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1. AgHoranus

1. Hesan 1 328241 AUCHMUILTHHBI
Llenbro 0CBOEHUS QUCLMILIMHBI SBJIAETCS:

— Pa3BUTUE MATEMATHYECKOMN KYIBTYPbL, 00IIEH KyJIBTYPbI MBILUICHUS,

— BJIQJICHUE MAaTEMATHYCCKUMI METOIaMH, KOTOPBIE UCTIONIB3YFOTCS IPH PELLICHAN
MIPUKJTAAHBIX 331249 U BO BCEX APYIUX U3Y4YaeMbIX JUCIHUAIUIMHAX, B KOTOPBIX MPUMEHS-
FOTCS JTFOOBIE MATEMATHYECKIE METO/TBI.
3agagaMu OCBOCHHS JUCLUMILIAHBI SBJISFOTCS

— BCECTOPOHHEE U3YYEHHE (PYHKIMI 1 (PYHKIIMOHATIBHBIX 3aBUCUMOCTEIH;

— U3Y4YCHHE METO/IOB, 3a1a4 U TEOPEM MATEMATHYECKOIO aHAIIN3a,

— U3YYECHUE HEOMPECTEHHBIX U ONPENENIEHHBIX MHTErPAIOB, HECOOCTBEHHBIX WH-
TErPAJIOB, HHTETPATIOB, 3aBUCAIIMX OT apamMeTpa, KpPaTHBIX UHTEIPAJIOB, KPUBOJIMHEN-
HBIX ¥ TIOBEPXHOCTHBIX MHTETPAIOB, psAioB Dypee U UX NPUMEHEHUE K PELLIEHHUIO 3a1a4
MPUKJIAIHON MATEMATUKH.

2. Mecro aucuuimiinabl B cTpykrype OOIL

Jucuuniuaa « MareMaTuueCKuid aHamm3y OTHOCUTCSA K pasaeity «Maremaru-
YecKri»y 00sg3aTenpHOM yacTh bioka 1.
JIMCUMIIMHA HAXOAUTCS B JIOTHYECKOM U COACPIKATEIIBHO-METOIMYECCKON B3aUMOCBSI-
31U ¥ TpeOYET 3HaHWI U yMEHU, (POPMHUPYEMBIX B PE3YJILTATE OCBOCHHS LIKOJbHOM
MPOrpaMMbl TIO AJIEMEHTAPHON MaTeMaTHKE U HEOOXOAMMa KaK MPeauIeCTBYIOMIas
JUIE. MHOXKECTBA AUCLMIUIMH, UCIONB3YIOIIKMX MATEMATUYECKUIM arnmnapar, u3ydae-
MBIX B JAJIBHEHILIEM.

3. O0bém mucuumiuHbl: 20 3a4eTHbIX €MHAL, 720  aKaAeMMYECKUX 4Ya-
COB, B TOM YHCJIE:

KOHTAKTHASI ayAUTOpPHAasi padora: yiekipu 186 4acoB, MPAKTUYECKUE 3aHSTHS
155 yacos;

KOHTAKTHASI BHEAY/IMTOPHAS padoTa: KOHTPOJIb CAMOCTOSTENbHOM padoTel 10 4a-
COB, B TOM 4uCJie KypcoBas padota 10

camocrosite/ibHas paGora 369 yacoB, B TOM 4uciie KOHTpOJIb 142 yaca.

4. Ilnanupyembie pe3y/ibTaTbl 00Y4eHUsI N0 TUCHHILVINHE, COOTHECEHHBIC € IVIAHU-
PYEMbIMH Pe3yJIbTATAMH 0CBOCHHSI 00PA30BaTE/IbHOI MPOTPAMMBI

Ilnanupyemsie pesyabrarel | [L1anupyembie pe3y/bTarbl 00y4eHHsl MO JHCHH-

0CBOEHHs1 00pPa30BaTeJILHOM MPO-
rpammsl  (popmupyembie KOM-

IJINHE

MEeTEHITHH)
Koo u naumenosanue xomnemen- | HHOUKamMopvl OOCHUMCEHUS. KOMIEMEHMHOCHU 8 CO-
yuu OMBemCmBU C Y4eOHbIM WIAHOM

OIIK-1. CrocoOeH NpPHUMEHSTH
(yHIaMEHTAILHBIE 3HAHUS, TO-
JYYEHHBIE B OOJIACTM MAaTeMaTH-
YECKMX HAYK, U UCIOJIB30BATh MX

OIIK-1.1. OGnagaer 0Ga30BbIMM 3HAHUSMH, TONY-
YEHHBIMU B 00JIACTH MATEMATHYECKUX HAYK;

OIlK-1.2. Wcnone3yer Ga3oBble 3HaHUS B 0OJACTH
MaTe€MaTHYECKUX HayK B MPOQEeCCHOHAILHON mes-




B MPOECCUOHAITBHON NEATENBHO- | TETBHOCTH, BHOCHT HEKOTOPBIE KOPPEKTUBBI MPH WX
CTH UCIIOJIb30BAHUM B TPOQPECCHOHATIBHONW NIESTEbHO-
CTH,

OIIK-1.3. Tlpumenser m amanTupyer (QyHIAAMEH-
TAJIbHBIE TIOHATHSL U PE3YJIbTATHL B 00JIACTH Marema-
TUYECKMX HAyK K PELICHUIO 3a/1a4 TPOQECCHOHATb-
HOM NEATEIBLHOCTH.

5. ®opma npomexyrouHoii arrectamuu: PI'P (1 cemectp), kypcoBas padora (3 ce-
MecTp), 3k3ameH (1, 2, 3, 4 cemecTpal).
6. SI3pIK IpenogaBaHUs PYCCKHIA

I1. Conep:xkaHue THCHUILVIAHDBL, CTPYKTYPHPOBAHHOE M0 TEMAaM C YKA3aHHEM OTBe-
AEHHOTO HA HUX KOJIMYeCTBA aKAJAeMHYeCKHX YaCOB M BUI0B Y4eOHbIX 3aHATHII

VYueOnas mnporpamma — | Beero KonrtakTHas padoTa (4ac.) CamocTo-
HANMCHOBAHME PA3/ICIOB U | (Yac.) | Ly ® ATEIbHas
TEM = E = é pabora, B
5 8 8 Z TOM HHC-

= = 7 & e
KonTpoms

(4ac.)

KoHTposnbs camocTosTENBHOM pa-
OOTHI (B TOM YHMCJIE KypcoBast
padoTa)

IlepBrlii cemecTp

1. Beenenne. Onpenencane | 33 6 4 23
HPPALHOHATBHOTO YHCIIA.
Ceuenns. OCHOBHas TeOpe-
Ma Jlenexunna. I'panuiisl
YUCTTOBBIX MHOKECTB.
OyHKIMY HATYPaTBHOTO ap-
TYMEHTA.

2. BaxHeiime Kaaccobl 49 13 11 25
¢pyHKuMi. DeMeHTapHBbIE,
oOpaTtHbIe, 0OpaTHBIE TPHU-
TOHOMETpHUYECKHE (DYHKIIHH.
Cymnepniozunms QyHKITHH.




3. Teopusi npenesios.
Omnpexaenenue npeaena mno-
CIIEI0OBATENHHOCTH U (DyHK-
M. beckOHEYHO Masible U
OECKOHEYHO OOJTBINNE BEJTH-

4YuHBI. TeopeMBI 0 peaenax.

CpoiicTBa PyHKIWH, HMEIO-
IMUX KOHEYHBIN npeaen. He-
OIIpeICIEHHBIE BBIPAXKEHHUS.
Yucno €. [IpuHumn cxoau-
MOCTH. Y CIOBHSA CYIIECTBO-
BaHU KOHEYHOTO TIPEea.
Knaccudukaims Oeckoned-
HO MaJTbIX U OECKOHEYHO
OOTHIINX.

57

16

10

31

4. HennpepbIBHOCTb (PyHK-
LMY OJHOM IepeMeHHOM.
HenpepriBHOCTS M pa3phIBBI
¢ysakmn. OTHOCTOPOHHSA
HenpepbiBHOCTH. Kaccudu-
Kaius paspeisoB. Hempe-
PBIBHOCTB 3JIEMEHTAPHBIX
¢bysakumii. Hanbompmee u
HauMEHbIIEE 3HAYCHUSA
¢bysakumn. [lorsaTue o pas-
HOMEPHOU HENPEPBIBHOCTH.
CymecTBOBaHHE 00OPATHOM

(dyHKIHH.

41

10

26

Bceeo

180

45

30

105

Bropoii cemect

5. IndPpepenunpoBanue
(pyHKUMM 0aHO¥ epeMeH-
Hoii. [IpousBomnas u nud-
(dhepeHImaI IEPBOTO MOPSII-
Ka. [IpousBoHas CIOKHBIX
u o0paTHbIX pyHKIMH. [Ipo-
n3BoAHasA U auddepeHtman
BbICTIIHX TIOPSAKOB. Judde-
PEHLHATBI KaK HCTOYHHK
NPUOTIKEHHBIX (HOPMYIL

43

10

10

23




6. OcHoBHbIE TeopeMbl
au¢¢pepeHIUaTBHOTO0 HC-
yHuCcaeHus. TeopeMsl 0
CpeIHMX 3Ha4YeHUAX. Teope-
Mbl @epma, Pons, Jlarpan-
xa, Komun. @opmyna Ten-
nopa. Pasnoxenue npous-
BOJIBHOU (PyHKITUH. DOPMBI
JOTIOJTHUTEIILHOTO WICHA.

25

13

7. UccanenoBanne pyHkumii
U nocTpoeHue rpagukos ¢
MOMOILbI0 IPOU3BOIHBIX.
YcnoBus mocTOSHCTBA, BO3-
pacTaHus ¥ yOBIBAHUS
(GyHKIHA. DKCTPEMYyM
(dyHKIMH, HAHOOJTBIIIEE U
HauMEHbBIIEE 3HAYCHHUS.
Hamnpasnenue BorayTocT!
KPUBOW W TOYKH TIEPETHOA.
AcumnroTsl Kpubol. HMc-
cnemoBaHue (PyHKIMH U 110-
ctpoenue rpadukos. Pac-
KPBITHE HEOTPEIECIEHHOCTEN
1o npasminy Jlonmrans.

39

10

10

19

8. dyHkuMu AByX nepe-
MeHHbIX. HacTHBIE TPOU3-
BOJIHBIE ¥ TOTHBIN Tudde-
peHIman PyHKIUU ABYX Tie-
pemeHHbIX. [IponsBoanbIe
CIIO’KHBIX M HESBHBIX (DyHK-
. [IpousBoausie u qud-
(hepeHIrAaITBl BRICIINX TI0-
pankoB. @opmyna Teumnopa.
OKCTpeMyMBbI, HAHOOJTbIIEE
Y HAMMEHbIICE 3HAYCHHA.
OTHOCHUTENTBHBIE (YCIIOBHBIE)
3KCTpeMyMBL [IponsBoaHas
0 HANIPABJICHHIO.

39

12

12

15

9. Mu¢depenuuan gyru.
JlekapTOBBI ¥ MOJIAPHBIE KO-
OpJWHATHIL.

15




10. KomniekcHble yucaa.
KomnnexkcHbie gyHkLuu
AeCTBUTEILHOIO mepe-
MeHHOro. KoMmiekcHeie
YHUCTIA ¥ UX TEOMETPHIECKAs
uHTEpnpeTauus. JlencTBus
Ha/T KOMIUTEKCHBIMH YHCIIa-
MU, 3aJaHHBIMH B ajareOpau-
YECKOHW M TPUTOHOMETpHYE-
ckoit popmax. OmpenencHue
u muddepermmpoBanme
KOMIIIEKCHOU (PyHKITHH.
[TokazaTenmpHast QyHKIHA U
dhopmymna Diinepa.

19

Bceeo

180

48

48

84

Hmoeo 3a nepeviit 200 06yue-
Hust

360

93

78

189

eTHii cemMeCT

11. HeonipenesieHHbII UH-
TerpaJi. [lepsooOpasHas
¢byskmms. [IpocTeiimue mpa-
BHWJIA HHTErpUpoBanus. In-
TErPUPOBAHUE MO YACTAM H
My TEM 3aMEHBI IEPEMEHHOM.
HNHTerpuposanue pauo-
HAJIBHBIX BeIpaxkeHud. Pas-
JIOKEHUE MPABUIIBHBIX JPO-
Oeii Ha mpocTeie. MHTETpH-
POBaHHE HEKOTOPBIX MPO-
CTEMIIHUX UPPALMOHATIBHBIX
BbIpakeHUU. [loacTaHOBKH
Oiinepa. UaTerpuposanue
TPUTOHOMETPUYECKHUX

(dyHKITHH.

48

12

12

24




12. OnpeaesieHHbIN UHTe-
rpaJj. Onpeaenenue. Cym-
mbl HapOy. Kmaccer u cBoii-
CTBAa HHTETPUPYEMBIX (PyHK-
uuid. CBOMCTBA ONpeIeiEH-
HbIX UHTErpanos. CBOMCTBA,
BBIPA’KEHHBIE PABEHCTBAMH
U HepaBeHCcTBamu. MHTerpan
C MEPEMEHHBIM BEPXHUM
npeaenom. @opmyna Hero-
ToHa-JlenOnnma. Muaterpu-
POBAHME MO YaCTAM U METOJ
3aMeHbI iepeMeHHor. UHTe-
TPHUPOBAHHUE KOMIUIEKCHOM
(yHKIMH OEHCTBUTETHHOTO
MIEPEMEHHOTO.

48 12 12

24

13. beckoHeuHbIe psiAbI €
MOCTOSIHHBIMHU YJIeHAMM.
OrnpeeneHue psaaa u €ro
cyMMbl. OCHOBHBIE TEOpE-
MBI. Y CIIOBHSI CXOOUMOCTH.
IIpn3naku cpasHenus, Ko-
i, [lamamGepa, PaaGe. Mn-
TErpalbHbINA Mpu3Hak Kommu.
3HAKOYEPEAYIOIINECS PSIIBIL.
AOGCOMFOTHAA CXOUMOCTb.
Crenennsie psaasl. [TpusHa-
ku AGens u lupuxiie.
YMHOKEHHE PAJOB.

48 12 12

24

14. beckoHe4YHbIe POU3-
BeaeHHsi. OCHOBHBIE TTOHS-
TUsS U TeopeMbl. CBs3b ¢ pi-
JaMH.

14 4 4

15. Pa3/io:xeHue 3j1eMeH-
TapHbIX (pyHKUM. Psn
Teilopa.

22 5 5

10

Bceeo

180 45 45

10

80

YerBéprhlii cemecTp




16. ®yHKUMOHAJIbHBIE M0-
CJIeA0BATE/BLHOCTH U Psi-
Abl. PaBHOMEpHAs 1 HEpaB-
HOMEPHAsA CXOJIUMOCTH.
Ycenmosusa v IPU3HAKH PaB-
HOMEPHOM CXOAUMOCTH.
QOyHKIMOHAIBHBIE CBOMCTBA
CyMMBI psja. Henpepsis-
HOCTBb CYyMMBI PAJA.
[TouneHHbIN EPEXOT K TIPE-
neny. [louneHnnoe uHTETpH-
poBanue U quddepeHInpo-
BaHuE psaaoB. Henpepsis-
HOCTBb CYMMBI CTETIEHHOTO
psana. arerpuposanue u
muddepeHpoBanme cTe-
TICHHBIX PAJIOB.

30

16

17. HUuTerpaJbl, 3aBUCS-
mue oT napamerpa. He-
co0CTBeHHbIE MHTErpaJibl.
Huddepenmposanne u uH-
TETPUPOBAHHUE UHTETPAIIOB,
3aBHCALINX OT TTAPAMETPA.
®opmyma JlewOnua. Ompe-
JIeIEHUE WHTETPANOB C Oec-
KOHEYHBIMH nipeaenamMu. He-
COOCTBEHHBIE HHTETPAITBI OT
HEOTPAHUYECHHBIX (DyHKIIHH.
['maBHBIE 3HAYEHUS HECOO-
CTBEHHBIX HHTETPAJIOB.

30

16

18. KpaTHbie HHTerpaJibl.
JIBykpaTHbIN UHTETpai. Bel-
YHUCJIEHHE NBOWHOI'O UHTE-
rpana. 3aMmeHa eEpPEMEHHbBIX
B IBOMHOM HWHTETPAJIC.
TpoHHBIE HHTETPAIIBI U KX
BBIYHCTICHUE. DIEMEHT 00b-
€Ma B KpUBOJIMHEMHBIX KO-
opauHaTax. l{umuaapuye-
CKHE U chepuIeCcKue KOop-
JTUHATBIL.

30

17

19. IloBepXHOCTHBIE HHTE-
rpaJsl. [Inomane mosepx-
HocTH. MHTerpansr no no-
BEPXHOCTH U (popmyra
OcTtporpaackoro. Materpa-
JIBI TIO OTPENENEHHOM CTO-
POHE MOBEPXHOCTH.

30

17




20. KpuBonuueiinbie unre- | 29 8 5 16
rpajsl. OnpeaeneHue Kpu-
BOJIMHEMHOTO HHTETPaia
NEPBOTO U BTOPOTO poJia
[TInomaae U KPUBOTUHEMHBIN
uHTerpan. @opmyna [ puna.
®opmyna Crokca. HezaBu-
CHMOCTb KPHBOJIMHEUHOTO
WHTErpana OT MyTH Ha IUIOC-
KOCTH.
21. Paab1 ®ypee. Oproro- | 31 8 5 18
HAJIBHOCTH TPUTOHOMETPH-
yeckux ¢GyHkimi. Teopema
Jupuxie. PasnoxeHnue B
MPOMEKYTKE [—71', 71'] . Pas-
JI0KEHHE B TIPOMEIKYTKE
[0,7[]. [lepuoguueckue
¢dbyHKImu nepuona 21/ .
Bcezco 180 48 32 100
Hmoeo 3a emopoii 200 obyue- | 360 93 77 10 180
HUA
HTOIO 3a seco nepuoo ooy-| 720 186 155 10 369
YEHUA
II1. OGpa3oBaTebHbIEC TEXHOJIOTHH
VY4eOHas nporpamma — Bun zanatus OOpazoBareiabHbIE TEX-
HAaNMEHOBAHHUE Pa3ciioB HOJIOTAHA
" TEM
1. Beenenue Jlekunm, nmpaktuueckue 3a- | 1. M3noxkenume Tteopernye-
HATHUSA CKOT0 MaTepHana
2. Pemenwue 3ama4
2. Baxnenmme kmaccel | Jlekuuu, npakrudeckue 3a- | 1. Mzmoxenne teoperude-
byHKIH HATHA CKOT0 MaTepHana
2. Pemenwue 3ama4
3. Teopus npenenos Jlekumu, npaktmyeckue 3a- | 1. Msnoxkenwe teopernue-
HATHUS CKOT0 MaTepHana
2. Pemenwue 3ama4
4. HenpeposHocTs (yHK- | Jlexkmun, npakruyeckue 3a- | 1. M3noxenwe Teopermye-
AU OJTHOW MEPEMEHHOMN HATHA CKOTO MaTepuasa
2. Pemenwue 3amau
5. Huddepenuuposanue | Jlekumn, npakruyeckue 3a- | 1. M3noxkenne teopernde-
(YHKIMHA OJHOW TIEPEMEH- | HATHUS CKOT0 MaTepHana
HOU 2. Pemenwue 3ama4
6. OcHoBHble Teopemsbl | Jlekumu, npakTudeckue 3a- | 1. M3nokeHue TeopeTuye-
mrddepeHImanTbHOT0  WC- | HATHS CKOT0 MaTepHasa




YUCJIEHUS 2. Pemenwue 3amay
7. UccnenoBanne ¢yukuumi | Jlekumn, npakrtudeckue 3a- | 1. M3noxenwe teopernde-
W TIOCTpPOCHHE TPA(UKOB C | HATHUA CKOT0 MaTepHana
MOMOIIBIO ITPOU3BOIHBIX 2. Pemenwue 3amau

3. Bemonnenue PI'P
8. @yHkumm AByX nepe- | Jlekuum, npakthyeckue 3a- | 1. Msmoxkenwe teopernue-
MEHHBIX HATHA CKOT0 MaTepHana

2. Pemenwue 3amaq
9. Mudpdepenmman xyru Jlexumu, npaktuydeckue 3a- | 1. M3nokeHue TeopeTHye-

HATHA CKOT0 MaTepHana

2. Pemenwue 3amau
10. KomnnekcHeie uwucna. | Jlekuuu, mpakthueckue 3a- | 1. U3noxkenume teopernye-
KommnekcHeie GYHKIUH | HATHA CKOT0 MaTepHana
JEUCTBUTEIIBHOTO nepe- 2. Pemenwue 3amau
MEHHOTO
11. Heonmpenenenuslii uHTe- | Jlekuuu, mpakthueckue 3a- | 1. U3noxkenume teoperunye-
rpan HATHA CKOT0 MaTepHana

2. Pemenue 3amaq
12. Onpenenennbiii uHTe- | Jlekumu, npaktuueckue 3a- | 1. M3noxeHue TteoperHue-
rpan HATHA CKOT0 MaTepHana

2. Pemenwue 3amaq
13. beckoneunsle psapl ¢ | JIekuuu, npakrudeckue 3a- | 1. M3noxenwe teoperuue-
MOCTOSAHHBIMH YJIEHAMU HATHA CKOT0 MaTepHana

2. Pemenwue 3amaq
14. beckoneunsie npowusse- | JIekuuu, nmpaxkruueckue 3a- | 1. M3noxenwme teoperuue-
JEHUS HATHA CKOT0 MaTepHana

2. Pemenwue 3amau
15. Pasznoxkenue osnemeH- | Jlekuuu, mpakthueckue 3a- | 1. U3noxkenume teoperuye-
TapHblX  QyHKIMH.  Pag | HaTus CKOI'0 MaTepHaia
Tennopa 2. Pemenwue 3amau

3. BbIogHEHHE KypcOBOM

padboTHI
16. ®yukumoHanmbHble TO- | JIeknuu, mpakthueckue 3a- | 1. U3noxkenume teopernye-
CJIEIOBATENIBHOCTH U PAABl | HATHA CKOT0 MaTepHana

2. Pemenue 3ama4
17. Unterpanel, 3asucsamue | JIekuuu, npaxkruueckue 3a- | 1. M3noxenwe teoperuue-
or mapamerpa. HecoO- | HaTus CKOT0 MaTepHana
CTBEHHBIC HHTETPAJIBI 2. Pemenue 3ama4
18. KpaTHble nHTErpAIIBI Jlekumu, npaktmyeckue 3a- | 1. Msnoxxkenwe teopernue-

HATHA CKOT0 MaTepHana

2. Pemenue 3amaq
19. IlosepxnocTHble HHTE- | JIeknmu, npakruueckue 3a- | 1. M3noxenwe teopermue-
rpansl HATHA CKOT0 MaTepHana

2. Pemenwue 3amau
20. Kpusonmuelinsle uHTE- | Jlekuuu, nmpaxkrtuueckue 3a- | 1. M3noxenuwe teopernue-
rpansl HATHA CKOT0 MaTepHana

2. Pemenwue 3amau
21. Panet Oypoe Jlekimu, npaktmyeckue 3a- | 1. Msnoxkenwe teopermye-




HATUS CKOr0 Matepuana
2. Pemmrenne 3ama4u

[IpenogaBanue y4eOHOM AUCLMIUIMHBI CTPOMTCS HA COYECTAHWMW JICKLIMIA,
NPAKTUYECKUAX 3aHATUHA W PA3TUYHBIX POPM CaMOCTOSTENIBHOM padOThI CTYAEHTOB.
B npouecce 0CBOCHUS TUCIUIUIMHBL HCTIOJIB3YIOTCS CAEAYOIUE 00pa30BaTEIbHbIC
TEXHOJIOTHH, COCOOBI U METOABI (POPMUPOBAHUS KOMIETEHIMMA: TpaAULIAOHHBIE
JIEKUWY, MPAKTUYECKUE 3aHATUSL B TUAIOTOBOM PEKUME, BBITOJHEHUE WUHIWBUY-
AJIHBIX 33JJaHUI B pAMKaX CaMOCTOSITENIbHOU paboThlI.

JlucuMnnuHa MnpeayCcMaTpPUBACT BBIMOJIHEHHE KOHTPOJIBHBIX paboT, MUCH-
MEHHBIX JOMAIIHUX 3aJaHHNA.

IV. Ouenounbie MaTepuaJbl I NPOBEJCHUS] TEKYLIeil M NMPOMEKYTOYHOM
arTecTanuu
JUns mpoBEAeHUS TEKYIIEN U TPOMEKYTOYHOM aTTECTALMN:

OIIK-1. CnocoOeH mpuMeHsTh (PyHIAMEHTAIBHBIC 3HAHWS, MOJYYECHHBIE B 00JIaCTH
MaTeMaTHYeCKUX HAyK, U UCMOJIb30BATh UX B MPO(ECCHOHATBHON ACATETBHOCTH

OIIK-1.1. O6manaet 0a30BBIMU 3HAHHUSMU, MOJYYCHHBIMU B OOJIACTH MaTeMaTHye-
CKHX HayK.

[ TpuMeEpBI THITOBBIX KOHTPOJIBHBIX MMCbMEHHBIX 331aHHIA U X OLICHKH.

1. Ilpumensss ¢opmyny ['puHa npeoOpa3oBaTh KPUBOJWMHEHHBIA WHTETpal

J‘y[xy+ln(x+\/x2 +y? )}dy + /x?+ y*dx, r1e KOHTYp C OrpaHHYMBacT KO-
C

HEYHYIO 001acTh S .
Bcé cnenano mpasuiibHO — 4 Oaia.

- [IpaBuIibHO 3anucana v npumeneHa popmyna ['puHa — 3 Oamna.

- MIMeroTCsl HETOUHOCTH TIPH (POPMYJIMPOBKE OKOHYATENIHHOTO BBIBOJAA — MHMHYC 1-3
Oasuia.

= Huuero He caenano — 0 0amios.

2. Haiitu nepooOpazHyr0 (YHKIIHIO z(x, y), €CIIN dz = (x2 +2xy — yz)dx +
(x2 —2xy— yz)dy :

Bcé cnenano mpasuiibHO — 3 Oaia.

= IMEI0TCS HETOYHOCTH MTPU OTHICKAHWHU MEPBOOOPA3HOH — MUHYC 1-2 Gasua.

= Huuero He caenano — O 6ajuios.
3. YuuThiBas, 4TO JJi1 JOCTATOYHO MAaJIbIX 3HAUCHUN X HMMEET MECTO PABEHCTBO

X . o
Jl+x-1= E + o(x) , BBIJICJIMTH U3 OCCKOHEYHO Majoii o(x) TJIABHBIN YJIEH.

Bcé cnenano mpaBuiibHO — 4 Oaia.
= [ [paBMJIbHO BBITUCAHO OTHOMICHUE, MPEICS KOTOPOro HaI0 HaTH — 1 Ga.
= [ IpaBusbHO HaiiieH npenen — 2 Oanna.




= IM€rOTCS HETOYHOCTY MTPH BBIACIICHAM [TIABHOTO WieHa — MUHYC 1-3 Gasna.

= Huuero He caenano — 0 0amios.

OIIK-1.2. Mcnons3yeT 6a30BbIe 3HaHUS B 00JIACTH MATEMATHUYECKUX HAyK B mpodec-
CHOHAJIbHOM EATEIBHOCTH, BHOCHT HEKOTOPBIE KOPPEKTUBBI TIPH MX MCIIOIb30BAHUN
B MPO(HECCUOHANBHON IEATEIBHOCTH.

[ TprMepBl TUTTOBBIX KOHTPOJIBHBIX MMChbMEHHBIX 3aaHUH M UX OIICHKH.

1. Tlepexoas K TOJSPHBIM KOOpAWHATAM, BBIYHCIIWTH MJIOMAb, OTPAHUUYCHHYIO

JIEMHHUCKATOM (x2 + y2 )2 = chz(x2 - y2) M BHEIIHEN YacTbl0 OKPY)KHOCTH
xX+y'=a’.

Bcé cnenano mpaBuiibHO — 5 OaljioB.

= [ [paBUIBHO 3aMMCaHbl YPABHEHUSI KPUBBIX B MOJISIPHBIX KOOpAMHATAX — 1 Ga.

= [ IpaBrIIbHO M300pakeHa 00JIaCTh MHTETPUPOBaHUs — 1 Gasul.

= [ [paBWIIbHO 3aMKcaH NOBTOPHBIM UHTErpaj — 2 Oasa.

= IM€roTCS HETOYHOCTH NP HAXOKACHHUM TIOMAIM — MUHYC 1-4 Oanna.

= Huuero we caenano — 0 6anos.

2. Haiitn maccy m= deS ToBepXHOCTH Tonmychepsl X* + ¥y +7° =a’ (z > O) ,
S

. - Z
IUIOTHOCTH £ KOTOPOH B KOXKIOU €€ Touke M (x, y,z) paBHa —
a

Bcé cnenano mpaBuiibHO — 5 OaljioB.

= [IpaBuibHO yKa3aHa CBS3b MEXKJY JIEMEHTAMU IUIOLIAAN B IEKAPTOBBIX U cepurue-
CKHMX KOOpAMHarax — 2 Oana.

= [ [paBrIIbHO OCYILECTBIEH MEPEXON K CPEPUUECKON CUCTEME KOOPAMHAT — 2 Oauia.

= IMErOTCS HETOYHOCTY MPH HAXOXKACHUM Macchl — MUHYC 1-4 Gasna.

= Hugero He caenano — 0 Ganios.

3. C nOMOIIBIO KPUBOJIMHEHHOTO MHTErPAia BEIYMCIUTH MJIONIAb 00IacTH, Orpa-

. . 3 .
HUYCHHOM acTpoujoii X=acCos f, y= bsin’ ¢ (O <t< 27;) . Hampumep, MoxHO BOC-
NOJIb30BaThCs hopmyioi § = %J.xdy —ydx.
1

Bcé cnenano mpasuiibHO — 4 Oaia.

= [IpaBuIibHO COBEpIIIEH EPEXO]] K OMPEACTIEHHOMY UHTErpaty — 3 Oauia.
= B 3aBUCHMMOCTH OT JOMYIIEHHBIX HETOYHOCTEH MUHYC — 1-3 Oaruia.

= Huuero ne caenano — 0 6aos.

OIIK-1.3. Tlpumensier 1 aganTupyeT (pyHIAMEHTATIBHBIE MOHATHAS W PE3YJIbTATHL B
00JIaCTM MaTeMaTHYECKUX HAyK K PEIICHUIO 33/1a4 MPO(ECCHOHANBHON NEATEIBHO-
CTH.

[ TpuMEpBI THITOBBIX KOHTPOJIBHBIX MMCbMEHHBIX 331aHHUIA U X OLICHKH.



1. HailTu nnowafb 4acTu KOHyca z2= X2+ Y2, nexawyt Haj nnockoctbto OXy

Mx
N OTCEYEHHYIO MNOCKOCTbIO Z = -+ 1

V2
Bcé caenaHo npaBuibHO - 5 6annos.

- MpaBnNbHO HaliaeHa NPOEKLMA NCKOMOM hurypbl Ha NN0CKocTb OXy - 2 6anna.

- MpaBUNbLHO 3aNMcaH NOBTOPHbIA UHTerpan B NOASAPHOI CUCTEME KOOpAMUHAT - 2 6an-
na.

- IMetoTCA HETOYHOCTM NPU HAXOXAEHUN NNOLLaAN NOBEPXHOCTU - MUHYC 1-4 6anna.

- Hnyero He caenaHo - 0 6annos.
2. Haintn o6bem Tena, orpaHM4YeHHOro MOBEPXHOCTbIO (MapameTpbl npegnonara-

X1
IOTCA MONIOXUTENbHbIMU) | + %+Z% =1(z>0).

Bcé caenaHo npaBuibHO - 5 6annos.

- MpaBUNbLHO OCYLLECTBNEH NEPeX0 K NOBTOPHOMY UHTerpany - 2 6anna.
- MpaBUNbHO BbIYUCNEH K&XKAbIA U3 BHYTPEHHUX MHTErpanos - 3 6anna.

- B 3aBUCMMOCTM OT AONYLWEHHbIX HETOYHOCTEN MUHYC - 1-3 6anna.

- Hunuero He cgenaHo - 0 6annos.

3. BblYMCANTb TPOWHOW MHTErpan
Ll xy2z3dxdydz, rpe rpaHnya  obnactu \Y 3afjlaHa  ypaBHEHUSMMU

zZ=xy,y =x,x=1z=0.
Bcé caoenaHo npaBubHO - 5 6annos.
- MpaBunbHO onpefeneHa 06nacTb UHTErpupoBaHus - 1 6ann.

- MpaBUNbLHO OCYLLECTBNEH NEPeX0 K NOBTOPHOMY UHTerpany - 2 6anna.
- MpaBnNbHO BbIYNCAEH KaX bl U3 BHYTPEHHUX MHTErpanos - 2 6anna.

- B 3aBMCMMOCTM OT AONYLLEHHbIX HETOYHOCTEN MUHYC - 1-3 6anna.

- Hunuero He cgenaHo - 0 6annos.

V. Y4ebHO-MeTOLMYECKOE U MHOPMALMOHHOe obecnevyeHne AUCLUMIUHDI
1) PekomeHpyemas nutepatypa

a) OCHOBHasa nuTeparypa:

1 BopoHuHa, E. b. MaTtemaTuyecknih aHanm3 [SNeKTPOHHbIN pecypc] : yueb-
Hoe nocobue / E. 6. BOpOHMHa. — 2-e U3f4. — NIEKTPOH. TEKCTOBbIE [aHHble. —
CapatoB : HayyHaa kHura, 2019. — 159 c¢. — 978-5-9758-1745-7. — PexXum fo-
crtyna: http://www.iprbookshop.ru/81022.html

2. FypbsaHoBa, K.H. Martematunyeckuit aHanu3: y4yebHoe nocobue /
K.H. T'ypbsHOBa, ¥Y.A. AnekceeBa, B.B. bosipwunHoB; MMUHUCTepCTBO 06pa3oBaHus
N Hayku Poccuinckon ®epepaynmn, Y panbCKuin hegepanbHblil YHUBEPCUTET UMEHN
nepsoro lNpe3upgeHta Poccum B. H. EnbunHa. - ExkatepuH6bypr : M3gatenbcrso
Ypanbckoro yHusepcuteta, 2014. - 332 c. - ISBN 978-5-7996-1340-2; To xe


http://www.iprbookshop.ru/81022.html

[9NeKTpPOHHbIN pecypc]. - Pexunm
na: http://biblioclub.ru/index.php?page=book&id=275708

3. MartemaTunyeckuit aHanui: ydyebHoe mnocobue [DneKTpOHHbIN pecypc]/ B.T.
WepwHes. - M.: HALU MH®PA-M, 2014. - 288 c.: 60x90 1/16. - (Bbicwee obpa-
3oBaHue: bakanaspuar). (nepennet) ISBN 978-5-16-005488-9 Pexum poctyna:

http://znanium.com/go.php?id=342089

OOCTY-

6) gononHUTENbHAsA

1 Kyty3oB, A.C. MaTtemaTu4yeckuin aHanus: auddepeHynaibHoe U UHTe-
rpaibHOe ucYUC/ieHMe QYHKUWIA OLHOW nNepeMeHHOW: Yydyeb6bHoe nocobue /
A.C. KyTys30B. - 2-e n3g. crep. - M.; bepnun : Aupekt-Megua, 2017. - 127 c. -
ISBN 978-5-4475-2976-5; To e [DNeKTpOHHbIN pecypc]. - Pexum p[JocTy-
na: http://biblioclub.ru/index.php?page=book&id=462166

2. Hukonbckuin, C.M. Kypc MmaTemaTU4ecKoro aHanmsa: Y4yebHuk /
C.M. Hukonbckunii. - 6-e nu3g., ctepeotun. - M.: ®usmarnut, 2001. - 592 c. - ISBN
978-5-9221-0160-8; To e [3NneKTpOHHbIN pecypc]. - Pexum AocTy-
na: http://biblioclub.ru/index.php?page=book&id=69500

3ameyaHme. MO>KHO BOCMNONb30BATbCA NIOOLIM CTEPeoTUNHbIM MU3faHneM yyeob-
HWKOB, YKa3aHHbIX aBTOpOB, HE3aBMCUMO OT roja nsfaHus.
2) lMporpammHoe obecrneyeHune

a) JInueH3noHHoe nporpaMmMmHoe obecrneyeHne

MomelleHne AN camo-

CTOSATE/IbHOM paboThbl
obyyvaromxcs:
KomMnblOTepHbIA  Knacc

Ne3 thakynbteta MM uK

Ne 243

170002, Tsepckas 006n.,
r.Teepb, CapgoBblil nepe-
ynok, A.35

Foxit Reader - 6ecnnatHo

Google Chrome - 6ecnnaTtHo

Kaspersky Endpoint Security 10 gng Windows - AKT
Ha nepepayvy npaB Ne2129 ot 25 okTs6psa 2016 T.
Lazarus 1.4.0 - 6ecnnaTHo

Mathcad 15 MO010 - AKT npegocTaBneHua npas
M C00000027 oT 16.09.2011

MATLAB R2012b - AKT npepgoctaBneHusa npas Neo
Us000311 ot 25.09.2012

Microsoft Visual Studio Ultimate 2013 - AKT npepgo-
ctaBneHunda npas Ne Tr035055 ot 19.06.2017

MySQL Workbench 6.3 CE - 6ecnniatHo

NetBeans IDE 8.0.2 - 6ecnnaTtHo

Notepad++ - 6ecnnaTHo

OpenOffice - 6ecnnaTtHo

Python 3.4.3 - 6ecnnatHo

Microsoft Windows 10 Enterprise - AKT npuema-
nepegaym Ne 369 ot 21 mona 2017MS Office 365 pro
plus - AKT npuema-nepegaym Ne 369 ot 21 uions 2017

lMakeT CMMBO/IbLHOM MaTemMaTukn Maple.


http://biblioclub.ru/index.php?page=book&id=275708
http://znanium.com/go.php?id=342089
http://biblioclub.ru/index.php?page=book&id=462166
http://biblioclub.ru/index.php?page=book&id=69500

Cant TBI'Y: http://homepages.tversu.ru/~s000154/M APLE/maple.html
3) CoBpeMeHHble npoeccroHanbHble 6a3bl AaHHbIX M MHPOPMaLUOHHbIE Cchnpa-
BOYHbIE CUCTEMbI
1 9BC «ZNANIUM.COM» www.znanium.com;
2. 3BbC «YHuBepcutetTckana 6ubnnoTeka oHnanH»https://biblioclubmru/;
3. 3BC «JlaHb» http://e.lanbook.com.
4) MepeyeHb pecypcoB MHHOOPMAaLUOHHO-TENEKOMMYHUKALNOHHON ceTn «UHTep-
HeT», HEOOX0AUMbIX ANS OCBOEHUS AUCLUMNINHBI
BuptyanbHas obpasoatenbHas cpega TBI'Y (http://moodle.tversu.ru)

HayuHas 6ubnunoteka Tel'Y (http://library.tversu.ru)

VI. MeToandeckne martepuanbl A8 06yya L UXCA NO OCBOEHUK AUCUUNIIN-
Hbl

MeTofgnueckne ykasaHua npefcrtaB/ieHbl B BUAE COfepXXaTenbHOro pasbopa
peweHna TUNOBbIX 3a4ay, BOZHUKAKWMUX NPU 0CBOEHUM ancunnanHel. CamocTos-
TenbHad paboTa 3aKknto4aeTcs B OCBOEHUM TEOPETMYECKOro martepuana nekunin u
peweHNs 3ag4ay no Temam paboyeil nporpammebl.

MepBbIil ceMecTp

3agaun gnsa camoCcTOATENNbHOTO peLleHuns
(MeToaMYecKMe yKa3aHUS [aHbl HWXKEe B pasfene «NpUMepbl COAEpPXaTenbHOro
OMUCAHNSA pelleHns TUMOBbLIX 3a4a4y» Nocae BOMPOCOB ANA MOATOTOBKU K 3K3ame-

HY)
[Joka3aThb, 4TO lim an=a (ykasaTb n(s))

1- 2n2 1 23- 4n
N a=- _, 2. = =4
2+4n2’ 2 an= 5. o+ 254
3n- 2 3 4n-1
3. =>: 4, =2:
n=on-1 2T o n on+1' 274
_2-3n2 3 8,
"= 44+5n2° 5 6. an= 3 o

BbluMCcnIMTb Npefen YncnoBoli nocnefoBaTelbHOCTH

: . (n+1)4- (n- 1)4
n+ ). . lim
HE(n+3)4- (n+4)4 —tt (n+1)3+ (n- 1)3.

3. limn(jn(n- 2)-V n2- 3). 4. lim(Vn2- 3n+2- n).
n—tt n—tt


http://homepages.tversu.ru/~s000154/MAPLE/maple.html
http://www.znanium.com/
https://biblioclub.ru/
http://e.lanbook.com/
http://moodle.tversu.ru/
http://library.tversu.ru/

. | 1+549+13+...+4(4n-3) 4n+1
5. lim - .
- n+1 2
1+3+5+..+(2n-1
6. tip| 25t Cesl),

n—> n+3

Boruucaume npeoen hynkuyuu

l _ 1 l _ 1 3x _ 3x
1. lim—22"1 2. tim 22X~ 1 3. lim— 2
10y —9 1 x>o  gX 0 gretg2x —"Tx
32 sinx — cosx ——
4. lim——= 5. lim(——)*", 6. lim( )2,
x>0 2x — tgx x—a SInd x>2 c0oS2

Onpeoenums 3HAUEHUA C1EOYIOULUX GbIPAMCCHUL

In(si 1 1 1 Jtgx —1
1. lim i0aY) 2. lim—(—-—). 3. lim—Yo
x-0 In(cos bx) =0 x thx tgx H%Zsin x-1
i : (x—a)
) ax - asmx 2 ctg(x—a
4. imET=5(@>0). 5. fim| X", 6. uml 22| .
=0 x x>0\ chx v—a\ tga

OneHounble ¢peacrBa Jisi TEKYILICI'0 KOHTPOJIA yCIIEBACMOCTH

1-a konmponavHaa mouka. Tembr Ne 1-2. [To Tekymeil paboTe CTyJaeHTa U 3a 1o-
cemaeMocTh — 15 6amtos. [1o HTOroBOMy KOHTPOJIXO 32 MOAYJIb — 15 Gamios.
Bcero 30 Ganos.

2-a koumpoavhaa mouka. Tembl Ne 2-4, Tlo Texywiei pabote cTyIeHTa U 3a Mo-
cemaeMocTh — 15 6amtos. [1o ”TOroBOMy KOHTPOJTO 32 MOAYJb — 15 Gamios.
Bcero 30 Ganos.

IKzamen 40 6annoe.
HaunGonbiiee konnuecTBo Oannos 3a cemectp pasHo 100.

Bonpocs! 1/is1 MOATOTOBKHU K IK3aMeHY
Onpenenenne uppauroHaabHOro yncia. OcHoBHas Teopema (/leaeknnaa).
1-2n’ 1

Jlokazare, 4To lima, = a (ykazatb N (a) ), ecam a, = 2ront’ a=-3.

1

Jloka3aTh, 4TO lim n[a” —IJ =Ina (a>0). Vxasanne. BpecTn HOBYIO MepeMeHHYHO
n—yo

1

— 1
y=a"—1 uydectn, uto y — 0 npu I —> O BoCnoab30BaThCS TEM, YTO lin(} (1+y)$ =e,T. €.
y—>

BTOPBIM 3aMEYaTCIIbHBIM IIPEACIIOM.
FpaHI/II_IBI YHUCJIOBBIX MHOXKCCTB.



5 . Y +5-\3n"+5
BIYUCJIUTH HpeI[eH s w1+2+3+ +(2n 1) .

VYyecTb, uTO CyMMa nepBbix H uie-

a, +an

HOB apu(pMETHIECKOH MPOrPeccuu S =
2

n.

Ilycth (x)— ara (tl > 0) Iloka3are, d4rO f(x+y)+f(x—y)

2f (x) f ( y). Onpej:[eneHHe noHaTus PpyHkuun. BaxHelmme knaccsl QyHKIHIA.

Igx-1
Beruucnoute npeaen llmg—. VYkazanue. Hanpumep, BBECTH HOBYIO MEPEMEH-
x—10 ,, —_

Hyto t=x—10 u yuectp, uro £ >0 npu x —>10.

[Toka3zark, 4T0 BCAKYHO (PYHKIMIO f (x), ONPEACTIEHHYI0 B CUMMETPHYHOM
WHTEpBAJIE (—l N ) , MOYKHO MPEACTABUTH B BUJIE CYMMBI YETHOM M HEYETHOH (DyHK-
LU

UucnoBas nocieaoBareibHOCTh. OnpeneneHue mpeaesia nocaeaoBaresibHO-

cTh. beCKOHEUYHO MaJible 1 OECKOHEYHO OOJIBIINE BETMYNHAEI.
2x —2x
=7

Brruucnuthb mpeaci lim.—- Yuectb, 4TO a” =™ U aCHMIITOTUYECKUE
x>0 8in3x—2x

paznoxkeHust e” = 1+a+0(a2), sine=a+ 0(a3) NPy IOCTaTOYHO Manbix &, T. e. mpu

a—>0.

x"=2x+1

Haiiti 3HaYeHHe BBIPAKCHUS lxlg} o tl
x"=2x+1 (xwo‘x)‘(x_l)

LT e

(x—l).

Onpenenenue npeaena GyHkuun (q8a). OMHOCTOPOHHUE TPEACIIBI.

()

k . Yxazanue. Bocronb30BaTbhCsi METOIOM MAaTEeMaTHUECKONH MHAYKLIHH.

. Ykazanue. IlpencraButh mpobb

U PasaciiuTb YUCIIMTCIIb U 3HAMCHATECIIb I[pO6I/I Ha

<Ysinx, , ecmu 0 X, <7 g mo6oro
k=1

Jloka3aTb HEpaBEHCTBO

Haiitu n liml: x+a)(x+b —x:|.
a pezen lim (x+a)(x+b)

Haiftm cymMy Bcex OuHOMHATBHBIX Kodddurmmentop C,+C,+..+C! =
< X n! N
».Cy, rae C W 4UCII0 cOYeTaHMit U3 I 3IEMEHTOB 10 k 3JIEMEHTOB.
k=0 n

n
o n k n-kyk
Vkasauue. Bocrosib3oBarbest popmynoit HeroToHa (a + b) = Z Cla""b".

7x’ +8x+1
OKasa aiitn o(& o lim ——— = -6,
Jlokazarb (HalTH ( )) dro lim ——"~

[IpenenpHBIN MEPEXO] B PABEHCTBE W HEPABEHCTBE. JIEMMBbI 0 OECKOHEYHO
MaJIbIX.



o . veosx -1
Haiitn npenpen lim————
x>0 §in” 2x

Ou Ha BBIPAKEHHE, COIPSDKEHHOE YHCIUTENO. BOCIONB30BaTHCS, HAmpUMeEp, TeM, YTO NpHU
HaxXOXICHUN npenena OTHOLICHUA I[BYX 6eCKOHeLIHO MaJIbIX Ka}KI[y}O N3 HUX MOXHO 3aMCHUTH
JIFOOOH 3KBUBAJIEHTHOH €l OECKOHEUHO MaJION

. Ykazanue. Y MHOKHUTb YHUCIUTENIb U 3HAMEHATEIb IPO-

Jlokazate, 4yto QyHKIUS f (x) HEMNpepbIBHA B TOuke X, (HailTH & (8) ), eciu
f(x)=5x2+5, x,=8.

Heonpenené€uubie BEIpaKEHUS.

. . log,x—1
Haiitu npenen lim —=—— Vkazanue. Hanpumep, BBECTH HOBYIO MEPEMEHHYHO
x—3 tg X
t=x-3 uyuectb, uto £ =0 mpu x = 3.

Jlokazate, uyto QyHKIUsS f (x) HEMpephIBHA B TOUKE X, (HAlTH & (s) ), ecnu
f(x)=4x2+6, x,=T7.

[Tpenen MOHOTOHHON (DYHKIIMH.

SIBnsieTCs MM PAaBHOMEPHO HEMPEPBIBHOM (QyHKIUS [ (x) =x’ Ha MHTEpBalle

(—l ,1 ) , Tae [ — nrboe, CKOJIb YTOHO OO0JIbIIOE YUCI0?

3
. o x =2x-1
Boruncnute npeaen GyHkuuu lim —————— Vkasanue. Boigenuts B uuciutene
>-1x" +2x+1
¥ 3HAMEHAaTeJIe COMHOXKHUTEITb (x + 1) :

Yucno €.
[TpuMeHsisi METO MaTEMaTUYECKOW MHAYKIMK, J0Ka3aTh, 4TO JUIs JH000ro

HATYPAIBHOTO YHCIA Il CIIPABE/UTMBO PABEHCTBO: 18 +2° 4. +n° = (1+2+...+n) .

X —X
. e +er=2
Beruucnure npenen lln(l)T. Vuects, uto shx ] x, sinx[] x, nns nocra-
x> sin” x
TOYHO MaJIbIX 3HaueHu X .

HactryHbie nociea0BaresibHOCTU. JIemma bosbliano - Beliepiurpacca.

Onpenenuth 0071aCTh CYLIECTBOBAHUS (PYHKIMH y = aresin 12x :
+ x

o . 2n+3 ok
Beraucantse npeaci 4ucjioBOn IOCICA0OBATCILHOCTH lIim > 1 . Ykaza-
n>o\ 21+

) 1Y
Hue. Bocnonb30BaThCs BTOPBIM 3aMevaTeNbHbIM NpeneyioM. lim (1 +—| =e.
X—>0 X

VY CIIoBUE CYIIECTBOBAHUS KOHEYHOIO TIPEAEa.
[Tycte X =+ 5| n>0. Iloka3zarb, 4TO C- O(x”) = O(x”) ,

O(x”) + O(xm) = O(x”) (n > m) , O(x”)O(xm) = 0(x”+m) .
Lo xr=2x+1
Beruucnute npenen lim——————. Vkasanue. BoiienuTs B uuciuTeNe 1 3HaMe-
ol " —x"—x+1
HaTeJle COMHOKHTEIb (x - 1) :
CpaBHeHHE OCCKOHEUYHO MAJIbIX. DKBUBAJICHTHBIE OCCKOHEUHO Majibie. Bbi-

JICJICHUE TJIAaBHOW YacCTH.



YuuteiBas, 4T0 J14+x—-1= %x + o(xZ) BBIJIC/IUTH TJIABHYIO 4acTh U3 OECKO-

HEYHO MaJIOn O(xz). ITokazaTh, 4TO V1+ x -1 moxmno MPEICTaBUTDL B BUIEC % x T+ A* +

O(x3 ), T. €. HaiiTu, uemy paBHO A .

OnpeneneHrue HEMPEPBIBHOCTH B TOYKE. APUPMETHUECKHUE ONMEpalv Hal
HENPEPBIBHBIMU (QYHKIUAMU. [[puMepsl.
HccnenoBate Ha HENPEPBIBHOCTH W NOCTPOUTH Tpaduk  (PyHKUHA

y=lim (x> 0). Ykasanue. Paccmorpers cinydan 0<x<1, x=1u x>1.
n>o | 4 x"
7 _ex
Beruucnurte nipenen lim——————— Vxasanne. Bectu HOBYK) TNEPEMEHHYIO

x-7 gin Sx —sin 3x
t=XxX—7& uyuectb, uro t =0 mpu X >7T.
OnHOCTOpPOHHSIS HEMpepbIBHOCTL. Knaccudukarys pa3peiBoB. [Iprmepsi.

1™
DymKims f(x)=—5— TepseT cMbICT Mpu x =0, Onpeneuts wucio f(0),
X

4yToO0BI f (x) ObLIAa HEMPEPBIBHA MPH x=0.

HenpepbiBHOCTH M pa3pbiBbl MOHOTOHHOH QyHKIMKA. Cynepno3nims HEmpe-
PBIBHBIX (DYHKIUH.

x+1 1
[Tycte X—>+4®© U n>0. Jlokazarb, 4TO 2x3—3x2+1=0(x3), —— 0(—},

X+1 X
arctg x 1
sf-0|=|.
1+x X
1+ xsinx—cos2x

Beruucnute npeaen  lim — . Yyectb, Hampumep, uto 1—cosx =
x>0 sin” x

2sin’ X, sinX = 2sin > cos .

2 2 2

CpoiicTBa HenpepbIBHBIX QyHKIMA. [lepBas u Bropas Teopembl bonblano —
Komwu.
1) Ecin f(a)<0, f(b) >0;2)ecin f(a)=A, f(b)=B u A# B 10, uro u3 sToro cneny-
€T M KaKUM CBOMCTBAaM JIOJKHA YIOBIETBOPATh QyHKIMsA [ (x) .
lg(x+ h)+lg(x—h)—21gx

h2

Iga+lgh = lgab, lga—lgb = Ig %, 1 HOpMYITy COKPAIEHHOTO YMHOKEHUS (x— h)(x+ h) =

(xz—hzj
Ig
le(x+h)+lg(x—h)-2lgx 2
xX*—HK, T e uro lim g( ) g( ) g =lim—x .

>0 W 10 I

Haiitu npenen lhlll(l) . Yuectsb, uto ipu a>0 u b>0
—>

3
JlokazaTh, uTo (PyHKIMs Y =X  paBHOMEPHO HEMPEpPhIBHA HA OTPE3KE [a,b].
Teopema 00 orpanmdyeHHocTd (pyHKIMH (mepBas Teopema Beiiepirpacca).

Ecnu dpyukims f (x) ..., TO OHAa OrpaHNYEHA.



[Tonme3ysice kputepuem Komm, moka3are CXOAMUMOCTh MOCIEA0BATEIBHOCTH
cosl! cos2! cosn!

12 ¢ 23 +"'+n-(n+1)'

x, =1+ Vkazanue. Ilokasate, uto ans moboro & >0 cyume-

creyer uncio N = N (8), TaKOe, YTO HEPABEHCTBO |xn—

xn+p < & BBIIIOJHACTCA AJIsI BCEX

n > N u mo0oro HaTypajbHOTO YHCaa P .

JlokazaTh SKBUBAJICHTHOCTh OECKOHEUHO MANBIX: fgx —sin x [ % x*. Ykasanue.

. tgx—sinx
Haiitu, uemy pasen npemen lm———
x—0 1 3
—X
2
1—A+/cosx

Haiitu npeaen lim —————. Vkasanue. Hanpumep, yMHOKHUTD YMCIUTEND U 3HA-
>+ 1—cosvx

X

MeHaTeJb Ha BbIPAXKEHUs, COMPsIKEHHbIE 3HAMEHATENI0 U YHCIUTEN0 COOTBETCTBEHHO M BOC-
NOJIb30BATHCS, HANPUMEP, T€M, YTO NPH HAXOXKICHHH Mpeaesia OTHOIIEHHs OBYX OECKOHEYHO
MAJIbIX KOKIYIO U3 HIX MOXKHO 3aMEHUTB JIF000H 3KBUBAJIEHTHOH €l OECKOHEUHO MaJIOi.

Jloka3aTth, 4T0 a*—10 xIna (a>0) JUISL TOCTATOYHO MAaJIbIX 3HAYCHUHA X .

X
.oa -1
Vkasanue. ITokasars, uro lim
0 xIna

YUUTBIBAs, 4TO y —» 0 npu x — 0.
[ToHsiTHE O PABHOMEPHO HEMPEPLIBHOCTH.

3

. x +1
Beraucaute npegen lim ———.
*=>-1§in (x + 1)

o o — X
= 1. Bocronb3oBathcs HOBO# TepemenHoit y=a =1,

Hanpumep, Bocnonb3oBarbesi onHOM U3 op-

MYJI COKpaH_IéHHOFO YMHOXKCHHS U TICPBBIM 3aMCUATCIIbHBIM MMPECACIIOM.
Jlokazathk, uTo PyHKIMSA Y = x? PaBHOMEPHO HENMPEPBIBHA HA OTPE3KE [a,b].
Teopema Kanropa.
e +e -2

Boeruncantb npeaen limT_ VuecTh, uto shx [ x, sinx[] x, aas gocra-
0 sin” X ’ ’ ’

TOYHO MaJibIX 3HaueHuin X .

Jlokazatb, 4T0 QyHKOUS f (x)=sinx HEMpPEpPBIBHA MPHU JTHOOOM 3HAYEHUH

X=X,.
. \/1+ gx —1+sinx
Brrunciure npeaen lim 3 . Vxasanwe. [l Hadana yMHOXHTD
xX—>» X
YUCJIUTE]Ib U BHAMECHATE]Ib Ha BBIPAYKCHUE, COMNPAKCHHOC YUCITUTEIIO.
e'—e”
Jiis pyHkuum y=f (x) = oshx T T HalWTH OOpaTHYK (QYHKIHIO
ef—e”
x=g(y) , T. €. HANTA X U3 YPABHEHUS Y = Y

HenpepblBHOCTD 35IEMEHTAPHBIX (PYHKIWHA.

3-vJ10-x

Haiitu mnpemen lim—————. Vkasanue. Mcnosb3oBaTh HOBYK) IEPEMEHHYHO
=1 sin37x

t=x-1 uyuectp, uro £—0 npu x > 1.



SIBnsieTCs M PAaBHOMEPHO HETPEPBIBHOM (QyHKIUS [ (x) =x’ Ha uHTEpBaANE
(—l N ) , Tie [ — nrboe, CKOJIb YTOJAHO OOJIBIIOE YUCIO?

Jlokazate, 4yto QyHKIUS f (x) HEMNpepbiBHA B TOuke X, (HaiTu & (8) ), ecnu
f(x)=-5x"-8,a x,=2.

1
Haiitu npeaci lim(x+ex)x . Yka3zaHue. «BoiHECTH» €% 3a 3HAaK paaukaja U BOCIOJb-
x—0

1
30BaThes TeM, 4To lim (1+a)= = €.
a—0

HpI/IMepLI COACPKRATCJIBHOI'O OIIHCAHHUA PCIHICHUS THIIOBLIX 3a1a4

1_2’12 1
5 Uag=-—.
2+6n°
Pewenue. 11o onpenenenuro npeaena st a000ro CKOjab YTOAHO MAajoro
yuciia £>0 JODKEH CYLIECTBOBATH TakOW HOMeEp NV (8), 4TO I BCEX n> N

1. Jlokazats, 4to lim 4, =a (ykasats N(g)), ecnn a, =
n—>w0

JIOJDKHO BBITIONHSATECS HEPABEHCTRO |a, —a|<&.

3aMeTHM, YTO €CJIA peub UAET 00 YCTAHOBJIECHUM (PaKTa CTPEMIIEHUS MOCIIE-
JOBATENBHOCTH @, K MpeAeny &, TO COBCEM HE 00s3aTENIbHO YKA3bIBATh HANMEHbB-
miee 3HaueHne N, 1Is KOTOPOTO BBITIONHSETCS HEPABEHCTBO |4, —a|<& npu n> N
. BaxxeH cam (akT cyiiecTBOBaHMs TAKOro HOMeEpa N .

1-20* 1 2 2
Paccvorpum  paswocts |a,—a| = [Tt = 3_6( +2+z)6n
3(2+6n

S 6 =_1 1~ ¢ CrenoBareibHO, JOJHKHO BHITION-

6(1+3n2) = 6(1+3n2) %32 3

1
HATHCI HECPABCHCTBO n’ > SL’ T. €. 32 N MOXHO B34Th LSy 4acThb 4uciia F
£ g

TeM caMbIM YTBEP)KIECHUE TOKA3aHO.
Cnenyer 3aMeTuTh, 4T0 N MOXHO ObUTO OBl HAaTM M W3 HEPABEHCTBA

ﬁ < ¢. Ho BoBce He 00s3aTebHO HaXO0auTh HAMMCHBIICC BO3MOXKHOC 3HaA-
6{1+3n

yeHue N . BaxHO, 4TO TakOil HOMEDP B MPUHIUIIE CYIIECTBYET.

2. BeIUMCanTh Ipenensl YUCIOBBIX MOCIEA0BATEIBHOCTEN:

a) lim 1+5+9+13+...+(4n=3) 4n+1]. 6) lim 3/n3+5—\/3n4+5 ‘
n+1 T2 e 1+3+5+..+(2n-1)°

B) lim (3n-1)1+(3n+1)!

pargs (3n)!(n—1) > F) !}_‘)‘}o (\/53/5\8/52:/5)

Pewenue. HanoMHuM, 4TO CyMMa KOHEYHOTO YHCIIA WICHOB apupmMernye-
CKOH NMPOTpeccuy paBHA MPOU3BEICHUIO MOJYCYMMBI KPAlHUX YJIEHOB HA YHCIIO

n—ywo




cllaraéMbiX, T. €. CyMMa MEPBbIX /I YJIEHOB apu(METUUYECKOH MPOrpeccuu

},0,,...,0, BEIYHCIIACTCS IO popmyiie S, = %n

a) Yucnurens nepBoil ApoOu SIBIIIETCS CYMMOM I 4JIeHOB apu(pMETUUECKON

nporpeccur ¢ wieHamu 1, 5, 9, 13, ..., 4n—3, HOITOMY C YYETOM YKa3aHHOMH
- - 4n+1
DOPMYIBI Tim 145+9+13+. . +(4n=3) dn+1| _ . [@n-1)n _ _
o n+1 2 n—s® n+1 2

1 1

= T4+
. 4’ —2n—4n*—4n-n-1 _ . Tn+l _ " 7+n) _ Ta
Iim = —llmﬁ = _]lm—1 = —llm—1 =
H—>0 n—»w H—> 0 n—>w
” 2(n+1) (n+1) - 2n(1+—) 2(1+—J

n n
_7

5

0) YuuTbIBas, 4TO 3HAMEHATENb APOOU SBISETCA CYMMOH /I 4JIEHOB apudme-
. A +5-3n"+5
lim
ol+3+5+...+(2n-1)

ni/1+ > n’ \/3+ >
o nt 1 5 5

n—ow I’lz no| p n n4

TAYECKOM  mporpeccun  1,3,...,2n—-1, HMEEM

B) CUMBOJI n! O3HAYacT MPOM3BEACHUE MOCIEAOBATEIBHBIX HATYPATBbHBIX
yucen ot 1 1o # BKIFOUUTEINBHO, T. €. n!=1:2-3-...-n. COeayeT 3aMETUTh, HAIIPH-

3n
3n—-1)!—+(3n)!(3n+1
mep, uto n!=n(n-1)!. Vrax, 1im(3”_l)!+(3”+l)! g (3n-1) 3n (37)1(3n+1)

G n-T) e (n)i(em1)

1 1 1 1
— 1 3+
) lim(3n)zsn+(3n)z(3n+1) ) 1im(3n)!(3"+3n+1) 3 3+ _,
o (3n)!(n-1) noe (3n)(n-1) e 1
n

r) Beipaxxenue 224242 , IPeAeNI KOTOPOrO HAJI0 HAWTH, MOXKHO IIEpe-
111 1
nucath B BuAe 22242%...27" Kak M3BECTHO W3 DJIIEMEHTAPHOW MATEMATHUKH, MPU
YMHOKCHUHA YUCEI ¢ OJMHAKOBBIMA OCHOBAHUAMH IOKA3aTENIM CTEIICHHU CKJIaJbI-
1 1 1 1
BAFOTCSL, T. €. 222428...22" = X
B manHOM cilyyae CTENEHb 4Mciia ABa €CTh HE YTO MHOE, KaK cymma ! uje-

1 1
—t.
8 2"

HOB T'€OMETPUYECKOM MPOrPEeCCHr CO 3HAMEHATEIEM, PABHBIM % . Tak kak cymma



Il 4JIEHOB reOMETpUYecKoi mporpeccun bysby,....b, co smamenaresnem ¢ pasHa S, =
1 1

bl(l—q") 1 1 1 1 _2 T 1

it S A Vo S T I == /=41

1

1.1 1 1
CnenoBarensHo, lim (JE 232 25) = lim 2248577 = lim 2 = = 2.
n—> n—>o0

n—o0

. . 1+sinx—cosx
3. Haiitu npegen lim - :
x>0 1 +sin px —cos px

Pewenue. llepexons K HOJIOBUHHOMY YITY % ITOJIB3YACH W3BECTHBIMH

~ 2

Gopmynamu IEMEHTAPHON TPUTOHOMETPHH sin x = 2sin§cos§ U 1—cosx = 2sin®>

.2 X . X X
. . 1+Sinx_cosx 2Sln f+2Sln*c0S*
HaWuJEM: lm}) Y = lim 2 22 =
*»>0 ] +s1In px—cos px =0 X . pX s
P P > 2sin? PX p2sin Y cos X
2 2
. 4 X
sin —| sin—+ cos — siny Y sin >+ cos 1 1
. 2 2 2 = 1 2 2 2 2 —
lmz lmz . - - . » " . — —.
x—> X—>
sinﬂ sinﬂ+ cosE — sinp— sinp—+cosp— p p
2 2 2 2 2 2 2
3aM€TI/IM, YTO IPH HAXOXKIACHHUHW IHPCACiIa BOCIIOJIL30BAIIUCE IICPBBIM 3aMC-

YATENILHBLIM IPEJENIOM Jim 32%

a—0 x

=1.

CHGI[yeT OTMCTUTD, YTO TOT KC HPCAC]I MOKHO HAUTH U o-Apyromy, €CJiu

BOCIIOJIb30BATLCA ACUMIITOTHYCCKUMHU PA3JIOKCHHUAMUA, T. €. TCM, YTO IJId AOCTa-
2

3
. a ) a
TOYHO MAJIbIX 3HAUYCHUHA & @ COSQA = 1—7+ O(a“), sin@g = a—;+ O(as). Toraa

. l4sinx—cosx 1+x+0(x3)—1+0(x2) o x+0(x2) . 1+0(x)

lim - = lim = lim—————%5 = lim——
x>0 148in px—cos px  x0 1+px+0(x3)—1+0(x2) 0 px+ O(xz) x>0 p+0(x)
_1
— .

beuto  yureno, dro 0(x3) + O(xz) = O(xz). JIeHCTBUTENBHO,

3 2
i 0("3(1?)“ ) iy I - Li:'z(—‘H J ~tim[o(x)+c] = €. Snech
3

c, (, C,, C, —ornuunble OT HYJIS NOCTOSHHBIE.



Ecnu B 3TOM K€ mNOpUMEpPE  MWCIONB30BAaTh  CUMBOJN  «0», TO

o(x)

. l4sinx—cosx | 1+x+1«x7)—1+o(x) _ x+o(x) L 1+—*~ B
Egl - _'B% 5 = lim———3 —l!g———¥i— =
+sin px —cos px 1+ px+o(x )—1+ o(x) -0 px+o(x) e o(x)

x

1 .
—, T. K. lim———+
x>0

o,
X

Beuto ydreno, uro 0(x2)+0(x) = o(x). JleficTBuTtenbHo, 0(x2)+0(x):
ﬂ1(x)x2+ﬂz(x)x - [ﬂ1(x)x+ﬂz(x):|x =B(x)x = o(x). 31ech ﬂl(x)rﬁl(x))ﬂ(x) -

(PYHKLIHMH, CTPEMSIIUECS K HYIHO TPHA x —> 0.

4. Onpenenuth 00J1IaCTH CYIIECTBOBAHUS (ONPEACIICHHUS ) CACAYIOMUX (DYHKIIWNA:
a) y = \/3x—x3 . 6) y = lg[cos(lgx)]; B) Y = arcsin li-x .
X

ry= «/sin2x+\/sin3x (03x$27r).
Pewenue

a) OyHKIMs ONMPEENEHa, €CIIN MOJKOPEHHOE BBIPAKEHUE HEOTPULIATENBHO.
CrnenoBarenbHO, JOKHO BBIMONHATHCS HEPABEHCTBO 3x—x* >0 WM, YTO TO K€
camoe, x(x2 —3)50. Ecnu 3anmucare mocieiHee HEPAaBEHCTBO B BUJC

x(x_ﬁ)(x+ JE) <0 W BOCIOJIb30BATHCS METOJIOM HHTEPBAJIOB, TO Cpa3y HaWméM,
4TO (PYHKIMS y CYIICCTBYET MPH 3HAYCHHUSAX X € (—cx),—-\/g ]U[O, \/3] :

0) dyukius onpenenena ecnu x>0 u cos(lgx)>0. M3 mocneanero Hepape-
CTBA  CIIEAYeT, 4YTO JOKHO  BBHIIOJHATHCS  JBOMHOE  HEPABEHCTBO

P T o . 27rk—£ 27rk+£
-5+ 2wk < lgx < >+ 2xk , OTKYJA, OTCHIMPYS, Hailaém 10 2 <x<10 ? BrI-

JI0 YUTEHO, YTO cost> 0, €CIH _%+2ﬂk< t<%+2,,k (k=0,%1,%2,..).

B) OyHKIMS ONpeaeicHa Uil BCEX 3HAYCHHI X , yIOBIECTBOPSIOIMX HEPA-

2x
BEHCTBY |———|<1. DTO 03HAYAET, UTO —1 <> <1. TakuM 06pa3oM, HEOOXOIIMO
1+x 1+x
2x
—+120,
HAMTU pellIeHNE CUCTEMBbI JBYX HEPABEHCTB I;rx OHa 3KBUBAJICHTHA CU-
X
——1Z0.
1+x
3x+1
20
cTeMe '”; Hcnonb3yss METOJ MHTEPBAIOB M3 MEPBOIO HEPABEHCTBA,
x_
= —<o.

1+x



HANIEM, YTO x<—-1 WIHA x> _% , 4 U3 BTOPOTO HEPABEHCTBA — —1<x<1. Cnenosa-

TCIIbHO, 3HAYCHUA —% < x <1 YAOBJICTBOPAKOT 000MM HCPAaBCHCTBAM.

r) OyHKIMs CYylIECTBYET, KOraa 00a MOJKOPEHHBIX BBIPAKCHHS HEOTPHIIA-
sin2x >0,

) M3 mnepBOoro HEpPABEHCTBA CUCTEMBI CIEAYET, YTO
sin3x = 0.

TEJIbHBI, T. €. {

2k <2x<m+2xk WM z'kaS§+7z'k- W3 BTOpOro — 2xn<3x<z+2zn WM

ZT”ngxg§+2T”n, rae k v 1 — 1esble Ynca.

3aMeTuM, YTO MO YCJIOBHIO 3a/auu 0< x <2z, MO3TOMY Kk MOXET NMPHUHMU-
MAaTh TOJILKO 3HaueHus 0 umu 1,a it — 0,1, 2.
HUrak, npyu k=0 ¥ n=0 3HAYCHUS HE3ABUCUMOIN NMEPEMEHHONW X YIOBIE-

TBOPSIFOT COOTBETCTBEHHO HEPABEHCTBAM 0 < x < % Uo0<x< % OIHOBPEMEHHO 3TH

ABa HCPABCHCTBA BLIIIOJHAIOTCA IIPH 0 < x < %

IIpn ocTanbHBIX 3HAYCHUAX Kk W I MPOMEKYTKH 3HAYEHHUH X , B KOTOPBIX
sin2x20 1 sin3x2>0 MOepeceKaroTCd TOJILKO NMpu k=1, Korga nng?’T” U TIpu

n=2, Korja 4?” <x< ST” OIHOBPEMEHHO 3TH JIBA HEPABECHCTBA BBIMIOJHSIIOTCS MPH

Takum oOpazoMm, QyHKIMS Y ONpEae/icHa B MPOMEKYTKE 0<x <27z, €CIu

HE3aBHCUMAst IEPEMEHHAS TPUHUMACT 3HAUCHUS 0 < x < % WITN 4?” <x<3Z.

2
Bmopoii cemecmp
3agaum Aj18 CAaMOCTOSITEILHOTO PeLICHUS

(METOAMYECKHE YKA3aHWs JaHbl HI)KE B PA3ACie «IPUMEPBI COACPMKATEIBLHOTO
ONMCAHMS PELICHUS TUMOBBIX 3a1a49» MOCJIE BONPOCOB AJI MOATOTOBKM K SK3aMe-

HY)

Hcxooa u3 onpeoenenus npous3eo0Hou, Haiimu f'(0)

1. f(x)=\/1+ln(1+x2sinl)2—1, xz0; f(0)=0.
X

2. f(x)= sin(ex2 T D+x, x#£0; f(0)=0.

3. f(x)=3  *—1+2x, x#0; f(0)=0.

e* —cosx

4 f=T xx 0 f0)=0.



2

5. f(x)=x2c0si+x—, x#£0; f(0)=0,
3x 2

6. f(x)=te@ ™

Haumu npou3eoonyrw

L. y=x—ln(2+ex+2\/e2x+ex+1).

cos(sin5)-sin’ 2x

3. y= 2cosdx
5 1 2+fthx

4f 2—/5thx
7. y=xmsx

1
o)
& —1+x), x#0; f(0)=0.

2. 2Je* +1+In 28 Ner+1-1
r= \Je”® +1+1
_cos(ln7)-sin Tx
7cosldx

1+ Vithx
——arct Wthx
- /— i

8. y=x

6. y= —l

« 1 «
Haiimu npou3eo0nyro nepeo2o nopaoka ), om (yHkuuu, 3a0aHHOU napamem-

puuecku
3t* +1
x =
1 3 5 {x:\/l—tz,
. , .
= sin(—+1) y=1gVl+t.
L 3
( 1-t¢ _ o N2
4 x=In,—, 5 x = (arcsin?)”,
. 3 1+1¢ .
y=1F y=t/N1-1".

= In 7g¢,
=1/sin’ .

6{’“
y

Haiimu npouszeoonyo émopozo nopsadka ). om (yHKuuu, 3a0aHHoil napa-

mempuueckKu
X = l—tz, x=1,
1 2
L1 L
! 1+¢*°
t
x=e cost, x=1¢+sint
4, o 5. e
y=e smf. y=2+cost.

X =cos2t,

3. 2

cos’ ¢

6. 1x= e,
y = arcsint.

Hocmpoume cpagpuku pyHkyuil ¢ ROMOULIO RPOU3BOOHOU NEPBEO20 NOPAOKA

1. y=1-3Yx*-2x.

2. p=2x-3Yx2.

3 . 123/6(x —2)*

"= x*+8



4. y=_123—“6(x_1). 5. y=3x(x+2). 6. y=Ux’+4x+3 .

x24+2x+9

Haimu naubonvumee u HaumeHvluiee 3HaUeHue YYHKUUI HA 3A40AHHBIX OMpe3-
Kax

1. p=x>+28_16, xep4]. 2. y=d—x—2 xepdl.
X X
2(x* +3)
. y=3Y2(x=2)*(8=x) -1, 0,6]. L yE———, Xxe[-3,3].
3. y={2x-2’(8-x)-1, xe[06] 4. y=—— % xel33)
5. y=2Jx-x, xe[04]. 6. y=x-4/x+5 xe[l].

Ilpoeecmu noanoe uccneoosanue PyHKuUl u NOCMpPoOUms Ux papuxu

1 _x’+4 5 _xT—x+1 2
YT VI T Y e+
4. y={/(2—x)(x2—4x+1). S. y={/(2+x)(x2+4x+1). 6. y= M.
V2
Hceceneooeampv Ha IKcmpemym (PyHKuUuU 08yX REPEMeHHbIX
1. z=x"+(y-1". 2. =X —xp+y -2x+y. 3.
7=x"y (6-x-}).
2 2
4. 1=x"+p'-x*-2xy-2y". 5. z=xy 1-z—2—;—2 (@>0,b>0).
6. z=x—2y+ln,/x2+y2+3arctgl-
X
Haiimu mouku ycio8H020 IKCHpPeMyma Ceoyiouiux yHKuui
l. z=xp, ectux+y=1. 2. z=§+%, ecu x’ +y*=1.
3. z=x?+y?, ecuu £+%=1, 4. 1=A+2Bxy+ Gy, ecmx’+y’ =1,
a

5. u=xy’7’, x+2y+3z=a (x>0,y>0,z>0,a>0),

N

u=xyz, ecmx +y +7 =L x+y+7=0,

Ilymem nociedoeamenvHo20 oughhepeHuUposanua UCKIOUUMb HPOU3EOJIbHbIE
Qynxkyuu @ u y

l. z=x+@(x,y). 2. z=x¢(%). 3. z=@(x)+w(y).



X X X
4. z=@(x)-y(y). 5. z= x¢(;) + yw(;) . 6. z=p(xp)+ W(;) :
OHCHO‘IHLIC CpeIlCTBa I TeKymero KOHTpOJ'Iﬂ yCHeBaeMOCTI/I

1-a konmpoavraa mouka. Tembl Ne 5 — 7. [1o Tekymei padoTe cTyAeHTa | 3a MO-
cemaeMocTh — 15 6amtos. [1o TOroBOMy KOHTPOJTXO 32 MOAYJIb — 15 Gaios.
Bceero 30 6Gannos.

2-a_konmpoavraa mouka. Tembl Ne 8 — 10. Tlo tekymeit pabore cTyneHTa u 3a
nocemaemMocTb — 15 6annos. [1o HTOrOBOMY KOHTPOJIIO 3a MOIYJIb — 15 Gaios.
Bcero 30 Ganos.

IKzamen 40 6annoe.
HaunGonbiiee konuuecTBo 0aos 3a cemectp pasHo 100.

BOHpOCLI AJIsA MOATOTOBKH K JK3aMEHY

[TpousBoaHas u nuddepeHnuan nepBoro MOpsaKa.

[TpousBoaHBIE MPOCTERINX (YHKIIHIA.

[Tpou3BoHAS CIOKHBIX U OOPATHBIX (PYHKLIHH.

[TpousBoaHbie 1 AU PEPEHIHAATBI BEICIINX MOPSIKOB.

[Tapametpudeckoe nudphepeHIrpOBaHUE.

OcHoBHbIE TeOpeMbl A PepeHumanbHoro ucuncnenus (depma, Pos).

®opmyiel Jlarpanxka u Ko,

®opmyna Telinopa s MHOTOWIEHA U TPOU3BOJIBHON (DYHKIMM.

HccenenoBanue QyHKIMA ¢ TOMOUIBIO TPOU3BOAHBIX.

OKcTpeMyM (PyHKIHK, HAMOOJIBIIEE U HAMMEHBLIEE 3HAYCHUE.

Hccenenosanue QyHKIMIA 1 TOCTPOCHUE TPA(UKOB.

HampaBneHnue BOTHYTOCTH KPUBOM M TOUKH NiEperuoa.

ACHMITOTBI KPUBOWA.

PackpeiTie HeonpeaeIEHHOCTEN ¢ TOMOIIBIO ITpaBuiia Jlonurats.

OyHKIHS IBYX NEPEMEHHBIX. OCHOBHBIE MOHSATHSI.

YacTHble TPOM3BOAHBIE W MOJHBIA AuddepeHunan QyHKIUN ABYX HE3aBH-
CUMBIX IEPEMEHHBIX.

[Tpou3BOIHBIEC CIOYKHBIX U HEABHBIX (PYHKLIWA.

[TpouzBoanbic U AudHepeHmanbl BEICHIMX TOPSIIKOB (PYHKIIMU IBYX IMeEpe-
MEHHBIX.

HeoOxomumpblii pu3HaK 3KCTpeMyMa (PYyHKLIMM JBYX HE3ABUCHUMBIX MEPE-
MEHHBIX. [|0CTaTOUHBIE YCIIOBUS SKCTPEMYMA.

[Tpon3BoaHas MO HAMpaBJICHUIO. | paareHT QyHKIUN.

JuddepeHunan ayru.

KoMmiekcHbIe Ynciia i iX T€OMETPAYECKAs MHTEPITPETALHUS.

Hmeer mi QYHKUHS y = cosx+ chx SKCTPEMYM IPH 3HAYECHUM x =07 (Uccne-
AOBaTh C MOMOILIBIO MPOU3BOJHBIX BBICHINX HOprI[KOB).



HccnenoBate Ha 3KCTpEMYM (DYHKIMEO ABYX HE3aBHCHMBIX MEPEMEHHBIX

2 2
=x"+(y-1)".

JleicTBUsT HaJ KOMILJICKCHBIMM YMCJIAMHU, 3aJlaHHBIMH B anreOpandeckoi
dopme.

JleiicTBUsT Hal KOMIUICKCHBIMHU YMCIIaMHU, 33JaHHBIMH B TPUTOHOMETpHYE-
cKoii (hopme.

3/
H3Biieub KOpEHb i

V3BIIeYb KOPEHD /2 + 2i/3 .

50 20
Hccenenosare Ha SKCTPEMYM (DYHKIMIO Z =Xy + - + 7 (x>0,y>0).

. 2 2
Haiiti TOYKH yCIIOBHOTO SKCTpeMyMa QyHKIuK 2= X"+ ecmm = 4+ % =1.
a

BBons HOBYIO IEPEMEHHYI0 X = ¢ nmpeoOpa3oBarh OOBIKHOBEHHOE AU de-

! '
PECHIIMATBLHOE YPABHEHHE: X*y"+x3"+y=0_ Vuecrs, uro Yy = y—ﬁ y;'z = di(y—j}t; u
X, 1\ X,
TO, UTO £, = — .
t
[TokazarenbHas GyHKIUs U PopmyJia Diinepa.
OTHOCHTENBHBIE (YCIIOBHBIE ) SKCTPEMYMBI.
Wiccrienopath Ha 3KCTpeMyM OyHKmmoo I = X +xp+y’—4Inx—10Iny

(x>0,y>0).
3aMeHsst mpupamieHue GyHKuun auddepeHuuaiom, npuOIMKEHHO BbIUMC-

JUTh /1,02° +1,97° . Vkazanue. Paccmotpets Qynkumo f (x, y) = {Xx*+ ¥’ u yuects, uT0
f(x0 +dx,y, +dy) ~ f(xo,yo) + f;(xo,yo)dx + fy'(xo,yo)dy .

IIpuMepsI comep:KaTeJIbHOTO ONMUCAHUSA PEHICHUSI THMOBBIX 321324

1. Haiitit mponssoanyto ¢pyskumun y(x)=x— ln(z +e*+2Ve +et + 1) :

Peuwenue. Eciii B PyHKIMIO HECKOJIBKO pa3 BXOJMUT OJIHO U TO K€ BBIPAXKE-
HUE, TO €CTh CMBICII BBECTH BCIIOMOTATEIbHYIO MEPEMEHHYIO, PABHYIO 3TOMY BbI-
pakeHHI0, U TUPHEPECHIMPOBATH HCXOAHYIO (PYHKIIUIO KaK CIOKHYIO (PyHKIUI0. B
ATOM CJIy4ac MOBTOPSIOLIEECS BBIpAXKECHHE HAA0 OyaeT nupdepeHunpoBaTh TOMb-
KO OJIMH pas.

[ycth t = ¢*, Toraa J, = Jy;+t.. C y4eToM 3aMeHbl MCXOAHAS (DYHKIHS

OPpUMET BU]I Y (t) = Inf—=In (2 FE+2VE + 1+ 1) , CJICI0OBATEIILHO,



2t+1

| T
y = % _ T lerra L @EONP e 42(0 4 t41) - 41 41-20 -1

2+t+20F +1+1 t(2+t+2\/t2+t+1)\/t2+t+1

WE+t+1+142 _ 1 P 1

[}
\ - H yx - tx.yt :
t(2+t+2\/t2+t+1)\/t2+t+1 NP +E+1 Ve +e* +1

2. Haitt acHMITOTHI U IOCTPOUTH rpaduK QYHKIHH y = vx* +x .
Pewenue. OyHKIU onipeeiicHa Ul BCEX 3HAYCHUN X, HE NMPHUHAIIEKA-

X HWHTEPBAILY (—1,0). IIpoBepuM, wuMeErOTCS IU 2
ACUMIITOTBI. YToBoi K03QPUIMEHT HAKIIOHHON /
1
aCUMNTOTHl ¥ =ax+h ONpPEaeNsIeTCs KaK Mpeaea OT- y
HoweHnus X, T. e. ¢ = imY. B nanHom ciydqae 2 = i
x X x 2 1 1 2
1
x*+x elyi+ 2 ]
= X TlootroMy a=1 npu X->+®© u \
X X 5
@a=-1 npu X—>-0. CpoOOAHBIN 4WieH b = lim(y—ax) = lim \/x2+x—x)
X—>+o0 X—»+eo

lim ———~ = 5 = lim(y-ax)= lim(Vx* +x+x) lim —~

1
o 2
X+ [xz +x +x 2 X——00 X—»—00 X>— 00 x +x X

. X _
lim = _l.

X—>—w 1 2
—x1’1+——x
X

OyHKIMS MPUHUMACT NOJIOKATEBHBIE 3HAYECHHS BO BCE 00yacTh onpee-
JIEHMSI, 32 UCKITFOUEHHEM TOJBKO TOYEK x=-1 W x=0, ra¢ OHa oOpamacrcsi B

' 2x+1
HyJb. [lepBas nmpousBoaHas y (x) = —p/= CTPEMHUTCA K MUHYC OECKOHEYHO-
2Vx" +x

CTU MpU x —>—1—0 U K TUTI0C OECKOHEUHOCTH MpU x — +0. BTopas nmpousBoHast

¥"(x) = —/ <0 IS BceX 3HAUECHMH X , IPUHAANEKAIAX 00IaCTH OTpe-
4(x +x) 2
aeneHust QyHKIUK, U, CIIEA0BATENbHO, Tpa(uK PyHKIUKA BOTHYT BHH3.
Takum oOpazoMm, rpaduk uccieayemMoit PyHKIMU (PUCYHOK) UMEET JBE pas-
JIMYHBIE aCUMNOTOTHI MPH CTPEMJICHUH X K IUTIOC UM MUHYC OECKOHEYHOCTH, a

MMEHHO: Y=x+% pH X = +90 U Y’:—x—% IPH X = =0

3. Omnpemenute  00acTh  CyllecTBOBaHWA  (ompeaeneHus)  QyHKIuAA

2+ 2 _



PeweHne. O6nacTb cywecTtsoBaHusa (AU LOMNYCTUMbIX 3HAYEHWI) aHanwu-
TUYECKN 3aflaHHOW (PYHKLWM - 3TO MHOXECTBO TeX 3HaYeHWin He3aBUCMMOI nepe-
MEHHOW, AN KOTOPbIX BblpaXeHue, 3ajatou,ee PyHKLNIO, UMEET CMbIC/I.

HeTpyAHO 3aMeTUTb, YTO B AaHHOM cfyyae (YHKUUA onpefenieHa, ecnu
NOAKOPEHHOE BblpaXeHne HeoTpuuaTenbHo. CnegoBaTenibHO, UMEEM [BE CUCTEMDbI
HEepaBeHCTB:

X2+Yy2—X "0,

2X —X2—y 2> 0, (x —)2+y2<1,

OTctofa cnegyeT, 4To MepBasd cucTtema nme-
X2+y —X <0, ( 112 2 1 p
2X —X2—y2<0. 12) y 4

(x—)2+y2> 1

eT pelleHue, BTopas - HeT. Takum 06pa3om, 06/1acTbio
AONYCTUMBIX 3HAYEHMWIA HE3ABUCUMbIX NMEPEMEHHbIX X MU
y SABNAETCH MHOXECTBO TOYEK, HaxOoAsulMxcs Mexay

ABYMS OKPYXHOCTSIMU, LLEHTPbl KOTOPbIX CMELLEeHbl Brpa-
BO N0 ocu abcuMce Ha PaccTOSHUS UX PafnycoB, PaBHbIX

1 u 1 CcoO0TBETCTBEHHO. paHMLa MEHbLIEN N3 OKPYXHO-
CTel BXOAWT B 0651acTb onpegeneHns MyHKUMKU, a 60/b-

wei - HeT. CnepgyeT TakXe MCKMOYUTbL Hayano KOOPAM-
Har.

4. HaiTn nponsBogHy GyHkuum u=(tgt)sm

PeweHue. Monoxum x =tgt, y =sint.Torga U= XYy 1 no npasuny gugp-

(hepeHLUMPOBaAHNA CNOXHOW PYHKLUK du = dudx + du d-y.A-lTaK KakK du = Xy.Jy :
dt dx dt pgy dt dx X

du:)&/’lnx,dxz 12 ,dy :cos’t,Todu :(thIE[tS - +costelntgt .
oy dt cos t dt dt t >

5. MpuHMMas UK V 3a HOBble He3aBUCUMble NepeMeHHble, Npeo6pa3oBaTh Creay-
oW e ypaBHEHUS:

a) xp 1+y2d§ =Xy,ecnam u=Inx n Vv=in(y+ 1+y2);

6) X +y :Z+ij2+y2+22, ecam u=y u V=Z7Z+ X2+ y2+ 72 .
dx “my X

PeweHune. Myctb z(X,y) = z(u,v). Mo npaBuny anddepeHLNpPOBaHNA

dz —dzdu | dzdv A~ _ dzdu ~ dzdv

CMIOXHBIX PYHKLMNIA nMeeM dx  du dx dvdx gy dupy dv gy



y

1+

ou ov ,/1+ 2
a) C y4eroM TOro, 4ro Ou — 1 =22 = ov zoj_:—y —
ox x Oy ox oy y+‘/1+y2
0z 7 .
1 , Halijem Oz 1 %_ 1 & [ToxcTaBnisst HaliICHHBIE TPOU3BO/I-
1+y2 Ox xau 6y "1+y2 ov

0z 0z 5 u
HBIC B YPABHCHUE X—++/1+ V==, MOJTyYUM @...@ = ¢"shy . Beuto yure-
ox oy ou ov

=1 e -e”

HO, UTO x=¢“,a y+4/l+)y* =¢', 0TKya y = > = > = shv.
A 2, 2, .2 ou _ 1 Ou _ y
0) Beeném oOo3HaueHue r=x*+y*+7* . Tak kak — = =, &L = __L |
oy x @ x?
oz oz <
e y+z X+Z2— | A~
v o T b _ & T T e - oy oy &, o |&
Ox Ox r " Oy oy r Ox x’ ou ox r ov’
oz y 02 x&f
oz 1% Y*25 oz y — 2, &
R X 4%, % @.OTCIOJ:[ayxce nerko Haiitn % - _ X 8u rév y
oy Xx0Ou oy r ov ox - oz ay
r Ov
10 yor
= xauigﬁ‘h [Toacrapnsis HalicHHBIC 3HAUCHHUS JIJIsl YACTHBIX MPOU3BOIHBIX Z_z
VvV O A
l_ii
r ov
G CXOJHOE ypPaBHEHUE a+ N 0 Xy &
U — B UCXOJH BHCHUE X—+)— = z++4X +y° +7°, TOIyUUM — =
2 A~
v: 07 X+y +v 67
V—— I/IJ'II/Iy— =y. U rak kak X’ +y —(v z) -z*, TO X’ +y +v' =
r ov r ov
2v(v—2z) = 2vr , CllEOBATENBHO, Zz = ;
i4

6. lycts & = f(r), rme » = J*+y*°+22 U 5 — mBaxas uddepennmpyemas
¢yHkums. [Tokazare, 4To
Au=F (r),
2 2 2
rae Au = 0 L: + 0 l; + 0 l; — oneparop Jlannaca, u HalTH QyHKUMIO F .
ox oy 0z
Pewenue. [10HATHO, 4TO AJI OTBETA HA TIOCTABJIEHHBIN BOMPOC HEOOXOAUMO
HAWTH 4aCTHbIC TPOU3BOAHBIE BTOPOrO MOpsiaKa QPYHKIUMU ! MO HE3aBUCHUMBIM I1€-
peMeHHBIM X, y u I. [l Gonmee KpaTKoro M3JIOKEHUs! BOCHONB3yeMces 0003Ha-

YCHUSIMU. A UIMEHHO, TIPU 3HAYEHUSX MHJACKcA i = 1, 2, 3 moJ CUMBOJIOM X; Oy-

JIeM TIOJIpa3yMeBaTh. X, =X, X, =) X;=7.



2
0w nor Fu_ (B o
TOFHaa—f(")ax, pw f(’)(axlj + f(r)axz'

i i i

or
ITockonmbky — = %i_ 10 = — = = 5
ox, r

H 1

o’u " xi2 ' rz_xi
Hrax, Fele f (r)r—2 + f (r) e . CnenoBarensHo,
X .

alu azu azu 3 zu . x2 +y2 +z2 , 3r2 _x2 _y2 _z2
Au =+ 28 4 20 - (/L= + (i
axl ayz az2 Pt axz f ( ) r2 f ( ) r3

1) + 12
Taxum oGpasom, aeficreutensio Au = F(r),a F(r) = f"(r) + 2 ().
r

7. Hana ¢pyHKkuMs u = xyz . Haiitn e€ npon3Boanyto B Touke M, (5, 1,2) B Halpas-
JICHUU, UAYIIEM OT 3TOM TOYKHU K TOUKe M (7 ,—1,3) .

Pewenue. Tpouseonnas Qynkuin u(x,y,z) B TOUKe M, (x> 5,2,) TO

HAIPaBJICHUIO / (cos a,cos B,c0s }') OTIPEAEIACTCS 110 (dopmyne
Ou
ou =— c0sa+a—u c0sﬂ+a—u cosy. Tak kak —| =2, Ou =10,
all,, ©ox|,, vy, 0zly, ox |y, |y,
ou .
N =35. IIpoexunu BexkTopa M, M COOTBETCTBEHHO PaBHBI (x —xo), ( y— yO),
Z s,

(z—zo), TO €CTh  2,—2,1. HanpaBnstomumu — KocuHycamMmu — OyayT

X=X, 2 2 1
cosa = = —, cosf=——, cosy =—. Cienopa-
(e-x) +(r-r) +(@-z) 3 ’ ’
0 y y 0 < zO
ou 11
TEIBHO, 2l =73 3HaK MMHYC YKa3bIBacT HA TO, YTO B JAHHOM HalpaBICHHUU
MO

(yHKUIHS yOBIBACT.

_( x—b)2

1 (4 ¥ b — IOCTOSIHHBIC) Y IOBIECTBOPSIET

8. [lokazarp, 4YT0 QyHKIUS 4 =

2a\/7;
VPABHEHUIO Men10npPoBOOHOCMU
ou _ ,0u
Er

) ’
Pewenue. TIpex/e 4eM HAllTH NPOM3BOJHBIE U, W U, | BXOJSIIME B HCXOI-
HO€ YPAaBHEHUE, JUIS KPATKOCTH JAIBHEHIINX BBIKIAIOK BBEAEM 00O3HAUCHUS: &



_(x—b)2

1
— 2a\r , B = 4a*, TOTHA U = Te /. Tak kak yacTHas NPOU3BOJHASA IO
a

B Ou _ 1 (x b) ﬂt
pemenn 24 , @ YacTHbIE MPOM3BOJHBIE IO MPO-
or 2at\/_ apf tzx/_
_2(x-b )2 o'u
CTPAaHCTBEHHOH KoopiuHate 9% = 2x=b) ) s = = =2+
ox aBlt ox apit

a BNt

4(x-b o
( ) } ﬂt , TO, TIOJICTABJISISE HAMJACHHBIC BBIPAKEHUS IJTI IPOU3BOJHBIX B HC-

(x-0)’

- o 1
XOJHO€ YPaBHEHHE W COKpallas Ha COMHOXHUTENb e # | HalaéM —
Zat«/;
2 2 2
— 2a (x—- -
(x-b) _ _ _2a + M, C y4éTOM TOTO, UTO0 & = Za\/;,a B = 4a®
a Bt a Bt a Bt
1
, TIPOITyCKasl JIEMEHTAPHBIE MMPOMEKYTOUYHBIE BBIKJIAIKH, MOJYYIM ———= +
da~7 tt
ﬂ -1 4 ﬂ, TeMm caMbIM HCXOJHOE MPEANOIOKEHHE
8a3\/;t2\/; 4a\/— t\/— 8a3\/; tzx/;
JIOKA3aHo.

Tpemuii cemecmp

3agauu AJ18 CAMOCTOSTEIBHOTO PeLICHUS
(METOAMYECKHE YKA3aHUs JaHbl HWXKE B PA3ACie «IPUMEPBI COACPKATEIBLHOTO
ONMCAHMS PEIIEHUS TUIOBBIX 3a1a49» MOCIE BONPOCOB JJI MOATOTOBKU K dK3ame-

HY)

Haiimu neonpeoenennsie UuHmMezpaivl

N J-x L j- x* =17 | I\/1+\/_

X' -x x’ —4x+3

I“1+ dx. S. Ishaxsinbxdx. 6. Ixf"(x)dx.

Boruucaumo onpeOeflermble unmeczpaioli

z 27 1 +x
e dx
1. Iexcosz xdx. 2. I — dx —- 3. J.
0 5 Sin” x+cos” x o (1+x)W1-x?
1 n/2 e2 2
4. I dx . S, = Isin"xdx. 6. Iln xdx.
o 1—x7 + 241 —x2 d 'y JUx



Hceceneooeamp cxooumocmos paooe

3

0 otn2 2 0 1 © 1
T YA T Lk 3. .
r
- —1)" cos—
Sk cosnx— cos(n+1)x o ( .
4 5. ey n
2o 2 > >—.
Haumu F'(e), ecau
L F(a)=che"‘mdx. 2. Fla@)= J'D‘Si““"dx' 3. F(a)= J‘ln(1+ax)
sine o X A
4. F@)=[fx+a,x-ayx. s, F(a)=je_axdx‘

7. HOJ’IBBYHCB OCHOBHBIMH PA3J/I0KCHUAMM, HAIIUCATL PA3JIOKCHUA B CTCIICHHOM

PSAA OTHOCUTENIBHO X CIAEAYIOIMX (PYHKIIHIA:

x' 1+ x 1

—x T—x (1-x)

* cos’x,

OuneHounble ¢peacrBa JJisli TEKYIICI'0 KOHTPOJIA yCIIEBACMOCTH

1-a konmpoavHaa mouka. Temul No 11,12, [To Tekymei pabote CTyI€HTa U 32 TI0-
cemaeMocTh — 15 6amtos. 110 ”TOroBOMy KOHTPOJTHO 32 MOAYJb — 15 Gamios.
Bcero 30 Ganos.

2-a konmpoavraa moyka. Temul Ne 13,15. Tlo Texyuiei padoTe cTyaeHTa U 32 MO-
cemaeMocTh — 15 6amtos. [1o ”TOroBOMy KOHTPOJTO 32 MOAYJb — 15 Gamios.
Bcero 30 Ganos.

IKzamen 40 6annoe.
HaunGonbiiee konnuecTBo Oannos 3a cemectp pasHo 100.

BOHpOCLI AJIsA MOATOTOBKH K OK3aMECHY

[TepBooOpaznas GpyHkums. Tabmua OCHOBHBIX HHTEIPAJIOB.
x*+1

Haitti HeomnpeneneHHbIi HHTETpail I dx . Vxasanue. Bbiienuts u3 Hempa-

x'-x
X +1

BUJIbHOMN PallMOHAILHON pobu LIEJTYIO YacTh.

HuTerpuposanne nyTeM 3aMeHbl IEPEMEHHOIA.
HHTerpupoBaHue Mo 4acTsM.

PaznoskeHre npaBMWIIbHBIX APOOEH HA MPOCTHIE APOOH.
Onpenenenue psaaa v €ro cyMmbl. OCHOBHBIE TEOPEMBIL.



Haittn F""(x), ecni F(x)= i(x +y)f(y)dy.

< 2
Haiitu cymm sgaa —— . Vkazanue. PaccMOTpeTh YaCTUYHYIO CYMM
yMMY pita X s ™ yio cymmy
k
psana N P 2 2; u Hauth lim §, , KOTOPBIN U PaBEH CyMME Psifa.
‘= n —14n+48 ke

[ToncranoBku Sitnepa.
YclioBrE CXOAMMOCTH MOJOKUTEIBHOTO PAJA.

Beraucnurb I Hanpumep, BOCIIONB30BaTLCS IOACTAHOBKON f = VX' +1.
2

_dx
Sxvxt+1

UccnenoBars Ha CXOAUMOCTB Psif . In
n=1 n

n+2

S|

. YuecTb, uTO ln(1+x) = O(x)

I 1OCTATOYHO MaJibIX 3HadeHuil X u OJWH U3 NMPU3HAKOB CPABHEHUA CXOAUMOCTHU PAHOB.
OnpeneneHHplii KHTErpaJl.
Cymwmel apOy.
VYcioBus CyIECTBOBAHMSI HHTEIPAJIOB.

TeopemMbl CpaBHEHUS PALIOB.
2

b b
JloKa3zaTe HEPABEHCTBO _[ f(x)dx s(b—a)j fi(x)dx, Toe f(x) — HETIPEPHIB-

b b
Hast QYHKUUS IS x € [a,b] . Yxasanue. PaccMoTpeTs Idx I Lf(x)—f()dy.

a a

7
BpauciiTe onpeneneHHblii HHTErpail je" cos’ xdx. Ykazauue. Mcnonp3oBatsb
0

_ 14cos2x
—
CBOWCTBA ONPEACIEHHBIX UHTEIPAIOB, BEIPAKACMBIE PABEHCTBAMM U HEpa-
BEHCTBAMH.
[Tpuznaku Komwm m JlanamOepa cXOAUMOCTH PSAAOB C MOCTOSIHHBIMHM YJI€HA-

METOJ] HHTETPUPOBAHUS 110 YaCTsIM U Y4eCTb, 4TO Sin2x = 2sinxcosx, cos’ x

MHA.
3 2n—1
Ty +...+ -
2 2
HHTerpI/IpOBaHI/Ie 10 4acCTsiIM U HpaBI/IJIO 3aMCHEI HepeMeHHOI?'I B OHpeI[eHeH-
HOM I/IHTera.He.
YMHOKEHHE CTEIICHHBIX pHI[OB.

HccnenoBare Ha CXOIUMOCTD P %+

7

- o 2 cosxdx
Haiitin onpeneneHHbii HHTErpAI i— Vxkaszanue. JIubo Bocnonb3oBaThCs
) 2+cosx
o o X 2 X . 2 X
YHUBEPCAJIBHOM TIOACTAHOBKOU ¢ = tg;. Wnu YUECThb, HUYTO ¢OSXx =COS E_s"l —, a

., X X
sin? —+cos*==1.
2 2



0 0
Haiitn nmpou3sBenenue Zx"Zx" W 3alACATh PE3YNbTAT B BUAE CTEIICHHOIO
n=0 n=0

psna.
HHuTerpan ¢ nepeMEHHBIM BEPXHUM TPECITIOM.
dopmyna Hetorona-JleiiOnunma.
OO11iee yca0BHe CXOMMOCTH TTPOU3BOIBHOTO Psijia.
AOCOII0THAS CXOIUMOCTb.

d b d b d b
Haiitu: —Isinxzdx, —Isinxzdx, —Isinxzdx .

dx? da? db?
beckoneunsie mponsseacHuss. OCHOBHBIE TEOPEMBL. CBSA3b C pAIaMU.
[Tpuznaku AGens n Jlupuxie CX0AMMOCTH PSAIOB.

« (-1)" cos”

HcernenoBarh CXOMMMOCTD PSifia Y, ——— -, UCIOJb3ysl IPU3HAK AGers.
n=1 n
3x°+1 .
Haiitn HeonpeneneHHblil UHTETrpail I—ldx Vkazanue. M3 HenpaBuibHOU
. 3x° +1
PaLMOHAJILHOM 1pobH 71 PPUISTHTD LEMYIO HacTb.
x —
HccrenoBaTh Ha CXOAMMOC Zl in—
CCIIe/10BaTh HA CXOJMMOCTb Pl sin— .
P 3n+5 n-1

[IpumeHsist MOYIEHHOE J:[I/I(I)(bepeHquOBaHHe, BBIYMCIUTh CYMMY Ppsaa
3 5
X X
I+ —+—+... (]x|<1).
3 5

HpI/IMeHHH INOWICHHOC  HMHTCIPHUPOBAHMUC, BBIYHUCIWTL CYMMY piada
x+2x7 3%+ (]v<1).

BBIMHCIATE F(x), €CIH F(x)= [e™ dy.

IIpumepsl coaepxaTeJbHOr0 ONMCAHUS PELIeHUs] TUIOBBIX 32124

1. [Tytem Haj:[nexcamero npeoOpa3oBaHusl MOABIHTErPAILHOTO BBIPAKEHUSI HAWTH

UHTErpal j’ o

Pewenue. 11peobpasyemM NOIBIHTErPATBHOE BBIPAKCHUS K BUAY, B KOTOPOM
MOJICTAHOBKA OYEBHUIHA U €€ MOKHO BBITIOJIHUTH «MBICIIEHHO)

d— 2
dx 1
4 2

2. [Ipumensst NOAXOASIIKME TOJACTAHOBKY, HAMTH CJICAYOIINE UHTETPAITBL.



sin x cos’ X sinx Inxdc
a) .[( -[ 1+ cos’ x r)chosﬁxdx’ H)Ixm’

e) J'x3(1—5x) dx .
Pewenue. MeTon MoACTaHOBKU (METOJ 3aMEHBI IEPEMEHHOM ) 3aKITI0YAETCS
B ciienyromemM. Ecnu noabHTErpaibHas GyHKIMS f(x) HEMPEPHIBHA, TO MOJIAraroT
x=¢(t), rae QpyHkuus (o(t) HETPEPBIBHA BMECTE CO CBOEH MPOMU3BOJIHON gp’(t).
Torna [ f(x)dx = [ f(e())e (£)ar.
Yacto BMeCTO nopcTaHoBkd X =@(¢) ynoTpeOnsor 06paTHyrO MOCTAHOB-
Ky ¢ = y/(x) , YUUTBIBAs, 9To dt =y/ (x)dx :

YcnoBuMcs, 4TO MPU PEUIEHUH HEKOTOPBIX 3a/ad B KBAJPATHBIX CKOOKax
OyayT NPUBOJUTHCS MPOMEKYTOUHBIE BBIKJIAJKH, HE TPEOYIOMIME OCOOBIX KOM-
MeHTapueB. M eciu Takasi CKOOKa CTOMT MOCJE WM MEPE] 3HAKOM PABEHCTBA, TO
OHA OTHOIIIEHUS K HEMY HE UMEET.

= = — tdr
S I TS N =
= dt  _ sin (arcsm x) X
- - tC=———3%+ C= + C.1I
I cos’ ¢ 81 cos (arcsm x) m epea KBagpaTHbIM

KOPHEM BBIOPAH 3HAK « + », T. K. cost > 0 I YKa3aHHBIX 3HAYCHHUI MEPEMEHHON
t.

sinx cos’ x
0) I dx = [t = cos’x, dt = —2c0sxsinxdx] = _lprdr _
1+4cos’ x 29 1+¢
——Il+t_ ——Idt l —dt = —lt + lln(1+t) + C= —lcoszx +
1+7¢ 1+1¢ 2 2 2
Eln(1+c0s2x) + C.
dx dx
=t = v2-x, ar = - , = 2dt, X = 2-7] =
2J2-x" 2-x
4 1 242—-x
232 — 2 4 - _ 3 T 45 = _ =Xz =,
—2j'(2—t ) dt —2](4—41‘ +7 )dt 2(4t 3t +5t J + C "
-(3x2+8x+32) + C.
o 2 o 2
sin” x sin” x sin” xdx
r dx = [t=1tg’x, dt = 340° =3 dx,ldt = —
) Icos x [ & X oy x cos? x 3 cos? x cos® x
sin’ x + cos’ x 5 2 2 5
12 - 2 = 1g'x+1 = t3+1] = lj(t3+l)dt = l(§t3+t) + C =
cos” x COS™ X 3 3.5

1. 1
5% 3



3aMeTuM, 4TO U APYTYIO MOJCTAHOBKY MOKHO YBUACTh, €CJIM CHAJaJia mpe-
o0pa3oBarh MOJABIHTEIPATEHOE BBIpa)KeHI/Ie, C YY4ETOM TOIO0, YTO sin® x+cos> x=1 U

. sin” x sin® x dtgx , sin’ x+cos’ x
dtgx = —— . JICHCTBUTENILHO, dx = — — ==1g'x—————d1gx
cos’ x cos’ x COS” X €0S” X cos” X

sin® x
= g x(tg x+1)dtgx IIO3TOMY MOJKHO B34ATbh f=1i1gx. Torpa I dx =
cos’ x
2f 2 - 4, 2 -1 1, — 1 1
It (t +1)dt I(t +1 )dt S0 +C T g + 3 x+ + C.
In xdx 1 dx
) _[— = [t = Vl+lnx, df = ————, Inx = t2—1:| =

xy/l+Inx 2d1+Inx x ’
2j'(t —l)dt = %t _2t + C = —t(t —3) + C = \/1+lnx(lnx 2) + C.

In xdx :J- tdt

xv1+Inx J1+1
- %(t+1)% eIy + C = 20 (-9 + €

Ecim BOCIOIE30BaTHC MOJICTAHOBKOM #=Inx, TO I

j't:/rllildt =fJe+1dt - |

:g(lnx—Z)\/lnx+1 + C.

3aM€TI/IM, 49TO 3Ta MOCTAHOBKA OUCBHAHA, CCJIN HCKOMBIﬁ I/IHTeraJ'I HepeHI/I-
Inxdx _ j-lnx dlnx

x\/1+lnx \/1+lnx '

dt
Ji+1

CcaThb B BUJE I

¢) Bocnone3yemcs MOACTaHOBKOW £ =1—5x%, TOrAa df =—10xdx W, CIIE10Ba-

TEJIbHO, Ix3(1—5x) dx = ——jl Lvar = —%It“’dt + jt” = T 50t11 +
1 M2 = _i(i_L) :_tu(lZ—llt) = _—(1—5x2)11 (1+55x2) + C.
12-50 50\11 12 6600 6600

3. [TpuMeHsIst METOI MHTETPUPOBAHMSI MO YACTSIM, HAMTH CJEAYIONINE UHTETPATIbI;
1
a) Ix Inxdx; O) I( nxj dx B) Ie”xcosbxdx ; T) Isinx.ln(tgx)dx.

Pewenue. MeTon MHTETPUPOBAHKS 10 YACTAM 3aKIIFOYACTCA B TOM, YTO €C-
JU u U v — HEKOTOpble nupdepeHuupyemMbie PyHKINN, 3aBUCAIIUE OT MEPEMEH-
HOH x, TO Iudv = uv—jvdu.

n — 1 n — n n dx _
a) J'x Inxdx = 1 Inxdx™' = n—_l_l(x“lnx — Ix“;) —

1
=——| x"'Inx-
n+1

n+l
x"“) + == (lnx——) + C,0pA n#-1.
n+1

In xdx

[Ipu n=-1 umeem I = J'lnxdlnx = %lnzx + C.



2
5) j('“xj :x['“_xj B PLLER CILE A RFI L

X X x?

In x - o
2 I (—) dx. B mpaBoil YacT! paBEeHCTBA IMOJIYYMIIA TAKOM K€ MHTErpai, YTo U B
X

1 1
dx = —Ilnxd— = X
X X

In* x In x

2
o | 1
JIEBOU, ODTOMY I(—I;x) dx = ZI szdx— .

1dx _ Inx 1
—_ = - + C N OKOHYATCJILHO HaI/II[eM
X X X x
I[lnszdx _ 2lmx 2 In? x L= _ln2x+21nx+2 L C
X X X X X

1 1 b 1
B) Ie”xcosbxdx = —Icosbxde“x = —e“coshx + —Ie“"sinbxdx =—e“ coshx
a a a a

+ izjsinbxde“" = le‘”‘ cosbx + %e"x sinbx — b—zje“x coshx dx .
a a a a
Kak 1 B mpeapiayiemM npuMepe, Cripapa Moyduid TOT K€ UHTErpall, 9To
cinepa. [lepeHocst €ro B JICBYIO YacTh W MPHBOAS MOAOOHBIE YIICHBI, HAWIEM, YTO
acos bx + bsin bx

e“ coshxdx = — e” + C.
a +b
r) Isinx-ln(tgx)dx:—jln(tgx) dcosx:—cosx-ln(tgx) + Icos xtgixcosl xdx:
—COoS X+ ln(tgx) + I = —cosx-ln(tgx) + I e = —cosx-ln(tgx)
sin.x 2sin" cos -
2 2
i dtgi .
-[x—zzx = —cosx-ln(tgx) + I x2 = —cosx-ln(tgx) + In tgz + C.
1g-—cos” — 1g—
2 2 2
Takum oO6pazom, Isinx-ln(tgx)dx:—cosx-ln(tgx) + In tg% + C.

4. [IpuMeHss MOAXOAAIY O 3aMeHy nepeMeHHOﬁ HAWTH CIICAYIOMINE NHTETPAIIBL:
In2

a)jx\/a —x’dx; 6)_[?/“;1#(& B) I\/e_—dx

Peuienue. lnorna nojacrasHoBka OUEBUIHA.



. w
a) ChenaeM MOJCTAHOBKY Xx=asinf, CUWTAs, YTO OStsE. Torma dx =
F2

a4 2
sin*fcos*tdt = T".sin2 2tdt =

0

c'—.N\§

a
— 2 2 2 _ 4
acostdt, Ja’—x* = acost U _[x a’—x'dx = a
0

at} ra
— (1—cos4t)dt =
gl
6) [ToacTaHoBKa £ = arcsin/x Cpasy NPUBOAHUT K TPEOYEMOMY PE3yIIbTATY, T
1 1 dx arcsin\/— 3
K. dt = —=dx = —————=, U, CJICI0BATCIbHO, = 2)tdt =
1—x 24/x ZJx(l—x) I‘/x(l x '!
2 2
2| _ &
e =

B) HeprJ:[HO YBUIETD, YTO MPUMEHUMA TIOJCTAHOBKA £ =+e* —1, TIOCKOIIbKY
2¢%dt £ +1-1 1
dt = a ve*—ldx = = 2———dt 2(1—2—Jdt , U, ClIe0Ba-

zﬂ/e -1 +1 t’+1 " +1

TEIbHO, UCKOMBIA WHTETpajl MPUBOAUTCS K JIETKO O€pylleMycs WHTErpaiy, a

In2
_ _ T
HUMEHHO I e’ —ldx = ZJ‘( jdt = 2—2arctgt|(1) = 2—;.

1
t* +1
5. UccnienoBare Ha CXOIMMOCTb PSIIIBL:

sin n\/7 1+sinn 2 nt+5 i
2) Z nn )Zn(n+2) Zl n’+4’ Zn(e lj

n=1 n=1 n=1

Pewenue. V3 UMEOIINXCA TPU3HAKOB CXOJAMMOCTH 3HAKOIMOCTOSIHHBIX Psi-
JIOB JIOBOJIGHO 4YacTO OKa3bIBACTCS A(PPEKTUBHBIM MPU3HAK CPABHEHUS: €CJIH 00-

. 1
M 4ICH psija a, = O(n_”j , TOTIPH p >1 P CXOAWTCA, a IPU p <1 PACXOIUTC.

_ sin*nn

a) OOwwuii uneH psaaa a, =
nin

‘ -

1

3
2

. C yderom mpu3HaKa
n

B

n
CpaBHCHH I 3aKIIKOYaACM, 4TO JIAHHBIA pAa CXOOAUTCA.

. 1+si 2 2 1
0) OOuuii uneH paga a, = rsmn- o < — = 0| = |. CormacHo
n(n+2) n(n+2) n n

NPU3HAKY CPABHEHHS UCCIEAYEMbIN PSl CXOIUTCSL.
n+5

1 1
B) OOmmii uneH psga a, = In = In| 1+ = 0|l—=|, 1.
) H pana 4, n +4 ( n +4) (nz)

In(l+a)=a+ O(az) npu @ — 0. Clie0BaTenbHO, PsiJl CXOAUTCSL.



LAY 2
r) OOmwmii wieH psna anzn(e"—lJ = n[1+l+0(iz)—1J =

n n

n(l+0[%D = n(iz+0(i3D = l+0(iz) = 0(1) C y4éTtoM npu3HaKa Cpas-
n n n n n n n

HEHMs HETPYAHO 3aMETHTh, YTO PSAI PACXOMMTCS. BBUIO YYTEHO, YTO e* =
1+a+ O(az) TIPU JIOCTATOYHO MaNbIX & (& —>0).

K »Tomy k€ BBIBOJy MOXHO TpUiATH W mo-apyroMmy. Haiiném npenen

n—>0

1
lim (an :—) U yOeaMMcs B TOM, YTO OH KOHEYEH M HE PABEH HYJIIO, a 3TO U OyJeT
n

_ 1
O3HaYarhb, 4To @, = O| — |.
n

n—>o0 n n—e

1 - o o
Hraxk, lim(an :—) = lim |:n(e" —IH . Bocnionezyemcst HOBOM NEPEMEHHON ¢
1 1 1
= e" —1, KOTOpas CTPEMHUTCA K HYJIFO IIPA r—> . TaK Kak e” =1+¢, TO —=In(1+7),
n
2

2
1 t 1 ..
a lim(an :—J = lim|:—:| = lim| ———— | = 1, ¢ yuéTOoM BTOpOTO 3ameda-
n—w n t—>0 lll(l-Ft) t—0 -

In(1+1):

1
TEILHOT'O Mpejesa (lim (1+2) = e) :
t—0

= 2
6. Haiitu cymmy pgmia  ——M— .
yMMY P Z;nz —14n+ 48

Pewenue. PaccMOTPUM  4YaCTUYHYKO CYMMY HCKOMOro psma S, =
S 2
S K> —14k +48

. C moMOLIBI0 METOAa HEOMPEACTEHHBIX KO3(PPHUIMEHTOB MOKHO

MPEACTaBUTH JAPOOb B BHJIC PA3HOCTHU ABYX ApOOEi,

2 _ 2
K*-14k+48  (k-8)(k-6)
2 _ 1 1
-3 = - . CJ'IGI[OBaTeJ'IBHO, YaCTH4Had CyMMa npcacraBu-
K*-14k+48 k-8 k-6
Ma B BUJIE S, = Zﬁ — ﬁ.
k=9 k=9

HamomanM, 4T0 €Ciav MHACKC CYMMHUPOBAHUS YBEIMYUThH (YMEHBIINTh) HA
HEKOTOPOE YMCIIO, & MPEACTBI CYMMUPOBAHUSI YMEHBIIUTE (YBEIMYHATH) HA TO XKE
YHCJIO0, TO CyMMa OT 3TOI'O HC USMCHUTCAL.

B nepBoit cymMmMe MHIEKC CYMMUPOBAHKA Ha €AUHUILYY YBEJIUYHUM, 4 BO BTO-
poii — ymeHpIMM. COOTBETCTBEHHO NPEAENIbl CYMMHUPOBAHMS B IEPBOM CyMMe
JOJKHBI OBITH HA €IMHUILY YMEHBILEHBI, @ BO BTOPOil — yBenu4eHbl. C y4ETOM U3-
n—1 1

JIO?KCHHOI'O YaCTHU4YHYIO CYMMY pAaaa MOKHO ICPCIUCATb B BUAC Sn = ﬁ -
k=g I —

T. €




n+1

1 ..
Zk_ HpI/IBeI[eM 066 CYMMBI K OJMHAKOBEIM Hpej:[enaM CYMMI/IpOBaHI/IH. I[J'IH
k=10 1* —

3TOTO M3 MO/ 3HAKa MEPBO CYMMBI «BBIHECEM) MIEPBOE M BTOPOE CllaracMble, a U3
10/J] 3HaKa BTOPO# CyMMBbI — IPENOCIICHEE U MOCIIEIHEE.

1 = 1 = 1 1 1 3
HUrak, S, =1 + — + — - - = - - —
! 2 Zk—7 Zk—7 n-7 n—-=6 2 n-17

k=10 k=10

c Tak kak Mo onpeAeNeHUIO CyMMa Psiia paBHA MPEAETY €ro YaCTUYHOMN CyM-
n f—

3
MBI, TO §' =lim S, :E

H—»0

Uemeépmolii cemecmp

3azlaqn AJIS CAMOCTOATEC/IBHOTO PCIICHUSA
(MGTOI[I/ILIGCKI/IG YKazaHud AaHbl HMXKC B Pas3ACiicC «IIPHUMCPBI COACPKATCIBHOIO
ornucanus pCIuCHUA THUIIOBLIX 3aJaw» ITOCJIC BOIIPOCOB MJIA IOATOTOBKH K DK3aMC-

HY)

Yoeouewuce, umo noovinmezpanvroe eviparcenue A6AAEMCA NOAHBIM Oudhhe-
PEHUUANIOM, GbIUUCIUMb KPUBOSIUHEUHbIE UHMEZPAbl

2,3) G,—4) 2,3)
1. jxdy+ydx. 2. dex+ydy. 3. I(x+y)dy+(x—y)dx.
(-1,2) 0,1) [(8))]
1,1) 3,0)
4. I(x—y)(dx—dy). 5. j.(x“ +4xy°)dx+(6x*y* —Sy*)dy .
1,-1) (-2,-1
(@p)
6. Iex(cosydx— sin ydy).

0,0)

Hccneoosams cxo0umocmo paoos Y u, €O CLeOYIOUUMU 00MUMU YWieHamu

n=1

1
" (n+Dxr . 2
., 1

1. un:j;/;‘lf. 2002 [ M0 3=
o LT X nx X J“”1+x4dx

0

3 - 2
P nel Zln k

4. un=IM.5. un=_[e“/;dx. 6. u,=~"——.
v 1+x ” n

Ilpumenas gopmyny I’ puna, epiuucaumo KpugoIUHEIHbIE UHMEZPAIbI

2

L. fxyzdy—xzydx, rae C — OKPYXKHOCTh x*+ p =a’.
C



2 2

2. f(x+y)dx—(x—y)dy,rj:[e C — BJTAIC x—+i—2:1.
a
C

3. f e*[(1-cosy)dx—(y—siny)dy], tne C — npoGeraeMblii B MOIOKHTETLHOM

HAIPABJICHUH KOHTYD, OrPAHUUMBAOLINI 00/1acTh 0< x<7,0< y <sinx.
4. §e_(x2_y2) (cos2xydx +sin2xydy).
x2+y2=R2

S. Haiitu 3HaueHue uHTErpana f [xcos(n,x)+ ycos(n, y)]ds, rae C — mpocras 3a-
C

MKHYyTasi KpUBasi, OrPaHUYMBAIOLIAs KOHEUHYIO 00JIacTh S, U n — BHEIIHSS HOP-

MaJib K HEl.
xdy — ydx

2

, Tne C — mpoCTOM 3aMKHYTBIA KOHTYp, HE
x*+y?

6. Bprunciuth WHTErpA f
C

OPOXOIAIIMNA Yepe3 HavaJlo KOOPAMHAT M HE OKPYXKAIOUIMI €ro, mpoOeracMelii B
ITOJIO’KUTEIEHOM HaIlPaBJICHUH.

Boruucaume 0eoiinvle unmezpainol
1. I j' (x+ y)dxdy, T1Ic 0071aCTh Q) OTpaHUYEHA KPUBOH x* + y* =x+y.

2 H ; /1 - —dxdy , TZI¢ 00JIaCTb Q) OrPaHIYCHA HUTHICOM —— + Z—z =1.
a

H(‘x‘ﬂy‘)dxdy. H(x + y*)dxdy . 5. ” y—x ‘dxdy.

EERIES Ayt |x]<1
0<y<2

S
6. I I xydxdy , TIe 0051acTh Q OrpaHWYeHA KPUBBIMU Xy =1, x+y = 5
Q

Beooa o0000wennvle noaapmele Koopounamel r U @ ho (hopmynam
x=arcos® @, y=brsin*@ (r20), Haumu naOwWAOU, OCPAHUYEHHbIE 3A0AHHHIMU
Kpugsimu (napamempol CUUMArOmcsa nOJ10HCUMETbHbIMU)

2 2

1. 2 + 232 = 2 2 2 _ 2 ; 2 + 2 ;: 2. :2. :§L__+_21_ __jE_+_£E
(x"+y7) =2a"(x"—y"); x"+y 2a 2 h &

3. x*+y°Y =x*+y’; x20,y20. 4. (x*+y*) =a(x’ —3xy2).
x3 y3 xz yz x y4 x2

5. ——+—="+<L; x=0,y=0. 6. [=+= ——+—, x>0,y>0
PR TRE d ) St 0>

Haiimu o6vemovt mesn, 02paHuyieHHvle YKA3AHHLIMU ROGEPXHOCMAMU (hapa-

Mempbl NPEeOnONaA2awmcs NOJIOHCUMETbHBIMU)
2 2 2 2 2 2

x° 0y Xy _z
1. a—2+b—2+c—2—1, a_2+b_2_c_2 (z>0).
2 2 2 2 2
p JR R S S Y S 3. Z2=xy, X*+y*=d’.



4, z=x+y, (x2+y2)2=2xy, z2=0 (x>0,y>0).
5. z=x*+y* x*+y’=x, x*+y*=2x, z=0.

2 2
6. z=e—(x+y), z=0’ x2+y2=R2.

Boruucaumes mpoiiHvie unmezpanisl
1. I Ijxy2z3dxdydz, rae TpaHuiia oogacTu V' 3agaHa ypaBHCHUSIMH
V

I=xy,y=x,x=1,7=0.

2. j' nyzdxdydz, rae o0nactek V' orpaHnyeHa MOBEPXHOCTIMHU
V
xX+y’+7°=1,x=0,y=0,7=0.
3. H _[ Jx* + ydxdydz , Tie 00nacTh V' OrpaHnyeHa MOBEPXHOCTAMHE
| 4
xX+y*=7",z=1.
4. [[[yx*+y* + 2’ dxdydz, rne rpannna o6nacTi ¥ 3a1aHa ypaBHeHHEM
| 4
xX’+y*+7i=1.
1 Vi N2-Eey?
5. Idx I dy Izzdz.
0 0 x2+y2
x2 y2 z2 x2 y2 z2
6. I H\/ 1- P c_zd"dydz , TJIe V' — BHYTPECHHOCTD J1JIAIICA pel + BT +—<1.
| 4

Paznoscump 6 pao @ypve 6 yKA3AHHBIX UHMEPBANAX PYHKUUU

A, O<x<l;
1. f(x)= e TSy rie A — IIOCTOSHHAsA, B UHTEpBAJIE (0,2/).
0, ecrul <x<2l,

ax, eciu—xw<x<0;
2. f(x)= ’ ’ € a,b — IOCTOSIHHBIC, B UHTECPBAIC (—7,7
2 2 2
bx, ecmul<x<r,

3. f(x)=x>-x7 B UHTEPBAJIE (-7, 7).
4. f(x)=xsinx B UHTEPBAIE (—7,7).
S. f(x)=xcosx B UHTEPBAIE (- % ,%) :
6. f(x)=shax B UHTEPBAIE (—7,7%).

OuneHounble ¢peacTrBa Jisi TEKYIHIECI'0 KOHTPOJIA yCIIEBAECMOCTH

1-a_koumpoasnaa mouka. Tembl No 16-18. 1o Tekymel padoTe cTyaeHTa U 3a

nocemaemMocTb — 15 6annoB. [10 HTOrOBOMY KOHTPOJIIO 3a MOIYJb — 15 Gaos.
Bcero 30 Ganos.

2-a_xoumpoabvHaa_mouka. Tembl No 19-21. 1o tekymei padoTe CTyAeHTa U 3a




nocemaemMocTb — 15 6annos. [1o UTOroBOMY KOHTPOJIIO 3a MOIYJIb — 15 Gaos.
Bceero 30 Ganos.

IKzamen 40 6annoe.
HaunGonbiiee konuuecTBo Oaos 3a cemectp pasHo 100.

BOHpOCLI AJIsA MOATOTOBKH K OK3aMEHY

OnpenesneHne PaBHOMEPHOH CXOIMMOCTH (DYHKIIMOHAIBHOW TMOCIEN0Ba-
TEJBHOCTH K MPEACIIbHON (PYHKIIMK U YCTIOBUE PABHOMEPHOM CXOJIMMOCTH.

[Tpu3HaKku paBHOMEPHOW CXOAUMOCTH PSIIOB.

OYHKIMOHAIBHBIE CBOWCTBA CYMMBI PSIZIA.

[TousieHHBIN IEPEXO K MPEACIY.

[TouneHHOE UHTETPUPOBAHUE PALOB.

[Tounennoe mudHepeHUPOBAHUE PSIOB.

HuTerpupoBanne u nupPepeHuMpoBaHUE CTEIEHHOTO PAIA.

Pamuyc 1 001acTh CXOAUMOCTH CTENEHHOTO PsIAA.

OnpenesneHne MHTErpPaIoB ¢ OECKOHEYHBIMU MPEeACTaMu. AHAIOTHS ¢ psla-
MHU.

CX0auMOCTh HECOOCTBEHHOIO MHTErpajia (C OECKOHCUHBIMH MPEACIIAMHU) B
o0wem ciyyvae.

Hcnone3ys npusHak Jlupuxie, ucCClIeaoBarb CXOAMMOCTb WHTErpana
[=Zdx (n>0,a20).
° 1+ x"

OnpeneneHne HECOOCTBEHHBIX MHTErPAJIOB OT HEOITPAHUYECHHBIX (DYHKIUH.
1

Beruncnutb HECOOCTBEHHEBIN UHTErPa I e
Xin x
0

['maBHbIC 3HAUCHHSI HECOOCTBEHHBIX HHTETPAJIOB.
[+4

. In(1+ax
Haiitu F'(a), ecnu F(a) = I de.
0

[IpenenpHbli NEPEXo MOA 3HAKOM HECOOCTBEHHOIO MHTErpaa.
['naBHBIEC 3HAYEHUSI HECOOCTBEHHBIX UHTETPAJIOB.

Haiitu V.p. Iarctgxdx :

(29
2
BpraucinTh Ix3e_x dx . Hanpumep, BHeCcTH X TOA 3HaK muddepeHiinana u BOCIOb-
0

30BaThCs MONCTAHOBKOMN £ = X7 .

0
dx y [ <
Beraucnurb _[72 Hanpumep, BOCMOJB30BATHCS MOACTAHOBKOM £ =+/x" —1 .
1 xvx'—1

1
dx .
Boeruncantb J. ; = Hanpumep, BOCHONB30BaTbCS  MOACTAHOBKOM
0 1—x"+2V1—x

. /4
X =SsInf U y4ecTh, YTO OStSE.



1 2
Beraucants IL;zdx )
c 3

1+x
+x

sdx .

Beraucimts V. p. I

HnTerpansl, 3aBUcCAIIKE OT apaMeTpa.
3amada 00 00béMeE. [IByKpaTHBIA HHTETpaJL.
Haiitu 00bEéM TEna, OrpaHUYEHHOTO MOBEPXHOCTIAMMU. x+y+z=1,
x+y+z=1, x=0, y=0.
B nBoitHOM uHTErpase H f(x,y)dxdy pacCTaBUTh IPeJciibl UHTCTPHUPOBAHUS
Q

B TOM U APYTOM HOOpsAAKe, €Cid () — Tpaneuusd ¢ BEepIIHMHAMU: (0,0), A(1,0),
B@1,2), C(0,1).

3amMeHa MEPEMEHHBIX B IBOMHOM UHTErpaie.

[lepexoas K NOJSAPHBIM KOOPAMHATAM 3aMEHUTH JBOWHOW WHTErpas

H f(= )dxdy OJJHOKPATHBIM.

XP+y’ex

Brruucnenne ABOMHOIO MHTErpajia B ACKAPTOBOM CUCTEME KOOPAUHAT.

Brerauciienue TpOﬁHBIX HHTCI'PAJIOB (mpuBeAeHNE K MMOBTOPHOMY WHTETpaiy B Je-
KapTOBOH CHCTEMEe KOOPJUHAT).

OneMeHT 0o0béMa B KPUBOJIMHEHHBIX KoopauHaTtax. l[lununapuueckue wu
c(hepruveCKUEe KOOPIMHATHI.

Breraucnuths 006EM TENA V= J]' j' dv , e Q — o0sacTh Teja, OrPaHUYEHHOTO
Q

MOBEPXHOCTSAMU. z=3—-x—y, x*+y’ =1, z=0. Vkazanue. Hanpumep, dev =
Q

Iﬂdxdydz = dedyzZ(J.,y)dz re O, — MPOEKIHs Teja Ha MIOCKOCTh Oxy, a zl(x y) u
Q

xy zl(x’y)
2z, (x, y) — TOBEPXHOCTH, ONPENeNSAOIINe, COOTBETCTBEHHO, TOYKH BXOJa M BBIXO/A MPHU (PUK-

CUPOBAHHBIX 3HAYCHUAX X U J .

Borunciuts unrerpan = {{[zdxdydz, rae teno ¥ orpanuueno koHuuecKoii
Vv

h2
MOBEPXHOCTHIO z° = F(x2 +y*) W INIOCKOCTBIO z=h. VYkasanme. Bocrmonb3oBarbes

LWJIMHIPUYECKON CUCTEMON KOOPANHAT.

CDopMyna OCTpOFpaI[CKOFO (CBsI3b MEXXAY TPEXKPATHBIM UHTErpajioM Mo o0BEMY U
UHTETPAJIOM I10 MOBEPXHOCTH, OTPAHUYHUBAOLIEH 3TOT 00beM).

C nomompro popmysiel OCTpOrpagckoro BIYMCIUTh MOBEPXHOCTHBIA UHTE-

rpan ”xzdydz+ yidzdx+z’dxdy, TIEe S — BHEIIHSAS CTOpPOHA TPaHMIBI KyOa:
Y

0<x<a, 0<y<a, 0<z<a. VYxka3zanue. Y4ecTs, IH(Z: z)Q} aJa’V =
74

|| Pdydz + Qdzdx + Raxdy .
S



[TpounTerpupoBaTe MO 4YaCTIM H_[ o 62¢+62¢+62 dV , TIe KOHEYHBIN
ol oyt e

00beEM V' OrpaHMYEH NOBEPXHOCTBIO .§. VYkasaHue. YdecTb, 4TO Hj¢2—de =
X
Vv

op _
‘gw//cos(n,xi)ds - I;Uy/a—xidV, rae X; = X, y Wi 7.
Haiitu momane § =HdS y4acTKa IMOBEPXHOCTH, BbIPE3aCMOI0 UIUHIPOM

x*+y*=R* (x>0,y>0) U3 runepOOIMUECKOro mapadojionyia z=xy. VkasaHue.
OneMeHT IUIOIaay MOBEPXHOCTH dY cBsA3aH ¢ 3neMeHTOM omanu do = dxdy npoekiun va-

CTH KPMBOH NMOBEPXHOCTH HA INIOCKOCTb (xy COOTHOUWIEHUEM dS = 1+(%) ( 6{; J dxdy ,

€CJIi ypaBHEHHE MOBEPXHOCTH UMeeT BUA g = f (x, y).

Berauciaute _[”xyzdxdydz, rjae o0beM V' — OrpaHWyY€H MOBEPXHOCTSIMH:
Vv

x*+y*+7P =1, x=0, y=0,z=0 4 PacIoJIOKCH B IICPBOM OKTAHTEC. Ykasanue. Boc-
TMOJTb30BATHCS CPEPUIECKON CHCTEMOU KOOPIUHAT.
Haiitu 00BEM TENa, OrpaHUYEHHOTO TMOBEPXHOCTAMU. Xx°+y° +7° =27,

x*+y* =77, Vkasanue. Bocronb30BaThCs HUIMHAPHUECKOH CUCTEMO KOOPAHHAT.
[lepexoas K IMIMHAPHYCCKAM KOOPAWHATAM, BBIYMCIUTH HWHTErpaj
H j' (x* + y*)dxdydz, tne odnacTh V' — OorpaHudeHa MOBEPXHOCTIMM: x°+y° =2z,
V

z=2.
Bbruncauth mioniaas MOBEPXHOCTH x” + y* +z° =a’, BbHIPE3aHHOW LMJIMH-

IpoM x* + y* < R* (R <a). Ykazanue. DJIEMEHT MIOMANU NOBEpXHOCTH dS CBsi3aH C -
MeHTOM momaan do = dxdy npoexkuuu 4acTu KpUBOH MOBEPXHOCTU Ha IIOCKOCTb (JXp COOT-

HOLIEHHEeM dS = 1+(Zf) (ZJ;J dxdy, ecnu ypaBHEHHE TIIOBEPXHOCTH HMEET BHJ
X

z=f(x,y).

Boruucauts 00béM TENA V= H _[ dv , e Q — o0JacTh Tea, OrPAaHUYEHHOTO
Q

MOBEPXHOCTAMU: z=3—x—y, x +y° =1, z7=0.
Bp4HCIATE TOBEPXHOCTHBIM HHTErpall _[ _[ xdS, tae § — 4actb cdepsl
S

x*+y’+7 = R®, nexxamas B IEPBOM OKTaHTe (x>0, >0,z>0). Ykasauue. DneMeHT

IUIOIIA/IN TIOBEPXHOCTH S CBsI3aH C 3JIEMEHTOM IUIOINAIN IPOSKIMH Ha MIOCKOCTh Xy COOT-

o

X

HOLIEHHEeM dS = 1+( ) (é) dxdy, ecnu ypaBHEHHE TIOBEPXHOCTH MMEET BHJ

z=f(x,y).

OnpexaeneHue KPUBOJIMHEHHOTO HHTETPajia MEPBOrO POAA.



Beraucnuthb j.yzdl, rane C — KpuBast x =a(t—sint), y=a(l—cost), 0<t<2x.
C

Vkasanue. Bocrionbsosarbest Tem, uto dl = /x" + y" dt

OnpeneneHue KPUBOJIMHEHHOTO UHTErPajia BTOPOTO poja.
2 2

Beraucnurh I(x+ yyx+(x—y)dy, tne C — DJUUIC x—2+;:—2 =1, npoberae-
a
C

MBI IPOTHUB YaCOBOW CTPENKHU. YkasaHue. BocmonesoBarbest Gpopmyiioit I'puna miu mapa-
METPUUYECKUM 3aJJaHUEeM 3JIIUNca X =acost, y=bhbsint, 0<t<27w .

CBs13b MKy KPUBOJMHEHHBIMU MHTETPAJIaMK IEPBOTO M BTOPOTO POJA.
I(x+ Y)dx —(x— y)dy
c x*+y?

BrrauciuThb rae C — OKPYKHOCThb x* + y* =a’, TIpO-
> y

OeracMasi MpOTUB YaCOBOM CTPENKHU. YkaszaHue. BoCHosb30BaThcs MapaMETPUIECKUM 3a-
JaHUEM OKPY>KHOCTU X =dacost, y=asint, 0<1<2x.

Brruucnenne KpUBOJIMHEHHBIX UHTETPAIOB MEPBOrO U BTOPOTO Poaa, KOraa
YPaBHECHUE KPUBOIi 3a1aHO B MAPAMETPUUECKOH Popme.

Beraucaute I ydx+ xdy , Tie C — 4YETBEPTh OKPYKHOCTH x = Rcost, y = Rsint
C

oT t=0 10 t=%.

Brruucnenne KpuBOJIMHEHHOTO UHTETPajia BTOPOrO PoJaa B CJIydae MJIOCKOM
KPHUBOW, 3aJaHHOIN ABHBIM YPABHEHUEM.
1,1
BparciinTe KpUBOJWHEWHBIA WHTET P (I)nydx + x’dy BHOJb JIUHWIA:
(0,0)
a) y=x;0) y=x;B)y = x"1) )y’ = x.
[nowaae ¥ KpUBOIUHEUHBIN UHTETPAIL.
Jlokazare, 4TO BEJIMYMHA MHTErpajia I(ny— yydx+x*dy, rne C — 3aMKHY-
C

TBIA KOHTYP, BBIPAXKACT MJIOMAAL 00JaCTH, OTPAHUYCHHON STUM KOHTYPOM. Ykasa-
Hue. BocronbzoBarbes popmynoit ['puna.

Onpenenenre KpUBOJMHEHHOTO UHTErPasia MEPBOTO U BTOPOTO Poja.
®opmyna [ prHa (cBsA3b MeXkKIY HHTEPAIOM I10 TUIOCKOH 00JACTH M HHTETPAJIOM T10 €€
TPaHUILE).
Beruucnure uHTErpai I x’dx+ xydy: a) BIOJIb MPAMOJIUHEHHOTO OTpPE3Ka,
AB

UAYIIEr0o M3 TOYKM (1,0) B TOYKY (0,1); 0) BIOJBb YETBEPTH OKPYKHOCTH
/4
X =cost, y =sint (OStSE).

C nomotnbio Gopmysasl [ puHA BEIYUCITHTH I(xy +x+ y)dx+(xy+x—y)dy, TI€
C

2 2

. X Yy _ 4. 2 2 _
C: a)osmre a—2+ o 1, 0) OKPY»KHOCTh x* + y° =ax . UHTErpupoOBaHUE BEACT-
Cs B MOJIO>KUTENBHOM HAITPABJICHUH.

CDopMyna Crokca (CBsI3b KPUBOJIMHEITHOTO MHTErpaia Mo KOHTYPY MOBEPXHOCTH C HH-
TErpajoM Mo CaMOU MOBEPXHOCTH).



HuTterpan I (V? +20)dx+(x* +2%)dy +(x* + y*)dz , B3ATBII 110 HEKOTOPOMY 3a-
C

MKHYTOMY KOHTYPY, MPeo0pa3oBark ¢ MOMOIIBI (GopMyJibl CTOKCA B MHTETPAI M0
IIOBEPXHOCTH, KHATSAHYTON» HA OTOT KOHTYP. VkasaHue. Y4ecTb, 4TO J'de+ Qdy+ Rdz
C

dydz dzdx dxdy

_ J- 0 0 0
= — = — |, rae koutyp C OrpaHHYMBaeT HE3AMKHYTYIO IOBEPXHOCTD .Y .

dlox oy Oz

P Q R

Haiity momans 3JUIMica x =acost, y =asint (0<t¢<2x) C IOMOIILIO KpU-
BOJIMHEWHOIO HWHTETpaJia. VYxkasanue. Hampumep, Bocmone3oBaTbCst (opmynoit § =

1
EJ.xdy —ydx , tne C — KOHTYp, OrPaHUYMBAIOLINN YKA3aHHYIO 00J1aCTb.
C

HezaBrUCUMOCTE KPUBOJIMHEHHOTO MHTETPAJIA OT IMYTHU HA IJIOCKOCTH.
YOeauThesi B TOM, YTO MHTErpa I S (xy)(ydx+ xdy) , B3ATBIA 110 3aMKHYTOMY
C

KOHTYPY, PaBEH HYJIKO HE3aBHCHMO OT BHJAA (PYHKUMHU f, BXOASAIIEH B MOJBIHTE-
I'PalbHOE BBIPAKCHHUE.
C nomomwpro ¢Gopmyiel ['puHa npeoOpazoBaTh KPUBOJIMHEHHBIA HHTErPas

I= I,/xz +yidx+ y(xy+ln(x+,/x2 +y? ))dy . VYxaszanme. Bocnonb3osaTbcst Tem, 4TO
C

(x,)
[IpaBmII0 HAXOXKICHHs nepBoobpasHoil U(x,y) = J' P(x,y)dx+Q(x,y)dy

(xo’yo)
+ C TOJBIHTETPATBHOIO BBIPAKEHUS Pdx+ Qdy, SABISIOWIETOCS MOJHbIM 1udde-

U
PEHIIMATIOM. YkaszaHue. YuecTh, 4TO 66_ = P(x,y), % =Q(x,) u npounTerpuposath 10
X

CTOPOHAM NPSIMOYTOJIbHUKA, BEPIIMHAMH KOTOPOTO SIBJISIFOTCS TOUKHU (xo, yo) 51 (x, y) . Ctopo-

HBbI IIPAMOYTOJIBHUKA MapalJICJIbHBI KOOPAUHATHBIM OCSAM.
®opmyna CTokca.
Haiitn ¢QyHkuuio nmo panHomy €€ nonHomy guddepeHumany du =
(x+2y)dx+ ydy
(x+y)

. Ykazanue. Yuectb, uto du = %dx+%dy. Hanee, Harpumep, u(x, y) =

Ou o
Ia—dx + (o( y), rae (o( y) — npousBosbHasA auddepenuupyemas ¢yHkuus. [lomydeHHbINH
X
«pe3yspTaT» Hamo npoaudQepeHInpoBaTh MO NMEPEMEHHONH ) M NMPUPABHATH K MPOU3BOAHOM

ou . . .
-, YqTO ITO3BOJIUT HAUTHU (1)YHKL[I/II'O Q(y) C TOYHOCTH O0 HpOI/ISBOJ'IbHOI/I ITIOCTOSTHHOHN C .

[Tpumensist ¢gopmyny ['puHa, BBIYMCIATE KPUBOJWUHEHHBIA WHTErpa
Ixyzdy—xzydx, rae C — OKPY>KHOCTb x” + p” =a’.
C

He3aBucumocts KpHBOHHHeﬁHOFO HHTCIrpalia OT IIYTH Ha IIJIOCKOCTH.



[Tpumensis  ¢Qopmyny ['puHa, BBIYMCIATE KPUBOJWHEHHBIA WHTETrpal
2 2

I(x +y)dx—(x—y)dy, tne C — DIUHIC x_2 + 'Z—z =1. VYkaszanme. VYdyecTb, 4TO
a
C
| Pax+Qdy = H(—-—)ds
C “” xdx + yd
BpraucinTe KpUBOJIMHEWHBIA HHTETPAIT Tyy (Ha4aJI0 KOOPAWHAT HE
Gay X TV

JISKUT HA KOHTYPE UHTETPUPOBAHUS). Ykazanue. YOEIUThCS B TOM, YTO MOABIHTEPaIb-
HOE€ BBIpaKEHHE sIBNsieTcs MoynHbM auddepenunanom. Y, mubo, Halitn nepsoodpasHyto, 1ubo,
IPOUHTETPUPOBATE TI0 CTOPOHAM IPSIMOYTOJbHMKA, BEPIIMHAMU KOTOPOTO SIBJIIFOTCS TOYKH

(3,4) 51 (5,12). CTopoHb!I MPSIMOYTOJIbHUKA NapaijieIbHbl KOOPAUHATHBIM OCSIM.

(Ij?) xdx+ ydy
2 2
@Ry X ty
PacimoJO>KCHbI HA KOHICHTPUYCCKUX OKPYIKHOCTAX C LICHTPAMH B HA4YaJIC KOOPAU-
HaT ¥ PaauycaMH COOTBETCTBEHHO R, M R, (Ha4aJl0 KOOPAMHAT HE JIEKUT HA KOH-

TYypeC I/IHTeI‘pI/IpOBaHI/ISI). Vkaszanue. YOemuTbCa B TOM, YTO TOJBIHTErPAJbHOE BBIPAKEHHE
SBJISIETCS MTOJTHBIM TG (HEepEeHINANIOM U HAWTH IEPBOOOPA3HYIO.

[Tpumensist popmyny ['prHA BBIYMCIIATH UHTETPAIT Ixyzdy—xz ydx, tne C —
C

BBIYMCINTE KPUBOJIMHEHHBIA MHTErpa , Tne Touku P, u P,

OKPY>KHOCTb x* +y* =a’.

HpI/IMepLI COACPKATCJILHOI'O OIIHCAHHUA PCIICHUS THIIOBLIX 3a/1a4

+o0 dx
1. BeruncnuTh uHTErpan I ——.
5 X +x—2

Peuwenue. Paznaras noabIHTETPaNbHYIO (DYHKIIMIO HA CYMMY JBYX JPOOCH,

N 1
UCTIONIB3YSl METOJA HEONPEACNHEHHBIX KO3(PPUUMEHTOB, MOIyUYUM: ——— =

X +x-2
- A + B - (A+B)x+2A_B A W3 CHUCTEMBI ABHCHUM
(x—l)(x+2) x-1 x+2 (x—l)(x+2) yP
A+B=0, HalaEM, 49TO Azl, B:—l, T. € — 1 = 1 ! 1o
24-B=1 3 3 +x-2  3(x-1) 3(x+2)

3aIMCaTh UCKOMBIM I/IHTel"pa.H B BI/II[G Pa3HOCTH ABYX HECOOCTBESHHBIX HHTCIPAJIOB

+00

I— = = I _— = = I —— HCJb34, T. K. KK IbIN 13 HHTCI'PAaJIOB B HpaBOI/I
X +x-2

9acTH TIOCJICJHETO PAaBEHCTBA pacxoz[;[mnﬁc;{. [ToaTOMY BOCTIONIB3yEMCsl OTIpEie-
JICHUEM HECOOCTBEHHOTO I/IHTera.Ha JJISL 4ETO PACCMOTPHM onpenenéHHHﬁ WHTE-

x—1["
rpain Im - —J‘— - - x—+2 = —I:ln(x 1) — ln(x+2):|| = —lnx+22
1[lnA_l—lnl) = glnm.

30 A+2 4 A+2




+a0 dx A dx +00 (lx
Mo onpenenenmio | ——— = lim [m——, toecth [—— =
S X +x—2 Artod X"+ x—2 5 X"+ x—2
1
4 1-—
4(A-1 1 ( ) 1 2
lim lln ( ) = — lim In A In4 = —In2
Aot 3 A+2 3 A+ 1+£

2. Haiit mHTErpan v. p.J‘

2
1

xInx

2
Pewenue. B 1aHHOM ciydae MpeNenbl MHTETPUPOBAHUA KOHEYHBI, HO

HOIBIHTErPAILHAs (PYHKLIUSA HEOTPAHUYEHHA B PACCMATPUBAEMOM ITPOMENKYTKE.
ITox TaBHBIM 3HAYEHHEM HECOOCTBEHHOTO MHTErpana Ha oTpeske [a,b] oT

b
bynkman  f(x) B cmeicne Komm (v.p.) TOHMMaeTcs umCIO v.p. I f(x)dx =

£>+0
cte

c—€ b
lim{ I f(x)dx + _[ f (x)dx}, e ¢ NPUHAUISKUT UHTEpBANY (a,b) U SBIAETCS
0Cc000H TOYKOM, T. €. MOABIHTErpaibHAsA (QYHKIUS B €€ OKPECTHOCTH HEOIPaHU-

YCHHA.

dx s.—)+0 lj-adlnx + idlnx} = lim (ln|lnx||1; + ln|lnx||f+g)

2
Hrax v.p._[ = lim
Inx e Inx £->+0

. xInx

2 2

[Inn(1-g)] - W2 + W2 - Iin(l+g)] = limin

= lim
£—+0

—+0(£* -
lim In H—(s) = lim In i(g) = In1=0. HpI/I HaXO0KJACHUHU IIpeaciia OBI-
£>+0 8+0(82) £+0 1+ 0(8)

JIO YUTEHO, YTO ln(1+a) = a+ O(az) JUISL JOCTATOYHO MAaJIbIX 3HAYCHUHN « .

1+

3. Haiiti lim — -
a0 4 1+ X +a

Pewenue. BO3MOXHOCTE MPEACIBHOIO MEPEXOAA IMOJ 3HAKOM HMHTErpasna
b
J' f(x,a)dx , 3aBUCSLIETO OT NapameTpa « , JAETCS TEOPEMOM.

Ecmu QpyHKus f(x,a) 0pu MOCTOSSHHOM 3HAYCHUN @ WHTErpUpyEMa Mo x
B MPOMEIKYTKE [a,b] U P @ —>@, CTPEMUTCS K NPEACTbHOW (DYHKIMKN ¢@(x) =
lim f(x,a) PABHOMEPHO OTHOCUTEIIBHO Xx, TO HMEET MECTO PaBEHCTBO
a—ra,

lim j.f(x,a)dx = jq)(x)dx.

a—a,



MogbiHTerpansHas ¢yHkuyma f (x,a) MMeeT KOHEYHYl npe

AenbHy PyHkuuio <PX) = %f (x,a) = 1+1X M CTPEMMUTCS K HEl paBHOMEPHO.

Ona gpokaszaTenbcTBa MOC/EAHEr0 YTBEPXAEHUS MOKaXeM, UTo A8 N 60oro
CKOMb YFTOAHO Manoro NPou3BONibHOIO Ynucna e >0 HalijeTcs He 3aBuUcAlLlee OT X

umcno S>0, Takoe, uTto npu a\<5 6yaeT BbLINOJNHATLCA HEPABEHCTBO
If(x,a)- DX) <€ ogHOBpeMEeHHO ANA BCeX 3HaUYeHUn X.

Mo onpegeneHnWio 3To M 6GyaeT 03HAyYaTb PABHOMEPHOE OTHOCUTENbHO X
ctpemneHve pyHkuuum f (X,a) Kk npegenbHoit pyHkymum {X).

1 1 1+x2-1-x2-a?2
NTak, M (x,a)-v(x)|
1+x2+a2 1+x2 (L+x2+a2)(1+x2)
a a
, < a < \a\ < e.CnepoBaTenbHO, 38 4NCNO S MOX-
(I+x2+a2)(l+x2) _ 1+a

HO MPUHATbL €.
HeTpyAHO 3aMeTWUTb, 4TO NOAbIHTerpanbHas QyHkuus f (x,a) npu nocTo-

AHHOM 3Ha4vYeHUM a MHTErpupyema no I'Iep(EMEHHOVI X . |_|03TOMy MOXHO BOCNO/Ib-
30BaTbCA Teopemoﬁ 0 I'Ipe,CI,EI'IbHOM nepexo,qe nopg 3HaKOM MHTerpana, T. €.
Ha dx 1 r dx

n
- ) arctgx’1 =
smJ T+x -+j - r (x)dx = li+X

2n sin X
4. N3MeHNTb NOPAAOK UHTerpuposaHusa B nuterpane Jdx J f (x,y)dy.

0 0

PeweHune. 3annwem VICXO,CI,HbII7I MHTErpan B enae CyMmMbl ABYX MHTErpasioB
2n sin X

MW BO BTOPOM M3 HUX U3MEHUM HanpasneHue nHterpuposanus Jdx J f (x,y)dy =

0 0
n sin X 2n sin X n sin X 2n 0

Jdx J f (x,y)dy + JdxJf (x,y)dy Jdx J f (x,y)dy Jdx J f (x,y)dy.B

0 0 n 0 0 0 n sin X

KaX4oOM M3 MHTerpasos B NpaBoi yacTu M3MEHUM MOPALOK MHTETPUPOBAHUS, YUU-

TbiBas, 4To Arcsiny = (-1)Aarcsiny +nkK. Npu nameHeHun y ot 0 fo 1 nepeMeHHas

X W3MeHsieTcsa OT arcsiny go n - arcsiny, a npu mameHeHunm y oT -1 pgo 0 nepe-

MeHHas X M3MeHsieTcss OT N -arcsiny go 2n+arcsiny. OKoHYaTeNbHO MNOYUYUM

2n sin x n-arcsiny 0 2Marcsm Yy

JdxJ f (x,y)dy = Jdy J f (x,y)dx - Jdy J f (x,y)dx.

0 0 arcsiny -1 n- arcsiny

5. Mpowns3Bess COOTBETCTBYH LY 3aMeHY MNePeEMEHHBIX,

ceecTu fABoiHON uuterpan JJ f (x+y)dxdy k ogHokpaT-

Ix|+lyl<1
HOMY.
PeweHune. HetpygHo n3o6pasnutb 061acTb MHTErPU-
poBaHusi. OHa CUMMETPUYHA OTHOCUTENIbLHO OCE U Hayvana



KoOopauHar. B mepBoM KBaapaHTe mpu x>0 U y >0 — 3TO paBHOOCAPEHHBIA Nps-
MOYTOJIbHBIA TPEYTOJIBHUK, TAE 0<x<1 H y<—x+1.

Hrak, 001aCTh0 MHTETPUPOBAHHUS SIBIIICTCS KBAApar.

" o u+v
BBeném HOBBIE IEPEMEHHBIE u=x+y, v=x—y . JIerko HallTK, 4YTO Xx = ,
2

[Tpu Takoii 3aMeHe TEPEMEHHBIX MpsMas y=-—x+1, COACpKamias OTPE30K

u+v u—vy
AB, oT00pasuTCcs B MPSAMYKO #=1, T. K. IPH MOJACTAHOBKE x = 5 y= 5

VPABHEHUE NAHHOM NPsAMONA mosyuuM u=1. COBEPIICHHO AHAJIOTHYHO TpsMas
y=x+1, comepxamas OTpe30K BC, 0TOOpa3WTCs B MPAMYK v=-1; npsMas
y=-x—1, comepkamas OTpe30k CD, 0TOOpasuTCcs B NPAMYIO u=—1; npsmas
y=x—1, coaepxxamas 0Tpe30K DA, 0TOOpa3uTCcs B IPSIMYHO v =1.

B

+
Tak Kak Ha OTpPe3Ke OCU Ox TMpH y=0 U —1<x<1: —ls%sl A u=v,TO
—1<u<1, a Ha OTPE3KEC OCHU Oy NpA x=0 U —1<y<1: —lsu;VSI U u=-v, TO

—1<—v<1wmm -1<v<1.
Takum 0Opa3om, KBaapar, 3aAaHHbIN B MIOCKOCTH Oxy , TPU YKa3aHHOM 3a-
MEHE MEePEeMEHHBIX NpeoOpasyeTcs B kBaapar [-1,1;-1,1] co cToponamu, mapan-

JEIbHBIMU OCSIM KOOPAMHAT B TJIOCKOCTH Ouv . SIKOOMaH JaHHOTO mpeoOpa3oBa-

Ox o 11
1 1
s J(uv) = ouw Ovi = 1220 = _1 y |j| = =. CuemoarernbHo,
- I R 2
Ou Ov 2 2
1

1 1
J] f(x+y)dxdy = Ejldvjlf(u)du = If(u)du
|x+| <1 -1 -1
6. [1epexons K TONSIPHBIM KOOPMHATAM, HANTH 00BEM Teja, OTPAHUIECHHOTO Clie-

I
JAVIOIUMU MOBEPXHOCTAMU: z=e (e ), z2=0, x’+y’=R*.
Pewenue. O0beM V Tena, OTPaHMYCHHOTO MOBEPXHOCTBKO €, paBeH

—(x2+.v2)
J'dedydz = dedy I dz = H o )dxdy
x? +y 2<R?
HepeI/II[eM K NOJIIPHBIM KOOpAHMHATAM x=rcos@, y=rsing U C YUCTOM TO-
27 R
ro, 4ro skoOMaH npeoOpa3oBaHUs PaBeH r, MOIy4dAM V = _[ de I e rdr =

0 0
R

= n(l—e‘Rz). SlcHo, uTo x*+y* = R® W €CTh IWIMHID, MPO-

R
—r? 2 — —r?
ﬂIe dr* = —r;e
0

i P
CKTUPYIOLINI YacTh TMOBEPXHOCTH 7 = s ), BBIPE3aCMYIO UM, Ha TUIOCKOCTh

0



Oxy, TIO3TOMY 00JIaCTh ¢ — 3TO KPYT, YPaBHEHHUE KOTOPOTO x°+y* < R*, 4TO U
OBLIO YUTEHO TIPU OMPEACIICHUN M PACCTAHOBKE MPEACIIOB MHTETPUPOBAHHSI.

7. BeIUMCITUTH KPUBOJIMHEHHBIM HHTErPajl EPBOTO pojia j' (x2 + yz)dl ,rne | — Kpu-
1

Basg x =a(cost+1sint), y=a(sinf —zcost) (0 <t< 271.');

Pewenue. Tak xax kpusas (/) 3amana napamerpuuecki: x=x(t),y=y(t)
(t,<t<T), To ans BEIYMCIEHHS KPUBOIMHEHHOIO HHTETPAJIA MEPBOTO POJA HANO
3aMEHUTE B MOABIHTErPATLHON (DYHKIUH MEPEMEHHBIE X M y UX BBIPOKECHUAMHU

uepe3 mapamerp, a dl — mudQepeHnuanoM ayru \/[x'(t):|2+|:y'(t):|2 dt, T. €.
[£(er)dt = [ £ (x@O.O)W[EOT +[ ()T .
Hrak, x'(t) = atcost, y'(t) = atsint, x"+y”? = at, X’+y* = a2(1+t2).

CrienoBarensbHo, ‘!'(x2+y2)dl = asz'ft(lﬂz)dt = a32‘!:‘r(t+t3)dt _ a3[472rz +167r4j _

4
2a37t2(1+272'2).

8. IlpumenuB Qopmyny ['puHa, BBIYMCIWTH KPUBOJUHEHHBIA WHTErpaj
Ixyzdy—xzydx , The | — OKpYXKHOCTb x” +y* =a’.
1

Pewenue. ®ynkuuu xy® U x*y HENPEPHIBHBI BMECTE CO CBOMMHU YaCTHBIMHU

IPOM3BOJHBIMU B OOJIACTH, OTPAHUYECHHON 3aMKHYTBIM KOHTYPOM [/, M Ha €€ rpa-
HULIE, TOATOMY NMpuMeHuMa (popmyia ['puHa, CBA3bIBArOIIAs ABOWHON U KPUBOJIH-

HEWHBI MHTErpamibl I Pdx+Qdy = H(———dedy. CoryacHo eif uMeem _[ xp*dy

x2+y2<a2

- X’ydx = H{ xy + —(x y)i|dxdj/ = H (x +y )dxdy [lepeiinem k mo-
JISPHBIM KOOpAMHATaM (x=rcos@, y=rsing) M, YUATHIBAs, UTO SKOOMAH MPeod-

Pa30BaHMs PaBEH r , TOMYUNAM H (x*+y*)dxdy = J'd(pj' Sdr = ”7‘14

x+y<a

9. Onpenenurs IUIOWIAAb YAaCTH BUHTOBON MOBEPXHOCTH x=£Ecospy, y=£Esing,
Zz=cn, BBIPE3aHHON W3 HEE IWIMHIAPOM x>+ y°>=a® WU TJIOCKOCTAMH z=0 U
z=27rc(c>0).

Pewenue. V3 ycnoBus 3agayd HETPYAHO 3aMETUTh, YTO 0<p <2z, a
0<é<a. TayccoBbl KO((UUMEHTHI JIETKO BBIUMCISIOTCS W PaBHBL E =1,

G=£*+c¢*, F=0. CnenoBatenbho, dS = VEG-F*dEdny = & +c*dEdn w mo-
27 a a

aib yKa3aHHOM YacTH MOBEPXHOCTH § = Idnj JE +CPdE = 27:[ NE +dE .
0 0 0



+

I(é’z v} _ _ g

‘y et \/«f +c?
- 5,/§2+c2:—j,/§2+c2d¢ "

. Ilocne oyeBMAHBIX TPEOOPa30BAHMI MOTYUYHIIM, YTO B TPABOM
0

Bbluncaum  uHTErpan I\/§2+c2d5
0

czi%=i§d\/§2+c2 + czln(§+w/§2+c2)0

§2+c

c’ ln(§+\/.§2 +c2)

YaCTU PaBEHCTBA UMEETCS TaKOM ke MHTETpall, 4To U B JIeBOM. [lepeHocs ero B je-

BYIO YaCTb W JEJIA IOJYYEHHOE PAaBEHCTBO HA JBa, HAWAEM 4YTO I JE +dE =
0

[6\/5 +c* +c21n(§+\/§ +c ):| a\/a +e* + czln(a+\/m)_c21nc:| =
%(a\/a2+c2 + czlna+— a4 *c ).

c

na+\/a2+c2

c

CrnenoBarensHO, § = ﬂ(a\/a2+c2 + 1 ).
10. ®ynkumio f(x)=e™ paznoxuts B pax Pypee B naTEpBaNE (—7,7).

Pewenue. ®ynkums f(x) ymOBIETBOPAET yCaOBHAM {upuXie M, Cle10Ba-
TENBHO, MOKET OBbITh MpeAcTaBIcHa paaoM Dypee.

Pan ®ypee umeer Bua f(x) = a?" + i(ukcoskx+bksinkx), rae a, =
k=1

1§ 17 ,
;_j”f(x)coskxdx, k=012,.., b, = ;_j;f(x)smkxdx, k=12,....

oo 1 n 1 z e —e
Haiiném xkoappuumenter Oypee: a, = — I e“dx = —e"| = ——— =
z: ar |, arx
a, _ sharx
—shar 5 . Jns k=1 3HayeHHsT KO3(PPUUMEHTOB BBIUYMCIISIFOTCS 1O
ar ar

dbopmyne a, = ljle"" cos kx dx .
”—7:

o T 17
Haiinem, 4yemy paBeH WHTErpan j' e“coskxdx = — Icos kxde™ =
a

_ (e”” _— e“"’) -1*

a

%(e“x coskx|:r + kj e” sinkxdx) = %_]isinkxde‘“ +
ize“" sinkx|:[ — E]r'e"'” coskxdx + (ea”_ _aﬂ)(_l) . B mpaBoii yactu paBeHCTBa

a a* * a

2 2 7
Ie"" coskxdx =

-

NOJYYHWITU TOT K€ UHTETPaJL, UTO U B JIEBOM, CII€IOBATENBHO,



2asharn

« 2shar k
(-1) u a, =(-1) ——-=-. 3aMeTuM, 4TO B JJAHHOM CIly4ac W3 MOcCIe-
a w(a” +k7)
HEW GOopMyYIIBI MOKHO HATH KO3 (PULIKEHT a,.
E 1 Ei4
COBEPIICHHO AHAJIOTUYHO HAWIEM, YTO Ie""sinkxdx = - Isinkxde”" =
-z
1, . z k7 k .
—(e s1nkx|:r - k_[ e” coskxdx) = - Icoskxde"x = ——z(e‘”‘ coskx|_” +
a a a
b b
¥ 4 ) k(euﬂ _e—aﬂ')(_l)k 2 7 .
kj‘ e™ s1nkxdx):— > -— e“ sinkxdx, OTKyJa € y4€TOM TOr0, 4TO B

a a
[IPaBOW YaCTH MOJYYWIM TOT K€ HHTETPAI, YTO W B JIEBOM, CIEAYET, 4TO

—a L ]r‘e”"smkxdx —(—l)k—ZkSha” u b= %][‘e”"sinkxdx = ( l)k1 Z(isivzz;)

Taxum 00pa3oM, TPUAEM K Pa3IOKEHUIO
o — 2shaﬂ( Z( l)k acoskx—ksmkx] (—7z'<x<7z').
k=1

V4 a’+k’
3ameruM, 4To KO3 ummueHTsl Dypbe MOKHO HAMTH 3HAYUTEIHLHO IPOIIIE,
€CITM UCTIONIb30BaTh (opMyny Oiyiepa e =cosa+isin@ M KOMIUICKCHYIO (PyHK-
U0 JICHCTBUTEIILHOTO apryMeHTa F(x)=e™(coskx +isinkx)=e“""®*  Torma
x
e™ coskxdx = ReI e dx a Ie"" sinkxdx = ImJ‘ T gy
b b

(a+tk)x e(a+ik)7r _ e—(a+ik)7r

e
a+ik |

T — f (a+ik)x —
BBIUKCTIUM HHTErpa _IF (x)dx __[ e dx T

ee" — e et ¢ (coskx+isinkz)—e " (coskx—isinkz) _ (e”" - e‘””)cos kx
a+ik a+ik a+ik

(_l)k 2sht.lﬂ' _( )

a+ik
MY YaCTH, MOy YUM Tpe6yeMBII/I pe3yJIbTar.

(a shar—iksh aﬂ') Paznensis nelCTBUTEIIBHYKO U MHU-

Bo3MoxkHBIE TEMBbI KypPCOBBIX padoT

Hccnenosath Ha 3KCTpeMyM (DYHKIHUIO JBYX HE3aBUCUMBIX MEPEMEHHBIX U
M300pa3uTh COOTBETCTBYIOUIYIO MOBEPXHOCTh, HUCMONB3YS KakOM-mubo rpaduue-
CKHIi MAaKET MPUKIIAJHBIX MPOTPaMM.

1. z=x=xy+y'=2x+y.
i=x"y’(6-x-y).
2=x"+y° =3xy.
=x+yt=-x?=2xy-y>.

A

z=2x"+yt=x?=2y%.



50 20
6. z=xp+—+=— (x>0,y>0).
X )y

= ax+by+c
\/x2+y2+1

8. z=l-4x*+)y".

9. =MV (8x2 — 6xy + 3y2).

10. z=sinx+c0sy+c0s(x—y) (OSxSn’;OSySn’).

(a2+b2+c2¢0).

HaiitTu TOYkM yCIOBHOTrO 3KCTpeMyMa (PyHKIHMM W H300pa3UTh COOTBET-
CTBYIOILLYIO MOBEPXHOCTh, UCMOIb3Ys KAKOW-TMO0 rpaguuecKkuii makeT MpUKIIAI-
HBIX [TPOrPaMM.

1. z=xy,ecmu x+y=1.

2. z=£+l,ecm/1x2+y2=1.
a b

3. z=x*4+y% ecim Xl

a
2= AX* +2Bxy+Cy’ ecmn x> +y' =1.
5. z=x"+12xy+2y*, ecu 4x* +y* =25.

/4
6. z=cos’x+cos’y,ecnu X=-y=7.

Haiiti skcTpeMasibHble 3HAYCHUS 3aJaHHOM HESBHO (PYHKIMM I OT Mepe-
MEHHBIX X, ¥ W U300pa3uTh COOTBETCTBYIOIIYIO MOBEPXHOCTb, UCHOJb3Ysl KaKOM-
1100 rpadMUeCKmii MaKeT MPUKIATHBIX TPOrPaMM.

1. xX*+y’+7-2x+2y—-47-10=0.
2. X+ Y+ =X7-yr4+2x+2y+2:-2=0.

3. (x2+y2+z2)2=a2(x2+y2—z2).
Ipumep copepxaTebHONO onucanus (Kparkoro) PI'P.

Hccnenosars Ha SKCTpeMyM QYHKIMIO z = sinxsinysin(x+y) (0<x<z,
0<y<x) ¥ n300pa3nuTh COOTBETCTBYIONIYIO TTOBEPXHOCTh, HCIONB3Ys KaKO#-T100
rpapMUECKuif TTAKEeT MPUKIATHBIX TIPOTPAMM.

Pewenue. ]lna oTBeTa HA ITOCTABJICHHBIM BOINPOC HAWAEM OT 3aJaHHOMN
(yHKIMK YacTHBIC MPOM3BOAHBIC IEPBOrO MOPSAKA z, = cosxsinysin(x+y) +

sinxsinycos(x+y) = siny[sin(x+ y)cosx+c0s(x+y)sinx:| = sinysin(2x+y), 7, =

sin xcosysin(x+y) + sin xsinycos(x+y) = sin xl:sin(x+y)cosy + cos(x+y)sin x]



= sinxsin(x+2y). MpupaBHMBas WX K HYN, NpuUaeM K cUCTeMe YypaBHEHW

|sinysin(2x +y) =0,
< ANA OTbICKAHMA KOOPAMHAT CTaLMOHAaPHbIX TOYEK.
Isinxsin(x +2y)=20

3ameTuM, YTO onpegeneHne aKCTpemMyma npegnonaraeTt To, 4TO TOYKa, B KO-
TOPOAN OH MOXET A0CTUraTbCs, AO/KHA OblTb «BHYT-
peHHel» (peyb He MAEeT O HauMeHbleM U Hanbonb-
WeM 3HaYeHUN (YHKUMW B 3afaHHON ob6bnacTtu). Mo-
3TOMY rpaHuyHbie Touku (0,0), (0,4), (5,0), (a,n),
ABNAKO LU MECA PEWEHNSAMN AaHHOW CUCTEMblI ypaBHe-
HWIA, W3 pacCMOTPeHUs ucknyaem. W3 nepsoro
sin(2x +y) =0,

YPaBHEHNA CUCTEMBbI < Hangem 2x +y
sin(x +2y)=0

= AK Ny = AK- 2x.lMoacTaBnsas ykasaHHOe BblpaXeHWEe BO BTOPOe ypaBHEHWe,

. An
nonyyum sin3x =0, 0TKyAa X =, IpUYeM M C y4eTOM YCNoBUA 0< X <51 MOXeT

PaBHATHLCSA TONbKO eAUHMULE MW ABYM. M03TOMY X =S WA X =24 . OTUM [BYM

3Ha4YeHNAM I'IepeME‘HHOI7I X CYy4YeToMm TOro, 4to 0<y <4, COOTBETCTBYIT ABa 3Ha-

. a 24
YeHUA NepeMeHHon y :y= uny=

Takum o6pa3omM, BHYTpPM paccmMaTpuBaeMoli 06nacT MMeroTCcs ABe cTalmo-

XO:25=| ,yO:2H

A A
HapHble TOYKW, KOOPAWMHATbl KOTOPbIX paBHbl: x0=",y0=
Haingem yacTHble NPOM3BOAHbIE BTOPOro nopsagka: mx = =2sinycos(2x +y), 22 =

2sinx cos(2x+Y), z = sin2(x+Yy). BblUuNCIUM 3HAUYEHUS BTOPbIX NPOU3BOAHbLIX B

CTaunMoHapHbIX TOYKax.

NMpu x0=A, yo=H umeem au = z° -43, ax zx;' =

3 9 o
ana2- a = 3- e 4>O M T K a. <0, To B aTOi Touke QyHKUUA UMeeT

_ 343
MaKCUMYM, a UMEHHO Z

29 24
Mpun x0= — , yO= — nonayuum au = Zw = 43 40, a2 5 -2/2

3 i
= ana2- a2 = 3- = 4> 0, all> 0, cnegoBaTenbHO, B 3TON TOUKe PYHKUUS z
o 3n/3
NMeeT MUHUMYM, PaBHbIl -

VIlI. MaTepnanbHO-TeXHUYECKOe obecrneyeHune



JIJist ayuTOopHO# padoThI.

YueOHas
304
(170002, Teepckas 00m.,
r.Teepp, CanoBblii mnepe-
YIIOK, A.35)

aymatopus  Ne

VYueOnas ayauropus Ne 20
(170002, Teepckas 00m7.,
r.Teepp, CanoBblii mnepe-
YIIOK, A.35)

YueOnas ayauropus Ne
308 (170002, Teepckas
001., r.TBepp, CanoBbiid
NEPEYJIOK, 1.35)

YueOnas ayauropus Ne
206 (170002, Teepckas
001., r.TBepp, CanoBbiid

NEPEYJIOK, 1.35)

YueOnas ayauropust No 7
(170002, Teepckas o001,
r.ITeepp, CanoBblii mnepe-
YIIOK, A.35)

YueOnas ayauropus Ne
310 (170002, Teepckas
001., r.TBepp, CanoBbiid

Aya. 304 mpucnocoOneHa Anst MPOBEACHUS JIEKIUOH-
HBbIX 3aHATHIA, TPYIIIOBBIX U WHIAWUBUIAYAIBHBIX KOH-
CYJIbTALMi, TEKYIIEr0 KOHTPOJSL U IPOMEKYTOUHOMH
aTTecTalli W OCHallleHa HAaOOpOM ydeOHOH meOenu,
MEJNOBOM JOCKOH, MPOEKIMOHHBIM 000pYAOBAHUEM
(MyneTEMenuiiHbIA TpoekTop Casio XJ-H2650 ¢ no-
TOJIOUHBIM KPEIUICHHEM W MOTOPH3.9KPAHOM), 3BYKO-

BbIM  oOopyaoBanueM  (pamuocucrema  Shure
PG288/PG58, mnernmmunbiii  paguoMmukpodon AKG
WMS40Pro, crammonapusiii Mukpogon SOUND-

KING EGO002 ¢ HacTONBHBIM AEP)KATENEM, YCUIIUTEID
Roxton AA-120, mukmep Mackie 402 VLZ, akyctu-
yeckas cucrema Roxton MS-40T 000000000008641
(4 wr.)), HOoytOykom ASUS "N45SF", mkadom
HaroJbHbIM 19"

Aya. 20 npucnocoOyneHa Ansi MPOBEACHUS JIEKIIMOH-
HBIX W MPAKTUYECKUX 3aHATUH, TPYNIOBBIX U UHANBH-
OyalbHBIX KOHCYJbTALMi, TEKYIIEro KOHTPOJS W
OPOMEKYTOUYHOM aTTecTallMi M OCHAIICHa HabopoM
y4eOHOM MeOENM U METTOBOM JTOCKOM.

Aya. 308 mpucnocoOneHa Anst MPOBEACHUS JIEKIUOH-
HBIX W MPAKTUYECKUX 3aHSATHI, TPYNIOBBIX U WHINBH-
OyalbHBIX KOHCYJbTALMi, TEKYIIEro KOHTPOJS W
NPOMEKYTOUYHOM aTTecTallMi M OCHaleHa HabopoMm
yueOHOI MeOenu, MEIOBOM TOCKOW, HACTEHHBIM 3Kpa-
HOM (3KpaH Ha TpeHore Da-lite versatal 213x213)) u
npoexkropom Samsung SP D300BX.

Aya. 206 npucnocoOneHa Al MPOBEACHUS JIEKIUOH-
HBIX W MPAKTUYECKUX 3aHATUH, TPYNIOBBIX U UHAWBH-
OyalbHBIX KOHCYJbTALMi, TEKYIIEro KOHTPOJS W
OPOMEKYTOYHOM aTTeCTallMM M OCHAIIeHa HabopoM
yueOHOW MeOenu, MEIOBOM TOCKOW, HACTEHHBIM JKpa-
HOM Draper Luma MW 213*213 1 MyJIbTUMEINIAHBIN
IIPOEKTOP ACER P5270 DLP
EYJ5501001729001465910.

Aya.7 npucnocoOiieHa Uisi TPOBEACHHS JICKIIMOHHBIX
W TPAKTUYECCKUX 3aHATUH, FPYNNOBBIX U WHIWUBUAY-
QJIBHBIX KOHCYJbTALMA, TEKYIIEro KOHTPOJS M MpO-
MEXKYTOYHOM aTTECTallM U OCHAIIICHa HAOOpOM yueO-
HOM MEOEJIA U MEJIOBOM TOCKOIA.

Ayn.310 npucnocoOneHa Ajisi MPOBEACHUS JIEKIMOH-
HBIX W MPAKTUYECKUX 3aHATUH, TPYNIOBBIX U UHAWBH-
OYaIbHBIX KOHCYJbTAIM, TEKYIIEro KOHTPOJS W

>




NEPEYIOK, 1.35)

NPOMEXYTOYHOM aTTecTalMd M OCHAIEHa HabOpoM
yueOHOM MeO€ENIM U MEJTOBOM TOCKOM.

JU1s caMOCTOSATENBHON pabOTHI.

ITomewmenne misg camo-
CTOATENBHOH  paboThI
00y4YaroIMXCS:;
KoMmneroTepHelii  Kitacc
Ne3 dakynbrera [IMuK
No 243

170002, Tsepckas o061.,
e.Teepv, Caooewiil nepe-
VIOK, 0.35

[Tepconanbubie OBM (kommbrotep (1. CuctemHbiii 010K
Norbel B cbope: mar.miara Gigabyte GA-H110M-S2V,
[Tpoueccop CPU Intel Pentium G4560 Kaby Lake, O3Y
Crucial DDR4 DIMM 4GB CT4G4DFS8213, TBepao-
TeapHbIM  HakonuTenb Patriot SSD  256Gb  Spark
PSK256GS25SSDR, bnok nuranust 350w) (2. Meimb
Oklick 185M wuepnbiii ontuyeckas (800dpi) USB) (3.
Knaeuarypa Oklick 130M wepnbiii USB) (4. KoBpuk
BURO BU-M90002 aBTOMOOHITH I MBIIIH, TIJIACTHKO-
BbIil, 230x180x2mMMm) (5. Monutop LCD BenQ 21.5"
GW2270HM) — 12 mtyk.

VIII. Ceenenust 06 00HOBJIeHHH pado4eii MporpaMmMbl AUCHHILIHHBI

OOHOBNEHHBIN pa3aen PeKBU3HTHI TOKYMEHTA,
No N OnucaHne BHECEHHBIX
paboucii mporpaMMel . VTBEPAMBILIETO U3MEHE-
JININ HU3MCHCHUUN
JAUCHUITIINHBI HUA

3. O0BEeM TUCLATLIAHEL Brinenenue yacoB Ha Ot 29.10.2020 roga, mpoTo-

1. NPAaKTUYECKYIO OATOTOB- | Koyt Ne 3 yueHoro coseta (a-
Ky KyJIbTETA

II. Coneprxanne nuctuivHel, | Beigenenue yacoB Ha Ot 29.10.2020 roga, mpoTo-

CTPYKTYPHPOBAHHOE TI0 TEMAM | TIPAKTHYECKYIO IOATOTOB- | KoJl Ne 3 yueHoro coseta da-
) (paznenam) ¢ yka3aHHEeM OTBe- | Ky IO TeMam KYJIbTETA

JEHHOTO HA HUX KOJIMUYECTBA

aKaIEMIIECKUX YaCOB U BUIIOB

yueOHBIX 3aHSITHIA

I. Annorammsi. 3. O6vem muic- | Usmenennst B ydeOHbIe | Pemmenue yyeHoro cosera ¢a-

LIUTUTUHBI IJIaHbl U OOHOBJIEHHE pa- | KyjbTera (mpoTokon Ne7 ot

II. Coneprxanne quctmIuiHbL | Oounx nporpamm npakTuk, | 30.12.2021 r.)

CTPYKTYPHPOBAHHOE 10 TeMaM | padouuxX MpOrpamMm JHC-
3. (pa3menam) ¢ yKa3aHWEM OTBe- | LUTUIMH B YaCTH KOHTAKT-

JEHHOTO Ha HUX KOJIMYECTBA | HOM M CaMOCTOSITEJbHOMU

aKaeMUYECKUX YacOB U BUZIOB | pabOThI

yueOHBIX 3aHSITHIA




