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/loTloyTHEHYE K 3aZJaYHUKY

Xopomras 3a7avya IleHHa CBOMMU CBfA3aMU. Hambosee cozepkarenbHbIE
13 HUX OTKPBIBAIOT HOBBIE CIOXKETHI M TEMBI, B PAMKaX KOTOPBIX BO3HUKAIOT
HOBBbIE 33/la4¥, OTKPBIBAIOTCA HOBBIE I'PaHU. VIMEHHO II03TOMY UX pelleHUe
oboramiaeTr ¥ OKa3blBAETCS CTOJIb ITOJI€3HBIM, IOMUMO YHCTO MHTEJUIEKTYah-
HOU TPEHUPOBKHU.

ScTeTryecKoe YyBCTBO ITO3BOJIIET OIIYTUTH OOTAaTCTBO CBA3€H U eCTeCTBEH-
HOCTB 3371a4i. OHO Ba)XHO B TOM YMCJIe U IO 9TOM NIpUYKUHe. 3HaYeHUe MarTe-
MaTHKa ollpe/iesigeTcs IPOr3BeleHUeM ero «IIpOOUBHOM CHIIBI» Ha 3CTETHUYe-
CKOe 4yBCTBO (BIIpOYEM, 3TH /[Be Bell B3aMO3aBHUCHMEBI).

[Tpu mybamKanyy AOMOMHEeHNA K 3a[aYHUKy HaM IIPeX/ie BCETO BaXKHBI
3THU cBA3U. Pasymeercs, cozeprkaTelbHble U Ba)KHbIE CBA3M MOTYT HalTHUCh
KaK C KJIACCUKOM, TaK U C CIOXKETaMHU, KOTOPbIe HAaXOAATCA B IIpoliecce ucce-
ZIOBaHUA U elllé He MOMYYWIN U3AITHON GOpMYIUPOBKU.

B BhImycke 2 (c. 216, cM. peliieHue: BBIYCK 4, ¢. 221) omy6inKoBaHa

3aza4a 2.3. Ilyctb ay = a, a,,; = a®, ¢ — NIpOU3BOJIbHOE HAaTypaJbHOE
qrcio, 6osbiree 1. J/lokakuTe, YTO IOC/IEOBATENBHOCTD OCTATKOB OT JIe/IEHUS
a, Ha q crabwinsupyetcs (T. e. Bce OCTaTKH, HAYMHAA C HEKOTOPOT'O, PAaBHHL).
(Ponvknop)

PemeHue sTol 3aZjau OCHOBAHO Ha TOM ¢akTe, YTO IIPHU IT0CIeZ0BaTeb-
HOM TpuMeHeHUM GyHKUuM Diiepa ¢ (n) Mbl B KOHI[E KOHIIOB IOJTy4aeM
eAuHUIly. B 5TOI CBA3M BO3HUKAET CJIeZYIOLUIMU BOIIPOC.

3az1a4A 2.3’. ITycms (a;) — beckoHeuHast noc1edo8amesibHOCMb NONAPHO
PA3IUUHBLX HANMYPANBHBLX HUCel, YO081eMB0PsAoULds YCI08UN):

051 kancdozo Homepa i > 0 gbinosiHsaemcs paseHcmeo ¢ (a;) = a;_;. (%)

Onuwume 8ce makue nocaedos8amenbHOCMU.
(K. C. 3t06un, yuenux MAOY COIII N2 32, Tomck)

B Beimycke 2 (c. 217, cM. pelieHue: BHITYcK 6, ¢. 140-142) omy6inkoBaHa
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3A7A4A 2.7. KoHe4HO Wiy 6eCKOHEYHO MHOKeCTBO MHOTOWIEHOB 6e3 Kpar-
HBbIX KOpHeH, co crapmuM KoddouireHToMm 1, Bce K03 UIIMEHTBI KOTOPBIX

1[eJible, @ BCe KOPHU BeIeCTBEHHBI M MPUHAZJIEKAT OTpe3Ky [—1,99; +1,99]?
(A. 4. Kaneanw)

Eif pogcTBeHHa

3a1a4A 2.7’ . Y mHozounena P(x) ¢ ueabimu kKoadduyuenmamu u co cmap-
wum xoagduyuenmom 1 8ce KOpHU paA3AUUHBL U UX MOOYaU pasHbl 1. [Jokaxncu-

me, umo P(x) deaum mHozowneH guda x™ — 1 0 HeKomopozo n.
(M. JI. KoHuesuu)

B Bhimycke 3 (c. 232, cM. pelileHure: BHIIYCK 4, ¢. 223) omyOgrKoBaHa

3az1A4A 3.1. Ilycts A, B, C — IIpOU3BOJIbHBIE MAaTPHULLI pasMepa 2 X 2.
Jlokaxxure ToxAecTBo Xomna: [[A, B]?, C] = 0. (Yepes [A, B] & AB— BA o6o-
3HaAYaeTcss KOMMYMmamop.) (Ponvknop)

970 o3HavaeT, uTo [A, B]? ecTb yeHmpansbHolii NOAUHOM OT MATPHIL BTO-
poro nopszaka, T. e. IpUHUMAET TOJbKO CKaJAPHbIE 3HAYEHU.

Toxwcdecmso Kanennu C,, TOpsiiKa n — paBeHCTBO HY/II0 HEKOMMYTAaTHUBHO-
ro MHOTOWIeHa

C,(%,y)= Z(—l)GJ’oxa(l)}ﬁxa(z)J’z «os Yn—1Xo(m) Yn-
o€S,

B 106011 n-mepHoii anrebpe C,,,; =0, B YaCcTHOCTHU B 1 X n-Marpunax C,z,; =0.

3a1A4A 3.1". Jlokancume, umo caedyroujiie MHO20UIeHbl OM N X N-Mampuy
ABNAIOMCA UEHMPANbHbIMU.
a) MHorowieH Pa3mbiciioBa Y

n2
Zy, :ZC(xl, e X023 Yig s oo V2o Yo oo es Vi)
i=1

6) Muorowien ®opmaneka. ITycmb
X(@) =00, Gk, ¥) =G @), 7),
T(xp, s X)) = (g, ov ey Xy, X7).-
Toz0a .
Fa® 3) = Ga(r*(3), 3).
s=1

U MHorouren PasMbIcIoBa Z,, MOXXHO TpPeZACTaBIATh cebe Tak. 3amuiieM ciara-
eMmble MHorowleHa C,» IO Kpyry. byzeM paspelBaTb KPyr' BO BCEBO3MOXHBIX
MeCTax cpa3sy Iocje BXOKJeHHA OJHOM U3 IePeMeHHBIX X; U CJIOXKUM Pe3y/IbTaThl.
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B) /Ina mampuy nopsidka k nad nonem F, us q anemenmos yeHmpaneH
MHorowieH JlateimeBa — [[ImenbkrHA

qu X (qk_l)k S ( k 1k

— (X=X . " _ (=

) = (5557) |Ux x) @Dk,
m=

20e P(x) — noboil Henpusodumblil mHozouneH cmeneHu k Had nonem F,.
(A. 4. Karnenv-Benos)

B Bhimycke 3 (c. 233, cM. pelieHue: BBIMycK 18, ¢. 262) omy6aukoBaHa

3A21A4YA 3.5. /laH IPOU3BOJIBHBIN MHOTOWIEH C KOMIUIEKCHBIMU K03 du-
nreHTaMu. JJoKakuTe, YTO KOPHU ero IPOM3BOAHOM JiexKaT BHYTPU BBITYKJION
060JI0YKM KOpHEel caMOro MHOTOWIEHaA. (Teopema I'aycca — Jltoka)

MMeeTcs 3a/a4a Ha CXOXKUM CIOXKET:
3Az1A4A 3.5". Jlanbl mHO2oWIeHbL P, Q cmeneHu n ¢ 8euecmeeHHbIMU KOp-
HAMU X1, -, Xp3 V15 - - -5 Y COOMBemMcmaeHHo. ITycmo

2 <. <Zpq, b <...<th,

— KOpHU Npou3eodHblx P’ u Q' coomeememeenHo, U ycmb Kpome mozo X1 < y; <
<Xy <Yy <...<X, <Y, Jdoxancume, umo z; < t; < 2y <ty <...<Zp_q <t,_1.
(Ponvknop)

B BeImyCKe 4 (c. 216, cM. pelieHue: BHITycK 5, c. 228-229) ony6irkoBaHa
3A4AYA 4.8. Pemunte QyHKIMOHATBPHOE YpaBHEHUe /I HellpepPhIBHBIX
Bell[eCTBEHHBIX QYHKITNH BeleCTBEHHOT'O TePEMEHHOI0:
F(x+y) = A(X) +B()C().
(A. A. Kanenv-Benos, B. P. ®penku)

®yHKIMOHANBbHBIE YPaBHEHUA NOABJIAIOTCA B 33/la4ax PasHOI'o cozeprKa-
HuA. /bx. MakcBesl hccaefoBall paclipeZiesieHrie 9acTHUL, 110 CKOpocTAM. JliA
GYHKIMY TUIOTHOCTHU pactipesienenus F(U) OH MPeANOIOKII CIeyIollee:

e F(¥) = ®(|7|?) (u30TpOmHOCTL IPOCTPAHCTBA),
e F(V) = ¢(vx2)q5(vf)q5(vzz) (He3aBUCHMOCTD paclpeZieleHuli KOOpAUHAT
BekTOpa v).
Takum 06pa3oM OH MPHINET K caeAyolneMy GYHKIMOHAILHOMY ypaBHe-
HUIO:

3AnAYA 4.8’. Pewiume gyHKUUOHAIbHOE YpABHEHUe Ol HENPEPbLBHDIX 8e-
wecmeeHHbIX PYHKYULL 8eueCmeeHH020 NepemMeHH020:

®(a+b+c)=¢(a)p(b)o(c). (ZInc. Maxkceenn)
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B Bhimycke 7 (c. 187, cM. pelieHue: BBITYCK 9, ¢. 229) omy6irKoBaHa

3AnAYA 7.1. VI3BEeCTHO, UTO X; < Xy < ... < X, U |x; — ¥;| < € npu Beex i;
21 <25 <...< g, — PesyJbTarT IepeynopasounBanusa Habopa {y;}! | B IopsAzKe
BO3pacTaHwus. JIOKaXXHUTe, YTo |X; — 2;| < &€ Tpu Bcex 1. (M. H. Cepeees)

B oTO# cBA3K X0TeI0Ch OBl HAIIOMHUTD KJIaCCHUKY:

3ama4a 7.1, a) QuakynbmypHUKU NOCMPOEHbL 8 N KOJOHH U M WepeHa.
B xaxncdotil KoJl0HHe OHU cmosim no pocmy. BepHo au, umo ecnu 8 wiepeHzax ux
paccmasums no pocniy, mo U 8 KOJIOHHAX OHU OCMAHYMCA CMOAMb NO pocmy?

6) PuskynvmypHuku nocmpoetst 8 20 kosoHH u 8 10 wepeHe. B kancdoil
KOJIOHHE OMMemuIU camozo 8blCOK020, d 8 Kaxc0oll ulepeHze — cam020 HU3KO020.
3amem cpedu camblx 8bLCOKUX OMMeMILIU camozo Hu3kozo (Bawtw), a cpedu ca-
MbIX HUBKUX — camo020 8blcokoe2o (ITemio). Moxcem niu [lemsi okazamuwcs gblille
Banu? (Ponvknop)

B Brimycke 10 (c. 279, cM. peliieHue: BBIMycK 14, ¢. 277-278) omybiukoBaHa

3ana4A 10.9. Ilycts G — rpynma nopsigka 2" (2k + 1), copep:kaimas aye-
MEeHT Topsizika 2". J/IoKakuTe, YTO MHOKECTBO 3JIEMEHTOB HEYETHOTO TMTOPAIKA
SIBJIAETCS TIOATPYIITION. (3aounstil konkypc namamu Kupunna /Jouesa)

Ha MexxayHapogHOH cTyzeH4Yeckoi omummuaze IMC 2020 6buta mpezjio-
JKeHa 3a/ladya 7 Ha CXOXYIO TeMY:

3a1A9A 10.9”. ITycms G — 2pynna, n = 2, Hy, H, — makue e€ nodzpynnbt,
umo [G:H;]=[G:H,]=nu [G: (H,NH,)] =n(n—1). Jokaxcume, umo H,
u H, conpsocenst 8 G. (30ecw [G : H] ecmb uHzeKC epynnst G no nodzpynne H,
M. e. UUCTIO0 J1e8blx cCMedcHbIX kaaccos xH e G. TTodepynnet Hy u H, COTIPSKEHHI,

ecnu g 'H,g = H, 0na nekomopozo g € G.)
(M. 1. Bozdatos, A. /1. MamywkuH)

B pa3nu4HbIX yue6GHUKAX AJIS IIKOJbHUKOB U CTYAE€HTOB MHOTO KPACHUBBIX
¢dakToB U TeopeM. [Ipu3bIBas y4allyrocs MOJOAEXKD JOCTAaBaTh U3IOM U3 Oy-
JI0YKY (M IPUCHUIATh B PEAAKIINIO), IPHUBEJEM IIPUMep TaKOro poza:

3az1a4A 10.9”. a) Jokaxcume, umo p-spynna umeem HempusUAIbHbLIL
yenmp. (Tepmurom p-rpynna obosHauaemcsi pynnd, 8 Komopoil nopsioku
8cex 3jleMeHmo8 — cmeneHu NPocmozo wucaa p. LieHTpoM epynnst Ha3wl8a-
emcst MHOMCeCMB0 e€ NleMeHMOo8, NepecmaHO80UHbLX CO 8CeMU dJleMeHMamil
epynnul.)

6) ITycms 2pynna G umeem nopsadok |G| = p*q, (q, p) = 1, p—npocmoe
yucno. Tozda 6 G cywecmayem nodzpynna H nopadka p*, npuuém xonuuecmeo
maxux H cpasHumo ¢ 1 no Mody/iio p U 8ce OHU CONPANCEHbL.

(Teopema Cunosa)
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B Boimycke 10 (c. 280, cM. perieHue: Beimyck 11, ¢. 149-158) omy6irkoBaHa

3a1Aa4A 10.10. Cpexau k MoHeT ecTh ofHA danbIIUBasi, IPUIEM HEU3BECT-
HO, Jilerye OHa WIH TsKesee. 3a KaKoe MUHKMAaJIbHOE YHCJIO B3BEUIMBAaHUU
MOXXHO OTIpeZieuTh GanbIIMBYI0 MOHETY Ha YallleyHBIX Becax 6e3 rupb, eciu
IIpU 3TOM a) TpebyeTcs y3HATh, Jierde OHA WIU Tshkesnee; 6) He Tpebyercs
y3HAaTh 3TO. (A. M. A2nom, . M. Aenom)

Crnezyronias 3aZia4a el poJCTBEHHA 110 METOAY PelleHUs:

3Az1a4A 10.10°. a) U3 11 wapos dsa paduoakmusHst. IIpo ioboii Habop
wapoe 3a 00Hy NPosepKy MONCHO Y3HAMb, UMeemCcsl iU 8 HEM Xoms ObL 00UH pa-
OJuoakmugHulil wap (Ho Henwb3sl y3Hamb, CKObKO Ux). Jokascume, umo meHee
yeM 3a 7 NpogepoK Heslb3si 2ApAHMUPOBAMb HaxXo)cOeHUe 060UX paduoakmus-
HbLX WAapos, a 3a 7 nposepok ux gcez0d MOXWCHO 0OHAPYHCUMD. (Ponvrnop)

6) (3AZIAYA HA MCCJIEJJOBAHME.) AHAO02UUHbLI 80NPOC 011 N WAPO8, U3
Komopbix 2 paduoakmueHsl. Halidume mMuHumansHoe uucio npogepoxk.

B) (3BAZIAYA HA HCCJIEJOBAHUE.) AHAI02UUHbLIL 80npoc 0J1 N Wapos, U3
komopbix k paduoakmugHust. [Ioryuume ouyeHku (8epxHue U HUXCHUE) HA MUHU-
MANbHOE YUCIO0 NPOBEPOK. (A. A. Kanenv-Benos)

B Beimycke 10 (c. 280, cM. pellleHHe: HACTOAILIMN BBIMYCK, C. 251-254)
omyOIKOBaHa

3az1A4A 10.12. KBazpar pa3buT Ha TPeyroJbHUKY paBHOU Iwiomaan. Jlo-
Ka&XUTe, YTO UX YKUCJIO YETHO. (Ponvrnop)

HpO,Z[OJI)KeHI/IeM TE€MBI CIIYKHUT

3a71A4YA 10.12’. a) n-meprblil kKy6 pazbum Ha cUMNIEKCbL PABHO20 00BEMA.
Jlokaxcume, 4mo ux uucao oeaumcs Ha n!.

6) IIpasunbHulil NAMILy201bHUK pa3bum HA Mpey2oabHUKU PABHOLL niowa-
ou. Jfokasjcume, umo ux 4ucao 0eaumcsi Ha 5. Ymo MoxucHO ckazams 8 cyudae
NpasuwibHO20 N-Ye0JlbHUKA NPU NPOU3BOSILHOM N?

B) Jlokaxcume, umo He 8CAKULL 8bINYKJIbLU UeMblPEXY20bHUK MONCHO PA3-
6ums Ha mpeyeobHUKU PABHOU naowaou.

r) Hccnedyiime gonpoc o pasbueHuu Ha 4emblpéxy20abHUKU U, 6osiee 06w40,
Ha k-y20nbHUKU pasHOll niowaou.

n) Hccnedyiime sonpoc o paszbueHuu npasuibHbX MHO202PAHHUKO8 HA CUM-
nJleKCcbL pagHo20 06%éMma. (A. 4. Benos)

B Brimycke 11 (c. 162, cM. pemeHue: BoImyck 13, ¢. 186, a Takke BBIMyCK 14,
c. 278) omybimkoBaHa

(M. Tanos)

dx
3A7A4A 11.1. BpIYUCIUTH j A+ (1+x7)°
0
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EcTb MHOTO Jf06UTENIeN CUUTATh ONpe/ieIEHHbIe UHTerpasbl (B YUCIe UX
6bU1, HanpuMep, akagemuk J1. /1. Jlanaay). [IpuBeZiéM HECKOJIBKO 33a/1a4 Ha 3Ty
TeMy:

3A,£[A‘1A 11.1’. Bwwuucaume:

a) jw dx; (I[Tupmypam I'ypbaros, MexcOyHapoOHbLil yHuBep-
X cumem 2yMaHUMApHslX HAyK u passumus, Auxabao)

In(1+x)
6)j 1+x2 dx;
ﬂ:/2

B) J In(4 — sin? x) dx;

1 1-y

r) ”( j ykxm(l—x—y)”dx)dy;
0 -0
" dx .
A) ) Q+a)(A+e)
" —x —2xydx
e) ) (e™—e )7.
0 (o)

%) Knaccuka us TOKII: si(co) = J % dx.

3) IIpu KaKoM X 8bINOJIHAEMCS PABEHCMBO J vt = tﬁfn -
0o 0 X
u) Jokaxcume paseHcmao J SiLtlntdt = EF (D).
0 (Ponvknop)

B BeImycke 13 (c. 179, cm. pelieHue: Boimyck 21, ¢. 278-282) omy6iukoBaHa

3A71A4A 13.5. V3BecTHO, YTO B JTIOOOM TPEYTOJbHUKE PACCTOAHUE MEXIY
neHTpaMu O U I ONNMCAaHHOU M BIIMCAHHOM OKPY>XHOCTEU BBIpakKaeTcs 4epes
UX paguychl R U r ¢ moMombio opmyanst Jiinepa: OI? = R% — 2Rr. Jlokaxxure
06061eHe 3TOM GOPMYIIBI: €CIH B TPEYTOIbHUK BIMCAH JUIUIIC ¢ pOKycaMu
F;, F, u manoii ocbio [, TO
R*1*> = (R*— OF?)(R*— OF2). (A. A. Bacnasckuil)
[TpogomkxeHneM TeMBI CIIYKUAT

3aza4A 13.5’. TpeyzonvHuk gnucan 8 okpyscHocms paduyca R u onucaw
OKOJI0 3JUIUNCA C MeM Yce UeHMPOM U Nosyocsimu d, b.
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a) Joxaxcume, umo R =a+b.
6) Haiidume paccmosinHue mexcdy yeHmMpoM ONUCAHHOT OKPYHCHOCMU U Op-
MmoueHmpoM mpey2oabHUKd. (A. A. Bacnasckuit)

3az1A4A 13.5”. Tpey2onbHUK ONUCAH 0KOJI0 OKPYXCHOCMU paduycd I U 8nu-
CaH 8 AJUIUNC C MeM dce UeHMPOM U Nosyocsimu a, b.
a) flokancume, umo 1/r =1/a+1/b.
6) Hailoume paduyc onucaHHotil OKpy#cHOCMu mpey2oabHUKA.
(A. A. Bacnasckuil)

B BhImycke 27 (c. 242) omy6iuKoBaHa

3az1a4A 13.6”. a) Ilycth A — maTpuIia Broporo nopsizxa. Toraa
Tr?(A) — Tr(A?)

— 5

6) I[lyctb A — Mmarpuiia n-ro nopszaka. Torga det(A) ecTs MHOTOWIEH S,
C palMoHaIbHBIMU KoadduienTaMu oT Beauaus Tr(AX), 1 <k <n.
(Ponvknop)

det(A) =

HpO,Z[OJI)KeHI/IeM TE€MBI CIIYKHUT

3A74a4A 13.6". a) ITonoxcum

n
(n) _ k
(0 =Sk
i=1
(n) (n)

Iycmo R(t1 Seees tn+1) = 0. ZJokaxcume, umo R denumcsi Ha S, ;. (MHozouneH
S,, onpedenéH evluue, 8 n. 6) 3adauu 13.6'.)
6) ITonoxncum

n m-+n
(n,m) _ k_ k
tk = Xi Xl- .
i=1 j=n+1

Jokancume, umo cyuwjecmgyem makoil MHozouneH Q, 1, Umo ecau

R(t(”’m), .., ) =0,

1 m+n+1
mo R denumcs Ha Q, ;1. (A. 4. Kanenv-Benos)

B Beimycke 21 (c. 272, cM. pellleHHe: HACTOAIIMH BBIMYCK, C. 256-258)
oIy OJIMKOBaHa

3azna4A 21.5. MHorowieHsl P(x) u Q(x) TakoBBI, YTO MPU BCAKOM Iie-
JIOM X HaizgéTcsa Takoe 1enoe y, uTo P(x) = Q(y). [lokakuTe, 4TO HaWAETCSA
Takoi MHOTOwIeH R(x), uto P(x) = Q(R(x)) mpu Bcex x. Uto 6yzeT, eciun
yCJIOBUE 3a/lauM OCJIA0UTh, T. €. MOTPe6oBaTh, YTOOBI YKa3aHHOE y HAILIOCh
U1 6ECKOHEYHO MHOI'UX ILIeJIBIX X? (A. 4. Karnenv-Benos)
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PellleHre UCIIOIb3yeT aCUMITOTHYECKOE Pa3OKeHUE B OKPECTHOCTH Gec-
KOHEYHOCTHU HesABHOU QYHKITMH, 3ajaHHOl ypaBHeHreM P(x) = Q(y). B aToit
CBSI3U TI0JIE3HO 06CYAUTE Gosiee 0bIlee yTBEPKIEHME:

3AZIAYA 21.5’. a) Hessnaa ¢ynkuusa y(x) sadana ypasuenuem P(x, y) =0,
20e P(x, y) — mHoz20unen om 08yx nepemeHHblx. To2da y paznazaemcs 8 psif
[Trou30, y KOMoOpo20 «x8ocm» (cocmoAwuil u3 wieHo8 ¢ OMpuUYAMenabHbIMU
cmeneHsaMu x) cxo0umcs 8 OKpecmHocmu 6ecKOHeuHOCmu:

y=a,x""+... +a, +Zbkx_k/”,
k=0

ede n 3asucum om P.

6) (ITPOAO/IKEHUE HOPMUPOBAHUSA.) [Tycmb Q(x) — MHO20uWEH C Uesbl-
MU KoagduyueHmamu u cmapwum koaggduuyuenmom 1, Henpugooumwlil Hao Z;
Q(x) — ez0 (nokoadduuyuenmnas) pedykyus no modynio p; R(x) — Henpuso-
Oumblil MHO20UNIeH HAQ Z,, Oenauuil Q(x); R(x) — Henpusodumblil MHOZOUNEH
Hao Z, c pedykyuetl R(x) Z — e20 KopeHb. Toz0a 01151 HEKOMOPO20 N ypasHeHue
Q(x) = 0 umeem peweHue 8 cmeneHHbLX pAOAX Zk:o H,(2)p*'".  (Porvkrop)

B Bhimycke 21 (c. 273, cM. pelieHre: BBITYCK 26, ¢. 221-248) omy6inkoBaHa

a+b
2

3a7a49A 21.11. Ilyctb a,b >0, M = , G = v ab. [lokaxxuTe paBeHCTBO

J dx _ © dx
VAP ) VAP

(K. @. Iaycc)

Crnexytomas 3a/iaua TakKe CBsI3aHa C SJUTUIITUYECKUMU UHTErpaIaMu:
3A7A4YA 21.11. Ilyemba<b<c<du P(x)=(x—a)(x—b)(x—c)(x—d).
Zlokaxcume pasencmeo

b
_(_dx
&[ vV |P(x)] v |P(x)|

B Bhimycke 22 (c. 232, cM. pelieHue: BoIMycK 23, ¢. 236-238) omy6inkoBaHa

(Ponvknop)

3A8A4YA 22.4. Jlana kococuMMeTpudeckasa Marpuna A. JlokaxxuTe, 4TO
HEKOTOpasi HeTpUBUAaIbHasA TMHEHHAss KOMOUHAIUA €€ CTOMOIOB C HEOTPHUIIA-
TeJbHBIMU KO3dULIIEeHTaMu 06pasyeT BEKTOpP, BCe KOOPAUHATHI KOTOPOTO
HEOTPUIIATENbHBI. (M. B. MumpogaHos)

Creayromas 3aa4a OTHOCUTCA K ONpeJe/INTeNAM TaKUX MaTpHIL:
3Az1A4UA 22.4". B kgadpamHoil mampuue Ha nepeceueHuu i-it Cmpoku u j-2o

cmonbya npu i > j cmoum nepemeHMas X;;, npu i < j cmoum —X;;, a npu
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i = j cmoum 0. Zlokaxcume, umo eé onpedesiumens ecmb K8adpam MHO20UNEHA
O NepemeHHbIX X;;. (Teopema IIpaggpa)
B BhImycke 24 (c. 175-176) ony6inkoBaHa

3A7A4YA 24.2. a) [Tycth 0 — DpUTATUBAIONIASA TOYKA HEIIPEPHIBHO AMd-

depennupyemoit dpyukiuu f(x) (T.e. 0 < |f'(0)] < 1). Ionoxkum k = f'(0).
JlokakxuTe cylecTBOBaHUe IIpe/iesa
)

lim f EXO)

n—oo k

=: G(xo)

JUTA BCEX X, M3 HEKOTOPOU OKPECTHOCTH HYJIfA, HENIPEPBIBHOCTh GYHKIIMU G
U TOXZECTBO

G(k-GV () = f(x).

6) JlokaxxuTe, 4yTo eciu f GeckoHeuHO AubdepeHIIpyeMa, TO U G TOXKe
6eckoHeyHO auddepeHIIpyeMa.
B) JJOKa)XXUTEe TOXKAECTBO

VIR AR VE o ae
2 2 2

—
\len(x+ 2x 4)

(A. 4. Kanenw-Benos)

C 3THUM CIO}KETOM CBsI3aHa

3AZ1AYA 24.2'. a) ITocnedosamensHocms {x,}° ; 3a0aHa peKyppeHMHO:

1—+/1—x,
Xo=a€(0;1), Xpy= g

Haiioume lim 4" x,,.

n—oo

(e ) .
6) IHocnedosamenvHocms {X,}°2 ; 3a0aHa peKyppeHmMHo:

x1=1, xpp1=1++/1+x,.

Hatioume lim(2" /x,,).

n—oo

B) ITocnedosamensHocmb {X,}> | 3a0aHA peKypPeHMHO:
Xo=ae (O, 1): Xny1 = Sin(xn)'

Haiidoume lim v/nx,,. (Ponvicnop)

n—>co
B BoImycke 24 (c. 176, cM. pelieHue: BhIycK 27, c. 260-262) omy6arKoBaHa
3az1A4A 24.9. a) /laHa OC/I€A0BaTENbHOCTD d,, N = 1,2, .... VI3BeCTHO,
YTO MPHU BCEX Y > 1 BBIMOIHEHO PABEHCTBO lim,, _, ., aj,m; = 0. BepHo sm, 4TO
lim,,_, a, =0? (3zech [x] o3Hauaet nemyto yactb yncia x.)  (Poavkaop)
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6) HazoBém uucio 3 € [0, 1] xopowum, eciu f =lim,_, {a"} npu HEKO-
TopoM a > 1 (3zech {x} o3HauaeT APOOHYIO YacTh Yyucia x). JIoOKaXKUTe, 4TO
MHOKECTBO XOPOIIIUX YKCe He 6oyee 4eM CYETHO. (A. 4. Kanenv-Benos)

C Hell cBA3aHa

3azAYA 24.9'. O603nauum uepes r(x) paccmosiHue om x 00 Gauxcaiiuiezo
uenozo yucad. [lanst uucaa a > 1 u b # 0 makue, umo

[ee)

Z r(ba®) < 1.

k=0

Jokaxncume, umo a si8a51emcsi anre6pandecKuM UUCA0M, M. e. KOPHEM MHO20-
YleHa ¢ YeabMU KoagduyueHmamu. (III. TTu3o)

B Beimycke 25 (c. 169) omybarkoBaHa

3a7A49A 25.10. JlokakuTe, 4TO e GyHKIUA f(Xx) BBIMyK/Ia BHU3 HA WH-
tepBasie (0, 27T), TO AJiA TF060r0 HATyPaIbHOTO N BBHITOJHAETCS HEPABEHCTBO

27
j f(8)cos(nB)db = 0. (I Xapou — B. Pozo3uHckuil,
0 npednoxcun C. Acxabog)

Bort eIé ogHa 3a/a4a, CBA3bIBAIONasA CBOMCTBA GYHKIIUY C KO3hDUIIMEH-
TaMu eé psiza Pypobe.

3AzA4A 25.10°. Jokaxcume, umo ecau gyrxkuyus f(x) yovigaem 8 unmep-
gaze (0,27), mo 0na 1106020 yesozo n = 0 8bINOHAEMCS HEPABEHCMBO

27
J f(0)sin(nf)do = 0. (I Xapou — B. Pozo3umckuii,
0 npednoxcun C. Acxabos)

B BoImycke 26 (c. 265, cM. pelileHue: BHITYCK 27, ¢. 263-265) omybinkoBaHa
3a4A4A 26.1. Hatigure npezen
lim+v1—t ( Z

tkz) . (Ponvknop)
t—1-0 p—

HPO,Z[OJI}KGHI/IGM TEMBI CIIYXKUT

3Az1A4A 26.1°. a) CpasHusas cymmy ZZ=1 % C UHMezpaniom flk % dx, do-

Kaxcume, 4mo
n
n
nl~+2c-n- (E)

0J11 HEKOMOopo2o C. (Abpaxam de Myasp)
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6) OueHugas 6uHomMuanbHbLE KOIPPUYUEHMbL (Z) C NOMOWbIO NYHKMA a),

n
B0CNONBb308ABULUCH PABEHCBOM. D \_o k) = 2" u unmezpanom I'aycca

+co

j e dx = /7,

—0o0

nokaxcume, 4umo KOHCMaHma ¢ u3 npedvldyuiezo NyHKma pasHda T.
(Zncetimec Cmupaunez)
8) Jloxancume, umo

n
/6 _ (n 0 —k
nl = 2Tn - (E) .61+Zk:1akn ,

npu smom ece a; — PAYUOHAIbHbLE HUCAA. (Ponvrnop)

B Brimycke 27 (c. 234, pelieHrie CM. HACTOAIINE BBHIMYCK, €. 261-262) omy6-
JIMKOBaHa

3Aaza4A 27.3. a) Ha cTose eXXUT HECKONBbKO BBIMYKJIBIX ¢uryp. Jloka-
JKUTE, YTO OZHY U3 HUX MOXXHO BBIIBUHYTb, HE TpOras OCTaJbHBIX. (37ech
U panee OyZeM CUUTATh, 9YTO GUIYPY/TENO0 MOXHO 8bL08UHYMb U3 CUCTEMBI
TeJI, eCJIM MOXKHO ITapaUIeJIbHO IepeHeCTH JaHHYI GUTrypy/Teno Ha joboe
paccTosHUE OT CUCTEMBI TaK, YTOOBI 110 X0y IlepeHoca He ObLIN 33JIeTHI IPY-
rue GUrypsl/Tena CUCTEMBI.)

6) B mpocTpaHCTBe PacIONIOXKEHO HECKOJIbKO IIapoB. JIOKaXXUTE, YTO
OJWH W3 HUX MOXXHO BBIABUHYTb. AHAJOTUYHBIM BOIIPOC JAJA N-MEPHOTO
MIPOCTPAHCTBA. (A. A. Kanenv-Benos)

HpO,Z[OJI)KeHI/IeM TE€MBI CIIYKHUT

3A71A49A 27.3". a) Ha kpy2/ioMm mopme Jieicum Heckolbko Henepekpblearo-
WUXCSL KPY2JIblX WOKOA00K. /Jokascume, Umo mopm MOXWCHO pa3pe3ambs Ha 8bl-
nyKJble wacmu mak, 4umobwvt 8 kaxcooil uacmu 6bL10 No 00HOLU WoKoAdKe.
BepHo siu aHanoeuuHoe ymeepicoeHue 0Jis1 Mpey2oibHbLX ULOKOIA00K?

6) B evinykuoll Oynke 3aneueHO HeCKONbKO U3IOMUHOK 8 popMme wapos.
Bepto niu, umo 6ynKy MOXCHO paspe3ams HA BbINYKJble HACMU MAkK, Umobwl
8 kaxcootll uacmu 6bL10 N0 0OHOTL U3IOMUHKE? (Ponvknop)

B Bhimycke 27 (c. 234) omy6aukoBaHa
3AZ1AYA 27.4. [IpobHo-Kybuueckoe omobpaceHue — 3TO OTOOpaskeHue BUZIA

a;2° +by22 + ¢z +d;
a2 +byz2 +cyz+dy

Bcerza im ero MoXKHO IIpeEACTAaBUTDL B BUJE CYIIEPIIO3UITNUN OTO6pEl>KCHHI>i

BUZA Z — 22,2 —2°, 2 —az+b, z— 1/2? (A. 4. Kanenw-Benos)
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CroxxeT 9TOM 3a1a4M CBA3aH C TPUHAAATOH 1pobaemoii ['wibbepTa o mpes-
cTaBJeHUY QYHKIIMU B BU/IE CYTIePIIO3ULINY QYyHKIIUIM MEHBIIIEero Yyrcia rnepe-
MEHHBIX, a pellleHHe 33]auu IIpeBapseT 6osee CIOKHYIO0 CUTYAIHIO.

3azA4A 27.4. a) Jokaxcume, umo cyujecmsyem GeckoHeuHo OugdepeHuyu-
pyemas fyHKyUSL om mpéx nepeMeHHbLX, He npedcmasumas 8 8ude cynepnosu-
yuu beckoHeuHo duddepeHyupyeMblx GYHKUUL MeHBbULE20 HUCAA NePeMEHHDBLX.
6) Jokaxcume, umo cyujecmgyem aunwuyesa GyHKyUs om mpéx nepemeH-
HbLX, He npedcmasumas 8 8ude Cynepno3uyUL JUNULUYe8bLX GYHKUUTL MeHblLe20
yucna nepemeHHbix. (PyHKUUA HA3bIBAEMCS TUTIIIULIEBOMU, eclU Cyujecmayem
koHcmanma C maxas, umo ecau paccmosiHue mexcdy moukamu X,y pAasHo
p(x,y), mo p(f(x), f(y)) <C-p(x,y).)
(A. H. Konmozopos, A. I. BumywKkuH)
B) Jokaxcume, umo (8006we 2080psi, paspwuleHAs) GYHKUUSL Om MpéX nepe-
MeHHbLX, onpedeiéHHAs Ha eOUHUYHOM KYbe, npedcmasuma 8 eude Cynepnosu-
yuu dyHkyuii om 08yx nepeMeHHbLX. (Ponvrrop)

KoMMEHTAPUII. Bompoc o npezcTaBieHNN HelpephIBHBIX QyHKIIM Cy-
NepIO3NULUAMU HelpepbIBHbIX QYHKIMI MEHbIIero yncjia nepeMeHHbIX CO-
CTaBJIAeT TEMATUKY TPUHAALATOM pobieMsl ['ninbbepTa.

B BhImycke 27 (c.235) omy6ukoBaHa

3AZAYA 27.10. Jlausl yuciaa 1,2,..., e - n!]. JokaxuTe, 4TO UX HEIb3S
Pa3buTh Ha N KJIACCOB TaK, YTOOBI HM B OZHOM KJIacce He BBIMOJIHSIOCH pa-
BEHCTBO a = b +c. (H. IIyp)

PasBuTreM TeMbI CIIYXKUT

3aza4A 27.10°. Jawust uucna 1,2, ..., N. Jokaxcume, umo npu 0ocmamou-

HO 6onbwom N ux Henw3st pazdbums Ha 2021 knacc mak, umobwsl HU 8 00HOM
KJlACce He 8bINOJIHSNOCH PABEHCMB0 X1 = Xy + ... + X1go-

(O606wénHas meopema Illypa)

K cTATBE «KABEP3HAS 3AZIAUA»

B craThe «KaBepsHas 3agada» (c. 88-96 maHHOTO BBITyCKAa) TeOpeMa Ha
c. 89 cHavasa ompoBepraercs (c. 90-91), a 3aTem gokasbiBaercs (c. 91-94).
Kakoe 13 IByX paccyXZieHuii OINO0YHO, U B YEM COCTOUT OLTHUOKA?



