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BbiiTOnHeHa B . fla6opaTOplifli TeopeTIPieCKOH !flii31ifKiif 

lifCCnellOB8HiifH. 

HayK, CTapWiifH Hay'IHbiH 

c.M. EHneHbKiifH 

OlliiOHeHTbi: , 

HayK; CTapmlif'H Hay'IHbiH 

H .B •. nony6a piiHDB, 

!flii31ifKD-:-MaTeMaTiif'leCKiifX HayK, CTapWHH ,Hay'IHbiH 

n.n. H~Mek~i• 

' i. '.' /' : ' 
Hay'IHD-HCCneno_BaTelibCKOe y'lpel!{neHHe -:YfHCTH-

SHeprHH fKA3 ( Ce-pnyxoa). 

p83DCnaH 
, 'e 

lllifCCepTaUHH CDCTOHTCSI; . " 

19ii r. 

1971 r. 

Y'leHoro COBeTa n,a6op~TOpHH 'SinepHbiX !JP06neM . 

HHCTHTyTa. SinepHbiX Hccl!enoBaHHii, r• Dy6Ha, 

,,:··· 

MD:1KHD 03HaKDMHTb,CSI B . lieHTpanbHOH- • 

ceKpeTapb CoaeTa 

lf!H3HKO-MaTeMaTH'IeCKiifX HayK 
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IO.A,- EaTycoB 
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·HaCTOHII\B.fi ;ltHCCepTa~Hfi noC:SHI!lBHa ;neTan:i;HOMY paccKOTpeHHIO 

~enoro pa;na npo~ecco:s,rxa:sHHM o6paaoM co cna6uv H sneKTpOMar

HHTHIDl B8aHMO;tt.eitCT:SHIIIOJ a;ri;pOHO:B~ Hccne)toJiaHHe TaKKX mJOU6CCOB 

Ha OOliTe noaioxrteT ~noxi~HT:& HH~OpU~HJ) ol5 3JI6KTpO~armtTHHX H 

cna6iri: ~OpM~aKTOpax, a ~aKJte np(>liepHT:& OCHO:smte n?no:a:eHir!fi ·co:s

peMeHHOa TeOpHH. cna6oro H 3JI6KTpOMarHHTHOr'o :S8a.Htio;n;elltCTBHito . 

JJ,HccepTa~Hil COCTO!r!T lr!3 B:S6,lt6HHH,rifiTH rJia:B~8aKJI!OtteHHfi H 

Tpex npHXOEeHHlto 

· B nep~olt rJia:se. no;npo6ao pacmo~oTpeH!i pacnaW>~ jj:!:~e+'lte+e- . 
H ii~•.f"+~J'e+e- /I/.· BlillHCJieHH lr!X HHTerpan:&Hiie BepOHTHOCTl'!.IIOKa-

--t 4- +e-aaao, ttTO. ~r~ccne;no:sanHe npo~ecca 11-·e: ie e: npa paanHttHHX. no-

porax perMCTpa~HH·KOHettH!iX aapa::a:eHH!iX ttacTH~ noa:sonaeT noJiy

ttHT:& RHilJopua~Hil o napaueTpe ~ ( OTHOmeHHe aKciiam,noro !f)op¥ - · 

~aKTOpa K B~KTOpHOJ&Y B pacna;n;e jj:..e+-iea ),BJI6KTpOMarH14THOil 

pa;n;Hyce 1i- ueaona H sHaKe aMnJIHTY;n;hl 1j0
-- ~ O 

B pactteTaX npo~ecca 1i~· e+ie e+e-:- YtiHTH:Sanac:& TOllt;D;eCT-. 
:SeHHOCT:& KOH6tiHHX TI03l'ITpOHO:B. YtteT. TOJB:;tteCT:SeHHOCTH,KaK UOKa -

S!l:SaDT :SfillHCX6HH.II, CYI!l6CT:SeHeH (:BKJia;tt HH·rep!j)epeHUHH npaMWC H 

o61l6Hilh!X ;n;Harpau ;ItOCTIIIraeT IO%). . t .. 

Sanl'!me:u MaTpl'Ittlmlt BXeMeHT npon~cca 1j":_ ~ it e+ €- . B :SIII

;n;e cywm ;n:syx l!JieHo:s, o;n;MH l'IS KOTOpwc nponopnMoHanea aMnJiwry;zie {. 

pacna~ ii+- ~4- it ' H . OTIHC!lllaeT BHYTP6HHee TOpM03H06 HSXyl!e - ~ 
HHe; a ;n;pyrolt C?T:SettaeT CTPYKTypaouy HSJiylleHHD. Ida 06IIiRX coo6-

pa:a:eHHH HHBap!r!aHTHOCTH CJie;D;YeT,tiTO 3TOT nocne,ltHHi;t l!3l6H HMeeT 

. :s~r~;n < ~ I.S 1 i. \o= NblP.-rl +P1 ~r~-'\-l~£.~.~1 [U: Ln\5 ~ r o.-
• -&lG.lK~-U:tr.O,~,tl-C lK .. I\f-1\·~.~.f)-e ( Q.~. Q~- ~tK K~Ofl]. 

S;ri;ec:& N - nopi.tllfpo:sot!!llii1 MHOJKHTeJI:&; '{. , p . 1r1 ~ ~ ~a~~nyn:&cH 

(I} 

-4- ·. ,, ' . . . 
II ·- t.!eaona,ae£iTpHno H nenToaa; P2 H P3 - 4-HMnyJI:&CH noa~r~orpo-

Ha~H 'aiieKTpona; K =P2+P3~ Q =P+Pl' E~= ll\P~l o~lll-Pz) 
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E,=-lt(Pl5~11·Ksllt(-~~; tPYHKJ:tHH 0..", g ·, c He 8a.Bl!CHT OT nepeveHHHX 

K1 
.H. Q~ •. 

runOT638 COXpaHeHHHB6KTOpHOrO TOKa n03BOJifi6T CBH38T:& avn

HHTYlCJ .ti," tr.\ Q~).(BIOI~;ll B MaTpimruii aJ!eKeH; BeKTopHorp TOKa) .c . 

COOTB6TCTBYHllll6it 8MnJ1HTY;llOit npeBpa!J16HifH .. lj".. M630H8 B ,ll,B8 BHPTY-. 

aJII>~ux _fPOTOHa Q.ll{~, Gt) 121:. . . , 
. . -· '~' . . ' .. 

n,v(~\Ctl :-ffQol(\ Qt). (2) 

_ MaTplltrHblii SJielleHT 8KCH8Jll>H01'0 TOKa xaparerepH3Y6TCH TpeKJt ' 

cpopu<lJaKTOpaMH:·J'' c H e ,npwieJI 3TH YJY~KI!HH He CO;llepJKaT BIOla;lla 

1i - M630HHOrO nOJlJOL:a~ IlOJIHJCHOH lUieH ;ll86T BKJla)l ~6 'BHYTpeHHee 
'. . . ~ 

TOpi403HOe HallytreHHe. B COOTB6TCTBHI.f C. STIUl W C;ll6J18JIH .06bltrH06 

Hpe,!inOJJOJKeHHe 0 M6,liJJCHIIOJ.I H3M6H6HHH aMnJIHTY;ll g ; ·c H € /J/. 

~CJIH npeHeopetJ::& HX npOH3BO,ll,H!lMH 1 TO H3 YCJ!OBHit rpa.ztH6HTHO£i HHBa

pi18HTHOCTH IlllTeKaeT, ttTO e = 0 ' a g COBna.ztaeT c COOTBeTCTBYIOillHH 

napalleTpOU: 1 XaparerepH3JIOI!UtJI- pacna)l jj~~ e+ie. a : • 
·. qTO ItacaeTCll <lJopMcpaKTOpa .. 0.." ,TO COOTHOW6HHC (2) ;ll8eT 

ll03MOJKHOCT:& O!leHHTl> BJ!Hf!HIHi 38llHCHilOCTH ero. OT nepeMeHHbiX ~Kt H . 

0.
1 

. C llOMOIIU>lO ::mcnepHM6HTaJil>H!lX ,ll,8HH!iX no paCna)ly ii 0-> ~ e+e~ 
Ilp0ll6.Il6HH!le H8MH OU6HKH nOK88a.JIH 1 ttTO llKJl8,7.tl:l COOTll6TCTBYBllllHX 

ttJieHOB B nOJIHYil BepOHTHOCT:b npon'ecca 1j+-'• e+~e e•e- -He ilpe-

_BOCXO,llf!T O,I% H 2%. . ' . 

TaKHu o6pasoli, MaTpHt!Hllit aJieweHT < ~ IS I i.) so co.ztepJKHT, 

noM.IUlO BeJilitrHHU Qo ,CBH38HHO;t ·~ llepOllTHOCT:blO pacna)la. U0
- .. ·3 ~. ·; 

;llll. a napaweTpa: 1'::- .r.& . H S : - .~Q o lis OU!lTa_ no ~CCJI6,ll,OB8HHJJ 
() 1Z Q0 l - lZ \.lo /4/ 

nponecca fl+-• e•ie l ·.· ;llJilt l Ha£t.zteH!l ;llBa 3H8tt6HHJI • 

0,32 H -2,0. 

Ml:l BHtlHC~JIH HHTerpaJI:r.HylO llepOJITHOCTI>. pacna;lla .TI-t.. e'"iQ e•e."'· 
llpH paSJIHtfHHX; noporax perHCTpa!liDI KOH6tlHHX 38pll:at6HHHX .tr8CTHit H 

It .• . • .' ~ -~ '_ - • 

'paccMOTPeJIH Bonpoc o llOSMO:atHOCTH onpe.zteJI~HHit napaMeTpon ~ H J 

4 

\I 

HS SKCnepHMeHTa. AH8JIH3 UOJIYt!eHH!lX pesyn:&TaTOB U03BOJIH6T C~e -

JiaT:& · cJielCJIOllllfe B!lllo,ltl:l; 

I. Cyll!eCTllye-r KHHeKaTHtrecKaH o6JiaCT:& (aneprKll Kall;llOit Ha -· 

_KoHetJ:HliX sapmlteHHWC 'llaCTHit , E-~ E . - IO - IS MaB;-:- K1 imH 
' ' - . I. '' t. . . . ' - . . -'. . 

~n' = ~ (P,.·tf') l '0.01 mi'), r;lle nap~MeTp f He cKasuBaeTCfl na :ae -

pOllTHOCTD pacna.zta. B STOlt 06XaCTH OHa TaKEe cna6o ~8llHCHT OT 

S"' S~~rt (C\o fiil (BKJI8;ll COOTBeTCTBYIOll\HX trneHO~ He npeBblmaeT 3%) • 

MsuepeHHe BepOllTHOCTH npouecca ·~~~ e+ie e+e-:- npH TBKHX KH

HeM8TH~eCKHX ycJIOBHllX nosBOJIHeT noJiy'llHT:r. )lonoJIHHTeJI:r.nym wn~op-
• -+ 

JlanHIO 0 napaMeTpe 0 ,xapaKTepH3YI"Jll!eJI pacna)l II -'> e+'le r·. llpH 

STOM He06XO;llHilO npOH3BO,ll,HTl> HSMepeHHH C TOtlHOCTl>IO,JIJtJ:We« 20 %, 
Ha ypOBHe'2iio~9 ~ii- 1 r.zte ~ ... - UOJIH8lt BepOllTHOCTI> pacn~a 
1ft~ .. _r.•ir ~ 

·-2. Ecu BeJIH'IlHHa Y .. HSlleCTHa,To,npollO.ztll HSMepeHHH B o6 -
. - 0 ~ . l 

nacm. [ ...... IO - IS MsB,-l H -1'1~ ~ O,OI m_. ,MOJIHO onpe.zteJIHT:& 

napaKeTp f ·~ (llKJI8;ll trJieHOB, GO;llepllt8!lllfX. S ,He np~ll!lmaeT », YKa

SaHHOR 06JiaCTH 3%). IlpH .. 5TOJI •H~M KllB.ztpaTHttHOli 38llHCH!lOCTH 

BepOJITHOCTH OT f B03HHKHYT_ ,ll,ll8 peweHHllo B ;ll8HHOJI CJIYtrae 

He06XO,ll,HilO npOB~.ztHT:& HSMepeHHll Ha ypOBHe ·....,. 4• IO-IO \X'u .• 
3; EcJia acnoJI:r,sollaT:& ycJIOBHe 'll~CTH'I!Horo coxpaHeHHJt ait -

CHaJII>HOrO TOKa,aJire6py TOKOB, a Ta!Oite npe;llnOJIOllteHHe 0 'we.ztJieH -

HOM ~3YeHeHHH ~OpK<lJ8KTOpOB,T~ napaHeTp l · MOli(HO CllH38Tl> C .SJie

KTpowarHHTH!lJI paiHYCOJI if ~ KeSOHa / 3 / 

.. ···.t=·-s3fffi~J<tr.~>. (3) 
OTMe~HM, ttTO cooTHomeHHe(3) HMeeT JlecTo tiesaBHCHMO OT cnpane;ll-. . 
JIIfllOCTH_rl4nOTe3bl ~eliHMaHa 0 KOMneHC8!llfH llKJl8;ll8 WBHHrepOBCKHx 

ttJieHOB H BKJl8;ll8~arpaKM C HCflYCKaHH6M qiOTOHa H ll8JH JienTOH - · 

HeRTpHHO H3 O,ll,HOR TOtJ:KH •. 

s 



, EcJIH na on&TOB no HCcJie;noBaHHHJ npoztecca: jj!_~e+jie+e.- · 

onpe;neneH napa_lleTp f. (llBY3HaliH0) 1 TO C nOMOutr>ll(3) YOJIHO a)npo

:Be!>HT:& cnpa:ae,ItJIHBOCT:& l'itnO'reS,_Jie:mll!HX B OCHOBe 3T01'0 COOTHOme

HHH;6)nclJlytJHT:& HH\flOpMaztHil o6 SJieRTPO¥al'HHTHOILpa,ItHyce 1j -.Me-

·lfo-~ 0• 0 SORa H OTHOCHTeJI:&HOM SHaRe aMnJIHTYll pacna;nOB 

e+ .. + . . 
1i -· ' it .•. 

H. 

· Bee. STU· B!iBO}lli HJIJIJOCTPHPYIOTCH Ta6mn~e!t I~ B. nep:a!iX: Tpex. 

CTpOKax KOTOpott II_PHB~,IteHO OTHOmeHHe R = ~(ii!.e.+~e+e·vW:ra- B e~.;;. 
HHztax ro-I~ npz E =· IOIIs:a H l =-SIp ' a _B UOCJie,ItHel CTpORe '7'. 

:aeJIHllHHa R· -,B&llHcJieHHaH. 6ea KHHeKaTHttecRHX orpamtt~eHHtt. 

Ta6.uya I 

: 0' ':' 2,4 :· •. 5 I f I · . . . 
i i i I . . I i 

: - 2,0 : 0,32 : -2,0 : ,· 0,32 : -2,0 : 0,32 . . . . . . ' . . . . 
s . - -------. . 

: + :-: +:--:+.:~;:+_:-:+:-:+:-. . -. . . . . . . . . . 
-K~-nt ~ ~ m' b2 30 22 22 i38 .29 :24 25 i5o 33 3I 33 

' 1 z.-: • • 
-K t.L~~t ·11 ( O.Dim; :27 25 20 !9 :28 25 20 I9 :29 25 · 20 20 

;K1t.L-I'Il»o.olm~i5.6 · 5.3 2.8 2. ?in 4.5 4;3 5.4i2I. 8.3 rr f3 

E=M;·II~-nt,_~mzhro- ·io2 · 9I - 89 ir2o roo 92 92 iBo I04 roo ror 

llpHMetlaHHe: frl - Macca aneKTpoaa. 

· PeayJI:&TaT&,npH:ae.ztemme· :a STOA .Ta6JI~e,noJIYtteiUi npa 't' lio= 

=0,89~!0-IGCeK •. HamH B&Bo.zt9·ae HSMeHHTCH~eCJJH ~H ~peKeHI .ZHSHH 

li
0

- MeSOHa npHHHT:& SHa'lleHHe/5/l-0 = 0 15G:Io-I6ceK. 
. II ·.. • , .. ·. . 

lJHcJieHH!ie pac'lleT& npo:ao;ztHJIHC:& aa SBM YeTO.ztOII MoaTe-KapJio, 

npnew 06ecneu:aanac:r. TOtlHOCT:& He HHEe Z%. l>!iJx paccqwraa TaKZe 
-+ . .• . ' :· '. . .· . 

· npo~tecc II -· f"~ir e+e-.~Kaaanoc:&, 'ITO ero noJIH~H :aepof.iuocu. 

*r onpe.zteJIHeTCH liKJia}loll':aHyTpeHHero TOpliOSHOro liSJiy'lleHH!I rtt;& 
· Rr = *rl~r. ~- R~ = o. ~3 ·10-":.. C4> 

6 

J 

j· 

l 

i 

.. 
• 

·1 
} 

i 

B rJia:ae n o6cyx;naerCH :aonpoc o6 onpe;neneHHH Macc&·llDOH

HOrO.HeltTpHHO mi B pacna;nax h+-~f"+ir Q H lj!.~f"t~re+e-.B&llHCJie

Hii COOTBe'l'CT:BeHHO 5HepreTHtieCKHlt cneKTp ~ ~ ·KBaHTOll H cneK'l'p .. 

no aaeprHH Ko e':e-- naJH,;neTaJI:&HO Hccn:e;noBaaa HX ttyBCTBHTeJI:&

aocu K :aeJIHtiHHe llaCCH m .... HaR;zteao, liTO BKJia;zt_ CTpyKTypaoro 
. . 

. . HSJiytJeHH!1 1 KO~OpOe IIO!'JIO 6& 14CKa3HT:& !J10pJiY cneKTpa B6JIHSII KOHell-

HO£! TOliKH,npeHe6peXHIIO Man.Cpa:aHeHHe HHTerpaJI:&H&X :aepOHTHOCTeR 

aa x:aocTax cneKTPOB. no Ko noKaaaiio, liTO pacna;n .li~~ ~~ ir 0 
HaYHOrO npe,ztnO'IlTHTeJI:&Hee pacna;n.a ij!...~ f"+~r e+e_- }lJI!I onpe,IteJie

HHll Mace& IIDOHHOrO He£!TpHHO. fipH STOll HaH60Jiee 6JiaronpHH'l'HOI 1 

B npHBIU!n61 0KaS!i:BaeTCH CHTya~H!1 1 KOr;zta nOYHLIO perncTpaitHK Q
KBaHTOB H31lepHeTCH 5HeprHH IIDOHa H OCTaBJIHDTCR C06!iTHll C.SHep

rHel16JIH3KOI K YaKCHIIaX:&HOit. 
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~: 0.1 

PKc.·I 

1(. th& 
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Ha pHC.I nyHKTKpOII HS06paxeH!i XBOCT!i aaepreTHlleCK~ro 

cneKTpa . ~- KBaHTOB BHyTpeHHero TOpKOSHOr~ HSJiylieHHll B npo -

ztecce. ii+-~ r·~r~ = SE;'ilo.lll•l. fOg.. J'~II!> .. ~E .· . 
R E;'"llo,ml} \\iii 4lK./m;)dE, r (5) 

"""' -}lJIH _pasnH'lmtX sila'llelllll rn ... B.ztec:r. ["''" l~o.ll'lt) - KHHellaTH -

llecKHe npe:zteJIH HBTerinspoBaaaa no aae:ro .llllOH~ Er -~ 
EcnH.;nononHHTeJI:r.Ho·HaKepaT:r. _f:r'H ocraBJIHT:& co6&THH c 
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T T- T"''" <::! T."'IIX ItRHeTHlleCKOl BHeprHeil ':>' " , 0 . ·(1_-,0 l_,r_ne . 0 - MaKCJI -

MaJI:&HaH. KHHeTHlleCMlF auepr~~ ITIJH n'\i:: 0 ,a. d . -. T~liHOcT:& ee 

H3MepeHH!11 TO· cneKTp ~ .- KEaHTO:B 1 OT:Sellai)I!IHl TaK0£1 BKCnepHKeH

TaJI!>H0£1 CHTya~Ha,,naeTCH :agpaxeHHeK,nonyqaeMHK Ha (5) no,ncTa -

HO:BKOlt :BMec'l'O E.;'" lt<o·, mi) ~eJIIII~IIHH .. ·. . . 

E.;i.":: tl\QX{ E, E;~"ll<o,Mi)}'. (6) 

3p;ec:&, E =T + m,. .. ( m,. - llacca KDOHa). X:BOCTH BTOrO cneKTpa 

np:e 8: · = O, I aao6piu:eHH cnJiomliHwi JIH_HH!IKH Ha pac. f~ HcHo; liTO. 

np~ ~B.Koti ~opwe cneKTpa BJIHHHHe HeTciliHOcTB » onpe,neJieHHH aue~ 
raH .. Ko Meuee cymecTB~HiiO. ·. 

• . , . . - -- ' -· ' - - ""Ql . 

· EcnH riopor peracTpa~HH aueprHH IIDOHa E >E.= E~'" (K:q: m1J, 
r;z~;e K:a· ..: KHHeWaTHlleCitHlfnpe;li;M aseprHH c})OTOHa;To r- K:BaHTH 

. tnllt . . . . 
C 8Heprael 11{0CT8TOliHO 6JIH3KOI K ~ 0 1 He perHCTPHPYDTCHoBCJie~~ 

CT:SH6 3TOrO KOH6liHaH 'l'OliKa B. H3MepeHHOM cneK'l'pe ; Q - K:BaHTO:S 

cMecTHTCH o'l'HOCH'l'eJI:&Ho K.:"a~ ua :seJIHliHHY Tell 6oJI:&mYil 1 UK 6oJI:r:.

me Mt ,a -E {cu. pac.2). 9To noa:aoJIHeT acnon:&ao:aan npadoplil c 

xy~Hil paapellleHHell no 3H6PFHH lflOTOHa; 01{HaKO ypoBeHD 1 Ha KOTo

pOil He06XO)J;HMO H3MepH'l'1> :sepORTHOCT1> ripo~ecca1 CTaHO:SHTCH OlleHI> · 

MaJIHK. . 

. Ha pac. 2,o'l'Be.t~aiOmeK 8 = 0,025, CHJillpJioK x noxet~eaa 
TOliKa Ko = l{;'a' ;D;Jlfi pa3JllllliH!iX BHalleHIIlit m •• 

R. 
5 

t 0.025 

3 

z 

~. ~ ~- ,· _;. ; ~\; \ ; < 
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-,r,Ft 
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' TpeT:&!I rJiaBa . llOCBHII(eHa paCC.llOTpeHRJl: npo~eCCO:B HeitTpHHHQ

ro HaJiytleHHH npu :B3alfMo,neacT:sHH aJieKTPOHo:a HMDOHO:B BHCOKHX 
8He~rHit' C. H,npaD/6/ . . . . . . 

e1+ R ~ c· ... ~~.+ i1 +1~ ·<7> 
rronyt~eHo TOliHOe aHaJIMTHt~ecKoe Bupaiea:ee ;n;n11 ;n;awwepeuuaaJI:&Horo _ 

CetleHHH KaK tlJYHKUHH 8Hepr!tUI H yrJia n;n;pa OT)J;aliH H HHBapHaH'l'HO.f! . 

!.laCCiil i ";)-- naplil. Ha£t;n;eHH aCHllllTOTHlleCKHe tlJOPMYJIIil ;n;Jifl HHTerpaJI:&

HiiiX CelleHH£1. o&:yx;n;ae'Jicg ll05MOJKHOCT1> HCCJie;n;o:aaHHH pea~Htl: (7)' 

c_ ~eJI:&D noJIYlleHHn HH!lJopMattaa o AHaroHaJIJ,uux li1Ieuax a'.{lilJeKTHBHo

ro JI8.!'paHlltHaHa CJia6wc ~3aHMO;n;etl:CTBR.f!o 

·HcnOJIL3YH'C006paEeHHH HHBapHaHTHOCTH 1 3anameK CelleHHfl ·Ko~e

peHTHbiX npottecco:B(7) aa H~pe c. aapH;n;OK Z. H Maceo~ M B BH;n;e 

·· : (Z J. <1 }z t • -. 1 . · · .. · .. · · 
c! o=tZ.ii\s ~ Ml~i~ J'\, J ti':~l~ (~·I{ I ,~- wf1i'lP·)~ ~r·• (I(' cp ,' . , (8) 

r;n;e K (P\ . -~~H~nyir:&c ilat~an:&aoro nenToHa(H~pa)~ ~',.p'-p -:· 4-aw

nyJI:&O~nepep;aHHHl' a~poHaJI.' Te~aop Vl/r .. :Biipalltae.Xc~ llepe~ CTpy~
TypHHe cpyH~HH W, m 'I'J/z 17/, a BeJIRliHHa Mr1 npe;n;cTa:aJineT co -

c>oa. HHTerpaJI no. KOHeliHHJI COCTOfiHHflJI ~~nT'o~oB.BllnOJIHfifl B.·· M r" ' 
HHBapHaHTH06 HHTerpHpOBaHHe 1 n01IYliHK B C1Iy~ae ynpyrax.npo~eCCOB 

i z. .· . . . 
(As A, ~r·'\t ='\til ) )J;Hwwepeauaan~aoe cet~eHH_e. kalt. il>YH~Hil aHeprHH 

H yrJia n_npa' OT;n;all~( B 1I. C •) H HHBapHaHTHOil Maces He.!!TpHimolf na.:.. 

Pill~ Cet~elme,aaBHCHII(ee OT rrm:aapaaH'l'HOl iiaccH 1i - napH,HBJIRe'l'CH 

xapaRTepHC;HKOA,K~TopaH MO:KeT 6iiT1> HCII0~1>50:SaHa ;n;Jlfl H)J;eHTHWH~;;_ . ~ >. . " . ' . . . . . 
~ npoueccOB Hetl:TPHHHOrO H5JiylleHHll. 

Mill Hamu nepB!ie ·;n;Ba liJieHa HHT.erpaJI:&HI:lX cet~eHH£1 KorepeH'l' -

mix ynpyrruc p~aKIUIM ·~· n~e~eJie,~or;n;a aHe~r:en nenToua Ko :..~ oo • 
9TO~ ;me~' nopff;D;Ka I(~ f n I( o H l(o .-· 9JJ~K'l'pOMarHH~Hiil~ cpopi.!c})~KTOp 
ll~pa ~uci!i;~()~ npH BT.OM B ;D;B~X llJopxax - ;D;HUOJII>H~A H raycco:aol •. 

o~aa'~~l>, ltT 0 .pesyJI:&Ta! c·;i6~ aaBHCH! -~~ B~6opa ~~PM~~~~P!i' •. 

9 ., .· 



ITpa rayccoBoR 6ro ~opx6,HanpHK6p, 
- . . 

r(~1 \ = exp>(Ci/lzf) , 
acKKTITOTHtieCKa.H ~OpMyJia HK6eT BH;lt 

..-- ~l~.t~l' .r- [n lH.oll.\ lr] ~.-•;; l6ii)~ I(Oll\ j> g ltt -y!-J- v 

B6JII4t!HHH '/
1 

H Y npHB6,ll6HH B Ta6JIHJ:t6 2. 

Ta6JIH!la 2 

n poU:ecc 

vz 

: "e·~,..e----; 

:. t'~~e : . )1 _., .t'. 
e _.,"' 

}/· i m~ . 

(9) 

(IDf 

v · -4lC +Zfnl) + ~5/3 i4(c~zf"Zl +29•+Zt/tsm~) 

. ITpKK6tiaHH6: c = 0,577 - nOCTOHHHaH snnepa. 

. KaK BH;ltHO 143 (!0) H Ta6JIHitH 2, aCHMTITOTHq6CKH6 C6ti6HHH 

O,llHHaKOBH ,llJIH npO!l6CCOB C O]tHHaKOBWilll KOH6t!HHUJ1 JI6TITOHaMK~IlpH 

STOM B cnyqa6 pea~HR c MDOHOM B KOH6qaox cocTOHHHH aa6nm;Jta6~ 

CH.p63K06 COKpa~6HK6 n6pBNX ;JtBYX t!JieHO» 8CHKTITOTHq6CKHX ~Op

MyJI. B o6JiaCTH CB6pnucoiwx SH6prHI, KOr;Jta er) K~ _,. .,.0 ,c6ti6HHfl 

BCex pea~HI-(7) .CTaHOBHTCH O;ltHHaKOBHUJl. 

Hcnoni.sya·sxcn6pHK6HTani.HHe ;~taaHUe rio rny6oxo aeynpyro

vy · e p - pace 6a:HHmf8/, w · oneaHJIK HHT6r~ani.HHe c 6ti6HHH H6ynpy

rax npon6ccoB H6ltTpHHHoro HSnyt~eHHn,xor;~ta _a:,llpoM-xHm6HDD a»na:-

6Tca: npoToH. OKasanoci., qTo B o6nacu n6p6iat~ 1~1 1 '> 0.5 (r3rtc )1 

C6qeHHH paCTYT c SHeprH6lt ~K K! en Ko • . . . 

CpaBHeHR6 sxcn6pHMeHTaJII.HNX pesyni.TaTo:B c HaliiHKB BWIHCJie

HHHKH TIOSBOJIHJIO 6U C,lleJiaTI. onpe~eJi6HHH8"BUBO;ltH 0 CJia60K BBaHMo-· 

.ll~ncnHH nenToao:B, :B ·qacTilocu, o npooneJie Ji·e yHRB6pcani.aoc;ra. 

rria" HaJIHqHH HHTeHCHBHNX KOHOXpOMaTHtleCRHX nyqio»·sneKTpOHOB Bli-

IO 

coxoi .. s~~P~HH"H~yqeHH6 peaKIWI ~~+ U ..:.. .. e·t k ~ie ~'ie .MOllteT . .llaTI. 

~~~~p~~D ~ ~HarOH~HOU lei.) (i e i :- ~SaHKO,ll6HCTBHH 1 CBe,ll6HHH - ' • • • -· ~ ~ • • •• ' • < • ' • • • • ' ' ~ • -- • - • • • • • •• < -. • • 

o KOTopou noxa e~6 o~eHI. Oe;JtHH. 

B rnaBe IY paccuoTp~mt'lHC'ro aJiek'ipo.1\Ha~liaqed~e npOJ:t6C

CH ~e - .. e.ttr- :11 ~e-e:e•e- f9~~ :Br:H?n,6~ a~ ~6q6HHa (66s 

yq6Ta 06K6Himx ;JtHarpaw ); ,llJIH HHTerpaJII.Hi>IX ce~'eHHit -nO]JYt!eHH 

KounaKTHHe ~OPMYJIH,cnpaE6.lliDiBii6:B6nRs~'noporoB. pea~nii.K;a~~~
oocy~;~taexc~ BOnpoc 00 RCnOJII.SOBaHMH ~~6CCOB \[JO~Clp~~,ll8HHH Ha 

< ' • ' • < ~ .. ·,. _- _,.' • -· •• •• 0 

SJieKTpOHe ,llJIH.npOB6PKH KBaHTOBOI•SJI6KTpO,llMHaKHKH Ha xanux·pac-- . " .. : . : . ·, . .... . ·. ·. . " . - •. - ~ . . .. · "· 

CTOHHHHX • 

M6TO,llOM HHBapaaHTHOrO RHTerpHpOBaHHa KH TIOJiyqHJIH TO~H!i6 , 

auamin~qecKH6 :supaJK6HHH .llJil1 BKJia,lloB· ;JtHarpau EeTe .;.. ra.lt'l'llepa B) 

H K~MnTOHClBCKHX Jtimrp'aw c) l3 ;JtH!WepeHIUfaJII.HOe ceq6iu.ie, SaBHCH-

11!66 ox SH6prHH SJI6KTpoaa O'l',llaqr.i B n·.c. C noKOIJII>Il qHCJI6HHoro • 

HHT6rpHpOBaHHa: Hail:,ll6HHHX cneKTpOB Ha 8BM 6l:lJIHBHqRCJI6HH HHTer-
. ( ~ ' 

pani.Hue ceq6Haa:: 
• 

I) ,llJIH JliDOHH!iX nap B 06JiaC~H'SH6prHil: WOTOHa ~ 

. · W.t · ~- w I. 50 ro V , 
r,lle W-t - noporoBaa: aaepr~m, a V= (rn"fro\t; 

2) ,llJIJ'I SJI6KTpOH-TIOSHTPOHHHXnap B 06JiaCTH SH6prHR 

4tn ~ . W 4 500 1Y1 • 

lJHCJieHHH6 saaqeHHH Blula,llOE ;JtHarpaw B) (6g) H c)(6c) B HHTer.;;, 
. . .. . 

paJI:bH06 C6qeHH6 npOrt6CCa ~e -• e f r- npHBe,ll6HH B. Ta6JI>tite 2. 

Ta6nHqa 2 

K=*i~+tozi~+10~ i~·Jaiz.svi4v ~6v i8v iJov·izov-isov 
·-~ . I • ~· • _ • . • • : .1 I 
10~,Al~tO.flt5·1tJ

5

:0.135·10- :O,oom:o.o.m: o.zz4 :o.4BJ:O.lff :o.ns :1.517 !Z.315 
s .. - : . . 5: ' -l: . . ' : - _- : ' : ' : . : . . : . . ! 

100:lJisJ:0.1l4·10 :o.65S·IO :O.om:o.lllf30:o.3i9 :o.~IZ :o.439 :o.443 :o.WI :o.O&'Jf 
. c ; . • • . ·- : • • : . ; • 
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npH :meprHRX <lJOTOHa, 6JIIHlKHX K IIOporOBHII1 W IIOJIYllWIH 

JIJlfJ HH'I'erpaJI:&HWC ce'!leHHI arulJIHTH'll6CKHe :Ii!ipaxeiDIH1 cnpal!e;ztJll'll3H6 

]V!fl <lJOTOpO:W:,lteHHII Jll060lt nap!l ilJepMHOHOB ·aa· <lJepuiwae~O!m HMem 

llH]t ~ ,. cl. rc; 1 ii ..2!1_ ( tn )5/z ( w _ Wt: )z. 
~ m+m,. t' m,. m - r (II) 

. ' 1 1 . . -

Oc=F,(z.mtt+tn~)6i , 
. . . . -

r;zte ro = e 1/m,. r- ·= z.m,. + rY\. . _ 
B npe;zten:&HHX CJiyqa!IX1 6JIH3KHX K IIOpOry~ if OlleR~ 60JI:&mHX 

. :r. ·• ' . . ' . '·· -. _cw >>rrt,../m ) ::meprH!t ,Q- KBaHTa y aac IttueeTC_H noJiaoe co:rJia-. 

CH6 'qifCJieHH!lX peayJI:&TaTOB C <llOpMyJiaUH (II) H aCHUIITOTHqecKOlt 

<PopuyJio!t( CMo HanpHMep/IO/) COOT:B6TCTB6HI!Oo 

0TMeTHll1 'qTQ HaJIHqife nyqKOB ~- .- Kl3aHTOB BllC~KO! 3He?rHH 

HJIIf BCTpeqHHx <llDTOH:_BJICKTPOHIIWC nyqKOB ll03BOJIHJIO 61>1 c;ztenau· 

pearr:&HI>IK Ha6JIIO]teH>'ie npo~ecca Qe -~ € r+r- 1 a TaKIKe HCIIOJID-

30BaT:&. <llOTOpOE;zteHHe JICIITOHU!lX nap Ha 3JieKTpOHe ]tJlll IIpOBepKH 

KBaHTOBOlt aixeKTpO;ztHHa!.IHKH Ha MaJibiX paCCTOllHHIIX. 

B naTo!t rnaBe BllqHcneau pa.zt!fa~OHHHe nonpaBKH K ynpyro

MY 1i e - pacceaiDIIl/II-I3/ t 6ea yqeTa' KOTOpliX Hel303MOJ:HO onpe ;.. 

,lt6Jl6Hif6 aneKTpouarHifTHOrO <lJOpM~aKTOpa " - MC30Ha H3 H3MepeH ~ 

aoro Ha onuTe ceqeHHa.PacqeTH npoBe;zteHu ]VIII cJie;ztyro~x aKCnepH

ueaToB: I) -H3MepHDTCH aneprHII E~f H yroJI ee£ llHOHa OT/\a'!lH; 

2);zteTeKTifpyeTCII . jj - Ue30H II H3MepaeTCH 3HeprHH t:e~ 3JieKT

poHa· OT;zia~H; 3) llOMifUO H3MepeHHH . E'e£ H ee£. perHCTPHPYIOTCH · 

TO~M03~e . Q- K:BaHTH C 3HeprJ.ie.ll W :>- .W 0 .YKaaaHI>t ycJIOBHn 1 

npH KOTopux nonyqea~e B cny'llaax 2) H 3) peayn:&TaTl\1 ocTaiOTCH 

Cnpa:se;ztJIHBiluH 1 KOr;zta ;ztbllOJIHHTeJI:&HO H3MepfleTCII yrOJI BllJieTa KO -

HeqHoro 3_JieKTpo~a ~- ~POJ3epHeTCH ~OMIIJiaHapHOCT:& lUIIlYJI:&COB. 

B pa.zt!fa~HOHHHe nonpaBKH ;ztaiJT BKJia;zt _ .ztHarpaWl\1 cne;ztYDIIIHx 

'lldiiOB: . 

a) c 06MeHOU: .ltBYUII tf>OTOHaiOI; 

!2 
'-') 

6) c6oT»eorcnyiirruie nepeaop!AHpo:Bite ·ueaoaaolt BepmHHI\I ; 

_ '':B) c:BHaaaHI>te c nepEmopMHpo:Biwa' SJieKorpolmold iepmHHH ; 

r) OTBeqalllJU'Ie Topuoaao!Q' HanyqeHHil aneKTpoao~o~ · H if -ueaO.:. · 

:ao~t aeaac>Jiio;ztaem q;oToao:B. .>:'·• " 

YnpyraH qacT:& p!i.;ztHaiUIOHM nonpaBOK(;ztwarpauMH'a) ·:.::s))' 

He SaBHCHT OT :BH60pa KlfHeMaTHqecKHX-YCJIO~HH.Biil~dHe~HaH 6e3 
" 1 ,- '-, -- -. 

yqeTa CHJI:&HHX l33aHMO;zte.tiCT:BHit1 OHa, COBna,ziaeT, C COOTBeTCTBYilllU'IM 

peayn:&T~T~M pa6oT&t(IH.OKa~JIOCI>,· ~;o ~H~rpaw.rl\1 B)-:~ ;) ;zt~IOT 
C;II!e~T:BeH;IO 60;:&mHH-, ~~]t, Hellt~i ;Harpa~~l\1 ~) H, cS) : ( B ;-Ka~~~.:.. .. '' -' ,· ' ;_ ;· '· : .-' ·-· ' -. . . -" . . ~ : -. -. . ; . :: . '' ,. . . . ~ . . ~ ~ 

HHX HHllte KHHeMaT:aqecKHx ycJIOBHIIX ...:_ npHMepao :s IO paa).OI.leHKa .. -~ . - . - ., .. :. . ~ . . . . . . . . . . - - . . :. . . - . ' 

no. _ J-, ]tOMHHaHTHOH 140,neJIH BKJia;zta OHJl:&HiiX. B3aHMO;zteltCTBHlt. J:! 

BHpTyan:&al\llt KOMUTOH~arM>eKT aa . 1i - ueaoae/II/ (.ztlfarpaMMl\1 a)) 
' . . . . ) . "' ~! 

He H3MeHHeT 3TOrO COOTHOmeHHII. TaKifM.06pa30M1 KOMIITOHO:BCKHM 

"BKJia;ztoM B cyMMe c J~me uea:&mHK .Bicia.now ;ztlfarpaw 6) MOlltHO npeae6-. . - . . ~ " . ..: '. -.:~ . : .·. ' . . . .~ :. 

pe'll:& npH onpe.zteneHHH pa;ztHy~a , .rlf, Ha ceqeHHa, iie- pacceaHHfl.· 

TipH pact{eore ,nHarpa& r) ocHoBaoe. BHHMaHHe _61mo o6pameao 

aa no.ztcqeT, BKJia;zta "lltec'r~x" il>·ooroHo:s, r;zte CKa3llBaeTCH pa_sJIHqife B 

:B&t6ope KHHeMaTHqecKHX ycnoDH.ti. B cnyqae aKcnepHMeHora I) (;zteTeK

THpyeTCH ~e30H) .B TDpM03HOM H3JIY'ICHHH llHOHa H HHTep<Ilepe~HH 
. . ' . . ' . "'. ~. 

ero c HanyqeaHeM sneKorpoaa BKJia;ztH, He nponop~HOHaJI:&HHe ynpyro-
• < • • 

MY .c eqeHHIO, coKpall(8.IOTCII c Toqaocnro. ;zto qHeHOB, nponop~OHaJI:&HI>IX 
' . . . ' . . . . . 

omH6KaK.H3MepHTen:&HilX npH6opoB. B pesyJI:&TaTe B STOid qacTH pa;ztH-
. •. . . ~ .. . ·.. ' . . 

a~HOHH!iX nonpaBOK MOlltHO orpaHH'IHT:&CH nepBhiM, nponop~HOHaJI:&HHM _, 

1/ W . - , qJieaou paano:ateHHH aw:nnHTY1tH B pll;zt no SHeprHH <Pooroaa 

W • )lJIH c_nyqaeB JIB_ 2) H 3) yqeor ;npyrHX qJiei!Ol3 1 KpOMe qJieHa 

.._ f/ W .1 He Tpe6yeTCH 1 T.K. ;ztOHOJIHHTeJI:&HHe 3KCIIepHMeHTaJI:&

HHe orpaHH'IeHHH pe3KO,Yll6H:&mall~ MaKCHUaJI:&Hyll 3HeprHil HeHa6HD;zta-. . . ·.- .. - - . . :, 

eMoro <lJoToaa •. B- soroM npH6nue~mx aeynpyraH qacu pa;ztHa~oaaux · . ' . ~ - . . ~ :_: --. . . - - ~ 

nonpaBoK(,nHarpaKMH r)) .Bo Bcex pac~K~Tpeafi¥X_HaMH cnyqa.HX npo-

I3 



nopuuoHrur:&ua cet~eHHIO ynpyroro -lie~ pacceHHHH B HHameK nopH:zt-. 

Ke no KOHCTaHTe TOHKO!t CTPYKTYPH · J. ·. 1 liTO n03B011HeT BBCCTJII 

~opu~KTOP nHoHa~-

B peayJI:&rare cet~eHHe lie - pacceHHHH,c .. TOt~Hocr:&D ;no 
· r3 

liJieHOB nopH:ztKa · <'- MOlleT 6h!T:& npe:ztCTaB1IeHO B -BH;zt6 
- do d6oe£ z - · - -.- _ 

-- - -, = -, F-l~zl (1 -t ~ ~\ , " '' (I2) 
L ·, rAEe[ ~Ee£ ii_ - I' OF-', - ---.' 

r:zte Jo.;tjJEef- ceqeHHe pacceaHHH T011611HOI'O _ ij- MEHiOHa 

aJieKrpoHoY:, ~ (K'I- ·aJieKTpoua~HHTHhlit ~opM!lJax'Top nHoiia ; pa;ztHa• -

ItHOHHaH nonpaBKa SF- -··-He co;neplltHT KOKIITOHOBC-Koro BKJia~a 
0~~, , ~enHliH~- ; s:f 1 CBfl3aHHOft C nepeHop_UHpOBKOil Meaoiuio~t 

BepmHHhl, a TaKZe He nponopUHOHBJI:&HhiX ynpyrouy CelleHHIO. 11JleHOB B 
' . _-.· .- ' . 

T0pM03HOM H3Jiy11eHHH mtOHa H B HHTep!lJepeH~H H3!IY11eBHti SJleKTpo-

na H 'if - Me30Ha. \ 

'Ha 9BM 6h!JIH IxOJIYtleHhl 11HCJieii!IHe peayJI:&T~_TH :ztJlfl aaepria:it 

nHOHIIOI'-0 nyqKa 50 + 60 raB npH _ pa3Jl~11Hmc. a'HaqeHHllX nepe;ztaHHOI'O -

uunyJIJ>Ca. HorpemHOCT:&, 1! H3MepeHHH YI'Jla KO~e'.qHOI'O- if":"- ueaoaa 

ueHHJiac:& B npe;neJiax 0,05 + 0,2 mr44 ; _omu6Ka :8 H3KepeHD ::me~ 
_I'HH SJieKTpOHa ~Tiat~·H qJHKCHpOBBJiaC:& A.,.t'lt:£ = 2.5%: Ilopor perHC

Tpart~ ·aaeprHIIl !lJOTOHa B aKm1epal!eHTe 3) ct~u.fancH paBHhiK Wo = 
roo MaB. 

Mhl· aaK.i'!IOliUJin, 'ITO B lmTepna;rre ·;Hep~ult 111eaoaa-oua~ 

1.1 E~'-~'<.T'tr < 0.1 E if ripH fltt~ f) f:.'et ~ 2.5%,noJIYt~eH:-
Hhle B cJiyt~aax 2) H 3) peayJil>TaTH ·ocTalO'rcH cnpatie:ztitltBium H :ztJIH 

Sitcnepaiteiua, B KOTOpO!.l liOnOJIHIIT6Jil>HO H3MepaeTCfl YI'OJl KOHe'IHQ

I'O a~eKTp-OHa l4 npOB\'lPfleTca KOMUJIUHapHOCT:& HMTIYJILco:B~ -

0TMeTHY, lJTO B ·aJiyqaax 2) H 3)- pa;l!HaitHOHHhle nonpaBrot OKa-

3hiBallTCJi aaaliHTeir:r.ao· 6oJI:&m~w~ l{ei. :ztJIH aKcnepaMeu!a · i); c ·aT oil 
·.. I. - • ' • • > 

To•iru1 apeHHH onTHMaJII>Hm.m aBnmoTcli ycJIOBHH aKcnepi1MeH'l'a 2), Kor- -

;na H3MepeHHe-60HLWHHCTBa RJIJII-BCex "ynpyrHx" napaMeTpOB n03BOJIH-

I4 

eT Ha:ztelltHee, ~eM_ B. c.nyqae I), oT;neJIHTl> !lloao:aue npoueccu, a_ pa:ztHauH

OHHhle nonpa:SKH ellie He CTOJII. :BeJI.HKH, KaK :S 3KCTiepHU:eHTe 3) • 

B TaCi.nzue 3. npH:aOJUITCH peayJI:&TaTH :ztJIH aueprHH nyqKa E = 
50 ra:s B 3KcnepHil6HT6 2).BeJIHtlHUa :-· 8 - TIOJII!aH pa;nuaUHOHHaH non

paiiKa(BMIOtJ:aDIIiaH 8._ H de1) 1 BhlllliCJI~HHaH B npH6JIIDKeHHH T011e11HOrO: 
TIHOHa. _ -

B npHnmiteJmH A :ztHccepTa~HH npH:ae;neuo :shlpa:m:eHJH:i :ztJIH :ztH!WJepen- · 
-+ + e+e- -ItHaJI:&HOft :sepOl'ITHOCTH npouecca II ~ e_ ie . . .B npHJIOllteH.I!:H E BhlliHC:-

·• ·. . . - - . t - . . . 
JieH cneKTp no 3H6pi'HH H HHBapHaH'l'HOtf Macce € e - Jiap& :B _pacna,lle . :_- .. . .- ~ - . . 
ii!:.r+~,. e+e- • B npHJIOJKeHHH B Bhi'IHCJieH BKJia;zt n~eCTKHX" qJOTOHOB <B 

HeynpyryiO t~acT:& pa:z~ua~HOHHhiX nonpa:soK K fie- pacceaHHD. 

Ta6Jiuga 3 
Pa:ztna~HOHHhle nonpaBrot K ynpyrouy _ lie.;.· pacceHHHJO :a cJiyt~ae_ 

perHCTpai:{aH 3HeprHti·KOH611HhiX t~aCTHit H yrJiaBhlneTa,TIHOHa OT,lla11Ho _ 

9Hepr~fl- nyqKa ·£ , = 50 ra:a.0mH6Ka B H3MepeHHH aueprHH 3JieKTpOHa · 
_ .· A,.E,'/C~c = l.5% . _ 
9Hepi'Hli llHOHa(l}:sJ: 15 : 17 : 10 iz1· : 2,:25 : 27 ! za : 31 

• •A9(10 r-Gcl)! • · • J • • • • • J • . . -- - - - - --. :. 0.5 112.73 I1US u:z' IZ.B 12.21 IZ. u, 12.10 12.01 If.~ g ·. . - . 
=.~.s = 1.0 11. '0 11.17 ff.OS to.•u IO.'B IO.i~ tO.H tM1 IO.Ol.· ·-- . i _ii ~o: 1.5. 10. '3lt tO.ltT 10.~2 IO.Z3 10.15 10.07 ~1.75 ·u~ a.')'J 

li-e~-
. 

2.0 10-115 ~-%· •ua •.us '3.5'3 '3.~1 -3.07 .U1 Ult. . 
: - 0.5 11. '35 lf.H If. 't2 11-~1 11.B 11.2, '3 ll.B 11.15 If, 04 . 

:_t:.S~t.: ·-. 1.0 10.8~ IO.~b 10.21 10.12 10.06 ~.':I& ~-i~ 9.55 ~- n 
: ii r: o: 1.5 10.17 '3.~5 '3.'t7 ~-!11 'Hi '12.0 Ui i;5~ tl4 . . 

l.O · Ui •u; 8.'3lt . . uz 3.12 i.S~ a.zo us 7.6'3 . - . 0.5 zus f't'lt 1&.52 11.51 IU3 15.15 IS: I~ 1'1.4'3 I~:H · . . . 
=-~bDl.: 1.0 20.0~ IUS 1~.57 IS.LO 14.iO 1~.0'3 a.H B.IO· IZ.1'3 
: i o: 1.5 li.H IU'j 15.'ti 1't.ST n.u B. tic 12.75 12.'1~ 12. ~~ 

-+ :. . 
2.0 n.n 15.30 1~.1; IH1 B.B IZ.SB IZ.B ff.':l2 1t~Z . n e. . . 
0.5 B.Sl Zi.ZZ t'3.B U.1~ 17.H ll.Ob l&.n IS.H tns . . . . . 
1.0 zus 1':1.0~ IUZ U-15 ~~-0~ 15.?.1 IUS 1\.l.L B.'lO :_<l 0 ·!." 

!li:c:•: 1.5 l'l.31 n.B t~.n 1S.ZZ IS'.O't IUS B.51! I Hi IH5 . : 2.0 1'3. tt IT.lS 16.00 IS. 12 1\.37 1?..10 n.'lt n.o1 12.53 . 
<-

.IS 
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