'13 aBTorGn HacTom:l ~ii pac50Tbl (jli1A

KOB If. !C.) BunoJIHllJI Bbl'll'lCJieHH.fl neJillllli!IH ol. (f) no ~ncrrepcnoHHbiM 
COOTHOllieHll.fiM • .lleTaJil1 p8C'lCTOB }J,aHI:l B fl!'IIJIOliil'lll!ll. Je3yJI:bT8T l1pH

Be;n,eH Ha pHc.6 B BH~e CITJ!OlliHOM KpliBOii. Pc3yJihT8TI:l paoOTbi/IB/, B 

KOTOIX>H 8MITJIHTy~a p-p CHCTeMbl B HClllll3ll'lCCKOli 00JI8~TH 3HeprHi1 arr

poKCHMHpoBaJI8C:b <!JyHKUHCii: C HCCI(OJlbl<IIWI CBO OO)l.HbiMll rrapaMeTpm.m, 

0Jill3Kll K pe3yJihT8T8M ;D.8HHOil: paOOTU. 3TO rOBOp11T 0 TOM, liTO HCOll-



pe;zr,eJieHHOCTI> BeJIHt HHH UHTerpa.na 110 He<JlH3H'leCKOH o6JI8CTH CJia6o BJIU

.IJeT Ha neJIH'iHHY cJ. { f= l 11pn E y I ThB • 
./ 

1!3 pe3yJI:&T8T< B 3RC11epHMeHT8, 11pe;li.CT8BJieHHHX Ha pnc .6 , MOluiiO 

C;D.eJiaT:& BHBO;ll. 0 CCrJiaCHU ;li.HC11epCHOHHHX COOTHOWeHHH C 3RC11epHMeH

TOM Bl1JIOTI> ;!1.0 Cru.U X BHCOKHX 3HeprHit, r;zr.e 11poBe;zr.eHH li3MepeHII.IJ • .llpy

rHMH CJIOB8UH, 3KCI:epHUeHTaJII>Hile ;!1.8HIIHe He ;!1.8DT OCHOB811HH COMHeBaT:&

C.IJ B C11pane;zr.JIHBOC~'li COBpeMeHHOH JIOK8JII>HOH TeOplHf 110JI.IJ, D paMKaX 

KOTOpoH BHBO;li..IITC.II ;li,HC11epcHOHHHe COOTHOWeHH.IJ. 

6). IlouepaH'lYJ ;zr.oKa3a.n Teopeut'3I/ o paBeHCTBe 110JIHHX cetJeHHii 

B3aHMo;zr,eiiCTBH.IJ ;li.JIJ 'l8CTHU H aHTH'l8CTHU 11pH 11pe;zr,eJI:&HO B!lCOKHX 3Hep

rH.IJX npH yCJIOBHH, 'ITO B acHMI1TOTHKe aul1JIHTy;zr.a y11pyroro paccenHHH 

He CT8HOBHTC.II BeinECTBeHHOH. Boo6me rOBOp.IJ, TeopHeit He 3811pemaeTC.II 

CJiyqaii, Kor;zr.a Ce'!EHH.II B3aHMO;zr,eiiCTBH.IJ 'l8CTHU H 8HTH'l8CTHU CTpeM.IIT

C.II K HepaBHHU ;zr,pyl' ;zr,pyry KOHCT8HTauf32/, O;li.HaKO B 3TOM CJiyqae OT

HOWeHHe ;zr.ei.i.CTBHTeJ I>HOH 'l8CTH aMI1JIHTy;D.I:i pacce.IJHH.IJ K MHHMOH C poCTOM 

f ;li.OJIXIHO JIOrapHqiMH'leCKH yBeJIH'llfB8TI>C.IJ: 

!2e1J ( r, { =- f)) 
I,. JJ(f, -L-- o j 

__.,. co n .si -1=- o. 

011HCUBaeMHe <KCI1epHMeHTaJII>HHe ;zr.aHHHe 06 3HepreTH'leCKOH 38BH

CHMOCTH J. (E) HuE DT xapaKTep ue;n.Jieuuo y6HBaDiteit 110 a6coJIDTHoii 

BeJIH'lHHe ~YHKUHH <HeprHH. TaKHM o6pa30U, OHH He ;!1.8DT yK838HHH Ha 

HapymeuHe TeopeuH Ilouepauqyxa. 

B). B 8CHUI1TO~·HKe aKCHOM8TH'leCK8.1J KB8HTOB8.1I TeOpH.II 110JI.IJ HaKJia

;ll.!iB8eT PM orpam:qeHHii ua 110Be;zr,eune aul1JIHTy;zr.H ynpyroro paccenHHH. 

B 'l8CTHOCTH, yCT8118BJlHB8KlTC.II HeKoTOpHe CB.IJ3H Mel!;ll,y MHHMOH H ;zr.eLlcT

BHTeJI:&HOH 'l8CT.IIMH KpoCCHHr-CHMMeTpH'lHOLl aMI1JIHTY;D.Il y11pyroro pacce-
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RHHR Bllepe~/JJ/. 0K83HB8eTCR, qTo 3HaK peanLHO~ qaCTH aMfinHTf,nH 

paccenHHR npnuo CBR3aH c acHMllTOTHKO~ no~HHX ceqeHH~. E~H no~Hue 

ceqeHHR H~YT E CBOeMy 8CHMllTOTHqecKOMY npe~~y CBepKy, TO ~eHCTBH

Te~LH8R qacTL ~o~JHa 6HTL OTPHUaTe~LHo~. Hao6opoT, CTpeuneuHe no~

HHX ceqeHHH K 8CHMllTOTHqecKOMY npe~~y CHH3Y ~O~EHO conpoB0~8TLCR 

H3MeHemteM 3HaKa ~eiiCTBHTe~LHOH qacTH aMfinHTY~H paccenHHR (pacTy

mHM llOJIHHIA ceqeHHRM 6y,neT OTBeqaTL nOJIOJKHTe~LH8R ~eKCTBHTeJILHM 

qaan): 

(8) 

pacce.11-

HHH. E~H cqHT8TL, qTQ aMIIJIHTf,n8 pacceHHHH HyKJIOHOE f,nOBJieTBOpHeT 

yCJIOBHHU,He06XO~HMHU ~.II BHBO~a (8), TO,llOCKOJILKY ~eiiCTBHTe.IILHM 

qaCTL 8UnJIHTf,nH pacceHHHH 8HTHllpoTOHOB B npe~e.nax OmH6oK p8BH8 
I 

HyJID ( e~HHCTBeHHHli 3KcnepHUeHTaHLHHH pe3yJILT8T 1 141 OTHOCHTCH K 

aueprHH E = I2 ThB), B HHTepBane aueprHii IO - 70 ThB /2e j +, B 

OCHOBHOU, onpe~eJIHeTCH ~eiiCTBHTeJlLHOH qacTLD 8MfinH1Y~H p-p pacCeH

JIHft /JeJJff . Bo nceu Hc~e~oBaHHOU HHTepnane aHeirHii (BfinOTL ~o 
E = 70 ran) f2eJI ff L 0 H y6unaeT no a6coJIIOTHoi1 :~:e.nHqHue. TaKoe 

noBe~eHHe 12 eJ/ (f) COOTBeTCTByeT 3HepreTHqecKO~ ~ 8BHCHUO CTH 

nonuux ceqeHH~ (cu. ~puyny (6) ). 

3HeprHH, llpH KOTOpoii p e~p H3UeHHT CBOI.i 31 aK, no OUeH

KaM H3 ~HcnepcHOHHHX COOTHOmeHHfi nelDIT OKOJIO IOOO laB. 

r) CpaBHeHHe c Teopxeft xounneKcuux uoueHTOB nJ,HBe~eHo Ha 

pHC.6, ~e HHZHHH nyuKTHpH8H KpHBSR nonyqeHa B pa6cTe/20/ H8 OC-
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'TLf 2) 2~ I 
opaJIHCJ. 113 pa6oT 1 ~ • --

0 
• ITpll CloJiee BbiCOI<HX 3HeprliHX nomrue ce-

/'f/ qeHiiH Bbl'!liCJIHJIIiCb ITO cXeMe KOMIIJieKCHHX MOMeHTOB <- J • Y'lliTbiBaJICH 

BI<Jla,zJ, IIOJ!KlCOB Pe;zr,;le ( 
1
0 P; tJ 'v Jj~ ) 11 CBH3aHHbiX C HIU.m 

/ )./)') 

pa3pe30B, o6yCJIOB.l8HHHX MHOrOKpaTHbiM IIepepacceRHI1eM Hc; TIOJIIOCC 0 
I . r. ' 

n ;zr,nyt<paTHhiM rrepe'JaccemmeM Ha nomocax D j:J, CJ c./i,2_ • CctJemHr 
- ' ) J 

IIO;zJ,XO;zJ,HT I< CB08MY aCHMTITOTlllJ8C!<JMy 3HatJeHiiKl r~ 5I l.IOH CHl13y. 

3bllJiiTaTeJinHYJO KOH<:TaiiTY 1c.-r. Mbl paCCMaTp11Ba1IH Kai< Heonpell.CJICH-

Hyro KOHCTUHTy 11 ll<lXO;zJ,IiJ!ll ee 113 ypaBIIeHI1H (I) IIpll H8KOTOpoM 3HatJe

!llil1 11MIIYJ!bCa [}:; , TIOll,CTUBJ!Hl! B Jienyro tJaCTb 3KCTI8pHM8HTaJibHO H3-

MepeHHYKl B8JIHlJHHY );) : "-
1
/• 

B TaOJillUe IIp11B8;zl,8Hbl ;n,na napnaHTa BH'!VICJieHHHX 3Ha'!8HI1ii 

) 
.!J:.lf!:!) 

r:J...{ 1(1 ::: -;;;7-r..) ' COOTB8TCTBYIOl!lHe ;zl.BYM 3HatJ8HllHM KOHCTaHTbl 

Ji(oj.ITpH CtJeTe Ba JHaHTa I f/JJ[rjorrpe;n,eJIHJ!ll, IIp!!BH3HBaHCb K TO'!K8 

/C. = I, 60 Thnlc, r;n,e J... (I, 6S) = G, 047±.0, II - cpe;n,aeapwiJMCTll

l!ecKoMy aKcnepvrMeHTaJibHHX ;zr,arruux cJ.._ (I, 69/27 I n d.... (I, 7G/2BI. 

llp!i Cl!eTe BUpl!aHT.\ I1 11TJHBJ13JW C;zl,8JIUHFL B TO'!I<e cJ.... (9, 9I) = -0~ 340 

±. 0,020, noJiyl!eHHotl: ycpe;n,aeHI1CM c)... (IO,O) IIJI, oZ (9,tl6/ILrl n 

c)_ (9, 06/ILfl. 

A6coJIIOTHaH o11nOI<a ..1 oi. (.t:), o6ycJionJieHHaH BKJia;zr,aMH ai<cnepn

MeHTaJinHotl: Ollll1 cJI<H 4 ;:).. ( ('o) B KOIICTaHTy ~/ 0.// J 0 npe;n,eJIJIJillCb ITO 

rpapMyJie 
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