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Bmpameﬂnﬂ, cTofllNe NOox 3HAKAMH HHTErpanoB, BelUECCTBCHHH M 1100~
XHUTC/bHBI, H CA€N0BATEJIbHO, TAKUMH Ke 6leYT W CaM¥ HUHTerpaihl. Ho

Torna toxnaecrso (61.18) mokasmiBaeT, uTO M BeJMUHHA A Oyzer Belle-
CTBEHHOHM M MOJIOXKHTENbHOM, M CJeIOBaTeNbHO, BeqHUHHA A* Oyner Belle-
CTBEHHOH.
- TouHO Tak e IOKa3bIBAaeTCs BeLleCTBEHHOCTb KOpHeH ypasHenus (61.4).
Pasuuua Oyzner sak/io4athcsl JMIIb B TOM, 4TO Tenepb B ToxaecTse (61.18)
unTerpaiel 6yayr Oparbcs B npenenax or 0 no 2m.

[MTokameM Tenepb, yTO BCe KOPHM ypaBHenuit (61.3) m (61.4) Oynyr
NpH WU, LOCTATOYHO MAaJOM, AHAJUTHYECKMMH (YHKUMAMH ITOH BeJIHUMHEL.
B camoMm nene, U3 npenblayLero ciaelyer, uTo BCe KOPHU ypaBHenu#t (61.3)

u (61.4) sBasoTcd aM60 AHANMTHYECKMMH (DYHKUWSAMH BeJHYHHbBI Vu,
JAu00 aHaNMMTHYECKMMH ¢(yHKuMaMH Beanuunbsl W. Ho ecam xots OB oavH

M3 YKa3aHHBIX KODHER ABJAJICH aHAIUTHYECKOH (yHKIMER BEJW4UHDI Vu.
7O OH 0093aTeNbHO Obla OBl KOMIVIEKCHBIM JHOO TNPU TNOJOKUTEIbHBIX
3HAauYeHHMsX (I, AHOO NpM OTpUUATENbHBIX 3HAYeHHWAX 5TOH Beauumubl. Ho
MBI TOJIbKO 4TO IIOKa3and, Y4TO Bce KOpHH ypaBHenuit (61.3) u (61.4)
AIBASIOTCA BelleCTBEHHHIMH, M 3TO OydeT CHPaBelIMBO BHE 3aBUCHMOCTH
or Toro, OyZer JM napaMerp K TMOJOXKHTeNbHHIM WKW OTPHLATE/]bHEIM.
Taknm o6pasom, Bce xopHM ypasHenu#t (61.3) u (61.4) Gyayr anamuTu-
YeCKMMH (QYHKUUSMH BEJIHYMHDBL |4 B HEKOTOPOH OKPECTHOCTH TOUKH i ==0,
T. €. OHM OyAyT pasnarathbCsl B PAABl MO UEJLIM MOJONKUTENLHHIM CTele-
HAM WU, CXOAfILMEcs NpH W, JOCTATOYHO MAJIOM.

. Byaem reneph paccMaTpuBaTh BCEBOSMOXHEIC 3HAaueHWss A M MOCTPOMM
rpaduk xpuso#t A (A) (cuntas p puxcupoBannsiM). C ITOH LEABIO OTIONKHUM.
Ha OCH A BCe KOpHHM ypaBHenn#t (61.3) u (61.4). Kak MBl BHiemM, BCe
STH KOPHH DACNaialOTCs HA Naphi, PacrONOMEHHbE ‘BOJIM3U LENOUYHCEH-
HBIX 3HaveHn#t A. OGo3Haunm uepes A JL,, Kopxm pacnonoxenHnsie BOIU3H
HEe/MOTO HEYeTHOr0 WYHCIA N, W uepes Ay, An — KOPHH, DPAaCNOJIOXKEHHbIE
BOAM3H 1EJOrO YETHOTO uMcaa 7. Bce aTH KOpHM pasbuBaOT OCb A Ha
MHTEPBAABl ABYX THNOB (puc. 17). VHTepBa/jbl MepBOrO THMA OFPAHUYEHHB
c o0enx CTODOH KOPHSMM OJHOTO BHJAA, T. €. TAKUMHU, KOTOPHE Jau6O
06a ynaoBJIeTBOPAIOT ypaBHeHmi0 (61.3), au6o 062 yA0BAETBOPAIOT ypaB-
siennio (61.4). K rakoro' poma HMHTepBasaM TNpPHHAIJIENKAT, . HANPUMED,
HHTEPBAJbL (7»1, 7»1) H (7\.2, 7»2) VutepBansl nepBoro tuma Mol GyaeM
Ha3BIBaTb OOHO POOHbL MY VIHTEPBAIL BTOPOrO TUNA, KAK, HApUMEP, HHTEP-,
Ban (MI 7\.5) OrPaHHYEHH, C ONHOH: CTOPOHBI, KOpHeM ypamuenus (61.3),
a ¢ gpyro#i cTOpOHBI — KOpHeM “ypaBHeHus (61.4). Hurtepsaaw Takoro
BUAZ MH COyleM Ha3uBaTh PA3HOPOJnummu. Kak BUIHO ‘M3 yepTexa,
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MHTEPBAJH OXHOPOAHHIE K pasHOpoiHble uepenyiorcd. Hekoropwie ozmo-
POIHBE HHTEPBAJB MOTYT BHIPOAHTBCH B TOuKy. D10 Oyler B TOM Cay-
yae, ecan ypasHenue (61.3) nau (61.4) uMmeer KpaTHble KOPHH.

Tenepb /Ierk0 BHAETb, YTO B KaXIOM OXHOPOIHOM (HEBBIPOMAEHHOM)
VHTepBaJle HMeeT MeCTO HepaBeHCTBO A2 > 1, a B KamIOM Pa3HOPOLHOM
uHTepBase — HepaBeHCTBO A? < 1. JIpyruMu cJOBaMu, 06JaCTH HeyCTOM -
YHBOCTM COBNAJAIOT C OJAHOPOIHHIMM HHTEepBajaMHu, a 00JACTH YCTOHUM-
BOCTH — C HEOJHOPOJHBIMK HHTepBaiiaMu. [lefiCTBHTENIbHO, PacCMOTPHM

—1 t
KaKo#-HUOYAb HEONHOPOAHBI MHTEepBaJ, HanpuMep (Ll, A2). B arom
MHTEpBaje BelvunHa A uaMensercs or —1 B Hauajae MHTepBana A0 -1
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Puc. 17.

B KOHIe MHTepBaja. M Tak kaxk npH 5TOM BeiuuuHa A BHYTPHW HMHTepBazia
HUTZe He MOxeT oGpaTuthcs B 1= 1, Tak Kax Bce KOpuy ypasuenutt (61.3)
n (61.4) pacnosoxensl B KOHLAX MHTEPBAJOB, TO BO BCEX TOYKAX BHYTPH
paccMaTpuBaeMOro MHTEpBaJda HeOGXOMMMO HOJDKHO BBIMOJNHATHCA HEpa-
BeHCTBO A2 <C 1. PaccmMoTpuM Temeph KakOH-HHOYAb ONHOPOIHEI HEBHI-
POXIEHHbIH MHTEpPBAJ, HAa KOHUAX KOoToporo A = 1. Ilycte 310 Gyzer,
HanpuMep, HUHTepBaa (7\.5 7\.;) Tak kak B 3TOM WHTepBaje A H3MeHseTCH
or -+1 mo -1, T0 BO Bcex TOYKAax BHYTPHW MHTEPBAJa BHIIOJHAETCA
au6o HepaBeHCTBO A > 1, smb60 HepaBeHcTBO A < 1. YroObl BHIACHUTH,
KaKO# W3 3THX C/yuaeB AeHCTBHTEJbHO MMeeT MeCTO, PACCMOTPHM TOYKH,
JexauiMe BOJM3M OXHOTO M3 KOHUOB HHTepBata. Ilycts sto Oyner

! 7
KoHell Ag. Tak kax MHTEpBan MO YC/IOBHIO He BEIPOXKIEH, TO KOPeHb Ag

dA
ABJIAICTCA NPOCTHIM W, C/IeNOBATENbHO, —m— He o6palaercss B Hy/ab NpH

k=l«_§. U taxk kak JseBee TOUKHU ),é BeauuiHa A MeHbllle eIWHHIE, TO
OTCIONa CJELYeT, UTO NpaBee yKa3aHHOW TOYKW BesqHuMHAa A GoJblie enu-
nuuel. [Ipennoxenne, Takum o6pasoM, Aokazano. TOYHO TaK ke NOKasbl-
BAETCA 9TO NPEINONKEHHE M AR TeX OLHOPOAHLIX WHTEPBAJNOB, HA KOHURX
KOTOpLIX A == — 1.
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Hrak, npuaasas B ypasHennu (61.1) mapametrpy A BCeBO3MOXHBIE
3HAYEHUS, MBI [OJAYYMM GECKOHEUHYIO MOC/eJ0BATENbHOCTh YepPeNyIoUnXCs
obacte#t YCTOHYMBOCTH H HEYCTOHUMBOCTH. I'panunaMu sTHX obaactet
ABAAIOTCA KOPHHM ypasuenu#t (61.3) u (61.4), xorophe Aeasr ocb A Ha
MHTEPBAbl [HBYX BHIOB: OJHOPOIHBIE, KOTOPHIE OrpaHHYeHb ¢ 0GOUX
KOHUOB 1460 KopHAMHU ypasHenus (61.3), mmbo kopuamu ypasnenns (61.4),
¥ P3a3HOPOLHHIE, KOTOPHE C OAHOH CTOPOHEI OrpaHuueHbl KOPHEM YpaB-
Henusa (61.3), a ¢ apyro#t cTopoHH — KOpHeM ypasHenwus (61.4). O6aactu
YCTOHYHBOCTH COBMNANAIOT C HEOJAHOPOJHLIMM HHTepBa/laMH, a OGJIACTH
HEYCTOHYMBOCTH € OMHOPONHBIMH MHTepBanamu. Kopuu ypaBHenus (61.4)
pacrnonoxeHsl BOJHM3H HeablXx!) HEYeTHBIX YHCeJ NO [BA KOPHA BOJIN3M
Ka)XI0T0 TaKOro uucaa, npuyeM npn U==0 3TH KOpHM C/IMBAIOTCA U
IeNaloTca PaBHBHIMK yKasaHHoMY uucay ). Kopuu ypasunenns (61.3) pac-
AOJAraTCd aHAMOTHYHBIM 00pa3oM BOJM3M lEJHX 4eTHHX uHucea. Bce
YKasaHHble KODHM fIBJIAIOTCH TPH [, JOCTATOYHO MAJIOM, aHAJUTUYECKHMH
GYHKUMAMHE 9TOH BEJHYMHEL

§ 62. Ipakruueckuil cnoco6 onpexenenus objaacreil ycTONYHBOCTH
H HEeYCTOWYMBOCTH AJfA YpaBHEHWSI BTOPOTO Nopsaxa.

W13 pesynbTaTOB npensayuiero naparpaga cieiyet, yto Bce 06/1acTH
HEyCTOHYMBOCTH ypasHeHus (61.1) pacmosioxeHB B OKPECTHOCTH LEABIX
yucen. IIpy 9TOM B OKPECTHOCTH KaX(IOTO LEJOr0 YMCJA 7 PACTOJIONKEHA
oaHa 06/acTb HeyCTOHUMBOCTM. DTa 06/1aCTh NMpPY 7 YETHOM OrpaHMYeHa
KOpHsiMU ypaBHeHus (61.3), a npu 7 HeueTHOM —KOPHAMY ypaBHeHHUs (61.4).
Ipu p=0 xaxcnas o61acTh HEYCTOMYHBOCTH CTATMBAETCS B TOUKY.

B Hacrosem naparpade Mbl paccMaTpUBaeM OLWH K3 NPUEMOB TIPAKTY-
YeCKOTo onpeleseHus o6jacTeit HeycTORuMBOCTH, T. €. KOpPHeH ypaBHe-
uutt (61.3) u (61.4).

Jonyctum, yto B ypaBHennu -(61.1)

d%x A2 .
—z TMRA+ufE w)x=0, (62.1)
rie

f& w=fHO+pf,O)+ ...

A sBaserca kopHem ypasuewus (61.3) mim (61.4). Ilycts ans onpese-
JIEHHOCTH peub MAET O KOpHe, obpauiaioiteMcs npu p==0 B 3azaHHOe

_ ') Heo6xoauMo umeTh B Buay, uT0 mepuop ¢yHKmuu f B ypaBrenuu (61.1)
IPUHAT DPaBHHIM 7. Ecan OBl STOT NeEpHON PaBHAJICH KaKOMY-HHOYIb IDYTOMy
uucay @, TO KOpHU ypasHenuit (61.3) u (61.4) pacmonaraauch 68 B6JAHSH HUHCER

nw
BHJa —m—, rjie n-——uejoe 4ucJo.

%) He caeayer aymatb, 410 Kamjas Takas napa KopHe# HempeMEHHO pas-
AeafeTCA COOTBETCTBYIOIIUM €ff LeabiM YHCAOM. MOXKET cayunThcd, 4o 06a KOpHA
HaXONATCA 1O OJHY CTOPOHY OT YKAa3aHHOrO 4ucaa.
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uenoe uucao n. Kak ME BHIeaM B npenmayuem naparpade, npu L,
AOCTATOYHO MA/IOM, YKa3aHHI KOPEHb SBISETCH AHANMTHYECKOH (BYHK-
UMel W, M MBI MOXEM MHCATh:

=t op—t o4 ... (62.2)

Hpn crenannom npenmonoxennn ypasuenne (62.1), kaxk 310 yxe
YKaseBaJOCh B NpelblaylieM naparpade, uMeeT NepPHOAMYECKOE pelleHHe
C mepuoioOM, DaBHHIM 27, €CJHM 72— YUC/IO HEYETHOE, W PABHHIM 7T, eCIU
n—uuCclI0 YeTHOe. BynaeT /m ykasaHHOe pellleHHe TaKXe fBJAATbCS aHa-
TUTHYECKOR dyHKumed p?

Tak kak xoadduuments ypaHenus (62.1) aBasgi0TCA AHATUTHYECKHMU
GyHKUMAMH [, TO BCAKOE pelileHWe 9TOTO YpPaBHEHHS, HayaJbHble 3Haue-
HHS KOTOPOTO He 3aBHCAT OT |, OyleT aHaIUTHYeCKUM OTHOCHUTENbHO M.
To ke camoe Gyaer cnpaBeaquBO ¥ IO OTHOLIEHHIO K JIO6OMY pElIEHHIO,
HayaJbHble BHAYEHHS KOTOPOrO 3aBUCAT OT W, HO ABJASIOTCA AHAMUTHYE-
CKHMM QYHKUMAMM 3TOH Bemwuyunbl. IlycTe x = X (f) — peuwenne ypashe-
Hua (62.1), ompenensieMoe HauaJibHBIMH YC/IOBUSAMU:

x0)=1, x(0)=0. , (62.3)

XapakrepucTuueckoe ypaHenue aad (62.1) npum crenanHoM npennosoxe-
HWH OTHOCHTEJbHO A MMeeT NBOHHON KOpeHb, paBHbi#t 1 (IpH 1 ueTHOM)
wmi— 1 (npu n HeuerHom). ITosToMy mo6oe peleHMe ypaBHeHHs (62.1)
M, B Y4CTHOCTH, paccMaTpuBaeMoe peuienue X (£) Oyaer au6o mepuoau-
yecknM, JaM60 BUMa

x(@)=to O+ @), (62.4)

rie ¢ u h— nepuoauueckue ¢yHkuud Bpemenul!). B nocaenneM ciyuae
QyHKuMA @ TaKKe onpenenser pelliende ypaBHeHHs (62.1), kotopoe u
SBJSIETCS MCKOMBIM nepuonuyeckuM. pemtenueM. Ho B cuay rtoro, uro
HauaabHele ycaosus (62.3) pemenns (62.4) me 3aBucAT OT W, 910 pelre-
HHE SIBJAETCS aHANUTHYECKMM OTHOCHTEeNbHO W. ITostoMy dyukumsa ¢ (f),
onpenesaoLIas HCKOMOE NEePHOJMYECKOe pelleHHe, SBJAAeTC aHaJiuThYe-
CKOf OTHOCHTENbHO .

Hrak, Mbl MOKa3aju, YTO B PACCMATPHBAEMOM C/yuae ypaBHEHHe (62.1)
IOTyCKaeT TNEePHONAHYECKOe pellleHue, aHAJINTHYIECKOe OTHOCUTENbHO .
Ecan Mmbl 370 pemenne yMHOXMM Ha- C (u), rae C (1) — HPOU3BOIbHAS
HeaHa/quTHYecKad (QYHKUUS [, TO Mbl NOJYYHM HOBOE HEPHOXMYECKOe
pemenye ypasHenus (62.1). Orcioga ¢ O4eBUAHOCTHIO BHITEKAET, UYTO He
'BCAIKOE NEPHOAMYECKOe pelleHMe ypaBHeHus (62.1) sABaseTcss anaauTHye-

1) Tepuon oTHX GYHKUMH paBeH N, eCHd n— YUCAO 4eTHoe, U 2%, ecau
n—vuncao HeyeTHoe. Boo6me B sroM maparpade, roBopsi O NEPHOAHYECKHUX
pemenuax ypasHenus (62.1), Mn Gyxem umeTh B BuLy, He OrOBapHBas 5TO 0c060,
UTO peub HAET O PEIIEHHAX C IEPHOAOM 7 HIM 27 B 3aBHCHMOCTH OT HETHOCTH
HAM HEeYEeTHOCTH. N
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CKMM = OTHOCHUTENbHO W. PaccMoTpuM, onHaKO, aHAMMTHYECKOE MEPHONM-
yeckoe peweHde. Ilyctb 3TO pellleHMe MMeeT BHJ

X = o (£) - wxy () +p2x, () + - - ., (62.5)

rie X; — Nepuoinyeckue QYHKIANM BPEMEeHH, ¥ PS4 CXOIATCA NMPHU HOCTA-
TO4YHO Manom ). Yro6nl crenaTh pellleHHe ONpeleNeHHBIM, HYXKHO Oyner
yKasaTb HEKOTOpPble JOMOJHHTENbHbIE YCJIOBHA, ONpelesioluiye IPOU3BOIL-
HBl TOCTOSIHHBIA MHOXHTENb, BXOMALMA B 3TO pelieHHe. DTO MOKET
ObITe CHEJ3aHO CJEAYIOLUM O0pa3oM.

Ecau pemenne (62.5) e oGpauaerca B Hyab npu £==0, 10, yMHOXUB
€ro Ha NOAXO/AMM 00pPa3oM BEHOPaHHBEI MHOXHTE/b, MBI MOXEM NOJYYHTD
pelwenue, obpawaiouieecs npu f=0 B Hanepel 3alaHHYI0 BEJUUHHY

M= My~ pnM;~+p2M, ... (62.6)

IlpyriMu  cloBaMM, B PacCMaTpuBaeMOM ciayuae ypasHeHme (62.1)
RBOMyCKaeT Mepuoanyeckoe peurenue Buaa (62.5), B koropoM ¢yHk-
UMA X; (£) yLOBJETBOPAIOT HAYAALHLIM YCJIOBHSIM

x,(0)= M, , (62.7)

rae M; — nocTosiHHBIE, YAOBJAETBOPAIOLINE JHIIbL €XHHCTBEHHOMY YCJAOBHIO,
yro psan (62.6) cxomurcs. Mbi MOXeM no3ToMy nepsbie N nocTosHubix M;,
rae N—CKoJb yroaHO 60/Ib1I0€ YHC/I0, BEIOMPATh COBEPIICHHO POU3BOJbHO.

Eciu pewenve (62.5) obGpaitaercs B Hyap npu £ =0, To npoussoaHas
OT Hero mo f mpu £ =0 6yzer OTAUYHOH OT HyJdA, U MBI MOXEM IOTpe-
60BaTth, 4TOOB BLIMOAHAIMCH HayaJbHble YCJOBHS

x,(0)=N,, (62.8)
rie Ni —_ ﬂpOHSBOanbIe NOCTOSAHHLIS, A4 KOTOpb]X pﬂ.ﬂ.
No—+uN, +pNoy . .. (62.9)

CXOIHUTCS. , .

Has Toro uroOH B KaXIOM KOHKPETHOM CJydYae BHIACHHUTb, KAKUM
M3 HauaJbHBIX ycjaoBu#t (62.7) uam (62.8) MOMHO yIOBAETBOPHTH, HOCTA-
TOYHO onpefeauts ¢ynxuuio x, Ecan x;(0)s£0, 10 pewenne (62.5)
npy W, AOCTATOYHO MajoM, He OyleT obpawatbcs B Hyab npu £==0, u
Mbl OyleM HMETh HauajbHele yciaosus (62.7). Eciu ke x, (0) =0, Ho
xy(0) # 0, 10 MOXHO yn@OBAeTBOpHTH ycaoBuaM (62.8). Ecmu x,(0)=
==X, (0)==0, 710, Kak GyjseT BMAHO HMXe W3 BHAA X,(f), Oyliem HMeThb
TOXIECTBEHHO Xy (f) =0. dror cayuyah Moxer OHITb HCKJIIOYEH, TaK KakK,
pasigenus, B ciyyae HeoOGxoaumocT, pemenue (62.5) Ha MOAXOAALLYIO
CTeneHb |, Mbl MOXEM Bceraa JOOHMTbCH, 4TOGHI OHO WMMesnO CBOGOMHBIH
YJIeH.

) Paguyc cXomumocTH 3TOrO Pfjia COBHNAAAET C PaJMyCOM CXOLAMOCTH AeBoil
yacTe ypasHeHus (62.1).
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Ycaosua (62.7) uan (62.8) oaHosHayHo onpenessior peluenie (62.5),
€C/M Mbl TOJbKO HE WMeeM JeJNO C TeM HCKJ/IOUHTEeJAbHHM ClyyaeM, Koria
BCe peweHna ypasHenns (62.1) sBasiOTCA nepuoiMyecKHMH. DTOT Cayuai
BO3MOMEH, TAaK KAK XapaKTePHCTHYeCKOe YPaBHEHHE MMeeT IBYKDaTHbifl
KOpeHb, KOTOPOMY MOIyT COOTBETCTBOBaTb ABe TPynnul pemeHudt (§ 52).
B srom nocaeanem cayuae, nas Toro uroGw peienne (62.5) Guiio BnosHe
Ofpelie/ieHHEIM, HeO0X0AMMO 3ajaTh HauaJbHble 3HAYeHHA KaK CaMoro
peliennsd, TaK W ero npou3BOAHOH.

YcraHoBuB 3TO, noicraBuM B ypasHehue (62.1) Bmecto A2 pan (62.2),
¥ MNOCTapaeMcs €My YIOBJETBOPHTb (opManbHBIM psaoM Buaa (62.5)
C NepHosHuecKHMH Ko3dduuuentamu. V3 nperplayuiero ciaeiyer, uTo
TakoH psan Bceraa Haluercss, ecanm TOJAbKO Koadduumenth «; B (62.2)
BHIOpAaHbl ONpefleleHHHIM O06Gpa3oM, a WMeHHO TakuM, uro pan (62.2)
yaosaerBopser anbo ypashennio (61.3), iu6o ypasuennio (61.4). Ilpm
5TOM MOXHO OyneT yAOBJAETBOPUTH /MO0 HayaibHEIM ycaoBusM (62.7),
0o HauaabHbIM ycioBusM (62.8), auGo TeM M APYTUM OLHOBPEMEHHO.
PaccmoTpuM Te ypaBHEeHHS, KOTOPHIM JOJDKHB YAOBJETBOPATh (yHK-
uun x; (£).

IMoacraasas B (62.1) psamet (62.2) u (62.5), Gynem uMeThb:

o
=0

[TpupasuuBas ko3pduuUHeHTH NPH OAHHAKOBBLIX CTEMEHAX W, MOJIYYUM
caenyoumne anddepeHunasbHbie ypaBHeHUs:

& o] . o . oo
g (2 Y el (1) £ | Y e =0,
Jj=1 j=1 i=0

d2Xo
e -+ n"’xo =0,
Lx | pre e (62.10
dr -+ Xy = — n2f1x)— 0%, -10)
d’x
—g iy == — (0f - 0y) X, — (8 @, /1) Xo— 09X
n BOOOuIE
d?x
T 12 = — (n2f 1 0y) Xy~ X HFy (F X oo oy Xp9), (62.11)
rae F,-— nuHefinble QYHKUMH OT Xg, Xy, ..., Xp_o C NEPHOAHYECKHMH
K03 duuMeHTaMH. DTH QYHKUMH 33BUCAT OT MOCTOSHHBIX O, Olgs + « s Op_y

H He COIEepHKAT MOCTOSHHOH .

Vpasuennst (62.10) u (62.11) naoT BO3MOXHOCTb NOCJEAOBATEJBHO
onpenenstb HeuwsBeCTHhe OyHKuUMM Xx,. OOHaKO MR TOTO 4TOOH STH
(GYHKUMK NOJYYaaHCh TNEPHOANYECKMMH, HEOOGXOIMMO, uTOGH NpaBble YacTH
YKa3aHHBIX yPAaBHEHUH YNOBJIETBOPAIH HEKOTOPHIM YCAOBUAM. ITH YCAOBHA
J2I0T BO3MOXHOCTb ONpele/ uTh Hen3BeCTHble KOS(P@UUHMEHTH (; B BHpa-
xenuu nas A2 TMoxaxeM, kak 310 Hmenaercs.
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Oflee peinende Na% X, HMEeT. BUL
Xo== Aqcos nt 4 Bysinnt.

Ono Bcerza sBAseTCs NePUOSMUYECKHM M CONEPHKHUT ABE MPOM3BOJBHBIE
nocrosutibie Ay U By OOpauaeMcs X ypaBHeHWIO, ONpefefsiOIEMY X .
IlpaBas vacTe 3TOrO YpaBHEHHs SBAAETCA MEPHOAMYECKOH (yHKuMeR £.
Hns Ttoro uroGH 3TO ypaBHEHHE HOMYCKalO HEPHONHYECKOE pelleHue,
HEOOX0AMMO M LOCTAaTOYHO, 4TOOH pasioxenne Pypbe npaBoH uacTu He
colepxano uneHoB ¢ cosaf u sinnf. Haitnem xosd¢duuUMeHTH HpH 3THUX
yjleHax.

Tax kak, M0 yc/oBuio, QyHKUUs f; ABASETCA NEPHOAMYECKOR ¢ mepHo-
oM 7, TO 3Ta (yHKuMA pasjaraercs B pan Pypbe no KOCHHycam M
CHHyCaM UeJbX (ueTHHIX) kpathoctelh £. Ho Torma dyukumum f, cosnt
¥ fsinnf rtakxKe pasnarailoTcs MO CHHYCAM M KOCHHYCaM LEJHIX (UETHBHIX,
€C/MM N1 — uYeTHOe, M HeueTHHIX, eCJaH A — YUCJAO HEYeTHOe) KpaTHocTe# f,
M Mbl MOXEM [MHCaTh:

[ee]

n2f, cos nt = X (a,, cos mt - b, sin mt),
1

m=

- (62.12)
n2f, sinnt = Y, (c,, cos mt -+ d,, sinmt),
m=1

npuyeM

an—_-“%: bn=%’

B (62.13)
c” =_Y_’ dﬂ=—-—’
2 2

rie f U y— kosdduuneHTs npu cos 2nf u sin2af B pasnoxeHuu ¢QyHk-
wn n?fy ). -

W3 dopmyn (62.12) u (62.13) cpasy HaxoouMm KO3GhPUUHEHTH MpH
cosnt W sinnt.B npaBoft yacTd ypaBHeuus Aas x;. I[IpupasHuBas 3TH
KO3(dHULUMeHTH HYJII0, NOJyYaeM C/elfyiouue ypaBHeHus:

B+ 20)) Ay+ yB, =0, }
YAo+ (20, — B) By =0,
KOTOPHIM LO/KHBI YAOBAETBOPATh Beauunuust Ay u By, [las Toro 4ToOb 3TH

yPaBHeHHsl UMM pellieHne, OTJAHYHOE OT TPUBHAILHOIO Ay==B;=0, Heo6-
XOLMMO M JOCTAaTOUHO, 4TOOM BEJWYMHA O YAOBJETBOPSJIA KBAAPATHOMY

(62.14)

') Pasnoxenne Pypoe ¢yHkuuu f, (f) He comepmuT CBOGOAHOrO UJEHA, Tak
KaK, 10 YCJOBHIO, cpeiHee 3Hauenue dyHxuuu f (f) paBHo Hymo. Bcaenctsue
9TOr0 YJEHBl, coiepiauue Cos nf u_sinnf, B Boipaxenuax (62.12) moryr no-
SIBUTBCH JUIIb 33 CYET WIECHOB € COS2nf u sin2nt B pasaoxenun QyHKuuu f; ().
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yPaBHeHHIO
(20, -+ B) (20, — B) — Y = 0.

OT1cio1a HAXOAUM:
1
0= Va4

- 3nech Heo0XOAMMO pacCMOTpeThb [JBa CJydyas B 3aBHCHMOCTH OT TOTO,
Symer s P2 y2=£0 wm B2~} y?>=0. PaccMoTpuM cHauana nepsuifi
W3 YKa3aHHBIX CJydaeB. B 9TOM cayuae ypaBHeHde Nisi O WMeeT lBa
NPOCTHX BElLIECTBCHHBIX KOpHA. IlpupaBHieM 0, OJHOMY M3 3THX KOpHeH.
Tax xak OH ABAfeTcd NPOCTHIM, TO OH He obpaulaer B HY/Jb XOTH Obl
ONVH U3 MUHOPOB onpexeaurtens cucrems (62.14), Bcaexctsue  uero
TOJbKO OIHA W3 BeauuMH A, n B, MoxerT ObiTb BHOpPaHa NPOU3BOJBHO.
Honyctam, €ro 3TOH BeaMuMHOM sBaserca A, a4 yYero HeoBXOZUMO,
yToObl OHA TOJYUYMJIACh OTJIMYHOH OT HyJad. Dro yciosue Gyner, Hanpu-
Mep, HaBepHsKka BLINOJAHeHO, ecau y %= 0. Tlpu crenanHOM mpennoJoxe-
HuM BeauunHa X (0) Oyzer orauyHO# OT Hyas. [losToMy Ha OCHOBaHUMH
BLILIECKA3aHHOrO MBI MOXXEM NpPM BHIYKHCIEHHH QyHKumMit x; (f) yroBiaerso-
PUTb HauaJabHEIM ycaoBuaM (62.7). Mbl MOXeM, B YaCTHOCTH, MOJOXHUThb
Ay=1. Torna ypasuenus (62.14) nanyr ana B, onpelereHHoe 3Ha-
yeHue.

Bui6pas, taxum obpasoM, o,, A, u B;, MH OyieM MMeTb, 4YTO ypas-
HeHve js x, Oyner npomyckath nepuoamueckoe pewenve. Ho torza m
oflllee pelieHHe STOrO ypaBHEHHs, MMelollee B[

Xy == x1 (&) -+ A, cos nt + B, sinnt,

IIe Xi-— 4acTHOE nepuoiMueckoe peulenve, a A; u B; — npousBoibHbIE
nocTosHHble, OyIeT Taxwke mnepuoiumyeckum. Bemvumny A, Mb MoxeM
TNOJOXUTb PaBHOH Hymo. D10 OyleT 0603HauaTh, 4YTO B ycaoBuax (62.7)
BeAMuYMHA M; mpuHATa PaBHOK xT(O).

IlepexonuM Tenepr K BBHIUKUCJEHUIO aabHeHwux npubamkenut. IMpu-
paBHUBAA HYJII0 KO3(QPUUMEHTH Npu COS nf ¥ sinné B ypaBHEHUH 1Ad X,
NOJMy4YUM CHCTEMY JIWHEHHBIX HEOINHOPOAHLIX ypaBHEHMH

2440y +vBy+2p, =0, }
2By0y -+ (20, — B) By - 29, =0,
Tie po ¥ gy — BIIOJIHE ONpele/]eHHble MOCTOSHHbIE, NPEeACTaBAS0WUe COGOM

. 2 *
K03 (ULMEHTE! IPY COS 1Z U sin 7t B BHIPAXEHUU 1 f X1+ (alfl—l—anQ) X,
Onpeneanteab A 3To#t cucTeMbl, paBHBHIR

A =220, —p) Ay — 2y By== 80,4, = 8a,,

OT/IMYeH OT HYyJsi, ¥ TNOTOMY 3Ta CHCTEMa OJHOSHAYHO ONpENeJfeT Belu-
UMHE Oy M B,
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flocae Toro kak 0, ¥ B BLUMC/IEHB YKA3aHHHIM CNOCOGOM, ypaBHe-
HHe I Xo OyLeT JAONYCKaTh TOJALKO NePHOLMYECKHE peIUeHHS, W MH
MOXEM HamucaThb:

X, = X, (£) 4 A, cos nt - B, sin ¢,

Tle x;(t)—HeKOTopaa nepuonanueckas ¢yukums, a A, u By — npous-
BoJbHBle nocrosHubie. [locTosuuy Ay, Tak Xe Kak n A;, MOXHO 10JO-
KUTb DaBHOM Hym0. UTO Ke KacaeTcs NocTosHHOH B,, TO oHa onpene-
JUTCS BMECTE C MOCTOSHHOW (3 M3 YCJOBHMS NMEPUOAUYHOCTH (BYHKUMH Xj.

JeHCTBATENLHO, HOMYCTHM, YTO TNOCTOSHHBIE @, @y, ..., Op_; H
byHKUMM Xg, X, ..., Xp_; YHE ONpeAeNeHbl M YTO YKasaHHble QYHKIMK
BbILIJIA NEPHOJNYeCKUMH. [IpM 9TOM MBI MOXEM HANKCaTh:

X, =X, ()4 B,_,sinnt,

rae X, ,— HeKkoTopas neproandeckas ¢yuxuus, a Bj,_; — ocrasmascs
ellle HeonpeIeNeHHON NOCTOAHHAA, KOTOPadA AOMKHA ObITh BHIYUC/IEHA BMECTe
C TMOCTOSHHOM 0O M3 YC/IOBUA MEPUONHYHOCTH PYHKUMHU X,. ITH THOCHEN-
HHe YCJOBHA MBI MOJYYHM, NPHPABHUBAA HYJMIO0 KO3GGbULHUEHTH NP COs nf
u sinnf B NPABOH 4aCTU ypaBHeHHA LA X,. TakuM myTeM MHl, KaK Jerko
BHIETb, INOJYYHM CJAelyIOUIMEe YpPaBHEHHS:

2400, +VBy1+2p, =0, }
2By, + (204 —B) By 29, =0,

rie p, ¥u g, —Ko3pduuMEHTE Tpu cosnt M sinnf B BHPANKEHUH
——-nﬂflx;_l—{— F,, B kotopoM F,, #BAfACb, KaK YKasplBaJoCh BHIlle,
miHelHOM QyHKUMEH BEJMUYNH Xg, Xp, ..., Xp_o C NEPUOINUECKUMY KO-
¢duumenTamMy, OymeT BNOJHE ONpeleeHHOH mnepuoAuMdeckolt (yHKuUeH
BpeMenu. Y pasHenus (62.15) 0n1HO3HAUHO OTPeneAOT BENMUMHEL 0, 1 B, _;.

Mpl npennonoxund, 4ro ypasuenus (62.14) naior mas A, Beawumny,
oranunylo ot uyad. Jonycrum, uro Ay=0 u, crenosatesbHo, B+ 0.

B arom cayuae x(0) =0, Ho x3(0) %= 0, ¥ nosTOMy BMECTO Haua/b-
Hex ycaosu#h (62.7) 6ynyt ¢urypupoBarb HayaabHble ycaosus (62.8).
B cBAsH C 3TMM B BLIDAXEHHAX MJIS X, MOXHO OynxeT OTODAcHBATL YJEHHB!
¢ sinnf, 1 STH BhHPaXeHUs GyAyT UMeTb BHUI

(62.15)

*
X, =X, A, cosnt,

rie A -—— NpoussoJibHbEe MnocTofHHEe. OrOpachiBaHue uieHoB B, sinnf
aBHOCU/ILHO MPEANOJIONEHHIO, YTO B HAYAAbHBIX ycaoBusax (62.8) Bean-
y

yiHbt N, TPWHATEL PaBHBIMH )2;(0). Hocrosnnas A,, Tak ke kak u

B TpeAblAyUeM CAyuae, ONPEACANTCA BMeCTe C IOCTOSHHOH @, H3
YCJOBHSA TEePHOIHYHOCTH Xp 4y
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Takum o6pasoM, B paccMaTPHBAEMOM CJydae, HMCXOAS H3 KakKoro-
HUGY b KOPHA KBAIPATHOrO yPABHEHHS /A O, Mbl NOJYUHM OLHO H TOJBKO
01HO dopMasbHOe pasaoxenne Buna (62.2) aas A2, mpH KOTOPOM ypaBHe-
Hae (62.1) nonyckaer ¢opManbHOe nepuonuyeckoe pelieHue suaa (62.5),
YIAOBJAETBOPSIOllee HAYaIbHEIM ycaoBusm (62.7) uam (62.8). PaccMorpes
o0a 3HayeHWs LJ4 O, Mbl NMOJYYNM IBa pasauyHbIX (POPMAaJbHEIX pasio-
KeHHs s A? 4 MepHoAuyecKkoro pemenus: Ho, ¢ Apyro#t cTOpPOHH, no
IOKa3aHHOMY, I KaXAOTO HEJOr0 7 CyUIecTByeT [OBa M TOJAbKO 1Ba
3HadYeHus! A% A2, OrpaHHuMBAIOUIME COOTBETCTBYIOULyI0 061acTb HeyCTOR-
YHBOCTH W NpPeACTaBlseMble CX00AWuMucs psiaMu sua (62.2), npu Ko-
TOpHIX ypaBHeHue (62.1) momyckaer mepuonnueckoe pelllenne Buia (62.5),
YIOB/IETBOPSIOlIee HaYaAbHEIM yciaosusm (62.7) uan (62.8). Orciona ue-
NOCPEeACTBEHHO CJELyeT, YTO MOJAy4YeHHble Bhille (OpMaabHbLe Pas3aoxeHHs
Iiast A% KaK pas M NPeACTABAAIT MCKOMEIE IpaHuub 06/1acTH HeyCTOH-
YMBOCTH H, CJENOBATEJNbHO, CXOAATCA.

OTco1a, OJHAKO, He BBITEKAET, UTO pasjoxenus (62.5) nas mepHoxuuecKoro
pemenus OyAyT Takxke CXOXHTbCsA. [asg TOro 4ToOb mocieiHee NEHCTBHTENbHO
uMeno MecTo, Heo6xoauMo, uTo6ul paabl (62.6) u (62.9) cxoxuaucs. Bonpoc o ToM,
OyAyT JiM 3TH YCJOBHS BBINOJHEHB! npH HameM BbiGope BenuunH Mp u Np, Tpe-
6ye'r eue JfanbHeHImero HCCJIEI0BaHUA. O,zu-xaxo, KaK Mbl YX€ OTME€Yaju BbIIIE,
nepBoie N BeauuuH M, u Np, raie N — ckoab yroxHo 60JbIIOE GHCAO, MOTYT
6biTh BEIGDAHBI COBEPHIEHHO MPOH3BOJBHO H, CJ€LOBATENbHO, TaK, KAaK 5TO Che-
aano Beime. [lostoMy cymMma mepBeix N uxeHoB ¢opMmanabHoro psia (62.5) orau-
4aeTcs OT HeHCTBUTEJNbHOrO NEPUONHYECKOTO pEINeHHs Ha BEJAHUMHY HOPSIKa
ManoctH (oTHOCHTEAbHO W) Bhime N. Mbl Moraum Obl, KOHEYHO, BECTH BBIYHCIE-
HHA TakHM 00pa3oM, YTOOBI NOJYYHTH 3aBeJOMO cXoxduiuecs paxel. Jas storo,
Hanpumep, LOCTATOYHO GblN0 6B B BBIPAMEHHAX JAA Xp, BMECTO TOrO 4TOOHI OT-

6pacsiBaTy uaeHb Ay cos nt uau By sin nf, sui6upate nocrosuusie A, u Bj Ta-
kUM o6pasoM, uToObl npu k> 1 Bhmoasaauch JauGo ycaosus xp (0) =0, aubo

ycaoBusi xp (0) = 0. OxHako NpH 9TOM BBIYHCJEHHS 3HAUUTEJLHO YCJIOMKHATES,
TaK KaK KawJIblH JHIUHAA 4jieH B KAaKOM-HHOYIb NPHOMHMEHHH 3HAYHTENBHO
YCIOXKHSIET BHIPXEHHE AJsi MOCAERYIOMEro npudamxenus. B TakoM ycaoxHeHuu
BBIYMCJAEHHA HET HUKaKOH HEOOXOAMMOCTH, TAK KaK JJs HalleH 3alaud NMepHOLH-
yeckoe penreHue ypaBHeHust (62.1) urpaer JuIIb BCIOMOraTeAbHYI0 POJb H €ro
TOYHOE BBHIPAXKEHHE HAC He HHTepecyeT.

IonyctuM Tenepb, uto B2 y2==0, yro Gyner MMerb MecTO B TOM
clyuae, KOTIa paszaoxenue ¢yHkuun f,(f) He CONEPKUT WICHOB C COs 2nt
¥ sin2nf. B 3roM cJayyae KBajApaTHOe ypaBHeHWe st O, OyleT UMeTb
IBOHHOM KOpeHb (paBHBIft HYII0), KOTOpHft ofpaulaer B Hyab BCE MUHOPHI
onpejeantens CHCTeMbl ypaBHenn#t (62.14). Dt ypaBHenus He onpene-
ASIOT MO3TOMY HUKaKoH 3aBUCHUMOCTH Mexay A, ¥ By OxHaKo He cuae-
Ayer OyMaTb, 4T0 Ay U By MOryT GbITH B3AThl COBEPILEHHO IPOU3BOJBbHO.
OTM BeJMYMHB, TAK Xe Kak u B cayyae B2-f-y%2= 0, BooOuwe rosops,
CBSI3aHBl MexLy CcO0OH, HO 3Ta 3aBHCHUMOCTb YCTAHOBHUTCSl NPH PacCcMO-
TPEHWM CJeAYIOIUUX TNpubaMKeHnH.

B camowm [nene, paccMOTPHM ypaBHeHwe Aas x,. [IpaBas vacTb 3TOrO
ypPaBHeHHs COAEPKUT MHOXHTedb X, [losTomy ofilee pelleHue STOro
yPaBHeHHsl, KOTOPOE COrJIacHO BHIOOPY O Oyaer MepUOIHYECKWM, HMeeT
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BUI
xy == A cos nt -4 B; sin nt -+ Ay, (£) + By (©),

rie ¢ ¥ P, — nepuonuyeckue ¢yukumu, a A; ¥ B; — npousBosbHpe
NOCTOsSIHHEIE,

PaccmoTpum Temepn ypaBHeHHe I X, M NPUPABHAEM HYJIO KO3(d-
¢uuMeHTHl npu cosnf M sinnf B mpaBoit yacTH 3TOTO ypaBHeHuda. [lo-
JAy4YeHHBlE TAaKUM 00pasoM ypaBHeHUs OyldyT HeOGXOIMMO OLHOPONHBIMH
oTHOCHTeNbHO Ay B By u He Oyayr conepxats A; u B;. Dt ypasue-
HHA OyAyT HMeTb BUI

— A B, =0,
(P—ap) Ag+QBy=0 } (62.16)

rae P, Q, R n S—Hexorophie onpeneneHnsle nocrosHnsie, JedcTBuTeAbHO,
TaK Kak o; =0, TO eIMHCTBEHHLIM UJEHOM B NpPaBOH YACTH ypPaBHEHUs
LIS Xy, He comepxkawnMm Ay u By, Gyner — n?f, (A, cos nt —++ B, sin nf),
a 9TOT u/IeH MO YCJOBUIO He COAEPXWUT HH COS nf, HU sinnt.
IpupasusaB Hymi0 omperenurenb ypaBHeHu#t (62.16), Mb noayuum
KBajparHoe ypaBHeHue 15 o. Ec/iu 3TO ypaBHeHMe uMeeT NMPOCTHIE KOPHH,
TO I/ KaXKIOrO M3 HUX NOJYYUTCH BIOJhHE ONpejeseHHit psan mas A2,
COBEplIEHHO TaK e Kak M B cayuae P2+ y2==0. Ilpn aTOM MOXKHO
O6yner noaoxutrb aubo A;==0, an6o B;=0 B 3aBHCUMOCTH OT TOTO,
Kaxkas W3 Beaumuud Ay u By, omnpenensemas ypasHenusmu (62.16), sase-
IOMO OTJIMYHA OT HyJs. Bropas U3 9THX NMOCTOSHHEIX BMECTe C (i3 Ompe-
HeNUTCA M3 YCJAOBUSl MEPHUOAMUHOCTH X3. YPaBHeHWS LT STHX IOCTOSIH-
HBLIX [OJYYyarcq JIMHEMHBIMM M HaiyT AJAd HHAX BIOJHE ONpeleseHHbe
3Ha4YeHUq. AHANOrMYHO BBIUMCIAIOTCS M AajabHeRiune npubavkeHus. Buiun-
CleHWs npu 3ToM OYyAyT COBepIIEHHO TaKHUMH XKe, KaK M B cCiayuae
p2+ y> =~ 0. Pasuuua Gyzer 3ak/aiouaTbcsi JHWIUb B TOM, 4YTO BXOMsi-
e B k-e npubanmieHune mNOCTOSHHbe A, wm B, 6yAyT onpexensTbCs
U3 YCJIOBHS MEPUONHYHOCTH He (R —1)-ro, a (k- 2)-ro npuGanxeHus.
Ecaa okaxercss, yTO ¥ ypaBHeHHe ISl O, MMeeT KpPaTHhie KODHH, TO
HCCnelOBaHUe ycaomHseTcs. Mol He OyleM 3jlecb PacCMaTpUBaTh STHX
6osiee CIOKHBIX CayuyaeB B OOLUeM BHMIE, TaK KaK B KaXIOM OTAEJbHOM
YaCTHOM CJy4yae WX HCCJEIOBAaHME He TPENCTABUT HUKAKMX TPYLHOCTeH.
Kaxk 6bl pasHOOGpa3HBl HM OBIIM STM YacCTHBIE Cilydau, MBH MOXEM Ha
OCHOBAHHMM BEHINECKA3aHHOTO OBITh BCETJa YBEPEHHBIMH, YTO BCerjia Moiy-
yarcd, MO Kpafinelt Mepe, IBa ()OPMaJbHEIX Pas/OXeHUs NI MHTepecyio-
we# Hac BequuMHbl A2, MOXHO IMOKa3aThb, HA yeM MH 31eChb He OCTaHa-
BJIMBAEMCS, YTO TAKHX PasJOXeHM# HHKOrJa He MOJAyuuTcs Gojblue ABYX
K YTO, CAelOBATE/NbHO, OHM M OyIYyT MCKOMBIMM passiOMeHWsIMH M OyLyT
cxoautbcs. MoxeT, KOHEUHO, CJAYYHTbCS, KaK 3TO BhITeKaeT M3 o6ulelt
TeOpuH, yTo 00a pasJOXKeHHsa coBnauyr. XapakTep BHIUHC/IEHUHH BO Bcex
CIyuyafX Majo OTIMYaeTcs OT pACCMOTPEHHHIX BHile $ojee MNPOCTHIX
CIyuaeB M NOCTaTOYHO BHIAICHAETCS HA NMPUBOIMMBIX HIXKe NpUMepax.
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§ 63. Tlpumepbl NpHJIOKEHHA METOAA NpeabAyuiero maparpada.

PaccMOTpHM HECKOJBKO NPUMEPOB, MOSCHAOUIMX METOH MPENblLYIIEero
naparpada. ,

ITpuMep 1. OnpenennM nepByl o00aacTb HEYCTOHYMBOCTH (T. e.
COOTBETCTBYIOILYI0 7=1) B 3afaue KoseGaHHH CNAPHHKOB 3JEKTPOBO3A.
Kax 6w0 nokasano B § 60, nuddepennnaibroe ypasHenue KoseGanuit
HUMeeT BHI '

L@ =0, (63.1)
rie

(1) = a+tbcos2t+ccosdt J+J,
A )'_p—{-qcosQr—}—rcosh JJs T

Mu Gynem mnpeanosaraTh, 4TO kKO3¢dduLHMeHTs b, ¢, ¢, r MajlH 1O
cpaBHenuio ¢ a u b. Toraa, npencraBass P B BUIE
a b

S+l fa b £
'q)_-—————JlJZ {p—}—pcos?t—}—p cos41:}>(

X{ 1— (—Z~ cos2r+% cos 41)—{— (% cos 21’+% cos 41:)2 4 .. }

U BBOAA 0003HAUYEHHd

s ittt b Lttty Sttt

p JiJs = 8o p JJ, =& p JiJe = &b
q__ I
7 &l 7 g4,

MB MOX(eM 3anucath ypasueune (63.1) B Buze

%+%{1 —+(a; cos 21+ aycos 4t) p—+-
—+ (a3 c08 2T+ a, cos 4T+ a5cos 6T+ agcos 8T p2 ...} x =0, (63.2)

Tae @;— NOCTOsHHbE, KOTOPHE MOTyT OHITb BHpPaXeHH uYepes g, g,
g0 &3 &4 B uacTHOCTH, MMeeM:

a, == &g1— 8380 Qo= &2— 480 . 2838180 — &184 — £283
1= g = = .

&o &o 280

[ns HaxomieHHs NepBoft 06AACTH HeyCTOHYWBOCTH TNOJAraeM B ypas-
nenun (63.2)

] aa

L =1t apntam+ ... (63.3)
1{ neiTaeMcsl eMy YHMOBJAETBOPUTL (POPMajbHBIM DAAOM BHAA

K== Xg+ px, + p2x, <4 . .. == Agcos T Bysint- px - plxy - .,
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rre A, u By —mnocrosunbie, a x; — nepuoandeckue dynkumn T (me-
puona 2m). Ias x, ¥ X, MOay4aeM CAeAyIOlUME yPaBHEHHS:

d2xl )

2 T %1=— (8, €05 2T+ a, c0s 41) X — @, x) ==
=—(-92L—~|—a1) Aocosr—l—(%—al)Bosinr——
1
— —2—(a1+ ay) Aycos 3t ——;— (a; — ay) Bysin 31 —
——‘-4% cos 5t — E;il?- sin 57,
d?x,
Zo X2 == — (8, €08 2T+ @y cos 41) X, —

— (@308 21+ a,cos 414 a5 cos 6v -+ agcos 8t)x; —ax, —
— 0,y (@1 €os 214~ a, cos 47) x ) — Ay X,

HOas toro u4to6bl GyHKUMA X, BBIULIA MEepHOAMYECKOH, HEOOXOLUMO
M IOCTaTO4HO, 4YTOOB B NPaBOH 4YAaCTH YPaBHeHHS, ONPENE/SIOUIero 3Ty
(YHKUMIO, HE CONEPXaJaoCh YJIEHOB HM C COST, HM C sint. IlpupaBHuBas
K03(G(rUMeHTE NPH 3THX BEIUUYUHAX HY/MI0, TOJYYHM CHCTEMY JAMHEHHBIX
M ONHOPOMHBIX YypaBHeHu# nja onpenenenus A, u B, koTopnie B pac-
CMaTPUBAEMOM CAYYaE HMEIOT BHI

(%+a;) Ay =0, ,(_1521__0;1)30=0. (63.4)

TIpupaBunBas HyJO ONpefeuTe]b STOR CHCTEMBI, NOMYUAM LA Q) ABA

PasIMUHBIX pelleHus:

. a _.a
W=T T

Kawnoe w3 stux pemwenn#t naer Hauano pany (63.3). Paccmarpusas

06a 9TH pellenus, Mbl noJaydum fABa paaa (63.3), KOTOphie, MO JOKa3aH-
HOMY, CXOXATCS W OMpelessiioT rpaHulibl 00JaCTH HeyCTOHUYMBOCTH.

a
ITpumem chavana @, = — TI B srom cayuae ypasuenus (63.4) aawor

i B, 3nauenvie, paBHOe Hy.i0. Beinuuny A, ocraioulyiocs MpOW3BOJb-
HOM, MBI MOXeM COrJacHo ofiieil TeopuM NpuHsTL paBHOR enunuue. [Ipu

9THX MNPEANOJOKEHUAX YpaBHEHUE M X; NMPUHMMaAET BUI
d2x1

— =——-f“—é;aicos3t—-—(§—2 cos 5T.

JIlas o0iiero pellleHust 9TOTO YPaBHEHHA HMEEM:

x,= A, cos T} B;sin r—{—ﬂ# cos3t-+

D10 pelnleHHe GBJIAETCA NEPHOAMYECKHM W CONEPXKHT JBE TNPOU3BOJIb-
Hble nocrosuHble A; um B Tax xak x,(0) = A4,#0, 710 cornacxo

a2
g €08 5t. (63.5)
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oOuell Teopru Mbl MOXKeM NOJAOXHTb A;==0. Yro ke kacaercs MOCTOSH-
HO#t B, TO OHa ONMPENENHTCH BMECTE C (L, U3 YCJIOBHA MEPUOJIHMYHOCTH X,
Yro6rl noayunTh 3T yCHOBUS, NOJACTAaBUM B ypaBHeHHe [ X, HaileH-
Hble 3HAYEHUd X, X; ¥ O; ¥ NPUPaBHAEM HYJIIO KO3DDULUMEHTH NPH COST
u sint. Takum nyTeM MBl LO/KHB COTJIaCHO OOLIeH TEOPHUM MOJAYYHTB
IBa NMHeHHEIX HEOJHOPONHLIX ypaBHeHMs A B; M 0y, M3 KOTODHX OHH
OJHO3HAYHO onpelneasioTcs. B paccMmatpuBaeMoM ciyuae Mbl TOJYYHM:
(a1+a2)2 ag a% a;
Bi=0 =——m——wt7 7
Takum nyteM MOXHO HaHTH M JHajbHeHliMe NPHUOIHIKEHWS, HO MBI
OrpaHHYMMCS TNEPBHIMH IByMS.

[MonoxuM Tenepp gy = %. B srtoM cayuae u3-ypasHenuft (63.4) na-

xomum: Ay==0, By=1. Tak kax renepp 4,=0, o B0, 10 B BH-
paxennu (63.5) mas x; MH He MoxeM moJarate A;==90, HO MOXeM
nojoxnth B =0. Ecin Tenepb HaileHHble 3HAYEHHA X, X; U O; MOA-
CTaBUTb B YypaBHEHHe LIS Xy, TO, NPHPABHMBAA B HEM HYII0 KO3ddu-
HMEHTH NPH COST M SinT, Mb OyAeM HMMeTh:

A, =0,
_ (m—a)’ & & a
Q=TT T TRt

Taxum oO6pasom, mnepsas o006JaCTb KDHUTMYECKHX 3HaueHMH yrioBOH
CKOPOCTH ® Bana OMpelensieTcsl HepaBeHCTBAMM
a ., 1 2 2 8o
——2—u+3€(21a1 -—-4a2—6a1a2——48a3)u2—}— K22 KL

= 0)2 >
1 1
<145 ap+ g (21a — 4834 6a,0,+ 48a)u2 4 ...

IIpumep 2. OnpereauM Bropyio 006JacTb HEyCTOHMUABOCTH Aas
Ko/e0aHUfl B 9MEKTPUYECKOM KOHTYPe C MEepPeMEeHHOM eMKOCTbIo, pac-
cMoTpentbix B § 60. Jluddepenunansuoe ypasrenne koJeGaHHB uMeer
BUL,

d’x 4L — R2C
ar2 + 4L2C§®2 - (14-pcost’)y x =0, (63.6)
rie .
__ 4m
=T —rec;

Mp Gynem npeanonarath, 4TO BeJHYMHA {1 Majga. UToOH MOMNHO GBLIO
NpUAOKKTh 6e3 BCAKUX WSMEHEHHH NpaBWAa npeablAyliero naparpaga,
HeoOXOAMMO WSMEHWTb HE3aBHCHMYI) NEPEMEHHYI0 TakuM 06pasoM, yToGHI
nepuon npasofi yactu ypasHeHus (63.6) Obinr paBen ;. Jlas aTOro, oue-
BHIHO, IOCTAaTOYHO MOJOXKHUTb ¢ =27, mnocie 4ero ypasueHue (63.6)



§ 63] nPUMEPH MPUIOXKEHMA METOAA NMPEABUIYUIEIO MAPATPA®A 265

npuMer BUA
2
O 32 (14 pcos 21) x =0, (63.7)
rae
;\'2 —_— 4L b R2Co
= TICe?t

Jlns onpenesienuss 06JacTH HeyCTOHUMBOCTH, pAacnosokeHHOH BOJM3H
A =2, noaaraem B ypaBHenuu (63.7)

=4t p+ o+ .
W CTapaeMcsl yIOBJIETBOPHUTb €My (OPMANbHBLIM PALOM
X = %o WX+ plxy 4 ...
¢ mepuonuueckumu (mepuona m) kosdpduuuentamu. Ilpu srom
X, == A, cos 2t 4 B;sin 21,

Hanee,
da2x,
— 1 4% = — 4x,cos 2T — oy Xy =
== — 24, — 24, cos 41 — 2B, sin 41 — @, (A, cos 21 +- B sin 27),
d xz 7 T 4%y = — 4x,C05 2T — ay%,,
% —+ 4x3=— 4X4C08 2T — QyX| — Uy COS 2T - X3 — O3Xy —

— U Xy — @ COS 2T + X,

[NpupaBunBas Hymo KoddduiuuenTsl NP COs 2t ¥ Sin 2T B ypaBHeHUH
s Xy, HAXOLHM:

a, =0, (63.8)

npuueM BeMuuuHb A, M B ocraiorcsd NPOM3BOJbHHIMM. Mbl HMeeM Kak
pas [eJo ¢ OTMeYeHHHM B MpelbliylleM naparpade ciydaeM, Koraa
BBeJeHHad TaM BeauunHa P2 —-y2 obpawaercsd B Hyab. Kak MH TaM yKa-
sniBaM, BequuuHel A, u B, OyayT, BooOlle roBOps, CBA3aHHBIMHM MEXIY
coGoit, HO 3Ta CBA3b YCTAHOBUTCH NPH PACCMOTPEHHH NalbHEHIIMX TpPH-
6mnkenutt. quncmm 3TH npnénnmeﬂm. Ha ochoBanuu (63.8) umeem:

X, = : A" + cos 4t} —sm 4v+ A, cos 2t B;sin2t, (63.9)

roe A, n Bl——npoussonbuue nocroaHHsle. Tak Kak Mbl ellle He 3HaeM,
Kakas w3 Beamuud A, u B, 3aBeIOMO OT/JIMYHA OT HYJs, TO MHl He
MOXeM TOKa HM OIHY M3 MOCTOSHHHX A; W B, NpUHATb DPAaBHOH HYJIO.
TMoncraBuB X, ¥ X; B YPABHEHHE IJA Xy, NOJYYHM:

%-{—4@: (-g——aQ) Aycos 2t — (% +-a2) B,sin 2t —

— 24, cos4tr — 2B, sin4t — i;l cos 61— %— sin6t — 24,.
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YcaoBus NEPUOIUYHOCTH AAIOT!
5 I
(3-—%)/10:0, (§+a2)30:0,

W CIefOBATENbHO, A O, NMOJYYAIOTCHA 1BA PA3MUYHBIX pelleHus. Mmeewm,
takuM o6GpasoM, iBa Bapuaura. IIpm nepsom BapHaHTe

a2=%‘, A0=1, BO=O'

4 NpA BTOPOM BapuaHte

a2=:——7;, A0=:0, BO:=I'

Paccmorpum cHayasa nepsui#t BapuaHT. Tak xak B 3TOM BapuaHre
Ay#0, 10 M MoxeM mnonoxurb B (63.9) BeqnunHy A; paBHOH HyIO.
Tlocne 9TOrO MOJMYuMM:

Xo == %Blsin 4T+?16' cos 61— By sin 27,

rie B, —npousBosbHas nocrosHuads. Iloacrasass wHakaendrie npubin-
MEeHHs B ypaBHeHWe [Jd X5 H BHIIUCHIBAR YCJIOBHMS NEPHOAMYHOCTH ITOH
GYHKUMK, NOJY4YMM JBa JMHeMHBIX HEOLHODOJHBIX YPaBHEHHS IR O
U B;. OTH ypaBHeHHs VMEIOT BHUI

BIZO’ a3=0.

AHAJOTMYHO TMOLCYMTHIBAIOTCA ¥ JandbHefiune mnpubmvxenus. Ilpu
5TOM B OT/IMYME OT MpeAbLIYIero MPHUMepa, COOTBETCTBYIOLIEIO CJyyaio
p2—+ y25 0, nocrosHHEle B,, BXOoAflMe B X, ONpPENEJAIOTCS He U3
yCJOBUS TNEPUOTHYHOCTH (YHKUMH X,,.,, @ U3 YCJIOBUS NEPHOAHYHOCTH
GyHxunft x, 4.

PaccmoTpnM Temepb BTOpO# Bapmaut. B 3rom cayuae

Xy _—_% sin 47 - A, cos 27,
Xy = — % Al-}—%-Alcos 417—{—-9%sin61:—}— A, cos 21,
M YCIOBMSl NEPHOJHYHOCTH NI X5 HAIOT:
(13 == 0, Al == 0.

TakuM 06pasoM, ¢ TOYHOCTbIO 1O BEJHYHH TPEThEro TMOPSAKA OTHO-
CHTeJbHO W BTOpas o00JaCTb 3HaYeHWH YaCTOTHl ® M3MEHEHMSl €MKOCTH,
NpH KOTOPHIX YypaBHenue (63.7) uMeer HeycTOHuuBHIE pelleHHd, OMpe-
JeJsieTcsl HepaBeHCTBaMH

1 4L — R2C 5 '
4'—”§lﬂ—k e <§——Zﬁzaygéé4—+ngp?ﬁ—... (63JO)
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M3 3THX HepaBeHCTB BHIAHO, YTO, MJIst TOTO 4TOOB yKasaHHas 06.1acTb
'HeyCTOMUMBOCTH CYLIECTBOBAaMa, HeOOXOAMMO Mpexie BCero, YToOH Bh-
. MOJIHAIOCh YCJIOBUE

— R¥C,>0.

Mbl OyzeM mpeinoJaraTb, 4TO 3TO ycJOBHe BhImoaHsercd. Ho u mpu
BLUTOJIHEHHM 3TOTO YCJOBHSl elile He/b3sl OblThb YBEPEHHBIM, YTO B yKa3aH-
HO!t 06JaCTM B PAacCMaTPHBAEMOM JIEKTPHUYECKOM KOHTYpe AeHCTBUTENBHO
BOBHHKHYT HeyCTOHYMBble KojebGanusa. Jleno B TOM, uTO NepeMeHHas X,
¢urypupyolias B ypasHenuu (63.7), sBaserca BcmoMoraresbHoft. Jlas
TOKA ¢ MMeeM, Kak Ml 3TO Buiean B § 60, BhipaxeHue

Ry
qgq=—=—ce 2 x.

CunenoBatenbHo, Ha rpanunax ob6saacta (63.10), roe BemectBeHHas
yacTb XapaKTEePUCTHYECKHX MNoOKasaresne#t ypaBHenus (63.7) paBHa Hymo,

KoneGannsa Toka OyayT saryxaiowumu. Ecam npu 3TOM BesqnuuHa ETA

JIOCTATOYHO Maja, a MMEHHO MeHblile HanGoJbLIEr0 3HAYEeHHS BEleCTBEH-
HOM uacTH XapaKTePHCTHYeCKOTO MNOkasateas ypasHeHus (63.7) B 06-
aactu (63.10), To Oyuzer cyuiecTBOoBaThb 00/1aCTh HEyCTOHUMBOCTH IJis
TOKAa ¢, pacnofoxeHHaa BHyTpu obaactu (63.10). Ecam sto ycaosue

OTHOCHMTE/ILHO 7~ He BHINOJHACTCH, TO BO BCe# obnactu (63.10) xoze-

6anus TOoxa OYAYT BaTyXalOLIUMH.
[Mpumep 3. PaccmoTpum cHOBa ypaBHeHue (63. 7) U onpeneanm
rpaHAiBl 06/aCTH HEYCTORYMBOCTH, PACNOJONKEHHOR BOAu3H A == 3.
IMonaras

=9t aptopit ..

% = A, cos 31— Bysin 3t - ux; + plxy 4 ..
OyleM Tenepb UMeTh:

d"’xl .
g T 9% =— 908 21+ Xy — 0%,
d2x2+9x—~ 9c0s2t - x, —0a; (x; 4+ c0os 2T+ X) — OgX
4 T VX = 17 0 (X S 2T Xo) — UgXps
2
‘“‘23 4 9x3=—9¢0821 - X, —a, (X, cOS 27+ x;) —
— Oy (%1 €0s 2T « X)) — 3%,
2
dx“+9x4=——9c032t-xs—al(x3—|—cos2r-x2)—

dv?
‘ — Oy (X9 €05 2T + X;) — 0y (X - COS 2T - X) — Uz,

Ycaosue MEPUOANYHOCTH Xy HaeT.
(11 _ 0.
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npuueM A, u B, ocraiorcs HeonpelnesjeHnniMu. Jlas Xx; NoJyyaem Bhipa-
WeHHne

xl=—-%Aocosr‘ Bosm1:+ Aocos51:—}— Bosm5'r—|-—
-+ A1 c0s 3t B, sin3t, -

roe A, u B; — npousBo/bHble nocTosHHbe. Tak ke KaKk M B NpPEAbIAY-
lieM TpHMepe, HM OIHY M3 3THX NMOCTOSHHBIX MBI He MOXEM [OKa MApH-
pasBuath Hyao. IloncraBass B ypaBHeHHe IJs X, HafileHHble 3HAUEHHS O

B Xy, NOJNy4YuM:

de

9 9/9 : .
——— +9x,=5 (ﬁAofAl)cosr—g(ﬁBo+Bl)smr——-

—5141605517——gBlsin5‘c—§—A0cos7r———g—}}—
81

+(64 a2) Aocossr+(—l—a2) Bysin3t,  (63.11)
A CJen0BATEAbHO, YC/JIOBUA MEPUOAMYHOCTU Xy HMEIOT BUJ
81 8l
B (o)

[Moayuawoieecs OTCIOAA pellleHHe AAA Oy
~ 81
=
GyneT OnaATb ABYXKDATHEIM, mpuuem A, M By mo-npexHeMy OCTalOTCA He-
onpenenennbiMu. M3 (63.11) naxonum:
9 /(9 9 /9 .
Xy = 1§ (1—6 Ay— Al) COST— 7 (FBO—F Bl) sint—
9 9 ; 81 81
-+ —3—2—A1 cos 57—]-3—23, sin 5T+%6_0' Aycos 7t -+ -QWBosin 7T+
-+ A, cos 31—+ By sin 31,
vie A, u B, — nocrosHHble, OCTAaIOWHeCA [OKA HeONpere]eHHbIMH.
. YpaBHeHMe Aaf X3 NMOC/JE NOJCTAHOBKM HalIEHHHIX 3HAUEHHH X;, X,
o, ¥ o, NPUHHMAET BUI
153 9
7(51214 ——A1+A2)cos1:—
153 729
(512 B,+ 16 =B, + 32) sin T — (a3+51_2) A, cos 3t 4

729 . 5103 5103 .
+(W—a3) By sin 3r—oncos 5T—m3051n5‘t—

Bysin 7t

dxs

Xg== —

— %Az cos‘51:—-.-g—B2 sin 5 74a; cos 710, sin 7t - ag cos 9T+ by sin 91,
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rae @, a,, b;, by— HexOTOpPHle BHOJHE oONpeieieHHBEe KO3(dUUHMEHTH,
KOTOPHle HaM HeT HeoOXONMMOCTH BHINMCHIBaTh. Ciel0BaTeNbHO, YCAOBHS
MEPUOAMYHOCTH X3 MMEIOT BUI

729 729
(3‘*‘512)‘40‘”0 (“3 512)30—0

Atn ycjgoBus A3I0T ABA Pa3JANUYHLIX 3HAUEHUS AJs a;, H JaavHelimye
BLIUMCJ/IEHUST HYXKHO BeCTH B JIBYX BapuaHTax. HpI/I NnepBoOM BapUaHTE MBI

nMeeM:
: 729 ‘
a3=——m', 30:0, AO'—‘:I.
Tenepb yme Mbl MOXKeM noJaoxHTh A;== A, =0 u B0 BCEX HaibHeHIUX
NPUOAHKEHUAX B BHIPAKEHWS i X, He BBOAMTb WieHOB ¢ cos 37. Ilpu
9THX TNpeANoJOKeHHIX OyneM HUMeTb:

1377 9 /9
¥ =" 302 ‘ST 16 (1—5' 31+32) sin T
5103 5
+ Jeagan 163 840 COS ST~ o5 32 By sin bt — 0 cos 71,'—-Esm 7T —

bg .

in9t+ B

72 cos 97 — E5) sin 9t 4 B,sin 3,

rae B, — neonpegeneHsas nocrosunad. [Toacrasass HaknedHble npuan-

KEHWs B ypaBHEHHE IJIS X, M COCTaBIASA YCJOBHS MEPHOLHYHOCTH STOM

GYHKUMM, Mbl MOJAYYMM JBA JWHEHHBIX HEONHOPOJHHIX YPABHEHHA IS

onpenenenus B; u o, Tloayuum:

235 467

B,=0 =,
1= O 327680

Ecin Boiumcnenve npubmikeHu#t NPOROMKHTb, TO NOCJAELOBATENbHO
ONpenesaTcs MOCTOSHHBIE U5, Ug, ... [Ipn 9TOM Kawmas mocTosHHAdA «,
ONPeeNuTCsl OIHOBPEMEHHO C MNOCTOSHHOH B, _, u3 ycaosuh nepuoany-
HOCTH (YHKUMH X,, KOTOpHle AXYT M STHX ABYX BEJM4YMH Daspelu-
MYI0 CHCTeMy JHMHeHAHBIX HEOAHODOJHBLIX YpPaBHEHHH.

[Tpu BTOpOM Bapuanrte Gy.leM HMETb:

729
U3 =575 By=1, A,=0,

M BCe NanbHeHmHe BhlUMC/IeHWs GYAYT TAKUMH XKe, KAK M NPH NEPBOM
BapuaHTe, ¢ TOH JMWb pa3HHlieH, 4TO Temepb ywe HyKHO GyleT NMOJO-
XKUTb PABHHIMU HyJHO BCE BeJHYHHH B , & BeJUYHUHH Ak onpeneasaTb U3
YCHOBHH NePHOMYHOCTH GYHKUMH Xj.o. Jlna Bequumn A, M O, M 110-
JYUYUM CJIeJ.lyIOUJ.He 3HAYECHHUA:

__ 2609,

= 327680 °



270 YCTOHYMBOCTh TEPHOJHYECKUX ABHKEHMH [ra. v

Taxum oOpasom, uckoMas oO6MaCTb HeyCTOHYMBOCTH ONpejensercs
CJEAYIOUIMMHE HeDaBeHCTBAMH:
81 o, 729 ' 235467 |, .
ItTE W W e WSS

81 ., 729 , , 260953
<9+ﬁl“' +3‘f§“‘+3§7680”'+"'

B. HEJIMHEVHBLIE YPABHEHUS C NMEPMOAUYECKUMU
KO3®PHMIHNEHTAMMU.

§ 64. Kputepun ycToHYMBOCTH N0 mepBOoMY NpHO/HKEHHIO,

Mbl nepexoamM Tenepb K PpacCMOTPEHMIO YCTOHUMBOCTH MepUOIH-
YEeCKHMX IBHXEHWH, Korja B IudgepeHUHaIbHHX YPABHEHHSX BO3MYILEH-
HOTO IBMXeHWA YUMTHIBAIOTCA TAaKXKe W HeauHelHble wieHwl. Jlomyctum,
YTO 3TH YpPaBHEHHH HMEIOT BHJ

dxg

TZpsl(t)xl_l_ ---+psn(t)xn+Xs(t’ Xpp vees Xp) (64.1)
(S:l, 2, ..., n),

rie Dsj— HenpephiBHbIE MNepHOAMYecKHe (YHKUuM Teproja @, a X —
HenvHeinele 100aBku. IlepBas ocHOBHasA 3ajaya, Koropas 3jeChb BO3-
HAKAeT, BaK/JIOYaeTCd B YCTAHOBJEHHH HEOOXONUMBIX M JOCTaTOYHBIX
yCJAOBUH YCTOHYMBOCTH MO MEPBOMY MNPHO/IMKEHHIO, T. €. YCAOBMH, npu
KOTOPHX 3afaya yCTOHuMBOCTH Aia ypaBHeHu# (64.1) pemaercs ypas-
HEHHAMY TePBOTO NPHOMAKEHHUS ,

d
7’%=p81x1+...+p3,,x,, (s=1,2,...,m. (64.2

Pewennio aTo#t 3azaum M nocssuled nactosuwui naparpad. Ilpu sroM
Mbl OyaeM InpeanosaraTh, 4TO HeauHeHHble N06aBKM X, B YPaBHEHHAX
(64.1) yzoBaeTBOPAIOT C/ICAYIOWAM OOWMM YCIOBHAM:

1) CywecrtByer 06/4acTb

t>t, |x,| <H, (64.3)
B KOTOpOﬁ BBITTIOJTHAIOTCA HEpaBeHCTBA
X, e 2| A2 45, L (644

rie A — HeKOTOpass NOCTOSHHAA.

2) B obnacru (64.3) dynkumu X, HenpepbiBHH ¥ YIOBJIETBOPAIOT
HEKOTOPHM OOCIMM yCJAOBHAM, MNpPH KOTOPHIX ypaBHeHus (64.1) umeior
€NVHCTBEHHOE pellleHue /s BCAKOH CUCTEeMBl HAYaJbHBIX YCJIOBUH, B3ATHIX
B YKa3aHHOH 00.1aCTH.

Wz (64.4) Buitexaer, 4T0 ¢QyHkuuu X, yAOBJETBOPAIOT TaKwue OObIu-
Homy ycaosuio X (¢, 0, ..., 0)=0.
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Xorst Mbl cefiuac paccMaTpuBaeM YCTOHYMBOCTb NEPHOIUYECKHX HBM-
*KeHu#, Mbl He OylneM B STOM naparpate npeanosaratb, uro GyHkuum X
[0 OTHOUWEHHIO K f SBAAIOTCA TNMEPHOANYECKMMH, TaK KaK BCE BBIKJAAAKU
9TOTO naparpada OCTAITCA CNpPaBeANHBLIMM 06e3 3TOr0 OFpaHHYeHHs.

JlokaxeM Tenepb cielyioliue Teopemsl JlsnyHoBa 06 yCTOHUHBOCTH
N0 NEPBOMY NPHOJMIKEHHIO.

Teopema 1. Ecau sce KOpHU XapaKmepucmuiecKoz0 y pagrenus
cucmems nepsozo npubauscernusn (64.2) umeiom modyau, menvuiue
edunuysl, mo Heso3myuennoe osuscenue 045 ypasuenui (64.1) acun-
nmomu4ecky ycmoiuugo npu aw6om swbope dynrxyui X, yoosre-
MBOPAOWUX YKAZAHHOM OAS HUX YCA0BUAM, eCAU MOABKO NOCMOAH-
Han A s Hepasencmsax (64.4) docmamouno maxsal).

JokasarteabcTBo. Kak 6mno noxasamo B § 54, cyuiecTsyer
JuHefHas noJCTaHOBKA

yi=fpn®xi+...+finOx, (G=12,....n (64.5)

¢ meproinueckumu (nepuoia ® wiau 20) KospduuueHTaMu, npeobpasyio-
mas cucreMy JuHeHHBIX ypaBHenu#t (64.2) ¢ nepuoauyeckuMu koaddu-
LUMEeHTAMH B CHCTEMY JMHEHHBIX ypaBHeHui

d
d{fs =qsl)’l+ coe Y (s=1,2,....n) (64.6)

¢ nocrosudpiMu Kosdpduuventamu. Ilpm stom aserepmunaHT npeobpaso-
panua (64.5) He obpaimaercs B HyJb HW TPU KaKWX 3HaueHusx £, BCJael-
CTBME UYEro 3afaya YCTOMYMBOCTH IO OTHOIUEHWI0 K TMEPEMEHHBIM X
9KBUBA/JIEHTHA 3aJaye YCTOHUHMBOCTH MO OTHOLIGHMIO K MEPEMEHHBIM Y.
Ecan npeoGpasosanue (64.5) npumenntb K ypapHenuam (64.1), To ouu
NpUMYT BUIL

d
s — gt o Gen¥n VoY v (64T
(s=1,2, ..., n),

rie Y, — ¢ynkuun Takoro ke BuAa, kak u X, B uwactHoctd, umeew,
yto B 00J4CTH, B KOTOpyIo npeoGpasyercs obaactb (64.3), BHIIOAHAOTCA
HEPABEHCTBA

[Yslts yio ooon w2 <B Iyl 4o+ 1yal)s (64.8)

rie B-— Taike nocToAHHAf, KoTOpas OydeT CKOJb YrOAHO Mana, eciau
A I10oCTaToOYHO Malo.

1y A. M. Jlanyxos npexnoJaraJt, uto dyHxiuu X gBIAIOTCA aHAAHTHIECKHMH
IO OTHOWMEHHI K X{, ..., X, U HX Pa3NOXEHHUH IO CTENEHAM ITHX HepPEeMeH-
HbIX HAYMHAIOTCA WJEHAMH He Hmke BTOporo mopsaka. OnHako paccyxiaeHus
JlanyHoBa OCTAalOTCA CHPABELAMBBIMM H IIPH BHIIEYKA3aHHBIX OOLIMX YC/IOBUSAX.



272 - yCTOMUMBOCTL MEPHOAMYECKMX ABHIKEHUH [P, v

CorsacHo § 55 KopHH onpejefSIOWEr0 ypaBHEHHs

g —2A gy coe p
dn 9 —h ... gy =0 (64.9)
dm 92 qnn‘"—}"

cucreMbl (64.6) ABAAIOTCA XapaKTEPHUCTHYECKHMH TMOKA3ATeNAMU CHCTEMBI
(64.2). Tax xak, no yc/JIOBUIO, BCe KOPHH XapPaKTEPHCTHYECKOrO ypaBHe-
Hust cucremel (64.2) HMelOT MOJYaM, MeHbIuMe eNMHHMIB, TO XapaKTepu-
CTHYECKHE MOKa3aTequ 3TOH cHCTeMBl OyAyT MMeThb OTpHLATE/bHBIE Be-
LECTBEHHbIE YaCTH.

Taxum oOGpasoM, Bce KOPHM ypaBHeuus (64.9) umeior oTpuuaTeNbHBE
BewecTBesHbie yacth. Ho Torma cyuwectsyer omHa M TOALKO OXHA KBa-
nparuyHas ¢gopma V(y;, ..., ¥,), YAOBAETBOPAIOLIAS YPaBHEHHIO

n
s=1

n 9712 Qopma Oyler o0g3aTeqbHO OnpefeleHHO-NoNoKuTeabHOR. Cocra-
BUM Tenepb NPoOUsBoaHyio no ¢ or ¢opmet V' B cuay ypasHenu# (64.7).

Byaem umers:
n n
av ov
LY - 2 A
a = Zys+2 3ys Vs
s=1 s=1

n

ov

S @+ )= — N,
s=1

dta npousBonHag OyneT ONpeleeHHO-OTPUUATENLHOH Mpu MOGOM Bbi-
6ope ¢ynxuu#t Y, ecan ToMbkO BeauunHa B B HepaBencTBax (64.8)
OyneT QOCTATOYHO Majao#, T. e. ecinm AOCTATOYHO Manoff Oyrer Beau-
uyyHa A B HepaBencrBax (64.4). Ho npu stom ycaosud ¢yukuusa V
yAOBJeTBOpAET BCeM ycaosusM Tteopemsl Il JlanysoBa (§ 46), uro u no-
Ka3blBaeT TEOpeMY.

Teopema 2. Ecau xapaxmepucmuneckoe ypasHerue cucmes
nepsozo npubauscenusn (64.2) umeem xomsa 6ot 00UH KOpeHs ¢ MO-
oysem, GorbuluM eOUHULbL, MO HEBO3MYU,eHHOe OsulCerue O CU-
cmemvt (64.1) Gydem neycmodinugo npu rw06on gs.6ope gynryui X,
y0084EMBOPAIOUUX YKAZAHHUM 0L HUX YCAOBUAM, eCAU MOABKO
seaununa A 8 nHepagencmgax (64.4) docmamouno masa.

JdoxasareabcTBo. Tak xe KaK W NPM LOKA3aTelbCTBE MpPENBLLY -
wefi TeopeMb, OyleM paccMaTpuBatb BMecTO cucrtembi (64.1) sxBuBa-
JeHTHYI0 e#t cuicreMy (64.7). B paccMarpuBaemMoM cayuae onpeieasiouiee
ypaBrene (64.9) umeer, no KpatiHe#l Mepe, OIWH KOPeHb C MOJOXH-
TeNbHOH BellleCTBeHHOR uyacThlo. Bcesencreue asrtoro (teopema 3 § 21)
MOXHO HaHTH KBaipaTHuHyi ¢opmy V (¥, ..., ¥,), YAOBIETBOPAIOILYIO
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YPaBHEHHUIO

n n

2%
Z 0Ys (qsly1+ e +qsnyn)=av+2 yi,
s=1

s=1

Tle ¢ —— HEKOTOPOe TMOJNOMUTEAbHOE YHC/IO0, npuueM dopMma V'  Mmoxer
NPUHUMATL MOMOXKHMTEJbHHIE 3HAYEHHS, T. €. CYIeCTByeT OOJAACTb, TAE

V > 0. TIlpoussoauas d—V—, cocTabjenHas B Cuay ypasHenu#t (67.7),

dt
HUMEEeT BUA .
B VAW gy een 9 (64.10)
rae
n Il‘ ov
—_ 2
W = y:+ 3y, Y,
s=1 s=1

eCTb (YHKUMA Onpele/NeHHO-NOMOKHTeIbHAS, KAKOBH Gbl HH Gblin QYHK-
uin Y, ecam Toabko BesuunHa A B HepaBeHcTBax (64.4) m0cTaTOYHO
Mana. dopma V ynosierBopser BceM ycaosusm teopemn H. I'. Ueraesa
0 Heycrto#umsoctn (§ 48). B camom mene, u3 (64.10) BriTexaer, uto

av
B o6sactu V > 0 BEINOMHAETCH TAKKE HEPABEHCTBO 5 > 0. Kpoue Toro,

KaK JIETKO BHAETb, BBIMOJHSAIOTCH BCE OCTa/JbHbHE YCJAOBUA TEOPEMHI
H. T'. Yeraepa. Otciona BbiTeKaeT CHNPaBeiMBOCTb TEOPEMEL.

§ 65. Kpuruueckue cayuaw.

Vs teopem npensimyuiero naparpada BhiTeKaer, 4TO 3a4aua yCTOR-
YMBOCTH /st cucTeM Buia (64.1) pemaercd ypaBHeHWSMH NEpPBOTO TpH-
Gmuxenns (64.2) BO Bcex Ciyuasix, KOrja XapaKTePHUCTHYECKOE YPaBHE-
HUE NepBOro npubJHMKEHUs HMeeT BCe KOPHH C MOAYAAMH, MEeHbUINMM
eIUHULB, Ar60 XOTH OBl OAMH KODEHb C MOLYJEM, OOJbIIMM eIMHALDL.
CoMHHMTEbHBIMU, CelIOBaTeAbHO, OYAYT Te CAyYam, KOTIAa YKa3aHHOe
XapaKTePUCTUYECKOE yPaBHeHHe, He UMes KOPHeR ¢ MoAyaaMu, 60abUINAMH
eNMHMLL, HMEeT KOPHM C MOAYJAMHM, DaBHHIMM eIuHule. B stom cayuae
onpeneasomee ypasHenne (64.9) cucremn (64.6), B xoropyio npeo6pa-
3YI0TCA ypaBHeHHs (64.2), Gyiser WMeTh YacTb KOPHe# ¢ OTPHUATENbHBIMH
BELUECTBEHHBIMY YACTAMH M 49acTb KOPHeM C BELIECTBEHHHIMU YACTSIMH,
PaBHEIMH &lyJI0, a HMEHHO: KODHAM, paBHBIM €NUHHLE, XAPAKTEPUCTH-
YeCKOro ypasHeHus cucrembl (64.2) cOOTBETCTBYIOT KODHH, paBHblE HYJIO,
onpenessouero ypasheHus (64.9). KopuaM ke XapaxTepHcTHUeCKOro
ypaBHeHUs!, PaBHHIM —I, @ TaKkKe KOMIVIEKCHHIM KOPHAM C MOIYJASIMH,
PaBHBIMH 1, COOTBETCTBYIOT YMCTO MHMMEIE KODHM ONPEAe/AIOLIErO ypaB-
Henust (64.9). Taxum 06pasoM, ecaM B yKa3aHHBIX COMHHTEJbHBIX
CayuyasxX TNO/b30BATHCS BMECTO YpaBHeHH#t (64.1) SKBMBANEHTHHIMH MM
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ypaBHeHusiMu (64.7), 10 3a1ada yCTORYMBOCTH B STHX caydasx OyzeT OTau-
YaThCA OT 3aJaY¥ YCTOHYMBOCTH B KPUTMUECKHX CJAy4aaX IJd yCTAHOBHUB-
WKUXCS IBHXKEHUH TOMbKO TeM, YTO HeJUHeRHEle wieHs Y OyLyT colepiaThb
ABHO £. M NOCKOMBbKY B KPUTHUECKMX CJIy4asdX IJs YCTAHOBHMBIIMXCS IBH-
EHHH HeJMHEHHBIMM WICHAMH MOXHO pAaCnOpSIMTbCS TaKMUM 00pasoM,
yTOOBl MOJYYHTh 1O KEJAHHI0 KaK YCTOMYMBOCTH, TAK M HEYCTOHYUBOCTH,
TO TeM Oojsee 3T0 OyZxeT CHNpaBeAJHBO M B PacCMaTpHBAeMHIX cefuac
ClyyasX, TaKk KakK STH HeJVHeHHBle UYJeHB MBl MOXEM, B YacTHOCTH, BHI-
Opatb He 3aBHCAWUME OT £. JIpyruMu C/I0BAMH, €CIH XapaKTePHCTHYECKOe
ypaBHeHue cHucTeMBbl mnepBoro npubsnwenns (64.2) He mnmeer KopHeit
C MOAYJAMH, OOJbIIMMYU eNUHHUE, HO HMeeT KOPHM C MOLYJAMHU, paB-
HBHIMY elMHULE, TO NJd pelleHHd 3alaud YCTOHYMBOCTH He/b3f OrPaHu-
YNTbCA TePBHIM NPUOJMKEHHEM W HeoOXOAMMO PacCMOTPETh uJeHbl 6o.ee
BBICOKHX IMOPAIKOB B YpPaBHEHUSIX BO3MYILEHHOrO IBMKeHusi. Bce Takoro
pona ciyyau OyayT, ciaelOBaTebHO, IPUHALIEKATb K UACAY KDHTHYECKHX.

Mbl paccMOTpPUM B 3TOi FiraBe ABa KPUTHYECKUX CJaydas:

1) Korja xapakTepuCTHUeCKOe YPaBHEHHE NepBOrO NPUOAHKEHUs HMeeT
TOJBKO OIMH KPUTHYeCKHH KODeHb ¥ STOT KOPeHb paBeH ejuHuLe;

2) Koriza XapaKTepHUCTHYECKOE YypaBHeHHe HWMeeT [Ba KPUTHYECKHX
KODH M 9TH KOpPHM 06a KOMILIEKCHH M OOJafalnT MOLYJASMH, PaBHBLIMH
eLUHHLE.

Mp OydeM mnoab30BaThCA yPaBHEHMAMHM BO3MYLIEHHOTO IBWIKEHHS,
npuBeseHHbIMY K BULy (64.7). TIpu 9TOM MBI BHIHYXKIEHH OyIeM OTKa3aTbCs
OT peuleHWsl 3aayu NpU TeX BecbMa OOLIMX NPEANONOXKEHHAX OTHOCH-
TeAbHO (yHKLUMR X, KoTOpble OBIIM BHICKA3aHH B MpelbLAylleM napa-
rpade, M NOAYMHMTb 3TH (PYHKUMH 6OJiee OrPaHNUUUTEILHBLIM YCJIOBHAM,
a ¥MeHHO: Mbl 6yleM npeinoJarate, 4To QyHKIMM X, NepHOIMYHB OT-
HOCHMTENbHO f C NMEPHOAOM @ H 4TO 3TH (DYHKLUUH PA3naraloTcs B Paibl
N0 CTENeHAM IePEeMEHHHX Xy, ..., X, HAUHHAIOWIKECA YIEHAMA HE HUXKE
BTOPOro MNOpsiIka M cxoiswmecs B obaactv |x;| < H, rae H — ueko-
TOpOE NOJOXKHTENbHOE UYUCJIO.

B nepsoM 13 ykasaHHBLIX KPUTHYECKUX CJydyaeB omnpejeJsioliee ypas-
Henye (64.9) Oyzer uMeTb OZMH HyJIeBOH KODeHb NpPU OCTaJbHBIX KOPHAX
C OTpMUATeJbHBIMH BellleCTBeHHbIMH uacTaMHu. Ilpeanonarad, uro pac-
cMaTpuBaeMad cucreMa uMeeT (#— 1)-# mopamoK, Mbl MOXeM ypaBHEHHUS
BO3MYILEHHOIO IBHXXEHUS NPUBECTH B ITOM Clyyae K BHIY

dx.

LE=X( %y Yo ]

d 2 .

D — i+ -+ F st ax+ Yol 5oy ooy | ED
(s=1,2,..., n) I

Bo BTOpOM KPHUTHYECKOM cJyuyae omnpeleisioulee ypasHenue (64.9)
MMeeT napy 4YUCTO MHHMBIX KOopHeH Buga £ Al, a ocranbHble KOPHH
'9TOr0 ypaBHeHH MMEIOT OTPMuATeJbHEIE BellecTBeHHble dacTh. Cunras,
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YTO MOPSAOK CHCTEMHl paBeH 71— 2, Mbl MOXeM YPaBHEHHS] BO3MYyLeH-
HOT'O [IBHXEHUSI NMPUBECTH K BHAY

d
d—jtc=—7»)’—|—X(f, Xy 9 Yo Yoo ov e Vo)

ay ___
L=V % Y Y1 Yo eer V) (65.2)

d
%=qslyl+' s qsnyn+psx+qsy+ys(t' Xo ¥ Yoo es V)
(s=1,2,..., n).

B ypasuenuax (65.1) u (65.2) dynkumu X, ¥V u Y, Oyayr Takoro
e BUIA, KaK M GYHKUME X, a BeAMUAHH ¢ ;, Pg W ¢ ABJIATCA TO-

CTOSIHHEIMM, TIDHYEM ¢ ; TaKOBbl, uTO ypasHenne (64.9) umeer kopuu

TOMLKO ¢ OTPHUATEJbHBIMU BeLIECTBEHHBIMH YacCTAMH.

Ias toro uroOnl mpusecTH ypaBuenus (64.1) x Buny (64.7), a cie-
JLOBAaTeNbHO, Takke K Buiay (65.1) umam (65.2), HeoOXoAuMO, KOHe HO,
3HaTh ofllee pellleHue ypaBHeHu#t (64.2). Mbr Oynem npeanonaratb, YTO
3TO pelueHue HaM JeHCTBUTEJNbHO M3BECTHO M YTO YPAaBHEHHS 3al1ayy yixe
npuBefensl K Buay (65.1) uwmm (65.2).

B sro#t raaBe Mul He GyieM paccMarpuBaTh ypasHenuit (65.1) u (65.2)
B ux ofweM Buae, a orpaHuuumcs cayyaeM #=="0. Jpyramu cjoBamy,
Mbl OyaeM npennoJarath, 4TO B IEPBOM KPUTHYECKOM Clyuyae cHCTeMa
¥MeeT NePBbI MOPAAOK W, C/IeJOBaTeNbHO, MMEeTCs TOJbKO OJHO ypaB-
HeHMe BO3MYLIEHHOI'O BUXEHUS BUAA

dx
T X (t, x),
a BO BTOpPOM KPUTHYECKOM CJjyuyae CHCTEMA HMeEeT BTOpOﬂ NOopaAoOK H

COCTOMT, CJaENOBATEIbHO, M3 ABYX ypaBHeHHﬂ Braa

L e Ayt Xt x ) D=rx V(5 y).

O6umi cayua#h n >0 Oynmer paccMOTpeH B ciaeayiouleft riaase, rie
GynyT yCTaHOBJEHH HEKOTOpble OOLIMe TEOPEMBl O KPHTHUECKMX Cay-
yasx. Kaxk MBI yBUIMM, MCCaAeloBaHue ciayyad 7 > 0 TMPUBOIMTCA K Cay-
yaio n=0. B caenymoouefi riaase OyayT pacCMOTPeHB TaKMke HEKOTOpHIe
Ipyrue KpUTHYECKHE CAyYau.

§ 66. Kputuuecknit cayuaii, Koraa xapaxrepucTHUecKoe
ypaBHeHHe MMeeT OJMH paBHHH elMHHnEe KOpeHb.

MH nepexoiMM K PacCMOTPEHHIO KPHTHYECKOTO Caydas, KOrla Xapak-
TEPUCTHYECKOE ypaBHEHHE NEPBOTO HPHOJIMKEHUA WMeeT OIHH DAaBHHIHA
eIUHUIE KOPeHb B MPEANONOMEHMH, YTO CHCTEMa ypaBHeHHH BO3MYyILEH-
HOTO IBHXEHHS MMeeT nepBH# nopanok. Mccaeayemoe auddepenunanproe
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ypaBHeHne OYyIeT:.HMeTb BHI
d
d—’:=X(t, X)=fr (O x4 fo (O x4 ., (66.1)

rie £ >2 n f;— nepuoanyeckue (QyHkiMu f/ Nepuora o.

Ecmy 6pt ko3pduunent f, OblJ MOCTOSHHOM BeJAMYMHOH, TO 3anaua
ycTofuuBoCcTM Aast ypaBHenus (66.1) paspemanacs Obl upesBbualiHO
npocro. B camom nese, mycts :

f»= g =rconst. 66.2)

Toraa, ecau Rk sBAAETCS YUCJIOM YETHBHIM, TO MPABAs 4acTb ypaBHe-
Hua (66.1) Oymer suaxkoonpeneneHHoH ¢yHxuved u ¢yHkuus V=x
GyxeT yIOBJeTBOPATh BCeM ycaosuam teopemst III Jlanynosa (§ 47) u,
Clle10BaTeJIbHO, HEBO3MYylUeHHOe IBHXKeHUe OyleT HeyCTOUUMBO.

[pu £ HeyeTHOM 3HAKOOMpeAe/JEHHHIM OyNeT BbipaxeHne

d (1 . .
7[(7 xa):'gxk“‘f‘fkﬂxk”‘f- s

1 dyuxuus V=%Jc2 Oyner npu g <0 ymOBAETBOPATH YCAOBUAM TeO-

pemut 11 JIanynosa, a npu g > 0 — ycaosuam teopemst 1. CaenosareinsHo,
B NEPBOM CJydae HEBO3MYUIEHHOE IBM:KEHHE aCHMNTOTHYECKU YCTOHUMBO,
a BO BTOPOM CJyuae OHO HeyCTOHuMBO.

Wrak, npu BonoaHenun yciaosus (66.2) HeBo3aMylleHHOe ABVKeHHE
GyZeT aCHMITOTMYECKH YCTORYMBO npu R HeuetHoM M g << 0, a npu &
HeyeTHOM W £ >0, a Takke INpu kK 4eTHOM OHO HeycTo#unBo. Ecau
ycaosue (66.2) He BHINOJMHAETCA, TO AAS pEIUEHMs 3ajauM yCTOHUMBOCTH
HeoGxomuMo Oyner noABeprHyTh YypaBHenue (66.1) HekoTopoMy npeo6-
Pa3oBaHUIO, LeJbI0 KOTOPOFO SBJIAETCS NpPUBEACHME YPaBHEHUA K TaKOMY
BULy, [/8 KOTODOTrO YKa3aHHOE YCJOBHE BBIMOJIHAJIOCH Obl. JTO MONKeET
ObITb JNOCTHIHYTO ABYMS pa3iu4HbBIMH CNOCOOaMH, BCICACTBUE YEro Mhl
WMeeM 1Ba cnoco0a pelleHds 3afayu yCTOMYMBOCTH B MHTEpeCyiOleM Hac
cayuae.

MMepsblit cnoco6 pemeHnd 3afayn. 3a1aBLINCh HEKOTOPHIM
uncaom N > k, npeobpasyeM ypasHeHue (66.1) npu nomomy noicTaHOBKH

Y= x4y () xF +hpyr () x*H 1 ... Yy xN, (66.3)

rie ¢y, ..., Py — HEKOTOPHIE NEPHOJMUECKHE, MepHosa o, (GyHKUUHA f,
KOTOpHIE MBI NOCTapaeMcst BbiGpaTh TakuM oOpasom, uro0nl B Npeobpa-
30BaHHOM ypaBHeHuu mnepBble N KO)(UUUCHTOB OblIM MOCTOAHHBIMH.
[1peo6GpasoBaHHOe ypaBHEHHE [NOJDKHO, CJIeN0BATE/IbHO, UMETb BUI

%;a,yk+ e oy fa OV L (66.4)
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Tle Qp, ..., Gy — HEKOTOPHE MOCTOSIHHbE, a f;v+1' ... — MepHOIH-
yeckne Gynxkuuu £ Jlas wame#t weam, Kak Ml BHAEJM, MOCTAaTOYHO,
yTo6H B ypaBHeHHH (66.4) OBl MOCTOAHHBIM KOS(QUUHEHT TOJIBKO IpH
MmaammeR cremenn x. OAHAKO, KaK Mbl ceHyac yBUAMM, HEKOTOpHE H3
KO9(pPULMEHTOB @; MOTYT OKa3aTbCsl DPABHLIMH HYJIO, B NMOSTOMY BHIYKC-
JeHne 3THX KO3hEPUUHEHTOB HY¥HO OyieT NPOU3BOJUTH AO TeX MNOP,
NOKa Mbl He TNpUIeM K TNepBOMY OTJHYHOMY OT HyaAs Ko3(QuuHeHTy.
Ecin stum xosdduuuentom Oyler a4,, TO Las Haule# LeH I10OCTaTOYHO
Oyzer nonoxute N =m.

TMoxncraBass B ypasHenue (66.4) BMecto y ero BhpaxeHue (66.3),
OyzeM uMeTh:

(1 kb1 ... +NwaN-l> (Fax®+ frpnd®i4 )+
d
T T N (. )
+ak+l(x+¢kxk+ +¢NxN)k+1—|— ... (66.5)

[MpupaBuuBas KOS(PQUUKHEHTH NPU OAMHAKOBEIX CTEMNEHAX X, MOJAYYHM
creayiowe ypaBHeHus Aaa GyHKun# P

Ve
dt = fk’
A7} 66.6
U ma,—Fy (6 Yo oo Dimy) (66.6)
((=%k-41, ..., N).
3aecb F; — MOJUHOME OTHOCHTENbHO Y, ..., Y;_; C TNepPUOLU-
YeCKUMH KO3(pduurenTaMd. ITH NOJMHOMBI 3aBHCAT OT MOCTOSHHBIX
@y « .., G;_;, HO He 3aBHCAT OT NOCTOAHHOH a@;. V3 moayuenunlx ypas-

HeHUH (QYHKUMK NOC/IefOBaTE/bHO ONpefensioTcs OJHA 32 IPYro#, Ho,
IJs TOTO 4YTOOB 9TH QYHKUMK BBHULUIM NEPHOAUYECKHMH, HEOOXOLHUMO,
4TOOb NPABHIE YACTH STHX ypaBHeHH#l yAOBJAETBOPAIH HEKOTOPHIM ycCJIO-
BUAM. DTH YCIOBHS M OMNPEAEJSIOT NOCTOSHHbE @;. JleHCTBUTENbHO, AMA
TOro 4roObl (pyHKuMs P, BHIUIA NEPHOIHYECKOH, H606X011HMO M Jocra-
TOYHO, 4TOOB cpenHee sHaueHue QYHKUMH @, — f, PaBHAAOCH HYMIO.
Sro naer:

=%fn fa @) dt.
0

TakuM 006pasoM, MOCTOSHHAR @, MOJAyuMJach BHOJHE ONpELENeHHOH.
Ecan oHa oTaMyHA OT Hy/as, TO B JAMbHEHIUMX BBIYMC/ISHHAX HET HE06-
XOAMMOCTH, T. €. MBl MOXeM B npeoOpasoBaHuu (66.3) nosoxurb N = k.
Ecmu ke a, =0, to notpeGyiorca AaibHeHlne BHIYHC/ICHHU.
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JlonyctaM 1Js ONPeNefeHHOCTH, YTO BCE TOCTOSHHBIE Qp, ..., @y
u Bce QyHKuMA Py, ..., P;_; YXKe BHIUACJEHH M YTO INOC/ELHHE BHILIIH

nepuognueckumMu. Torad ¢yHkuus F; Oyner taxkke nNepuoinyecKoit
yC/IOBHE TEPHOAMYHOCTH 1; ONHO3HAYHO OmpelenseT MOCTOSHHYIO @; H
IaeT IJId Hee Clelylollee 3HAYEHHE:

(0]
1
a,:z)-f F;dt. (66.7)
0

TaxkumM INyTeM Mbl MOXEM BBIYHC/HUTH J1000e YHCAO MOCTOSHHBIX aj;.
Ho nns Hawe#i uUean, Kak MH Y€ IOBOPHJH, AOCTATOYHO ONpPEAeNUThb
JWLIb TEPBYIO - U3 HUX, OTVIMUHYIO OT HyJs. JlonycTum aas onpeieneH-
HOCTH, YTO 3TOH NOCTOSIHHOW fABJIdeTCA &, TaK 4YTO

a,=g+0, ak=ak+1=...=am_l=0. (66.8)

Torﬁa, noaaras B (66.3) N =—m, Mb npuseiaem ypasHenue (66.1)
K BULY d :
: =gyt ... (66.9)

[TpeoGpaszopanne (66.3), oueBuaHO, 0G6GJagaerT TeM CBOWCTBOM, 4TO
3ajaya yCTOMYMBOCTH OTHOCHTE/bHO MEPEMEHHOH § SKBHBAJEHTHA 3anaye
YCTOHYMBOCTH OTHOCHTEJLHO MepeMeHHo#t y. Mbi MOXeM MOITOMY BMECTO
ypasuenns (66.1) paccmarpusate ypasuenue (66.9). Ho aas nocaennero,
KaK Mbl BHAEJH, 3alaua YCTOHYMBOCTH pelIaeTcd Cpady, a MMEHHO, IpH
m YeTHOM, a TaKXe Ipd 7 HEYeTHOM H g [OJIOMHUTENIbHOM HEBO3MYy-
IieHHOE [BHXKEHWEe HEyCTOWYMBO, a NpPH M HEYeTHOM M g OTpPHULATeb-
HOM OHO YCTOHYHBO M NMPUTOM ACHMNTOTHUECKH.

Mbl TpUXOIMM, CJeLOBaTeNbHO, K CJEAYIOLEMY MPaBu/y pelleHus
3aJlaudl YCTOHUMBOCTH B HMHTEPeCcyIOLIEM Hac ciydae.

Henas B ypasuenun (66.1) moacranosky (66.3), crapaeMca QyHKuuu
P, nomo6parb TakuM 0GpPasoM, uTOOH OHH BBHIIM MEPHOAUYECKHMH!) u
yToOL ypaBHeHve mnpuHsaao Bui (66.4). Jlaa ¢yHxkuuit |; nonyuaiorcs
ypasuenust (66.6) M nmOCTOSIHHBIE @; OJHO3HAYHQ OMNpeNenATCH Popmy-
jgamu (66.7). DTv NOCTOAHHBIE OMpejenseM A0 TeX IOp, NMOKa He BCTpe-
TUM OTAHYHY OT Hyas. I[IycTe @, — nepBas Taxkas OTJMYHAA OT HyJd
nocrosiHHad. Toria npu m YeTHOM HEBO3MYILEHHOE IBHXEHHe BCerja He-
yCTOHYMBO, a TPH m HeueTHOM OHO HeycToHunBo mpu g >0 u acum-
nroTHueckd ycroiuuso npu- g < 0.

CdopMyanpoBantoe ceffiuac npaBuio MOXKeT ObITb HECKOJbKO BHIO-
usMeHeHo. K 9TOMy BHIOM3MEeHEHWMIO Mbl NpHAEM, paccMaTpuBas 3anady

1) Jlag Hameid 3ajaud HeT, KOHeuHo, HeoGxomumocTH, 4TOOB GYyHKEMH ;
6biau mepuoangecKuMu. JlOCTaTOYHO, 9TOGB OHH ObiMM OrPaHHYEHHBIMHU. Ho, xax
nokasmBaT ypasherus (66.5), ompexpensioune STH GyHknum, oHm GyAyT orpa-
HHYEHHBIMH TOJBKO TOFJa, KOTAa OHH OYAyT NepPHOAHYECKHMH.



§ 66} CAyyalt OZHOTO PABHOI'O EJMHMIUE KOPH$ 279

HaxOoxJeHua JAas ypasuenusa (66.1) wnepsoro wumrterpana. IlombiTaemcs
HaTM Aas ypasHedus (66.1) mepsuift murerpan suma

£+ Qpx* O, x*+1 4 | =const., (66.10)

rie @, — HekoTophie mepHOIMYeckue GyHxuuu Bpemenn. HeoGxomumo,
C/IEN0BATEbHO, YTOOH! BBLINONHAJOCH TOXAECTBEHHO YCJOBHE
Ao,

(U RQet ) (Fxh ) Db D wen g,

Cpasnenne ¢ (66.5) nokaswmBaer, uro ¢ysxuun @; ynosiersopsior
YPaBHEHHAM
do;
e = o
B KOTOpHIe nepexoiar ypasuenus (66.6) npu a; = 0. U3 ypasneun# (66.11)
yukuun @; OynyT mnoayyarbcst, BOOOLIE TOBOPA, HENepHOIMYECKHMHU,
Onnaxo, kak sto cneayer us (66.8), dyuxunn @,, ..., @, _, cosnaayr
¢ GyHKumAMH g, ..., P, K TOJyYaTCs nNepuomMueckuMu. UTo Xe
kacaerca pynxkumn @, 1o, Kax nokaswBaloT Te e pasexctpa (66.8), ona
HaBepHAKA MOJYUYATCH HEMEPHOAMYECKOH, a UMEHHO, HJsl Hee GYIeM HMeTh:

O, =— gt -+ @), (66.12)

(66.11)

rae @ (f) — nexoropas nepuonuueckas QYHKUHMA, & g — Ta XKe NOCTOAH-
Has, Kotopas ¢urypupyer B (66.8). Otciona HenocpeacTBeNHO BHIHO,
YTO MNPU peLIeHNK 3aja4yy¥ YCTOHYHBOCTH MBI MOXEM PYKOBOACTBOBATHCS
CeAyIOIHM TPABUIOM.

Crapaemcs mnonobpatb aas ypaHenus (66.1) mnepswlt wuHTerpan
Buna (66.10) ¢ nepuoamueckumn kosdpduumentamu @,. dra nonsitka He
yBeHuaercss B OOLieM clyyae ycmexoM, Tak kak Kospouuments @, ue
noayuarcs, Boo6ue rosops, nepuosuyeckumu. Ilycro @, — nepsuiit ne-
nepuosuueckuit kosdduument B pany @, @, ;, ... Iror KosPPuument
Heo6xoxumo Oyaer umerb Bui (66.12). Torza npu m ueTHOM HeBO3MYy-
lieHHOe JBHXEHHe BCeriaa HeyCTOHYMBO, a MNpU m HEYeTHOM OHO He-
ycrofiyuo npu g > 0 u acumMnrToTHYeCKH ycToRumMBO npu g < 0.

CoopmyinnpoBanHoe ceHyac NpaBuao ABASETCH, OYEBHIHO, JHIIb He-
BHAYMTE/NbHHIM BUIOHM3MEHEHHEM NPaBu/ia, NPUBEAECHHOT'O BHIIE.

Huc/10 m ¥ 3HaK BeJMUMHBl g SBAGIOTCA, OYEBHIHO, HEKOTOPHIMM CIie-
UMpUYECKHMHE XapaKTepPUCTHKaMu AHQdepeHUNaIbHOro ypasHenns (66.1).
Onu He MOTYT NO3TOMY 3aBHCeTh OT CHOCOGA MpHBEIEHHsS! YPAaBHEHHS
(66.1) x Buny (66.9), w ecnu 31O npuBeseHUe MOKET GBITH OCYLLECTBICHO
PasiMYHBIMM NpPWEMaMH, TO YKa3aHHble BeJHYMHBl MOJXYYaTCs NPU STOM
OIMHAKOBLIMA. M3/10KeHHb HAMM cnoco6 npuBeneHuss 0GaazaeT H3BeCT-
HO#l HeonpeleJeHHOCTbIO, BEI3BAHHOH TeM, YTO QyHKUMH p;, ONpenense-
mbie u3 (66.6) npu moMOWM KBAaapaTyp, COAEPKAT NMPOU3BOMbHHIE MO-
crosnnbie. V3 BLILIEM3NONKEHHOTO C/AELYET, YTO HM BeJMUYHHA M2, HU 3HAK
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BEAWYMHH £ OT 9THX MNOCTOSIHHBIX He 3aBUCAT W TOTOMY OHM MOTYT
OLITh BHIGPAHBI COBEPLIEHHO NMPOW3BOJBLHO.

Mu  npexnoJaraiu, uTO, BHYHCAAA QYHKUMM §; H MOCTOAHHEIE 4,
Mbl NpUAEM K TaKOMY 3HAUEHUWIO [==m, 4TO BEJUUYMHA @, NOJYYUTCH
OTJMYHOH OT HyJsd. MoxeT, OLHAKO, CAYYHTLCH, YTO BCE BEAMYHMHH @,
Kak Obl BeJMK HM OBl MHIEKC [, TOJy4YaTCa PaBHHIMH HyaQI0. B srom
ciayuyae Tpelblyliue PacCyXAeHHS HenpumeHnMbl. OAHAKO, KaK Mbl 5TO
VBHIMM TIDH PACCMOTPEHHH BTOPOro cnocoba pelleHHs 3alaud yCTol-
YHBOCTH, B DACCMATPHBAEMOM Cilyuae HeBO3MYLICHHOE IBHKeHHe Oyner
yCTOHYMBO, HO HE ACHMNTOTHYECKH.

- Bropo#t cnoco6 pemwenus s3anauu. Ilepsuit cnocob pee-
HHS 3ajaud, KAK Mbl BHJEJH, CBSI3aH C BOAPOCOM O BO3MOXHOCTH IO-
crpoenuss nas ypaBHenus (66.1) nepnonuueckoro nepsozo unmezpara
puna (66.10). Bropoi#i cnocob, K M3J0XKeHHI0 KOTOPOTO Mbl ceHuac me-
PexXoAuM, CBfi3aH C BO3MOXHOCTBIO TNOCTPOEHHS 15 ypasHeHus (66.1)
NepPHONUUECKOTO peuleHu s BUAA

x =0 G () APy O P 4, (66.13)

rie ¢— NpOU3BOJbHAA MNOCTOAHHAR, 4 @, Ppyqs ... — MNEPHOLUYECKHE
¢$yHKUMYM TEepHOaa .

Moacrasass pan (66.13) B npaByio yactb ypasHenus (66.1), Gynem
HMETb:

G L e I N
A frir (e @pet 4 Qpp e 4 )4 =

= X, Qp oo 0D (Xe=S) (6619

rae X, — NOMMHOMEl OTHOCUTEALHO @y, ..., @,y C NEPHOLUYECKUMH
koapduumenramu. OTclona BBHITEKaeT, 4YTO, MM TOTO 4TOOB ypaBHe-
Hue (66.1) nomyckano pemernue suaa (66.13), Heo6xoaumo, 4To0H QyHK-
LMY @; YLOBJIETBOPSJHN YPaBHEHHAM

Lo — X\t P o Bic)- (66.15)

Tak Kax Bbpawxenns X; COJAepKar TOAbKO Te W3 @, WIS KOTOPBIX
J < 1, 1o ypaBHenus (66.15) nal0T BO3MOXHOCTb NOC/EN0BATENbHO OINpe-
neasts ¢yHkuun @;. OnHako sTM ¢yHkumm He O6yayT, BooOlle rosops,
noayuatbcs nepuonmueckumu. Ilycrs @, — nepsas HerepuOLHYECKas
GyHKUMA B PALY @py Ppips ... TOrAa 312 dyHKIMA HEOOXOAMMO HMeET

BUI
Op==gt+ D), (66.16)

rie g — nocrosnnad, a @ — nepuonnueckas GyHKUHA.
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Caenaem Tenepb B ypaBHenun (66.1) sameny nepeMeHHOH
x= Y@y Py T 4 DY =
=Y+ @Y+ o Oy Py — gty™. (66.17)
BylleM Ha ocHoBaumd (66.14) umers:

d m m
G (U Ryt o m@ynl Gy Sy gy

=fe@+et+.. +fk+1(y+<pky"+...>k+l+.
=Xy Xy Xy

Wid, npuHuMas BO BHuMaHue (66.15),

—‘% (T4 k@py* '+ ... - mDym~1) =
=gy" 4 fr O ymi4 ..., (66.18)

rae f;H_l(t)——HeKoropaﬂ nepuogdueckas ¢GyHKUUA, a HeHAMUCAHHBIE

yjleHbl HMEOT NOPALOK, Ooabmmit m -1, m nepHomMyeckne Ko3hdu-
uventsl. Y3 (66.18) umeem:

=gy"+ ... , (66.19)

rie HeHamuCaHHble Y/eHb HMET NMOPANOK, Ooabluuit m, B nepuosuUecKHe
K03 PHLHEHTE.

CrenanHoe npeoOpasdoBanne 00JaalaeT, OYEBMAHO, TeM CBOHCTBOM,
YTO 3agavya yCTOHUMBOCTH Aas ypaBHenus (66.1) coBnagaer ¢ 3anaveft
ycroituuBocTH Aas ypasuenus (66.19). Ho mas nocaepnero ypaBHeHus
3ajaya yYCTOMYMBOCTH PEINAETCHS CPady, M Mbl APUXOIUM K CAeLYIOWEeMy
npasuny.

Jaa pemenua 3ajauy ycTo#umBocTH Anst ypasHenus (66.1) nerraemcs
YAOBJIETBOPUTL eMy peuiendem Buaa (66.13) ¢ nepHoIMuYeCKHMH KO3(-
¢uuveHtaMn. OTa TNOMBITKA He yBeHUYaeTcs, BOOGUIE rOBOPH, YCHEXOM,
TaK KaKk KO3(duuHeHTH @; B oOuleM Ciayyae He N0JYy4aTcs MepUoau-
yeckumu. IlycTb ¢, — nepBbii TakoH HenepuoAMueCKHH KO3(hdUUHEHT.
On ueobxoauMo Oyner umerb Bua (66.16). Torma, ecaum m ueTHOe HAH
ecau m HeueTHoe, HO & > 0, TO HeBO3MYILEHHOE NBHXEHKE HeyCTOHYHBO,
a ecin m HederHoe W g << 0, TO 3TO ABMXKeHHe YCTOHUMBO M NPHTOM
ACHMIITOTHYECKH.

Tax ke Kak M npu mepsoM cnocobe pelleHHs 3anayd, QYHKUHA @;-
COAEPKAT NMOCTOAHHBIE HHTErPHPOBAHHMS, BHIGOPOM KOTODHIX MBI MOXEM
PacmopAAKTbCA COBEPLWIEHHO NPOU3BOAbHO. IIpH 3TOM HHM Beauuuna m,
HH 3HAK BeNWYMHL g He OYIyT 3aBUCeThb OT BHOOPA 9THX NOCTOAHHBIX.

Meul npeanonoxuay, YTO cpean QYHKUMHR @, BCTPEUAIOTCS HEMEPHOAU-
yeckne. Moxer, onHAKO, CAYYATBCH, YTO BCe QYHKUMA @;, KaK Obl BEJMKO



282 YCTOHUYMBOCTb NEPUOAUYECKHX -ABHKEHMH [ta. v

Hu Obuto ¢, Oyayr mnepuosuveckumu. ITokawem, 410 B 3TOM cayuae,
eC/IW TIOCTOAHHBIE MHTErpUPOBaHHM#, BXOIflMe B QYHKUMH ¢, BLIOUPaTh
TakuM 00pa3oM, YTOGH BLINOAHAAMCH ycaosus ¢, (0) =0, to pan (66.13)
Gyler mOJYyaTbCs CXOASWAMCA M NEHCTBATENbHO NPEICTABHT MEepPHOAN-
yeckoe pelleHue ypashenus (66.1). -

B camom jese, Tak Kaxk npaBas 4acTb ypaBHenus (66.1) ananurnuna
OTHOCHTEJBHO X, TO pEUIeHHe 3TOrO YpaBHEHHs, ONpejesseMOe Haya/b-
upiM ycaosueM x (0) =c¢, MoXer ObiTh pasJOKeHO B PAL MO €, CXOIf-
wniics npu |c] < O, TAe O -— IOCTATOYHO Majoe MOJOKUTENLHOE YUCIIO.
dro uuciao MoxeT ObiTh BHIOPAHO TakuUM 06pa3oM, YTOGH yKasaHHLIA
psii CXOAHWJICA NPK BCeX 3Havenuax £ Ha orpeske [0, o). Ilycrs

X =+ Quck 4@y, cFHI L. (66.20)

— paccmarpnBaemoe pemenue. Ma x (0)=rc surexaer, uro ¢j(0)=0.
Tloacrasaas (66.20) B (66.1), Mb moayuuM 1as @* Te ke ypaBHeHus

dg; . .
—{#=Xi(t, (Pk, ooy (Pi—l)'

yro M 1MA QyHKuu#A @, M3 KOTOPHX ¢yHkwn @; B cuay ¢} (0)==0
oaHo3HauHO onpeneasiorca. CaenoBaTenbHO, €CAM NOCTOSHHBIE WHTErpH-
pOBaHHf, BXOAdliMe B (QYHKIUMH ¢, BHOpaTh TakuM o006pa3oM, uToOb H
g 3TuX QyHKUMA BHIOJHAIMCH ycaoBus @;(0)=0, To ¢yHKUUU @,
copnanyT ¢ dynkunamn @;, u pan (66.13), xoropuitt cosnazer ¢ (66.20),
OyleT TaKke CXOAUTbCS NPH NOCTATOYHO MaJbiX 3HadeHusx c¢. U sto
OyZIeT CNpaBeiJuBO BHE 3aBMCHMOCTH OT TOTO, SBJAAIOTCH JU (DYHKUMH @,
NepyoIMYecKUM MM HeT. B paccMarpuBaeMOM HaMu cJaydae BCe 3TH
GyHKUMM ABJSIOTCH NepHOLMYECKMMH M, cJeloBaTebHO, pan (66.13)
npejcTaBaserT nepuoauyeckoe peureHue ypasuenus (66.1). Tak kax owuo
COJIEPIKUT MPOU3BOJBLHYIO MOCTOSIHHYIO, TO OHO fBJIfeTcs OOLIMM pellie-
HueM ypaBHenus (66.1). Orto pewenue OyieT, OUeBHIHO, YCTOHUMBBHIM,
HO He acUMNITOTHYeckH. TakuM 06pasoM, ec/aU OKaXeTcs, YTO BCe (YHK-
UMK @;, KaK Obl BeJUK HM ObIT WHIEKC [, SBJAIOTCA MePHONMYECKHUMH,
TO HEBO3MYLIEHHOe JABHXKeHWe OyerT YCTOKYMBO,. HO He aCHMITOTUYECKH.
Paspewaa pasencrBo (66.13), oTHocuTeIbHO ¢, NOAyYUM:

c=x-F,(t) Xt 4@, (O 14 ..., (66.21)

rie Eﬁk — nepuonndeckue ¢yukuun spemenu. Coornouenne (66.21) onpe-
HesisieT, OueBHAHO, NepBuil MHTerpan ypasHenus (66.1). Takum oGpasom,
ecau BCe (YHKUMM (p; TMOJYYaIOTCS NepPHOANYECKHMH, TO ypaBHenue (66.1)
yMeeT He TOJbKO aHAJMTHYECKOe MepHOAMYecKOe pellleHHe, HO M aHAMM-
THYECKNH MNepHOAMUecKui nepBeift uurerpad. OTCI0LAa OYEBHIHO, YTO
ecaM Mbl I/ peuleHus 3alayM yCTOHYMBOCTH B PAcCMarpuBaeMoM ciyuae
BOCMOJ/b3yeMCA W3/I0OMEHHBIM Bhille MEePBLIM METOAOM, TO H BCe (yHK-
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uun ;, GUrypupylouke B 9TOM MeTOLe, BHIALYT TaKKe NMePUOIUYECKUMH.
CnpaseanuBo W oOpaTHOe 3aKJIOYeHue: €CJAM MPH pPellleHud 3afauu
NepBLIM METOJOM BCe (PYHKUMM 1, NOJAyuYaTcs MNEPUOAUYECKHMH, TO OpH
pemieHdH 3a1auM BTOPHIM METOAOM BCe (YHKUMH ¢, BHHLYT TaKxe
nepronMyecKUMH. B caMom nene, ecan Gbi He BCe (YHKIMHM (; BBHILIHA
NePHOANYECKHMH, TO 3aJa4ya YCTOHUMBOCTH pellasach OB KOHEYHBIM
YHCJOM uJIeHOB B ypaBHenud (66.1) He3aBUCHMO OT Y/EHOB ROCTATOYHO
BHICOKOTO NOPAIKA, YTO, O4YEBHIHO, HAXOJMTCH B NPOTHBOPEUMH C Mpei-
NOJNOXKEHHEM, 4TO BCe (QyHKuMM Y, ABJAAIOTCA Nepuoinueckumu. Orciona
HeNoCpeJCTBEHHO BHITEKAET, YTO €CJAH MPH PelleHuH 3aJa4d YCTORUHBOCTH
MepBLIM METONOM BCe OYHKUMM 1P, NOAYYaTCH NEPUOAUYECKHMH, TO
HeBO3MYIIEHHOE JBHXKeHHe OyleT YCTOWUYHMBO, HO He ACUMIITOTHYECKH.

Mpumep 1. Ilycts ypaBHeHHe BO3MYLIEHHOTO ABUXKEHHS HMeEET BHJ

dx

2= sin®f . x24-Bcos?f - x4, ‘ (66.22)

rie ¢ ¥ p — NocTosiHHbLIE.
Jns vccaeloBaHMs YCTOHYMBOCTH MO TNepBOMY €moco0y IoJjaraem:

y= x+1p2x2+1p3x3+¢4x4+ s

U crapaeMcs ¢yHxkuuu P, BoiOpaTh TakUM 00pasoM, uTOOH OHM Oblam
NepHoOAHYECKUMHE M 4TOOH ypaBheHne (66.22) npuHsno Bun

—i‘"—-: @y - agy+ a i+ ..,
T. €. 4yTOOb BHINOJHAIOCH TOXAECTBO
(asindt - x24-pcos? £ - x%) (1 -+ 2y 4 3Py .. .) |
+ L oy ey L
= (x+1p2x2+ S B2 LG il 2 i S L S

O71ci0a HAXOAUM:

dys -

—F = @p—asin t,

?;3 = a3+ 2a,p, — 2asin3 ¢ - Py,
dllh

= a,+3a3p, + a P+ 2a,p, — Bcos? £ — 3asindt - P,

Hs ycaopus nepHOAMYHOCTHM 1, HAXOZWUM, 4T0 @, =0, nocie uero
noJiyuaeM:

1 3
1])2=a(cost— co; t),
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Ilanee uMeem:
a? (. 1
a;=0, ¢3=—T(sm“t+3sin“t>.
MMoacraBass no/ayyeHHble BEJAHYMHE g, @3 U QYHKIAM Py, Y3 B ypaB-
HeHde 1as Y, NOayyaeM:
4% 24 1 o8 (sin? Y inos
77 = a,—pcos?t—}-adsin’ {4 3 sin ¢},
OTKYIa HenoCPeiCTBEHHO CJeAyeT, 4TO

p

a4=‘§"-

Takum oO6pasoM, mepBHft OT/MuHBIM OT Hynd KO3(HUUEHT @, HMeeT
YeTHbI!l MHIEKC, OTKYJAa BBLITEKAeT, UYTO HEBO3MYLIEHHOE JBHXKEHUEe
HeyCTOHYHBO. :

Pemmum Tenepp samayy BropniM cnocoboM. C 3TO# ueibio npitaemcs
yIAOBJAETBOPHTb ypaBHeHHIo (66.22) pelenneM BHAa

x=ct g+ ..,

rie ¢ — NPOM3BOJbHAs HNOCTOAHHAfA, a ¢; — NepHoauyecKue ¢yHKUUHN
Bpemenn. Iloacrapass 310 pewenue B (66.22) u npupaBnHuBas ko3¢du-
LMEHTH NPH OAMHAKOBHIX CTENMEHAX €, NOJYUUM:

a9, i3 des __ in3 4,
77 = osin’t, —dt—___2asm t- @,
dq

7=ﬁc052t+asin3t - @2 2asindf - @,

OTCI0fa HAXOIUM:

cos®¢
cp2-_-.-—o,(cost— 3 ).
2
Q3 == %sin“t—%—-sin‘*t,
q>4=—g—t+q>(t),

rae @ (¢f) ectb mepuopuueckas dyuxuusa. Taxum oGpasom, nepsas Heme-
puoxnyeckas QYHKUMS ¢, HMeeT YeTHHH MHIEKC, OTKYyAa BhITEKaer
HEeyCTOMUKMBOCTL IBHIKEHHUS.

MMpumep 2. B xayecTBe BTOPOro mnpuMepa pacCMOTPHM CHCTEMY
ypaBHeHHHt BTOPOro MOpSiZKa C TMOCTOSHHBIMM KO3GduUUEeHTaMH, s
KOTOPO# XapaKTepUCTHYRCKOE YpPaBHEHHE MMeeT Mapy YUCTO MHUMHX
KopHe#t = Ai. dra 3amauva noapoGHO paccmarpuBaiaach Hamu B §§ 36—38.
YpaBHenuss BO3MYIUEHHOTO IBHKEHWS HMEIOT BUI

LMy Xy, L=ixtYiny), (6629
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rie X u ¥V — anasutnyeckue GYHKUMH NepeMEHHHIX X, Y, PasJoXeHus
KOTOPHIX HAUUHAOTCH YICHAMH He HIXKe BTOPOTO NOPSAKA.
BBeneHueM NOJAPHBHIX KOOPIUHAT

x=rcos®, y=rsind

cicreMa (66.23) npuBoauTcs K BHLY

dr —~ !
=R (66.24)
av :
B —rt0(. 0,
OTKyJa HCK/IOueHHeM df HaXOAMM:
d
5 =R(. 9. . (66.25)

B ypasHennsx (66.24) u (66.25) ¢ynkuun R, 8 u R 6yayr aua-
JUTHYECKUMH OTHOCUTENbHO £, OOpamlaMMucas B Hyab npu 7 =0,

npuuyeM pasiokedus R M R HAYMHAIOTCA UYJEHAMH He HIKe BTOPOro
nopsaka. Kosdduuuents B pasnokeHusx STHX (yHKUuH ABISIOTCA
NONMHOMAMH  OTHOCHTeabHO cos® u sin® u, crenosateabno, Gyayt
nepuoauyecKuMi GpyHxmamu 0.

Ws sroporo ypasuenus (66.24) caeayer, uTo npu r, ROCTATOUHO
MajoM, BeadunHa & sBasieTcd MOHOTOHHOM ¢ynwKuue# BpeMeHM, Heorpa-
HAYEHHO BO3pacTaiolliell BMeCTe C NOC/JeNHMM (€CIM NPU DTOM 7 OCTaeTcs
BOCTaTouHO MaabiM). OTCIONA HENOCPeACTBEHHO BBHITEKAaeT, HTO MNpH pelle-
HMK 3a1a4d YCTOHYMBOCTH nepeMeHHas U MOXKET Mrpath pOJb BpeMeHH.
CnenoBaTe/ibHO, 3afaya yCTOWYMBOCTH MO OTHOLICHHIO K TIEPEMEHHBIM X
¥ y nas ypasHenu#t (66.23) skBuBaNeHTHA TOH ke 3ajaye MO OTHOIUeE-
HUIO K TepeMeHHOR 7 aas ypasHenusi (66.25). Ho nocnennee ypasHenue
ABJSETCA, OYEBMAHO, UYACTHBLIM cJyuaeM ypaBHeHus (66.1), m M MoXewm
ero UCCAeN0oBaTh BHIIEYKA3aHHBIMM MeTOJaMH. B wacrtHoct, MBI MOXew
NPHMEHUTb BTOPOH METON, 4YTO HpHBEAET HAC, OYEeBMAHO, K pesyJb-
taram § 36.

§ 67. Kpurnueckuit cayuai,
KOrJa XapaKTepHCTHYECKOe YpaBHEHHE HMeeT
ABa KOMIIEKCHBIX KOPHSi ¢ MOAYJSIMH, PaBHLIMHM eIMHHILe.

Msl nepexonuM K PacCMOTPEHHIO CJiydasi, KOTIA XapaKTepPUCTHYECKOE
ypaBHeHHe NePBOTO NPUOMIDKEHNS HMEET J[BA KOMILIEKCHBIX KOpPHS
C MORyJAMM, paBHbMH enunuue. Kakx yxe ykaswmBanoch Bobie, M
OrpaHMYMBAEMCS B 9TOH TI/J8Be CHCTeMaMH BTOporo nopsaaka. Jupde-
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peHUHanbHble yPaBHEHHS 3aJaud YCTaHOBMeHH B § 65 U UMelOT Bua

%=~M+X(L x, ¥
4 (67.1)
—a%——- Ax+-Y (¢t x, 9,

rie X (¢, x, ¥y) u Y ({, x, y)—- aHaimTHuecKne QYHKUMN TEPEMEHHHIX X
W Yy, DasJOXEHHS KOTOPHIX HAYMHAIOTCA 4YJEeHAMH He HHXKe BTOPOTrO
nopsaka W 004aaaioT KO03PdHUUEHTaMU, SABJAAOLMMHCA NePHOINYECKAMU
(YHKUUMAME BPEMEHH.

Jonycrum cHavana, uto ¢yHkumn X u V He saBucar or ¢ Torza
Mbl OyJeM HMeTb KPMTMYECKHH ciayuaft AJs yCTaHOBUBLIMXCS ABYIEHHUR,
KOrZa Onpefe/diollee ypaBHEHHE CHCTeMbl MEPBOro NpHOJIHXKEHUS HMeer
mapy YMCTO MHMMBIX KOpHe#t = AJ, W NOPSLOK CHCTeMbl paBeH IBYM.
9ta 3amaua noipoOHO paccmarpuBajsach HaMu B §§ 36 — 38. B srux
naparpadax GblI0 MOKA3aHO, YTO KPOMe 0COGO WMCKJIOUMTENbHBIX C/yuaes,
KOTOpHE Mbl ceHuac He OyneM paccMaTpuBaTh, 3ajlaya YCTOHUMBOCTH
pelnaeTcs KOHEYHbIM YHC/IOM 4YEHOB B DAa3JOXEHHSX MNpaBbiXx wyacreft
yPaBHEHMH BO3MYLIEHHOTO JBHxeHus. JlOmycTHM .17 Onpele/eHHOCTH,
YTO 3afaya YCTOHUMBOCTH peluaerTcs NEePBHIMM M uieHaMu, rle m, Kak
ObIJIO TI0KA3aHO, BCEria HeYeTHO, TAK 4TO MOXHO MOJOXUTh m=—=2N-—1.
OTO 3HAUWT, YTO €C/JM MH BMeCTO ypaBHeHu#t (67.1), xoTophle no mpen-
NOJIOXKEHUIO HE BAaBUCAT OT f, PACCMOTPHM YpaBHEHHUS

L e hy X ) D A Xoyoi (0 D)0
(67.2)
G= AN D+ Yyt )

rie X, u Y, — COBOKYNHOCTH UuJEHOB K-ro mNOpsiika B pPas/oKeHuAX
¢yukut X u YV, TO HeBO3MYylleHHOe IBHXKEeHHe OyIeT YCTOHUMBHIM WM
HeyCTOHUMBEIM npu J060M BbOope GYHKUHH @ u P, ecau nocienHue
ABJSIOTCA AHAJMTMYECKHMM M HX PAa3NOXKEHUS HAUMHAIOTCH UJeHAMH He
Hmke 2N-ro nopsaaxa. Ilpu srom, xak 6nHA0 nokasaHo B § 37, cyute-
creyer ¢yHxuusa Jlsanynora V (x, y) Buza

Ve, =x2Fy2+4f3(x, )+ ... 4+ fon(x, ¥, (67.3)

NpPOUSBOJAHAA KOTOPOM, COCTaBieHHas B cuay ypaBHeHud (67.2), umeer

BUI
L — G2+ ... (67.4)

3nech f,— hopMbl k-ro mopsika, He 3aBucsaume oT ¢ ¥ ¢, G — no-
CTOSIHHASl ¥ HEHANMCAHHBIE 4WIeHH HMeloT mopsinok, Goabwm# 2N. Ecau
G > 0, ToO HeBO3MYIULEHHO® [IBWKeHWe HeycToHumBo, a ecau G <0, 10
OHO YCTOHYMBO ACHMNTOTHYECKH. DTO HEMOCPEeNCTBEHHO BHITEKAET U3 TOTO
obcrosTenbeTBa, 4TO V' ecTb ¢yHKUMA ONpeAe/]eHHO-NON0KHUTEMbHAS,
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a ecTh (DYHKLMS TaKWe 3HAKOONpejedeHHas, 3HAK KOTOPOH coBmanaer

dv
“ar
co sHakoM U, KakoBH OB HH ObM (QYHKLMH @ W P, YAOBJAETBOPAIOLINE
yKa3aHHBIM IS HHX YCJOBHSM,

U3 cymecrBosanusi Ajs ypaBHenu# (67.2) ¢ynxumn Jlanynosa (67.3)
MOXHO clenath, oaHako, 6ojee ofwime BHIBOAH. JlonycTuM, 4TO QyHK-
UMA @ M P 3aBUCAT TaKKe OT £, MO OTHOLIEHHIO K KOTOPOMY OHH Orpa-
HUYEHb, HO He 0053aTeJbHO NMEPHOANYHBI.

Tlpn yKasaHHbIX NPEANOJONeHUAX Bupaxenue (67.4) ocraerca no-
NpeXXHEMY 3HAaKOONpeeeHHbIM; C/ied0BaTe/IbHO, V no-npexHeMy aBisercs
¢yuxunet JlanyHosa, ynosaeTBopsioilelt Bcem ycaosuam teopemnr II § 46
wan teopembl III § 47. [TosToMy HeBO3MyllleHHOE MNBUXKeHUWE IJs ypa-
BHenu#t (67.2) O6yzeT no-npexHeMy aCHMITOTHYECKMM YCTOHYMBO MJM He-
YCTOHYMBO BHE B3aBHCHMOCTH OT (QYHKUMH ¢ ¥ ), YIOBJIETBOPSAIOLIHX
BLILIEYKA3aHHBIM YC/IOBHSAM. DTO HENOCPEICTBEHHO NMPHMBOIUT HAC K Cie-
AYIOUIEMY 3aKJ/I0YEHHIO.

HonyctuM, uto B ypaBHeHusax (67.1) Bce u4jaeHH 10 HEKOTOPOro
MOPSIAKA M BKJIOYATENbHO MMEIOT MNOCTOSHHBIE KOS(PPHUUUEHTH, TaK 4TO
BpeMs { BXOIUT JHUIIb B Te YieHbl, NOPAAOK KOTOPHIX MPEBOCXOAUT M.
OT6pocuB B 3TUX YpaBHEHUSX BCe YJjeHH BBILE m-TO NOPALKA, paccmo-
TPUM HOJYYEHHYIO TakkiM 00pa3oM CHCTeMy ypaBHeHHM# C TOCTOSHHBIMH
Koaduurentamn. Dta cucremMa npenacTaBiseT co0of uacTHbIf  cayuai
cucteMmnl, paccMorpenHoft B §§ 36—38. Ionyctum, HakOHeu, yTO 3ajnaya
YyCTOHUMBOCTH J1Js 3TOH CHCTEMBl C MOCTOAHHBIME KoaduumeHramu pe-
maeTcs 4/JAeHaMM MOpPsAKa He BHlUe m. Torma ecau Aas 3TOH CUCTEMEHI
NOJYYHTCS HEeyCTOHUMBOCTb, TO M Aaa cucreMb (67.1) noayuurcs we-
yCTOHUMBOCTB, a €CJaH AJs STOR CHCTEeMBl NMOJYUMTCH yCTOHUMBOCTb (achM-
nToTHYeckas), TO W Aas cucrems (67.1) Oyzer TakXe HMETb MeCTO
yCTOHUMBOCTL (ACMMNTOTHYECKAS).

Paccmorpum Teneps ypaBHenust (67.1) B obuiem cayuyae. K3 Bwie-
CKa3aHHOIO CJeAyeT, YTO €CJH HaM YAACTCA NPU NOMOWM MOAXOASLIEro
npeoGpa3oBaHus NpHBecTH ypaBuenusi (67.1) x TakoMy BHLY, B KOTOpOM £
cozepxanoch OB TOJMBKO B uJeHaX JAOCTaTOYHO BBICOKOrO NOPSAIKA, TO
3ajaya CBeJercs K MCC/IeNOBAHHIO CHUCTEMbI C NMOCTOSAHHBIMH KO3(uimeH-
TaMM, KOTODYIO MOJYYMM, €CJM 3TH YJEHB BBLICOKOTO MOPAAKa, COAepKa-
wye ¢, nonpocty orbpocuM. Yro we kacaercd mocjeHeH 3ajgauM, TO OHa
MoxeT OHTb paspellleHa OAHMM M3 TeX TPeX NPHEMOB, KOTOphie Oblau
yCTaHOBJeHH B raase V.

TakuM 00pa3oM, 3alauya NPUBOAMTCA K PasbiCKaHUIO TaKoro npeob-
pasoBaHusd NEePEMEHHHX X W y B ypaBHenuax (67.1), uro6wn mnpeodpaso-
BaHHBle yPaBHEHHs COXPAaHWUIM TaKOH ke BHA, HO 4TOOH B HMX KO3(du-
HMEHTH YJIEHOB O CKOJb YTOAHO BHICOKOTO HOPAAKA M ObliAN TOCTOAHHBIMH.
Takoe upeobpaszopanue, Kak nokasan Jlanynos; moxer GuTb HeHCTBH-

Ao
TE/bHO BLINOJHEHO, €CAW TOMbKO YHC/IO —— HPPAUMOHAILHO, YTO MBl H
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Gynem mpeanoaaratsb !). Boiuncienus JlsnyuoB pacmoJaraer takum oGpa-
30M, 4TO 3a4a4a YCTOHYMBOCTH AJS NpeoOpa3oBaHHbIX ypaBHeHHH pe-
maeTcss OJHOBPEMEHHO C BHINOJHeHHeM caMoro npeof6pasosauus. Ilpu
9TOM 3ajaya ycroHuuBocTH pemaerca MmeromoM § 36. Onnaxo Bce BhIyM-
CJeHHS 3HAUYNUTENbHO YNPOILAIOTCS, €C/i CAef0BATh UHOMY MeTOLy, fpel-
craBJsiollieMy coOolt HenocpeactTBenHoe pasBuTHe Merona § 42. K wusno-
JKEHHIO 3TOTO MeTONA Mbl CeHuac W NepexoiyM.

Tak xe xak u B § 42, Ml OyaeM npeanoaaratb, 4T0 JMHeHHAas 4acTb
ypaBHeHuH BO3MYLIEHHOrO ABM)KEHHA INPHUBENEHA K KOMIUIEKCHOMY KaHO-
HUYECKOMY BHAY, TaK YTO 3TH YPaBHEHUA WMEIOT BUL "

dx

—- = N+ XA, x, -+ XOU x, + ...,
J (67.5)
Gr=—0y+YOE X NAYOE X N+ ..

rre X® u Y(k)—-(popmx R-ro mMopsika TepeMeHHMX X W y C TNepuo-
anveckuMu koaddpuunentamu. Ecin ypasHenus 6blau 3anainl B popume (67.1),
70, uTOOH nepefitd K BuAy (67.5), mocrarouno Oyier NPUHATH B KauecTBe
HOBBIX T@PEMEHHBIX BeJUYMHB X iy M x —iy. [lepemennsie x u y
6ynyT B ypaBHeHHusiX (67.5) KOMIIEKCHO COMPSIKEHHBIMH, TAK YTO BTOpOe
W3 3THX ypaBHEHHH NOJAYUYMTCA M3 MepBOTO 3aMeHOM { HA — i, x Ha Y
H Yy HA X.

3azaBwnch Tenepb uMcAOM m, mnpeobpasyem ypasnenus (67.5) npu
MOMOILY MOACTAHOBKH

x=u-+u? ¢ u, )4 ud ¢, u, )+ ... Fa™E, u, v),
y=04+ud(¢ v, ) +ud ¢, v, W)+ ... +an(t, v, u),

rae u® (¢, u, vy n u® (¢, v, 4) — GopMB k-TO MOPSAAKA C NEPUOIHYeE-
ckumi koshduurentamu. Ilpu stom ¢opMul #®) (¢, ©, 1) KOMIIEKCHO
conpsikensl - ¢ ¢opmamu z® (£, u, v) U MOryr OHITb, CJENOBATEIbHO,
nosyyens u3 u® (¢, u, v) sameno# { va —i, ¥ Ha v u v Ha 4. Or-
ciofa Cneayer, 4TO MNEPeMEHHble 4 W U SBJAAIOTCS TaKXKe KOMIIEKCHO
CONpPSKEHHBIMH. :

IIpeoGpasoBanue (67.6) MBl nocrapaeMcs noaoGpaTh TakUM 0OpasoM,
yToOb B TNpe0OPa30BAHHEIX YPaBHEHHAX WIeHH N0 TMOPAAKA M UMesu
nocrosivisle  KO3(pQUUHEHTH. DTH ypaBHEHHWA NOJIKHBI, CJIEL0BATENbHO,
UMeTb BUA

} (67.6)

-‘;—’:= M UP @, v+ ... +U™ @, o)+ U, u o),
B _ B (67.7)
L e — 004+ T% @ )+ ... +T" (0. )+ U v ),

'y OTHOCHTEABHO 3TOrO NPEANOACKEHHUA CM. MPHMEYaHHEe B KOHUE naparpada.
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rae U(k)(u, v) " U(k)(v, #) — GOpMB  R-rO TNOPSAKA C MOCTOSHHLIMH

koaddunuentamn, a ¢yukuun U (¢, u, v) n U (¢, v, u) ume0T NOp4I0K,
Goabiv#t m, ¥ 3aBUCAT, BOOOHIE rOBOPA, OT f, MO OTHOMIEHHIO K KOTO-
poMy oHH nepuoiuynbl. Ilpu sToM dyHKuIMM u® W w)ynlU({, v, u)
KOMIIJIEKCHO CONMpPSXEHBl C u® (w, v) m U, u, v).

[Moncrasnss B nepsoe ypasHeHHe (67.5) BMecTo X M y MX Bbipaxe-
uua (67.6) u npuuumas Bo BHuMauue (67.7), GyneMm uMeTb:

ou® (m)
(1+ L +9‘-‘ﬁ-)(im+u""’+ L)+

(2) (m F
(%—+ 4 "’gv )(—i}w—i—U(Q)—}— L)+

ou® du(™

‘St =
=ir(e+u®+ ...)—|—X(2)(t, g~ .., 04 o)+ ...

Orcioa, NPUPABHHBAR YJIEHH! OJMHAKOBEIX MOPSAAKOB, MOLYYMM AJS
dopm u® (¢, u, v) crenywouMe ypaBHEHUd:

Ju(k) (k) (k)
uot : (az;u 4= oz;v "’)—*—U(k)(u, V)=

=u® 4+ F® ¢, u, v)  (67.8)
(=2, 3, ..., m.

3nec F® — nexorophie ¢opMEl k-TO mOpAIKA NepeMeHHBIX «, U,
3aBuCslIne OT TeX (opM a9, U, nas Kotopux [ < k. B wactHoCTH,
F(Q)(t u, fu)—-X(Q)(t u, v). ¥YpasHenus (67.8) maiT BO3MOXHOCTb
NoC/AeJ0BaTENbHO ONpPEneNsTh KaK (popmm u®, tak u popmn U®), Tloka-
’KeM, Kak 3TO [enaThb.

Ilonyctum ¢ 3TOH Ueablo, 4TO BCe 1w U, nns xoropwix i < k,
ye BHIUMCAEHB ¥ Koddduunents dopm u(” BBHIILJIA NPY STOM IEPUOIU-
yeckumu. Torza F® 6ynyT M3BeCTHHIMM dopMaMu k-To nopsika c ne-
pruoanueckumn koddduunentamu. [lyctb

FO = 3 fog(t) utob,
a+f=k

rie faﬁ(t)—nssecmme nepuoaMueckve GYHKUMM BpEMEHW NEpPHOaa .
Honoxum
u® (¢, u, v)= > aaﬁ(t)u“fvﬁ, UP (u, )= D) Agputvb,
a+p=%k a+fB=k

rie Agg — HEHSBBECTHBIE MOCTOSHHBIE, & Ugg (f) — HEH3BECTHBIE NEPUOIH-
yeckHe ¢yHKIMM BpeMeHu. Toraa, npupaBHuBas B ypasHeHHH Ajas u(k)
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K03dGUUMeHTH NPU NMOLOOHBIX Y/EHAX, MOJAYYUM CJelyioliHe OOBIKHOBEH-
Hble JH(QepeHUHdNbHbE YPaBHEHUSA:

duaﬁ—{—(a—ﬁ—l)lku —f . —A (67.9)
dt - o Jaf af* :

Ham HyxHO HaliTH nepuoivueckoe pelieHue 3THX ypaBHeHuR. 3nxech
NPUXONUTCA pa3auyaTh JABa cJayyas B 3aBUCHMOCTH OT TOro, Oyner ju
BeqnuvHa o — Bp— 1 paBHa Hymio uiau Her. JlonycTuM cHayana, u4to
o —pB—1=0. D10, 0OUEBHAHO, BO3MOXKHO TOJBKO NPH R HEUETHOM.
Mycts k=2n-+1. Toraa w3 a—p—1=0 caenyer: oa=n-1,
f=n. YpaBHenne In8 Uqgg ({) NpUHMMAET BUX

dipit,n
4t fn+l, n T An+l, n

# a9 TOro 4YToOB OHO MMeJNO MEepHOAMUYECKOe pellleHue, HeoOGXOIUMO U
JOCTAaTOYHO, 4TOOB

®
1
An+l, n= g J fn+1, n &) adt. (67.10)
0

Mpu atoM Aas 4,y , NOAy4YaeM:

Upit,n= f Sa+, n(H)dt — Arz-H, ate

Bxoasuyio ciona MOCTOSHHYIO HHTErPHPOBaHUA Bbi6epeM MO MPOHM3BOIY.
Jonyctum Tenepb, uto o— p— 1 = 0. PaccmorpuM ypasHenue

By — ap+9(@). (67.11)

rie a — nocrosHHasd, a P (f) — Npou3BOJbHA HenpepuBHAA NepUoAnYe-
ckas ¢yHkuus £, nepuona ®. JomycruM, uTo @® = prtl, rae p — wenoe
uncio. Toraa ypaBHenue (67.11) nmeeT wacTHOe pelleHue

[ t

o= eat] T f e=atp (f) dt-}—fe-aﬁp(t)dt . (67.12)
1—e P |

0

Ato pelleHyie ABAAETCS NEPHOJMUECKHM C MepuoloM ®. B camom nere,
u3 nepuoanynocTy P (f) BHTEKaeT:

f+o t

t
f e_atq,(t)dtgfe~a<t+m>¢(t+@)dtse—"mfe-"’w(t)dt
3 |

] 0
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4, CAEAOBATEJIbHO,
‘ oo @ t+o
(P' ¢+ )= 1__:'6 ea (t+) J e—atq, (t) dt—-}— et (t+o) J. é"‘”l]) (t) dt _—
0 0 ’

®
(]
ea

=Wea(t+m) J.e'afxp(t)dt-{—
) 0

40 . o
- ea(t+a) f e—atw(t)dt+fe'“‘¢ (Hdt)=
@ ' 0
t

‘l) .
=L ent+o f e~y (f) dt +- e f e=a (t)dt =" (O).
0 0

1—e¢

YTO M JNOKA3HIBAET CMNPaBEJIMBOCTL Hauwero yrsepxkaenus. IIpu stom
M3 YCJOBHS OTHOCHTE/NLHO @ BHITEKaeT, 4To ofllee pelieHne @ == %
oaHOpOAHON uacTH ypaBHeHus (67.11) He MoxeT OHTb NEPHONUYECKHM
nepuona ©, u nosromy dopmyaa (67.12) naer eauHcTBeHHOE Nepuoiuye-
cKoe peunenue ypasuenus (67.11).

A%t
Tak kak 1o YCJAOBHIO 4HCJIO o UPpalNOHANbHO H, CJEJIOBATENbHO,

0171

n(a+p— 1)+ 2=

OIHO M TOMbKO OJHO MepuOJHuecKoe pellieHHe, KakoBa Ow HH Obiia
nocrosuHas Agg. Mb OyneM mnoJaraTh:

, T0 ypaBHenve (67.9) npu a—p— 150 umeer

A =0 (a+#Bp+1). (67.13)

Bui6pas TaknM 0GPa3OM NMOCTOSHHYIO Agg, MBI MOAYYMM BMOJHE ONpe-
NENEHHOe DellieHVe ISt Ugg. OTO pelleHHe MOXeT OHIThb BBHIYHCAEHO MO
dopmyne (67.12). Ha npaktuxe, onsako, ¢yHKuuu faB yaille BCero Obl-

BAOT KOHEYHHIMHM TPHUTOHOMETPHUECKMMH CyMMaMH. B sToM cayuae ¢yHk-
UMM Ugg TNPOlUEe BCEro ONpeieisiTh METOIOM HeonpeleleHHHX KO03¢hdu-
LMEHTOB, TAK KaK 3TH (YHKUMM TaKXe TNOJYYaTcs KOHEUHBIMH TPUTOHO-
METPHYECKHMH CYMMaMH.

Takum 00pasoM, MBI MOXeM MOCAeNOBATeNbHO ONpeleauTh BCe (POPMEI

u® w U®, Tpn stom us (67.13) smTexaer, uro sce dopme U® mpu
k yetHoM GyinyT TOXIECTBEHHO DABHHI HYJIO, 4 MPH K HEYETHOM B 9THX
dopmax OyayT OTAMYHBIMA OT HYJA JUWIL MO ONHOMY KOd(uuUHeHTy
Buna (67.10). CaenoBatenbHo, npeoOpa3oBaHHEE ypaBHEHHS OYAyT UMETb
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BHIL

Z——tu = Mu+ Agu*v - Agpdv’+-. . -4y, w1 vr4-U (L, 1, v),

dv _ . _ _ (67.14)
= Mo+-Aguv? A3, . Ay, uportI4-U (8 v, w),

rae noJokeHo A, .y ,=Aq, ., m=2p-4 1.

Or0OpachiBas B ypaBHenusax (67.14) unennt U u U, Mo noayunm
YPaBHEHHS C HOCTOSAHHBIMH KO3(pQULHUEHTAMH:

du

Sr= MutAglv ... Ay, PP, |
o B , - » (67.15)
o7 = — Mo+ Auv’ 4 . Ay, PP

Kak Obl0 nokasaHo BhlNe, 3aJa4ya YCTORYMBOCTHM JJI1 MCXOLHOM cu-
creMbl (67.5) pemaercs ypaBHeHusaMu (67.15), ecau najsi 9THX MOCAeqHUX
3alaya yCTOHUMBOCTH pelaeTcs ujdeHaMM He Boule (2p -+ 1)-nopsaka.
3anaua yctoHumBocTH Aas ypaBHeHu#t (67.15) pemaercs cpasy 6Ges
Kakux OB TO HH OBbIJIO JONOJHHTEJbHHX BHIYHCAEHHH. JIeHCTBUTEMbHO,
ypasHenua (67.15) uMeloT kax pas BuI ypaBHeHuR (42.3), paccMoTpeH-
Hoix B § 42. M1 xak Owio nokasaHo B 3TOM mnaparpade, ecim A, —
nepsbi#t ¥8 KO3pduuMeHTOB Aj, Ay, ..., BelleCTBeHHas 4YacCTb KOTOPOro
OT/IMYHA OT Hyns, TO MpH Re(A,) >0 HeBO3MylleHHOe IBHXeHHe He-
ycro#iuuso, a npu Re(A4,) < 0 ono ycro#tuno acumnroruueckd. Otcioza
crenyer, 4to B npeoOpasoBaHuu (67.6) MOXKHO MOOWUTL m == k.

Taxum 00pa3soM, MBI NPHXOAMM K CJEAYIOLieMy NpaBuay I8 pelle-
HHS 3aJa4y¥ YCTOHUMBOCTH B MHTEDECYIOLIeM Hac Cayyae.

Henaem B ypaBHeHusx (67.5) mnoicraHoBKy

x=u+u(2)(t, u, fo)—{—u(s’(t, u, N+ ...,
y:v+[2(2’(z‘, v, u)—{r—E(S)(t, v, w)—+ ...

u crapaemca ¢opmbi #® nomobpars Takum 06pa3oM, 4TOGH Tpeobpaso-
BaHHBIE ypaBHeHus NpuHAAM BUA (67.15) u urobbl K03PGHUUMEHTH 3THX
¢dopm BHILIKM NepuoiyueckuMu. Taxkoe npeobpas3oBaHue Bcerga Ha#zercs,
M Np¥ 3TOM KO3p¢uuMeHTs A; MoJayyaTcs BNOJHE ONpPEeNeNeHHBIMH. DTH

KO3¢QdUIYEHTH ONpelenseM A0 TeX NOpP, NOKA He BCTPETUMCH C TAKHM,
nyctb 310 Oyner A, —aas koroporo Re(A,)+# 0., Torma mnpu
Re (Ap) > 0 HeposMylLieHHOE IBMXeHHe HeycTOHuMBO, a npu Re(4,) <0
OHO YCTOHYMBO aCUMNTOTHYECKH.

Moxer cayunTbCs, UTO NpH M06OM 3HaYeHWH R, KaK OBl BEJNHKO OHO
Hu 6u110, Re(A,)==0. 3TOT MCKMOUNTENBHBIA CAy4all MBl 31eCb He pac-
cMaTpuBaeM,
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Mpumep. PaCCMOTpHM ypaBHeHHe BTOPOrO NOp#IKA

dx\2
4% +x—cp(t)(dt) + F[t x, (—dt)].
rie @ (¢f) — nepuoauueckas (GYHKLUMA BpeMeHU, Hepuola ®, HECOUIMEPH-
MOIro ¢ ™, 06]13,[[&10”1.33 OTAHYHBEIM OT HyJIﬂ Cpeﬂ.Hl/lM 3HAYCHUEM, & F——
dx\2
aHaJUTHYECKAs (pyHKllHﬂ OT X 1N (-ﬂ') y pa3JlO)KEHHe KOTOpOﬂ HE HUMeeT
. \

dx
4/ICHOB HHMXE TPETbero MOPAAKA OTHOCHTENbHO X M —o-. Koad¢uimeHTrl

9TOTO DPAas/OXeHUs SBJAMIOTCA MEPUOANUECKMMH (QyHKuMAMHA f, MEepHoAa Q.

dx
IMoaarag §=x —i— X - i% , TOJYUHUM CJelYIolylo CH-

ar: =
cTeMmy:
L i§~icp<t>(z—n>3+zf<t, 5 . | .16
(67.
T=—mtge®E—+if ¢ & 0, |
rae f — BewecTBenHas QyHKHMA.
lleJIaEM JaJnee HO}ICTaHOBKy
E=u~+u®(¢ u, v)+ ..., 67.17
n=0v+u? v, B+ ... } (©7.17)

Tak kak B ypasnenuax (67.16) Her useHOB BTOPOro nopsanxa, TO
MOXHO TOJIOXWTb, YTO W B MoOACTaHOBKe (67.17) aTM ujeHb OTCYTCT-
BYIOT. DTy NOICTaHOBKY CTapaeMcs Iono6paTb Takum 06pasoM, uTOGHI
npeo6pasosaunbie ypaBHenus umequ Bui (67.15). M3 srtoro ycaosus
HAXOIUM:

ou®

L +(1+ ) G A )+

ou® -
(60 +...)(—iv+A3uv~+...)=i(u+u<3‘+...)—{—

1
+ge®O@—v+ .. B L S 4 A (V2 SN B S
[lpvipaBHUBasl Y/EeHB TPETbEro NOPAIAKA, MOJYYUM:

ou® ( ou® au<3>)
of T ou

—|—A3u% =
== iu® — § Q) (u—vP3+4if®(¢, u, v), (67.18)

rae f@ (f, «, U) — COBOKYNHOCTb U/JEHOB TPETbEro MOPsIKa B (yHKUHH
f (¢ u, v). Ilycrs

u(3) = Ugg (t) u3 + Uy (t) u2'v + /20 (t) uv? + u03‘03.
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Torma npupasuuBas B (67.18) Ko9dduurenT npu 42v, noayunm:

duzg

Bt A=)+ 1 O,

rae P (f) — xosdduuuent npu u2v B fO (¢, a, v).
* Has Ttoro 4roOH 3TO ypaBHeHHe HMeJO TNEPHOIMYECKOe pelleHHe,
He00X04MMO M LOCTAaTOYHO, 4TOOH BeauunHa Ay ompesenasiack GopmyJoh

Ay= o Of @) dt 1 6f«p(t) dt.

Tak kaKk mo YyCJAOBMIO BelleCTBEHHaa dYacTb A, OTIMYHA OT Hy.Id,
TO B JaJbHeHIIMX BBIYKC/IEHMAX HeT HanoOHocth. HeBoamyuienHoe nBu-
Kenue OyIeT HEYCTORUHBO, €C/HM BeJUYMHA

ﬁq)(t) dt
0

TNOJAOXKUTENbHA, U ACHMINTOTHYECKH YCTOH‘IHBO, €CJY 3Ta BeJNUYNHA OTpU-
HarTeJbHa.

Ao
[Tpumeuanue. Me npeiNioNnoNXHIM, HYTO — ©CTb uuCIO uppa-
uMoHasbHOe. JlOmyCcTHM Tenepb NMPOTHBHOE: NYCThb

A = P%
g0’

rie p m g — ueasie unciaa. CuenaeM B ypasnenusx (67.1) npeoGpasosa-
HHe MepeMeHHBIX

— i t—— e —
x= Esin ‘q t + ncos £—¢,
I c— — i ——
y==—Ecos ~— ¢ 4 nsin— ¢,

K03 (UUUEHTH KOTOPOTO SABJAIOTCA, OYEBUIHO, NEPHOAUYECKUMH (YHK-
HuAMH nepuonda 2gw. IlpeoGpasoBanHble ypaBHeHHUs, KaK JIEPKO BHIETb,
NpHMYT BUA

dg

=B & .

67.19)
dn (67.

7=Y(t, g )
rie E u Y — aHaiuTuueckue ¢yHkuMM £ W 1), pasJAOXKeHHs Ko-
TOPHIX HAYMHAIOTCA Y/IeHAMW He HHXe BTOPOTO NOpsAKa, NpudYeM KO3¢-
(uuMeHTH  pasNOKeHUH  ABIAOTCH NMEpHOIMUECKHMH (YHKLUMAMH me-
puona 2qa,
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Onpenensioliee ypaBHenue JnHeHHoH uacth. cucteMs (67.19) umeer
ABOMHOH KOpeHb, paBHH! Hymwo. TakuM o0pa3oM, 3ajada CBONUTCH
K WCCNENOBAHNIO KPHTHYECKOTO Cilyyasl ABOHHOrO HyJAeBOTO KOPHA. JTOT
Cryuyalt KaK s YCTAaHOBHBINMXCA ABHXeHWH, Tak M IJs NMePHOLMUYECKUX
asmkeHudl OyleT MCCIefOBAH HaMM B Clelyiouleft riase.

§ 68. YcTo#uHBOCTD NEPHOXHYECKHX Jmumeﬂnﬁ
ABTOHOMHBIX CHCTEM.

Ha npakTuke wyacTo npHXOAMTCA MCCIeLOBaTh YCTOHYMBOCTL NHEPHO-
IMYeCKHX ABWXKEHWH NMHAMMYECKUX CHCTEM, ONMMCHIBAEMBIX YPaBHEHUSIMH,
He colepxamuMyu sBHO BpeMend. Takoro poaa ciyuan Bceria npuHaL-
JeKaT K YHCIY KPUTHUYECKUX.

B camom nene, mycTb ypaBHeHus ~IBM)XKEHHS IWHAMHUYECKOH CHCTeMBI
HMEIOT BHI

d
2 =V (Y e ) (=12, ..., m), (68.1)

rae ¢byHkuuu Y, He conepmar aBHO f. OTHOCHTeNbHO THUX (yHKUUH
MB OyleM IS TNPOCTOTH MPEANOJaraTh, YTO OHM AHAJMTHYHBL B HEKO-
Topoit oOnactd npoctpaHctBa (. - JlomycTHM, uTO0 paccMaTpHBaemas
CHCTEMa HMeeT TNepHONMYECKOe MABWMNEHHe, TaK 4YTO ypasueuus (68.1)
umel0T B ob6nactu (G wacTHOe pelieHue

yi=0,®). (68.2)

rie @, (f) — nepuojuyeckue QyHKUUH, NEPHOL KOTOPHIX MBI 0603HAYUM
yepes . [lpunumas npwxenue (68.2) 3a HeBO3MyleHHOe, COCTABUM AU(-
¢epeHUyanbHble YPABHEHNS BO3MYIUEHHOTO IBHXEHHS, T. €. npeobpasyeM
ypastenns (68.1) mpu nmoMOLIM MOICTAHOBKY ,

: Xg=Y;— @, (£). (68.3)
Bynem umers: :
d
S =Pkt Py X (b Xy o X)) (68.4)
(s=1,2, ..., n),
rae X — aHainTHYeCKHe (YHKUMH MNepPeMEeHHHX Xi, ..., X, pasioxe-

HUSl KOTOPHIX HAUMHAIOTCA WICHAMW He HHXe BTOPOro mopsika. Kosg-
GUUKEHTLL 9THX DA3JIOMEHUH, TAK Ke KaK W KOSQUUMEHTH pPgg, ABJIAIOTCA
NepruoANyecKUMU (QYHKUMAME BpPEMeHH, HePHOAd .

Tak xak ypasHenus (68.1) wne' comepxar sasHo £, TO, 3aMeHss
B KakOM-HuGYAb pemienny £ Ha ¢ + A, rae A — NpousBo/bHAs NOCTOSHHAS,
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Mbl CHOBa moayuuM peirenne. Tauum oOpasom, ypashenus (68.1) mmeior
pelieHue:

Vo=, (t + h) (68.5)

U cienosarenbHo, ypaBHenns (68.4) umeior peiueHune

X, =@, (£ + h) — g, (D).

Tak Kak npaBele uyacTd ypasHenu# (68.1) aHaauTHuHH, TO (yHK-
unn @, (f -+ #) HenpeMeHHO pas3naraioTCd B PAL N0 A, U MB MOXeM
micaTh:

Xy = hip, () 5 B2, () + ... (68.6)

[Toncrasigs 3TO peieHue B ypaBHenus (68.4), KOTOPHIM OHO NOJKHO
YAOBJETBOPATh, W TIpUpaBHMBAs KoIPnUMeHTH Npu NMepBOH cTemeHy A,
NONy4UM:

d . .

_;Pti = Pa®r + ...+ Psn®Pn-

IT¥ COOTHOLIEHHS TNOKA3HIBAIOT, YTO (PYHKIUH (fas (%) asasoTca peiue-
HHEM ypaBHeHM{t NepBOro Npub/IUKeHUs cuctemnl (68.4). Ho Tak kak
9T (YHKUHH, OUYEBUWAHO, NEPHOAWYHH, TO MBI TOJYYH/IH, YTO CHCTEMA
nepsoro npubamkenns ypasnenuft (68.4) mmeer nepuoaMueckoe pelieHue.
Otcoa caelyer, YTO XapaKTepHCTHUECKOe ypaBHeHMe STOH CHCTeMH
uMeer, N0 Kpaluefl Mepe, OIMH KOpeHb, PaBHbI# enWHHLE. IDTOT pe3y.b-
Tar ycraHosjeH Bnepsoie [lyankape.

JlonycTuM, YTO OCTalbHBle 72— 1 KOpHe# XapaKTepHCTHYEeCKOro ypaB-
HEHHs CHUCTEMBHl MepBOro npubmxenus ypasHenu#t (68.4) umeor monryiu,
MeHblMe equHHUbl. Toraa Mbl OyleM Kak pas UMeTb HeJ0 C KPUTHYECKHM
C/IyuyaeM OJHOTO KOPHS XapaKTEPHCTHYECKOrO YPaBHEHHMs, PABHOTO elM-
uute. Kak Mbl 3HaeM, B 3TOM cJyuyae 3ajaya YCTOMYMBOCTH peluaercs
HeJMHeHHLIMU u/JeHaMH B yPaBHEHHAX BOBMYLIEHHOTO NBukeHus (68.4).
OnHako B paccMaTpvBaeMOM CJyuae 9TH HeJMHeHHBbIe WeHbl He ABJAITCA
COBEPWIEHHO MPOHU3BOJBHEIMU. TO OGCTOATENBCTBO, YTO paccMaTpuBaeMoe
nepuoluyecKoe IBMMeHWe TpUHaLaexuT ceMmeitcTsy (68.5), saBucsuiemy
OT NpOHM3BOMLHOW NOCTOSHHON /A, HaKJIaZbIBaeT OnpejejeHHBE 3aBUCH-
MOCTM He TOJBKO Ha nepBoe Npub/MKeHHe YPABHEHUH BO3MYLIEHHOTO
JBWXEHHS, HO M Ha HeJWHeHHBle YacTM 3ITUX ypaBHeHu#t. DT 3aBUCHU-
MOCTH [0Jy4aWTCs KaK Pa3 TAKUMM, YTO IJ YCTOHYMBOCTH [BHMKEHUs
NOCTAaTOYHO, 4YTOOBI OCTadbHble N — | KOpHel XapaKTepHCTHYECKOTO
ypaBHeHHs WMeJM MONYJH, MeHble eluHuusl. B sTOM M 3akmouaerca
TeOpeMa, YCTAHOBJEHHas AHIPOHOBHIM ® BuTTOM, KOTOpas MOXeT
6biTh CHOPMYIMPOBAHA CAEAYIOUIMM OGDPa3oOM.

Teopema. [lepuoduuecroe Osudcenue OUHAMULECKOE CuCMeMb,
onucosaemod ypaswenuamu suda (68.1), 6ydem ycmoduuso, ecau
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n—1 kopHed xapaxmepucmuueck020 ypPASHEHUS Nepgozo npu-
6audicerus Ougpgpepenyuarsioix ypasHenuld 803MyueHH020 08UdCE-
HUSL UMeom MOOYAU, MeHbulie eOUHUYbl.

HoxaszaTeabcTBo. Mrak, onycTuM, 9TO XapaKTepHUCTHUECKOE
ypaBHEeHHe CHCTeMBl NepBOrO MPHOJMMIeHHs '

d
G =PaFit e P, (68.7)

uMeeT n— | KopHe# C MOIYJNAMH, MeHbIIMMM eiuuuusl. OAuMH KOpeHb
9TOTO ypaBHeHNsi, MO JOKA3aHHOMY, paBeH eaunuue. Torna cucrema (68.4)
DU NOMOWM JMHEAHOTO NPeoGpPa3oBaHHA C TEPHOIUYECKHMH KOSPPH-
LUMEHTaMU MOXeT ObTh Npeo6pasoBaHa K BUAY

’Et——-—X(x & vvos B D)
d 7 (68.8)
—Ets“': aslgl—i_ ce +asm§m+33(x’ Epp o Emr 1)
(s==1, 2, ..., m).
3necb m==n—1, a,;— NOCTOSHHKIE, A5 KOTOPHX ypaBHEHHE
11—A @y Cim
ay an—h ay =0 (68.9)
Am Ay Cnm — A

MMEET KOPHHM TOJILKO € OTPHUATE/NbHLIMM BEIIECTBEHHBIMM YaCTAMH, M E
1 X — OYHKUMKM TaKOTo Xe Buia, Kak U X

YkasaHHoe npeoOpasoBaHue InpeobpasyeT INEePHOJMYECKOEe pelle-
Hue (68.6) ypaBHenwu#t (68.4) B nmepuoanyeckoe pelleHue ypaBHeHun (68. 8),
10 pelueHue OynaeT, OYEBHAHO, UMETb BHI

x=mw+mm+un}

E=h{y O+ hpu )+ ..., (68.10)

rae §;, P — nepuoandeckne Qynkiuy. JiuHeHnas wactb 3TOro pelleHHs
Gyzner ABAATbCA NEPHOJMYECKHM pellieHHeM JHHeRHOH CHCTeMBl
dx __ dt '
7—-0, V—‘th-:aslgl—'— ‘o +asm§m. (6811)

Ho no cso#ictBy kopHe#t ypaBHenus (68.9) enuHCTBEHHBIM TEPHONH-
yeckuM pellelneM cucremn (68.11) Gyaer

g=h b= ...=E,=0,
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¥ nostoMy peurenne (68.10) umeer Bz

x=h PO+ ..., |
-+ Ay () + } (68.12)
Ee=heo®O+ ... (s=1, 2, ..., m).
YcraHoBuB 310, clesaeM B ypaBHenusax (68.8) moacranosky
XxX=u-t+u t cees
—+ upy () + } (68.13)
E,=v, 4 utpo ()4 ...
[Tpeobpa3oBannas cucreMa OyIer, OYEBHUAHO, UMETb BHI
o |
TtlizU(t, U, vy, ... Uy l
do _ (68.14)
77S=asl"’1+ v F OV ou, v, L, vy),

rae U u V — dyuxuun raxkoro ke tuna, kak ¥ X u Z. Bce cuenan-
Hble MpPeo0pasoBaHAs TaKOBBI, UTO 3aJaya YCTOHYMBOCTH [Js ypaBHe-
nuit (68.1) skBrBaIeHTHA 3ajaye yCTOHuUMBOCTM IAs ypaBHeHuit (68.14).
[TosToMy ME MOXEM pacCMaTpHBATh 9TH MOCJAENHHE YDPABHEHHS.

Tax kax ypasuenus (68.8) umeior yactHoe peulenue (68.12), o ypas-
HeHus (68.14) MO/AKHBI NOMYCKaTh YacTHOE pelleHHe

u="h, v=... =9,=0,

a LJs STOro, OueBUAHO, HeOoGXoxmMo, uToOn ¢yukuun U u V, obpa-
Wanucy B Hyab Npu v;== ... =, =0. Ho B TakoM ciyuyae ypasne-
nus (68.14) npeacraBagior co60# uyacTHE cayuya#t ypaBuenuit (34.2),
¢urypupylolnx B Teopeme, nokasanHoR B § 34. M3 mocaenneit memen-
JEHHO BBITEKAET, YTO HEBO3MYLICHHOE IBHXEHHE yCToHumBo. Bosee Toro,
MOXCHO YTBEPKAaTb, YTO BCAKOE BO3MYLIEHHOE JBMKEHME, NOCTATOUHO
61M3KOEe K HEBO3MYIIEHHOMY, CTPEMHTCS NpPH f—> 0O K ONHOMY M3 IBH-
weHu# cemeficm sz (68.5) M UTO TaKWMM Ke CBOMCTBAMM, KaK M HEBO3-
MYILeHlioe ABHIKeHHe, 00JanaeT BCAKOE IBMMKEHME YKA3aHHOro ceMeicTBa,
ecJqH TOJbKO /i JOCTaTOYHO MaJo.

[Ipumeuvanne. [lokasannas TeopeMa MoxeT OHTb 060Guiena 1),

HonyctuM, 4YTO AMHAMMYECKAs CHCTEMa OMNKMCHIBACTCHS YPABHEHMAMH
BUIA

d
=Y e v,

') Cv. Maanxuna W T, O6 YycTOHYMBOCTH NEPHONHMYECKHX JABIKEHHH.
MM, 7 VIII, sem. 4, 1944; Orpokos H. &., K ycrofiuusoctu neprogu-
YeCKMX HHTerpaJoB. YueH. 3am. ['OpbKOBCKOro roc. yH-ta, Boi. 6, 1938,
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oTanuaiomumuca or (68.1) Tem, uro oum MOryT cozepxatb f, MO OTHO-
IIEHWI0 K KOTODOMY OHH TNepHOAMYHB C nepuoioM ®. Jlonyctum, urto
9Ta CHCTEMA JONYCKAeT NEPHOAMYECKOe pelleHHe '

Vo=, (t by ooen By), (68.15)

NepHoAa @, 3aBHCALIEe OT k<7 MPOM3BOJbHHIX MocrosHHmx. Ecam ¥
He COJepkKar £, TO MPeANoJaraeTcs, 4YTO NEPHOJ pEeIICHUS He 3aBHCHT
ot k;. Ecan uccnenosaTh yCTOHYMBOCTL KAKOrO-HHOYIb ABHKEHHSA CeMelt-
crtBa (68.15), To okaxercd, YTO XapaKTEPUCTHUUECKOE ypaBHEHHE CHUCTEMbHI
nepBoro MnpubjMxeHUs ypPaBHEeHUl BOBMYLIEHHOTO IBWIXKEHHS HMEeT, 1o
Kpafinel Mepe, & kopHe#, paBHBIX enmHuue. MOXHO TIOKa3aTh, YTO eciaH
OCTalbHbBlE A — R KODHEH B3TOro ypaBHeHds WMEIOT MOAYJH, MEHblUHe
eMHKMIB, TO HEBO3MYLUEHHOE IBHXKeHWe yCTOHuuBO.



FrTABA VL
HEYCTAHOBHUBHIMECS JABWXKEHUA.

A. HEKOTOPBIE OBLUE TMPEAJIOXKEHMSL.

§ 69. TMoctanoska 3ajaum.

Mu nepexoaum Temepb K PaccMoTpeHnio OOlero cayyas HeyCTaHO-
BUBIUMXCA IBIKEHMH, T. €. K C/Iyuaio, KOrJa npaBble YacTW ypaBHeHu
BO3MYILEHHOrO JBHXKEHWsl CONepXKaT $fBHO BpeMs f, MO OTHOLIECHHIO
K KOTODPOMY OHHM, BOOOLIe TroBOps, He MEpHOAMUYHBI. 3anaya npH ITOM
IeNaeTcsl 3HAUMTENbHO CJAOXHEE, YeM B DACCMOTPEHHBIX CJAyYasix mepuo-
JAMYECKHX M YCTAHOBMBLIMXCH ABHxeHuH. OnHAaKo K 9TOH 3anaye NpuBo-
JATCS MHOTME BaXXHble TEXHMYECKHWe BOMPOCH, B CBSI3M C YeM 3a MocJel-
HHe TOJbl OHA MPWBJEKAaeT MHOTMX McciaejgoBatenefl. B Hacrosume#t riase
MBl MPUBOAMM OCHOBHBIE De€3y/nbTaThl, MOJYYeHHble B TEOPHUU HEYCTaHO-
BUBIUMXCA JIBMXEHMH Kak camuM JIANyHOBBIM, TaK M B NOCAEAYIOLINX
UCCNeN0BAHUAX.

B pasmene A aTOR rnaBbl MBI paccMaTpuBaeM HEKOTOphe o6Liue
Boripocsl Teopud. Cioaa OTHOCHTCS npobJaeMa CylecTBOBaHUS (GYHKUNH
Jlanynosa (npo6/ema obpauieHusi TeopeM BTOPOro MeToJja), YCTOHYMBOCTD
npy¥ NOCTOSAHHO HEHCTBYIOUIMX BOSMYIUEHUAX W CBA3AHHLIA ¢ Hew Bonpoc
006 onacHuHX ¥ 06e30NacHbHX IpaHUuaXx 06/MacTH YCTORUHBOCTH.

B pasnene B paccmarpuBaercss ¢ TOYKH 3peHHs 3alayd YCTOMYHUBOCTH
Teopusl JMHEHHBIX ypaBHeHMB ¢ 3aBuCAMME OT ¢ KoO3dduuKeHTamy,
T. €. TeOpHs NepBOro npubJuKeHud.

B pasnene B paccmarpuBaoTcd KpPUTEpHM YCTOUUHMBOCTH O NEPBOMY
npubINIKEHUIO.

Hakoneu, B pasgene I' paccmarpuBaercs obuiasi Teopusi KPHTHUECKHX
ciy4yaeB. ITa TeOpus 3aTeM NPUJIAraeTcsd K yCTaHOBUBIIMMCH W MepPUOILH-
YeCKUM [IBH:KeHHSM. 31ech NaeTcs pellleHHe 3aLaud yCTOHYHBOCTH . yCTa-
HOBUBIUMXCH [BHXKEHHUH B KPUTHYECKUX CJAyuasX ABYX HYJEeBHX KOpHeR,
IBYX Map YMCTO MHUMBIX KODHeH, OJHOTO HYyJEBOro W Mapbl YMCTO MHH-
MBEIX KOpHe# XapaKTepUCTHYECKOrO ypaBHeHus. AHAJOTMYHBIE 331aYH pac-
CMAaTpUBAIOTCA M ]S NePUOLMYECKHX IBHIKEHKHH.





