Heobxoanmpbie 6a30Bbie 3HAHUS II0 OCHOBAM MaTeMaTUYeCKOTrO
aHaJm3a, aJaredpol, Teopun audPepeHnnaJIbHbIX YPaBHEHNI, TEOPUHA
byHKIIMIT KOMIIJIEKCHOTO TTIEPEMEHHOT0, HEODXOIMMbIE TP N3y YEeHUN

ypaBHEHHNII MaTeMaTu4YecKoil (pu3uKu M TeOPUU aCUMIITOTUIECKUX
METO/IOB.

1. IIpenen aucoBoit mocienosaTeaLHOCTH (onmpesenenue, npuMeps). R — pe-
MEeCTBeHHAsT TpsgMast (MM MHOXKECTBO BEIECTBEHHBIX YHUCET) ¢ €CTECTBEHHBIM
OTpEJIEJIEHUEM PACCTOSTHUST MeXK1y Toukamu, R"” — m MepHOe 3eBKJUIOBO MPO-
crpancTBo. OnpejiesieHnst OKPECTHOCTH TOYKHU, OKPECTHOCTH MHOXKECTBA, ITPEJIE/1b-
HOI TOYKM MHOXKECTBA, TPAHUIHON TOUKU MHOXKecTBa. OmpeeneHus OTKPhITOro
W 3aMKHYTOIO MHOYKECTB, TPAHUIIHI MHOYKECTBA, 00JIACTH, 3aMbIKAHNsT MHOXKECTRA,
. Ipannna maoxecrsa K obosnadaercs nocpegcrsom 0K . 3aMblKaHne MHOXKECTBA
K obosmataercst mocpeactsom K.

2. HenpepbiBrOCTH (OyHKITHNM OJTHOM W HECKOJIBKHX [IEPEMEHHbIX (00a ompesiesie-
HUs, TpuMepbl.) [IpuMepbl HelpepbiBHBIX U Pa3pbiBHBIX GyHKIWiT. PaBHoMepHast
HETIPEPbIBHOCTD.

Teopema. Eciu dbyukius f(x) wenpepbiBHa Ha KOMMakTe (Ha 3aMKHYTOM

orpanudennoM mMuoxkecrse K C R"™) | To
a) OHa OrpaHuveHa,
0) OHA IPUHUMAET Ha STOM MHOXKECTBE MAKCHMAJbHOE U MUHUMAJLHOE 3HATCHUSI.
[IpuBecTu mpuMepbl TOrO, 9TO OTCYTCTBUE JIIOOOTO U3 TPEX TpeOOBaHUil: Hempe-
PBIBHOCTH (DYHKIMU, 3aMKHYTOCTA MHOYXKECTBa, OrPAHNIEHHOCTH MHOXKECTBa, JIe-
JIAeT 3aKJIFOUEHNST TeOPEMbl HEBEPHbBIMU.

Teopema. Eciu dyukius f(x) wenpepbiBHa Ha KOMMakTe (Ha 3aMKHYTOM
orpanudenrnoM mMuoxectse K C R") | 70 oHAa pPaBHOMEDHO HEIPEPLIBHA HA 3TOM
MHOYKECTBE.

3. IIpon3BoaHasi, 9acTHBIE MPOU3BOAHBIE (ONpE/IeIeHNs, COOTHOIIIE-
HIE MeXK/Ty HeIPepbIBHOCTHIO 1 AuddepeHInpyeMOCTbI0, O THOCTOPOH-
Hsisl IPOM3BO/IHAs AJisi PYHKIMN OHOW MEePEMEHHOI, TPUMepHI).
[TpousBosnast pyukmuu mo wHanpanaexauio. Oupejesnenne rpajguerTa QyHKIA U
JINBEPTEHIINN BEKTOPHOTO ITOJIA.

DopMyJbl IIPOU3BOJHBIX JIEMEHTAPHBIX (DYyHKITHIA.

Ecmm y dyukimmm ogHOro BerecTBEHHOTO MEPEMEHHOTO CYIIMECTBYET

IMPOM3BO/IHAs B JAHHOI TOYKe, TO OHA HENPEPBIBHA B 3TOi Touke. Ecim
ITPOM3BO/THAs CYIIECTBYEeT B KaXKJOii TOYKE MHOXKECTBa, TO (PyHKIUs
HeIpepbIBHA HA 3TOM MHOXKecTBe. Obparnoe HerepHo. [IpuBegure npumMepbr
(hbyHKIHMil, HENPEPBIBHBIX HA OTPE3KE, HO HE MMEIIINX Ha ITOM OTPE3KE MPOU3-
BOJTHON B KaKUX-HUOYIH TOUKAX.
Ecim y dyHKIIMM HECKOIBKNX BENIECTBEHHBIX MEPEMEHHBIX CYIIEeCTBY-
IOT HETNIPEPBIBHBIE ITPON3BOJIHBIE B KAXK 10l TOUKe 00J1aCcTH, TO OHA HEMpe-
PBIBHA BCIOAY B 00JiacTu.

O6o3Havenus. [lycrs muoxkecrBo K C R", rorma C(K)— 970 MHOXKECTBO



bynxmuii, nenpepuisabix Ha K, C1(K)— 310 MHOXecTBO (DyHKIMHA, MMEIOMINX
HenpepbiBHbie 11epBble npoussojabie Ha K, C™(K)— 310 MHOXKECTBO (DyHKIINI,
UMeIoNX Ha K Bce HelmpepbIBHBIE TPOU3BOHBIE JIO TIOPSIKA 1 BKJIIOUUTETHLHO.
U3 npegpiiyiiero seirexaer, uro CH(K) C C(K), C™(K) C C"(K), upu m > 7.
C™°(K)— 510 MHOXKeCTBO (DYHKIMIA, UMerouX Ha K HelpepbIBHbIE IPOU3BO/HbIE
JI0 JII0OOT0 TIOPSIJIKA, TO €CTh MHOXKECTBO OecKoHeuHO JuddepeHnupyeMbix (pyHK-
IAA.

Onpenenenne.DyHkins Has3biBaeTCsi (PUHUTHONW HaA OI'PAHMYCHHOM MHOXKE-
crBe K, eciiv OHa TOXKJIECTBEHHO PaBHA HYJIIO B HEKOTOPOW OKPECTHOCTU I'PAHUILbI
K. Ecmu muaO)KecTBo K coBmajiaeT co BceM npocrpancTBoM R” | 1o ¢hyHKIMS Ha-
3bIBaETCs (PUHUTHOM, ecii OHa TOXKJIECTBEHHO paBHa HYJIIO BHE HEKOTOPOW Orpa-
%I/I‘{eHHOfI obJ1acTu.

C' (K) =370 MHOXKECTBO HENPEPHIBHLIX 1 (pUHUTHBIX Ha K DyHKIMit. AHATIOTHYHO
0
onpejessiiores Kiaacebl Gynkiuit C™ (K), C* (K).

B kax10if 00J1acTH CyIIecTByeT HeTpUBUAJbHAA (DYHKIUS U3 6900 (K) :
[Tycrs okpectrocts {x @ |x — xg|* < r?} Toukn zg npunagnesxkur obmactn K .
Torjia dyHKIuMs, KOTOpas paBHa
exp m pu |2 — x0|? < r? w paBna nymo npu | — 0|? > r? ;mpumaIexuT

> (K).

Teopema. Ecin dynkuus f(x) gocruraer MakCHMaJbLHOTO WK MAHAMAJIBLHO-
ro 3Ha4YeHUs BO BHyTpeHHeil rouke z obmactu 2 C R” u B TOUKe z CyHIECTBYIOT
JACTHBIE POU3BOJHBIE 3TOH (DYHKINU, TO g—i(z) =019 1 <k<n.

[Tokaxkure, 4T0 3aKJIOUEHUE TEOPEMbl HEBEPHO, ecju dyHkuus f(z) suiib
HEIpepLIBHA B TOUYKE 2 WJIA B TOM CJIydae, KOTJa TOYKa SKCTpEMyMa 2 JIEXKUT Ha
IPaHUIE 3aMKHYTOro MEOXKecTBa {). Eciin MakcnMasbHOe 3HadeHne B () GyHKIH
f(z) nocruraer na rpanune 0S) U B TOUKE MAKCUMyMa CYIIECTBYET [POU3BO/HASI
110 HOPMAJIU 5=, TO LHPOM3BO/HAS 110 BHYTPEHHEH HOpMaJIu % < 0 B 9100 TOUKE
MAKCHMYMa.

Teopema o koHewHOM TIpuUparienun. [lycrs hyHKIMs 0JIHOTO TepeMEeHHOTO
f(x) € CY[a,b]). Torna 3 rouka ¢ € (a,b) rakas, aro f(b) — f(a) = f'(c)(b—a).

Dopmyaa Teitgopa. IlycTs GyHKIMSI 0JHOTO TEPEMEHHOTO
f(x) € C™! B oxpecrrocru Touku a. Torna B 9TOH OKpECTHOCTH
F(2) = £(@)+ F'(0) (5 —a)+ L f"(@) (w—a)* .t fr(@) (=) + L
O(x —a))(r—a)"™,0< 6 <1.

4. Teopema o "uesiBHOI" DyHKIMHU. (HOPMYIUPOBKA, TIPUMEDDI):

[ycrs bynxmus F (1, 29, ..., ,) € C Bokpecrnoctn Toukn a = (ay, g, ..., ay,),
F(ay,a9,...,a,) =0 nu g—fl(al, ag, ..., an) # 0. Torga cymecrsyer dyHkiusi
(2, ..., z,) € C! B okpecrnocTn Toukn (ag, ..., a,)
rakast, 4r0 F(o(Ta, ..., Tn), Tay ..., Ty) = 0.

Omnpenenenune. [losepxuocts S C R" masniBaeTcss mpuHaIIesKaIeil Kiaccy



C™ m > 0, ecin B OKPECTHOCTH JII000# CBOEH TOUKM €€ ypaBHEHUE MOXKHO 3alli-
caTh B BUJIE T = O(T1, T2y ey Tho1, Tht 1, -y Tn ), Tl © € C™ ) a xp KaKas-HUOY b
KOOP/INHATA.

[Tycrs ypashenue nosepxuoctu S umeer su: F(xy, xo, ..., x,) = 0. Just Toro,
urobn S € Ch, nocrarouno, urober F' € C1 n na nosepxnocru S VF # 0. (dro
BBITEKAET U3 TeopeMbl 0 "HestBHOI" DyHKIMN. )

B sToMm ciydae BekTOp HOpMaJu K moBepxHOCTH S— 310 VF, a ypaBHeHue
KacaTebHOM MJIOCKOCTH K TI0BEPXHOCTH B Touke T umeer Buj: (r—&, VE(Z)) = 0.

B sBymeprom ciyuae S — 910 Kpubast. Ecin eé ypasHenue umeer Buj Ty =

f(z1), TO HOpMAJBH — 5TO BEKTOD (—f —1), a ypaBHEHUE KacaTeJIbHON B TOUKE T

L xy — f(77) = dcg (1) (z — 27).

5.3aMeHa HEe3aBUCUMBIX ITEePEMEHHBIX Ui (DYHKIUUA OT HECKOJIbBKUX
IepeMeHHbBIX.

ITycrs dynxmus u(x) € CH(Q) B Hexoropoit obmactn  C R™. [Tyers bynkmm
y1(x), y2(2), ..., yn () Takxke npunaexar C1(2), rax uro sxobuan % +
0. B aTom ciyuae cyiiecTByer B3aMMHO OJJHO3HAYHOE U B3aUMHO ﬂucbd)epeﬂuupye—
Moe otobpaskenne x < y. Ecim oboznaunts u(y) = u(z(y)), To axl =3 8gyg gi’;

6.YucoBoit paa — 31o dopMmasibHas CyMMa a1 + a9 + asg + ..., YaCTUIHAs
n

cymma S, = Y ay.
k_
CXOIMMOCTD psAJia O3HAYAET, YTO CYIIECTBYeT IIpejie S, Ipu n — oo. B arom
(0.¢]
ciydae CyMMOii psijia S = ) aj HA3bIBAETCsI IPEJIES YaCTUUHbIX cyMM Sy,. [lpu-

k=1
Mmepbl. Heobxojiumoe yejioBrue cxoguMocTu psija: a, — 0 npu n — oo. Ilpumepsr

TOI'0O, 94TO 9TO yCJIOBUE HE SABJIACTCA JOCTATOYHBIM.

AbGcosmoTHas CXOMUMOCTD Psijia O3HAYAET, UTO CXOJUTCS Psijl » | |agl.

k=1
[Tpusnax cxopumoctu: eciu |ag| < by Vk u psijt z bi CXOJIUTCSI, TO CXOJUTCS
k=1
(0.¢]
v P Y Q.
k=1

[Tpusnak cxopumoctu: |a,41| < q |a,| s Beex jrocrarodso GoJbIUX 7, TJe
IOCTOSIHHOE Yucio q < 1.
nrerpajbHblii IPpU3HAK CXOMMMOCTH: €CIH NoJoKuTeNbHas hyHkums f(x) Mo-

(0.]
HOTOHHO yObIBaeT, To Jiyist cxogumocTy paja »  f(k) HeobxoauMo 1 J0CTATOYHO

k=1
00

cxoaumocty nnrerpana [ f(x)dz.
N
7. @ yHKIMOHAJBHBIN pgad. Ecin nociegoBaresbHOCTL GYHKIMI @y, () ompe-

neena Ha MHOXKecTBe K (B 4acTHOM cjiydae Ha oTpeske [a,b],) To paBHOMepHas
o0
CXOJIUMOCTD Psijia » | ax(x) Ha MHOXKecTBe K O3HAUaeT, 4TO PABHOMEPHO IPU 1L —

k=1
00 CTPEMUTCS K LIPEJIEJLY HOCJEJI0BATEIbHOCTD YacTuuHbiX cyMM Sy, (). CoracHo

kpurepuio Kommn sro o3nagaer, uro Ve > 0 IN Ttakoe, uto |S,(x) — Sp(x)| <



e VYn > N,m > N,Vx € K. [Ipumepsl paBHOMEPHO 1 HEPABHOMEPHO CXOISIIITIXCST
PSIJIOB M HOCJIE/I0BATELHOCTET.

o0
Teopema. Eciu |a,(x)| < b, Vn,Vo € K u psag > by cXouuTcst, 70 psijibl
k=1

o0 oo
> lax(x)| m > ap(x) paBHOMEPHO cXOATCSA Ha MHOXKecTBe K.
k=1 k=1

(0.9]
Teopema. Eciiu dynknunu ¢ () venpepbiBhbl Ha MHOKecTBe K 1 psiji Y | pr ()
k=1

oo
PABHOMEPHO CXOJIUTCST HA 9TOM MHOXKECTBE, TO cyMMa psijia () = > g (x) Toxe
k=1

HenpepbiBHA Ha /.
Teopema.Ecan dynkumn @ () n 28 (2) nenpepwisnnt na Muoxecrse K, a psi-

al'l
o oo 9
At Y pp(x) u Y GEE(2) paBHOMEPHO CXOIATCs HA 9TOM MHOKECTBE, TO Psijl MOXK-
HO MOWIEHHO JInbDHEPEHIUPOBATH 10 Tj. DTO O3HAYAET, YTO CYIIECTBYET Helpe-

o0 oo
PLIBHASI TIPOM3BOIHASA CyMMBI psijia (x) = > wp(x) no x; u g—g(x) = > %—?;(x).
k=1

8.Crenenubie paabl. Pyukius f(x) BenecTBeHHbIX IepeMeHHbIX © = (X1, T, ...

Ha3blBaCTCA aHAJUTUYCCKON B OKpPEeCTHOCTU TOYKHU A, €CJIM OHa B 3TOM OKPECTHO-
CTU MOXKET OBbITD [IpeacTaBJICHa KaK CYMMa CXOAANICrOCA CTEIICHHOI'O pAlla

f(z) = i > bkl,kQ,...,kn(xl — a1)k1 (29 — ag)k2...($n — an)kn.

B onnomeprom ciyuae f(z) = Y. & (a)(z — a)*.
k=1

dopmysbl pas3joxKeHus B pgan Teitsiopa sjaeMeHTaApHBIX (DYHKIMMA :
exp, cos, sin, In, (1 + x)“.
Anammrudeckast GyHKIMST OJIHOIO KOMILJIEKCHOTO IEPEMEHHOT0 2 = X 41y — 3TO

byHKIMST, KOTOpas B OKPECTHOCTU TOUKU 2 HPEJICTAB/ISETCS CXOAIIUMCS PsiJIOM
o0

1) = 3 b - =)t
k=1

JlocTaTouHoe yCa0BME TAKOIO PA3JIOKEHHs — CyIIeCTBOBAHME B 3TOH KOM-
IIJIEKCHOM OKPECTHOCTH HEIIPEPBLIBHON ePBOii MPOU3BOAHON (DyHKIUN f (z) Ecmam
f'(z0) # 0, To dyuxius f(z) ocymecTsiger npu 3ToM KOH(GOPMHOE 0TOOparKe-
HUE OKPECTHOCTU TOUKH 2y HA OKPECTHOCTHL ToUkK f(2g). [Ipu sT70M 0TobGparkenun
COXPAHSIOTCS YIJIbI MEXKJIy KPUBBIMU, KACATEJbHBLIE K KPUBBLIM HOBOPAYUBAIOTCS
IIPOTHUB 9acoBOi cTpesiku Ha yrou arg f/(z), a koad punuenT pacrszKeHust 10 BeeM
Hanpassenusim pasen | f'(z)].

Eciu dyuknus f(2) = u(z,y) + iv(z, y) anamuruana B obaactu, 10 €€ Belie-
crBerHast acth Ref(z) = u(x,y) u munmas gacts Imf(2) = v(x,y) yaoBuerso-
psIoT cucteMe ypaHenunii Komm — Pumana:

ou Ov Ov ou

dr ' dxr  dy
NurerpanabHasa Teopema Kormmu. Eciu dynkuus f(z) anajuruana B 01HO-
CBsI3HO# obsiacTu obstacTu () n L KycodHO TJiaJjiKas 3aMKHYTasd KpUBast, JeXKaIas
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B (), 10 unrerpas or gpyukiuu f(2) no kpuBoit L paBeH HyJo.

9.NMaTerpan pyHKOUM OJHON M HECKOJBKUX MEPEMEHHBIX, COOCTBEH-
HbI!i 1 HeCOOCTBEHHBIN (OIpe/iesieHusi, MPUMepPbl, MPU3HAKU CXOIUMO-
CTI/I). Onpegenéanpiii WHTErpaa OT OTpaHUYEHHON (DYHKINUW 110 OTPpaHUIEHHOI
00J1aCTU KaK IPeJIe]l UHTErPaJbHbIX CYMM.

DopmyJbl TIEPBOOOPA3HBIX OT 3JIEMEHTAPHBIX (DYyHKITHIA.

Ecin dynkuus f(x) HenpepblBHa Ha OrpaHMYEHHOM 3aMKHYTOM MHOYKECTBE

D, ro | [ f(x)dx| < max|f(z)|mesD.
7 D

Ecnu D ¢Bst3anoe MHOXKECTBO (HAIPUMED OTPE30K, OKPYKHOCTD, cdepa, KpyT),
to [ f(x)dx = f(y)mesD, tne y kakag-uuOyb TOUKa U3 MHOKECTBa D.

Eciu D orpaHnyeHHOe 3aMKHYTOE CBS3HOE MHOXKECTBO U (byHKuHM f(x) u

g(x) > 0 menpepoiBabl Ha MuOKecTBe D, 10 [ f(1)g(2)d2 = fg )dx, e
D
Y Kakasi-HUOy/Ib TOYKa U3 MHOXKecTBa D.

[Iycrs dbynxmun f(x) n g(x) npunaanexar xnaccy C([a,b]). Toraa
b

S, F@)g (x)dx = f(b)g(b) — f(a)g(a) - f f'(x)g(x)dx
[Tycrs cbyHKLLHﬂ f(z) menpepbiBHa npu z > a. Toma I‘OBOpHT 4TO HECOOCTBEH-
netit nurerpan [ f(z)dz cxopures, ecau 3 bhm fa fx

Hocrarounoe ycioBue CXOMMMOCTH
necobcTBenHoro unrerpata [ f(x)dz npu srux yenosusix: | f(x)] < Ma™", r >
1.

[Tycrs dyukius f(x) venpepbiBia mpu a < © < b. Toma T'OBOPSIT, UTO HECOO-

CTBEHHBII MHTEIrpaJ fab f(z)dx cxomurest, ecm 3 lim f L f(@)dz.
e—+0

HocrarouHoe ycjioBre CXOJAUMMOCTH HECOOCTBEHHOTO MHTErpaJia fab f(x)dx npu
srux yenosusx: |f(z)| < M(x —a)™, r < 1.

®opmyaa I'puna.

Eciu ) orpannuennast obnacrs B R™ ¢ Kycouno ruajikoii rpanuneit 0€), a

u(X) € C1(S), 1o

%d:p = /u(x) cos(m, ¥1)dS,
Q o0
rje 7 BHeIHsist HopMaJib K rpanuie 0f2.
10. 3ameHa He3aBUCHMBIX IIEPEMEHHBIX B ONPEAEJIEHHOM MHTErpPaJIe.
Ecnu dyukiust f(z) nenpepbisaa Ha orpeske [a, b|, a MoHoToHHas (!) dbyHkius
z(s) € C! na orpeske [, (], x(a) = a,z(8) = b,

b B
[ f@de = [ ) )is

11. NuTerpaJasl, 3aBuUcCAIe OT IapamMeTpa, cOOCTBEHHBIE W HECO00-
cTBeHHbIe. PaBHOMepHasi CXOMMOCTHh HECOOCTBEHHBIX MHTETPAJIOB, 3a-
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BHUCAIMX OT mapamerpa (ompenesenue n npumepsi). Jduddepenmupo-
BaHME 9TUX MHTErPAJIOB 110 mapamerpy (IIpaBujIO U JOCTATOYHbBIE yCJIO-
B ).

[Tycrs dyuxiun f(x,y) u g—£ wenpepbiBibl 1pu a(y) < * < b(y), ¢ <y <
b(y)
d, a Gynkuun a(y) u b(y) npunapexar C'([c,d]). Torna d% [ flz,y)dx =
a(y)
b(y) df
J L y)de + F(b(y), »)V (y) — flaly), y)a' ().
a(y)

[Tycrs dynkius f(x,y) venpepbiBHa npu @ < * < 00,¢ < Y < d, U HECOO-
creennbtit unrerpan [ f(z,y)dr cxopures Jyist Beex Y us upomexyrka [c,d).
['oBopAT, 9TO 3TOT MHTErpaJl PABHOMEPHO CXOIUTCA JJId Y € [C, d], ecian Ve >
0 3N takoe, uto | [y f(z,y)dz| < & mna Beex y € [c, d].

JocraTo4unoe ycjioBue paBHOMEPHON CXOAMMOCTHU
HeCO6CTBeHHOI‘O mHTEerpasga— Hajaudue Mmaxkopaurol: |f(x,y)| < ¢(x) u unre-
rpaJ f x)dx CXOIUTCS,

B ‘{aCTHOCTI/I, nocrarouno, arobnl |f(x,y)| < Mlz|™",r > 1.

Eciu dyunkius f(x,y) wenpepbiBha 1ipu a < © < 00, ¢ < y < d, u HecoO-
crennbiil uarerpan [ f(x,y)dr paBHOMEPHO CXOAMTCS JUIs BCEX Y M3 IPOMe-
xKyrka [c,d], o dyukuus F(y) = [ f(z,y)dz nenpepbisna na orpeske [c, d).

[IpuBeguTe TpUMEpPH HEPABHOMEPHO CXOSIIUXCA HECOOCTBEHHBIX MHTEIPAJIOB,
a TAKXKe IPUMEP TOrO, YTO MHTErPaJl, CXOJAIIUCS HEPABHOMEPHO MOXKET ObITh
pa3pbIBHOM (DYHKITHEIA.

[Tycrs dyuxiun f(x,y) un % HEIPEPLIBHLL Ipu @ < & < 00, ¢ <y < d, a

oo

f
HecobcTBeHHbIe uHTErpaJibl F (Y f f(z,y)dx u d— y)dx paBHOMEPHO CXO-

S|

o0

JATCS JUIs BCEX Y M3 poMexyTka [¢, d]. Torma IF'(y) = [ d—y(aj, y)dzx. dpyrumu

CJIOBaMMU, TIPU YKa3aHHbBIX YCJOBUSX HECOOCTBEHHBII I/IHTGFS&JI MOXKHO Jindpepen-
IMPOBATH 110 1IAPAMETPY 10/l 3HAKOM MHTErpaJia.

12.Teopemnl Beitepmpacca o npubianmxeann pyHKIIUN TOJIUHOMAMMA.

[Tycrs dynkius f(x) € C([a,b]). Torga cyiecrByer nocie0BaTe LHOCTE TO-
JIMHOMOB, PABHOMEPHO cxojstiuxcsi K pyukiuu f(x) na orpeske [a, b]. Ipyrumu
ciopamu, Ve > 0 3 mosunom P(x) rakoit, uro |P(x) — f(x)| < € mna Bcex
x € [a,b].

Bysem nazsiath nocsieoparesbrocts dbyukiuii {1 (x), po(z), p3(z), ..., on(T)
OlpeJIesIEHHBIX Ha oTpeske |a,b], mosmoit B C([a,b]) , eciu jyisi 11060t dyHK-
nuu f(x) € C([a,b]) u moboro € > 0 cymiecrByer junelinas kombunanus g(x)
bynkimit pp(x) Takas,aro |g(x) — f(x)] < € mnst Beex x € [a, b]. Takum obpa-
30M Teopema BeiiepiTpacca yTBEPIKIAET, UTO MOC/IE0BATEILHOCTD crenenei o
SIBJISIETCSI TIOJIHOM Ha JTI0O0OM OTpe3Ke JeHCTBATENLHON OcH. AHATOTHIHO MHOMKE-
CTBO BCEBO3MOXKHBIX CTEICHEH X C IEJIbIME HEOTPHIATEIBHBIMA MOKA3ATEISIMA
SBJISIETCA TOJHBIM Ha, JIIOOOM OrpaHudeHHoM MHOXKecTse B R™.

9 o
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Byjem nazsisath nocsegosareabrocts byukiuii {p1(x), w2 (), 03(2), ..., on(x), ...

OlPEJIJIEHHBIX HA OTpe3Ke |a, b], MOJIHOM B CpeHEKBAAPATHUIHOM , €CJIU JIJIsi

moboii dyukiuu f(z) € C([a,b]) u moboro € > 0 cymiecryer JuHefinas KOMOU-
b

nanug g(x) dbyukumit ¢ (r) rakag,aro [ |g(x) — f(2)]* <e.
a
Ha orpeske [0, 27 m0JIHO# TOC/IEI0BATEILHOCTHIO B CPEJIHEKBAIPATHIHOM SIB-

JsIeTCs MHOXKecTBO cos kx, sinkx, k = 0,1,2,3.... (Ecim u3 sroro muO)ecTBa
yoparb xorst 661 oY (!) DyHKIHIO, TO OHO HEpecTaéT ObITH MOJHBIM.) DTH (DYHK-
UK OPTOrOHaJIbHBL Ha orpeske [0, 27]. Dro o3Hadaer, 4TO UHTErPaJ OT HPOU3-
BeJleHKsl JBYX pasubix (DYyHKIHMI U3 3T0ro MHOXKeCTBa 110 oTpesky [0, 27| pasen
HYJIIO.

13.Pag ®yprwe. Onpenesieane, BoIuucjaeHne Ko3@duimeHToB, JOCTa-
TOYHBIE YCJIOBUS CXOAUMOCTH, mpuMepsbl. IlosaHoTa cucTembl PyHKIIMIA.

Psjiom Oypoe dyukuun f(x) na orpeske [0, 27 HaspiBaeTcst psij

ap/2 + Z(ak cos kx + by sin kx),
k=1

27 2m
rie ap =L [ f(z)coskadr, by =1 [ f(z)sinkzdz.
0 0

[Tycrs dyuknusa f(x) nepuognuna ¢ nepuogom 2. Ecm f(x) € C™(RY), m >
1, To psag Pypbe paBHOMEpHO cxomuTcs u |ax| + |bg| < ME™™. Eciu |ag| + |bi| <
MFE=™72 10 payg Pypbe paBHOMEpHO cxoquTcd u ero cyMmma f(x) € C™(R™).

Ha orpeske [0, L] nosinoit cucremoii B cpejiHeKBaipaTiiHOM ABJIIACTCH CHCTEMA

kﬂ'x
)

smk“—z k= 1,2,3,...Pan ®ypbe dyukuuu f(xr) uMeer Buj Z by, sin “7E

k=1
=2 [ f(z)sin 22dz.
L

rie

Ha Tom ke oTpeske IMOJIHOI CUCTEeMOW B CPEeJIHEKBAJIPATUIHOM sIBJISICTCS CH-
creMa COS]ﬁT—m k = 0,1,2,3,...Pan Oypre dbyukuuu f(x) nmeer Bujg ag/2 +

L
Z apcos 2L rne ap = 2 [ f(z) cos B,
0

krax
ECJII/I f(z) € CY([0,L])), f(0) = f(L) =0, To pax Dypse no cucreme sin “7=
paBHOMepHO cxojutes u |ay| + [by| < Mk~

kﬂ'

0
Ecau f(x) €C™ ([0, L])),m = 1, 10 psaj Pypbe 110 cucreme sin = paBHomep-

HO cxofuTest u |ag| + |bg| < Mk: ",
14. Teopema CyIIeCTBOBaHUS U €UHCTBEHHOCTH PEIeHNs HAYAJIbLHOM

3a/1a9” JI9 OOBIKHOBEHHOTO Ju(hepeHTMaTBbHOTO YPABHEHUS .

[Tycrs dyukunu f(z,y) n g—; HeIpepLIBHL B OKPECTHOCTH TouKu (a,b) € R2,

TOF,D;& B HeKOTOpOfI OKPECTHOCTHU TOYKH a CYHIECTBYET €AMHCTBEHHOE DEIICHUE

quddepeHnuaaLHOr0 ypaBHEHUsT g—i = f(z,y) rakoe, uro y(a) = b.

Anajiorudanasi TeopemMa ClipaBe/JInBa, JIJisi YPABHEHUST BBICIIETO MOPsiJIKa y(”) =

fla,y, sy sy y(a) = bo,y'(a) = br, oy (@) = by 1 st cucremnt
JuddepeHnaibHbIX YpaBHEHMI,

2



Host mneitnoro muddepeniuanbioro ypasuenus y™ (z)4ay (2)y " +as(z)y™ =2+
. + ap(z)y = f(x) pemenune Haua bHOI 3aj@4u CylIECTBYET Ha JIIOOOM OTPE3KE,
Ha KOTOPOM HeNpepbIBHBI ero KoahdUIMeHTh 1 npaBas 9acth f(x).

15.Pemenune auHeitHOTO mudpepeHnnaibHOTO YPaBHEHUS C TTOCTOSTH-
HbpIMU KO3ddunuenTamu (0HOPOJHOTO U CO CIIEHUAJBHON MpaBoii da-
cThi0). Pemienne cucreMm guHelHbIX auddepeHInaIbHbIX yPaBHEHUIA C
MMOCTOSHHBIMU KO3 PUIIMEeHTaMMU.

O6miee pemenne ypasuenuss P(D)y = y™ 4+ ay™ ) +ayy™ 2 + . +a,y =0,

n

e D osnauaer -, umeer sun Y. Cj exp \p, mie Ay~ kopuu muorodsena P(N)

k=1
B cJydvae, KOIJa Bce KOPHHU pPa3JWYHbl. B ciydae KpaTHBIX KOPHEH cjaraemoe

eXp A\pT YMHOXKAETCS Ha IIOJUHOM CTEIEeHH, Ha eJUHUITY MEHbIIEH, 1eM KPATHOCTD
KOPHST \f.

Yactroe perenne ypasuenuss P(D)y = f(x) co crenuaabHOR TpaBoil 1acThio
Buga f(x) = pm(z) exp Az, vjie p,,(x) nojauHoM crenenu m, MOXKeT ObITh HalIeHO
TAK¥Ke B BUJIE ¢ () €XP AT, 1€ ¢ () MCKOMBIET OJIMHOM B CJIydae OTCyTCTBUS
PE30HAHCA, TO €CTh B CJydae, KOIyla A He siBJsieTcsi KopHem Mmuorodiena P(N).
Ecmun P(A) = 0, T0o crenenb MOJMHOMA HAJJIEXKUT YBEJUIUTH HA BEJTHUUHY KPaT-
HOCTU KOPHSI A.

16. IlepBbie mHTETpPaJIbI cucTeMbl AU PEPEHNTNATIHLHBIX yPaBHEHUIA.
Pemrenne JimHEHOr0 ypaBHEHHMs IIEPBOr0O HNOPSAKA B YACTHBIX POU3-
BO/IHBIX .

[Tycth

% = fi(x),z e R k=1,2,...n (%)

cucTeMa OOBIKHOBEHHBLIX (D (DEePEHINAILHBIX YPABHEHHN ¢ IJIAIKUMUI IPABLI-
MU yacTsiMu. [lepBbiM MHTErpajioM 3TOi cucTeMbl HasbiBaercsa GyHkiusa v(x) |
HE PaBHasi TOXKJECTBEHHO ITOCTOSTHHON, KOTOpasi COXPaHsieT MOCTOSIHHOE 3Have-
Hue Ha JI06OH MHTErpasbHOil KpuBOil 9Tofl cucrembl, To ecth (ecim u € C1)

n
dv — Ou dry _
dt — Zal’k dt _0
k=1
CymecrByer n (pyHKIMOHAIBHO HE3aBUCUMBbIX IIEPBBLIX MHTEIPAJIOB JAHHON CH-

D(uq,ug,...,up)
cTeMbl Uy (), TaK ITO D ey 7 0.

Cucremy (*) 9acTO 3alUCBIBAIOT B CHMMETDHIHOM BHUJIE: % = % = .=

Az . He BbIil MUHTErpaJl CUCTEMbI * ulxr) € Cl SIBJIETCS DPellleHueM JIMHEUHOTO

OJIHOPOJIHOIO JiuPEePEeHIINAaIbHOIO YPABHEHUS B YACTHBIX IIPOU3BO/IHBIX IIEPBOIO
n
nopsijika: y fk(:c)g—;; = 0.
17.OH§5211.D;I/II/I HaJI MATPUIIAMH, COOCTBEHHBIE 3HAYEHNA MAaTPUIIbI. 3a-
KOH MHEPIUY KBaApaTudHbix Popm. Ksajparuunyio Gpopmy A(z) = Zn: A 1T

k=1
n

MOXKHO HEBBIPOXKICHHBIM MTPEOOPA30BAHUEM IEPEMEHHBIX & <> Y © T = Y, Cj ;Y IPUBECTH
i=1



n
K kanonndeckomy suay: A(z) = > A\py2, rae Ay pasubt qm6o 0, 6o +1, ju-
m=1
60 —1. ITpu sTOM uwmcIiO HyJIEH, €JIMHULL U MUHYC €JIMHUI] HE 3aBUCUT OT CIIOCO0A

peodpa3oBaHus KBaJIPaTUIHON (POPMBI.



