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Jlaboparopnas padota Ne 1
Oomekanue cghepvl NOMOKOM HECHCUMACMOU UOEATLHOU HCUOKOCHU.
. HEJIb PABOTbI

[IpnoOpeTeHne HABBIKOB MAaTEMAaTHYECKOTO MOJICTUPOBAHMS TIpollecca OOTEKaHUS
chepbl TOTOKOM HEC)KMMAEMOUW HCAThbHOU KUIKOCTH U aHATMTUYCCKOTO PEIICHUS
STOH 3aauM.

1. 3AJAHUE

1. [TocTpouTh MOAEIH TIpoliecca 00TeKaHus chepbl TOTOKOM KHUIKOCTH.
2. [IpoBecT moapoOHOE AHATIUTUYECKOE PEIICHUE 3a/1a4u.

3. OrnpenenuTs KOMIIOHEHTBI BEKTOPA CKOPOCTH YACTHULL KUIAKOCTH.

4. Haiitn pacnipenenieHne CKOpOCTEN YaCTHL] JKUIKOCTH Ha IOBEPXHOCTH
cdepsl.

5. C nomomnipto uHTerpana bepHymuim onpeaenuTh 1aBJICHUE Ha
MOBEPXHOCTH C(hEpPHI.

6. PaccuntaTh 3aBUCHMOCTD JIaBJICHUSI HA IOBEPXHOCTHU C(epbl OT
NOJIIpHOTO yria O.

1. Paccuurats 3aBucuMocts BenuurH Vi 1 Vo oT yria dnpu I = 1,2a; 5a;
10a.

8. Paccuurtath 3aBucumoctu Vi u Vg OT I' B Tuana3zoHe u3MeHeHus I oT a J10

10a ripu 1r00BIX 3HAYECHUSX 6.

1. BBIITOJIHEHHUE
1. MartemaTnyeckass Mojejdb mnpomecca o00TekaHuss cdepbl MOTOKOM
JKUAKOCTH

JIBM)KEHHE HEC)KUMAEMOMW HJICATbHOM JKUIKOCTH OMUCHIBAETCS CUCTEMOW YPaBHEHUH
TUAPOJMHAMUKH, COCTOSILIEN U3 YpaBHEHU Diliepa
ﬂ+(\7-V)\7:E—lgradp (1)
ot P
Y ypaBHEHUsI HEPA3pbIBHOCTH, KOTOPOE B CIIyda€ HECKUMAEMOCTH KUIAKOCTH
(WIOTHOCTB p = const ) UMEET BUJI

diw =0, (2)
rae V - CKOpOCTb KMAKOCTH, p - JaBlieHHe, F - MaccoBas CHJIA, OTHECEHHas K
€IMHUIIE MACCHI.
Hcnonb3yst hopmyily BEKTOPHOTO aHAIN3a
V 2
2
U paccMaTpuBasi CTAI[MOHAPHOE OE3BUXPEBOE JIBIXKCHHE JKUJKOCTU MPU OTCYTCTBUU
MacCOBBIX CUJI, U3 ypaBHeHuUs (1) momyuum

(\7 : V)\7 = rotV xV +grad



CJIEIOBATEIBHO,
2
Yiloc, (3)
2 p
rae C — KOHCTaHTa, UMEIOIAsl OJJHO U TO € 3HAYEHHE BO BCEX TOUYKAX JBUKYIIECHUCS
XuakocTu. PaBeHcTBO (3) Ha3bIBaeTcs HHTErpasioM bepHyiu.
Paccmotpum 3amady 00 OOTEeKaHWM HEMOJBIKHOM aOCONIOTHO TBepAoi cdepsl
CTAallMOHAPHBIM ITOTOKOM HJICAIBHOW XUAKOCTU. IlyCTh HE3aBUXpPEHHBIM NOTOK

HEC)KUMACMOHN HJICAIbHOW KHJIKOCTH, JBHrasCh IMOCTYMATEIbHO CO CKOPOCTBIO V,,
o0TeKaeT Ha CBOEM IyTH TBepIyro cdepy pamuyca a. OnpenenuM mojie CKOpocTeil
BO3MYIIICHHOTO JIBHYKCHUS JKHIKOCTH.

Cuynras nmkeHne Ge3suxpeBbiM (1ot V =0), BBeeM B pacCMOTpPEHHE MOTEHIUAN
ckopocTeid . IIpu 3TOM CKOPOCTh YAaCTHI] JKHUIKOCTH OyJIeT OINpeaesaThCs
dbopmynon

V =grady .

JIJis perieHus 3aJ1aud BBEJEM CUCTEMY CEPHUYSCKUX KOOPUHAT I, d, ¢ C Ha4aJIoM B
1eHTpe cheprl U HAPaBUM OCh Z B CTOPOHY, MPOTHBOIIOJIOKHYIO TBIKEHHUIO MTOTOKA

(puc.1).
W3 ypaBHEHMs HEpa3pbIBHOCTU CIEAYET, YTO IOTEHLMAI CKOPOCTEN y A
HECKUMAEMOMN JKHUJIKOCTU JOJDKEH YIOBJIETBOPATH BCIOAY BHE C(epbl ypaBHEHHUIO
Jlannaca

Ay =0 (4)
['pannuHOE ycCJIOBHE Ha TOBEPXHOCTH CQEpbl COCTOMT B PABEHCTBE HYJIIO
HOPMAaJIbHOM COCTABIISIOLIEN CKOPOCTH V,

0
b= 5] 70 (5)
Kpome Toro, moTeHmnman y B 6ECKOHEUHOCTHU JOHKEH yIOBIETBOPATH YCIOBHIO
\700 =grady = —\70 . (6)
[ToTeHnman y MpeACTaBUM B BHJE€ CyMMBI IBYX CJIaraeMbIX
V=Y (7)
rae v, =—V,-2=-V,-r-cos(é) - IoTeHIHaJ CKOPOCTEH OJHOPOIHOTO IIOTOKA;
y' - IOTEHIMaJl CKOPOCTEH BO3ZMYIIIEHHOTO MOTOKA.
Torna u3 Beipaxkenuii (3), (5) u (6) nonyyaem
Ay' =0, (8)
%—"/r/ y =V, -cos(6); 9)
V'. =grady’ =0. (10)

Takum o00pa3oM, 3a7aya COCTOMT B HAXOXKICHUU pEIICHUsS ypaBHEHHS (8),
YAOBIIETBOPSIOIIETO TPAHNYHOMY YCIoBHIO (9) 1 ycnoButo Ha 6eckoneunoctH (10).



2. AHAJIUTHYECKOE PellleHHe 3a1aUu

B cepuueckoii cucteme KoopIuHAT

, 1o ,op 1 of. 61//’} 1 oy
=—|—|r°— —| sin(@ .
v r{@r{ or }sin(e)ae{ )34 "sin? (6) 997

Tak kak paccMaTpuBacM OCCCHUMMCTPHUYHYIO 3a1a41y, TO q)YHKHI/I}I v HC 3aBHCUT OT

KOOpJIMHATHI ¢ . [loaTOMy ypaBHeHHE (§) MPUHUMAET BU/T

a[rza_'»”'}r L i{sin(é?)a—v/}=0- (11)

orl or | sin(6)a6 06

bynem pemates ypaBHenue (11) Meromom paznaeneHuss nepemMeHHbIX. g 3TOro
110JIaraeM

v/ (r.0)=R(r)®(0). (12)
[Toncrasnss (12) B (11), monyuum

1d| ,dR 1 d| . do
——|r’—|=———-—sin(0)—|.
Rdr[ dr ®-sin(0) do do
Tak kak jeBas 4acTh MOCJEAHETO PAaBEHCTBA HE 3aBHCHT OT ¢, a TMpaBas OT I, TO
MOYKEM 3aIIMCaTh
li[rzd_R:|=l; ;i[sm(g)d_q)}:—ﬂ
R dr dr ®-sin(0) do dé

rie A - MOCTOSIHHAS pa3JeieHus, KOTOPYIO CYUTAeM HEOTPULIATEIIbHOM.
Ionoxkum A=n(n+1), rae N — nenoe yucno. Toraa A nepBoro ypaBHeHUs Oyaem

UMETh
1d rz-d—R =n(n+1);
Rdr dr
2r dR r® d’R

R o TR e
r’R"+2rR’ —n(n+1)R = 0;
[TosoxkuM R =r*, MOJIy4nUM:
R'=pu-(u=1)-r"*R =pu-r"
[TomcTaBUM B HCXOAHOE YPABHEHHUE, ITOJTYIHM:
Fu(u—20)r"? +2rur** —n(n+2)r* =0;
pu(p-1)+2pu-n(n+1)=0;
1w+ pu—n(n+1)=0;
=N, 1, =—(n+1).
OKOHYATEIBHO TOJyYaeM PEIICHHE:
R(r)=Ar"+B,r",

rae - A,, By nocrosausle.

Peminm BTOpOE ypaBHEHHE:



! d( 9d£j=—n(n+1)
dsing do do

2
: c030~d—q)+sin6’-dq; =-n(n+1);
®-sind do do
2
0950-d®+d q;+n(n+l)-<I>:0.
sind doé dé
dod , d?® .
O06o3HaUNM 10 =@, Y =®", Toraa ypaBHEHUE MPUMET BU/I
o'+ %% ' nn+o =0, (14)
sin@

[Tonoxum cosé =s, Toraa @ = arccoss, ® = ®(F) = d(arccoss) . OTcroaa Clieyer:

®' =—1-5° dd_cD;
S
do’ d do do d’®
—J1-5s%. =—1-8% —| \1-8* . — |=—s.— +(1-¢7 .
ds ds[ ds } ds ( ) ds?

[ToacraBum nosrydueHHbIe BhIpaskeHus B (14):

2
(1—52)d c2D _dP, 8 (—\/1—52 ~d£j+n(n+l)-<1) =0;
ds ds J1_¢2 ds
2
(1—52)d ?—st—®+n(n+1)-® =0.
ds ds
[Monyunmu nquddepennnanbaoe ypaBHeHune Jlexanpa.
OKOHYATENBHO TOJy4aeM pElICHHE:

rae C, - IOCTOSIHHBIC,

P - monmHOM Jlexxanapa nopsiaka n.

Jlnst BeimonHeHus ycnoBus (10) HeoOxonumo mosioxuth A =0. Takum o6pazom,
' =a,P,(cosd)r

r7ie a, - HEKOTopas MOCTOsTHHAS.

n+l

Byznem nckath HOTEHIMAN y' B BUIE PAAA
Za (cos@)r (1)

[Toacrasisist 3TOT psiA B rpaHUYHOE yciioBue (9), moiydyaem

—Za (cos@)-(n+1)-a™? =V, -cos@.
VuuteiBas, 4To coséd = Pl(cose), HaXOJIUM
an=0n#1 ay=-1 as-\V.
Takum 00pazom,

W':—%as-vo-rz-cose.

Ha ocHoBanuu ¢opmyibl (7) OKOHYATETEHO TIOJyYaeM pelieHUe 3aa4n



3

(//:—V{H%}cose.
T

3. OnpezleJIeHne KOMIIOHEHT BEKTOpPa CKOPOCTHA YacCTHUIl ’KNJIKOCTH

Onpenenus MOTEHIMAN CKOPOCTEN  , MOKEM HAWTH KOMIIOHEHTHI BEKTOpPA CKOPOCTH

YaCTHI] )KUJIKOCTH TIO0 PopMysiam
loy . V - 1 ody
rod’ ° r-sinf dp’
OKOHYATENIBHO MOJTyYaeM:

3
V :a—y/:—v{l a ]cose;

Tooor T
3 3
v, =1 Ly i 2 Lsing |=v, |1+ -2 | -sine:
rog r 2r 2r
’ r-sin@ op
4, HaxoxnaeHue pacnpenejieHdsi CKOPOCTeil  4YacTHIl JKUAKOCTH Ha

MOBEPXHOCTH cepbl

Ha nosepxHoctu cepsl, T. €. pu ' = 8, KOMIOHEHTHI CKOPOCTU PABHBI:
3

V.| =V, [1—61—3} -c0s0 =0;
- a

B a’ | . 3,
V,| . =V, 1+§ -smezzvo-sme.

Torma MOyib CKOPOCTH YaCTHIL )KUIKOCTH HA MMOBEPXHOCTU C(Pepbl paBeH:

V|r=a :V9|r=a :gvo -sin@

5. OmnpeneJieHue JaBJIeHNsI HA OBEPXHOCTH cepbl.
Jlist onipeiesieHus aBiieHUs BOCIIONIb3yeMcsi mHTerpaioM beprym:
Ha noBepxHoctu cdepsl OynemM UMeTh

p=C—§p-V02 -sin*(6).

Orcroga BUAHO, YTO pacHpelielicHHE JaBJICHHS OTHOCHTENbHO Intockoctu XOY,
MEPIICHIUKYJISIPHOW K HAMpaBJICHUIO TMOTOKA, CHUMMETpPUYHO. Torga $CHO, 4YTO
JIaBJICHUS, IPUJIOKEHHBIE K TOBEPXHOCTU C(PEephl, B3aUMHO YPaBHOBEIIMBAIOTCS. JTO,
TaKk Ha3biBaeMbld, mapagokc JlamamOepa. OH o0OBsicHseTCA TeM, 4TO B
NEeUCTBUTEILHOCTH 0€30TphIBHOE O€3BUXpeBoe oOTekanue chepbl He umeeT mecta. C
MOBEPXHOCTH C(Epbl CPBHIBAIOTCS BHUXPHU, KOTOPHIE BUIOU3MEHSIOT KaK KapTHHY
TEUEHHUs, TaK U pacrpejieicHue JaBJIeHUsI Ha TTIOBEPXHOCTH CeEphI.

V. O®POPMJUIEHUE OTYETA.



B otuete JOJIDKHBI OBITH NpEACTaBJICHEBL: LCIIb pa6OTBI, 3aJaHUC, BBIIIOJIHCHHUC,
pemcHUC 3a/la4 B MAaTCMATUYICCKOM IIAKCTC.



JlabopaTtopHas paborta Ne 2
Pacnpocmpanenue menna 6 cihepuueckom mee.

|. Hean padoTsl.

[IproOpeTeHne HABHIKOB MOCTPOSHHS MATEMaTHYECKONH MOJENH pPaclpOCTPaHCHUS
Teruia B c(hepuieckoM Tee.

1. 3apanue.

1. IlocTpouTh MaTeMaTHYECKYyI0 MOJENb Mpollecca pPACIpOCTpaHEHHUS TeIuia B
cepudeckom Teie.

2. IIpoBectu nmoapoOHbIe MpeoOpa3oBaHus U MOMyduTh petienue (13) nocraBneHHON
3aj1auu.

3. IlocTpouTh KpUBbIE pacrpeeeHrss OTHOCUTEIbHOM H30bITOYHOM TeMmepaTypsl 6

B IIape N0 OTHOCHUTEIBHOMY PAINyCy % npu nocTosHEOM uncie Oypbe F = l .2t |
10 10 10

paBHOM —,—,—.
10 20 30

4. Paccuutarh U MOCTPOUTH T'paUKU 3aBUCUMOCTH GYyHKIMU & OT uucia Dypse,
m3menstomerocs ot 0,05 mo 1 ¢ marom 0,05 ns cneayromuyx 3HAYEHUH OTHOLIEHUS
r 10 10 10

R’ 25'50'100°
I11. Beimosinennue.
1. TeopeTnueckne cBEACHUS.

[Tpouecc pacnpocTpaHeHus: TEIla B U30TPOMHOM CPENE OINUCHIBAETCS ypaBHEHHEM
TEIJIONPOBOAHOCTH

AAT + grad Agrad T — %(CpT) +q9=0,

rIie

T - Temmieparypa,

£ - INIOTHOCTh MaTepHuaia, U3 KOTOPOro M3TOTOBJICHO MOJACIUPYeMoe chepruidecKoe
TeJo,

A - KO3(pPUIIMEHT TETUIONPOBOIHOCTH,

C - yJAelbHas MaccoBasl TETTIOEMKOCThH (TETNIOEMKOCTD BEIIIECTBA),

J - MOIITHOCTh BHYTPEHHUX UCTOYHUKOB TEIIJIOTHI,

t - Bpems npoAoJDKEHHU Mpolecca paclpoCTpaHeHUs TeIlIa.
JI71st OTHOPOAHOTO TeNla BEIUYUHBI P, A, C IOCTOSHHBI U YPABHEHUE MPUMET BUJT
1 0OT
rL,9
a ot A

A
rae a=—-.
C-p
[Ipn pemeHnn KOHKPETHBIX 3a7ad4 TEOPUM TEIUIONPOBOJHOCTA HAYAIBHBIE H
I'PaHUYHBIE YCIOBHS 00ECIEUMBAIOT MOJYYEHHE OJHO3HAYHOIO PEUICHUS! YPaBHEHUS
TEIJIONPOBOAHOCTH.



Takum o00pa3oMm, MaremaThueckass MoOJIeJb TIpollecca paclpoCTpPaHEHHUs Teruia
MPEICTABISIET CO0OM YpaBHEHHE TEIUIONMPOBOIHOCTH W YPAaBHEHHUS, OIMHMCHIBAOIINE
HAYaJIbHBIE U TPAHUYHBIC YCIIOBHSI.
PaccmoTpum crnenyromyro KpaeByro 3a/1adqy TEOPUH TEIUIONPOBOJHOCTH.
2. ITocTtanoBka 3a1a4u.

Jlano cdepuyeckoe Teno paauyca R ¢ W3BECTHBIM  HayaJIbHBIM
pacnpezelieHueM TeMueparypbl I,. B HayanbHbBIi MOMEHT BPEMEHHU IIOBEPXHOCTH

mapa MIHOBCHHO OXJIAXKAACTCA 10 HeKOTOpOﬁ TCMIICPATYyPhI T

., KoTopas
MOAJECPKUBACTCA TOCTOSIHHOM Ha TPOTSHKEHUM BCEro IPOILECCa  OXJIAKICHMUS.
TpeOyetcs HaliTH pacmpeneseHue TeMrepaTypsl 1 BHYTPH IIapa B JIOOOH MOMEHT
BpeMeHH t.

OxJlaXeHUEe TNPOUCXOIUT PABHOMEPHO, TaK YTO HM30TEPMBl BHYTPH Ilapa
IPEJCTaBISIIOT COOOW KOHUEHTpUYECKUE CEpbl, TO €CTh TeMIeparypa | 3aBHCHUT
TOJIBKO OT paJinyC-BEKTOpa I' U BpeMeHH 1t .

JuddepeHunanbHoe ypaBHEHUE TEIUIONPOBOAHOCTH MPU OTCYTCTBUU HCTOUYHUKOB

TEIUIa UMEET CJIEAYIOIINI BUI:
oT A
—=a-AT,a=——.
ot cC-p
VYpaBHEeHHE TEIUIONPOBOJHOCTH JJISI PAcCMATpPUBAEMOM CHMMETPUYHOW 3a7auyd B
chepruueckoil cucTeMe KOOpAMHAT 3aluChIBA€TCS B BUJIC:
oT(r,t) o°T(r,t) 2 aT(r,t)
——=a- —+—- : ¢))
ot or ror
Heobxoaumo Haiitu pemienue ypaBHeHus (1), ymoBIeTBOpsIOIIEe CleAYIOIUM

YCIIOBHSIM:

T(r,0)=T,, (2)

T(R,t) =T, 3)

T(0,t)# o, (4)

aoY) _, )
or

Takum o0Opazom, OyJneM HCKaTh pEIICHHE IEepBOM KpaeBoi 3amaun. YcioBue (4)
o0o03HaYaeT, YyToO TemIepaTypa B IeHTpe chepsl Ha MPOTSKEHHH BCEro IMpoiiecca
TEMI000MeHa A0KHA ObITh KOHEYHOU. Y ciioBHeE (5) €CTh YCIOBHE CHMMETPHUHU.
3. Pemenne 3agaum.

[Tepenumem nuddepenimanbHoe ypapHenue (1) B Buge:

%[rT(r,t)J:a;—;[rT(r,t)]. (6)

bynem pemats mMOCTaBICHHYIO 3ajady METOJAOM HHTETPAIBbHBIX MPeoOpa3oBaHUiA,
UCIIONIB3YsSl Il 3TOro mpeoOpasoBanue Jlammaca. I[lpumenum mpeoOpa3zoBaHue
Jlammaca k  ypaBHeHUIO (6) OTHOCHUTENBHO TEpEeMEHHOM t, MOJIOXKUB

0

TL(I’, p) = Je_pt T (r,t)dt . YuureiBas, 4ro

0



o0

Je™ ST (r)dt=p-T, (r,p)=T(r,0)=p-T,(r,p)-T,,
0
IMoJIiydacM:

o° P rT,
57[rTL(r’ p)]_ngL(r’ p)+?:0, (7)

Takum o6pazom, BMeCTO AUPPEPEHIINATHPHOTO YPABHEHUS B YACTHBIX MPOU3BOIHBIX
(6) MBI TOTYunIIM OOBIKHOBEHHOE MH(depeHnnanbHoe ypaBHeHre (7) OTHOCUTEIIBHO
usobpaxenus T, (T, p).

Pemenue ypaBaenus (7) umeeT BUA:

rT(r, p)‘%‘r:k(z}'r +§e_[§]2'r = A-ch[\/ng+ B.Sh(\/grj- (8)

Tak kak B nentpe mapa =0 temneparypa T(O,t) u ee npeodpazoBanue Jlamnaca
T, (O, p) COrJJaCHO YCJIOBHIO O KOHEYHOCTH TemIeparypbl (4) HE MOTYT OBITh

BeNMYMHAME GeckoHeuHO Gombumamu, TO ecth limr-T (r,p)=0, To cuexyer
r—0

T (r, p)—T—S_B-%-sh(\/gr]. (9)

HOCTOHHHYI-O B onpcaAcinM H3 TIpPAHUYHOIO YCIOBHUA  JIA I/1306pa}KCHHH

nojoxutb A=0.
Takum 006pazom, UMeeM:

T
TL(R, p):g", KOTOpOE€ TIONydaeTcs B Pe3ysbTaTe MPUMEHEHHUs peoOpa3oBaHUs

Jlannmaca k ycnoBuro (3).
Haiinem
(TO — Tc) ‘R

(2]

Torna pemenue (9) npuMeT CIeAYIONINI BU/I;

(TO—TC)-R-sh(\/B-rJ
a
p-r-sh(\/E-RJ
a

Teneps, 3Has npeoOpa3zoBanue Jlammaca  Temmeparypbl, MOXEM  HaWTU
pacrmpejielieHde TeMIepaTtypbl B Tejle, OCYUIECTBUB oOOpaTHOEe NpeoOdpa3zoBaHUE
Jlamnaca. J1jist 3T0ro BOCIonab3yeMcs TEOPEMOU Pa3JI0KEHHUS.

Teopema pasznosricenus.

Ecnu u3o0paxkenue npeacrasisieT coO0H APOOHYIO (PYHKIUIO

B=-

.
=T, (r,p)=
p

(10)



oy olD) ALApIA B .
(p) w(p) B,-p+B,-p’+... (11

TO

f(t :L—l @:|: - (D(Pn) Pnt’
X Lu(t) VEGAN
rae P, - mpocteie kopau dyHKimE ¥ (p).

[IpaBass 4wactp paBenctBa (10), sABmsrOMIAsiCs  OTHONMICHWEM  (DYHKIIHHA

co(p)—(To—Tc)'R'Sh(\/gr} u y/(p)—p-r-sh(\/gR), MOXET  OBITh

npezacTasiieHa B Buje (11), Tak kak

3
p p 1 \F 1
sh| ,[—-r FeJ—+—-r = +.. r
[\/;) \/;JFS!( aj+ TP

oo [£r) p[ Pife ﬂ] o[ s o]

Haiinem xopau GyHKIIMU 1//( p) , IUTs1 4ero HEOOXO0AUMO TOJI0XKUTh

w(p):p-r~sh[\/§-R]:O.

Otcrof1a MoayYuM CIIeIyone KOpHU:
1) p=0.

2) sh[ ER] :Tlsin(i ERJ ~0,
a | a

OTKYyJla
2
. a:
IW/BR =Nz =, wm P, =— ’LZI” :
a R
JI71st HyJ1€eBOTO KOPHS BOCTIONIb3yeMcsl oTHoteHueM (12):

o(p)=(1,-T) R re 2 Lpa |

W(p):r.p.{R+l.R_3.p+_“]

3l a
Torma |im [MJ:TO —Tc.
p—0\¥'(P)

Jlns kopHe#l P, OyzneM UMeTs:

P(Pr) = (T ~ RIS (1t )



PY=Irshl .[=R |+=r./—Rch| .[—R =—Tru,CoS t,.
vi( n) { [ a J 2 a ( a jj|p—P 2i " &

B pesynprare obpatHoe mpeobOpazoBanme Jlaruraca pasenctBa (10) ¢ momorisio
TEOPEMBI Pa3JI0KEHHS 1aeT OKOHYATEIbHOE PEIICHUE 3aauu:

. r
R-sin| u, -—
T(r,t)_T il n+1 ( n Rj ( 9 a.tj
O=——-—"—==>2-(-1) - : - — . 13

TO _Tc ; ( ) r- lun exp lun R2 ( )

HeoOxonuMbie TpadvKu IIOCTPOUM B MaTeMaTHIeckoM makere Maple

KpuBble pacnpeneneHusi OTHOCUTEIbHOM M30BITOYHOM Temmeparypsl 6 B miape Io
r a-t
OTHOCUTEJIBHOMY PaanyCy R IpH TOCTOSHHOM umcie Pypbe F =—-, paBHOM

10 10 10

10'20°30
['pacduxu 3aBucumoctu pynkuuu 6 ot uncna Oypswe, namenstomierocs ot 0,05 no 1 ¢
. r . 10 10 10
maroMm 0,05 14 ciienyromux 3Ha4€HU OTHOIIEHUS, — @ — ,—,—— .
R 25 50 100

V. O®OPMJUIEHUE OTYETA.

B otuete JOJIDKHBI OBITH MNpCACTaBJICHBL: ICJIb pa6OTBI, 3aJaHuC, BBIIIOJTHCHHUC,
pemCcHUC 3aJa4Y B MAaTCMATUICCKOM IIaAKCTC.



JlabopatopHas paborta Ne 3
Pacceanue 36yKo8bix 6011 Ha cghepe.

l. esn padoTsl
[TocTpoeHre MaTEMaTUYECKON MOJENHN IIPOLECCA PACCESHUS 3BYKOBBIX BOJIH

Ha C(bepe; IMOJIYUYCHUC aHAJIIUTHYCCKOI'O pCIHICHUA MOCTaBJICHHOM 3aa49u; IIpOBCACHUA
YU CJICHHBIX HCCHGHOB&HHﬁ.

. 3aganue
1. [TocTpouTh MaTEeMaTHYECKYIO MOJIENb MPOIECCa PACCESIHUS TUIOCKOW 3BYKOBOM
BOJIHBI Ha cepe B UACAUTBHON KHUIKOCTH.
2. MeTomoM pazaeneHus IEPEeMEHHBIX TIOJTyYUTh aHATUTHICCKOE PEIIeHUE
3a71a4H.
3. PaccunTtaTh ¥ IOCTPOUTH TMAarpaMMbl HAIPABICHHOCTH PACCESTHUS BOJIHEI,

PECTaBIIONINE CO00M 3aBUCMMOCTH (GyHKIMHK |F(6)| OT HOJISIPHOro yria 6 mpu
CICIYIOIINX 3HAYCHUSIX Mapamerpa
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1. BbinosiHeHue
1. Teopernyeckue cBeeHUA

JIns MaTeMaTH4ecKOTro MOJIECIIMPOBAHUS TPOLECCA PACIPOCTPAHEHUS 3ByKa B
UJICAIBHOM CpeNe BOCIIOJIB3YEMCS IMOJIHOW CUCTEMOW YPABHEHUN THAPOMEXaHUKH
HIeaIbHOH »KUIKOCTH, OIKUCHIBAOIIEH JIF000€ ABIKEHUE UACATILHON KUAKOCTH. DTa
CHCTEMa BKJIIOYAET YpaBHEHUE JABMKCHUS UACATbHOM XUAKOCTHU (YpaBHEHHUE
Dilniepa), ypaBHEHUE HEPA3PHIBHOCTH U YpaBHEHUE (PU3UUECKOTO COCTOSHUSI.



MaremaTn4yeckoe ONMCaHUEe IBUKEHUS )KUJIKOCTU OCYIIECTBIIAECTCS ¢ IIOMOILBIO
(GYHKUIMH, ONpeaesouMX paciupeaeaeHe CKOPOCTH V , 1aBJIeHHUs p U IUNIOTHOCTU

p.Benmuuuel V, p U p ecTh QYHKIMH BpeMEHH t ¥ KOOPIHHAT TOUEK
IPOCTPAHCTBA. YpaBHEHUE DHjiepa UMEET BUI:

ﬂ+(\7-V)\7:E—lgrad P, (1)
ot p

rae F - MaccoBas CHJIa, OTHECEHHAs K €JMHHMIIE MACCHL.

YpaBHEHHE HEPA3PHIBHOCTH 3aIMCHIBACTCS B BHJIC

%”mw(p-V):o. (2)

Byz[eM CUuTaTh, 4YTO IBHKCHHC C)KUMaeMOM KUIAKOCTHU IIPOUCXOOUT aI[I/Ia6aTI/I‘{€CKI/I.
B stom ClIy4dac YypaBHCHHC (1)I/IBI/I"IGCKOFO COCTOAHUA ITPUHUMACT BUI

o= 2] ©)
)

Po

C .
rae y= C—P; P, XU p, - JABJIECHUE U IUIOTHOCTh HEBO3MYILIEHHOW )KUJIKOCTH; C, U C,
\%

- TEIJIOEMKOCTh TPY TTOCTOSTHHOM JaBJICHUN U TIOCTOSIHHOM 00BEeMeE.
[Tportecc pacpocTpaHeHus 3ByKa MPEACTABIIACT COOOM MajIble KOJIeOaHus
JKUJIKOCTH, TaK 4TO B ypaBHeHHH (1) MOXKHO MpeHeOpedbh KOHBEKTHBHBIMHU WICHAMM.
[Tonarast, 9T0 BHEIIHHE CHJIBI OTCYTCTBYIOT, TIOJIYYUM

ﬁ:—i-grad p. 4)

ot p

BBeneM B paccMOTpEHHE BEIMYUHY S , HA3bIBAEMYIO CKATUEM U PABHYIO
OTHOCHUTEIBHOMY U3MEHEHUIO TUIOTHOCTH

s=L"F0 = p=p,(1+9). (5)
Po
Torna ypaBHenue (3) nepenuuiemM B BUIE
p=p,-([A+S). (6)

[Tpu manbIx KoJie0aHUSAX )KUIKOCTH CKaTUE S HACTOJIBKO MaJio, YTO BBICIIMMU
CTENIEHSIMU S MOKHO TIpeHeOpedb. B pesynbrare u3 BeipaxkeHus (6) moaydum
p:po-(l-l-)/-S). (7)
[ToxcraBum BeIpakeHue (5) B ypaBHEHUE HEpa3pbIBHOCTU. Tak Kak
div(p-V) = p-div(V)+V -grad p = p, -div(V) + p, - S - div(V) +V - grad p,
MpUYeM MOCICAHUMHU JBYMsI ClIaraéMbIMH MOKHO MpeHeOpeyb, TO BMECTO yPaBHEHHUS
(2) 6ynem umethb

§+div(p-\7) =0. (8)
YpasHeHue (4) B TOM e NPHOIMKCHUI CBOIUTCS K YPaBHCHHIO

oV )

—=—c?-grad S, 9

p 9 9)

1
P. )2
rjae c= (;/—OJ - CKOpPOCTh 3BYKa.

Po



[Ipennonoxkum Tenepb, 4TO B HAYaJIbHBIA MOMEHT CYILLECTBYET IMOTEHIINAI
CKOPOCTEH ¢, T.€.

v |t=0: grad 50- (10)
N3 ypaBHenus (9) umeeM

V=V|_, —c ~grad(f8 dt] .
0
C yuerom (10) nonmydaem
V= grad(q;O —¢? ~_[S dtjz grad ¢ . (11)
0

DTO 03HAYAET, YTO CYIIECTBYET IMOTEHIIMAT CKOPOCTEH ¢ B JIF0O0I MOMEHT BpEMEHU
t.

t
$=¢y—c’-[sdt.
0

Huddepenuupys nocneaHee BeIpakeHUE Ba pasa 1o t, oJiydyuM

%6  , 0S
- _¢2.22 12
ar A (12)
C npyroii ctopoHsl, moacTaBisis Beipakenue (11) B ypaBuenue (8), Oyaem UMeTh
% = —div gradg =—Ag . (13)
N3 ypaBuenus (12) u (13) npuxoauM K BOTHOBOMY YPaBHEHUIO
0% ~
e c’-Ag, (14)

KOTOPOE OMHUCHIBACT MPOIECC PACIIPOCTPAHEHHS 3BYKA B UICATBHOM KUIKOCTH.
OTmeTHM, 9TO 3HAHUE TIOTEHITHAIA ¢ JOCTATOYHO IS ONPE/ICIICHUS BCETO
nporiecca IBIKEHUS )KUIKOCTH B CITydae MaJIbIX BO3ZMYIIICHHM, TaK KaK

i - 1 o9
V =grad ¢ , S:C—Z-E.
B cityuae ycTaHOBUBIIIETOCS peKUMa KOJieOaHu i
=g (15)
ypaBHenue (14) nepexoauT B ypaBHeHHE [ enbMrobiia
Ap+k2¢=0, (16)

@ . -
IZle @ - Kpyrosas 4acTora; k = — - BOJIHOBOE yHcio. [Ipu atom p =ipawg .
c

PaccmoTpum 3a1auy o paccessHUM IITOCKOM 3BYKOBOM BOJTHBI Ha cdepe. [lycts Ha
a0COJIFOTHO JKECTKYIO HEMOABMKHYIO cpepy pajguyca a majaeT IUIoCKas BOJIHA,
pacnpocTpaHsoIIascs 1o HarpasjieHuto ocu z (puc.l). [ToTrenuuan ckopocreit
Hajarolieil BOJHBI UMEET BU/

dp = dp-e7, THE ¢, =", (17)
TpeOyeTcst onpenenuTh aKyCTHIECKOE MOJIe, pacCesHHOE CHEpOoi.
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v
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Puc. 1 I'eomempus 3a0aupl.

Jns perieHus 3a1auu BBeqieM cugfemy cd KoopauHat r, 6, ¢ C HA4YaJIOM
B LICHTPE Cephl.

['paHrYHOE yCI0BHE HA MIOBEPXHOCTHU KECTKOU chephl, MOMEIICHHOW B UACATbHYIO
Cpely, 3aKJI0YaeTCs B paBEHCTBE HYJIK0O HOPMAJIbHOW CKOPOCTH YaCTHIL )KUIKOCTH

V., " UMeeT BUJ

V |r:a=6_¢|r:a=o' (18)
or

n

B cuny nuHelHOM NOCTAaHOBKH 3a/1a4d MOTEHIIUA CKOPOCTEN MOTHOTO
aKyCTHUYECKOTO I10JIA

P=¢p + ¢s J (19)
I1€ ¢ - ICKOMBIN ITOTEHIHAJI CKOPOCTEN PACCEIHHOM BOJIHBL.
[ToTeHmman ckopocTeil ¢, AOHKEH, IOMUMO I'paHUYHOTrO yciaoBus (18),

YIOBJICTBOPATH YCIOBUIO U3TyUYCHHS HA OCCKOHEUHOCTH: fim ¢ =0,

C yuerom Beipakenus (19) u3 ypaBuenus (16) u (18) monyyaem
A¢s + k2¢s =0; (20)

9ps, _ 9%
ar |r=a_ ar |r=a' (21)

Takum 00pa3om, B MAaTEMaTHYECKOM MOCTAaHOBKE 3a/1a4yd COCTOUT B HAXO0XKJICHUU
pelieHust BOJIHOBOTro ypaBHeHus (20), y0BIETBOPSIOIIETO TPAHUYHOMY YCIIOBHUIO
(21) 1 ycnoBHIO U3My4eHUsI HA OECKOHEYHOCTH. 3aMETUM, YTO NIOCTABJICHHAS 3aa4a
ABJIIETCS] OCeCUMMETpUYHOU. [loaTOMY ¢, HE 3aBUCUT OT CPepUUECKO KOOPIUHATHI

Q.
PemuB ypaBHeHue ['ebMrosiblia METOI0M pa3eiieHus IEPEMEHHbBIX B C(hepruuecKOi
CUCTEME KOOPJMHAT, MOJy4YUM 00I1iee pelIeHre B BUE

b =3 A -Z,(k-1)-P,(c0s6),



rne  Z,(k-r) - onHa u3 chepuueckux OecceneBbIX PYHKIUN MOpsIKa N ;
P (cos 9) - monuHoM Jlexxkanapa nopsaka n;

A, - IOCTOSIHHBIC.

J51s TOr0, YTOOBI MOTEHLIUAT ¢, YIOBIETBOPSI YCIOBHIO U3TYUCHHS HA

OECKOHEUHOCTH, HEOOXO0IMMO B KauecTBe cepudeckor pyHkuun beccens BriOpaTh
chepudeckyto GyHKIMIO XdHKENs nepBoro poaa h, (k-r). B atom ciayuae ¢

COOTBETCTBYET PACXOIAIIECHCS BOJIHE C YYETOM TOI'0, YTO BPEMEHHBI MHOKUTEIb
BBIOpaH B BUjIEe e .
Urak, pemenue ypapHenus (20) OyeM HcKaTh B BUJE

g =S A -h(k-1)-P,(cos6). (22)
n=0
[Tamaroryto BOJIHY MPEACTABUM B BUE PA3JIOKEHUS B P/
g, =ik = %i” @2n+1)-3.(k-r)-P.(cos ), (23)

rae J, (k-r) - chepuueckas pynkuus beccens nopsiika n.
Jliig onpeenennss HEM3BECTHRIX KOAP(GUIUMEHTOB A, MOJCTaBUM pasiiokeHus (22) u
(23) B rpannuHoe ycnoBue (21). B pe3ynbrare noayyum

A, =-1"-(2n +l)-M, rae z'(x) :iz(x).
h, (ka) dx
Takum 06p2130M, HaXO0JUM PCIICHHUC 3ada491
b =—% i 2n+1)- 225 b ()P (cosd). (24)
o h, (ka)

PaccmoTpum nanibHIO 30HY aKycThueckoro moJist (kr >> 1) . Ha 6osnbimx
paccTostHUSX OT cdepbl pyHKIUO h (k-r) 3aMEHUM aCUMOTOTUYECKOH (HOpMyJIIOit

ei-k-r

h, (k1) ~ (=)™

kr
i-k-r
bynem umets ¢, = ekr -F(09), roe
F(9) =i 5 (2n+1)- J", (ka). P (cos ). (25)
"0 h, (ka)

B I[aJIBHeﬁ 30HC MOJIA IJIs1 AaBJICHHA U COCTABJIAIOIIUX CKOPOCTHU YaCTUIT CPCIbI B

paCCCHHHOﬁ BOJIHC ITIOJYYHM CJICAYIOIINEC BbIPAKCHUS:
ik-r

P, =i-p-o- -F(9),;

kr
ikr

Vo ~i-k-S
kr

F(0); Vg=0; V,=0. (26)
[Tpuuem B popmynax (26) npeHeOperiv 4wieHaMu MopsiaKa iz
r

7 i REIVANA:
HTCHCUBHOCTB PACCESTHHOMN BOJIHBI onpeierisieTcst mo Gopmyne | = E[\/,S|-| |-

JNaJIbHEN 30HE MOJIA



1 :
lg == po-Cer 2IF )

CxoaumocTb psfoB (24) u (25) cyliecTBEeHHBIM 00pa30M 3aBUCUT OT MapaMeTpa
k-a.CxomMMOCTh yXyIIAeTCs C pOCTOM K-a.
[TpuBenem HekOTOPBIE (HOPMYIIBI TS CIICHMATBHBIX (QYHKINI, HEOOXOIUMBIE TIPH
POBEICHUH PACUYETOB:

P,(x)=1; P(X)=x;

Pnﬂ(x):il[x(nu)-Pn(x)—npn1(x)], n=123..;
n+
Jo(X)=x7"sin x5 J (X) = x’l(x’1 sin x —cos x);
hy(X) =—i-xt-e™; h(X)=—x-e"-(l+i-x?);

2n+1
X

Zn+1(X) = Z, (X) - Zn—l(x) ;

!

2, (0= [z, (9 - (1+92,.,(0].




2.  Bapumanrbel pacuéra (Mathcad 14)

[Tpumep rpaduka

V. O®OPOPMJUIEHUE OTYETA.
B oTyeTe 10KHBI OBITH IPEICTABIICHBI: LENb pa0OThl, 3aJJaHUE, BHITIOJHEHUE,
pelIeHue 3a1a4M B MAaTEMaTUYECKOM ITaKeTe.

JlabopaTtopHas pabota Ne5
Ha temy: «Pemienue njiockoi 3agaum TeOpuM ynpyroctmw,
|. lean padoTsl.
Pemienne miockoil 3amadyd TEOPUM YOPYTOCTH O HAINPSIKEHHOM COCTOSIHUM B
IIJIOCKOM TJIACTUHE METOJIOM KOHEUHBIX PA3HOCTEN ¢ TpUMeHeHneEM DBM.

1. 3apanue.
1. [Tonyunth KOHEYHO-PA3HOCTHOE YpaBHEHUE (5)
2. MeTonoM KOHEUHBIX PAa3HOCTEM pEMMUTh 3aJadyy O HapsKEHHOM

COCTOSIHUM B IUIOCKOU IUIaCTUHE, MpuMeHsis OBM



3. Onpenenuth HOPMaJbHBIE W KacaTelbHBIC HANPSHKEHUS Ha TPaHUIIC
IUTACTHHBI, & TAKXKE BIOJb OCH Y.
4. [Tpu pacuérax momoxuth a=1, p=n+k=11+4=15.
I1]. Beimosinenwue.
B ciyuae nBymMepHBIX 3a/1a4 T€OPUN YIIPYTOCTH, IPU OTCYTCTBUH OOBEMHBIX CHIT U
IIPU 3aJIaHHBIX YCUJIMSIX HA TPaHUIIE, HANIPSDKEHUS ONpeAessatoTcs QyHKIuen
HANPSDKEHUS ¢ , KOTOpask yIOBJIETBOPSIET OUTapMOHUYECKOMY YPaBHEHHUIO

@

oxt T oxPoy’  ay
Y TPAaHUYHBIM YCIIOBUSM

l-o,+m-7, =X; m-o, +l-7, =V, (2)

rae |, m — HanpapIsAOUIMEe KOCUHYChl HOPMAJIM K TPAHUIIE;

X, ¥ — KOMIIOHEHTBI IOBEPXHOCTHBIX CHJI, OTHECEHHBIX K €IMHUIIE TUIOMIATN
B JJAHHOW TOYKE IPaHUIIbI;

o,,0, — HOPMAJIbHbIE HAIIPSKEHHS;

Ty — KaCaTCJIbHOC HAIIPSKCHUC.

A
o 7, td7,,
X
«— —
o.+do,
Txy A\ 4 R




(o +do,)dy+ (7, +dz, )dX—o,dy -7, dx+ pFdS =0
(o, +do,)dx+(7,, +dz, )dy—o,dx—7 dy+ pF,dS=0

YpaBHEHUS paBHOBECHS:

d
9oy oy pF =0
dx dy
d d
ﬂ + & + IOFZ =0
dy dx
MaccoBble CHITBI OTCYTCTBYIOT:
do_xx + dTXy =0
dx dy
doy 47y
dy dx

IlepBoe ypaBHEHHE MOKA3BIBAET, YTO BhIpakenue o, dy —7, dx

SIBJIIETCS MOTHBIM Auddepenianom HekoTopoit pyHkmu Q(X, Y)

Lo, @
OX oy
Amnamornaao
r=-2 o =F
Xy 5)/ yy aX
0Q P
x oy

[Mocnennee mokaspiBaet, 4To Bhipaxkenue Qdy — Pdx

SBIISIETCS TMONHBIM AuddepeHIranoM HeKoTopoil pyHKIMH (X, Y) —HanpsbkeHue Dpu

de = Qdy + Pdx
Otkyna
T RN )

OX oy
CrenoBaTenbHO:

0 0’ 0
Jx:_qz); Gyz_(zp; Ty =7 2

oy Ox Ox0y
[ToxcraBmss momydeHHBIC PE3YIbTATHI B YCIIOBUE COBMECTHMOCTH:
o’p ¢
Alo,+0,)=Al —+— |=AAPp=0
( * W) ( oy* ox’ /
rae
4 4 4

AA = 7 +2 9 + 0

ot T axtey? oyt

CaopoenupyeM CHiibl, JIEUCTBYIOIIME HA TPAHU HA OCh X U Ha OCh Y. [Tomyunm:



—o,dy-1-7 dy-m+Xdy =0
—o,dx-m—z, dx-1+ydx=0

B urore nosy4uM rpaHudHbIe YCIOBHSA | -0, +m-7, = X; m-o, +l-7,, =Yy

Benuuunel o,,0,, 7., BRIPAKAIOTCA 9e€pe3 QYHKIUIO HAIPKEHUS 10 POpMyIam

xy

2 2 2
axzaf; ayza(f; rxyz—a(p. (3)
oy ox Ox0y
[TosToMy rpaHuyHbIe YCJIOBHS (2) IPUHUMAIOT BH]T
2 2 2 2
120 m 92z md2 92 _g 4)
oy oxoy ox OxOy

3Hasg ycwius, pAaclpeieseHHbIE BIOJb TPAHUIBI, MOXXEM C IIOMOIIBIO

UHTETPUPOBAHUS ypaBHEHUH (4) HAWTH PYHKIINIO ¢ Ha TpaHUIIE.
Takum o00pazoMm, 3aaya O HaNpPsHDKEHHOM COCTOSSHUM B IJIOCKOW IJIACTHHKE
CBOJIUTCS K OMpEENeHNI0 QYHKIIUN ¢, KOTOpas yAOBIETBOpsAET ypaBHeHHIO (1) B
KOKJIO0M TOYKE BHYTPU O0JACTH, a HA T'PAaHUIIE NPUHUMAET BMECTE CO CBOMMH
NEPBBIMH MPOU3BOIHBIMU 33JJaHHBIE 3HAUECHUSI.

Hcnonb3yss METOA KOHEYHBIX PA3HOCTEH, 3amuiieM OUrapMOHUYECKOE
ypaBHeHue (1) 11t ciayyast KBapaTHOM CETKU C IIaroM h B KOHEYHO-Pa3HOCTHOU
dbopwme.

[Tpon3BoHBIE MOKHO 3aMEHUTH 110 (popMyJIaM

(5_(0) zgoi,j_(oi—l,j . (a_§0j z(piﬂ,j_goi,j .
OX Jiiy | h X Jisy i h

(5. (%)
(82(0] N OX i3 OX %0 _ Pij —Pij —Pii T Pia _ Disaj _2¢i,j TP,
ox* ), h h? h? ’
[82_(PJ < Dii2, _2(pi+1,j +o . (62_(0] < N _2¢i—1,j tP,; .
X ). h? ' ), h? ’
(52_?] < Gi i _2§0i,j+1 TP (az_CDJ < @iigja _2¢i,j—l + P
ox’ i j+l h* ’ ox’ ij1 h* .
Otkyna
(5¢), 45 (5)
(84_¢)J :i(ﬁzwj < ox’ i+, ox’ i ox* L _
ox* . ox? | ox? . h?

_ P =204t P =200 TP =20, H O — 20,0 T 0o _
h4

_ Giiaj — 300+ 6(pi,j —40p ., ¢,
h* .

AHaJIOTHYHBIM 00pa3oM



[aA(Pj D2 _4¢i,j+1 +6¢’i,j _4(Pi,j—1 @i
i,

8y4 h4
u
0? 0? 0?
w1 (oo kol A5 5
0'p :5_ 0°p ~ X" i X )i X it _
oxioy® ). oyt ox® ), h?
_ st = 2P T Pirjs — 2P TAP — 20 T P 20t P

h4

Hcnionp3yss momydeHHBIE (OPMYJIBI YHCICHHOTO audQepeHnrpoBanus,
npeobpasyem Beipaxkenue (1) k Bugy

200, _8(¢i‘1'j TPt AT gDi'Hl) + 2((Di—l,i—1 TP ja T Piaju T (0i+1,j+1)+
O TP TP T =0, (5)
210 YPaBHCHHUC JOJDKHO YAOBIICTBOPATHCA B Ka}I(HOﬁ y3HOBOﬁ TOYKE CCTKHU

BHYTPH IUIACTUHKH.

Yto0Obl HAlITH TPaHUYHBIEC 3HAYEHUS] PYHKIMU ¢ , IPOMHTETPUPYEM ypaBHEHHUE (4).
Y4autsiBas, 4To

| = ﬂ; m= ax.

ds

rae ds —3JIEMEHT IyTY IPaHulibl, 3aluieM ypaBHeHue (4) B cienytouieit popme:

ﬂaz_%%az_ﬁ”:i(a_fﬂj _x:

ds oy> dsoxoy ds| oy ’

6
dx o’ dy o9  d (ﬁ(pjz_ (®)

OX
[Tocne nHTErpUpOBaHUs STUX PABEHCTB MTOJYYHUM

—g—f:_[)_zds aa—f=.|.;ds (7)

Temnepp Bocnosb3yemMcsl ypaBHEHHEM

o _opdx  apdy

o oxds oy ds’
KOTOPOE MOCJI€ MHTETPUPOBAHUSA 10 YACTSM JIaeT

¢:x8—¢+ya—(p—_|. x-ia—(p+yia—¢ ds. (8)
OX oy ds ox ds oy
[ToncraBiisist B paBeHCTBO (§) 3HAUYECHHS TPOU3BOIHBIX, OMPEACIIEMBIX

dbopmynamu (6) u (7), MOKEM HAWTH TpaHUYHBIC 3HAYCHUS ¢ . ClenyeT 3aMETUTb,

YTO MPH ONPEACICHUH MEPBBIX MPOU3BOIHBIX 10 hopmyam (7) MOSIBATCA 1BE
MOCTOSIHHbIE UHTEIPUPOBaHUSl A U B, a MHTETpUPOBAaHKE B paBEHCTBE (&) BBEIET
TPETHIO MOCTOSIHHYIO C , B CUJIy YEro OKOHYATeJIbHOE BhIpaKEHUE ISl ¢ OyAeT

coJiepKaTh JIMHEHHYI0 PyHKINIO AX+ By +C . [IoCKOJIBKY KOMIIOHEHTHI
HaIPSHKEHUH TPEICTABIISIOTCS BTOPHIMU TIPOU3BOIHBIMU OT (PYHKITUU ¢ , 3T



JVHEWHas (pyHKIMS HE TOBJIUSAET HAa paclpeiesIeHue HapsKEHUM, U IOCTOSIHHBIE
A B,C MOXHO BbIOpaTh MPOU3BOJILHO.

OTpICKaB NMPUONMKEHHBIE 3HAYEHHSI ¢ B Y3JIOBBIX TOYKAX TPaHUIbI (AU
BOJIM3M TpaHMIIBI) U BBIIMCAB JJISl OCTaJbHBIX Y3JIOBBIX TOYEK, PACHOJIOKEHHBIX
BHYTpU o00Onactu, ypaBHeHUs B ¢opme (5), TOIy4YUM CUCTEMY JIMHEHHBIX
YpaBHEHUH, JOCTATOUHYIO JUIsl OIIPEIEICHNS BCEX y3JI0BbIX 3HAUCHUN QYHKIUH ¢ .
3areM J1s1 IPUOJIMKEHHOTO BBIUMCIICHHS HANpshKEHUE 1o GopmynaM (3) MOXKHO
UCITI0JIb30BaTh PA3HOCTHBIE OTHOLIEHUS
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PaccmoTpum KBaapaTHYIO IIACTUHKY, HATPYKEHHYIO0, KaK ITOKA3aHO HA PUCYHKE 1.

08 a
% e 0 ] |
Y ‘14
3 2 1 k%
(3 S 4

£5 ie 3

i
ol fo. o fo :
g.7a Yy o e

Puc.I HArpyXoOHHAA TINACTUHKA.

B paccmarpuBaemoint 3agaye UMEET MECTO CUMMETPUYHOE HArPy KEHUE
IUTACTUHKU. BIOpaB KOOpMHATHBIE OCH COTJIACHO PUCYHKY, ONPEAEITUM
IpaHUYHbIe 3HAYEHUS! QYHKIHUH ¢ .

Ot x=0 o x=0.4a kK IrpaHUIC INIACTUHKHU HE MPUIIOKCHO ycmmﬁ. Otcrona o, = 0

ur, =0, T.c.




NHTerpupoBanne 3TUX ypaBHEHUHN J1AET

6—(pzA, @ =Ax+ B, a—(p=C'.
ox oy

3necb A, B,C — IIOCTOSIHHBIE BJIOJIb OCH X U, KAK OTMEYAJIOCh PaHEe, NX MOKHO
BbIOMpaTh MPOU3BOJIbHO. [1onoxum

A=B=C=0.
Torpa @pyHKuMsA ¢ BIOJIB HEHArPYKEHHOW YaCTHU CTOPOHBI IUNIACTUHKU 00paliaercs
B HYJIb, UTO 00ECTIEYUBACT CUMMETPHUIO (DYHKIIUU ¢ OTHOCHUTEIHHO OCH Y.

Ot x=0.4a 1 70 x=0.5a Ha HIKHEHN CTOPOHE IJIACTUHKU JIEUCTBYET PAaBHOMEPHO
pacripe/ieJieHHas Harpy3ka HHTEHCUBHOCTBIO 4p, U ypaBHeHus (7) Aarot

a—gp:—_"4119c2’)c:—4px+Cl; 8_(p=0
ox oy

[I0BTOpHOE MHTErPUPOBAHUE AAET
p=-2px’ +Cx+C,.
[TocTOsSTHHBIC MHTETPUPOBAHKSI ONPEACTHM M3 YCIOBUS, UTO Ui Touku (0.4a;0),
o . 3}
obmieit 1ig 00enx yacTe IpaHullbl, 3HAYEHUs ¢ U 6_(/)’ BBIYMCIICHHBIE CJIEBA U
X
CIIpaBa, JOJLKHBI coBnaaars. Orcrona

(—4px +C )x:0,4a =0 (_pr2 +Cx+G, )x:0,4a =0,

U ronmy4yaeM C, =1.6pa, C,=-0.32pa’.
Ha y4acTke HIDKHEH rpaHuisl OT X =0.4a 10 X =0.5a uMeeM

@=-2px* +1,6pax—0,32pa’. (10)
B yriy nimactunku noiaydaem
0
Py—05a = -0.02 pa2 ’ [_goj = _0,4pa .
. ax x=0,5a
Bnosib BepTUKaNbHOW CTOPOHBI IUIACTUHKU X =0.5a yCWUIMH HE NPUIOKEHO, H,
nucxos U3 ypaBHeHui (7), 3akiarodaeM, 4YTO BIOJIb 3TOM CTOPOHBI 3HAYCHUS 2—(0 151
X
(Z—(p JIOJDKHBI OBITh TAKMMHU, KaK U B HIDKHEM JICBOM YTJIy, T.C.
y
0
a_¢:_0_4pa, @_o, (11)
ox oy

OTcrona ciaeayer, 4YTo BIOJIb BEPTUKAIBHON CTOPOHBI MIIACTUHKHU (DYHKIIHS
@ OCTaeTcs IOCTOSHHOW. DTa IMOCTOSHHAs JOJDKHA ObITh paBHa —0.02pa’, Kak
OBbUIO HalIeHO BBILIE JJIsl HUYKHETO YTJIa.

Bnosb HEHarpy€HHOM 4YacTH BEpPXHEW CTOPOHBI IUIACTUHKHA THEPBbIC
IPOU3BOJHBIEC OT ¢ OCTAIOTCS MOCTOSHHBIMU M OyAyT UMETh Te ke 3HaueHus (11),
KOTOpbIE BBIYMCIICHBI JJIsl BEpXHEro yria. Takum oOpa3oM, Ha HEHarpy>KeHHON
BEpPXHEI YacTu MIaCTUHBI UMEEM

p=-04pax+C.
[TockobKy B BEpXHEM JICBOM YTy ¢ =-0.02pa’, IPUXOAUM K BBIBOJY, YTO
C =0.18pa’, u Toraa



¢ =-0.4pax+0.18pa’®. (12)
PaccmarpuBasi Temepb HArpy>KCHHYIO 4YacTh BEPXHEW CTOPOHBI IUIACTUHKH, U
YUUTBIBAs, YTO IS 3TOM YacTh y = p; x =0, U3 ypaBHeHus (7) moaydaeM

a_(p:_px+Cl, a—(D:C2 .
ox oy

[Tpr x=0.4a 3TH BETUYHMHBI JIOJDKHBI COBIAJATh C BEJIMYUHAMH, ONPEICIISICMBIMU
o ¢popmynam (11). Orcronma C,=C, =0 u

1 .2
=——px“+C.
P 2p

[Ipu x=0.4a QyHKIUSA ¢ AOHKHA IPUHUMAThH 3HAYEHUE, PABHOE IMOJTYUYEHHOMY T10
dopmyie (12). Otcroga C =0.1pa* u

Q= —% px® +0,1pa’®.

Takum oOpa3om, omnpefenuau 3Ha4YeHHs QYHKIUA ¢ M €€ NEePBBIX

IIPOU3BOJHBIX HA T'PAaHMIE IJIACTUHKH, TaK Kak JUIS MPaBOW YacTH I'PAHMIBI BCE
3T BEJIMYHHBI ONPEIEISIIOTCS [0 CUMMETPHH.
Tak kak paccMaTpuBaeMas 3a1a4a sBJISIETCSI OCECUMMETPUYHON OTHOCUTEIBHO OCH
Y, TO JOCTaTOYHO PACCMOTPETBH JIMIIb [TOJIOBUHY IIJIACTUHKH.

[lokpoeM 1IaCTMHKY KBajgpaTHOM ceTkou. [lamee ¢ momomibpro
DKCTPANOJALMK HAaWJIEM 3HA4YE€HMsI ¢ JUIS y3JI0BBIX TOYEK, PACIOJIOKCHHBIX BHE

T'paHHUIBbIL. Hauunast BHOBb ¢ HUXKHEH CTOPOHBI IINTACTHUHKU W YUUTBIBAA, YTO BIOJIb

o 0
3TOU CTOPOHBI a—q) oOpamiaercss B HyJb. [IpumMeM mJi1 BHEIIHMX TOYEK TE K€
y

3HAYEHUS ¢y, ¢, @5 , YTO U JJI1 BHYyTPEHHHUX TOYEK, CMEXHBIX C IpaHuleil. Baonb

BepTI/IKaHBHOﬁ CTOPOHBLI INTACTUHKHW UMCCM 3HAYCHHC HpOHSBOI[HOﬁ

(8_{0} =-0,4pa
ax x=0,5a

¥ MOXEM B KaueCTBE MPHUOJIMKEHHBIX 3HAYCHU I MOJYYUTh BEIMYUHBI QYHKIIUHA ¢
JUTsl TOYEK BHE IUIACTUHBI U3 (DOPMYJIBI

¢)8H€W. - goeﬂymp.

=-0,4pa,
2h P

KOTOpasd 4actT

2

a 2
Peners. = Pomymp. ~ 0, 4pa 2 E = Corymp. — E pa ,
rae ¢,,,, - 3HAYCHUA ¢ JUIS BHYTPEHHUX TOYCK, CMEKHBIX C IPaHUIICH.

Tenepb MOkeM HayaTh BHIYMCIICHHE 3HAYCHUN QYHKUUN ¢ JUIsl BHYTPEHHUX

y370B ceTKH. [l 3TOro HeoOXOoIMMO B CHMMETPHYHOM CJIydae BBINKCATH
ypaBHeHHe (5) st 15 BHYTpeHHUX TOYEK, MOKa3aHHBIX Ha pHUCYHKe. PerieHue
ATUX YpaBHEHUW C WCIOJIb30BAHUEM 3HAUYCHHM (PYHKIMU ¢ B TPAHUYHBIX U

BHEIITHUX Y3JIaX JaeT KICKOMOE 3HAUYCHHE ¢ .
3Has PYHKIMIO ¢ BHYTPH pacCMaTpHBAEMOMW 00JIACTH, HAMPSHKEHUS MOYKHO
OTIPENIEHUTH ¢ TOMOTIIBIO hopmyd (3) u (9).



JlabopaTtopHas paborta Ne 4

Mooenupoeanue pucka pazopenusn cmpaxogoi KOMRAHUU.
|. Hean padoTsl.
[T03HaKOMUTBCS € KJIACCUYECKOW JUHAMUYECKOW MOJICIIBI0 OLECHKHA BEPOSITHOCTH
pa3opeHus CTPAXOBOU KOMIIAHHH.
1. 3apanme.
1. IlocTpouTh MaTEeMAaTHYECKYIO MOJEIb OIEHKH BEpPOSATHOCTU pPa30pCHHUS
CTPaxoOBOW KOMITAHHH.
2. IIpoBecTH aHATUTUYECKOE PELICHHE MOCTABICHHOM 3a/1auu.
3. IIpoBecTH YHCIEHHOE PELICHHUE MOCTABICHHOM 3a/1a4u.
3. Jlns 3a7aHHBIX 3HAYEHUH BEJIMYUHBI KOd(h(dUIMEeHTa HAarpy3Ku 6 TOCTPOUTH
KPUBYIO ISl QHAJIMTUYECKOTO BHUJA BEPOSTHOCTH HEPA30pPEHHUsS KakK (PYHKIUIO
HayaJbHOIO Kanurajaa komnanuu. [lapamerpel A U 4 3aaaTh CAaMOCTOSITENIBHO
4. IlocTpouTh 3aBUCMMOCTH BEPOSTHOCTU HEPA30PEHUS CTPAXOBOW KOMIIAHUU OT
BEJIMYMHBI HAYaJbHOTO KamuTajlla MNP PA3JIUYHBIX 3HAYCHUSAX 6 B Ciydae
YHCIICHHOTO PEIICHUS 3aJa4HU.

No Benuuuna kordduirienTa Harpy3Kku 6

1 0.10 0.15 0.20
2 0.15 0.20 0.25
3 0.20 0.25 0.30
4 0.25 0.30 0.35
5 0.30 0.35 0.40
6 0.35 0.40 0.45
7 0.40 0.45 0.50
8 0.45 0.50 0.55
9 0.50 0.55 0.60
10 0.55 0.60 0.65
11 0.60 0.65 0.70
12 0.65 0.70 0.75
13 0.70 0.75 0.80
14 0.75 0.80 0.85
15 0.80 0.85 0.90
16 0.85 0.90 0.95
17 0.10 0.20 0.30
18 0.20 0.40 0.60
19 0.30 0.60 0.90
20 0.15 0.45 0.60
21 0.55 0.80 0.95
22 0.70 0.75 0.80
23 0.75 0.80 0.85
24 0.80 0.85 0.90
25 0.85 0.90 0.95




26 0.10 0.20 0.30
27 0.20 0.40 0.60
28 0.30 0.60 0.90
29 0.15 0.45 0.60
30 0.55 0.80 0.95

Howmep BapuaHTa COOTBETCTBYET HOMEPY (paMuiInu CTyAeHTa B CIIUCKE TPYIIIIBI
11]l. BoinmoJiHeHMEe
1. DkoHOMHUYECKAs MOCTAHOBKA 3a/1a4H

HaxoxneHue BEpOSTHOCTH pa3oOpEHUsS] CTPAXOBOW KOMITAHUU SIBISIETCS OJHOM W3
BOKHEUIIUX 3aJlad CTPaXxOBOM MaTeMaTHUKHU, TaK Kak (DMHAHCOBBIM pPHUCK U
CBsA3aHHAsi C HUM OIACHOCTh pPa30pEHUsi OOBEKTUBHO MPUCYTCTBYIOT B
JeSATEILHOCTH JIF0OOM cTpaxoBoil kommnaHuu. OIEHKa 3TOTO PUCKA MPEJICTABISET
byHIaMEHTAIBHBIA MHTEPEC JUIsi KOMIIAHUM U CIIYXKUT OCHOBOM JIJISi TPUHSITHS
BAKHEMIINX penieHuid. B 4acCTHOCTM 3HAHWE BEPOSITHOCTH Pa30pPEHHS MO3BOJISET
HalTH ONTUMAJIbHYIO BEJIMUYMHY CTPAXOBOU MPEMUM.

[IpoGnema oOecnieyeHus: (UHAHCOBOM YCTOMYMBOCTH CTPaXxOBOM KOMIIAHUU
ABJIIETCS KOMIUIEKCHOW; €€ M3y4YeHHE U pEeUIeHUE MPEeanoiaraloT YyCHIIUs
CHEIUAINCTOB B Pa3HBIX OOJACTAX, MPEXKIE BCEro PYKOBOJCTBA KOMIIAHUH,
IOPUCTOB, 3KOHOMHCTOB. OJHAKO MHOTME Ba)KHbIE 33Ja4d HOCST YHCTO
MAaTEMATHYECKUN XapakTep. B paMkax crnenuaibHOM MAaTEMAaTU4YECKOU TEOPUU —
TEOpPUH PUCKA, pa3paboTaHa cUCTEMa MOHITHI, MOJENEH U METOAOB, KOTOpPbHIE
MO3BOJISIIOT KOJIMYECTBEHHO OIICHUBATh (DUHAHCOBBIE PHUCKU B JICSITEIBHOCTU
CTpaxoBOW KommnaHuu. MMes B BUIy NpUCYTCTBUE (PAKTOPOB CIy4aHOCTH,
oOlieMaTeMaTHYecKoi 0a30i JUIsi TEOPUU PUCKA CIY>KAT TEOPHUST BEPOSITHOCTEH U
MaTeMaTU4ecKasi CTaTUCTHKA.

2. MaremaTtu4eckas nocranoBka 3agaum. (Mogean Kpamepa-Jlynaoepra)
[TycTh 3aaHbl ClEaYONINE HE3aBUCUMbIE OOBEKTHI:

- YMCJIO BBIILJIAT 32 BpeMEHHBIH MpoMexyTok [0,t) - myaccoHoBckmit mporecc N(t)
C UHTEHCUBHOCTLIO A(EN(t) = At,N(0) = 0);

- pa3Mep BBIILIAT CTPAXOBOW KOMIIAHMHM KJIMEHTaM - TOCIEI0BATENBHOCT {X, |,
HE3aBHCHUMBIX  OJMHAKOBO  PACHpENCIIEHHBIX  CIYYaWHBIX  BEJIMYMH  C

MaTeMaTHYEeCKUM OXKuaaHueM u u QpyHkimen pacnpenenenus F(x), F(0)=0.

O BenmnunHax N(t), cuuTaronmx KOJIUYECTBO TPEOOBAHUH, TPEIIOIOKIM, YTO

1) N(0)=0;

2) N(t)e{012...};

3) N(t) < N(t+h).

Takum  oOpazom, BeamumHa  N(t+h)—N(t) IIOKa3bIBaeT YHCIO HCKOB,
NOCTYIMBIINX B POMEXyTKe BpeMenH (t,t+h).

KpoMe TOro, koMmaHusi IOJy4yaeT CTPaxOBbIe B3HOCHI OT KJIHEHTOB C
WHTEHCUBHOCTBIO ¢ (¢ — HEKOTOpAast MOJIOKUTEIIbHAS TIOCTOSIHHAS).

HauvanbHbIil KanuTas paBeH x.

[Tpu TakoM ONMMCAaHUM KAaNUTAJI KOMITAHUU UMEET BU]T




N (t)
Y, =x+ct=> X, .
i=1
N (t)
IIponecc pucka B JaHHOM ciydae X(t) = ZXi , 1 B CUJIy HE3aBUCUMOCTU N, U X,
i=1
uMeeM, 9to EX(t) = Atu. Ilpemun, cobpannbie Kk MomeHTy t 71(t)=ct — nunelinas
) 1- c—Au

EX(t) Au

byakus BpemeHu. BriOupas ko3pduumeHt Harpysku 6 =

MOJy4aeM CKOPOCTh MOCTYIUICHUS MPEMUU C = (1+ ) Ay .
Haiinem BeposSITHOCTh HE pa30peHUs CTPAXOBOH KOMITAHUH
d(x) = PYY, 20,Y, = x,t > 0}.
Cuauana Haiinmem ycnoBus auddepennupyemoctu GyHKIuH @(x), Mpeanoaras,

yro F(X) umeer miuotHoCTh. I1OCKONBKY pa3opeHHE HE MOXKET IMPOU30HTH [0
MEPBOI0 CKayKa IIyaCCOHOBCKOTO Ipouecca 71, TO MOKHO 3alucaTh

X+Cs

D(x) = EQ(x +cT, —x,) = j Ae j @(x +cs — y) f (y)dyds,
0 0

riae f(X) — mroTHOCTS pactpenencaus F(X).
3aMeHOH MepeMEHHBIX (=X-Y MOCIICAHEE BRIPAKEHUE PUBOJIUTCS K BHIY:

D(x) = [ Ae™ [D(q+cs) f (x—q)dads.
0 —Cs

CrnemoBarenbHo, ecii F(y) € C"[0,0), T0 @(x) € C"*[0,0).

Janee npeanonaraercs, uto F(y) e C*[0,x).

[To ¢popmyrne MoJHON BEPOSATHOCTH M CBOMCTBY OPAMHAPHOCTU IMyaCCOHOBCKOIO

mnporecca
X+cAt
D(x)=D(x+cAt)(1— A4t +0(At))+ AAt  [D(x+cAt—y)dF(y)+o(At)
0

UiieH @(x+cAt) B TIEPBOM CjaraéMoM MPaBOM YaCTU PA3IOKUM 1O (popmyiie
Temnopa:

X+CAt

D(x) = (D(x) + cP'(x)At 1— 1At + 0(AL) )+ AL j @(x + cAt — y)dF (y) + 0(At) ,

X+CAt

@(x)(AAt + 0(At)) = c®'(x)At(1— 1At + O(At)) + AAL j @(x + cAt — y)dF (y) + 0(At) .

Paznenum 00e 4YacTh TOCIENHETO0 PaBEHCTBA Ha At, YCTpeMUM At K HYJIO U
MOJIyYMM HHTETpO-TudPepeHInanbHOe YPaBHCHHE:

AD(x) = cD'(x) + lj.cb(x —y)dF(y).

3Has cpegHee 4YUCIO HMCKOB B HEKOTOPBIM MPOMEXYTOK BPEMEHH, 3aKOH
pacrpejesieHds pa3Mepa BBIILIAT KIUEHTaM, BEIMYMHY OTHOCUTEIBLHOMN 3alUTHON
HaJI0aBKW U HaYyaJbHBIN KalMUTal, PEIIMB ypPaBHEHHUE, MOXKHO MOJIYYUTh 3HAUCHUE
BEPOSITHOCTU HE PA30PEHHUS CTPAXOBOW KOMIIAHUHU.

3. AHAJTMTHYeCKOe pelleHue 3a1a4u



Jnsa ciydas OSKCIIOHEHUMAIBHO pPACHpPEICICHHBIX BBIILIAT PELICHUE WHTErpo-
nuddepeHInaTbHOTO YpaBHEHHS BBIUCHIBAETCS B SIBHOM BUJE. JeliCTBUTENIBHO,

1
-=X

MOJICTAaHOBKOM F(y)=1-e “ cBoauM ypaBHeHue (1) k ciaeayromemy
1

AD(x) = c®'(x) + [ D(x - y) T gy,
0 H

[Iponuddepernupyem o0e dYacTH OITOTO ypaBHEHHs, 3aT€M  BBIMOJHUM
UHTETPUPOBAHUE 110 YACTSAM U TIOTYIUM

x 1
AD'(x) = ¢ (x) + ADO) = + A [o.(x-) Loy =
Mo H

iq L
= c®"(x) + AD(0) 1.2 [=e <D (x - y) =
B oo H

1

" 1 ( 1 -
= c®"(x) + A= D(x) + - [D(x - y)=de * =
u ] M
x 1
e () + At () - L ﬂ,jcb(x—y)lde “dy | =
u Ml M

e () + A2 () + S D'(x) = L (x) = c"(x) + S (),
I I 2 I

I7ie BMECTO MHTErpajia B KBaJAPATHBIX CKOOKAX MOCTABJICHO €r0 BhIPAXKEHHUE Yepe3
HCXOJHOE UHTETPO-Aud PepeHIInaIbHOe YpaBHEHUE.
Takum 00pazom, NpuUXouM K TudPepeHInaIbHOMY YPAaBHEHUIO

1 A
D" (x) + CD'(x){— - —J -0,
Y7
TOYHOC PCIICHUC KOTOPOI'0 MIICTCA B BUAC

&
D(x)=B+Ae "7,
rne A 1 B — KOHCTAHTEL.

A1
HepaBeHcTBO = <= < Au—-c<0 OTpa)kaeT MNOJOXKUTEIbHOCTh KO3(pQpuuueHTa
c U

Harpy3ku 0 (u=— ), 1 i(1+ 6), 1+6)>0 = A l), M, CIEI0BaTEIbHO,
AL+0) u ¢ c U
@(©)=B.
HewusBecTHbIE KOHCTAHTHI A U B MOXHO HAUTH U3 CIEAYIOLIUX PABEHCTB:
D(0) =1 U AD(0) = cd'(0).
Takum oOpa3oMm, MPUXOAMM K CICAYIOIIEMY SBHOMY BBIPQKEHUIO IS

BEPOSTHOCTH HEPA30PCHUS:
A1
D(x) = 1—’1—“;(?7] 1oL g
c 1+6
B caywae mpowmsBoibHOTO  pacmpeneieHus — Beimiar  F(X)  momydenwme
AHAJIMTHYECKOTO BBIPWKEHUSA Uit @(x) 3aTPyJHUTCIIBHO, M MPH PEIICHUH
ypaBHEHUs HEOOXOIMMO HUCIOJIb30BaTh YHCIACHHBIC METO/IBI.

YucneHHoe peneHue 3a1a4um




ITycts L mocraTtouHoe Oo0bllIOE 3HAUEHUE KanuTajla KOMIAHUU. B 3Tom ciyuae
s uHTerpoaudPepeHIMaIbHOTO YpaBHEHHs TMOIYYUM CJEIYIOUIYI0 KpPaeBYIO
3a1auy.

AD(x) = c®'(x) + A D(x~y) T (Y)dy; xe[O;L],

AD(0) = c@'(0),
@(L)=1.
4. YucaeHHOE pelleHue 3a1a4u.
BBeneMm Ha otpeske [0;L] paBHOMEPHYIO CETKY A:0=Xx, <X <..<Xy =L,

rae x, =i-h, i=012,..,N, h=ﬁ.

[Ipon3BoAHYIO B y3i€ X, allIPOKCUMUPYEM OAHOCTOPOHHEW MPaBoil MPOU3BOIHOM:

®'(x,)= D%y )h— ®(x;) +0(h)

wi @'(x;)= % +0(h),

rae ¢, =d(x;), i=012,..,N-1.

Wurerpan I @(x, — y)f (y)dy mpeacraBum B BHIE CYMMbI MHTEIPAJIOB
0

X

j@(xi —y)f(y)dy = ZI: ].jcb(xi —y)f(y)dy; i=12..,N-1.

0 =L x;
WHTerpan nmox 3HaKOM CyMMBI BBIYMCIMM € TIOMOILBIO ()OPMYJIbI TPAIIELIVH .
Jlerko BHAETh, YTO OTPE30K HMHTETPUPOBAHHS MMEET JIMHY mmara N CeTku A.
(x i — X5 =1]h ~(j-h= h). Ecnu h BEIOpaTh 1OCTaTOUYHO MEIKHM, TO

Xf@(xi —y)f(y)dy = %(Xi - xjfl)[cp(xi - xH)f (Xj—1)+ lx, - X; )f (Xj Jl+om),

Xj1

W
b h _ ,
Idi(xi —y)f(y)dy =§{CD[(I — ph+hlf, +f(i- phlf, }+0Oh%);  i=12..,N-1,
rne f; =f(x;).
YpaBHEHHE C YUETOM BBIPAKEHUN PUMET BU:
A9, =ﬁ¢m—%(pi +/12§':{q>[(i— ph+h]f, +a@fi-jhlf,}+o(h); i=12..,N-L1.
j=1

VuuteiBas, uto PD(kh)=¢,, TOIYYHM CIEAYIONIYIO CHCTEMY JIMHEHHBIX
anreOpandecKnx ypaBHEHUN

11 h c c _
fi—j(pj + ﬂ,E fO —ﬁ—ﬂ O +H¢i+1 =0, i=12..,N-1.

ﬂ,h fi¢0 + Ah
2 ot



Hannas cuctema coctouT u3 N-1 ypaBHeHuit otHocuTeabHO N+1 HEHM3BECTHBIX.
Henocraromue 1Ba ypaBHEHUS MOJYyIUM U3 TPAHUYHBIX yCIOBHH.

C C
(‘E"@?o +E¢1 =0,

ON = 1.
Takum o0Opa3zoM, NOMy4WIH claeAyrolyo cucteMy N JIMHEWMHBIX alre0pandecKux
ypaBHEHHI OTHOCUTENIBHO N HEM3BECTHBIX:

C C
(___/1}¢0 +—¢ =0,

h h
h i-1 h c c
A— fipg + Ah fi_ioi+t|A=TFfg——A|pi+—0ij,.1=0;, i=12..,N-1,
5 i 90 jz=:1 i—j?j ( 5 0 h j(Pl h(0|+1 !

»n = 1.

PemuB paHHy0 cHUCTeMy JIMHEWHBIA alreOpanyeckuxX YypaBHEHHM, Haljaem
3HaueHus QPyHKIU @(X) B y371aX CETKU A.

4, YncaeHHOe HCCIEe0BAHME 321a49H U AHAJIN3 Pe3yJIbTaTOB

Ha pucynke 1 mOCTpOEHBI 3aBUCUMOCTH BEpPOSITHOCTH Hepa3zopeHus @(x)
CTPaxOBOW KOMITAHMM OT BEJIMYMHBI HAYaJIbHOI'O KaIlUTAlla X, MPUHAJJIEKAIIETO
uaTepBaity [0;6000] npu Bemmunne kodhdumuenta marpysku 6=0,25. CriomHas
KpUBasi COOTBETCTBYET UHWCICHHOMY pEIICHUIO 3aJadyd, I[ITpUXoBasg —
aHAJMTUYECKOMY pElIeHUI0 3a/aud. M3 puCyHKa BUJIHO, YTO YK€ MPU 3HAYCHUSIX
x=3500 ThIC. pyO. BEpOSTHOCTH HEpa3zopeHus Onm3ka k eauHuie. Kpome Ttoro,
MOCTPOCHHBIE 3aBUCUMOCTH TMOKA3bIBAIOT, YTO MPE/JI0KEHHBIM YUCICHHBIA METO/T
pEILICHUs KpPaeBOM 3aJauyM JAeT XOpOIIEE COBMAJCHHE C H3BECTHBIM TOYHBIM
pELIECHUEM.

1_
D.Bj
i ., ThIC. PYO.
Puc.1. '
3aBUCUMOCTh ]
BEPOSITHOCTH 0.4
Hepa3opeHus
CTPaxoBOU -
KOMITaHHH OT S0 b0 2000 000 4000 AO0D0  GOOO
BEJIMYMHBI z
Ha4yaJbHOIO

kanutana mpu 6=0,25
Ha pucynke 2 mnoCTpo€Hbl 3aBUCUMOCTH BEpPOSITHOCTU HepazopeHus @(x)
CTPaxoBOW KOMITAHMM OT BEJIMYMHBI HAYaJIBHOIO KalWUTalla X, MPUHAJJIEKAIIETO
uaTepBaiy [0;10000] mpu pa3nudHBIX 3HAYEHUSX KOIPPUIIMEHTA HATPY3KH.



Puc. 2.
3aBUCUMOCTE
BEPOSTHOCTHU
Hepa3opeHus
CTpaxoBOH
0 2000 4000 G000 aa0a 10000 KOMIIAHHHU OT

r

BCINYHHBI
Ha4YaJIbHOT'O KalluTaJia IIpHu pa3JIMYHbIX 3HAYCHHAX 0

CryiomHasi JUHHUS COOTBETCTBYET BEPOATHOCTHM HEPA30PEHUS] MpPU BEIUYMHE
0=0.1, mynktupHas auaus - 60=0.2, mTpuxoBas - 0=0.3. IIpu 0<x<8000
BEPOSITHOCTh HEPA30PEHHMS 3aBUCUT OT BEIUYMHBI 6. [IpuueM c yBenumueHuem 6
BEPOSITHOCTh ~ HepazopeHus  yBenuuuBaercs. [lpu  x>8000  BeposSTHOCTH
HEpa3opeHusl OJiM3Ka K €AMHMIIE M HE 3aBHCUT OT BEJIMYMHBI KO3 duineHTta
Harpys3KHu.

IV. O®OPMJUIEHUE OTYETA.

B oTuere nomkHbI OBITH IPEICTaBICHBI: 1ENIb PaOOThI, 3a7jaHKE, BBITIOJTHEHHE,
pelIeHNe 3aa4d B MATEMaTUYECKOM ITaKETE.



