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IIPEAUCIOBHE

IpennaraeMad BRUMAHKIO UATATEAS KHAT2 3aBEpLIaeT KOMI-
AeKC y4eOHBIX rocoluii non oSmmuM HasBaHueM <«HTHIAHBHIYAID-
HHI® 3aJlaHHs Mo Beicedt MaTeMaTHKes. OH HallHCaH B COOTBET-
CTBHH ¢ AeHCTBYIONIKMY NporpaMMaMH Kypca BRICIefi MaTeMaTi-
K#t B o0beMe 380450 vyacoB A MHXeHepHO-TEXHUYECKHX CIIe-
UANBHOCTEN BY30B, KOMIUIEKC MOXET GhITh HCIONL3IOBAH TakKe
B By3ax ApYTHX Ipodraell, B KOTOPHIX KOAXISCTRO YacoB, OTBE-
AeHHOS HAa H3YYeHHMe BHICIUSH MaTeMATHKH, 3HATMTEILHO MeHb-
we. (B mocnenHeM ciydae 13 NpeUTarasMoro MaTepHala peKoMeH-
IyeTcs caenaTh HeoOXoTuMy10 BEIGOPKY.) KpoMe Toro, oR BIOJHE
OOCTYTICH AN CTYJSHTOB BeuepHHX M 3a0YHBIX OTAcHeHH BY30B.

JlaHHBI KOMIIeKC MOCODME ajpecoBaH MpErONABATENAM M
CTY[leHTaM U IIPeNHasHAYeH IUTA poBefileHUA NPAKTHYCCKHX ayny-
TOPHEIX 3aHATHI, CAMOCTOATEABHBIX (MUHU-KOHTPOAbHbIX) paGoT
W BBUIAYH WHAMBHAYANBHBIX AOMAINHHX 3aN2HKI IO BCeM paslie-
JaM Kypca BpICIHEH MaTeMaTHKH.

C uenpio MUHHMU3ALMY 3aTPAT BpeMEH! NPX H3YYeHHH niped-
MeTa [epes ayMTOPHBIMH H WHIWBHAYAILHBIMH NOMAIIHUMH 3a-
DAHWAMH NPHBOIATCH HeOGXONKMBIE ompeleleHUN, GOPMYIb,
IPBMepH ¢ PEIUCHUSAMH, & MOCAE KaKIOro KHIKBHAYAILHOTO 3a-
OaHHA — pCUICHHEe THIOBOro BapHanTa. K GoibIHHCTY npenia-
raeMbiX 3afiad JNaHLI OTBETHI,

B ueTBepTOfi KHure KOMIAeKca COHEPXKUTCA MaTephaa Io
ONCPaNtHOHHOMY HCUHCIEHHIO, 3EMEHTAM TCOPHH YCTORYHBOC-
TH, TEOPHH BepoATHOCTel, MaTeMaTHUeCKOH CTaTMcTHKe. EFe
CTPYKTypa aHaNorn4Ha CTpYKTYpe NEpBbiX TPeX KHUT, 8 HyMepa-
LW I3aB, Naparpad)0B H PHCYHKOB NPOJIOIXAET COOTBETCTBYIO-
l1ylo HyMepauuio. B npunoxeHKsX NpuBeieHbl TaOMRIIH OpULii-
HaJIOB U #X H3o0paxeHMit, 3HaUeHUH DYHKLMI pacrpelieieRIA,
HCTIOAB3YeMBbIX B TCOPHY BEPOITHOCTEH 1 MaTeMaThYecKoi ¢Ta-
TUCTHKE, a TAKXKE JBYXIaconas KOHTpOAbHad paﬁo-ra ans G109~
HBIX 5K3aMEHOB.

Inapbt 18 u 19 gaHAROTO MoOcobus cozxep)xal' HCHpaBneHHBH 1
BONIONHEHHBI MaTepHaT y4eGHOIO Toco6us «COOPHUK UHIHEH-
AyalnpHBIX 3aJaHHH 110G TCOPHH BEPOSTHOCTEM M MaTeMaTHye-
CKOH cTatucTuke» apropo A.Il. Pabymko, B.B. Bapxartosa,
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B.B. lepxasen, Y1.E. KOpyTa noxn o6meit penaxurelt npogeccopa
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Ja» B 1992 1,
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HALTMOHATLHOTO TEXHMMECKOTO YHHBEpPCUTETA, BO3[NARNSIEMOMY
AOKTOPOM TEXHMUECKMX HAYK, Npotdeccopom H.A. MuKynukoM, 1
HOKTOPY (DU3HKO-MaTEMATHYECKHX Hayx, npodeccopy Kadbenpst
MaTeMaTHYeCKOTO MOACNUPOBAHHSA ¥ AHANN32 JAHHBIX Bernopye-
CKOTO rocynapcTseHHOTO yHHsepeuteta E.E. XKyky — 32 menubie
3AMCHAHHA K COBETHI, CMIOCOOCTBOBARBIIME YIYIIIEHHIO KHHIY.

Bce orsmBel ¥ noxenanns npock6a HATPaBIATh TIC agpecy:
220048, Musck, npocmexr IT obenureneil, 11, H3naTenpcTro «Bhr-
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METOZMYECKHME PEKOMEBIAIIMHA

OxapaKTepusyeM CTPYKTYDY TIOCOGHS, METOAWKY £T0 HCTIONL-
30B3HKUA, OPTAHHM3ALIHIO MPOBEPKH ¥ OLISHKH 3HAHMIL, HABBIKOB H
YMEHHT CTYICHTOB.

Bechb mpakTHIecKHil MaTepHan no Kypcy BrICHICH MaTeMaTUKH
pailicieH Ha IaBbl, B KAKI0H N3 KOTOPLBIX Ja0TcH HeoOXodHMble
TCOPETHUECKHE CBElIeHHMA (OCHOBHBLIE OMpeneNeHs, PopMyIH-
POBKH TeopeM, GopMynsl), UCIIONE3YEMEIC TIPH PEINCHUH 3aa4d 1
BHRHIONHEHUH yNipakHeHH. H3noxeHne sTux ceeneHnit Wimoct-
pHDYETCH pelieHHBIMK MpuMepamu. (Hayano pelnenis npuMepon
ofiozHavacTca cAMBoOROM P, a XoHeri — 4.) 3aTeM naroTes nonbop-
KM 3aJia4 ¢ OTBETAMU OIS BeeX NPAKTHYSCKHX AYIMTOPHBIX 3aHA-
it (A3) 1 AN cCaMOCTOATEABHLIX ( MHHH-KOHTPORBHLIX) paGoT Ha
10— 15 MHHYT BO BpeMs 3THX 3aHATHH. Y, HakoHen, NpHBORATCA
HeAeNbHEEe HHNHEHAYaAbHBIC RoMALTHHE sanaHud (U13), kaoxmoe
U3 KOTOPEIX cOmepXUT 30 BapHaHTOB 1 CONMPOBOXKEACTCH Pellic HH-
€M THIIOBOTO BapHaHTa. YacTh 3agay H3 M /13 cHa6xeHa oTBeTaMH.
B KoMne kaxaoi maBet DPHBOIATCA NONOEHHTERLHEIE 2aa4K To-
BHIHEHHOH TPYAHOCTH H NPUKAANHOTO XapaKkTepa.

HyMepanud A3 CKBO3HaSI ¥ COCTOMT H3 ABYX YHCEA: TIEpBOE M3
HUX YKa3LIBACT Ha MIABY, a Bropoe — Ha BOpAAKOBHY HoMep A3 B
srolt tnase. Hampumep, mudp A3-16.1 osHagaer, y1o A3 oTHO-
CHTCH K WIECTHARLATON I'3aBe H ABNSCTCS NIEPBEIM 1o cueTy. B nan-
HOM XHHTE KOMIITeKca cogepxmred 23 A3 w 9 HA3.

Anst U3 Takke mpHHATa HyMepanua ro rasam. HanpHMep,
oiidyp UA3-16.2 ozHavaet, yro UJ13 oTHOCHTCH K miecTHANATOMH
THaBe U ABMACTCH BropuiM. BuytpH kaxaoro M3 npuuaTa creny-
loag HyMepauuda: nNeppoe YHCRO 03HAYACT HOMED 3al1avl B JaH-
HOM 33JaHHH, 4 BTOpoc ~ HOMEp BapHaHTa. TakmM ofpasoM,
mudp HA3-16.2: 16 o3HayacT, YTO CTYACHT DOMKEH BLIIOIHATD
16-it BapuanT u3 F/13-16.2, koropsnit conepxuT 3ana4n 1.16, 2.16,
316uTt.n.

IIpu Brinaue Iri)l3 CTYZEHTAM HOMEDA BEINONHIEMBIX BAPHAH-
TOB MOXHO MEHATE OT 3alaHHA K 33A2HVIO 110 KaKoH-AHG0 cHcTe-
Me HAM caydaliHeim ofpaioM. Bonee Toro, MOXHO MpH BhIaYE
M3 moBGoMy CTYNEHTY COCTABHTE IO BADHAHT, XOMOMHHDPYS O~
HOTHNHBE 3ajad¥ U3 pasHBIX BapdanToB. Hanpumep, mudp
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HA3-16.1: 1.2; 2.4; 3.6; 4.1; 5.15 o3nayaer, YTO CTYHEHTY ClieyeT
pewath 8 MJ3-16.] riepByio 3amiaqy 43 BapHaHTa 2, BTOPYIC -~ H3
BapHaHTa 4, TpETHI0 — M3 BapHaHTa 6, YeTBEPTYIO — H3 BapHaHTa |
U fATYI0 — U3 BapHaHTa 15. Taxoit KOMOHHUpPOBZHHE METON BEI-
Aaun AH3 nossonser u3 30 BapHaHTOB MOMAYIHTH GONBIHOE KOJH-
- YeCTBO HOBHIX BapHMaHTOB,

Bueapenne M3 B yae6HBIH Mpolltce NoKa3ano, YTo ieieco-
obpastee BhaBaTe M3 He mocAe Kaxioro A3 (KOTODHIX, KaK
fipaBUIio, Ba B HEACKHIo), a 0AHO HefeArHoe U3, pnovaomes
OCHOBHOI Marepran nByX A3 310l Hereln.

Hamim HekoTophie ofmie PEKOMEHAALMA MO OPTAHM3ALNH
paboTH CTYACHTOB B COOTBETCTBHE ¢ HACTOSUIMM MOCOBHEM.

1. B By3e cTyaeHueCKHE TPYTINH MO 235 9¢/H0BEK, IPOBOAATCA ABA
A3 B Hesleio, IIAHHPYIOTCA eXeHEACHBHBIE He 00A3aTeNbHBIE IS
NMOCeRICHHA CTYSCHTAMH KOHCYNLTALIMM, BBIJAKTCH HENCHBHEIE

" UIA3. Tpy 3THX YCNOBYSIX AN CHCTEMaTHIECKOIO KOHTPORA C Bhi-
CTaBICHHEM OLIEHOK, YKa3aHHeM OlIIMBOK M myTeil MX Bcnpanie-
HHSI MOTYT GBITE HCIONB30BAHB! BRUIABAEMEIC KAXKIOMY fApenona-
BATEMIO MATPHIILI OTBETOB K 6aHK NHCTOB pemIeHHit, KOTOPHIE Ka- -
tenpa sarorasnueaer mis UO3 (cTyaenTam oHM He BRImawTCH).
Ecam MaTpHIZBI OTBETOB COCTABNAMIOTCA JNA BeeX 3amad 3 M3, To
JMCTHI PEICHWH pa3padaTeIBaloTCA TONBKO A1 TEX 3a0a4 K BapH-
aHTOB, IIe BAXHO NMPOBEPHTH MPABHIBHOCTE BHGOpa METOSA, No-
CIICOBATENIEHOCTH NeHCTBHIA, HABHIKOB H YMEHIIA ITPH BEMHCIIEHH-
#X. Kadenpa onpenenser, mna xakux M3 WyXHBI JIMCTEI pelte-
HHI, JIHCTB! pelieHHH (OAMH BAPHAHT PacIlONATaeTCd Ha ONHOM
AKCTE) KCMONKIYIOTCA MPH CAMOKOHTPOJIE MPABKIBHOCTH BHITON-
HEHHA 3aJaHHHA CTYEEHTaMH, NPH B3IaHMHOM CTYIEHYeCKOM KOH-
TpOnNe, & Yanie BCero ApH KOMOBHHPOBAHHOM KOHTpPOS: Ipenoaa-
BaTENb MPOBEPSET HKINE NPaBHABHOCTE BHGOpa METONA, a CTYAESHT
10 NKCTY peMICHKH — CBOM BRMUCIEHHA. DTO MO3BOISET APOBE-
piTs U3 25 crysieHTOB 32 15—20 MHHYT ¢ BHICTaBJICHHEM OLIEHOK
B XXYPHAJ. :

2. B By3¢ cryaeHYecKHe rpynfsl no 15 Yeqosex, MpoBOIATCs BA
A3 B HEAEHIO, B PacTTHCAHME T KAXKIOH I'PYINIb BRIIOYEHE! 06H-
saTelbHBC ABA Yaca B HeieAlo CaMONOATOTOBKH [OJ KOHTpONEM
npenogasaress. [Ipn sTHX ycnoBHAX opraHH3aLVa HHAHBHIAYAN b~
HOMH, CaMOCTOATENIBHOY, TBOpYecKo# paGoThl CTYIEHTOB, onepa-
THBHOIO KOHTPOJI 3 KRYECTBOM 2TOM PAGOTE: 3HAUMTENEHO Yyd-
niaercqd. PeKoMeHAOBaHHbIE BEHILE METOAB! MPHIOAHE U B HaHHOM
chlydae, OFHAKO NMOABIAIOTCA HOBRIE BO3MOXHOCTH. Ha A3 OricT-
pee npopepsTes K oueHuBaloTes B3, Bo Bpems obasaTenbHON
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CAMOIIOATOTOBKH MOXHO MPOKOHTPOAHPOBAThL MpopaboTKy Teo-
puH u pemende I3, BHICTABHTE CLIEHKH YaCTH CTYAEHTOB, [IpH-
HATS 3agokenHocTH no HI3 y oreralomux.

HakonneHue Gonpliioro KonpuecTBa oneHok 3a KI3, camo-
CTOATENEHHE Y KOHTPpOJABHEE paGorst B ayRUTOPUM MO3BOJAET
KOHTPOJMTHpOBaTk YIEOHHH mnpouecc, yNpaBidATe HM, OLSHHBATh
KauecTBo YCBOSHUA H3YYaeMOro MaTepnana.

Bce 310 JaeT BOSMOXHOCTb OTK23aThCH OT TPaIlHLIHOHHOTO
HTOTOBOTO CEMECTPOBOTO (TOIOBOTO) BK3aMEHA ITO MaTepHany ce-
Mccrpa (yucOHOTO rofa) M BBECTH TAK Ha3bIBASMYI0 peHTHHI-
6aox-Monynbiyio cucTemy (PBMC) oneHKH 3HaHUNH H HaBHIKOB
CTYIIEHTOR, COCTOMLYIO B clleayiomeM. Marepuan cemecrpa (yue6-
HOTO l'ofla) pa3bupaeTca HA 6oKK (MONYIN), N0 KaXIoMy K3 G0-
xoB (Moxy/eit) semonesiored A3, U3 1 B KoHLE KaKA0TO (MK —
ABYXHACOBafd MUCbMEeHHad KOMTOKBHYM-KOHTpONbHM2N paboTa, B
KOTOpYIO BXOIAT 2—3 TeopeTHUecKHX Bonpoca M 5—6 3anaq. Yuer
oleHoK Mo A3, M3 ¥ KOUIOXBHYMY-KOHTPOJBHON [1O3BOJNAET
BHBECTH OOLEKTHBHYO o0LLYI0 O1CHKY 32 KaXIbiit 610K (MOAYAS)
H HTOTOBYIO OLICHKY I0 BeeM OaokaM {MoOIyasM) cemecrpa (yueG-
Horo rofa). [omoxenue o PBMC cm. B 4. 1 JaHBOro KoMIIeKca
y4eSHbix Toco6Hit (Mpui. 3).

B 3akniouesne 0TMETHM, MTO YCBOSHME CONGPRALICTOCH B TT0-
co0UM MaTepHanAz rapaHTHpYeT XOpPOIIME 3HAHHA CTYNEHTOB IO
COOTBSICTBYIOLHM paszic/aaM Kypca BbicIeil mateMarnku. s
OTNHYHO YCIICBAIOLIHX CTYNSHTOB HeoOXONMMA NOATOTOBKA 3313
HHH NoBBIICHHOH CIOXKEOCTH (MHIMBMAYANEHLIN Nogxoa B 06y-
9epyH’) ¢ MePCTeKTHBHAIMH NCOLIPHTEABHEIMHE MepaMi. Hanph-
Mep, MOXHO paipaboTaTh B4 TAKUX CTYOCHTOE CTIEUHANLHEIC 3a-
OAHHA Ha BECh CEMECTp, BINIOYAICIIHE 381a4H HACTOSAILEIO MOCo-
6 1 nonostHUTENEHEE GoMee cAOXHBIE 3312491 U TeOPeTHYCCKNE
yHpaxHeRHd (JAK 1ol UeAH, B YACTHOCTH, NpeAHAZHAYCHH A0~
NOMHHUTCNDHBIE 3aA44H B KOHIIE HEKOTOPRIX I1aB). I1penonapatens
MOXET BRIAATH 5TH 3aaHus B Hadale ceMeCTpa, YCTAaHOBUTS Tpa-
UK HX BHTIONHEHUA NOJA CBOMM KOHTPOJIEM, Pa3peIiUTh CBOGO~
HOe TlocclIeHME NEKHMOHHBEX HIIH TIPAKTHIECKHX 3aHATHH [0
BHCLUEH MaTeMaTHKe H B CAyyac ycreHIHOH paGoTsi BHICTABMTh
OTNIHYHYIO OlICHKY KO 3K3AMEHAIIHOHHOM ceccHM,



16. OIEPAITHOHHOE HCYMCJIEHUE

16.1. OPUTHIHAJ ¥ M30BPAXEHIE IO JATUTACY

Hauasonodi dhynwcueil WAH opuzunaacs HAZHENOT GyHKIMO (/) IeHcTBRYCAD-
HOM NepeMeHHOY 4, YIOBNETBOPAIOMIYIC CHEAYIOMIMM YCIOBHSM: .

1}/ =0nput<0;

2) ccan M> 0 B 5 — HEKOTOPHS BEIECTREHHENE Yycna, To

A< M npu 2 0; (16.1)

3) S{) — KycOYHO-HERPepHBHAA ¥ HHTCIPUPYEMAT Ha N0GOM KOHETHOM OT-
PE3KE MIMCHEHHS 1.

Touyas HAXAAA Fpasp Sp BeeX GHCEN 5, AN KOTOPHX BHITONABAETCT HepaBeH-
cTro (16.1), HazRIBaeTCH noxdzamenen pocma dwrxnun f(1).

Ecam cyniecTsyeT necoSCTREHHMI HHTOIpAn

_ 400
—pt
F(p) = j Ane Plar, (16.2)
. 0 ) !

mep=a+bi,Rep=g>0, Imp=b, 10 dpynrame F(p} xommnexkcxob nepeMeH-
HoH p BaztiBaloT UsoOpaNcerueM sty £ (f) no lanaacy, RN ee fansacoes Uzp6-
Podcenues, WITH TIPOCTO uzofpaxcenien,

Tipasiao (16.2) NONYy9eHAT 0O 39AAHHOMY CPRTHHATY J () naobpaxenys F{p)
HA3LBACTCA npeobpazoeantien Jansaca.

Ecan Re p= a2 5 > 5 W BROABEACTCR yenoBne (16,1), To MOXHO NOKA3ETS, U0 .
HecoGcTBeHER METerpan (16.2) a6CORIOTHO CXOANTCA A ONPEACHTET AHANMTHIC-
CKY10 GYHKIHIO B TOMYIIOCKOCTH o > 5 (pHe. 16.1); npa aToM

li Flpy= 0. - © {16.3
R”n_n’m (F (16.3)
bA ) ®)
_———_-
.
_—
e ——
0| s|st———— g
[——
l—__
N,
Puc. 16.1
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Ecnn F(p) — nanmacoro nzolpaxenns f (1), To KpaTKo 3710 3ALNCHBALTCH B BH-

B Fip) = f(ymm F(p) = Lif (%)}
Moxzio BoKa3aTs, 9T0 BCAKOMY H305paXeHmIo fp), YIOBNETBOPAIINEMY YCIOBHIO
(16.3}, coOTBETCTRYET CUMHCYBEHHAS HauafibHast hywkumd (oprAraHan). HpwasTHe

oSosraei: f(f) + F(pywmnf{n=L "{F(p)}.
Hpusep 1. Haltra rzo6paxeHne cOMHRIHON ﬁuxuuu Xesucatida
‘= Ompw r<0,
%o(h) {l mpu £z Q.

[paduK GyHKIHNK o (1) TpUBeacH Ha puc. 16.2.
' coft) A

¥

Puc. 162
» Cuesnpuo, YTO Oy (£} YEOBTCTEOPACT BCEM YETOBAAM OPHIHHZIA B 5p ™ 0. [lo

— i - 1
Lic f} = epfdf-x Pt ==,
too(0} -[ »” I° ?

topmyne (16.2) Ameem:
i)
¢ = 0. Crexoparento, Liog(d} = 5T o,y =

fm— +a
¢ (p-a) _ 1
p-o’

TaK XKaK  lim
' Re p—> +o0
Tipamep 2. HaltTu n2oBpakenne F (p) dyuxuun ¢, rae ack.
P-a 0

» HMeew:
+m +w -
0

L ut} _ Ie_‘"emdr - Ie‘@-u)fdf = o
0 .

ecu Rep>a =3,
= ______"
p-a

Crenopatensao, ¢ = L

Jamevadne. U3 ompenencana oparavana CHEAYET, YT0 He BoAKas dyHK-

s f(f) Apnseres oparnHanoM. Hanpumep, npu HEBHTONHEHWN Yexosas (16.1)

MET FApAHTRA CXOLAMOCTH NaTerpass (16.2), Ecan wrrerpan (16.2) pacxozutes, To
TOBGDAT, IT0 GYHKIAA f (7) He ARNAeTCH opurAHANoM. HeTpynsio moka3aTs, HampH-
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»ep, a0 QYHKIHE fF{f) = -lr- ,fit) = e’,, Fin= elﬂz He FBITIOTCS OPHIHHANAMH,

TAK KaK HHTerpax (16.2) AR HUX packopdTes.
Hepeyncaum ockoenne teoticmsa opuzinasoe U U3oOPpaNCEHI,
l(cBoftcTno NUHelBOCTR). Bcanl Fe(p) & (N, k=12, ..., 1,710

N

]
Y il Y o F @), (164)
k=1 k=1
TAE ¢x - AioGhie BeHCTBHTEILHES WA KOMILIEKCHEE THCTa,

2(reopeMa cMelle HuA). Bomf(n & F{p), To Ana moBoro XoMIDIEXCHO-
FO YHCHA O HMeSH:

7 & Rp-o),Reposy+ Re o, (16.5)
3(reopema woroGun). Ecnaf(f) & F(p)n >0, 10
f % %F(f) (16.6)

“4 (reopeMa o ARddepeHndpoBaHBr HioGpawenua), Eond

9+ Ferro

" LER L . (16.7)
dp" .
S(‘reopeua o ,nnq)tpepenunpannnnn CPHIRHaXA). Bcnnf(o.,.
4 Fip), 10
£ = pRpY-AOY,
770 = PF@)-pfl0)=£1(0) ,
{16.8)

L0 % 2" Fy - 2" o - 1" - - A Doy

B f0) = £7(0) = ... = /"7 V0) = 0,100 2 p"Fip).
6(TeopeMa 3amaanBaHUm). Benuf () = F(p), 10 15 1o > 0

M-ty e "°Rp). (16.9)
Ceepmxoli deyx dryreuui 1 (1) u fy (f), oBosnauaemolt f; (1) » £ (1), Basppaercs
byHRIL, ONpeAEAZEMAT PABSHCTIOM
=
AOLO= [ H®KE-D.
—
Ecaa fy (), fz(f) ~ oprrunam, T.e. fi(t)= 0 0pH 1>, TO WX CBEPTXA NPeX-
CTABHMA B CASAYIOWEM BUIE:
[}
AOHO= [AOH-Y& = [Au-DfhmE.  (16.10)
’ 0 . 0
10



CaepTa ABYX OPHIVMHANOB ABASCTCA OpATAHANOM. JLid Hee CTIpaBeATHBR Ct-
Aylne cBofersa;

/i * f = fa * f; {xoMMyTaTRBHOCTE);

2 £ 5) 5= A1 * (s * [3) (acconnaTaBHoCTE);

Niafi + ey * =11 (f +H) + ¢3 (A f3) (nmneitrocTE).

T{reopema Bopeng, aATcopema ¢ ne‘p"rusgﬂnu). Ecn fi () %+
= L EF ()10
h HhD«HNEFR YR (16.11)

Dopmyna (16.11) HasbiaeTcs dopuysoil yunoowenus usobpaxcensii. OHa QacTO
TpHMERACTCA AN BOCCTAHOBNCHNA OPHTHHATA TI0 eT0 H30GpaKe HUIO.

8 (reopemMa o6 MHTerpupoBaHMH opuTruMHana), Bom

f@ = Fip), 1o

7
Iﬂr)dr = ﬂf} . (16.12)
o -
% (TeopeMa 06 uHTerpHpoBaM¥M u3oGpaxcHuA). Ecmm
! +oo
£ * F{(p) m uwrerpas Iftz)dz CXOmUTCH, TO
¥
+
A 2 [rga. (16.13)
F

10(reopema o6 H306paXeHUA NepHoANTeCK O @yﬁxuun).
Tlyets £(7) — neproguueckas HyHruma nepuoga T u f(2) = F(p). Ecm Fy (p) ~

. T
moGpasxere dpynxmus f(1)(og(?) - og(t— D), 6. Fyp) = [fne ™ 'dt,m0
¢
Fo(p)
1-¢27"
C Zenbio NPoBepKH MPABUALHOCTH BHYMCIEHAE B OTMCPAOHOHHOM HCYHCHe-
HHH SACTO MCTIORBSYIOT #PedRAbHBIE CODMMNOMCHUR.

li(reopeMa o npenedbHMX ¢ooTHome HuAX). Bean £(1), £/(f -
OPRCHHMIN B S ()} = F(p), T0

Flp) = Rep>0. (16.14)

lim pF(p) = lim f(1), (16.15)
>0 X
Re;il_!; er,cuf"(ﬂ) =_‘Lilg+ﬂf) = f0). (16.16)

Coovomenns (16.15) m (16.16) HA3HBATCA MpedaioRoiMY COOTHOWEHIAMY
CER3U MENCAY HIDPANCEHIEM It OPUURAAOM.

11



12. TIpK pereHAN AR NPUKTHICCKHN A2 HCnonsayeTcs dopayaa dwamess
t

PR OFP) LG+ (£ ¢-yr, (16.17)
¢

Tae f1 () ~ HenpephiBHag QyRKUMA; /5 (5). MMeeT HENPEPMBHYI0 NPOMEBOIHYIO:
AEYEAWARE A0

Tipumep 3. Haiita H30GpaXeRHs OPMITRAROB /{7) = sin 1 Mf(#) = cos 7,
Ir  —if it —it

P M3BECTHO, 910 Sin ¢ = St Jogos? = e—-—';e . Torma w3 ceoltersa 1
clefyeT, IT0
. 17/ 1 1 1 2i 1
e ] — e — e —

S T TR NP

_,_I(Pl 1 1 2 1
st £ 3(m e | = S =B .
2p-i pti 2‘pz-l-l p2+l
Hrax, sin r = 5 ,cosr#—zL.(

p+1i p+1

Tipmuep 4. 3anHcaTs B20OPAKCHMA YKA3AHHA HYHKIHA-OpHIHHANGR! Sin pr
cos pr; sh pr; ch pr.
P Tak KaK H3BECTHS M3OODPAMEHMS U1 Sin F H €08 f, TO HioBpaxcHud sin Bt ®
cos if MOTYT OMTH HANACRE ¢ HOMOMIBIO TEOPEMBL ITOTOBHS (CM. dopMyny (16.6)):
2

] . 1 1 1 B _ B
sin Bt 5 = = ,
Porpy+1 Ppleg? p2ap?

2

.1__ p/B 1_Bp P
cos B & = - .
Poormy et g2t +pt  pPep

Hanee:
_ eBr— e DB
hpr= St onpr= St

Tofaa n3 npimepa 2 4 cBOHCTEA TMHEHHOCTR CEAYET, 410

1/ 1 1
shﬂ{é——._-..—.._ = .
- 2
2 B p+ Vo _52

PN S T
chBr72(P_B+p+ 2—52.(
Tipmsep 5. Hatiryt naoGpaxerun opuranance ¢*sin fr B ¢ cos fr.
{2



» Tax kak sin Br = _B_ , GOS8 5,__2__ mmmc;peuucueummcne-
7+ g P+t
ayeT, 910
eusinﬁr——-ﬁ—-—- e oosﬂr=-—&g—-—- 4

o+ o) +pl p+a) +p

Tpumep 6. Hailtit H300paXkeHHR YEASAHHEX OPHTHAANOE: 7 ; 17 +"é Isin ps

tcos Bit,
» Harecrso, yro ag(h) 9 L . Torgano npannnynncpq:epennnponaﬁm H3aofpa-

EeHHR HAXOAHM:
,é_.;;(g):j, s l)zf@_i;,

= 27 N £” 1)t
( 3') ‘s wry == ( 'J n+]
H3 TeopeMbt cME e HuA cheayeT, uTo "6 = H!” —.
(p-a)

3uan u30GpaKeHH sin B H ¢os B, H3 TeopeMEt 0 ARGEPCHIHPOEAHKEN K30~
BpaKe U TTOMygaeM;

rainge s - (50) - 2o

R +rs)
2 ] 2
teos fr = ——(2 l)-'—p +g’ _222—- p-p 5. ¢
P+ ey G eph

Tipumep 7. Halftu woo6paKeHEA opHTHHANOB:
a) € ¥sin n#; 6) ch2fcos 35, ) sin Sfcos 21,

b a) Tak kak sin =/ = — L3 5 + TO 110 CROHCTBY CMCICHHA
P+
e_sfsinz!dz '2 3
(p+5) +x

6) Tak Kak ch 27cos 3¢ = % (% + €2y cos 31, T0 M3 enoficTsa AUHeHHOCTH H

TEOPEMBI CMOLLEHAS CASAYET, Y10

chztcossf—-—( 2= 2 + 3’"'2 J
(p— 2) +9 (p+2) +

8) Tax xax sin Stcos 2t = % (sin 71 + sin 34), To K3 cBOHCTRA TMHEHHOCTH ¢Tle-

AyeT, wto

13



sin Srcos 2r & l( + 23 9).4
+49 P+

ITpssep 3. Hatiru n306paxeHys OPBTHHATIOR:

¢ ' .
a) J'(e"szch 2z+e3zsin 47)dz; 6) !(zs-4z4+ 3z2-2z)ezzdz.
o . 1]

P 2) Halisem nsoBpaxenne opuraHana £(r) = ¢~ 3 ch 2r + ¢ sin 41, M3 cpoit-
CTBa NHHEHOCTH ¥ TEOPEM HONOGHS M CMEIMISHIT TIOYIACM:

eSten+ Mainde e —2E5 A
+5) -4 (-3 +16
Torsz, cOPNacHo MPaRy HETCIPUPOBAHAR OPUMHHANA, AMCEM:
f

I( ch2z+e sm4z)dz l( P+5 + 42 Q
. Pro+sy’ -4 (p-3)+1
6} Halxem asobpaxeHac opuruHana:

51 4.4 6 2
i" ~-4f +3f2 Zf——;—-—-s'—'i'-i—""z'.
P P N 4

TorAa no TeopemMe cMeMIEHIA
(r5—4t4+3tz—2t)e2'¢ 5! - 4—4!s+ 6 - 2 ;-
' (r-2). -2 @-2y (»-2)

Hcenoneaopas TeopeMy 06 HHTETPUPOBARNY ODHTHHANS, TEONYIUM:
t

j(z’—4z‘+3z2-2z)e2‘dz¢1( 20 % ,_6 .2

, Po-2° 0-2° -2 (-2
Ipamep 9. Haliti opirdHANEL cleRy UMYX H3oOpaXeH ail:
1 i 1
a) ; 6) ; B) .
0749 PP+ o)

» a) TaK kaxk 2' - %—i}-—- #%mh,mnomopemoﬁnmrpﬂposanﬂu
p+9 p+o
GPHATHHAAR
i
1 T
3 apJ.3sm3zdz —-cos3z -=§(l-cos3r).
pip +9) 0

0

6) Ha ocHoBaHuM dopuynnt (16.12) ¢ yaeTom peaynma'mn, nmonyIeHHHX B
1. «a>, HMceM:

14



-15 1 _Jg(l—cos3z)dz— l(z—-snﬂz)l = = r-—sm3t)

+
PR o
go2t 1 2 :
By Taxxak f = 5T —3 =57 . Ha OCHOBAHMH TEOPEME CMELLIERMA TOMTyUgeM:
P .
-y
(p+2)
Tiprmep 10. Haitn naoSpaxenne dysxonn (1) = o:)s 215
» Tak ke HYHKIMA £ (/) HETIPEPHEBHA NiPU BeeX £ 0 1
0f(l’]i = fim Lm0 L i 28R Gng Y o 0,
l-—i-+ i»+0 PR

TC 0Ha SANACTCH OPHIHHANCN, OueanTio, 9470 | — cos 2f = ;— £ W npasn-
p +4

Na HETErpHPOBAHHA MI0DDaXEHHA CACIYeT, yTO

1 2 * 1 Bl

—Gos 24 F4 P4
———— . v — d:: lim S e | gy
! I(Z z2+4) P> 22+

= Iinw(lnz—-ln(z +4))l - l:l:lman_"

2

= lim |tn —fee —In J in}+in X234
b JB +4 .Jp + p

TIpuMeHNB TCOPeMY CMEBIEHNA, JIOAYIRM,

cos2r —St_hJ(p+5) +4 _ Jp +10p+29

p+5 p+s

Tlprmep 11. Haltrn saoSpaxerne OPHIREANa cos (2¢~1), rz2/2,

¥ Hapecto, 910 cos 21 = -32-—- (e, npimep 4). Toraa Ha TeopeME 3ana3an-
p+4
BaHHA TONYLACM! )
08 (21~%) = cos 2(:—9 =l
py+4

15



Npumep 12. Haltty ceepTRY OPUTHHAIGE cos 3/ R sin /7 R30OpaXKe HAE CBEPTKIL
» CornacHo ONMpeAENEHAID CREPTEN HMEeM:

! i
cos3esin ¢ = foos 3z sin(i-ryer = %j’(sin(ﬁ 2z)+sin(/~41))dr =
[t] 1] )

_i1 r,1 A
=3 —zcos(r+ 21)[0+4cos(f-4t)|0)

= l(_l 1 i 1 ) =_1 1
3 2c033r+2cosr+4cm3r 4c.osr scos3r+8cosr.

CnemonarensHo, cos 3 %sin ¢ = +% cos3t+ % cost . HaoGpaxkense momywen-

HCTO OpRIABANA HAXOAUM C YIETOM CBOHCTEA TNHEHHOCTR M TEOPeMbl HONOGHA:

cos 3resin ¢ =—-%-5L+§_5P_ =

r+9 “pr+1
3 3
= l=p —pp +9p P .
Bt +90+ ) Peopl+n)
Tor e pesymrTaT MOXHO TOAYUHTE APYTHM myreM. Haseerro, u10

cos3r=:l-L, sin ¢t = 21

3 (oM. mpiMep 4). Ha acropanya reopemu Bopens
Pty Pl ‘
HMeeM:
cos It ¥sint = —5——9—2—-— 4
F 9P +1)
Iipamep 13. Halith opuruman f(f), cOOTBESTCIBYIOUTHH R30Gpaxenuo
Fipy = "-“;L—Z .
P +4)
P MpenacrasuM H3ofpakenne B BHze Hp} = -—ip——- 21 . Tax: xax
P4 p+4
21 é—zl-sinzr. -—ij’——- % cos 2710 Ha 0CHOBaHEH dopmynn (16.11)
F+4 p+4
'EP_ 2 éer*%sin2r=
F+4p+4

t !
= 2 feos 22 sinq2- 200 = 3 f(sin 20+ sin(2e - 4)de =
b 0 .
= Lo sin 2+ Y cosarean) = Lrsinzre d soszre ) oo ag
_4‘|:sm2f|0+4006(2f 4r)[nJ 4rsm:’.ar+4ou:ns:’.ar 4co§2r

=§rsinzf=;m.<
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L rmTTERee s ST

TIpamep 14. Haiitu g3oOpaxenue opurudana 1) = hn 0se<l, nepHo-
2-1,15t<2,

ARYECKY NPOAGNXKEHHOTO Ha UHTepRan [0, +<0) ¢ mepuopom T'= 2 {puc. 16.3).

fiti A
1

~Y

0 1 2 3 4 5 6
Pnc. 163 B

"» Tax KaK OpHIMHAN MepHOTHYECKHI, To, cornacHe dopMyle (16.14),

1
) = @,
l—eﬂpTFo
2 1 2
me 7=2,0 Fy(p) = [fine™?'dr = [eedr+ [@-ne'ar.
0 U 1

HyreIpHpysa w0 4acTaM, HaXOMHM HHTSTPANN:
1 e 1
1
Ire_’ = L Py l +1Ie"‘° Tt =
.P ¢ p
[ i
i
= _lg_P_-l.-e_Prl = ._le_P-pl_—l.e_P
P 2 0
P
2 5 2
nePlar =~ l—wl_ 1,01y, o
J'(z ne Pl = ~@-n2e |, Ipe dr
1 1
1 1 2 1 I -2
——e_‘o+-—5e“‘wl slr L% 1P

= 3 2
Py p r P

CneaoparensHo,

D W' SO S Wy S D SN W7 U
Fo() Pe + S +pe tese 3¢
. P P 14 I4
1 2 —p+l —2,9.

= e
2 2 2
by p 4
Haotpaxernaes aua f () SyneT dyHKuna

e

—-p.2
o P - P —
l-2e 4+e ™ (l-e") 1l-e

Pa-e Py prree

17
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Yipumep 15, Haittet ua06paxerse nepnbnuqecxoﬂ CHCTeMEL UMOYRECOB, H30-

GpaXeHHEIX Ha puc.16.4.
it
A

ty T T+ 2T 2F+4, 3T ¢

0
Puc. 164

» 3azanuyic rpadHICCKH MepROTAYECKYI0 GYRKUHIC F{f) ¢ nepHogoM TMOKHO
¢ DOMOLILK CARRATRON dyHKUAA XeBHcalRa 6 (f) APCACTABHTL AHANHTHICCKN:
Acy{f) npy 057<4,
npit fo<r<T.

36 ='{
) 0
Nosromy
T b
5 —PY
‘ Fo@) = fAne™ar= [ac'ar = —ge""lo = g—“p .
0 0
Toraa na popmyan (16.14) cnenyer, wro
—pl,
- Al -
I % —Le(i-e "°)=_.‘._'__i_>.
p(1-e?y p1-e Py
Tpsmep 16. Halirn ophranan £ (f) go ero waobpakennwo F(p) = —22 |
)
_ZL_ 21 . Tax xax
F+ap +4

P Npesicrasam F(p) B BANC nNpoH3BENCHHR 5p
sin 2#, To No popmyne Awamens (16.17) noayum

=3
£
=354 o1 =54 A - ~
Tsd‘ cos 27 2sin2r) 54,’[!:.0521 231112(! 1)41]

~Lécas2!, 3
P4
3P 2!
P +dp +4
' ) '
= 5 Jcos 21 - cos 2(1- T}dt = %I(cos 21~cos(2t-4t)hdy =
1]

o
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=3

=32 1
2

(x c052:+isin(2f-4t)) - %(rcos 214 sin 2!—%5&11 2:) -

f
0

5 L
2(rc;os 20-3 sin21) = A1) ¢

Mpamep 17, 3anucats urcGpamensnc AUdbEPEHLEAAILHOTO BHPAKCHAN
A " ()3 (D + AN, ecam Fp) AN u A0 =1, f'(0) = ~1.
» Mo poprrynam (16,8) umeem:
£ £pFE)-1, () = P Fp)-p+1.

Toipa U3 chofficTea AUNEHHOCTH CICAYET, YTO
()= (D + 1) % 2  Fg)~2p+2-3pF(p) + 3 + Fp) =

= 297 -3p+ )F@)-2p+5. ¢
OcHoBHBe cBoiieTRa M3oGpaxenuil lannaca nepeuucnensl B upin. 1. Hauto-
Jiee Ya¢To BCTpeYAIOIMMECA TIpH PelneHAB 3ajiia OPHTHHANE K HX FROGpaXeHNA
NPUBEAEHEL B OpWT. 2,
B MaTeMaTUKe M pasHHTHBIX €2 MPUACKCHUAN, HAMPHMED B MeXaHHKe, 3A¢K-
TPOTEXHHKS, TCOPHH ABTOMATHYECKOIO PETYNAPOBARNMA, LIHPOKO ACNOILIYITCH
Tak HAIRBacMHEE EMRYIbcHse Py 0 MY Haobpakennd. Paccmorpud dyixank

| 0 mpr <0,
o {1, 8 = 3(60(0—60(:—!!)) =1/h npu Osi<h,
0 upw A<y<too,

rpabik KoTopoll MpHBeeH Ha pAC. 16.5,

U1a, h,”l
1
. h
) "
Puc. 16.5

Ecnm aaanyie GYRKUHIO MNTEPIPETAPOBATE KaK CHNY, AeACTSYIOLIYIO B Mpa-
MEXYTOK BpeMeHU oT 0 jio 4, 4 B OCTATbHOE BPpeMSA PABAYIO HYILIO, TO OTCBHAHO, YTo

+wm
HMMAYALC 3TOH CHITH paBeH f o, ({1, ) dr=1.
—c0
Tax xak usoGpaxeHue yAKuuu Xenucaiina o () HIBECTHO, 10, NONLIYACH

CBOHCTBOM MAHEHHOCTH U3o0paXeHHS, TOAYIAEM:
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—ph
.11 ®
U] ('r-n h) - &

B MeXaHHKe YacTo PACCMATPUBAKT CHAE, AcHCTRYIOLIME B 0MEHR KOPOTRUH
MPOMEXYTOK BPeMEHH, HIH, KAK TOBOPHAT, sMIHOBEHHO», W MMEIOMIHE KOHEIHEI
lmuy.w: MosToMy Gema pBeacHa GyHKIMA 3(f) = h‘hm u,(t, A) , KOTOPAN HA3KI-

BACTCH edunusnol umnysocnoll yniyued WK dersma-gynrcuueit Jupaxs.
+en
WNanoxeHHOE BHIIC TOIBONACT CHHTATD, YTO N0 OMPERENCHITIO I B(Ndr =1,

—
i)
Mocneasce paBeHCTBO MOXHO 3AMMHCETS TAKNE B BHIC IS(!)di m |, Torus
0
—ph —ph
Y 1 pe
B() & lim - = lim -8~ <.
® ks0h  p asop 1

3mech MPH HEXCKASHHH APCAeNa GEUTO IpHMeHeHo ipakuno Jomrran.,

PaccMoTpHM §(r) KaK ciuy, ICHCTRYIOIIYI0 HA MATEPUALEYI0 TOUKY CAHHHY-
HoH MaccH. JIna 3Toro HaitaeM peulcRue ,nmptbepeunmmom YDABHCHHA
£7() = 8(7), yHOBNCTEOPAKIES HAYANBHEIM YCAOBUAM 3(0) - (0 =0,
Ero onepaTopHoe YpaBHERHE p 3(:) = 1,0TRyng () = -—— SN =t v =1,

P
Taxum 0GpasoM, PYHKIUKI 5(f) MOXKHO TPAKTOBATE KaK CHIY, COOBMBIONIYIO Ma-
TePRANEHON TOTKS CAMHHIHOH MECCH B MOMEHT BpeMeHH + = ( CXOPOCTH, PABHYIO
COAMHHIE,

Oynxgito §(1— 1) P P — HMITYILCHOH CHIOH, ZeHCTRYIO-
1tieH B MOMCHT BPEMEHN &),

Pacesotpuid  ypaBHeHWe s*(f) = AH+8() ¢ HAVANBHLMH VCNOBHAMM
£(0) = 5'(() = 0. Ero ofleparopHoe ypaBHeHHE

P30) = Fpy +1,36) = TR L
2 2
4
oTxyma s(f) = J'jtt){r— ¥)dt ++. OUCBHAHD, TI0 K TAKDMY K& PEIYIIKTATY TIPHESM,
0
PEUTHE YpaBHeHHe s"(f) = f{f) DpH EDYIUX HaWNBHBIY YCNORMAX s(0) = 0,
s0)y=1.
Ha onpegencunn 5(f) cmeayer, o
[
IS(‘:)d‘: - {0 wpH —wo<t<,
1 mpy 0<te +oo,
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t
Te. o) = I §(t)dr — cauHuvHan pyuxuua Xeencaigs, Juddepemanpyn obe

—_—n0
YaCTH MIOCACAAETO PABEACTEA, RoMysaes: B(7) = ¢'4(1),

Sipft) A

1

A
o] n 2h "

- |

’12

Puc. 16.6
BiencM yHxII0
’ lz npu 0<r<h,
]

&) (D = Bp(t—h)y =q_L npu h<r<2h,
hz
0 npu —w<f<0, 2hst<ctw,

HIOOPRXEHIYI0 Ha puc, 16.6. Ang Hee OUPeAeARM aMnpsecHyio QYRKHUO 8mopozo
nopadxa 8,(f) no dopmyne 3,(1) = ;.“moal a9 . DyHKUHA §(f) yaoBreTROPA-
_) r

6T CTEAYIOUIEM YCROBHAM:
DEH =0 npusn;

2) §)(-0) = -0, 8 (+0) = +ow;

f o +o !
3) j'al(:)d: =5, Ial(t)dr =0, Idr js,(z)d: = 1.

Haobpaxene §,(f) HaxomuM KaK npener npy i — O u306paxeHu QYHKIHH
8 L #() ; KoTopoe onpefienscTes opMynoli

—ph —Oph 2
L 1/1 2e [ 1 —ph
& ) =—j-—-""—"——+ ) = ] g
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’ . 1 —ph 2 _
Te L{d (D} = Jr'Ilf;lo;'-i---(l--e' } =p.8(H £p.
Iy

Haiinem,  Hanpusmep, pemicHMe  AUdRDEPEHUHANLHOTO  YpaBHCHHA
s"(f) = §,(f) NMPH HyZeBHX HRYRNBARIX YCTOBHAX. HMeeM cooTBeTCTRYIOIICE O~

pPATOPHOE YDABHEHHE pzi(p) = p. Hanee, 3(p) = ‘%, 5 = 1{r>0). Dro o3Ha-

9AET, YTO HMITYITLCHAA CAITA BTOPOFO Topanka §,(7) coofmaeT MaTepHanbHol TOY-

K¢ ¢MMHHYHON MaccH MIHOBEHHOE NepeMeicHHe Ha CAMHMIY DNUHE O3 gank-
HeHIHEro ABMXEHNA,

A3-16.1
HaiiTn n306paxenve OPUTHHANA.

1.3¢ -2 sin 3¢1+4, 2.e_2’(sin t+cos 37).

3.%:3—7t2+3t+l. lf"+ :-:
5. sin 4fcos 27. 6. sin’37.
7. ¢ cos?2t. 8. ch2in3t.
9, sh rcos 4¢. 10. ¢ cos 3rcos 67. 1L Fe 2.
2 -2¢
12. &' % sin (1-2)04(1-2), 122 . (Omeem: —)
, (-1 +1

13. sin (r—2‘)00(t). (Omeem: (cos 2 — p sin 2)/(p> + 1).)

A3-16.2

Hcenonesosap TeopeMy o6 HHTErpHpOBaHUM moﬁpaxccnuﬁ,
HaltTi H3o0paxeHHe YKasaHHoOH GyHKIIHH,

1. sin #/t. (Omeem: g— arctg p.)
2 sin 7#sin 3¢ (Omsem: 1 In Ez + 100 )

4 47 416
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3. sin? #/1. (Omsem: % In

_A.._...‘N‘z*“ )
P

o

B _
4. =% (Omgem:In e-8 )
t p—a

1 )

p—

6. Lozl (Omeen: In —=£— )
4 2

AP +1

(Omsem -i —arctg(p+a).)

2
8. 31; ! . (Omeem: arctg 2_2 ln@.)

7 ea! sm 4

9, e—rl—_cost (Omeem In (1 + z) Y
! @+1)

shr

10.

.(Omaem: = ln ';t—; 2

2
~ A3-16.3

HaitTu cBepTKy OPHMIHHANOB M COOTBETCTEYIOMIee it M3obpa-
XeHHe,

L. 4, sin ¢. (Omaem: ¢ ~ 8in £,

)
P> -1)
2. ¢, e!. (Omsem:sh i, 21 )
r +1
1
3 -)
Pl +1)
i
3 N
P (P_—l)
5. 151, 5. (Omsem: 1, =)
P

3.¢4cost (Omeer}t: 1—cost,

4.1, ¢ (Omeem: & — 1 -1,
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6. Hairty usoGpaxenre F(p) oplruHanz f(#), Spnsgoirerocs
neproamyeckolt dyrxuueti ¢ nepuogom T'= 2n, ecnu

2t

1«-; npu Os_t«cn, 2th
m=1 (Omeem: Fip) = 122201 )
=3 npy w<1<2z. np

7. Haltty uzobpaxenue aMdpepeHIHAIEHOTO BRIPOKEHHS
y' +5y" =3y +2y~3,ecnny(0)=-3, y'(0) = 7, y*(0) =-1,
me y(, ¥, ¥y, y*(H — opUrHHaAEl, {Omeem:

2 (@) + 55 ¥(p) ~ 3py(p) + 2(p) _f, +35%+8p—43)

8. Haitfu M306paxKeHne opuruHana ¢ nepuonoM T= 4, zanan-
~2P_ o ;4?

HOTO Ha pHc. 16.7. (Omeem: 1—_5—-————-_—5—‘-—- )
P
p(l-e ™)

4] |
2

N

~¥

"Prc. 16.7

Camocrosrencnaa pabora

1. 1) Haiitn nzobpaxenne opurukana f{f) = # e cos 31+
+5sin ¢, o ' :
2) HaiiTH cBepTKY OpUrHHANOB cOs 2t U sin ¢ M ee H30OpaKe-
HKe. (Omaem: %(cos t—cos 21, -—-—i————-*E-—-i—— N
. @+ +1)

2. 1) Hatitu uzobpaxerHe opHrHHaIa f{f) = 3_¢ sin7¢+

+3677;
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2) Hatrri cnepn‘xy'(;purmmon sin 2t, cos t ¥ ee M306paxe-

_Hue. (Omsem: -(cost cos 21) , —""—L*‘—‘)
@ +HE +1y

3. 1) Hality  wusobBpaxeHHe opHruHama fR{) = cos26¢—

—e2‘ sin 3¢— r" .

2) Ha#tT¥ cBEpPTKY OpPHIrHHANOB cos t, cos t H ee M30Dpake-

Hue. (Omeem: -(sm t+r1cos ), --f——--— )
(" +1

16.2. HAXOXJIEHHUE OPATHHAJOB
IO A30OBPAXEHWAM

B npezmnymed maparpade OmAcaHa METONMEAR TOAYICHAA H30GpakeHHN
MHOTHX 3feMeHYAPHEIX DYHKIMIL, T.¢. YCTAHOBACHO COOTBETCTRHS OPATKHANOB W
i H306paxeHRA, a TAKKE Ha NpocTeiliiaX NpAMepax NoKa3aHo, Kak mo nioGpasie-
HHIo HaltTA oprrEHan. CreaywlicH aRkHoH sazavell 0NepaliHONHONO HCUMCICHUA
ABMACTCH HaxodfeHHe HyHKuMii-OpMIrRHANOE MO BX H30OpakeHEAM. B ofmeM
CAYJdae T4 2ala%h ARILCTCE JOCTATOYHO CNOXHON.

Kax #3pecTHO, AR Toro uTOGH dyuEUMA F(p) ORa H206paxeHueM £{1), 1o~
CTATOMHO BRIMORHCHAS CACIYIOMMKX YCROBHI:

1) F{p) — aHannTHecKad GYHKIUEA B OAYIAOCKOCTE Re p = a> 5y

2) lim F(p) = 0,eccnn Rep> 5
ld =%

+o0
3) mHverpan IIF(a+bi)Idb CXOURTCA.
—

TipH BLTOAHEHEY YKA2AHHHEX YCOBEN CTID3BSVTEBEL JOPMYIEL

+w
= f;tr)e“"’d:, ‘ (16.18)
0 ,
. a+bi
1 '
A = 5 Nim | rerd'ap, (16.19)
a- b

mep=a+bi, i=J"1.

Popmyn (16.13) B (16.19) HAZHBAXTCA COOTBETCTRCHHO ARAMBM Y OEPAIMNIM
npeobpaspeanusmu Fansaca. Iina npaxmazeckiex ueneil gopmyna {16.19) maronpr-
TOAKA, ‘TAK KAK TpeGyeT 2HAHNA MCTOAOB HAXOXACHUA WHTCTDAAOB OT M3BECTHEIX
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AHANHTHYCCKAX GyaxaoHii KommneKcHold mepeMexnol  p = a+bi, roe
—wch<+m, l'loa’mny yaie ucnonbaymt BMOPYIO MEODEMY O PANONCEHIL, KOTO-
past IPHBEACHA HAXKE.

PP}
2,0’
KOMRACKCHOI Nepementoll P cenereil mun (m <n):p, B, ..., Py — KOPHE MHOZOWE-
wa @, (p) xpamuocmeii iy, I, ..., Iy coomeemicmeentio (I + 1+ ... Iy = n), mo

Teopema. Ecaui F(p) = » 2de Py (p) u Q, (p) Aeasiomcs Muozoutenami

-1
td f’
= z(l—:)',,"“‘ p!,-l((p_Pr) Rpye). (16:20)

B wacmuocmu, ecau oce KOpHl Py, Po, ..., Py Muozovsena O, (b) npocmue, mo

M(p I) P,.
A= Z 7 (PrJ . (16.21)
r=1
3zMceTaniic. B cayyae, Koraa yHeno KopHe# uenod dyaxumn SecKoHeyio
BEAHKO, CyMMH (16.20) # (16.21) cTaHOBATCH GECKORETHHMA, T.¢. PYHKINONATL-
HBIMH PARAMH (§ = oo, 5§ = ),
+1

w P72
PP-D(p+2)’
’KOPHH suorounenz Oy (p) =plp—1)p+2) — mpoctue 1 py =0, py =1,

Tipumep 1. Haitry opuranan £ () no msofpaxkennn F{p) =

© py = -2, Haxogum:

Q'3(@) =(p-1p+ 2+ pp+ D +pp-1), @3(0) =-2, @'5(1y =3, '3(~2) =6.
Toraa 13 popuyau (16.21) cneayer, 4o

106 2 ¢ 1-2¢_ 1.2
§i(] -3¢ +~§e—ge =3t

1
2.2 ‘
P +1)
P 3HaMeHATEAL Q4 (p) = P + 1) aMeer onui zeficTBUTENGHMH KOpeAb
p1 = 0 KpaTROCTH /| = 2 H ABA APOCTHIX KOMAACKCHMIX KOpHA: py = i, py = —{. Ha-

XOOHM:
i () (22t
Y AN L E T

Tak Kak @4 (P) =2p (7> + 1) + 2, 10 U3 Gopsyan (16.20) cneayer, w10

m 2. Haitry oparasan £{f} no maobpakennw F(p) =
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D=1+ 31 e g e_"=r+4—’—23“-4—’—2e_"=
AP +28  A-IY -21 - -

= r+%i(cosf+lsin r)—%!(oos f—isinf) = t—sins .4

Ipamep 3. Hatttu opurunan f(7) vo woGpaxennio F(p) = sh 3

b lenas dynxuua Q (p) =p sh P WMeeT OUHH HeHCTBHTONBHRIA KopeHb
Po=0 KpaTHOCTH /=2 M cYeTHO® WHCAO MHMMEIX KOpHeH pp ~ fkxi,

k=1,2, .. .Toraz Haxounm: Q'(p) =shp+pchpn Q'(py) = tkxich(kni) =
= tknicos kx = :I:kxi(wl)k. Mo3tomy B3 dopmyns (16.21) CHEZYeT, YT

MHHMHM KODHAM 3IHaMCHATCNS naoﬁpaxevlma COOTBETCTEYIOT B OpMTHHANE
CRaracMuES

o k i k @ .
Z { (tl) kehm'+ -1 ke—km’l) - Z %(ek:uﬂ"*e-—kml) -
=1 kni(-1} —kxi(=1) P

= Z L3 sin ke = 2 Z ksmk::r
k=
Cnaraememammna,cwmmmymmeempnwm=01cpamocml=2,panuo
2 1 1 l ch
lim =—| p ——Lep Itm ——-Eep &l +e—£!ep =
p—)OdP( pshp p-m( shp shp D

= lim (—Lchprepf-l-e“—u—wh shp- )'-
=0 shp sth

2 2
p—wl} p—)l) zﬁhPCh 20 ZShP':hP

Bna packpuTivt HeoRpencncHHocTel GRUT0 nenonksopaxe Npasuno Jommtana.
o
Taxum o6pazoM, HCKOMHEIE OpHITKHAA f{7) = ¢+ Z %sm kxt. €
k=1
Ha nipakTiKe BMecTO (ophys £16.20) n (16.21) NACTO MONBSYIOTCA TeOpeMOk 0

P
Pa3TOXEHWA NPABHABHEIX PALMOHANEHRX Apobelt F(p) = Q”'((::; B CYMMY NIpO-
N

CTERIIMY PARMOHANEHEX Npofoli, KAK >TC AcAaNW NIpY HHTeIpUPORIHUY PALIAC-
HanpHEIX jpobell, Hyobpaxenue b NaHHOM CAyIac MOXHO DA3NORKUTL B CYMMY
IpoCTeHIIHX PALHOHABHEIX apoGelf caeqyIONIAX THIIOB:
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. 4

et il. k,k22;
- P-a)

IIl.-—B&Q—,G%—tiaz-cO; Iv. _..;BL"'Q_
p Fap+a, (p +a|p+a2)

Hns RAXONECHMS OPHTHHANIOB, cooTBeTCTBYIOLAX Apobam § — 111 Tuna, ue-
NALYIOT Ceayouine GopMyLR:

p—’_‘a = A¢™ (win apo6u Tma 1); (16.22)

A A 1 &
= )k_(k_l),.* (&x% apo6u Tna 11); o asy)

3 c Bal
aq C-5 '
—:,—M- Fe 2 Bcost az—---i- sjnf az.-—- (16.24)

p'+a1p+a2 ’

(nna gpobGa tana II).

OpurvHan, cooTeeTCTBYIOMAUH ApoG THNla [V, BechMa IPOMOZIKMH, TIOATOMY
MH ¢F0 HE TIPHBOAAM. B HEeKOTODBIX CAYTafX OH MOXKCET GHITL ONyueH BONee Mpoc-
TEIM IEYTeM, ¢ ACTICAL3ICBAHHEM CBONCTE ODUMIHHATOB A AX H30BpaKeHIH.

Iipumep 4. Hafitn opurnHan £ (f) mo uzoBpaxenwo Fip) = —3e-2

plp=1)p+3)’
» Gyuknas F{p) paznoxuma B cyMMy TipocTeHmAX Apobelt Buaa Fip) =
-4, B [ C
p T p-1 g

Hpolia B npasolt wacTH NocASAHeTo paBeHETRa IPABOIMM K OGIIEMY 3HAMEHA-
TedA0, YACHHeAL NonydeHHON Bpobl NpKpaBuMBacM K 3p — 2

Ip-2=Alp—1¥p+3)+ Bp(p+ 3) + Cpip— 1).
Ipit p=0 wumecM ypaEHeHAe —2 = —34, 4=2/3, pn p=1 — ypaBHeHAe

1=48 B=1/4, a ipH p = -3 — ypaercuue ~11=12C, C=-1}/12. Cnezosa-
TEARHO,

_¥3, 1/ 112
A =S e
o dopmyne (16.22) RaXoAMM OPHTHHAT:

2. 1 11 -3¢
Ni{ 3+38_I2e .4

Mpamep 5. Haliv opHrisan o asobpaxenvio F(p) = -1—1% .
p +5p +4

» Hannoe A306paxeHie NPCICTARKM B BUJE
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pr3 p +8, Cp+ .D
4 2 2
p+5p+4 p+4 g+l .
Hpupens k ofnemy sHaMeHaTe 0 BpoGA, CTONIIHE B NPABOH G2CTH NOCALAHE-
TO paBEHCTEA, ¥ IPHPABHAB YHCIUTEH, TIONYIHM TOXKAECTEO
PH3=(Ap+ YR+ 1) + (Co+ DY(P* +4).
Mpupasngaem koahdULHENTE HPH OOMHIKOBEX CTEAEHAX P B OGeHX 4acTAX
ToXecTea. FlonyIAM CACTEMY YpaBHcHEH:

3 ) =__
Flo=a+c, A=-3
7|0 = B+ b, B=-1,
a1 = A+4C, c=§.
2|3 = B+an, D=1
Tmuoﬁpaaom,
F(p}-( l/3)p (l/3)p+l l_g ;22 +; J. +21 .
p +4 p +1 +4 +4 p +1 p+1

Henonksys GopMynsl A3 DA, 2, HAXOAAM:

1 1. 1 .
AN —30052t—23m2:+3cosf+smr .4

Ilpumep 6. Haltta opursan £ (f) no n3obpaxesnio

Fy-—gre
-1y (rF +2p+5)
» Brauane gaxoAAM OPATAHAN H30OpRXEHHA
Ry = —224
E-1)"(p"+2p+35)
paaioReHHe KOTOPOro Ha npocTefinine apotu HMeeT BHI
Sp+d 4 A, BpeC
1P +205) -1 P p2+2p+5
Mpuneas NpaEy 9acTh 5TOMO PaBeHcTBA K OGMEMY 3HAMEHATEMIO ¥ NIPUPABHAR
THCAYTEAH B NpABOH A NeBO# YacTHX, MONYYHM TOXACCTBO
SpH A=A+ 2+ 5)+ Ao 102 + 2p + 5)+ (Bp+ Op -1)2.
Ylonaras B HeM p = 1, HaXomuM, 910 9 = 84, A = 9/8.
Temeps NPUpaBHsAeM B IOTYICHHOM TOKACCTRE KOMMPUIACHTH PR 27, 1% 1
7" B pesynrare aMeem CHCTCMY yPaBHeHR{L:
0=Ay+ BO=4; + Ay+ C— 2B, 4=54, - 54, + C.
Eepemenne A =9/8, A, = 1/16, B=-1/16, C=-21/16. Tamuoﬁpmu
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gt =21 1 b 1 _pal
(-1 +2p+5) S p-n? 16p-1 16 2,50 .5

9_1 1 1 1 (+D+20 .9 ¢ Lr [ ¢ 5

= =2t — e —~—e cos2i-Se sm2f
8@_”2 lep—-1 16@”,”1‘4_4 8 16 16 8
CornacHo ¢BOHCTRY 3ana3fBiBAHNA HCKOMBHA OPUTMHANR
2 L -3 -(r-3) L
D (s(r 3)e +I6 lﬁe Qs 2(1—3)
20 Dgin 21 ogr-3) 4

Hpamep 7. Hafta oprrisan £ (f) usobpaxenus F{p) = lz
P

":I-—-

F Hertonpaye M paznoxeHue cos }, B cTeneHHOM paa;

1 11 11 n-1 1 |
CoE= = l—== 4=+, +(-1) F ——
12 414 —2)! 21
.J 2 » 4 5 (2n-2) p (n-1)
Tlomyaum:
{ 1 1 11 11 n-1 ] 1
X R NE P I I A0 | Y S SO Sy
2 2 214 416 -2) 2
» P2 A @n-2)! 20
Toraa popmanbHo ACKOMBIH CPHTANAN MOXHO 3AMHCAT B BIAS
3. 5 n-1
L7 l 7 -1 1 f
= EYETRTEY ok —_— e
A0 = - gigt gt et (D' Grn-igr-0i
1
8. Haittnn opHruHan f(r) uaobpaxenus F(p) = =————  ne-
Fipumep P J (1) uacbp ®) = 6+
TOABIYA TEOPEMY CREPTEIBAHAR.
» 3anmuem F(p) b suae AL .Tak Kax - & 92', -—l— g ~3 Tomo
p-2p+3-° p-2 +3 !

TCOopEMe CREPTHBAHNA HMESM;

f ¥
: f
= Uy = j'g"3‘e2("“ Dy = J‘ez:e—hdr - _éezxe-h

1
(P-2)(p+3) ; n

L 2¢ 1 -3¢ 1, 20 -3
3¢ 3¢ LS = -e )4
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A3-16.4

HaiiTh opuruHan no 3ajaHHOMY H300paXKEHMIO.

1. F(p) = -——L— . {Omeem: &% cos 2t + 3¢~ ¥ sin 21)

p +4p+8

2. Fp) = —3& . (Omsem: 3¢ cos 31+ 131 ¢’ sin 3¢. )
p ~d4p+13

3 Fp) = 223 (Omgem: 1Dt 130
P+ —12p 4728 7

_ 1 1 2:

4. Fp) = —=. (Omeem: e "(cos 31+

P -8 ]2

+ 3 sina36 )

5. F(p) = ———1—— . (Omaem: 1 - Lcn r+%sh 21
p —5p +4p 4 3

6. Fip) = 2—]- (Omsem: lt—§+e_r—ie_2r.)
Pp+1)p+2) 2 4

1. Fp) = 6P . (Omsem: (—%e_z('_ Dy

@+2)@-DE"+1)

+e'"2y %(cos(r— 2)+3 sin(r—2)))0'0(f— 2)9

A3-16.5

Hcnonwsys TeopeMy Bopensi, HaiiTH OpUIMHAN, COOTBETCTBYIO-
IIMH YK22aHHOMY M300paKe HIIO.

(e’—- e—Zr) )

G s

{Omsem:

L — 1
Tp-D(p+2)

. (Omeem: ¢ &2 J)

2. — 1
T +2)
3



3 ——-—-——L—- . (Omeem: —(cos t—cos20.)
(p -i-l)(p +4) ’

4. —L—~—-— . (Omgem: -(35in 3t-2 sin28).)
(p +4)(p +9) ¥

5. ___p__ . (Omeem: ~(chr cos r))
p -]

ITpraMeHHB TeopeMy Jl10aMerts, HATH OPITHHAN, COOTBETCTBY-
IOLHHA AAHHOMY H300paKeHHIO.

—3——-;—-— . (Omgem: ; +cosf~1.)
e+
3 -2p .
7. ££
@ +2)
(Omeem: (cos3(¢~2)—1,5(¢—2)sin 3(¢-2))oy(1-2).)

6.

8. Henonbays Teopemy O pasmoXeHHH, HaHTH OpHTHHAN Mo

uaobpaxenmo F(p) = —Ll .(Omgem: t—2ch t+tcht)

2,2
i —1)
3
9. Halrth opuriHan mo mobpaxeHHio F(p) = —
2 3
@ +1)
(Omeeni: %lzcos £+ %rsin t)
10. Ha¥rrr opHTHHAA B BUAE CTETIEHHOTC PAJIA MG H30GPOKEHHD
F(p) = Lgint. {Omgem: Z -1)" £ )
NN @2nt)’
n=0
11. Halti cpurHAT B BHAE CTENSHHOTO Psijia Mo M3o0pakeHuo
2 - f2n
= 1,1e :
F(p) pe . (Omeem: Z PIETSY )

n=40
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CamocToarenpnas pabora
Haittit OpH[‘HHaJ'l 9 3aJaHHOMY H300paXXeHHIO,

1. F(p) = -——P——— . (Omeem: %tcosZHisinZl D)
@ +4)
2. F(p) = ———B-—-—— . {(Omeem: -]-rsint.)
2
Ta +1)
i 1, 1 .,
3. F(p) = ———— . (Oméem: =t—==sin 31.)
) (p +9) 3 ;?

16.3. IPMIOXEHN OHEPAIKMOHHOTO
HCUYMCIREHRA

Pertenie Onddrepernpiasennx ypasnennii v ux cuemenm. Ilycts Jano nuHeltHoe
IndvbepeHUIHANEHOS YPABHEHAS #-T0 TIOPATKA ¢ HOCTONHHEIMA KOoXMpDHUNEHTAMH

P +ay " Ve tay =0 (16.25)

H HAYANbHBIL YCIIOBHA

YO0) = ¥, (O = ¥, V@ =y "D (1626)

ByneM cUHTATh, YTo GYHKUHA f{f) 1 pelcHnAe p ({) ypaBHennd (16.25) pMecte
¢ TIPOASBONHMMA IO #-TO NOPAOKA BKMIOYHTENLHO ABLAKTCA OpPHTHHAIAMM W

¥ &= Y(p), F{N = F{p). Torda, cornacHo npapkry nkdupepe HUHPOBAHNA OpH-
THHATA M CBOHCTBY MHHEHROCTH, AudHbepeRUHAREHOMY YPABHEHUI (16.25) ¢ Ha-
YanbHBEIMA yonoknAmu {16.26) 6ynz'r COOTBETCTRORATL ofepamopioe (W300paNcaso-
yee) ypasnente

(o o T e )W) = B+, (Y, (1627)

-1 #-2 -~ 1 -2 n-3 ,
me ®,_(p) = aglp” yytp y'°+...+y‘(3" ‘))+al(p" Yotp ¥yt

+.. +y” 2))+ cta, _5(pyy+yg)+a, _ ¥, — MHOMOWICH CICTICHH HE BhUDE

n — | oTHOCHTEAREO p. Eon pRecTU ofosnanenue ¢, (p) = aop" + aip“- Ya o+ @y
To H3oBpaKalolise ypabHeHHe (16.27) npuMeT BUI
0PI VP) = Fp)+ @, (p). (16.28)
W3 ypapaenna {16.28) onpenennam nzofpaxerus pelueHua auddepeunans-
HOro ypapHeHKA {16.25), ynomempxmmero HANATEMBIM YCROBUAM (16.26):

- A P @ 6
)= e (16:29)

2 dax, 2200 ) 33



Pewesnenm ypapseHua {16.23) npr veaosuax {16.26) G6yaeT opurunan y {f,
HanaeHHs 10 HaoGpaxkermo (16.29). :

B caydac HYIeBHIX HauansHEIX  YOHoBHA  p(0) = y(0) = y"(0) =

=. = yw_n(O) = 0 ypaeHeuue {16.28) mpAMeT YAPOmWEHHHHA BAA
9,2y Y(p) = Fip), xax A uso0pakeHue petleHua ¥Y{p) = F(p)/¢ (p}-
3amevaHue JIng toro wTobs HallTi obmes penteHke XMdepeHIHaNEHOTO
ypanHerHA (16.25) yXa3aHHEM BHINE METONOM, ZOCTATOTHO 3afaft HaSILHLE
yenosrs B Buse p(0) = C;, y(0) = €,, .., "’"’(0) =C,, 1me C

{k=1, 2, ..., n}— NpoH3BOAbHbE AOCTOSHHBIE,

Tipamep 1. Hality perieAre andbepe HIHAILHOIO YpaBHeHHd y" - 3y' + 2y = 0,
ecnn y{0) = 0,y (0) = 1.

% Haxoosiy¥ COOTBEICTBYIOLISE OMEPATOPHOE YpaBHeHMe: ,x.-r2 ey -1-

=3p¥(p)+2¥{p) =0 . Orciopa
2 A B
@ -3p+2) YG) = 1, Xp) = —5———, V() = Ao+ 2o
: ¢ -3p+2) pmror

Torpa us Toxnectea lmA(p— 23+ B(p—1) npup=1 Kueerm: 1 =-~4, A=-1,2
Il +;—1——— o dpopMynam 3
ApHA. 2 HaXORWM TaCTHOE PeLOEHHE mltbcbepeﬁumwom ypapueHus: () =

= —ef-l-ezr.!

npu p=2 nonyyaem: 1= B lostomy ¥Y(m =

TIpamep 2. Haitry pelgerMe AudpipepeHmuantHore YPaBHCHHRE ' -2y +

+ 10y = lt]r2 + 181+ 6 , yIORNETEOPANNLe YoaA0BIAM y(0) = 1, »'(0) = 3,2,

¥ CocrapngeM Kiabpawaomee ypasHeHHE, FONL3YACH ONEPATOPHHIME pa-
BEHCTBAMH:

Y & Y@, ¥ = p¥p)-1, y"(D #Pz Ypy-p-3.2; £ & 3,
P

1
...5,1
4

B pesyAsTaTe MOAYYACM ONEPATOPHOS YPanHEHHE ANA ZafHoro nnd:d;epelmu
INLHOTO YPABHCHHSE!

t

o}

9 -

ol

s

P ¥y -p-3,2-2p¥py+2+ 10¥p) =~ D+ 4 %.
P

P
Orciona
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® -2p+10)Y(p)-—+5+5+ +1,2,
I .o 4

4
+1,2p" +6p + 18p+ 20
Y(p) = 4 3? P B
¥ (p ~2p+ 10)
Paznoxum Y (p) ua NIPOCTEHTINE ApOGH CTAHAAPTHRM MeTOnOM, MMeon:

Y(P)__"'_I"' +....‘2£‘."_.§__
P S YRS

21,20 v 67+ 18p+20= A(pT —2p + 10) + Bp(p® - 2p + 10)+

+CoA (2 - 2p+10) + (Dp+ ENp° .

M3 nocneanero ToxaecTsa npH p= 0 HaXofmM, 210 20 =104, A=2 Jna
OTPSACRCHIEA OCTATEHHX KO3bhPRIMCHTOB PAVIOKCHES IPUPABHACM Ko3dubHUH-
SHTH 3TOTO PABCHCTEA, CTOANIHE TIPH OAHHAKOBBIX CTENEHAX P!

p"'l =C+D,
2= B-2c+E,
2|6 = a-2B+10¢,
pl18 = 24+ 108.

Pemuncuc'réuy, Haitmem: B= 2,2, C =084, E= 0,68, D=0,16. 310 03Ha4a-

T, 4TO
Yoy = 23_'_2_,23_'_0 84,0, I62+0 £8
P ST T
¥(p) = 2 +2 2+9-=-5‘5+0 16 - —£—+o 28. —32-—-
P @-1%+9 (-1 +9
OTciona Ha OCHOBAHMHY NIPHK. | © 2 HMeeM:

¥ = 12+2,2f+0,34+0,16e' cos 3:+0,28e‘sin 3.4

Ilpumep 3. Hailtn penenue arddepennpmantioro ypapHesua y* + 2y + 5y =
=cost, ecan y0) = y{0) =0,
» 3anMieM cOOTBETCTRYIOIIEE OTICPATOPHOC YPABHEHRS H HIOOPAXEHHC pe-
WSHAN: .
, .
YD+ 2 Y +SY() = —E— , Vi) = ——F——,
o+l (P +2p+33(p +1)
K(m:poé paznoXUMo Ha npocTelmue apoSu, T.e.
Yip) = J—E.p..—c'.z.i.‘o_
F+t p +2p+35
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Haxorum koadduumestii 4, 8, €, D, nomayscs CTAHAAPTHHM METOROM,

HmMeerm: pw=(Ap+ B)(p2 +2p+5)+{(Cp+ J:))(p2 + 1). Tipuparuan Xoapuunes-
THL NPH CRHHAKCELIX CTEMCHAN p B 00eHX HacTAX ocneaHero TOXALCTEA, IONYIHM
CHCTEMY YpaBucHUIN:

Plo=a+c,
22lo = B+244 D,
pll = 2B+54+C,
2o =58+D.
Ee pemtenme: 4 = 1/5, B=1/10, C=—-1/5, D= -1/2. Torma
Yy = P H/10 CU/Sp-t/2 1 p ) 11 ptl

Pl Praprs pla1 19240 5,574

C noMomsio Npit. 2 HAXOEMM HCKOMOE pelIcHHE:

¥ = % cos H‘Tlﬁ sin t—gl-e_"cos 21'—5369""51:1 27.4
ANTODHTM pEIICHHS CHCTEM NAHEHHBIX RudubepeHuHaIbHEX ypaBHEHHH ¢
TIOCTOARHEMY KOM{NPHIHEHTAMH COCTONT B cheaylomeM. Jins xaxaoroe YpaBHe-
His% CHCTCMBL HAXOMHM ONCpaTOPHOS YpanHeHHe, a 3aTeM pelliae HONYICHHYIO
CHCTEMY THHEIHRX anreOpaddecKHX YpaBHEKHI OTHOCHTENBHO nsolpaxenni pe-
WicHHAl BeXORHON CheTeME. Jing HalNeHABX K306paKeERH ONpeReNAeM OpHIHHA-

JIH, Aa¥0IINe pelicRHe HeXonHOH CHOTeME.

Tipumep 4. HaliTs pentetne cHCTEMB YPaRHe HAH OTICPATOPHLIM METGIOM:

X' —2x-3y = 51,
{ , X(O=0,y0)=1 .
y-3x-2y =8¢, -
* Myetex (B = X(B), ¥ ( 2 Y{z). Torna oliepatophmm H306paxeHHeM Kan-
HOR CHCTeME GyIeT CHCTeMa

PX(p)-2X(1)-3 Fp) = % P-2)X()-3Y(p) = i,
. 4 R P
pYpy-1-3Xp)~-2¥p) = p_f_i =3 XM+ (- Yp) = E—lz-

Penrue nocnexHomn cHCTEMY YpaBHeHNH OTHOCHTENEHD X (2) 4 Y{p), no-
JYUNM:

3p° +265°— 15p+ 10 P Sy 1apt 15515
¥y = 22 1, vy - 223 p=1s,
" -Dp-3)p @ -1)(p-5)p
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Pa:momu_ HafimenHHe H300pakeHNHs B CyMMY DpocTelmMX palHOHANbHENX
Hpobeit:

B 8 ¢
_..... — e e s
X(p) P + l+p+l -3

3p2+26p2-15p+lOHAl(pz-l}(}{-—5}+42P(Pz—1)(P—5)+
+Byp (p+ 1)(p-5)+ Cp (2 - 1) + Byp (0= )P~ 5).
H: nocneanero Toxaectea umeem: 10 =54;, A =2 npu p=0;
24=-88;, B =-3 npu p=1;, 8= 123,, B,=4 mpn p=-1;

9%0 = 600C, C=8/5 npu p=35. Tak Kaxk kosdduument mpr p*
A+ B+ By + C=0, 10 A3=-13/5. TlostoMmy

2 31 41 i, 8 1
X2} pZ 5p 3p-l p+l+5p—5
H3 pasnoxeHns
B C D ' E
=R
Yip p+ l+p+l+p-5

AHAROTHIHO TOMY, KK 3TO OO CAeNaHO B PA3NOXSHHR A X {p), HAXOAUM, 9TO
A=-3, B=12/5,C=1, D=—4, E=§/5. Mostomy

121 } 1 3 1
—+—-+—+ —_— 2
Ye)= p 5p p-1 4p-l-l 5p~5

H3 peipakenuit i X (p) 7 ¥ (p) ¢ moMomEo NpAN. 2 HAXOAEM pellicHne He-
XOMHOH CHCTEMH:

- 13 9¢ 1 -t 3 35t
X(f) = 2t 5+4e+2 26¢

e = -3:+l-2-+e -4 +§e" .

Tpamep 5. Haftta o6nice pemieane TRde peHURANEHONO YPABHEHAA
‘ Y-yt ay -4y = (1-D)€
» CocTanAM oTEPATOPHOC YPABHEHHE NPH MPOMBONbMLX 3HaveHHAX p(0),
¥{0), ¥"(0):
3 2, . 2 .
P X - y(Op" -y {(0)p - y" (0} - p” Y(p) + p{0}p + ¥ (0} + 4p Y{p) - dp(0}—

1 2
-4Y(p) = ——,
¢ @+2) 272

Pemne ero orHoCHTeALHO ¥ (P}, MONySHM:
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¥(p) = P_ZLO)*'U"(O) J’(U))P PO -y O +4p(0)
p 2
p -5 tdp-4
—-2p~3
2 2 '
P+2)°(p-1(p +4)

Tak KaK 3HaMeHATeNb NEPBOIO CNATACMOTD PAINONGIM Ha MHOXETEAR —=1ln
7+ 4, 2 B THeTHTens BxomATMOGHE sHaTeHKR ¥(0), (D), ¥"(0), T0 370 cna-
raeMoe MOXHO TIPEACTABHTD B BHIC

5 pte
—I p2+4 ’
I8¢ ¢}, &3, £3 — TPOHIBONBHKE NOCTORAHLE, BTropoe characmoe pasnosmn B cymMy
npocTeliuny padHoHARBHLY qpobeh:
—22—3 R | s+ 82+ Cl+ng+E_
e+’ (- D@ +a) (e PTZ 21 2y

HMckomeie xoodwhamueHTl A, B, €, D, E wafinem A3BECTHHMH METONAMM.

Humeem;

-2p-32A(p- DG’ +4)+ B+ - DT+ 6+ Co+220 +4)+

2
+(Dp+ E)(p+2)(p-1).
Nlpu p = -2 Haxogum: | = —244, A = ~1/24, npn p = | nonyvaeM: 5 = —45C,
C=—1/9,
Nprpaenne kosduprumerTr np p*, £° 1 p?, HoNyUM cHCTEMy ypaBHe HIH R
HAXOXACHUA OCTANBHEX HEHIBECTHHX:
B+ C+D =0,
A+ B+4CH+ID+E = @,
~A+2B+8C+IE =1,

+

omkyta B . D= —1g E” 53
TakuM obpazoM,
A AR DA AT 43 1 1.1
Hp) s amme o | — = T
p—'l L3 2 (“2)2 14dp+2 0p—1
427/ 144)p +1/12
3 .
P +4
Henonnays npun. | K 2, HAXOAUM OPRTRAAY
} 1 43 -21 1«
y(f)—cle +c20m2r+§c3sm2t 241' +]44¢ 3¢~
. S 27
n . —l“cos2:+24sin2r.

ABAIOUHECA OOHIAM peIcHAREM BafHOrO AuddepcHIMANSHOFD YPABHEHNR, Tae
€1s €3, €3 — MPOHIBONBHHE NOCTORWMHEE, €
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Tipamep 6, HallTi pelmeHne cHCTEME! YPaBHeHHH ‘
xM+y tx = er,}
x' +yn - l,
YEORICTRODAIOINES HAYANBHHM YeaoBuaM x{0) = 1, x(0) =0, y(0) = -1,
y()=2.
¥ CocTasuM CHCTEMY OIEPATOPHHY YPDABHEHHNH:

4 X(p) pre¥p)+i+X(p) =

|—-

pX(p)~1+p  ¥g)+p-2 =

Brion HHE RPOCTHE NpeclpaloBaHus, IONYIHM cﬂmmy

2
&+ DX +p¥(p) = E=2251

L

-1
2
2 —p +3p+
pX(p) +p Y(P)=—Lp3£""l-
u3 xoTopoit naitaeM, 4o
Koy = 2 2k —%—%-%*—li’
PN P
s 3
vy = 2232 > 1420 =5+ 3+ 3.3 -
p(p~1) F e P

BoCHOARIOBABIIACE CEOACTEOM JTMHEAHOCTH H MPHA, 2, MOAVIAM DeUICHAS
CHCTEMM; ’

x(f) = --13 -r —r+e , Y = —-—r —-—r3-1-r +31-¢'. ¢

Petnenae NRMEpasenbY § UNIIEIPALIEO-DuDepennuaonsix ypaencusi, One-
Ppasuonneili memod Janasaca MOXHO NPAMEHATEL ANA PEEHHA MHOTAX HHMEZPasE~
HWX ypacHeruil muna cacpmic, T.c. YpasHeHul susa

L
W = f0+ k(- vyde, (16.30)
0
e p(f) — BCKOMAT HERIDESTHAS DYRKIEA; /(1) — cBoboanet yieH; k(- 1) ~ AQ-
PO YPABHCHHA .
TiyeTs )1} & Y(0) , AN = F(p) 1 k(1) % K(p) . Torza #a ocHomaymu Te0pe-
Myt Bopens o cacprke opHrumEatoR moaywaes, uro Y(p) = F(p)- ¥(p)K(p) - OT-

coma ¥p) = T% -~ KaolpaXe HNE HCKOMOTO PEUCHHS HHTETPARBHOrO YPaB-
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HCHHA (16.30). Petmenne y (1) ABRAeTCR OPHEHHATOM, COOTRETCTRYIONIMM HalaeH-
HOMY M3oGpaxennio ¥ (p)., ’

I
Tpinep 7. PErIvTS: HHTSIPAILHOE YpaBHERHE wH+2 ﬁv(r)cos (r—1)dr = !
L

3 » TO COOT-

¥ OBosnauun y () = Y(p). Tax xax e ' s.—l—', cost =
. v vptl 'p +1

BETCTRYIOLHES HOXOTHOMY ONEPATOPHOS ypanuelme opyuMeT BUI
)+ _E._(L']

p +1
OTtIO.IIﬂ Xelxo HOJ'IY'“IM PelEHHe HHTEIPANEHOTD YpPaREAeHuA.

P+1

+| 2 2 1 T 3
Xpy = P = - = rze ~2te +e =
w+1)} @+’ pen? P!

= (F—2r+1)e" = (r-])ze" oy . 4

Hpemep 8. Hailtn penicHue MHTErpanEHo-IMihepsHIRANBHOTO YpaBHeHHA
I

Py o= ginr+ Iy(t)s'm(t«- dr OpH  HASIBHBIY  YCTOBHAX W0} = 0,
; I
¥ =1,
P Honoxum y () = ¥(p). Hockomuky

Y =P e -1, sine =

P+l
TO BAHHOS HHTEIpaNbHO- AudPepeHUHAIEHOE YpaBHEHHe B OnepaTopHON (opme
MpHMET BHI ’

¢+ ¥p-1 = -+ 10
P+t p+1

oKy Y(p)=-]—2, y() = 1.4
»

Bunmcaense necobemsennsix wimezpascs. OXNuM U3 COCOGOB BHUNCTEHHA He-
+o
coﬁmeﬂnux HHTErparoB BHaa I J()df oCHOBaH Ha CBA3N «KOHEYHOIO» 3Habe-
¢
" HUA OPHTHAANE i <HASRALHOTOS 3HAYCHUA R200DAKeHNH,

Hyets A1) « F(p) u cymecteyer lim iy = fL+x0) = Lim pF{p) (cM.
I—rtew Pl
dopMyny (16.15)). Tax kax mo TeopeMe 06 HATETPHDOBAMRM ODUIMHANA
40



i
j Sioydr = i F(p} (cm. dopuyny (16.12)), TO UpY YCAOBUH CXOAMMOCTH Hecc;ﬁ-
]
Feoo
CTBEHHOTO MHTCTpana I F{dt cnpaBeATUEO COOTHOIEHNE
0
+w

J' A)dt = FO). (16.31)

: ] .
OHO BO MHOTHX CHYZAAX AACT BOIMONKHOCTD BHUHCAHTE HecoSeTReWHEH wHTerpan
¢ SeCKXOHEMHEIM BEPXHHM TIPEAcACM.

+e0
TIpumep 9. BrryucanTs WHTerpan I %Zfdt
0

b Tak kax sin 2+ = , TO TG T¢OpeMe 00 HHTCTPHPOBRHUH A300PAXKSHUA

2
pz +4
{cM. d)opmyny {16. 13)) uMEeM:

Fe

2 "‘ﬁmg =E_amg£=amcts£.
Iu s 2f, T2V 2
+m
Torma u3 paseHcTRa (16,31) caenyeT, wro Ismzrd: g—‘amo = % 4
0
Foo
Tipssep 10, BoMBCTATS HHTEIpAn I e"(oqs 3£cos fdt .

o
» HaligeM H206pane Hue NOAMHTCTpanbHON DyHKINN:

AN = e cos3tcos ) = %e"(cos 41+ cos 2f)

i pl L ptl
@+1)y +i6 (p+t1) +
Torza w3 pagescrea (16.31) cenyet, 4to

+e0

~ -i(l'%),..l.l
_[e (cos 3¢ cos N = 55 + a5 4
o
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Crioco BRYHCICHRA HECOOCTBOHHEX HETEIDAAOE ¢ MOMOLEBI0 ONEPALTHOHHO-
[ HCTHCRICHER JACT TAKKE

Teopene (IMapcesasn). Ecu £y(1) 3 Fy(2) ., £y(1) & Fy(0) u dymauuu Fy(p),

Fy(p) ~ anasumunecrue npu Rep 2 0, mo

+w - oo
j' S Fy () du = _[ Fi 0050 dy. (16.32)
0 0

H3 exodumocmu odnozo uz unmezpasos { 16.32) caedyem cxodustocms dpyzozo,

. D et
Ilpmsep 11, BugscaETs BHTEIpAN Ie———rﬂﬂdr.

0
» Umcewm:

Ao s anpra—B — -y,
' @+ay+ B

Fx@) = £ s ag(n = fytn.
Torza w3 papencrea Tlapeesand {16.32) caeayer, w10

]' "L sin Pudu = ]' —f"'——-—oo(v)dv g ]' sdv =

(v+ ] +ﬂ (v-i-u) +ﬂ

Ipmvep 12, BHTHCANTS HATCTpAK

¥ TipeaABapHTENLHO BHIORHHM 33MEHY TiepeseHHON, HONOXHS 2 = 7 Torma

t=J7,dr = Jdz n0sz<+o.Omcioma
2.4z

teo 32 af g T I P

e =~ 1 fe "—e
rtrrre—— T .-..-.......__a .
] A 2 "! N
C DoMOmIEX IPHA. 2 Haitaest HIOGPAKSHHE OPHTHHATA:
: -3z a2z

. e 2
f,(z)=——-1-ln%3 .
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B kavectse W3oGpakeHMA OYRKIMH f3(2) Bosbmem Fy(p) = 1/Jp. Ha

mpai. 2, 117, caenyet, yto £5{(2) ~ 1//nz.
Ha ocaopansn dopMyas (16.32) noayusm:

Credosn T e IO
e ‘—& u+ ¥
= dz=z | In=——s——=—du =2 {in ——=2vdy =
3] Py 3 ) U3 Jru 2| 2y ada?
1] 1] 0
+ew +o Fw 1 3
-+ fugta - v I[iv - iv_‘]"" -
‘J; o v +3 '\E v +3 ¥ +2 ¥ +
+o
2
i ( 2V
= .-_—__-—-__dv!
Jﬁ! (v2+2)(v2+3J
v2+2

TaKKaK lim v In =0.

¥ =t vo+3

BruenseM nochcsHBi MHTerpan;

+w 2 4 _i l+°°
I[(v +2)(v +3)]dv ‘[(v2+3 v2+z)dv - ﬁmﬁo
4 l+ 6= __!
mﬁmﬁo J'z ﬁz ) («6 ﬁ)

HcroMetit sirrerpan pasei —J/n(+3 - J/2) . 4

Onepaniionioe Qcvucaeiiie & J1ekmpomexnrie # Mexanuxe. B Hactodnice speMd
B KYPCe MEKTPOTEXHAKN MeTONE! OTIEPAlIHOHHOTO HCMHCASHMA IBHPOKO HCHOAb-
3YIOTCA NpH pacieTe NEKIPHYCCKAX LeheH. DTH MeTOEH YHOGRH ¢ MaTeMaTH'e-
cxolf Touxu speuna. Dusngeckoil ocnopoil pacueta aneKTpUIecKoi HeNKW APNACT-
¢ npabskna Kupxzoga,

ITepsoe mpassao Kupxzoa (npassao yiaos). Anzelipaunecran cymma moxos iy,
CXPORUURCA 8 MONKE PLICEMEAEHUR NPpOSOONIUKON (Vire), DaenE HymO:

T =0, (1633)

e nz 3 — wncao npoeodnuxoe, cxodamuxcs & yiie, Hosoacumeasnunt: cuymanomes
MoK, ROGXORIGUE K YIAY, DMPUKGIREALNUMY — BIOKY, ORXO0AMIE O HE20,

Breapoe apacuso Kupxzoha (Rpaskso xonmypos). B aoGox 3GHKKYmoM Kormppe,
NPOlICOALMND eLEPANNOM & PAEENIEALHHON Yenu nPoeodNNKos, arzebpauveckan CyMma
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nadenuil RanpaIceruii Ka OmILRUX YUACRIKAX KONMYPA PadRa dazebpatvecxoii cpM-
wme BIC a mon e kotimype:

1 #y "y
E URJ+ E U Z UC Z R (16.34)
J=1 i=1 J= J=1

ede Ul@, , U L, ch — NOOENUA HanpANCEHUL HA YYACMKAX HERE, CODEPMCAUULX PeTuc-

muaiivill, UNOyKmuSHN 8 enKocmENi mmesmu’mmcmmaem; E— 30C exawo-
HERHBIX & KONIYD HCMOYNUKOS IAEKMPUNECKOZ0 MoK,

FlancHEA HENpIKEHUE Ha COOTBETCTBYIONLHK YIACTKAX LI ONpeAensiores
chexyoumnM obpasom:

& A

f
UR = Ri, UL = L,%;, Uc = %, i(tydr. (16.35)

0
Hpa AcnoNL3OBaHAN NpaBHA2 KOHTYPOB BHGMPACTCT ONPeNCNEHHOS Haltpas-
neHEe 06X0a KOHTYPS: TOKH iy, COBIAZANIIHE O HANIPABTSHIIO ¢ HAPABIEHHeM
o6x0ag, CYNTAKTCA NOACKHTEABHEMI; DIC Ej HCTOYHHKON TOKA CUATAIOTCH Ilo-
JOXHTENEHHMH, eCNH OHH COZNANT TOKH, NpoXoAdline B HAMpagieHAH obxoaa

KOHTYpa.

R R,
I 1 I— 1L
| I —

E"CD AR L

A ere—r—

Pac. 168 .

Hpamep 13. Kontyp (pac. 16.8) noaknwoyeH x nocTogtHol DIC E,. Onpese-
JMTEH CHAY HEPEXONHONO ToKz 7 {f) B KORTYDE IIDH CTXIRUCHHOM PyGuapHuke X,

> B KoHTYP® Y2710B HeT, ¥ HeoOXOAHMOCTE B MPAMCHCHUN TIEPBEOTO MPABHAA
Kupxroda (16.33) ornanaer. HelionbsosaHne aroporo Hpasuia Kupxroda (16.34)

u dopmyn (16.35) npaeoany K papeAcTRY U Lt Up = By, Te. x gpudepeperignans-

HOMY YD2BHCHHIO ¢ HAYANLHEM YCIOBHEM:

L3 (R + Ry = By, i@)=0. 0
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OGo3HaunM H3oOpaXeHHe CHTH Toka () vepes J{p) M BOCDOARIYEMCA
croficTeamu B3oGpaenul no Jlannacy {cu. opun. 1, 2), Toraa ans ypasuenna (1)
TIONYUKM ONEPATORROE YPABHECHHC

LpKp) +(Ry+ R)I(p) = Ey/p
PelliSHRE KOTOPOTO OTROCHTENEHO f (p) MOXHO NPEACTABKTS B BHAE
E, Ey E, i
Hp) = 0 0 0

R +Ry FRy+Rop K+R, R *R,'
LP(P‘*‘ ]L ;) 1Y R Rt Ry ILR2

Orciong, BOCNONE3OBEBIACE 1. | mpKA. 1 K 1. 1, 2 IPHIL, 2, NETKO HAXORMM pellie-

KHe 3anayn Komin (1);
o) = Eo 1o T |4 @
R, + R, T

Tpumep 14, B KOHTYpe, PACCMOTPEHHEOM B NIpHMepe |3, PR YCTAHOBKBIIEMCA
PEXKHME B HEKOTOPHHA MOMCHT BpeMeHM, MpRHMMacMu 3a HatankHRA {(f =0},
PKNOYALTCH PYOUARHAK. ONpeaeIuTh CHIY NEPLXORHOTO TOKA § (f).

» PexaM B KOKTYpE, oNMHCEBacMut i dopmynolt (2) M2 npaMepa 13, GyaeT yeTa-
HOBRBIIHMCA NOCAe JZOCTATOTHO SONBIOTO NPOMEXYTKA BDEMCHH [, T.C, IIpH
f—pa0;

C oo -0
s = Jim 10 = Ry
MonmyaacM Apyryio sapauy Komen:
. E,
di - - - ] .
L+ Ryf = By, 10) = Iy ey )

ONEPATOPHOL YDAEHEHHE ANA KOTOPOR HMECT BHA
ifpi o )\ r ap = 20
P(P)-m +R, {P)-?-
Peiag €10 GTHOCHTEALHO H30GpaKeHRA J (), HAXORHM:
1) = Eg(Ry+ Ry + Lp) - ﬁ_ EyE, .
PRy + R)Lp+R)} Rip RI(R+R)p+R/I)
BocnonzaopapINKCE TEMH X6 MYHKTaMM IpKa. 1, 2, 9T0 H NpH NONY4eHUN pe-

meina (2) 3aaagu Komn u3 npuMeps 13, NpUXoAkM ¥ peruekip saxaud Ko,
pacCMOTPEHHON B lanBoM npHEMepe (oM. dopuyny (1)):

E Ry  (RyLy
: ¢ 1
0= g-geg )
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Ipamep 15, Oens (puc. 16.9) pySHABHMKOM X BTIOYAETCA HA NOCTOSHHOE Ha-
npkende U, Onpeaennth cuny mepexofHOre Toxa f1 (1, iy(ny, (7)) mpd yeno-

BHM, 4T0 [ = 60 B, R; = 10 Om, Ry =30 Om, L =03In

K
e r"'ﬁi—l A —hy
Ky !
i L
+
U—"
- Ry L
B
Pue. 16.9

» Hanpaenewde 06X0aa N0 KONTYpaM UEH BHBEpeM 10 xony HacoRoli cTpen-

kH. COrfacHo MeppOMyY M BTropomy npusanaM Kapxroda DOMMMM CHCTEMY YpaB-
HeHRIA:

iymiy—iy = 0,

= = . . [}
Ryby-Lgp =0, i{0) = ih(0} = m; i3(0) = 0.

diy
lel + L—-‘F - £

Teproe ypapueHue CHCTEME! OpeedsM MO TPABHAY Y30k (16.33) ana yama
A (cM. pHe. 16.9), Bropoe I TpeTEC ypaBHEHNA — [0 NPaBIAY XOHTYpoB (16.34) ana
KOHTYPOB ALBAM UALBU cooTReTCTRe HHO ¢ YaeTOM thopMyn (16.35).

Ecnu £1(p), 1(p) , [3(p) ~ w30Bpaxenud Toxon i, (1), iy(1), i4(7) , T0 cooT-

PETCTBYIOLIAA Halme HHOH CHCTEMS OTICPATODHAA CHCTCMA 3aTIMINETCH B BHIE
HLeYy-L(p)-Lip) =0,
joz(}’) = LP{; @ =29,
U
R+ LpL(p) = t

Peinacu JaHHYIC cACTeMY Mo dopmynam Kpamepa, Ee onpeaeadrens
1 -1 -1

A=|0 Ry -Lp = RyLp+R\(Lp+ Ry = L(R,+ R))p+ R\ R, =
Ry 0 Lp
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R Ry

Hanee,
o -1 —l
UR
A= R ‘-—(Lp+R2)= vL+—2,
U
-0 L
? P
i 0 -l I -1 a
kU
: U U
R, - L =
v p Lp R, 0 r
TocnenoBaTeNkHO HAXOZHM:
A ULp+ UR
L)y =3 = Al =24 2 .
A . RyR, LA
(R + Ry)pl p+ IR, * &) L(R,+ Ry
ULP+UR2 ( IRZ )
mAlp+ + Bp,
LR, +Ry) P TIR v R} P
Ha fayHOTO TOXAecTE2 NPA p = ( onywaeM:
R R, URr,

A = A=Y
L{R + Ry L(Rj+RY’ R

TtpupasHHBaeM KOMPOHUHEHTR npn-p B AeBolt M npaboil SacTAX TOXACCTRA:

U
/. T
L(R1+R2) R,(Rli-R;}

UR,

L) =

31 PR R pT RIRZIL(RI TRy

Mo npui. 2 HaXomWM OpArREHAN:

R
T = R—[i(l —-ﬂ—f_:—kze_“x”x’)}. :

ANRANOFTHO DOMYYALM;
Lo = 2 L .

. R1R2
(Rl +R2) p+ E(Er"_ﬁz)
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A&

N [ L(R|+R2)
(1) = —Z=e .
2 R+ R, ‘
T (P) = 5-3- E RZU iy ﬂ !‘. l
3 A R R, Ri|p 1-R2 ’
L(R) + Ry)yp| p+L(R| +Ry) p L(Rl +Ry

RR
[ 14 L{R, + Ry)
!3(’)"E'[l—e ! :].

- [TofcTARKE THCNOBLE 3AATEHNA T, R). R, L bEHpaxenns nna INUIIGR
iy(f} , monysnM:

2,54

i) = 6-4,5¢ 2,51

0 = 1,562 1o = 6(1-% . ¢

Tipunmep 16. BnexTprIecKan Hemp, COCTOALAA U3 NOCNEAOBATENLHO cocau-
HEHHEIX KOHACHCATOPA EMKOCTEI0 C, KATYIIKE ¢ KHAYKTHEHOCTEIO L H SNIeKTpH-
9eCkol0 CONpATHRREHAN R, noacoesunera Kk 3AC E (puc. 16.10). Hadma aadpe-
POHIMANEREE YPABHEHHA, OMMCHBAIOUIAE 32KOHE HIMEHEHHA IMEKTPHULCKOTO
3apAaAa ¢ {f) HA OOKNAAKAX KOHACHCATODA H CHNR TOKA 7 {(7) B Henw.

Tt
‘® []-

Puc. 16.10

F [ene He cOREpXUT YaNOB, NOITOMY RCTIONBYEM TONBKG BTOPGS HPABKIO
Kupxroga (16.34) i gopmynnt (16.35):

!
L riv Licoa = E. M
ar ,

0

H3 3NCKTPOTeXHUKH HIBECTHO, 91O F = —-f . ChesoBaTensHo, :i —iz-t-g K
d

€ YIeTOM YpaBHeHRA (1) mMeem:
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L, pde, 9 _
Ldr2+R‘"+C E. (2)‘
Hudpepernnpyn oGt acT ypabHenna {1), IPKXOAUM K YPEBHEHNIO JUIA CHH
TOKA:

;;5 it C“'I. (3)

Monydenune mdepeHunanttLe ypasHenus (1)-(3) ana ¢ () u { {f) serxo
PEUIAIOTCA ONEPATOPHEIM METOAOM, HO J4KT KATECTEEHHO Pa3HIE PEIICHAA B 34-
BHCHMOCTH OT sHaveHWH L, R, CH E. DTH cnyqyaRr ZOCTATOYHO MOAPOGHO OTIMCAHE
BO MHOTUX yqeBHRKaX, Hanpumep B [1], W 34ech MK MX PaccMaTpHBaTh He Gymem.
OTMETHM TOXBKO, 9TO PEXIEHHA MOTYT GLITh NEPHOTRYCCKHMH, 3ATYXAIOMMBMHE Ne-
PHONHILCKUMH, aNePHOAHYCCKRME B PedoHaHCHMME,

3ameuanne. KoneSatna pana MeXaHHIeC KHX ¥IIPYTHY CHCTEM © OAHOMN cTe-
BEHBI0 cE000MR OMUCHBAIOTCA AH(depe HHMIBHEIMH YPABRCHEAMU BANa (2), (3).
Hanpumep, KONE6aHRA MATEPHANLHO M TOYKYH uaccon m 33Ja10TcH YPAaBHEHACM

W
"R

TAg X {f) — OTKINOHEHHE TOUKK OF MONCKEHHA PABHOBECHA, & M k CBAIaHM C Koxb-
DUIHEHTOM TPEHUSA K HaCTOTOMN CROBOMHEIX KoreGaHRi cHeTeME; F(f) — BHelTHAN
BOIMYHIAIOMIAA CHCTCMY CHITA, .

YpagHeHne (16.36) MOXeT OITHCHIBATE TAKXKE KPYTRIBHEIC KONCOGAHAA MaXoBH-
Ka Ha YIIpYTOM BANY, ¢CAU X (f) — YTON MOBOPOTA MaXoBHKA, KO3hOUDKHERT &k CRA-
3aH C KPYTUALHOR KECTKOCTLIO BAd, 4 f(f) — MOMERT BHEIIHIX CHT OTHOCHTENBHO
OCH DPAIICHEA,

Taxumt 06paioM, PasAHYEEe HAIHIECKHE MPOUECCH ONHCHBAITCA QAHOTHII-
HEMA AH(pdePeHnUANBHEIME YpaBHeHHAMH (2), (3) M (16.36), KOTOpBIE MOIYT
GHTL IPABSACHET K BHIY (16.25) H PetneHE ¢ TOMOMIBIO GMEPATOPHOTO YPaBHCHHA
{16.29).

Hpamenenne umnpsrcusix dhyrxcyui. B § 16,1 Hacrogmero nocobua paccMoTpe-
HH KMIIYALCHEI® (bYHKIAM NEPBOIO H BTOPOTO Mopaaka §(1) u &1(1 coormercT-

+ l—— +kx = fn, (16.36)

BEHHO, ITR QYHKIAE MOXHO BCTPETHTD IPH PELLCHUA a4y H3 00NacTH MexaNK-
KH, INCKTPOTEXHKKH, TPABHTANKKE, I0¢ OHH BHCTYIIAIOT KaK BHeUTHHE CHITH, MIHO-
BCHHO ACHCTBYIONIHG Ha PAIHIECKYIO CUCTEMY,

Tipamep 17. MeTozasMK OMEpanNORHOrO RCUHCHEHHA PELENTE Jatauy Koum:
yU2Y 45y = ad(r-1p), (0} = yp. ¥'(0) = ¥y (1)
¥ CocTaBa OflepaTopHOS ypaBHeHe (@ = const ):

32
(0" +2p+S)Y(p) = 2+ Dyg+yg+ae®

H HallaeMm Hio6paxkeHue petnerna Y (p):
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, P =
Py tygtae gt -"o*«"n*“ ’

i
P a2p+s (p+l)2+4 P+ +a
flo msobpaxerm© Y{p) ¢ mOMObI HPKI. ¥, 2 AAXOAHM OPUFHHAA Y (), Te.
pelieHie ROCTaBNCHAOHK 3apa1a Koww:

Ypy =

- Yo+ -
wH=e t(-"’o cos 27+ 0 3 & sinzr) +§‘cr0(r--r[,)e-(ir i"')sin 2(1-4).

Hpuxerie 10 MOMEATA § = fg OHHCAHC TIEPBLIM CMATaeMbIM. B MOMEHT Bpeme-
R == 1y OS JCHCTBACM Unnpabenoll cltist nepeoo nopsdia ad(t— t,) MarepHans-

HAA TOTKE MFHOBSHAO TOIYIasT AOUONTHHTERBRYIO CKOpPOCTE d, TaK KaK

(- 1y) ’
(Sogtr-10e™ © sin 201~ 1)) oy, = 904

Tipumep 18, Pemunts 3aga4y Koun:
Y2y 5y = b8y (1), ¥(0) = Yo ¥'(0) = ¥y m
» Hanaas 2aa4a OTAHYACTCR OF 3a3a4A Koy w3 mpaMepa 17 TonkKo TEM, 4TO
AMIYABLCHAA CANTA FIEPBOTO HopAaKa ad(f -1} 3aMCACHa B nelt waenyrvenoli ciiaoii
£mopozo nopada 3,(7—15) . Flo3TOMY HMCEN ZpYrOc OREPATOPHOE ypaBHCAME
{6 = const):

2 =PI
(B +2p+ ) Y(p) = (p+ 2y + ¥y +bpe .
#3 KOTOpOTO HAXCAMM M300paReHHE:

~ply
+ 5.+ Y. Hhpe - -
(r )J’g Yot bp _(y +bpe?® E+1 .

p +2p+35 (p+l) +4

Yoy =

Ply
yo+y0+bpe

@+ +a
2 IRTEM M COOTBETCTRYIOMIN A eMy OPHIARAT

= Yo+ .
‘y(f) € (yocoszH 3 sm2t)+

+og(r- !o)e'(r- to)(b cos 2(t—#y) —~ gsin 201~ ro)) .

3pech Tepboe CRATACMOE MpeAcTaRaieT cofod ofimee poleHuMe OIROPOAHOMD
YPaBHEHNS, 2 BTOpOS COCTOMT H3 ABYX IACTSH, MONBHBIIMXCA H3-32 BO3AeHCTENA
AMIYNbCcHOH CWIR BTopore mopsaxa b8y (t-fy). IepEaz M3 HHX ONHMCHBACT

MIHOBEHAOE CMCICHAC NATEPAATILHOMN TOUKH Ha PaccTosHUE & B MOMCHT BpeMeHH
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f=1y,a BTOpaA — MTHOBCHHHWH CKAYOK CKOPOCTH Ha BEIMINHY —b B HE0T K& MO-
MEHT f =y . 4

Petuenne sunednorx ngbepenyuassusx ypasennd c nepemennoim rosghusg-
emens, [Iycts koaddMIMEHTAME HEXOLHOTO JHHEHHOIO NHGQEPEHHHITBHOTO
¥paBHeHKA GYayT MHOTOMACHH OTHOCUTENLHO APIYMENTA f K IpaBas YacTs f {7} AB-
naerca opHTRHanoM. Torka, HCMIOALIOBAB TeOPeME o ARG DEPEHIEEPOBALMY OPH-
THHAAA W H3o6pakeHNE (cM. hopmyntl (16.7) u (16.8)), NoAYIRM COOTBLICTRYIO-
Hiee ONEPATOPHOS YpaBHeHHe, KOTopOe CHOBA OyneT NHHe AHLM NAddepeHERINE-
HEEM YpaBHeHMEM (APTYMEHTOM ARMILTCA P) OPARKA, PABHOTC BRICINEN CTeNeHH ¢
B MHOTOYNEHAX HMCXONHOTG ypaimemm OTHOCHTENEHO HCKOMOTO H3oGpaXKeHHA
Y (2) . Tukrm 06pazom, ¢cnH opAROK HCXOXHOTO YPABHEHHA # OTHOCRTENEHO rin,
8 BHCIUAA CTEHEHDL MHOTOYACHOE PABHA 41, TO 0NepaTOPHOE ypaBHeHHe GYAeT An-
HeliHEM ARG epe HIKATEHBIM YDA BHEHAEM MOPSAAKA M1 OTHOCHTEIhHO Y{(p). Ecan
#i<<yn , TO peIICHNC YPABHEHRA Bonee BHICCKOTO NOPAAKA # CBOMHTCA K pelileHHIO
YpanteHHA Goee HHIKOIO HOPANKA #1 R OTHCKAHHIO ¥ (/) O HalifieHHOMY R306pa-
XeHUIO F{p). Ho B ofIIeM ciyyae MCTIONKIOBAHHE 3TOTO MeTofa nMpeAnonaraey
FHAYMTENBHEIE TPYAHOCTH.

MpocTeHIUKM ABRACTCA Cayuadi sunetiozo dudgeperyuansnozo ypackenus Jii-
Aepa

Z (a t+ bk)y("“‘k)

k=0

the ay, by — mocToaNMbe; f(f) -~ opHriHan. DTo YpaBHeHHe moBolo TMOPALKA H
HMeET COOTBETCTBYIOLIES ONCPATOPHOE YPABHEHKE, ARIAIOMIEECA ANHEHEIM RKd-
depeHIIBANBHEM NePBOTO NOPANKA, PEIICHAE KOTOPoro Beerna BLIDAXKESTCA Yepes
HHTETPANEL, YTo TPHBOAMT K 3NEMENTAPHLIM RAM CICIIRAABHEM GYHKIHAM ONg
¥(p). Ecm aag ¥ {p) ynaeTes HafTR opKrunan y (8, To OH H ABAACTCA PCIICHREM
ypabHeHud (16.37).

JaMmeuvannre. TocToAHHBle KHTErPHPOBAHHA ONepATOPHOTG ypanﬂéﬂnn B
OGIIEM CEYYae A B CAYYAE YPABHCHAS Dilimepa, KOTAA HMEETCS TORBKO OJHA TIOCTO-
AHHAA HHTCTPRPOBAHHA, NETKO HAXOARTCA MO HANANLHEM YCACBKAM LA HCXOAHO~
TO YpaBHEHHUA C TIOMOTIEIO TeopeMBR O CBA3K HAYAABHOTO 3HATCHHA OpHTrKHANA ¢
ROHEUHRM IHaueHHeM RIcOpAXeHRA (oM. dophyay (16.16)), 4

=), (16.37)

Tipamep 19. Hatite pemeHye nuddepeHIKaABHOTO YPaBHEHRS
G+ -1+ +2t+4)y =0
FPE NPOH3BOMEHEL HASANLHEIX YenoBaAX y(0) = ¥, p/(0) = Y5, T-C. HAlTH ero
ofinee pelueHne. _ .
» CocTaBRM  OMepaTOpHOS  ypaBHeHHe. McXomMele  COOTHOIUCHMA:

YO = Y}, V(D =2 ¥ () -yy, ¥ (N #pz Y(py~pyy =’y - llepennmem gau-
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Hoe ypaBHeHHe B BHIe (¥ ~3) +2y)+(p" -4y +4y) = 0 u Halaem u306pa-
HEHUA BRpaKeHHE B crobrax:

P-4y +4y < (0 - ap+ YY)~ (p-4)yg~ 'y

L] 2 3
V-3 rly < (p-3p+ NP (p 3y Vg -
TIpiMeNsA K TOCACAHEMY ONEPATOPHOMY COOTHOLNEHHIO TeOpeMy O KHdde-
PeHIHpOBaHHH W3oGpakeHRA (16.7), HAXOEHM:

Hy" -3y +2y) = —d—‘f,((pz-sp-rzw(p)—(p—s)yo—y'o) -

2
=~ -3p+ )Y (P)-2p-HFp)+y,.
CResoBaTeLHO, OTIEPATOPHOS YPABHEHHE HMEET BHA

(B =30+ P(p) - (BT —6p+ TIF(P) = - yop + 5y, ¥ -

O0uiee pemserne THHEAHOTO AHDPEPLHUHANEHOIC YPABRHEHHS NEPROIO TI0-
PHAKA HAXOSHM CTAHIAPTHRM OGPAIOM:

ce +J'0P2 T g4+ ¥y
e-20-2) -10-2)

3aech C — TPOH3BONBHAA MOCTOSHHAS HHTCTPHPOBAHHA, 3HATCHHE KOTOPOH BHI-
YHCHHETCH ¢ NOMONEBI0 GopMynH (16.16), A7 BAHHOTO TPHMEPA HMEOIEH BHA

Iinl 2¥(p) = y(0) = y, . Jcrxo onpenendem, IT0 MOCKCAHAL HOPMYNa BEINON-
Pt

Yp) =

HaeTes OpH C = (. Haitaennoe nzobpaxerne Y{p) pamNoxXkuMO B CYMMY NpocTeii-
wHxX spobe i
2.
QTP Oy A A A
2 - 2 w2’
-1 -2 P=1 -1 2-2

BHMHCIACM 3HANCHAA A), A3, A3 H JAIUCHEBACM OPUIHHAN:

Hp)

, 21 !
Yoy 4 y(1) = (2¥'g—3y)e" + 2y~ y'ple (1+2).
Baenes ABe NPOUIBONBHEE NOCTOSHHEBE C) H C; Mo HOPMYNaM:
‘ G = 2¥4-35. € = 2yg— ¥y
Toraa HalaeHHOe ofIiee PeIeHNE HCXONHOTO YPABHEHHA 3aNHILCTCA B BHAS

¥y = €, 4 0yl (142) . 4

ITpanep 20. OnepaTOpHEM METONOM PEIIHTE 33139y Ko
prEy ey =0, K0 =1,y(0) = 0.
) » OnHpasch Ha OUHIT PEIUCHEA NMPCAHAYIMETO YpABHEHHWA, NETKO HAXONHM
OTMEPATOPHOE YPABHEHHE M ¢10 PEIICHHE:
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@+ DY) +pYp) = 0, Y(o) = €/dp2+ 1.

MocTOAHHAT HHTETPUPOBAHNA £ OTIPELSANSTCH G IOMOLILIO dopmynst (16.16):

lim p¥p) = pLﬁllw(pC/Jp2+l) =0y =1,C=1.

p—rtw

OKoHYaTENBHO HMEEM:

LYY =)0 = Iy = Z“—‘L(Jz"

wmol® n)
T.c. pewienHe 3anadA Konm (cM. mpax. 2, m. 23). 4
A3-16.6

C nOMOINBIO ONMEPalHOHHOTO ACYHCIeHKS! HAlTH pelleHHe
InddepeHIHATEHORO YpaBHEHAS,

Ly +3y +2y = 0, y(0) = 1, y'(0) = 2. (Omeem: y(f) =
= 47— 38_2‘.)

Ly —-4y=1-1, p0)=y(0)=0. (Omgem: ()=

1 1 1 2+ 3 —2r

S1TY8T% 168 Y

3.y +y = F+21, )(0) = 4, y(0) = —2. (Omaem: y(i) =

-17)
&y -7y 6y =sint, y(0) = Y(0) = 0. (Omaem: (5 -
;’;cos r+754 sin #— l e’+ 185.«: )
3y'"+6y"+y' +2y = e", M0) = y'(0) = y"(0) = 2
(Omsem: y(i) = 2+ L¢ ’[r+—‘£sm f

4 13 52

6.y +y" =0, p0) =1,y'(0) = 1, y"(0) = -2-(0"'6'9"’-'

= 1eosr— L _
W 5c0sf 2smr+2! 3.)
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A3-16.7

C moMoHIblo OTIEPALFHOHHOTO HCYMCNEHHA HAWTH pellleHHe
CHCTEME! AuddepeHIIMansHEIX YpaBHeHHH, YIOBRAETBOPAIOIISe
YKa3aHHBM HAYATBHBM YCIOBHAM.

L {x =x-y, x(0) = 1, y(0) = 0. (Omeem: x = ¢ cos ¢,
Yy =x+y,

y= e sin 1)

2. {x = y—7x, x(O) =2, _}'(0) = (. (Omeem.‘ X =
¥y =-2x-5,

= 2e_6t(cos t—sinf), y = —4¢ % sin )
X +2x+2y = 10é, o
3. { P ox(0) =1, ¥0)=3. (Omeem:

V' -2x+y = 7e2r,

2¢ 2t
x=g¢ ,y=3"))

. {x"-3x—4y+3 =0, x(0) = x'(0) = 0, ¥W(0) = y'(0) =

V+x+y+5 =49,

= 0. (Omsem: x = 7tsht—17ch t+17, y = 12¢ch r—%tsh ‘-

~12)
¥ = —xtyeg
5.3y = x-—yp+z, x(0)=1; ¥0) =0, z(0) = 0. (Om-
7 =xtytg
o 1 ¢, 1 20,1 -2¢ 1 -+, 1 26 1 -2¢ 1 2¢
N | J-} - +_ - +_ - = - —
. sem: X 3e +6e 2e Sy 38 68 2e 4 38
_%e—f)
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L
I

==Xxty+z, . -
6.3y =x-y+z, x0) =2, ¥0) =2, z(0)=-1.(Om-
Jé‘*'}’—z;

N‘.
il

L 4 P, =2t 4 ~2¢
gem:x=e+e ,y=ete ,z=¢-2e )

A3-16.8

MertogaMu ONepaltMOHHOTO VICYMCIICHHS HalTH o6ilice peille-
Hie yKazaHHoro audbdepeHIIHANLHOO YpaBHEHHA.

Ly -4y +3y = e'(tz-3:+ 1).. (Omeem: wi) = cle’+
ear___ts ! 9‘,2 ¢ ll

2.y -3y +2y = (4«’2+4t-10)€—‘- (Omsem: y(1) = c,e'+
+ czter+ c3e_2‘ +‘(r2 +r— l)e_'.)

3, /@ 4

¥y +y3) =cosf. {(Omesm: y(f) = cl+c21‘+c3!2+

+ %(cos t—sin £).)

4. BerBb, HMCWILaA conipoTuBieHue R; (puc. 16.11), noaxmo-

Yeda K Uenu. Henmoabaya nparina Kupxroda, cocTapurs cHeTeMy
1ddepeHIMANbHBIX YPaBHEHHE U HaliTH ONEPATOPHBIM METO-
AOM CHJIbI TIEPEXOZHBIX TOKOB i, i3, /3, €CAH H3BECTHO, YTO U/ =

=30B, R =10 OM, Ry =50mM, L=2TH. (Omeem: i{(H) =2,1 —

- o,lse"’”', C () = 1,840,257, (1) =0,3-
~0,05 ¢ —6 25¢ )
5. Hatitn pellicHHe HHTETPANLHOTO YDPaBHEHHSA

f.
' Iy(t) sin (¢#—-1)dt = sinzr.(Omcem:y(r) = -zl-(l +3cos28).)
. _ .
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L ~ [k

Prc. 16.11

6. Haittn PEIUCHHE HHTCTPAIBHOTO  YpaBHCHHA y(i) =
1
= sin 2:—§Iy('r) sh3(t—t)dv. (Omeem: (i) = %(13 sin 27—
. ,
~16sh#).)
+w
7. BHMHCAUTS HecOGCTBEHHDI! HHTerpat I xe % cos xdx.

¢
(Omeem: 5/169 )

+c
8. BLMMCIHTD HECOGCTBCHHBIM MHTEIpan J‘sm ox }sm Bx dx,
xNx

0
&, B>0.(Omeem: f2n(fa - /B).)
' +w
) 2 —qax
9. BoMHCINTE HeCOGCTBEHHEN HHTETpAT j"x e dx,o>0.
0
(Omsem: 2/0° )
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CamocrosTemuaa pabora

1. OnepaTopHBIM METONOM HAWTH pelIeHHe mddepeHnMans-
HOTO YpaBHeHHS Y" +2y +y = cos ¢, ecau ¥(0) = y'(0) = 0.

(Omaem: y(t) = = sin r—%t sin 7.)

IND

2. OmnepaTopHEIM METONOM HAHTH ob1ice pemerue audpepen-
WMANBHOTO YpaBHEHNS Y ~4y = ¢ (Omsem: »H = cle_2’+
2t 1 ¢
tese + 2¢ D)

3. OnepaTopHEIM MeTOZOM HalTH PENIeHHe CHCTEME! YpaRHe-

x' = y—4x,
HHH { yoax YooBneTBOpHIOMce YeAOBHAM x{0) = 2,
y=x+y,

¥0) = 3. (Omeem: x = ¢ 2+ e_sr, y =24 e":".)

16.4. AHAHBUIYATBHBIE JOMANTHAE
JATAHHA K I')1.16

HA3-16.1

1. To 3aaHHOMY OPHTHHANIY HalfTH H3ao6paxeHHe o Jlamnacy:

(0 TpH ¢ <0,
Mo+ Mt+ Myl + M,P +
£y =

+e*'((At+ B)sin o+ (Ct+ D)cos o)+

\+Eemoo(r) + F8(#) + G5 (#) npu 12 0.

' 3uaveHus napaMeTpoB &, o, M; (i =0, 1, 2, 3,4, B,C,D,E F.G
MpABeneHE! B Tabn. 16.1.
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Tabauya 16.1
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DyHkunn f1(#), f() 1 YMCNOBEIE 3HAYEHUA MAPAMETPOB ], £, TIPH-
BeleHH B Tabn, 16.2.

. Tabauya 16.2

Houep Bapwatma Al A f s
1 ¢ 2-¢ 1 2
1.2 0 cos /2 x
.3 ifx . —tfx " =
24 2f =2~4) 2 4
25 ' sin =72 x
2.6 3 -3 1 2
23 2 —In 172 I
28 2= 2An—1Nfn nf2 =
29 cos / ~-1 x 2n
210 x - x n
.11 7 2(2-) 1 3
.12 Y cos 1 /2 z
2.13 f -1 1 2
2.14 ) ~sin/ 2 %
2.15 t 2n—t T - 2r
2.16 {L/m)t 1 n 2
2,17 sin¢ —cos | =2 ]
2.18 i 44—t 2 4
2.9 1 Y 2 =
2.20 P -2 1 2
221 ’ cos f sin ¢ n/2 n
222 f =t nf2 n
2.33 1) —2 2 4
2.24 —sin f -1 x/2 3
235 24 20%-0 = 3%
2,26 1-2t/n -3+ 2/x n i
.27 1 12 2 3
228 =2 3 s [
.29 exp(—~2(r- 1)) 1 i 2
2.30 exp s -1 i ' .2

3. o 2apannomy Uz06paxeHno
Apz + Bp+ C
(+a)p’ +bp+o)
39




HaNTH opuruHan. 3xadeHus Koadduurenros 4, B, C, g, b, c pu-
BejleHHl B Ta6x. 16.3. '

Tatiruya 16.3
““;’]';‘:3:‘ 4 B c a b ‘e
31 3 -9 16 -2 -6 13
32 2 16 9 -1 4 4
33 1 15 20 =2 2 10
34 9 -21 -6 1 -5 [
15 0 -6 12 i =4 13
X —4 -3 -3 0 2 1
37 [} 3 13 -1 2 5
18 2 =10 24 -2 -l -3
s 1 3 -6 ! 6 13
3.10 1] -4 1 0 -2 1
31 ! 13 k] -3 2 2
312 2 3 5 2 2 -3
3.13 0 0 3 2 =2 10
1.14 2 -13 39 1 —4 4
315 1 -6 8 2 -2 4
3.16 4 [} ! 1 0
117 ! 9 44 -1 4 13
318 0 —d 5 -1 L1} -1
319 1 -3 12 1 -2 5
3.20 7 i2 =7 3 D | -2
b B2 | 2 -7 1 ] -2 2
3.22 3 2 1 3 -2
113 ! 3 2 -1 1 1
34 3 - 17 -2 2 1
3.25% 5 5 -58 —4 -3
3.26 ! 5 9 10 20
3.27 2 4 ] ] —4 5
3.2 3 3 1 [ 4 -5
3,29 4 2 [ 4 6 -7
13 5 1 5 2 ~8 25

Pewnere mungenzn sapuanma

1. 1o 390aHHOMY OpPHIHHAY f{?) HaikTH H3oGpaxkeHHe o Jlan-
nacy F(p).O6unit BHA byqKwau f(?) B3aTH M3 Tabn. 16.1, Bapn-
agr 1.30. '
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» KoappuumenTol & =2,0 =0, My =0, M; =2, M, =0, My =
=—L E=G=0,F=1,A=B=0, C=2, D=—1 6epeM n3 mno-
cegHel cTpokut Tabn. 16.1. TloncraBnas ux B BupaXeHue mist
dynxumu f(1), nonydaem:

‘ FO=2-F~+ - 1) +a().

Hng oTeicKanms uzoGpaxkeHHd F(p) HAXOOHM OPUTHHATS] BCeX

GYHKIMHA- craraeMbix, HCTOAE3YS ITPHIL. 2:

1 (30 2, i 2r, 1 .
r?_zafa? 4:!‘2 = zse TP_.Z:S({)"-‘L

Pop ?-2)

Ha ocnoBaHH# CBOHCTEA NHHEHHOCTH NONYYaeM:

Fpy = %-Sr—2—Losy o

PFp (-2 P

2. Haliti m3o6paxenue dyHKIUHHA
‘ 24 mprlst<m,

AN ={2Q@n-Hnpun<ra2n,

0 MpH t<0 H 122n.

» C moMontklo exMHHYHON GYRKUMH XeBHCalia IpeacTaBUM
byHxivio A1) B crefytomeM BHOE:

)= (og(1) - og(t—a)) - 21+ (oy(t— 1) — 6o(1 - 2m)) x
X2(2n—1) = 200(Nt-20,({—n)t+ 20,(f-n)(2n—1) -
—204(1-2n)(2n - ) = 2o0,(Dt—4oy(f—n) -7} +
+205(t-2n)(f-2m).

Tax xak o4(2) _';%, H co(t)t%% » TO Ha OCHOBAHHH TEOPEMHE!
p
3aIla3nBIBAHHA HMEeM: .
—zp 1 ~2np 1
Oo{f—n)(t-m) e ”;5 s Og{t—2m)(t~2n) 2 ¢ “p—z .

P
ChengoBarensHo,
F O R e P . T P S
P P R
2
= %( 1-eP) .4
P
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- 3. Haitru opuruHan $yHkumu ff) no 3agaHHoMy H3obpaxe-
HHIO . )

5p% +5p—58
> )
(p—4Xp +2p-3)

b PasaoXXHM 3HAMCHATEh Bpo0K Ha JHHCHHEIE MHOXHTEMH H
TIPEACTABHM RaHHY RpoGb B BHOE CYMMBI MPOCTCHINNX PallHo-
HallBHRIX ApoGeli:

Fp) =

5p°+5p~58 _ _ _ 5p°+5p—58 _ _
(-4 +2p-3) @-ND@-DE+3)
A, B C

T p-4 p-1 p+3°
TIpusens cymmy npobeil B npaBoit YacTH paBeHCTBA K ofieMy
3HAMeHATeN IO, MPUPABHIACM TUCIUTEAH Jpobeil:
5p2+5p—58 = A(p—1)(p+3) + B(p~4)(p+3)+
+Cp-4)p-1).

[ToACTABHE B A¢BYIO H [IPABYIO YACTH TIOCASTHEro COOTHOMIE-
HHAl KOpHM 3HAMCHATENs, IIOAYYHMM CHUCTEMY YDaBHEHHH Ans
onpenenedud koadbduuuentop A, B, C:

P = 1 48 = -128, B= 4,
p= -3 28 = —ZSC, C=1,
ChaegoBaTenbHoO, .
2 + 4 + 1

oy = p—4 p-1 p+3’
BocHonp30BaBilkch MPHII. 2, HalAeM OPUTHHAN:

= 26V +4e e 4

Hi3-16.2

1. Pemute ONepaTOpHHIM METOROM JHHeitHoe nnuddepeHun-
anbHOe YPABHEHHE

ai+Pr+yx = ), x(ty) = 4, *(ty) = B.

Dyuxuyiio f(f) ¥ 3HadeHHs KoaPDHUMCHTOB o, B, 1, f, x (%), |

X(#;) B3ATH M3 Taba. 16.4,
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Tatwuya 16.4

Rl I B v oo | o | x| 2
1.1 0 1 I cos f 0 0,5 -1
1.2 0 ] 2 Scosr 0 2 -3
L3 i} i -2 262 [i} 1 -2
14 0 1 2 sin ¢ 0 0 -4
1.5 | -2 2 i 0 0 0
L6 1 —6 9 2 [} | 2
1.7 1 0 -9 2—t [} 0 |
1.8 1 [i] 1 [} n 1 0
LY 1 1 .0 -2 2 2 -2
L10 i i -6 6 0 -1 5
i } [ 9 18 ] 0 0
1.12 1 [} 1 —2sint n/2 [1] 1
1.13 1 0 -4 af 0 1 0
LK 1 [S 5 12¢ 0 0 ¢
115 1 [ 13 43 [} 0 1}
1Lt6 1 0 t e +32 0 0 0
117 i 2 1 P ] 1 -1
118 13 1 [} 2r t 1 -1
L19 I ~1 0 -2 2 8 6
L20 1 -6 5. 3e4 0 0 [1]
L11 1 4 4 ge' [ [i} 1]
122 1 2 ] 1 +cos 2t [} 0 a
1.23 1 -2 i b —sin ¢ [} [} 0
124 1 =3 [ P 0 [ -1
135 I -1 0 F 0 [ -1
1.26 2 3 ~10 2 0 1 1
1.27 2 0 8 2 cost 0 —1 2
128 i -2 ] t—2' 0 1 2
1.29 3 [ -9 [a¢-eH [ 3 -1
1.30 1 -4 5 Ploost | w72 ~1 i

2. Peltnyh ONepaTOpHEIM METONOM CHCTEMY JMHEHHEIX mg-
(deperiansEl ypapHe it

ax+biy+ex+diy = [0, x0) = A,}
@yk + by 9+ cyx+ dyy = (), y(0) = B.

Oyuxionu fi(1), fo(9) v snaveHun ay, by, ¢4, dy, (k=1, 2), 4, B,
x{0}, 0} B3sTe K3 Taba, 16.5.
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Tabsuya 16.5
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sin ¢

d

-2

—4 | cost

1|@ame| o

0

2

4| 4R

)

0

-2

3 | cos

€

-2

2

2

-2
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5
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H

Homep
PADH-
aHTA

21

22

235

2.6
2.7
28

2.9
219
211
212
i3

14
Zi5
2,16
2.17
2.18
219
229

221

222
223
2.24
1125
2.16

2.27

2.23
.29

1.30

Pewenue munosozo eapuanma

1. PeIMTE ONEpaTOPHEIM MeTOLOM I depeHIHANEHOE YpaB-

=0’

—x=F TIPH 3a1AHHBIX HAYAMBHEIX YeIGBHAX x(0)

x(0) = 1.

HEHHE X



» U3 npun. 1, 2 HaxomuM uzobpaxkeHud no Jlannacy:
H0) = pX@), (1) " X(@) -1, X(p) £x(1); £ +2/p".

IMonyyaeM oriepatopHoe ypagHeHHe (p2 -pX{p)=1+2/ p3 .
Pemraem ero oTHOCHTENLHO X (p): -

X(p)g_}.’s"'_z

y .
p -1
PacxnanbiBacM MONy4eHHYI0 paLOHANLHYIO OpoOh B CYMMY
NpocTeHIINX ApoGeit ¢ HeonpeaenerHBMY KoaddbHHeHTaMM:
_& = f...l. + ﬁ + ﬁ + ﬁ + _..i.
4 4 3 2 -1
o Pe-n ot P P PPl
IIpuseseM cymMy apobeii B IpaBoii YacTH paBeHCTBa K obimemy
IHAMCHATEN 0 M IpHPaBHAEM YACTIATENN gpobeii:
P2 = 40— D+ Ap(p— 1)+ A5 (p— 1)+

+ A, (p-1)+ Bp*
[loncTasMs B JIeByio H NPaBYIo YACTH HOCAEHHETO COOTHOILIE-
HHA KOPHH 3HameHarend p; =0, py = | ¥ npHpasHaB b 00eHX Hac-

X KoacdbumeyTH MpH crenenax p?, p*, p?, noayauM cueremy
NAHeHHBIX ypaBHeHHH. PelinB ee, HaiizeM 3HadeHMS MCKOMEIX
koapdruHeHTOB:

p=1t 3 =B, B =13,

p" 0=A4,+B, A, =-3,
3 1= A;—4,, A4, = -2,

1

fl

Toncrasue BEYHCReHHbBIe X0 dAUNEHTE B BEHIpAKEHHE IS
X{(p), nonyqaum:

Wcnonsaysi npstn. 1 v 2, Haxonus OpUTHHAN:
XA =3¢e'~3-2t-F-F/3.
370 M £CTH HEKOMOE. peliicHUe ApihdepeHUHMATLHOTO YPABHEHHS. 4
ek 109 X ) 63



2. PeimuTs onepaTopHEM MeTOLOM cHcTeMY IudxbepeHIIMANb-
HBIX YpaBHeHHH

4x+yp+3x =40,
X352y = |

NPH 3aA2HHBIX HAYaIbHEX YeIoBmsax x(0) =0, W(0) = 0.
¥ Io npun. | vaxoxumM w3cbpaxeHiet no Jlamnacy:

By £pX(p), WD =V (p),

e X(p) = x(); Y(p) =y(D); 1 +1/p. [TonyaacM chcTeMy OTiepa-
TOPHEIX YpaBHeHHuit:

C(Ap+3)X+pY = 0,
PX+(Bp+2)¥Y=1/p.

Pemus ee oTHocHTENRHO X 11 Y, 6yIeM MMeTh: i

-1
X(p) = g, Y(p) = ——2223
11p +17p+6 p(llp +1‘?p+6)

PaznoxaiM 3HaMeHaTelH ApoGeil Ha NPOCTLHIE MHOXKMTEIH M
MpeACTABUM PaHHOHATLHBIC Apo0H B BLIpAOKeHHAX 1R X (p), Y (p)
B BUAS CYMMEI IpocTefIiBX xpobeli ¢ HeollpeleseHHEIMY Koath-
PUImeHTaMU:

1 4, B,
11{p+6/11)¥p+1) p+6/]1 p+]’
! I ../ Cz
Hp(p+6/11)p+1)y p+6/11 p+]

BrauchaM HeonpeaeneHHEeE Koacbdmuuemu.

X@) =

¥p) =

N VD S N
) = (p+l Pr6AL”

1 11
) = 6p 5(p+l) 6(p+6/11)

Hcmons3osas Tpuit. | ¥ 2, HaliieM OpUTUHANLE ‘
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-5
() = %[e“—e ”j,

6
-
le—f_l_le 1 .

1
y(r)_6+5 6

3710 H ecTh HCKOMO®S PEeISHHS CHCTSMEL. 4
3. Haiiti ofmee penieHue ypaBHeHUS
X - 6x" + 11x' — 6x = 12F e’ ~ ¥’
P HepefineM K H300pakeHUaIM:
x' £ pX-x(0), X % p X-px(0) - ¥(0),

X" = X= PP x(0) - px' (0)— x"(0),
3+ 20, 24 1
12t2e -€ % 3_p_——2'
(p-3)
3anunieM ofiepaTopHOC YpaBHEHUE:
P X—p*x(8) - px'(0) - x"(0) - 6p” X+ 6px(0) + 6x(0) +
24 1

-3 P-?%

+11pX—11x(0) - 6X =

. WIH ITociie NPOCThIX Mpeodpasopaknit

X(@® - 6p” + 11p—6) = p’x(8) + px'(0) + x"(0) — 6px(0) -

3 2
—6x(0) + 11x(0) + 2222 =32 =21
‘ ®-3Y(-2)
OTciofla, BOCITONB3OBABIIMCH PANIOKEHIEM p3 - 6p2 +1ip—-6 =
= (p—1)(p - 2)(p - 3), monyqaem:
2
_ 2-x(0) + px' (0) + x"(0) — 6px(0) ~ 6x'(0) + 11x(0)
@) G-De-20-3) *
—p3 + 9p2— 3p-21 .

@-3'@-20@-1)
Nonaraem X(p) = X,(p) + X,(p), tne

+
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X,(p) = P x(O) + px' (0) +x"(0Y—6px(0)—6x'(0) + llx(O)
. -D(p-2)(p-3)

—p +9p —-3p-21 _
(-3 -2 (-1)

PazroxuM X, (p) ¥ X;(p) BaancMeurapHbIc fpobfn. UMeem:

X)) =

M N X
X = +
1(p) P p_2 p_3,
§ A B C D E
X;(p) = it 3+ 5+ _3+ 3+
(®-3) @-3) (@-3)° ? (r-2)
F G
72 -1’

- 9’ —3p-21=A(p-2) (- 1)+
+ Bo- -2 - 1)+ C-3Y (0 -2 (p- 1)+
+D(p-3)’ (p-2)2(p- 1)+ E@-3)Y*(p-1) +
+ Fo—3) (p-2D(p- 1)+ G- -2
Hz sroro ToxnmecrBa HaxoguM: 4 = 12, B=-18, C = 2],
=23, E=1,F=24, G=-1,Torma
~p 49 -3p-21 _ 12 18 . _21 23
@-0'e-2'e-1) -3 @-3° @-3* P73
1 + 24 . 1
@-2F P-2 p-U

+

CnepoBarellbHO,

X@)2M+N+.K,l2 18 . _ 21

+ -
Pl P=2 773 -3y (-3 (-3
23 1 24 1
- + + - .
P=3 ot p-2 p-i

Beeng obosHagernma C; = M-1,C, = N+24, (3 = K-23,
TIONY UM,
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C C c, 3
X(p) = _11 + 22+ 33 12 <~ 1 .
P=1 P2 P73 (p-3) (p-3)

po2 1

@-3" -2°
Mepexonum ot uzobpaxenus X(p) K opuruHany x(¢) no dop-
MynaM:

+

1:1,2:1_3:
e e

—1" =€ p_z“f' ’p—3?

*

1 P v 12 7121331_2;&'

(-2 -3t ¥

—..:.l..g._;_&z 3t _9‘2 3t -..-......1_ %#‘83‘ = 21{93‘_

-3 2 (-3

Obitee pewreHme audrbepeHUHaNLHOrO YpaBHEHUS 6yner
HMETh BHI

X(1) = Cie'+ Cyet + Cye + 16 + 2F — 97 + 21 9e™ . 4
4. Halitu yactTHOS pellIeHHS CHCTEMDI
X"+x Y —y = er,}
_ X' 2y vy = ¢
Opd Ha4aJBHBIX yeioBUAX X(0) = w0) = y'(0) = 0, x'(0) = 1.
» Mepexonum k Haoﬁpaxemu

() = X(p), x'(1) = pX(p), x"(t) =p*X(p)—1, & = ——

p p~-1°
: - 1
WDy H0), (D) P YE), V() # 5 Xp), € =
3anuireM CHCTEMY ONTepaTOpHLIX YpaBHEHMUIL:

PX-1+pX+pt Y-V = #,

: 1
+ TN e—
pX+2X-p¥+ Y ral
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-
p-

¢+DX-(-DY = =1,
Pewys 2Ty cHCTEMY, HOMYYITM:

X(p)=..._....g.£.‘.‘.‘..l._'__.’ Y(p)z_‘BL- '

pp+ DX+(GE-1)Y =

2 2
2p-1)p+1) 2005 -1)
Paznoxum Ha NipocTeHIEHG Bpofu BHpaXeHHe 115 X(p):
2p—1 <A B +..£

G-DE+1)’ Pl ey PV
2p~1= A(p+l)2+B(p—l)+C(pz—l),

l = - = _l‘
B 2 3 4 E
3 1 I 1 1 1 3 1
X(p) = + - = += ,
¥p) = —f’L-—2
26" -1
IlepexonyM K OpUrHHANaM:
1. e 1
ITo Teopeme o nmbcbepenunpoaaunn M30SpaKeHHI HAXORNM: |

(p+1 wle (21 )'*‘”h”.l

p -1

=shz.

1 2¢re"n——23£—é¢rshr.
t1) @ -1

YacTHOE pellleHHE CUCTEMBI BYIET MIMETh B

1 I,
= e 4 -
x(6) 4sht 4te .
W) = 2eshe.
4
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HI3-16.3

1, Haitry nzobpaxende mo rpaduky opuraHana.

11
104
R {Omaem:
1 1+e? ~2¢
Fpy = L5026
X ») S
o|. x
1.2.
e |
1
{Omeaem:
0 % —e Py
. FQp) = Qe_).)
= P
1.3.
(Omaem:
1-e? 2
Hp) = 2 ‘)
x P
{Omaem:
~ap
Fp) = 15—
x P

2y



L.5.
ok

b-a}~ ) (Omgem:

1.6.
)%

L b o

. ® N
(Omeem: F(p) = lZ —1) 2k+1 )
4 &P
k=0 .
1.7.

3 J

3 |



1.9.

ok
1

0 1

i/
L]

W k——NM
=y

4

2
{Omsem: F(p) = % + “1—_9/2 2
P op(l-e™")
1.10.

fix)h  CUHYCOMRANbHES C NPOMYCKaMK
UMOYNLCH, nepuon T

\T/\/_

] ®i2 = T+ 2T x

1

e
(Omeem: F(p) = L. Lte

Pl
1.11.
fooh
1
0 T 3 4 x

3 Ap_ 3
(Omgem: Rp) = %(l ; +& : e‘ ’).)
p .

112

A\ :
-(: ] 3 W' 7;75 x:

(Omaem: Fp) = 5(1-¢7)(h - (1 - )
P
' 73



113,

)k

11\

0 — 3 8 X
-

(Omeem: F(p) = é(l + e_ﬁp)—.;‘l;(l —Ae_6p) )
1.14.

(Omeem: F(p) = 25(1-¢*y+ i(l _4e P 4 My
2p

L15.
04
2}~
U

of 2 4 6 x

(Omaem: F(p) = i(l +e )1~

1.16.

%) 4
2

1

0 5‘,x

(Omeem: F’(p) = Lz(l _e"‘sﬂ) + 1(1 _28"510) ,_)
5p 4
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1.7,
Lty |

-4

~y

0] a T T+a 2T 2T+a 3T

(Omggm_- -F(P) = M )

p(1-e?Ty
1.18.
i
1
ol 1 4+ 1
P P
(Omeem: F(p) = : +& ze )
P 3p
1.19. ‘
s

(Omeem: F(py = 1-¢? )
) 2pchp’
1.20.
i
4
(Omeem:
2 - —2p
Fp) 2(l+e }')
0| 1 3 ] pé
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—ap.2
(Omeem: Fp) = JZI"L:‘L .
ap“(l—¢ P
1.22.
flha
2

1

)] 1 2 3 :i
(Omsem: F(p) = ;-’(l +ePy1-e2)

1.23.
771
1

L3

G 4 &
-1

(Omeem: F(p) = ﬁ(e‘z‘u _edr )2 )
1.24.

fita

4

2

0 2 t

(Omsem: F(p) = <(1-¢77) +§(1 —2¢7%))
p
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1.28,

ik
1
2
o] 113 -
1231 2 !
-p/4 -3p/4
(Omeem: Fpy = 20— -¢ _ ),
- p(1-€7)
1.26.
)
% .
'1
v
0 % 1 2 t
-r/2 ~p
(Omsem: F(P) = 2__2:.—.._....-;-& .)
2p°(1-€7)
1.27.
0k
1 (Omaem:
2
o] 1 1 - F0) =
ez 1 2 !
Lzs.
i

>
—!
>
>

=]
[
Nim
Njen
<
N~
~

-1

—p/2
(Omsem: F(p) = _“H
P+
77




1.29,

/]
2
1 T m
. N
Ol a a a 2a5a , 7a T
63236°%6 2a
(Omeem: F(p) = ich(ap/l2)/ch(ap/4) )
1.30.
14
1
0| a 24 3a] 4a Sa 6a] 7a] 8a %
y ! !
—e P
(Omsem Fp) = '—""'—5_
p(1+e %)

2. BergncrHTs HecoOCTBeHHHH HHTErpajl ¢ NOMONILIO Mpe-
JETBHELX TSOpeM.

+w _af _

2.1. _[ dr a>0, b>0.(Omeem: m-)
e sin bt b

2.2, _[-—-—?—dr, a>0, b>0.(Omeem: arctg-& D
0
*we—ar“e—ﬂr

2.3 I sinmide, a>0, B>0, m>0. (Omgem:
0

B _ante®
a.rctgm arctg— .}
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+oo .
24. | Ml’%)&’dr. (Omeem: g )

25. jwdt a>0, b>0. (Omeem: lm“*i )
a-—
0
o0
. Ie_axsinbxdx,a>0,b>0.(0maem: 3 2.)‘
a +b
0
+ o 63
2.7, fe“‘x sin 3x cos 2xdx . (Omaem: 9,;“,)

2.8 f ¥ cos bxdx. (Omsem a e -_—)
+

+ew —gx

2.9. Ie—mdx (Omeem: arctg- 2
0

S1

+ o0
—3x
2.10. j ¢ " cos 3x cos 4xdx. (Omeem: =— 300

0

BoranciuTs HecoGCTBCHHHIE HHTerpan, McHoNb3ys dopMyny
-Mapcesang,

2.11. j’ m—";ﬂ&‘dx. (Omeem: In g )

J

+em . .
2.12. J‘ ﬂ-"ﬁg‘-ﬁ‘-‘&%. (Omeem: —aina.)

0

+o 4

2.13. _[5"‘ 2R X 1y . (Omaem: & )
X
0
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+w .2
2.14. J' TREEIN Xdx, 0<a <2. (Omeem: %(44) )

x
0

. +aoo 2 1 1';
2.15. j’smx dx.(Omeem:EJ%.)

0

e 2 1 fn
2.16. Icos x“dx . {(Omeem: 54/; J
¢ ;

+o0 .
X~ sin x LT
2.17. I 3 dx . (Omsem: 3.}
0

e sin3x 3 )
2.18. ]’ > dx.(Omeem:TElnB‘.)
L]

e sin’bx 1{ . b
B dx . (Omeem: —(Sarctg P

2.19, I

¢

e sin3x 3
2.20. I 2 dx. (Omeem: 3m.)
0

+oo, —agx

e—b 2
-——%—-—fJ dx . (Omsem: In

221. | (e

0

:26120 [2b: e
(a+b5)*eH’

+m |
SiIN XCOS X . E )
2.22. j ——dx. (Omaem: 5 )
L]

to 3 '
2.23. dx, a#0.{Omeem: —.)
('}ll (x+a)5 4a
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2 3
ax

Ie ———————dx. (Omsem: Jn(JSfb-Ja). Ykasa-

s -
HHe, C,uena'n,samenyx = f,)

+ oo .
225 | ﬂ“x—;"s-z—’fdx. (Omeem: 0.)

0

+w —ax® .
2.26. Il—_—gxz—dx.(Omeem: %ln(a+ 1).¥xazanue. Cae-
’ 0 Xe

NIATb 3JAMEHY X = 1.)

BerHcIMTh HecoOCTEEHHBIN MRTErpa, OpefABapUTelIbHO Hall-
I ero u3opaxeHue ¢ IOMOIILIO WHTerpana Jlamiaca.

+00
22, | 1-cosaty, (Omeem: Za)

. 7

t sin at b
2.28, I;T: dt. (Omeem: Ee %y

2.29, I;Oi:rd: (Omeem: 2—be b.)

2.30. Imdt (Omeem: ——-(1 ey
x?+b)

Pewenne munosozo eapuanma

1. Haltth wz06pakeHde ‘QOyHKUMH, 33aZaHHON rpacbuqecm
(puc. 16.12).
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ok

Y

) 2 4 6
-

Prc. 16.12

» Kax Buano u3 rpadmka (QyHKIMH, RpHBSASHHOTC Ha
puc. 16,12,
0 mprx<2,
I mpu2=sx<4,
-lnmpu4<x<6,
0 npuxzé6.

Ax) =

Cnenoatenbho, npeoGpasopanie Jlannaca opuriHana f{x)
FIMEST BHJ

+e 4 6
Fp) = je“"f(x)dx = j‘e""dx- je""dx =

0 2 4
__e—pxl2 1 —pxl* l —4p+l 2p+ I —6p 12—4,0 _
P P P
= i(e'zi’_z P4 6P = g—_el - 4
2. [Tone3ysack npeaenbHEMH TeOpeMaMK, BHYHCIHTE HECOBCT-
+aw
BEHHHH HHTeIpan _[ sin x X dx
0

o 40
» Bocnonesopabuincs dbopMynot jﬁf}dx = I Hpydp, ¢
0 0

YIETOM TOTO, ¥TO SiD X & 7 » TIOXY4HM:

p +1
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p
Ismxdx I—L lim I'TdL = Hm arctgplg =

3. Haitru Hsoﬁpaxceune F(p) opuruHana f(f) ¢ IlepHofoM
T= 2, ecrmut f (£} 3amaH rpadmyeckH (puc. 16.13),

4 ,
1 )
i :
; _ _
0 1N 20 38\ 4 ¢t
;
13
-1 b
Prc.16.13

P OpurHRan f(#) MOXHO aHAUTHTHICCKH 1306pa3UTL HA HHTEP-
BANC-TISPUOAC CACAYIOEUM 06pasoM:
0 npu-w<t<0,
=2t npuo0=icl,
1-tnpH I £t <2.

TlostoMmy H3o6parkeHHe JaHHOTO HNEpHOMHYECKOTO OpUIMHAIA B
€OOTBETCTBIM ¢ IL 6 mpHL. 1 HaligeM no dopMyne

T
- | -pt o, _
F(p) = 1_e_p:,.f_f(t)e dt

] 2 ’
1 —pt —pt
— [ee e+ f(1-nye dr].
1

[ocneanue uHTErpanLl BHYNCAHM C TOMOIIEIO GOPMYIH HH-
* TerpupoBaHMs 110 YACTHAM: '

P
J‘re_prdt = —l(re_p tple? ')
T p p

1
- La-en-ie?
0 0

P
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2 2

nePar= L _pe?t 1,0
]'(1 e gt P((l He'~2e ) |
] -

=152, —lz—e_zp»- lze“p .
P p P
IMoacTaHOBKA Hal{AEHHEIX MHTETPAIOB B Bmpaxéﬂne zna F(p)

NPHBOJHT K OTBETY:

Fp) = -—-'——(12(1 2P 1Py i(e“’ - e'z“’)) =

1-¢2? P

1-¢2F p

1 [l—e_p_g:_"_’] <
1+e?\ p2 p

4. BMYMCIMTL HCCOGCTBEHMHRIH HMHTCTpai, IIPCABAPHATENLHO
Hafing ero H3obpaxeHMe ¢ moMollklo HHTerpana Jlanmaca 1 npu-
HSB 32 NEPEMEHHYIC HHTCTPUPOBAHUA NapaMeTp 4.

= 1 (_1_2(1 _”e"p)z_ie_P(] _ e_p)) =

+w
Kay = sinat_,
L HE+4)
+a
» Tak KaK J' e ?? sin atda = 57 » TO H306paxeHHE JAHHO-
+p
1]

ro HecoGCTBEHHOTC HHTErpaJia 1o NepeMeHHOI @ MOXHO MpeacTa-
BHTH B CACAYIOWEM BHJIC:

+c0 +wo
F(p) = ~pa sin at dtida =
Je [Jx?+®

+ Foor
= I[ 1 Ie_pasin ardaJdr=

: K +4) .
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T & b,
'[rz+4 J‘(r2+4 F+p 2):::

P g P-4
a1
Sp p+

HaiigeHHOMY M3006paXXeHMIO COOTBETCTBYET OpPHTHHAN
fla) = g(l —e 2% . «

16.5. AOTIOTHATENBHBIE 3ANAYH X YJ1. 16
Haiity macbpaxeude opMIraHana.
1. # sin 21. (Omeem: (125% — 16)/(p2 +4)’ )
2. 10 (1/2) . (Omeem: (1657 ~4)/(4p> + 13 )
3. (F/2)sh 1. (Omsem: (35° + 1)/ =1 )
4. t¢ % 5in 31, (Omsem: (6p+ 12)/((p + 2)2 + 9)2 .
5. (F/2)e’ cos 1. (Omeem: (5> —3p+2)/(p2 =29 +2) )
4

1—e” 1 I
o . .Pln(l+p).)

sh x A ptl
I dx . (Omeem: 2 }np—l J

60

0

: In +1In
2p p-1 P
0

" HaitTy OpHTHHAN YKA3AHHOTO H306pAKCHHUS.
9, p/((p* + 1)(p° +2p+2)) . (Omsem: (1/5)(cos 1+2 sin #~

- e_t(cos t+ 3 sin 0).)

10. (pz__ l).»"(p(p2 +4)2).(Gnsam(1/16)(cos 2t+ 5¢sin 2¢—1).)

r
,2
8. Iv‘?—llg—":i-_—l-a:i:u:.(Cﬂr.vls*eiw:'l el 2! 3
x
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1L o2+ p+ 1)/ (0 - 1)’ (0" + 1)) (Omeem: (1/40(3F~1)e' + |
+ sin 1+cos H.) o

12. p/(p* ~ 1). (Omeem: (1/2)(ch t—cos 1))

13, (p(p* - 1)) . (Omeem: (1/2)(ch ++ cos r-zj )

14. ((p= 12+ 1)) . (Omeem: (1/2)(é’ = sin #cos 7))
15. p((p~ l)(p2.+ l))_l . (Omgem: (l/2)(e'+ sin f—cos ).)

-1 -

16. ((p + 1)(2 +2p+2)) . (Omgem: € (1 - cos 1))

PewiMth 3a1a4y, HCOML3YS METOAB! ONEPALIMOMHOro HCUMC-
JHEHHS.

17. Haiitit HacTHoOE penerte AMGPepEHIHATEHOTO YPABHEHHS TIpH
3aaHHBIX HAYAJIBHBIX YCIOBMAX: X" —9x = sh ¢, Xo = —1,x'g=3
nput=0. (Omeem: x = (25/24)sh 3t~ch 3r—(1/8)sh .

18. Ha#iti ofmee pelieHue auddepeHIHanbHOrO ypaBHe-
HHA X" +9x = cos 3¢. (Omgem: x = C| cos 31+ C, sin 31+
+(1/6)¢sin 3¢)

19. Haftti wacTHoe peilleHHMe cHCTeMB! ZHddepeHUMANBHEX
YPaBHEHHI IpH 3a8AHHBIX HAYATBHBIX YCAOBHAX:

+y =sht-sini-t,

=0, x,=2,y,=1,¥5=0
y'+x =cht-cosy, }xo ¢ Yo Yo

mpu i=0.{(Omagem. x = sht+t, y = cos t—£/2 )
20. Hattt ofmee pemeHne cHcreMbl AnddepeHIBATBHEX
YpaBHEHHIL:

x”__y‘-:l X = CI+C28hf+C4(ChI—1),
., ’} (Omegem: )

y'-x =0, o y=C +Cccht+ Cy+ Cshr—r.

21. Haiit oGuiee peiteHre nudrdepeHIMAIEHOTO YpaBHeHHA
Diinepa:

a) (1 —20x" +2x" +(21-3)x = 0;

O) X —(2U+ DX +(t+Dx = 0.
(Omeem: a) x = C, e+ Czte"‘; 6)x = Clrze'+ Cze' )

22. PenmiTh MHTETpANBHOS YPaBHEHHE;
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t .
a) Ich(‘r%—-'t)-x(r)dr = ¢ch t-cos f;

0
¢

0) Ich(r—» t)-x(t)dt = tcost;

0
!

B) x(1) = o ¢ “x(t)dr;

¢
!

r) x(f) = 1 —cos ¢+ |sin (—1)x(t)dT.

0
(Omeem; a) x(f) = 2sint; 6) x(f} = 2cos -1
)X =1£/2)
23. BEIMMCAUTE HecoOCTBEHHLIN HHTeTpan:
+o0 —mr —b ’
a) _[ coscxdx,a>0,b>0;
+o
. B) Ixe"” cos bxdx, a>0;
0

+o
B) _[ cos (ax?)d.'r;
]
+oo .
X 8N ax

) [Egne
o ¥t

dx;
+o0
) Ie-'ax:dx, a>»0;

e) f dx a>0,b>0;
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Tt . .
sin ax —sin bx
X) I-—--—--—-——

dx,a>0,5>0.

{Omesem: a) lrl(.\h‘)2 + cz/a); 6) (a2 - a!;z)/(a2 + 52)2;

B) (L/2)dx/(2a); 1) (x/2)e™*"; m) (rr2)/ Ja;
e) Jn/(ab)(Jb-Jay; x) J2n(Ja-fB).)

. r————i i R e =




17. DXEMEHTH TEOPHH YCTOMYHMBOCTH

17.1. TOCTAHOBKA 3ATAYH

PafoTa MHOTHX MSXAHHIMOB, 3ACKIPOTEXHHYSCKMX YCIPOACTE, INeKIpoMAar-
HHTHEIX Ueni M AX 386HbEB, PARNHYHEX NpUGOpOs A 2BTOMATHISCKOTO peryim-
POBAHHA ONMUCHBASTCA CHCTEMaMB Audidbepe HIMANBHEX YpaBHEHHHA. PACCMOTPHM
CACAYIONIYIC CHCTEMY:

dx; .
i Xx( %9, X, 0=, 0. {17.1)

TIpeANMONONHM, YTO MpaBHe YacTH cHeTeMEs (17%:1), T.6. dyHKuEn X;, nenpe-
PHBHE B HEKOTOPoH OTKpHTOH o6nacTH D, KoTOPas MOXCT CORTIANATH CO BCEM
{r +1)~-MepHEM OPOCTPAHCTBOM TICPEMERRRIN /, X|, X3, ..., X,. KpoMe Toro, Gyaem
CUHTATL, YTC AnA CHCTeME: (17.1) B obnacT D unonzeHi yenobys CYLLECTROBR-
HAA M ¢EHHCTBSHAOCTH PCIICHUA

X = x,0, x?, xg, vy xg) Li=1,nm, (17.2)

YACEACTBOPHIOLUETO HATANBAKM YCIOBHAM
0 0 0. _ 0
X{lgs X1s Kyy wn 1 %) = X; (17.3)

Tae £y, x? - HeKoTopEe YBCHA 13 ofmacts D. IlpealionoxuM, ITo psmesHEe (17.2)

onpeasncHo AnA A160ro 3HaUcHHA £ B 3TOM Chyd¥ac OHO HAIMBIETCA npodos-
HaeMbIN.

Tpaphie 9acTH cHCTeME (17.1) MOXHO pacCMATPHBATD KAK NMPOCKIMH Hepe-
MCHHOrO PeKTOpR CKOpocTH X = (X[, X,, ..., X}, A BSUWIHHY ¢ — KAK BpEMA.

Toraz cycTeMa (l‘?.l) ONHCHBACT 3AKOM JBHXeHNA HagalbHOH TouKM
Mo(x?, x.g, .y xﬂ) #-MepHolo ¢alobare NPOCTPAHCTBA N0  TPAacKTOPHHM
X~ x (1, x?. xg, s xﬁ) , i=T,n,
3amamiem cHcTeMy {17.1) B sexTopHOR GopMs;
dx
.d-f Xi(x, n.

— BEXTOP-~CTONGN pasMepROCTR A % 1 ;
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Xi(x, 1

Xa(x, 1)
X = . {(17.4)
KX 8
KRAACTCA BEKTOPOM CKOPOCTA. '
Pewenuen cucmenes (17. 1) Ha3HBacTCs BEKTOPHaA dyHKInA
x(F
| T
X =| . | = xnmm, .0,
n€

rae T~ 3HaK TDAHCOOHNPOBIHAA,

Yepez Iaf  oGosHawum wopay eexmopa, KOTODYIO GYACM CYKTATh COBRAIAI-
wedt ¢ eoxnudosoli daunolt sexmopa: .

" 12
Id = [Z xf] X (17.5)
i=1

17.2. ONIPENEJIEHUE YCTONYIHBOCTH.
YPABHEHHS BOSMYINEHHOTO ABMXKEHHA

PaccMOTpHM cHETEMY AuGHbepeHINARLHBIX YPaPHERRAIT

gx -
L= X ] (17.6)

BelheiMM HeKOTOpOE pelcHie § = f{f) crcTeMul {17.6) H Ha30BEM £TO HedoT-
MYHENN Bettcer e,

Hdsusennte p = f{f) HAILIBACTCA yomolinuaim no JIanyNosy, ecan NS AwGoro
&> 0 cymipersyer 8 > 0 Taxoe, 470-H3 HepaBEHCTEA uy(ro)—j[ro)i < § cheayer Hepa-
seuerno Ip(H) - AH] <& npumobux 12 Iy . 3nechuepes y = y(r) oGolHadeHo mo-

- Goe Apyroe peweHse cicTeMul (17.6), oNpeseldeMos HAYANLHEIMH YCHOBREMH

»(r) = yy (puc. 17.1).
y“ L] ]
i yayf) |
i "
& [

yemo

[ T ——

-y

Puc. 17.}
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. AeH¥eune y = f{f) HAIHBACTCH. NeycmolinuasnM, ECIN CYIICCTRYST E > O ¥ pe-
wende y = p(f} TAKue, 310 A18 mioboro >0 npw I’('n) —j(to)l <8 Raftnercs

Tz 4y Takoe, wro lp({H—ATH 2 € (puc. 17.2).
”n y=¥1 ,

T ]

e y=iit)
) [
3 i

i
: P,
0 b T t
Puec. 12.2
IpwxeHue y = A1) HasHBacTCH acusnmomuvecxu yemoiivusss no Jenynosy,
S0 OHO YeTORINEBO 1o JIALIYHORY M CYIIECTBYET TAROC MOACKUTENBHOE THAIO A,
970 mpH |-"('0) - ﬂ:o)! < h Gyzes HMets (puc. 17.3):

lim [p(5-A = 0. az.n
{ % o0
" Y=yt
-
h
h
0'

Puc.17.3

Ecxn apmwxeHme y = R} ycroftause mo JlanyHoBy H ¢ooTHomeame (17.7)
CApPaBCOTUEBC AN pellieHHH y(f) , onpeacaseMbI NIDGKMH HAANBHEIMH YCIORMA-

MH, TO I'OBODAT, YTO ABMXKEHHE y = J{7) GcHMAMOmUvecK Yomolivugo npu A1006x
HevaasHex dankety (HAH acusmnmomutecky yemaiinuso & yesom; pHc. 17.4).

yi

2 y=ift)




Hpouspeae B cHcTeMe (17.6) sameny HexkoMol YHKIMK y dyHKIEHEH X HO
dopmyne x = y— f(7) . Hobas cucresa SyaeT HMETh BAA

':'—’: = Yx+ N, D~ YYD, 1)

Brenn oGoanadesue X(x,f) = Y(x+ A9, H~ YR, 1), NONYIAM CHCTEMY

dx _
7 Xx, 0, (17.8)

rae X(0, 1) = 0 mpu rziy.

Cuerema (17.8) onpenensieT dugdpependuashinie ypashenn s0IMyHeRH020 D8u-
deehus. ABICKeHHe y = () TCPEXOMNT NPH PaccMaTPABaeMOl 3a3eHe MepeMen-
HHRX B COCTOAHME PABHOBECHA x ™ {} HOBOMH CHCTEMB, 4 341a%A YCTOHYHBOCTH ABH-
HeHBA y = () — & 3a0auy yemoilnueocmu nysesozo pewienus x = 0 ciucmemvi (17.8).

Peuichre x =0 crcreMer {17.8) KasusacTca yemoituusnis no Janywosy, ecam
AnA AwGoTo >0 MOMHO YKasaTh MHeA0 3>0 Takoe, 9T0 W3 HepaBeHCTBI

I.t(to)l <0 OpH AKGHX t2 #, caeayeT nepaseretso fx(f] <& . Ecam, xpoMe Toro,
CYIIECTEYET A > 0 TaKoe, IT0 BCAKOE pellicHHe X = x(f) , HAYANBHEC JaHHKE Ko-
TOPOTC  NOMHHAIOTCA  VCIORHIO [.t(ro)l <4, ofnagaeT  cBOHCTBOM

lim {x(H] = 0, T0 HymeBOE peureHNe HAIMBACTCH FCUMAMOMUNECKI yomolia-
=+

aoiM o Jlpnyrosy. O6racts |x{(Nl <A HasmBacTca o0Adcmbmw HPUMANCERIA HYALE0-
20 pesenun. Ecay 57a 0G/1ACTh OXBRTHEBACT 5¢e (DA20BOE MPOCTPAHCTBO h = +20,
TO HYACBOES peitieHHe CHCTEME! (17.8) HAZHEBACTCA ACUMAMOMUNECKY YCMOUNLEHN
& ledom,

Ha puc. 17.5, 17.6 nacTcs reoMeTpHuecKan HHTPNPETAIKA AAHHEX ofipeie-
neHAl YCTORSHBOCTH B CAYIac ABYMEDHBIX BEKTOPOB X = x{xy (1), x5(N) . Te.

ONMCEIRACTCH MMOBEACHAC TPACKTODH ABHKCHMA X = Xx(f) Ha (a3oBOH MINOCKOCTH.

‘ X2 h
X2 A h

X

x(io)

Prec. 175 Puc. i7.6
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Xz 4

T >€

\to %

Puc. 1.7

TeoMeTpHYecKaA HHTEPMPETALHA HeYCTORYABOCTH HYNICBOr0 PEiEHHA CHCTE-
MH (17.8) B iBYMepHOM cnydac JaHa Ha phc. 17.7.

17.3. ®YHKIITHH JANTYHOBA ¥ TEOPEMBI JIATITYHOBA
0B YCTONYMBOCTH H HEYCTOHMYMBOCTH PEIIEHNH
JACOEPEHIHAILHBIX YPABHEHHI

PaccMotpist dyasmHio v(x|, Xy, ..., X,) , KOTOpas opeReneHa B (a30poM
TPOCTPAHCTBE TIEPEMEHHBIN X, X3, .. Xy, HETIPEPEBHE, HMECT HETIPSPHBHNE YACT-
HEIS TIPOHIBOMALIE B HEKOTOpoH ofnacTH Dy, BKNOSaOMEH HaYanO KOOPAHHAT, H
yaOBACTBOpAET ycnmoauio v(0, 0, ..., 0) =0.

T

d’ﬂm’l v (xl’x‘b ---’xn) = 1’(.\:), e x = (x] 3 Xy ey x“) » HASEIBACTCH Onpe-
Jetenno nosodcumensioii HIH nogodcmesshio onpedesennoli a obaacmu Dy, ecnu
¥x) >0 ang nobbx x e Dy, x>0, Ecasixke v(x) <0 Anf Ao0bIX X Do , x#0,
T0 GYRAKIUHA ¥(X) HIIHBACICA onpedesehNo ompuyameavholl WIH ompiuliamensno
onpedesennoil. B oGoux cayaasx v(x) Ha3HBaeTCA TAKKE anakoonpedesennoil.

Ecn xe paa noGex x € Dy v(x) 20 win »(x) <0, T0 GYHKIRAA v HAIHIBACT-

¢ IMAXEROCMOSHHON, NPHIEM B TICPBOM CNYIAC OHA IHAKONOAGIKUMEABNGS, A BO
BTOPOM — SHGKOOMPULAMERLHAR.

Ecnn g oSazemy Dy dynkmus v(x) NpHAAMACT KAK TONOXKHTELHEE, TAK H OT-
PHUATENBHEE 3HAYEHMS, 70 B 3TOM Chysac v(X) HaINBACTOR Inaxonepemennoi
dyuryueli.

2 2
WHKI.IHH v= xi ~x2 -~ JHAKOIICPEMEAAAA B IPOCTPAHCTRE NEpEMEHHRNIX X,

Xpa v= xf+x§ — OTIPSReNCHHO TOAOXUTENUAR; DYHKEHA ¥ = (X, —lez)2 -
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3HAKOTIGROXHTONLHAA B 2T0M TPOCTPAHCTBS, TAK Kax v=0 Ipu x; =Xy (oM.
prc. 17.8~17.10).

VA

2 2
V=2 -X V=X

Puc. 17.10

OueHb 9acT0 B KAYecTRe GyHKuwit JIanyHoRa (oM. ompeasneHAe Ha ¢. 96) A
BagdpepeHIHANLAEIX cHeTeM GepyT KEaApATHMHEE OPMI, TOITOMY YRAXEM TpH-
JHAKH JHAKOOTMIPEReACHHOCTH KBAPAtATHRX GopM. .

PaccMOTpIM KRAAPATHIHYIO GopMy

n

-me

‘ v = Z Gy %y, - {17.9)
: fi=1
ay=ay, i,j= 1 (17.10)
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Marpuia

2py Gpz e 9y
xoxppuuHeHToB KBagparwunolt dopuut (17.9) RREACTCE CHMMCTPHECKOH, T.C.
A=A T, YTO cAeAyeT Ha yeiaopng (17.10), PaccMoTphM eo ARATCHATBHEE OTIRec-
AMTEHR:
1. %z - ik

& =12 "2 = %kl k= Ta. (17.11)

alk azk o &

Teopenia 1 (xpamepuii Cuavsecmpa). Jam moze wmobs xeadpamuvnan dopua
{17.9), (17.10) 6uaq onpedenennio nosodcumetsioli, keolxodumo u Jocmamovno avi-

noARerus yeaooud AL >0 k== 1, 1. Jsa mozo wmobut neadpamuvnas popua (17.9),
(7. 10) buirg onpedesatio ompuyamesdnoil, HeobXOIUME U DOCMAIIONRC SWNOAHENUR
yesosuit (-1 8,50, k= T3,

PaccMoTpEEM demotomiyw (n.panue 9ACTH CRCTEMH YHe 3ABACHT OT BpeMeHR £)

“cnenteny dudddbeperuansines ypasneniis

dx
i X(xy, {17.12)

Me X = (X, Xy, o x”)r — BexTop-cronfen paamepHocTE nx 1: X(x) =

= (X (x), Xy(x), ...y X”(x)}r ~ BeKTop-DYHKIINA paaMepHocT & x | ; X{0) = &,

MpeanoioXpM, Fro NPaBhle JaCTH cucTeMbt (17.12) HenpepusHE B ynomie'r-
BOPAIOT YCAOBHAM CYIICCTBOBAKHR A eIAHCTBCHHOCTH pellcHHA B HeKOTOpOH 06-
AacTh Dy pasosoro npoctparcTaa, BRIiouaomel Touxy 0 (0, 0, ..., 0} BMecTe ¢ He-

XOTOpoii okpecTHOCTEIO. ¥YenoBre X(0) = 0 oamasact, wTo ToMKa O — TIONOKEHRE
paBHOBCCHE CHCTEMHE {17.12).

Hoanoii npouzeodnoii hyaxmwu v(x) B coay cucremn (17.12) GyneM HAIHBITL
NPOHIBOANYIC

Z 61; —&-;- Z X‘(x) grad v - X(x);

=1
Zrad ¥ HANPABNCH N0 HOPMAAR K MOBEPXHOCTH YPOBHR ¥ = COnst HyHKIIAK v(X) ,
" aBexTop X(x) — no xacaTelbHol K TpaekTopHR x = x(f}.

-9

&
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3HaKcoTIpesieNeHHa B OKPECTHOCTH TOUXE O (hyHKIUA v(X} HazHBAEYTCH
Pyunyueii Janynoea daa cucmems (17.12), ecnu ee wonMas OpGH3BOAHAR

Y= % ABNACTCA SHAKOOUPeALAEHHOH, SHAKGTOCTOAHHON UAH TOXIECT- -
(17.12)

BeHHO PaBHOH HYNIO B 3TOH OKPECTHOCTH.

Teopema 2 (/Ianynosa of ycmoiiungoemn). Ecry daz cucmenmn (17, 12) cywecnay-
em & obaacmu Dy snaxoonpedesenrian diyuncuus v(X) , naanas npoussodnan Komapuil
NG 6pEMEHY V , GHIMUCACHNAA 6 CUAY Clicmembi { 17.12), sensemen naxonocmosHnol

dyricuuedl, anax Komopoit npom, godcer 3xaxy dyuxyuu v(x) , usu vu ), mo no-
Aoxcerlte pasHosecus yemolinueo no Tunyuoey. .

Teopema 3 (Hanynosa of acumnmonirtecroii yemotinnsocmy), Eeru cyecsy-
em 3Hdxoonpedercrian GyHKyus v(X), noanan npousaodnas Komopoil Ro epemed,
naiideHnan ¢ cusy cuememsi (17.12), 6ydem maxxce 3naxoonpedesentioii co naKon,
NPOMUSONONCNCHIM IHAKY V(X)) , MO NOAONCERNE DOSHOSECUR OCHMTIMOMUYECKY
yemolivtigo,

Teopema 4 (nepean meopema Janynowa o neyemoiruusocmu), Ecou a ORPECHtEDE.
mu Hawanda xoopduram O cyuecmeayem gyuxyus Hanyrnosa v(X) maxas, ¥mo e¢ nos-
NaA HPOUIGOOHAR v = a_'x'a Reafemca Inaxoonpedesenniod diynxyeii & oxpecns-

71z

Hoemu O mozo e 3HAKA, 4mo i V(X), Mo Hyesoe pauienue cucmemsl (17.12) ne-
yemoiivueo.

Teopema 5 (smopan meopema Janywooeu o neyemosinusocm), Ecou cptigecmayem
dy

HEYUR V MOKAR, HINO ¢ TIPONIBOONAA N0 CPEMEHI UMEEI 61 ¥ = — = v+ w, 20¢
VHEEY, ) ar

A = const>0, a GyHKNUR W MONCOSCIMBERHO PASHT HYAID WAl 3IHORONOCMOTHAA U
2CAN 8 NOCREAHEM CAYYAE VHINUR v HE Reagemca 8 21060 oxpecmHocy mowxu O -

KONOCTHORHNOU, NDUYEM INAK € TPOMUGONosoNcel THAKY W, MO HYACE0E pelietiie
cucmenvt (17,12} nepemoiiuuso.

Iipumep 1. Heenenoparts A YeTORYWBOCTD TpN pasiRYHEIX 3HAYEHUAX 4, D, ¢,
d HyNneBOE pemeHNe CHETEMBE

% = —ay-p20" ] TpH UeNBX M7, N,

d 2m+ 1 o
‘—g=cx-9‘y“ mpn mz0,nz0,

P BuGepem pymagnio smywosa Buaa v = ch:2 + ay2 . Jerxo Haxoxus, 1m0
dv
dt
. (1}
Heenemyest npaByio acTh HOCNEIHEr0 PABEHCTED.
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IL.0yers a>0, ¢>0 WAH a< 0, c< 0, TOrna ac> 0. Ecau npu atoMm £>0,

. d>0, 1o OyoyT BNIOAHEHH Bee YCIORHR TeopeMil JIAuyHoRa 06 acHMITOTHYS-
ckofl YeToRYHBOCTH H HyNleRoe pelteHHE (1) acUMITOTINECKY YCTOHINBO.

2 Nyets b= d = Ol, ac>0, cx2 +¢1'y2 = const. Bce YCHoENA TeopeMst JIa-
nyHoRz 06 YCTOHMHBOCTH BRINONHEHR, T.¢. HY/ICBOS pemieHHe (|) yeroiluseo,

3. Nyers ac< 0, dd <0, sign be = sign ad (sign — 3HaK gHcAa) wim ge>0,
b<0, d<0. Torka BHNONHEHN BCE YCAOBHA Neprol TeopeMul JIanyHoBa o He-
YCTOMMUBOCTH, M Hylesoe peltenHe (1) ReyeToiupo, 4

17.4. THHEHAHBIE OTHOPOIHLIE
JNOOEPEHITHANBHBIE YPABHEHUS
€ NOCTOAHHBIMH KODPPRITHEHTAMU
H YCTOMYNBOCTH HX PEHIEHHMH

PaccMoTpUM AuHell Hoe oRHOposHoe MM depeHINANHOE ypasméuue ¢ NIOCTO-
SHHEMH Ko3ppROHeHTaMI

ROTORRCET PN (N

+agx +a,x - tax=0. {17.13)
CocTaBHM XApaKTepHCTHYECKOS YPaRHEHME:
AWrad" eapn" 2 g, = 0. (17.14)

OnpesenuM XOpHY YpasHeHHA (17.14) B 3anKmem GyHIAMEHTANBHYIO CHCTC-
My pewneHu it ana ypagHenua (17.13): x(, X3, ..., X,. TOLNa cI0 061Ice peMIcHHE HME-
eT EMR -

x=ex Xyt . e X, (17.15)

n
T pON3BONEHELE [FOCTOAHHRIE €|, €3, .., €y ONPEASIHM NG HATATEHHM YCIOBHAM:

(=1 L D),

= X - x'o,...,;

xl:- t (L] x'ir- o

JaHnuad npouesypa CTAHRAPTHAA, COCTARAACTCA CUCTEMA 7 AMHE AHHX YpaB-
HeHHE OTHOCHTENBNO ¢;, BXIIOYAlOMAA ypasReHne (17.15) u eme » — 1 ypaBHe-
Huit, TONYICHHEX W3 BHpaXeHHA (17.15) nowreHMEIM IMddepsHUNPORIHHEM

n=1
a—1 pas [ NoCASIYVIOImIe i JaMeHOH x, xx", .., x( ) Ha

X5 X'y x"o, . xo(” -h , B3ATHE U3 HA9aMBHEX Yeaoeuil. B pesyasrare Hafinem:

(n-1)y

c? = ":(xo’ x’o, —es Xg ,i= l,_n . l:lcmyquu TACTHOS pEICHHS

(] (i 1]
P R TR R e N (17.16)

DyHEaIMEHTAABHAL CHCTSMA PEUICHUE HAXOAWYCA B 3aBUCHMOCTH OT KOpHEH -
XapaKTepHCTHEECKOrD ypasHeuus (17.14).
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MpocToMy AcHCTERTEAEROMY KOPHIO A COOTBETCTEYET OfIHO PEIHCHHE

&, (7.1
K-XpaTHOMY ACHCTERTCABHOMY KODHIO A — & ANHEAHO HEIARHCHMbIX pelicHR:
eu, wl:‘ n FriM (17.18)

1IpocTol Mape KoMIAEKCHO- CONMPSIREHHAX Kophelt A = o + P/ cooTRETCTEY-
10T KBa DelHEHMA:

"' cos pr, ¢ sin pt, (17.19)
&-KpaTHOH Nape KOMIACKCHO-CONPIOKSHHBIX KOpHeH o + /B = A — 2k mumciso
HEIABHCHMAIX pelHeHui:

[ - -
¢ cos Br, ' sin Br, 1e™ cos 1, 1¢* sin Bt ...

- - /
s B lemcosﬂr, A1t cos Bi. (17.20)

PacemoTpRM noBegeHne peuicunit (17.17) — (17.20) mpH £~ +oo.
Mycre B persenmax (17.17), (17.18) A= 0. Torm

kar_ {0 upr A <0,

lim e
i+ +w npr A>0,

Hanee, myets B pelmennax (17.19), (17.20) @ =0 . Torza
Hm rke“cos Br=10, lim M sin pr=0,ecnmta<0.
=+ = +m

Dyaxnun tkemcos pr, :kewsin B/ HeorpeHMMIeHHH Npr {— +©, echA

a>0.
_ k hr_ tk
Tenepb nyctd B pertenuax (17.17), (17.18) A = 0. Torga £ ¢" = R pelle-

Hue (17.17) npusoguT K eo' = }, T.¢. K OTDAaHMYCHHOH DYHKUHEM, 2 pPeUIcHHe
(17.18), TaK KaK %> 1, — K HEOTPAHMICHHEM NPH § —> +00  DyHKIMAM.

Bymem HAIMBaTh KOPHR X2paKTepHCTMICCKOO YpaBHeHHA (17.14) xapaime-
PUCImUReckuME uciamu ypasrenus (17.13),

Teopema 1. Ecau ece xapaxmepiicmuvecxite sucrn ypasrenus ( 17.13) userom om-
pusameasitsie delicmoumenninie wacmi, mo Hyaeaoe pesternie (17, 13) acumnmonive-
it yemoiiuueo no Junyuosy (npu t—> +ew ), '

Teopema 2. Ecau xomy odno u3 xapaxmepiemuveckux wiucen ypasnenus (17.13)
uMeem HoAONCUmMEILHYIO Belicmaumensyio Yacme, mo Hyaesoe pewrertie (17.13) ne-
yemoiivugo,

Teopemn 3. Ecau cpedu xopneil Xapaxmepucmuuecrozo ypasnenus (17.14) nem
MARUX, Y KOMOPLIX DelicmaumeabHas Hacmb NOAONUMEALHT, HO HMEIOMCR KOPHI ¢ Hy-
#eaodl delicmeumensioll HacHuio, nPRLEM xadOBoMY MAKOMY KODHIO COOMGEMCMEYION
mosvro pemenus suda (17.17) npu d. = 0 u(17.19) npu o« = 0, mo nyaesoe petiene

Ypasuenun (17.13) yemoiiuueo; ecau e xoma Gwe 03HOMY HyseaOMy KGDHIO b = 0
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coomeencmayem xoma b 0dne peuterme euda (17.18) npur k2 2 uau xoma bt 0dnomMy
KOpHID ¢ Hyaesoid delicmeumenshodl wacmeio o = 0 coomeemcmayem xoms Gwm

oo pewenue suda (17.20) npu k=2, mo npaecoe pewrenue ypasienus (17.13)
Heyemolinugo.

Tpamep 1. HconenobaTh Ha YeToMMMBocTs HyleBO¢ DCIICHAC YDABHCHHA
*+3x' +2x = 0.

P XapakrepucTHYECKHE YMCHTa JaHHOTO YpabHeHns A, = -1, &, = -2, e

oTpHLETENbHEL CAeaoBaTeibHo, COTNAcHT TeopeMe |, Hylleboe pellieHHe YpaBHe-
HAA YCTOHYABO aCHMITOTHIeCKH, Boace Toro, oHo YeToAYHBO ACHMIITOTHYECKH B
UeJTOM, TaK KaK 0GAaCTHI0 IPHTAKECHHA HYACBOTO PEIICHAR AWieTcA Boe (hajopoe

OpocTpaterso (A = +w ). 4

Mpumep 2. HcecnepoBats Ha YCTORYABOCT: HyACBOE PCllicHHe YpaBHEHMA
" -2x"+4x' -8x = 0,

b Cpean xapakTepHCTHICCEHX THCCT JaHHOTO YpaBHEHHA STy NONOXKKTENb-
Hoe: A = 2 .[Ilo Teopeme 2 HyneBoe pellicHAC 3TOTO YPABHEHHA HeycToltunao, 4

IMpusep 3. HcenenoBaTe Ha YCTOHMMBOCTE HYNEBOE PELIEHME YpaBHCHMA

™ E3x" ' +3x = 0.

P Haxoaum XapaKTepHcTHUecKMe WHCAa AAHHORG YPABRCHHA: Ay = -3,

Ay = d, Ay = ~i. KopHio A] COOTBHCTCTBYET pelicHHE X, = e_sr, 4 KopHaM
hy 4= Xy = c0S 4, X5 = sin 7. TIo3TOMY, Comacko TeopeMe 3, HyJICBoe pelieHAe

JAHHOFO YpaBHEHHA YCTOHIMBO HEACHMITTOTATCCKA. {
IIprmep 4. HccnenobaTs Ha YCTOHYMBOCTS HYNEBOE pelCHME YpaBHEHMA
x(4)+x"’ +x" =0,

P Cpeal XapaKTepHCTHICCKAX YRCE/l JaHHOTO YPaBHEHMA eCTh HYNEBOE ABY-
KpaTHOE: 7"],2 = 0. EmMY COOTBETCTBYCT peltckne Bnaa (17.20) mpH & = 2. Che-

IPBATEALHO, COTRACHO TeOpEMe 3, HyNleBoe pemreHMe HeycToR4nbBO, 4
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17.5. TAHERHLIE OAHOPOAHBE CHCTEMBI
JAAOOEPEHIIMATLHBIX YPABHEHHRIA
C MOCTOAHHBIMH KOYOOHINEHTAMHA
H YCTOMYMBOCTD UX PEINEHHAN

PaccMOTpHM CHCTEMY
dx;, " . .
- <= Z Xy, @ =const , 71=2, . mk=1Ln (1721}
k=1
Tlo ananordd ¢ OAHOPOAHEM AH(PepeHLIMATEHEM YPARHEHMEM ¢ ROCTOSH-
RBIMH KoadrdmimeHTamu SylleM HCKATh YacTHoe pelreine (17.21) B Brae

Xy =y, v, = const, (722
HoncTapuM x;, W % = ykle"' B cMeTeMy (17.21) K coXpaTtAM NOnySeHHoE

At .
PABCHCTBO Ha ¢ « 0. B peaynbrate NpMaeM x anrebpamyeckol cHeTeMe, NHHeH-
HOH OTHOCHTCNBRO ¥, !

”n
Y apxptlay-dy; = 0. (17.23)

k=1,
k=xi

Crcrema (17.23) omnopozsas, H cyleCTBYeT £¢ peilleHie, OTNAYAOE OT TDHEH-
ANBbHONC TOARKO TOTAA, KOFIA ONpeneHTeAb 3Tof cHeTeME A{L) = 0, Te.

2 -h a8y .. LI

Ay = {2t ®n~r - |y 7.24

Goy Gpy o Aup=i

Ypapresie {17.24) HaSHBACTCA XAPAKMEPUCHINSCKUM YPAGHEHUEM CUCmEMS
(17.21), ero xopHa —~ xapaxmepucmuveciite wicaa cucmemnt ({7.21).

Ana tore grobH x, W2 GopMynH (17.22) SBMMIAOCH DEUICHKEM YPABHEHMSA

(17.21), oTAMNHEM OT TPHEHANIEHOTO, HeoSX0DHMO K AOCTATOMHO, YTOGH A 6HN0
XapakKTepHcTHYECKMM SHCAoM cHcTeMH {17.21).

AnreGpamaeckoe ypasHeHue (17.24) muceT posto # XopHeil, B sasHcHMoCcTHt
OT BHJIA XaPAKTCPHCTHICCKHX YHCE MOXHO NOCTPORTE HYHAAMEHTANEHYI0 CHCTE-
My pelteHnl cucTeMi (17.21) # HafiTi ofniee pemenne cacrems! {17.21) Kax au-
HeHHYIo KoMOHHANHIO PELISHKH, BXOAAINHX B GYHIAMERTUILHYIC CHCTEMY Dellle-
Hitil 0O AHATOIMH ¢ ONHOPOTHEIME NHHEHHBIMHA YPARHE HIAMMH,

Teopema 1. Ecau sce xapaxmepucmimeciue wicaa cucmenst (17.21) umerom om-
puamenvivie JellcmeumentHule ¥acnti, mo Rydedoe peluerue smol cucmensl acmn-
momusecKy yemoiivtigo,

100




Teopema 2, Ecau xoms odio u3 - XAPOKMEPUCIIIMECKHX Yiicer clicmemst (17.21)
HMECH NOAONCHITeALNYIO Delicmatimeatnyio HaCib, MO HyAes0E Derienile IMmOii cucme-
Mut Heyemotintgo,

. Teopema 3. Ecau cpedu xapaxcmepucmunecxux suces cucmemsi (17.21) vem ma-
X, ¥ KOMOPHIX Jelicmaumersas ¥acme NOA0ICUMEAERA, HO UMEIIMCR XapaKmepuc-
museckue wicaa ¢ Wynesoll delicmeumensioli vacmeio, mo Hyaesoe peiiexile clicmems
(17.21) moxcent Gount yomoiinugus HEGCUMBIOMILNECKY WA HEYCHOTINUBLN,

JAna neEnenoBaua YeTOHYHBOCTH HYNCBOTO pelienna NuheitHolt cHeTeME ¢
OOCTOAHHHMH KO>PPHUHeHTAMHA He oOA3ATLIRHO pelliaTh XapaKTepHLTHYECKOS
YPABHCHHE, & FOCTATOMHO YCTAROBHTE, KaKHe 3HAKW HMEIOT AeHCTBHTSABANME
4ACTH XapaKTEPHCTHICCKUX HUCel.

[puBeacM OMHH B3 KPHTEPHED, KOTOPEH M03B0NAeT N0 KO OHLIMCATAM CHC~-
TEMHB Cpa3y YCTAROBUMTD, KOTTHA BCE te XAPDAKTEDHCTHISCKME YMCA HMSIOT OTPHIRA-
TenbHle EelCTRHTEARHEIC YaCTH H, CACAOBATEABHO, HYNSBOS pellieHME BARHON
CHETEMIE ACHMIITOTHICCKH YeToMaupo. LAt 31010 3alHilieM XapaKTePHCTATCCKOS
ypasrerde (17.24) & sape (17.14):

20y =2"+a " ran" 2h L 4a, =0, (17.25)

W3 xoadpunuenTos MBcTOTIeH £ (M) COCTARMM MaTpHILY:

a 1 0 0 0 0 0 0
2, 4, 4y 1 0 0 0 [}
0

a; a4 8y 4, a 0 . {17.26)

¢ ¢ ] 0 ¢ ¢ - 0 “

B aToHl MatpAne monaraeM g, = 0, ecaH > . PaccMOTPHM AMAroHANBHEE
ONpeNeNHTeNy MaTpaus (17.26):

al l 0
a 1 -
Apmana el AT ay o ol By = Ay By
3 2 as a4 a3

Teopema £ (Typanna). Jan mozo wnobiue sce xopuu ypasuexus (17,25} umety om-
puamessune delicmaumensipie vacmmil, Heolxoduso i Bocmamonto, Imolss sbinoANa-
AUCH Hepasencnan

A>0, k=T,n. 17.27)
Ycnoea (17.27) RaIHEaloTeA yeacsuamy Payea — Fypsuya,
Nyete =2, T.e. 12 +ayh+ ay = 0. Torza yenosue (17.27) mpuHAMacT Bug
4
0 ay

Taxkum ofipasomM, Ipx # = 2 yenorua Payca — T'ypeuba 3anmuryTes Tak:
a >0 a>0. (17.28)

a>0, >0, otkyna 73> 0.
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Ipu n =273 nmeem: 13 + ai 12 +ayh+ a3 = 0, nycaosnd (17.27) npuobperyt
BHA

a 2 1
>0, >0, ay >0,
a3 a4y 43 Oy
OTKyIa ;> 0. .
Yenosna Payea — [ypbuua B cmywae 7 * 3 HMCIOT CNeLYOLIHE sHn:
a >0, a;>0, 0;0,-3,3>0. (17.29)

AHATOTEYHC HAXONEM YCI0BRUA Payca —TYPBHOA 8 cAYYasx 4 =4, 0 =15 M T

Tlpamep 1. Bratcuuts, DpH Kaknx o ¥ § (B Kaxolf offacTE MNOCKOCTH rapa-
METPOB @, P) YCTOINHBO HYNSBOE PEIICHHE CHCTEMbL

X = —(B+d)y,
= 2a+pix+(2-a)y.
» XapaKTepHCTHYECKOS YPABHEHHE TAHHOH CHCTEME HMEST BHI

A ~(B+4)
2a+f 2-a-i

)

=0’

7L2+ali'u+|a2 =
me ap = 2-a; a3 = (B4 20 +p).

VeToituMBOCTE WIH HEYCTORYHBOCTE HYACBOTO peLICHHA CHCTEMH (1) 3aBHCHT
OT THAKOB KOMPPMIHEHTOB ay, 0. TaK ¥aK ) H dy ARNAITCA HEOPEPHIBHBIMA

(YHKOHAMHE OT &t H 3, TO 3HAKY &y, a3 MOTYT E3MEHATLCH IHEDD TAM, IIe @) HIH &3

OBpamALTCH B HY b, T.6. HAMRAKAX 0. —2 = 0, p+4 = 0, 2a+f = 0. DTHAH-
HHUH nepecekaloTed B ofHoH ToUke A (2, —4) H pa3buBaloT MOCKOCTL HA WIECTD 06-
macteit (prc.17.11), B xaxaodl M3 KOTOPLIX 3HAKE Ko3(phHIHCHTOR 41, 47 HeHI-
MeHHB. TloaTomy, B3AB B Kaxnoit n3 3THX obaacTe il IPCU3BOABHYIO TOEKY, MOXKHO
ONpeASAHTE SHAKY KoNpPHUHHCHTOB B cooTBETCTEYIONIEH obracT:

I- 4)3,0):a;=1>0,4ay = 24>0;

- A (1,0): a; = -1'<0, a; = 8>0;

Mi-A;(-1,0): 0, =-3<0,0ay =-8<0;

V- 4400,~5): 0, =-2<0,4a,=5>0;

V-As(3,-T:a = 1>0,0, = 3x0;

VI-43(3,-5):a; = 1>0,a, = -1<0.

XapaKTepHCTHYECKHE THCIA CHCTEMBI {1) BHpAXRIOTCA Yepes 4|, @y HO Gopaye

2
_ —ali:!al—daz

11.2 - 2
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2a+p=0

———
=m

o

pra=0

N\\V==

Puec I7.11
Ecnu a4 <0, T nIH af—4a220 (TOTIA OAHO M3 XAPAKTEPHCTHYECKHX YHCES

ROMOKHTERBRO), HIH a? - 402 < (XAPRKISPHCTHACCKHE THCAR — KOMITAEKCHO-CO~
FPTECHHME C IONOXHTCNEHOR AcHCTBHTENBROM “lacThio). Ecnin a,<0, 10

,Iaf - 4a2 —ap> 0 M 0AHO M3 XaPAKTEPHCTHIECKHX THCEA TIONOKMTEREHO. CRejona-

TenbHo, B obaacTx 11, 111, IV, VI uyncroe perieHne cicTeme (1) Reycroduuse (cM.
reopemy 2). Iipat a, > 0, 4, > 0 (yonoBna Payca — Typeuuia) umcen: 7‘1.2‘0 . Tlo-
FToMy B ofnacTax [ B V gBsueRHE YCTONUMBO aCHMITTOTIYSCKH (CM. Teopemy 1), 4

Mpumep 2. Halite ofnacTh aCHMATOTHYCCKORA YCTORMMBOCTH RYREBOIO pellie-
HHA CHCTEMH

9 y-u
P73 1 0

% = Bx-y+az, } o, §— achcTBHYCABHEE YHCHR.

d—z = -
priall Jaut
¥ XapaxTepHcTHYSCKOE YPRBHEHHE JAHHOH CHCTEME MMEET BHI
=1- -« o

g -1-i o =0,

0 B ~-1-a
A (A + l)(12+2l+ 1-2af) = 0. KopRaMmH NOCIcAHero YpaBHCHHA 6yIyT
A =Ly 3 = ~12T=(1-2af) . Kopuu Ay 3 GYIYT OTPHEATEABHBIMH, CCNH
i-2af>0,re af <1/2. CoraacHo Teopene | B obaacTd afi <1/2 Ryaesoe

penteHHe YeToHINBO acHmnToTHecKkH. Ecan 1 -2af <0, To nossmerca oaue
TOAOXRTEABHEL KOPEHE H, COTNECHO TeopeMe 2, AYACEoe PCLICHHE HEYCTORYKEBO.
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Puc. 17.12

Npr 1-2ap =0 uMeeM OBa CTPUUATCNLHBMX KOPHST U ONMH Hynepol, T.¢. MO
TeopeMe 3 RYNCBOC pelieHue YeTokivuso {puc. 17.12). 4

. 17.6. ACCIENOBAHME PENIEHAA CHCTEM
HA YCTOHYMBOCTH HO HEPBOMY HPUBIMXKEHMIO

PaccMOTPHM HennHelnyio cHCTEMY

dx "

f . —
rrial X+ XLx), Xg, 0y X, 8= L,n, (17.30)
k=1
A COOTBETCTBYIOWIYIO eif AMHERHYIO CHCTEMY

dJl:If —

i Z agxe,i=1,n (17.30)
k=1 ’

Npeanonosmm, yro

n n
1+ax
X0, 0, 0) = 0, T Hxp, %5, 5 )SAT G L A7)
' i=1 i=1
Tae >0 ; A— NONOKHTEALHAS MOCTOAMHAA.

Cuectema (17.31) HAZHIBACTCA cHCMEMOI HEPEOO MPULAUNCEHUS DNA CHCTEMH
(17.30). .

Teopema 1 (o6 yemotinuaocmn no nepeomy nprlisuwcensuro). Ecau sce xapaxime-
PlCmUNECKUe HUCAT CHCmeMsi nepeozo npulauxcenus (17.31) umeiom ompuyamensyue
delicmaumensivie uacmt, mo Hysesoe petueniie Heauneiinoii cucmemst (17.30) yomoii-
YHEO0 QCUMPIMOMUYECKIL,

Teopema 2 { 0 meycmoinusocmn uo repsoMy npubsuwennro), Ecau cpedu xopax-
MEPUCIINECKIX HICeR EUEMeMb nepaozo npulatoenus (17.31) umeemes xoms Gut od-
HO © nogoNCUnteasHoll delicmelimensioli Hacmymn, Mo Hysedoe pelentie Heauneiiiol
cicmemesr (17.30) neyemoiiuugo.
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Teopema 3. Ecau cpedit Xapaxmepucmuseckux Hicen CuceMsl HEpaoso npubau-
HCEHUA HeMm MaKux, delicmeumensiote HaCM KOMOPHX NOAOHCUMEALHB, HO UMEIOMCS
NAPAKMEPUCHIUECKIE HUCAR € HYACBUMY OelicITaUMERLHMMIL RACTIAMY, MK HMO Ky -
Aesoe peutenne clicmemtl (17.31) uru neacumnmomunecxis yemoiinugo, uau neyemoli-
w60, Mo Hyreade pewtenue yeaunelitoft cucmemsi (17.30) mowcem Fums xax yemoli-
wiueo, maw u meycmoliniiao, & 3asucumocmu om swbopa Hesuweiiux wacmels

X(x, x5, x,), i= T

Mpamep 1. HecneopaTs Ha YCTORMHBOCTE HYNEBOE DEIICHEES CHCTEMEL

d -sin(x + y),

dt
b ;‘2 = gf -
% sin{x - y).
b Acnonsaya pasnoXenue GpyHKIAK sin ¢ B pax Makropena:
0:3 as
sina = u.—-;i+?!-+...,
HonydaeM, MT0 CHCTeMA NCPROro NpHOAIKCHHA ZaHHON CHCTEME MMEET BRI
d—-x = ""’x"
dt ¥
dy _
ar - Y
Ee xapakrepmeTHUCCKOS YDABHEHHE:
e N B TS S
Po=-1-2

XapakTepHCTHUSCKBE YHCAa Al 2 = -1t { HMEIOT OTPRLATCALHES ACHCTER-
L]

TenbHEe 4acTR. [To Teopeme 1 HYACBOE peIeHHe SAHHON CHCTEMH aCHMNTOTAYE-
CKH ycTolqABO. 4

Tpumep 2. HeeneaoraTs Wa yeToRYHROCTS HYNEBOE PEIFcHBE CHCTeME

dx _ 3x+d4y _
ar - ° L
(_fx - 2. 2
T x=2p+x"+y",
» Bocnons3oRapIrucE pasNoXeHBeM B CTENeHHOM pan YHKLME &%
2
o _ o
e = l+a.+-2-!-+...,
RONYIHM CHCTeMY e PBOTO MPBOAKEHEA NG AAHHOH CHCTEMEL

dx _
yria Ix+4dy,

dl:.— ——
@ x-2y.
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E¢ XapaKTepUCTHYECKOS YPABHEHNE:

3I-» 4
-1 -2

XapakTepHCTHYCCKNE Ucha =2, Ay = =1, Tlockonsky oIHO U3 Xapax-

~TEPHCTHYCCKHX SHCEN CHCTEMLL HONOKUTEALHO, TO Ha OCHOBAHAH TeOpeMEt 2 Hy-
JIEBOE pellieHUE JaHHOH CHCTEMEB HeyCeToRIHEBO. 4 i
Tipumep 3. HecnenoBaTh Ha yoTOHYMBOCTL HYACBOE DEIHEHAE CHCTEMM

=a2aa-2=0,

Eir—Jf-“w:t—x:s
il
a>0, b>0.} ’ ()]
dlﬂ_ —3
4 bx-y,

» Hyncpoe peimenue cucTeMsl {1) 2cAMITOTAYECKN YeTOfUNBO, TAK KAK YHE-

s Jlamyropa v = bxz + ay2 YAOBACTBOPACT YCAOBUAM TeopeMH JIamyHoBa of
ACAMIOTOTHYSCKOH YCTONINBOCTH:

o —Z(bx4+ ay4)$0 .1
dt
(N
Hpmvep 4. Hechenosats Ha YCTORYMBOCTE TOUXY YOKOA € KOOPAHHATANA
x=0,y=0 cAcTeMR

dx _ 3
7 ay+x,
ax=0, b>0.
ir:_ 3
y bx+y",

¥ HdanHad cuCTeMa HMEET T2KYIO We MHHEIHYI0 YACTS, 11O H CHCTEMA {1) uz
npuiepa 3. CornacHo nepeoit Teopeme Janynosa o ueycronqnnom HYACBOS pe-
IeHIe JAHHOH CACTEMN HeYCTOHTARD, TAK KaK

vﬂbx2+ay2, jv = 2(hx +ay‘)20:4

(1}
3aMevan R &, Pacenmorpam Goftee ToapoGHO CHCTEME YpasHe HAH B3 DpuMe-
Pob 3 1 4, AAA KOTOPHX CHCTEMa MEPEOTO NPAGARNKCHAA OZHZ H T2 Xe;

g“: (17.33)
i -bx.

XApaKTepRCTAMCCKOE YDABHEHAS CHCTEMM (17.33) 3\.2 +ab = 0 nMeeT YHCTO
MAHMBE KODHH: x, 2= :-.Ja_b -, T.6. AefiCTRMTEIBHEE TaCTH XAPaKTEpHCTHYE-

CKHX YACEA ~ HyNebbie, JoGasncHre K anHeliHON YacTH HeANHEH HBEX TACHOB IPH-
BORUT B OKPECTHOCTH HAYANAA KOOPTUMAT K MANOMY M3MEHEHHIO OTIPEENeHHOIO
cHcremoft (17.33) mona HanpaBicHAN KACATCTRHRIX X HHTCIPATLHHM KpABLM. Oa-
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HAKO 3T0 MAloe HAMEHEHHe TI0AA HaTIpaWIcHUA NPHEOANT K TOMY, 4TO 3aMKHYTHIE
2 2

ARTCIPANLEEES KpHBHE [’j—i +'}’—2 - const} {puc. 17.13, &) encremu (17.33) npe-
b

a - & : e‘

i

. .
& Y

Pnec. 17.13

MpRUIAKGTCA B CTIAPANA, KOTOPHE E CAYZas IpUMepa 3 ¢ yBeAHYSHUEM ¢ TIPHOAU-
XAIOTEA K HA4any KoopoOAHaT (pHc. 17.13, 6), a B caydae npaMepa 4 YAAAAIOTCSE OT
Hero {puc. 17,13, 6), T.e. HenAHeHHBE 9AcTH YPRBHEHHH CHCTEM MOTYT BAHATH HA
YKTOHYUBOCTS TOYKH OOKOA (CM. TEOpeMy 3).

A3-17.1

. L. HcenenoBath Ha yCTOMUMWBOCTD pelIeHHE ¥ = ((X) AaHHO-
ro G epeHIMANLHOTO YPaBHEHMS ¥ = f(X, V) , YIOBIETBOPAK-
eTO Ha3aIbHOMY YCAOBHIO @(Xg) = ¥, ¢ TIOMOLIBK ONpeAeie-
HIlt YCTOMMHBOCTH M HEYCTOHRUMBOCTH I10 JIATIYHOBY:

A)y+a’y =0, o ek, P(x) = ¥y, Xpg: Vo€ R}
6)y'+%=x, o) = -1;

By+t=5% 9@ =1;

. _ .33
Dy +xy=xy, ¢0) =1,

(Omeem: 1) yeTOHYHBO ACHMMITTOTHYECKHU B LeROM; ©) HeycTobru-
BO; B) YCTOHYHEBO; I') YCTOHYHBO 2CHMIITOTHISCKH.)

2. C nomousio TeopeM JIATIYHOBa BESICHHTD, TIPH KAKHX 3Ha-
YeHUSTX TIApaMeTpoB <, B € R Hynepoe pelliennie OAHOPOZHOIO

mHeliHoro muddepeHiatbHoroe ypapHeHua y” +ay’ +fy = 0:
4) YCTOMYHMBO ACHMITTOTHYECKH; 6) YCTONHUHBO, B) HEYCTONYHEO.
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(Omgem. a)o>0, B>0; 6)a =0, B>0; a>0, B=10
B)a>0,B<0;0<0,fecR;a=0,p<0.)

3. Hcnoassya 3HaYeHNd XapaKTepUCTHUYSCKHX YUCST H COOT-
BeTCTBYIOIIME TeopeMbl JIATTyHOBA, HCCIEAOBAT HA YCTOHUHBOCTL
Hy/eBoe pelleHie AuHeiiHol ogHOpOOHOM cHCcTeMEI Oudrbepen-

- UHATHHEIX YpapHeHUH ¢ TOCTOSHHEMH Ko dUImpeHTaMK:

r‘::: 2x+y’ ";_T = _2x+ys
a)y ¢ 6) 1
% = 2y+x; % = -2y+x;
[ dx
' _=—x+y’
%—-’:22x—8y, :’
B) ; (% =2x-y+g
‘_32,’,,,__2 +x; dt
Ldt yTx 4z _ 5, .
?t— y_Z9
dx _ _ .7 (dx __ >
ar ¥ty a Xty
14y o .2 &y .x__ .3
R)_ p7E i T ¢) 7R A A
a _ . az _y_
| dt y=% L dt 2 z

(Omeem: a) ReyeTOMauBO; 6) YCTOHYMBO ACMMIITOTHYECKH,
B) YCTOMYMBO; I) HeYCTONYMBO; XH) YCTOHUMBO; €) YCTOHYHBO
ACHMIITOTHYECKH.)

CamocTrogTennHan pabora
. TIpy mo6B HAYAMBHEIX YCIOBHAX ¥(Xg) = ¥4, ¥'(%y) = ¥y
HCCNeJoBaTh Ha YCTOMIHBOCTE pellleHMe YKa3aHHoro nudpepen-
URANBHOTO YPRBHEHHS.
"Ly +6y +5y = 3672% (Omagem: ycTOHYHBO acCHMITTOTHME-
CKH B LILIOM.)
2. y"+ 6y — 16y = sin x. (Omsem: ncycmﬁquno)
3. y"+4y = cos 2x. (Omeem: ycTORIHBO).
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! A3-17.2

1. TlokasaTh, Yro ANg CHCTeME

aU = const

dx
dr
d
ar = ayx+tayy,

2 T2
byskunsas v = (ayx—a;,y) +(a),8y—a)38,)x"  ABMHeTCA
dyaxupeds Jdsnynoea. Tompsyacs Teopemoii T'ypBuua, ykasaTh

YCIOBHA ACHMITTOTHMeCKOM ycTOH‘!HBOCTH HYJIESBOTO PEOICHHA.
(Omeem: a“ + 022 <0 N 011022 - alzaZI >0 .)

2. UccnelloBaTh HYTeBOE pellileHHe CHCTEMHE Ha YCTOWYHBOCTD:
B [IEPBOM NPHOMICKEHHH; ¢ oMoiupio GyHKUMH JlamyHosa v,

j—': = y+3x3y2+4xs, 1
a) 1 v = 5(x2+y2);

dy 3. 4
7 —Xx+y +xy,

Ll

dx
dr

BT N
277 1,,.2 2
6) < SR v=203x"-2xy+y);
d_ ~3y+ —gx 2 2
| 2s y+xy-3xy,

.-ix. 3

7N 2. .2
B)<d , v=x+3y;
1:_ ’
(2t = "X

Ll

.| at :

) 4 v = xz-l-yz.
dl E—4 x
L dt '

(Omeen; 2) ycTol9HBO; HeycToldHBO; §) YCTOHIBO; YCTOHYHBO
aCHMITOTHYSCKH; B) YCTOWUHBO; HeycTOWIHBO; T) ycToihingo;
YCTOHYMBO. )
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3. MuddpepeHunansHoe ypaBHeHHe

¥+ax+bx+ex =0, a,b,ceR, (1)

IKBUBANIEHTHO CHCTEME (X =X, )

X = x,
X = —axy+Xx, )
k3 = —ex) - bx,. ’

Joka3zath, yTo B KagecTBe byHKIMM JIATIyHOBa MNa cHCTeMS! (2)
2
MOXHO BHOpaTh OYHKIHIO v = acxf +2¢x,%, + bx§ +x3. C no-

MOIUBI KpUTepUA CHIbLBECTPa YKa3aTb YCAOBHA: 1) ACHMITTOTM-
HYecKOH ycToHYHBOCTH HYNEBOTO pelllcHHS ypaBHeHus (1); 2) He-
YCTOHYHBOCTH HyAeBoro pelleHuH ypasHeHus (1). (Omeem:
1Ya>0,¢>0,ab>¢; 2)a<0,c<0,abzc)

Camocrosreannas paora

1. MccnemoBaTh Ha YcTOMUHMBOCTL HyneBoe pelieHHe y = {

muddepeHIManpHOTO ypaBHeHHs '+ ky + o’ sin y=0, e
k>0; o € R.{(Omeem: acEMITOTNIECKH YCTORYNBO, €CNH @ = 0;
yeToluBo, ecit @ = 0.)

2. HcenesopaTh Ha YCTOHYMBOCTD HY/NEBOS pelHeNHe ) = 0

YPaBHEeHHS 3y"’+2;‘cy'—c|u2 siny =90, tue £>0; o € R. {(Om-

gent: HEYcTOWINBO, ecli © # §; yerolilunBo, ecmn o = 0.)

3. UccnenoBarh Ha YCTOMIMBOCTL HYIEBOE peIHSHHE CHCTEME

‘:,—': = y—x2y2—4x5,

dy 3,0
=—x—y +

dr xX=y rxy

a) B TIEPBOM IPUGHHXEHKH, §) ¢ moMombio yHKUMH JignmyHoBa

v = x2+ y2 . (Omeem: a) ycroliuupo; 6) yeroiiyHBO acHMITOTH-
YecKH.)
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'17.7. AHIABAYAIBHEE TOMANIHAE
3ATAHHES K IJL 17

HI3-17.1

1. Viccrienopath Ha YCTOPMHBOCTD pellieHHe ¥ = @(x)} ypapHe-
HHE ¥ = f(x,y), YAOBRETBOpSIOMEe HAYaXLHOMY YCIOBHIO
P(xXg) = o, HCTIONB3YA OMNPEHENCHNS YCTOMYHUBOCTH HeycToit-
_ YHBOCTH 110 JlsnyHoBy.

1Ly = ]“.fx, o(0) = 1. (Omeem:  acUMITTOTHYECKH
YCTOHMHBO B LIEAOM.)

1L2. ¥y = (1+y)ctgx, ¢(n/6) = 0. (Omsem: YCTOHUHMPO. )

13.y = erln ;{’ o(l) = et {Omeéem:” HeycTolYIBO.)
14. ¥ ='£+ 1 +£, ¢(1) = 0. (Omeem: ycroftuuso.)

2
L5,y = xe* —2xy, ¢(0) = 3. (Omeem: acHMITOTHUECKK
WTOIIHBO B LeToM,)

16.y = 1&"1’5 +x7 41, 9(-1) = 2. (Omsem: neycToluBO.)
+x ‘

L7,y = 1421y o(1) = 1 +e. (Omeem: Heyerotumo.)
7

H

x
YCTOHYHMBO B LIENOM.)

18.y = yZ!-I;—x—x, (1) = 1. (Omeem: acHMATOTHIECKH

2
L9,y = 2;‘3—%, ¢(2) = 1. (Omeem: ycroiiunso.)
X

110, y' = i lni’ , (1) = 1. (Omsem: ycTotuHBO acHMITTO-
THYECKH.)

HccnenoBath Ha YCTOHYMBOCTL YacTHOE pelmeHue y = @(x)
YpaBHeHMA y" = f(x, ¥, y'), YIOOBNECTBODAIOLICE HAYATLHEM
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YCIOBHAM @(xy) = yo, @'(xy) = y'g, HCHONBIyT ONpeleieHus
YCTOHYHBOCTH H HeyCcTouuBoCTH 110 JIanyHoby.

LIy = En L o(1) = -2, ¢'(1) = 1. (Omeem: yoron-
9KBO.)

L12.y" =y +x, p(0) = 0, ¢'(0) = 0. (Omsem: HeycToli-
YHBO.)

2

1.13. y* = % e(=1) =0, @'(~1) = -0,5. (Omeem:

YCToMBO aCHMTITOTUYECKH. )

1.14. " = %'ln v e(-1) = -2, ¢'(-1) = —-1. (Omeem: ne-

, x’
yCeTolYHEO.)
2
L15. y» = »‘i— @(0) = 1, ¢*(0) = ~1. (Omeem: yoTolimpo
ACHMITTOTIIECKH.)
2 ,
. = M Z:-. = -1 r = 2 *
1.16. y" my—1y° o(0) =¢e ", o'(0) e (Omeem:
YCTOWIHBO aCHMIITOTHICCKU.)
2

1.17. y" = 1;7, @(0) = 1, 9'(0) = 1. (Omeem: neycroit-
YHBG.)

118,y = L=9°

2T iry = . ]
P ,CP(I)—Z,tp(l) 2. (Omeem: ycroit
YUBO.)
2

1.19. y" = I—ZJ;L, P(2) = -1, ¢'(2) = 0. (Omsem: ycroit-

9UBO.)
— '2
1.20. y* = % 9(5) = 3, 9'(5) = 2. (Omesem: ueycroit-

YHBO.)

Haxsl onHoponHoe (HeoqHOpoUHoe) JuHeitHoe TudrbepeHLu-
aNBHOE YpaBHEHME BTOPOro TIOPSLKA U YaCTHOE pelieHye OXHO-
PONHOTrO ypaBHeHud y; = y,(x). Hccreaopath Ha yCTOHYNBOCT
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pelleHHe AAHHOIO YPABHCHMA, YHORICTBODSIONISE HaUGalbHBIM
YenoBHAM @(xg) = Yo, 9'(xy) = 'y, MCMONL3YS ONpPERCICHHS
YCTOHYHBOCTH M HeycToliauBocTH Ho JIanyHosy.

12L (1-X)"-2xy' +2y =0,  y,=x, @(0) = =
¢'(0) = 4. (Omeem: veycTOHUMBO.)

1.22.y"+2y'+3’=0, »n= S—I%E J X "’(7)

(Omeem: ycTORYMBO aCHMITTOTHYECKU B LIETOM. )

1.23. (2x—x )y”+(x =2y +2(1-x)y=0, y1=ex, o(1)=0,
¢'(1) = 1. (Omeem: HeyCcTOWYHBO.)

124. (1= )y —xy' +9y = 0, y; = 4 —3x, @(0) = -1,
¢'(0) = 2. (Omaem: HeycTOHIUBO.)

L25. y" -y igx+2y=0,y, =sinx, ¢(0) = 1, ¢’(0) = 2.
(Omeem: HeyCTOHYMBO.) :

Tlpu mo6six HaYaNBHBIX YCACBHAX (X)) = Yo, Y (X0} = ¥

HCCNEA0BATH Ha YCTOWUMBOCTS pellleHue AaHHOro audrbepeHuMm-

ABHOFC YPABHEHMSA, HCIIONB3YS OHpEISACHHS YCTONYMBOCTY U
HeycroliuuBocTH o JISYHOBY.

1.26. 2)" +5y' = cos *x. (Omeem: ycTolauso.)

L27. y" +2y' + 3y = sin 2x . (Omeent. yc'rommao ACHMIITOTH-
YeCKH B LIENOM.)

128. 25" +y' -y = 12¢ . (Omsem: HEYCTOHYMBO.)

129, 4y" + 163" + 15y = P {Onmgem: yerolMUMBO aCHMII-
TOTHYECKH B HENOM.,)

130, y* +y+ctg x=0. {Omegem: ycToitu¥Bo. )

2, HccnepoBaTh Ha yCTOWUYMBOCTE HyNeBoe pelleHHe Hudidbe-
PCHHMANBHOTC YPAaBHEHHA WK CHCTeME JH(bdepeHIHaNLHBIX
YPaBHEHMIt, HCTIONB3YA COOTBETCTRYIOUINE TeopeMEl JIANYHOBS 06
YCTOMIHBOCTH U HEYCTOMUUBOCTH, XapaKrepUCTHUECKHe YHena 1
yeroeua Payca — Typeuna.
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2L " +2y"+y+y = 0. {(Omeem: ycToMMEBO ACHMITIOTH-
YecKu.)
2.2, 5y™ —~15y"+y -2y = 0. (Omeem: Heycroliuyso.)

2.3. 3" +2y" + 6y’ + 3y = 0. (Omeem: ycToH4HBO ACHMIITO-
THIECKH. )

2.4. y" -2y"+y —y = 0. {Omeem: neycToiunB0.)

(Y1 = =¥+t »/3,
2.5, 1Yy = »/3-y,+¥3/3, (Omeem: ycroityuso acHMNTo-
V'3 = »/3-y;
THYECKH.)
(V'y = Vot ¥y,
2.6.4¥'9 = y1ty3,  (Omeem: neycroiumzo.)
V'3 = ¥ty
(V' = =Y =Y,
2.7.3¥'y = =2y, -y, - ¥3, (Omeem: Heycroiuuso.)
V'3 = =2y, -y,
(¥') = ~3y, +2y,+4y,,
2.8.3Y'9 = ~Yy— 2y, (Omeem: ycTOUNMBO ACHMII-
V'3 = —2y;.
TOTHYECCKH. )

2.9. 3y(4) +10y" -8y = 0. (Omeem: HeycTOlYHBO.)

2.10. 35 + 1197 +27y" +29y + 10y = 0. (Omeem: yerol-
YHBC aCHMITOTHIECKH.)

Hccaenosars Hynesoe pelmeHne ykasaHHo# chcTeMb! audibe-
PeHUHMANLHBIX YPaBHEHUH Ha YCTONYKBOCTL: B MepBOM NIpHOAU-
XeHHH; ¢ nomoukio dyHKIWH JIanyHopa v.

dax

=¥ ’
2.11, :z v = x4+2x2+%y2- {Omeem:
:‘!{ = --4x+2y3—4x3,

YCTOHYHBO; HEYCTOIIuRO,)
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2.12. +

YeTOHYHE

2.13. +

y=x+x+ %yz . (Omeem:

dy _ -3 5
¥7 2x —4x” =2y,

0; YCTOWYHERO.)
(dx
dt

¥ 3y+xy+xTy ol

= —y+xy—x3—%xy2, ‘
= 3x2—2xy+y2.

(Omeem: ycrofuiipo; yCTORYMBO ACHMITTOTHYECKH. )

2.14. :
yeToliuue
2.15. 4
yeToRYMB
2.16. |
yeToliuus

2.17.

(& -y xy?
dar 777
v =x +2y2 . {Omeem: HeycTolYMRO;

ﬂ=_3
L dt x

0 ACUMIITOTHYECKH., )
(dx
dt
dy

=X
L dt '
0 aCUMNTOTHYECKH.)
(dx 3
d.f =y,

—2x-3y°, .
v=x"+y . (Omeem: ycToiYuBO;.

v = 2x2 + y4. {Omeem: ycroiiuuso;

dy _
7R <,

O aCHMITTOTHYECKH. )

dx 5

EE —4y—-x,

dt
v=3x +4y2. (Omeem: yeToluupo;

a3
L df 3x-y,

YCTOUYHBO aCHMIITOTHYESCKH.)

2.18. -

fdx

7 = 4y — 22 4y ) ;
v = -x2+2y2+y4. (Omegem:

dy _ ‘ 2
7 X, .

yeToiunBo; HeycToMY#HBO.)'
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‘;—’: = pxi+y%, s 3
. 2.19. d s 4 ve=x +y . (Omsem: ycrofi-
& _ _
a4 - Xty
9HBO; HEYCTOMUHBO.)

@ _ —3x+xy+xy3—1x2y,
dt 2 2 2

2.20. d s 12 v=x -2xy+3y.
a9y . _ 9y —a
dt x+xy ¥y 2.1' ¥,

(Omgem: ycTOWUHBO; YCTOHIMBO aCHMITTOTHYSCKH. )

HccnenopaTs Ha YCTOWMHBOCTE HYJIEBOE pellleHHe YKa3aHHOM
CHCTEMH mHepeHUMANLHEIX YpaBHEHHH,.

(2 = x(3+sin y),
2.21.¢ dy s {Omsgem: HeYCTOUYIHBO.)
|25 = —p(1 +cos 2x).
% = —x(1+cosy),
2.22, « d {Omeem: HeycTOAMEO.)
_2 = i
VT (2 + sin x).
2 L -1y,
" 2.23. 4 dy (Omsem: ycTONIHBO ACHMITTOTH-
4 - X—siny.
YecKH.)
dx _
7 4x+ycosy, ‘
2.24. < d ) (Omsem: HeycTOHYHBO.)
. l =
v 3x+2y+y e,
B In@dy+e?),
dt
2.25. < 4 ( Omeem: ycTOMIMBO acUMITTO-
&y _3fi_ -
;7 1-6x+2y-1.
THIECKH, )
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LJ

(dx _ x+2y

b7 [ —cos 3x, )
2.26. < d {Omsem: HeycTOMMHEBO.)
B‘Z Ja+8x-2¢.
% = 7x+2sin y,
2.27. dy _ {Omegem: HeycTOHIHBO.)
7= € X3 y-1.
%’-: = In(dx+¢),
2.28. | d {Omaem: HeycTOMYHEBO. )
;;E = 2x—1+31-6y.
% = -3x+ -1, )
2.29. ¢ 4 (Omeem: yeTolMMBO 4CHMIITOTH-
3-‘-’ 2 sin x— 5y. ‘
9ecKH.)
(% = 2x— 1+ ¥T-8,
2.30. - dy 3 (Omsem: ycToHYMBO aCUMIITO-
(T In(dx+e ™).
THYECKHN.)

Pewenne munosoco eapuanma

1. HcenenoBath Ha YCTOIIHBOCTD Y2CTHOE PEHICHHE ¥ = (@(X)
RuddepcHIMANREHOTO ypaBHEHNs ) = f(x, ¥), YRORICTROPAIO-
Inee HaYABHOMY YCIIOBHIO 9(Xy) = ), MCIONE3YA OMPECACHHUS
YCTOHIHBOCTH K HeycToHuuBoCTH No JIsmyHoBy:

i)y’+£ =1+2Inx, o(1) = 1;
2x

2y = ;QTZL @(0) = 2;
e
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3
i3 1
3 = cte x+ _.L. . (ﬂ =
VY Syetgxto—, ¢ 3
* » 1. Peras maHnoe AMHEHHOE YpaBHEHHE CTAHIAPTHRIM METO-
BOM, HaxogMM ero obee peirenne; y = x In x+ C/x. Hemonms-
3yd HA4YaNbHOE YCIOBHE, BREYHCIAEM 3HaYeHWE TPOH3BONLHOM
nocreadHoi: C= 1. CreoBaTeILHO, YaCTHOS pElleHHe HMEST

BHA y = @(x) = xInx+ 1/x. Jng Toro 4ro6el MCCIENOBaTL ¢ro
Ha YCTORYIHBOCTE, BO3bMEM MioGoe Apyroe pemreHye ¥ = f{x) Jau-
Hore guddepeHIIEANLHOTO YpaBHeHHS NIPpM HaYaAbHEIX NaHHEIX
(x0, y0), AOCTATOYHO MaJIO OTHHYAIOIINXCS OT HAYANBLHLIX TaHHEX
(1,1). Torza. C GymeT HOCTaTOYHO MaNo OTIMYaThCd OT | W
Jx) = xInx+ C/x. Oanee,

9= = £ 0

NnpH x — +w, T.e. MOAYIE YKa3aHHOH pa3sHOCTH MOXHO CAENaTh
MEHEIIHM T1060ro Hanepen 3aJaHHOTO € > 0, Yo M 02HAYaeT, Co-
IMacHO ollpefe/ieHNIo, YCTOHIHBROCTE BAHHOTO YacTHOTO pelc-
Hus. Boliee Toro, TaK Kax MOOY/IL 3TOH Pa3HOCTH CTPEMHUTCA K HY-
o nipn mobom C, To faHHOE YaCTHOE peIleHHe YCTONHYMBO aCHMIT-
TOTMHECKH B LIEIOM.

2. HaxonuM obmee peweHMe nudipepeHIMANLEOIO YpaBHe-
HHA ¢ pa3sEelTiONIHMNCS TepEMEHHEBIMH: .

y=fix=C i+e?*,

TIpr paHHOM HayansHOM ycaoBuM C= 2 ¥ @(x) = 2J 1+ ezx,

N03TOMY

) -0 = [C-21 + 2.

Ecny x — +ee, To MOBYAE 3T0M Pa?HOCTH CTPEMHTCA K Becko-
HEYHOCTH H NIpe BOCXOMMT N1000e Hanlepe  3akaHydoe € > 0 , KakoBo
6L HH OEUTO 8> 0. DTOo M O3HAYAeT, YTO AAHHOE pPEilieHHE He-
yCTOHUHEO, . '

3. OBugee pewenme .uarmorb ypaeHenus Bepuynin umeet
BHI .
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y=Afx)=sinx/J2cosx+C.

BsinesisieM M3 HETO 9acTHOE peilleHue ipu € = 4, yIOBIeTBOpA-
lollee YKA3AHHOMY HAYANBHOMY YCAOBHIO:

¥y=o(x) =sinx/J2cosx+4,

Hanee Haxomum, UTC

x) — ()} = Isin x||/2 cos 2X + 4~ /2 cos x+ (] x

1
x| cosx+ Cficosx+4 .
Mpu 3HaveHMAX C, TOCTATOUHO GIU3KMX K 4 (JOCTATOUHO Ma-

AEX 8> 0), 310 BHpaXeHHe MOXHO CHASAaTh MEHBUIKM JI060TO

Hafiepen 3afaHHOTC € > 0 TIpH JMoGHX X2 /2, T.€. AAHHOE YACT-
HO® PEHICHHE YCTOWYKBO (HeacMMITTOTHYECKH). 4

2. iccnenoBaTs Ha yCTOHYHBOCTS HACTHOE PEelieHUe y = ¢(x)
ypaBHeRMA ¥ = flx, y,y'), YVOOBIETROpAWUIEE HAYUILHEIM
YCTOBHAM 9(xg) = ¥y, ©'(xy) = Y, HKCHOAB3YA OperecHAA
YCTOMMHMBOCTH M HEYCTOMMMBOCTH N0 JIanyHosy:

Dy =2 02) = 1,9 = -1;
X

5 .
" 2 d Fl
2y =35, 00 = 2,00 = -2.
» 1. NoacraHoBKa y = YZ TIpHBOOHT K YpapHeHHIO " =
=yz+y? = yzz+yz' Wi ' +z2/x = l/xz—zz.O'rcm,uaHaxo-

AMM Z, a4 3aTeM, pellaq ypaBHeHUe )’ = yz, noayuyaeM oburee pe-
HICHWE NAHHOTO YPABHEHMA: -

y=Ax) = Cix+C,)/x.
C oMOWIbI0 HAYATBHBX YCIOBKH BHUYMCIAEM NMPOH3BONBHbIE

TOCTOsHHKe Cu Gy C =-1/4, C, = 3. HckoMoe HacTHOe
pelHCHHE

1.3
Y= olx)= —gx+=.
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Torna

i C,-3
(Cl + Z)x + -
T.¢., KaK GEI MAl0 HH OTIHYaNach ocTogHHad C) o1 —1/4,a C, -
ot 3 (T.e. XaK Okl HM GbiX0 MaNo § > 0 ), MORYNbL YKa3aHHOH paa-

HOCTH pelieHU He MoXeT OBITH MeHpliie JI060To Halnepen 3a5aH-

HOTO €3> 0. CHeRoBaTeNbHO, HaMASHHOS YacTHOE pellleHHe He-
YCTOWYHBO.

fx) - p(x) =

C, +il|x| opy x — +o,

2. O6uee pelleHye AAHHONO YpaBHEHHS:
‘ . 1
=fx) =1+ —.
y =0 Cx+ G,
YacTHOe pellleHHe, YHOBNETBODHIOMIES YKA3aHHBIM HAYANE-
HHIM YCIIOBHAM, ¥MEET BHAI

1
2x+1°

y=0(x) = 1+
Torna

1 |
Cix+C, 2x+1|°

[Ax) - o(x)] =

Kaxopr1 65t HE 6binl Cy = 0 1 C, # 0, nociieiHee BHIPOKeHHUe
CTPEMUTCH K HYTID MPH X — oo, OTCIORA CIEyeT, 4TO YacTHOE

gee;ughliuﬁ UCXORHOTO ypaBHEHNUA YCTOHYMBO ACHMIITOTHYECKH B

3. UccnegoBath Ha yCTOMYHBOCTE HYIEBOE DELICHME:

1) 65 + 199" + 46y" +39y' + 10y = 0

Y= -y 12y,
)Yy = 5y =¥y +2y3,
'3 =S¥y

» 1. 3anuineM xapaxTepHCTHYECKOE YpaBHeHUWe 6l4 + 197L3 +
+4607+390+10 = 0 W nmepenmileM ero B Buge (17.25)
7L4+a[l3+az?..2+a3l+ a; =0, e a; = 19/6, a, = 23/3,
a3 = 13/2, a, = 5/3. CocraBuM MaTpuLy {17.26):
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19/6 1 0 0
1372 23/3 1976 1
0 -5/3 13/2 23/3
0 0 0 5/3
H BEIACHHM, BHITIONIHAIOTCA M YenoBHA Payea — IN'ypeuna (17.27):

_ - 1926 1 | _ 437 13 _ 160
A = 19/6>0, A, = =20 22 =y,
L 2 /2 23,3 18 2 9
19/6 1 0 10 675
B3 =113/2 23/3 19/6| = “o5 > 0>
0 5/3 1372
53375

Yonosuda Payca — I'vpeHIla BHITONHEHH. 