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®OH/I OHEHOYHbIX CPEACTB 11O JUCHHUIIVIMHE

1. O01mme cBegeHns

1. | Kadempa

I'opHoro nena, Hayk o 3emiie u
npupoa000ycTpoiicTBa

Kon n HanpaBnieHne MoAroToBKH,
HaIpaBJICHHOCTH (IPOdIIH)

05.03.01 I'eonorus, ['eopusuka

3. | Aucnunnumna (Moaynnb)

YpaBHEeHHs] MaTeMaTH4eCKON (DU3UKHU

KomunuectBo

9TaIlOB

4. | hbopMupoBaHHS KOMITETCHIINH | 8

(pazaenbl, TEMbl JUCITUTUINHBI)

1.IlepeyeHb KOMMETEHLMIT

Koa n HauMeHnoBanune
KOMIIETEHIHH

Koa u HammMeHoBaHHe
HHIMKATOpAa
JTOCTHIKEHHSI KOMIIETEHIHHU

OIIK-1. CnocobeH  mNpHUMEHATh
3HaHus (QYHIAaMEHTAIBHBIX Pa3eioB
Hayk o 3emue, 0a30Bble 3HAHHS

€CTCCTBCHHO-HAYYHOI'O u
MATEMaTUYCCKOI'O UKJIOB npu
pemieHnn CTaHAapTHBIX

HpO(I)eCCI/IOHaJ'IBHLIX 3a1a4

OIIK-1.1. Ompeznenser BO3MOXHOCTh T€O(QHU3MYECKUX METOJOB IPH
pelIeHNH KOHKPETHBIX I'€0JIOTHYECKUX 3ajiay.

OIIK-1.2. Ompenensier HEOOXOIUMOCTh U IIOCTAHOBKY CTaHIAapPTHBIX
npodeccroHaNbHBIX 3a71a4, MPUMEHsS 3HaHUs (pyHIaMEHTAaJIbHBIX Pa3/IelioB
Hayk o 3emiie, 6a30Bble 3HAHUS €CTECTBEHHO-HAYYHOTO U MaTeMaTHYECKOTO
IIMKJIOB.

OIIK-1.3. HHTeprpetupyeT pe3ynbTaThl HCCICIOBAHWN TIPH PEIICHUH
CTaH/IapPTHBIX PO eCcCCHOHANBHBIX 3a1ad.




3. Kpurepuu u nokasarejim OlleHUBAHHMS KOMIIeTEHIMI HA pa3JIMYHBIX ITAanax ux GopMuUpoBaHus

Oran hopMupoBaHUS

Kpurepuu u nokasaTesy olleHUBaHNS KOMIETEHIIUI

DopMBbI KOHTPOJIS

dopmupyemas HNupukatopsl
KOMIIETEHIINH (pa3esl, c(hOpMHUPOBAHHOCTH
KOMIETCHIIUS KOMIIEeTEHIIMH 3HaTh: VYMeTsb: Brnanets: o
TEMBI TUCITUTUIAHBI) KOMIMETEHIIUH
OIIK-1.1. BUJ YPaBHEHUI NEPBOro MOpsiKa,
a3pelleHHbIe OTHOCHUTEJILHO N
Onpeneitiet ﬁ 021330:1}10171' aBHEHUS C | ompeaeNaTh THI MCTOJIAMH PCIIICHIH
PN 53,716J'I6HHLIM’I/I ngp €MCHHBIMH U EBHCHI/UI YPABHEHHI IIePBOTO
1. OGbIKHOBEHHbBIE reohH3uICCKIX E BOMAIINCCS K HI;I IR ile) om0 HopszKa Pemenme 3a1ad.
nuddepeHnnanbHbIe MeTon0B npu | 1P ’ P . pa3pelieHHbIX U KontponbHas pabora
pelIeHHH YpaBHEHHUSI MEPBOrO TOPSAAKA U | TOPSAKA; N 1
ypaBHeHHus 1-ro nopsiaka. ABHEHISL, TDHBOSIIIECS K HIIM emats 3aau Hepa3peleHHbIN Ne
ompber ypaBHeHI/Iﬂ’ F1)'16 BOI'O  TOPSIKA. iomn ¥ | omocuremio
Te0JIOTHYECKUX yp p p ) . NPON3BOHOI
3a1ad. HEpa3pelIeHHbIE  OTHOCHUTEIBHO
OIIK-1. Cnocoben OIK-1.2. —par e Hor
' Onpenenser JIMHEHHbIE YPAaBHEHMsI BBICILIHX METOJIaMU PELICHUI
MPUMEHATh 3HAHUS o
(bp HIAMEHTATbHDIX HeO6XOI[I/IMOCTL u | OOPSAAKOB (& IIOCTOAHHBIMU JIMHEUHBIX
y HOCTaHOBKY K03 PHUIIHECHTaMH; OJHOPOJHBIC U | ONPENENATh TUI | OJHOPOJHBIX H VT omboc
2. OOBIKHOBEHHbIE gas;[eHOB IgayK ° CTaHIAPTHBIX HEOTHOPOHbIE JMUHEHbIE | ypaBHEHHUS N-TO | HEOJHOPOJHBIX Pewmene 3 ;;l aq.
au¢ppepeHuaIbHbIC eMIIe, a3oBbIC npodecCUOHANbHBIX | YPABHEHUS u METObI HUX | TIOPSIIKA; YpaBHEHHUI N-TO KOHTDONbHAS ;1160Ta
ypPaBHEHHs N-T0 MOPAIKA. ZZ::(I;IT’; . 3a1a4, OpuUMeHss | PCLICHUH; JIMHCHHBIC YPAaBHEHHS | PELIaTh 3aqady | MOPsAKa ¢ Ne2 p p
3HAHUS BBICIIINX MOPSIAKOB ¢ | Komm. MOCTOSITHHBIMU U -
32};:32;;‘{6(:1(01_‘0 u (byH)IaMeHTaHBHBIX TNEPEMEHHBIMU KO:)(I)q)I/II_[I/IeHTaMI/I; MEPEMEHHBIMU
— - pasnenoB Hayk o YpaBHCHUA 3171nepa K03(1)(1)I/IHI/ICHT3MI/I
eIICHII P 3emie, 0a30BbIC | JMHEHHBIE W  KBa3WIHHEHHBIE
ETaHna HBIX 3HAHUS YpaBHCHHS B YaCTHBIX
P €CTEeCTBEHHO- TIPOU3BOTHBIX; METO/T METOJIaMU PELIEHUI .
npo¢eCcCHOHATBHBIX OTIPENICNATh THII YerHblii onpoc.
3. YpaBHeHUs] B YACTHBIX Hay4yHOTO U | XapaKTePUCTUK IS peIICHUs ) YpaBHEHHUSI B
3a/1a4 o YpaBHCHHS, Pemenue 3anau.
NPOU3BOIHBIX 1-ro MaTeMaTHIeCKOTO YpaBHEHUH B YaCTHBIX YaCTHBIX
pemaTs 3agaqy Kontponsnas pabora
nopsijka. IIUKJIIOB. MPOM3BOIHBIX MEPBOTO MOPAAKA U | L MIPOU3BOTHBIX No3
OIIK-1.3. METObl UX MHTerpupoBanus. Kak IIEPBOTO MOPAJIKA -
HHTepnpeTupyet CTAaBUTCS W pemiaercs 3arada
pe3ynbTaThl Ko
HCCJICI0OBAHNH  1IDH | ypaBHEHHE KoJIe0aHu;
peIICHUH YpaBHEHHE TEIUIOIPOBOAHOCTU U aJIroOpUTMaMu .
4. OcHOBHbIE YpaBHEHUS CTARIADTHEIX ONPEEIISATh TUI YerHblii onpoc.
MATEeMATHYeCKOH (PU3NKH sap nuddysum; YPaBHCHIA aBHEHUS DELICHHA Pemenne 3anau
) TpOECCHOHANBHBIX TUAPOJMHAMUKM U 3BYKOBBIX P YpaBHEHUH '
3ajad4. BOJIH.




5. llpuBegenune ypaBHeHUM
K KAaHOHHYeCKOMY BH]Y.

OIpCACIICHUEC THUIIA YPAaBHCHUA B

OIMpPCACIIATh THUIT

MCTOAOM
XapaKTCPpUCTUK IJIA

6. YpaBHeHust
rUNepeoIMYecKOro THIIA.

NPUBENICHUS .
YaCTHBIX  TNPOU3BOAHBIX  2-TO | ypaBHEHHUS, ABHOHIS. B YcrHBI# onpoc.
MOPSIIKA; METOJA XapaKTepUCTHK | MPHUBOJHUTH zg CTHEIX Pemenne 3agau.
JUIl TIPUBEICHUS ypaBHEHHWS B | ypaBHECHHE K KonrponbHas padora
TIPOU3BOIHBIX 2-TO
YaCTHBIX  IPOU3BOJAHBIX  2-TO | KAHOHMYECKOMY HOpATKS K Ned
HOpsaKa K KAHOHMYECKOMY BH B,
AR ¥y By Y KaHOHHYECKOMY
BULLY
3amauy Komm s ABHEHUU
Aaty A P metogoMm Dypre
THIepOO0TMYECKOTO THUIIA; | HCIOJIb30BATh
(pa3neneHus
dhopmyy Hanambepa st | popmymy HepeMCHHbIX) AT Pewienue 3agau.
CBOOOZHBIX M BBIHYXJAEHHBIX | [lamamOepa ais CE_ICHI/ISI KonrponbHas padora
KosleOaHUH; METOAbI  PEIICHUS | peIIeHUs p Ne5
HavyaJbHO-

KpaeBbIX 3amad; 3amauy Lltypma-
JInyBuis; meron @ypee

3amaun Komrun

T'paHUYHBIX 3aJia4

7. YpaBHeHust
napadoau4ecKoro Tumna.

0 ¢busHIecKnX 3a7avax,
NPUBOMSIIMX K yPaBHCHMAM
napaboIMdeckoro THIA; METO
Telnopa ais peuieHuss 3aJauu
Komm; METOJ pasneneHus
nepeMeHHBIX (MeTon Dypee) s
pelieHuss ~ TpPaHUYHBIX  3ajad
YpaBHEHUH TUIepOoINIECcKOro

OTIPENICNATh THII
YpaBHEHUS;
HCIIOJIB30BaTh
meron Teitnopa
JUTS PETICHUS
3agaun Komm
OTIPEJIENIATH TUI

MeronoM Dypbe
(pa3nemeHus
MIepeMEHHBIX) IS
pemeHus
HavyallbHO-
IPaHUYHBIX 33/1a4

YerHblii onpoc.
Pemenue 3amgau.

KonrponsHas padora

Ne6

8. YpaBHeHust
UIHNITHYECKOT0 THIIA.

ABHCHUA
TUIIa yp
apHeHus Jlamaca u Ilyaccona;

P Y ’ MmetozoM Dypre

0 (dyHmaMeHTanbHOM pelIeHUH
pemiathb (pa3meneHus

ypaBHeHus Jlamniaca Ha IIIOCKOCTH Pewenue 3anau.
YpaBHEHHUS MEPEMEHHBIX) [T

U B IPOCTPAHCTBE; KaK CTaBSITCA KontponsHas pabora
Jlamnaca st pemeHus

OCHOBHBIE  KpaeBble  3aJayui: Ne7
Kpyra HavaIbHO-

3anaua upuxne u Heiimana; o
ceprueckux QyHKIHSX.

IpaHUYHBIX 3aJia4




4. KpuTepnu U MIKaJIbI OCHUBAHUS

3.1. 3a pemienne 3a1a4 BHICTABJISIOTCH 0AJLIbI

3 Oayia BBICTABIIAETCS, €CJIM CTYACHT PELIn BCE PEKOMEHIOBAHHbBIE HAa MPAKTUYECKOM
3aHSTUU 3a/1a4u.

2 GaJi BBICTABIISICTCS, €CIIH CTYICHT BBIMOIHII He MeHee 50% peKkoMeHJ0BaHHbBIX 3a7ad.

1 Gay BeICTABISIETCS, €CITU CTYACHT BHIOIHIIT HE MeHee 20% pEeKOMEH/I0BaHHBIX 3a]1ad.

4.2. 3a BbINOJIHEHUE KOHTPOJIbHOI padoThl BHICTABJISIIOTCA 0aJLIIbI

3 Oamia BBICTaBJIAETCS, €CJIM CTYAEHT peIIMI BCE PEKOMEHJOBAHHBIE 3ajaud,
apryMEeHTHPOBaB HX, C 005A3aTEIbHON CCBHUIKOM HA COOTBETCTBYIOLIME HOPMAaTHUBBI (€CIH IO
COJIEPXKAHUIO 3TO HEOOXOIUMO).

2 Oauta BBICTABISIETCS, €CIM CTYACHT BBIMOJHWI JBAa PEKOMEHIOBAHHBIX 3a/laHUS,
apryMeHTHpPOBaB MX, C 00S3aTENbHON CCHUIKOM Ha COOTBETCTBYIOILME HOPMATHBBI (€C/IU IO
COJIEPKAHUIO 3TO HEOOXOIMMO).

1 6asu1 BeICTaBIISETCS, €CIIM CTYACHT BBIIOJHWII OJJHO 3a/1aHUE.

0 6ayIoB — CTY/ICHT HE BBIIOJIHWI PEKOMEH/I0BAaHHBIE 3a/IaHHS.

3.2. 3a oTBeTHI HAa YCTHOM ONPOCE BBICTABJSIOTCSH 0aJLJIbI
ITporieHT MpaBMIIBHBIX OTBETOB Jlo 60 60-80 80-100
KonnuecTBo 6aiioB 3a OTBETHI 1 2 3

5. TunoBbIe KOHTPOJIbHBIE 32JaHUSI U METOMYECKHE MATePHAJIbI, ONpeesIome
npoueaypbl OLEHMBAHMS 3HAHMI, yYMeHWiH, HABBLIKOB M (MJIM) ONBITA [eATeJbHOCTH,
XapaKkTepu3ylmmx J3Tanbl (opMHUPOBAHHUSI KOMIETEHIHH B Ipolecce OCBOEHHS
o0pa3oBaTe/IbHON NPOTrPaMMBbI

5.1. Tunoewvie konmponvHbie 3a0anus
1. Ypaguenusa nepeozo nopaoka

1.1.Pemmts ypaBHenue: xsin ¢+ x’ cost =1
. 1
1.2. Pemmuts 3amaqy Komu: x’ +3x-1g3t =sin 61, x(0) = 3

1.3. Pemnts ypaBHEHHE: y = exp(y )y’ —1)

2. Ypasuenua «ny-20 nopaoka
2.1. Haiitu obmee pemenue ypaBHenus: ' +4y' -6y =0

2.2. Haiitu o01iee, yacTHOE pelieHne U pemenre 3anadu Ko

YpaBHEHHUS:

1 ) 5
=, 0)=—.
3 v (0) T
2.3. Pemute ypanenue Diinepa: x2y" — xp’ + = 0.

v =y =xe* +e*, y(0)=

3. Ypasnenus ¢ uacmmuwlx npou3e00HbIX NePE020 NOPAIKa
3.1. HaiiTu pemienue ypaBHEHHUsI

0z 0z
vz—+x—=0
ox Oy
3.2.Haiitu oOmuii MHTErpas ypaBHEHUS: 1o + 12 =4.
xOx yoy

3.3.Haiitu pemienue ypaBHeHUS



oz oz
x—+z—=0,
ox oy

YZIOBJIETBOPSIOLIEE HAYAIBHBIM YCIOBUSAM: Z = -y IIpH X =1.

4. Ilpueedernue ypagnenuil K KAHOHUYECKOMY 6UOY

4.1. 4u,, —8uyy +Uy, —2u, +2u, —3u=0.
d%u d*u

42. x* —-y*—=0.
Ox oy

4.3. 4y’u, +e™u, —4y’u, =0.

5. Ypaenenusn cunepoonuueckozo muna
5.1. Pents 3anauy Komm:

5.1.2. Uy —AU=0; U|_q=X>+2% Uo=VY

5.2. PemuTh Ha4aIbHO-TPAHUYHYIO 33]1a4y:
Uy — AUy = 4sin® x+16sin° X, 0< X< 7; U =0, Uy|i_o =0; Uy| o =Uy|y, =0.

6. Ypasuenusa napaboauueckozo muna
6.1. Pemuts 3amauy Komu:

6.1.1. Ut = Uyy +3t2: Ut=0=sinx,
6.1.2. Uy — Au = Xzt; U‘t:o: xy® +x%z%.
6.2. Peluuth HaYaIbHO-TPAHUYHYIO 3a/1a4y:
Ug =By =0; 0<X<4; Ul =2sin® 2 +sindzx, u|, o =U[,_, =0.

7. Ypasnenusa sniunmuueckozo muna
Pemmts kpaeByro 3aauy Ais ypaBHeHus Jlamaca B kpyre

71.Au=0, 0<r<2, ul,_,=f(p)=2c0s’p-sin®p+sing.

72.Au=0, 0<r<l, “‘r:lz f (¢) =cos® p—2sin® p—cosp +sing.

ou .
7.3. Au=0, —|,_r=2c0s¢ + 3sin 3¢.
r
5.2. Tunoevte 3a0auu 0131 NPAKMUYECKUX 3AHAMUIL
IHpumep 1. HaliTu cuiy TAru coctaBa C pyJod MO UCTEUEHUM BpeMeHHU | mmeroiero

Ha4YaJIbHYI0 CKOPOCTH Vo, ABUIarolICrocsa ¢ YCKOPCHHUEM NPSIMONPOIOPIHMOHAIIBHBIM CHIIC TSI

F=b-kv u obparHo mpomnopumoHansHEIM Macce cocTaBa ¢ pynaod. Ecim B Ha4aabHBI MOMEHT
Bpemenu 1ipu t =0 cuia Taru onpeaensiercs BeipakerueM F(t)= Fo=b-kvp.
A CKOpOCTH JBIDKEHHUSI COCTaBa C pyHoi sBisiercs (QyHkuueid Bpemenu, T.e. V= V(t), a ero
YCKOpEHHE omnpenensercs 2-M 3akoHoM HproToHa

dv. F
a=—=—,rnae F=b-kv.
dt m
[TosTomy muddepennranbHOe ypaBHEHUE UCXOIHOM 3a1aun OyAeT UMETh BUJIL:
dv b-kv

d  m *)



Paznenass mnepemeHHble B 3TOM YpPaBHEHUH, IIOJIYyYHM YPAaBHEHUE C PpPaA3ACICHHBIMU
[IEPEMEHHBIMU
dv  dt
b—kv m’
WuTerpupys KoTopoe, HaiiieM o01iiee peiieHre ypaBHeHUs (*)

—%In|b—kv|:%t+c Hﬂnt=—%ln|b—kv|+C )

B peuiennu (**) ynoBineTBopuM HadanbHOMY ycinoBuio — V(0)=Vo.
0:—%In|b—kvo|+c = C:%In|b—kv0|.

[ToncraBuB HaliieHHOE 3HaueHHWE TOCTOsHHOM C B oOIiee pemeHue (*%), MOJIyYrM
peuienue 3agaun Komm:

t=—""Ino—ky+ " Injo—ky,|
K K

HIJIN

F

=M Pk ey F:b—kv}%m?".

k |b-—kv
Takum 00pa3oM, MCKOMYIO CHJIy TSAT'M COCTaBa C pyJIoMl B J1t0OOH MOMEHT BpPEMEHH,
Haﬁ,[[eM H3 ITOCJICAHCTO PABCHCTBA, M30aBUBIINCH B HEM OT J'IOl"apI/I(l)Ma

k k
k |R| R & s
t—=h2=>-L2=e"=>F=Fe".A
m F F

Ilpumep 2. PaccMOTpUM BEHTHIIALMIO 32005 00BEMOM V(M3), B KOTOPOM B IPOLECCE
NpoBeIeHUsT pabOT HAKAIUIMBAIOTCS BPEAHBIE ra3000pa3Hble BBIZCICHHUS B KOJIMYecTBe Z B 4ac.
Ilycth 0GMeH BO3Ayxa B TedeHHu | yaca cocrapmser M (M°/d4), IpHYeM MPUTOYHBIA BO3LYX
CONEPXKHUT BPE/IHBIC BELICCTBA B KOHIGHTpAIMH 4 Ha | M°. TpeGyercs HalTH KOHIICHTPAIIO Z
(Ha 1 M) BpeIHBIX BBIIENCHMIT B 3a60€ depes BpeMs t mocie Hauama paboThI, €CIIH HAYAIbHOR
3Hau€HUE 3TON KOHLIEHTpAalUU (0CTATOK 3arps3HEHUN OT MpeabIAYIIel CMeHbI) cocTaBiseT Zo.

A 3a wmanbiii mpomexyrok BpeMeHH Ot KOHIEHTpalyss BPEIHBIX BbIICICHUH Z
yBenuunBaetcst Ha 0Z. CreoBaTeibHO 00Iee KOJTMYESCTBO BBIZACICHHI cocTaBUT VAZ U OHO
OyIeT COCTOSATh M3 BBIJCICHHN, MPUHECCHHBIX MPUTOYHBIM BO3AyXoM - uMdt, ¥ BbIIeICHUI
oOpasoBaBuIMxcss B mporecce pabotsl - Zdt 3a BBHIYETOM KOJIHYECTBA BPEIHBIX BBIICICHUIA,
KOTOpPOE COJePIKANIOCh B M3BJICUEHHOM M3 3a00s 3a Bpems dt Bozmyxe. [IpeamonoxuM, 4ro 3a
MaJblii IPOMEKYTOK BpeMeHH Ot M3MEHEHHE KOHIIGHTpAIMU BPEAHBIX BBIICICHHH pPAaBHO —
ZMdt. CrnieioBaresibHO, ypaBHEHHE BEHTHIISIIAHN 320051 HIMEET BUJI:

VAZ = Mt + Zdt — ZMdt w02 - 1M 7 _ 4

dt \Y \Y

[TonydyeHHOe ypaBHEHHE SIBIISETCS JUHEHHBIM HEOJHOPOJHBIM YypaBHEHHEM, KOTOpOE

OyzeM pemath HCTONB3ys cpasy dhopmyny obrmiero pemenwns (1.51):

=M dt M =M dt ﬂt M V —ﬂt
Z=e C1+ﬂ—fe V Sdt|=eV Cl—ﬂ—-—e V' |umm
Vv vV 1-M
1-M
Z = Cle \ ‘ _ﬂ .
1-M
VYinosnerBopss HavanpHOMy ychoBuro Z(0)=Z,, onpenenuMm 3HAYEHHE NPOU3BOJILHON

LM LM

nocTossHHOM Z;=C, ———, = C =7, + e Takum 00pa3oM, OKOHYATENBHOE PpEIICHUE

HCXO,Z[HOFI 3aga4u UMCCT BU/ .



1-M 1-M
Z=2pe" t+lu—'\|/\|/| eV t—1J.A

Ilpumep 3. HaliTu cuiy TSIru cocTaBa C pyJIOM MO MCTEYECHUHU BpPEeMEHH t MMeroiero
HAYaJIbHYI0 CKOPOCTb Vo, ABUTAIOIIErOCA C YCKOPEHHEM IPSIMONPOIOPLUUOHAIBHBIM CHIIE TATU
F=b-kv u obpaTtHO mpomopiuHroHaNIbHBIM Macce COCTaBa ¢ pynaod. Eciu B HaYaabHBIH MOMEHT
Bpemenu 1ipu t =0 cuiia Tsru onpexaensiercs BeipakenueM F(t)= Fo=b-kvp.

A CKOPOCTb JIBIDKCHHUS COCTaBa C pyIoi sBiseTcs QyHKIMel Bpemeny, T.e. V= V(t), a ero
yCKOpeHue onpenensercs 2-mM 3akoHoM HeroTona

_dv_F _
“dm rae F=b-kv.
[TosTomy nuddepeHnrambHOE ypaBHEHHE NCXOAHOM 3a1aun OyieT UMETh BHL
dv b-—kv
P (*)
dt m
Pasz[eﬂ;m MNEpEMCHHBIC B 3TOM YPABHCHUH, IOJIYUYUM YPABHCHUC C Pa3ACIICHHbBIMHU
HepeMeHHI)IMI/I
dv. dt
b—kv m’

WuTterpupys KOTOpoe, HaiijieM o0llee pelieHue ypaBHeHUsI (*)
1 1 m
—E|n|b—k\/|=Et+C I/I_]'H/Itz—?ln|b—kV|+C (**)
B perernu (**) ynoBiaeTBOpuM HadanbHOMY yciaoBuio — V(0)=Vo.
0=—Tnfo—ky,|+C = C="injo—ky,|.
k K

[ToncraBuB HaiijleHHOE 3HaueHHE MOCTOSHHONM C B oOllee pemieHue (**), MOTyYUM
pemenue 3agaun Komm:

t=— o —Kkv|+ - Info—ky|
K K

niIn

F

t="n b—kv = I%):b—kvo, F:b—kv}%lnF"_

k |b—kv
TakuM 00pa3oM, HUCKOMYIO CHIy TSATH COCTaBa C pPyIoil B 1000 MOMEHT BpEMEHH,
HaWJIeM U3 MOCJIEHETO PaBeHCTBA, M30aBUBIINCH B HEM OT Jorapudma
k k
k F F —t ——t
t—=h-2{=>-L=e"=>F=Fe" A
m F F

Ilpumep 4. TpyOompoBoa TemioBod maructpanu (muamerp 20 cM) 3amUIIEHHBIN
u3ossinuel TommuHol 10 cM oTarumuBaeT pabodee MOMEIICHHE MPU STOM TeMIiepaTypa TpyObl
160°C, a BHemHero ee mokposa 30°C. OmnpenenuTs pacnpelnereHue TeMIEPAaTypbl BHYTPH
u3oIsAIun, eciau koddduiment rertonporogHocTr K = 0,00017, a Takke KOJIUYECTBO TEILIOTHI,
oTnaBaeMoil 1 M TpyOBI.

A Eciu Teno HaXxoguTcs B CTAllMOHAPHOM TEIUIOBOM COCTOSIHMM W TeMmiiepatypa 1 B
KaXKJIOM €ro TOYKe €CTh (PYHKITUS TOJIBKO OJTHON KOOPIAMHATHI X, TO, B COOTBETCTBUH C 3aKOHOM
TEIIONPOBOAHOCTH Dyphbe, KOMMUECTBO TEIUIOTHI, UCITYCKaeMOE B CEKYHTy OyIeT paBHO

Q= —ZS(X)d—T = const 1)
dx
rae A — K03(h(QUIMEHT TEeIIONPOBOAHOCTH, a IUIOIAAb CeueHMs Tena S(X) ompenersieTcs: 1mo
dbopmyie
S(x)=2xnxl,



rue x— paauyc TpybompoBonma, | — mmmHa TpyOBI, ciemoBarenbHO, ypaBHeHue (1) MOXKHO
3anucarhb B BUJE

dT dT

=—-AS(X)— = 24zl —

Q 0 dx dx

WIn
Q+2Aml — ar _g (2)
dx
Paznenss nepemennsie B qudQepeHInaIbrHoM YpaBHEHUH (2) TOTyIuM
dx
ar = .9 ©)
2441 X

[To ycrnoBuio 3amaun HEOOXOAMMO OIPENENIUTh PacIpeesieHHe TeMIIepaTypbl BHYTPHU
m3oisinuu. [loaTomy cHavana jeByro yacTh ypaBHeHus (3) uHTerpupyem B mpezenax ot 160°C
1o 30°C, a HpaByIO 4acTh I/IHTCFpI/IpyeM B npezenax ot 10 go 20 cm.

30
Jofr =——
160 217z|
[Tocne naTerpupoBanus ypaBHeHHﬂ (3), HaxoguMm
T =30-160=—— 2 ny®=— 2 2 4
160 0,00017 -2 ~ "°  0,00017 - 2

3atem, MPOUHTErpUpPYEM JieByl0 uacTh ypaBHeHus (3) B mpegenax ot 160°C mo
HEKOTOPOi TeMriepatypsl 7, a MpaByl0 4acTh MHTErpupyem B mpenenax oT 10 mo x cm. [locne
MHTETpUpPOBaHUs ypaBHEHUS (3), HAXOIUM

].dﬂ' :_ix%;

160 Zlﬂl 10 X
Q x Q
T =T-160=——————-Inx, =———-In01x (5
|16° 0,00017 - 2A |1° 0,00017 - 2A ©)
Pa3znenuB nounenHo ypaBHeHue (5) Ha ypaBHeHHE (4), TOTy4YUuM
T'-160 In0.1x
—-130 In 2

N3 »sToro YpaBHCHHA CJICAYCT, YTO 3aKOH PACHPCACICHUA TCEMIICPATYPbl BHYTPU
HU30JIIHN 6YI[€T HUMETH BHU]

T =591,8-4318In x

Kpome TOro, mo ycinoBHio 3aJayd HEOOXOJUMO OINPENENIUTh KOJIUYECTBO TEIIOTHI
otnaBaeMoil 1 M TpyOsl. [loaToMy A1 TOrO, UTOOBI BHIIIOJIHUTE YCIOBHE 33a4l HEOOXOIUMO U3
ypasaenus (4) npu | = 100 cm Bbipasuts Q 1 paccyuTaTh €ro 3HaYCHUE

o 130-000017-2:7:100 _130-0.000172:314-100 _ ooy
In2 0,69315

Ilpumep 5. Kycok pyaHOI Maccsl m MajaeT B PyAOCIYCK IO IEHCTBUEM CUIIBI TSAKECTH,
IIPH DTOM BO3yX OKa3bIBa€T CONPOTUBIICHUE, IIPOINIOPLIUOHAIBHOE KBAAPaTy CKOPOCTH NAJCHUS.
HaiiTn 3aK0H JBUKEHUS KYyCKa.

A Ilycte S — paccrosHue, mnpoijgeHHoe TenoM K MomeHTy t. Torma neukeHue
OIPECIIAETCS yPaBHEHUEM

d’s (dsjz
m—=mg —k| —
dt dt

KOTOPOC MOKCT OBITh MMpEACTABJICHO B BUC



m d_v =mg — ko’
dt 1)

rae ckopocts U = . Hubdepernnmansaoe ypaBHeHue (1) sBisiercs ypaBHEHUEM

dt
Puxkarn.
Paznensist B HEeM nepeMeHHbIe, UMEEM
mdv dt
mg — ko’
WJIY TIOCJIE COKpAICHUS JIEBOM YaCTH PaBEHCTBA HA m

do
— = dt
kK
g——v
m
HHTCFppr;I 29TO paBCHCTBO, HOHy‘IaeM

do
j.—k = t + C
2
g _7'02 ( )
m
Jlnst BBIYMCIICHUSI WHTErpajga B JIEBOM 4YacTH YypaBHEHUsA (2) TPUMEHSEM METOJ
HeoIpeAeNeHHBIX KO3 PHUIIMEHTOB, U TOT1a
A B
J‘ do _ I do N J' do

K . k k ®3)
Q—EU \/g— n? \/§+ 7
Otkyna
A-B=0
A+B:i
g
WITN
A-B—_1_
2,/9

IToncrasnsis HallICHHBIC 3HAYECHUS KOZ—)(I)(I)I/IL[I/ICHTOB B uHTerpai (3), umeem
J ([ j] j [( j] h
gk gk
I[JISI KpaTKOCTI/I 0603Ha‘{I/IM E =r Torna TIOCJIC yMHO)KeHI/DI paBeHCTBa Ha 2 F

HaxXoaum

J-dQ+rv/ J-d(; v 2r(+C
g+ro ~rov

I
INQ+rv >InQ—ro =2rt+2rC

OTKyZa



In(g+rv]=2rt+2rc 4
g-ro

[Torenuupys ypaBHeHue (4), noinydaem
+ro
g _ @2rt+2rC _ q2rtg2rC _ e%rc _C }Cllet
g-—ro
OTtkyna uckomast pyHKIUS UMEeT BUJ

_ g (:16'2rt _1\

r €+
r’m .1
WK C YYE€TOM TOrO, 4T0 J = ! C ~ ¢ noaydnm
1
m € -Ce"
€ cer ®

W3 ypaBHenus (5) odeBHAHO, YTO mpu t, cTpemsieMcs K OECKOHEYHOCTH, CKOPOCTh U
JIOCTUTAET MpeIeIbHOr0 3HAYCHUS

Umax=V,
IJIA1 KOTOPOTo
rm m
V = = —g
k k

CrnenoBatenbHO, ypaBHeHHE (5) 3alKUCHIBACTCS B BUJIE
v € -ce
=V P 6
¢ +Ccem ©)
Havansnoe ycioue: ipu t = 0 v = vy.
IMycts pamu kpatkoctu 3amucu up=vo/V. Torma mocrosiHHas uHTerpupoBanusi C* B
ypaBHeHUU (6) MPUHUMAET 3HaYEHUE
. 1-u
C' =0
1+u,

[ToxcraBnss 3TO 3HaUeHUE B ypaBHEHHE (6), 3aMeuaeM, 4TO U MOXKET ObITh 3alKcaHa B

BUIC
~
¢, +thrt
v=V._ 2 —=
(+u,thrt
[Tpunumas, yro npu t = 0 s = 0, MokeM Tenepp ONpeIeUTh 3aKOH JIBH)KEHUS S:
t

s= jv(t)dt Y €hrt+u,shrt
r

0

g Yo

- u U =7~ B 310 PAaBCHCTBO, OKOHYATCJIBHO IMOJydacM HCKOMBIM

Vv \Y

Ioncrapnsis V=

3aKOH JIBUKCHUA

2
s=\/—ln(chg—t+ﬁshg—t)A
g vV V 'V

Ilpumep 6. HaiiTu penienust ypaBHEHHUS:
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(3y—3x2y+y3 Bx+2x3dy:0.
A PazjenuB o0e yactu ucxoaHoro ypaBHeHus Ha OX#0 (x=0 — oueBHAHOE pelIeHUE),
HOJIy4YMM ypaBHeHHE bepHyim

2x3%+ ¢ —3x232=—y3.

Cuuras y#0 (y=0 — TpuBHaIbHOE pPEIICHHUE), ICTUM 00€ YaCTH MOCIICIHETO YpaBHEHHS Ha
3 _
(") u nenaem 3ameny z(x) = y . Torna nomy4um

2 !
——);:z'(x), Xz - € —3x22:1.

Pemrast aTo ypaBHEeHUE, HAX0AUM
z(x)=Cx7e* —x7.
Ternepsb 3anuiiieM BCe PEIICHUS HCXOTHOTO YPaBHEHUS
Cy’e"—y’—x’=0, x=0;, y=0.A

Ilpumep 7. HaiiTu o01iee pemieHne ypaBHCHHS:
Y ==y +1+x°.
A D710 ypaBHCHHUE ABJISETCS ypaBHCHHEM Pukkatu, B kotopoM a(x) =-1, b(X)=0 u c¢(x) =
1+x%. TIpoBepka ycIOBHS c(x) = —a(x)x> —b(x)x+1. IlpuBeno K pe3ymbTary: 1+x°=1+ X%

CJIG[[OB&TGJH)HO, OTO YCJIIOBUC BBIIIOJIHACTCA MW 3a YaCTHOC PCHICHUC HCXOJHOI'0 YpPaBHCHUA

MOKHO  HpHHATH  ¢QyHKOUO: y, =x. Takum oOpazom, mojaras y=x+— U
z

BBIUMCIMB )’ =1-z7z, TPUBOJAUM HCXOJHOE YpPaBHEHHE K HEOJHOPOJAHOMY JIMHEHHOMY
ypaBHeHuio: z' —2xz =1. Otkyna
2 2
z=e" (C+ [edx).

CrnenoBaTenbHO, 0011I€€ PEIICHHE UCXOAHOTO YpaBHEHUs PUKkaTh nmeeT BU:

y=x+€— A

C+ J.efxzdx'

Ilpumep 8. HaiiTn o01muii uHTErpan ypaBHEHUS:
(x+y—Ddx+(x—y* +2)dy=0.
A VYcraHOBUM, SBISETCS JIM WCXOJHOE PpABHEHUE YpPAaBHEHHWEM B  IIOJIHBIX
muddepennmanax. s 3Toro npoBepuM, BbIONHAETCS Jin yenosue Ditnepa (1.87). 3nech
M@, y)=x+y-1,a N(x,y)=x—y> +2.

oM ON . oM ON

Beraucnum mpouwsBogHble — U — . — =1 U —

oy ox Oy Ox

Diinepa  BBIOJIHEHO, H  WCXOJHOE YpaBHEHHE SIBIISICTCS yYpaBHEHHEM B  ITOJHBIX
mupepenimanax. Haiinem ¢yHkmmio U(X,Y) MO U3JIOKEHHOH BBIIIE CXeMe, a HMEHHO,

21, CJICAOBATCIIbHO, YCIOBUC

Ou ]
MIPEATNOI0KHUM, YTOOBI BBITIOIHSIIOCH PABEHCTBO ™ =M(x,y):
X

ou _ x+y-1
ox reh
OTCIOJIa

u(x,y)= Jrty =Dt o) ="+ xy=x+0().

11



Hanee motpedyem ot U(X,y) obecrieueHus paBeHCTBA % =N(x,y):

0| x, 2
—|—=+xy—x+ =N(x,y)=x—-y +2,
& [ St co(y)} (x,) y
wim 0+x—-0+0'(Y)=x+@'(y)=x—y>+2, wm @' (y)=—y°+2. CienosareibHo,
3
p() = [(=3* +2)dy = —y? +2y.
Takum o6pa3om, uckoMas (DYHKIMS W COOTBETCTBEHHO OOIIMI HHTETpal HCXOHOTO

ypaBHEHUS OyIyT UMETh BU:
2 3

u(x,y) :%+xy—x—y?+2y =C.
[Tony4yum oOIIMI WHTETpaT UCXOIHOTO YpPaBHEHUS, TIOTPEOOBAB BBHITIOJHCHUS PAaBEHCTBA
ou
—=N(x,y):
y

3

u(x,y) = I( —y* + 2Ey +y(x)=xy— y? +2y+w(x), a Temepb MOTpedyeM, 4YTOOBI

a 2
BBINTOJIHSIOCH a—u =M(x,y): y+y'(x)=x+y—1. Haiinem w(x)= J‘(c - lEx = % —x. Takum
X
o0pa3om, 001U HHTETPa KCXOIHOTO YPaBHEHHS UMEET BUJI:
3 2
y X
C=xy——+2y+——x.
4 3 4 2

CrnenoBarenbHO, HE3aBUCUMO OT TOTO, Kakoe u3 yciaoBuii (1.86) OyaeT BHIMOMHATHCS B
MIEPBYIO Ouepeib, OO HHTErPa HCXOJHOTO YpaBHEHUsI Oy/IET OJHUM U TEM KeE.
OO0muii HHTErpall UCXOAHOTO ypaBHEHUS MOXKHO 3amucath B Buae (1.89):

[ty =D+ [(x, —y* +2)dv =C.

Brinoiaum HHTCIPUPOBAHUC!
x° N
—+xy—x
2

2 2 3 3
x—+xy—x—[)%0+x0y—x0j+(x0y—y?+2yJ—[xoyo —y?°+2yoj:C,

y o _
yo_C’

3
io +{xoy—y?+2yj

501041

2

2 3
X Y
- 0 0
T.K. X,,), MOXHO OpaTh NpPOHM3BOJIBHO, TO, 0003HauuB C, =C+ > =X, + X,V +2, 3

OKOHYATCJIbHO IMOJIYyYHUM
2 3

X y
Ci=—+xy—x——+2y . A
1 5 Y 3 Y

!
. X
IIpumep 9. Haiitu penieHus ypaBHeHus: y' = exp( 24 j .
y
A PaspemmB 3T0 ypaBHEHHE OTHOCHTENBHO X W, IOJIaras B 3TOM ypaBHEHHH ) = p,

MOJIYYUM X = Y p . Tak xak dy = pdx , T0
p

12



dy= pd Zlnp =1dp+1npdy—lhlpdp,
p p p
HNIN
(-lnp dy—ldp =0.
p

W3 storo ypaBHeHus HaxomuMm: p = e 1 p = Cy . Takum 00pazoM, pemeHus UCXOTHOTO

YpaBHEHUS UMEIOT BUJI:
x=2 u Cx=InCy.A
e

Ipumep 10. Haiitu o6ee pemenue ypaBuenus: )" —y =0,

A 1. 3anumem xapakrepucTudeckoe ypapHenue: A° —1=0.

2. Haiinem xopnu sToro ypasuenus: A, =1, A, =-1.

3. IlockonbKy KOpHH JEHCTBHUTEIBHBIC M Pa3MYHbIC, TO 1O MPaBHIy | UM CTaBATCS B
COOTBETCTBUE (YHKUUM y, =e', U y, =€ ', KOTOpbIE COCTAaBIAIOT (hyHIAMEHTAIbHYIO

CHCTEMY JIMHEHHO HE3aBHCHUMBIX DPEUICHHH HCXOAHOro ypaBHeHus. CienoBarenbHO, oOIee
pelIeHre UCXOIHOTO YPaBHEHUS UMEET BUJ:

v€ =Ce" +C,e " .A

IIpumep 24. Haiitu ob11iee perieHre ypaBHEHHUS:
15194 18)" —34)" +45)'— 25y =0.
A 1. 3anunieM xapakTepuCTHUECKOE YpaBHEHHE:
A =52 +182° =342 +451-25=0.
2. DTO XapaKTEPUCTUUECKOE YPABHEHNE UMEET KOPHHU:
A=l A =1£2i, 4,,=11£2i.
3. MbI BUIUM, 4TO Cpeay KOPHEN XapaKTEpUCTUUECKOTO YPaBHEHNUS €CTh KaK AEUCTBUTEIbHBIE U

PAa3JIMYHBIC KOPHU, TaAK U KOMIIICKCHO COIPSAKCHHBIC, ITPUYEM KOMIIJIICKCHBIC KOPHU SABJIAIOTCA
KpaTHBIMHU. HOBTOMy O COCTaBJICHUA Q)YHHaMeHTaJ'ILHOI‘/JI CHUCTEMbI JIMHEMHO HE3aBUCHUMBIX

penieHuit Bocronb3zyemcs npasuiaaMu 1, 2 u 3. KopHio 4, =1 cOOTBETCTBYeT peleHue y, =e",
a KaXJOMy M3 JIByKpaTHbIX KopHeW A,,=1+2i wu A5 =1-2i, OTBEYAIOT pEIICHUS:
y, =e  cos2x, y,=xe cos2x, y,=e sin2x, ys;=xe sin2x. COBOKYNHOCTb J3THUX NATH
pemeHuit y,,v,,V;,V,, Vs - 00pa3dyer (yHIaMEHTAIbHYI0 CHUCTEMY JIHMHEHHO HE3aBHCHMBIX

pemenuii. CiaenoBaTenbHO, O0IIee pelieHne 3aMuIIeTcs Tak:
~ ~. -
y=Ce* +e* [0, +xC, $os2x+ C,x+C; 3in2x . A

Ilpumep 11. HaiiTi yacTHOE U 00I1ee pelIeHHe YpaBHEHUS:
2x

y'—4y' +5y = :
cosx

A B cootserctBuM ¢ MeTogoM JlarpaHika, COCTaBUM COOTBETCTBYIOLIEE 3TOMY
HEOJHOPOJAHOMY YPABHEHUIO C MIOCTOSHHBIMH KOA(PPHUIIMEHTAMU OJTHOPOJHOE YpaBHEHUE
y'—4y+5y=0
¥ pemuM ero. JIIs 3TOro 3amuiieM XapaKTepucTHueckoe ypasHeHue: A° —44+5=0. Dto
XapaKTEepUCTHUYECKOE yPaBHEHNUE UMEET KOpHU: A, , =2 1.

13



Msbl BUAMM, YTO KOPHH XapaKTEPHUCTUYECKOTO YpPaBHEHHsI KOMIUIEKCHBIC, IOATOMY OO0Iee
pelIeHre OJHOPOJHOIO YPABHEHUS UMEET BHL:

y=Ce” cosx+C,e” sinx.
Byznem ucKaTh 4aCTHOE PEIICHUE UCXOIHOTO YPABHEHHS B BUJIE
_ ~N2x Nox *
y=C €e" cosx+C,€ e sinx. *)
CocTaBuM CHCTEMY
W ApVi ! & 2x _
Cl€e” cosx+C,€e*sinx=0
2x

N : N e
C; € ¥e™ cosx—e™ sinx } C; € e sinx +e™ cosx >
COs X
WM COKpallas Ha e,
C/ € Sosx+C, € 3inx=0
- ()

C! € ®cosx—sinx }C, € Psinx +cosx =
cos X

Petuth 31y cucremy otHocuTenbHO C|uC) MOXHO pPa3iUYHBIMH CIOCO0aMH, HampuMep,

ucnonb3ys npasuwio Kpamepa. B nanHom cinyuyae ynoOHee cHavana mpeoOpa3oBaTh BTOpOE
ypaBHEHUE, & UMEHHO, YMHOXHUTh 00€ €ro 4acTu MEepBOro ypaBHEHUS HA —2 U 3aTeM MpUOaBUTH
IIOJIy4YEHHBIM pe3yJIbTaT KO BTOPOMY. B UTore nosryunM ypaBHEHue:

C, Q} sin x} C! Q}osx =
COS X

U, CJICIOBATEIILHO, 3TUM YPaBHEHHEM MOXKHO 3aMEHUTh BTOPOE YpaBHEHHUE B cucTeMe (**)
~ ~.
C, € ¢osx+C, € sinx=0

. , 1
C| € &sinx ¥ C) € Kosx =
COS X
Pemras oty cucremy no npasuiny Kpamepa, noydum
0 sinx
1
COSX
ClEE 8% | oy, =C€x- Itgxdx = In|cos x],
COsX  sInx
—sinX COSX
COS X 0
. 1
—sinx
c, C:%:L =C, € [dv=x.

[Moncrapsis  monyuennsie 3Hauenus C, uC, B (*), MOJIyYyruM YaCTHOE peEIICHHE
HCXOJHOTO HEOJAHOPOJHOIO YPaBHEHHUSI )
Vomoe € = €osx - In|cos x|+ xsin x .
Takum 06pa3zom, obliee perieHne HCXOHOTO YPAaBHEHHSI IMEET BHL:
y€ =e” € cosx +C,sinx e €osx-Injcosx| + xsinx . A

IIpumep 12. Haiitu yacTHOE pellieHre ypaBHeHHs: )" — y = xe”.

A 1. Jlns mpaBoii 9acTH HMCXOTHOTO YpaBHCHHs ONpeiensieM mapaMmeTpsl «,f,q,l:
a=1,=0 q=1

2. KopHH XapaKTepHCTHYECKOTO ypaBHeHHs A —1=0 nelicTBUTENBbHBIE U PA3THYHEIE,
A,, = *1. YuutsiBas, uro uucno € +if3 :=1 coBmajaet ¢ kopHem A, =1 .kparHoctu 1, To TOrIa

1,2
s=1, u m = max(q,)= 1. Mcxozast u3 3TOro, MOKHO BBIMKCATH BHI HCKOMOTO YaCTHOTO PELICHHUS:

14



Ya ‘:: e €@yx+ 4, E
3. [loacraBisieM B HCXOAHOE YPaBHEHHE BBIPAXEHUS AU V,(X) M e BTOPOI TPOM3BOIHOI
v € e Mox? +x @A, + 4, ¥ 24, +24, .
[Tocie mpeoOpazoBanuii (COKpalleHUs Ha € ¥ TPHUBEICHUS MOMOOHBIX) MOIy4aeM
pPaBEHCTBO:

44,x+2A4, +2A4, =x.
B sTom paBeHcTBe npupaBHUBaeM K03()(OULIUEHTHI IPU OJMHAKOBBIX CTENEHIX (PYHKIUH
IIEPEMEHHOM X B IIPABOM U JIEBOM YaCTAX:

x' 44, =1 ] 1
. , OTKYyJla CIIENyeT, uT0 A, = Z, A= —Z .
x 1 24,+24,=0
ITosrydeHHble 3HaUEHHS HEONPEACIEHHBIX KO3QdUIMEHTOB A, U A, NOJACTaBUB B BH[
HMCKOMOTO YaCTHOT'O PEIIEHUSs, TOJYyYHUM OKOHYATEIbHO:

y, € = Ze" ¢ - x:.A

Ilpumep 13. HaliTu yacTHOE pelICHUE YPaBHEHUS:

Y= y"+3)y' +5y=5e> cosx+4e .

A Ilpexne Bcero, ¢yHkuuio f (: OpeACTaBUM B BHUJE CYMMBbI JBYX (DyHKIMIi
/i €:= 5¢* cosx u A €:= 4e™". Jlna xaxporo ciydas Oyaem mnoaOupaTh CBOE YacTHOE
pelLIeHHEe UCXOIHOTO YpaBHEHHUS.

1. dnst pynkimu f1(X) onpenensem napamerpsl o,f,0,1: o =2, f=1, q =0, a mis pyakuuu f»(X)
cooTBeTcTBeHHO o =1, =0, q=0.

2. Xapaktepuctuueckoe ypapHenue A’ — A° +31 +5=0 uMmeeT KOpHHU:

A==l A,;=1£2i.

Vuureisas, uro mis Gpyrkuun fi(x) awucno € +if := 2 +1i He COBMAJaeT HU C OAHUM M3
KOpHEil XapaKTepUCTUYECKOro ypaBHeHUs, modTomy S=0, a it dynkiun fo(X) gucio
¢ +ip := —IlcoBmagaer ¢ kopHeM A; KpatHocTu 1. Mlcxoas U3 3TOro, MOKHO BBIIHMCATh YaCTHOE
peleHue:

. €=v,€ > v,€ e €, cosx+B,sinx ¥ Dyxe ™.

3. IloacTaBnsieM B UCXOJHOE YPaBHEHUE BBIPAXKEHUS U ), Q: U €ro NMpOU3BOJHBIX U

HAaXOJUM 3HAa4EHUs HEONpeJelleHHbIX K03 duimenToB A,, B,, D, . JAng yno0cTa onpeaeneHus

stux kodpduumentoB moacraum y,, € B ypaBHenue ¢ mpaBoil wacteio fi(X), a v, € B
ypaBHEHHE C MMpaBoii 4acThio f(X).
~ .~
IMoxacrasusiem y,, € =e”* €@, cosx + B, sin x _ 1 IPOU3BOAHbIE:
~ . . ~
y!, € =e* €A, cosx +2B, sin x — A, sin x + B, cosx ,,
~ . . ~
v € e €4, cosx + 3B, sin x — 44, sinx+4B, cosx ,,
~ . . ~
i € =e” €A, cosx+ 2B, sinx—114, sin x+11B, cosx_
B HCXOJHOE YpaBHEHHE C MpaBoil wacThio fi(X) = S5e** cosx .Cokpamas Ha ¢ W IpUpaBHUBAS

K03 HIMEeHTH TpU COSX W SINX B MPaBOM M JICBOM YaCTSIX IMOJYYEHHOTO PaBCHCTBA, Oyaem
UMETh CUCTEMY U3 [IBYX YPaBHECHHUM:

24, +11B, =34, —4B, + 64, + 3B, +54, =5,
2B, —114, —3B, + 44, + 6B, —34, + 5B, =0,

WJIU TIOCTIe TTpeoOpa30BaHMiA
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104, +10B, =5
~104, +10B, =0,

OTKyAdd HaXOOHUM, YTO

1 1 L~
A, =B, =3 = Vu (}Ze“ €osx +sinx .

Hanee noncrasiseM GyHkuuio f(X) = D xe™ U ee Npon3BoIHEIE:
—-X -X N —-X h
Vi Q::Doe ('x+1; Vi ‘::Doe ‘-2; Vi, € =Dye " €-x_

B MCXOJHOE ypaBHEHHE C MPaBOM 4acThio paBHOW 4e”. COKpaTUB Ha €', TMOJYYHM PABEHCTBO
8D¢=4, T0 ecTb Dy = %4, ciiemoBaTeaIbHO

~ 1
ylt2€/=5xe .

Taxum 06pa3oM, 4acTHOE PEHICHNE UCXOTHOTO YPAaBHEHHUS 3aIlTUIIEM B BUJIE CYMMBI JIBYX
YaCTHBIX PELICHUH, 1 OKOHYATEIbHO OHO OYyAET UMETh BUJ:

1, . .
¥y, (:: YV €:+ Vi Q}Zez €osx + sin x} Exe A

IHpumep 14. Haiitu peruenue ypaBHeHus: x>y —xy'+y =0.

. dr 1 _
A Tlonaras x =e' vy ¢t =In x, Haligem d—:—=e .
X X

Bblunicnum  mpousBojgHBIE IO HOBOM  mepemMeHHoW t, 0003HAUMB  TOYKaAMU
nuddepennupoBanue 1o t:

by d b

=ye 5
dex dt dx dt
” d 'Y dt d N - . -2t
e J— PR e .e = —_ e .
UL IBvabrl CRBLERL R

IloacraBuB y, y B UCXOJHOE YpaBHEHUE, IIOJIYYUM
2t

¥ e €y e e’ y+y=0wm y-29+y=0.
CnepoBarenbHO, Mbl  MONYYWJIM  OJHOPOAHOE  JIMHEWHOE  ypaBHeHHE. Ero
XapaKkTepucTHyeckoe ypaBHeHne A° —21+1=0 umeer kopHu A, = A, =1. [TocKOIBKY KOpHH
JIeMCTBUTENBbHBIE U KPAaTHBIE, C KPATHOCTBIO PaBHOM JBYM, TO 00llee peleHne O0yaeT UMeTh BUA:
Y GGG, T
[lepeiing k mnepeMeHHOW X, OKOHUYATENBbHO MOJYyYUM OOIlIee peuieHue HCXOJAHOTO
YpaBHEHHUS

y(jz C1 +C, lan.A

Ilpumep 15. HaliTn pelieHne ypaBHEHUS:
x%y"—x)'+y=coslnx.
t o dr 1 _
A Tlonaras x =e' i ¢t =In x, Haiigem d—:—ze .
x x

BbluncnuM  mpousBogHBIE 1O HOBOM  mepeMeHHOW t, 0003HAUMB  TOYKAMH
nuddepenmupoBanue 1o t:
y=ye', y=€-ye”.
[ToncraBuB y, y B HICXOJIHOE YpaBHEHUE, MOJIYYUM
y—=2y+ y=cost. (*)
OTO HEOAHOPOJHOE JIMHEHHOE ypaBHEHHE C MOCTOSHHBIMH Kod(duuuentamu OOiee
peleHrne COOTBETCTBYIOIIEr0 €EMY OJTHOPOAHOIO YPAaBHEHUSI UMEET BUJL
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~ ~
y(/: Cl +1C, gt'
a qaCTHOC peH_IeHI/Ie MOXHO HOHyT‘H/ITB METOAOM HeOHpe):[eJIeHHBIX

K03 bUIIHEHTOB.
[TockonpKy MmapaMeTphl TpaBOM YacTH HEOJHOPOAHOTO ypaBHeHUs (*) paBHBI,
P T
coorBercTBeHHO, o =0, =1, ¢ = 0, | = 0 u uncio Q+I,B _F I He coBHaTaeT HU C OJHUM

KOPHEM XapaKTEPHCTUYECKOTO ypaBHeHHs, moaromy $=0, m m = max(q,l)= 0. Vcxons u3 sroro,
MOYKHO BBIIUCATH BUJ] ICKOMOTO YaCTHOTO PEIIECHHS:
~ .
v, € =4, cost+ B, sint
Boruncinm nponssoausie ot y, €
. ™~ .
v, € =4, sint + B, cost,

3, € =—4, cost — B, sint

A
U TI0JICTaBUB UX B ypaBHEHUE (*), mosyuum
—2B,cost+2A4,sint=cost .

[TpupaBHseM ko3((PUIMEHTHI MpPU OAMHAKOBBIX (YHKIMSIX B MPaBOM U JIEBOW 4aCTIX
ATOr0 YpaBHEHUSI

1
-2B, =1, =>B,=——,
2
24,=0, = 4, =0.
CrnenoBarenbHO, YaCTHOE pellieHue ypaBHeHUs (*) nMeeT Bua
1 .
v, (} ——sin¢,
2
a oO11ee penieHrue ypaBHeHUs (*) OyneT BBITJISAIETh TaK:
1 .
yoﬁmee (:: cl + tCZ Et - E smnz.
Takum oOpa3om, oOliee perieHne HCXOJHOTO YPaBHEHUS UMEET BUIL:
1 .
y(} C +C, hqu—Esm]nx .A

IIpumep 16. Haiiti o61mii nHTErpai u odlee peleHue ypaBHEHHs

u, —u, =0.
A 3ammem IJId 3TOTO YpaBHCHHUA CUCTCMY
dx
at
dy _
dt
Jlanee 3anuiieM CHMMETPUYHYIO (GOpPMY 3TOM CUCTEMBI
dx dy du
1 -1 0

[IepBblit HHTErpa OYEBUIEH
du=0 = C,=u.
Bropoii uaTerpan HaiizeMm u3 ciaenyromnei KOMOUHAIIH

5 DXy _ dy

= ——=-1=dy+dx=0,
1 -1 dx
UHTErPUPYs 3TO YpPaBHEHUE, HAIEM
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C,=y+X.
Takum oOpa3om, oOIHiT HHTErPa HCXOIHOTO YPABHEHHS MOXKHO IIPEICTABUTh B BUJIC
D(C,C)=D I!X+ y:,
a oO1iee penreHue OyieT BBITISIIETh Kak
u=f€+y.
AHaJIOTUYHBIM 00pa30M PEIIaeTCsl ypaBHCHHE
u,+u, =0
M €r0 PCLICHUE HMECT BHJL
u=f€-y A

Ilpumep 17. Haiitu oOummii wuHTErpanm M oOllee  peuleHHEe  YpaBHEHHUS

ou ou
yu— + XU— = —2Xy.
ox oy

A 3anuieM aJis HEro CUCTEMY

dx yu
dt "
d
Y_ Xu,
dt
du
dt
Jlanee 3anuiieM CUMMETPUYHYIO (GOpPMY 3TOM CUCTEMBI
dx dy du
yu Xxu —2xy’
[IepBbIit HHTErpa OYEBUIEH
dx d
1)—=—y = xdx=ydy =C, =y - x°.
yu Xxu
Bropoii uaTerpan Haitnem u3 cieayromnieil KoMOuHaIUu
dx du
2) —= = 2xdx=-udu
yu —2xy

UHTETPUPYS 3TO YpaBHEHHE, HalIeM
2
C,=L 1%
2 2 .
Takum O6p3.30M, O6U.[Hﬁ HHTCrpal HCXOAHOT'O YPAaBHCHUA MOXKHO IMPEACTABUTH B BUIC

2
CD(C]_,CZ):®|:U?+X2, XZ _y2:|1

a ob1ee penieHre OyAeT BBIMIAIETh Kak
_ 2 2 Y 2
u==2f€+y 3% A

Ilpumep 18. HeoOX0oaMMO HaWTH HHTETPATbHYIO IOBEPXHOCTD, 3aJaHHYIO YPaBHEHHUEM

Xz, —yz, =0
MPOXOJSIIYIO Yepe3 KPUBYIO, 3aJJaHHYIO0 YPaBHEHUSIMHU

. 2
X=0; z=y

A 3anuiieM ypaBHEHUE XapaKTEPUCTUK

18



dx dy dz
-y x 0
[TepBbIil HHTErpasl OYEBUICH
1)dz=0 = C,=1z.
Bropoii uaTerpain HaitzeM u3 ciaenyromneid KOMOUHAIIH
dx d d X
2) XD O X xdxe ydy=0
-y X dx -y
UHTETPUPYS 3TO YpaBHEHHE, HalZieM
_v2 2
C,=X"+Yy°.
CocraBum cucremy (25)
C =z,
2 2
< C,=x"+YVY",
X =0,

2

7=y
Crnenosarenso, T.K. C,=2, a C,=x"+y’, TO ypaBHEHHE HCKOMO} MOBEPXHOCTH
HPOXOISIIEH Yepe3 3aMaHHyI0 JTHHUIO HMEET BHUT

2 2

L=X +Y a
Ilpumep 19. OnpenenuTs K KAKOMY TUITY IPUHAIIICKHUT YpaBHEHUE
u —a‘u,. =0

vy xx — Y-

=x*+y*=0+z=0+C,=C, = C, =C,

A CpaBHUM 3TO ypaBHEHHE C OOIIMM BHJIOM ypaBHEHHUS B YACTHBIX MPOU3BOAHBIX BTOPOIO
HopsiAKa

Au,, +2Bu,, +Cu,, +Eu, + Du, + Ku=0,
U onpenenuM 3HaueHust koapdunuentos A, B u C
A=-a’;B=0,C=1,
BBIYUCIIUB BhIpOKEHHUE
B>~ AC=0?—(-d®)x1=d*> 0,
y0eauMcsi B TOM, YTO MCXOJHOE ypaBHEHHE NPUHAATEKAT K YpPaBHEHHUSIM THUIEpOOINYECKOro
TUna. A
IIpumep 20.. TIpuBecTn K KAHOHUYECKOMY BUY YPaBHEHHE:

x2uxx —yzuyy =0. (1120.1)
A 3arnumiem oOmuid BUA ypaBHEHHs BTOPOTO MOPsiIKa
auxx+2buxy+cuyy +F(x,y,u,ux,uy):O (1120.2)

U CcpaBHUM KO3()(UIIMEHTHI NMpU NPOU3BOAHBIX B ypaBHeHMM ([720.2) M B MCXOJIHOM
(1120.1):

a=x2; b=0; c:—yz.

OHpe,Z[CJ'II/IM, K KaKOMY TUITY IPUHAAJICIKUT UCXOJHOC YPABHCHUC!
D=b*—ac= O—x2(—y2) = Qyé >0,

clieI0BaTeIbHO, UCXOIHOE ypaBHeHue (/713.1.1) mpuHa e KUT K YpaBHCHUSIM
runepO0IMYECcKOro TUIIA.

OcymiecTBUM Tepexon K KaHOHMYECKOW (opMe C TMOMOUIbI0 OOIIMX HMHTETrpajioB
ypaBHEHHSI XapaKTEpUCTHK. B HarieM cityyae 3To ypaBHEHHE UMEET BUJIL:
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x? ﬂyé -y Q'XE =0, wi €dy+ ydx &dy— ydx =0,

= xdy+ydx=0, @=—@, =xy=Cy;
Y x

= xdy— ydx=0, Q:@’ :>X=C2.
y X x

CnenosarenbHo, C; u C, OIPENESIIOT YPaBHEHUSI CEMEHCTB XapaKTEpUCTHUK. lorma
2
npeoOpa3oBaHUE HE3aBUCUMBIX NTEPEMEHHBIX OyZeT UMETh BUJT

§:C1:xy9
X

Hannem u xx AU yy B HOBBIX IEPEMCHHBIX
= _ y _ _ 1
Uy = Uy Uyl _ufy_;”ﬂ’ Uy =ugsy +uplly = xug iy,

2 2
U xx :“gffx +2“§77§x77x TUppllx TUENEE FUpTlxx =

2 2
2 y Yy Yy
Uy, =U §2+2u ¢ +u 2+u§ +u = x2uze +2u +Lu -
w THUEESy EnSylly TUpnplly TULS yy TUpTTyy =X UsE én L2

Takum 06pazom, ncxoaHoe ypaBHenue (/720.1) B HOBBIX IIEPEMEHHBIX HMEET BHI:
2 2
2| 2 y y y 2( 2 1 _
X {y Ugs —2x—2u§,7 +x—4u,7,7 +2x3u,7]—y (x ugs +2u§,7 +x—2u,7,7 =0,

U 1oclie MpeoOpa3oBaHi, TOTYyYUM

y 2, _ 1 _
Z;U,7 —4y“u,, =0 wm Z—qu,] —u,, =0,
C Y4€TOM TOI'O, YTO Xy == é: KaHOHHNYECCKas (bOpMa HCXOJHOT'O YpaBHCHUA UMCCT BU!
u. = ! u
&n T 2_5 £.A

Ilpumep 21. HaliTu pelieHre ypaBHEHUS
Uy =Uxx
yIIOBJIETBOPSIOIIEe HaYaIbHBIM YCIOBUSAM

2
U—g=x", ut‘t:O: 4x.

A Jlns nHaxoxaeHWs pemieHus ucxonHoW 3amaun Komm wucmonszyem  dopmyy

HanamOGepa
1 1 xtat
u(x,0) == p(x—at)+ p(x+at) + —  [y(©)dO,
2 2 x—at
. ~N 2
B xotopoit p€ F=x“, w(x)=4x,a a=1.
CrnenmoBarensHO,
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X+t N
u(x,t):;[x at) +(x+at) }— [40d6 = — (2—2xt+t2+x2+2xt+t2j
x —t
+14®—2 P —( 2422 1 €+t 5+ €—1t3=x?+1% +4xz
2 2 j

OKOHYATENBHO PENIEHUE UCXOIHON 3a1a4i MMEET BH/I
u(x,t) = x? +12 +4xt. A

Ilpumep 22. Haiitu penieHnue ypaBHEHUS
Uy =4u,, +xt,
YJIOBJIETBOPSIOIIEE HAYAIBHBIM YCIOBUSAM

2
Ur=0=2x > ut\,:():x.

A Jlns HaxoxaeHUs pemieHus ucxonHod 3amaun  Komwm wucnonbzyem
Janambepa

1 | x+at t x+a(t-r)
u(e,t) =~ br—an+p(x+an 3 — Jy(&dé+—[  [f(&)dédr
2 2a x—at a0 x—a(t-1)
BKOTOpOI/I§0€ > x? w(x)=x, a=2,a f&t = Xt.
CJ‘Ie,I[OBaTeJ'IBHO,
| x+2t 1t x+2€-7

uu¢y=;k~an2+u+ag2} J ag | jgﬂ&h—

0x2(—

~ 2
=;(2—8xt+4t2+x2+8xt+4t2j+i§ x+2t lf f x+2€- T«ir_

2 x—2t xX— 2‘—
3 3
=x2+4t2+xt+2x t——t—
2 3

OxoHYaTeILHOE pCHICHUC HCXOIHOM 3aJjaull UMEET BU

1
u(x,t) = x? + 442 +xt+§xt3. A

Ipumep 23. HaifTu pemeHne ypaBHEHHS

Uy = AU , eci u\tzozx4+y : ut‘t:O:X"'Zz

A3recs X=(X,Y,2), Ug =x4+y, u1=x+22.

Tak xak 8.2 =1y f ()_(,t) = 0, TO 1O hopMyIte

o o O (Rt
U2 (X) =a2Au, (X) +#|t:0 ,n=012,..
HOIy4aeM Un+2()_() ZAUn()_() ,n=012,...

Ortcrona, mpu N = 0, noxy4um

_ &%y, N o%u, . o%u,

, = AU,
ox>  oy* oz’

=12x*+0+0=12x%,

npu N = 1, nony4um

bopmymy
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2 2 2
au1+au1 o0°u,

U; =Au, = X oy + pe =0+0+2=2,
Ipu N = 2, NOJIy4uM
o’u, 9o°u, o
U, = AU, = —5+—F2+—2 =24,
OX oy 0z
pu N = 3, Noay4uM
= Au, =0,
npu N = 4, ToIxyIuM
=Au, =0,...

10 ects, see octanshbie Uo =0(K>3) 1 Uy, =0(k >2).

IloxncrasisieM HaliIeHHBIE Un B pelICHUE
2 3 4 5

ootn
+—Uy+—Uy+—U, +—Ug+...= > —U (X)

u(x,t) =u, +tu; T 3 2 o v
H . H H n=0

nonyqaeM

2, .t
u(x,vy,zt X+ y+t(X+22) +—-12X% +— .2+ -—.24.
(X,y,z2,t)= y+t(x+2%) 5 i 4

OKoOHYATEIHLHO PEHICHUC 3aJa4 UMECT BUJ]

u(x,y,zt) = x*+ y+t(x+ 22) +6X°t? +%t3 +t4 A

Ilpumep 24. Haiitu penieHue ypaBHEHUS

—2Au=2xyt? ,ecin Uli_g=xy+2?% , Uio=Y>

A 3ech )_(Z(X, Y, Z), Ug :Xy+22, U = y3. Tak xak a2 =2u f()_(,t)szytZ,

,n=012,...

n —
T0 o popmyre Up, o (X) = aZAun (X) + L(;(’t)‘tZO

n
HoIydaeM Un+2()_() = 2Aun ()_() +§—n(2xyt2)|t:0 ,n=012,...
t

Hatinem U, mo sToit popmymne
n=0
U, = 2AU, +2xyt%| ;= 2(0+0+2)+0 =4,
n=1

u3:2Au1+%(2xyt2)\t:0:2~6y+4xyt\t:0:12y+0:12y,
n=2
PL ,
u, =2Au, +¥(2th )‘1:0 = 2'0+4XY‘1=0 =4xy,
n=3
83 2
Uy :2Au3+¥(2xyt )| o =2A(12y)+0=2-0=0,
n=4
u, = 2Au, + (2xyt )| = 2A(4xy) +0=2.0=0.
U rak nanee, Bce ocrambree Ugp = 0 (k=3) u Uy, =0(k=>2).

HOHCTaBJ’IﬂCM TMOJIYUYCHHBIC Un B pClICHUC
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2 3 4 5 w0 4N

+—Uy+— Uy +—Uy +—Ug +....= > —U,(X).

u(X,t) = u, +tu, T 3 2 o Y
H . H H n=0 H

MoJIy4aeM
u(x,y,z,t)=xy+z°+ty°+—-4+—-12y + —-4xy =
(X,y,2,t) =xy Yo A2y oAy

Xy + 22 +ty3 +2t° +2yt3 +%xyt4.

Taxum 06pa3oMm, peleHreM HCXOIHOTO YPaBHEHUS SIBISIETCS (DyHKIMS

u(x,y,z,t)=xy+ 72 +ty3 +2t2 +2y'[3 +%xyt4. A

IIpumep 25. CtpyHa, 3aKperyicHHas Ha KoHIaXx X=0 u X=|, umMeeT B HayaNbHBI MOMEHT

~ 4h
dopmy mapadons u = x € — X_o—
“ 1

. OmpenenuTh CMEIEHHE TOYEK CTPYHBI OT ocH alciuce,
€CJIM HaYaJIbHbl€ CKOPOCTU OTCYTCTBYIOT.

A 3amnuiieM BOJTHOBOE ypaBHEHUE

U, = U, O<x<l, t>0; (I125.1)
Ha4YaJIbHBIC YCIIOBUS
~4h
Ulizo = @(X) = x €~ X1 UgJio =7(X) =0 (1125.2)
W T'paHUYHBIC YCIIOBUA
u‘x:() = 0, u‘x:l = 0, (H253)

B COOTBETCTBUU C YCIOBUSIMHM 33JaUH.
Pemenue ncxomanou 3anauu gaercst GopMymnoun

Nz
u(x,t) = Z(a cosa—t+b sin athsme (I125.4)
B KOTOPOU Koaq)(bHuMeHTH psima—an u by, onpenem{}oTcs{ o ¢popmynam

=—j(p(x)3|n—xdx— jx(l x) smnTﬂxdx (1125.5)

b, =—— jy/(x)sin—”xdx= A(X)=0 20
nza ; I
Beruucium unterpan (/725.5)
|
—?—? jk—nginnTﬂxdx =
0

= u{ Ix — x?,=> du, = (I -2x)dx; dv, =sin kl Xdx,=>v, = kl coskTﬂx}_
T
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6( G —cosn”

= t§ =1-2x,=du, = -2dx; dv, :cosnl—”xdx,:w2 :klsinnlﬂx 3
VA
8h ~. Nm | !
:nz—”zl(—ZXQmI— ‘ P ZI _[sm—xdx_
16h nrz 16h 16h ™
= n37r3COSTXg=_n37z'3( _1 = I €1 ]

[Toacransst HaiiJIcHHBIE 3HAYCHHS Koaq)(bHuHeHTOB a, u by, B dopmyny ([125.4),
MOJTyYUM

16h

u(x,t) =
(x1) nzzl:nsﬂg

Ipu uetnom N=2K seipaxerne {1— €1 "} =0, cnenosarenso, u pemenne u(x,t) =0,

l— (—12EosanTﬁt-sinnTﬂx,

a npu HedetHoM N=2k+1 Brepaxenme {1— (—13}22, MO3TOMY OKOHYATEIIbHOE PELICHUES

HCXOJIHOM 3aJa4i UMEET BUJT

u(x t)—32h Z ! cosaekl1 t-s eler Zy, k=0123......a

n=2k+1

Ilpumep 26. HaiiTu peieHue ypaBHEHUS
U, =4U,, +t, Uf,_o=2X°
=2x° =2 f(X,1) =t
A 3necy Uy =2X°  Takkak @~ =2 u (X,t) =1, oo bopmyie

- oM f(xt
un+1(x)=a2Aun(x)+#\t:0 ,n=012,..

nonyuaem Upn1(X) =2AuU,(X) ,n=012,...
OTcrona HaXxoIuM

2
u, = 2Au, =2 o Y | 0 u2°+a Y =2(6x+0+0)+t| =4(3xy+y*+2%),
ox® 8y oz°
U, = 2Au, = 2(0+8+8) = 32,
U, = 2Au, =0,...

To ectb, Bee octanbhbie U1 =0 (K > 2).
IToncrapnsem nomy4ennsie U, B pelIeHHe
w N 2 3 4 5
- t t t t
u(x,t) = Z—un(x) Up + 1ty +—-Up + - Ug+—Ug + U5 +...
ol TR T TR
3 2.2 2 oyt
nomygaem U(X,Y,Z,t) =Xy +y“z°+t-4(3xy+y“ +z )+E-32
WA OKOHYATCJIbHO PCHICHNUC UMCCT BU

u(x,y,zt) = x3y+ yzz2 + 4(3xy + y2 + 22)t+16t2. A

Ilpumep 27. Haiitu penienrue ypaBHEHUS
U =2AU ,ecim Ui_g = Xy + y?z*
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A 31ecs X = (X, Y, Z), Up = X3y+ y222. Tak Kak a2 =2u f()_(,t) =0, 1o mo dopmyie

O (%.1)
— a0

U 1(X) =a%Au, (X) + n=012,.

T0JTy9aeM Un+1()_() = ZAUn (X) ,n=012,...

OTcroga HaXO UM

d%uy 0%y o%u
U =2AUg = 2| ==0 + 220 1 & 20 | = 2(6xy + 222 + 2y2) = 4(3xy + Y2 + 7°),
o [6x2 2 j
Uy = 2AU, = 2(0+8 +8) = 32,
U3=2AU2 =0,...

To ectb, Bee octanbhbie Uy, 1 =0(k > 2).

IloncraBnsiem IMMOJIYUCHHBIC un B PCHICHHEC B PCUICHUC

UX, )= S — U (X)=Ug +tly +—Up +—Us +—Uy +—Uzs +... ,
( )Eo”!n() 0+ Uy + 2y + Uzt Uy + s
HoJIy4aem

2
U(X,y,2,t) = X3y + y22% +t-4(3xy + y* + zz)+t§'32

HJIM OKOHYATCJIbHO PCHICHUC UMECT BUJL

u(x,y,zt)= x3y+ yzz2 +4(3xy + y2 + 22)t+16t2. A

Ilpumep 28. Haiitu pemenue ypaBHenus Jlannaca 1 BHyTpeHHENW 4acTH Kpyra paauyca
R, yaoBieTBOpAIOLIEE KPAEBOMY YCIOBHUIO

Au =0,

ul,_,=sin’¢- (1128.1)

A B sTom npuMepe 3aJlaHa 3a1ava I[I/IpI/IXJIe, TAc mnpaBad 4aCTb I'PaAHUYHOTO YCJIOBUA

(128.1) f(p)= sin? @ . Pemenne mmercs B kpyre (I < R), 3maumt, BRIMMCHIBaTH penrenue
Oynem mo dopmyre

u€ o = C—2°+Z €. cosng +d_sin ngpﬁ%j ,
n=1 .

Haiinem B 310t popmyne kodpduuuents Ay, A 1 B,

JUj1g 3TOro MOJACTaBUM CaMO PEILIEHUE B JIEBYIO YacTh IPaHUYHOrO ycioBus (/128.1) npu
r=R, a npasyio uacts, T. . pynkmuio f (@) pasnoxum B pag ®ypere mo cumycam u
KOCHHYCaM

= . . 1 1
U, =A+> (AR"cosnp+B R"sinng) = f @ =sin’¢p = E—ECOSZ(D (1128.2)
n=1
Teneps cpaBHUM KOX(PQHUIMEHTH TPH CHHYCaX W KOCHHYCaX C OJUHAKOBBIMH

apryMeHTaMd M TpH CBOOOAHOM YJIeHE B JIEBOM M IPaBOM YaCTSIX MOJYy4YEHHOTO PaBEHCTBA
(7128.2)
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1
AO_E’
1
2R?

B, =0 (npu VN), 1.k cnpasa Het cnaraemsix ¢ SiN N,

n:Z,:AzRZ:—%,: A =—

a raxoke Bce ocransubie A, =0 (kpome 'Ab’ Az ). IloncraBuM HeHysEBBIE Ao u A, B pemrenne

(18.28) u monmyunm oTBeT, T. €. HaineM dynkmuio U(r, @)

2
u(r,p) = ; + a2r2 COS2¢ = ; + (—2;2}2 COS2¢ = ; —;(;) cos2p. A

IIpumep 29. Haiitu pemenne ypaBHenus Jlammaca BHyTpu Kpyra pagmyca R (r <R),
YAOBJIETBOPSIONIEE HA IPpaHuULIEe YCI0BUIO Helimana

Au =0,

ou

P |,-x= 20 + 3sin 3p. (1129.1)
;

A B >tom NpUMEpC 3aaaHa 3ajlada HeﬁMaHa, rac npaBasd 4aCTb I'PAHUYHOI'O YCJIOBHS

(1129.1) f(@)=2cosp +3sin3p (yxe paznoxkena B psan Dypbe), KOTOPYHO MOXKHO
IPEICTABUTH B BUJIE IBYX (QYHKIIUIA

f(p) =2cosp+3sin3p = 4 (¢) = 2cosy; f,(p) =3sin3¢p 3 f,(0)+ f,(p)
W JUIS KOKJIOM M3 HUX HaiineM pemeHue. [Ipexae yem pemars MoCTaBICHHYO 3a1ady IPOBEPUM
27
BBITIOJTHEHHUE YCIIOBUS f f (OE(p =0
0
MOJIy4aeM
27 27 3
jf ©dp= chow +3sin 3¢ dp = 2sin g 3”—§cos3go
0 0

TaK KakK YCJIOBHUE BBIIIOJIHEHO, TO Ul PELICHU ITOCTABJICHHOMN 3aa4i BBIYUCIMM IIPOU3BOIHYIO
OT pELICHUS

u€o =A+> € cosng+B,sinng L',
n=1

2-0-1+1=0,

oul < g i ~
Moy §=an @, cosnp +B, sinng
n=1

U 3aIUIIeM IpaHUYHbIC YCTIOBHS CHavaa i QyHKIUN fl((ﬁ) =2 COSo
a_u
or

Teneps cpaBHUM KOX(PQHUIMEHTH TPH CHHYCaX W KOCHHYCaX C OJUHAKOBBIMH
apryMeHTaMH B JIEBOM U MPABOM 4aCTAX MOJYyYCHHOTO paBeHcTBa (/129.2):

Dn=1
Acosp=2cosp = A =2,

|- =D_NR"" @, cosng + B sinng = f,(p)=2cosp  (17129.2)
n=1
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a see ocrampisie A, =0 n B, =0. Cnenosarensro, pemenne, coorsercrayromee pyHxumm
fl ((0) =2 COS@ , umeer Bun
u € o =2rcos
1490 = Q.

3areM 3anuileM rpaHUYHbIe YCIOBUS CHayvaja sl GyHKIHH f2 ((0) = 3sin 3p

ou < _ . .
ELZR =>'nR"" @, cosng + B sinng = f,(p)=3sin3p  (1129.3)
n=1
Terepp cpaBHUM KOX(PQPHUIMEHTHI TMPH CHHYCaX W KOCHHYCaX C OJIMHAKOBBIMH
apryMeHTaMH B JICBOW U MPABOW YaCTAX MOJYyYCHHOTO paBeHcTBa (/129.3):
2)n=3,

A =0;
3
B,3R*'=d ,=B,=—,
3 n 3 3R2

a Bce ocranbhele B, =0.

Crie10BaTeNnbHO, PEIIEHUE, COOTBETCTBYIONMIEE ()yHKIINH f,(®) =3siN 3¢ umeer sun

r* .
u, €p = ?sm&p .

Taxum 00pa3oM, pereHne NCXOAHOM 3a1aun OyIeT onpeaensiThes Gopmyoi

u(r,@) =u,(r,@) +u,(r,p) =2rcose + I;—:jsin 3p. a

5.3. Temwl 015 ycmnozo onpoca

1. 3aBucumocth pemieHus 3amauu Komm OT mapamMeTpoB M HavadbHBIX YCIOBHIL.
VYcenosue JIunmmna.

2. YpaBHEeHUs NEPBOIO NOPsJIKA, Hepa3pelIeHHble OTHOCUTEIBHO MPOU3BOAHOM

3. VYpasuenue YeOrImiena.

4. JluHeliHbIe U KBa3WIMHEWHbIE YPaBHEHUS B YACTHBIX MMPOU3BOJIHBIX.

5. VYpaBHeHUS THAPOIMHAMUKA U 3BYKOBBIX BOJIH.

6. VYpaBHeHHe XapaKTEpUCTUK M €ro HCIOJIb30BaHHE JJsl MPUBEICHUS YPaBHEHUS K
KaHOHUYECKOMY BUJTY.

7. CoOcTBeHHBIE 3HAUEHHS U COOCTBEHHBIE (PYHKIIMH.

8. Pemrenue 3amaun Komm metoom Ilyaccona.

9. Pa3neneHue nepeMeHHbIX B ypaBHEHUH [ enbMrosnbLa.

5.4. Bompocksl k 3a4ery
VYpaBHEHHs IEPBOTO MOPAAKA, PA3PEIICHHBIE OTHOCUTEIBHO TPOU3BOAHOM.
YpaBHEHUs C pa3IeICHHBIMU [IEPEMEHHBIMU U IIPUBOIALIUECS K HUM.
JIuHeliHbIe ypaBHEHHUs IEPBOTO MOPSAKA U YPABHEHUS, IPUBOIAIINAECS K HUM.
YpaBHEHUs IEPBOTO MOPAAKA, HEPA3PEIICHHBIE OTHOCUTEIBHO IIPOU3BOAHOM.
JluneiiHble ypaBHEHHsI BBICHIMX MOPSAIKOB C IOCTOSHHBIMH K03 pHiIeHTaMu.
OnHOpOHBIE TMHEWHBIE YPABHEHHUS.
HeonHopoaHbIe TMHENHBIE YPABHEHUS U METO/BI X PEIICHUN.
JluHeliHble ypaBHEHHs BBICIIMX TOPSJIKOB C TEPEMEHHBIMU Ko3(h(duIueHTaMu.
YpaBHeHus Dusepa.

9. JluneliHble M KBa3WJIMHEHHbIC YPAaBHEHUS B YACTHBIX ITPOU3BOIHBIX.

10. Metoa XapaKTEpUCTHK.

11. VYpaBHeHMss B 4YacTHBIX NPOU3BOJHBIX IIEPBOIO TOPSAKA U METOABl HUX
MHTETPUPOBAHUS.

NGO~ wWNE

27



12.
13.
14.
15.
16.
17.

Pemenue 3apaun Komm.

YpaBHeHHE KoJIeOaHUH.

YpaBHEHHE TETIONPOBOAHOCTU U TUDDY3HH.

YpaBHeHUs TUAPOJAUHAMUKH U 3BYKOBBIX BOJIH.

Onpenenenne TuNa ypaBHEHMsI B YACTHBIX IPOU3BOIHBIX 2-T'0 MOPSIIKA.

MeTtoa XapaKTepUCTUK ISl PUBECHUS YPaBHEHHS B YAaCTHBIX MPOU3BOAHBIX 2-TO

MnopsiJ;ika K KaHOHU4CCKOMY BUOY.

18.
19.
20.
21.
22.
23.

3amaua Ko 11 ypaBHEeHHH KoJleOaHUH.

®opmyna Jlanambepa st CBOOOAHBIX M BHIHYKJICHHBIX KOJIEOaHUH.

MerToab! perieHus KpaeBbIX 3a/1ad.

3anayva ltypma-JInyBusis.

CoOcTBeHHBIE 3HaUEHUS U COOCTBEHHBIC (PYHKITUH.

Meton pazneneHust nepeMeHHbIX (Meron Dypbe) Npu pelieHuH TPaHUYHBIX 3a/1a4

ypaBHCHI/Iﬁ FHHCp6OHI/I‘ICCKOFO THIIA.

24,
25.
26.
217.

duznueckue 3ala4yu, IPpUBOAAIINEC K YPABHCHUAM Hapa6OJII/I‘-IeCKOFO THIIA.
ITocranoBka 3agaun Komm 11 ypaBHEHHS TEIIONPOBOIHOCTH.

Meropn Teinopa mis pemenns 3aaaun Komm.

Merton pasnenenus nepeMeHHbIX (Meron Dypbe) A peleHuss TpaHUYHbIX 33734

ypaBHEHUN TUNEPOOTHMYECKOTO THIIA.

28.
29.
30.
31.
32.
33.
34.

VYpasuenus Jlannaca u Ilyaccona.

@dyHnaMeHTaIbHOE pellieHue ypaBHeHMs Jlannaca Ha IJIOCKOCTH U B IPOCTPAHCTBE.
IlocTraHOBKa OCHOBHBIX KpaeBbIX 3aJa4: 3a1a4a JJupuxie.

ITocTaHOBKAa OCHOBHBIX KpaeBbIX 3a1a4: 3a1a4ya Helimana.

Pemenue ypasuenus Jlarmiaca nis kpyra.

Cdepuueckue QyHKINH.

Pa3nenenue nepeMeHHbIX B ypaBHeHNH [ enpMrosbia.
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TEXHOJIOT'HYECKAS KAPTA JTUCHHUIIJIMHBI
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(xon, HaTpaBIIeHUE, TIPOQILIH)

TEXHOJIOI'MYECKASA KAPTA

Mudp aucuumnmnaet mo PYII | b1.0.27

Hucnunnuna | «YpaBHeHUS] MATEeMATHYECKON (PUIHKN»

Kypc |2 |cemectp |3

Kadenpa | TOPHOTO0 J1eJ1a, HAYK 0 3eMJie 1 MPUPOA000yCTPOiicTBa

®.1.0. npenogasaresns, 3Banue, | Tepemenko Cepreii BacuibeBuu, 1-p TeXH.HayK, I0LEHT, 3aB.

JIOJKHOCTh Kadeapoii ropHoOro gea, HAyK 0 3emJye M NPUPOAOOOYCTPOIicTBA
DOII. TPYAOEMKOCTbyyc/3ET | 7212 | Kon-Bo cemecTpoB | 1 | ®dopma KOHTPOIIS | 3ayer
HK06m./TeK. ceM. |16/16 HP/CMO6HL/T6KA ceM. |32/32 |-HB06LuA/TeKA CeM. |'/' | CPC 0011 /TeK. CeM. | 24/24

KoMnerenuuu oﬁyqalomeroca, (1)0 MHUPYEMBIC B PE3YJAbTATEC U3YUCHUSA NUCHUIIJIMHBI:

OIIK-1.1. Ompenensier BO3MOXXHOCTh TeO0(U3NYECKUX METOJOB MpPHU
OIIK-1. CnocobeH NpUMEHSTh 3HAHUS | PELIEHHMH KOHKPETHBIX Ie0JIOTHUECKHX 3a1ad.

¢ynnamenTanbHbIx  pazgenoB  Hayk o | OIIK-1.2. Omnpexpenser He0OXOIMMOCTh W TOCTaHOBKY CTaHAApTHBIX
3emsie, 0a30Bble 3HAaHHMA ECTECTBEHHO- | NMPO(ECCHOHANBHBIX 3a]a4, IPUMEHIS 3HAHUS (QYHIAMEHTAIBHBIX Pa3AeioB
Hay9HOTO M MaTEMaTH4eCKOro NHUKJIOB | HayK O 3emie, 6a30Bble 3HAHHS €CTECTBEHHO-HAYYHOTO M MAaTEMaTHIECKOTO

npu pemeHnn CTaHJAPTHHIX | IUKIJIOB.
npogecCHOHaTbHBIX 33124 OIIK-1.3. HHTepupeTtupyeT pe3yabTaThl HCCICAOBAHUH TIPU pEIICHUU
CTaHIAPTHHIX IPO(ECCHOHANBHBIX 3a/1a4.
Kopn MaxkcuMaJjibHoOe
. KoanuecTBo
dopmupyemoii | Coaepikanue 3aganus - KOJIHYECTBO Cpok npegocraBjieHust
KOMIIETEHIHH porp 0aJLII0B

Beoowuwtii onok

He npenycmotpen | | |

Ocnoenoul 010K

OIIK-1 YcTHsI onpoc. 5 15 B Teuenne cemectpa
OIlK-1 Pemenne 3agau 8 24 B Teuenne cemectpa
OIIK-1 Kontpomnsnas pabora 7 21 B reuenue cemectpa
Bcero: 60
Bompoc 1 20 B cpoxku ceccun
OfK-1 Saser Bor[goc 2 20 B CgOKI/I ceccuu
Bcero: 40
Hroro: 100
Jononnumenshutii 610K
OIIK-1 [ToaroroBka OOpHOro KOHCIEKTA 10 10 COTJIaCOBAHUIO C
OIIK-1 IToaroTtoBka rioccapust 5 MpernoiaBaTesieM
Bcero 15

[lIkana oleHUBaHMS B paMKax OaiIbHO-pedTHHroBoil cuctembl MAI'Y: «He 3ader» - 60 OamioB n MeHee, «3aueT» - Oonee 61
6anna.
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