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1. DJJEMEHTHBI JIUHEMHOM AJITEEPHI
1.1. /Iuneiinoe NPpOCTPAHCTBO

1.1.1. Onpeodenenue nuneiinozo npocmpancmea

MHOXECTBO L HA3BIBACTCHA JIMHCUHBIM ITPOCTPAHCTBOM, CCIIA IS JIOOBIX €ro dje-
MCHTOB X,y WM JUIA JIr000r0 JICUCTBUATEIIFHOTO YMClIa & OITPCJICIICHLBI CYMMa (x + y) n

TIPOM3BEJICHUC (ax), TIPUHAIICHKAIIAE MHOXKECTBY L M YJIOBJICTBOPSIONINE aKCHOMAaM:
) x+y=y+x,

2) (x+y)+z:x+(y+z), zel,

3) CyllleCTBYET HYJIEBOU 3JIEMEHT € TaKOH, 4TO x+6=x ,

4) cymiecTByeT NPOTHBOIOJIOKHBIH 3JIEMEHT (—x) TaKOM, 4TO x+(—x)=6,

5) 1-x=x,

6) a(px)=(af)x, B — NEHCTBUTENHHOE YUCIIO,

7) a(x+y)=ax+ay,

8) (a+pB)x=ax+px.

Ilpumep 1.1. SIBnsietcs 1 TUHEHHBIM IPOCTPAHCTBOM MHOKECTBO BCEX HENPEPHIB-
HBIX Ha [a,b] QyHKIMH, y KOTOPBIX x(b)=0 ?

Pewenue. Cymma IBYyX HENPEpBHIBHBIX (YHKIMA W TPOHM3BEICHUE HETPEPHIBHON
GYyHKIMM Ha 4YHUCIO €CTh CHOBAa (YHKIMU HENPEPBIBHBIC, MPHYEM, ©CIH
x(b)=0, y(b)=0, 10 U1 yHKIMI u(t)=x(1)+y (1), v(¢)=ax(t) uMeeM

u(b) = x(b)+y(b) =0, v(b) = ax(b) =0.
HyneBo#i 37IleMEHT 3TOro MPOCTPAHCTBA €CTh (DYHKIIHSI, paBHAs HYJIO B KaX/10i TOY-
K€ OTpe3Ka [a,b]. DIEMEHT MPOTUBONOIOXKHBIH x(7) ecTh —x(r). BbimomHenue oc-

TaJIbHBIX AKCUOM OYEBUJHO. TakuM oOpa3oM, MHOKECTBO BCEX HENPEPBHIBHBIX Ha
[a,b] dyHKIMH, y KOTOPBIX x(b)=0 , ABJISIETCS JTMHEHHBIM IIPOCTPAHCTBOM.

Ilpumep 1.2. SIBnsiercs 11 JIMHEWUHBIM TPOCTPAHCTBOM MHOKECTBO BCEX HEIPEPHIB-
HBIX Ha [a,b] QyHKIMH, Y KOTOPBIX x(b)=1?

Pewenue. Cymma IBYX HENpPEpBIBHBIX (YHKIHMHA M NPOU3BEIEHHE HENPEPHIBHOI
(yHKLUM Ha YUCIIO €CTh CHOBA (DYHKIIMU HENPEPBIBHBIE; HO eclii x(b)=1, y(b)=1, TO
s GyHKumn u(t)=x(t)+ y(¢) uMeeM

u(b):x(b)+y(b):l+1¢1.
CnenoBarenbHo, GyHKUMS u(r)=x(¢)+y(f) He INPHUHAUIEKUT MHOXKECTBY BCEX He-
NPEPBIBHBIX Ha [a,b] QyHKIMH, y KOTOPBIX x(b)=1 M 3TO MHOXKECTBO HE SBIIAETCA
JMHEWHBIM IPOCTPAHCTBOM.

Ilpumep 1.3. SIBnsiercs v JIMHEWHBIM MPOCTPAHCTBOM MHOKECTBO BCEX I'€OMETPH-
YECKUX BEKTOPOB C JITTMHOM, OOJIbIIICH eMHUITI?




Pewenue. ITycTb BeKTOp¥ MMECT [JIHHY OOJIbIIE €IMHUIIbI, HarmpumMep, |¥|=2. Torga
BEKTOp 7 =¥/4 MMeeT JUIMHY |y |=|¥|/4=2/4<1 U He ABIIETCSA >IEMEHTOM NAHHOTO

MHOXeCTBa. Takum 06pa30M, MHOXKCCTBO BCCX 'COMETPHUUYCCKHUX BCKTOPOB C I[J'IPIHOﬁ,
OobIICH CIWHUILIBI, HC ABJIACTCA JIMHCHHBIM IMPOCTPAHCTBOM.

Ilpumep 1.4. SIBnsercst u TUHEHHBIM MPOCTPAHCTBOM MHOKECTBO BCEX PEIICHMIM
TuHEeNnHoro AuddepeHuanbHOr0 ypaBHEeHUs n— ro nopsijaka?

Pewenue. N3 Teopun nuddepeHuanbHbIX ypaBHEHUH H3BECTHO, YTO CyMMa JABYX
pPELIEHUII U MPOMU3BENCHHUE PELICHUSI HA YHUCIO SIBJSIOTCS PELICHUSIMH JMHEHHOTO
auQdepeHInaIbHOTO YpaBHEHUS n— o MOpsKa. BeIMogHeHne BceX akCHOM JTMHEH-
HOTO MPOCTPAHCTBA MPOBEPSAETCS TaK Ke, KaK B MPOCTPAHCTBE HETPEPHIBHBIX (PyHK-
nuii. [loaTroMy MHOXECTBO perieHuidl JuHEHHOro nud@epeHnaibHOTO YpaBHEHUs
n—TO0 NOpAJIKA SIBISETCS JIMHEHHBIM IIPOCTPAHCTBOM.

Ilpumepor Ona camocmoamenbHO20 pewieHun

1. SIBnsieTcs A JIMHEWHBIM TPOCTPAHCTBOM
a) MHOYKECTBO BCEX IIJIbIX UnCen?
0) MHOKECTBO BCEX YETHBIX UHCEN?
Omeem: a). Her, 0). Her.
2. SIBnsieTcst M JIMHEWHBIM MPOCTPAHCTBOM MHOXKECTBO BCEX N€OMETPUUYECKHUX BEK-
TOPOB, KOJUIMHEAPHBIX (PUKCUPOBAHHOMN MPAMON?
Omeem: ]la.
3. SlBnsieTcss M JIMHEHHBIM MPOCTPAHCTBOM MHOXKECTBO BCEX (DYHKIIMM, WHTErpU-
pYEMBIX Ha OTpe3Ke [a,b]?

Omeem: ]la.

1.1.2, /luneiinas 3aeucumocms 1emenmos. bazuc

OneMeHTsl X, X,,...,X, JTMHEHHOTO NPOCTPAHCTBA HA3BIBAIOTCS JIKHEUHO He3a6u-
CUMBIMU, CCITU PABCHCTBO
X+, Xy +...+c, X, =0
BBITIOJIHSCTCS TOJIBKO AJISL ¢, =¢, =...=¢, =0.
DneMeHThl X, X,,..., X, JIMHEMHOTO MPOCTPAHCTBA HA3BIBAIOTCS JIUHEUHO 346U-
CUMBIMU, €CIIU CYILIECTBYIOT YNCHA ¢[,C,,...,¢, (HE BCE PABHBIE HYJIIO) TAKUE, YTO
Xt X,+...+c, X, =0.
DneMeHThl X, X,,..., X,, JINHEMHOTO MPOCTPAHCTBA SIBJISIIOTCS JIMHEWHO 3aBUCHMBI-

MU TOTJIa W TOJBKO TOTJIA, KOTAa XOTS Obl OJIMH W3 DJIEMEHTOB SIBJISICTCS] JTMHEHHOM
KOMOWHAIIUEH PYTHUX.

IlycTe B JIMHEWHOM IPOCTPAHCTBE L CYLIECTBYET 7 JIUHEUHO HE3A6UCUMDBIX
INeMeHmo8 E E,,...E, TaKuX, YTO KaJcOblil 3nemenm X U3 L AGnAEmMcA ux u-

Helinoii kombunayueu, 1.c. X =aE,+a,E,+...+a,E,. Toraa npocTpancTBO L Ha3bl-

BaIOT 1 —MEPHBIM, DJIEMEHTHI E,,E,,..., E, Ha3bIBAIOT HA3uCOM TPOCTpaHCTBA L, a
4yucna a,,a,,...,a, Ha3bIBAIOT KOOpOUHaAmMamu >1eMeHTa X B 0azuce E,,E,,...E, .




Ilpumep 1.5. BoisicHUTD, SIBJSICTCS JIU IMHEWUHO 3aBUCUMOM CUCTEMA BEKTOPOB

2 3 5 4

-5 —4 -9 -6
Xlz 3 N X2: 5 5 X3: 4 N X4: 3 .

—4 1 1 5

Pewenue. 3anuiem JIMHEHHYI0 KOMOWHALIMIO TUX BEKTOPOB U IIPUPaBHEM €€
K HYJICBOMY DJICMCHTY:

aXi+e, Xyt Xy +e, X, =0.
Ecnu paBeHCTBO BBINOJHAETCS JUIIb IIPU YCIOBUU ¢ =¢, =¢; =¢, =0, TO CHCTEMA
BEKTOPOB JIMHEWHO HE3aBUCHMA, B IIPOTUBHOM CIy4ae CHUCTEMAa BEKTOPOB JIMHEHHO
3aBHCHMa.
IToncraBum B paBEHCTBO ¢ X, +¢, X, +¢; X5 +¢, X, =6 KOOPAMHATHI BEKTOPOB; IIOJIY-

YUM CUCTEMY YPAaBHEHUN OTHOCUTEIBHO HEU3BECTHBIX ¢[,Cy,C3,C4 -

2 3 5 4 0
3 4 9 6| |0
—4 1 1 5 0

Pemum CUCTEMY MCTOJA0M Faycca. CocraBumMm MaTpuly CUCTCMBI U 3JICMCHTAPHBIMUA
HpCO6p&30BaHI/I}IMI/I IMOJIYUYUM HYJIW HHUXKC IJJaBHOU JAunaroHain

2 3 5 4 (A4 (A4} (o1 2 1 1) (B
=5 -4 -9 —6|_|A|_| A2 |_|-5 4 -9 —6|_|B2|_
35 4 3|74, A, |7| 3 5 4 3|7 |By
-4 1 1 5 A, A, -4 1 1 5 B,

B, 1 2 1 1 D, D, -1 =2 1 1
| B2a=3SBy|_| 0 6 -14 -11|_|Dy| | Ds | 0 -1 7 6/|_
B,—4B, 0 9 -3 1 D, D,+9D, 0 0 60 55
-1 2 1 1 G, G, -1 2 1 1
o -1 7 6] |G| G |_ |0 -1 7 6
0 0 28 25| |G, G, 0o 0 12 11
0 0 12 11 G, \3G;,-7G, 0 0 0 -2

3anuiieM CUCTEMY YPaBHEHUM, COOTBETCTBYIOLIYIO IOJIyYEHHOW MAaTpULIE:
—c;—2c,+cy+¢, =0,
—c, +7c3+6¢4 =0,
12¢; +11¢, =0,
—2¢4 =0.
[Tonyunm ¢, =¢, =¢; = ¢, =0; CIENOBATENBHO, CHCTEMA BEKTOPOB JINHEMHO HE3aBUCUMA.

Hpumep 1.6. [anwl BexTOpHI ) = (1,-1,3), a, =(6,1,4), a; = (-4,-5,3), x=(-4,-52,37) B

€CTECTBEHHOM 0asuce {f 7, I?} . IIpoBepuThb, UTO BEKTOPHI q;, a,, a; 00Pa3yloOT Oazuc

TPEXMEPHOT0 MTPOCTPAHCTBA; HAUTH KOOPAMHATHI BEKTOpPa X B 3TOM Oasuce.

Pewenue. B TpéxMepHOM IPOCTpaHCTBE TPU YHOPSIOUYECHHBIX BEKTOpa 00pasyrotT 0a-
3HC MPOCTPAHCTBA, €CIIU OHU HEKOMIUIAHAPHBI, T.€. UX CMEIIAHHOE MPOU3BEICHHE

6



OTJIMYHO OT HYIJIA. Bpruuciaum cMenaHHoe ITPOU3BCACHHC (al,az,a3) .

1 -1 3
6 1 4
4 -5 3

—_ —

(al’a2=a3): - L3

6 4
-5 3

4 3

6 1

34 s

+

‘:3+20+18+16+3(—30+4)=—21;tO.

Crie10BaTeNbHO, BEKTOPHI 4, a,, a; 00pa3yloT 6asuc.

Koopaunaramu BekTopa B JaHHOM 0asuce {;1 a,, Z} ABJISIFOTCSL KOA(PPUIIUEHTHI pa3-

JIO’KEHUS BEKTOpa x 10 6asucy {al, ay, a3} :

3anuIieM pasjioKeHHe BEKTopa x 110 0asucy {al, a,, a3} C HEU3BECTHBIMH KO3 DuU-

. [, —4 1 6 —4
X=cia,+ca,+cya; MIM | =52 |=c,| =1 |+cy| | [+ =5 .
37 3 4 3

Pemnm cuctemy metonom Kpamepa. Tak kak det A” =det 4, TO ONpPENENTUTENL CHCTE-

OUCHTAMM

MBI A = (aT,Z,a?) =—21. BBIUMCIIM ONPENENUTENN A, A,, A;:

4 6 -4
Ay=|-52 1 —5|=—4-(3+20)-6-(~156+185)—4-(-208-37) = 714;
37 4 3
1 -4 -4 1 6 -4
A, =|-1 =52 =5{=-399; A;=-1 1 -52|=-441.
3 37 3 3 4 37
A, 714 A, =399 A, —441
ITo popmymnam Kpamepa ¢, =—L="—=-34; ¢, =—2=—"=19, ¢g=—"3=——=21.
opuy Y A 21 TA T 21

3anuuieM pasaoKeHHue BEKTopa x 1o 0a3ucy {al, a,, a3} X
x=-34a,+19a, +2la,.
IHpumep 1.7. 1lokazaTh, 4TO BEKTOPHI
a,=(51,4,6), a, =(1,0,2,3), a3 =(2,0,-3,4), a, =(—4,-1,5,-1), a5 =(2,1,5,-1)
JIMHEHNHO 3aBUCHUMBI. BbI6paTb cpean HUX JIMHEWHO HE3aBUCHUMEIE BCKTOPbI 1 BbIpa-
3UTB YC€PC3 HUX OCTAJIbHBIC BEKTOPLI.

Pewenue. PaccMoTpum paBeHCTBO

IToncraBuB B 3TO paBEHCTBO KOOPAMHATHI BEKTOPOB, MOJIYYUM CUCTEMY YPaBHEHUH C
HEWU3BECTHBIMU C|,Cy,C3,C4,Cs -

5
1
014
6

Pemmmm cucremy meronom I'aycca:



51 2 -4 2 1 0 0 -1 1 B, B,

10 0 -1 1|_[A| |[4=54 ) |01 2 1 3(_|By|_| By |_
4 2 3 5 5|74y || 4,-44,|7]0 2 =3 9 1|7|By|7|B,-2B,|"
6 3 4 -1 -1) |4, ) |4,-64,] \0 3 4 5 -7) |, | |B,-38,
10 0 -1 1) (10 o0 -1 1) (D D, 1 00 -1 1
o1 2 1 =3[0 1 2 1 =3|_|Dy| |Dy=-2D5|_{0 1 0 3 -1]_
“loo -7 7 7|70 0 1 -1 -1| |D, D, 00 1 -1 -1
00 -2 2 2,00 -1 1 1) |p, Dy + D, 000 0 0

1 0 0 -1 1
~0 1 0 3 -1j.
001 -1 -1

B mosy4eHHOU SKBUBAJEHTHOW MaTpHULE IEpPBbIE TPU CTOJOLA MPU HEU3BECTHBIX
¢1,¢5,¢; 00pPA3yIOT €OUHUYHYI0 MATpPHUILY; CIENOBATEIBHO, HEU3BECTHBIE c4,C,,c; SIB-

JSI0TCS 0A3MCHBIMU U MOTYT OBITH BBIPA)KEHBI Y€pe3 CBOOOIHBIE HEM3BECTHBIE ¢,,Cs -
3anuiueM CUCTEMY YPAaBHEHUMN, COOTBETCTBYIOIIYIO IOJIYYEHHOW MATPHIIE:

¢, +3cy—c5 =0, UIIN ¢, =-3¢c,4 +cs,

c3—c4—c5 =0, C3=¢Cy4 +Cs.

[lycTb, Hanpumep, c, # 0, cs =0; TOr/Aa MOJIYyYUM HEHYJIEBOE PEIICHUE CUCTEMBI. JTO

O3HAYaeT, 4YTO CUCTEMA BEKTOPOB a,, d,, d3, 4, ds JINHEHHO 3aBUCUMA.

Ecnu nmonoxuts ¢, =c5 =0, TO MOIYUYUM ¢,a, +Cyay +c3a; =0 TIPU ¢, =¢, =¢; =0, a 3TO

03HAYaeT, YTO BEKTOPHI «, a,, a; — JIUHEHHO HE3aBUCHMBI.
ITycts Tenieps ¢, =1, ¢s =0, TOrAA ¢, =1, ¢, =-3, ¢; =1. [lomyuum

@ 3atata =0 = a—-a 3@ -a..
Ilyctb ¢, =0, ¢5=1; monmyuuM ¢, =—1, ¢, =¢; =1,

MBI NONYYUIN pa3jIokKEHUE BEKTOPOB a,, a5 1O 0a3ucy {;1 a,, a} :

Ipumep 1.8. TlokazaTb, 4TO MHOTOWIEHBI B (f)=1>+1, B(t)=—t>+2t, PBy(t)=1>—t
o0pa3yroT 0a3uc B MPOCTPAHCTBE MHOTOWICHOB CTENEHU HE BbIlIe BTOpOi. Pasio-
JKUTh MHOTOWIEH P(f)=4t>-3¢t+2 10 3TOMy 0a3ucy.

Pewenue. Paccmorpum paBeHCTBO: ¢ P (t)+c,P(t)+c;B(t)=6 . MHOrO4IEeHbl €CTh

(yHKIMHM HEMpepbIBHBIC; B MPOCTPAHCTBE HEMPEPHIBHBIX (DYHKIMI HYJIEBBIM 3Jie-
MEHTOM siBJsieTcs (YHKLMS, TOXKIECTBEHHO paBHas Hymo. [loacTtaBuB BMECTO

B (1), P(t), B(t) UX BbIpaXCHHUS, IOIYIUM cl(tz +1D)+c, (1 +21) +cy (1> =1)=0.

[TpupaBHusieM K03()PUIIUEHTHI IPU OJIMHAKOBBIX CTENEHSX ¢ B MIPABOM U JIEBOW YaCTsIX

paBCHCTBA:
i0¢ 12 ¢ —cy+ey =0, ¢ =0, ¢ =0,
'l‘éé t: 202_03:0, = _Cz +C3:0, = 02:0,

ioe 0 ¢ =0, 2¢y,—c3 =0, c; =0,



T.€. CUCTEMA DJIEMEHTOB {Pl(t), P (1), P3(t)} JIMHEMHO HE3aBUCHUMA.

B Teopun nokaszaHo, 4To pa3MepHOCTh NPOCTPAHCTBA MHOTOUYJIEHOB CTEIIEHU, HE TIPe-

BOCXOJsMIEH n, paBHa (n+1). B HameM npuMepe n=2, ciemoBaTelabHO, 6a3uc J0I-

KEH COJIepKaTh TPHU dJIeMeHTAa. MHorouniensl P, (t), P, (t), P(t), KaK JUHEMHO HE3aBU-

CHUMBbIe, 00pa3yroT 6a3KuC MPOCTPAHCTBA MHOT'OUJIEHOB CTETICHU HE BhIIIE 2.
Pa3noxum MHOTOUIEH P(f)=4 1> —3t+2 1o 6asucy P, (1), B (1), B(t).

3anuiiemM paBeHCTBO

412 -3t+2=a,P(t)+a, P () +a;B(t) WA 41 =3t+2=a,(t* +1)+a,(~t> +2t) +ay(t* —1) .

[TpupaBusem k03 GHUIIMEHTHI TPU OJAMHAKOBBIX CTENEHSIX ¢ B MPABOMl U JIEBOM YacTsIX
paBEHCTBA:

npu t*: 4=a,—a, +a;, a, =2, a, =2,
npu t: -3=2a,—-a;, = -a,+ta;=2, = a,=-1,
npu {0 2=aqy, 2a, —ay =-3, ay =1.

[loncraBuB a,,a,,a;, MOXYYUM pa3ioxkeHue P(r) 1o 6asucy:
P(t) =2 P (1) = K () + B(0).
Ilpumepol Onsa camocmoamenbHO20 pewenun

1. IToka3ate, 9TO BEKTOpHEI X; =(1,2,3), X, =(2,3,4), X;=(3,4,5) SABIAIOTCA JIMHEHHO
3aBUCMMBIMU. Br1bpaTh cpe/ HUX JIMHEIHO He3aBUCHMBIE BEKTOPHI U BBIPA3UTh de-
pe3 HUX OCTAJIBHEIC BEKTOPHI.

Omeem. X;=2X,-X,.
2. Iloka3zath, 9TO BEKTOpHI X, =(2,1,4,5), X, =(-1,1,1,-1), X;=(1,3,7,5), X, =(3,1,5,7)
SBIIIOTCS JINHEIHO 3aBUCUMEIMU. BEIOpaTh cpe/ii HUX ITMHEWHO HE3aBUCHMEIC BEK-
TOPEI ¥ BEIPA3UTh YE€PE3 HUX OCTAIBHEIE BEKTOPEL

3 3 3 3
3. Ilokasate, 9T0 MHOTOWIEHBI B(f)=1, Py(t)=t+1, B()=1*+1+1, B()=1 +1* +1+1
oOpazyrotT 6a3uc B IPOCTPAHCTBE MHOTOWICHOB CTEIICHM HE BHITIEC TpeTheil. Pasio-
JHTh MHOTOWIEH P(f)=1> +3¢—5 10 3TOMy Ga3ucy.
Omeem. P(t)=-8F(t)+2P 1)+ B(t).
1.1.3. 3amena 6azuca

Pemenne MHOTHX 3a/1a4d obyierdaercs, eciii BEIOpaTh y100HBIH 6a3zuc.

Ilycts E,E,,..,E, — cTaphii 6asuc, E ,E,,..,E, — HOBBEIA 6azuc. CBA3b MEXITy 3TUMU

Oa3ucaMu OCyIIECTBISAETCA O ciexyrolei gpopmyie:
20 00 0 T 00 0 200 | B Wi E=E-P,

IJIe MaTpUlla P COCTOUT U3 PACIIONIOKEHHBIX HO CIOI0UAM KOOPOUHAM I1EMEHN 08
H06020 6a3zuca B cTapoM Oazuce U Ha3bIBACTCS Mampuyeil nepexooa OT CTaporo
6asuca K HOBOMY.




Céa3b Mexcdy Koopounamamu rniemenma X 6 CMapom U HO60M Da3ucax Takxe
OCYILIECTBIISICTCS C IOMOIIIBIO MAaTPHIIHI Tiepexojia P

/ /

X P 2sl 2sl P 1
= * asss L) asss = asaa
)C’ xn

Hpumep 1.9. Ilycts B 6azuce { i, J, /?} 3aJ[aHbl BEKTOPEI

a:(lz 1:_1)5 52(2:150): %:(15_1: 1) n 2'2(15_153)5 %':(4:352): %':(15_2:5)'

IToxazath, 9TO KaXJ1as U3 CUCTEM BEKTOPOB {él,ez,eg,} " {el Ley'es '} MOXeT OBITh Oa-
3MCOM B IPOCTPAHCTBE TPEXMEPHBIX BEKTOPOB; HaliTH MaTpHily Iepexoja oT Oasuca
(onen ) X Gy (o3

Pewenue. Cuicrema BEKTOpOB {el,ez,e3} obpasyeT 6azuc MPOCTpaHCTBA TPEXMEPHBIX

BCKTOPOB, CCJIX BCKTOPLI CUCTCMBI HCKOMILTIAHAPHDI. I[JBI ITPOBCPKU 3TOT'O BEIYHUCIIUM
CMCIIAHHOC ITPONU3BCICHUC 3TUX BCKTOPOB

(mae)=2 1 0

1 -1 1
II03TOMY BEKTOPEI {el, e,, e3} HEKOMIUTaHapHEI ¥ 00pa3yroT 6azuc.

=14+2+1-2=2%0;

1 -1 3
4 3 2

AHanoruaHo, (E{',%',E;'): 1 3 2

=15-2-24-9+4+20=4+0;

CIIE/IOBATENBHO, BEKTOPHI {el Ley ey '} HEKOMILIaHapHEI U 06pa3yroT H6asuc.

Haiiém mMaTpuily niepexoia ot 6asuca {ei, 5,%} Kk 6asucy {ei',%‘,%‘}.

ITycts P, — MaTpuIa epexojia ot 6asuca { iy js 7c} Kk 6azucy {61,62,63} , TOT/Ia

(Gas)-(177)7. L)
IlycTs P, — MaTpMIla IiepexoJia oT Gasuca {f,},l}} Kk 6asucy {ej',%', g'} , TOI'J[a

(aa)-(i7 ). (12)
Ecii P MaTpuIja iepexoa ot 6asuca {51, 5,%} Kk 6asucy {21',5 ', g'} , TO

(aaa)-(a aa)n (13)

W3 pasencrsa (1.1) Haitem (? j I?) = (aag) .P,”' wm mosictaBuM B paBenctro (1.2):
(@aw)-(aaa)rn.
CpasnuBas ¢ paBeHcTBOM (1.3), momydaum
P l.-B=P.
Marpuifa mepexojia OT cTaporo 6asuca K HOBOMY €CTh MaTPHIIA, COCTOSIIAS U3 KOOP-
JIAHAT BEKTOPOB HOBOTO 6a3uca B CTAPOM, PaCIiONIOKEHHEIX 0 cronbnam. Ha ocHo-
BaHWH 3TOTO 3alMIIEM MATPUIEI B, U P,
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1 2 1 1 4 1
P= 11 -1|, B=-1 3 =2
-1 0 1 3 2 5
IV 1 1 (& By As !
Haiiném matputy P,'=——| B, P, B;| . Takkak
detR\ B, B, P
31 32 33
1 -1 1 -1 11 21 11
Pll“o 1‘:1’ 1312“‘—1 1‘:0’ 1313:‘—1 1‘:1’ P = ‘o 1“ 2 1322“—1 1‘:2’
1 2 2 1 1 1 1 2
1)23—_‘_1 0‘: 2, 1)31—‘1 _1‘— 3, Pp= ‘1 _1‘:2= P_%S—‘l 1‘: l, deth =2,
10 1Y (1 2 3
L1 1
TO i =—|-2 2 2| =—(0 2 2|. Torna
2|3 2 -1 2{1 2 -1

11 2 3)(14 1) (3 4 -5
P=B'R=—|0 2 2[|-1 3 2|=| 2 5 3],
2{1t =2 1) 3 2 5 0 2 0
Ilpumep 1.10. B Tp€xMepHOM JIMHEHHOM IIPOCTPAHCTRBE 3a/IaHEI JIBa Oa3uca
le=i+j—k ¢,=2i+], ng—}'ﬁc},

{e'=i-j+3k, e'=4i+3j+2k, &'=i-2j+5k].

Bekrop x B Gasuce { €1,6,0; } umeeT koopauHatsi (1,0,2). HaiiTu KoOpIMHATEI BEK-

TOpa x B Oasmce {21',5',5'} :

Pewenue. Ecim P - matpuiia nepexoja ot 6aszuca {61,62,63} K bazucy {el Le, e '} , TO

KOOP/IMHATEI BEKTOpa x B Oasuce {ei',%', a'} MOKHO HaliTi 110 GopMyJIE:

x' X
x'"|=P " x, |.
X' X,
Marpunia P Hamu Haiijiena B mpumMepe 1.9. Haiiném matpuiry P! mo dopmyie
T
1 1 B, A Rs -3 4 5
P'=——|B, B, P,|,THe P=| 2 5 3.
det P By By By 0 2 0

B namewm ciygae
detP=2; B;=6, {,=0, R3=—4, B =10, P, =0, B3 =-6, B, =13, By =-1, B3=-T7,

(6 0 4 (6 10 13
P'=—[10 0 6| =—| 0 0 -1]|.
2113 -1 -7 2\4 -6 -7

%' (6 10 13)(1 32) (16
B'==| 0 0 -1[l0|==| -2 |=| -1
') 24 -6 -7)(2) 2(-18) |-9

Wil x=16¢}—¢, -9 ¢} .

Torna

[a—
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Ilpumepot ona camocmoamenvHo2o peuienus

—_ — —

1. Haiitu maTpMily mepexojia OT cTaporo Oaszmuca {61,62,63} K HOBOMYy Oazucy

—

{5, %,Zl} . HaiiTu xoopJMHaTLI BeKTOpa X B HOBOM 0asMce, €CiId B cTapoM Oasuce

BEKTOp X MMEI KOOPJIMHATHI (5,-3,1).

0 01
Omeem: P=|1 0 0|; x=(-3,1,5) BHOBOM Oa3uce.
010

2. Bextop X B bOasuce {61,62,63} UMECCT KOOPJAMHATHI (—1, 2,0). Haiftu Matpuiry nepe-

X0Jia OT 6azuca {a,a,%} K 6asuCy ¢ =2¢ —e,+3e;, ¢y =-3¢ +e,-2e, €& =4e,+5e,.

HaifTi KoopJMHAaTEI BEKTOpa X B Oasuce {(’:',a', a'}

2 -3 0
Omeem: P=|-1 1 4|; X=-0,68¢;—0,12¢; +0,36 ¢; .
3 -25

3. B TpéxMepHOM JIMHEHHOM NPOCTpAaHCTBE 3aJ[aHkI JIBa Oa3uca
{e=i+2j+3k,e,=3i-2j+k,e;=j+2k| M {q'=i+j+k, e;'=i+ ]~k e;'=i—j+k|.
HaiiTi KOOp/IMHATEI BEKTOPA x = ¢, +2¢, + 3¢, B Oasuce {E{',%', e?} .
Omeem. x=6e] —2¢,+3¢;.

1.2. EBKIMI0BO NMPOCTPAHCTBO

JIuHeHOE IIPpOCTPAHCTBO HA3BIBACTCA €B8KIUO068bIM, SCIV JIJIS JOOBIX €ro dJIe-
MCHTOB X H Y OIIPCACIICHO CKAJIsAPHOE npou33e0enue, T.C. JICUCTBUTEIILHOE YHUCJI0,
0003HagaeMoe (X,Y)mn YAOBJIETBOPAIOIIEC CIICYIOIIIUM CBOMCTBaM:

) (X,Y)=(¥,X),

2) (AX,Y)=A(X,Y),
N(X+Y,2)=(X,2)+(Y,2),

4) (X, X)=20, (X, X)=0=X=0.

C moMonIbI0 CKAJISPHOTO MPOU3BEICHUS BBOJIAT ITOHATHE O/IuHbl DIIEMEHTA X :

|X]= (X, X).

JIns 311eMEHTOB €BKIMI0BA IPOCTPAHCTBA TaK XK€, KaK U J{ISl TEOMETPUYECKIX BEKTO-
POB, CIIpaBeNIMBO Hepaserncmeo Kowu-bynakoeckozo:

(D)< [ X[,

B eBkimioBoM IpocTpaHCTBE M3 Bcex 0a3ucoB Hambomee yJJOOHBIM SBIACTCS
opmozonanvublil fazuc, T.e. 6a3nC, COCTOAIMN W3 MONMAPHO OPTOTOHAIBHBIX 3JIe-
MeHTOB. OTMeM, 910 J[Ba AIEMEHTA X,Y Ha3bIBAIOTCA OPTOTOHATEHBIMM, €CITH MX CKAISPHOS
TpoVBBe/icHe (X,Y) paBHO Hymmo. EciM aneMeHTH opmozonanvnozo 6a3nca MMEIOT
OJIUHDbL, PABHbBIE eOUHUYE, TO 0a3uc HA3BIBACTCS OPMOHOPMUPOBAHHBIM.
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Ilpumep 1.11. B eBKIMA0BOM IPOCTPAHCTBE TPEXMEPHBIX BEKTOPOB 3a]1aH Oasuc
{eq=i+j+k, e =j+k, es=i+]}.
SBnserca mu 6azuc opTroHOpMHUpoBaHHEIM? Eciiu HET, TOCTPOUTH OPTOHOPMHUPOBAH-

HEBII 0a3ucC.

Pewenue. CxalsipHoe IpoU3BeIeHUE B IPOCTPAHCTBE TPEXMEPHBIX BEKTOPOB OIpe-
JeNsAeTcs cIelyIonmM oopazoMm:

BrIayciuM cKaspHOE IIPOM3BEICHIE BEKTOPOB ¢, ¢, .
(e1,6,)=1-0+1-1+1.1=2%0.

CIIGI[OBaTeIIBHO, 0a3uc He gBIICTCA OPTOTOHAJIBHBIM, T.K. IJISI OPTOTOHAJIBHOT'O Oa-
3UCa CKAJIIAPHLBIC ITPOU3BCICHUA PA3HBIX 0a3uCHBEIX BCKTOPOB ITOJI?KHBI OBITH PaBHbBI

HYIO (e),€,) = (¢;,¢3) =(¢5,¢) =0.
ITonsITagMcst TOCTPOMTH NIEPBOHAYAIBHO OPTOTOHABHEIN 6a3HC {71 Eﬁ} :
ITycts f; =e, =(1,1,1). BymeM UCKaTh BEKTOp f, B BHIE: f, =e,+af; . llogbepeM o
TaK, 9To0kI (f, f,)=0:
(o )= a+af)=(fe)+a(fi, f1)=1-0+1-1+1-1+a(1+1+1) = 2+3a,

2 - — 2 (211) = (211
2+30=0 = a=——, =e,—— fi1=|——,=,— | = -=,=,— |
3 2 e23f1(333j f2(333j

Wimem BeKTOp f, B BHJAE f;=es+a, f,+a,f,. IlogbepeM «,, a, Tak, 9YTOOHI
(f3./)=f3,/,)=0 . Yuursisas, 910 (f;, f,) =0 , TOIydIuM
(f3 S =5 )+ on(fis ) =1-141-141-0+ ¢ -3=2+3, = 0;

2 1 1 4 1 1 1 2
, , + , =—— 1+— 1+—-0+ =——+ =0.
(F3/2) = o) + o f3 12) J145 az(g 5 9j Tt3%

2
Orcroma oq=-=, a,=— W

1
2

= 2= 1 2 1( 211 1 1) — (.1 1
=e - A+ =ML =S GLD+ | =20 = 00— =10,—,——|.
fi=e f1 /2 =@1,1,0) ( ) ( 3 3j ( % 2) /3 ( 5 2]

"3’
M-I 11osTy9uiny OpTOroHaJIbHEIN 6a3nc { Jis fz, f3}

fi=01,11), ~2:(_2,1,1j’ 73:(0,1,_1]_
Haiiném JumMHy KaXJ1oro BeKTopa:
TG =B [F=Goro) - /(gggj:@, G -2,

Haiinem opToHOpMUpPOBaHHEIHM 6azuc {51,52,53} :

;IZL(LLL) : (fff} gzg{o_z__z}
A \(V37V37V3)” ‘fz‘ 376 RENE
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IlIpumep 1.12. 1loka3ats, 9T0 MHOTOWICHBI
1
R™=1, B®=x, B :5(3x2 -1)
00pa3yroT OpTOroHaNIBHEIN H6a31c MPOCTPAHCTBA MHOTOWICHOB CTEIIEHU HE BBIIIE 2

1
CO CKaJIIPHBIM IIPOM3BEACHUEM ( f,g) = J' f(x)-g(x)dx.
-1

Pewenue. CaMOCTOATENBHO TIOKAXWUTE, 9YTO MHOTOWIEHH £ (x), B(x), B(x) o0b0pazy-
10T 6a3MC MPOCTPaHCTBAa MHOTOWICHOB, CTETICHU HE BhIIe 2 (cM. ipumep 1.8).

BrravciiM ckaiigpHele nipousBenenus (R, R), (B, B), (B, ), YYATHIBas, 9TO JIIA He-

1 1 1
y&THOU pyHKITIN j f(x)dx =0, a g 9eTHOM (HyHKIUH j f(x)dx=2 J' f(x)dx:
-1 -1 0

1 1 2
(B, B)=[1-x dx =0, (6J9=jx{“21jaza
-1 -1

1 1
(B.B)= [1-23x* ~T)dr =2~ [ 3x ~T)dx = (¥ ~x)[} =0.
-1 2 20

Bce Tpu ckalIpHBIX IPOU3BEICHNS PABHEI HYIIIO, CJICI0BATEIIEHO, MHOTOWICHLI
B (x), B(x), B(x) obpa3yroT OpTOrOHaJIbHEIN 0a3uc 3aJJaHHOTO IPOCTPAHCTRA.

Ilpumepwul 0na camocmoamenvbHO20 peuleHus

1. O6pa3yioT 11 yka3aHHBIE CUCTEMBI BEKTOPOB OPTOTOHANIBHBIM 0a3uc B €BKIIMJIO-
BOM IIPOCTPAHCTBE R, CO CKAJIIPHEIM IIPOM3BEICHHEM (&,5) = a,b, +a,by +ashs +asb,,
rjae Zzz(al,az,a3,a4), B:(b,,bz,b3,b4). VYka3arh, B KakoM ciydae 0azuc OyjieT opro-
HOPMHUPOBAHHBIM:

a) (2,0,0,0), (0,3,0,0), (0,0,0,5);

6) (2,0,0,0), (0,3,0,0), (0,0,0,5), (0,0,-1,0);

B) (-1,2,0,0), (2,-1L1), (-2,-1,3,0), (O,LL,1);

r) i1y (11 1 1) (1 11 1) (1 1 11
2’2220 \2°2° 22 20 \2° 2’2 2f\2 2 2’2f

Omeem: a)Het, 0) ga, B) HEeT, T) 1a. B ciaywae r) 6a3uc — OpTOHOPMUPOBAHHKIA.
2. B eBKJIMJIOBOM IIPOCTPAHCTBE TPEXMEPHBIX BEKTOPOB 3a/1aH 6a3uc

e =(1,0,1), e, =(1,1,0), &5 =(0,1,1).
SBngercs i 6a3uc opToroHaAEHEIM? ECii HET, TO MOCTPOUTH OPTOTOHATEHEIA Oa3uC.

- — 1 1) — 222
Omsem: f;=1,0,1), 7= 5’1’—5], 7 Z[‘z,g,g]‘

1.3. JIuneiinbie onepaTopsbl
Ilycts L,, L, — nuHelHBIe IIpocTpaHcTBa. IIpaBuilo, 110 KOTOPOMY KaxK/IOMY

3JICMCHTY X M3 IPOCTPAHCTBA L; CTABUTCA B COOTBCTCTBHUC JJICMCHT Y M3 IIPO-
CTpaHCTBA L,, Ha3bIBAIOT ONICPATOPOM A4, I[CﬁCTBYIOIIIPIM U3 IIpOCTpaHCTBA L; B
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IPOCTPAHCTBO L,. IIpu 3TOM 3anmceBatoT A(X)=7 .

A
Onepatop 4 Ha3wIBAIOT JIUHEIHbIM HA L, €CIIN

A(AX) = 1 A(X) mng aoboro sjieMeHTa X M3 L, u moboro uucna A,

A\ A\ A\
A(X{+ X,) = A(X)) + 4(X,) iy MoObIX 2JIEMEHTOB X, X, M3TIPOCTIPaHCTBA L, .

IlycTs L - muHelHOE 7 — MEpHOE POCTPAHCTBO, £, E,,...,E, — GUKCUpOBAHHKINA Oa3uc

B L; A — JIMHEHHBIA ONIEpaToOp, JICHCTBYIOIINI U3 IPOCTPAHCTBA L B IIPOCTPAHCTBO L .

Marpuiia, cocTaBlicHHas W3 Koopounam 00pa3oe OA3UCHBIX 6EKMOpPO8
A\ A\
A(E),..., A(E,) , 3aIIACAaHHLIX N0 CMO10U4am, HA3BIBACTCSI MaTPUIEH JIMHEHHOIO OIle-

patopa A B 0asuce E,E,,...E,.

Marpwuita onieparopa cBsfi3aHa ¢ BhIOOpoM Oasuca. Marpuia 4 orepatopa 4 B Oasmuce
Ey,...,E, AMaTpMIfa 4’ 3TOT0 e oreparopa B JIpyroM 6asuce £ ,..., £/, CBS3aHbI popMyItoi

A=P'-4-P|,

rjie P — MaTpuIja nepexoja ot 6asuca E,,...,E, k 6azucy E ,...,E,

n *°

A
Cas3b MCXJTy KOOpJIMHaTaMH BCKTOpa X M BEKTOpa Y=4 (X ) UMCECT BUJ:

N X . o
=A4-| --- nim Y=4-X

Yn Xn

=

e X,Y — eCTh CTONOIEI KOOP/MHAT BEKTOPOB X,Y B Gasuce E,,....E, .

IIpumep 1.13. TIycTs onepaTop A CTaBHT KaXJIOMY BEKTOPY ¥ = (X;,X,,x;) B COOTBET-

CTBUE BEKTOp AX=X+d,TJ€ d— (PUKCUPOBAHHBIA BEKTOP TPEXMEPHOTO ITPOCTPaH-
cTBa. BRIACHUTS, ABIIIETCA JIM ONIEpaTOp JIMHEHHBIM. ECiv 1a, TO HAaWTH €r0 MaTpUILly
B €CTECTBEHHOM ba3zmce { z:},l;} .

Pewenue. Ilycts d =(a,ay,a3), X =(x,%,%), ¥ =0,12,r3). OnIepaTop 4 sBngercs
JIMHEWHEBIM Ha R, €CIIU JIJIS JIIOOBIX AJIEMEHTOB X, ¥ U3 R, W JI0OOOTO YMCIa « BHI-
TIOJTHSAIOTCS PABEHCTBA!

AG+7) = AT+ A7, E(afc):a(ﬁfc).

IIpoBepuM, BBRINIOJIHAIOTCS JIA 3TU CBOMCTBA JIJIS 3aJ]JaHHOTO OllepaTopa AxX=x+ad:

A [mtae) L (nta) . L [(qtn+2q n~o (q+ 1) +a
AX=|xy+ay |, Ay=|yy+a, |, AX+AYy=|x,+y,+2a, |, A(x+y): (3 +¥5)+ay |
X3 +as V3 +as X3+ y3+2a4 (63 + )3 + a3

CrnietoBaTeNbHO, €CIM G HE SABIACTCSA HYJIEBBIM BEKTOPOM, TO AX+ Ay # A(X+7).
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IlycTs a —HyneBoil BEKTOp; TOTJ[a BHITOJIHACTCS U IIEPBOE, U BTOpoe cBOMCTBO. Ore-

A - = —

paTop AX =X ABISETCS JIMHEHHRIM; HailIEM €ro MaTpuily B O6a3uce { i j,k} .

Martpuiia 4 omneparopa 4 B (MKCHPOBAHHOM Oa3uce eCTh MaTpHIla, CTOJIOIAaMH KO-

TOPO¥i ABIAIOTCS KOOP/IMHATEI 00pa3oB 6a3MCHBIX BEKTOPOB B TOM e 6asuce.
Haiiném o6passl BekTopoB Hasuca:

A7=71=(1,0,0); 4j=7=(0,1,0); Ak=Fk=(0,0,1);

1 00
3aIMIIeM MaTpuIly 4 omeparopa: A= LO 1 OJ = E (eIuHUYHAS MaTpPHIIA).
0 01

Taxoi oniepaTop 4 Ha3BIBAIOT TOXKJICCTBCHHBIM.

Ilpumep 1.14. OnepaTop A OCYLIECTBIIAECT IOBOPOT BCEX BEKTOPOB INIOCKOCTH XOY
Ha yTOJI ¢ = /3 IIPOTUB 9aCOBOM CTPEIIKM BOKPYT Hadajla koopiuHat. Haiit maTpu-

161 OTIepaTopa B 6asuce { f,}} u B Gazuce { e =i—2j, e,=—i+3) } :

Pewenue. OniepaTop A SBISETCS TMHEHHBM, JICHCTBUTENEHO, A%+ A = A (Xx+7),
T.K. BEKTOD (X + y) €CTh JMaroHallb IapajyieliorpaMMa, IIOCTPOEHHOTO Ha BEKTOpax X
U y, a IIpU ITIOBOPOTE BCAKMI MapajuleJIorpaMM IIepeMeNacTcs Kak €IMHOE IIEN0E;
JUIMHET BEKTOPOB TIPH TIOBOPOTE HE M3MEHSIOTCS 1 TIOTOMY A(ar¥) = (;1 )?) .

JIs OTHICKAHMS MATPHIIEI oepaTopa A B Gasuce { f}} Haiém (puc.1) pasnoxenue

BEKTOPOB A 7, Aj 1m0 Gasucy {7, /}:

'1'6713117:‘217‘%5600:1, iaﬁﬁf:‘ﬁf‘sina)ozﬁ’
1 2 j 2
16;2]:—‘2]‘%5300_—%,
oli B o B0
Torma Ai =—i+~—j, Aj=—""-i+—j.
pit l 21 2 J j 2l 2]

3aImicaB KOOPIMHATEI 3THX BEKTOPOB II0
cTONIOIaM, TIOJTy9iMM MATpPHILy OIlepaTopa A B
6azuce { f,}} :

1/2 —\3/2) {(1-43

A= = . | i

Bz 2] 231

Martpuia onepatopa A B 6a3uce {é,¢) ecTh

matpua A' = P'4 P, e Matpuna P — Mat-

pHIa iepexo/ia ot 6aszuca { f,}} Kk 6aszucy Puc.1
{&,¢).IIo ycnoBuIO ¢ =i—2j, e,=—i+3].

3aImicaB KOOPIMHATEI 3TUX BEKTOPOB IO CTOIOLaM, IIOJydrM MaTpHIly IIepexo/ia
P:(_; _31) Haiiiem Matpuily P! ¥ MaTpHILy A':
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T
el B
detP\ 1 D 1\2 1 21

= 0 P R SR - )

2
IIpumep 1.15. OniepaTop A ONpEIENEH CIEAYIOMMM 00pasoM: Ax =a(a, x), TIe
a=i+j+k, x=(x,%,X) — BEKTOPHI IPOCTPAHCTBA R,.Iloka3aTk, UTo omepaTop A

-2 3) 9

- = —

ABIgeTCA TMHEHHBIM. HaliTu MaTpulisl onieparopa A B Gasmuce { i, j,k } 1 B Oa3uce
{ e =itk,e,=], e =f} . HaiiTi koopiMHATEI 06pa30B BEKTOPOB x =2 i+ j -3 K,
X'=5¢+2e,—6e;.
Pewenue. UTOGBI OKA3aTh JTHHEHHOCTH ONIEPAaTOpa A, HPOBEPUM BHIIONHEHHUE Pa-
BEHCTBA A(Ax+ uy)=AAx+uAy:

AGx+ ) = a(Ax + u1y,@) = a(A(x, @)+ p(v,@)) = Aa(x, @)+ pa(y,a) = AAx+ u Ay.
PaBeHCTBO BBIIIOIIHEHO; ONIEPATOP — JIMHCHHBIN.

Haiiiém MaTpuiy onepatopa A B Gasuce { f,},l}} :
Ai=a(a,)=a(l-1+1-0+1-0)=a=i+ j+k; aHANOTMUHO, Aj=a, Ak=a.
3amicaB KOOPIMHATHI 3THX BEKTOPOB II0 CTONGIIAM, TOTy9HM MaTpHILy OriepaTopa A

o 111
B Oazuce {i,j,k}: A=|1 1 1|
111
{515t BEIIHMCIICHUS MaTPUIIEI A’ omiepatopa A B Gasuce {ej, %,%} Hal[EM MaTpUITy
niepexojia OT cTaporo 6asuca K HoBoMy. I10 yCIIOBHIO ¢ =i+k, e, = j, e; =i ; 3aIlACaB
KOODJMHATEl 3THUX BEKTOPOB IO CTONOIAM, IONydMM MaTpulily IIepexojia

1 01
P= [0 1 O} . Beraucymm Matpuiry P, ucnonesys meTog Iaycca:

100
10 1]1 0 0) (B B, 10 1|1 0 0) (G) (G+G
010(010[|=[B|~| B |=[01 0[0 1 0l=C|~| ¢ |=
10000 1) (B) (B-B) (00 -1-1 01/ | oA

1 0 -1

0 0 1 0 0 1
01 0| = P'=(01 o0
Bermvicaum 4 =P AP

00 1)(1 1 1)(1 01 1 1 1)(1 01 2 11
A=01 01 1 110 1 0j=1 1 10 1 0|={2 1 1|
10 -1){111){1 0O 0 0 0){1 0O 0 00

Haiiiém xoopuHaTE 06pa3a BeKTopa x =—2i+ j—3k . IIycTs y = Ax; Torza
b2 X 11 1)(-=2 —4
Yo l=Alx, |=|1 1 1] 1]=|-4].
V3 X3 111)(-3 —4
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A N Tl (21 1)(5
AHaJIOTHYHO, MCTh )’ = Ax';TOTHA | y, |=4'-|x, |=[2 1 1|| 2|=|6]|.
' ' 0 0 0)(-6 0
V3 X3
BEISICHUM reoMeTpHYecKuii cMbIcH onepaTopa (puc.2). Bextop 0B =(13 ;%) a°, rae

- . - a,x) -0 - —— 0~ -0 ~0-_a
a®= —OpT BEKTOpA a; 164x:‘x‘cos¢:%=(a ,X) = OB=(a ,x)-a =(a ,x)=.
-0 —

|| ‘ a 4
~0 — (Cl ,)C)—’

Onepatop A:: ;11}:('1'6a;c)-a ‘5‘ a Ha3LIBAIOT .

oIIepaTopoM MPOCITUPOBAHMS ITPOCTPAHCTBA R, Ha

—

B

ISy

=l

BCKTOD Zl (I/IIII/I Ha ITPpAMYI0 C HalIpaBJIAIOIIAM BCK-

- DL Ll ®
TOpoM a ). OmrepaTop Ax =a-(a,x) OCyINIECTBISCT \

\ 4

v

QY

B 0
IIPOCIMPOBAHNME IPOCTPAHCTBA R, HA BEKTOP a M B
- . - Puc.2
pacTSKEHHE B ‘ a‘ pa3 (B Hamei 3aj1ade ‘ a ‘ =3).

Ilpumepwol 0na camocmoamenvbHO20 peuleHus

1. Koop/tMHaTHI BEKTOPOB X M j = A% 3ajIaHBEI B OJJHOM H TOM e Gasuce. BRISCHUTS,
SBJISACTCS M OTIEPaTop A JIMHEHHBIM:
a) ¥=(x,x%), A%=(2x,0);
0) ¥ =(x,%5,%;), A% = (63 +2,x,%) 5
B) X =(x;,X,5,%;), A% = (g —=2x3, X5 + X1, %7) 5
1) =0 A¥=07,%).
Omeem: a)na, 0)Her, B)Ja, T)HET.
2. OnepaTop 4 Ha INIOCKOCTH XOY I06O# BEKTOP IIOCKOCTH OTPaKAeT CHMMET-
pwaHo ocH OX . Haifty matpuiyy 4 omepatopa A4 B Gasuce i, .
Omeem: Az(l Oj .
0 -1

3. Haiitu maTtpuily A4 omepatopa A, MEPEBOJAIIETO BEKTOP X=(,X;,X%;) B BEKTOP

P=A%=(x4+x,—X3, 2%, 2%, +5%,) , 3aJ]aHHBINA B TOM Xe 6azuce, 9TO U BEKTOP ¥ .

1 1 -1
Omeem: A=/0 0 2
0 2
4. B 6azuce {21 ez,%} JIaHBI BEKTOP ¥ =26, +4¢, —&, M MaTpHla A orepartopa A
-1 0 2 ~
A=| 2 1 1|.Haiitu B 3TOM 0a3uce KOOpJHATHI BEKTOpa A X .
30 -1

Omeem: A% =—48 +7¢,+74,.

18



5. OnepaTop A MPOELMPYET TPEXMEPHOE IIPOCTPAHCTBO HA HPAMYIO % =y=z . Hal-
TH MaTpHIly OIIEpaTopa B €CTECTBCHHOM 6asuce { z:},l;} :
(2 2 V2
Vkasanue: cmotpure npumep 1.15. Omeem: A = \? 1 1
2 1 1

1.4. CoOcTBeHHBIE BEKTOPbI Oneparopa

Cob6cTBeHHBIE 3HA4YEHMS W COOCTBEHHBIE BEKTOPHI (DJIEMEHTHI) JIMHEHHOTO
olieparopa MMEIOT pa3HOOOpa3Hbie NpuMeHeHNA. OHM HUCITONIB3YIOTCS JIIS MCCIIENIO-
BaHWS YCTOWYMBOCTH CUCTEM, JUIS pPEIICHUS 3a/1ad TEIUIONPOBOAHOCTH U U dy3um,
JUISL KICCJIE/IOBAHUS KPUBBIX M IIOBEPXHOCTEH BTOPOTO TIOPSAIKA U T.]I.

Ilyctb A — IMHEWHBIN OIlepaTop, IEUCTBYIOIIUNA B JIMHEITHOM IIPOCTPAHCTBE L .

Ecma A(X)=1X,Tae A — ASHCTBUTEILHOE YHUCIIO, X =0, TO X €CTh COOCHEEHHbLIL

a1emenm (COOCTBEHHRIN BEKTOp) omeparopa 4, a A — COOTBETCTBYIONLIEE €My COO-
CMEeHHOe 3HaUeHue.

I[I[SI OTBICKaHUS COOCTBEHHBIX BCKTOPOB } U COOCTBEHHBIX 3HAYCHMI A oncpa-

TOpa 4c MaTpuleH 4 CIIeIyeT:

1) HaiiTi IeHiCTBUTENBHBIC YHCIIAa A U3 ypaBHEHMS det(4—\E)=0,

2) IIOJICTABUTh HAWJICHHBIC 3HAYEHUS 4 B MAaTPUYHOC YpPaBHCHME (A—AE)}:G ) §
Hal TV HEHYJICBBIC PEIICHUS X.

Onepatop 4 B 6a3zuce U3 CBOMX COOCTBEHHBIX BEKTOPOB X;, X,,..., X, (€ciu 3ToT

A, 0..0
Aoy
6a3uc CyIeCTBYET) UMEET MATPUIy A = 0 42..0 , THe A,,2,,..,A4, — COOCTBEH-
0 0..4

HBIC 3HAUCHHWA, COOTBCTCTBYIOIINC COOCTBEHHEIM BCKTOpaM X 1=X 2,...,X 0

Ilpumep 1.16. Haiiti cOOCTBEHHBIE BEKTOPHI M COOCTBEHHBIEC YMCIia A oIepaTopa,
IPOCIIUPYIOIETO BCE BEKTOPHI IJIOCKOCTH Ha OCh OY .

Pewenue. PaccMOTPUAM BEKTOPEI x , KOJUTMHEAPHEIE OCH OX , T.€. x=ci, TJe ¢ —
JIEUCTBUTEIRLHOE YUCIT0. Tak Kak

np};c:np}cf:c-np}f:c-O:O; ;1}:0:0-},
TO BCE HEHYJEBBIE BEKTOPEI x = ¢i , KOJUIMHEAPHEIE OCH OX , SBIISIOTCS COOCTBEHHEI-
MM C coOCTBEHHEIM 3HaueHueM A =0 .
PaccMOTpHM BEKTOPEI x = ¢ | , KOJUIMHEAPHEIE OCH OY , o —AeHCTBUTEILHOE YHCIIO.
Taxk kxak

np_—/.;c:np}a}':a-np}}':a; :4}:05}':1-} s

TO BCE HEHYJIEBEIE BEKTOPEI X = & / , KOIUIMHEAPHEIE OCH OY , ABJISIOTCS COOCTBEHHEI-
MM C COOCTBEHHEIM 3HaueHuEM A =1.
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Ilpumep 1.17. HaiiTi, ecnv BO3MOXHO, 6a3uc, B KOTOpOM MaTpuiia A oreparopa A
VMEET JarOHaJIbHBIN BUJI, €CIIU:

1 1 0 1 0 O
1) A:(l 3 0}; 2) A:( 1 0 2}.
2 _

0 0 I 1 3

Pewenue. Matpuiia A oneparopa 4 HUMEET AMArOHAJILHBIN BUJT B Oa3uce U3 COOCTBEH-
HBIX BeKTOpoB. CHavasa HaifleM COOCTBEHHBIC YHCIa, PEIIUB YPaBHEHHUE |4 — AE| = 0.
3anuieM onpeneuTeb MaTpullbl (A4—AE)

1-4 1 0
-1 3-4 0
0 0 2-1

OH PaBCH HYIIO, €CIU A, =4, =A;=2.

1

det(4—AE) = )

=(2—/1)‘1:1’1 3 ‘:(2—/1)(/12—4/1+3+1):(2—/1)3;

Peminm maTpuuHoe ypaBHeHHE (A—2E)X =0 :

-1 1 0)(x 0
-1 1 Of|x,|={0| w11 —x, +x,=0.
0 0 0)\x; 0

3adukcupyeM x;=c¢, x =x,=c,. [l0J0XKHUB MepBOHAYATIBHO ¢, =1, ¢, =0, a 3aTeM
¢, =0, ¢ =1,, NOJy4YUM JiBa COOCTBEHHBIX JIMHEWHO HE3aBUCUMBIX BEKTOpA

e

basuc NMHEMHOro MPOCTPAaHCTBA JIOJDKEH COAEPMATh TPHU JUMHEHHO HE3aBUCHMBIX
BEKTOpa, CIEJ0BATENIbHO, HE CYIIECTBYET Oa3uca, B KOTOPOM MaTpHiia oreparopa
JMaroHajbHa.

AHaNOruYHO HaiieM COOCTBEHHBIE YKCIIa MaTpULIbl 4 B ciiydae 2).

-2 0 0 o
det(A-AE)=| 1 -1 =2 =(1—/1)‘1 3_/1‘=(1—,1)(,12—31+2)=0 = A =1, 4 =24=1
-1 1 3-2

[Tomyunm Ba pa3inMUHbIX COOCTBEHHBIX 3HAUEHUS A, =1, =1, 4, =2.
Haiiném coOCcTBEeHHBIN BEKTOP, COOTBETCTBYIOIIUM COOCTBEHHOMY 3HAUEHHIO A, = 2.

3anuiiemM MaTpU4HOE YpaBHEHUE (4—2E)X =0 :
-1 0 0)(x 0 _ _
1 =2 =2|{x|[=|0 mm{ =0, @{xl‘o’
_1 1 1 x3 0 X2 +X3 :0, X2 :_X3.

. 0
[TomoxuB x; =1, HOIMYYUM e, :(—1 .
Haiiném coOCcTBEHHBIN BEKTOP, COOTBETCTBYIOIINNA COOCTBEHHOMY 3HaueHuio A =1.

0 0 0)(x 0
MartpruHoe ypaBHEHHE ( 1 -1 2}-()@} = {OJ 3alMIIeM B BUAC X; — X, —2x; =0 WU
-1 1 2)\x 0

X =x, +2x;. IIpunaaum cBOOOJHBIM HEM3BECTHBIM (x,,x;) 3HaueHus (0,1) u (1, 0).

2y 1
[Tomyuyum e, :(OJ, e :[IJ.
1 0
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VMeeM TpU JIMHEHHO HE3aBUCUMBIX BEKTOPA e;,¢,,e;; OHU 00pasyroT 6asuc. B sTom
0a3uce MaTpuiia orepaTopa A' UMeeT AUaroHajIbHbIN BU:

2 00
A=10 1 0].
0 01

Ilpumepor Ona camocmoamenbHO20 pewieHun

1. Haiitn coOCTBEHHBIC BEKTOPHI M COOCTBEHHBIC YMClia A oOllepaTopa CUMMETpUH
OTHOCHUTEIBHO OCH OX , JICHCTBYIOIIETO Ha ITIOCKOCTH.

Omeem: mob0¥ HEHYJIEBOW BEKTOP, KOJJIMHEAPHBIA OCM OX C COOCTBEHHBIM 3HAYC-
HUEeM A =1, 1 1000t HEHyJIEBO#M BEKTOP, KOJUIMHEAPHKINA Ocu OY ¢ A =-1.

2. Haiitu coOcTBEeHHBIE 3HAUCHUS 1 COOCTBEHHBIC BEKTOPHI IMHEHHOTO onieparopa 4,
1 1 8

33JITaHHOI'0 B HEKOTOPOM Oasuce ManHIIeﬁ A=|0 2 0
1 0 -1

3 4 2
Omeem: A, =2, 4, =3, 4 =-3; Xj=c|-5|, X,=c|0|, X53=c|0
1 1 -1

3. IIpuBecTH, eciii BO3MOXHO, MaTpUlly A oliepatopa 4 K JUaroHaJbHOMY BUJLY,
€CJIM B HEKOTOpoM Oasuce:

3 2 2 010
1) 4={2 -1 2|, 2)4=|-1 2 0].
3

2 2 0 01
1 00 . . .
Omeem: 1) A'={0 1 0|, oquH U3 6a3UCOB {el =(1,1,0), e, =(-1,0,1), ¢, =(1,1,1)};
0 0 3

2) MaTpUILy K AMaTOHAIILHOMY BWIy IIPUBECTH HEJIB34.

1.5. KBaagparuunbie (popMbI
Ilycts B 6a3uce E,,...,E, BEKTOp X MMEET KOOPJUHATHI X, X, ,...,x, . ODYHKIHIO
n
F(X)= Y ajyx;x;, THe a;=a ,
ik=1
Ha3bIBAIOT KBaJ[paTUIHON (PopMOii (B KOOPIMHATHOM 3aIIMCH).

B 1BymMepHOM npoCcTpaHCTBE KOOPAMHATHAS 3aIlCh KBaJ[paTUIHOM POpMEI

2 2
F(X)=a,x{+2a,xX,+a,x, ,

B TPCXMCPHOM ITPOCTPAHCTBC

F(X)= a11x12 + a22x22 + a33x32 +2a15X Xy +2 413 X3 + 2 Ay3 X5 X5.
Hapsmy C KOOpI[PIHaTHOﬁ 3aIliChIO KBaI[paTI/I‘IHOI‘/’I (bOpMLI HCTIOJIB3YIOT CIIC U MAaT-
PUYHYIO 3aITHCh

FX)=X-4.X ,
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rjie X — cronbell U3 KOOPJUHAT BEKTOpa X, 4 — CHMMETpHYHAs MaTpHIla U3 KO-
3¢ PUIMEHTOB ¢, KBaJpaTUIHOU POPMEL.

B 6a3uce 13 coOCTBEHHBIX BEKTOPOB MaTpHIIEI 4 KBaJipaTUdHas opMa MMEeT
Haubosee nMpocToii (kaHoHWdeckuii) BUJ. [y mpuBeieHUs KBaIpaTHIHOM GOpPMEI K
KaHOHWYECKOMY BUJTy CIIEIYET:

1) 3amicaTh MaTpuily KBaJpaTUIHON (hOPMEI,
2) HaiiTh ee COOCTBEHHBIC 3HAUCHUS A, ,,..., 4,

=3y

3) 3ammcaTh KAHOHHYCCKUMA BUJL F (X)=A;x°+4,%, .

Ilpumep 1.18. Haiiti maTpuily 4 KBaJpaTUIHOM GOPMEI
F(x,y,2)=2x*+3)* -2 +4xy—6xz+10 yz ¥ 3amicath F(x,y,z) B MaTpUYIHOM BHJIE.

Pewenue. 3amuinem kBajipatuanyto dopMy F(X) B KOOpJIMHATHOM ¢dopme B Ipo-
CTPaHCTBE TPEXMEPHBIX BEKTOPOB:

F(X) = a7 + ayyx)” + a33x3° +2 a1y%,Xy + 281353 + 2 A3 Xy X3,
YUUTBIBAS, UTO )y = dy;, (3 = A3y, oy =3y M X =(x,%,,X%;) . B mpuMepe kBagpaTud-
Has (opMa 3aj1aHa OTHOCHUTENIBHO ITapaMeTpoB x,y,z , T.€. KOOpAMHATa x COOTBETCT-
BYET KOOpJWHATE x,, y COOTBETCTBYET X, , z COOTBETCTBYET x; . loraa

2 2 3
Taxum obpa3zom, Marpuiia KBaJpaTUIHON (HOPMEI Az{ 2 3 5], a KBaJIpaTWdHas
-3 5 -1

2 2 -3 X
(bopMa‘ F(x:yzz):(x:yzz)'{ 2 3 SJ{)}J
-3 5 -1)\z

Ilpumep 1.19. 3anvicath B KOOPJMHATHOM BUJIC KBaIpaTHIHYIO (opMy
Fenm) =) 3 4)(3)-
Pewenue. Kanpatuanas ¢opMa B KOOpJAMHATHOM BHJIE UMEET BUJI
F(x1,%,) = @104 +2a1505%, + 3%, ;
B JIAaHHOM IIpUMEPE a, =a,, =4, a;; =-1, a,, =3 H, CICTOBATCIBHO,
F(xp,x0) == +8xx, +3X,°.

Ilpumep 1.20. 3anmicath B KaHOHUIECKOM BHJIE KBaJ[paTUIHYIO popmy
F(X) = le2 +8x22 +5)C32 +4xle —8)CIX3 +4XZX3 .

5 2 -4
Pewenue. 3aninem MaTtpuily KBaJpaTUIHOM GOPMEI A =( 2 8 2 J
4 2 5

Haiiném coOcTBEeHHRIC 3HAUEHUS MaTPHUIIBI 4, pelas XapakKTepruCTHIeCKoe YpPaBHEHHE:

5-12 2 -4
det(A-AE)=| 2 8-1 2 |[=-A+181°-811=0 = 14,=0, 1, =4 =9.
4 2 5-2
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KBasipatiunas ¢popma B 6a3uce U3 COOCTBEHHBIX BEKTOPOB UMEET CJIETyIOIINIA KaHO-
HUYECKWI BUT;

F(x',xy),x5)=9(x) +9(x)%

Ilpumepol Onsa camocmoamenbHO20 pewenun
1. Haiftu MaTpuily 4 KBaJipaTUIHOU POpPMEI
a) F(x,X%,) =X +x5 -3xx,,
0) F(x;,%y,X3,%y) =4} +x32 —2X2 — x;Xy +8X,X, —5 X,
4 -1/2 0 4
1 -3/2 -1/2 0 0 -5/2
-3/2 1)’)_ o o 1 o/
4 -5/2 0 -2

Omeem. a) A :[

2. 3anvicaTh KBaIpaTUIHYI0 (JOpMY B KOOPJIMHATHOM BHJIE:

L3 -1 0 2\(xy
X

a) F(xl,xz):(xlxz)[ j{lj, 6) F(xq,%,%)=(xx) 0 4 3|/x

3 5)\=) 2 3 -1)«x

3

Omeem: a) F(x,x%,)=xt +6xx,+5x3, ©0) F(xp,x5,x3) = —x} +4 X%, +4x +6x,x3 —x32 .

1.6. UcciienoBanne ypaBHeHH I KPUBBIX U IOBEPXHOCTEl BTOPOro MOPSAIKA

KpI/IBLIe M ITIOBCPXHOCTHU BTOPOTO IMOPAJIKA OITMCHIBAIOTCA YPAaBHCHUCM

n n
Z Ajf XX +zbixi =c,
i,k=1 =1

TJE€ n =2 JII KPMBBIX U 1 =3 JUISI TOBEPXHOCTEIA.

I[I[SI HCCIICTOBAHUA U ITOCTPOCHWA 3TOM KpPIBOﬁ WIIA ITIOBCPXHOCTHU CIICIYCT:

1) sammcath MaTpuIly KBaJIpaTHIHON GOPMBEI 4= (a,,);

2) HaliTH COOCTBEHHBIC 3HAUCHUS DTOM MATPHIILI;
3) HaliTM OPTOHOPMUPOBAHHEIN 6a3Kc W3 COOCTBEHHBIX BEKTOPOB (KAHOHMYECKHIA Gazuic);
4) 3ammcaTh B KAHOHMYECKOM Oa3uce KBaJIpaTUIHYIO GopMy:

n n
Z a;p X;X) = Zﬂ,l—xl-'z =A% 24 g%y Pt A %,
i,k=1 i=1
5) 3amicaTh B KaHOHWMYECKOM Oaszuce JIMHEHHYI0 hopMy:
w — = = —
Ybix;=B"X=B"-P-X ,
=1
. N —T
e B =(by, by,...,b,) — KOODOUIMEHTHI TMHEHHON QOPMBL, X = (X1, X505 X,,)
P — MaTpwuIla epexojia OT cTaporo 6asuca K HOBOMY OPTOHOPMHPOBAHHOMY 06azucy

13 COOCTBEHHRIX BEKTOPOB (KOOPJIMHATHI COOCTBEHHBIX BEKTOPOB SIBJISIOTCS CTOJO-
I[aM¥1 MaTpUIlsl P ).
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OTMGTI/IM, YTO CCJIK B UCXOJ/[HOM YPpABHCHWUM HCT JIMHEWHOM (I)OpMLI, TO JJIA BBISC-
HCHUA TUIIA KpPIBOﬁ WIIA ITIOBCPXHOCTH COOCTBEHHEIE BCKTOPBI MOXHO HC UCKATh, JIJIA
ITOCTPOCHWA KpPIBOﬁ WIIA ITOBCPXHOCTH COOCTBEHHEIE BCKTOPBI TPUACTCA HaiiTu. OHu
HYXHBI JJIsI ITIOCTPOCHUSA HOBOH CHCTEMBI KOOpAWHAT, B KOTOpOﬁ IIPUACTCA CTPOUTH
KPUBYIO WM TOBCPXHOCTDH ITO X KAHOHWYCCKHUM YPABHCHUSM.

Hpumep 1.21. VccneioBath ypaBHEHHE KPHBOH —4x” + 24/8xy — 217 +/3x++/6y+3=0
¥ TIOCTPOUTE 3Ty KPHUBYIO.

Pewenue. 3anminem KBaJpaTUIHYIO U JMHEHHYIO (JOPMBEI:
F(x,y) = —4x* +2\/§xy—2y2, o(x,y) =\/§x+\/gy .
1). Haifném 6asuc, B KOTOpoM KBajipaTidHas opma MMeeT KaHOHWIeCKUi BUJI. 3a-
ITUIIIEM MaTpUILy KBaJ[paTUIHON (HOPMEI:

(75

Haiiném ee coOCTBEHHEIE 3HAYECHU

4-4 8

B aos —(@4+)Q2+1)-8=22+61=0 = 4=0,14,=

det(4—AE) =

Jist A, =0 HagEM COOCTBEHHEIN BEKTOP e, = (le W3 YpaBHCHUSA:
2

0. O) 4 8 (alj (O) —4a1+\/_a2—
(4-0 E)(%j (O i (\/g —2} ) \/70!1 2a, =
Ecii BTOpOE ypaBHEHHE YMHOXHTS Ha (—/2 ), TO MBI IIOJyYMM TIEPBOE ypaBHEHHE;

CJIEZIOBATENIHHO, MBI TOJYYHIIM OJIHO YPaBHEHUE —4 o, +4/ 8 a, = 0. OHO MMeeT MHOXKe-

. — 1
CTBO PEIIEHHHA, B YACTHOCTH, @, =+/2, o, =1. Torja e, = ( \/5)

AHaOrMuHo, U 1, =—6 HalIEM COOCTBEHHEIA BEKTOD e, :
al 2 \/— ( 2a +\/_a2 5 — — \/5
(4+6- E)( ) (\/— 4}( j O) :>{ 801, +4ct, =0, = a,=-1, = V2 = e, = 1)
ITosry4sM OpTOTOHABHEIN 6a3uc {21,%} . HopmupyeM BekTOpEI Gasuca:
ALY o= s/ = L(\2
= = =) lal-h = @ g%)
B oproHopmupoBanHoM 6azuce {él',éz'} KBaJipaTuuHas (opmMa uMeeT BUJL:
0-(x)* -6(»)" =-6(")".
2). Jns npeobpazoBanus nuHelHOM hopMbI HalEM MaTpUIly Iepexojia oT Oazuca

{Z}} Kk 6asucy {él',éz'} . P= %(\15 fj . Ucnione3ys GopMyily CBS3M KOOPIUHAT

’

BEKTOpPA B CTAPOM M HOBOM Gazucax ( ; ) = P( ; ,) , 3AITUIIIEM JIMHEHHYIO GOpMY B

HOBOM 0asuce:

v dor=(3 8) ()-8 &)= [ 5 V3 (x)- 5 (345 o)[)-ar

3
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3). B 6azuce {él',éz'} ypaBHEHHWE KPUBOW UMEET BUI:

—-6() +3x'+3=0 wm ¥ +1=2(")".
3T0 — ypaBHEHHME MapaboIIbl ¢ BEPIIMHON B TOUKE
A(-1;0) u ocero cummerpun OX'. IlocTponm kpu-
By10 (puc.3).

Hpumep 1.22. OnpeeuTh KAHOHUIECKINA BU]T
MTOBCPXHOCTH, 33JIJaHHON ypaBHCHUEM

11x% +2y? +52% +4xy+20yz —16xz —18x + 362z = 27.
ITocTpouTh MOBEPXHOCTE.

Pewenue. Cxema pellicHus Takas e, Kak B IIpH-
Mepe 1.21. BeimmineM KkBaipaTUdHYIO U JIMHEH-

HY10 GOpMEI:
F(x,y,2) =11x* +2y% +52% + 4xy+20)z —16xz,

Puc.3

o(x,y,z)=—18x+36z.

1). Haiinem 6a3uc, B KOTOpoM MaTpulla 4 KBaJIpaTUIHOM (POPMEI MMEET J{aroHallb-
HBI BUjI. J{ns 3TOr0 Haif1éM cCOOCTBEHHBIC 3HAYCHUS MAaTPHUIIBI KBaJpaTUIHOM (hop-

11 2 -8
MBI A4 :( 2 2 loj , PCIIIMB XapaKTCPUCTHICCKOC YPaBHCHHUC!
-8 10 5
11-1 2 -8 )
det(A-AE)=| 2 2-1 10 |=-A*+181%+811-1458=0 =
8 10 5-2

= —2}(1-18)+81(1-18)=0 = (1-18)(-A%+81)=0.
ITosryunm coOcTBeHHBIEC 3HadeHU A, =18, 1,=9, 1,=-9.
HaiijiéM coOTBETCTBYIONIIME COOCTBEHHBIC BEKTOPHI.
2]

Jlnst A, =18 HailéM cOOCTBEHHEIH BEKTOP ¢, = {%J W3 ypaBHECHUS
a3

-7 2 8\ 0 ~Toy +20, -8, =0,
2 -16 10 ||, |=|0| = 1 20 —16a,+10a; =0,
-8 10 -13)\ oy 0 -8, +10a, —13a; =0.
Tak xak onpeJIeTUTENs OJHOPOIHOM CUCTEMBI det(A4—18F)=0 , TO CHCTEMa UMEET
MHOXCCTBO pemeHHﬁ, ITpy 3TOM O/IHO U3 ypaBHeHnﬁ, HanpuMcep TPEThE, ABJIACTCA
CICACTBUCM JIBYX JIPYTUX U €CTO MOXKHO UCKIITOUUTD. 3anumem CUCTCMY B BHJIC
~Taoy +2a, =8a,,

Permmim e€ metomom Kpamepa:

-7 2] |8y 2|_ -7 8oy | _
A A a
= al——Al— a3, azz_A2_ 23



(=2
Ilyctb o, =2, TOTHIA @y = -2, @, =1 ¥ COOCTBEHHBINA BEKTOP ¢ :[ IJ.

AHaoru4Ho, HaliIéM COOCTBEHHEIE BEKTOPEI ¢, H ¢ :

. (2 . 1
A =9 362:[2}; A=-9 = e3=[2}.
1 2

(-2 . (2) _ 1
WTak, OpTOrOHAJILHEIN Oa3uc: e, :{ 1} e, = {2} e, = [_2}
2 1 2

-2 2 1
LYd — ! - ! 1 - 1
OpToHOpMUPOBAaHHKIN 0a3uC: ¢ :§L 1}, é, =— Lz], &' =3 [2}
1 2

KBajipaTuunas ¢popma B Gazuce {E{,EZ’,%’} umeeT BUI: 18(x)> +9()")* —-9(=)°.

2). Ina npeobpazoBanus JIMHEHHOM (GOPMEI HaifJIEM MaTpUITy Iepexojia oT 6azuca

. o (22 1
{i,j,k} K 6azucy {51,52,53}: P==| 1 2 -2|.
3121 2

Hcnonesys ¢popMyily CBS3M KOOpJIMHAT BEKTOpa B CTApOM M HOBOM Oa3zucax

X X
L y} = PL y'J , 3aIMIIIEM JIMHENHY0 ¢popMy B HOBOM Oazuce:
z 4

z z' z

X 1(-2 2 1)(x x'
—18x+36z=(-18 036)| y [=(-18 0 36)5 1 2 2| y'(=B6018) ) [=36x"+18Z".
2 1 2 !

3). B 6azuce {él',éz',é;} ypaBHEHME TTOBEPXHOCTH UMEET BUI:
18(x")? +9()')* —9(z")* +36x'+18z' =27
WM 2(x') + (') —(2')* +4x' +22' =3.
IIpeobpaszyem ypaBHeHue:
2"+ -2+ -(Z-1)*+1=3 =
20X+ 1)+ (V)Y - (-1’ =4 = \ /

S G \
2 4 4 S~ - ‘\ ’

Ilonyunsi ypaBHEHWE OJIHOIIOJIOCT- \ ,
HOTO TuIepboyiona ¢ ICHTPOM B ;

Touke A(-1,0,1). 40

ITocTpoum moBepxHOCTH (puc.4). <
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IIpumepsl AJ151 CAMOCTOATEIHHOTO PellIeHUs
1. Haiitn kaHOHUYECKU BUJI KBaJIpaTUYHON (DOPMBI:
a) x+x3+4xx, , 0) 5x}+9x7 +9x7 —12xx) —6x,X; .
Omesem: a) 3x]* —x5> , ©) 9x]* +14x5°

2. HailTu opTOHOpMUPOBAHHBIN 0a3uC, B KOTOPOM ypaBHEHHE KPUBOW MMEET KaHO-
HUYECKUW BUJI; ONIPEIETUTh TUIl KpuBOU. [locTpouTh KpuByIO.

a) x2/2+\/§xy—y2/2+\/§x+y=3; 0) —4x2+4xy—4y2+8\/3x—4\/3y+16:0 .

1 1\2 12

Omeem: a) é’{z%(fl) &, %( —\/3); runepOosa —(x:rl) —yT:I;
I 1\2 / 2

0) é":ﬁ(l,l), é’z':ﬁ(l,—l); SILUIAIIC (xl_z) +(y 41) =1.

3. Haiitu opTOHOpMHUPOBaHHBIN 0a3zuc, B KOTOPOM YpaBHEHHE MOBEPXHOCTH HMEET
KaHOHUYECKUI BUJI; ONIPEACIUTh TUI TOBEPXHOCTH. [loCTpOUTHh MOBEPXHOCTD.

a) 5x° +8y” +5z% +dxy+4yz—8zx+18,/2x 18,/ 2 2= 405,
0) 2x% +2y> +322 +4xy+2xz +2yz+ 6, 2x -6,/ 2 y =24 .
Omeem: a) &' =1(2,-1,2), &' =--(1,0,-1), & :ﬁ(l, 4,1);

NG

LWAITHHIP (y'+2)° +2'%2 =49 . Vkazanue: &, =g xé, .
0) &’ :% (L-1,0), &' :ﬁ(l, 1,-2), &’ :%(1, 1,1);
12 12
apaboJIon y— + 122/ 5 =—(x'-2).

2. CUCTEMBI JUP®DPEPEHIIUMAJIBHBIX YPABHEHHUI
2.1. CBeneHue K OJHOMY YPABHEHUIO

CucreMa ypaBHCHHIl, CBSI3bIBAIOIIMX HE3aBHCUMYIO EPEMEHHYIO ¢, HCKOMbBIC
Gyskuuu x,(¢), x,(¢),..., x,(¢) ¥ UX IPOU3BOJHBIC, HA3BIBAETCS CUCTEMON OOBIKHO-

BEHHBIX AU PepeHInaTbHbIX YPABHEHHIH.
CoBOKYITHOCTb (QYHKUMUH x,(¢), x,(¢),..., x,(¢) Ha3BIBAIOT PEIICHUEM CHUCTEMBI,

ecsid 3TH PyHKIMK 00paIaloT KaKJ0€ ypaBHEHNE CUCTEMBI B TOXKIECTBO.

Jliia perenust cucteMbl AU depeHraibHbIX YpaBHEHU HHOT/AA TI0JIE3HO CBe-
CTH CHCTEMY K OJHOMY JuddepeHuanibHOMy YpaBHEHHIO, HO 00Jiee BBICOKOIO IO-
psanka. [IponemoHCcTpHpyeM 3TOT METOA HA MPUMEpPAX.

Ilpumep 2.1. Haiitu pemienne y(x), z(x) cuCTeMbl ypaBHEHHI { .
Z . =2e*—y.

X
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Pewenue. TIpomuddepeHuupyeM nepBoe ypaBHeHUe 1o x: y' =3e™ -z . [logcTaBum
BBIp@XXECHHE ISl Z W3 BTOPOTO YPAaBHEHUS UCXOAHON CUCTEMBI

Y =3e¥-2e¥+y.
[Tomyunm HeomHopoaHoe nuHeitHoe muddepenunansHoe ypaHenue (HJIAY) ¢ mo-

CTOSTHHBIMU KOO durnentamu y" —y = e’*.

Chauvasia pemMM COOTBETCTBYIoLIEe ogHOpoaHOe ypaBHeHue (OJIY): ero xapakre-
PUCTUYECKOE ypaBHEHUE k>—1=0 UMeeT KOpHU: k =1, k,=-1, modTOoMy oOuiee pe-

—X

menue OJIIY nmeer Bun: Y =c,e*+c, e

Yacrroe pemenne HIIJ[Y Gynem uckath B Buje y=ae™. [loacrasiss ero B HIIJY

3
3x:e3x’ 8a=1, a:%’ j}:e—x,TOF,Z[a

MOJyYlM 9ae™ —ae g

. 3x
y=Y+jy=ce+c,e x—i—%.

W3 nepBoro ypaBHeHHs! HAUJEM z:
3x 3x

- e x  Je
z=e3x—y'=e3x—(clex—cz e x+—j=—clex+cz e’ +

g

8

B 3x
y=c& +c, e +&—,
Urak, penienue cucteMsl 3

x  Je
z=—ce +c e+ T

X=x+y,
y=-2x-y.
Pewenue. Tlponuddepenupyem mnepBoe ypaBHeHue mo ¢: x'=x'+y . [logcraBum
BBIPOKEHUE U1 ¥ W3 BTOPOI'O YPAaBHEHUS MCXO/JHOM CHCTEMBI, a 3aTEM BBIPAKECHHE
IUIL y W3 IEPBOTO yPaBHEHHUSI:

Ipumep 2.2. Haiitu perienue x(t), y(t) cucreMbl ypaBHEHHH {

X=x+y=x+(-2-y)=x-2x—(¥-x)=—x, x'+x=0.
[MTony4wnu oHOPOHOE JMHEHHOE TU(PEpEHIIMATLHOS YPAaBHEHHE C MOCTOSHHBIMU
kod(uimentaMu x"+x=0. Ero xapakrepucTuueckoe ypaBHeHHE k% +1=0 HMEET
KOPHHU: k, =*i, modromy obmee pemenune OJIJIY umeer BUIL: x =c cost+c,sint.
N3 nepBoro ypaBHeHUs HAAEM ¥ :
y=x—x=(—¢sint+c,cost)—(c cost+c,sint) = (e, —¢ ) cost —(c, +¢)sint.

X =c,cost+c,sint,

I/ITaK, PEUICHUC CUCTCMbI y= (c2 _cl) cost — (cz n cl)sin "

2.2. OnHopoaHasi JIMHeiHAsl CHCTeMA. Y CTOHYMBOCTD pelleHus

PaccMoTpuM cuctemy u3 n OJHOPOAHBIX JMHEHHBIX AU(QepeHIInanbHbIX
YPaBHEHUH NIEPBOTO MOPSIKA:

/ /
xl:a11x1+a12x2+...+alnxn xl allalzaln xl
X, =a, X, +a,x,+..+a,, x x a, a,..a x
2= Ay X tapnX,T..tad, X, o 2 219Gy 2
WM B MATPHYHOM (hopme = : .20
/ /
xn_an1x1+an2x2+" +annxn xn anlanz ann xn
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3neck a4, ayy, ..., Ay, — 331aHHBIC PYHKLIUH apryMeHTa [ ; COCTaBICHHYIO U3 HUX MaTPUILY
0003HauUM 4; X, X,,...,X, — UCKOMbIe (DYyHKLIMU aprymeHTa I ; BEKTOp-CTOJIOEIl, COCTaB-
JIEHHBIH U3 9THX QyHKIMIA, 0003HaYMM X (¢), 8 BEKTOP-CTOJIOEL], COCTABJIEHHBIN U3 IPON3-

BOJIHBIX 3TUX (DYHKIIHH, 0003HAYNM X (¢). Torna cucremy (2.1) MOXKHO 3anMcath B BUJIE
X(t)=4-X(t). (2.2)

Cucremy (2.1) MOXHO pPEelIUTh PACCMOTPEHHBIM paHee CIIOCOOOM CBEIIEHUS K
OJIHOMY YpaBHEHUIO R-ro mnopsiaka. B ciaydae mnocmosannvix koigpgpuyuenmos
a, 4y, .., Ay, PACCMOTPUM METOJ PELICHUs CHUCTEMBI, MO3BOJISIOIINN J1ajiee aHaIu-
3UpOBaTh YCTOMYUBOCTD PELIEHUS.

Bbyaem uckath pelieHre 0JJHOPOIHON JTUHEHHON cucTeMbl (2.2) ¢ MOCTOSSHHON
MaTpulerd 4 B BUIE X :B-e”, rae A ecTtb COOCTBEHHOE 3HAUEHUE MaTtpulbel 4,a B
— COOTBETCTBYIOUIUN COOCTBEHHBINA BEKTOP.

HanmomuuM, 4To cOOCTBEHHbIE 3HaUEHUSI A MATPUIIbl 4 OTHICKMBAIOTCS U3 Xa-
PAKTCPHUCTUYCCKOI0 ypaBHCHUS det(A—;tE):O, KOTOPOE SIBJISIETCSL aJIr€0pandecKum

YPaBHEHUEM H-TO IOPSAKA U UMEET B KOPHEW, NEUCTBUTEIIBHBIX MM KOMIIJIEKCHBIX.
CoOcTBEHHBIE BEKTOPbl B OTHICKUBAIOTCS U3 YPaBHEHUS (A—/IE) -B=0.

Bo3MOXHBI cienyromue CiryJan.

1). Kopnu xapaxmepucmuiecko2o YypagHenua 1, 1, ..., ., OCUCMEUMeTsHbl U PA3TUYHbL.

Torma cootBercTBYIOIIME COOCTBEHHBIE BEKTOPHI B, B,,...,B, JIMHEHHO HE3aBUCH-

n

MBI U 0011I€€ pelIeHUe CUCTEMBI OYIeT UMETh BU/I;
At Ayt Ant
X=c,-Be" +c,-B,e"* +c,-Bpe "

2). Cpedu xopHeii xapaxmepucmu4eckozo ypaeHEeHUA eCMb KOMNJIEKCHbIE.
[lycTh, Hatipumep, A, =a+if, A,=a—if. COOTBETCTBYIOIINE UM COOCTBEHHBIE BEK-

TOPBHI: B,+iB,, B,—-iB, u COOTBCTCTBYIOIIUC pemeHus CUCTCMBI.
(BliiBz)-e(aiiﬂ)t:U(t)ii V(t). Torma U(t), V(t) B cuay Teopemsl (2.2) Takxke Oy-

YT PELIEHUSIMU CUCTEMBI U 00111e€ PEeIICHUE CUCTEMBI Oy/IeT
chl‘U"l‘Cz'V-

3). Cpedu xopHeii xapaxmepucmu4eckoz0 ypaeHEeHUus eCmov pagHble.
Ecmm A,=1,=..=1; , TO COOTBETCTBYIOILEE ITUM KOPHSM PEIICHUE CIEAYET UCKATh B

BHU/JIC X=(Bl+th+...+Bktk‘1)-ellt. Bexropsl By, B,, ...,B; OTBICKUBAIOTCA METOJIOM

MOJICTAHOBKHU JJAHHOTO X B CHUCTEMY YpPaBHEHUI U NMpupaBHUBaHUS KOA(D(OUIINEHTOB
IIPY OIMHAKOBBIX CTEICHSIX £ .

3HaHue COOCTBEHHBIX 3HAYEHHUH MO3BOJISIET TAKXKE CYAUTh 00 yCTOWYMBOCTHU
pELIEHUM:
a) eclii Bce COOCTBEHHbIE 3HAUEHUSI MATPULIBI A HUMEIOT OmpuyamesibHsle J1CHCT-

BUTEJBHBIC YACTH, TO JTHO00C PEIICHUE CUCTEMbI ACUMNMOMUYECKU YCMOUYUBO)
0) ecny XOTs ObI OHO COOCTBEHHOE 3HAUCHUE MATPHUIILI 4 HUMEET HOJI0MNCUmMElb-

HYI0 ICVCTBUTEIBLHYIO YacTh, TO JIIO00E PEIICHNE CHCTEMbI HEYCHM OUYUEO.
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Ilpumep 2.3. Permuth cuCTEMY ypaBHEHUI
x,=—4x+Yy,
y,=-5x+2y,
Z,=2x+3y-4z.
HccnenoBaTh ee penieHns Ha yCTOHYUBOCTb.

Pewenue. Vimeem cucteMy 0JTHOPOJIHBIX JIMHEUHBIX AU(depeHInaIbHbIX YpaBHEHUN

-4 1 0
C MOCTOSIHHBIMU KO3 puiimenramu. MaTpuiia cucteMsl 4=|-5 2 0].
2 3 -4
a). Haiinem coOcTBeHHbIE 3HAUEHUS MATPULIBI A
—4-1 1 0
[4-2E|=| -5 2-2 0 |=(-4-2)** 1 |=(-a-2)(22+22-3)=0.
2 3 —4-2 w274

[Toyunm feicTBUTENBHBIE PA3TMYHbIE COOCTBEHHbIC 3HAUEHUS A, =-4, A, =-3, 1; =1.
0). Haiinem coOCTBEHHBIN BEKTOp B, AJii COOCTBEHHOIO 3Ha4Y€HUsI A, =-4 U3 ypaB-
HeHUs (A-A,E)B =0
0 1 0)(8) (0 b, =0, b, =0, 0
2 30)5) (0 25, +3b,=0, b=, 1
B). Haiinem coOCTBEHHBIN BEKTOp B, Uisi COOCTBEHHOI'O 3HAY€HUs A, =-3 U3 ypaB-
HeHus (A-A,E)B, =0
-1 1 0)(f) (0 ~b +5,=0, b=1, 1
2 3-1)\6,) (0 _ _
2b,+3b,—b,=0,  b,=5, 5
r). Halinem coOCTBEHHBII BEKTOp B; i COOCTBEHHOTO 3HAYCHUS A, =1 U3 ypaBHE-
HUS (A-A,E)B;=0:
_5 1 0 bl O _5b1+b2:(), blzl’ 1
2 3-5)18) (0 _ _
2b+3b,—5b,=0, b,=17/5, 3.4
n). O0111e€e pellieHre CUCTEMbI UMEET BUJL:

x 0 1 1
{y} = -Blellt +c, -Bze%t +c3 -B3e’13t = (0] e +cy {IJ et +c3 [ 5 ] e’,
z 1 5 3.4

WIM B KOOpAMHATHOU popme

-3t t
x:CZe +C3e .
y=c, et +503et,
z=q e +5¢, et +3.4ce’.

Tak kak A; >0, TO pelIeHus CUCTeMbI (MU ¢; #0) HEYCTOWYHUBHI.
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IlIpumep 2.4. VicciienoBaTh Ha yCTOMYMBOCTh PELIEHUS CUCTEMBI YPABHEHHM

dx

dr Y

dy _
W+2x+5y—0.

Pewenue. meeM cuctemy 0JTHOPOAHBIX TUHEHHBIX U (HepeHIINATBHBIX YPaBHEHUN

-7 1
C IOCTOSIHHBIMU KO3 dunreHTamu. Marpuna cuctemsl 4 =( 5 5)'

Haiinem coOCTBEHHBIE 3HAUEHHS] MATPULIBI A :

~7-2

-2 —51—1‘:(_7_1)(—5—1)+2=12+12/1+37:0,

|A—1E|=‘

[TosyunM KOMILIEKCHO COTPSKEHHbIE COOCTBEHHBIE 3HA4YeHHs A, =-6+i.Tak Kak

HeﬁCTBHTeHBHaﬂ YacTh ATUX 3HAUYCHUM oTpuIarciibHa, TO I1000€ peICHUC CHUCTCMbI
ACUMIITOTHYCCKHU YCTOP'IIIHBO. OTMGTI/IM, YTO HAWUTHU pemICHUC B CJIy4ac KOMINJIICKCHBIX
HJIN PAaBHBIX COOCTBEHHBIX 3HAYECHUH yz[06Hee METOAOM HCKIIIOYCHHN A HCU3BCCTHBIX.

IIpumepsl AJ151 CAMOCTOSITEILHOTO PellIeHUs

r_ o _ 2t -3t .
1. Pemnts cucremy: ¥, =X =2y +t, Omeem: |* 2cle2t Toe 2t/3-5/18,
y =3x-4y. y=ce’ +3ce —t/2-1/12,
xX'=y+z,
2. Pemuthb cucremy, UCCIE0BATh €€ PEILICHUE HA YCTOMYMBOCTD: |y’ =z +X,
Z’=x+y.

Omeem: peuieHne CUCTEMbl x=cie* +c e, y=ce +cye’, z=ce” —(c,+cy)e’ -

HEYCTOMUMBO.

3. 9JIEMEHTHI MATEMATHYECKOM ®U3UKHU

3.1. 3apaua HItypma-JInyBmiiis
[Ipu pemiennu 3a1ay MaTeMaTUYECKON (GU3UKHU yIOOHO KCIIOIB30BaTh Oa3UC U3
cOOCTBEHHBIX (YHKIUNA HEKOTOPOTro MU PepeHIIMaIbHOTO ONIEpaTopa, CBSI3aHHOTO €
dbuznueckoit 3anadeit. 3amaueit [lItypma-JInyBriuis Ha3bIBaIOT 3a/1a4y OTHICKAHUS
coOcTBeHHBIX GyHKIMN qudHepeHnnansHOTO onepatopa L , yAOBICTBOPSIOMINX
I'PaHMYHOMY YCJIOBHIO Ha IPaHHILE (o) 00nactu (D), TO eCTh CIEIyIOLLYHO 3a/1ady:

Lu(M)=Au(M), Me(D),

Ou
U+ pfp-— =0.
(a p on ‘O‘

MEI orpaHuuMMcs cirydaeM, Koraa obaacts (D) ecTh uHTEpBal (a,b), onepaTop

L umeetr Bul Lu=Au"+Bu'+Cu, 11 u, A, B, C ecTb PyHKIIUM OT aprymMeHTa x. by-
JeM Tpemnoiarath (Kak oObIYHO ObIBaeT B (PU3MYECKHUX 337auax), YTO B TPAHUYHOM
YCIIOBHH ¢, 3 OJIHOT'O 3HaKa U OJTHOBPEMEHHO HE PaBHbI HYIIIO.

Eciu B =0, To TpaHUYHOE YCIIOBUE NPUHUMACT BUJ u|,=0 U Ha3bIBACTCS Ipa-

HHUYHBIM YCJIOBHUCM IICPBOI'O THUIIA.
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ou
Ecimm o =0, TO rpaHUYHOE YCIIOBUE TPUHUMAET BU/I W =(0 ¥ Ha3bIBACTCH I'pa-
n
o

HUYHBIM YCJIOBUEM BTOPOTO THUIIA.
Eciu a =0, f+#0, TO rpaHUYHOE YCIOBUE HA3bIBAETCS I'PAHUYHBIM YCIOBUEM

TPEThEro TUIA.
Ecnu Ha 01HOM M3 KOHIIOB HHTEpBala (a,b), HapuMep B TOUKE X =a, B OLIEPATO-

pe L ¢ynkuun A(x), B(x) He onpeseneHbl Wik A(x)— 0 IpH x —> a, TO CTABUTCS
I'PaHUYHOE YCIOBHE UETBEPTOro TUMA: (PYHKLUS u(x) OrpaHUYEHA B OKPECTHOCTH
TOYKH x=a.

CrpaBe UIMBbI CICAYIONINE YTBEPIKICHUS:

1) cobcTBenHble GyHkIUK onepatopa Lu = Au"(x)+Bu'(x)+Cu(x), y10BIETBOPSIO-

1 B
IF€ TPAHUYHOMY YCJIOBHIO, OPTOTOHAIBHBI C BECOM p = H exp de) ;

4 4
2)ecimn A>0, C<0, To COOCTBEHHBIC 3HAYCHUSA A <0 ;
3) =0 ecTb COOCTBEHHOE 3HAUCHHE, & # =1 — COOTBETCTBYIOIIAsI COOCTBEHHAS
(GyHKIUS TOT/Ia U TOJBKO TOTIa, Koraa C =0 U TpaHUYHBIC YCIOBUS HA KOHIIAX WH-
TepBaia (a,b) — BTOPOro THIa (KJIM Ha OJHOM KOHIIE — BTOPOIO THIIA, HA IPYyroM

KOHIIE — YETBEPTOTO THUIIA).

Ilpumep 3.1. Haiitu coOcTBeHHbIE (QYHKIIMU oniepaTopa Ly =", YJOBIETBOPSIOIINE
I'paHUYHBIM ycI0BUsAM y'(0)=0, y'(I)=0. HaliTu Bec opTOroHaIbHOCTH U HOPMY COO-

CTBEHHBIX QyHKIMIA. Paznoxuts QyHkuuio f(x)=x B psag @ypee 10 COOCTBEHHBIM

(QYHKITUSM.

Pewenue. 1). Umeem onepatop Buia Ly=Ay"+By'+Cy, e A=1, B=0,C=0. Tax

Kak 4>0, C=0, To cOOCTBEHHbIE 3HAUeHUSI A <0. Y100HO 3amucarhb OTpHULIATEIIBHOE

YUCJI0O A B BUJEC A= —,u2. Torna ypaBHeHue Ly = Ay TIPUMET BUM: Y = —,uzy.

2). Jly1st petieHust 3TOro OJHOPOAHOTO JTMHEHHOTO AuddepeHITNaTbHOTO YPABHEHHS C

MOCTOSITHHBIMU KOA(D(PUITMEHTAMU COCTABUM XapaKTEPUCTUUECKOE YpPaBHEHUE:

k* =—4*. Bro pemenus k =+u i, a obuee perienue guddepeHnnansHOro ypaBHeHUs
Y =¢ -COS X+, -Sin Lx .

3). Bocrionb3zyemcs rpaHMYHbIMH ycsioBusiMu y'(0)=0, y'(7)=0. U3 rpanndHoro yc-

noBust y'(0)=0 uMeeM y'(x)=(—c usin ux +c,p1c0s x)| 4o = ;1= 0. OTCIOA MM

Lo =0 (COOTBETCTBYIOIIAasi COOCTBEHHAS! PYHKIUSA y, =1), WIH ¢, =0, y=c,-cOs ux .

Tak kak coOCTBEHHbIE (DYHKIIMU — HTO HEHYJIEBbIE (DYHKIIUU, ONIPEEIIAIOIIUECS C

TOYHOCTBIO IO ITOCTOAHHOI'O MHOKHUTCIIA, TO MOKHO IIOJIOKUTD ¢ = 1. U3 YyCJIIOBUA

y(1)=0 nonyunm y'(I)=—p-sinul =0, ul=rk, luk:”Tk-

Wrak, coOCTBEHHbIE PYHKIUU | y, =cosyyx, ThA€ iy =xk/l (k=0,1,2,..).

B wactHOCTH, IpU k=0 umeeM p, =0, y,=1.
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4). Haiinem Bec OpTOrOHAJIbHOCTH COOCTBEHHBIX (DYHKIIMH orepaTopa
Ly=4y"+By'+Cy,tne A4=1,B=0,C=0:

Tl epr dxj=exp(joczx)=

5). Haitnem HOpMy coOCTBEHHBIX (QyHKIUH (11.2):

) / )
_ 2 _ 1+cos2uyx :l sin 21, x
”J’k“ (Ve k) .[/0 Vi ( dx—{cos L x dx £—2 dx 2(x+ o j

/

l
— (k=20
=5 (k20

(31€eCch MBI BOCIIOIB30BAIUCH TEM, UTO sin2yyl =sin2zk=0 U u;, #0 pu k#0);

]
voll” = (30, %0) Ipyo )dx = [ de=.
0

6). Paznoxum QyHkuuo f(x)=x B psaj <Dypbe TI0 COOCTBEHHBIM (DYHKIISIM Y, = COS £4.X

< (fayk)
=) cyp, THE ¢ =——%.
% e T (ewe)

BeruncinuMm ckanspHoe npousBefieHue (f,y;) CHadana npH k=0, IPUMEHUB MHTET-

: : k
pUpOBaHME 110 YACTSAM U YUUTBIBAsA, UTO sin ul =sinzk =0, cos ] =coszk=(-1)":

) : —.l[sin(,ukx)de =

(faJ’k) :Ip'f(x)'Yk (x)dx :J-X'COS(,ukx)dx —L(x-sin(ykx

Hy 0 0
! I 0, k=2n,
=— (cos gx)| =—(cos sl ~1) =
’Uk He 2/ 1%, k=2n+1.
Tax kaK (yg,yx) = L ck:M: 0, k=2n,
2’ (- Ve (), k=2men

[Ipu k=0 ciemyeT BEIYUCIUTH KOIDPUIIUEHT ¢, OTIAEIBHO (IIPEABIAYIIMMH BbIYUC-
JICHUSIMU HEJIb3s1 BOCIIOIb30BAaThCs, TaK KaK jy =0):

l 12

f yo 1 I
yano l 0
CrnenoBaTenbHO, pasoxkeHue QyHKIUU f(x)=x B sl CDpre UMEET BUJ:

I & 4
f(x) =Co)o t Z ConYonn = E - Z 5 COS tpp i1 X -
n=0 n=0 Honi

3.2. Merox ®ypbe 111 OAHOPOAHOI0 YPABHEHHUA

Merton ®@ypbe pa3neneHus NEPEMEHHBIX TPUMEHSIETCS U PEIIeHHs B Orpa-
HUYEHHOH obsiactH (D) ¢ rpaHHLEN (o) 3a7a4u TEIUIONPOBOJHOCTH MM 33/1a4d KO-

nebaHuil WM cTanmMoHapHBIX 3amad. CHayama pacCMOTPHM CIIy4ail OJHOPOIHOTO
yYpaBHEHUS U OJTHOPOJIHBIX TPAHUYHBIX YCIOBUH.

JuddepennnanbHoe ypaBHEHUE U TPAHUYHbBIC YCIIOBUS Ha30BEM 0OHOPOOHbI-
MU, €CJTH UM yJIOBJICTBOPSCT PyHKIUS u =0 .
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Merton @ypbe peueHus 3a1a4nu COCTOUT U3 HECKOJIBKUX JTAIOB.

1). Otbickanue penieHus B Buae u(M,t)=X(M)-T(t), HOACTaHOBKA B ypaBHEHHUE U
paszeneHune NepeMeHHBIX.

2). IlepeHoC OJJHOPOIHBIX TPAaHUYHBIX yCIOBUM HA QyHKIUIO X (M).
3). Pemenue 3anaun ltypma-JInyBunis ans GyHkuuu X (M)

(oThICKaHUE COOCTBEHHBIX QYHKLUH X; (M) 1 COOCTBEHHBIX 3HAUEHHUH Ay ).

4). Orpickanue QyHKIU T} (2).
o0

5). OTBICKaHHE HCKOMOTO PEIICHNUS B BUJE psfa u(M,t)=> X, (M) T, (1).
k=1

Ilpumep 3.2. 1lpennonaras, 4T0 CTEHKH OJHOPOJHOIO CTEPKHS TEIIOU30JIMPOBAHBI,
HalTH 3aKOH pacupeielieHUs TEMIIEPATyphl u(x,t), €CJM Ha KOHLAX CTEPKHA 01

JIep>KUBaeTCs HyJIeBas TEMIIEpaTypa U B Ha4aJIbHbIM MOMEHT TeMIiepaTypa Oblia

g(x)=7sin?.

Pewenue. YpaBHeHue TEIIONPOBOAHOCTH IS OJHOPOIHOIO CTEPKHS UMEET BUI
u,, =a’u,,. Ha KOHIAX CTEPKHS MOIEPKUBAETCS HyJIeBasi TEMIIEPATYPa, T.€.
ul,o=0, u|,;=0. VI3BecTHA HaYaJIbHAsA TEMIEPATYPA u|,_o = 7sin(47x/l).

I/ITaK, MaT€MaTHYCCKasd IMIOCTAaHOBKA 3aJa4u UMECT BU:

=0, (3.1)

u|,_y="Tsin(47x/1).

u|x:0=0, u |x

OyHKIMsT w=0 YIOBICTBOPSET TPAHUYHBIM YCIOBUSM M U depeHInaIbHOMY
YPaBHEHMIO, T.€. TPAHUYHBIE YCJIOBUS U YPAaBHEHUE SIBIISIIOTCS OXHOpPOAHBIMU. [lo-
sToMy npumeHuM meton dypre. PemeHnne 3a1a4u COCTOUT U3 CIEAYIOIIUX 3TAMOB.

1). Omvickanue pewenusn 6 6ude u(x,t)=X(x)-T(t).

IMoncraBuM u(x,t)=X(x)-T(¢) B nuddepennmanpHoe ypaBHeHue 3a1a4u (3.1):
X(x)-T'(t)=a’T(t)-X"(x).
Paznenum nepemenHbie
(1) _ X'(x)
aT(t) X(x)
JIpoOb B I€BOI YaCTH STOTO PAaBEHCTBA 3aBUCHUT TOJBKO OT #, B PABOM YacTH —
TOJIBKO OT x ; TIO3TOMY PaBEHCTBO BO3MOJKHO JIMIITbH TOT/1a, KOTJa 3TH APOOU paBHBI
MOCTOSTHHOM, 0003HaunM ee A . Toraa u3 paBeHCTBa
Ty X
aT() X ()

IMOJIYy4YHM ABa YPAaBHCHUS
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T'(t)=2a’T(t), X"(x)=1X(x).
2). Ilepenoc 00nopoOnbIx 2panuunbix ycnoeui na gynxyuio X (x).
IMoncraBuM u(x,t)=X (x)-T(¢) B TpaHM4HBIe ycaoBHs 3a1aun (7.11):
X(0)-T(¢)=0;, X(I)-T(¢)=0.
Tak xak T(t)=0, To momyuum X (0)=0; X(I)=0.
3). Pewenue 3a0auu ona pynxkyuu X (x): {X”(x) =X (%),
X(0)=0, Xx(I)=0.
a). JluddepennmanbHeiil oneparop umeet BUA: LX = AX"+BX'+CX ,t1ne A=1, B=0,
C=0.Tak kak 4>0, C=0, TO COOCTBEHHBIE 3HaueHUs A <0. Y100HO 3amucarTh OT-
puuarenbHoe Ynucio A B Buge A=-u°. Toraa ypaBaenue X' (x)=AX (x) npuMer BUA:
X"(x)= —,uzX(x) .
0). lns pemeHust 3T0ro 0JJHOPOIHOTO JMHEHHOTO MU (HepeHIINATBEHOTO YPABHEHHUSI C
MOCTOSTHHBIMU KO3 (UITMEHTAMH COCTABUM XapPaKTEPUCTUICCKOE YpaBHEHHUE:

k* =—u*. Bro pemenus k =+u i, a obuee perienue 1uddepeHnnansHOro ypaBHeHUs
X (x)=c,-cos px+c, -sin ux .

B). Bocnosnb3yemcs rpaHuyHbIME ycsoBusiMu X (0) =0, X (/)=0. 3 rpanudHoro yc-

noBus X (0)=0 uMeeM ¢, =0 U X (x)=c,-sin ux. Tak kakx coOCTBEHHbIE (QYHKIIUH ECTh

HEHYJIEBbIE (DYHKLINHU, ONPEAEISIOUIMECS C TOUHOCTBIO /10 IIOCTOSTHHOI'O MHOYKHUTEIIS,
TO MO>KHO MOJIOKUTS ¢, =1. U3 ycioBust X (l )=0 noay4um
. k
sinul=0, ul=rnk, :T (k=1,2,..).

Nrak, cobcTBeHHBIC (DYHKITUN

Yy =sin g x, TIC ,uk:”Tk (k=1,2,..).

r). Haiinem Bec opTOroHaIbHOCTH COOCTBEHHBIX (DYHKIIHIA oriepatopa Ly = Ay" + By’ +Cy ,
rge A=1,B8=0,C=0:

p:ﬁ exp(jjdszexp(.[de)zeozl.

4). Omuvickanue pynxyuii T, (t) us ypasnenus Ty (t)=—a’ 1 T, (¢).
dT; (t)
dt

di(t)z—azy,gdt

T (t)
¥ IPOMHTETPUPYEM 3TO PaBEHCTBO. [lonyunm InTy (¢)=—a’s; t+Inc, wim

anuIIEM ypaBHEHHUE B BH]L =— . Pazienum nepeMeHHbI
3 e eHHE e 13T, (¢) . Pasne epEMEHHEIE

Tk (t) =Cr e_azﬂ’%t .
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5). OmbicKarue uCKoMO20 pewieusn 6 6ude u (x,t) = u; (x,t)
k=1 k=1

Il
g
S|
K
)

[ToactaBum GyHKIINIO
o0 0
u(x,t)= ST (1) X (1) = Scp e @ 0 X, () (3.2)
k=1 k=1
B HauaJibHbIE yCa0BUs 3aAau (3.1) u yurem, 4To sin47;x =X,(x):

u tzozéocka(x):7X4 (x). (3.3)
CpaBHuBas B paBeHCTBE (3.3) Koa(ppHIMeHTs IpU X, (x) UIIPH X (x) (K # 4) , TIOMy4UM
c, =7, ¢ =0 (k=4).
[ToncraBum 311 KO3()HUIIMEHTHI B peIlICHHE

© 2
u(x,t): che—azﬂl%t_Xk (x):c4e_a2'u‘2‘t'X4 (x):7e—(47za/l) t-Si ﬂ
k=0

~(4na/l)t . 47X

Urak, u(x,t)=7Te sin

3.3. MeToa ®@ypnbe 1J151 HECOAHOPOTHOT0 YPABHEHUS
Paccmotpum Meton Dyphe i #e0OHOpoOno20 ypasHenus u, = Lu+ f(M.,t), 00Ono-

ou
POOHO20 TPAHUYHOTO YCJIOBUS | au+ 3 “ =0 1 HAYAJIBHOT'O YCJIOBUS u‘ 0= go(M )
n
(o)

MCTO,Z[ <Dypbe PCUICHUA TaKoM 3a1a4u COCTOUT U3 CICAYIOIIUX OTAIlOB.

1). Otbickanne cCOOCTBEHHBIX QYHKIUN X; (M) 3a1aun

0X

LX =)\X, aX+ﬁ—] =0.
(o)

on

2). Paznoxenue B psg @ypoe o cucreme X, (M) GyHkuuii u(M.t), f(M.t), p(M):

u(M,t>=§n<t>'Xk<M>, f(M,t>=§fk<t>~Xk<M>, ¢<M>=§<ok-xk<M>;

ko3 unuents! T (¢) OyxyT HaiineHs! nanee; Kod()OHUIUEHTH! f;, ¢ HAXOIIATCS IO

(fX) (. Xy)
(X X)) (ok_(Xkan).

dopmynam f; -

3). IloacTanoBka psjoB 1t GyHKImi u(M,t), f(M.t), (M) B 1ubdepeHimab-
HOE YpaBHEHHE W B HaYaJIbHBIC YCIOBHUS.

4). Otbickanue GyHKUUH T} (¢) U 3aIIUCh HICKOMOTO PEIICHUS

o0

(M.0)= X, (M) 7,0
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IHpumep 3.3. Ha 0oIHOPOAHYIO CTPYHY, 3aKPEIJICHHYIO Ha KOHLAX x =0, x =7, JIeH-
CTBYET CHJIa TOCTOSIHHOM MIOTHOCTU (. HauanbHble OTKIIOHEHUS! U HAYaJIbHbIE CKO-
POCTH OTCYTCTBYIOT. HaliTh CMEIIEHUSI TOUEK CTPYHBI.

Pewenue. 3anuiiem ypaBHeHUE KOJICOAHUM CTPYHBI:
ou ou
]/?zTF-FQ, 50)0%0 uttzazuxx+q, rac 02:
t x

Torz[a MaT€MaTH4YCCKasd IMIOCTAaHOBKA 3aJa4u UMECT BU:

» 4=

< |~

g
7

Uy =@Uyy + 4,
=0, u|,_,=0, (3.4)
u|t:0: 0, u, |t:0: 0.
HuddepennmanbHoe ypaBHEHHE 3TOU 3a7a4i — HEOJHOPoiHOe. [ToaToMy pelieHue
3ala4¥v COCTOUT U3 CIEAYIOIIMUX JTAIIOB.
LX =X"= )X,
X(0)=0, X(m)=0.
a). JluddepennmanbHeii oneparop umeeT BUA: LX = AX"+BX'+CX ,tine A=1, B=0,
C=0.Tak kak 4>0, C=0, TO COOCTBEHHBIE 3HaueHUsd A <0. Y 100HO 3amucarh OT-

1). Omvickanue cobcmeennvix ynxyuii X, (x) 3adauu

punaTenpHoe uucio A B BUAe A=-u’. Toraa ypaBHeHue X'(x)=AX (x) IpUMET BU:

X"(x)=—pX(x).
0). Jlnst perieHust 3TOro 0JHOPOJHOTO JIMHEHHOTO MU (HepeHInAIbHOTO YpaBHEHUS C
IOCTOSIHHBIMU KO3()(UIIMEHTAMU COCTABMM XapaKTEPHCTHHUECKOE YPaBHERUE k% = —11°.
Ero pemenus k =+ i, a obuiee permenue qud@epeHmaibHOro ypaBHeHUS
X (x)=c,-cos px+c, -sin ux .
B). Bocnonb3yemcs rpaHudYHbIME YCIIOBUSMU X (0) =0, X (7)=0. 13 rpaHuuHOrO yc-
noBus X (0)=0 uMeeM ¢; =0 U X (x)=c,-sin ux. Tak kak cOOCTBEHHbIE QyHKIIMH —

ATO HEHYJEBBIC (PYHKITUH, OTIPEICISIONTUECS C TOUHOCTBIO JI0 MIOCTOSTHHOTO MHOKH-
TeJs, TO MOKHO TOJIOKHUTE ¢, =1. M3 ycioBust X (7)=0 noiny4yum

sinurn=0, ur=rxk, =k (k=12,.).

Wrak, coocTBeHHble QyHKIMU | X (x)=sinkx  (k=1,2,...).

2). Pasznooicenue écex pynkyuii 3adayu 6 pao @ypve no cucmeme X, (x):

o0

u(xt)= T (1) Xg(x);

i
(g.X;)

o0
q=D qx Xp(X), qpr=7""-,
Z::k (). 4 (Xp. X3)

1

o

0

ug=0=Y 0-X;(x), u;],_o=0=)0-X;(x).
k=1 k=1

Haiinem xoadpunrenter dypoe g :
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T 0,
(q,Xk):J-q-sinkxdx:—q.(coskx/k)‘g —%(coskﬁl)—{i
’ k

T V4 )
(Xkan)=Isin2kxdx:j%dx :l(x_smﬂcxj
0

0

e}
Torna gq=Y g, Xi(x), TIE gfp =2 =
kZ:l k k( ) k (Xk,Xk)

3). Iloocmanoexa paooe 6 ouggepenyuanvroe ypasHenue u 8 HA4aAAbLHbIE YC/I06UA
3a0auu (3.4):

a) n3 quddhepeHImaIbLHOT0 YpaBHCHUS

grk"(t>-xk(x>= gazn(t>-xk"<x>+qu-Xk<x>;

YUUTBIBaAs, 9T0 X' (x)=—pj Xy (x)=—k> X} (x), ¥ cpaBHUBAs KO3 DHUIMEHTHI IpU
X, (x), momyuum auddepeHunanbable ypapHeHus 1 QyHKUui 7y (¢):
Ty (t)=-a’k’ T (t) + qp;

0) U3 HAaYAJIbHBIX YCIOBHIA:

ng(O)'Xk(x):go'Xk(x) = T;(0)=0,

ng'(O)-Xk(x):go.Xk(x) = 1,/ (0)=0.

OTMeTHM, 9TO TPaHUYHBIE YCIIOBHS OBUIM yYTEHBI IPU OTBICKAHUM QYHKIMH X (x).

Wrak, nomy4yunu ciaeayouyro 3anauy i GyHKuui 7 (¢):

T, (t)=-a’k > T; (t)+ g,
(3.5)
T, (0)=0, T;(0)=0.

4). Omvickanue pewenuii T, (t) 3a0aqu (3.5)

JuddepennmanbHoe ypaBHeHHE 3a1a4u (3.5) — HEOAHOPOHOE, TOITOMY CHavaja
pEIIMM COOTBETCTBYIOIIEE OJTHOPOJAHOE YPaBHEHHE

T, (t)+a’k > T (¢)=0.

Ero pemenue Ty (¢) = c; cos akt +dj, sin akt

Teneps HaiineM yacTHoe pewieHue Ty () HEOJHOPOJHOTO yPABHEHHUS
T (t)+a’k " T (t) = gy

Tak kak mpaBasi 4acTh 3TOr0 YpaBHEHHUsI NIOCTOSIHHA, TO YAaCTHOE PEIICHHE UIIEM B
BH/I€ TIOCTOSIHHOM T}, (¢) =4, . IlojicTaBMB 4aCTHOE PEILICHUE B ypPABHEHHUE, TIOJTyYNUM
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272 qdx
ak’d,=q,, A, = .
Bk AET 0

Torna ob1ee pemieHne HeOJTHOPOTHOTO YPaBHEHUS
T, (t)=T; (1) + T (t) = ¢ cos akt +dy sinakt + Ay .
Bocrnons3zyemcst HagalbHBIMH YCIOBHSAMU 3a1a4H (3.5):
T,(0)=0 = ¢ +4,=0, ¢ =—-4;,
T, (0)=0 = dy-ak=0, d;=0.

Torna pemenue 3agaun (3.5) UMEET BUJL:

Ty (t)=—4y cosakt + Ay, = Ay (1-cosakt), A = 322 .
a

5). 3anuce uckomozo pewenusn

o0

u(x,0)=> T, (1) Xy (x) =D Ay (1-cosakt)sinkx, Ay = Tk
k=1

k=1 k-
0, k =2n,
Takkak g, =149 , _, , TO OKOHYATENbHO
T

o0

u(x,t)=>Y 49

——=——(1-cos(2n+1)at)sin(2n+1)x .

3.4. Meron ®ypbe I HCOAHOPOIHBIX TPAHUYHBIX YCJIOBHIA
[TycTh rpaHnYHbIE YCTOBHUS HEOAHOPOIHBI U UMEIOT BU:
!
(0{1 ‘u—f 'ux)

(ay-u+p,-uy)

=g (1), ul _, <o,
r-a =810 (3.6), wmm “

(3.7)
x:bzgz(t)’ (a-u+p-uy)

x=b g(t)'

[Ipexne yem npumenuts metoa Oypree, ciaeayeT NpUBECTH HEOJHOPOIHBIE Ipa-
HUYHBIE YCIIOBUS K OTHOPOAHBIM. J{jis 3TOr0 HaitneM GyHKUUIO w(x,t), yAOBIETBO-

PSAIOLIYI0 HEOAHOPOAHBIM I'PAHUYHBIM YCIOBUAM. B 3aBUCHMOCTH OT THIIA TPaHNY-
HBIX YCJIOBHM OyJieM UCKaTh 3Ty QYHKIUIO B CIEIYIOIIEM BU/IE:

JUIsl TPAaHUYHBIX yCI0BUM Buaa (3.6)
Ax? +Bx, eciu o, =, =0,
w(x,t)= L==2
Ax+B, 6 ocmanbhbix CIy4asx;
JUISl TPaHUYHBIX ycaoBuM Buaa (3.7)
Ax, ecau o =0,
w(x,t)=
A, 8 oCmanbHbIX CIYHAsX.

IIpu noxcraHoBke GYHKIUH w(x,¢) B TPaHUYHBIE YCIOBUS HaileM K03 DULUEHTHI
A, B 1 ycnoBuit (3.6) win koadduuumeHt 4 ans ycnosuit (3.7).
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Torma penreHye nepBoOHAYALHOM 3a/1a49H ¢ HEOJHOPOHBIMU TPAHUYHBIMH YC-
JIOBUSIMH CIIEYeT UCKATh B BHJIC
u(x,t)=v(x,t)+w(x,tz).
Ioncrasnsas u(x,t)=v(x,t)+w(x,t) B tuddepeHmansHoe ypaBHEHUE, FPAaHUY-
HbIE YCJIOBUS U HayaJbHBIE YCIOBUS, HOITYyYUM 3a7ady s QyHKIMHU v(x,7) € OIHO-

POJIHBIMU TPAHUYHBIMU YCIOBUSIMU, K KOTOPO mpuMeHuM Meto Dypwe, paccMoT-
peHHbIi B . 3.2, 3.3.

Ilpumep 3.4. Jlan TOHKUI OJHOPOJHBIN CTEPKEHb, OOKOBasl MOBEPXHOCTh KOTOPOIO
Terion30upoBana. Halitu pacripeiesieHne TeMneparypbl B CTEPKHE, €CJIM Ha KOHIIE
x=0 TeMIiepaTypa MojAepKUBAeTCI PaBHOMU «,, HA IPYTOM KOHILIE x =/ TeMIieparypa

MOAACPKUBACTCS PAaBHOW u, , HAYaJIbHAs TEMIIEpaTypa paBHA u,,.

Pewenue .MatemaTndeckast IOCTaHOBKA 33J1a4d UMECT BHUJL:
u, =a’u,,,
ulyo=uy, U=y, (3.8)
u ‘ —0=U.

['panuyHbIC YCIOBUSI HEOAHOPOAHBI (PYHKIIUS u =0 UM HE yJAOBJIETBOPSIET), IOITOMY

CHayaja CjeAyeT IPUBECTU HEOJHOPOJIHBIC I'DAHUYHBIE YCIOBUS K OJHOPOIHBIM.
Jns sToro Haijaem (GYHKIUIO w(x,t), YIOBJIETBOPSIOLIYI0 HEOJHOPOAHBIM IPaHUY-

HbIM ycioBHsM. ['pannunblie ycioBust uMeroT BUa (3.6), rne o, #0, «, #0, IO3TOMY
OyJeM uckath GQyHKIMIO w(x,f) B BUE

w(x,t)=Ax+B.

Tak KaK w|,_, =B, a U3 ycIOBHS 3a1a4H W‘x:OZul , To B=u,. KpomeToro, w|, ;=4-1+B,
U, —u;
a U3 yCJIOBHd 3a1a4u w‘x:,:u2 .[lootomy A4l+B=u, = AzT. Torna
u,—u,
w=————x+u,.
l
Pemenue 3amaun (3.8) Oynem uckaTh B BUJE
U, —Uu
u(x,t)=v(x,t)+w(x,t), Tae w= 2 1x+ul.

/
IMoncraBnss u(x,t)=v(x,t)+w(x,t) B 1uddepennuansHoe ypaBHeHue 3anaun (3.8) u

YUMTbIBasA, YTO w; =0, w,, =0, DOJTy4YUM
2 2
Vit+tw, =a (vxx+wxx) = VvV, =av,,.

IMoncraBnsas u(x,t)=v(x,t)+w(x,t) B rpaHMYHBIE yCIIOBUSA 3a7a4u (3.8) U yuuThIBas,

qTOo w x:():ul 5 W‘x:l:uz N HOquI/IM
Ulx=0=V x=0+w‘x=0:ulﬂ v =0
x=0 s
= v|[,.;=0
U|\x==V x=l+w‘x=l:u25 ==

IMoncraBnsas u(x,t)=v(x,t)+w(x,¢t) B HaUaJIbHOE yCJIOBUE 3a/1auu (3.8) ¥ yunuThHIBas,
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9TO u|,_o =u,, HOIYIUM

U, —u
u‘t:0:v|t:0 +Wo=u, = v‘t:O:uo ~Wlg =ty 1, ~ ]
Wrak, 11 GyHKIUY v(x,¢) HOIYIHIN 334y
_ 2
V= Vi

V| 4o=0, v|,4=0, THC g(x)=u,-u -

l
v‘t:0: g(.)C),

U, —u,

X.

(3.9)

D10 — 3a/1a4a ¢ OJTHOPOJHBIMU I'PAHUYHBIMU YCIOBHSIMU U OJJHOPOJHBIM YPaBHEHU-
eM. Ee pemenue Ob110 nosnydeno B npumepe 3.2 1 apyroi Gynkiun g(x). Boc-

MOJIB3yeMCsl ATHM petieHrueM (cM. Gopmyy (3.2)):

v(x,t)=) ¢ o Hi X (x), Xp(x)=sinpgx, puy :”Tk
k=1
IToncTaBuM QyHKIMIO v(x,¢) B HauaubHOE ycaoBHe 3aa4u (3.9):
_ (&%)

v t:():kgocka(x):g(x) = ¢ = X, X,)"

Kosdduimentsl ¢, BbuncauTe camoctostenbHo. [loacTaBiss 3TH K03 PUIUEHTHI

B PCHICHHUC , IIOJTYYHUM

> a2l . U,—u,
u(x,t):v(x,t)+w(x,t):ZCke i -sm,ukx+Tx+ul.
k=0

3.5. Pemienue 3a/1a4 B Kpyre u HUJINHAPE

[Ipu perennu 3a1a4 MaTeMaTUYECKON (PU3UKHU B KPyTe U HUIUHAPE ONEPATOP

Jlamnaca CJICaycCT B3ATH B HOH}IpHOﬁ NI HI/IHI/IH,Z[pI/I‘{eCKOﬁ CUCTCMC KOOpAMUHAT

2 2
Ayt a( 8uj 1 o’u d'u

=——| p— |+— + .
pop\ op) p*og? oz

LlenTp Kpyra p=0 sBisgeTcss 0COOOH TOYKOM orepaTopa Au, IOITOMY B 3TOW TOYKE

CTaBUTCA I'PAaHUYHOC YCJIOBHUEC UCTBCPTOI'O THUIIA: ‘u‘p:O ‘ <00,

[Iprumenenne merona @ypbe NPUBOAUT K YPABHEHUIO

p’X"(p)+pX (p)+u’p’X(p)=0,

Ha3bIBacMoMy ypasnenuem beccens. Obmee penienue ypaBHeHus beccens

X(p)=cy(1p)+eNo(up).

dynkuus J, (4 p) HazeiBaeTcs QyHkuue beccens, oHa orpaHuueHa B HyJjIe U HE OT-

paHnueHa B 6eckoHeynocTu. Dynkuus N, (u p) HazpiBaeTcs ¢yHkuueit Helimana;

OHa HaO60pOT HC OI'paHHMYCHA B HYJIC 1 OI'paHHUYCHA B OCCKOHEYHOCTH. (DYHKI_II/II/I

beccens J,(u p) u pynknun Helimana N, (u p) SBIAIOTCS HEAIEMEHTAPHBIMU (YHK-

uusMu. Mx cBOKCTBa MPUBEICHBI B IPUJIOKEHUH 1.
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IHpumep 3.5. VccnenoBars paguaibHOE pacrlpeeiicHre Teria B OECKOHEYHOM KPYro-
BOM LIWJIMHJIpPE paJnycoM R, OOKOBas MOBEPXHOCTh KOTOPOTO MOJIEPKUBACTCS IPU
MOCTOSIHHOM Temneparype «,. HauanbHas Temneparypa BHYTpH HMJIMHJPA paBHA HYIIO.

Pewenue. Pactipenenene Teria onucbIBAETCSl YpaBHEHUEM TEITIONPOBOAHOCTH

u,=a’hu, Au=——>~+——.

Onepatop Jlamaca 3anuca B IMJIMHIPUIECKON cucTeme KoopAauHaT. OyHKIMS u
ABJIsIeTCsl PYHKIMEH TOJIBKO NMEPEMEHHBIX p, ¢, TAK KaK YCJIOBHS 3a/1a4d HE 3aBUCST

oT ¢, z.
Touka p =0 sBasieTcs 0co00M TOUKOH oneparopa Jlamiaca, mo3TOMy B 3TOM TOY-
Ke MoTpeOyeM OrpaHuYCHHOCTH (DYHKITHH: ‘u pzo‘ <o (TpaHUYHOE YCIOBUE YETBEP-

TOT'O THUIIA).
Wtak, nMeeM CIeayoNIyt0 MaTeMaTHIEeCKYIO TTIOCTAHOBKY 3a/1a4u:
u, =a’Au,
|pmo| <0, Ul pog=10, (3.10)
u | i=0=0.

['pannuHoOE yciioBHE IPU p =R — HEOJHOPOHOE, [IOATOMY CHavaja CieAyeT IpUBec-

TH HEOJIHOPOJHBbIE IPAHUYHBIE YCJIOBHS K OZHOPOAHBIM. (i 3TOro Haijgem (QyHK-
U0 w(p,t), YAOBIETBOPSIOILYI0 HEOJHOPOAHBIM I'PAHHYHBIM YCIOBHAM. I'paHuy-

HbIe yci10BUs UMEIOT BUJ (3.7), rie  « # 0, modToMy OyzaeM ucKaTh QyHKLIUIO w(p,t)
B BUJIC
w(p.t)=A.

Tak kak w‘p:R =u,,T0 A=u,, w=u,.
Pemenue 3amaun (3.8) Oynem uckaTh B BUJIE

u(p,t)=v(p,t)+w(p,t), rae w=u,.
IoncraBnss u(p,t)=v(p.t)+w(p.t) B auddepeHnnanbHoe ypaBHeHue 3a1auu (3.10)
U YYMTBIBas, 4TO w; =0, Aw=0, IOJIy4YUM

Vs + W :az(Av+Aw) = v,=a’Av.

IMoncraBnss u(p,t)=v(p,t)+w(p,t) B rpaHuuHble yeaoBus 3a1aun (3.10) u yuursl-

Basi, 4TO ‘Wp:O‘ <00, W‘p:R:uo’ MOJIy4num

<
‘upzo‘_‘vp:0‘+‘wpzo‘<ooa ‘vp:0‘<w,
u‘p:R:v‘p:R-{-w‘p:R:uo’ v‘p:R: 0.
Ioncrasnss u(p,t)=v(p.t)+w(p.t) B HadanabHOE ycnoBue 3ana4u (3.10) u yuursiBas,
9TO W|,_g =u,, TIOITYIHM
”‘t=0:V|t=0 +W|t:0 =0 = v‘t:OZ_uo .

WUrak, 11 GyHKIUY v(p,t) NOIYUUIIH 33824y
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2
v, =aAv,
[vpmo| <00 V] ,or=0. (3.11)
u‘t:():_uo.

OT0 — 3a7a4a ¢ OJHOPOJIHBIMU T'PAHUYHBIMHU YCJIOBUSIMU U OJAHOPOJHBIM ypaBHEHH-
em. [loatromy npumenum meton ®ypoe (11.3.2). Pemienue 3agauv COCTOUT M3 Clie-
JYIOIIMX 3TaIoB.

1). Omvickanue pewenusn 6 6ude u(p,t)=X(p)-T(t).

IMoncraBuM u(p,t)=X(p)-T(¢t) B nuddepennmanpHoe ypaBHeHue 3agaun (3.11):
X(p)T'(t)=a’T(t)-AX(p).
T'(¢ AX
Paznennm nepemMeHHbIe — (t) = (») :
a1(t) X(p)
JlpoOb B I€BOI YaCTH 3TOTO PAaBEHCTBA 3aBUCHUT TOJBKO OT #, B PABOM YaCcTH —
TOJIBKO OT p ; IO3TOMY PaBEHCTBO BO3MOKHO JIMIIIb TOTJa, KOT/Ia 3TH IPOOU paBHbI

MOCTOSTHHOM, 0003Ha4YuM ee 4. Toraa u3 paBeHCTBa
T(0) _AX(p)_,
aT()  X(p)

IIOJIY4YHM JIBa YPaBHECHUSI
T'(t)=1a’T(t), AX(p)=iX(p).

2). Ilepenoc 00nopoOnbIX ZPARUYHBIX YCII06UH HA PynKyuIo X (p).

IMoncTaBuM u(x,t)=X (x)-T(¢) B rpaHu4HBIe ycaoBHs 3a1aun (3.11):
X (0)-7(¢)|<0;  X(R)-T(2)=0.

[omyunm ‘X(O) ‘ <o; X(R)=0.

3). Pewenue 3ad0auu ona pynkyuu X (p):

AX(p)=2X(p),
| X(0)] <, X(R)=0.
a). Jluddepennmaneuplii oneparop UMeeT BUI: AX(p)=X "(p)+lX "(p), THEe A=1,

Yo,

B :l, C=0. Tak xak 4>0, C=0, TO coOOCTBEHHbIE 3HaUeHUs A<0. YI00HO 3aIu-

Y2,
caTh OTPULIATEIBHOC YHUCIIO A B BUJIC A = —u?. Torga YpaBHCHHE
" 1 !
AX(p)=1X(p) npumer BUI: X (p)+;X (p)=-1"X(p).

YMHOKHB €ro Ha p*, IONYYUM ypaBHerue Beccenst p>X"(p)+pX'(p)+ 142 p* X (p)=0
C IapaMeTpOM § =0; €ro pelIcHHE

X(p)=cy(up)+e,Ny(1p).
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ITo ycnosuto GyHkmsa X (p) orpaHuyeHa B HyJle; Tak Kak (QyHKUUSA N, (up) He or-

paHuYeHa B HyJI€, TO YTOOBI IOJYyYNUTh OTPAHUYEHHOE B HYJIE PELIEHUE, CIETYET MO-
JIOXKUTH ¢, =0. KpoMe Toro, MOKHO MOJOKHUTH ¢, =1, TaK KaKk COOCTBEHHbIE (DYHKITUU

ONPEIEISIOTCS C TOYHOCTBIO IO OCTOSIHHOTO MHOKUTENs. Torna X (p)=J,(up).
W3 ycnoBust X (R)=0 nonyuum J,(xR)=0. DT0 ypaBHEHUE UMEET MHOXKECTBO
KOpHEH i, 3HAUYCHUS KOTOPBIX INMpuBeneHbl B Mpuil. 2. COOTBETCTBYIOIIME COOCT-

BeHHbIe QyHKIMH X; (p)=J, ( 1y p) (k=1,2,3,..) OPTOrOHAJIBHBI C BECOM p .

4). Omuvickanue pynxyuii T, (t) us ypasnenus Ty (t)=—a’ 1 Ty (¢).

dT, (t
3amnuiieM ypaBHEHHE B BUJIE st() =—a’u; Ty (¢) . Paspenum nepeMeHHbIe
dT, (t
—k( ):—az,u,gdt
T (2)
¥ IPOMHTErPUPYEM 3TO PaBeHCTBO. [lonyunm InTy (t)=—-a’u; t+Inc, wWim
2,2
Tk (t) =Cr e_a Hit .
o0 0
5). Omvickanue uckomozo pewrenun 6 6uoe u(p,t)=> w, (p,t)=> T; (¢)-X; (p) -
k=1 k=1
[ToacTaBum GHyHKINIO

o0

u(pit)- ZT )= e X ()

k=1
B HauaJibHOE ycioBue 3ajaauu (3.11):

Ulp=0= kz_llcka(P) ="Uy.
Ionyunnu psig @ypee 10 OpTOroHanbHOI cucteMe GyHKIUR X (p);

kodppunnenTsl Oyphe HaleM 1Mo Gopmyie

c :(_uoan)
(X X))

3navenue (X, X;)=|X, k||2 l'IpI/IBeI[CHO B rpuiL. 1.
RZ
126 == 0 (4R) + T (4R | = =T (14R)..
2

371ech MBI y4IIH, UTO 4, — KOPHH ypaBHeHHs J,(uR)=0 u J; (x)=-J,(x) U3 BTOpO-

IO PEKYPPEHTHOI'O COOTHOLIEHUS NIpH s =0 (mpuit. 1).
Tenepb BIUMCIUM CKaJISIPHOE nponsBeneHHe

R Hp =1 —u, HER
(~ttg, Xy ) =—[ -1ty Xy (p)dp=—u jp Jo(mp)dp=|g,_4n\=—% [ 1-Jy(n)dn.
0 ym s 0

N3 nepBOro peKyppeHTHOI0 COOTHOIIEHUS TIpU s =0 (Tipuit. 1) mosryyum
n-Jo(n)=(n-J, (77))' . ITooTomy
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MR HER R _, R

—u —u ' —u -
—u,, X, )=—= | n-Jy(n)dn=—2 n-J(n))dnp=—(n-J (n =—2J (mR).
( 0 k) ﬂkz ,([ 0( ) ,ukz J; ( 1( )) ’ukz( 1( )) 0 Ly 1( k )

Torna

(_uo’Xk) _ (_uoR//Jk)'Jl (/UkR) _ —2u,

* T (X Xe) (R*/2)- 72 (s4R) Rt~y (14R)
B 3aksroueHue clieiyeT MoACTaBUTh HaleHHbIE KO GHUIIUEHTHI ¢, B PCIICHHUE
2u, < 1
R & i (14R)

u(pot)=w(pit)+ Y cpe ™ X (p)=u, - eI ().
k=0

Ipumep 3.6. Haiitu cranimoHapHoe pacrpe/iesieHue TeMIIepaTypbl BHYTPU OJHOPO/I-
HOTO IWJIMHJpPA PaJdycoM R ¥ BBICOTOW H, €CJIM K BEPXHEMY OCHOBAHHIO TOJBO-
JIUTCS TEIIOBOM MOTOK IVIOTHOCTU f(p), HUKHEE OCHOBAHME LIMJIMHJIPA HOAEPKH-

BaeTcs MpU HYyJEBOM TemmepaTrype, 00KOBasi MIOBEPXHOCTh — TEIJIOU30JIMPOBAHA.

Pewenue. CtanmoHapHoe pacrnpe/ieseHle TeMIepaTypbl u (M) ONUCHIBAETCS

ypaBHeHUEM: Au(M)=g(M). B Hamem ciyuyae INIOTHOCTb TEIUIOBBIX MCTOYHUKOB
g(M)=0 u ypaBHEHUE NPUMET BHJ: Au=0.
3aa4y eCTECTBEHHO peIllaTh B WJIMHIPUICCKON CHCTEME KOOPAMHAT p, @, Z.

VYcnoBus 3a1aun He 3aBUCAT OT ¢, IOATOMY (DYHKIIHS u SBISETCS (QYHKIIUEH TOIBKO

IEpEMEHHBIX p, z. Oneparop Jlamnaca cienyeT B34Th B LWJIMHIPUIECKON CHCTEME
52

U
KOOPJIMHAT U y4€CTh, YTO # HE 3aBUCHUT OT ¢, T.€. Fyche 0:
»

10( ou) u 0*u 10u 0u
Auy=—— pP— +—2 = +——+—2 .
pop\" Op) oz op* pop oz
2

oOu 1 ou o
Crnaraemble — +——— HA30BEM paJMAlIbHON YacThiO oneparopa Jlamnaca u 0603Ha-

op~ pop
auM A ,u. Torma Au=A,u+u,,.
Llentp kpyra p=0 sBisieTcs 0co00¥ TouKoi orneparopa Jlarmiaca, moaToMy B

9TOM TOYKE CTaBUTCS I'paHUYHOC YCJIOBHUEC UCTBCPTOI'O THUIIA: ‘u‘p:O ‘ <00,

K BCPXHEMY OCHOBAHUIO IMOABOJUTCA TEILIOBOM MOTOK INIOTHOCTH f(p) , T.C. I1IO

yciouio (6.10) umeem: — pa—u

p = f(p). Hopmanb x BepxHEMY OCHOBAHUIO Ha-
n

z=H

IIPaBJIEHA 110 OCU Oz , TO3TOMY Z—u = Z—u u ycnosue (6.10) mpumer Buj
n 4

ou
| =f(p)
Oz z=H
Hwxnee ocHOBaHME NWIIMHIpA TOANEPKUBACTCS IIPU HYJIEBOM TEMIIEPATYPE, T.€.
. ou ou
u |z:0 =0; OOKOBas MMOBEPXHOCTh — TEIJIOU30JUPOBAHA, T.6. — =— =0.
on|,gp Op PR
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HTaK, HMCCM CJICAYIOIIYIO MAaTCMATUYICCKYIO IIOCTAHOBKY 3a1a4u:

Apu+uZZ=0 (Apu:uppnt%up),
—pug | =f(p). ul-=0. (3.12)
‘”‘p=0‘<°°’ ”p‘p:RZO'

['pannyHbie ycinoBus Mo p U auddepeHimanbHOe ypaBHEHUE — OAHOPOIHbI

(Tak xaK GyHKIUS u =0 UM yaoBieTBopser). [Toatomy npumernm meton Oypbe
(n1.3.2). Pemienue 3aa4u COCTOUT U3 CIEAYIONIUX 3TAMOB.

1). Omvickanue pewenusn 6 6ude u(p,z)=X(p)-T(z).

IoncraBuM u(p,z)=X(p)-T(z) B nuddepennuanpHoe ypaBHeHue 3a1a4u (3.12):
A, X(p)T(z)+X(p)T"(z)=0.
Paznenum nepemMeHHbIC
_I'(z) _A,X(p)
T(z)  X(p)
JIpoOb B JICBOM YaCTH 3TOTO PaBEHCTBA 3aBUCHUT TOJBKO OT z, B IIPABOM YacTH —
TOJIBKO OT p ; IIO3TOMY PaBEHCTBO BO3MOIKHO JIMIIIb TOTJ[a, KOT/Ia 3TH JIPOOU paBHbI
MIOCTOSIHHOM, 0003Ha4unM ee 4. Tornma u3 paBeHCTBa
_ T"(z) _ ApX(p)
T(z)  X(p)

=1

HOJYYHM J[Ba YPaBHEHUS
T"(z)=-AT(z), A, X(p)=21X(p).
2). Ilepernoc 00HOPOOHBIX ZPAHUYHBIX YCI06UT
IMoncraBuM u(p,z)=X(p)-T(z) BOTHOPOIHBIE TPAHMYHBIE YCIOBHS — YCIOBHSA IO p
[X(0)-7(z)| <e;  X'(R)-T(z)=0.
[omyunm ‘X(O) ‘ <w;  X'(R)=0.
3). Pewenue 3ad0auu ona pynkyuu X (p):
{Ap X(p)=2X(p),
| X(0)|<, X'(R)=0.
a). luddepeHnmanbHbiii OnepaTop UMEET BUIL: A, X (p) = X”(p)+lX'(p) ,The A=1,

P

B= l, C=0.Tak kak 4>0, C =0, TO COOCTBEHHbIC 3HaUeHUsI A <0 . 3amuIieM OTpu-

o,
aTenbHoE YnciIo A B Buae A=-u°. Torna ypaBHeHue A »X(p)=AX(p) npumer

BUI: X" ( p)+lX '(p)=-1"X(p). YMHOXKHUB ero Ha p°, noTyunM ypaBHeHue Beccens
P

P’ X" (p)+pX (p)+u’p*X(p)=0.
O61uee pemenne ypapaenus beccens ¢ napamerpom s =0 BUMeeT BU:
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X(p)=cy(1p)+eNy(up).

ITo ycnosuto GyHkumsa X (p) orpaHuyeHa B HyJle; Tak Kak (QyHKUUSA N, (up) He or-

paHuyeHa B HyJi€, TO YTOObI MOJYYNUTh OTPAHUYEHHOE B HYJIE PEIlIEHUE, CIEIYET MO-
JIOXKUTD ¢, =0. Kpome TOro, MO>XHO MOJIOKUTH ¢, =1, TaKk Kak COOCTBEHHBIE (PYHKITUU

ONPENENAIOTCS C TOYHOCTBIO JI0 MOCTOSTHHOTO MHOKMTENs. Torna X (p)=J,(up).

U3 ycnoBust X'(R)=0 momyunM u-J, (uR)=0. Otcroga u=0 uwmm J, (uR)=0.
W3 BTOpOro peKyppeHTHOTO COOTHOIICHHS IPH s =0 (mpuiL. 1) umeem

Jo (uR)=-J;(uR)=0.
DTO ypaBHEHHE UMEET MHOXKECTBO KOPHEH 1 , KOTOPBIC MPHUBEICHBI B TIpUJI. 3 (Tipu
a =0). COOTBETCTBYIOIINE COOCTBEHHBIE (PYHKIIMH €CTh (DYHKIIUU
X,(p)=1, Xp(p)=Jo(uxp) (k=12,3,..), OPTOrOHAILHBIE C BECOM p.

4). Omuickanue gynxyuii T, (z) us ypasnenus T (z) = u; Ty (z).

J11st perieHust ’Toro OJHOPOAHOTO JTUHEHHOTO AuddEepeHITNaTbHOTO YPABHEHHS C

MOCTOSIHHBIMU KO3 ()ULIMEHTAMHU COCTABUM XapaKTEPUCTUIECKOE YpaBHEHHUE:

s = . Ero pemenus s =+, . JINHEHHO HE3aBUCUMBIMHU PEICHUAMU TU(pepeHIATL-

HOTO YpaBHEHUS ABJISIIOTCS QYHKIMU e'**, e “F* | a TakKe UX MOJIyCyMMa ch uzz U
NOJIypa3HOCTh sh u;z . O01Iee peleHue y100Ho 3anucaTh B BUIE

T (z)=cp -chupz+dy shu,z.
OtnensHO paccMmoTpum ciydaid k=0. Torma pu,=0 WU ypaBHEHHUE NPUMET BUJL:

Ty(z)= 14 Ty (z) wm Ty'= 0. Ero peutenue Ty (z) = ¢, +d,z.
5). Ompvickanue uckomozo pewienus 6 euoe u(p,z Z u, (p.z Z T, (z)- X,

[ToacTaBum (pyHKuH}o

u(p,z)=T,(z sz )=(co +dyz) X, (p +kZ:(ck-chykz+dk-sh,ukz)-Xk(p)
-1

B IPaHUYHBIE yCIOBUA u|__ =0, u,|,.y=—f(p)/p:

ul,o=cy- Xo(p)+Y, - Xp(p)=0 = ¢;=0,¢ =0 (k=12,..);

u Ido'Xo(P)+I§(dkﬂk'ChﬂkH)'Xk(P)Z—f(P)/ﬂ

[onyunnu psig @ypse 10 OPTOroHaNbHOI cucTeMe GyHKUU X, (p); kodpduimen-

Z\z=H

Tbl Dypbe HalizieM 110 hopMyIam:

e O

2

R

(£ (p)/p-Xi)==[ -1 (p)[p- X (P)dp (k=0,12,.).

0
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Bripaxenue (X, X; )=|X;||° npu k=0 npuseneno B mpu. 1:
Rr R’
[ :7[-]02 (44R)+J” (4R) | :onz(ﬂkR)-
31echk MBI y4iIn, 94TO x4, — KOpHH ypaBHeHHs J,, (4 R)=0.
R R
[Ipu k=0 umeem (XO,XO):J-p-Xg(p)dp:J-pdp:Rz/Z.
0 0

B 3akitouenue ciaenyer noACcTaBUTh HAWIEHHbIE KOX(POUIIMEHTSI ¢, d; B pelieHue

u(p,z)=(cy+dyz) X, (p)—i—Z(ck-ch,ukz—i-dk-shykz)-Xk(p)zdoz—i-de-sh,ukz-JO(,ukp).
k=1 k=1
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3.6. UnauBuaya bHbIE 32JaHUS 10 MATEMATHYCCKOU (PU3UKe
BapuanTt Ne 1

. OmHopoaHas cTpyHa JJIMHOW [ HaTSHyTa MEXIy TodkamMu x =0 U x =/. B Touke
X, CTpyHa OTTATHBACTCSA HA PACCTOSHUE / OT MOJIOKECHUS PAaBHOBECHS U B MOMCHT
t =0 oTtmyckaetcs 0e3 HadansHOM ckopocTu. OTpe/IeUTh OTKIOHEHHE u(x, ) CTPY-
HEBI OT ITOJIOXKCHUS PaBHOBECHS B JIF000I MOMEHT BPEMCHH.

. Ha oj1HOM xoHIIe CTEpXKHA x =0 IOJIEPKUBACTCA TEMIIEpaTypa TArOLIETO JIBJA, a
Ha JIPyrOM x =/ TIPOMCXOJUT KOHBEKTUBHBIM TEIUIOOOMEH CO Cpelioi HYJIEBOM
temneparypsl. Haiiti pacnpejienenre temnepaTtypsl u(x,7) B 11000 MOMEHT Bpe-
MEHM, €cIM  HadaJlbHOe  pachpejeneHue  u(x,0)=10°, a  GokoBas
ITOBEPXHOCTE CTEPKHA TECILIOM30IMPOBaHA.

. Haiiti 3axoH cBOOOJIHBEIX kosiebaHWii KpyTiioi MeMOpaHb! paJilycoM R =1, €CIIU B
HavaJbHEIT MOMEHT BPEMEHH OTKJIOHEHHE OT MOJIOKECHUS PAaBHOBECHS B KaXKJIO#
1

100

TEJIbHEI KOpeHb OecceneBoil ¢yHkiM J,. HadanbHas cKOpOCTh paBHa HYIIIO.

TOYKE ONPEJIENANOCH PABEHCTBOM u,_g =——Jo(xy7), THE 1, — TICPBBIA MOJIOKH-

Broste koHTYypa MeMOpaHa 3akpernicHa.

Haiitu pacripejiesicHie ITOTEHIIMANa IEKTPOCTATUIECKOro Imois U(x,y) BHYTpH
IIPSMOYTOJIBHUKA 0 < x<a, 0<y<b, €CIM IIOTCHIAJ BJIOJIb CTOPOHKI 3TOTO IIps-
MOYTOJIbHUKa x =0 paBeH V,, a TpHU JpyI'He CTOPOHLI IIPAMOYTOJILHUKA 3a3eMIIc-
HbI. BHyTpU IIpAMOYTOJIbHYKA 3apSAJ[OB HET.

Bapuant Ne 2

. KOHIIBI CTpyHBI 3aKpeIUIeHBI KECTKO, a Ha4aJIbHOE OTKJIOHEHWE MMeeT (popmy
KBaJIpaTUIHOI 1apaboJibl, CHMMETPUIHOM OTHOCUTENIEHO TEPIECHIMKYIIpa K ce-
peavHe cTpyHsel. HaiiTu konebaHus CTpyHBI, €CITM Ha4allbHBIE CKOPOCTH PaBHEI
HYJIIO, & JTIMHA CTPYHBI paBHa /.

OmHopoiHas kpyriias MemMOpaHa paJdycoM R C IIECHTPOM B Hadajle KOOpJIMHAT U
3aKpEIUICHHRIM KpaeM COBEPIIACT MONEPEUHbIe Kojiebanus B cpenie 6€3 conmpoTHUB-
nenus. OnpenenuTs konebanus MeMOpaHbl, BRI3BAHHBIC IMOCTOSHHOW HAaYalbHOM
CKOPOCTBIO v, TOUYEK MEMOpaHEI.

. HaifTi 3aKOH OCTBIBaHMS OHOPOJHOTO CTEPKHA JUIMHOM /, €CIIA Ha JIECBOM KOHIIE
CTEp>KHA (x =0) IOJIIEp>KUBACTCS HyJIEBas TEMIIEpPATypa, a IIPaBblii KOHEI CTEPK-
HA (x=[) TerouzoimpoBaH. Temiooomen cBoboaunii. HawameHas TeMiepaTypa
TOYEK CTEP)KHS 33/1a€TCS PABEHCTBOM

oy o 0sEsl2
ST, 12<xsl.

. JlaH ogHOpOAHEBIN KpyroBou 1imHap pajuycom R. Haittu pacnpenencnue teMm-
IIepaTyphbl BHYTpU LIWIMHPA, €CIU ITOBEPXHOCTH IWIMHJIpA MOICPKUBACTCI IIPU
Temrieparype 10°, a HagaJapHas TEMIlepaTypa paBHa HYJIIO.
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Bapuant Ne 3

. Haiiti nposionsHele kosiebaHus CTEpXKHS, OJUH KOHEI] KOTOporo x =0 3aKpellicH
KECTKO, a Ipyroil x =/ cB0OO/IEH, Ip1 HAYAJILHBIX yCIOBUAX

u(x,0)=kx, u,(x,00=0 mpu 0<x</.

. Haiitu pacnpejienenre TeMiiepaTypsl B 6ECKOHEUHOM LIIMHJIPE PaJInycoOM R, €C-
JI1 Ha9aJBHOE PaclpeiclicHHe TEMITEPATYpHI u (r,0) =72, a Ha GOKOBOMH IIOBEPXHO-
CTM LIAJIMHJIpa POMCXOJIAT TEINIO0OMEH CO CpeJIoH HyJIeBOM TeMIIepaTyphl.

. Pemmmth 3ajaqy o koneGaHMAX CTEpXKHA, 3aKPEIJICHHOTO Ha Kpasx x=0 x=r,
€CIIM Ha CTEpXKEHb JIEUCTBYET PpaBHOMEPHO pacIpE/ICICHHOE JaBIICHUE
p =(t—-2)sin x . HayaJIbHBIE OTKJIOHEHUS ¥ CKOPOCTH OTCYTCTBYIOT.

. Huwmnp, pajiiyc OCHOBaHUS KOTOPOTO R ¥ BHICOTAa /i, UMEET TEIUIOM30IMPOBaH-
HEIC OCHOBAHMs, @ TEMIIEpaTypa 60KOBOM IIOBEPXHOCTH €CTh QyHKIMA f(z). Haii-

THA CTAIUOHAPHYIO TCMIICPATYPY BHYTPCHHUX TOUYCK ITAJIIMHIIPA.

Bapuant Ne 4

. HaiiTi 3aKOH BBIpaBHMBaHMS HAYaJbHOM TeMIIEpaTyphl u(x,0) = Ax(/—x) B IUIaCTH-
HE, TPaHU KOTOPOH x =0, x =/ TEIJIOU30JIUPOBAHEI.

. Halitu 3akoH CBOOOJHEIX KoJeOaHM KpYTJIOH MeMOpaHBI pajiycoM /, 3aKpen-
JICHHO# BJIOJIb KOHTYpa, €CIIM BCE TOYKM MEMOpaHBI B HAYaJIGHBI MOMEHT TOJY-
YUJIA CKOPOCTh, PaBHYIO c-a (c — 3ajjaHHas Oe3pa3MepHas BEJIMYWHA, a — IOCTO-
sTHHAs ypaBHEHMS KoJiebanns MeMOpansr). HaduanbHOE OTKIIOHEHHE PaBHO HYJIIO.

. Ha ostHOpO THYIO CTPYHY IJIOTHOCTH y , 3aKPEILICHHYIO Ha KOHIIAX x =0, x =/, JIcH-
CTBYET BHEIIHSAS CHJIA, INIOTHOCTh KOTOpPO# p(x,t)=y-sins. HaliTu cMmemenus To-
YeK CTPYHEI, €CJIM HaYaJIbHBIC OTKJIIOHEHUS M HAYaJIbHBIE CKOPOCTH OTCYTCTBYIOT.

. Haiftu cTaimmoHapHyr0 TeMIiepaTypy BHYTPEHHUX TOYEK I[MIMHJpA C PajiiyCcoOM

OCHOBaHUWS R ¥ BBICOTOH 1, €cili OCHOBaHWA IIWJIMHJIpA TEIUIOM30JIMPOBAHEL, a
TeMIlepaTypa O0KOBOM IOBEPXHOCTY paBHa z .
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Bapuant Ne 5

1. Haiiti 3axoH pacnpe/ielIcHIs TEMIIEpaTyphl BHYTPY CTEPXKHS JUIMHOM [, JIe)Kallle-
ro Ha orpeske [0,/], eCliM B Ha4aJbHBIM MOMEHT TEMIIEpaTypa BHYTPU CTCPXKHS

éuo, 0<x<i/2

GBITa pachpesieNieHa ClIeAyIomuM obpasom: u(x,0)=1, ! .
Tuo , [/12<x<]

Ha xoHI1ax cTepKHS MOJUICp>KUBACTCS HyJIeBas TeMIepaTypa.

2. OpHopojHas kpyrias MeMOpaHa paJiycoM R C IIEHTpPOM B HadaJie KOOPJIMHAT U
3aKpEIUICHHEIM KpaeM COBEpIIIacT MorepeyHkle koebanus B cpesie 6€3 COnpoTHB-
aenus. OnpeneuTh Koinebanus MeMOpaHbl, BEI3BAaHHEIC HAYAJIFHBEIM OTKIIOHCHUECM

S()= AR =),

3. Jlan TOHKMI1 OJTHOPOJIHEIN CTEp)KEHBb, HadajlbHAs TeMIlepaTypa KOTOPOro paBHa
HYJTIO, JICBEIH KOHEI[ CTEPXKHS MOJICPXKUBACTCS PH TOCTOSHHO#M Temrieparype 3°,
a Ha IIpaBBI KOHEI] ITOJAETCA IOCTOSHHBIA TEIUIOBOM ITOTOK IDIOTHOCTBIO 5 €.
Haiiti pacnipejienienuie TeMnepaTypsl B CTEp)KHE, €cllM O0KOBasi IOBEPXHOCTH TeElI-
JIOW30JIMPOBaHA.

4. HaiiTn pacnpejiesieHie TOTEHIMAIAa JIEKTPOCTATHIECKOTO Mot U(x,y) BHYTpH
TIPSIMOYTOJIBHAKA 0< x<a, 0<y<b, €CITU MOTCHITAAN BJIOJIb CTOPOHEI 3TOTO IIps-
MOYTOJIbHMKa x=0 paBeH v,, a TPH JPyTHe CTOPOHKI MPAMOYTOJILHUKA 3a3eMJic-
HEI. BHYTpH IpsSIMOYTOJIBHUKA 3JICKTPUYCCKUX 3aps/I0B HET.

Bapuant Ne 6

1. Haittu 3akoH CBOOOJIHBIX KOJIeOaHWI KpYTJI0i MeMOpaHBl paldycoM R, €CIIM B
Ha4daJIbHBIi MOMEHT OTKJIOHEHWE B KaXJIOM TOYKE OIPEIENAIOCh PaBECHCTBOM
u(r,0)=0.1Jy(z4r/ R), TAE 1,- TIEPBBIA NOJIOKUTENBHEIN KOPEHb OecceneBoil PpyHk-

v J,, . HagaseHast ckopocTs paBHa HyIT0. B1oas koHTypa MeMOpaHa 3aKkperuicHa.

2. HaiiTi 3aK0H OCTHIBaHMSI HCOTPAHWYECHHOM IUIACTWHBI TOJIIIMHON /, €CITA Ha TO-
BEPXHOCTH x =0 MPOMCXOJUT KOHBEKTUBHBIN TEIIOOOMEH CO CpEJIoil MMEIoIIeH
TeMIeparypy 7;, @ Ha IIOBEPXHOCTH x =/ IOJIJIEPKUBACTCA TEMIIEpaTypa TaroLero

aejia. HagasHas TeMiiepaTrypa paBHa HYITIO.

3. OnuH KOHel CTEpXKHA x=/ 3aKpeIicH ynpyro, a K JpyromMy x=0 IpHIIOXKECHA
TpOJIOJIbHAS cwla F, =const, TIOJl JIGWCTBUEM KOTOPOH CTEpP)KEHb HAXOJUTCA B
paBHOBecuu. HaiiTu xojiebaHus CTEPXKHS ITOCNIC TOTO, KaK B HaYaJBHBEI MOMCHT
BPEMEHH CHJIa MTHOBEHHO MCYE3aeT, €CIIM HaYaJIbHBIE CKOPOCTH PaBHEI HYIIIO.

4. HaiiTi cTaiiioHapHyIO TeMIIepaTypy u(r,z) BHYTPEHHMX TOYEK IVUIMHJIpA PaJihy-
COM R M BBICOTOM /, €CIIM OCHOBAHMS I[MJIMHJIPA TCIUIOM30JIMPOBAHEI, a TEMIIEpa-
Tz

Typa 60K0BOIT MOBEPXHOCTH U3MEHSAETCS 110 3aKOHY u (R,z) = Acos 7
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Bapuant Ne 7

. OmHopoaHas xpyriias MmemOpaHa paJluycoM R C IICHTpOM B Hadaje KOOpJWHAT U
3aKpEIUICHHRIM KpaeM COBEPIIACT MONEPEUHbIe Kojiebanus B cpenie 6€3 conmpoTHUB-
nenus. OnpenenuTh kojebaHue MeMOpaHbl, BRI3BAHHOW ITOCTOSSHHOMW HadaJlbHOM
CKOPOCTBIO v,.

. Haiitu pacnpejieneHue TemMIeparypsl B HEOTpaHWYEHHOM IJIaCTUHE TOJIIIMHON /,
€CJIM Ha IIOBEPXHOCTAX IIIACTUHBI NOJJICP)KUBACTCA HyJIeBas TeMIlepaTypa, a Ha-

. 37
YaJIbBHOC PACTIPCACIICHUC TCMIICPATYPLI ITO TOJINIWHC IIJTACTUHLI 1 (x, 0) =4 sme .

BokoBast IOBEpXHOCTH IMIMHJIpA PaycOM R =1 ¥ BRICOTOM / IIOKpBITa HEIIPO-
HUIIAEMBIM JI TeIlIa 4eXJIoM. TeMnepaTypa HIDKHETO OCHOBaHUS IOJJICPXKUBACT-
csl IOCTOSHHOM M paBHOM HYIIO, a TEMIIEpaTypa BEPXHETO OCHOBAHUS €CTh (PyHK-
1 oT r . HaifTu cTaiMoHapHyo TeMIeparypy BHyTPEHHUX TOYEK I[AIMH/IPA.

. JlaH TOHKMIA OJIHOPOJIHBEIN CTEpXKEHB 0<x<1, OOKOBasg MOBEPXHOCTH KOTOPOTO
TeIUIon30JMpoBaHa. HaifiTu pacnipejiesieHre TeMIEpaTyphl B CTEPKHE, €CIIA KOHEI]
x =0 IoajcpKUBacTCA IIPU HYJIIEBOM TEMIIEpaType, @ Ha KOHel x =1 IoJiacTes No-
CTOSIHHBIN TEIJIOBOM MOTOK ¢ . HadansHad TeMiniepaTypa CTEpKHS paBHA HYIIIO.

Bapuant Ne 8

. KoHIIBI CTpYHEI 3aKpeIICHRI )KECTKO, HadaIbHOE OTKJIIOHEHHE paBHO Hyito. Haiftu
2

KojiebaHue CTPYHBI, €CITM HadaJbHAs CKOPOCTh u,(x,0)=sin 7

X, @ JUIMHA CTPYHBI

paBHa /.

. Haiitn PacCIpCiCICHUC TCMIICPATYPEI B CTCPIKHC JUIMHOM [ C TCINION30JINPOBAH-
HOM OOKOBOM IIOBCPXHOCTBIO, €CIIM €0 KOHCI] x =0 TCIIJIOU30JHMpPOBaH, HA KOHIIC
x =/ TMOJJICPXKUBACTCA HyJICBasA TEMIICpATypa, a HAUaJIbHAaA TEMIICpaTypa u, = [—x.

. HaifTu xOHIIEHTpAITNIO B pacTBOPE, MOMEIICHHOM BHYTPM IMJIMHAPUYECKON TPyO-
KH paJIIycoM R =2 C HENPOHUIIAEMEIMHU CTEHKaMH, €CJIM HavyaJbHOE paclipeiee-
HHE KOHIICHTPAIIMHU 3aJIaHO PABEHCTBOM [ (r) = 0.5/2 +1.

. HaliTu cranoHapHOe paclipe/lelIcHUe TeMIlepaTyphl BHYTpM TBEpAOIOo Tea,
uMmeronero ¢GopMy LIMIMHApA C PaJyCcoOM OCHOBaHMS R ¥ BBICOTOM h, €CITU K
HIDKHEMY OCHOBAHMIO z =0 IOJBOJIUTCA MOCTOSHHEIN TEIJIOBOM MOTOK ¢, a OoKo-
Bas MOBEPXHOCTh r =R W BEPXHEE OCHOBAHMWE z =/ NOJJACPKUBAIOTCSI IIPU HyJIE-
BOM TEMIIeparType.
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Bapuant Ne 9

. Haiitu xonebanmsa CTpYHBI, €CIIM OJTAH KOHEI] x =0 3aKpCIUICH XCECTKO, a BTOpOﬁ

. Srx
x =1 cBoOoJieH. HauanbHOE OTKIOHEHHE PaBHO sin =" HadanbHast CKOPOCTE paB-

. TTX
Ha sin—.
2]

. Haiftu pacripezesiene TeMneparypsl B HCOTPaHUYEHHOM IUIACTUHE TOJIIWHOMN /,

€CJIM Ha TOBEPXHOCTSAX IJIACTHHEI TOJIJICPXKUBACTCA HyJIcBas TeMIiepaTypa, a Ha-
JaJIEHOE pacIipe/ielIeHue TEMIIEpaTyphl IO TONIIUHE IIACTUHEI u (x,0) = Ax .

. Haittn PacCIpeACIICHUE IMOTCHIIMAJIA JJICKTPOCTATUICCKOIO IO U (x,») BHYTpH

IIPAMOYTOJIbHUKA 0< x<a, 0< y<b, €CIIA IIOTEHI[AAI BJOJIb CTOPOHEI 3TOTO Ips-
MOYTOJIbHUKa y =0 paBeH V,, a TpHU JIPyrdc CTOPOHBI NPSAMOYTOJIbHUKA 3a3eMIlc-
Hbl. BHyTpU 1IpssIMOyToJIbHMKA 3apSAJ[0OB HET.

. UccenoBaTh pPaMaJIbHOC pAaCIpPCACIICHUC TCIJIa B OECKOHEYHOM KpYroeomM Inu-

JUHJpE paauycoM R, 6G0KOBas MOBEPXHOCTh KOTOPOTO IOICPKUBACTCS MPU ITI0-
CTOSTHHOM Temriepatype 8 rpamycoB. HadansHas TeMmmepaTypa BHYTpH IMJIMHJIpa
paBHa HYJIIO.

Bapuant Ne 10

. Haiiti konebanus CTpyHBI, €CIM OIMH KOHEI] (x =0) 3aKpeIIeH XKECTKO, @ BTOPOi

(x=/) — cBobojyieH. HawansHoe OTKIIOHEHWE u(x,0)=x, HAYaJIBHBIE CKOPOCTH

X 3rx
,0)=sin—+sin——, (0<x<]/).
u;(x,0) =sin Y sin Y 0<x<))

. Haiitu 3akoH BBEIpAaBHUBAaHWA 33/[aHHOTO0 OCCCUMMCTPHUYHOI'O HAYAJILHOTO pacCIipe-

JICTICHAS. TEMIIEPATYpEl U(r,0)=r> B 6ECKOHEYHOM IMIIMHJIPE PaJiiycoM R, 6Oko-

Basd IMTOBCPXHOCTH KOTOPOT'O TCIUION30JIMPOBAHA.

. Peruth 3a1aqy 0 konebaHUSAX OJTHOPOHOM KpyTJIoH MeMOpaHhI pajuycom 1, 3a-

KPEIUIEHHOM 10 Kpalo, €CJIM 3TH KoJieOaHus BRI3BaHEI PABHOMEPHO pacIipe/ielIcH-
HBIM JIABJIICHUEM p =3sin? , PUJIOKEHHBIM K OJTHOM CTOPOHE MEMOpPAHEL.

Haift pacripesieiienyie IOTEHIMANA dIEKTPOCTATHIECKOTO TIOJIA u (x, y) BHYTPH KO-
pOOKY IPSIMOYTOJTEHOTO CEYEHMS, OJIHA TpaHbh KOTOPOH x =0 MMeeT MOTCHIHA V),
a TpM JIpyTHe x=a, y=0, y=5b 3a3¢MJICHEI.
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Bapuant Ne 11

. Oma xoHen cTpyHBI (x=0) cBOOOJICH, a BTOPOH (x=/) — 3akpemnéH KECTKO.
w T X
HaiiTi xoyiebaHus CTPYHEI, €CITH HAYaIbHOE OTKJIIOHCHUC PAaBHO cos — -, HauaTbHas

3rx Srx
CKOPOCTH paBHaA cos 2—1 + COS 2—1 .

. lunmuHp pagyycoM R HaArper JIo TEMIIEpPATyphl 7, ¥ OXJaXJIaeTcs C IIOBEPXHOCTH

TakKuM 00pa3oM, 4TO €€ TeMIlepaTypa, HauMHas ¢ MOMEHTA ¢ =0, IMOJICPKUBACTCS
paBHOM Hyiro. HaliTh 3aK0H OXJIaXK/ICHUS LIMIIMHIpA, CUUTasd, 9TO paclipe/icJICHIe
TEMIIEpATyphl BO BCEX MONIEPEUHBIX CEUCHUSIX OJIMHAKORBO.

. Haiitu TeMmiepaTypy OJHOPOJITHOTO CTEpKHS, JIEBHIN KOHEI] KOTOpPOro U OOKOBas
IIOBEPXHOCTh TEIUION30JIMPOBAHEI, a MPAaBBIM KOHEI[ IOJICPKUBAETCS NPU TEMIIC-
patype 8 rpaja. HaganpHas TemniepaTypa CTEpKHS paBHa HyJIIO.

. Haiftu ctaioHapHOe pacipejielieHue TeMIepaTyphsl TBEPIOTO Tella, UMEIOIIETO
dbopMy IMIIMHJIpa €UHUIHOTO PaJInyca U BRICOTOM /i, €CITM OCHOBaHMS IVUIMHJIpa
TEIUION30JIMPOBAHEL, @ TeMIlepaTypa 60KOBOH TOBEPXHOCTH N3MEHSAETCS 110 3aKOHY

u(R,z)=cos 2;:2 .

Bapuant Ne 12

. Haiitu momepedHsie kojieOaHus CTPYHBI JITMHOW 1, €CiIM KOHILI CBOOOJIHEI, Ha-
JaJIbHOE OTKJIOHEHHE u(x,0) = x , HAYaJIbHasg CKOPOCTh 1.

. OnHopoHas kpyriias MeMmOpaHa pajJiiycoM R C IIGHTPOM B HadaJle KOOPJMHAT U
3aKpEIUICHHRIM KpaeM COBEPIIACT MONEPEUHbIe Kojiebanus B cpenie 6€3 conmpoTHUB-
nenus. OnpenenuTs konebanus MeMOpaHbl, BRI3BAHHBIC IMOCTOSHHOW HAaYalbHOM
CKOPOCTBIO u, TOYEK MEMOpaHEI.

. OnpenienuTs TeMIIEpaTypy B KaXKa0# TOYKEe METHOTO CTEpXKHS JUIMHON / C Termyo-
M30JIMpOBaHHON O0OKOBO#M IMOBEPXHOCTHIO, €CITM Ha KOHIIAX CTEPXKHS IOJIEpKIBa-

. 27mx
€TCA TeMIIepaTypa, paBHas HyJIt0, a HaUaJIbHas TeMIieparypa u (x,0) =50 SmT .

. Haiftu cranmonapHyio TeMiiepaTypy BHYTPEHHUX TOYEK IMJIMHJIpUYecKoro oOpy-
CKa paJInyCcoM R ¥ BBICOTOM / , €CJIM TEMIIepaTypa HIDKHETO OCHOBAaHUS paBHA Hy-
0, 60KOBasg MOBEPXHOCTh CBOOOJIHO OXJIAXK/IAeTCA B Cpe/ic HyJIEBON TeMIlepary-
PHI, a TEMIIEpaTypa BEpXHETO OCHOBaHMS IIOCTOSIHHA ¥ paBHA u, .
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Bapuant Ne 13

. Haiitn xonebaHus CTpyHBI, €CIIM OJMH KOHEI[ x=0 CBOOOJCH, a JPyroil KOHEIl
x=[ 3aKpEIUICH >XECTKO, HAYaJhHOC OTKJIOHCHHWE PaBHO HYJIIO, HA9aJbHAsS CKO-
pPOCTB v, =1.

. HaiiT KOHIIEHTpaIMIO B pacTBOpE, IIOMEIICHHOM BHYTPH IVUIMHIPWYCCKON TPYO-
K 0<r<b C HCTIPOHNIIACMBIMU CTCHKAMM, CCJIIM HAYAJIIBHOC pACITPEICIICHUC KOH-
Cy, 0<r<c

IICHTpaIMY 33/1aHO PaBEHCTBOM C| 0= {O Zp
= , c<r<

. Haiftn pacmpejielieHMe TeMITEpaTyphl B CTEPXKHE 0<x </ C TCINIOM30JIMPOBAHHOM
OOKOBOIT MTOBEPXHOCTHIO, €CITH TEMITEpaTypa €ro KOHIIOB MOJIJICPKUBACTCS PABHOM
HyIIIO0, @ HaJaJubHas TeMIepaTypa u(x,0)=u,.

. Jan TOHKM# OJTHOPOJHEINA CTEPKEHB C TEINIOM30JIMPOBAHHON OO0KOBOI MOBEPXHO-
cThlo. HaliTu pacnpejienicHue TeMnepaTypbl B CTEPXKHE, €CIIM JICBRIM KOHEI[ MOJ-
JISpXKUBACTCS NP TeMIieparype 4 rpajl., a Ha IPaBbIi MMOAAETCA TOCTOSHHEIN TEl-
JIOBOM MOTOK ¢ . HadansHag TeMiiepaTypa CTEpaKHS paBHa HyJIHO.

Bapuant Ne 14

. HaliTu OTKJIOHEHUS TOYEK u(x,/) OJHOPOJIHOM KOHEYHON CTPYHEI IpH >0, €CIU

€€ KOHIIBI x =0 u x =/ 3aKPCIJICHEI )XCCTKO, HAYaJIbHOC OTKJIIOHCHHE
X

u(x,0)= Asin 7

nmpu 0<x</;

HaYaJIbHBIC CKOPOCTH PaBHEI HYIITO.

. OmHOopotHas kpyrias MeMOpaHa paJiiycoM R C IICHTPOM B Hadajle KOOpJMHAT U
3aKpeIJICHHRIM KpPaeM COBEpIIAET NOIIEpedHkIe Kojiebanus B cpesic 6€3 conpoTHR-
nenus. Omnpenenuts kojiebanue MeMOpaHBI, BRI3BAHHOE NOCTOSHHON HadaJlbHOM
CKOPOCTBIO v, TOYEK MEMOpaHLI.

. JlaH HeorpaHMYEHHEIN KPYrOBOM LWIMHIP PaIdycoOM R, HAWTU paclpejiclICHue
TEMIIEpaTyphl BHYTPYU LWJIMHJpPA IIPU / >0, €CIIU ¢ TOBEPXHOCTH IIMIIMHJIpA IIPOUC-
XOJIUT JIy4EHCITyCKaHHE B OKPYKAIOIIYIO CpeAy, TemilepaTypa koTopoil paBHa 10,
a HayaJbHasg TeMIlepaTrypa paBHa HyJIIO.

. Haiitu pacnpezieiieHue IOTCHIMAIIOB 3JEKTPOCTATUYECKOTO 1oy U(x,y) BHYTpH
IIPAMOYTOJIBHUKA 0<x<a, 0<y<bh, €cIy NOTEHIMAJ BJIOJIb CTOPOHEI 3TOTO Ips-
MOYTOJIBHUKA x =a PaBEH V,, a TpPH JpyTHe CTOPOHBI 3a3¢MIICHBEI. BHyTpH npsiMo-
YTOJIbHUKA JJICKTPUUECKUX 3apsJIOB HET.
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Bapuant Ne 15

. Haitt oTkiioHeHMs TOYeK u(x,f) OJJHOPOJIHON CTPYHBI, €CJIM €€ KOHITBI x =0, x=/

4mx +125in—27lwC ;

3aKpPCIJICHEI )KECTKO, HAYAJIBHOC OTKIIOHCHUC PABHO Ssin

. Srx
HAaYaJIGHBIC CKOpOCTI/I paBHLI 3 SlnT.

. JlaH TOHKMIA OJIHOPOJIHBEIN CTEpXKEHB 0<x <1, OOKOBasS MOBEPXHOCTH KOTOPOTO
TeIUIOM30JMpoBaHa. HalTu paciipejiesieHue TeMIepaTyphsl B CTEP)KHE, €CIIU KOHEI]
x =0 MOJIIEpKUBACTCS IIPU HYJICBOM TEMIIEpAaType, a Ha KOHEll x =1 MoJaeTcs mo-
CTOSIHHBIN TEIUIOBOM NOTOK IUIOTHOCTBIO ¢. HawanpHasd TeMmeparypa CTEpxKHS

paBHa HYJIIO.

. HaiiTi 3aK0H BBRIpaBHMBAHMS 3aJIaHHOIO0 OCECMMMETPUYHOI0 HA4YaJbHOT'O paclipe-
JICTICHUA TeMIepaTypsl 7(r,0)=0.2 72 —~0.3 B 6ECKOHETHOM IMUIIMHJIPC paJIuyCcoM R,
60KOBas MOBEPXHOCTH KOTOPOTO TEIION30IMpPOBaHA.

. HaliTu craijioHapHyr0 TeMIlepaTypy BHYTPEHHMX TOYEK LWIMHApA C paguycoM
OCHOBaHHMSA R M BRICOTOM /, €CIIM TeMIIepaTypa OCHOBAHMI paBHa HyJIIIO, a TEMIIC-
paTypa 60KOBOI IOBEPXHOCTH U3MEHSAETCS 110 3aKOHY u (R,z) =2z.

Bapuant Ne 16

. Haiitu 3akoH cBOOOHEIX KoJIeOaHW# KpyTioi MeMOpaHsl pajiuycoM [ =10, €Ci B
HaYaJIbHBIM MOMEHT OTKJIOHEHUE B KaXKJ[OM TOUKE PaBHIIIOCH 2.J,(0.1z4r), TAE 1, —

IIEPBEINA TIOJIOKUTENBHEIN KOpeHb OecceneBoil pynkimu J,. HagansHas ckopocTb
paBHa HyIt0. Bions koHTYpa MeMOpaHa 3aKkpeIuieHa.

. I'panu 11aCcTUHEI TOMIMHON 2¢ HATPETHI IO TEMIIEPATYPHI u,; HAUYMHAS C MOMEH-
Ta BpEeMEHU ¢ =0 TeMIlepaTypa I'paHey IOJIJIEpXKUBAIOTCA paBHOM u,. HaifTu pac-

IMPCIACICHUC TCMIICPATYPHI B INIACTUHC.

. Haiitu pacnipejienenue TemnepaTypsl B 6€6CKOHEUHOM IAJIWHAPE paIiycoM R, Ha-
JajbHad Temneparypa u(r,0)=100, a Ha NMOBEPXHOCTH IIMIIMHJpPA IPOHUCXOJIUAT

KOHBEKTHBHEIN TEIIOOOMEH CO CpeJIoi HyJIeBO# TeMIiepaTypsl (KO(hGUIMEHT Te-
ioobMeHa h=2).

. Haiftu pacripe/ieneHue noTeHIMana 31€KTpOCTaTHIECKOTO 101 BHYTpH KOpOOKH
NpAMOYTOJIBHOTO CEUYCHUA O0<x<a, 0<y<b, JABC NPOTHBOIIOJOXHBIC I'PaHHU KO-

TOpOﬁ x=0, x=a MMEIOT NOTCHIIUAJI A4, a IBC JIPYTHC 3a3CMJICHEI.
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Bapuant Ne 17

. OnHoposiHas kpyriias MeMOpaHa paJiiycoM R C IIEHTpOM B Hadajle KOOpJMHAT U
3aKpeIUICHHBIM KpaeM COBEpIIaeT IollepedHbie kKonebanus B cpezie 6€3 ColpoTHB-
nenus. OnpeneuTh koebaHus MeMOpaHbl, BEI3BAHHBIC ITOCTOSHHON CKOPOCTBIO
v, TOYEK MEMOpaHEI.

. HaliTi 3aKOH BRIpaBHMBAHMS 3a/IJaHHOT0 HAYAJIBHOTO pacupeieseHus u(x,0) = f(x)
TEMIIEPATypHI B IIACTUHE, TPaHU KOTOPOH x =0, x =/ He IIPOITyCKalOT TeIlla.

. HaifTi cTanMoHapHyl0 TeMIlepaTypy BHYTPEHHHX TOYEK LMIMHIpPA C PaJUyCcoM
OCHOBaHMS R ¥ BBICOTOM /, €CIIM TEMIIEPATyPa HMKHETO OCHOBAaHMS M GOKOBOM
TIOBEPXHOCTH IMIMHJPA PaBHA HYIIO, a TEMIIEPATyPa BEPXHETO OCHOBAHUS M3Me-
HAETCA 110 3aKOHY u (r,h) =372,

. Permts 3a71ady 0 xoneOaHusIX CTEPIKHS, 3aKPEIJICHHOTO Ha Kpasx x=0, x=r, ec-
JM Ha CTEPXKCEHb JICHCTBYET PaBHOMEPHO paclpelielICHHOE JIABICHUE p =1 sin3x.
HagaysHBIC OTKIOHEHUS M CKOPOCTH OTCYTCTBYIOT.

BapuanTt Ne 18

. Haiiti 3ak0H ocThIBaHUSA OECKOHEYHOTO IIMIMHJIpA paJiycoM R, €CIIM B Hadallb-
HBIII MOMEHT TEMIIEpaTypa BCEX €T0 BHYTPEHHUX TOYEK paBHa u,, a Ha €ro Io-

BCPXHOCTH IIOJICPKUBACTCA ITOCTOAHHAA TCMIICpATYpa u, .

. HaiitTu 3axoH cBOOOJIHBIX KojeOaHM KpyTJoit MeMOpaHBl paJiycoM R, 3aKpen-
JISHHOW BJIONb KOHTYpa, €CIIM BCE TOYKM MEMOpaHBl B HAYaJbHEINE MOMEHT TOJTY-
YWJIM CKOPOCTh S5a (T a— NOCTOSHHAs B ypaBHEHWM KoJjieOanus memOpansr). Ha-
JaJIbHOE OTKJIOHEHHE PaBHO HYIJIIO.

. ImactuHa TonmmHON 2a¢ (0<x<2q) C 3aJlaHHBIM Ha4daJdbHEIM paclpe/ieICHUEM
TEMIEpaTyphl u(x,0) = x U3Ty4acT, HAYMHAsd C MOMEHTAa BPEMEHH ¢ =0, TEILIO B OK-

pYXarollylo cpejy, TeMmIiepaTypa KOTOpoil IpuHUMaeTcs paBHO# Hymo. Cuutasd,
YTO M3IydCHHUE MOJYMHACTCSA 3akoHy HBIOTOHA, HAlTH pacmpejielicHue TeMIepa-
TYpHI B INTACTUHE B TPOM3BOJIEHEI MOMEHT BPEMEHH.

. Haiftu pacripejiesieHre NOTEHIMaNa 3JIEKTPOCTATUYECKOTO NONA u(x,y) BHYTpH
IPSIMOYTOJIBHUKA 0< x<a, 0<y<b, €CITU MOTEHIAJ BJIOJIb CTOPOHEI 3TOTO IIps-
MOYTOJIBHUKA x =0 paBeH u,, a TPH JIpyrue CTOPOHBI NPSAMOYTOJIEHHUKA 3a3eMIle-

HbI. BHyTpU IIpsSIMOYT0JIbHHMKA 3JIEKTPUYECKUX 3apsJI0B HET.
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Bapuant Ne 19

. Halttu oTxiioHEHMS TOYEK u(x,f) OJJHOPOJHOMN CTPYHBI, €CITH €€ KOHIIBI x =0 , x =/

. 4rx
3aKPCIICHBI XXCCTKO, HAYAJIbHOC OTKIIOHCHUC PABHO 5sin

; HaYaJIbHBIC CKOPO-

. Smx . 87mx
CTH paBHBI 137r-smT+77r-smT .

. OpHopoyiHast kpyrJyias MeMOpaHa paJilycoM R C IIEHTPOM B Hadajle KOOpJMHAT W

3aKpPCILNICHHLIM KpacM COBCPIIACT ITOIICPCUHLIC KoJIcOaHud B cpeuac 6e3 COIIPOTHUB-
JICHUA. OHpGI[CIII/ITL KoJIcOaHus MCM6pa.HLI, BBI3BAHHLIC HAYAJIBHBIM OTKIIOHCHHUCM

F(r)=022-7r%).

. Jan ToHkuit OTHOPOJIHEIHN cTepXKEHB 0 < x <1, 60KOBasg MOBEPXHOCTH KOTOPOTO TeE-

mou3onpoBana. Haiftu pacipenenenue TeMnepaTyphl B CTEP)KHE, €CIIM KOHEI]
x =0 IojJcpKUBaAcTCA IIPU HYJIIEBOM TEMIIEpaType, @ Ha KOHel x =1 IoJiacTcs No-
CTOSIHHBIN TEIJIOBOM MOTOK ¢ . HadansHad TeMiniepaTypa CTEpKHS paBHA HYIIIO.

. Hatitut PacCIpCiCICHUC ITOTCHIIMAIIOB JJICKTPOCTATUYCCKOI'O IT10JIA u(x,y) BHYTpH

IIPAIMOYTOJIBHUKA 0< x<a, 0<y<bh, €CcI¥ NOTEHIMAJ BJIOJIb CTOPOHEI 3TOTO IIps-
MOYTOJIbHUKA y =h PaBEH u,, @ TPU JPYr¥e CTOPOHEI 3a3eMJI€HbEl. BHyTpH npsmo-

YTOJIBHUKA JICKTPUYCCKUX 3aPAJIOB HCT.

Bapuant Ne20

. beckoHeuHnI IMWIWHIP paguycoM R ¢ HaYaTBbHEIM PacIpCICICHUCM TCMIICPATy=-

Bl u(r,0)=/> OXJAXJAcTCA, U3Tydass TEIUIO B OKPYXKAIOIIYIO Cpely II0 3aKOH
p yd Kpy yIo cpeiy y

Herotona. HaliTi 3ak0H OCThIBaHWS IIWJIWHIIpA, €CJIM TEMIIEpAaTypa CpE/bl paBHa
Ug.

CrpyHa, 3akpelyicHHas Ha KOHI[aX x=0 x=/, B Ha4aJbHBEIA MOMEHT OTTSHYyTa B

TOYKE x =1//2 Ha PacCTOSTHUE /, a 3aTeM OTmyleHa 6e3 Toiraka. OnpeeuTh OTKIO-
HEHMSA u(x,7) TOYKHM x CTPYHBI JUIf TOOOT0 MOMEHTA BPEMEHH ¢ .

3.

Haiiti TemriepaTypy CTEp)KHS C TEIUIOM30JUPOBAHHONW OOKOBOM MOBEPXHOCTHIO,
€CJIY JICBBIN KOHEI] €T0 ITO/JICPKUBACTCA IIPU TEMIIEPATYpPE u,,  Ha IIPaBbIX 110]1a-
€TCs NMOCTOSHHBIN TEIIOBOM MOTOK IUIOTHOCTBIO ¢ . HawanpHas TeMieparypa pas-
Ha HYJIIO.

. HaiiTy cTaimoHapHyto TeMIeparypy u(r,z) BHyTPEHHMX TOYEK I[MJIMHJIpa pajiny-

COM R M BBICOTOH / , CCJIM OCHOBAHWA ITWIIMHJIpA TCINIOU30JIMPOBAHEI, 4 TCMIICpA-
Tz

Typa 60K0BOIT MOBEPXHOCTH U3MEHSAETCS 110 3aKOHY u (R,z) = Acos 7
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BapuanT Ne21

. 3akpelyieHHas Ha KOHI[aX OJHOpOJIHAs CTpyHa JITMHOMN
80 cM B HauaJBHBEIA MOMEHT UMeeT GOpMy CUMMETpHY- /7 N
HOTO OTHOCHUTEJIBHO CEpEJMHBI OTpe3ka mapaboinrde- 5 ) U

CKOTO CErMeHTa BBICOTON / =5/16cM. M3yauTs cBOOOI-
HBIC KOJICOAHUS ATOM CTPYHBI.

. B mpocTpaHcTBO MEXIy JByMs HapaUICIIbHBIMM TUIOCKMMM CTeHKaMH (0<x<a)
HaJIUT pacTBOpP C 3a/[aHHBIM HAaYaJIbHBEIM PACITPCICIICHUCM KOHIICHTPAIIUNU PaCTBO-
0, 0<x<c

PEHHOTO BemecTBa  c¢(x,0) :{ _ IIpocnemTs MOCIEAYIONINA MPOIIece
Cpp C<x<a

BBIPaBHUBAHUA KOHIICHTpAITUH, MpEJnojiaras CTCHKHA HEIPOHMUIIAEMBIMH JIJIS Be-
II[ECTBA.

. HaiiTu 3akoH OCTBIBaHMS OECKOHEYHOTO ITWJIMHJIpA PAJIAyCcOM R, €CIM B Hadallb-
HBIII MOMEHT BPEMEHM TeMIIepaTypa BHYTpH IIWIMHJIpaA onpeensiack no gopmyie
u(r,0)=89J,(wyr/ R), TIE 1,— TIEPBBIN NOJOKUTEIIBHEIN KOPEHb OecceneBoil PpyHk-

i J,. Ha moBepxHOCTM IMIMHJIpa MOJICPKHUBACTCS BCE BpPEMS ITOCTOSHHAS
TeMIIepaTypa, paBHas HyJIIO.

. HaifTu craimoHapHyio TeMIiepaTypy BHYTpH IIWUIMHJIpUYECKOTO Opycka €auHud-
HOTO paJiiyca M BBICOTHI, €CIIA €0 OCHOBaHMS TEIUION30JIMPOBaHEI, a OOKOBas I0-
BEPXHOCTh UMEET TEMIEPATYPY u(R,z)=z.

BapuanT Ne22

. HaiiTu 3akoH koJjie0aHus CTPYHBI JJIMHOM [/, €CIM B HaYaJIbHBI MOMEHT BCEM TOY-

a
KaM CTPYHBI cOOOIIEHa CKOPOCTh, paBHas 10 (Tae a— mMOCTOSHHAS W3 ypaBHCHUS

kosiebanus cTpyHsl). HagasHOE OTKIIOHEHHE OTCYTCTBYET. KOHIIBI CTpYHEI 3aKpe-
TUICHEI.

. Haittu pacrmpenienenue TemnepaTyphsl B cTepkHe 0 < x <10 ¢ TEIIOM30IMPOBAHHOM
O0OKOBO# MOBEPXHOCTHIO, €CITH TEMIIEpAaTypa €ro KOHI[OB MOJICPKUBACTCS PABHOM
uy, a HAYaJIbHAS TEMIIEpaTypa u,.

. UccriesioBaTh pajiMajasHOE pacipeielieHie Telula B OECKOHEYHOM KpYTOBOM ITH-
JMHJIPE pauycoM R, OOKOBas MMOBEPXHOCTH KOTOPOTO MOJICPKUBACTCSA NPH HY-
JeBo# Temrieparype. HauamsHas TeMiiepaTypa BHYTpH IIMJIHHJIpA paBHA u,.

. Haiitu craimoHapHyro TeMIepaTypy BHyTPEHHMX TOUYEK I[VUIMHJpa paguycoM R u
BBICOTOM /, €CIIA TeMIlepaTypa BEpXHEro M HIDKHEr0O OCHOBaHWM paBHA HYIIO, a
TeMIepaTypa 60KOBO¥ IIOBEPXHOCTH U3MEHSAETCS 110 3aKOHY u(R,z)=z(h-z).
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Bapuant Ne23

. Haiitu 3akoH cBOGOJHBIX KonebaHMil CTpYHBI, pacloJIOXKEHHON Ha oTpeske [0,/],
€ClIi B HadaJbHBRII MOMEHT BpPEMEHM CTpyHe Obula mnpujaHa (opma KpHBOHM

u(x,O)zﬁsin% M 3aTeM cTpyHa Obuta oTmyileHa 0e3 Ha4aJlbHOM CKOPOCTH.

CrpyHa 3akpemiicHa B JICBOM KOHIIE, a IIPaBhIii MOXKET CBOOOJIHO IepeMenIaThes
TaK, 9TO KacaTelIbHAs B IIPABOM KOHIIE BCE BPEMS OCTACTCS TOPU3OHTAITLHOM.

. OpHopoyiHast kpyryias MeMOpaHa paJiycoM R ¢ IIEHTpOM B Hadajle KOOpJMHAT W
3aKpEIUICHHEIM KpaeM COBEpIIIacT MorepeyHkle koebanus B cpesie 6€3 COnpoTHB-
aenus. OnpeneuTh Koinebanus MeMOpaHbl, BEI3BAaHHEIC HAYAJIFHBEIM OTKIIOHCHUECM

f(r)zl—rz.

. beckoHeUHBINM IIMIIMHIP paJliyCcOM R,, HATPETHIN JI0 TEMIIEpaTyphl u,, OXJIaXIa-

eTcs, M3JTydas TEIUI0 B OKPYXKaIOIIylo cpeiy o 3akoHy Heiotona. Haiitu 3akon
OCTBHIBaHMS IVIIMHJIpA, €CIIM TEMIIepaTypa CpeIkl paBHA HYITIO.

. Haiftu pacripejiesieHre NOTEHIMaNa 3JIEKTPOCTATUYECKOTO NONA u(x,y) BHYTpH
IPSMOYTOJIBHUKA 0< x<a, 0<y<b, €CIU MOTEHIAJ BJIOJIb CTOPOHEI 3TOTO IIps-
MOYTOJIBHUKA x =0 paBeH u,, a TPH JIpyrue CTOPOHBI NPSAMOYTOJIEHHUKA 3a3eMIle-

HbI. BHyTpU IIpsSIMOYT0JIbHHMKA 3JIEKTPUYECKUX 3apsJI0B HET.
Bapuant Ne24

. Haiit nipo/ionbHEBIE KOJIeOaHUs CTEPXKHS, OJIMH KOHEI[ KOTOPOTO x =0 3aKpeIlicH
KECTKO, a JIpyTroil x =/ cBOOOJICH; HAYaJhHOE OTKJIOHCHHE paBHO 0.1x, HadaJIbHAs

CKOPOCTH paBHa HYIJIIO.

. Haiftu pacripezesiene TeMueparypsl B HECOTPaHUYEHHOM IUIACTUHE TOJIIMHOMN /,

CCJIM Ha IMOBCPXHOCTAX IUIACTHMHBI ITOJICPKUBACTCA HYJICBAsA TCMIICpATypa, a4 Ha-

. 3rx
YaJIbHOC PACTIPCACIICHUC TCMIICPATYPLI ITO TOJIIIWHC IIJTACTUHLI 1 (x, O) =7 SIIIT .

. Haiftu pacnpejienceHue TeMmiieparypbl BHYTPM HEOTPAaHMYECHHOIO KpPYTrOBOTO IM-
JVHJpAa paJIiycoM, PaBHBIM EIVHUIIE, €CIY HadaJbHas TeMmIleparypa IMIWHApa
paBHa HYIIIO, a [IOBEPXHOCTH NOJICPIKUBACTCS IIPH TEMIIEPATYPE u .

. HaifTu cranmoHapHOE pacIipe/iclICHUEe TeMIIEpaTypbl BHYTpPHM TBEpJIOTO Telna,
nMeroniero (GopMy IIMHJIpa SIMHAYHOTO PaJINyca U €JIMHUYIHON BBICOTHI, €CIIA K
BEPXHEMY OCHOBAHHMIO IOJIBOJIUTCS TIOCTOSHHBIA TEIJIOBOM MOTOK IUIOTHOCTHIO ¢,
HIDKHEE OCHOBAHME IIOJIJICp)KUBaETCs IIpU HyJIEBOM TemmepaTrype, a 6okxoBas 110-
BEPXHOCTH TEIJIOM30JIMPOBAHA.
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INPUJIOXKEHUSA

IIpunoxenue 1

Oynxiuu beccens
Haszpanue dynkym Beccens Momdrmposannsie GpyHKIMN
beccens
| IR
O6o3naucHue J , (1 x) 1, (ux) = - J,(i1e)
OIpCB()K()pIOFO— ©,); p=x 0,0)); p=x
HATEHOCT M BEC
2 12 2 p2 2 12 2 p2 2
[ 7] o Jp(ﬂl)+[l_ﬂzlzj‘]p(ﬂl) | 7 WD+ 1+ﬁ 12 (ul)

Ornieparop, s Ko-

1 p2 2
_ 14 el !__ —
Lu=u"+~u Zu=—Hu

TOpOro f, — 5 e, Pu"+xu' = (X + pPu=0
CcOOCTB. (hyHKIFM Xu"+xu'+(u x"—pHu=0
CooTB. coOCTB. PR A= i
3HAYCHUC
(P T, (%)) =xP T, 4(x) (P, () =x"1,4(x)
PeKyppeHTHEG (PT () =—x"PJ (%) (PL, () =x"1,4(x)
2 2
COOTHOMEHMA | =) () =/, 1(x)+/ 1 (¥) L= () =1 (x)
2J, (x)=Jp,4(x)—J ) q(x) 21, (x)=1,4(x)+1,4(x)
o n 2n+0 o 2n
Bripaxkenue J©=3 " (x/2)™" L3 (x/2)™7
qepe3 pa P o M I(p+n+l) s o MI(p+n+l)
J_, () =(=1)"J,(x) T3
2 . ]1 ()C) =, Sh X
YacTHBIE J % (x)= P 2 X
caydJau
yq 2 1 1 (X) = i Chx
J 1(x)=,/—cosx ) X

TX
2

IIpunoxenue 2.

Kopnu ypaBHeHus J,(u)=0 ¥ COOTBETCTBYIOIINE 3HAYCHUSA QYHKIMH J, (u)

7 1 2 3 4 5 6
My 2.4048 5.5201 8.6537 117915 | 149309 | 18.0711
Si(u) 0.5191 | —0,3403 | 02715 | -0.2325 | 0.2065 0.1877
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Kopuu ypaBaeHUA o -Jy(p)—p-J; (1) =0

IIpunoxenue 3.

a i M2 M3 H4 Hs He
0,0 0,0000 3,8317 7,0156 10,1735 13,3237 16,4706
0,01 0,1412 3,8343 7,0170 10,1745 13,3244 16,4712
0,02 0,1995 3,8369 7,0184 10,1754 13,3252 16,4718
0,03 0,2814 3,8421 7,0213 10,1774 13,3267 16,4731
0,06 0,3438 3,8473 7,0241 10,1794 13,3282 16,4743
0,08 0,3960 3,8525 7,0270 10,1813 13,3297 16,4755
0,10 0,4417 3,8577 7,0298 10,1833 13,3312 16,4767
0,15 0,5376 3,8706 7,0369 10,1882 13,3349 16,4797
0,20 0,6170 3,8835 7,0440 10,1931 13,3387 16,4828
0,30 0,7465 3,9091 7,0582 10,2029 13,3462 16,4888
0,40 08516 3,9344 7,0723 10,2127 13,3537 16,4949
0,50 0,9408 3,9594 7,0864 10,2225 13,3611 16,5010
0,60 1,0184 3,9841 7,1004 10,2322 13,3686 16,5070
0,70 1,0873 4,0085 7,1143 10,2419 13,3761 16,5131
0,80 1,1490 4,0325 7,1282 10,2519 13,3835 16,5191
0,90 1,2048 4,0562 7,1421 10,2613 13,3910 16,5251
1,0 1,2558 4,0795 7,1558 10,2710 13,3984 16,5312
1,5 1,4569 4,1902 7,2223 10,3188 13,4353 16,5612
2,0 1,5994 4,2910 7,2884 10,3658 13,4719 16,5910
3,0 1,7887 4,4634 7,4103 10,4566 13,5434 16,6499
4,0 1,9081 4,6018 7,5201 10,5423 13,6125 16,7073
5,0 1,9898 4,7131 17,6177 10,6223 13,6786 16,7630
6,0 2,0490 4,8033 7,7039 10,6964 13,7414 16,8168
7,0 2,0937 4,8772 17,7797 10,7646 13,8008 16,8684
8,0 2,1286 4,9384 7,8464 10,8271 13,8566 16,9179
9,0 2,1566 4,9897 7,9051 10,8842 13,9090 16,9650
10,0 2,1795 5,0332 7,9569 10,9363 13,9580 17,0099
15,0 2,2509 5,1773 8,1422 11,1367 14,1576 17,2008
20,0 2,2880 5,2568 8,2534 11,2677 14,2983 17,3442
30,0 2,3261 5,3410 8,3771 11,4221 14,4221 17,5348
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