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I. BBEAEHHE 

8 BaCTORIIl88 Bp8MR Dy3blplolt0Bb18 l:aM8pbl 'laCTO BCDOnb3yJOTCR llnB perBCTpaDBR y -

I:BaBTOB. Oflbi'IHO y -II:BaHTbl Hafln!OllaiOTCR DO ( e + o- ) -napaM1 KOTOpble ORR o5pa3yiOT B 

a4l4MtKTRBHOM Ofl'l>eMe XaM&pbl, 8 CBR3B C &TBM BeGtlXOliBMO 3HaTb nonHhle B AR.p.jlepeHilBanb

Hbl8 C8'18BBB o6pa30B8HBR Dap B B811l8CTBaX, KOTOpb!e BCDOIIb3YIOTCB AnR oanonH&HBR KaMep, 

B lllBpoi:OM BBTepBan& 8H&prBII y -KBaHTOBo 8 nHT&paType BM810TCB li8HHb18 Ofl &TUX C&-

'18HRBX TOnbKO AnR H8KOTOpb!X 8H&prBII y -ltBaBTOB B llnB OTll&nbBbiX 8TOMOB. 

KpoMe Toro, 3HaSBe &TBX C8'18BHII HM&eT H CaMOCTOBT&nbHblll HBTepec, T8K K8K B 

H8CT0Bilt88 BpeMR BM&IOTCB &KCIT8pBM8BTanbHbl8 B03MOlKBOCTB cpa8BHTb AaHHbl8 TeopBB anex

TpOMarHBTIIb!X B3aRMOll&l!cTsBII c OITb!TBb!MB AaHBb!MB, Oco6esso BHT&pecao nposecTH Taxoe 

cpasseBBe Ana o6pasosaBBB nap y -XBaBTaMH tlOIDolllBX &lleprBII, 

B CBB3B c aTBM 6blnu Bbi'IBCneHbl ce'leBBB otipasosaBBB nap B none BAep a anexTpo

sos llnB BOliOPOAa, yrnepolla, 4lropa, xnopa, tlpoMa R KC8BOBa, KOTOpble 06bi'IHO BXOIIRT B 

COCTaB HanonHBTenell ITY3blpbKOBbiX XaM&p, PaC'I&Tbl tlb!nB ITpoBeAellbl sa 3BM-20 ITO ITpor

p8MMeM, aanscaaa&IM aa ssb!Xa Anron-ao. 

II. OBPA30BAHHE ( + -• • -nAP B nonE 3KPAHHPOBAHHOro 

HAPA 

§ 1. A•«<l«<lepemaanbBbl& nonepe'IB&Ie ce'leaus 

A•«<l«<lepeRITRanbHOe ce'lease o6pasosaHRB ( •+•- )-nap • none BApa B 6opaosc1:oM 

Ill 
npa6nalKeHBR 6&Ino snepB&Ie Bbi'IBcneso BeT& R faiiTnepoM (Br) • AnB B&IcoxoasepreTB'I-

Bb!X y -XBaHTOB ( k » me 2 
1 rAe m -Macca sne~:Tpoaa u k -aseprBB y -KBaH-

Ta) Ce'I&HRe Oltasanocb CHMM&TpR'IBbiM OTHOCBTenbHO aseprBII 9IT8XTpOBa R IT03HTpoHa, 8 

peallloBbiX B81JleCTB8X aTOMRbie sneXTpOBbl &XpaBBpyiOT none Sllpa R Ce'I&BBe 3aBHCRT OT «<lopM

/1/ 
«!laxTopa aTOMa, 8 pa6oTe Bbi'IRCnesRe «<lopM«<laKTOpoB aTOMOB tlblnO ITpOB8li8BO Ha OCHOB8 

CTaTRCTB'Iecxoll MoAena ToMaca-<llepMR (Tel>), nps Bbi'IBcnesua «!lopM«!laxTopa BoAopoAa Yan-

/2/ /8/ 
nep R naM6 RCITOnb3oBanH TO'IBbi8 BOnHOBble «!lyBXITRR, ABTOpbl patlOTbl sawnR ITOITpaB-
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KY K OOpHOBCKOMY RpHOnU*8HHID0 B OU8 OK83Bn8Cb 38BUCH~eA TOnbKO OT 8TOMH0l'O HOM8p8 

8 npa • .Umr CBHHilB nonpaaKa 3BHH*aeT ceqeaae Er sa 10%, 'ITO onmo nonTaep*lleRo 3Kcnepa-. 

/3/ 
M8HTBnbHO 

/41 
CoaceM aenaaao onmH Bhi'IUcneHhi panuanHOHHhie nonpaaKu, KOTOpbie a paMitax 

+2% aapymaiDT CUMM8TpUID llU¢$ep8HilHBnbHhlX C8'18HUA Ef OTHOCHT8nbHO 9HeprHA sneKTpOHa 

U R03HTpOH8 (puc. f). 

EcnH npeHeopeqh BKn8llOM OT BBKyyMHOA nonRpU381lUU 0 KOTOpaR COCT8BnR8T S% OT pa

llHHBUOHHbiX nonpaBOK0 TO p8AH8HHOHBhl8 HOllp8BKU 118 38BHCRT OT 8TOMHOl'O HOM8pa U <jlopM-

/4/ 
<jlaKTopa aToMa. ToqsocTb Bbi'IHCnenas panHBJlROHHbiX nonpanoK .. 5% • 3KcnepHMenTanbRoe 

ROllTB8p*118HH8 napyweHHB CHMM8TpHH llH<jl¢epeH!lBBnbBhlX C8'18HHA Ef OTCYTCTByeT 83-38 

MllJIOfi TO'IHOCTU 9KCH8pHM8HTOB. 

CeqenuH Er npHM8HHMhl Am:r It ~ I5 

a KosneRcRpoaaRRbiX cpenax ce'leBHa Er se 

/6,7/ 

9 
M sa. npa caepxBbicoux sReprn.qx (It ~ IO Msa) 

/5/ 
HpHM8HHMbl 83-38 MHOl'OKpaTBOl'O p8CC8RBHB 

H HOnHpH38HHH Cp81lbl • 

.Ua<jl<jlepennnanbBbie nonepe'IBbie ceqenss oopa3oaanRR ( e + •- ) -nap a none sKpannpo

/3,4,8/ 
aannoro Hnpa onpenenRIDTcR ¢opMynoA 

2 :1 
da(v, It) •ar 0 Z dvG(v,k)(l + 8(v)) (I) 

E+ 
-r v = 

3necb a -HOCTORHHaR TOHKOA cTpyKTyphl 0 r 0 -KnaccsqecKuA panuyc sneKTpona, 

8TOMHbiA IIOM8p Hllpa, 8 ( v ) -p8llU8BHOHHbi8 nonpaBKH (puc. I), B ¢YHKilBH G ( v, It ) 

38ll8Hbl B 38BHCHMOCTII OT nap8M8Tp8 9KpaHHpOBaHHH 

y •. 
2 

lOOme 
kv(l _ v l zil! 

I. 3Itpaaupoaaaue OTcyTCTByeT ( y » 1) : 

G(v,k) • 4x[v
11 + {l-v)

2 
+ !_., {1-v)] x 

3 

x [In__:_;_ v{l-v)-Ji-f(Z)] 
me 

2. YacTB'IBOe sitpaBBpoBaHBe: 

a) y < 2 , 
:1 2 

G ( v, It) • [ v + {1- v ) ] x[ .p (y l - .!_ In z - 4 I( Z)] + 
1 s 

+ -}v{l-v) [.p 2 (y) -{-- lnZ -41{Z)] ; 

4 

(2) 

(3) 

(4) 

z -

t 
,,~,II 

'
' 

' ., 

·, ·i' 
'\;.,,, 
·' ·~iW 

)' 

~~ 
'll 

} 
i 

l
i: 
' 
' 

6) 2 $.y < 15 • 

I I 2 G(Y,k) •4x [., +0-v) + T" 0- .,)] x 

2k l x[bo--r- v {1-v)-\i-e(y) -I{Z) 
me 

(5) 

s. non~~oe 8JI:p8JOipoBaiiJI8 ( y .. 0) : 

I I 2 
G(y,lt) •4x ([,. + 0-Y) +Tv(l-v)]x 

-1/a 
x[ ml88Z -f(Z)]- i- v(l-v)J. (6) 

IIIyan .. t/> 1 <y>, t/>1 <y> 
/8/ 

121 
381l8Bhl rpacj1R'I8CJI:B B pai50T8 , e ( Y) Tal5ynllp<iBBH80 aa-

npauep, B pa6oTe , a 
/3/ 

f ( Z ) RBnii8TCB RODp8BJI:OA K 6opBOBCJI:OMy RpR6nHJK8HRID : 

I • 

f(Z l •• v!t v(v 1 + •al ••axZ 

J -1 I :t - (1 + • ) + 0.20206 - 0.0369a + (7) 

+ 0.0088 •• - 0.002 •• • 

.llllll MlUlloiX z MOlKBO nonaraTb f ( z) - I,202I •
1 

• 3BB'I8BBR f( Z) ana B 

C F cl , Br B Xe liOU38Biol B TAI501l8 I. 

TeopeTR'IeeitHa Bhlp8llt8BRB llnH ee'!eiiJIA DQny'leBhl B H8JI:OTOphlX RpBon!IJKeRBIIX. 

1. To •soc Tb B hl 'IRe nei!B II DODpa BJI: B K 15o PH 0 Be 11:0 MY DpR 6 na liCe HB ID 

/9/ B pa60Te BeTa a MaJI:cBuosa oneRBaaeTCa olll'H6JI:a B onpeAeneua f( Z l 

a; 1/E /4/ 6onwnBM aa '!Been me E; BnB me _ , MopJI: B Oneall oneRBBBIDT OTBOCRTenbBYJO 

(I) OQnbDIBM B3 '~Been (aZ )
1 

Ink/mel 
It/me• 

- oma611:a B onpeAeneRBR f(Zl 

OmRI5Ky ypaBB8BBB 

laZ)I Ink/mel 

--v.e' 
AH81lROBIIOA R011p8BKB 

Br B Xe npH 

) 
1 bolt/me 1 

8(v) • 3HB'I8IIJIII (aZ) 1 k/mc 

RnR 0,0005. 

R 0,0005 - B ODp8A8n8RBB pa

AnBB 0 C ,F ,Cl 

It • 10 Msa B 1000 Msa noJI:a3&Hbl B Ta6nane 2. 

~ HeTO'IHOCT~ ee'!aR~A a~-3a onpeAeneRBH cjlopwcjlaitTopoB aTOMOB 

Ra ocsoae eTaTBeTa•eexoA MoAena T~ 

B MoAena T~ ace aroMw BM8JOT oABBBKOBoe paenpeAeneaae snexTpoaoa, acKnJO'IBII 

pa3m1'1Be B M&eDI\\'468 lUIIIHhl B B DOniiOM 'IHCnOf 9118XTpoHOB. llnll 8TOMOB C MBnbiM UC-
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noN 9119ltTpOHOB T81t09 IIpB011HJK9HB8 SIBJUI9TCSI rpyObiM)H TaKBN o6p830N Bbl'IBC1!9HHbl9 <jJOpM

<jJaKTOpbl 6yAyT aeTO'IBbiNB , Bonae TO'IHbiN N9TOAON A11Sl ~bi"'BCneaalt <jJopM<jJSKTopoa S!BnlteT

cst MeTOA caMocornacoaanaoro nonS!, ocaoBbl ltoToporo 6hi,1H ABHbl XapTpa, elloxoN a CnsTe,.. 

pOM (Aanee XellC), Bee 'IBC119HIIble paC'19Tbl IIO STONy NeToAy OK83b!B810TCSI B9ChMa rpON03A

ItBMB, oco6eaao B cnyqae waorosnexTpOIIBhiX aTOMOB. ellopM<!JaKTOpbi, Bbi'!Bcnenable no MeTO-
• /10/ 

llY XellC, B aacToltmee ap9MS! aMeiOTCSl ron&xo Alllt aeKoTOpbiX aTOMOB, B pa6oT& OhiO 

Bbl'IHC1!9Hbl I101lHbi9 C9"1eHBSl 00p830B8HBSI ( e + e - ) - nap /l11Sl 12 8TOMOB C <jJopMijlaKTOp8NH 

X<I>C a Tell. Ceqeaalt, nonyqeaabi& c STBMB .PopNijla:s:TopaMa, Ol'llH'IaiOTclt oco6eaao A11Sl aTo-

MOB c M81lb!M Z (aanp!IMep, Alllt Ll npa It • 1000 MaB sa 2,2%; AnSI 6onhmHX 

3H8'19HBA Z OTnH'IB9 M9BbWe (oltono 1%)).CpaBH~BHe ceqeaaA AnSI yrnepOA8 npHBeAeBO B 

Tao.rrnue 3. Ceqeaalt AnSI F , cf , Br , Xe c ljlopMijlaKTopaMH X<I>C Bhi'IHCn&abi ae 
/10/ 

obrnB. 113 /ISBHhiX, npaBeAeaabix a pa6oTe Anll npyrax aToMoB, MoJKao 3aKnro'IBTL, 'ITo 

ceqeaalt c ljlopM<jJaKTopaMH Tell npx It .. 50 Msa 6yAyT 3aHaJR&Hbi <£. 1,0% npa It .. lOOMaa 
3 4 

.,o'ITH COBII81l8Tb H Anfl It • 10 -10 Maa 38BbiW8Hbl '£. 1% OTHOCliTenLHO ceqeaaA C 

,PopMijlaKTOpaMH XellC. 

MoJKBo npeAnonaraTh, 'ITO oTaocaTenhaalt oma6Ka nn1t AnljlljlepeHJiaanbBoro ceqeanlt npa-

6na>KeHao HM&eT TO JK9 C8M08 3B8'18HH9, 

TaKHM o6pa3oM, rnaBBbiM BCTO'IHBKOM owa6oK S!BnlteTcll acnonb3oaaaae ¢opMijlaKTOPOB 

Tell BMeCTO <jJopMijlaKTOpOB XellC, 0AB8KO CBSl38HHbi9 C 9TBM OWBOKB )t11Sl C F , ct 1 

Rr a Xe ae npeabimaroT 1%. 

§ 2, nonBbi9 Ce'I9BHJI 

nonaoe ceqeaae o6pa3oaaaa1t ( e+ e- )-nap B none axpaupoaaaaoro S!Apa MoJKBo 3anu
/4/ 

C8Tb B BBA9 

2 2 
1-mo~ /k p 

u(k) •ar 0 Z If G"(v ,It) dvl (1 +~ 
mo 2 /k 

(8) 

p 

rAe G(v,k) onpeAenlteTCll ypaBH9HHS!MB (3)-(6) B ~ SIB11Sl9TCB P8AH8RHOBBOA nonpaa-
p p m2 k/mc2 -1.58 

ltoA. ~ .. (0,93 + 0,05)% nn1t nonaoro 91tpaupoBSHBB • ~ • 0,93--~~--
- p ln2k/mcll -2.08 

npa OTCyTCTBHB 9KpaBBpOB8HBH (aanpaMep, Al!Sl It K 15 MaB ~ .. 1,12%). npa OT-

cyTCTBBH 9Kp8HBpOB8BBSl B3 ypaBB9BBA (8) B (3) .II011Y'I89M/
3
/: 

o(k) - ar~ Z 
2 ~[m2k/mc 2

- ~ - f(Z)] 
9 42 

(9) 

/3/ 
H AnSI nonaoro &KpaaapoaaaBB (c ljlopMijlaxTopoM T<l>) 

u (It)- ar~ z2 ~[IDIBSZ -I/ a-..!_- f(Z)] 
,. 42 

(10) 

6 

·I 

f 

~~l . \.! 
. ~· i 
·.';t.t j!l 

~~~~;I ! . 

t.ti' 
\ 

. 

l
\f\ 

' 
. 
. 

Jlnll '18CTB'IBOrO 3KpaBHpoB8BKB O"(k) Bbi'IBCnHeTCB 'IHCn&BBbiM BHTerpBpoBaH .. N, 

HeTO'IBocTH TeopeTB'IeCKBx ceqeaaA 6blo o6cyJKAeHbl 11 0 1. 

Ill. OEPA30BAHHE ( e+ e-) -nAP B nonE 3nEKTPOHOB (TPHnnETbl) 

§ 1. 06pa30B8HB8 !pRnneTOB B none CBOOOAHOro 

aneKTpoaa 

Ce"l&BBH OOp830B8HKB ( e + e- ) -nap B none aneltTpoBOB !I B8CTOJIIIIee BpeMB !lbi'IHCneaw 

TOnbKO B aeB:oTOpbiX npa611HJKeBBRX B3-3A NATeNSTH'IeCB:BX TpyAHOCTeA, C!IH38BHbiX C 6o1lb

mJIN KOU'l8CT!ION AHarpaNM 0 OnBCbiBaJOIIIHX 9TOT npoll&CC ( BCKnJO'le&ReN R!IIISI8TCSI pa6oT'J.l s 
/12/ 

nonaoe ceqeaae o6pa30B8BHSI TpanneTOB, KOTOpo8 Obl110 Bbi'IBCneao Eopcennaao, A88TCR co-

OTBOIII8BH8M: 

17 (It) • ar~ I ~ln2k/mc 2 

Bor 9 
218 ,.-

mc2 [ 4 2k a 2k 2 2k ]I 
~ T(ln-=rl -s<m-,-l + 6.84ln--r + 21.51 . (ll) 

me me me 

/13/ 
Kax noxa3aKo a pa6oTe , EopcennRao npese6peran o6MeBabiM acjMjleKTOM MeJKAy anex-

TpoaaMB B KOBe'IHOM COCTOSIHHB (aljl¢eKT Q88T OTpBUaTenbHbiA BltnaA B ceqeaae) B B38BNO~ 

AeAcTBBBN anexTpo&a, B none KOTOporo o6pa3yeTcH ( e + e- ) -napa, c nepBB'IHbiM )' -XBAB• 

TOM ( )' -e 838BMOA8ACTBH9), 

/14/ 
8oTpy6a Bbi'IHC1lH1l AB¢1jlepeanaanLBbie C&~eBBR AnR pa3nB"lBbiX SH&prBA )' •XB&B• 

TOB a nonaoe ceqesae a6nH3H nopora o6pa3oaaaua TpKnneTOB ( It • 4 me
2 

) , Y"lH
nopor 

Tb1B8R )' - e 

TOB ( It » me 
2 

) 

838BMOA9ACTBKe B o6MeBHbiA stPijleKT. npa BbiCOXBX aaeprBRX 

nOllHh!e Ce'!SBHB 6binB Bbi'IBCneBbi B npeAn01l0lK8BRH q << me 

Y -x:aa.a-
( q -

/13/ 
nepenaHBhlll aMnyn&c sneKTpoay). B pa6oTe oblno npoaeAeao 6onee TO'I&oe qacneauoe 

Bhr'!acneaue ceqe&HR BoTpy6bi • nonyqeso: 

u(k) .. ar 2 1 28.Jn 2k _ 100 1 
0 T ;;;;r -9- ' 

( 12) 

/13/ 
ABTOpbl pa60Tbl TaltJK9 oneHBIIH BXllaA OON9HBOro aljlfjlexTa B )' - e -B38HMOQ811cTBKR. 

B nonaoe ce~e&Ke o6p830B8BBR TpBnneTOB H DpBWnK It BbiBOAYt ~TO DpB saeprBSIX 

k > 100 Mas ceqe&KH o6pa30BABHR TpBnneToB 6yAyT 6nRJKe x !lbi'!HcneHRHN Eopceni!Bao. 

Ill/ 
B pa6oTe KonLinOBA • AP no MeTOABite cny'laAablx 3Be3A 6wno pacc'lKTaao 6ea 

ltaKBX-nROO npeaeopeJKe&KA (c y~eTON acex BOCbNR AHarpaNM TpeT&ero nopBAXa) Ce"leBB& 

7 



noM 91leJtTpOHOB T8JtOe 1IpHI5JIBJKeaHe SIBJUieTCSI rpyl5hiM)H T81tHM ot5pa30M Bbi'IHCneHHble <jlopM

<jlaJtTOpbl 15ynyT H9TO'I.IIhiMH • Bonee TO'IHhiM MeTOnOM IIJIB "hi'IBCneHHll <jlopM<jlaJtTOpOB HBJIHeT

CSI MeTon caMocornacosaaaoro nonH, ocaoBhl JtOTOporo 15bJ,1JI naHhl XapTpu 1 <l>oKOM a CnsTe,.. 

poM (nanee X<f>C). Bee 'IHCneallhle pAC'ISThl 110 STOMy MSTOIIY Olt83hiBAIOTCH BeCbM8 rpOM0311-

JtHMH, OCOI59HHO B CJIY'IAe MHOroSJieKTpOilBblX 8TOMOS. <f>opM<jJSKTOphl, Bhi'IBCn8HHhl9 IIO MSTO-

• /10/ 
AY X<I>C, B aacToHmee Bp&MH HM&JOTCH 'I'OnbKO nnH aexoTopbiX aTOMoB. B pat5oTe 15bilii 

Bbi'IBCn&llbl liOIIHhle C8'1911H!I ot5pa30B4HHSI ( e + e - ) - nap /J.nH 12 8TOMOB C <jlopM<jlaKTOpAMB 

X<f>C H T<f>. Ce'leHHH, IIOny'leHHhl& C STHMB cpopMcpAKTOpaMB1 OTnll'ISIOTCll Ocot5eaao nnH aTo-

MOB C MSnbiM Z (aaiipiiM&p, nnH Ll IIpH k • 1000 MaB aa 2 12%; nnH 15onbWilX 

aaa'leHBA Z oTnll'lll9 M9HbW8 (oKono J%)).CpaBJit"Hile C9'18llllA nnH yrnepo.o:a 1IpllB9.0:9HO s 

Tat5n.aue 3. Ceqea1111 nnH F 1 cl 1 Br 1 Xe c cpopMcpaKTopaMH X<I>C Bhl'lllcneahl ae 

/10/ 
l5hlnB. J13 J18HilblX, IIpiiBe/ISIIHhiX B pat5oTe nnll npyriiX 8TOMOS1 MO)I(HO 3aKniO'IBTb, 'ITO 

ceqe&IIH c cpopMcj>aKTopaMH Tel> npx k .. 00 Mas 15yJJ.yT aaHIIJKSHhl ~ 110% np11 k " 100 Mas 

8 4 
.,o'!TII COB118A8Tb II nns k " 10 -10 Mss 38BbiW8Hbl ~ 1% OTHOCHTenbHO C8'18HIIll C 

,PopM,PaxTopaMH X<I>C. 

MoJKao npenJionaraTb, 'ITO oTHOCBTenbHaH omat5xa nnH nacpcpepeHJIIIanbaoro ceqea1111 1IpB

t5nlllK&HHO HMeeT TO me C8M08 3H8'19HII8o 

TaKHM ot5paaoM, rnaBHhiM HCTO'IHHKOM omat5oK HBnHeTcH HCIIOnb3oBaalle .PopMcpaltTOPOB 

T<l> sMecTo cj>opMcpaKTOpoB Xci>C. Onaalto cBHaaaahle c aTHM omlll51tll nna C 1 F , cf 1 

llr II Xe ae IIpeBblnJSIOT 1%. 

§ 2. non.llhl9 CS'Iei!HH 

nonaoe ceqeaae ot5paaosaHBH ( e + e- ) -11ap B none a&paRBposaaaoro Hnpa MOlKHO aaiiB

/4/ 
C8Tb B Billie 

1-moil/k P 

cr(k) •ar~ Z
2 1 f G'(v,k)dvl(l+l.\ l, 

mo2 /k 
(8) 

p 
rne G(v,k) OIIpenenHSTC!I ypaBH9HII!IMH (3)-(6) B ~ HBnH9TCH panHAIIHOHHOll nollpas-

P P ln2k/mc2 -1.58 
!tOll. ~ • (0198 + 0,05)% nnH nonaoro SJtpaRBpoBaHHH B ~ • 0,98-:-::-:---r--or---=--=-

- p ln2k/mc• -2.08 
np11 OTCyTCTBBB 81tpaHBpOB8HIISI (aaiipHM8p1 /ln!l k " 15 Mas ~ ,. 11 12%). npB OT-

CyTCTBIIII SKpal!llpOBSHBH B3 ypaBHeHHil (8) B (3) .IIonyqaeM/
8
/: 

u(k) -ar
2o Z

2 ~[ln2k/mc 2 - ~ 
9 42 

f( Zl 1 (9) 

u An!l nonaoro 
181 

aJtpai!BposallBH (c <jlopMcpaKTOpoM Tel>) 

u(k)- ar~ z
2 !!-[ml83Z -l/a-..!..- f(Zl1 

, 42 
( IO) 

6 

I 
.,, 
·~I 

r1~ ·t 
ill 
t'l 
,·~··!:, 
~~ 

h 

>~; 

•I';, 

i: .. 

/ 

j
<IA 
' 

. 

.llnH 'laCTB'IHOrO altpAUposABBll O'(k) shi'IBCnHeTCB 'IBCn&BHhiM BBTerpBpOBABBeM. 

HeTO'IBOCTB Teope'I'B'I8CKBX ceqesal! 6hlnB o6cylKII&IIhl a § I. 

Ill. OBPA30BAHHE ( e+ e-) -nAP B nonE 3nEKTPOHOB (TPHnnETbl) 

a I. 06paaosaHBe TpanneToB s none cso6o11.11oro 

sneltTpoHa 

Ce'ISIIBSI OC5pa30s811Bll ( e + e- ) -IIAp !I Done aneltTpoBOB !I 118CTOSIDI88 BpS Mil Bhi'IBCn&Jihl 

TOnhltO s B&ltOTOpYX 1IpB6nlllK811BliX B3-3A MATeM8TB'I8CitBX TpyAIIOCTel!1 CBli38HBWX C 6onb

DIBM ltOJIB'I&CT!IOM nBarpaMM1 OIIHCb!BaiOIIUIX 9TOT DpOII8CC ( IICitnJO'ISBB&M liBRHSTCII pa6oT,(l·l s, 
/12/ 

nonHoe C8'1811Be ot5pa30B8BHR TpBDneTOs, ltOTOpoe 6blnO Bhi'IIICnellO BopcennBHo, A88TCII co-

oTHomeueM: 

t1 (k) • ar~ l.!!..hl2k/mc
2 

sor 9 
218 ,--

mc
2 

[ 4 2k 1 2k 2 2k 11 __ T(ln--:r) -3(1n--rl +6.84111-r + 21.51 . (ll) 
k me me me 

/13/ 
Kalt noltaaaao B pa6oTe , BopcennBHo 1Ipeaet5peran oC5MeaawM acj>.peltTOM MelK!Iy anelt-

TpollaMB B ltOHe'IBOM COCTORHIIB (a<jl~eltT A88T OTpBUBTenbHhll! Bltnan B C8'18BB8) H B3811MO~ 

nellcTBBBM sneltTpoaa, s none JtOTOporo o6paayeTCR ( e + e- ) -napa, c JiepsB'IIIhiM y -KB4.B-

TOM ( y -e B38BMOII9fiCTBB&). i' 

/14/ 
8oTpy6a Sbi'IHCnBn IIJI<jlcpepeaallanbllhl8 C8'1811BH AnR pa3nB'IIIhiX SRaprBl! Y -ltB&II• 

TOB B IIOnaoe ceqeJIB9 s6nH3H nopora o(ipaaosaRIIR TpBIIDeTOs ( k • 4 mc 2 
) 1 y'lll

nopor 

TbiSBR y - e 

TOB ( k » me 
2 

) 

B38BMOII&l!CTBII8 B ot5M8HHhlll a<jlcpeltT, npa ShlCOitBX 9H&prBHX 

IIOnllhiS C8'1911Hll 6bi.IIB Bhl'IBCneHhl s npSAIIOnOlKSBIIB q << me 

Y -KBSB-

( q -
/18/ . 

nepeAaHBhill IIMIIynbc aneltTpoay). B pa6oTe 6blno DposeJJ.eao 6onee TO'IHoe 'IHcneaaoe 

Bbi'IBCnSIIHS C8'1eRIISI BoTpy()y B IIonyqeao: 

2 28 2k 
u(k). ar 0 I'T'C'·In --r 

" IDC 

~1. 
9 

(12) 

/18/ 
AsTOphl pa60Thl TaJtlK& OII&IIBJIB sltnBJI OC5MSBJIOro a<jlcpeltTA B y - e -B3811MOA&l!cTBBII 

s IIOniiOS C8'18BB8 o6p830B8BBSI TpBnneTOB B 1IpBWDB It BhiBOAy1 'ITO DpB aaeprBRX 

k > 100 Mss ceqeJIBH o6paaosaa1111 TpBIIneTos C5yAyT 6naJKe 1t Bhi'IBCneaHHM BopcennBHO. 

Ill/ 
8 pa60T8 KOIIbinOBa II np no MSTOIIBK& CDy'lallllbiX 3B83A 6blno pACC'IBTABO 6ea 

ltaltBX-JIBC50 Dpeae6pelKSBBl! (c yqeTOM BC&X BOCbMB IIBBrpaMM TpeTberO IIOpi!AJta) C9'1811BB 

7 
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nponecca ljloTOpOQ8dSI ( e +.-) - Up aa CJ106oABOM INI&KTPOBI!I IUI.ll k ::> 8() Mea c TO'I

aocTbiO 15-10%. Peayn~o"raThl 8'1'01 pa«SO'rhl llOKAIShiUIO'J', -.TO TI'I!I8PlKJl8ne ll:xcoa• • Pepnu .. 

xa I 181 o TOW, 'ITO ljlopwyna Bopcennuo .Qae'l' aepx.JDJO rpaBBJly ~'lelllla nponiteca 

ye ... - .-e +, seaepso (cw. pac. 2). 

+ -
§ 2. Ot5paaoBasae ( e • ) -uap • liOne a'I'ONBhiX INII!IXTJ!OBOB 

B cnY'!A• csaaassoro anexTpoaa ( e + •- ) - napa o«SpaayeTC.II a xynoao:ac:.:ow none 

sTOMA, B JIOCJ18 B38HMO.QellcTBRB ATOM R8XOAR'l'CSI B B031SylKJl9HBOM RnB RORR3RpOBaRROM COC

TORIIIIII. Ce'19BH8 S'I'OrO npollecea B t50piiOBCli:OM DpRt5JIIIlK9HRB t5bUIO Bhi'IRCJ18BO YannepOM R 

naMfJOM/
2/ R IIM88T BRA 

O'WL (Y,k) 
a a a 

•ar0 Z ([., + (1-Y) 1x[rp 
1 
(f)- !..111Z 1 + 

s 

}"0-.. l x[.Pa<d-f-mZll, 
( 18) 

rue <i>YBKilHII rp1 (f) H rp a (f) Bhi'IRCJIGIIhl AJIB BO.QOpO.Q8 TO'IBO R .QJIH OCT8JibBhiX 8TOMOB 

c <j;opMijlaKTopaMH T.41.; !IIBJI!Ie'l'CR JIBp8MeTpoM 9ltpaJmpOBaBHB R pa·B&II 

100mc
1 

(14) f • 

kYO-vl z'l• 
npH OTCyTCTBRH 9JtpaHRpOBAHBSI Yunnep R newo npennonarans, 'ITO pacnpenenesue 

HMIIyJibCOB, nepeASI!BbiX Me:I:TpOI!y, COBJI8.Q89'1' C pacnpe)lene!DieM RMDyJibCOB 0 nepe.QABBbiX 

npoTosy, a nony'IRnH ce'lel!ue, KOTopoe no CTPyxType cosnanaeT c ypassesuew (8): 

a a a 2 O'W..L(Y,k)•4ar0 Z[Y +(1-Y) +-Y(l-Y)1X 
a 

x [ill 2k v(l-v) -~ 1 
~ 

(15) 

/15/ 
CnpaaennuaocT& nocne.QBero npeAnonoJKeaus «Shlna noxaaasa B pa«SoTe nn11 al!epralt 

/17,20,21/ 
k ~ 140 Mas u axcnepuM&IITSni>BO noATB&p}I(.Qe.Ha B pa6oTax • 

/16/ 8 pa6oT8 6b1JIO Bbl'IRCJI9BO .QBijlljlepeiiJIH8nloB09 C9'19BIIe o6pa30B8HHII nap B none 

CBSI38HHhiX 9JI9KTpOBOB no M9TOAY Yunnepa H naMI5a, HO y'IRTbiB8/18Cb pa3BH!l8 M8}1(.Qy HM

DYJibCOM, nepeA8BHbiM aneltTPOBy, H HMJiyJII>COM, nepenaBHbiM ll&llOMy 8TOMy0 H Be y'IIIThiBA• 
/2 16/ 

nHCb B036yJKA&BRhl8 COCTOSIBHSI STOMa. non.Hb18 C8'18JIHSI 113 pa6oT ' COBn8A810T, BKJIAA 

OT Boa6y)K!l9BBbiX COCTORBHII 8TOM8 B non.Hoe C9'18RII8 secymeCTB8.1191!. 

06bi'IRO npa Cp8BH9BRR TeOp9TH'IeCKIIX Ce'I&BHI! Ol5pa30B8BHR TpanneTOB .118 CBOfJO.QIIOM 

aneKTpoae C 9JtcnepRM9HT8nbBhiMB BHOCHTCB nonpaBK80 KOTOpSR Bbi'IHCnR&TCSI Cne)lyJOJliBM 

o6paaoM
1171

: 

8 

'1,, 

no aoteea 

ca • Z (17811 (k)Z•I 

no aoreen 

aoreeD 

-I7WL (k) Z•l 

(18) 

3Jl&Cb 17 88 (k)Z• I - JIOJIB09 C8'1811R8 Br ol5p830B811Hll nap 118 CBOI50.QHOM npoTOae (9) 
aol'een 

B O'WL (k) Z•l - nallBOI!I C81f8BB9 Yannepa ll na:.t6a 06p830Ballll!ll nap Ra CIISI38RBOM SJI&It-

TpOBe. 3Xp811HpoB8BJI8 IIBJIH8'l'CSI B8)KRhiM AnSI ManhiX I18p8!l8BBhiX HMDyJibCOB. lliiB ISOnlolliRX 

nepenaBBbiX HMnyJibCOB0 KOrAa cymecTB9JIBO y - e -B3BHMOA9IICTBll9 R OISMe.Habllt aljl4le:.:T, 

9118KTpORbl MOlKJIO C'IIIT8Tb CBOfJO)lllhiNll. 

CpaBH8BII8 nOJIRbiX C8'1811HII AJIB BOilOPOAa, JIOIIy'leBBbiX B3 ypaBH&RHII ( 11) R ( 12) C 

y'I&TOM nonpaBJtll c ~ ( ypaBBeHH8 ( 16)) 0 C Bbl'IIICn&HHbiMH aaMR C9'18BHIIMR no YRnnepy R 

naM6y (ypaasesae (18) a (15)) noxaaaao aa pac, 2, Kax BHllBO aa pacyHita, nn11 
Ill/ 

It ~ 80 Mas TO'IBhle ce'l:eaas, nony'lellshle KonhinOBhiM a np., B npenenax omRI5ox coa-

na)laJOT c paCC'IRT8BRb!Mll no Yannepy R naw6y. 

IV. PE3YnbTATbl Bbl "IHCnEHHA AH414>EPEHUHAnbHbiX H nonHbJX CE"'EHHA 

OBP A30BAHH.fl ( e + e- ) - nAP 

lluljlljlepeiiJIRan&able ce'I&BHR o6paaosaaaa ( •+ e.-· ) -nap B none axpaBllposaaaoro snpa 

H .QRijlljlepeiiJIH8nbRble Ce'I&BIIR o6pa30B8BBR TpRDJI9TOB ( ( 18) B ( 15)) l5b!JIR Bbl'IHCneBbl aa 

8BM-20 AnSI BOAOPOAa H yrnepona. Pac'I&Thl t5b!JIH nposenesbl AnSI 63 3BB'I8BHII asepralt 

ljl()TOBOB B liHTepBAne 10-10000 Mas. BhrnO nony'leBo nna KaJKAoll aseprau y -Ksaa • .,:• 

100 3R8'18Hllll B 3BBIICIIMOCTH OT BenH'IHBbl v • ~ • 
4, 5 R 6. 3aa'l:eaae ljlyHitllllll 4>( y ) , c ( y l H rp(t l 

/2 8/ 
m1 B3HThl us rpaljluxos, npuaeneauhlx B pal5oTax ' • 

rpalj>HJtH Ce'leBHA JI0Jta38Hbl Ha puc.3, 
l 

aa ypaBaeaal! (4), (5) a ( 18) 15hl-

npa Bhi'IHCJ18l!RSIX HCnOnb30B8J18Cb 

cTaanapTaaa nporpaMMa nns RBTepnonSIIlRH TpaacnaTopa. Oxaaanocb, 'ITO omR6xa 

Bhi'IBcneaall 617 • 0,1%. nonahle ce'I&IIRB o6paaosasaa ( • + •- ) -nap s none anpa ( Tal5n.5) 
17 

a nonHhre ce'leaas TpanneToB (Ta6n. 6) 6blnH Bhl'lllcneuhl nns sonopona, yrnepona, lj>TOpa, 

xnopa, 6poMa a Kcesoaa. "'acneaaoe aaTerpuposaaae ypaauesalt (8), (4), (5), (18) B (15) 

6blno nposeneao no MeTony CaMncosa AnH 63 aaa'leault aaepral! «i>oTol!oB B aaTepsane 10-

aaBBCBT TOnb-

f(Z) • 0 R 

10000 Mas, To'!BOCTb BHTerpuposaaas cocTasnseT • 0,1%. TaK KBK f(ZJ 

KO OT 8TOMHOrO ROM&pa Rllp8 0 TO B ypaBH8BRSIX (8), (4) B (5) nonaranOCb 
/8 

ce'l:eaua o6paaosaaus nap B none axpaaupoBA~aoro anpa Bbi'IRTanacb nonpasxa: aa non.~~oro 

!:l.u. 28 a ~ ,..-a•o Z f(Z) (17) 

9 



3HaqeHBH STOA .nonpaa&B nna H c F , cf Br a Xe npaaeneahl a Ta!Snu-

ne 4. 

B nonyqeBBhiX ceqeaRBX ue y'lBThiBSIOTCB panaauaoHahle nonpaa&H (eM. rnaay n ) • 
nonHbl8 ceqeHRB o6pa30B8HRB ( e + e- ) -nap Ra 8TOM8 !IBIIBIOTCB cyMMOft C8'18HRft o6p830B8-

RB!I ( e + e - ) -nap H TpRnneT08: 

t1 + 
nap hi 

t1 t1 (18) TpRnn. non 

Bxnan oT TpanneTo8 8 nonaoe ceqeaRe o6hlqao yqaThiBSeTCR cnenyJOmRM o6pa3oM: 

t1 
non 

• Z(Z 

' -
+ ') x ( " nap hi ) 

cz r 1 Z 1 • 

Zt~ o 
Tpxnn 

( 19) 

" naphl 

BenaqRH8 ' cna6o 388RCHT OT aseprRA ~OTOH08 R C y8ensqasR8M aaepraA 8hiXOART RS 

nnaTO (eM. puc. 7). nonsoe ceqeHRe o6pa30BSHRH nap 8 nponaae ( C a H a ) 8 nep80M 

npa6nsJKaKRR pa8HO 

t1 -Sxt1 
Ca Ra 

c R 
+8Xt1 (20) 

npa o6pa3o88HRR ( e+ e- )-nap aa Monexynax MoryT 803HRKBTb RBTap~epaRDHOHBhle scjJqlex

Thl, CBH38BHbl8 C T&M o6CTO!ITenbCTBOM0 qTO o6naCTb B38HMOA9ftCTBHB 60nbW8 pa3M9pOB 
Ita! Monexynhi. B pa6oTe aTOT scjJqlexT 6b!n oueHeH nn11 TopM03Horo R3nyqeHRB nns Monexy-

nhl aonopona H oxa3anc!l paaea [t~(H 2 ) -2q(Hl)/2<~(H) • + 2.7!5 

nponaaa ( C 8 H a ) TaKRX pacqeToB ae npoaeneHo. npa peracTpsllHB 

abipbKOBhiX xaMepax noneaHo acnonb3oBaTb xo9¢¢auHaHT 

/l(k) • L 0 N/A"non(lt). 

.lln11 Monexynhi 

y -KBSBTOB B ny-

(21) 

L 0 - panBsllHOBHBH nnaaa, N -'!Reno Aaoranpo, A -MonexynspshiA aec. 3aa-

qeHHe ll It ) AnH nponaaa DOK838BO 88 pac. a. PanH81lHOHHYIO nnHay B nponaae Mhl 
2/19/ 

L 0 • 45,3 r/cM • nonaranu 

3AKniO'IEHJ.1E 

I. BhmR Bhlqucneahl nR~~epeBilR&nbHb!e H nona&~e ceqeHR!I o6paaoBSHHH ( e +e-) -nap 

B none axpaaxpoaaaHoro HAPS sonopona a yrnepona H nonHbie ceqeaaH nns <jlTopa, -xnopa, 

!SpoMa H Jtceaoaa. HeTO'IHOCTb BbiqacneBHbiX ceqeaaA ae npeBbimaeT 1% • .!Ins 6onee Toq

HhiX Bb!qacneaaA aeo6xonaMo nonb30BSTbCH <jlopM<jlaxTopaMR X<I>C a yqaTbiBSTb paAaauuoa

llbie DODpSBKR, 

10 

,. 
:: 

'' ~.'~ :, 

'lw, 
''t 'I! 
T~ 
,:1 
}~~;· 
'! 

~:~, ' 
/11 -.1 

,]~~ 
I ,~ 

,,. 

:. no Taopaa Yannepa a naM6a 6binR nonyqeahl na<jl~peHnaanbBb!e ceqeaaa Tpanne

Toe 8 !tb:tlopone u yrnepone a nonahle ceqeaa!l B aonopone, yrnepone, ~TOpe, xnope, 6poMe 

I' xceaoue. HeToqHoCTb BhiqacneaHhiX ceqeaaA, CB!I38HHaH c OTCYTCTBReM TO'IHbiX aaannTa
+ 

qeCKRX Bb!p8lK8HRft ADR ceqeaaft npOil8CC8 ye e • ae npeBbimaeT 10% nna It < ... e 

100 Maa a Meabme 1% nns It ~ 500 Maa. noaToMy npencTaan&eT RHTepec aaMepRTb ce

qeiiRH o6pa30BSBR!I TpanneToB B o6nacTR aaeprxA ~Toaoa 10 -100 Maa aa BOnopone, a 

T8KlK8 Bhi'IRCnRTb T&Op8TH'I8CKR8 C8'18BHH STOrO npouecca C yqeTOM BCeX ABSrpaMM C TO'I

ROCTb!O • 1%, 

S. nony'lellhl non able ceqeaaB o6paaoaaaaa ( e + e- ) -nap B nponaHe ( C a R a ) • HeTO'I

aocTb nony'leB!lblX C8'18HHA COCTaBnB&T ~ 2% AnB It ~ 100 Maa H H8 npeBbiWa&T 1% AnB 

6onbmBX SBepralt, B nanbB&AmeM B~eT CMhiCD y'I&CTb HHTep<jlepeRDROHHbie BBII8BHH 8 Mone

Kyne npona11a, TaX K8K RX BKnan MOlK&T 6b!n. Cpa8HRM C OWR6Koft 8b!qRCD911HbiX ceqeaaft, 

HaM npH!ITHO no6naronapRTb r.J.i. Konhln08a, B.n. nl06omaua, M.J.i. nonropeuxoro 3a 

none3Hb!8 o6cylKIX&IIRH0 a TSKJKe COTpyAHHK08 Bll 0J.1SIJ.1 38 noMOI!lb 8 Dpoaen&IIRB p8C'I8T08 

11a 3BM-20. 
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Ta6nH!la 

3H8'19BHll nonpaBJCH f ( Z ) lC 6opHOBCHOMy npH6nBJK9BBIO 

(ypas. (7)) 

AT~Mbl 8 c F ct Br Xe 

f<z> 6,4oxro-5 2,Joxro-3 5,!7xlo-3 I,8Jxi0•2 7 ,4Jxro-2 r·,65xio-r 

Ta6nsna 2 

0mB61ta B Sbi'IBCn9HHB f ( z 

ATONbl 8 c F cf Br Xe 

It • 10 Mas rxro-3 Jxro-2 sxro-2 o,2J 0,94 2,4 -
It• 1000 Mas 2xro·5 7xio .. 4 2xro·3 6xro-3 2xio-2 sxro-2 

_Ta6nslla 8 
/10/ 

PaaRB!la ce'leBBII, s&J'IBcneRHbiX c cjlopMcpaKTopaMB T4l H X41C B % ana yrnepoaa 

It (Mas) IO 25·,r roo 25,I roJ IO~ 

[u - u 1/u % 
T.<l>. X.<I>.C. X.<I>.C. 

O,I5 .. 0,39 0,009 o,IJ 0,44 0,78 

Ta6nBJla 4 

A TOMb! 8 C F ct Br Xe 

t::.u (M6) I I5xi0-4 I 49xio-I 7 55xio-1 9· 5J 
' t ' ' 

I64 867 
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Ta6nx11a 6 

nons:ble ce'leHKB o6pa30NHKB ( e +e- ) -nap B none sKpas:BpoBaHs:oro llltpa BOAopona, 

yrnepOA8 0 ojiTOpa, lUIOpa, f5pOM8 B KC&BOBa 

k 

(Msa) 

R 

M6S: 

c 
MISB 

F 

wtSs: 

Cf Br Xe 

MISB !Saps: !Saps: 

------------------------------------·-------1 2 3 4 5 6 7 

10 

20 

30 

40 

50 

60 

70 

80 

90 

roo 
125 

!50 

175 

200 

225 

250 

275 

300 

325 

350 

3'/5 

400 

2,126 

3,277 

3,975 

4,470 

4,857 

5,173 

5,439 

5,672 

5,878 

6,060 

6,428 

6, 717 

6,950 

7 1141 

7,302 

7,443 

7,565 

7,671 

7 ,'166 

7,851 

7,927 

7,995 

76,16 

II6 12 

IJ9·, 7 

156,0 

168,5 

178,5 

186,9 

193,9 

199·,8 

205,0 

215,5 

223,5 

230,0 

235,3 

239,8 

243,5 

246,8 

249,6 

252,1 

254,4 

256,3 

258,1 

14 

170,2 597,6 

259,6 912,3 

3II·,8 1095 

348,2 1220 

375 16 IJ18 

398,1 IJ93 

416,2 1454 

431,3 1505 

444,3 1548 

455,5 1586 

478,1 1661 

495,4 1718 

509,3 1763 

520,5 1799 

529,9 1829 

537,9 1855 

544,7 18'16 

550,7 1895 

555,9 1912 

560,5 1927 

564,7 1940 

568,4 1951 

2,389 5·,111 

3·,697 8·,250 

4·,448 10,01 

4,976 II,22 

5,359 12,10 

5,659 12,78 

5,899 13,33 

6,099 IJ, 78 

6,268 14,17 

6,414 14,50 

6, 705 15,14 

6,922 15,62 

7·,091 15,99 

7,226 16,30 

7,339 16,54 

7,433 16,75 

7·, 513 16,92 

7,583 17,07 

7,643 17,20 

7,696 17,32 

'I' 743 !7·,42 

7, '/85 17' 51 

I 

425 

450 

4'15 

500 

550 

600 

650 

700 

750 

800 

850 

900 

950 

1000 

1200 

1400 

1600 

1800 

2000 

2200 

2400 

2600 

2800 

3000 

3200 

3400 

3600 

2 

8,057 

8,II4 

8,167 

8,215 

8,300 

8,374 

8,439 

8·,496 

8,547 

8,592 

8,633 

8,671 

8,705 

8,736 

8,.838 

8,915 

8·,978 

9',027 

9,067 

9,100 

9,129 

9,154 

9,175 

9,194 

9·,2ll 

9·,226 

9,239 

3 

259,8 

261,2 

262,6 

263,9 

266,1 

268·,0 

269,6 

271,1 

2'12, 4 

273,5 

274,6 

275,5 

2'16,4 

2'17,1 

279·,8 

281 '7 

283,2 

284,3 

285,3 

286,1 

286,8 

287,4 

287.9 

288,4 

288,8 

289,2 

289,5 

4 

571,8 

574,9 

5'17 '7 

580,3 

584,8 

588,7 

592·,1 

595,1 

597,8 

600,1 

602,2 

604,1 

605,9 

607,5 

612,8 

616,7 

619,7 

622,1 

624,1 

625,7 

627,1 

628,3 

629,4 

630,3 

631,1 

631,8 

632,5 

18 

5 

1962 

1972 

1980 

1988 

2002 

2014 

2025 

2034 

2042 

2049 

2056 

2062 

2067 

. 2072 

2088 

2100 

2109 

2II6 

2122 

212'7 

2131 

2135 

2138 

2141 

2143 

2145 

2147 

6 

7,823 

7,858 

7,889 

7,917 

7,967 

8,010 

8,048 

8,080 

8,109 

8,135 

8~157 

8,I78 

8,196 

8,216 

8,271 

8·,313 

8,345 

8,370 

8·,391 

8,408 

8,423 

8,435 

8,446 

8,456 

8,464 

8·,472 

8,479 

7 

17,59 

17·,66 

17,73 

17,79 

17,90 

17,99 

18,07 

18,14 

18,20 

18,25 

18,30. 

18,35 

18,39 

18,42 

18,55 

18,63 

18,70 

18,75 

I8·,80 

18,84 

18,87 

18,89 

18,92 

18,94 

18,95 

18·,97 

18,99 



I 2 3 4 5 6 7 

3800 

4000 

4500 

5000 

5500 

6000 

6500 

7000 

7500 

8000 

8500 

9000 

9500 

10000 

9,251 

9,263 

9,286 

9,306 

9,322 

9,336 

9,348 

9,358 

9,367 

9,375 

9,383 

9,389 

9,395 

9,400 

289,8 

290,0 

290,6 

291,1 

291,5 

291,8 

292,1 

292,3 

292,6 

292,7 

292,9 

293,1 

293,2 

293,3 

633,1 

633,6 

634,8 

635,7 

636,5 

637,2 

637,8 

638,3 

638,7 

639·,1 

639,4 

639,7 

640,0 

640,2 

16 

2149 

2151 

2154 

2157 

2159 

2161 

2163 

2165 

2166 

2167 

2168 

2169 

2171 

2171 

8,485 

8,491 

8,503 

8',513 

8,521 

8,528 

8,534 

8,539 

8',543 

8·,547 

8,554 

8,557 

8,560 

8,563 

19,00 

19,01 

19,04 

!9·,06 

19,07 

19,09 

19,10 

I9,!I 

19,12 

19,14 

19,14 

19,15 

19,16 

19,16 

Ta!Snaa:• 8 

non.ahl8 C8'18.11BS o!)pa30Ba.IIBS TpBDnaTOJI 88 8TOM8X BOllOpoll80 yrnepo.na, ljlTOpa, 

.xnopa, !SpoMa • 11:ceaoaa 

k 

(.Mas) 

I 

IO 

20 

30 

·40 

50 

60 

70 

80 

90 

roo 

125 
150 
1?5 

200 

225 

250 

2?5 

.300 

.325 

.350 

.3?5 

400 

425 

450 

H 

M!Sa 

2 

2,126 

),277 

3·,975 

4·,478 

4p7I 
5·,193 

5,466 

5,703 

5·,913 

6,100 

6,498 
6,818 
?,084 

?,.311 

?,506 

7,679 

7,832 

7,9?0 

8,095 

8,209 

8,314 

8,410 

8,499 

8,581 

C F 

M!Sa M!Sa 

3 4 

12,76 19,13 

19,66 29,50 

23,85 35,78 

26·,86 40,33 

29,24 43,87 

31,19 46,66 

ct 
M6a 

5 

J6·,I4 

55·,7! 

67,67 

75,95 

~9 

87,09 

Br 

Mila 

6 

74,41 

II4,8 

IJB,O 

153·, '1 

165,3 

174,6 

32,79 

34,16 

35,35 

36,39 

38,52 

48,98 9I,II 182,3 

50,94 94,52 188,9 

52,62 97,48 194,5 

54,10 roo,1 : 199,5 

40,20 
41,58 

42,76 

4.3,?9 

44,69 

45,49 

46,21 

46,85 

4?,44 

47,98 

57' 14 
59,56 
61,56 

6.3,25 

64,?2 

66,01 

67,14 

68,15 

69,0? 

69,91 

70,6? 

1o5,5 209,6 
109,8 21?,5 
11.3,.3 224,0 

116,2 229,3 

118,? 233,6 

120,9 2.3?,5 

122,9 240,8 

124,6 243,8 

126,1 246,5 

127,5 248,9 

128,7 251,0 

48,48 71,.38 129,8 25.3,0 

48,94 ?2,03 130,9 254,8 

49,37 72,63 131,8 256,5 

17 

Xe 

M!SB 

7 

II4, 7 

176·,0 

209',9 

232,8 

250,1 

263,9 

275,1 

284,7 

292·,8 

300,0 

.314,6 
325,9 
.3.34~6 

341,9 

.348,1 

.353,6 

358,3 

362,4 

366,1 

369,4 

3?2,3 

375,0 

.377,4 

.379,7 



2 3 4 5 6 7 1 2 3 4 5 6" 7 
1 

475 8,657 49,78 73,19 132,7 258,0 381,7 5500 10,63 61,53 88,85 157,1 296,8 432,5 

500 8,728 50,16 ?3,?0 133,6 259,4 383,7 6000 10,66 61,74 89,12 157,4 29?,4 . 433,2 

550 8,85? 50,84 ?4,62 135,1 262,0 38?,1 6500 10,68 61,93 89,35 157,8 297,9 433,8 

600 8,970 51,45 75,43 136,5 264,2 390,2 7000 10,70 62,09 89,56 158,1 298,3 434,3 

650 9,070 52,00 76,16 137,? 266,2 392,8 7500 10,72 62,24 89,74 158,3 298,7 434,8 

700 9,160 ~2,48 76,82 138,7 268,0 395,2 8000 10,?4 62,3? 89,91 158,6 299,0 435,2 
750 9,241 2,91 77,43 139,7 ~69,6 )97,3 
800 9,315 53,31 77,98 140,6 271,0 399,3 8500 10,75 62,48 90,05 158,5 299,3 435,6 

850 9,382 53,67 78,49 141,4 272,4 401,0 9000 10,?? 62,59 90,19 158,9 299,6 435,9 

900 9,443 54,02 78,96 142,1 273,6 402,6 9500 10,?8 62,69 90,31 159,1 299,8 436,2 

950 9,500 54,34 79,39 142,8 274,7 404,1 10000 10,79 62,78 90,42 159,3 300,0 436,5 

1000 9,552 54,63 79,79 143,4 275,? 405,5 

1200 9,728 55,65 81,15 145,5 279,2 410,0 

1400 9,863 56,45 82,21 147,2 281,8 413,5 

1600 9,972 57.,10 83,08 148,6 284,0 416,2 

1800 10,06 57,64 83,82 149,7 285,7 418,4 

2000 10,14 58,12 84,44 150,6 287,1 420,3 

2200 10,20 58,52 84,96 151,4 288,3 421,8 

2400 10,25 58,87 85,42 152,1 289,4 423,2 

2600 10,30 59,18 85,83 152,7 290,3 424,3 

2800 10,34 59,4·6 86,19 153,2 291,1 425,4 

3000 10,38 59,70 86,51 153,7 291,8 426,3 
3200 10,41 59,93 86,80 154,1 292,5 427,1 
y~oo 10,44 60,13 87,07 154,5 293,1 427,8 
3600 10,46 60,32 87,31 154,8 293,6 428,5 
3§.00 10,49 '60,49 87,53 155,2 294,1 429,0 
'~000 10,51 60,65 37,73 155,5 294,5 429,6 
4500 10,56 60,)9 88,17 156,1 295,4 430,8 
5000 10,59 61,28 ss,5) 156,~ 296,2 431,7 

18 I 19 
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Pac. 5. J;.acj>cj>epeanaanbable ce'leHHH o6pa30B8HHH TpanneToa 
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Pac, 6. nacl>cl>epe!lllHBnbHble ce'leHHSI o6pa30BBHHSI TpanneTOB 

yrnepoJla. 
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1: ZuTpunn 
3aBHCHMOCTb BenHqRBW ~ • -------- OT aueprHH 

8TOMOB BOilOpo/180 yrnepo/18 H C1 K~'lfJ'Jna. 
y -KB8HTOB ( k ) lliill Puc. 7. 

Psc. 8. 3asscRMoc-n. !l(k) oT aaeprHR 
y -KB8BTOB llRll IJPOD8B8. 
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