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1. Ilesan 1 3a1a4M OCBOEHUSI AN CHUILJIMHBI/MOYJIsI

Llenb quCUUTUTMHBL/MOAYIISA: (POpPMUPOBAaHHUE TUYHOCTH 00YUYAIOIINXCS, PA3BUTHE UX HHTEJUICKTa
U CIIOCOOHOCTEH K JIOTUYECKOMY U aJTOPUTMHYECKOMY MBIIICHHIO; OOyYeHHE OCHOBHBIM
MaTeMaTHYEeCKUM METOJ/IaM, HEOOXOJMMBIM JUIsl aHAIM3a U MOJICIIMPOBAHMS YCTPOUCTB, MPOILIECCOB U
SIBIICHH TIPY TIOMCKE ONITUMAIIbHBIX PEIICHHI JIJIs1 OCYIIECTBICHUS! HAYYHO-TEXHUYECKOTO Mporpecca u
BBIOOpA HAMIYYIIIUX CIIOCOOOB pealin3aliii 3TUX PEIICHHUH, a TaKkke 00ydeHrue MeTojaM 00paboTKH 1
aHaM3a pe3yJbTaTOB OSKCIIEPHUMEHTAIBHBIX JaHHBIX. JluciummHa «MartemaTtuka» 3aKiajblBacT
(byHIaMEHT MoCIeAyIonero 00yueHusl B MaruCTpaType, aCoupaHType.

3amaun AMCUMIUIMHBI/MOAYJS: HAYYUTh OOYYaIOUIMXCS HCIOJIb30BaTh OCHOBHBIC TMOHSATHS
MaTeMaTUKd M MX B3aUMOCBS3b B JPYTUX AUCHUIUIMHAX, MPUEMBl HCCIICAOBAHUS U PpEIICHUS
MaTeMaTH4ecKd (HopManM30BaHHBIX 3a7ad W BO3MOXKHOCTh HMX HCIIONB30BaHHUS TPH PEHICHUU

INPUKIAJHBIX 3a1a4.

2. MecTo aucuumnHb/Moay.as B crpykrype OIIOII BO

JlMcuuIuimHa/MOIylIb  OTHOCUTCS K JUCHUIUTMHAM 00s3aTeNbHOM YacT, (HopMHpyeMOit
y4acTHUKaMu 00pa30oBaTeNbHBIX OTHOIICHUH yueOHOTO IJIaHa.
Heo0xoaumMbpIMU yCITOBUSIMU JI1 OCBOSHUS AUCHUILITNHBI SBIISIOTCS:

3HAaHUE OCHOBHBIX IIPUHIUIIOB, ITOHATUNA U 3aKOHOB MAaTEMAaTUKH, BO3MOKHOCTU IPUMEHEHUS
MaTEeMaTHYECKHUX 3aKOHOB B KOHKPETHBIX 00J1aCTSIX HAYKU U TEXHUKH;

yMeHust popMyIMpoBaTh 337auy B MaTEMAaTUYECKUX TEPMUHAX M HAXOJIUTh MyTH €€ PeIeHHS;
CaMOCTOATEIIBHO PACIIAPATh MATEMATHYECKUE 3HAHMUS,

BJIQJICHHE MaTeMaTHYECKUMH MeToAaMHu sl oOpaOOTKM pe3yabTaTOB IMPAKTUUYECKOU
JEeATEIbHOCTH U AHAJIN3a IOJyYEHHBIX PE3yIbTaTOB.

CopneprxaHue NUCHUILIUHBI/MOIYJS CIY)KUT OCHOBOW JUISI OCBOCHHUS TUCHMUIUIMH «DH3HKay,
«XuMusy, «NEKTPOTEXHHUKa», «PelieHue 3a1a4 MaTeMaTH4ecKoi Gpu3nku» u T 1.

bakanaBp, He3aBUCUMO OT MPO(UIIS MOATOTOBKH, J0JKEH MOHUMATh U UCHOJIb30BaTh B CBOCH
MPaKTUYECKONW JESITETbHOCTH ©0a30Bble KOHLENIMW UM METOAbl, pa3BUTHIE B COBPEMEHHOM
€CTECTBO3HAHHUH.

3. Pe3yabTarbl 00y4eHHs 10 JMCHUTIMHE/ MOLY.TIO

[Ipouiecc n3yueHus: AUCHUILIMHBI HATIPaBIIeH Ha POPMHUPOBAHUE CIEAYIOUIUX KOMITETEHITHI:
Tabmuua 3.1

Kon u HaumeHoBaHue pe3ynbTaTa
00y4YeHus 10 JUCUIUTUTHE
(MoTyITI0)
3HaTh: aKTyaJbHbIC POCCUMCKHE U
3apyOeXHbIE HICTOYHUKH TI0

mquctmuinHe (YK-1.31)

Kon 1 nammenoBanue Kon u HaumeHoBaHME MHAUKATOpA
KOMIIETECHIIUH nmoctmxenns kommnerennuu (M/1K)

VK-1 Cniocoben

VYK-1.1 OcymectBisieT BBIOOD YMeTh: OCyIIECTBIATH BEIOOD

OCYIIECTBIIATH MOWCK, . .
. AKTyalbHBIX POCCUICKUX U aKTyaJIbHBIX POCCUHCKUX H

KPUTHYECKUN aHAIN3 U

3apyOeKHBIX NCTOYHHUKOB, a TAKKE 3apyOeKHBIX UICTOUHHUKOB, a TAKKe
CHHTE3 HH(OpMaIHY,

N MOKCK, cOOp 1 00pabOTKy MOKCK, COOp 1 00pabOTKY

MPUMEHSTh CHCTEMHBIH . .

WHPOpMaLUK, HEOOXOAUMON ISt MH(OPMAIIH, HEOOXOAUMOH 11
MOJIXO/ AJISI peIICHUS . .

pelleHHs IOCTABICHHON 3a1aun pelIeHNs IOCTaBICHHOM 3a1aun
MOCTaBJICHHBIX 33734

(YK-1.V1)

Brnanets: HaBeIKaMu moucka, coopa
1 00paboTKHN HHPOpPMALIUH,




HEOOXOIUMOM IS peIIeHUs
nocrasneHHoi 3agauu (YK-1.B1)

YK-2 Cnocoben
OTIpENeNsATh KPYT 3a1a4 B
paMKax [MOCTABICHHON LEIH
u BI>I6I/IpaTI) OIITUMAJIBHBIC
CIIOCOOBI UX pelIeHus,
HCXO0I4 U3 NEUCTBYIOLIUX
IIPaBOBBIX HOPM,
HMMEIOLTNXCS PECYpPCOB U
OTrpaHUYECHUI

VK-2.1 IlpoBoaut aHamm3
MOCTABIICHHOH 1IeNK 1 HOpMUPYET
COBOKYITHOCTb B3aMMOCBSI3aHHBIX
3aJ1a4, KOTOpPbIE HEOOXOUMO PEIIUTh
JUTSL €€ JTOCTIKCHHUS

3HaTh: [IEJTb U COBOKYITHOCTh
B3aUMOCBSI3aHHBIX 337134, KOTOpPhIC
HEOOXOMMO PEIINTD IS e
nmoctmwkenns (YK-2.31)

YMeTh: NPOBOAUTH aHAIU3
MOCTaBJICHHOM 1IETTU U
(hopMHPOBaTH COBOKYITHOCTH
B3aMMOCBSI3aHHBIX 3a7a4, KOTOpPhIE
HEOOXOIMMO PEIINTH IS €¢
noctmxenns (YK-2.V1)

BrnazneTs: HaBBIKOM MOCTaHOBKH
MPOAHAIU3UPOBAHHOM LIeNU U
(hopMHUPOBaHUS COBOKYITHOCTH
B3aNMMOCBA3aHHBIX 3a1a4, KOTOPLIC
HE0OXOUMO PEUTUTh IS e
noctmwkenns (YK-2.B1)

YK-2.2 BeiOupaer onTuMabHbIH
CHoco0 pemeHns 3a1a4, UCXOIs U3
MMEIOIINXCS PECYpCOB U OTpaHUYESHHH

3HaTh: ONTHMANBHEIN CIIOCO0
peleHus 3a1a4, HCXOI U3
HUMEIOIIUXCS PECYPCOB U
orpannyenuii (YK-2.32)

YMeTh: peniats 3a/1a4u, BEIOUpast
ONITUMAJIBHBIM CIOCOO BBIUYMCIICHUS,
HCXO/s U3 UMEIOIINXCS PECYPCOB U
orpaanuennii (YK-2.Y2)

Brnamets: HaBBIKOM pelieHus 3a/1a4,
BEIOMpasi ONTHMAaJBHBIN CTIOCO0
BBIYHCIICHHUS, UCXOMS U3
UMEIOIIUXCS PECYPCOB U
orpaanyenwnii (YK-2.B2)

OIIK-1: CniocobeH pemaTsb
331241, OTHOCSIIIHECS K
npodeccuoHaIbHON
JCSITENIBHOCTH, TPUMEHSIS
METO/bl MOJICTUPOBAHHS,
MaTeMaTHYECKOTO aHaIn3a,
€CTECTBEHHOHAYYHBIC H
00IenHKEeHEPHBIE 3HAHUS

OIIK-1.4 IIpencraBnenne 6a30BBIX IS
npodeccuoHaNbHOU chepbl
(U3NYECKUX TIPOIIECCOB U SIBJICHUH B
BUJIE MAaTEMaTHYECKOTO(1X)
ypaBHeHus(i1).

3HaTh: IIpeCcTaBIeHNE 0a30BbIX
IUTs ipopeccoHaNbHOM chephl
(bU3MYECKUX TPOIIECCOB U SBICHUI
B BUJIC MATEMaTHYECKUX TPOLIECCOB
u sigyiennii (OITK-1.34)

YMeTh: NPUMEHATH
MaTeMaTHYECKHU armapar npu
penieHny 6a30BbIX (U3UYECKUX
nportieccos u sienuii (OITK-1.Y4)

Brnaners: HaBbIKaMU B IPUMEHEHUU
MaTeMaTH4YeCKOro armnapaTa npu
npeAcTaBIeHNH 0a30BbIX IS
npodeccuoHaIbLHOU chepbl
(hU3NIECKUX MPOIIECCOB U SBJICHUHN
B BUJIC MaTEMaTHIECKOTO(HX)
ypasuenusi(it) (OITIK-1.B4)

OI1K-1.6 Pemenue nHx)eHEPHBIX 32124
C IIOMOIILI0 MATEMATHIECKOTO
arapaTa BEKTOPHOU anreOpHl,
aHATUTUIECKON TEOMETPUH

3HaTh: TEOPETUICCKIE OCHOBBI
MaTeMaTHYECKOTO amnmapara
BEKTOPHOM anreOphl,
anajguTHaeckoi reomerpun (OITK-
1.36)

YMeTh: IpUMEHATh 3HAHUS
MaTeMaTHYECKOTO armapara
BEKTOPHOU anreOphl,




AHAITUTUUECKOI reoMEeTpumr npu
PCIICHUN MHKCHCPHBIX 3a/1a4
(OTIK-1.Y6)

Brnaners: MaTemMaTHueCKUM
anmapaToM BEKTOPHOI anreOpsl,
AHAJIMTUYIECKOM F€OMETPHUHU IPH
PELICHUN MHXEHEPHBIX 3a/1a4
(OIIK-1.B6)

OIIK-1.7 Pemenue ypaBHEHHH,
OTMCHIBAIOIINX OCHOBHBIE (PU3NUECKUE
HPOLIECCHI, C TPIMEHEHHEM METO/IOB

JTUHEWHOH anreOphl 1
MaTeMaTHYECKOro aHalIn3a

3HaTh: METOBI TUHEHHOH anreOpsl
1 MaTeMAaTHYECKOTO aHaJIN3a JJIs
pelIeHus] ypaBHEHUH,
OTMCHIBAIOIINX OCHOBHBIE
¢usnueckue nporeccs (OITK-1.37)

YMeTh: NIPUMEHSTH METOIbI
JTMHEHHOH anreOpsl 1
MaTeMaTHYECKOro aHaJIn3a JUIs
pelieHus: ypaBHECHUH,
OITMCHIBAIOIINX OCHOBHEIE
¢usnueckue mpouecch (OITK-
1.Y7)

Bmagers: MeTomamMu IMHEHHOM
anreOpbl 1 MAaTEMaTHIECKOTO
aHaliu3a JJis pelICHUs] YpaBHEHUH,
OITMCHIBAIOIINX OCHOBHBIEC
¢busnueckue npoueccel (OIMK-1.B7)

OI1K-1.8 O6paboTKa pacyeTHBIX U

IKCIICPUMCHTAJIbHBIX JaHHBIX
BEPOATHOCTHO-CTATUICCKUMU

METOJaMH

3HaTh: BEPOSATHOCTHO-
CTaTUCTUYECKHE METOIbI JUTS
00pabOTKH pacUeTHBIX U
IKCIEPUMEHTATBHBIX JaHHBIX

(OIIK-1.38)

YMeTb: NpUMEHATH BEPOATHOCTHO-
CTaTHCTHYECKUE METOJIBI JUIS
00pabOTKH pacUeTHBIX U
OKCIICPUMECHTAJIBHBIX JaHHBIX

(OITK-1.V8)

BuasieTb: BEpOSITHOCTHO-
CTaTHCTHYECKUMH METOJIAMH ISt
00pabOTKH pacyeTHBIX U
9KCTIEPUMEHTAIBHBIX JaHHBIX
(OITK-1.B8)

4. O0beM TUCHUNIMHBI/MOTYJISA

OO0muit 00BeM TUCITUTUTHHBI/MOIYJIS COCTABIIACT 9 3aUeTHBIX enuHuUIl, 324 Jaca.

Tabmuma 4.1.
AyIUTOpHBIC 3aHSTHS/KOHTAKTHAS
CamocTto
®opma Kypc/ pabora, yac. ATeLHAS KonTtpons, ®opma
o0y4eHH | ceMecT JlaGoparo qac. MIPOMEKYTOUHO
Jlexim | IlpakTrueckn pabora, N
A p pHBIE i arTecranuu
u € 3aHATUS yac.

3aHATHSA
OyYHast 1/1 18 34 - 20 36 DK3aMeH
1/2 18 34 - 20 36 Dk3aMeH




2/3 18 34 - 20 36 DK3aMeH
OHHO" 11 12 20 ; 40 36 SK3aMeH
3a09YHas1

1/2 12 20 - 40 36 DK3aMeH

2/3 12 22 - 38 36 DK3aMeH

5. CTpyKTypa M coJep:KaHue JUCHUILIMHBI/MOTYJISA

5.1. CTpyKkTypa AUCUIUTIINHBI/ MOTYIISI
ouHas ¢popma o0ydenusi (OPO)

Tabmuua 5.1.1

Aynutopnsie 3anstus, | CPC,
CTpyKTypa AUCUUILTHHBL/ MOy IS qac wac
Ne (8 Beer OrneHouHbIe
w Home oM O Kon MJIK cpencTaa
I p HaunmenoBanue paznena JL IIp. | JIaG. | uucne | dac. pelt
pasnena KOHT
POIIB)
VK-1.1 AynuropHas
§ VK- 1 | KOHTpoIbHA
1 1 JluneiiHas U BeKTOpHAs 3 4 ) 5 12 VK22 g pabora,
anrebpa OIK-1.7 | KOWIOKBAYM
' TUTIOBON
pacuer
VYK-1.1 | AyautopHas
VYK-2.1 | xoHTpoJibHa
AHanutrnyeckas VK-2.2 % paGoTa
2 2 reoOMeTpHS Ha TIOCKOCTH 3 6 - 5 14 OIK-1.4 | komtoKkBiyMm
11 B pocTpanctse OIIK-1.6 TUTIOBON
pacuer
VYK-1.1 | AyautopHas
VYK-2.1 | xoHTpoJibHa
OCHOBHBIE TIOHATHS VK-2. 4 pabora
3 3 MaTeMaTHYECKOTO 6 8 - 5 19 ' P ’
AHAIT3A OIIK-1.7 | KOMIOKBHYM
THIIOBOI
pacuer
VYK-1.1 | AynutopHas
VYK-2.1 | xoHTpoOJbHA
VK-2.2 s pabora,
TinddepeHimanbHoe OIIK-1.4 | KOIIOKBHYM
4 4 peHrtail 6 16 5 | 27 | OIK-1.7 | twunosoii
WCUHUCIICHHE
pacuer,
MaTeMaTHye
CKHH
JIMKTAHT
VK-1.1 DK3aMeHanu
YK-2.1 OHHBIE
Dk3aMeH 36 36 YK-2.2 BOIIPOCHI
(KOHTPOIE) OIIK-1.4 3aJIaHus
OIIK-1.6
OIIK-1.7
Hroro 3a 1 cemectp: 18 34 - 56 108




AynuropHas

KOHTPOJIbHA
VK-1.1 s padora,
Wnrerpanshoe YK-2.1 | KOJIIIOKBUYM
5 5 UcUHCICHUE (DYHKITUN 4 10 6 20 YK-2.2 TUIIOBOM
OJTHOU TIEpeMEHHOM OIIK-1.4 pacder,
OIIK-1.7 | maTemaTuue
CKUI1
JTUKTaHT
VK-1.1 AynutopHast
KpaTHI:Ie, VK- 1 | KOHTpoibHA
6 6 KPUBOJIMHEIHbIE U 5 8 6 19 VK22 a1 pabora,
TTOBEPXHOCTHBIC OIK-1.4 | KOWIOKBAYM
HWHTErPaJIbl OIK-1.7 THUIIOBOI
pacuer
VK-1.1 AynuropHas
KOHTPOJIbHA
7 7 Hduddepenunansasie 9 16 8 33 zﬁ:gé g pabora,
ypaBHeHus 1-ro nmopsiaka OHK-i 4 | KOIIOKBHYM
OHK-l:? TUIIOBOM
pacuer
VK-1.1 DK3aMeHanu
YK-2.1 OHHBIC
gflfpl‘gig 3 | 36 | VK22 | Bompocsu
OIIK-1.4 3aJaHus
OIlK-1.7
HToro 3a 2 cemecTp: 18 34 56 108
VK-1.1 AynutopHas
HuddepennnanbHbie yK-2.1 | KOMIPoIRRA
8 8 YpaBHEHUS BHICIIIUX 4 8 7 19 VK-2.2 1 pabora,
MOPSIIKOB M UX CUCTEMBI OITK-1.4 | NOWIOKBIYM
OIK-1.7 THTIOBOX
pacuer
AynutopHas
KOHTPOJIbHA
VK-1.1 s padora,
YK-2.1 | KOJUIOKBUYM
9 9 Psaner 10 14 6 30 VK-2.2 TUIOBOH
OIIK-1.4 pacuer,
OIIK-1.7 | TepmuHOIOT
UYECKUU
JTUKTaHT
AynutopHas
KOHTPOJIbHA
Teopust BepossTHOCTEN U YK-11 A padora,
YK-2.1 | KOJUIOKBUYM
10 10 e o 4 12 7 | 23 | VK22 | tunosoi
CTATHCTHRIH OIIK-1.8 pacuer,
CaMocCTosITe
TbHAS
paboTa
VK-1.1 DK3aMeHanu
DK3aMeH 36 36 YK-2.1 OHHEIC
(KOHTPOJIB) YK-2.2 BOIIPOCHI
OIlK-1.4 3aJaHus




OIIK-1.7

OIlK-1.8
Hroro 3a 3 cemectp: 18 34 56 108
Hroro: 54 102 - 168 | 324
04HO-3204Hasi popMma 00yueHus (O3DO)
Tabnuna 5.1.2
C y Aynutopnsie 3anstus, | CPC,
N TPYKTYpa AUCUUTUTHHBI/ MO dac. qac.
o
- (B B
" Howe row | | Konak | R
M .
I p HaumenoBanue paseina JL Mp. | JIa6. | uucne per
paznena KOHT
pOIIB)
VYK-1.1 Tunosoii
1 1 JIuneiinas u BeKTOpHas 05 15 i 10 12 VK-2.1 pacuer
anrebpa YK-2.2 ayauTopHa
OIIK-1.7 Pl
YK-1.1 IIPaKTHIEC
AmnanuTtuyeckas VK-2.1 | kas paGora,
2 2 reoMeTpHsl Ha INIOCKOCTH 0,5 15 - 10 12 VK-2.2 | matemaria
U B TIPOCTPAHCTBE OIlK-1.4 €CKHi
OI1K-1.6 JMKTAHT
OCHOBHBIE TTIOHATUS YK-1.1 «Tabnuua
3 3 MaTeMaTUYeCKOTO 5 4 - 10 19 zgg; HPOHU3BOIH
aHanM3a OHK-i 7 BIX»
YK-1.1
YK-2.1
4 4 Juddepenunanpaoe 6 13 i 10 29 VK-2.9
WCYHCIICHHE OIK-1.4
OIIK-1.7
YK-1.1 DK3aMeHa
YK-2.1 IUOHHBIC
DK3aMeH YK-2.2
36 36 BOTIPOCHI
(KOHTPOITB) OIIK-1.4 - 3a§aHm
OIIK-1.6
OIIK-1.7
Hroro 3a 1 cemecTtp: 12 20 - 76 108
VK-1.1 | Tunosoi
HurerpanbHoe VK-2.1 | pacuer
5 5 HCYNCIIeHHE QYHKIIUU 4 8 - 10 22 VYK-2.2 | aymuropHa
OJTHOM IepeMeHHOU OIIK-1.4 P
OIIK-1.7 | npaxruuec
Kparnble, YK-1.1 | kas pa6ora,
% | yK-Z . 1 MaTeMaTu4
5 5 KPUBOJIMHEHHBIE U 9 5 ) 15 23 VK22 o
MTOBEPXHOCTHBIC OITK-1.4
HUHTETpaJibl OIIK 17 AMKTaHT
VK -1 1 «Tabmuna
7 7 JuddepeHnyanbHbie 5 5 ) 15 97 VKD 1 UHTETPANO
ypaBHeHus 1-To mopsaka VK-2.2 B»




OIIK-1.4
OIIK-1.7
YK-1.1 | Dx3ameHa
rsavien % | % | veog | o
(KOHTPOIIB) OITK-1.4 BOIPOCHI
OIK-17 | 7 3ananns
Hroro 3a 2 cemectp: 12 20 76 108
VK-1.1 | Tumosoii
Auddepenrmansabie YK-2.1 | pacuer
8 8 YpaBHEHHUS BBICIINX 2 6 12 20 VK-2.2 | aynuropna
MOPSAZIKOB U UX CHCTEMBI OIIK-1.4 s
OHK—l? IpaKTHu4ecC
VK-1.1 Kasi paboTa
YK-2.1
9 9 Psinnl 4 10 12 26 VK-2.2
OIIK-1.4
OIIK-1.7
Teopus BeposiTHOCTEN U VK-1.1
3JIEMEHTBI VK-2.1
10 10 MaTeMaTHYECKON 6 6 14 26 YK-2.2
CTaTHUCTUKH OIIK-1.8
YK-1.1 Ok3aMeHa
5 yi'g-; UOHHEIE
K3aMEH YK-2.
(KOHTPOIIB) 36 36 OIIK-1.4 ;225:;;;
OIIK-1.7
OIlK-1.8
Hroro 3a 3 cemecTp: 12 22 74 108
Hroro: 36 62 226 324

5.2. ConeprxaHue TUCIUTIITUHBI/MOTYIIS.

5.2.1. Comepxanue pa3enoB AUCHUIUINHB/MOAYIS (TUAAKTUYECKHE €AUHULIBI).

Paznen 1. JIluHeiliHasi M BeKTOpHast aiaredOpa. Matpuubl. JleficTBUS Haj MaTpUIaMH.
Ompenenurenu: omnpeneiaeHue, cBoiicta. O0parnas marpuiia. Panr marpuiel. CUCTEMBI JTMHEWHBIX
anredpandeckux ypaBHenuil. Teopema Kponekepa-Kanemnu. Pemenue cucrem MTMHEHHBIX ypaBHEHHIA:
Merox ['aycca, meron Kpamepa, Mmatpuunsiii Metoa. CucteMa KOOpJIAMHAT B IPOCTPAHCTBE. BEKTOpSI:
OCHOBHBIE NOHATHUS. JIMHENHbIe onepaluy Hajl BekTopamMu. Paznoskenue Bekropa no 6asucy. CkanaspHoe
MIPOM3BEICHNE BEKTOPOB: OIpe/eeHre, CBOMCTBA, KOOpAUHAaTHAs ¢opMa, NmpuiioxeHus. BekropHoe
MIPOM3BEICHNE BEKTOPOB: OINpE/EIeHne, CBOICTBA, KOOpAUHaTHAs Gopma, npuioxeHus. CMelaHHoe
MIPOU3BEICHNE BEKTOPOB: OINpeieIeHne, CBOMCTBA, KOOpAUHATHAS (OpMa, PUIIOKEHUS.

Pazgen 2. AnaaruTnyeckasi reoMeTpHsi Ha MJIOCKOCTH U B pocTpancTBe. J[eKapTOBBI U MOJIIPHBIE
KoOpAuHaThl. Pa3nnyHble BUJbI ypaBHEHUS NPSAMOM Ha IUIOCKOCTH, OCHOBHBIE 3a7aud. YTOJ MEXIY
npsAMbIMU. PaccTrosiHre OT TOYKM 10 NpsIMOW. JIMHWKM BTOPOTO MOPSAKA HA IJIOCKOCTH: OKPYKHOCT,
annunc, rumnepOosa, mnapabona. IlpuBeneHue o0miero ypaBHEHHsS KpPUBOM BTOpPOro Mopsiaka K
KaHOHWYeCKOMY BuAy. [Ipsimas u II0CKOCTh B MPOCTPAHCTBE: OCHOBHBIE 33]a4M. Y PaBHEHUS JTMHUH U
ITOBEPXHOCTU B IPOCTPAHCTBE: OCHOBHBIC MOHATHUSA. [[0BEPXHOCTH BTOPOrO MOPAIKA.

Paznes 3. OcHoBHbIE MOHATHSI MaTeMaTH4YecKOro aHaiau3a. MHOXKECTBA: OCHOBHBIE IOHSTHSL.
OxpectHOoCTh TOUKH. DYHKUMA: TOHATHE (QYHKUMH, OONACTh ONpeAeieHUs, 00JacTh 3HAUCHHM
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¢bynkuuu. Yucnossie pyakmuu. ['paduk Gpyakmun. CrnocoOsl 3ananus ¢pyakimid. OOpaTHas QyHKIUS.
Cnoxnas ¢yHkuusa. OcHOBHbIE dieMeHTapHble (GyHKIMM W uX rpaduku. Ywucnosas
nociuenoBarenbHOCTh. [Ipenen uncnoBoii mocnenoBarensHocTH. [Ipenen ¢ynkuuu. OnHOCTOPOHHUE
npenensl. Teopemsl o npenenax. beckoHeuHo manble GyHKIMU: ONpeeseHre, OCHOBHBIE TEOPEMBI.
beckoneuno Oosbmme QyHkiuu. [lepBblii M BTOpOW 3amedarelbHbIC MPeAesibl. DKBHUBAJICHTHBIC
0eCKOHeUHO Masble (YHKIMU: NMPUMEHEHHE K BBIUMCIEHUIO IpenesoB. HempepblBHOCTh (yHKLHM.
OcHOBHbIE T€OpEMBI O HeNpepbIBHBIX (yHKIMAX. HenpepblBHOCTH 3iieMeHTapHbIX (QyHKUMHA. Touku
pas3pbiBa GyHKIMH 1 X Ki1accupukaiys. OCHOBHbIE CBOWCTBA HEMPEPHIBHBIX (DYHKIUH.

Paznen 4. [MuddepenunanbHoe wucuuciaeHue. [IpowsBomHas QyHKIHWH: OIpeaeIcHHE,
reOMETPUUECKUI M (U3MYECKH CMBICIH. YpaBHEHHs KacaTelbHOW W HOpManu. CBs3b MeXIy
NOHATUSAMH TU(DHEPEHIIMPYEMOCTH U HENPEPHIBHOCTH. ApUPMETHYECKHE CBOWCTBA MPOM3BOTHOM.
ITpounzBosHas cioxxHoOM U 0OpaTtHOM QpyHKIMil. Tabauna npousBoansix. AuddepeHuupoBaHme HeIBHBIX
U mapaMmeTpuyuecku 3aiaHHbiX (QyHkuuid. Jlorapupmuueckoe nuddepennmponanue. Juddepenman
GyHKIMU: oOmpeAeseHHe, IeoMeTpuueckuil cmbici. OCHOBHbIE TeopeMbl O JuddepeHnuaiax.
[TpubnuxeHHble BBIYUCIECHUS ¢ TOMOIIbI0 Tuddepennmana. [IponsBoanas u quddepeHunan BbICIINUX
nopsiakoB. [IpuMeHeHnne mpou3BOAHOW K  wmccienoBaHuio  (yHKuA. OCHOBHBIE —TEOPEMBI
maddepeHnanbHOro  McuuciaeHus. Packpeitme  HeompexaenenHocted. [lpaBwio  Jlomwmrans.
MOHOTOHHOCTh M JKCTPEMYMBI ()YHKIIMH: OTpENEeICHUsl, HeOOXOAMMbIE W JOCTaTOYHBIC YCIIOBUSI.
Haubonbiiee n HanmMeHplee 3Ha4eHUs (YHKIIUU HAa OTpe3Ke. BRIMYKIOCTh ¥ TOYKHM nepernda rpadpuka
¢bynkuuu. AcumnToTsl rpaduka QyHkuuu. OOmas cxema HMCCIeqoBaHUs (YHKIUU U TOCTPOCHUS
rpaduka. YacTHble MPOU3BOJHBIE MIEPBOrO U BBICIINX MOpsAaKkoB. [TomHblil nudpdepenuman pyHkuuu.
IIpumenenne monHoro auddepeHnnana Kk npUONMKEHHBIM BbIYMCICHUAM. [Ipom3BoaHas CIOXKHOMN
¢ynkuuu. [Tonnas npoussoanas. uddepenunpoBanue HessBHOW QyHKINU.

Pazgen 5. UuTerpanbHoe ucuucieHne (PyHKIMU OJHON mepeMeHHOil. IlepooOpasHas u
HeonpezeneHHbI nHTerpai. CBoiicTBa HeonpeaeaeHHOro nHTerpaia. Tabnnia OCHOBHBIX MHTEIPaJIOB.
OcHoBHbIE MeTO/bI UHTErpUpoBaHusa. HenocpencTBeHHoe MHTErpupoBaHue. MeTol HHTErpUpOBaHUs
MOJICTAHOBKOM (3aMeHOW mnepeMeHHOW). Meton uHTerpupoBanus Mo yacTsaMm. Omnpenenenue
panMoHanbHOM npobu. HWHTErpupoBaHHE NPOCTEHIINX palMOHAIBHBIX apoOeil. Paznoxenue
NpaBUIBHOM ApoOM Ha mpocrteiimue. MHTerpupoBaHue palMoHaIbHBIX ApoOei. MHTerpupoBaHue
UppalMoOHAbHBIX (DYHKIMU: KBaJpaTHUHbIE HMPPALMOHAIBHOCTH, JPOOHO-TUHEWHas IMOACTaHOBKA,
TPUTOHOMETpUYECKast OJICTaHOBKa, MHTErpupoBaHue auddepeHnnansnoro bunoma. MuTerpupoBanue
TPUTOHOMETpUYECKHX (PYHKIMH. YHHBepcaldbHas TPUTOHOMETpUYEcKas MojacTtaHoBka. OmpeneneHue
ompeneeHHoro uHTerpana. ['eomerpudeckuii cmbici. ®opmyna HeroTona-JleliOnuia. OCHOBHBIE
CBOICTBAa OMNpPEJEICHHOI0 MHTErpaja. 3aMeHa MEPEMEHHOM B OIpPEIEICHHOM WHTerpaie. dopmyia
MHTErpUPOBAHUS 110 YaCTSM B ONPEIeIEHHOM UHTerpaiie. ['eomerpuueckre u Gpu3ndeckue NpuioKeHHs
onpezaeneHHoro uHTerpana. [IpubnnkeHHOE BBIYUCIEHUE OIPENEIeHHBIX HHTErpayioB: ¢opMmysa
NPSIMOYTOJIBHUKOB, (hopMyia Tpamnenui, popmyna napadon (Cumncona). HecobcTBeHHbIE HHTETPANHI.
Hecob6cTBeHHbIe MHTETpaIbl ¢ OeCKOHEUHBIMU TpeaenamMu uaterpuponanus (1 poga). HecobctBenHble
MHTETpajbl OT HEOTPaHUYEHHBIX QYHKLUH (2 poaa).

Pa3nes 6. KparHble, KpHBOJIMHeliHbIC M IIOBEPXHOCTHBIC HHTErpaJbl. J[BOHHOI MHTErpa:
OCHOBHBIC TOHATHUS U ONpPENENEHUs,, TEOMETPUUECKUH U (PU3NYECKUI CMBICI, OCHOBHBIE CBOWCTBA.
Bbruncnenne JBOMHOrO MHTErpajga B NPSIMOYTOJNbHBIX M MOJSPHBIX KoopAuHartax. llpunoxenus
JIBOMHOTO MHTerpana. TpolHOW UHTErpall: ONpeaeieHre, CBOMCTBA. BrIunciieHne TPOMHOTO HHTErpaia
B IPSAMOYTOJbHBIX, CPEPUYECKUX U LWIMHIAPUYECKUX KOOPAMHATAX, HEKOTOpBIE IPUIIOKEHUS
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TpoiiHOro uHTerpana. KpuBonunelHsli uHTerpan | poga: ompenesneHue, CBONCTBA, BBIYHUCICHUE,
npuiokeHus. Kpuonunelinsiii unrerpan |l pona: onpenenenue, cBoiicTBa, BEIYUCIEHUE, IPUITOKEHHUSL.
@opmyna I'puna. VYcioBue HeE3aBUCUMOCTM KpuBOJuHEHHOro wunHterpana |l poma or nyrtu
uHTerpuposanus. IloBepxHocTHbIi wuHTerpan | popma: ompeneneHue, CBONCTBA, BBIYUCICHHE,
npunoxenus. [loBepxHocTHbI uHTerpan |l pona: onpeaenenue, cBOiCTBa, BBIYUCICHUE, TPUIIOKEHHUS.
JuddepenunanbHble onepauuy 1 UHTErpajabHble (OPMbI TEOPUH TTOJIS.

Paznen 7. Inddepennuanbubie ypaBHenus 1-ro nopsiaka. J{uddepennuanpasie ypaBHSHHS.
3amaga Komm. [uddepeHnnansHbie ypaBHEHHS TIEPBOTO TOPSIKA: MPOCTEHIIHME, B TMOJIHBIX
muddepeHmanax 1 CBOAAIIMECS K HUM; C Pa3AeNIIONMMHCS IEPEMEHHBIMH; OAHOPOIHBIC; TMHEHHBIE
NIEPBOTO MOpsAKa; ypaBHeHHe bepHyin. YpaBHeHus B noiHbIX Auddepennnanax (MHTErpupyromuni
MHOXUTENb). YpaBHeHue Jlarpanxka u Kiepo.

Pa3nen 8. Iu¢ddepennnaibHbie ypaBHEeHHs BHICIIUX MOPSAIKOB M UX CHCTEMBbI. Y paBHEHUS
BBICILIEIO MOPSAKA, JOIYCKAIOLUE MOHM)KEHNE MOpPsIKa: NIPOCTEHIINE; YPaBHEHUS, HE COACpKallne
UCKOMYI (YyHKIMIO; ypaBHEHMs, HE COJAEp)Kalllie HE3aBHUCHMYIO IepeMeHHylo. JluHeliHble
OJTHOPOJIHbIE TU(depeHIaIbHbIE YPaBHEHHs BBICILIETO MOPSAIKA C MOCTOSHHBIMU K03 duuueHnramu.
CrpykTypa obmero pemenus. Jlnaelinsie HeoqHOpPOAHBIE AU depeHnnanbHbIe YpaBHEHHS BBICIIETO
nopsaka.  Meron  BapualuMu  NPOU3BOJIBHBIX — ITOCTOSIHHBIX.  JIMHEWHBIE  HEOAHOPOJHBIC
middepeHraIbHbIe ypaBHEHHUS C MTOCTOSIHHBIMHA KO3()()UITMEHTaMU U TIPAaBOW YacThIO CHEIHAIHLHOTO
BHJIA.

Pazgen 9. Paaswl. IlocnenoBatensHocTd U psijipl. [loHsATHE uMcnoBoro psjga. CXoauMocTh U
cymma psnpa. CpoiictBa cxonsmuxcss psagoB. HeoOxogumoe ycinoBHe CXOOUMOCTH — psija.
I'apmonnuecknii psia. JlocTarouHble NPU3HAKM CXOJUMOCTH 3HAKOIOCTOSHHBIX PSOB: INPU3HAKU
cpaBHeHMsI, npu3Hak JlanambGepa, npusHak Koim, WHTErpaiabHbI MpU3HAK. 3HAKOUYEpEAYIOUIMecs U
3HakonepemMeHHbie psapl. [lpusHak JleiOHuia. AOCONMIOTHAsT W YCIOBHAs CXOAUMOCTH PSIOB.
OyHKIMOHAIbHBIE PAbl: OCHOBHbIE MOHATUA. CTeneHHOM psii. CXOOUMOCTh CTENEHHBIX PS/IOB.
O065acTh CXOUMOCTH CTETIEHHOTO psifa. Paznoxkenue QyHKUMN B cTeneHHbIE psAabl: psabl Teinopa u
MaxknopeHna. PasnojkeHue HEKOTOpBIX 3JeMeHTapHbIXx (yHKUUH B pan Makimopena. Hekortopsie
MIPUIIOKEHUS CTENIEHHBIX PSIIOB. DJIeMEHTHI (YHKIIMOHAIBHOIO aHau3a. TpUrOHOMETPUUECKUH psilt U
€ro OCHOBHBIE CBOMCTBa. CxoaumocTs psaaa @ypbe. Psaabt @ypbe 11 YETHBIX M HEUETHBIX (PYHKIHUA.

Pa3nen 10. Teopusi BeposiTHOCTEli U 3j1eMEeHThI MaTeMaTH4YeCKOii cTaTUCTUKH. OCHOBHBIE
MOHATUS TEOPUH BEpoOATHOCTEH. OiaeMeHThl KOMOMHATOpukU. OCHOBHBIE TEOPEMBI TEOPUHU
BeposiTHOCTEN. [IoBTOpHBIE HE3aBHcHMBIE HenibiTaHuA. Popmyna beprynnu. HauseposTHelmee ynciio
HactyruieHuii coObitusi. Teopema Ilyaccona. JlokanbpHas Teopema MyaBpa-Jlammaca. MATerpansHas
TeopeMa Myaspa-Jlamaca. JI[MCKpeTHbIE cllydallHbIE BEJIMYUHBI U WX YHUCJIOBBIE XAPAKTEPUCTHUKHU.
OCHOBHBIE 3aKOHBI PACIPENEICHUS TUCKPETHOM CIy4alHOW BENWYHMHBL. HenpepwIBHBIE CilydailHble
BEJIMYMHBI M HX YHUCJIOBBIE XapaKTepUCTHKU. OCHOBHBIE 3aKOHBI PACIpEACICHUS HENPEPHIBHON
CIIy4aiiHOHM BEJMYMHBI. BapuanunoHHbIe psiibl U UX NMOcTpoeHue. [IpoBepka cTaTUCTUYECKUX TMIIOTES.
KoppensanuonHas 3aBUCUMOCTb BEJINYMH.

5.2.2. ConeprkaHue AUCIUTUTMHBL/MOYIIS TI0 BUJIAM YYEOHBIX 3aHSTHA.

JlekKIIMOHHBIE 3aHATHS

Tabmmra 5.2.1
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Ne | Homep paznena Tema nexuun (pazaesnsl)
/11 quctummiael | OO | O390
1 1 3 0,5 JluneiiHas 1 BeKTOpHAs anreopa
2 2 3 0,5 AHanuTudeckas FeOMETPHs Ha INIOCKOCTH U B IIPOCTPAHCTBE
3 3 6 5 OCHOBHBIE OHATHSI MATEMAaTHYECKOT'O aHaIHN3a
4 4 6 6 JuddepeHiinaibHOe HCYHCICHHIE
5 5 4 4 WnTterpanbHoe ucuucnenrne QyHKIHHA OJHON MTepeMEHHOI
6 6 5 2 KparHusbie, KpuBoMMHEHHBIE ¥ IOBEPXHOCTHBIE HHTETPAJIBI
7 7 9 6 Juddepennmansaple ypaBHeHHs 1-To mopsiaka
3 8 4 2 Huddepennnanpaple ypaBHEHUS BBICIITUX MOPSAKOB
1 UX CUCTEMBI
9 9 10 4 Psaner
10 10 4 6 Teopus BepOSITHOCTEN U AIEMEHTH MaTEMaTHUECKOU
CTaTUCTUKU
HUroro: 54 36
IIpakTHyecKkue 3aHATHA
Tabmuma 5.2.2
Neo | Homep paznmena Tema nmpakTHuecKoro 3aHsATHA (pa3enbl)
n/u mucrunael | OO0 | O30
1 1 4 1,5 Jluneiinas u BexkTOpHas anrebpa
2 2 6 1,5 AHanuTHYecKas reOMeTpHs Ha TUIOCKOCTH U B ITPOCTPAHCTBE
3 3 8 4 OCHOBHBIE MTOHATHSI MATEMAaTHYECKOT'O aHAIH3a
4 4 16 13 JuddepeHnmanbHoe HCUHCICHAE
5 5 10 8 WuTerpanbHoe ncuncnenne GyHKINH OJHOM IMepeMEeHHOM
6 6 8 6 KparHsbie, KpuBOTHMHEHHBIE U TIOBEPXHOCTHBIE HHTETPAIIBI
7 7 16 6 Juddepennnansaple ypaBHeHHs 1-To mopsiaka
3 3 3 6 Juddepennnanpaple ypaBHEHUS BBICIITUX TTOPSIKOB
U MX CUCTEMBI
9 9 14 10 Psabr
10 10 12 6 Teopust BEpOATHOCTEH 1 2JIEMEHTH MaTEMaTHIECKON
CTaTUCTUKU
HUroro: 102 62

JlabopaTopHbie padoThl
JIaboparopHblie paboOThl yU€OHBIM TTAHOM HE MPEAYCMOTPEHBI

CamocrosiTesibHast padoTa CTyIeHTA

Tabmuna 5.2.3

No Homep Tema (paznensi) Bunx CPC
o /;1 pasnena
macmummmer | OPO | 0300
1 1 5 10 JluneliHas U BEKTOpHas ajareopa
AHanuTHYECKask TeOMETpUs Ha HogroToska k
2 2 5 10 P BBINOJIHEHUIO
IUIOCKOCTH U B IPOCTPAHCTBE
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3 3 c 10 OCHOBHBIC MMOHATHSI MATEMATHYECKOTO | THIIOBOTO pacueTa
aHaiIM3a 1 KOJJIOKBHYMY,
4 4 5 10 HuddepennnanbHoe HCUHCTEHIE K
5 5 6 10 WuTerpanbHoe ncuucieHue GyHKIUN | MaTeMaTHYECKOM
OHOU NepeMEHHOU Y JUKTaHTy
Kpatnrble, kpuBoJIMHENHEIE U
6 6 6 15 PATHHIE, Xp
MTOBEPXHOCTHBIC MHTETPAJTBI
Huddepenunanbasie ypaBHeHHS 1-T0
7 7 8 15 bep P
mopsiaKa
7 Jduddepenunansaple ypaBHEHHS
8 8 12 BBICIIIHX ITOPSIKOB
U UX CUCTEMBI
9 9 6 12 Psanbl
7 Teopus BepoITHOCTEN U DIIEMEHTEI
10 10 14 PHA BEp 5
MaTeMaTHYECKON CTaTUCTUKH
OK3aMeHaIMOHHEI
€ BOIIPOCHI U
3aaHus.
11 DKk3aMeH 108 108 A
Brmmonnenue
KOHTPOJIbHOU
paboThI
Hroro: 168 226

5.2.3. llpermonaBanue TUCHMIUTMHBI/MOIYNS BEIETCS C TNPUMEHEHHEM CJEIYIOIUX BHUIOB
00pa30oBaTEeNbHBIX TEXHOJOTHM: JEeKIMs-AUaaor (JIEKLUOHHBIE 3aHATHA); JIEKIUMH-BU3yalIU3alld B
PowerPoint B 1uanoroBom pexume (B ciiydae HMHTEPAKTHBHOTO MeTofia OOydeHws); paboTa B MaibIx
rpymnmnax, paz0op MNpakTHYECKUX CHUTyalMi (MpakTUYeCKue 3aHATHSA), PEHTHHIOBas TEXHOJIOTHUS
KOHTPOJISl Y4eOHOM /1€ TeIbHOCTH.

6. TemaTHKa KypcOBBIX pad0T/IPOEKTOB
KypcoBbie paboThl/IpOEKThl yU€OHBIM IUIAHOM HE MPETYCMOTPEHBI

7. KoHTpoJibHBIE PA0OTHI (0151 OUHO-3A0UHOU PopMbl 0OYUeHUs NPU HATUYUL)
KonTposbHbIe padoThl y4eOHBIM TNIAHOM HE MPEITyCMOTPEHBI

8. OneHka pe3y/JbTaTOB OCBOCHHUS IHCHUILIMHbI/MOLYJISA
8.1. Kputepun orieHMBaHUs CTENIEHU MTOJIHOTHI M KaUeCTBA OCBOCHHSI KOMITETEHIIUI B COOTBETCTBUU
C MJIAHUPYEMBIMH pe3yJibTaTaMu 00y4deHus npuBezeHsl B [Ipunoxenun 1.
8.2. PeliTuHroBasi cucremMa OLIEHUBAHMs CTETIEHH MOJHOTHl M KaueCTBa OCBOCHMS KOMIIETEHIIUMN
o0yyaromuxcs 04HOU (HOpMbI O0OyUEHHUS.

Tabnuna 8.1
1 cemecmp
. KonnuectBo
Ne n/m Bubl MeponpusThil B paMKax TEKYIIEro KOHTPOJIS
OauioB
1 Tekymas aTTectanus
1 | BeinosHeHHE THIIOBOTO pacueTa | 0-6
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AynuTopHasi KOHTposibHas pabora «JIuneiinas anrebpa. Matpuua. Pemenue

2 CJIAY» 0-15
3 KomokBuym «Jluneitnas anre6pa. Marpuna. Pemenne CJIAY » 0-9
HUTOI'O 3a niepByro TEKYIIYIO aTTECTAIHIO 0-30
2 TeKymas aTTecTamus
4 BrinojHeHre THIIOBOTO pacyuera 0-6
5 AynuTopHas KOHTPOJIbHAS padoTa « AHATUTHYECKAs TEOMETPHSI Ha TUIOCKOCTH U 0-15
B IPOCTPAHCTBE»
6 KonokBuyM «AHamuTHYECKasi TEOMETPHs Ha IUIOCKOCTH U B TPOCTPAHCTBE 0-9
HTOI'O 3a BTOPYIO TEKYIIYIO aTTECTAIUI0 0-30
3 TekyImas aTTecTaIus
7 AynutopHasi KOHTpojbHasi pabota «BBejgeHHe B MaTeMaTHUECKUI aHaM3: 0-10
YHCIIOBBIC TIOcseaoBaTeabHOCTH. [Ipenens
8 Konmoxsuym «IlepBriii 1 BTOpOIi 3aMedaTeIbHbIe TIPEAEITbD» 0-6
9 BrimonHeHne THIOBOTO pacyera 0-3
10 Matematuyeckuii TUKTaHT « Ta0iuia Ipor3BOIHBIX) 0-2
11 KomnokBuym «AuddepennmansHoe ncuncinenne QyHKIUU OAHON MEPEMEHHON 0-9
12 AynutopHasi KOHTpoJbHas padoTa «[Ipunoxkenus: mpou3BoIHON QYHKIMH OJJHOH 0-10
IEPEMEHHOI»
UTOI'O 3a TpeTho TEKYLIYIO aTTECTALIIO 0-40
BCEI'O | 100
2 cemecmp
. KomnnuecTtso
Ne n/mt Buibl MeponpusITHii B paMKax TEKYILETO KOHTPOJIS
OaioB
1 Tekymas aTtectanus
1 KomnokBuym «HeonpeeneHHbIli HHTETpai 0-9
2 AyautopHasi KOHTpoJibHas paboTa «HeomnpeeeHHbI HHTErpaD) 0-12
3 BrinonHeHe THIOBOTO pacyera 0-4
4 Maremarnyeckuit quKkTanT « Tabauna Heonpe1eIeHHBIX HHTETPATIOBY 0-5
HTOI'O 3a nepByto TEKYIIYIO aTTECTALUIO 0-30
2 TeKyIas aTTecTaIus
5 KommoxkBuym  «Omnpenenennslii  uHTerpan. llpunoxeHus  omnpeneneHHOro 0-9
uHTerpaia. HecoOCTBEHHBIN HHTErpaID)
6 AynutopHas KOHTpoJibHas pabora «OmpeneneHHplii wHTETpat. IpumoskeHus 0-15
OIIpeIeNICHHOTO HHTerpaia. HecoOCTBEHHBII HHTErpa»
7 Brimmonnenne TtumoBoro pacuera «KpaTHble wuHTEerpansl. IloBepXHOCTHBIE 0-6
WHTETPaIbh»
HTOI'O 3a BTOPYIO TEKYIIYIO aTTECTAIUI0 0-30
3 Texkymias aTTecTaluus
8 Komnoksuym «luddepennnanpaple ypaBHEHHS IEPBOTO MOPSIIKaA» 0-10
9 AymutopHass ~ KOHTpoibHass paborta  «Boerumcienne  auddepeHnmanbHbx 0-15
YpaBHEHUH NEPBOrO MOPSAKAY
10 CamocrosTenpHast pabota «/IuddepeHunansapie ypaBHEHHS IEPBOTO MOPSIIKaA 0-5
11 BrlnosHEHNE THIOBOTO pacyera 0-10
NTOI'O 3a TpeThIo TEKYIIYIO aTTECTALNIO 0-40
BCETI'O | 100
3 cemecmp
. Konnuectso
Ne n/mt Buasl MeporipusaTHii B paMKax TEKYIIEro KOHTPOJIS Samon
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1 Texymias aTTecTauus
1 Komnoksuym «uddepenumansapie ypaBHEHHS BBICIINX TOPSIIKOBY 0-9
2 AynuropHas KoHTponbHasi pabora «/luddepennmansapie ypaBHEHUS BBICIINX 0-10
MOPSIAKOBY
3 TepMUHOIOTHYECKUI JUKTAHT 0-5
4 BrlnosiHeHHE TUIIOBOI'O paciera 0-6
HUTOI'O 3a niepByIo TEKYIIYIO aTTECTAIHIO 0-30
2 TeKymas aTTecTamus
5 KomnokBuym «HucnoBBIC PG 0-9
6 AynuTtopHast KOHTpoJIbHas paboTta «UnCIIOBEIE PAIB» 0-5
7 KomnokBuyM «DyHKIHOHATBHBIE PSIBDY 0-6
8 CamocrosTensHast pabota « DyHKIIMOHATIBHBIE PSIITBD) 0-6
9 BrimonmHeHE THTIOBOTO pacyera 0-4
HTOI'O 3a BTOPYIO TEKYIIYIO aTTECTAIUIO 0-30
3 TexyIias aTTecTarus
Kommoxsuym «Teopus BepositHocTei (OCHOBHBIC TIOHSTHS TEOPHUH BEPOSITHOCTEH. 0-12
10 [Ipenenbubie Teopembl. Buapl ciiydailHbIX BeTUYUH. YHCIOBBIE XapaKTEPUCTUKU
CB»
AymutopHasi KoHTposibHas pabota «Teopust BepositHocTeit (OCHOBHBIC TIOHSTHS 0-20
11 Teopun BeposTHocTel. [lpenenbHble TeopeMbl. Buibpl ciy4yailHBIX BEIWYUH.
Uuncnossle XxapakTepucTUki CB»
12 KomnnokBuyM «211eMeHThl MaTEMaTHYeCKON CTAaTUCTUKI 0-8
NTOI'O 3a TpeThIo TEKYIIYIO aTTECTALNIO 0-40
BCEI'O | 100

8.2. PelitnaroBas cucrema OLICHMBAHUS CTEIICHU MOJHOTHI M Ka4€CTBAa OCBOCHHUS KOMIIETCHIIUM

o0yyJaroImuxcs 0YHO-3a04HON (POpMBI O0yUEHHUS.

Tabmuma 8.2
1 cemecmp
Ne n/mt Buipl MeponpusATHii B paMKaX TEKYIIEro KOHTPOJIsS Kowiectso
OaioB
1 Texymias aTTecTauus
1 BeInosHeHre THIIOBOTO pacueTa 0-20
2 Konnoxsuym 0-10
HUTOTI'O 32 nepBy1o TEKYIIYIO aTTECTALUIO 0-30
2 TeKyIas aTTeCTaIus
3 BeInosHeHre THIIOBOTO pacyeTa 0-15
4 MaremaTtnyeckuii AukTaHT « Tabamia Mpou3BOIHBIX M PABHJIA €€ HAXOXKICHUSD) 0-5
5 Konmoksuym 0-10
HUTOTI'O 32 BTOpYyIO TEKYLIYIO aTTECTALUIO 0-30
3 TeKyIas aTTeCTaIus
6 BrinonHenne THIOBOTO pacyera 0-5
7 DK3aMeH 0-35
HUTOI'O 3a TpeThIO TEKYIIYIO aTTECTALIUIO 0-40
BCEI'O | 100
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2 cemecmp

. KonnuecTso
Ne n/m Buzbl MmepornpusTHii B paMKax TEKYIIEro KOHTPOJISA
OamioB
1 Texyas aTTecTanus
1 BrInonHeHne THIIOBOTO pacyeTa 0-20
2 KonnokBuym 0-10
HUTOTI'O 3a nepByIo TEKYIIYIO aTTECTAIHIO 0-30
2 TeKyIas aTTecTanus
3 BrInonHeHne THIIOBOTO pacyeTa 0-15
4 MaremaTtnyeckuil TukTanT «Tabnuia HeonpeaeIeHHBIX HHTETPaIOB) 0-5
5 KouokBuym 0-10
HUTOI'O 3a BTOPYIO TEKYIIYIO aTTECTAIHIO 0-30
3 TexyIias aTTecTarus
6 BrInonHeHne THIIOBOTO pacyeTa 0-5
7 OK3aMeH 0-35
HUTOI'O 3a TpeThIo TEKYIIYIO aTTECTALINIO 0-40
BCEI'O | 100
3 cemecmp
. KonnyectBo
Ne n/m Buibr MeponpusTHii B paMKax TEKYIETO KOHTPOJIS
6aioB
1 Tekyas aTTecTanus
1 BrInonHeHe THIIOBOTO pacyeTa 0-20
2 KonnokBrym 0-10
NTOI'O 3a nepByro TEKYIIYIO aTTECTALUIO 0-30
2 TeKyIas aTTecTarys
3 BrInonHeHre THIIOBOTO pacyeTa 0-15
4 Marematuueckuii AukTant «Pasnoxxenue B pag  MakiopeHa HEKOTOPBIX 0-5
AJIEMEHTAPHBIX (YHKIIHN)
5 Komnmoxsuym 0-10
HTOI'O 3a BTOPYIO TEKYIIYIO aTTECTAIUI0 0-30
3 TeKyIas aTTeCTaIus
6 BrimonHenne THIIOBOTO pacyera 0-5
7 OK3ameH 0-35
HUTOI'O 3a TpeThIO TEKYIIYIO aTTECTALINIO 0-40
BCEI'O 0-100

9. YueOHO-MeTOAMYECKOE H HH(POPMALIMOHHOE 00ecniedeHne TUCIUTLTHHBI/ MOTYJIsl
9.1. IlepeueHb peKOMEHIyeMOI1 JInTepaTypsbl npeacrasiieH B [Ipunoxennn 2.
9.2. CoBpeMmeHHbIe Tpo(hecCuOHATbHBIE 0a3bl JaHHBIX U UH()OPMAIIMOHHBIE CIIPABOYHbBIE CHCTEMBI

2021/2022 | DnekTpoHHBIH KaTanor/DneKTpoHHast ondimoreka TrOMEHCKOTO

WHIyCTPUAIILHOTO YHUBepcuTeTa http://webirbis.tsogu.ru/

Horosop Ne09-16/19 ot 18.10.2019 B3auMHOT0 OKa3aHUs yCIyT C
JBYXCTOPOHHETO JIOCTYyIAa K pecypcaM Hay4HO-TEXHUUYECKOM 18.10.2019
oubmorexku ®I'AOY BO PI'Y Hedtu u raza (HUY) um. U.M. 1o
I'yokunaa u ®I'BOY BO «TUVY» http://elib.qubkin.ru/ 16.10.2021
Jorosop Ne09-11/21 ot 14.10.2021 B3auMHOT0 OKa3aHUs YCIyT C
JIBYXCTOPOHHETO J0CTYyIa K pecypcaM HayYHO-TeXHUYECKON 14.10.2021
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ouomorexkn ®I'AOY BO PI'Y Hedtu u raza (HY) um. U.M. o
I'yoxuna u ®I'60Y BO «TUY» http://elib.gubkin.ru/ 13.10.2022
Horosop Ne 5124/2019/09-20/2019 ot 20.12.2019 Ha oka3aHue C
YCIIYT TIO MPEJIOCTABICHUIO IBYCTOPOHHETO A0cTyma K pecypcam (20.12.2019
Hay4HO-TexHH4eckoi oubamorexku ®I'bOY BO «YI'HTY» u o
®I'bOY BO «TromeHckuii MHAYCTpUAIbHBIA YHUBEPCUTET 18.12.2021
http://bibl.rusoil.net
Horoop Ne 09-19/2019 ot 12.12.2019 Ha oka3aHue yciayr C
JIBYCTOPOHHEIO JIOCTylla K pecypcam HaydHO-TexHu4eckou (12.12.2019
oubmuoreku ®I'BOY BO «YI'TY» u ®I'BOY BO «Tromenckuit o
WHIyCTpUAIbHBIN yHUBEepcuTeT» http://lib.ugtu.net/books 10.12.2021
HoroBop Ne6631 — 20 ot 29.12.2020 Ha oka3aHu€ yCIYT IO c
MPEIOCTABIICHUIO JOCTYIA K pecypcam 0a3bl nanHbix «Hayunas [01.01.2021
anektpoHHast 6ndianoreka eLIBRARY.RU» (a1.moamucu) o
31.12.2021
I'paxxnancko-npaBoBoil goroop Ne8232 or 18.08.2021 Ha c
OKa3aHWEe YCIYT IO MPEAOCTaBICHHUIO nocTtyna K 3nekrponHbiM [01.09.2021
9K3EMILIApaM MPOU3BEICHUN HaydyHOro, y4eOHOro xapakrepa 1o
mexagy @I'bBOY  BO  «Tromenckuit  mHayctpuanbhbiid 31.08.2022
yausepcure™» 1 000 «9BC JIAHb» www.e.lanbook.ru
['paxxnancko-npaBoBoil poroBop Ne7506 ot 20.08.2021 Ha C
OKazaHMe YCIyr mo mnpepocrasieHuto jaocryna k ObC mexnay [01.09.2021
OI'bOY BO «TromeHCKUH MHAYCTpUAIbHBIA YHUBEPCUTET» U o
000 «M3narenscteo JIAHB» www.e.lanbook.com 31.08.2022
I'paxxnancko-nipaBoBoil jorosop Ne7508 ot 23.08.2021 ¢ OOO C
«dnexTpoHHOE M3maTenscTBo FOPAWTY Ha okasanme ycuyr mo (01.09.2021
MPEOCTaBICHUIO JOCTynma K o00pa3oBaTeibHOM Tuiatdopme o
mexagy @OI'bBOY  BO  «Troomenckuit  uHayctpuanbhbiid 31.08.2022
yuuBepcuter» 1 000 «IneKTpoHHOE M31aTenbcTBo FOPAUTY
WWW.urait.ru
['paxxnancko-mipaBoBoit moroBop Ne 7503 ot 17.08.2021 Ha c
MpelocTaBlIeHUE N0CTyMa K 6a3e mnaHHbIX KoHCynbTaHT 01.09.2021
CTyJIeHTa «DJEeKTpOHHAasi OMbIMoTeKka Texuudeckoro BY3ay o
mexny @PI'bOY BO «TromeHckuit "HAYCTpUaIbHBIN 31.08.2022
yausepcute™ 1 OO0 «llonmurexpecype»
http://www.studentlibrary.ru
I'paxxnancko-npaBoBoii forosop Ne7507 ot 26.08.2021 OOO C
«KnoPyc menna» Ha oka3aHMe yCIIyT IO IPEAOCTaBICHUIO 01.09.2021
JIOCTYTIA K 3JIEKTPOHHO-O0nOmoreunoit cucteme BOOK.ru o
https://www.book.ru 31.08.2022
Horosop Ne7505 ot 16.08.2021 Ha mpegocTaBieHHne 10CTyIa K C
ANIEKTPOHHO-O0nOMoTeuyHoi cucteme «IPRbooks» mexny 01.09.2021
OI'BOY BO «TroMeHCKHI HHIYCTPUAIBHBI YHUBEPCUTET» U o
00O Komnanueit «Aii IIu Ap Menua» 31.08.2022
http://www.iprbookshop.ru/
Horosop Nel01HDB/6258/09/17/2019 o noakmoYeHnn K C
HannonansHOM 371€KTpOHHOM OMOIMOTEKE U MPEIOCTaBICHUN 29.10.2019
nocTyna K oobekraM HannoHanbHOM 37eKTPOHHOM OMOIHOTEeKH 1o
(uepe3 TepMUHAIBI JOCTYIIA) 28.10.2024
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) OO6pa3oBaTenbHBIM MaTeMaTHYECKUU calT _Exponenta.ru. Marepuanbl Uisi CTYJACHTOB:
3a/1a4d C PEIICHUSIMH, CIIPABOYHHUK IO MaTeMaTHKE. DJIEKTPOHHBIC KOHCYJbTAIMHU. — [3JEKTPOHHBIN
pecypc] — Pexxum nocryma. — URL: www.exponenta.ru (mata oopamenus: 30.08.2021).

. Bcs maTematnka B 0JHOM MecTe. — [AJIEKTpOHHBIH pecypc| — Pexxum moctyma. — URL:
http://www.allmath.ru (zara obparuenus: 30.08.2021).

o SolverBook: cobpanue y4eOHBIX OHJIAWH KaJIbKYJISATOPOB, TEOPUU U MPUMEPOB PEUICHHUS
3anau. — Pexxum nocryma. — URL: http://ru.solverbook.com/ (nara obparenus: 30.08.2019).

o bBecruiaTHble BUICOYPOKH 110 MaTeMaTHKe u Gpu3uKe. [1Jis IIKOJILHUKOB U CTYIEHTOB. — Peskum

noctyna. — URL: http://specclass.ru (nara ooparenus: 30.08.2021).

9.3. JluneH3WOHHOE M CBOOOJHO pacCHpOCTpaHsIeMOe MPOrpaMMHOE oOecredeHue, B T.4.
oreuecTBeHHOro npoussojactea (Adobe Acrobat Reader), B T.4. Microsoft Windows Microsoft Office
Professional Plus (Jorosop Ne6714-20 ot 31.08.2020 no 31.08.2021, dorosop Ne7810 ot 14.09.2021
o 13.09.2022), Microsoft Windows ({orosop Ne6714-20 ot 31.08.2020 mo 31.08.2021, dorosop
Ne7810 ot 14.09.2021 m0 13.09.2022).

10. MaTepI/IaJILHO-TeXHI/I‘-ICCKOQ odecrmeyeHue IlI/ICIII/IHJII/IHBI/MO}IyJ'Iﬂ

ITomemenus nis IMPOBCACHUS BCEX BHUIOB pa6OTI>I, NpeaAyCMOTPCHHBIX y‘Ie6HLIM IIJIaHOM,

YKOMHJ'IGKTOBaHBI H€O6XOIII/IMI)IM O60p}/I[OBaHI/ICM U TCXHUYCCKUMU CpeI[CTBaMI/I 06y‘-I€HI/I$I.
Taomuma 10.1
[lepeveHb TEXHUYECKUX CPEACTB O0YUCHUS,

[lepeuens 06opyaOBaHuUs, HEOOXOIUMOTO IS OCBOSHUS
HeO6XOILI/IMLIX JJIs1 OCBOCHUA AUCITUITIIMHBI

JIUCLIUTIINHBI
(meMoHCTpanoOHHOE 000PY/TIOBaHHE)
KoMrutekT MyJibTUMETUIHHOTO 000pYyI0OBaHUS:
Jlocka, TabIMIbI TPOU3BOIHBIX ¥ HHTETPAJIOB MPOEKTOP, 3KPaH, KOMITLIOTEP, aKyCTUIECKas

CUCTCMaA, JIOKaJIbHAs U KOPIIOpaTUBHAA CCTh.

11. Meroanueckue ykazanus no opranusanuu CPC
11.1. Meroauueckue ykazaHus 10 MOATOTOBKE K MPAKTUYECKUM 3aHATHSM.

BaxHoit (hopmoii paboThI CTyAeHTa ABISETCA cUCTEMaThdecKas M IUIaHOMEpHast MOATrOTOBKa K
MPAaKTUYECKOMY 3aHATHIO. [locne NeKIuu CTyIeHT JTO0JKEH MO3HAKOMUTHCS C IUIAHOM MPAKTHYECKUX
3aHATUHI U COUCKOM 00s13aTeIbHOM U JIOTIOJIHUTENIbHON JITEpaTyphl, KOTOPYIO HEOOXOIMMO MPOYUTATH,
U3YYUTh M 3aKOHCHEKTHPOBATh. Pa3bsiCHEHHE MO BOIPOCAaM HOBOM TEMbl CTYACHTHI IMOJIy4aroT Y
MPEeToIaBaTelisi B KOHIIE MPEABIIYIIETO MPAKTHYECKOTO 3aHSATHSI.

[ToaroToBka K MPaKTHYECKOMY 3aHATHIO TPeOyeT, MPEkXIe BCEro, YTEHUS PEKOMEHIYEMBIX
HMCTOYHUKOB M MOHOrpaguueckux paboT. BakHbIM »TamoM B camMoOCTOSITENbHON paboTe cTyaeHTa
SBIISICTCS TIOBTOPEHHWE MaTephalia Mo KOHCHEKTy Jeknuu. OgHa H3 TIaBHBIX COCTaBISIONIMX
BHEAYJIUTOPHOM MOJArOTOBKM — pabora ¢ kHurod. OHa mpeanosiaraeT: BHUMATEIbHOE MPOYTEHHE,
KPUTHYECKOE OCMBICIIEHHE COJepKaHusl, 000CHOBaHME COOCTBEHHOM MO3MIMU IO JAMCKYCCHOHHBIM
MOMEHTaM, MOCTAaHOBKH MHTEPECYIOLINX BOPOCOB, KOTOPBIE MOTYT CTAaTh MPEAMETOM OOCYKIACHUS Ha
MPAKTUYECKOM 3aHATHH.

B Havane mpakTHYecKOTrOo 3aHATHS JOJDKEH INPUCYTCTBOBATh OPTaHM3AlMOHHBIA MOMEHT |
BCTyNUTeNbHas 4acTb. IlpemonaBaTens NPOM3HOCUT KpPAaTKylO BCTYNUTENBHYIO pedb, IJie
(hopMyTUPYIOTCS OCHOBHBIC BOIIPOCHI M TIPOOJIEMBI, CITOCOOBI MX PEIICHHS B IIPOIIecce paObOTHI.
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B koH11e Ka)K101 TEMBI TOABOJSATCS UTOTH, IIPEIAraloTCsl TEMbI JJOKJIAJI0B, BBIHOCSATCS BOIIPOCHI
IUIg caMoNoAroToBku. Kak cpeacTBO KOHTPOJSL M ydeTa 3HAHUM CTYICHTOB B TEUEHUE CEMeCTpa
MIPOBOJISATCS] KOHTPOJIbHBIE PAOOTHI.

[TpakTnyeckue 3aHATUS ABISAIOTCS OJHOW M3 BaKHEHIIHUX (opM OOydeHMs CTYIEHTOB: OHH
MO3BOJISIOT CTYJIEHTaM 3aKpEeIuTh, yrIIyOUTh U KOHKPETU3UPOBATh 3HAHMS IO KypCy alreOpbl U TEOpUU
qucen, IOAIOTOBUTBCA K HAyYHO-HUCCIIEHNOBATENIbCKOM aedTenbHOCTH. B mpouecce paboTsl Ha
IPAKTUYECKUX 3aHATUAX OOy4aroIIMMHCS JOJDKEH COBEpUICHCTBOBATh YMEHUS U HABBIKU
CaMOCTOSITENIPHOIO aHajM3a MCTOYHUKOB W HAYYHOH JHUTEpaTyphbl, YTO HEOOXOAMMO Ui HAyIHO-
MCCIIEI0BATENBCKOM pabOThI. Y CBOCHHBIN MaTeprail He00X0AUMO HAYYUTHCS IPUMEHSATH MPH PEILICHUN
IIPaKTUYECKUX 3ajau.

11.2. MeTtoauueckue yKa3aHusl 10 OpraHu3alii CaMOCTOSITENIbHOM paOOThI.

CamocrosTenbHas paboTa MO MaTeMaTHKE — 3TO MEJarorMyeckd YIpaBisieMblil Ipolecc
CaMOCTOSITEJIbHON JI€ATENbHOCTH CTYAECHTOB, OOECHEeuYMBAIOIIMN peanu3aluo Leledl M 3aaad 1o
OBJIQ/ICHUI0 HEOOXOJUMBIM OOBEMOM 3HAHMH, YMEHMH M HABBIKOB, OIbITa TBOPYECKOW pabOThl U
pa3sBUTHIO MPOPECCUOHATIBHBIX HHTEUIEKTYalbHO-BOJEBBIX, HPABCTBEHHBIX KauecTB OyAyIIero
CHEIHAJINCTA.

Boiaensaor nBa Buja caMOCTOATEIbHOW pabOThl: ayIUTOPHAs, BBIIOIHSIETCA HA 3aHATUAX MOJ
PYKOBOJICTBOM IpENOJaBaTeNsi U 10 €ro 3aJaHui0; BHEAYAUTOpPHAs, BBIIOJHAETCS CTYIAEHTOM IIO
3aJIaHUIO IIpenoAaBaress, Ho 0€3 ero HemoCpPEICTBEHHOTO y4acTHsl.

OcHoBHbIE BHUABl AYAUTOPHOH CaMOCTOSTENbHOM pabOThl CTYAEHTOB IIPU H3YYEHUU
JUCLUUIUIMHBL «MaremaThka»: OTBEThl Ha MpoOJIeMHBbIE BONPOCH MpernojaBaTens; (popMynupoBka
BOIIPOCOB  CTYZICHTaM, IIPENOAABAaTEN0; BBIIOJHEHUE NMCbMEHHBIX 3aJaHUN, TECTHPOBAHMUE;
BBIMIOJIHEHUE TBOPYECKUX palboT; BBHICTYIJICHME C COOOLIEHHMEM IO HOBOMY MaTepHaiy;
KOHCIIEKTHPOBaHHE, paboTa ¢ KHUTOH.

OcHOBHBIE BHJIbI BHEAyJIUTOPHOM CaMOCTOSITENIbHOM pabOThl CTYAEHTOB IpPU H3YYEHUU
muciuIinHel «MartemaTuka» - paboTra ¢ y4eOHHMKOM; KOHCIIEKTHUPOBAHME OTJEIBHOIO BOIPOCA
MIPOHIEHHON TeMbI; pabOTa O CIIPaBOYHOM JTUTEPATypOii; pellieHre 3a/]ay; UCII0JIb30BaHNE TTIOUCKOBBIX
cucreM B cpene MHTepHer.

CamocrosrenbHas padoTa CTyI€HTOB IPOBOJUTCS C LIENbIO:

- CHUCTEMaTH3alluy U 3aKPEIUICHU MOJIyYEHHBIX 3HAHUW U MPAKTUYECKMX YMEHUH U HaBBIKOB
CTYICHTOB;

- yrayOJIeHUs M pacuIMpeHHsl TEOPETUYECKUX 3HAHMIA;

- (hopmupoBaHUs YMEHUI HCTOIb30BaTh CIIEHUATIbHYIO, CIPABOYHYIO TUTEpaTypy, UHTEpHET;

- pa3BUTHA [I03HABATENbHBIX CIIOCOOHOCTEH U AaKTUBHOCTH CTYJIEHTOB, TBOPUYECKOM
MHUIUATUBBI, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH U OPTraHU30BaHHOCTH;

- (opmMupoBaHUST CaMOCTOATEIHHOCTH MBINIJICHUS, CIOCOOHOCTEM K CaMOpa3BUTHIO,
CaMOCOBEPILLIEHCTBOBAHHUIO U CAMOpPEaIN3allnu;

- Pa3BUTHSA UCCIIEAOBATEIbCKUX 3HAHUM.

JIMMHT BpeMeHU JJIsl IPOBEIEHHUS] CAMOCTOSITEILHON PabOThl CTYICHTOB Ay TUTOPHO OTBOJUTCS
Ipero/iaBaTeNIeM HEMOCPEICTBEHHO Ha 3aHATHH, JJIS KaKJ0T0 BUAA PaOOThI ONpEIeICHHBIMN.

Camocmosmenvhasn paboma cmy0eHmo8 npu u3yyeHuu H0020 Mamepuala
Pabory mo popmupoBaHuio ymMmeHUH, 00€CIIEUNBAIOIINX CAMOCTOSATEIHHOE H3yUYEeHUE CTYICHTOM
HOBOTI'O Marepuana, Hy)KHO HAUYWHATh HA 3aHATUU. MOXXHO NpPEMIOKHUTH TPYIIE CAMOCTOSATEIBHO
M3YYUTh TOT WJIM HHOW Marepuan yueOHuKa. J[ins mpoBeneHuss Takod paboOTHI, BO-TIEPBBIX,
npenojaBaTesib J0JDKEH ObITh yOeXIEH, YTO KaXAbl CTYIEHT TOTOB K HEW, BO-BTOPBIX, CTYICHT
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JIOJKEH 3HaTh, YTO KOHKPETHO OH JOJDKEH 3HaTh M YMETh I0CJ€ MPOBEeHUs 3ToH paboThl. CuctemMoi
IIPEIBAPUTENIbHBIX 3aJlaHuM, YCTHBIX M THMCbMEHHBIX YIPAXHEHUM NPENoAaBaTeo ClenyeT
MOJrOTOBUTh HEOOXOIMMYyK 0a3y, 00ecHeunBaloOUlyl0 CaMOCTOSTENIBHOCTh B 3TOM palore.
CriennanbHble BOPOCH! U 33/1aHUS, OPUEHTUPYIOLIME CTYIEHTOB U BEyIINE K KOHEYHOH 11eJIU JaHHON
paloThl, 3apaHee MOXKHO HalMucaTh Ha JOCKE (WM IPOELMPOBATh Ha 9KpaH). [Ipu HaaMuuu BOIIpoCcoB B
y4yeOHHKE MOXKHO IPOCTO yKa3aTh, Ha Kakhe BOIMPOCHI CTYAEHT AOJDKEH yYMETh OTBETUTH, M3y4YHB
naHHbIM Matepuan. Cpenu BOIPOCOB K paboTe MOXKHO IpeajiaraTh M TaKHe, OTBETa Ha KOTOpbIE
HETMOCPEJCTBEHHO HET B YYEOHMKE, W TMOITOMY TPEOYIOTCS HEKOTOpBIE Pa3MBIIUICHHS CTYICHTA.
Bo3M0xHO, HE BCE CTYIEHThI CyMEIOT OTBETUTh Ha HUX. O/IHAKO, KaXKas CaMOCTOsATeNIbHAs paboTa 1o
M3YyYEHHUIO HOBOTO MaTepHaja JOKHA 00s3aTeIbHO 3aBEPIIAThCS IPOBEPKOM MOHUMAHHSI U3Y4E€HHOTO.
XKenatenpHo, 4TOOBI CAMOCTOSITEILHO U3YYEHHBIH HAa YpOKe MaTepuai ObL1 U 3aKpeIuieH 37ech xe. B
3TOM CJIy4ae JioMa €ro IpUJIETCsl IOBTOPSTH JIMIIb OTAEJIBHBIM CTYACHTaM, U IEPETPY3KH JTOMAIIHUMU
3aJaHUAMU He OyzeT. Bonpoc 0 ToM, CKOJIbKO BpEMEHU MPUJIETCS TPATUTh Ha BBIMOJIHEHUE JJOMAIIIHEr 0
3aJlaHusl, BO MHOTOM 3aBUCHT OT TOT'0, KaK IOHSAT CTYJIEHTOM MaTepuall Ha 3aHSATUU U KaK OH 3aKpEIUICH.
A 370, B CBOIO 0uepesib, 00eCcIIeUnBaETCs] HAIUYMEM Y CTYIEHTOB YMEHHI 1 HAaBBIKOB CAMOCTOSITEIbHOM
paboThI 1 HABBIKOB Y4€OHOTO TPY/Ia.

Heo6x01uMo panioHaIbHO BBIACIUTH MaTepHUall Uil CAMOCTOSITEIbHOIO U3Y4YEHUS B COUETaHUU
C IpyruMu popMaMu pabOTHI.

Camocmosmenvnas paboma cmyO0eHmos npu peulenuu 3a0ay

B nponecce usyueHuss MaTeMaTHKU Hapsily C HEKOTOPBIMU TEOPETUYECKHUMH CBEACHUSIMHU
CTY/IEHTBI OBJIA/IEBAIOT OIPEJCIICHHBIMU MPUEMaMHu pelieHus 3aaad. OObIYHO ¢ TaKMMM IpUEMaMH
3HaKOMHT CaM Tpero/iaBaTelib, IOKa3bIBas pelieHue 3a1a4 HoBoro oopasna. Hanbonee a3 pexTHBHBIM
IIPU 3TOM SIBJIETCSl TaKOW IOAXOJ, IPU KOTOPOM IIperojaBaTellb PacKpbIBaeT IMepe]l CTyICHTaMHu
TEXHOJIOTUIO pEIIeHUs 3aJaud, MOKa3bIBaeT, YEM MOTHBHMPOBAHO NMPUMEHEHHE HEKOTOPOro METoAa
pereHust, 4eM o0ycI0BJIeH BEIOOP TOTO MJIM MHOTO MYTH.

Pabora Han 3agaueit Toxke MOKET OBITh MTOJIHOCTbIO CAMOCTOSITENBHON pabOTOM CTYIEHTOB.
Omna npecienyer HECKOJIBKO LIETEH:

- IPOJOKUTHh (DOPMUPOBAHUE YMEHUN CAaMOCTOSITENIbHO M3Yy4aThb TEKCT, KOTOPBIM B JaHHOM
cllyyae MpeJcTaBIsieT co0oil 3a1auy;

- 00yYHUTh PacCyKJICHUSM;

- 00yuuTh 0(OPMIICHHUIO PEIIEHUS 3a/1a4.

K ToMy *xe cTyneHTsl OyAyT 3HaTh, UTO y HUX UMeETCA 00pasel] pacCcykIeHUH U opopmIiIeHus
3aJjaud, K KOTOPOMY OHH MOTYT OOpaTUThCS NpU pPElIeHUM JPYroil 3agayd WM IMpU TNPOBEpKE
MIPaBUWJIBHOCTH CBOETO PELICHUS.

HemnpemeHHbIM yCIIOBHEM YCBOEHHUS! HOBBIX TEOPETHMUECKHUX CBEJIEHUI M OBJIAZICHUS HOBBIMH
MpUeMaMU PELIeHUS 3a/1ad SBJISETCS BBHIIOJHEHUE CTY/IEHTaMU TPEHUPOBOUYHBIX YIPAKHEHHH, B X0/1€
KOTOPOTrO TNPHOOpPETEHHbIE 3HAHUS CTAHOBATCS IOJIHBIM JOCTOSHHEM CTyAeHToB. Kak u3BecTHO,
CYHIECTBYIOT J1Be (hOpMBI OpraHM3alMM TaKOH TPEHHPOBOYHOM paboThl - (QpoHTalbHas padoTa u
caMmocTosiTenbHas padota. @poHTanbHas padoTa Ha 3aHATHIX MAaTEMAaTUKH - 3TO TPAJIUIIMOHHAs, TABHO
cnoxuBInascs popma. CxemMaTHUECKU €€ MOXKHO OMMCATh TaK: OJIMH U3 CTY/IC€HTOB BBIMOJIHSET 3a/1aHNe
Ha JJOCKE, OCTaJIbHBIE BBIMOIHSIOT 3TO XKe 3aJjaHne B TeTpaasx. CamocrosTenbHas paboTa CTYACHTOB Ha
YpOKE COCTOHUT B BBIIIOJIHEHUH 0€3 MOMOIIY IPENoAaBaTess U TOBApUILEH HEKOTOPOTo 3aJaHusl.

bonpmmne BO3MOXKHOCTM Ul TNOATOTOBKM  CTYIEHTOB K TBOPYECKOMY Tpyly H
CaMOCTOATEIIbHOMY TIOIIOJIHEHUIO 3HAHMM MMEET CaMOCTOATENIbHOE BBINOJHEHUE 3aJaHui. B 3ToM
cllyyae CTyJIeHT 0e3 Kakoi-1100 MOMOIIM JOJKEH HAMETUTh MyTH PELICHHUs, PaBUILHO BBINOJIHUTD
BCE MOCTPOEHMUsI, IpeoOpa3oBaHusl, BEIUMCICHUS U T. 1. B TakoMm ciiydae MbICIb CTyAeHTa paboTaer
Hanbonee nHTeHCHBHO. OH MpHOOpeTaeT MpaKTHUECKUI HABBIK PabOTHI B CUTYAIMH, C KOTOPOH eMy
HEOJIHOKPATHO NPUJIETCS CTAJIKUBAaThCA B IOCIEAYIOUIEW TPYNOBOW AesATeNbHOCTH. BMmecre ¢ Tem
caMoCTOsiTeNbHasE paboTa CTYyIEHTOB HA 3aHATHSIX MAaTEMAaTUKM MMEET U CBOU HEOCTAaTKU. Y CHIIUS
CTYIEHTa MOTYT OKa3aTbCsl HAIPACHBIMM W HE INPUBECTH K pE3YyibTaTy, €CIM OH HEIOCTATOYHO
MOJITOTOBJIEH K PEIICHUI0 NTOCTAaBIEHHOM 3a1aun. CTyJeHT He CIBIIIUT KOMMEHTapUeB K PEIIeHHI0, a
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paccyXeHUsl, KOTOPbIE OH MPOBOJIUT MBICJICHHO, MOTYT ObITh HE BCEr/la MPaBUIbLHBIMU U IOCTATOYHO
MIOJIHBIMH, TPUYEM BO3MOKHOCTH OOHAPYKUTH 3TO CTYJCHT HE UMeeT. BooOIe mpu caMoCTOSTEIIbHOM
BBITIOTHEHUHM  33JJaHUN  MBICIUTENBHBIE TPOIECChl HE MOTYT OBITh  MPOKOHTPOJIHPOBAHBI
npenogaBatenieM. [IoaToMy naxke BepHBIN OTBET MOXKET OKa3aThCs CIIy4ailHbIM. VcripaBieHne ommooK,
JIOTYIIEHHBIX MPU CaMOCTOSITENIbHON padoTe, MPOUCXOIUT B XOJIe €€ MPOBEPKU MO OKOHYAHUU BCei
pabotel. [1o3TOMy, BEIONHSS YNPaXKHEHHE CaMOCTOSTENBHO, CTYACHT, HE YCBOWBIIWN MaTepua,
MOXKET IOBTOPATH OJHY M Ty € OIIHUOKY OT NpuUMepa K IMpPUMEPY, U HEBOJBHO 3aKPENUTh
HEMPAaBUWJIbHBIN aJITOPUTM.
Camocmosmenvhvie pabomoul u UHOUBUOYATIbHBLE 3A0AHUS, MECMbl — 8UObL pAOOMbI,
obecneyusaroujue noGvlUEHUE YPOBHA CAMOCOAMENbHOU 0esIMeNbHOCMU CIMYOEHMO08

HaubGonee  pacnpoctpaneHHoit  ¢opmoii  paboTbl, oOecrneunBaomell  MOBBIIICHHE
CaMOCTOSITEIILHOM JIEATEIbHOCTH CTY/ICHTOB, SIBJISIFOTCSI CAMOCTOSATEIbHBIC PA0OTHI M HHIUBUyaTbHBIC
3a/1aHUS.

[Io cBoeMy IMIAKTHYECKOMY HA3HAYEHHUIO CAMOCTOSTENIbHBbIE padOThl M WHIUBUIyAIbHBIC
3aJlaHusl MOKHO pa30UTh HA JIBA OCHOBHBIX BUA: 00YyYarolIne U KOHTPOJIHUPYIOIIHE.

B ¢ummane TUY r. Cypryra mo marematuke pa3paboTaH psii CAaMOCTOSITEIBHBIX padoOT |
WHJMBHUIYQJIbHBIX 33JlaHUM pa3HbIX BUJIOB. OHU COCTaBISIOT IUJAKTHUYECKHE MaTepHallbl, KOTOpPbIE
SIBJITFOTCSI COCTABHOW YaCThIO KOMITJIEKCHOTO METOIMYECKOTO O0SCTICUCHUS TUCIIUILITNHBIL.

Tectbl 00ecrieunBarOT HHPOPMALIHUIO TIO PSAAY Ka4ECTBEHHBIX XapaKTEPUCTUK 3HAHUM U YMEHHMA
CTyIeHTOB. TecToBbIe 3a1aHusl yIOOHO HMCITOJIB30BATh MPH OpraHU3aIlliU CAMOCTOSATEIHLHOW PabOTHI B
pEeXHMME CAMOKOHTPOJISL, IIPU MOBTOPEHUH yueOHOro Marepuana. TecToBbie 3aaHus C BHIOOPOM OTBETOB
OCOOCHHO IICHHBI TEM, UYTO KKIOMY CTYICHTY JAeTCsl BO3MOXHOCTh YETKO MPEJACTaBUTh cebe 00beM
00s13aTeNbHBIX TPEOOBAHUI K OBJIAICHUIO 3HAHUSMH IO TeMe (HECKOJIbKUM TeMaM, BCEeil TUCHUIUINHE),
OOBEKTUBHO OIIEHUTh CBOM YCIEXH, MOJYYUTh KOHKPETHBIC YyKa3aHHWsS [JIs JIOMOJHUTEILHOW W
WHIUBUAYAIBHON pabOTHI.

[Ipu paboTe caMOCTOATENHHO CTYEHT JOJIKEH YMETh MPAaBMIIBHO KOHCIIEKTUPOBATh TEKCT. JlJis
ATOr0 HEOOXOIMMO COOII0IaTh HEKOTOPHIE PEKOMEH/IAINU, 2 UMEHHO:

- KOHCTIEKT JIOJKEH OBITh JIETKO 0003PUMBIM U JIETKO YUTAEMBIM;

- 3ar0JIOBOK ITMIIETCS I[BETHOM MacTOM;

- JIeBasi TPETh JINCTA OTBOAMTCS MOJ MOJ€ AJi1 OTMETOK CTY/EHTa, 2/3 crpaBa ImpeaHa3HaYeHbl
JUTSl KOHCTIEKTUPOBAHUS;

- IOJI3ar0JIOBKH MUIIYTCA TEMHOM NACTOM U MOJYEPKUBAIOTCS LIBETHOM;

- B TEKCTE KOHCIIEKTa BBICOTA CTPOYHBIX OYKB 2 MM (OyMara B KJIETKY, 3alUCH B KaXJI0H CTPOKE);

- a03aIlbl TeKCTa OTACNSIOTCA IPYT OT JApyra MpoOeTbHOM CTPOKOHM, 4TOOBI 0OJErYuTh YTEHUE
3aIucei;

- B KaXJIOM a03a11ie KJIF0YEBOE CJIOBO MOTYEPKUBACTCS IIBETHOM MACTOM;

- B KOHIIE M3y4aeMOM TEMbI OCTABIISIETCS YMCTas CTPAaHUIA AJII TOCTPOCHUS CTPYKTYpPHO -
JIOTUYECKOU CXEMBI WJTH CKATOW MH(POPMAIIMH HHOTO THUIIA.

CryneHTy He0OX0IMMO YMETh paboTaTh C KHUTOM (MICTOYHUKOM), BBIJICISITH TNIABHOE M3 TEKCTA.
Jls1 TOTO HEOOXO0IMMO:

- MO3HAKOMUTHCS C TUTYJBbHBIM JTUCTOM;

- MPOAHAIU3UPOBATH 3aTJIaBHE;

- o0paTuTh BHUMaHUE Ha KIaCCU(DUKAITMOHHYIO XapaKTEPUCTUKY KHUTH B TI0J[3arOJIOBKE;
00paTUTh BHUMaHUE Ha TOJ U3JJaHUs KHUTH;

MPOYUTATH OTJIABJIICHUE KHUTH, €CIIU €CTh - AHHOTALIUIO, IPEUCIOBHUE U MOCIECIOBUE K HEM;

- 00paTUTh BHUMAHWE HA BCE HEMOHSATHBIE CIIOBA 1 BHIPAKCHHS;

- IOJyMaTh, YTO HETIOHSTHO B CAMOM COJIEPKAaHUU TEKCTa;

- 10 XOJTy UT€HHUSI COCTABUTH BOIPOCHI K TEKCTY U BEIIBUHYTH CBOU MPEIOKEHUS O TajbHEHIIIEM
€ro COJIepKaHUU;

- POBEPUTH BEPHOCTH BBIIBUHYTHIX MPEAJIOKEHUN MTPU UTEHUHU MOCIEAYIOIINX YaCTel TEKCTa;

- BBIJICJIUTh B TEKCTE IVIABHOE, CYIIECTBEHHOE;

21



- o0co0oe BHUMaHHE YIEJIUTh MEPBBIM (pazaM Kaxaoro ads3ama, K KOTOPbIM IIOTOM
«IIPUBSI3BIBAIOTCS» BCE IPYTHE MBICIIH, BXOAAIINE B ATOT ab3ail;

- ¢(OpMyYJIMPOBATH IJIaBHYIO MBICIIb TEKCTA, €0 OCHOBHBIE IOJIOXKEHUS (TE€3UCHI);

- IPOYUTATH MMOBTOPHO TPYAHBIE YACTH TEKCTA, IPOBEPUTH MPABHIBHOCTh UX IOHUMAHUS;

- BbIpa0OTaTh COOCTBEHHOE OTHOLIEHHE K IpEeIMETy peud, NpuaymMaTb apryMeHThl B
000CHOBaHHUE CBOCH TOUKH 3PCHHUS;

- COOTHECTU IPOYUTAHHOE C JIPYroil M3BECTHOM MH(pOpMaIel 1Mo Toil ke TeMme, ONpeleuTh
CXOJICTBA U PACXOXKICHUS;

- 00001mas MoylyueHHbIE CBEAEHUs, C(HOPMYIMPOBATH COOCTBEHHBIE BBIBOJbl HAa OCHOBE
MPOYUTAHHOTO.

[Tpu camocTosTeNnbHONU paboTe HAJl KOHCIEKTOM, CTYIEHTY HEOOXOIUMO HAYyYUThCS OTAEIAThH
IJIAaBHOE OT BTOPOCTENCHHOTO, HaubOoyiee CyIIECTBEHHYI0 UWHpopMmanuoo. [TaBHON sBisercs
uHpopMalys, UMeroIas Haubosee CyleCTBEHHOE 3HaueHUe JJIs IOHMMaHMsl IaHHOU TeMbl, BOIpoca.
K Heill oTHOCATCS ompeneneHuss Hay9HBIX MOHATHIA, (POPMYIUPOBKH 3aKOHOB, MPABUJI, IEPEUHCICHNE
IIPUHIUIIOB, OCHOBHbIE MBICIH (TIOJIOKEHUS, YTBEP)KICHMS) aBTOpa, €ro BbIBOJbBI, KiaccHuKauus
SIBJICHUH, ()aKTOB.

Bropocrenennas nnpopmanus 1udo AeTanu3upyeT, pa3bsCHsIET INIaBHYI0 HHPOpPMaLUIO, 1100
OTpakaeT BBHITEKAIOIINE U3 3TOI HH(OPMAIH KOHKPETHBIE CIIEICTBUS U IPAKTUYECKUE PEKOMEHIAIINH.
K »stomy Tuny wuHbopManuu OTHOCATCA apryMeHTbl, OOOCHOBaHMs, IpPUMEPHI, HOJPOOHBIE
XapaKTEPUCTUKU OTJENbHBIX SIBICHUS, BTOPOCTENEHHbIE (aKThl (U3 Ouorpaduu nucatesis, U3 UICTOpUU
CO3JIaHMsl TPOM3BENEHUs), a TaKKe Pa3HOro poja KOMMEHTapuu (OOBSCHUTEIbHBIE 3aMeuyaHus,
TOJIKOBAHMSI) T€X WJIM MHBIX OTPHIBKOB M3 MPOM3BEICHUH XyI0KECTBEHHOM IUTepaTypsl. [locie sToro
HE00XO0/IMMO 03HAKOMHUTHCS ¢ CHIIBHBIMU MO3ULUSMH B yUeOHOM U HAy4HOM TeKcTe 3To: 1) 3arnasue,2)
3a4rH (BBEICHHE), 3) KOHIIOBKA (3aKITIOYCHHE).

CusbHbIe TO3UIUHN €CTh HE TOJIBKO BO BCEM TEKCTE, HO M B €ro vacTsax. B a0zare Haubonee
MH(OPMATHUBHBIM SBJISETCS MEpBOE (HayalbHOE) MPEJIOKEHNE, COJIepIKalllee Te3UC, TO €CTh OCHOBHOE
MIOJIOKEHHE aBTOPa, KOTOPOE 3aTeM KOHKPETH3UpYeTCsl B OCHOBHOM uacTH ab3ama. B oraenbHOM
MpeUIoKeHUH OoJiee MH(POPMATUBHOM SBISETCA, KaK MPaBUIIO, BTOpPasi €ro 4acTh, TO €CTh MPEINKAT,
KOTOPBIN OTpa)xkaeT HOBOE.

['maBHas WMHQpOpPMALUS B TEKCTE€ OTPAXKAECTCS HE TOJBKO TO3WIIMOHHO, HO W TrpaduyecKu
(KypcHBOM, HUPHBIM HIPUPTOM, TOTUEPKUBAHUEM U IPYTHUMHU CIIOCOOAMH).

['maBHyt0 MH(pOpPMaIMIO HY)XHO BOCHPOHM3BECTH B pedepare MOITHOCThIO, 0€3 Kakux - Jubo
CYIIECTBEHHBIX COKpAllleHHH, MOpoi B OYKBAJIbHOM CMBICIE - JOCIOBHO. BTopocreneHHas ke
nH(popMaIKs ke T0JKHA ObITh MOABEPTrHYTa CMBICIOBOM NIepepaboTKe U CIKATHIO.

3aauM AJ19 CAMOCTOSITEJILHOTO peleHus

3aganue 1
CocrtaButh MaTpulbl A U B Takoit pazMepHOCTH, YTOOBI MOXHO ObLIO HANUTH:
1) 2A+4B;
2) matpuny C, ecnu 2C-4B=2A;
3) A-2B.
3aganue 2
Haiitn npoussenenne Mmarpunibl A Ha B u B Ha A, eciii BO3MOXKHO
2 4 0
1) A=(24—1),B=—34 1
3 6 4
4 7 2 4
2) A=|-2 0 2|, B=|-3 4 1|
6 9 2 3 6 4
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Brrunciaurs OIIPECACIIUTCIIN TPETHETO MMOPAAKA
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3amanue 4

BbruncnuTh onpenenanTens 4eTBEPTOro Mopsika
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2 170
47 8 -3
12 -1 -2
4 5
10
6 3

2 5 9 7
-8 0 8 3
1 2 -4 3
2 3 2 3
-6’

0

-5 2 8 0
‘2 5 4

-6 7 5
2 6 3 1

3 0

7
-4 2
-8’
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-2 3 5’
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-7 2
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3 2 1 0
6 5 4 3
2
-2 1 8
4 6 7

0 8
‘56 2 3

8 4
‘1 0
7 6
2 3

3
-7 6

HaiiTi oOpaTHyo MaTpuily i JaHHOK

Haiitn panr matpunsl

3aganue 6
5.

3amanue 5

12
; 8. |—2 11 8
17

8

-7
7

3
-2 11
6

4

9 o6 7
; 10. | =2 11 8 |.
4 6 7

7

-2 1 8
6

4

9.

HccenenoBars cCUCTEMY YpaBHEHUN Ha COBMECTHOCTh
24
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X+3y+3z=14, 3X+2y =4,
3x+2y+12=10, X+5y+4z+3t =1, x—4y=-1,

1. {X+y+2=6, 2. 92X=y+2z-t=0, 3. {7x+10y=12,
2X+3y—-z=5, 5x+3y+8z+t=1. 5X+6Yy =8,
X+y=3. 3x—-16y =-5.
X+5y+4z=1, X -3y +2z=-1, X+2y+z+3t=-1

—-y+2z-4t=4,
3X+6y+3z+9t=-3,
2X+4y+27+6t=-2.

4, <2x+10y+8z=3, 5. <x+9y+6z2=3, 6.
3x+15y+12z =5. X+3y+4z=1.

2X+7y+32+t=5,

2Xx—-y+32=9, 3x—2y+3z=1,

g JXFYASL=A=3, o g Byiz=-4, 9. {6x—dy-7=2,
X+5y-3z+8t=1 Ax-Ty+17=5. —3x+2y+11z =3.
5x+18y+4z+5t =12.
2X—y+3z-2t+4u =1,

10. ¢4X—-2y+5z+t+7u =1,
2X—y+2+8t+2u=-1.

3ananue 8

Penmuts CUCTEMY ypaBHeHI/Iﬁ MaTpUIHBbIM METOAOM, I10 ITPAaBUITY KpaMepa 1 METOJO0OM Faycca
5X+y-2=0, 3X+4y =11, X+Yy—22 =6,

1. {x+2y+3z=14, 2. <5x+62=28, 3.{2x+3y—-7z2=16,
4x+3y+2z =16. X+2z2=T. SX+2y+1z=16.
2X+4y+1z=4, 2x—-3y—-6z=1, X+2y+3z2=7,

4, 3x+6y+2z=4, 5 <3x+y-2z=-1 6. {X—-3y+2z=5,
4x-y-3z=1 X—2y+2=5. X+y+z=3.

X+2y+12=4, 2X+y-2=0, X+3y—-6z=12,

7. ¢3x—-5y+3z=1, 8. <x—y-3z=13 9. <3x+2y+5z=-10,
2X+7y—2=8. 3Xx-2y+4z=-16. 2X+5y -3z =6.
X—-3y+2=2,

10. <2x+y+3z=3,
2X—y—2z=8.

3amanue 9

Haiiti co6cTBeHHOE 3HaUeHHE U COOCTBEHHBIM BEKTOP MaTPUIIbI
2 5 7 1 5 7 2 5 7 2 -5 7

1.|-2 1 8}; 2. |-2 1 8| 3. |-2 18| 4|-2 1 0|
4 6 7 4 6 —7 4 6 7 4 6 7
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2 3 7 4 5 7 3 3 7 12 5 7
5.|-2 7 8|;6.|-2 6 8, 7. |-2 11 8| 8 |-2 11 8 |
4 6 2 4 6 7 4 6 7 4 6 17
8 0 7 9 5 7
9./-2 1 8], 10. | -2 11 8|
4 6 7 4 6 7
3ananue 10

HaiitTu paHr cucTteMbl JIMHEHHBIX OJHOPOJHBIX  ypaBHEHHH, oOOIIee  peIIeHHue,
(dyHIaMEHTAIBHYIO CHCTEMY perieHui. Bripa3uTh o01ee pemnrenue yepe3 GpyHaaMeHTaIbHy0 CUCTEMY,
€CIIU:

X+2y+3z=0, X+2y+3z-t=0, 2X+y+12=0,

1 X—-y+2=0, 9 X—y+z+2t=0, .x+2y+z:0,
X+3y—-z=0, X+5y+5z-4t =0, 2X+Yy+3z=0,
3x+4y+3z2=0. X+8y+7z-7t=0. 5x+2y+3z=0.
X—-y—-2=0, 3X—y+2z+5t =0, S5X+5y+4z+4t =0,

n X+4y+2z=0, 5. 3x—-3y+6z+15t =0, 6. 2X+3y+22+5t =0,
3X+7y+32=0, X+3y—-z=0, 7X—y+z-9t=0,
6x—-y+8z=0. 3Xx—y+3z+14t =0. 2X+2y+3z+4t=0.
3X+3y+5z2+t=0, 2X+3y+5z+t=0, X—2y+z2+3t-u=0,

7 3X+5y+3z+t=0, 8. 3X+2y+52+t=0, 9. 2X+y+3z—-t+2u=0,
3X+5y+z+3t=0, 3X+5y+2z+t=0, 3X+4y+52-5t+3u =0,
2y—-27=0. 3X+5y+z+2t=0. X+3y+2z-t+2u=0.

X+3y+3z+2t+4u =0,
10. <X+4y+5z+3t+7u=0,
2X+5y+4z+t+5u =0.

3agaum 111 CaMOCTOATEILHOIO pPeUICHUA

—

— — - > o —

1. EnunuyHbIe BEKTOPEL €, , €, , e, YAOBIETBOPSIOT YCIOBUIO € +e,+e, = 0. Haiitu
e e e S
€-€,+€,6+6,e

— — — - > - >
2. Hano: |a|=3, |b|=2, | c|=5, yroa mexay BekropamMu a,b u b,c pasen 60°,
5> > — - - o5 o
BEKTOpHI ¢, D u C - kommianapusl. Haiitu momysb Bektopa d = a+b—c.
—
3. Haiiti BekTOp X , 3Hast, 4TO OH HepIEeHIUKYIsipeH K ocu Oz W yHOBIETBOPSET
- - -> - - -

ycinoBusaM X-a =9, x-b=-4,rne a 2(3;—1;5), b :(1§2;—3).

4. [TokazaTh, YTO YETHIPEXYTOJNBHUK C BEPIIMHAMU A(—5§ 3, 4) , B (—1; 1, 5),

C(6;-5,-3) u D(2;5,—4) ects kBampar.
5. Jloka3arts, uto Bextop O = C'(b' aj— a-(b- c j MEPIEHAUKYIAPEH BEKTOPY B .
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6. Haittu  BekToOp b, kommnbeapusiii  BekTOpPY Z = ?+ 27— 3% u
yIOBIETBOPSIOIUI yciaoBuro b-a = 28
— - - > 7
7. HMaHo: a=4i—j—2k, b= (2;1;2). Haiitu:
a) a-b;
0) yros Mexy BEeKTOpaMu g, b
-
B) Np, b;
-
r) np, a
8. [Tpu KaKoM 3HaYCHUH A BEKTOPBI b=Ai- 5T+ 3kmc=i+2 T— AK B3AHMHO
MePIEeHIUKYISAPHBI?

9. B tpeyroabuuke ABC BepIIMHBI HMEIOT KOOPMHATHI A(].;L‘—l), B(2;3;1), C (3;2;1). Haiitu:
a) JUTMHBI CTOPOH;
0) BHYTpEHHUE YTJIbI;
B) OCTpBIi yron Mexay meauanoii BD u croponoit AC.

10. Jlokasath, 4TO JUIMHBI BEKTOPOB @ © D paBHbI, eciau BeKTOpsl a+b u a—b
MEPIICHAUKYIISPHBI.
11. Bektopet AB=2a-6b, BC=a+7b, CA=-3a-b 00pa3yloT TpeyroJbHUK

— —
ABC ; Bektopel a u b - B3aumuO neprieHmukymsipasie opthl. Haiitu yrist Tpeyronsauka ABC .
> > > i e e T

12. 3nas, uto a+b+c=0, |Z|=3, |B|=1, |g|=4, BBIYHCINTG a-b+b-c+c-a.
13. Haiitu yron mexay OuccekTpucamu yriaoB Oxy U Oyz.

— —
14. Kako#t yron o0pa3yioT eaWHHYHBIE BEKTOPHI @ W D, ecium wW3BecTHO, YTO
- > - - - -
BEeKTOpsI M=a+2b u N=5a—-4b B3aMHO NEPIIECHAUKYIISIPHBI.
— -
15. Bekropet @, D, C uMeOT paBHBIC AJIHHBI U TOMAPHO 00Pa3yIOT PABHBIE YTIIBL.

Haiitu koopanHaThl BEKTOpa E) , €CIIN ;l) = (1; L 0) , B = (0;1; —1) .
16. Jloka3aTh, YTO TOYKH A(—3; —7;—5), B (O; -1 —2) u C (2;3; 0) JIeKaT Ha OJIHOM

npsIMOi, ipudem Touka B pacnonoxena mexay Toukamu A u C .

3.4.2. BekTOpHOE MpON3Be/iecHHE BEKTOPOB
— — —
Tpoiika BekTOpoB @ , D , ¢ HaspiBaeTcs ymopsiio4eHHOM, €CiM W3BECTHO KaKOW M3 HHX

SIBJIIETCS IEPBBIM, BTOPBIM U TPETHUM.

VYnopsaoueHHasi Tpoilka BEKTOPOB SIBJISieTCSl MpaBoM (pHc. 5), eciiu mociie NpUBEACHUS UX K
o01IeMy Hayaly KpaTdyalIIuid MOBOPOT OT MEPBOrO KO BTOPOMY BEKTOPY M3 KOHIIA TPETHETO BEKTOpa
BHJICH MTPOTHB YacOBOM cTpesku. MHade, Tpoiika BEKTOPOB — JjieBas (puc. 6).
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a
Puc.5 Puc. 6

N N - > >
BeKTOpHBIM NPOM3BEIeHNEM BEKTOPOB @ W D HaswsiBaroT BekTOp € = {a, b}, JUISL KOTOPOTO

BBIITOJIHCHO!
N

l.cla,clb
2. |cHal-|b|-sing
-5 5 >
3. (a, b, CJ - IpaBasl TPOMKa BEKTOPOB.

Ceoticmea 6eKkmopHo20 npou3zeedeHus

- > > >
1. HpI/I IEPECTAaHOBKE COMHOXKHMTEIEH BEKTOPHOC MMPOMU3BCACHUEC MCHACT 3HAK, T.C. {a, b:| = _[b, a:|

2. CouerarenabHoe CBOMCTBO K [Z, Z} = [(k . 2) , Z} = {2, (l . Zﬂ

N N > > -

3. JlBa HEHyNIEBBIX BEKTOpa @ W D KommuHeapHBI TOTIa U TOJIBKO TOT/IA, KOT/Ia {a ) b} =0
- o\ - > - - |-
4. PacmipenenutenbHOE CBOWCTBO || a+b |, ¢ |=|a,c |+| b, |c

Teopema
-> o> -

[IycTh B OPTOHOPMHPOBAHHOM Oa3Hce (i,j,kj nanbi Bextopsr d(8,8,,8;) u b(b,b,,b;).

Torma ux BCKTOPHOC MMPONU3BCACHUC HalJIeM 110 q)OpMy.TICZ

> 5 o

ik

i Tl & A & e &

{a,b}za1 a, a|=1i° |-} +k .
bl b2 b3 b2 b3 bl b3 bl b2

Wy nosryduM BEKTOP ¢ KOOpAMHATAMH
{ah,—ab,;—(ab,—ab);ab,-ah}

Joka3aTenbcTBO:
Pazmoxnm JaHHBIC BEKTOPEI 110 0a3KUCHBIM BCKTOpaM, TOrJa MoJIydYuM:

— — - —
a=a,-i+a,  j+a,-k
— — — —
b=b-i+b,-j+b;-k
HaiineMm BEeKTOpHOE IIPOU3BECHUE JAHHBIX BEKTOPOB, IIOJIYYHUM:

[z,zH(al.mz.;+a3.;j(bl.7-+bz.;+b3.;ﬂ:
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=ab, P} 7} +ab, [7 7} +ab, [7 Z} +a,b, [7 7} +a,b, {7 7} +a,b, [7 ;} +

+ab, [; 7} +agb, [Z ;} +a,b, [; _)}

Tak kak

S
|

7 1-]]-sin90" =12 K|

—

j

711K |-sin90" =17 |

=~

K. [4K]|-|i]-sin90 =1 ]|

AHaJIOTUYHO IO CBOWCTBAM UMEEM:

)

JoT |=-1=-|K]
K j|=-1=—1i]
ik [=-1=—[]]

Tor):[a C YYCTOM JAHHBIX PAaBCHCTB UMCEM:

{a,b}aibz|k|—a1b3|j|—a2b1|k|+a2b3|i|+a3b1|j|—a3bz|i|=
i j ok
=i(ab,—ab,)-j(abh,—ah)+k(ah,-ab)=la a, a
b b, b

3

Yrto n Tpe6OBaJ'IOCL J0Ka3aThb.

CaencrBue 1
— —

ITnomans napajuiejiorpamMma, IMoCTpOCHHOTO Ha BEKTOpax a , b , KaK Ha CTOPOHAaX paBHa

- - . 1
=al|-|b|-sing. (puc. 7) U, 3Hauur S, =5

i

Puc. 7
Caencraue 2
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i ] K
Ecmt a4, 10 {a,b}=0 (1 Ha06OPOT), T.€. [a,b}= a b ¢ —O®%=%=%©a||b
a, b ¢ e

Yy KOJUIMHCAPHBIX BEKTOPOB KOOPAMHATLI ITPOIMMOPLUOHAIbHBI.
33)13'1]/] AJISl CAMOCTOATEC/ILHOI'O PCIICHU A

1. HaiiTn KoOpaMHATHI BEKTOPA ax(Z a+ bj ,ecmn a=(3-1-2), b=(42-1).

- - - > o -> o> o g - 2 g -
2. Jlaubl BeKTOpBl a =i+2 j—3k, b=-2i+ j+k . Haiitu: C:(a—ij(ij; lc|.

- > - -

3. Hano: |2|=1, |B|=2§, yroia MexAy Bekropamu a,b pasen 120°. Haiitu: |axb|;

(Z+ Zij(—;-k 35)
A(1,2,0) B(321) C(-212)

4. HaiiTu muiomaas TpeyroJibHUKa ¢ BepIIMHAMU , , .

—

. - — — — — > —
5. Haiitu mmomazas TpeyrojabHUKA, IOCTPOEHHOTO Ha BEKTOpax a=i—2 j+5k 1 b=5]-7k

-

N
6. HaiiTu moma s napajienorpaMmma, HOCTPOEHHOr0 Ha BEKTopax d = (8; 4;1) u b= (2; —2;1)

— —

7. Bexktopsl @ u b o6pasyior yron 45°. HaiiTu miomaas TpeyroabHUKA, TOCTPOSHHOTO Ha

BekTopax a—2b u 3a+2b,ecin |Z|=|Z|=5.

8. lano: [a |=3, |b|=20, ab=230. Haiiti | axb|.

- =

9. Jlano: |a|=3, |b|=26, | axb |=72 . Haittu a b .

N -

10. Halitn ennHUYHBIN BeKTOp C , IEPHEHAMKYIISAPHBIN KKIOMY U3 BEKTOPOB d = (3; -1 2) u

b= (-13;-1).

>

11. Haiitn niomans napauiesorpaMMa, IOCTPOCHHOTO Ha BEKTOpax a= 3;+2q nb= 25—5,
rae| pl=4, | ql=3, yroa Mexny BeKTopaMu p , ¢ paseH 135°.

A(L-23) B(0;-12) C(3;45)

12. HaitTu nmmoniagpr TpeyroibHUKA C BEPIIMHAMU , , .

13. [lanbl BEKTOpHI @ = (—4; -8; 8) , b= (4; 3, 2) . HaiiTu BeKTOpHOE IPOU3BEAECHUE, CUHYC YIJIa MEXIY

HHUMHU, TUIOIIAAb MapajicjiorpaMmma, NoCTpOCHHOI'O Ha 3TUX BCKTOPax.
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- - —

14. JlaHbl BEKTOpBI Z:3i+j+22, BzZ_i)+7_j)+4E) u Z:T+2j+z. Haiitn npoussenenus

Zx(ngj " (injx?

N
15. Haiitu xoopauMHaThl BEKTOpa X , NEPIEHIUKYISIPHOTO OCH alIUIMKAT U BEKTOpy d = (8; -15; 3).

— -
Bektop X o0pa3yeT oCTpblil yroi ¢ 0chlo abcuucc; mpuieM | x |=51.
— - -

16. Haiitu [uiMHBI 1uaroHanel M IUIOIIAJb IapajuleJIorpaMMa, IIOCTPOEHHOIO Ha BEKTOpax a =k— j,

b—i+j+K.
- -
17. BBIUMCIIUTE CHHYC yIiIa, 00pa30BaHHOTO BEKTOPaMU = (2; —2;1) u b= (2;3; 6) .
18. JlaHbl BEPIIMHBI TPEYTOJILHUKA A(l; —1;2), B (5; —6;2), C (l; 3 —1). Haiiti QuMHY €ro BBICOTEL
OIyLIEHHOI 13 Bepuubl B Ha ctopony AC.

3agauu aJ1sl CaMOCTOATEILHOIO pPeUICHUSA

> S\/> >\/-> -
1. BBIYUCITUTD POM3BEICHHE (a— bj(b— cj(c— aj .

S>> =>\/-> - -
2. Borunciuts npoussenenne d| b—c || a+b+2c |.

- - —
3. Kakyro Tpoiiky o6pa3yrot Bektopsl @ , b u C :
e T T e A

a)a=i+j, b=i—], c=k;

6) a=(L-4,0), b=(6;3,-2), ¢ =(1,-2;2).
4. Bexktopel @ , D u C B3auMHO TepIEHIUKYISPHBI, 00pa3yroT mpaByio Tpoiiky. Haiiti a b ¢ , 3Has

4to |a|=4, |b]=2, | C|=3

- -

a :(3;5;—1)’ b =(0;-2,1) uC :(_2;2;3). Haiitu (ngsz-

5. JlaHBl BEKTOPBI

(> ->\(/- - RN
6. Beraucuts iponssenenne D| C+a || b+2c¢ |, ecrm ab c =5.

— — — N
7. Bextop C mNepreHIuKy/IsIpeH BektopaM a u D ; yroa mexny Bexropamu d, b pasen 30°,

-

|a|=6,|bl=3, |c|=3.Haiitu abc.

A4(0,01) 4,(2,35) 4,(6,2,3) 4,(37,2)

8. Haiitu 06beM mupaMu/Ibl ¢ BEPIIMHAMU , , , .

A(57;2) B(3%-1) C(%4-4) D(L50)

9. Iloka3aTb, YTO TOYKH , , Hu JIe)KaT B OIHOU
TIIOCKOCTH.

10. JIaHBI BEpIIMHBI MTHPAMUIEI A(—5; —4;8), B (2;3;1), C (4;1'—2), D(6; 3§7). Haiitn mmaay
BBICOTHI, OMYIIIeHHOM Ha rpanb BCD.
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11. OGbeM TeTpadapa paBeH 5, TPU €ro BEPIIMHBI HAXOAATCA B TOYKAX A(Z;l; —1), B (3; 0;1),

C (2; -1 -|-3). Haiitu KOoOpaMHATBl 4ETBEPTOM BepmuHbl D, eciu M3BECTHO, YTO OHA JIE)KUT HA OCH

OpAMHAT.

12. Jan mapamnenermunen  ABCDABCD,, nocrpoenneii ma Bexropax 4B =(4;3,0),
AD = (2;1; 2) u A4 = (—3; —2;5) . Haiitu:
a) 00beM mapasuIeyenuIe/1a;

0) wiomanpk rpanu ABCD;

B) JJIMHY BBICOTBI, IPOBEIEHHON U3 BEPLINHBI Ai;

r) yrox Mesxay pedbpom AB u muaronansio BD, .
A4(52;3) 4,(-241) 4(7:6,3) 4,(4-3-1)

13. Jlana nupaMuia ¢ BEpIIMHAMHU B TOUKAX , , , .
Haitu:

a) anuny pebep A4y, A4y, A4,;
0) TuIoIIaAb rPaHu AlAzA :

B) yroJl MeXy pedpamu A1A4 u AiA ;
r) 00beM MUpaMuUIbl;
1) IUIMHY BBICOTEL, OmyIeHHoi Ha rpanb 44,4, .
3afauu JIsl CAMOCTOSATEILHOIO PelieHHs!

—

1. Jlans touxn 4 (3;—4;1) u A,(4;6,-3). Haiiti koopMHaThl BEKTOpa @ = A A, .

2. Jlasr Tpu ToceToBaTenbHbie Bepumabt mapannenorpamma: A(1L-2;3), B(3,2;1), C(6;4;4)Haiiru
€ero 4eTBepTyIo Bepmuny D .

— —

3. Tlpm xakux 3HaueHUsIXx ¢! W [ BEKTOPHI a= —2?+3;+az n b= ,BT—G J+2Kk
KOJUIMHEApHbI?

c a=(L2) b=(2-3)

c=(9
4. Pa3znoxuth BEKTOP ( ) 10 BEKTOpam

g —
5. Haiitu koopauHaTBI BEKTOpa @ , €CM | & |= 3 U yIJIbl MEXAY BEKTOPOM U KOOPIAUHATHBIMU
OCSIMH PaBHBL: =L =7y .

6. JIya obpasyer ¢ aByms ocsiMu KoopawHAT yriiel B 607 . [log kakuMm yriioM HaKJIOHEH OH K
TpeThen ocu?

7. J1aHBI BEKTOPBI g = (2; 3) : B = (—1; 3) : g = (—1; 3) . [Ipn kakoMm 3HaueHUM KodppuIieara &

- > — > o

5
BEKTOPBl pP=a+ab U (=a+2c KOJUIMHEAPHBI?
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8. JlaHbl TOUKH A(—l; 5 —10), B(5; —7;8) , C(Z; 2;—7), D(5; —4; 2). [IpOBEPHUTH, YTO BEKTOPHI
- —
AB u CD xoMHeapHbI; yCTAHOBHUTh, KAKOW U3 HUX JUIMHHEE U BO CKOJIBKO Pa3; HAIPaBIICHbI OHH B
OJIHY CTOPOHY WUJIU B pa3Hble?

=N

d =(4,12,-3) a=(231)

9. IIpencraBuTh BEKTOP KaK JIMHEWHYI0 KOMOMHAIIMIO BEKTOPOB ,

b=(570) c=(3-24)

10. Ha oc Oy Haiit Touxy M , pasroynanennyio ot touex A4(L—4;7) u B(5;6;-5).
11. Ha ocu Ox naiitu Touky M , paccTostHue KOTOPOH OT TOUKH A(3; —3) PaBHO 5.

12. lanbl BepUIMHBI TPEYroJibHUKA A(3;—1;5), B(4;2;—5), C(—4;0;3). Haiitn umny
MeJIMaHbl, IPOBEIECHHOMN 13 BepiuHbl A .

13. Haiitu cymMMy KOOpJIMHAT TOYKH, Jexamield Ha ocu OX, paBHOyAajIeHHON OT Touek A(2;—4;
5)uB(=3; 2; 7).

DJiIeMeHThl AHAJITUTHYECKOH reOMeTPUH B IPOCTPAHCTBE
1. MeTtoanyeckue yKazaHusi K pelieHUI0
3ananmue 1. Haiftn ypaBHEHHE IIJIOCKOCTH, IPOXOIAIICH Yepe3 Hadyano KOOPAWHAT M Yepe3 TOUKH
P(4;-2;1) u Q(2;4; -3).
Pewenue. Touka 0(0;0;0) — navano koopauHat. Ilpumensst ypaBHeHue (4) MIOCKOCTH,
MIPOXOAAIIEH uepe3 TpH naHHble ToukH O, P u Q, 3anumem

x—0 y-0 z—0 x—1 y+4 z-6
4—-0 -2-0 1-0|=0wm| 4 -2 1 |=0.
2—-0 4-0 -3-0 2 4 -3

PackpbiBas mosryuyeHHbIH ONpenenuTeNb 10 MepBOi CTPOKE ¢ UCIOIb30BaHueM (hopmyisl (14),
II0JIy4aeM ypaBHEHUE UCKOMOM Iu1ockocT X + 7y + 10z = 0.

Omeem: x + 7y + 10z = 0.

Bamanue 2. Jlans Bepummnsl Tetpasapa A(—2; 0; —4), B(—1;7;1), C(4; —8; —4), D(1; —4;6).
Hanwucatp ypaBHeHHUE MJI0CKOCTH, poxosiiel uepes pedbpo CD u cepenuny pebpa AB.

Pewenue. O6o3naunm yepe3 M cepenauny pedpa AB, torna no gopmynam (1) ee KoopauHATHI

OydyT UMETh BUJI:
—2-1 0+7 —4+1 3.7 3
M( T )I/IJ‘II/IM(——;—;——).
2 2 2 2’2" 2
VYpaBHEHHE MCKOMOW IUIOCKOCTH MOKHO COCTaBHUTb, MCHOJb3Yysl ypaBHEHHE (4) IUIOCKOCTH,
IpoxoJsuiel uepes Tpu faHHele Touku D, C u M:
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x—1 y+4 z—6 x—1 y+4 z-6
4-1 -8+4 —4-6|l=-0um| 3 -4 —-10| = .
3 7 3 5 15 15

-z~ L ;t4 =36 ) 2

PackppiBasi mosryuyeHHBIH ONpeneNnuTeNb 10 MEePBOM CTPOKE ¢ UCIOIb30BaHueM (hopmysl (14),
MoJIydaeM ypaBHEHUE HCKOMOU Tutockoctr 42x + 19y + 5z + 4 = 0.

Omeem: 42x + 19y + 5z + 4 = 0.

3ananme 3. HailTu ypaBHEHHE IUIOCKOCTH, TOYKM KOTOPOW OAMHAKOBO YJAJEHBI OT TOYEK
P(1;,-4,2)nQ(7;1;-5).

Pewenue. VIckomas IUIOCKOCTh NPOXOAUT uepe3 Touky O - cepeauHy otpeska PQ

IePIEHNKYIAPHO ITOMY OTPe3Ky, T.e. Bektop PQ = (7 — 1;1 4 4; =5 — 2) = (6;5; —7) sBusercs
AJI1 HEC HOPMAJIbHBIM BCKTOPOM.
Ucnonb3ys hopmyiibl cepenutbl otpeska (1), Haxoaum

147 —4+1 2-5 3 3
0(—;—;—) HHI/IO(4;——;——).
2 2 2 2’ 2

[Tpumensist ypaBHeHHe (3) MIIOCKOCTH, TPOXOSAIICH Yyepe3 NaHHYI0 TOUKY O NeprneHIuKyIIpHO

JTaHHOMY BEKTOpY P(Q MOXKeM 3aIrucaTh:
6(x—4)+5(y+§)—7(z+§) = 0 wmm 6x + 5y — 7z — 27 = 0.

Omeem: 6x + 5y — 7z — 27 = 0.

3aganue 4. Harucath ypaBHEHHE MJIOCKOCTH, KacaTelbHOM K cdepe

(x—3)2+ (y — 1)?+(z + 2)? = 24 B Touke M(—1;3;0).

Pewenue. 13 ypaBuenus cdepsl onpenensem nertp C(3; 1; —2). Bekrop CM = (-1-3;3—-
1,04+ 2) =(—4;2;2) sBuAercs HOPMAJIbHBIM JUIS KacaTeNbHOH IUIOCKOCTH. Torma, HCIoJb3ys
ypaBHeHHUE (3) TUIOCKOCTH, TPOXOJAIIEH yepe3 TaHHYI0 TOUKYy M neprneHIuKyIspHO JaHHOMY BEKTOPY

CM, ypaBHEHHE UCKOMOM MIOCKOCTU MOXEM 3aIuCaTh:
—4(x+1)+2(y—-3)+2(z—-0)=0mm2x —y—z+5=0.
Omeem: 2x —y—z+5=0.
3amanue S. BEIUuCIUTh paccTOsSHIE MEXy apaUIeIbHBIMU IDIOCKOCTSIMU X — 3y + 2z + 1 =
Ou2x—-6y+4z+3=0.
Pewenue. Bribepem NpoOW3BOIBHBIM 00pa3oM Ha TepBOi miockoctn Touky M(1;0;—1)
(KOOpMHATHI TOYKHU TOJDKHBI YAOBICTBOPSITh YPABHEHHIO TIOCKOCTH X — 3y + 2z + 1 = 0).

Beruuciaum pacctosiHre OT TOuku M 10 BTOpO# TIIOCKOCTH, UCTIONB3Ys dhopmyny (7):
g = 2603l 1 1
\224(—6)2+42 V56  2¢/14°

1
Omeem: T

3ananue 6. YCTaHOBHUTD pacroyioKeHUE TNIOCKOCTH 2X — 2y — Z + 9 = 0 oTHOCUTENbHO chepbl
-1+ —-1*+(=z-1)*=4.

Pewenue. N3 ypaBuenus coepsr onpenemnsseM nentp C(1;1;1) u pamuyc R = 2. Mcnonp3ys

bopmyiny (7), HaX0IUM paccTostHUE OT TOYKU C 10 JaHHOM MIOCKOCTH:
g = _Jrim2i-ieel 8 52
V22 +(=22+(-)2 3 3

Tak kak d > R, TO MJIOCKOCTh U chepa HE UMEIOT OOIIUX TOUYEK.

Omeem: HE UMEIOT OOIINUX TOYEK.

3ananme 7. HaifTu ypaBHEHUS IJIOCKOCTEH, NENAIIMX IOMOJaM JIBYTPaHHBIE YIJIBI MEXIY
wiockocTsiMU 3x — Yy +7z—4=0ub5x+3y—-5z+2=0.

Pewenue. TTycts Touka M (Xx; y; Z) NpUHAUIEKAT UCKOMBIM IUIOCKOCTSM. Tak Kak pacCTOSHHS
OT 3TOW TOYKH JI0 ABYX 3a/IaHHBIX TUIOCKOCTEH PaBHBI, TO HA OCHOBaHUU (POpMYIIBI (7) MOKEM 3aHCaTh:

|3x —y+7z—4| |5x+3y—5z+2|
J3Z2+(-1)2+72 /524324 (=5)2

NN
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3x —y+7z—4| |5x+3y—5z+2]
V59 V59

|3x —y+7z—4| =|5x + 3y — 5z + 2|.
,Z[aHHOG YpaBHCHHUEC UMCCT JIBA PCILICHUA:
3x—y+7z—4=5x+3y—5z+2wm2x +4y — 122+ 6 = 0,
u
3x—y+7z2—4=—05x+3y—5z+2)mwmidx+y+z—-1=0.
Omeem: 2x +4y —12z+6=0udx+y+z—-1=0.
3ananme 8. CocTaBuUTh ypaBHEHHE IUIOCKOCTH, MapajUieIbHON IUIOCKOCTH 6x — 3y + 27 —
14 = 0 u oTcrosmIeH OT HEE HA PACCTOSIHUM, PABHOM 3.
Pewenue. TIycThb T - TUIOCKOCTD U3 YCIIOBUS 3a/1a4H, @ - HCKOMas IUIOCKOCTbh, Touka M (x; y; z)
— MIPOM3BOJIbHAS TOUYKA IIIOCKOCTH &. [To hopmyre (7) paccTosiHue OT TOUKH M 110 TUTOCKOCTH 7T MOKHO
3armcarb B BUJIC.

NI

__|6x=3y+2z-14| _ |6x—3y+2z—-14|
\J62+(=3)2+22 7
C npyro¥ cTopoHsI, 1o ycioButo 3ana4un d = 3. [lonydaem ypaBHEHHE

|6x_3y—;—22_14|:3’1/1_]]l/1|6x—3y+22_14| = 21.

OTO ypaBHEHHE UMEET JIBA PEILICHUS:
6x —3y+2z—14=21wm6x —3y +2z—35=0(aq)
u
6x —3y+2z—14=-21wmb6x —3y+2z+7 =0 (ay).
T.e. cymiecTByeT JBe MIOCKOCTH, MTAPAIICIBbHBIX 1T U OTCTOSIIUX OT HEE HA PACCTOSHUH, PABHOM

3.
Omeem: 6x —3y +2z—35=0ubx—3y+2z+7=0.
3apanme 9. Haittu yron mexny miuockoctsmu 2x — 6y + 14z —1 =0 u 5x — 15y + 35z —
3=0
Pewenue. O603HauNM Uepe3 ¢ UCKOMBIN yroJ, Toraa no ¢gopmyie (6) HaxoauM
|2:5+(=6)-(~15)+14-35| _ 590

cos¢ = V22+(-6)2+142-/52+(—15)2+352 ~ 590 =1, orxyna ¢ = 0.

Omeem: Q.
3aganme 10. CoctaBuTh ypaBHEHHE MpPAMOM, mpoxopsmieil yepe3 Touky My(5;—1;—3)
2x+3y+z—-6=0,
4x —5y—z+2=0.
Pewenue. Hanpaistromuit Bextop [ nmpsamoii | cornacuo ¢popmynam (12) umeer KoOpIuHATHI:
7 (13 10 12 1112 3N_ (e
L= (|—5 —1|' |4 —1| ’ |4 —5|) = (2;6;-22).
Tak kak uCKOMasi mpsiMast MPOXOIUT MapalIeIbHO MPSAMOM [, TO ee HalpaBIAIOIIUM BEKTOPOM

napajuIeNIbHO MPSIMOi L: {

S
Oyzet Taroke BekTop L. Mcrmonb3ys popmyiy (8), 3amumieM KaHOHHYECKHE YPaBHEHUS HCKOMOH TTPSIMOH,
-

MIPOXOJIATICH Yepe3 TOUKy M, mapamuieIbHO BEeKTopy [:
x=5 _y+1 _ z+3 x=5 y+1 _ z+3
1

3 —11

2 6 —22

x—=5 y+1 z+3
Omeem: — = — = —,
1 3 -11

3aganue 11. HailTu Touky nepecedeHyst U yrojl Mexay npsMoi

x—1 +2 z-2
TZyTZTI/IHJIOCKOCTBIO 3x—y+2z+5=0.

Pewenue. BBenem o0o3HaUeHUS: T — 3a/JlaHHAs IJIOCKOCTh, | - 3amanHas mpsimas, 0 — ToYka
nepecevyenus MpsIMO U IIOCKOCTH, T.€. {0} = m N [, ¢ - yroi MeXay NPsAMOii U IIOCKOCTBIO.
1. Haxonum Touky mepecedeHus] MpsSIMOM U TIJIOCKOCTH, JJIE YEro COCTaBiIsieM M
peraeM CUCTEMY:
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3x—y+2z+5=0
{ x1_yiz_z=2

2 1 1
3aMEHHM B CHCTEME KAaHOHHYECKHE YpaBHCHUA HpHMOﬁ [ na mapaMETpUICCKUEC:

3x—y+2z+5=0

x=2t+1
y=t-—2
z=t+2

[Toncrasiss B mepBO€ ypaBHEHUE CUCTEMBI X, Y, Z U3 IIOCJIEIHUX TPEX YPAaBHEHUH, I10JIy4aeM

32t+1)—-(t—-2)+2(t+2)+5=0,

nm 7t + 14 = 0, orkyna t = —2, 3T0 U €CTh 3HaUE€HHE ITapameTpa t, COOTBETCTBYIOLIETO TOUKE
0. CnenoBarenbHO, €€ KOOPJAUHATHI OyAYT paBHBbI:

x=2"(-2)+1=-3,y=-2—-2=—-4,z=-2+2=0.

2. Haxonum yron mexnay npsiMON M INIOCKOCTBIO. M3 NaHHBIX B YCIOBUM 3aa4M
YPABHEHUH ONpPENEIAEM HOPMAIBHBIN BEKTOP 71 IUIOCKOCTH 7T M HAIPABJISIONIMI BEKTOP [ npsMoit L
n=(3-12), [ = (2; 1;1). lIpumensist popmymy (13) mpuitoskeHus, HAXOAUM

. [3-2+(—1)-1+2-1] 7 V21
sing = = =—,
V3ZH(-1DZ+22+/22+12+12 221 6

. 21
OTKyJa ¢ = arcsin=—

Omesem: 0(—3; —4;0), ¢ = arcsing.

BapI/IaHTbI HHAUBUAYAJIbHBIX 3aJaHui

Bapmuanr 1
1. CocraBuTh ypaBHEHHE IUIOCKOCTH, Mpoxojsiieii uepes Toukm M, (6;—1;5),
M,(—1;2;7), M3(4;0; 3).
2. Jauer  Bepumnsl  A(0;1;0), B(—1;0;3), C€(5;0;0) wu B;(2;0;1)

napautenenunena ABCDA,B,C;D,. Hanucate ypaBHeHHE TIIIOCKOCTH, TIpoxo el uepes pedpo C;C
u quarosans A, Cy.

3. Hamucate ypaBHEHHE IUIOCKOCTH, TMPOXomsmiei depe3 Touky Q(3;—2;4)
napaIesbHO I0CKOCTH X — 5y + 3z — 2 = 0.

4. Haiitn ypaBHEHME IIIOCKOCTH, TOYKH KOTOPOH OJAMHAKOBO YAAJIECHBI OT KOHIIOB
orpeska AB, tne A(7;—1; —2),B(—3; 1; 3).

5. BbIuucnuTh paccTosiHue MEXIY IUNIOCKOCTIMHU 3x + 5y —z + 11 =0wu

3x+5y—z—-5=0.

6. VYCTaHOBUTH PACMONOKEHUE IUIOCKOCTH X — 2y +Z—5 =0 OTHOCUTEIBHO
coepsl (x —1)2 + (y + 2)24+(z + 1)? = 5.

7. Haiitn ypaBHEHMS IUIOCKOCTEH, NEIANIMX IOMOJAaM JBYTPAHHBIE YIJIbI MEXAY
wiockocTsiMu 3x — 2y +3z—5=0u2x+3y—3z+1=0.

8. CocTaBUTh ypaBHEHHUs IUIOCKOCTEH, MApPAJIENIBbHBIX IUIOCKOCTH 2X — Yy + 2Z —
4 = 0 ¥ OTCTOSIIIUX OT HEe Ha PACCTOSTHUH, PABHOM 5.

9. Haiitu yron Mexny IiocKocTsaMu

x—3y+5=0u2x—-y+5z—-16 =0.

10. CocTaBuTh ypaBHEHHE TMPAMOM, Npoxojsmeir dvepe3 Touky My(2;—1;3)

2x+5y—z—3=0,

napajieabHO NPSAMOM l:{ X+y—z—4=0.

o o x—2
11. Haiitu TOuKy mnepecedeHMss W yroa MEXAy MpsMOU S ==, ¢H

IJIOCKOCTBIO X + 2y + 3z — 14 = 0.
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Bapuant 2

1. CocTaBuTh YPaBHEHHE  ILIOCKOCTH, npoxojsamiei vepes Touku P (1;0;0),
Q(1; 3; 0) mapamtensHo BekTopy d = (3; —2; 1).

2. Jaubl BepmmmHbl Tetpasapa A(4;0;3), B(—2;1;5), C(7;1;2), D(0;4;1).
Hammcarp ypaBHEHHE MIIIOCKOCTH, MPOXOAIIEH yepes peopo AB napaensHo pedpy CD.

3. CocTaBuTb ypaBHEHUE IJIOCKOCTH, MPOXOsIIeH yepes TOUKY
K (—1; 2; 0) nepnenauxynspao Bekropy p = (3;4;5).

4. Hanucatp ypaBHeHHE MIIOCKOCTH, KOTOpas KacaeTcsi chepbl

(x —2)2+ (y + 1)?+(z — 5)? = 3 B Touxe My (3; —2;6).

5. Brruucnuts paccrosiaue Mexay miockoctsmu 2x — 11y + 10z — 13 = 0u 2x —
11y +10z+ 6 = 0.

6. YcTaHOBUTH pacnosoXeHue MmiIockoctu 6x — 3y + 2z + 49 = 0 oTHOCHUTENBHO
chepsl (x —2)2 + (v + 1)2+(z — 3)? = 15.

7. Haiitu ypaBHEHHS MIOCKOCTEH, NEISANIMX MOMOJaM JBYTPAHHBIC YTIIbl MEXIY
mwiockocTsiMU x — 2y +7z—16 =0u7x+y—2z—-3 = 0.

8. Bbrumciaures  Beicory mmpamuasl ¢ BepmmHamu  S(0;1;3), A(—3;5;1),
B(—2;1;5), C(1;1; —4), onymeHHyo 13 BepiinHbl S Ha ocHoBaHue ABC.

9. Haiitu yron mexny miockoctsimu x — 3y +z—1=0ux+z—1=0.

10. CoctaBuTh ypaBHCHHE TPSAMOH, mpoxojsmiei dvepes Touky M,(1;0;4)

x+3y—4z—-1=0,

HapauIeIbHO MPAMOH [: {4x —y+3z+42=0

11. Haiitu TOuKy mnepecedyeHHs U Yroill MEXIy HIpsMOu xTH = y_—_f = ZJ;—l U
IJIOCKOCTRIO X + 2y — 5z + 20 = 0.
Bapuanr 3
1. Hanmcate ypaBHeHHME IUIOCKOCTH, mpoxozsmeii deped Touku A(1l; 1;—2),
B(1;,-3;-2)u C(11;0; 7).
2. Hamet  Bepmmubl  A(5; 2;0), B(0;1;1), C(—2;L,7)m A;(3;1;2)

napamnenenunena ABCDA,B,C;D;. CoctaBuTh ypaBHEHHE IUIOCKOCTH, poxoseil uepes pedpo C;C
napajuieJbHO nuaroHanu BD.

3. Touka P(3;2;1) — OCHOBaHHE BBICOTHI UETHIPEXYTOJIHHON IHPAMHUJIBL,
onymueHHoN u3 BepmuHbl S(5; —3; 2) Ha ocHoBaHue. HanucaTh ypaBHEHHE TUIOCKOCTH, COJEpkKalei
OCHOBaHUE MUPaMU/IBI.

4. Hanucats ypaBHeHHe KacaTeabHOU MIIOCKOCTH K cdepe

x24+y? + z? = 34 B Touke L(—3;4; 3).

5. BbIuncnuTh paccTosiHie MEXIY IUNIOCKOCTIMU X + 2y —z+5=0wu

x+2y—z—-7=0.

6. VYCTaHOBUTH PACMONOXKEHUE IUIOCKOCTH X + 6y + 5z — 25 = 0 oTHOCHUTENBHO
cheprl x% + y2+z% = 2.

7. Haiitn ypaBHEHHMs MIIOCKOCTEH, J:(enfﬂunx IIOI10JIaM JABYTPAHHBIE YIUIBI MEXKIY
miockocTsiMu 7x —y —3z4+4=0u3x+5y—-5z—-4 =0.

8. Ha ocu Oz Haiiti TOYKY, paBHOyIadeHHYIO OT Touku M(3;1;2) u miockocTu
3x—y+5z—-11=0.

9. Haiiti yron Mexay miockocTsaMu

4x—-5y+3z—1=0ux—-4y—-2z+9=0.

10. CocraBuTh ypaBHEHHE NPsAMOH, mpoxoismei uepes Touky My(0;1;—3)

4x —3y+5z—1=0,

napajuieIbHO MPSIMON l:{ x—y—2z=0.
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o o x—1 z—-1
11. Haiitn TOYKY IMIEPECCUYCHHUA W Yrojl MEXAY OpAMOU —1 = — :T n

IUIOCKOCTBIO X — 3y + 7z — 24 = 0.

Bapuanr 4

1. Hanucats ypaBHEeHHE TIIOCKOCTH, IPOXOSAIIEH Yepe3 Hauaao KOOPAUHAT U TOUKHU
M, (7; 0;5),M,(0;11; 2).

2. Hanbel BepmmHbl Tetpadapa A(2;—7;0), B(3;5;6), C(4;1;3), D(—2;-5;3).
Hanucatp ypaBHEHHE MIJIOCKOCTH, MPOXOsieit uepe3 pedpo AB u cepenuny pedpa CD.

3. Hanwmcate ypaBHeHHE IUIOCKOCTH, Hpoxomsmied dveped Touky Q(2;—2;5)
napaiesbHO II0CKOCTH X — 5y + 3z — 16 = 0.

4. Hanwmcates ypaBHEHHUE MJIOCKOCTH, KOTOpas KacaeTcst chepsl

(x—1)2+ (y+5)*+ (z—6)% = 14 B Touke P(3; —2;5).

5. BriuucnauTe paccrosiHue MEXAy INOCKOCTAMU X +y —zZ—4 =0ux+y—z +
5=0.

6. YCTaHOBUTH pAaCIONIOKEHHE TIOCKOCTH X + 3y —z+ 7 =0 OTHOCHUTEIBHO
chepol (x — 1)2 + (y + 1)?+z2 = 6.

7. Halitu ypaBHEHHS IUIOCKOCTEW, NEISAIIMX IONOJaM JBYTPaHHbIE YIJIbl MEXIY
WIOCKOCTAMU 5x —y +3z+6=0ux+3y—5z—2=0.

8. CocraBUTh ypaBHEHHMsI IUIOCKOCTEW, MapajuiedbHbIX MmiIockoctu 10x + 2y —
11z — 5 = 0 1 OTCTOSIMUX OT HEE HA PACCTOSTHUH, PABHOM 7.

9. Haiitu yron mexay miockocTsaMu

3x—y+2z4+15=0ub5x+9y—-3z—-1=0.

10. CocTaBUTh ypaBHEHHE NPAMOM, mpoxoxsmieil uepes Touky My(—2;1;5)

x+y+z—-11=0,

9 —2y+z—-5=0.

“ . Xx—1 y z+3

11. Haiitu Touky nepecedeHust U yroi Mexay npsaMoi — =73 =, W IUIOCKOCThIO
2x—y+4z=0.

napajuIeNIbHO MPSIMOi L: {

Bapuanr 5

1. MoXHO 1M TIpoBeCTH IUIOCKOCTh dYepe3 Toukn K(3;1;5), M(0;0;—-2),
L(1;—4;0), P(—6; 3;1)? B cay4ae yTBepIUTEILHOTO OTBETA HAMTMCATH YPaBHEHUE 3TOH MIIOCKOCTH.

2. Haner  Bepmmubl  A(3;4;5), B(3;-5;0), C(0;1;4) wu D;(6;0;-7)
napamenenunena ABCDA,B,C;D,. CoctaBuTh ypaBHEHUE IIIOCKOCTH, cojiepxaniei rpanb AA; D D.

3. Hanwucate ypaBHEHHE IUIOCKOCTH, Mpoxoxsmieil yepe3 ocHoBanue P(3;—7;0)
MePIEeHIUKYIIApa, IPOBEJACHHOTO Yepe3 Hauajao KOOPJAUHAT K 3TOH MI0CKOCTH.

4. CocTaBuTh ypaBHEHHE IIIOCKOCTH, KacaTeJIbHOM K cdepe

(x+2)2+ (y—3)%+ (z—1)? = 18 B Touke C(—3;2;5).

5. BoeruncnuTh paccTosiHUE MEXAY INIOCKOCTSIMU 2X — Y +3z—1=0mn

2x—y+3z+3=0.

6. VYCTaHOBUTH PACIIOJIOKEHHE TUIOCKOCTH 3X —y +2z — 2 = (0 OTHOCHUTENBHO
chepnl x2 + y2+z% = 5.

7. Haiitn ypaBHEHHs IUIOCKOCTEW, NESAIIMX IOMNOJaM JBYTPaHHbBIE YTJIbI MEXIY
miockocTsMu 3x — 4y +z—1=0ud4x+3y—z+4=0.

8. Beraucnute BeicoTy mmpamuasl ¢ Bepmmaamu S(1; 1; 1), A(0; 0; 2), B(0; 1;0),
C(3;0; 1), onymeHHy0 U3 BepIIUHLI S Ha ocHOBaHue ABC.

9. Haiiti yron Mexay miocKocTsIMu

6x+2y—4z+17=0u9% +3y—6z—4=0.
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10. CocTaBuTh ypaBHEHHE NPSAMOM, mpoxoxsmieii uepes Touky M,y(2;0;—1)
x+7y—2z+5=0,

napajuIeNIbHO MPSMOi [: {Zx —y—-3z+1=0.

s o x=5 y-3 z—2

11. Haiitu Touky mnepecedyeHuss M Yroil Mexay HpsIMOil =5 =5 "

IUIOCKOCTBIO 3x +y — 5z — 12 = 0.
Bapuant 6

1. MOXHO I TPOBECTH IUIOCKOCTh uepe3 Touku K(7;—3;6), M(1;8;-3),
L(4;5;0), P(5;3;2)? B citydae yrBepaIUTEIHHOIO OTBETA HATUCATh YPABHEHUE 3TOH IIOCKOCTH.

2. Hanbl BepmmHbel Tetpadapa A(—2;1;5), B(0;4;1), C(2;1;7), D(4;0;-=3).
Hanwmcates ypaBHEHUE IIJIOCKOCTH, MPOXo el uepes pedpo BC u cepenuny pedpa AD.

3. Haiitu ypaBHeHHe MHOXKECTBa TOUYEK, PAaBHOYIAJIEHHBIX OT KOHILIOB OTpe3ka PQ,
rae P(7;5;2), Q(—1; 3;4).

4. CocTaBUTh YpaBHEHHE ILIOCKOCTH, TpOXOoisimeld depe3 Touky M(7;—2;—6)
HepIeHAuKyYIApHO BekTopy p = (11;4; 2).

S. BbIaucnTh paccTosiHIE MEXIY IUIOCKOCTIMU X +y + 3z —5=0mn

x+y+3z+4=0.

6. VYCTaHOBUTh pacHoNOkKeHUue IUIOCKOCTH X — 2y +z—1 =0 OTHOCUTENIBHO
chepol (x — 1)2 + y2+(z—1)? = 6.

7. Haiitu ypaBHeHUs IUIOCKOCTEH, AENSAIIMX IONOJAaM JBYTPAHHBIE YIJIbI MEXAY
miockocTsiMU X +2y —3z+1=0u3x—-y+2z—1=0.

8. Berumciauts BeicoTy TeTpasspa ¢ Bepmuaamu A(0; 1; 0), B(—1; 0; 3), C(2; 0; —1),
D(1;1; —1), onmymennyto u3 BepumHbl A Ha rpanb BCD.

9. Haiitn yron Mexny IiocKocTsIMu

x—yV2+z—-1=0ux+yv2—z+3=0.

10. CocTaBuTh ypaBHEHHE TPAMOM, mpoxoxasmieii uepes Touky My(—1;3;0)

- x—y—7z+1=0,
napajieNIbHO MPSIMOI { 5x — 5y — 7 = 0.
o o x+1 y+2 z-3

11. Haiitn TOuKy mnepeceyeHHs W Yroji MEKAy MPAMOH ——==——=— u

TUIOCKOCTRIO X + 3y — 5z + 9 = 0.
Bapuanr 7

1. CocTaBuUTh ypaBHEHHE IUIOCKOCTH, mpoxoxasauied uyepe3 Touku M(1;0;0),
K(0;—2;3) u L(6;0;1).

2. Haner  Bepmmubl  A(0;1;0), B(—1;0;3), C(7;0;0) u A;(2;0;—-1)

napamnenenunena ABCDA,B,C;D,. Hanucate ypaBHEHHE MJIOCKOCTH, POXOIAIICH YEpe3 AUaroHallb
BD u cepenuny pedpa AA;.

3. CocTaBUTh ypaBHEHHE IUIOCKOCTH, mpoxonsmend uepe3 Touky A(3;—7;0)
napajuieapHo wiockoctu 3x — 2y + 6z — 17 = 0.

4. HanucaTte ypaBHEHME IUIOCKOCTH, IPOXOASAIIEH uepe3 cepeauHy orpeska MN
neprneHIuKyispHo emy, eciau M (5; 0; 4), N(—3; 6; 2).

S. Brruucnute pacctossHue MKy INIOCKOCTAMUA 3x +y — 22+ 4 =0mn

3x+y—2z—-1=0.

6. VYCTaHOBUTH paCMHOJOXKEHUE IUIOCKOCTH X — 2y + 3z + 5 =0 OTHOCHUTENIbHO
chepsl x2 + y2+z2 = 11.

7. Haiitn ypaBHEHMS IUIOCKOCTEH, NEIALIUX IIOINOJAM ABYTPAHHBIE YIJIbI MEXKIY

mwiockocTsiMu X + 2y +z=0u2x—y+z+3 =0.
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8. CocTaBuTh ypaBHEHHS IUIOCKOCTEH, MapaIeIbHBIX MJIOCKOCTU X — Y + 5z — 1 =
0 ¥ OTCTOSANIMX OT Hee Ha PACCTOSIHUH, PaBHOM V27,

9. Haiitu yron mexny mockoctssmu 3y —z = 0u 2y +z = 0.

10. CocTaBUTh ypaBHCHHE MPSAMOM, mmpoxoasmieii uepes Touky M,(1;—3;—1)
3x—y+z—8=0,

napaseabHO NpsMoii [: {Sx +y—4z+2=0.

& o x-1 y—2 z+1

11. Haiitu TOuKy nepecedeHMss W yroa MEXIAy IpsMOU S - T =3

IUIOCKOCTBIO X — 2y + 5z + 17 = 0.
Bapuant 8

1. MoXHO 1M TPOBECTH IUIOCKOCTh uepe3 Touku A(2;1;—1), B(1;—1;2),
C(0;4;—-2), D(3;1;—2)? B cnyyae yTBepAUTEIHHOIO OTBETA HAMTKMCATh YPABHEHHE ITOM MIOCKOCTH.

2. Hanucate ypaBHeHue mI0CKOCTH, mpoxoxsmed uyepe3 Touku M;(0;0;0),
M,(1;2;3) u M5(0; 3;6).

3. Touka P(2;—1;1) cuyXuT OCHOBaHHUEM MEPHEHAUKYISIPA, OIMYIIEHHOTO U3
Hayaja KOOpAMHAT Ha IIOCKOCTh. COCTaBUTh YpaBHEHUE 3TOM IIIOCKOCTH.

4. CocTaBUTh YpaBHEHHE TIIOCKOCTH, KacaTeIbHOU K chepe

(x—2)2+ (y—3)% + (z+ 1)? = 8 B TouKe M((2; 1; —3).

5. Brruucnaute paccrosiHue MexAy IVIOCKOCTSIMU X + Yy +Z+1=0ux+y+z —
2=0.

6. VY CTaHOBUTD PACIIONOKEHHE INIOCKOCTU X — Y + Z — 3 = 0 OTHOCUTEIBHO Cepsl
x?+y%+z%2 =4.

7. Haiitn ypaBHEHMS IUIOCKOCTEH, NEIALIMX IONOJAaM JBYIPAHHBIE YIJIbI MEXAY
miockocTsiMu X +y—3z+2=0u3x—-—y+z—1=0.

8. Bbruriciute  BhicoTy mmpamuabl ¢ BepmmHamu - S(0;0;0), A(1;—1;1),
B(2;0;—1), C(0; 0; —3), omymieHHyro u3 BepIInHbI S Ha ocHOBaHue ABC.

9. Haiiti yron mexay miocKocTsaMu

6x+3y—2z=0ux+2y+6z—12=0.

10. CocTaBUTh ypaBHEHHE NPSAMOM, mpoxoxsmieil uepes Touky My(3;—1;2)

. x+2y+z=0,
napajuIeNIbHO MPSIMOi L: {Zx —y¥z+3=0,
o o x—1 y-2 z—4

11. Haith Touky mepecedeHHs M Yroj MEXAy MNPAMOH —===——=-— H

IJIOCKOCTBIO X — 2y + 4z — 19 = 0.
Bapuanr 9

1. CocTtaBuTh ypaBHEHHE IUIOCKOCTH, MpOXojsiiedl uepe3 Touku M (2;3; 1),
K(3;1;4), L(—2;1;5).

2. Hanbl Bepmmabl Tetpadapa A(—2; 1;0), B(1; —3; =5), C(6; —3;4), D(0; —7; 8).
Hanucats ypaBHeHHE MII0CKOCTH, Mpoxoadiei uepe3 pedpo AB u cepenuny pedpa CD.

3. CocTaBuUTh ypaBHEHHME IUIOCKOCTH, 3Has, 4ro Touka M(2;5;—4) ciyxur
OCHOBaHHUEM MEPIEHANKYJIISAPA, OMYLUIEHHOIO U3 Hadajla KOOPAUHAT Ha 3TY IIOCKOCTb.

4. Hanucats ypaBHeHHE MIIOCKOCTH, KOTOpas KacaeTcsi chepbl

(x—1)2+(y—4)*+ (z+ 1)? = 35 B Touke A(2; —1; 2).

5. Boruncnuth paccTosiHME MEXIY IIIOCKOCTAMU X — 3y +zZ—5=0mu

x—3y+z+1=0.

6. VYCTaHOBUTH pACHONIOKEHHE IUIOCKOCTH X + 2y —z+ 1 =0 oTHOCHUTENBHO

cheprl (x + 1)2 + (y — 1)?+(z — 2)? = 8.
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7. Haiitu ypaBHEHUS IUIOCKOCTEH, JEISIIUX IONOJaM JIBYTPAHHBIC YTIIBI MEXKIY
mwiockocTsiMu 2x —3y —z—5=0u3x+y—-2z+1=0.

8. CocTaBuTh ypaBHEHHs IUIOCKOCTEH, MapaIeIbHBIX MJIOCKOCTU X — 2y +z — 5 =
0 ¥ OTCTOAIIMX OT HEee Ha PACCTOSIHUH, PAaBHOM V6.

9. Haiitn yron mexny riocKocTsaMu

x+2y+2z—3=0uléx+12y —15z—-1=0.

10. CocraBuTh ypaBHEHHE NPAMOM, HpoxXoisdmiei uepes Touky My(—1;3;6)

x—2y—3z+1=0,

napajuieIbHO MPSIMOH L {Sx —y+22-1=0

o o x+2 y—-1 z+4

11. Haiitu TOuKy nepecedeHMss W yroa MEXIAy IpsMOU -7 =3

IUIOCKOCTBIO 2X — Y + 3z + 23 = 0.
BapuanTt 10

1. [IpoBepuTh, MOKHO JIM IPOBECTH IJIOCKOCTH uepe3 Touku My (3; 1;0), M, (0; 7; 2),
M3(—1;0; =5), M4(4; 1; 5)? B ciryuae yTBEpIUTEILHOTO OTBETA HAITHCATh YPAaBHEHHE 3TOH IIIOCKOCTH.

2. CocTaBUTh ypaBHeHHe IUIOCKOCTH, mpoxonsamieil uepes Touku K(2;—1;3),
M(3; 1; 2) napamensHo Bektopy d = (3; —1; 4).

3. Touka K(2;3;1) - ocHoBaHmWe mnepreHAuKyisipa MK, ONMymeHHOrO W3 TOYKH
M(—1;4;5) na nnockocts. Hanucars ypaBHeHHE 3TON TIOCKOCTH.

4. Touka B(3; 2; 0) npuHaanexur chepe

(x+1)2+ (y —3)? + (z — 2)? = 21. Hanucars ypaBHeHHE ILIOCKOCTH, Kacalolleics cdepsl
B OTOMH TOYKE.

S. BbIuncnuTh paccTosiHie MEXIY IUNIOCKOCTIMU X — 5y +z —2 =0wu

x—=5y+z+3=0.

6. VY CTaHOBUTH PACIIONOKEHHE TNIOCKOCTH X + Y + Z — 3 = 0 OTHOCUTENIBHO Chepsl
x? + y?+z%2 =5.

7. Haiitn ypaBHEHMS IUIOCKOCTEH, NEIAIIMX IONOJAaM JBYTPAHHBIC YIJIbI MEXAY
miockocTsMu X +y —3z+3=0u3dx—y+z—2=0.

8. Beraucnute BeicoTy nupamusl ¢ Bepmunamu S(1;1; 1), A(0; 0; 3), B(—1;0; 2),

C(0;0; 0), onymeHHy¥0 U3 BEpIIUHBI S HAa ocHOBaHue ABC.
Haiitit yrom Mexmay miocKOCTIMA
2x—y+52+16—014x+2y+32+8—0.
10. CocTaBuTh ypaBHEHHE TPAMOM, mpoxomasmeii uepes Touky M,(5;0;—2)
2x—-3y+z+4=0,

napajuieIbHO TMPSIMON l:{ 5x — 2y — 4z = 0.

11. Haiitu TOuky nepecedeHMss W yroa MExXAy IpsMOU - -5 -5 ¢

IJIOCKOCTRIO 2X — 3y — 52— 7 = 0.
BapmuanT 11

1. CocTaBUTh ypaBHEHHE IUIOCKOCTH, MPOXOJAIIeN Yepe3 Hadajao KOOpAMHAT U
touku M;(2;1;1) u M,(—3;0;4).

2. Hanbr  Bepmmubl  Tetpadapa A(5;1;3), B(1;6;2), C(5;0;4), D(7;0;6).
Hammcarp ypaBHEeHUE TIIIOCKOCTH, MPOXOAIIEH yepes peopo AB napamnensHo pedpy CD.

3. CocTaBuTh ypaBHEHHE IUIOCKOCTH, MpoXojsiiell yepe3 ocHoBaHue M, (3;6;4)
NEPIIEHANKYIISpa, TPOBEACHHOTO U3 Hayasla KOOpIUHAT.

4. CocTaBUTh ypaBHEHHE IUIOCKOCTH, mpoxojsmieii uepe3 touky M(1;4;5)

napajieNibHo iockoctu 2x —y + 3z —5 = 0.
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S. BoruncnuTh paccTosiHME MEXY INIOCKOCTAMU X — 2y + 3z —4 =0n
x—2y+3z+5=0.

6. VYCTaHOBUTh PACHONOKEHUE IUIOCKOCTH X +y — 2z + 15 =0 oTHOCHUTENBHO
chepsl x2 + y2+42z2 = 3.

7. Haiitu ypaBHeHUs IUIOCKOCTEH, AENSIIUX IONOJAaM JBYTPAHHBIE YIJIbl MEXAY
mIockocTsIMU X — 3y +2z2—4=0u2x+y—-3z+1=0.

8. CocTaBuTh ypaBHEHHS IUIOCKOCTEH, MapajuIeNbHBIX IJIOCKOCTH 5x —y + 3z —
1 = 0 1 OTCTOAIMX OT Hee Ha PACCTOSHMH, PABHOM V 35.

9. Haiitu yron mexny miockocrsiMu 2x + 2y +z—1=0ux+z—-1=0.

10. CocraBuTh ypaBHEHHE NPAMOM, HpOXOoAAmIeH uepes Touky M,(11;3;—1)

3x —2y+3z—5=0,

napajieabHO NPsMOH [: {Zx —3y—3z+1=0.

o . x-1_y-1 __ z+2

11. Haiitn TOuKy mnepeceyeHHs H Yroj MEKAy MNPAMOM — ="—=—= u

IUIOCKOCTBIO 4x + 2y —z — 11 = 0.
Bapuanr 12

1. MOo3HO JTi POBECTH TUIOCKOCTh uepe3 Touku A(6;1;0), B(3;0;4), C(5;2;7),
D(2;1;2)? B cnty4yae yTBepIUTEIbHOTO OTBETA HATMCATh YPaBHEHUE ITON TIIOCKOCTH.

2. Hanmer Bepmmabl TeTpadapa A(2;1;0), B(1;3;5), C(6;3;4), D(0;—7;8).
Hanwmcate ypaBHEHUE MIIOCKOCTH, TpoXosiien uepe3 pedbpo AC mapamiensHo pedpy BD.

3. CocTaBuTh ypaBHEHME IJIOCKOCTH, MPOXOASLIEH yepe3 cepeauHy oTpe3ka AB
nepreHuKysipHo emy, ecin A(0; —1;2) u B(2; —1; 3).

4. Hamucarp ypaBHEHUE MIIIOCKOCTH, KacaTeIbHOU K cdepe

x% + y? + z? = 49 B Touke M (—6;3; —2).

S. BrruncnuTh paccTossHHE MEXY INIOCKOCTAMUA 7x — 3y +z+4 =0n

7x—=3y+z—-5=0.

6. YCTaHOBUTH pACHONIOKEHHE IUIOCKOCTH X — Y +3z—1 =0 oTHOCHTENBHO
chepnl x% + (y — 1)?+2% = 5.

7. Haiitn ypaBHEHMS IUIOCKOCTEH, NEIALIMX IONOJAaM JBYIPAHHBIE YIJIbI MEXAY
IIOCKOCTAMU 5x +y—2z+3=0ux+y+5z—1=0.

8. CocTaBUTh ypaBHEHHUs IUIOCKOCTEH, MApaJJIENBbHBIX IUIOCKOCTH 2X + 3y — z +
2 = 0 ¥ OTCTOSANINX OT Hee Ha PACCTOSHUH, paBHOM v 14.

9. Haiitu yron mexny minockoctssmu 3x +y +z—4=0uy+z+5=0.

10. CocTaBUTh ypaBHEHHE NPSAMOM, mpoxoxsmieit uepes Touky My(7;—1;2)

., (x—=5y+6z2—6=0,
napauiesbHO MPSAMOit l:{ Sx —y — 4 = 0.
o . ox-1 _y+1 _ z-1

11. Haiitm TOuKy mnepecedeHMss M yroa MeEXIy MpsSIMOU T =5 = ™H

IJIOCKOCTBIO 3x — 2y — 4z — 8 = 0.
BapuanT 13

1. CocTaBUTh ypaBHEHHE IUIOCKOCTH, MpoXojsiied uepe3 Ttouku M(2;3;—1),
K (5; 2; 0) mapannensno otpe3ky AB, rne A(3;6;1), B(1; —1;0).

2. Hanmcate ypaBHEHHE IUIOCKOCTH, mpoxoismei dveped Touky K(—1;3;1)
napajienbHo IockocTu Oyz.

3. CocTaBUTh ypaBHEHHE IUIOCKOCTH, mpoxomsmeir uepe3s touky A(3;0;4)
napajuienbHo miockoctd 3x — 2y + 5z —3 = 0.

4. Hanwucates ypaBHEeHHUE MJIOCKOCTH, KacaTeabHOH K chepe
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(x—3)2%+(y+2)2+ (z—1)? = 6 BTOUKE M(1;—3;2).

S. Bbraucnute paccrosiHue Mexnay miockoctsmMu x — 11y +3z+5=0 u x —
11y +3z—-2=0.

6. VY CTaHOBUTH pacloyioKeHHe MIockocTu 2x +y — 2z + 15 = 0 oTHocuTenbHO
chepsl x2 + y2+42z2 = 5.

7. Haiitn ypaBHEHHS IUIOCKOCTEW, NENSAIIMX IOMOJaM ABYTPAHHBIC YIJIbl MEXIY
IIOCKOCTSIMU X + 5y — 22+ 3 =0u2x—y+5z—-2=0.

8. BbaucnuTe AMUMHY NepreHAMKyIsipa, omyiieHHoro u3 Todkd Q(3;—1;0) nHa
IUIOCKOCTh 5X +y — 4z + 2 = 0.

9. Haiitu yron Mexny miocKoCTIMU

3x—2y—2z—-16=0ux+y—-3z—-7=0.

10. CocraBuTh ypaBHEHHE IPAMOM, mpoxonsmiei dvepes Touky M,(0;0;1)

x+2y—z+3=0,

napajeabHO NpsMOi [: {Bx —y+22-1=0

11. Haiitm TOuKy mnepecedeHMss M yroa MeEXIy IpsSAMOU % = yT_l = Z:—B 51

IJIOCKOCTBIO X + 2y —z — 2 = 0.
Bapuant 14

1. MosxHO 11 TIPOBECTH IMIOCKOCTh uepe3 Touku M(6;1;0), N(3;0;4), P(5;2;7),
Q(2;-1; %)? B citydae yTBepaUTENBHOIO OTBETA HANMCATh YPAaBHEHUE 3TOM INIOCKOCTH.

2. HMauer  Bepmuael  A(4;0;2), B(0;5;1), C(4;,—-1;3) u A;(3;—-1;5)
napamenenunena ABCDA,B,C,D,. Haniucate ypaBHEHHE TIIIOCKOCTH, coaepxkaniet rpans BB, CC.

3. Hanbr  Bepmmubl  Tetpadapa A(5;1;3), B(1;6;2), C(5;0;4), D(3;0;6).
Hanucats ypaBHeHHE MJI0CKOCTH, MPOXOAAIIEHN uepe3 cepeiuHy pedpa AB neprneHIuKyaspHoO eMy.

4. CocTaBUTh ypaBHEHHE IUIOCKOCTH, Mpoxojsueil uepes Touky Q(3;—4;5)
napaiesbHo miockoctu x — 2y — 3z + 5 = 0.

S. BbIauciuTh paccTosiHie MEXY TUIOCKOCTSIMU 3Xx — 5y +z — 6 =0n

3x —5y+z+3=0.

6. YCTaHOBUTH paCIONIOKEHUE IIOCKOCTH 3X — 2y +z — 8 = (0 OoTHOCHTENBHO
chepel (x — 1)2 + (y + 3)2+(z + 1)? = 4.

7. HaliTn ypaBHEHHs IUIOCKOCTEH, NENSIIMX IONOJaM ABYTPaHHBIE YIJIBI MEXIY
mwiockocTsiMu X —y —7z+1=0u5x+5y—-2z—-3=0.

8. CocraBUTh ypaBHEHUS IUIOCKOCTEH, MapaJUIeNIbHBIX IUIOCKOCTH X — 2y — 2Z +
3 = 0 u OTCTOSIIIMX OT HEE HA PACCTOSIHUM, PAaBHOM 2.

9. Haiitn yron mexny miockocTsMu

2x+2y+z+9=0ux—-—y+3z—-1=0.

10. CocTaBUTh ypaBHEHHE NPAMOM, mpoxoasmieii deped Touky My(3;—2;1)

2x—3y—3z=0,
3x —2y+3z—-5=0.
11. Haiitm TOuKy mnepecedeHMss M yroa MeEXIy MpsSIMOU % == "

napajiesIbHO MpsIMOii L: {

IUIOCKOCTBIO 5x —y + 4z + 3 = 0.

Bapmuant 15
1. Hamucath ypaBHEHHE IIIOCKOCTH, NpoXojsmed deped Touku M, (2;—5;1),
M, (3; 4; —2) napasiensHo BekTopy d = (2; —1; 3).
2. HMausr  Bepumnsl  A(7;1;6), B(0;2;7), C€(0;1;5) wu A,;(-3;7;1)

napaenenunena ABCDA,B,C,D,. Hanucats ypaBHEHHE MIOCKOCTH, cojepxaiieit rpans AA, D, D.
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3. Hanucath ypaBHEHHE TUIOCKOCTH, Tpoxopsiiel depe3 ocHoBanue K(5;—1;3)
MEPICHINKYIIAPa, TPOBEJACHHOTO U3 Hayajia KOOPIUHAT K 3TOH IJIOCKOCTH.

4. CocTaBuTh ypaBHEHHE IIIOCKOCTH, KacaTeJIbHOM K cdepe

(x+ 12+ (y—3)%+ (z—2)? = 20 BTOuKe P(—3;—1;2).

5. Brruucnauts paccrossHue MKy IIIOCKOCTAMU 2X — Yy — 3z +1=0m

2x—y—3z—4=0.

6. VYCTaHOBUTH PACMHONOKEHUE IUIOCKOCTH X + 2y —Z+ 5 =0 OTHOCUTEIBHO
chepnt x2 + y2+z% = 1.

7. Haiitn ypaBHEHMS IUIOCKOCTEH, NEIALIUX IIONOJAM JABYTPAHHBIE YIJIbI MEXKIY
wiockocTsiMu 7x — 2y +z—3=0ux+7y—2z+5=0.

8. CocTaBuTh ypaBHEHHS IUIOCKOCTEH, MapajuIeNbHBIX IJIOCKOCTH 3Xx +y — 5z +
4 = 0 ¥ OTCTOSIINX OT Hee Ha PACCTOSHUHM, PaBHOM V35,

9. Haiitn yron mexay ocKocTsaMu

x+2y+2z—-3=0u2x—y+2z+5=0.

10. CocTaBuTh ypaBHEHHE TpPsSMOW, mpoxoxasmieii dvepe3 Touky My(4;0;1)

N l_{Sx—y—4=0,
MapanienbHo npamoit Ly - 5y + 62 = 0.
& o x=2 y—2 z—4

11. Haiitm TOuKy mnepecedeHMss M yroa MEXIy IpsSAMOU — =T ;=5 =H

IJI0CKOCThIO X + 3y + 5z — 42 = 0.
BapuanT 16

1. CocTtaBuTh ypaBHEHHE IUIOCKOCTH, Mpoxomsieii wepes Touku M(11;—2;3),
K(1;4;-3),L(1;0;-1).

2. Hanbr Bepmuabl TeTpasapa A(5;1;3), B(2;1;—6), C(=5;0;4), D(3;0; —6).
CocTaBuTh ypaBHEHHE IIJIOCKOCTH, MPOXOAIIEH uepes cepeuny pedpa CD napannensHo rpanu ABD.

3. CocraBuTh ypaBHEHHE ILIOCKOCTH, Mpoxojsieii depes Ttouky K(2;—1;3)
napaiesnbHo miockoctu 2x — 3y +5z + 2 = 0.

4. HamucaTth ypaBHEHHE TUIOCKOCTH, MPOXOJsAIIe depe3 ocHoBanume B(3;—2;5)
HEPIEHIUKYIIAPA, POBEAEHHOr0 13 TOYKH A(2; 1; —7) K 9TOM IIOCKOCTH.

S. BrruncnuTh paccTossHUE MEXY INIOCKOCTAMA 7x + Yy +z—1=0n

7x+y+z+5=0.

6. VYcTraHoBUTH pacrioniokeHue miockoctd 11x — 3y + 5z — 1 = 0 OTHOCHUTENIBHO
cheprl x% + y2+z% =5,

7. Haiitn ypaBHEHMS IUIOCKOCTEH, NEIANIMX INOMOJAM JBYTPAHHBIE YIJIbI MEXIY
wiockocTsiMu 3X — 5y +z—4=0ubx+y+3z+2=0.

8. Berurciauts BeicoTy mupamusl ¢ Bepmuaamu S(3; 0;0), A(1;0;0), B(0; —1; 0),
C(—1;—1; —2), onymeHHy0 U3 BEepIIUHLI S Ha ocHOBaHue ABC.

9. Haiitn yron mexay miockocTsMu

3x+2y—3z—-1=0ux+y+z—-7=0.

10. CocTaBuTh ypaBHEHHE TPAMOM, mpoxomasmeii uepes Touky My(—3;0;1)

., (B3x—y+2z—-1=0,
napajuieNIbHO MPSIMOi L: { X+2y—2+3=0.
o o x-3 y—4 z—4

11. Haith TOuKy mepecedeHHs M Yroj MEKIy NPAMOH —— ="—=— ¥

IJIOCKOCTBIO 7X +y + 4z — 47 = 0.
Bapuanr 1/
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1. CocTaBuUTh ypaBHEHHE IUIOCKOCTH, Mpoxozsmeil uepes Ttouku P(3;4;—2),
Q(—1; 0; 1) mapamnensno BekTopy d = (2; —1;0).

2. Hanbel BepmmHbl Tetpadapa A(3;—1;5), B(1;1;0), C(2;—-1;5), D(=7;3;0).
CocrtaBuTh ypaBHEHHE IIJIOCKOCTH, MMPOXOsIei uepes pedpo AB napamnensho pedpy CD.

3. Hanucate ypaBHEHHE IJIOCKOCTH, MPOXOISAIIEH MEPIEeHAUKYIIPHO OTpe3Ky PQ
yepes ero cepeauny, ecnmu P(11; —2; 3), Q(—1; 4; 3).

4. Hanwmcates ypaBHEeHHUE MJIOCKOCTH, KacaTelbHOI K chepe

x% + y? + z? = 50 B Touke M(4; —3;5).

5. Boruncnuth paccTosiHEE MEXIY MIIOCKOCTAMU X — 9y +z—5=0mu

x—9+z+2=0.

6. YCTaHOBUTH pacHoOOkKEHUE IIOCKOCTH 9x — 2y +z —5 =0 OTHOCHUTEIbHO
chepsl (x —1)2 + (y —3)2+(z+ 5)? = 8.

7. Haiitn ypaBHEHUS IUIOCKOCTEH, AESAIIMX IONOJaM JBYTPAHHBIC YTIIBI MEXIY
wiockocTsiMu 4x — 3y +5z2—1=0ub5x+3y—4z+2=0.

8. CocTaBuTh ypaBHEHUs IUIOCKOCTEH, apaIeNIbHbIX MJIOCKOCTU 5X — Yy +z — 8 =
0 ¥ OTCTOAIIMX OT HEee HA PACCTOSIHUH, PaBHOM V27,

9. Haiitu yron mexny miockocTsiMu

x—3y—2z—8=0ux+y—-z+3=0.

10. CocTaBuTh ypaBHEHHE NPAMOM, mpoxoxsmieii uepes Touky M,y(5;2;—1)

5x—2y—4z=0,

napajuIeNIbHO MPSMOH [: {Zx —3y+z+4=0

o o x+3 y—1 z—-1

11. Haiitn TOuKy mnepeceyeHHs W Yroj MEKAy MHPAMOM —===—=— u

MJIOCKOCThIO 2X + 3y + 7z — 52 = 0.
BapuanT 18

1. CocTaBuTh ypaBHEHHE IUIOCKOCTH, Mpoxozasmeil uepe3 Ttouku P(1;0;—1),
Q(0;1;3), L(1;-2;3).

2. Jauer  Bepmuabsl  A(4;0;1), B(0;5;3), C(4;-1;3) u C(C;(5—1;3)
napamnenenunena ABCDA,B,C,D,. Hanucate ypaBHeHHE MIJIOCKOCTH, coaepxkanied rpans AA; B, B.

3. CocTaBuTh ypaBHEHHE IUIOCKOCTH, Mpoxojsiiei uepe3 Touky M(1;3;—4)
napaieNbHo miockoctu 2x —y + 5z —1 = 0.

4. Touka Q(1;2;—5) — ocHOBaHHME BBICOTHI TPABUIBHOH YETHIPEXYTOIHHON

MUpPaMUIbl, ONMyIeHHON u3 BepunHbl S(3;4; —1) Ha ocHoBanue. HamucaTh ypaBHEHHE IIIOCKOCTH,
coJiepKallel OCHOBaHHE IMUPAMHU/IBI.

S. Brruucnute paccrossHue MKy IIIOCKOCTIMUA 3x + 8y —z+1=0mn

3x+8y—z+3=0.

6. YCTaHOBUTh pPacHoONIOKEHHE IIOCKOCTH X +y + 2z — 11 =0 oTHOCHTENbHO
chepnl x2 + y2+z2 = 2.

7. HaliTn ypaBHEHHs IUIOCKOCTEW, NEJAIIMX IONOJaM ABYTPAHHBIE YIJIBI MEXIY
wIockocTsIMU 4x —y +3z—1=0ux+3y—4z+5=0.

8. CocTaBUTh ypaBHEHUs IUIOCKOCTEH, MapaJUIeNIbHBIX IUIOCKOCTH X — 2y — 2Z +
3 = 0 u OTCTOSIIIMX OT HEE HA PACCTOSIHUM, PAaBHOM 7.

9. Haiitu yron Mexny IocKocTsaMu

3x —2y+3z+23=0uy+z+5=0.

10. CocTaBUTh ypaBHEHHE NPSAMOM, mpoxoxsmieii uepes Touky My(—2;0;1)

Ul_{3x—y+22—1=0,
MapajienbHO MPSAMOH L1y, 2y—3z+1=0.
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& o x-3 y+1 z+3

11. Haiitu TOuKy nepecedeHMss M yroia MEXAY NPSIMOU — =5 =, ®H

IJI0CKOCThIO 3X + 4y + 7z — 16 = 0.
Bapuant 19

1. MOXHO JT1 TPOBECTH IJIOCKOCTh Yepe3 Touku P(3;1;0), R(0; 0; —1), Q(4;1; 2),
L(2;1; —2)? B ciny4ae yTBEpIUTEIHHOI'O OTBETA HAITUCATh YPAaBHEHUE 3TOM IIOCKOCTH.

2. Hanbel Bepmmubel Tetpadapa A(3;1;0), B(—1;5;2), C(4;0;1), D(—2;3;1).
Hanucate ypaBHeHUE IIII0CKOCTH, cojiepxalniei rpaib ABD.

3. CocTaBuTh ypaBHEHHE IUIOCKOCTH, mpoxonsmieii depe3 Touky K(3;—5;0),
HEPIEHANKYISAPHO BeKTOopy d = (—3; 6; 4).

4. Hanwucate ypaBHeHUE MJI0CKOCTH, KacaTelbHOH K chepe

(x—3)2+ (y+4)?+ (z— 1) = 38 BTouxe M(0; 1; 3).

S. Boruncnuth paccTosiHre MeXay MIIOCKOCTIMU 7x — 4y +3z—3 =0wu

7x—4y+3z+2=0.

6. YCTaHOBUTH pPACHOJIOKEHUE IUIOCKOCTH X — 2y + 2z —1 =0 OTHOCHUTENbHO
chepsl (x —5)2 + (v + 2)2+z2 = 6.

7. Haiitu ypaBHeHUS IUIOCKOCTEH, AENSAIIMX IONOJAaM JBYTPAHHBIE YIJIbI MEXAY
mwiockoctsiMu 8x —3y +5z2—1=0ub5x+8y—-3z+1=0.

8. Berauciuts BeicoTy Tetpasapa ¢ Bepumuamu A(1; 0; 3), B(—1; 2;3), €C(0; 0; 3),
D(1;0;0), onymennyto u3 BepiuHsl B Ha rpanb ACD.

9. Haiitu yron mexnay miockoctsMu x +y+3z—7=0uy+z—1=0.

10. CocTaBuTh ypaBHEHHE TWPSAMOM, mpoxoxasmieii uepes Touky M,(1;—3;0)

., (2x—y+z+3=0,
napajuiesIbHO MPSAMOit l:{ X+2y+7=0.
2 o x=5 y—2 zZ+4

11. Haiitm TOuKy mnepecedeHMss M yroa MEXIAy MpsSIMOU — =5 =, =H

TUIOCKOCTBIO 2X — 5y + 4z + 24 = 0.
Bapuant 20

1. CocTaBuTh ypaBHEHHE IUIOCKOCTH, Mpoxozsmeil uepes Ttouku C(3;—4;1),
B(—2; 1; 3) napamensHo Bektopy p = (5; 0; —1).

2. HManer  Bepmmuabl  A(2;—5;0), C€(0;—-1;0), D(1;0;0) wu D;(3;0;1)
napamnenenunena ABCD A, B, C,D,. HanncaTte ypaBHEHHE TIIOCKOCTH, coAepskaiieit rpanb AqB1C1D;.

3. Haiitn ypaBHEHME IJIOCKOCTH, TOYKHM KOTOPOW OJMHAKOBO yIAJEHBbI OT KOHIIOB
orpeska BC, ecmu B(5; —2; 1), C(—1; 3; 4).

4. Hanucatp ypaBHeHHE MIIOCKOCTH, KacaTeabHOU K chepe

x% 4+ y% + z% = 14 B Touke P(3;—1; 2).

S. Brruucnute paccrosiHue MEXAy INOCKOCTAMU X +y +z+7 =0ux+y+z —
3=0.

6. VYCTaHOBUTH pACIONOKEHHE IUIOCKOCTH 8x —y + 7z —3 = 0 OTHOCHUTENIBHO

chepsl x? + y2+4+2z2 = 5.
Haiitn ypaBHEHHS IJIOCKOCTEH, ACTSMIMX MOIOJaM IBYIPaHHBIC YIJIBI MEXIy
IUIOCKOCTSIMU 5Xx — 6y +z—2=0ubx+y—5z+3=0.

8. CocTaBuTh ypaBHEHUSI TUIOCKOCTEM, MAPAIIEIbHBIX TJIOCKOCTH X — Y — Z — 3 =
0 ¥ OTCTOAIIMX OT HEee HA PACCTOSIHUH, PABHOM v/ 3.
9. Haiitu yron mexay miocKOCTIMHA

xX—2y+2z+17=0ux—-2y—1=0.
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10. CocTaBUTh ypaBHCHHE MpPSIMOM, Mpoxojsmiedi uepe3 Touky My(—1;—3;1)
x+y—z—4=0,
2x+5y—z—-3=0.

o o X—
11. Haiith Touky mnepecedeHHMs W Yrol MEXIy MpsSMOi =—=—

napajiesIbHO MPSIMOi L: {

8 -5 12

IJIOCKOCTBIO X — 2y — 3z + 18 = 0.
BapmuanT 21

1. Hanucate ypaBHeHWE IUIOCKOCTH, Hpoxozsmed uyepes Touku P(1;0;0),
Q(0;-1;0), L(2;0; 1).

2. Hauer  BepmuHbl Terpadapa A(3;1;2), B(4;1;5), C(8;0;1), D(1;7;2).
CocTaBuTh YpaBHEHHE IIJIOCKOCTH, poxoasiiel uepe3 pedbpo AD napamiensHo pedpy BC.

3. CocraBuTh ypaBHEHHE ILIOCKOCTH, Mpoxojsmieii dvepes Ttouky M(1;3;5)
napajuielpHo iockoctu 3x — 2y +z +8 = 0.

4. Hanwucate ypaBHeHUE MJIOCKOCTH, KacaTelabHOH K chepe

x% + y? + z% = 46 B Touke M(6; —1; 3).

5. BoruncnuTh paccTosiHME MEXKIY MIIOCKOCTAMU X + 6y — 52— 1 =0wu

x+6y—5z+3=0.

6. YcranoButh pacnosoxenue miockoctd 3x — 11y +z — 10 = 0 oTHocUTENBHO
coepsl (x —1)2 + (y — 4)?+(z + 1)? = 35.

7. Haiitn ypaBHEHUS IUIOCKOCTEH, AESAIIMX IONOJaM JBYTPAHHBIE YTIIBI MEXKIY
wiockocTsIMH X — 7y +3z—2=0ub5x+3y—5z+4 = 0.

8. Beraucnute BeicoTy Terpadapa ¢ BepimmHamu A(3;1;5), B(1;0;6), C(5;0;4),
D(0; 1; 2), onymienHyto u3 BepinHbl D Ha rpans ABC.

9. Haiitn yron mexny miockocrsimu x + 2y —1=0ux+y + 6 = 0.

10. CocTaBUTh ypaBHEHHE NPSIMOM, Mmpoxojsmed yepes Touky My(—3;—1;—-2)

., (5x—=5y—2z—-3=0,
napaiesbHO MpsMoit L: { X—y—Tz+1=0.
= o x—3 y—1 _ z+5

11. Haiitm TOuKy mnepecedeHMss M yroa MEXAy MpsIMOn T ==, ™®

IJIOCKOCTBIO X + 7y + 3z + 11 = 0.
Bapuanr 22

1. Hanmmcate ypaBHEHHE IIIOCKOCTH, MpoXoxasmeil uepe3 Ttouku M(1;—3;2),
N(—4; 0; 1) mapasensno Bektopy p = (3; 5; 0).

2. HManer  Bepmmael  A(4;0;1), B(0;5;3), C(4;—-1;3) u C.(5;—-1;3)

napamnenenunena ABCDA,B,C,D,. Hanncare ypaBHEeHHE MJIOCKOCTH, TPOXOASIIEH uepe3 pedpo AA,
U nquaroHanb A;C.
3. CocTaBuTh ypaBHEHHME IUIOCKOCTH, MPOXOISAIIEH 4epe3 cepeauHy orpeska AB
nepreHuKyIsipao emy, ecimu A(1; 0;7), B(3; 4; —1).
. Hanwucate ypaBHeHHE MJIOCKOCTH, KacaTelbHO K chepe
(x —3)2+ (y + 1)2 + z? = 29 B T0uKe E(3;1;5).

5. Brruucaute pacctosiHue MKy IIIOCKOCTAMU 2X — 3y + 2z — 16 =0wn
2x—3y+z—-3=0.
6. YcTaHOBUTH pacnojiokeHue miockoctd 4x — 3y + 5z — 25 = 0 oTHOcUTENBHO

chepsl (x + 1)2 + (y —3)%2+(z — 2)? = 15.
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7. Haiitu ypaBHEHUS IUIOCKOCTEH, JEISIIUX IONOJaM JIBYTPAHHBIC YTIIBI MEXKIY
mwiockocTsiMu 2x — 5y —z—1=0ub5x+y+2z+3=0.

8. CocTaBUTh ypaBHEHHUs IUIOCKOCTEH, MapaJlICNIbHBIX IUIOCKOCTH 2X — 3y + z +
11 = 0 ¥ OTCTOAIIKMX OT Hee Ha PACCTOSHUH, paBHOM v 14.

9. Haiitu yron mexny miockoctsiMu 2x —z+5=0u2x+3y—7 = 0.

10. CocTaBuTh ypaBHEHHE WPSAMOM, mpoxoxsmieii uepes Touky My(6;—1;3)

2x—-y—3z+1=0,

napaJulelbHO IpAMOH [: {x +7y—22+5=0.

o o x—=5 y+3 z—-1

11. Haiith Touky mnepecedyeHHs U yYroll MEXIy MNpsMOn — = =5

IJI0CKOCThIO 3X + 7y — 5z — 11 = 0.
BapuanTt 23

1. CocraBUTh YPaBHEHHE  [IOCKOCTH, npoxozsmend uepe3 Touku M (2;0; 3),
N(0; 0; 5) mapamensro Bektopy p = (—3; 1; 0).

2. HMauer  Bepmuasl  A(1;1;1), B(0;—-2;1), C(3;-51) wu (;(0;—6;0)
napauienenunena ABCDA,B,C;D,. Hanucate ypaBHeHHE 1UaroHalIbHOU mi10cKocTd BB D D.

3. CocraBuUTh ypaBHEHHE TJIOCKOCTH, TAPAIIEIBHO TNIOCKOCTH X — 7y — 4z + 9 =
0 u mpoxomsiieii uepes Touky K(3; 1; 5).

4. Hamucaths ypaBHEHHE IUIOCKOCTH, KacaTelbHOM K chepe x2 +y%2 +2z2 =21 B
touke S(1; —2; 4).

S. BrraucnuTe paccTosiHue MEXIY TUIOCKOCTSIME 2X — 3y + 52 — 11 =0mn

2x—3y+5z+6=0.

6. YCTaHOBUTE pacrnosiokeHue Iiockoctd 9x +y — 10z — 29 = 0 orHOCHTENBHO
chepnl x% + y2+2z% = 35,

7. Haiitu ypaBHeHUS IUIOCKOCTEH, AENSAIIMX IOINOJaM JBYTPAHHBIE YIJIbI MEXAY
mIockocTsIMU 3x + 6y —4z+ 13 =0u4x —3y —6z—11 = 0.

8. Berauciute  BoicoTy Tmpamumsl ¢ BepmuHamu  S(1;5;—2), A(—1;0; 3),

B(1;3;0), C(0; 5;0), onymeHHyo 13 BepiinHbl S Ha ocHoBaHue ABC.
9. Haiitn yron Mexny miocKoCTIMU
5x+3y+z—-18=0u2y+z—-9=0.
10. CocTaBUTh ypaBHEHHE NPSAMOM, mnpoxoxsmieii uepes Touky My(—5;0;2)
9% —-2y+z—-17 =0,
x+y+z—-11=0.
11. Haiitm ToOuky mnepecedeHMss M yroa MeEXIAy MpsSIMOU Ll —16 "

napajiesIbHO MpsIMOii L: {

TUTOCKOCTBIO 4x +y — 62z — 5 = 0.

Bapuant 24

1. Hamucate ypaBHeHue miockocTd, mnpoxonsmeii uepes touku M (0;0;—7),
N(-1;0;1), P(4; 1;5).

2. HMausr  Bepumnsl  A(—3;1;0), B(4;0;5), C(2;1;3) u A;(3;1;1)
napautenenunena ABCDA,B;C;D;. Hanucate ypaBHEHHE TUIOCKOCTH, MPOXo e uepe3 pedpo CCy
napajienbHo auaroHanu BD.
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3. Haiitu ypaBHEHHE MIOCKOCTH, TOYKH KOTOPOH OJMHAKOBO yIAJCHBI OT KOHIIOB
orpe3ka CD, ecnu C(—3;4;5), D(—7; 2; 3).

4. Hanucates ypaBHeHUE MJIOCKOCTH, KacaTelnbHOH K chepe

x% + y? + z? = 35 B Touke K(3; —1; 5).

5. Boruncnuth paccTosiHue MeX Iy MIOCKOCTIMU 3x — 5y +z—3 =0wu

3x—-5y+z+2=0.

6. YCTaHOBUTH pACIIOJIOKEHHUE IUIOCKOCTH 2X +y — 2z + 3 = (0 OTHOCHUTENBHO
cheprl (x + 1) + (v + 3)2+(z + 2)? = 21.

7. HaliTn ypaBHEHHS IUIOCKOCTEW, NEAIIMX IONOJaM ABYTPAHHBIE YIJIbl MEXIY
wiockocTsiMd X +7y —5z2+1=0ubx—-y—-7z+8 = 0.

8. CocTaBuTh ypaBHEHHS IUIOCKOCTEH, MapajuIeNbHBIX IJIOCKOCTH 5x + 7y — z +
6 = 0 ¥ OTCTOSIINX OT Hee Ha PACCTOSHUH, PaBHOM 5v/3.

9. Haiitu yron mexny miockocTsMu

4x+3z—-2=0ux+2y+2z+5=0.

10. CocTaBUTh ypaBHEHHE MPSAMOM, mpoxozsmeidl uweped Touky M,(3;—11;1)

. x—y—2z=0,
napajiesIbHO MpsMoii [: {4x 3y +5z—1=0.
o o x—3 y+2 8

11. Haiitm TOuKy mnepecedeHMss M yroa MEXIy IpsSAMOU T ==, ®H

IJIOCKOCTBIO 5X + 9y + 4z — 25 = 0.
Bapuant 25

1. CocTaBuTh ypaBHEHHE IUIOCKOCTH, Hpoxonsmeid uepe3 Ttouku K(3;1;2),
L(0; 1; —2) napaiensHo BekTopy d = (3; 0; 5).

2. Hanber Bepmmabl Tetpadapa A(1; 3;0), B(6;—1;5), C(—1;0;8), D(1;5;—2).
Hanwucate ypaBHeHUE MJI0CKOCTH, Mpoxosieit uepes pedbpo CD napamnensHo pedpy AB.

3. Hamucate ypaBHEHHE IUIOCKOCTH, Tpoxomsmeid uepe3 Ttouky M(3;7;4)
NapajulesIbHO IIocKocT 2x — 3y +z — 16 = 0.

4. Hanucats ypaBHeHHE III0CKOCTH, KacaTeabHOU K chepe

(x+5)2+(y—2)%+(z—7)* =12 B 1ouke A(—3;4;5).

S. BbIaucuTe paccTosiHue MEXTY TUIOCKOCTIMU X — 3y + 52 —8 = 0w

x—3y+5z+2=0.

6. YceTaHOBUTE pacnojiokeHue IockoctTh 11x —y + 3z —4 = 0 OTHOCHTENBHO
chepnl x% + y2+z% = 3.

7. HaliTn ypaBHEHHs IUIOCKOCTEW, NEJAIIMX IONOJaM ABYTPAHHBIE YIJIBI MEXIY
IUIOCKOCTSIMU X + 6y +2z—3 =0ubx—y—2z+5=0.

8. CocTaBuTh ypaBHEHHS IIOCKOCTEH, MapaIeNbHBIX TUIOCKOCTH 3x — 2y + 5z —
3 = 0 ¥ OTCTOSAIMX OT Hee HAa PACCTOSHMHM, paBHOM V 38.

9. Haiitn yron mexny miockocTsaMu

x+4y—-—z+1=0u2x+y+4z—-3=0.

10. CocTaBUTh ypaBHEHHE NPSAMOM, mpoxopsmieil uepes Touky My(2;1;—7)

4x —y+3z+2=0,
x+3y—4z—-1=0.
o ., X+1
11. Haiitu TOYKy niepecedeHyst ¥ yroy Mexay npsmMon — =
x+4y+13z—-23=0.

napajiesIbHO MpsIMOii [: {

y

z+1
6 = T U ITIJIOCKOCTBHIO

Ipunoxenue
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v dopMyITBI CEpEIMHBI OTPE3Ka:
ect A(X4; Va; 2a), B(xg; yg; zg) u O — cepenuna otpe3ka AB, To
Xatxp Yatyp ZatZp
0 ; ;
2 2 2

)
v OO11ee ypaBHEHUE IIOCKOCTHU:
Ax+By+(Cz+D =0
)
v VpaBHEHHE IOCKOCTH, MPOXOIALIEH uepe3 nannyto To9ky My (Xo; Vo; Zo)
HePIEHIUKYIAPHO TaHHOMY BekTopy 11 = (4; B; C):
A(x —x0) + B(y —y0) + C(z—2)) =0
3)
v VYpaBHEHHE IUIOCKOCTH, MPOXOIALIEH Yepe3 TpH AaHHble TOUKU My (X1; V1; Z1),
My (x3; y25 22), M3(x3; Y35 73):
X=X Y=V Z—Z
Xo=X1 Y2—=Y1 Z2—7Z1|=0 4)
X3—X1 YV3—V1 23— 72
v VYpaBHEeHHE UIOCKOCTH, MPOXOALIEH yepe3 naHHyto To9Ky My (Xo; Vo; Zo)
HapajuIeNIbHO JABYM JaHHBIM HEKOJUTMHEApHBIM BekTopaM | = (Iy; 15; 13), m = (my; my; ms)
(KaHOHMYECKOE YPaBHEHHE MIIOCKOCTH):
X—=Xo Y—Yo Z— 2
my my ms
()
v VYron Mexay AByMs MJIOCKOCTSIMU:
A1Az+BBo+C4C
cos g = |A1A2+B1B3+C1Cy|
JA%+B§+C§-\/A§+BZZ+CZZ
(6)
v PaccTosiHMe OT TOUKH 10 TIIOCKOCTH:
d _ |AXO+By0+CZO+D|
© VazyBZic?
(7)
v VYpaBHEeHHE MPSIMOMA, MPOXOIAIIEH yepe3 naHuyro Touky My (Xo; Vo; Zo)
napauienabHo gaHHomy Bektopy | = (ly; l,; I3) (KaHOHMYECKHe YpaBHEHHS TIPSIMOiA):
X~Xo _ Y=Vo _ Z7%0
L I I3
(8)
v VpaBHEHHE MTPSIMOH, TPOXOIAIICH Yepe3 TaHHyIo TouKy My (Xg; Yo; Zo)
napauienabHo gaHHomy Bektopy | = (ly; 1,; I3) (mapameTpudeckue ypaBHEHHUS IPSIMOH):
x =Lt +x
{y =Lt +y,
zZ = l3t + Zy
(9)
v VpaBHEHHUE IPSIMOIA, IIPOXOIAIIEH yepe3 aBe Aanubie Toukd My (X1; yq1;Z1),
M3 (x2; y2; 22):
X=X%1 _ Y™V _ Z74
X2—X1 V2= Z3—Z1
(10)
v OO1re ypaBHEHHUS IPSAMOIA:
{Alx + Bly + C]_Z + D1 = 0
Azx + Bzy + CzZ + DZ =0
(11)
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-
B 3TOM CJIy4ae KOOPAWHATHI HAIIPABIISIONIETO BEKTOpa [ MpsIMO UMEIOT BUJL:

T-(Bl Cy _ A G| |Ay Bl)
~\IB, Gl Ay Gl'[A; B,
1501051

I = (B1C2 — (1By; —(A1C2 - ClAz)JAle - B1A2) (12)

v VTon Mex Iy MpsIMON M TIIOCKOCTBIO:
VAZ+B2+C2 |12 +13+13

v dopMyia pacKpbITUSL OIPEIETUTENS IO EPBOM CTPOKE:

a,; a,; as

bi by bsl=a|? D ap P P4 22

¢, ¢ C 2 3 1 3 1 G

= ay(byc3 — b3cy) — ay(bycz — bzcy) + az(bicy — bycy) (14)

MNPEJAEJI ®YHKIIUN

Meroauueckue ykazaHHs K IPAKTUYCCKUM 3aHATUAM 10 JUCLUIUIMHE
«MaremaTuka JJisl BCeX HarpaBJIeHUH MOATOTOBKH U (OpM 00ydeHUs

1. METOAUYECKHUE PEKOMEH/JALIMHN

[Ipu OOBSICHEHMH CTYIEHTaM TEOPETHYECKOr0 BOIPOCA, HEOOXOAMMO TOCTYIMHO H3JI0KUTH
ompeJieJieHue TMpeJeia Ha MpPUMEpPe UHUCIOBOM MOcien0BaTeNbHOCTH. OO0s3aTENbHBIM SIBIISECTCA
MOBTOPEHUE PA3IUYHBIX CHOCOOOB mpeolOpa3zoBaHus anredpandyeckux ApoOel Ui ynpouleHus
BBIp@XKeHUH. BCIOMHUTH Takue criocoObl, Kak BEIHECEHHUE O0IIETO MHOXKHUTEIS 32 CKOOKY, TPUBEICHHE
IpoOu K 0011eMy 3HaMEHATeI0, Pa3IoKeHUe KBAIPaTHOTO TpeXwieHa Ha MHOKUTENH, YMHOXKEHUE Ha
conpsbkeHHoe 3HaueHue. HeoOxonumo yzaenuTh OoJibllIoe BHUMAHUE IOBTOPEHUIO (QopMys
COKpAILlEHHOTO YMHOXXEHHUs. BaXXHO MpenocTaBUTh CTYAEHTaM BO3MOXHOCTb OBJAJE€Th CHOCOOAMU
MpeoOpa30BaHus BBIPAXKEHUHN ISl pEIIeHUs] MPEIENIOB CIOKHBIX (YHKIUH, MPEeXJe YeM MeperTH K
U3YUEHHIO «II€PBOr0» U «BTOPOTO 3aMEYaTeIbHOTO MPEENOBy. YCTHBIN CUET ABIsAETCS 00s3aTeIbHON
COCT&BJ’IHI-OHIGﬁ KaXXZ0ro 3aHATHA, TaK KaK IPpUYJacT K palluOHaJIU3alun BEIYHCIICHUH 1 aHATUTHIECKOM
OLIEHKE pe3yJbTaToB, YTO HMMEET 3HaueHue i1 OoJjiee palMOHAIBHOIO BBIYMCIEHHUS HE TOJBKO
npeaciioB, HO MW JAPYrux IMOCTABJICHHBIX 3aJa4 MaTeMaTU4YCCKOIO aHaJinu3a. HpI/I 3aKpCIICHUN
MaTepuaia, COBEPUICHCTBOBAHMM 3HAaHUM, YMEHUH M HaBBIKOB 11€J€CO00pa3HO MPaKTHUKOBATh
CaMOCTOSITENIbHYIO paboTy CTYIAEHTOB. JlomamiHue 3aJaHus B pa3yMHBIX Ipejaenax SBISIOTCS
00s13aTeNIbHBIMU /17151 00JIee YCIIEIIHOTO OCBOEHUS MaTepuaa.

2. IPEJAEJI HOCJIEAOBATEJIBHOCTHU

Ilocneoosamenvrocmoio {Xn Ha3bIBAE€TCS HPOHYMEPOBAHHOE OECKOHEUHOE MHOKECTBO

ancer: Xpy X5y X e

OOBIYHO YHCIIOBYIO MOCIIE0BATENILHOCTD 33/1a10T (OPMYIIOi

a, = f(n).

®opmyna 4, = 2N —1gucnam HATYpaJbHOTO psijaa 12345... crasur B coorsercrame

Ilpumep 3.1

MOCIIEI0BATEIHLHOCTh HEYETHBIX YHCET 135,79,
Ilpumep 3.2
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n 1

®opmyna A, = N+l 3aJaeT BO3PACTAIONIYIO TIOCIIEJ0BATEIBHOCTD MTPABUIIBHBIX Jpo0eit 3
2 34 5
5'7'9'117

Yucno a Ha3bIBAETCA npeoesom nociedosamenbHoCmu {Xn }, €ciIU IS JII000ro CKOJIb YIOJHO
MaJIoro MOJIOXMTENIBHOr0 uucia & (AICUIOH) CYHIECTBYET TAKOE IIOJIOKUTEIBHOE YHCIIO N, uro

abCoIIOTHAs BETTMUMHA PAa3HOCTH |Xn — a| <& npu n> N.

O6osnauaercs: M X = a
nN—o0

3ameuanue 3.1 B npezene nocieqoBareaIbHOCTH «IMHAMUYECKAs» N MOKET CTPEMUTHCS TOIBKO

K «IUTIOC OECKOHEYHOCTH.
3ameuanue 3.2 [locne10BaTeNbHOCTD «IUCKPETHA» (IPEPBIBHA), TO €CTh COCTOUT U3 OTIEJIbHBIX

M30JIMPOBAaHHBIX YWICHOB.
3ameuanue 3.3 B mpexenax mocienoBaTeIbHOCTEH YacTO BCTPEYAlOTCS (HaKTOPHAIIBI

(cBepHYyTasl 3aMUCh TPOU3BEICHUS ) U IIPOTPECCHH.
Ilpumep 3.3
HaiinuTe npenesbl mociea0BaTeIbHOCTEH:

4n® +3n+1
X, = 2 3
a) 3+2n° +5n
J3nd+n++/n
6) X = -
AVn®+1
1+2+...+n
X, = -
B) 3+2n

Pewenue
[IpyuHIIMIT peleHus: B YACIUTENIE U 3HAMEHATEIIE BBIHOCATCS WICHBI CO CTapIlIel CTENEHbIO N,

5 n’. 4+32+13
4n +3n+1_|.m n~ n )

a) lim x, = lim > =
KOTOPLIC TOTOM COKPAIIAar0TCA. n—so n_>oo3+2n +5n N—so0 3 3 2
n o(3++5j
n° n
4+i+i
lim n nd _4+0+0_ﬂ
— o 33+2+5 0+0+5 5
n° n
N V3n®+n . Jn
) ) [An3 ) n3 n3
o)lim x, =lim x,, = 3n +n+\/ﬁ=llm Jnt vn® =
n—oo n—oo \/m n—oo \/F n3 +1
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1
7_’_ -
n2 \/2 V3+0+4/0
/3n +n /n r!'ﬂl = = /3.
/ 1 J1+0
n

1+n n
: . 1+2.4+n 2 : n+n?
g)lim x, = lim ———— =lim ~———-—=1lim 3
n—oo N 342N N 342N n—=2.13+2n

=lim

N—o0

(L1 lim| £ +1
1 . n 1 . 1 noxln 1  0+1
:E.Ilm—3 :E.Ilm—oT:E‘O‘ﬁzo.
n3-(n$+2) " Iim(ng+2j i

3. ONPEJEJ ®YHKIIUN

Yucito A HasbIBaeTCs npeoeiom (PyHKyuu f<X)B touke Xy (mwmm npu X —> X)), ecnm st

JIF000T0 TOJIOKHUTENBHOTO yncia & CYIICCTBYCT YHCJIO 5 > 01 3aBUCANIEE OT &, Tako€, YTO IJIid

mobeix X & Xu ynopierBopsiomux HepaseHctBy 0 < |X — XO| < O BBITNIONHAETCA HEPABEHCTBO

(ompezeneHue Ha SI3BIKE « & — O »).

X)=A

DT0 3aMUCHIBACTCS CIEAYIOINUM 00pa3oMm: )!ETX]O f ( )

IIpasuna eviuucnenus npeoenos QyHKyuil

1. im ¢ =¢, 3¢ ¢ — const .

X=Xy
Eciu CYIICCTBYIOT KOHCYHBIC MTPCACIIbI )!!I(lo f ( ) Ilm g( )l TO CIIPpAaBCIJIMBBI PABCHCTBA:

2 In(F00g00)-lm (92im (),

3. )!m f (X) g(X): )!EQO f (X) )!EQO 9(X),  wactnoctn )!EQOC g(x): C)I(!I(]O g(X),
f(x) m f(x) :
4. im g(x)  im g(x)' ™€ im g(x)=0,

X—Xg

9(x) Jim g(x)
(Ilm f(xj (Ilm f(xj "

X—>Xg X—>Xg

Cnyuau, komopwvie MO2ym 6CMpemumvCs npu GbIYUCTEHUU NPeOeos

myers i £(x)= A, im g(x)=B

Tabauya 2
BhIunciieHne npejiea Npou3BeIeHus |
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f(x)+g(x)

1. A; B- KOHEYHBIC YHClIa —>
XIi_r)rgo(f(x)Jr 9(x))= A+B.

2. A=+00; B= o0 =

)!i_I‘)TQ(f(X)wL g(x))=[+oo+oo]=+oo.
3. A=-0; B=—0 =

i (1) + 9(0) = [-o0—oc]—
4. A= 0, B — xoneunoe uncio =
im (£ () 9(c) = [+ 8]

5. A=+00; B=—oo =

im (1) +9(0) = [+0-]

f(x)-g(x)
1. A, B- KOHEYHBIE
im (1) ()= A-B
2. A20,B=0 =
i (1) 9(6) =[] ==
3. A=0,B=0c =
i (1(x)- () = [0-0}
4. A=0,B=0 =

i (10 g00) = -] =oo

qucia,

Borunciaenue nmpeaejga OTHOUICHUSA

f(x)
g(x)

1. A B — xoneunmie gucia, B#0
lim f(x)_A
% g(x) B’

2. A20,B=0 =

iim @:[_A}:w

X—>Xo g(x) 0

3. A—xoneunoe uncno, B=00 =

lim lx) = {é} =0.

X—)XO g(X) o0

4. A=00,B—koneunoe umcio
—

jim () _ [f} — o,

X—>Xo g(x) B

5. A=0,B=0=
_f(x) [O}
lIim —~<=|—|
x|—>xog(x) 0
6. A=0,B =00

jim ) _ [9}

% g(x) | oo

Beruuciaenue npegesna pyHkuuun

(f ()
1. A, B- KOHEUHEIC YHclla —>

ot
(limf(x)j" = A®,

X—¥%g

2_0<A<1B +00 —
fm )"

( lim ¢ (x)jg(x) —[Aa=]=1o0.

4. 0<A<1B——oo:>

(03]
5. A>], Bz =

[im 1l )

6. A=1 B=

klmf )g =

7. A=0, B= O:>

limf (op" = [o°]

8. A=0, B=0 =

=[a]=0

[A]-l—oo

A‘w] 0.

54




lef )g [oo]

9. A—xkoneunoe uucio, B=10 =
[lim £ ()™ =[A] - we cymecrayer.
—Xo

3ameuanue 4.1 [Ipu nojacraHoBKe IpPENENbHOrO 3HAUEHUS apryMeHTa B (PYHKIIMIO, HHOT/IA

0 o0
HOJIy4aeM HEONPENECICHHBIE BBHIPAKEHHS, CHMBOIMYECKH O0003HAYAEMBIE KaK { =1, 0-00 ,

bo-oe] ) ] ] )

4. BBIYUCJIEHHUE MPEJIEJOB
JIro6oii mpeien COCTOUT U3 TPEX YacTei:
a) 3uak Lim. MHorma npeienbl Tak U Ha3bIBAIOT JUMUMAMU.
0) 3amuch 1o 3HAKOM TIpeena.
OOBIYHO YUTACTCS «HKC CTPEMHUTCH K ...». XOTS BMECTO X Ha MPAKTUKE BCTPEUAIOTCS U APYTHE
MIepEMEHHBIE.
B) OyHK1IMA [T0/1 3HAKOM IIpejiena.

X+5 X+5
3 YHUTaeTCS KaK: «peaen QyHKuuu
X

Hanpumep, 3amucs 1M [IPU UKC CTPEMALLIEMCS
x—1

K €IUHUILIEM.
3ameuanue 5.1 Eciu TpeGyercst pemuTh mpejies, To cHavyaia T0CTaTOYHO MOJICTaBUTh YHUCIIO, K
KOTOPOMY CTPEMUTCS TIepeMeHHasi, B (PyHKIIHIO.

. X+5 1+5 6
Harpumep, |Ir1n— =—=—_=

3x 31 3

Paccmompum cxemy cnocobos eviyucnenus npedenos
Cxema 1

limf(x)= A

X—a

T

Henocpeocmeen Heonpeoenennocmo
HOe 8blYUCTeHUe

—

[_ [o0 — 0]
0

; 0-cc] b]
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/ / ! /

1.Anrebpanuec Jlenenue ITpusene 1\

KHe peoOpa3oBaHusl. YUCIUTES u HUE K BUILY iml1+= || =e.
2.YMHOXEHUE 3HaMEHareNs Ha X 0]. X—m( X)

Ha CONPSIKEHHOE B BBICLIEH {0} ' _ 1
Bripaxenue. CTEIICHHU. lim (1+ a)a =€
3.3amena l:f:l c a0

IIEPEMEHHOM. 0
4. HIOMOIIIBIO

lim Sin X _1 npef)6pa3
x>0 X OBaHUI.

OOpaTuMcs K TaKTUKE BBIYUCIICHUS IPEAEIOB, KOTOPYIO PACCMOTPUM Ha IpUMEpax.
Packpvimue neonpeoenennocmeii

o0
|. HeonpenesieHHocTh BUaa | —
o0

OcCHOBHOH c€110COO BBIYMCICHUS: KaXKIbIA 3JEMEHT UYUCIMUTENS U 3HAMEHaTelsl HeoOXOAMMO
pa3fenuTh Ha X B HauOoJblled cTeneHW (WM BBIHECTH 3a CKOOKM B YHMCIUTENE U 3HAMEHarTese
HanOOJIBIIYIO CTENEHD X KaXIOTO U3 HUX).

Ilpumep 5.1
Beruncnure cnenyronme npeaensl:
2x° +4x+9
a) Im —————
x>0 4XT =7
22X —4x-9
6) lim —
x>0 5X+6
i 5X + 6
B) oo 2X% — 4X—9
Pewenue
2x® 4x 9 5 4 9
2% ax+9 [w] o @ . STt 24040 2 1
Q) lim —————=| — |=lim 3 =lim = =—==,
xom 4% 7 o] xoe  4xP 7 X 4_1 4-0 4 2
Fas x
2x* 4x 9 5 4 9
2 v2 2 y2 2 —0—
6)lim X=X 9:P}=nm X x* X' _jjm_x x2_2-0-0_
X—>00 5X +6 o0 X—>00 5x 6 x—>wo 5 3) O+O
- - 7+7
x> X X x°
2-0-0_2_
0+0 0
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2tz VL
g)limf)(—JrG:[f}:li X X —jm XX = 0+0 _0_,
o0 2x? —4x-9 |oo] o=2x® 4x 9 o, 4 9 2-0-0 2
X2 X2 X2 X X2

3ameuanue 5.2 Ecmm CPaBHUTh HAWBBICIIMEC CTCIICHA X YHCIMTCIIA M 3HAMCHATCISI B

HEOMNPEACIICHHOCTIX BUIa [E} , TTOJTyJaeM:
o0
1. 00 | ecnu cTeneHp BBIIIE B YUCIIUTEIE,
2. 0, eciu cTEIeHb BHIIIC B 3HAMEHATEIIE;
3. oTHOIIeHHE KOA()(OUIMEHTOB MPU BBICIIMX CTECICHIX YHCIUTENIS U 3HAMEHATENs, €CIM OHU
paBHEL

0
Il. HeonpeneseHHoCTh BHAA {6} npu X —>d

(IpoOHo-pannoHabHbIe (PYHKIHNH)

OCHOBHOI1 CITOCOO BBIUMCIICHUS: B YHCIIMTEIIC U 3HAMECHATEIIE BBIACIIACTCA MHOXKHUTCIIb (X - a) n

paccMaTpuBaeTCs BRIPAKCHHUE, MTOJTy4aeMOe ITOCIIE COKPAICHHS HA 3TOT MHOXHTEJIb.

[Tocme 3TOro0 HEOMPENEICHHOCTh MOXKET HMCYE3HYTh, B MPOTHBHOM CIllydae HAaJ0 IOBTOPUTH
poIeypYy.

Jnst pa3nokeHUss Ha MHOXKUTEIH HCIOJNB3YIOT pa3Hble CIOCOOBI: BBIHECEHHE OOIIEero
MHOXKHUTENS 32 CKOOKH, JI€IeHHE€ MHOTOWIEHOB, (DOPMYIBI COKPAIIEHHOTO YMHOXXEHHSI U ApyTue
TOXKIECTBA.

3ameuanue 5.3 [Tone3Ho BCHOMHUTH Cleyromue (GOpPMYIbL:

1. (a-b)-(a+b)=a* -b?
2. (a—b) =a* —2ab+b*
3. (a+b )\ =a’+2ab+b’
4. (a-b ¥ =a®-3a>-b+3a-b’ —b’
5. (a+b )3 =a’®+3a’-b+3a-b*+b°
6. 2" b’ =(a—h)-(a* +ab+b?)
7. @ +b’ =(a+h)-(a’ —ab+b?)
8. ax’ +bx+c=a-(x—x)-(x—x,)
D =b? — 4ac
,_—b+vD  _-b-JD
Y 2a * 2a
Ilpumep 5.2
Brruucnure crienyromme npeaesb:
. x*-25
a) lim———
5 X—5
0) |imm

x5 ¥ —9x + 20
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x> —4

lim
R X} —2X* +Xx-2
Pewenue
2
)lim 2 25:H= (x=5)-0+5) _ i x 1 5)=10
D 0 x—5 X — X—5
2
6)Iimﬂ:[9}: im (x=5)-(x=2) X-2_3 _4
x5 X2 —9x + 20 0 X—’5(X—5)-(X—4) x5 X—4 1

0
I11. HeonpenejaennocTs B [6} npu X—d

(ApoOHo-uppaunoHanbHbie GyHKIIUN)

OcHOBHOI c110COO BBIYMCIICHUS:

a) yYMHOXEHHE YHCIHMTENsI W 3HAMEHATENs Ha MHOXXHTENb, COMNPSIKCHHBIH MHOXHTEINIO,
coJiepKalieMy UppaLuOHaIbHOCTb;

0) MeTOoJ1 3aMEHbI IEPEMEHHON

Ilpumep 5.3

Beruncnure cnenyronme npeaensl:

V1+x-1
X

3 —_—
0) Iim\& 1
x—1 X_l
B)anx+1O—J2x+11
x>-1 3/x +1

Pewenue
2) . Al+x-1 [O} - (\/1+x—1)-(\/1+x+1)
x—>0 x-(\/m +1)

a) lim

x—0

=i (V1+X)2 = -
=lim =
x>0 x-(«/l+ X +1)

=
+
>

|
[N
>
[EY

1 /t5 _1_ ol -1 ol (t—l)-(’[2 +t+1)_
. t+1

=lim ——=

-1t +t+1

6Wm3X_Lﬂ?]%§:ﬁ }:ang_l—ﬁ -1 (1))
2
3

B) lim

x>-1 3/x +1

X +10 — /2% +11:[o}:
0
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_“m(Jx+10—\/2x +11)-(\/x+10+\/2x+11)-(3\/7—§/§+1)_
ot (X #1020+ 10)- R +1)- R -¥x+1)

i 10) — (V2 1af ) (e x+1)
o (Vx+10++2x+11)- (x +1)
_in#x+10—2x—1ﬂlﬁ§5—ﬂi+lf_
ot (Ux10+V2x+11) (x+1)
_lim —(x+1}@ﬂ?:—¥§+1) _
(X +10 +~/2x+11)- (x +1)
Ux? —x +1 3 1

o1 Jx+10 +V2x+11 6 2

IV. HeonpenesieHHOCTB BHAA oo — oo

OcHOBHOIi crtoco0 BBIUUCIIEHUS: TpeoOpa3oBaHre QYHKIMH K BUAY IpOOH U MPHUBEICHHEM K
0 o0
HEOIPECIEHHOCTIM | — |WiIH | — |.
0 o0
Ilpumep 5.4
Beruucnure cienyromye npeenst:

) 1 2
a) lim —
1l x—1  x* -1

6) Iim( X? +6X — x)

X—00

Pewenue

R e e S St (e

=lim =

X—>00 X—>00 ,X2+6X+X X—>00 X2 (

6)lim (M—x): lim (\/m_X)' (M+X) X% +6X — X?

l+6j+x
X

—lim— % _6.lim X _6.

1
X—>00 X—>00 2
xwﬂ+6+x w[h+6+q
X X

V. IlepBblii 3aMedaTebLHBIH Npe/el

=3.

OObIYHO K TEPBOMY 3aMeyaTeIbHOMY HpeIeny CBOIATCS IMpenesbl OT (YHKIHN, B KOTOPBIX
Y4acCTBYIOT TPUTOHOMETPUYECKUE BBIPAKCHU.
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sinx
ITepBblii 3aMeUaTENIbHBIN PEACIT UMEET BUL: |IrT0]— =1.
X—> X

3ameuanune 5.4 Eciou aprymedT Sin W 3HaMeHATeNb MPEACTABISAIOT COOOH OIHY M Ty XK€
(GYHKIUIO, KOTOpasi CTPEMHUTCS K HYJIO, TO UMEET MECTO KOHCTPYKIHS TMEPBOrO 3aMe4yaTelIbHOTO

i sing(x)
npenena, T. €. ¢(XP0—¢(X)
Ilpumep 5.5
Breruncnure cnenyronme mpeaensl:
sinbx
a) lim
x—0 X
. 1-—cosbx
6) lim———
x—0 X
. sin3x
B) lim—
x>0 5IN5X
. Jx-+a
r) lim
x>a c0S* X — oS’ a
Pewenue
2 lim S|n5x: 0 _ im5'8'n5X=5|imS'n5X=5-1=5
x>0 X x—0 B5x x—>0 By
X 25 5x 5x
2sin? 29 6in 22 sin 22
lim 229959% _| O\ _ iy [ZJ—ZIim Rl B
x—0 X2 N 0 T x50 X2 U0 5x 5x B
6) P
__ . B2
4 2
Ilmsin3x 0 —Iim3'Sin3x’5x—§-IimSin3X-Iim 5x 3
P 0sinbx | 0] *05.3x-sin5x 5 x0 3x x-0sin5x 5
o xa o] (x—va)(x+va)
") acos’ x—cos’a |0 Ha(cos X—cos a). (J_+J_)
_im X—a 1 lim X—a
xa (cosx—cosa)-(cosx+cosa)-(\/§+\/5) ZCosa '2Ja 2 cosx—cosa
X—a
X—a 1 2 2
-lim Adim—~4——=
4. Ja.cosa xa Zsinx_a-sinx+a 8-+/a-cosa-sina e g X—a
2 2
2 1 1 B 1

8Ja-cosa-sina 2y __2\/5-(2cosa-sin a)__zx/g-sin 2a

3ameuanue 5.5 YacTo Takyke IPUMEHSIOT U3BECTHBIE NIPEAEIIBL:
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Ilmtg_x -1 lim arcsin X ~1 lim arctgx _

x—0 X x—0 X x—0 X

1.

V1. Bropoii 3ameuaTeJibHBIA peaesn

Nwmeet cnenyronuii BUA:

. 1\ .
“m@ﬁ"J =e lim(l+x)x =e

X—0 X x—0

0
Ko BTOpPOMY 3aM€YaTCIIbHOMY 4aCTO CBOAAT IMOKA3aTCIIbHO-CTCIICHHYIO HEOIIPCACIICHHOCTD [1 ]

Ilpumep 5.6
Breruncnure cnenyronme npeaensi:

. (x+2)x
a) lim ——
X—00 X

; “m(4x+5j“
) 4x -3

B) Ixigwo(1+ 5X)32x

Pewenue

X X . 2X
a)lim(ﬂj =[1°°]=Iim(1+zj2 —ex =g,

X—00 X X—»00 X

4x
5) Iim(4x+2] _ Iim(1+

x—0o\ 4X — X—>00

4x-3 8
— . — 4 i X
8 4x-3 32 lim ———
=1 x>0 4X-3 — e
1 5x 2

10
mﬁq@+5@;:ﬁ%@+5@wlmzﬁ3:

32
4 :es

4x -3

3//10

€

5. CPABHEHUE BECKOHEYHO MAJIbIX

OyHKIHSA a(X)Ha?.BIBaeTCf{ beckoneuno manot gynxyueti ipu X —> X, ecin Iima(x) =0.

X—>Xg

OyHKIUA ﬂ(X)HaSLIBaeTCH beckoneuno  bonvwioti  ynxyueii  npu X —> Xy,  ecnn

lim A(X) =0 _ fim B(X)=+0 lim (x) = o, r.e. IM[B0)| = +o0

X=X

3ameuanue 6.1 Ecim mpu X —> X, ﬂ (X) — 6eCKOHEYHO 00JIbIIast HYHKIIHS, TO SBJIIETCS

1
p(x)
o . 1
GeckoHeuHo Mastoit pynkuueit; ecmu O\ X ) — Geckoneuno manas GpyHKIus, TO (—) — OECKOHEYHO

ol X

Oonbmast pyHKIHS.

[Mycts O X) u ﬂ(x) — GeckoHeyHo Manble Gpyrkuun npu X —> X;.
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Ecmu Iim%: A=const, A=0, A#o,T0 GyHKINN OC(X) 1 ﬂ(X) HA3BIBAIOTCS
X—>Xo X

OECKOHEYHO MaNbIMU (YHKIMSIMH OHOTO mopsiika Masoctu npu X —> X, .

. olX
B uwactHoctu, ecnmn ||mﬁ =1,To QyHKINH OC(X) u ﬂ(x) Ha3bIBAIOT 9K6UBANEHMHbIMU

X—>Xo ﬂ(x)
pynryusmu ipu X —> X, (3anuceiBaercs OC(X) ~ ﬁ(x) npu X —> X,).

[Tpusenem GopMyIIbl SKBUBAJIEHTHBIX OECKOHEUHO MaNbIX QyHKimi mpu X —> 0

1. sinX~X
2. tgx-—~X
3. arcsinx~x
4. archgx~ x
2
5. 1—cosx~X—
2
6. In(l+x)~x
7. e*—-1~X
g. a*-1~x-Ina,a>0,a#1
9. (L+x)"-1~m-x

10. n\/1+x—1~1~x
n

Ilpumep 6.1
Breruncnute crnenyroomue mpeaensl, TpuMeHss GopMybl IKBUBAJIEHTHBIX OECKOHEYHO MalIbIX
GyHKIU:
. sSin5x
a) lim —
x-0 5in 10X
. tg5x*
6) lim g

. arcsin()z(j In(1-3x)

1- cos(ng
. 2
B) lim

>0 14+ 2x—x3 -1

Pewenue
. sinbx 0 . bx 5 1
a) lim— == |=lim—="==Z,
x>05inl0x | 0 x»010x 10 2
: tg5x° 0] . 5x° 5 10
R — “lo)™ %, .. "3 3
in — |-In(1- —+(—3x —
arcsm(zj n(1-3x) ) (~3x) ,
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1- 003(3)()
2

B) x—0 /1+2X_x3 -1 0 x—0 1 (2 _ 3) x—0 ¥ 2_X2
—Jlim X -%.0-0
4x>02—x* 4

6. HEIIPEPBIBHOCTb U TOYKHU PA3PBIBA ®YHKIINU,
X KIJACCUPUKALUA

@ynkyus HA3BIBAETCS HenpepvléHoti B Touke Xy u3 o0mactu ompezesneHus GYHKIUH, €Ciu

npeznen ee mpu X —> X, CyliecTByeT 1 paBeH 3HaYeHHIO B 3T0i Touke: |im f (x) =f (Xo) T.C.

X—Xo

1) 3sHayenue pyHkmu f(x,)CyuecTByer,
2) Jim, £ ()= lim, £ (x,) = (%)

Touxa XO, MpUHAJIeKaIIas 00J1acTu onpeaencHus GyHKIUMHI WU SBISIONIAsICS TPAHUYHOM JIs

9TOi 00J1aCTH, HA3BIBACTCS MOYKOLU pA3PbIEA, €CIHU B ITON TOUKE HAPYIIAETCs YCIOBHE HEIPEPBIBHOCTU
byHKIMH.

Cxema 2
Touka pa3pbiBa
I pona I pona
Touka Touxa
YCTPaHEHHOTO CKauka
paspbiBa

UYnucno AHaspiBaeTcs npesienioM cnpasa QyHKIAN f (X) B Touke X =X,

klim f (X) =A ), eciu Juist mo6oro uncna € >0 cymecTByer Takoe 4ncio 0= 5(8 ) >0, uro

—Xo+0

UTst BceX X, YOBJIETBOPSIOIINX HepaBeHCTByO <X=X, < 0 u BXOJSIIMX B 00JIACTh OMpPEIETICHUS

f (X), BBITIOJTHAETCS HEPABEHCTBO ‘ f(x) - A‘ <eE&.

AHAJIIOTUYHO onpeensieTcs npeaen cieéa QyHKINI f (X) B Touke X =X, ( lim f(x)= A).

X—>Xo—0
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B cinyuae X, = 0 Oynem 3amuceBath X —> +0u X — —0.

Ecnu cymecTBylOT KOHEUYHBIE IPEIEIbI XE m f(x): f (XO — O) I/IXEXI;TJO f (X)z f(XO + O),

[pUYeEM HE BCE TPH YHCIIA f(XO ), f(XO —0), f(XO +O) paBHbI Mex1y coboi, To X;HasblBaeTcs

moukot pazpuisa | pooa.

Touxa ycmpanumoeo paspuléa ( f (Xo - 0) =f (Xo + O) # f (Xo )) 3TO TOYKA B KOTOPOH JIEBBIN

¥ [IPaBbIii nIpesenbl GyHKUMU B Touke X paBHBI MEX/LY COOOM, HO HE PAaBHBI 3HAYCHUIO (DYHKIMHU B ITOH

Touka ckauxa f(XO —0)?’i f(XO +O) 9TO TOYKA B KOTOPOM JIEBBIM M IIPaBbIA IIPEAEIIbI

(ynkuun B Touke X, pasnuyHbL.

Pasnocts | (Xo + O) —f (Xo - O) Ha3bIBACTCS cKaukoM QyHKIMHU B TOUKE X;-

Touku pa3peiBa, He SBISIOLIMECS TOUKaMu paspbiBa | poaa, Ha3pIBatoTCs mouxkamu paspwiga |l

pooa. B 3Tux TOUKax He CYIIECTBYET XOTs OJMH U3 OJJHOCTOPOHHUX IPEJICTIOB.

Ilpumep 7.1

HaiinuTe B yka3aHHBIX TOYKAaX OJTHOCTOPOHHUE MPEACITbI CACAYIONNX (YHKIIUN:
X, x <0,
1/2, X=1,

a) f (X) = 4
1, 1<x<2,
-1, X> 2.
1

6)f(X)=eX mpu X — 0.
X

B) f(X)=—— npu X —> 4.

) X—4

2./x,  0<x<1,

) f(x)=1:4-2x, 1<x<25,

2X—=T7, 25 X<+,
Pewenue
a) O6nacts onpenenenus Gynkuun X € (— 00,+OO)
fpn x >1-0  f(X)=X u limx=1-0=1

mn x—>1+0  F(X)=1 u lim1=1

Xx—1+0

mpn x—>2-0  f(x)=1 u lim1=1

x—2-0

mpu X —>2+0 f(X)=—1 u Xligl(—l):—l.
6) O6nacTh onpesenenus Gpynkiuu X € (— OO,O) U (O,-i-OO)
1 1
lim ex =e*0 =e** = oo,

X—>+0

64



1 1
. 5. 1 1
lime*=e? =" = =—=0.
x—-0 et” o0

B) O6macth onpenenenus pyukuuu X € (— 00,4) U (4,-|-OO)
X 4-0 4

lim = = = —o0,
x>4-0x -4 4-0-4 -0
X 4+0 4

lim = 400,

woi0x—4 4+0-4 +0

X = 4— touka paspsiBa |l poxa.

r) O6acth onpenenenus pynkuun X € [O,-l-OO)
uccnenyem Toukn X=1 x =25

lim f(x)= lim2/x =2,

X—1-0 Xx—1-0

lim f(x)= lim(4—-2x)=2, e lim f(x)=lim f (x)= (1)

X—1+0 X—1+0 Xx—1+0
B Touke X —1BBIHOJ'IH$IIOTC$I BCC YCJIOBUA HENIPCPBIBHOCTH.
lim f(x)= lim (4—2x)=-1,

x—25-0 X—2,5-0
Jim f(x)=lim (2x—7)=-2

X = 2,5— Touka pa3psiBa | poga — Touka ckauka.
Ckadok (DyHKIIUHU B 3TOH TOYKE paBEH

Jim f (x)- Jim f (x)=—2-(-1)=-1
3ameuanue 7.1 lHor1a MOXKHO TOBOPUTH O HETIPEPHIBHOCTU (QYHKIIUU f (X) TOJIBKO ClieBa (MU
TOJIBKO CIIPaBa): f (Xo — 0) = f (Xo) (f (XO + O) —f (XO ))
Hanpumep, ¢yaxuus | (X) = m ompezeneHHas npu X < 3, B Touke X =3 HenpepbIBHA

romko cresa: f(3-0)=3-(3-0)=++0=0nf(3)=v3-3=0, f(3-0)=1(3), a

CIipaBa OT 3TON TOYKH (I)YHKI_II/ISI BOO6I_I_IC HEC OIIPECACIICHA. OKOH‘I&TCHBHO, f(X) HCIIPEPBhIBHA HA JIy4C

(03]

7. TIPABUJIO JIOIIUTAJIA

Ecmn ¢ynkuum f(X) u g(X)nH(p(pepeHquyeMm B HEKOTOPOH OKPECTHOCTH TOYKH X,3a

! - .
MCKIIIOYEHHEM, ObITh MOXKeT camoil Touku X, npudem J (X) #0, uecnu lim f (x)=1lim g(x) =0
X—Xg X—Xo

umm  limf(x)=limg(x)=0, T10 lIM—=< I|m npu ycmosuw, urto |im
X—>Xg ( ) X—>Xo ( ) X—>Xg g(X) X—>Xg g (X) X—>Xo g (X)
CYIICCTBYCT.

Touxka X0 MOKET OBITh, KAK KOHEYHOI1, TAK ¥ HECOOCTBEHHOM TOYKoM T 00 mm — 0.
3ameuyanue 8.1 Heonpenenennoctu BHUJIA [0 . Oo]nnn [OO - OO] HPUBOJIATCS K

0 00
HEOIPEICIIEHHOCTSIM BI/II[a[ WA | —

:lpaSJ'II/I‘IHBIMI/I anreOpanvdecKuMu MpeoOpa3oOBaHUSIMHU.
o0
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3ameuanue 8.2 Ecau mnocne mnpumeHeHus npaBwia JlomuTans CcHOBa IOJIy4yaeTcs

HEOIPEJICIICHHOCT  BHJIA [8} W [f} u gma | ,(X)I/I g '(X)
o0

BBIIIOJIHCHBI ycCioBu#,

chopMynupoBaHHble s (GYHKIUN f(X)I/I g(X), MpaBWJIO TPUMEHsETCS JO0 TeX I[op, IoKa

HCONMPCACIICHHOCTh HE YCTPAHUTCA UJIN HE 06Hapy>I(I/ITCH, YTO HYXXHBIC IIPE

ACJIbl HE CYIIECTBYIOT.

‘ 0 0
3ameuanue 8.3 HeonpeneneHHoctu Bujaa []fc ], [OO ], [0 ]HpI/IBOI[HTCH K HEONPEAEICHHOCTH

BHJIA [O'OO]C MOMOIIBI0  TPEABAPUTEIBHOTO  JIOTapu(PMUPOBAHUS WM  TNPeoOpa3oBaHMUA,

HCIIOJIB3YIOIIETO OCHOBHOC J'IOl"apI/I(bMI/ILIeCKOC TOXIOCCTBO

(f (X))g(x) _ eln(f(X))g(x)eg(x)m(f(x))

Ilpumep 8.1
IIpumenssa npaswuiio Jlonurans, HALAUTE CIEAYIOIIUE PEIEIIbI:
. x*=1+Inx
a)lim————
x—1 ex_e
o2
6)lim>=
o0 X+ e
H 2
B)IXLrp(x -Inx)
r)Iim(l— 1 j
x>0\ ¥ ex -1
) lim(sinx)
Pewenue
1
2 2 ' 2X+* 21+*
) lim X —1H X 1*'”X:[9}:|im(" iy ™ x T3
-1 @*_a@ 0] (ex_e) o1 gl e e
X X X X
X X-e? ez .[14 % ez |1+=
. X-ge? o0 : i 2 o0 . 2
6)lim —=| — |=lim ~=lim —~ = —|=lim L=
Txe o] (o) T Lee ©l 7T (v
!
1 X X
~.e? 242 2. X 2+~ 1
.2 2) 1. 2 1,. 2 1. 92
=lim =—lim—~==|—|==lim —=—lim—~=—=0.
X—>00 eX 2X—>oo eE 00 2X—)ao x 2x—><>01.eE
, 1
: . Inx . (Inx M 1.
B)|Im(X2-|nX)=[O-OO]=|Im—=|:f:|=|Im( ),:I X =—Zlimx* =0.
x—0 x>0 ] 00 x—0 1 x—0 2 2 x>0
¢ )
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e*—1-x :{9} _ “m(ex ~1-x) _
0 x—0

. (1 1 :
2 'JLE‘(;— o _J =lo—eel=lim ) -

!
x-(ex —1)
e’ -1 . e i 1 1
=1 - —=lim———==1im ==.
o0 X —14x-€° o0 (24 X) 024X 2
lim (sin x)* =[0° |= lim e"C"¥)" = [jm g*™inx).
'H) x—>0( ) [ ] x—0 x—0 ’
Haitnem otnensHo mpenen crenenu npu X —> 0.
, COSX
: : . In(sinx 00 . (In(sinx Y
I|mx-In(smx)=I|m—( )_[2]_igUntsinx) ,)) =lim3MNX —_
x—0 x—0 1 00 x—0 1 x—0 1
v = NPy
X X
. X?-cosxX ) X .
—I|m_—:—Ilm(x-cosx-_—jz—llm(x-cosx)zo.
x—0 SI n X x—0 Sln X x—0

Bo3sBpamasce kK uCxoaHOMY TIpenieny, OyaeM UMETh
lim(sinx)* =lime"® =¢° =1,
x—0

x—0

8. THUITOBBIE PACYETBI
basibl, KOTOpBIMH OLICHUBAETCS KaK[ash peHTHHroBasi padoTa, MOTYT ObITh pa3IMYHBIMH Ha
pa3HbIX HaIpaBiIeHUAX (6aJUIbI OMPEAETSIOTCS, COTJIACHO pabovel mporpaMMsbl 110 MaTEMaTHKeE).
BapuanTt Ne 1
Beruncnute npenensl

. x*-5x-14
lim ———;
x=% 2x°+3x—2

B) Xy =

1-x Iim5x-thx

a) Xy =2; 6) Xy =—2;

lim -
o11-3x 0 sin®4x

. Incos2x
lim ————— (mpaBuuto Jlonuras)

x—0 SIn2x

. 2
limxIn® x (mpaBuito Jlomurais)
x—0
Hccnenyiite Ha HEMPEPHIBHOCTH (QYHKIINIO, HAWIUTE TOUYKH Pa3pbiBa, YKaXKUTE XapaKkTep

pa3psiBa 1 ocTpoiite rpaguk Gpynkuuu Y = f (X) B obnactu omnpeneneHus:
2—-X mpu X< -2,

f(X)=¢{x*-1mpu -2<x<1,
—2X+3 mpu X>1.

Bapuant Ne 2
Brruncnure npenensl
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3x*-x-10
x-% Tx—x°—10"
B) Xo =0
lim X Iimsin 6X-tg2x
02 _[x+4 0 NG
Incos2x

lim ————— (upaBuno Jlonurans)
x—0 Sin2x

1

a) X =1; ) Xp=2;

. 2 .
lim x~e* (npaBuno Jlonurans)
x—0
Hccnenyiite Ha HENPEPBHIBHOCTh (PYHKIMIO, HAMIUTE TOUKH Pa3pbiBa, YKAKUTE XapaKTep

pa3psiBa 1 octpoiite rpaguk Gynkuuu Y = f (X) B o0nacTu omnpeneneHus:
-X mpu X <0,

f(X)=1 2" mpu 0<x<2,
4 mpu X2

BapuanT Ne 3
Beruncaure npenens

2
oot VR=% 0 =3
B) Xo =
lim sin3x Iim1—cosx
x—0 3_@ x—0 5)(2
lim X —arctgx (mpaBuiio JlonuTans)
x—0 X

lim xZe ¥ (mpaBusto Jlomurais)
X—>+00
Hccnenyiite Ha HEPEPHIBHOCTh (DYHKIIMIO, HAWIUTE TOUKU pa3phliBa, YKAKUTE XapaKkTep
pa3psiBa 1 ocTpoiite rpaguk Gpynkuuu Y = f (X) B obnactu omnpeneneHus:

E mpu X <0,
X

f(X)=< x> mpu 0<x<2,
5—X mpu X>2.

BapuanTt Ne 4
Brraucnure npenesnbl

. 3x?*—b5x+2
lim—————
x=% x°—4x+3

B) Xog =0

a) X, =—1, 0) X, =1;
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L NA+x -2 sin’ 3x

lim———  |im

x->0  3arctgx x-0 X -1g2X
Jx —+a

lim

—a¥x —a

1

(npaBwto Jlorurarns)

lim xe* (npasuso Jlonuras)

x—0
HccnenyiiTe Ha HEMPEPHIBHOCTh (DYHKIIMIO, HAWIUTE TOYKH Pa3phbiBa, YKAKUTE XapaKTep

pa3psiBa 1 octpoiite rpaguk Gpynkuuu Y = f (X) B obnactu omnpeneneHus:

X3 +1 mpu X < -1,
f(X)=91+2Xx mpu —-1<x<2,
1

— u xX>2.
X—=2 P

Bapuant Ne 5
Beruucnure npenenst

2
. X*—x-12
X% X" +ox+
B) Xg =0
. C0S2X—CO0S X .
im————  lim X
x>0 1—-CoS X x-0 arctg3x
2* 3%
lim ——— (upasuno Jlonurans)
x>0 1—4"
lim | 19X — (mpaBuito JlomuTarns)
T X — T
X—>—
2 2

Hccnenyiite Ha HENPEPHIBHOCTh (DYHKIIMIO, HAWIUTE TOUKU pa3phliBa, YKAKUTE XapaKkTep

pa3pbiBa u noctpoiire rpaduk pynkuuu Y = f (X) B obmactu omnpenencHus:
x> mpm Xx<1,
f(X)=< (x=1% mpu 1<x<2,

3—-x mpum X>2.

Bapuant Ne 6
Brraucnure npenesnbl

. X*+2x-15
lim ————;
x—=>% 2x° +7x—=15

B) Xo =

a) x0=5; 0) x0=—5;
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. 1-+Jcosx . X-1g3X
lim—————  lim—
x>0 x-SiNXx x>0 §In“ 2X

. Insinx
lim —————— (npasuino Jlonurans)
x—0 Insin2x
. 1 S
lim 5 (npaBwto Jlorurars)
=3\ xXx=3 x*—x-6

Hccnenyiite Ha HEMPEPHIBHOCTh (PYHKIIMIO, HAMIUTE TOUKH Pa3phiBa, YKAKUTE XapaKTep
pa3pbiBa U octpoiitre rpaduk pynkuuu Yy = f (X) B obmactu onpenencHus:

COSX mpH -%SXSO,
F0=1—  mpu 0<x<2
(x_pz T EETEe
X+1 mpu 2< X< 3.
Bapuant Ne 7
Brruucnure IpCaciibl
_ 3x*+10x+3
lim————: x,=1: 6 X, =—3;
% 2x° +5x—3 a) Xo =4 ) 0 ’
B) Xy = ®©
J — . cosx-—1
IimM lim———
x>0 §in3x x>0 3x
e2x _
lim ————— (upasuno Jlonurans)

Y0 arcsinx

TT
lim (1 — x)tg — x (npasuio JlonuTans)
x—l1 2

HWccnenyiiTe Ha HEMPEPHIBHOCTE (DYHKIMIO, HAWANTE TOYKH Pa3phiBa, YKAKUTE XapaKTep

paspsiBa 1 ocTpoiite rpaguk Gynkuuu Yy =f (X) B o0nacTu omnpeneneHus:
2x* -1 mpu —-1<x<0,

1
f(x)= 0<x<2,
(x) xopz ™

X-1 npu 2 < X <3.

Bapwnant Ne 8
Beruncnure npenesnst

. X*-5x+6

M 53 Q) %o =1; o %=3
B) Xo =

lim Jx-9-1 Iimsm 5x;t93x

x->10  x—-10 x—0 X

70



Vx -5 (mpaBwto Jlomwurarns)

x—>5 \/_ \/_
lim X sinl (mpaBuito JlomuTains)
x—0 X

Hccnenyiite Ha HEMPEPHIBHOCTh (PYHKIUIO, HAMIUTE TOUKH Pa3phiBa, YKAKUTE XapaKTep
paspbiBa U octpoiite rpaduk pynkuuu Yy = f (X) B obmactu onpenencHus:

(X+1)2 mpu —2 <X <0,
f(x)=142x*-14 mpn 0<x<1,
1 mpu 1< x<3.

Bapuant Ne 9
Beruncnure npenensl

. X2 —=7x+10
lim——————; a) X, =—1.
x=% x°—3x+2
B) Xy =0
\/cosx -1 Iim4x-cos7x
HO sin? 2x x>0 sin2X
Incosx

lim ————
x—0 Incos4x

6) Xy =2;

(mpaBuzo JlonuTans)

lim (7 — l)tg E (mpasuio Jlonwrars)

X—>T
Hccnenyiite Ha HENPEPHIBHOCTh (DYHKLINIO, HAWIUTE TOUKU pa3phlBa, YKAKUTE XapaKkTep

pa3pbiBa U octpoiire rpaduk Gpynkuuu Yy = f (X) B obmactu onpenencHus:
—X—2 mpu —3<x<-]

f0=11  mu —1<x<2,
X
1 npu 2< X< 3.

Bapuant Ne 10
Brraucnure npenensl

2
B) Xg = ®©
\/9+ 2x 5 |im 1—cos5x
x—>8 X — x—0 X2
3 — 5x
lim ——— (upaBuio Jlonuras)
x>0 2X—
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1
lim Xtg= (upasuo Jlonurans)
x—>0 X

UccnenyiTe Ha HENPEPHIBHOCTh (DYHKIIUIO, HAWIUTE TOUKU Pa3phbiBa, YKAKHUTE XapaKTep

pa3psiBa 1 octpoiite rpaguk Gpynkuuu Y = f (X) B obnactu omnpeneneHus:

1)2
(Ej Ipr —1SXSO,

f(x)=< x*+1 mpu 0<x<1,
X_

BapuanT Ne 11
Beruucnure npenenst

. X2—-8x+7
lim X X+ L.
=% x°+6x—7

B) Xg =0

Jx+13-4 lim COSx—SiNn x

a) Xp = —1; 6) X =1

lim
3 x(x—-3) x>7  C0S2X
4

et —e Tt —2x
lim . (pasuso JlonuTass)
+0 X—sinx

_ 1 3
lim ) (npasuio JlomuTans)
-\ X =1 x* 3y 42

Hccnenyiite Ha HENPEPHIBHOCTh (DYHKLINIO, HAWIUTE TOUKU pa3phlBa, YKAKUTE XapaKkTep
pa3pbiBa U octpoiire rpaduk Gpynkuuu Yy = f (X) B obmactu onpenencHus:

—x* mpu —2<x<-1,

f(x) = %

npn —1sxs%,

. T
2sinX  mpH ESXSH.

Bapwnant Ne 12
Beraucnure npenensl

. X2—7X+6
lim ——————;
x=>% x°—5x—6

B) Xg =X

”m\/l—x—S i 1-cos5x
-8 x*(x+8)  x>91—cos3Xx

a) X, =2; 6) x,=6;
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X —sinx
lim ————— (mpaBuino Jlonuras)

x—0 X —1tgx

lim xe‘zx (npaBwto Jlorwurarns)
X—>+00
Hccnenyiite Ha HEIPEPBIBHOCTD (DYHKIUIO, HAHANTE TOYKU Pa3phIBa, YKAKUTE XapaKTep
pa3psiBa 1 octpoiite rpaguk Gynkuuu Y = f (X) B obnacTu omnpeneneHus:
—-X—-2 mpn —2<x<-1

f(x)= 1 mpu —1<x <]
X
Ln x npu 1<x<e.

Bapuant Ne 13
Beruncnure npenensl

X*—6X+8

lim X, =1; 6) Xo=2; X, =00
% X2 —8x+12 )%= ) h=4 %) %o
2 .Ql
lim —25 IimlO-x 2Slnx
52 _ [x_1 x=0 sin‘ 6X

[ sinGe—1)
m - ——-
x—l x—1

X

(npaBuo JlonuTans)

lim x3e 2 (mpasuno JlonuTans)
X—>+0

Hccnenyiite Ha HENPEPHIBHOCTh (DYHKLIMIO, HAWIUTE TOUKU pa3phliBa, YKAKUTE XapaKkTep
pa3pbiBa U octpoiire rpaduk Gpynkuuu Yy = f (X) B obmactu onpenencHus:

—x* mpum —2<x<-1,
f(x) = 2 mpu —1<x<1],

X

3x-1 mpu 1<Xx<2,

Bapwnant Ne 14
Beraucnure npenensl

_ X*—5x+6 5 _3 ~
lerQ 2.9 a) Xp =¢; 6) Xo =3; B) X, =0
— 2
|im‘/x+132 24x+1 im 32x
X—3 x°=9 X—0 tg 4x
et —e™
lim ——— (upasuio Jlonurans)

x—0 In(l + x)

1 1
i - JI
XI TQO Larctg X Xj (mpaBwuto Jlomurarns)

WccnenyiiTe Ha HEMPEPHIBHOCTh (DYHKIIMIO, HAWIUTE TOYKU Pa3phiBa, YKAKHUTE XapaKTep
pa3psiBa 1 mocTpoiite rpaguk Gpynkuuu Y = f (X) B obnactu omnpeneneHus:
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Bapuant Ne 15
Brruucnure npenensl

. X2 —7x+10
lim—>———;
=% x° —8x+12

V1-2x—x* —(1+x) f sin 5X
m m——

x—>0 X x-0 sin15x

a) Xo =9; 6) X =2; B) Xp =0

- Inx
lim —— (upaBuio JlonuTans)
x—>+0 X

e? —1
lim ——— (upasuo Jlonuras)
x—=0 SInx

Hccnenyiite Ha HENPEPHIBHOCTh (DYHKLNIO, HAWIUTE TOUKU pa3phlBa, YKAKUTE XapaKTep
pa3pbiBa 1 noctpoiire rpaduk Gpynkuuu Yy = f (X) B obmactu onpenencHus:

2x2 mpu —2<X<0,
F0 =4 mpn 0<x<2,
x-1

1  mpu 2<x<3.

HNHTerpajbHoe HcUHMCIeHHE
METOANYECKUE YKA3aHUs K IPAKTUYECKUM 3aHATUAM

I'naBa 1
IMepBooOpa3Hasi GyHKIIMU ¥ HeoNpe/eeHHbIil HHTErpas

OcHoBHOI1 3a1aueit uddHepeHIIMOHATBPHOTO HCYHUCIICHHS SBIISIETCS HAX0KICHUE TIPOU3BOIHON
win guddepennuana ganHol @ynkunu. Ha npakTuke 4acto MpuXoauTCs pemiaTth oOpaTHYIO 3a1ady:
Tpedyercst BoccTaHOBUTH (pyHKuMio F(X), 3Has ee mpousBonHyto f(x). @ynkiuro F(X) B aToM ciydae
Ha3BIBAIOT MepBOOOpa3Hoit 1 f(X).

Omnpenenenune 1. dynkius F(X) HaspiBaeTcs nmepBooOpasHo ans GyHkiuu f(X) Ha 3a1aHHOM
MPOMEXKYTKE, €CIIU I BCEX X U3 3TOro npoMmexyrka F'(x) = f(x).

X5 4
Mpumep 1. Oyuxrms  F(X) = T €cTh nepBooOpasHas sl QyHKIUH f(X)=X" na UHTEpBase

!

5 '
(—o0; 00) , TaK Kak F’(X):(ng :E(XS) :%-5-X4 =x* = f(X) 115 Bcex x e (—o0;0).

IIpumep 2. Oynxuus F(x) = = He sABIsAEeTCA NepBooOpazHON Wi GyHKuuu f(X) = —iz Ha
X

1
X

MIPOMEXYTKE (—o0;o0) , TaK KaKk paBeHCTBO F'(x) = f (X) He BbIIOJHEHO B TOUKe 0.
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OnHaKo B KaXJOM U3 MPOMEKYTKOB (—o0;0) u (0;00) dyHkims F(X) sBisiercs nepBooOpa3HOii
5

X
mis f(x). Jlerko 3ameruts, 4to B npumepe 1 E +8 umeer Ty e camyro mpou3BoAHYIO X! 1 mOITOMY

TaKKe ABJIAeTCs nepBoodpasHoii s X! Ha R . ScHo, uTo BMeCTO 4mcIa 8§ MOKHO MOJCTABUTh JIFOOYIO
MOCTOSIHHYIO0. TakuM 00pa3oM, BUIHO, YTO 3a]ada HAXOXKACHHs MMEPBOOOPa3HON UMeeT OECKOHEYHOE
MHOKECTBO PEIICHUM.

Onpenenenue 2. Eciu ¢pynkums F(X) — mepBoobOpasuas mas ¢yakiuu f(X), To MHOXeCTBO
byukmii F(X)+C, rae C — nmpou3BoibHast MOCTOSHHAS, HA3BIBAETCS HEOTIPEICICHHBIM HHTETPAIIOM OT
¢bynknuu f(X) 1 0603HaUaCTCS CHMBOIOM

jf(x)dx: F(x)+c,

I'ne F(X) — mepBooOpasHas;

C - const.

X — He3aBUCHMas IEPEMEHHAs HHTETPUPOBAHNS;
f(X) — mompIHTErpabHAS PYHKIIHS,

f(X)dX — moaBIHTErpaNbHOE BHIpAKEHUE;

_[— 3HAaK MHTErpaja.

Onepanus Hax0XACHUS EPBOOOPa3HON (HYHKIIMH HAa3bIBACTCS €€ UHTEITPUPOBAHUEM.
HNuTerpupoBanue — onepanus, ooparaas quddepeHInpPOBaAHHIO.

Ipumep 3. IIpoBeputh, 4TO J.5X4dx =x’+c.

!
JuddepeHiypys pe3yabTaT HHTErPUPOBAHUS (X5 + c) =5x*, TOJy4aeM IOJBIHTErPAILHYIO
¢ynxmuro. Cie10BaTeNbHO, HHTErPUPOBAHUE BHITOJIHEHO, BEPHO.
I'nmaBa 2
TabM1a 0CHOBHBIX MHTETPAJIOB
PaccMOTpUM MepBOHAYATLHO OCHOBHBIE CBOWCTBA HEOMPEIETEHHOTO MHTETPAIA.
1°. ITpou3BOaHAs OT HEONPEAEIEHHOTO MHTErPalia PaBHA MOBIHTErPATLHON QYHKIIUH, T.€.

(£ 00ax) = 60
2°. lndpdepennman Heonpe1eIeHHOro HHTETpajia paBeH MOJbIHTErPaJIbHOMY BBIPa)XKEHHUIO, T.€.
(] f () = F(x

3°. Heompenenennslit uutTerpan auddepennnana HeKoTopoit GyHKIMHM paBeH 3TOH (GyHKIMHU C
TOYHOCTBIO JI0 TOCTOSIHHOTO CJIaraeMoro, T.e.

IdF(x)=F(x)+C,

rae C — Mpou3BOJILHOE YHCIIO.
4°, TIoCTOSTHHBIN MHO>KHUTENIb MOYKHO BBIHOCHUTBD 32 3HaK MHTErpaa, T.e.

[l fogdx=k- [ f(x)ax,

riae k — HekoTopoe Juco.
5°. UnTerpan ot anreOpandeckoit cyMMbl IBYX (DYHKITHI paBeH Takoil ke CyMMe MHTETrpajioB OT
3TUX QYHKIUH, T.€.

j(f (x) £ g(x) i =j f (x)dxijg(x)dx
B HHTCTPAJIbHOM UCUYUCIICHUN HCT O6IH€FO prueMa HaXO0XKACHUA HCONIPCACICHHOI0O NHTErpaa.
C}’H_IGCTByeT HCCKOJIBKO MCTOAOB, KOTOPBIC HAKOT BO3MOKHOCTH CBCCTHU BaHaHHblf/'I HUHTCrpajl K Tak
Ha3piBaeMoMy Tabnau4yHomy. [IpuBeneHHYI0 TaOIUIly OCHOBHBIX MHTETPAJIOB HEOOXOJMMO BBIYYHTH
HAU3yCTh.

1. [odx =c 10. [ _ _gxic
I J.sinzx g+
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n+l dx
2. jx"dx:x—+c,n¢—1. 1. Icoszxztg“c
n+1
3 J-eXdX:ex e 12. .[1 7 = arctgx +c
+
X dx 1
4, jaxdx:a_+c,(0<a¢1) 13. J—az o :g-arctgx+c
Ina
dx dx |x 1|
5. =In|x+c _
X 14'I : 1 2 |x+1|
6. Isin xdX = —COSX +C dx X—a
15, | —5——= | +C
I 2—a2 2a |x+a
7. jcosxdx=sin X+C
16. In‘x+ x?+a’l+c
[ iiw
8. Itgxdx=—ln|cosx|+c 17 .[ dx — aresin x4
'.ft_7
9. Ictgxdx:ln|sin x|+c 18, _[ —arcsmx+c
\/7

OOparuTe BHUMaHHE Ha TECHYIO CBS3b 3TOM TaOIUIIbI C TabaHIIeH TPOU3BOAHBIX. (DTO MOMOXKET
BaM OBICTPEE U JIETYE BHIYYUTH TaOIUILY).

A TaxoKe cleayeT 3alIOMHUTh HUKENPUBEACHHYIO TEOpEMY.

Teopema. ITycts F(X) HekoTopas nepBooOpasznas s Gpyskiwn f(X),

rorza [ f (k+b)dx =%- F(kx+Db) +c,

rie K u b — mexoropsrie uncia, k= 0.
Kaxk ucrmoap30BaTh TabJIMILy ¥ TEOPEMY PACCMOTPHM B TPETHEH TIIaBE.

I'maBa 3
OCHOBHBIE METO/IbIl HHTETPUPOBAHUSA

[Ipy UHTErpUPOBAaHUU HET KAKOro — JHOO OOIIEro mpuemMa BBIYHCICHUS HEONPEISICHHBIX
I/IHTeraJIOB. I/IMeeTCSI JINIIIb pr}I METOJ0B, ITIO3BOJAIOIINX CBECTU }IaHHBIﬁ I/IHTeraJI K Ta6J'H/I‘IHOMy.
[ToaTomy ISl Ka)XAOTO JAHHOTO MHTErpaja HYXKHO CYMETh HAWTH MOIXOMASIINNA METOJ, C MTOMOIIBIO
KOTOpOro mpeoOpa3oBaTh JaHHBIM HHTerpan K TaOJUYHOMY BHIY, a 3aTéM HaWTH €ero Mo
COOTBETCTBYIOMIIEH Qopmyse TabIUIbl UHTETpasioB. PaccMoTpuM mpocTeiiire MeTObl HaXOKISHUS
HeonpeneneHHHx I/IHTel"paJ'IOB.

3.1. HenocpeacreeHHOe MHTErPUPOBAHUE
Brruncienue HHTErpagoB ¢ MOMOIIBIO TAOIUIIBI TPOCTEHIITNX HHTEIPAIIOB U OCHOBHBIX CBOMCTB
HEOIpeeNIEHHbIX WHTErpajJioB HAa3bIBAETCS HEMOCPEJCTBEHHBIM MHTErpupoBaHueM. [lpu pemenun
TaKUX WHTETPaJOB HCIOJNB3YIOT pa3IMYHble TOXIECTBEHHbIE IMPeoOpa3oBaHUs MOJBIHTETPATIHLHON
GyHKIUH.
IIpumep 4. Borunucauts nHTErpa.
2

j(?sin X+d—xE+E_ 5
X -1

)dx
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[Ipumenus CBOMCTBA 4° u 5°, uMeeM

. 1 2 . X X
j(75|nx+4—4x5+—— - jdx:7j'smxdx+4jdx—4jx5dx+jd—— d
X x°-1 X
Hanee ucnoap3yeM OCHOBHYIO TaOJIMIly HHTETPAIOB, HAXOAUM:
7Isin Xdx =7(—cosx+c,) =—-7C0OSX+ 7C,
4'|.dx=4(x+c2) =4x +4c,
5+1 6 6
-4Ix5dx:—4- X +C, |=—4- X—+c3 :—2i+4c3
5+1 6 3
dx
f— =In|x|+c,
X—-1
-ZI InX 1 +¢;=—In—| - 2c;
X+1 X+1
Takum o0Opazom,
1 2 X —
_[ 7sinX+4—4x, +=———— dx=-7cosx+4x-=x° +In|=— +(7c, +4c, +4c, +¢, - 2¢,)
X x°-1 3 x+1

OOBIYHO ITPOU3BOJILHBIE TIOCTOSHHBIE 3AMEHSIOT OIHOM IOCTOSHHOM :
C = 7c1+4cot+4cs - 2¢s

B pe3ynbTaTe noJrydaercs, 4TO UCXOIHBIN UHTerpa paBeH: 7
2 -1
CosX +4x—=x° +In|x - N>+ c
3 X+1
UtoOBI cienaTh MPOBEPKY MOTYUYEHHOTO OTBETA, HYKHO €ro MpoaudpepeHInpoBath.

!

1

+cj =—7~(—sinx)+4-1—g-6x5+—— ——+0="7sinx+4-
3

—7cosx+4x—3x6 +In|x|—InXL
3 X X -1

—4x° +1—

L2 ( |x= 1|] (n(x 1)~ In(x +1)] = 1 1 x+#l-x+1_ 2 |

X +1] x-1 x+1 (xX-D(x+1) xz—l"

IIpumep S. Beruucnuts HHTErpa zigdx .
X° +

WNHuTerpan TabiuuHbIN, Tpeodpa3yeM ero v penium.

4 dx 4 X
dx=4 =—arctg — +c
J‘x2+9 jx2+32 3 gS
1

[Tpumenunu popmyy J' xz(ji(a 7= arctg §+ c, rmea=3.

IIpumep 6. BerunciuTh uHTErpa _[ ex-(1+ eiz de-
COs™ X

WuTerpan He TaOIMYHBIA, TOATOMY MPUMEHUM TOKJIECTBEHHOE MPEOOpPa30BaHUE — PACKPOEM
CKOOKH.

_[e ( cos? dex:j[ex M ixogf; jdx=_[(ex + coiz dex=jexdx+_fcoi)z(x —e* +tgx+C .

x° +3x% -2
Ipumep 6. Beruncauth nHTErpa J'fdx
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WuTerpan onare xe He TaOIUYHBIN, T03TOMY Mpeodpasyem ero. Pazaenum kaxjoe ciaraemoe
YUCJIUTENS Ha 3HAMEHATENb.

x+3-2 x> & 2 ., ., 2
—_— = — —— =X"4+3X —=
X X X X X

I/IHTeraJI MOXXHO 3aIiucaTtb B BUAC
5 3 5 3
J‘deﬂ'(x“ i3 -2 dx:J‘x4dx+3J‘x2dx—2J‘% =X—+3L—2In|x|+c:
X X x 5 3
5
X
=€+x3—2ln\x\+c.

2
Ipumep 7. Borauciurh J.(Sin g + Cosgj dx.

[IpeoOpazyeM moAbIHTErpAIbHOE BEIPAKEHUE, BO3BES CKOOKHM B KBapaT.

X X ., X . X X 2 X o, X » X
sin = +cos— | =sin®=+2sin=-cos=+C0Ss° =, OTKyaa sin?>=+cos’— =1 (OCHOBHOE
2 2 2 2 2 2 2 2

TPUTOHOMETPHUUYCCKOC TO)K,Z[GCTBO).

X X o X .
2sin > cosE =sin2- 5= sin x (CMHYC JIBOWHOTO yTJIa).

2
[Mony4aewm: J'(sinngcosgj dx= I(1+sin X)dx = jldx+jsin XdX=X—COSX+C.

3.2. MeToa NOACTAHOBKHM (MJIM 3aMeHbI IIePEMEHHOM)
OpauH 13 OCHOBHBIX METOJIOB UHTETPUPOBAHUS, KOTOPBIN OMHUCHIBAETCS Cleayomen Ghopmymnoi

[ f)dx = [ f(p()- @' (t)dt
Merton 3akirodaeTcss BO BBEIEHUU HOBOM MEPEMEHHON MHTETPUPOBaHUS (T.€. MOJCTAHOBKH).
VY na4yHas 3aMeHa NEPEMEHHON MTO3BOJISAET YIPOCTUTh UCXOIHBIM MHTETPAN, a B MPOCTEUIINX CIIydasx
CBECTH €T0 K TaOIUYHOMY (TaOJIUYHBIM).
OO0mux MeTrofoB MoadOpa MOJCTAHOBOK HE CYIIECTBYET. YMEHHE NPABHIBHO OIPENEIUThH
MI0JICTAHOBKY MTPUOOPETAETCS MPAKTHKOM.

X
IIpumep 8. Boruncnuts uHTErpan J' dx.
2
X +1
Iycts X>+1 = t, Toraa Haiias NPOM3BOIHYIO 00EHX YacTeil 3aMeHbI, TTOTydaeM

2xdx=dt, xdx = %

dt
2 ledt 1 1
[osTom X _ax=[2=2[==ZInft|+c==In|x>+1+c.
yJ‘x2+1 J‘t 29t 2 i 2 ‘ 1‘
IIpumep 9. Brruncinte nHTErpa .[Sm—x dx
1+3cosx

0O603HaunM 1+3c0sx =t . Torga —3sin Xdx=dt, sin xdx = _%.
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—dt

sin X 3 dt 1 1

u : = —:——Int+c:——ln1+3cosx+c_
M I1+3cosx I I I 3 | |
arctg100
IIpumep 10. Brruncouts uHTErpan de.
[Tycte arctgx=t. Torga dx ~=dt.
1+X
arctg'x 100 t101 arctg101
CiieoBaresibHo, 4(1 dt=— —_—
8 | 1+x° It 01T 10

IMpumep 11. Berauciiuts HHTErpa JCOS(3X +4)dx .
WHTerpan MOKHO PeInTh, HCOb3ys Teopemy (InaBa 2). IIpumenum dpopmyny

[ f (kx+b)dx =%- F(kx+b)+c

.[cos(3x +4)dx = 1sin(3x +4)+c,20ek=3,b=4,

Ipumep 12. BblyucauTh UHTETpA I

2X + 5
I/ICKOMBH/I I/IHTeraJI OJHOTHUIICH U pemaeTCﬂ KakK BI)IHIeyKaSaHHBIfI I/IHTeraJI.
dx
_[ In|2x+5|+c 20e k =2, b=5.
2X + 5 2

3.3. UuTerpupoBanue no 4acTsiMm
[TpruMeHeHne 3TOro MeTo1a OCHOBBIBAETCS Ha (hopMyIIe:

ju(x)dv(x) =u(x) -v(x)—Iv(x)du(x) WM Iudv =u -v—_[vdu

[Ipu ee mpumeHeHUM ¢GUKCUpyeTCs pa30MEHUE MOJBIHTETPATBHOIO BBIPAXKEHHUS HCKOMOTO
uHTerpasia Ha jaBa comMHoxutens (U u dv). [lpm mepexome K mMpaBoil 4yacTH MEPBBIA M3 HUX
muddepenimpyercs (du = u’dx), a BTOpPOil HHTErpUPYETCs (V = I dV+C).

Yacto BO3HHMKaeT BOIPOC: KaK IMpPEACTaBUTh MOJIXOJAIIMM 00pa3oM MOABIHTErpaJbHOE

Beipakenune f(X)dx ucxomnoro uaTerpana B Buae U(X)dv(x). Obriero mpasuia s 3Toro HeT. OmHaKo
MOYKHO ITOJIb30BaThCSI CIIEAYIONMMHU YaCTHBIMU YKA3aHUSIMHU:

u(x) dv(x)
In kx ek
arcsin kx sin kx
arccoskx coskx
arctgkx
arcctgkx

IIpumep 13. Beruncaute nHTErpa IX -In xdx .

1
du = (In x)'dx du = —dx
u=Inx X

=
dv = xdx v:jxdx V:X—2+C
2

ITyctn

[To hopmyse HHTETPUPOBAHUS 11O YACTSIM MOTYUHM:
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2 2
jxln xdx:(x—+cJ-ln X—I(X—+cj-ldx
2 2 X

Pemim oTenbHO MOJYYEHHBIA HHTETPal.
2 2
X 1 X 1 X X
J —+¢C -—dXzI X, < dX:—IXdX+CId—:—+C-|nX+Cl.BI/ITOFGI/IMCCMZ
2 X 2 X 2 X 4
X2 X2 X2 x2
Jxlnxdx:—-lnx+c-lnx———c-lnx+cl:—-Inx——+cl,
2 4 2 4

3ameuyaHue: AHaIHM3 MOJYYCHHOTO PEIICHUS MOKA3bIBACT, YTO MOCTOsiHHAS C, BO3HUKINAS TIPH
HAXOXXJCHUU V HE BXOJUT B 3alUCh OKOHYATEILHOTO OTBeTa. [lo3TOMY B JaibHEWIIEM, MPUMEHSS
(dhopMyIly HHTETPHPOBAHUS TI0 YacTIM U Haias V Oyaem monarate C = (), 9YTO HECKOJIBKO YIPOIIAeT
3aIUCh PEIICHUSI.

B HEKOTOpPBIX ciydasx s HaXOXKJICHUS MCKOMOTO MHTerpaia GopMylly UHTCTPUPOBAHUS TI0
YacTsAM MPUXOAUTCS MPUMEHSTH 00Jiee OJHOTO pasa.

Ipumep 14. Boruucnuts HHTETpat j(xz +5x—4)-cosxdx .

2 4By _ du = (x* +5x—4)'dx

Mycts U= X"+5x 4’TO — du=(2x+5)dx
dv = cosx v:jcosxdx vV =sin X

HaHOMI/IHaCM, 4TOOBI BBI6paTB umn dV, HCHOHLSYﬁTC YaCTHBIC YKa3aHUsI, 3allMCAHHLIC BbIIIC.
_[(xz +5x—4)- cosxdx = (x* +5x —4) -sin x—f(2x+5) -sin xdx

Bosuukmumii uHTErpanm He SABISETCA TaOMUMYHBIM, MPUMEHUM MOBTOPHO  (hopmMyITy

HUHTCETPHUPOBAHUS 11O YACTIAM.
. u=2x+5,du = 2dx
J.(2x+5).3|nxdx={ _ }:-(2x+5)~cosx+2J'cosxdx:
dv = sin xdx,v = —C0s X

= —(2x+5)-cosx + 2sin X +C.

OKoOHYATETLHO UMEEM:

_[(xz +5x—4)-cosxdx = (X* +5x—4)-sin X+ (2x +5)-cosx — 2sin X +C.

Ha MMPAKTUKE METOA MHTCTPUPOBAHUS 10 YaCTAM 4aCTO KOM6I/IHI/IpyeTC§I C ApyruMu METoaaMu
MHTErpUPOBAHUS.

Mpumep 15. Haiitn jln 2(2x +3)dx .
BHINONHUM CHaYasa 3aMeHy IlepeMeHHOI: monoxkum t = 2 X+3,

Torpa dt = (2x+3)'dx = dt=2dx u dx = % , CIIEIOBATEIILHO

Iln2(2x+3)dx=%-Jln2tdt

' 2In
u=h?t  du=(n?t)dt _ du=""t
[TycTs , TOTJa = t

dv =dt szdt V=t

2
j|n2(2x+3)dx:l(t-lnzt—j2|nt tdtj:“ﬂ t—jlntdt
2 t 2

[Tonarast B popmysie MHTErpUpPOBaHUS 110 YacTsAM U = In t, dv = dt, monydaem
[intdt=t-Int—t+c

OKOHYATEIILHO UMEEM:
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2 2
n2(2x+3)dx = —tint+t+c= : —(2x+3)-In(2x+3) +2x +C.
j' 2 (2x+3)d tInZt | (2x+3) I; (2x+3) (2%+3)-In(2x+3) +2

3.4. UnTerpupoBanue pauMoHAJIbHBIX Apodeii

PannonanbHO# IpoOkI0 HA3BIBAETCS IPOOHL BUAA , rie P(X) u Q(X) — MHOTOUICHBI.

()
Q(x)
PanmonanpHast ApoOb MOKET ObITh MPABUILHON U HEMPABUIBLHOM.
[MpaBusibHas aApoOb — 3TO JApoOb, Y KOTOPOW CTerneHb MHOrowieHa P(X) Huke creneHu
muorouieHa Q(X).

Henpasuibhas 1poOb — 3T0 ApoOb, Y KOTOPO# cTeneHb MHorowieHa P(X) Ooinbiue (1 paBHa)
crernenu Muorouwiena Q(X).

3.4.1. UuTerpupoBaHue NpaBUJIbHBIX APo0ei
PaccMOTpuM HECKOJIBKO BHJIOB MPABUIIBHBIX IPOOEH.

1 Buna:

J' . éa - A. In|x - a| +c,rae A,a — nelcTBUTEIbHBIC YUCIIA.

2 BUI:

J. Adx =- A . L + C,rme m — mesoe 4yucio, OOIbIIe €UHUIIBI
(x-a)" m-1 (x-a)"™* ’ '

3 Bun:

J‘ dx
2
X"+ p-X+(q
st pemienus 3TOro BUa UHTETpalia TpeOyeTcsl B 3HaMEHaTe e BhICIUTh TOJHBIN KBaapar. A

2 2
MMEHHO: X’ + PX+(Q :()H.gj _pT+q

dx
I 16. B S
puMep BIYUCIIUTH IXZ VT
I 2 x :I CiX :I dX2 :j d)i 2 :I d(XEZ) 2 -2 arctg X+2+C'
X“+4x+8 J(x+2)°-4+48 (Xx+2)°+4 (x+2)°+2 (x+2)°+2° 2 2
Hcnons3oBanu ¢popmyny I 5 :l-arctg §+C-
a’ a a
IIpumep 17. Beruncnute J‘% .
X% +12x —

dx B dx B dx B dx B d(x+6) B
SIx2+12x—2_5I(x+6)2—36—2_SI(x+6)2—38_5I(X+6)2_(\/W_SI(He)z_(\/@_
5 |x+6-+38|
2\/— ‘x+6+\/_‘

n d J L
CIoJIb30Bad HOPMYIT =—.
PRV —a? 2a |x+a
Ipumep 18. Beranciuts J $
3x? —9x+15
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dx 2 dx 2 dx
2-[3(x —3x+5) __-[

2 2 4
d(x—gj X—§
_ZJ' 2 _2.2. arctg —2 + ¢ = rctg +C
PETNE R A
2 2 2
4 Bun:
j 2AX-l—b dx
X°+pq+q

HpI/I PCIICHUKM TaKUX HHTCTPAJIOB MOXHO HCIIOJb30BATh HCCKOJIBKO ITOAXOIOB. HaHpI/IMCp,
CHadajla BBIACIHUTDH ITOJTHBIN KBaapaT B 3HaMCHATCIIC HOI[LIHTeraJII)HOfI (1)YHKIII/II/I, a 3aTeM

HCITIOJIBb30BaTh COOTBGTCTBYI-OH.[YIO 3aMeHy nepeMeHHoﬁ.
2x+1

Ipumep 19. Boruncauth J. e —]
X% +2X +

[Tockonbky X2 +2X+1= (X +1) , TO UCIOJIb3YyeM 3aMeHy repeMenHoi t =x+1. Torma dt = dx,

X = t-1.
2t 20Dy 2Ty (2 1
f%;xﬂdx—f 7 dt = J. dt = I(———Jd —ZJ.—— ——2I |t|+f+c_

—2In|x+]4+i+c
X+1

Mpumep 20. Berancnants J‘% dx.
X? —4x +

Tak Kax X2 —4X+:|.3=(X—2)2 +9, 10t = x—2. Torza dt = dx, X = t+2
8-(t+2) 6t 6 t
— dt = dt = | ——dt =—| ——=dt
-[x —4x+13 I t*>+9 jt2+9 -[t2+9 -[t2+9
[TepBblit HHTETpall — TAOIUYHBIN

dx 1 X
I =—arctg —+¢

x*+a® a a
BTopoii uHTErpant MOKHO BBIUUCIUTH 11O (HOpMyIie
xdx 1
jz— = _=Injax* +b|+c
ax“+b 2a

Torma nomyyaem

8—x t 1

Iz—dx = 2arctg ~ — = Int* +9[+c =
X° —4x+13 3 2

MOXHO pEIIMTh O9TH )K€ WHTErpabl, HCIONb3ys BBEICHHE IIEPEMEHHOHM IOX 3HAK

muddepennmana.

;In|x2 —4x+13 +c.

——f (x _4X+13)+6I dx

H .€.
anpmvep: [ Ax+13 X2 —Ax+13 " °

4x+13
——d x? —4x +13) = —=(2x — 4)dx
> ( ) 2( )

—%d(x2 —4x+13) = (2 - x)dx

Pemmmm kaxaplid HHTETpall OTAEIBHO.
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d(x* —4x+13)
J

T :In‘x2—4x+13‘+c
X% —4x +

d X 1 X—2
[ = [ =] s =Carctg -+
X“—4x+13 Y (x-2)°+9 ‘(x-2)°+3° 3 3
HNmeeMm oKOHYATEILHEIN OTBET:
J.ZS;Xz—lln|x2—4x+13|+2arctg X=2 ...
X —4x+13 3

PaccmoTpeHHbIe TpHEMBI HWHTETPHUPOBAHUS MPABUIBHBIX JIpoOEl HMEIOT CYIIEeCTBEHHBIH
HEJIOCTATOK: OH HEe 0000IIaeTCs B TOM Cllydae, Korja CTereHb 3HaMeHaTes O0JIbIIE IBYX.
5 Bua:

P(x) A A, A, M, x+ N, M,x+ N, M, x+ N,
= + 2+...+—n+...+ 7 + 7 2+...+ > T

Q(x) x—-a (x-a) (x—a) X“+2px+q (X°+2px+Qq) (X“+2px+0q)
rae Ay, Az, ..., An, ..., M1,N1,M2,No, ..., Mt, Nt... - HEKoTOpBIE YKCIIa, MOJyISKAIINUE ONpeaeieHn0. To ecTh,
9TOOBI PEIIUTH 3TH UHTETPAIIBI, HY)KHO PA3JI0KUTh 3HAMEHATEIh MPAaBUILHON PAIMOHAILHOM IpOOH Ha
MHOXKUTEJH, MPEICTaBUTh €€ B BHUJAE CYMMBbI MPOCTEHIINX pallMOHANBHBIX ApoOed. DTOT MeTon

Ha3bIBACTCA MCTOA0OM HeOHpeIIeHeHHI)IX KO3(1)(1)I/HII/IGHTOB.
. 21 Hai X2 —2X+2 N
pumep 21. Haiitu j—d
x® +2x% - 8x

Tak kax X +2X° —8X = X(X* +2X—8) = X(X+4)(X—2), 0

X2 —2X+2 Al A A3

x3+2x2 —-8x X x+4 X—2
HpI/IBeI[eM K 06meMy 3HaAMCHATCJIIHO HpaBYIO qacCThb paBeHCTBa " 3aTEM €ro OT6pOCI/IM.

X2 —2X+2= A (X+4)(X—2) + AX(X=2) + A, X(X +4)
X2 —2X+2=AX> +2AX—8A +AX* —2A X+ A X" +4AX
X2 =2x+2=(A +A +A)X*+(2A - 2A, +4A)x+(-8A).

CpaBHuBas k03¢ (HULIHUEHTHI IPU OAUHAKOBBIX CTEMEHX X, OJy4aeM CUCTEMY YpaBHEHUI:

XA +A+A =1

X' 92A —2A, +4A, = -
x?:|-8A =2
Otkyna Alz—i,Azzg,Agzé TOrIa
2_
I#dx_—— ox 13j ax :—lln\x\+Eln\x+4\+lln\x—2\+c.
X® +2X° —8x X x+4 6 X—2 12 6

3.4.2. UuTerpupoBaHue HeMmpaBUJIbHBIX AP0o0eil

P(x)
Q(x)

eIy 4acCThb, T.C. MOACIINUTDL YUCIIUTCIb HA 3HAMCHATCIIb. A.]IFOpI/ITM ACJICHHUA MHOTOYWICHOB «YI'JIOM»,

Ecnu panmonansHast apoOb HENpaBWIbHAsA, TO CIEAYeT MpPEIBapUTEIbHO BBIIEIUTD
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HU3BCCTCH M3 IIKOJBHOI'O Kypca. B wurore I/ICXO,I[HaH ,I[p06b 6y,Z[CT mpeacraBjcHa B BHUAC CYMMbI

x> —3x+4
MHOTO4JIEHa U IPaBUIbHOI apodu. Hanpumep, T +2X+1+ n
x® —3x+4 2)(;2
- X +2Xx+1
x3 —2x2
2x% —3x
T 2x% - 4x
X+4
Tx=2
6
n 22.B j XX
nMe « DBIYUCIUTG | — - .
PHMEP X% —6X+5
BLIHOJ'IHI/IM JCJIICHUC I10 «yr.]'IOM)), NMECECM
2
X3+X2x 6X+5
— X+7
x3 —6x2 +5x
3 7x2 —5x
7x? —42x +35
37x-35
" X%+ x° i 37x-35 .
JIn = . = Y . - oraga:
x2—6x+5 x? —6Xx+5
37x-35 X2 37x-35
———————dx dex+7jdx+j———————d j———————d.
—-6X+5 6X+5 2 6X+5

Pemm nocieaHuit HHTETpa METOJOM HEOTIPEACICHHBIX KOA((DUIIMEHTOB.

37x-35 37x-35
e
X“—6Xx+5 (x=D(x-5)

37x-35 ﬁg A,
(x=D(x- 5) X— 1 X-5

37x—35= AX—5A + AX—A,

xl:{Al+A2:37
~5A ~ A, =
1 75
OTtkyna =—= A =—
Y A 5 T
Otkyna J.de:—1 £+E dx :—lln|x—]4+Eln|x—5|+c.
6x+5 2x-1 27x-5 2 2
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OKoHYaTEeNbHBIA OTBET CIAETYIOLINN:

3 2 2
I—;—ié—dx:§—+7x—1mV—ﬂ+Z§mV—ﬂ+c.
X" —6X+5 2 2 2

3.4.3. UuTerpaJjinl BuIa J. R(e*)dx, rae R — panuonaabHast pyHKIHS

C noMol11bIo NOJICTAHOBKH €* =t, oTKyJa e*dx =dt, dx = d— = % MHTETpajl YKa3aHHOTO BUIA

X

mpeoOpazyeTcss B MHTErpai OT panuoHaNbHON QyHkimu. [logpiHTErpanbHOE BRIPAXKEHUE MOXKET OBITh
MPaBWJIbHOM WM HEMPAaBUILHON JPOObIO, IOATOMY METO/I PEIICHUS 3aBUCUT OT ITOTO.

5X

e

- dx.
e* +1
Hcnonp3yeM BhIIEYKa3aHHYIO 3aMEHY.

e* :t,dx:%

IIpumep 23. Beruuciuts J.

t dt tf
Nmeem J.m ‘ T dx = jm dt, MOJIYYHM HENPABUIBHYIO APOOb.

Briaenum LEJIYIO 4aCTh, IIYTEM ACIICHUS YHUCINUTCIIA HA 3HAMCHATCIIb.

4 t+1
- Pt +t-1
t* +t3
—t8
_—t3—t2
t2
t? +t
-t
—t-1
1
t! t ottt 3 t?
[ ——dt=[tdt-[t*dt+ [tdt- [dt+ LI M L S I
t+1 t+1 4 3 2
Bo3Bpaiasce k 3aMeHe, MoJIy4aeM:
5X 4 x 3x 2X
J © dx:g———g—+g——eX+Mex+ﬂ+o
e +1 4 3 2

3.5. AUuTerpupoBaHue HEKOTOPHIX NMPOCTEHIIUX HPPANMOHAIBHBIX (pyHKIIMIT
OCHOBHOI c1TOCO0 pelIeHus ITUX UHTETPAJIOB B 3aMEHE IIEPEMEHHOH, UTO MTO3BOJISIET HHTEIPAJIBI
OT UPPALMOHANIBHBIX (YHKIUI CBECTU K UHTErpajiaM OT PallMOHAIbHBIX (QYHKIIHM.
PaccMoTpuM HECKOJIBKO BUJIOB MHTETPAJIOB.
1 Bua:

WHurerpaisl Buga I R(x, 8/x ):ix . Takue uHTETpaNbl PAMOHAIN3UPYIOTCA 3aMEHON IIEPEMEHHOU

t=1/x.
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IIpumep 24. Boraucauthb I \/_ \/_

j dx _[ dx
Ix+3/x L :
X<+ X
n, — CMenensv nepeoco  paouxana
n, = n, — CMenensv 8MOpo20  paouxana
, =3, e
S=6

S— HaumeHbuee 061/1468 Kpammnoe
yucen N1 u N2,

IIprMeHUM [MOICTAaHOBKY X= t6 ) dX = 6t5dt CruenoBarteiabHO,
dx ¢ 6t°dt . t°dt t dt ot
Ix2+x3 I(t )2+(t6)3 It3+t j jHl

B MMOJIYYCHHOM HMHTETPaAJIC MOABIHTEIPAJIbHOC BEIPAKCHUE CCTh HCIIPABUJIbHAA IIpO6I). BI)II[CJ'II/IM
LEJIYI0 4aCTh U B PE3YJIbTATC IIOJTy4acM.

f v dt—6j(t2—t+1——jd —6(———+t—'”|t+]4j+c'

BepHemcs K 3aMeHe t=\/_ _
j&ixy—*(f)} 3R/xf +6%/x ~6Infx +1+c= 2% -3 +6Yx ~6If¥/x +1 +c.
2 BUA:

WnTerpans! BUaa IR(X,\/ ax® +bx+c)jx.

B npocreiimx ciaydasx Takue WHTErpajibl CBOAATCA K TabmudubiM. HeoOxomummas 3aMeHa
HepeMeHHOﬁ YCManI/IBaeTCSI II0CJIC BBIACJIICHUS ITOJITHOTO KBa}]paTa B KBa}lpaTHOM TpextlneHe
ax? +bx+c.

dx
IIpumep 25. Berunciuts Im

2 2
Ecmn X*+2X+5=(X+1)" +4,10, BBeM1s 3aMeny x +1=t,dx = dt, momydaem

j St =In‘t+\/t2+4‘+c=lnx+1+\/x2+2x+5‘+c_
Vt© +4

3X+2
IIpumep 26. Beruncnuts I

VX2 +2X+5
X2 +2X+5= (X+1)2 +4, OOJOKUM X+1=1
Torma x =t —1,dx = dt, u, cnemoBaTenLHO,

J' (3x + 2)dx J‘3 ('[ 1)+2 J. 3t-1

VX% +2X+5

dx.

——dt =

N SIﬁdt—j—tzdtj=3\/t2+4—ln‘t+\/t2+4‘+
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+c=[t=x+1]=3(x+1) +4—In‘x+1+w/(x+1)2 +4‘+c=3\/x2 +2x+5—ln‘x+1+\/x2 +2x+5‘+c.

B Gonee cnoHBIX cilydasix A1 HaX0KJI€HUS! HHTETrPpaJioB BHU/1a IR(X, vax? +bx+ c)jx HCIIONB3YIOTCA

MOACTaHOBKHU Diliiepa.

3.6. UnTerpupoBanne HEKOTOPbIX TPHTOHOMETPHYECKUX QyHKIMIH
WuTerpanbl  OT  TPUTOHOMETpUYECKUMX  (YHKIUH BO MHOTHX CUTYyallUiX yAaercs
panroHaTU3upPOBaTh JHOO0 CYIIECTBEHHO YIIPOCTHTh. PaccMoTpuM Hanbosiee TUIIUYHBIE CUTYaI|H.

3.6.1. UuTerpaa Buaa J.R(sin X,C0sX)dx, rae R — panuoHaibHass GyHKIHA.
Brraucnenne HCONPCACIICHHLIX UHTCIPAJIOB 3TOI'O THUIIA CBOJAUTCA K BBIYHUCJICHHUIO MHTCIPAJIOB

o . X o
OT palMoOHaIbHOW (DYHKIHMH MOJCTAaHOBKOM th:t,KOTOpaﬂ HAa3bIBACTCsSl yHUBEpCAIbHOU. B

peE3yIbTaTe ITOH IOoACTaHOBKHU UMCCM:

X
2tg| *
g(z} 2t

X\ 1+t
1+tg?| =
| @

2dt

t2

X = 2arctgt; dx = 1

OOGBIYHO ATOT CHOCOO BeChMa TPOMO3IKHI, 3aTO OH BCErja MPUBOJIUT K pe3ynbrary. Ha
MIpaKTUKE MPUMEHSIIOTCS U Ipyrue, 0oJjiee MPOCThIE MOACTAHOBKH, B 3aBUCUMOCTH OT CBOMCTB (M BU/A)
MOJIBIHTETPATLHON (DYHKIIUH.

A uMeHHO cosX =t,sin x =t wu (gx=t

dx
3+5sin X +3C0SX |
[TpuMeHnM yHUBEpPCATbHYIO MOJACTAHOBKY.

IIpumep 27. Beruuciuts J.

2dt dt
.[ dx = 1+t2 =2 1+t2 :ZJ- dt —
3+5sin x+3cosx 2t 1-—t2 10t +6 10t + 6
3+5 S| T3 T
1+t 1+t 1+t
2 1
=—1In[10t + 6|+ c = = In[10t + 6/ +C.
10 5
Bephemcs k 3aMeHe U moydaeM pe3ylbTar:
dx 1 X
j . ==1In{10tg — + 6|+ C.
3+5sinXx+3cosx 5 2
Ipumep 28. Borunucnuthb J‘S'r;—XdX .
cos“ x+4
Hcnonb3yem Oosiee MpOCTyIo 3aMeHy Cos X = t,—sin xdx = dt,sin xdx = —dt.

HNmeemM,
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IM:—I 2dt - Lareg 1+c:—1arctg(@j+c.
cos? X + 4 t°+4 2 2 2 2
3.6.2. UuTerpajinl Buaa fsin ™ x-cos" xdx

Jnst HaXOXACHUS TAKUX UHTErPAJIOB UCIOJIb3YIOTCS CIIEIYIOIINE TPUEMBI:
[ToacranoBka sin x =t, eciau N — 11eJ10€ MOJIOKUTEIHHOE HEYETHOE YUCIIO.

IToxcranoBka COSX =1, ecii M — 11€J10€ MOJIOKUTEIBHOE HEYETHOE YUCIIO.
Ecnu m u n — niespie HeoTpUIaTEIbHBIE OJHOBPEMEHHO YETHBIC YU CIIA, TO HCIIOIL3YIOT (OPMYIIBI
IOHMKECHUS MOPSaKA:

cos® X = %(1+ c0s2x),sin® x = %(1—0052x),sin X-COSX = %sin 2X.
[Toncranoska tgX =1, eciu M+ N — €CTh YETHOE OTPULATEIBHOE LETI0E YKCIIO.
Ipumep 29. Boruuciutsb .[Sin “ x-cos® xdx.
ITonaras, sin x =t,cos xdx = dt, moay4um.

Isin4 X -c0s°® xdx.=

j‘sin4 x-(1—sin? xJ} 'cosxdx:j‘t“ (-2 ) at :I(t4 —2t° 1% it :%t5 —%-t7 +
+2 o= Lsin®x—Zsin? x+ Lsin® xtc.
9 9

IMpumep 30. Beraucnurs J. sin* x-cos® xdx ..

J.sin“ X - cos? xdx = J'(sin x-cosx) -sin? xdx = J.%sin2 2x-%-(1—cost)dx =

1., 1¢., 1¢1 1., .
= |sin® 2xdx —=|sin“ 2x-cos2xdx == | = (1—cos4x)dx —— | sin“ 2xd (sin 2x) =
8I BI 8-[2( ) 16-[ ( )

:ix—isin 4x—isin3 2X +C.
16 64 48

3.6.3. Uurerpainl Buaa J tg" xdx m Ictg ™ xdx
1
cos? X

[lpn HaXOXIEHWH TaKUX HHTErpajJoB mpuMeHsercs Qopmyna: tg?x = -1 wim

—1, C HOMOUIbIO KOTOPOH MOCIIEN0BATENBHO TOHMKaeTcsl cTenenb 19X u CgX.

ctg’x = —
sin? x

Hpumep 31. Haiitn Itgsxdx

_ 3 l _ 3 1 3 _ 3
jtgsxdx _J'tg X(COSZ " —1jdx = jtg X o5 % dx—.[tg xdx = jtg xd (tgx) —

cos® X 4
3.6.4. UnTerpaa Buaa Isin mX - COS nxdx,jcos mx - cos nxadx, I sin mx - sin nxdx.

4 4 2
_jtgx( 1 _1de:tg X_jtgxd(tgx)+jtgxdx:thX—thX—In|cosx|+c

Jlns pelieHust ’TUX UHTETPAJIOB UCIIONIb3YIOT TPUTOHOMETPHUYECKHE (POPMYIIbI:
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sinacos B = %(sin(a + f)+sin(a - B))
cOSaCos 3 = %(cos(a + )+ cosla - )

sinasin B = %(cos(a — p)-cos(a + B))

IMpumep 32. Beruuciuts Isin 3xsin xdx.

sin 2X 3 sin 4x
8

J'sin 3xsin xdx. :%J'(coszx —cos4x)dx =

I'maBa 4
«Heo0epymecs»» HHTErpasbl
Kaxk mu3BecTHO Besikasi HerpepbIBHas (YHKLUSI IMEET repBooOpasHyto. Ho ObiBatoT cirydawn,
KOTJIa IepBO0Opa3Hasi HEKOTOPOH dieMeHTapHO# pyHkuuu f(X) He sABIETCS TaKkKe AJIEMEHTapHON
byHKIHEH.
[lo oToif TpPUYMHE COOTBETCTBYIOLIME HEONPEACICHHBIC HWHTErpalibl HAa3bIBAKOTCS
«HEOepYIIMMHUCH» B JJIEMEHTapHBIX (QYHKIMAX, a caMH (YHKIUUM — HEUHTETPHPYEMBIMH B

. dx ¢cosx sin x e” 2
KOHEYHOM Buje. Hampuwmep, jSIn XZ(ZIX,_[COSXZ(ZIX,_[I ,I dX,I dX,I—dX,Ie “dx—
nx X X X

«HeOepymecs» T.e. HE  CYHIECTBYeT Takoil  anmemeHtapHoit  ¢ynkuum — f(X), 49rto
—x2 fy2
f'(x)=e™,f'(X)=sinX"n .1
VYka3aHHble «HeOepyIIMecs» UHTErpalibl, 0 KpallHell mMepe, HE MOTYT OBbITh HalIEHBI C

IIOMOIIBIO BBIINCYKA3aHHBIX MCETOJOB BBIYUCIICHUS. O):[HaKO 9TO HC O3HA4YaCT, YTO YKAa3aHHBIC
HUHTErpajibl HC CYHICCTBYIOT MJIM UX HEBO3MOXHO HaUTH.

I'naBa §
Cnmcok 3agaHuil I CAMOCTOATEIBLHOM padoThI

dx

5.1 Ie3x-3xdx
53l \-V—————
j(x—l)z(x+1)

X

5.2 j(&—%)zdx ,[ X2 +2x+7

= _dx
(x=2)(x* +1)

2
X +2
5.3 jz—dx x> +5
X" -1 5.33 [—————dx
X(X°+x+1)
J~5X8 -I-ldx
2
X4 5.34 IX+—X+1dX
x(x* +8)
55 COS2X q
J.coszx-sinzx X 535.[ dx
' V2X2 = X+2
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1 2 4
5.6 J‘(; +7 + FJdX

57 | 4x(3+%}dx

5.8 Isin X - e *dx

ng(1 2Jf)

5.10 I(x+ 4)sin xdx
511 _[arcsin xdx

5.12 J.(x2 +7x+5)cos 2xdx

5.13 [(2x+1)’e dx

5.14 jf& dx

5.15 J'de
3+5sin 3x

arctgx

5.16 j1+ 50X

5.17 j(3+4x)1° dx
5.18 sz 8/x® —8dx
COS\/—

519j

520j

9x? —1

V1+Inx
dx

5.21 |

522I 2x+4

90

5.36 | L‘ld

V2 - x—x?

5.37 I

VX dx
V;5+1

5.38 j

dx
(X+DVx* +x+1

dx
IxB/x + 4

539 [

5.40 |

dx
Xv/3x% +2x -1

5x+3

V=X* +4x+5

541 |

542-[1 sin X

5.43j sin® xdx

5.44 jthZde

5.45 _f sin ZGJCOSZGJdX

dx
3+5sin x+3cosx

546I

5.49 | Cos[gjcos[gjdx

5.50 [ ctg*5xdx



N

w

o

523 | ——
Ix +4x+5

5.24 I—
2x% —6X+7

5.25 jdex
X —X+3

526_[X+2

527 | ——~—/~
J.3X +X+1

528J.X + X2

X +1
5.30 j mdx

Bapuanr 1

J‘ 8-13x "

Vx* -1
_[ sin2x "
1+3cos2x
[(4-3x)e > dx
3 2
J‘ZX ;I-5x2 1d.x
X" +X
2X+22

I(x+2)(x2

I dx
5+ 2sin x+3cos x

dx
—2X +1o)

I dx
8sin? x —165sin X cos X
j' cos* 3xsin? 3xdx

5.51 jsinz gdx

5.52 _[sin Xsin 2xsin 3xdx

COSX
1+ cosx

dx

5.53 J'

1+tgx
>4 -[1 tgx

5.55 _[sin3 X C0s% xdx
5.56 J.xzarctg (2x +Ddx

5x

dx

5.57 Jef+1

3

dx

5.58 | X

5.59 jsin(Sx — %)cos xdx

5.60 j

X4
dx
Va4 -x"

T'aBa 6

TunoBbie pacCYE€THBIC 3aTaHUSA
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Bapuanr 2

9 2x
L I4+x

I 3x° e

1-x

Iarcthxdx
2x* +1

o o

w

j 5x%> +17x+36
(x +1) X% + 6X +13)

5—4sin x+2cos X

7 I dx
165sin? x —8sin x cos X

ji’/sin“ X cos® 3xdx
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1-+/x+1
o (1+JF)J_dx
10. I Vlz/is;dx

Bapuant 3
x—2
1. dx
J. '2_X2
2 J- sin3x N
3—C0s3X
3. I(3x+4)esxdx
dx
4 Ix3—x2
6 I
5. J-X3i1x
6. IBsinx—Zcosde
1+cosx
dx
7. | —
j1+30052x

8. jcos3 xsin® xdx

3(X+QZ+VX+1
Jx+1+ﬂ +1
10. | 1+§/;dx
JIx

Bapwuanr 5

3x+2
1. Imdx
2 sin2x

J‘coszx—4
3. [(5x—2)”d

4 J‘(3x —7x+2

)(x 1)
4x* +7x+5
> J'(x 1) X +2x+5)

6 J‘ dx
10sin x+5cos x

dx
7.
J'4sin2 X +3c0s? X

dx

Bapuanr 4

J- 4-2x i

Vax?+1

X

Izt
2¢" +3
_[(4x— 2)cos 2xdx

N

w

I

Jx2+x+2
X +x°

2
J‘3x +2x+1dx

-1

o

J‘ dx
5+3c0os x—5sin x
J- 2tgx +3
sin® X+ 2cos? x
8. Icos“ xsin® xdx
I(W+l)(ﬁ+1dx
\G/x_S

J1+3x
10. j Wd

~

©

Bapuanr 6

x4+5dx
‘[ V16— x?

[
4-3e*
[ (4-16x)sin 4xdx

x+5

N

w




8. J‘COSX

\/SIn X
J'x+\/_+\/_
x(1+3x)

\/1+x/_
e

Bapuant 7

J’ ox+1 de

Jx? -6

2
J3zgat
7—5x
[(1-6x)e>dx
2
J‘3x +22 e
x(x+1)
5x+13

10. |

N

w

o

S

dx
I5—3cosx
dx
" -[4sin X —5c0s? X
J- cos® x

\/sm X
[o———dx
ﬁx—l+$x—1
3 3[,,2\2
10. J.L\/X_)dx
x2.3x
Bapuant 9

I 5-3x |

V4-3x?

er

[
S+e
_[arctg 8xdx

o

©

=

N

w

dx

J~2x3 +2x% +4x+3
¥ +x°

J~ 8dx

(x+1)(x* +6x+13)

6. J' dX
3+5cos x

J. (x+1)(x2 + 6x+13)dx
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8. J'\5/sin3 2x cos® 2xdx
J-«/2x+1+3/2x+1

N2x+1
10. IV(“ S

dx

Bapuant 8

I 7x2— 2 dx
2x°“+9

J- sin 2x
3sin’ x+4

J' arcsin 3xdx

no

w

f x*—4x+5 .
(x-1)(x*-1)
I 2x2 +4x+20

(x+1)(x* —4x +13)

8—4sin X+ 7cos X

dx
7.
IZsinZ X+ 7 €c0s? X

j sin® x I

\/COS X
(e,
Tl T
Jax )
10. | i
Bapmuant 10

3x-2
1. jmdx

3
J' 4x : |
7+2x

I(2—4x)sin 2xdx

©

dx

w

34(1)6

J'Gx—2x2 -1
2x% +x

4x* +38

I(x+2) (x —2x+10)

6 J‘ dx
2sin X+3cos x+3




7 I sin 2x
sin* x +cos” x

o IBsm xI

cos’ X

dx

9Ix++x+

10. IVlJ;Z * i

Bapuanrt 11
1. J-xT—de
Ox“+7
4x—-5
2. |———d
a7 aer™
3. Iarctg?xdx

3 2 d‘x

X —X
19x—x*—-34

Jx3—4x2 +2x-1

> '[(x+1) x —4x+13)

6. J‘ dx-
5+4sin x
dx
7.
Il+sin2 X

8 J sin® x "

VCOS X
sl
o e
a7
x-f/x_7 dx

Bapwuanr 13
I 1+ 3x

1+ 4x

5 J- C0S 3X
- Jsin3x -2
[(2-9x)e ¥ dx

4xdx
X

x% - )(x+1)

x? +23

10. |

o

w

&

J‘(x+1) X +6x+13)

dx
7. - =
Icosx-sin3 X
8. Isinsxcos“ xdx
9 I IYx-1
' \/ 1+/x-1

10. J' 1+x

X

Bapuant 12
3x-1
1|

V16— 3x
2. J.—dzx ~ X
J‘(4X—3)efzxdx
dx
4 J.x +x°

J- X +Tx+7
(x— l) x +2x+5)

8+4cos x

7 dx
4sin? X +8sin X cos X
I%/cos2 x sin® xdx
J‘ x+x/_
\/§+\/_
i

w

o

©

10.

Bapwnanr 14
1 J‘ 8x+2
4x? +3
sin 2x
2. [———

v1+ cos® X

jln X— 7dx

w

4 I 4x* +8x° -1
(x2 +x)(x+1)

5 4x-10

J.()c+2)(x2 —2x+10)

6.
J7sm X —3C0S X



6. | 7. [ _
3S|nx 4cosx sin? x —4sin x cos x + 5¢c0s? x

7 sin 2x e 8. J'E’/cos?’Zx sin® 2xdx

4sin* x +cos* x
8. J‘\/sm X - cos® xdx 9 J‘X+1+»\3[(x+l +\/x+
(x+1)(1+\/x+ )

> [ o (AT,
4(1472) "

10. j4dx

x*-8x

Bapuanrt 15 BapuanTt 16
L J 4— 2x L J~ 7— 4x
J1- 4x \/1+9x
2| 1412;2 g 2 [
X —
3. _[arccostdx 3. 'f arc cos 7xdx
4. [ X+t2 x> =3x+2
'[x3 —2x2 +xdx 4, dex
6-9x
5 | == _
.[x3+8dx 5. I—d33 9; x
6. j dx t dx
2+4sin x+3cos x 6. szinx+4005x
dx
7.
jE;sin2 X +4c0s? x 7. Isco;ﬁ
cos® x B
8. | ——=dx 8. |sin®2xcos’* 2xdx
'[\5/sin3x I
. «/_ 1 9 J- NV3x+1+2 dx
. ! 3
I(J;+1)J_ 2\/3x+1+;/3x+1
’ 3 1 4 3)
10. I‘dJrz al 29 10 (+—\/X_dx
X ' j XZ _(1/;
Bapmuant 17 Bapuanr 18
5—x 3+5x
1 (22 g
2+ x° 1 _[
i Ny 9x
2. Ie3x_5 2. J7f3x3
3. j(5x+6)coszxdx 3. [(3x-2)cossxdr
x*-3
——~—d 2x% +1
J- x?=13x+40
(x+l) (x* —4x+13)
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o

J
!

J

o

2—sinx+3c03xdx

1+cosx
dx

sin® x+sin 2x +3cos? x
H
sin® x
dx
3lcos? x

dx

Ig/(zx+1)2 —2x+1

a5

10'.[ x -39 dx
Bapwuant 19
I Sx_ldx
Jx*-3
2 J‘ 3x+3
X +2x
3. [(2x-3)cos2xdx
3x—x?-2
4, |———d
J‘x(x+1)2 *
I 2_B5x+40
(x+2 (x* —2x+10)
6. J- .dx
5+4sin x+3cos x
dx

7.j
8 |

9. |

10. |

sin® X +3sin X cos x —cos® x

sin* 2x-cos? 2xdx

Jx
dx
1-4x

(ad)
T

dx

Bapuanr 21

I

I
3. (

x+4 |

\9—x?

3xt+1 "

¥ +x-10
2x—5 coS4xdx

J‘4x—x2 _12dx

¥ +8

o

J‘ dx
5+sin x+3cosx
J‘ dx

5sin? x —3cos? x

~

8. IsinS x-3fcos* xdx
3
S
GGt

10. [ =" (1+J_)

Bapuant 20
3+x
1. J.—d2 x
7+ x
2x
2. J.e;dx

Ve +3

3. j(4x+7)cos3xdx

—4x® +2x°

—4x+1

dx

x(x+1)?

7+63|nx 5cosx

1+cosx
sin2x

sin® x+4cos* x

=
v

j

F

8. J-cos $2x "

3fsin? 2x
3x+1+1

2 (1+ (‘/x_e’)4

—x2 2\0/)(_7 dx
Bapuanr 22
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[Tpunoxenwue 1

I[Inanupyemble pe3ybTaThbl 00y4eHHs 1Jis1 GOPMUPOBAHUSA KOMIIETEHIIMU H KPUTEPUH UX

JucuuiuimHa MaTteMmaTuka

OIlCHUBaAHUA

Kopn, nanpasnenue noarorosku 21.03.01. Hedrerazosoe neno
Hanpasnennocts (mpoduis) DkcruyaTanys v 006caykuBanue 00beKTOB 100b1Yn HedTH

Kon Kog, Kon u Kpurepun oneHHBaHUs pe3yabTaToOB 00YUCHUS
KOMIIETEHIIUH HalMEHOBaHUE HalMEHOBaHHE (B 6amtax)
naK pe3ynbraTta
00y4enus mo Mesnee 61 61-75 76 -90 91 - 100
JHCIATUTIHE
YK-1 VK-1.1 He 3HaeT | YIOBIETBO Xoporio OTIUYHO
Cnocoben Ocy1ecTBisier 3HaTh: aKTyaJIbHbIE PUTENBHO aKTyaJbHble (KOMIUIEKCHO)
OCYILIECTBIIATh BBIOOD aKTyaJIbHbIE poccuiickue U | aKTyaJlbHbIE poccuiickue M | 3HaeT
TIOUCK, AKTYyaJIbHBIX poccuiickne U | 3apyOexHbIE poccuiickue U | 3apyOexHBIe aKTyaJbHbIE
KPUTHYECKUH pOoCCHICKUX U 3apy0eKHbIe UCTOYHUKH IO | 3apyOexHbIe HUCTOYHUKM TIO | poccuiickue
aHaM3 U 3apyOeKHBIX HUCTOYHHUKH TI0 | AWUCUIUILIMHE HNCTOYHHKH TI0 | AWUCIUILIMHE 3apyOexHbIe
CHHTE3 HCTOYHHUKOB, & JVCIATUTIHE JVCIATUTIHE HCTOYHUKH  ITIO
WHPOPMAIHIH, TaK)Ke IOKUCK, (YK-1.31) JUCLIUITIINHE
MIPUMEHATH cbop u
CHUCTEMHBIi 00paboTKy He ymeer Y noBneTBopu Xoporio ymeer | Otauuno, 6€3
TIOZXO IS uHpOpMaIuy, YMers: OCYLIECTBIIATh TEJIbHO OCYILECTBIIATh MIOMOIIU
pemeHus HE00X0IMMOH OCYILIECTBIISATh BBIOOD OCYULIECTBIISTh BBIOOD NPEIoIaBTeIIst
NOCTaBJICHHBIX IS peHICHUA BBEIOOD AKTYaJIbHBIX BBEIOOD AKTyaJIbHBIX yMeeT
3amadq TIOCTaBJICHHOM aKTYyaJIbHBIX PpOCCHIiCKUX 1 aKTyaJTbHBIX poccuiickux u OCYILECTBIIATh
3a1adqn poccuiickux ¥ | 3apyOexHBIX poccuiickux u 3apyOexHBIX BBEIOOD
3apyOexHBIX HCTOYHHKOB, a 3apyOexKHBIX HCTOYHUKOB, a aKTyaJIbHBIX

HCTOYHUKOB, a

TAKXXC IMOUCK,

HCTOYHUKOB, a

TAKXE IOUCK,

POCCHUHCKUX 1

TaKke  TIOHCK, | cOop u TaKXKe MOUCK, cbop u 3apyOeKHBIX
cbop U | o6paboTKy coop u 006paboTKy HCTOYHHKOB, &
00paboTKy uHpopMaImy, 00paboTKy uHpopMarImu, TaKXe MOUCK,
WHPOPMAITHIH, HE0O0XOTUMOH HHPOPMAIHH, HEOOXO0 MO cbop u
HE00X0AUMOM IUTSL peIICHHUS HE00X0IUMOM JUTSL pEIICHUS 00paboTKy
Ul PElIeHUs | TOCTaBIEHHOMH IUTSL peIICHHS MTOCTaBIICHHOU WHPOPMAIHH,
MTOCTaBIICHHOM 3a1a9u TTOCTaBJICHHOM 3aJauu HEOOXOIUMOM
3a/1a41 (YK- 3a/1a41 JUISL pelIeHust
1.Y1) MOCTaBJICHHOM
3a1a4H
Bitazers: He Bnaneer Y noBneTBo Xoporo OTnuyHO
’ HaBBIKaMHU PpHUTETBHO BJIaJeeT (KOMTILIIEKHO)
HaBBIKaMH
MOMCKa, cOOpa M | BIIAIEET HaBBIKaMH HABBIKAMH
roucka, cbopa u
oBpaboTiu 006paboTKu HaBbIKaMH mowucka, coopa v | TOUCKa, cOopa u
O — HHPOPMAIHH, MOMCKa, coopa u | 00paboTKH 00paboTKH
H606)£)0III/IMO 1?; HEoOX0aUMOn 00paboTKu HHpOPMAIHH, “HpOPMAIHH,
s emenus | A PeLICHI uHdopmanuy, HEOO0XO0JUMOM HE0O0X0JUMOM
P N MIOCTaBJIEHHOMN HEoOX0aUMOn JUISL peLleHust JUISL peleHust
MTOCTaBJICHHOM
3aJa4u JUIS peIIeHUs
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3a/1a4u (VK- MOCTaBJICHHOMN MOCTaBJICHHOM MOCTaBJICHHOM
1.B1) 3a/1a4u 3aJ1auu 3aJ1a4n
YK-2 3nate: uens u | Hesnaer nens u | YaoBierBo Xopo1o 3HaeT OTJINYHO 3HAET
Criocoben COBOKYITHOCTB 3amayu, PUTENBHO 3HAeT | IeJb U 33/1a4H, u
OTIpeNeNsITh B3aHMOCBSI3aHH | KOTOpEIE LIeTTb ¥ 3a71a4H, KOTOpEIC CaMOCTOSITENIBH
KpYT 3a1a4 B BIX 3amad, | HeOOXOAUMO KOTOpBIE HE00XO0 MO 0 CTaBHT LIEJIb U
pamxax KOTOpBIE pemuThb HE00X0IUMO pemuTh 3a1a4u,
MOCTaBJICHHOM HE00X0IUMO pemuThb KOTOpBbIE
LeN U peluTh I ee HE00X0IUMO
BEIOHpAThH JOCTHKCHUS pemuThb
ONTHMAJIbHBIE (YK-2.31)
CHOCOOBI X YmMmeTs: He ymeer Y noBneTBo Xopomio ymeer OTIMYHO ymeeT
peuieHwus, TIPOBOJUTH MIPOBOUTH PUTEIBHO yMEeT | IPOBOJHUTH IIPOBOJUTH
HCXOJIS U3 aHaJIN3 aHaJIM3 MIPOBOJHTH aHaI3 aHanu3
JEHCTBYIOIIMNX VK-2.1 MOCTaBJICHHOM MOCTaBJICHHOM aHam3 MOCTaBJICHHON MOCTaBJICHHON
MPaBOBBIX I OB(')IMT LeH U | LeIu u MIOCTaBJICHHOM LETH U LETH U
HOPM, alfanns (b opmupoBaTh ($hopmupoBaTh LeJ U ¢hopmupoBaTh ¢dopmupoBath
HMMEIOLINXCS HOCTABICHHO COBOKYITHOCTB COBOKYITHOCTh (dbopmupoBath COBOKYITHOCTB COBOKYITHOCTB
pecypcoB u — B3aHMOCBSI3aHH | B3aHMOCBSI3aHH | COBOKYITHOCTB B3aMMOCBSI3aHH | B3aMMOCBSI3aHH
OTpaHUYCHUI (bopmHpyeT BIX 3amad, | BIX 3ajad, B3aUMOCBSI3aHH | BIX 3a1ad, BIX 33714,
CO]fOK II)]}I;OCTB KOTOpBIE KOTOpBIE BIX 337124, KOTOpBIC KOTOpBIC
Y HE00XOITUMO HE00XOIUMO KOTODEIC HEOO0X0IUMO HEO0X0IUMO
B3aHMOCBSI3aHH
BIX 32704 peIIUTh AL €€ | PELINTh AT ee HE00XOIUMO peIuTh A7 ee peIuTh s ee
’ JOCTIKCHUS JOCTIDKCHUS pemuTh s ee JTOCTIDKEHHS JTOCTIDKEHHS
KOTOpbIE
(VK-2.Y1) JIOCTHKCHHUS
HE00X0IMMO
He Bnaneer Y noBieTBo Xoporo OTinuHO
pelmuTh A ee Bnaners:
HaBBIKOM PHUTETBHO BIaJCeT BIaJceT
JIOCTIDKCHHUS HABBIKOM
TIOCTaHOBKH BJIajeeT HaBBIKOM HaBBIKOM
MTOCTAaHOBKH
MIPOAHAIN3UPOB | HABBIKOM MIOCTAHOBKH MIOCTaHOBKH
NIPOAHAIN3UPOB N
AHHOH Lemn AQHHOW LeTH U TTOCTAaHOBKH MIPOAHANIU3UPOB | MPOAHATUIUPOB
(hopMHpOBaHHS | MPOAHATHM3UPOB | AHHOM LETH U aHHOM LeNu U
(dbopMupoBaHuUs o
COBOKVITHOCTH COBOKYITHOCTH AQHHOW LeNHN U dopmupoBaHus | GopMHpOBaHUS
y B3aMMOCBSI3aHH | ()OPMHPOBAHUS | COBOKYITHOCTH COBOKYITHOCTH
B3aMMOCBSI3aHH
X sagay, | P 38489, COBOKYITHOCTH B3aMMOCBSI3aHH | B3aMMOCBSI3aHH
KOTODAIC > | KOTOpBIE B3aMMOCBSI3aHH | BIX 337ad, BIX 33714,
p HEo0X0 MO BIX 33714, KOTOpBIC KOTOpBIE
HE00XOIUMO
emmts i ee | POUATE AU e KOTOpbIE HE00XO0IMMO HE00XO0IMMO
P TOCTIDKCHUS HE00XOTUMO pEIuTh s ee peImuTh 1 ee
JOCTVDKSHUS
(VK-2.B1) pemuTh s ee JTOCTIDKEHHS JTOCTIKEHHS
) JIOCTUKEHHUS
3HaTh: He 3naer YnosnerBopute | XOpoIIo 3HaeT OTIMYHO 3HAET
ONTUMAJIbHBIN ONTUMAJBbHBIN JIBHO 3HaeT ONTHUMAJIbHBII ONTHUMAJIbHBII
croco6 crocod ONITHMaJIbHBII croco0 croco0
peuieHus 3axad, | peuieHus 3a1a4, | crnocod pelleHus 3a1a4, | pelleHus 3anad,
HCXOAs u3 | ucxons u3 pelieHus 3aaa4, | UCXOIs U3 HCXOs U3
HAMEFOIIIXCS AMEFOIIIXCS HCXOJIS U3 AMEFOIIIXCSI HAMEFOIIIXCSI
pecypcoB U | pecypcoB u HAMEFOIIIXCS pecypcoB u pecypcoB u
OrpaHUyYeHUH OTrpaHUYeHUN pecypcoB u OTpaHUYEHHH OrpaHUYEHUH
(YK-2.32) OrpaHUYCHUN
VK-2.2 He ymeer VYnosnersopure | Pemaer zamaun | Camotosite
: elIaTh 3324l | JBHO yMEeT U yMeeT JIBHO, 6e3
Bribupaer YMers: pematsh p A Y Y ’ .
. U BBIOUpATh pewats 3agaun BBIOMpATh MIOCTOPOHHEN
ONITUMATBHBIN 3a1a4H, . N
ONITUMATbHBIN U BBIOUPATh ONTUMAJBHBIN MTOMOIIN YMEET
cnoco6 BIOHpast .
o crocod ONITHMAJbHBII cnoco® pemars 3axaqn
peuICHuA 3a1a4, OIITUMAJIBHBIN
BBIYUCIICHUS cnoco6b BEIYHCIICHUS, 1 BBIOUpATH
HCXOJIS U3 croco0 N
BBIYUCIICHUS HCXOJIS U3 ONTUMAJIBHBIN
HMCIOIIHUXCS BBIYHCJICHUA,
MMEIOIINXCS croco0
pecypcoB i HCXOJIS u3
. pecypcoB u BBIYUCIICHUS],
OTpaHUYCHHN AMEFOIIIXCS N
OrpaHUYCHUU. HUCXoad U3
pecypcoB u
. Ho nomnyckaer UMEIOILUXCS
Or PAHIICHHH OTIpeIeIICHHBIC eCypCOB U
(VK-2.V2) P peeyp y
MOTPENIHOCTH U | OrpaHHYECHUH
OIINOKH
Buaners: He Bnaneer VYnosnersopure | Xopouio OTiM4YHO
HaBBIKOM HaBBIKOM JIBHO BIIaJ€eT BIIaJeeT BIIaJceT
pelieHus 3amad, | peuIeHus HaBBIKOM HaBBIKOM HaBBIKOM
BbIOHpas 3a0a4uu U peeHus peueHus peeHus
ONTUMAIIBHBIN BBIOOpA 3a0a4 U 3aJa4d U 3aJa4u U
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cnoco6 ONTHUMAbHBIN BBIOOpA BBIOOpA BbIOOpA
BBIYHCIICHHUS, crocob ONTHUMAaJIbHBIN ONTUMAJIbHBIN ONTUMAJIbHBIN
HCXOAS u3 | BBIYHCICHHS crocod crocob crocob
HUMEIOIIIXCS BEIYHCIICHUS BBIYHCIICHUS BBIIHCIICHUS
pecypcoB u
OTrpaHUYEHUH
(YK-2.B2)
OIIK-1 3HaTh: Her 3HaHUi | YpoBnerBopute | Xopomo KommekcHo
Cnocoben npencraBieHne | 0a30BBIX AN | JIBHO 3HAeT | MpPEeACTaBIsAET (OTIUYHO)
peaTsb 3agaqu, 0a30BeIX  ans | mpodeccuoHans | Oa3oBele  aus | Oa3oBble Ul | TIpeACTaBIseT
OTHOCAIINECS K npodeccnoHans | HOH cdepsl | npodeccronans | npodeccHoHanb | 6a3oBble UL
npodeccronans HOMU cdepsl | GH3HIECKUX HOMU cdepsl | HOI cdepsl | npodeccroHans
HOMU (br3HIecKuX MIPOLIECCOB n | ¢usmaecknx (hU3HIECKIX HOMU cdepsl
JeATEeIbHOCTH, NIPOLECCOB M | SIBICHUH B BHAE | NPOIECCOB M | MPOLECCOB W | (U3MYECKHX
TIPUMEHSIS SIBIGHUH B BHJE | MaTeMaTW4eCKH | SIBICHUH B BUJE | ABICHUIl B BUIE | MPOIECCOB U
METOIbI MaTeMaTHYeCKH | X ypaBHEHHH MaTeMaTUYeCKH | MaTeMaTHYeCKu | SBICHUH B BHJE
MOJIETUPOBAHH X TpOLECCOB H X ypaBHEHUH X ypaBHEHHUH MaTeMaTHIECKH
o, seneanit (OIIK- X YpaBHEHUI
MaTeMaTU4ecko 1.34)
ro aHau3a, YmMmeTs: He ymeer YnosnerBopure | Xopoio ymeer OTiIMYHO ymeeT
€CTECTBEHHOHA TIPUMEHSTH TIPUMEHSTH JIBHO yMeeT MIPUMEHSTh MIPUMEHSTh
y4HEIE H OIIK-1.4 MaTeMaTHIeCKH | MAaTEeMaTUYeCKH | NPUMEHSTh MaTeMaTHIeCKH | MaTeMaTHYeCKH
obmenmxenepH | IlpencraBnenue | ¥ anmapar npu | ¥ anmapar pH MaTeMaTH4YeCKU | H anmapar npu i anmnapat npu
bI€ 3HAHMS 6a30BbIX IJIS peuieHnn peuieHnn i anmapat npu peleHnn pelieHnn
npodeccroHanb | 6a30BBIX 0a30BBIX peteHnn 0a30BBIX 0a30BBIX
HOM cepbl (bm3HIecKux br3HIecKux 0a30BbIX (hU3IECKIX (br3HIecKIX
(bu3HIecKux MIPOLIECCOB M | IPOIECCOB U br3HIecKux MIPOLIECCOB U IIPOLIECCOB U
MIPOLIECCOB U spnenuit (OIIK- | sBnenuit TPOILIECCOB U SIBIICHUI SIBIIGHUI
sBnenuii B Buge | 1.Y4) SIBJICHUH
MaTeMaTU4YECKO Briazers: He Bnaneer VnosnerBopure | Xopouo OT1an4HO
ro(ux) HaBHKaM'H o | HaBbIKaMHU B JBHO BIIaJEeT BIIafieeT BIafieeT
ypaBHeHU(i1). DHMCHCHIH MIPUMEHEHUN HaBBIKAMH HaBBIKAMH HaBBIKAMH
P MaTeMaTHIeCKO | HMPUMEHEHHH MIPUMEHEHUN MIPUMEHEHUN
MaTeMaTHIECKO
TO amnmapara MaTeMaTH4ecko | MaTeMaTHYeCKO | MaTeMaTH4ecKO
TO arnmapara IpH
npu TO amnmapaTa TO anmapara Ip | TO armapara npu
TIPe/ICTABICHUH
Gasoperx i | DPCACTABICHMM | TIpH NPE/CTABICHUHN | TIPEJCTaBICHUN
HpodbeccHoHA 0a30BBIX IS npencraBieHun | 6a3oBbIX g | 6a30BBIX  JUIA
Hg i cbephl npogeccuoHans | 0a30BBIX IS npodeccuoHanb | mpodeccroHanb
(usHEcKUX P HOM cepsl npodeccuoHanb | HOM cdepsl | HOU chepsl
OLIECCOB u ¢bm3uIecKux HOH chepsl ¢usIIecKIX bm3uIecKux
P o TIPOLIECCOB H bI3uIecKux MPOLECCOB W | TMPOIECCOB U
SIBIICHUI B BHIE N o o
SIBJICHUH B BHJE | IPOLECCOB U SIBJICHUI B BHZE | SIBICHUH B BUJIE
MaTeMaTHIECKO o
ro(ix) MaTeMaTH4ecKo | SIBJICHHH B BUJE | MareMaTH4eCKO | MaTeMaTHYecKO
N ro(ux) MaTeMaTH4ecko | ro(ux) ro(ux)
ypaBHeHuUs(i) o o o
ypaBHeHUs(i1) ro(ux) ypaBHeHusI(i1) ypaBHeHusI(i1)
(OIIK-1.B4) .
ypaBHeHU:A(i)
3HaTh! He 3HaeT | YposnerBopute | Xopomo 3HaeT | OTimMYHO 3HaeT
TEOPETHYECKHEe | TEOPETHUECKHE | JIBHO 3HAET | TEOPETHYECKHE | TEOPETUUECKUE
OCHOBBI OCHOBBI TEOPETHYECKHEe | OCHOBBI OCHOBBI
MaTeMaTH4ecko | MaTeMaTHYeCKO | OCHOBBI MaTeMaTH4ecKO | MaTeMaTH4YeCKO
ro ammapara | ro ammapara | MaTeMaTH4ecKo | To ammapara | ro anmapara
BEKTOPHOMU BEKTOPHOM ro amnmapara | BEeKTOpPHOM BEKTOPHOM
OIIK-1.6 .
Pemmerne anreOpsl, anreOpsl, BEKTOPHOM anredpsl, anreOpsl,
TIECHHU o o o o
KeHe AQHAINTUYECKOH | aHAJIMTHYECKOH | anreOpsl, AQHAINTHYECKO | aHATMTHYECKOH
HH HCPHBIX o
sana p o | Teomerpun TeOMEeTpHUU AQHAINTUYECKOH | reoMeTpuH TeOMEeTPHU
q
A (OIIK-1.36) TeOMETPHHU
MOMOIIBIO
YMeTs: He ymeer | YnosnerBopure | Xopouio OTnuyHO
MaTeMaTHIeCcKO
NPUMECHATH NPUMCHATH JIBHO MPUMEHSACT NPUMEHACT
To ammapara
o 3HaHUsA 3HaHUsA NPUMCHACT 3HAaHHUA 3HaHHUA
BEKTOPHOM
Anre6pEL MaTeMaTH4ecko | MaTeMaTH4YecKO | 3HaHUs MaTeMaTH4ecKO | MaTeMaTH4YeCKO
’ . | ro ammapara | To ammapara | MaTeMaTH9ecKo | To ammapara | To ammapara
aHAIUTUYECKOH . . N o
BEKTOPHOIT BEKTOPHOIT ro anmapara | BEKTOPHOM BEKTOPHOIT
TeOMETPUHI o
anreOpsl, anreOpel, BEKTOPHOI anreOpsl, anreOpsl,
AQHAINTUYCCKOH | aHAJIMTHYECKOH | anreOpsl, AQHAIMTUYECKOH | aHaIUTHYECKON
TEOMETPHU TIPH | TEOMETPUH IIPU | AaHAJIUTHYECKOH | TEOMETPUH IpH | TEOMETPHH HpHU
peuieHnn pelieHnn TEOMETPUU TIPH | PEIICHUH pelieHnn
HWHXEHEPHBIX HHXEHEPHBIX peuieHnn WHXEHEPHBIX HWHXEHEPHBIX
3amay  (OIIK- | 3ajmau 3aa4 3aa4
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1.Y6) MHXEHEPHBIX
3amad
Bianers: He BiageeT | Mmeer Nwmeer xopomme | OTnuvHO
MaTeMaTHIeCKH | HaBBIKAMH YIOBIETBOPUTE | HABBIKU BJIajieeT
M anmapaTtoM | pemeHHUs JbHBIC HABBIKH | PEIICHHUS HaBBIKAMHU
BEKTOPHOI HHKEHEPHBIX peureHus HHXEHEPHBIX penreHus
anreOpel, 3amaq HWHXEHEPHBIX 3amad HWHXEHEPHBIX
AHAJIUTUYECKON 3a1a4 3aj1a4
TEOMETPUU TIPH
peureHnn
HHKEHEPHBIX
3a1a9 (OIIK-
1.B6)
He 3HaeT | YaomnerBopure | Xopomo 3HaeT | OTIMYHO 3HAeT
3HaTh: METObI
Lo METOIbI JBHO 3HAET | METOJbI METOIbI
JTMHEHHOHN L S Lo
JIMHEHHOH METOIBI JTHHEWHOH JTHHEHHOMN
anreOpeI u L
anreOpsI U | TUHEWHOU anreOpbl U | anreOpsl u
MaTeMaTHIeCKO
MaTEeMaTHYeCKO | aureOpsl U | MaTeMaTH4ecKo | MaTeMaTH4ecKO
ro aHanms3a s
J— ro aHanu3a IS | MaTeMaTHYecko | ro aHainW3a JIs | TO aHaiu3a Juls
P . peneHus ro aHanus3a JUIs | peleHUs peureHus
YpaBHEHUH, . o o
ypaBHEHUH, peneHus YpaBHEHUIA, YpaBHEHHIA,
OTIUCHIBAIOIIAX .
OCHOBHbIC OIUCBHIBAIOLINX | YpaBHEHHH, ONHUCBHIBAIONINX | OMHCHIBAIOMINX
OCHOBHBIE OIUCBHIBAIOIINX | OCHOBHBIE OCHOBHBIE
¢bmuyeckue
1IpOLIECCh! ¢uzngeckue OCHOBHBIE (uzngeckne ¢busngeckue
TIPOLIECCHI M3MYECKUE MIPOLIECCHI MIPOLIECCHI
(OIIK-1.37) P ¢ P P
IIPOLECCH
OIK-1.7 YMmetb: He ymeer Ynosnersopute | Xopomo ymeer | OTiIn4HO
PGH.IBHI/.IC TIPUMEHSTH TIPUMEHSTh JIBHO yMeeT MIPUMEHSTh MIPUMEHSET
. METOIBI METOIBI TIPUMEHSTh METOIBI METOIBI
YypaBHEHUH, L L L Lo
JTHHEHHOH JIMHEHHOH METOIBI JHHEHHOI JTHHEHHOH
OIUCHIBAIOIINX R
OCHOBHBIC anreOpsI u | anreOpsl U TMHEHHOM anreOpsl U anreOpel U
(usuecKue MaTeMaTHIeCKO | MAaTeMaTH4ecKo | anreOpsl U MaTeMaTHIeCKO | MaTeMaTHYECcKO
POIECCHI o | TO aHamM3a JUI | IO QHATH3A JULT | MATEMATHYECKO | O AHAIM3A UIA | TO aHAIM3A JUIs
p i peuieHus peneHus rO aHajM3a Uil | peleHus peuieHus
IpUMEHEHHEM . . o o
METOIOB ypaBHEHUIH, ypaBHEHUH, peneHus ypaBHEHUIH, ypaBHEHUIH,
el HO ONHUCHIBAIONIMX | OIMCBHIBAIOUIMX | YpaBHEHHIA, OINKCHIBAIONIUX | OMHCHIBAIOIINX
AreGDbI 4 | ocHoBbIe OCHOBHBIE OIUCBHIBAIOLIMX | OCHOBHBIE OCHOBHEIE
p ¢uzngeckue (uzngeckue OCHOBHBIE (uzngeckne ¢busngeckme
MaTeMaTH4eCcKO
TIPOLIECCHI TIPOLIECCHI ¢dm3ugeckue MIPOLIECCHI MIPOLIECCHI
ro aHajn3a
(OIIK-1.¥7) TTPOIIECCHI
Bnaners: He Bnaneer VnosnerBopure | Xopouio OTMaHO
METOJaMH METOJaMH JILHO BIIQJICET BJIajieeT BIaJceT
JIMHEHHON JIMHEHHOU METOIaMHU METOJIaMU METOJIaMU
anreopsI U | anredpsl u JINHEHHOM JIMHEHHOM JIMHEHHOM
MaTeMaTHYeCKO | MaTeMaTH4ecKo | aireOpsl U anredpsl U anredpbl 1
TO aHanmm3a A | TO aHamM3a Uil | MAaTeMaTHYecKOo | MAaTeMaTH4ecKO | MaTeMaTHYecKO
penreHus petieHus TO aHalM3a JUIi | TO aHaJW3a IIs | TO aHaM3a JUls
YpaBHEHHH, ypaBHEHUH, petreHus penreHus penreHus
ONMCHIBAIONINX | OINCHIBAIONINX | YpaBHEHHH, YpaBHEHHIA, YypaBHEHHH],
OCHOBHBIC OCHOBHBIC OITMCBhIBAKOIIIHUX OITUCBHIBAROIITUX OITMCBHIBAKOIITUX
(usndeckue (usnveckue OCHOBHBIC OCHOBHBIE OCHOBHBIC
MPOLECCHI MPOLECCHI (usnveckue (usnueckue ¢busnyeckue
(OIIK-1.B7) MIPOIIECCHI MIPOIIECCHI MIPOIIECCHI
3HaTh! He 3HaeT | YposnerBopute | Xopomo 3HaeT | OTimMYHO 3HaeT
BEPOATHOCTHO- | BEPOSATHOCTHO- | JIBHO 3HAeT | BEPOSITHOCTHO- BEPOATHOCTHO-
CTaTHCTHYECKHE | CTaTUYECKHE BEPOATHOCTHO- | CTaTHUECKUE CTaTHYECKHE
OIK-1.8 METOMABI JJIst METObI s | CTaTU4YeCKHe METObI s | METOAbI s
06 a6(;TKa 00paboTKH 06paboTKH METOJIBI st | 0OpaboTKH 00paboTKH
P pacyYETHBIX U pacyeTHBIX U | 06paboTku pacyeTHBIX U | PACUETHBIX u
aCYeTHBIX U
P IKCIIEpUMEHTANl | DKCHEPUMEHTaJ | PacyeTHBIX ¥ | AKCIEPUMEHTal | 3KCIEePUMEHTal
SKCIIEPUMEHTAT
p BHBIX JJAHHBIX BHBIX JJAHHBIX SKCTIEpHMEHTaNl | BHBIX JaHHBIX BHBIX JJAHHBIX
BHBIX  JIaHHBIX
(OIIK-1.38) BHBIX JAHHBIX
BEPOSATHOCTHO-
YMmers: He ymeer | YaosnerBopure | Ilpumenser Ha | CaMocToATelbH
CTaTUYECKUMH
MeToaMI MIPUMEHATH MIPUMEHATH JIBHO MIPaKTHKE 0, 6e3 momomu
BEPOATHOCTHO- BEPOSTHOCTHO- NpUMEHSET BEPOATHOCTHO- MpernoaBaTers,
CTaTHCTUYECKHE | CTATUYECKHE BEPOSITHOCTHO- | CTaTHUECKUE NpUMEHAeT Ha
METOJBI JIsSt METOIbI JUIS | CTaTHYECKHUE METO/IBI JUISL | TIpaKTHKe
00paboTKn 00paboTKH METOJIbI s | o0paboTKH BEPOSITHOCTHO-
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pacyeTHBIX U pacdeTHBIX U | 00paboTKH pacueTHbIX M | CTaTHYECKHe
SKCIIEpHUMEHTANl | AKCHEPUMEHTANT | pacdeTHBIX M | SKCHEPHMEHTal | METOMBI JULst
BHBIX JJAHHBIX BHBIX JJAHHBIX SKCTIepHMEHTall | BHBIX JAHHBIX, | 00pabOTKH
(OIIK-1.V8) BHBIX TAHHBIX HO C IOMOILIBIO | Pac4eTHBIX H

IperoaBaTels | SKCIHEepUMEHTA

BHBIX JJAHHBIX
He BiIafeeT | YOoBiueTBopure | XOopouio OTnu4HO

Brnanets: BEPOATHOCTHO- | JIbHO  BIJEeT | BIajzeeT BJIafieeT
BEPOATHOCTHO- CTaTUYECKUMH BEPOATHOCTHO- | BEPOSTHOCTHO- BEPOATHOCTHO-
CTaTHCTUYECKH | METOAaMM Ul | CTAaTHYECKUMHU CTaTUYECKHMHU CTaTHYECKHIMHU
MH METOIaMH 00paboTKH MeTOJaMH I | METOJaMH Ul | METOJaMH ISt
JUIs 0OpabOTKM | pacyeTHBIX W | 00paboOTKH 006paboTKn 006paboTKu
pacdeTHBIX U SKCTICpHMEHTaJl | PacyeTHBIX W | pacdeTHBIX M | PacUeTHBIX H
9KCIICPHMEHTANl | BHBIX JAHHBIX SKCTIEpUMEHTANl | 3KCHEPUMEHTAT | SKCIIepPUMEHTAI
BHBIX JJAHHBIX BHBIX JJAHHBIX BHBIX JAaHHBIX, C | BHBIX JaHHBIX
(OIIK-1.B8) TTOMOIIBIO

MPeTo/1aBaTeNs

KAPTA

[Tpunosxenue 2

o0ecrnie4eHHOCTH JUCHUILINHBI (MOYJ151) y4eOHOH U y4eOHO-MeTOANYeCKOii JuTepaTypoii

Jucuuiummaa MaTteMmaTuka

Kopn, nanpasnenue noarorosku 21.03.01. Hedrerazosoe neno

Hampasnennocts (npoduiib) Dkciutyataiys 1 00Cay)KUBaHUEe 00bEKTOB 10ObIYH HehTH

Ha3zBanue yueOHOrO, yueOHO-
METOJINYECKOTO U3/IaHMs,
aBTOp, M3/ATEIbCTBO, BUJ

KomnaecTBo
9K3EMILISIPOB
B BUK

(r. CypryT)

KontunreHnt

O0eceyeHHOCT

b

obyuaromuxcs
:

UCTIOJIb3YIOIIH

X yKa3aHHYIO

JUTEPATYPY

obyuatromuxcs
JIUTEpaTypou,
%

Hanmmane
AJIEKTPOHHOT
0 BapuaHTa B

9bC

(+/)

1 Ouxrenroisil, I'. M. Kypc
JuddepeHInaIbHOTO U HHTETPAITBHOTO
WCYUCIICHUS | y4eOHHK JJIsI By30B : B 3

tomax / I'. M. ®duxrenronsl. — 15-¢
n3a., crep. — Cankr-IletepOypr : Jlanb,
[6.1.]. — Tom 2 : Kypc
i depeHInaIEHOT0 U HHTETPAIEHOTO
ucuncienus — 2021. — 800 ¢. — ISBN
978-5-8114-7377-9. — Tekcr :
9MeKTPOHHEIH // JIaHb : 3JE€KTPOHHO-
6ubnmmoreunas cucrema. — URL:
https://e.lanbook.com/book/159505

ONEeKTPOHHBI
! BapHaHT

150

100%

2 KanatHukos, A. H. Maremaruka B
TEXHUYECKOM YHHBEPCHUTETE : yUCOHUK :
B 21 Beimyck / A. H. Kanatnukos, A. I1.
Kpumenko. — Mocksa : MI'TY um.
H.3. baymana, 2017 — Bemyck 3 —
2017.—392 ¢.— Tekcer :
9JIEKTPOHHBIH // JIaHb : 31€eKTpOHHO-
oubnuoreuynas cucrema. — URL:
https://e.lanbook.com/book/106543

ONEeKTPOHHBI
1 BapHaHT

150

100%
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3 Unsamenko, JI. K. OcHOBEI 20 150 100%
MaTeMaTH4eCKO# cTaTuCTUKH [Tekcer] :
yuebHoe nocobue / JI. K. Mnsamenko. —
Tromenn: TV, 2017. — 78 c.
http://elib.tyuiu.ru/wp-
content/uploads/data/2017/09/08/17826.

pdf

4 Unsamenko, JI. K. MaremaTnka 20 150 100%
(OnemenTs! Teopuu BeposiTHOCTEH): 1
49 ygyebnoe nocobdue / JI. K. Mnsamenko.
— Tromens: TV, 2016. — 94 c.
http://elib.tyuiu.ru/wp-
content/uploads/2017/04/16633.pdf

5 Wnsmenxo JI. K. KpaTkuii kypce o 20 150 100%
mareMaTtuke. TumnoBsie pacyeThI:
yuebHoe nocobue / JI. K. Mnsamenko. —
Tromens: TUY, 2016. — 104 c.
http://elib.tyuiu.ru/wp-
content/uploads/2017/01/4902016.pdf

6 Kyznenos, JI. A. COOpHUK 3a1aHHA 1O DNIEKTPOHHBI 150 100%
BBICIIICH MaTeMaTHKe. THIIOBBIE PacyeThI il BApHAHT
: yaeOHOe mocobue s By3oB / JI. A.
Ky3nenos. — 14-e u3n., crep. — CaHKT-
ITerepOypr : Jlanp, 2021. — 240 ¢c. —
ISBN 978-5-8114-9032-5. — Tekcr :
ANIEKTPOHHBIH // JIaHb : 3JIeKTpOHHO-
oubanoreunas cucrema. — URL:
https://e.lanbook.com/book/183616

7 Wnstienko, JI. K. MeToAp! BEIYNCIEHHS 20 150 100%
HEOIPEICICHHBIX U OIPEACICHHBIX
MHTErpajoB: yueOHoe nocodue / JI. K.
Unsamenko. — Tromens: TNUY, 2021. — 82
c. — TeKcT : HenmoCPeACTBEHHBIM.
http://webirbis.tsogu.ru/cgi-
bin/irbis64r_plus/cgiirbis_64 ft.exe

/J.i.K. Nnsamenko

3aBenyromuii kadenpoit EHI'] 474
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JomosiHeHUsI M U3MEHEHUS
K paboyeii mporpaMmme JUCHUNIMHBI (MOIYJISA)

Ha 20 -20 yueOHBIN roj

B pabouyrio mporpaMMy BHOCSATCS CIIEIYIOIIME JOTONIHEHNS (M3MEHEHUS):

I[OHOJIHCHI/ISI 1 U3BMCHCHHUA BHCC!
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JlononHeHus (M3MEHEHNs1) B pabo4yro MporpaMmy pacCMOTPEHBI U OJJOOPEHbI Ha 3aceaHuu Kadeapbl

[IpoToKoi OT « » 20 . Ne .

3aBenyromuii kadeapoit N.0. ®amumnusi._
COI'TACOBAHO:

3aBeyIOUIMi BhITycKatomen kapeapoii/

PykoBomuTh 00pa3oBaTenbHOM MPOrpaMMbl N.0. ®amunus._
« » 20 T.
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