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ONMTUYECKUHN METOJ MCCJIEIOBAHHUS MOTOKOB
BA3KOHU HEC)KUMAEMOWH XUIAKOCTH

} B. JI. 'epman, '{A A. JlazebHbLi

B paGore paccmatpuBaercsi BO3MOXKHOCTb NPHUMEHEHHSI ONTHYECKOTO
MeTOJa H3yueHHsl HampsKEHWil K MOTOKaM BA3KOH kuaxkocTH. Ilpu nBuike-
HEH BSI3KOH KHAKOCTH BOSHHKAIOT HANpsiKeHHs, NPONOPUHOHANbHBIE KOM-
noHeHTaM TeH3opa ckopocreil pedopmaumu V Ilpu V s O (. e. uckmouas
cayyail HeNMOABHIKHON HJIH ABIKYILEHCs KakK 1esoe XKH/AKOCTH) MOTOK BA3KOH
HHAKOCTH TNOJ AEHCTBHEM HAanNpsKeHHH CTAHOBHTCS ONTHUYECKM HEOJHOPOJI-
HBEIM H AHM30TPONHBIM, IO3TOMY MNPHHIHNHAJILHO BO3MOXKHO HCCJEIOBAHHE
N0TOKa BS3KOH XKMAKOCTH ONTHYECKHM METOJOM aHaJOTMUHO TOMY, KaK 3TO
ocyuecTBasiercss B (oroynpyroctd u ¢oronsactuyHoctu [1].

Tak Kak mpu NpOXOKAEHHH 3JeKTPOMATHHTHON BOJIHBI Yyepe3 MOTOK IH-
JIPoAMHAMHYECKAas KapTHHA He HCKaxKaercs (NpPU OOBIYHBIX 3KCIEePHMEHTAJb-
HBIX M3MEPEeHHsIX THAPOAMHAMHUYECKHX XAPAKTePHCTHK B INOTOK XKHIKOCTH
BHOCSITCSI BO3MYIUEHHS, KOTOPble HapyIIaioT FHAPOAHHAMHYECKYIO KapTHHY),
TG PErHCTPalHsi TAaKOH AHHM3OTPONHHU SABJSETCSI UYYBCTBHTEJNbHBIM METOLOM
Ha0J/1I0leHHsT H MOXKeT ObITh HCIIOJAb30BaHa, HAPUMeEp, /151 H3YUeHUSI THAPO-
JIHHAMHYECKOH yCcTOoHYHBOCTH. COOTBETCTBYIOLINE 3KCIEepHMEeHTa bHble H3Me-
peHusi Oblnu npoussedeHbl Beinannom [2] M nokasanu, 4TO 3aBHCHMOCTD
ONTHYECKHX XapaKTePHCTHK MOTOKA OT THAPOJHHAMHUYECKHX NapaMeTpoB
SIBJISIETCS: XapaKTePHOH /ISl TOTO MJIH MHOTO peXHMa ABHIKEHHS KHIKOCTH.
Tak, nns maMuHAapHOTO pexHMa JBHKEHHSI ONTHUECKHE XapPaKTePHCTHKH §B-
JSI0TCS TJIaAKUMH (DYHKUOHSAMH THAPOAMHAMHYECKHX MapaMeTpoB, TOraa Kak
AJIS1 pekuMa, KOTOPBbIH HACTYIMJI IIOCJE MOTePH YCTOMUMBOCTH, HAa COOTBET-
CTBYIOIIUX 3KCIE€PHUMEHTaIbHbIX KPHBBIX TOSIBJIAIOTCS H3JOMBI, KOTOPbie CBH-
AETeNIbCTBYIOT O CPABHUTENHHO OBICTPOM H3MEHEHHM ONTHYECKHX BEJHUYHH
B OKPECTHOCTSIX COOTBETCTBYIOUMX 3HAYeHHil THAPOJAHHAMHUECKHX Tapa-
METpOB.

B nannoii paGote usyuaercst Xapakrep NOJISIPU3ALMH 3J€KTPOMArHHT-
HbIX BOJIH (BHAHMBIH CIEKTpP), PacnpoCTPaHsIOUIUXCS B [OTOKE MKHAKOCTH
pH JIAMHHADHOM peXHMe [BHKEHHMs H NPH peKHMe, KOTOPBIH HACTYMHJ
Nocje NnoTepy yCTOHYHBOCTH, T. €. HCCJEAYIOTCS peuleHHss ypaBHeHHii Mak-
CBeJJIa IIPH 3aJaHHOH 3aBHCHMOCTH .:;(17).

Paccmorpenne onTiyecknx xapakTepucTHK KakK (YHKLHA THAPOAHHAMHU-
AECKUX MTapaMeTPOB NO3BOJISIET AETAbHO NMPOCAESHTb 3a H3MEHEHUEM THAPO-

JHHAMUUYECKOH KapTHHBI H CPAaBHUTH NIOJTYUEHHbIE DPEe3YyJbTaThl C 3KCIEPH-
MEHTOM.
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1) OGwuii Bua 3aBucuMocTH I ot V. YcaoBus coBmecTHOCTH s &

Onrthueckass aHU30TPOINHS B NOTOKE XKHMAKOCTH XapakTepuayercs 3a
BHCHMOCTBIO TEH30pa AHJIEKTPHUECKOH MNPOHHILAEMOCTH E or TeH30pi
BA3KHX HaNpsKeHHH P, wiu, 1aK Kak P HHEHHO BHPAXaeTcs 4yepes TeH
30p CKOpocTeil aedopmauuu V, 10 E moxuo paccMaTpuBaTh Kaxk (QyHK
uuio V. [Mpeanoaoxum, uro F, — aHaqMTHUCCKAS ¢yHkuus V, He 3aBH

csilllasi IBHO OT MNPOCTPAHCTBEHHBIX KOOPAMHAT M BpeMeHH. JlomycrtHy
TaKKe, UTO B NOTOKE KHAKOCTH HET WCK/JIOUHTEAbHBIX HAlpaBieHuil (cam:

AUAKOCTb ONTHYECKH W30TpOnHa). Pasnoxum I B psix no V:

EWV)=(e, + ap) [+ a, V+asV?+ ... +a,V + ... (1.1

Kospduuuentsr ax B pasdnoxennn (l.1) sBasiorca ckaasipamu B CHJY
HPeANoJOKeHHss 00 OTCYTCTBHM MCKJIOUHMTEJNbHBIX HampaBJeHHH B IOTOKe.
Henoabsys reopemy [amuabrona-Ksau u treopemy ['mibGepra o0 mHBapHaH:
TaX T€H30POB KOHEYHbIX PAHIOB, NOJYUHM OKOHUATEJbHOE BBIpazKeHHe s I
KaK (DyHKUHH V.

E(V):[% +a(ly, 1, 13)]'1"1:'.8([1’ 1, Iy) t/+Y(11' e 13)‘721 (1-2}.

rae a (1y, Iy, I3), p (1, 1o, 13), 1 (11, Is, I3) — anannTHueckue QyHKIUUN II1aB:
HbIX HHBapuaHToB TeHaopa V/, a ¢ / (/ — eAMHMUHBII TEH30pP) XapakTepH-
3VeT JIH3JEeKTPHUeCKHEe CBOHCTBA HEMOABUKHOM JKHIKOCTH, T. €.

lim E(V)=¢,-/
V.

rage () — HyJaeBoil TeH3op.

; JI1st maMHHapHBIX IOTOKOB BS3KOH JKMAKOCTH, KOTOPhIe XapaKTepuay-
10TCs1 HeOOMbIIHMY TpajJHeHTaMu ckopocrteil, n3 (1, 2) umeem, orpaHHuYHB-
WHCh YyJeHaMu nepporo mnopsiaka mo V,:

~

E(Vy=¢ I+ 2\ V, (1.3)

rjae A, — TaK HasbiBaeMas AHHAMOONTHUYECKAsi NOCTOsIHHAsS], KOTOpasi Onpe-
JesieTcsl dKCHnepuMeHTa bHo [3].

Otmetuwm, uto unen g/ B (1, 2) u (1, 3) 3HauuTeNILHO NpPEBBHILIACT M0
BEJIHUMHE OCTaJbHbIE YJIeHbl NpaBblX yacreil Bbipaxkenuit (1, 2), (1, 3), Tax
KaK H3MeHeHHe JHAIJEKTPUYECKOH NPOHHUIIAeMOCTH NOJ BJAHAHHEM BSABKUX
HanpsiKeHui 06BIUHO MaJo. "

Bephemca k coorHomenuio (1, 2), npuuem B KauecTBe OIpeLesIOLIHY
HHBAPHAHTOB BO3bMeM Oas3ucHble uHBapuautbl [y, [y, Is.
Torna

B=le,+a(ly, Iy I +BU; L IV +vUp Ta 1) V2. (1.6]

Paccvorpum cayuait necxumaemoil KHAKOCTH, Toria /, —divV =0 i
(1,6) umeer Buj

E=[e, +ally I)-d+8Us ) V41U, LYV (1.7)§
BB(.’JL(‘M CJeAVIOUIHEe HOBBIE 6a3ucHwie HHBAPHAHTLL: }

PR - WL F—

BTG i o : i
Gr =20y g =24 Vi, 3=,V Vi3 (1.8)
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8, M &, ABAAIOTCS CMEIIAHHLIMH WHBapHanTamu Ten3opoB E u V. Buipa-
aum o, B, 1 uepes Iy, I3, &;. Jlas storo ceepnem (1.7) mocneaosarenbho

c I, V, V2. Toraa noayuum

6)

g} |

8)

I‘C'3 =35 +a)+ 121
Ga=1 1 Y
i (1.8)
ls (o + )+ B+ 5 7. ~
Otrcioga Haxomum «, B, |
=g ta
a; =Dy & %—B (1.9)
Y
rae Tensop ¢ onpepeasiercsa CAeAyOLIUM 06pa3oM:
(L2 2L,  —205 )
— 62 I3 —6I2 I3—6/
21,1 —4 -6l
(D-: 243 5 3
BE—6Ek T3—6I2 T3—6R da)
i R 1 617,
} B—6 B — 6/2 13—613}[
[MoncraBasas (1,9) B (1,7), moayuaem
E(V)=®y 8,1+ Py 6,V + DuE V2. (1.11)

CaenoBsaTenbHo, €BA3b MeXAy ¢ M V B oblieM ciyuae CTaHOBUTCH
NOJHOCTBIO OMPEAEJNEHHOM, ecan 3aJaHbl QyHKIHUH

81=f1(129 /3)' 82=f2(12, 13), G35 = fn (12. ];) (1-12)

9TH QYHKUMOHAJAbHBIE 3aBHCHMOCTH €CTeCTBEHHO HA3BATh WHBAPHAHTHHEIMH
YPAaBHEHUAMH COCTOSIHMA [4].

[Ipu pacCMOTpPEHHH COOTBETCTBYIOIIEH 3/MeKTPOAMHAMHYECKOR 3axayM
IOJIXKHBEI ObITb H3BECTHBI &, Kak GyHkuuu V. PyHKUHH ;. onpene-
AFI0TCA M3 JKCMNEePAMEHTa, NMPUUEM YacTO OHHM ONpee/SIOTCA H3 HEe3aBH~
cUMBIX u3MepeHuil. TakuMm o06pa3oMm, OpH NOJHOM HCCAENOBAHHH &£ 32~
JAI0TCA B BHJAE MIECTH HE3aBUCHMBIX (QYHKUMH. DTH (QYHKIUHMH OJHAKO:
He MOTYT OBITh sanaﬂbl NPOU3BOJBHO, YTO BHAHO M3 cooTHowenus (1,2).
Vv, 8 oV,
9. dX,
TPH He3aBHCHMBE KOMMOHEHTH CKOPOCTH JKHIKOCTH, TO MIeCTb KOMIO-
Hewt V), a, 3HauUT, M &, He MOTYT ObLITb HE3aBUCHMBIMH (DYHKIHUAMH

Tak xak V,,= 5 ( ) T. €. BeJMYHHbI V,,,, BHIPAXKAIOTCS Yepes

‘KoopauHat. BosHuKaer BOMPOC 06 yC/JAOBHSAX COBMECTHOCTH MJs & HJH

A Vlm AHAJOTHYHBIX YCJAOBHAM COBMECTHOCTH HAJ4 KOMHOHEHT Tensopa

Jedopmauun B MeXaHMKe yNpyroif cpeiasl. YCAOBUS COBMECTHOCTH s V
MOXHO MOJYYHTb H3 COOTBETCTBYIOLIMX YCJOBHA COBMECTHOCTH AJsI TEH-

(G, — ), xOoTOpHIE CB3aHB C YCJAOBHAMH [

G, =(gix), onpeneasionlero METPHKY B €BKAM-

sopa jaepopmauun U = 5

(GyH1aMEHTaNBHOTO TEH30DA
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J0BOM TMPOCTPAHCTBE, M HMelT BUA [5]:
Rﬂ;t == (),

| Rizim =0),

; rae Ry — rtensop Prmana-Kpucroddes.

B tepmunax U pasenctBo (1,13) npHBOAMT K YCJIOBHAM COBMECTHOCTH
k 1151 Uy, VI3 3THX YC/IOBHE MOMXKHO [OJYYUTH YPaBHEHHsI COBMECTHOCTH
ans Vie (cm. [5]):

0* vkm s 5 ‘
axldxi . dxk de dxldxm i ()Xk o)(i ol O (1 : ] 4)

(1.13)

& Vy O*V i 0PV,

{ [Toayunm Ttenepp ycaoBust coBMectHoctd jasi K. llpeanosoxum,
: __D(sllr Si2) Siyr S2a, 23, Ey3)
D(Vn’ VIZ’ Vl:;’ V22’ 4 V:J3)
audyen ot Hyas. Toraa V MOXHO, B CBOIO Ouepeib, paccMarpHBaTh Kak
! dGynkuMio : u npeactaButh B dopme, anasornunofi (1,2):

uyt0 B coorHowennn (1,2) sixobuan oT-

23

V=2gys Jo J)- 1+ @y, Jo. T)E+gulJ s Jo J)B,  (1.15)
] riae Jq, Ja J,—TNaBHBHE WHBApPHAHTHI E.

fMoacrasasa (1,15) B (1,14), moayuaem He/uHeliHble ypaBHEHHS COBME-
CTHOCTH /118 KOMIIOHEHT &4

t 9 3
5505 [go(Ju Jo, J3)°,.m+g1(‘/p Js, ‘lii)akm+g?(jl' Jav I3) epnan ]+

9
|~

+ Oxn 0% 8 (Vi Jao Jo) 8+ & (Jy. Jos Is) eyt guld s Ja, Ja) e putui] —
0° 4
—W(go(Jl. Joy J) 0 - &y, Joy Iy e+
0° 3
-+ & (I, I, J;‘)Ekasu;]—mlgo 1s Jos J3) 30 -+
i & (']l' J'.’.’ J:;) Sim 1 &2 (le Jﬂv J3)el’te’“'l] =0 (llb)

s EE TN

IipH ManbIX rpajgHeHTax CKOPOCTH MOXKHO HCIOJBb30BaTh cooTHOmeHHe (1, 3),
TOTAA YCJOBHS COBMECTHOCTH HMEIOT BHI:

{ 0* Shm 0* € o0° Chi 02 B’ T
| Han I e wh Gh (1.17)

1 2) PeuleHne 3NeKTPOAMHAMHYECKOH 3aJayu AJs JAMMHAPHOIO NMOTOKA
BA3KOH HECXKHMMaeMOii XKHAKOCTH MeXAY KOAKCHAJAbHBIMH UMIMHADPAMU

Jas naMHHapHBIX MOTOKOB MKHUAKOCTH MOXKHO OTPAHHUMTBCS COOTHOLLE-
nuem (1, 3) u torpa cucrema ypasHenuii MakcBea/1a 3anuIIETCS] B BUJLE

‘ -

‘%%—? = —r0ot £

| @ (2:1)
'—1~-0—1—-)—=r0t;1

| ¢ ot
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Cucrema ypaBunenuit (2, 1) sBisieTcss HCXOAHOI A5 AaJibHeflero pac-
cMorpennst 3agaud. OTMeTHM, 4TO KOMIIOHEHTHI TeH30pa € B ofLleM cjyyae
ABNSAIOTCA (DYHKUHSIMH MPOCTPAHCTBEHHBIX KOOPAMHAT H BPEMEHH, IMO3TOMY
HEJb3sl MOJIYUHTh peuieHHe cucreMsl (2, 1) B obuem Buae npu COTBETCTBYI0-
UIHX HAyaJbHbIX H TPAHUYHBIX YCJAOBHSX, TeM 6oJiee, uTo HaxoxaeHue V cBs-
3aHO € PAacCMOTPeHHEM HeJHHEHHbIX ypaBHEHHH THAPOAHHAMHKH, KOTOpPbBIE
B 0o0mem cayyae He pemeHbl. OaHaKo, (u3Hueckasi MOCTAaHOBKA 3afayu MO-
3BOJISIET B HEKOTOPBIX CAy4yasix MPOBECTH 3JEKTPOJHHAMHUECKOe HCCJeI0Ba-
HHE 10 KOHIIa, HCHOJIb3Y$S YIPOUIEHHS, KOTOPble CBSI3aHbl ¢ (PU3HUECKOH NMpPH-
poIoil paccMaTpHBaeMOH 3amauM.

JKCNePUMEHTA/IbHOe HCCIEA0BAHHE MOTOKOB KHIAKOCTH TPOH3BONHTCS
NPH TOMOLILN OYeHb Y3KHX IYYKOB MOJsIPH30OBaHHOrO CcBeta, a V u, caenosa-
TeJbHO, K SBJSIOTCS MEIJIEHHO MEeHSIIOUHMHCS (PYHKUHSIMH Ha PaCCTOSIHHSIX
NMOpSIAKA JAJIMHBl BOJHBL. JTO JaeT BO3MOXKHOCTb MNPEXNOJOXKHTb, YTO
B OKPECTHOCTH JaHHOH TOYKH MJIOCKOTO IOJsI cKopocTelt Ae(opMaluu HMeer-
Csi OIHOPOJHOE pacmpesie/ieHne ckopocTeil 1edopMaunH, YyTo NO3BOJASET Pac-
CMaTPHBATh 3aBHCHMOCTb I OT COOTBETCTBYIOLHX KOOPAHHAT KaK mapamer-
PHYECKYIO H CBECTH 3JIEKTPOAMHAMHYECKYIO0 3ajauy K 3ajgaye O pacmpoctpa-
HEHHU NJIOCKHUX BOJIH B IOTOKE JKHUAKOCTH, KOTOPbII MOXKHO paccMaTpHBaTh
KaK Cpejly, HeOrpaHHYEHHYI0 B IJIOCKOCTH, TIePINEHAHKYJASIPHOH HampasJe-
HHIO PACIPOCTPAHEHHS JEKTPOMATHHTHON BOJIHBI. 31€Ch YUTEHO, uTO, Bpe-
Msi, OT KOTOPOTO SIBHO 3aBHCAT KommnoneHTbl K uepe3 V, mpu pacnpocrpane-
HHH 3/JIeKTPOMArHHTHOH BOJIHBI B MOTOKEe XKHJIKOCTH MOXKHO CUMTAThb (DUKCH-
POBAaHHBIM, TaK KaK XapaKTepHOe BpeMsi H3MEHeHHs THAPOAHHAMHUECKHX Be-
JUYNH 3HAYHTENbHO OOJbII€ XapaKTepPHOro BPEMEHH H3MeHEHHs 3JEeKTPo-
MarHUTHOTO IOJISI MPH INPOXOKJIeHHH uepe3 noToK. IloaTomMy onThueckyio
KapTiHy MOXKHO PAaCCYHTBIBATH KK CTATHYECKYIO, T. €. HE YUHTHIBATb H3Me-
HeHuit V, NPOUCXOASIIIMUX 3a BpeMsl NMPOXOKACHHS JeKTPOMArHHTHOH BOJIHbI
yepes MOTOK ZKHAKOCTH. :

PaccMoTpuM Temepb yCTAHORHBILEECS MJIOCKOMapaJijesitHoe KpyroBoe
ARHKEHHe BSI3KOIl HeC:KHMaeMOIl KHMJAKOCTH B 3a30pe MexK/1y ABYMS KOHIEH-
TPHUECKHMHU LUJIHHAPAaMH paanycoB R u R,. I[lycTb Bpauiaercst ToJbKO BHYT-
PeHHHH LHJAMHADP, YIVIOBYIO CKOPOCTb €ro BpalleHHsi 0003HauuM uepe3 Q.
Torna exuHCTBEHHO! OTJNIHUHON OT HyJst (DU3HYECKOI * cocrtaBasioUlel TeH-

sopa V oymer Vi

RIR;
V,g:—-Q—,,———;—-—?—é—
IS5 (RQ’_R])
; : <, R+ R,
Ecin 3a3op Mexay uuwiaunapamu maga, T. €. d=R;— R, & —5— ST, 10
NpUGIHIKEHHO KOMIOHEHTY V. MOXHO MOJOXHTb DaBHOI
R3 _
Vig=— =const. (2.2)

“B_R

# (duanyeckHe COCTABJISIOLIHE BEKTOpa HJH TeH30pd B OPTOI‘OHaJleQH KPHBOJIHHQHHOH
CliCTEME KOOPIAHHAT —= 3TO COOTBETCTBYIOUIHE COCTABIJAIOMIHE NO OCAM EE’KEPTOBOﬂ CHCTEMBI
KOOpIHHAT, COBTIANA¥ONINM € KacaTeabHBIMH K KOOPJIHHATHBIM KPUBBIM B paccmarpmaeuun
TOYKe,
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Toraa Beipaxenue (1,3) ana E 6yner cieayiomum:
( A QR? )
5 P e R
E = MRR2 : 0 (2.3)
RI—R: ih
L 0 0 g/

PaccmorpuM Hopma/dbHOE NajeHHe MJIOCKOH 3/J1€KTPOMArHHTHOH BOJIHbI
Ha MnoTOK »kuakoctu. [lycTs HanpaBJeHue pacmpoCTPaHEHHSI COBHAgaeT
C OChIO HHJAMHAPOB z. B 3TOM ciyuae E u H MOXHO CUMTATh (DYHKIHSAMH
TOJIbKO 2, ¢ W CHCTeMa ypaBHeHHWiHl MakcBejia MUMeeT BHUX:

#E, 1  OE 1 MR 6%E,

32 TSR TAR—R oA O

Eo 1 BBy A M SRR (2.4)
PR VR T BRI e s e
| E.=0.

OTBrekasdch OT paccMaTpUBaeMOH 3ajauM, HaiigeM CKOpPOCTb pacmpo-
CTPAHEHUS 3JIEKTPOMATHHTHOTO BO3MYILEHHS, KOTOPOE OMHCHIBACTCS YpaB-

HeHUAMH (2, 4). [lns aToro BBeaeM MOBEPXHOCTH (I)(r t) —0; KOTOpaﬂ oTze-
JileT B MOMEHT BpeMeHH ! 06JacTb, B KOTOPOil MoJie OTAMYHO OT HYJS, OT
o6siacTH, B KOTOPOH NOJS HET (HOBerHOCTb MOXKET pasjaenasitb o6Jactu
¢ pasubiMH pexumamn). Taxkas moBepXHOCTb Ha3BIBAETCH (POHTOM 3JEKTPO-
MarHuTHOH BOJHBL. CyllleCTBeHHOE CBOHCTBO 3TO# MOBEPXHOCTH COCTOUT
B TOM, YTO pelleHHe ypaBHeHH# (2, 4) He MOMKET ObITh HEMPEPBIBHO MPOLOJ-
JKEHO 3a IOBEPXHOCTb pasphiBa.

PaccMOTpUM CHJBHBIH PaspbiB, T. €. PaspeiB caMoii (GYHKIHH

3 f ll

E=FE.U(®) +EU(—®), (2.5)
l ll

rae U'(E)—eﬂHHHqHaH dyHKUHus, a E, E XapakTepU3yloT MOoJs Chpasa
3 | I

M CJeBa OT NOBEPXHOCTH pa3pHBa, npuueMm oaHo u3 £, E' Moxer paB-
HATbCA HyJa10. Torna

Ty 0 2E; E; AR |
T e U@+ 55 o2 U(‘q’) Ngs & B e i

B> Y oD 0*d
+ l (@) 5 ® L <E>Y (@) (—~) <E>3(®) gz, (26) - |
PE_ 62EL PE /aE‘\ oD f

OKE;)\ o7 2
Vbt (@) dt b <Ep> (<b)( )+<E‘>:(¢) a,_

rje cxomm <'--~_> 03HAUAT CKAYOK.
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[lojcraBadaa Ha#iieHHBIE hpouasonnue B ypaBHeHuC (2,4), umeem:
I 11 1l
[ﬁub&ﬁ%~?pmﬂ%u%%%
-—}[—-—-
T o B
e | R
Kot <ed s
S <E,,/(«Ot~)2}a' (@) =0; (2.7)
T T R R T Y

| 922 ~ @t or Tt on ]U("’)

it 1
*Ey 1 0*Ey 1 0 E
A ot T St S LR e A4
022 P & LT A ]U( P) -

. L[/a}sa\m \Eo>oq> Pipas
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i~
g on N, 3B (a>I2)
\Tot / o o NS
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1 / 0E,\ 0P 6\5,/acb / .\ 0°®
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Ipeanonaras, yto (2, 7) BBIMTOJHSETCS TOXK/AECTBEHHO. MOJYUYHM, MPHPABHHU-

Bas wyao kos(dummentsr npu U (M), U(—), 6(®), 8 (D), caeayoutne
COOTHOIeHHSL:

1 1
1 L0, " ‘1 . -0k
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