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I. AHHOTAIUA

1. Heab 1 321241 JUCHUIIJIMHBI
Llenbro OCBOEHUS IUCLUILTUHBI SIBIISIETCS:

— pa3BUTHE MATEMAaTUYECKON KyJIBTYpPbI, OOILLEH KYJIbTYPhI MBIIILICHUS;

— BJIQJICHUE MAaTEMaTHYECKUMHU METOAAMH, KOTOPBIE UCTIONIB3YFOTCS TP PELLIEHUN
MPUKJIAIHBIX 33/1a4 U BO BCEX JIPYTHX U3Yy4YAEMbIX TUCLMIUIMHAX, B KOTOPBIX IPUMEHS-
0TCS JTI00bIe MaTEMATHYECKIE METOTbI.
3agayaMu OCBOEHHMS JUCUUILIVHBI SIBJISFOTCS:

— BCECTOpPOHHEE M3ydeHHe (PYHKIMI 1 (DyHKITMOHATIBHBIX 3aBUCUMOCTEH;

— M3Y4EHHUE METOJIOB, 33J1a4 ¥ TEOPEM MATEMATUYECKOrO aHAIIN3A,;

— W3y4YEHHE HEONPEAEIEHHBIX U OMPEIENIEHHBIX UHTErPAJIOB, HECOOCTBEHHBIX MH-
TErPaloB, MHTETPAIOB, 3aBUCSIIMX OT IApaMeTpa, KPAaTHBIX MHTErPAJIOB, KPUBOJIMHEN-
HBIX U MMOBEPXHOCTHBIX UHTETPAJIOB, PsiioB Pypbe U UX IIPUMEHEHHUE K PELLICHUIO 3a1a4
IIPUKJIATHON MAaTEMATUKU.

2. MecTo tucuMIuiaibI B cTpykrype OOII

Jucuurmmaa «MareMaTHudeCcKui aHaau3» OTHOCUTCA K paszeiy «Maremaru-
YyecKuin» 00s13aTenpbHOM yacTh bioka 1.
JlucumruimHa HaXOAUTCS B JIOTUYECKOU U COJIEPKATEITBLHO-METOIMYECKON B3aUMOCBSI-
31 U TpeOyeT 3HaHU U yMEHUH, (POpMUPYEMBIX B PE3YJIbTATE OCBOCHUS IIKOJIbHOU
MpOTrpaMMbl IO PJIEMEHTApPHOW MaTeMaTUKE W HE0OXOuMa Kak MpeIIIecTBYoIIas
JUUIT MHOKE€CTBA JUCLUIUIMH, UCIIOJIB3YIOMNX MATEMATUYECKUIN ammapar, u3ydae-
MBIX B JaJIbHEHUIIIEM.

3. O0bém aucuMIIMHbI: 18 3a4eTHBIX enuHUI, 648 akageMHUYECKHUX 4Yaca, B TOM

qyucje:

KOHTAKTHAasI AyINTOPHAs padora: nekuyu 187 yacoB, npaktuieckue 3ansatus 171 vac;
KOHTAKTHASI BHEAYITUTOPHAs1 pad0oTa: KOHTPOJIb CAMOCTOSITENILHOM paboThl 20 yacos, B
TOM YHCIIe KypcoBasi padota 10 yacoB, pacyeTHo-rpadryeckast padota 10 yacos;
caMocTosiTeNIbHAsE padora: 270 yacoB, B TOM 4MCIie KOHTpOJIb 142 yaca.

4. Ilnanupyemble pe3y/abTaThbl 00y4eHHUsl MO JUCHUILUIAHE, COOTHECEHHDbIE C TUIAHM-
PyeMbIMH Pe3yJIbTATAMH OCBOEHUs 00Pa30BaATEIbHOI NPOTrPAMMBbI

ILnanupyemsle pe3yabTaThI
OCBOCHHUSI 00pa30BaTEILHOM IPO-
rpammbl  (opmMupyeMbie KOM-

Ilnanupyemble pe3yjbTaTbl 00y4YeHUsI 10 TUCIH-
IUIMHE

NeTeHINH)
Koo u maumenosanue xomnemen- | Mnouxamopol 0ocmudicenuss KOMNEmeHmMHOCMU 8 CO-
yuu OMBEMCcmaUL C Y4eOHbIM NIAHOM

OIIK-1. Crocoben npUMEHSTH
(dbyHIaMEeHTAIbHBIC 3HAHUS, TIO0-
Jy4YeHHbIC B 00JIaCTH MaTeMaTH-
YEeCKUX HayK, U WCIOJIb30BaTh MX
B NMPO(ECCUOHAIBHOMN ACSITETHLHO-

OIIK-1.1. OGnamaer 6a30BbIMH 3HAHUSIMHU, IOIY-
YEHHBIMH B 00JIACTH MAaTEMaTHYECKUX HAYK;

OIIK-1.2. Mcnonk3yer 06a30Bble 3HaHUS B 00JacTv
MaTeMaTUIeCKuX HayK B TpO(ecCHOHATBHOU aes-
TEITLHOCTH, BHOCUT HEKOTOPHIE KOPPEKTHUBHI MTPU MX




CTH

CTH;

HOU ACATCIIBHOCTH.

HCIIOJIb30BAHUHU B l'IpO(beCCI/IOHaJ'H)HOI‘/JI ACATCIIBHO-

OIIK-1.3. Ilpumenser u amantupyer (QyHAaMeH-
TaJIbHBIC MOHSTHUS U PE3YJIbTaThl B 00JIaCTH MaTeMa-
TUYECKUX HayK K PEUICHUIO 3a]a4 MpodhecCHOHAIb-

5. ®opma npomexytounoii arrecrammuu: PI'P (1 cemectp), kypcoBas padota (3 ce-
MecTp), 3k3ameH (1, 2, 3, 4 cemecTpsbl).
6. S3bIK npenogaBaHus PYCCKUIM.

I1. Conep:xanue TMCHUILUIMHBI, CTPYKTYPHPOBAHHOE 110 TEMaM C YKa3aHHEM OTBe-
JAEHHOT0 HA HUX KOJINYECTBA aKaJeMHYeCKHX YaCOB M BUI0B Y4eOHbIX 3aHSITHIA
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IlepBblii cemecTp
1. Begenne. Omnpenenenne | 13 3 3 7
HMPPalMOHAIIBHOTO YUCJIA.
Ceuenusi. OcHOBHas Teope-
Ma [lenexnnnaa. ['paHuiisl
YHUCJIOBbBIX MHOXECTB.
@DyHKIMN HATYpPaJIBHOTO ap-
T'YMEHTA.
2. BaxkHeiimmue Kjaacchbl 32 10 10 12

(yHK1UMii. DeMeHTapHEIE,
oOpaTHble, OOpaTHbIE TPHU-
TOHOMETpPUYECKHE YHKIIUH.
Cynepriozuniust QyHKITHIA.




3. Teopust npeaesos.
Ornpenenenue npenaena mo-
CJIEI0BAaTENbHOCTU U (PyHK-
uu. beckoneuno manbie u
OeCKOHEYHO OOJIbIINE BEIU-

yuHbl. TeopeMsl 0 Ipeaenax.

CpoiicTBa (hyHKIINH, HMEIO-
IMX KOHEeYHbIN nipenen. He-
OIpeAcICHHBIE BBIPAXKCHUS.
Yucno €. [Ipuanun cxoau-
MOCTHU. Y CJIOBUS CYIIECTBO-
BaHUs KOHEYHOTO MpeJiena.
Knaccudukarms 6eckoneu-
HO MaJIBIX ¥ OECKOHEYHO
OOJIBIINX.

35

17

4. HenpepbIBHOCTH (PYHK-
UM OJHOM MEepPeMEeHHOM.
HenpepbIBHOCTH U pa3pbIBbI
bynkiuu. OTHOCTOPOHHSIS
HernpepbiBHOCTH. Knaccudu-
Kanus paspsiBoB. Henpe-
PBIBHOCTB DJIEMEHTAPHBIX
¢bynkuuii. HanbGonbiiee u
HauMEHbIIIee 3HAaUECHUS
¢byukiuu. [Tonarue o pas-
HOMEPHOI HETPEPHIBHOCTH.
CyiectBoBaHrue 00paTHOM

byHKIMY.

28

10

Bceco

108

30

30

10

38

Bropoii cemect

5. InddepenunpoBanue
GyHKkuMH 0XHOI MepeMeH-
Hoii. [IpousBonHas u qud-
depeHman nepBoro nopsii-
ka. [Ipon3BoaHast CIOXKHBIX
u oOparnbIx Qynkmuii. [Ipo-
u3BoHAs U nuddepenman
BhICITUX MOPsAKOB. udde-
pEeHITANBI KaK HCTOYHUK
npuOIMKEHHBIX HOpMYII.

41

13

10

18




6. OcHOBHBIE TeOpeMbI
nugdepeHaTBLHOIO UC-
yucjeHus. Teopemsl o
CcpelHuX 3Ha4YeHusX. Teope-
Mbl @epma, Pois, Jlarpan-
xa, Komm. @opmyna Tei-
nopa. Paznoxenue npouns-
BOJILHOUM pyHKIIMH. DOPMBI
JOTIOJIHATEIIBHOIO YJIECHA.

30

15

7. UccaenoBanue pyHKumn
U NocTpoeHue rpagukos ¢
NOMOIIBIO NNPOU3BOJIHBIX.
VY caoBus mOCTOSSHCTBA, BO3-
pacTtaHusi U yObIBaHUS
GyHKIMU. DKCTpEMyM
¢byHkuu, HauOoJblIee U
HauMEHbUIEE 3HAUCHHUS.
HanpasieHne BOrHyTOCTH
KPUBOI M TOUKH Meperuoa.
AcumnToTsl kpusoi. Hc-
cienoBanue QyHKIUHA U TO-
cTpoenue rpapukosn. Pac-
KpPBITHE HEONPEAECTEHHOCTEMN
no npasuiy Jlonurans.

38

13

10

15

8. ®yHKkumMHu ABYX nepe-
MeHHbIX. YacTHbIE IpOu3-
BOJIHbIE U MOJHBINA qudde-
peHuuan pyHKIUN IByX Ie-
peMeHHbIX. [IponsBoaHbie
CJIOXHBIX M HESIBHBIX (yHK-
. [Ipon3BoHbIe U TH -
(depeHIuabl BHICIINX 110~
pankos. ®opmyina Tennopa.
DKcTpeMyMbl, HauboJbIIIee
Y HauMEHbIIIEE 3HAUCHHUS.
OTtHOocuTenbHBIE (YCIOBHBIE)
sKCcTpeMyMEl. [IponsBoaHas
110 HaIlpaBJIEHUIO.

40

15

12

13

9. Inddepenunan gyru.
JlexapTOBBI U MOJISPHBIE KO-
OpJIMHATBHL.

13




10. KomniiekcHblie Yucia.
Komniexkcuble pyHKIumn
NefiCTBUTEJILHOIO Mepe-
MeHHOro. KoMIuiekcHbie
YHClla U UX TEOMETpUIECcKas
uHTepnperanus. JlencTeus
HaJl KOMILJIEKCHBIMH YHCIIa-
MU, 33J]aHHBIMU B ajre0pau-
YECKOW U TPUTOHOMETpHYe-
ckoii popmax. Onpenenenue
u nuddepeHnrpoBanme
KOMILJIEKCHOM (QYHKIIUH.
[ToxazarenpHas QyHKUUA U
dbopmyna Ditnepa.

18

Bceco

180

64

48

68

Hmoeo 3a nepewviii 200 06yue-
HUs

288

94

78

10

106

Tpernii cemect

11. HeonpenejieHHbIH UH-
TerpaJi. [lepsooOpasznas
dbynakums. [Ipocretimue mpa-
BUJIa UHTErpupoBanus. 1n-
TETPUPOBAHUE IO YACTAM U
IIyTEM 3aMEHBbI IEPEMEHHOM.
HNHuTterpupoBaHue pamuo-
HaJIbHBIX BbIpaKeHUU. Pa3-
JI0’KEHUE MPABUIIBHBIX JIPO-
Oeii Ha ipocThie. UHTerpu-
POBaHUE HEKOTOPBIX IPO-
CTEUIINX UPPALIMOHATBHBIX
BbIpakeHUH. [loncranoBKkM
Oitnepa. UnterpupoBanue
TPUTOHOMETPUUECKUX

byHKIUH.

44

12

12

20




12. OnpeneJieHHbIH MHTe-
rpaja. Onpenenenue. Cym-
MmbI J{apOy. Kiaccel u cBoii-
CTBa UHTETPUPYEMBIX (PYHK-
nuid. CBoiicTBa onpenenéH-
HBIX UHTEerpanoB. CBOMCTBA,
BBIpa)KEHHBIE PABEHCTBAMMU
U HepaBeHcTBamu. MHTerpan
C TIEPEMEHHBIM BEPXHUM
npeaenom. @opmyna Hero-
tToHa-JIeiOuuma. MaTerpu-
POBaHME I10 YACTIM U METOJ
3aMeHbI liepeMeHHou. HTe-
IPUPOBAHNUE KOMIUIEKCHON
GyHKIIUU 1eHCTBUTENEHOTO
IIEPEMEHHOT 0.

44 12 12

20

13. beckoHeuyHbIe PAABI €
NOCTOSTHHBIMH 4JIeHAMHU.
Onpenenenue psga u €ro
cymMbl. OCHOBHBIE TEOpE-
MBbI. Y CJIOBUSI CXOAUMOCTH.
[Ipusnaku cpaBHenus, Ko-
iy, Jlanmam6epa, Paa6e. 1n-
TerpajibHbIi npusHak Kommn.
3HaKOYEpEeAYIOIIHECS PSIAbL.
AGCOI0THAs CXOIUMOCTb.
Crenennsle psaapl. [Ipusna-
ku AGenst u {upuxie.
YMHOKEHHUE PSAJIOB.

44 12 12

20

14. beckoHe4YHbIe MPOM3-
BegeHuss. OCHOBHBIC TTOHS-
TUA U TeopeMbl. CBA3b C psi-
JIAMHU.

20 4 4

12

15. Paznoxenue 3JjiemeH-
TapHbIX PpyHKIU. Psaj
Teisopa.

28 5 5

10

Bceco

180 |45 45

10

80

YerBEpTHIil CEMecTp




16. ®yHK1IHOHAIBHBIE 110-
CJ1e10BATEJIbHOCTH H PH-
Abl. PaBHOMEpHas 1 Hepas-
HOMEpHAas CXOUMOCTH.
VYcnoBus M IPU3HAKU PaB-
HOMEPHOU CXOJUMOCTH.

O yHKIIMOHAIBHBIE CBOMCTBA
cyMMslI psza. Henpepsis-
HOCTb CYyMMBI psJia.
[TouneHHbIl EPEXOT K Ipe-
neny. [lounennoe unTerpu-
poBanue U quddepeHIupo-
BaHMe psAnoB. Henpeprois-
HOCTb CYMMBI CTEIIEHHOT O
psaaa. UHTErpupoBanue u
muddepeHupoBaHue cre-
NIEHHBIX PSI/IOB.

33

17

17. UuTerpansl, 3aBUCH-
mue ot napamerpa. He-
cOOCTBEHHbIE HHTErPAJIbI.
JuddepenmupoBanue 1 uH-
TErpupOBaHNE UHTETPAJIOB,
3aBUCSIIMX OT MapameTpa.
®opmyna Jleiibuuna. Onpe-
JIeJICHUE UHTErpajoB ¢ Oec-
KOHEUYHbIMU npenenamu. He-
cOOCTBEHHBIE HHTETPAJIbI OT
HEOI'PaHUYEHHBIX (YHKIIUH.
['maBHBIC 3HAUEHUS HECOO-
CTBEHHBIX HHTEIPaJIOB.

29

13

18. KpaTHble nHTErpabl.
JIBykpaTHbIi HTETpaJ. BBI-
YUCJIEHUE JBOWHOIO UHTE-
rpajia. 3aMeHa EpEMEHHBIX
B JIBOMHOM MHTETpaJe.
TpoliHble HHTETpaNIBI U UX
BBIYUCIICHUE. DJIEMEHT 00b-
€Ma B KpUBOJIMHENHBIX KO-
opauHarax. [{unuuapuue-
CKHE U chepruecKue Koop-
JIMHATHI.

31

15

19. IloBepXHOCTHBIE HHTE-
rpaJjsl. [Inomane nosepx-
HocTU. HTErpasnsl no mno-
BEPXHOCTH U (popmyna
Ocrporpaackoro. Murerpa-
JIbI TI0 OIIPENEIEHHOM CTO-
POHE MOBEPXHOCTH.

31

15




20. KpuBosinHeiiHble HHTe-
rpajsbl. Onpejenennue Kpu-
BOJIMHEMHOTO UHTETrpAJIa
IIEPBOT0 U BTOPOr'O poJa
[1momaae v KpUBOIUHEWHBIN
unrerpai. @opmyna ['puna.
®opmyna Crokca. He3aBu-
CUMOCTbH KPUBOJIMHEWUHOTO
MHTErpaia oT MyTH Ha IUIoc-
KOCTH.

27 8 8

11

21. Psaabl @ypbe. OpToro-
HaJIbHOCTh TPUTOHOMETPH-
yeckux QyHkiuil. Teopema
Hupuxine. Paznoxenue B

IIPOMEKYTKE [—ﬂ',ﬂ'] . Pas-
JIO’)KEHUE B IPOMEKYTKE
[0,7:]. [lepuonnueckue
¢byHkuuu nepuoaa 21 .

29 8 8

11

Bceco

180 48 48

84

Hmoeo 3a emopoii 200 06yue-
HUsL

360 93 93

10 164

HUTOI'O 3a secv nepuod o06y-
YeHus

648 187 171

20 270

II1. O0pa3oBaTe/ibHbIC TEXHOJIOT MU

VYyebnas nporpamMmma —

Bun 3anatusa

OO6pazoBaTenbHBIC TEX-

HAaMMEHOBAaHUE pa3eiIOB HOJIOTUH
U TEM
1. Benenue Jlexunu, npaktudeckue 3a- | 1. M3noxxkeHune TteopeTuye-
HATHUS CKOI'0 MaTepuaja
2. Pemienue 3a1au
2. Baxnenmmue kiaccsl | Jlekunn, npaktuueckue 3a- | 1. M3noxeHue teopernye-
byHKIMIA HATHS CKOI'0 MaTepuala
2. Pemienue 3a1au
3. Teopus npenenon Jleknuu, npaktuueckue 3a- | 1. M3noxkeHue Tteopernue-
HATHS CKOI'0 MaTepuaja
2. Pemienue 3a1au
4. HenpepbiBHOCTh (yHK- | Jlekuun, npaktudeckue 3a- | 1. M3noxkeHue TeopeTude-
MU OJHOM NEPEMEHHOU HSTUS CKOI'0 MaTrepuasa
2. Pemenue 3amau
3. HuddepennupoBanue | Jlekiuu, npaktudeckue 3a- | 1. M3noxkeHue TteopeTnye-
GyHKIUU OJTHOM TMepeMeH- | HATHS CKOI'0 MaTepuaia
HOH 2. Pemenue 3amau
6. OcHoBHble TeopeMsl | Jlekunn, npaktudeckue 3a- | 1. M3noxeHue TteopeTnye-
JubdepeHIMaNbHOIO  MC- | HATHUS CKOI'0 MaTepuajia




YUCIICHUS 2. Pemienue 3agau
7. UccnenoBanne ¢ynkiui | Jlekuuu, npaktudeckue 3a- | 1. M3noxxeHue TteopeTude-
U TIOCTPOCHHE TPAPUKOB C | HATHS CKOI'0 MaTepuasa
MTOMOIILBIO TPOU3BOIHBIX 2. Pemenue 3agau

3. Bemonnenue PI'P
8. @yHkuuu [aByx nepe- | Jlekuuu, nmpaktuyeckue 3a- | 1. M3noxeHue teopeTnye-
MEHHBIX HATHUS CKOI'0 MaTepuasa

2. Pemienue 3a1ay
9. uddepentman nyru Jleknuun, npaktuyeckue 3a- | 1. UM3noxkenue teopernue-

HATHUS CKOI'0 MaTepuasa

2. Pemtenue 3amau
10. KommnekcHble uwucina. | Jlekuuun, npakrtnueckue 3a- | 1. M3moxenue teopernde-
KommuiekcHbie byHKIUYU | HATHS CKOI'0 MaTepuasa
JIEHCTBUTEIIBHOTO nepe- 2. Pemienue 3agau
MEHHOTI'0
11. Heonpenenenusiit unre- | Jlekuuu, npakruueckue 3a- | 1. M3noxeHue Teoperuue-
rpain HATHUS CKOI'0 MaTepuasa

2. Pemienue 3a1a4y
12. Omnpenenennsiii uHTe- | JIekuuu, npakruueckue 3a- | 1. M3noxeHue Teoperuue-
rpain HATHUS CKOI'0 MaTepuasa

2. Pemienue 3a1a4y
13. beckoneunwie psasl c | Jlekuuu, npakthueckue 3a- | 1. M3noxkeHue teopernue-
MOCTOSIHHBIMH YJIEHAMHU HATHUS CKOI'0 MaTepuasa

2. Pemienue 3a1a4
14. beckoneunsle npowusse- | Jlekuuu, npakruueckue 3a- | 1. M3noxenue teopernye-
JIEHUA HATHUS CKOI'0 MaTepuasa

2. Pemtenue 3amau
15. Paznoxenue onemeH- | Jlekuun, npakrudeckue 3a- | 1. M3noxeHue teopernue-
TapHbIX  QyHKIUWA.  Psng | HaTHs CKOI'0 Marepuana
Teitnopa 2. Pemienue 3agau

3. BrimonHeHne KypcoBou

paboThI
16. ®ynkuuoHanpHble mo- | Jlekuuu, nmpaktuueckue 3a- | 1. M3noxeHue Teoperuue-
CJIE0BATEIBHOCTH U PANBI | HATHSA CKOI'0 MaTepuala

2. Pemienue 3a1a4
17. WUnterpansl, 3aBucsamue | Jlekuuu, npakruueckue 3a- | 1. M3noxeHue Teoperuue-
or mapamerpa. Heco0- | HaTHS CKOI'0 MaTepuaja
CTBEHHBIC HHTETPAJIbI 2. Pemienue 3a1a4
18. KpaTHble uHTErpaibl Jlexuuu, npaktuueckue 3a- | 1. M3noxkeHue TteopeTuue-

HATUS CKOI'0 MaTepuaia

2. Pemntenue 3amau
19. IloBepxHocTHblE MHTe- | JIekumu, npaktudeckue 3a- | 1. M3noxeHue TteopeTnye-
rpaibl HATHS CKOI'0 MaTepuana

2. Pemntenue 3amau
20. KpuBonuHelinple uHTe- | Jlekunu, npaktudeckue 3a- | 1. M3noxeHue TteopeTuue-
rpaibl HATHS CKOI'0 MaTepuana

2. Pemienue 3agau
21. Pansl @ypee Jlexumu, npaktudeckue 3a- | 1. M3noxkeHue TteopeTnde-




HATUS CKOT'0 MaTepuasa
2. Pemienue 3agau

[IpenonaBanue y4eOHOW AMCLMIUIMHBI CTPOMTCS Ha COYETAHUM JICKLIH,
NPAKTHUECKUX 3aHATUN U Pa3INYHBIX (POPM CaMOCTOSTENHbHOM pabOThl CTYICHTOB.
B nponecce ocBOeHMS JUCUMILIMHBI UCIIOJIB3YIOTCS CIEAYIOIUE 00pa30BaTeIbHbIE
TE€XHOJOIMH, CIIOCOOBI U METOAbl (POPMUPOBAHMSI KOMIIETEHIUI: TPaAULIMOHHBIE
JICKIUY, IIPAKTUYECKUE 3aHATUS B THAJIIONOBOM PEKUME, BBIIIOIHEHUE UHIAUBULY-
aJIbHBIX 33JJaHUI B paMKax CaMOCTOSTEIbHOU padOThI.

JlucumniauHa NpeaycMaTpUBAET BBINOJHEHHE KOHTPOJBbHBIX paboT, MUCH-
MEHHBIX JOMAIIHUX 3aJaHUMN.

IV. Ouenounbie MaTepHaJbl JJIsl NMPOBeJeHUs TEKYyIIeH U MPOMEXKYTOYHOM
arTecTaluu
JIns mpoBeAeHUS TEKYIIEW U MPOMEKYTOYHOU aTTECTALINHN:

OIIK-1. CnocobeH npuMeHsTh (PyHAaMEHTATIbHBIE 3HAHUS, MOJyYEHHbIE B 00JIaCTU
MaTeMaTUYECKUX HayK, U UCMOJIb30BaTh UX B POPECCUOHATBHOMN NESITEIbHOCTH

OIIK-1.1. O6namaer 6a30BbIMU 3HAHWSMH, MOJTYYEHHBIMUA B OOJIACTH MaTeMaThde-
CKUX HayK.

[Iprmepbl TUITOBBIX KOHTPOJIBHBIX MMCbMEHHBIX 33JJaHUN U UX OLIEHKU.

1. Ilpumensis dopmyny I'puHa mnpeoOpa3oBaTh KPUBOJIMHEHHBI HHTETpall

jy[xy+ln(x+\/x2 +y ):ldy + /x? + y*dx, TIe KOHTYp C OIpaHUYMBAacT KO-
C

HEYHYI0 001acTh S .
Bcé cnenano npaBuibpHO — 4 Gainia.

= [IpaBuibHO 3anucana u npuMeHeHa gopmysia ['puna — 3 G6asia.

= NMeroTcs HETOYHOCTU TpU (POPMYJMPOBKE OKOHYATENIBHOTO BbIBOAA — MHUHYC 1-3
Oaya.

= Huuero ne caenano — 0 6aiios.

2. Haiitu mnepBooOpa3Hyto (yHKIUIO z(x, y) , €CIU dz = ( x? +2xy— yz)a:x +
(x2 —2xy— yz)dy .

Bcé cnenano npaBuibpHO — 3 Gainia.

= IMeroTcst HETOYHOCTH MTPU OTBICKAHWHU TTEPBOOOPa3HOM — MUHYC 1-2 Oasa.

- Huuero ue cnemnano — 0 6auios.
3. YuureiBas, 4TO JJIs AOCTATOYHO MAJIbIX 3HAYEHUU X HMEET MECTO PaBEHCTBO

X
Vit x—-1= E + o(x) , BBIZICTIUTH U3 O€CKOHEUHO MaJIOM o(x) TJIaBHBIN YJICH.

Bcé cnemano npaBuibHO — 4 Gainia.
= [IpaBrIIbHO BBITMCAHO OTHOIIEHHE, IIPEIET KOTOPOro Halo HaWTH — 1 Oa.
= [IpaBuiibHO HaliieH nipesen — 2 6aia.




= IM€10TCS1 HETOUHOCTH ITPU BBIACJIICHWU I'TIABHOI'O YWICHA — MUHYC 1-3 Gammna.

= Huuero He caenano — 0 6aos.

OIIK-1.2. Vcnionp3yeT 6a30BbIe 3HAHUS B 00JIACTH MaTEMAaTUIECKUX HAyK B TIpodec-
CHOHAJILHOU JIEATEIIbHOCTH, BHOCUT HEKOTOPHIE KOPPEKTUBHI MIPH MX HCIIOJIE30BAHUN
B MPO(HECCUOHANTBHON IS TEIbHOCTH.

[TprmMepb! TUTIOBBIX KOHTPOJIBHBIX TMCHMEHHBIX 3aJJaHUN M UX OTICHKH.

1. [lepexons K MOMSPHBIM KOOPAWHATAM, BBIYHMCIWTH TUIOIIA/b, OTPAHHYCHHYIO

JIEMHUCKATOH (x2 + yz)2 = 2(12(x2 - yz) U BHCIIHEHM 4YacTbl0 OKPYKHOCTH
xt 4+ y2 =a’.

Bcé cnenano npaBuibHO — 5 OalIioB.

= [IpaBuiIbHO 3amKicaHbl ypaBHEHUS KPUBBIX B MOJISIPHBIX KOOpAUHATAX — 1 Oai.

= [IpaBriibHO M300paskeHa 00JIaCTh MHTETPUPOBAHUS — 1 OasuL.

- [IpaBriIbHO 3am¥icaH MOBTOPHBIN HHTETpa — 2 Oaria.

= IMeroTcst HeTOYHOCTH TIPY HaXOKACHWH TIIONIAIM — MUHYC 1-4 Garia.

- Huuero ue cnenano — 0 6ajuios.

2. Haiit maccy M = H pdS nosepxuoctn monychepst x* +y* +z' =a’ (z20),
s

o V- ¥4
IJIOTHOCTh O KOTOPOU B KaXX10ul €€ Touke M (x, y,z) paBHa —
a

Bcé cnenano npaBuibHO — 5 OaLIoB.

= [IpaBuiibHO yKazaHa CBsI3b MEXKIY JIEMEHTaMM TUIOIIAIM B AEKAPTOBBIX U chepuye-
CKHMX KOOp/IMHaTax — 2 Oaa.

= [IpaBrIIbHO OCYIIECTBIIEH MEPEXOT K c(hepruiecKor cUCTeME KOopaMHaT — 2 0asia.

= IMeroTcst HETOYHOCTH MPU HAXOKJIEHUH Macchl — MUHYC 1-4 Garia.

= Huuero ne caenano — 0 6aios.

3. C noMoI111bt0 KpUBOJIMHEWHOTO MHTErpaia BbIUUCIUTD IUIONIAlb 001acTH, orpa-

o o 3 .
HUYCHHOW acTpoujon X=dacCoS f, y= bsin’ ¢ (0 <t< 27[). Hanpumep, MOKHO BOC-
IMOJIb30BATHCA cpopMynoﬁ S = % I xdy — ydx .
l

Bcé cnenano npaBuibpHO — 4 Gainia.

= [IpaBrIILHO COBEpILIEH MEPEXO/] K ONpeIeIEHHOMY UHTErpaity — 3 Oasuia.
= B 3aBrCcHMOCTH OT JIOMYILEHHBIX HETOYHOCTEH MUHYC — 1-3 Oaiia.

= Huuero ne caenano — 0 6aios.

OIIK-1.3. Ilpumensier u agantupyeT (QyHIaMEHTAJIbHbIE MOHATHS U PE3YJIbTAaThl B
o0JlacTi MaTeMaTHMYEeCKUX HAayK K PELICHHUIO 3a/1ad Mpo(ecCHOHANbHON NIesTEeNbHO-
CTH.

[Ipumephl TUITOBBIX KOHTPOJIBHBIX MMCbMEHHBIX 33JaHUN U UX OLICHKH.



o 2 2 2
1. Haiitu mIomaab 4aCcTu KOHyca g~ = X + ), JICXKallyro HaJl IIOCKOCThIO Oxy

. x
¥ OTCEYEHHYIO TIOCKOCTBIO 7 = /2 (_ +11.
2

Bc€ caenmano npaBuiibHO — 5 GayuioB.

- [IpaBHIIbHO Hal/IeHa IPOEKITHS HCKOMO# (HrypbI Ha rockocts OXY — 2 Garna.

- [IpaBuyIbHO 3amvcaH MOBTOPHBINA HHTETPAJ B MOJSIPHON CHCTEME KOOpAUHAT — 2 Oal-
Ja.

= VIMeroTcst HeTOYHOCTH TTPU HAXOXKJICHUH TIIOMIAAN TIOBEPXHOCTH — MUHYC 1-4 Gana.

- Huuero ue cnemnano — 0 0ayuios.

2. Haiitu o0beM Tena, OrpaHMYEHHOTO MOBEPXHOCTHIO (MapaMeTphl Mpeirnosara-

2 2

Xy oz

IOTCS TIOJIOKUTEIBHBIMU ) —5 + W +=5=1(2>0).
a c

Bcé cnenano npaBuibHO — 5 OaIoB.

= [IpaBuIIbHO OCYIIECTBIIEH MEPEXO]T K MOBTOPHOMY MHTErpaity — 2 Oasuia.

= [IpaBUIIbHO BBIYMCIIEH KaXKAbI N3 BHYTPEHHUX UHTETPaioB — 3 Oasuia.

= B 3aBrcuMOCTH OT JIOMYIIIEHHBIX HETOYHOCTEW MUHYC — 1-3 Oaiia.

= Huuero ne caenano — 0 6aiios.

3. BerunciauTh TpOMHOW UHTETpal

” xp*zdxdydz, THe Tpamuma obmactd V' 3aJaHa  ypPaBHEHWAMH
Vv

z=xy, y=x,x=1,2z=0.

Bcé cnenano npaBuibHO — 5 OaLIoB.

= [IpaBuiibHO onpezesneHa 001acTh UHTErpupoBaHus — 1 Oai.

= [IpaBuiIbHO OCYIIECTBIEH MEpeXo] K MOBTOPHOMY UHTErpaity — 2 Oasuia.
= [IpaBuIIbHO BBIYMCIIEH KAXKIbIN U3 BHYTPEHHUX HHTETPATIOB — 2 Oasuia.

= B 3aBHCHMOCTH OT IOMYILIEHHBIX HETOYHOCTEW MUHYC — 1-3 Oaina.

- Huuero ue cnemnano — 0 6auios.

V. YueOHo-MeTOoAn4YecKOe U HHPOPMAITMOHHOE o0ecniedyeHue JUCHUTINHbI
1) Pexomenayemas mureparypa

a) OCHOBHas JINTEpaTypa:

1. boponuna, E. b. Maremarudeckuii aHanmmu3 [DIEKTpOHHBIN pecypc]: yued-
Hoe nocobue / E. b. boponnna. — 2-e u3a. — DNEKTPOH. TEKCTOBBIC JaHHBIC. —
Caparos: Hayunas kuura, 2019. — 159 c. — 978-5-9758-1745-7. — Pexum no-
cryma: http:// www.iprbookshop.ru/81022.html

2.  TypesnoBa, K.H. Maremarnueckuii ananu3: yuyeOHoe mocobue /
K.H. T'ypesinoBa, Y.A. AnekceeBa, B.B. bospuinnos; MunuctepcTBo o0pa3oBaHus
u Hayku Poccuiickoii @enepanuu, Ypanbckuil (heepaibHblii YHUBEPCUTET UMEHU
nepBoro IIpesunenta Poccum b. H. Ensnuna. - ExatepunOypr: M3paTenbcTBo
VYpansckoro yHusepcutera, 2014. - 332 c. - ISBN 978-5-7996-1340-2; To xe



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

[DneKTpOHHBII pecypc]. - Pexxum
na: https:// www.iprbookshop.ru/66542.html

3. Maremaruueckuii aHanu3: ydeOHoe mocobue [DnexTpoHHbli pecypc]/ B.T.
[llepmneB. - M.: HULL UTHOPA-M, 2014. - 288 c.: 60x90 1/16. - (Bricuiee o6pa-
3oBanue: bakanaBpuar). (neperuier) ISBN 978-5-16-005488-9 Pexum nocryna:

https://znanium.com/catalog/document?1d=419610

JOCTY-

0) IOTMOJHUTEIIbHAS IUTEPaTypa:

1.  Kyry3oB, A.C. Maremartnyeckuii anHanmu3: AuddepeHnnarbHoe U HHTE-
rpajbHOE HCYHUCIeHHWE (YHKUMNA OJHOM TEepeMEeHHOI: yueOHoe mocobue /
A.C. Kyty30B. - 2-¢ u3a. crep. - M.; bepnun: {upekr-Menua, 2017. - 127 c. -
ISBN 978-5-4475-2976-5; To xe [DnexkTpoHHBI pecypc]. - Pexum mocty-
na: http://biblioclub.ru/index.php?page=book&id=462166

2. Hukonbsckuii, C.M. Kypc wmaremMaTtuyeckoro aHaimsza: Y4YEOHHK /
C.M. Hukonbckui. - 6-¢ uszf., crepeotutl. - M.: @uzmariur, 2001. - 592 c. - ISBN
978-5-9221-0160-8; To xe [DnekTpoHHbIH pecypc]. - PexuMm gocty-
na: http://biblioclub.ru/index.php?page=book&id=69500

3ameuanue. Modwcno 60cnonb308amvcs 1100bIM CIMEPeOMUnHbIM U30AHUEM YieD-
HUKO8, YKA3AHHBIX ABMOPO8, HEe3ABUCUMO O 200a U30AHUS.
2) [IporpamMHOe oOecrieueHue

KoMnbloTepHsblii Kiace pakyabTeTa NPUKIATHOH MATEMATHKH U KuOepHeTukH Ne 4B
(170002, TBepckasi 0041., r.TBepb, CaoBbIii mepeyJiok, a1.35)

AutoNom Standard OecCIUIaTHO

l'ocynapcTBeHHBIN KOHTPAKT HA MOCTABKY JIULICH3U-
OHHBIX MporpaMMHbIX poaykToB 103 - 'K/09 ot
15.06.2009

Cadence SPB/OrCAD 16.6

Deductor Academic

OecCIUIaTHO

HyperChem

Akt npenoctasienus mpas Ne Tr008313 ot
20.02.2016

ISIS Draw 2.4 Standalone

OecCIUIaTHO

Kaspersky Endpoint Security 10 ans
Windows

Akt Ha nepenauy npas [1K545 ot 16.12.2022

KTC Net 3.01

OecCILIaTHO

Lazarus 1.4.0

OecCIUIaTHO

Mathcad 15 M010

Akt npenoctasnenus npas M1C00000027 ot
16.09.2011

Akt npenocraienus npas Ne Us000311 ot

MATLAB R2012b 25092012
MHorodyHKIIMOHAIBLHBIN peIaK-

TOp ON(I)LYYOFFICE 6ecnnI;THoe mo | Oecnmarno
OC Linux Ubuntu 6ecrmutaraoe ITO OecmuiaTHO
Microsoft Web Deploy 3.5 OecIuIaTHO
MiKTeX 2.9 OecIuiaTHO
MSXML 4.0 SP2 Parser and SDK OecmiaTHO
NetBeans IDE 8.0.2 OecIuiaTHO



https://www.iprbookshop.ru/66542.html
https://znanium.com/catalog/document?id=419610
http://biblioclub.ru/index.php?page=book&id=462166
http://biblioclub.ru/index.php?page=book&id=69500

Notepad++ OecruiaTHO
Oracle VM VirtualBox 5.0.14 OecriaTHO
.. noroBop Nel3918/M41 ot 24.09.2009 c 3A0
Origin 8.1 Sr2 <<C0(bTJP[aI>'IH Tpeitn»
Python 3.4.3 OecruiaTHO
Python 3.6.0 (Anaconda3 4.3.0 64-bit) | 6ecruratHO
WCEF RIA Services V1.0 SP2 OecIiaTHO
WinDjView 2.1 OecruiaTHO

[TakeT cuMBoILHOM MaTeMaTHKH Maple.

Caiir TBI'Y: http://homepages.tversu.ru/~s000154/MAPLE/maple.html
3) CoBpeMeHHbIE MPOQeCcCHOHANIbHBIE 0a3bl JaHHBIX U WH(OPMAIMOHHBIE CIIpa-
BOYHBIE CUCTEMBI

1. OBC «ZNANIUM.COM» www.znanium.com;

2. DbC «YHuBepcurerckas oubauoreka onnau»https://biblioclub.ru/;

3. OBC «Jlaupy» http://e.lanbook.com.

4) Ilepeuenpb pecypcoB MH(POPMALMOHHO-TEIEKOMMYHUKAIIMOHHON ceTn «HHTep-
HET», HEOOXOAUMBIX JUIsl OCBOCHUSI TUCIUIINHBI

Bupryanbnas oopazoBatenbHas cpena TBI'Y (http://moodle.tversu.ru)

Hayunas 6ubnmoreka TBI'Y (http://library.tversu.ru)

VI. Meroguyeckue MaTepuaJbl A5l 00y4alOIIMXCH 110 OCBOCHUIO AMCUMILIH-
HbI

Baxxnol cocrapisomeit ganHoro pasaena PIIJ sBastorcs TpeboBaHus K
PEUTUHT-KOHTPOJIIO C yKa3aHWEM OajuioB, pACTPEEICHHBIX MEXIY MOIYJISIMH U
BUJIaMH pabOThI 00YyYarOIIUXCS.

MakcumanbHasi cyMMa 0ajuioB MO Y4EOHOM TUCIUIUIMHE, 3aKaHUYMBAIOIICH-
Csl IK3aMEHOM, T0 uToraM cemectpa cocrasisier 60 6amioB (30 6amnoB - 1-it Mo-
nyib B 30 6aioB - 2-i1 MOIYJIB).

OO6yuatomemycsi, HabpaBiiemy 40—54 Oarta, pu MOJBEJICHUU HTOTOB CE-
MecTpa (Ha MOCJeIHEM 3aHITUH MO0 JTUCUUIUIMHE) B PEUTUHIOBON BEJOMOCTH yue-
Ta YCIEBAEMOCTU M 3aU€THOM KHUYKKE MOXET OBITh BHICTABJIEHA OLIEHKA «Yy/IOBJe-
TBOPUTEIHHOY.

OO6yuaroiiemycsi, Habpasiiemy 55—-57 6anoB, Npy MOABEACHUN UTOTOB Ce-
MecTpa (Ha MOCJEeAHEM 3aHATUU 0 JAMCLMILUIMHE) B rpade peUTUHIOBOM BEIOMO-
cTu yuerta ycneBaemMocTH «llpemuanbHbie OamibDy MOXKET ObITh AoOaBieHO 15
OaJIJIOB M BBICTABJICHA SK3aMEHALIMOHHAS OIIEHKA «XOPOLIO».

OO6yuatoemycsi, HaOpapuemy 58—60 6amioB, Npu MOABEACHUN UTOTOB Ce-
MecTpa (Ha MOCJEeAHEM 3aHATUU 0 JAUCLMILUIMHE) B rpade peUTUHIOBOM BEIOMO-


http://www.znanium.com/
https://biblioclub.ru/
http://e.lanbook.com/
http://moodle.tversu.ru/
http://library.tversu.ru/

cTu yderta ycrneBaemoctn «lIpemuanpHbie Oamibny MOXET ObITh Ao0aBiieHO 27
0aJIJIOB M BBICTaBJICHA dK3aMEHAIMOHHAS OIl€HKA «OTINYHO». B Kakux-1n00 MHBIX
ciydasx q00aBjIeHUE TPEMUANIBHBIX 0AJJIOB HE JIOMYyCKAeTCsl.
OO6yuaronuiicst, HabpapiHii 10 39 0aNI0B BKIFOYUTEIBHO, CAACT IK3aMEH.
Pacnpenenenue 6amioB Mo MOAYJSIM yCTaHABIMBACTCS MpeENojiaBaTeieM U
MOKET KOPPEKTUPOBATHCSI.

MeTtoauuecke yka3aHus MPEICTaBICHBI B BUJIE COJEPKATEIBHOTO pa3dopa
pELICHMS TUITOBBIX 337a4, BOZHUKAKOUIMX PH OCBOCHUH AUCHUILUIMHBI. CaMOCTOSI-
TeNbHAsE paboTa 3aKIIOYAETCd B OCBOCHUU TEOPETUYECKOTO MaTepuana JISKIHUHA U
pelIeHus 3a1a4 1o TemaM pabodeil mporpaMmel.

Ilepewiit cemecmp

3aauu 1Jasi CaMOCTOSITEIbLHOIO PelieHust

(METOAMYECKHE YKa3aHHUs JaHbl HIDKE B paslelle «IPUMEPHI COAEPIKATEIBHOTO
OIMCAHUS PELICHUs TUIIOBBIX 3a[au» IOCIE BOIPOCOB IS IMOATOTOBKH K DK3aMe-
HY)

Jlokazamo, umo 1im4, =a  (yka3atb N(g))

1-2n° 1
1. an=m, a=—5; 2. an=2;’_—4”, a =4
—n
3. 4 2322 3 PPV e
2n—1 2 2n+1
2-3n’ 3 2n’
5. an=—2, a=-—; 6. a,= 3 , a=2.
4+5n 5 n -2

Botuucaumo npedeﬂ YUCI0601L NOC/1E0068AM EJIbHOCHLU

lim(n+3)j +(n+4)j . 5. lim(n+1): —(n—l)‘; .
o (n+3)" — (n+4) w (n+1)° + (n—1)

3. li_)lgn(wln(n—Z)—\/nz—3), 4. lim(Vn*-3n+2-n).

n—>00

5. 1 1+5+9+13+...+(4n—3)_4n+1
e n+1 2 ’
6. li“{1+3+5+...+(2n—1)_n]

n—>0o| n+3

Buvtuucinume npeden ¢pynkuyuu

- ) limM 3 limﬂ
-0 [y_9_1" "oe feme " x>0 gretg2x—Tx



1

W . _sin ., COSX -
4. lim>_—2 5. 1m0 6. lim(S2¥)=
x>0 2x —1gx x—>a sing x->2° €082
Onpeodenump 3Hauenusn cieoyiouux 6olparceHuil
In(sinax 101 1 3tex —1
1. lim 2 2. lim=—(—-—). 3. limtor
x-0 In(coshx) -0 x thx 1tgx T 2sin” x—1
4
. 1
) ax _ asmx ? cg(x—a)
4. lim———(@>0), 5. pim 222X |, 6. 1inf & :
x—=0 X x—0 chx x—a tga

OuneHo4yHbIEe CpeacTBa IJIA TEKYILIET0 KOHTPOJISA YCIIEBAEMOCTH

1-a_ konmpoavnaa mouka. Tembl Ne 1-2. Tlo Tekynieit paboTe cTyJeHTa U 3a 1O-
cenraeMoctb — 15 6amios. Ilo UTOroBOMYy KOHTPOJIIO 32 MOYJIb — 15 Oaios.
Bcero 30 6anos.

2-a_ konmponavhaa mouka. Tembl No 2-4. [lo Tekymieit paboTe cTyJeHTa U 3a 1o-
cenraeMocTb — 15 6amios. I1o UTOroBOMYy KOHTPOJIIO 32 MOYJIb — 15 Oaios.
Bceero 30 6aos.

Ix3amen 40 6annoes.
Haunbomnbiee komuyecTBo 6amioB 3a ceMectp paBHo 100.

Bonpocs! 1J151 IOATOTOBKHU K IK3aMeHY
Onpenenenue uppamroHaabHoro yuciaa. OcHoBHas TeopeMa ([lenexkunmaa).
1-2n° 1

i = N a =———— aqa=——
JlokazaTp, 4TO lima, =a (ykazaThb (8)), ecimm 4, =" 5 3

n—w

1
Jlokazarts, 4TO limn[a" — 1J =Ina (a > 0) . YKa3anue. BBecTu HOBYIO IIEPEMEHHYIO

1

— 1
y=a" -1 u yuects, ut0 y —» O npu H —> 0 . BoCMoab30BaThCA TEM, UTO lin‘}(l +y)r=e,T. ¢
y—>

BTOPBIM 3aME€YATCIIbHBIM IIPEACIIOM.
rpaHI/IHBI YUCJIIOBBIX MHOKECTB.

3/n3+5—\/3n4+5

Beraucnuth npegen lim

. YdecTp, 4T0 cyMMa nepBoIx I uie-
oo 14+ 243+, 1) ’
o a +a
HOB apU(METHIECKON MPOrpeccun § =L —*
2

Ilycts f(x)=¥ (¢>0). Tiokasars, uro f(x+y)+f(x-y) =

2f (x) f ( y). Onpenenenue noHATus GpyHkunu. Baxkneine kiaccbl GQyHKUIUM.



. lgx-1
Beruncnute npeaen llm\/——9. Vkazanue. Hanpumep, BBECTH HOBYIO ITEPEMEH-
x_ —

x—-10
Hyt0 t=x—10 u y4yects, uro t >0 mpu x —> 10.
[Tokazarh, 4TO BCAKYIO (PYHKIUIO f (x), OTPEICIEHHYI0 B CHMMETPUYHOM

WHTEpPBAJIC (—l ,1 ) , MOJKHO TIPEJICTAaBUTh B BHUJIC CYMMBI YETHOW M HEYETHOU (yHK-
UAN.

UucnoBas mociieioBaresibHOCTh. OmnpeeneHre npejieia nociea0BaTebHO-
cTh. beCKOHEYHO MaJible U OECKOHEYHO OOJIBIINE BEJIUYUHEI.

2x -2x

Berurcnute npegen im———— Vuects, uto a* =™ u acumnTOTHUECKHE
>0§in3x—-2x

paznoxenus: e* =1+a+ O(az) , sSina=a+ 0(a3) NPy JOCTATOYHO MayibiXx &, T. €. NpHU

a—>0.

. XM -2x+1
Haiitn 3nauenue BepakeHust lim—5———

. Ykazanue. IIpeacraButh apoOb
1 x¥ —2x+1 P P

X —2x+1 (x“’“—x)—(x—l)
Mozl DU (W ox)—(x-1)

(x—l).

Omnpenenenue npenena Gpyakuu (a8a). OqHOCTOPOHHUE MPEESIBI.

(3]

U pasgcinuTb YUCIWUTCIb W 3HAMCHATCIIb I[pO6I/I Ha

Jloka3aTh HEpPaBEHCTBO <’sinx, , €cIH 0<x, <7 nna mobGoro

k=1 k=1

k . YKaSaHI/Ie. Bocmoap3oBaTtbcd METOAOM MaTeMaTI/ILIeCK()ﬁ I/IH,HYKHI/H/I
Haiitu npenen lim[ (x+a)(x+b)- x} .
X—>®0

V) 0 1
Haiitn cymmy Bcex OwHOMHanmpHbIX KO0d3(ddummentoB C,+C,+... =

I !
> Ch e CF ="
k=0

= W — YHCIIO COYETaHUM U3 Nl HJIEMEHTOB MO k DJIEMEHTOB.
n— K.

n

o n k n-kyk
Vkasanne. Bocrionbsosatses popmynoit Hetorona (a+b)" = Z C,a""b" .
k=0

. Tx+8x+1
Jlokazatp (HaliTH O (8)), 4TO llm1 i =
X—>— X

[IpenenbHbIN MEepexo] B paBEHCTBE M HepaBeHCTBE. JIeMMbl 0 OECKOHEUYHO

MaJlbIX.
. . veosx—1
Haiitu npenen lim————
x>0 §in” 2x
OM Ha BBIpaXXEHUE, CONpPSHKEHHOE YHMCIUTEN0. Bocronb3oBarbes, Hampumep, TeM, 4YTO IPHU
HAXOXKJICHUU TIpejiesia OTHOIICHUS JBYX OCCKOHEYHO MaJIbIX KXY U3 HUX MOYKHO 3aMEHHTH
JIF000H DKBHUBAJIEHTHOMN €11 OECKOHEUYHO MaJIOH

. YKazaHue. YMHOXKHUTh YUCIUTENb U 3HAMEHATENb JIPO-

Hokazatb, 4yTo QyHKIUSA f (x) HEMpepbIBHA B TOUKE X, (HaiTH O (e)), €CIun
f(x)=5x*+5, x,=8.

Heonpenenénnsie BoipaxeHus.



. . log, x-1
Havtu npenen llng 33— . Ykazanue. Hanmpumep, BBECTH HOBYIO NEPEMEHHYIO
X—> g ﬂ'x
t=x-3 u yuecth, uto t >0 npu x —> 3.

JlokazaTe, uto pyHkuus f (x) HEeNpepbIiBHA B TOUKE X, (HalTH O (8)), eCclIu
f(x)=4x"+6, x,=17.

[Ipenen MOHOTOHHOM (PYHKITUH.

SIBnsieTcs M paBHOMEPHO HENMpPEPbIBHOM PyHKIUA f (x) =x’ Ha UHTepBae

(—l,l), rjae [ — moboe, CKOJIb YTOJIHO OOJIbIIOe YUCIIO0?

o ox=2x-1
Beruncnuts npeaen pyaknun lim ————

1 . Yka3zanue. Beinenuts B ynuciauTese
-1 x"+2x+1

1 3HAMCHATECJIC COMHOXXHTEIIb (x + 1) .

Hucio e.
[IpumeHss MeTon MaTeMaTUYECKON MHIYKIIMH, JT0Ka3aTh, YTO JJIS JIFOOOTO
HATYPAJILHOTO YMCJIa I CIIPABEIIMBO PABEHCTBO: 1P +2° +... = (1+2+... ‘

e +e -2 )
——— . Yuectb, uto shx[] , sinx[] , mia mocra-

Beruncnute npenen lim
x>0 sin” x

TOYHO MaJbIX 3HAaUeHHH X .
Yactuunsie nocnegoBarenbHOCTU. JIemma bonbiiano - Beliepiirpacca.

Onpenenutb 007aCTh CYIIECTBOBAHUS QYHKIUH y = arcsin 12x :
+ X

n+1
. . (2n+3)"
Beranciaute npeaci YMCJIOBOU ITOCICAOBATCIBHOCTU lim > 1 . Ykaza-
n—oo n+

X
. 1
Hue. Bocnonab3oBaThes BTOPBIM 3aMCHUATCIIbHBIM IIPCACIOM. llm(l +— =e.
xX—yc0 X

YcioBue cynecTBOBaHUSI KOHEYHOTO TIPEAea.
ITycth X —> 10 u n>0. IToka3aTts, 9TO C-O(x”) = O(x"),

O(x”) + O(x"’ ) = O(x”) (n > m), O(x")O(x”’) = O(x"””) .
. x'=2x+1
Berurcnuts npegen lim—————— Vkasanue. Boigenuts B uncnurtene u 3HaMe-
=" —x"—x+1
HaTeJIe COMHOKUTEIb (x - 1) .

CpaBHeHHE OECKOHEYHO MaJIbIX. DKBHBAJICHTHBIE 0CCKOHEYHO Majibie. BbI-
JeJIeHNE TIIAaBHOM YacTH.

VuuteiBas, 94To 1+ x—1= % x4+ o( x2) BBIJICJIUTH TJIABHYIO 4acTh U3 OECKO-

HEUYHO MaJION O(xz). Ioxasate, uto V14X —1 moxno npexcraButs B Brge %x + Ax* +

0(x3) , T. €. HAWTH, yeMy paBHO A .

OmnpeneneHre HEMPEPHIBHOCTU B TOYKE. ApupMeTHYecKHe onepauuud Haj
HernpepbIBHBIMU (QyHKUIMSIMU. [[puMepsl.



HccnenoBaTh Ha HEMPEpPHIBHOCTh U MOCTPOUTH Tpaduk (QyHKUIUU

y=lim " (x> 0). Yxazanue. Pacemorpers ciaydan 0<x<1, x=1u x>1.
n—»o ]+ x"
/4 _ex
Beruucnoute npenen lim———————— . Vkasanne. BBecTH HOBYIO IIEpEMEHHYIO

x>z §in Sx —sin3x
t=X—7 uyudectp,uto t >0 npu X > 7.
OnHOCTOpOHHSISI HeTlpepbIBHOCT. Kimaccudukarus pa3peiBoB. [Ipumepsr.

1-¢
>— TepsieT cMbIca npu x =0. Onpenenurs ynucio f (0) ,
X

Oynkums f(x)=

9TOOBI f (x) ObL1a HeNpephIBHA TIPU x = 0.

HenpepbIBHOCTD U pa3pbiBbl MOHOTOHHOM (pyHKIMU. Cyrieprno3uus Hemnpe-
PBIBHBIX (DYHKIIMA.

x+1 1
[Tycts Xx—>+0 u n>0. Joka3aTs, 4TO 2x3—3x2+1=0(x3), 0(—),

xX+1 X
arctg x 1
L0l = .
1+x X
1+ xsinx—cos2x _

Berunciantb IIpeaciI lim 5 . Yuectb, Hanmpumep, 4yTo 1—cosx =
x—0 sin” x

25il’l2 ﬁ N sinx = Zsinﬁcosi .

2 2 2

CgoiicTBa HenpepbIBHBIX PyHKIMH. [IepBas u BTOpas TeopeMbl bonbiiano —
Ko,
1) Eciin f(a)< 0, f(b)> 0;2)econ f(a)=A, f(b)=B u A# B to, uTo 13 31OrO CIENY-
€T M KaKiM CBOMCTBAaM JI0JKHA yIOBIETBOPATH GyHkuus f (x) .
lg(x+h)+lg(x—h)—21gx

h2

Iga+lgb = 1gab, Iga—I1gh = lg%, 1 hopMyITy COKpaIEHHOTO YMHOKEHUS (x—h)(x+ h) =

xZ _ h2
lg(x+h)+lg(x—h)—21gx lg( x?2 ]
2 = lim - S -
h h—>0 h
Jlokazatb, yTO PyHKIUS Y = X’ PAaBHOMEPHO HENPEPBIBHA HA OTPE3KE [a,b] :
Teopema 00 orpannueHHoctu (QyHKIUU (TiepBas Teopema Beiiepirpacca).

Haittu npenen lhlng . Yuects, uto mpu a>0 u b>0
-

x’—h*,T.e. aro lim
h—0

Ecnu dynkums f (x) ..., TO OHa OrpaHHYEHA.
[Tonw3ysace kputepuem Komm, n10ka3aTh CXOAUMOCTh MOCIEAOBATEIBHOCTH
cosl! cos2! cncp!
x, =1+ + +... — . Ykazanue. Ilokazars, yro s moboro &> 0 cyme-
1.2 23 n-\n+1)

CTBYCT YHCJIO N = N(&') , TAKOC, YTO HCPABCHCTBO ‘xn - ‘< & BBIIIOJHACTCA OJId BCEX

xn+p

n> N u mo00ro HaTypaJbHOIO Yucia p .



1 .
I[OKaBaTB SKBUBAJICHTHOCTh OCCKOHEYHO MAJIBIX: tgx —sin x [J . YKkazanwue.
p/

lim fgx —sin x

. im2s

Haiitu, yemy paBeH npezen mT
—X
2

1-+/cos x

Haittn npenen lim —————. Vkasauue. Hanpumep, yMHOKHUTD YHCIUTENb U 3HA-
2] —cos/x

X

3

MEHATeNlb Ha BBIPAYKEHUS, CONPSKEHHBbIE 3HAMEHATENI0 U YUCIUTEN0 COOTBETCTBEHHO M BOC-
II0JIb30BaThCs, HAIPUMEP, TEM, YTO NPU HAXOXKJIEHUM Ipefesia OTHOIIEHUS JIByX OECKOHEYHO
MaJIbIX KXyl U3 HUX MOXKHO 3aMEHHTD JII000H SKBUBAJICHTHON €1 OECKOHEYHO MaJIOH.

]_IOKaBaTB, 9TO0 a* —111 (a>0) JUIL JOCTaTOYHO MaJlbIX 3HAUCHHU X .

X
., oa -1
Vkaszanwue. [lokasarp, yro lim
-0 xIna

y4quThbIBad, 410 y —» 0 opu x —> 0.

[TonsiTHE O PAaBHOMEPHOU HENTPEPBIBHOCTH.
3
. x +1 .
Beruuciantb npeaen lim — —— . Hanpumep, Bocnonb3oBaThCsi 0AHOM U3 ¢op-
x—>-1 sm(x + 1)

o o X
= 1. Bocmonb3oBaThest HOBOI mepemennoii y=a —1,

MYy COKpaH_IéHHOFO YMHOKCHHA U IICPBBIM 3aMCYATCIIBHBIM ITPCACIIOM.
Jlokazatb, 4TO PyHKIUS Y = X’ PABHOMEPHO HENPEPHIBHA HA OTPE3KE [a,b] :
Teopema Kantopa.
e +e -2

Beruucnute npenen lim—————_ Vuectp, 4T0 shx[] sin x [J I 1O-
>0 sin’ x ’ ’ ’

CTaTOYHO MaJIbIX 3HAYCHUU X .
Jokazarb, yTo (yHKIUS f (x)=sinx HEIpepbIBHA MPHU JIIOOOM 3HAYEHUU

X=X,.

) \/1+tgx—«/1+sinx
Beruncnute npenen lim 3 . Ykaszanue. /[na Havayja ymHO-
X—> X

JKUTb YUCJIUTECIIb U 3HAMCHATCJIb Ha BBIPAXKCHUC, COMMPSKCHHOC YN CIIUTCIITO.

Jns dyuximu y=f(x) = shx = % HaliTH 00paTHYI0 ()YHKIIUIO

X -X

e —e
2

HernpepbIBHOCTD 21eMEHTapHBIX (PYHKITUH.
. . 3—+10-x
Haiitn npepen lim———

x>l sin3zx

HyI0 t=x—1 H y4ecCTh, YTO t—>0 11pu x —> 1.

SABnsercs 11 paBHOMEPHO HENpepbIBHOW GyHKIUSA f (x) =x’ Ha uHTepBale

xX= g(y) , T. €. HAUTH X W3 YPABHEHUA Y =

. Ykazanue. Mcnonb30BaTh HOBYIO NEPEMEH-

(—l,l), rjae I — mo0oe, CKOJIb YTOJIHO 00JIbIIIOe YUCIIO0?

Hokazatb, yto QyHKIUSA f (x) HEMpephIBHA B TOUKE X, (HATH O (8)), €CIu
f(x)=-5x-8,a x,=2.



1
Haiiti ipestent tim(x+e*)~. YkasaHue. «BbHeCTH» e 32 3HaK pajuKaia H
x=>0

1
BOCIIONIb30BAThCA TEM, 4TO lim(1+a)« = €.

a—0

HpI/IMepr COACPKATECJABHOIO OIMUCAHUSA PCINCHUS TUIIOBLIX 3a1a4

1—2”2 1
— 5, U g=—=.
2+ 6n’ 3
Pewenue. 1lo onpeneneHuto mpeaena sl JIFOOOTO CKOJb YTOAHO MAaJIOTO
qyucia &>0 JTOJDKEH CYIICCTBOBAaTh TakoW Homep IV (6‘), yTo I BCeX n> N

1. JlokazaTts, uto lim &, =a (ykazats N (8) ), eciu 4, =
n—>oo

JIOJKHO BBITIOJHATHCS HEPABEHCTBO \ a,-— a\ <¢.

3aMeTHM, YTO €CJIM peub UAET 00 yCTaHOBIEHUU (haKTa CTPEMIICHHMS MOCIIe-
JIOBAaTEJIbHOCTU @, K Tpejaety @, TO COBCEM HE 00s3aTeIbHO YKa3blBaTh HAUMEHb-
niee 3HayeHue N , U1 KOTOPOTO BBIITOIHSETCS HEPABEHCTBO \an —a\ <& mpu n>N
. Baxken cam (akt cymiectBoBaHusl Takoro Homepa N .

1-27" 1 2 2
PaccMoTpuM  pasHocTh |a,-a| = |——+=| = 3-6n +2+6n | _
2+6n" 3 3(2...6,,2)
5 6 _ 1 1
< = _ < — < ¢. CrenoBatensHO, JO/DKHO BBINION-
6(1+3n°)  6(1+3n°) 1+3m 3n
1 1
HATHCS HEPABCHCTBO n? >, T. €. 3 N MOYKHO B3Th LIEJIYIO 4acTh 4UCIIA Nk
& £

Tem caMbIM YTBEPKICHHUE JOKA3aHO.
Cnenyer 3amMetuth, yTO N MOXKHO ObUIO OBl HATM W W3 HEPABEHCTBA

ﬁ <. HO BOBCC HEC O65[33TCJ'IBHO HaxXOIUuTh HAMUMCHBIIICC BO3MOKHOC 3HA-
6(1+3n

yeHue N . BaxHo, 4TO TakOM HOMEP B MIPUHIIUIIE CYILIECTBYET.

2. BBIUHCINUTB TIPEIEIbl YUCIOBBIX MOCIEI0BATEILHOCTEM:

1+5+9+13+...  3) 4n+1]. 6) lim %/"3"'5_\/3”14"'5 )
- ’ oo 14345+, 1)’

a) lim

n—»oo

n+1 2

RPRCT UE CIAS) R
n—>e (3n)!(n—1) n—>wo ’
Pewenue. HamomMHnM, 9TO CyMMa KOHEUHOTO YHCJIA WICHOB apupmMeTuye-
CKOM MPOTPECCHU PAaBHA MPOU3BEACHUIO MOJYCYMMbl KPAaWHUX YJICHOB HAa YHCIIO
cllaraéMbIX, T. €. CyMMa TMEpBbIX H UIEHOB apu(PMETUYECKON MPOTPECCUu
a, +a, n

@,5d,,...  BbIUKCISETCS 110 Popmyde S, = >

a) Yucnutenb nepBoil ApoOu SIBISIETCS CYMMOM I 4JI€HOB apu(MeTHIeCKOU
nporpeccuu ¢ wieHamu 1, 5, 9, 13, ..., 4n—3, MO3TOMY C YYETOM YKa3aHHOU



: - 4n+1
(bOpPMYITbI fim]| L3 HOHI3H | 3) dnt1| _ . [ (2n-1)n }

n—o n+1 2 n—»o0 n+1 2

1 1

. 4n*—2n—4n*—4n-n-1 _ .  Tn+l . n(7+n] _ 7+;

lim 2(n+1) TPy R o S G R

" )

n n

7
>

0) YuuTbiBasi, 4TO 3HAMEHATENb APOOH SBIISICTCS CYMMOM I 4WICHOB apudme-
TUYECKOM

. Yt +5-3n"+5
nporpeccun  1,3,...,2n-1, wumMeem lim

mol+3+5+... 1)
5 5
M+~ —n* 3+
n\/ n’ n\/ ‘

1 5
lim - n_ = lim —i/1+—3—\/3+i4 - 3.
n—-w n n—o| p n

n

B) CUMBOJ n! O3HA4YaeT MPOU3BEACHUE IMOCIEAOBATEIbHBIX HATYypPAIbHBIX
yucea OT 1 10 I BKIIOYUTENBHO, T. €. n!=1-2-3-...

. Cnenyer 3aMeTUTh, HAIPU-
3n
MEp, 4TO n!=n(n—1)!. Hrak lim(3n_1)!+(3n+1)! = li (3"—1)!§+(3n)!(3"+1)

1
e (3n)1(n—1) e (3n)!(n 1)
1
(3n)!i+(3n)!(3n+1) (3n)!(1+3n+1] 3+
= lim——" = lim 3n = lim=——*% =3
n—w (3”)!(”-1) n—a (3}1)!(”_1) n—w -1
n

r) Beipaxenue 24282 , Ipeaes KOTOPOro HA/0 HAWTH, MOXKHO Mepe-
LI 1
nmucath B Buje 222423%...

. Kak u3BECTHO U3 3JIEMEHTAPHON MaTeMaTHKH, MpU

YMHOXCHHWH YUCCII ¢ OAMHAKOBBIMHM OCHOBAHUAMM ITOKA3aTCJIW CTCIICHU CKJIa/bl-
1 1 1 1

- - = - 1.1.1 1
BaIOTCH, T. €. 2224 28...

B JaHHOM CJIy4dac CTCIICHb YMCJia JBa €CTh HEC YTO MHOC, KaK CyMMa I 4ie-

HOB FCOMGTpH‘-IGCKOﬁ nporpeCcCuu CO 3HaMCHATCJICM, PABHBIM l . Tak kak CyMMa

Il 4JIEHOB T€OMETPUUECKOi Tiporpeccuu b;,b,,

_ CO 3HAMEHATENEM ¢ paBHa S, =
1 1

b,(1-4") 1 1 1 1 _2 1_? 1
———2 TO —+ —+—+. = =1-—

1—¢q 2 2 2? 2 1 2"

2
. [IETET L
CnemoBarebHO, lim (ﬁs/iﬁ/i TN =1im 2248 7 =lim2 ¥ =1,
n—»o Vi —>®©



1+sinx—cosx

3. Haiiti mpenen lim - )
x>0 1+ sin px — cos px

Pewienue. llepexons K TOJOBUHHOMY YTy g, MIOJIb3YSICh M3BECTHBIMU

(dopMynamu 37I€MEHTAPHON TPUTOHOMETPHUH sin x = 2sin % cos% U 1—cosx=2sin’>,

. .2 X . oX X
. ] 1+sinx—cosx 2sin E+2s1n5cos5
HaWJIEM: lln(f,i - = lim =
¢ 1+sinpx—cos px 0 2sin’ px + 2sin—px cos—px
2 2 2
sini sin£+c0s£ sinf px sin£+c0s£ 1
. 202 2) _ . 2 2 2 » 1 _1
lmg = 111)13 " . - - " - - = —.
” sin px sinﬂ+c0sE — sin—p sinp—+cosp— P 14
2 2 2 2 2 2

3aM€TI/IM, 4TO IIPpHU HAXOXIACHHUHU IIPCACIa BOCIIOJIB30BAIIMUCH IICPBBIM 3aMC-

YaTCJIbHBIM IIPCACIIOM lim sina

a—>0 a

=1.

CJ'IGIIyeT OTMCTHUTDB, YTO TOT KC IIPCACIT MOIKHO HaWTU U mo-Apyromy, €CJiIn

BOCIIOJIB30BATHECA ACUMIITOTHYCCKUMHU PA3JIOKCHUAMU, T. €. TCM, YTO AJIA1 JOCTA-
2

o a 4 ) a 5
TOYHO MAJIBIX 3HAYEHUN & : COSQ = 1—F+0(a ), sing = a—§+0(a ) Torna

1+sinx—cosx ) 1+x+0(x3)—1+0(x2) ) x+0(x2) . 1+ 0(x)
lim = lim = lim————~% = lim————
—01+sinpx—cospx 01+ px+ 0(x3)—1+ O(xz) x>0 px+0(x2) 0 p+0(x)
_1
=

beimo ydreno, dro 0(x3) + O(xl) = O(xz). JIeCTBUTENBHO,

3 2

EE}O(xO)(J;ZO)(x ) = lim Clx;:_xfzxz _ !}i‘%[%)ﬁ%j = lim[0(x)+C] = C.3xeck

c, C, C,, C, — orMuHbIE OT HyJIS TOCTOSHHBIE.
Ecim B 3TOM K€ TpUMEPE  MCIONB30BaTh  CHMBOI  «0», TO

o(x)
. 1+sinx—cosx ) 1+x+0(x2)—1+0(x) x+o(x 1+ N
lxlggl+sin x—cospx lxlggl 2\ _q ~ lim = lim (x) B
p p +px+o(x )— +o(x) 0 px +o(x) p+o x
l,T. K. limﬂ =0.
x—>0 X
Beuto ydreHo, 4To 0(x2)+o(x) = o(x). JIeCTBUTENLHO, 0(x2)+o(x)=

Bi(x)x*+ B, (x)x = [B()x+B(x)]x =Bx)x = o(x). 3aech B(X),5(X), B —

GyHKIIUA, CTPEMSIIIHECS K HYIIIO pU x —> 0.

4. Onpenenuth 00JIACTH CYIIECTBOBAHUS (OMIPECICHUS ) CASAYIOMNX (YHKITHIA:



a) y =\3x-x';06) y = lg[cos(lgx):l ;B) ¥ = arcsin 12+x
X

r)y = \/sin2x ++/sin3x (0<x<2x).

Pewienue

a) qDYHKHH}I OIIPpCACIICHA, CCJIN ITOJAKOPCHHOC BBIPAXKCHUC HCOTPUIATCIIBHO.
CJ'IGI[OB&TCJIBHO, AOJIDKHO BBIIIOJIHATBHCSA HCPABCHCTBO 3x—x'>0 WIHW, YTO TO XK€
caMocC, x(x2 — 3) <0. Ecmu 3anucarh ImocCJICAHEC HCPABCHCTBO B BHIC

x( x—-3 )( x+3 ) <0 ¥ BOCIIOJIb30BaThCS METOJIOM HHTEPBAJIOB, TO Cpa3y HaWIEM,

r T

9T0 QYHKIMS y CYIIECTBYET MPU 3HAUCHUSAX X € (—oo,— V3 ] U . .

6) Oynkuus onpesenena ecmu x>0 u cos(Igx)> 0. M3 mocneanero HepapeH-
CTBa  CIEIyeT, 4YTO  JOJUKHO  BBIIONHATBCA  JBOMHOE  HEPABEHCTBO

. p o k-2 2mk+ 2
~5+ 2wk < lgx < S+ 27k , OTKyAa, MOTEeHUUpys, Haujaém 10 2 <x<10 2. BbI-

JI0 YYTEHO, 4TO cost >0, €CIu _§+2ﬂk< t<%+z,,k (k=0,+1,%2,... .

B) OyHKIMS ompejesieHa Il BceX 3HAUCHUH X, YIOBJIETBOPSIONIUX HEpa-

2x
BEHCTBY |——|<1. DT0 03HA4aeT, 4TO —1 < 2xX _ 1. Takum 00pa3om, HEOOXOIUMO
1+x 1+x
2x
1— +1=>0,
HaWTH PEIICHUE CHCTEMBbI JBYX HEPABCHCTB ;x Ona >KBHBAJICHTHA CH-
X
—=1<0.
1+ x
3x+1
" >0,
cTEME + ’; Hcrnonp3yss MeTOm WHTEPBAJIOB M3 TIEPBOTO HEPABEHCTBA,
-1 <0.
1+x

HaMaEM, 4TO x<—1 WIH x > _i, a U3 BTOPOro HepaBeHCTBA — —1< x<1. CienoBa-

TCJIBbHO, 3HAYCHU A —% < x <1 YAOBJICTBOPAIOT o0ouM HCPaBCHCTBAM.

r) OyHKIUS CYIIECTBYET, KOrja 00a MOJAKOPEHHBIX BBIPAKEHUS HEOTpHUIIA-
sin2x >0,

. I/IS HepBOFO HepaBeHCTBa CUCTCMBI CHeI[yeT, qTo
sin3x > 0.

TCJIbHBI, T. €. {

2nk <2x<m+2mk Win ”kgxgng”k. W3 BrOporo — 2rn<3x<z+2zn WIH

ZT”nSxS§+2T”n,FIle k ¥ Il — 11eNble Yuca.

3amMeTuM, 4TO MO YCIOBHIO 33auu 0< x <2z, TIO3TOMY k MOXET MPUHU-
MaTh TOJILKO 3HaueHus 0 uim 1,an—0,1, 2.



Urak, npu k=0 u n=0 3HAYCHUS HE3aBUCHMOW MEPEMEHHOM X YJIOBIIE-

TBOPSIFOT COOTBETCTBEHHO HEPABEHCTBAM 0 < x g% UO0<x< % OIHOBPEMEHHO 3TU

ABa HCPABCHCTBA BBIITOJHAIOTCA IIPU 0 < x < % .

IIpn ocTanbHBIX 3HAYEHUAX Kk U I POMEKYTKH 3HAYEHUU X, B KOTOPBIX

sin2x>0 ¥ sin3x>0 mepeceKaroTcs TOJBKO HpH k=1, KOrga r< x537” U IIpu

n=2, Korjia 4?” <x< 5?” . OI[HOBpeMeHHO 9TH IBa HCPABCHCTBA BBIIIOJIHAIOTCA IIPH

dr 37
2

Takum oOpazom, GyHKIUS y OIpesesieHa B IPOMEKYTKe 0< x <2z, eclu

HC3aBHUCHUMaA IICPCMCHHAA IIPUHUMACT 3HAYCHUA (< x < % NN 4Tﬂ. <x< 3—” .

2

Bmopoii cemecmp

3agaum IS CAMOCTOSATEILHOTO pellleHusl
(MeToAMYECKUE YKa3aHUsl JaHbl HUXE B pasfelie «IPUMEPHI COAEPKATEIHLHOTO
OMMCAHUs PEUICHUs TUMOBBIX 33/1a4» IMOCJE BOMPOCOB ISl MOATOTOBKHU K AK3aMe-

HY)

Hcxo0a uz onpedenenusn npouseoonoil, Haumu f'(0)

1. f(x):\/1+ln(1+xzsinl)2—1, x#0; £(0)=0.
x

2. 5

2. f(x)=sine  *-1)+x, x#0; f(0)=0.

2sin3
3. f(x)=3  *—1+2x, x#0; f(0)=0.

RY

e —Cosx

4 f0=5"28 w0 FO)=0.
2
5. f()=xteos 4+, xz0; £(0)=0.
3x 2
6. fx) =122 "5 _11x), x#0; F(0)=0.

Haiimu npou3eoonyio



1. y=x—ln(2+ex+2 ezx+ex+1). 2. y=2Je*+1+In Ner+1-1,

Ve* +1+1

cos(sin3)-sin® 2x cos(In7)-sin’ 7x

3. y= (sin5) ) 4, y= (In7)
2cosdx 7cosldx

1 2+\/—thx 1++thx

5- = 6. =—l ——arct \/
Y= 4\/_ 2—/5thx Y 1- \/ &

7. y=x" . 8. y=x"

« ! o
Haiimu npou3e00Hy0 nepeozo nopaoka y, om (QyHKuuu, 3a0aHHOU napamem-

puuecku
_ 3+l X =arct
SEYER x=+1-¢ - aretst,
1. ; . 2. ’ 3. V142
4 =tgVJ1+t. y=In .
y=sin(—+1) Y 1+¢
r 1-¢ x = (arcsing)’
4 x=1n ﬁ’ 5 - 9 6 X = lntgt,
4 + . 2 . _1/ . 2
_ g y=t/N1-t". y=1/sin"t.
Ly_ -

« n «
Haiumu npouseoouyio emopozo nopadka y . om QynKuuu, 3a0annou napa-

mempuiecKu
2 1
x=+1-1", xX=-, X = cos2t,
1. 1 2. ! 1 3. 2
y:—. — y= 2 ,°
¢ y 141 cos” ¢t
t
X =e cost x =t+sint =e'
4. L 5. ’ 6. 17
y=e'sint. y=2+cost. y = arcsint.

Hocmpoums cpagpuxu pynkuuit c nomouiblo nPOU3800HOI NEPBO20 NOPAOKA

1. y=1-x*-2x. 2. y=2x—33{/F. 3. y=123—“6(x_2) .

x’+8
3 _ 2
4. y=—12—“6(x1). 5. y=3x(x+2). 6. y=3x’+4x+3 .

x*+2x+9

Haiimu naubonvuiee u HaumeHnbvuiee 3HayeHue YHKUUIL HA 3A0AHHBIX OMpe3-
Kax

4
1. y=x2+E—16, xe[1,4]. 2. y=d4-x-—
X

20

x € [1.4].



3 2(x2+3)
x*=2x+5
5. y=2Jx-x, xel0d]. 6. y=x-4/x+5 xe[l9].

3. y=32(x-2)’B-x)-1, xe[0,6]. 4. y , xel[-33].

Ilposecmu nonnoe uccnedosanue GynKyuil u nocmpoums ux 2paguxu

x +4 _xz—x+1 2

1. y= R 2. y= 1 .y=x(x+2).

sinx + cosx

V2

4. y=3Y2-x)(x*—4x+1). 5. y=3Y2+x)(x*+4x+1). 6. y=

Hccnedosame na skcmpemym yukyuu 08yx nepemeHHvIx

1. z=x"+(y-1)". 2. 1=x"—xp+y  -2x+y. 3.
z=x"y (6-x-y).

2 2
4. z=x"+y'=x"=2xy-2y". 5. z=xy,/1—x—2—i—2 (@>0,b>0).
a

6. z=x—-2y+Inx’+y’ +3arctg1-
x

Haiimu mouku yci06H020 IKCmpemyma c1edyiouux QyHKuui
X

1. z=xy, ecaux+y=1. 2. z=—+l, ecrux’ +y*=1.
a

3. zox?4y?, ecnn S+¥ 1. 4. 1=A¢" +2Bxy+Qy*, ecnux’+y’ =1.
b

a
5. u=xy'z’, x+2y+3z=a (x>0,y>0,2>0,a>0).
u=xyz, ecmux +y'+7' =1, x+y+z=0.

.

Ilymem nocneodosamenvnozo ougghepenyuposanus UCKIOUUMb RPOU3BOIbHDLE
Qyukyuu @ u Yy

X
L z=x+o(x,»)- 2. z=x¢(;). 3. z=p(x)+w(y)-

4. z=p(x)-w(y). 5. 2= x¢(§)+ yu/(i) . 6. z=0(xp)+ u/(i) :

OneHouHbIe Cpe€aAcCTBA JIJIA TEKYILIET0 KOHTPOJIA YCIIEBAEMOCTH



1-a konmponvuaa mouxka. Temsr No 5 — 7. Tlo Tekymieit paboTe cTyAeHTa U 3a MO-
cemnaemMocTb — 15 6aiioB. I1o TOroBoMy KOHTPOJIIO 32 MOAYJL — 15 OaoB.
Bcero 30 6ainos.

2-a_koumpoavhas mouka. Tembl Ne 8 — 10. Ilo Tekymieir paboTe cTyaeHTa U 3a
noceimaeMoctb — 15 6amios. [1o uToroBomy KOHTpOIIIO 32 MOAYJIb — 15 Gasios.
Bcero 30 6anos.

Ik3amen 40 6annoe.
HawnGomnbmee kommaecTBo 6amioB 3a cemectp pasHo 100.

BOHpOCBI AJIA TIOATOTOBKH K 9K3aMCEHY

[IpousBoanas u quddepeHran nepBoro NopsaKa.

[Ipon3BoaHbIE TPOCTEHIINUX (PYHKITHIA.

[Ipou3BogHAas CIOKHBIX U OOpaTHBIX (QYHKIIUMA.

[IpousBoaHble U AU PepeHIInanbl BEICIIUX MOPSAIKOB.

[Tapamerpuueckoe audpepeHnpoBatme.

OcHoBHbIe Teopembl qudpepennnansuoro ucuucienus (Oepma, Poss).

®opwmynel Jlarpanxka n Komm.

®opmyna Telnopa st MHOTOUYJIEHA M IPOU3BOJIBLHON (QYHKIIUU.

HccnenoBanne GyHKIMNA ¢ TOMOIIbIO POU3BOIHBIX.

OKcTpeMyM (pyHKIMHM, HAMOObIIIEE U HAUMEHbIIIEE 3HAUCHHUE.

Uccnenosanue GyHKIMI U TOCTpOCHHUE TpaPUKOB.

HamnpaBnenue BOTHYTOCTH KPUBOUM M TOUKH NIEperuoa.

ACHMIITOTBI KPUBOM.

PackpeiTie HeonpeaenEHHOCTEN ¢ TOMOIIBIO ITpaBwiIa Jlonurars.

OyHKIMSA ABYX MepeMeHHbIX. OCHOBHBIE TTOHSTHS.

YacTHble MPOU3BOHBIE U MOMHBINA nuddeperuan GyHKIMA TBYX HE3aBU-
CUMBIX [IEPEMEHHBIX.

[Ipou3BOAHBIEC CTIOKHBIX U HEABHBIX (DYHKIIUM.

[TpousBoanbie U nuddepeHIanbl BICIIUX MOPSAKOB GYHKIIUUA ABYX Tepe-
MEHHBIX.

HeoOxonumblil npusHak 3kcTpeMyma (yHKIUU JBYX HE3aBHUCHMBIX IIepe-
MEHHBIX. JloCTaTO4YHBIE YCIIOBHS 3KCTPEMYMa.

[IpousBoaHas no HanpaieHuto. ['paguent GyHKIHH.

Huddepenunan gyru.

KomriekcHble 4nciia u uX reoMeTprudecKkasl MHTeprpeTanus.

Nmeet mu QyHKIHS y = cosx + chx IKCTPEMYM IpHU 3HaUe€HUU x =07 (Uccre-
JA0BaTh C MOMOIIBIO IMTPOU3BOJHBIX BBICHINX HOpS[)IKOB).

HccnenoBath Ha 3KCTpeMyM (YHKIHMIO JBYX HE3aBHUCUMBIX MEPEMEHHBIX
7=x"+(y-1)".

JleficTBUSL HaJ KOMIUIEKCHBIMH YHCIIaMH, 3aJaHHBIMH B allreOpandecKon
dbopme.

JlelicTBUSL HAJl KOMIUIEKCHBIMU YHUCJIaMHU, 3aJaHHBIMA B TPUTOHOMETpHUYE-
ckoi popme.



N3Bneyp KOpeHb i

W3B1eub KOPEHb 2+ 2i/3 .

50 20
HccnenoBarh Ha SKCTpeMYM QYHKIHIO I = Xy + -t N (x>0,y>0).

o 2 2
HaiiTu TOYKM YCIOBHOIO KCTpeMyMa QyHKIMU =X+ , ecimu =~ 4+ % =1.
a

BBonst HOBYIO IepeMeHHYI0 X = ¢’ TIpeoOpa3oBaTh 0OBIKHOBEHHOE U] de-

! ’
penumanbHoe ypasHerne: X'y +xy' +y=0. Vuecrs, uro ). = l‘, Y = %[&,].t; "
xt xt

!
TO, YTO f, =— .

t
[TokazatenpHas dhyHKIMA U Hopmyma Dimepa.
OTtHOcuTENbHBIE (YCTOBHBIE) SKCTPEMYMBI.

VccinenoBath Ha OSKCTpeMyM OGyHKmmio I = X +xp+y —4Inx—10Iny
(x>0,y>0).
3amensisa npupanieHue GyHkuuu auddepeHnnanom, mpudINKEHHO BbIYKC-

JUTH /1,02° +1,97° . Vkaszauue. Paccmorpets dynkuuio f (x, y) = x>+ y* u yuects, uTO
f(x0 +dx,y, +dy) ~ f(xo,yo) + fx'(xo,yo)dx + fy'(xo,yo)dy .

IIpuMepsI coepKaTeILHOTO ONMUCAHUSA PelIeHNs] TUIIOBBIX 32124

1. Haiitu nponsBozuyio GyHkumn y(x)=x— ln(z +e 42V et + 1) .

Pewenue. Ecivi B PyHKITUIO HECKOJIBKO Pa3 BXOJUT OJTHO U TO K€ BBIpaXKe-
HUE, TO €CTh CMBICI BBECTH BCIIOMOI'ATENIbHYIO IIEPEMEHHYIO, PABHYKO 3TOMY BBI-
paxkeHuto, U AU depeHuupoBaTh UCXOAHYIO QYHKIHIO KaK CIOXKHYIO QyHKIHIO. B
ATOM cilyyae MOBTOPSIIOUIEECS BbIpakeHHUE Hajo Oyaer nud@epeHunpoBaTh TONb-
KO OJIMH pas.

IIycts t = ¢*, Torga y. = J;+t.. C yd4eTroM 3aMeHBI MCXOmHas (YHKIIHS
IPUMET BU] y(t) = lnt—ln(2+t+2 t2+t+1), ClIeo0BaTEJIbHO,

2t+1

1+ ——— > 5 - ,
Y= 1 [ reel (2+0)Vt +t+1+2(t +t+1)‘—t\/t +t+1-200 -1t
! 24+t+ 2V +1+1 t(2+t+2\/t2+t+1)\/tz+t+1
WE+E+1+142 1 1

! ] !
=)=ty
t(2+t+2\/t2+t+1)\/t2+t+1 NP+t +1 T e et 1

2. HaiiTu acUMITTOTHI U TIOCTPOUTH TpapuK QYHKIHHA y =+ x* + X .



Pewenue. Oynxuus onpeaeneHa sl BCEX 3HAYCHUNA X, HE MPHUHAJIEHKA-
UX WHTEPBAILY (—1,0), IIpoBepuM, uMeErOTCA U 2 /

ACUMIITOTHI. VYrioBo#t k03 GUITMEHT HAKIIOHHON
aCUMITOTHl Y =ax+b ompenensercs Kak IMpenen oT-

Homenus ¥, T. €. # = im?2. B ganHom ciydae ¥ =

X X X .
1
ol B
= X TlodToMy a=1 mpu X—>+© u \
X X .
@=-1 npu x—>-©. CBoOOAHBIA WieH b = lim(y-ax) = lim( x2+x—x) =
X—>+00 X—>+00
lim————= 1 5 = lim(y-r = lim( x2+x+x) = lim—— =
=, -
X+ /x2+x+x 2 xX—>—00 4 X—>—0 X—>—00 /x2+x_x
X
lim =_1

X—>—00 1 2
—x 1+ —x
X

CDYHKIIHH IMPUHUMACT ITOJIOKHUTCIIBHBIC 3HAYCHUSA BO BCel o0JlacTu oIIpcac-
JIEHWd, 3a HUCKJIIOYEHUEM TOJBKO TOUEK x=-1 U x=0, rac OoHa 06pan1aeT051 B

, 2x+1
HyJb. [lepBas npousBoaHas y (x) = ——— CTPEeMHUTCSI K MUHYC OE€CKOHEYHO-

2x +x
CTU TIpU x = —1-0 U K TUIIOC OECKOHEUYHOCTH Npu x — +0. BTopas npousBoaHas

1 o
y"(x) = EVIFUERYA <0 U1 BceX 3HAUCHHMM X, MpUHAISKAIINX 00JIacTH OIpe-
4(x2 + x) 2
neneHus GyHKIHWH, |, CIIeI0BAaTeNIbHO, Tpa@uK (YHKIIMM BOTHYT BHU3.

Takum oGpazoM, rpaduk ucciaeayemMort pyHKIMKU (PUCYHOK) UMEET JBE Pa3-
JUYHBIC ACUMIITOTHI MPU CTPEMJICHUHU X K TUTFOC MJIM MHUHYC O€CKOHEYHOCTH, a

VMEHHO: Y=x+% pu X — 490 U )7=_x_% pu X —> —0,

3. Omnpenenuth  oOnacTe  cymiecTBoBaHUs  (ompeneneHus))  QyHKIUU
xX+y'—x
ulx,y)=,————.
( y) 2x—x"—y?

Pewenue. O6nacth cymniecTBOBaHUs (WM JIOMYyCTUMBIX 3HAYCHUMN) aHAIIU-
TUYECKU 33JJaHHON (PYHKITUU — 3TO MHOKECTBO T€X 3HaUYCHUW HE3aBHUCHUMOMU Tepe-
MEHHOM, /I KOTOPBIX BBIpaXKeHHE, 3a7aroriee GyHKIIUIO0, UMEET CMBICII.

HerpynHo 3ametuTh, 4TO B AaHHOM ciiydae (DYHKIMS OIpeECiieHa, €CIH
MOJAKOPEHHOE BhIPAKEHHE HEeOTpulaTeabHo. Clea0BaTeIbHO, UMEEM JIBE CUCTEMBI
HEPABEHCTB:



2
_ (x——) +y*>—
{x2+y2—x20, 3 2 4

2x—-x> -y’ >0,
Ortcrona cienyer, 4To

2
(x— 1) + y2 >1.
eT peleHue, BTopas — HeT. TakuM o0pa3oM, 00JaCThIO
JIOITYCTUMBIX 3HAYCHUN HE3aBUCUMBIX NMEPEMEHHBIX X H
Yy ABJBICTCA MHOZKCCTBO TOYCK, HaXOAAIIUXCHA Me}KI[y

ABYM:A OKPYKHOCTAMM, HCHTPLI KOTOPBIX CMCIINCHBI BIIPpA-

BO IIO OCH a6CHI/ICC Ha PaCCTOJAHUA UX PAaaAnyCOB, PABHBIX

% u 1 cooTBeTCTBEHHO. ['paHuIla MEHBIIEN U3 OKPYKHO-

CTell BXOAUT B 00JIacThb ompeeiaeHuss (GyHKIUU, a 0O0JIb-
meit — Her. CienyeT Takke MCKIIYUTh HA4alo KOOPAH-
HaT.

sinz

4. Haiitu ipousBonyto Gpynkuuu u=(1gt)

Pewenue. 1lonoxuMm x =1tgr, Y= sint. Torna u=

x’+y'—x<0, ( 1Y , 1
) ) X——|+y' <—,
| (2x-x" -y <. 3 2 4

IIepBas cucrema nme-

Y70 0 08

X’ u no npasuny mud-

ou
dbepeHIupOBaHUs CIOXKHON QYHKIIMH — du _ Ou dx + a_ud_y A Tak Kak — =X’ ¥ ,
dt  ox dt Oy dt X X
du dx 1 dy
—=x"Inx, —= , ——=CO0S?, TO—_ t +cost-Inzgt |.
Oy dt cos’t’ dt (12 ) (cost & )

5. llpunumast U ¥ V 3a HOBbIE HE3aBHUCHUMBIC NEPEMEHHBIC, MPEOOPa30BaATh CIICIY-

IOLIUE YPABHEHMSL:

0z 0z [
a) xa—+ 1+y25=xy,ecnn u=Inx u v=lll(.V+ l+y2);

X

X

0z
0) x—+ya——z+\/x +y 42" Jecmn y=f Mmv=g+xP+yi+ 22,
Y

Pewenue. Ilyctn z(x,y)

. Ilo mpaBuny nuddepeHIrpoBaHU

~ ~ 0z _ 0 o
CJIOXKHBIX (QYHKIIMHN nMeeM == Oz = &~ o — -
Oox Bu dx v ox’ 6y 6u ay Ov Oy
y
1+
Ou ov J1+
a) C yuerom Toro, uro 2% = L “— = 2¥ =, = vy
Ox x Oy Ox 6y y+ /1_|_ y2
. ~ 0z -
1 , HalieM Oz — la_‘, —=-_1 & . IloxcraBisisa HaliIEHHBIE TTPOU3BOI-
1+ y? Ox xou Oy 1+ y* Ov



az 2 az af' ~ u
HbIC B ypaBHEHHUE xa—x+ 1+y o = X, TOMYIHM —+ — = e"shv . Beuio yure-
v

Ju
2y v -y
e’-1 e -e
HO, UTO x=¢",a y+4l+y* =¢’, 0OTKyIa y = 20’ = 2 = shv.
e
. Ou
6) Beeném oGosnauenue r=.x’+y’+7 . Tak kak — = L 9% = _»
ay x Ox x?
0z 0z 0z
hund y+z X+Z— | A~
ox Ox r 0 oy ro ox x* Bu ox r ov’
oz 10 s YO .
z 1 ,‘N A ~ . - 4+ — z
T2 4| &L,T |9 Opcroma yike nerko maiitn 05— _x0u rov y =
oy xou oy r |ov ox 1Yo dy
r Ov
= xau—gﬁv [ToncTaBisst HalICHHBIC 3HAYCHHS JIJIS1 YACTHBIX MMPOU3BOIHBIX S_z
vo x
l_ii
r Ov
n & B HCXOJHOE yYpaBHEHHE x6z+y6z = z+x* 4+ y*+ 77, HOIyYUM Xy O =
~ —tV— = z+4x z — =
y P ox Oy Y ’ A ro o
2 ~ 2 2 2 A~
v 0 X' +y +v° 0
V——— W Iy e _ v. U tak kak X' +)’ = (v—z)z—zz, 10 X'+ +v =
r ov r Ov
2v(v—z) = 2vr, criesOBATENBLHO, 6_‘ = %
v

6. I[Iycte U = f (r), rae r = xX*+y’+z7° U F — IBaxasl guddepeHnupyeMas
dbynkuus. [TokazaTs, 4To

Au = F (l’),
0'u 0*u 0’u .
rae Au = o + P + 5,2~ oneparop Jlannaca, u HalTH QyHKIUIO F .
y 4

Peuwienue. I1oHATHO, 4TO JIJIs1 OTBETA HA MOCTABJICHHBIN BOIIPOC HEOOXOAMMO

HAlTH 4acTHbIE POU3BOAHBIE BTOPOrO Mopsiika GYHKIUHU U MO0 HE3aBUCUMBIM I1€-
peMeHHbIM X, y U . [[nsg Gonee KpaTKOro M3JI0XKEHUs BOCIHOJIb3yeMcsi 0003Ha-

YEHUsIMUA. A UMEHHO, NPU 3HAYEHUAX MHACKca i = 1, 2, 3 moj cumMBoJioM X; Oy-

JIEM TIOIpAa3yMeBaTh: X, =X, X, =), X; =7.
2

ou or 0’u " or or

Torma — = f'(r)—, —S=r()—| + F'(r .

A ox, f( )6xi ox? s ( )[ax,. f( )6x2

l

Ilocko or i TO
KOJIbKY — = i = =
y ox. r ox? r? r’ r

1 4



Ihmggg:fw) +.f()

i

0'u 0’ 3 p XY+ I =X -y 2
M=g+5?-——2%—ﬂr—7—+f® =

f(r) + f'(");'
Taxum obpasom, aeiicteutensio Au = F(r),a F(r)= f"(r) + 2 s(+).
r

7. Jana pyukius u = xyz. Haiitu e€ npou3BoJIHYIO B TOUKE M0(5,1,2) B Harpas-
JICHUHU, UAYIIEM OT 3TOM TOYKHU K TOuke M (7,—1,3) .

Pewenue. Tpoussonnas ¢ynxumn u(x,p,z) B Touke Mo( Xy Vo zo) 1o

HAaIpaBJICHUIO I(cosa,cos B,cosy) OIpeenseTcs o bopmyie

ou Ou ou ou Ou ou

— —| cosa+—| cosf+—| cosy. Tak kak —| =2, —| =10,

oll,, Ox|, |y, 2, 0x/|,, oy|,,

Oou| 5 —

2l =5 Ipoekiun Bexkropa MM cooTsetcTBeHHO paBubl (x—x,), (¥ —¥,)

MO
(z — zo), TO ecTb  2,-2,1. HaHpaBHHIOI_HI/IMI/I KOCHHycaMH  OymyT
X — X, 1

cosa = , c0s f=—— cosy =—. CuenoBa-

2 2 2 3
\/(x—x(,) +(r-n) +(z—z0)
Ou 11
TENBHO, — | == 3HaK MHUHYC YKa3bIBacT Ha TO, YTO B JJaHHOM HaIlpaBJIEHUU
M,

byHKIIMS yOBIBAET.

(x-0)’
(# 1 b — IOCTOSIHHBIE) YAOBJIETBOPSIET

8. IToka3zath, 4TO PYHKIUSA o = L
2a-Int
VPABHEHUIO MeNnIonpo8OOHOCIU
ou_ ,0u
o
Pewenue. Ilpexne yeM HaMTH TTPOU3BOJIHBIE u,' u u;'z , BXOJSIIME B UCXO/I-
HOE ypaBHEHUE, JIJIsi KPATKOCTU NabHEUITNX BBIKJIAJIOK BBEIEM 0003HAUCHUS: O

_(x-0)’

= 2aNmw, g = 4a*, TOorzma Il = Te A Tak kak uacTHas MPOM3BOJIHAS TI0
a

ot Zat\/_ aﬁtzx/_

ou _ 1 (x b) ,m
BpeMeHI/I - = , 4 Y4aCTHBIC HpOI/IBBOJIHBIe 110 HpO-



2(x b) 0'u

9 ou _ Z® 2

CTPAaHCTBCHHOU KOOpAWHATE — = , 7 = |-——=— +
ox aptdt’ Ox a Bt

a(x—b) | L2 3

Tf At TO, IIOJACTABIIAS HAWJICHHBIE BBIPAXKEHUS U1 IPOU3BOIHBIX B HC-

apft A\t

_(x—b)z
XOJIHO€ YpaBHEHHME M COKpallas Ha COMHOXHUTEIb e *# | Halném —

+

1
20 t\/;

(x b) az + M C yyétom TOro, uto & = 2(1\/; a =
aprdi | aptt apidc ’ 47

1
4a*, IMPOITyCKasd 3JICMCHTAPHBIC IIPOMCIKYTOYHBIC BBIKJIIAAKH, ITOJIYYUM _W
a t

_»V 1 -bY
+ b)) 1 4 (2B Teym cammim MICXOTHOE TIPEATIONOKE-
8a’ 7 *t dam tt

8a’[m £t
HHE JTOKa3aHo.

Tpemuit cemecmp

3az{atm I CAMOCTOATEC/ILHOI'0O PCILICHUA
(MGTOI[I/ILIGCKI/IC YKa3aHuA OJaHbl HHXKC B Pas3aciic «IIPHUMCPbI COACPIKATCIIBHOI'O
OIIMCaHUs PCIICHUA THIIOBBIX 3a/a49» ITOCJIC BOIIPOCOB I IIOATOTOBKH K 3K3aMC-

HY)

Haiimu neonpeoenentsle unmezpail

T AL VAP I el (N j“”f

x-x x'—4x+3

j“” dx. 5. jshaxsinbxdx. 6. jxf"(x)dx.

Botuucaumo onpeOeﬂermbte unmeczpainl

[1-x
e 1+x dx

w 2 1
dx
1. |e* cos® xdx. 2. . 3. .
'!: '([sin4x+c0s4x ‘([(1+x)\/1—x2
1 w2
4. I dx . S I, = Isin” xdx. 6. M
o 1—x? +2y1—x? ! L Jx

Hccneoosamsv cxooumocms psaooe

3
© o 2 ) © 1
osesine? n+l 3. Y,
Z nin z:2 "(n=1)! 2



D" cos”
n

" i 4" s, i cosnx —cos(n+1)x . 6. i

=1 (”!)2 . n=1 h

3
1l
—

Haumu F'(«), eciu

L F= mj‘aeamdx + 2. F@)= Ia sinax dx . 3. F(a)= ‘[de )
sina are X 0 X

4. F(a)=jf(x+a,x—a)dx. 5. F(a)= je_“xzdx_

0 o

7. 1lonb3ysich OCHOBHBIMH PA3JI0KECHUSAMH, HANIMCATHh PA3JIOKEHUS B CTEIIEHHOMN
PSIT OTHOCUTENBHO X CIEAYIOMUX (PYHKITHIA:

10
2 X 1
e, cos’x, i X
1-x 1-x (l—x)

OHeHO‘lH]:»Ie CpeacTBa JJId TEKYLIETr0 KOHTPOJIA YCIICBAEMOCTH

1-a koumponavnaa mouka. Tembl Ne 11,12. Tlo Tekymieit paboTe CTy/IeHTa U 3a MOo-
cemnraemMocTh — 15 6aiioB. [1o HTOroBoMy KOHTPOJTIO 32 MOAYJL — 15 6aos.
Bcero 30 6anos.

2-1 konmponavuaa mouxa. Tembl Ne 13,15. Tlo Tekymiei paboTe CTyieHTa U 3a T0-
cenraeMocTb — 15 6amios. I1o UTOroBOMYy KOHTpPOJIIO 32 MOYJIb — 15 OGaios.
Bcero 30 6anos.

Ik3amen 40 6annoe.
Haubomnbiee komuyecTBo 6amioB 3a ceMectp paBHo 100.

BOHpOCI)I AJIA IIOATOTOBKH K IK3aMEHY

ITepBooGpaznas ¢yHkmus. Tabnuiia OCHOBHBIX HHTETPAJIOB.

3
x +1
Haittn HEeonpeneneHHblii HHTETpal I 3 dx . Vxasanue. BeiienuTh U3 Hempa-
X =X
. . X’ +1
BUJIBHOM pallMOHANBHON Ipodu — LIEJTYIO YaCTh.
x —

HNHTerpupoBanne myTeM 3aMeHbI IIEPEMEHHOM.
HNurerpupoBanue 1o 4actsm.

Paznoxenue npaBuiIbHBIX Ap0oOEH Ha MPOCTHIE APOOH.
Omnpenenenue psaa u ero cyMMbl. OCHOBHBIE TEOPEMBI.

Haitn F"(x), ecmm F(x)= _[(x+ »f()dy.
0



2
Haiitu cymm sgaa — . YKkazaHue. PaccMOTpeTs 4acTHYH CYMM
yMMY psizt ,,Z;'n—14n+48 P Y10 cymmy

siIa S u Hatiti lim S, , KOTOPEIM B paBeH CyMMeE Psaa.
P Zn —14n+48 im0, S, KOTOPEIIE M paBcit CyMME p

[ToncranoBku Ditnepa.
VYcnoBre cXOAMMOCTH TTOJIOKUTEIIBHOTO psijia.

? . 2
Borauciaursb J' d—\/x_ HarpuMep, BOCIIONB30BaThCs MOACTAHOBKOM £ =y x” +1 .
2
x* +

© ,13
VcerenoBath Ha CXOAMMOCTB P Y In—;

n=1
JJIA A0CTAaTOYHO MaAJIbIX 3HayeHuid X u OJWH U3 IIPU3HAKOB CPAaBHCHUA CXOAUMOCTHU PAIOB.
OnpeneneHHbI HHTETpal.
Cymwmsl JlapOy.
VY ca0BUS CyIIECTBOBaHUS HHTETPAJIOB.
TeopeMbl CpaBHEHUS PSLIOB.

+i . YuecTp, uro ln(1+x) = O(x)

2

b b
JlokazaTh HEpABEHCTBO I f(x)dx S(b—a)I f(x)dx, Te f(x) — HETPEPHIB-

b b
Hasg QYHKIMS I x € [a,b] . Yka3anue. PaccMoTpeTs I dx I [£f(x)= f)dy.

T
BpruuciauTte onpeneneHHbli HHTErpal I e” cos’ xdx. Yxasauue. Vicnonb3oBarh
0

1+cos2x
2

CBolicTBa ONpENEIEHHBIX UHTErPAJIOB, BBIPAKAEMbIE PABEHCTBAMM M HEpa-
BEHCTBaMH.
[Tpuznaku Komwm u Jlanambepa cXOqUMOCTH PAIOB C MOCTOSSHHBIMH YJI€HA-

METOJI MHTETPUPOBAHUS 110 YACTSIM U Y4eCTh, yTO sin2x = 2sinxcosx, cos’ x =

MHU.

HccnenoBats HA CXOAUMOCTS psif — + % P Ut A
2 2"

HNuTerpupoBanue no 4actsaM U npaBI/mo 3aMEHBI IIEPEMEHHOU B OIPENICIICH-
HOM HMHTErpae.

VMHOXEHHE CTEIEHHBIX pPAOOB.

T
o o 2 cos xdx
Haittu onpeneneHHblii HHTErpa I ————— . VYkasanue. JIubo BOCIOIB30BATHCS
v 2+cosx
o o X 2 X 2 x
YHHMBEDPCAIbHOU IOJCTAHOBKOM ¢ = th. Nnu  ydectb, 4YTO cosx =cos’ =—sin’ =, a

. 2 X x
sin®> =+cos* ==1.
2 2

HaﬁTPI HpOI/I?)BelIeHI/Ie anzxn 1 3aIincartb pe3y.HBTaT B BUJC CTCIICHHOI'O
n=0 n=0
pfﬂla.
I/IHTeraH C HepeMeHHBIM BerHI/IM Hpe)IeHOM.



®opmyna Herotona-JleiiOHuna.
OO0r1iee yciioBre CXOMMOCTHU POU3BOIILHOTO Psijia.
AOCOTIOTHAST CXOJIMOCTb.

d ¢ d d
Haiiu: —Isinxzdx, —Isinxzdx, —Isinxzdx .
A das db

beckoneunsie nmpousBeaeHusi. OCHOBHBIE TeopeMbl. CBS3b € psgamu.
[Ipuznaku A6ens u Jupuxie cXoauMOCTH PSIOB.

» (-1)" cosﬁ

Hccaenosath cXOIUMOCTD psana Z—" , UICIIOJIb3YsI IIPU3HAK AbGend.
n=1 n
. . 3x° +1 5
Haiitu HEOIIPCACICHHBbIM MHTEIrpall I—z 1 dx . Vkazanue. U3 HENPAaBUIBHOU
x -—
. 3x° +1
patunoOHaJIbHOU ,Z[pO6I/I —2 1 BBIACIUTH I_leJ'IyIO qacCThb.
x —
1 Z 1 sin 1
CCJIEIOBATh HA CXOOUMOCTD P .
P “3In+5 n-1

[IpumeHsisi MOYIEHHOE ;[H(bd)epeHquOBaHI/Ie, BBIUHUCIIUTh CyMMY psjia
3 5

1+x?+x?+... (|x[<1).

HpI/IMeHSDI IIOYICHHOC HWHTCIPHUPOBAHUC, BBIYMCJIINTD CyMMy psaa
x+2x*+3x7 +... (x[<1).

xZ

Berancnuth F'(x), €ClA F(x) = J‘ e dy.

X

IIpuMepsI coxepKRaTeILHOTO ONUCAHUSA PELICHUS TUIOBBIX 3a/1a4

1. Tlyrem Haamexamero nmpeoOpa3zoBaHusl MOJLIHTEIPATLHOTO BBIPAXKEHUSI HAUTH
xdx
4+ x*
Pewenue. 1IpeoOpa3yeM NOJABIHTETPAIIBHOE BBIPAXKEHUS K BUIY, B KOTOPOM

IIOACTAHOBKA OUYCBUIHA U €€ MOXXHO BBIINOJIHUTh «MBICJIICHHOY
2

UHTETpal J'

2

_ _j‘ — _J‘ = %arctgx?+C.
) (2]

2. HpI/IMeHHH moaxoaamue IMmoaACTaHOBKH, HaWTU CJICAYHOIIMEC UHTCTPAJIbI:

I4+x



s1nxc0s
3 ) ) ,[

2) I( ) 1+cos’ x dx B)IJ—

10
e) Ix3(1—5x2) dx .
Pewenue. MeTos1 NOJICTaHOBKH (METOJT 3aMEHBI IEPEMEHHOM ) 3aKIII0YaeTCs
B cienytonieM. Eciau noapiHTerpanpHas GyHKIUS f(x) HEOPEPBIBHA, TO MOJArarT

J‘Sln X )j In xdx

—dx. .
e xy1+Inx ’

COS X

x=9(t), rae bynxuus ¢)(t) HempepbIBHA BMeCTe cO cBoeil mpoussoHo ¢'(1).
Torma _[f dx = _[f (t)dt.

YacTo BMECTO MOJICTAHOBKU X = @ () ymoTpeGsioT 06paTHyIO MOICTAHOB-
Ky t= l//(x) , YIUTBIBas, 4TO dt = t//'(x)dx .

yCJIOBI/IMC}I, 4dTO IIpH PCIICHHH HCKOTOPBIX 3aJda4 B KBaJApPaTHBIX CKOOKax
6YIIYT IMPUBOAUTHCA IIPOMCIKYTOUYHBIC BLIKIAJAKH, HC Tpe6yfoume 0COOBIX KOM-
MCHTApHUCB. N ecim Takasg ckoOKa CTOWUT ITOCJIE WU [nepeca 3HakKOM paBCHCTBA, TO
OHAa OTHOIICHUA K HCMY HC UMCCT.

a) IL;; = [x =sint, - Z<¢t<Z,dc= costdr,1-x* = coszt:| = J'coszdt
(l—xz)i 2 2 cos’ ¢
_ ¢ dt _ _ sin(arcsin x) X
= = 1gr + € = SWArSNY) 4o + C. T
-[ cost  B' cos(arcsin x) N CpeA KBa/IpaTHLIM

KOPpHCM BbI6paH 3HaK «+ », T. K. c0st > 0 s YKa3aHHBbIX 3HAYCHUM HGpGMGHHOfI
t.

0) J‘sillxcos = [t = cos’x, dt = —2cosxsinxdx] = _% I’ﬂ =
cos” x +1
——Ilji; ——Idt + I1+t - —lt + lln(1+t) + C= —Ecos x t
%ln(1+c0s2x) + C.
x’dx dx dx
— [+ = \2- - — - _ = 9_p] =
B) I\/ﬁ [1 X, dt s s~ x =1 ]
22—
—2_[(2—t2)2dt = —2_[(4—4t2+t“)dt = —2(4t—§t3+§t5) + C = - Tx

-(3x2+8x+32) + C.



o 2 o 2
sin” x 1 dt sin” xdx

sin” x
_ _ dx  _ _
n | dx =[t=1g’x, dt = 310° =3 dx, 1 =
) cos® x [ &% & X os’ x cos'x  3cos’x cos’ x ’
o 2 2
12 = . =1g'x+1 = /541 =—_[ Fatlar = Mo + € =
Cos” x coS™ Xx 3 3\ 5

1 s 1 s
g’x + g’x + C.
Sg 3g

3amMeTuM, YTO U JIPYTYIO MOJICTAHOBKY MOKHO YBHUJETh, €CIIU CHayajia mpe-
o0pa3oBaTh MOJABIHTETPATBHOE BEIPAKEHHE, C YIETOM TOTO, YTO sin® x+cos’ x=1 U

. sin® x sin’ x d tgx , sin’ x+cos’ x
digx = . JleficTBUTEIbHO, ———dX = — — ==1gx—————digx
cos’ x cos’ X €os” x cos” x cos” X
L [ sin’ x
= tg x(tg x+1)dtgx , TIOATOMY MOXHO B3AThb ¢=1tgx. lorma —dx =
cos’ x

[ (e +1)ae = [(¢+¢)dr = gt +;t +C _%tgx + 3tgx+ + C.

1n) IM = [t = Vl+Inx, ar = LBy = r-1] =
x\/1+lnx ’ 2J1+Inx x’
2f(£=1)ar = —t -2 + C = %t(t -3) + C = \/1+lnx(lnx 2) + C.

ECHI/I BOCIIOJIB30BATLECA HOIICT&HOBKOﬁ t=Inx., TO I In xdx J‘ edt -
’ xJl+lnx 3 J1+¢

J‘tj/_llT_tldt =[e+1ar - j 3 2(e+1)s - 2(’“)’ + C= ‘W(’ 2) + C

= %(lnx—Z)\/lnx+1 + C.

3aMeTI/IM YTO OTa IIOCTAHOBKA OUYCBH/HA, €CIIN HCKOMBIﬁ I/IHTel"paJ'I HepeHI/I-
In xdx J- Inxdlnx

x\/l+lnx \/1+lnx .

Nl

caTb B BUJE _[

e) Bocnonp3yemcest oACcTaHOBKOM ¢ =1—5x", Torna df =—10xdx |, ClIe/IOBa-

TEJILHO, jx3(1—5x2)lodx SR L P —i_[t“’dt + i_[t“dt =1 +
107 5 50 50 11-50
11
1 " (12-11¢ 1-5x7
12-50 50\11 12 6600 6600

3. [IpuMeHsist MeTOI MHTETPUPOBAHUS 110 YaCTSIM, HAWTH CJICTYIOIINE HHTCTPAITBI:
In
a) Ix Inxdx; 0) I[ x) dx; B) Ie‘“ cosbxdx ; T) Isinx.ln(tgx)dx.

Pewenue. MeTo MHTErPUPOBAHUS 110 YAaCTSIM 3aKJIFOYAETCs B TOM, YTO €C-
JU u M v — HEKOTOphle nuddeperiupyemMbie GyHKINH, 3aBUCAIIUE OT MEPEMEH-

HOH Xx, TO Iudv=uv—_[vdu.



n+1 — n-ll-l(xnﬂ In x _ J‘xn+1 % ) —

a) Ix"lnxdx =

n+1

=L x”“lnx—Lx"“ + C = X Inx— 1
n+1 1 n+1 n+1

] + C,1pu n#-1.

1 1
IIpy n=-1 I/IMeeMI nxde _ jlnxdlnx = Elnzx + C.

2 2
1 1 Inx 1-1 In? 1
6) J‘( nx] dx :x( le) _ ZJ'x nx ledx — n x . ZJ' n;x
X X X X X
Inx ? o o
2] —— | dx. B mpaBo#l yacTu paBEHCTBA MOJYYWIM TAKOM K€ MHTErpaji, 4To U B
2
. In 1 In? 1 1 1
JIE€BOU, IIO3TOMY I(—x) dx = 2_[ nzxdx— X nzx = =2
X X X X X X
1dx In x 1
—— =- —— — — 4+ C, ¥ OKOHYATEJILHO HAlJIeM
X X X X
Iande:__ﬂnx__z__mzx_Fcuz_hfx+ZMx+2 . C.
X X X X X

1 1 1
B) Ie‘“ cosbxdx = —Icosbxde"x = —e“ cosbx + b e sinbxdx =—e" cosbx
a a a

b ¢ . 1 b . ax

+ —zjsmbxde“"" = —e"cosbx + —e“sinbx — —|e” coshbxdx.
a a

Kak u B npenpiayiiemM npumepe, cripaBa MoJydusid TOT K€ UHTErpai, 4yTo U

cieBa. [lepeHocst ero B JIeBYIO 4acThb M MPHUBOJIA MOJOOHBIE WICHBI, HAHAEM, YTO

acosbx+bsinbx
e” + C.

je‘“ cosbxdx = R
) jsinx-ln(tgx)de—jln(tgx) dcost—cosx-ln(tgx) + jcos xtngcosl dx=
—cosx-ln(tgx) + I = —cosx-ln(tgx) + jL = —cosx-ln(tgx) +
sm-x 2sin > cos
2 2
ax dtg> .
-[x—zzx = —cosx-ln(tgx) + I xz = —cosx-ln(tgx) + In tg; + C.
1g—cos” — 1g—
2 2 2
Takum oOpaszom, _[sinx-ln(tgx)dx=—cosx-ln(tgx) + In tg% + C.

4. [IpumeHss NOAXOASIIYIO 3aMEHY IEPEMEHHOM, HAUTHU CIEAYIOLINE UHTETPAJIbI

a)jx\/a —x7dx; 6)[?/1% X ; B)lj‘2 e* —1ldx .

Pewenue. luorna nogcraHoBka OYeBUIHA.



. T
a) CremaeM IOJICTAaHOBKY x =asint, CUUTas, 4TO OStsE. Torma dx =

4
a

4

a
_ 2 2 2 _ 4
acostdt, \Na'—x" = acost U Ix a’—-x*dc = a

0

sin*tcos’tdt = sin’ 2tdt =

B K]
© Cmm—yeo | N

4
a

8

(1 c0s4t)dt = ﬂ.

16

© S0 | N

6) [ToycTanoBKa ¢ =arcsiny/x cpa3y NPUBOIUT K TpeOyeMOMy pe3ylIbTaTy, T

n

1 dx arcsin+/x %
K. dt = —d = ————=, U, CJICI0BATEIHHO, = 2|tdt =
V1-x 24x * ZJx(l—x) “‘4/ 1-x) ‘!‘
z 2

t2

V4
0 4

B) Heprz[Ho YBUJIETh, YTO IPUMEHHNMA MOJICTAHOBKA ¢ = Ve* —1, IOCKOJIbKY

2t%dt ' +1-1
dt = a Ve —ldx = = 2+—dt = 2(1— ! 1]dt, U, cJIeaoBa-

2\/8 —1 t'+1 t* +1 t?+

TEJbHO, UCKOMBIM HHTETpajd MNPUBOAMUTCS K JIETKO OepylieMycs HHTErpany, a

In2
1 1 T
HMEHHO e"=ldx =2 dt = 2-2arctgt| = 2——.
I I( t+1] ety 2

5. HccnenoBaTte Ha CXOAUMOCTD PSIBIL:

a) ism n\/_ Zl+sinn; B)i n’ +5 )Zn[e”—l] ‘

n=1 n=1 n(n + 2) n=1 n + 4

Pewenue. I/I3 VMMEIOLINXCS MPU3HAKOB CXOJUMOCTH 3HAKOIIOCTOSIHHBIX Psi-
JIOB JTOBOJIBHO YacTO OKa3bIBaeTCsl d(PGEKTUBHBIM MPU3HAK CPAaBHEHHUS: €CIU 00-

o 1
WU YJICH psaaa a, = 0(n—p) , TOOpHA p>1 psAd CXOAUTCS, a TP p <1 PACXOIMUTCH.

o sin 1 1
a) OOuwmii wieH paga a, = in’ n/n < = — . C yuderom Ipu3HaKa
n\/— n\/; ng
CpPaBHEHHMS 3aKJII0YAEM, YTO JAHHBIM PSIJT CXOAUTCS.
. 1+si 2 2
0) OOwwuii el psga a, = rsmn- o < =0 lz . Cornacuo
n(n+2) n(n+2) n n

IMPHU3HAKY CPABHCHU: I/ICCJIC,HyeMBIﬁ paAa CXOOUTCA.



n*+5 1
B) OOmmii uneH psga a = In = In| 1+ = 0|—=|, T. kK
) H pAg n’+4 ( n’ +4

In(1+a)=a+ O(az) npu a — 0. CiieoBaTeNbHO, P CXOAUTCS.

1 2 2
r) OOwwuii uyneH psga an=n[e"—1] = n(1+1+0(i2]—1] =

n n

2
n[1+0(%)] = n(iz+0(l3jj = l+O(i2) = 0(1). C yuéroM npu3Haka cpas-
n n n n n n n

HEHHsSI HETPYAHO 3aMETUTh, 4YTO PsA PacXoauTcs. bbuio ydTeHO, 4TO €% =
1+a+0(a2) TP TOCTATOYHO MabIX @ (a — 0).

K sTOomMy ’xe BBIBOOY MOXHO HpUUTH W mO-apyromy. Hanném mnpenen

1
lim(an :—j 51 Y6GIII/IMC}I B TOM, 4YTO OH KOHCYCH M HC PABCH HYJIIO, 4 3TO U 6y):[eT
n

n—o0

_ 1
O3Hay4aThb, 4TO a, = Of — |.
n

n—© n n—>»o0

1 . - y y
Urak, lim(an :—) = llm|:n[e” —lﬂ . Bocnonb3yeMcsi HOBOM TEPEMEHHOU ¢

1 1

= e" —1, KOTOpast CTPEMHUTCS K HYJIIO TIpH n—> o0 . Tak Kak e"=1+t, 10 l=1n(1+t),
n
2

2
t 1 ..
a lim| a, :1 = lim| ———— | = lim|——— | = 1, ¢ y4€TromM BTOpPOro 3ameua-
n—>o n t—>0 ln(1+t) -0 =

ln(1+t)t

1
TEJIBHOTO TIpe/eIia (lim(l +1) = e] :
t—>0

6. Havitu cymmy psina w—.
YMMY Pt ;n2—14n+48

Pewenue. PaccMOTpUM YaCTHYHYKHO CyMMY HCKOMOro psga S, =
< 2

FERSYTRWTS C nomoipio METOoJla HEOoNpeaeaEHHBIX KOA(DPUIUEHTOB MOXKHO
k=9 - +

2 2
MnpeaACTaBUTH 00b = B BHUAC PAasHOCTH /1B 066171,
P APOOP 4k v a8 (k-8)(k—6) AP ABYE AP
2 1 1
T.C. — = - . CJ'IeI[OBaTeJ'IBHO, qJaCTU4HasA CyMmMma MnpcacraBu-
k*-14k+48 k-8 k-6

MaBBHﬂeSn:Zﬁ— ﬁ
k=9 k=9

HarmoMHuM, 4TO €C/IM MHIEKC CYyMMHUPOBAHUS YBEIMYUTH (YyMEHBUIUTH) Ha
HEKOTOPOE YMCIIO, a TPEIEbl CYMMHUPOBAHHs YMEHBIIUTD (YBEJIUYUTH) HA TO KE
YKCIIO0, TO CyMMa OT 3TOrO HE U3MEHUTCSL.

B niepBoit cymMMe HHIEKC CYMMHUPOBAHUSI HA €MHHUILY YBEINUYHUM, & BO BTO-

poil — ymeHbuM. COOTBETCTBEHHO MpPEAENbl CYMMHUPOBAaHUS B MEPBOM CyMMe



JIOJKHBI OBITh Ha €TMHUILY YMEHBIIICHBI, @ BO BTOPOil — yBenudeHbl. C y4éToM u3-

n—1 1
JIOJKCHHOI'0 YaCTUYHYIO CYMMY psda MOXKHO IICPCIIMCATL B BUIC Sn = ﬁ -
k=8 " —
n+l
Z—. [IpuBeném o00e cymMMBbI K OJIMHAKOBBIM MpEAeNIaM CyMMHUpoBaHus. [l

imt0 b —
9TOT'0 M3 110 3HAaKa HGpBOfI CYMMBI «BBIHCCEM))» IICPBOC U BTOPOC CJIAracMbIC, 4 U3
II0J 3HaKa BTOpOﬁ CYMMBI — IPCATIOCIICIHEC U ITOCIICAHCC.

1 = = 1 1 3 1
I/ITaK,Sn=1+—+Zl —Zl - - == - —
2 k=10k_7 k=10k_7 n_7 n_6 2 I’l—7

. Tak kak 1Mo ornpeAeNeHuIo CymMMa psijia paBHa Mpeely ero YaCTUYHOU CyM-
n —

3
MBI, TO S =lim §, :E

n—»©

Yemeépmolit cemecmp

3az{atm I CAMOCTOATEC/ILHOI'0O PCILICHUA
(MGTOI[I/ILIGCKI/IC YKa3aHuA OJaHbl HHXKC B Pa3aciic «IIPHUMCEPBI COACPIKATCIIBHOIO
OIIMCaHUs PCIICHUA THUIIOBBIX 3aada4» ITOCJIC BOIIPOCOB LA IIOATOTOBKH K 3K3aMC-

HY)

Yo6eousuwuco, umo nodvinmezpanvnoe evipasricenue A6aaemca nOJIHbIM Oudhge-
PEHUUAIOM, LINUCIUMb KPUBOIUHECIHbIE UHMEZPATIbl

(2,3) 3,—4) (2,3)
1. dey+ ydx . 2. dex+ydy. 3. I(x+y)dy+(x—y)dx.
(-1,2) 0,1) 0,1)
1,1 (3,0)
4. j(x— y)dx—-dy). 5. j(x“ +4xp )dx + (6x7 > = 5y*)dy .
) (-2,-1)
(a,b)
6. Ie"(cosydx —sinydy).

(0,0)

Hccneoosams cxo0umocms paoos Y u, co cnedyiouiumu o0uumu uienamu

n=1

(n+)r . 2
1
\/;dx. 2. u = I M X . 3. u

n

2 n T .
1+x " o I4\/1+x4dx
0

n

n+1 Zlnzk
.5. u =Ie'*/;dx. 6. u =+

n

1. u =

=
c'—.g | =

Ilpumensasa ¢popmyny I'puna, évtuuciaums Kpugonuneinvle UHMeEPAIbl



1. fxyzdy— x’ydx,Tne C — OKPYXXHOCTb x’+y’> =a’.
C

2 2

2. f(x+y)dx—(x—y)dy, rae C — BIUIUIIC x—+;:—2 =1.
a
C
3. f e’ [(1 —cos y)dx—(y—sin y)dy], rie  C — mnpoOeraemMbiii B IMOJOXKHUTEIHBHOM
C

HaIpaBJICHUH KOHTYP, OrPaHUIUBAIOITUN 0051acTh 0< x < 7,0< y <sinx.
2 2
4, fe'(x ) (cos2xydx+sin2xydy).
x2+y2=R2

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

MKHYTasi KpUBas, OrpaHUYMBAIONIAs KOHEUHYIO 00JacTh S, U n — BHEIIHSS HOP-
MaJIb K HEW.
xdy— ydx

6. Boruuciuth uHTErpan f ;

, e C — MpOCTOM 3aMKHYTBIM KOHTYp, HE
x'+
C

POXOJSIINNA Yepe3 HAayaJlo KOOPAMHAT M HE OKPYKAaloUMi ero, mpoOeraemslii B
ITOJIOKATEIIBHOM HAIPABICHUU.

Boviuucaume 0eoiinvie unmezpaol
1. H(x+ y)dxdy , Tie 00J1aCTh Q OrpaHUYCHA KPUBOH x> + y* =x+y.
Q

2 2 2 2
2 _[ I A /1 - ;C—z - Z—zdxdy , TJIe 00J1aCTh Q OTpaHHYCHA IITUIICOM x—z + ;:—2 =1.
Q

”(|x|+|y|)dxdy. 4. I (x* + y*)dxdy . 5. ”,/y X ‘dxdy

||+ yI<1 eyt x‘<
0<y<2

5
6. _[ I xydxdy , TJIe 0071aCTh Q OrpaHu4Ye€Ha KpUBbIMU xy =1, x+y= E'
Q

Beooa o0606uennvie nonapuvie Koopounamwel r U @ ho Gopmynram
x=arcos” @, y=brsin® @ (r=0), Hallmu NIOWAOU, OZDAHUYEHHDBIE 3A0AHHBIMU
Kpugwvimu (napamempuvl CHUmMAOMca noJ10HCUMeTbHbIMU)

2 2

2. 2L -2,

1. > +y))? =2a*(x*=yp?); x*+y*>a’. = .
(x"+y%) (x"=y%) y T T

3. XP+y)Y =x*+y’; x=0,y>0. 4. (xX*+y)’ =a(x’ -3x).
X3 ys x2 yz X y4 X2 2

5. S+ ="5+=3; x=0,y=0. 6. |+~ | ==+=—; (x>0,y>0
PR R TR d ) Tati 00,

Haiimu o6vembl men, ozpanuyennvle YKA3AHHOIMU NOGEPXHOCMAMU (napa-

mempol npednonazamm CA noJiorcum eﬂbelMu)
2 2 2 2 2 2

1. x—+y—+z =1, I S 2 (z>0).

a’ b* ? a’® b*



2 2 2 2 2

X VA X

Sl o, Sl 3. P=xy, xX’+y*=d’.
a b c a b

=X+, (x2+y2)2=2xy, z=0 (x>0,y>0).

z=x"+y’, xX*+y’=x, x*+y’=2x, z=0.

AN

2,2
z=e M) 7=0, x*+y’=R".

Bovtuucnumo mpoiinvie unmezpanot
1. _[ j _[ xy*z dxdydz, TIe TpaHHIa obnacTu V' 3alaHa ypaBHEHUSMU
14

=X, y=x,x=1,2=0.

2. _[ j xyzdxdydz , Tie 0051acTh V' OrpaHHYEHa TOBEPXHOCTIMU
Vv
X+ +722=1,x=0,y=0,z=0.
3. ”_[ Jx* + y*dxdydz , Tie 00MacTh V' OrpaHWYCHA MMOBEPXHOCTIMHU
Vv
xX*+y'=z7",z=1.
4. _[ _[ _[ \Jx* +y* + 2% dxdydz , e Tpanunia obnacTu V' 3ajlaHa ypaBHEHUEM
V
X+y +t=z.
1 Vi-x? 2oyt
5 [ax [ dy [2dz.
o 0 Vatey?
x2 y2 z2 xZ y2 z2
6. I_V” \/1 T c—zdxdydz , TJI€ V' — BHYTPEHHOCTb JJUIUIICA p + re + e <1.

Paznosrcums 6 pao Dypve 6 yKazaHHbIX UHMEPEANAX PYHKYUU

A, ecrul< x<lI;
1. f(x)= rge A — IOCTOsIHHAsA, B UHTCpBaJie (0,27).
0, ecrul<x<2l,

ax, ecmu—nw<x<0;
2. f(x)= rae a,b — IOCTOSIHHBIC, B UHTCPBAJIC (—7,7)
b
bx, ecrul0<x<r,

3. f(x)=xn"-x" B UHTEpBAIC (—7,7).
4. f(x)=xsinx B UHTEPBAIEC (—7,7).
5. f(x)=xcosx B UHTEPBAJIC (—%,%) .
6. f(x)=shax B UHTEpBAJIC (-7,7).

OneHouHble CpeacTBa Vil TEKYHICI0 KOHTPOJIA YCIIEBAEMOCTH



1-a1_xonmpoavnaa mouka. Tembl Ne 16-18. Ilo Tekyiieil paboTe cTyJeHTa U 3a
noceiaeMoctb — 15 6amios. [1o uToroBomy KOHTpOIIIO 32 MOAYJIb — 15 Oasnios.
Bcero 30 6anos.

2-a1_xoumpoavnaa_mouxka. Tembl No 19-21. [lo tekymieir paboTte cTyAeHTa U 3a
noceimaeMoctb — 15 6amios. [1o nToroBoMmy KOHTpOIIIO 32 MOAYJL — 15 Gasios.
Bcero 30 6anos.

Ik3amen 40 6annoe.
HawnGomnbmee kommaecTBo 6amioB 3a cemectp pasHo 100.

BOHpOCBI AJI TIOATOTOBKH K 9K3aMEHY

Omnpenenenre paBHOMEPHON CXOAUMOCTH (YHKIIMOHAJIBHOU TOCIEeI0Ba-
TEJIbHOCTH K MPEIEIbHON (YHKIUU U YCIOBUE PABHOMEPHOM CXOJUMOCTH.

IIpu3HaKu paBHOMEPHOM CXOAUMOCTH PSAJIOB.

QYyHKIMOHAJIBHBIE CBOMCTBA CYMMBI psa.

[TowieHHBIN TIEPEXO1 K PEAETY.

ITowIeHHOE UHTETPUPOBAHUE PSAJIOB.

[Tounennoe auddepeHurpoBanme psIoB.

WuTerpupoBanue u 1udepeHmpoBaHue CTEIEHHOTO ps/a.

Panuyc u 06:1acTh CXOMMOCTH CTETIEHHOTO PsJia.

Omnpenenenre MHTErpaioB ¢ OECKOHEUYHBIMU MpeaeaaMu. AHAJIOTHS € psia-
MHU.

CxomuMocTh HECOOCTBEHHOTO MHTErpajia (¢ OECKOHEYHBIMH IMpEAeIaMH) B
oO11eM cityyae.

Hcnonp3ys npusHak [lupuxne, wnccienoBarb CXOAUMOCTb HMHTErpana

Icosax
a1+x

Omnpenenenre HeCOOCTBEHHBIX UHTETPATIOB OT HEOTPAHUYEHHBIX (HYHKIIHMA.
1

dx (n>0,a+#0).

BrrancianThk HeCOOCTBEHHBIN HHTCTPAI I—
xIn" x

I'maBHbIC 3HaUCHHS HECOOCTBEHHBIX HHTETPAJIOB.
a
. Inl+ax
Haiitn F'(e), eciin F(a) = j de
0

[IpenenbHbBIN IEPEXO/ MO 3HAKOM HECOOCTBEHHOTO MHTETpaa.
['1aBHBIE 3HAUYEHUS HECOOCTBEHHBIX MHTEIPAJIOB.

Haiwtu V. p. I arctgxdx .

0
_.2
BpraucianuTh j x’e™* dx . Hanpumep, BHeCTH X TIOJ 3HAK JudepeHiyana 1 BOColb-

0

30BaThCA IOJCTAHOBKOH f = 2

dx
Bprancinth I \/— Hanpumep, BOCHOJIb30BaThCs MOACTAHOBKOM £ =+/x* —1 .



1
dx .
Berunciuth I =~ Hanpumep, Bocnosb30BaTbcsi MOJACTaHOBKOU
0 + 2\/1 - X
. T
X =sinf u ydectb, yTo 0 <7 < 3

2
+2
Berunciantb j / dx .
1+x

1+ x?
HnTerpaisl, 3aBUcsiue OT apamerpa.

3anaya 00 00béMe. JIByKpaTHBIM UHTETpAJL.
Haiitu 00BEéM Tena, OrpaHUYEHHOIO TIOBEPXHOCTAMH: x+y+z=1,

Sdx.

Beruncauts V. p. I

x+y+z=1, x=0, y=0.
B nBoiiHOM uHTErpae I I S (x,y)dxdy paccTaBUTbh IIpEIEIIbl UHTEIPUPOBAHUS
Q

B TOM M JpPYyroM IOpsAAKe, €ClIu € — Tpaneuus ¢ BepmmHamu: 0(0,0), A(1,0),
B(,2), C(0,1).

3aMeHa EPEMEHHBIX B IBOMTHOM MHTETpae.

Ilepexoass K TMONAPHBIM KOOpPAMHATAM 3aMEHHUTH JIBOMHOW HHTErpall

H & )dxdy OIHOKPATHBIM.

x+ny

Breruucnenue HBOﬁHOFO HHTCI'paJia B ,HeKapTOBOﬁ CUCTCMC KOOPpJAHHAT.

BrrunciieHre TpOMHBIX MHTETPATIOB (IPUBEICHUE K TIOBTOPHOMY HHTErpaly B Je-
KapTOBOW CHCTEME KOOP/IMHAT).
OneMeHT o0bEéMa B KPUBOJMHEHWHBIX KoopauHaTax. llunmanpuueckue u

chepruuecKue KOOpAMHATHI.
Beraucnuth 006€M Tena Vo= I I I dv, Tie Q — 00JacTh Tejia, OrpaHUUYEHHOTO
Q

MOBEPXHOCTAMU: z=3—x—y, x’+y>=1, z=0. VYkazauue. Hanpumep, H dv =
Q

2(x,))
H dxdydz; = I _[ dx dy I dz, e O, — NPOCKIHs Tela Ha IUIOCKOCTh Oxy, a zl(x, y) u
Q

Oy k1 (x,y)
2, (x, y) — IMOBCPXHOCTH, ONPCACIAOMIUEC, COOTBETCTBCHHO, TOUKHU BXOJad U BbIXOJA IIpU q)HK—

CHUPOBAHHBIX 3HAYCHUAX X U Y.

Beruuciuth unterpan I = _[ _[ I zdxdydz, v1e T€710 V' OrpaHM4eHO KOHUYECKOU
V

2
2 h 2 2
IIOBEPXHOCTBIO Z =—R2 (x“+y°) U IUIOCKOCTBIO z=h. Yka3anue. Bocnomb3zoBarbes

HWIMHAPUYECKON CUCTEMOU KOOpIUHAT.

q)OpMYJIa OCTpOl"paJICKOFO (cBsI3p MEXKAY TPEXKpPAaTHBIM MHTErPajoM Mo o0bEMY U
MHTETPAJIOM I10 TOBEPXHOCTH, OTPAHUYMBAIOLIEH ITOT 00BEM).

C nomotpto hopmyiiel OCTporpazcKOTO BEIUYUCIUTH MIOBEPXHOCTHBINA HHTE-

rpai Hx’dydz+ yldzdx+ z’dxdy, Tae S — BHCIIHSS CTOPOHA TIpaHMIBI KyOa:
S



0<x<a, 0<y<a, 0<z<a. VYkazanue. VYuecTs, IH[ZP ZQ 8}”/ =
x Oy 4

j j Pdyds + Qdzdx + Rdxdy .
S
o'p 0'p 0’9

[IponHTETpUPOBATH IO YACTAM m o +—+ dV, TIe KOHCYHBIN
ox* oy o7

o0beM V' OrpaHHYeH MOBEPXHOCTBIO S . Vkaszauue. YdecTb, 4TO H ¢—WdV =

an//cos(n,x,.)ds - _m‘l//—¢dV,rne X, = X,y WH z.
S vV 6xi
Haittu nnomane S = j j dS y4acTKa IOBEPXHOCTH, BbIPE3aEMOI0 LIMIMHAPOM

x*+y*=R* (x>0,y>0) U3 rUNepOOINIECKOrO Mapaboaouaa z= xy. YKasaHue.
DIeMEHT miomaau MmoBCPXHOCTHU dS CBsA3aH C 3JICMCHTOM ILJIoIIaan do= dX'dy IMPOCKIMU Ya-

CTU KpPHMBOW IOBEPXHOCTH Ha IJIOCKOCTb (OXy COOTHOLICHUEM dS = 1+(2f] [Zf] dxdy ,
X y

€CJIM YPaBHEHHE IIOBEPXHOCTH UMEET BUA T = f (x, y) .

Beruncnuth Hj xyzdxdydz, Tie 00beM V — OrpaHHYEH ITOBEPXHOCTSIMH:
V

x*+y*+7°=1, x=0,y=0,z=0 U PacIOJOKECH B IIEPBOM OKTaHTEC. Ykazanue. Boc-
MOJIB30BaThCS C(pepUUecKOi CHCTEeMON KOOPIMHAT.
Haiitu 00BEM Tenma, OTPaHUYEHHOTO TOBEPXHOCTAMHU: x*+y°+7° =2z,

x* +y* =z*. Ykazanue. Bocnosb30BaThecs UIMHIPUYECKON CUCTEMOM KOOPIHHAT.
[Tepexonst K LWIMHAPUYECKAM KOOPJAMHATAM, BBIUMCIUTh WHTETpall
_[ _[ _[(x’ + y))dxdydz, Tne 00gacTh V' — OrpaHWYeHa MOBEPXHOCTIMH: x°+y° =2z,
Vv

7=2.
BerauciuTh 1miomanas MOBEPXHOCTH x” + y* +z° =a’, BBIPC3aHHON IIHMJIMH-

apoM x’ +y? < R* (R<a). Ykazanue. DJeMeHT IUIOMAAN OBEPXHOCTH dS CBsA3aH C dJle-
MEHTOM IUIOIAaU do = dxdy TPOCKLUUU YaCTU KPUBOH IOBEPXHOCTH Ha IIJIOCKOCTh OX) COOT-

2
HOlIeHHeM dS = 1+(Zl] +[6f] dxdy, ecnu ypaBHEHHME TIOBEPXHOCTH MMEET BHJ
X Ad

2= f(x,).

Beraucnute 006EM Tena Vo= j j j dv, Tie Q — 00JacTh Tella, OrpaHUuYECHHOTO
Q

HOBEPXHOCTAMU: z=3—-x—y, x’+y’ =1, z=0.

BprunciauTh NMOBEPXHOCTHBIM HMHTETpAI _” xdS, tne S — 4yacth cdeps
S

x’ +y* +7> = R?, nexarias B IICPBOM OKTaHTE (x 20,y=20,z2 0). VkazaHue. DieMeHT

TUTOIIAH TIOBEPXHOCTH dS CBsI3aH C 3JIEMEHTOM TUIOMIA/IN MMPOSKIIMU Ha TUIOCKOCTh OXy COOT-



2 2
HOLIeHHeM dS = 1+(Zl] +[Zl] dxdy, ecnu ypaBHEHHME TOBEPXHOCTH MMEET BHUJ
X Y

= f(xa y) .
OnpeneneHne KPUBOJIMHENHOTO MHTETpajia IepBOro poja.
Berunciauth I yidl, tne C — xpuBasi x = a(t—sint), y=a(l—cost), 0<t<2rx.
C

Vkaszanue. Bocrionb3oBatbest TeM, uto dl = (/x> + y" dt

Omnpenenenre KpUBOJIMHEHHOTO UHTETPpaia BTOPOTo poja.
2 2

Beruncnuth _[ (x+ py)dx+(x—y)dy, rne C — DIUIUIIC x—2+ Z—Z =1, npoberae-
a
C

MBI [IPOTUB YaCOBOW CTPEJKHU. Ykazanue. Bocronbs3oBarbest Gpopmyinoit ['puna niu napa-
METPUYECKUM 3aJJaHUEM dJUINICA X =acost, y=hsint, 0<¢<27x.

CB43b MEXTYy KPUBOJMHEWHBIMU UHTETPAIAMU TIEPBOTO U BTOPOTO POAa.
(x+ y)dx—(x - y)dy

— , Tme C — OKPYXXHOCTb x’+ y*> =a’, TIpo-
c X" +y

Berunciante

Oeraemasi MPOTUB YaCOBOM CTPEJIKU. Ykazanue. Bocmosns3o0BaThes mapamMeTpuueckuM 3a-
JTAHUEM OKPYKHOCTH X =acost, y=asint, 0<t<2x.

Bpruncnenne KpuBOJIMHENHBIX UHTETPAJIOB IMIEPBOrO U BTOPOTO poAa, KOraa
ypaBHEHUE KPUBOH 3aJ]aHO B MapaMeTpUUECcCKo (opme.

Beruncnuth I ydx + xdy, Tie C — YE€TBEPTH OKPYKHOCTU x = Rcost, y = Rsint
C

T
OT t=0 110 t=—.
2
Bpruncnenne KpuBOJIMHENHOIO MHTETPaAlIa BTOPOrO poOJia B CiIydae IIOCKOM
KPUBOW, 3aJaHHOU SIBHBIM YPABHEHUEM.

1
Brruncnnth KpUBOIMHENHBIA UHTETPa 2xydx + x’dy BIOJb JUHWIA:
(0,0)
— . — 2. — 3. p—
a)y_xaﬁ)y_xaB)y_xar)y - X.
[Lnomane 1 KpUBOJIUHEWHBIN UHTETPAJL.
Jloka3aTh, 4TO BEIMYMHA WHTETPAJIA _[(ny— y)dx+ x’dy, tne C — 3aMKHY-
C

TBHII KOHTYP, BBIPAXKAET IJIOMIAb 00IaCTH, OTPAHUYCHHON STUM KOHTYPOM. Vkasa-
Hue. Bocnionb3oBatees Gopmynoit I'puna.
Ornpenenenne KpUBOJIMHENHOTO UHTETPaja IEPBOTO U BTOPOTO POJA.
®opwmyna ['prHa (cBA3b MeX /Iy HHTErPAIOM M0 IIOCKON O0NACTH M HHTETPAJIOM IO €€
IpaHuIle).
Beruuciute uHTErpan _[ x*dx+ xydy: a) BIOJb MPAMOJIMHEHHOrO0 OTpEe3Ka,
AB
UIymero u3 Touku (1,00 B TOYKy (0,1); 0) BIOIb YETBEPTU OKPYNKHOCTH

T
X = cost, y =sint (OStSE).



C nomortnpto popmyiibl ['priHA BEIYUCIUTH j (xy+x+ y)x+(xy+x—y)dy, T1€

c
2 2

. X ) . 2 2
C: a) smIc a_2+b_2 =1; 0) OKpYX HOCTb x’ + y* = ax. IHTerpupoBaHue BeAET-

Cs B ITOJIOKUTCIIbHOM HaAIIPaBJICHUH.

CDOpMyJIa Ctokca (CBSI3p KPHUBOJIMHEWHOTO MHTETpaJla 10 KOHTYPY IOBEPXHOCTHU C UH-
TerpajoM Mo caMOM MOBEPXHOCTH).

WuTerpan _[ (Y +2H)dx+(x* + z%)dy+ (x* + y*)dz, B3SATBIN 110 HEKOTOPOMY 3a-
C

MKHYTOMY KOHTYpY, Ipe00pa3oBaTh ¢ MoMoibto Gopmyisl CTOKCa B MHTETpal 110
ITIOBEPXHOCTH, «HATAHYTON» HA ITOT KOHTYP. YKa3auue. Y4ecTb, 4TO _[de+ Ody + Rdz
c

dydz dzdx dxdy

= I I o 90 29 , T7ie KoHTYp C OrpaHHYMBacT HE3aMKHYTYIO IIOBEPXHOCTH S .
J|ox Oy Oz
P O R

Haitrtn mmomane snnurica x =acost, y=asint (0<¢<2z) C HIOMOUIBIO KpHU-
BOJIMHEMHOTO HWHTETpAJIa. Ykaszanue. Hampumep, Bocmonb3oBarbes dopmyinoi S =

1
3 I xdy— ydx ,tne C — KOHTYp, OrpaHMUYUBAIOIINN YKa3aHHYIO 00J1acTh.
C

He3aBucumocThb KpHBOHHHCﬁHOFO HHTCTpaJIa OT ITYTHU Ha IIJIOCKOCTH.

YO6enuTbcst B TOM, YTO HHTETpal I f(xy)(ydx + xdy), B3TBII 110 3aMKHYTOMY
C

KOHTYPY, PaBEH HYJIIO HE3aBUCUMO OT BHUAA (PYHKIUHU f , BXOJSAIICH B IMOJBIHTE-
rpajbHOE BBIPAXKEHUE.
C nomomisio dopmynbl ['puHa mpeoOpa3oBaTh KPUBOJIMHEWHBIA HHTETpall

1= I Vxi+ yldx+ y(xy+ In(x ++/x*+y’ ))dy. Vkasauue. Bocromnp3oBaTbCcs TeM, YTO
C

(x.7)
[TpaBuiI0 HaXOXACHUS MepBooOpasHoil U(x,y) = _[ P(x,y)dx+Q(x,y)dy
(xo’yo)

+ C TOJBIHTErPaJbHOTO BBIPAKEHUS Pdx+ Qdy, SBISAIOIIETOCS MOJHBIM Audde-
oU oUu
PCHIIMAJIOM. Yka3zaHue. Y4ecTh, 4TO o P(x,y), P O(x,y) u npounterpuposars 10
X Y
CTOpOHAaM MPSAMOYTOJIbHUKA, BEPIIMHAMH KOTOPOIO SIBJISIOTCS TOUYKH (xo, yo) " (x, y) . Ctopo-
HBbI ITPAMOYTOJIBHUKA TTapaJlJICJIbHbI KOOPAUHATHBIM OCSIM.
®opmyna Ctokca.
Haiitu ¢yskmuio mo npanHomy e€ mnonHomy auddepeHmany du =
(x+2y)dx+ ydy
(x+y)*

. Ykazanue. Yuectp, uto du = Z—udx+g—udy. [Hanee, Harpumep, u(x, y) =
X y

0
I a—udx + ¢)( y), rue ¢( y) — npousBoibHas auddepenupyemas ¢yHkuus. IlomydeHHbIH
X



«pe3ynbTart» Hajo npoauddepeHIupoBaTh MO MEPEMEHHON y M MPUPABHATH K MPOU3BOJHOU

ou . o o
6_ , UTO IIO3BOJIMT HAUTHU q)YHKL[I/IIO ¢ (y) C TOYHOCTH 0 HpOI/I3BOJIbHOI/I IIOCTOAHHOU C .
y

[Ipumensis  popmyny I'puHa, BBIUMCIUTH KPUBOJWHEWHBIM HHTErpall
Ixyzdy— x’ydx, e C — OKPYXXHOCTh x* +y’ =a’.
C

HezaBucumocTth KpPIBOJIHHGﬁHOFO HHTCI'paJia OT IIyTHU HA IINIOCKOCTH.

[Ipumensiss  popmyny I'puHa, BBIUMCIUTH KPUBOJWHEWHBIM HHTErpall
2 2

I(x+ yydx—(x—y)dy, rtne C — DIUHIC x—2+‘l):—2 =1. Vkasanme. VYdyecTb, UTO
a

C

dex+Qdy ==H(6—Q—6—P]ds.

e s\ 0x Oy
2 xdx + yd

BoruucianTh KpUBOJIMHEWMHBIA UHTETPAT Zy (Ha4aJI0 KOOPAUHAT HE

2

Gay X TV

JICKUT HA KOHTYPE MHTETPUPOBAHUSA). YKasanue. YOEIUTHCS B TOM, UTO TOABIHTEIPAITb-
HOE BBIpKEHUE SBIISIETCS MOMHBIM Auddepenmmanom. U, mubo, HalWTH nepBooOpasHyo, 1160,
MPOUHTETPUPOBATh MO CTOPOHAM IMPSAMOYTOJIbHUKA, BEPIIMHAMU KOTOPOTO SIBIISIFOTCS TOYKHU
(3,4) 5 (5,12). CTOpoHBI IPSAMOYTOJIbHUKA NapaJlIeIbHbl KOOPJAUHATHBIM OCSIM.

) xdx + ydy

2 2
P \NX Y
pacnoJioKEeHbl Ha KOHIIEHTPUYECKUX OKPYKHOCTAX C LIEHTPaMU B Hayaje KOOpIu-
HaT U paJiiycaMu COOTBETCTBEHHO R, W R, (Hayajao KOOpAMHAT HE JISKUT HA KOH-

BpuuciauTh KpUBOJIMHEWHBIN HMHTETPAIL , Tne Touku P, u P,

Type UHTETPUPOBAHMUS). Vkazanue. YOEIUTbCS B TOM, YTO TOABIHTETPAILHOE BBHIPAKEHHE
ABIISIETCS OJTHBIM AU depeHIInaIoM U HallTH epBOOOPa3HYIO.

[Mpumensis hopmyity ['puHa BBIYUCIUTD UHTETPAI _[xyzdy—xz ydx, tne C —
C

OKPY>KHOCTb x* + y* =a’.

IIpuMepsI coxepKRaTeILHOTO ONUCAHUSA PELICHUS TUIOBBIX 3a/1a4

+o0

1. BeluncnuTh UHTETpa I
2

Pewenue. Paznaras nogpHTETpaJIbHYI0 (PYHKIIMIO HA CYMMY JABYX IpOOEH,

X +x-2"

. 1
UCIIOJIb3Ysl METOJ] HEOMPEACNEHHBIX KOI(PPHUIIMEHTOB, MOTYyUNM: Trr_2 =
X X =
1 A B (A+B)x+24-B y
= + = U N3 CHCTCMblI YPABHCHUU
(x—l)(x+2) x—-1 x+2 (x—l)(x+2)
A+B=0, . . 1 1 1 1 1
HaWlIéM, 4T0 A=—, B=——, T. €. — = - . Ho
24-B=1 3 3 Xex-2  3(x-1) 3(x+2)

3anMcaTh UCKOMBIM HHTETpaJ B BUAC PAa3HOCTHU JABYX HECOOCTBEHHBIX HHTCTPAJIOB



“+00

dx o o

I— = —I— — — | —— HCJB34, T. K. KaXXIbIN U3 I/IHTCFpaJIOB B HpaBOI/I
X +x-2 S X+2

JaCTHu IIOCICAHCTO paBeHCTBa pacxozmnmﬁc;l. HOC—)TOMy BOCITIOJIb3YCMCA OIIPpCac-
JICHUEM HeCOOCTBECHHOTO I/IHTCFpaJIa, HJL 9C€ro pacCMoOTpumM OHpeﬂeHéHHBIﬁ HHTC-

rpai I— = —_[— - = ﬂ = l[ln(x—l) — ln(x+2):HA = llnx_lA =
X +x-2 > X+ 2 3 2 3 x+2|,
1 — 4(A-1
= lnA 1—ln1 =1lnu.
3\ A4+2 4 3 A+2
+o0 A +c0
IIo OIIPCACICHUIO J‘ZL = limj 3 , TO CCTb I 3 dx =
S X +x—2 Atod X" +x—2 S X +x—2
1
1)
4(A-1
lim 1lnu =1 lim m——A47 — 1 In4 = Eln2
A—>+0 3 A+2 3 A-+w 1 2 R] 3
+7
2. Haiitu unTerpan v.p. _[
xInx’

2
Pewenue. B nmaHHOM Ciydae Mpeaeibl WHTETPUPOBAHUSA KOHEYHBI, HO
HOBIHTErpaibHast (HYHKIIMSA HEOTPaHHYEHHA B pACCMATPHBAEMOM IIPOMEXKYTKE.
[Ton rmaBHBIM 3HAaUEHHEM HECOOCTBEHHOTO MHTErpaia Ha oTpeske [a,b] oT

b
byHkuu  f(x) B cmbicie Komm (v.p.) NOHUMAETCS YUCIIO v.p.j f(x)dx =

hm{ _[ f(x)dx + _[ f (x)dx}, rae ¢ MNpUHAICKUT WUHTEPBAILY (a b) U ABJISIETCA

ct+e

0CcO00i TOYKOH, T. €. MOoJAbIHTErpajabHasi (QYHKUHS B €€ OKPECTHOCTHU HEOTpaHu-
YEHHA.

¢ ode dInx tdnx 2
Urak vP°-!xlnx = lim _[ .- I_L lnx} !g{l()( + ln|lnx”1+£)
2 2
= lim[In|In(1-¢)] - W2 + 2 - Inin(i+£)] = limin n(1-2) _
£+ £—+0 ln(l + g)
—c+0(&? -
lim In g = limIn 1+0(8) = Inl = 0. [Ipu HaXOXAECHUU TIpeeIa ObI-
£+0 €+0(82) £5>+0 1+0(€)

JIO y4TEHO, uTO In(1+a) = a+ O(az) JUISL TOCTATOYHO MAJIbIX 3HAYCHUH « .

1+a

3. Haiity lim | ———.
a0 7 1+x" +a

Peuwienue. Bo3MOXHOCTh MPENETBHOIO TMepexojaa IMOJi 3HAKOM HWHTerpaia

b
_[ f(x,@)dx , 3aBUCSIIETO OT MapaMeTpa a , JAETCSA TEOPEMOMU.



Ecnu pyHKIUS f(x,) TIPU TOCTOSIHHOM 3HAUYCHUH @ WHTErpHpyeMa 1o x
B IPOMEXKYTKE [a,b] U IPU a—> @, CTPEMUTCS K NpeAenbHOH (QyHKINH @(x) =

lim f(x,@) paBHOMEpPHO OTHOCHTEIHFHO X, TO HMEET MECTO pPaBEHCTBO
a—a
b b
lim [ f(x,a)dx = [p(x)dx.
a—a,
a a

[loppiHTerpanbHas QyHKIUS f(x, @) HUMEET KOHCYHYIO IIpe-

1+x*+a?

1 .
NENbHYI0 QYHKIHUIO @(x) = lim f(x,q) = T3 o7 1 CTPEMHTCA K Heli paBHOMEPHO.
a +x

JInst ToKa3aTeNbeTBa MOCIEHEr0 YTBEPXKACHHS MOKaXeM, 4TO JIJIsl JTF000T0
CKOJIb YTOJHO MaJIOrO MPOM3BOJBHOIO YKCIA £ >0 HaiIeTCs He 3aBUCHIIEE OT X
JHUCIIO é‘ >0, Takoe, UYTO IpU |a|<S OyAeT BBINONHATLCS HEPABEHCTBO

f (x,a

<& OOAHOBPEMCHHO AJIAA BCCX 3HAQUCHUHN x.

Ho OTpECNEHUIO0 3TO U OyJeT 03HauyaTh PAaBHOMEPHOE OTHOCHUTEIBHO X
cTpemiieHne QYHKIHUHU f(x,a) K IPeAeTbHON QYHKINHA @(x).

1 1
1+x'+a’ 1+x°

1+x'-1-x'-a’

(1+x2+a2)(1+x2)

Urak, |f(x,a)-o(x) =

a’ a’

<
(1+x2+a2)(1+x2) 1+a?
HO TIPUHSATH & .
HerpynHo 3aMeTUTh, 4TO HOJBIHTETpaidbHasA GYHKIUS f(x,o) MPHU TOCTO-

SHHOM 3HAYCHHUU ¢« HUHTCTPUPYCMaA I10 HCpCMGHHOfI X. HOBTOMY MOJXHO BOCIIOJIb-
30BaTbCA TeopeMoﬁ O IIPCACIIbHOM IICPCXOAC II0OJ 3HAKOM HHTCIpala, T. €.
1

l+a

< &’ < |a| < &. CaenoBarenbHo, 3a UUCIO & MOXK-

. R— 1 p—
lim > = arctgx|0 =

a0 3 1+x* +a’

Z .

27 sinx

4. I3MeHUTh MOPSAAOK UHTETPUPOBAHUS B UHTETPAJIE _[ dx _[ f(xp)dy.

Pewenue. 3anumeM MCXOAHBIM MHTETPANI B BUAE CYMMBI ABYX UHTErPAJIOB

2 sinx

¥ BO BTOPOM M3 HMX M3MEHUM HAIPaBJIEHUE UHTETPUPOBAHMS I dx I f(xp)dy =

sinx sinx sinx

Ide (x, )dy + Idxjf(x,y)dy = Idxj (x,y)dy — Idxjf(x, )dy

sinx

Ka)KJIOM U3 UHTErPaoB B [IPABOM YaCTU U3MEHUM IIOPANOK UHTEIPUPOBAHUS, YUH-
: koo
TBIBasl, 4YTO Arcsiny =(-1)" arcsiny+ 7k . [Ipu m3menenun y ot 0 1o 1 nepemeHHas

X M3MCHSCTCS OT aresiny OO sz —arcsiny, a IIpU UBMCHCHUU y OT —1 10 0 nepe-
MEHHAasl x U3MEHSETCs OT zw—arcsiny 10 27 + arcsiny . OKOHYATENIBHO MTOIYYUM

sinx m—arcsin y 2z +arcsiny

jdxjf(x,)dy—jdy j f(x,p)dx - jdy j f(x,p)dx

arcsin y z—arcsin y



5. IlpousBens COOTBETCTBYIOIIYIO 3aMEHY IIEPEMEHHBIX,
CBECTH JIBOMHOU MHTETPal I _[ f(x+y)dxdy K omHOKpAT-

[l
HOMY.

Pewenue. Herpynao n3o0pa3uth 001acTh HHTETPH-
poBaHus. OHa CUMMETPUYHA OTHOCUTEIBHO OCEH M Hayana
KoopAuHatT. B mepBoM kBajpaHTe npu x>0 U y >0 — 3TO paBHOOEAPEHHBIN Ipsi-

MOYTOJIbHBIN TPEYTOJBHUK, Te 0< x<1 U y<—x+1.
Wrak, 06;1acThI0 MHTETPUPOBAHUS SIBJISICTCS KBaApAaT.

. o u+v
BBeném HOBBIE NEPEMEHHBIE u=Xx+y, v=x—y . JIETKO HaliTH, YTO X = ,
2

_ u-—-vy
=5
[Ipn Takoil 3aMeHE MEPEMEHHBIX MpsiMasg y=—x+1, coIepkKamas OTPE30K
AB, 0TOOpa3UTCS B OPAMYI0 u=1, T. K. Ip1 MOJICTAHOBKE X = u;v , y= u;v B

YpaBHEHHUE NaHHOW MpsAMou nmoiaydyuM u=1. COBEpIICHHO aHAJOTHMYHO MpsiMas
y=x+1, cojaepxamasi oTpe3ok BC, oToOpa3uTcs B MpsAMYyI0 v=-1; npsmMas
y=-x-1, coaepxamas oTpe3oK CD, oToOpa3uTCcs B MNPAMYIO u=-1; mnpsmas
y=x-1, coaepxaiias oTpe3ok DA, 0TOOpa3uTcs B MpsiMyto v=1.

u-+v
2
v

Tak Kak Ha OTpe3ke ocu Ox TpU y=0 U —-1<x<1: -1< <14 u=v,TO

u—

—1<u<1, a Ha OTpe3KE OCH Oy IIpH x=0 U -1< y<1: -1< <1 ¥ u=-v, TO

—1<—v<1wnmm -1<v<1.
Takum oOpa3om, KBaapaT, 3aJaHHBINA B TUIOCKOCTU Oxy , IPU yKa3aHHOW 3a-
MCHE NIEPEMCHHBIX npeo6pa3yeTca B KBaJpar [—1,1;—1,1] CO CTOpOHaMu, mapa-

JIENbHBIMA OCSIM KOOPJMHAT B IUIOCKOCTH Ouv . SIkoOMaH NaHHOTO npeodpa3oBa-

Ox 0x 11
1 1
wust  J(u,v) = ou ovi _ 12 2| - _2 g lJ| = <. CnenosaremnsHo,
@y 11 2 2
ou Ov 2 2
1

H f(x+y)dxdy = %_i;dVIf(u)du = _[f(u)du

[+l
6. Ilepexons K MOJSIPHBIM KOOpAMHATAM, HAUTH 00BEM TeJla, OTPAHUYEHHOTO Clie-

2.2
OYIOIIMMH OBEPXHOCTAMHU: Z=e (s ), z=0, x’+y*=R">.
Pewenue. O6’E>CM V' Tena, OrpaHUYEHHOIO IIOBEPXHOCTBIO €, paBEeH

—x+y

mdxdydz—ﬂdxdy I a= [ " axay.

X +y2 <R’



[lepeiinem K MOJSPHBIM KOOPAMHATAM X =rcos@, y=rsing U C yYETOM TO-

ro, 4To siKOOMaH MpeoOpa3oBaHUs paBeH r, MONYYHUM V = I dq)j e rdr =

R
_Z _2
nje’drz = —xe™"

0

2.2
EKTUPYIOIIMN YacTh MOBEPXHOCTU 7 = e (= +y), BBIPE3aEMYIO0 UM, Ha IJIOCKOCTh
Oxy , IO3TOMY 00JIaCTh ¢ — 3TO KPYT, YpaBHEHHE KOTOPOro x’+ y> < R*, 9TO U

OBLIIO YUTCHO IIPpU OIIPCACICHUH U PACCTAHOBKC ITPCACIIOB HHTCTPHUPOBAHUA.

R

= n(l—e"*z). ScHo, 9T0 Xx*+y* = R* W eCTh MIJIUHJP, MPO-
0

7. BeIUMCIUTH KPUBOJIMHENWHBIN MHTETPAJ IEPBOrO POAa _[ (x2 + yz)dl , rne I — Kpu-
1

Basl x =a(cost+tsint), y=a(sint —7cost) (0 <t< 27:) ;
Pewenue. Tax xak kpuBas (/) 3agaHa mapamerpudecku: x=x(t),y=y(7)
(¢, <t<T), To M BBIYUCIICHHS KPUBOJIMHEHHOTO MHTErpala IepBOro Poja Hamo

3aMCHUTL B HOIILIHTGI’pEUIBHOﬁ (IJYHKHI/II/I IICPCMCHHBIC X M y HX BBIPAXCHUAMU

yepes napamerp, a dl — mudepeHIanoM aIyru \/[x'(t):|2+[y'(t)]2 dt, T. e.

[F(xy)ar = [ 1 (x), y(t))\/[x'(t):|2+[ v ()] ar.
Utak, x'(¢) = atcost, y'(t) = atsint, x?*+y? = at, X +y* = a2(1+t2).

Crenosatensho, [(x*+y*)dl = a3Tt(1+t gt = a32f(t+t3 P [47!2_'_167:4] _
1 0 s 2 4

2a°n? (1+2n2).

8. IlpumenuB ¢dopmyny ['puHa, BBIYUCIUTH KPUBOJIMHEHHBIM HWHTETpal
jxyzdy— x’ydx , t1e | — OKPYXHOCTh x* +y> =a’.
!

Pewienue. ®ynxuum xy’ u x’y HENPEPHIBHBI BMECTE CO CBOMMHU YaCTHBIMHU
MPOU3BOJAHBIMU B 00JIACTH, OTPAHUYEHHON 3aMKHYTBIM KOHTYpPOM [, U Ha €e rpa-
HULIE, TOATOMY NpuMeHuMa (popmyna ['puHa, cBs3bIBaroIas ABOMHOW U KPUBOJIU-

0 oP

HEWHBIN UHTErpaIbl _[ Pdx+Qdy = H[———] dxdy . CornacHo el umeemM _[ xy’dy
l x l

- x'ydx = H|:a£(xyz) + 2(x y)i|dxdy = H xX'+y )dxdy [Tepeiinem x 1mo-
s LOX oy

x? +y 2<a?

JSIPHBIM KOOPAMHATaM (X =rcos@, y=rsing) ¥, yIUTHIBAs, YTO SIKOOHAH MPeod-

pa30BaHUs PaBEH r , TOIYIUM I I xX’+y )dxdy = I d¢j dr = ”7‘14.

x+y<a



9. OnpenenuTs IUIOMIAAb YAaCTU BUHTOBOM IIOBEPXHOCTH x=Ecosny, y=~Esing,
z=cn, BBIpE3aHHOW M3 He€ MWIMHIPOM x’+y’=a’ W IUIOCKOCTAMU z=0 |
z=2rxc (c > 0) .

Pewenue. 113 yciioBus 3agayd HETPYAHO 3aMETUTh, YTO 0<7<27, a
0<¢é<a. TayccoBbl KOX(PGUIIMEHTHl JIETKO BBIUUCISIOTCS W paBHBL: E =1,

G=8F+c*, F=0. CrnenoBatensto, dS = VEG-F*dédn = & +c*dEdny u mio-
2z a a

I1aJ1b YKa3aHHOM YacCTH IMMOBEPXHOCTH S = _[ dn_[ JE +ctdE = 27;_[ JE +CdE .
0

[ [zt 0 6 +c) ¢
Beruncinum  mHTETpa I & +cdé j J' +
0 «/5 +c?

czi d¢ jgd,/g +e? + ¢ ln(§+«/§ +c) §W/§2+c2 0—],/§2+c2d§ +

0 f +c’ 0
ITocne OYCBHUAHBIX Hp606pa3OBaHI/II/I IMOJIy4YHJI, 9YTO B HpaBOI/I

Zln(§+\/§T)

9aCTH paBCHCTBA UMCCTCA TaKOH e HHTCTpAN, YTO U B JICBOM. HepeHOCH €ro B JIC-

BYIO 4acTh M J€Nsl MOJyYeHHOE PABEHCTBO HA JIBa, HailéM 4TO I JE +cdE =
0
1 “ 1
E[f\/«fz+cz+czln(§+\/é"2+c2ﬂ = E[a\/a2+c2 + czln(a+\/a2+c2)—czlnc:| =
0
1 ’ 2 2
E(a\/a2+c2 + czlnu )

c

a+a*+c’

CrenoBareiibHO, S = ﬂ(a\/a2+c2 + ¢’In
c

).

10. Oyukumo f(x)=e“ pasznoxurs B psx Oypbe B uHTEpBaNC (~7,7).
Pewenue. dyaxuns f(x) ynounerBopser ycnoBusM Jupuxine u, cuenopa-

TEJbHO, MOXET OBITh IpecTaBeHa psgoM Dyphe.

Psanx @ypbe umeer Bun f(x) = az—" + i(akcoskx+bksinkx), rae a, =
k=1

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

o . 1% 1 " e’ —e™”
Haiiném xoapdunuentsr dypoe: a, = — I e“dx = —e™| = =
e ar |, ar
a, shar
—shar, 5 . g k>1 3HaueHus K03(GGUIUEHTOB BBIUYUCISIOTCS IO
an ar

dopmyie a, = lje"x cos kxdx .
T,



H 4

o 17
Havinem, 4yeMy paBeH wuHTErpaul e“ coskxdx = —j coskxde™ =
a
-

T z 4 ar __ ,—an -1 k
l(e‘”‘ cos kx + k_[ e™ sin kx dx) = iz I sinkxde™ + (e ¢ )( ) =
a -7 LA a*d a

u 2 ar _ ,—ax _1 k
ize“" sinkx‘ — k—2 _[ e™ coskxdx + (e ¢ )( ) . B mpaBo#t yactu paBeHCTBa
a d a” ° a

2 2 7

. a +k
MOJIYYHJIM TOT K€ MHTErpajl, YTO U B JICBOU, CICIOBATCIIBHO, ——— | e“ coskxdx =
a

-

k 2shar « 2ashar
(-1) —— n a, =(-1)* ———-. 3amMeTuM, YTO B JaHHOM CJIy4ae U3 IOCIe/]-
k 2 2 2
a (e +k°)
Hell popMyIibl MOKHO HATH KO3 PULIEHT a, .
4 1 13
COBEpILIEHHO AHAJIOTUYHO HAWAEM, 4YTO _[ e“sinkxdx = — _[ sinkxde™ =
- a -
1 ax _ s z T ax — k [ ax — k ax z
—(e™ sin kx| - k_[ e coskxdx) = ——zjcoskxde = ——Z(e cos kx| +
a i a a 2
— -
P k(eaﬂ _e—aﬂ')(_l)k kz T
kj' e” sinkxdx)=— 5 -— _[e“" sinkxdx, OTKyJ1a C y4€TOM TOTO, UTO B
el a a” °
IIPAaBOM YacCTH MOJYyYWIM TOT JK€ HHTErpajg, 4yTO U B JIEBOM, CIENYET, 4YTO
2 2z 4
a“ +k ) x 2k sharx 1 . k-1 2k shar
= [esinkxax=-(-1)" === n b= —[e“sinkxdx = (1) T
a S a 2 rt(a +k )

Takum 06pa30M, IMpUACM K Pa3JI0OKCHHUIO
o — 2sha7r( 1 +3(-1) acoskx—ksmkx] (-r<x<7).

7z (204 & a’+k*
3ameTtnm, yTo KOd(hPuimeHTs @yphre MOKHO HANTH 3HAYUTETHHO MPOIIE,
€CITU HCIIOJIb30BaTh (hopMyiny Diiniepa e’ = cosa+isina M KOMIUICKCHYIO (YHK-
IUI0 JICHCTBHUTEIBLHOTO aprymMeHTa F(x)=e“ (coskx+isinkx)=e“*"™*, Ttorma

A 2 T 4
Ie“" cos kxdx = ReIe(”+'k)xdx, a je"x sinkxdx = ImIe(”+’k)xdx.
- - - -

(a+ik)x z e(a+ik)7r _e—(a+ik)7r

e

T T
Berarcinm wHTErpa _[ F(x)dx= Ie(“”")" dx =

a+ik a+ik
-z - -z
e e e me ™ ¢ (coskm+isinkn)—e " (coskr—isinkr) _ (e"” - e"’”)cos kr
a+ik a+ik a+ik

k 2sharn k 2
-1) ——— = (-1) ——(ashar—ikshar). Paznends neCTBUTEILHYIO U MHU-
( ) a+ik ( ) a2 +k2( ) II '21 y

MYIO YacTH, MOJIYyYUM TpeOyeMblil pe3ybTar.

Bo3Mo:xHBIE TeMbI KYPCOBBIX padoT



HccnenoBath Ha SKCTpeMyM (PYHKIIMIO ABYX HE3aBHCHUMBIX IMEPEMEHHBIX U
M300pa3uTh COOTBETCTBYIOIIYIO MOBEPXHOCTh, HUCIONB3YS KakoH-1nbo rpaduue-
CKHI MaKeT MPUKIAJHBIX POTPAMM.

1. =X —xp+y' -2x+y.
2 i=x"y(6—x—y).

3 =X+ —-3xy.

4. z=x'+yt—x"—2xp -y’
5 z=2x"+y' = x"=2y*.

6. z=xy+5—0+g (x>0,y>0).
X Yy
7. 7= ax+by+c (a2+b2+(32¢0).
\/x2+y2+1

8. z=1-{x*+)*.
9. z=e2x+3y(8x2—6x;y+3y2).
10. z=sinx+c0sy+c0s(x—y) (OS x<m0< ySﬂ).
Haiitu To4yku ycioBHOro skcTpemyma (YHKIMH U U300pa3uTh COOTBET-

CTBYIOIIYIO MMOBEPXHOCTh, UCIOJB3Ys KaKOU-INO0O0 rpaduyueckuil makeT MpuKIIa-
HBIX [TPOTPaMM.

l. z=xy,ecmu x+ y=1.
2. =242 ecm x*+y'=1.
a b
3. z=x2+y2,ecm/1£+1=1.
a b

7= Ax* +2Bxy+ Cy*, ecmu x> +y’ =1.
5. 2=x"+12xp+2y’, ecu 4x7 + y* =25.
/4

6. z=cos’x+cos’y,ecmu x=—y=7.

Haiitu skcTpemMarnbHbie 3HAYCHHS 3aJJaHHOW HESIBHO (PYHKIIMU I OT Iepe-
MEHHBIX X, y WM U300pa3uTh COOTBETCTBYIOUIYIO MOBEPXHOCTbh, UCTIOB3Ysl KaKOM-

1160 rpadudeckuil makeT MPUKIAIHBIX TPOTPAMM.
1. X +y +77-2x+2y—4z-10=0.
2. X+ Y+ —xz—yr+2x+2y+27-2=0.

3. (x2+y2+z2)2=a2(x2+y2—z2).

IIpumep coaepaxaresibHOrO onucanus (kparkoro) PI'P.



Uccnenoats Ha 9KcTpeMyM QyHKLHIO z = sinxsinysin(x+y) (0<x<r,
0< y<) ¥ ©300pa3UTh COOTBETCTBYIOLIYIO TOBEPXHOCTD, HCIIOIB3Ys KAaKOH-IHG0

rpaduueckuii makeT MPUKIAIHBIX POTPAMM.

Pewienue. ]l orBeTa HA ITOCTABIICHHBIM BOIIPOC HAWIEM OT 3aJaHHOMU
(yHKIMM YacTHBIE MPOU3BOAHBIC IEPBOrO MOPSAKA z, = cosxsinysin(x+y) +

sin xsin ycos(x+y) = siny[sin(x+y)cosx+cos(x+y)sinx] = sinysin(2x+y), 7, =
sinxcosysin(x+y) + sinxsinycos(x+y) = sinx[sin(x+y)c0sy + cos(x+y)sinx]
= sinxsin(x+2y). [IpupaBHuBas WX K HYyIIO, MPUAEM K CHCTEME YpaBHCHUIA

sin ysin(2x+ y) =0,
JUIA OTBICKAQHUS KOOPAUHAT CTAallHOHAPHBIX TOYEK.
sinxsin(x+ Zy) =0

3aMeTuM, 4TO ONpeIeTICHUE IKCTPEMyMa MPEANOoIaraeT To, YTo TOUKa, B KO-
TOPON OH MOXXET JIOCTUTAThCS, JOJHKHA OBITh «BHYT-
peHHel» (pedb He WAET O HaUMEHbBIIEM W HauOOJb-
meM 3HaueHuu (QyHKIUU B 3a7aHHOM oOnactH). Ilo-
sTOoMy rpanudnsie Touku (0,0), (0,7), (=,0), (r,7),
SIBJISTFOIIIECS PEIICHUSMH JTAHHON CHCTEMBI ypaBHE-
HUH, W3 PAacCMOTpPEHHs HCKiIodaeMm. M3 mepBoro
sin(2x+ y) =0,

YPaBHEHHUSI CUCTEMBI HaugeM 2x+y

sin(x+2y)=0

=gk U y = xk-2x. lloncraBnss yka3aHHOE BBIPa)KEHHUE BO BTOPOE YpaBHEHUE,

. wn
MOJIYy4YHUM sin3x =0, OTKyZIa x = 3 IPUYIEM n C YICTOM YCIIOBHUA 0< x <7 MOXKET

V4 2z
PaBHATLCS TOJIBKO €QUHUIIC WJINA IBYM. HoaTOMy X = ? WIn x = ? DTUM JBYyM

3HAYEHUSIM MIEPEMEHHON X C YYE€TOM TOro0, 4TO 0< y < 7, COOTBETCTBYIOT JIBa 3Ha-

. V4 2
HCHHA NEPEMEHHOH y: y=2 M y=—-.
Takum oOpa3om, BHYTpHU paccMaTpUBaeMON 00JIACTH UMEIOTCS ABE CTallMO-
V4 V4 2z 2z
HapHBIC TOUKH, KOOPIMHATEI KOTOPBIX PABHBLL X, =, ¥y =~ M X,=—5, ¥y = .
Haiiiem 4acTHbIC IPOU3BOHBIC BTOPOTO MOPsIIKA: z', = =2sin yeos(2x+y), z;'z =

2sinx cos(2x+ y) ) Ty = sin2(x+ y). BprurcimuMm 3Ha4ueHUsT BTOPBIX MPOU3BOIHBIX B

CTAlMOHAPHLBIX TOYKaAX.
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VII. MaTrepuajibHO-TEXHHYECKOE O0ecneyeHue

Jjist aymuTopHO# paboTHhI.

YueOnas ayautopust Ne 304 Habop yuebHoit mebenn,

(170002, TBepckas 06i., T.TBeps, CanoBbiii | 2XPaH,

HepeYJIOK, I[?’ 5) KOMIIJICKT aYH?OTCXHHKH (paI[I/IOCI/ICTeMa,
CTallMOHAapHbIN MI/IKpO(i)OH C HACTOJIbHbIM
Jiep>KaTesieM, yCUINTENb, MUKILED, aKy-
CTHUYECKas CUCTEMA),
MPOEKTOP,
HOYTOYK.

YueOHas ayautopus Ne 20 Habop yuebHoit mebenn,

(170002, TBepckas 06i., r.TBeps, CanoBbiii | 2XPaH,

nepeysok, 1.35) MPOCKTOP.

Vuebnas ayauropus Ne 308 (170002, Tsep- | Habop yueGuoit meGenn,

ckag o0s., r.TBepp, CamoBbiii mepeynok, | 2¥Pat,

1.35) MPOEKTOP.

Vuebnas ayauropust Ne 206 (170002, Teep- | Habop yueOnoi mebemnm,

ckag o0s., r.TBepp, CamoBbeiii mepeysok, | 2XPat,

1.35) MIPOEKTOP.

VYuebnas aygutopust Ne 7 HaGop yuebHoii Mmebemu

(170002, Tepckast 06i1., T.TBeps, CanoBblit

nepeyiok, 11.35)

VueOnas ayauropust Ne 310 (170002, Tep- | Habop yuebHoit mebenn

ckag o0s., 1.TBepp, CamoBbiii TEPEYyIOK,

1.35)

Jlnst camocTosiTeIbHOM paboTHI.

[ToMelienre aJi CaMOCTOSTENBHON pabOThl O0YyJAOIITUXCS: Kowmmsrorep,

Komnbrotepusiit kiace Ne3 daxynbrera [IMuK SKpat,

Ng 4B MapKCpHad JOCKa,

MIPOEKTOD,

170002, Teepckas 06x., 2.Teeps, Cadossiii nepeynok, 0.35

KOHAWIMOHEP.




VIII. Cenenusi 06 00HOBJIeHMH padoyeil MPOrpaMMbl AUCHHMIIIHHBI

Ner.. | OOGHOBNEHHBIH pa3aen pa- Onucanue BHECEHHBIX PexBU3UTBI TOKYMEHTA,
Ooueili MporpaMMBbl TUCIIH- H3MEHEHUH YTBEPAMBIIETO U3MEHEHUS
ILJIMHBI

1. V. YuyebHO-MeTOOnYeCKOe U | BHECeHBI H3MEHEHMS B Ot 24.08.2023 rona, npoto-
uHpopMalnoHHOE obecnie- | mporpaMMHoe obecriede- | koi Ne 1 yyeHoro cosera ¢a-
yeHue, Heo0X0auMOoe 1A HHE KyJIbTETa
MPOBEICHUS TPAKTUKH
2) [IporpammHOe obecrieue-
HHC

2. 1. AgHoTamnus 3menenue yacoB KOH- Ot 16.01.2025 rona, npoto-
3. O0beM JUCHUTUIMHBI TAaKTHOM ayAUTOpHOH pa- | koi Ne 7 yueHoro cosera ¢a-
II. Coneprxanue TUCIMIUIAHBI, | OOTHI B 4 ceMecTpe KyJbTETa
CTPYKTYPUPOBAHHOE T10 Te-
MaM (pazzienam) ¢ ykazaHueM
OTBEJICHHOT'O HA HUX KOJIMYC-
CTBa aKaJIEMUYECKHX YacoB U
BUJIOB YUCOHBIX 3aHITHIA

3.




