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1. MeToanuyeckue yKa3aHusl 0 H3y4eHUIO JUCHUILIHHbI

JucuumumHa «MaremaTHKay U3ydaeTcs Ha 2 Kypce B TeueHHe OJIHOro cemectpa. B
nporiecce H3yYeHUs JUCIUTUINHBI UCTIOJIB3YIOTCS Pa3IMYHbIC BHIIbI 3aHSATHI: JICKIIHH,
NPaKTUYECKHE U CAaMOCTOSITEIbHbBIC (MHANBUAYAIbHBIC) 3aHATHA. Ha mepBoM 3aHATHN MO TaHHOU
JTUCIATUTMHE HEOOXOIMMO 03HAKOMHUTH 00YUYaIONIUXCSI ¢ TPEOOBAHMSIMH K €€ H3yUYCHHIO.

B npornecce npoBeneHust 3aHATUI HCIIONB3YIOTCS CIEAYIONIHEe 00pa30BaTeIbHbIC
TEXHOJIOTHH:

- TEXHOJIOTHUS MU PEepEeHIMPOBAHHOTO O00yUYCHHS;

- TEXHOJIOTHS TTPOOJIEMHOTO O0yYCHHS;

- TEXHOJIOTHS pe(DIEKCUBHOTO O0yUYEHUS;

- UH(POPMAIIMOHHO-KOMMYHHUKAIIMOHHBIC TEXHOJIOTHH U T.]]

2 MeroauyecKkue peKOMeHAalMu NPU padoTe HAJ KOHCIIEKTOM JIeKIM i

B xo/1e NeKIIMOHHBIX 3aHATUN HEOOXOJUMO BECTH KOHCIIEKTUPOBAHUE yUeOHOr0 MaTepHana.
Ha nekumsix paccmaTpuBaeTrcsi TEOPETUYECKHI MaTepual IO OCHOBHBIM BOIPOCAM 3KOJIOTHH,
MIPUPOIOOXPAHBI, PEeCypcocOepeKeHusl, AAI0TCS PEKOMEHAANN ISl CAaMOCTOSATENbHONU paboThl U
MOArOTOBKE K MPAKTUYECKUM 3aHSITHSIM.

Ilpu pabome ¢ koncnekmom neKyuii:

l. BHuMarenpHO Npo4uTaiTE BECh KOHCIIEKT.

2. Pa3z6eputech ¢ TeM, 4TO 03HAYalOT HOBbIE TEPMUHBI, Ha3BaHMsI, UCHOIb3YHUTE LIS
3TOro0 KpOME KOHCIIEKTa YUYeOHHK U CJIOBapHu.

3. TiarenbHO U3yYUTE PUCYHKHU, CXEMBI, OSICHAIOLINE JaHHBINA TEKCT.

4. Ha ocHOBaHMM M3y4E€HHOr0 MaTepHalla COCTaBbTE IUIAH OTBETA 110 TEME.

3 MeToauyecKkne peKOMEHIAUM MPH MOATOTOBKE K MPAKTHYECKHM 3aHITHAM

CocTtaBHOI 4acThI0 yueOHOTO Mpolecca B KOJUIEDKE ABISAIOTCS NPAKTUYECKUE 3aHATHSL.

HpaKTI/I‘-IGCKOG 3aHATUC - 3TO 3aHATHC, POBOAUMOC MMOA PYKOBOJACTBOM NPCIOAABATCIIA B
yueOHOIl ayAMTOpUH, HANpaBICHHOE Ha YIIyOJieHHEe TEOPeTHYECKHX 3HAaHUM M OBIaJeHHE
IIPAaKTUYECKUM OnbITOM. Ilepen npakTUYEeCKMM 3aHATHEM CJIEAYeT H3Yy4YHTh TEOPETUYECKHUU
MmartepHa, oopaias BHUMaHUE Ha IPAKTUYECKOE UX IPUMEHEHHUE.

Ha MPAKTUYCCKOM 3aHATUH INTABHOC YACHUTDH CBA3b PCIIACMBIX CI/ITyaHI/Iﬁ C TCOPCTUUCCKNMU
nojoxeHusaMu. Jls BefieHns 3anuceil Ha IPakTUYEeCKUX 3aHATHAX 3aBOJAT JKypHaT MPaKTUYECKUX
pa60T. Jlorngeckas CcBS3b TCOPCTUUCCKUX U MPAKTHYCCKUX 3aHATHN 3aKII0YaeTCs B TOM, 4YTO
uHpopMalus, MOJy4YeHHas Ha JIEKIMM, OCMBICIUBAEeTCS U IepepadaThIBaeTcs, MpPU IMOMOIIU
IpernoAaBaTessl aHATM3UPYETCs 10 METbYalIInX MoJpOOHOCTEH, ITOCIIe Yero MPOYHO yCBAaUBAETCS.

JlucuumvHa OTHOCUTCS K TNMpOo(eCCHOHAIBHOMY LMKy IOJrOTOBKHM CIHEIHMAINCTa, €€
YCIICIITHOE OCBOEHHUE TPEOYyEeT PerysipHBIX, IOCIEIOBATEIBHBIX M CHCTEMAaTHUECKUX 3aHIATHH.

Beinonnenune oOydaronmMucs NpakTHYeCKUX paboT HampaBiIeHO Ha:

- 00001IeHNe, cucTemMaru3anus, yriayOneHue, 3aKpeIuieHne MOJYyYEHHBIX TEeOPeTHUYECKHX
3HAaHUH 110 KOHKPETHBIM TeMaM JAUCHUIUINHBI,

- q)OpMHpOBaHI/Ie YMeHI/Iﬁ MNPUMCHATE ITIOJTYYCHHBIC 3HAHUA Ha IIPAKTHUKE, pCaln3alunsi
€/IMHCTBA UHTEIVIEKTYIbHOW U MPaKTHUECKON AEATEIbHOCTH;

- Pa3BUTUC JIMYHOCTHBIX Kad€CTB, HAIPaBJICHHBIX Ha YCTOI)'I‘JI/IBOG CTpEMIICHUE K
CaMOCOBEPILIEHCTBOBAHUIO: CaMOIIO3HAHHUIO, CAMOKOHTPOJIO, CAMOOLIEHKE, CaMOPa3BUTHIO U
CaMOpETyJIAIun,

- BBIpaOOTKY TakuX HNpPOPECCHOHATBHO 3HAUYMMBIX KauyecTB, KaK CaMOCTOSTENIbHOCTB,
OTBCTCTBCHHOCTH, TOUHOCTb, TBOPUYCCKAasA HHUIIMATHBA.

[TpakTdeckue 3aHATHS BKIIIOYAIOT CIEIYIONUEe HEOOX0AUMBIE CTPYKTYPHBIE SJIIEMEHTBHI:

- HTHCTPYKTa, IPOBOJUMBIN MPENOJaBaTENEM;

- CAaMOCTOSITEJIbHAS IeATEIbHOCTh 00YYaroInXCs;



- 00CY)KJIEHHE UTOTOB BBITTOJTHCHHS TIPAKTHICCKOM pabOTHI (31aHNs).

[lepen BbIMONHEHNEM IPAKTUYECKOTO 3aJaHHSI IIPOBOAMTCS MPOBEPKA 3HAHUI 00yUarOMmuXCs
— UX TEOPETHYECKOIl TOTOBHOCTH K BBINOJIHEHHUIO 33JaHud. Kak mpaBuio, mpakTUYeCKUe 3aHSITHS
IPOBOJIATCS IO TeMaM, IO KOTOPBIM paHee AaBajCs JEKIMOHHBIA MaTepuall.

KonuuectBo, 00beM U coiepxaHHe NPAKTUYECKUX 3aHATUN ompeaenstorcs pabdbodeit
(aBTOPCKOIT) IPOrpaMMoOil 0 AUCLHUILIMHE.

[TpakTryeckue 3aHATUS MO AMCLUUIUIMHE HAIpPaBlIeHbl HA (OPMUPOBAHUE Yy O0yUaIOIIUXCS
NPAaKTUYECKUX M TNPO(ecCHOHANBHBIX YMEHUH MpH pEIIeHWH 3afad M TpH  BBITOJHEHUU
OTpe/ieNIeHHBIX 3aJJaHHi, HEOOXOJUMBIX B MOCIEIYIOIeH MpodeccnoHalbHOM 1eATeIbHOCTH.

Hapsny ¢ ¢opmupoBanueM yMeHWH M OBJIQJCHHEM NPAKTHYECKOTO OMbITa B IpOIEcce
MPAKTUYECKHUX 3aHATUHN TEOpETUYECKUE 3HAHUS 0000IIAIOTCS, CUCTEMaTHU3UPYIOTCS, YIITyOIsIIOTCS U
KOHKPETU3UPYIOTCS.

CopepxaHue MNpPaKTUYECKUX 3aHATHH Qukcupyercs B pabodeil ydyeOHOIl mporpamme
JTUCHUIUIMHEL B pa3zaene «Coaepikanue yueOHON AUCHUIUIMHBDY U IUIAHUPYETCS C PacyeToM, YTOOBI
3a OTBE/ICHHOE BpeMsi OHH MOTJIU OBbITh BBIIIOJIHEHBI OOJBIIMHCTBOM 00YUYaOIIUXCS.

[Ipu BeIMOTHEHNY 33 JaHU 00YYaOLIHECs UMEIOT BO3MOXXHOCTH TOJIb30BATHCS JIEKIIMOHHBIM
MaTepuasoM, C pa3pelIieHus MpernoaBaTelis, OCyIeCTBISATh AeT0BOE OOIIEHUE C TOBAPUIIIAMH.

OneHka KOMIIETEHTHOCTH OCYIIECTBISETCS CIEAYIONMM O00pa3oM: IO OKOHYaHUHU
BBIMIOJTHEHUS 3aJaHusl oOydvaromuecs O(OPMIISIOT OTYET, KOTOPbIM 3aTeM BBIHOCUTCS Ha
3aBEPILAONINIA ATaIl (POPMBI U3yUSHHSI TUCIIUTUTHHBL.

Ilpakmuueckoe 3anamue 1
CocraBieHue Ta0JUI MCTUHHOCTH JIOTHYECKHX BhICKA3bIBAHMIA

Teopemuueckue ceedenus

Ta6JII/IIII)I HUCTUHHOCTHU OHepaHI/Iﬁ HaJd BbICKAa3bIBAHUSIMU

Tabmaua 1 Tabmuua 2 Tabmuua 3 Tabnuua 4 Tabmuua 5
Otpunanu
o JM3BIOHKITIHS Konbroukius Nmrnukarus DKBUBAJICHITHS
A A A B AvHB A B AAB A B A=B A B A<B
1 0 0 O 0 0 0 0 0 0 1 0 O 1
1 0 1 1 0 1 0 0 1 1 0 1 0
1 O 1 1 0 0 1 0 0 1 O 0
1 1 1 1 1 1 1 1 1 1 1 1
Ilpumep 1. CoctaBuTh TaONMIy ICTUHHOCTH BbICKa3biBaHUus AV B AC.
Pewenue
1 2 3 4 5 6
A B C AvB AvB AvBAC

0 0 O 0 1 0

0 0 1 0 1 1

0O 1 O 1 0 0

0O 1 1 1 0 0

1 0 O 1 0 0

1 0 1 1 0 0

1 1 O 1 0 0

1 1 1 1 0 0

B cron6mpr 1, 2 u 3 Tabuuuel 3anucaHbl BCe BO3MOXHbBIE HAOOpHl 3HAUEHUI MCTHMHHOCTH
BbIcKa3biBaHU 4, B u C (uToObl HE NPONYCTUTh KaKOH-TO HAOOp 3HAYEHH, Jyd4lle BCEro
3alMChIBAaTh UX KAK JIBOMYHBIE TPUA/bI, COOTBETCTBYIOLIME UynciaMm 1, 2, ..., 8).



3aroloBKM OCTaJbHBIX CTOJIOIIOB 3amKCaHbl B IOPSIKE BBHIMOMHEHUs omeparuid. Ilpu
3aIlI0JIHCHUHU J3THUX CTOH6HOB HUCIIOJIb30BaHbI Ta6JII/II_U>I HUCTUHHOCTH OCHOBHBIX onepaunﬁ Hanqg
BBICKA3bIBAaHMSIMU.

[Tpu 3anonHenuu cronbdia 4 ucnonp3oBana Tadnuua 2. [lpu 3anonHenun crondua 5
ucrionp3oBana tabauna 1. Ilpu 3amomHenuu cronbma 6 ucrons3oBana Tadbauna 3.

Ilpumep 2. TlpoBeputh paBeHCTBO AV B & ANB.

Pewenue
1 2 3 4 5 6 7 8
A | B  AVB AvB 4 B | AAB AvB< AAB
0 0 0 1 1 1 1
0 1 1 0 1 0 0
1 0 1 0 0 1 0
1 1 1 0 0 0 0

B cronbupt 1 m 2 Tabnumpl 3amucaHbl Bce BO3MOXKHBIE HAOOpBI 3HAYCHWH WCTHHHOCTH
BBbICKa3bIBaHUN A U B (YTOOBI HE MPOMYCTUThH KaKOH-TO HAOOP 3HAUEHUH, JTydllle BCETo 3aliChIBaTh
WX KaK JIBOMYHBIC TETPAJbl, COOTBETCTBYIOIIKE YuciaMm 1, 2, 3,4).

3aroJIOBKM OCTaJIbHBIX CTOJIOIOB 3aMCaHbl B MOPSAAKE BRIMOIHEHUS ontepaiuid. [Ipu 3anoHeHnn
ATUX CTOJOIIOB UCTIOIB3YIOTCS TAOIUIBI HCTUHHOCTH OCHOBHBIX OTIEPAIIM HAJl BHICKA3bIBAHUSIMU.

[Tpu 3amomueHnu cromdua 3 ucnojip3oBaHa TaOiuia 2. [Ipw 3anmonHeHwm cToyOmoB 4, 6 U 6
ucnonp3oBana tadmna 1. [pu 3amomHeHnn crondua 7 wucmosnb3oBana Tabnuma 3. [lpu 3amonHennn
CTOJIONA 8 uCIoap30BaHa Tadauma S.

3aoanus 011 cCamMoCmoAMeIbHO20 PeuleHus

1. CocTaBUTh TaOIUIIEI HCTUHHOCTH BhICKa3biBanuii Av B, ANBvC, AANBvC.
2. [IpoBepbTe ucTuHHOCTh paBeHCTBA AABAC=A4AVvBVvC.

Ilpakmuueckoe 3anamue 2

Boruuciaenne mnpenenos. IlpuMeHeHue npenesioB K HCCIeI0BAHHI0 (QYHKUMH Ha
HENpepbIBHOCTH

U AaCHMITOTHI rpaduka

Brruncnenue npenenoB 0OBIYHO CBSI3aHO C PACKPBITHEM KaKUX-THOO HEOIpeneIeHHOCTEH.
Ecnu HeomnpeneneHHOCTEN HET, TO, MOJACTAaBUB B BBIPAXKEHHUE, 3allMCaHHOE IO/ 3HAKOM Ipefena,
NpeesibHOE 3HaU€HHUE MEPEMEHHON U MPOU3BEIsl IEUCTBUS, MbI Cpa3y HaXOAUM 3HAUYECHUE MPEena.
PaccMoTpuM HEKOTOpPBIE crOCOOBI pacKpsimusa HeonpeodeneHHocmeil.

1. Ecmu lim f,(x)=b,, lim f,(x)=b, # 0, 10 lim M = b (HeonpeneNeHHOCTH HET).
xX—a xX—a X—>a f2 (x) b2
. B . ~ i) (b))

2. Ecmu lim f,(x)=b, # 0, lim f,(x)=0, o lim r; ( )— 0= o0 (HEOIpeAeIEHHOCTH HET).
X—a xX—a X—a 2 x

0
3. Ecom [lim fl(x)= 0 ulimf, (x)= 0, TO M1 pacKpeITHs HEOIPEACICHHOCTU BUJA 0 HY>KHO
xX—a xX—a

Pa3oXKUTh YUCIUTEb U 3HAMEHATeNb Apo0u Ha MHOXKHUTENU U COKPaTUTh JpOOb.

o0
4. Ecm lim f,(x)=c0 u lim f,(x)=c0, To AN PacKphITHs HEOMPENCICHHOCTH BUAA — HYKHO
x—a xX—>a o0
X
YUCIIUTENb U 3HAMEHATeNb Apodu % pa3eIuTh Ha HAUBBICIIYIO CTENEHb apryMeHTa X.
X
2

5. Huorma JJIA paCKphITUA HCOTIPEACIICHHOCTU BU1a 6 MO2KHO HCIIOJIB30BaTh OJIUH U3 3dMeudameibHblX

npeoenoe.



. . . sint . .
Ilepewiii 3ameyamensvhwiii npeden: lim — =1. Bmopoti 3amevamenvhwiii npeden:
t—0

1
lim(1+t)'=e.

t—0

Ilpumepul éviuucnenus npeoenoe

2
-2
ITpumep 1. Boraucnuts npenen: lim al > .
=6 x+5

CoxrP=25 6°-=25 36-25 11
Pewenue. lim = - _ 1

1. (Mcnonb3oBaHo nmpasuiio 1).

=6 x+5 645 TS
2
Omeem: lim> 25 =1.
=6 x+5
2
IHpumep 2. Beraucnuts npenen: lim X +25 .
=5 x+5
2 2
25 (5°+25 50
Pewenue: lim > T T2 o, (Mcnonp30BaHO MpaBuiio 2).
=5 x+5 -5+5 0
2
Omeem: lim > 25 =0
=5 x+5

2x—12
Ilpumep 3. Boruvcanuts npenen: lim al = (Qj

=6 x> =36 \0
Pewenue. Ucnionb3yem npasuiio 3.
C2x—12 . 2(x—6) .2 2 1
lim— =lim =1lim = =—,
6 x2 =36 +6(x+6)(x—6) ex+6 6+6 6
2x—-12 1

Omeem: lim > =—,
=6 x*—-36 6

6 x> -36 0
Pewenue. Uctionszyem mpaBuiio 3.

P 2x—4
ITpumep 4. Boruucnuts npenen: lim X o2xo48 = 9 .

X' —2x—48=0 = x, +x, =2, x,-x, =48 = x,=-6, x, =8.
[To popmyne ax2+bx+c=a(x—xl)(x—x2) MIOJTyYaeM: x2—2x—48=(x+6)(x—8).
*-2x-48 (0 (x+6)(x-8) _x-8 —6-8 -—14 7
TOFI[a li X—= —\=lim— = =lim = = =—.
ST 36 [o) e cr6)(x—6)  —6x—6 —6-6 —12 6
2
Omeem: limw:z.
=6 x° —36 6

2 4
. 5x7 +6x 0
IIpumep 5. Beruucnuts npenen: [im————=| — |.
e 3yt +x 00

4
Pewenue. Ucnionbzyem nipaBuiio 4. Crapuiasi CTENEHb X .

s et s
limmzlim xt =lim x’ :(0+6:§j:
X0 3x2 +x3 Xm0 E ﬁ x—)ooi_{_l 0+0 0

X Xt x
2 4
Omeem: limM=oo

2

o 3x% 4 x°



5x* +8x-3
Ilpumep 6. Boruricnuth npezen: llmu z .
2 20 +6x+1 o0

Pewenue. cnonbzyem npasuio 4. CTapmas cTeneHb x° .

5¢ 8x 3 5 8 3
SPA8-3 e @y 0400 0
x50 x4+ 6x +1 H*LxS bx 1 o, E 1 240+0 2
x3 R 72 x3

Hw 2 +6x+1

5 3
Ilpumep 7. Beravcauts npenei: [im Tx” —12x" +8x [Ooj
x>e 8x° +9x° —4

Pewenue. Ucnionwsyem npasusio 4. Ctapiuas cTeneHb x° .

7x° —12x° +8x 7x°  12x° 4 8x 7x° 12x° N 8x
5 123 5 55 5 55 5
lim7x5 x2+8x=lim : X i =limx5 x2 x> _ g x5 x2 X
xoo 8x” +9x° —4 x>0 8x” +9x° —4 x>0 R 9x 4 x>0 8y 9x 4
5 s T 5 T 5 st s T 5
x x x x x x X
7 12 8
X2 x* _7-0+40_7
=lim X

X
H°°8+%—is 8+0-0 8§
X X

5 3
Omeem: lzm7x 12x +8x=z.

o 8% +9x? —4 8

Ilpumep 8. Boravcnuts npenen: lim sinlSx (0 .
=0 10x 0

Pewenue. Victionb3yeM TepBeIid 3aMeUaTeIbHBIN Nipeaenn npu ¢ =15x.
smle:h.m smle' 15x 15 limsmle:é'l:LS

=0( 15x  10x) 10 =0 15x 2
sinlSx

lim
x>0 10x

Omeem: [im
x>0 10x

=15.

Ilpumep 9. Beraucnuts npenen: lim lg8x 0 .
0 20x  \ 0

o o . sint
Pewenue. Victionnb3yeM TiepBbIid 3aMeUYaTeIbHBIN nipenenn /im 5 =1 npu ¢=8x.
t—0

. tg8x (0 . [ sin8x 1 . [ sin8x 8x 1 8 . sin8x . 1
lim =|—|=lim — | =lim . . =—-Ilim lim =
=0 20x 0 =0\ cos8x 20x =0\ 8x 20x cos8x 20 0 8x 0 cos8x

2,021 2,
5 cosO 51 5
Omeem: Iimtg8x=0,4.
-0 20x

Hpumep 10. Beraucnuts npeaen: lzm(l + 37)6)

~ =

Pemienue. I/ICHO.TIL3yeM BTOpOI/I 3aMeuaTeIbHBIN npeacia llm (1 +t ) = e Ipu t=—
t—0



lim ﬁi
2 7 N>l 7 5x

— — 3.2 6
lim(1+3—xj5x = Zim(l+3—x)3x =e’’ =e¥ .
7 7

x—0

2
S AT
Omeem: lim 1+7 =e¥.

x—0

Hcenedoeanue ynkyuu na nenpepovi6Hocms u mouKu paspulea

YT10o0Obl ONpeNenuTh THIl TOYKH X, , HY’>KHO HaWTH JIEBbIH U MpaBblil npesenbl QyHKIUU [IPU
X — X,, a TaKXKe 3HaueHue QPyHKIMHU B TOUKE X,, a 3aTEM BOCIHOJIb30BaThCs OJHUM U3 IIPUBEICHHBIX

HUXKE YKa3aHWUM.

Yucro f(xO—O)z lim_ f(x):){inx?f(x) HABBIBACTCS JIe8bIM HPe0eiom (hyHKILL f(x) npu X —> X,

€M 11 BOEX 3HAYCHHM X, J0CTarO4HoO QIBKHIX K X, W MCHBIIHX, YEM X, SHAYCHWA f(X) KaK YIoHO Maio

ommarores ot f1(x, —0).

Yuciio f(x0+0): lim f(x): limf(x) HaBBIBACTCS HPABbLIM HPEOeIoM ¢HVHKYUU f(x) npu x —> Xx,,

xX—xy+0 X=X
X > X

eCIM YISt BOEX 3HAMHH X, JIOCTATOUHO GVIBKHX K X, M GQNBIX, YeM X,, 3Hauerms f(x) KaKk yromHo mano
ommatores ot f1(x, +0).

Ykazanus no onpedenenuio muna mouku

1. Ecmu f(x, —0)= f(x, +0)= f(x,), 10 B Touke x, pynxmus f(x) nenpepbisua.

2.Ecmm f (xo - O) =f (xo + O) #f (xo), TO X, —TOUYKA YCTPaHUMOTO pa3pbiBa QyHKLUUU | (x) "

3.Ecmu f(x,—0)u f(x,+0) xoneunsie u f(x, —0)# f(x, +0), To x, — TouKa pa3psia
1IEPBOTO

pona QyskIUU f (x) .
4. Ecmu f (xo - O) =00 Wi (u) f (xo + O) =00, TO X, — TOYKa pa3peiBa BTOPOIo poja

byHKIMN | (x) .

Ilpumepeot uccredosanusn Qyuxkyuii Ha HenPEPLIBHOCHb U MOYUKU PA3PbIEA
X .
3, x <1

ITpumep 1. ViccnenoBath Ha HENIPEPBIBHOCTh QYHKIMIO | (x) = { N
x+2,x>1.

Pewenue. Tak Kak Ha NPOMEKYTKaX (— oo;l) U (1;+oo) JaHHas (yHKIMA COBNANAET C
HenpepLIBHBLIME YHKIIAME, 3 1 +/x + 2, TO OHa HeIpEpHIBHA HA STHX POMEKYTKAX.

YT00BI yCTaHOBHTB, ABIAETCS M TOUKA X =1 TOYKOH pa3pbiBa, H ONpPENEIHTH THII Pa3PhIBa,
BorapCIMM nipenenst: f(1-0)= linqu(x)z lim3 =3'=3, f(i+)= lin?f(x)z lim (\/; + 2)2 J1+2=3.
X X—> -l
x>l

x-l

x<1 <l x>l

Tenepsb BbluncIUM 3HaUeHUE QYHKIMH B TOUke x =1: f (l) =3'=3.

Tak xak | (1 —O)= f (1 + O)= f (1), TO B TOUKe x =1 (YHKIMs HETIPEPbIBHA.

Omeem. JlanHas pyHK1IMS HENIPEphIBHA HAa TPOMEKYTKE (— 00;+00).



Ilpumep 2. ViccrienoBaTh Ha HETIPEPHIBHOCTD QDYHKIHIO [ (x): x>
,Xx >3,
x-3
Pewenue. Tak xak Ha NPOMEKYTKax (— 00;3) u (3;+oo) JaHHas (pyHKOUS COBMAZaeT ¢
2
x

HENPEPLIBHBIMHU (bYHKHI/ISIMI/I x4 n

, TO OHa HEIIPEPbIBHA HA 3TUX MMPOMEKYTKaAX.
x f—

YT1oObI YCTaHOBUTD, ABJIACTCA JIX TOYKA X = 3 TOYKOM Ppa3pbiBa, 1 OIIPEACTIUTDL TUIT pa3pbiBa,
BBIYUCIIUM ITPEACIIBI:

2 2
F(B3=0)=lim f(x)=lim x* =3* =81, f(3+0)=lim f(x)=lim — :{3 =2]=oo
x—3 3 X3 -3 X—3 3-3 0

x<3 <3 x>3

x>3

Tak kak b,,, (3)=0, To Touka x =3 ABAAETCA MOUKOI pazpyiéa 6mopozo poda GyHKIMH [ (x)

Omeem. Ha npomexxyTKax (— 00; 3) u (3;+oo) naHHas GYHKIWS HETIPEPhIBHA; X =3 — mouKa
paspwieéa 6mopozo pooa.
X +1,x<2;

ITpumep 3. ViccnenoBaTth Ha HENPEPHIBHOCTh PYHKIMIO | (x) =<3+Xx, 2<x<6;

X, x>6.

Pewenue. Tak Kak Ha IPOMEXKYTKax (— 0,;2), (2, 6) u (6,+0) naHHas GyHKIUMA COBMANACT

C HeNpepHIBHBIME GYHKIWMAMU X~ +1, 3+ X ¥ X°, TO OHA HEMPEPHIBHA Ha ITHX MPOMEKYTKAX.
YroObl YCTaHOBUTB, ABJIAIOTCS JIM TOYKM x =2 U X =06 TOUKaMH pa3pbiBa, M ONPEACIUTH
THUII pa3psiBa, BBIYHCIUM IIpEJIebl: f (2 - 0) =limf (x) =lim (x2 + 1) =2"+1=5,
X2

X2

x<2 <2

f(2+0)=lin21f(x)=lim(x+3):2+3:5.
X, x—2
x>2

Tak kak 3nauenne f(2) me ompemeneno, To f(2-0)=f(2)# f(2+0), cnexoarenso, TouKa
Xx =2 sBISETCA mouKotl yempanumozo paspviea Gyaxumu f(x).

f(6-0)=limf(x)=lim (x+3)=6+3=9, f(6+0):lingf(x):ling X' =6"=216.
x<b <6 6 6

Taxk kak 7eBbIif ¥ TpaBbIii peaensl f (x) npu x — 6 KOHEYHbIE U | (6 - 0) #f (6 + O), TO TOYKA
X = 6 SBISETCS MOUKOU pazpviéa nepeoco pooa GyHkuuu | (x)

x>2

Omeem. Ha npomexyTKax (— oo;2), (2; 6) u (6;+oo) JaHHas QyHKIUS HENPEPhIBHA; X =2
— MOYKa YCMpPanumoz20 paspviéa; x =6 — mMouka paspvléa nepeo2o pooaq.
x? +3x
x* =9
Pewenue. Taxk xak ¢QyHKUIUU fl(x) =x"+3x u f, (x) =x> —9 HenpephBHbI IpH
x €(~oo40) u x> —9=0 mpu x, =3 u x, =3, T0 Ha npomexyTKax (—o0;—3), (~3,3) u (3,+)
NaHHas QyHKIUsA HEINPEPhIBHA.

Ilpumep 4. UccnenoBath Ha HEMPEPHIBHOCTh QYHKIUIO | (x) =

Toukm x, =-3 m x, =3 ABIAIOTCA TOYKAMHM Pa3pblBa, TaK KaK B ITUX TOYKaX JaHHas
¢byHKIuUs He onpeneneHa. YToOsl onpeaeNuTh THUI pa3pbiBa, BEIYUCIUM MPEIEIIbI:



x(x+3) X -3

2+3x (0
3 0)= i S :(_j:l. _ _
1 ) i"} () i"} -9 (0 ;g%(ﬁs)(xd) é’?(x—B) ~3-3
o o x2+3x_ 0 B x(x+3) o X -3 _1
S3+0)= lim fle)= lim =53 _(6)13”3 a3 oy 3.3 o
>3 -3

>3 »-3

Tak kak 3Havyenue f (— 3) HE OMpe/eseHo, To f (—3—0)= f (—3+)¢ f (— 3), TO TOYKa X, =—3

SBIISICTCSA MOYKOU YCMPAHUMo20 paspeiéa Gyakuuun [ (x) .

2
f(3—0):li1¢31f(x):lin31xz+3;:{%]:—oo (tk.mpu 2<x<3 X +3x>0u x’-9<0, 10
X =3 X -
x<3 x<3
x* +3x
———<0).
x* =9 )
.X'2+3X 9 2 2
f(3+0)zlin31f(x):lin§ "5 o =+0 (Txk.mpu x>3  x +3x>0mx -9>0, 710
X, X253 X —
x>3 x>3
x* +3x
———>0).
x* =9 )

Tax kak JIeBbIii U ITpaBbIii IpeIebl [ (x) npu x — 3 0eCKOHEYHbIE, TO TOYKA X, = 3 ABIsAETCA

MOuKoll pazpeiéa 6mopoco pooa pynkuun [ (x)
3ameuanue. IpaBsiii ipesen MOKHO ObLTO U HE BEIUUCIATE OTBET ObLT OBI TOT XKe.

Omeem. Ha npomexytkax (—o0;—3), (=3;3) u (3,+0) mammas dyHKuuS HempepbIBHA;

X, = =3 — mouka ycmpanumozo paspuléa; X, =3 — mouxa paspuvléa 6mopo2o pood.

Hccneoosanue pynkyuu na acumnmomul 2pagpuxa

ITpu uccnenoBannu (GyHKIMK HA aCUMITOTHI IpadyKa HCHOIB3YIOT CIEAYIOIINE TEOPEMBI:

Teopema 1. Ecin x, — Touka  paspblBa BTOPOro poaa QyHKIuu f (x), TO €CTh €CIIH

lim f (x) =00 wiu (n) lim f (x) =00, TO psAMast X = X, SIBIAETCS ACUMITOTON KpUBOH )= f (x)
X=X X=Xy
X<X, X<X(

3ameuanue. Jta TpsMas napamenbHa ocu Oy, MOITOMY Ha3bIBAETCS GEPMUKANLHOU
ACUMIITOTOM.

Teopema 2. Ecin X@Tm f (x) =y,,TO IpsiMasi y =y, ABJIAETCSA aCUMIITOTOH KpuBoi y= f (x)
3ameuanue. Jrta npsMas napamienbHa ocu Ox, TOITOMY HAa3bIBACTCS 2OPUBOHMANLHOU
ACUMIITOTOM.

Teopema 3. Ecnu CylecTBYIOT KOHEUHBIE TIpEENbl k = limM u b=1lim(f(x)-k-x), 10

X—>0 x X—>0

npsimMast Y = kx + b sBiIsSeTCS aCUMOTOTON KpUBOH = f (x)
3ameuanue. Tlpu k =O0mnpsimas y =b mapamwiensHa ocu OX, IMOITOMY TOPHU3OHTAIBHYIO

ACUMIITOTY MOXXHO CUHUTATh YaCTHBIM ClIydacM HaAKJIOHHOM.

1, 1. Haii i al
lpumep 1. Haiijure acHMITOTBI KDHBOH y = ——— .
x°—16
2 . X . X
Pewenue. Tak xak x°—16=0 npu x=44, 10 /[iIm———=0 n lim———=oo,
-4 x2 —16 -4 x2 —16
CIIEZIOBATENIbHO, MPSMbIE x=4 W x=—4 SBISIOTCS GEPMUKAILHBIMU ACUMAMOMAMYU JTaHHOU

KPHBOM.



Tak kak [lim =0, Tonpsimas y =0 ABIAETCH 2OpU3OHMANLHOU ACUMNIMOMOT JTAHHOU
x0T —

KPUBOM.

Omeem: aCUMIITOTaMHU JTAHHOM KPUBOM SIBIIOTCS mpsimble x =4, x =—4, y=0.

. . 4x°
Ilpumep 2. Halinute acUMITOTHI KPUBOH ) = ————.
2
x°—=2x-15
Pewenue. Tak kak x> —2x—15=0 npu x,=-3nx,=5,a 4x® # () NIpH STHX 3HAYCHUSAX X,
) 4x’ ) 4x°
TO lim ———— = U [im—————— =00, TO €CTb TOUKH X; = —3 U X,= 5 ABJIAIOTCA TOUKAMU
2 2
>3 x° =2x-15 =5 x7 =2x—15
. 4y’
paspsiBa BTOPOrO poja JaHHOW (QyHKUMH y =— 5 , IO3TOMY MNpsIMBIE x=-3 U x=5
x°—=2x—

SIBIISIIOTCS] BEPTUKAJIBHBIMU ACHMITOTaMH €€ rpaduka, TO €CTh JaHHOW KPHBOH.

Tak xak CYHICCTBYIOT KOHCYHBIC ITPCACIIbL

3
k= tim T %) _ i W Clim— =4, k=4 u
xon X Hw(x —2x—15)x | 2 15
)
X x
3 3 4.3 2 2
b=1lim(f(x)—k-x)=lim 24;—4)6 :lim4x jx 8 +6Ox:lim§x+i:
X% x| x° =2x—15 x>0 x°—=2x-15 oo xt —=2x—15
8+@
= limz—xlS:S, b=8, 1o mpsamas y=4x+8 SABIIETCS HAKIOHHON aCUMITOTON NaHHON
X‘)wl_i_iz —_—
X x
KPUBOM.

Omeem: aCUMITTOTaMH JTAHHOKM KPUBOM SIBJISTIOTCS TIpSIMBIE x = —3, x =5, y =4x+8.

3aoanus 014 camMoCmoAmMenbHO20 peuienun

1 — 2. Uccnenylite GyHKIUIO HA HEPEPHIBHOCTh U TOYKU pa3pbIBa.
3. CocTaBbpTe ypaBHEHHS ACUMIITOT JaHHOW KpUBOM.

Bapuanm 1 Bapuanm 2 Bapuanm 3
x2+3, x<1; sinx, x <0; 3x—4, x<0;
4x}x21 2/.x,x>0 \/;,XZO

2
5 x° -9 3
2. y= al V= . y: *
x=2 x=3 x—=5
2 5x2 2
3. y= 3x = X _3x

x+5 x—4 x+2

Bapuanm 4 Bapuanm 5 Bapuanm 6
cosx, x<0; 10/x, x <-2; ¥ +3, x<1;

1. y: . y: . y:
l-x,x>0 x=3,x=>-2 4% x>1
2x 3

x=17 x+4 )

4x? 6x> 2
3' y= * y: . y: x
x-1 x+3 x—7
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BorunciieHne Npou3BOHBIX CYMMBI, IPOU3BEICHN, YACTHOI'O ABYX (DYHKIMI, CJI0KHOU
Gynxkuun

Teopemuueckue ceéedenusn
Ilpouseoonoil Oannoti @yHKyuu 6 OAHHOU mMouKe HAZBIBACTCS TPEAeT OTHOIICHUS

npupameHus yHKIMU K COOTBETCTBYIOIIEMY NPUPALICHUIO €€ apryMEHTa, KOrja MpHUpalieHue
aprymMeHTa CTPEMUTCS K HYJIIO (€CJIU 3TOT IMpeJIeN CYIIeCTBYET).

CuMBoOIMUECKast 3aIKCh OTpeCIICHUS: 1xy)= lim Sx)=flx) ()= (xo) -
X X=X,
wn o Sl Ax)- f(x)
f(x)= lim e .

ugppepenyuanom Gynkyuu y=f (x) B TOYKE X, Ha3bIBACTCA IIPOM3BEAECHUE

df (xo ) =f '(xO ) dx,rtae dx — npupainieHue apryMeHTa.

Ilpaguna oughghepenyuposanua cymmol, npouszeedenus, 4acmuozo 08yx YYHKyuil, cioHcHou

dynkyuu
1 (u+v)'=u'+v’ 2 (u-v)'zu'-v+u-v’ 3 (c-u)’zc-u', ¢ —const
4 |2 = Lzuvl 5 f'(u(x))=f(u(x))-u'(x) - npoussomas cnoxuol GyHKIMH
v v

Dopmynst Ougpgepenyuposanus 0CHOBHHIX IJ1EMEHMAPHBIX PYHKYUIL

N e R R S N R v e

2 3 2Jx
4 (ex ), =e" 5 (ax ), =a* -lna 8 (sinx)’ =cosx 9 (cosx)’ =—sinx
’ ’ 4 1 ! 1
6 (nx) 1 7 (log,x) = ! ! (rgx) = 2 : (crgx) =- )
X x-lna 0 cos” x 1 sin” x
1 1 1 1 ! 1 ! 1
5 (arcsm x) = — 3 (arccos x) = m 14 (arctg x) =1+x2 15 (arcctgx) =_1+x2
Dopmynvt oupghepenyuposanusn cnoxicuvlx ynkyuii u = u(x)
i 4 4 ! 1 ! 1 ’
1 (up) =p-utu' 2 (eu) —e" .y 3 (au) =a" -ma-u'4 (lnu) =;-u’ 5 (loga u) :u-lna'u
: : N u' ’ u'
6 (sinu) =cosu-u' 7 (cosu) =—sinu-u' 8 (aresinu) = 2 9. (arccosu) == — 4
1 1 | a u' 1 a u' 1 o u'
0 (tgu) _COSZM.u 1 (ctgu) __sinzu 5 (arctgu) =i 3 (arcctgu) __1+u2

PaCCMOTpI/IM TCIICPb MPUMCPLI BEIYUCIICHUS ITPOU3BOJHBIX.

Ipumep 1. Haiingure npousBoanyto GyHkuuu y =3log, x + Sctgx—4arcsinx+2" =7 (B
MPOU3BOJILHON TOUKE X).

!
Pewenue. Wcnons3ys npaBwio (u+v) =u'+v' guddepeHIHpoBaHAsS CyMMBI IBYX

dymxumii, npasmio (c-u(x)) = c-u'(x) BhHECEHNS TOCTOAHHOTO MHOKHTENA 32 3HAK TIPOU3BOTHOI
1

R >
Sll’l2 X

u  ¢opmynsl audpdepeHIupoBaHU (log, x), = + (mpu  a=4), (ctg x)' =—
X-lna

(arcsin x), = \/11_2 , (ax) =a"-Ina (upu a=2), ¢’ =0(c=const), NoTydaeM:
— X




y’=3-(10g4x)’+5-(ctgx)’—4-(arcsinx),+(2x),—7'=3- ! +5-(— ‘12 j—4- ! +2"-In2+0
x-ln4 sin” x 1—x2

3 5 4

+— — +2%-In2.
x-ln4 sin® x  ,f1—x2

Omeem: y' =

2
HMpumep 2. Haiimmre '(9), ecmu y = —§x3 +7x> = 5x+67x +15.

Pewenue. Crauyana HaiijieM MPOU3BOJHYIO B MPOU3BOJILHOM Touke x. Mcrnonb3ys mpaBuiio
! ’
(u+v) =u'+v' nupdepeHUpOBaHUS CYMMbI JABYX (YHKIHH, MPaBHUIO (cu(x)) :c-u’(x)

BBIHECEHHSI TTOCTOSTHHOTO MHOXHTENSI 332 3HAK NMPOU3BOAHON U (Gopmyibl auddepeHInpoBaHus

(x3)’ =3x?, (xz), =2x, x'=1, (\/;)’ =L, ¢' =0(c = const), IOITydaeM:

2x
y'(x)z—%(f)’ +7(x2), —5x'+6(\/;) +15':—§-3x2 +7-2x—5-1+6-L+0,I/IHI/I

2Jx

y'(x) = —2x +14x—5+i.

24x
3

Torma y’(9):—2-92+14-9—5+—:—2-81+126—5+§:—162+121+1:—40.

J9
Omeem: y'(9)=—40.
Ilpumep 3. Haiinute npon3BOAHYIO PYHKIUN ) = COS X - (5 Inx—8* )
Pewenue. Vctionb3ys mpaBuiio (u . v)’ =u'-v+u-v nudpepeHINPOBAHUS TPOU3BEICHUS
IBYX DyHKLMIA, IpaBmio (c - u(x)), = ¢-u'(x) BBIHECEHHS OCTOSIHHOTO MHOMKHTEJIS 33 3HAK
TpOM3BOIHOI U popMyIs auddeperuposanus (cos x)' =—sinx, (ln x)’ = i , (ax )’ =a" -Ina

(mpu a =8), nomyyaem:

y':(cosx)' -(SZnx—8")+cosx~(5[nx—8x), :—sinx-(Slnx—Sx)Jrcosx(S~l—8" ~ln8j
x

Omeem: y' :—sinx-(Slnx—Sx)+cosx-(§—8" -Zn8j

X
x12
Ipumep 4. Haitnure npousoauyio dyukmun  f(x)= ra—
—Sin xX
' ’ ’
u u'-v—u-v
Pewenue. Vcnonb3yss mpaBHio (—) =———— nAudQepeHIMPOBaHIs YaCTHOIO IBYX
v v

!

bynkimit - u Gopmynsl audpdepeHIpOBaHUS (x" ) =p-x"" (mpu ) p=12, ¢'=0 (upu c¢=6),
(sin x)' =cos X, ITOJTy9acM:
F1x)= (x12 ), (6 —sinx)—x" -(6 - sin x)' _12: x'" (6 —sinx)—x"-(0—cos x)

(6 — sin x)2 (6 —sin x)2

11 . 2
Omeem: f,(x)=12x (6(;S_”S7;);‘)2X "cosx

Hpumep 5. Haiinure npousBopnyro GyHkun /x)= ln(x” - 23).



Pewenue. Ilyctb h(x)zln(x”—23)=lnu, e u=x''-23. Torma mno mnpaBWIy

JU(QPepeHMPOBaHUs  CIOKHOW  (QYHKIMM  IOJydaeM: h'(x)=(In u(x))l = (L)-u'(x), WIn
ulx

H(x)= - ! -(x“ —23)' .

x'"-23
Hcnonwzys popmyiry (x”) =p-x"" npu p=11 u popmyny ¢’ =0 npu ¢ =-23, monydaem

nanee:
1 11x"
h(x)= N1 -0)=———.
( ) x''-23 ( ) x'' =23
11x"
Omesem: h'(x)= T3
Hpumep 6. Haiiure npoussonnyo Gysximn h(x)=10e>*.
Pewenue. Tlyctb h(x)=10e", rue u=5x"+9.
Torna no npasuny \e ( ) =e"-u' zmtb(bepeHuI/IpOBaHHﬂ CJIO)KHOU (YHKIHH e ul(x) MOJIy4aeMm:
n'(x)= (IOe )—10 ( ) ' (x)= 1065"+9~(5x +9).
Hcnons3ys dopmymy ( ) =p-x"" npu p=8 u popmyny ¢'=0 mpu ¢=9, HaXoaUM
nanee:

H(x) =106 (52° +9) =106™ - (5-8x7 +0) =107 - 40x" = 400x"¢™"*
Omeem: I(x)=4400x"e™

Ilpumep 7. Hatingure npon3BOIHYIO PYHKIIHH h(x)= (3 ng+8)7 .
Pewenue. Tlyctb h(x)=u’, e u=3lgx+8.

!

Torma mo mpaBwmy (u”) =p-u”"-u' muddepeHIUPOBAHN CIONKHOW (GYHKIHH 1" (x)

noy4aeM:
' (x)= (u7(x)) =7-u(x)-'(x), umun A'(x)=7-(3lgx+8)"-(3lgx+ 8), :

Hcnons3yst popmyny ¢’ =0 npu ¢ =8 u popmyny (Ioga x) =

npu a =10, HaxoauM
Jaee:
h'(x): 7~(3lgx+8)6 -(3lgx+8)’ = 7-(3lgx+8)6 -(3~

6
Omeem: (x)= % .
X-in

1
x-In10

0l=7-(31 8)° - .
" j ( gxv ) x-Inl0

Mpumep 8. Haiimure df(8), ecmu f(x)=6x*-3x° .

Pewenue. Tlo onpenenennto auddepenimana, df (8)= f ’(8)-dx.

4’ 42
3

2
Tak kax f(x)=6x4-%/§:6x4-x5 —6x 3 —6x

!

, TO, UCTONB3Ys (GOPMYITy (x” ) =p-x""

2 2 2 n
npu p:4§,nonyt{aeM: f’(x):6[x43J :6-4%x33 :%14 3

1 11 310
Torma f/(8)=28-8% =28-(2*)s =28-273 =28.2' =28.2048 = 57344,
Omeem: df(8)=57344-dx.



HMpumep 9. Haiimmre df (1), ecmn f(x)=5Inx - 8Jx+2, dx=0,04.
Pewenue. Tlo onpenenennro nupdepennmana, df (1) =f '(1)- dx .
1 1 5 4 ) 5 4

Tak kak f(x)=5-—-8 - ——=+0="—-—=,10 f(l)==-—==5-2=3,wm f'(1)=3.
/) x o 2Jx x 2Jx 1 241 0

13 pasenctsa df (1)= f'(1)-dx mpu f'(1)=3 u dx = 0,04 maxomum: df(1)=3-0,04=0,12.
Omeem: df(1)=0,12.

3a0anus 011 camoCcmoaAmenIbHoO20 peuleHus

Bapuanum 1
1. y:lnx-éex +3x)

2. Z=4)26+3.
x” -1
3. y=3sin5t.

4. f(x)=2x" A

5. f(x)zSe’r —6x, x, =0

Bapuanm 2

1. y=c0sx-(6\/;—4)

3
2. z= 2x .
xX+5
3. y=6cos2t.

4. f(x)=5x2 ‘{/F

5. f(x)=12Inx+3x,

Bapuanm 3
1. y=e*-(5x +Inx)
_5x2—2
Cox+4

3t-5

3.y=8e"".

4. f(x)=4x° Ax*

5. f(x)=3sinx—2x,

2.z

, dx=0,02. x, =4, dx=001. x, =0, dx=003.
Bapuanm 4 Bapuanm 5 Bapuanm 6
1. y:tgx~(7ex—6x) 1. y=sinx-(4\/;+9) 1. y:ctgx~(10+3x2)
2.Z=4x2 . 2.2:4x2 . 2.Z=4x2 .
x—1 x—1 x—1
3. y=7J3t+11. 3. y=5I(7t +1). 3. y=41g9r.

4. f(x)=6x-5{/x_4.
5. f(x)=8x +3x,
X, =4, dx=0,02.

N

 f(x)=7x° Ax.
5. f(x)=6tgx—5x,
x, =0, dx=001.

4. f(x)=3x2 W
5. f(x)=5cosx +4x,
x, =0, dx=0,03.

Ilpakmuueckoe 3anamue 4

Pemienue 3a1ay ¢ mnpUMeHEHHEM TIeOMETPUYECKOr0 U (PU3MUYECKOr0 CMbICIA
npou3BoAHbIX. [IpulanKeHHbIe BHIYMCICHUS C IPpUMeHeHneM quddepennuaion

T'eomempuueckuit cmoici npou3800HOI COCTOUT B ceAyIOMIEeM: eciu pyHKIHS f (x) MeeT
HPOU3BOAHYIO [ '(xo) B TOUKE X,, MPHUHAIJIeKaled obmacTu ompeneneHus GyHKIUH f (x) , TO
CYILIECTBYET KacarellbHasi K KpUBou y = f (x) B ee Touke M, (x0 o f (x0 )) ,ipuueM f ’(xo ) =k —yrnoBoi
K09 QUIIMEHT 2TOH KacaTeIbHOM, TO €CTh k =1g@,, TIe ¢, — BEIMYHHA yIJla MEXly KacaTelbHOH 1
ocblo alcucc.

Ypasnenue xacamenwvnoii x xpusou y=f (x) B ee Touke M, (xo s (xo) WMEET BUJ

y=f(x0)+f'(x0)'(X—x0)-

Dusuneckuii cMbICT nepeoil u 6mopoil npouseodmvix coctomt B ciemyiomenm: f'(x) —
MIHOBEHHas CKOPOCTb m3Merernst pyskium f(x) BTouke x, f"(x) — MrHOBeHHOE ycKopeHne hyHKII
f (x) B TOUKE X .

B uactHOCTH, B (usnke: ecmu S = S(t) — myTh, NPOHIEHHBIT TENOM MPH MPSIMOTHHEHHOM
memxennn 3a Bpems [0;¢], to S'(f)=v() — MrHOBeHHas CKOpOCTH Tena B MOMEHT f,
S"(t)=v'(t)= alt) — mrHOBeHHOE ycKOpEHHE Tea B MOMEHT 1.

Huppepenyuanom ynkyuu y=f (x) B TOYKE X, Ha3bIBAETCA IIPOU3BEJIECHHE
df (xo)z f '(xo)- dx , e dx — mpupalieHue apryMeHTa.



Ipuobnusicennsie vluucienus ¢ npumeHenuem ouggpepenyuana ynkyuu OCHOBaHBI Ha
€ro CBOWCTBE: MPU MalbIX 3HaueHUsIX auddepeHnnana dx HE3aBUCHMOH MEpPEeMEHHON 3HAYCHHE

muddepennmana GyHKIMU SBISETCS TJIABHOW YAcThiO €€ mpupamieHus: Af (xo ) ~df (xo ), WIN
F)=fx,) = f(x,)-dox, otxyma f(x)= f(x,)+ f'(x,)- (x—x, ).

Ha mpakTrke Ui NpHOJIVDKEHHBIX BBIYHUCIICHUN 3HaUYeHWH (DyHKIMH Oy/leM HCIIOJIb30BaTh
dopmyiy B BUIE f (x1 )z f (xo )+ f '(xo ) (x1 - X, ) Beipaxenue f (x) Y 3HAYCHHUE X, ONPENEIIOTCS
YCIIOBUEM 3a/aHusl, a 3HAYEHHE X, BHIOMPAETCS NPOU3BOJILHO C YYETOM JIBYX YCIIOBHIl: BO-TIEPBBIX, X,
JIOJDKHO KaK MOYKHO MEHbIIIE OTINYATHCS OT X, , BO-BTOPBIX, 3HAYCHUS [ (xo) uf ’(xo) JIOJDKHBI JIETKO

BBIUMCIIATHCS 0€3 TaOIHIl WK KAIbKYJISITOpA.
Paccmotpum Teneps mpuMepsl peieHus 3aau.

Ilpumep 1. Haiinute yrioBoi ko3¢ (HUIIMEHT KacaTelnbHOM K KpUBOH y =2sinx —3x+4 Bee
TOYKe ¢ abcuuccoi x, =0.

Pewenue. YroBoit kodddumment kacarensnoit k= f'(x, )= f'(2).

Tak kak f'(x)=(2sinx—3x+4)' =2cosx—3-1+0, unm f'(x):2cosx—3,
10 k= f(0)=2cos0-3=2-1-3=—1.

Omeem: k =—1.

o . 36
Ipumep 2. CocraBbTe ypaBHEHHE KacaTeIbHOH K KPUBOH y=——+12Jx B ee Touke
X

M, (9:' Yo ) :
Pewenue. YpasHenue kacatenbHoit Haitnem B Bune y = f(x, )+ f"(x,)- (x—2x,).

U3 ycnosus cremyet, uto f(x)= §+12\/; =36-x"' +12v/x, x, =9. Torna:
X

flx ):f(9):%6+12\/§=4+12-3:40;

' ' 1 6 136 6
(x)=36-1x") +12(Vx) =36-(-1)-x " +12- —= =36 x "+ ==——+—
716)=36-) +120) =36-(-1) NN PR

(e )= f(o)=_0, 6 _ 36,6 _4 18_22

T

22

9
. 22
VYpaBHeHME KacaTeILHONW UMEET BU y =40+ ry (x—9), mm y = ra x+18.

Omeem: y:%-xﬂ&

Ilpumep 3. Teno ABUKETCS MPSAMOIUHEHHO IO 3aKOHY S(t)=8t2 —107+15. B kakoii MOMEHT
BpPEMEHU CKOPOCTh Tena paBHa 38 m/c ?

Pewenue. CornacHo (pU3NUECKOMY CMBICITY N1€PBOM MPOU3BOAHON, MTHOBEHHYIO CKOPOCTh
Tena B MOMEHT / MOKHO HaiiauTe o dpopmyne w(z)=S'(¢). TTomydaem:

W)= 5()= 8 107 +15) =8-2/-10-140=16:-10, mm v(r)=16:-10.

Tak Kak 1o yCioBHIO v(t): 38, To momy4aeM ypaBHeHHE 167 —10 =38, N3 KOTOPOTO HAXOJUM:
161=10+38, 16¢1=48, t=3.

Omeem: t=3c.

Hpumep 4. Teno npuxercs NPAMOIUHERHO 110 3aKOHY S(f)=2f —5¢* +8. B kaKkoii MOMeHT
BpEMEHH YCKOpEHHMe Tena paBHo 38 m/c? ?

Pewenue. CornacHo pu3znueckoMy CMBICTY BTOPOH MPOU3BOIHON, MTHOBEHHOE YCKOPECHHE
TeNa B MOMEHT ¢ ¢ MOXHO Haiiaute 1o popmyne ar)=S ”(t). Torma:



S()=(20° =52 +8) =2.317 ~5.2040= 61> ~101,

$"(r)= (6 ~101) =6-2-10-1=12.1-10, 10 ects alf)=12-1-10.

Tak kak Mo yCIIOBHIO a(t)=38, TO mojiydaem ypaBHeHue 12-1—10=38, u3 KOTOpOro
HaxonuMm: 12-¢=10+38, 12.1=48, t=4.

Omeem: t=4c.

Hpumep 5. Teno maccoii 12 Kr ABMKETCA IPAMOIMHENHO 110 3aKOHY  S(7)=-2¢ +12¢* =41 +12
. HaiiiuTe KNHETUYECKYI0 SHEPIUIO Tella B MOMEHT ¢ =7 C.
Pewenue. Kunernueckyto SHEpruro0 Tejla B MOMEHT { MOYKHO Haiaute 1o ¢opmyse
2
m-v (t)
Et)=—=.
="
CHayasia HailieM CKOPOCTb TeJla B IPOM3BOJIbHBI MOMEHT BPEMEHH 1 :
W) =8()= (20 4122~ 41 +12) ==2.312 +12.20- 4140, W(t)=—~67* +24 4
Teneps HaiiieM CKOPOCTh T€1a B MOMEHT ¢ =7 C:
W7)=—6-7*+24-7—4=—6-49+168—4=—-294+168—4=-122, W7)=—122u/c.
Teneps HailieM KHHETUYECKYIO SHEPTUIO Tejla B MOMEHT =7 C:

E.(7)= m.V22(7): 12.(_2122)2 89304 (Z1oe)

Omeem: E,(6)=89304 Joc.

Ilpumep 6. Teno maccoil 5 Kr IBHXKETCS NPSIMOJIUHENHO 1O 3aKOHY S(t): 267 —41> +18¢+9
. Haitgure cuiy, 1eMCTBYIONIYIO HA TE€JIO B MOMEHT f=2C.

Pewenue. Cuity, NEeHCTBYIOIIYIO Ha TEIO B MOMEHT {, MOXHO Haiaute mno Qopmyie
F(t)zm-a(t).

Cnauana HaiiileM YCKOpEHHUE TeJia B TPOU3BOJIbHBI MOMEHT BPEMEHHU ¢ :

W1)=50)= (21 —4r* 118149) =231 ~4-21+18-1+0, w{t)=67* —8¢ +18,

a(t)=8"(t)=v(t)= (6t2 —8t+18)' =6-2t-8-1+0, alr)=12¢-8.

Tenepp HailieM yCKOpEHUE Tela B MOMEHT ¢ =2 ¢C: a(2) =12-2-8, a(2)=16m/c>.

Tenepp  HaligemM  Ccuwily,  JEHCTBYIOIIYHD HAa  TEJIO B MOMEHT t=2c:
F(2)=m-a(2)=5-16=80(H).

Omeem: F(2)=80H.

Ilpumep 7 . KonudecTBO SJEKTPUYECTBA, NPOTEKAIOLIEr0 4Yepe3 IONEPEYHOE CEUYCHHE
[IPOBOJHUKA 33 BPEMS [O; t], q(t) =7 cos4t . Haiigure cuily TOKa B MOMEHT ¢ =2c.

Pewenue. Ecm g = q(t) KOJIMYECTBO DJIEKTPUYECTBA, IIPOTEKAIONIETO 4Yepe3 IONEPEYHOE
CEUYECHHE ITPOBOHUKA 33 BpEMS [0; t], TO CHJIA TOKA B IIPOU3BOJIbHBII MOMEHT BPEMEHH ¢ BBIYUCIISAETCS 110

dopmyne 1(t)=q'(t).
Wcnonssys Gopmyny auddepeHIHpoBaHus CIOKHOK byHKIuu (cos u(t)), =—sinu(t)-u'(t)
npu u(t) =4t , nomyuaem: I(t)=(7cos 4t)’ =7-(~sindt)- (4t)’ =7-(~sindt)-4 ui I(t)= —28sin4t .
Torna 1(2)=—-28-sin(4-2)=-28-s5in8 ~—28-0,9894 ~ —2,7702 ~ —2,77(4)/
Omeem: 1(2)=-28-sin8A+-2,77A.
Hpumep 8. Boruuciure npubamkenno 0,991

Pewenue.  JIng npuOIKEHHBIX BBIYMCICHUM 3HaYeHMH (DYHKIMH HCHONB3YIOT (OpMYITy
Fle)= fx,)+ f'(x,)-(x, —x,), Tae Bopakenne f(x) u 3HAaueHMe X, ONPENENSIOTCH YCIOBHEM



3alaHKs, a 3HAUCHHE X, BHIOMPACTCS IPOU3BOJIBLHO C YUETOM JIBYX YCJIOBHIA: BO-IIEPBBIX, X, JOJDKHO KAk
MO’KHO MEHBIIE OTJIMYATLCS OT X, , BO-BTOPBIX, 3HaueHus f(x,) u f'(x,) JOMKHBI JTETKO BBIMMCIATHCS
0e3 Ta0JHIIT WM KTBKYJISTOPA.

Bysiem cuutats, uto 0991 = £(x,). Torna x, =0991, f(x)=x"%, f'(x)=18-x"".
Hycte x, =1. Torma f(x,)=f1)=1" =1, f'(x,)=f'(1)=18-1" =18,

0991 = £(x,)~1+18-(0991-1)=1+18-(=0,009)=1-0,162= 0,838~ 0,84

Omeem: 0991" ~ 084 .

Ilpumep 9. Beruucnute npuOamxeHHo [n0,93.

Pewenue. n093= f(x,) = x, =093, f(x)=inx = f’(x)z%.

Myers x, =1. Torma f(x,)= f(1)=in1=0, f'(xo):f’(l):%:l,

n093= f(x,)=0+1:(093-1)=1-(-0,07) = -0,07.
Omeem: n 093 ~-0,07.

Hpumep 10. Beraucnure npubmukesHo /280 .
Pewenue. §280= f(x,) = x, =280, f(x)=¥x=x% = f'(x)=

Hycts x, =256=2%. Torma f(x,)=r(256)=¥2* =2,

U B A 8[] 1 T T U R
(x,)==-256 8 ==-(2%) s =—.2 =— 2= ==
fa) =g 8( ) 8 8 827 8 128 1024
§/280 =f(xl)~2+L.(280—256)=2+L-24z2+0,023=2,023z2,02.

1024 1024

Omeem: §/280~2,02.

3aoanus 013 camocmoamenbHo20 peuieHus

Bapuanm 1 Bapuanm 2
1. Teno Maccoit m = 3KT ABHKETCSI 1. Teno maccoii m = 4 KT IBIKETCS
IPSIMOJIMHEWHO 110 3aKOHY MPSIMOJIMHEVHO 110 3aKOHY
1 . 2 .
S=—t>+4t* -5t +12. Haiinure S=21¢ -5t + 6t + 2. Haliiure KAUHETUYECKY IO

KUHETHYECKYIO SHEPIHIO TeJla U JISHCTBYIONIYIO  DHEPrHIO TeNa U JIEHCTBYIOLIYIO HE HErO CUITY B
HE HEro CHUJIy B MOMEHT ¢ =2cC. MOMCHT ¢t =4c.

2. KonnuecTBo 21eKTpUYecTBa, nporekaromero 2. Koau4ecTBo 37eKTpuYecTBa, IPOTEKAOIIEr0
4epes NONepeyHoe CeYeHHE NIPOBOIHHMKA 3a yepes MoNepeyHoe CeYeHHe MPOBOTHMKA 3a
BpeEMs [0; t], q(t)=2cos5t . Haiinure cuy Toka.  Bpemst [O; t], q(t) =3cos 4t . Haiiqure cuiry Toka

B MOMEHT ft=2¢C. B MOMEHT ¢ =3c¢C.

3. CocTaBbTe ypaBHEHHE KacaTelIbHOM K KpuBol 3. CocTaBbTe YpaBHEHHE KAacaTEIIbHOM K KPUBOM
y=>5e" +2x—"7 Bee Touke ¢ abcuuccoi y=>5sinx—3x+2 Bee Touke ¢ abcuuccoi
x,=0. x,=0.

;

4. Beruuciaure HpI/I6J'H/I)KeHHO 5,/36 . (BosbmuTe 4. Beiuuciure HpI/I6J'II/I)KeHHO V120 . (Bo3bmure

X, =32). x, =128).
Bapuanum 3 Bapuanm 4
1. Teno Maccoit m = 6 KT ABUXKETCS 1. Teno Maccoit m = 8K ABMKETCS

HpHMOHHHeﬁHO 110 3aKOHY HpHMOHHHeﬁHO I10 3aKOHY




S = —%ﬁ +10¢% + 3t — 1. Haiture S = gﬁ —2¢* + 7t + 8. Haliiute KMHETUYECKYIO

KUHETHYECKYIO SHEPTUIO TeJIa U JIEHCTBYIOIIYI0 3HEPrHIo Tejla U JeHCTBYIOIIYIO HE HETO CHITy B
HE HEero CUJIy B MOMEHT ¢ =5c¢. MOMEHT ¢ =Ic.

2. KonmnuecTBo amekTpuyecTBa, mporekaromiero 2. KonmudyecTBo sneKkTpuiecTBa, MPOTEKAIOIIEro
yepe3 MONepeyHoe CeueHNe MTPOBOTHIKA 3a Yyepe3 MOoNepevyHoe CeueHe MPOBOJHHUKA 32
BpeMs [0; t], q(t)=6cos 2t . Haiinute cumy Toka,  Bpems [0; t], q(t) =4 cos 7t . Hailigure cuity Toka

B MOMEHT t=7c. B MOMEHT ¢ =5c.

3. CoctaBbTe ypaBHEHUE KacaTellbHOM K KpuBol | 3. CocTaBbTe ypaBHEHHE KAacaTEIbHOU K KPUBOI
y= 8Jx +7x—1 B ee Touke ¢ a0cImccoit y=3cosx—5x+6 B ee Touke ¢ abcuuccoit
Xy = 4. Xo = 0.

4. Beraucnute npuOIHKEHHO ‘{/@. (Bo3bmuTe 4. Boruucnure npuOIMmKeHHO m - (Bosbmure
x, =81). x, =216).

Bapuanm 5 Bapuanm 6

1. Teno Maccoil m = 2 KT IBHIKETCSI 1. Teno maccoii m = 10Kr gBrxeTCS
IIPSAMOJIMHENHO T10 3aKOHY S =¢" +6t° —7t—5.  NPSIMOJMHENHHO MO 3aKOHY S =—> +7¢t> + 4t +8
Haiinure KMHETUYECKYIO SHEPIHIO Tella U . Halinure KMHETHYECKYIO SHEPTHIO Tela U
JIEMCTBYIOILYIO HE HETO CUJIy B MOMEHT ¢ =3cC. JIEMCTBYIOIYIO HE HETO CUIIy B MOMEHT ¢ =6¢C.

2. KonnuecTBo 351eKTpUdecTBa, mpotekaromero 2. KoauuecTBo 3eKTpudecTBa, IPOTEKAOIIETo
yepes3 MOoNepeyHoe CeueHUe IPOBOAHUKA 32 yepe3 MOoNepevyHoe CeueHre IPOBOJHHKA 32
BpeMs [0; t], q(t) =3cos 8t . Haligure cuimy Toka  Bpems [0; t], q(t) =5cos 6t . HalinuTe cuiy Toxa
B MOMEHT ¢ =3c¢C. B MOMEHT ¢t =4c.

3. CocTaBbTe ypaBHEHHE KacaTelbHOM K kpuBoi 3. CocTaBbTe ypaBHEHUE KacaTEIbHOM K KpUBOH
y=5Inx+12x—8 B ee Touke ¢ abcuuccoi y=2tgx+4x—1 B ee Touke ¢ abcuuccoi
x,=1. x,=0.

4. Beruuciure npubmmxeHso ¥/ 70 . (Bossmure 4. Borancyure npubmmkerno N 1000 . (Bosswnte
x, = 64). x, =1024).

Ilpakmuueckoe 3anamue 5
Hccnenopanue GpyHKUUI ¢ MpUMeHEHHeM INpeaeoB U NPOU3BOAHBIX M NOCTPOEHHUE
rpagpuxosn

[pu rccrenoBanny (GYHKIMH C TIETBIO TOCTPOSHNUS TpaduKa HY>KHO PAaCCMOTPETH CIIETYIOIINE
BOITPOCHI.

1. O6nacme onpedenenusn pynkyuu

[Ipn HaxoXIAEHMM ECTECTBEHHON o005acTu omnpenaeneHus (YyHKIUA HYXKHO YUYUTHIBATH
CIEYIOIINE CUTYaIlMU: €CJIM BhIpAXKEHHE C TIEPEMEHHOH SBISETCS 3HAMEHaTeleM JIpoOH, OHO He
JOJKHO O0paiaThCsi B HOJb; Y KOPHS YETHOW CTEMEHU MOAKOPEHHOE BBIPAXKEHUE NOJDKHO OBITh
HEOTPUIATENbHBIM; JIorapudMudeckas (YHKIUS OMpeleiIeHa TONBKO TPU TOJOKHUTEIBHBIX
3HAYCHUSIX apryMeHTA.

2. Ilepuoouunocmo ghynkyuu

Jloka3arenbCTBO MEPUOANIHOCTH (PYHKIIMH — B OOILIEM CITydae 33/1a4a JJOBOJIBHO CIIOXKHAS: HY>KHO
YCTaHOBHTb, IPH KAKOM 3Ha4eHUU 1 PaBeHCTBO f (x =T ) =f (x) ABJISIETCS TOXKAECTBOM. Ha npakTuke
YUUTBIBAIOT, YTO M3 BCEX OJJEMEHTapHBIX (YHKUUH NEepUOANYECKHUMU SBISIOTCS TOJBKO
TPUTOHOMETPHUUYECKHE, TAK YTO €CIIH B YPABHEHUH (DYHKIIMHM TPUTOHOMETPUUIECKUX (PYHKIIUI HET, TO
GyHKIUS TEpUOIUYECKON HE SBIIsETCS.



OyHKIMU Yy = Si n(a)t + go) uy= Cos(a)t + go) MMEIOT HAUMEHBIITUN MOJIOKUTEIbHBIA MEPUOT

2r . .
T =—,byskuun y =1g (a)t + go) uy=ctg (a)t + go) MMEIOT HAMMEHBIIINH IT0JIOKUTEIbHBIN IEPUO]],
[0

T =

e

3. Yemnocmpo-neuemnocmo

Oynkius [ (x) Ha3bIBACTCS YemHol, eciu  f (— x) =f (x) pu Jito0oM X € D( f ) OyHKUIMS
£(x) naseBaercs newemnoii, ecmu f(—x)=—f(x) mpu mo6om x € D(f). Ecnu pyskius smsercs
YEeTHON MJIM HEYETHOH, TO IOCTATOYHO MCCIIEA0BATh (DYHKIUIO U IIOCTPOUTH €€ rpaduK npu x >0, a
3aTeM HCIOJIb30BaTh TOT (hakT, 4To rpaduk 4eTHOH (PyHKIMU CHUMMETPUYEH OTHOCHUTEIBHO OCH
OpAuHaT, a rpaduk HeueTHON (YHKIIMM CUMMETPHUCH OTHOCUTEIBHO Hayasla KOOPANHAT.

4. Henpepvienocms u mouku pa3pwiéa pynkuyuu

[Tpu HaXOXKIEHUH TPOMEKYTKOB HENPEPHIBHOCTH (DYHKIIMH MOXKHO HCIIOJIb30BaTh CIEAYIOIINE
TCOPEMBI.
1. ECJ‘II/I (byHKHI/IH HUMECT HpOI/ISBOI[HyIO B K&)I(I[Of/i TOYKE AdAaHHOI'O I/IHTepBaJ'Ia, TO OHa
HerepLIBHa Ha 5TOM I/IHTepBaJIe.
_Si)

fi(x)

HETPEPhIBHBI HA JJAHHOM MHTEpBajie U (OyHKIIHS fz(x) He oOpalliaercs B HOJIb Ha 3TOM HHTEpBaJle,

, npuuem ¢yukmma f(x) u £, (x)

2. Ecnu paHHas QyHKOMs umeeT BHI f (x)

To (yHKIMS [ (x) HETpepbIBHA HA 3TOM HWHTEpBaJie. TOUYKH, B KOTOPBIX f2(x) =0, sABIAOTCS
TOYKaMH pa3pbiBa QyHKIUU f (x)
[1pu ornpesesieHry TUITA TOYKU Pa3phIBa UCIOIB3YEM CICAYIOIINE ONPEICICHHUS.
1. Ecin 51_311 f (x) = 31_)111 f (x) =f (xo), TO X, — TOYKa HEMPEPHIBHOCTH QPyHKIHU [ (x)
0 0

X<x, X )Xy

2. Bemu lim f(x)=lim f(x)# f(x,), T0 X, — TOUKA yCTpaHUMOTo paspbiBa hyrkuus [ (x)
v o

3. Ecmu lim f(x) u lim f(x) cymecrByior u koneunsie, Ho  lim f(x);t lim f(x), TO X, —
XX XX X=X X=X
X<Xg X<xg X<Xg X)Xy

Touka pasphiBa mepBoro pona pymkmmn [ (x);
4. Ecmu lim f (x) =0 wia lim f (x) =00, TO X, —TOYKa pa3pbIBa BTOPOrO poaa PyHKIUH

X=X,
X<Xg X<Xg

().
5. Humepeanovt monomonnocmu u mouku IKCmpemyma QynKuuu
Anzopumm uccnedosanus QyHKyuu Ha MOHOMOHHOCMb U IKCHPEMYM

1. Haiiti npou3Boany [ '(x);

2. Haiftu xputHueckne TOYKM TEPBOTO poJa AAHHOW (YHKLIHH, TO €CTh TOYKH, B KOTOPBIX
£'(x)=0 wim 3nauenns f'(x) He onpemencHsL.

3. Kpurnuyeckumu TOUYKaMu MEPBOrO poja pa3OuTh 00jacTh ompeaeneHuss (QyHKUUU Ha
MHTEpBAIIbI, B KAKIOM 3 HUX HalauTe 3HaK npoussomHoil f'(x).

4. JIns KaXJIOro MHTEpBaJla ONPENeNUTh THII MOHOTOHHOCTH JAaHHOW (YHKIMH, HCIIONB3Ys
J0CTATOYHOE yCIOBME MOHOTOHHOCTH: eciu B gaHHoM mmtepBame f'(x)>0, o f(x)
Bo3pacraer, ecmi ke f'(x)< 0,710 f(x) ybbIBaCT.

5. s KaXk10H KPUTHUECKOM TOYKH TIEPBOTO PO ONPEAETUTD TUI SKCTPEMyMa: €CIIH (QyHKINSA
f(x) menpepsiBHa B TouKE X, ¥ IpH Iepexofe uepe3 TOUKy X, 3HAK HPOU3BOTHON f '(x)
MEHsIeTCSl ¢ MUHYCa Ha IUIIOC, TO X, - TOUKa MMHHMYMa; €CIIH C IUIFoca Ha MUHYC, TO X, -

TOYKa MAaKCUMYyMa, €CJIM 3HAK fI(X) HC MCHACTCA, TO B TOUKE X, 9KCTpEMyMa HET.



3ameuanue. MOXKHO HCIIONB30BATh H IPYTO€ 00CHMAamouHoe yCIOBHE SKCTpeMyMa (yHKIIHH:
ecmu f'(x,)=0 u f"(x,)>0, To x, - Touxa murnmyma; ecu f"(x,)=0 u f"(x,)<0, To x, -

TOYKa MakcuMyMa QyHKIUH [ (x)

7. Humepeainwt evinyknocmu u moyku nepecuoda cpagpuka oynkyuu
Aneopumm ucciredosanus YyHKYUU Ha 8bINYKIOCMb U MOYKU nepecuba epaguxa

1. HaiiTu kpuTH4ecKkre TOYKH BTOPOTO poja JaHHOM (PYHKIMU, TO €CTh TOYKH, B KOTOPBIX
£"(x)=0 wmu 3Hauenns f"(x) He ompemeneHsL.

2. KpuTnueckumMH TOYKaMH BTOPOTO pojia pa3OuTh 0OOJNAcTh ompeneneHus (yHKIUU Ha
UHTEPBAJIbI, B K&KIOM U3 HUX HaiJUTe 3HAK MPOU3BOJHON [ "(x).

3. I Ka)KA0ro MHTEpBajia ONpPeIeInTh TUIl BBIMYKIOCTU Ipaduka JaHHOW (QYyHKIUU: €clid B
JTAHHOM UHTEpBasie [ ”(x) >0, To rpaduK QyHKIUU [ (x) SIBJISIETCS BBIITYKJIBIM BHU3, €CIIH JK€
f "(x) <0, To rpaduk pyHkuuu f (x) SIBJIIETCS BBIITYKJIBIM BBEpX.

4. Jlns Kaxxa0¥ KPUTHUECKON TOUKH BTOPOTO POja yCTaHOBUTH HalIMuue rneperuda rpaduka:
ecnmu QyHkuus f (x) HENpeppIBHA B TOYKE X, M IPH IEPEXOJe 4epe3 TOUKy X, 3HaK
MIPOU3BOTHON [ ”(x) MEHseTCsA, TO Touka M, (xo; f (xo )) SIBIIICTCSI TOUKOH Tiepernda rpaduka
dynxman f(x); ecom 3max f”(x) e mensercs, 10 B Touke M, (x,, f(x,)) neperu6a
rpaduka Her.

8. Acumnmomot cpaguxa
VpaBHeHHE BEPTHKAJIbHONM aCMMITOTHI MMEET BHUJ X =X,, €CIM X, — TOYKa  pa3pbiBa

BTOpOro poaa GyHKIMH | (x) , TO ecThb lim f (x) =00,

y - fx)
VYpaBHEHHE HAKIOHHOW acUMITOTBI WMeeT BuUI Y =k-x+b, rTIe k=lim——=,
X—>0 x

b=Iim ( f (x)— k- x) (npu k=0 acuMnTOTA SIBISIETCA TOPU3OHTAIILHOM).

9. Hynu gpynkuuu f (x) — 3TO KOPHU ypaBHEHUS [ (x) =0 (91O abCIHCCHI TOYEK MEepeceYeHUs
rpaduka GyHKIMHU ¢ ochbio abcuucc). Eciu ypaBHeHue f (x) =0 pemaercs TOIBKO TpapUUEcKu, 3TOT
MYHKT TIPOIYCKAOT.

10. Humepeanwl 3naxonocmoancmea ynkyuu

WHTepBa 3HAKOMOCTOSHCTBA (DYHKITHH [ (x) — 3TO MPOMEKYTOK, IJISi BCEX TOUEK KOTOPOTrO
3HA4YeHUs] (DYHKIIMH UMEIOT OJIMH W TOT XK€ 3HaK. VHTepBajbl 3HAKOIMOCTOSHCTBA (DYHKIUH [ (x)

HaxozAT, pemmas Hepaserctea f(x)>0 u f(x)<0.

11. Hccneoosanue ghynkyuu npu x —> oo
Ecnu obnacte onpeneneHuss GyHKINN — OECKOHEUHBIN MPOMEKYTOK, TO HY’KHO BBIYUCIUTD
npenenst b, = lim f(x) u (umm) b, = lim f(x).
X—>+0 X—>—0

12. IlTocmpoenue cpagpuxa hynkyuu

IIpu moctpoenuu rpaduka obsa3amenbHO HYKHO YYECTh TOUKHM Pa3pbiBa (PYHKLUHU, TOUKH
AKCTpeMyMa (pYHKIIMH U TOUKH repernda rpaduka.

Jlnst 6osiee TOUHOTO MOCTPOSHHSI Tpaduka MOKHO BBIYMCIUTH KOOPJMHATEI HEO0OXOAMMOTO
KOJIMYECTBA €r0 TOYEK, UCII0JIb3Ysl YpaBHEHUE (DYHKIIUU.

3ameuanue 1. Ecnv GyHKIMS UCCIETYETCS C TIENBIO TIOCTPOCHUs rpaduKka, TO MepeuncIiCHHbIC
BBIIIE MTyHKTHI MOKHO paccMaTpuBaTh B JIOOOM IMOpSIKE, KOTOPBIM npencrasisercs Bam Hanbonee
1iesiecoo0pa3HpIM. HeKoTophle yHKTHI B CHITY X OYEBHIHOCTH HMJIH, HA00OPOT, CIIOKHOCTH, MOJKHO HE
paccMatpuBaTh. VICKITIOUeHHEe COCTaBIISIET HAXOXJIEHWE 00JacTH onpeseieHust PyHKIUU. ITO MyHKT
NIEPBBIN B JTF0O0M UCCIEI0BaHUH QYHKIIUH.



3ameuanue 2. MHOTO TpUMEpPOB HCCIEAOBaHMS (PYHKIIMHA MOXKHO HaWIWTE B YYCOHHKAX,
yKa3aHHbIX B CIHCKE JIUTEpaTypsl, Wiu Ha caidtax B MurepHere. CornacHo tpeboBanusim PI'OC,
CTYJICHT KOJUIeJpKa 00s3aTelbHO JOJDKEH YMETh HCCIIeI0BaTh MHOTOWIEH TpeTbeil creneHu. Takue
HPUMEPBI MBI U PACCMOTPHM.

Hpumep 1. Viccnenosats dynkiuio  y=x" —12x (0 MONHON cXeMe) M TIOCTPOHUTH ee
rpaduk.

Pewenue

1. Obnacmo onpedenenua Gynkuuu: D(y) = (~ 00;+00).

2. Henpepvienocmp. Tak kak Tieppast npousBoaHas Gpynkmum )’ =3x> —12 ompefesneHa npu
xe (— oo;+oo), TO JaHHas (QYHKIIMS HETIPEPHIBHA MPU X € (— oo;+oo).

3. Ilepuoouunocmes. OyHKUYA HE SBIACTCS NEPUOAUYECKOM, T.K. TPUTOHOMETPUUECKUX
GYyHKIUI B €€ ypaBHEHUU HET.

4. Yemnocmo-neuemnocms.
Tak kak f(x)=x—12x, 10 f(-x)=(=x) —12(-x)=—x* +12x = —(x3 - 12x): —f(x).
Tax kak f(—x)=—f(x), To byHKIMs ABISIETCA HEUETHOIH.

Orcroga cienyer, uto Trpaduk (YHKIUU CHMMETpU4YeH (cam cede) OTHOCHTEIHHO OCH
OpAMHAT. DTO CIEIyET Y4eCTh IPU OCTPOCHUH TpaduKa.

5. Hynu ¢pynkyuu — 5TO KOpHU ypaBHEHHS [ (x) =0.

Pemas ypasuenne x° —12x =0, momyuaem x(x2 —12): 0, oTkyaa cienyet, 4ro x =0 WM
x*=12=0, 10 ecTh x =412 =424/3.

Hynu nanHoit gynkuuu: x, = 2.3, x,=0, x;= 24/3 — 910 abewmcest Touek HepeceYeHust
rpaduka QyHKIHH ¢ OCbIO abcIuCC.

6. Humepeanwl 3HaKonocmosancmea

Tak xak f(x)=x’—12x= x(x +243 Xx -2.3 ), TO, ONpEAEss 3HAK IPOU3BEIECHUS
X (x +24/3 )(x —243 ) METOJIOM UHTEPBAJIOB, TOJIyYaeM:

v | fo23) | 223 | (2450) o] 02v3) 243 | REesd)

3uax f(x) - 0 + 0 - 0 +

7. I/Iumepeaﬂbl MOHOMOHHOCMU U MOYKU IKCmpemyma

Haiinem  kpuTuMdeckne TOYKM  TNEPBOTO  pOAA, PEIIMB  YPABHEHHUE y'=0:

’

¥ =(x—12x) =3x* 12 = 3x°=12=0 = 3(x’—4)=0 = ¥’ =4 = x,=-2, x,=2.
KpI/ITI/I‘-ICCKI/IMI/I TOYKaMH IICPBOro poaa pa306beM 001acTh OIIPCACIICHUSA HAa MHTCPBAJIbI. B
Ka)KJIOM M3 HUX HaiileM 3HaK TepBoii pou3BoaHoil )’ =3x> —12. Pe3ynbTaThl IpeiCTaBUM B BUJIE

TaOTHITBI:
X (—o0,-2) ) (-22) 2 (2,+0)
7'(x) + 0 - 0 +
f(x) — max ~ min P

Bv1600bi1: QpyHKIMS BO3pacTaeT Ha MPOMEKYTKAX (— oo;—2) " (2;+oo), yOBIBaET Ha MPOMEXKYTKE

(-22);



x=-2 — TOoYka MUHHUMyMa (yHKIIUH, f(— 2) = (— 2)3 -12. (— 2) =16, A(— 2,1 6)— TOYKa
rpaduka GyHKINH, COOTBETCTBYIOIIAs TOYKE MUHUMYMA;

X =2 — TOYKa MakcuMyMa QyHKIUH; f (2) =2'-12-2=-16, B (2;—16)— TOuKa rpapuka
(YHKLHHU, COOTBETCTBYIOIIAs TOYKE MAKCUMYMA.

8. Humepeanwl epinyknocmu u mouku nepezuba zpaguxka

/
Haiiiem BTOpyt0 IPOM3BOHYIO JaHHOM QyHKIMK: )" = (3 x° — 12) — y'=6x.
Haiijiem KpUTHYECKHE TOYKH BTOPOTO POJia, ISl 4ero penmm ypasraenue )" =0.
[Tonyuyaem: 6x=0 = x;=0.
Kpurrnueckoli TOUKoit BTOporo poja pa3o0beM 001acTh OnpeeeHus Ha HHTepBajibl. B
KaXKJIOM U3 HUX HalijleM 3HaK BTOPOU MPOU3BOIHON )" = 6X .
PesynbraTsl mpeacTaBUM B BUJIE TaOIUIIBL:

x (-=0) 0 (0;+20)
fﬂ(x) _ 0 I
Ipadux f (x) /\ [eperu6 U

Bv1600v1: Tpaduk QyHKIUH SBISETCS BBITYKJIBIM BBEPX (BBITYKIBIM) HA HHTEPBAJe (— oo;O)
U BBITYKJIBIM BHU3 (BOTHYTBIM) Ha HHTEPBAJe (0;+00).
x =0 — abcuucca Touku nepernda rpapuka; f (O) =0°-12-0=0.
Touka 0(0;0) SBIISIETCS TOUKOM meperuda rpaduka QyHKIUH.
9. Hceneoosanue ghpynkyuu npu x — too
lim f(x): lim (x3 —12x)= -0, lim f(x)z lim (x3 —12x)= +00,
X0 x> X400 X—>4o0

10. Acumnmombut zpaguxa

BeprukaneHbeIXx acMMOTOT Tpaduk HEe MMEeT, TaKk Kak TOYEK pa3pblBa BTOPOTO pojaa y
(GyHKIMM HET.

. ) X
VYpaBHEHHE HAKIOHHOW acUMNTOTHI WMeeT BuUI Y =k-x+b, TIe k= llmm ,
X—>0 x
b=1lim(f(x)-k-x).
X—>00
Hax1oHHBIX ACHUMIITOT y rpaduka TOXE HET, TaK KakK
3
. X Cox —12x .
kzlsz( )=llm :lzm(xz—IZ):oo.
X—>00 x X—>00 x X—>0

11. IlTocmpoenue zpagpuxa

ITpu noctpoeHunu rpaduka ciaeyer yuecTb BCe pe3yJIbTaThl HCCIEJOBAHUS.
Touku, COOTBETCTBYIOIIME TOYKAM HKCTpeMyMa (YHKIMH, U TOYKH Ieperuda rpaduxa,
HallJICHHbIE BBILIE, HY>KHO MIOCTPOUTH 0 UX KOOPJIUHATAM.

Touku (J_r 243 ;0) nepeceyeHus: rpauka ¢ Ocbl0 a0CHUCC MOXKHO MOCTPOUTH TOJBKO

NpUOIMKEHHO, YUUTHIBAs, UTO 23 ~3,46.

[Ipu HeoOxomamMocTH miisi Oojiee TOYHOTO TOCTPOCHHS Tpaduka MOXKHO BBIYHCIUTH
KOOPJIMHATHl HECKOJIBKUX €ro TOYeK, WCIOJNb3ys ypaBHeHME (yHKuuu.  Hampumep, MOXHO
COCTaBUTH TAOJIHILY:

X -4 -3 -2 -1 0 1 2 3 4 5
y -16 9 16 11 0 -11 -16 -9 16 65




Teneps moctpoum rpaduk (puc. 1).
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IIpumep 2. VccnenoBath GyHKIHIO Y =—x" +3x° —3Xx+4 Ha MOHOTOHHOCTb H SKCTPEMYM,
BBIMYKJIOCTh M TOUKH Iepernda rpaduka. [loctpouts rpaduk GyHKIUH.
Pewenue
1. Haiinem ob6nacTh onpeneiacHus PyHKIIHH: D(y) = (— oo;+oo).
2. Hna uccrnenoBanusi (pyHKIMM HAa MOHOTOHHOCTh U JKCTPEMYM HaiJeM ee MepBYIO
Npou3BOAHYI0: V' =-3x> +6x—3=-3 (x2 —2x+ 1): —3(x—1).
Tak kak )’ <0 mnpu Beex JEHCTBUTENBHBIX 3HAYECHUSAX apryMEHTa X , TO JaHHas (QyHKIHs
yOBIBaET HA MTPOMEKYTKE (— oo;+oo).
3ameuanue. Kputnueckas Touka nepBoro poja x =1 He ABIsSETCS TOUKOW dKCTpEMyMa, HO
MOCKOJIIBKY y’(l): 0, To KacaTenbHas K rpaduKy B COOTBETCTBYIOIIEH €ro TOUKe MapaieiabHa OcU
abcuuce. JTo ciaenyeT y4ecTb P MOCTPOEHUH rpaduka.
3. JInst uccnenoBanusi GyHKIIMM Ha BBIMYKIOCTh U Meperud rpaduka HalaeM ee BTOPYIO
MPOU3BOJHYIO: )" = (— 3x7 +6x— 3): —6x+6 =—6(x—1).
y"=0 mpu x=1,T0 ecTb TOUKa x =1 SBJIACTCS KPUTHUECKON TOUKOM U TIEPBOTO, U BTOPOTO
pona.
Toukoit x =1 pa3oObeM 00IacThb ONpeAeTIeHUs Ha UHTEpBalbl. B Ka)XIoM U3 HUX HaiiieM 3HaK
BTOpOit mpom3BomHoit 1" = —6(x —1).
Pesynbrarel mpencTaBuM B BUJE TAOIUIIBL:
. Coori) I (C 1i4o0)
/") + 0 -

Tpadux f(x) U [Teperu6 [\

Buisooul:

®dyuKIUs onpe/iesieHa U HeMPEPhIBHA TIPU X € (— oo;+oo).

@OyHKIUs yOBIBACT HA MPOMEKYTKE (— oo;+oo), TOYEK 3KCTPEMyMa HeET.

I'paduk (HyHKIUU SBISETCS BBIMYKIBIM BHU3 Ha MPOMEXKYTKE (— oo;l), BBIITYKJIBIM BBEPX Ha

MTPOMEKYTKE (1,'+00) ; x =1 — abcrmucca Touku neperuda rpaduka.



Jlnst mocTpoeHus Tpaduika HY)KHO BBIYMCIINATH 3HAYCHUs NAHHON (QYHKIMU B TOYKE x =1:
y(1)==1+3-1 =3-1+4=3.
C(l,‘3) — Touka meperunba rpaduka (yHKIUH, KacaTelbHas K TpaduKy B 3TOH TOYKe

napaiesibHa OCH abcIucc.
Mo>kHO TaKoke HaiauTe mpeaest GyHKIUN Ipu X —> oo

lim(—x3 +3x7 —3x+4)=+oo, xli'n&(—f +3x7 —3x+4)=—oo.

X—>—0

Tenepbs MOKHO TTOCTPOUTH Tpaduk GyHKIHH (pHC. 2).

3aoanusn 013 camocmoamenbHo20 peuieHus

Uccnenyiite GpyHKINIO ¢ TOMOUIBIO IPEIEIOB U MPOU3BOAHBIX U TOCTPOMTE €€ rpaduK.

Bapuanm 1 Bapuanm 4 Bapuanm 7 Bapuanm 10
y=—x>+6x*+11 y=x’-75x+14 y=—x"+12x* -8 y=—x" +48x+20

Bapuanm 2 Bapuanm 5 Bapuaum 8 Bapuanm 11
y=x+3x? —9x+1 y=—x—6x"+15x-8  y=—x+3x"+9x+10  y=—x"-9x*+21x—8

Bapuanm 3 Bapuanm 6 Bapuanm 9 Bapuanm 12
y=—x>43x2+45x-2  y=x’+9x2 +15x-2  y=x +3x>—45x-2 y:x3+6x2—15x—]6

Ilpakmuueckoe 3anamue 6
IlpumeHeHre NPOM3BOAHBIX K PeEIICHHI0 NPHKJIAJHBIX 331a4 HAa HaXO0XKICHHUe
HAHO0O0JIBIINX ¥ HAUMEHbIINX 3HAYeHUI (PYyHKIUI

I. Haxoorcoenue nauoonvuiux u HAUMEHbMUX 3HAYCHUIL (])ynkuuu HA 0AHHOM npomeosicymke

MBI pacCMOTpPUM JIBa CITy4as, B KOTOPBIX TapaHTUPYETCs CYIIECTBOBAHUE HAMOOIBIIIETO HITN
(M) HAMMEHBIIETO 3HA4YCHUs (DYHKIMM HAa JAHHBIX MPOMEXYTKax. BO BCEX OCTaIIbHBIX CiIydasx
TpebyeTcs 3HAUUTENIBHO 0oJiee AeTAIbHOE NCCIIEI0BAHUE.

Cnayuaii 1. Ecniv pyHKIMS HeTIpephIBHA HA JAaHHOM ITPOMEXKYTKE (HEBaXKHO, 3aMKHYTOM WJIH
HE3aMKHYTOM) U UMEET Ha 3TOM MPOMEKYTKE €IUHCTBEHHYIO TOUKY dKCTPEMyMa X, , TO 3HAUCHUE

f (xo) ABJIAETCS HAMMEHbBIINM 3HaueHUEM (DYHKLUHM Ha JAHHOM IIPOMEXYTKE, €CIU X, — TOYKa
MHMHUMYyMa, U HauOOJIBIIUM, €CIIH X, — TOUKa MaKCUMyMa.
3ameuanue. ccnenoBanue (yHKIMHN B 3TOM CITydae MPOU3BOUTCS TaK XKe, KAK HCCIICIOBAHNE HA
AKCTPEMYM.
Ilpumep 1. Haiitu HauOonblee 3HaueHue (QyHKUUH [ (x)= —x*+32x—7 Ha MpOMEKYyTKe
(co0;+20).
L D(f)=(=o01420).
2. ()= (cxt +32x-7) = —4x* +32.
3. f'(x)=0 = —4x*+32=0 = x’ =8 = x, =2 — KpUTHUECKas TOUKA IEPBOTO POJIA TAHHOI
byHKIMN. ’
4. f'(x)=(-4x* +32) =—4-3x% =—124%, f"(2)=-12-2> =—48.
Tak kak f '(2) =0u f "(2) <0,T0 x =2 —TOUYKa JOKAJILHOI0 MAaKCUMyMa JaHHOU (PYHKIUH.

[TockonbKy ApyTrux TO4EK dKCTpeMyMa y ()yHKIUH HET, TO B TOUKEe X =2 (QyHKIMA IPUHUMAET CBOE
HauOobllIee 3HAYEHHE = f(2) =-2"432:2-7=-16+64—7=41.

nau6 "~

Omeem: wHanbonpuice 3Ha4yeHue Gpynkumn f, =41 npn x=2.



Cnayyan 2. Ecnu ¢pyHKIUS HETIpepbIBHA HA 3aMKHYTOM IIPOMEXKYTKE, TO Ha ’TOM IPOMEKYTKE
OHA MMEET W HauMeHbIIee, U HanOoJIbIee 3HAUYCHUS, TIPUYEM dTU 3HAYCHUS (DYHKIUS TPUHUMAET
WJIM Ha KOHI[aX MPOMEXKYTKA, WM B TOUKAX IKCTPEMyMa, MPUHAAIC)KALTUX 3TOMY IPOMEXYTKY.

B stom CJIyda€ MOXXHO HCII0JIb30BaTh cnenyfoumﬁ AJITOpUTM.

1. Haiitu obnacte ompenencHuss GyHKIUUA. YOCIUTHCS, YTO JAHHBIM MPOMEXKYTOK SIBIISICTCS
MOJIMHOXKECTBOM 00JIaCTH OTIPE/ICIICHUH.

2. HaiiTi mepByr0 MpOU3BOIHYIO JaHHOH (yHKIIUU.

3. HaiiTi xpuTH4eckre TOUYKH MEepBOro poja MJaHHOH (yHKIMU. BeIOpaTh Te U3 HUX, KOTOpBIE
MIPUHAJUIEKAT JAHHOMY IIPOMEXYTKY.

4. BpYUCTUTH 3HAYCHUS (QYHKUUU B BBIOPAHHBIX KPUTHYECKHMX TOYKaX M Ha KOHIAX
MIPOMEXKYTKA.

5. VI3 HaiineHHbIX 3HaueHui QyHKIMH BEIOpaTh HanOoJbIlee 1 HaUMEHBIIIEE.

3ameuanue. Ecnu Ha TaHHOM IMPOMEXYTKE KPUTHUYECKUX TOYEK Y (YHKUIUU HET, TO HY>KHO
HaWTH €€ 3HaYEHHUS TOJIbKO Ha KOHI[AX MPOMEXKYTKA.

Tlpumep 2. Haitty HauMeHblIiee 1 HaMOOTbLLIee 3HaueHus (pyHKmM f* (x) =x* —8x* +5 Ha mpomexyTKe
[-1,3].
Pewenue
1. D(f)=(~o0,+0), mosromy [-1,3]< D(f).

2. f(x)=( —8x* +5) =4x’ ~8-2x40 = f'(x)=4x —16x.

3. f/(x)=0= 4x’ —16x=0 = 4x(x* ~4)=0 = 4x(x +2)(x-2)=0 = x, =2, x, =0,
X; =2 — KpUTUUYECKHE TOYKH NIEPBOT0 POJa JaHHOH (HyHKLUH.
[IpomexyTky [—1;3] HPUHAUIEKAT TOUKU X, =0 1 x; =2.

4. f(=1)=(-1)"=8-(-1Y +5=1-8+5=-2,
7(0)=0"-8-0°+5=5,
f(2)=2"-8-2> +5=16-32+5=-11,
f(3)=3"-8-3*+5=81-72+5=14.
Omeem: HauMeHbllIee 3HaUeHUE QYHKIUU |

Haum

=—11 mpn x =2, HauOonblIEcE 3HAUCHHUE
¢ynxkuun  f, =14 nmpu x=3.

3ameuanue. B naHHOM cilydae HauOoibllee 3HadeHHE (YHKIMS NPUHUMAET HAa KOHIE
POMEXYTKa, a HAMMEHbIIIEE B €r0 BHYTPEHHEH TOUKe (3TO TOUYKA JIOKAIbHOTO MUHHUMYMa).

II. Ilpumepsl pelieHHs NPUKIAIHBIX 32124

Ipumep 3. Haiinure TpH MONOXUTENBHBIX YUCHA a, b ¥ ¢, BTOPOE U3 KOTOPBIX B YETHIpE pa3a OoIblie
IIEPBOIO, CyMMa BCeX Tpex uucen paBHa 60, a MX IPOU3BEACHHUE SBIAETCS HAMOOMIBIIMM M3 BO3MOXKHBIX.

Pewenue. Ilyctb a=x. Torma b=4x, c= 60—(a+b)= 60—(x+4x)=6()—5x, a
npomssenenne abc = x - 4x - (60 — x). O6o3Haumm 310 MpousBenerue P(x).

ITockonbKy Bee uucna a, b u ¢ MoJ0KUTEIbHBIE, TO HU OJJHO U3 HUX HE MOKET OBITh OOJIbIIe
MX CYMMBI, TO €CTh BBIIOJIHSETCS ycaoBue 0 < x < 60.

Takum oOpa3omM, 3amada cBelach K HaxOXIGHHMIO TaKOro 4YHciaa X, 4To (yHKUUA
P(x) =x-4x- (60 - Sx) “MeeT HamOonbIllee 3HAYECHHWE Ha MPOMEXKYTKE (0;60). Uccnenoanue
POBOJUTCSA, KaK B pumepe 1.

1) Haiinem npousBogHYy0 3T0M GyHKIUU: P(x) =240x" - 20x° = P'(x) =240-2x—20-3x
=

P'(x)=480x — 60x”.



2) PemuMm ypaBHEeHHE P’(x) =0. IMomyuaem: 480x —60x> =0 = 60x - (8 — x) =0=1x =0,
x, = 8. IIpomexyTKy (0;60) IPUHAMJIEKUT TOJIBKO YUCIO X, =&

3) UtoOs! y3HaTh, ABIAETCA JIM TOYKA X, = 8 TOYKOM MMHUMyMa M MaKCUMyMa, HalileM P"(8).
[Tomy4aem:
P(x) = (480x — 60x*) = 480-1-60-2x, i P'(x)=480—120x. Torza
P"(8)=480—-120-8 = —480.

4) Tax kak P'(8)=0 u P"(8)<0,To x =8 —Touka Mmakcumyma dynkimu P(x). A mockombky
y yHKIHH P(x) Ha IIPOMEXKYTKE (0;6()) JAPYruX TOYEK JKCTpEMyMa HET, TO B TOYKe x =8 JTa

GbyHKIUS TpUHUMaET HauOoJIblIee 3HaYCHHUE.

Takum o0pa3zom, mpousBeAeHUE uyucen a, b u ¢ Oydger HamOONpIIMM TpU a =x =8,
b=4x=4-8=32, c=60-5x=60-5-8=20.

3ameuanue. B ycnoBun 3aauu He TpeOyeTcsl HAUTH 3HaYEHUE MPOM3BeACHUS abc. MBI ero
HaiiIeM J1JIsl MOJIHOTHI KapTUHbL: abc =8-32-20=5120.

Omeem: NIpoU3BENICHUE YnceN a, b U ¢ UMeeT HauboIbIlee 3HaueHne abc =5120 npu a =8,
b=32,c=20.

Ilpumep 4. I'unoteHy3a MPSIMOYTOJIBHOTO TPEYTOJbHUKA uMeeT Hy ¢ = 20 . [Ipu xakux mmHax

KaTeToB @ U b TIOMIa/Ib TPEYToIbHUKA Oy/IeT HanOOJbILeH U3 BO3MOYKHBIX?

Pewenue. TTycts a = x . Tlo Teopeme Indaropa vaxomum: a” +b° =c*, mm x° +b*> =20,
Torma b* =400—x*, b=~+400— x> .

[Tnomanps MPSAMOYTrOJABHOIO TPEYTONbHUKA MOXHO BBIUMCIUTH 1O (opmyne S =0,5ab.

Homyuaem: S =0,5x-v400— x>, um S =0,5- /x> -i400—x2 i: 0,5-4/400x> — x* .

Tak kak QyHKIUSA Jx sBaseres BO3pacTalOIIEl Ha INPOMEKYTKE (0;+oo), TO (YHKIHS

S(x)= 0,5-v400x*> —x* npuHUMaeT HaMOONbIIME 3HAYEHMS B TEX K€ TOYKAX, YTO M (DYHKIHUS

f (x) =400x” —x".

N3 reomerpuueckux coobpakeHuil sicHo, 4yTo x >0 (3T0 AnuHa oTpe3ka) U x <20 (kareT
BCEr/la MEHbIIIE TUIOTEHY3bI).
Takum oOpa3oMm, 3ajmada cBejgach K HAXOXKICHHUIO TaKOro YHCIA X, 4YTO (DYHKIUSA

f (x) =400x" —x* umeer Haubosbllee 3HAYEHME HA MPOMEKYTKE (0;20) . Hccnenosanue
POBOJUTCSA, KaK B ipumepax | mmm 3.

1) Haiinem mnpousBogHyro ¢(yHKuMH f (x) =400x° —x*: f '(x) =400-2x—4x’, um
£'(xx) = 800x —4x> .

2) PemnMm ypaBHECHHE f'(x) =0. ITonyuaem: 800x —4x” =0 = 4x- (200 - x2)= 0=x=0
um 200 — x> =0. Tak kak x > 0, To u3 ypasHenns 200 —x° =0 maxomum: x~ =200, x = +4/200,
x=1042.

Touka x =10+/2 MIPUHAJIEKUT TIPOMEXKYTKY (0;20) .

3) UtoObl y3HATD, ABISIETCS JIX TOUKA X = 1072 Touxoit MUHHMyMa d MakCHMyMa, HaieMm
7(10v2). TMosyuaem: £7(x)=(800x —4x*) =800-1-4-3x> =800—12x".
#7(10v2)=800-12-(10V2) =800-12-200 = -1600.



4) Tak kak f ’(1 02 ): Ou f "(1 02 )< 0,To x=10v/2 —Touxa MakcuMyMa QyHKIUHU f (x)
. A MOCKOJIbKY Y GOyHKIUH f (x) Ha MPOMEKYTKE (0;20) JPYTHX TOYEK IKCTPEMyMa HET, TO B TOUKE

x=10/2 s1a ¢byHKIMA npUHUMAaeT HanOoJIbIIee 3HaUCHHE.
[Tpu x =102 HOJTyYaeM: a=x=1012 ,

b=1400- (1052 ] =~/400—200 =200 =1012,,

$=05-a-b=05-104/2-104/2=05-100-2=100.

Omeem: ToIab TPEYroJbHUKA UMEET HauOoubinee 3HaueHue S =100, ecu ero KaTeTsl
UMEIOT UTHHBL @ = b =10/2.

3aoanusn 013 camocmoamenbHo20 peuieHus

Bapuaum 1 Bapuanm 2
1. Hatiti HanOoJIbIliee ¥ HAUMEHBIIIEE 3HAYCHUS 1. Hatitu HanOobIllee 1 HAUMEHBIIIEE 3HAUYCHUS
dyskmmn Yy =—x" +6x” +11 Ha oTpeske dyukimm  y = x° +3x” —9x+1 Ha otpeske

[-1:3]. [-2:2].

2. Cymma JBYX TOJIOKHUTENbHBIX uncen paBHa 18. 2. Cymma KaTeToB IpsIMOYTOJILHOTO

Haiinute nanbosnbIiee 13 BOZMOKHBIX TpeyroipHUKa paBHa 16. Halinnte Haumenbliee
3HAYEHUH WX MPOU3BEICHUS. 13 BO3MOXKHBIX 3HAYEHHI €r0 THUIIOTEHY3bI.
Bapuanm 3 Bapuanm 4

1. Haiitu HanOonbinee u HanMeHbIee 3Hadenns: 1. Haiitu Hanbosbee 1 HAaMMeHbIIee 3HAYCHUSI
3 2 3
bynkmun y =-x" 4+3x” +45x—2 Ha oTpe3ke bynkiuun y =x" —75x+14 Ha oTpeske

[-1:3]. [~ 2:6].

2. [Inomane npsimoyrosibHuKa pasHa 36. Haiinure 2. [IpousBencHue NBYX MOTOXKHUTEIbHBIX YHACEI

HaMMEHBIIIee U3 BO3MOXKHBIX 3HAYCHHUH €T0 pasuo 100. Haiinute HanMmeHnsbIee u3
nepumeTpa. BO3MOXKHBIX 3HAUEHUI UX CYMMBI.
Bapuanm 5 Bapuanm 6

1. Haiiti HanGosbIiee U HauMeHbIinee 3HaueHust 1. Halitu HanOosnpiiee 1 HaMMeHbIee 3HAYCHUS
dynkmum y =—x’ —6x° +15x—8 Ha oTpeske dynkmum y=x° +9x° +15x —2 Ha oTpeske
[-2:1]. [-2:3].

2. Ilepumetp npsmoyrosbHuka pasel 28. Haligure 2. Ilepumerp npssmoyrosbHuka pases 12. Halinure

HanOOJIbIIIEE U3 BO3MOYKHBIX 3HAYEHUH €r0 HanOOJIbIIIEE U3 BO3MOKHBIX 3HAYEHNN €T0
JuaroHaiu. TIomaau.

Ilpakmuueckoe 3anamue 7
Brluucienne HeonpeaeJgeHHbIX U ONpeAeIeHHbIX HHTEIPaJIoB

Teopemuueckue ceedenus

Heonpeoenénunvim unmeepanom ot QyHKIMH f (x) Ha MHTEpBaje (a;b) Ha3bIBAETCs
MHOXECTBO BCEX MEpPBOOOpa3HbIX (pyHKIWH f (x) Ha 3TOM HHTEpBaJie, TO €CTh TakuX (HyHKIUH,
MIPOM3BOIHBIE KOTOPHIX paBHBI QYHKIHHA [ (x) .

Tak kak m00BIE JBE MEPBOOOpA3HBbIC MAHHOW (YHKIIMM OTIMYAIOTCS APYT OT JIPyra TOJBKO
MOCTOSIHHBIM ~ CJTaraéMbIM, TO

I f(x)dx = F(x)+C, ecn F'(x)= f(x), C=const (370 cuMBOMHYECKas 3aITHCh

oTmpeseNieHus).



Ha mnpaktuke ©npH BBIUUCIEHUH HEONPEACICHHOTO MHTErpaja 4YacTo MCIOJIb3YIOT
IIPUBEJICHHBIC HU)KE CBOWCTBA:

(1) Ic-f(x):c-.[f(x)dx, €CIIU C = const
@ [+ fox))de =] £, ()dx + [ £ (x)dx

Omnpenenenue onpeoenenno2o unmezpana 31eChb He IPUBOIUTCS, IOTOMY UTO Ha MPAKTHKE
IIPU €0 BBIYUCIIEHUU UCTOJIB3YeTCs He onpeaeneHue, a popmyna Hotomona-Jletionuya:

[fde=F); = F(b)-F(a)  (3).

Ora gopmyna crpaBeaiuBa, ecnu QyHkmus [ (x) HEeMpepbhIBHA HA OTPE3KE [a;b] uF (x)—

oJlHa U3 e€ mepBOOOPa3HBIX Ha 3TOM OTpE3KeE.
[Ipu BBIYMCIIEHUM KaK HEONPEIENEHHBIX, TaK W OINPEACIICHHBIX WHTErPajJOB HCIOIb3YIOT

MPUBEICHHYIO HIDKE TaOIUIy IepBOOOPA3HbIX.
Ilepsoobpasznvie HeKOMOPBIX INNEMEHMAPHBIX PYHKYUIL

Hannas [lepBooOpaznas JlanHas [TepBooOpazHas Jlannas [lepBoobpaznas
GyHKIHS r (x) GyHKIIS r (x) GbyHKIISA r (x)
/(x) /() /()
1 ] 1
I X 7 Z.x2=Zxx —clgx
x? =+Jx 3 3 sin® x
4
1 =
¢, ¢ =const c-x FEREY %.xB =%~x3\/; 1gx —ln|cosx|
X p+l
xP, p#-l ) e’ e’ cigx ln|sinx|
p
— ! ﬁ a i ; arcsinx
X=X 2 a>0a=#1 na 1—x2
2 ¥ . ) 1
X — sinx cos X 5 argtg x
3 I+x
3 ﬁ cos X sinx S — arcsi nf
X 2 2
4 a’—x a
1 1 1 1 X
x'== ln| X | — 1gx % —arclg—
X cos” x a +x a a

Memoout éviuucieHus uHmezpanos

OCHOBHBIX METOJIOB BBIYUCICHHS HeOnpeoeleHHbIX UHMe2paios TPU: HEMOCPEICTBEHHOE
UHTETPUPOBAHUE, HWHTETPUPOBAHUE IMOJACTAaHOBKOM (METOJOM 3aMEHbl MEpPEeMEHHOH) U
WHTETPUPOBAHUE IO YACTAM. B CIOXKHBIX choydasx NPUXOAWTCS TPH BBIUMCICHHHM HWHTETpalia
HCIIOJIb30BaTh BCE 3TH METO/IBI.

OCHOBHBIX METO/IOB BBIYUCIICHUSI ONPEOENeHHbIX UHME2Paios TOXKe TPU: UHTETPUPOBAHUE
(memocpenctBenHo) 1o ¢opmyne HproTona-JleliOHuIla, WHTETPUPOBAHHE TMOJCTAHOBKOH W
WHTETPUPOBAHUE TIO YACTSM.

Botuucnenue neonpedenennozo unmezpana HenoCpeOCmMeeHHbIM UHMEZPUPOBAHUEM



Henocpedocmeennoe unmezpuposanue — 3TO TaKOW METOJ BBIUYUCIICHUS HEOTPEICICHHOTO
WHTETpaJla, TPU KOTOPOM JAaHHBI MHTErpajd CBOASAT K anreOpanyeckoil cymMme TaOIMYHBIX
HWHTErPAJIOB ITyTEM MPeoOpa30BaHus MOABIHTEIPATILHON (YYHKIIMK U TPUMEHeHUs cBOUCTB (1) u (2).

Ilpumep 1. Bprauciutb MHTErpal I (3x2 +12x —4)a’x .

Pewenue.
[(3x® +12x — 4)dx = [3x%dx + [12xdx+ [ (-4) dv =3[ xdx +12[ xdx — 4] 1-dx =

3 2
X

=3-%+12~?—4-x+C=x3 +6x° —4x+C.
Omeem: I(sz +12x—4)abc:x3 +6x° —4x+C.

Ilpumep 2. Beruucinute UHTETpa .[5" 3% dx .

x 45"
P 573 ax =573 ) dx=[5"-9"dx=|(5-9) dx=|45"dx= C.
emenue_[ xj ()x_[ xj()xj xln45+
Omeem: J-5X 3 dx = 45" +C.
In45
Ilpumep 3. BerauciuTh HHTETpai J‘ ﬂ dx.

coS X+ Sinx

dx =

cos 2x cos® x —sin’ x (cos x + sinx)cos x — sinx)
Pewenue. I dx .[ dx = I -
cos x + sinx

cosX+sinx cosX+Ssinx

= Ucosx—smx)dx:jcosxdx—jsmxdx:Slnx—(—cosx)+C:Sinx+cosx+C.

cos2x .
Omeem: j—dx =sinx+cosx+C.

cosxX+sinx
Ilpumep 4. Beraucnuth UHTErpai I(S + tgzx)dx .

Pewenue. I(3+tg2x)dx:j(2+(1+tg2x))dx:j(2+ 12 jdx:2x+tgx+C.
cos” x

Omeem: I(ﬁ% + tgzx)a’x =2x+1tgx+C.

Buiuucnenue neonpedenennozo unmezpana nooCmano6Koul
ANTOpUTM BBIYMCIICHUSI HEOIPEACIICHHOIO0 HWHTErpajia MOJCTaHOBKOM paccMOTpUM Ha
KOHKPETHOM TIprMepe (BCe pacCyKACHUs HOCIT 00Ul XapakTep).
7
Ilpumep 5. Berunciuts uaterpan J = j(3x2 + 5) -x-dx

Pewenue
1. BBeCTH HOBYIO TIEPEMEHHYIO: { =3x” +5 .

2. Haittm guddepeHnnanT HOBOW TepeMeHHOW: df = (3x2 + 5) ~dx = (3 2x+ O)dx =

dt =6x-dx.
. . . dt
3. VI3 moyry4eHHOTO paBeHCTBA HAlTH MU GepeHIan cTapoi mepeMeHHon: dx = F
X
4. ITpon3BecTH 3aMeHy MEPEMEHHOM 1101 3HAKOM MHTerpaa:
dt 1
J=[Bx*+5) x-dx=[t - x- = ==(¢dr.
Jout ) xde= [t x it |
y y l¢,, 14 1
5. BeruucnuTh MHTErpaj OT HOBOM NEPEMEHHOM: J = gjt dt = Yy +C= %t +C.



6. [IponsBecTn 0OpaTHYIO 3aMEHY TIEPEMEHHOU B BHIPAKEHUHU TIEPBOOOPA3HOM:

J:iz‘g+C:L(3x2 +5f+cC.
48 48

Omeem: J = [(3x* +5) -x- dx_48(3x +5)+C.

3ameuanue 1. Pemenne ynpaxHeHus 0€3 CJIOBECHBIX MOSICHCHHIA BBITIISIUT TaK:

t=3x*+5 = dt=(3x2+5)y-dx = dt=6x-dx = dx=? =
X

10 o L e +5f +C.

J=I(3x2+5)7~x~dx=jt x—=—.[t dt—6 2 28

. 1
3ameuanue 2. U3 paBeHCTBa df = 6x-dx MOXHO Cpa3y HalTHU BBIpaXEHUE X dX = gdt .

Torna J=_|.(3x2 +5)7 -xdx:J.t7 -ldt:ljt7dt:l-ﬁ+(?=i(3x2 +5)8 +C
6 6 6 8 48
Ilpumep 6. BerauciuTh uHTErpa J‘LS)Z dx .
1+sin” x
Pewenue. t=sinx = dt=(sinx) -dx = dt=cosx-dx = dx= di
cos x
cos x cosx dt dt

dx = . = =argtgt+C =arctgsinx+C.
-[1+sin2x J.l+t2 cos” x -[ +1° 518 &
Omeem: jﬂdx=arctgsinx+C.

1+ sin® x

Botuucnenue Heonpedeﬂeuuoeo uUnmezpaiia no wacmam

Ecnu nonpiHTerpanbHas GyHKIUS SIBISETCS MPOU3BEAECHUEM JABYX (YHKLHH, TO MHTErpaj
MHOTJ]a MOXHO BBIYHUCIUTH «I10 YacTsAM». VIHTerpupoBaHHEM I10 YacTSAM Ha3bIBAETCSl BBIYUCIICHUE
UHTErpaia no Gopmyine

4) Iu(x)-dv(x):u(x)-v(x)—jv(x)-du(x)
rae u(x) 51 v(x) — HenpepbIiBHO nuddepennupyemplie GyHKINN.
C nomoupro 310N (OPMyYJIbI BEIUUCIEHHE UHTErpaa I u(x)dv(x) cBOIMTCS K BHIUMCICHHIO
UHTEerpaia I v(x)du(x). Nipumenenne Metosa 1enecooOGpa3HO B TeX ClIydasx, KOTJA IOCIETHHIA

MHTErpajl IMG0 MPOIIE UCXOIHOTO, G0 eMy moaoGen. ITpu stom 3a u(x) npuauMaercs byHKIm,
KoTopast mpu mubdepeHnMpoBasEK ynporaercs, a 3a dv(x) — Ta ¥acTh MOABIHTErPATBHOrO
BBIPA)KEHUS, UHTETPall OT KOTOPOH M3BECTEH MIIM MOXKET ObITh HalIeH.

Tak, npu BEIYMCIIEHUY UHTErPaAJIOB BUAA J.P(x) e““dx, J.P(x) sinxdx, IP(x) cos xdx , Tae

P(x) — wmHorounmen, cmenyer mpumath u(x)=P(x), Toraa COOTBETCTBEHHO dv(x)=e"" dx,
dv(x) = sinxdx uim dv(x) =cosxdx.

IIpy BBIYMCIEHMM HMHTErpajioB BUIA '[P(x) Inxdx, I P(x) arcsinxdx, _[ P(x) arccos xdx
cremyer mpuHate cootBerctBenno  u(x)=Inx, u(x)=arcsinx wm  u(x)=arccosx, a

dv(x)= P(x)dx.

Ilpumep 7. Bpraucnuth unrerpai: J = J-(6x - 5) sinxdx .



Pewenue. Ilyctb u(x) =6x-5, dv(x) =sinxdx.

Torma du(x)=(6x— 5)’ dx = du(x)=6dx, v(x)= Isinxa’x =—cosx+C.
Tak kak B popmyne (1) Hy)kHa Kakas-HHUOYAb OqHA (YHKIUSI v(x) , TIOJIO)KUM, HaIrpumep,
C=0, Torma v(x)= —CcosXx .
ITo hopmyne (***) naxonum:
J = j(6x —5)sinxdx = (6x—5)(~cos x)- j(— cos x)6dx = (5—6x)cos x + 6Icos xdx =(5-6x)cos x+6x+C.
Omeem: J =(5-6x)cosx+6x+C.
Ilpumep 8. Boruuciuth unterpan: J = I(7x3 +12x+ 5) Inxdx .
Pewenue. Tlycts u(x)=Inx, dv(x) = (7)c3 +12x+ S)dx . Torma du(x)=(in x)' dx =

4 2
du(x):ldx, v(x):j(7x3+12x+5)dx:7-%+12-%+5x+C. IIpu C=0 mnonyyaem
x

v(x):%x4 +6x° +5x.
ITo hopmyne (***) Haxomum:

J=Ilnx- zx4+6)c2+5x an—j zx4+6xz+5x labc: Zx4+6x2+5x lnx—-[ z)c3+6)c+5 dx =
4 4 4 4

X

4 2
= zx4+6xz+5x Inx— z-x—+6-x—+5x +C= zx4+6x2+5x lnx—lx4—3x2—5x+C.
4 4 4 2 4 16
T 4 > T 4 2
Omeem: J = Zx +6x° +5x lnx—Ex -3x"-5x+C.

Ilpumep 9*. Bvruncnute uHTErpan: J = I e*cosxdx.

Pewenue. Tlycts u(x)=cosx, dv(x)=e"dx. Torma du(x)=—sinxdx, v(x)=e".
ITo popmyie (3) Haxogum: J =cosx e’ — J.(— sinx) e dx =cos x e* + Isinx e“dx.
Hnuterpan J, = _[ e’ sinxdx mon00eH NCXOJHOMY. BeIYncINM ero Takxke Mo 4acTsaM.
Iycts u,(x)=sinx, dv, (x)=e*dx. Torna du,(x)=cosxdx, v,(x)=e¢",

J, =sinx e” —'[cosx e"dx=sinxe —J.
X . X X * X 1 . X
Torna J =cosx e’ +sinxe* —J = 2J=cosx e’ +sinx e’ = J:E(cosx+smx)e +C.
1 ) .
Omeem: J = 5(cosx+ sinx)e* +C.
Buviuucnenue onpedenennozo unmezpana no ¢popmyne Horomona-Jleiionuuya

" =F(b)-F(a)

[ f@)dx=F()

3
Ilpumep 10. Boraucauth HHTETpAIT I(6x2 —14x+ S)dx.

1
3

:(2x3 —7x* +5x)‘l3 =

3 3 2
Pewenue. I(6x2 —14x+ S)dx:(6 . x? — 14-% + SxJ
1

1



—(2:3°=7-3+5-3)=(2- P =7- 12 +5-1)=(2-27-7-9+15)— (2= 7+5)= (54— 63+15)—0=6
Omeem: _3[(6x2—14x+5)dx=6.

1
8d.
Ilpumep 11. Boluucautbh HHTETpAII J al .

o 1+x°
1
dx
:8"([l+x2

=27.

1
Pewenue. I = 8arctg x |:) =8 (arctgl — arcth) = 8(% - 0) =2r
O

1

Omeem: J
0 1+ x?

8
Ilpumep 12. Boluucautbh HHTETpAIl J Sx- 3\/?

Pewenue.
2
8 82 8,2 8 2 L3 s 22f
J.Sx-3\/x_2-dx=5-jxl-x3-dx=5-J.x 3-a’x=5.jx3-dx=5- =5:2=-x3 =
0 0 0 0 1- 41 0

2 3
E st.é.((f)zs_1J=1_5.(233_1]:1_5.(28_1)=E.(256_1)_1_5 255_@=4781
8 8 8 8 8 8 8

&dx
1+ x?

Omeem: j — 478125

Botuucnenue onpe()eﬂennozo unmezpana HOOCMAHOBKOUL

ANTOpUTM BBIYHCIEHHMS OIPENEICHHOIO MHTErpajla IOJCTAaHOBKOM paccMOTPUM Ha
KOHKPETHOM IpuMepe (Bce pacCykIeHUs HOCAT OOLIHii XapaKkTep).

Ilpumep 13. Beruucnuth unterpan J = I 2ln —3)5 dx .

1. BBectu HOBYIO TepeMeHHyt0: f =2/nx—3

' 1
2. Haiitu nuddepennman HoBoM nepeMeHHOM: dt = (2 Inx — 3) “dx = dt= (2 =+ O} cdx =

X
dx
dt=2-—
X
. . x-dt
3. 13 npeapiayInero paBeHCTBa BbIpa3uTh audhepeHIuai crapoi IepeMeHHOM: dx = 5

dx dt
B nanHOM ciydae yno6Hee cpa3y moiay4YuTh — = —

5
4. HaifTu HOBbIE ITpe/IesIbl HHTETPUPOBAHUS:
t,=2-In1-3=2-0-3=-3, t,=2-lne-3=2-1-3=-1.

5. IlpousBecTn 3aMeHy MEpEeMEHHOM TOJ 3HAKOM HHTErpajsa W 3aMeHy MpeJelioB
1

UHTErpupoBanus: J = j2ln —3 5 ax IS dt

1 0



6. BerancnuTe UHTETpaJI OT HOBOM MEPEMEHHOM 10 opMyIie HBIOTOHa — Jletibauna (x crapoit

HepeMeHHOI/I BOSBp&IH&TBCH HC HY)I(HO) J J.ts dt l t— ’ 1 ﬁ _ g l
2 2 4 8 8 8
0

t

8

0

Omeem: J =—

Botuucnenue onpe@eﬂelmozo unmezpaia no Hacmsim

Ecmu IMOABIHTECTIPAJIbHYIO (PYHKHI/IIO MOXHO IIpEACTAaBUTbL B BHAC IMPOU3BCIACHUA OBYX

byHKIHH, TO OHpG,ZIGJIGHHLIfI HHTErpai MO>HO BBIYMCIIUTH 1o bopmyie
b

J.()dv x)| I

a

IlIpumep 14. Bpruucinuth uHTErpa I(24x2 + 6x)- Inx-dx.
1

Pewenue. OG03HAIMM u(x) =Ilnx, avx)= (24x2 + 6x)~ dx .

3 2

Torma  du(x)=(In x)' ~dx, nm du(x) = L dx ; v(x) =24. % +6- % (cuutaem C=0), umu
X

v(x)= 8x° +3x7.

Teneps o popmye (**) nomyuaem:

J?24x +6x Inx-dx= (8x +3x? )lnx‘ I(8x3+3x2)~§-dx=

1
e

= (8¢* +3¢%)-Ine—(8-1’ +3-12)-ln1—j(8x2 +3x) dx = (8¢° +3ez)-1—11-0—(8-%3+3-§J

1

_24.% 6.8 g0 3.0 8,3 16 5.3 225
2 2 3 2 3 2 6
Omgem.'1—16 3+§-e2 2
2 6

3aoanus 013 camocmoamenbHo20 peuieHus
1 — 4. BeuucauTh UHTETPATIBI

5. BeruucnuTh miaomaas GUrypsl, orpaHUuE€HHON TaHHBIMH JTUHUSIMU.

Bapuanm 1 Bapuanm 2
1. I(3e"+ '52 —6x8+7jdx 1. I(g—3cosx+4x7—ljdx
sin” x x
2. I(5x+6)12dx 2. J.Zeé"’ldx
3. I(2x 3)e*dx 3. I(4x+5)sinxdx
3 5
4, j(3x 4y 4. [(2x+3) dx
-1
5. _0 posi _0.x2-F
y=0,y=x>4+2 x=-1,x=5 > y=0, y=sinx, x= ’x_g

Bapuanm 3 Bapuanm 4

8
I 4Sinx—l+2x5—4 dx .J.(4x— 5 —5x3+6jdx
Jx cos’ x

X

—
[S—




2. jg 8 S 2. [7sin(2x+3)x
x_ 3. [(5x=4)inxd
3. I(6x+1)cosxdx .[( x—4)Inxdx
1 4. [(4x+1)d
4. [(6x—5) dx f4(x ) dx
) 5 0 O i
5. y=0y="1,x=1,x=7. P YD yEeosn Xx=Ux=0
X
Bapuanm 5 Bapuanm 6
6 .
- J.[l+xz —3Slnx+8x—4)dx 1. I(ﬁJrSex +7x° +9de

2.
Im > Im
3. I(7x—l)cosxdx 3 J.(5x+2)exdx

1
4. J-(Sx +2) dx

-3

4. JZ-(7x ~1) dx

-3

— — 43 — —
5. y=0,y=x",x=0,x=2. yzO,y:\/;,x:O,x:4.

9]

Ilpakmuueckoe 3anamue 8
IIpyMeHeHNe HHTETPAJIOB K PEelIEeHUI0 TeOMeTPUYECKHUX U (PU3MUYECKHUX 32124

Teopemuueckue ceéedenusn

1-A. Ilpu BRIYUCIICHUY TDIOMIA/ICH IOCKUX KPUBOJIUHEHHBIX (DUTYDP UCTIOIB3YETCS TeopeMa
0 TCOMETPHYECKOM CMEBICIIC OIPEACICHHOIO0 WHTerpasia: eclid (QYHKIusS f (x) HENpEepbIBHA U
MPUHUMAET HEOTPULATEIbHBIE 3HAYEHUS MPH X € [a;b], TO TUIONIaJb KPUBOJHUHEHHON TpameuuH,
orpanuveHHol JwmHUsMH Yy =0, y=f (x), X=a, x=b, MOXHO BBIYUCIUTH MO Qopmyle

S=j1f(x) dx

1-B. Ecniu nanHyto Gurypy MokHO pa3/ieluTh OTPEe3KaMH, HapayjieTbHbIMU OCH OpJIMHAT, Ha
HECKOJIbKO YacTel, KaXk/1asl U3 KOTOPbIX SBIISETCS KPUBOJIMHEHHOMN Tpaneuei, To miomap Gurypsl
MO>KHO HaWTH KaK CyMMY IUIOIIANEH dTUX KPUBOJIMHENHBIX TPAICLIUIA.

1-C. Ecnu ¢urypa orpaHuyeHa JIUHUSAMH ) = fl(x), v=1, (x), X=a, x=>b, Ipuyem npu

x €la;b] dymxman f,(x) u f,(x) HenpepsBEBI B ymoBmeTBOpsIoT yemosuo f(x)> f,(x), To

b
IUIOINAAb TaHHOM (PUTYPbI MOXKHO BBIYUCIUTH 110 opmyse S = I( fi (x)— 1 (x)) dx (byHkuum f, (x)

a

u f, (x) MOTYT NPUHUMATh U OTPHUIIATEIbHbIC 3HAYCHUS TIPU X € [a;b]).
2. Ecnu Teno JIBHXKETCS NMPSAMOJIMHENHO CO CKOPOCTBHIO v:v(t), npuyeM QyHKIUS v(t)

HeMpepbIBHA U IPUHUMAET HEOTPHUIIATEIbHbIE 3HAUEHUS TIPH f € [a;b], TO MyTb, MPOWUICHHBIH TEIOM
b
3a IPOMEXYTOK BpEMEHU [a;b], MOXHO BBIYHCIUTE 1O (opmyse S, :'[v(t)-dt, a CpeIHION

a

_ Sl

b-a
3. Ecnu cunna Toka B JaHHBI MOMEHT BPEMEHHU ¢ paBHa [ =1/ (t), npuyeM QyHkuus [ (t)

CKOPOCTb TeJia 32 IPOMEXYTOK BPEMEHHU [a b] 1o GopMyIe v, [, =

HCIIPEpbIBHA U NPUHUMACT HCEOTPULATCIIBHBIC 3HAYCHUS [IPU te [Cl,b] , TO KOJIHUYECCTBO
SJICKTPHUYCCTBA, IPOTCKAIOIICTO YE€PE3 MOICPECIYHOC CEUCHNEC NPOBOJHMKA 3a IMPOMEKYTOK BPEMECHU



b
[a;b], MOKHO BBIYHMCIHTB 10 GOpMYyJIe [, = _[ 1 (t)-dt, a CPEeIHIOI CHIIy TOKa 3a IPOMEXYTOK
_ Da)
@ [asb] — b—a :

BpPEMCHH [a;b] o popmyne /

IHpumep 1. Borauciuts mwiomans Gurypsl, orpamuenHodl maausmu: y =0, y=x*+2,
x=-1, x=3.

Pewenue. Takkak x* +2>0 mpu —1<x<3,To0

y=x"4+2

S = j.](x4 + 2)dx = [%5 + 2xJ

_243
5

: =(§+2-3j—{(_51)5 +2-(—1)J=

+6—(—%—2)=48,6+6+2,2=56,8.

Omeem: S =568 ed”.

Ipumep 2. Haiity niomaas GUrypsl orpaHudeHHoi muausaMu y =0, y=x° —4x —5.

by Pewenue. AGcuuccy TOUKU MEPECEUCHUS JAHHBIX KPHBBIX
o . Jy=0,
-1 O  Hai[EM, PCIIMB CHCTCMY YPaBHCHHIA 5
- - y=x"—4x-5.

[IpupaBHsAB MpaBble 4YaCTM  ypaBHEHHH, MOIydaeM
ypaBHeHHe x* —4x—5=0, OTKy/1a HaxomuM, uto X, =—1, x,=5.
Tak kak Ha otpeske |-1;5] Bemommsercs ycnosme

N 0>x"—4x—5, TO mIIOmans JAHHONW (UIypHl BBHUMCINM B
COOTBETCTBHHM € yKazaHueM 1-C.

4 3 2 4 3
S = (O—(x2—4x—5))dx=—(%—4-%—5~x} =—(%—2x2—5xj
-1

4

-1

3 3
:—(4——2-42 —5-4}{(_1) —2-(-1) —5-(—1)]:—(ﬁ—32—2oj+[—1—2+5)=—211+52—1+3=33-]
3 3 3 3 3 3 f

Omeem: S =33% eo”.

Ilpumep 3. Haiitu [Io1aab ¢burypsi, OrpaHUYECHHOU JIVHUSAMHA
y=0, y=+/x, y=8/x, x=8.

Pewenue. KoopauHaTsl TOYEK NEPECEUECHUS KPUBBIX ) = Jx n y =8/Xx HaiineMm, peuus

y=+x,

CUCTEMY YpaBHEHMI {

y=8/x.
[omy4aem: \/;=§ = xJx=8 = (\/;)3 =2 =
X

Jx=2=x=2"=4 = y=4=2 = N(42).



[Tnomane qanHOM HUTYpPHI HalIEeM KaK CyMMY TUTOIIAACH KpUBOJIMHEHHBIX Tpanenuii OM4
u 4MNS. Ilonyuaem:

i y=+x

Y

4
L

s, :jﬁdx:jx;dx:ﬁ 2.5 ~2(4/2-0v0)=2.8="10
, 3 3773

0 0 11 3
21,
8 16
S, = §dx:8lnx|8:8(Zn8—ln4):8ln§:8ln2. S=8+8,=—+8In2.
L ‘ 4 3

Omeem: S =?+81n2 €0,

Ipumep 4. Haiitu nnomaas GUrypsl, OrpaHIYEHHON THHUAMI  y = X, y = 8—2x.

Pewenue. Ilpsmyto y =8 —2x MOCTPOUM IO €€ TOUKaM, IPUHAIICIKAIUM OCSIM KOOPIMHAT.
\ IIpu x =0 nonydaem y=8-2-0=8. I[Ipu y =0 nomxyyaem

v 8—-2x=0,

OTKyJa HaXOJHuM, 4TO x =4 .

Takum oOpasom, mpsamasg y=8—2X NPOXOIUT Yepe3 TOUYKU

A(4;0) m B(0;8) .
B Touku TepeceueHns mapabombly =x° U TpsAMOH y =8—2x
} HalieM, peluB

N L ) {y —

CHCTEMY ypaBHEHH

y=8-2x.

PemmuB ypaBHeHne x° =8 —2x, wmu x° +2x—8 = 0, HaXoaUM
x,=—4, x,=2.Torma y, =(—4)* =16, y, =2> =4.
IMapabony y = x* MOKHO TIocTpouTh 1o Toukam M (—4;16), N(2;4) u 0(0;0).
Tak kak naHHas ¢urypa orpaHuueHa rpadpukamu GyHkumidi y=x> u y=8—2x u npu

xe [— 4; 2] BBITIONHSACTCA yclIoBue 8—2x > x° (cmydait 1-B), To muomans QUTYpHl HaiimeM 110

(bopmyre 2
$=5= o) )= (521 i[53 - | ) fs2-z _Q_(g.(_@_(_z;)z _)

-4

_16-4-3)[ 30216+ =128 48— _ 60— 72 _60-24-36.
3 3 3 3 3

Omeem: S =36 eo”.

Ilpumep 5. Teno nBUKETCA MPSIMOJIMHENHO CO CKOPOCTHIO v(t) = 48¢—6¢> . Haiitn cpemHIoro
CKOPOCTb T€JIa 32 BpeMs OT HavaJla JBUKEHHUS 10 OCTAHOBKH.



Pewenue. MOMEHT OCTAaHOBKHU TeJla HAIEM, PEILINB YPABHEHHUE v(t) =0.
Tomyuaem: 487 — 61> =0 = 6¢(8—¢)=0 = =0 wm ¢ =8.
B MoMeHT ¢ = 0 ¢ Teno Hayaso ABUraThCs, B MOMEHT ¢ = 8 C TEJIO OCTaHOBUJIOCH.

Haiinem nyTsb, npoiiieHHsIN TesnoM 3a Bpemst oT Oc 1o 8c.

ITo rpaduxy dyHKIIH v(t) =48¢—6¢" BUIHO, UTO TpPH f € [O ;8] BBITIOJIHSETCS yCIIOBUE
W(t)=48t—6> > 0, mosTomy

2 8

8 3
v g=[@8i—6)ar=| 485 —6.0| =(24.* 2. =
J 2 3 0

0

=(24-8° —2-8°)—(24-0> —2-0°)=24-64—2-512 =1536 - 1024 = 512 ().
S[(),-g] 512

Cpensis ckopocth Teia 3a Bpemst ot Oc 10 8¢ v jo 4= g = 64(M / c)
Omeem: v 1y 5= 64(m/c).
3aoanus ona camocmoamenvHo20 peuieHuA
Bapuanm 2
Bapuanm 1 1. BeraucnuTs miomanb Gurypsl,
1. Beruucnuts miomazis Gpurypsl, OTrpaHUYEHHON JIMHUSAMHU
OrpaHUYCHHOM JTHHUSMU y=0,y= \/; y=2-x.
y=0y=x ’, y=2-x. 2. Teno ABWKETCS MPSIMOJMHEHHO CO
2. Teno ABIKETCS NPSIMOIMHEHHO CO CKOPOCTBIO v(t) =24 —4¢ . Haiitu cpeiHIo0
CKOpOCTBIO V(f ) =24¢ —3¢* . Haiin cpeioro CKOPOCTBH TeJja 33 3 CEKYH/IbI JI0 OCTAHOBKH.
CKOPOCTB TeJIa 3a MICPBbIC 2 CEKYH/IbI 3. Cuna Toka B MOMEHT paBHa [ (t) =2sin5t .
TBYKCHUSL. T
3. Cuna Toka B MomenT pasHa I(t)=3sin2t . Haiitn cpenmioro ciity Toka 3a Bpemst [0; E}
Haiitu cpeanroro cumy Toka 3a Bpemst {O;%} .
Bapuanm 3 Bapuanm 4
1. Beruncnuts miomaas GUrypsl, 1. Beruucnuts miomaab Gurypsl,
OrpaHHYCHHON JTMHUAMHU OrpaHMYEHHOMN JTHHUSAMH Y =X, J = X.
x=0,y=x", y=2-x. 2. Teno ABWXeTCs NPSIMOIUHEHHO CO
2. Teno OBIKETCS MPSIMOIMHEHHO CO CKOPOCTBIO v(t) = 24¢ —3¢* . Haiitu cpennioro
cxopocteio W¢) =187 —3¢* . Haiit cpenmroro CKOPOCTB TeJIa 3a MEPBBIE 2 CEKyHIbI
CKOPOCTB TeJa 3a BpeMs OT Hayasa JBIKEHHUS = JBHKEHHUSL.
/IO OCTAHOBKH. 3. Cuua Toka B MoMeHT pasHa [(t)=4sin3t .
3. Cuia ToKa B MOMEHT paBHa [ (t) =5sinb6t . p
ju Haiitu cpenHroro cuity Toka 3a BpeMst [0 ; g} .
Haiitu cpennroro cuimy Toka 3a Bpemst ‘:O ; g:l .
Bapuanm 5 Bapuanm 6
1. BoruncnuTs miomanb Gpurypsl, 1. BeruvcnuTs miaomanb Gurypsl,
OTPaHMYEHHON THHUAMI ) = X, y =2 —X. OrpaHUYEHHON JIMHUSIMU ) = Jx, y=x.




2. Teno aBukeTCS MPSIMOIUHEWHO CO
CKOPOCTBIO v(t) =12¢—3¢” . Haiitu cpemnior0
CKOPOCTbB TeJia 3a 2 CEeKYH/BI 10 OCTAaHOBKH.

2. Teno IBMXETCS NMPSAMOJIUHEWHO CO
ckopoctbio V(¢)=12 - 2¢ . Haiiti cpeamioro
CKOpOCTH TeJia 32 BpeMs OT Hadajia ABMKCHUS

3. Cuia Toka B Moment pasua (¢)=6sindt . A0 OCTaHOBKH.
3. Cuuia Toka B MoMent pasua I(t)=5sin3t.

o V4
Haiitu cpeanioro cuimy Toka 3a Bpems {O ; —} . ju
8 Haiitu cpenHroro cuiy Toka 3a Bpemst [0 ; ?} .

Ilpakmuueckoe 3anamue 9

Pemienue 1 pepeHuuaIbHbIX YPAaBHEHHI

HuddepenunanbHoe ypaBHEHHE R-TO TOpsAAKa B
F (x, vy, ', y('”):o, rae y(x) — uckomas dynxims. Obuwee pewenue ubdhepeHIHATLHOIO
n TIPOM3BOJILHBIX TIOCTOSIHHBIX, TO €CTh HMEET BU]I
,C, Pa3sIM4Hble KOHKPETHBIE 3HAYCHMs, U3

obmemM ciiydae HMeEeT BUJI
ypaBHCHHS

y:f(x,c],cz,
obujeco pewenus TIOIYHarOT paslIUuHbIe yacmmuvle pewienus. YTOOBl MOCTOSHHBIE C|,C,, ...

n-TO TIOpPSIKA COJEPIKHUT
,cn). JlaBasg IOCTOSIHHBIM C;,C,, ...
,C

n

MOKHO OBUIO HAWTH OJHO3HAYHO, 33JAl0T JONOJHHUTENIBHBIE YCIIOBHsS, HAIpUMEP YCJIOBHUS BUJA
Wx0) =205 ¥'(x0) =5, ¥"(x) =255 - s ()= g

Paccmorpum Metopl pemieHus Jub@epeHInanbHbIX YpPaBHEHUH, BXOAAIIMX B IIPOrpamMMy
U3y4aeMOro Kypca MaTeMaTHKH.

1. Ilpocmeinmue ougppepenyuanvnvie ypaguenus nepeozo nopaoKka

910 muddepenumansubie ypapaenus suma y' = f(x), rae y(x) — nckomas dymxums, f(x) —
naHHas QyHkuua. OOliee peleHue Takoro ypaBHEHHs MOXHO HalTU MHTErpUpOBAHHEM IpPaBoOif
4actu: y :.[f(x)-dx , Ay =F(x)+C.

5

2.
cos X

Ipumep 1. Haiitu obmiee penienue audpepeHnarIb-HOr0 ypaBHEeHUst )’ =

2
cos X

Pewenue: y:j( —ZJ-dx = y=5gx—-2x+C.

Omeem: y=5tgx—2x+C.

. 6
Ipumep 2. Haiitu wdactHOe penieHne aupGEepeHIMATEHOTO ypaBHEHHS ' = —+8x,
X

YAOBJIETBOPSIOIIEE HAYATHbHOMY YCIIOBUIO y(l) =3.

Pewenue

1. Haxomaum ol1iee perieHne ypaBHEHUS: y = J‘(ﬁ + 8x] dx = y=6mx+4x> +C.
X

2. Mcnonp3ys Ha4anpHOE yCI0BUE, HAXOAUM 3HaueHune C:

y(1)=3= 3=61+4-1"+C= 3=6-0+4+C =3=4+C = C=-1.
3. Ioxcrapnsis HaiinenHoe 3Hauenne C=-—1 B obmee pemenme y=6/Mmx+4x” +C,
TIOJTydaeM HCKOMOE 9acTHOE pelrenne y = 6/nx +4x” —1.

Omsem: y =6Inx+4x" —1.
2. lupghepenyuanvuoe ypasnenue nepeozo nopaoka ¢ pazoenaiomumucsa nepemeHHvimu

O10 muddepeHnnansHble ypaBHEHUS BUAA  f, (x)+ 5 (y) =0, rne y(x) — UCKoMasi PyHKIHS,
fi (x) u f, (x) — naHHasg QyHkuus. OOmMI HHTErpajd Takoro ypaBHEHHUS HaXOAsT B BUJE

J £ () dx + J f,(y)dy=C, um Fl(x)+ F, (y)z C . Ecnu nostyueHHOE ypaBHEHUE MOXHO PELIUTh



OTHOCHUTEJIBHO IEPEMEHHOH y, TO M3 O0Lero MHTerpana [ (x)+ F, (y) =(C mnomyyaroT o01ee
pelieHue y = y(x, C )
Ipumep 3. Haiitu obmiee penienre nuddepeHunanbHoro ypaBHeH|s )’ = (2x + 8)- \/; .

Pewenue. Jlannoe ypaBuenue siBisercs auddepeHnnaibHbpIM YpaBHEHUEM TIEPBOTO TTOPSIIKA
¢ pazoenaouwumMucs nepeMeHHBIMY, TaK KaK €ro MOXKHO IIPUBECTH K BUAY f, (x)+ 5 (y) =0

= (2x+8)-\/y = %:(2“8)-\/} = dy=(2x+8)-Jydx = P _(2x+8)-dx
X

Jr

@ _ 25+ 8)- dx — = 2y =x*+8+C =
[-foresia = (e ;

2 2
y:£%+4x+Cj .

P 2
Omeem: y = (% +4x+ C] .

3. JTuneiinvie 00HopooHvle oOughghepenyuaivnovle ypagHeHus nepeoco nopsaoKa

D10 auddepeHnanbHbIe ypaBHEHUS BUma )’ + p(x)- y=0, rue p(x) — naHHast QYHKIHS,
y(x) — uckomas pynkuus. Ero oOmiee perreHre MOKHO MpeAcTaBuTh B Buae y =C'- e rne P(x)

— Kakas-HUOYIb iepBooOpazHast GyHKIUN p(x), C — npou3BOIbHAsI KOHCTAHTA.
5

1+ x?

IMpumep 4. Haiitu o61iee pemenne qudQepeHinaaIbHOro ypaBHeHUs )’ — -y =0.

Pewenue. Tak kak p(x) =— 1 TO P(x) =-5-arctgx, Torma — P(x) =5-arctgx,

2
X
S-arctgx

MO3TOMY 00lIlee peleHre JaHHOTO ypaBHeHus umeetr Bua y =C-e

S-arctgx

Omeem: y=C-e

Ilpumep 5. Haiitm uactHOe pemenne auddepeHnMansHOro ypaBHeHUs ) ' +——==0,

2J_

YIOBJIETBOPSIOLLEE YCIIOBUIO y(l) =12.
Pewenue. Haiinem cHavana o1iee pelieHue 1aHHOTO YpaBHEHHUSI.
1
Tak xak p(x)= T, TO P(x)=\/;, —P(x)= —/x, 10 ectp obmee pelIeHne UMEET BUJI
2x

y = C . ef\/;
Tenepb Haﬁ,[[eM KOHKPCETHOC 3HAYCHUC BCIINYNHBI C , A1 9€TO0 UCITOJIb3YEM JaHHOC YCIIOBUC
y(1)=12:

=12 12=Ce'sn2= Ce'o12=c-1 o c=12e.

e
IToncraBuB HaiimenHoe 3HadeHne C =12e B o0mee pemeHue y—C-e"/;, TIOJTyYUM
= x

HCKOMOE JacTHoe pemienne y =12e-e ", umu y=12¢' -, wm y=12¢" i
Omeem: y = 12

4. J/Iuneiinvle HeoOHOPOOHbIE OUppepenyuanbrvle yPasHeHUs NePeo2o NOPAOKA



Oto nuddepeHranbHbpe ypaBHeHUs BUma ' + p(x)~ y= q(x), rue p(x) b p(x) — JIJaHHbIE
byHKIIH, y(x) — nckomasi (pyHKIuMs. Perienne Takoro ypaBHEHUs paCCMOTPHUM Cpa3y Ha KOHKPETHOM
npuMepe.

Ilpumep 6. Haiitu obmee  pemenue  aupdHepeHIUnAITBHOTO yYpaBHEHUS

b, 1 Jx
y+—=-y=5""cosx.
2~/ x

Pewenue. Ob1iee pemeHue 1aHHOTO YpaBHEHHs Oy1eM UCKaTh B BUAC YV =U-V.

Torma y'=u'-v+u-v'. TloncraBuB 3TH BBIpaKEHHE B JIAHHOE YpPABHEHHE, IIOJIYIacM:

1 _ 1
u'-v+u-v'+——-u-v=>5e

2Vx 24x

OYHKIUIO U :u(x) HalileM Kak YacTHOE pElIeHHe OAHOPOIHOTro auddepeHnanbHOro

NP

cos x , WIA (u'+ -uj-v+u-v':5e_*/;cosx.

ypaBHEHUs MEPBOro Topsiaka u' +

1 1
-u=0. Tak kak plx)=——, T0 Plx =\/;, II03TOM
s = e '

u=e"x.
II —e ' 1 r_ g,
OJICTaBUB (QYHKIUIO U =e¢ B ypaBHeHHE |u'+ ‘u|-v+u-v'=5""cosx,
2x
B P . r_
npusegeM ero kK Buay O-v+e " v =5¢ " cosx, OTKyna HaxoauM: vi=5cosx =

V= J.Scosx~dx = v=5sinx+C.
Torma y=u-v= e -(5sinx+ C).
Omeem: y = eV (5sinx+C).
5. Ilpocmeituiue oughghepenyuanvuvie ypagnenus 6mopozo nopaoKka

Oto auddepeHipansabie ypaBHeHus Buaa y" = f (x), rae y(x) — ucKomast QyHKIus, f (x) —
naHHas GyHkuus. OO01iee pelieHre Takoro ypaBHeH!Us MOYKHO HalTH TOBTOPHBIM HHTEIPUPOBAHUEM

npaBoif yactu: y' = jf(x)-dx =y'(x,C), y= jy’(x,Cl)-dx =y(x,C,,C,).

Ipumep 7. Haiitu obimee pemenne auddepeHnuanbHoro ypaaenns )" = Ssinx —4x” +3.
3

Pewenue. y’=Iy"dx:.[(5sinx—4x2+6)dx = y':—Scosx—4-x?+6x+Cl;

4 2
X X

yzjyrdxzj(—Scosx—g.x3 +6x+Cl)dx — y=—5Si”x—g'j+6'7+CIX+Cz/

4
Omeem: y = —Ssinx——+3x> + Cix+C,.
3

6. Jluneiitnvie o00HOpOOHBIEe Ougghepenyuanvrvle ypaeHeHUA GMOPO20 NOPAOKA C
HOCMOAHHBIMU  KOI(pPuyuenmamu

Oro muddepeHnmanbabie ypaBHeHus Buga a-)y" +b-y +c-y=0, rae y(x) — HCKOMas

byHkWs, a, b, c— neficrButenbHble uncia. OOIiee pelleHne Takoro ypaBHEeHHUsI MO’KHO HalTH, HCIIONb3YS
IIPUBE/ICHHBI  AJITOPUTM.

1. Ha MHO>XeCTBE KOMITIEKCHBIX YHCENl HATH KOPHH K, U k, XapaKTepHCTHIECKOTO
2
-bt\b" —4ac

YpaBHEHHS TaHHOTO U epeHIansHoro ypapaenus a-k> +b-k+c=0: k,, = 5
a

2. 3anmcars obuiee perienue ypasaenus a-y" +b-y +c-y=0:

a) ecnu k, u k, — neiicteutensubie uncnau k, #k,, 10 y=C,-e" +C, -e" ;



0) eciu k, u k, — neiictBuTenbHBIe uMCHa M k, =k, =k, 10 y=€"(C, +C, - x);
1 2 1 2 Yy 1 2
B ecmi k u k —  KOMIUIEKCHBIE 4yHWcia Buga k,,=axf-i, TO
1 2 1,2
y= e‘”(C1 -cos fx+C, -sinﬁx).

Ipumep 8. Haiitu oGiee pemenne auddepenmansHoro ypasuenus 5" +3y' —26y=0.
Pewenue.
1. HaifzieM KOpHH XapaKTepHCTHUECKOTO ypaBHeHus S5k° +3k —26=0:

—3+.3-4.5-(-26) -3+520 -3+23 ~3+23
k., = = = = k= =2,
’ 2-5 10 10 10
k, _ 378 6.
10

2. Tak xak kopHu k, =2 u k, =—2,6 XapaKTEepPUCTHIECKOTO YPaBHEHUsSI — NEHCTBUTEIbHBIC

k, k.
U Hepaguble 4YHWCIA, TO ero obmee pemenne wumeer Bux y=C - +C, -7, wmm
—2,6)
y=C & +C,-e ",
Omeem: y=C,-&>* +C,-e .

IHpumep 9. Haiitu obuiee pemenue quddepennunanbaoro ypasaenus 25y" + 60y +36y =0

Pewenue
1. HaiizieM KOpHH XapakTepucTHUecKoro ypaBHeHus 25k + 60k +36=0:

. _—601\/602—425-36 _—60%4/0 600 6
b2 2.25 50 50 5

6 .
2. Tak xak KopHU Kk, =k, = 3 XapaKTEePUCTUUECKOTO YPABHEHUSI — IEHCTBUTEIbHBIE pasHble

6
4mcra, To ero obimee pemenue nveer iy y = e - (C, +C, -x), wm y=e 5-(C, +C,-x).
6

Omeem: y=e * (¢, +C,-x).

Hpumep 10. Haiitu obuiee pemenne auddepenimansHoro ypapaenus )" —12y +261y =0

Pewenue
1. HaiiyieM KOpHH XapaKTepHCTHYECKOTo YpaBHeHus k- —12k +261=0:

ki, =616 =261 =6++-225=6++225-4-1=6+15-i .

2. Tak Kak KOpHU XapaKTEpUCTUYECKOTO YpaBHEHHS — KOMIUIEKCHBIE 4YHCla BHUAA
k,=atf-i, 710 o0mee penieHne AUPOHEPEHINANTLHOIO  YPAaBHEHHS  MMEET  BUJL
y

e -(C,-cos fx+C, -sinfBx).

B jgamnom  cmywae  k,=6%15-i, T0 ectb a=6, fB=15, mnosromy
e -(C, -cos15x+C, - sinl5x).

Omeem: y=e"-(C, -cos15x+C, - sinl5x).

y

Ilpumep 11. Haiitn vacTHOe pemienue auddepeHnnanbHoro ypasaenus V' +36-y=0,
YAOBJIETBOPSIOIIEE YCIOBUIM y(O) ==7,» ’(0) =24.
Pewenue

1. HaiiieM KOpHM XapaKTepHCTHUECKOro ypaBHeHus k- +36=0:

=36 =k, =+/—36 =+/36 /-1 =46/ .



2. Tak xaK KOpHH XapaKTEPUCTUYECKOrO yPaBHEHHSI — KOMIUIEKCHBIE YMCIaBuaa k , =+ i

,To obmee perreHre AU HepeHIIaTbHOTO YpaBHEHUSI UMEET BUIL y = e“" - (C1 -cos fx+C, -sinf3 x)

B nannom ciywae k,, =0%6-i, 10 ecth o =0, =6, m03TOMY OOIIIEE PEIICHNE YPABHEHHUS
umeer Bug y = e’ '(Cl -cos6x+C, ~Sin6x), wm y=C,-cos6x+C,-sinbx.

3. Haiinem 3nauenus BenuuuH C, u C,, Ul 4€ro UCMOJIb3yeM JaHHbIC Ha4yaJIbHbIE YCIIOBHUSI.

N3 ycnoBus y(O) =—7 un obwero pewenust y =C, -cos6x+C, - sin6x nomydaem:

-7=C,-cos0-x+C, -sin0-x = -7=C,-1+C,-0 = C, =-T7.

YroObl MCMONIB30BaTh BTOPOE HAYAIBHOE YCJIOBHE, HaiileM CHayaja MEpBYIO MPOU3BOJHYIO
byHKIUH y=C,-cos6x+C,-sinbx:
y'=C, -(cos 6x)' +C, -(sin6x), =C, -(— sin6x):- (6x)' +C, -cos 6x - (6x)' =

V'=—6-C,-sin6x+6-C, -cos6x .

Tenepp u3 ycrnoBus y'(O): 24 u ypaBuenus y' =-6-C,-sin6x+6-C,-cos6x mnomy4aem:
24=-6-C,-s5sin0+6-C,-cos0 = 24=-6-C,-0+6-C,-1 = 24=16-C, = C, =4.

4. TIloncraBuB HalJCHHBIE 3HAYECHUS C,=-7 m C,=4 B oOmee penicHue

y=C,-cos6x+C, -sinbx, mOIy4nM HCKOMOE YacTHOE pelieHue: y =—7-cosbx+4-sinbx.
Omeem: y=—T-cosb6x+4-sinb6x.

3aoanusn 013 camocmoamenbHo20 peueHus

1. Haiitu ob1ee pemienue uiam oomuid uaTerpan auddepeHnnaibsHoro ypaBHEeHUs.

2. Haiitu yactHOe pemenue qudpepeHInanbHOr0 ypaBHEHUS, YIOBJICTBOPSIONICE JAHHOMY
YCIIOBHIO.

3. Haiitu o6miee pemenue nuddepeHInaIbHOTO YPaBHCHHSL.

4. HaiiTu yactHoe pemieHue nudQepeHnanbHOro ypaBHEHUs, YIOBIETBOPSIOIIEE JaHHBIM
YCIIOBHSIM.

Bapuanm 1 Bapuanm 2
. 4 _
1 5cosx-dx— 1 cdy=0 1. 3sinx-dx+5y*-dy=0
2y , : 7
2. y'=6sinx-y, y| — |=4
2.y =3x7-y, y(O)zS 2
3. y"=5y"-6y=0 3. y"=8y'+16y=0
4.y"+4y'=0,(0)=2,y(0)=—6  4.3"+9y' =0, »(0)=4, y'(0)=-6
Bapuanm 3 Bapuanm 4
. 2x+3)-dx————-dy=0 1. 8x* dx+——-dy=0
cos” y 1+y
2.y =2cosx-y, y(0)=-6 2.y =7x" -y, y(0)=12
3. y"=12y"+61y =0 3. y"+10y"+21y=0
4.y"+25y" =0, ¥(0)=2, »'(0)=-35 4.y"+16y' =0, (0)=5, y'(0)=8
Bapuanm 5 Bapuanm 6
X 2 _
I.E-dx+ 1 2-dy=0 l.e"-dx+y -dy=0
x -
-y 2. y'=2sinx-y, y(zj:—3
2.y =5cosx-y, y(0)=-8 2
3. 3" +10y"+25y =0 3. y"+6y'+13y=0
4.5"+49y' =0, (0)=2, y'(0)=—6  4.¥"+36y'=0, (0)=3, y'(0)=30




Ilpakmuueckoe 3anamue 10
IIpumenenne nudpPepeHINAIBLHBIX YPABHEHNH K pelIEeHUI0 MPUKJIATHBIX 3a1a4

Juddepennunanbapie ypaBHEHHS HAXOAAT HMIMPOKOE MPUMEHEHHE B PA3IMYHBIX 00JacTAX
HAyKU ¥ TEXHUKU. MBI paCCMOTPUM HECKOJIBKO CaAMBIX ITPOCTBIX IPUMEPOB X UCIOJIb30BaHUS.

Ilpumep 1. CoctaBuTh ypaBHEHHE KPUBOM, NPOXOAIIEH yepes Touky M (2;17), €CJIM yTII0BOM

< < v v 4
K03(h(PHIIUEHT KacaTeIbHOM K STON KPUBOM B Kax10i ee Touke M (x; y) paBen k=10x" —11.

Pewenue. CornacHo reoMeTpUYECKOMY CMBICITY IPOU3BOAHOM, YIJIOBOM Ko3(dummenT
KacaTeJbHOM K KpuBOil y = f (x) B ee Touke M (x; y) paBen k = f '(x).

U3 paBencts k = f'(x) u k=15x* =11 cuenyer, uro f'(x) =15x* -11.
YroObl kpuBasi y = f (x) npoxojuiIa yepes Touky M (2;17), JIOJDKHO BBITIOJHATBCS yCIIOBHE

Takum 06pa3om, 3a7a4a CBENACh K HAXOXKICHHUIO YaCTHOTO perieHust auddepeHraibHoro
YpaBHEHMs [IEPBOTo Mopsaaka f ’(x) =15x"* —11, ynoBneTBOpSIOIIEro ycIoBuo [ (2) =17.

1. Haiinem cHayana oOmiee pemieHue JTOro ypaBHEHUS: f (x) = J. f '(x)dx =
£(x)=[(15x* ~11)ax =
5
f(x)zlS-x?—ll-x+C = f(x)=3-x°-11-x+C
2. Mcnionp3ys HaualbHOE yCIIOBUE, HalJieM 3HayeHHe KOHCTaHThl C:  f (2) =17 =
3.2 -11-2+C=17 = 3:32-22+C=17 = C=17-96+22 = C=-57.
3. Hogcrapnss Haiinennoe 3Havenne C =—57 B obmee pemenne f(x)=3-x" —11-x+C,
moJTygaeM uckoMoe uactaoe pemenne f(x)=3-x° —11-x—57.

Omeem: ypaBHeHHE JaHHOM KpuBoil umeeT Buj y=3-x° —11-x—57.

Ilpumep 2. Teno pwxercss TPSAMOJIMHEHHO C YCKOpPEHHEM a(t) =10—-6¢ . Haiftu 3akoH
JIBUYKEHHUS TeJa, €CITM K MOMEHTY { = 3 ¢ TeJo Mpomnuio myth S = 34 M 1 uMeso ckopocts v=9 u/c.

Pewenue. 3axoH NPAMOIMHEWHOTO JBUKEHHS Tela MMEET BUI S = S(t)z Sio.]» TAC S(t) -

nyTh (B METpax), MPOMIEHHBIM TEJIIOM 3a MPOMEXKYTOK BPEMEHU [0;t] ot moMeHTa 0 cekyHn 10
MoOMeHTa ¢ cekyH]l. CormacHo GU3NYECKOMY CMBICTY IEPBOM U BTOPO MPOU3BOAHBIX, S'(t) = v(t) -
MT'HOBEHHAsl CKOPOCTh T€jla B MOMEHT £, S "(t) = a(t) — MTHOBEHHOE YCKOPEHHE TeJla B MOMEHT /.
W13 ycrnoBus 3a1a4u CIEIyeT, YTO S"(t) =10-6¢, S(2) =34, v(2) = S’(2) =5.
Takum o00pa3oM, 3aKOH JBIJKEHHS Tejla MOXKHO HaWTH Kak YacTHOE pellleHue
T epeHnaIbHOTO ypaBHEHHS BTOPOTO Tmopsiaka S "(t) =-6t+10 (1), ynomnerBopstomice
HAYaJbHBIM yCIOBUSIM S (2) =34 2)u S '(2) =9 (3).

2

[Tomygaem: S’(t):jS”(t)dt:I(—6t+10)dt:—6-%+10-t+Cl, W
S'(t)=-3-> +10-t+C,  (4)

3 2
S(t)= [ 8'(¢)de = [(~3¢* +101+C, )di =—3~%+10-%+C, t+C,, mwm
S(t)=—1+5> +Ct+C, (5).
Oynkuus S (t) =—t>+52 +Ct+C, smBnsercs obmmM penieHreM UPHEPEHIMATLHOrO
ypaBHeHust (1).



Jlnst HaxokaeHus 3HadeHU mocTossHHbIX C; 1 C> UCHoJib3yeM HadaibHbIe yenoBus (2) u
3).
U3 (5) cnemyer: S(3)=—-3°+5-3+C;-3+C, =27+45+3C, +C, =18+3C, + C,.
B cuiy ycnoBus (2) S(2)=34, nosromy 18+3C, +C, =34, um 3C, +C, =16.
U3 (4) cnenyer: S'(3)=-3-32+10-3+C, =—27+30+C,, wm S'(3)=3+C,.
B cuny ycnosus (3) S’(2) =9,no3tromy 9=3+C,,umu C, =6.
3C, +C, =16,
C, = 6.
W3 nepBoro ypaBHenus cuctemsl Haxogum: C, =16-3C, =16-3-6,10 ectp  C, =-2.
C,=6 n C(C,=-28

3nauenus C; 1 C2 MOXHO HalTH, PELINB CUCTEMY YpaBHEHUN {

IlogcraBuB  HalJeHHBIE  3HAYECHUS olmmiee  pemieHue

S (t =—t’+5t + Ct + C, mudpdepenumnansuoro ypasHenus (1), moixydaem ero 4acTHOE peLICHHE

S (t) =—£+5t2+61-2, KOTOPOE U SBJISIETCS] PEIICHUEM JJaHHOW 3a/1a4H.

Omeem: S(t)z—t3 +5¢7 +61-2.

3aoanus 013 camocmoamenbHo20 peuieHus

Bapuanum 1

. CoctaBbTe ypaBHEHHE KPUBOH, IPOXOASILEH

yepes TO4YKy M, (1;8), €CIi  YIJIOBOU
KOX(PGUITMCHT KacaTeIbHON K ATOW KPUBOM B
Kaxoii ee Touke M (x; y) paBeH k =2x+5
Tenmo  nOBWXKETCS  MPAMOJIHMHENHO ¢
YCKOpPECHUEM a(t) =12¢ — 8. Haiigure 3akoH
JIBIKEHUS TeJa, €CIM K MOMEHTY ¢ = lc Teno
npouio mytb S =9m W HUMENo CKOPOCTh
v=3m/c.

Bapuanm 2

. CocTaBbTe ypaBHEHUE KPUBOM, MPOXOAALIEH

yepes Touky M, (2;7), €CIi  YIJIOBOU

KOA(GUITMCHT KacaTeIbHOU K ATOW KPUBOH B

Kaxaol  ee M (x; y)
2

k=3x"—-4.

TOUKE paBeH

. Teno aBM»X)eETCS NPSIMOIUHENRHO C

YCKOpEHUEM a(t) =12t + 2 . Haitnute 3akoH
JBWKEHUSI TEJa, €CIIH K MOMEHTY ¢ = 3¢
TEJI0 MPOILUIO NYTh ¢ = 624 U UMEIIO
CKOpoCTh v=63m/c.

Bapuanm 3

. CocraBbTe ypaBHEHHE KPUBOH, IIPOXOASILEH

uepes Touky M, (0;9), €CIM  yIJIOBOM
KOd(UIIMEHT KacaTeIbHON K ATOW KPUBO B
KaXI0H  ee M (x; y) paBeH
k=3cosx+5.

TOYKE

. Teno ngeuxeTcs NpSIMOIMHENHO C

YCKOpEHHEM a(t) = 6t — 4 . Haiinure 3aKoH
JBIDKCHUS Tella, €CIIM K MOMEHTY ¢ = 3¢
TEJI0 MPOLUIO NyTh S = 23M U UMEIIO
ckopocts v=18m/c.

Bapuanm 4

. CocTaBbTe ypaBHEHUE KPUBOM, IPOXOAAIIEH

uyepe3 Touky M (O;—7) , €CIIH YTJIOBOU
KO3 GUIIMEHT KacaTeIbHON K 3TOW KPUBOM B
KaXI0H  ee M (x; y) paBeH

k=3sinx-3.

TOYKEC

. Teno aBM»XkeETCS NPSIMOIUHENRHO C

YCKOpPCHHUEM a(t) = 6¢ +10 . Haitnure 3akon
JBYDKEHUSI TeNa, €CIIM K MOMEHTY ¢ = 2¢
TEJI0 MPOILUIO NYTh ¢ = 28 U UMEIIO
ckopocTh v=38mu/c.

Bapuanm 5

. CocTaBbTe ypaBHEHUE KPUBOM, MPOXOaLICH

4gepe3 TOYKY M0(1;19), €CJI  yTIIOBOM

KO3 PUITMEHT KacaTeIbHOM K ATOW KPUBOU B

M(x;y)

Kakgon  ee

1
k=—+7.

Jx

TOYKE paBeH

Bapuanm 6

. CocTaBbTe ypaBHEHUE KPUBOM, MpoxXoasieit

gepe3 TOYKY Mo(l;6), €CJIn  yTIIOBOM

Kod(DPUITMEHT KacaTeTbHOUN K ATOM KPUBOU B

3
Kax101 ee Touke M (x; y) paBen k =——5.
X

. Teso aBM»)eTCS NPSIMOIMHENHO C

yekoperue al(t)=18¢ +4 . Haiiure 3akon
JIBIKEHUA TE€Ja, €clii K MOMEHTY ¢ = ¢ Tesno




2. Teno nBuxeTcs NMPSIMOIMHENHO C MPOLIO IyTh ¢ = 7M W UMEJIO CKOPOCTH
yekopenneM at)=18¢ —2 . Haiigure 3akomn v=2lu/c.
JIBIDKCHUS TeJa, €CJIM K MOMEHTY ¢ = 2¢
TEJIO0 IPOILIO MyTh ¢ =19Mm U umeno
cKopocTh v=34m/c.

Ilpaxmuueckoe 3anamue 11
Boiuuciienne BepoSITHOCTEH COOBLITHH € HCNOJIb30BAHHEM (POPMYJ KOMOMHATOPUKH U
TeopeM 0 BEPOSITHOCTH CYMMBbI M MPOU3BeIeHUs COOLITHI

Teopemuueckue ceéedenun

Onpeoeﬂeuue. BepO}ZI’I’lHOCI’I’lbIO cobvimus A, CBA3aHHOI'O C HCKOTOPBIM OIIBITOM, Ha3bIBACTCA

k
qucjio P(A)= —, I'I€ n — YUCJIO0 BCEX JJIEMCHTAPHBIX HCXOJO0B OIIbITA, k — gucio OJIEMCHTApPHBIX
n

HCXOJIOB OIBITA, OJIATONPUSATCTBYIOLIMX COOBITHIO 4.

3ameuanue. DeMEHTAPHBIMU HUCXOJaMH OTIBITA HA3BIBAIOTCS COOBITHS PABHOBO3MOXKHBIEC,
MIOTIAPHO HECOBMECTHBIC U 00pa3yIOIIHe MOJHYI0 CUCTeMY COObITHH. Ecii BEepOSTHOCTh COOBITHS
BBIUMCIISICTCSL 10 OMNPEACIICHUIO, TO OYCHb BAaXXHO IMPABWIBHO ONKCATh IOJHYI CHCTEMY
3JIEMEHTaPHBIX HCXO/IOB OIIBITA.

Crnemyer mOMHUTD, YTO, TOCKONBKY 0 <k <n,T0 0 < P(A) <1.

[Ipy BBIYKCIIEHHH BEPOSATHOCTEH COOBITUH MOXKHO HCIOJIb30BaTh TAaKXKE TEOPEMBI O
BEPOSTHOCTH CyMMBI U TIPOU3BEICHUSI COOBITUI U TeopeMy bepHyum.

Teopema 1. BeposTHOCTb CyMMBI JIFOOBIX IBYX COOBITHI A M B BBIYHCISIETCS 1O GopmyIie
P(A+B)=P(4)+P(4)-P(4-B).

Teopema 2. Eciu cobweitus A u B necoémecmHvie (TO €CThb HE MOTYT TNPOU3OUTH
omHoBpemerHo), 0 P(A+ B)= P(A)+ P(A4).

Teopema 3. Ecii A — coGbITHE, IPOTHBOIIONOKHOE COBBITHIO A, TO P(A4)+ P(Z) =1.

Yenoenoti eeposimuocmvio cobvimus B nocre co6vimus: A nazsizaetcs Bepostocts P(A/ B)
COOBITHA B NP yCIOBHH, YTO COOBITHE A YK€ IPOU30IIIO.

CobbITust A 1 B Ha3bIBAIOTCS HE3ABUCUMBIMU, ECITA BEPOSITHOCTD KaXJIOTO U3 HUX HE 3aBUCUT
OT TOTO, MPOM3ONUIO WM He MPOM3ONLIO JApyroe cobwrthe, To ecth ecmu P(A)=P(4/B) n
P(B)=P(B/ A).

Teopema 4. BeposTHOCTh MPOU3BEACHHS JIIOOBIX JBYX COOBITUNA A U B BBIYUCISIETCS IO
bopmyne P(4-B)=P(d4)- P(B/ A)= P(B)- P(4/B).

Teopema 5. Ecnu cobbitus A u B nesasucumvie, 1o P(A-B)= P(A4)- P(B).

Teopema 6 (meopema Bepuynnu). IlycTh TPOU3BOIUTCS CEPUS U3 71 UCIIBITAHUMN, B KaXKIOM
U3 KOTOpPBIX COOBITHE A TPOUCXOAUT C OJHOW U TOM K€ BEPOSITHOCTHIO P(A)= p. Torma

BEPOSTHOCTH TOTO, UTO COOBITHE A MPOU30HAET TOYHO k pa3, BBIUUCIACTCS 10 (hopmyne bepuynnu:
k k n—k
P (k)=Cy-p*-(1-p)™".
[Ipy momcyere dYHWCIa WCXOJOB ONBITA MPUMEHSIOT TaKKE HOHAMUA U (opmynsl
KOMOUHAmMopuKu.

Hepecmauoekamu u3 n HAa3bIBAIOTCA BCCBO3MOJXKHBIC YHOPAAOYCHHBIC 71 —3JICMCHTHLIC
INOAMHOXKECTBA HJAHHOI'O 71 —3JIEMCHTHOI'O MHOXKECTBA. JIro0k1e ABC MEPECTAHOBKH Pa3InvdarOTCsAa
TOJIBKO IMOPAAKOM PACIIOJIOKCHHNA 3JICMCHTOB.



Yucio nepecTaHOBOK U3 71 BRIYMCHIAETCA 10 popmyne P =n/=n- (n — 1)- (n — 2)- r3-2-1

PG3M€M/;€HM}1MM u3 n no k Ha3BIBAIOTCI BCEBO3MOIKHBIE YHOOpAAOYCHHBIC k —sneMeHTHBIE
IIOAMHOKECTBA JAHHOI'O 77 —3JICMCHTHOI'O MHOXCCTBA. JIro0ObIe JABa pasMCHICHUA pa3IndaroTCAa U
Ha60pOM OJICMCHTOB WJIM ITOPAAKOM PACIIOJIOKCHUS 3JICMCHTOB.

Yucno pa3MelieHui u3 n 1o k BBIUNCIISIETCS 1o bopmye
A =n-(n-1)-(n=2)-....(n—k+1).

Couemanusimu u3 n no k Ha3BIBAIOTCS BCEBO3MOJXKHBIE K —3JCMEHTHBIE IHOAMHOXKECCTBA
JaHHOT'O 1 — 3JIEMEHTHOI0 MHOKeCTBa. JIroObie ABa COYCTAHUS pa3JINvYar0TCAd TOJIBKO Ha60p0M
OJIEMCHTOB, IOPAJAKOM PACIIOJIOKCHHUA SJICMCHTOB 3HAUYCHN A HEC UMECT.

Yucro COUYCTAHMIA u3 n o k BBIYHCTISETCS o dbopmyiie
c* _A_,lf B n-(n=1)-(n-2)..-(n—k+1)
" P 1-2---k '

PaccmoTpum Tenepps npuMepbl BEIUKUCIEHHS BEPOSITHOCTEN COOBITUI.

Ilpumep 1. U3 xononsl B 54 xapThl CilydaifHpIM 00pa3oM BBIHUMAIOT TpH KapThl. Haiigure
BEPOSTHOCTH TOT'0, YTO BCE TPU KapThl CTapIlIe AECATKU.
Pewenue. BerunciuM BeposSTHOCTh coObITUA 4 = «Bce Tpu KapThl crapiie AECSITKUY IO

k
OTPEJICTICHUIO BEPOSTHOCTH COOBITHS, TO €CTh 1O opMyIie P(A) =—,
n

Pa3nuHpIMM MCXOZaMM OIbITA CYMTAIOTCS TOJIBKO pa3Hble HAOOPbI KapT, MOPSAAOK M3BICUECHUS
KapT U3 KOJIOJIbl 3HAUEHUSI HE UMEET, [TI0ITOMY YHMCJIO BCEX JIEMEHTAPHBIX UCXOJI0B OIbITA PABHO YUCITY
couemanuti u3 54 1o 3:
3 54-53-52
n=Csy =—""-""
1-2-3

Kapt crapie necsatku B kojone Bcero 16 (Bajer, 1aMa, KOpOJib U Ty3 KaXKIOW U3 YEThIPEX

MacTeit), HOps/I0K U3BJICUEHHs KapT U3 KOJIO/bI 3HAYECHUSI HE UMEET, II0ATOMY YHCIIO 3JIEMEHTapHBIX
MCXOJIOB OIIbITa, OJaronpUsTCTBYIOUINX COOBITHIO 4, paBHO uucity coueTanuit u3 20 no 3:

=9.53-52=24804.

k:C;O :M:20193=1140
1-2-3
Torma BeposTHOCTS cobbrrist P(A)= k_ 1140 ’
n 24804

Omeem: P(A) ~ 0,046

Ilpumep 2. N3 xonoxas! B 32 KapThl CllydallHbIM 00pa30M BBIHUMAIOT OAHY KapTy, CMOTPST
Ha HEE U BO3BPAIIAIOT B KoJoay. OINBIT MOBTOPAIOT BoceMb pa3. Haliqute BEpOsATHOCTH TOrO, 4TO
TOYHO TPH pa3a BbIHYTas KapTa OKa3ajlach MTUKOBOW MacTH.

Pewenue. Tak Kak BBIHYTYIO KapTy KaKIbli pa3 BO3BpAILAIOT B KOJOIY, TO BEPOSTHOCTb
COOBITHS A = «BpIHyTa KapTa NMUKOBOH MacTH» B KaXOM HCHBITAHUM OJHA U Ta Ke:

P(A) =p= % Torna o popmyne bepaymu F;(k)z ct-p -(l—p)"fk npu n=8, k=3, p =%

HaXOJUM:

3 8-3 3 5 5

R(3)=C;- Ly 2ty 28761 (3 =56-3—8=56-£z0,208.
4 4 1-2-3 (4 4 4 65536

Omeem: %(3)%0,208.

Ilpumep 3. ]lBa cTyAeHTa HE3aBUCHUMO JApPYr OT Jpyra HAYT Ha 3aHATUS B KOJUIEIK.
BeposTHOCTB TOr0, 4TO NEPBBIN CTYAECHT NPHUIET Ha 3aHATUSA BOBpeMms, paBHa 0,9. BeposTHOCTS TOTO,
YTO BTOPOU CTYAEHT MPUJET Ha 3aHATHs BoBpeMs, paBHa 0,6. HaliTH BepOsSTHOCTH COOBITHIA:



B = «O0a cryneHTa npuayT HA 3aHATHS BOBPEMS»,
C = «XoTs Obl OIMH CTYACHT MPHJET Ha 3aHATHUS BOBPEMS»,
D = «To4HO OJIMH CTYIEHT NPHUAET Ha 3aHITUS BOBPEMS».

Pewenue. Beenem B paccmotpenue coObitusi: A, = «IlepBblil cTyIeHT MpHUIET HA 3aHATHS
BOBpEMS»,

A, = «BTopoli cTyneHT mnpuuer Ha 3aHATHs BoBpeMs».  [lo ycioBuio 3amauu, P(A1 ) =09,
P(4,)=06.

Torna B=A,-A,, C=A, +A,, D=A -A, + A, -A,.

Tak Kak COOBITHSA A A, HE3aBHCHUMBIC, TO

P(B)=P(4,- 4,)=P(4,)- P(4,)=09-0,6 = 0,54.
Tax kak coOwsITHA A, 1 A> COBMECTHEIE, TO
P(C)=P(4, + 4,)= P(4,)+ P(4,) - P(4, - 4,)=09+0,6 —0,54 = 0,96..

UT0oOBI BEIUMCIUTD BEPOSITHOCTh COOBITUS D, BBEIEM B PACCMOTPEHHUE COOBITHS

HC3aBUCHUMBIC,

Al = «HepBHﬁ CTYACHT HC IPUACT Ha 3aHATHUA BOBPEM),

A, = «BTOpO# CTyIEeHT HE IPUAECT HA 3aHATUSA BOBPEMS».

OTH COOBITHS SABIISIIOTCS IIPOTHUBOIIOJOKHBIMHA COOBITHSM A1 u Az , IOOTOMY
P(4)=1-P(4,)=1-09=0]1, P(4,)=1-P(4,)=1-06=04.

[Tockonbky coObitust A, - A, u A -A, HecoBMecTHblE, a coObltust A1 U A,, A u A

TO
P(D)=09-0,4+0,1-0.6=0,042.

P(D):P(Al 'A_z)"'P(Z'Az):P(Al)'P(A_2>+P(Z)'P(A2)a

Omesem: P(B)=0,54, P(C)=096, P(D)=0,042.

3aoanus 0141 camMoCcmoAmMenbHO20 peuienun
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Bapuaum 1

1. U3 xonompt B 36 KapT choydallHbIM
o0pa3oM BBIHMMAIOTCS Tpu KapTel. Haiinute
BEPOSITHOCTH TOTO, YTO BCE TPH KAPThI MMKOBOU
MAacTH.

2. IIpon3BoauTCst 5 BBICTPEIOB IO MUILEHHU.
BepositHocTh  momamaHus  MpU KaXIIOM
otaensHOM BeicTpene 0,9. Haiinute BeposTHOCTH
TOYHO YETBIPEX MONaJaHHM.

3-5. Jlna curHanmmzamuu o0  aBapuu
YCTAHOBJIEHbI JBa HE3aBUCUMO pabOTarOIIMX
curHanuzatopa. Ilpu  aBapum  mepBbIid
CHUTHAIM3aTOp CpabaThiBaeT C BEPOSTHOCTHIO
0,9, a Bropoit ¢ BepostHocThiO (,8. Haiigure
BEPOSTHOCTH TOTO, YTO MPU aBAPHH:

3) cpaboratoT 06a CUTHAIU3aTOPA;

Bapuanm 2

1. U3 xomnoaslt B 32 KapThl CIy4ailHBIM
00pa3oM BEIHUMAIOTCS 4eThipe KapThl. Haiinure
BEPOSATHOCTH TOTO, YTO BCE KapThl CTapiie
JIEBSTKH.

2. IpomsBomutcst 7 GpOcKoB B GacKeTOOIBHYIO
KOp3uHy. BeposiTHOCTh TomafiaHust TpU KaxIIoM
otnensHoM Opocke 0,8. Haiimure BeposiTHOCTb TOUHO
JIBYX TOTIaIaHHUH.

3-5. B TectoBoe 3amaHWe BKIIOYEHBI 2
BOMNpOCA, CIy4ailHO BbIOpAHHbBIE U3 JBYX
pazzenoB nporpaMMmel. Ha Bompoc u3 nepBoro
pasfena CTyIeHT OTBETHT C BeposiTHOCTHIO 0,7,
u3 Broporo — c¢ BeposatHocTeio 0,4. Haiinure
BEPOSITHOCTH TOTO, YTO CTYCHT:

3) orBeTuT Ha 002 BOIIPOCa;

4) cpaboraer XOTH OBl OJINH 4) oTBETHT XOTs OBI Ha OJIMH BOTIPOC;
CUTHAJIM3aTOp; 5) OTBETUT TOYHO HA OJMH BOIPOC.
5) cpaboTaeT TOYHO OJJMH CUTHAJIN3ATOP.
Bapuanm 3 Bapuaum 4

1. U3 xononbl B 52 KapThl cllydailHBIM 00pazomM
BBIHUMAIOTCA  ABE€  KapTel.  Halimure
BEPOSITHOCTH TOTO, YTO 00€ KapThI SBIISIOTCS
Ty3aMH.

1. U3 xomombl B 52 KapThl cCIydyailHbIM
00pa3oM BEIHUMAIOTCS 4eThipe KapThl. Haiinnure
BEPOSITHOCTH TOTO, YTO Ka)KJasi U3 KapT cTapiue
BaJIETA.




2. IlpousBoanutcst 6 BBICTPENOB MO MMIIICHHU. 2. B Tecte 5 Bompocos. K kaxaoMy Bompocy
BepositHOCT, momajaHus OpU  KaKIOM | JIaHO 4 OTBETa, OJMH W3 HUX BepHbIL. CTyneHT
BeicTpene 0,7. Haiinute BepoITHOCTh TOYHO | BBIOMpAET OTBETHI CydaiiHbiM 0OpazoM. Haiinure
TpeX MomnagaHui. BEPOSITHOCTb TOTO, YTO CTYJAEHT BEPHO OTBETUT

3-5. U3 nByx SAIMKOB CiIydailHBIM 00pa3oM | TOYHO Ha 3 BOMpoCa.

BBIHUMAIOT MO OJHOW netamu. Jletams w3 3-5. [IBa crymeHTa pemaror 3amady. [lepBbrid
MIEPBOTO SIIMKA CTAHAAPTHAS C BEPOATHOCTBIO | CTYZICHT PELIUT 3a/1a4y ¢ BeposTHOCTHIO 0,8, BTopoii
0,9, u3 Broporo simka ¢ BepositHocThIo 0,95. | ¢ BepositHOcThiO 0,5. Haiimure BeposiTHOCTH TOTO,
Haiigure BepogaTHOCTB TOTO, YTO: YTO TIPU aBapHK:

3) o0e meranu cTaHIApPTHEIE; 3) oba cTyneHTa pemar 3aaqy;

4) xoTs OBl OJTHA JIeTaNb CTaHAApTHAS; 4) x0T OBl CTYZICHT PEIIuT 33/1a4y;

5) TOYHO OJ1HA JeTajb CTaHAApTHAs. 5) TOYHO OJIMH CTYACHT PEUINT 3a/1auy.

Bapuanm 5 Bapuanm 6

1. U3 xononel B 32 kapThl ciydailHeiM oOpazom 1. M3 komoasl B 36 KapT ciy4ailHbIM 00pa3oM
BBIHUMAIOTCA  ABE€  KapTel.  Halimure BBIHUMAIOTCSL 4eThIpe KapTel. Haligure
BEPOSITHOCTh TOTO, YTO BCce 00€ KapThl He BEPOATHOCTh TOIO, YTO BCE TPH KapThbl
cTapuie JeCSATKU. TpedoBoii MacTu.

2. Monery mnonOpaceiBaroT 8 pa3. Haitnure 2. UrpanbHbiii KyOuK momOpackiBaetcs 6 pas.
BEPOATHOCTH TOT'O, UTO repO BhIMAAET TOUYHO Haiigure BeposTHOCTH, YTO TOYHO 4 pasa
4 paza. BBIMAJIET HE MEHEE MSATH OYKOB.

3-5. B xoMHare /1Be OCBETHUTEIBHBIX JIAMIIOUKH. = 3-5. J[Ba cTpeska CTpessitoT 1o MueHu. [lepBbiii
[lepBasi nammoyka BKJIIOYEHA B JIAHHBINA NOMaZaeT B MHUILIEHb C BepOATHOCTHIO 0,7,
MOMEHT ¢ BeposstHOocTh 0,3, BTOpas ¢ BTOpoii ¢ BepostHocThrO 0,8, Haiigure
BeposTtHOCTEIO 0,8. Haligure BeposTHOCTH BEPOATHOCTB TOIO, YTO:

TOTO, YTO B IAHHBII MOMEHT: 3) oba cTpenka nonaayT B MHUIICHD;
3) BKJIIOYCHBI 00€ JIaMIIbI; 4) XoTs OBl OIWH CTPEJIOK IIOTAJET B
4) BKIIIOUEHA XOTs OBbI O/IHA JIAMIIA; MULIEHb;
5) BKJItOUEHA TOYHO OJHA JamIia. 5) TOYHO OJMH CTpENOK IMOHajaeT B
MULIEHb.

Ilpakmuueckoe 3anamue 12
HaxoxxaeHne 3aKoHa pacnpenejeHus IMCKPETHOM cIy4YailHOl BeJUYuHbI. Boruncienue
ee MaTeMaTHYeCKOr0 OKUAAHUA U TUCIIEPCHU

Teopemuueckue ceedenus

Cryuaunoii eenuyunoll Ha3bIBA€TCS BEIINYNHA, CBA3aHHAS C HEKOTOPBIM OIBITOM, KOTOpPasl B
pe3yJbpTare ONbITa IPUHUMAET OJTHO U3 BO3MOKHBIX 3HAUCHUM.

CryyaiiHast BeTUYMHA HA3bIBACTCS OUCKPEMHOU, €CITH MHOKECTBO €€ JI0IYCTUMBIX 3HaUeHU I
KOHEYHOE WJIU CUETHOE.

3axonom pacnpedenenus epossmrocmeti CIy4aiHOM BeTMUMHBI X Ha3bIBaeTCs TaOnuIa

X X X2 Xn *)
P Di D> Do
TAE Xi, X2, ... , X, — JIOIyCTUMBIE 3HAYEHUS CIIyYaHOM BEIUUUHbl X, pi, P2, ... , Pn — BEPOATHOCTH, C

KOTOPbBIMH BCIIMYNHA X IIPUHUMACT 3TH 3HA4YCHUS, TO CCTh p; = P(X = x[).

Tak kak B 3aK0OHE pacnpeaeNeHus yKa3aHbl 6ce BO3MOXKHBIC 3HAUCHUS CITydaiHON
BEJIMYMHEL, TO CyMMa BCEX BEPOATHOCTEN PaBHA €AMHULE: p, + p, +...+ p, =1.

OyHKIMEH pacnpeeneHus ciiy4aiiHol BelnunHbl X Ha3bIBaeTca (QyHKINS
F(x)=P(X <x).

Mamemamuueckum odxcuoanuem ciyyaiHo eeruyunst X , 3aJaHHON pactpenenenueM (*),
Ha3bIBACTCS YUCIO0 M(X)=x,-p,+%, P, +..4 X, - D, -



Jlucnepcueti crnyyaunou eenuuunvl X Ha3bIBAIOT MATEMATHYECKOE OXKWJAHHE CIy4alHOMN
semmamnnl (X — M (X)), To ects wncno D(X)=M(X - M(X)).

JIUCIIepCHIo MOXKHO BEIYUCIUTE Takke 110 Gpopmyne D(X)=M (X 2)—M *(Xx).

Jlnst ciydaiiHOM BEJIMYMHBI, 3aJJaHHOM pacnpeaeneHueM (*), sta GpopMmysia npuHUMAeT BUJ
D(X)le2 D +x22 D, +...+xn2 -p, —MZ(X).

Cpeonum keadpamuyeckum OMKIOHeHUeM CcayuatHou eeauyunsl X Ha3bIBAIOT YHUCIO

o(X)=D(X).
Ilpumep 1. [1an 3aK0H pactipe/IeNieHUs CITyYaifHON BETMYMHBI X
Xi -3 1 4 6
Di 0,2 0,4 0,3 0,1
Haiinure ee Matematuieckoe 0KUAAHUE U IUCTIEPCHIO.
Pewenue
MaremaTtudeckoe OXKHUJIaHHE JTaHHOM CIIy4aliHON BEJIMYUHBI

M(X)le Pt Xy Pyt Xy Py X, P,

TomyuaeM: M(X)=-3-02+1-04+4-03+6-01=-06+04+12+06, M(X)=16.

Hucnepcuro CIIy4aiiHOM BEJINYNHBI Hailiem o dhopmyite
D(X)le2 D +x22 D, +...+xn2 D, —MZ(X).

Momygaem: D(X)=(-3)-02+1*-04+4>-03+6>-0,1-1,6%,
D(X)=9-02+1-0,4+16-03+36-0,1-256, D(X)=18+04+48+3,6-256, D(X)=8,04.

Omeem: M(X) =16, D(X) =8,04.

Ilpumep 2. TlpnoOpereHO 6 HIEKTPHUECKUX JIAMIOYEK. BeposSTHOCTH TOTrO, YTO JaHHAS
JaMIiouka siBisiercss kadectBeHHOH, p =0,9. CocraBpTe 3aKOH paclpelefieHdus — CIy4aiHOM

BCJIMYHHBI X, rac X — KOIMYeCTBO KAYECTBEHHBIX JJaMITOUEK U3 IIIECTH HpI/IO6peTeHHBIX. Haﬁ)lHTe €C
MAaTEMAaTUYCCKOC OKUIAaHHUE U JUCIICPCUTO.

Pewenue. Cnyuaiinas BennunHa X MOXeT puHUMath 3Hauenus 0, 1, 2, 3, 4, 5, 6. Haiinem

BEPOSATHOCTb KaXKJJOT0 U3 3TUX 3HaueHuil no gpopmyine bepuynmu P, (k) =Ct-pt -(l — p)"_k .

n-(n=1)-(n=2)-..-(n—k +1)

Monesno mnomuuth, uto Cr=C'"= , C? =1(no
1-2-3-..-k
ONPEJIETICHUIO).
[ostomy C. =1, C;=§=6, ngﬁzls, ngﬂzzo, C/=C}=15, C.=C, =6,
1 1-2 1-2-3
CS=1.
Torga

B(2)=C?-09*-(1-09)" =15-09-0,1* =15-0,81-0,00001 = 0,001215;
B3 Y= =20-09°-0,° =20.0,729-0,001 = 0,01458 ;
P(4)=C!-09*-(1-09)" =15-09*-0,1> =15-0,6561-0,01 = 0,098415;

> =6-09°-01' =6-0,59049-0,1 = 0,354294 ;
0 =1.09°-01° =1-0,9°-1=0,531441.

P(5)=C-09°-(1-09
R(6)=Ct-09°-(1-09

N—

)
)
)
)=C2-09°-(1-09
)
)
)

N—



3aKOH pacnpeiesieHUs] BEPOATHOCTEH CIIydyailHOW BETUYMHBI X MMEET BU

X, 0 1 2 3 4 5 6
p; 0,000001 0,000054 0,001215 0,01458 0,098415 0,354294 @ 0,531441
MaremaTtuueckoe 0KUJaHUE BEJIMYMHBI X Hailiem o dhopmyre

M(X)le ‘P tXp, ot Xy pyt
M(X) =0-0,000001+1-0,000054+2-0,001215+3-0,01458+4-0,098415+5-0,354294+ 6-0,531441,
M(X)=5,4005.

Jlucrepcuio Beanuunbl X HaiineM 10 Gopmyie D(X)=x"-p, +x," - p, +..+x," - p, —M*(X):
D(X)=07-0,000001+1 - 0,000054+ 22 -0,001215+ 3 -0,01458+ 4% -0,098415+ 5> -0,354294+ 6> - 0,531441 — 5, 4005
, D(X) =0+1-0,000054+4-0,001215+9-0,01458+16-0,098415+25-0,354294+36-0,531441—-29,165400,

D(X)=0,5346.

Omeem: M(X)=5,4005, D(X)=0,5346.

Ilpumep 1. Jlan 3aK0H pacrpeie/icHus! CITyYaiiHOW BETMYNHBI X

Xi -2 1 4 6
Pi 0,2 0,4 0,3 0,1
Haiigute dynkuuto pacnpesenenus u NocTpoiTe ee rpaduxk.

Pewenue. @yHKumen pacpeneneHus Cay4ainHon BeTMIHHbL X

H
HaspiBaetest Gynkims F(x)= P(X < x). a ueprexe

IpencTaBJieH I'paduk
3HaYCHMI, MCHBIIINX YKCIIa — 2, BeIuYrMHa X HE IPUHHMACT, y=F (x)
MOATOMY I X < —2 1oiydaeM X.

VYcenoButo X <1 ynoBieTBopsieT TONBKO 3HaYeHUE — 2, MO3TOMy sl —2 < x <1 moiy4aem
F(x)=P(X <1)=P(X =-2)=02.

VYcenosuto X <4 ynoBieTBOpsIOT 3HaueHHs —2u 1, moatomy s 1< x <4 momydaem
Flx)=P(X <4)=P(X =2)+P(X =1)=02+0,4=0,6.

VYenouio X < 6 yAoBIETBOPAIOT 3HaUeHus —2, 1 u 4, nostomy i 4 < x < 6 MoIy4aeM
Flx)=P(Xx <6)=P(X =-2)+P(X =1)+ P(X =4)=02+0,4+03=09.

Jnst mrooro uncna x > 6 noiyyaem F (x) =1, Tak Kak BCe JOIMYCTHMbIE 3HAUCHHUS
BennurHbl X He Oosblie yncia 6.

Taxkum 06pazom, PyHKIHS pacripeieTIeHUs] BEpOSTHOCTEN vh
JTAHHOM CITy4aiiHOM BEJIMUMHBI X HMMEET BUJL: 1

0 mpu x <-2, %
02 mpu —2<x<1, 0
F(x)=40,6 mpu 1<x<4, - C
09 mpu 4<x<6,

[
[IaN
™

S |

1 mpu x> 6.

3aoanus 01a camocmoaAmenbHo20 peuienun

Bapuanm 1 Bapuanm 2
1. Han 3akoH pacmpefeneHus CIy4aiHOu 1. Jan 3akoH pacrpedereHust Ciy4yalHON
BevunHbl  X. Halinure ee wmaremarndeckoe | BenmumHbl X,  Haiimute ee  Maremarudeckoe
OKHUJIaHWE U JIUCTIEPCHIO. OKHJIAHUE U JTUCTIEPCHIO.
Xi -5 -1 2 4 Xi -2 1 3 5
pi 0,1 0,2 0,3 0,4 Di 0,2 0,4 0,4 0,1




2. TlpowmsBoautcs 4 BBICTpeNa MO MHILIEHH.
BeposiTHOCTh monaianust Ipy KaKIOM OTACITEHOM
BoicTpenie 0,9. CoctaBbTe 3aKOH pacmlpeleleHus

2. UrpampHblii KyOWK momOpaceiBaeTcs 4 pasa.
CocTraBbTe 3aKOH pacIpeieieHds  CIIy4anHOU
BennunHbl X (X — KONMYECTBO HACTYIUICHUH

ciayvaitHoil BenmuuuHbl X (X — KOJIMYECTBO = COOBITHS «BBIMago YeTHOE YHUCIO OYKOBY).
nomananuii). Haligure ee wmaremarmdeckoe | Haiimute ee MaremMaTHUecKoe OXHIAHUE |
OKUJAHHE U TUCIIEPCHIO. JUCIEPCHUIO.
Bapuanm 3 Bapuanm 4

1. JlaH 3akoH pacrpeneneHus Ciy4yalHOR 1. Jan 3akoH pachpeleneHusl CiydailHON
BenmmunHbl X, Haiinute ee wmarematndeckoe BenmmuuHbl X,  Halinute ee  mareMaThueckoe
OKUJIaHWE U JUCTIEPCHIO. OXKHIIaHKE U JIUCTICPCHIO.

Xi -5 -1 2 4 Xi -5 -1 2 4

Di 0,1 0,2 0,3 0,4 Di 0, 0,2 0,3 0,4

2. B notepee pasbirpeiBaercs 100 OmiteToB, u3
KOTOpbIX 60 BbIMIphIIHBIX. CTyaeHT Kynua 4

2. IlpouzBomutcs 4 Opocka B 0acKeTOONBHYIO
KOp3uHy. BeposTHOCTh momamaHus MpU KaxIoM

ounera. CocTtaBbTe 3aKOH  pacmpeaeicHus = otaenbHoM  Opocke 0,8,  CocTaBbTe  3aKOH
cinydaitHol BenmuuuHbBl X (X — KOJMYECTBO & pacmpeieNcHus clydaiHou BenwuuHbl X (X —
BBIUTPBIIITHBIX OmIIeTOR). Haitnure €€ KOJIIMYECTBO TOTIaJaHUIA ). Haitnnre ee
MaTeMaTHUeCKOEe OKUAAHUE U TUCIEPCHUIO. MaTeMaTUUECKOE OKUAAHUE U IUCTIEPCHIO.
Bapuanm 5 Bapuanm 6
I. Jan 3akoH paclpeneneHust —CiydaiHON 1. Jan 3aKkoH pachpenesieHusl —Cily4aiHON

BemvunHbl  X. Haligute ee wmaremarndeckoe | BenmumHbl X,  Haiimute ee  MaremaTtudeckoe
OXWJIaHKE U JAUCTIEPCHIO. OKHMIaHHE U JUCTIEPCHIO.

Xi -5 -1 2 4 Xi -5 -1 2 4

pi 0,1 0,2 0,3 0,4 Di 0,1 0,2 0,3 0,4

2. Mosnety nonb6packiBator 4 paza. CocTaBbTe
3aKOH pacnpeAeNieHus] CIydaiHo! BennIuHbl X (X
— KOJHMYECTBO HACTYIUICHUH COOBITHS «Bpiman
rep6»). Haiinute ee MmaremMaTuyeckoe OKHIaHUE U
JMCHEPCHIO.

2. WrpameHplii KyOMK TiomOpachBatoT 4 pasa.
CocraBbTe 3aK0H pactpeielieHHs CITyYaiHON BETIHHBI
X (X — xonmM4ecTBO HACTYIUICHHH COObITHS «BbImano
Oorblie YeThIpex oukoBy). Halimmre ee Matematudeckoe
OXKUJIAHHE U JIACTIEPCHIO.

Ilpakmuueckoe 3anamue 13

Boiuucienue CpeaHeEro BblﬁOpO‘-lHOl"O, MObI U ME€AHUAHBI

Teopemuueckue ceéedenun

Bcio  cOBOKYyMHOCTH  OOBEKTOB,

COBOKYRHOCHIBIO.

moIC)Kalux M3YUYCHUIO,

Ha3bIBAKOT zeHepaJleoﬁ

Buioopounoit co6oKynnocmuio NIH MIPOCTO 6b100PKOIL HA3BIBAIOT

O6vémom BEIOOPKH HA3BIBAETCS KOJMYECTBO €€ DIIEMEHTOB.

Cpeonum 6v100pouHbIM 3HAUEHUEM (CpeOHUM 3HAYeHUeM 6blOOPKU) Ha3BIBAIOT CpeaHee

apupMeTHIECKOe BCEX 3HAUYCHUN BHIOOPKH.

Moooii 6b100pKu HA3BIBACTCS €€ 3HAYCHUE, BCTPEYAIOLIEECS Yallle BCEX.

3ameuanue. BpiOOpka MOKET UMETh HECKOJIBKO MO,

Meouanoit 6b100pKu HA3BIBACTCA 4YHCIIO, ‘‘pa3jeisromiee’” IMONOoJIaM yHOPSAIOYECHHYIO

COBOKYITHOCTB BCEX 3HAYEHUH BLI60pKI/I.

Menaurana BEIOOPKH C HEUETHBIM YHCIIOM 3JIEMEHTOB — 3TO YHCIIO, 3alIICAHHOE B CEpeINHE
BBIOOPKH (TO €CTh KOJMUYECTBO JIEMEHTOB CJeBa U ClpaBa OT MEJIHAaHbl OJHO U TO *ke). Meanana
BBIOOPKH C YETHBIM YHCIIOM YJIEHOB — 3TO CpellHee apu(PMeTHUYEecKOe JIByX YHUCEll, 3alMCaHHBIX

MMoCCepCaArHC.

Ilpumep 1. Jlana Beibopka: 1,3; 1,8; 1,2; 3,0; 2,1; 5; 2,4; 1,8; 3,2;1,8; 4; 2,4. Haiitu cpennee

BBIOOPOYHOE, MOJTY ¥ MEIHAHY.
Pewenue




Ynopsigounm BEIOOPKY 10 Bo3pactanuto: 1,2; 1,3; 1,8; 1,8; 1,8; 2,1; 2,4; 2,4; 3,0; 3,2; 4; 5.

Oovem evloopku n=12.

Cpeonee evloopounoe X = (1,2+1,3+1,8~3+2,1+2,4-2+3,0+3,2+4+5): 12=24.

Mooa Bei6opku Mo =1,8, Tak kak 35meMeHT 1,8 BcTpeuaeTcs vame apyrux (3 pasa).

Tak kak 00beM BBIOOPKH 7 =12 — YETHOE YUCIO, TO Meduana BHIOOPKU paBHA CPETHEMY
apuQMEeTHIECKOMY €€ JIEMEHTOB, PACIIOJIOKEHHBIX B CEPEAMHE YIOPSIOUYCHHON BRIOOPKH, TO €CTh
IIECTOrO M Ce/IbMOTO dleMenToB: Me = (x, +x,):2=(2,1+24):2=225.

IIpumep 2. [lana BeiOOpKa: 5; -1; 3; 5; -2; 6; -1; 4; 2. Haiitu cpeqHee BEIOOpOYHOE, MOy U
MEUaHy.

Pewenue

YropsgouuM BEIOOPKY 10 Bo3pactanuto: -2; -1;-1;2;3;4;5;5;6.

Oovem evloopku n=9.

Cpeonee evioopounoe f:(—2—1—1+2+3+4+5+5+6):9:21:9:2%.

Bribopka umeer ase moownr Mo, =—1, Mo, =5

Tak kak 00beM BBIOOPKH 7 =9 — HEUETHOE YUCII0, TO MeOUAHa BEIOOPKYU paBHA €€ DIICMEHTY,
PAcCIIONIOKEHHBIX B CEPEIIMHE YIOPSIOYCHHON BBIOOPKH, TO €CTh IIECTOTO M CEJABMOTO JIEMEHTOB:
Me=x; =3.

3aoanue 011 CAMOCHOAMENbHO20 peuienun

3anaiiTe MPOU3BOJIBLHO JIBE BHIOOPKU (C YETHBIM U HEUETHBIM KOJIMUYECTBOM IJIEMEHTOB). Jliist
KKIOW U3 HUX HaWJUTE CpellHee BRIOOPOYHOE, MOIY U MEIIUAHY.

4 MeToauuecKkue PECKOMEHIAUH JJIsA CaMOCTOSITEIbHOI paﬁOTI)I

CamocrosiTeibHast padoTa - 5TO MIaHupyemas paboTa oOydaromuXcsi, BBIMONHIEMAs 110
3a/laHuI0 U TIpU METOJMYECKOM PYKOBOJCTBE IpenojaBaTelisi, HO 0e3 €ro HernocpeCTBEHHOIO
ydacTusl. JJMCIUTUIMHA TpelycCMaTPUBAET JIBa BUJIa CAMOCTOSITENIEHON pabOThI:

- ayJIuTOpHasi;

— BHEayJUTOpHas.

AynuTopHasi caMOCTOSITENIbHAs padoTa BBIMOJIHAET psi PYHKINH, Cpeid KOTOPBIX 0COOEHHO
BBIICIISFOTCS:

1) pasBuBaromas (MOBBIILIEHUE KYILTYPBl YMCTBEHHOIO TPY/1a, IPHOOIIEHHE K TBOPUECKUM
BHJIaM JIESATEILHOCTH, 00OTAIl[EHUE MHTEJUIEKTYaIbHBIX CIIOCOOHOCTEN 00yJaronuxcs);

2) opueHTHpYIOIAs ¥ CTHMYJHUpYoInas (poreccy oOydeHHs MPUIAETCS YCKOPEHHE W
MOTHBAIINS);

3) BocmuTatensHas ((GOPMHPYIOTCS W pa3sBHUBAIOTCA NPOPECCHOHANLHBIE KayeCcTBa
CIIEIAJTUCTA);

4)  wuccnenosaresbckas (HOBBIM YPOBEHD PO(PECCHOHATBEHO-TBOPYECKOTO MBIIIIEHHUS);

5) undopMannoHHO-00yYaromas (y4eOHas A TENLHOCTh 00YYaIOIIUXCS Ha ayIUTOPHBIX
3aHATHUSAX ).

Llenbi0 CaMOCTOSATENBHBIX 3aHATUN SBJSIETCS CAMOCTOSITENIbHOE Oosiee TIyOoKoe H3yUyeHHe
00y4JaromuMHUCs BOMPOCOB Kypca C HCIOJb30BaHHWEM PEKOMEHAYEeMOM JHUTepaTypbhl U JPYrHX
WH(OPMAIMOHHBIX HCTOUHUKOB.

3aayaMy caMOCTOSATEIbHON PabOTHI ABISIOTCS:

1) cucremaTusanus U 3aKpeIrUIEHUE MONYYEHHBIX TEOPETHYECKUX 3HAHUM U IPAKTHYECKHX
YMEHHH 00yJaronmxcs;



2) yrIIyOlIeHUe U PacIIUPEHNE TEOPETUUECKHUX 3HAHUIA;

3) (dbopmMHpoBaHKE YMEHHS NCTIOIB30BAThH CIPABOYHYIO JIUTEPATYPY;

4) pa3BUTHE TO3HABATEIBHBIX CIIOCOOHOCTEH M AKTUBHOCTH CTYJICHTOB: TBOPUYECKOM
WHUIMATUBBI, OTBETCTBEHHOCTU U OPTaHU30BAHHOCTH;

BueaynutopHas camocTosiTennbHas paboTa BKIIIOYaeT Takue (GopMbl pabOoThI, KaK:

1) wHIUBUIyaJIbHBIC 3aHATHS (JIOMAITHUE 3aHSITHS):

- U3YYCHHE MPOrPaMMHOTO MaTepuana JIUCHUIUIMHBI (paboTta ¢ Yy4eOHHKOM U
KOHCIIEKTOM JICKIIUN );

- H3YYCHHE PEKOMEHIYEMBIX JINTEPATYPHBIX HCTOUHUKOB;

- KOHCIIEKTUPOBAHHE UCTOYHUKOB;

- paboTa ¢ HOpMaTUBHBIMH JOKYMEHTAMU;

- paboTa ¢ AMEeKTPOHHBIMU HHPOPMAITMOHHBIMU pecypcamMu u pecypcamu Internet;

- COCTaBJIEHUE CXeM, TaOJIHIL, IJIs1 CHCTEMAaTU3aIlMH y9eOHOTO MaTepuana;

- MOJrOTOBKA MPe3eHTANN

- OTBETHI HA KOHTPOJBHBIC BOTIPOCHI;

- HamucaHue pedeparos;

2) rpymnmoBasi caMOCTOsITeNIbHAsl padoTa CTYIEHTOB:

- MOJITOTOBKA K 3aHATHSIM, TPOBOMMBIM C UCITOJIb30BAHUEM aKTHBHBIX ()OPM OO0YICHHSI
(KpyrJible CTOJIBI, IIOBBIE UTPHI U IP.);

- aHaJIM3 JIEJOBBIX CUTYyalni (MUHU-KEHCOB) U JIp.

3) mony4eHHue KOHCYNIbTAlUil A7 pa3bsICHEHUH M0 BOIIPOCAM M3y4aeMON JUCIUILTUHBI.

Jlokjiax — BHJ CaMOCTOSTENbHON paboThl crnocoOCTBYeT (OPMHUPOBAHUIO HABHIKOB
UCCIIEIOBATENILCKOM  JEATENIbHOCTH,  pACHIMpseT I[O3HABaTelIbHBIE HWHTEPECHl, MpUyYaeT
MPAKTUYECKH MBICIIUTh. [Ipu HamvcaHWM JOKJIaaa MO 3aJaHHON TeMe CIeAyeT COCTaBUThH IUIAH,
nonoOpaTh OCHOBHBIE MCTOYHHUKH. PaGoTas ¢ UCTOYHMKaMH, CIEIyeT CHUCTEMaTH3UPOBATH
MOJTy9YEHHBIC CBEICHHUS, CIIEIATh BBIBOILI 1 0000meHus. K oK1y 110 KpyIMHOH TeMe MPUBIICKAeTCs
HECKOJIBKO CTYJIEHTOB, MEXIy KOTOPBIMU PACTIPEAETSIOTCS BOMPOCH! BHICTYIIIICHHS.

[ToaroToBka u mpe3eHTanus JT0KIaaa

Jlokaj - 3To coOOIIeHHE 110 3aJJaHHON TeMe, C [IeNIbI0 BHECTU 3HAHMSI M3 JOMOJIHUTEIBHON
JUTEPATYPhI, CACTEMATH3UPOBATh MaTEPUJI, MPOUJLUTFOCTPUPOBATH MTPUMEpPaMH, PA3BUBATh HABBIKH
CaMOCTOSITENIbHOM PadOTBHl C Hay4yHOM JUTEepaTypol, IMO3HABATENbHBIH HHTEpPEC K HAYYHOMY
MIO3HAHUIO.

JlokTaquuKu W COJOKJIAAYUMKH - OCHOBHBIE JeicTByromue nuia. OHU BO MHOTOM
OTIPE/ICIISIOT COJIEp)KaHUe, CTHIb, AKTUBHOCTH JAaHHOTO 3aHsATHs. CJIOXKHOCTH B TOM, 4YTO
JOKJIATYUKU ¥ COAOKIAAUYUKH JOJKHBI 3HATh U YMETh:

- co001IaTh HOBYIO HH(OPMAITHIO

- HCIIOJIb30BATh TEXHUYECKUE CPEACTBA

- 3HATh U XOPOIIO OPUEHTUPOBATELCS B TEME BCEH MTPE3CHTAIIH

- YMETh TMCKYTUPOBAThH M OBICTPO OTBEUAThH Ha BOIIPOCHI

- YETKO BBITIOJTHATH YCTAHOBICHHBIN pPErJIaMeHT: TOKIaauuK - 10 MUH.; COTOKIIa YUK —
5 MuH.

Heo6x01MMo0 MOMHUTH, YTO BBICTYIIJIEHHME COCTOMT M3 TPEX YacTei: BCTYIJICHHE, OCHOBHAS
4acTh ¥ 3aKJITIOYCHHE.

Berynienne momoraer o6ecnednTh yCnexX BBICTYIUICHUS M0 JTI000# TemaTuke. Berymienue
JIOJDKHO COJIEPKATh:

- Ha3BaHUE Mpe3eHTaluu (JoKIa1a)

- coo01IeHre OCHOBHON AN

- COBPEMEHHYIO OILIEHKY TIpeaMeTa U3JI0KECHHUS

- KpaTKoe TepeuncIieHue pacCMaTPUBAaEMBIX BOIIPOCOB

- JKUBYIO HMHTEPECHYI0 (OpMY H3JIO0KEHUS - aKIEHTUPOBAHWE OPUTHHATHHOCTH
MOJIX0/1a.



OcHOBHas 4acTh, B KOTOPOU BBICTYIAIOIIMKI JTODKEH TITyOOKO PacKphITh CYTh 3aTPOHYTOM
TEMBI, 0OBIYHO CTPOUTCS IO MPUHITUITY OTYETA. 3a/1ada OCHOBHOM YaCTH - MMPEACTABUTH JOCTATOYHO
JAHHBIX JJIS TOrO, YTOOBI CIIyHIaTeTd M 3aMHTEPECOBAIMCH TEMOW U 3aXOTENU O3HAKOMHUTHCS C
matepuanamu. [Ipu 3TOM Jorudeckas CTpyKTypa TEOPETUYECKOT0 OJI0Ka JOKHBI COMTPOBOXKAATHCS
WUTIOCTpaIUsIMH pa3paboTaHHONW KOMIIBIOTEPHON MPe3eHTaLINH.

3aKIII0YEHHUE - ITO SICHOE YETKOE 0000IIEeHNE U KPAaTKUE BBIBOIBI.

[TonroroBka MH(MOPMALIMOHHOTO COOOLIEHHS - 3TO BUJ BHEAYJUTOPHONW CaMOCTOSITEIBbHOMN
paboThl MO MOArOTOBKE HEOONBIIOTO MO 00BEMY YCTHOTO COOOLICHMS MJisi O3BYYHMBAaHUS Ha
ceMHuHape, npaktudeckoMm 3aHsatuu. Cooliiaemas mHGoOpMaIus HOCUT XapaKTep YTOUHEHUS WU
000011eHNs, HECET HOBU3HY, OTPAKAeT COBPEMEHHBIN B3TJISA 110 ONPEACIICHHBIM MTPOOIeMaM.

CooOuienne oTauM4aercs OT JAOKIAJ0B HE TOJBKO oO0beMOM HHGOpMAluU, HO U €€
XapaKTepOM - COOOIIEHUS JOMONHSIIOT U3y4aeMblii BOMPOC (PAKTUYECKUMH WM CTATHCTUYCCKUMU
matepuaiamu. OdopmisieTcs 3alaHue MUCbMEHHO, OHO MOKET BKJIIOYATh AJIEMEHTHI HATJISTHOCTH
(WLTIOCTpanuu, AEMOHCTPALIHUIO).

Tembl 10KIIa0B (COOOIIEHMI) SISl CAMOCTOSATEILHON TPOPAOOTKH:

. [TapagoKcel TEOPUM MHOKECTB.

. AKCMOMaTHYeCKHI1 METO/I.

. Teopems! I'€nenst 0 HENOIHOTE.

. TeopeTHKO-MHOKECTBEHHBIH c10c00 000CHOBAaHUS MAaTEMATUKHU
. Akcroma BeIOOpa M alTbTEPHATUBHBIC AKCHOMBEI.

. KOHCTpYKTHBU3M U HHTYUIIMOHU3M B MaTeMaTHUKe.

. Jlorndaeckoe 000CHOBaHHE MAaTEMATHKHU

. Heuérkre MHOXkeCTBa M MaTeMaTrKa Ha €€ OCHOBE.

. MonanbHas joruka.

10.MeTon MaTeMaTUYE€CKON MHIYKITUU

TecTbl W BONPOCHUKM JaBHO HCIOJB3YIOTCS B Y4YEOHOM TIpOILIECCE U SIBIISIOTCS
3¢ exTuBHBIM cpecTBOM 00yueHHs. TecTupoBaHue MO3BOJISET ITyTeM OUCKA MPAaBUILHOTO OTBETA
1 pa3bopa JOMyIIEHHBIX OMMOOK JTy4Ille YCBOUTh TOT WM MHOW MaTepHual.

TectoBasi cucreMa mnpeaycMaTpUBaeT BOIMPOCH / 3afaHus, Ha KOTOpBIE OO0ydYarolIuiics
JIOJDKEH JaTh OJUH WJIM HECKOJIbKO BapHAHTOB MPABUIBLHOTO OTBETA U3 MPEUIOKEHHOTO CIIHUCKA
otBeToB. [Ipu moucke oTBeTa HEOOXOJUMO MPOSIBISITH BHUMATENbHOCTD. [Ipexe Bcero, ciemyet
UMETh B BHUJIY, YTO B IMpejiaraéMoM 3aJaHWH Bcerja OyIeT OJWH TPABWIBHBIA W OJIUH
HENPaBWIbHBIN OTBET. Becex MpaBUIbHBIX MM BCEX HEMPABUIILHBIX OTBETOB (€CIU ATO CHEIUAIBHO
HE OTOBOPEHO B (POPMYJIMPOBKE BOMpoOca) ObITh He MOXkeT. Hepeako B Bompoce y»Ke CONEPKUTCS
CMBICTIOBasl TOJICKAa3Ka, YTO MPABUJIIBHBIM SIBISETCS TOJBKO OJUH OTBET, MOITOMY IPHU €ro
HAXOKJIEHUHU TIPOJIOJDKATH JalbHEHIINE TTOUCKH yKe He TpeOyeTcsl.

TectoBble 3aaHMs pACCUUTAHBl Ha CaMOCTOSTENbHYIO paboTy 03 HCMOJIb30BaHUA
BCIIOMOTATENIbHBIX MaTepHaioB. TO €CTh MpH MX BBHIMIOJHEHUU HE CIIETYET MOJIb30BATHCS TEKCTAaMU
3aKOHOB, YUeOHHKAMU, TUTEPATYPOH U T.1.

JI1s1 BBITIOJIHEHMSI TECTOBOTO 3aJlaHUs, MPEKIE BCEro, CIEAyeT BHUMATEIHHO IMPOUYUTATH
nocTaBlieHHbINH Bompoc. [locie o3HaKOMIIEHUS ¢ BOIPOCOM CIEIyeT MPUCTYNaTh K MPOUYTECHUIO
MpeylaraéMbIX BapuaHTOB OTBeTa. HeoOXoammMo MpounMTaTh BCE BapUaHTHI M B KAa4eCTBE OTBETA
CleyeT BHIOpaTh JTUIIb ONH HHACKC (LudpoBOoe 0003HAYEHHE), COOTBETCTBYIOIINMA MPABUIHBHOMY
otrBery. TecThl COCTaBJICHBI TaKUM 00pa3oM, UTO B KaXJIOM W3 HUX MPABUIHHBIM SIBIISICTCS JIHIITH
OJIMH U3 BapHaHTOB. BEIOOp MOMKeH OBITH C/eNiaH B TOJB3y HanboJiee MpaBHIbHOTO OTBETA.

Ha BeImonmHeHue Tecta OTBOAMTCS OrpaHnueHHOE Bpems. OHO MOXKET BapbUPOBATHCS B
3aBUCHUMOCTH OT YPOBHSI TECTUPYEMBIX, CIOXHOCTH U oObeMa Tecta. Kak mpaBuio, Bpems
BBITIOJIHEHHS] TECTOBOIO 3aJIJaHUs onpenesercs u3 pacuera 30-45 cekyH1 Ha OJJMH BOIPOC.

Kputepun orieHKH BBITTOTHEHHBIX 00YYAIOIIMMUCS TECTOB OMPEAETSIOTCS MPEnoaBaTesieM
CaMOCTOSITEIIbHO.

[Ipy moaBeneHWH WTOTOB IO BBIMOJHEHHONW paboTe PEKOMEHIYeTCsl MPOaHaTH3UPOBATH
JIOTTYIIICHHBIE ONTHOKH, TPOKOMMEHTHPOBATH UMEIOIIHECS B TECTaX HENPABMIILHBIC OTBETHI.

O 00 1N DN K W —



TecroBoe 3agaHKe CrpyNNUPOBAHO JUISl 3a4eTa MO JUCHUIUIMHE «DKOJIOTHYECKHUE OCHOBBI
IPUPOIOTIOIB30BAHUSY.

KosngecTBO T€CTOBBIX BONPOCOB/3a1aHNH OIIPEENIEHO TaK, YTOObI OBbITh 1OCTATOYHBIM JAJIS
OLIEHKH 3HaHWH 00y4aroIIerocs mo BCeEMy IPOiICHHOMY MaTepHaly.

[Tpennaraemoe TecToBoe 3ajlaHHE pa3padOTaHO B COOTBETCTBUM ¢ paboueil mporpammoi
JUCHUTUTMHBL «DKOJIOTHYECKHUE OCHOBBI NMPHUPOIOTOIB30BAHULY, YTO MO3BOJISIET OLECHUTH 3HAHUS
oOyuaromuxcs 1o BceMy Kypcy. JlaHHBIH TECT MOXKET UCIOIb30BATHCA:

— MPeTnoAaBaTeNIMHU /1715l IPOBEPKH 3HAHUH B KauecTBE (POPMBI IIPOMEKYTOUHOTO KOHTPOJIS;

— JUIs IPOBEPKHU OCTATOUYHBIX 3HAHUHN 00YyYarouUXcsl, U3YyUUBIIUX JaHHBIA KypC.

Bonpocsl 1iis1 o0cy:kaenus (codeceqoBaHue) — OHA M3 OCHOBHBIX ()OPM OpraHU3aLUU
yu4eOHOro mpolecca, MpeAcTaBisAoLas CcoO00M  KOJJIEKTMBHOE OOCYXKJIEHHE CTyJIeHTaMu
TEOPETHUYECKUX BOIPOCOB 1101 PyKOBOJACTBOM IpenojaBarensi. CobeceoBaHne OPraHUIHO CBA3aHO
CO BCEMHM JPYyTUMHU (OpMaMu OpraHu3alMy yueOHOro mpouecca, BKIUas, MPekIe BCero, JeKIUu 1
CaMOCTOATENIbHYI0 PaboTy cTyneHToB. Ha coOecenoBaHHE BBIHOCATCSI Y3JI0BbIE TEMBI Kypca,
YCBOEHHME KOTOPBIX OINpeneisieT KayecTBO MPO(EeCcCCHOHANbHOW IOATOTOBKH  CTYAEHTOB.
OCOOCHHOCTBIO TaKOTO 3aHATHS SIBISETCS BO3MOXKHOCTH PAaBHONPABHOTO M AKTUBHOTO YYaCTHS
KaXJI0T0 CTYJICHTa B 00CYX/IEHUH pacCMaTpUBAEMbIX BOIIPOCOB.

Lenb cobecenoBaHmsI — pa3BUTHE CAMOCTOSTEIIEHOCTH MBIIIUICHHUS X TBOPYECKON aKTUBHOCTH
CTYJCHTOB.

3anaun cobeceqoBaHMs: 3aKpeIUIeHUe, yriyOJeHHe U pacUIMpeHue 3HAHUM CTYACHTOB IO
COOTBETCTBYIOIIEH y4eOHOW IucHMIUIMHE; (HOPMUPOBAHME YMEHHS IIOCTAHOBKM U pELICHUs
MHTEJJICKTYyalIbHBIX 3ajjad W Npo0JieM; COBEPLICHCTBOBAHHWE CIOCOOHOCTEH IO apryMeHTaluu
CTYZCHTaMH CBOEH TOUKH 3pEHHUs, a TAKXKE 10 JOKA3aTEIbCTBY U OMPOBEPIKEHUIO IPYTHUX CYKIACHUH;
JEMOHCTpaIHs CTYJACHTAMH JOCTUTHYTOT'O YPOBHSI TEOPETHYECKOM IMOATOTOBKH; (HOpPMHUpPOBAHHE
HaBBIKOB CAMOCTOSITENILHON paOOTHI.



