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NPEOUCITOBUE

ARTOD MCTOAMYCCKHX YKA3BHHI MHOTO JICT 9ATAT JICKIHA W nc.n co-
MPIIM))\"KFP ABUATHS no Kypey ”Mevm;w marevaTHaeckoi Guankn" e
J o yitm-
Bepentera uMeHn B. H. Kapa':mm.

B ommune or ApYrAX YHHBEDCHTETCKMX MATEMATHUECKHX KYPCOR,

TYACHTOR ¢ BHITRCITI
(mdbd HUT M TA.) B Kypee MATCMATdie-
(‘Koﬁ d)n:mxn VAT CRBTS, K DEILATS, 3887, OTIICHBAIOIIE PCATHHLIE
i = ¢ ¥ ). ana-
i CTATHCTHKH.

no dusnka ),

e, 0cOBCHRO ¢ TIOAPOONOH PA3PABOTKOH MCTOJOR DOLICHAA 3344, TPaK-
THueckn ner. Janme + yKenanms .
aror poben.

B nepROM PARACAC IPOROATCS KIACCHHKAIAS YPORHCH B HaCcTHEIX
TPOUABOMILIX RTOPOTO NOPAAKA 1A HYITKIMY ABYX MePEMEnibiX, pac-

# MeTOABI HX K it bopme, obicy-

KIACTCA BOMPOC O THIIAX KPAEBBIX 3384, UX MATCMATHIECKOH (opmy-
mpoBKe.

Bropoit pasnesn MeTony s pe-

1EeHNs Kpaespix 3a/1e0. [1aBa A paszena NocBALICHA OAHOMEPHBIM 3a,(a~
wam. DTH 3aJ@YH T HAYIEHNS METOJOB WX pellienst CAUEIS IpoTaie;

Y xopowo crynentam ¢ To-
ITOMY HMHIO Ha YTHX 38/iatiaX MBI 0TpabaThibaem m'm/u:x pemenwit
¢ B 3a1a4. Cradana pemaores
TEPRAA W FTOPAS KPALHLIE J8/a%H ¢ OAUOPOAILIMH TPATHIITBIMI YCiio-
3aTeM — ¢

BHSMH, 3ATeM — ¢ rp
HCO/IOPOJIHOCTBIO B YPABHCHHI.

Ilo rakoit xe cxeme s nianax B n C peinaiones GpocTPaHCTHCHEBIE
sapaun. B rmase C 3JIBYH C
€ TAKO/i XK€ MOCIC/IOBATENBHOCTBIO YCTIOAKHOHHSL. OILHBKO 3iech Gombuie

HOBBIX — - byFKmwmit,

BOIHMKAIOWMX TIPH PEIICHHH ITHX 33184, TO0YHCHB YCIIOBKS OPTOTO-
HANBHOCTH W KBAAPAT HOPMbI abopa (yIKInil. PEIAIONMX TepByio 1
BTOPYIO KPaeRbIe 30/1a%H.
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Paazngenl
10 yp 3 dopme:
¥p nam 2-x u (2,9)-
Tnapa 1.

Vponwenwe [1-ro MOpsKa, THHEAROE OTHOCHTEIIRHO CTAPUIMX NPOR-
BOAHBIX:

Ugytigz + 2819Uzy + G2ty + f Uz, Uy, 0, T,Y) =0 {11)
TIPHBOJITCS K bopume or cTapimx
HBIX 1O CXeMe:
a) O OANAcTH T CTH, SMTUITAYHOCTH W Dapa-

HOARUNOCTH (ITO TWINR - TPARWIA MOKY JARYMA TCPRBIMH obaacTs-
Mit). List 57000 NaXOAATCA OOAACTH, 110 KOMOHIAIMA koadppramon
» ypanenuy (1.1) umeer 3HaK:
2, — anan > 0 - 0GIACTH THITEPHOIHTHOCTH,

D = a}, ~ anaz < 0 - 00J2CTh ANUITAYHOCTH,

D = aly — aaz = 0 - obnacth (M) mapabomriocTy.

) COCTABAM XaPAKTEPHCTHYOCKOE YPABHCHHE 1O CXeMe: {30 ypae-
HCHHC B OBBKHOBCRHBLX POH3BOMHEIX):

an(dy)® - 212 dydz + az(dz)* = 0.

Haxoum HiTerpalibHuie Kp HTOTO Y
plz.y) = const.
YP(z,y) = const.

B 0632CTH TRICPOOTHYHOCTH XAPAKTCPUCTHKH BCLICCTROITHLT ¥ Pas-
1. 3amewiof nepemenix: € = ¢ (z,y). 1= (z,y) ypenienne (1.1)
TIPHBOAMTCS K BHAY:

P il
g+ fu (tg, g, 0, 6,m) = 0. 12

WITH 3AMEHOR

~Pte e
o= B T
K BHJLY® ¥
Uao — upg + fotha, ug, 8, 0, B) = 0. (13)

5
Vpanuene (1.2) u (13) n cer kayomwseckas dopsa yparnenmit
THICPGOARTCCKOTO (ROTHOROTO) THITA.
B 06aacTit SATHITHTHOCTH ~ XAPAKTCPUCTHKH KOMIICKCNbIC (KoM=
naekcnoconpaxenuvie) (z,y) = o*(z,y). Savenol nepemenimix £ =

7.1 = 555 yparneune (1.1) npusoantes K karonn ecxoii dopye:
g Uy + fo(Ugs ty, u, 1) = 0.
B obnactit (it M) NADABOAHINOCTH XaPAKTEDHCTHKM CORNALa-

o, 9(z,y) = U(z.y) u 3avenoit £ = o(z,y). n = n(z,y). e 7(z,y)
u 9, y) - IMACHHO 1te 3aBHCHMBI:

Pr Py 0
o |7
(1.1) uy e K PcKOi hopme:
uge + 1y + flug, u,€,m) = 0. (1.4)
Tpavep: 1-2
Uz + Tty = 0.
ObaacTh runepbomynocTi:
D=-z>0.

m.e. 2 < 0 - AcRAA NOAYILIOCKOCTH TIOCKOCTH (2Y).
Obacts sty mocTH:

D=-z<0.

.. 2 > 0 - MpaBas NOTYIANCKOCTS.
XapakTepreTHicckoe ypastienie:

(dy)’ + z(dz)* = 0,
(dy)s = V=7 da.
XapaKkTeprCTHYECKUe HITerpanii:
¢loy)=y+ g(—z)f = const.

¥ (e) =y~ 3~

= const.
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B ofinacti ranepix ¥ T < 0 rubupaen nonbie
¥
£,7] € TOMOIIBIO XADAKTCPHCTHK (XaPAKTCPRCTHKR reneerrenib). Ha-
npuMep:

=2 F (-2
» 3
SAUHIICM HEXOAHOE YDABHCHUE B HOBLIX IICPEMeHIbIX & 77:

(E=0:6=1 n=—V-Tm=0)
Uy = Ug - &+ Uyt = —V/ Ty,

vt _2 Yoz
= 3

uzx:ﬁ + u,,—\/—'r-[(u»e)&+1~mm]=ﬁuﬂ-f(—z)uw
ty = g+ §y + Uafly = Uy
Uy = Ugy - Ty + gg " &y = Ug
uu+zu,,,,=2;."__z4zu,,,,+:w(=0.

Tz
1
et~ Um = Sy 0.
Vurs, wro 2(~x)*? = 31, umeem:
1
g =ty = oty = 0-

B obaacTy mnTie (x> 0)

Pl =+ 5 WE =

Y(z.y) =y »% iz
( ).

Buiop HORLIX MCPEMEHIBIX:

&=0; &=L =VE n=0,
Uy = Ughs + Uyl = VT gy
1 1
uxz=2_“/iuq+ﬁ("vmnz+“1££:)=z—ﬁ"q+zuvm,
= Ughy + tylly = Ug; Uy = Ugeby Uy Ty = Uee:

T » £nmp Lo

1
u,,+ww=2~ﬁu,,+ry,,,,+m“ =0.
Vs, uro 224/T = 37, HOTYIHM:

1
u;g+uw+@n,,—0,

Tnasa 2.

y c

O6nit sz ypasuenus (koadduipientst di, G2, 022, b, ¢, d ecrb
KOHCTATH):

a1 Uzs+2012 UzyHa22 Uy +b Ugtc uy+dutf(z,y) =0. (2.0)

Tlepruii grar - ony THIT Y T.c. 3HAK
D = aZy—ay1-az. OTueTiM, IO MK KOMOHITBILH D, a caejionatenniio,
WMDY B Ty wa Koadi ap, an, an
coxpasieTcs B0 Al mockocTH (7, Y).

Tloaoxin, D > 0, T.c. ypaBHCHHC THTICPOOIMHOCKOrO THNA (pacemot-
PUM JUIS IPEMEDA 3TOT RAPHANT).

Tlo mpuReerHof panee cxeMe IPHBOAUN ypaRHenHe (2.0) K KaromI-
ueckoit popme ot crapumx (1pm TON, ecre-
CTBEAHO, # ko3 ITbl [1PH TEPBBIX B HO-
nux mepeserniix &, 1, w dynkuns f(z,y)). Hoayn:

gy + bytg + ey + dyu+ fi(§,n) = 0- (2.1)




S0 i criep-
ok Ll L A o u({, 7) 8 Homyo
v(§, 1) mo hopyiyae:

u(€,n) = v(E.n) (22)

€ COOTBETCTBYIONIM BLIGOPOM TOKa €I He OMPE/IETCHHBIX NapaMeTpoB
(KOHCTAHT) pu 1t ¥ 970 ypanienye ,'um hYHKIMH ¥ TPHBOANTCA K ypan-
newHio 6e3 nepebix HO. (22)»

@1):

= (vg + pv) &5,
= (vy + vv) 43,
tigy = fugn + vy + (vg + o) -] 517,
Tonyracy am ke v (€,7) ypamsere:
e+ (V4 b) ve + (p+ ) vy + (v + bip+ v +dy) v+ fo(€n) =0.

e
fao(&m) = fi(&,m) K,

BuiGupas eriie 10 CHX MO 1€ ONPe/ieICHHEIE HAMH CBOBOJITHIE KOCTANTHI
VB BRAe

v=-b,
p=-c.
1Oy YHM Ky10 hopmy ypar en

koadbumentamn B Brse (s bynking v).
vgy + (d1 — eiby) v+ fi(€,m) eCEHM =0

Ormeruy (noguepxniem). wro yparyenwe anst gynkman v (€,7) mpu-
BOAUTCA K BOPME € OTCYTCTRHEM NEPBBIX NIPONIBOJHBIX.
: TprBecTi K KaHONHYCCKO# OpMe ypaBHernne:

Upz + gy +up +u=0. (2:3)

1) Tun ypassesuss D=1>0-
2) TpusecTyt X KaHOHWYCCKOI hOPME B OTHOWEHIN c':apumx npous-
ROHLIX.

Xapaktepuetiieckoe ypaneime:
(dy)? - 2 dydz = dy (dy — 2dz) = 0.

Xapakrepuetrky: y = const, y — 2r = const.
Hosbie nepementibe:

] &=0, §&=1
=y-2 nm=-2 np=1

[ e = ~2uy,
Uzz = dtgy,
l gy = =g — 2ty

Toncranorka B (2.3.) nact:
4u.,¢+2u,,—n=0—»u€,,+%u,,— %u:O.
Bamena Qynxiyn: v = v eHHm,
= (v o) 4,
Une = Ugy = [ge + vug + (v, +vv)p] e

Tonerarasem 5 (2.4)

1 1 1
u;,,+u,,(u+§) +L'5~l/+(l/;l+§ v——) v=0.

4,
Il ol PAMCTDLI U/ W fi ¢
1
=0, y-—<§4

Orser - kanonnyeckas Gopma ypantiesust st Gysxaiwn v(€n):

1
vf,,—zv=0.

(24
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Tnasa 3

TTocTanoBKa KPAeBLIX 3a/ad.

BbsACHHTE CMBICT J; busmCcKoi
160p cxerey aanmcaTi Kpaenuie i
VEIOBH.

MaTeMaTHUCCKY 10 HOCTANOBKY 33734 Mbl PACCMOTPHM Ha IPHMEpAX.

3aaaualll Mpogoasubie koseGaus cTepKH.

VYupyruit np i crey EBIBELCH U3 TOKOst
TEM, YTO €0 TIOTCPETHLIM CeYEHUAM B MOMEHT Bpemern t = 0 coobme-
HEL MATBIE TPOAOTHIBIE (B0 OCH CTEPANA) CMEWPHHA OTHOCKTETREO
PABHOBECHOTO NOJIOKEHUs | cKopoeTy. TIpejmonarasi, 1m0 nonepeunbie
CETICHHS CTEPAKHS BCC BpeMil (w map:

APYT APYTY W y KpACRYI0 3ajaty
JUTA ONPEACTCNHS CMenielHd Tonepeniinix ceseniii crepxnsa npu ¢ > 0.

Pacemorper, cayvan:

a) Kommt eTepikna sakpenienist KeeTko,

6) Konuwr crepsxast croboamsr.

1) Boibop cncremut koopaunat. CHETEMA KOOPAHAT J0MKITR 0T06pa-
KATH CHMMETDHIO 31491, 4TO TI03BONACT NA/EATLCA KAK Ha NpocTeli-
Y0 MATEMATHYECKYIO (POPMYTHPOBKY 347144H. TAK H HA BOIMOKHOCTH
ee penterus. B nanvoii 3ajaye Takoit cieTeMoll KoopamEaT 6yger cn-
eTema ¢ ocbio | ) BLOJb OCH )
(HOKOALIErOCst ) CTEPHKHS.

Tlyers umsa crepsns pasia [ ConocraBrm TeBoMy TOPITY CTepKHS
KoopaunaTy T = 0. Toraa nparbi uMeeT Koopmuaary £ = L.

2) ecsieyenas duawteckas nemuuna. B kaveetne kol neaunimn-
HE BHIOEDEM CMENICHHE [ONEPeTHOIO CeNelst CTEPXKHS BOMh OCH T,
iepes u. [Ipn Bbib| it cuereme uB
o 3ajaMH u Gyzer ¢ KOOp-
JWMHATB! T H BpeMenH t:
u = u(z,t).
Takunm 06pasom, 3a1a4a — OHOMepHast.
3) Ypassee.
TIponece - i - 3am84a O Ko~

NeOAHUAX TONCPEUHLIX COYCNI CTEPAKHA. B CiuTy OLHOMepHOCTY 38,18~

“a onmes 1 ypannenues (Gex
E—
Py = ug.
4) Tpamtuubic y@osms 3aai0r cocToane (0N0KeHne) Topiensix
cevenuii.
Catyuait (5) - TOPIBI 32KPENICHBI KACTKO, T.0. ¢ TEHCHICM RPOMEHI

ux B T.€. WX OTKIO-
HEITs PABHLI Y0

w (0,t) =0,
u (l,t)=0.

Coywait (6) - Topre: crobo L. DT0 03HANACT ¢ TOUKH 3perns b=
KI MIPOICCEa, MTO Ha. TOPIB! Ne JCHCTRYIOT TPUIOKCHIBIC BROITHHC CH-
. Ho erint & reopuy yipyroeti 1ponopionaiiib oTiocHTemiomy
CMEINEHIIO (DACTAKEIN WM CKATHA), T.¢. MPONOPIHOUATLHL TTPOH3-
BO/IHOM N0 KOOPIHHATC OT CMCIICHHA TOPICEBIX CCUCHHI.

Cresionameaniio, b HTOM Cay ae TPANMIHBIC YCIODNA Ha TOPIAX HME-
o7 BuA (oTeyTesue cui):

ug(l,t) = 0.

5) Havaanepie yenonns (npn ¢ = 0) aszann hysKimei Havamsioro
eMemerwst cevennit crepxua p(z) u dyukumedt 1(z) naaiLHbIX CKO-
pocTedi cevenyit:

u(,0) = o(a),
B = u(2,0) = ().
Wrax, nommas maremarnveckas dgopyymmponka sagasn [1-1 comr,:

Vpasienne: a*iu, = .

Tpamimsie yenopus:

Cayuait (a): w (6,¢) = 0 u (L,t) = 0. Caysadt (6): us (0,6)
0 u (I,t)=0.

Havanbnbie yeaosus:

u(2,0) = ¢(z) w (z,0) =1y(
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BaMETUM, HTO €A T CHETeMe (CTePZKIIe) eCTl DacipeieieniLe
smmednol naornocrs f(r,t), 10 ata Qynkiws jobanisercs
nacTh ) W YPABHCHHE CTANOBHTCS

Bapayalll

TlocTaRKT! KPaeRyio 38,184y 00 ONpEACTCHHT TeMTICPATYPbI CTEPIKHA
FUTTSRRE) 6Goxosoii 10, 6011 €10 Ha-
“ATBIAA TEMICPATYPa ABAACTCA
10 OCH OT GIINOTO 13 TOPIOR. PaccMOTPeTh ciyuan, Korjia:

) KOHUBL{TOPI!) CTCPAKHA NOVICPKHBAITCH [IPH 38J8HHOM TeMme-
paType,

6) Ba TOPIBT CTCPIKIA MOTAETCH RICHTHM TETUIOROH NOTOK.

1. BLifop CHETeMLI KOODAMIIAT = 061, I HANPABKM BA0J OCK CTEDAKIIA.

2. Hckomast BeTUMHHES - TEMITEPATYDE 0CEBONO CRMERH3 CTEPXKHA U; B
CHITY TONIOH: Doxorol W CTCPAIA W yKasan-
10di BLie i i TEMIIEPATYPE! U DY/IeT HIMELATHO
UL OT CENERMS K CONCRHIO, Te. U = u(z,t).

B rakoit nocTanoske 3anaua Gyjer ouomeproi. Omonmy (1esomy)

STt

RY 10

‘TOpIY ry 0. Bropomy - vl
3. TIocKOMILKY BITyTPH CTEpAHA TIeT TEIIOREX HCTOSIHKOR (11 70~
KOB) 3ajava M TeNIOBLIM ypan-
HCHHEM:
Py = Uy

T/Ie @ 3ABHCHT OT Ko3DUIMEHTA TENTIONPOBOTHOCTH, TIOTHOCTH MaTe-
prata cTepKHs (MoIATacM a = const).

4. Tpanmniie yenonus:

Cayusit (a): u (0,8) =Ty, u (I,£) = Ty, e Ty n Ty - resueparyput
TOPIOR CTEPIKHST.

Cayuait (6). TockonbKy TOTOK TerJia IPONOPIMOHATCH FPAIHCHTY
TEMNIePATYpbi, 38JAI1HBIE HA TOPUAX BHCINIHE NOTOKW Tefia Nponopig-
OHATBHD! NPOUBOANLIM (IPA/IMEHTaN) TeMIEPATYDPBL HA TOPLAX:

du

B

. (0,6) = a,

ug (L,t) = qa.

TAG g1 ¥ g - MPONOPIMOHATLHL 33/JAHHBIM HARHE TOTOKAM Teraa.
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5. HAA/ILIO0 Y010 34067 SATHCHMOCTI, TEMTICPATYDI! ceeruil
CTCPIKHA B HAYATRIBI MOMCHT t = 0 Bjons ocu:

u(5,0) = ¢ (@),
Hrak, nonias MatemaTiieckast GOPMYIHPOBKS TEIIOBOI 34/1a"H HMeeT
B
ypanienme a? g, = u.
Tpannunsie yenonus:
Cayaii (2) - (nepeas kpacsas sazasa) - u (0,¢) = Ty; u (L,t) = Th.
Canyvaii (6) - (propan kpaenas sanava) - uz (0,1) = q:  u, (I,) =

0.
Hauannioe yezosue (omrol).
u (2,0) = p(z),
0<z<l, 0<t
BaMCTHM, UTO B C1YaC HATH'TS B PACCMAT crereMe
b (erakon) TAOTIOCTI

f(,1), »ra dyukiun sobanasiercs B IeBYIO TACTS ypanHenHs (W ypas-
HETNe CTAHOBUTCSA HCOIHODOTHBIM).

Paszgen2
Merox 3agaT
&y B (meron ®ypre)

Tnasa A. Opsomepyibie 3a5avm.

Mut fyien 0TPaBaTLIBATI, METO 112 IPAMEPIX PELIens 3a1a4 « 110-
CTENCHIBIM X VCAOKHENHeM.
0,

BOMHOROC YPABHCHHC €
TPAHIMILIMA YCIORRAMH [-T0 THITA 1151 OTPe3Ka NPAMOIT.

11 — 99. Kottt CTpyHE! JUARB | 38KPEILICHbT JKECTKO, & HAYATHHOS

nveeT opmy 5OTHE, CHMMETPUHHON OT-

HOCHTELIO NEPNeHWKYAAPA K cepeante cTpynsl. Halimw koneGanns
CTDYHBI, €C/TH HAYATLHBIC CKODOCTH - HYICEDIR.

Matemarueckast GopMyTHPOBKa 381241,
Boibepem och & RI0H PARNORECHONO [01OKEHHA CTDYHBI, OFHOMY KOHILY




"
conocranuy koopunitaty & = 0, apyromy z = L. Byzewm pacemarpunaty,
MAJILIC TIONCPETHBIC OTKAOHCHHA TOUCK CTpynbl u(Z,t) - 3amawa mpH
TaKOM EBIGODE KOOPHITAT OQHOMCDHAS.

Vpaniieine - o/1I0MePHoe OANOPOLIOS ROMHON0e:

0® Uy = Ug. (A.L1)
T panmpi i (rp: e TOUKH Hie )
u(0,)=0, w(lt)=0. (A.1.2)

Hanasnoe OTKIOHEHNE - KBaPaTHIHAA Mapabona, POXoAMmast 1epes
Toukn (0,1), & KOTODBIX OTKIOHCHHA - HYJCRbIC (TOYKE 3AKPETNCHYS ).

u(2,0)=p(z) =z (- 2). (A.130)

HavamHbie CKODOCTH ~ HYJIeRbie:

u (2,0) = (z) =0, (A.1.38)
0<z<i 0<t
Vimen nerpunuainioe ory peerye chopmy a9
Aaun s t > 0.

OcoBias u/1es PEWlenns 34124 B YDABHeHNAX ¢ YACTHBIMH 1IPOH3-
BOARBIMHU - HANTH MOMHBIH HAGOP JIMICHHO-HE3ABHCHMBIX YACTHBIX PeLle-
1wl B BRAC Mpowanesenns QYNKIHN, KaxkK1ad H3 KOTOPBIX 3aBHCHT OT
oywoii nepemeiinoi. Torja obiiee pemenye - CyMMa BCeX 3THX HaCTHLIX
pewenuii {¢ KolCTANTAMH).

Cxema pelienis: WINeM DEUICHns! YDARielus, B B [POH3BesIeNHs
hyukmmit o omHol ATH POTICHAS T
YEAORHAM = HOTYuaeM nomibit 1a60p ACTILIX DeILenyil, CyMMa KoTo-
PBIX ¢ KOHCTAITAMH JIAeT 001I(ee PRLLIeie, 3aTeM 13 HATAILHBIX YCIORH
HAXOJIM KOHCTAHTBL OGHIETO Pemers.

Pemenne ypapnenns (A.1.1) muem B Bazge:

u (z,8) = X () T(0). (A13)
Togcrannsenm 570 perenwe B (A.1.1.), umeem:

T -X"=X-T"

15
Jeamm naa? X -T (a® X-T # 0, 1.K. H11eM HETPHIHATMION PRIIene,
X #£0,T#0).
X
X " aT
Tonytm ypansenust st ynximin X (z) n T (t):

X'+AX=0, T'+a*AT=0. (A.1.4)

= —A = const.

Tloxa Mui He MOKen ¥ o -
sanavia kak na Gyskmwm X (z), rax n aaa T (t) eme ne nocrapaena
(ve ). TAK KaK B ana arex bynkupi (A14.)

durypupyer ( ) A
Menoapsyem rpamiunsic yerosns (A1.2.):
u (0,¢) = X(0)- T(t) = 0 — X(0) = 0. (A14a)
(B ciuny nerpusmansiocts pewens T() # 0).
w (1) = X(1) T(t) =0 — X(1) = 0. (A1.45)
Wrak, st dynxuny X (2) noayumin pemwaemyio sajasy:
X"+AX =0,
X(0)=0,
X() =0,
0<z<l (AL5)

Dra - 3a7a4a Ha 3 u by og-
HoMepHoro onepatopa Jlannaca a orpeske (0, 1) npn rpanmtiom yeao-
RHW NCPROFO THITA - A TPARKMLC PABHA HYIO caMa. (DYIKIHS.

Habop (Geckoneunuiit) penrenmii 5T0f a1aH BOTMOAKEN ML TPk
A > 0 (nerko nporeputh. im0 npi A < 0 HOAY'THM TPHEHAIBHbIE DeLie-
HHs).

Habop C.3 1 C.D. 3 1T W b i)
aagaun (A.1.5.) HaXOWMM 10 cxeMe.

Tmienm knacce pewermiit ypasrenns (A > 0):

X(z) = Acos VA z+ BsinVA z.

T ITO Pelierie rp:

X(0)=A=0, X(l) = BsinyA, [ =0,
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orkyste mpn B # 0 (miratie Tpunnaanioe peiienne) umeen:

Pl =mn, n=12.

Hraxk, uabop C.3. n C.0. wanaun (A.1.5.):

2
&.:(#) . =120

X (z) = sin %:. (4.1.50)
Tipw atov ynkunn Xn(z) oproronansint na orpeske (0,1):
I X @ X @dz=0, ngm.

7 KBAIPAT HOPME! HX PABCH:

i
| Xa (@) IP= .,/ X3(z) dr = é

Takum 0OPAIOM, U3 PeLesiist 3aja
Habop KOHCTAHT A, T.€. An, 8,
w aanana aaa Gynxasn T():

T! +aA\T, = 0.

T, (t) = An cosa A, t+ B, sina VAq t.

TC. TICPEMOHHBIC PAICTHARCh.

Tlopepkiier paKuelmpi MOMEIT 1 9TOM DCUICHHE - BOIMOKIOCT)
nocrasnTh savany s dynkim X(z), a, ceporarensro, Ans T(t)
TLC. PAICIHTH ¢ ¢

rpar yea -u3 p: yenornit (A.1.2)
cpasy e, HeNocpencTRento creayior yeiosus (A.14.a) u (A.1.4.8) st
npoctpancTseroli dynkumn 3a1a8 X (z), T.e. mepemeniibie pa3iens-
107,

o HaGOP SHHERNO-HEIABACHMbIX YACTIHLIX POILICHHI 3a4a1i HMe-
et B

U (@,1) = Xo(2) To(t) = (Ancosa At + Bysina A, £) sin? .

Obee penenme:

(o t)= i} n (5,) = ’E, T(t) X,() =

= 3 [Apcosa nt+Basina yanf] Xa().  (AL6)
n=1

Must onpejencuus xouetant A, u B, BOCIOAb3YeMCA HAMAILULIMK
yeaoruami. Ciadasta socnionbsyemes Gonee npocTiM yeosrem (A.1.38):

¥ Ba VA Xul2) = 0.

B cuny amneitnoit nesasncmvocTt Babopa dynkmalt X, () soe koadr
dimpentit B, ® 370l cymme panst siyo, B, = 0.
Takum obpazom,

wlet) = 3 Acosa g t Xale):
n=1
Wcnomnays nepnoe navannoe yeaorue (A.1.3.a), nmeem:
o{l-2)= T As- X (AL7)

Habop dymkinii:
Xn (x) =sinyA, z,

\/—=7r7n, n=12,..

coboit nosmyIo op (VIO CHCTeMY JIHHEHNO Tesa-
BHCHMLIX YRKIH, i IO M3RCCTHBIM MpaniaM, paceMaTpunaa (A.1.7.)
xax paznoxenge gynxupn z(l — ) 5 paj o nabopy X, (z), nmeem a5
koabduImHerTOR pazToKenns A,:

B ‘{lz(l— Da(e)is Z/{
T 1]

Wurerpan spancases wimerpHpoBanieM 1o 9acTsM:

2(1- z)sin f,ﬁm.

I3
[ =t ~z)sin " ade =
J 1

R il o
=lu=z(l-z); du=(l—2:),dv;un7:dx, V= O |=



1 ™m
= z(l—z) cos -z o

=0
1} ™
+ﬂ—nﬂ/ (1= 2z) cos Jrade =

|u=1-2z; du=-2dr; dv:oos”l—"ldz; v= #sinnl—"z =
(t-2) (ﬂ'—")zsin Lo
G U D il
=0
+2 (%)zojsix,"l—” e Az(x’vl)am%z =
2 (#)3{1 — (1)),
12

!
Ap=0; =8
i A=A 732k +1)3

Obmiee peivenye:

82 = 1 7(2n+1) a(2n +1)
t)=— s
ue,t) =5 ’IXE:" Brriy T tsin——p . (AL8)
IL. O, v Ha oTpe3ke
TpAMOli ¢ Tpan
II kpaesas 3aza4a.
Bajiaua peuaeTes 1o TOfi Ke cXeMe, 40 U NPeALYIAS.
Marematnueckas GopMyIHPOBKa.
Vpasuenne:
@ty = ug. (4.2.1)

Tpaisinie yetons:
u(0.1) = 0,

wllt) =0. (422)

ol Al i S
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Havwaannuie yesonus:
u(z,0) = p(z),
u(z,0) = ¢(z),
o<z <l 0<t. (A2.3)

Pewwiacu 3a/aty METO,0M Pa3/iClenis NepeMerHbix, 0:1yHHM obiree pe-
enKe B BHjC:

u(z,t) = 3 Ta(t)Xn(a), (A24)
n=0

rae Xn(z) - coberrensibie hyRKumm saain:
X"+AX =0,
X'(0)=0,
X'() =0,
o<z<l (A2.5)
Cobernenspic mavenns 2aian (A.2.5) 1 COOTROTCTRYIONHE HM COf-
crnennbic Gy X,,(z) pasmsr:

2
Na= ("—l") i =012,

Xa(z) = cos ?:. (A.26)
Kraapar nopyst dhyrkmmit (A.2.6) pares:
Il Xo(@) [P=1.
|| Xu(@) II*= % a=1,23 (A2.7)

B aGiiem penenmi (A.2.4) dynkius npemern w xouctants obiero
PeIICHHS ONpejleraoTes Kak W B 3a3/tane [1-99.
Tlo Taxoii e €xeMme, KaK M TICPBas, H BTOPAs, PCUIACTCA TPCThA Kpa-

enasi iajata A o
rpan ) Ogwaxo, juist COBCTBEHITBIX 3HA-
wenuil B 970/ 3a1ave, pewaTh

« pud aMH, B TpaHNy-

HBIE YCJOBKs, ¥ MBI 1@ Gy/ieM N0APOBHO PacCMaTPHBATD 3A0Ch ATV 3d-
Aady.
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1II. Meron Bix
O/IHODO/THOTO YPARHEHWS.

BameTyM. UTO KaK W B ICPROH, TAK M RO RTOPOf Kpaenoii iajave,
obmee peterne hoPManbio HMERT O;MHAKORLI BIJL

u(z,t) = YT, (t) Xu (2)- (A31)

T.e. BAL ¢ Xa(z) CH-
1ol wacTH sagauu. C 0T Pa3 ATOT 11860P COGCTRENHBIX (YK~
it (1 cobersennix suavenuit Ap) - 15 neprofi Kpaesoit sazaum o
Bripaxerus (A.1.5 a), 115 BTOpOit - 310 BLIpaenis (A.2.6) - MBI MoXeM
cpaay HekaTh pemierne sataun B Buje (A.3.1.). Tlogerarus 370 pemerye
B HCXOJHO® YDABICHNE, NOJYMHM ypapHeHue Ais QYHKIN BDEMOHH,
PeLHR KOTOPOe, NNy uM obilee petuenie. B 91oM cyTh MeToa cob-
eTReHEBIX (hyKumit.

Takitm 0BpatoM, M! HITAM, STO METOA COBCTRNTILIX (Y IKITH - 510

MeTo & KOTOPOM MBI 101418~
M TIPOCTPATICTECHIYIO YaCT DOLICHHAA ~ 1a00p CODCTBCHHBIX (hyHKIit
X,.(2) IpOCTPRHCTREREOM ONepaTopa - HARECTHOI. 1 HieM ofimee pe-
wenue 5 Buje paiokenns (A.3.1) no sromy nabopy.

TTponitnocTppyeM 9TOT METO] 1a IIPHUMEPE PEIeNisT OAHOMCPHOro

TENIIORONo yp L T yeno-
BHAMH, (CPBAR KPACBAs 30/a4a.

BaaawaN 100. Hafitn pacipesicnenne TeMICPaTyphl B CTEpXKHe
nmanwt [ e e Bokoroit ECTH KORIB!
(TOPIBT) €10 NOPPKUBAIOTCS IPH HYICROH TOMICPITYDE, 8 HAYahI0e
DACTIPEJIEACHAE TEMNIEPATYPb! B/I0Th CTEPHKAS Kak (YHKIUIA PaceTos-
HHA OT OJIHOTO W3 KOWUOR HMOCT BH PARHOGCAPCHIONO TPEYTOIRHHKE
RLICOTLT R 1 OCHOBAIHEM AWIACTCA CAM CTEPAKEITh.

Dopmy:uposka sasatH. Eciu och T HAIDABATH WO OCH CTEDKAA,
coBMCCTHE KoopamHaTy T = 0 ¢ JICBBIM KOHLOM CTo, a 'cpes u(x.t)
OBOZNATHTH TEMITEPATYPY 0CRROTO CRUCHIA ¢ KOOPJHHATOM Z (Texmnepa-
Typa B CONEHHH OCTACTOR B cny
Bokosoit ), To 387848 - Hee
<opmymiporka HMeeT R

‘VpasHenue Tei0npoBOIHOCTH:

@ty =ty — 0Pty — = 0. (A32)
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T o yeons:
u(0,) =0,
w(lg)=0. (A3.3)
Hanamsnoe yenonue:
. 0<z<d
e =vla={ {75
o<zl o<t (A3.4)
[ —
it (A31) 5, (A3.2), moay
3 [T - X! - X,T0) =0. (43.5)
n=1

Hanomumnm, aro dyrkimns X, () yAOBICTROPACT ypaBHCHRIO
X!+ AXn =0 X = =X X (A.3.6)

e A= (), n=12.
Toacrasis (A.3.6) & (A.3.5), nomyum:

S [T% + M) Xy () = 0. (A37)
n=1

B ety muneiinoii nesasucnvoctn nabopa dyukumit X, (z) ua (A3.7)
crejyer, 110 nee kosdumuentit B cyvme npu Xp(x) panmut wyo:

TN T =0 (A38)

Taxum ofpazor, oy ypaneswe ans dynkmai Ty (). pemorme
KOTOPOTO €071

2
T, = exp— (?) t (43.9)
Obwee pelenye 3121 HMeeT BUL:

u(z,8) = ); Au X (2)exp {(—?)2 z}v (43.10)
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JLs Onpesiesiennst KOICTANT DRIEIMA HCIOMVYeM Ha9aiiliioe yenonme
npu t=0:
x
¢ (@)= Z e X (). (A3.11)

PacemaTpupas 3T0 BHPaXkCHMe Kak pasnoxketne QYHKIHM @ (T) 110 nos-

TOMY HaBOpY JTHNEANO HeARHCHMBIX OPTONOHATLIbIX dyHKIMI, onpejie-

M nabop kosbuucntos A,. Ecan dbynkuns o () kycouno-rnaxas,

70 pift (A.3.11) CXOIHTCH PABHOMEDHO H NIO WIBCCTHBIM TIPABHIAM:

:

[e@ X @ ar
(RGN

L0 JUT TOPROR KpACRO Bassi:

An= (43.12)

!
Il Xa (2) 2= 5,
a
f on § an 2h |
[o@ X, (I)dz:Tf asin = zdz+T/17x)sm~xd.r
0 0 1
i

DBIMHCAAA MHTETPATBL 10 YaCTAM, MOy THM:

Agi =0,

Az 0%

_ 8h ©
Tk +1)? =1
W ofimee perenme:

_Shx (=1F . w(2%k+1)
u (z,t) = L.E, Ty sin—=——z
2
exp[_ fuiiod .,]_ g
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TV. OnsoMepHBIe 3a1ay ¢ HEOJHOPOHBIMU TDAHNIHBIMM
YCIORMAMU

Mui yske HOJMCPKABAIH PAIIeE, TTO TOALKO OAIOPOALIOCTY TPAIKt-
HBIX YEAORHI IOIROISET PAS@IUTS nepeMenbie (oM. paszen A-T). 3aecn
2K MBI TORO]
Her 5 ageck npotanopesms?

YroGbi peLmMTL TAKHE 3AAATH, HCOOXONMO TIepedpOpMYTHPOBATD 34
J1any, T.e. TepeiiT] ¢ IOMOUTHIO CONTRETCTRYIOWCH 3aMeHbI K HOROH byrik-
L, IS KOTODOI TPANNYHBIC YCIOBHS GLUTH OBl OLHOPO/IHBIMU. 11 IIPU-
MEHNTH K HOBON 3A7a%C METOJ PASIENENHs NePEMCHHbIX. DTH 3aMCHb
pasnbie B TepRoii 1 B BTOPO KpackbIx 3aavax. [la it B KaK/0M 3318~

HE ABIACTCH Mbi xe
SaMebl, KOTOPHIC TIPHRHOCAT MRITKMATILIBIE OCAOKHERHA (TPY/UocTH)
TIPH POIICHIK #aaH IR BHOBR BEoAMOfi dhynkunm. TTpowamocTpu-
PYeM CKazamioe 11a MPUMepax.
) PaceMOTpAM IIEPRYI0 KDAEnyto saja4y - (l;moannof' TErIoROE ypan-
nenwe ¢ ZTLIME Tl A

0 3aj1ANAX pi

opuyHponKa:
a? Upy = up, (A41)
w(0,8) = p(8),
u(lt)=v(t), (A42)
u(z,0) = ¢ (z),
0<z<l 0<t (A43)
10 ans nckomoit by aameny u (z,8) —

— v (2, 1) TaKyI0, 4TOGL IPAITHYIILIC Y. nomm a7 nonoii gy v (, 1)
BLINH OIHOPO/UIBIMIL,  33/1a%3 POITANIACH UTS HEe METOJIOM Pas/IeIeHus

TIePeMCHIBIX.
B 910/ samene. over . ¢ KOa(: o1 Ko-
T, ZOMKIB! PUTY] byuxmm p () 1 v (t) - e 06

yeaoruit (rp dynxumit) waer
“reituue 10 doprc xoadduupentst npn e (t) u
v (t) - wuerno nomutomst nepsoit creneny. Torsa mpu NOJICTAHOBKe 32~
MOHBT T YDABHERHR JIORAR TACTH e IMeHHTCa, Te. A pynximn v(r, t)




u
Byner Takoit xe, kak w aaa yukuun u(z, t) - guoiinoe andpepenim-
PORANKC 3HYIACT CAATACMBIC ¢ TUHCARBIME TOTHHOMAMY.

Uraxk, 3amena:

u(@,t) = v (@,t) + (Az + B)u(t) + (Cz + D)u(t). (A44.9)

TloseTapiy a1y 3aMeny B IPAHHCNbIE VCIOBHA # BLIGEPEM KOLCTAHTHI
A, B,C, D, Tak. w106bi rpaHutiibic yeosust Anst pyukumy v (z, t) Gsummn
OFHODOTHBIMY, T.6. ITOGLT

v (0,8) =0, (A4.40)
v (l,8) =0, (Ad.4m)
u(0,8)=p(t) = v (0,8)+ B (t) + D (t).

JLan Toro, swmobi pasencro pomoamsioc mpu v (0, 8) = 0, meoGxomwmo
BbiGpary koadmmenTH:

B=1 D=0
€ yverom s suaienii KoxbdutenTos uces:
w () =u(t) = v (L,t) + (A-1+ V() + C - ().

D10 parercTRo BpmonEseres npr yeaoraw v(l,t) = 0 opr anaverym
KOHCTalT:

a=-1 c=1
Wrak, namena , e T + yeaonHA
(A4.4a), (A4.48) s bynxium v (z,t). nveer s
u (z,t) = v(, 1) + (1 - %) HO+70 0. (445)

Tloneranass 3avery (A.4.5) B (A.4.1), (A.4.3) noayunm ypannenue u
HAMAIBHOC yeiosre Aas dynkuun v(z, t):

g =+ (1 - %) H(t) +§ V(t), (A4.6)

v(z,0)=p (@)~ (1 = %) KO -5 0). (44.7)

2
Wrak, ans dynxkuen v (z,t) umeenm sagavy: ypanenne (A.4.6), ouo-
pozbic TpaEvibie yenosus (A.4.4a) - (A4.4R) W HAYATRHOC YeToRNA
(A47).

OAHOPOHOCTH TPAHMIEIX yetoswit aas bynkunn v (,t) notse-
AT NANeATLCA ia h METOS
st ee naxokaenns. Oanako ypasuenne s Gynkunn v (z,t) craio
HEOMHOPOAHBIM. MeTo/Tbi pelierHs TaKiX yPaBHCHHHA PACCMOTPHM B Clle-
AYIOIEM pasjiesie.

O anaKo, eciiH TPAHKUIILIE YCJIOBHA B HCXOANOI 3a/1ate ABNSIOTCS KOH-
crantamn p (t) = Ty = const., v (t) = Tp = const, yparuenye 1ia
yuxuun v(z,t) cTaHOBNICS OAHOPOANBIM ¥ 3a1aua And v (T,1) - pe-
maeMoi.

M1 yaxe mucamn,uto samena dbynkimn u (2, £) ¢ nomontbio dhynkivm,

JUIST KOTOPO#i TPaliiHLIe yIonnst GiH Gb1 0THOPO/IBIMK, HEOIHO3HAY-
na. Hanpumep, s pacemorpennoii nagaun Taxoi samenoii morna 6ut
Oprrn:

.

72
u(z,t) = v (@) + (1«%) ) + 3 v
Jlerko BHACTL. uTO:

u(0.) = g (t) =01 (0,) +p (¢) = vy (0,8) =0

w ) =v (@) =v (,t)+v (t) — v (1) =0,

T.e. ¥ Takas 3amena obecriesimpaer A dyukunn vi(z,t) ogHoposine
TPALINIILIC YCSIORHA.

Ho 6onee KRayl 2110 JOBARKY VCNOK-
HSTIOT KAK YPABHEHYe jUtst Uy (Z,1) - B JI€BOJ 1ACTH TOSNBATCS JIONOANH-
TENRHBIC ‘WIEHB], - TAK M HA'AbHbIe YenoRHs Juist Gynkiwm vy (z,t).
Oanako B CHIY CAWHCTECHHOCTH PCILCHWA ACXOAHOM 3aa4H QOMyCTH-
MBI KaK OJtHa. TaK W JIPyras SaMeHbl.

3axawa 200 (ITepras kpaeras saava).

Havamnnas Tenmepatypa cTepsnst TuksI [ ¢ TNIOH30IMPOBANTION
Gokoroli moRepxHOCTHIO 3agacrea dynxkuned u (z,0) = p(z) = z(x —
1)+(1=%) Ti+ £ T; - napabouia, 4 Ha TOPIAX €r0 ROYCPKHBAIOTCH 110-
crosmubie Temnepatypnt Ty = const u Ts = const. Haittu Temnepatypy
CTODXKHSA B MOMCHTS! kpemern ¢ > 0.
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Buiflepem crereMy KOODAHIAT ¢ 06LI0 T, HaNPamICHiol B0, 0CH
CTCPKHA, CONOCTARME JICKOMY Topity Koopunaty = = 0 (Torma npa-
BoMy cootRetcRyer 2 = [). Temmepatypa ctopwis (B ciay Tomio-
# Gokonoi W) Gyger Meushes o1 cedelnn
(oceroro) k cenervio. B puifipannoii cucreme koopmmaT sajata Gyer
ojtioMepHOf. OBO3HATHM TEMIIEPATYPY 0CCROTO CeneRIA Hepes u(z, t).
Martemaririeckas hOPMYTHPORKA 381290,
Vpasuenue (TentonposouocTu)

@ g = (A48)
Tpasuunbie yeoRis {HEOIHOPORHbIE)
u (0,t) =Ty,
u(l,t)="Tp
Havazioe ycianme:
u(z0)=2 (r-l)+(1— %) T+3 T

D1y 32481y MOKHO DOILUTH JIBYMS CIOCOBAMHU.

Criocob a.

Tlepechopmyanpyes aasiasry. nrona sonyio bynkiuo v(z, t), ama ko-
TOPOl rpanitiibie yeaosus 6bun 6 oaropoubiMy. Cornacko (A.4.5),
‘TaKasl 3aMeria MMeeT BUJ:

u(z,t)=v (0,t) + (1 - %) T+3 T (449)

Jlerko muacTh. wro aas bynkuwm v (z,t) MateMaTHiccKkas hopMysn-
POBKE SQIENH TAKORa:

@t v =y,
v (0,8) =0,
v (1) =0, (A4.10)

v(z,0)=z (z—1),
0<z<i 0Lt
W ee pemere mneer nig (cw. 3aaasy 1100):

v (z,t) = ):,IA,,Sinl’m - exp[— (mlr—")zt].

rae
!
i . mn
An =7 [ e~ )sin T dz.
1] [
(Dror mirerpan mprHcasACs panee):

2
uet)= (1= ) T Tt dwsin Trrel- (0)'0, (4410
i 1 =5 1 L

Crioco6 8.
Tlockonnky rpasmrmnie yestonus b aajate (A.4.8) ne nanueat or Bpe-
MEHH, Paso0beM DCLIEHHE HA B YacTH:

u(z,t) = wlz,t) + g(z),

e 9acTh peinerns g(z) T Y W TOKE
1€ SARUCHT OT BpeMenH (YACTIIOR PEIICHMe), @ TPAIHUILIe YIORHA 115
w(z,t) Obee pewenue 0y
@Putge = wh,
w(0,) =0,
w(l,t) =0, (A412)
o 0) = ate =0+ (1= ) 11+ 51— g(2),
d'=0,
9(0)=1,
() =To,
0<r<ho<t. (A4.13)

Jlerko mugern, wro ane sajam - (A4.12) n (A.4.13) 1 cymme aaor
3anatty (A.4.8.). OrveTim TakxKe, 110 W3 THX JIBYX 8% HajI0 IPEKAC
pemTh Bropyio (A.4.13), TX. ee pemernie - dbynkuusa g(r) - BxoaHT B
HavaThioe yerone sagaun (A 4.12).

Hrax,

9(z) = iz + ey,
e W3 PpAMICIHBIX veonult B (A.4.13) caeayer:

90 =Ty =cr—c=T,



) =cl+T=Th+c =

"
o(@) = (1 = %) T+7T
Hauanbioe yenosue 8 (A.4.12) TelEph ONPEAEITCHO W MMEET BUL
w(z,0) = z(z —1).
"Taxum obpasom, 3ajva Ans GYRKIM w(x, t) coBnanaer ¢ 3anaseit Ans

yrkupm v(z,t) B cnocobe pemerws (a). W obniee permerre CORNaTaET
€ pelelen 3a,/1a4H B IPe/ALYVILENM BapHanTe (cliocod a).

JHe pal RTOPAA Kpaesas
33292

PacemorpiM pIlicHAC OJITOMCPHOR TCIIOBOR 30JA%H ¢ HeOANOPOT-
TILIME PPAIHYTILIME YCTORHAME, 1¥T0D3A KDAenas 3a1ava.
DopyyauponKa (MaTemaTHYeCKa).

u(z,0) = p(z), (A5.1)

o<zl 0<%t

Sagauy 1(PAMO PEIIHTL MCTOJIOM PalaieiieHus ncpemnm,(x B CHIYy

p yeonuit ce me-
PehOPMYTUPORATH, T.L. BRECTH HORYIO DYNKIHI v(:r t). 4 xoTopok
FpamtLbe yeaonus Gbutk 6L OIIOPOAILIMA.

Tpasntinbie yeIORH HETO GOPMATHHO HMEIOT TaKO JKe BUJ, Kak
¥ B TPCABLAYLICH 38Ja%c, O 3ajaibl OFA JJist NPOHIBOMION yrKumm
wu(z,t). Tax crensem tamerry LA TPOKIBOION (YIKIMK, BIATOTHYIYIO
Tolt, 1TO ¢ienalia jus camoil OYHKIMN B IPE/WIAYINei 3a,104¢, T.e. 616
TTAeM SaMeHy:

el 1) = e t) + (1 = %) ) + Fute). (45.2)

Jlerko ruers, 410 A1 dynkin vy (. 1) rpannume yeiosus GyayT
OnHOPOABBIME. JeRCTRITEITRHO,

ug(0,8) = p(t) = ve(0,8) + p(t) — v2(0,8) = 0,

g1y 8) = 0(t) = vall, ) + v(2) = va(1,8) = 0.
Tocranune sameny (A.5.2) 5 ypasienne n Katansoe yeronke (A.5.1).

Jlepast wacth ypasnerna & (A.5.1) JOTKO OMpEACTACTC TORTOPHBIM
udubepermmponanuenm (A.5.2):

Uz = Vzz — %u(t) + %V(t‘/- (A5.3)
Tas noxy uf(z,t) npoMITerpHpO-
pamh sameny (A.5.2) 10 nepemcrio :

u(z,t) = v(z,t) + ( —) ult) + u(t) +elt). (A5.4)
Orkyaa:

u(z,t) = v(z,t) + (z - —) )+ —u /(1) + (1), (A5.5)

e o(t) - nocTomiman WITErPHPONAIKS N0 T, (BYIKIMA Nepemennof
t, KOTOPYIO HaM enie HTOOBL
YTIPOCTATE BLIMACTHTENHHYIO HaCTh 3aasH.

Wz npipaskenus (A.5.4) TOMYUHM HAYAABNOE YRIORHS JUIA DYRKIH
v(z, t):

2
v(z,0) = () (; = f) (o) - Iy(o) —c(0). (45.6)

Moacranass (A.5.3), (A.5.5) » yparnerne (A.5.1) noaywum ypanrenme
s d)_vnmum v(x,t):

ave + »—[u(z (t)]—u,+( - 2!) '(l)+§/(!)+e’(l).

c(t) mak, urolnt 310 -
NPHPABIHMBAZ B HCM CTPABA 1 (JICBA WIEHbL, JABHCAIIC TONBKO OT Bpe-
Meru &

2
) =Tl ~pt), (0)=co. (A5.7)
Taxum oOpazom, saaaua s GynKan c(t) nocrapnena, a ypashenne
ana v(z, t) yopocTiTes.
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Tk Co TOXRE } nasGoee stum A needt
24499 06PAIOM.

B uactHOCTH, ¢eaH B GYHKIMR () B HATANRNOM YCAOBHH CCThH KO-
craima @y, Te. 9(x) = o + @1{T), 10 BbKpaeTeR:

G =P
¢ TeM, 4TOBL! YIPOCTHTH YCJORBHE, 8 €16 . COKpa-
THTB. 1npH ] KoHCTanT obuero

PeIIeHHs.
Hrak. ana dynkunr vz, t) nMeeM 3aaavy:
I? 1.2
v, = v+ (z - ﬁ) )+ —ﬂu‘(t),

v,(0,8) =0,
wllit) =0,
ofe0) = ota)- (2 - ;) o) (458)

w(z,t) = vz, l)+(z - %1) u(t)+;—:u(t)+c(t), (45.9)

1€ ¢(t) onpeaeseTcs w3 a1t

a?
) =Tk -0l d)=a

3 BYIOTHM BBIGOPOM KOHC -

Tas dymkiun v(z, £) NOAYICRA 201A%A ¢ OINOPOHLIME FPAHHIHEIMH
VCAORHAMH, 4TO NOBBOACT NAICHTICA 113 IPHMEIMMOCT) METOTA Pasjie-
Jenus nepeMenbix Ui ee pewenys. Ho ypasuerne B (A.5.8) neomo-
POAHO, ¥ ALl CCAYIONMH AT - HaYTHTLCA PENIaTh TaKHe YPABHCHHT.

Optaxo, ecoi rpanwaisle byrxmm u(t) w v(t) cch KoneTanTh, TO
B atom wacthon cryuae [/(t) = 0,/(t) = 0] ypasuetue cranosrcs
ORHOPOHBIM, ¥ JUIst hynKILH v(z,t) nomyvaeTes pemaeMast H3BECTHBIM
HAM MeTOsIOM 3ajaNa.

3

Bagaval

PaceMOTPOTh TOIIORYIO ANy ANA cTepikia dmmb L, 0 < o <1
(0Ch T HANPARACHA BAOTH OCH CTCPKHA) € TEMIOHAONHDOBARKOR Boko-
10ji TOBEPXIIOCTHIO, ecau Topery ero T = 0 TeIIoM30aMponall, 113 Topei
z = | nonaeTea WARNC NOCTOFHHBIA TCIOROR TOTOK, A HaTaIhHA TCM-
nepatypa Ty = const.

Eeam o6oanauuTh vepes u (z, ) TeMIepaTypy 0CeBOTO COHCHHST (TepkK-
HA ¢ KOODAMBATOH @, wanata Gyaer omomeproit (ipaniibHLi Bbifop
CHCTCMBE b GOKOBO#M 1

MaremaTuveckas (OPMYIRPOTKS 3aauu:

= g,

u(0.8) =0,
u,(l,t) = g = const, (A5.10)
u(x,0) = To,
0<z<l, 0<t

Bromy Horyio Gynkisio v(z, t), A28 KOTOPO TPARHNIBIC Yeonust Gbl-
st Gt OAHOPOITHIM. 110 OpMysIe:

w2, t) = v, ) + %q. (A5.11)
Oreiona st camoit by u (, ) enejyer samena:

u(z,t) =v(z,t) + ;—:q +c(t), (A5.12)
rae oft) - wrer o e %

hynximei Bpeven t.
Toacranass sppaxerae (A.5.12) & (A.5.10), noayaHM MaTEMATRTIO-
cKy10 ¢ sagaum s Qy v(z,t):

2
2 d
gz + =
il

u:(0,8) =0, (A5.13)
v(lt) =0,

g=u+d(t),

" &2
(z,0) =Ty - co — 570 = ¥l),
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e ¢ = ¢(0) - koneTanTa, KOTOPYIo €lie NPEACTONT BLIGPaTh IanIy -
M 06pazoM.
BuGepen dynkwno cft) Tax, wrobbr:
2
a
()= T4

Torsa ypasienie s QyHKItH v(z, ) CTAHOBHTCS OHOPOSHBIM, 4%Vzy =
w8

aZ
o) = Fa-t+a (A5.14)

Eenr nubpath koncranty ¢ = Tp. T0 Takoil BLIGOD YIPOCTHT Hauaabnoe,
yenosue mua dbynkiun v(z, t):

v(z,0) = —;—Jl 2
T.0. 3anaua 477 v(Z, t) UMCoT BRI
gy = vy,
0(0.8) =0 ve(l,t) =0,
(z,0) = Ag 0<z<l (45.15)

Bapnaua (A.5.15) - nTOpas Kpaenas ¢ OHOPOATHIM YPARHEHHEM W 070~
POAHBIMH IPAHMUELIMA YCHOBHAMH, NOA00HAS 3a/(aUa HaMi YKe pela-
nack. Pelitenre ¢ TOUROCTHIO 10 HabOPa KONCTAHT UMEET BT

u(z,t) = ¥ CoXu(z) exp[—(@®At)], (A5.16)
e
Xo(z) = cos /A, t. ).,,:?, n=0,1,2....

Habop koncrant C,, ONPeARNAeTCS 13 FAYATKHOTO Ye1081s — npH t = 0:
e}
i Th B ¥ C.X\(x).

Orkyua:

_a 1
Cp= AT 0/ 2*X,,(x)dr. (A.5.17)

Wirrerpan n (A.5.17) BLIECASeM 110 HACTAM, NATOMITHR, 170!
1
X(e) = -3 Xi(e):
Torpa:
L g I3
[# Xa(@)de = -+ [ X" @)z =
0 /\” [
-L (@) I,

=0

2 !
+’\—"0/X£A(r)zdz=

2 2 | 2
=5l s —A—"JXn(z)dz =5 cosn -

2 ]
Mva L "

=0

= ;l—l(—l)"; n#0.

Tpw n = 0: [ a2Xo(e)dz = 3.

0
Vuursaz, 910 || Xa(z) |[= § npu n #0:

11 Xo(2) [P=1.
Wmeem:
2ql
Co= (- a0 Go=
VI. Pemenn 3a1a4 ¢ B

YPABHCHIN.

Mbi PACCMOTPHM PABAMMHBIC XADAKTEPEBIe THILLL HEOAHOPOAUOCTeN,
W 77 HAX Npesnokum nanbonee s ek THBITbe MCTOAb! PELCHNA 3234
- Ha NpUMepaX KONKPOTHEIX 33/1a%.



£
a) 3881 €O CTAURONAPION 1IOUIOPOATOCTIIO.
Pacesorpus pemmeirie o 3 Ten-
we 10, TONRKO 0T

i TBI
)¢ TPANKMIILIMI YCIOnH-

JINH, TIepRAsT Kpaenast 3ajavia. (/13 oTpeska).

DopmynposKa 3a1amH.

@Puae + f(2) = up.

u(0,2) = 0.

u(l,t) = 0.

u(z,0) = p(z).

0<z<y, 0<t.
Byjiem #ekamh pemenve » muje:

u(@, t) = v(z,t) + w(z), (A462)

10 v(z,¢) - obuiee pemenie w131 ¢ oaUOPOuL
TOPYIO MBI YMEeM pemath:

(A6.1)

PABICHNEM, KO-

v, =,
(0,¢) =0,
v(l,t) =0, (4.6.3)

v(z,0) = p(z) - w(z),
aw(Z) - MACTHOR PelTeNIe NCXOLHOTO Ypanierns, OBYCIORICHTOR CTaIH-
OHADHOI HEOAHOPOJHOCTHIO. DTO PelICHHe HOATAeM TOXe BABHCATIIIM
TOALKO OT KOODAMHATHI, KaK H NPH'HHA. €r0 0ByCIoBBIIas (cTaimo-
HAPHAS HEOAHOPOANOCTE):

QAwy, = —f(z),

w(0) =0,

w(l) = 0.

0zt (A6.4)
o aazava c o) b y KO-
TOPYIO Mt yyeen pemtats. M npexae Beero nao naitti ciavata dynk-
110 W(Z), MOCKOTLKY ORA BXOIHT - B BiLle Ha9alhiioro VCIORHA - B
opumyponky 3agaun (A.6.3). Ho okassisaercs, uro bynxumo w(z) u
He HAZ10 HAXOMUTD 1A peimenns sagatn (A.6.3). xotst ana cymmaproro
PILIERHS €0 HAZ0 3naTh.

Heiiernurensro, oiee peurenye 311 (A.6.3), Kak Mb yike Heon-
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HOKPATIIO YO IAIMCT, WMeeT RHA:
2
w(z,8) = 3 AuXo(z)exp [- (#) z} g (465)
n=i
rac
Xn(@) + MXu =0 X, = AﬂX,’:,
2
Xo(@)=sin Tz, a, = (?) . n=1,23..

Tlepsas kpaenas 3a1aua:
2 I3
Au=7 [ (@) - wle)) Xulo)dr = I - I
0

Spen mrerpa:
#(2) Xn(2)dz

H NpH 3asiammol hynkium 9(z) nuneaserc, a

2

I3 ]
2
[wle)dz = = [ w(x)X!(z)da.
0 l)‘" o

TlocTeqneil MHTCTpaT BhFHCTsIEM 0 TacT:

1
[ w(@) X}(z) dr =) w=w(a); du = w'dz; X! (x)dz = dv;v = X!(z) |=
[

= w(z) Xife) Jy -
-

1
~ / /(@) X}(2)de =| w'(z) = w; du = w"dz; dv = Xidz; v =X, |=
0

= v (2) Xulo) [f+

=0

]
+ [ WX @e == [ X, @) f(2) de.
0

Tpw sanansoi dyskume f(z) nocaeamui wHrerpan Burameasencs 1
38,1494 B ICIOM periaea.
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B) He y uMeeT Xap: ) ans
JIAIHOTO Tpoliecca R

TTyemn, nanpuMep, VLA TEIIORON 388K HEOANOPOIIOCT] KMOCT LI
flz,t) = Bz)e .
Jlan TaKoit p 110 Gyzer
f(z,t) ~sinwt (nn f(z,t) ~ coswt)
Pewnu a5 ¥roro Bapuasta Teniosyo 3anayy. (Ilepras kpacras aa-
nava ¢ o ):
g~z =1y,
u(0,¢) =0,
u(l,t) =0, (A66)

(M1 korikper n & W M HAMATLHOE

yenorue). Ve pemestie B BHC 06IICRo POIICHHS QUHOPOIHOTO YPis-

nenks v(z, t) 1 YACTIOTO pelenus neoopoiono ypanenuns w(z, t):
u(z, t) = v(z,t) + w(z.1),

rae:
v, =1,
w0, =0, v(l.t)=0,
v(z,0) = p(z) - w(x,0), (A6.7).

a w(,t) yromaeTropsier sajavie:
Qg —z- € =wy,
w(0,t)=0, w(l,t)=0. (A68)
Bysiem #ekath sactioe pemenue w(z, t) B BHAC. COOTROTCTRYIOLICM
TCOMIODOTIOCTH yPABICIHs:

w(z,t) =y(z)e™™. (A.6.9)
TlocKOhKY BpeMeHHAS SABHCHMOCTS (yHKIMK w(Z, ) HaMu onpe/ene-
Ha, Haua’1LHOe YCIOBHE UTA Tiee HET HeOOXOMAMOCTH 38/IABATL, ITO YeJI0-
ne onpefensieress yrknmedt y(z):

w(x,0) = (z).
Octanocs waitrn ynxupio (z). Moacranass (A6.9) & (A.6.8). nony-
unM 3apady s y(z):

et - zet = —n(a)e.

OTKYJIA CACAYeT:
v+ &y =4, 7(0) =0, ) =0. (A6.10)
Jins chymxisn (z) MOy I ODLIKEORCIOC TOHOPOITOR AHdbebe-

DRIIMANILIOR YDARTIe[iHe, PRICIHE KOTOPOro:

() = Y0(z) + 7(2),

18 (&) - ofIee PELIEHHe OAHOPOINOTO YPARICHHST:
%+ &0 =0,

4 9() - sacTHoe peILeHUE HEOHOPOAHONO YDARHEHHS;
") +&r=4%s

obycnosnennoe ero npasoii vacteio. (Koncranty o cuuraem noioxun-

TenbHoi, iHade pemenye (A.6.9) 6b10 651 GeckoreTo HapacTAOIIAM).
Yo(z) = Acus*? z+ Bsin¥E .
=iz

s rpanmimix yenonuii (A.6.10) cnexyer:

- L
A=0 B=-mm

7= =tasin g+ 1z, (A6.11)
Mt UL IPOCTOTH PACCMATPHEACM HEPe3OHANCHE cyyait: Yo £ 7.
Peweime satam (A6.7) nasi G170 noayvero panees

20 2
ozt = £ Ausin rexpl- (?) 0. (46.12)
=

-
1
Aﬂ:ﬂ l¢l@) = 2@ sin T 2 o =

% a
fsin? :csinlrlﬂz dz,

s 7]
asin ]

-—)I|f,+

)
"T"] T 1‘"2# sin gl.
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X 2
An= (-1 ——. A.6.13;
ey —

Obimee pemcie wexoasoi g (A.G.6) uveer waa:

i
=
u(z,t) = l sin -—u‘/Ez + ér ety
o2 AU zo(p[ “"")24 (A6.14)
S sin = . 6.
VS & — (m) ]
C. H > B flz,t) BHzA.
Ecau He JacT W TPCACTABHT

HACTIOR DEIIene i vnr{nmw JUIA JaNBICHIIero PEmenns BHAC, MOKIO

ROCHOMLI0BATRCA JUTs PCIICHHST METOIOM COBCTROHNBIX YHKTMIA.
PaceMoTpEy 10T METOIL 113 PETEIIME LeOTTOPOAIION OIOMEDIONO

y e TPAINTHBIMA YCAOBHI-

MH (MIepBAs Kpacsas 3a/1a1a) ANA OTPE3Ka NPAMOH AmHmb 1.
DOpMYIHPORKS SALAUH MATEMATHIOCKAS:

ugz + f(2,1) = u,

u(0,) = 0, u(l,t) =0, u(z,0)

0<z<l, 0<t (A.6.15)
Hpn vp MBI TIONYMACM DELICHHE B BUJC PARIIo-
HKCHUS 110 (DyHKIHAM:
Xole) =2 n=12..

Tonaras, 4T 1 PH HEORHOPOIHOM YPARICHHH JOTYCTHMBIMH SICMeI-
TaM# IPOCTPANCTBEHION YacTy pewenis 6yayT e xe byukuun X, (z),
T.K. HH NPOCTPAHCTBERHBIH ONEPATOp, U CaM ACCACAYEMBI 0OLEKT He
HIMPHHINCH, DA3YMHO HCKATh PRIICHHE H 3TOl 33,181 B BH/IC DAIONe-
1msi 10 TeM ke dynxunsivm X, (z), re. B Buae:

w(,t) = S Talt) - Xa(z). (A.6.16)
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Toseranim #ro pewenie & ypansense (A.6.15). 1 patiaras weomnopo
ot f(zt) 1o ToMy e nabopy by Xo(r):

flat) = 32 falt) Xalx

;
2Oy =2 [ 10X, (a)e,
0

oay v, (wanosss, 4t0 X2 = X, d = (3)°).
Zl[T,', +@ T~ fult)) Xa(z) =
-
B cnty mumeitnon nezanscavocts dynximit X, () w3 nocaeayero ypan-

Hews cieayenr, w10 ce koadxbuimenTL niph Xo(z) 110l cymme pani
uymo:

T+ a®\ T — fult) =0, (A6.17)

e yuaem ob b ypan-
nerme s dynkium T(t), 1.0, ans koadeiwenTor pastoxenns (A.6.16),
peliast KoTopoe, NoJy uM:

T(t) = T o () + T sacrn. (t).

e
Ty o, = Anexp[—a®ut],

¢
T wacrw. = [ falr) exp[-a?Au(t - 7))dr.
0
Toacranasa noxyuenmoe pewense ana T,(t) n (A.6.16) u upuvensis

VIS BLITHCICHAS KOHCTaRT A, Hataanioe yeiorre & (A.6.15), noy v
obmce pemenne sanawn (A.6.15).

VII. O6mas kpaesas 3ajada

Obuas kpaeras zajgava Ans T
cTi (nepsas Kpaenasi 3aata) d)npwvnnp‘,mm TAK:

@z + f(a,t) = u
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u(0,1) = u(t),
u(l,t) = u(t).
u(z,0) = p(z),
0<z<l 0<t.
Hrax, 310 32/

114 €O BCEMH BO3MOZKIBIMH HOOTHOBHATHOCTAMM (TpaHHy-
Tble YCSIORYS, ypanHenne).

Mbi HaneTum wark (STansi) 00 pemermio yroit AN, & CAMU ITH
WATH HAM YoKe H3BECTHDI.

1. Hepedhopmyanposat, 1ajauy - BReCTR HOBYIO dymrigno v(z,t) no
Ve Havectiuiv GOPMYAaN, AiH KOTODOH TPAIMNILIC YGIOBHS OB
6B . Tpu stom B ypasnemt s dynxuun o(z,t) 1 &
HAYAIILHOM YCTORHH TOARATCA JONOAHHTCARHLIC "SCHbI

2. Tloayuennyio aajatty peImaTh MCTOaMH, HATOKCTHLIMA & pasaean
A-VL

TTIPOCTPAHCTBEHHLIE, 3A IAYN
Tnasa B. Bagaun ¢ npamMoyronsnoif cUMMeTpHeit

Penniv raaay ans 0 ypaBemHs " B psi-
MOYPOMLIION fapatenemmesnie ¢ pebpasit Iy, by, Iy ¢ AHOPOABIMK Tpa-
HICHLIMY YCIOBHAMY, NEPBas Kpaenas 3afaua (418 BiyTpenneil ofia-
CT# napainenenunesa); u(7,t) - Temmepatypa BHYTpEmMIX TOUeK na-
pajnesenunena.

Maremaruteckan (hopmyaHpoRKa 3a@umn:

a?Au =y,

 |e=0= p(P). (B.1)
3necs S - novepxioets napasenennnega, P - oro BHYTPEHHHC TOUKH.
B cnay ny ¥ T yeaopmii yxe na

ATOM Hrane. 10 BLGOpA CHETEMbI KOODMHAT, MOXKHO PasfesnTh. po-
CTPANCIBLIHYIO H BDEMEHHYIO HacTy pewerns. defiersurcsmio. niem
peurestie (B.1) B puse:

w7, t) = U(7) - T(1).
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Toseranonka 1 (B.1) ¢ nocaeayionum gesennes 1a 2U(7) - T(t) aaer:

AU, 1T
U a7
OTKY/ia Caejyer ypantieite juis npesentiol sacri pewenna T(t):
T +a®AT =0 (B.2)
W juis npoctpasTesennoit wactn U(7):
AU+ MU = 0. (B.3)
© TPAIVTYHBIMH YCTOBHAMH:
Ul=0. (B4)
JList mpoGTpancTReNION YACTH PELUelus HOTY SN 33134y 11a COOCTrer-
e KA 1 rrenmbie dyl patopa Jlanmaca n npayvo-

YIONBHOM NApasieienuiiesie NPH KPaeROM YCIORHA NIEPROTO THNE, pe-
LIHT KOTOPYIO, 18§16 11a60D CODCTRRIILIX JMaveiliii A, - ¥ 2a1a%a Ui
rpemennoil wactn T(t) Toxe Gyger nocranera.

B mpoce: 3ajame - B MACTHBIX
TockonbKy B 97O 38jla%e TPARK'IHBIC YCAOBHA OJIHOPOJTHBIE, MOXKHO
OXKHNATH, UTO A €6 PIICHHs MOXKHO NPAMCHHTh METOJ Pas/e/Iens

Ho o, P VEIOBIE e HECTATOY-
no. Hazo eme:

a) RLIOPATH NPABHILHO CHCTEMY KOODAMNAT, 00;1aa0Myi0 Tol Ke
CHMMeTpHel, UTO M HCieayeMbilt 00BbeKT, 1., B BHIOPaHHOM CHCTeME
KOOPJMHAT JIOMKEB! BbITh KOOD/WMHATHLIE OBCPXHOCTH, TONONOTHIECKH
TORTOPHIONIHE TORCPXHOCTH PACCMATPHBACMOTO 0fheKTa (I0CKOCTH).
Toauko B 91om cayyae 1 (a onn,

i ) MOKET CORIIACTH € TIOBEPX=
HOCTBIO O(LCKTA, T.C. TPH (PHKCHPOBAHHOR KOOPJHHATC BHITIOTHHTCA Hy-
JICROC TPANHMIOR YCIOBHE, WTO J3eT TPARRIHOE YCJIORHE 1A QYHKIHK
2ol ( ), u i

B) NPABHIILHO ! cHeTeMy KO-
OPAMHAT ¥ NPaBHJBHO NPHRA3ATH 06 K PACCMATPHRACMOMY OGWeKTY,
HTOOBI HACTH KOOPHATHBIX NOBEPXHOCTe! MOLIIM COBIACTD € YACTAMH
MOBEPXIOCTH PACCMATPHBACMOTO 00beKTa (OHH MOTYT, HanpuMep, mpo-
£T0 NEPRCEKATHES APYT ¢ APYTOM, Jazke HMEs OTHHAKORYI0 TONOJIOTHIO).
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B i acriexTit penenia sagasst (B.1) Wit paccMoTpum 1a Konkper-
oM mpw

3agaa300. Harw remeparypy (7, ) sryTpermmx osck nps-
MOYrOLIONo Tapaduiesiensnea ¢ pebpayn i, lz, I3, ecan remnepatypa.
210 TORCDXHOCTH NO/VICPKABACTCS! HY/ICROM, & NANATLIAZ TEMIepaTy-
pa mpezcrapaster coGoit mponsBejenne 3-x Mapabon No TepemeiibM,
HATTPARTIEHHBIM BA0Th PA3nbiX Pebep (¢ 3aHYICHHEM Ha TPOTHRONON0K-
HBIX PPAHSX - JUIA COOTBETCTBHS IPAHHYHBIM YCIOBH3M)

B obmem Brjte 30124 321ana dopyymamu (B.1). Pazjems npesa-
P e VIO # TIpOeTy YACTh DOHIEHNA, T.6. TPeji-
CTABHB €10 B BHAC:

u(f) = U - T(t),

TIONYIHM JLTS HACTH Y] nwe (B.2), a anst BOH-
noft waci u(F) - sagany:
AU+ =0, Ul=0. (B.5)

Tlepsprdi 1war TPy PCLICHIH HTOf 33a5H - BLIOOP CHETCMBI KOODAWHAT.
TTockoaLKy FPAIITILT TAIero 06hexTa. - NapaLIeARIRICaa - TPeACTAT-
AT €000 BIAUMHO OPTOTOHAILHBIC YACTH IUIOCKOCTEH, HEOOXOAHMO
BHIOPATD CHCTCMY KOODFHAT, B KOTOPLIX CeMEHCTRA KOOPIMHATHBIX Tio-
BEPXHOCTe] Gb1TH Ob1 TOj XKe TOMoAOTUH - T.e. GHLITH 651 BIANMIIO OPTOTO-
HaupibiMi naocxoctsia. Takoft cucteMoli koopaunar Gyier eKapTona
(z,y.2).

BTopoe - OPHEHTHDYCM OCH CHCTEMBI KOOPARHAT Baosmh pebep. To-
raa, ABE U3 P HBIX Tell T = const croWMH
TACTAMH COBIAJWYT ¢ TPAHSIMH, MePHeH/WKYIAPHBIMA DeGDY, BIO16 KO-
TOPOTO HAMPABKIA OCh T. AHATOTHYHAS KAPTHA W U KOODTHHATHLIX
nonepxiocreii y = const u z = const.

Jlasiee - juisl KOHKDETH3AIMK W VIDOINEHHS BLITHCIUTEILHONO 10=
neeca - IO CHCTCMY X

OOREKTY, 1A Cr0 NOMECTHM Ha9alio KOOPAKNAT B OIHY H3 RepLIMH Na-
PAUICNIEIIe/ A .

B Taxum 06patom BHIGPAHHONR. OPHCHTHPOBAHHON 1 NPUBA3AKHON K
OOMEKTY CHeTeM € Tpansm MU «
KOODRUHATHbIE NOBEPXHOCTH (KX 1acTH) 10UAPHO:

e

Maremary bopn AMTBNH ATH NPOCTPALCTROLIION

hYHELIE B BHIODAHHON CHCTOME KOOp/MHAT:

U(r) =U(z,y,2).

HMEST BUJI: YPABHCHHE

FU U U

}7?+0_L’7+ 7 +AU=0. (B.6)
Tpaimunbie yeaoBms:

U(0,y,2) =0,

Ulh,y,2) =0,

U(z,0,2) =0,

Uz, lp,2) =0,

U(z,y,0) =0,

Ulr,y,l3) = 0. (B.7)

Hauamnioe ye1onue IpH 3T0M EMCCT BUJL
U(z,9,2,0) =D -z-y-2z(h—2) (b—y)- (h—2). (BS)

Vimenm pemenve (B.G) B Bige nponssenenna QYHKIMA, Kaxan 13 ko-
TOPBLIX 3ABUCHT OT ONOH KOODAKRHATBHI:

Ulz,y,2) = X(x) - Y(y) - 2(2).

Tloacrapnas 910 rpaxenue o (B.6)  pasaenus noTyuensoe ypassenne
na X -Y - Z umeem:

EalooZ pan (B.9)
Oreioa w wa rpaimeisbix yenonis (B.7) crenyer:
X"+MX =0 U(0,y2) =X(0)Y-Z+X(0)=0-X(0)=0,
Ull,y,2) =X(h) Y -Z=0-X(h)=0 0<z<ly.

Ananoruano:

Y +0Y =0 Y(0)=0 Y()=0 0<y<h,
Z'+0Z=0 Z(O)=0 Z(l)=0 0<z<h,



A=A+ A+ A

Pemicitis 3T Was winec i (ofioMepILIe ARaH):

2
Xa(2) = sin Ap = (E) §

A L
2
W=y e (2,
- b

2
Z() =Tz = (Q) .
3 Iy

2 g

2 [n

Bpewseitias yiikiwa yORETROpACT YPARHCRIN0:
T+ 0 Mg Timp = 0.
Ero pesere:
Ty (t) = exp[—0*Aump - 1]
Haop wactibix pertentil saau uyieer mu:
Unmp(, Y, 2,8) = Xo(2)Yon(¥) Zp(2) - Tomp(t)-

O6mee pererne:

w(z,y,2,t) = E Anm,.sm— z-sin 2% y . sin I_p z
= 3
-oxp [—ar (l, ';; +5’:) r] (B.10)

A 1abOp KONCTART Ay ORDestesICTen W3 Hasiaiboro yeronys (B.8):
®
Deayzlh —a)la =)l =2) = Y AunpXo(@)Yn(y) - Zy(2)
nap=t

Pacemarpusas 910 paseneTso kak paviokenne QyHKUMH F eBoil
HacTit B pajt 10 X, (2)Y,(y) Z,(2). nveer:

N
8 ™
Aump = 15 t—"~¢r/L' -
i lxlzl:;,,/”‘ 7)sin 0 Oy(t2 y)x

Iy
16
= Ty 1~ V- (=1 11 = (=1)].

(Mwrerpan peramcasines panec).

Inara C. 3AJJAYM C NMJINHAPUYIECKON
CUMMETPUEN

L. IL 3amaum,

PaceMoTpHM TenIonyio 3aaty JUTs BRYTDeREel 000aACTH MHARHADa /UTH-
Wt |, ATy Py, OCTIT TORGPXEOCTE 10 S MOMACPAKRACTCS TP HYITo-

DO TEMIINDATYDO, & IENATLIBS TEMTPETYDE aeTr, dyIKImA TIyTpe-
Heit Torkw P, OGOIHATHE TOMTEDATYDY TOICK 1IMKAA \epes u(F £),
sanuuem B obmen euc dbopMymposky 3ajaun. Hanomnny, uto mut
TCCTJIa. HIEM HOTDHBHATHION W OTPANKTICHNIOR DEIlICHHe.

Vpasuenue: a’Au = u;. (c.1.1)

Tpanuanoe yesosse: w 5= 0.
Havnanmimoe veronme:  [emo= o(P) (i) |< oo.
ypaic i i yeroBns tomye-

Kawor p n wacTell pemmenyz ete
20 nuibopa Knnxpfvnmn CHCTEMBI KOOD/UHIAT.
Ve pewenwe (C.1.1) e use:

w(ft) = U(RT(2).

Tloacranus B yparnemne, noayuum:

PTAU=U-T,
AU 1T
T T&ET

AU+ AU =0 T’ + 6T =0.
U3 rpanmsoro yeopus:

U-T|s=UlsT=0-Uls=0.
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Hrax, ans dynkupn U(F) nonyman 3agavy na coberneniie Hia-
wenwa (C.3.) n cobernernbie dynkimn (C.P.) onepatopa Jaianca v
WEMEADC (DU TPAKKTTHOM YCIOBHN TCPROTO THITA):

AU+ U =0,
Uls=0. (C1.2)

Pewms 91y 3azay, Haiiaem nomwiii Habop C.3. A u noansiit nabop C.®.,
mocste wero 3afava s dyrkumy 7(t) cranonues onpegererniol w pemra-
emoii. Ho npexcae nasio penmrn 3agasy (C.1.2.). Vpanuense s (C.1.2.)
= B MACTHBIX TPOM3BOHBIX. 151 pemeins ero MeToIoM pasiciieHis e
DeMEHILIX HEODXOAHMO TIPARIALIIO BIGPATE CHETEMY KOOD/WHAT H 1pa-
BHILHO OPHEHTHPOBATD (M IPUBAIATE) 6C OTHOCHTENLHO WWIRHAPa. Ci-
CTeMa KOOPIMLAT - NHAMH/IPHYCCKA (P, P, 2), UMCHIO B HEl CCTL KO-

oppmaTHbIC W, T nOMOTIICCKH 2
HALIETO O1.CKTA - WWIHIGIPH, p = const, W wiockocri, z = const. Ocn 2
B0 0CH Touky 2 =0 K JIeRony Top-

1y (torga s npasoro z = 1). B suGpanoii akinm 06pazom cieTeme
koopniaT 3a1ava (C.1.2) 3anucLinacTes Tak:

198U\, 1&U U

;?77;("&7) Gt g tAU=0 (C1.3)
Ulpo, 9, 0,
Ulp.¢,0)=0,
Ulp,p,1) =0. (C.1.4)
Ulp,p+2m,2) = Ulp, 9, 2).
1Ulp,¢.2) |< o0,

0<p<2m, 0<p<p, 0Lzl
Tlocae/uie /iBa YCA0BIs = YCHORMe TEPROITHOCTA 10 YTA0ROH Tepe-
MCHHOH ¥ YCJIOBHC OTPAHMYCHHOCTH peiicHys. Mimem nommbiil natop
HACTHLIX Pelelinil B BHAC MPOW3BCACHNA Tpex GYRKunM, Kaxkias na
KOTOPLIX 3ABHCHT OT OAHOM EpeMOHOi:
Ulp.¢.2) = R(p)®(p)Z(2).
Tloacrasasem 5 (C.1.3) u jennm wa nponssesenne ROZ:
lld(dR) 19 7z

+ =t

Pl +A=0. (C.1.5)

P
%: -k 2" +kZ =0
s (C1.4):
R(p)- Z(0)8(¢) =0 — Z(0) =0,  (C.16)
R(p)2(p)2(1) =0 — Z(1) =0,
0<z<U,
Pemenme 3agaqn (C.1.6) M1 anaem:

Zy(2) = sin ’if- .z,

™
k=21 p=12.

Pn(p) = Ancosng + Bysinng, —oo < n < oc.
(€ yUCTOM TICPHO/MTHOCTH 1 OTPAHNYIEHHOCT )
s ywkuan R{p) nomywn sagany: Vpashesnne

1d ( «m) (, "

Al 1

pdp\"dp ”
T'panuvsble yeaoeus:

R(p) - ®(9)Z(2) =— R(po) = 0, (c.1n)
| Rp) |< o0,

)R:O‘ (C.1.7a)

Saecn K = A— k2
o navana it pacemorpum napuant k2 > 0. Ypanuemwe (C.1.7a) -
yparienue Beceens nopska n. Ero jma Hezarucuybix pemenns - hynk-
win Boccenst Ju(kp) n Heiimana N, (kp), me. pemeine (C.1.7a) nmeer
PHI

Ru(p) = CuJu(kp) + DuNu(kp).
Tx. dynkuus Np(kp) neorpanmvenso roapacraer npu p — 0, To B
CHJly OFPAHHYCHHOCTH pewenns nonarsem D, = 0, re. aus obiactu
0 < p < py pemennie yparterns Beccenst umeer st

Ra(p) = Ju(kp)-
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Tlogummins: 7o perenue rpammsiony yesonmo (C.1.70), noaysn too-
Konemlt maop pememnit (C.1.7) (wabop C.3. w C.0.)

i
Run(p) = J (“'—"n) .
Po
rje
(n)
ki) = Hm
P

a ) - xoprw dynxipn Beceenst MOps/IKa 1,

In(p) =0, m=1,2,3..

Habop wacTinix penternit nexognof waaun:
A r
(P, 9, 2,8) = - ) [Aacosn o + Busin ng]sin T=

- €Xp[—Aumpa®t]
U obee peresne:

S o o
wppat)= £ ?o“”) [y 00315+ By sin g in 27 =
por.

zp[—a* Ayt (C.18)
Hemommays navannioe yetonme:
wleo=(p, ¢, 2),

TOIYHM COOTHOWICNHE JULA onpeaesenns 1alopa Koncrar Anmp % Bymy:

© W
Yop2)= % [Aump €081 + By sinng] J, (—« )
n=om=1p=]
-sin T” . (€.19)

Pacevatpunas 370 cootnomesnye kak paznoxerne bhyrkmmm P(p, @,
110 COOTBEICTRYIONMM HAGOpAM hyHKIWMH, MOXKHO HaifTH MABOpbI KOt~
crant. Ho 473 37010 HyxHo skath yenosus OPTOTOHANLHOCTH M KBAJl-
PAT 10PN Loex taGopon . HaGopss sin nip, cos nig, sin L2 na

49

OPOLIO WAECTIM, TOrA. KaK HaGop Jy (%p) er. Urofu nayuTia
paboTaTh ¢ 3T 1AG0POM DYNKIWH, PACCMOTPUM 3AJANH ¢ LHIHIPH-
HECKOR CHMMETDUel Cllavana 1 npocTeiliell NOCTANOBKe - KOTjia Ler
FARKCHMOCTH 07 @ W 2. Ho npesie "tem peiuaTh KOHKPETHEIe 3o/
TIONYYHM COOTHOUICHHC. KOTOPOC MO3BOJHT HAKTH YCIOBHC OPTOTOHA -
HOCTH M KBAZPAT HOPMBI HAGODa PagnahibX (hYRKIWH, Pelaommx
LePBYIO B BTOPYIO KPAeBble 38/1a4H1.

11 Bammmen ypansenins Becoena i wyx pacmwix Jo(%p) w Jo(£p)
ynximi Beceenst nopska v (MOPS/IOK ¥ MOKeT GbiTh 1 HOlIbIM IHC-
n0M),

sl )+ (G -5) om0 (B
i)+ (G -5 (G

VMIOKHR K&K 10 ypanIieiTe 113 YKARAIITLIR MIGAKHTCID, BLTS K3 0]l
HOPO JIPYTOe M NpOHTCrpHpoBas 8 upetenax (0, pp), momyum:

,,g”’/f( 7)) o=

«@
PJV(EF)

e R L LI
/d(pwp("p)'”( Dl ary
0 Po
a dL(zp) 8 dJu(mP)llm

AL )m Mty
= B0} JL(6) - ah(B)J}(a)

T (20) 2 (Zo) o= 52t sierio-
0

oy
—al,(B)Ji(a)]. (c21)

LLTpux 03HataeT NPOHIBOLYIO MO APTYMEnTY.
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Eeawn dyiume J,(2p) w nabops, pemaioiuero nepryio Kpaenyo
R8Ty, T.0.0

&g (B
G0 =0, (520
) = ) =

re. 0 = ult) - kopum dymxim Beccens nopsnka v, 1o mpit a = e,

o @
B = ), ne J, (“—;"*p) " T (“7::,,) - e pasie by roro
Habopa, To:

ZJ,. (%) I, (7;03/') pdp = ( (u)),j(”w)z

EMAAED) TL) = WS 2) L] =

TR J(W) = 0 J(ul) = 0; pl) # u) w nonyvaes yeome
opraronbiioers waiopa J, (4 p):
P (v)

W,
[ ('ﬂp) % (’ﬂp) pdp =0, (c22)
o Po

my £ my, e, 5lt) # ult)

Eeir ke o = = plY) - omumaxowsie xopun ymkmm Beceeas. T.e.
csiena B {C.2.1) umeem KBagpar HOpMb: Habopa J, (‘—)p) TO Cnipasa B
(C.2.1) v awamenatene ryh (o = ) ¥ n wweanTene nyh, TX. J,(a) =
J.,(u‘”’) 01 Jy(B) = J,(uk)) = 0, nonyunm neonpesesnenmocrs, Tiura

§, koTopyI packphimaem mo npaniay Jomwran, momaran § = o,
aa— f3, noaywm:
G
. (25) o= / 2 () o= Burur (c2n
Obnesunia (C2.2) 1 (C.23), meen:

P~ {v)
[ (“-;o—p) (“ 0) s = LT (c24)

yenonus,
nepras Kpaenas 3a1ava

3 aaavwaV-28. Haitri reMieparypy HecKolesioro Kpyriono Whmnti-
JIDA Pa/utyca py, HAHATbEAS TEMIIEPATYPA KOTOPOro 3a/@eTcst hyHKiwmei
ot ocn - © BAKYJICHHEM K8 CTCHKAX M MaKCHMY-
MOM 1z 0cH. [IoBePXHOCTH NOANPPIKHRACTCS TIPH HYJICROH TeMIepaType.
Buifepem cHeTeMY KOOPIMHAT - IWIHEAPHUCCKYIO p. 0,2 € OCHIO =
BAOL OCH WHTHHAPA. B 3T0il CHCTeNMe TEMIIEPATYPa BIYTPEHIHX TO4eK
mutpa u Gyaet Toanko dyrkupeit p u t, u = u(p, t). Popmyauporka
3a/1aMH (MATEMATHYCCKAA):

19 (au) 1
2o \Pap) =@
gDty (C25)

rd
,0) =0y (1-=),
u(p0) =0 (1=
0<p<p 05§ | ulp,t) < oo.
Mimem pewenme 1 puje:
ulp,t) = R(p) - T(1)- (C.2.6)

Tosncrasasa (C.2.6) & ypanuense (C.2.5) 1 pas/ie/inp na NpOR3BE/CHHE
R-T nveem:

1d(d_R)1T’ 2

Rp dp TaTs T
e, nonyrn ypasmenws o ywiui R(p) n T(¢). Sapana i Rp):
14 R) FRR=0, (€27)
pdp " dp
u (put) = R (po) T(t) = 0 — R (pn) = 0.
0<p<p, | Rlp) |< co.
"

T’ +a’k*T = 0.
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Ypannene (C.27) - ypanene Boccean nyenoro nopaa (

4 Hiave y
GLITh He Morao -

B SALANC HOT FATHCHMOCTH OT ), 01 PeIICIe o
R(p) = Jolkp).
Topmuss 910 pemenmne TpaioMy yenosua (C.2.7), nomyumm:

(0)
olken) =0~ ko = u®, k= “m

rie 1) - xopiu dyukuun Becoens nyscsoro nopska:
Jo(p) = 0,m =1,2,3...

Taxust o6paron, wabop C.3 k(O zaer nam u sabop C.. - nommis nabop
THICHTIO HesaRneamMuix pewtenmit (C.2.7):

23
= Jy [ =2 N
Bun(p) = Jo ( =~ p)
Host pynxign T(t) renepn nmees ypapnenus:
To(t) + k2T = 0,
()
Talt) = oxpl-a?(E .

W o6imce pewmene aagavy:

= % (0)
)= £ 0 Rt = $ 40 i ()

X exp !- (%(3))2:]. (C28)

Henomays wasaie yenomwa w (C.2.5),
onpeaecius nabopa Konerant A,:

2 ()
35 P
Uo [l = —} = Ando (—p) B C.2.9
| = A s
st nonyyensst u3 aroro PABEHCTBA KOHCTAUT A, ,mun?;lmu ero
TRICTH 112 YMHOXKCHHYIO Ha p onHy w3 bynknmii Habopa Jo(Lp) KOlt=

TORYHHM COOTHOLICHH JUts1

Kperio, ua p- Ju(mp)- TAC M = HoMep KoPH (1 hynKiuwn) - 3aauHuH,

110 nupai W pomIFTerp
pancKeTRO 110 p o7 (1 710 po:

J(-2) o (2o s (£

MHTErpUpYeM MOYIEHHO, NOJArad Pl PABHOMEPIO CXO/AIMMCA:

)“”: 4,..]J (um) (um )pdp_
nirerpan Gepes i (C.2.4):

2
-5 HJ,(WJ) I Sm = A1 Jo (—, ) I,

1 Jo (ﬁﬂ) I

Bupouem, dopmy:ry (C.2.10) Moo 65110 Gb1 cpasy HaIMCaTh (0 M-
BecTbIM NpaBtaM, pacematpupas (C.2.9) kak pasioxerne ynKis
B PAIL 1O THHEHHO HEAARACHMOMY OPTOTOHATHIOMY Habopy yrkipi.

Hurerpan B (C.2.10) BBMHCTAETCH € NOMOUILIO DEKYPCHTHORO COOT-
HOMICHNSA:

i (C.2.10)

@) = ua(o)
Tipu

- Jof) = %{:J. @),
v=2: 22h(z)dz = dz’h(z)],

Z(l - %) S (%p) pdp =

pO ”
1——~p—x. p=-mz d““m‘)d"
i

N (%) f (l WOy )2) Jo(z)xdz =
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- |
Aumteat dua P i) do=Jileads)
o WOy f Jo(z)adz | .

o
(un),ll( “,,)2)“,(;) ¥ + (o)),i[ Ay(z)d] =

-z ‘(’5)), i) = fﬁ),unm) ©21)

M3 pexypenTHoro cooTHowme 1S
Jona(e) + doms(e) = 2.
npu v = 1 nveem:
Iz) + dife) = 2(a),
e 8
oy_ 2 ©)
o)) = ;(.',yfl (u)- (C.2.12)

(bt yra, uro Jo(u%) = 0).
Honcrapans (C:2.11) n (C.2.12) B (C.2.10) ¢ yuerom (C.2.3) moy-
HHM:

8Uy
(P a D)

Ha=

(C2.13)
"
& i © O\2
w(p ) =805 3~ 1 (yl ) 3 (aum
2 R T, exp| ) 8219
IIL. o, §

p
yenoeus,
RTOpas Kpaenas 3aaqa

3aaa4aN 302 Paccorpers Termnoroil npoiece BHYTPH 6ECKOHEN-
TOPO TWAHILIPA PAIRYCA fg, €CTH €10 TOBEPXHOCTD TENION30THPOBAHA,
4 NAYATRHAS TOMIEPATYDa TOYEK SBRUCHT JHIUL OT PACCTOANNA 10 OCH
LMD,

B ofien sjie MaTeMaTHIeCKas (BOPMYTHPOBKS. 3a1aH TAKOEA. {u-
TEMIIePATYDA ):

(€3.1)

(p) |ulFt) < oo

BACCh § - TOBEPXHOCTH IULIMN/PA, P = BHYTPENHHE TOTKH THIHH/DA.

Kax u n npepuiayiieii sajiavie, poio ACKYI0 CHETEMY
KOOD/IHHAT . {9, 2. HATIPABHE OCD Z B0 OCH WHTHE/DA.

B ety CHMMETDUY SA/ANH - WD GECKOHEUEN, HANANbRAN TOM-
NepaTypa ecTh GYHKIHS TOTBKO f, B 38/144e HeT 3aBUCHMOCTH 10 ¢ 1 2,
,3'1 =0, 3‘1 = 0.Hopmaan x 60KoBOfi TOREPXHOCTH IWIMN/Pa HATPan-
AeRE RO, pamyea. T, & — di”

B BoIbpaHnioft cHCTeMe KGOP/IHITAT HMeeM:

L4 () =4

(€32)

&0
u(p,0) =¢(p)  |ulpt) |< o0,
Osp<p; Ost
Hniem nabop 'cTiibix peuienuii b puje:
(p.t) = R)T().
W 110 CXeMe NPeJLLTYIIe 331891 Noay THM:
1d{dR\ .,
T +a®k*T =0, 3
L) erR=0 kT (©33)
R(m)=0 0<ps<pm |R(p)|<co
Yparuenye 1 (C.3.3) - ypanueiie Beccess, ny1enoro 10psaka, ero pe-
wewme:
R(p) = Jo(kp)-
Tosinms 510 perweine rpaininomy yeaonno b (C.3.3), nonym nos-
wbtit nabop numcino-resannermbix pemennit (C.3.3), (mabop C.0):
Ruu(p) = Jo(kmp),

Jilkampo) = 0 = ko = 6,

e

S8 =0.
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e 81D ~ Kopi npowrsmonoi i Beccenn nyaenoro nopsja
(m=1,2,... wyvepanw kopich » nopazke nospactams), a

&
nabop C.3. 3azaun (C.3.3.)
Han speennoft dbynkmmn mvces T(t):

Ty +a*k2 Ty,

as0 >)
Tlt) = Ame f.
m(t) = Amexp{— (Pn h

W ofimee permenne sanaun N 302:

o (0) )
wp)= £ 1) & (%u) -5 a2 )

(0)\ 2
. ("L) 0. (C3.4)
Po
Habop koncranr Ay, onpesenyy w3 nawaibioro Yerosust:
¥ = S A (). (©as)

LA HAXOAKIEIHA W3 ITOMO COOTHOMICHIS nabopa A, HeolxoImMO 3HATY
YCIORHS OPTOTOHAMLHOCTH 7t KBA/PAT NOPMET HaGopa Jg("f"‘?ﬂ)

Boenomysyemca coornomeren (C.2.1). Tlonaras o = o0; =89,
Ty # My, HMeeM:

a s

[ ﬂp) (&) o0, ot

o ~o

IO 1 eCT YCIOBS OPTONOHAILHOCTH nabopa J ("J-p) Mpna=4=
8 cupara » (C.2.1) ™ Tma § KOTOPYIO
10 npamwy Jlountans npu 3 = 6, a — B, nuem KBAJPAT HOPMbI
naopa J, { ‘a‘ﬂp):

wam
[ 70 ) (5( ) ) 2
Ji L | pdp = f | S0 . (CB7)
[+ 20
50
Homuosxas pasesicrso (C.3.5) na pJy (;‘f-p) (3710¢h M - bukcuposanioe,
HO LIPOKIBOJIBHOE SUATCHHC) it MHTErPUDYA 10 p oT () X0 py, TOMY 1HM:
” ©
Tlo)1 (%0) pp
Q
ICHIE

Tie s (C.3.6) nveexs:

(0)
1 () - £ 2 o)

IV. Meron cobernennnix ynkumit

Mt TPORATIOCTPHPORATH ITOT MeTOJ ia peIiCHIH ORITOPOIHOTO Ypan-
Henusi s Gee: Ppajmyea py ¢ pa-
HAHHBIMH YCTOBHSAMH TIEPBOTO THITA.

TlonTopi opmymponKy saanm V-28:

(C.41)
o0 -to(1-).
g<p<pm, 0%t lu(p,t) |< oo.
Mei vmesn petnerue 3Tol 3a5a4u B BrIe:
()
o) = 570 (), (Ca2)

©
T, B Bie PAWIOKeRHA 10 cobetnennbiv dyrkimaM Jy (‘i’fp) pajiE-
a0l AT onepaTopa Jlanaca Tpi KpAeROM YTORIH 1IEPROTO THITA
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(aania C.2.7). W ekomko G mainX ‘a1 pewaan A Aauiior
ofmexTa MeToI0M (o 1 A M
HANATLHLIMK YCIORRAMU), pemenye Gyacr uMer, sux (C.4.2) - mua pas-
SOKEIUA 110 yIKe HABECTHOMY T1afopy.

Meron coberrenibix dynknmi u FAKINOTAETCS) B TOM, 1TO6BI HOKATH
DELICHHC CDA3Y B BUJIC PasNOKEnHa mo M3BECTHOMY JUIA PEMIACMOl 3a-
Aatw HabOpy hYRKIIH - a 70T mabop Moo HalTH, npojiesian 3a1auy
QI PAS METOZOM PA3/IeICHHS ICDeMENIbIX.

Urak, mmem pemermic 3agam B suac (C.4.2) - u noacranass ero p
(C.4.1). nonywmu:

= 1.d [ dhy(p) o
E}[G’Tm; 5 (p—d;— -~ (‘iﬂ ,;)} ~0 (C43)
P Becceas, koropomy prert it Jo( p)

e
i - () (2))
pdp dp 0 )

Toscragana s1o pasencrso B (C.4.3), nosywma:

2 (0)
“;T;'J,?“_m_)g; En ) 0.
P a(/}n % n? ="

©
B exny mumeiiyoi HesanrcrMocTs nabopa Jy ( % p) Bee KoadrmenTn

B TOH CyMMe pantiL myio:

(02
T +a (f) T =

T MOAY AR ypariense 4na byikunn npeensr. Ero pemerre:
) *
a
Tonlt) = Amexpl— (ﬁ) 0.
Po

H OBIIee POMIEHAE 3181 HMeeT BHL

x (0) 0)\ 2
ulp,t) = Zl Aundo (%p) exp[— (%) 4

50
T TAKOe e, Kuk W 6L 1 pewenmym sataun V-28. [lanee ocranoc
TPHMCHITY HANANIIION YETOMIC JUA ONDOCTCHT FAGODA KOHCTART A
70 yake npoacsano pasice [ew. (C.2.10) - (C.212)].

Anazornino merostom cobiernentmix byt PRLIACTCA W Br0pas
Kpaenasi 3ajiata iy JUI AN
Apa, 7o Habop cobeTBeRHbIX hYHKIMI paiatbHoll wacTH onepatopa
Jlanmaca B wammspe 1 9TOM cayvae Hyer iHoft, a uMemio:

50)
&l =],
o ( 2 P)
e Ji(60) = 0.

V. Bagaun ¢ P 3
Mut IpORITIOCTPHPYCY YTOT MOTOL 1A pOtIcHIK OATOPOJHOTO YPaRrHC-
TIHA TEIIONPOROIOCTH Mlst BITYTpenteii 061acTy fecKonevlioro wuau-
Jpa pajwyca po ¢ p: y HEPROT 1
BTOPOTO THITA.

1. Tlepras kpaesas 3a1a4a ¢ HCOTHOPOATHIMH TPAHMTHBIMI
yeaosusMu

3aqawa V-27. Pemumh sajtauy o Kalpessiui Gackomeusoro kpyr-
1010 WHIHHADA 13/ JHYCA. po, HAYATLHAA TENIEPATYPA KOTOPONO paBna
HYIO, & Ha NOBEPXHOCTH MOJIepykHBaeTes Temnepatypa Uy = const.

By T HECKYI0 CHOTOMY AT p,P,Z € OChI0 2,
HANPABICHHOM 1)/ 0cH 1wmHApa. B 970# cucreme temnepatypa Gy-
Aer dynKumed Tormko p,t,u = u(p, t).

Popmymmponka sa1aum (MaTCMATHHOCKAS):

L2 (2) - 4o

» 30 \"3p
u(po,t) = Uy, (C5.1)
u(p,0) =0,
0<p<pm  0<t {u(p,1) < oo.

Tlepechopnymupyen sajtaty - BBesieM 10BYIO yikkno v(p, £), 415 Ko-
TOPOit rpanKHOe yenorke Gui10 Ou ogEopoaren. Jlerka RECTH, WTO
ITOM Ui YAORTCTROpSCT 3aMeHa:

u(p,t) = v(p,t) + Up.
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Hedterimmesniro:

ulpo,t) = Uy = vlpo, ) + Uy = v{py,1) = 0.
Azt bynxunm v(p,t) - 3anava:
19
RACR
(oo, t) =
v(p,t) = ~Uj,
0<p<py, 0<t,
Takaa sazaua yixe pewasach.

0= 2 (510)eol- (2]

e 260D KOUCTALT A ONDOCACTCA 3 TAAILIONO Yesonns:

(0)
~Up=Y An Ju(h )
m= m

(C52)

(v(p,t) < co.

©

‘;p) pdp

) )
Y sy

/Ja< )pdp—| Em) = o = —20y—20_

= | (s pexypesmroro coommomenn) |2

T Jo
Ay = =2 IIUO

e

s | etada =

-
= [ dii@)a] = 20,

0

o o A

Hrax:
wp,t) = Upf1 -2 2\’

i) = Unl1 - ZWJ" (—/1) exp|— (—) tl. (C53)
Bamerin, wro ecam 6ot B nexoiof sagave (C.5.1), rpaunisioe ycaonue

FABHCET0 OT BPEMEHH, YDABHeHUe 114 ByRKIMK 2(p, t) noaymnocn 61
TEOMIOPOTNLIM (0 PRIIEHHN TaKHX Ypanieuuit HmKe).

61

2. Bropasi Kpaesast 3ala4a ¢ HeOJHOPOAHBLIMU IDaHMHHBIMK
yeaoRMaMUA

3agaywa V-2 Haittw remneparypy Geckoneniioro kpyrioro
IWHIHHAPA DAANYCA Py, €CTH €10 HANAThHAR TEMICPATYDA PaRHa U, =
const, & Ha MOBCPXHOCTH ¢ MOMCHTa t = 0 MojacTes MocToRHHbIH TCm-
JIOROK TTOTOK g = const.

DopMYTHPOBKA 3 1AUH:

10 [ 6u 1

53 o) = {esa)
L
» =~
u(p,0) = ug,

0<p<py; 05t |ulpt)]|<occ.

Tlepnuit war - rnectn nonyio dymkigno vip, t). ws xkoropoft rpatmt-
Hbie yenoBust 66t Gbl OJIHOPO/IHBIME.

Jlerko BUACTB, HTO 3aMCHA:

»
gt O (C5.5)
sanyaser rpamminie verosus uia by v(p, t). JeicTerTenso.
p lw=—4="0p I =4 =¥y |p= 0.
Bamernm, 910 K Gonee NpocTast 3amena:
Up=1Vp—Qq

ToKe 3anynser rpanitnpe yenosna s v(p, t). Osako Takas samena
HCDA3YMHA - OHA PHBOANT K ByP "
¢ ocolenmoeTiio 1 p = 0 uma 1.

Yrofibl 0Ty HTH YPABHEHHE U HAuANbHbIe VCI0BHS U5t GYHKIMN v,
HeoBXom#MO porHTerpipoBaTh 3averty (C.5.5) no p:

u(p, t) = v(p,t) — 5‘% q+c(t), (C5.6)

rae ¢(t) - niTer Kotopas Gyjier onp: nos-
sKe - naubosee YA0GHLIM A5 POIIeHAS 38890 00pasioM.
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Toneranasa (C.5.6) 1 (C.5.5), moaymm s dynxusm v(p. ) ypan-

Terme:
a® 9 (ﬂ 6u) 2a° w D)
— = (pa) - g=u+c).

p p\PBp) " 1T
Hoonpeseasis dynkinu cft) Tax:

<(0) = u, (©57)

noTysmM satavy juis dynkuun v(p, t):
OAOPOLI0e ypaBHeiIe:

£2(%) =2 (C58)
;ﬁ‘lmo
v(p,0) = £- q.

[Mur onpescaan ¢(0) = ug - wrofur ynpocraT, navamioe yetone
suist pyrxiun v. Ecam 661 rpanutioe yeionne samiceino or BpeMenu,

s Gt st dhy v(p,t)

Wz (C5.7) nas ¢)mmum c(t) monywnu:

2
t(t)z—fiq-t+un.
P

Banavy wirna C(5.8) M yxe pemmam. Myeen:

60 a2
.t) = m Jo [ 2= -{==) - 5
0.0 = 5 v o () (%) ©59)

rae
50 50
Am = » Jn( ) | 5 wil=
20| Ju(‘ﬁ )n'/
» ap ¥
2N 0 (50) 2

e
0

Y= / 2(z)e - do = 2 (@)x B —

©

-2 / 22 Jy(z)dz = -2 / dlz® Jy(z)] =

=2 (59)2 J, (89).
Hrak:

2 2a?
u(p.t):—i G- atras

1 50) a 5O ?
N TITR W A)ex( '")z.
1 X G g D) "(m o) ei=\2) 0
TIpH BLINUCTCHHSIX MBI VUIH, HTO:
T (8) = =J5 () =0,

a i3 PAKYDOITHON COOTHOMICUA CACAYeT:
o (8) = = Jo(5)-

VI. H y B 3a/[@a4ax ¢ um. HECKC
cuMMeTpueit

a) C - pyHKIIS B ) He 3aRUCHT

OT BpeMeHH.

Marematuieckas GOPMyIMPOBKA:
TIePRAs KPaeRas 3a/1aMa. Ui GeCKONeHHOro AT apa,
OHOPOAHLIC TPAHHYHBIE YCIOBHS:

% d% (pg—:) +g= % . (C6.1)
u (po,t) =0,
u (p,0)=f (o),
0<p<p, 05t |u(pt)|<oo.
g = const.
Pasbusacn 3anauy Ha JBe 3a1a4n:
u(p,t) =v (pt) +w (p).
Bapawa s v(p, t) - omopoIOR ypantelHe:

1L a Qv 1
Zil === C6.2
2 (p ap) A (C6:2)



v (po.t) =0,
v (p,0) = f (p) —w (p).
Bagatia 15 w (p) - pemenc, ofyCIORICHOE HCOMOPOIROCThIG Ypin-
e

’_17 2 (,, 'L‘E) - (C6.3)

w {m) =0,
0<p<pm,  |w(p)l< oo
Sanana (C.6.2) - wa waxomente obuero pewemia v (p, £) oaropos-
HOMO ypaniciys, Toraa kak (C.6.3) - Ha HAXOAIEIIC YACTHORO peLeris
w (p), o6y bi0 ypasiciua . Jlerko suaern,
T ATH AIRC 3ATATH JAIOT B CYMMe Hexomyio 3agaty (C.6.1).

Tocxounky m iasaniom yeronuy a1aui (C.6.2) Gurypupyer sacr-
Hoe pewenye w (p), To cHavana HeOBXoMMO peunim, saaay (C. 6.3).
s FUMHCTHTCARITBIX TOLGIYD PACCMOTDIM 1y tat g =
const.

i(d -
el R

Harerpupyes:
dw 1 4
ﬁ;il-, ="g9F
dw 1 a
@ T TIIPT,

1
wP)=-39/+alpta.

Ma yeaonua orpanmseryocti pomenys caepver: ¢ — 0. Ua rpannynoro
yesonua:

1
w(m)=0=79ﬂ§+rz:~cz=§yﬂ§
Wrax:
% oo
wlp) = 29 (o~ 7). (C6.4)

Tlpn noncranone (C.6.4) b wawatnion yerorne (C.6.2) w komkpeTiaa-
i byikuan f(p) sanava ans v(p,t) cranoswrcs onpeesensoi. o-
OBHBIE 332" YIKe POLIATHCH.
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1) Hoouropouiocet, eneiudsuicckoro mza.

veeTest v BHAY HCORHOPOANOCTH B YIPARICHUN XaDAKTCPHOTO U150
PRECMATPHIACMOTO (HAICCKON) TPOTICECA. BIA TABMCHMOGCTH OT BPCNC-
. JL1a HpOLeccon Nepeioca, TAKHX KaK TPOLECCD TeRA0NpOBuoc 1,
1O ABUCHMOCTD BY/Ta exp(—at).

HraK, paccMOTPHM NMEPBYIO KPaeByo 3a/iay ta GeCKOHETHOro 1i-
mmgpa e P ne THio
B ) XAPAKTEPHOTO B B OT BpEMC-
k. Ecmn 3ajava tennosas, u(p,t) - TeMnepaTypa BHYTPEHHHX TOYCK
WUIHH/paA.

3a20m ( cKast):
al 2 {2 -t
b a,;) +g () =, (©65)
u (po,) =0,
u (p,0) =1 (p),
0<p< . 0<t, lu(p.t) |< oo

Wimem petmerne » pijie cyMMbi JByX (yniKumi:
u(pt)=v(pt) +w(pt).

Toserasnsem & waaty (C.6.5):
L2 () 1D ey
“ [;a_ﬂ(pa—p)+p6p(p ap)]+g(p)e b
v (po,t) +w (po,t) =0, (C.6.6)
v (p,0)+w (p,0) = f (p)-

JIerko BHJICTb, YTO W3 370 38/184H CJIYIOT JIBE 32/1a4H:
3a1a"a 06 0GTIIeM PELIEHUH OHOPOMHOro ypasneina v (p,t):

210 (0
i (e50) = (©67)
v (po,t) =0,

v (p,0) = f (p) — wo (p)
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WA O SACTIION DOEIHH IEOMIOpOAIOTo ypaniies w (p, £):

d i o ( dp)+y(p)e _—_— (C68)
w (g, t) =0,
w (p,0) = wy (p).
Tockosiy b satasy (C.6.7) sxomr dhysuns wop), w31 (C.6.8),

TO HaZ0 NPeK e pemnTb sagady (C.6.8) - T.e. HaliTi yacTioe pemeine
w(p,t). Vmem ero » ue:

w(p i) =7 (p) . (©6.9)
Toacrasas 5 (C.6.8), nonywin:

7(po) =0,
0<p<p; |7(n)I<o0. (C.6.10)
Mony maw ans ~(p) o6 b ypas-

HeHHE ¢ J0CTATOURLIM TACIOM TPalHIBIX yeaonuit. Penms sty sanany,
HAaXOMMM HataibHoe yenosue i 3aauu (C.6.8), u sajaua cranonsTes
peltacmoit.

Bamerny, [1To AN i 3a1a%H Xap 10
OYAeT 3aBHCHMOCTh OT BPEMEHH BHia CoSwt ( wy sinwt), uro noeo-
JET HCKATH 3ABHCHMOCT] MaCTHOTO PEILENHS OT BPEMCHH B BUC:

¥(p) - cos wt
W oy Towe A 2(p) o6 I
HOC VDaRNeHHe.
<) H Ry TO BHEA.
DopumympoKa 3ajany:
10 (0u
@l a—p( )+ £t =, ©6.11)
u (po,t) =0,

u (p,0) =7 (p),

67
o< p<py, 0<t, |u(pyt) |< oo

Ecnu Gbr v nae 6118 5a7a'1a ¢ 0/IHOPO/IHBIM YDABHCHHEM, Mbl Ob1 HMETH
P

POIICHAC B BIJC no TRCHHBIM by
aaety oneparopa Jlanaaca » wuaHIApe (TP KPAEROM YCIOBHH Neproro
TURA), T.C. B BUAC:

(0)
w(pt)= & Talt) o (%"p) 5 (€612

e J(ud)) =0
Tax Gynem sckars pemenne(C.6.11) Toxe B uge (C.6.12). Moncrae-
ass 1o pewenve & (C.6.11) mur nonyrinm sagavy ana dynkuun Ty, (8).
JleficTRUTEHHO TOICTAHORKAE JI8eT:

Siadid (p#:‘”’)) T'J( ) fp=o

o
Bamenast, 1o w3 yparnenus Beccena aas dynxiwn Jo (b-p) enenyer:

"

1a [ dh(%) (uw) u(1£)

pap P a7 ) M\ n?

# pasnarast pyskunio f (p.t) B psig 110 10MY e nabopy:

Fo)= X fult)- o (_)

e L o
o 5 0t) 3o (80) pip
m (1) = TN e
I Jo (0] 12
Toaym:

S0+ (%“f""’)zmm  Fult)o (’ﬁ‘";’p) 0.

©
B cuny smweitHoit HesapucnmocTy dynkimit Jo (‘%p) OTCI0fA CTIeAYeT
vpasnensie ais dyikunn T (t):

ap®\? X
S (TT) T = Jm2)- (C:6.13)
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PEILICLHeS 7080 YDAsieling ecTh eyava, ofuiero pemtciins o 0pouiora

YparucHuA:
@

el
Ton o (8) = Ame” R,
H HACTHONO PCLICIA HOOAHOPOIHOTO YPABHCHHS:

£ o
T wactu. /""("'."Jz(l—”fm(") dr.
i
TMoacrasasz:

Toa(t) = Ton oqn.(t) + Ton wac. (2),
B (C.6.12), noay mm obuee pememie saxamm (C6.11), a nogummisig cro
HAYATHIOMY it 1 {C.6.11), Haiigem o yoke waneeTHof CXeME Jra-
60p Koteran A,,.

VIL Banaun ¢ 3aBucHMocThIo o1 "

Msi pacemorpam Takyio SaJIaMy Ha TPRMCPC PCLICHHA O/IOPOTOTe
TemoRoro st o PpamHyca pg ¢ o1H0-
DOHBIMH TPAHRMKLIMM YCTOBUSME ICHEOIO THIA It RATH'MN JaBHCHMO-
CTH OT © B HAYATLHOM YCIOBHM.

3aiaya V-39, Haitrn Temnepacy Py Geckoreunoro kpyroro wu-
JIHADA PATYCA fiy, CCI KA €T TOBRPXIIOCTH TOOPAITACTCR HyNoRas
TCMIICPATYPH. & HANATBIAR TeMICpaTypa papia:

U fp=

=u ﬁcosw,
TA€ P, @ = WMIHIADIYECKHE KOOIHIIATLT ¢ OCHIO 2 B OCH WK A,
Dopuyponka sanam (u(p, ¢, t) - TeMIepaTypa):
10 (au) 1% 1
iyl o B e o e T C.7.1
po Vo)t RoETa (o
upo,p,t) =0,
p
U (p,,0) =1y = cosp,
Ll

0<p<py, 0<t.
[ (p,p,t) < 0.
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Manectiio, 510 1 ity OPTOMONAILIOCTH FADMOIMK Sl 1Ny W COS np,
B POLICHHR ARHCHMOGTR OT  GYCT IMCTH Ty K TADMORHKY, 70 # B
HANATLHOM YCIORHH, T.C. HIICM DCHICTHC B BUAC:

u(p,g,t) = v (pt) - cosp. (€.72)
Tloperanionka (C.7.2) B (C.7.1) paet aaa yikm v (p,t) samauy:
10 (o 1 1 .
) S S G183
pop (pap) P vEEY ( )
v (po.t) =0,
i 1
v (p,0) = >
0<p<p, 0<%t |u(pt)|<co
Himey pewenye 1 nuae:
v (pt) =R (p)- T(t). (C.74)

Tozxcranorka n (C.7.3) ¢ nocegyiommy fesennem na R- T gaer:

Lidpom 1 3¢ N
R pdp\"dp
Jas gymaus R noxynim ypasienue Becceas nepporo nopsika:
1d(dR -
22 )+ (=) R=0. (€16
pdp (p dp) ( »”
€ TPANIYHBIM YCI0RHCM:
R (po) = 0.
0<p<po.
W ans dbynkmun T - yparnenve:
T+a® K T=0.

Bagava ia bynximn R (p) - sanaua na cobeTRENITbIE IHAYCRHS # 00~
CTBenble GYHKIUM PaauaibHOi vacTi onepartopa Jlamnaca & uaanpe
TPH KPAEROM yCJI0BHH lepBoro Tiiia. Ee perene:

R (p) = Jy (kp),



S (k o) =0 = kynpg = pufh),
e Ji(D) = 0. ¥ atop C.00. sazam (C.7.6) aomm:
)

(1)
Bm(p) = 1y (‘ip) :
Po
Obwiee peurenne sazaum s dynkumn (C.7.3) v (p, 1) mecr RHT:
(1) anll)
vipt) =Y Aud (h ) e R (©17)
Henonrays manaumioe yesaonne 13 (C.7.3), nmeem:
o
wh e 5 (). ©18)

Pamuarpnnan 10 cooToIenHe Kax pavioreime Gymaimy ug £ mo

Balopy oproronahix bymkisi A (hp) TI0 H3RCCTHOMY Mpanumity
nomy M KosdunpenTh pasiokens Ap:

!“IPJ: (425) pdp

A==l 27 7 C.1.9,
191 () 12 —
Hurerpas & (C.7.9) o D

HAA: 4
Z [ h@) = J(a),
Tpy v = 2 wveen:
2PU(z) dz = d [22Jy(z)]

3
Han” ol ‘lm p=z|=
a/ ( P) dp=|2p=g|
3 Wy
oy [ - o /d[rmzn-

”%Jzoén")-

Hanecrno, wro: ’
1) :
1 (%20) 1= Binip
m
o)
An u‘,q,)[—;(,“)f,)]z (C7.10)
W obuiee pewenne nexoanolt 3aaum (C.7.1) ects:

x Ji "J (1)
u(pprt) =2up cosp ,E. ;WM(;‘-‘;-))F 1 (h/’)'
-exp [~ ( (”) t]. (Cc1.11)

DBoRMOXHbI Daa/uviHbic RapHAIWH STHY .
) HauasmHoe yeaomHe HMOeT BRI cyMMbI TAPMORHK, HANDAMEp:

» Va
u (p,,0) = — cosy + L sin 2.
(p,,0) 7 Tp o eid
Torpa 3anava pasusacres na ape 3aJa4u:
ulp,p.t) = wlp, 1) + uz (p, o, 1),
UL OJTHOM W3 KOTOPLIX HAYATHHOE YEIOBHE MMeeT BHI:
L4
u(p,p,0) = — cos p,
1(p,,0) % 8
A AnA Apyroii: p’
u (p,9,0) = Esin 2.

U pemene obenx 3a1ay mmercs no TIPHECICIHOM BBMIIE CXCMe.
8) Hawansroe yoosse nmeer, sanpumep, iz

u(p,9,0)=A f (p)cos® o.

P: cos’p B suIC

cos’gp:% (14 cos 2¢)



¥ 1ajiava. 113 e, 110 Tpe/biy cxeme:

u(p.o.t) = (p.t) +us (p,p,8).

Ao pewenna ur (p,t) -sapama « navamann yemomes w (p,0) =
-; S (p). & Ana pewerus up (p, ©,8) - 38848 ¢ HANATBHBLIM YCOBHEM
w2 (p,9,0) = § (p) cos 2. Meroua pemmenins sTux 3azas wam VIKe 13-
RCCTHBI.
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