XMEJIbBHUIIBKA OBJIACHA PAJIA
XMEJIbHUIIbKA YHIBEPCUTET YIIPABJITHHSI TA IIPABA
IMEHI JIEOHIJIA IO3bKOBA

3ATBEP/I>)KEHO
PimeHHs MeToAMYHOT pajn
YHIBEPCHUTETY

22 orcoemus 2025 poky
IIpomokon Ne 2

['o;moBa MeToMyHOT paau

Ipuna KOBTYH

(mmiamnuc)
(1H1I1Q)IH, TIP13BHUILIE)
22 ocoemus 2025 poxy
M.IL

HABYAJIBHO-METOANYHI MATEPIAJIN
3 HABYAJIbHOI AU CUUILTIHA
«BUIIA TA ITIPUKJIAJTHA MATEMATHUKA»
JJISl MIATOTOBKH HA MEPIIOMY OCBITHbOMY PiBHi
3100yBayviB BHIIIOI OCBITH CTyNeHsl 0aKajiaBpa
3a cneniaabHicTiO D2 MinaHcu, 0aHKIBCbKA cClIpaBa, CTPaXyBaHHA Ta
(oH10BHIT PUHOK
rajay3i 3Hanb D Bi3Hec, agmiHICTpyBaHHs Ta IpaBo
3a ICHHO (DOPMOI0 HABYAHHS

M. XMEJILHULBKUMN

2025



PO3POBHUKMU:

JlonienTka kadenpu ¢inanciB, 0aHKIBCHKOT CIIpaBH,
CTpaxyBaHHs Ta ()OHIOBOTO PUHKY,
KaHIUIaTKa CKOHOMIYHHMX HayK, TOIICHTKA

B.o. nouentku kadenpu ¢piHaHCiB, 0aHKIBCHKOI CIPaBH,
CTpaxyBaHHs Ta ()OHI0BOTO PUHKY,

KaHJUJaTKa MeJaroriyiux HayK, JOLEHTKa

25 BepecHs 2025 poky

CXBAJIEHO

Pimenns kadenpu ¢inanciB, 0aHKIBCbKOI CTIpaBH,
CTpaxyBaHHsI Ta (OHIOBOTO PHHKY

25 BepecHs 2025 poky, mpoTtokos Ne 2

3aBigyBauka kadeapu, KaHAUIaTKa CKOHOMIYHUX
HayK, JIOI[CHTKa
25 BepecHs 2025 poky

Jexaneca ¢gakyabTeTy yIpaBIiHHSA Ta EKOHOMIKH,
KaHMaTKa eKOHOMIYHHUX HAYK, JIOIICHTKA
22 xoBtHs 2025 poky

O6mnikoBuii 06car — 2,45 ym. 1ip. apk.

Teraaa PACOJIBKO

Jlrommuna HOBULIBKA

Amna KPYILIMHCBKA

Tersuna TEPEILIEHKO



pwn

3MICT

CTpyKTypa BUBUCHHS HAaBYAIBHOI JUCIUILTIHU

1.1.
1.2.
1.3.
14.
1.5.

TeMaTHuHUN I1aH HABYAJIHHOT JUCIIATLIIHU
Jlexki

CemiHapchbKi 3aHATTS

CamocriitHa po0oTa CTy/IeHTIB

[TimcyMKOBHIT KOHTPOIH

15.1. TlutanHs 11 TiACYMKOBOTO KOHTPOJIIO
1.5.2. Crpykrypa ex3ameHalliifHoro Ouiera

Cxema HapaxyBaHHs OaJliB
PexomennoBani mkepena
[ndopmariiitai pecypeu B [nTepHeTi



1. CTpykTypa BUBYEHHS HABYAJIbHOI JUCHUILTIHI

1.1. Temamuunuii nnan HaguanbHOT OUCUUNTIHU
KinekicTs roany
Jlenna ¢hopma HaBYaHHS 3aouyHa (hopma HaBYAHHS
Ne y TOMY YHCII y TOMY YHCII
Te- Hazga temu Sl ] ] ] e _ ]
S| = o el o ol El.d & 4
M 5| 2|88 & 8| 2| 2| £/38¢8 § =
»EQE & 2| 7| B|P8 & & ©
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13| 14
1 Enementu Teopu 6 5 5 B B 5 6 B B L 6
BHU3HAYHUKIB
5 OcHoBH Teopii | 5 5 B 5 6 . N I
MaTpPHIIb
CucreMu  JIHIHHHUX .
3. anreOpaiyHuX 8 | 2 2 - | -] 4 8 | 2 - | -1 6
piBHSIHB
" d)yHKulpHanLHa 6 2 2 3 B 2 6 _ - 1_1 6
3QJIC)KHICTb.
5. OcHoBH Ieopu 8 5 5 B B 4 8 _ 5 I I S
rpaHuib GYHKIIT
6. | lenepepmiict 8 |2 2 | - | |48 || -|-|-|c¢s
byHKIil
7. IToxigHa GyHKIIT 8 2 2 - - 4 8 2 - | -] -1 6
8. Hubepenmian pynkiii | g | o 2 _ | Z 6 | - | - | - | -1 6
3acTocyBaHHS B
g, | MOXVIO! Ol g 2] 2 4 | 8 2 |- |- s
JIOCIT TKCHHS
byHKIil
10, | Hepnsnaternii 8 2|2 | -|-|4]8|2|-|-|-|cF®
iHTerpaln
1, | DusHaCHM 8 2| 2 | - | -|4|8|2|-|-|-|c%®
IHTETpaI
1p, [OCHOBHIMOHATIA | g | 5 | 5 | | | g g | | |_-|_|s8
Teopii iMOBIpHOCTEH
Teopemu MHOXKEHHS 1
13, |AomamammAz ol g o 2 | | - |4 |82 - |-|-]|F®
HMOBIpHOCTEH Ta iX
HACJI KU
14, IToBTOpHI HE3aMEKH1 8 5 2 B B 4 8 _ o | |~ 6
BUIPOOYBaHHS
15, JluckpeTHi BUNIAAKOBI g | 2 ) | 4 s | -1 2l_1_1%
BEJIMYMHU
16, | Hemepepail 8 2| 2 | - |- |48~ -|-|-|B8
BHITAJIKOB1 BEJTUIHHHI
Bcboro roaus: 120 | 32 | 32 - - 56 | 120 | 10 | 8 - | = 1102




1.2. Jlekmii

Ne . Jlenna
Ha3sBa 1 nmnan temMn
3/m dbopma
1 2 3
EsiemeHTH Teopii BU3HAYHHUKIB 2
1.1. | IloHATTS BU3HAYHUKA Ta HOTO MOPSIOK.
1.2. | BusHauHukd Jpyroro 1 TpeThoro mopsakiB. OCHOBHI  BIacTHUBOCTI
1.3. | BU3HAYHUKIB.
1.4. | O6unceHHs BU3HAYHUKIB 32 TEOPEMOIO PO3KJIaIaHHS.
OcHoBH Teopii MaTpHLb 2
2.1. | Minopu i anreOpaiuni nonoBHeHHA. Po3Ki1agaHHg BUSHAYHUKA 33 €JIeMEHTaMH
psaka abo CTOBIILS.
2.2. | Bunu matpunb. EnemenTapHi nepeTBopeHHs MaTpuilb. Panr maTpwiii.
2.3. | HobyTtok matpuni. O6epHeHa MaTpud. JJo0yTOK NPSIMOKYTHUX MaTPHLIb.
2.4. | JlonaBaHHS MaTpPHIIb i MHOKEHHS MaTPHUIIb HA YHCJIO.
2.5. | MarpuuHi piBHSHHSI.
Cucremu JIiHIHUX aJreOpaiyHuX PiBHSAHb 2
3.1. | [loHATTS PO CUCTEMU JIIHIHHUX PiBHAHB. PO3B'I30K CHCTEMH JTIHIHHUX
PIBHSIHB.
3.2. | CyMicHi 1 HECyMiCHI cUCcTeMH piBHSAHb. BU3Ha4eHi 1 HeBU3HAUEHI CUCTEMH
JTHIMHUX PIBHSIHB.
3.3. | Po3B's3yBaHHs cUCTEM PIBHSIHBb METOJIOM TOCIIIOBHOTO BHKJIIOUCHHS
HeBioMux (MeTonoM ["ayca).
DYHKIIOHAJIbHA 32JIEKHICTh 2
4.1. | [onsarra ¢ynkuii. Crnocodu 3amaBanHa ¢yHKIii. OOMacTh BU3HAYCHHS Ta
001acTh 3HaUY€Hb (PYHKIII.
4.2. | BnactuBocTi (QyHKIINA: OOMEXKEHICTh 1 HEOOMEXKEHICTh, 3pOCTaHHS W
cnajaHHs QyHKII{, MapHICTh 1 HEMAPHICTh, NEPIOJUYHICTb.
4.3. | Knacudikamis ¢ynkmin. Emementapni ¢yskmii Ta ix rpadiku. I[loHaTTs
o0epHeHOi (yHKIII].
OcHoBH Teopii rpanub QyHKIii 2
5.1. | UucnoBa mocmigoBHiICTh. O3HAYEHHS TPAHUII TTOCIIJOBHOCTI.
5.2. | HeckiHueHHO Malli Ta BEJIWKI BETMYMHH.
5.3. | O3navenns rpanuil ¢yHkuii. OqHOCTOpOHHI rpanuIl. BimactuBocti QyHKITIH,
5.4. | 110 MarOTh CKIHYEHHI TPAHUIII.
5.5. | Busnauni rpanui.
HenepepBHicTh PyHKILiT 2
6.1. | O3nauenHs HemepepBHOCTI (yHKIiT B Toumi. HenepepBHicTes QyHKIII Ha
6.2. | BiIpi3Ky.
6.3. | ApucdmeTnuHi oneparii HaJ HeepepBHUMHU (PYHKLISIMHU.
6.4. | Knacudikamist po3puBiB.
6.5. | BractuBocTi HenepepBHuX GyHKIH. HenmepepBHICTh eneMeHTapHUX (yHKITIH.
Hoxigna gpyHkuii 2
7.1. | O3nHauenHs mnoxigaHoi. ['eoMeTpuyHUl Ta EKOHOMIYHHUN 3MICT MOXITHOI.
7.2. | Iloxinni enementapuux Qynkuid. [ToxigHa obepaenoi GpyHKIi.




7.3.

Tabmuus noxigaux. [paBuna o04YHCICHHS TOXiTHUX.

7.4. | Tloximna ckmannoi GyHKIi. [ToXimHI BUIIUX TOPSIKIB.
7.5. | IlpaBuno  Jlomitana  oOuucieHHs  rpaHunb.  OCHOBHI  TeopemH
T EepeHIIaTbHOTO YUCTICHHS.
JAndepennian pynxuii
8.1. | Busnauennss mudepenmiany. Judepenmian cymm, 100yTKy 1 YacTKH.
8.2. | InBapianTHicTh hopmu nepiroro qudepeHiiany.
8.3. | Audepenuiany BUIUX MOPSIKIB.
8.4. | 3acTrocyBaHHs quQepeHIiany 10 HaOIMKEHIX 00UNCIICHb.
3acTocyBaHHs NMOXIiJHOI 10 JOCJIzKeHHs] QYHKIIT
9.1. | MOHOTOHHICTB Ta EKCTPEMYMH (YHKIII].
9.2. | OnyKJIiCTh, yTHYTICTh T4 TOYKHU NIEPETHHY.
9.3. | 3arasipHa cxema JOCHiKeHHs Ta Mo0yaoBa rpadika GyHKIi.
HeBu3zHaveHnuii inTerpaJj
10.1. | [TonarTs mepBicHOT QyHKLIT 1 HEBU3HAYEHOTO iHTErpainy. I'eomeTpuyHuii Ta
€KOHOMIUHUH 3MICT IHTETpaIy.
10.2. | Tabnuus ocHoBHHMX iHTerpaniB.  OCHOBHI BIIACTHBOCTI HEBHU3HAYECHOTO
10.3. | iaTerpay.
10.4. | Haitnpocrini MeToIu 1HTErpyBaHHS: METOJ Oe3M0CepeIHbOr0 1HTErpyBaHHH,
3aMiHa 3MiHHOI Y HEBU3HAYEHOMY 1HTErpai, iHTerpyBaHHs YaCTUHAMH.
Buznauyenuii inTerpaj
11.1. | [lonaTTs BU3HAYEHOro iHTerpany. BracTUBOCTI BH3HAYEHOrO IHTErpaiy.
11.2. | ®opmyna Hetorona-JleiOHuUIIS.
11.3. | 3amina 3MiHHOI y BH3HA4€HOMY IiHTerpasi. I[HTErpyBaHHS YacCTHHaMHU.
11.4. | T'eomeTpuuHI 3aCTOCYBaHHS BU3HAYCHOTO IHTETPAITY
OcHOBHI NOHATTS Teopil iIMOBipHOCTEI
12.1. | EnemenTH KOMOIHATOPHKY B T€OPii HIMOBIPHOCTEH.
12.2. | BunagkoBi momii Ta iXx kiacudikaitisg. KimacuyHe o3HaYeHHS WMOBIPHOCTI.
12.3. | OcHOBHI BIacTHBOCTI HMOBipHOCTEW. BinHOocHa YacToTa BHIIAQAKOBOI MO
12.4. | Oneparii Hag mogissMu (anreOpa moiiii).
TeopeMu MHOKeHHH i J0aBaHHsI HMOBiIpHOCTEH Ta iX HaCaiAKH
13.1. | YmoBHa iimoBipHicT. Teopemu 107aBaHHA 1 MHOXXEHHS WMOBIpHOCTEH.
13.2. | Hacnigkwu.
13.3. | ®opmyna MOBHOI IMOBIPHOCTI.
13.4. | ®opmynu baiieca.
IToBTOpHI He3aJ1esKkHI BUNIPOOYBAHHA
14.1. | Cxema BumnpoOyBanb bepnymii. ®opmyna bepnysii. HaitimoBipHime uucio
[IOSIBU I1OMi1.
14.2. | JloxansHa popmyna Myaspa-Jlamnaca.
14.3. | TarerpamsHa ¢popmyira Myaspa-Jlammaca. @opmymna [Tyaccona.
14 .4, ﬁMOBipHiCTB BIOXWJIEHHS BITHOCHOI dYacTOoTW momili Bifg 11 ITOCTIHHOI

HMOBIPHOCTI.




JInckpeTHi BUNIAAKOBI BEJIMYNHHU 2

15.1. | BunagkoBi BeNWYMHM Ta iX BHUAM. 3aKOH pO3MOILTY HMOBIpHOCTEH
JIUCKPETHO1 BUMAKOBOI BETUYUHHU.

15.2. | OcHOBHI pO3MOAINIM TUCKPETHUX  BHUIAJKOBUX BEIUYMH: PIBHOMIPHHH,
O6inomianpHUH, [TyaccoHiBChKHIA.

15.3. | YncnoBi XapakTepUCTUKU JUCKPETHUX BUIAJKOBUX BEIMYMH Ta iX
BJIACTUBOCTI (MaTeMaTHYHE CHOJIBaHHS, IUCIEPCis, CepeIHbOKBAJApaTHYHE
BIIXUJICHHS).

HenepepBHi BUNaagKkoBi BeJ THYUHHU 2

16.1. | ®yHKuig po3noaly WMOBIpHOCTEH HeNepepBHOI BUIAAKOBOI BEJMYMHU 1 11
BJIACTUBOCTI.

16.2. | 'ycTuna posmonixy HMOBIpHOCTEH Ta i BIaCTUBOCTI.

16.3. | HopmanpHuii 3akoH. 3aKOH PIBHOMIPHOTO po3mojiny. Iloka3HMKOBUN 3aKOH.
16.4. | YucnoBi XapakTepUCTUKHM HENEPEpBHUX BUIAJKOBUX BEIMYMH Ta iX
BJIACTUBOCTI (MaTeMaTHYHE CHOJIBAaHHS, IUCIEPCis, CepeIHbOKBAJApaTHYHE
BIIXUJICHHS).

1.3. Ceminapcoki 3anamms

Ceminapcoke 3anammsa 1
Tema. EjlemenTH Teopii BU3HAYHHKIB

Humanns o5 ycho2o onumyeants ma OUCKycil

1. OGurcneHHs BU3HAYHUKIB JIPYTOTo 1 TPETHOTO MOPSIKIB.
2. BUKOpUCTaHHS BIIACTUBOCTEH BU3HAYHHKIB JIJIsl CITPOIICHHS OOYNCIICHB.
3. IlepeTBOpeHHSI BU3HAYHHKIB 32 JIOTIOMOT OO €JIEMEHTAPHUX OIEepallii.

Ayoumopna nucbmosa poboma

Migxmountucs 1o Google Classroom. Koa moctyny Hajgae BUKIagad Ha JTEKITISX.

BukoHaHHS CTyJeHTaMH TECTOBHX Ta IHIUBIIyaJbHHUX 3aBJaHb 3 MUTaHb TEMH 3aHSATTS.
Ceminapchki/TabopaTopHi Ta 1HAUBIAyanbHI 3aBAaHHs MicTAThcs B Google Classroom B mamii
Cewminapcrki/JlabopaTopHi 3aBHaHHS.

Memoouuni exazieku

Knwuosumu mepminamu, Ha po3ymiHHI AKUX O0A3YEMbCA 3AC60CHHA HABUATILHO20
Mamepiany memu, € : BUSHAUHUKH JPYTOro 1 TPeThOTo MOPsAKiB. B1acTUBOCTI BUBHAYHUKIB.

3 memoio 2nub0K020 3aC80€HHA HABUALHO20 MAMeEPIany NPpU CAMOCMIHOMY 6UEUEHHI
memu CmyoeHmy 6apmo 0coo0augy yeazy 30cepeoumu Ha MaKux acneKkmax.
Bu3HayHUKOM (IeTePMiHAHTOM) APYIOro NOPS/IKY HA3UBAETHCS BUPA3
A b
a2 b2

Hpuxaan: po3s’s3atu MetooM Kpamepa cucremy piBHSIHb

D a1b2 - aZbl



7Xx—6y=5
8x—-7y =-10

Po3B’s13yBanHs.

7 -6
Maewmo: D=‘8 7‘=7-(—7)—8-(—6)=—1(¢ 0),
5 -6
= =5-(—-7)-(-6)-(—10) = -95
5 s En-Co
_[ =7-(-10)-5-8=-110
Y8 -10 -
[TimcTaBuMO 3HAYCHHS BUBHAYHUKIB, OJIEPKYEMO PO3B’ 30K CUCTEMH :
Dx -95
X=—=—-=95
D -1
— Dy = —110 =110
D -1

Binmosins: popmyiu (11) marote po3s’asok cuctemu ( 7): X =95,y =110.

Bu3zHauHuKH TPETHOI0 MOPHAAKY.

BusHauyHUKOM (I€TEPMIHAHTOM) TPETHOTO MOPSJIKY Ha3UBAETHCSA BUPaA3

& b ¢
b, ¢ a, C a, b
D:a2 b2 C2:a1b2 C2 _bl 2 C2+C1a2 b2
a3 b3 03 3 3 a3 3 3 3
1 0 2
Hpukaan: obuncimmo Bm3HayHMK D =2 0 4| . Kopucryrouuch o3HaueHHSM,
3 -1 5
0 4 2 4 |2 O
maemo: D = -0 +2 =1-(0+4)-0+2(-2-0)=4-4=0.
-1 5 |3 5 (3 -

Ipukaan.
1 2 3 1 2 3 5 5
2 -1 4=10 -5 -2/= =-55+14=-41
7 11
-3 1 20 0o 7 11

(mepmmii psAOK MHOXKUMO Ha (-2) 1 T0AaeMO A0 APYToro; Mepiuid psSaoK MHOXKHUMO Ha 3 1
JOJTAEMO JIO TPETHOTO). 3aBISKH BIACTUBOCTSM BH3HAYHUKIB I OOYMCICHHS BHU3HAYHUKA
TPETHOTO TIOPSAKY HaM JIOBEJIOCS OOYHCIIOBATH HE TPH, a JIUIIEC OJUH BH3HAYHHK JPYTOTO
HOPSIZIKY.

AHanoriyHo TOMy, SK MU BBEIM O3HAUEHHS BU3HAYHUKA TPETHOTO TMOPSAKY Yepe3
BU3HAYHUKH JIPYTOr0 MOPSIKY, MOKHA BBECTH TOHSTTS PO BU3HAYHUKH YETBEPTOTO MOPSIKY
Yyepe3 BUBHAYHUKH TPETHOTO TOPSIIKY:



a b ¢ d

a, b C1 d1 , € d, d, a, b, d, a8, b, ¢

3.2 b2 C2 d2 =q b3 C, d3 - bl a; d3 +Cy|a; b3 d3 N dl % b3 G

a3 b3 C3 d3 , € d, d, a, b, d, a, b, c,
!

IMpakTuune 3aBaanHsi: /I BUKOHAHHS 3aBJAHHS CTYJCHT OOMpae BapiaHT 3riJHO
HaJJAHUMH HOMY HOMEPOM Ta mapameTpom K .

OOYHUCIUTU BU3HAYHUKU JBOMA CIIOCOOAMM;
TIePETBOPCHB;

a) 3a JIOIIOMOIOI0 E€JIEMEHTapHUX

0) pO3KJIABIIIHN 32 €JIEMEHTaMU PsijiKa (CTOBIILIS).

k k+1 k+1 k-9 k-2 4 -k k-1
112 3 0 k+2. g | K k+2 1 4
—k k+2 —k-1 9-k| 13 0 -1 k-2
-1 2 k+4 1 2-k -6 k 1-k
kv#2 1 0 k+3 k+2 k 0 k+2
o k=3 k3 3k 4 | K k+4 -14
k+3 k-2 4 —-k-3 ' 5—k O _3 5_k’
k=1 2 k+2 1-k k3 3 -k k+3

Ceminapcoke 3auamms 2
Tema. OcHOBH Teopii MaTpULb

Humannus ona YCHO2CO Onumy6aHHAa ma ducm}cii'

1. Minopu i anreOpaiuHi nonmoBHeHHA. Po3KiIajaHHS BUBHAYHUKA 32 €JIEMEHTaMU
psiaka abo CTOBIIIS.

Bunun matpuis. EnemMenTapHi mepeTBopeHHs! MaTpHilb. PaHr Matpwiii.
Ho6yTtok Matputii. O6epHeHa MaTpulls. JJo0yTOK MpSAMOKYTHUX MaTpHIlb.
JlogaBaHHS MaTpHIlb 1 MHOXEHHS MaTpPUIlb HA YUCIIO.

a bk~ N

MatpuuHi piBHsHH. OGepHEHa MaTPULIS

Ayoumopna nucoemosa poboma

BukoHaHHS CTyZ€HTaMHU TECTOBHX Ta iHIWBiTyaJbHUX 3aBIaHb 3 MUTAaHb TEMH 3aHATTSL.
CemMiHapchKi Ta 1HIUBIAYyalbHI 3aBaaHHs MicTaThess B Google Classroom B mamnmi CemiHapchbki
3aBJaHHs, BIAIOBIIHA TEMA.

Memoouuni exaziexu

Knwuoeumu mepminamu, na po3yminHi AKUX 0a3ycmovea 3AC60CHHA HABUAILHO20
Mamepiany memu, € :@: BU3HAYHUK, TOPSAOK BH3HAYHMKA, MATPHI, TOJaBaHHS MAaTpPHIIb,
MHO>KEHHSI MaTPHIll HA YUCIIO, TOOYTOK MAaTPHUIlh, OJMHIUYHA MATPHUIlS, HCBUPOKEHA MATPHIIS,
MIHOD, alreOpaiuHe JOMOBHEHHS, OOEpHEHA MATPHIIs, MAaTeMaTHYHA MOJIETTb.

3 Memor 21ub0K020 3AC60E€HHA HAGYANLHO20 Mamepialy npu CamMoCMIiUHOMY 6UBUEHHI
memu CmyoeHmy apmo 0co0augy yeazy 30cepeoumu Ha maKux acneKkmax.



MiHOpOM eJjieMEHTA BM3HAYHMKA TPETHOTO MOPSAIKY, SKUH ONEPKYETHCS 3 JAHOTO
BU3HAYHUKA B PE3yJIbTaTI BUKPECIIOBAHHS CTPOYKM 1 CTOBITYMKA, HA TMEPETHHI SKUX CTOITh
NAHWUH eJIEMEHT.

0 5 1
Hanpukaan, wmiHop enemeHTa S5 Bu3HauHuka |3 —4 2| — e BHU3HAYHUK
-3 -2 _
3 2
=-3+6=3.
-3 —

['oBOpsATH, 110 eJieMeHT 3aliMa€ mapHe Micle, SKIO CyMa HOMEpIiB HOro CTPIYKH i
CTOBITYMKA — YHUCJIO MapHe, 1 HelapHe Miclle, SKII0 CyMa HOMEPIB HOro CTOPYKM 1 CTOBIYMKA —
YKCJIO HETIApHE.

Hanpukjaaa, eneMeHT 5 B TMOINEpPEeIHbOMY MPUKIAAlI 3aiiMae HemapHe wicie, 00
3HAXOAUThCA B 1-1i cTpoulll 1 B 2-My CTOBIUHUKY, a 1+2=3 — uncio HenapHe.

AJure0paiyHuM JONOBHEHHAM (MIHOPOM 13 3HAKOM) €JIeMEHTa BU3HAYHHKA TPETHOTO
MOPSIIKY HA3UBAETHCS MIHOP I[LOTO €JIEMEHTA, B3STUH 13 3HAKOM “TUTIOC”, SIKIO €JIEMEHT 3aliMae
napHe Micle, 1 13 3HaKOM “MiHyC”, SIKIIIO HeTapHe MicCIIe.

& b ¢

Ipukaaj, nus BU3HAYHUKA BUOY (8, D, C,| anreOpaiuHe JONOBHEHHS €lIE€MEHTa &

a, by ¢

b, ¢, - a G
— ne yuciao A = , anreOpaiuHe IOMOBHEHHs eileMeHTa D, — me unciao B, = —

b3 C3 aZ CZ
(anreOpaiuHe NOMOBHEHHS €JIEMEHTIB MTO3HAYAIOTHCS BIATIOBIAHUMHU BEIMKUMU OYKBaMH 3 TUMHU
K CaMHUMH 1HJIEKCaMHu ).

SIKIO eneMeHTH BU3HAYHMKA NPEJCTaBieHi sk a; (I — HOMep CTpOuKH, j — HOMeEp

A 8,
CTOBIYKKA), TOOTO Ko D =|a, @, &, T0, mo3Ha4MBIIHK Yepe3 M, MIHOp eleMeHTa &,
a31 a32 a33
uepe3 A; — anreOpaiyHe JIONIOBHEHHS €lEMEHTA &;;, MAEMO:
_ i+ j
Aij - (_ 1) Mij :

(Tyt (—l)i+j 3a0e3rneuye 3MiHY 3HAKiB: SKIIO |+ | — YUCIIO MapHe, TO (—1)i+j =1, a

SIKIO | + j — umcino Hemapue, 1o (1) = -1).
Martpuui Ta aii 3 HUMH

Martpuuero Ha3uBa€eThCS MPSIMOKYTHA TaONUIIA, CKIIaIeHa 3 yhcel a0 3 (QyHKIIIH.

1 2
3 4 1 SinX  COSX
Hpuxaan:| 7 -5, : .
3 0 2 0 —-3){—-cosx sinx

[{ro Tabnuimro 3amucyroTh B KpyrmMX a0o B KBaJpaTHUX IyXKKax (Ha BIAMIHY Bij
BU3HAYHUKIB). PO3Mipu MaTpuill 3amucyrOTh Tak: Mx N, 1€ M — YHCIO CTPIYOK, N — YHUCIO
CTOBMUUKIB. Tak, HaBEJCHI BUIIE MATPHUIIl MAIOTh BiJIMOBIAHO TaKi po3Mipu: 3x 2;2x3;2x 2.

SIKIO0 YMCNO CTPIUOK MATPHIl AOPIBHIOE YHCIy 1i CTOBMNYMKIB, TO MATPHIIL
HA3UBAETHCS KBAJAPAaTHOIO (OCTAHHS 3 HABEACHUX MATPHULb € KBAJAPATHOIO MATPHUIICIO JAPYTOro
HOPSIKY).



Martpuiis, y SKOi BChOTO OJHH CTOBITYMK a00 OJHA CTpivKa, HA3UBAETHCS BEKTOPOM.
Martpuus, Bci e1leMeHTH K01 JOPIBHIOIOTh HYJIIO, Ha3UBA€ThCA HYIb0BOIO. KBajpaTHa MaTpuLs,
BCl €JIEMEHTH SIKOi JOPIBHIOIOTH HYINIO (KpIM, MOKJIMBO, €IE€MEHTIB, 110 CTOSATh HAa TOJIOBHIN
JiaroHai), Ha3MBAEThCA NiaroHabHOI0. KBampaTHa MaTpuIl, y SKOi BC1 €JIEeMEHTH Ha TOJIOBHIN
JiaroHam JIOPiBHIOIOTH OJWHHWIN, a IHINI — HYJI0, HA3WBAETHCSA OJWHUYHOIO MATPHUICIO 1
no3Hayaetscst E (abo 1).

OO0epHena MaTpuus.

KBanpaTHa MaTpHIlsi HA3UBAETHCSI HEBUPOKEHOO, SKIIO 11 BA3HAYHHUK BIAMIHHHMA BiJ HYJIS.

Marpuns 4™ HasuBaeThCs 06EPHEHOIO 10 MATPHITL 4, AKIIO BUKOHYIOTHCS YMOBH:

ATA=AA=E,

ne E — olMHUYHA MaTpULs.

MoxHa 10BeCcTH, 10 Oy/Ib-sKa HEBHPOKEHA MATPHUILI Ma€ 00CpHEHY, TPHIOMY
eJeMeHTaM1 00EpHEHOT MaTPHIl € alreOpaiuHi JOMOBHEHHS €JIEMEHTIB TPAaHCIIOHOBAHOT
MaTpHIi O BUXIAHOT MaTpulli 4.

1 Ar Ay Ay
A :m A, A, A
As Ay Ag

1
i 24+—-B
IpaxTnune 3apaanns: 3Haiitu AT, B2 106yTku Matpuns AB i BA, cymy 2, pI3HMIO

3AB-B ma obepueny 0o mamuyi B.

121 4 11 2 -1 1 2 3
14=(2 1 2| B=|[-4 2 0. 3. 4=|0 3 4| B=|4 -1 -2|.
1 2 3 1 21 4 5 -1 0 2 1
3 2 1 10 -1 (3 -2 4 1 1 1
2. A=|-1 0 4 B=|3 1 1 4, 4=|0 -1 5}, B=|2 -2 2
2 -2 3 4 2 1 1 4 3 3 -3 0

Ceminapcoke 3auamms 3
Tema. Cucremu JiHIHHUX ajJre0paiyHuX piBHAHb

Iumanns onsa ycnoeo onumyeanus ma OucKycii
1. TloHATTS HpoO CUCTEMH JNiHIHHUX PiBHSIHb. PO3B'SI30K cUCTEMHU JNIHIHHUX PIBHSHb.
2. CyMicHi i HECYMiCHI CUCTEMU PiBHSIHb. BH3HaUeHI 1 HEBU3HAYEHI CHCTEMH JTIHIHHIX
PIBHSIHb.
3. Po3B's3yBaHHS cucTeM PiBHSHB METOJOM MOCIIJOBHOTO BUKIIFOUEHHS HEBIIOMUX
(metomom ['ayca).

Ayoumopua nucemosa poboma

BukoHaHHS CTyJIEHTaMU TECTOBUX Ta IHAWBIAyadbHUX 3aBJIaHb 3 NMUTAaHb TCMH 3aHITTS.
CemiHapchki/mabopaTopHi Ta iHAMBIAyanbHI 3aBAaHHs MicTaThes B Google Classroom B mami
Ceminapceki/JlabopaTopHi 3aBIaHHS.

Memoouuni exaziexu
Kniouosumu mepminamu, Ha po3yMiHHI AKUX OA3YEMbLCA 3AC60EHHA HAGUATLHO2O0
mamepiany memu, € : hopmynu Kpamepa, npsmuii xig metoga ['aycca, MaTpuaHA METOI, paHT
MaTpuIli, METOJl OOBITHMX MIHOPIB, 3BEICHHS MATpHIll A0 TpamnerieBUIHOT (OopMH, Teopema
Kponekepa — Kaneni, cyMiCHICTh (HECYMICHICTh) CUCTEMU PiBHSHb.



3 Memow 21ubd0K020 3AC60ECHHA HAGYAILHOZ0 MAMmMepiany npu camocmiilHoMy 6UBUEHHI
memu CmyoeHmy apmo 0co0augy yeazy 30cepeoumu Ha MaKux acneKkmax.

1.  Meroa Kpamepa.

Po3rasinemo cucremy TpbOX JiHIHHUX PIBHAHb
axX+by+cz=d;
a,x+by+c,z=d, (1)
aX+by+c,z=d,
Po3B’si3koM cuctemu (1) HasuBaeThCs Oyab-fSKa TpiMKa 4YHUCENT (X; Y; Z) , SKa

3aJI0BOJILHSIE CHCTEMY.
Beenemo 1o posrmsany BusHauHuk cuctemu D, a takox BusHaunuku DX, Dy,D, 3a

dbopmynamMu:
a b ¢ d b ¢ a d ¢ a b d
D=l|a, b, ¢,,Dx=d, b, ¢|Dy=|a, d, c|Dz=la, b, d,
a3 b3 C3 d3 b3 CS a3 d3 C3 aS b3 d3

Sxmo D # 0, to cucrema (1) mae enuHull po3B'sI30K, 10 BU3HAYAETHhC (popmynmamu

Kpawmepa:

Dx Dy Dz
X=—y=—2z2=— (2
D y D D @)

(Axmo D =0, to cucrema (1) abo HecymicHa, abo mae 6e31114 PO3B’SI3KiB)
2. Metoa I'aycca.

[cHYIOTB 1 1HIII METOAM PO3B’A3yBaHHS cCHCTeM piBHSHb. [lokakeMo, K po3B’S3YyI0Th
cucteMy N JiHIMHMX piBHSAHB 3 N HeBimomumu MetojgoM [aycca. (K. TI'ayce, 1777 — 1855 —
BEJIMKHUI HIMEIbKUI MaTeMaTHK ); n>2.

[TpoimrocTpyeMo meTon ["aycca Ha mpukiazi, SKMid MA po3B’s13aiu MeToaoM Kpamepa.
(TYT X = X, X, = Y,X; = Z). [lepie piBHAHHS cucTeMH € 3BeJileHUM. [IpoinmtocTpyemMo mpsMuit Xis
metozaa ["aycca 3a JomoMororo nepeTBopeHHs TadbauIi Koeili€HTiB BUXiAHOT CUCTEMH:

1 1 23 1 1 2|3 1 1 2|3 1 1 23
-2 3 14|~|0 5 5|10 (~|/0 1 1|2 (~|0 1 12|
5 -2 41 0 -7 -6-14 0 -7 -6/-14 0 0 1/0
3nificHIo0YM 00epHeHuH xin, ogepxyemo: Z =0,
y+0=2 (orke, Yy =2);
X+2+0=3 (omxe, x=1).
OOuBi BiAMOBIAL CHIiBHAJIH.
3. Po3B’sA3yBaHHs cHCTEM MATPHYHUM METO/I0M.

3a JOMOMOToK MaTpHIlb CUCTEMa TPHOX JIIHIHHUX HEOJAHOPITHUX PIBHAHB 3 TPhOMa
HEBiJIOMUMH 3aITUIIETHCS TaK:

a; A, ;| X% b,
ay @, ay| X |=|b,| abo
a31 a32 a33 X3 b3



ail a12 a13 Xl
(tyr A — Matpuns Bugy A=|4a, a,, ay |, X — Bekrop BuUny X =| X, |, B — BexTop Bugy

a31 a32 a33 X3

by
B =| b, |). [Ipumyctumo, mo det A= 0.

b,
JlomHOKUMO 06M1Bi yacTuHH piBHAHHs (1) 31miBa Ha A~
A'AX = A'B.
Ockinpsku, A"A=E,EX = X, oznepxyemo:
X =A"'B

3ayBakMMO, 10 METOJ OOepHEHOi MaTpulll (MaTPpUYHHK METOJ]]) OCOOJMBO 3pPyYHHH,
KOJIM TOTPIOHO pPO3B’sA3aTH JCKIIbKAa CHCTEM DIBHSHb 3 OJAHAKOBHUMH JIIBUMHU YAaCTUHAMH Ta
PI3HUMU CTOBITYMKAMH BUTLHUX WICHIB — TaKi CACTEMH MalOTh OJIHAKOBY 00EPHEHY MATpPHIIIO.
IIpakTu4He 3aBaHHS: PO3B’A3aTH CUCTEMH PiBHSIHb HACTYITHUMHU METOIAMM:

a) 3a mpaBuioMm Kpamepa; 6) marpuaaum cnoco6om; B) metoaoMm ["ayca;

1.
(k —4)x, + X, —3%X3 =0, —3% + (k+1)x, + X3 =10,
kX + X, +2%3 =5, 3. 2% + KXy — X3 =7,
X+ Xy + X3 =4, — X —Xg — X3 =2.
X, + kX, — %3 =4, 3% + Xy +kxg =4,
2. 2% + Xy + 2X%3 = 2, 4, 2% — %, + (kK +10)x5 =86,
=X +(k=Dx, +x3=-3. — A% + 2%y — X5 =12

Ceminapcoke 3anamms 4
Tema. @yHKIiOHATbHA 32J1€5KHICTb.

Ilumanns ona ycHo2o onumysanHs ma OUcKycii
1. 3naxomxeHHs 00JacTi BU3HAYEHHS Ta 001acTi 3HaUeHb QYHKIII.
2. JlocmimKeHHsI OCHOBHUX BJIACTUBOCTEH (DYHKIIiH (MOHOTOHHICTh, TAPHICTH/HETIAPHICTb,
MEPIONYHICTB).
3. TlobynoBa rpadikiB GpyHKIIH.
4. 3HaxoJKeHHs 00epHeHO1 PYHKIIII.

Ayoumopna nucbmosa poboma

BukoHaHHS CTyleHTaMU TECTOBUX Ta 1HAWBIAYadbHUX 3aBJaHb 3 MUTAHb TEMH 3aHITTS.
CemiHapchKi/mabopaTopHi Ta iHAMBIAya bHI 3aBAaHHs MicTAThCsA B Google Classroom B mariii
Cewminapceki/JIabopatopHi 3aBlIaHHS.

Memoouuni exazieku
Knwuoeumu mepminamu, Ha po3ymiHHI AKUX OA3YEMBCA 3ACE0EHHA HABUATLHOZ0
Mmamepiany memu, €: QYHKIIS OJHIET 3MIHHOi, OCHOBHI BJIAaCTUBOCTI (QYHKIII (MOHOTOHHICTb,
NapHICTH/HEMAPHICTh, MEPIOANYHICTD, Tpadik GyHKLii, oOepHeHa QyHKITiS.
3 Memow 2nNUbOK020 3AC60EHHA HABYAILHOZ0 Mamepialy npu camoCmiliHOMy 6UBYEHHI
memu cmyoenmy 6apmo 0codugy yeazy 30cepeoumu Ha MAKux acneKkmax.



DyHKILisl OIHi€T 3MIHHOL

SIKIIO KOYKHOMY 3HAYEHHIO 3MiHHOI X, 10 HAIEKMTh AEAKil 00JacTi, BiANOBigae oqHE

TIEBHE 3HAYEHHS JAPYTroi 3MIHHOT Y, TO y € QyHKIis Big X y= f(x)_
CyKynHICTh 3HAa4Y€Hb X, MJS SKMX BU3HAUAIOTHCA 3Hau€HHS (PyHKLIi y B CHily IpaBHIia

f(X) , Ha3UBae€ThHCA 00J1acTIO BH3HAYECHHS (YHKIMI.

J1o OCHOBHHUX eJIeMeHTapHUX (MYHKIIINA BiTHOCATHCS:

. = Xa co
1) creneneBa QyHKIis y (& - nilicHe 4ncIo);

_AX
2) MoKa3sHUKOBA (QYHKILis y=a (a >0,a# 1);

3) norapudmiuHa QyHKIIis y =log, x (a >0,a# 1);

4) TtpuroHomerpuuHi QyHKIIi — Y =SinX,y = COSX, Y = tgX;
5) oOepHeHi TpUroHOMEeTpU4HI QYHKINI Y = arcsinx, y = arccosx, y = arctgx, y = arcctgx.

EjeMeHTapHOIO (DYHKIIE€KW HA3UBAETHCA (QYHKINS, sKa MOXKe OyTH 3aJlaHOI0 OJIHI€I0
dbopmyoro Bugy Y = f(x), JIe BUpPA3 CIpaBa CKIAJIECHUN 13 OCHOBHHX €JIEMEHTapHUX (PYHKIIIH 1

CTAIUX 3a JOMOMOTOI CKIHYEHOTO YHWClIa Omepalii 10/JaBaHHS, BiJHIMAHHS, MHOXEHHS,
JUIeHHS 1 B3STTS PyHKIUIT B PyHKIT.
Aure0paiyHol (VHKIL€I HA3UBAE€ThCA Oyb-ska QyHKIIS Y = f(X), sIKAQ 3a7I0BOJILHSIE

PIBHSIHHS BHITY
P(x)y" +R(x)y"* +..+ P,(x)=0,
ne P,,P,...,P, — MHOrounenu Big X.

Jlo anreOpaiyHux QyHKIINA HaleXaTh Taki eJeMeHTapH1 (YHKIIIi:
a) 1A panioHabHa QYHKIliS (MHOTOUJICH)

y=aX"+axX" " +..+a,

(TyT @y,a,,..., 8, — KoedillleHTH, N — IiJe HeB1J]' €MHE YUCIIO — CTEIIHb MHOTOUJIEHA);

0) 1poOoBO-paltioHasbHa QYHKITiS

X" +ax" T+ +a,
- m m-1
boX™ +b X" +...+Db,

(TyT &,b; — xoedimientn, i=1n, j=1m, n Ta M — wini HeBiA'€MHi YWCIa — CTENEHi

MHOTOYICHIB y YHCEIbHUKY 1 3HAMEHHUKY);
B) IppamionanbHa ¢yHKuis: sxmo B dGopmyni Yy = f(x) y TpaBiii YaCTMHHI BUKOHYIOTHCS

omepaiii I0JaBaHHSA, BiJHIMAHHS, MHOXXCHHS, [IJCHHS 1 TIJHECEHHS JO CTEeNeHs 3
panioHaJbHUMM HEIUIMMHU TOKa3HUKaMH, TO (QyHKIisA Y = f(x) HA3UBAETHCS 1ppalliOHAIBHOIO

\/;+2

HanpukiIamg, Yy =—-——).
(mamp y 3\/;)

OyHKISL, SKa HE € alreOpaiuHol0, HA3MBAETHCS TPAHCIEHAEHTHOI (HAMPHUKIA,

y=e").

HeckinyeHH0 MaJIi TA HeCKiHYEHHO BeJNKI BeTHYNHHA

[lepen TuMm, ik mepeTH A0 BUBYCHHS MUTAHHS MPO TPAHULIIO MOCIIJOBHOCTI 1 TPAHHULIIO
GyHKIIT, mpUragaeMo 3 JIEKIii o Take HEeCKIHUEHHO MaJjia 1 HECKIHUEHHO BEJIMKA BETUYHHH.

3a3HayuMo, 10 3 yCl€i MHOXWHHU 3MIHHUX BEJIMYMH MOXKHa BHJAUIUTH TaKi, Y SKUX
MpoIIeC 3MIHU BiI0YBA€THCS OCOOIMBUM YHHOM.



O3HauyeHHs. 3MiHHA BEJIMYMHA X HA3WBAETHCS HECKIHYCHHO MAJIOK0, SIKIIO Yy TMpolect ii
3MIHU HACTYNHUTh TaKU MOMEHT, IMMOYMHAIOYH 3 SKOTO, a0COJIOTHA BEJIMYMHA 3MIHHOT X CTae€ 1
3IIMIIAETHCS MEHIIE Oy b-SIKOT0, SIK 3aBTOAHO MaJloro, Hamepes 3aJaHoro JOJATHOTO YUCia &,

TOOTO |X| <é&. 30erMa, €IUHOI'O HECKIHUCHHO MaJjiol0 BEIUYHUHOIO cepea Ctajlux BEJIUYHH €

BenuyuHa O,

HeckinuenHo maii BeNTMYMHHU, [MO3HAYAIOTh, SIK MIPaBWIJIO, OyYKBaMH TPELLKOTO andasiTy
a, By .

O3HauyeHHs. 3MiHHA BEJIMYMHA X HA3WBAETHCS HECKIHYECHHO BEIUKOIO, SKIIO B MPOIECI
il 3MIHM HACTYNHTh TAaKHMK MOMEHT, MOYMHAIOYM 3 SKOro, aOCOJIOTHA BEIWYMHA X CTae i
3aITUIIAETHCS OUIbIE OyAb-SIKOTO, SIK 3aBrOJHO BEJIMKOTO, HAMEpel 3aJaHOr0 JOJAaTHOTO YUCIIa
N , o610 |X| > N

Hanpuknan, Benuunsa 3" mpd HEOOMEKEHOMY 3POCTaHHI N € HECKIHYEHHO BEJIHMKOKO
BEJIMYMHOIO.

IlocTiliHa Beau4YWHA & HA3HUBAETHCH T'paHUIICIO 3MIHHOI BEJIWYHMHH X , SKIIO |X—a| -

HECKIHYEHHO MaJjia BeJIMYuHa (TOO0TO |X - a| < ). Slko a € rpaHuIero 3MIHHOI BETUYHHUA X , TO

TOBOPSATH, IO X TPSAMYE J0 IPAHUII & 1 M03HAYAIOTh:
limx=a,abo x — a.
3Bigcu BumumBae, mo lima =0, ne o — HECKIHYEHHO Majila BeludrHa. HeCcKiHYeHHO
BeJIMKA BEJIMUMHA X CKIHYEHOI I'paHUIll HE Ma€e (Iimx = J_roo)
3HaXOHKCHHST TPAHMII BiJHOIICHHS JIBOX HECKIHYEHHO Majux ab0 JBOX HECKIHYEHHO
BEJIMKHUX BEJIMYMH Ha3UBAIOTh PO3KPUTTIM HEBU3HAYEHOCTI IX BiHOIIEHHS.

Ceminapcoke 3anammsa 5
Tema. Ocnoeu meopii cpanuyp Qynkuii

Humannus ona YCHO2CO Onumy6aHHAa mda ducm}cii'

1. I'panunus QyHKUIi B TOYIII.

2. PO3KpUTTSI OCHOBHUX THIIB HEBU3HAYEHOCTEH.

3. OOumcneHHs rpaHuIb 33 JOMOMOT0I0 €KBIBAJIEHTHUX HECKIHUCHHO MAJNX (YHKIIIH.
4.

Ayoumopna nucoemosa poboma

BukoHaHHS CTyZ€HTaMHU TECTOBHX Ta iHIWBITyaJbHUX 3aBIaHb 3 MUTaHb TEMU 3aHATTS.
CeminapchKi/TabopaTopHi Ta 1HAUBIAyalbHI 3aBAaHHsA MicTATbcs B Google Classroom B marmiii
Cewminapcrki/JlabopaTopHi 3aBHaHHS.

Memoouuni exazieku
Knwuoeumu mepminamu, na po3ymiHHi AKUX 0A3yEMbCA 3AC60CHHA HABGUATLHOZO
Mamepiany memu, €: TpaHulig QyHKIIT B TOUIll, PO3KPUTTS OCHOBHUX THUITIB HEBU3HAUCHOCTEH,
00YHCIICHHS TPaHMIIb 32 JIOTIOMOTO0 €KBIBAJICHTHUX HECKIHYEHHO MaIHUX (PYHKIIIH.

3 Mmemow 21uO0K020 3AC60EHHA HABUATILHO20 MAmMepiany HPU CAMOCHMINHOMY
6UBUEHHI meMU CIYOEeHMY 6apMO 0COONUBY Y6azy 30cepeoumu Ha MaKux acneKkmax.



PosrnsiHemMo QyHKmio Y = f(x). Hexaii 3anexHa 3MiHHa X HEOOMEKEHO HAOJIMKAETHCA
70 uhcha X, (e o3Hauae, 0 X MpuiiMae 3HAUCHHS, SIK 3aBFOJHO OJIM3BKI A0 X, aje BIAMIHHI
BII X)) X = X,.

Uucno A Ha3MBaeThesl TpaHUICO QYHKIND Y = f(X) npu X — X, , SKIO U BCIX
3Ha4eHb X, L0 JIOCUTH MaJO BIAPI3HAIOTHCS BiJ YHUCNA X,, BIAMOBIAHI 3HAUYEHHA (QYHKIIT f(x)

SIK 3aBrOJIHO MaJjlo BiApi3HAOTHCS Big ywciaa A lim f(x): A . THakmie KaXydw, SKIIO IS

X—>Xg
OyIb-SIKOTO SIK 3aBI'OJJHO Majoro uucia & > 0 iCHye Take 4Hciio 5(5) >0, mo A1 BCiX X # X, ,
AK1 HaJleXKaTh O -OKOJIy TOUKH X
X—X,| <&,

[f(x)-A<e,
TO 4yUCIIO A € rpaHunero QyHKIIii f(x) npu X — X,. (Lle — o3HaueHHs rpaHMUIi, 3aIIPOIIOHOBAHE
Kori).

IIpakTuyHe 3aBaaHHs: 3HAUTH rPaHUIll (yHKIII:

OyJie BAKOHYBATHUCS HEPIBHICTh

3asoannsa 1. 3naiiTu rpaHuIio QYHKII.

. lim 2X=3. i 4> ~TX+2.
o334 7x 3 1 5x16
x=>2 X +5X+6
5 “m2xf+$@—x+3_ 4. H@Qxi—h@+4x+2ﬁ
T x50 7T —X ' -

3aeoannsn 2. 3HaiiTi TpaHUITIO (DYHKITII.

i x? -9
Lo lim——
x>35X+ X" +7
. 3X+2
2. lim————;
x=0 cOSX —1
. Inx
3. lim ;
x>l 2X —3
) 2" -1
4. lim

o0 X% —2x+1’
3asoanna 3. 3HaliTH rpaHULIO PYHKIIIT

x> +3x*-3-Xx_

~ lim X
! x—1 X -1
_ 4x*-11x-3
2 lim————=;
x>8 3Xx°—8x—3
. X*+64
3. lim—;
x>-4 X+4
. x*=27
lm——;

x->3 X—3



Ceminapcoke 3anamms 6
Tema. HenepepBHicTb QyHKIil
Ilumanna 0na ycno2o onumysanns ma OUCKycii
1. HenepepBHicTbh QpyHKILIT 0Hi€] 3MIHHO].
2. Touku po3puBy, ix KIacudikaris.

AV()L[WZODHG nucobmoea p060ma

BukoHaHHS CTyJeHTaMH TECTOBUX Ta IHAWBIAyadbHUX 3aBIaHb 3 MHUTAHb TEMH 3aHSTTS.
Ceminapchki/mabopatopHi Ta 1HAWMBIAyaidbHI 3aBHaHHsA MicTAThCsa B Google Classroom B marmii
Ceminapcoki/JIabopatopHi 3aBlIaHHS.

Memoouuni exaziexu
Knwuyoseumu mepminamu, Ha po3yMiHHI AKUX OA3YEMbCA 3AC60EHHA HABYATLHO20
Mamepiany memu, € : HENEPEepBHICTh (QYHKIT OfHiel 3MiHHOI y Touli (Ha iHTepBai), TOYKa
pO3pHBY TEPIIOrO POAY, TOYKA PO3PUBY APYTrOro pojy, TOYKa JIKBIAHOTO PO3PHUBY, TOYKA
HECKIHYEHHOI'O PO3PUBY.

3 memor 2nub0K020 3AC60EHHA HAGUANLHOZO Mamepiany npu CAMOCMIHOMY 6UBHEHHI
memu cmyoenmy 6apmo 0codausy yeazy 30cepeoumu Ha MaKux acneKmax.

Oynkuis  y=f(X) Ha3uBaeThCS HEMEPEPBHOIO B TOYI X0, SKIIO Iisi (YHKIisS BH3HAYCHA B
AKOMY-HeOy b OKOJII I1€1 TOUKH (BKJIFOUAIOUU JaHy TOYKY) 1 SIKIIO HECKIHYEHHO MaJIbMy NPUPOCTY
apryMEHTY BIAMOBiAa€ HECKIHUCHHO MM TpUpicT GyHKIil. DyHKIIS HA3UBAETHCS HETIEPEPBHOIO
B IHTEpBali, SKIIO BOHA HENEPEepBHA y BCIX TOUYKax iHTepBaily. ['€OMETpUUHO HENEepepBHICTH
¢yHKIi y 3aMKHEHOMY iHTepBai 03Haydae, mio rpadikoM QyHKIT € CyLiabHA JTiHis.

Skmo mast ¢yskuii  y=f(X) ymMoBa HemepepBHOCTI B TOYINl X0 MOPYIICHA, TO IS TOYKA
Ha3UBAETbCA TOUYKOIO po3puBY ¢yHKIIi. Touka po3puBY (yHKIIi HA3UBAETHCA TOUKOK PO3PUBY
HEePIIOTo pojly, SKIIO y il Touli (yHKIIiS Mae JIiBY 1 MpaBy CKIHYEHHI TpaHuLl. SIKII0, 30kpema, i
rpaHMIl piBHI MiX co0oto, ane ¢yHkuis f(X) mpu x=xo He BU3HaueHa (a00 BU3HAYCHA, NPOTE HE
pIBHA ITUM TPAHMIISIM), TO X0 HA3UBAIOTh TOYKOIO JIIKBIJIOBHOTO pO3puBY. BCi ToukM po3puBy, siKi HE
€ TOYKaMU PO3PHUBY IEPLIOrO POAY, HA3UBAIOThCA TOUYKAMHU PO3PUBY ApYyroro poxay (e, 30Kpema,
TOYKH HECKIHUEHHOTO PO3PUBY).

MaroTh Miclie TaK 3BaHi nepia i Apyra “qyaoBi” rpaHuumi:
sina

lim——=1 (mepma “gymoBa” TpaHHUIs);
a-0

: 1
liml+—=)%¢ (apyra “aymoBa” rpaHMII);

a—>x a

Tak HampuKIIaI, 3a JOMOMOTOK0 TEPIIOT “dy0BOT” TpaHUIl 3HAXOJIUMO:

. sinkx . sinkx . sinkx
lim = limk =klim =
x>0 X x—0 kx x>0 kX

k-1=1.

3a IOmoMOror Apyroi ‘“4ymoBoi”’ TpaHUIll 3HAXOIUMO:

LN
lim@+ )" = lim(+ $)e* 2 g
nN—oo n n—oo n

IIpakTruHe 3aBaaHHs: 3HailTH TpaHuLll YHKIIT:

. X
Lam =5 6m( 2], 29mP2 6)m(e)”

x—o\ 1+ 5X x—0  Sin3x n—o\ N—1



i tg 3(x—7x) . x+8 _—
a) jﬂ‘” m )X@w . 4. a) I|m sin 3x-ctg5x , 6) X£r11(1+cosx)00SX .
2

5.a) lim M; 6) lim [1_5_1njn_ 6. a) im M; )nm( j

x=0  cos 3X N x=0 gjn 3x2 =

7. a) lm — 2. g)lim [3"‘1)3X. 8.a) limo%ggx; 0) lim (XT_SJX/Z.

>0 arc sin 6x >0 X7*

3x+1 X X—>0
. 5x 3x
im [ 95X =2 i X
9.a)lim SN . g lm (=217 im 6) im (X
)xalsm 572 ) & 5x+1 ) arctg 4x el x-2

Ceminapcoke 3anammsn 1
Tema. Iloxinna pynkunii

HumaHHﬂ dﬂﬂ VYCHO20 onumygaHH}l ma Oucm/cii'

Tabnuis moxiaHUX.
[IpaBuiia qudepeHLitoBaHHs.
JludepeHiiiroBaHHs CKJIAIHO1, HAsBHO1, 00epHEHOT (yHKIIII.

Eal el

Ayoumopua nucemosa poboma

BuKkOHaHHS CTyJ€HTaMH TECTOBHX Ta IHIWBIAyaJIbHUX 3aBIAaHb 3 NMHUTAaHb TEMH 3aHSTTS.
CeminapchKi/mabopaTopHi Ta IHAWBIAyandbHI 3aBHaHHsA MicTAThesa B Google Classroom B marmiri
Ceminapceki/JlabopaTopHi 3aBJaHHS.

Memoouuni exazieku
Knwuyoseumu mepminamu, Hna po3ymiHHI AKUX OA3YEMbCA 3AC60EHHA HABYANLHO20
Mamepiany memu, € :@ TOXiJHA, TEOMETPUYHUN 3MICT TMOXITHOI, €KOHOMIYHHUN 3MIiCT TaOIUIs
MOX1/THUX, TIPaBHIIa T (EepeHIIIFOBaHHS.
3 mMemow 2n1UOOK020 3AC60CHHA HABYANLHO20 Mamepiany npu camoCMIHOMY 6UBYEHHI
memu CmyoeHmy apmo 0cooaugy yeazy 30cepeoumu Ha maKux acneKkmax.
IoxigHa, ii reoMeTPUYHUI TA €eKOHOMIYHHUIA 3MiCT.
Hexait mu maemo QyHkuio y = f(x), BHU3HAUEHY B JESKOMY MPOMIXKKY. 3HAHeMO MPUpICT
byHKIIT B TOYI X!

Ay = f(x+Ax)-f (x)
Ay  f(x+Ax)- f(x)

. . . A .

CKJIaJE€MO BITHOIIEHHI —— = Ta 3”Haimemo lim &y (SIKIITO 1S TPAHUIIS ICHYE).
AX AX Ax=x AX

HoxigHoto ¢yHKOIT Y = f(x) IO apryMeHTy X Ha3WMBa€TbCS TPAHUI BiIHOIICHHS

OpUpOCTy QYHKIIT 10 IPUPOCTY apryMEHTY, KOJIU MPHUPICT apTyMEHTY MPSIMYE J10 HYJIA.

) , d
IMoxixay nosnavaroTs Tak: f(X); yx.; d_y
X
Omnepariist 3HaX0KEHHS MOXi1HOT Big QpyHkmii f (X) Ha3MBacTHCS AU(epeHIiIOBAHHAM ITi€]

GyHKIii.
Jlamo exoHOMIYHY iHTepnpeTani NOXiAHOI.
Hexaii Butpatu BupoOHuIITBa K € QyHKI€0 00CATy MPOIYKIIT X .
. Ak, .
I'panwuito Alerﬂnoﬂ =k (x) HA3WBAIOTh TPAaHUYHUMH BHTpaTaMH BHpoOHMITBA. Hexai,
HaNpUKiIaj, pyHKIisS BUTpAT k(x) MAa€ BHTIIS;




k(x) = 400x —0,01x
3HaiiemMo k'(x):
k'(x) = 400—0,02x .
OcCkinbKM peallbHUi E€KOHOMIUHUN 3MICT X MaroTh JIMINE Il X , TO MOXKHA HamucaTu
HaOJIMKEHY PIBHICTb:

k(x+1)—k(x) = k'(x), Ax=1.
Takum umHOM, (YHKITIS k'(X) MOKa3y€, HACKIIbKH 3MIHATHCS BUTpPATH TPH 301IbIICHHI
BUPOOHHUIITBA Ha OAMHHUINO. Hampukian, k'(50)=400—0.02~502399. Ile o3nauae, 1o mpu

30inbIIeHHI 00csry BUpoOHHUNTBA 3 50 10 51 OoAMHUIN BUTpaTH BHPOOHHUIITBA 3pOCTYTh Ha 399
OJIMHUIIb.

Ioxiaui Bix e1eMeHTAPHUX (PYHKITIA.
IIpaBuna qudepeHniloBaHHs (T€OpeMH PO CTAJMA MHOKHUK, IIPO MOXiIHY CYMH,
A00YTKY i 4ACTKM)

Kopuctyrounch 03HaYeHHSM IOXiAHOI, MOXKHA 3HAMTH TOXiJHI BiJ] TAKUX E€JIEMEHTapHHUX
byHKITIH.

A
1) y=C (C - crame uymcno). INokaxemo, mo C'=0: Ay=C-C=0; AIlmoA—y=0 .
X—> X
(CtyneHTam peKOMEHAY€EThCS AaTH T€OMETPUYHE TIyMau€HHS bOTO (PaKTy).
2) y =sinx ) [Tokaxemo, 110 y' = CcosX . Maemo:
. . . AX AX
Ay = sin(x + Ax)—sinx = Zsm?co{x+7j.
. AX AX 1 . AX
2sin—_-cog X+~ “sin—-cos(x + Ax)
. Ay . 2 2 i 2 2
3) 3uaxoaumo lim— = lim =2lim = COSX
AX—>0 AX  Ax—0 AX Ax—0 AX
2

(MU CKOpHUCTAJIHCA NEPUIOIO “UyI0BOI0” I'PAHUIIEIO).
[Ipu 3HAXO/KEHHI MOXITHUX eJEeMEHTApHUX (YHKIIH KOPUCTYIOTBCS TEOpeMaMHu Mpo
CTaJINH MHOKHUK, TPO TOXIAHY CyMH, TOOYTKY 1 YAaCTKH.

JAudepeHnilOBaHHA CKJIAIHOI, HASBHOI, 00epHeHOoI PyHKIIT

a) Mae Miciie Taka TeopeMa npo JudepeHIlitoBaHHs ckIaHoi QyHKIUI.
Teopema. fxmo ¢yHKIis U =(p(x) Mae B JesKiit TouIi moXimHy Ul =¢'(X), a (yHkuis

y = F(u) Mae TpH BIAMOBIAHOMY 3HAYe€HHI U TMOXIJIHY F’(u) = yl/j , TOAl CKmajHa (yHKILs
y= F(go(x)) y BKa3aHiil Touli X TexX Mae€ MOXiJHY, KA JOPIBHIOE yi = ylljui .
Ipukaan. 3uaiity noxigny gyskmii y = Insinx. Tyt y =Inu, ne u =sinx. Maemo:
[N N 1 _ 1 _
y, =y -ul ==.c0SX = ——-COSX = Ctgx
u SINX
. /
Awmanoriuso, saxmo y = F(u), u=e(v), v=w(x), 10 y. =
1
HOpukaan. 3Haiity noxigmy ¢yskmii y =sin®x3. Tyr y=u’, ge u=sinv, mnpuuomy

/
u

I,/
UV, .

1 1 1 2 1
v =Xx3.Maemo: Yy, =2sinx3cosx? EX__ = —— sin2®Jx.

3 ¢



Tabamnust ocHOBHUX (popMy.1 A pepeHil0BaHHS

Hasenemo tabauiro ocHOBHUX (GopMyJI fudepeHIIIOBAHHSL.

DyHKIIIsS 1T moxiana DyHKITIS 1T moxigna
1
C 0 arcsinx >
1-x
1
X" nx"* arccos X - =
1-x
. 1
sin x COS X arctgx >
1+x
. 1
COS X —sinx arcctgx -—
1+Xx
1 X X
tgx 5 a a‘lna
COS” X
1 (_log,e
1 xIlna X
ctgx -— log, x 1
sin® x (30kpema, — mpHu
X
a=e)

IIpakTuyHe 3aBAaHHs: 3HAUTH MOX1THI QYHKIIIH.

1. a) y=2kigJx —k¢; 6)yzlnt+§§; B)y = (kx* —3x+4)<2; r)yzarctgk; 1) y:ezxcos%.
- X
2. a)y=arcsine™; 6)y=ln%; B)y=x2e"; r)y=0"-k¢+3)%3; 1) y=sin%ekx2.
gx—
k+x? 6 4 2k 1 5
3. a) y=tgx-cos3kx; 0) y:InTl; B) y=(x®—kx*+3x+5)%; )y =—arctgkx’;
x* X

n)y=sin ¥x+2k.
4x+k
ax—k

2
4.a)y= cos X . 0) y=(kx® —4x?+3)*; B) y=+x+k-tg2kx; ') y = arctg 5X—+2;I[) y =3%.In
k +cosx k+3

x+2k x* +3k x
X— 2

v B)y=h ;T)y = (kd* =2k +5)%;

5. 2a) y=(2+kxtg 2x; 0) y=arctg

1) y = e**(sin kx+2k cosx).

Ceminapcoke 3anamms 8
Tema. Indepennian pynkuii
Tumanns 0ns1 ycHo20 onumyeants ma OUCKycii
1. 3maxomxeHHs AudepeHiiana QyHKIIii.
2. Buxopwucranss qudepeniiana st HAOIMKEHUX 00YHCIICHb.

AV@LH’Y!ODHLI nucbmosa p06oma

BuKkOHaHHS CTy/J€HTaMH TECTOBHX Ta IHIWBIAyaJIbHUX 3aBIAaHb 3 NHUTAaHb TEMH 3aHSTTS.
Ceminapchki/mabopatopHi Ta iHIWMBIAyalnbHI 3aBHaHHA MicTATbea B Google Classroom B marmiri
Ceminapceki/JlabopaTopHi 3aBIaHHS.



Memoouuni exaszieku
Knwuosumu mepminamu, na po3ymiHHi AKUX 0Q3YEMBCA 3ACB0EHHA HABUATNLHO20
mamepiany memu, € : nudepennian QyHKIii ogHieT 3MIHHOI, 3acTOCYBaHHs nudepeHiiana 10
HAOIMKEHUX 00YHNCIICHb.

3 memol 2n1UOOKO20 3AC80CHHA HABYANLHO20 Mamepiany npu CamMoCMIHOMY
6UGUEHHI meMU CIYOCHNY 6aPMO 0COOUBY Y6azy 30cepeoumu Ha MaKux acneKmax.
Hexait byHKIIs y=1f(x) nudepeHiiioBHa Ha JIeSIKOMY mpo-

MIXKY, TOOTO 7151 Oy/1b-SKOi TOUKH X 3 IIbOTO MPOMDKKY I'PaHHUISA AllxngoA—i = f'(x) icaye i mopiBHIOE

CKiH‘leHHOMy quciy.

BpaxoByrouun B3a€MO3B’S30K 3MIHHOi BEJIMYMHHM, 100 Ma€ CKIHUYEHHY TpaHMIo, 1

. . . A .
HECKIHYCHHO1 MaJiOol BCJIMYMWHHU, MOXCEMO 3allucaTu A_y = f'(X)+OL , A€ o — HECKIHYCHHO Malia
X

BenuunHa (o — 0 mpu Ax —0).
[ToMHOXUBIIM BC1 YWIEHH OCTAHHBOI PIBHOCTI HA Ax , IICTAHEMO

Ay = F'(X)AX + aAX .

Orxe, npupict QyHKIi Ay € CyMOI IBOX JOMAHKIB, 3 KUX MEPIINI TOAAHOK — 20106HA
JUHIUHAG YacmuHa npupocmy, APYTHA TOJAaHOK — JMOOYTOK oAX , SIKMH € H.M.B. BUIIOTO MOPSIIKY,
HIK AX.

Osnauenns. Jlobytox f'(x)Ax HasuBaeTbcs Oucpepenyiarom ¢Gyuxyii y = f (x); Horo
1103Ha4aloTh cuMBOJIoM dy, To6TO dy = f '(X)AX

3naiinemo audepenmian GyHKIil y = x; 1A IbOTO BUMAAKY Y’ = (x)’ =1, oTxke, dy = dx = AX.
Takum unHOM, MudeEepeHIiiag He3aIeKHOI 3MIHHOT 30iraeThes 3 i mpupocToM Ax. Tomy dopmymy
JUIs mudepeHIiiaia MoXKHa 3anucaty Tak: dy = f '(x)dx.
Mpuxaan. 3Haiitn qudepentian dy GyHKIT y = x*: 1) MIpH JOBUILHUX 3HAYEHHSX X Ta AX;
2) mpu x = 20, Ax =0,1. ,
Pose’azanna. 1) dy = (xz) AX = 2XAX |
2) sxmio x = 20, Ax = 0,1, To dy=2-20-01=4.

3acrocyBanHs Audepenniajia B HaOIHKEeHUX 009U CICHHSIX

Bupas Ay moxHa 3anucatu Tak: Ay = dy + aAX .

Skmo f'(x)#= 0, To BeIMYMHA 0.AX € MAJIOKO BHILOTO MOPSKY TOPiBHSHO 3 dy.

[Ipn Manux Ax TOAAHKOM aAX HEXTYEMO 1 BUKOPHUCTOBYEMO HAOJMXKEHY PIBHICTh Ay ~ dy,
a60 f(x+Ax)— f(x)~ f'(x)Ax, 3Bimku f(x+Ax)~ f(x)+ f'(x)Ax. OcTaHHs HabGIMKEeHAa PIBHICTH THM
TOYHIIIIA, YUM MEHIIEC AX .

IMpukaag. O6uncaIuTH HAOIMKEHO N

Posé’azanns. TlepeTBopuMo BHpas, 10 CTOITH IiJ] 3HAKOM KOpPEHS:

27:25+2=25(1+3j,33mm V27 = |14 2 ) o5 e 2
25 25 25
1

Ipu oGumcnenHi |1+ % posrasremo dyrkmio f(x)=+/x, Tomi f'(x)= I
X

VY Hamomy Bunajaky ¢opmyina 3a1'II/II_IleTLC}I TaK:

2
VX+A ~\/;+ AX,0€ X=1,Ax=—
2Jx A 25"

1
1ICTaHeMo: . |1 + — \/_ =1+—=104.
Ju 2[ 25 25

[MincraBuBIIH (7.7) y piBHIcTb (7.6), micTaHeMO
V27 ~5.1,04=52.



IIpaBuna 3HaxoakeHHs qu(epeHIiaga

l.y=c¢;dy=0; 3. y=u+v, dy=du+dyv;
2. y=uv, dy=udv+vdu; 4. y=E, dyzw.
v v

Teopema. Dopma nudepenIiana He 3aJeKUTh BiJl TOTO, UM € aQPTYMEHT HE3aJIeKHOIO
3MIHHOIO 200 (PYHKITI€TO.

Hpuxaan. 3uaiitu qudepennian GyHKLii y = arctgx .

dx

1+X
Ipukaaa. O6uncauTy HaOIMKEHO 3HAaYeHHs arcsin 0,51 .

Posrasnemo ¢yukmito y =arcsin x. Bizsbmemo x = 0,5, Ax = 0,01 Tta, 3acrocoByroun

Maewmo: dy = (arctgx) dx =

7"

dopmymy arcsin (X + Ax) ~ arcsin x + (arcsin x) Ax, 0JAepKUMO

arcsin0,51 ~ arcsin0,5 + ; -0,01= I, 0,011 =0,513.
1-(0,5) 6

Ceminapcoke 3anamms 9
Tema. 3acTocyBaHHS NOXIZHOI /10 10C/iTKeHH QyHKLIT

Ilumanns 015 ycHoeo onumyeanus ma OUcKycii
1. IlpaBuna Jlomitans.
2. JlocmimxeHHs (GyHKIIIT 0/1Hi€T 3MIHHOT HA MOHOTOHHICTh, EKCTPEMYM 1 Ha HaIPsIMOK
BUTHYTOCTI.

3. Acumnrotu rpadika QyHKIIII.
4. 3arambHa cxema moOymoBu rpadika GyHKITI.
5. 3actocyBaHHsI MOX1JHOI B €KOHOMIIII.

Ayoumopna nucemosa poboma

BukoHaHHS CTy/J€HTaMH TECTOBHX Ta IHIWBIAyaJIbHUX 3aBIaHb 3 MUTaHb TEMH 3aHATTS.
Ceminapchki/mabopaTopHi Ta iHIWMBIAyalnbHI 3aBaaHHa MicTATbesa B Google Classroom B marmii
Ceminapceki/JlabopaTopHi 3aBJaHHS.

Memoouuni exazieku
Knwuoeumu mepminamu, na po3yMiHHI AKUX O0A3YEMbCA 3AC60EHHA HABYAILHO20
mamepiany memu, ¢: tepme upaswio Jlomitans, apyre mnpaBuio JlomiTans, BepTHKaIbHA
ACHMIITOTAa, TOXWJIa AaCHUMMTOTAa, MOHOTOHHE 3POCTaHHS, MOHOTOHHE CITaJIaHHS, EKCTPEeMyM
(MiHIMYM, MaKCUIMyM), BTHYTICTb, YBITHYTICTh, TOYKA ITEPETHHY.
3 Memor 2nubd0K020 3aC60E€HHA HAGYANLHO20 Mamepiany npu camoCmillHOMY 6UBUEHHI
memu CmyoeHmy 8apmo 0coo0augy yeazy 30cepeoumu Ha maKux acneKkmax.

IIpasuio Jlonmitans
Hapenemo mpaBmiio Jlomitamist TpaHUYHOTO TIEPEXOAY, SKUM 3PYYHO KOPHUCTYBATHUCS TPU

JOCTIKEeHHT (QYyHKIIIHN.
IpaBuio Jlonitaas. Hexair ¢ynkuii f(x) Ta go(x) npu X — X, (abo X — o) cymicHO

OpsSAMYyIOTh J0 HyJsg a00 70 HECKIHYeHHOCTI. SIKIIO BiJHOIIEHHS iX MOXIHUX Ma€ TPAHUIIO
CKIHYEHHY UM Hi, TO 1 BIJHOIICHHS caMHX (YHKIIH TaKOX Mae TPAHMIIIO, KA JOPIBHIOE TPAHUII
BITHOIIIEHHS ITOX1IHUX:

oot O i £00 i FO0 ) 1100

x—Xg ¢(x) X—>Xg (DI(X) " oo E(X) X—>o0 SI(X) '



0

X2, X .1
Hpukaan, lim—=lim—; =lim— =0.

X—>0 e X—© ex X—00 eX

JIeKoau UM MPaBUIIOM JIOBOJUTHCS KOPUCTYBATUCS JEKIIbKA Pa3iB.

3arajibHa cxeMa J0CJiKeHHS (PYHKITIH
MoskHa peKOMEHIyBaTH TaKy CXEMY JOCIIKEHHS (DYyHKIIIH
2) BusicHUTH MUTaHHS PO MAPHICTh, EPIOAUYHICTD, XapAKTEPHI TOUKU (QYHKIII.
3) BusHauuTH iHTEpBAJIM 3HAKOCTAIOCTI TA MOHOTOHHOCTI (DyHKIIIi.
4) 3HaiiTu eKkcTpeMyMH (DyHKIIIT.
5) Jocnigutu GyHKINO Ha BATHYTIMTh 1 YBICHYTICTb.
6) 3HaliTh BepTHKaIbHI i moXuii rpadika GyHKIiH ( IKII0 BOHH iCHYIOTb )
7) Ha ocHoBi oxeprxkanoi inpopmarii moOyyBaT rpadik QyHKILIH.
3ayBa)kMO, 110 OKPEMI1 IYHKTH I11€1 CXEMU MOKHA TIEPECTABIATH MICUAMH. MOXHA TaKOXK
IPOBOJUTH JOJATKOBE TOCIIKCHHS B 3aJIC)KHOCTI Bix (yHKIii — Hanpukman, mykata limf(X) i
T.IL.
3apnanns Oins gomku: [IpoBecTr MOBHE JOCHIKEHHST Ta OOy yBaTu rpadik QyHKIin

3
X

O6’ennaroun oaepkany iHpopmartiro, Oyayxkmo rpadik QyHkiii y = 2 (puc.1)

2
—X

Puc.1.I'padix pynkmii y = 5 al

- X

2

3acTocyBaHH MOXIAHOI B eKOHOMIII
Y nOpakTuill €KOHOMIYHHX JOCHIIKEHb IIMUPOKE 3aCTOCYBAaHHS OJIEPKAIA BUPOOHUYI
@yHKyii, sIKI BUKOPHCTOBYIOTHCS JUISI BUSBICHHS 3aJI€KHOCTEM BUIYCKY NPOIYKIIl BiJ BUTpaT
pecypciB, MpU MPOrHO3yBaHHI PO3BUTKY Taly3ed, MpHU pO3B’sI3yBaHHI ONTHMI3aliMHUX 3a7ad.
Hanpuknan, skmo BupoOHMYa QyHKIIS Y = f(x) BCTAHOBIIIOE 3AJIEKHICTh BUITYCKY MPOAYKIIT Y



Bin BUTpaT pecypcy X , To f'(X) HasmBaioTh epamuumum npodykmom; sxmo x Y= f(x)

BCTAHOBJIIOE 3aJIGKHICTh BUTPAT BUPOOHHUITBA Y BiJ 00’€My HpPOAYKLii X, TO f'(x) Ha3HUBAIOTh
CPAHUYHUMUY BUNPAMAMU.
Jlnist BUBYEHHS BITHOCHOT 3MiHU MPHPOCTY QYHKLIT Y = f(x) IIPU MaJIMX BITHOCHUX 3MiHax

OPUPOCTY apryMEHTy X BHUKOPUCTOBYIOTb Koe@iuyienm enacmuunocmi  gyukyii  (abo
eNACMUYHICIY).

Hexait 3agana dynkuis y = f(x), a AX 1 Ay — npuUpocTH He3aJeXHOT 1 3aJeKHOT 3MIHHOT,

. . . A
npuyomy Ay = f(X+AX)— f(x). BigHocHuii mpupicT 3aieXHOT 3MIHHOI — II€ BHUpa3 BUILY —y

) ) ) . .. Ay AX
BinHomieHHs BITHOCHO MPUPOCTY (PYHKIII 10 BIAHOCHOTO MPHUPOCTY HE3aIEKHOI 3MIHHO] 2y —

y X
IIOKa3ye€, Y CKUIBKU pa3iB BIIHOCHUH NpupicT PyHKIIT OUIBIIMIA 32 BIAHOCHUNA MPHUPICT HE3aJIEKHOT
3miHHOiI. [IpeacraBumo ioro y hopmi:
Ay Ax Ay X
yx My
Sxmo gynkuis y=f(x )audepenuiioBana, To
. [ Ay Ax . [ Ay x X
fim] 5 = liml L | 6,

['panuns BigHOLIEHHS BIJHOCHOTO HpUpOCTy GYHKIIT Y = f(X) JI0 BITHOCHOTO TPHPOCTY

He3aJIe)KHOT 3MIHHOI, Komu AX —>0 , Ha3WBa€ThCs eracmuyHicmio QyHukyii Y = f(X) BIOHOCHO
SMIHHOI X .
Enactuunicts pynkuii y = f(x) IO3HaYMMO CUMBOJIOM E, (y):
x dy
E,(y)=—-=".
y dx
EnactuunicTh QyHKIIT JOMyCKae TaKky €KOHOMIYHY IHTEpHpEeTaliio: eJacTHYHICTh — IIe
HaOMMKEHHUI MPOLIEHTHUH npupicT QyHKIIIT, 0 BiAMOBIAa€ MPUPOCTY He3anekHOi 3MiHHOT Ha 1%.

y=-014+137x.

Ceminapcoke 3anammsa 10
Tema. HeBuzHa4veHnuii inTerpaJj
Ilumanna ona ycno2o onumysanns ma OUCKycii
1. 3apmaua iHTerpansHoro uncieHHs. [lepBicHa.
2. Hesusnauenwuii iHTerpai, ioro BinacTuBOCTi. Tabnuis iHTerpais.
3. 3amiHa 3MiHHUX Ta IHTETPYBaHHS YaCTHHAMHU Y HEBU3HAUCHOMY iHTETPaJIi.

AyoumopHa nucemosa poboma

BuKOHaHHSA CTy/J€HTAaMH TECTOBHX Ta IHIWBIAyalbHUX 3aBIAaHb 3 NHUTAaHb TEMH 3aHSTTS.
CeminapchKi/mabopatopHi Ta IHAWBIAyaidbHI 3aBHaHHsA MicTATbea B Google Classroom B marmii
Ceminapceki/JlabopaTopHi 3aBJaHHS.

Memoouuni éxaziexu
Knwuyoeumu mepminamu, Ha po3yMiHHI AKUX OA3YEMbCA 3AC60EHHA HABUATILHO20
Mmamepiany memu, €. TIEpBICHA, 1HTErpaj, TaOJWIS 1HTETpajiB, Oe3mocepeaHe 1HTETPyBaHHS,
METO/I TTiICTAaHOBKH (3aMiHU 3MIHHHUX ), IHTETpyBaHHS YaCTHHAMHU.



3 Memoro 2nubd0K020 3aC60ECHHA HAGYAILHOZ0 MAMeEPIanly npu CamoCmillHOMY 6UBUEHHI
memu Clmyo0eHmy apmo 0co0augy yeazy 30cepeoumu Ha MaKux acneKkmax.

HeBu3HaueHnuii iHTerpas
IlepBicHa (pyHKLisl. HeBU3HAYEHMH iHTerpa.

OcHoBHa 3ajmada Au(EpeHLIaNbHOTO YMCICHHS — 1€ 3HAXO/KEHHS NoxiaHoi abo
mudepenmiana 3amaHoi Gyskmii. Chopmynroemo oOepHEHY 3amady IO 3agaHiil MOXimgHiIA abo
mudepeHLiany Aeskoi HeBigoMol GyHKIT TOTpiIOHO 3HAWTH 10 QYHKII0. [HaKIIe KaxKydH, Marouu
dF(X)z f(X)dX abo F’(X)z f(X), noTpiOHO 3HAMTU HEBIAOMY (YHKIIIIO F(X). Ile — ocHOBHa
3a/1a4a IHTETPAIbHOTO YHCIICHHS.

[lepBicHOW dyHKIEW I8 1aHOT (DYHKITT f(X) Ha JAaHOMY IMPOMDKKY Ha3MBa€ThCSA TaKa

dynxmis F(x), moxinma sxoi mopismioe f(X) abo mubepemmian sxoi nopismioe f(X)dx mHa
PO3TISIIyBaHOMY MTPOMIXKKY.

OCHOBHI BJIACTMBOCTI HEBU3HAYEHOI'0 iHTEerpaJa.
BpaxoByrouu o3HaueHHSI HEBU3ZHAYEHOTO 1IHTErpaia

I f(x)dx = F(x)+c

MOYKHa JIETKO JIOBECTH OCHOBHI HOT'0 BJIaCTUBOCTI
1) Judepenmniaa HeBU3HAYEHOTO 1HTETpaja AOPIBHIOE MilIHTETPaJbHOMY BHpa3y, a MOXiJHa —
HiAIHTerpasibHINA (QyHKIIT:

d.[ f(x)dx = f(x)dx, (J' f(x)dx)' = f(x).

2) HeBusHnauenuii inTerpan Big audepeHiiana HernepepBHO nudepenmiiioBaHoi (yHKIi
JOPIBHIOE caMii 11i#i PYHKIIIT 3 TOUHICTIO A0 CTAJIOTO JIOJaHKa!

[ de(x)= [ o' (x)dx = p(x)+c.

3aYBa)KI/IMO, oo B HiI[erCJ'IeHI/IX BHpa3ax 3HAKH d i J. B3a€MHO 3HHUINYIOTb OJHWH OJHOTIO. B

IIbOMY PpO3YMIiHHI, SIK BX€ 3rajyBajiocs, IU(EpEeHIIIOBaHHSI Ta IHTETPyBaHHSI € B3a€EMHO
00epHEHNMH MaTEeMAaTUYHUMU ONEPAIlisiMH.
3) BiamiHHMIA BiJ HYJIS CTATNI MHOKHUK MOYKHA BHHOCHTH 3a 3HAK HEBH3HAYCHOTO 1HTErpasa:

IAf (x)dx = A_[ f(x)dx
HiiicHo: AI x)dx = A(F(x)+c)= AF(x)+c, (c, = AC).

!
ITpu romy AF (X) — niepBicHa 1y Af, ockiabku (AF) = AF' = Af.
4) HeBuznauenuil iHTerpain Bij aareOpaidyHol CyMH CKIHUEHOTO YMCIIa HEMepepBHUX (PyHKITIH
JIOPIBHIOE Takii ke anreOpaiuHiil cymMi HeBU3HAYEHUX IHTETPaIIiB IIUX (YHKIIIH.

Tabauusa HalinmpocTiMX iHTErpaJis.
be3snocepenHiM nudepeHIitoBaHHAM MEPEBIPSIETCS CIIPaBEAJIMBICTh HACTYTHUX TaOJIUIHUX
dbopmyi.

m+1

6. jsin XdX = —cosx +c.

1. _[x’“dx:x +c (m=-1).
e 7 j tgx+c
: =tgx+cC.
2. J%:In|x|+c (x=0). cosx O
dx
3. J'e*dx:ex+c. fsinzx=—ctgx+c.
4. _[a*dx——+c (a>0,a=1) 9. Iizarcsinx+c.
5. jcosxdx=smx+c. 10. J‘l - = arctgx+c.
+ X



1+x dx 1 X
c 15. = Zarctg= +c.
T-x " ja2+x2 a ga
12I dX T Lty 16. I_InaH
-1 2 [x+1
X 2 17. =—InX =
13. j—m_ln‘x+\/x +a‘+c (@ #0). Ix e x+a

= arcsm +C.

14, j \/7
InTerpyBaHHsi MeTO10M 3aMiHU 3MiHHOI (CIIOCOOOM MiJICTAHOBKM) TA YACTHHAMM.

IcHye nBa OCHOBHHMX METOIHW 1HTETPYBaHHS — METOJ 3aMiHU 3MIHHHX (CIOCiO MiCTaHOBKH)
a) Ta METOJI IHTErpyBaHHsI 10 YacTUHAaX 0).

a) Hexaii notpiOHO 3HalTH J.f(x)dx, KU HEe € TaOJMYHUM 1HTerpajioM (ajie BiAOMO, 1110
icHye). BukoHaemo B miJiHTErpajibHOMY BHpa3i 3aMiHy: X = (p(t) (TyT (o(t) Ta go'(t) — HernepepBHIi
¢byHKuUii, npuyomy icHye oOepHeHa QyHKIis go‘l(t) ).

0) ®opMyJia iHTerpyBaHHS YACTUHAMMU: judv =Uuv— _[vd u.
Hanpuknan.

u=x du = dx
Nol. '[xsinxdx:

= —XCOSX + Icosxdx = —XCOSX+SinxX+cC.

dv=sinxdx v=-cosx

u=Inx du—dx
B X :xlnx—jdx:xlnx—x+c.

No2. .[Inxdx:
dv=dx v=xX

IIpakTryHe 3aBIaHHSA:
I. MeTtonu iHTerpyBaHHs
3aBmanus 1. besnocepenne iHTerpyBaHHs

[ a3V dx =

j(Ssinx—3~4x +1)dx:
X

[ (2x=5)(x+1)dx

3aBmaHug 2.
Mertopx mificTaHOBKH ( METOJI 3aMiHU 3MIHHO1)

1
J'(2x3 —1)x%dx
0

j (2x —5)%dx
Iexz’zdx

3aBaanHg 3.
Merton iHTerpyBaHHs YaCTHHAMHU

Ixz sin5xdx
J'(x —1)sin(2x —1)dx

J.(sz —3x+2)e*dx =



Ceminapcoke 3anammsa 11
Tema. Busnavenuii inrerpaJ

Iumanns 0ns ycHoeo onumyeanus ma OucKycii
1. BwuzHaueHwuii iHTeTpan (03HAUYCHHS, BIIACTUBOCTI, METOAN OOUYMCIICHHS).
2. ®opmyna Herorona-JleiOHina.
3. 3acrocyBaHHS iHTErpaIiB.

AyoumopHa nucemosa poboma

BukoHaHHs CTyJeHTaMH TECTOBUX Ta IHAWBIAyadbHUX 3aBIaHb 3 MHUTaHb TEMH 3aHSTTS.
CeMiHapchKi/madopaTopHi Ta iHAWBiIyanbHi 3aBAaHHs MiIcTiIThest B Google Classroom B mamiri
Ceminapceki/JIabopatopHi 3aBlIaHHS.

Memoouuni exaszieku
Knwuosumu mepminamu, Ha po3ymMiHHI AKUX 0A3YEMbCA 3AC60CHHA HABUATIbHO20
mamepiany memu, € @ IHTETpajbHA CyMa, BU3HAUYEHUI IHTErpas, reoMeTpuyHa IHTepIIpeTalis
BU3HAYEHOr'0 IHTErpajja, 3aMiHa 3MIHHMX y BH3HAU€HOMY IHTErpajli, IHTETpyBaHHS YaCTHHAMHU Y
BU3HAYEHOMY iHTErpai, 00YHCICHHS IO, 00’ €MiB, TOBKUHU JIyTH 32 TOTIOMOT'OI0 IHTETPaJIiB.

3 Memoto 2nub0K020 3AC60EHHA HABUATILHO20 Mamepialy npu camoCmiilHOMy 6UGYEHHI
memu Cmyo0eHmy 8apnio 0coo0Iugy yeazy 30cepeoumu Ha MaKux acneKmax:

Buznavyenuii inTerpaJ.
SIkimo npu Oyab-KOMYy JIUIEHH] Bifpi3Ka [a; b] TakoMy, o MaxAx, — 0 1 npu 10BUIBHOMY
1

n
BUOOpi TOUoK &; cyma Z f(fi )AXi npsMye 10 ofHiel i Tiel sk camoi rpanuni | , To TOBOPATH, IO
i=1
byHKIISA f(x) IHTerpoBaHa Ha BIJPi3Ky [a; b], a rpaHuiio | Ha3MBaIOTh BU3HAYEHUM IHTErpajioM
b
Bin f(x) ma [a;b] i nosmauarots If(x)dx -

a

Iimzn: f(&)Ax = i f(x)dx
miaxAxi —0

Yucio a Ha3WBalOTh HWKHBOIO MEXEH iHTerpaia, ab — HOro BEpXHBOK MEXEHO.
[Ipomixok [a; b] HA3WBAIOTh BiIPI3KOM IHTEIPYBaHHS, @ X — 3MIHHOIO IHTETPYBaHHS.

BaacTtuBocTi BU3HAa4YeHOr0 iHTerpaJa.

Busnauenuii iHTerpajd Mae BIIACTHBOCTI, SIKI MOXKHa C(OPMYIIOBATH 3a JIOTIOMOTOI0 3HAKiB
piBHOCTEM ab0 HEPIBHOCTEH.
1)  Cranuii MHOXXHUK MOYKHA BHHOCHTH 3a 3HaK IHTerpaa:

}Af (x)dx = A'b[ f (x)dx.

b n
Jliicwo, [ Af(x)dx = lim > Af (& )Ax, =

max Dx; —»0
1
b

=A lim Z F(£)ax, = Af f(x)dx

max Dx; -0
i a



2) BuzHaueHwmii iHTErpan Bij anreOpaidHOi cyMH KiTbKOX (YHKIIH JOpiBHIOE anreOpaidHiid cymi
IHTErpaJIiB Bijl TOJaHKIB.

b
'[(fl(x)+ f,(x))dx = j f,(x)dx +'[ f,(x)dx
Ile miiicHO Tak, OCKIJIbLKH

(fl(x)+fz(x))dx=miainAr;riLO(fl(§)+f(981) = lim (Zf AX, +Zf ]

max Ax;—0

D C—y T

= lim Zf DAX, + lim fz(gi)Axi:jfl(x)dx+jf2(x)dx

maxAx —04 max Ax; —>0

®opmysia Herorona-Jleiionina.

JiticHo, SKIIIO F(X) — siKa-HeOyIb TIepBiCHA BiJ HemepepBHOI (yHKIIIT f(x), TO, OCKLITBKH

f (t)dt — raxox ii nepsicua, MaeMo:

f(tt = F(x)+c", ne ¢ — craua.
Jlst BUBHAUCHHS IMi€l CTajlol MOKIaIeMO B OCTaHHIN PIBHOCTI X = & :

f(tht=F(x)+c, a6o O=F(a)+c". 3simem omepxyemo: € =-F(a) . Takum unHOM,

f(t)jt = F(X)— F(a). . HigcraBuBmu X =b, omepxyemo ¢dopmyny Herotona-JIeiiOHima, ska

BCTaHOBIIIOE 3B’SI30K MK BU3HAUEHUM Ta HEBH3HAUEHHUM iHTerpanamu. L{ro ¢opmyny 3amucyroTs
i€ TaK:

f(x)px = F(x)‘g.

D ey T

b
st obuucieHHs iHTerpaia If(x):ix, ne f(X)e C[a; b], MO>KHa BBECTH HOBY 3MiHHY t 3a

dbopMmyIor0: X = go(t). SIko:

a) pla)=a,p(B)=b;

0) (p( ) ( ) HernepepBHi pu t € [a ,B]

B) f( ( )) — BU3HAYCHA 1 HenepepBHa (QYHKIlISA Ha BIAPI3KY [a; ﬁ] , TO Ma€ micie gpopmyna:

[ f(x)x=] f (o))

a

Opukaan j\/1+xdx=1+xzt2 x=0 =1 jt—ztdt_zjtzdt_ tz‘f 2(2v2-1).
- dx=2tdt x=1 t=42

ITpu notpe6i KOpUCTYIOThHCS (HOPMYIIOI0 IHTErpyBaHHS MO YaCTUHAX:

b
—jvdu.




s u=In(x+1) dx oy f xdx
Mpukiaz, 'C[In(x+1)dx_ iy — du = e _xln(x+1)10 - !X—H_(e—l)ln(e—lJrl)—
V=X
-0- _[X+l :e—l—ejldx+ele:e—l—xe1+In|x+ﬂe1:e—1—(e—1)+ln(e—l+1)—
S xl ° °

— In1= e—-l-e+1+1=1.
EKOHOMi‘lHe 3aCTocyBaHHﬂ iHTeraJ‘[a.

BusnaueHuil iHTErpall Ma€ MIMPOKE BUKOPHUCTAHHS B EKOHOMIYHHMX pO3paxyHKax. 3a
JIOTIOMOTOF0 BM3HAYEHOTO I1HTErpajia MOJXKHA BH3HAYaTH 3arajllbHANW JOX1A, SIKIIO BIJOMHI
rpannyHui npudyTok. Hexai, Hanpukian, GyHKIIsS TPAHUYHOTO JOXOIY 3a/1a€ThCS GOPMYIIOI0

MR =-0.04x+12,
Je X — KUTBKICTh TIOJIAaHUX OJIMHUIIb TOBapY. BuzHaunmo mgoxin Bix mpogaxy 100 oguHUIs TOBapy.

Po3B'ss3anns.
100

M = [ (~0.04x +12)dx ( 004?+12xj‘1°° (-0.02¢ +12x ) =1000 (rpr.)
0

Busnauenuii iHTerpai q03BOJISIE PO3B’A3yBATH 3a/1a4y BU3HAUCHHSI TOJJATKOBOT BAPTOCTI.
Hexait 3anano ¢yHkuii nponosuuii S =15p Ta momury (= p° —80p +1500. (puc. 3).

0 20 30 p(Tin®)

Puc. 3.

3ajaya npo A01aTKOBY BapTiCTh.

Busnauaemo, mo =S npu p = 20. [Ipu upomy nonut nopisaroe 300 onunuis. Joxin 3a
MPOJIaHy TPOIYKII0 CTaHOBUTH s BupoOHHMKA 20*300=6000 TpH Ta 300paKy€ThCS ILIOMICIO
npsmMokyTHuka OBCE. EkoHOMIYHMIA 3MICT Ma€ IiHA 3a OJMHUIIO TOBapy, Oinbma 3a 20 rpH
(SIKIIO MOMMT TMEPEBUIILYE MPOMO3MIII0, TO, 3BUYANHO, 3HAWIYTHCS MOKYIII, SKI KYIJISTH TOBAp
Jopoxue, Hix 3a 20 TpH). MIpOI0 CIpaBXHbOT KOPUCHOCTI TOBapy, BBAKAIOTh €EKOHOMICTH, € IUIOIIA
¢irypu OBCD . Ilnoma 3amrpuxoBaHoi Girypu (kpuBodiHiiiHoro TpukytHuka CDE ) HazuBaeTbcs
,I[O,HaTKOBOIO BapTICTIO. BU3HauuMo 1110 miIony 3a JONOMOTO0 IHTErpary

3
j(p —~80p +1500)dp = [3 80'; +1500pj‘ ~ 133333 rp.
20

OTxe, 1oaTKoBa BapTicTh HopiBHIOE 1333,33 rpH.

Hpuxkaan. 1 momonaHHS HACHIIKIB CTUXIHHOTO JHMXa B JEAKY MICIEBICTh HAIXOMSTh

Gnarofiiini BHeCKH, pO3Mip sKkuX HaGmDKkeHo ommcyeThes dyrkmiero a(t)=30e'(t € [0;3]) ,



npuyoMy t BHUMIPIOETBCS B JHAX Bl MOMEHTY CTHXIHHOrO JMXa, a a(t) — B THCAYax T'PUBEHb.
Busnauutu:
a)  CKIUIbKM BHECKIB HaJiiijie HA IPYTHil ICHD (t = 2)?
b)  ska cyma BHECKiB OUIKY€ThCS 3a TPH JHI 3 MOMEHTY MOYATKy CTHXIHHOTO Jnxa?
Po3B'si3anns.
a) Buznaunmo a(2):
a(2) = 30e’ ~ 221.6 Tuc. rpn.
0) CymapHi BHECKH 3a TPH JTHI BU3HAYMMO 3a JIOIIOMOTOI0 BU3HAYEHOTO 1HTEerpaa;

iBOetdt = 30¢'[3 = 30(e* 1) ~ 5724 Tnc. rpi.
0

AHaJOTIYHO PO3B’S3YIOThCS 3a/ladi MpO eMiJeMIOJIIOTIYHUN KOHTPOIb, MPO MOTPedy
HiANPUEMCTBA B MaTepiajiax, po piBeHb 3aTpaT Ta PEMOHT MPHWIAIIB, IIPO YHUCEIbHICTh HACEJIEHHS
Ta 1H.

Hexait BupoOnuua ¢ynkuist Ko66a-/[yrinaca mae Burisia:

y =(4+t)e?t [0;3]
(y — 00’em Bumycky mpoaykiii (tuc. mr.), t —4ac (poku)). [lotpiOHO 3HaHTH 00’ €M Q TpoaYKILi,
BUTOTOBJICHOT 3a 3 POKH.
Po3B'sa3anns.
0O6’em ) BUTOTOBJIEHOT MPOAYKIIii TOPIBHIOE BU3HAYCHOMY 1HTETPATY

3
Q= [(4+t)”dt.
0

InTerpyroun yacTuHaMu, 3HaXOAUMO:
du = dt
7

U=u-+t 1 1% 7 1 13
_ X =E(4+t)e2t‘g_Egeﬂdt=Ee6_2_z(e6_1)=ZeG—Zz11309 (tHc.

~ |dv = e?dt v:le
2

IIT.)

Otxe, 3a 3 poku Oyie BUTOTOBJICHO TTpuOIn3HO 1309 THC. IIT. OMHUL MPOTYKITIi.
3a gonomorow kpuBoi Jlopenio OBA (puc. 4), mo BimoOpaxae 3aJeXHICTb J0J1 NPUOYTKIB BiJl
JI0JT1 HACEJIeHHs, OLIHIOITh HEPIBHOMIPHICTh B PO3MOJLUTI MPUOYTKIB HACENEHHS (SKIIO PO3MOILT
npuOyTKiB piBHOMIpHHMIA, TO KprBa JlopeHIia BUpOpKyeThes B mipsimy OA).

4

y i (osist mpUOYTKY)

[
»

X (momnst HaceeHHS)

Puc. 4. Kpusa Jlopenua OBA



Miporo ui€i HepiBHOMIpHOCTI € Koedimient [kini k : k = =22 ne S, — mwioma OBA, a
AJAB

S,one — Wnoma tpukytHuka OAC . Ilpu npomy uymMm Oinbmie K, THM HEPIBHOMIpPHIIIMN pO3MOLT

npuOYTKIB HACENICHHS.

. 17 1 X, 11 :
Hexaii, nanpuknazn, Yy = x* . Tomi Soms == —IX“dX =— ——t =——==0.3. Ockinbku
2 % 2 5 2 5
1 . . . . o
Sponc = R 1o k=0,6 . Po3moxin npuOyTKiB HaceleHHs ICTOTHO HepiBHOMIpHHWMA. SIKImo X
X2 +2x° : 4 :
y= —3 TO QHAJOTIYHO MOKHA TMOKa3aTu, mo K = 3 ~0,44. B npoMy BHUIAIKy PO3IOJILI

npuOyTKiB y MEHIL1H Mipi HEPIBHOMIPHUH.

Ceminapcoke 3anammsa 12
Tema. OcHOBHI NOHATTH Teopii iMoBipHOCTEH

Hlumanns 0na ycno2o onumysants ma OUCKycii
CkiH4eHi MHOXKMHU. EnneMeHTH KoMOIHaTOPUKH.
OCHOBHI MOHATTS KOMOIHATOPHOTO aHATI3Y.
[TepecTtanoBku, po3MilieHHs, KOMOIHAIIIT 3 TOBTOPECHHSIMHU.
Krnacuyne ta ctatuctuyHe BU3HAYEHHS HMOBIPHOCTI.
OCHOBHI BJIaCTUBOCTI HIMOBIPHOCTI.

arLOdE

AyoumopHa nucemosa poboma

BukoHaHHS CTyJIeHTaMH TECTOBHX Ta IHAMBIAyalbHUX 3aBIaHb 3 NMUTaHb TEMHU 3aHSTTS.
Ceminapcpki/mabopaTopHi Ta iHAMBITyanbHI 3aBAaHHsA MicTaThess B Google Classroom B marmii
Cewminapcrki/JlabopaTopHi 3aBHaHHS.

Memoouuni éxazieku
Knwuyoeumu mepminamu, Ha po3ymiHHI AKUX OA3YEMbCA 3AC60EHHA HABYATILHO20
Mamepiany memu, € : TEPECTAHOBKH, PO3MIIICHHS, KOMOiHAIll, KJIacHMYHE Ta CTaTUCTUYHE
BU3HAYEHHS IMOBIPHOCTi, OCHOBHI BIIACTHBOCTI HMOBIPHOCTI.

3 Memoto 21ub0K020 3AC60CHHA HABUAILHO20 MaAmepiany npu cAmoCmilHOMY 6UBYUEHHI
memu CmyoeHmy 6apmo 0co0aUgy yeazy 30cepeoumu Ha MaKux acneKkmax.

[IpuragaemMo OCHOBHI INpaBHJIa 32 SIKUMH BUKOHYIOTH BHOIp Ti€l 4M iHIIOI KOMOiIHATOPHOT
dbopmynu B o0urcieHHsX. Bam HE0OXiTHO X BUBYUTH, 1100 BUTBHO 3aCTOCOBYBAaTH Ha MPAKTHUII Ta
HE TIIYMAuUTH SIK 3aX0UeThCsl GOPMYIIH PO3MIILIEHb, IEPECTAHOBKU Ta KOMOIHAII].

EnemenTn koMOiHATOPUKH

Binomo n1Ba 6a30BuX MpaBuia, 3a SKUMHU NPUIMAaIOTh PILIEHHS: KO (OPMYJIO0
KOMOITHATOPHKH CITiJ] KOPUCTYBATHCS?

Ywu e OyayTh KOMOiHAITT, IEPECTAHOBKU UM PO3MIIICHHS 3aJI€KUTh BiJl BIIITOBI/II HA JBA TUTAHHS.
1) Yu BpaxOBY€ETHCS MOPSIO0K PO3MIIIICHHS €JIEMEHTIB?

SIKII0 BiATIOBi/b «HI» TO 3aCTOCOBYEMO (pOpMyITy KOMOIHAIIIM.

S0 «TaKky, TO MaEMO J1Ba BapiaHTH, K1 3aJIeXKaTh Bl BIAMOBII HA HACTYITHE MATAHHS:

2) Uu BCi eJIeMEHTH BXOIATh Y CIIONYKY?

SKII0 «TaKk» TO OOUUCITIOEMO Yepe3 MePeCTaHOBKH, SKIIO «Hi» 3aCTOCOBYEMO (POPMYITy PO3MIIIICHb.
100 nermie 3amaM'aTaJIuCh 11l IpaBUiIa HABEJEMO HACTYIIHUI PUCYHOK, BUBYMBIIY SKUH y Bac He
BUHHUKATHME TPYIHOIIIB 3 OCHOBHIMHU KOMOIHATOPHUMHU 3a/Ia4aMH.


http://yukhym.com/uk/vipadkovi-podiji/osnovi-kombinatoriki.html

Bubip dopmyan ais obunciaeHHs KiabKOCTI CnoIyK

Uu BpaxoBYETLCH NOPALOK
pO3MiUICHHS eneMeHTIB?

T‘m{/\Hi

U T S -
In BCi eneMeHTH -} KomGinauii
BXO/ATh ¥ CIIONYKY' Y
Cl s
Tak Hi m!(n-m)!
l_[cpcm AHOBKH PoaMmilleHHA
.
P =n! Ay = —
(n=m)!

IIpaBuna KOMOIHATOPHOIO AOAABAHHS Ta KOMOIHATOPHOI'O MHOXKEHHS
[IpaBuno kKOMOIHATOPHOTO MHOKEHHS € YaCTKOBHM BHITIJIKOM OCHOBHOTO IpaBHJIa
koMOiHatopuku: Hexait HeoOXiTHO BUKOHATH MOCTIIOBHO N miid. [Ipu ipomy mepiry 1ir0 MOKHA
BukoHatu K1 crmocobamu, apyry — K2 criocobamu i Tak maji 1o m-i Ail, sKy MOXHa
BukoHatu Km criocodamu. Toxi Bci M aiid MoxkHa BUKOHATH K1 ¢ k2 ¢ ... ekml e km2 e ... ¢
km criocobamu.
BapianT 1

1. Ckinbkoma criocobamu MoxkHa BuOparu 4 sionyxka i3 10? (3 6anu)

2. CkinbKOMa Crioco0aMu MOKHA PO3IMOIUIATH 3 Pi3HUX My TIBKU MK 25 yunsmu? (3 6anu)

3. Ckimpkoma criocobamu MokHa copmyBaTH moi3a 3 8 Baronis? (3 baiu)

4. OGuucnite: Cy +Ce +Cp .
Bapianr 2

1. CkinbkoMa criocobamMu MOKHA PO3MOJMUIATH 3 OJHAKOBHX MYTIBKH Mik 25 y4uasamu? (3
banu)

2. YV xnaci HaBuaetbcs 10 ronakiB. CkinbkoMa crocob0aMu MOXKHA iX BHIIMKYBAaTH Yy
niepeHry?

3. Ckinpkoma crocobamu i3 20 CTyJIEHTIB Ipylud MOKHAa 00OpaTd TOJIOBY, 3acCTYIHHKA
TOJIOBH 1 cekpeTaps 300piB?

4. O0UYHUCIITH: Cs + Cg + CSS.
Bionosioi: 1. Cjy=219. 2. A =13800. 3. Ps- 8! =40320. 4.22.
1. C3, =2300. 2. P1o=10!=3628800. 3. A5, =6840. 4. 16.

Busnaure BUJ CIONYKH, PO SKY HAESTHCS MOBA B 3a]1adi, Ta 3aMUIITh BIIMOBIAHY GOPMYITY:

1. a) 25 BuKIIagaviB MOTUCHYJIM OJMH OJTHOMY pyKH Tiepen KoHpepenitie.. CKiTbKH 0yJI0 3po01eHo
PYKOCTHCKaHb?
0) 25 cryaeHTiB oOMiHsUTHCS (oTorpadisMu Tak, MO KOKHUN OOMIHSBCS 3 KOXHUM. CKUTBKH
Oy1o poznano gotorpadiii?
. s 2 2
Bionosioi: a) C25: 300, 6) A25 = 600.
2. a) Y rpyni 3 32 cTyaeHTIiB BUOMPAIOTH JeJeTalio Ha KOH(PEPEHIIiI0, Ka CKIAAAEThCS 3 TPhOX
oci6. CKUIbKH ICHY€ BapiaHTiB TaKoro BUOOpy?
6) ¥ kuaci 3 25 cTyaeHTIB ISl TpOBeIeHHs 300piB OOMPAIOTh TOJIOBY, 3aCTYIHUKA 1 CEKpeTapsl.
CkibKOMa CITOCO0aMU 1€ MOKHA 3p0OHUTH?

. e 2 2
Bionosioi: a) C3, =4960;6) A, =29 760.

3. a) bing crona cToiTh 9 cTinbIliB. CKUTEKH iICHY€E CITIOCO0IB PO3MIIICHHS 32 CTOJIOM 9 0¢i0?
0) 9 niB4yaT BoaATh X0poBO. CKUIBKH ICHYE JIJI1 HUX PI3HUX BapiaHTIB CTaTH B KOJIO?



B) 3 NeB'ITH Pi3HUX HAMHUCTHH MOTPiIOHO 3poduTh Hamucto. CKUIBKH iCHy€ Pi3HUX CIIOCO0iB
HOro yTBOpEHHs?

P9 . . . . ..

Bionogioi: a) P9 = 9!; 0) _9 (kimpKicTh XOpoOBOAIB Yy 9 pa3 menma Bix Py, 00 nukimiyHi
. P9 .. .

MEPECTAaHOBKM HE 3MIHIOIOTH XOpPOBOI); B) _9 5 (UMKITIYHI TIEPECTAaHOBKH HE 3MIiHIOIOTh

HaMHUCTO, a TAKOXX HAMUCTO HE 3MiHI/ITLC5I, SAKIIO NCPEBCPHYTU ﬁOFO).

3aoaua. Y rpymil2 xmomis i 10 giBuar.
a) Ckinpkoma cmocob0aMu MOKHA BUOPATH OJJHOTO CYTACHTA I[bOTO KIlacy?
0) CkinbKkoMa crioco0am JBOX — XJIOMIIS 1 TiBUUHY ?
B) CkipkoMa crioco6amMu MOKHa BHOpaTH A1BUUHY?
r) Y>xe BuOpaHo oHOTO cTyaeHTa. CKIJTbKOMa CIIoco0aMu MOKHA BHOpATH TICHIS I[bOTO
XJIOMIIS 1 1iBUUHY?

3aoaui:

1. 7 KHUT Pi3HUX aBTOPIB 1 TPhOXTOMHHK OJIHOTO aBTOPa PO3TAIIOBaHI Ha KHIYKKOBIN
nonuni. CKiTbkoMa crioco6aMu MO>kHa po3cTaBUTH 111 10 KHUKOK Ha MOJNUII TaK, 100 KHUTH
aBTOpa TPHOXTOMHHKA CTOSIIH MOPYY?

Bionosiow: P3 - Pg = 241 920.
2. 360pu 3 30 oci6 oOuparoTh roJIOBY, CEKpeTaps Ta TPhOX WICHIB peaakiiiHoi koMicii. CKiIbKOMa
crioco0amH 1ie MOXHa 3po0ouTH?

. . 2 3
Bionogion: Ay - C55 =2 850 120.
3. ¥V migpo3aini 60 conaar i 5 odiuepis. CkinbkoMa crioco6aMu MOYKHa BUIUIUTH HAPsi, SIKUH
CKJIQIA€THCS 13 TPHOX COJJIAT 1 0fHOTO odirepa?
. . 3 1
Bionogiov: Cqy - Cs =171100.
4. 13 10 Tposinz i 8 xOp>kuH Tpebda CKIacTH OyKeT Tak, 100 B HbOMY OyiH 2 TPOSHAH 1 3 )KOPKHUHH.
CkinpkoMa criocobamMu MOXKHa CKitacTu Oyker?
. . 2 3
Bionosion: Cy,- Cg =2520.
5. I3 cemu GiryHiB 1 TppOX CTpHOYHIB Tpeba CKIACTH KOMaHY 13 5 YOJIOBIK, B SIKYy O BXOJIUB X04 OU
oauH cTpruOyH. CKiJIbKOMa crioco0amu 11e MOKHA 3pOOUTH?

Bionosios: C3 C; + C; C; + C2 C;5 =231.

HVIMOBIpHICTIO BUITAIKOBOT TO/IiT HA3UBAETHCS BITHOMICHHS KUTBKOCTI €IEMEHTapHUX IO,
110 COPUSAIOTH 1IN MOJIT 10 3araibHOi KUTBKOCTI MO/1M MPOCTOPY €1eMEHTapHUX MOIIH.

BaacruBocri iMmoBipHOCTEH

0< P(A) £ 1 st k0KHOT BUTIAIKOBOT MOIIT A.
P(A)=1 nns xoxHOT BiporiHOT mOii A.
P(A)=0 118 HEMOXKIIMBOT MOIIi.
Cyma iiMOBipHOCTEH IPOTUIIEKHUX MOAINA AOPIBHIOE 1.
P(A) +P(A)=1; p+gq-=1.
Jliist AMOBIpHOCTI BHIAJKOBOI MOii A, MPOTUIEKHOI BHIAAKOBIH MOl A, CIPaBIKY€EThCS
pisnicts P(A)=1 — P(A).



Ceminapcoke 3anammsa 13
Tema. TeopeMu MHOKEHHS i 10JaBAHHS IMOBIPHOCTEH Ta iX HACTIAKHA
Ilumanus ona ycHoeo onumysans ma OUCKycii
1. CywmicHi Ta HeCyMICHI MOJii. 3aJIe)KHI Ta HE3aJIeKHI MOII.

2. YMOBHI HMOBIpHOCTI.
3. Teopemu nonmaBaHHs i MHOKEHHS iiMoBipHOCTEH. Hacminkw.

AyoumopHa nucemosa poboma

BukoHaHHs CTyJeHTaMH TECTOBUX Ta IHAMBIAyadbHUX 3aBIaHb 3 MUTAaHb TEMH 3aHATTS.
CeMiHapchKi/mabopaTopHi Ta iHAMBiIyalbHI 3aBAaHHsS MICTAThCS B Google Classroom B marmiii
Ceminapceki/JIabopatopHi 3aBlIaHHS.

Memoouuni éxaziexu
Kniwouosumu mepminamu, Ha po3ymMiHHI AKUX OA3YEMbCA 3AC60EHHA HAGUATLHO2O
mamepiany memu, € . CyMICHI Ta HECYMICHI TMOIi, 3aJieKHI Ta HE3&ICKHI MOJli. YMOBHa
n“MoBipHOCTB. TeopemMu qo/1aBaHHs 1 MHOKEHHS MiMOBIpHOCTE. Hacmiakm.

3 memoro 2nub0K020 3AC60€HHA HABYANLHO20 MAMeEPIaLy NPU CAMOCMIUHOMY 8UBYEHHI
memu Cmyo0eHmy apmo ocooaugy yeazy 30cepeoumu Ha maKux acneKkmax.

Bumankosi moxii A 1 B Ha3UBAKOTh CyMiCHUMU, SKIIO BOHU MOXYTh CTaTHCS OJHOYACHO B
OJIHOMY BUIIPOOYBaHHI.

Y npoTuBHOMY pa3i BUMTAAKOBI MOl 4 1 B HA3UBAKOTHCS HECYMICHUMU.

Bunaakosi moaii A 1 B Ha3UBaKOTh 3a/1edcHUMU, SKIIIO TTOSBA O/IHI€ET 3 HUX (4 a0o B) BIIMBae
Ha WMOBIPHICTH MOSIBY 1HIIOI.

VY npotuBHOMY pasi BUIAAKOBI 01T A 1 B Ha3UBAIOTHCS He3ANeHCHUMU.

Sk110 IMOBIPHICTH BUIAIKOBOI MOAIT A 00YUCITIOETHCS 32 YMOBH, 1110 1oist B BigOymacs,
TO TaKa HMOBIPHICTh HA3UBAETHCS YMOGHOIO Py (A), abo P (A/B).

Teopemu gomaBanus. MIMOBipHiCTH CyMH IBOX GyIb-AKHX IOBiNGHHX BHITAJKOBHX MOJii
A 1 B nopiBHIO€ cymi iIMOBIpHOCTEH KOKHOI 3 HUX 0€3 IMOBIPHOCTI iX TOOYTKY:
P(A+B)=P(A)+P(B)-P(AB).
Teopemu 106yTKy. VMOBipHiCTh TOOYTKY IBOX He3aleKHHMX mofmii A i B mopiBHIOe
n00yTKY WMOBIpHOCTEH ITUX MO, TOOTO
P(A-B) = P(A) -P(B).
moBipHicTh 106yTKY ABOX 3anexchux noditi A i B nopiBHIOe 106yTKy iiMOBipHOCTI oaHiei
3 HUX Ha YMOBHY MMOBIpHICTb APYTOi MOi1, AKIIO MepIia Bke BiaOyacs.
P(A:B) = P(A) ‘Pa(B).

3aoaua 1. B ypHi nexarts 20 KynboK, 3 Skux 12 OinuX, pemra - 4opHi. 3 YpHH HaBMaHHS
BUHMAIOTh Bl KyJbKH. SIka HMOBIpHICTH TOTO, III0 BOHH 011117

Po3B'sizanHs.

3aranbHa KUIBKICTh €J1€MEHTApHUX MOAlN BUIIPOOYBaHHS (BUMHSATO JBI KYJbKH) JOPIBHIOE
YUCITY CTMOCO01B, SKUMU MOXXHA BUUHATH 2 KyJabkd 13 20, TOOTO umciy koMOiHarii 13 20 e1eMeHTiB
m2n=C 220). [TimpaxyeMo KiTBKICTh €IEMEHTApHHUX IO, SKI CIPUAIOTH MOl «BHMHAITO IB1
01X KyJIbKu». Ll KUTBKICTh JOPIBHIOE YUCITY CIIOCOOIB, SIKUMH MOYXKHA BUUHATH 2 KYJbKH 13 12
011X, TOOTO UncIy KOMOiHaIiH 13 12 eneMeHTIB 1o 2 (m = C'lz2 .

OTxe, AKIIO Mo A - «BUHHATO AB1 0111 KyJIBKH», TO
m C, 12.11 1.2 33

CZ 1.2 2019 95

20

P(4) =




Bionosion: § .
95

3aoaua 2. B ypHi nexats 20 KyJaboK, 3 AkuXx 12 OinMX, pemra - yopHi. 3 YpHM HaBMaHHS
BUIMAIOTh TPU KyJIbKU. SIka IMOBIpHICTB TOTO, 110 cepea BUOpaHUX AB1 KyJIbKH O11i?
Po3B'sa3anns.

3aranpHa KUIBKICTh €JIEMEHTApHUX MOA1H BUIPOOYBaHHS (BUHHATO TPH KYJIbKH) JJOPIBHIOE N
3
20 -

OOUYNCIUMO KUIBKICTh €IEMEHTAPHUX IOAIN, SKI COPUSIOTH MOJIl «cepel] TPhOX BHOpPaHUX
KyJbOK J1B1 Oimi». JIBi O1mi KyJbKH 13 12 O1MMX KyJIhOK MOXHaA BHOpaTh C122 croco0aMu, a OJHY
YOpHY KYyJIbKY MOKHa BUOpatu § criocodamu, TOAl Mojii «cepesl TphoX BUOpaHUX KyJIbOK AB1 OLTI»
crpusiiors m = C) 8 eneMeHTapHUX MO

OTxe, AKIO0 Mo A - «cepell TphOX BUOPaHUX KYJbOK JBi O1111», TO

P(A):mchz 8_12-11.8 1.2-3 44
n > 1.2 20-19-18 95

Bionosion: ﬁ .
95

3aodaua 3. B ypHi nexarb 15 4yepBoHHX, 9 CHHIX 1 6 3eJIeHUX KYyJIbOK OJIHAKOBUX Ha JOTHK.
HaBmanus BuiimaroTh 6 Kynbok. SIka HMOBIPHICTH TOro, IO BHHHATO: 1 3eneHy, 2 cuHIX 1 3
YEPBOHUX KYJIbKH?

Po3B'sa3anns.

B wmiif 3agadi BUNIpoOyBaHHS HOJISTae B TOMY, LIO 13 YPHH BUMMAaOTh 6 KyJboK. BuiiHATH
IICTh KyJBbOK 13 15 + 9 + 6 = 30 xynsok moxkna n = C ??0 cnocobamu. Hac mikaBUTh IMOBIpHICTh
nonii A - «BuitHATO 1 3eneHy, 2 cuHIX 1 3 4epBOHUX Kylbku». OJHY 3e€leHy KyJIbKY MOKHA
BUIHATH Cé croco0amu, 2 CHHIX KyJIbKH MOKHa BUHHSTH ng croco0amu, 3 4EpPBOHUX KYJIBKH
MOKHa BUHHSATH C135 cnocobamu. Otmxe, moaii A cHpusitote m = Cé : ng : C135 eJIEMEHTApHUX
nmoxiii. Toxi
Cs-Cy-Cs 15.14.13.9-8-6-1-2-3-4.5.6 _ 24
cé  1.2.3.1.2-30-29.28-27-26-25 145

P(A) =

Bionosios: 24
145

3aBnanns 1. HaBmaHHs ckianaeThest OykeT 13 TpboX KBiTOK. Cepen KBITOK € 6 aicTp, 5
TPOSTHA Ta 3 poMamiKu. 3HAWTH HMOBIPHICT TOTO, IO OYKET CKIIAAA€ThCS:
* a) 13 TPHOX TPOSIHT;
* 0) i3 TPHOX POMAIIIOK;
* B)i3 | TposiHau, 1 pomamku Ta 1 aiicTpu.
3aBaanns 2. Ctyaest 31Hae 20 nutans i3 25 nporpaMmu. 3HaiTH HMOBIPHICTB, 1110 CTYAEHT 13
TPbOX 3alTUTAHb BIAMOBIB:
* a) Ha OJTHE 3aIMTAHHS;
* 0) Ha BCi 3aIUTaHHS;
* B) HE BIJIMIOBIB Ha KOJHE.
3aBnanns 3. Ha xoHTposibp Hamifunum BUpoOOHW, sIKI BUTOTOBJIEHI TpbOMa POOITHUKAMHU.
[Mepmmii Burorosus 20 BupoOiB, cepen sikux 4% Opaxy, npyruii — 30 Bupo6iB, B sikux 1% Opaxky, a
Tpetiii — 50, cepen skux 5% Opaxy. B3sita HaBMaHHS eTanb BUSBUIACH OpPaKOBAHOIO.
3HalTH KMOBIPHICTH TOTO, 1110 BUP1O BUTOTOBUB 3-i pOOITHUK.
3apnanns 4. VIMoBipHicTs HapomKeHHs Xnmomuuka popiBHioe 0,51. 3HaiiTw iMOBipHICTH
Toro, 1o cepea 100 HapoKEeHUX:
* a) piBHO 50 XJIOMYHKIB;



* 0) e merme 30 i e Gunbime 70.

3aBnannsa 5. Bepcrar-aBromar mramiye aeraii. IMOBIpHICTH TOTO, IO 3a 3MiHY He Oyne
BUITYIIIEHO OJIHOI HECTaHAApTHOI nmeraii, nopiBHioe 0,9. 3HaiAITh IMOBIPHICTH TOTO, IO 33 TPH
3MiHH He OyJle BUMTYIIIEHO YKOIHOT HECTaHJAPTHOI IeTali.

a) CKiJIbkoMa Ccrmoco0aMu MOXHA CKJIACTH PO3KJIa] Iepe3aaul 5 3amiKis.

0) V cropTuBHiil KOMaH[i, sIKa CKJIagaeThest 3 22 4OJIOBIK, Tpeba oOpaTu KarmitaHa i ioro
3actynHuka. CKiUIbKOMa crioco0amMu 11e Mo>kHa 3poouTn?

B) CKiJbKOMa CHOCOOaMH MOYKHA PO3MICTHUTH 6 XJIONIIB Ta 7 JAiBYaT y TYPTOKHUTKY B
TPUMICHIH, YOTUPUMICHIH Ta 1€ ABOX 3-MiCHUX KiMHATaXx.

®opmyJia nOBHOI iMOBipHOCTI
Konu nmopist A Moke HaCTaTH TUIBKU MIPU MOSB1 OHI€T 13 HecyMicHUX monii (rimore3) Hi,
Ha,..., Hn, TO fiMOBipHicTh nOAiT A 3HalAeMo 3riqHO (OpMYJIH MOBHOI iMOBIpHOCTI:

P(A) = Zn:P(Hi)-PHi(A). ne Zn:P(Hi)=1.

ne P(Hi) — #imosipnicte rinoresu Hi; Py (A) ado P(A/Hi) — ymoBHa iiMOBipHicTb noxii A mpu wii

rinoTesi.
®opmy.a beiieca
3 dopmynoro moBHOI HMOBIpHOCTI TicHO TOB’si3aHa (Gopmyna belieca. Skmo o gocuimy
nmoBipHocTi rinore3 0ynu P(Hi), P(H2), ..., P(Hn), a BHachinok pocniny moxist A BigOynacs, TO
MOKHA OIIIHUTH WMOBIPHICTh BUKOHaHHS rinmoTe3u Hi. HoBi, yMOBHI HMOBIPHOCTI TimoTE3
3HaxoauMo 3a Gopmyioro beiteca (1= 1,2,....,n )
P(H)-P, (A P(H,)-P, (A)

PA Sp(m,) P, (A)

PA(H)) =

ne P(Hi) — iimoBipHicTs rinote3u Hi; P, (A) — ymMoBHa iMOBipHiCTh MOJiT A TIpH il TiNOTE31.

@®opmyna belieca nae MOXIMBICTH MEPETJSHYTH WMOBIPHOCTI TiNMOTE3 Ha MiJACTaBl
BpaxXyBaHHS CIOCTEPEKEHHS Pe3yJIbTaTy JAOCIIIY.

3aoaua. MaeMo Tpu OJHAKOBI YpHHU, B KOXHIH 3 sikux mo 4 kym. Y mepmiid — 1 Gina, 3
YOPHHX; y NIpYyTid — 2 Oinnx, 2 yopHHX; y TpeTid — 3 Oinux, 1 gopHa. [3 HaBMaHHS B3ATOi YypHH
HaBMaHHsI BUHATO OUTYy KyJTi0. 3HAWTH HMOBIPHICTH TOTO, IO KYJIIO BUHHATO 3 1 —1 YpHH (i =1, 3).

Po3p’si3anns. [lonis 4 — BUHHATO Olny KyJrO — HAacTae MIClsi HACTaHHS OJHI€l 3 TimoTe3
H, (i=1 n) — BEOpaHO | — Ty ypHYy

P(H,)=1/3, P(A/H,)=1/4;
P(H,)=1/3, P(A/H,)=2/4;
P(H,)=1/3, P(A/H,)=3/4.
Toni
3 11 12 13 1
P(AY =S PH)P(A/H)=-=+-5422_=,
();(.)( .)3434342
HeoOxiHi iiMOBIpHOCTI MOKHA 3HalTH 32 popmynamu baiieca:
11 12 13
P(H,/A=34 _1, P(H,/AN=34_1 prH/n=34_1
E 13 12
2 2 2
epeBipka: S 111
PEBIPKA: %" p, st3ts 1

i=1



Ceminapcoke 3anamms 14
Tema. IloBTOpHI He3a/1eKHI BUIPOOYBaHHS

Humanns ons ycno2o0 onumyeantst ma Ouckycii

1. ®opmyna bepnyi,
2. JlokanpHa Ta iHTErpangbHa Teopemu MyaBpa-Jlarmaca.
3. ®opmyna I[lyacona

AV()L[WZODHG nucobmoea p060ma

BuKoHaHHS CTyJeHTaMH TECTOBUX Ta IHAWBIAyadbHUX 3aBIaHb 3 MHUTAHb TEMH 3aHSTTS.
Ceminapchki/mabopatopHi Ta iHIMBIAyalnbHI 3aBHaHHa MicTATbea B Google Classroom B marmii
Ceminapcoki/JIabopatopHi 3aBlIaHHS.

Memoouuni éxaziexu
Knwuosumu mepminamu, na po3yminni AKUX OA3YEMbCA 3AC60CHHA HABUATNLHOO
Mamepiany memu, € :@ cxemMa BUIpoOyBaHb bepHymi, ¢opmymna bepHymmi, nokaibHa Ta
iHTerpasbHa Teopemu Myaspa-Jlamnaca, popmyna I[lyacona.

3 memoro 2nuboK020 3aC60€HHA HABYANLHO20 MAMeEPiany nPpu CamMoCmiiiHOMy 8UEYEHHI
memu CmyoeHmy apmo 0codaugy yeazy 30cepedumu Ha MaKkux acneKmax.

Hexaii mpoBOAUTECS N HE3AIEKHUX BUMPOOYBaHb, B KOXKHOMY 3 SIKAX BHITQIKOBA MO A
3’SIBIISIETBCS. 3 OJJHAKOBOIO HMOBIpHICTIO p. Ll cXema BHIaIKOBOTO E€KCIIEPUMEHTY Ha3HBAE€THCS
cxemoro bepnysmmi. HeoOXigHO 3HalTH WMOBIPHICTH TOTO, IO B N HE3aJEKHUX BUIPOOYBAHHSIX
noJtist A 3’IBUThCS PiBHO M pa3 (m<n). Po3B’s13koM 11i€1 331241 € HaCTyITHA TeopeMa.

Teopema. mosipHicTs P (m) mosiBu mozii A m pa3iB B n He3aleKHUX BUIPOOYBAHHSIX
00uHnCITIOETHCS 32 HOPMYJIIOI0

Pn(k) = Cakp kg X

Ha npaktuii iHOmMl Tpeba 3HATH, SIK€ YHUCIIO MOAlIM Oyae HailiMoOBipHimMM, TOOTO mpu
sxkomy Ko imoBipHicTh Pn(K) HaitOinbIIa.

HaiiimoBipHimne unciio mosiBu noii Ko 3HaX0UTHCS MK YHCIAMH

np—qg<ky<np+p-

HesBaxkaroun Ha KoMmakTHICTH (opmynu bepuymm, 6e3nocepeane obunciaenns Pn(kK) 3a
HEI0 TpH BEJMKHX N TIOB’s3aHE 31 3HAYHUMHU TpyAHOIIaMH. Hampukman, ans BHU3HAYCHHS
imoBipHOCTI P100(50) motpiObno 3mificautu moHax 200 apudmernyHux omepamid. Y Takux
BUNAJIKAX Ul CIPOIICHHA O0YMCIIEHb KOPUCTYIOThCS T'paHMYHUMH TeopeMamu (MyaBpa-Jlamnaca,
[Tyaccona ), siki gatoth popmymnu s HabmkeHoro oduncienus Pn(K) ¢ mocraTtHpor0 TOUHICTIO.

JlokanbHa Teopema Myaspa-Jlaniaca

JlokanpHa Teopema MyaBpa-Jlamuiaca ae 3MOTY OIIIHMTH OKpeMi HMOBIPHOCTI Ta iXHIO

NOBEIHKY K QyHKIIiI0 k npu éeaukux N (B N BUnpoOyBaHHAX N mois A BinOyaeTbes K pasis ).

1 } 1 -2 . k-np .
P (k) = o(X) 5 A€ p(x)=—=¢ 2 - QyHkuia l'ayca; x=-—_—_F ;
Jnpg Jor Jnpa

o( - x) = p(x) — byHKIis MapHa; @ (X>5)~0.
s i€l pyHKii ckiiageHa Tabnuis 3HaueHb QyHKIIT ¢(x).
Hocnimkenns nokansHO1 (opmynu MyaBpa-Jlammaca mokasyrooTh, 110 BOHA JAa€ JIOCUTH
no0pi HAONIDKEHHS JIMIIE TPH JOCTAaTHHO BEJMKHX N, KpiM TOrO, p HE MOBHHHO OYyTH ayXKe
omu3pkuM 10 0 a6o 1,a npg > 9.



InTerpanbHa Teopema Myaspa-Jlamiaca
Inrerpanbna Teopema MyaBpa-Jlamnaca gae 3MoOry OLIHUTH HMOBIpPHICTH TOTO, IO B N
BUNIPOOYBaHHSX OISt A BiOyaeThcst He MeHmIe Hix ki pasiB, aje He Oinbin sk k2 pasiB
Pn(k1, ko) = ®(x1) — D(x2).
.

ne d(x) inTerpansHa ¢yukmis/lammaca: ®(x)= \/%JX‘ éi%dz
T o

Jnpg © Jnpg
Jns el pyHKIii cknanena, siK 1 11 JOKaabHOI, TabauIlsd MpuOIM3HUX 3HA4YCHb QyHKINT . DYyHKITIS
®d(x) — HenapHa, T00T0 M(—X) = —P(x). B Tabmumi ®P(x>5)~0.5.
Teopema Ilyaccona
VY Bumagkax, Kojv P 10cuTh Mane ( PIaKICHI MOAil ), n — oo JJISI HAOIMKEHOTO O0YMCIICHHS
Pn(k) BukopucroBytoTs rpanndHy Teopemy Ilyaccona.
Teopema. Hexail uucio He3zaneKHUX BUNPOOyBaHb N—00, a UMOBIPHICTb MOSIBH MOJIT A B
KO>KHOMY BUIPOOYBaHHI IPSAMY€E 10 HYJIS TaK, 0 n°p—A, A€ A - pikcoBane HeBigome uncio. Toxni

ﬂ/k iy
JOREA

X_k1_np; X_kz_np.

3aoaua. MoHety kuaaioTh 6 pasiB. 3HAUTH MMOBIPHICTH TOTO, 1110 TepO BUIAJE HE MEHIIE
JIBOX pa3iB.

Po3p’sizannst. p=0,5;q=1-p=20,5; Ps(0) + Ps(1) — iimoBipHicTh TOrO, 1110 Tepbd
BUIIa/Ie MEHIIE JIBOX Pa3iB.
P=1- { Ps(0) + Ps(1) } — iimoBipHicTh TOTO, IO repO BUIAJIC HE MEHIIIE IBOX pa3iB.

Ps(0) = c?*0,5°*0,5° =1*1*61_4 :
= Cl=* 1% 5= *L: i =1-— + = ﬂ
Po(1) = C3*0,5 %05 =6+ L = 2 ;P =1-{Ps(0) + Po(1) }= 77

3aoaua. IMOBIpHICTH BUTOTOBIICHHS Ha BEpCTaTi HecTaHAapTHOI jaerani gopisaioe 0,004.
Busnauuty imoBipHicTh TOrO, 110 3 1000 BUrOoTOBIEHHX Ha LLOMY BepcTati Aetaiedl S5 OyayThb
HECTaH/IapTHUMH.

Po3B’si3anns. 3a ymoBor n = 1000 ; k=5 ; ¢ = 0,996 ; npq <9 . L1i uncna 3a70BOJBHSIIOTH

BuMmoram Teopemu Ilyaccona p< 0,1; n > 50 - gocrarabo Benuke i Npg = 1000*0,004*0,996 =

k

3,984 < 9. 3rigno popmynu Ilyaccona P, (k) ~ %e—x_

5
Omxe, P1ooo( 5) ~ 45—'e‘4 :

VY nopatrky tabmunps P(5) = 0,1563. A 11 ngiiicHe 3HauyeHHs, 3a Qopmynoro beprysi,
nopiBHioe 0,1552. Takum gynHOM, IoxuOKa mana i gopisaioe 0,0011.

3adaua. 3HaliTH WMOBIpHICTh TOSBU TepOa 55 pasziB y 100 He3ane:)KHUX KUJIAHHIX MOHETH.
ﬁMOBipHiCTL nosiBu rep6a B omHOMy kuaanHi p = 0,5.

Po3p’sizanns. k=55; n=100; p=0,5;q=0,5;

,_k-np_55-100-05 _,
Jnpg  100-05-05

TTo taGumuni @ (1) = 0,2420. P, (55)~ 20 _ 029200 0484,
J100-0,25 5
3adaua. BuzHauutu WMOBIPHICTH TOTO, IO KUIbKICTh K OpakoBaHMX BUPOOIB CTAHOBHTUME
He Oinbin sik 70 y maptii 3 HaBMaHHA B3sATHX 10000 BHpOOIB, SKIIO WMOBIpPHICTH OpaKy KOXKHOTO
BUpoOy nopisHtoe 0,005.
Po3p’s3annsi: N=10000; k1=0; k=70; p=0,005; q=0,995;
OGunCcIuMO - /npq = /10000-0,005-0,995 = /49,75 =7,0534.

3a inTerpaipHO0 opmynoro Myaspa-Jlamraca




P(o<k<70) = ®(x2) — D(x1);
=__0-10000-0005 - -0 = 0 = 7,0888. I1o Tabnmuiii goAaTKy
\/10000-0,005-0,995  ,/10000-0,005-0,995  7,0534
®1(—7,0888) = — d1( 7,0888) = - 0,5;
— _70-10000-0005 _ 20 _5gasc
J10000-0,005-0,995  7.0534
ITo Tabmmmi ®2( 2,84 ) = 0,4977.
P(0o<k<70) = ®(x2) — d(x1) = =0,4977 - (- 0,5) = 0,04977 + 0,5 = 0,9977.

X1

X2

Ceminapcoke 3anammsa 15
Tema. IuckpeTHi BUNagKkoBi BeJTHUUHU

Llumanns ona ycHo2o onumysans ma OUcKycii
1. luckpetHi Bunaakosi Bennanna ([IBB).
2. 3aKOHU PO3MOALTY IUCKPETHOI BUIAIKOBOT BEJIMYUHH.
3. @ynkuis ponoainy JBB.
4. Yucnosi xapakrepuctuku JIBB: MareMaTu4He Crio/liBaHHs, JUCTIEPCis, CEpeIHE KBAAPATUIHE
BIIXMJICHHS.

Ayoumopua nucemosa poboma

BuKkOHaHHS CTy/J€HTaMH TECTOBHX Ta IHIWBIAyaJIbHUX 3aBIAaHb 3 NHUTAaHb TEMH 3aHSTTS.
CeminapchKi/mabopatopHi Ta IHIWMBIAyalnbHI 3aBaaHHA MicTATbesa B Google Classroom B marmii
Ceminapceki/JlabopaTopHi 3aBIaHHS.

Memoouuni exaszieku

Knwuosumu mepminamu, Ha po3ymiHHI AKUX 0A3YEMbCA 3AC60CHHA HABUAIbHO20
Mamepiany memu, € : TACKPETHA BUIAJIKOBA BEJIMIMHA, 3aKOHH PO3MOLTY JUCKPETHOT BUTIAKOBOT
BennuuHU, QyHKIIS po3noairy JIBB, uncnoBi xapakrepuctuku /IBB: maTtemarnune crmojiBaHHS,
TUCTIepCis, CEpeTHE KBAIPATUIHE BiIXUICHHS

3 memoro 2nub0K020 3AC80E€HHA HABUAILHO2Z0 MAMEPIany NPU CAMOCHMINHOMY 8UEYUEHHI
memu CmyoeHmy apmo 0coo1ugy yeazy 30cepedumu Ha MaKkux acneKmax.

Bunaokosoro Ha3zMBaeThCsl BeTMUMHA, 3HAUEHHS KO HaTlepe He BiIoMi 1 sIKi MOXKYTh OyTH
BU3HAYCHI JIMIIIE BHACIIIOK JOCIITY.

S0 mpocTip eneMeHTapHUX MOJIN CKIIAaZaeTbes 3 N MOCTPLIIB MO MillI€H], BUMAJKOBOIO
BEJIMUMHOIO OyJle YUCIIO TOMaJlaHb YU HEMNoMaJaHb y MilleHb. MOXIMBI 3HAYEHHS BUIAJKOBOI
Beanuunu: 0,1,2,...n .

Skmo BUIMaIKOBa BeIMYMHA HA0YBa€e CKIHUEHOI TUCKPETHOI KUTBKOCTI 3HAUEHbB, TO il MOXHA
3aJ1aTH, BKA3aBIIIM MOKJIMBI 3HAYCHHSI BUITaIKOBOT BEJIMYNHU Ta HMOBIPHICTD iX TOSIBH:

3HayeHHA BUIAAKOBOT X |x1 X2 X3 w. | Xn
BEJINYNHU
HMOBIpHICTH MOSIBH P |pr |p2 |[p3s |..] pn

[Tpu bomy pk> O; Zw: p, =1.
k=1

BumankoBi BeTUYUHY TOIIISIOTHCS HA OUCKPEMHI | HenepepaHi.

Jluckpemnoro 6unaodkoBow 6eluduHOl0 HAa3UBAETHCS BEIMYMHA, MOXJIMBI 3HAYCHHS SKOI
MOXXYTh OyTH MPOHYMEPOBaHI B SKOMYCh MOPSIKY 1 3alMMCaHl Y BUTJISAL MOCTIOBHOCTI X1, X2 ,...,
Xn.

CHIBBIIHOIIIEHHS MDK MOMJIMBAMH 3HAUYEHHSMH BHUIIAAKOBOI BEJIWYMHU Ta IXHIMHU
HMOBIPHOCTSIMHU JICTAJIO0 HA3BY 3AKOHY PO3NOOLTY BUNAOKOBOI 8ENUUUHU.



BumankoBa BenmmumHa X, ska HaOyBae 3HadeHnb 0,1,...,N, mMae Oinomianvhuil po3nodin i3
napamerpoMm p (0 <p < 1), axmio
P(X=k) = Cnk pk qnfk —nn=1)-n=-2)...(n—-k+1) Cpkgnk
1-2-3-..-k
BumankoBa BenmumHa X, sika HaOyBae 3HauenHns 0,1,...,n, mae posnodin I[lyaccona 3
napameTpom A > 0, K110

ﬂk
&
Yuci10Bi XapaKTePUCTUKH TMCKPETHUX BUMAJAKOBUX BeJIHYHH
Hexait X — pauckpeTHa BHWNaAKOBa BEIWYWHA, sfKa HaOyBa€ 3HAYCHb X1, X2,...,Xn,... 3
HMOBIPHOCTSIMH P1, P2,...,Pn,... BIIIOBIJIHO.
Mamemamuynum cnoodiganuam M(X) Ha3UBarOTh YUCIO (CTamy) CyMH TOOYTKIB 3HAUCHB Xi

P,(ky~Z—07", k=0,1,...,n;..

Ha ix imoBipHocTi pi: M(X) = x1p1 + X2p2 + .. +Xnpn abo M(X)= fjxi “pi -
i=1

=

Hucnepciero  D(X) NUCKpPETHOI BUIAJAKOBOI BEIMYMHM HA3UBAE€THCS MaTeMaTUYHE
CIOJIIBaHHS KBaJIpaTa BIJIXWICHHS BHUITAJKOBOT BEJIMYMHHU BiJI il MATEMATUYHOTO CIIOJiBAaHHS:

D(X)=M [X-M(X)]? abo D(X)=M(X? -[M(X)]?.
Cepeonim keadpamuyHum 8i0XuieHHAM HA3UBAETHCS BETUINHA
o= DX).

3aoaua. Y rpomosiii norepei Ha 100 GineriB po3irpyerbes oauH BUrpam 50 rpomoBux
onuHunpb 1 10 BUrpamiB mo OAHIM TpomIOBid OJWHMII. 3HAUTH 3aKOH PO3MOALTY BHIIAIKOBOT
BEJIMYMHU — BaPTOCTI MOKIIMBOTO BUTPAIIY ISl BJIACHUKA OJTHOTO JIOTEPEHHOTO Oinera.

Po3p’s3anns. Moxxiusi 3HaueHHd X: x1=50; x2=1; x3=0. PIMOBipHiCTL 11070:4
MOJJIMBUX 3HAa4Y€Hb

=P(x1=50)=_1=0,01;

p1=P(x1 ) m
=P(x2=1)=19 =071,
p2=P(x2=1) 00

Ockieku p1+p2+ps =1, TO
p3=1—-(p1+p2),p3=1-(0,01+0,1)=1-0,11=0,89.
Hlyxanuii 3aK0H pO3MOALTY MOJAaMO Y BHIJIAJ TaOJIHUII:

X 50 1 0
P 0,01 0,1 0,89

3adaua. 3HANTH YKUCIIOBI XapaKTEPUCTUKH JTUCKPETHOI BUMAJIKOBOT BETUYHHHU X, PO3TOILIT
SIKOT 32/1a€THCS TAKOKO TAOJIHIICIO.

X -1 0 1 2
P 0,25 0,5 0,1 0,15

Po3B’s13anHga. MaTteMaTuyHe CIIOMiBaHHS
M(X) = x1p1 + +x2p2 + ... Xnpn.
M(X)=(-1)-025+0-0,5+1-0,1+2-0,15=0,15.
3aK0H pO3MOLTy KBaapaTa BUMAAKOBOT BETUIHMHN X

XZ (_1)2 02 12 22
P 0,25 0,5 01 0,15

3HaiiieMo MaTeMaTUYHE CIIOIBaHHS KBaJipaTa BUIIAKOBOI BEIUYUHU X:

M(X?) =3 x?-p,= x1®pr+ x2?p2 + ... Xn’pn.

i=1



M(X?2)= (-1)>- 0,25 + 02-0,5 +12-0,1 +22-0,15=0,95 .
[TinctaBumo B popmyity aucrepcii
D(X) = M(X ?) - [M(X)]>=0,95 - (0,15)? = 0,9275;
3HaiiIeMo cepelHE KBaIpaTUYHE BIAXUICHHS
o =,/D(X) =4/0,9275 ~0,9631.

Ceminapcoke 3anammsn 16
Tema. HenepepBHi BUNIAIKOBI BeJJMYHHHA

Ilumanusa 0na ycHo20 onumyseanHs ma OUCKycii
1. Henepesni Bunaakosi BenuuuHa (HBB).
2. ®ynkuis po3noainy HBB.
3. Uwmcnosi xapakrepuctuku HBB: Matemarnyne crioiBaHHsI, AUCTIEPCis, CEpETHE KBAApATHIHE
BIIXMJICHHS.
4. 3akoHH PO3MOJiTY HEMEPEePBHOI BUITAIKOBOT BEIUYUHH.

AyoumopHa nucemosa poboma

BukoHaHHS CTyJIeHTaMH TECTOBHX Ta IHAMBIAyalbHUX 3aBIaHb 3 NMUTaHb TEMU 3aHATTS.
Ceminapchki/mabopaTopHi Ta iHAMBITYyanbHI 3aBAaHHsA MicTaThess B Google Classroom B marmii
Cewminapcrki/JlabopaTopHi 3aBHaHHS.

Memoouuni exazieku
Knwuoeumu mepminamu, nHa po3ymiHHI AKUX OA3YEMbCA 3AC60EHHA HABUATLHO20
Mamepiany memu, € . HENEpepBHAa BUIIAJKOBa BelMuMHA, QyHKUisA posnoauty HBB, uucnosi
xapakrepuctukn HBB: maTematuune cnofiBaHHs, JUCHEPCisl, cepeHE KBaJpaTUYHE BIAXUICHHS,
3akoHU po3noxainy HBB.

3 Memolo 2nub0K020 3AC60EHHA HABUATILHO20 Mamepiany npu camoCmilHOMy 8UGYUEHHI
memu CmyoeHmy 8apno 0coo01Ugy yeazy 30cepeoumu Ha MaKux acneKkmax.

@yukyieto po3noodiny F(x) AMOBIPHOCTI BUIMAIKOBOI BETUYMHU X HA3UBAETHCS WMOBIPHICTH
TOTO, IO BUTAJKOBA BeIMYMHA X HAOyBa€ MOXIMBUX 3HAYCHb, MEHIIUX BiJ 3HAYCHHS X, JIE X —
OyIp-siKe AlICHE YUCIIO:

F(x)=P(X<x).
F(x) = P(x1)+P(x2)+...+P(xk) = P(X < x). F(x)= ) P.

HemnepepBHi BUIMaiKoBi1 BEMMYMHA MOXHA 3a7aBaTu abo (yHkIieo po3noainy F(x) = P(X<
X) a0o minbHicTIO (TycTuHOMW0) f(X) 11 po3noiny.

X
Inmezpanvna gynxyis ab0 GyHKINSI pO3MOALTY BUMAAKOBOT Benuunuu: F(X) = j f(t)dt.
[Moximny Bix GyHKIIT po3MoIiTy HMOBIPHOCTI HA3UBAIOTh 2YCMUHOK PO3NOOLTY BUTIATKOBOL
BenmunHK: f(x) = F'(X) abo audepeniianpHo0 QyHKIIIEH.

Yucaosi xapakrepuctuxku HBB
BunankoBy BenW4MHY 3aJal0Th 3aKOHOM po3nofinry. OfHak, SKIIO 3aKOH PO3MOILTY
HEBIZIOMHI, TO BUKOPHCTOBYIOTh YUCIIA, SIKI XapaKTEepPU3yIOTh BHUIIAJKOBY BeJMYMHY. Taki uucia

JICTaJu Ha3BY YUCIOBUX 6UNAOKOBUX eauyuH. J]o HUX HanexaTth MareMatnune croniBanas M(X),
nuctiepcis D(X) 1 cepenne kBaaparnune BiaxuieHHs o (X).

Mamemamuynum cnodieanusm HENEPEPBHOI BUMAIKOBOT BEIMYNHU HAa3UBAETHCS



M(X) = Txf (x)dx

Jns oyinku po3kudy BUNAAKOBOI BEJIMYMHU BIAHOCHO i MAaTEMATUYHOTO CIIOJIBAaHHS BBOJUTHCSA
noHATTs qucnepcii — D(X). s HenepepBHOI BUNIAIKOBOT BEJIMUUHU  QUCHEpPCisl

D(X) = Of[x—M(X)]Z f(x)dx abo D(X)= sz - f(x)dx - [M (X))

—0 —o

Jlnst HeniepepBHOI BUITAAKOBOI BEIMYMHY X, BU3HA4YEHOI Ha (a, b)

b
D(X) = [x* - f(x)dx ~ MO

Cepeone keadpamuune IOXUNEHH o(X)=+/D(X) -

3aoaua. BunaaxoBa BennynHa X 3a/1aHa 3aKOHOM PO3MOJILTY:

Xi 0 1 2 3 4

pi 0,2 0,4 0,3 0,08 0,02

3HaliTH MaTeMaTU4YHE CIOAIBaHHS, JUCIEPCIIO 1 cepeqHe KBaJpaTHUUHE BigxwieHHs. Hakpeciautu
rpadik 3aKOHY PO3MOALTY 1 MOKA3aTH HA HhOMY MaTeMAaTHYHE CIIOMIBaHHS 1 CEpPeHE KBAJAPATUIHE
BIIXMJICHHS.

Po3p’si3anHsi. MaTeMaTHyHe CIOJIIBAHHS JIUCKPETHOI BHUIAJKOBOI BETUYHHUA OOUYHCITFOEMO
3a GOpMYJI0r0

k
M(X)=> %P

i=1
Tomy M(X)=0-02+1-04+2-03+3-0,08+4-0,02=1,32.
Jucnepcito BUMAAKOBOT BETMYMHHA 00OYHCIUMO 33 (POPMYII0I0

D(X) = i(xi ~M(x))* p;.

Toni
D(X)= 0?-02+1?-0,4+2%-0,3 +3%- 0,08 +4%- 0,02 - 1,32% = 0,8966.
Cepeane KBagpaTH4yHe BiIXUJIEHHSA
o(x) = /D(x) =+/0,8966 ~0,95.
Byayemo rpagik, po3noainy i MOKaXeMO Ha HbOMY MaTeMaTH4HE CIIOJIBaHHS 1 CepeaHe
KBaJ[paTHYHE BIIXUIICHHS.

PA 095 095
S o(¥) 7| o)

04+ :
03+ /\
0,2 /

01T

oo———-
N
b

0 1 2
M(X)=1,32
Puc. 5. I'padix po3noainy BUNIAAKOBOT BETUINHU X.




3adaua. BunankoBa BenurHa X 3a/1aHa IHTETPATBHOIO (QYHKIIIEIO:
0, o x<0,

2
X

F(x)=<—, omz 0<x<10,
100

1, ora  x>10.

HeoOxigHo: a) 3Haiitu nudepenuianbHy (QyHKHi0 (IIUIBHICT IMOBIPHOCTI), ©) 3HailTH
MaTeMaTH4YHE CIIO/AIBAHHSA, IUCIEPCIIO 1 CepeIHE KBaJApaTUYHE BIIXWJICHHS BUIIAJKOBOI BEJIMYMHU
X, B) nobyayBaTH rpadiku IHTErpajabHOI 1 AudepeHLianbHOT PyHKIIH.

Po3p’s3aHHs. a) 3HaxoauMoO audepeHmianbHy QyHkuito f(x), ans doro audepeHuiroemMo
iHTerpanpHy QyHkuioo F(x):

0, o x<0,
f(x)=F'(x) = X om 0<x<10,

100 ~ 50’

0, ora  x>10.

0) 00YMCIIOEMO MaTeMaTHYHE CIOJIBaHHS, JHMCIEPCII0 1 CEpelHE KBaJApPAaTUYHE BIIXHIICHHS

BUIIQJIKOBOI BEINYNHU X.
10

1 X 10° 20 .2
M (X x f(x) dx = x—dx_—~— =—=—=06—.
(X)= -‘- (9 ,[ 50 3 150 3 3
D(X) = jx F(x) dx—[M (X jx o [zoj 1 x40 5
3) 50 4| 9 9
B) 6yz[yeM0 rpadiku iHTerpabHOI 1 TudepeHIianbHol QYHKITIHI:
F(x) f(x)
1 . 1
0 5 0 x o' 5 0

Puc. 6. I'padiku inTerpanpHOi Ta AudepeHniaabHol GYHKIIN.

3aKoHM Po3MOjiIy HellepePBHUX BUIATKOBUX BeJIUYHH
BumankoBa Benmu4uHA Ma€ pigHoMipHUll PO3MOIUT HA BIAP3KY [a , b], AKIO wirbHicms
/eycmuna/ 11 pO3MOIiTy He3MIHHA Ha 1IbOMY THTEpBaTi.

1
foo=lp—g xelabl,

0, x ¢[a,b].
Mamemamuune cnodisanns Ta Oucnepcis HETEPEPBHOI BUNIAIKOBOT BEIMYMHHU:
a+b b (b—a)?
M(X D(X)= ———.
X)=— X)="=
_b-a

Cepeone keaopamuune ioxunenus: o =,/D(X) =

243
VIMOBipHiCTb TOTO, 110 PiBHOMIPHO PO3MOJINEHA BHIIAJKOBA BEIMUMHA X MOTPAIHTH B
iHTepBai (o,f)
% ne (o p) clab
b—
BumaakoBa BenmMuMHA Mae€ HOpMAibHUU PO3MOAUT 13 mapamerpamu a Ta o > 0, SKIIO
winoHicms 11 pO3MOALTY

P(a<Xs< )=

1 _ (x-a)?
f(x)= ¢ 2" | xe(-o,m).

o2

MarteMaTtuyHe CrioiiBaHHS HOpMaJIBHOTO po3noAlty: M(X) =a .




Omxe, mapaMeTp pO3MOAUTY ¢ € MAaTeMAaTUYHHM CIOJIBAHHSAM HOPMAJIBHO PO3MOJIIICHOT
BUTIA/IKOBOT BEJTMUNHHU.

TakuMm 4YuMHOM, OPYTrUi MapaMeTp HOPMAaJIBHOTO PO3MONUTY € CEepeaHIM KBaapaTHUYHUM
BiIXMJIEHHAM o = ,[D(X) .

VIMOBipHiCTh TOTO, IO HOPMAIBHO PO3HOJIICHA BHIAJKOBA BEIHUMHA X IIOTPANUTH Y
iHTepBai (a,f3)

P(o <X< )= [B;a]_cb (““’j,

o
ne d(x) Z%J‘ ¢ 2dx — ¢yskuis Jlamaca.
T o

BumankoBa BenrurMHa Ma€ nOKA3HUKOBUL PO3MOILI 13 mapamMeTpoM A > 0, KO wirbHicmy i
pO3MOILITY

—AX

OyHKIIIS pO3MOALTY TOKa3HUKOBOIO PO3MOLLY

M
F(X):{(l) ! ’xX<20(.)’

MarematudHe CIoJ[iBaHHS, JUCIIEPCis Ta CepeIHbOKBAIPATUUHE BiAXHMICHHS HEMEPEpPBHOI
BUIIA/IKOBO{ BEJTMYUHHU:
1 1. 1
M(X) = = DX) = =, o(X)=—.
A A A
VIMOBIipHICTh TOTO, BHIAJKOBa BEIWYMHA X PO3IOJITICHA 3a IMOKA3HUKOBHUM 3aKOHOM
NOTpanuTh B iHTEpBA (0,3)
-4 -
P(a<X<B)=("—177
3adaua. 3HaiiTh MaTeMaTHuYHE CIIOMAIBAHHSA Ta CEpeJHE  KBaJpaTHUHE  BIIAXHUICHHS

BUIIJIKOBOT BEJIMYMHU X, PO3MOALICHOT PiBHOMIPHO B iHTepBadi [a ,b],nea =0,b=1.

2
Posp’sizannsi. Ockinbku M(X) = a;b ; D(X) = %;
—b—a 1 - 1. 1
=./D(X) = ; M(X)=2; DX)= —;, 6=—"_.
o =./D(X) N (X)= 5 DX) 3 ° 3/
3aoaua. 3HaliTH WIMOBIPHICTH TOTO, IO BUITAJIKOBA BEJMYMUHA X TOTPANTUTH B IHTEPBaI
(0, f), AKIIO BOHA PIBHOMIPHO po3mojiieHa B intepBam [a ,b], ne a = 6; b =12; a=5, f=8.
Po3p’s3annst. P (o < X < B)Zi‘J, ne (a.f) e(a,b)
—a

IntepBai [5;8] He HanexuTh 10 iHTEpBaTy [6;12] 1 ToMy WMOBIpHICTB monacTH X 3a iHTepBa [6;12]
nopiBHIoe 0, ToMmy Oy/1eMo 3HaXOAUTH HMOBIPHICTb MOMAJaHHS B 1HTEpBal [6;8]

P(6< X< 8)=%=§:%.3BMCHP(SSXS 8)=P(6 < X< 8):%.

1.4. Camocmiiina poooma cmyoenmie

CamocriitHa po0OoTa CTyJeHTa € OJHIEI0 3 OCHOBHHMX CKJIQJOBHX OBOJIOJIHHS HaBYAJIbHUM
MaTepiaJloM 1 BUKOHYETHCA B TO3aayJUTOPHHM Yac, mependaueHudl TeMaTHYHUM IUIAaHOM
HABYAIILHOT TUCIUTUTIHH.

[lin yac BHBYEHHS HABUYAJIHHOI JUCHUIUIIHU CTYJACHTH TOBHHHI HAaBUUTHUCS CAMOCTIIHO
MUCJTIUTH, TOTJMOIIOBATH 3aCBOEHI TEOPETHUYHI 3HAHHS, OMAHOBYBAaTH TMPAKTHYHI HABUKH 3
opranizamii mpami ¢iHaHcucta. Po3B’s3ku 3aBlaHb MOBHUHHI OyTH CTHCIIO 3aKOHCIIEKTOBaHI Y
30IIHTI.

CTyleHTH CaMOCTIMHO OIPaIbOBYIOTh HABUYAIBHHN MaTepial 3 OJCpPKAHHIM HEOOXITHUX
KOHCYJIbTAIlIF BiJl HAYKOBO-TIEJArOriYHOTO MpalliBHUKA MPOTATOM ceMmecTpy. HaBuanpHuit MaTepian
JUTSL CAMOCTIMHOT pOOOTH BUHOCSITHCS Ha M1JCYMKOBHI CEMECTPOBUN KOHTPOIIb.



Jlnis BUKOHAHHS TPEHYBaJbHHUX 3aBJaHb CTYICHT OOMpae BapiaHT 3TiHO HaJlaHUMH HoMy

HOMEPOM (B KypHaJIi) Ta mapameTpoM k.

1. O0uucauTH BU3HAYHHMKH JBOMA CIIOCO0aAMMU:

a) 3a JOMIOMOT OO0 €JIEMEHTAapHUX MIEPETBOPECHD;
0) PO3KJIABIIHN 32 €JICMEHTAMHM PsJIKa (CTOBIILIS)

1 k+2 k+3 -1 k k+1 k+2 0 -1 1 2 2+Kk
—k-2 0 -1 k+4 3 2 1 -1 -k-1 -k-2 1 -1

k 1 k+3 -2 -k k+2 -k-2 0 k k+1 k 1
k+2 7 1 —k—-4{ |4 4 k 1] [ k+1 k+2 3

2. 3HaiiTn 100yTOoK MaTpunb AB i BA

3 2 1 1 0 -1

A=|-1 0 4|B=|3 1 1

2 -2 3 4 2 1

3. Po3B’s13aTH CHCTEMH PiBHSIHb:

a) 3a nmpaBuioM Kpamepa; 6) maTpuuHum cioco6oMm; B) metosioM ["ayca;

X+

4. 3naiiTu rpanuni pyHkuii, Axi BignosinaoTs Bamomy Bapianry.
3+ x-2 . 3x* —5x+2
Llim—=———. 2. lim———.
x>-1X" —2X—3 -1 2x°—x-1
2 _ 2 _
3 Iim2x2 17x+35_ 4 Iim4)§ + X 5.
x5 X°—x—20 -l X°4+X—2
2 _ 2 _
5 i 5); +4x 1. 6. i 4)2< 7X 2.
x>-1 X° —6X—7 -2 X —=7x+10
2 2 _
7. lim X X+3 8. lim X *X=0
x>3 X" —2X—-3 x>-32X" +3x-9
2 _ _ 2 _ _
9. lim X 275 10. lim X ~14%=5
x>-1 X° +5X+4 x=5 2X° —9x -5
2 _ 2 _ _
11, lim X =2XF3 12. lim 2 =>X=3,
x>l X°—7X+6 x-3 X°—X—-6
2 _ 2 _
13. lim X *X=2 14, lim 2 =3%=2,
x>-23X° +4x—4 x->2 x° 4+ 3x—-10
2 _ 3 _
15. lim>X_~14%=5 16. lim 2 ~X*1.
x>5 2x° —-9x -5 xow xX° 42X —4
17, lim X +4x=3 18, lim X33
x>® 4X"—X—6 x>w —BX + X+ 2
3 _ _ 3 _
19, [im2X=7x-1 20, lim 8 —4x+1

x>0 X4 —6X+1 x>0 2x3 4+ 2x—4



5. 3naiiTu noxigni pyHKUii, AKi BignosinaTs Bamomy Bapianry.
1. y=2x* +4Jx" —tgx.
4 i .
2. y=——3\/x_+3sm X.
X
3. y=3x?+84/x —5arctg x.

4.y =%x4 —2x +arcsin x.

5. y:i+63/§—7logzx.
X

3
2 5 .
6. y=—+10¥/x —3e".
X
7. y=2x" +8%x* —cosx
8. y:§+4\/x_3+2Inx.
X
9. y=2—14—5§/x_2+65inx.
X

4
10. y:%+6§/x_2—3003x.

3

11. vy =£+5§/x_2— 2arccos X.
X

12, y=3£—9€/x_“-5-4*.
X

13. y= éxf’ +84/x — 3arcctg x.
14. y =%x4 +6€/x_2—4log3 X.
15. y=7x° +3\/x_5—3x.

16. y=tg(3x2 +x—2).

17. y =arctg(2x* -1).

18. y =3,

19. y=5/(2x* - 4x+ 5)2 .

20. y =arccos(3x* +5).



6. O04ucaAUTH iHTEerpasIu:

1. j(sx +cosx—X2_ jdx. 2. .[(4x3—5ex+1)dx.

3. ( x+3x—smxjdx 4. [ 3 +4tgx — QJd
] J| ==

9 3
5. j(sx_cosszrzjdX' 6. I(Zx )dx

7. j(i/;—ctgx+3)dx. 8. J(sz +4]dx
9. j(5x4—3ex+%jdx. 10. J'(cosx— 4 +xjdx.
X x? +16
11. j(5x—30t9x+ijdx. 12. I 4X—i+1 ax.
X3 NS

3/y2 5
13, j[xt = —dex. 14, j@dx

3 4 5 6
15. j(ZX —\/5+_X2+7]dx. 16. j(4x +COS X—Sde
17. j(?(‘/x_S—Se*+§jdx. 18. I(3x2—5tgx+2)dx

19. I[7x6+ 23 +2jdx. 20. I[5x4+4sin X—Ejdx.
X° =9 X
InauBinyanbHi 3aB1aHHsA
3 1i€i HABYANBHOI MUCIUILUIIHM MOXJHWBE (3a Oa)XKaHHAM CTyJCHTA) BUKOHAHHS TpE3CHTAIlil 3a
HACTYITHOIO OPI€EHTOBHOIO TEMATHKOIO:
Temu npezenmauiii
1. CriocoOu po3B’si3yBaHHSI CUCTEM PIBHSHb.
2. Po3B’s13yBaHHs BIIpaB 3 aHAJIITUYHOT T€OMETPIi.
3. 'panuns GyHKIT OHIET 1 IBOX 3MIHHUX.
4. 3actocyBaHHs TU(EepEHITIATBHOTO YHCIICHHS.
5. [ii 3 KOMIUIEKCHUMHY YHCIaMH.
6. OCHOBHI PUMOMH IHTETPYBaHHS.
7. O3HaKu 3015KHOCT1 YUCIIOBUX PSAIIB.
8.Po3B’s13yBaHHs U epeHIiaTbHAX PiBHAHB EPIIOTO MOPSIKY.
9. Po3’s3yBaHHs qudepeHiabHUX PIBHSHD BULIUX MOPSIKIB.
10. EnemenTr KOMOiHATOPUKH (pO3B’I3yBaHHS BIIPaB).
11.0cHoBHI Teopemu Teopii HMOBIpHOCTEH.
12 .BukopucTaHHs BEKTOPHOI anredpu, Teopii MaTpHIlb 1 BASHAYHUKIB Y €KOHOMIII.
13. BigmykaHHs TpaHHIb MTOCITIJOBHOCTEH.
14.3acTocyBaHHS MOXiAHOT B €KOHOMIIIL.

1.5. IlincyMKoBHIT KOHTPOJIb
[TizcyMKOBHI ceMecTpOBU KOHTPOJIb TPOBOIUTHCA y (POPMI MUCHMOBOTO €K3aMEHY B TECTOBIH

dhopwmi.

1.5.1. Humannsa oaa niocymko6020 KOHmMpo.iio
1. TloHATTS BU3HAYHMKA KBAJAPATHOI MATPUIILL.



RO ~NOA~WDN

0.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
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BusHauHUK Ipyroro nopsiiKy Ta Horo 0OYMCIIEHHS.
Bu3HayHMK TPETHOTO MOPAIKY.

Minopu Ta anreOpaidHi JOTIOBHEHHS €IEMEHTIB BUSHAYHUKA.
Po3knan BU3HAUYHUKA 32 €IEMEHTaMU psifKa a00 CTOBIIIIS.
OCHOBHI BJIIaCTHBOCTI BU3HAYHUKIB.

[TonsatTsa matpuiii. Bunu Matpuirs.

Jii Hax MaTpULIMHU.

MHOXEHHSI MaTPHUIlb Ta HOTO BIACTHBOCTI.

OnuHWYHA Ta HYJFOBA MATPUIIL.

OO0GepHeHa MaTpHIIS Ta YMOBH i1 ICHYBaHHS.
OO6uncneHHst 00epHEHOT MaTPHULIL METOIOM aNTreOpaidyHUX TOTIOBHEHb.
[onstrst CJIAP Ta 11 MmaTpuuHMii 3anuc.

Krnacudgikaris CJIAP 3a KiIbKICTIO PO3B’SI3KiB.

Meton Kpamepa po3s’s3yBanus CJIAP.

Metoa obepHeHOi MaTpuIL.

Meron lNayca.

YMoOBa CyMICHOCTI CUCTEMHU JIIHIHHUX PIBHSIHb.

[Tonsartsa pynkiii. O6macTh BU3HAUEHHS Ta 00J1aCTh 3HAYCHb.
Crniocobu 3aaHHs QyHKIIH.

OcHoBHi enemMeHTapHi (QyHKIIIT Ta IX BIaCTUBOCTI.

[TapHni Ta HenapHi QyHKI].

MOHOTOHHICTH (PYHKITIT.

ObepHeHa QyHKIIS Ta YMOBH ii iCHYBaHHS.

[TonsTTst rpanuili GyHKIIT B TOYIII.

OAHOCTOPOHHI TPAHHULIL.

Heckinyenni rpaHuiii.

OCHOBHI BIIaCTUBOCTI TPAHHUIIb.

OCHOBHI TeOpeMH MPO TPAHHIII.

Busnauni rpasui.

[ToHsATTS HemepepBHOCTI QYHKIIIT B TOYIII.
HenepepBHicTh QyHKIIIT HA TPOMIXKKY.

Touku po3puBy Ta iX Kiaacudikais.

BractuBocTi HenepepBHUX QYHKITIH.

HemnepepBHicTh eleMeHTapHUX (YHKITIH.

Teopemu npo HenepepBHi QYHKIIII.

[MonsaTrTs moxigHOi GyHKIIT B TOUII.

['eomeTpuuHMii Ta EKOHOMIYHUHN 3MICT MOX1THOT.
[ToxigHI OCHOBHHX €JeMEHTapHUX (PYHKITIH.

[IpaBuna qudepeHIitoBaHHS.

[MoximHa ckmaneHoi GPyHKIIi.

[ToxigHa HEsIBHO 3a71aHO0T QyHKITII.

[TonsarTsa nudepenitiana GyHKIII.

I'eomerpuunuii 3mict audepenmiana.

BrnactuBocti qudepenmiais.

3acTocyBaHHs audepeHiiiana 10 HabJIMmKEHUX 00YUCIICHb.
[Ipasuino JlomiTans.

YMoBH 3pocTaHHA 1 ciajaHHs QyHKITI.

Exctpemymu ¢yHKIIIT Ta HEOOXiTHI yMOBH iX iICHYBaHHSI.
JlocTaTHI yMOBH €KCTPEMYMY.

HaiiGinbiie 1 HaliMeHIe 3HaYeHHS (DYHKIIIT.

OmnykiicTb 1 BrHYTICTb Tpadika (yHKIIii.

Touku neperuny.

[ToHATTS MEepBICHOI Ta HEBU3HAYEHOTO 1HTETpaa.
OCHOBHI BIIaCTUBOCTiI HEBU3HAUEHOTO 1HTETpaa.
TabmuIs OCHOBHUX IHTETPATIB.
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MeTtox 3aMiHH 3MIHHOI.

[HTerpyBaHHS YaCTMHAMHU.

[ToHATTSI BU3HAYEHOTO iHTETpaa.
I'eomeTpuuHUii 3MiCT BU3HAYEHOTO IHTETpaa.
OCHOBHI BJIACTUBOCTI BU3HAYCHOTO 1HTETpaIa.
®dopmyna Herorona-Jleitonina.

3aMiHa 3MIHHOI Ta IHTETpyBaHHS YaCTMHAMU Y BU3HAUEHOMY 1HTErpai.

OO0uucIeHHS IO TUIOCKUX (iryp.

Bumaakosa momis Ta i Buau.

[IpocTip eneMeHTapHUX MOIIH.

Knacuune o3HaueHHs IMOBIPHOCTI.

OCHOBHI BJIACTHBOCTI HMOBIPHOCTI.

[Iporunexna nosis.

HemoxuBa Ta 1ocToBipHa MOIII.

Cyma noiif Ta TeopeMa J0AaBaHHs IMOBIPHOCTEH.
JloOyTOK Moii.

YMoBHa IMOBIpPHICTb.

Teopema MHOXKEHHS KMOBIPHOCTEH.

He3zanexwi nmopii.

[ToBHa rpymna noiii.

Cxema BunpoOyBanb bepnyii.

®dopmyna bepnyi.

JlokasnbHa Ta iHTerpajipHa Teopemu MyaBpa-Jlamaca.
®opmyna Ilyacona.

Haii0imb1 iMOBIpHE YHUCITO TIOSIB TOTI.

['pannuHi TeopemMu I CXeMU BUIPOOYyBaHb bepHywi.
binomianeHuil po3mnoai.

[ToHATTS BUNIAAKOBOI BEJTMYUHU.

3aK0H pO3MOLTY TUCKPETHOI BUITAIKOBOI BEJTMUUHH.
DyHKIIIS pO3MOALTY Ta ii BIACTHBOCTI.

MareMaTHuHE CIIO/1iBaHHS.

Jucnepcist Ta cepeTHOKBAIPATHYHE BiTXUICHHS.
OCHOBHI 3aKOHH PO3MOJIITY TUCKPETHUX BEIMYHUH.
HenepepBHa BumnaaxoBa BeIWYMHA Ta i MIUTBHICTH PO3MOALTY.
@DyHKIIs pO3MOIiTY HETIEpepBHOI BUMIAIKOBOT BETMUNHH.
BracTuBOCTI IUTBHOCTI PO3MOJILITY.

MareMaTH4YHE CIIO/IiBaHHS HETIEPEPBHOI BEJTHUUHH.
Jucnepcis HenepepBHOI BUMAIKOBOT BEIMYHHU.
PiBHOMipHUI1 po3noai.

[Toka3HUKOBHIA PO3TO/ILIT.

HopmanbHuit 3akoH po3moainy.

VIMOBipHiCTh MOMa/JaHHS BETMYHHH B 3a/JaHHi iHTEpBAIl.



1.5.2. Cmpykmypa ex3ameHnayiitno2o dinema

No bamu
1 111 4
OO6uucnutu BU3HauHvK 2 2 2. Bimmomimi: 1. 5; 2. 27; 3. 0; 4. 9.
6 6 6
) Jlnist MaTpuIi po3MipHOCTI M X N YKCIIO M JOPIBHIOE YUCIY .... 3
1) croBO1iB; 2) psankiB; 3) AOOYTKY BCIiX WICHIB MaTpPHIL;
4) iH1I1a BiAMOBIAb.
3 VY kopoO1i 5 6inux 1 3 YOpHUX KyJIbKH. BUTATYIOTH 1Bi 0€3 MOBEpHEHHS. 5
SIka IMOBIpPHICTB, 1110 OOUABI KyJIbKH OyAyTh YOPHUMHU?
1)3/8 2) 3/28 3) 9/6 4) 15/56.
4 SIKy BeIMYMHY Ha3UBaOTh IMOBIPHICTIO MOJIi? 3
1) BitHOIIEHHS KUTBKOCTI MOYKJIMBUX HACHIJIKIB /IO KITBKOCTI CIIPUSATINBUX;
2) BiTHOIIIEHHS KIJTBKOCTI CIIPUSTIMBUX HACIIIKIB 10 KITBKOCTI BCIiX
MOXKITUBUX;
3) 100yTOK KUTBKOCTI MOXKJIMBHUX 1 CIPUSTIUBUX HACIIIKIB;
4) cyMy KUIBKOCTI MOKJIMBUX 1 COPUSITIIUBUX HACTIJIKIB.
5 O6uucnuty 3HaYeHHs QyHKIIT Y =~+/4+ X" —x® B Toulmi X=-2. 4
1) 4; 2.0; 3. J6; 4. 05.
o el T rgE.rE'
6 3HalTH rpaHuIio QyHKIII: i i g 4
Bignosimi: 1. 5; 2. 6; 3. 5/6; 4.1.
7 3HaliTn noxigHy GyHKLIl: y = arctgx+ X' B Toumi x=1 4
1. 1/2; 2. 1; 3. 5 4. 45.
8 o . . e -1 4
3HaWTH IPaHULIIO 3a AONIOMOro0 npasuia Jlomirans Ilm0 et
x=0 sin X
l.e;2.1; 3.0; 4 2
9 4

3HaiTi j(l ! 2jdx.
+ X

1. 7(1+x2)+C; 2. Tarctgx+C; 3. 7tgx+C; 4. 7In|x+C.




-5

10 | O6uncnury BusHAUCHHI iHTerpan J‘(x+5)4 dx . S
6
1 -2,2 3.3 4 2
5 5 5 5
Bceboro 40




2. CxeMa HapaxyBaHH# 0aJiiB

2.1. HapaxyBanHs 0aJiB CTyICHTaM 3 HaBYAJIbHOI JUCIMIUIIHKA 311IMCHIOETHCS BIAMOBITHO O TaKOi
CXEMU:

BuBuenus
HAaBYAJIBHOI JUCUUILUTIHU

| o 100 6auis |
OuHa (neHHa, BE4ipHA) 3aouna opma 3100y TTS
¢dhopma 3100yTTs OCBITH OCBITH
10 GamiB — 5 GaiB —
3a pe3yJbTaTaMy HaBYaHHS 3a pe3yJbTaTaMy HaBYaHHS
i Jyac JIeKLii i yac JIeKLii
30 GauiB — 25 GauiB —
3a pe3yJIbTaTaMi HaBYAHHS 3a pe3yJIbTaTaMd HaBUAHHS
TiJ] 9ac CEMIHAPCHKUX TTiJ] 9aC CEMIHAPCHKUX
(TpakTHYHUX, (TpaKkTUYHUX,
71a00paTOPHUX) 3aHSITH 1a00paTOPHIUX) 3aHSITH
20 6amniB — 30 amniB —
3a pe3yJibTaTaMu 3a pe3yJibTaTaMu
caMocCTiHHOI poboTH caMocCTiiHOi poboTu

40 GamniB — 3a pe3yabTaTaMu
CKJIQJIAHHSI CEMECTPOBOTO
KOHTPOJIIO

Puc. 7. Cxema HapaxyBaHHs OaJliB CTy/ICHTaM 3a pe3yJibTaTaMH HaBUaHHS

2.2. O0cHr 6aimiB, 3M100yTHX CTYACHTOM I Yac JICKIiH 3 HAaBYAIbHOI JUCIIUILUTIHN, OOYUCITIOETHCS
y TPOMOPIIHHOMY CHiBBiJHOIICHH]I KUTBKOCTI BiABIJAHUX JEKI[iH 1 KUIBKOCTI JIEKIiH, mependaueHux
HAaBYQJIBHUM IIJIAHOM, 1 BHU3HAYAETHCS 3riHO 3 nojmatkamMu 1 1 2 go [lonokeHHs mpo opraHizallito
OCBITHBOT'O MIpoLeCy B XMEIbHUIIbKOMY YHIBEPCUTETI yIpaBiiHHS Ta npaBa iMeHi Jleoninga FO3pkoBa.

3 1miei HaBYanbHOI NUCHUILUTIHM mepeAdadeHo MpoBeneHHs 16 NeKuiiHUX 3aHATh 3a JIEHHOIO
(hopMOIO HaBYAHHS.

OTxe, CTYIEHT MOKe HaOpaTH ITiJ] Yac JIEKIii TaKy KUTbKICTh OaIiB:

KinekicTs
JIEKIIIH 3a KinpkicTe BiABIJaHUX JIEKIIT
[UTAHOM
16 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
05110(20| 25|30 (35|40 |45|55|60|65]|70]| 75|80 90100




2.3. 3 miel HaBYAIBHOI AUCHMIUIIHK Tepe10adeHo MpoBeaeHHs 16 ceMiHapChKUX 3aHATh 3a
JIEHHOI0 (POPMOIO HaBUaHHS.

3a pe3yabTaTaMH CEMIHApCHKOTO (MIPAKTUYHOTO, JAOOpaTOPHOTrO) 3aHATTA KOKHOMY
CTYICHTY JI0 BiATIOBIHOTO JTOKYMEHTa OOJIIKY YCIIIIHOCTI BUCTABISETHCS KUTBKICTh OamiB Big 0 10
5 uncnom, kpatHum 0,5, AKy BiH OTpUMaB MPOTATOM 3aHSTTA.

Kputepii noTOYHOrO OLIIHIOBaHHS 3HaHb CTyAEHTIB HaBeleHi y 1m.4.3.8. IlonmoxeHHs mpo
OpraHi3alilo OCBITHBOTO Mpoliecy B XMEIbHUILKOMY YHIBEPCHTET] YIIPABIiHHS Ta MpaBa.

2.4. Tlepepo3noain KUIBKOCTI OajiB B MeXaxX MaKCHMaJIbHO MOXKJIMBOI KUIBKOCTI OaiiB 3a
CaMOCTiHHY poOOTy CTYACHTIB Ta BUKOHAHHS IHJIMBIAyaJbHUX 3aBJaHb, HaBEJICHO B HACTYITHIN
TaOIuUII:

No . Homep Temu Veboro
/' AnropuTtM HapaxyBaHHs OaiB Sai
3 3 5,6 7,10 ams
MaxkcumalibHa KibKiCTh 0alliB 32 OIHY
1. : .. 8 6 6 20
PO3paxyHKOBY poOOTY 3 BiJIIOBiTHOT TEMHU
Vcworo Oaiis 20

2.5. 3a ceMecTpOBHI KOHTpOIIb, IO TPOBOAMTHCS y (OpPMiI CEMECTPOBOTO €K3aMEHY 3
HaBYAIBbHOT OUCHUIUIIHM «Buinma Ta mnpukiagHa MaTeMaTHKa», CTYJIEHT MOXXE€ MaKCHMalbHO
onepxartu 40 6aniB. lIkana BU3HaYCHHS KUIBKOCTI OaiB Ta KpUTEpil OLIHIOBAHHS 3HAHb CTY/ICHTIB
3a pe3yJIbTaTaMH CEMECTPOBOTO KOHTPONIO TogaHa y Tabn. 4.8 IlomokeHHS mpo oOpraHizallio
OCBITHBOT'O TIPOIlECY B XMEJIbHUIIBKOMY YHIBEPCUTETI yIpaBiiHHA Ta TpaBa iMmeHi JleoHima
IO3pKoBa.

[Tepepo3mnonain 6amiB, B Mekax MaKCUMAITBHO MOKIIMBOTO O aHH 1X KUTBKOCTI 3a Ha/IaHi
CTyJICHTaMH BIJIIOBIJI HA 3aBIaHHS €K3aMEHAI[IHHOTO O11eTa, HaBEJCHO B TAOIHIII.

Homep nuranp ex3aMeHaIiiHoro Oinera / KUTbKICTh OajiB

Ne AJNTOpuTM HapaxyBaHHS Pazom
n/n Garis 112 |3|4 |5 |6 | 7|8 | 9] 10] b
1 Kinbkicts OaxiB 3| g 3 4 4 4 4 4 4 5 40

BIJITOBiAL HA TUTAHHS 5

Vevoeo 6anis 3 3 4 4 4 4 4 4 5 5 40,0




10.

11.

12.

13.

14.
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3.1. Ocnoeni oxcepena
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ocsirta (Inpopmaruka)». 3anopixoks : 3HY, 2023. 154 c.
HioxenkoBa O.FO. Buma wmartemarwka. Ilpaktukym. Hapuanpauii moci6auk / O.IO.
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URL.:https://studfile.net/preview/5064960/
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Bun-Bo XV im. I. @panka, 2024. 49 c.
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Bynnurin B.B. Jliniiina anrebpa Tta anamituyHa reometpis: Hapu. mociOuuk / B. B.
bynaurin, I. B. AnekceeBa, B. O. Tlaitneit, O. O. Juxosuunuii, H. P. Konosanoga, JI. b.
®denopona; 3a pea. npod. B. B. bynaurina. K. : TBiMC, 2021. 224 c.

URL.: http://matan.kpi.ua/public/files/Posibnyk%20LA+AG.pdf

Henuncekno H.JI. Buma maremaTuka. EnemenTu niHiiHOT 1 BEKTOPHOI anredpu, aHaTITHYHA
reomerpis. [lpaktukym: HaBu. moci0. KIII im. Irops Cikopcbkoro ; yximan.: H. JL
Henucenko, B. ®@. 3paxescbka. Kui : KIII im. Irops Cikopebkoro, 2024. 168 c.

URL.: https://ela.kpi.ua/bitstreams/d90613a4-0079-47dd-bb6a-8f482ec9ee70/download



15.

16.

17.

18.

19.

20.

21.

e

Heunmnopenko H.O. [nauBinyansHi po3paxyHKOBO-TpadivHi 3aBJaHHS 3 TUCIHILTIHE «Buia
MaTeMaTHKa» JJIA CTYJEHTIB €KOHOMIYHHUX CIHeIlialbHOCTeH JeHHOI (opMH HaBYaHHS /
Vxi.: Heunnopenko H.O. — 3anopixoxs: HY “3anopisbka nomitexsika”, 2024. — 54 c.

Bumia matemaruka. Moayins 1. JliniliHa, BeKTOpHa anredpa Ta aHaniThyHa reomerpis: Hapu.
nociOnuk / Autonenko B.®., Kitoc 1.C., TI'opigeko P.B., Uy6 JI.O. K. : KamkkoBe BUI-BO
HAY, 2006. 300 c.

Buma wmarematuka. Moayne 2. Berym nmo matemartmuHoro anamizy. Jludepenmiiiae
yruciaeHHs ¢QyHKuid onuiei 3minnoi: Hamu. mocibnuk / Kpucak f1.B., JleBkoBchka T.A.,
I'opigeko P.B. [Ta in.] K. : HAY-apyk, 2006. 284 c.

Bumia matematuka. Moayines 3. HeBu3nauenuii Ta Bu3HaueHul interpaiu: HaBu. mociOHUK /
JlacriBka 1.O., Konosantok B.C., Koprontok L.IO. [ta in.] K. : HAY-npyk, 2007. 208 c.
Jlybencbka T.B. Buma marematuka. Monyne 4. JudepenuiaabHe uducieHHs (QyHKIiH
Oararpox 3minHux: Hapu. mociOnuk / T.B. Jly6enceka, JI./l. Uynaxa, B.I. Tpopumenko K. :
Kuamxkose Bun-so HAY, 2006. 116 c.

I'pumenko B.O., FOxumenko A.l. Teopist iMOBIpHOCTEH 1 MaremMaTHM4yHa CTATHCTUKA JJIs
eKOHOMICTIB: HaBuanbHU nociOHUK / B.O. I'pumenko, A.l. FOxumenko. K.: KuiBcbkuii
HaI[lOHAJIbHUI TOProBo-eKoHOMIuHUM yHiBepcuteT, 2000. 168 c.

Haxoneunnii C.I., Caina C.C. MarematnuHe nporpaMmyBaHHs: HaBYanbHUH mocionuk/ C.1.
Haxoneunnii, C.C. Capina. K.: KHEY, 2003. 452 c.

4. Inpopmauiiini pecypcu B InTepneri

Odiuiiinunii caiit Enextponna minatdopmMa BUIIOI MaTEMaTHUKH, MATEMAaTUIHOTO
mozaemoBanns Ta ¢isukun  URL: https://duikt.edu.ua/ua/

Odiuiitauii caift [HCTUTYTY €KOHOMIKHM Ta MporHo3yBaHHs HarioHaneHoT akajgemii Hayk
VYkpainu. URL: http://ief.org.ua

Odoiuiiinuii cailT [HCTUTYTY €KOHOMIYHMX JOCIHIIKEHb Ta MOJITUYHUX KOHCYJIbTAIliH.

URL.: http://www.ier.com.ua

Odiuitinmii caiit Mixkaapoanoro BamoTHoro ¢ponay. URL:http://www.imf.org/external/
Odiuiitanii caift MinicTepcTBa pO3BUTKY €KOHOMIKH, TOPTIBIIL Ta CUTBCHKOTO TOCTIOAAPCTBA
VYkpainu.

URL: http://www.me.gov.ua.
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