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1. O01mme cBegeHus

I'opHoro nena, Hayk o 3emiie u

1. | Kagenpa npUpoI000yCTpOicTBA

2. | HanpaBiieHue moaroToBKu 05.03.01 I'eonorus

3. | HanpaBnennocts (mpoduin) ["'eoduszuka

4. | Juctunnuna (MOIysb) YpaBHEeHHs] MaTeMaTH4eCKON (DU3UKHU
5. | opma oOydeHus OYHast

6. | 'oxg Habopa 2018

2. Ilepeyenb KOMIeTEeHIMIA

- CIIOCOOHOCTB MCIIOIL30BAaTh B HpO(beCCHOHaHBHOﬁ ACATCIIBHOCTHU 0a30BbIE 3HAHUS MATEMATHKHU

u ectectBeHHbIX Hayk (OITK-3).




3. Kpurepuu u nokasarejim OlleHUBAHHMS KOMIIETEHIMI HA pa3JIMYHBIX ITAaNax uX GopMUpoOBaHHUS

Kpurepuu u nokasatesnn olleHUBaHHUS KOMIIETEHIUI

DopMBbI KOHTPOJISL

Oran GopMUPOBAHUS KOMIIETCHIINT dopmupyemas
c(hOpMHUPOBAHHOCTH
(pa3nernsl, TeMBI JUCIUTLTAHEI) KOMIICTCHITHS 3HaTh: YMeTh: Bmaners: o
KOMITETCHINH
BUJl ypaBHEHHH IIEPBOTO MOPSAIKA,
pa3pelIeHHbIe OTHOCUTEIBHO .
N METOJaMHU peIIeHui
MIPOU3BOJTHOM; ypaBHEHHS c .
ypaBHEHHUI IepBOTrO
pa3fieleHHBIMU HEPEeMEHHBIMH U | ONpelesiTh TUI
1. O6bi1kHOBeHHBIE AU depeHIuATBHBIC OpUBOJSLIMECS K HHM; JIMHEUHBIC | ypaBHECHHUS IIEPBOTO ropAIKa 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 OTHOCHUTEIIFHO
MIPOU3BOJHOM
JVHCHHBIE  YpaBHEHWS  BBHICIINX METOJIaMH PeIICHNH
MOPSIKOB c MIOCTOSTHHBIMHU JMHEHHBIX
K03(h(UIMEHTaMH; OIHOPOIHBIE H OJTHOPOJHBIX H N
b > OAHOPOJHE! ONpeAesATh un | OHOPOA YerHblit onpoc.
HEOJTHOPO/HBIE JUHEWHBIe HEOJTHOPOAHBIX
2. O6bIkHOBeHHbIE TU(depeHnnaTbHbIE .. | ypaBHeHus Nn-ro o Pewenue 3anau.
OIIK-3 YPaBHEHHsI U METOJbl UX PELICHMUI; YPaBHEHHUN N-ro
YPaBHeHHs N-To NOpsIAKA. . HOPSIZIKA; pemaTh KonrponbHas padora
JUHEHHBIE  ypaBHEHMSA  BBICIIMX mopsiiKa ¢
3anaugy Komm. Ne2.
MOPSIAKOB c MIepEeMEHHBIMH MTOCTOSIHHBIMU |
kodhdunmeHTamu; YpaBHEHHUS NepeMEHHbBIMU
Diinepa KodpunrueHTaMu
JIMHEHbIE u KBa3WJIMHEHHbIE
ypaBHEHHS B YaCTHBIX
MPON3BOJHBIX; METONL | o eststTh THII METOJIaMH peIeHnH 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 z;rl)/:[aq 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 aJIropuTMaMu YerHbli onpoc.

MaTeMaTH4ecKoil pu3uKu.

YpaBHCHUA TUAPOJANHAMUKA n
3BYKOBBIX BOJIH.

ypaBHEHUS

pelieHnsl ypaBHEHUI

Pemenue 3amau.




5. IIpuBenenue YPaBHeHM

K

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

OTIpeNeNATh THII
YpaBHEHHS; TPUBOAUTH

MCTOAOM
XapaKTCPpUCTUK AT
MPpUBCACHUA

YerHsli onpoc.
Pemenue 3amau.

OIIK-3 YpaBHEHHSI B YaCTHBIX
KAHOHHYeCKOMY BUAY. NPHUBEICHNS ypaBHEHUS B YaCTHBIX | ypaBHEHHE K HIPOH3BOHLIX 2-T0 KontponsHas padora
NPOM3BOJHBIX 2-TO MOpsSAKAa K | KAHOHWYECKOMY BHIY ng K K Ne4
KaHOHMYECKOMY BHIY p
KaHOHHYECKOMY BUAY
3amauy Komm s aBHEHHH
Aaty yp MeronoM Dypee
THIIEpOOIMYECKOTO THMA; (HOpMyITy
HCTIONB30BaTh (hopMyity | (pasaeneHust Pemenne 3agau.
Jamambepa s CBOOODHBIX U
6. YpaBHeHHSI rUNePOOINIECKOro THIA. OIIK-3 o Hanam6Gepa s MIePEMEHHBIX) JJIS KontponbHas paborta
BBIHY/ICHHBIX KOJEOAaHUIT; METO/BI
pemenus 3agaun Komu | pemieHus HavyanbHO- Ne5
peleHus KpaeBBIX 3aj4ad; 3aaady
IpaHUYHBIX 33]a4
IItypma-JInyBumisa; Meron Oypbe
o (busnUecKux 3a7a4ax,
OTIpeNIeNATh THII
MPUBOISIIAX K ypaBHEHUSIM i
YpaBHEHHS, MeronoM Dypee o
napabonu4eckoro  THIMA;  METOJ VYcTHsIi onpoc.
. UCTIOJIB30BaTh METO (pazneneHus
Tedimopa Ui pemieHus 3aadn . Pemenne 3agau.
7. YpaBHeHHs MapadoJIM4€eCKOro THIA. OIIK-3 Teiinopa Ui pelieHusl | IePEeMEHHBIX) IS
Komm; METOJ pasneneHus Konrponbnas pabora
3agaun Komn pelIeHus HadaJlbHO-
nepeMeHHBIX (Meton Dypbe) mns Ne6
OTIPEAEIATH THUII T'PaHWYHBIX 33139
pemeHus TPaHUYHBIX 3a7a4
. YpaBHEHUS
ypaBHEHHH TUIepOOIMIECKOro THIIA
ypasHenus Jlamnaca u Ilyaccona; o
(yHIaMEeHTaILHOM pemeHnu merozioM Dypre
ypaBHeHus Jlamiaca Ha IUIOCKOCTH (paznenenus Pewenue 3anau.
pemaTh ypaBHEHUS
8. YpaBHeHHS LIMITHYECKOT0 THIIA, OIIK-3 W B TPOCTPAHCTBE; KaK CTaBATCA | 7y - - p— MIEPEMEHHBIX) JIIS KonTtponpHast ~ pabota
OCHOBHBIE KpaeBbIe 3aJaui: 3ajada Py peIeHus HayaiabHO- Ne7

Hupuxie u Helimana; o
ceprueckux GyHKIHSIX.

T'PaHUYHBIX 3ajJia4




4. KpuTepnu U MIKaJIbI OCHUBAHUS

Pelnenne 3axau

3 Oata BBICTABIIACTCS, €CJIM CTYACHT PEII BCE PEKOMEHOBAHHBIE HA MPAKTUYECKOM
3aHATUH 3aJa4H.

2 0aJi BBICTABIISIETCS, €CIIU CTY/ICHT BHIMOIHIIT HEe MeHee 50% peKoOMEeHI0BaHHBIX 3a7ad.

1 Gayut BBICTABIIICTCS, €CIIM CTYICHT BBITTOHIIT HEe MeHee 20% peKoMeH0BaHHBIX 3a/1a4.

4.2. KourpoJbHas padora

3 Oama BBICTABISAETCS, €CIM CTYIASHT peIImI BCE PEKOMEHJOBAaHHBIC 3aJ[ayuH,
apryMEHTHPOBAaB WX, C 00sA3aTeIbHOW CCBUIKOM HA COOTBETCTBYIOIIME HOPMATHBBI (€CIH IO
COJIEPKaHUIO ITO HEOOXOUMO).

2 Oama BBICTABISCTCS, €CIIM CTYJACHT BBIMOJHHI JBa PEKOMEHIOBAHHBIX 3aJIaHUs,
apryMEHTHUPOBAB UX, C 00SA3aTEIHHOW CCHUIKOW Ha COOTBETCTBYIOIIME HOPMATHBBI (€CITU IO
COJIEPKAHUIO 3TO HEOOXOIUMO).

1 Gayu BBICTABISETCS, €CIIU CTYICHT BBITIOJIHIUI OJTHO 3a/IaHHUC.

0 GaJuIOB — CTY/ICHT HE BBIINOJIHUJI PEKOMEHIOBAaHHBIC 3aJIaHHsI.

YcTHblii onpoc
[TporeHT npaBUIIBHBIX OTBETOB Jo 60 60-80 80-100
KosmgecTBo 6aiioB 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 (OPMUPOBAHUS KOMIETEHIHH B TMpouecce OCBOEHHUS
o0pa3oBaTeJIbHOM MPOrPaMMbI

5.1. Tunoewvie konmponvusle 3a0anus
1. Ypaenenus nepeozo nopaoka

1.1.Pemmts ypaBHenue: xsinf+ x’ cost =1

: 1
1.2. Pemuts 3amauy Komu: x’ +3x-1g3t =sin 61, x(0) = 3

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

2. Ypasnenua «N»-20 nopaoka
2.1. HaiiTu oO1miee pemieHne ypaBHEHUS: y// +4y'—6y=0

2.2. Haiitu oO1miee, 4acTHOE pelIeHre U pelieHue 3aaauu Komm ypaBHeHus:
1 5
1/ X 2x /
—y=xe’ +e™, 0)=—, 0)=—-
Y-y yoO=3. yO=5
2.3. Pemmnte ypasnenue Diinepa: x2y" — xp/ + 3 =0.

3. Ypasuenusa ¢ uacmubvix npou3e00HbIX NePE020 NOPAIKA
3.1. Haittu peuieHne ypaBHeHUs

0z 0Oz
yzZ—+x—=0
Ox
3.2.HaiiTu o0muii nHTErpan ypaBHEHHS: 1 + 1& =4.
xox yoy

3.3.HaiiTu peuieHne ypaBHEHUs



Oz

4
x—+z—=0,
ox Oy

YIOBJIETBOPSIOLIEE HAYAIbHBIM YCIOBUSIM: Z = -y IpH X =1.

4, Ilpueedenue ypasHeHuil K KAHOHUYECKOMY 8UOY

4.1. 4u,, —8uyy +Uy, —2uU, +2uy, —3u=0.
2 2
4.2. xza—?—yza—?:o.
ox oy
4.3. 4y*u,, +e*u, —4y’u, =0.

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

511 Uy =4uy, +Xt; u

2 _
=0= %" Ut| =X

5.1.2. Uy —AU=0; Ul_o=X>+2% Ug=VY

5.2. PelmTh HaYa IbHO-IPAHMYHYIO 3a/1a4y:
Uy — AU =48in° x+168in° X,0< X< 7; Uy =0, Uy|io =0; U], o =Uy|,, =0.

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

6.1.1. Ut =Uxy +3t2 ; U|t:0= sinx,
6.1.2. U, — AU = Xzt; U‘t=o= xy® +x2z%.
6.2. PemuTh Ha4aIbHO-TPAHUYHYIO 33]1a4y:
Ug =AUy =0; 0<x<4; Ul =2sin® 2 +sindzx, u|, o =U,_, =0.

7. ¥Ypaenenusa naunmuueckozo muna
Pemmts kpaeByro 3amady ais ypaBHeHus Jlammaca B kpyre

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

72.Au=0, 0<r<1, u‘r:]_:f(go)=C033¢)—25in3(p—COS¢+Sin(p.

7.3. Au=0, Z—u\rRz 2C0s @ + 3sin 3p.
r

5.2. Tunoewie 3a0auu ona npaKmMuyecKux 3aHAMUN

Ilpumep 1. HaliTu cuiny TSITM COCTaBa C PyIOW MO UCTEYEHWH BPEMEHH t MMEOIIEro
Ha4yaJbHYI CKOPOCTH Vo, JIBUTAIOLIETOCA C YCKOPEHUEM NPSAMOIPONOPLUOHAIBHBIM CUJIE TSTH
F=b-kv u 00paTHO MPOMOPIIMOHAIEHBIM Macce cocTaBa ¢ pyaod. ECiu B HadalbHBI MOMEHT
Bpemenu nipu t =0 cuia Tsru onpeaensiercst BeipakerueM F(t)= Fo=b-kvo.
A CKOpOCTh JIBWKEHHUS COCTaBa C PYAOH sBisieTcs ¢yHKiueil Bpemenu, T.e. V= V(t), a ero
YCKOpEHUE ompenensercs 2-M 3akoHoM HeroToHa

a= ﬂ = E, rae F=b-kv.
d m

[TosTomy nuddepennnanbHOe ypaBHEHHE HCXOAHON 3a/1a9d Oy/1eT UMETh BH/I:
dv_b-kv (%)

dt m

Paznensis mepeMeHHBIE B OTOM ypaBHEHWHW, TMOJYYUM YpaBHEHHE C pa3AeleHHBIMU

5



MNEPCMCHHBIMU

dv._dt

b—kv m’
HHTerpupys KOTOPOE, HaiiieM o0lIee pelleHyre ypaBHeHus (*)

—%In|b—kv|:%t+c o t:—%ln|b—kv|+C (%)

B pemiennu (**) yaoBiaeTBopuM HadanbHOMY ycinoBuio — V(0)=Vo.
0=—%In|b—kvo|+C = C:%In|b—kvo|.

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

m m
t=—?ln|b—kv|+?ln‘b—kvo‘

nimn

m b—ky m, |F
t=""in ={F,=b—ky, F=b—kvl=-"In|->
k |b—kv Kk
Takum 00pa3oM, MCKOMYIO CHIy TSTH COCTaBa C PyIOMl B JII0OOH MOMEHT BpEMEHH,
HaWeM M3 IMOCIIeTHEr0 PABEHCTBA, M30aBUBIIIICH B HEM OT Jlorapudma
k |R| F N -
t—=h-2{=-2=e" =>F=Fe™.A
m F F

Hpumep 2. PaccMoTpuM BeHTUIAIMIO 33603 oobeMoM V(MS), B KOTOPOM B Ipolecce
poBe/ieHUs] paboT HAKAIUIMBAIOTCS BPEHbIE ra3000pa3Hble BbIJCICHHS B KoJnyecTBe Z B yac.
IlycTs 06MeH BO3AyXa B TedeHMH | uaca cocTapiseT M (M°/4), HpUdeM IPUTOYHBIA BO3IyX
COZIEPKUT BpeJIHbIE BENIECTBA B KOHIEHTparuu 4 Ha 1 M3, TpeGyercs HalTH KOHIEHTpaImio Z
(ma 1 M%) BpennbIX BhITeneHuil B 3a60e yepes Bpems t mocne Hayanma pabOTHI, €CIH HAYATBHOE
3HaYeHHE 3TOM KOHIEHTPALUHU (OCTAaTOK 3arpsi3HEHUH OT MpeAbIayIeil cMeHbl) cocTaBisieT Zo.

A 3a wmanbiii TpoMexxyTok BpeMeHHM Ot KOHIEHTpanusi BPEIHBIX BBIICICHUN Z
yBenununBaercs Ha dZ. CremoBaTenbHO 00IIee KONUYECTBO BbiAeneHui coctaBuT VAZ u oHO
OyZIeT cOCTOSATh M3 BBIACICHUI, MPUHECEHHBIX MPUTOYHBIM BO3MyXoM - uMdt, u BbIACICHUI
0o0pa3oBaBIIMXCS B Mporecce paboTel - Zdt 3a BBIUETOM KOJHYECTBA BPEAHBIX BBIIACICHHIA,
KOTOPOE COJCPKAOCh B M3BICUCHHOM M3 3a00s 3a Bpems dt Bozayxe. IIpeamosnoxum, 4ro 3a
MaJiblii MPOMEKYTOK BpeMeHH Ot M3MEHEHHE KOHIICHTpAIMK BPEAHBIX BBIICICHHH PaBHO —
ZMdt. CnenoBatenbHO, ypaBHEHHE BEHTHIISALUH 320051 HIMEET BU/L:

VAZ = iMdt + Zdt — ZMdt wm 92 - 2=M 7 _ M
dt Vv Y;

[TonydeHHOE ypaBHEHHE SIBIISCTCS JIMHEHHBIM HEOIHOPOTHBIM ypaBHEHHEM, KOTOPOE
OyzaeM pemath UCTONb3Ys cpasy popmyiy obmiero pemenus (1.51):

1-M 1-M 1M
M V -
=Tt C HM Vo t

M

=t

Z=eV C+’u JeVIdt =eV V. | um
V 1-M
1-M
7 = Cle \4 ! _ﬂ .
1-M

Ynaosnersopss HayanbHOMy ycnoBuro Z(0)=Z,, omnpenenuM 3HAYCHHE IPOU3BOJIBLHOM
NOCTOSsHHOW Z, =C, — ﬂ =C =27+ 1’“ M TakuM 00pa3oM, OKOHYATENILHOE PEIICHHE

UCXOIHOM 3aJa4i UMEET BU;



1-M 1-M
Z=Ze" + M (evt—lJ.A
1-M

Ilpumep 3. HaliTu cuily TSIrM cOoCTaBa C pyJIOH MO MCTEYEHUU BpeMEHU t MMeroiero
HAYaJIbHYI0 CKOPOCTb Vo, JBUTAIOIIErOCA C YCKOPEHHEM IPSIMONPOINOPLUUOHAIBHBIM CHIIE TATU
F=b-kv u obpaTtHO mpomopiHroHaNIbHBIM Macce COCTaBa ¢ pynaod. Eciu B HaYaabHBIH MOMEHT
Bpemenu 1ipu t =0 cuiia Tsru onpexaensiercs BeipakerueM F(t)= Fo=b-kvo.

A CKOPOCTb JIBIKCHHUS COCTaBa C pyIoi sBiseTcs QyHKIMel Bpemeny, 1.e. V= V(t), a ero
yCKOpeHue onpenensercs 2-M 3akoHoM HeloToHa

4o dv_F _
“qom roe F=b-kv.
[TosToMy nuddepeHnmranp-HOE ypaBHEHHE UCXOAHOM 3a1aun Oy/1eT UMETh BU:
dv b—kv
i (*)
dt m
Pasz(en;m MNEpEMCHHBIC B 3TOM YPABHCHUH, IOJIYUYUM YPABHCHUC C Pa3ACIICHHbBIMHU
HepeMeHHI)IMI/I
dv.  dt
b-kv m’

WuTterpupys KOTOpoe, HaiieMm o0llee pelieHue ypaBHeHUs (*)
1 1 m
—E|n|b—kv|zat+c I/I_]'[I/It:—?ln|b—kv|+c (**)
B perernn (**) ynoBiaeTBOpuM HadanbHOMY ycioBuio — V(0)=Vo.
0=-n[b—kv,|+C = C="Ino—ky.
k k

[ToncraBuB HaiijleHHOE 3HaueHHE MOCTOSHHONM C B oOllee pelieHue (**), MOIy4yuM
pewenue 3agaun Komm:

m m
tz—?|n|b—kv|+?|n\b—kvo\

niIn

=

t=" b—ky, ={Fozb—kvo, F=b—kv}=%lnF° ,

k |b—kv
Takum o0pa3om, UCKOMYIO CHIIy TSATM COCTaBa C PyAoil B JII0OOOH MOMEHT BpPEMEHH,

HaWIeM U3 MOCJIETHETO PaBeHCTBA, N30aBUBIIKNCH B HEM OT Jlorapudma
k |R| F N -
t—=h-2=-2=e" =>F=Fe™ A
0 .
m F

Ilpumep 4. TpyOompoBoa TemioBod wmaructpanu (muamerp 20 cM) 3alIUIIEHHBIN
u3ossinuel TommuHol 10 cM orarumBaetr paboyee TMOMEIIEHHE MPU dTOM TeMIlepatrypa TpyObl
160°C, a BHemHero ee mokposa 30°C. OmpenenuTs pacnpelneiaeHue TeMIEpaTypbl BHYTPH
u3oIsAIue, eciau koddduiment rertonporoagHocTr K = 0,00017, a Takke KOJIUYECTBO TEILIOTHI,
oTnaBaeMoil 1 M TpyOBI.

A Eciu Teno HaXxoIuTCS B CTAllMOHAPHOM TEIUIOBOM COCTOSIHUM W TeMmriepatypa 1 B
KaXJIOM €ro TOYKe €CTh (PYHKITUS TOJBKO OJTHON KOOPIAWHATHI X, TO, B COOTBETCTBHH C 3aKOHOM
TEIONPOBOAHOCTH Dyphbe, KOMMUECTBO TEIUIOTHI, UCITYCKAaeMOE B CEKYHTy Oy/IeT paBHO

Q=-1S (X)d—T = const (1)
dx
rae A — Kod(QQUIMEHT TEIUIONPOBOJHOCTH, a IUIOIAAL cedeHHs Tena S(X) ompenessercs Imo
dbopmyie
S(x)=2xnxl,



rne x— paauyc tpybompoBoma, | — mnmHa TpyOBI, ciemoBaTenbHO, ypaBHeHue (1) MOXHO
3anucarhb B BUJIE

= —/IS(x)d—T =—-2A7xl av
dx dx
WIn
0+2a2 9 Z0 ¥
dx
Paznenss nepemennslie B quddepeHnaIbHOM YpaBHEHUH (2) TOTYyIUM
dx
a1 = -9 .9 ©)
2A7d X

[To ycrnoBuio 3amaun HEOOXOAMMO OIPENENIUTh paclpeesieHue TeMIIepaTypbl BHYTPHU
u3ossiiuu. [ToaToMy cHauana JieByro 4acTh ypaBHeHHS (3) mHTerpupyem B mnpeaenax ot 160°C
1o 30°C, a HpaBon 4acTh UHTErpupyem B npenenax ot 10 go 20 cm.

30
jdtT = j
150 24
[Tocne MHTErpUpOBaHUs ypaBHeHHs (3), HAXOIUM
Q 20 Q
=30-160 = — Inx| " =— -In2
Tlreo 0.00017 - 271 o 0,00017 - 27 4

3ateMm, NPOUHTErpUpPyEM JIeByl0 uacTh ypaBHeHus (3) B mpegenax ot 160°C mo
HEKOTOPOi TeMriepatrypsl 7, a MpaBylo 4acTh MHTerpupyem B mpenenax ot 10 go x cm. [Tocne
MHTETpUpPOBaHUs ypaBHEHUS (3), HAXOIUM

o - Q jo

160 2/1721 10 X
Q x Q
T, =T-160=—————-InX =———-IN0x (5
1o 0,00017 24 0 = "5 00017 24 ©
Pa3znenuB nounenHo ypaBHeHue (5) Ha ypaBHEHHE (4), TOTy4YUM
T-160 In0.1x
~130 In2

N3 »sToro YpaBHCHHA CICAYCT, YTO 3aKOH pPaCHpPCACIICHUA TEMIICpATypbl BHYTPH
HU30JIAINHN 6yz[eT HUMETH BHU]

T =591,8-4318In x

Kpome TOro, mo ycinoBuio 3aayd HEOOXOJUMO OINPENENIUTh KOJIUYECTBO TEIJIOTHI
otnaBaeMoil 1 M TpyOsl. IloaToMy 11 TOTO, 4TOOBI BRIIOJIHUTE YCIOBHUE 3a7a4l HE0OX0IUMMO U3
ypaBuenusi (4) npu | = 100 cm BbIpasuts Q U paccunTarh €ro 3HaYCHHE

o_130:0.00017:2:7100 130-0.00017:2:314-100 _ oo
In2 0,69315

Ilpumep 5. Kycok pyaHOU Maccsl m MaJaeT B PyAOCIYCK IO IEHCTBUEM CUIIBI TSKECTH,
IIPY 3TOM BO3AYX OKa3bIBAE€T CONPOTUBIIEHHE, TPONOPLUOHATIBHOE KBAaJpaTy CKOPOCTH IaICHUS.
HaiiTn 3aK0H JBUKEHUS KYyCKa.

A Ilycte S — paccrosHue, mnpoijgeHHoe TenoM K MomeHTy t. Torma neukenue
OTIpeIeNIIeTCsl ypaBHEHUEM

d’s (dsj2
m—=mg —k| —
dt dt

KOTOPOC MOKET OBITh MMPEACTABJICHO B BUJC



rngg-wng ko’
dt @

rje ckopocth U = : Huddepennmanbaoe ypaBHenne (1) sBIseTcs  ypaBHEHUEM

dt

Pukkaru.
Pazniensist B HEeM nepeMeHHbIe, UMEEM

mdov
——————m
mg — ko*
HJIN I1O0CJIE COKPAIICHHA JIEBOIT YacTH paBE€HCTBA Ha m

do
— -

g-— 0
m
HHTCFpI/Ip}Iﬂ 9TO PpaBCHCTBO, ITOJYYaCM

do
2 2
g- Ko @
m
Jlnst BBIYMCIICHUSI WHTErpaja B JIEBOM YacTH YypaBHEHUS (2) MPUMEHSEM METOJ
HGOHpe,I(eJ'IeHHbIX Koaq)(bnuneHTOB U TOT/1a

Adv Bdv
I | ©)
i U \/_ \/70 \/g + \/721

Otkyna

A-B=0

A+B:;L

Jo

WIH

A=B=—1

29

[Moncrapnss Haﬁz(eHHHe 3HAYEHUS KOB(l)(I)I/II_[I/IeHTOB B uHTerpain (3), umeem
I ( J : I [ ] -

gk gk
JIasi KpaTKOCTH 00O3HAUUM m =7 Torma mociae yMHOKEHHS PaBEHCTBA Ha 2 m
HaxoaInum

Id(9+fv)_Id(9‘rv)=2di+C)

g+ro g-ro

niim
In(g +rv)—In(g —rv)=2rt + 2rC
OTKy/a



In(g ha ”’): 21t + 2rC 4)
g-ro

[Torenuupys ypaBHenue (4), noinydaem
+ro
g _ @2rteare _ g2rtg2rC _ {ezrc _ Cl}: C,e’
g-ro
Otkyna uckomas GyHKIUS UMEET BUJT

1
WJIU C YY€TOM TOro, uT0 J =—— 1 - C_ , HOJIy4rUM
1

m (ert —C'e”
= . —— 5
k (e” +Ce™ ®)
W3 ypaBHenus (5) odeBHAHO, YTO mpu t, cTpemsmeMcs K OECKOHEYHOCTH, CKOPOCTh U
A0CTUTacCT HpeHCHBHOFO 3HAUYCHUA
Umax— V,
JJISL KOTOpOFO
m m
V = —= —g
k k

CrenoBaresnbHO, ypaBHeHHE (5) 3alMChIBACTCS B BUIC

(e“ - C*e*”)

(e” + C*e*”) ©)
Havansnoe yciosue: ipu t = 0 v = 0.

IMycts pamu kpatkoctu 3amucu uo=vo/V. Torma mocrosiHHas uHTerpupoBanusi C* B
ypaBHEHUH (6) MPUHUMAET 3HAUYCHUE

v=V-

- 1-u,
1+u,
[ToxcraBnss 3TO 3HaUeHUE B ypaBHEHHE (6), 3aMeuaeM, 4TO U MOXKET ObITh 3alKcaHa B
BUJIE
_y (ug +thrt)
~ (1+u,thrt)

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

t
s= [t :%ln (chrt +ugshrt)
0

9

0
— —__0 o
IloacraBmss r _V u Ug = V B 3TO paBCHCTBO, OKOHYATCJIBHO IOJYYa€M HCKOMbBIU

3aKOH JIBUKCHUA

2
s:\/—ln(chg—tntﬁshg—t]_A
g v V 'V

Ilpumep 6. HaiiTu penieHust ypaBHEHHUS:

10



(x3y—3x2y+y3)dx+2x3dy: 0.
A PaznenuB o0e yactu ucxoaHoro ypaBHeHus Ha OX#0 (X=0 — oueBHAHOE pelIeHUE),
NOJIyYHM ypaBHeHHE bepHymm
d
2x° —y+(x3 —3x2) =—y’.
dx
Cuuras y#0 (y=0 — TpuBHaIbHOE PEIICHHUE), ICTUM 00€ YAaCTH MOCICIHETO YPaBHEHHS HA
(%) u nenaem 3ameny z(x) =y~ . Torna nomy4um
2y ’ 3 1 3 2
X 2w, ¥ =P -3 k=1
Pemrast aTo ypaBHEeHUE, HAX0AUM
z(x)=Cxe" —x7,
Ternepsb 3anuiiieM Bce PEIICHUS HCXOHOTO YPaBHEHUS
Cy’e"—y’—x’=0;, x=0; y=0.A

Ilpumep 7. Haiitu oOmiee pernienne ypaBHEHUS:
Y ==y +1+x°.
A D710 ypaBHCHHUE ABJISETCS ypaBHCHHEM Pukkatu, B kKotopoM a(x) =-1, b(X)=0 u c¢(x) =

1+x%. Tlposepka ycnosus c(x)=—a(x)x> —b(x)x+1. Ipuseno k pesymprary: 1+x°=1+ x%

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

MOXHO  THpHHATH  ¢QyHKIMIO: y, =x. Takum oOpazom, 1momaras y=XxX+— H
z

2

BBIUNCIMB y' =1-z""z', NPUBOAMM MWCXOJHOEC YPABHCHME K HEOJHOPOAHOMY JIMHEHHOMY

ypaBHenuio: z' —2xz =1. OTkyna
z=e" (C+ J‘eﬂc2 dx).

CrnenoBaTenbHO, 0011I€€ PENICHHE UCXOIHOTO YpaBHEHUs PUKKaTH nMeeT BUL:

y=x+e—.A

C+ J.e’xz dx

Ilpumep 8. HaiiTn o61muii uHTErpas ypaBHEHUS:
(x+y—Ddx+(x—y*+2)dy=0.
A YcraHoBuM, dBISeTCA JIM  UCXOAHOE pAaBHEHHWE YPABHEHHUEM B  IOJIHBIX
muddepennmanax. s 3Toro npoBepuM, BbIONIHAETCS Jin yeaosue Ditnepa (1.87). 3nech
M, y)=x+y-1,a N(x,y)=x—y" +2.
0 ON . oM ON
Bbuucnum npousBogHble — U — ! —— =1 U — =1, cieg0BaTeNbHO, YCIOBHE
oy ox Oy ox
Diinepa BBIIONHEHO, ¥ WCXOJHOE ypaBHEHHWE SIBISIETCS  YpaBHEHHEM B ITOJIHBIX
maddepenmanax. Haitnem ¢yskmmio U(X,y) 1O H3IO0KEHHOH BBINIE CXEMe, a HWMEHHO,

ou )
IPEAOI0KHUM, YTOOBI BBIITOJIHSIIOCH PABEHCTBO P M(x,y):
X

o _ x+y-1
ox rh
OTCIOJIa

u(x.y) = [ty =Dt () =+ xy=x+ ()

11



Hanee motpebyem oT U(X,y) obecrieueHns: paBeHCTBA % =N(x,y):

0|x

—| FH-x+9() =Ny =x-y' +2,

oyl 2

w0+ x—0+9' (V) =x+¢@'(y)=x—y"+2, wmm @' (y)=—y>+2. CrenoBarensHo,
3

o) = [ (=3 +2)dy = —y? +2y.

TakuM oOpa3om, uckomas (PYHKIMS W COOTBETCTBEHHO OOMIMI WHTETPal HCXOIHOTO

ypaBHEHUS OyIyT UMETh BU:
2 3

u(x,y):x?+xy—x—y?+2y:C.

[TosryunM OOIIMI MHTETPAT UCXOHOTO ypaBHEHUS, TOTPEOOBAB BBIMOJIHCHHS PABCHCTBA
ou
_8_)/ = N(x,y):

3
u(x,y) = j(x —y* + 2)dy +y(x)=xy— y? +2y+w(x), a Temepp mnoTpedyeM, YTOOBI

2
BBINTOJIHSIOCH 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 HUHTCErpajl UCXOAHOT'O YPAaBHCHUS UMCCT BU:
3 2

C:xy—y?+2y+%—x.

CnepnoBarenbHO, HE3aBUCUMO OT TOTO, Kakoe u3 yciaoBuii (1.86) OyaeT BHIMOIHATHCS B
MIEPBYIO OUepeib, OOIINI MHTErPa UCXOJHOTO YPaBHEHUs OYyET OJJHUM U TEM KeE.
OO0muii HHTErpall UCXOAHOTO YpaBHEHUSI MOXKHO 3amucath B Buje (1.89):

f(x+y—1)dx+j(x0 v +2)dy =C.

o

x—2+x - X
> y

xZ x2 y3 y3
—+xy—x—(7°+x0y—x0J+[xoy—?+2y]—(x0y0 —?°+2y0]

Breimonaum HHTCTIPHUPOBAHUC!

3
) 2

niIn

c,
2

%2 ;
T.K. X,,), MOXHO OpaTh IPOMU3BOJBHO, TO, 0003HauuB C, =C +7 =Xy + XYy +2Vy — -,

OKOHYATCJIBHO IMOJTYYHUM
2 3

X Yy
C=—+xy—x——+2y.A
1 5 Y 3 y

!

IIpumep 9. Haiitu perieHus ypaBHeHus: )’ = exp(xy J .
y

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

MOJIYYUM X = R p . Tak xak dy = pdx , To
p

12



dy = pd| Zlnp :Xa’p+1npdy—lhlpdp,
p p p
AN
Y _
(l—lnp dy——dp|=0.
p

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

yYpaBHEHUS UMEIOT BUJL:
x=2 uCx=hCv.A
e

Ipumep 10. Haiitu o6iee pemenue ypaBuenus: )" —y =0,

A 1. 3anumewm xapaktepucTuyeckoe ypapaenue: 1° —1=0.

2. Haiinem KopHu 5Toro ypaBuenus: A, =1, A4, =-1.

3. IlockonbKy KOpHU JI€HCTBUTENbHBIE U PA3IUYHbBIC, TO MO MpaBUIy | UM CTaBsTCS B
COOTBETCTBUE (YHKUUM y, =e', U )y, =e ', KOTOpbIE COCTAaBIAIOT ()yHJAAMEHTAIbHYIO

CHCTEMY JIMHEHHO HE3aBHCHUMBIX DPEUICHHH HCXOAHOro ypaBHeHus. CienoBarenbHO, oOIiee
pellIeHre UCXOIHOTO YPaBHEHUS UMEET BU:

y(x)=Ce* +C,e ™. A

Ilpumep 24. Haiitu ob11iee peleHre ypaBHEHUS:
3 —5p® 4 18y" 341" + 453" —25y =0.
A 1. 3anunieM xapakTepuCTHUYECKOE YpaBHEHHE:
A =52 +182° =342 +451-25=0.
2. DTO XapaKTepUCTUUECKOE YPaBHEHUE UMEET KOPHU:
A=l Ay =1%20, A,,=1%2i.
3. MBI BUIuM, 4TO Cpeau KOPHEHN XapaKTepUCTUYECKOIO YPABHEHUS €CTh KaK J€HCTBUTENbHbBIE U

PAa3JIMYHBIC KOPHU, TaAK U KOMIIUICKCHO COIPSKCHHBIC, TPUYEM KOMIIJICKCHBIC KOPHU SABJIAIOTCA
KpaTHBIMHU. H03TOMy O COCTaBJICHUA q)YHﬂaMeHTaHBHOﬁ CHCTE€MBI JIMHEMHO HE3aBHCHUMBIX

penieHuit Bocronb3zyemcs npasuiaaMu 1, 2 u 3. KopHio 4, =1 coOTBETCTBYET pelieHue y, =e’,
a KaXIOMy U3 JABYKpPAaTHbIX KOpHeW A,,=1+2i m A,,=1-2i, OTBE4alOT pELICHHUS:

y, =e cos2x, y,=xe cos2x, y,=e sin2x, ys;=xe sin2x. COBOKYNHOCTb JTHUX ISATH

pemeHudt y,,¥,,V;,V,,Vs - 00pasyeT (QyHIaMEHTAIbHYI0 CHCTEMY JIMHEHHO HE3aBUCHMBIX
pemenuit. CnegoBaTesbHO, 00IIee PEIIeHNE 3aUIIeTCs TaK:
y=Ce* +e*[(C, + xC;)cos2x +(C,x + C )sin 2x|. A

Ilpumep 11. HaiiTi yacTHOE U 00I1ee pelIeHNe YPaBHEHUS:
2x

y'—4y'+5y= .
cosx

A B cootBerctBuM ¢ MeTogoM JlarpaH)ka, COCTaBUM COOTBETCTBYIOLIEE 3TOMY
HEOJJHOPOJAHOMY YPaBHEHHUIO C MOCTOSSHHBIMHU KOA(PGHUIIMEHTAMH OTHOPOTHOE YPaBHEHUE
y'—4y+5y=0
¥ pemM ero. JIIs 3TOro 3amuileM XapaKTepucTHueckoe ypasHeHume: A° —44+5=0. D10
XapaKTEpUCTUYECKOE ypaBHEHNUE UMEET KOpHH: A, , =2+ 1.

13



Msbl BUAMM, YTO KOPHH XapaKTEPHUCTUYECKOTO YpaBHEHHsS KOMIUIEKCHBIE, IOATOMY oOOIee
pelLIeHre OJHOPOJHOIO YPABHEHUS UMEET BHL:

y=C,e” cosx+C,e™ sinx.
EyﬂeM HCKaTh 4aCTHOC PCIICHUC NUCXOAHOI'0 YPABHCHUA B BUAC
2 2 .
y=C,(x)e* cosx + C,(x)e* sin x. ™
CoCTaBUM CUCTEMY
C(x)e™ cosx + C}(x)e* sin x =0

2x

Cl'(x)(Zez‘“ cosx —e”" sin x)+ C, (x)(2e2)‘ sin x +e”* cos x):
cosx

WJIH COKpAIas Ha e>,
C/(x)cosx + Cj(x)sin x =0
| B G|

COS X

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

Pemute a1y cucremy otHocutensHO C| M C, MOXHO Pa3IMYHBIMHU CIIOCOOAMH, HAmpumep,

ucnonb3ys npasuwio Kpamepa. B nanHom cinyuyae ynoOHee cHayana mpeoOpa3oBaTh BTOpOE
ypaBHEHUE, a UMEHHO, YMHOXHUTbh 00€ €ro 4acTu MEepBOTr0 YpaBHEHHUS Ha —2 U 3aTeM MpUOaBUTH
IIOJIyYEHHBIM pe3yJbTaT KO BTOPOMY. B UTore nosryunM ypaBHEHUe:

C/(x)~sin x)+ C}(x)cosx =

COsX
U, CJIeZIOBATEIbHO, ITUM YPABHEHHUEM MOKHO 3aMEHUTh BTOPOE ypaBHEHHE B cucteme (**)

C/(x)cosx + C}(x)sin x=0
1
cosx

C/(x)~sin x)+ C}(x)cosx)=

Pemras oty cucremy no npasuiny Kpamepa, noimydum

0 sin x
1

cos X,
cosx
C(x)=

—=—tgx, =C,(x)= —J tgrdx = In|cos ],
cosx sinx

—sinx cosx

COS X 0

—sinx 1
C;(x)=¢:l, :Cz(x):de=x.

1
[MoxcraBnsst momydennbie 3HadeHus C,uC) B (*), MONIydruM dYacCTHOE PpEIICHUE
HCXO/IHOTO HEOTHOPOIHOTO YPaBHEHHUSI
Voemoe (X) = €7 (cos x - In|cos x| + xsin x).
Takum 06pa3om, ol11iee peneHrne UCXOTHOTO YPAaBHEHUST UMEET BU/I;
¥(x)=€(C, cosx + C, sin x)+ e (cos x - In|cos x| + xsin x). A

IIpumep 12. HaiiTu yacTHOE pelieHre ypaBHeHHs: )" — y = xe” .

A 1. JIns mpaBoil 4acTH MCXOMHOTO YpaBHEHHs OIpenesieM mnapamerpel «,/f3,q,l:
a=1,=0 q=1

2. KopHH XapaKTepUCTHYECKOro ypaBHeHHs A —1=0 neldCcTBUTENbHbIE U Pa3JIHYHBIE,
A, , ==x1. YuuTeIBas, 4T0 4UCIO (a + iﬂ)=l coBmazaer ¢ kopueM A, =1 .kparHocTH 1, To Torna

2
s=1, u m = max(q,)= 1. Ucxozast u3 3TOro, MOKHO BBIIKCATH BH HCKOMOTO YaCTHOTO PEIICHHMS:
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u(x)=e*(dyx+ 4, )x.
3. [loxcTaBisieM B HCXOAHOE YPaBHEHHE BhIPKEHUS LISl V(X) U €e BTOPOil MPOU3BOIHOI
y(x)=e"|[dyx* + x(44, + A4)+24, + 24, |.
[Tocne mpeoOpa3zoBanuii (COKpamieHUs Ha €° W NPUBEACHHUS MOJOOHBIX) IMOJydaeM
PaBEHCTBO:
44,x+24, +24, =x.
B 3TOM paBeHcTBe npupaBHUBaEM KO3(GUIMEHTH IPH OAWHAKOBBIX CTEHNECHAX (YHKIIUH
MNEPECMCHHOM X B IIPABOU U JICBOU YaCTAX:

1
x :44,=1 1 1
. , OTKyJa cienyer, uto A, =—, 4, =——.
x’ 1 24,+24,=0 4 4
[TosryyeHHble 3HAUEHHs HEONPEACIEHHBIX KOO(QQUIMEHTOB A, U A, TOJACTaBUB B BH]
HMCKOMOT'0 YAaCTHOTO PEIICHHUSI, TOTYyIYUM OKOHYATEIbHO:

yq()c):%ex(x2 —x).A

Ilpumep 13. HaliTu yacTHOE pelIeHUE YPAaBHEHUS:

V' =y 43y +5y=5¢" cosx+4e".

A Tlpexne Bcero, ¢yHkuuioo f (x) NpeACTaBUM B BHJE CYMMBI JBYX (DYHKIHIA
fl(x): 5e** cosx u f, (x): 4e™". Jlna xaxporo ciyyas OyneM mnoaOuparh CBOE YacTHOE
pelLIeHHEe UCXOIHOTO YPaBHEHHUS.

1. dns dynaxuuu f1(X) onpenensiem napametpsl o, f,0,1: a =2, f=1, q =0, a mist yukiuu f2(X)
cootBeTcTBeHHO @ =1, =0, q=0.

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

A==l A3 =1%2i.

YuureiBas, uto s Gyakuuu f1(X) drcio (a + iﬁ): 2+ i He cOBMaaaeT HU C OJHUM W3
KOpHEil XapaKTepUCTUYECKOro ypaBHeHUs, modTomy S=0, a it dynkum f2(X) gucio
(a + iﬂ): —lcoBnaznaer ¢ kopHeM A1 kpaTHOcTH 1. Mlcxos U3 3TOTr0, MOKHO BBINHUCATh YaCTHOE
peleHue:

v, (x)=y,,(x)+ y,,(x)=e*(4, cosx + B, sin x)+ Dyxe ™.

3. IloacraBnseM B MCXOJHOE YPAaBHEHUE BBIPAKEHUSA IS Y, (x) U €ro NMpOU3BOJHBIX U
HaXO/IUM 3Ha4€HMs HEoNpeJeleHHbIX KodduuuenTos A4, B,, D,. Jlnsa yno0cTBa onpeneneHus
3TUX KO03()(DUIUEHTOB MOJCTABUM ), (x) B ypaBHeHHe c mpaBoil yacteio fi(X), a y,, (x) B
ypaBHeHHe ¢ npaBoii yacTthio f2(X).

Toncraensem y,, (x)=e** (4, cosx + B, sin x) U MPOU3BOTHBIE:

y!, (x)=e* (24, cosx + 2B, sin x — A, sin x + B, cos x),

4

yql(x
X

y"(x)=e(24, cosx + 2B, sin x — 114, sin x + 11B, cos x)

B MCXO/IHOE ypaBHEHHe C TpaBoil uacThio f1(X) = Se’* cosx .Cokpamas Ha e” U NpUpaBHUBAS

K03 GUIMEHTBI pu COSX M SINX B MPaBOi W JICBOM YacTAX MOJYYEHHOTO PABEHCTBA, Oylaem
UMETh CUCTEMY U3 JIBYX YPaBHECHHUIA:

{2/10 +11B, —34, —4B, + 64, +3B, + 54, =5,

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

2B, 114, —3B, + 44, + 6B, —34, + 5B, =0,

WJIU TI0CTIe TTpeoOpa30BaHUMA
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104, +10B, =5
~104, +10B, =0,

OTKyAd HaXOOHUM, YTO

A, =B, =%, :>yq1(X)=%€2x(COSX+SiHX).

Hanee noncrasisem Gpyakuuio f2(X) = Dyxe ™ u ee Npon3BoIHEIE:

!’ —-X 14 —X 14 —X
Vi (¥)=Dye™ (= x+1). i (x)=Dye™ (x=2). (x)=Dye(3-x)
B MCXOJ/IHOE ypaBHEHHUE C IpaBOM 4yacTbio paBHOH 4e™. CokpaTuB Ha e™, MOJIy4UM PaBEHCTBO
8Do=4, To ectb Do = Y4, cnenoBaTeabHO

L
Vi (¥)=" xe
2
Taxum 006pa3oM, 4acTHOE PEIICHNE HCXOHOTO YPaBHEHHUS 3aIUIIEM B BUIE CYMMBI IBYX
YaCTHBIX PELICHUH, 1 OKOHYATEIbHO OHO OYyAET UMETh BUJ:

y, ()= v, (x)+ v, (x):%ez" (cosx + sin x) + %xex.A

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

. d 1 _
A Tlonaras x =e' umu ¢t =In x, Haligem d—=—=e "
X X

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

= ol :ye ,
de dt dx dt
U_i ’ .ﬂ_i . —t . 7[= o 2t
y —dt(y) dx—dt(ye )oe =(- .

IloxcraBuB y, y B UCXOJHOE YpaBHEHUE, NIOJIYYUM
2t

e e(y-y)—e e’ -y+y=0wm y-29+y=0.
CnepoBarenbHO, Mbl  MONYYWJIM  OJHOPOAHOE  JIMHEWHOE  ypaBHeHHE. Ero
XapakTepucTudeckoe ypasHenue A° —24+1=0 umeer kopuu A, =4, =1. [TockonbKy KOpHH
JIeCTBUTENIbHBIE U KpAaTHBIE, C KPATHOCTBIO PABHOM JIBYM, TO o0liiee pemieHne 0yaeT UMeTh BUJI:
W)=(C, +1C, )e".
[lepeitnss k mEepeMEHHOW X, OKOHYATEIBHO TOJYYUM OOIIee pEIIeHHEe HCXOHOTO

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

Ilpumep 15. HaliTn penieHne ypaBHEHUS:
xzy"—xy’+y =coslnx.

. dt
A Tlonaras x=e¢' unu ¢t =In x, Hailigem E:—:e
X

BbluncnuM  mpousBogHbIE 1O HOBOM  mepeMeHHOW t,  0003HAUMB  TOYKAMH
nuddepenmupoBanue 1o t:
y’=)./€72, ynz(j}_)-/)e—m.
IloacraBuB y, y B UCXOHOE YpaBHEHUE, TOIYIHM
y—2y+y=cost. (¥
OTO HEOJAHOPOJHOE JIMHEHHOEe ypaBHEHHE C MOCTOSHHBIMU KodpduuueHtamu OO1ee
pelIeHre COOTBETCTBYIOIIETO EMY OJTHOPOIHOTO YPaBHEHHS UMEET BUJI
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We)=(C, +1C, )",
a YaCTHOE PelIeHHe MOKHO MOJIYYUTh METOJAO0M HEONPEAETICHHBIX K03()(DUITUEHTOB.
[TockonbKy mapaMeTpsl IPaBOM YacTH HEOJHOPOJHOro YypaBHeHus (*) paBHBI,
cootrBercTBeHHO, o =0, f=1, 4 = 0, | = 0 u uucmno (a+iﬁ): iff He coBHaJacT HH C OJIHUM

KOPHEM XapaKTepHCTUYECKOTO ypaBHEeHHs, mo3ToMy S=0, 1 m = max(q,l)= 0. Mcxoxns u3 sroro,
MO>KHO BBIIMCATh BUJ HCKOMOT'O YaCTHOTO PEIICHHS:
y,(¢)= A, cost + B, sint

BrruucymmM mipoussosmbie ot , ()
y,(t)=—4, sint + B, cost,

,(t)=—A, cost — B, sint
¥ TO/ICTaBUB UX B ypaBHEHUE (*), MOIyduM
—2B,cost+2A,sint=cost .

[TpupaBHseM ko3((PUIMEHTH MpPU OAMHAKOBBIX (YHKIMSIX B MPaBOM U JIEBOW 4aCTIX
ATOT0 YpaBHEHUSI

1
-2B,=1, = B, ==
24,=0, = 4,=0.
CrnenoBarenbHO, YaCTHOE pellieHue ypaBHEHU () nMeeT Bua
yq(t):—lsint,
2
a obmiee peuieHue ypaBHeHUs (*) OyneT BBITISIAECTh TaK:
1 .
yoﬁmee (t) = (Cl + tCZ )et - Esm L.
Takum oOpa3om, oO1iee perieHne HCXOJHOTO YPaBHEHUS UMEET BUIL:
1.
y(x)=(c, + ¢, ]nx)x—Esmlnx.A

Ilpumep 16. Haiiti obumii nHTErpai u odIiee pereHue ypaBHeHHs

u,—u,=0.
A 3anuieM 1Jig 3TOro ypaBHEHHUS CUCTEMY
dx
dt
dy _
dt
Jlanee 3anuiieM CUMMETPUYHYIO (OpMY ATOI CUCTEMBI
dx dy du
1 -1 0

IlepBbIil HHTErpaA OYEBUIEH
)du=0 = C,=u.

Bropoit uaTerpan HaiineM u3 cienyromield KOMOMHAIINH

2) %:ﬂ = ﬂ:—l =dy+dx=0,
1 -1 dx
WHTErPUPYS 3TO ypaBHEHUE, HAIEM
C,=y+Xx,
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Taxum 00pa3oM, 00Ul HHTETpall HCXOJHOTO YPABHEHUSI MOXKHO MPEICTAaBUTh B BUJIC

D(C,C,) = (D[u’ X+ y],
a oO1iee pemreHue OyeT BBITISICTh Kak
u=f(x+y).
AHaJIOTUYHBIM 00pa30M pEmIaeTcsl ypaBHCHHE
u,+u, =0
U €r0 PEIICHHE UMEET BH/]I
u="f(x-y).a

Ilpumep 17. Hailtu oOwmmi uHTErpasl U O0lIEe  pELIEHUE  YpaBHEHUS
0

yu—u + xua—u =—2XYy
OX oy '

A 3anuiieM JJis HETO CUCTEMY

dx

— =yu,
dt y

dy _
dt
du

u_ oy
a7

Jlanee 3anumieM CUMMETPUYHYIO (GOpMY 3TOM CUCTEMBI
dx dy du
yu Xxu —2xy
[IepBbIil MHTErpa OYEBUIEH
dx dy

1)—=-—2 = xdx=ydy =C, =y*—x*.
yu Xxu

Bropoit unTerpan HaiineMm u3 cienyromneid KoOMOMHAINH

2)%: du

yu —2xy
WHTErPUPYS 3TO ypaBHEHHUE, HAAEM
2

C2 =?+X2_

Xu,

= 2xdx=-udu

Taxum O6pa3OM, O6H.[HI>1 HHTErpal HCXOAHOT'O YPAaBHCHUA MOXKHO MMPEACTAaBUTh B BUIC
2
u
@(CmCz ) = (D|:? + X21 X2 - y2:| )

a oO1mee penreHne Oy1eT BBITIISIETh KakK

u=+2[f(x2+y?)-x2|. A
IlIpumep 18. HeoO6X01MMO HAMTH HHTETPAJIbHYIO TOBEPXHOCTD, 33JaHHYIO0 YpaBHEHUEM
xz, —yz, =0

MPOXOJSAIIYI0 Yepe3 KPUBYIO, 3aJaHHYIO YPaBHEHUSIMU
. 2
X=0; z=y

A 3anuiieM ypaBHEHUE XapaKTEPUCTUK
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ox _dy_dz
-y x 0
[TepBrIil HHTErpasl OYEBUICH
D)dz=0 = C,=1z.
Bropoii uaTerpan HaiiieM u3 cienyroneld KOMOMHAIINH
dx d d X
2) X O X xdx+ ydy=0,
-y X dx -y
UHTETPUPYS 3TO YpaBHEHHE, HalZieM
2 2
C,=x"+Yy°.
CocraBum cucremy (25)
C =z,
2 2
C,=x"+Y",
X=0,

2

7=y
CnenoBarensHo, T.K. C, =z, a C,=Xx*+Yy?, TO ypaBHEHHEC HMCKOMOW IOBEPXHOCTH
HPOXOISIICH Yepe3 3a1aHHyI0 JTHHUIO UMEET BUT

2 2
Z=X"+Y A
Hpumep 19. Onpenenuts K KAKOMY THITY IPUHAICKUT ypaBHEHHE
u.—a‘u,. =0
vy XX .

=x*+y*=0+2=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 3HaueHust koapdunuentos A, Bu C
A=-a*>B=0;C=1,
BBIYUCIIUB BBIpOKEHHUE
B?—AC=0%—(-a®)x1 =a*>0,
y0eauMcsi B TOM, YTO MCXOJIHOE ypaBHEHHME NPUHAAJIEKAT K YPaBHEHHUSM THUIEpOOINYECKOTrO
TUna. A
IIpumep 20.. TIpuBecTy K KAHOHUYECKOMY BUAY YpaBHEHUE:

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

U CpaBHUM KO3()(UIMEHTHI NMpU NPOU3BOAHBIX B ypaBHeHMM ([720.2) M B MCXOJIHOM
(1120.1):

a:xz; b=0; c:—yz.

Omnpenenum, K KaKOMy THITY IPUHAUIEKHUT UCXOIHOE YpaBHEHHUE:
2
D=b? —ac:O—xz(—yz) =(xy)” >0,
CJIeIOBATENbHO, NCXOHOE ypaBHeHue ([713.1.1) npuHAJIEKUT K ypaBHEHUSM
TUNepOOINYECKOro TUIA.

OcymiecTBUM TEpexol K KaHOHMYECKOH (opMe ¢ MOMOIIbI0 OOIIKUX HWHTErpajioB
ypaBHEHMsI XapaKTEepUCTHK. B HalleM cityyae 3To ypaBHEHHE UMEET BU:
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xz(a’y)2 - yz(dx)2 =0, wm (xdy+ ydx)xdy— ydx)=0,

= xdy+ ydx =0, Q=—@,:>xy:C1;
y X

= xdy— ydx =0, Q=@, :>X:C2.
y X X

CnenoBarenbHo, C1 1 C2 ONpenensiOT YpaBHEHUS CEMEHCTB XapaKTepHUCTHK. Torma
npeoOpa3oBaHNE HE3aBUCUMBIX NIEPEMEHHBIX OyJeT UMETh BUJ]

QZ:Cl:xy’
n=Cy=2.
X

Han):[eM uxx nu l/lyy B HOBBIX ICPECMCHHBIX

y 1
Uy =ULCy +UpTly SUgy=—up, U =ugdy +upl, = xug +;u,7,
x
2 2
Uxx :ugféx +2“§77‘§x77x TUppllx TUENNEE T UM =

2 2
_ 2 Y Yy P
=y ugs 2 2u§,7+ 4”7777+2 3 Un>
X X X
2 2 2 1
Uyy =UgzSy +2UgnSylly Flpplly YUES )y FUpllyy, =X Uugs +2ugy +x7”m7'

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

2
2| 2 y y Y 2[ 2 1 _
X (y Ugg —2x—2u§77 +x—4u,777 +2)63u77]—y [x Uugg +2u§,7 +xzu,7,7] =0,

U 1oclie MpeoOpa3oBaHi, TOTYyYUM

y 2, _ 1 _
Z;U,7 —4y°u,, =0 wm Z—qu,7 —u, =0,
C Y4€TOM TOI'O, 4TO xy = 5 KaHOHHNYCCKasA (I)OpMa HCXOJHOT'O YPAaBHCHHUA UMECT BU!
u. = ! u
'/ 2_5 &.A

Ilpumep 21. Haiitu penieHue ypaBHEHUs
Uy =Uxx
yIIOBJIETBOPSIOIEe HaYaIbHBIM YCIOBUSAM

2
U—0=x", u,‘t:0=4x.

A Jlns nHaxoxaeHWs pemieHus ucxonHoW 3amaun Komm wucmonszyem  dopmyy

HanamOGepa
1 1 xtat
u(x,t) =— [go(x —at)+ @(x + at)] +— [w(0)dO,
2 2a x—at

8 kotopoit ¢(x)= x2, w(x)=4x,a a=1.

CnenoBartenbHO,
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X+t
u(x,t) = [(x at) +(x +at) ]+— [40d6 = (x —2xt+t% +x +2xt+t2)
2 et 2
2
] 1
+—d— |t = —(2x2 +2t2)+(x+t)2 +(x—t)2 =x? 412 +4xz,
2 2 2
OKOHYATENILHO PEIICHHE UCXOAHON 3a/1a41 HMEET BU]I
u(x,t)= x? +1% +4xt. A

Ilpumep 22. Haiitu perieHue ypaBHEHUs
Uy =4u,, +xt,
YJIOBJIETBOPSIOIIEE HAYAJIBHBIM YCIOBUSAM

2
Ur=0=x > ut‘tzozx-

A Jlns naxoxaeHusi pemieHuss ucxonHou 3amaun  Kommwm wucnonszyeM Qopmyiny
Janambepa

1 x+at t x+a(t—71)
u(x,t)=—[p(r—an+o(x+anl+ — [y(&dé+——]  [f(£ r)dédr
2 2ax at a0 x—a(t-7)
B KOTOPOM (p(x)zxz, w(x)=x, a=2, a f(x,t)zxt.
CrnenoBarenbsHO,
x+2t 1t x+2(t r)
u(x,t)=— [(x at)? +(x+ar) ]+— j §d§ —f [éwdédr =
40 x-2(1-7)
2 t
:l(x2 —8xt+4t% +x? +8xt+4z‘2)++léi xfgt lj é:— x+2Et_T;dr =
2 4 2 |x¥—4 7 |x=2(t-7
3 3
:xz +4t2 +xt+2x LA .
2 3
OkoHYaTeIbHOE PelIeHUe UCXOTHOM 3a/1a4il UMEET BUT

1
u(x,t) = x? + 442 +xt+§xt3.A

IlIpumep 23. Haiitu pemieHue ypaBHEHUS
Ug =AU ,ecm U_g=x*+y , Ulig=x+2

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

2

Taxxax 2% =1n f (X,t) =0, To o popmyue

o 0T (Xt
un+2(x)=a2Aun(x)+#|tzo ,n=012,..

nomyaaem U, o (X) =AU, (X) ,n=012,...
Orcrona, mpu N = 0, moay4unm

o°U, N o°U, N o°Uy
ox> oy o1’

=AU, = =12x*+0+0=12x2,

npu N = 1, nomyunm
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2 2 2
o°u, o°u, o°u,

U, = Au, =
pu N = 2, 10Iy4YuM

u, = Au,

+
ox>  oy* oz’

2 2
:8u2+6u2+8u2

=0+0+2=2,

24,

npu N = 3, moJIy4um
U = Au, =0,
npu N = 4, noay4yum

=Au, =0.,...

ox>  oy* ot

T0 ecTb, Bee octanbhbie Uo, =0(K>3) 1 Uy, =0(k >2).

[ToxcraBnsem naiinennsie U, B pEICHUE

t
u(x,t) =u, +tu, +2

10JIy4yaeM

2 3 t4 t5 0 3

Up oy Us 7 U g Us Z(; u, (X)
£2 3 t4

u(x,vy,zt X} 4y +t(X+2 + A2X% 4 —.24-——.24,
(¥, =x" +y +t(x+2)+ 2t

OKOHYATEIHHO pEeIICHUC 3a1a4Y UMECT BUJ

u(x,y,zt)= x* + y +1t(x

+ 22) +6x°t +%t3 +t4. A

Ilpumep 24. HaliTu pelieHre ypaBHEHUs

—2AU = 2xyt2

A 3necy X=(X,Y,2

10 110 popmyre Uy, o (X) = azAun (X) +

nonydaeM Up 5 (X)

cecm Ui_g = xy+2°

, ut‘t:O = y3

), Uy :xy+22, u1:y3. Tax kax 8° =2 u f(>‘<,t)=2xyt2,

o" f(X,t
#\tzg Nn=012,..

n
:2Aun()_()+§—n(2xyt2)|tzo , N :O,1,2,...
t

Haiinem U, 1o stoii popmyie

U Tak nanee, Bce ocranbhbie Us, =0(K>3) u Uy, 1 =0(k>2).

n=0
U, = 2AU, +2xyt%| _, =2(0+0+2)+0=4,
n=1

u3:2Au1+§(2xyt2)\[:0:2-6y+4xyt\tzo:12y+0:12y,
n=2
62 2
u, = 2Au, +¥(2xyt ) ico = 2-0+4xy|,_, = 4xy,
n=3
0’ 2
U, = 2Au, +¥(2xyt ) o =2A(12y)+0=2-0=0,
n=4

4
U, = 2AU, +%(2xyt2)\‘:0 =2A(4xy)+0=2.0=0.

22



[Toncrapnsem nomy4ennsle U B pelIeHue

u(x,t) = u, +tu1+5u2 Fglat Ut Ut nZ_(;—un(x) :
Imoj1y4acm
2 3 4

2 .3 1t t
u(x,y,z,t)=xy+z°-+ty"+—-4+—-12y+ —-4xy =
(x,y,2,t) =xy Yo A2y oAy

1
Xy + 22 +ty3 +2t2 + 2yt3 +€th4'
Taxum 06pa3oM, pelieHueM UCXOAHOTO YpaBHEHHS ABISETCS (DYHKIIHS
1
u(x,y,z,t)=xy+ 72 +ty3 +2t% + 2yt3 +€xyt4. A
Ipumep 25. CtpyHa, 3aKperuieHHas Ha KoHIax X=0 u X=|, uMeeT B Ha4YaJIbHbI MOMEHT
4h

dbopMy mapabosel U = x(l — x)- - OnpenenuTh CMEIIEHUE TOYCK CTPYHBI OT OCH adcCIHmce,
[

€CJIM HayaJIbHbIe CKOPOCTU OTCYTCTBYIOT.

A 3amnuiieM BOJTHOBOE ypaBHEHUE

U, = U, O<x<l, t>0; (I125.1)
Ha4YaJIbHBIC YCIIOBUS
4h
u‘t:O =p(X) = X(I - X)'I_Z’ ut‘t:O =y (x)=0 (1125.2)
U T'PaHUYHBIC YCIIOBUA
U o=0, ul,, =0, (1125.3)

B COOTBETCTBUU C YCIOBUSIMH 3aJ]a4H.
Pemrenue ncxomnou 3anauun gaetrcs GopMmyson

- Nz . Nnr, ). Nz

u(x,t) :Z(an cosaTt+bnS|n aTt)sme, (I125.4)
n=1

B KOTOPO#t KO GHUIIMEHTHI psijia — an U Dn, OnIpeaensores mo Gpopmyiam

| |
a, zlzj-w(X)Sinnl—ﬂ-XdX:TzJ.X(l—X)T_?SinnTﬂ-XdX, (1125.5)
0 0

2 | .k
b, :%.([w(x)smedx: w(x)=0}=0.

Boruucium unterpan (/725.5)

a, :?—?j-(lx—xz)sinnT”xdx =
0

= {u1 = Ix—x?,= du, = (I - 2x)dx; dv, :sinkl—ﬂxdx,:w1 = —écoskT”x}:
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|
:—??(Ix X )klﬂcosx nijgzz[ - 2x) cos—xdx =
={u, =1 -2x,= du, = —2dx; dv, = cosnl—xdx,:w2 klsmn|”x }=
T

:n?hzl(l 2x)sin " 16h Jsm—xdx =

Vi

16h nz 16h 16h
=5 560 TX“’ = - (cosnz — [1 1],

[ToacraBnsss HaiiieHHBIC 3HAYCHUS Koatb(bHuHeHTOB an u bn, B dopmyny ([125.4),
MOJTyYUM

u(x,t) = Z_;;Gh[ 1)”]cosan|—”t-sinnTﬁx_

Ipu uerrom N=2k Bripaxenue {1—(—1)"} =0, crenoarensro, u pemenue 1u(x,t) =0,

a mpu HedeTHOM N=2K+1 BBIpaXkeHHE {1—(—l)n}=2, MO3TOMY OKOHYATEJIbHOE pEeUICHHE

HCXOJIHOM 3aJa9i UMEET BUJT

32h 1
t —
Hixt) = 7 ;1 (2k +1)°

(2k +1)z

aMt-sinfx, k=0123,...... o

Ilpumep 26. HaiiTu pelieHrne ypaBHEHUS
U, =4u, +t, ul,_o=2x°
=2x° =24 f(X,t)=t
A 3nece Uy = 2X7 Takkak @~ =2 u (X,t) =t, 0o bopmyite

" (X,1)
— a0

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

nonyuaem Up1(X) =2Au,(X) ,n=012,...
Otcroza Haxo UM

2 2 2
U =280, =2 T O O | o6y 040yt =d@xy+y?+z?),
ox® 5‘y 0z
u, = 2Au, = 2(0+8+8) = 32,
u, = 2Au, =0,...

To ectb, Bee octanbhbie U1 =0(K > 2).
[ToxcraBnsem nonyyeHnsie U, B pelieHue
o N 2 3 4 5
- t t t t t
u(x,t)= >, —Un(X) =Up +1tUp +—-Up + Uz +— Uy + U5 +...
Zonl I B TR
3 2.2 NS
nomydaem U(X,Y,Z,1) =Xy +y“z°+t-4(3xy+ Yy +2 )+E-32
HJIM OKOHYATCJIBHO PCHICHUC HMECT BU/L

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

Ilpumep 27. Haiitu pemieHue ypaBHEHUS
U =2AU ,ecm Uj_g =Xy +y?z°
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A 3necs X=(X,Y,2), Uy :x3y+y222. Tax xak a2 =2 u f(X,t)=0, o mo
dbopmyie

" (X,1)
— o =0

un+1(>‘<)=a2Aun(>‘<)+ ,nN=012,..

nonyuaem U1 (X) =2Au,(X) ,n=012,...
Otcrona HaxoUM

o%uy 0°uy U
Uy = 2AUg = 2| T2 + =0 + = =0 | = 2(Bxy +22° +2y?) = 4(3xy + y* + 2%),
1 0 [6x2 ¥ 022J (6xy yo)=4(3xy+y )
Uy = 2Au; =2(0+8+8) =32,
Uz = 2AU2 =0,...

To ects, Bee octanbhbie Uy 1 =0 (K > 2).

Iloncrasnsiem IMOJIYUCHHBIC un B PCUICHUC B PCIICHUC

u(x,t) = rE‘Oﬁun(x) =Ug +1tu +Eu2 +§u3 +Eu4 +§u5 o,
HoJIy4aem

2
u(x, y,z,t) = x>y + y?z? +t-4(3xy + y* + 22)+%.32

HJIM OKOHYATCJIbHO PCHICHUC UMECT BU/JL

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

Ilpumep 28. Haiitu pemienne ypaBHenus Jlammaca s BHyTpeHHEH 4acTH Kpyra pajnyca
R, ynoBieTBopsitoliee KpaeBoMy YCIOBHUIO

Au =0,

o _=sin?¢- (1128.1)

A B sTtom npuMepe 3aJlaHa 3a/iavda I[I/IpI/IXJIe, TAc npaBad 4aCTb I'PaAHUYHOTO YCJIOBUA

(128.1) f(p)= sin’ @ . Pemenue nmercs B kpyre (I < R), 3maumr, BEIMUCHIBATH perneHne
OyneMm 1o ¢popmyie

u(r,p)= C—2° +> (c, cosng+d,sin n(p)(%j ,

n=1

Haiinem B 510t popmysie kodsppummentsr Ay, A, 1 B,
JU1g 3TOro MOJACTaBUM €CaMO PELIEHUE B JIEBYIO YacTb IPaHUYHOrO yciosus (/128.1) npu

=R, a npasyio uacts, 7. e. pynximmio f (@) pasnoxum B pag ®ypere mo cumycam u
KOCHHYCaM

u|r=R =A +Z(A1R” cosng + B R"sinng) = f(go)zsin2 ) :%—%COSZ(p.(H%’J)

n=1
Tenepb CpaBHHUM KOB(b(I)I/ILII/IeHTBI npnu CHHYCaX HW KOCHHYCaX C€ OIAWHAKOBBIMU

apFYMeHTaMI/I nu HpI/I CBO6OJIHOM YJICHC B J'IeBOfI nu HpaBOﬁ qacTdax HOJ'Iy‘-IeHHOFO paBeHCTBa
(1128.2)
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1
Ao—g’
1
2R?

B, =0 (mpu VN), T.x. ciipaBa HeT caraemsix ¢ SN Ng

n=2,:>A2R2=—%,:> A =-

a raxoke Bce ocranenbie A =0 (kpome 'Ab! A& ). IloncraBuM HeHysIEBBIE Ao 154 Az B pEILICHUE

(18.28) 1 mONy4nM OTBET, T. €. HaitmeM pynkmuio U(I, @)

2
u(r,(o):;+a2r2 cosZ(p:;+(—2;2] 2c052¢:;—;(;j C0S2¢. A

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

Au =0,

8u‘

ar _r=2C0S ¢ + 3sin 3p. (1129.1)

A B stom npuMepe 3anana 3aqaya Heiimana, e mpaBasi 4acTh 'PaHUYHOIO YCIOBHS
(1129.1) f(@)=2cose + 3sin 3p (yxe paznoxkena B psan Dypbe), KOTOPYIO MOXKHO
IPEJICTABUTH B BUJIE IBYX (QYHKIIUI

f (p) = 2cosp +3sin3p = {f,(p) = 2c0sp; f,(¢) = 3sin3p} = f,(¢) + f,(¢)

U JUIS KOKJIO0M U3 HUX HaiineM pemeHue. [Ipexae yem pemars n0oCTaBICHHYIO 3a1a4y IPOBEPUM

2
BbIONHEHHE ycrnoBus | f ((D)d @=0
0
Tnoyryqaem
27 27 3
j f(p)dep = I(Zcosw +3sin3p)de = 2sin ¢ S”—§COSS¢) 27-0-1+1=0,
0 0

TaK KaK YCJIOBHUE BBIIIOJIHEHO, TO Ul PEUIECHUs ITOCTABJICHHOM 3aa4i BBIYUCIMM IPOU3BOIHYIO
OT pELICHUS

u(r,p)= A, +i('°m cosng + B, sinng)r",

n=1
n=1234,.......
U > oo :
[Momyaum 5 = ann 1('Ah cosng + B, sin n¢).
n=1

U 3aMMIIeM IpaHUYHBIE YCIOBUS CHavyasa JuIst QyHKIUH fl((p) =2 Coso
6_u
or

Tenepp cpaBHUM KOX(PQHUIMEHTH MPH CHHYCaX W KOCHHYCaX C OJUHAKOBBIMH
apryMEHTaMH B JICBOI U MPaBO# 4acTsAX MOJIY4ECHHOTO paBeHcTBa (1129.2):

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

|—x = D_NR"*(A, cosng + B sinngp)= f,(p) =2cosp  (1129.2)
n=1

26



a Bce octanbubie A, = O u Bn =0. CrnenoBatenbHO, pelieHne, COOTBETCTBYIONIEE (YyHKIIUN

(@) =2C0S@ | umeer Bux
u,(r,@)=2rcosg.

3areM 3anuIIeM I'PaHUYHBIE YCIIOBHsS CHavasa A QyHKUUU f2 (¢) =3sin 3p

ou < . , :
5|r:R =>'nR"*(A cosng + B, sinng)= f,(p) =3sin3p  (1129.3)
n=1
Tenepp cpaBHUM KOX(PQHUIMEHTHI TNPH CHHYCaX M KOCHHYCax C OJMHAKOBBIMH
apryMEHTaMH B JICBOI U MPaBOM YacTsAX MOJTY4EHHOTO paBeHCTBa (1129.3):

2)n=3,
A =0

3
B,3R*'=d ,=»B,=—;,
3 n 3 3R2

a Bce ocranbuele B, =0.

Crie10BaTenbHO, PEIIEHUE, COOTBETCTBYIONMEE (DyHKIINH f2 ((0) = 3SIN 3 umeer Bun

r .
uz(r,(o):?SInSgo.

Taxum 00pa3oM, pereHne NCXOAHOM 3a1aun OyIeT onpeaensaThes Gopmyoi

u(r,@) =u,(r,e) +u,(r,p) =2rcose + I;—:isin 3p. A

5.3. Temwt 0na ycmuozo onpoca

1. 3aBucumocth pemieHus 3amauun Komwm OT mapamMeTpoB M HaYadbHBIX YCIOBHIL.
VYcenosue JIunmmna.

2. YpaBHEeHUs NEPBOIO NOPsJIKA, Hepa3pelleHHbIe OTHOCUTEIBHO MPOU3BOIHOM

3. VYpasuenue YeOrImiena.

4. JluHeliHbIe U KBa3WJIMHEWHbIC YPaBHEHHUS B YACTHBIX MPOU3BOJIHBIX.

5. VYpaBHeHUS THAPOIMHAMUKA U 3BYKOBBIX BOJIH.

6. VYpaBHeHHE XapaKTEpUCTUK M €ro HCIOJIb30BaHHE JJs MPUBEICHUS YPAaBHEHUS K
KaHOHUYECKOMY BUJTY.

7. CoOcTBEeHHBIE 3HAUEHUS U COOCTBEHHBIE (DYHKIIUU.

8. Pemenue 3agaun Komm metomom Ilyaccona.

9. Pa3neneHue nepeMeHHbIX B ypaBHEHUH [ enbMrosnbLa.

5.4. Bonpocsl K 3a4eTy
YpaBHEHHs IEPBOTO MOPAAKA, PA3PEIICHHBIE OTHOCUTEIBHO TPONU3BOAHOM.
YpaBHEHMS ¢ pa3feIeHHBIMUA IEPEMEHHBIMH U TPUBOISALINECS K HUM.
JlunHeiiHble ypaBHEHHMsI IEPBOTO MOPSIIKA U YPaBHEHUS, TPUBOSAIINECS K HUM.
YpaBHEHMS IEPBOTO MOPsIIKa, HEPA3PELIEHHBIE OTHOCUTEIBHO POU3BOIHOM.
JluneiiHble ypaBHEHHsI BBICHIMX MOPSAIKOB C IOCTOSHHBIMH K03 pHiIeHTaMu.
OnHOpOHBIE TMHEWHBIE YPABHEHHUS.
HeonHoponHbIe TMHENHBIE YPABHEHUS U METObI UX PEIICHUMN.
JluHeliHble ypaBHEHHs BBICIIMX TOPSJIKOB C TEPEeMEHHBIMH K03 UIIUEeHTaMu.
YpaBHeHus Jusepa.

9. JluHeliHble M KBa3WJIMHEHHbIC YPaBHEHUS B YACTHBIX TPOU3BO/IHBIX.

10. Merox XapaKTEpPHUCTHUK.

11. VYpaBHeHHMs B UACTHBIX MPOU3BOAHBIX TIEPBOrO TMOPAJKA W METOJBl UX
MHTETPUPOBAHUS.

ONoGa~WNE
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12.
13.
14.
15.
16.
17.

Pemenue 3apaun Komm.

YpaBHeHHE KoJIeOaHUH.

YpaBHEHHE TETIONPOBOAHOCTU U TUDDY3HH.

VYpaBHeHUs TUAPOAUHAMUKH U 3BYKOBBIX BOJIH.

Onpenenenue TuNa ypaBHEHMsI B YACTHBIX IIPOU3BOIHBIX 2-T0 MOPSsIIKa.

MeTtoa XapaKTepUCTUK ISl IPUBEICHUS YPaBHEHHUS B YACTHBIX MPOM3BOAHBIX 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 KpaeBbIxX 3a/1ad.

3anayva ltypma-JInyBusis.

CoOcTBeHHbIE 3HaUEHUS U COOCTBEHHBIC (PYHKITUH.

Meton paznenenust nepeMeHHbIX (Meron Dyphe) Npu pelIeHUH TPaHUYHBIX 3a/1a4

ypaBHEHUU THIIEPOOINUECKOro THIIA.

24,
25.
26.
217.

duznueckue 3ala4yu, IPpUBOAAIINEC K YPABHCHUAM Hapa6OJII/I‘-IeCKOFO THIIA.
ITocranoBka 3agaun Koum 1 ypaBHEHHS TEIJIONPOBOIHOCTH.

Meron Tennopa mis pemenns 3agaun Kommn.

Mertoa pasneneHus nepeMeHHbIXx (Meron Dypbe) A peleHus TpaHUYHbIX 33734

ypaBHEHUN TUNEPOOTHMYECKOTO THIIA.

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

VYpasuenus Jlannaca u Ilyaccona.

@dyHnameHTanbHOE pellieHue ypaBHeHus Jlamnaca Ha IIOCKOCTH U B IIPOCTPAHCTBE.
IlocTraHOBKa OCHOBHBIX KpaeBbIX 3a/a4: 3aaa4a Jupuxie.

ITocTaHOBKA OCHOBHBIX KpaeBbIX 3a1a4: 3a1a4ya HelimaHa.

Pemenue ypasuenus Jlarmiaca nis kpyra.

Cdepuueckue GyHKIIIH.

Pa3nenenue nepeMeHHbIX B ypaBHeHUH [ 'enpMrossia.
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TEXHOJIOTHYECKAS KAPTA JUCHHUIIJINHBI
OCHOBHAS OBPA3OBATEJIbBHASA ITPOI'PAMMA
05.03.01 I'eostorusi, HanpaBJeHHOCTH (Mpoduiab) «I'eopusukar
(xon, HaTpaBIIeHUE, TIPOQILIH)

TEXHOJIOI'MYECKASA KAPTA

Mudp aucuumnmaet mo PYII | b1.6.22

Hucnunnuna | «YpaBHeHHS] MATEeMaTH4YeCKON (PU3UKN»

Kypc |2 |cemectp |3

Kadenpa | TOPHOTO0 J1eJ1a, HAYK 0 3eMJie H MPHPOA000YCTPOiicTBa

Tepemenko Cepreii BacuibeBu4, 1-p TeXH.HAYK, T0LEHT, 3aB.

®.1.0. nmpemnoxaBares, 3BaHuE, .
kadenpoii ropHOTroO 1€71a, HAYK 0 3emie U

JOJIZKHOCTB <

npupoaoodycTpoiicTea
DI TPYI0EMKOCTbuacnir | 72/2 | Kon-Bo cemectpoB | 1 | dopma KoHTpOIIs | 3auer
-HK06Lu./TeK. ceM. |16/16 II_IP/CM06HI./T6K. ceMm. |32/32 |-HBO6LH./TSK. ceMm. |'/' I CPC 00IIL./TEK. CeM. | 24124

Komnerenuuu odyyawiuerocsi, popMupyemMbie B pe3y/ibTaTe H3yYeHUs JHCUUILIMHBI:

- CIIOCOOHOCTH MCIIOJIB30BATh B MPOPECCHOHAIBHOM AEATeIBHOCTH 0a30BbIC 3HAHHS MATEMATHKU
u ectecTBeHHbIX Hayk (OITK-3).

Kon MakcuMajabHOe
. KoauuecTBo
dpopmupyemoii | Comep:xxaHue 3aqaHust . KOJIHYECTBO Cpox npeaocraBJieHHs
MepOonpUATHI
KOMIIeTEHIIUH 0aJ1;10B
Beoouwtit 610k
He npexycmoTpen | | I
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
Bceero: 60
Bompoc 1 20 B cpoku ceccun
OIIK-3 3auer P P
Bomnpoc 2 20 B cpoku ceccun
Bcero: 40
Hroro: 100
Jlonoanumenvhutii 010K
OI1IK-3 IToaroroBka OOPHOro KOHCIIEKTA 10 10 COTJIACOBAHHUIO C
OIIK-3 ITonroToBka riaoccapus 5 MIpenoiaBaTeseM
Bcero 15

[Ikana oneHWBaHHUA B paMKax OamTbHO-pedTHHTrOBoW cucteMbl MAI'Y: «He 3auer» - 60 OayutoB M MeHee, «3ader» - bonee 61
Gamra.
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