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BCTYII

Kypc Bumoi MareMaTuku BiJlirpa€ BaXKJIMBY pOJb MPH MHIATOTOBII (haxiBIIiB
CUIbCHKOTO TocnoaapctBa. KibKICHI METOAM aHalli3y, METOIU Teopii WUMOBIPHOCTI,
MAaTEMaTUYHOI CTATHCTHKHU IMTUPOKO BUKOPUCTOBYIOTHCS MPH TJIaHYBAaHHI JOCIIIB Ta
o0poO111 iX pe3ynbTaTiB y Olojorii, miemiHHiA crpasi. Lli MeTogu mO3BONISIOTH 3
NOTPIOHOIO JI0JICI0 BIPOTIAHOCTI aHANI3yBaTW pe3yJbTaTH MPAKTHUYHOI AISUIBHOCTI B
PI3HUX TaTy3X CUTBCHKOTOCIIOIaPCHKOTO BUPOOHHIITBA.

Maremaruka, KpiM TOro, € (QyHIAMEHTAIbHOI IUCIMILIIHOI0, il BHKIAJaHHS
nepeadavac: PO3BUTOK JIOTIYHOTO 1 QJITOPUTMIYHOTO MHUCJICHHS, OBOJIOAIHHS
OCHOBaMHM MaTeMAaTHYHOTO amapaTy, HEOOXiIHOTO IS pO3B'I3aHHS TEOPETUYHHX 1
NPAKTUYHUX 3aJlad CUIbCHKOTO TOCIOJApCTBA; BHUPOOJEHHS BMIHHS CaMOCTIHHO
BUBYATH HABYAJIbHY JIITEpaTypy 3 MaTE€MaTUKH Ta MPUKIAJHUX MAaTeMaTHYHUX
JIUCIIUTLUTIH.

OO6csr 1 3MICT Kypcy BHUIIOI MaTeMaTHKH BHU3HAYAETHCS MPOrPaMoOI0 Ta
HAaBYAIBHUMH TUUIaHAMU; HE 3aJIeKUTh Bl (GOpMH HaBYaHHS (I€HHA, 3a04HA), aye
METOJIMKa BUBYEHHS HOTO MPHU 1IbOMY pPi3Ha.

Ili meTtoauuHi peKOMeHaaIlli omparboBaHI ISl CTYJICHTIB JUCTaHIIHHOT
(3a0uH01) hopMu HaBUaHHA criemianbHOCTI H2 - "TBapuHHULITBO",

B Hux mopaHo 3aranbHi peKOMEHMAIll CTyJeHTaM-3a0YHUKaM ISl BUBYCHHS
KypCcy, METOAWYHI PpPEeKOMEHMAIii 10 PO3B’S3aHHS KOXKHOI 3 JecATd 3ajad
KOHTPOJIBHOT poOOTH Ta 3aBAaHHSA JUIS OJHIET KOHTPOJIBHOI pOOOTH B JABAIIATH
BapiaHTax.

3arajbHi peKoMeHIAIIl CTYICHTOBI-320YHHKY /10 BUBYEHHH KYPCY BHUIIOT

MATEMATHKH | KOHTPOJILHI 3aBIaHHSA

OcHOBHOI0O (OpPMOIO HABUaHHS CTYJIEHTa-3a0YHUKA € caMOCTiiiHa poOoTa 3
HaBYaJIbHUM MaTepiajioM, 10 CKIIAJIa€ThCsl 3 TAKUX €JIEMEHTIB: BUBUEHHSI MaTepiay

3a MAPYYHUKAMU, PO3B'A3aHHS 3a7a4, CaMONEPEBIPKA, BUKOHAHHS KOHTPOJIbHUX



poOir. II{o6 momomorTu CTyAeHTaM-3a0YHHMKAaM, YHIBEPCUTET OpPraHi3oBYye€ JIEKIIii,
MPaKTUYHI Ta 1abopaTopHi 3aHATTA. KpiM TOro, CTyJ€HT-3a0YHUK MOXKE 3BEPHYTHUCS
710 BUKJIaJlaya 3 Oy1b-sIKOTO MUTAHHS 1 OTPUMATH MUChMOBY 200 YCHY KOHCYJIbTAIIIIO.
VY pa3i nucbMOBO1 KOHCYJbTallli y CBOill poOOTI CTyAEHTY MOTpiOHO sSIKOMOra
TOYHILIE BU3HAYUTH MUTAHHS, 10 BUKIMKAIOTH TPYIHOIIl MpU iX 3acBoeHHi. [lpu
bOMY O0OB’SI3KOBO CJI1J] BKa3aTH NMOBHY Ha3BYy KHHUIH, PIK BUJIAHHS Ta CTOPIHKY, /€ €
BaYKKHI ISl 3aCBOEHHSI MaTepiai, abo HesicHO chOpMyJIbOBaHE BiJIMOBIIHE 3aB/IaHHS.
Pexomenpariii CTyJIeHTOB1 3 MOTOYHOI POOOTH MOJAIOTHCS TAKOXK Y MpoIeci
pEleH3YBaHHS KOHTPOJIbHOT poOoTH. [IpoTe CTyIEeHT MOBHHEH NaM'aTaTH, IO TUTBKH
3aBJSIKM CUCTEMATHYHIM Ta HAIOJETJIMBINA caMOCTIHHIM poOOTI JomOMora BUKJIagaya
Moke OyTr epekTuBHOIO. KiHIIEBUM e€TarioM BHBYCHHS KYpPCY € CKJIaJIaHHS 3Ky .
HapuanbHuM 1m1aHoOM niepeadavaeTbcsi BUKOHAHHS OJHIET KOHTPOJBHOI pOOOTH.
Hwxue HaBeneHo Tabmuili HOMEpIB 3ajad, IO BXOMSTH JO KOHTPOJIBHOT POOOTH.
CTyneHT BUKOHYE TOH BapiaHT KOHTPOJBHOI pOOOTH, IO 30Ira€ThCsi 3 OCTAaHHBOIO
mudporo Horo HaBuanbHOro mmdpy. [lpum mpoMy, sKIO0 nepenocTaHHs nuPpa
HaBuajgpHOro mmuppy € uyuciao Hemapue (1,3,5,7,9), To HOMepu 3amau s
BIJIMOBIIHOTO BapiaHTy ciiag Oparu 3 Tadamui 1. Skmo mnepemocrtanHs nudpa
HaBuajgbHOrO MmHdpy uuciao mnapue (2,4,6,8,0), TO HOMepu 3agad BiIMOBIIHOTO
BapiaHTy BKa3aHo B Tadamui 2.
Hanpuxman, skmo mmdp cryaenta 273172, To BiH BHKOHYE 3ajaadi 2-TO
Bapianty (Tada.l) -1.1, 2.2, 3.2, 4.2, 5.2, 6.2, saxmio x mudp cryaenrta 273182, to
BiH TIOBMHECH BUKOHYBAaTH 3ajadi 2-To Bapianty (Tad.a.2) — 1.12, 2.12, 3.12, 4.12,

5.12, 6.12.

Ta0J1. 1

HoMEP HOMEP 3AJIAUI

BapiaHTy

1 1.1 2.1 3.1 41 5.1 6.1

2 1.2 2.2 3.2 4.2 5.2 6.2

3 1.3 2.3 3.3 43 5.3 6.3

4 1.4 2.4 3.4 4.4 5.4 6.4

5 15 2.5 3.5 45 5.5 6.5

6 16 2.6 3.6 46 5.6 6.6

7 17 2.7 3.7 47 5.7 6.7
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8 18 2.8 3.8 4.8 5.8 6.8

9 1.9 2.9 3.9 4.9 5.9 6.9

10 1.10 2.10 3.10 410 | 510 | 6.10
Ta0JI1. 2

Howep HOMEP 3AJAUI

BapiaHTy

1 1.11 2.11 3.11 4.11 5.11 6.11

2 1.12 2.12 3.12 4.12 5.12 6.12

3 1.13 2.13 3.13 4.13 5.13 6.13

4 1.14 2.14 3.14 4.14 5.14 6.14

5 1.15 2.15 3.15 4.15 5.15 6.15

6 1.16 2.16 3.16 4.16 5.16 6.16

7 117 2.17 3.17 4.17 5.17 6.17

8 1.18 2.18 3.18 4.18 5.18 6.18

9 1.19 2.19 3.19 4.19 5.19 6.19

10 1.20 2.20 3.20 4.20 5.20 6.20

[TpaBuiio BubGopy 3amau Ne7, Ne8, Ne9 mogano Ha cTopiHiii 57.

IIpaBuyia BUKOHAHHSA Ta 0(pOpMJIEHHA KOHTPOJLHUX POOIT

BukoHaHHS KOXHO1 KOHTPOJBHOI POOOTH CJIiJ TOYMHATH TUTBKH ITICIIA
BHUBYCHHS BIJIMOBITHOTO MaTepialy Kypcy 3a MIPYIHHUKOM Ta PO3B’SA3aHHS 3a/1a4, 110
Mo/1axi 10 KO>kHO1 TeMu. [ToTpiOHO TakoX yBa)KHO po3i0paTu po3B’si3aHHS THX 3a]1a4,
SK1 HABEJICHO B IAHOMY MOCIOHUKY JI0 KOKHOT TEMHU.

[Ipy BHUKOHAHHI KOHTPOJBHHUX pOOIT TOTPIOHO CYBOPO JOTPUMYBATHCS
HaBEJICHWX HIDKUe mpaBui. PoOoTw, HammcaHi 0e3 JOTpUMaHHS [HUX BUMOT HE
3apaxoOBYIOTHCS 1 TOBEPTAIOTHCS CTYCHTOBI JJIsSI JOOTIPAIFOBAHHS.

1. KoxHy KOHTpOIIBHY POOOTY CIIii BHUKOHYBAaTH B OKPEMOMY 3OIIWTI,
YOPHWIOM OYJb-SKOTO KOJhOPY, KpiM dYepBoHOTO. [l 3ayBakeHb pPEICH3CHTA
HEOOX1THO Ha KOXKHIN CTOPIHIlI 3aJIUIINATH ITOJIS 3aBIIUPIIKHA 3-4 CM.

2. Ha oOxnaguHIll 30mmMTa MOBHHHO OYTH SICHO HaMKMCaHE IIPI3BUIIE
CTyl€HTa, WOro IHIllaJi, HaBYaJbHUU HOMEp (mmdp), HA3Ba AUCIUILIIIHU; TYT Ke
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CHI yKa3aTH Jary, Kojau poOoTa Oyjia HaJicliaHa 10 YHIBEpCUTETY. Y KiHII poOOTH
Tpeba MOCTAaBUTH /1Ty il BAKOHAHHS Ta MIIHUC.

3. VY poboTi MaroTh OyTH BC1 3a/1ayi, 110 BKa3aHl B 3aBJaHHI BiJIMOBIIHOTO
BapiaHTy. Po3B's3aHHs 3a7a4 MOTPIOHO PO3MIIYBATH 32 MOPSIAKOM HOMEpIB, JTaHHUX
y 3aBIaHHAX, HE 3MIHIOIOYM HOMEpPH 3a]au.

KontponbHi pob0TH, B AIKUX BUKOHAHO HE BC1 3aBAaHHS, a TAKOXK T1, 1[0 MICTATH
3a/layul He CBOTO BapiaHTy, 3apaxoByBaTUCS HE OYIyTb.

4. KonTponpHi  poOOTM  NOBMHHI  BHUKOHYBAaTHCS CaMOCTIHO. Ko
OyJe BUSIBIICHO, 110 Ty a00 1HIIIY KOHTPOJIbHY POOOTY BUKOHAHO HE CAMOCTIIHO, TO i1
He OyJie 3apaxoBaHO, HABITh AKIIO B 11 pOOOTI BC1 33/1a4l PO3B’A3aHO MPABUILHO.

5. [lepen po3B’s3aHHSAM KOXHOT 3a7adi CIIiJ] 3alMCaTH MOBHICTIO 11 YMOBY.
B pasi, skimo nekuipka 3aaad, 3 SKUX CTYAEHT BUOMpae 3ajady MOTPIOHY IJI CBOTO
BapiaHTy, MarTh 3arajJibHe (QOPMYIIOBAHHS, CJijJ TEpernucatd yMOBY 3ajadi,
3MIHIOIOYH 3arajibHi JJaH1 KOHKPETHUMH, 1110 BIAMOBIAAI0OTH HOMEPY BapiaHTy.

6. Po3B’si3aHHs BCIX 3ajay Ta TOSICHEHHS J0 HHUX IIOBUHHI — OyTH
JIeTaTbHUMU. 3a HEOOXITHOCTI, CJiJ MOCWIATHCS Ha MUTaHHS TEOpii 3 Ha3BaMU
dbopMy1, TeopeM, Ta 1HII., 110 BUKOPUCTOBYBAJIMCS MPU PO3B’sI3aHHI IaHOT 3a1a4i.

VYci o0uncienHs (B TOMY YHUCII ¥ JOMOMDKHI) TOTPIOHO POOUTH TOBHICTIO.
Maitonku Ta rpadiku moBuHHI OyTH BHKOHaHI (0akaHO Ha MUIIMETPOBOMY Iarepi)
aKypaTHO, YiTKO, 3 YKa3yBaHHSIM OJMHUIIb MacIITa0y KOOPJWHATHUX OCEH Ta 1HIIUX
eJeMeHTIB pUCYHKY. [losicHeHHs 70 3a7a4, MOBUHHI BIANOBIIATH TO3HAYECHHSIM, IO
JlaH1 Ha PUCYHKY.

1. [Ticns moBepHeHHsT poOOTH (SIK 3apaxoBaHOI TaKk 1 HE 3apaxOBaHO1)
CTYJICHT TIOBHMHEH BUIIPABUTH B Hill yCi HEJOJIKH, BKa3aHi pEIEH3EHTOM. Y pas3i,
AKIIO poOOTa HE 3apaxoBaHa, CTYACHTY CJiJ B KOPOTKMH TEpMIH BHUKOHATH BCI
3ayBa)KEHHS pEIeH3eHTa Ta MoJIaTu poOoTy Ha
MOBTOPHE pEIEeH3YBaHHS, JOJAI0UM TPU I[HOMY NEPIIUNA €K3EMIULIP 3 PEIEH3IE0
Ha Hel. Y 3B'I3KYy 3 MM PEKOMEHAYETHCS MPU BHUKOHAHHI KOHTPOIBHOI poOOTH

3QIMIIATH Y KIHI[l 301IUTA ACKUIbKA YACTUX APKYIIIIB JIJIsl IOTIOBHEHb Ta BUIIPABIICHb



BIIMOBIIHO /10 BKAa31BOK pelleH3eHTa. BHOCUTH BUINpaBIEHHS Y caM TEKCT poOOTH

MICJISI peLieH3yBaHHS 3a00pOHAETHCA.

Ilpuknao oghpopmnenna mumynoHoi cmopinku

MIHICTEPCTBO AT'PAPHOI TOJIITUKH TA ITIPOJJOBOJILCTBA
YKPAIHU
MUKOJIAIBCbKU HAINIOHAJIBHU ATPAPHUI YHIBEPCUTET
Kadenpa Buioi ta npukiagHoi MaTeMaTHUKA

IIudp 2701537

KonTponbHa pobora
3 BHII[OT MATEMATHKH
3no0yBada Buioi ocBit ¢akynsrery TBIIIIT Ch
crienianbHOCTi H2 «TBapUHHUIITBO »
rpynu 37 1/1

Casuenxo Bonooumupa Ilemposuua

Muko.1aiB — 2026
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bnank ona peyensii KonmpoavHoi pooomu
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IHoxigna Tta nudepenuian ¢pyHkKuii

TloxiaHi OCHOBHMX eJJeMEeHTAPHUX hVHKIINT

y=X y'=1 y =sinx y' = cos X
y=Xx" y' =nx"! y =CO0S X y'=-sinx
=a”" '=a*Ina y = tgX y' = !
y= Y= cos’ X
=€ '=g” = ctgx y'=- L
y= Y= Y sin® x
1 i 1
=+/x '=—= =arcsinx y' =
y y 2JX y y -
o1 , 1
y=Inx y'=— y=arccosx Yy =————
X 1-x?
' 1 , 1
y=1log, X y' = y=arctgx y = 5
xIna 1+ X
-1 JE—— —arcotgx Y=
=X Y= YA Yy =TT

IIpaBunyia nudepeHiroBaHHA

Hexaii 3amano nudepeniiioBani GpyHkIii U= u(X)Ta V= V(X).
€ Taki npaBuia:
1. TloxigHa anreOpaidyHOI CyMH KiHIIEBOrOo 4YHcia audepeHIiioBaHux (yHKIIiH
JOPIBHIOE CYMi MOXITHUX IUX ()YHKITIH:
(uxv)=u+Vv' (1)
2. Tloximna moOyTKy nBOX nudepeHIiioBaHuX (QYHKIIH JTOPIBHIOE CyMi JOOYTKY
MOXITHOT TEePIIOro CHIBMHOKHMKAa HAa JAPYrUid Ta JOO0YTKY TWOXITHOI APYroro

CIIBMHOKHHUKA HA MEPILINA:
! ’ [
(uv) =u'v+uv (2)
Hacainoxk 1. [TocTiiHui MHOXHHUK MOKHA BUHOCHUTH 34 3HAK ITOX1IHOT:
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(cu)' =cu’ (3)

Hacainoxk 2. (uva))' =Uu'vVeo+ uw'e+ uve' (4)
. u)  uv-uv’
3. [ToxigHa yacTku: (—j =——,V#0 5)
v v
u) U
Hacuainok 1. (—j =— (6)
C C
¢\ C
Hacuainok 2. [—) =—— @)
v v

ToxigHa cKJIaaeHOol Ta HeaIBHOI (PDYVHKIII

Hexait 3miHHa Y € QyHKII€O Big 3MIHHOI U: Y= f(u), a 3MiHHa U €
dbyHKITIEIO Bi HE3aJIe)KHOI 3MIHHOI X:u=gp(x). Skmo y= f(u) Ta u=gp(x) -

nudepeHniiiioBani GyHKIIT CBOIX apryMeHTIB, TO MOXIJHA CKJIaJieHOlI QYHKIIT iICHY€
Ta JIOPIBHIOE TOXIMHIN JaHoi (PYHKINIT 32 MPOMDKHHM apryMeHTOM, IMTOMHOXKEHIA Ha

MOX1IHY CaMOro MPOMDKHOTO apTyMEHTY 3a HE3aJIe)KHOI 3MIHHOIO X , TOOTO:
y'=f'(u)u'= f'((x))¢'(x) (8)
Posrnssaemo nudepenitiroBanHs HesBHOT (YHKINI, IO 3a7aHa PIBHIHHAM
F(X; y):O. JIns 3HaXoMKeHHA TOXimHOiI (yHKIII Y, 3amaHoi HEsBHO, Tpebda
npoaudepeHItitoBaTH OOUABI YaCTUHU PIBHSHHS, PO3TIsAAa0un Y sK (QYHKIIIO Bij

X, & MOTIM 3 OTPUMAHOIO PiBHSHHS 3HAWTH MOXigHy Y’ .

Jlorapudmiune nudepenuiroBanns Gpynkmii y = f (X)‘p(x)

o o(x
PosrnssHeMo Bu3HadeHHs moxigHoi Gynkiii y = f (X) ( ). JIns 1bOrO BUKOHAEMO

TaKl KPOKH:
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Kpoxk 1: IIponorapudgmyemo crodatky 1Bi YaCTUHU PIBHOCTI:
Iny=1In f(x)“’(x); (9)
Kpok 2. 3a BnactuBicTio Jjorapudma: Iny = ¢(X) In f (X) ; (10)

Kpoxk 3. [ludepenuiroroun o081 YaCTUHU, OTPUMAEMO:

Sy =g (I 1 (+0(im 1 () =g (1 () + 2L

Kpoxk 4. [TomHOXkUMO JTiBY 1 IpaBy YaCTUHY OCTaHHbOI PIBHOCTI Ha Y :

y = y[(p’(x)ln f(x)+%] (12)

Kpok 5. 3amianmMo B nipaBiii yactusi piBHocTi Y Ha f (X)‘p(x) ;

o[ x) f'(x
y=f(x)()[¢(x)lnf(x)+%] (13)

a6o: y=p(x) £'(x) F ()" + £ ()™ 1n £ (x)¢'(x)

[Toxaxkemo crioci6 BiAIIyKaHHS MOXIAHOT YHKITIT, sIKa 3a1aHa mapameTpuaHo. Hexai

X=@(t
Y K QyHKIISA X 3aJaHa MapaMeTPUYHUMHM PIBHSIHHIMU: {y ¢§tg (14)
=y
| | A0,
[NoxinHy (yHKIIO SIKa 3a/1aHa TTAPaMETPUIHO, 3HAXOIUMO: Y, = (15)

o'(t)
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JAu¢epenuiajbHe Ta iHTEerpajbHe YUCACHHS PYHKILII OXHI€I 3MiHHOI
3AJAYA 1.

VY 3amavax 1.1 — 1.20 3maiitm noximHi QyHKUid: y npuxiagax 1), 2),3) —
KOPUCTYIOUHMCh BJIACTUBOCTSAMM TMOXIAHOI Ta (OPMYJIOI0 MOXIAHOI CKJIAIEHO1

¢ynkuii, y mnpukmagi 4) — BHKOPUCTOBYIOUHM  METOJ  JIOTapu(PMIid4HOTO
g epeHIiIOBaHHS.
1.1
3Xx—4 . 3
) y=—1= 2) y=(35'”2X —cos’ 2x)
X3 +3x-2

3) y=Inarcsiny1-6x* 8 y=(2x+3)"

1.2.
1) p= X3 2) y=Inegx®
Jx*—6x—-9
2 2
3) y=|n4% 4) y=(1+cosx)’
1.3
2X 3
1 = __{ cos4x - 2
)y N 2) y=(3""* +sin”3x)
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1.4.

1.5.

1.6.

3) y=arctg——
3X
1) y=
UG —4x? +1
3) y=10""
4X
1) y=
UE+5x2 =2

3) y=arcsiny1—4x?

1) y — earctg«/Zx—l

3) y= 4x+1
X2 —4x—2

13

4) y =(X3 + 2)sin6x

2) y= (2""“:5‘”3X +arccos 2x)4

4) y — (X2 + 1)arct92x

2) y =(5t92x _ XZ)3

4) y =(arcsin 6X)J1_2_X2

2) y=(4" +Vx)

3

4) y=(x+sin3x)"



1.7.

2X—3
1) y=
X2 +4x—3

2) y= (Samgzx - In(1+ 4x2))4

3) y= X«/X2+3 4) y=(tgzx)t92x

1.8.
) y=\/x231(;>?—4 2) Y=(2°°523X+sin23x)3
3) y=e¥mix 4) y=(x+ 1)arctgﬁ
1.9.
Dy 2 2 y=(
3)y= j;i_;zsx 4) y= (C'[93x)COSZX
1.10.
1) y= X34_ D 2) y=(6""""+ arcctg3x)4
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3) y=|ntg%

1.11.
3X+2
1) y=—1
\/x +3x+1
2X+1
3) y=arctg———
)Y v
1.12.
1) y=earctgm
2
3) y=(arcsim/§)
1.13.

1) 2X—1

y=
U2 +2x—14

3) y=In arc:c:osi
4x

15

4) y=(x+In2x)’

2) y= (2‘@’3X - c053x)5

4) y=(\/§+ijx

2) y= (3‘3OSZX + cos” x)3

2) y= (6"053X + Cos” x)4

C0s2X

4) y=(tg2x)



1.14.

3x—-4
1) y=
JX°+9x—6
3)y =Incose™*
1.15
5x+4
1) y=
X3 =5x—2
3) y=earctgx/3x2—1
1.16.
3x-1
1) y=
X +9x—-1
1
3) y=|narccosE
1.17.
2X—3
1)y

=\/x3—8x+4

16

2) y= (SS"‘X - cost)3

arcsin x

4) y=(1— x2)

2) y — (2arcsinx _ ﬂ)s

4) y _ (Ctg4x)sin4x

2) y=(3 4 In(1s 7))

4) y=(sin2x)*"

2) y= (4tgzx - thx)5



_ 1 Y
3) y=Inarcctg - 4) y=(x +1)4

1.18.

1) y= 2X+1
\/?+3x+1

9 3
2) y=(5tg 3 +00522x)

3) y=em AT ) y=(oos2x)™

1.19.
44X+ 3
1) y= _ arccosﬁ_ / _ 4
I3 —4x -1 2) y_(2 1 X)
3) y=Intge* 4) y=(ctg4x)™"”"
1.20.
1) y= OX—6 2) Y=(3“‘9"‘X+Insin3x)3
X3 +5x—2

1 X
3) y — earctg\/ﬁ 4) y—(\/B_X+ﬁ)

17



MeToan4Hi pekoMeHauii
X+1

Ipukiaag pukoHanus 3AJIAYL 1 Oynkuis 1) 3anumerses: Y =
X +5x% =2

!

, (u u'v—uw'
y =| — | = -
1 1%

Ockinbku GyHKLIA Y siBAsie COOOI0 YAaCTKy BiJ JUICHHS (YHKIII YhCETbHUKA

U= X+1 Ha ¢QyHKIIIO 3HAMEHHUKa V= \/ x> +5x*—2, To moxigmy ¢yHkiio Y

3anuIIeMo 3a (popmMysor NOXiJHOT YaCTKU:

' ' x+1 (\/x +5x - ) (x+1 («/x +5X° - )
[\/x P45y 2] (m)
\/x3+5x2—2—(x+1)1(x3+5x2—2)'

WX +5xE =2

X} 45x2-2

1)(3x* +10x)
x/x + 95X — (X+
2403 +5%x% =2

x> +5x%=2
2(x3 +5x%— 2)—(3x3 +10x% +3x? +10x)

B 24/ x3+5x2 =2 B
x® +5x* -2
—x*—3x*-10x—-4 x3+3x*+10x+4

- 2(x3+5x2—2)\/x3+5x2—2 __2(x3+5x2—2)\/x3+5x—2

2(X3+5X2—2)—3X3—13X2—10X 2x° +10x? —4-3x* —13x?—10x
B 2(x3+5x2—2)\/x3+5x2—2 - 2(x3+5x2—2)\/x3+5x2—2 B

B —x3-3x%2-10x-4 x3 +3x%+10x+4

2(x3+5x2—2)\/x3+5x2—2 2(x3+5x2—2)\/x3+5x—2

18




3anumemo GyHKIi0 2) ;Y= (4""mi”x +sin? 6X)6

OyHKIiS Y - ckIajeHa. 30BHIIHA (QYHKIISA 11 — CTENEHEBA, a BHYTPIIIHS

(yHKIIE OCHOBH — II€ CyMa JIBOX Y CBOIO Yepry CKJIaAeHUX (PyHKIiHd. 30BHILIHA
(GyHKIIS IepIIOi 3 HUX — MOKa3HUKOBA, a BHYTPIIIHS — 0OEPHEHO TPUTOHOMETPUYHA.

30BHIIHA (QYHKLIA JApyroi — CTENeHeBa, a BHYTPIIHA QYHKIIA —
TPUTOHOMETPUYHA.

3a mpaBUIIOM B3SITTS TTOX1IHOT BiJl CKIaJeHOiT (YHKI[IT MATUMEMO:

y=f(9(x))
y'=f'(9(x))g'(x)

bepemo noxigHy Bia 30BHIIIHBOT (PYHKIIIT, @ AaJTi B/l BHYTPIIIHBOI:

!

yr=((4arcsinx+sin2 6X)6)’ =6(4arcsinx+sin2 6X)5(4arcsinx+sin26x) —

!

6(4arCSinX +sin? 6x)5 ((4““‘”")

+(sin26x)’)=

!

= 6(4arCSinX +5sin? 6x)5 (4arCSinX In4(arcsinx) +2sin6x(sin 6x)') =

4arcsinx |n4
V1-x°

sin3x

5(4“"Sinx +sin26x)5[ +125in6xcos6x]

Oyukuis 3) 3anumersbes: Y = Intge
OyHKIiE Y sABIA€ cOOOI0 CKIAACHY 3 II'SITH €JeMEHTapHUX (PYHKIINA. 3a

MPaBHUJIOM B3SITTS MOXITHOI BiJl CKJIaIeHOT QPyHKIIT OepeMo MOXiTHY BiJ 30BHINIHBOT

¢dyHKITii, a TOTIM BiJ BHYTPIITHBOT.

' _ | sin3x ’_ 1 sin3x '_ 1 1 sin3x '_ 1 1 SiN3X [ ai 3 ’_
y _( ntge ) - tgesin3x (tge ) - tgesin3x C032 esinSx( ) - tgesinSX COSZ esinSX € (Sm X) -
1 1 i ' 3e™*cos3x
- sin3x 2 ,sin3x e COS3X(3X) T e p3X 3x
tge cos e Sine~" Ccose

19



dyukiiro  4) sanmmemMo X — Y =arcsindx —arcsin4y
Momamo ¢ysxuiro y y surmaai  f(x;y)=0: x—y-—arcsindx+arcsindy =0.
Skmo He3anexkHa 3MiHHa X Ta (PYHKIIA y 3B’s13aH1 PIBHSAHHAM BHIY
F(X;y)=0 , 10 HE pO3B’si3aHE BIJHOCHO Y, TO Y HA3UBAETHCS HESIBHOIO
ynkiiero X . He3paxkarouu Ha Te, 110 piBHAHHSA T (X; y) =0 He po3B’sI3HE BIIHOCHO
Y , € MOXJIMBICTh 3HAWUTHU MOXIAHY BT Y 3a X. MeToa 3HAXOJKEHHS MOXITHOT
HOJISITA€ B TOMY, 110 OOWBI YacTUHHU piBHAHHS T (X; y) =0 audepeHiiO0TbHCA 3a
X 3 ypaxyBaHHSIM TOro, mo Y € QyHKLI€0 X, 1 3 OTPUMAHOTO PIBHSIHHS

BU3HA4YacThCA Y.

HudepentiitoeMo 3a X 00HMABI YaCTUHU PIBHOCTI Ta BPAaXOBYEMO Te, IO OOMJIBI

00E€pHEHO TPUTOHOMETPUYHI1 (PYHKIIIT € CKIaJCHUMH:
( x)’ —( y)’ —(arcsin 4x)' + (arcsin4y)’ =0
.4 4y’
J1-16x2 Jl 16y’

\/1(7(4)() \/72(4 ) 0
Jl 16y Jl 162

[TepeHeceMo CKIIaa0BI, 10 HE MICTATh Y', y MpaBy YaCTUHY PiBHOCTI:

v 4—wh—16y2__4— 1-16x°

Ji-16y° | J1-16x2

=0

Bunecemo Yy y miBiii yacTMHI pIBHSHHSA Ta 3BEAEMO JO CILIBHOTO

3HAMEHHHKA B 000X YaCTHHAX PIBHSHHS.

Po3B’s5keMO Lie piBHAHHS BigHOCHO Y’
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4-\1-16%° (s T o7
e (4-Vi-16x)J1-16y

yr= 1-16X 2= 2 2
a-J1-16y° 1-16x (4—»\/1—16y )

J1-16Yy°

15

®yukiis 5) sanumrerses: Y = (1 —sin ZI.OX)X
Axmo tpeba mpoaudepeHiiitoBaTd M00yTOK MeKUIbKOX (yHKIN abo mpiod,
YUCEIbHUK 1 3HAMEHHUK SIKOTO MICTUTH JOOYTKH, YACTO € BUTIAHUM OOUJIB1 YACTUHU
JTAHOTO BHpa3y CHOYaTKy IMposiorapudMyBaTH 3a OCHOBOIO €, a TOTIM YXkKe
npuctynutd 10 audepeHiioBanHs. Lleit meTon nictaB Ha3By JorapugpmMiyHOTO
mudepeniitoBadtsa. Jlo 1IbOro METOAYy 3aBXKIW 3BEPTAIOTHCS, KOJIU Tpeda

npoaudepeHIiroBaTi PyHKIII0 BUIY

y=(1 ()",
TOOTO KOJIM 1 OCHOBA CTETICHS f(X)i HOTO TIOKa3HUK gp( X)e byHKIISIMH

Bim X. Came Takoro BuUAy MaeMo (YHKIIIO, TMOXiAHY sKoi Tpeba 3HaiTH. B

3araJlbHOMY BHTJISI/I1 3a7a4a AU epeHITiFOBaHH 1€l (YHKITIT pO3B’SI3yEThCS TaK:

y=(f(x)"

[Tponorapudmyemo 3a OCHOBY € OOHW/BI YACTHHH PIBHOCTI  OTPUMAEMO

Iny=gp(x)In f(x)

Temep, BBaxatoun INy ckianeHoo (yHKIE 3MIHHOT X, 3HAWIEMO

MOXiTHY 000X YaCTUH PIBHOCTI, TPOaAu(EePEHITIFOBABIIN NIPABY YACTUHY SK JOOYTOK.

%y':qp’(x)ln F(x)+0(x) f(lx) £(x)

[ToMmHOXUMO OOHMIBI YACTHMHU II€i PIBHOCTI Ha Y 1, BPaXOBYIOUH, WIO
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y=(f ()7, orpumacno y’=(f(x»””(¢'(x)m F(%)+9(X) ];((;(()) ]

CKOpHUCTABIINCh KPOKAMHU 3arajibHOrO PO3B SI3Ky Ui HAIIol (QYHKIlii, MaeMo:
15
y =(1-sin10x)"
15
Iny=In(1-sin10x)"
Iny = x"In(1-sin10x)

15
. X1 14 ) 10X cos10x
"=(1-sin10x 15x7 In{1-sin10x) -
y ( ) [ ( ) 1-sin10x

1 y' =15x*In(1-sin10x) + x** —————(1-sin10x)
y 1-sin10x
18at
X=—
dyHk1iro 6) 3anumemo: L+t
Yo 18at’
1+t°

’
[Moxiguy GpyHKIil, 3a0aH0T MapaMEeTPUYHO, 3HAXOAUMO 3a popMyiow: Y = Y

Hx\

3uaiizemo Yy’ , mpoaudepeHIiroBaBIIy QyHKI0 Y 3a 3MIHHOIO t .

- 18at?
1+t°

!

() J 18a((¢) (1+0) - (1+0))

1+ ) 1+t (1+t3)2

_ 18a(2t(1+t°) - 3t") _ 18at(2-t°)
(1+t3)2 (1+t3)2

3uaiiiemMo X', mpoauepeHItifoBaBId X 3a 3MIHHOIO t .
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,  18a t'(1+t3) _ t(l + t3)
18at

X,= =

3 2
1+t (1+t3)
nl(1+%) %) saafa-20)

()

CxopuctyeMocst (GopMyJior0 JJIsi 3HAXOJXKEHHS MOXIAHOT (YHKIN, 3amaHoi

napaMmeTpuyHo. Maemo:

18at(2—t3)

—
(1+t3) t(2—t3)
y'X = =
18a(1—2t3) 1—2t°

(1+4%)

HeBu3Ha4veHuii Ta BU3HAYEHH I iHTErpaJ

OCHOBHMM 3aBJaHHAM JU(EPEHITIATLHOTO YUCICHHS € 3HAXO0KCHHS MOX1THO1
a6o nmudepenItiana 3a1anoi QyHKITII.
[HTETpanbHEe YHCICHHS PO3B’A3ye OOEpHEHY 3ajady — 3HAXOMKeHHS (yHKITIi

3a ii moxigHOO abo mudepenmianoMm. Tobto mis 3agaHoi QyHKITIT f(X) OTpiOHO
3HAUTH Taky (YyHKIIiFO F(X), MOXiJIHA SIKOi JTOPIBHIOE f(X). DyHKITIFO F(X)
HA3UBAIOTh MEPBICHO0 I GyHKIii T (X) CyKyIHICTb YCIX TepBICHUX It PyHKITIT
f(X) Ha JESKOMY MPOMDKKY HA3WBAIOTh HEBH3HAUYECHUM IHTETPAIOM Bim (PyHKIIIT
f(X) Ta MO3HAYAIOTh I f(X)dX, e I - 3HaK IHTErpaJa; f(X) - MiIHTErpaabHa

byHKIIS; f(X)dX - migiHTerpanbHuil Bupas. [lponec BiAlIYyKyBaHHS MEPBICHUX
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bynkuit F (x) TOOTO 3HAXOJI)KEHHsSI HEBU3HAUECHOTO IHTETpajia BiJl AesKOi QPyHKIIii

f (X) HA3MBAIOTh IHTETPYBAHHAM LII€1 YACTUHU (DYHKIIII.

BiacTuBOCTI HEBU3HAYEHOI0 iHTErpaJa

1. ToximgHa BiJg HEBU3HAUCHOTO 1HTETpajia JOPIBHIOE MiAIHTErpATbHINA DYHKITII:

(J £ (x)ax) = £(x) (1)

2. Iurerpanm Big anreOpaiyHOi CyMH CKIHYEHOTO uwuciia (YHKLIA JOpPIBHIOE

anredpaiuHiii cymi iHTErpaiB.

_[( f.(x)+ f,(x)- f3(x))dx=j fl(x)dx+j fz(x)dx—_[ f,(x)dx (2

3. TlocTiiftHUI MHOXHUK MO’KHa BUHOCUTH 3a 3HAK IHTErpasa:

_[af(x)dx=ajf(x)dx (3)

4. HeBuzHnaueHu#t iHTErpaj Bij AuQepeHiiiaia qeskoi GyHKIil TOpiBHIOE ik
GyHKIIT: IdF(X)= F(X)+C 4)

5. ludepenitian HeBU3HAUEHOTO 1HTETpaja JOPIBHIOE MiAIHTETPAIbHOMY BHPA3y:

d(f £ (x)dx)= F(x)dx (5)

Tadauusg OCHOBHHUX iIHTErpaJIiB

1. Idx=x+C
Xn+1
2. Ix dx=n+1+C (n=-1)
dx .
3. I—:In|x|+C, Kkpim x=0
X
2 X
4, jaxdx=—+C, a>0,a=1
Ina
5. Iexdx=eX+C
X n-1x

1. Isin xdx =—cos x+C
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8. _[cosxdx=sinx+C

9. J‘\/i_arcsm +C
10. j =£arctg§+c
x*+a’> a a
11j - | XZal,c
x?—a? X+a
12 jd—len‘x+ x*ta’|+C

' Jx?ta? B
X
13. jcoszxztgx+c
dx
14. Isinz —ctgx +C
15‘[ dx 1|na+x+C
a’-x> 2a la-x

Be3nocepenHe inTerpyBanus

besnocepene iHTErpyBaHHS 3IIMCHIOETBCS Yy THUX BHUNAAKaX, SKIO 3aJaHUN
iHTerpayl OJM3BKHH 10 TAOMMYHOTO a00 OTPUMYETHCS y BHUIJISAIl, ONMU3BKOMY 10
TaOJIMYHOTO 3a JIONMOMOTOI HE3HAYHUX IMEePETBOPEHb (BUKOPHUCTAHHS BIACTUBOCTEH
CTEIEHs, 3BEICHHS MOIIOHMX I0JaTKIB, BHECEHHS ITIOCTIMHOIO MHOXKHHKA 3a 3HAK
1HTETpana).
Posrnsinemo npukiiagu:

1+l

IE/;dx=Ixédx= i(g

4
+C=§x3+C=%W+C

Id Ixzdx— 1 +C= 2\/;+C

IHTerpyBaHHS 32 IONIOMOI0I0 PO3KJIAJAHHSA

[HTerpyBaHHs, M0 3A1MCHIOETHCS TUTBKH 32 JIOMIOMOTO0 BIACTUBOCTEM:
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Iaf(x)dx=ajf(x)dx
Ta _[( f.(x)+ f,(x)- f3(x))dx=_[ fl(x)dx+_[ fz(x)dx—j f,(x)dx,

[0 Jla€ 3MOTry 3BECTH 3aJaHUil IHTerpajl 10 TaOJUYHOrO BUIJIANY, HA3UBAIOTh
IHTETpyBaHHSAM 3a JONOMOTrOI0 pO3KJafaHHs. SIKIIO BiOYBAaeThCs IHTErpyBaHHS
OKpPEeMHX JI0AaTKIB, TO He 00OB’SI3KOBO 3aIIUCYBATH JJII KOKHOrO 3 HUX MocTiiHy C ,

3BMYAMHO y KIHII PO3B’SA3KY 3alIUCYIOTh OJIHY 3arajibHy noctiiny C .

IHTEerpyBaHHA METOOM MiICTAHOBKH (3aMiHM 3MIHHO1)

Merton iHTETrpyBaHHS, SKUW HAa3WBAlOTh METOJOM IIiJICTAHOBKH (3aMiHH

3MIHHO1), TIOJIATa€ Y BUKOPUCTAHHI (HOPMYIIH:
J 1 (ax=[ T (o(t))e (t) ©)
dopmyna (6) o3Hayae, 10 3HAXOIKEHHS I f(x)dx 3BOJIUTHCS  JI0
3HAXOJDKEHHS IHIIIOTO I1HTErpaja , B SKOMY IiJIHTETpaJbHUM BHUpPA3 3aJCKHUTh BIJ
3miHHOT t. Moro oTpuMyoTh 3a GopMyIiow0 X=¢(t). OpHak 3araJibHOTO TpaBuiia
moa0 BUOopy (yHKIIT go(t) HeMae. 3aBASKA MPAaBUIBHOMY BUOOpY 1€l QyHKITIT

HOBUH 1HTETpajq MoXke OyTH MpOCTiMM abo0 HaBiTh TabiuuyHMM. B ocTanHROMY

BUIIAJIKy BUKOHYIOTh IHTETPYBaHHS Ta 3HAXOJATh MEPBICHY K (PYHKITIFO 3MIHHOI .

Hanpuxian:
o 1 .
1-2x=t dx=-—dt
2 1
—2x=t-1 2
J- dx =J'—2dt=—£ $=_l|n|1—2x|+C
1-2x | 2x=1-t t 27t 2
1-t
X="——
i 2 :
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—x’ =t
Ixe‘xzdx= —2xdx = dt =Iet —ldt =—£Ietdt=—éet+C=—le_X2+C
2 2 2 2

xdx=—1dt
| 2
t=Inx
In® x t3 1
dx = =|tdt=—+C==In*x+C
J X gt = & J 3 3
X

IHTEerpyBaAHHSI YACTUHAMH

Hexait u= u(x) Ta V= V(X) - nudepenIiioBani GyHkKIii Big X . 3riIHO 3
BJIacTUBICTIO AU epeHiriana 100yTKy ABoxX pyHKIii maemo: d (uv) =vdu + udv,
seigku: udv=d(uv)—vdu.

[HTETpYyIOUM MpaBy Ta JiBY YaCTUHY OCTAaHHBOI PIBHOCTI Ta BPaXOBYIOYH, 110

J.d (UV) = UV MaemMo iHTGFpYBaHH}I YJaCTUHaAMM:

Iudv =uv-— Ivdu (7)

Jlns BukopucTaHHA GOPMYJIH I1HTETPYBaHHS YacCTHMHAMH IMIIHTETPaTbHUMA
BHpa3 MOTPiOHO PO30OUTH HA JBa CITIBMHOKHUKHU. OJIMH 3 HUX [MO3HAYAIOTh yepe3 U, a
OCTAHHIO YaCTHUHY BIIHOCATH JO IHIIOTO CIIIBMHOXKHMKA; 1i MMO3HAYAIOTh uepe3 dv.

[Torim 3a pomomoror udepeHiitoBaHHS 3HaxomaTh dU Ta IiHTErpyBaHHSAM —

dyukmiro v: du=u'dx Ta Vv= I dv+C. 3a U cmg Opatd Taky 4YacTHHY

MiIIHTErpaIbHOTO BHpa3y, ska Nu(epeHIIIOBAaHHAM CIPOIIYEThCs, a 3a dV - Taky,
M0 JIETKO 1HTETPYETHCHA.

3a iHTerpyBaHHs OV IS VOTPUMYIOTh HECKIHUYEHY MHOXXHHY IIEpPBICHUX,
3a3BUYail BUOMPAIOTH Ty, B fAKiil moBuIbHA moctiiHa C =0, ToOTO ii HE BBOIATH Y
PO3B’S30K B3araji. [HKOJIM METOJ| IHTeTpYBaHHS YaCTHHAMU CIIiJ] BAKOPHCTOBYBATH
MOC1I0BHO KIJIbKA Pas3iB.

Hanpuxnan:
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1 dV=e—2xdx V___e—2x 2
2
=—£xe‘2x+le‘2X+C
u=Inx du=d—x ) ) )
X X x“dx X 1
lenxdx= =—I|Inx- ——=—Inx——j'xdx=
NG 2 2 X 2 2
2. dv = xdx v=7

2 2
=X—Inx—X—+C
2 4

dopmyiaa Herotona-JleinoHina

Hexait ¢ynkmisn Y= f(x) HENepepBHa Ha BIAPI3KY [a;b] Ta F(X) -
Oynb-sKa TepBicHA s f(X) Ha [a;b]. Toni BU3HAueHUW iHTETrpan BiA (QYHKITIT

f (X) Ha [a; b] JIOPIBHIOE TPUPOCTY TiepBicHOT F (X) Ha [IbOMY BIJPi3Ky, TOOTO

b

[ £ (x)ix=F (b)-F(a) ®)

a

Crnin 3a3HaYMTH, 110 3HAXOJPKCHHS BH3HAYCHHMX IHTETPAJiB 3 BUKOPHUCTAHHSIM
dopmyau Herorona-JleiiOninma (8) 3milicHIOETBCS 3a JBa KPOKH: CIIOYATKY,
BUKOPUCTOBYIOYHM TEXHIKY 3HAXOJDKECHHS HEBHM3HAYCHOI'O IHTErpajia, 3HaXOISTh

JesKy  TIEepBICHY F(X) UL TAIHTETPAIbHOTO — BUPA3y f(X). [Totim

BUKOPUCTOBYIOTh BiacHe ¢opmyny Hprotona-JleiiOHina — 3HaXOmATh MPHUPICT
MEPBICHOT, 110 JOPIBHIOE TYKAHOMY IHTETpay.
Tomy BBegeMO  TMO3HAYEHHS  MPUPOCTY  MEPBICHOI, SKE&  3Py4YHO

BI/IKOpI/ICTOBYBaTI/I .
F(x).=F(b)-F(a) ©)

Jlns Bukopuctanus (popmynu Hbrorona-JleiOHilla MOXHAa BUKOPHUCTOBYBATH

Oyllb-SKy TIEpPBICHY F(X) JUISL MIIHTETpaibHO1 (PYyHKIIT f(X), HanpuKiIag Ty, 110
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Mae Haimnpoctiuid Burisa npu C=0. 3BuuaiiHO Tak 1 3A1MCHIOIOTH OOYMCIICHHS

BU3HAYEHOTO 1HTETpaa.

2.1

4.2

Hanpuxian:
1 4t
Ix3dx=x— _1 o2t
5 41, 4 4

=L(23X-4)‘2=L(4_£)= ! ~1,6831
3In?2 1 3In2 2 6In2

3AJIAYA 2.

VY 3amadax 2.1 —2.20 3HaliTH HEeBU3HAUCHI Ta BU3HAYCH] IHTETPAJIN:

VY mpuknani 1) - KOPHCTYHOUHCH BJIACTUBOCTSAMHU IHTErpaiiB Ta TaOJIMIICIO
OCHOBHHUX 1HTETpasiB;

y NpUKIaai 2) — BHKOPHUCTOBYIOUHM METOJ 3aMIiHM 3MIHHOI Y HEBH3HAUYECHOMY
1HTerpati;

y IpHKIaai 3) —BUKOPHUCTOBYIOUN (HOPMYITy IHTETpyBaHHS YaCTHHAMU Y
HEBU3HAYEHOMY IHTETpaIi;

y IpHKIaai 4) —BUKOPHUCTOBYIOUN (HOPMYITy IHTETPYBaHHS YaCTHHAMU Y
BU3HAYCHOMY 1HTETpAJIi.

VY npuxnagax 1), 2), 3) BukoHaTH nepeBipky AudepeHIIiFOBaHH M.

[ (6x° =4 + Lo Y P
3)I|n3xdx 4) iln(Bx—Z) dx
1) I(cost—Be“X) dx 2 Isinch:o);Zx
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2.3

2.4

2.5

2.6

2.7

S)Ixcossx dx

1) I[x5+%—3/7j dx
X

3) IxcosSx dx

3 7
1) j[sz + ?—@J dx

3) Ix4xdx

1) I(Zx%%—?&j dx

3)len2x dx

1 4
1) I[3X4+F_€/F X

3) [ x-e™dx

1) I(3x4—%+9€’/?}ix

3) I X sin3xdx

4) iln(4x—5) dx

2X—-3
2) | ——— dx
)Ix2—3x+7

4) jiln(3x—8) dx

3

2)J~ sin X dx
1+ 4cosx

4) jln(6x—11) dx

2) _[cosS xsin x dx

4) jiln(ZX—l4)dx

2
X
2) | ——dx
) 6x°+1

4) iln(4x +1)dx

2) Isin54xcos4xdx

4) Iln(5x+ 4)dx
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2.8

2.9

2.10

2.11

2.12

1) I[3x—%+ -

3)fsin(1—5x)dx

1) j 4f4x + 5dx

3) I X c0S8Xdx

1) I X C0S 4 xdx

dx
3)‘[ \V3-4x®

dx
1)J.sinz(Bx +5)

3)Ixsin7xdx

1) [ {/2x+7dx

3) j X5*dx
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2)“‘ x* -1

x* —4x+5

4) i In(5x + 7)dx

2) J- 6(2x+3)dx

4) jj‘ln(2x +10)dx

X sin 4 xdx

N
N
O Sy I | N



2.13 1)j(x4—%—7€/?de 2 [

7x*+5
2
3)_[xcos4xdx 4) len(2x+2)dx
-1
2.14 1)“-[3X TJd 2) Icos43xsin3xdx
5x -
3)_[)(3 dx 4)Iln(3x+1)dx
0
215 1) d—X2 2) Isin52xc032xdx
J(3x+2)

X C0S 7 Xdx

3)Ix-ezxdx 4)

O Sy > | N

3 i 3x+5
216 1) _[(GX * \/—)dX 2)_[ e>*°dx
4
3) Ixsin8xdx 4)Iln(3x—4)dx
1
s, (12 sin X
2.17 1)j(x +— W)dx Z)J‘mdx

3)_[ xe>*dx 4)iln(2x+4)dx
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1
2.18 1)‘[(3x4+;+63/F)dx 2) sz);x

| cos X 4)iln(7x+5)dx
2+5sin x %
3 7 5 3 dx
2.19 1)I(6X ——+ 43/ X )dx 2)]'2—
6 4
3) _[sin 3X - cos3xdx 4)I|n(6x—13)dx
1
220 1) j (5x* —i—2+ 28/x?)dx 2) _[ 5@+ Ddx
1
3) Ixcoszdx 4)_‘-"‘()(2 + 3)dx
0
MeToanuHi pekoMeHaaIii
Ipukiaax Bukonanusa 3AJIAYIL 2 IaTerpan 1) 3anumiemo:

7 1
I[W + F - XZO]dX

[aTerpyBaHHs, M0 OCHOBaHE HAa BUKOPHCTAHHI TaOJWIll OCHOBHUX 1HTETPAIIB,
OCHOBHHX  BIJIACTUBOCTEH, a TaKOX MPOCTINIUX TOTOXHUX TIEPETBOPEHD
MiAIHTErpadbHO1 QYHKINIT, HA3UBAIOTH OE3MOCEePEaHIM THTETPYyBAHHSIM.

CxopucTtaemMocs Ti€r0 BJIACTUBICTIO IHTETpaIiB, IO IHTErpaj Bij anredpaidaHoi
CyMH CKIHYEHOTO yucia (QyHKI[IH, sIKI MalOTh IEPBICHY, TOPIBHIOE anre0paiuHii cyMmi

IHTErpaiiB BiJl IUX B/l HUX (DYHKIIH 1 3aITUIIEMO:
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_7; jdx_;xzodx_

OcranHiil 1HTErpan — TaOJMYHMUM, a B MEPUIMX JBOX BHUKOHAEMO MPOCTIII1

anreopaiuHi NEpeTBOPEHHS:
= 7I X I 0X + I x~2dx — _[ x?dx =

CxopHCTaBIIMCh TAOJUYHUM IHTETPAJIOM B1Jl CTETIEHEBOT (DYHKIIT OTPUMAEMO:

-31 1241 2041 13 —11 21 21

X X X 112 = X X 1121\/—

7. _ il VI _

——+ +C T
" -12+1 20+1 13 11 21 11x 21

Bukonaemo mepeBipKy, 1110 OCHOBaHa Ha MOHSATTI nepBicHOi QyHkuii F(X), moxinHa

AKOT IOPIBHIOE 3a/1aHii QYHKIIII:

F'(x)=f(x).
T00TO y mpukiagax 1);2);3); mMaruu pe3yibTaT IHTETPYBaHHS - q)YHKHi}OF(X), i
3HAWIIOBIIN TOXITHY F'(X), 32 YMOBHU SKIIO TOMHJIOK HE JOIYIICHO, MOBUHHI

OTpUMATH MigiHTerpaabny QyHkimiro f (X) BUXIJHOTO IHTETpaa;

’ ’ " ' ' ’
F( ) 11216 _Lll_x__*_c :E x 16 _i 1 _i(xﬂ) =
11x 21 13 11 21

1 T

_112 13 By 1 1

—x® |- > [ 11x° = = 21x¥ =7-x ¥+ ——x
" 13 16 11| (x2) X
_16/X3+F X —f(X)

[aTerpan 2) 3anumemo:

x® + cos x
1‘4—_dX=
X" +4sIn X

CxopucTaemMocsi METOJIOM 3aMiHH 3MIHHOT (TTICTAHOBKH). 3aMiHUMO 3HAMEHHHK

nigiarerpanproi Gynkiii X* +4SiNX Ha t, Toxi Bu3HaunMO aubepeHuian GpyHKIil

3HaMCHHHKA:
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(4x3 +4c0Ss x)dx =dt
4( x* + cos x)dx =dt

(x3 +cosx)dx=%

[lincTaBUBIIM IHTETPAT, MAaEMO:

dt
J‘itzl ﬂ=£In\t\+c=iln‘x“+4sinx +C
t 4t 4 4

BukonaeMo niepeBipky.

, 1 _ " S|
F (x)=(zln‘x4+4smx‘+c) =7 PRy
=E-;x(4x3+4cosx)=

x® +cos
4 x*+4sinx = f(x).

x* +4sin x

[HTerpan 3) 3anuiemo:

I(x+ 5)sin3xdx =

Cxkopucraemocst GopMyIJO0 IHTETpyBaHHS YaCTUHAMH Y HEBU3HAUEHOMY IHTETpasi:

Iudv=uv—jvdu

. ) 1
Hexait U= X+5, dv=sin3xdx, moodi du=dx,v = —§c033x
[lincTaBuBmU y GOopMyITy IHTETPYBaHHS YaCTUHAMU, MAEMO:
1 1 1 1.
=—§(x+ 5)c033x+§jcos3xdx =§(x+ 5)c033x+§sm3x+ C

Buxonaemo niepeBipky

! '

F'(x)= (—%(x +5)c0s 3xX + %sin 3X+ c) = %((x + 5)c033x) + é(sin 3x)

= %((x + 5))’ cos3xX + (X + 5)(0033x)’ + %(sin 3x)’ = —%(cos3x —3(x+5)sin3x)+

+%-3c033x=—%cosBx+(x+5)sin3x+%c033x=(x+5)sin3x= f(x)
[arerpan 4) 3anumemo:

35

(In‘x4 +4sin x‘) == ;(x“ +4sin x)

’



1

Iln(4x2 + 6)dx =

0

Ckopucraemocst popMyJIOr0 IHTErpyBaHHS YACTHHAMM Y BUSHAYEHOMY IHTErpaii
b b b

Iudv=uv|—judv

a a

Hexaii U= In(4x2 + 6), dv =dXx, Toxi
8x
du=——dx; v=u
4X°+6
[TincraBuBig y hopmyiy, MaEMO:

1
= xln(4x +6)(|)— mdx—

Po3ninmumo 4uceNbHUK MiIHTErpaibHOi QPYHKIIT HA 3HAMEHHHUK 3a MPABUIOM

8 x>
AX*+6

JUIEHHSI MHOTOWIEHA Ha MHOTOWIEH 1 MPEJCTaBUMO HETPABUIbHUN Jpi0 y

BUTJISIIII CYMU 1101 YACTUHU 1 TPABHIIBHOTO JAPO0Y.

A4X*+6
2

8x?
8x%+ 12
-12

=x|n(4x2+6)1 ;[(2- ]dx xln(4x +6)i—2j:dx+12‘[ 6=x|n(4x2+6)1—

1 1
_ZIdx+3I dxs_xln(4x +6)i—2xi—¥arctg\/\/2_§xi—l 10-2- 3\/\/__arctg§

0 0
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Teopis iMOBIpHOCTI.

3AJTAYA 3.
V 3agayax 3.1 - 3.20 BigomMo, 110 3 JaHOI KUIBKOCTI HAcCIHHS JesKOi
CUICHKOTOCIIOAAPCHKOT KYJIBTYPH MPOPOCTAE TUIBKU P BiICOTKIB.
1) 3HaiiTi KMOBIPHICTH TOTO, IO 3 BiIIOpaHMX HAaBMAHHS N HACIHUH MPOPOCTE:

a) MeHIIe (m — 1) HACIHUH,

0) pIBHO M HACIHUH,;

B) HE MEHIIIe M HACIHUH.
2) Hanumcati OIHOMHHUI 3aKOH PO3MOJIAY JMCKPETHOI BHIIAJKOBOI BETHYMHU X —
gucia MpPOpOCTaHb cepen BimiOpanux N HaciHuH. [loOyayBath OaraToKyTHHK

pPO3MOALTY Ta OOYHCIMTH YHCIOBI XapaKTEPUCTUKH: MaTeMaTU4YHE CIIOJIIBAHHSI
M (X ) , TUCTIEPCIIO D(X) , CEpEJIHE KBAJpaTUYHE BITXUIICHHS O'(X ) )

3HadeHHS N, M, P A4 KOKHOTO BapiaHTa HaBeJeH1 HUKYe B Tabaui 1.

Taoauns 1
Homep . . 0 % Homep . . 0 %
3amaui 3aaa4i
3.1 10 8 92 3.11 9 4 85
3.2 9 4 75 3.12 8 6 90
3.3 8 6 90 3.13 7 4 95
3.4 7 4 95 3.14 6 3 82
3.5 6 3 80 3.15 10 4 75
3.6 10 7 90 3.16 9 3) 78
3.7 9 3) 90 3.17 10 7 93
3.8 8 4 87 3.18 7 3) 90
3.9 7 5 90 3.19 6 4 85
3.10 6 4 94 3.20 10 3) 76
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3AJTIAUAA.

VY 3agauax 4.1 — 4.20 BizomMa HMOBIPHICTH p MOABH MOAIl A B KOXHOMY 3 N
HE3aJIC)KHUX BUMPOOYBaHb. 3HAUTH WMOBIPHICTH TOrO, IO BKa3zaHa moiaisi A B LHX
BUIIPOOYBAHHSX 3’ IBUTHCS

1) piBHO K pa3iB;

2) He MeHIle, sk K, pa3, Ta He OibmIe K K, pasu;

3) He MeHIIe, sK K, pas;

4) ue Oinbme, K K, pasm.
3nauenss N, p, K, K, ta K, HaBeneHi HIbK4e B Ta0 Ui 2.

Taoanusa 2

Homep | , | p k K, k, [Homep| n P | k k, | k,
3amavi 3agavi

41 |1600|0,9| 1420 |1421| 1494 | 411 | 400 |0,9| 350 |351| 387
42 |1350/0,4| 511 |512 | 621 | 4.12 |1225|0,8| 960 |961 | 1036
4.3 625 (05| 291 | 292 | 355 | 4.13 |1350|0,6 | 782 | /83| 891
4.4 |2100|0,7| 1440 1441 1533 | 4.14 | 225 |0,5| 100 101 | 141
4.5 225 (0,8 170 | 171 | 207 | 4.15 | 625 |0,64| 378 | 379 | 448
4.6 |2700|0,75] 1988 1989 | 2097 | 4.16 | 900 [ 0,8 | 700 |701| 758
4,7 |2400|0,6 | 1402 |1403| 1536 | 4.17 | 300 |0,75| 208 | 209 | 252
4.8 625 (0,8 480 | 481 | 538 | 4.18 | 600 | 0,4 | 220 | 221 | 294
49 |2500/0,36] 860 | 861 | 1008 | 4.19 | 2500 |0,64| 1560 (1561|1708
4,10 |400|0,5| 184 | 185 | 238 | 4.20 | 400 (0,8 | 304 |305| 356

3AJIAYA 5.

VY 3amavax 7.1 —7.20 BimoMa WMOBIpHICTh p TOSBH MOJIi A B

KO)KHOMY 3 N HE3aJIC)KHUX BUIPOOOBYBaHb. 3HAUTH WMOBIPHICTH TOTO, IO HA3BaHA
nomist A B IIuX BUMPOOYBAHHSIX HACTYIUTH:

1) piBHO M pa3siB;

2) MeHIIe M pasis;

3) OinbIie M pasis;
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4) %0HOTO pa3y;
5) xoua 6 oauH pas.

3HayeHHs N, M, P HABEJACHO HIX4e, B Ta0amui 3.

Tabauus 3

Homep Homep
. n p m . n p m

3aaaui 3agaui
5.1 2000 0,002 3 511 1000 0,008 3
5.2 3000 0,003 4 5.12 1500 0,0047 4
5.3 2500 0,0008 5 5.13 2500 0,0025 5
54 4000 | 0,00025 3 5.14 1000 0,006 3
5.5 1000 0,005 3 5.15 2000 0,0035 3
5.6 1500 0,0027 4 5.16 1500 0,002 4
5.7 2000 0,0015 5 5.17 1000 0,007 5
5.8 3500 | 0,00057 4 5.18 2500 0,0016 4
5.9 3000 0,002 3 5.19 1500 0,002 3
5.10 1500 0,0034 4 5.20 1000 0,004 4

MeToan4Hi pekoMeHaaIii

SKIII0 BUKOHYETBCS JICK1IIbKa BUMIPOOYBaHb, TO MPHU 1IbOMY WMOBIPHICTb IMOSIBU
momii A B KOXHOMY BHUIPOOYyBaHHI HE 3aJIeKUTh BIl PE3YNbTATIB IHIIMX
BUNPOOYBaHb, TO TaKi BUMPOOYBaHHS HA3UBAIOTHCS HE3AJE€KHUMM BiIHOCHO mMOii
A.

Hexait Ha pgeskiii 3eMenbHIA OUISHII TMPOBOAUTHCA CiBOa KyKypym3u. [lpwm
IIbOMY B TIPYHT TMOTpAIUIA€ BEIMKA KUIBKICTh 3€PHUH KYKypYA3H, IO MOXKYTh
npopoctu, abo He mpopoctu. CiBOy KyKypyI3W MOKHA PO3TIISIIATH SIK MPOBEICHHS
MOBTOPHUX BUIIPOOOBYBaHb 3epHA KyKypym3u. [lo3Haummo depe3 A moiro, 1o Hac
I[IKaBUTh, @ caMe€ MPOPOCTAHHs OJIHI€T 3epHUHU KyKypym3u. [IpopocTaHHS KOXHOI
OKpPEMOi 3€pHMHU MOXKHA pO3MVISLAATH SK HE3aIeKHI Nonll, a HMOBIPHOCTI

MPOPOCTAaHHS MOXYThb OyTH pi3HUMU abo oaHakoBumu. I[lpunmyctumo, 110
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PO3IJIAIAI0ThCS HE3aJIEKHI BUTPOOOBYBAHHS, B KO)KHOMY 3 IKUX HMOBIPHICTh MOSIBU

mo/ii O/THAaKOBaA.

®opmyaa bepnyiai. IMOBipHICTH TOTO, 1110 B N HE3aJEKHUX BUIPOOOBYBAHHAX, Y
KO)KHOMY 3 SIKHX WMOBIPHICTh MOSIBH IOAIl JOPIBHIOE p(0< p<1), Taka MOJIs

HacTaHe piBHO M pasiB (t = M), Oaligyxe B sKil MOCIITOBHOCTI, &, OTXKE, HE HACTAHE

(n - m) pa3iB, TOPiBHIOE:

P.(m)=P,(t=m)~C]-p"-q"", (3.1)
abo
|
P,(m)=P,(t=m) zmpm 4", (32)
re q=1-p

VIMoBipHOCTI TOTO, IO B N HE3aIEKHUX BUTIPOOOBYBAHHSIX MOis A HACTYIIHTS:
a) MeHlIe M pasiB (t < m) ;
0) Ouibiie M pa3iB(t > m) ;
B) HE MEHILE M pa3iB (t > m) ;

r) He Outbilie M pa3 (t < m) — 3HaXOJAThCS BIAMOBIIHO 32 PopMyaMu:

a)P,(t<m)=PP, (0)+P,(1)+...+ P,(m-1); (3.3)
6)P,(t >m)=P,(m+1)+P,(m+2)+...+ P,(n); (3.4)
B)P,(t 2 m)=P,(m)+P (m+1)+... +P,(n); (3.5)
nP,(t <m)=P (0)+P,(1)+...+P,(m). (3.6)

IMpukiaaxg sukonanug 3AJTAYI 3.

[IpopocTannst HAaciHHA KyKypya3u nopiBHIOE 90%. 3HaliTH UMOBIPHICTH TOTO, IO 3 8
MOCISTHUX HACIHWH MPOPOCTE:
1) MeHIIIe 1’ SITH;

2) piBHO IIICTB;
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3) He MEHIIIC IIIECTH.

Po3B’si3aHus.

1) lllykana momist A — 3 8§ HACIHUH MIPOPOCTE MEHIIIE 1’ SITH TOJISTAE B TOMY, IO
JUIs 8 TOCISHUX HACIHMH MOJJIMBI Takl pe3yJbTaTH: '">KOJHE He mpopocte", abo
"mpopocte nBa", a6o "mpopocte Tpu", abo "mpopocte yotupu". Tak sSK BKazaHi
YOTUPHU TOJIIi HECYMICHI, TO 3a TEOPEMOIO J0JaBaHHA HECYMICHUX MOJINA IIyKaHa
UMOBIpHICTH (5.3) NOPIBHIOE:

1) P,=(t<5)= P(t=0)+P(t=1)+P(t=2)+ P(t=3)+ P (t=4)

3rifHO 3 YMOBOKO 3ajadi, CXOXICTh HACIHHSA KyKypya3u cTaHoBUTH 90%, T0oOTO

HMOBIPHICTh TOTO, IO KOKHA OKpeMa HAaCiHWHA MPOPOCTEe P =

HMOBIPHICTH TOTO, 110 HaclHWHA KYKYypya3u He mpopocte: q=1-p=1-0,9=0,1.
Kpim toron = 8, t,=0, t,= 1, t,=2,
t,= 3, t,=4.
[Tigcrapsitoun MOCIIAOBHO 111 BenuuuHU y hopmyny (3.1) , 3Haxoaumo:
P (t=m)=C)-p"-¢"" ;

n!

P”(tzm)zm!(n—m)!

pm_qn—m

|
P (t=o)=i-o,9°-o,18 =1.1-0,1° =0,00000001.
° 08! 1

|
P, (t =o)=i-o,91-o,17 =8-0,9-0,000001 = 0,00000072.
° 17! !

P,(t= 2)_— 0,9%-0,1° = 28-0,81-0,000001 = 0,00002268;
P,(t= 3)_ TR 9°.0,1° =56-0,729-0,00001 = 0,00040824;
P,(t = 4)_T4|0 9'.0,1* =70-0,6561-0,001=0,0045927 .

[TincraBuBiiu B popmyny (3.3) maemo:
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P, (t < 5) =0,00000001+ 0,00000072 + 0,00002268 + 0,00040824 + 0,0045927 =
=0,00502435.

2) VIMOBipHiCTh TOro, IO 3 8 MOCISHHX HACIHMH KYKYPYI3H HPOPOCTE PiBHO
1IiCTh, 3HaKEMO 3a (popmynoro bepryini (3.1)
P (t=m)=C]-p"-q"";
Pg(t =6)=C860,96 -0,1°=0,9°-0,1° = 28-.0,5314-.0,01=0,1488
3) lllykana momist A — 3 8 MOCISIHMX HACIHWH KYKYPY/A3HU MPOPOCTE HE MCHIIE

IIECTH, TOOTO OUIbIIE MIECTH, MOJATAE B TOMY, IO ISl 8 MOCITHUX HACIHUH MOKJIMB1

"

Taki pe3yJbTaTd: "MpopocTe MICTh HAaciHUH", abo "mpopocte ciM HaciHUH ", abo

"mpopocte BiciM HaciHMH". Tomy 110 Ha3BaHI TPU MOAIl HECYMICHI, TO 3a TEOPEMOIO
JI0JIaBaHHsI HECYMICHHMX TIOJI1M ITyKaHa UMOBIPHICTS (3.5) 1OpiBHIOE:

2 P,(t>6)=P(t=6)+P(t=7)+P,(t=8)

Koxxna 3 ¥#MoOBipHOCTEl Yy TipaBiii yacTuHi (HOPMYNIH 3HAXOIUTHCS 3a
dbopmynoro bepaymni (3.1):

P (t=m)=C]-p"-q""

MMoBipHicTs mpopocTaHHS OfHi€T HACIHMHEM KyKypym3u gopisuioe 0,9

imoBipHIcTh HenpopocTanHd — 0,1, kxpiMm Toro N = 8,amy=6, m, =7, my =8.

|
P,(t=6)=C¢0,9°-0,1° =i-o,96-0,12 = 28.0,5314-0,01=0,1488
8 8 612!

P,(t = 7)=C;-0,9"-0,1'=0,9"-0,1"' =8-0,4783-0,1=0,3827
P,(t=8)=C;-0,9°.0,1°=0,9°-0,1°=1-0,9°-1=0,4305

[TincTaBuBmu pe3ynbTat B popmyiy (2), MaEMO:
P,(1>6)=0,1488+0,3827 + 0,4305=0,9620

VIMOBIpHICTH TOTO, 110 3 BOCBMH MOCISHUX HACIHHH KYKYPYI3H IIPOPOCTE HE MEHIIE

IIECTU HACIHUH P, (t > 6) = 0,9620.
Slkmo uncno BunmpoGoByBaHb N gocuts Bemuke(N>10), To 3HAXOMKEHHS

UMoBIpHOCTI P, (t=m) 3a ¢opmynoro bepHymial mpuBOAUTHL O TPOMIZIKUX
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00YHUCIIEHb 1 3aCTOCYBaHHA L€l (GOPMYNIM CTa€ MPAKTUUYHO HEMOXKJIMBUM. B Takux
BUTAJKaX BUKOPUCTOBYIOTh HAOMMKEHY (DOpMyITy, IO BUpaXkae JIOKAJIbHY TeopeMy

MyaBpa — Jlauiaca : SKII0 B KO)KHOMY OKPEMOMY BHUIPOOOBYBAaHHI WMOBIPHICTb
MOSIBU MOl JOPIBHIOE p(0< p<l), TO HMOBIPHICTb TOrO, IO B N HE3aJEHKHUX

BUNMPOOOBYBAHHIX Taka MOJIS JOPIBHIOE M pa3iB (Oaiiyxe B SKIH MOCTITOBHOCTI),
HaOJIUKEHO JTOPIBHIOE:
1

m(o(x), (4.1)

XZ

2

Pn(t=m)z

m-np . 1 -
ne xzﬁ, q=1-p; (o(x)—ﬁ-e

®opmyny (4.1) 1Ie HA3WBAIOTh ACUMITOTUYHOK (POPMYIOIO JIsi OIHOMHOTO
po3nonuty iMoBipHOCTEH. DyHKIIS gp(x) — ¢yukuia Jlanmaca. Ha dyukmis e
napHO0, a i1 rpadik HA3MBAETHCS KPUBOIO PO3MOAUTY BUMAAKOBOI BeIWMYMHHU. J[Iist

3HaueHb QYHKIIIT go(x) CKJIaJICH1 IeTabH1 TaOJIUIIl 71 pI3HUX 3HAYEHb apTyMEHTY X
(nuBuch pomatku Tadauusa 1). Tomy mo ¢dynkuis Jlamnaca ¢(x) napHa, TO JJis

Bcixx<0:qo(—x)=¢(x). JUisi 3Ha4YeHb X TakWX, WLIO ‘x‘ > 40epeMo 3HAUEHHS

(o(x)zO.

Ipukiaag sukonanug 3AJNAYI 4.

VY neskomy ctaBKy Kopomu cTaHoBJsATh 80% Bif yciei KUTBKOCTI puOH, IO TaM €.
3HaiiTu IMOBIPHICTH TOTO, 1m0 3 1000 BUIOBICHUX y IIbOMY CTaBKY pubuH Oyae 890
KOPOITIB.

Po3B’si3aHus.

VY BiAMOBITHOCTI 3 YMOBOIO 3a7a4i MAEMO:

809«
n=1000, m =890, p= 0=0,8;q=1—p=1—0,8=0,2.
100%
Tomy mo wuyuciao BunpoOyBanb N=1000 — 1OCUTH BEIHWKE YHUCIO, TO JUISA

3HaXOKEHHS iMOBIpHOCTEH Toro, 1m0 3 1000 BunoBnenux pubun Oyzae 890 koporis,
OyneMo BUKOPUCTOBYBaTH HabmmxkeHy dopmyny (6.1) nokanbHOoi Teopemu Myaspa-
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Jlammaca. JIyist 0bOro 3HaXOAMMO CIIOYATKY 3HAYEHHS apryMEHTY X :
X_m—np_890—1000-0,8_ -10
Jnpg  /1000-0,8-0,2 12,6491

-0,79.

VY tabnuui 3Hauenb GyHKIii Jlamnaca ¢(x) (muBuCh TadJa. 1 107aTKA), BPAaXOBYIOUH
npu 1pomy, mox=-0,79<0, Ta Te, mo @(X) TapHa, 3HAXOJIUMO
3HAYCHHS ¢(—O,79) = ¢(O,79) ~0,292. IlincraBnsroum I1ie 3HA4YeHHSI B (opmyry

(2.7), 0O6uncII0EMO BIAIIYKYBaHY UMOBIPHICTD:

1

_ ) = 0,292
/1000-0,8-0,2

P1000(890) = PlOOO(t = 890) ~ " 12 6491

¢ (-0.79 ~ 0,02308a

00 0CTaTOYHO P1000(890) ~ 0,0231.

3actocyBaHHsI acCUMNOTOTUYHOI ¢opmynu (6.1) B THX BUIAAKAX, KOJIM Ma€EMO
CIIpaBy 3 MacCOBHMH, ajieé MaJI0 UMOBIPHUMH TMOIISIMH, TOOTO TO1, KOJIU YHCJIO TTOJTIH

N OyXe BCIMKEC, a p AYyXKE Maje, NPUBOJIUTH 0 3HAYHUX BiI[XI/IJ'IeHB BiI[ TOYHOI'O

3Ha4Y€HHsA WMOBIpHOCTI P, (t = m) .Toni mpu 1OCUTH MaJIMX 3HAYEHHAX P Ta BEIUKUX

3HAYeHHSIX N BUKOPUCTOBYEThCS acuMnToTndHa Gopmyna [lyaccona.
SIKmo WMOBIPHICTH p TOsSBH TOAIT A B KOXHOMY 3 N HE3AICKHUX
BUINIPOOOBYBaHb MaJla, a YHCJIO BUIPOOOBYBaHb N JOCUTH BEIHMKE, TO WMOBIPHICTH

TOTO, 110 MOJIisT A HACTYIIUTh PIBHO M pasiB, 00UHCIIOETHCS 3a hopmydoro [lyaccona:

Pn(m)an(t =m)zfn—ml-e_l (5.1)

e A = N-p — cepeaHe YUCIO MOSBH MO,
®opmyiny (7.1) BUKOPUCTOBYIOTh B TaKoMy pasi, komuA = Nn- p < 10. [Ipu upomy,

9iM OUTBIIIE YHCIIO BUMPOOOBYBAaHbL N Ta YUM MEHIIE WMOBIPHICT p, TUM TOYHIIIAM
Oyze pe3ynbTaT (BIAMOBIIHA HMOBIPHICTB), AKUH o0uncIeHnii 3a popmynoro (5.1).

Ipukiaaxg BukoHanug 3AJIAYI 5.

MMOBIpHICTh TIOIIKOJPKEHHSI JIOBTOHOCHKOM KOPEHEIUIOAY ITYKpOBOTO OYypsSKy Ha
neskid gusHl  gopiBHioe 0,003, 3HaiiTu WMOBIpHICTH TOro, mo cepea 1000
KOPEHETJIO/1B MOIIKOMHKEHUX Oye:

1) piBHO 4 KOpEHEIIOIH;
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2) MeHIie 4 KOPEHEIUTOA1B;
3) Ouble 4 KOPEHETTO/1B;
4) xo4a 6 OJJMH KOPEHETLTI/I.

Po3B’si3aHus.

3rigHo 3 ymoBoto 3agauin =1000, m= 4, p = 0,003;
Toai A = n-p = 1000-0,003=3<10.
1) BuxopucroByrouun ¢opmyny (5.1) 3HaAX0mMMO BINIIYKyBaHy WMOBIPHICTb

PlOOO(t = 4)

3 s 81-0,0502
Py (4)= Py, (2 =4)=ﬂ 2,717 = Tz0,1694.

2) ykana nmojis A — 3 1000 KOpEHEMIOiB IIYKPOBOTO OYypSKY TOIIKOKECHUX Oy/1e
MeHIIIe 4 KOPEHEIIOAIB ToJiirae B ToMy, 1o Jjisi 1000 kopeHerIo/1iB MOKIIMBI Taki
pe3yabpTaTu: " KOJHOTO MOIIKOKEHOT0 KopeHeriony", abo "oIuH MONIKOKEHNN",
a60 "nBa momkomkeHux", abo "Tpu momkopKeHi". BkasaHi 4oTHPH MOIii HECYMICHI.

3a TeopeMolo J10JJaBaHHS HECYMICHHX IO IIyKaHa HMOBIPHICTH JIOPIBHIOE:
B) Py (t < 4) = P (t = O) + Plooo (t = l) + Plooo (t = 2) + Flooo (t = 3)-

Koxny 3  HMoBipHOCTeW y mipaBiii dacTuHi (OPMYJIH OKpEeMO 3HAHIEeMO 3a

dbopmynoro Ilyaccona (5.1).

P (m)= Py (t=m)= T e

m=0,A4 =3,e =2,71;

Pyooo (1 =0)=%-2,71—3= 2;13 = 0,0502;
m =14 =3, e =2,71;

' 3
Pow(t=1)= Ths 2,71° = Xt 0,1507;
m=2, A=3,e=2,71;

’ 9
P (t = 2)252’71_3 SEWRTE =0,2261;
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m=3,4A=3,e =2,71;

3° L 27
Piooo (t _3)_5-2,71 _m_o,zzm.
[TincraBuBiu pe3ynbtat y hopmyiy (3), Maemo:
P,y (£ <4)=0,0502+0,1507 +0,2261+0,2261 =0,6531.

3) Illykana noxist 4 — 3 1000 KOpEHEIIONIB IyKPOBOTO OYPsKY IMOIIKOHKCHUX Oy1e
OutbIlIe 4 KOPEHETUIOAIB, ToJIsIirae B ToMy, 110 a1 1000 KopeHem1oaiB MOXKIIUBI Taki
pesynbrati:  "momko/keHux 4 kopeHemonu", abo  "MOIIKOJKEHUX 5
KOpeHerIoiB", a00 "MOMKOKEHUX 6 KOpPEHEIIoaiB" 1 T.J1. aX J0 "MOIIKOKEHUX

1000 xopeHerioaiB".

3HaiiTH  1IyKaHy  HWMOBIPHICTb Plooo(k > 4) 3BUYAWHUM  CIIOCOOOM,

BUKOPHUCTOBYIOUH GopMyiy (3.5) mpakTUYHO HEMOMIIMBO BHACIIZOK TOTO, 110 Tpeba
3HAXOJIUTH CYMY YMCIIEHHOI KIJIbKOCTI MMOBIPHOCTEH KOXKHOi 3 HECYMICHHUX MOiM.
ToMy 11e mUTaHHA 3a/a4i PO3B’SI3YETHCS, BUKOPUCTOBYIOUU MOHSTTS MPOTHIIEKHUX
nomii. [Toxii "3 1000 kopeHermIoAiB I[yKpPOBOTO OYPSKY IMOIIKOKEHUX Oy/e Oibiie
4" 1 "3 1000 xopeHerIoaiB IYKPOBOro Oypsika MOIIKOKEHUX Oyae MeHine 4" —
BBOKAEMO MPOTHWICKHUMH MOAiIMU. CyMa WMOBIPHOCTEH  MPOTHIICKHUX TIOJIM
JIOPIBHIOE OJTMHUIII:
Py (k24)+ Py (k<4)=1.
3BIIKH:

Py (k24)=1-P, (k<4).
HmosiphicTs Py, (k < 4) 3HalJieHa B NMyHKTI "0", TOMy HMOBIpHICTH TOrO, IIO 3

1000 KOopeHEIUI0/IiB MOIIKOKEHUX Oy/ie O1IbIlIe YOTUPHOX, 3HANIEMO:
Py (k=4)=1-0,6531=0,3469.

4) lIle nwTaHHS 3adadi  PO3B’SI3YETHCA TAKOXX BHKOPUCTOBYIOUH  TIOHSATTS

n

npotwiexkuux noxaid. Ilomii "3 1000 kopeHemnoAiB ILYKpPOBOro  OYypsKy
nomkomxkeHut Oyae xoua 60 oauu" 1 "3 1000 KOpeHEIIOAIB IIyKpPOBOrO OYypsKYy

XKOJIeH He Oyle MOILIKO/DKEHU" —  BBaKaeMo NpOTWIEKHUMH noaisimu. Cyma
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HMOBIPHOCTEW MPOTUIIEKHUX MOJ1H JOPIBHIOE OJUHUILIL:
Py (k<1)+ Py (k =0)=1.
3BIIKH
Pow(k<1) =1—-P,,(k=0).
moBiphicTs Toro, mo 3 1000 KOpPeHEIIONIB IyKPOBOIO OypsIKy *OAEH He Oyme

MOIIKOKEHUH, 3HaliieHO B MyHKT1 "0" 3a1aui:

P (k =0)=0,0502,
TOMY WMOBIpPHICTH TOro, 110 3 1000 KopeHemIoaiB IyKpoBOro Oypsiky xo4ya 6 OJuH
MMOMIKO/UKEHUN 3HaANIIEMO:

Py (k<1) =1-0,0502 =0,9498.

®opmynu bepuymmi (3.1), Ilyaccona (5.1) ta acumnrornuna dopmyna (4.1),

0 BUpaXae JOKaIbHY Teopemy MyaBpa-Jlannaca, [103BOJSIOTh 3HAXOIUTH
HMOBIpHICTh TMOSIBH TOAIT A pIBHO M pa3iB B N He3aJIeKHUX BUIIPOOOBYBaHHAX. Ha

MPaKTHUIll JOCUTHh 4acTO OyBa€e MOTPiIOHO BU3HAYUTH MMOBIPHICTH TOTO, IO MOisS A

HACTYIUTh HE MEHIIE K M, pa3 Ta He Oulbllie K M, pa3iB, TOOTO yucio t=m
BU3HAYAEThCA HEPIBHOCTAMH M, <M<m,. B Takux BHIaAKaxX 3aCTOCOBYETHCA

dbopmyna 3 iHTerpaabHoi Teopemu Myappa-Jlamiaca.

SAxio WMOBIPHICTH TMOSBH 01T A B KOKHOMY 3 N BUIPOOOBYBaHb CTasa i
JIOPIBHIOE p(0< p<l), TO WMOBIpHICTh P, (ml; mz) TOrO, 110 B N HE3aJIEKHUX
BUIMIPOOOBYBAaHHAX IMOMAIsI A HACTYyOUTh HE MEHIIE fK M,  pa3iB, HaOIMKEHO

JOpIBHIOE pi3HULI (yHKIIH Jlanaca 11 3Ha4eHHS X,Ta X, !

Pn(ml; mz)z(D (xz)—(D (xl), (4.2)
e
X = m, —np. X zmz_np.
©oJnpg T Jnpg
D (x) =%-]ﬁe_zzdz.
0

Jlns oTpumanHs 3HayeHb  QyHkuii Jlammaca (D(x) JUId JAaHOrO aprymeHra Xx
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BUKOPUCTOBYEMO Ty XK Taldauuio 2, BpaxoByrooud, o (pynkuis Jlannaca HenapHa,
TOOTO (D(— x) = (D(x). Jlist 3HaYeHs aprymeHTa x> 5 6epemo (D(x) ~0,5, a s
3HaueHb X <—5 npuitMaemMo (D(x)z—O,S.

Ipukaan sukonagnsg 3AJIAYI 4.

Ha tpakTopHoMy 3aBojli poOITHUK 3a 3MiHYy BUTOTOBIsi€e 200 nmerasneid, cepea sSKUX
93% wnHaiiBuUIIO1 AKOCTI. 3HAWTH MMOBIPHICTH TOTO, IIO JAETaJied HAaWBUIIOi SKOCTI
cepell BUTOTOBJIEHUX Oyjie:

1) e menme sk 180 mTyk Ta He OUTbIIE SIK 195 WTYK;

2) He MmeHie sk 180 mTyk;

3) He Oinbie sk 195 mryk.

Po3B’si3aHHS.

1) V BignoBigHOCTI 3 yMOBOIO 3a1a4i Mmaemo: N = 200; m, =180; m, =195,

93% _
~100% 0,93; g=1-p =1-0,97 =0,07. 3HaxoA¥MO 3HAYCHHS

apryMeHTIB X, Ta X, /Ui pyHkuii Jlannaca O (6);
__m-np_ 180-200-093 _ -6
7 Jopg  /200-0,93-0,07 3,608

_m,—np _ 195-200-0,93 9
* Jnpg  /200-0,93-0,07 3,608

~— 1,663;

X ~ 2,494 .

Y Tabauui 2 10/1aTKy 3HAX0AUMO:
@ (x,)=d(-1,66)=- (1,66) ~—0,4515;

@(2,48) + D(2,5) _0,4934 +0,4938

D(x,)=@(2,49)= , >

= 0,4936

ITigcrapmsiroun 111 3HaueHHS @ (xl) Ta (D(xz) y dopmyny (4.2), 3HaAXOIUMO
IIyKaHy WMOBIPHICTb:

P, (180; 195) ~ 0,4936 — (—0,4515) = 0,9451.
2) OckiabKu B YMOBI 3amaui ToBopuThes "He MeHme sk 100 mTyk", TOOTO Oiibine

180 mryk, To HIKHA Mexa Oyae M, = 180, a BepxHi0 Mexy Oepemo m,= 200 —
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MakKCHUMaJIbHE YHUCJIO JETaJIEN.

3HaxX0JUMO 3HAUEHHS apryMEeHTIB X, Ta X, I QyHkuii Jlamiaca (D(x):

X, = m, —np 180-200-0,93 —6 ~_1.663:

\/npq =/200-0,93-0,07 ~ 3,608

X, = m,-np  200-200-0,93 14 ~ 388.

anq = [200.0,93-0,07 3,608

Y Tabauui 2 101aTKy 3HAXO0AUMO
@(x,)=D(-1,66)=—d(1,66) ~— 0,4515;

@(3,80) + @(4,00) 0,49993 + 0,49997

@ (x,)=@(-3,88)= ; >

=0,49995.

[Tincrapmsitoun 111 3HAYCHHS @ (xl)Ta (/)] (xz) y dopmyny (4.2), 3HaX0aAUMO
IIyKaHy WUMOBIPHICTb:

P,,(180; 200) =0,49995—(— 0,4515) =0,49995+ 0,4515 = 0,95145.
3) "He Oimbire sk 195 mTyk" B yMOBI 3a1a4i po3yMieMO Tak, [0 HIOKHS Mexa M1
noBuHHa OyTu 0, a BepxHs moBuHHa OyTH 195.

3HaxoUMO 3HAUEHHS apryMeHTIB X, Ta X, JUIsd QyHkuii Jlamaca (D(x) :

m,-np  0-200-0,93 186
\/npq ~/200-0,93-0, 07 3,608

X, = m,-np  195-200-0,93 N 9 ~2.494.
\/npq - /200-0,93.0,07 3,608

~ —51,55;

X, =

Y Tadauui 2 nogaTtka 3HAXOOUMO:
@(x,)=(-51,55) =-@(51,55) 0,5

®(2,48) + P(2,5) _0,4934+0,4938

D(x,)=D (2,494) = ; ~ 5 =0,4936.

ITigcrapmsitoun 111 3HaYCeHHS @ (xl)Ta D (xz) y dopmyny (2.9), 3Haxoammo
IIyKaHy WMOBIPHICTb:

P, (90; 195)=0,4936 - (—0,5) =0,4936 +0,5 =0,9936.
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3ATAYA 6.
VY 3amavax 6.1 — 6.20 3amaHO 3aKOH PO3MOAUTY AUCKPETHOI BHUIAJIKOBOT
BenuurHU X (y MepHoMy psiaKy TaOauLl 1aHO MOXJIMBI 3HayeHHs X, a B JpYroMmy

pPAAKY BKa3zaHi MMOBIPHOCTI p IIMX MOMXJIMBUX 3HAY€Hb). 3HAWUTHU YHUCIOBI

XapaKTEPUCTUKH
1) matemaTtuune criogiBanus M(X);
2) nucniepciro D(X) — nBoma criocodamu;
3) cepeaHe KBaJApaTHUHE BIIXUICHHS O = 0 (X ) .

[ToOyayBaTi MHOTOKYTHUK PO3MOJILTY 3aaHOI BUMAAKOBOT BEJIMUMHU Ta TIOKA3aTH HA

HbOMY 3HaI>i}IeHi 3HAYCHHA MaTCMAaTHUYHOI'O CHOJIiBaHHSI 1 CCPCAHBOTO KBAAPATUYIHOI'O

BIIXWJICHHS.
6.1 6.2
X 23 28 28 29 X 15 29 42 56
p 0,3 0,2 0,4 0,1 p 0,1 0,3 0,2 0,4
6.3 6.4
X 17 21 25 27 X 24 26 28 30
p 0,2 0,4 0,3 0,1 p 0,2 0,2 0,5 0,1
6.5 6.6
X 10 18 25 34 X 25 27 30 32
p 0,3 0,2 04 | 01 P 0,2 0,4 0,3 0,1
6.7 6.8
X 12 16 19 21 X 23 29 35 | 40
p 0,1 0,5 0,3 0,1 p 0,1 0,3 0,2 |04
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6.9 6.10

X [ 30 [ 32 ] 35 | 40 X [ 12 [ 14 [ 16 | 20

p | 0105 02] 02 p | 01020502
6.11 6.12

X [ 21 [ 3 [ 48 | 51 X [ 21 ] 25 [ 28 | 31

p |01 040203 p | 01040203
6.13 6.14

x |60 [ 64 [ 67 | 70 x [ 1226 3 | 51

p |01 ]03]02] 04 p | 0105037/ 01
6.15 6.16

x | 45 | 47 | 50 | 52 X | 46 | 49 | 51 | 55

p |02]04]03]01 p | 02]03]|01]04
6.17 6.18

X | 25 | 27 | 30 | 32 X | 18 | 22 | 23 | 26

p | 02]04]03]01 p | 0203 |04 01
6.19 6.20

x [ 78] 80 [ 8 | 85 x | 26 | 38 [ 50 | 64

p |02 03]01] 04 p | 020304701

MeToauuHi pekoMeH il

OnHyuM 3 OCHOBHUX MOHSTH TEOpli WMOBIPHOCTEM € MOHSTTS BUIAAKOBOL
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BeIMUYMHU. BukopucTtanHs Teopii KIMOBIpHOCTEH AJis PO3B’sI3aHHS 3a/1a4 IPAKTUKU B
MIEePIIYy YEpTy MOB’SI3aHO 3 [IUM MOHSTTSM.

BunaakoBow Ha3uBalOTh BEIUYMHY, L0 B PE3yJIbTaTi BUIPOOOBYBaHHS
Ha0yJe OAHOTrO 1 TUIBKM OAHOTO MOKJIMBOIO 3HAUYEHHS, HaNepel HEBIJOMOro, TOMY
III0 BOHO 3aJICKUTh BiJl 0araTbOX BHUIIAJIKOBUX BeTWYUH ((akTopiB), K1 3a3aJIE€Ti/Ib
HE MOXYTh OyTH BpaxoBaHl. PO3pI3HSIOTH JBa BHUIM BHIAJKOBUX BEJIUYUH:
AUCKPETHI Ta HemepepBHi. BumaakoBi BeJIMUYUHUA MPUUHITO MO3HAYATH BEITUKUMU
aitepamu  natuHebkoro andasiry X, Y, Z, a6bo X, X,,X;...V .V, Y,,...
JIMCKPEeTHOKW HA3UBAaIOTh BUIIAJKOBY BEJIMYMHY, MOXJIMBI 3HAYEHHS SKOI € OKpeMi
13071p0BaH1 uncia (ToOOTO MK JIBOMa CYCIIHIMH MOXJIMBUMM 3HAYE€HHSIMHU HEMae
IHITUX MOKJIMBUX 3HAYEHB), SKI IS BUMAJIKOBA BEJIMYMHA MPUMMAE 3 BIIOMUMH
HMOBIpHOCTAMH. [HIIMMU CIIOBaMH, MOMJIMBI 3HAYEHHS JUCKPETHOI BHUMAJIKOBOI
BEJIMYMHM MOXHA TMpOHyMepyBaTH. UYHMCIO MOXIMBUX 3HAY€Hb JUCKPETHOI
BUIIAJIKOBOI BEJIMYMHU MOXE OYTH CKIHYEHHUM a00 HECKIHUEHHUM (B OCTAHHBOMY
pa3i MHOKMHA BCIX MOKJIMBUX 3HAYEHB OY/1€ 3UMUCIEHHOIO).

3akoHoM po3nogisty abo psAOM  po3MOALTY JAUCKPETHOI BHIAJAKOBOI
BeJIMYMHU HA3UBAETHCA BIAMOBIIHICTE MDK ii MOXIMBHUMH 3HAYEHHSMHU Ta
NMOBIPHOCTAMH. 3aKOH pPO3MOJAUTY JHCKPETHOI BHMAJAKOBOI BEIMYUHU MOXKHA
3alucaTy y BUTIISIAL TaOIuUIll, EPIIUNA PSIIOK SKOT CKIIAIAETHCS 3 MOXKIIMBUX 3HAYCHD

X,, a B APYTii 3anMcaH1 BIANOBIIHI HMOBIPHOCTI p, :

X X1 X2 X3 . Xn (6.1),

p p1 p2 ps3 e Pn

ae p,+ p,+ p,+...+p, =1, maP(X = x,.)=p,.(i = 1,2,3...n).

3aK0H PO3MOALTY JUCKPETHOI BHUIAJKOBOI BENMMYMHA X MOXKe OyTH 3aaaHuii

aHamTHIHO (y BUTIISLA1 hopmynn):
P(szi)zgo(xi), (6.2)
3a 101noMoror0 (yHKIIIi, IKy Ha3UBAIOTh iIHTErPaJIbHOI0 (PYHKIIEI0 PO3MOALTY.

3aKoH pO3MOALTY AUCKPETHOI BUIAJKOBOI BEJIMYMHU MOXKHA 300pa3utu TrpadiyHo.
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A 1poro B HPAMOKYTHIM CHUCTEMi KOOPAMHATH JIOCTaTHbO IOOYIyBaTH TOYKH
M(xl;pl),M(xz;pz),...Mn(xn;pn) Ta 3’€¢AHATH iX BIIPI3KAMH NPAMHX.

Onepxxany Qirypy Ha3uBatOTh 0AraTOKYTHUKOM PO3MOITY.

BinoMHMM Ha3UBaIOTh 3aKOH PO3MOJUTY TUCKPETHOI BUIAAKOBOT BEMMYUHU X
— YHClia TOSIBM MOJIi B N HE3aJeKHUX BUIMPOOOBYBAHHSX, Y KOXKHOMY 3 SIKHX
HMOBIPHICTh MOSBH MOJIi CTajia 1 JOPIBHIOE "p": UMOBIPHICTH TOTO, IO BHIIAJIKOBA
BenMYMHa X TpUiiME MOXJIMBE 3HAU€HHsS, pIBHE M, J€ M — YUCJIO TOSIBU MOJIIH,

obuncmoeThes 3a hopmynoro bepayi:

P(x=m)=P (t = m)=Cy-p"-q"™". (6.3)
Skmo 4yuciio BUNIPOOOBYBaHb N BEIIMKE, a WMOBIPHICTh P MOSBH IOl B KOXKHOMY
BUTIPOOOBYBaHHI Jye MaJla, TO BUKOPUCTOBYIOTh HaOmxkeHy ¢popmyiy Ilyaccona:

ﬂ,m ] e—ﬂ.

P(x=m)=P(t=m) oy

: (6.4)

7€ M — YKUCIIO MOSBH MOJ1H B N HE3aJIEKHUX BUITPOOOBYBAHHSX;
A = N-p — cepeaHe YUCIIO TTOSBU MO/IIi B N BUIIPOOOBYBAHHSIX.
VY takomy pasi (hopmyna (3.4)) BBaXKarOTh, 1110 BUTIAJIKOBA BeJIMUMHA X PO3MOJIiIeHA
3a 3akoHOM Ilyaccona.
MareMaTHYHUM CHOMIBAHHSIM [MCKPETHOI BHMIAJAKOBOI BeJINYNHHU

HA3WBaIOTh CYyMY JIOOYTKIB yCiX 11 MOKJIMBUX 3HAYEHb HA BIANOBIIHY HMOBIPHICTB:

M(X)=xl- pl+x2-p2+x3-p3+...+xn-pn=inpi. (6.5)

i=1
Jlucnepciero BUNaaAKOBOI BeJJUYMHH X HA3WBAIOTh MaTEeMaTHYHE CTIOIIBAHHS

KBaJpaTa BIIXWICHHS:
D(X) =M ((x ~ M (x))z) =3 (x, = M(X))*p;. (6.6)
i=1
Jlucriepciro TakoX MOKHA OOYHCIIUTH 32 1HIIO0 (POPMYIIOF0:
D(X)=M(X*)-(M(X))? (6.7)

CepenHiM KBaJIpaTUYHHUM BiIXWJIEHHAM Ha3UBAIOTh KBAJAPATHUI KOPIHb 3

JUCTIEPCIi:
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§=8(X)=D(X). (6.8)

Ipukaan sukonaung 3AJIAYI 6.

3aaHO0 3aKOH PO3MOALTY JHUCKPETHOI BUMAAKOBOI BEIMYMHU X(B MEPLIOMY PAJIKY
JAHO MOJKJIMBI 3HaueHHs X, a B JIPyroMy BKa3aHl WMOBIPHOCTI p IMX MOXJIHBUX

3HAYECHB):

X 21 25 28 31
p 011 014 012 013

3HaANTH YUCIIOB1 XapaKTEPUCTUKHU:
1) matemaTtuune criogiBanus M(X);

2) nucniepciro D(X) — nBoMa crocodamu;
3) cepeaHe KBaJpaTHUHE BIAXUICHHS & =0 ( X) .

[To6ynyBaTi 0araTOKyTHUK PO3MOJUTY 3aJaHOi BUITAJKOBOT BEJIMYMHHU Ta MOKA3aTH

HAa HBOMY 3HaAWJEH1 3HAUEHHS MaTeMaTH4YHOro crojiBaHHsI M(X) Ta cepeaHBOro

KBQIPAaTUYHOTO BIAXWICHHS O (X)

Po3B’si3aHud.

1) MarematiuHe CIOJiBaHHS AWCKPETHOI BHIIAJKOBOI BEIWYMHH OOYMCIIOETHCS 32
dopmyioro (6.5) :
M (X)=X, p,+ X,  p,+ X, p,+ X, p,=21-0,1+25-0,4+28-0,2+31-0,3=

=2,14+10,0+ 5,6+9,3=27,0
2) Jlucmiepcito  TUCKPETHOI  BHITAJKOBOI  BEJIMYMHU MOXKHA  OOYHCIIIOBATH

Oe3mocepenHb0 3a Bu3HaueHHsAM (dopmyrna (3.6)). Jns 1mporo oOumciuMo Bci

MOYCTHB] 3HAYCHHA KBAATa BiIXHIICHHS:
(x, - M (X)) =(21-27)" =(~6)" = 36;
(x,-M(X)) =(25 -27)=(-2)" =4;
(x,-M(X)) =(28-27)=(1)"=1.
(x,-M(X)) =(31-27)=(4)"=16_

s Toro, mo6 obuuciutu gucnepcito D (X), 3amumemMo 3akoH PO3MOALTY
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KBaJpaTa BIIXWICHHS, a MOTIM 3HOBY BUKOpUCTaeMO popmyny (6.5) :

(X -m(x))

36

4

1

16

p

0,1

0,4

0,2

0,3

D(X)=36-0,1+4-0,4 +1-0,2 +16-0,3=3,6+1,6+0,2+4,8=10,2

O0YHCITUMO JTUCTIEPCII0 JTUCKPETHOI BWITQJKOBOI BEIMYMHHM X IHIIMM CIIOCOOOM,
T06TO 32 (popMyI1010 (6.7). JIIs IHOrO 3aMUIIEMO 3aKOH po3mo iy Beanduuu O

X2 (21)° (25)° (28)° (31)°
p 0,1 0,4 0,2 0,3

Jlam 3HaXO0AMMO MaTeMaTH4He crofiBaHHs M (X 2) :

M (X?)=xl-p+ X3 p,+ x5 p+ X p,

=(21)"-0,1 +(25)"-0,4 +(28)°-0,2+(31)-0,3=
=441.0,1 +625-0,4 +784-0,2+961-0,3=
= 44,1 + 250,0 + 156,8 + 288,3 =739,2.

Kopucryrouncs dhopmyioro (6.7), 3HaX0IUMO:
D(X)=M(X?*)-(M (X))?=739,2 —(27) =739,2-729=10,2.

Bukonani o04mcIeHHs TOKa3aiH, 110 3HaueHHs aucnepcHoi D(X) B 060X Bumaakax
OJIHE 1 Te caMe.

3) CepenHe KBagpaTUIHE BIIXWICHHS G 009HCITIOEMO 3a (6.8):

6=38(X)=/D(X)=410,2~ 3,19.

ITo6ynyemo OaratokyTHHK po3moainy. Ilo oci abciuc BigkiagaeMo y BHOpaHOMY

MacmTabl MOXJIMBI 3HAYEHHS X; BHIAJKOBOI BEJIMYMHU X; MO OCl OpAMHAT —
BIAMOBIAHI 3HaueHHA MMoBipHOcTe p,. IloOynoBaHi Touku (xi; pl.)3’ez[Hy€M0

BiApi3KamMu npsmux. Opjepkann OaraTOKyTHUK PO3MOAUTY 3aJaHOi BUIMAJIKOBO1

BEJIMUMHU. 3HaWIeHe 3Ha4YeHHS MAaTEeMaTU4YHOI'O0 CIIOAIBaHHS I\/I(X )= 27

Bikiaagaemo Bim Toukd 0 (MOYATOK CHCTEMHM KOOpAMHAT) Mo ocl adcmuc. Bin
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3HAUEHHS MAaTEeMaTUYHOrO CIOJIBaHHA BIPAaBO Ta BIIBO BIJIKIAJAEMO BIIPI3KU
JOBXHHOIO B OJHE KBaJApaTU4YHE BIAXWJIEHHSA. BHUKOHaHI BKa3aHUM CIOCOOOM

noOyZ0BH MOJAHO HIKYE, Ha puc.l.

L §(X)=3,19

. [

§(X)=3,19

¥

0,5 1

»

0.4

2

0,3 "/ﬁ‘

El

0,1

El

21 25 2 23 31 X

F i
¥

M(X)= 27

Puc.1
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MaremMaTH4HA CTATHCTHKA B arPOHOMII.
CepenHi BeJM4YuHH.
3AIAYA 7.

[Ipu cnaganHi ymoB 3agau Ne/, Ne§ ta NeQ B sIKOCTI ¢ BUKOPUCTOBYEMO OCTAHHI
1Bl MU pHU CBOET 3aT11KOBOT KHUTH, a B IKOCTI N — octanHio iudpy. CtyaeHru,
nepenocTaHHs nudpa HOMEpY 3alTIKOBOT KHUTH SIKMX 3aKIHUYETHCS MAPHUM YHCIIOM,
BUKOPUCTOBYIOTH JJi (popMyBaHHS 3aa4il Ta6J. 1, a T1 , y AKMX IEepeT10CTaHHS

nugpa HemapHe YUCII0, BUKOPUCTOBYIOTh Ta0JI. 2.

Tao0a. 1.
Xi ‘ 3+a ‘ 5+a ‘ 6+a ’ 8+a ’ 10+a ‘ 14+a

N; ‘ 1+a ‘ 2+a ‘ 3ta ‘ 4+a ‘ 3+a ‘ 2+a

OOGuucnuTH  pi3HI BUAM  CEPEIHIX BeMWMYMH (TapMOHIMHY, T€OMETpPUYHY,

apu(pMETHYHY, KBaIpaTUYHY) Ta MEPEBIPUTU MPABUIO MAKOPAHTHOCTI CEpEHIX.

Tao.. 2.
Xi ‘ 3+a ‘ 7+a ‘ 8+a ‘ 11+a ‘ 12+a ‘ 17+a

ni ‘ I+a ‘ 2+a ‘ 3+a ’ 4+a ’ 3+a ‘ 2+a

OO0uncnuT Pi3HI BUAM CEPENHIX BEIWYMH (TapMOHINHY, TEOMETPHUYHY,

apu(QMETHYHY, KBaIpaTUYHY) Ta MEPEBIPUTH MPABUIO MAKOPAHTHOCTI CEPETHIX.

Hpukiaaxg sukonauusg 3AJTAYI 7.

OO0uncnuTH pi3HI BUAM CEpPEeIHIX BEeIWYWH (TapMOHIYHY, TE€OMETPHYHY,

apu(pMETHYHY, KBa[paTUYHY) Ta MEPEBIPUTH MPABUIO MAKOPAHTHOCTI CEPETHIX.

Xi‘4‘6‘7‘9‘11‘15

ni‘1‘2‘3‘4‘3‘2
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Po3B’si3aHus

Buecemo po3paxyHku B Tabiuio 1.1.

k
B >n,
1) O04nCIUMO CEPENHIO TAPMOHIMHY 32 POPMYTIO X zgpy = 'Eln
Z o
=1X;
Xeapn = 7 1;22324*2*22 -1 .8 05408.
1,69, 4.9 ¢ 1,86241
4 6 7 9 11 15
Ta0numg 1.1
Jani 1151 po3paxyHKy pPi3HHX BHAIB cepeHix
n;
Xi ni X Ln X n-LnX | X-n| X2 | x2.n
i
4 1 0,25 0,60206 0,60206 4 16 16
6 2 0,333333 0,778151 1,556303 12 36 72
7 3 0,428571 0,845098 2,535294 21 49 147
9 4 0,444444 0,954243 3,81697 36 81 324
11 3 0,272727 1,041393 3,124178 33 121 363
15 2 0,133333 1,176091 2,352183 30 225 450
Cyma| 15 1,86241 5,397036 13,98699 | 136 528 1372
B xn
1) O0uncaMMO CepenHIo rapMOHIMHY 32 GOPMYTIO X zgpy = %
> i
I=1Aj
;mpM - 1;223+44+§+22 _ 15 ~ 805408
ey 2,4, 9, ¢ 186241
4 6 7 9 11 15
2) O0UHCTUMO CEPETHIO TEOMETPUUHY
Xzeom = 2 1 X22 . ng . Xl?k
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[TigcTaBUMO BUXIIHI JaHI:

Xzeom = l‘\5/4l N 62 . 73 . 94 . 113 . 152
Kopiup  Oynp-koro cremeHss MOXHa  OOYMCIAMTH 3a  JIOIOMOIOKO

norapupmyBanHs. [Iponorapudpmyemo 0OUBI HACTUHH PIBHIHHS:
v 1 p2 23 4 3 2 %5
IN Xeeon =IN(41-67-7°.9%.11°-157) .
3a BIIaCTUBOCTSAMHU JIOTapU(PMIiB:

1N X seon =i|n(41 62.7%.9%.11° -152)=
15

:%(In41+ln62 +In7® +In9* +In11° +In152):

:%(1In4+2In6+3ln7 +4In9+3In11+2In15)=2,147082.

Toni, Koeons = €172 8,55984 .

K
_ 2 XN
3) O6uucnumo cepennro apupMeTnany Xapugm = '=1k
2 N;
i=1
Kpuay =2t 02 H7 '322'4”1'3”5'2 _ 1356 ~9,06667 .

4) O04MCIMMO CEPENHIO KBAIPATHIHY X kgadp =

~9,56382.

. \/42-1+62-2+72-3+92~4+112-3+152-2
Keaop —
15

5) OneprkaHi cepeiHi pO3MIMIYIOTHCS B TAKOMY MOPSIIKY:
8,05408 < 8,55984 < 9,06667 < 9,56382,

110 BIJIMOBIZIA€ BUMOTaM BJIACTUBOCTI MaKOPAHTHOCT1 CEPEaHIX:
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Xeapm < Xzeom < Xapugpm < Xkeaop -

Bionogiov: Xpm ~8,05408; Xeeon ~8,55984; Xupugm ~9,06667;

)_(mop ~9,56382. OpepxaHi cepeaHi pO3MINIYIOTBCS BIAMOBIIHO 10 IpaBUja

Ma)KOpaHTHOCTi Cepe):[HiX: XgapM < Xzeom < Xapu¢M < XKgaop.

IHoka3uuku Bapiauii. Iloairon. I'icrorpama.

Po3paxynkoBa pooora Ne 8

Pe3ynpTaTi DOCHIJKEHHSI YPOXKaHOCTI 3€pHOBUX Y rOCHOJapcTBax 0O0JacTi

1mojaHo B Ta0aui 1: Tao0.. 1.
Mexi1 iHTepBaJIiB 32
Ne . o Yucro rocriogapcTs
YPOXKaWHICTIO 36PHOBUX
(dactora)
KYJIBTYD, 11/Ta
1 14,0+0,IN ...18,0+0,IN 9
2 18,1+0,IN ...22,0+0,IN 15
3 22,1+0,1N ...26,0+0,IN 16
4 26,1+0,IN ...30,0+0,IN 24
5 30,1+0,IN ...34,0+0,IN 18
6 34,1+0,IN ...38,0+0,IN 12
7 38,1+0,IN ...42,0+0,IN 6

PesynpTaTé MOCHIKEHHST YPOXKaWHOCTI 3€pHOBUX Y TOCTIOJApCTBaX 0O0JacTi

MO/IaHO B TabyuIIi 2: Taoa. 2.
Mexi iHTEpBaITiB 32
Ne m.im _ Yuco rocionapcTs
YPOKAUHICTIO 3€PHOBUX
(dacrora)
KyJIbTYp, 1I/Ta
1 15,0+0,IN ...19,0+0,IN 8
2 19,1+0,IN ...23,0+0,IN 14
3 23,1+0,IN ...27,0+0,IN 17
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4 27,1+0,IN ...31,0+0,IN 25
) 31,1+0,IN ...35,0+0,1IN 17
6 35,1+0,IN ...39,0+0,IN 12
7 39,1+0,IN ...43,0+0,IN 7

IMpukaax BUKOHAHHA PO3PAXYHKOBOI po0oTH Ne§.

Pe3ynpTaTi JOCHIJKEHHS! YPOXKaHOCTI 3€pHOBUX Y rOCHOJapcTBax 0O0JacTi

II0JaHO B TaOIUIII:

Tabmuis 2.1
Mexi1 iHTEepBaJIiB 32
Ne .m . Ywcno rocrnomaapcTs
YPOKaWHICTIO 36PHOBHX
(dactora)
KYJIBTYD, 11/Ta
1 14,0 ...18,0 5
2 18,1...22,0 7
3 22,1...26,0 9
4 26,1...30,0 14
) 30,1...34,0 7
6 34,1...38,0 5
7 38,1...42,0 3

3a MUMU JaHUMU:

1. [To6ynyBaTH ricrorpamy Ta MOJITOH PO3IMOALUTY YaCTOT.

2. PoszpaxyBaTu cepenHIO BpOXKaWHICTh JBOMa MeEToJaMu (3BHYAWHHM Ta

CITPOIIICHUM).

3. Po3paxyBaru mMemiaHHEe Ta MOJaIbHE 3HAYCHHS BPOXKAHHOCTI.

4. Po3paxyBaTu TOKa3HUKH Bapiallii: po3mMax Bapiailii, cepemHe IiHIiHE

BIIXUJICHHS, TUCTIEPCiIO, CEPEHE KBAAPATUUHE BIAXUICHHS, KOe(DIIIEHT Bapialiii.
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Po3B’si3aHus

1. Bino6pa3zumo BapialiifHMIA s PO3MOJLTY TOCHOJAPCTB 32 BPOKANHHICTIO
36pHOBUX KYJbTYp Yy BHUIUISLAL TicTorpamu. /[{ns 1poro BIAKIAAEMO 3HAYEHHS
IHTEpBaJIIB (3a YpOXKaWHICTIO Xi, 1/ra) Ha oci abcumc, a KUIBKICTb Ni 00’€KTIB

(gacToTH) — Ha oci opAuHAT (puc. 2.2)

Ticrorpama ta moauirod iNTepRAanLHOTDO

BapiamiiHor o pAELY POII0OLITy
Nt 16

Yacrora
o)

Bpoxaimicrn Xi

Puc. 2.2

[ToOynyeMo Ha 1IbOMY X PUCYHKY IOJITOH PO3MOALTY, 3’ €IHYIOUH CEPEeINHU
BEPXHIX YaCTHH MPSIMOKYTHHUKIB TiCTOTpaMHu.

2. Po3paxyemMo cepeiHi0 BpPOXKANHICTh 3BHYAWHUM CIOCOOOM SK CEpPEIHIO
apu(pMETUUHY 3BAKCHY.

Cepenns apudpMeTnyHa 3BayK€HA 00UUCTIOETHCS 32 (POPMYIIOI0:
2 X - N

2 N;

CxirameMo 101aTKoBY Tabmuirio 2.3.

X =

CepenauHy KOXXHOTO 1HTEpPBAJIY BU3HAYAEMO TaK: JOJAEMO MOYATOK 1HTEPBATY
Ta MOro KIHEIb 1 JUJTMMO HABIILI.

JIoOyTOK XiNj IIyKaeMo SIK T00YyTOK BIAMOBIAHUX CTOBITYMKIB.
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Tabnuus 2.3
JaHi 1J11 pO3paxyHKYy cepeIHbOol apUu(pPMEeTHYHOI 3BAKEHOI

B iHTepBaJILHOMY PSii PO3NOALTY

Cepenuna
No Hucno
IHTepBaIly Ho0yTox
n.n | BpoxaiiHicTs, 1/ra rOCIO/IapCTB
BPOKaHHOCTI X - N
N
Xi, 11/Ta |
1 14,0 ...18,0 16,0 5 80
2 18,1...22,0 20,0 7 140
3 22,1...26,0 24,0 9 216
4 26,1 ...30,0 28,0 14 392
3) 30,1 ...34,0 32,0 7 224
6 34,1...38,0 36,0 5 180
7 38,1...42,0 40,0 3 120
Yevozo - 50 1352
[TixcraBiusiemo naui:
— X. - N.
X—Z S :1352:27,04 u/a.

-~ >n, 50

Po3paxyemo cepenHio BpOKaWHICTh 3€PHOBUX KYJIBTYP METOJOM BIIUTIKY Bij
YMOBHOTO TOYaTKy. 3a yYMOBHHI IOYAaTOK BIJJIIKY BI3bMEMO CEpEeIHE 3HAUYCHHS
iHTepBay, IO Mae HaWOuUTbITy dYactoTy. B Hamomy Bumanky xo = 28,0 u\ea.
JloBxxuHa KOKHOTO iHTepBany h=4,0 u\za.

JIyist cripoliieHHsT po3paxyHKiB Bil KOXKHOTO 3HAYCHHS Xj BimHIMaeMo xo. [ToTim
oJlepKaHl BINXWICHHS PO3JALIMMO HA BEIWYMHY IHTEpBally, B Ppe3yJbTaTi HYOTO
OJIEP)KMMO BIIXWJICHHS BapiaHT BiJl YMOBHOTO IOYAaTKy, BH3HAY€HE HA KOXHOMY

iHTepBai (x”). Yci moTpiOHI po3paxyHKH 3BeAeMO B Ta0IuIll 2.4.
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Tabmunsa 2.4
JlaHi 11 pO3paxyHKYy cepeaIHbol apu(pMEeTHYHOI B IHTEPBAJIBbHOMY P Al

PO3MOAIJIy METOAOM Bi/UIIKYy Bii YMOBHOI'O II0YATKY

Cepenuna BinxuneHHs BiJ] yMOBHOTO
Ne iHTEpBaTy Hueno TTO4aTKy
" | YpoxaiinicTs, N rocmo- [y _ X: — X HlobyTox
IL.II BpOJKaki- i 0 ' i — Xp '
1/ra ) JapCTB Xi=—1] Xi-hj
HOCT1 N o h I
Xi, 11/Ta 3 B iHTEpBaIax
1 14,0 ...18,0 16,0 5 -12 -3 -15
2 18,1...22,0 20,0 7 -8 -2 -14
3 22,1...26,0 24,0 9 -4 -1 -9
4 26,1 ...30,0 28,0 14 0 0 0
5 30,1...34,0 32,0 7 4 1 7
6 34,1...38,0 36,0 5 8 2 10
7 38,1...42,0 40,0 3 12 3 9
Bcvozo - 50 -12

Cepenne apudMeTHUHE METOJAOM BIIIJIIKY BiJl YMOBHOTO IMOYATKY OOYHCITIOEMO

3a QOPMYJIOIO: X=X -h+ Xp -
Pospaxyemo yMOBHY (3MEHILIEHY) CEPEAHIO
X. —X
> X, Z( h Oj'n‘ -12
X'= = = =-0,24.

-~ >n, don 50

[TizcraBmsiemo oTpuMaHi 3Ha4YCHHS B (DOPMYITY:

X=X -h+x,=-0,24-4,0+28,0=27,04 u/za.
Bionoeiob: po3paxyHKHM CEpEIHBOI  BpPOXAWHOCTI  JBOMA  METOJaMHU
(3BUUYAlHUM 1 CTIPOIIIEHNM) JaJIA OJIMH 1 TOH CaMUM pe3ysIbTat X = 27,04 u/za.

3. Jlns po3paxyHKy MemiaHW CKJIaJeMo TaOmuiro 2.5, 3a JaHUMH SIKO1
3HaIEeMO MeJIIaHHUM 1HTepBall, ISl YOro MOonepeaHb0 MO0y IyEMO Psii HAKOMMYEHUX

yacTtoT. Ha KkOXHOMY IHTEpBajl HAaKOMUYEHA YacTOTAa YTBOPIOETHCA JOJIABAHHSAM
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YacTOTH JAHOTO IHTEpBally JO HAKOMUYEHOI 4YacCTOTH NOMNEPEJHBOTO IHTEpBANTY.
Hanpuknaa, Ha apyromy iHTepBalsli 4yacToTa / IUIKOC HAKONMMYEHA YacTOTa MEepUIoro
5, OTPUMAEMO HAKOMMYEHY YacTOTY Ha APyromy iHTepBaii 12,
Tabnuus 2.5
J{aHi 11 po3paxyHKy MOAHM i MeJliaHU B IHTEPBAJbHOMY PSAi PO3MOAITY

rocnoJapcTB 32 BPOKANHICTIO 3ePHOBUX KYJIbTYP

No Yucno Hakonunuena

n.0 | YpOXKalHICTh, I/Ta | TOCIOJAPCTB 4acToTa
N Si

1 14,0 ...18,0 5 5

2 18,1...22,0 7 12

3 22,1...26,0 9 21

4 26,1...30,0 14 35

) 30,1...34,0 7 42

6 34,1...38,0 3) 47

7 38,1...42,0 3 50

Menianaum € intepsan 26,1 ...30,0, oCKiIbKY Ha e 1HTEpBaJ MPUXOIUTHCS

nepiia HaKOMMYeHa YacToTa, M0 TIEPEBHIIYE MMOJIOBUHY BCHOTO 00’ €MY CYKYITHOCTI
(35 mepesuiye Y N; 1 2=50:2=25).
Pozpaxyemo menianHe 3HaYCHHS BPOKaHOCTI 36PHOBUX KYJIbTYP:

0,52 N; = Sppe -
2N, Me-1 =26’1+4.%=27,24u/ea,

Me = Xy + h-
Nve

ne  x0=26,1 — HIKHSI MeXa MeJ[IaHHOTO 1HTEepBaIYy,

h=4,0 — noBxxuHa iHTEpBAITY;

0,52 N; =25 - nonoBrHa CyMH HAKOIMUYEHHX 9aCTOT;

SpMe—1 =21 - cyma HakomMYeHHX YACTOT IHTEpBaly, IO MEPEIYE
MEJIIaHHOMY;

Npe = 14 - gacrora mexnianuoro intepsany.
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Po3paxyemo monanbHe 3HaUEHHS BPOXKAaHOCTI.

Ockinbku iHTEpBan 26,1 ...30,0 mae HaliOUIBILY YacTOTY, B HbOMY MICTUTHCS

MO/Ja.
Mo = X4 + h- o = Mvio-1 =
(nMo _nMo—1)+(nMo _nMo+1)
=26,1+4- 14-9 =27,77 u/2a,

(14—9)+(14+7)

ne  xo= 26,1 — HIXKHSA MeKa MOAAJIBHOTO IHTEpBAIY,

h=4,0 — noBxuHa iHTEpBaY;

Ny =14, Ny, =9, Nyosy = /- BIANOBIZHO YacTOTH MOJAJIBHOTO,
nepeaAMOTIBHOTO 1 MICISIMOAAIBHOTO 1HTEPBAIB.

Bionoegios: meniana Me = 27,24 w/za, moga Mo =27,77 u/za.

4. Po3paxyeMo TMOKa3HUKHM Bapiauii (po3max Bapiallii, CepelHe JiHiiHe
BIJIXWJICHHS, TUCIIEPCIIO, CEPEAHE KBaApaTUUHE BIIXUIICHHS, KOS(IIIEHT Bapiallii).

Jlns po3paxyHKy HEOOXITHUX IIOKa3HHUKIB Bapiaiii CKJIaJeMO JI0JaTKOBY
TaduIo 8.6.

Posmax Bapiauil R = X0 — Xmin =42,0—-14,0 =280 ya.

CepenHe niHIMHE BIIXWICHHS

% =X n;
d= ‘I ‘ |=2653’68=5,2736 u/za.

2 N;

Hucnepcis

—\2
o >(x; - x) -n; 212992 _ 4o coon
2. N; 50

CepenHe KBapaTU4YHE BIIXUICHHS

—\2
o= Z(XE:) Ni _ 212992 55984 = 6 53 wea.
i

KoedimienT Bapiarii
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vV =2.100% =

X

553 100% = 24 ,15%.
27,04

VYpoxkalHICTh 3€pHOBUX KYJIBTYp Yy 3aJaH1i CYKYITHOCTI KOJIMBAETHCS B MEXKax

+ 6,53 u/2a a60 Ha 24,15% 10 BIIHOIIEHHIO IO CEPEIHBOI BPOKANHOCTI.

Bionoegios:

cepenue nminiiine Bimxunenns O =5,2736 w/la; nucnepcis

6’ =42 5984 ; cepenne xBagparnume BigxwienHs © = 6,53 wla; xoedinienT
Bapiauii V = 24,15%.

Tabonuus 2.6

J{aHi 1JI pO3paxyHKY CepeIHbOro JiHiHHOrO0 i CepeAHbOro KBaJPaTHYHOI0

BiAXWJICHHSA
Cepenuna Cepenne niHiiiHe Cepenue
Ne o | Yucno . KBaJpaTHYHE
Ypoxait | iHTEpBamy BIIXUJICHHS :
0. ) . rOCIo/I- BIIXUJICHHS
q | THICTB, BpOJKaii- apeTs
1/ra HOCTI Xi, — _ v
1/ra | i ‘Xi - X‘ ‘X‘ _X"ni (xi - )’ (X' X) i
14,0
1 18.0 16,0 5 11,04 55,20 121,88 609,41
18,1
2 20,0 7 7,04 49,28 49,56 346,93
«.22,0
22,1
3 ...26,0 24,0 9 3,04 27,36 9,24 83,17
26,1
4 28,0 14 0,96 13,44 0,92 12,91
...30,0
30,1
5 32,0 7 4,96 34,72 24,60 172,21
...34’0
34,1
6 36,0 5 8,96 44,80 80,28 401,41
...38’0
38,1
7 42.0 40,0 3 12,96 38,88 167,96 503,99
Yevozo - 50 - 263,68 - 2129,92
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KopeasiniiHo-perpeciiHuil aHAJIi3 B arpoOHOMil

Po3paxynkoBa pooora Ne9

3agaya 1M1 THX, B KOI0 nepeaocTaHHsi uugpa HoMepy 3aj1iKOBOI KHUTH

3aKiHYY€THCH NAPHUM YUCIOM

BukopucToByoun faHi rocnofapcTB MpoO YPOKalHICTh 3€pHOBUX KYJBTYp Ta

AKICTh IPYHTY, TPOBECTU KOPEJSALIANHO-pErpeciiHuil aHaii3 3B’SA3Ky MDK JBOMa

O3HAaKaMU: YPOKaMHICTIO Ta SIKICTIO IPYHTY:

1. TloOyayBaTu rpadik KOPEIAIiiMHOT 3aJI€KHOCTI MK YPOXKANHICTIO Ta SKICTIO

IPYHTY.

2. 3HalTH OIIHKM TMapaMeTpiB pPIBHSAHHS perpecii METoJOM HalMEHIINX

KBaJipaTiB Ta moOyayBatH ii rpadik.

3. [lepeBipuTH aiekBaTHICTh OOy 0BaHOI MoJenl 3a F-kputepiem Dimepa.

4. O6uucnuT KoedirieHT Kopenii Ta nerepMinariii. [lepeBipuTu 3HAUUMICTH

KoedirienTa Kopemsiii.

No YpoxkaiHICTh 3epPHOBUX STkicTh rpyHTY, Gam
KYJIBTYD, 1/Ta
1 32,2+0,1 a 84 + N
2 353+0,1 a 84+ N
3 27,5+0,1 a 82+ N
4 25,1+0,1 a 7/1+N
3 26,7+ 0,1 a 77T+N
6 18,9+ 0,1 a 67+ N
/ 26,1 +0,1 a /5+N
8 37,7+0,1 a 82+ N
9 24,6 + 0,1 a 70+ N
10 26,6 + 0,1 a /5+N
11 29,6 +0,1 a 83+ N
12 34,7+ 0,1 a 86 + N
13 26,4+ 0,1 a 73+ N
14 18,3 +0,1 a 72+ N
15 28,6 +0,1 a 70+ N
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3agaya AJ191 THX, B KOI'O NEePeAOCTAHHA HU(Ppa HOMEpPY 3aJiKOBOI KHUIH
3aKiHYY€THCH HEMAPHUM YHMCJIOM.

BukopurcToByoun AaHi rocioJapcTB IpO YPOKAMHICTh 3€pPHOBUX KYJIBTYp Ta
703y BHECEHHS MIHEPAJbHUX NOOPUB IPYHTY IPOBECTH KOPESALIMHO-pErpeciiHmit
aHai3 Ta BCTAHOBUTH BIUIUB JI03U MIHEpAJbHUX JIOOPUB HA YPOXKAWHICTh 3€PHOBHUX
KYJIbTYP:

1. IToGynyBatu rpadik KOPEISIiHOI 3aJ€KHOCT1 MI3K BPOXKAHHICTIO Ta JJO3010
BHECEHHS MIHEpaJIbHUX J100pUB.

2. 3HalTH OLIHKM MapaMeTpiB PIBHAHHS perpecii METoJOM HaWMEHIIUX
KBaJipaTiB Ta NoOyaAyBaTH ii rpadik.

3. [lepeBipuTH aiekBaTHICTh OOy 0BaHOT MoJienl 3a F-kputepiem Dimmepa.

4. O6uncauTH KoedilieHT Kopensuii Ta nerepminaiii. [lepeBiputu 3HAUUMICTh

KoeQilieHTa KOpesIlii.

No YpoxkaiHICTh 3epPHOBUX Jlo3a BHECEHHSI
B KYJbTYp, 11/Ta MiHEpaJbHUX JOOpHUB
1 23,6 +0,1 a 1,1+ N
2 3L,9+0,1 a 3,1+N
3 352+0,1 a 2,8+ N
4 36,4+ 0,1 a 29+N
) 23,6 +0,1 a 1,2+ N
6 34,0 + 0,1 a 29+N
7 382+0,1a 3,0+ N
8 17,3+ 0,1 a 0,8+N
9 23,8+0,1 a 0,7+ N
10 19,7+ 0,1 a 1,3+ N
11 24,6 + 0,1 o 1,4+ N
12 15,1 + 0,1 a 0,7+N
13 28,6 + 0,1 a 16 +N
14 38,4+ 0,1 a 29+N
15 22,4+ 0,1 a 1,3+ N
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Ipukaang BUKOHAHHA PO3PAXYHKOBOI po0oTH Ne9.

BukopurcToByoun JaHi rocnogapcTB Ipo YpOKalHICTh 3€PHOBUX KYJBTYp Ta
703y BHECEHHSI MIHEPAJbHUX JOOPHUB IPYHTY, MPOBECTH KOPEISALIAHO-PErpeciiHmit

aHasi3 Ta BCTAHOBUTH BIUIUB JI03U MIHEpAJbHUX JIOOPUB HA YPOXKAWHICTh 3€PHOBHUX

KYJbTYD:
Tabmuis 3.1
No YpoxkaiHICTh 3epHOBUX Jlo3a BHECEHHS
B KYJIBTYp, 1/Ta MiHEpaJbHUX JOOpUB
1 23,6 1,1
2 31,9 3,1
3 35,2 2,8
4 36,4 2,9
5 23,6 1,2
6 34,0 2,9
7 38,2 3,0
8 17,3 0,8
9 23,8 0,7
10 19,7 1,3
11 24,6 1,4
12 15,1 0,7
13 28,6 1,6
14 38,4 2,9
15 22,4 1,3

1. IToGynyBatu rpadik KOpEIAIiiHOI 3aJIeKHOCTI MK YpOXKANHICTIO Ta J03010
BHECCHHS MIHEPaJIbHUX TOOPHUB.

2. 3HalTU OIIIHKKA TMapaMeTpiB PIBHAHHS perpecii METOIOM HaWMEHIIUX
KBaJIpaTiB Ta moOyayBaTH ii rpadik.

3. [lepeBipuTH amekBaTHICTh MOOY0BaHOT Mojeni 3a F-kputepiem Dimepa.

4. O6uncnauTu KoediieHT KopemsIii Ta nerepminanii. [lepeBipuTu 3HAUNMICTH

Koe(irmieHTa Kopesilii.
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Po3B’si3aHus

1. Jlns BuU3HAYEHHS BHAY AaHATITUYHOI 3aJIEKHOCTI MDK YpOXKAUHICTIO
3€pHOBUX KYJBTYp Ta J0300 BHECEHHS MIHEpalbHUX NOOpUB MoOyayeMo rpadik —
Kopesiiiine nosie (puc.3.1). Ha oci abciuc HaHeceMo 3Ha4eHHsI (PaKTOPHOI O3HAKU
(He3anexxHoi 3M1HHOI X — 103U BHECEHHSI MIHEPAJIIbHUX J00PHB), @ HA OC1 OpJIUHAT —
PE3yJIbTATUBHOT O3HAKU (3aJI€KHOT 3MIHHOT Y — ypoKailHOCT1 36pHOBUX KYJIBTYP).

BuxopucroByroun ¢akruyHi 3HaueHHs X Ta Y, nobynyemo 3agaHi 15 Touok

(Xi : Yi ), 10 YTBOPIOIOTH KOPEJISIIAHE MOJIE.

3an eKHICTh MK YPOHAHHICTH 3ePHOBHX KYNbBTYP Ta 0030H
MiHEep aNbHHX DO0P HB

¥i

33 =

* ¥

30

23 L

20 ¥

15 +

10

Puc. 3.1

I'padix mokazye, moO 3B’SI30K OMU3BKHI 10 JIHIHHOTO 1 TOMY 3aJEXKHICTh

MOXKHA BUPA3UTH Y BUTIIS/I PIBHSAHHA NaPHOI JIHIAHOI perpecii Y, = by X+by.

2. PiBHAHHS npsAMO1 JIiHIi perpecii Y, = by X+Dy.
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Po3paxyHok 1aHuX 1Jisli BA3HAYEHHS MOKA3HUKIB

KOpeJSliHHOI0 3B’ A3KY

Taonuis 3.2

Po3paxyHKOB1 BeTUUMHU

Ypoxaii- Jo3a OuikyBane

HICTb BHECEHHS (Teope-

Ne 3€pHOBUX | MiHEpalb- THYHE)
KYJIBTYP, HUX yX y2 X2 3HAYCHHS

1/ra no0puB ypoxKai-
y X HOCTE /ra

y

1 23,6 1,1 25,96 556,96 1,21 21,90142
2 31,9 3,1 98,89 1017,61 9,61 36,95119
3 35,2 2,8 98,56 1239,04 7,84 34,69373
4 36,4 2,9 105,56 | 1324,96 8,41 35,44621
5 23,6 1,2 23,32 556,96 1,44 22,65391
6 34,0 2,9 98,6 1156,0 8,41 35,44621

7 38,2 3,0 114,6 1459,24 9,0 36,1987
8 17,3 0,8 13,84 299,29 0,64 19,64395
9 23,8 0,7 16,66 566,44 0,49 18,89146

10 19,7 1,3 25,61 388,09 1,69 23,4064
11 24,6 1,4 34,44 605,16 1,96 24,15888
12 15,1 0,7 10,57 228,01 0,49 18,89146
13 28,6 1,6 45,76 817,96 2,56 25,66386

14 38,4 2,9 111,36 | 1474,56 8,41 35,4621

15 22,4 1,3 29,12 501,76 1,69 23,4064

Cyma 412,8 21,7 857,85 | 12192,04 | 63,85 412,8
Cep.3n. 27,52 1,8467 57,19 | 812,8027 | 4,2567 27,52

[Tapamerpu piBHSHHA JiHIT perpecii b1 Ta bo 3Haiimemo 3a MeToaOM

HallMEHIINX KBaJIpaTiB, BAKOPUCTOBYIOUU CUCTEMY:

{Zy=b0n+blzx,

Zyx=bOZx+blzx2.

72



VYci HeoOX1aH1 AJ1 po3B’si3aHHS CUCTEMU PIBHSAHB JAaH1 BHECEMO 10 Tadd. 3.2.
OnepsxaHi AaH1 MiJICTaBISIEMO B CUCTEMY:
412 8 =15b, + 27 7b;,
{857 85 = 27 7b, +63,85b; .
[TapameTpu piBHAHHS perpecii MOKHa BU3HAYUTH 32 GOpMyJIaMu:

_ N yXx—>y:-X2X _ 15.857,85-4128-27 7

b, =
Ly x2-vx.Tx  15-6385-277.277

~ 71,5249

X
X

—y-x _57,9-27 5218467

S ~ [ 5249;
x2—(xf 42567 —(1.8467)

abo by =

bo = y—b-x=2752-7 524918467 ~ 13,624

abo 6e3nocepeTHbO PO3B’A3aBIIN CUCTEMY, HAPUKIIAI, METOJIOM BiTHIMAHHS.
Po3ainumMo niepiiie piBHAHHS (KOXKEH JT0AaHOK) Ha KoedillieHT 3a b1, B HaImomy

Bumaaky Ha 15. Jlpyre piBHAHHS po3autuMo Ha 27,7.
15by + 27 7b; = 412 8|: 15,
27 7by +63,85b, =857 ,85: 27 7;
bo + 1,8467 bl - 27 ,52,
by + 2,3051b, = 30,9693.

BigaiMeMo apyre piBHSHHS BiJl IEPIIOro, TOOTO BiIHIMEMO BiAMOBIAHI mapu

YJICHIB:
by —bg +(1,8467 —2,3051)b, = 27 52— 30,9693 aco
—0,4584b, =—3,4493.
3 ocTanmboro pismsmms snaxoanmo by by =—3,4493 : (—0,4584);
b, =7 5247 .
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3HaiigemMo koedimieHT Do, MijgcTaBUBIIM 3HaiieHe 3HadeHHs D1 B Oynmb-sike,

HaIpUKIaa, y nepuie piBHAHHSA CUCTEMHU.
by =27,52—-1,8467b; = 27 52 —1,8467 -7 5247 = 13,6241.

Binxunenns Big po3paxoBaHUX Oe3nocepeaHbOo 3a (opMysiaMu 3HAuYCHb
OTpUMaHI1 32 paXyHOK OKPYTJICHb.

OTxe, MiACTaBUBIIM OTPUMaHI1 1aH1 B pIBHSAHHSA perpecii, MaeMo:
y, = 13,624 +7 5249x -

PIBHSAHHS perpecii (KopemsiiiHe piBHSIHHS), 0 BUPAXa€e 3B’ SI30K MK YpOXKANUHICTIO
3€pHOBUX KYJIbTYp Ta 03010 MIHEpaIbHUX JOOPUB.

PosrisiHemMo oro eKOHOMIYHY IHTEPITPETALIIFO.

Koeoimient perpecii b1=7,5249 mnokasye, mo 3a MiIBUIICHHS JIO3H
MIHEpaAJIbHUX JOOpPUB HA OJIMHUIIIO, YPOXKAWHICTh 3€PHOBUX KYJIbTYp B CEPEIHBOMY
3a 3aJIJaHOI0 CYKYITHICTIO TOCTIOIAPCTB 30UIbIINTHCS Ha 7,5249u/2a.

BukopucroByroun piBHSHHSA perpecii, MoO)XHa po3paxyBaTH OUIKyBaHi
(PO3paxyHKOBi, TEOPETUYHi) 3HAYEHHS YypoXkahHocTi (Y,) 3a pI3HHX 3HA4YEHb

BHECEHHS 103U MiHEpaJbHUX N0O0puB. [ 1bOro 3aMicTh X y pPIBHSHHS perpecii

CTaBMMO KOHKpETHe 3HaueHHs. Hampukiias,
Yo g =13,624+7,5249- 2,8 = 34,69373.
OTpumaHi po3paxyHKOB1 3HaUEHHS BPOKaHOCT1 BHECEMO B TabuIio 3.2.
Jlas moOyaoBu JtiHii perpecii 9x = 13,624 +7 5249X mnanecemo Ha
PUCYHOK JIBi TOYKH |\/|1(0 7:18 ,89146) i |\/|2(3,1;36 ,95119) Ta MPOBEIEMO
qyepes HUX mpsamy JiHito (puc. 3.4).

Bionoegiov: piBasHHAs MiHii perpecii ;l « = 13,624 +7 ,5249x .

3. [lepeBipumo amexBaTHICTh MOOY0BaHOT Moeni 3a F-kputepiem Dimepa.

CxirameMo 101aTKoBY Tabmuirio 3.3.

74



JaHi 11 po3paxyHky koediuienra @imepa

Taonus 3.3

e N R e A R (s
1 | 23,6 1,1 21,9014 -5,6185 31,5684 -1,6985 2,8851
2 | 31,9 3,1 36,9511 9,4311 88,9473 5,0511 25,514
3 | 352 2,8 34,6937 71,1737 51,4623 -0,5062 0,2563
4 | 36,4 2,9 35,4462 17,9262 62,8248 -0,9537 0,9097
5| 23,6 1,2 22,6539 -4,8660 23,6788 -0,9460 0,8950
6 34 2,9 35,4462 17,9262 62,8248 1,4462 2,0915
7 | 38,2 3 36,1987 8,6787 75,3198 -2,0013 4,0051
8 | 17,3 0,8 19,6439 -7,8760 62,0321 2,3439 5,4941
9 | 23,8 0,7 18,8914 -8,6285 74,4516 -4,9085 24,0937
10 | 19,7 1,3 23,4064 -4,1136 16,9217 3,7063 13,7373
11 | 24,6 1,4 24,1588 -3,3611 11,2971 -0,4411 0,1946
12 | 15,1 0,7 18,8914 -8,6285 74,4516 3,7914 14,375
13 | 28,6 1,6 25,6638 -1,8561 3,4452 -2,9361 8,6209
14 | 38,4 2,9 35,4462 17,9262 62,8248 -2,9537 8,7249
15| 22,4 1,3 23,4064 -4,1136 16,9217 1,0064 1,0128
> | 412,8 27,7 412,8 718,9729 112,8111
Cp | 27,52 | 1,8467 27,52

O6uncIMO po3paxyHKOBE 3HAYCHHS KpuTepito Dimmepa:

J1€ N — 9UCJI0 JTOCIIIIB.

[lincTaBumMoO oTpuMaHi AaH1 B GOpMyIy:
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(vi-y)

M:

i=1
15-2)-718,9729
Fpozp L = ( ) ’ ~ 82,8522 .

n ( )2 112 8111
2\Vi — Vi

i=1

n-2
3HaiieMo TabauuHe 3HadYeHHS KoedimieHTa ®Pimepa 3a Ki=1, Ko=13 gucen

=47

CTYIIEHIB BUILHOCTI (00damok 5): Fm aon

OckibKH po3paxyHKoBe 3HaueHHs Dimepa Oiibine Hixk Tabnuune (82,85>4,7),
TO PO3TJISIHYTa MaTeMaTUYHa MOJENb aIcKBaTHA €KCTIEPUMEHTAILHUM JTaHUM.
Bionoeios: noOy1oBaHa MaTeMaTH4YHa MOJIEJIb aJIcKBaTHa

CKCIICPUMCHTAJIbHUM JIaHUM.

4. BU3HauMMO TICHOTY 3B’SI3Ky MK O3HaKaMH, 110 BUBYAEMO (YPOKalHICTIO Ta
7103010 BHECEHHSI MiHEpaIbHUX TOOPUB).

J171s1 11b0TO pO3paxyeMo JiHIHHUN KoedIIieHT KOopesIii:

B 57 19— 1,8467 - 27 52
\/4,2567 — (1,8467)2 - /8128027 — (27 52)?

=0,9297 .

KoedimieHT xopemsiii mokasye, Mo MK YpPOKalHICTIO Ta 0300 BHECCHHS

MiHEpaJbHUX JOOPUB Ma€ MICII€ TICHUI PSIMUI 3B’ S30K.
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Koeoiuienr nerepminarii r’ = (O 9297 )2 = 0,8644 noxasye, mo 86,44%
3arajibHOi Bapialii ypo>KaiHOCTI OOYMOBJIEHO J030K0 BHECEHHS MiHEpaJIbHUX
n06puB, a ixmra yactuHa (13,56%) — iHmmMu BUnaaKoBUMH (aKTOpaMH, sIKi B JTaHIH
3a/1ayl He BpaxOBaHi.

[lepeBipumo 3HaUMMICTh KoedimienTa kopensuii. g mporo obumciaumo t-

CTaTUCTHKY:

3a 3amanoi iimoBipHOCTI P=0,95 i k=13 yucna cTyneHiB BUIBHOCTI, 3HAHIEMO
TaOJuYHe 3HaYCHHS KpuTepito { ok =2,16 (0ooamock 6).

OCKIIBbKH ‘t‘ > ‘th‘ (9,103>2,16), To koe(dilieHT KOPEALIT € 3SHAUUMHUM.

Bionoeios: xoediuienr xopemsauii ' =0,9297 ; xoediuienr nerepminamii

r’=0 ,8644 . OGuucennii KoedillieHT KOPENALIi € 3HAYUMUM.
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Puc. 3.4. I'padik 3a1€KHOCTI ypOKANHOCTI 3€PHOBHUX KYJIBTYP BiJl 03U BHECEHHS MiHEpaIbHUX JOOPUB

78



Hooamoxk 1

2
3nayenns ¢pynkuii I'ayca (p(X) = i e 2
J2n
X 0 1 2 3 4 5 6 7 8 9
0,0 |0,3989 | 3989 | 3989 | 3988 | 3986 | 3984 | 3982 | 3980 | 3977 | 3973
0,1 | 3970 | 3965 | 3961 | 3956 | 3951 | 3945 | 3939 | 3932 | 3925 | 3918
0,2 | 3910 | 3902 | 3894 | 3885 | 3876 | 3867 | 3857 | 3847 | 3836 | 3825
0,3 | 3814 | 3802 | 3790 | 3778 | 3765 | 3752 | 3739 | 3726 | 3712 | 3667
0,4 | 3683 | 3668 | 3653 | 3637 | 3621 | 3605 | 3589 | 3572 | 3555 | 3538
0,5 | 3521 | 3521 | 3503 | 3467 | 3448 | 3429 | 3410 | 3391 | 3372 | 3352
0,6 | 3332 | 3312 | 3392 | 3271 | 3251 | 3230 | 3209 | 3287 | 3166 | 3144
0,7 | 3123 | 3101 | 3079 | 3056 | 3034 | 3011 | 2989 | 2966 | 2943 | 2920
0,8 | 2897 | 2874 | 2850 | 2827 | 2903 | 2/80 | 2756 | 2832 | 2709 | 2685
0,9 | 2661 | 2637 | 2613 | 2689 | 2565 | 2541 | 2516 | 2592 | 2468 | 2444
1,0 [0,2420 | 2396 | 2371 | 2347 | 2323 | 2299 | 2275 | 2251 | 2227 | 2203
1,1 | 2179 | 2155 | 2131 | 2107 | 2083 | 2059 | 2036 | 2012 | 1989 | 1965
1,2 | 1942 | 1919 | 1895 | 1872 | 1849 | 1826 | 1804 | 1/81 | 1758 | 1736
1,3 | 1714 | 1691 | 1669 | 1647 | 1626 | 1604 | 1682 | 1561 | 1539 | 1518
1,4 | 1497 | 1476 | 1456 | 1435 | 1415 | 1394 | 1374 | 1354 | 1334 | 1315
1,5 | 1295 | 1276 | 1257 | 1238 | 1219 | 1200 | 1182 | 1163 | 1145 | 1127
1,6 | 1109 | 1092 | 1074 | 1057 | 1040 | 1023 | 1006 | 100969 | 0973 | 0957
1,7 | 0940 | 0925 | 0909 | 0893 | 0878 | 0863 | 0848 | 0833 | 0818 | 0804
1,8 | 0790 | 0775 | 0761 | 0748 | 0734 | 0721 | 0707 | 0694 | 0681 | 0669
1,9 | 0656 | 0644 | 0632 | 0620 | 0608 | 0596 | 0584 | 0573 | 0562 | 0551
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IIponoBxxenus nomarka 1

X 0 1 2 3 4 5 6 7 8 9
2,0 10,0540 | 0529 | 0519 | 0508 | 0498 | 0488 | 0476 | 0468 | 0459 | 0449
2,1 | 0440 | 0431 | 0422 | 0413 | 0404 | 0396 | 0387 | 0379 | 0371 | 0363
2,2 | 0355 | 0347 | 0339 | 0332 | 0325 | 0317 | 0310 | 0303 | 0297 | 0290
2,3 | 0283 | 0277 | 0270 | 0264 | 0258 | 0252 | 0246 | 0241 | 0235 | 0229
2,4 | 0224 | 0219 | 0213 | 0208 | 0203 | 0198 | 0191 | 0189 | 0184 | 0180
2,5 | 0175 | 0171 | 0167 | 0163 | 0158 | 0154 | 0151 | 0147 | 0143 | 0139
2,6 | 0136 | 0132 | 0129 | 0126 | 0122 | 0119 | 0116 | 0113 | 0110 | 0107
2,7 | 0104 | 0101 | 0099 | 0096 | 0093 | 0090 | 0088 | 0086 | 0084 | 0081
2,8 | 0079 | 0077 | 0075 | 0073 | 0071 | 0069 | 0067 | 0065 | 0063 | 0061
2,9 | 0060 | 0058 | 0056 | 0055 | 0053 | 0051 | 0050 | 0048 | 0047 | 0046
3,0 |{0,0044 | 0043 | 0042 | 0040 | 0039 | 0038 | 0037 | 0036 | 0035 | 0034
3,1 | 0033 | 0032 | 0031 | 0030 | 0029 | 0028 | 0027 | 0026 | 0025 | 0025
3,2 | 0024 | 0023 | 0022 | 0022 | 0021 | 0020 | 0020 | 0019 | 0018 | 0018
3,3 | 0017 | 0017 | 0016 | 0016 | 0015 | 0015 | 0014 | 0014 | 0013 | 0013
3,4 | 0012 | 0012 | 0012 | 0011 | 0011 | 0010 | 0010 | 0010 | OOQ9 | 0009
3,5 | 0009 | 0008 | 0008 | 0008 | 0008 | 0007 | 0007 | 0007 | 0007 | 0006
3,6 | 0006 | 0006 | 0006 | 0005 | 0005 | 0005 | 0005 | 0005 | 0005 | 0004
3,7 | 0004 | 0004 | 0004 | 0004 | 0004 | 0004 | 0004 | 0003 | 0003 | 0003
3,8 | 0003 | 0003 | 0003 | 0003 | 0003 | 0003 | 0002 | 0002 | 0002 | 0002
3,9 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0001 | 0001
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Z2

Hooamok 2

1 x =%
3uavenns yuxuii Jamnaca @®(x)=—=[e 2dz
dynkn ( ) Ton g

X D (x) X D (x) X D (x) X D (x)
0,00 0,0000 0,34 0,1331 0,68 0,2517 1,02 0,3461
0,01 0,0040 0,35 0,1368 0,69 0,2549 1,03 0,3485
0,02 0,0080 0,36 0,1406 0,70 0,2580 1,04 0,3508
0,03 0,0120 0,37 0,1443 0,71 0,2611 1,05 0,3551
0,04 0,0160 0,38 0,1480 0,72 0,2642 1,06 0,3554
0,05 0,0199 0,39 0,1517 0,73 0,2673 1,07 0,3577
0,06 0,0239 0,40 0,1554 0,74 0,2703 1,08 0,3599
0,07 0,0279 0,41 0,1591 0,75 0,2734 1,09 0,3621
0,08 0,0319 0,42 0,1628 0,76 0,2764 1,10 0,3643
0,09 0,0359 0,43 0,1664 0,77 0,2794 1,11 0,3665
0,10 0,0398 0,44 0,1700 0,78 0,2823 1,12 0,3686
0,11 0,0438 0,45 0,1736 0,79 0,2852 1,13 0,3708
0,12 0,0478 0,46 0,1772 0,80 0,2881 1,14 0,3729
0,13 0,0517 0,47 0,1808 0,81 0,2910 1,15 0,3749
0,14 0,0557 0,48 0,1844 0,82 0,2939 1,16 0,3770
0,15 0,0596 0,49 0,1879 0,83 0,2967 1,17 0,3790
0,16 0,0636 0,50 0,1915 0,84 0,2995 1,18 0,3810
0,17 0,0675 0,51 0,1950 0,85 0,3023 1,19 0,3830
0,18 0,0714 0,52 0,1985 0,86 0,3051 1,20 0,3849
0,19 0,0753 0,53 0,2019 0,87 0,3078 1,21 0,3869
0,20 0,0793 0,54 0,2054 0,88 0,3106 1,22 0,3883
0,21 0,0832 0,55 0,2088 0,89 0,3133 1,23 0,3907
0,22 0,0871 0,56 0,2123 0,90 0,3159 1,24 0,3925
0,23 0,0910 0,57 0,2157 0,91 0,3186 1,25 0,3944
0,24 0,0948 0,58 0,2190 0,92 0,3212 1,26 0,3962
0,25 0,0987 0,59 0,2224 0,93 0,3238 1,27 0,3980
0,26 0,1026 0,60 0,2257 0,94 0,3264 1,28 0,3997
0,27 0,1064 0,61 0,2291 0,95 0,3289 1,29 0,4015
0,28 0,1103 0,62 0,2324 0,96 0,3315 1,30 0,4032
0,29 0,1141 0,63 0,2357 0,97 0,3340 1,31 0,4049
0,30 0,1179 0,64 0,2389 0,98 0,3365 1,32 0,4066
0,31 0,1217 0,65 0,2422 0,99 0,3389 1,33 0,4082
0,32 0,1255 0,66 0,2454 1,00 0,3413 1,34 0,4099
0,33 0,1293 0,67 0,2486 1,01 0,3438 1,35 0,4115
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[IponoBxkeHHs 1oaTKa 2

X D (x) X D (x) X D (x) X D (x)

1,36 0,4131 1,67 0,4525 1,98 0,4761 2,58 0,4951

1,37 0,4147 1,68 0,4535 1,99 0,4767 2,60 0,4953

1,38 0,4162 1,69 0,4545 2,00 0,4772 2,62 0,4956

1,39 0,4177 1,70 0,4554 2,02 0,4783 2,64 0,4959

1,40 0,4192 1,71 0,4564 2,04 0,4793 2,66 0,4961

1,41 0,4207 1,72 0,4573 2,06 0,4803 2,68 0,4963

1,42 0,4222 1,73 0,4582 2,08 0,4812 2,70 0,4965

1,43 0,4236 1,74 0,4591 2,10 0,4821 2,72 0,4967

1,44 0,4251 1,75 0,4599 2,12 0,4830 2,74 0,4969

1,45 0,4265 1,76 0,4608 2,14 0,4838 2,76 0,4971

1,46 0,4219 1,77 0,4616 2,16 0,4846 0,78 0,4973

1,47 0,4292 1,78 0,4625 2,18 0,4854 2,80 0,4974

1,48 0,4306 1,79 0,4633 2,20 0,4861 2,82 0,4976

1,49 0,4319 1,80 0,4641 2,22 0,4868 2,84 0,4977

1,50 0,4332 1,81 0,4649 2,24 0,4875 2,86 0,4979

1,51 0,4345 1,82 0,4656 2,26 0,4881 2,88 0,4980

1,52 0,4357 1,83 0,4664 2,28 0,4887 2,90 0,4981

1,53 0,4370 1,84 0,4671, 2,30 0,4893 2,92 0,4982

1,54 04382 1,85 0,4678 2,32 0,4898 2,94 0,4984

1,55 0,4394 1,86 0,4686 2,34 0,4904 2,96 0,4985

1,56 0,4406 1,87 0,4693 2,36 0,4909 2,98 0,4986

1,57 0,4418 1,88 0,4699 2,38 0,4913 3,00 | 0,49865

1,58 0,4429 1,89 0,4706 2,40 0,4918 3,20 | 0,49931

1,59 0,4441 1,90 0,4713 2,42 0,4922 3,40 | 0,49966

1,60 0,4452 1,91 0,4719 2,44 0,4927 3,60 |0,499841

1,61 0,4463 1,92 0,4726 2,46 0,4931 3,80 |0,499928

1,62 0,4474 1,93 0,4732 2,48 0,4934 4,00 |0,499968

1,63 0,4484 1,94 0,4738 2,50 0,4938 4,50 |0,499997

1,64 0,4495 1,95 0,4744 2,52 0,4991 5,00 |0,499997

1,65 0,4505 1,96 0,4750 2,54 0,4945

1,66 0,4515 1,97 0,4756 2,56 0,4948
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3uavenns 1, = t('y ,n)

Hooamok 3

n ? n y

0,95 0,99 0,999 0,95 0,99 0,999
) 2,78 4,60 8,61 20 2,093 2,861 3,883
6 2,57 4,03 6,86 25 2,064 2,797 3,745
7 2,45 3,71 5,96 30 2,045 2,756 3,656
8 2,37 3,50 5,41 35 2,032 2,120 3,600
9 2,31 3,36 5,04 40 2,023 2,708 3,558
10 2,26 3,25 4,78 45 2,016 2,692 3,527
11 2,23 3,17 4,59 50 2,009 2,679 3,502
12 2,20 3,11 4,44 60 2,001 2,662 3,464
13 2,18 3,06 4,32 70 1,996 2,649 3,439
14 2,16 3,01 4,22 80 1,001 2,640 3,418
15 2,15 2,98 4,14 90 1,987 2,633 3,403
16 2,13 2,95 4,07 100 1,984 2,627 3,392
17 2,12 2,92 4,02 120 1,980 2,617 3,374
18 2,11 2,90 3,97 1,960 2,576 3,291
19 2,10 2,88 3,92
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3navenns (= q('y , n)

Hooamoxk 4

n ? n y

0,95 0,99 0,999 0,95 0,99 0,999
3) 1,37 2,67 5,64 20 0,37 0,58 0,88
6 1,09 2,01 3,88 25 0,32 0,49 0,73

0,92 1,62 2,98 30 0,28 0,43 0,63
8 0,80 1,38 2,42 35 0,26 0,38 0,56
9 0,71 1,20 2,06 40 0,24 0,35 0,50
10 0,65 1,08 1,80 45 0,22 0,32 0,46
11 0,59 0,98 1,60 50 0,21 0,30 0,43
12 0,55 0,90 1,50 60 0,188 0,269 0,38
13 0,52 0,83 1,33 70 0,174 0,245 0,34
14 0,48 0,78 1,23 80 0,161 0,226 0,31
15 0,46 0,73 1,15 90 0,151 0,211 0,29
16 0,44 0,70 1,07 100 0,143 0,198 0,27
17 0,42 0,66 1,01 150 0,115 0,160 0,211
18 0,40 0,63 0,96 200 0,099 0,136 0,185
19 0,39 0,60 0,92 250 0,089 0,120 0,162
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Hooamok 5

Kputuyni Touku posnoainy ®@imepa (F-po3noainy)

PiBens 3nauymocti 0,05

k2 1 2 3 4 5 6 12 24 0
1 164,4 | 199,5 | 215,7 | 224,6 | 230,2 | 234,0 | 244,9 | 249,0 | 254,3
2 185 | 92 | 192 | 193 | 193 | 193 | 194 | 195 | 195
3 10,1 | 9,6 9,3 91 9,0 8,9 8,7 8,6 | 85
4 7,7 6,9 6,6 6,4 6,3 6,2 5,9 5,8 | 5,6
5 6,6 5,8 5,4 5,2 51 5,0 4,7 45 | 44
6 6,0 51 4,8 4,5 4,4 4,3 4,0 3,8 | 3,7
7 5,6 4,7 4,4 4,1 4,0 3,9 3,6 34 | 3,2
8 5,3 4,5 4,1 3,8 3,7 3,6 3,3 31 129
9 51 4,3 3,9 3,6 3,9 3,4 3,1 29 | 2,7
10 5,0 4,1 3,7 3,9 3,3 3,2 2,9 2,1 | 25
11 4,8 4,0 3,6 3,4 3,2 3,1 2,8 26 | 24
12 4,8 3,9 3,5 3,3 3,1 3,0 2,7 25 | 23
13 4,7 3,8 3,4 3,2 3,0 2,9 2,6 24 | 2.2
14 4,6 3,7 3,3 3,1 3,0 2,9 2,5 23 | 21
15 4,5 3,7 3,3 3,1 2,9 2,8 2,5 23 | 21
16 4,5 3,6 3,2 3,0 2,9 2,7 2,4 22 | 20
17 4,5 3,6 3,2 3,0 2,8 2,7 2,4 22 | 20
18 4,4 3,6 3,2 2,9 2,8 2,7 2,3 21 119
19 4,4 3,5 3,1 2,9 2,7 2,6 2,3 21 | 138
20 4,4 3,5 3,1 2,9 2,7 2,6 2,3 21 | 138
22 4,3 3,4 3,1 2,8 2,7 2,6 2,2 20 | 138
24 4,3 3,4 3,0 2,8 2,6 2,5 2,2 20 | 17
26 4,2 3,4 3,0 2,7 2,6 2,4 2,1 19 | 1,7
28 4,2 3,3 2,9 2,7 2,6 2,4 2,1 19 | 16
30 4,2 3,3 2,9 2,7 2,5 2,4 2,1 19 | 16
40 4,1 3,2 2,9 2,6 2,5 2,3 2,0 18 | 15
60 4,0 3,2 2,8 2,5 2,4 2,3 1,9 17 | 14
120 3,9 3,1 2,7 2,5 2,3 2,2 1,8 16 | 1,3
o0 3,8 3,0 2,6 2,4 2,2 2,1 1,8 15 | 1,0
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IIponoBkeHHs nonarka 5

PiBens 3nauymocti 0,01

_kz 1 2 3 4 5 6 8 12 24 0
1 | 4052 | 4999 | 5403 | 5625 | 5764 | 5859 | 5981 | 6106 | 6234 | 6366
2 198519901992 993 993 | 994 | 993 | 994 | 99,5 | 995
31341 308 | 295|287 | 282|279 | 275|271 | 26,6 | 26,1
4 1212|180 | 16,7 | 160 | 155 | 152 | 148 | 144 | 139 | 135
5163 133121 114|110 | 10,7103 | 99 | 95 | 90
6 | 1371109 | 98 92 | 88 | 85 8,1 7 | 73 | 69
71123 | 96 | 85 /9 | 75 | 72 | 68 | 65 | 61 | 57
8 1113 | 87 7,6 /70 | 66 | 64 60 | 57 | 53 | 49
91106 | 80 70 | 64 | 61 5,8 55 | 51 | 47 | 43
10| 100 | 76 | 6,6 60 | 56 | 54 | 51 | 47 | 43 | 39
11| 9.7 7,2 | 62 5/ | 53 | 51 | 47 | 44 | 40 | 36
12| 93 | 69 | 6,0 54 | 51 | 48 | 45 | 42 | 38 | 34
13| 91 | 6,7 | 57 52 | 49 | 46 | 43 | 40 | 36 | 3.2
141 89 | 65 | 56 50 | 47 | 45 | 41 | 38 | 34 | 30
15| 87 | 64 | 54 | 49 | 46 | 43 | 40 | 37 | 33 | 29
16| 85 | 6,2 53 | 48 | 44 | 472 39 | 36 | 32 | 28
17| 84 | 61 | 52 | 47 | 43 | 41 38 | 35| 31| 27
18] 83 | 60 | 51 | 46 | 43 | 40 3,/ | 34| 30| 26
19| 82 | 59 | 50 | 45| 472 3.9 36 | 33| 29| 24
200 81 | 59| 49 | 44| 41 | 39 36 | 32| 29| 24
22| 79| 57| 48 | 43 | 40 | 38 35| 31| 28| 23
24| 78 | 56 | 47 | 42 | 39| 37 33| 30| 27| 272
26| 7,7 | 55| 46 | 41| 38| 36 33| 30| 26| 21
28| 76| 55| 46 | 41| 38| 35 32| 29| 25| 21
30| 76| 54| 45| 40| 3,7 | 35 32| 28| 25| 20
40| 73| 52| 43 38 35| 33 30 27| 23 1,8
60| 71| 50| 41 3,7 | 33| 31 28 | 25| 21 1,6
12| 69| 48| 40 35| 32| 30 2,/ | 23| 20 14
©o| 66| 4,6 38| 33| 30| 28 25| 22 1,8 | 1,0
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Hooamox 6

Kpurnuni Touxkn po3noginy Creronenra (t-po3noaiy)

Yucno cTyneHis PiBeHE 3HAYVINIOCTI.
cBobou, k 0,20 0,10 | 0,05 | 0,02 | 0,01 | 0,002 0,001
1 3,08 (631 | 12,7 |31,82 |63,66 |127,32|636,62
2 1,89 292 430 |6,97 |993 |14,09 | 31,60
3 164 | 235 |318 |454 |584 | 745 | 12,94
4 153 [ 2,13 |2,78 |3,75 |460 | 560 8,61
5 1,48 | 2,02 | 257 |337 |4,03 |4,77 6,86
6 144 1194 | 245 |314 |3,71 | 4,32 5,96
7 1,42 1190 |236 |300 |350 |4,03 5,41
8 1,40 | 186 |231 |29 |336 | 3,83 5,04
9 1,38 | 1,83 | 226 |282 |325 | 3,69 4,78
10 1,37 | 1,81 | 223 |27 |317 | 3,58 4,59
11 1,36 | 1,80 | 2,20 |2,72 |3,11 | 3,50 4,44
12 1,36 | 1,78 | 2,18 | 2,68 | 3,05 | 3,43 4,32
13 1,35 | 1,77 | 216 |265 |3,01 | 3,37 4,22
14 1,34 | 1,76 |2,14 |2,62 |298 | 3,33 4,14
15 1,34 | 1,75 | 213 |260 |295 | 3,29 4,07
16 1,34 | 1,75 | 2,12 |258 |292 | 3,25 4,02
17 1,33 | 1,74 | 211 |257 |290 | 3,22 3,97
18 1,33 | 1,73 | 210 |255 |288 | 3,20 3,92
19 1,33 | 1,73 |209 |254 |286 | 3,17 3,88
20 1,33 | 1,73 |209 |253 |285 | 315 3,85
21 1,32 | 1,72 |2,08 |252 |283 |314 3,82
22 1,32 | 1,72 |207 |251 |282 |312 3,79
23 1,32 | 1,71 |20/ |250 |281 |3,10 3,77
24 1,32 | 1,71 |206 |249 |280 | 3,09 3,75
25 1,32 | 1,71 | 2,06 |248 |2,79 | 3,08 3,73
26 1,32 | 1,71 | 2,06 |248 |2,78 | 3,07 3,71
27 1,31 | 1,70 | 2,05 | 2,47 |2,77 | 3,06 3,69
28 1,31 | 1,70 |205 |247 |2,76 | 3,05 3,67
29 1,31 | 1,70 | 2,04 |246 |2,76 | 3,04 3,66
30 1,31 | 1,70 |2,04 |246 |2,75 | 3,03 3,65
40 1,30 | 168 |202 |242 |2,70 |297 3,55
60 1,30 | 167 |2,00 |239 |266 |2091 3,46
120 1,29 |166 |198 |236 |262 |286 3,37
o0 1,28 |164 |19 |233 |258 |281 3,29

87




CIIMCOK PEKOMEH/OBAHOI JIITEPATYPU

Ochnoena
1. by6nsk T. I. Buma maremaTtuka : HaByanbHMW nociOHUK. JIbBiB : HoBuii
cBiT, 2023. 436 c.
2. BacunpkiB . M. Buma maremartuka: Y.1: JliniiiHa anreOpa 1 aHajdiTHYHA

reoMeTpis : HaByalbHUM NOCIOHUK. JIbBIB : JIbBIBCHKMII HAalllOHAJIBHUN YHIBEPCUTET
imeH1 IBana ®panka, 2021. 64 c.

3. Bacunpuenko 1. II. Buma marematuka (cmemianbhi po3giim). Kui :
Konnop, 2021. 352 c.
4, Buroguep 1. B., Moiceenko C.B. Buma Ta nmpukiagHa maTeMaTuKa :

HaBuanbHUM mociOHUK. XepcoH : Kumxkose BuaaBuunrso ®OIl Bumemupcrkuit B. C.,
2024. 154 c.

S. Buia matemaTuka. AHaniTHyHa reoMeTpis Ta JiiHilHa anredopa. Enementu
BEKTOpHOI anredpu : xoHcmekT Jyekiii / O. B. Ky3sma, O. B. Cynima, T. O. Pynuk [Ta
1H.]. KuiB : KIII im. Irops Cikopcbkoro, 2021. 127 c.

6. I'pumamtok I1. I1., Kyxapuyk M. M., fcincekuii B. B. Buma maremaruka :
HaBYaJIbHUI MociOHUK. y 2 4. 4.1 / 3a. pen. 1. B. Ckpunuuka. Kuis : Bino:x, 2020. 376 c.

7. I'pumantok I1. 1., Kyxapuyk M. M., fcincekuii B. B. Buma maremaruka :
HaBYaJIbHUI MOCIOHUK. y 2 4. 4. 2 / 3a. pex. I. B. Ckpunuuka. Kuis : Binosn, 2020. 400 c.

8. Komsma P. B., Meapuuk I. O., Meapank O. M. Bwuma maremaTuka .
HaB4YaJabHUM MociOHMK. JIpBIB . Marnomist 2006, 2024. 342 c.
0. KprokoB M. M., Kpmxkanocbka T. B. Kypc Bumoi marematuku

HaB4anbHuM nocionuk. T. 2. Kuis : KYETT, 2021. 335 c.

10. Mamspen, JI. M., IleBuenko O. K., MaptunoBa O.B. Ilpuxknagna
MaTeMaTHKa : HapdaibHUM nocionunk. XapkiB : XHEY im. C. Ky3nens, 2021. 201 c.

11. Marematuka B TEXHIYHOMY YHIBepcuTeTi : migpyddauk. T. 3.
/1. B. AnekceeBa, B. O. T'aiigeit, O. O. duxoBuunuii, JI. b. ®emoposa. Kuis : KIII im.
Iropst Cikopcbkoro, 2021. 454 c.

12. Tlpuxnmagna wmatematuka : migpyuynuk / b. O. fzmok, A, L. I'ynei,
O. O. KpacHopyupkuii [Ta iH.]. Tepnomnins : 3YHY, 2021. 376 c.

13. Camoiinenko A. M., Kpuomes C. A., Ilepectiok M. O. JludepeniianbHi
piBasHHA. KuiB : JIu6ias, 2020. 504 c.

14. CkypatoBcbkuii, P. B. Buma Maremaruka 3 NpUKIagamMu Ta 3ajJadyaMy :
nigpyunuk. Kuis : HamionansHa akagemist ynpasiiaas, 2021. 232 c.

ooamkoea

1. byrip M. K. Maremaruka /jisi €KOHOMICTIB : mociOHuK. KuiB : Akamemis,
2003. 520 c.

2. Bacunpuenko I1.1. Buma matemaTrka Ju1si €EKOHOMICTIB : MApyYHHUK. KUiB :
3unanus-IIpec, 2002. 454 c.

3. Kpusyna B. I'., bapkoscekuii B. B., bapkoscbka H. B. Bumma maremaruka.
[Ipaktuxym. Kuis : HYJI, 2003. 536 c.

4., Coxkonenko O. 1. Buma maremaruka : migpyunuk. Kuis : Axagemis, 2002.
432 c.

88



SMICT

BCTYI. oo 3
[IpaBuiia BUKOHaHHS Ta OPOPMIICHHS POOIT........e'enneen.. 5
3anaua 1. JludepeHiaTbHE YUCTICHH . ... uvvveeneeeennnnnnn.. 12
3amaya 2. [HTErpaIbHE YUCTCHHS ... eveeenneeeernnnnnannss. 16
3anpaua 3. Teopis iimoBipHocTel. @opmyna beprymi...... 37
3apnaua 4 dopmyna Myaspa-Jlamnaca..................ceeeeee. 38
3apaua 5.@opmyna [lyaccoHa...........coevviiiiiiiiiiinnnn, 39
3apgauya 6. MarematnuHe O4YiKyBaHHS, TUCTEPCI. ......... 50
3anpaua 7. [IpaBuiao MaKOpaHTHOCTI CEPENIHIX............... 57
3anaua 8. [lokaznuku Bapiamniid. [loniron. I'icrorpama...... 60

3apaua 9 KopensuiifHo-perpeciiinuii MeToJ1 B arpoHomii ...68
JIOMATKM. ... i, 82

CIHCOK PEKOMEHIOBAHOT JIITEPATYPH. .. vvvvenreeanrnrneennnns 88

89



HaBuanrae Buganas

BUILIA MATEMATHUKA

KoHTposibHI 3aBAaHHs Ta METOIMYHI PEKOMEHIaIll1

VYxknanau: bormanos Cepriit [BaHoBuY

®dopmar 60x84/16 Ym. npyk. apk. 5,0
Haxkmanx 2,0 mpum. 3am. Ne

HanpykoBaHo y BUZaBHHUOMY BiILTI
MukoJ1aiBChKOT0 HaIliOHATBHOTO arpapHOTO YHIBEPCUTETY
54020, m. Mukomnais, Bya. I'eopris I'onramze, 9

CeinonrBo cy6’exra BumaaBan4oi cpau JIK Ne 4490 Bin 20.02.2013 p.

90



