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1. B B e A e H H e 

raiSpHAHhl8 BOJIBhl o1Sn&A810T P51AOM BBTepecHhiX B non&3HhiX CBOliCTB, KOTOph18 

aaxOAliT npaxTB'Iecxoe npaMeaeaBe. Tax, aanpauep, raiSpBAH&H Molle EH
11 

npa onpeQenea

HhiX ycnoBRBX 003BOJIH8T nOnf'IHTh OAHOPOllHYID no anePType BOnHOBOA8 OTKnOHHIDmym CHny 

/1 2/ 
B BCOonh3yeTCSI QnH Itenell cenap&ItBR 'I&CTBII BLICOXRX SHeprRll ' , fipH STOM OTXnOHHID-

mell CTpyxTypoA BhiCOXO'I&CTOTHOro cenapaTopa SIBnlleTCSI llR8~&rMBpOB8HHhlll BOnBOBOilo 

HccneQOB&BHJO llBcnepcaoaahlx caoACTB MOilhl EHll H pac'!eTy OTxnoagmmeA canhl B ll&HaoA 

/3,4 .5'/ 
BOnBOBOIIBOA CTpyxType ROCBllm8B P51.1l paiSOT ' • 

/3 4/ 
B paiSOTax ' aaAAeao oiSmee s&Ipa>Keaae AnSI OTxnoaHJOmeA can&J a paccMoTpeao 

noseAeHBe raiSpBIIBhiX aona B ollaoaonaoBOM npaiSna>Keaaa. B pa60Te Xaaa
161 

ll&Ha cTporaH 

TeopaH OTxnoagmmeA MOilhl EH 11 • PeaynhT&Thl s~~:cnepaMeHTanhHhJX accneQosaaaA ra6pall

/4,6 7/ 
HhiX BOnK B llH&cj>parMHpOB&HHOM BOJIHOB0118 npHB8A8Hhl B pa60T8X ' 

HB>Ke p&CCM8TpHB8IDTCH BORpOChi, CBH38HHhl8 C BhliSOpOM H OOTHMH3811HeA napaMeTpOB 

ABacj>parMHpOB&HHOrO BonHOBOll8 11;8K OTXnOHRIDIIleA CHCT&Mhl BhlCOII;O'I&CTOTHOrO CenapaTOpa, 

CHCT8M8TH3HpOB8HHhlll H nocneAOBaTenLHhiA aaanH3 npH STOM npOBOIIHTCil: aa OCHOBe OAHo

BOnHOBOrO npaiSnH>KeHHH, KOTOpOe npasnexaeT CBOell OTHOCHT8nhHOA npOCTOToA, 0603pHMo

'CTbiD Bhlp8>K8HBll H 003BOnHeT ROJIY'IHTb X8'18CTB8BHO BCe OCHOBHhle peaynbT&Thl, a T&K>Ke 

npoaaseCTB oneaxy napaMeTpoa sonaosoAa c AOCT&TO'IHOA TO'IHOCTbiD, KpoMe TOro, acnonb

aosaHHe OQaosonaoaoro npaiSna>Keaall noneaao B TOM OTHomeaaa, 'ITO pac'leTbi no cTporoA 

TeopHH npeQCTaBnSIIDT B8CbM8 cnO>KHYID 38A&'Iy H B STOM HanpaBneaHH B H&CTOlllllee BpeMH 

CllenaH&J nHWb OTllenhHhle non&ITKH
18

•
91

• HcxollH&Ie Aali:H&Ie An>! B&I6opa H onTHMH3&1lHH 

napaMeTpOB Cp&BHHB&IDTCH, rAe STO B03MO>KHO, C peaynbT8T8MH, nonyqeHHhiMH ApyrHMH 

&BTOp&MH H8 OCHOBe CTporoll TeOpHH R 9KCnep·iM8HT8nhHhlX B3MepeHHA, 

fi , ,UacnepCHOHHOe ynpasneHHe H CBOliCTB8 ra6pHAHhiX BOnK 

.Uacnepcaoaaoe ypasaeaae ra6pHIIHhiX sona, pacnpocTp&HHIDlllHXCH B QHacj>parMaposaa

/3 10/ 
HOM BOnHOBOlle, B OllHOBOnHOBOM npa1SnH>K8HBH HMeeT BHII ' : 
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r " ~ ·+ ..L [ • + ~ ~ +<e-o< ~ + ..L > 1 .. o , 
1 ka k 8 ka 

(1) 

rne ·r ~ ..!..1. , k 8 
= k 8 - K ~ , 1< - nocTOliBH&H pacnpocTpaaeaaH, (= .i_ D -ne-

I k I D 
d- paCCTOliBBe MelKJIY IIB&cjJparM&MH, a - paiiBYC BOnHOBOJ]8, pBOII CTPYKTypb11 

11 • 1, 2, S, ... - a3BMYT&nbaall nocToliHHall, fllyHKuaa 4> a 9 onpeJlensiOTCK cnellYIO

lllBM ol5pa30M: 

npa'leM 

. -- JJI+'I (k I a ) 

yl J v ( k I a ) 

9-~+(ID, 
"'0 

o/1
1 

= J
11 

(kb) N.~ 1 (ka)-N
11

(kb)J (ka), 
~ 11+1 

oP
0

• ]
11 

(kb) N
11

(ka) -N
11
(kb)J

11
(k a) 

B b - pallByC BOilBOBOJl8, 

(2) 

(S) 

llxcnepcaoaaoe ypasaeaae aaa'IHTenbHO ynpomaeTCH JlnH Tpex npellenbHbiX cnyqaes. 

Ecna cjlaaosaK cxopocTb fJ ¢ , aaMepHeMaB s enaaanax cxopocTB cse-ra, pasaa aymo 

"' Jl (K .. oo ) , TO ypaBHesBe ( 1) nepeXOili:T B -:i;l- • - • 
"'o k a 

npa {J </J = 1 ( 1< = k ) ypa&HeHKe ( 1) upBHHM88T BBil 

( k a) 
8 

k a 11 --=<1-e>- [1-
v+ 1 k a 

"'I 
~ 

] . (4) 
Jl ( Jl + 1) 

B cnyqae OTCe'IKH ( {3 ¢ .. .. , 1<=0 ypasaeaae (1) pacnallaeTCB sa ll&a 

.. 
J~(ka) =0, (5a) 

J (kb) + ~ .. ka o/J ( 1-( ))' (k a)=O· 
Jl 0 Jl (515) 

3TH ypaBS8SHB COBM8CTSbl npR 3H&'IeHHH napaMeTpa 

a avm b = _{3 __ , 

Jill 

rne av
11

m -1D -MbiA R {:J
118 

-n -Hbiii KopeHb ypaaaeaaA 1: (ka)= 0 u J11 (kb)= 0 

COOTB8TCTBeHHOo J.:l3 cjlaJ:T8 COBU&IIeHRB '18CTOT OTCe'leK COCellHBX ral5pHIIHbiX MOll OIISC>-

3H8'1HO cnenyeT cymecTsosauae ol5paTHbiX sons s paccMaTpasaeMoA cTpyKType
110

•
11 1

, 

4 j
' 
' 

' ' 

' 

;/{_~ 

Ha pac, 1 noxaaaabl nacnepcaoaHbie xpasble HHJKHell MOIIbi c v • ·1 npa paana'l-

a I' a HbiX 3H8'1eHBliX nap&MeTpa b H • =·1 • llnH b > 0,480 '18CTOT8 OTCe'IKH STOll MOIIbl 

onpenenHeTCH ypasaeaaeM (5a), a npa f<0,480 - ypaaaeaueM (515), 

D --r-r---c-T'"'""-r-r----,--r~-~---,;;71 

K 
~t< 

" 7i" 

g=4' 
- ~ ,6 

I I I I I I I I II ' I 
D I ·~ ! ~ 

Pac, 1. llxcnepcaosable xpasble llnsl MOilbi EH 11 • 

llnK paCCM8TpKB88MOII MOIIbl xapaKTep llRCnepCHB pa3nH'IeH B TpeX ol5naCTliX H3M8-

seSHH napaMeTpa a/ b a 'I&CTOTbi k a (eM, pac, 1): 

<alb ( nonoJKaTenbH&H nacnepcxs), 
I' 1) 0,552 <1 

1,841 <ka < .. 

2) 0,292 < alb < 0,552 ( CMelll8HH8H IIBCDepC!!R) 1 
1 < ka < 1,841 

S) a/b < 0,292 (aSOM8nbH8H IIKCU8pCBH), 

ka ~ 1 

Ha pac. 2 npencTasneabl xpBsbte nns paanB'IHbiX aaa'leaall napaMeTpa dID , onpe

JlenlllOlllBe ycnosBK pacnpocTPa&esBK MOJlbi EH
11 

s aaa15onee BHTepecsoM c TO'IKB 3peBBll 

cenapanaa aaplllKeHHbiX 'laCTBil cny'lae {3 ¢ • 1 , 3JleCb lKe npaseneabl coOTBeTCT&yJOlllHe 

s~:cnepaMesTanbSbte TO'IItB nns sonaosona c napaMeTP&MB )t./D • 4 ( TKD Jtonel5aHBll ,;2 ) 
/4/ B d 

1
0 oo(),8 • J.:la 3TOI'O pacysJ:a B ypa&HeBBll ( 4), B '18CTBOCTH, BBIIBO, 'ITO. npB 

a/A • 0,225 (ka=v2) OTHOllle&Be a/b He 38BBCHT OT 3H8'18HHR napaMeTpa d/0 

B HHJKHeM npasoM yrny pac. 2 naabl aaanorB'IHble Kp&sble HHlKHell K nayx cnenyJOlllKX 

ral5pKJISbiX MOll (KpKBBR 1-EHll , 2-EH 12 K 3-EH 13). 
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Puc. 2. Ycnoaus pacnpocTpaaeuus ru6pHABbiX · aona npu v • 1 
C ~30BOA CKOpOCTb~, paBHOA CKOPOCTH CBeTa, 

Dl • Qonll H noTOKH aaep[IA 

Oonu a oJtonoeceaoA o6nacTu aonuoaoAa AnR MOAbl EH11 , pacnpocTpaas~meAcs c ~ao
_JC<'Ut -K•) 

BOA CKOpOCTb~ f3¢ • 1 1 HMe~ BRA (cjlaKTOp 8 onyCKaeM): 

8 

,"'<,<' 

E • E
0 

k r cos 8 , Z 
0 

H • =- E
0 

k r sin 8, 

ka 2 k r 2 
E. • E0[(T) +(-f) ]cosO, Z H ~ E [(J! . .!')2

-(.!.!_)
2
-1]sin8, 

0 • 0 2 2 
(8) 

Eo· E 0[(k;)
2 -(k~ )

2
]ain0, ~H0 = E 0[(~)

2+(!!-) 2-1lcos0, 
2 2 

rAe r, 8, z - llHnHHApB'IeCKHe KOOpABH8Tbl, z o• 377 OM, 

3nea;TpH'IecKoe none, cornacao ( 8), AOCTHraeT MaKCHMan&aoro aaa'leBilst aa paAHyce 

AB8cpparM ( r• a, IJ-0), llpB'IeM 

E Maa;c.• EokaV1+( k; ) 2, ( 7) 

l.fTo6bl nony'IHTb nOTOK aaeprBH P , npoaaTerpapyeM BeKTop OoAHTHHra no anepTy-

pe BOnBOBOAa H AnSI {3 ¢ • 1 aaAAeM: 

2 2 2 2 

p • E "a (k a) [ QU - 1 1 • (8) 
0 sz o 3 

Opa It a=y 3 noTOK aseprua pases syn~. B aTOM cnyqae a·nepTypa sonaoBOAa pas-

6HBaeTCH sa ABe o6naCTH C OABHaKOBbiMH no BenH'IHHe, HO npOTHBOnonO*HbiMH no 3H8KY 

nOTOKaMB ssepr11A p + H p._ • 

~ns onpeAeneHHH rpaHHilbl Me*AY o6naCTSIMH c pasHbiMII aanpasneaHHMH napnaan&

HbiX nOTOKOB B np0113BOnbHOM cnyqae npapaBHHeM syn~ ycpeJlHeHHbll! no BpeMeHH BeKTOp 

OoAsTaara: 

(~)2 -(~)2 
2 2 

ka 2 kr 2 
<2> +<T > -1 

(~ )2-(~)2-1 
cos 2 0 =0. 

(9) 
sin 

2
0 + 

(~)2+(~)2 
2 2 

Ha sToro ypaaaeaus cneAyeT, 'ITO npu k a=y 2 rpaHHila Me*AY noTOKaMH saep-

ruu paaaoro aanpasneaust cosnaAaeT c anepTypoll AHa~arM, a AnH ka<y2 ypaaae-

Bile (9) pemeHIIH He HMeeT. ~aHHOe 06CTOHTellbCTBO, a TaK*e asanll3 AHCnepCIIOHHbiX 

KpHBbiX Ha pHC, 1 n03BOn~T CAenaTb Bb!BOA, 'ITO B o6naCTH 'laCTOT ka <y 2 nono-

*HTen&HbiA nOTOK p +'" 0 H cymeCTByeT nRWb OTpHUaTenbHbill ROTOK saeprHH p 

Opa k a>Y 2 OTnH'IHbi OT Hynst o6a napuuanbHbiX nOToKa. Ha pHC, 3 noKa3aHO pa36HeHHe 

Ce'leHHH BOnHOBOAa H8 o6naCTH C p+ H p AnSI fJ.; 1 v = 1 H pa3nB'IHbiX 

3Ha'leHHll a/A • 

7 



Puc. 3. 06nacTH pacnpocTpauesas nono~Ten&uoro (asemsss o6naCTb) a OTpaua
Ten&soro (BsyTpeHHHB o6nacTb) nOTOKOB &HeprBB Ana paanB~H~X 3Ha~eHHA ~ , A 

IV • fpynnoaas cxopocTb 

nns nony~eRBH rpynnOBOA CKOpOCTB npB {3¢~ 1 npOABijlcj)epeRilBpyeM o6mee ABC-

nepCliOBH06 ypaaaeuae (1) no " a 3aTeM nonolKHM ·Y =0 , B peayn&TaTe nony~BM 
- I 

cneAytomee ypaaaeaBe AnH onpeAeneBBH rpynnoaoA cxopocTa: 

dyl• ... ... d ... 
- \tJ <" - - > +:- - [ ~ + e \tJ +<e-o- 1- o. 
d" ka ka dK. ka 

(10) 

0603Ha'IBM rpynnOBYIO CKOpOCTb, Bb!palKeHayiO B eABHHilaX CKOpOCTB CBeTa, ~ep63 

f3 r H y~TeM, ~o nps 13;• 1 

I 

BMeiOT M6CTO COOTROmeBHH:. 

k ~ - 2({3 - 1)' 
dK. r 

k d,PI =[~ kb + __i ka -(v+l)]f\.. • 
""il ~ ,PI 1/11 

~ d.Po ¢o 
"'~*[~kb 

o "'o 

,PI 
-:r. ka+ v].(j 

'~~o r' 

r.11e <jJyHKilHH <jl O B ¢ 1 paBHbl 

¢ ~ J' (k b) N (ka) -N' (kb) J (ka), 
0 Jl v )I v 

8 

(k a) 1 

k ~ = t3r+( f3r-·1) 2(v+ l)(v+·2) "'"i"" dK. 

¢ 1 -J~ (kb) Nv+ 1(ka)-N~ (kb)Jv+fka) 

(11) 

(12a) 

'..} 

'·"~,,· }';~ ;;,., .. \.'• 

'1
:.-~? .. ;.' :;..~ 

·:.:, :·' 
,: ~· 

,,, ' 
'/ 

'•.'; 
.1 ,•'/. 

·,_~ 

/""V. 
~j 

'{ 

B CBSI3aH~ C 1/1 O H 1/1 1 COOTHOIIleHBeM 

4 
¢"'- ¢01/11=-~ I 0 

(1215) 

noACTaBnHH (11) !I (10) B y~BTbiBaH ypassesae (4), nocne pHAa npeo6pa30BaBHA 

nony~aw cneAytomyto ojlopM)'ny rpynnoaoA cxopocTa: 

rAe 
I 

A • C [ (k a) - 1 1 , 
v{Ji+2) 

fJ -r 
A 

A + B 

s-le-+0-el ...Cv+1l 1 4 -et~.~ -~ )(v+1)+·2e-<V+1)+ "
1

'"+
1> 

(ka) 1 "'v+l),P~ v+1 ka · (ka)l 

(13.) 

ka H kb YAOBneTBOpHIOT ypaBBeHHIO (4), 

B ~acTsocTu, Ans " = 1 a e= 1 ojlopMyna (13) 3Ha~BTen&HO ynpomaeTCH 

(ka):: 1 
fjr = _ __L_ __ 

1 _ (ka)l+ ~ 
(14) 

6 II' 2"' 2 
I 

Ha pac, 4 npuseAe&a aasacHMOCTb rpynnoaoll exopocTB {Jr OT a/ A AnH "•1 

H pa3nB~H~X e (nyHKTBpH~e KpBB.~e), paCC~BTaBHaH no ojlopMyne ( 13) e ~&TOM peme-

HHH ypaBHeHBH (4), 

Ha pac. 4 eneAYeT, ~TO s o6nacTB 0 <a/A < 0,2758 cymecTBYIOT o6paTs~e sons~, 

a B o6nacTB a/A > 0,:.!758 - npHM~e, 3sa~esue a0 /A • 0,2758, COOTBeTcTByiOIIl88 f3roO"t 

He 3aBBCBT OT napaMeTpa e . MaxcBManbHaH lKe aenB~Ha o6p&THOII rpynnosoA exo-

pOCTH, KaK B cneAOBano OlKHAaTb, naAaeT e YM8Bblll8HH8M 3Ha~eaBH e 
/8/ 

Ha pBc, 4 TaxlKe npaaeAeB~ aena~RH~ rpynnoBOll cxopocTa, paec~BTaa~e XasoM 

sa OCHOB8 CTPOroA TeOpBB AnSI pa3nH'IH~X 3Ba'leHBA napaMeTPa AID B e •0,8 (ennollliDI• 

xpua~e), u pe3ynbTaT~ sxcnepBMeHTan&uoro B3MepeBBH fJr AnSI MOA~ EH 11 , Tanoa 
2 /7/ xone6asHII 11'/2 , T B e •0,8 , CpaBH8RBe BCeX npRB8A8BB~X AaHB~X DOKa3~!188To 

~TO e yaenu~eBB8M napaMeTpa AI D B 3aA8BBOM 3Ba~eHBB e rpynnoBSH cxopocTb uep

cexaeT ocb '18cTOT npaaee,a MaxcaManbB&B sens~asa o6paTaoll rpynnoaoll exopoCTR pacTeT. 

TaK, aanpaMep, AnH 
A _ .. 
D 

(OABOBOnBOB06 npa6nBlK&BHe) H A_ • 4 
D 

9 
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qaCTOT, rAe rpyiiiiOBafl CKOpOCTb II&pecexaaT 0Cb0 paBSI>I COOTB8TCTB8SSO (_!a) •0,2788 
>. 

B (....!a ) •0,2505, T.tl. OTIIII'IaiOTCS Ha 10%. TaKaSI lKQ OTSOCHT&IIbSaSI paaHBila B 'laCT()oo 

>. 
TSX y STRX !tpRBI>IX COXpaSSIQTCS B RBT&pe<:yiOIIl&ll SaC o!SnaCTR - 0,04 < f3r < +0,05. 

CneAOBaTenbS00 B yxaaaBBOM BBTepBane rpacjiBKII rpyDDOBI>IX CKOpOCTell, paCC'IRT8BBI>I8 IIO 

CTPOrOII TeOpRR AnSI 'A/D •4 R Bbllll8 B IIO OAKOBOMOBOM}' npa!SnslKeHBIO, IIOA06KI>I H CM

weHI>I IIO OCR 'laCTOT OTHOCHT811bSO Apyr Apyra. 

•, 

4Gfl 

IJ/Jf~--

01-------t 

J, 

~01~ 

·tJP+ 

l ,, 

I 

" ,, 
I 
I 

~ 4-' 4+ 

Psc. 4. 3aBRCRMOCTb rpyiiiiOBOII CKOpOCTH OT OTHOW8HBll a/ A IIPK {3¢~ 1 • 

CymecTaoaaaae o6nacTell IIpliMI>IX a o5paTH&IX BonK AIIll MOAI>I EH 11 noaaonlleT, 

B OTIIH'IHe OT CHMMeTpR'IHoll E
01 

BOIIBI>I, B&I5HpaTb, eciiH seo6xoAHM00 rpyiiiiOByiO cxopOCTb 

cxonb yroAHO Manoll, n106oro asaxa a HM&Tb npB aTOM xose'lsyiO anepTypy 2 a/>. • Oasaxo 

MOlKHO AOK838Tb
1 

'ITO C YM8Bbll18BH8M {3 r pe3KO B03p8CT810T Tpa60B8HRll It TO'IHOCTR 

H3rOTOBn8HRll R IIOAll&plKaBHSI raOM&TPH'IQCKHX II8p8M8Tp0B BonHOBOAa R CTa6HIIbHOCTB 

'ISCTOTI>I. 

neiiCTBHT81IbH01 OTKIIOH8HB8 cjla30BOII CKOpOCTH OT CKOpOCTH CB&Ta, o6ycnOBII8HH08 

OWH6KaMH B paaMepaX BOIIHOBOAa B '18CTOT81 MOlKHO 1Ip8ACT8BHTb B BRA&: 

10 

•f.J 

J. 

( 

)! 
:~, 

t. {3,~.. ~ [ t.>. +I p t. q 1 , 
'I' a>. I I I 

{15) 

rAa p - OTSOCRT611bHblll 1 B8C1 COOTB9TCTBYIOIIl8rO reoM&TPR'IQCKOrO napaMeTpa q 
I I 

npoR3BOAHafl a f3rt; npa {3!!' 1 C YM9Bbll1911119M rpyniiOBOII CKOpOCTB paCTeT Kalt 1/ {3 
a>. "' " 

H paBBa 

.if3¢- ...l( _!__ -1). 
ax >. f3r 

{18) 

0THOCHT9nbBI>IQ Tpe!SOB8SHll Sa napaM&Tpbl BOMOBOA8 BI>IT91t8JCT H3 Cp8BH8KBll 

BQCOBI>IX 4JyullBII 

p - .!l.J 
I a ql 

I lli, 
ax 

KOTOpi>IQ HaXOASITCSI asanorB'ISO rpyDIIOBOii CKOpOCTR (CM. COOTKOIIlQHSll (10), (11) R (12)). 

0AHaKO AH~pe:lll&pOB8KKe ypaBH9SRfl ( 1) B AaKKOM cny'lae Dp0R3BOABTCSI K9 IIO K , 

a IIO COOTBQTCTBYIOIIl814}' IIapauaTpy. 8 pe3yllbTaT91 AIISI V•l , e-1 R nap8MaTp011 a B 

b IIMQtlM 

H 

p -. 

p = 
b 

(~~-1 
2 

[(ka) 1
_ 1] .(..1. -1) + 

3 f3r . " 

(ka) I 
I --1 

1 _(ka) _ .,..::..3,___ 
6 f3r 

[ (ka)l- 1] (_1_ - 1 >-t 
"""'3 f3r 

(17) 

(18) 

raa
1 

a/>. H b/>. CBli38HI>I ypaBaessaM ( 4). Ha pRe. 5 AaHa aaascHMOCTb aTHX cjlyHKIIRII 

OT a/>. 

KaK BHAHO 83 pHC. 5, B8COB8SI cjlyHKIIRSI IIapaMeTpa b BCer,aa 601IbW8 QAHHHilbl 

H 3H8'1RTQIIbHO IIp9BbiW88T cjlyHKUHIO p a 1 T.e. HaH6onee KpHTR'IHI>IM IIapaM&TPOM liBIIli&TCSI 

p8AHYC BOIIHOBO.Qa b • 8eCOB8ll cjlyHKUHll Pa IIpH '18CTOT9 k a a 2 o6pawaeTCll B syllb, 

CIIQ,QOB8T911bB0
1 

B OKpeCTHOCTH AaHBOII '18CTOThl H3M9H9BBe paAHyCa AHacjlparM cna!SO BIIHli9T 

sa cjla30BYIO CKOpOCTb. 0npe,aeneBH9 BKIIaAa, o6yCIIOBII8HHOro H3M8H8HH8M IIepBO.Qa CTpyx

Typhl D 
1 

Tpe!SyaT HCIIOIIb30B8HHll MHOrOBOIIBOBOii T90pBR1 HO,. K81t IIOK831>1B89T npaKTR-

11 



KB/6•71 , &nBHBBG B3M8B&HBlil nepHOAa CTJ)yKTypbl (B T&M !Sonee TonDIBBbl ABacjlparMbl) B8 

¢830&Y~ CKOpOC~ Mesee KpBTB~BO DO CpB&BeBB~ C pAAByCOM &OnBO&OAa b 

2 

D 

D 41 
41/A 4J 4. 

Pac, 5, Beco&ble $yBKilHH napaMeTpoa a B b & sa&HCBMOCTB OT a/A , 

V , 0rKnOB~IIlBH CHnB B SK&B&aneBTBalil BanpSDK&BBOCTb 

nonepe~Bo-OTKno&~lllaH cana, AeilcT&y~lllalil sa sapHlKessy~ ~acTany npa nponeTe 

~epes aonsoaoA, MOlKeT !Sb!Tb &blpalKeBa TOnbKO ~epes npoAOnbBbie KOMnOB&BTbl nons 

f3- f3 ¢ t l[c.a<t-.1!. >-+<:~0 ] 
1 

_ f3J '• V 1 H0] ,J e f3</J , .. 1-f3¢f3v F + 
F-~1---;;-i" l" 

" 1- fJ"' 
(19) 

.. 1 a . a +·I -
rAe V 1•t rr · fTf afJ i p , 18, I z - eABBB~Bble aeKTOpbl , {3 - CKOpOCTb 

~aCTHitbl & eABBHilaX CKOpOCTB C&eTa, ao - Ba~anbBalil ¢8sa aneTa, 

B cny~ae f3.p• {3 •l ~OpMyna (19) 3Ba~BTenbBO ynpolllaeTCH B MaKCBMBnbBBB 

aenx~ssa c&nbi onpeAenseTCH BbtpalKesaeM: 

12 

(:F)=..!...vlE • 
M k 8 (20) 

noACTa&nliiH & (20) KOMnoBeBTy E• B3 (6), nony~BM npB va 1 

(FL) = e E ( 7 cos (J _,j
8

sia (J ). 
M 0 r 

(21) 

0TC~Aa &BAHO, ~TO nonepe~BaH CBna npB f3.p•f3 •·1 OABOpOAHB no anepType, a 

DOCTOHBHaH E • npeACTa&nHeT CO!SOil SKBH&aneBTHy~ OTKnOB~IIlY~ BBnpHlKeBBOCTb, 

npsaeAeM oneny BGOAHOPOABOCTB CBnbi & Cn~ae OTKnOBeBBH ¢8308011 CKOpOCTB 

aonHbl OT CKOpOCTB CB&Ta .(I /3'¢ -11 « 1, {3 -1). nns &Toro BOCDOnb3yeMaH ~OpMYnAMB 

(19) B (20), ypa&BGBBBMB (1) B (4) B BblpalKeBBHMB KOMDOBGBT noneil E
0 

B H• IlPB 

npoasaOnb&oil ¢aaoaoil cxopocT&, Y~BTbl&aH ycnoase I {3 ¢ -1/« 1 , nocne rpoMoat~

xax npeo15pa30&aBBil nony~BM cneAyiO.IIIYJO npOCTyiO 3a&HCBMOCTb 9KBH&aneBTBOil sanplillK&B

HOCTB OT paA&yca 

E0 (!$.p, 0)-E 0(f3;• r) • * (f3.p-1)(kr) '. 

E
0
(f3¢,0) 

(~2) 

nocKOnbKY Tpel5o&aBHH Ba aenaqasy OTKnOHeBHH ~a30BOil CKOpOCTB B BOOBO&OAe Be 

np&BbiWBIOT 3Ba~e&Hil (0,2- 0,6) %, TO &03HHKaJOJilBe RpB STOM aooppanBB, cornaCBO (22) 1 

aesaaqHT&nbBbl, C TQqJ:B 3p8BHH xapaKTepHCTBU OTKnOH~Jileil &cj$eKTB&BOCTB &OOBO&OAa 

aaal5onee yAol5soA H&nHeTCH se sxaaaaneBTaaa, a sopMapoaassaa &KBH&aneBT&aa sanps

lKe&BOCTb 

E A 
~- Jp· (23) 

8 OABOBOOBO&OM npaCSnBlKeBHB, BCDOnb3YH ~opMyny DOTOKa &HeprBH (8), nony~BM 

Ans aenaqssbl ~ cneAyJOIIlee BbipalKe&se: 

'I - 4 
(k •>' 
~~ 

i(ka )'- 3 
(24) 

Ha pac, 6 AaBbi rpa~BKH 'I Ana A&yx aaaqeaail napaMeTpa ~ -o,8 a 1 ,0, a 

TaJ:l!<e OTHOWeHBG E
0

/ E MaJ:C (nyHKTHpBaH KpH&aa) & 38&HCHMOCTH OT rpynnOBOil CKOpOCTH, 

Ha &TOM lKe pacysxe npa&eA&Bbl aaaqeHBH sxaaaaneHTaoil sopMapoaaaaoil sanpslKeaaocTH, 

A /8/ 
nony~eHHbl& sa OCBOB& CTJ)Oroll TeOpBB t~nH - • 4 B ~ • 0,8 , 

D 

HeaaaqaTenbaoe OTnK'IB& ToqHbiX AaHRbiX OT onaoaonaoaoro npa6nalKeHHH aa15nJOAaeT

csr nawb a oCSnacTa oqeBb ManbiX rpynno&blX cxopocTell, 

13 



~Iff 
tfllii;, 

11,25 ~J(J(J 

-.:o:o+ -4o2 0 o,ti2 4(.1(. IJ,D6 

/Jr 

PHC, 6, HopMHpOB8HR8SI H8fip!!lK9HHOCTb (cnnoWRble KpltBble) R OTHOW9RH9 

Eo/ E MaKe (nyHKTRpHble xpHBI>Ie) KaK (jlyRKilRB rpynnosoll 

CltOpOCTH, 

VI , 0nTHM8nbHble napaMeTpbl sonuosotta 

npu nponeTe qepe3 OTKnORSI~WHII BOnHOBOil 38pS1lK8HH8SI YnbTpapen!ITHBHCTCit8SI qaCTH-

Il8 C HMnyfibCOM p 0 OTKnORSieTCSI R8 yron 

8 = .!1., 
Po 

(25) 

rtte P l - nonyqaeMbtll e~ nonepeqHbtll RMnynbc, 

14 

llnll s,q, cenapaTopa c llBYMSI OTJtnou!I~BMit cHcTeMaMit (cxeMa naao4K:Koro-Waen

na/1,12/) TP&ISyeMoe OTitnOH&HHe H8lt0tlHTCSI lt3 R3119CTHOI"O ycnOBHll OnTRM8JibHOI"O HCfiOnb

x) 
30B8HBSI B9pTBK8nbROI"O aKC8fiTaaca 

{ 

8 0 ~· 8 

pi* V 2' a/A 
_ D -~~-Po • 

(26a) 

(2615) 

rtte 28
0 

- aaqam.u~ll yrnoaoll paaiSpoc qacTHil B sepTBKam.uoll nnocKOCTB Ba sxotte s nep
# 

Bblll BOnHOaOtl 1 n•..L.. A I 
f - llnRll8 BonHOB0)l8, 

11cnom.3yll ablpa>i<eBBe OTJtnOR~IIlell CBnbl (21) H yqBTbiB8ll 3aTYlt8RB9 aMfinRTYilbl 

sonHI>I s soouosotte, ttnll nonepeqaoro aMnynbca aalltteM: 
-a 

plc • e E0 e ( 1; e ) 

rra 
a•-- Q- ttOISpOTHOCTb BonHoaotta, rtte 

Qf3,. 
llna ttam.ae.llwero yttoiSao ssecTB aopMupoaaaHblll x nOToxy saeprltB nonepeqablll 

HMfiYllbC 

npuqeM aenHqaaa e71 

Pif 
vP 

ISepeTCSI B 

10'3 
;-- 8"f/ QA-( 1 ,...- ) 

9tlBHBil8lt <.~ ) , 
y MaT 

(~), 
VIVIBT 

(27) 

(28) 

Ha pBCo 7 npettCTaBneBa 3aBHCHMOCTb ROpMBpOaaHHOI"O BMfiY11bC8 OT rpynnoaoll CKo-

pOCTB ttn!l paanaq&bllt II B { •0 18 1 ablqHcneBBaSI no (jlOpMYne (28) C yqeTOM COOTHOWe-
4 

Hull (4), (18) H (24), lloiSpOTBOCTb Q B3SIT8 ¢laxcHpOaaHHOII H paBHOII 10 1 qTO COOT-

seTcTsyeT aaaqeaa~, oiSblqao nonyqaeMOMY sa npaKTBXe s ttHanaaoae 10 CM. 

KaK cnettyeT B3 pac, 7, a oiSnaCTH oqeRb M8nbiX rpynnOBbllt CKOpOCTell atjl41eKTHBBOCTb 

OTJtnOH8HBll pe3KO nattaeT, llaBHoe oiSCTOSIT&nbCTaO OIS'&liCHSI&TCSI T9M 1 qT01 R&CMOTpll H8 

poeT BOpMHpOB8BHOII Hanp!llK&BBOCTH "f/ npH {J -j# 0 1 ¢laKTOp1 CaSI38BBblll C 3aTYlt8RB9M 

BOnBbi, Sl BnHeTCSI ISonee cywecT&eBHb!Mo no o6e CTOPOBbl OT aaaqeHHSI {Jr- 0 BM&~ll 

MaKCHMYMbl JXn!l Pl..c , KOTOpble c yaenuqeaaeM 11 cMema~ca OT OCR opllRB8T (a qacT-

~ PiC 
HOCTH, ttna Manbllt 11 , uanpHMep, n • 10 MaXCHMYMbl ~ aacTOnbKO ISnaaxH x auatre-

HH~ flr•O , qTo MOI"YT ISb!Tb fi01t838Hbl B BCnonb3yeMOM MaCWTa6e), 

x) /18/ Hettaaao B.B.MoaTer~ yKaaan sa aoaMOlKHOCTb ISonee s¢l¢leKTHBHOI"O ucnonb-

aoaaHHll aJtcenTaacoa aonaoaotta nyTeM MOttH(jlHKanua onTuqecxoA cxeMbl KaHana. Opu &TOM, 

9CT9CTB9HB01 H3M&HSITCSI ycnoaltSI (26), 

15 



Ha pHC, 7 T8KlK9 ASBbl COOTB9TCTBYIOWH9 TO'IKH JlnH A/D • 4, e •0,8 B Q •10
4 . 

paCC'IKTSBHble no MHorosonuosoA Taopuu, Cpasueaue peaynbTSTOB uoxaablsSeT, 'ITO B pac- ~ 

CM8TpBB89MOM BBTapsane B3M9ReBHB {3r HM99T MecTO COBD8Jl9HB9 upH6nBlK&HBbiX 

KpBB&JX B TO'IB&IX JlSBRbJX BCIOJlY, KpOMe o6naCTB O'lallb MSn&JX rpynDOBbJX CKOpOCTall 

( fJr/< 5·10-s). 

*flo M; 

___/. 
-0,0+ -0,02 0 0,02 fl,fl+ alii 

}· 

Puc. 7, KpBB&Je uopMHpOBSHHoro nonepe'luoro HMnyru.ca 

B 3SBHCHMOCTB 0T rpyDDOBOll CKOpOCTB )tnB 

paans'IH&JX n 

16 

Hanu'lue MaKCBMYMOB y KPBB&JX uonepa'IRoro BMnyru.ca onpeAanseT npu 3SASRR&JX 

ypOBB& MOWBOCTB B AnBue BOnROBOAS JlBS ODTBManbBbJX 3B8'19RBH rpynDOBOll CKOpOCTB 

(M9HbW9 H 60IIbW9 syns), KaKOll 83 STHX ODTBMSnbBbiX rpynnOBbJX CKOpocTell OTJlSTb 

npeAnO'ITeaua~ MOlKBO peWBTb uocne 6onee TOBKoro Y'leTS PHAS AOnonRBTen&UbiX ~KTopoa, 

CBH38HB&JX C pa3BHilell B SKCeDTaHCSX B B nonep&'IBbiX BMDyn&CaX, C BSnU'IBeM BnB OTCyT

CTBB&M napa3HTHOll MOJlbl0 ot)ycnosneuaoll ABY3HSqROCTbiO JlBCnepCHOHHOll KPBBOll, 0ABaKO 

upH TSKOM DOAXOAG He peWaeTCH BOnpoc 06 S~~KTBBHOM BCUonb30B8BBB BonROBOJlS, 

B OTna'!ue OT nsaeliB&JX ycKopaTenall, B OTKnoaHIOmax CBCTeMaX B,'l, cenapaTopos 

aeo6xoABMO o6ecne'lBTb pelKBM pa60T&J ua upeAellbuoM no sneKTpB'Iecxoll npo'lBOCTB yposue 

MOlllHOCTB, TonbKO DpB STHX ycnOBBHX MOlKBO JlOCTHryTb BSB6on&mell DpODYCKHOll cnoco6-

HOCTB B,'l, cenapaTopa B 1 cneAOBST&nbUO, BbJCOKOll HBT&BCBBROCTB Ceuapupy&Mb!X 'lSCTBJl, 

Y'leT sneKTpB'lecxoA upo'luocTu oTxnORHIOmeA cacTeMbl BBnH&TCH O'I&Bb cnoJKaoA 

npo6neMoll, TaX KaK OilS B 3RS'lHTen&HOll CTeD9HB 3aBaCHT OT Texuonoraa B3~0TOBD9HB9 

H o6pa60TKB nosepXBOCTH, BSKYYMBOll raraeu&J B reoMeTPB'I&CKOII KOR~BrypauBB BOnBOBOAa. 

3xcnepBM9BT811bH09 3B8'l9RU9 upeA&IIbBOII R8DpUlK9UHOCTB ~aKC ADll ABS~SrMB-
/14/ 

pOBaHBbJX BOnBOBOAOB B ABSDa30R9 10 CM 6nB3XO K 200 Ks/CM • HCXOASI B3 STOll sena-

'IBHbl1 onpaAenBM DpeA&IIbftYIO MOlllHOCTb p MaKC H MaKCHMSIIbHO AOCTBraeM&JII DODep&'lRblll 

HMDyn&C (pj :c) MSKC , Bblp83BB DOTOK saeprBH 'l&p93 

(7) u (8): 

E MaKC' CornaCRO COOTHOW&RHSIM 

p = ~KC).)2 
24 -;z-

0 

(ka) 2 [(ka) 2 -3] 

(kaP + 4 (29) 

noACTSBnas B (29) np&A&n&Roe 3RS'I9HB9 EMUC A '"' 2 MB B paCCIIUTPBBSB 

B COOTHOW&HBHX (13 ), (28) B (29) 'laCTOTY ka KaK ftPOM&JKyTO'lftYIO nepeM&HftYIO, 

HaiiAeM 3aBUCHMOCTb p MaKC B ( P j C ) MSKC OT rpynnoaoll cxopocTa (eM. puc. 8). 

B pacCMSTPBBaeMoA o6nacTu aaa'leuall f3r np&AallbHaSI MOlllHOCTb p 
MSKC npaKTB-

'19CKB nuuel!BO M&BH&TCB C rpynnosol! CKOpOCTbiO (nyBKTUpBbl& KpUBb19), 

nn11 CpSBH&BUSI B o6naCTH flc..< 0 npHB&A&UO TSKlKe 3 U8'19BH9 MOlllHOCTR (38WTpR-

XOB8BUbiA Tpeyron&HHK), KOTOpyiO yAanocb BB9CTU B OTKnORHIOlllRA BOnBOBOA 6pyKXSB&BCKOro 

/15/ 
B,'l, cenapaTopa 

fpa~axu upeAen&uoro nonepe'luoro RMnyn&ca (cnnowu&Je KpRs&Je) cymecTaeu&o 

OTnU'lSIOTCR 0T COOTB&TCTBy!OlllBX JtpUBbiX .Ill£_ , DOKa3aBBbJX B8 pUC, 7, 06naCTb MSn&J:jl 
V,P 

rpynnOBbiX CKDpOCTell, rAe 3HS'I&HBB ( p f. c ) MSKC yM&HbWaiOTCB, BS pac, 8 3B8'lRT9llb-

UO WBpe, nng {Jr> 0 R p83DR'IBbJX ~UKCHpOBSHBbiX n npeAen&Bhlll RMDyllbC RM&eT 

nnoCKUe MSKCHMYMbl , Ha STOM lK& puc, 8 npeACTSBneua 38BHCHMOCTb (__!_) 
4 

(JJ:pBBaB 1), 
Bo 
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Pac. 8. 

WJ-IP- (ll 

1,1 

1,# 

,1.. ,W J41 

·41Jt ·41' 
.),. 

npaJl8nbH08 3H8'18HR8 MODIBOCTH ( DYIIKTHpBb18 KpHBbl8), DODape'IBOro 

HMDyiibC8 (CDROD!Bbl8 Kpl!Bbla) H OTBODI9HH8 ( a/a 0 )'f (KpBBall 1) 
KaK ~BKniiH rpynnoaoA CKOpOCTB. 

rile a
0 

- pallByc JlHacjJparM npa f3r= 0 • .llaaaaH aenH'IHHa npa c!JaxcapoaaaaoA llRHBe 

aonaoBolla nponopnaoaan&aa ero nponycxaoA cnoco6aocTB (paaaoA npoa3BalleBI!ro aepTa

Kanbaoro a ropa3oaTam.aoro axcenTaHCOB) : 

M = 1/3 ( 2.o ) ' ( _!_ ) ' ~ 2• 
>. a 

0 
n 2 (30) 

TO'IXaMH o603Ba'I8Hbl 3B8"118BBB (ala 0 )' , RORY'18HBbl8 DO CTpOroA Teopaa llRB 

A/0=4 a §--0,8 • B o6naCTR -{),02 <{3 < 0,06 aa6nronaeTca xopowee cornacae pe3yiib-

TaToa OllBOBORHOBOro DpR6RRlK8HBH R CTporoA T80pRH. 8 STOM RHT&paane B3M8B8BIIII 

rpyDROBOll CKOpOCTB B8nJI'IBB8 (ala 
0
)' C O'leHb BbiCOI:OA CT8R8HbiD TO'IHOCTB ODBCbiB88TCH 

naaeAaoA c!JyaxnaeA 

(...!...}. ~ 11 {3 + 1 
ao 

18 

HCD01Ib3Yll peaynJ>T8Tl>l , DpBB&Il8BHI>Ie Sa pac. 8, MOlKIIO DpOB3B8CTB Ollll03118'111b1A 

Bb160p ODTBNanbllbiX D8p8NeTpOB Borui0BOil8 KaX OTXROII$11011leA CHCTeMbl. 

B xa'leCTae npaMepa pacCMOTpBN o6naCTb f3r> 0 • Hanaue nnocux MaXCBMyMoa 

y KpBBblX ( p j C) NSXC DpB 3aJlaiiJIOM D o6eCD&'IBBaeT OTIIOCBT811bll0 CB060il!lb1A Bbi60p 

rp)'DDOBOI CKOpOCTB. Onaaxo CTpeMR811B8 X YM811bW811BID pa6o'lero ypOBIIII MOIIIIIOCTB (nyn

TJIPH851 Xpl!Ball 118 pac. 8) DpHBOiliiT X 11806XOiliiMOCTB CIIHlKSIIIIH {3 r • 8 X8'1&CTB8 KOMDpo

MHCCa MOlKIIO Bbl6p8Tir 311a'laHBSI (p l,.c/ MSXC 118 YPOBII8 0,95 OT MaXCBMyMOB COOTBeT

CTBYIDIIIBX XpHBbiX B CTOpoay M8Rl>IX rpynDOBbiX CKopOCTell. 3TBN TO'IK8M 6yQyT Ollll03118'1-

110 COOTB8TCTBOB8.Tit 3Ba'I811Bll p 

xaK ciJYIIKDRR llRIIIII>I BORBOB01l8 8 

MSXC {3 r B M , KOTOpble MOlKIIO Dp&llCTaBBTir Tenepb 

3aBBCBMOCTB ( ~c >.c-c p R !If 
Ill8KC ' 1-'rB - (DyBXTBplll>l& 

,\2 
( CDROWBall XpBBall ) , 

KpRBb18) OT n ll8Hl>l B8 pac. 9 • .llRII OKOR'IaT~ROrO Bb160pa pa6o'leA TO'IKB Ha STBX 

XpBBbiX He06XOilBMO ¥1laTb DpOilOIIbKbiA IIMnyllbC p o Cenap11p78MblX 'ISCTHD B BOCDORb-

30BaTbCII ycnoaaeM (266). Bena'IBIIy a!>. a npaaoA 'ISCTB ypaaii&IIBH (266) MOlKIIO C'IB-

a • ----
TaTb nocToHHaoA, Tax xu a/.\ cna6o ( T •V.llf3 + 1) aaBIICRT OT Pr • nonolK!Iw 

T = ~ •0,2756, 3a11BlK811 TQM C8MblM 118 II&CXOnbKO DpOD&IITOB aD&PTYPY BORIIOBOila. 

np11 STOM DP&IlDOROlK8BBII 0 COrn&CHO (266), Pl C II n llRII c~Jl!XCIIpOBaHIIOrO 311a'I&IIIIH npo-

Jlonbaoro BMnyiibca Po 6ynyT call3aH!>I ranep6ona'lecKIIM aaxoaoM. To'IXB nepece'leBI!a 

rBnep6on C KpHBOA ( P l C ) 1\l&XC Ra pRe. 9 onpell&RJIIDT pa60'IYID TO'!Ky (ODTHMan&llbiA 

nonep&'lllb!A HMDYRbC H llRBBy BORROBOila), a nepeCe'I&HIIJI DyiiXTBplloA DpHMOA, DpOB&Il&B-

HOA B3 pa6o'I&A TO'IXH, C XpBBblMII p , f1r II __!__ ll8IDT pa60'III8 3R8'18BHB STHX 
MSXC ).2 

napaMeTpoB. KpHBble onTIIMaiibBbiX napaMaTpoB a aaBIICHMOCTB OT aerur'IIIHbl npononbaoro 

BMDYRbCS '18CTHU, Bbl'IHCRaHBbl8 DO ll8HHOA CX&M&, DpHB81l8Bl>l 118 piiC. 10. 

Cpa&RHM o6naCTH {3r> 0 H {3r< 0 • HanpHMep, llRII f3r> 0 B DPOilORbROro BM-

DyRbC8 Po •10 fsB/C ODTHM8nbBbiMB napaMeTpSMH JIBRJIIDTCB {3r•0,0195, p MSX;20,5 MBT, 

(piC ) •20,4 MSB 8 •31,7 B M/.\
2 

•0,238 MKCTep (eM. pHC. 10). ,llna STHX lK8 :.!, M8KC 

3HS'IeHHA DOnepe'IHOrO HMDyRbCS R ypOBHH MOIIIBOCTH B o6naCTH t\;. < 0 COOTB8TCTBYID-
2 

mae napaMeTpbi paBRbi: f3r •-0,0217, n •25,5 a M/,\ •0,226 MKCTep. Taxoe JKe nono-

lKeHHe BMeeT MeCTO a llRH npyrax npOilORbHbiX HMnyiibcoa, OTKYilB cneJlyeT npaxTH'Iecxas 

p8BH03HS'IHOCTb o6eax 06RSCTeft rpynDOBbiX CKOpOCTeA. 

CTporaa TeOpHII BHOCHT DODpSBKy • 10% B 3H8'18HHH ODTHMaRbHbiX napaMSTpOB IJ.C , 
p , f3r H YM8HbW88T B8RH'IHBy nponyCJtHOII CDOC06ROCTR npR6RH3HT8RbHO RS 40%. 

Ecna y'leCTb, 'ITO B onpeJleneaaa npo6o11Rb1X ycnoaall HMeeTCa 3HS'IHTanbaaa aeonpenenea

HOCTb, TO 06aCD8'1HB8&MyiD OJlHOBOnJIOBblM RpH6RHlK8HH8M TO'IROCTb MOlKHO C'IHTSTb BRORH8 

YllOBneTBopaTenbaoA. 
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PRe. 9. 0nTBMilni>Bbl8 napaMeTpbl OTJCnoasnomero aonaoao.lla B 38BBCHMOCTH 

OT npO.IlOni>BOrO HMnyn~oca cenapRpyeMbiX '18CTHilo 

20 
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, _ , 

1 

, r
1
-- I '-

: ,_- ~ 

I'? II t-1-+-~-~\ 
' : 

lrll+O--

- ! J 
i 

0 fO 20 JO 

P~ (t;6/c) 

Pac. 10. 0nTHM8III>Bbi8 napaMeTpbl oTJCnoaaromero aonaoao.lla B 38BHCH

MOCTH OT npo.llOIII>HOrO BMnylii>C8 Cenapapy&MbiX 'l8CTHU. 
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