Hpuioxenne 2 k PIIJ] «YpaBHeHusi MaTeMaTH4ecKoi GU3MKH»

05.03.01 I'eosrorus
HanpasJsennocts (npopuis) — I'eopusuka
®opma 00yUeHUs — OUHAS

I'ox na6opa — 2019

OLIEHOYHBIE CPEJCTBA JJIS1 IPOBEJAEHMS TPOMEKYTOYHOM
ATTECTALIMM OBYYAIOLIUXCS MO JUCHUIIIAHE (MOJIY.JIIO)

1. O01mme cBeaeHns
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5. | ®opma oOydeHUs OYHas

6. | 'ox Habopa 2019

2. Ilepevyenb KoMneTeHUM M

- CITOCOOHOCTB MCIIOIL30BAaTh B HpO(bGCCHOHaHLHOﬁ JACATCIIbHOCTH 0a30BbI€ 3HAHUS MAaTEMATHKH

u ectecTBeHHBIX Hayk (OITK-3).




3. KpuTepuu u nokasarejim OlleHUBAHMS KOMIIETEHIMI HA Pa3JIMYHBIX ITAanax ux GopMuUpoBaHus

Kputepuu u nokasaTesn olleHUBaHUS KOMIIETEHIIUI

DopMBbI KOHTPOJISL

Oran GopMUPOBAHUS KOMIIETCHIINT dopmupyemas
c(hOpMHUPOBAHHOCTH
(pa3zernsl, TeMBI JUCIUTUTAHEI ) KOMITETEHIIUS 3HaTh: YMerb: Bnanets: N
KOMITETCHINH
BUJI YpaBHEHHH IIEPBOTO MOPSIKa,
pa3pelIeHHbIe OTHOCUTEIBHO .
N METOJaMU peIIeHui
MIPOU3BOJTHOM; ypaBHEHHS c .
YpaBHEHUH IEpBOroO
pa3fielieHHbBIMU MNEpeMEHHBIMM U | ONpelesaTh TUI
1. O6bi1kHOBeHHBIE AU depeHIuATBHBIC OpUBOJSLIMECS K HUM; JIMHEUHBIC | ypPaBHECHHUS IIEPBOTO fopAIKa Pewenne sanas.
) OIIK-3 ’ Y pa3pelieHHbIX U KontponbHas paborta
ypaBHeHHs 1-ro nopsigka. YpaBHEHMsI IIE€pPBOTO IHOpsAKAa U | TOpPSJIKA; pemaTh .
aQBHEHMs, NMpHUBOIsIIMEecs K HuUM | 3amady Komm HEPaspCIICHILIN Nel
ypaBHeHI/Iﬂ’ pne BOTO  TIOpsAKa g . OTHOCHTEIBHO
P P P ’ MIPOU3BOJHOM
Hepas3peleHHbIE OTHOCHTEIIFHO
MIPOU3BOJHOM
JVHEHHBIE  YpaBHEHUS  BBICIINX METOJIaMH peIICHUI
MOPSIKOB c MIOCTOSTHHBIMHU JMHEHHBIX
K03(h(UIMEHTaMH; OIHOPOIHBIE H OJTHOPOJHBIX U N
b > OAHOPOHE! ONpeAesATh un | O7HOPOA YerHblit onpoc.
HEOJTHOPOHBIE JUHEHHbIE HEOJTHOPOAHBIX
2. O6bIkHOBeHHbIE TU(depeHnnaTbHbIE .. | ypaBHEeHus Nn-ro o Pewenue 3anau.
OIIK-3 YPaBHEHHsI U METOJbl UX PELICHMUI; YpaBHEHUH N-ro
YPaBHeHHs N-To NOpsIAKA. . HOPSIZIKA; pemaTh KonrponbHas padora
JUHEHHBIE  ypaBHEHMSA  BBICIIMX nopsiika ¢
3anaugy Komm. Ne2.
MOPSIAKOB c MIepEeMEHHBIMH MOCTOSIHHBIMU U
kodhdunmeHTamu; YpaBHEHHUS NepeMEeHHbIMU
Diinepa KodpPunneHTaMu
JIMHEHbIE u KBa3WJIMHEHHbIE
ypaBHEHHS B YaCTHBIX
MPON3BOJHBIX; METONL | o eststTh THII METOJIaMH peIeHn YcrtHbI# onpoc.
3. YpaBHeHHS] B YAaCTHBIX MPOHM3BOIHBIX OIK-3 XapakTEepUCTUK Ul pELICHUs EBHeHm_ J— ypaBHEHUs B 4acTHBIX | Pemenne 3amgau.
1-ro nopsaka. YpaBHEHUH B YaCTHBIX ZE au Kofuﬁ IIPOU3BOJHBIX Kontponsuas pabora
MIPOM3BOJHBIX MEPBOTO MOpsiAKa M y MIEPBOTO MOPAIKA Ne3
METOABl MX HHTerpupoBaHus. Kax
CTaBUTCS M pemaercs 3anada Komm
ypaBHEHHE KoJeOaHMIf; ypaBHEHHE
4. OcHoOBHBIE YPaBHEHHA OIK-3 TEIUTOTIPOBOAHOCTH ¥ Au(y3uu; | ompenensiTs THI aJIroOpUTMaMu YerHbli onpoc.

MaTeMaTH4ecKoil pu3uKu.

YpaBHCHUA TUAPOJANHAMUKA n
3BYKOBBIX BOJIH.

ypaBHEHUS

pelIeHus] ypaBHEHUI

Pemenue 3amau.




5. IIpuBenenue YpPaBHeHMil

K

omnpefielieHue THUIIA YpPaBHEHUS B
YaCTHBIX IIPOU3BOTHBIX 2-ro
MOPSIIKA; METOJ XapaKTEPUCTHK I

OTIpeNeNATh THII
YpaBHEHHS; TPUBOAUTH

MCTOAOM
XapaKTCpUCTUK IAJIA
MPpUBCACHUSA

YerHsli onpoc.
Pemenue 3amau.

OIIK-3 YpaBHEHHS B YaCTHBIX
KAHOHHYeCKOMY BUAY. NPHUBEICHNS ypaBHEHUS B YaCTHBIX | ypaBHEHHE K HIPOH3BOHLIX 2-T0 KontponsHas padora
NPOM3BOMHBIX 2-TO MOpSAKAa K | KAHOHWYECKOMY BHIY ng P Ne4
KaHOHMYECKOMY BHIY p
KaHOHMYECKOMY BHIY
3amauy Komm s aBHEHHH
Aaty A yp MeronoM Dypee
TUIepOO0IMIeCKOTO THMA; (HOPMYITY
HCTIONB30BaTh (hopMyity | (pasmaeneHust Pemenne 3agau.
Jamambepa s CBOOODHBIX U
6. YpaBHeHHSI THIIEPOOTHIECKOr0 THIIA. OIIK-3 o Hanam6Gepa s MIEPEMEHHBIX) JJIs KontponbHas paborta
BBIHY/ICHHBIX KOJEOAaHUIT; METO/BI
pemenus 3agaun Komu | peuieHus HayanbHO- Ne5
peleHus KpaeBBIX 3aj4ad; 3aaady
IpaHUYHBIX 3a]a4
IItypma-JInyBumisa; Meron Oypbe
o (busnUecKux 3a7a4ax,
OTIpeNIeNATh THII
MPUBOISIIAX K ypaBHEHUSIM .
YpaBHEHHS, MeronoM Dypee o
napabonu4eckoro  THIMA;  METOJ VYcTHsIi onpoc.
. UCTIOJIB30BaTh METO (pazneneHus
Tedmopa Ui pemieHus 3agadu . Pemenne 3agau.
7. YpaBHeHHs MapadoJIM4€eCKOro THIA. OIIK-3 Teiinopa Ui pelieHusl | IePEeMEHHBIX) IS
Komm; METOJ pasneneHus Konrponbnas pabora
3agaun Komn pelIeHUs HadaJIbHO-
nepeMeHHBIX (Meton Dypbe) mns Ne6
OTIPEAEIATH THUII IPaHNYHBIX 337139
pemeHus TPaHUYHBIX 3a7a4
. YpaBHEHUS
ypaBHEHHH TUIepOOIMIECKOro THIIA
ypasHenus Jlamnaca u Ilyaccona; o
(yHIaMEeHTaILHOM pemeHnu merosioM Dypre
ypaBHeHus Jlamiaca Ha IUIOCKOCTH (pazneneHus Pewenue 3anau.
pemaTh ypaBHEHUS
8. YpaBHeHHS LIMITHYECKOT0 THIIA, OIIK-3 W B TPOCTPAHCTBE; KaK CTaBaTCA | 7y - - P MIEPEMEHHBIX) JIJIS KonTtponpHast ~ pabota
OCHOBHBIE KpaeBble 3aJauu: 3ajada Py peleHus Ha4aiabHO- Ne7

Hupuxie u Helimana; o
ceprueckux GyHKIHSIX.

TPAaHUYHBIX 3aJia4




4. KpuTepnu U MIKaJIbI OCHUBAHUS

Pemenne 3aga4

3 Gayuta BBICTABISIETCS, €CIIM CTYACHT PEIIMII BCE PEKOMEHIOBAaHHBIC HA MPAKTHUYECKOM
3aHATUM 3a]Ia4H.

2 Gasu1 BBICTABIISIETCS, €CIIHM CTYACHT BBIOJHMI He MeHee 50% peKOMEeHI0OBaHHBIX 33/1a4.

1 Gast BbICTABIISIETCS, €CIIM CTYIECHT BBINOJIHUI He MeHee 20% peKOMEeH/I0BaHHbIX 3ajiau.

4.2. KourpoJbHas padora

3 Oamna BBICTABISETCS, €CIU CTYACHT pEIIMJI BCE PEKOMEHIOBAHHBIC 3a7auH,
apryMEHTHPOBAB HX, C 00s3aTEIbHOM CCHUIKOM Ha COOTBETCTBYIOIIME HOPMATHUBBI (€CIIM IO
COJIEP’KaHUIO ITO HEOOXOUMO).

2 Oamna BBICTABJISAETCS, €CHM CTYACHT BBINMOJHII JIBA PEKOMEHIOBAHHBIX 3aJIaHMSI,
apryMEHTHUPOBAB UX, C 005A3aTEIbHOW CCBHUIKOW HA COOTBETCTBYIOIINE HOPMATHBHI (€CIH IO
COJIEPKAHUIO 3TO HEOOXOIUMO).

1 Gasut BBICTABIIICTCS, €CIIU CTYJICHT BBITTOJIHUII OJIHO 3a/IaHUE.

0 GayuI0B — CTYZIEHT HE BHITIOJHUI PEKOMEHIOBAaHHBIC 3a/I1aHHS.

YcTHblii onpoc
[TporieHT NpaBUIIBHBIX OTBETOB Jo 60 60-80 80-100
KosmgecTBo 6ajioB 3a OTBETHI 1 2 3

5. TunoBble KOHTPOJIbHBbIE 32JaHUSA U METOAHYECKHe MAaTepHabl, ONpeae/siioume
npoueAypbl OLEHUBAHWS 3HAHMI, YMEHMiH, HABBIKOB W (WJIH) ONbITA JAeATEIbHOCTH,
XapakTepu3ylommx J3Tanbl (OPMUPOBAHUSA KOMIETEHIMd B Mpolecce OCBOEHHS
o0pa3oBaTeJIbHOM MPOrPaMMbI

5.1. Tunoevie konmponvHble 3a0anus
1. Ypaeuenusa nepsozo nopsaoka

1.1.PemuTh ypaBHEHHE: XSinf + x' cost=1
. 1
1.2. Pemuts 3agauy Komu: x’ +3x-1g3t =sin 61, x(0)= 3

1.3. Pemuts ypasuenue: y=exp(y’ )y’ —1)

2. Ypasnenua «N»-20 nopadka
2.1. HaiiTu oO1riee pemieHne ypaBHEHUS: y// +4y'—6y=0

2.2. Haiitu o01iee, 4acTHOE pellieHue U pelienue 3anauu Ko
YpaBHEHMUS:

1 , 5
-, 0)=—-
3 v (0) 19
2.3. Pemnth ypaBHenue Ditnepa: x2y" — xp' + y=0.

! —y=xe* +e*, y(0)=

3. Ypasuenus ¢ uacmmuwix npou3e00HbIX Nepeo20 NOpAoKa
3.1. Haittu pemienne ypaBHeHUs

0z 0Oz
yz—+x—=0
Ox
3.2.Haiitu oOuuii MUHTErpan ypaBHEHUS: 1o + 1é =4.
xXox yoy

3.3.Haiitu pemienue ypaBHEHUs



oz oz
X—+z—=
ox Oy
YIIOBJICTBOPSIONICE HAYAIBHBIM YCIOBHSAM: Z = -y TIpH X =1.

0,

4. Ilpueedenue ypaenenuii K KAHOHUYECKOMY 6UOY

4.1. 4u,, —8uyy +Uy, —2uU, +2uy, —3u=0.

4.3. 4y*u, +e*u, —4y®u, =0.

5. Ypasuenusn cunepoonruueckozo muna
5.1. Pemuts 3anauy Komu:

51.1. Uy =4U, +Xt; u‘t:(): x%, Uglig= X

5.1.2. Uy —AU=0; Ul;_o=X>+2°, Uio=y°

5.2. PemiuTh HayaabHO-TPAaHUYHYIO 33/1a4y:

Uy — AU =48in> X +168in° X,0< X < 7; U =0, U] (o =0; U], o =Uy|,, =0.

X=r

6. Ypasuenusa napadoauueckozo muna
6.1. Pemuts 3amauy Komm:

6.1.1. Ut =Uyy +3t2; Ut=g=Sinx.
6.1.2. Uy — AU = Xzt; U‘t:o= xy3 +x%2%,
6.2. Peliuth HauanbHO-TPAaHUYHYIO 33/1a4y:
Ug =AU =0; 0<x<4; Ul =2sin® 2x+sin4zx, u|, g =U|,_4 =0.

7. ¥Ypaenenusa naunmuueckozo muna
Pemmts kpaeByro 3anavy g ypaBHeHus Jlamaca B Kpyre

71.AU=0, 0<r<2 ul,_,=f(p)=2cos’p—sinp+sing.

72.Au=0, 0<r<], u‘rzlzf(go):cos3¢—23in3¢>—c03¢9+singp.

7.3. Au=0, %\rsz 2C0S ¢ + 3sin 3.

5.2. Tunoevle 3a0auu 012 nPpaKmMu4ecKux 3aHAmMuUIl

Ilpumep 1. Haiitu cuiny TArM cocTaBa C pyAoill MO HMCTEYEHHWH BpeMeHH t mMmerouiero
HAYaJIbHYIO CKOPOCTh Vo, JBUTAIOIIErOCsA C YCKOPEHUEM IPSAMONPONOPLUUOHAIBHBIM CHIIE TATU
F=b-kv u 00paTHO MpOMOPIIMOHAILHBIM Macce cocTaBa ¢ pyaod. Eciu B HayalbHBIH MOMEHT
Bpemenu nipu t =0 cuia Tsru onpeaensiercst BeipakerueM F(t)= Fo=b-kvp.
A CKOpOCTh JIBIDKCHHSI COCTaBa C pyaoil siBisiercs (yHkunuei Bpemenu, T.e. V= V(f), a ero
YCKOpEHUE ompenensercs 2-M 3akoHoM HproToHa

v F
a= d— =—, rae F=b-kv.
dt m
[TosTomy nuddepennnanbHOe ypaBHEHHE HCXOIHOM 3a1a9u Oy/1eT UMETh BHI:
dv b—-kv
- (*)
dt m

Pazgenss NNEPpEMCHHBIC B OTOM  YpPAaBHCHHUH, IIOJIYYUM YpaBHCHHC C Ppa3aCIICHHBIMU

5



HepeMeHHLIMI/I
dv  dt
b-kv m’
HuTerpupys KOTOPOE, HaliieM o0lIee pelleHyre ypaBHeHus (*)

— i~k =t C wan == —kf+C ()

B pemiennu (**) yaoBiaeTBopuM HadanbHOMY ycinoBuio — V(0)=Vy.
m m
O=—?In|b—kvo|+C = C=EIn|b—kv0|.

[loncraBuB HalineHHOEe 3HaueHUe NocTosHHOW C B oOmiee pemeHue (%), MOTyYUM
peenue 3anaun Komm:

m m
t=— Ik +Eln‘b— kyp|

nimn

m, |b—ky, m,. |F
t=—1In~—"0 = {F, =b—ky,, F=b—kv}=—"In|-2|.
k |b—kv k |F

Takum 00pa3oM, MCKOMYIO CHIy TSATH COCTaBa C pyIOMl B JI0OOH MOMEHT BpPEMEHH,
HalJIeM U3 MOCIEAHETO PABEHCTBA, N30aBUBIIKMCH B HEM OT Jiorapudma

k Rl F & -k
t—=I-2{=-2=e" =>F=Fe™.A

m F F

Ipumep 2. PaccMOTpUM BEHTWIALUIO 320051 00beMOM V(Ms), B KOTOPOM B IpOIECCE
poBe/ieHUs] paboT HAKAIUIMBAIOTCS BPEJHbIE ra3000pa3Hble BbIJCIEHHS B KolndyecTBe Z B yac.
[Tyctp 0oOMeH Bo3nyxa B TeueHMM | yaca coctaBisier M (M3/q), IIpUYEM IPUTOUYHBIN BO31yX
COZEPKHT BPE/HbIC BEIIECTBA B KOHIEHTpauy £ Ha | M°. Tpebyercs HallTH KOHIEHTpPAIHIO Z
(na 1 M3) BPEIHBIX BblAEIEHUI B 3a00€ yepe3 BpeMs t mocie Havana paboThl, €CIM HayaJIbHOE
3HA4YEHUE 3TOM KOHLIEHTPALUH (0OCTATOK 3arps3HEHUI OT MpeblyIiel CMEHbI) cocTaBiseT Zg.

A 3a wmanbiii TpoMexxyToKk BpeMeHHM Ot KOHIIEHTpamusi BPEIHBIX BbIICICHUN Z
yBenuunBaercs Ha dZ. CremoBaTenbHO 00IIee KOJNUYECTBO BbAeneHui coctaBut VAZ u oHO
OyZIeT cOCTOSATh M3 BBIACICHUI, MPUHECEHHBIX MPUTOYHBIM BO3AyXOoM - uMdt, u BbIACICHUIT
o0pa3oBaBIIMXCS B Iporecce paboTel - Zdt 3a BBIUETOM KOJUYECTBA BPEAHBIX BBIACICHHIHA,
KOTOPOE COJEPKAOCh B M3BICUCHHOM M3 3a00s 3a Bpems dt Bozayxe. IIpeamosnoxum, 4to 3a
MaJiblii MPOMEKYTOK BpeMeHH Ot M3MEHEHHE KOHIICHTpAIMK BPEAHBIX BBIICICHUNH pPAaBHO —
ZMdt. CnenoBatenbHO, ypaBHEHHE BEHTHIISALNH 320051 HIMEET BUJL:

VAZ = Mt + Zdt — ZMdt w92 - 1M 7 _ M

dt \Y \Y

[Tony4yeHHOE ypaBHEHHE SIBISCTCS JMHEWHBIM HEOTHOPOJIHBIM YPaBHEHHUEM, KOTOPOE

OyZeM pemiath UCIob3ys cpazy dhopmyy obmiero pemenus (1.51):

=M dt M =M dt ﬂt M V —ﬂt
Z:eVj C1+—'u .[e v dt|=eV Cl——ﬂ ——e vV |mm
Vv vV 1-M
1-M
Z-Cev M
' 1-M
VYnoBnerBopsss HadanpbHOMYy YycnoButo Z(0)=Z,, ompenenuM 3HAYCHHE IPOU3BOJIBHOU

LM 1M

nocrosHuol Z,=C,———, =C, =7, +m. Takum 00pa3oMm, OKOHYATENLHOE DEIICHUE

HCXOIHOM 3aJadi UMEET BU;



1-M 1-M
Z=7ZgV t+ﬂ eV —1|.A
1-M

Ilpumep 3. HaliTu cuiy TSIru cocTaBa C pyJod MO MCTEYEHUH BpeMeHU t MMeroiero
HAYaJIbHYI0 CKOPOCTh Vo, ABUTAIOIIErOCA C YCKOPEHHEM IPSIMOIPOINOPLUUOHAIBHBIM CHIIE TATU
F=b-kv u obpaTtHO mpomopiuroHaNIbHBIM Macce cocTaBa ¢ pynod. Eciau B HayaabHBI# 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

a dv._F _
“qm rae F=b-kv.
[TosTomy nuddepeHnrambHOE ypaBHEHHE NCXOAHOM 3a1aun OyieT UMETh BHL
dv b-—kv
P (*)
dt m
Pa3,I[CJ'I$I}I INEPEMEHHBIC B 3TOM YPAaBHCHHUH, IIOJIYYUM YPABHCHHUC C pPa3acICHHbBIMH
HepeMeHHHMI/I
dv  dt
b-kv m’

WuTerpupys KoTopoe, HaiiieM o011iee perieHie ypaBHeHHs (*)
1 1 m
—E|n|b—kv|zat+c I/I_]'H/It:—?ln|b—k\l|+c (**)
B periernu (**) ynoBiaeTBOpuM HadaibHOMY ycioBuio — V(0)=Vo.
0=—"Un[b—Kkv,|+C = C="Injb—ky,|.
k k

[MoacraBuB HaiijieHHOe 3Ha4YeHWe moctossHHOoW C B oOuiee perieHHe (*%*), MOIy4uM
pewenue 3agaun Komm:

m m
t=—tcInlb—kd +Eln‘b— kvp|

NI

F

t="n b —kyy :{Fozb—kvo, F =b—kv}=%ln?° _

k |b—kv
TakuM 00pa3oM, MCKOMYIO CHIIy TSATH COCTaBa C pPyaoil B 000N MOMEHT BpEMEHH,
HaWJIeM U3 MOCJIEHETO PaBeHCTBA, M30aBUBIINCH B HEM OT Jorapudma
k k
k F F —t ——t
t—=In-2=-2=e"=>F=Fe™ A
m F

Ilpumep 4. TpyOonpoBon TemnoBo Maructpanu (auamerp 20 cM) 3aIIMIIEHHBIA
u3ossinuel TommuHol 10 cM oTarumBaer pabodee MOMEIICHHE MPU ATOM TeMIeparypa TPyOsI
160°C, a BHemHero ee mokpoBa 30°C. OmpenenuTh pacnpefelieHue TeMIlepaTypbl BHYTPH
U30JISIIINH, ecii Kod(duitneHT termonpoBoaroctd K = 0,00017, a Takke KOJIUYIECTBO TEIUIOTHI,
oTnaBaeMoil 1 M TpyOBlI.

A Eciy Teno HaxoIUTCS B CTAllMOHAPHOM TEIJIOBOM COCTOSIHUM U TemmepaTtypa 7 B
KaXKJIOM €ro TOYKe €CTh (PYHKITUS TOJIBKO OJTHON KOOPIAMHATHI X, TO, B COOTBETCTBUH C 3aKOHOM
TEIONPOBOAHOCTH Dyphe, KOMMUECTBO TEIIOTHI, UCITyCKaeMoe B CEKYHY OyaeT paBHO

dT
Q =-AS (X)d— = const (1)
X
rae A — ko3 (UIMEHT TEIUIONPOBOAHOCTH, a IUIOIAAb CeueHus Tena S(X) ompenensercs Mo
dbopmyie
S(x)=2xnxl,



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

dT dT
=—-AS(X) — =24zl —
Q ()4 o
WIn
Q+ 247Xl — dr _ (2)
dx
Paznenss nepemennsie B qudepeHnaIbHOM YpaBHEHUH (2) TOTyIUM
___Q ox ®)
2474 X

[To ycrnoBuio 3amaun HEOOXOAMMO OIPENENIUTh PacIpeesieHHe TeMIIepaTypbl BHYTPHU
n3ossiiuu. [ToaToMy cHauana JieByro 4acTh ypaBHEeHHS (3) mHTErpupyem B mnpenenax ot 160°C
1o 30°C, a HpaBon 4acTh HHTerppreM B ripezenax ot 10 mgo 20 cm.

30
fiT =——
150 2/1721
[Tociie mHTErpUpOBanUs ypaBHEHU (3), HAXOAUM
Q 20 Q
=30-160 =— ‘Inx =— -In2
Moo 0,00017 - 24 o 0.00017 - 24 “)

3ateMm, MPOUHTErpUpPYEM JIeBYIO uacTh ypaBHeHus (3) B mpenenax ot 160°C no
HEKOTOPOi TeMriepatypsl 7, a MpaBylo0 4acTh MHTErpupyem B mpenenax oT 10 go x cm. [locne
MHTETpUpPOBaHUs ypaBHEHUS (3), HAXOIUM

jdtT _—ix ax,

150 2nl 3
Q x Q
T, =T-160=——————-InX, =———-In01x (5
- 700001724 ™ 0,00017 - 27 ©
Pa3nenuB nounenHo ypasHeHue (5) Ha ypaBHEHHE (4), OJIy4UM
T-160 In0.1x
-130 In2

M3 53TOro ypaBHEHMs CIENYyeT, YTO 3aKOH pAaclpeAeiieHUus TEMIEpaTypbl BHYTpU
M30JISIIMU OyJIeT UMETh BUJT

T =591,8-4318Inx

Kpome TOro, mo ycnoBuio 3aayd HEOOXOJUMO OINPENENIUTh KOJIUYECTBO TEIIOTHI
otnaBaeMoil 1 M TpyOsl. [loaTOMYy 11 TOTO, 4TOOBI BHIMOJIHUTD YCIOBUE 33aJ]aul HEOOXOIUMO U3
ypaBuenusi (4) npu | = 100 cm Bbipasuts Q U paccunTarh €ro 3HaYCHHE

o_130-000017:2:7:100 130-0.00017:2:314100 0o
In2 0,69315

Ilpumep 5. Kycok pyaHOU MacCsl m MajaeT B PyAOCIYCK IOJ IEHCTBUEM CUIIBI TSKECTH,
IIPY 3TOM BO3AYX OKa3bIBa€T CONPOTUBIIEHHE, IPONOPLMOHAIBHOE KBaIpaTy CKOPOCTH MaJEHUS.
HaiiTn 3aK0H JBUKEHUS KYyCKa.

A Ilycte S — paccrosnue, npoijeHHoe TenoM K MomeHTy t. Torma neukeHue
OTIpeieNiIeTCsl ypaBHEHUEM

d’s (dsjz
m——=mg—k| —
dt dt

KOTOPOC MOKET OBITh MMPEACTABJICHO B BUJC



m do _ =mg —ko®
dt 1)
ds

rae ckopocts U = ——. Huddepenumansaoe ypaBHenue (1) sBisercs  ypaBHEHHEM

dt

Pukkaru.
Pazniensist B HEeM nepeMeHHbIe, UMEEM

mdo dt
— =
mg — ko
HJIN I1O0CJIE COKPAIICHHA JIEBOI YacTH paBE€HCTBA Ha m

do
——— =t
k
g——o
m
HNuTerpupys 3T0 paBEHCTBO, OJIy4aeM
dov
j 7 —t4+C

K
2 2
m
JUis BBIUMCIIEHMSI WHTErpajla B JIEBOM 4YacTM ypaBHEHUs (2) HpUMEHSEM METOJ

HCOIIPCACICHHBIX KOS(b(I)I/ILII/IeHTOB, u Torga
d Ad Bd
e el S P

K . Kk k ®3)
—HU \/g—\/;v \/§+ av
Otkyna
A-B=0
A+B:i
9
WIn
A:B:L
29

IloncraBnss HallleHHbIE 3HAYEHUS Koa(bq)HuHeHTOB B UHTErpai (3), umeem
'[ [( }] I ([ }] h

gk gk
[[J'ISI KpaTKOCTI/I 0603Ha‘{I/IM E =r TOF,ZLa TIOCJIC y'MHO)KeHI/I}I paBeHCTBa Ha 2 H

HaxXoaum

Id(g+rv)_jd(9—rv):2r(t+c)

g+ro g—-ro

501041
In(g +ro)—In(g —ro)=2rt+2rC
OTKy/a



In(g+rUJ:2rt+2rC (4)
g-ro

[Torenuupys ypaBHenue (4), noinydaem

+ro
g _ p2MH2rC _ p2rtg2rC _ {ezrc _ Cl}:Clezrt
g-—ro

OTtkyna uckomas (pyHKITUSI UMEET BH/T

2rt

r’m
HJIK C YYCTOM TOI'O, 4YTO g = T nu
rm (e” —C*e*”)
= k ) (ert +C*e—rt) %)
U3 ypasuenus (5) oueBUAHO, 4TO HpH t, cTpeMsmeMcs K GECKOHEYHOCTH, CKOPOCTh U
JAOCTUTaCT IIPCACIbHOIO 3HAYCHUA
Umax=V,
IJIA1 KOTOPOTo
rm m
V = = —g
k k

CrenoBarenbHO, ypaBHeHHE (5) 3alMChIBACTCS B BUIIC
(ert _C efrt)

- 6
(e T, Cte rt) (6)
Havansnoe yciosue: pu t = 0 v = vy.

ITycts pamu kpatkoct 3amucu up=vo/V. Torma mocrosiHHas uHTerpupoBanusi C* B
ypaBHeHUH (6) TpUHUMAET 3HaYCHUE

. 1
C ZC_l,HOJ'Iy‘II/IM

v=V-

o 1-u,
1+ u,
[ToxcraBnsis 3TO 3HaUeHUE B ypaBHEHHE (6), 3aMeuyaeM, 4TO U MOXKET ObITh 3alKcaHa B
BUJIE
(uy + thrt)
(1+u,thrt)

[Tpunumas, yro npu t = 0 s = 0, MokeM Tenepp ONpeIeUTh 3aKOH JIBH)KEHUS S:
t

s= j o(t)dt :¥In(chrt+ u,shrt)

0

0
— __0 o
IloacraBnss r _V u Uy = V B 3TO paBCHCTBO, OKOHYATCIBHO IOJY4Ya€M HCKOMBIN

3aKOH JIBUKCHUA

2
S =V—In[chg—t+ﬁshg—tjA
g vV V V

Ilpumep 6. HaiiTu penieHust ypaBHEHHUS:
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(x3y—3x2y+y3)dx+2x3dy =0.
A PaznenuB o0e yactu ucxonHoro ypaBHeHus: Ha OX#0 (x=0 — oueBHAHOE pelICHUE),
MoJIy4uM ypaBHeHUe bepHymnu
d
2002y (x3 —3x2)y =—y’.
dx
Cuuras y#0 (y=0 — TpuBHaIbHOE pPEIICHHUE), ICTUM 00€ YaCTH MOCIICIHETO YpaBHEHHS Ha

(-v*) u memaem 3ameny z(x) = y 2. Torga monyunm

!’

_ =z'(x), x3z'—(x3 —3x2)z =1.

3

Periast 5T0 ypaBHeHHE, HAXOIUM
z(x)=Cxe" —x7,
Ternepsb 3anuiiieM Bce PEIICHUS HCXOHOTO YPaBHEHUS
Cye -y’ —x’=0; x=0; y=0.A

Ilpumep 7. Haiitu oOmiee perieHue ypaBHEHUS:
Y =—y> +1+x>.

A D710 ypaBHCHHUE ABJISETCS ypaBHCHHEM Pukkatu, B KoTopoM a(x) =-1, b(X)=0 u c¢(x) =
1+x% [Iposepka ycnmoBus c(x) =—a(x)x”> —b(x)x+1. IIpuBeno k pe3ymbTaTy: 1+x*=1+ X%
CrnenoBarenbHO, 3TO YCIOBHE BBIMONHACTCS M 32 YaCTHOE PEIICHHE HCXOAHOTO YPaBHEHUS
MOXXHO  NpuHATH  (QyHKmuioo: y, =x. Takum oOpazoM, momaras y=x+— W

z
BBIUKMCIIUB ' =1—z2z', TPHUBOJAMM MCXOJHOE YypPaBHEHHE K HEOJHOPOIAHOMY JIMHEHHOMY
ypaBHeHuio: z' —2xz =1. Otkyna
2 2
z=¢" (C+Ie *dx).

CrnenoBarenbHO, 00IIEe PeIIeHNE UCXOHOTO ypaBHEHUST PUKKaTH NMEET BUI:

y:x+e—.A

C+ J.e_x2 dx

Ilpumep 8. HaiiTn o01muii uHTErpan ypaBHEHUS:
(x+y—Ddx+(x—y>+2)dy=0.
A YcraHoBuM, dBISEeTCA JIM  UCXOAHOE pAaBHEHHWE YPABHEHHUEM B  IOJIHBIX
muddepennmanax. s 3Toro npoBepuM, BbIONHAETCS Jin yeaosue Ditnepa (1.87). 3nech
M(x,y)=x+y—-1,a N(x,y)=x—y° +2.

ON . oM ON
Bbruucium mpousBogHble —— W —: —— =1 U —— =1, CJIeJIOBaTEIIbHO, YCIIOBHE
Y ox Oy Ox

Olinepa BBIIOJIHEHO, M HCXOJHOE YpaBHEHHE SBJSETCS ypaBHEHUEM B  IOJHBIX
mupdepenimanax. Haitnem ¢yHkmmio U(X,Y) 1O U3JI0KEHHOH BhIIE CXeMe, a HMEHHO,

ou ]
MPEIOJIOKHUM, YTOOBI BBITIOIHSIIOCH PABEHCTBO ™ =M(x,y):
X

8_u_x+ -1
ox yoh

OTCroaa
2

u(x.y) =[G+ y =Dt p(y) ==+ 37 = x +0().

11



Hanee motpedyem ot U(X,y) obecrieueHus paBeHCTBA Z—u =N(x,y):
y

%{%w—xw(y)}:N(x,y>=x—y2+2,

wim  0+x—-0+0' (V) =x+@'(¥)=x—y"+2, um @' (y)=—y>+2. CuenopareibHo,
3

() =[(y +Ddy=-"-+2y.
Takum o0Opa3oM, nckomas (YHKIHS U COOTBETCTBEHHO OOIIMN HMHTErpajl MCXOJHOTO

ypaBHEHUS OyIyT UMETh BU:
2 3

u(x,y) :%+xy—x—y?+2y:C.
[Tony4yum oOumMili MHTErpal UCXOJHOIO YpaBHEHUs, TOTPEOOBAB BBIIIOJHEHHS PAaBEHCTBA
ou
P N(xa y) :
oy

3

u(x,y)= I(x —y° + Z)dy +y(x)=xy— y? +2y+w(x), a Tenepp TOTpedyeM, UYTOOBI

2
BBINOJIHSIIOCH Z—u =M(x,y): y+y'(x)=x+y—1. Haitnem w(x)= I(x - l)dx = % —x . Takum
X

06p2130M, O6H_[I/II71 HUHTCrpaJl UCXOAHOT'O YPAaBHCHUS UMCCT BU:
3 2

C=xy—y?+2y+x7—x.

CrnepnoBarenbHO, HE3aBUCUMO OT TOTO, Kakoe u3 yciaoBuii (1.86) OyaeT BHIMONHATHCS B
MIEPBYIO OUepeib, OOIIUI MHTErPal UCXOJHOTO YPAaBHEHUS OYET OJJHUM U TEM KeE.
OO01muii HHTErpal UCXOAHOTO ypaBHEHUSI MOXKHO 3amnucath B Buje (1.89):

I(x+y—1)dx+j(x0 —y*+2)dy=C.

o

Breinmoaaum HHTCTPUPOBAHUC!
X +Xy—Xx
2

2 2 3 3
x_+xy—x—(x_0+xoy_on+(xoy_y?+2)’j_(xoyo _%"'2)’0]

3

tfro-ea)mc

NI

C,

2 2

2 3
T.K. X,,), MOXHO OpaTh MPOU3BOJILHO, TO, 0003HauuB C, =C +7° =X, +X,¥, +2¥, :

OKOHYATCJIbHO IMOJIyYHUM
2 3

x Y
Ci=—+xy—x—"—+2y . A
1T Xy 3 y

Ipumep 9. Haiitu perienns ypaBHeHHs: V' = eXp (ﬂj .
y

A PaspemmB 3T0 ypaBHEHHE OTHOCHTENBHO X W, IOJIaras B 3TOM ypaBHEHHH )' = p,

MOJIYYUM X zzlnp . Tak kak dy = pdx , T0
P

12



dy=pd{lh1p]=ldp+lnpdy—lh1pdp,
P P P

nim

(1—1np)[dy—1dp)=o.
p

W3 sToro ypaBHeHus HaxomuMm: p = e u p = Cy. Takum 00pazoM, pemeHus UCXOTHOTO

YpaBHEHUSA UMEIOT BUL:
x=2n Cx=InCy.A
e

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

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

2. Haiinem kopHM 3TOrO YypaBHenusi: 4, =1, A, =-1.

3. ITockonbKY KOpHHU AEHCTBUTENBHBIC M pa3IMYHbIE, TO MO MPaBWIy | MM CTaBATCS B
COOTBETCTBUE (YHKIMH y, =€ ', U ¥, =€ ~, KOTOPble COCTaBJIAIOT (hyHIaMEHTAIbHYIO

CUCTEMY JIMHEHHO HE3aBUCHMBIX pELIEHUH HCXOqHOro ypaBHeHus. CrenoBaTesbHO, oOlee
pelIeHre UCXOIHOTO YPaBHEHUS UMEET BUJ:

y(x)=Ce* +C,e . A

Ilpumep 24. Haiitu ob1iiee pelieHne ypaBHEHUS:

Y —55®) L 18y" —34)" +45)" —25y=0.

A 1. 3anumieM xapakTepuCTHUECKOE YpaBHEHHE:

A =52 +1827 —342% +451-25=0.

2. 910 XAPAKTCPUCTHYCCKOC YPABHCHUC HMECT KOPHMU:

A=l Ayy =120, A, =1+2i.
3. MBI BUAHUM, YTO CPeIH KOPHEH XapaKTePUCTUYECKOI0 YPABHEHHS €CTh KaK
AEeCTBUTEbHbIE M Pa3jIMYHble KOPHH, TAK M KOMILJIEKCHO COINPSIKEHHbIE,
NpUYeM KOMILICKCHbIe KOPHH HABJAKOTCH KpaTrHbiMU. Iloatomy st
cocTaBiieHUs] QYHIAMEHTAJILHON CHUCTEMbl JIMHEHMHO HE3aBHUCHUMbIX pelleHuil
BoCnoJib3yeMcsl npaswiamu 1, 2 u 3. KopHio 4, =1 COOTBeTCTByeT penieHue
y, =e’, a Ka)KI0MY M3 IBYKPATHBIX KOpHe#l A,, =1+2i U A,, =1-2i, 0OTBE4aIOT
peunieHus: v, =e cos2x, y,=xe" cos2x, y,=e" sin2x, ys;=xe" sin2x.
CoBOKYIIHOCTH 3TMX NATH  PeleHud  y,.,y,,»;,v,,¥s - oOpa3syer
(pyHaamMeHTAIbHY IO CHCTEMY JINHEHHO HE3aBHCHUMBbIX peleHu .
CaenoBaTtesibHO, O0LII€e pelIeHne 3alUIIeTCs TAK:
y=Ce* +e*[(C, + xC, )cos 2x + (C,x + C; )sin 2x]. A

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

y'—4y' +5y = .
COS X

A B coorBerctBuHM ¢ MeromoMm JlarpaHxka, COCTaBHM COOTBETCTBYIOIIEE 3TOMY
HEOHOPOHOMY YPaBHEHHUIO C OCTOSIHHBIMU KOO OHIIMEHTaAMH OTHOPOJHOE YPABHEHHE
V'—4y+5y=0

13



¥ pemuM ero. Jlas 5TOro 3amuIIeM XapaKTepHCTHYecKoe ypaBHeHue: A° —41+5=0. D10
XapaKTEePUCTHICCKOC YPABHEHUE UMEET KOPHU: A, , =2+,
\Y% 08 BU/INM, YTO KOPHM XapaKTCPUCTHYCCKOI0 yYpaBHCHHUSA KOMIIJICKCHBLIC,
M03TOMY 0011lee pellieHue OJHOPOIHOT0 YPABHEHUSI MMeeT BU/L:

y=C,e” cosx+ C,e** sinx.
Bynem uckartpe 9acTHOE pelieHre UCXOJHOTO YPaBHEHUS B BUIE

y=C,(x)e* cosx + C,(x)e* sinx. *)
CocraBum cucremy
C}(x)e™ cos x + C} (x)e* sinx =0

2x

C]'(x)(2ezx cos x —e”" sin x)+ C, (x)(2e2" sinx +e”* cos x)=
CoS X

WM COKpallas Ha e,
C/(x)cos x + C}(x)sinx =0
| SR ()

COoSs X

C/(x)(2 cos x —sin x)+ C} (x )2 sin x + cos x) =

Pemuts 9Ty CUCTEMY OTHOCHUTCIIBHO C{ I/IC; MOJXHO pa3/IMYHbIMHA CHOCO6aMI/I, Halpumep,

ucnonb3ys npaBwio Kpamepa. B nanHom cinyuyae ynoOHee cHauyaia npeoOpa3oBaTh BTOpOE
ypaBHEHUE, & UMEHHO, YMHOXHUTbh 00€ €ro 4acTu MEepBOr0 ypaBHEHUS HAa —2 U 3aTeM NpUOaBUTH
IIOJIy4YEHHBIM pe3yJIbTaT KO BTOPOMY. B UTore nosryunM ypaBHEHue:

C/(x)~sinx)+ C}(x)cos x =

COS X
H, CJICAOBATCIIbHO, 9TUM YPABHCHUCM MOKHO 3aMCHUTH BTOPOC YPABHCHHUEC B CUCTEMCE (**)

C/(x)cos x + C}(x)sinx = 0

CJ(x)(=sin x)+ C} (x)cos x) = !
COS X
Pemmast 5Ty cucremy 1o npasmiy Kpamepa, nmoiaydanm
0 sinx
! COS X
C’ x)= COSX—. =-tgx, =C, (X) = —I tgxdx = ln|cos x|,
cosX  sinx
—sinx CosX
COS X 0
—sin x !
C;(x):—l Sy, = Cz(x)zjdx =X.

[Moncrapnsiss monydennsie 3HaueHus C/uC, B (*), MOJIy4ynuM YacTHOE peIICHHE
MCXOHOI'O HEOTHOPOJHOTO YPaBHEHUS
Vwomoe (¥) =€ (cos x - In|cos x| + xsin x).
Taxum oOpa3om, ob11ee pereHre HCXOAHOTO YPaBHEHHSI UMEET BUJI:
y(x) =e™ (CI cosx + C, sin x) +e” (cos x- 1n|cos x| + xsin x). A

Ipumep 12. Haiitu yacTHOE pellieHHe YpaBHEHUs: )" — y =xe”.

A 1. Jlng mpaBoif yacTHM HCXOIHOTO YpaBHEHHs OIpenenseM mapamerpsl a,f3,q,l:
a=1,=0 q=1.
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2. KopHu xapakTepucTuueckoro ypasHeHus A° —1=0 aelicTBUTENbHBIE U Pa3IUYHBIE,
A, =%1. VauTeiBasi, 4TO YHCIO (a + iﬂ):l COBHAJaeT ¢ KopHeM A, =1.kparHocTH 1, TO TOrIa
s=1, u m = max(q,l)= 1. Mcxoxs 13 3TOro, MOXKHO BBIMKCATh BU HCKOMOI'O YaCTHOT'O PEIICHHUS:
yq(x):ex(A0x+ A)x.
3. IToxcTaBisieM B HCXOAHOE YPaBHEHUE BHIPAKEHUS 151 ), (X) U ee BTOPOit MPOM3BOIHO
yI(x)=e"[A x> + x(44, + 4,)+ 24, + 24, |.
[Tocie mpeoOpasoBanuii (COKpalleHHs Ha € W IPUBEICHHS IHOHOOHBIX) IOJIYYaeM
PaBEHCTBO:
44,x +2A4, +24, =x.
B sToM paBeHcTBe mpupaBHHUBaEM KOI(DPUIIMEHTHI IPU OJUHAKOBBIX CTENEHIX (PYHKIIMU
MIEPEMEHHOM X B IIPABOM U JIEBOW YaCTSIX:

x' 44, =1 1 1
, OTKyJla cienyer, uto A, =—, A, =——.
x? 24,+24,=0 4 4
[TonyueHHble 3HaYEHUS HEONpPEENEHHbIX KO3((hULMEeHTOB 4, U A, NMOJICTaBUB B BUJ

HCKOMOT'O 9aCTHOI'O pCHICHUS, ITIOJIYUYUM OKOHYATCIIBHO:

V., (x):%ex (x2 —x).A

Ilpumep 13. HaliTu yacTHOE pElICHUE YPaBHEHUS:

V' —y"+3y +5y=5e> cosx +4e*.

A Ilpexne Bcero, ¢yHKuuio f (x) NpEeACTaBUM B BUAE CYMMBI JABYX (yHKIMI
fi (x)= 5¢* cosx u f, (x): 4e™. na xaxporo ciydas OyaeM MoaOHpaTh CBOE YacTHOE
pelIeHre UCXOTHOTO YPaBHEHHUS.

1. dns dynaxuuu fi(X) onpenensiem napametpst o,5,0,1: a =2, f=1, q =0, a st yakiuu f»(X)
coorBercTBeHHO @ =1, =0, q=0.

2. XapakTtepuctuueckoe ypasHenue A° —A> +31+5=0 uMeeT KOpHHU:

A==l A,;=1%2i.

VYuuteiBast, uto s Gyukiuu fi(X) ducio (a + iﬂ)z 2+ He COBIIAJAET HU C OJHUM U3
KOpHEil XapaKTepUCTUYECKOro ypaBHeHUs, modTomy S=0, a it dynkiun fo(X) gmcio
(a +if8) = —1coBmanaer ¢ kopHeM Ay kpatHOCTH 1. FICXO/IS M3 3TOr0, MOXKHO BBIMICATH YACTHOE
peleHue:

V., (x) =y, (x) +y,(x)=e* (AO cos x + B, sin x)+ Dyxe ™.

3. TloacTaBiseM B MCXOHOE YpaBHEHHE BBIpaKeHHs s v, (X) M ero mpou3BOAHBIX
HAaXOJUM 3HAa4eHUs HEoNpeJelleHHbIX ko3 dunuentos A4, B,, D, . Jns ynoOcTBa onpeaeiacHus
3TUX KO03()(HULIUEHTOB MOACTaBUM (x) B ypaBHeHHe C mpaBoll yacteio fi(X), a y,, (x) B
ypaBHEeHHe ¢ npaBoii yacThio f(X).

IToxcrasnsem y,, (x) = e?* (4, cos x + B, sin x) U TIPOU3BOHBIE:

! (x)=e* (24, cos x + 2B, sin x — 4, sin x + B, cos x),

4

yttl

m

Ya
B HCXOJIHOE ypaBHEHHe C HpaBoii uacTeio fi(X) = 5e°* cos x .Cokpamas Ha > u MIpUPaBHUBAS
K03 uIHEeHTH TP COSX W SINX B MPaBOM M JICBOM YaCTSIX IMOJYYEHHOTO PaBEHCTBA, OyaeM
MMETbh CUCTEMY U3 JIBYX YPaBHEHHU:

(x)=e**(34, cos x + 3B, sin x — 44, sin x + 4B, cos x),
(-

)=e>*(24, cos x + 2B, sin x — 114, sin x + 11B, cos x)
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{2/10 +11B, —34, —4B, + 64, +3B, +54, =5,
2B, —114, -3B, +44, + 6B, —34, + 5B, =0,
WM TIOCIie IpeoOpa3oBaHuit

104, +10B, =5

—-104, +10B8, =0,
OTKy/1a HAXOAUM, UYTO

1 1 .
A, =B, =5 = yql(x)zzezx(cosx+ sin x).
Hanee noacrasisteM ¢ynkiuio f2(X) = Dy xe ™ u ee Ipon3BoaHBIE:
Vo (x) =Dje” (_ X+ 1)a Vo (x) =Dye™” (x - 2)» Vo (x) =Dye™” (3 - x)

B HCXOJIHOE ypaBHEHHE C IPaBOil 4acTbio paBHOM 4e™. CoKpaTtus Ha e, MOJYYUM PaBEHCTBO

8Dg¢=4, T0 ectb Dg = %5, ciiemoBaTeabHO
|-
Vi (¥)=Zxe ™.
2
Takum 00pa3oM, 4acTHOE PEIICHUE HCXOHOTO YPABHECHUS 3aIUIIIEM B BUJIE CYMMBI JIBYX
YaCTHBIX peHIeHI/If/'I, U OKOHYATCJIIBHO OHO 6YI[€T UMECTb BU:

y. ()=, (x)+ v, (x)=%ezx (cos x + sin x)+%xe_x.A

Hpumep 14. Haiitu perienue ypaBHeHUs: x>y" —xy'+y=0.

. dr 1 _
A Tlonaras x =e'vmu ¢t =Inx, HaligeMm — =—=¢".
dx x

BerauciuM  mpow3BOAHBIE 1O HOBOM  mepeMeHHOH t, 0003HAYMB  TOYKaMH
g depeHmpoBanue 1o t:
_dy _dy dr_dy

= = =ye™,

dx dt dx dt
”—i 4 _ﬁzi ., -t . —t: e 2t
V=0 dt(ye J-e =(i-3)e

IloacraBuB p, ) B MCXOJHOE YpaBHEHUE, OIYIHM
2t

e -e?(y—y)-e e’ -y+y=0,mwm j—29+y=0.
CnenmoBarenbHO, MBI  TOJNYYWJIM  OJHOPOAHOE  JHHEWHOe  ypaBHeHue. Ero
XapaKkTepucTUIecKoe ypasHenne A° —2A4+1=0 nmeer kopru A, = A, =1. [TocKONBEKY KOpHH
JEHCTBUTENLHBIC U KpaTHBIC, C KPaTHOCTBIO PAaBHOM JIBYM, TO 00IIlee pemeHue OyIeT UMeTh BUI:
We)=(C, +1Cy e
[lepeiins k mepeMEeHHOW X, OKOHYATENBHO TNOIYyYUM OOIIee pEeHIeHHEe HCXOTIHOTO
ypaBHECHUS

y(x)=(C, +C,Inx)x. A

Ilpumep 15. Haiitu pelieHue ypaBHEHHUS:
xzy"—xy'+y =coslnx.

. e 1
A Tlonaras x=¢' vy ¢t =Inx, Halinem —=—=¢
dx x

Bbruncnum  npou3BoAHblE 1O HOBOM  mepeMeHHOM t, 0003HAUMB  TOYKaMU
muddepeHmpoBanue 1o t:

—t

. . .\ 2
y'=ye!, y=(i-p)™.
IloacraBuB y, y B UCXOJHOE YpaBHEHUE, IIOJIYYUM
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y—2y+y=cost. (*)
OTO HEOAHOPOJHOE JIMHEHHOE ypaBHEHHE C MOCTOSHHBIMU Kodduimentamu Oobiiee
pelIeHre COOTBETCTBYIOIIETO €MY OJHOPOIHOTO YPaBHEHUS HMEET BH/]
We)=(C, +1C, )e',
a HJaCTHOC pemcHuc MOKHO IMOJIYIUTb METOIOM HCOIIPCACIICHHBIX

KO3 UITUEHTOB.
[TockonbKy mapaMmeTpbl TPaBOM YaCTH HEOJHOPOIHOTO ypaBHeHUs (*) paBHBI,
coorBercTBeHHO, o =0, f=1, 4 = 0, | = 0 u uucmno (a+iﬁ)=i,8 HE COBIIAZAET HU C OIHUM

KOpHEM XapaKTepHCTUUECKOro ypaBHeHUs, modtomy S=0, u m = max(q,l)= 0. Ucxons u3 sroro,
MO>KHO BBIIUACATH BUJ HICKOMOT'O YaCTHOT'O PEILICHUS:
yq(t):AO cost+ B, sint

Beruncium npou3BoaHbIE OT ), (t)
y,(t)=—4, sint + B, cost,

$,(¢)=—4, cost — B, sint
U TIOJICTAaBUB UX B ypaBHEHUE (*), moiydum
—2B,cost+2A,sint=cost.

[TpupaBHsieM KOX(PQPHUIMEHTH MPHU OJAWHAKOBBIX (PYHKIMSAX B MPABOW W JIEBOM YaCTSIX
3TOr0 ypaBHEHUS

1
—2B,=1, =B, =——,
2
24,=0, = 4,=0.
CrnepnoBarenbHO, YaCTHOE pellieHne ypaBHEHUS (*) nuMmeeT BU
1 .
Nt)=——=sint,
v.(t)==3
a o0riee pemieHue ypaBHeHus (*) OyZeT BRITJISACTh TaK:
1 .
yoﬁmee(l) = (Cl + ICZ )et - E smfz.
Taxkum 06pa30M, O6IJ.IC€ pPCHICHUC UCXOJHOI'O YpaBHCHHUA UMECT BUA!
|
y(x)=(C1 +C, hlx)x—zsmlnx.A

Ilpumep 16. Haiitu o01uii vHTErpaji u oo11ee pelieHe ypaBHEHUS

u,—u,=0.
A 3anuieM aJis TOro ypaBHEHHUS CUCTEMY
dx
dt
dy _
dt
Janee 3anumieM CUMMETPUUYHYIO (POPMY ITON CUCTEMBI
dx dy du
T oo

IlepBbIit HHTETpaA OYEBUIEH
Ddu=0 = C,=u.

Bropoii uaTEeTpan Haitnem u3 clieayronieil KoMOUHaAIUN
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dx dy dy

2) —=—— = —=-1=dy+dx=0,
1 -1 dx
WHTETPUPYS 3TO YpaBHEHHUE, HAIeM
C,=y+X.

Takum oOpa3om, oOIHi HHTErPaj HCXOJIHOTO YPABHEHHS MOXHO MPEICTABUTh B BUJIC
D(C,C,)=dlu,x+y],
a oO1iee pemreHue Oy1eT BBITISAICTh Kak
u=f(x+y).
AHaJIOTUYHBIM 00pa30M PEIIaeTCsl ypaBHCHHE
u, +u, =0
U €r0 PEIICHHE UMEET BT
u=f(x-y).a

Ilpumep 17. Haiitu oOwmui uHTErpasl M O0lIEe  pELIEHUE  YpaBHEHUS

A 3anuieM Juist HErO CUCTEMY

dt ’

dy _
dt
du
dt
Jlanee 3anuiieM CUMMETPUYHYIO (GOpMY 3TOH CUCTEMBI
dx dy du

YU  Xu —2xy’

[IepBbIit MHTErpa OYEBUIEH

1)%=% = xdx=ydy =C, =y’ —x*.
yu  Xu

Bropoii uaTerpan HaiiieMm u3 ciaenyromiei KoOMOUHAIH

2)%: du

yu -2
MHTErPUPYs 3TO ypaBHEHUE, HANIEM
u 2
2

Xu,

= 2xdx = —udu

Taxkum 06pa30M, O6H.[HI>1 HHTErpal HCXOAHOTO YPAaBHCHUA MOXKHO IMPEACTAaBUTh B BUIC
2
u
@(C,C,)= cb{?+ X2, x% — yz} ,

a oO1mee penreHne OyieT BBITIISIIETh KakK

u=+y2[f(x2+y?)-x2]. A
ITpumep 18. HeoOX0AMMO HATH HHTETPATBHYIO TOBEPXHOCTb, 3aJAHHYIO YPaBHEHHEM
Xzy o yZX = O '

18



MPOXO/SIIYIO Yepe3 KPUBYIO, 33/IaHHYI0 YPAaBHEHUSIMU
. 2
x=0; z=y".
A 3anuiieM ypaBHEHUE XapaKTEPUCTUK
dx dy dz
-y x 0
[TepBrIii ©HTErpasl OYEBUICH
Ndz=0 = C,=z.
Bropoii uaTerpan HaiizeM u3 ciaenyromneid KOMOUHAIIH
dx d d X
2) @y dy X = Xdx + ydy =0
-y X dx -y
UHTETPUPYS 3TO YpaBHEHHE, HalZieM
L u2 2
C,=Xx"+y°
CocraBum cucremy (25)
C =z,
C,=x"+Y?%,
X =0,

2

7=y
CnenoBarensho, T.K. C, =z, a C,=x’+y?, TO ypaBHEHHE HCKOMOW IIOBEPXHOCTH
HPOXOISIICH Yepe3 3aMaHHyI0 JTHHHIO UMEET BHU/I

2 2
=X +VY a
Ilpumep 19. OnpenenuTs K KAKOMY TUITY IPUHAIJICKUT YPaBHEHUE
2
u,-awu,=0.

=x*+y*=0+2z=0+C,=C, = C,=C,

A CpaBHUM 3TO ypaBHEHHE C OOIIMM BHJOM ypaBHEHHS B YaCTHBIX MPOHM3BOIHBIX BTOPOTO
nopsijika
Au, +2Bu, +Cu, +Eu, + Du, + Ku=0,
U onpenenuM 3HaueHus koapduuuentos A, B u C
A=-a*;B=0,C=1,
BBIUUCIIUB BhIpKEHHUE
B>~ AC=0?—(-d®)x1=d*> 0,
y0eauMcsi B TOM, YTO MCXOJIHOE ypaBHEHHME MPUHAIEKAT K YpaBHEHUSAM THIEPOOIMUYECKOTO
TUna. A
IIpumep 20.. TIpuBecTy K KAHOHUYECKOMY BUY YpPaBHEHHE:

xzuxx —yzuyy =0. (1120.1)
A 3anumeM oOmui BUA ypaBHEHHs BTOPOTO MOpPsiIKa
auxx+2buxy +cuy,, +F(x,y,u,ux,uy)=0 (1120.2)

U CpaBHUM KO3()(UIIMEHTHI MpU NPOU3BOAHBIX B ypaBHeHHH ([720.2) M B MCXOIHOM
(1120.1):

2 2
a=x";b=0, c=—-y".
OHpe,Z[CJ'II/IM, K KaKOMY TUITY IPUHAAJICKUT UCXOJHOC YPABHCHUC!

D=h> —ac=0—x2(—y2)=(xy)2 >0,
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CJieI0BaTeIbHO, UCXOHOE ypaBHeHue (/713.1.1) npuHaIIEKUT K YpaBHEHUSIM

FHHCp6OHHQCCKOFOTHHa.
OcymiecTBUM Tepexo]l K KaHOHMYECKOH ¢GopMe ¢ MOMOLIbI0 OOIIMX HHTErpajioB

YPaBHEHUS XapaKTepUCTHK. B HamieM ciaydae 3T0 ypaBHEHUE UMEET B
x2 (dy)2 - y2 (d)c)2 =0, wm (xdy + ydx)xdy — ydx)=0,

= xdy + ydx =0, Q:_@’ =xy=Cy;
y X

= xdy — ydx =0, d—y:@, :>Z:C2.
y X X

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

§:C1:xy,

n=Cy=>
X

Haiinem v, nu yy B HOBBIX IIEPEMEHHBIX
b% B B 1
Uy ULy +UpTly =UgY — 2u,7, Uy =UES), +UpT]), = Xug +;u77,

2 2
Uxx :u§§§x +2u§77§x77x +u777777x +”§’7§§ +u7777xx =
2 2
2 y Yy Yy
=y oug _272”577 A Upp +2-3 3 Up>
1
Uyy 2”6555 +2ug &)y +”777777y tUgSyy Fupily, = xzuéé +2ugy +—upy
X

Taxum o6pazom, ucxoanoe ypasHenue (//20.1) B HOBBIX IEpEMEHHBIX UMEET BU/I:
2 2

x2 yzue:e: —21}2%77 + y4 Upp + 2 Jyz[xzu@z + 2u§,7 +xlzu,mj =0,
U 10cjIe IpeoOpa3oBaHuiA, MTOTyIHM
2¥u,7 —4y’u,, =0 wm %u” ~u,, =0,
C Y4€TOM TOro, uTo X) =¢& KaHoHHMYecKas popMa MCXOHOTO YPABHEHHS UMEET BUL:

1

Ug, Zgum

IIpumep 21. HaiiTu penieHue ypaBHEHHs

Uy = Uxx
Y/IOBJIETBOPSIOIIEE HAYATBHBIM YCTOBHAM

2
U —g=x", ut‘t:0=4x.

A Jlns nHaxoxaeHWs pemieHHs ucxomHod 3amaun Komm wucmonmszyeM  Qopmyry

HanamOGepa
x+at

u(x,t) =— [go(x at) + @(x + at)] + 2L [w(©)do,

ax at
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B KOTOPOii go(x) = x2, w(x)=4x, a a=1.

CJIGI[OB&TGHBHO
1t (2 2, 2 2
u(xt)— (x— at) +(x+at) +— j4®d®—5x —2xt+t° +x°+2xt+17 |+
x t
2
;4(92 ;“tﬁ:;(zxz +2t2)+(x+t)2 +(x—1)? =x? +1% +4x1.

OKOHYATETHHO PEIIeHNE UCXOTHOM 3a/1a4u UMEET BH/T
u(x,t) = x? +1> +4xt. A

Ilpumep 22. Haiitu pellieHre ypaBHEHUS
uy =4u,, +xt,
YIIOBJIETBOPSIOIIEe HAYaIbHBIM YCIOBUAM

2
U ==X, ts|=0=X.
A Z[J'ISI HaXO0XICHHA PCIICHUA HCXOHHOﬁ 3aJa4uu Ko HCIIOJIB3YyEM (1)OpMy.]'Iy
JHamam6epa
1 x+at t x+a(t-7)
u(x,0) == [so(x an+(x+anl+— [y(&d+-[  [f(&)ddr
4 x—at a0 x—a(t-1)
B KOTOPOii (p(x):x2, w(x)=x, a=2,a f(x,t)=xt.
CnenoBartenbHO,
X421 1t x+2(t-7)

u(x,t) =— [(x at) +(x+at) ]+— §d§+ j [Ewdédr =

42 40 x- 2(t-7)

1( o 2 2 ) 1§2 Y
=2(x —8xt +4t° + x° +8xt + 4¢ )++4 x

7x—2t
3 3
:x2 +4t2+xt+2x r_r .
2 3

OKoHuaTeIbHOE pelIeHUE UCXOTHOM 3a/]a4l UMEET BU]T

3 a

x+2gt—z’;dr _

x=2t-7

¢ 2
49 2

1
u(x,t) = X%+ 442 +xt+§xt

Ilpumep 23. Haiitu penieHue ypaBHEHUS
Uy = AU , ecim u‘t:O =x*+ y , ut‘t:O =X+1Z

A 3zecs X =(X,Y,2), uO:x4+y, u1=x+22.

2

Tax xak 3.2 =1u f ()_(,t) =0, 1o no popmye

" f(X,1)
— =0

un+2(>‘<)=a2Aun(>‘<)+ ,n=012,...

HOJTy9aeM Un+2()_() = Aun ()_() ,n=012,...

Ortcrona, mpu N = 0, momyInm
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2 2 2
8u0+a u0+8 U,

> > 2 =12x* +0+0 =12x7,
OX oy oz

U, = AU, =

npu N = 1, noayuum
2 2 2
o°u, +8 u, o°u

=AU, = —; 5 > =0+0+2=2,
OX oy 0z
opu N = 2, NOTy4uM
o’u, o°u, o
U, =Au, = —2+—2+—=>=24,
OX oy 0z
pu N = 3, Noay4uM
= Au, =0,
npu N = 4, noxy4um
=Au, =0,...

10 ect, Bee octanshbie Uy =0(K>3) u Uy, =0(k > 2).

IloncraBnsieM HaiiieHHbBIE Un B pelLlIECHUE
2 3 4 5 ©

- t
u(x,t)=u0+tu1+§u 3|u3+zu + Z(;
nojxydacMm
{2 {3 t4
u(x,y,z,t) =x* + y +t(x+z + A2X% +—-2+4+—-24.
(% y.2,t) =x* +y+t(x+2°) 5 52t o;

OKoOHYATEIHLHO PEHICHUC 3aJa4 UMECT BUJ]

u(x,y,zt)= x4+ y+t(x+ 22) +6x°t° +%t3 +t4. A

IIpumep 24. Haiitu pereHne ypaBHEHHUs

Ug —2AU=2xyt% ecmu U =Xy +2% , Uig=Y"

A 31ech )_(:(X,y,Z), uozw+22, U1=y3. Tak Kak a2=21/1 f()‘(,t):2xyt2,

,n=012,...

n -
f(X,t
TO TI0 hopMyIIe Un+2()_() = aZAun ()_() + 8—(n’)‘t=o

o . o"
HOJIyYaem Un+2(X) = ZAUn (X) +?(2th2)|t=0 ,n=012,...

Hatinem Up, mo sToit popmyre
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n=0
U, = 2AU, + 2xyt%| 5 =2(0+0+2)+0 =4,
n=1

U, = 2Au1+§(2xytz)\t:0:2~6y+4xyt\t:0 =12y +0=12y,
n=2
62 2
u, = 2Au, +?(2xyt o =2-0+4xy|_, =4xy,
n=3
U, = 2AU, + (2xyt Yo = 2A(12y) +0=2-0=0,
n=4
64 2
Us = 2AU, +¥(2xyt )0 = 2A(4xy)+0=2-0=0.
U rak nanee, see octansisie Up =0(K>3) m Uy =0(k >2).

IloacraBnsem TMOJYUYCHHBIC Un B pClICHUEC

2 3 4 5 )

t
u(x,t) =u, +tu, +—u, + U, +—U, + —Ug +.. —u X
(%,t) = g1tz gt el e = 2 U (5)
oay4yaeM

s 3 t2 {3 t4
u(x,y,z,t)=xy+z°+ty°+—-4+—-12y+ —-4xy =
(x,y,2,t) =xy Yo Ak L2y s o Ay

1
Xy + 72 +ty3 +2t% + 2y‘[3 +gxyt4.
Takum 00pa3oM, pemreHrneM UCXOJHOTO YpaBHEHUS SABISCTCA (yHKINS

u(x,y,z,t):xy+22+ty3+2t2+2yt3+%xyt4. A

ITpumep 25. CtpyHa, 3aKperyicHHas Ha KoHIax X=0 u X=|, umMeeT B HayaNbHBIF MOMEHT
) 4h

bopmy mapabonsl U = x(l —X)—. OmnpenenuTh CMENIEHWE TOYEK CTPYHBI OT OCH abcuucc,
[

€CJIM HayaJIbHbI€ CKOPOCTU OTCYTCTBYIOT.

A 3amnuieM BOJTHOBOE ypaBHEHUE
U, = Uy, O<x<l, t>0; (1125.1)
HAYaJbHBIC YCIOBUS

u‘t:O = (x) = X(I - X)' an

7 U0 =w(x)=0 (1125.2)

W T'paHUYHBIC YCIIOBUA
u‘ v =0, u‘x:, =0, (1125.3)

B COOTBETCTBHUHU C YCJIOBUSIMU 3aJa4U.
Pemenue ncxomnou 3amauu gaetrcst GopMynon

u(x,t) = Z(a cosa—t+b smal—tjsmnT”x (1125.4)

B KOTOPOH KO HUIIUEHTHI psifia — an U by, onpenenstoTes no popmyaam
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| |
a, = Iz_[gp(x)sinnl—ﬂxdx = Tz_[x(l — ﬂsmnTﬁxdx (1125.5)
0 0

2 | . krx
b = %E[W(x)smedx =y (x)=0}=

Boruucium unterpan (1725.5)

an_?? (Ix X )sinnl—ﬁxdx:
{ 2 kz I kz
=, = Ix—x°,=du, = (I —2x)dx; dv, =sin— I Xdx,=v, = L cosTx}—
T
8h | nx 8h | nz
= IX —x? )—cos — x| +—— | (I —2x)cos — xdx =
|2( )kﬂ | nMZ'E( ) |
={u, =1 -2x,= du, = —2dx; dv, :cosnl—”xdx,:w2 —kLsmnl—”x }=
VA
=§—h2|(l 2x)sin |' 16h I5|n—xdx_
16h nz 16h 16h
-3 osTx|:): ——(cosnz -1)= [1 1],

[ToncraBnsss HaiiJiICHHBIE 3HAYCHHS KOS(i)(bI/II.[I/ICHTOB a, u b, B dopmyny ([125.4),
MOJTy9UM

u(x,t) = zlGh[l n]cosanl—”t-sinnT”x_

IIpu uetnom N=2K Beipaxenue {1— (— 1)”} =0, cnenosarensho, u pemenne U(x,1) =0,

n
a npu HedetHoM N=2k+1 Brepaxenme {1— (— l) }=2, mosromy okoHYATENLHOE pELIECHUE
HCXOJIHOM 3aJa4i UMEET BUJT

u(x t)_32h Z 1 scosawt.smwx, k=0123,
n=2k+1 (Zk + 1) ! |

Ilpumep 26. Haiitu peiienue ypaBHEHHs
— _ 3
U, =4u, +t, uf,_, =2x

A 3rece Uy = 2x° . Tak Kax a2 =2u f ()_(,t) = t,To o popmyie

a" f (X, 1)
— o

un+1(>‘():a2Aun(>‘<)+ ,nN=012,...

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

OTcroza HaxX0 UM

2 2
U, = 2Au, =2 L% 4 I + 9 = 2(6x+0+0)+t| =4(3xy+y’ +7%),
OX oy oz°
u, = 2Au, = 2(0+8+8) = 32,
U, = 2Au, =0,...

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

[oncrasnsiem nony4ennsie Uy, B pemenne
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I L I R A &
u(x,t):ngoﬁun(x)=u0+tu1+§u2+§u3+au4+§u5+... :

2
t
nonyuaem U(X, Y, Z,1) = x3y+ yzz2 +t-4(3xy + y2 + 22) +E-32
WJIN OKOHYATCIbHO PEIICHNUE NMECT BUI

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

Ilpumep 27. Haiitu peuieHue ypaBHEHUS
U = 2AU ,eciad Uly_g = x3y + y2z?

A 31ece X = (X, Y, Z), Ug = X3y+ yZZZ. Tak kak a2 =2qu f ()_(,t) = O,To o opmyie

" (%,1)
— o =0

un+1(>‘():a2Aun(>‘<)+ ,n=012,...

HOJIyYaem Un+1()_() = ZAUn ()_() ,n=012,...
OTcro/1a Haxo UM
o%uy 0%uy o4
U =2AUg =2 —2 + =012 20 | 2(6xy + 22 + 2y?) = 4(3xy + y? + %),
L (ax2 2 o J
Uy = 2AU, = 2(0+8+8) = 32,
Uz = ZAUZ =0,...

To ects, Bee ocramsmsie Uy g =0 (K > 2).

HOZ[CTEIBJ'I?[GM IMOJIYYCHHBIC Un B pCHICHUC B PCIICHUC
© tn t2 3 t4 t5
u(x,t) = né‘bﬁun(x) =Ug +1uy +Eu2 +§u3 +Eu4 +§u5 o,
nojygyacm
t2
u(x,y,zt)= x3y+ yzz2 +t-4(3xy + y2 + 22) +E-32

WA OKOHYATCJIbHO PCHICHNUC UMECT BUJ

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

Ilpumep 28. Haiitu pemenue ypaBHeHus Jlamaca Juisi BHyTpeHHEH 4acTH Kpyra paguyca
R, yaoBieTBopsmolIee KpaeBOMY YCIOBUIO

Au =0,

y (1128.1)

- 2 )
r=R— sin ®

A B »>ToM mpumepe 3anaHa 3amavya Jupuxie, rie npaBas 4acTh TPAHUYHOTO YCIOBHS

(1128.1) f(p)= sin? @ . Pemenne umercsa B kpyre (I <R), sHauut, BRIMUMCHIBATEL pemieHue
Oynem mo dopmyiie

o0

u(r,p) = C?0+Z(cn cosng+d_sin nq))(%) ,

n=1
Haiiziem B 210it popmyie kodbdurmentsr Ay, A, 1 B,
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Jlj1g 3TOro MOJACTaBUM CaMO PEILIEHUE B JIEBYIO YaCTh IPAaHUYHOrO yciuoBus (/128.1) npu
r=R, a npasyio wacte, T. e. pynxumio f (@) pasmoxum B psan ®ypre mo cumycam u
KOCHHYCaM

= . . 1 1
U, r =A+ > (AR"cosnp+B R"sinng) = f(p)=sin’p = E—ECOSZ(p,(Hzg.z)
n=1

Tenepr cpaBHUM KOI(PPUITMEHTHI TpU CHHYCaX W KOCHHYCax C
OJIMHAKOBBIMH apTyMEHTaMHU W MPU CBOOOJHOM YJICHE B JIEBOW M MPABOU YACTAX
MOJTydeHHOTO paBeHcTBa (/7128.2)

1
AO_E’
1
2R?

B, =0 (mpu VN), T.x. cnpasa Her cnaraeMbix ¢ SINNQ,

n=2,:>A2R2:—%,:> A =-—

a taioke Bee ocransisie A, =0 (kpome Ay, Ay). Toncrasum wenynessie Ay A A, B pemenne

(18.28) 1 mostyunm oTBeT, T. €. Haitnem pynxuuo U(r, @)

2
1 2 1 1 2 1 1(r
u(r,@) == +a,r°cos2p == +| ——— [r°cos2p ==—=| — | cos2p. A
(40)22 (pZ[Zsz q’zz(Rj @
Ilpumep 29. Haiitn pemenue ypaBHenus Jlammaca BHyTpu kpyra paamyca R (r <R),
YAOBJIETBOPSIONIEE HA FPaHuULIe YCiaoBUio Helimana

Au =0,

ou

a\r:R: 2.c0s ¢ + 3sin 3p. (1729.1)

A B sroMm npumepe 3amana 3amava Heiimana, rae mpaBas 4acTh TPaHHYHOTO YCIOBHS
(129.1) f(p)=2c0s¢p+3siN3p (yxe pasnokena B psx Dypbe), KOTOPYID MOKHO
IPEICTaBUTh B BUJIE IBYX DYHKIIHUIT

f (p) = 2cosp+3sin3p = {f,(p) = 2c0s @; f,(p) = 3sin3p}= f,(p) + (@)

U JUIS KOKJIOM U3 HUX HaiiieMm pemeHue. [Ipexae yem pemars NOCTaBIeHHYIO 3a1a4y IPOBEPUM
2z

BbINONHEHHE ycnoBus | f (go)d @=0
0

nojrygyacm
2

2
I f(p)dep = j(2c05¢ +3sin3p)de = 2sing
0 0
TaK KaK YCJIOBUC BBIIIOJIHCHO, TO IJIA PCHICHUA OCTaBJIEHHOU 3aa4u BbIYHUCIUM ITPOU3BOJHYIO
OT peleHHs

u(r,p)= A, +§:(A1 cosng+ B, sinng)r",

n=,

g”—gcos&p 2"=0-1+1=0,

ou & o i
[Momy4yum 5 = an 1('6\1 cosne + By sin ngo)_
n=1
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¥ 3aIMIIEeM FPAaHUYHBIC YCIOBHS CHavYana sk () yHKIHH fl (p) =2cos ¢
au
or

Tenepr cpaBHUM KOI(PPUIIMEHTHI TNpU CHHYCaX U KOCHHYCax ¢

OJMHAKOBBIMHU apTryYMCHTAMHU B JIEBOU U HpaBOP'I JacTaX IMOJIYUYCHHOI'O paBCHCTBA
(7129.2):
Dn=1

Acosp=2cosp = A =2,

|-z = > NR"*(A cosng + B, sinng) = f,(p) =2cosp  (1129.2)
n=1

a BCC OCTaJIbHBIC A] = O u Bn = O . CJIC,I[OB&TCJIBHO, PEIICHUE, COOTBETCTBYIOIICEC Q)YHKLII/II/I

f1 (@) =2C0S @ , umeer sun
u,(r,@)=2rcose.

3arem 3amMIeM rpaHUYHbIC YCIOBUS CHavYasa sl QyHKIUU f2 ((D) =3sin 3¢
ou e . .
5|r:R =>'nR"*(A cosng + B, sinngp)= f,(p) =3sin3p  (1129.3)
n=1

Tenepp cpaBHUM KOI(PPUIMEHTHI MNpU CHHYCaXx W KOCHHYCax C
OIMHAKOBBIMHM apryMEHTaMH B JIEBOM M MPABOW YaCTAX MOJYYEHHOTO PABEHCTBA

(1129.3):
2)n=3,
A =0
) 3
B,3R**=d, ,= B, =3RE

a Bce octanbHble B, =0.

CrnenoBatenbHO, pelieHne, COOTBETCTBYIOMIEE HyHKIIUU f2 (¢) = 3sIn 3(0 AMEET BUJ

r* .
u,(r,@)= ~7Sin3p.

Taxum oOpazom, pelieHne UCXOIHOM 3a1auu OyeT onpeaensaThes GopMynoit

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

5.3. Temwt 0na ycmnozo onpoca

1. 3aBucumocts pemenus 3aga4u Koummu oT mapaMmeTpoB U Ha4aIbHBIX
ycJaoBUi. YciaoBue Jinnmuuna.

2. YpaBHeHHMsl NepBOro MNOPSiAKAa, Hepa3pelleHHble OTHOCHTEJIbHO
MPOU3BOAHOM

3. YpaBHeHne YeOblmena.

4. JluHeiiHble W  KBa3W/JIMHEHbIe yYpPaBHEHMSl B  YaCTHBIX
MPOU3BOJHBIX.

5. YpaBHeHMs THAPOJANHAMUKHU U 3BYKOBBIX BOJIH.

6. YpaBHeHHMe XapaKTePUCTHUK M €ro MCIOJb30BaHUE /sl NPUBeIeHUS
YPABHEHHUS K KAHOHUYECKOMY BH]Y.

7. CoOcTBeHHbIE 3HAYEHUSA U COOCTBEeHHbIE (PYHKIMU.

8. Pemenue 3apauu Komu meronom Ilyaccona.
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9. Pa3znenenHue nepeMeHHbBIX B ypaBHEHUU [ eTbMTObIIA.

5.4. Bonpocsl k 3aueTty

1. YpaBHeHusI TepPBOro TNOPSiAKA, pa3pelieHHbIe OTHOCHTEJIbHO
IPOU3BOJIHOM.

2. YpaBHeHHMs ¢ pa3/ie/IeHHbIMH TNepeMEeHHbIMU M NPHUBOASIIIHECH K
HHUM.

3. JluHeiiHble YypaBHeHHMsI TNEpPBOr0 TMOPAAKA W  ypPaBHeHWHs,
NPUBOASIIIAECH K HUM.

4. YpaBHeHHsI TEePBOr0 TMNOPHAAKA, Hepa3pelleHHbIe OTHOCUTEJIbHO
NMPOU3BOAHOM.

5. JluneiiHble ypaBHeHHsI BBICIIMX TOPSAJKOB C TOCTOSIHHBIMU
ko3 puuuenramu.

6. OnHopoaHble JIMHeHbIE YPABHEHHUS.

/. HeogHopojaHble JUHEHbIe YPABHEHUSI H METO/AbI UX PelleHHii.

8. JluHeiiHble ypaBHeHHMsI BBICHIUX MOPSJAKOB C TIepeMEeHHbIMU
ko3¢ unuentamu. YpasHeHus Jiljiepa.

9. JluHeliHble ¥  KBa3sWIHHelHble YpPaBHEHHs B  YACTHBIX
MPON3BOHBbIX.

10. MeToa XapaKTepUCTHK.

11. YpaBHeHHUSI B YACTHBIX NPOU3BOIHBIX MEPBOI0 MOPSAKA U METObI
UX UHTErPUPOBAHUS.

12. Pemenme 3apaun Komm.

13. YpaBHeHue koJieGaHuii.

14. YpaBHeHue TemjonpoBogHocTu u n1udpdy3nu.

15. YpaBHeHusi ruIPOAMHAMHUKN U 3BYKOBBIX BOJIH.

16. Onpenenenne THUNA YPaBHEHHMS] B YACTHBIX NPOU3BOAHBIX 2-T0
MOPAKA.

17. MeToa XapakTepUCTUK /Jsi NMPUBEJEHUS] YPABHEHHS B YACTHBIX
NMPOU3BOJHBIX 2-TO MOPSAAKA K KAHOHUYECKOMY BH]Y.

18. 3agaua Ko /151 ypaBHeHHii KoJ1e0aHMii.

19. ®opmyna Jlanambepa AJsi  CBOOOAHBIX M  BBIHY)KIEHHBIX
KOJIeOaAHUIA.

20. MeToabl pelieHUsl KpaeBbIX 32/1a4.

21. 3apaua Hltypma-JInyBuiis.

22. CoOcTBeHHbIE 3HAYEHUS M COOCTBEHHbIE PYHKIMHU.

23. Meton pa3znesieHusi nepeMeHHbIX (MeTon dypbe) nmpu penieHUn
rPAHUYHBIX 33124 YPABHEHUI rHNepOoJIM1eCcKOro TUIa.

24. dusnyeckue 3aaa4m, NPUBOJSIIIIHE K YPABHEHUSM
napadoau4ecKoro THIA.

25. IToctanoBka 3anaun Kouu 1151 ypaBHeHUs TeNJI0NPOBOJIHOCTH.

26. Meton Teiisiopa nis pemenus 3aaaun Komm.

27. Meton pa3nesnenusi nepeMeHHbIX (Meron dypbe) A pelieHus
rPAHUYHBIX 32124 YPABHEHUH THNepO0JIMYeCcKOro TUIA.

28. YpaBHenus Jlanjaca u Ilyaccona.
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29.

dyHIaMeHTaJIbHOE pellieHue ypaBHeHus Jlamaca Ha MJI10CKOCTH

B IPOCTPAaHCTBe.

30.
31.
32.
33.
34.

ITocraHoBKa OCHOBHBIX KpaeBbIX 3a1a4: 3aga4ya Aupuxie.
ITocraHoBKa OCHOBHBIX KpaeBbIX 3a1a4: 3axauya Heiimana.
Pemienune ypasuenus Jlamiaca nis kpyra.

Coepuueckne pyHkumu.

Pa3nesienue nepeMeHHbIX B ypaBHeHuM ['esibMroJibua.
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TEXHOJIOT'HYECKAS KAPTA JTUCHHUIIJIMHBI
OCHOBHAS OBPA30OBATEJIBHAS ITPOTPAMMA
05.03.01 I'eostorusi, HanpaBJeHHOCTH (Mpoduiab) «I'eopusukar
(xon, HaTpaBIIeHUE, TIPOQILIH)

TEXHOJIOI'MYECKASA KAPTA

Mudp aucuumnmnaet mo PYII | b1.6.22

Hucnunnuna | «YpaBHEeHUs] MATeMaTH4eCKOH (pu3nKn»

Kypc |2 |cemectp |3

Kadenpa | TOPHOTO0 JeJ1a, HAYK 0 3eMJie H MPHPOA000yCTPOiicTBa

Tepemenko Cepreii BacuibeBu4, 1-p TeXH.HAYK, T0I[EHT, 3aB.

®.1.0. nmpemnoxaBares, 3BaHuE, .
kadenpoii ropHoOro 1€J1a, HAYK 0 3emie U

JIOJKHOCTh .

NnpupoaoodycTpoiicTea
DI TPYI0EMKOCTbusener | 72/2 | Kon-Bo cemectpoB | 1 | dopma KoHTpOIs | 3auer
-HK06111./Te1<. CeM. |16/16 [1_[P/CM06LLL./T6K. ceM. |32/32 |-HBoGLu./Te1<. ceM. |'/' I CPC OOILL/TEK. CEM. I 24/24

Komnerennuu odyyaiomerocsi, GopmMmupyembie B pe3yJibTaTe H3yUYeHHUs TUCHHIJIHHbI:

- CIIOCOOHOCTH MCIIOJIB30BATh B MPOPECCHOHAIBHOM JeATeIBHOCTH 0a30BbIe 3HAHHMS MaTEMATHKU
u ectecTBeHHBIX Hayk (OITK-3).

Kon MakcuMajabHOe
. KoauuecTBo
dopmupyemoii | ConepxkaHue 3aqaHust . KOJIHYECTBO Cpox npenocraBJieHHs
MeponpusITH
KOMIIeTEHIIUH 0aJ1;10B
Beoouwtit 610k
He npexycmoTpen | | |
Ocnoenoit 610K
OIIK-3 VYcTHBIH ompoc. 5 15 B Teuenne cemectpa
OIIK-3 Penienue 3anau 8 24 B Teuenne cemectpa
OIIK-3 KontponsHas pabora 7 21 B Teuenue cemectpa
Bcero: 60
Bompoc 1 20 B cpoku ceccun
OIIK-3 3auer P P
Bomnpoc 2 20 B cpoku ceccun
Bcero: 40
Hroro: 100
Jlonoanumenshutii 010K
OI1IK-3 IToaroroBka OOPHOro KOHCIIEKTA 10 10 COTJIAaCOBAHHUIO C
OIIK-3 ITonroToBka riaoccapus 5 MIpenoiaBaTeseM
Bceero 15

[Ikana oneHWBaHMS B paMKax OaibHO-pedTHHTOBOW cucteMbl MAI'Y: «He 3auer» - 60 OayutoB W MeHee, «3adeT» - Oonee 61
Gamra.

30



