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BBEJAEHUE

Y4eOHO-METOAMYCCKAN ~ KOMIUIEKC 10  JUCHMIUIMHE  MameMmamurd
IpeaHa3HAaYCHBl IS TPOBEACHHUS ayJUTOPHBIX MPAKTHYECKUX 3aHATHH W IS
CaMOCTOSITEIIbHOM PabOThI CTYICHTOB

YMK 10 [UCHUIUIMHE BKJIIOYA€T HEOOXOAHMMBIE TCOPETHUECKHE CBEICHUS,
KOTOpBbIE JAlOTCS HAa YypPOBHE OCHOBHBIX OIpPEICICHHA U (OpMYJ, IMPUBEICHBI
IPUMEPBhl CTAHIAPTHBIX 33JaHUN C TOJPOOHBIMU PEIICHUSMHU, BOIPOCHI IS
CaAaMOKOHTPOJIS M 3a/IaHUS JUIS BBITIOJTHEHUS KOHTPOJILHOM PabOTHI.

[Tpuctynas k HW3y4eHUIO yYeOHOW IUCIUIUIMHBI, CTYIACHTaM PEKOMEHIYETCS
BHAMATEJIPHO HW3YYHTh CIIHCOK OCHOBHBIX W BCIIOMOTATCIIBHBIX HCTOYHHUKOB
auTepaTypsl. 13 Bcero MaccuBa peKOMEHIOBAaHHOM JIMTEPATYPHI CISAYET OIMUPATHCS
Ha JINTEPATypPy, YKa3aHHYIO KaK OCHOBHYIO.

[TocoOue OyaeT IOJNIE3HBIM JUISI CTYJCHTOB JHEBHOM W 3a0YHOH (POpPMBI
oOyJeHUsI.



PA3JIEJI 1. JIEMEHTBI MATEMATHYECKOI'O AHAJIN3A
Tema 1.1 IlocaenoBate/ibHOCTH U NMpeAesibl GyHKIMU
Oynkius f(X) HaspiBaeTcs QYHKIUCH yerouucienno2o apeymenma, €CId MHOXKECTBO
3HAYCHHUU X, JJII KOTOPBIX OHA OMpejeicHa, SBJSCTCS MHOXECTBOM BCEX HATypaJbHBIX
gucen 1, 2, 3,... [Ilpumepom QyHKIIUH 1IEIOYHUCICHHOTO apryMEHTa MOXKET CIYXKHUTh CyMMa

N MepBLIX YKCENI HAaTypaabHOro psga. B mamnom ciydae f(n) =1+2+3+--+n=
n(n+1)

2

Yucnosoii nocredogamenbHOCMblo HA3bIBAeTCsl OECKOHEYHOE MHOXKECTBO UHCEI
ay,a,,0a;3, ...,y ... (1.1) cruenyomux OAHO 3a APYTUM B OIPEACICHHOM TOPSIKE U
MOCTPOSHHBIX TI0 OTPEJICIICHHOMY 3aKOHY, C MIOMOIIBIO KOTOPOTO A,,3a/1aeTCs KaKk QYHKIIUS
IeJI0UUCIICHHOr0 aprymenrant.e. f(n) = a.

Yucno A nasvieaemces npedenom nociedosamenviocmu (1.1), ecau ons noboco € > 0
cywecmeyem uucio N = N(g), maxoe, umo npu n > N(&) evinonnsemcs HepaseHcmeo
la, — Al < e. Ecimm umcnmo A ecrts mpemen mociaemosarenbHoctd (1), TO  mumryT
lim, ,a, =4

YucnoBass TMOCIIEAOBATEIbHOCTh HE MOXET UMETh 0Ooyiee OFHOTO IMpesena.
[TocnenoBaTeIbHOCTD, IMEIOIIAS TIPEJICIT, HA3BIBACTCS CXOOSUELCAL.

[TycTts mana ¢pyaknus: y = f(x)

Onpeoenenue: Tloctosinnoe yucino A Ha3biBaeTcsa mpeaesoM (yHkuuu y = f(x) B
TOYKE X = @, €CIT JUIA BCEX X, CKOJIb YTOMHO M0 OTIMYAIONMXCs oT 4, T. €. (|Jx —al <
&) 3HaueHure PYHKIMH ) CKOJIb YTOAHO Majio oTiaudaercs ot uucia 4, T.e. (|[y — Al < &) 1.
€. €CJIM TIPH X > a BHITMONHAETCS yeaoBue y — A, o lim,,_,, f(x) = A.

Teopembl 0 mpexenax
1. lim(x + y) = limx + limy
[Ipenen cyMMBbI UM pa3HOCTH PaBEH CyMME UJIH Pa3HOCTH MPEIEIIOB.
2. lim(x - y) = limx - limy
[Ipenen nmpousBeeHNUS paBEH MIPOU3BEACHUIO MTPEIEIIOB.
. X limx

3. lim== -
y limy

[Ipenen oTHOIICHUSI paBEH OTHOIICHHIO TIPEEIIOB.

OcHoBHBbIE CBOIICTBA NpeeJIOB

1. [Ipenen anreGpanueckold CyMMbI KOHEYHOTO YHWCIA TEPEMEHHBIX BEIHYMH

paBeH alredpandeckoil cyMMe mpejieioB cllaraeMbIX

lim(x+y+:+t) =limx + limy + --- + limt

2. [Ipenen mnpousBeneHUsT KOHEYHOTO 4YHCIA TMEPEMEHHBIX BEJIUYUH PaBEH

IIPOU3BEICHUIO UX IIPEJIEIIOB:
lim(x-y-..-t) =limx-limy- ... limt
3. [TocTOsSIHHBIN MHOKUTEJIHL MOKHO BBIHOCUTH 3a 3HAK Mpeaena:
lim(cx) = limc - limx = climx

4. [Ipenen oTHOWIEHHS JABYX MNEPEMEHHBIX BEJIMYMH PABEH OTHOLIECHUIO
IPEJEIIOB, €CIIU MPEIEI 3HAMEHATENSI HE PABEH HYJIIO:

lim= = lfﬂ, eciu limy # 0

\% limy
S. [Ipenen 1enoil MONOKUTEIBHON CTENEHU MEPEMEHHOM BEJIMYHMHBI PABEH TOU

e CTETEHH IMpeJielia TOH )Ke IePEMEHHOM
limx™ = (limx)"



IHonsiTue 0eCKOHEYHO MaJIOi M 0ECKOHEYHO 00JILIION BeJIMIUHBI
Eciu mpenen ¢ynkuum paBen nymoo (limy = 0), To oHa Ha3bIBaeTCs 0ECKOHEYHO
MAaJIOH BeJIMYMHOM.
Ecnmu npenen ¢pyHKIuu paBeH 0eckoHeYHOCTH (limy = o), T.e. BelMuuHe, 00paTHOU
K OECKOHEUHO MaJIoi BEJIMUYMHE, TO OHA HAa3bIBACTCS 0ECKOHEYHO 00/bIION BeJTMYHHOIM.

., 1 . 1
CHQI{OB&T@J’IBHO, BBIITIOJIHAIOTCA PaBCHCTBA: llma = 00, lim—=20
(0]

0 [e's]
HO HpI/I IIOACTABJICHUU YUCCIT MOFyT HOJ'IyLII/ITBCH HCOHpCI[eJICHHOCTI/I THUIIA 6 niu —
00
B ITUX cnyqa;lx I/ICHOJIBSYIOTCH CIICHUAJIBHBIC MCTO/IbI. PaCCMOTpI/IM 9TU METO/BI.
0
PackpbITHe HeonpeneleHHOCTH BU/IA 0

1.JIn1  pacKpbITHS  HEONPEACICHHOCTH  TaKOro  BHJA  HEOOXOIUMO
MpeABAPUTENBHO JAPOOh COKpAaTUTh (Pa3jioKUB HA MHOXKHUTENH), a 3aTE€M HalTu
npenein. (IIpumepsr 4,5,6)

2.1lpu BcTpedye HppAlMOHAIBHOCTH B 3HamMeHaTene (B YHUCIUTENE), H
YUCIUTETh W 3HAMCHATEh YMHOXKAIOTCS HAa  BBIPAXKCHHUE, COIMPSHKEHHOE
3HAMEHATENI0 (YUCIUTEI0), a 3aTeM 3HAMEHATeNIb (YMCIUTENh) PACKPBIBACTCS IO
dbopmyne paznoctu kBaaparos (IIpumep 7)

PackpbiTie Heonpee1eHHOCTH BU/IA g

Jns  pacKpbITHS HEOMPEACICHHOCTH TaKoro BHAA HEO0OXOIUMO YHUCIUTEIb U
3HaMEHATEeNb pa3/IeuTh Ha X ¢ HauboybIKuM nokazarenem ctenenu (IIpumepst 8,9,10)
3ameuaTesibHbIE MPeAeIbI
IlepBblii 3aMevaTeIbHBIN Mpeaet
[Ipenen oTHOIIEHUS SIN OECKOHEYHO MaJION BEIMYMHBI K CAMOH 3TOM BETMYMHE paBeH 1.

. sinx
lim—=1
x->0 X
CBoiicTBa
sinax a
1. lim,,——=-
x=0  bx b
. gax _a
2. lim,_, =
sinax a
3. lim,,,———=-
x>0 sinbx b

Bropoii 3ameuaTenbHbIN NIpeaet
1
lim(1+x)x=e
x—0
1 X
lim (1 + —) =e
X—00 X
IIpumepslI penieHusi THIIOBOTO BAPUAHTA
IMpumep 1. Haiitu oOmuit unen nociaenosarensHoctu 1,4,9,16,25, ...
Pelenue: HETPYIHO BUAETh, uto d; = 1 = 1%, a, =4 =2%a;=3=3%a,=16 =
42 g = 25 =5%urtn
CrenoBarensHo a, = ne.
Orsert: a, = n’.

. . 11 11
IIpumep 2. Haiftu oOmuii wieH nociaeaoBaTeabHOCTH 1, — 35 Ty
1
Perrenue: He TPYAHO BUACTD, uTo |a | = |1| =1 ==
B R s
3 3 3 241 5 2241’ 2:3+1
U T.1.



1 11
2(n-1+1  2n-2+1 2n-1

CrnemoBarenbHo |a,| =
1

2n-1 1

Ipumep 3. Haittu mpegen lim,, o, (n? + 5 — )

Ortsert: |a,| =

Pemenne: Pasznoxum npenen Ha CymMMy IIPEACIIOB WM BBIYMCIMM KaXIbIA U3

IMOJIYYCHHBIX IIPCACIIOB OTACIIBHO.
. 1 . . . 1
limy 0 (12 + 5 = =) = 1Mo 12 + 1My gy 5 — liMyy gy o5 = 00+ 5 — 0 = 00

Ortser: lim,,_, o, (nz +5— iz) = o
n

o 1. 4x2-9
IIpumep 4. Haitrulim__ s
X235 2x+3
. 4x2-9 0 . 2x—3)(2x+3 .
Pemrenune:lim_ 3 = (—) = lim 3¢ =lim__ 3(2x—3)=-3 —
X==5 2x+3 0/y4 X=>=7 2x+3 xX->—3
3 = —6, 31€eCh UCHONB30BANACh IS pasjioxkenus popmyna: a* — b? = (a — b)(a + b)
. 4x2-9
Otser: lim___ s = —6
X==5 2x+3
x%-9

Ipumep 5. Haiitu lim,,_, 3 P
2

0
Pemienue: IloacraBnds B mpenesn BMECTO X=3 MOJIy4aem nojy4aeM -, T. €.

HY)KHO 3HaAaMCHATCJIb W YHCIHNTCIIb Hp606p330BaTB.

= lim,_5(—(x + 3)) = —6

0
HEONPE/ENCHHOCT B BUIA .
2

. x“-9 . (x=3)(x+3)
lim — =lim —_—

X3 3_x xX—00 —-(x-3)

2
. x“=9

Otger: lim,_,3 Pamie —6

x%—7x+10

IMpumep 6. Haiitu lim _
p p X5 42 _9gx420’

x2-7x+10 _ (0) — i (x=5)(x=2) _ . X2 _3 _ 3
° ]

Pemenue: lim —_— = - =
X5 52 _9gx420

0 X5 ) M5 T, T

3/1eCh HEOOXOIMMO OBLIO PEIIUTh KBaJAPATHBIC YPABHEHUS IS PA3JI0OKEHUS KBAJIPaTHOTO
Tpex4JieHa Ha MHOYKUTENIU B YUCIHUTEE U B 3HAMeHaTele apoou 1o Gopmyne ax? + bx +
c=a(x—x)(x—x;)

a) x2—=7x+10=0 b) x> —9x+20=0
D=b?>—4ac=49-40=9 D=b?>—4ac=81-80=1
_—b+VD 743 _—b+vVD 9+1

=T T2 2= T T2
x1=5,x2=2; x1=5,x2=4;
0 A x%2-7x+10
TBeT: lim, 5 5——— = )
IIpumep 7. Haiitu lim,,_,5 NerTet
P - lim X _ (9) — lim x(V1+3x+1) — lim x(V1+3x+1) _
CHieHne: MMy—o 1 = o w0 Ik (WIEsx+) | X700 143x-1

. x(V1+3x+1) . (V1+3x+1) 2
lim,_,, —, = lim, ,,————=-

x—0
3 3
34€Ch, OJId TOIO, yTOOBI M30AaBUTHCS OT HPppallMOHAJIBHOCTHU B 3HAMCHATCIIC, U YHUCJIUTCIIb
A 3HAMEHATeNb OBLIU YMHOXXCHBI Ha BBIPAKCHUC, COIPSIKCHHOC 3HAMCHATCIIIO, 4 3aTCEM
3HAMEHATEIh ObLIT CBCPHYT I10 (bOpMYJIe Pa3HOCTH KBAaApaTOB.
2

X
Vit3x-1 3
IIpumep 8. Haiitu lim,,_,,

Otser: lim,,_,,

5x243x+2
2x2—x+1



5x2+43x+2

[00)
Pemenune: lim —_— = (—) [TpeoOpasyeM BbIpAXKEHUE
X200 ox2_x+1 o/ y p pasy p

INOYJICHHO YHUCIUTCIIb U 3HAMCHATCJIb Ha XZ.

Torna: lim, . 254342 _ i etz
- X20 ox2—x+1 X—o0, 1,1

5x%43x+2

2x2—x+1

, HHOACJINB

Teneppr o0OHMI YJieH TOCIENOBATEILHOCTA MOXHO CYHUTaTh TOJYYCHHBIM B
pe3yibTaTe CyMMUPOBAHUS, BBIYUTAHUS U JICTICHUS OOIINX YICHOB MOCIIEeI0BATEIbHOCTEN

3 2 3 2
lim (5+—+—)= lim 5+ lim — + lim —

X—00 X x2 X—00 x—oo X X—00 x2

_ 1 1 _ 1 1

lim (2——+—) =lim2—-Ilim—-+1lm—=2+%#0
X—00 X xZ X—00 x—o00 X X—00 xZ

3. 2 : 3 2
5+—+x—2 11m(5+—+?) 5

llm X — X2® X -
X—00 1 1 ) 1 1 2
2-3tp Im(2-3+5p)

o 5
HTaK, IIpeacii IaHHOU ITOCIICAOBATCIbHOCTHU PaBCH E

Otser: lim 5x2+3x+2 _ 5
) X0 Hx2-x41 2

x*—x242

IMpumep 9. Haiitu lim .
p p X0 w3 _x+1

x*—x242
x3—x+1

INOYWJICHHO YUCIUTC/Ib U 3HAMCHATCJIb Ha X4.

1 2
. x*—x% 42 . I-72+ta7 1
—_—_—— —_— === 00
som 3 —x+1 xowl 1 1 0

x x3 5 x*

Pemenue: lim,_, o = (2) . IIpeobpa3yeM BBIpakeHHE
®©/'y

x*—x2%42
Ortser: lim —_— =
X2 ¥3_x+1 .
o . X°+x
Mpumep 10. Haiitu lim, _, o, e
P i x34+xt (oo Moeot x34xt
emenue: limy e ———= = (- E peobpasyeM BhIpakeHne ——,
YHCIIUTEh ¥ 3HAMEHATEb Ha Xx°.
3 4
X X 1 1
Cox3+xt ety 3tz 0
lim —= hmﬁz lim=———>—==-=0
X—00 x5 + x6 x—>oo X X x>0 1 4 1 1
x® = x© x
x3+x%
Ortser: lim — = 0.
X0 x54x6 _
o . sinx
Mpumep 11. Haittu lim, e
Pemenue: lim sinx _ llim sinx _ 1, 1= 1
FEXS0 g T3 R0 3 3
sinx 1
Ortser: lim — ==
20 3% T3 -
o . Sinsx
Ipumep 12. Haittu lim, —
. sin5x . sin5x
Pemenwue: lim,._,, — = 5-lim,,,——=5"1=
. sin5x
Otser: lim,_, =5
sin3x

Mpumep 13. Haiitu lim, _, pr—

x*—x242

x3—x+1’

1o ACJINB

IIoACJIIUB IOYJICHHO



sin3x sin3x

1 sin3x .. — _ 3limgo—0— 3
Penrenue: hmx—>0 e 11Inx—>0 sinsx . sinsx — ¢
sin5x bhdhiiad 5 limy_ g 5
X 5x
. sin3x 3
Otser: lim,,_,,—— ==
x>0 ginsx 5

: 2)\3%
Ipumep 14. Haiitu lim,._, o, (1 + ;)

3x
o o . 2
Pemenue: I/ICHOHLSYH BTOPOHU 3aMCYATCIIbHBIN IIPCACII IMOJTYyYUM llmx_m (1 + ;) =
x\ 6 x\ 6

lim,_, o (1 + E)E = lim,_ o (1 + E)E = e®
Ortser: lim, o, (1 + z)sx = e®

3
Ipumep 15. Haiitu lim,,_,o(1 + 4x)5x

3
Pemenne: Mcmonb3ys BTOpoi 3aMedaTeNlbHBIN mpeaen moayduM lim, o (1 + 4x)sx =
iNE o
(limx_)o(l + 4.X)4x) =es
3 12
Orteet: limy,_,o(1 + 4x)sx = e

Bomnpoce! 11 cCaMOKOHTPOJIS
Yo Ha3BIBACTCS MOCIEAOBATEILHOCTBIO?

ChopmynupoBaTh reOMETPUUECKHM CMBICI IIPE/IeNa MOCIe0BaTEIbHOCTH.

MoskeT JIu ocie10BaTeIbHOCTh UMETh J1Ba pe/esa’?

B uyeM cocTtouT A0CTaTOUYHBIN NPU3HAK CXOAUMOCTH MOCJIEI0BATEILHOCTH?

Kakue BupI HeonpeieIeHHOCTEeH BCTPEUaloTCsl IPU BBIYUCIICHUH MTPEIEIOB?

Kakue npenensl Ha3pIBalOTCSA OAHOCTOPOHHUMU IpeAesiaMyu (PYHKIIMU B TOUKE?

Kakne ¢ynkunn Ha3pBaloTCS OECKOHEYHO MalbIMH, OECKOHEYHO OOJIbIINMU
GyHKUMAMH B TOUKE, KAK OHU CBSI3aHbI MEX1y CO00H?

NoakowbdE

8. Kakoil Bu1 HeolpeneaeHHOCTH PacKpBIBAETCS C MOMOIUIBIO a) IEPBOr0 3aMevYaTeIbHOTO
npezena; 6) BTOporo 3aMmeuaTesbHOTO mpeaena?

9. BeiBecTu nepBbIil 3aMeUaTENbHBIN MTPEACIL.

10. CpopmynupoBaTh BTOpO 3aMeydaTeIbHbIN Mpeaen.

Tema 1.2. luddepenunanbHoe ncuncienue. UHTerpajibHoe ncumncjieHne

[Tpu n3ydeHnn TaHHOW TeMbl HEOOXOIUMO YCBOUTH MOHATHE (PYHKIINH U €€ CBOICTBA,
KOTOpO€ Ba)KHO MPU BBIYMCIIEHUU MTPOU3BOIHON (YHKIUU.

[TonsiTne MpoU3BOAHOM (PYHKIIMM OJHO M3 BAXKHBIX MOHATHH B MaTeMaTHYECKOM
aganuse. g ymeHus pelarb NPUKIAJHBIE 3aJa4d C MCIOJIB30BAHUEM DJIEMEHTOB
mubdepeHIIMAIbHOTO W UHTETPAIBHOTO HCYHUCICHUH HEoOXOJWMO 3HATh IIpaBHIIA
mubdepeHupoBanus, Tabauny auddepeHnuanoB W MNpPaBUIO TMPOU3BOJAHON CIIOKHOU
byHKIUY.

[Tonatue mepBooOpa3HON (PYHKIMHU - OJHO M3 BAXKHBIX MOHITUHA B MaTeMaTHYECKOM
aHaimuze. /g pemieHuss  OpUKIAAHBIX  3a0ad  C  UCIIOJIb30BAHMEM  DJIEMEHTOB
mubdepeHIMaNIbHOTO W UHTETPAJIbHOIO HCYHUCIEHUH HEoOXOIMMO 3HaTh TIOHATHE
nepBOOOPa3HOM, OMNpeNeaEHHOTO W HEONpenelEHHOro HHTerpaioB. [l mnpuMeHeHus
JJAHHOM TEMBbI HY’KHO OCBOUTBH CBOMCTBA HEOINPEAEIEHHOTO U ONPEAEIEHHOIO NHTETPAJIOB,
METO/]Ibl MHTETPUPOBAHUS U TaOJIUIy UHTETPAJIOB.



N3yueHre u ycBOEHHME JAHHOM TeMbl CIIOCOOCTBYET PEIICHUIO MPUKIAIHBIX 3a]1ay C
HCIIOJIb30BAHUEM DJIEMEHTOB JU(PPepeHInaTbHOr0 U UHTETPAIbHOTO UCUUCIICHHH, a TakKe
BBIYUCIISITH 3HAUCHUSI TEOMETPUUYECKUX BEITMUYMH: IJIOMIA/IeH U 00BEMOB.

Onpeoenenue npou3z8o00HOI.

[MpousBoanoit GpyHkuuu f(X) B Touke xg Ha3bIBACTCS MpPEET OTHOMICHHS TPUPAIICHHS
Af QYHKIMU B 9TOM TOYKE K MPUPALIEHUIO AXapryMeHTa, KOT/a MOCJeIHee CTPEMHUTHCS K

Af(xo) — lim f(xo+Ax)—f(xg)

HYJIIO: hmAx—>O Ax—0 Ax

) _ 6 6 . ! ! dy
s mpousBogHOW GYHKIHMHM Y = f(Xx) ymoTpeOasaroTcs oO0O3HA4YeHUs: y',y xr 7, A

’ af(x
£, L2,

Oyukuus f(X), uMeromias MPOU3BOAHYIO B Ka)XJIOW TOYKE HEKOTOPOTO MPOMEXKYTKA,
Ha3bIBaeTCs Jugpepenyupyemori B 3TOM IPOMEKYTKE.

IlpouzeooHas cnoxcHot yHKyuu.

Teopema: Ecin dyHkius x = @(t) UMeeT MPOU3BOAHYIO B TOUKE ty, a QyHKIus f(X)
¥MeeT MPOU3BOJAHYI0O B TOUKe X = @(ty,), To cunoxnas O¢yHkuus f[@(t)] wumeer
IPOU3BOIHYIO B TOUKE t,, onpeaesemyto mo gpopmyie y' (ty) = f'(xg) @ (o).

YacmHuout npou3eo0Hoil @yHKyuel HeCKOIbKUX NePeMEeHHbIX N0 KaKou-HUubyob
NepeMeHHOl 8 PACCMampueaemol mouke X Ha3vl8aemcs 0ObIYHASL NPOU3BOOHAs. NO IMOU
NepeMeHHOl, eCiu Cuumams opyaeue nepemennble UKCUPOBAHHbIMU (NOCMOSHHBIMU).

['naBHas yacTh mnpupanicHue (GYHKIUH, JTUHCHHAs OTHOCHTEIBHO MpPHUPAIICHUS
HE3aBUCHUMOW TEPEMEHHOU, Ha3bIBaeTCA Ouggepenyuarom QyHKIUU U 00O3HAYAETCA
spakom d, 1. €. dy = y'Ax.

[IpaBuna quddepeHmupoBanus
l. C' = 0, C- nocrosiHHas
I. (u+v) =u+7
I1l.  (Cu)' = Cu’', C- noctossHHaA
V. (uwv) =u'v+u
V. (E) ' u'v—uvr

v v2

®opmystel qupdepennmposanus (€)' = 0,C = const

OcHOBHbBIC 37IeMEHTapHbIE QYHKIIUN CnoxxHbie PyHKIIUN
XY = -1 1
Ea’%’ =a*-lna ()" = u u
(e*) =e* (sinu)' = cosu-u’
R y = 1 (cosu)' = —sinu-u’
%8a®) = Sina
o1 ;1
(sinx)' = cosx , 1
(cosx)' = —sinx (tgx)' = C0S2x
@' = nutt - (ctgx)' = — ey
(@) =a“*-lna-u ( inx) =
(€)' = e* _url arcsinx 1— —m
l - vy ! - . ’

10



(tgu)' = coszul. u' (arccosu)’ = —ﬁ “u'
(ctgu)' = T inZu. u' (arctgu)’ = 1 -|—1u2 -u'
(arcsinu)’ = Nl u (arcctgu)’ = — N +1u2 u'

) 1
(arccosx)' = — f/ﬁ
(arctgx)’ = 1T 2
(arcctgx)' = — 1 +1x2

11



O01mas cxema Ui NocTpoeHus rpa¢pukoB pyHKumMi

Haiitu obnacts onpenenenust pynkuuu D(y ).

Haiitu Touku nepeceuenus rpapuka GyHKIUN ¢ OCIMU KOOpIUHAT.
HccnenoBaTh (PyHKIMIO HA YETHOCTh MJIM HEYETHOCTb.
HccnenoBaTh (PyHKIMIO Ha IEPUOIUYHOCTb.

HaiitTu mpomexyTK MOHOTOHHOCTH U TOUYKH 3KCTpeMyMa (DYHKITHH.
Haiitu npomeKyTKH BBITYKJIOCTH U TOYKH Ileperuda pyHKIuY.
Haiitu acumMntoTsl pyHKIUH.

ITo pe3ynbraTam ucciieJOBaHUs IOCTPOUTH I'PaUK .

IIpumep: MccnenoBars GyHKINIO U TIOCTPOUTH €€ TpaduK:

N ORWN

y=x" —3x.

Pemenue:

1) ®yukuus onpeseseHa Ha BCEH YMCIIOBOM OCH, T. €. ee 00acTh onpenencaus D(y) = (— 00, + 00).

2) HaiizieM TOYKH TIepeCceUEHHsI C OCSIMUA KOOPMHAT:

¢ oceio OX : pemuM ypaBHeHHe x° — 3x =0

x(x’=3)=0, x=0 ww x=+3.

coceio OY: y(0)=0"-3-0=0

3) BouicHuM, He BIsCTCS M QYHKIHMS YSTHOM MITH HEUET

HOWU:

W—=x)=(—x) =3(—x)=—x"+3x=—(x"=3x)=—y(x).

Ortcrofa ciieiyer, yTo pYHKIHS SBJISCTCS HEUSTHOM.

4) OyHKIHS HETIEPUOIHMYHA.

5) HaiizeM mpoMesKyTKH MOHOTOHHOCTH U TOUKH dKcTpemyMa GyHkuun: V' = 3x° — 3.

Kputnueckue Touku: 3x’=3=0, x’= 1, x==I.

(—o0,—1) -1 (-1,1) 1 (1, +o0)
' + 0 - 0 +
y P . r;ax - T. _nzlin /

W0)=(=1)=3-(=1)=2

W2)=1F-3-1=-2

6) Haiinem npoMexyTKH BBITYKIOCTH M TOUKH Mepernda (yHKIum:

Kputnueckne Touku: 6x =0, x=0.

7) ®yHKUMS HENPEphIBHA, ACUMIITOT Y HEe HET.

X (— 0, 0) 0 (0, + oo)
n _ O +
TOUKA
v m nepeom6a U

W0)=0°-3-0=0

8) TIlo pe3ynbTaTaM UCCIIENOBAHUS TIOCTPOUM TpapUK QYHKIHH:

y
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[lpakTrka TOKa3bIBa€T, YTO YaCTO NPUXOTUTCS MO 3aJaHHON TMPOU3BOJHOW WIIM II0
3a7laHHoMy auddepeHumrany (yHKUMM HAXOAWTh (QYHKIHUIO, OT KOTOpoll Oblna B3dTa
npou3BojHas U JuddepeHnnan, T.e. BBIIOIHATH 00paTHYIO 3agady IupdepeHIUupOBaHUIO —
UHTETPUPOBAHHUE.

®dyukius F(X) HassiBaeTcs mepBoodpasHoii mis ¢pyuxiuu f(X) Ha uatepBane (a;b), ecnu B
Jr000H TOYKE 3TOro MPOMEXKYTKa ee Mpou3BoaHas pasHa f(x), T.e. F (x)=f(x), x €(a;b)

CoBokymHOCTh TIepBOOOpa3HbIX it (GyHkumu f(x) wim s muddepennumana  f(X)dx
Ha3bIBAETCS HeoNpeaeJeHHbIM HHTErpajioM 1 o6o3Hadaetcs cumsonoM [ f(x)dx = F(x + C),
rae f(X) — moxpiaTerpaipHas GyHkiws, f(X)dX — moabIHTErpaTbHOE BRIPaKEHHUE,

C — MPOM3BOJILHAS IIOCTOSIHHAS.

OcHoOBHBbIE CBOHCTBA HeOoNMpe/1eJIeHHOT0 HHTerpaJa:

1. Tlpou3BoaHass HEONMPEJEICHHOIO HHTErpaja paBHA MOJBIHTETpalIbHONW (DYHKIMH, T.€.
(f f)dx) = f(x)

2. TlocTOSHHBI MHOXXHTENh TOIBIHTETPAIEHOTO BBIPAKEHUS MOYXHO BBIHECTH 3a 3HAK
unrerpaia, T.e. [ mf(x)dx = m [ f(x)dx, rne m=const

3. Huterpan or anreOpandyeckoil CyMMbl (YHKIUM paBeH aireOpandyeckod cymme
uHTerpanos ot >3tux Gpynkmmii, T.e. [(f(x) + @(x))dx = [ f(x)dx + [ p(x)dx.

4. Tuddepenmman HeonpeaeISHHOIO0 UHTETpaja PaBeH MOJBIHTEIPATBHOMY BBIPAKCHHUIO,
Te. d [ f(x)dx = f(x)dx

5. Heonpenenennslit nuaTerpan ot auddepennuana (Mpou3BOAHON) HEKOTOPOH (GYHKITUU
paBeH cymMe >Toi (DYHKIMM U npousBonbHOM moctosHHON C, T.e. [ dF(x) = F(x) + ¢ wm
[ F'(x)dx = F(x) + c.

Cnoco6 moacTaHOBKHU (3aMeHbI epeMeHHOMH)

Ecnu 3agaHHbIl MHTErpaj ¢ MOMOIIBIO alredpandyeckux NpeoOpa3zoBaHUl TPYAHO WU
HEBO3MOXHO CBECTH K OJJHOMY MJIM HECKOJIBKUM TaOJIMYHBIM UHTETPAJIaM, TO JUISl €r0 OTHICKAHUS
MPUMEHSAIOT OCOOBIE CIOCOOBI, OJHUM W3 KOTOPBIX SIBISETCS CIMOCOO MOJCTAaHOBKHU (3aMEHBI
NEPEMEHHOMN ).

3aMeTuM, 4YTO BCE CHOCOOBI MHTEIPUPOBAHUS MMEIOT IIENBI0 CBECTH JAHHBIM HWHTErpai K
TAOJIMYHOMY C TIOMOIIBIO TEX WM UHBIX UCKYCCTBEHHBIX TPUEMOB.

Crioco® MOACTaHOBKU 3aKJTIOYAETCSl B CIEAYIOMIEM: 3aMEHSIOT HOBOW MEPEMEHHON TaKyIo
9acTh MOJBIHTETPATHHON QYHKINH, TpH 11U HEepeHIUPOBAHUN KOTOPOH MOTYyYaeTCs OCTABIIASICS
Y4acTh MOJIBIHTETPAIIBHOTO BBIPAKEHUS (HE CUMTAsi MOCTOSTHHOTO MHOXHTEIIS, Ha KOTOPBIN BCera
MOKHO YMHOXXHTD U Pa3JIeUTh MObIHTErpabHOE BeIpakeHue). (IIpumepsr 6,7)

Cnoco0 HHTErprMpoOBaHUs 1O YACTAM

[Tpu wHTerpupoBaHuu (GYHKIMA, COIEPIKAIMUX MPOU3BEIACHUS, JOTapU(PMbI U OOpaTHBIE
TPUTOHOMETpUYECKHE (YHKINHU, ObIBA€T YJOOHO BOCIIOJIB30BATHCS CIIOCOOOM HHTETPUPOBAHUS
10 YaCTsIM.

BriBeieM opMyTy HHTETPUPOBAHUS 110 YACTSIM.

Wurerpupys o6e yactu pasenctsa d(UV) = UdV + VdU, nonyyum
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[d(UV) = [UdV + [VdU nin UV = [UdV + [ VAU, otkyna [ UdV = UV — [ VdU.

C momompio 3TOM (opMyNbl HAXOXKJEHUE HHTErpaia f UdV cBomuTCs K HAXOXKICHUIO
unrerpaia [ VdU, KoTopblil MOKET 0Ka3aThCsl W TIPOILE JAHHOTO, UJIN Ja’Ke U3BECTHBIM.

[Ipy mpakTUYECKOM UCHOJIb30BaHUM (OPMYJIBI HMHTETPUPOBAHUSL IO YACTSAM JIaHHOE
MOJIBIHTETPAIBHOE BBIPAKEHUE TMPEACTABISIOT B BHJE IMPOW3BEICHUS JBYX COMHOMXHTEIEH,
KoTophie 0003Ha4aT U u dV. Muoxurens U craparoTcs BEIOPaTh Tak, 4To0bl U’ ObLIO IpoleE,
yeM U. (ITpumepst 8,9,10)

HHupppepenyuanvuvivu  ypagueHusmu HA3BIBAIOTCS TaKWe ypaBHEHUS, B KOTOPBIX
HEU3BECTHBIMU SIBIISIOTCS YHKIIUU OJTHOTO MJIM HECKOJIbKUX MEPEMEHHBIX, TPUYEM B ypaBHEHUS
BXOJISIT SIBHO MPOU3BOJHBIE UCKOMBIX (YHKIMN 10 HEKOTOpOro mopsiaka. Eciau Hen3BecTHBIMU
ABISIIOTCS (DYHKIIMM ABYX WK Oojiee TIEPEMEHHBIX, TO YPaBHEHUS HA3BIBAIOTCS YPAGHEHUAMU 8
YACMHBIX NPOU3BOOHBIX. B TIPOTUBHOM CiTydae, TO €CTh €CJIM MCKOMast (YHKIHS 3aBUCUT TOIBKO
OT OJHOTO  BEUICCTBEHHOTO HE3aBUCUMOTO TEPEMEHHOIO, YypaBHEHHUS  HA3bIBAIOTCS
00bIKHOBEHHBIMU QUG hepeHYUATIbHBIMU YPAGHEHUSMU.

PaccmorpuMm B mepByro odepens oaHO audepeHInanbHOe ypaBHEHHE MEPBOTO MOPSIKA.

OO0muit BUJ TAKOTO YPAaBHECHHS CJICTYIOIIINNA:
dx

F(tx%2)=0(12)

dt
dx
3nech t - HE3aBUCHMMOE TIEPEMEHHOE, X - HEU3BECTHAsl (PyHKIIUS, 3aBUCAIIAs OT t. - ¢

npousBojHas. F- 3amanHas (QyHKUMS TpeX BEUIECTBEHHBIX MepeMeHHbIX. DyHkius F, BooOie
rOBOpSi, MOKET OBITH 3aJjaHa HE /I BCEX 3HAUYCHUU CBOUX apryMEHTOB, MOATOMY CIEAYET
ropoputb 00 oOmactu W 3amanms ¢ydHkiuu F, mmes B Buay 00J1acTh KOOPJIWHATHOTO
IPOCTPAaHCTBA TPeX (BELIECTBEHHBIX) MIEPEMEHHBIX t, X, X .

VpaBuenue (1.2) Ha3pIBaeTCs ypasHenuem nepeozo nopsoka MOTOMY, YTO B HErO BXOJHT
JIMIIIb TPOU3BO/IHAS TIEPBOTO TOPSIKA OT HEU3BECTHON (PYHKITHH X.

Ipumep 1. Haiitu npoussoanyto pynkmuu: y = (x3 — 2)(x? +x + 1)

Pemenue: Bocnone3yemces IV npasuiiom
y =@ -2+ x+ D)+ —-2)(x*+x+1) =3x*(x*+x+ 1D+ 3 -2)2x +
D=3x*+3x3+3x>+ 2x* —4x +x3 —2=6x*+4x3+3x> —4x -2

Otser: y' = 6x* +4x3 + 3x% —4x — 2

xZ—x+2

IIpumep 2. Haiitn mpon3BoaHYIO QYHKIHH: Y = =

Pemenue: Bocrionssyemcs V npaBuiiom
y (2—x+2)x?—(x2-x+2)(x%)r  (2x-1)x2-2x(x2-x+2) _ 2x3-x2-2x3+2x%—-4x _ x%-4x _ x—4

(x2)2 x4 x4 T x4t T 3
A x—4
Otser: y' = —

Ipumep 3. Haiitu npoussoanyto Gpynkmuu y = (5x — 3)3
Pemenue: 31ech UCIOAB3yeM npaBuiio AuddepeHuupoBanus ciokuoi Gpyukuun (u™)' =

nu -y

y' = ((5x—3)3) =30Gx—-3)?(5x—3)" =3-5-(5x —3)? = 15(5x — 3)*
Ortser: y' = 15(5x — 3)?
Ipumep 4. Beruuciuts unrerpan [(5x* + 3x)dx
Pemenne: [(5x* 4+ 3x)dx =5 [x*dx + 3 [ xdx = x° + zxz +C
Otset: [(5x* + 3x)dx = x° + %xz +C
Ipumep 5. Berunciurs unrerpan [(5x + 3)%dx
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t=5x+3
: 20y = |dt =5dx | = l(p2gp 1.8 it
Pemenue: [ (5x + 3)%dx = P —Sftdt—5 -+ C=-+C=—-(x+
5
33+ C
Orser: [(5x + 3)2dx = —(5x +3)° +C

Ipumep 6. Haiitn neonpenenennsiii uaterpan [ (2x + 3)*dx.

z=2x+3,
5
Pemenne: [(2x + 3)*dx = | 4z = 2dx =lfz4dZ=1-z_+C=
dx = ~dz g 205
2

%-(2x+3)5 +C.
Omser: [(2x +3)*dx = —- (2x +3)° + C.

Ipumep 7. Haiitn neonpenenennsiii uaterpan [ V1 + x3x2dx.

1+x3=1z
Pemenne: [V1+x3x%dx=|_,, _1
xdx—gdz

S+ 4 =21+ 2)A+2) 2+ C =21+ 3WTF 2 +C.
Otset: [V1 + x3x%dx = 3(1 + x3)V1+x3 +C.

Ipumep 8. Haiitn unrerpan [ xcosxdx.
Pemenue: MuTerpan conepKuT npousBeAeHHE [BYX QYHKIuHA X u COSX. Cnoco®
NOZICTAHOBKH HE JaeT BO3MOXKHOCTH HaWTH 3TOT mHTerpai. O6o3naunmm x = U, cosxdx = dV;
torma dx = dU; V = sinx. Ilpumenum (opMysly HHTEIPUPOBAHHUSA MO YacTaM: [ xcosxdx =
xsinx — [ sinxdx = xsinx + cosx + C.
Otsert: [ xcosxdx = xsinx + cosx + C.
Ipumep 9. Haiitn uarerpan [ xe*dx
U = x,dV = e*dx;
dUu = dx,V = e”*
Otset: [ xe*dx = xe* —e* + C.
Hpumep 10. Haiitu unterpan [(4x3 + 6x — 7)Inxdx
U = Inx,dV = (4x3 + 6x — 7)dx;

dU = i—x,v = (x* + 3x2% — 7x);
3x% —7x) — [(x* + 3x% — 7x)% =Inx(x* + 3x2 — 7x) — [(x3 + 3x — 7)dx = Inx(x* +

4 2
3x%2 — 7x) — (x—+ 35— 7x) + C = Inx(x* + 3x% — 7x) — (lx"’ +3x2 - 7x) +C.
4 2 4 2
Otser: [(4x3 + 6x — 7)Inxdx = Inx(x* + 3x% — 7x) — Gx4 + %xz — 7x) + C.
IIpumep 11. Petuts nuddepennmansHoe ypaBHeHHE epBoro nopsiaka ydy — xydx = 0

Pemenne: JlanHoe muddepennuansHoe ypaBHeHUEe sBIseTcs auddepeHnnaIbHbIM
ydy _

1 1 2 3 2 3
=§f\/EdZ=§'§Z/2+C=;Z/2+C=

Pemrenue: [ xe*dx = = xe* — [ e*dx =xe* —e* + C.

Pemenue: [(4x3 + 6x — 7)Inxdx = = Inx(x* +

YPaBHEHHEM C pa3JesaiolIMMuCcs nepeMeHHbIMU. Pa3aenum nepeMennsie ydy = xydx —

xdx - dy = xdx
[TpouHTerprpyem IeBYIO U MPaBYIO YaCTH MOCJIEIHETO PAaBEHCTBA

X2
fdy=fxdx—>y=7+6

x2
OtBer. y = 5t C
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Ipumep 12. Pemute quddepennmansHoe ypaBHeHne Xy' =y

dy
Pemrenue: B nepByro odepes nepenuineM Npou3BOAHYI0 y' = e
d
Wrak: xﬁ =y. HanHoe nud¢epeHunanbHoe ypaBHEHUE sBisgeTcs U depeHnnaIbHbIM

dy dx
YpPaBHCHUCM C PA3ACTIAIOIMNMUCS IICPECMCHHBIMU. PaSZ[eJ'II/IM NEPpCMCHHELIC 7 = ?

HepeMeHHBIe Pa3aACIICHBI. B 7neBoil yacTM — TOJNBKO KUTPCKN», B HpaBOﬁ 9aCTu — TOJIBKO

«HUKCBID».
dy dx
HpOI/IHTerI/IpyeM JICBYIO M IIPABYIO 4aCTHU f 7 = 7

PasymMeeTcs, HHTETpajIbl HY)KHO B35Th. B maHHOM ciydae onu tabnuunsie: n|y| = In|x| +
C - Inly| = In|x| + In|C]|
Hcnone3yem cBoiictBo sorapudmoB [na + Inb = In(ab). B nmannom caydgae: In|y| =
In|Cx|
Teneppb gorapu@mel 1 MOAYIH MOXKHO yOpath: Yy = Cx
OyHKIMS PEJCTaBICHA B SBHOM BHJIe. DTO U €CTh 0011ee peleHue.
Otger: y = Cx .
Bomnpoce! 118 cCaMOKOHTPOJIS
UTto Ha3bIBaeTCs MPOU3BOIHOM (PYHKIINHU, KaKk 0003HAYAIOTCS MPOU3BOHBIE?
Chopmynupyiite pu3nUeCKuil 1 TEOMETPUUECKHUIN CMBICIIBI IPONU3BOTHON (PYHKIIUH.
Kakas ¢ynkius HazpiBaeTcs AuddepeHIupyemMoit B Touke?
®opMyJITbl MPOU3BOIHBIX MIOCTOSIHHOW, CYMMBI, IPOU3BEICHHUS, YACTHOTO.
Chopmynupyiite npaBuiio nudpepeHIrnpoBaHns CI0KHON HYHKIIUH.
Uto naswiBaeTca auddepenumanom ¢yHkuu? ChopMyaupyTe T€OMETPUUYECKUM CMBICI
nuddepennnana.
7. Kak cBsizanbl Mexay coboi auddepeHuuan u npousBoaHas QyHkuuu? B dem pasznnuue
MEX1y HUMHU?
8. Chopmynupyiite cBoiicTBa (apudmetnyeckue onepanun) auddepeniuana.
9. Kakue ypaBHeH#Hs Ha3bIBalOT U hepeHnaaTbHBIMU YPaBHEHUSIMU?

o vk~ wbdE

PA3AEJI 2. MATPHUIIbI
Tema 2.1. MaTpuubl 4 aeiicTBUsI HAI HUMU
Mampuyeii A= (a;) pasmepa Mx N Ha3BIBAETCS MPAMOYTOJbHAs TaONIHIA YUCEN, COCTOSIIAs U3

M CTPOK U N CTOJOIIOB:

8, 8, .. &,
A — aZl a22 o a’2n
aml am2 cee amn

Onepanust CI0KEHUS UMEET MECTO TOJIBKO JJISl MATPUIL OJIMHAKOBBIX Pa3MEPOB.

Cymmou ( pasnocmoio) 06yx mampuy A, =(a;) B B =(b) CIyXHMT mMarpuua C . =(c,), I
KOTOPOH ¢, =a, b, (i=1m; j=1n) u o003Ha4YaeTcs A+B.

IIpouszeedenuem mampuysl A . =(a;,) Ha 4ucio o. Ha3bIBaeTCA MaTpuua B, =(b;), U1 KOTOPOW
b, =aa;(i=Lm; j=1n).

Matpuiy A OyJeM Ha3bIBaTh CO2IACO8AHHOU C MAaTpUlled B, eclii 4KMCIIO CTOJIOIOB MaTpPHUIIBI
A paBHO YHCIIy CTPOK MaTpulel B.
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IIpouseéedenuem mampuyor A, =(3;) pasmepa MxI wa mampuyy B, =(b) pasmepa Ixn
HA3BIBAETCA MATpuLa C = AB=(c;) pasMepa Mx N ¢ 3JeMEHTaMU

Cij = ailblk +ai2b2k +"'+airbrk

(Mo37IeMEHTHOE YMHOXKEHHUE I-i cTpoku matpuibl A Ha K-ii crombernr marpuisl B). B obGriem

ciryqae AB = BA.

1 opu i=|, . .
Marpuua E ¢ aneMeHTaMH a; :{0 P 1= HaswiBaercst edunuunoil mampuyeii N-TO TTOPSIKA.
npu i # j

Martpuna A* Ha3bIBaeTCsl 0OpamHol K MaTpulie A, eclii A'A=AA" =E.

>

DneMeHTHl a;' 0OpaTHOH MaTpHIBl A™=(a') BBIUHCIAIOTCA MO dopMynaM a'=-—1, rae A, -

Al '

>

anreOpandecKoe JTONONHEHUE DIIEMEHTA a;, MaTPHIBI 4, a |A| — €€ OIPEIEITUTEND.
Ilpumep 1. /lanb aBe maTpuiel A u B . Haiitu: a) AB; 0) BA;

1 0 2 11 -1
A=-1 3 2|, B=0 2 1
1 40 3 -1 1

Pemenue.
1 0 2y1 1 -1
a) AB=|-1 3 20 2 1

1 4 0J{3 1 1 T
=5 3 6|
1.1+0-0+2-3 1.1+0-2+2-(-1) 1.(-)+0-1+2-1 1 9 3
=/ (-)-1+3-0+2-3 (-1)-1+3-2+2-(-) (-D-(-D)+3-1+2-1|=
1-.1+4-0+0-3 11+4-2+0-(-1) 1-(-)+4-1+0-1
1 1 -1y1 0 2
6) BA=|0 2 1 -1 3 2|= L1 4
3 -1 1)l1 40 -
=|-1 10 4|
11+1-(-)+(-1)-1 1.0+1-3+(-1)-4 1.2+1.2+(-1)-0 5 1 4

= 0-1+2-(-D)+1-1 0-0+2-3+1-4 0-2+2-2+1.0 |=
31+(-)-(-)+1-1 3-0+(-1)-3+1-4 3-2+(-1)-2+1.0

B) BeruncnuMm onpeaenurens MaTpuibl A
1 0 2
|A|=|-1 3 2/=1.3.040-2-1+(-1)-4-2-2-3.1-1.2-4-0-(-1)-0=-22.
1 40
Onpenenurtenb TPETHETO MOPsIKA BRIUUCIAETCS 0 popMmyiie:

CymectByeT y100Hast cxema JJisi BBIYMCIIEHUs ONPEEIUTENS TPEThEro nopsiika (cM. puc. 1 u
puc. 2).
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PA3JIEJI 3 TEOPUSI BEPOSITHOCTEN U MATEMATUYECKAS
CTATUCTHKA
Tema 3.1 Teopusi BeposiTHOCTEH
INEPECTAHOBKM - paznuuHble KOMOMHAIIUU U3 N 3JIEMEHTOB, OTIWYAIONIKECS APYT OT JIpyra
TOJILKO TTOPSIIKOM PACIIOJIOKEHUS TUX IIEMEHTOB
KonudecTBo nmepecTaHOBOK M3 N 3JIEMEHTOB BhIuncisercs mo gopmyne P=nl, 0!=1, 11=1

COYETAHUSA - pasnuuHbie KOMOMHAIIMM 1O K 3JIEMEHTOB, B3AThIE M3 N DIEMEHTOB,
OTJIMYAIOIIHNECS APYT OT APYra XOTs ObI OJJHUM JIEMEHTOM.

. K n!
KonngectBo coueranuii Boruncisercs no gopmyne C; = kl(—k)'
In—kJ)
PASMEIIEHUS - paznmuuHble KOMOWHAMM 1O Kk 3J€MEHTOB, B3SAThIE M3 N AJIEMEHTOB,
OTJIMYAIOIIHMECS APYT OT APYTa KaK JIEMEHTAMU, TaK U MOPSIKOM UX PACTIOJIOKECHHUS.
AKX = n_'
" (h-k)
IMPABHUJIO CYMMBbI

Ecnu HekoTopblil 00bekT X MOXKET ObITh BIOpaH U3 COBO-KYMHOCTH OOBEKTOB N crocobamu, a
00beKkT Y MOXKET OBITh BBIOpPAH M3 3TOH ¢ COBOKYMHOCTH K crocobamu, To aubo X nmmbo Y
MOTYT OBbITh BBIOpaHbl N+K crocobamu.

IMPABUJIO ITPOU3BEJIEHUSA
Ecnu HekoTophlid 00beKT X MOXKET OBITh BBIOpaH M3 COBOKYITHOCTH OOBEKTOB N crocobamMu, a
00beKkT Y MOXKeT ObITh BBIOpaH M3 ATOH XK€ COBOKymHOCTH K crmocobamm, To u X, u Y MOryT
OBbITh BBIOpaHbl N*K criocobamu.

3apaua 1. Y Bac panmocts! Bl monyunnu KBapTHpy, Ja €Ile KYXOHHBIM TapHHUTYp W3 IISATH
npeameToB! Bee onm - nBa mikada, TymOa - MOTYT YMECTUTHCS BIOJIb OJTHON CTeHBI. CKOJIBKUMU
croco0amMu BbI MOXKETE MEOJIMPOBATh KYXHIO, YCTAaHABIMBAS BIOJIb CTCHBI CBOM TapHUTYP?
Pewenue: Tak, kak Bbl, mepectaBiissi MeOenb, CTpOUTE KOMOMHAITMIO Cpa3y M3 BCEX DIIEMEHTOB,
TO JO/DKHBI KCIOJB30BaTh (HOPMYIIY JUISl BBIYHCICHHS KOJIMYECTBA IEPECTAHOBOK W3 IISATH
DJIEMEHTOB, TO €CTh:
Ps=5!=]1¢2¢3¢4¢5=120.
Wy MOKHO CUUTATh YUCIIO Pa3MEIICHUH U3 TATH 3JIEMEHTOB TIO IATh, T.K. MOPSIOK 3JIEMEHTOB
371€Ch BaJKEH.

A =%=1.2~3-4-5=120~
Taxum obpazom, P, = A,

3agaua 2. CKOJIbKO TPeXOYKBEHHBIX CIIOB MOXXHO COCTaBUTh U3 IIK(pa, copepiKallero AecsTh
3HaKOB?
Pewenue. OueBugno, uro "crmosa" $% & u $&% pasHble, XOTS U MMEIOT OAWHAKOBBIA HaOOp
"0ykB". CiemoBaTeabHO, M PEICHUS 33]]a4l HY)KHO HAlTH KOJIMYECTBO Pa3MEIEHUH U3 IeCATH
3HAKOB MK (ppa 1o TpHu.
A :1—0!:8-9-102720

7!
3agava 3. Jlns 3amycka mporpamMMbl Ha KOMITBIOTEpE HEOOXOAMMO HaOpaTh Mmaposib: 3 JrOOBIX
KJIABHILU U3 CEMH 3ape3epBUPOBaHHBIX. CKOJIBKUMU CIIOCOOAMH MOHO 3aITyCTUTh IPOTPaMMy?
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Pewenue. 1lo ycnoBuiO MOXHO HaXHUMaThb TpPU KJIABUIIM B TIPOU3BOJIBHOM TOPSIJIKE.
CrnenoBarenbHO, JUTsl pEIIeHUs 3aa4d HeOOXOAMMO HAWTH KOJWYECTBO COYETAHUN U3 CEMU IO
s M 1.2.3-4.5.6-7

T34 1.2.31-2-3-4

3apauya 5. CKOJIBKO CYIIECTBYET MATU3HAYHBIX YHCEN C Pa3HBIMU ITM(paMU, COCTABICHHBIX U3
uudp 1,2, 3,4,5,6,7, 8,9, y KOTOPBIX TpH NEpBbIe HUPPHI YETHBIE, a OCTATbHBIC HEYETHBIC ?
Pewenue: Cpenu HazBaHHBIX LGP 4 YETHBIX U 5 HEUETHHIX. BapuaHTOB A IBYX MOCIETHUX
udp B uncie MOXKET OBITh CTOJIBKO, CKOJIBKO CYIIECTBYET Pa3MEIICHUHN U3 MATH (HEYETHBIX) 1O
JBa. A JUIS TPEX MEPBBIX CTOJBKO, CKOJIBKO CYIIECTBYET pa3MeEIIeHU 13 yeThipex mo Tpu. Ho Tak
KaK JUIsl pacCMaTpPUBAEMBIX YHUCET OJHOBPEMEHHO HYXXHBI M TPH YETHBIX, U JIB€ HEUYETHBIX
U pbL, TO BCETO KOJMYECTBO TAKUX YHCEN OyJeT HAXOAUTCS KaK IPOU3BEACHHUE Pa3MEILIEHU:
Ad- A2 =414.5 =480

Tpu: C

KJIACCHYECKOE OIIPEJEJIEHUE BEPOATHOCTHU
MNPEABAPUTEJIBHBIE IOHATHUSA
1) CoOBOKYIMHOCTb YCJIOBHI — OIBIT=HCIIBITAHHUE

2) Pesynbrat omnbita — 3JIEMEHTapHBIH HCX0a=CcOObITHE (A)
3) Ecnu B pe3ynbTare OnbiTa COOBITHE.

O06s3aTenbHO He moxer MoxeT mpon30iTH
MIPOU30iIeT MIPOU30UTH WJIU HE MPOU30UTH
JloctoBepHOE Heso3moxnoe CayuaitHoe
Q (%] (A;B;C)

4) Bo03MOXHOCTb TOSBJCHHUS JIFOOOTO HCX0/1a OJUHAKOBA => BCE UCXO bl PABHOBO3MOJKHBIE.

Ecnu B pe3ynpTaTe UCTBITaHUS 00513aTENBHO IPOU30IIET OJTHO MU HECKOIBKO COOBITUN => 3TU COOBITUSA
obpasyrot IIOJIHYIO I'PVYIIILY.

«Bopa 3akunaer npu 100°» — noctoBepHOE COOBITHE.

«Jlex mnaButcs npu 20°) — HEBO3MOKHOE COOBITHE.

«3aBTpa OyzeT JOXK/b» — CIy4yailHOEe COOBITHE.

[TonGpaceiBaem kyouk. CoObiTue: «Brimana 1», «Beimana 2y,..., «Beimana 6»

00pa3yioT MOJIHYIO IPYMIY.

KJIACCHYECKOE OIIPEAEJEHUE BEPOATHOCTU COBbITUSA

N — 4ucIio Bcex paBHOBO3MOKHBIX 3JIEMEHTAPHBIX HUCXO0B, 00pa3yIOIUX MOJHYIO TPYIITY.
K — 4ncno ncxo10B, 01aronpusTCTBYIOIIKUX paccMaTpUBaeMoMy coObITHIO A.
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K ®OPMYJIA 1151 BHBIYUCJIEHUS
HAFE- BEPOSITHOCTHU COBBITUSA

CBOMCTBO:

1) 0<P(A)<1

2) BEPOSATHOCTb HEBO3MOXXHOI'O COBbITH S PABHA 0.

P(©)=0

3) BeposiTHOCTBH TOCTOBEPHOIO COOBITHS paBHa 1.

P(Q)=1
3agaua 1. 13 necatu OWETOB JIOTEpEU BBIMIPHILIHBIMU SIBISIIOTCA Tpu. HaliTu BeposiTHOCTH
TOTO, YTO M3 MATHU B3SITHIX HayJady OMJIETOB, J1Ba OKaKYTCS BHIUTPBILTHBIMHU.

Pewenue: CoObiTve A - U3 NATH Hayjnady B3sTHIX OWJIETOB JIBa BBIMTPBINIHBIX. UMCIO BCex
BO3MOJKHBIX MCXO/IOB PaBHO YUCIIy BCE€X BO3MOKHBIX KOMOMHAIMK 10 1Tk OmneroB. Ilopsaok B
9TUX KOMOMHALMAX HEBAXKEH M MX KOJMYECTBO paBHO 4Hcily coderaHuins 10 mo 5.Ywucino
UCXOJ0B, OJArONpHUATCTBYIOIIMX JTaHHOMY COOBITHIO A, COCTOUT M3 KOJUIMYECTBA KOMOWHALUN
U3 BBIUTPBHIIIHBIX OWJIETOB MO 2 B COYETaHWU C KOMOWHAIIUSIMHU U3 HEBBIMIPBIIIHBIX OHJIETOB
no 3. Takum 00pa3oM, YUCIIO BCEX BO3MOMXHBIX HCXOJIOB:

5
n=_=Cl,

a YHCJIO UCXOJIOB, OJIATONPHUSATCTBYIOIINX JAHHOMY COOBITHIO,

2 3

k=C;-C7,

TOT]1a BEPOSTHOCTh COOBITHS paBHA

k 5

P(A)=—=—.
n 12

3agauya 2. 10 BapuaHTOB KOHTPOJBHOW pPaOOTHI TIIATENHHO IMEpPEMEIIaHbl W PACIPEIeIICHbI
MEXIy 8 CTyIEeHTaMH, CHASIIMUMH B OJHOM psiay. HallTu BEepOATHOCTH TOTO, YTO BBIJAHHBIMU
OKa)XyTCs IEPBbIE BOCEMb BapUAHTOB.

Pewenue: CoObiTue A «BbIIaHHBIMH OKaXyTCs MEpBble BOCEMb BapuaHTOBY». YMciao Bcex
BO3MOJKHBIX HCXOJOB PAaBHO 4YHUCIY pa3sMELIEHUH M3 [ECATH II0 BOCEMb. YHCIO HCXOIOB,
OJaronpusATCTBYIONMX COOBITHIO A, paBHO YHUCIY IE€PECTaHOBOK W3 BOCHBMH. BeposTHOCTH
coObITHs A.

P 820 2 1
A%, 10! 9.10 45

P(A)

3agaua 3. B kop3uHe HaXOMUTCS BOCEMb O€NbIX W 5 uepHbIX mapoB. Haynauy BeiHHUMaioT 3
miapa. Haiftu BepoITHOCTh TOT0, YTO HE MEHEE JABYX U3 HUX OeTbIe.

Pewienue: Ynucno Bcex BOZMOKHBIX UCXOJIOB PABHO YUCIY codeTaHuit u3 13 (oOiee KOIM4ecTBO
1apoB) 1o 3.

A 4HuCII0 UCXO0/0B, OJArONPUATCTBYIOIIUX HCCIEAYEMOMY COOBITHIO, CKJIA[BIBAETCS U3 YUCIA
KOMOWHAIM, B KOTOPBIX 2 O€MbIX IIapa M U3 YMclia KOMOMHALMN, B KOTOPHIX 3 OenbIX IIapa:
Beb COOBITHE COCTOMUT B TOM, YTO OO 2, 1100 3 GenbIX Imapa JOIKHBI ObITh CPEIH BBIHYTHIX
Haynauy. Toraa BeposiTHOCTb COOBITHS:
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Haiitu npenensl GyHKIUII:

1.

2.

B) r)
3.a) 0)
B) r)

4. a) 0)
B) r)

5.a) 0)
B) r)

6. a) 0)
B) r)

KOHTPOJIBHASA PABOTA

3aganmue 1
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11.

12.

13..

0)
r)
; 0)
r)
0)
r)
0)
r)
r)
0)
r)
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4..a)
14.

6)

6)

6)

0)

6)
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3aganue 2

Haiitu npon3Boanyto GyHKIUU:

4

1. a)y=X7—3x2+6x—2; 6) y=sinx-cosx; B) y=sin337i(

2x° 3 ) 02X _ g-3X
2.a)y="--"4x; 0) y=(x*+x)Inx; B) y=——-——
)y 3 ) y=( ) )y N
1 2 1 tgv/2x+5
d.a)y=—+—-——; 0 =tgx-e*; B YR v
V=it g a0 9V=u )Y @)
1 Inv2x+1
4. =—+2Jx ; 0) y=ctgx-cosx; =
2)Y X Jx 5 6) y=cigoosx; 8) y sin(3x)
5. a)y=1+2§/;—23; 0) y=sinx-(§+\/§J; B) y:w
X 2 cosx+1
6.a)y =(x+vxf ; 6)y— — ; B) y= 1

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

3(In2x—tg3x)*

-a)y:(\/gﬂ/;)z ; 0) y=X2_2X; B) y=(tg4x +3)°

sin x

2
.a)y:[l—ij ; 0) yzg' B) y=sin(3x)- g4x®=3x

+2°

x

5 tgx 1
.a ——— : 0 B e —
)y = %/_ 43 ) y= )Y (1+ cos 4x)’
a)y = 2tgx—3cosx ; 0) y_w B) y=In(x*+3x—2)
. y eX —3x4 .
a)y=7sinx+5e" ; 0) y= ; B) y=sin3x-Cc0s5x
COSX
a)y=+X+ctgx ; 6) yzm; B) y = In(cos(3x? — 2x))
X

a)y=|nx+2§/? : 6) y=(x+1)2%e*; B) y=(sin4x+1)°

a)y=e —\/‘/:; 6) y=T0X"4. by y fix?—3x+2)

ctgx

2
a)y=1-% . g yz(x_l) ; B) y=3/sin3x

4 Inx

sin5x

a)y=2sinx—6tgx ; 0) y=§/Fsinx; B) y=
C0s4x

eX Inx Inx —3x

a)y= NN 0) y:tg—x; B) y=ctg®(x—2x?)

—2sinx
X —COSX

a)y=x*+ctgx ; 6) y= : B) y=(tg3x+cos2x)*

x+3x1

1
eX - — 4= Inx 6 : = C05s% 5X
a) y= 3 )Y 2 B) ¥
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3aganue 3

Haiitu onpenenurens | A | ; mpousBeneHue AB.
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3

-1

-1

B =

-2 0| B

7

2 5 0

3 5 6

7 2

16. A=|6

17. A={4 0

18. A=|7 4

19. A=|4 O
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3apanue 4

[Tposectu nosHoe uccienoBanue pynkmun Y = f (X)u noctpouts ee rpaduk:

1 y_x2+2x+4 " y_x2+2x+4
T x+2 T x+2
2 2 _y_
5 :x—4x+7 12_y:X—X1.
' x—3 X+1
2
X2 —x-1 13.y=w.
SYT T x=2
2_
x> —2Xx+9 14.y=ﬂ.
X_
X* +3X+4
X* +3x+4 15 y=—-——.
5 y=—+——, X
X 16 ~ x*—-6x+10
6. :x2—6x+10. V=T 3
X=3 . _X*+2x+8
, :x2+2x+8 Y= Xx+4
X+4 x> —2X +8
18, y=— 1212
g _X*—2x+8 x—4
' X—4 x> —3X+6
19, y=—"227 -
o _X*-3x+6 X=95
. - X_5 .
L0 y_x2+4x+4

X+5



3amaua 5
Haiitu nnrerpan:

I(x2+2x+1jdx J' 3dX2
1. X 11. 7 9-X
Ix_szdx I dx .
2. ° X 12. 7 7+X
5 [l2vx - 3Vx)x I 7dx
(\/;_1)2 13 2_ X2
[
4. X I ! + 2 dx
Jx? -3 /x2+3
I[ 2 10 j N 14. VX
1+ x? _x2
g L+ 1—x Il22_ 102de
I 3 4, 15 S FX VI-X
6. \Wxt xx | i_i}jx
X? —3x—6 16. Ux? xx
, .[—\/; dx P
- [l 22373 o
J.(4sin X +8x° — 11 )dx 17.
8. cos? X "
4 J(4sinx+8x3— jdx
I4—3|n X iy 18. cos® x
2
9. ° sinX J-4—sin3xdx
J~ dx 19. 7 sin®x
10. x? —25
3agaya 6
BrIuncnuTh UHTETPpasIbl MO YaCTSM:
1. Ixsin xdx 9. J.xze‘zxdx
2. Ixcostdx 10. Iln xdx
3. ~"xe:”‘dx 11. len(x—l)dx
4. J.(x—4)sin2xdx 12. J'(x+3)sin xdx
5. Ixe‘xdx 13. I(X—Z)cosxdx
6. Ixsingdx 14. I(X—S)ezxdx
2 -
7 Ixcos(Bx—l)dx 15. Ix sin(2 —5x)dx
3 IxzsinSde 16. Ixz cos(4x +1)dx

17. Iln(x2 +1)dx
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Beruucnoute unTErpat:

. Ixz In(L+ x)dx

1
1. I(szx2 —2x+1)dx
0

2.

- ) © N

N 2

(cosx—-1)dx

|2

3(/X = x)dx

P C— N
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3amaua 7

11

1

N

13.

14.

15.

16

17.

18

19.

. Ixzsinﬁdx
2

4
. j(1+ Vx)Zdx
0

. J(sin X+ 3)dx
0

o
>

(@]
o
n
N
N
>

o
>

1+X

Ot O ©|3 ——o |3
N
X | a
+ [ X
'_\
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3amaua 8
Bapmuanr 1
1. JlBa crpeika MPOW3BEIM MO OJHOMY BBICTpEIY MO MHUIICHU. BeposSTHOCTh MOpaKEHUS MHILECHU
KaxapIM cTpesnkoM paBHa 0.8. HaiiTm BeposTHOCTH TOro, uro: a) o0a cTpenka Mmopas3siT MUIIEHb;, O)
TOJIKO OJIUH CTPEJIOK IMOPa3UT MUIIEHB; B) XOTS Obl OJJUH CTPEJIOK IMOPA3UT MUIICHbD.
2. U3 10 wmznemuit 3 umerot Boicmyto oueHky OTK. HaiiTu BeposSTHOCTH TOTrO, YTO Cpelnu B3SITHIX
Hayzady 6 u3aenuil 2 BHICIIETO KauecTBa.
3. PaGouwnii o6cmyxuBaet 4 cTaHka. BeposSTHOCTh OCTAHOBKM B T€UCHHE CMEHBI Y IIEPBOTO CTaHKA paBHA
0,4, y Broporo cranka -- 0,45, y tperbero —0,3, y wyerBeproro — 0,34. HaliTu BepOSTHOCTH
OecriepeboiiHOM pabOThI B TEYCHUE CMEHBI BCEX YETHIPEX CTAHKOB.

Bapuanr 2

1. B rpymnne u3 20 CTyACHTOB Ha KOHTPOJIBHOH paboTe MOTyIHIIH:

4 cryneHTa — OTIMYHO, 6 CTYIEHTOB — XOpOUIO, 5 CTYAEHTOB — YJOBIeTBOpUTEeNbHO. KakoBa
BEPOSITHOCTb, YTO U3 IATH HAaylady BEIOPAHHBIX CTY/ACHTA a) 3 CTy/lE€HTa UMEIOT HEYJOBJICTBOPUTEIIbHbIC
OLIEHKU I10 KOHTPOJIbHOM paboTte; 0) XoTs Obl OJMH MMEET HEYIOBJIETBOPHUTEIbHYIO OLIEHKY; B) BCE
UMEIOT HEY/IOBJIETBOPUTEIbHBIE OLIEHKH ?

2. BeposTHOCTb TOrO, YTO U3 UMEIOLIUXCS MATH JOTEPEeHHBIX OUIIETOB XOTs Obl OJMH BBIUIPAET, paBHA
0.40951. Haiitu BepOSITHOCTb BBIMIPHIILIA IO OAHOMY JOTEPEHHOMY OUIIETY.

3. BeposatHOCTH TOro, YTO Ka)Ibli U3 TpeX JApy3ed NpUAET B YCIOBICHHOE MECTO, COOTBETCTBEHHO
paBubl 0,8, 0,4, 0,7. Omnpenenuth BEPOATHOCTH TOTO, YTO BCTpPEYa COCTOUTCS, €CIU MJIS STOTO
JIOCTaTOYHO, YTOOBI MPHIIUIN ABOE.

Bapuant 3

1. Crygpenr 3naetr 50 u3 60 Bonpocos nporpammsl. HaliTu BEpOSITHOCTh TOTO, YTO CTYAEHT 3HAET JBa
BOIIPOCA, COZIEPIKAIIUECS B €0 IK3aMEHALIMOHHOM OHIIeTe.

2. BeposTHOCTH MOsIBIEHUS XOTS ObI OJHOTO COOBITHS NPU TPEX HE3aBHCHUMBIX HCIBITAHHSX paBHA
0,973. KakoBa BepOsITHOCTh MOSIBJICHHS 3TOT'O COOBITHS IMPH OJTHOM HCITBITAHUH?

3. CryzmeHT HIIeT HYXHYIO eMy (OpMyIlly B TpeX CIpaBOYHHKaxX. BeposTHOCTH Toro, uTo 3Ta opmymna
coJiepkHTCs B epBoM crpaBouHuke — 0,6, Bo Bropom —0,7, B TpetbeM —0,8. HaliTu BeposITHOCTH TOTO,
YTO 3Ta (POpMysa COAEPKUTCS a) TOIBKO B IBYX CIIPaBOYHHUKAX; 0) TOJIBKO B OJJHOM; B) XOTS ObI B OJTHOM.

Bapuanr 4

1. Ha naru xaproukax HamucaHo no oxaHou Oykse: M,O,P,T,ILLbI. bepem Hayrang kapTouku u
BBIKJIA/IBIBAEM HUX 110 MOPsAAKY. HaliT BEpOATHOCTH TOTO, YTO MOJIYYUTCS CJIOBO “IUTOPBI” ?

2. JlBa cTpenka CTpeNSIOT MO0 MHIIEHU. BeposTtHOCTh mopaxkenus st nepsoro 0,6 mis sroporo—0,8.
HaiiTi BeposATHOCTD NOpaKEHUsI MULLIEHH IIPY OJJHOM 3aJIIIE.

3. B smke compepkutcs 10 neraneii, n3 KoTopbix 4 okpamiensl. COopimuk Hayran B3su1 3 aeranu. Haiitn
BEPOSITHOCTH TOTO, UTO: ) XOTs ObI OJJHA U3 HUX OKpallleHa; IBE U3 HUX OKPALIECHbI; B BCE HE OKPALIECHBI.
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Bapuanr S
1. B ypue 30 mapoB, 25 u3 HHX HBETHBIC, OCTaJlbHbIC — YepHbIe. HailTu BepoATHOCTH TOTO, YTO 3
HayJauy BbIHYTBIX I1apa OyayT YEpHBIMHU.

2. U3 13 wmzpnenuit 7 umerot Boicmyto oueHky OTK. Haiitu BeposSTHOCTH TOTO, YTO Cpenu B3SITHIX
Hayaady 6 uzaenuii 4 BHICIIETO KauecTBa.

3. B arBoOyce enet 5 maccaxxupoB. BeposSTHOCTb BBIMTH Ha CIEIYIOIICH OCTAHOBKE ISl KQXKIOTO M3 HUX
paBHa 0,2. HaliTu BepOsSTHOCTH TOT'0, YTO Ha CIAEAYIOIICH OCTAHOBKE BBIWIECT XOTS ObI OJUH MACCAXKHD.

Bapuanr 6

1. Maptus u3 10 geraneit conepxkut 2 netanu 1 copra. HaliTu BEpOSITHOCTH TOrO, UTO CPEOU B3STHIX
Hayjauy 5 getaneit XoTs Obl OfHa JeTallb IEPBOrO COpTa.

2. B mepBoii yprae 10 6enbix u 5 KpacHbIX mapoB. Bo BTopoii — 5 Genbix 1 7 kpacHbIX. M3 Kax10# ypHBI
BBIHMMaETCs 1o mapy. Haiitu BepoaTHOCTH TOT0, uTO 00a 11apa Oemble.

3. Tpoe ydeHHKOB pemialoT 3agady. BeposTHOCTh MOMYCTUTh OMIMOKY B PEHICHUH ISl [EPOBOTO
yuenuka pasHa 0,4, myst BToporo —0,2, myist Tpetbero --0,6. Haiftu BeposSTHOCTH TOTO, YTO XOTS ObI OJMH
YYEHHK PEIINT 33/1a4y MPaBUIHHO.

Bapuanr 7

1. JlBa crTpenka MpOW3BENM MO OJHOMY BBICTPENIY MO MUIICHU. BeposTHOCTh MOpaKEHUS MHILECHU
KaXJbIM cTpeikoM paBHa (.7. HailTu BEpOATHOCTH TOTO, UTO: a) 00a CTpeKa HE TOpPa3siT MUIICHB; O)
TOJIBKO OJIUH CTPEJIOK MOPA3UT MUILIEHB; B) XOTs OBl OJIUH CTPEJIOK MOPA3UT MULICHB.

2. U3 10 mzpmemuit 6 mmeror Beicmyto oueHky OTK. Haiitm BeposSTHOCTH TOTO, YTO Cpenu B3SITHIX
HayJauy 6 U3JIeIHil 5 BBICIIErO KayecTBa.

3. Pabouwnii o6cmyxuBaet 4 ctanka. BeposSTHOCTh OCTaHOBKHM B T€UCHHE CMEHBI Y TIEPBOTO CTAaHKA paBHA
0,3, y Broporo cranka -- 0,45, y tperbero —0,35, y uerBeproro — 0,32. HailiTu BepOSTHOCTH
OecriepeboiiHOM pabOThI B TEYCHUE CMEHBI BCEX YETHIPEX CTAHKOB.

Bapuanr 8

1.B rpynne u3 22 cTyAeHTOB Ha KOHTPOJIbHOM paboTe MOTydHIIu:

5 cTyneHTa — OTIMYHO, 7 CTYAEHTOB — XOpOWo, 3 CTYAEHTOB — YJOBJIETBOpUTEIbHO. KakoBa
BEPOSATHOCTb, UTO U3 IATH HayJady BbIOpaHHBIX CTYJEHTA a) 3 CTYJEHTa UMEIOT HEYOBJIETBOPUTEIbHbBIE
OLIEHKU T10 KOHTPOJBbHOM pabote; ©) XoTs Obl OJMH MMEET HEYJOBIETBOPHUTEIbHYIO OLICHKY; B) BCE
UMEIOT HEYOBJIETBOPUTEIbHBIE OLIEHKH ?

2. BeposTHOCTh TOTO, YTO U3 UMEIOIUXCSA CEMM JIOTEPEHHBIX OMIIETOB XOTs Obl OJJMH BBIMIPAET, paBHA
0.40951. Haiitu BepOSITHOCTb BBIUTPHIILIA IO OAHOMY JOTEPEHHOMY OUIIETY.

3. BeposTHOCTH TOrO, 4TO KaXJbli U3 TpeX Apy3edl NpUIET B YCIOBJIEHHOE MECTO, COOTBETCTBEHHO
paBubl 0,8, 0,4, 0,6. Omnpenenuth BEPOATHOCTH TOTO, YTO BCTpEYa COCTOUTCSA, €CIH IJisi 3TOTO
JIOCTaTOYHO, YTOOBI MPHUIILIN XOTs ObI ABOE.

Bapuant 9

1. Cryaenr 3Haet 45 u3 60 BonpocoB nporpammsbl. HaliTu BepOsITHOCTh TOTO, YTO CTYJAEHT 3HAET JBa
BOIIPOCA, COZIEPIKAIIMECs B €0 AK3aMEHAIlMOHHOM OuIIeTe, eciii B OuseTe Tpu Borpoca?.

2. BeposTHOCTB MOSIBIEHUST XOTS OBl OJJHOTO COOBITHS MTPH YETHIPEX HE3aBUCHMBIX HCIIBITAHUSIX PaBHA
0,973. KakoBa BepOATHOCTb MOSIBJICHUS ATOTO COOBITHUS MIPU OJJTHOM HCIIBITAHUH?

3. CryzmeHT HIIeT HYXHYIO eMy (GOpMyIlly B TpeX CIpaBOYHHKaxX. BeposTHOCTH TOro, 4To 3Ta opmyma
CoJIepKUTCs B iepBoM cripaBouyHuke — 0,6, Bo BropoMm —0,7, B TperbeM —0,8. HaliTu BEposTHOCTH TOTO,
YTO 3Ta (popMysa COAEPKHUTCS a) TOIBKO B IBYX CIIPAaBOYHHUKAX; O) TOJIHKO B OJJHOM; B) XOTs ObI B OJTHOM.

31



Bapuant 10

1. Ha nsatu xaproukax HamucaHo mno onxHou Oykee: b, E, A, M, K, H. bepem nayran kapTouyku u
BBIKJIQ/IBIBAEM UX IO NOPsiAKY. HaliTh BEpOSITHOCTH TOTO, YTO MOJIYYUTCS CJIOBO “KaMeHb~ ?

2. JIBa cTpenka CTpensIoT Mo MuiieHH. BeposTHocTs mopaxenus s nepsoro 0,9, nns Broporo—0,8.
HaiiTi BeposTHOCTh OpaKEHUS MULIICHH TIPU OJTHOM 3aJIIIe.

3. B smmke comepxkutrcs 10 neraneit, u3 kotopeix 4 okpamieHbl. COOpIIMK HAayTaj B3sUl 5 JeTajci.
HaiiTi BeposSITHOCTB TOT0, 4TO: a) XOTs OBl OJJHA U3 HUX OKpalleHa; 0) IBe U3 HUX OKpAIICHbI; B) BCE HE
OKpAILEHBI.

Bapuant 11

1. JlBa cTpenka MpoOU3BENM MO OJHOMY BBICTpENy MO MUIICHU. BeposSTHOCTh MOpa)K€HUs MHILECHU
KaxabpIM cTpenkoM paBHa 0.8. Haiftu BeposSTHOCTH TOro, uto: a) oba cTpesika MopassiT MUIIEHb, O)
TOJIKO OJIUH CTPEJIOK IMOPA3UT MUIIIEHB; B) XOTs OBl OJIMH CTPEJIOK MOPA3UT MUIIICHb.

2. N3 10 m3penuit 3 mmeroT Boicmyo oneHky OTK. HaiiTu BepoATHOCTH TOTO, YTO CpPEAH B3STHIX
HayJauy 6 u3zenuil 2 BbICHIEr0 KauecTBa.

3. Pabounii o6cnykuBaet 4 cranka. BepoSTHOCTh OCTAaHOBKM B TEUEHHUE CMEHBI y MIEPBOT0O CTAaHKA paBHA
0,4, y Broporo cranka -- 0,45, y Ttperbero —0,3, y uerBeproro — 0,34. Haiitu BepoATHOCTH
OecriepeboiiHOM paboOTh B TE€UEHHE CMEHBI BCEX UETHIPEX CTAHKOB.

Bapuant 12

1. B rpynne u3 20 cTyA€HTOB Ha KOHTPOJIBHOM paboTe MOITyUHIIu:

4 cryneHTa — OTIMYHO, 6 CTYIEHTOB — XOpOLIO, 5 CTYAEHTOB — YJOBIETBOpUTENbHO. KakoBa
BEPOSATHOCTb, YTO U3 IIATH HayJauyy BbIOpaHHBIX CTYJEHTA a) 3 CTYJEHTa UMEIOT HEYOBJIETBOPUTEIbHbBIE
OLIEHKU I10 KOHTPOJIbHOM pabote; 0) XoTs Obl OJMH MMEET HEyJOBJIETBOPHUTEIbHYIO OLICHKY; B) BCe
UMEIOT HEY/IOBJIETBOPUTEIbHBIE OLIEHKH ?

2. BeposTHOCTb TOTO, YTO U3 UMEIOLIUXCS IATH JOTepEHHbIX OMUIETOB XOTS Obl OJIMH BBIUTPAET, PaBHA
0.40951. Haiitu BepOSITHOCTb BBIMIPHIILIA IO OAHOMY JOTEPEHHOMY OMIIETY.

3. BeposatHOCTH TOro, YTO Ka)Ibli W3 TpeX Jpy3ed NpUAET B YCIOBICHHOE MECTO, COOTBETCTBEHHO
paBubl 0,8, 0,4, 0,7. Omnpenenuth BEPOATHOCTH TOTO, YTO BCTPE€Ya COCTOUTCS, €CIH IJsi 3TOTO
JIOCTaTOYHO, YTOOBI MPHIILIN ABOE.

Bapuanr 13

1. Crygpenr 3naetr 50 u3 60 Bonmpocos nporpammsl. HaliTu BEpOSITHOCTh TOTO, YTO CTYAEHT 3HAET JBa
BOIIPOCA, COZIEPIKAIIMECs B €r0 IK3aMEHALlMOHHOM OHIIeTe.

2. BeposTHOCTH TMOSIBIEHUS XOTS ObI OJHOTO COOBITHS TPU TPEX HE3aBHCUMBIX HCIBITAHHSIX paBHA
0,973. KakoBa BepOATHOCTb MOSIBJICHUS 3TOTO COOBITHS IPU OJJTHOM HCIIBITAHUU?

3. CryzmeHT HIIeT HYXHYIO eMy (opMylly B TpeX crpaBOYHHKaxX. BeposTHOCTH TOTo, 4TO 3Ta hopmyia
COJIEpKUTCS B miepBoM crnpaBouyHuke — 0,6, Bo BropoM —0,7, B TperbeM —0,8. HaliTu BEposATHOCTH TOTO,
YTO 3Ta (POopMysa COAEPKUTCS a) TOIBKO B IBYX CIIPaBOYHUKAX; 0) TOJIBKO B OJHOM; B) XOTS ObI B OJTHOM.

Bapuanr 14

1. Ha natu xaproukax HamucaHo no ojgHod Oykse: M,O,P,T,III,bl. bepem Hayrag kapTouku u
BBIKJIQJIBIBAEM UX 110 NOPAIKY. HaliTh BEpOATHOCTB TOTO, YTO MOJIYYUTCS CIOBO “IUTOPHI” ?

2. JlBa cTpeinKa CTpeNsioT 1Mo MuIeHH. BeposTHocTh mopaxkenus juist nepsoro 0,6 ans Broporo—-0,8.
Haiitn BEpOsATHOCTE OPaKEHNS MUILIEHH IIPH OJTHOM 3aJIIIE.

3. B sammke comepkutcs 10 neraneid, u3 koTopsix 4 okpariensl. COOpiuk Hayraj B3su1 3 netanu. Haiitu
BEPOSATHOCTH TOTO, YTO: ) XOTsI ObI OJJHA U3 HUX OKpAIIEeHa; IBE U3 HUX OKPAILIEHBI; B BCE HE OKPAIICHBHI.
Bapuanr 15

1. B ypne 30 mapoB, 25 W3 HUX LIBETHbIE, OCTalbHbIE — YepHble. HaliTu BeposATHOCTH TOro, 4to 3
HayJauy BbIHYTBIX I1apa OyayT YepHBIMHU.
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2. U3 13 wmznenuit 7 umerot Boicmryto oueHky OTK. Haiitu BeposTHOCTH TOTO, YTO cCpenu B3STHIX
Haynauy 6 uzaenuii 4 BhICIIErO KauecTBa.

3. B arBoOyce enet 5 maccaxkxupoB. BeposSTHOCTh BBIMTH HA CICAYIOIICH OCTAHOBKE JIJISl KaXK/I0TO U3 HUX
paBHa 0,2. HaliTi BepOsSTHOCTh TOT'0, YTO Ha CJEAYIOMIECH OCTAHOBKE BBIMIET XOTS ObI OJTUH MACCAXKHP.

Bapuanrt 16

1. Maptus u3 10 geraneit conepxkut 2 netanu 1 copra. HaliTu BEpOSITHOCTH TOrO, UTO CPEOU B3STHIX
Hayjauy 5 getaneit XoTs Obl OfHa JIeTallb IEPBOro COpTa.

2. B nepBoii ypre 10 6enbix u 5 KpacHbIX 11apoB. Bo BTopoit — 5 6enbix u 7 kpacHbIX. 13 Kak10i ypHBI
BBIHUMAeETCA 1o mapy. HaliTu BeposiITHOCTh TOTO, 4TO 00a mapa Oernble.

3. Tpoe ydeHukoB pemaroT 3agady. BeposSTHOCTh AONMYCTUTH OLIMOKY B pPELICHUH MJIsi IEPOBOTO
yuenuka pasHa 0,4, st BToporo —0,2, mist Tpetbero --0,6. HaifTu BEpOsSTHOCTH TOTO, UTO XOTSI OBbI OHMH
YUEHHUK PEIIUT 3a]a4y MPaBUIBHO.

Bapuant 17

1. JlBa cTpenka MpoOuW3BENM MO OJHOMY BBICTpENy MO MUIICHU. BeposSTHOCTH MOpa)K€HUs MHILECHU
KaKJIbIM cTpeikoM paBHa (.7. HaliTu BEpOSTHOCTH TOTO, YTO: a) 00a CTpeiKa HE MOpa3sAT MUIICHb;, O)
TOJIKO OJIMH CTPEJIOK IMOPAa3UT MUIICHB; B) XOTS OBl OJJUH CTPEJIOK IMOPA3UT MHUIIICHD.

2. U3 10 uzpmenmii 6 umeror Beicinyto omnenky OTK. Hailtu BepoATHOCTH TOT0, YTO CpeAM B3STHIX
Hayjauy 6 u3zenuil 5 BeIcIIero KayecTna.

3. Pabounii o6cnykuBaet 4 cranka. BepoSTHOCTh OCTAaHOBKM B TEUEHHUE CMEHBI y MIEPBOT0 CTAaHKA paBHA
0,3, y Broporo cranka -- 0,45, y tperbero —0,35, y uerBeproro — 0,32. HaiiTu BeposSTHOCTH
Oecniepe0oiiHOi pabOThI B TCUEHHWE CMEHBI BCEX YETHIPEX CTAHKOB.

BapuanT 18

1.B rpynne u3 22 cTyAeHTOB Ha KOHTPOJIbHOU paboTe MOoTydHIu:

5 cTygeHTa — OTIMYHO, 7 CTYIEHTOB — XOpOUIO, 3 CTYAEHTOB — YJOBIeTBOpuUTenbHO. Kakopa
BEPOSATHOCTb, YTO U3 IIATH HayJauyy BbIOpaHHBIX CTYJEHTA a) 3 CTYJEHTa UMEIOT HEYJOBJIETBOPUTEIbHBIE
OLIEHKU I10 KOHTPOJIbHOH paboTe; 6) XoTs Obl OJUH MMEET HEYIOBJIETBOPHUTEIbHYIO OLIEHKY; B) BCE
UMEIOT HEY/IOBJIETBOPUTEIbHBIE OLIEHKH ?

2. BeposATHOCTh TOTO, YTO U3 UMEIOIUXCSA CEMM JIOTEPEHHBIX OMIIETOB XOTS Obl OJJMH BBIMIPAET, paBHA
0.40951. Haiitu BepOSITHOCTb BBIUTPHIILIA IO OAHOMY JOTEPEITHOMY OUJIETYy.

3. BeposTHOCTH TOrO, 4TO KaXIbld M3 TpeX Apy3ei NMpUAeT B YCIOBIEHHOE MECTO, COOTBETCTBEHHO
paBubl 0,8, 0,4, 0,6. Omnpenenuth BEPOATHOCTH TOTO, YTO BCTpEYa COCTOUTCSA, €CIH IJIsi 3TOTO
JIOCTaTOYHO, YTOOBI MPHUIILIN XOTs ObI ABOE.

Bapuant 19

1. Crynenr 3Haer 45 u3 60 BompocoB nporpammsbl. HailTu BepoSTHOCTh TOTO, YTO CTYAEHT 3HAET JIBa
BOIIPOCA, COZIEPKAIUECS B €r0 K3aMEHAI[MOHHOM OujieTe, eciii B OuiieTe Tpu Bomnpoca?.

2. BeposATHOCTb MOSBIEHUS XOTS OBl OJJHOIO COOBITHSI IIPU YETHIPEX HE3aBUCUMBIX HCIIBITAHUAX PaBHA
0,973. KakoBa BEpOSATHOCTb MOSIBJICHHSI 3TOTO COOBITUS IIPU OJTHOM MCIIBITAHUU?

3. CTyzmeHT MUIIET HYXHYIO eMy (opMylly B TpeX CIpaBOYHUKax. BeposTHOCTH Toro, uto 3Ta opmyia
CoZIepKUTCS B IepBoM crpaBounuke — 0,6, Bo BTopom —0,7, B TperbeM —0,8. HaliTu BeposAsTHOCTH TOTO,
4TO 3Ta (PopMyIia COAEPKUTCS a) TOIBKO B ABYX CIIPABOYHHUKAX; 0) TOIBKO B OJTHOM; B) XOTSI OBl B OZJHOM.
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NHOPOPMALINOHHOE OBECIIEYHEHUME JTUCIHUIIJIMHBI

OcHOBHbBIE HCTOYHUKH (IJI1 CTY/I€HTOB)

. I'puropeeB, B. II. Maremaruka [Tekct]: ydeOHHMK Mg CTyA. YYPEKICHHM Cpe.
npododpazoBanust / B. II. I'puropseB, T. H. CaGypoBa. — M. : N3nartenbckuii
HeHTp «Axkanemus», 2016. — 368 c.

JlonosiHUTE IbHBbIE HCTOYHUKH (IJI51 CTYA€HTOB)
. Cnimpuna M. C luckpetHas matemaTuka [TekcT|: ydeOHUK MJI CTYI. YUpEKIACHUN
cpen. npod. oopazosanus / M. C. Cniupuna, [1. A. Cniupun 11-e uzz., crep. — M. :
N3narenbckuii neHTp «Akanemus 2015. — 368 ¢
. Criupuna M. C Teopus BeposATHOCTEH M MaTeMarudeckas cratucthka [Tekcr):
y4eOHUK I CTY[. yupexaeHuil cpen. npod. oopazosanus / M. C. Cnupuna, I1. A.
CnupuH. — 7-¢ usa., crep. — M. : Uznarenbckuii neHTp «Akagemus», 2016. —
352 ¢
. ITeryxoBa E.I'. Marematuka[TekcT]: yueOHO-MeTOAMYCCKHI KOMIUIEKC — bpaTck:
blIpomT, 2017 —39 ¢

HNHuTepHer-pecypcesl

. Jlexuus 1. TlepBooOpa3Has ¥ HEONPEAETICHHBI UHTErpall [DIEKTPOHHBIN pecypc| —
Pexxum noctyna: http://www.youtube.com/watch?v=PbbyP80oEv-g

. Jlexrst 6. KomruiekcHeie uncna (4acth 1) [DnexTponHslil pecype] — Pexum noctyna:
http://www.youtube.com/watch?v=dZPRzB1Nj08

. Jlexkmmsa 8. OcCHOBHBIE CBEICHHMS O PAMOHAIBHBIX (QYHKIMAX [DIEKTPOHHBIN
pecypce] — Pexum JIOCTyIIA:
http://www.youtube.com/watch?v=1546Q24djU4&feature=channel

. 'eoMeTpuyeckuii CMbIC TPOU3BOAHOM [ DIEKTPOHHBIN pecypc| — Pexum gocrtyna:
http://www.youtube.com/watch?v=TxFmRLiSpKo

. Marematuka i 3a0YHUKOB M HE TOJIBKO [DHEKTpOHHBIN pecypc] — Pexum
nocryma: http://mathprofi.ru/index.html
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