51 ‘ 3

g
/-60 s \//
1
y=x =
N A
o

Sin x

o lim —= =1 S
M:0: ),
©A i X;y;—nxy el .,‘,
Ta iH. [E——

o

~ lnpmBigyanbHi
. 3aBAAHHA

g 3 euzg,oz Mamemamuﬁu
‘ ! .




TABPIMCHKUM JEPXKABHUH
AI'POTEXHOJIOITYHUM YHIBEPCHUTET

Hasaposa O.I.

Py6uoe M.O.,
lwenko O.A. Ta iH.

IHAMBIAYaAbHI 3aBAAHHA
3 BULLOI MaTeMaTUKU

HaBuyanbHui NOCIOHMK

PexomeHaoBaHo
MinictepcTBOM OCBiTH | Hayku YkpaiHu

'. u " \_{ LDEUA &a_]
AP "o ¥OUREFCAL LT

A Y i n B Al
B5IX ;"IULI f’/\-]

ri"ﬂL

np- 1')"‘ )'(v ronogpio, 18

MeniTomnons
TOB «Bunasrmauif 6y mmaox MM J1»
2011




BBK 22.1
B15

Peuenszentn: Hepyx O.I'., a-p ¢i3.-mar. nayk, npop., XHYPE
Konspa 10.€., n-p ¢i3.-mar. nayk, npod., [THTY
Packin JL.I'. a-p 1. Hayk, npod. XHTY “XIII”

I'pud Hagano MinicTepcTBOM OCBITH | HAYKH YKpaiHu
(Jluer Ne 1/11-1719 Bin 02.03.2011p.)

Po3snoecrooxcysamu ma mupaxcysamu
be3 ogiyiunozo oozeony TIATY 3aboponeno

B15  Hasaposa O.IL., Py6uos M.O., Imenko O.A. ra in. Inausi-
JlyanbHl 3aBNaHHA 3 BHINOI MareMaTHKM: Hapy. nocibumk: - Meni-
tonions: TOB «Bupasuuanii 6yamunox MM I», 2011.— 238 c.

Oxpewmi mipo3aiam marorysamm: . 1-2 — k.1.H. Jlsomina H.A.,
n. 3. — pon k. ¢.-mar. H. nou. Kpaseus B.1., ac. bo¥ko C.b.,
m. 14. - k.1.H. €pimos I'M.

ISBN 978-966-197-119-5

[locibHMKX HALMCAHO BIANOBIAHO [0 AIIOYMX MpOrpaM KypCy BHMIIOI
MaTeMarukH IS CTYJEHTIB YCIX CHEeLalbHOCTeH BHIIOIO HAaBYAJIBHOTO
3aknaay. TeopeTHdHHH MaTepian MoJaHO 3 BEIWKOIO KUIBKICTIO PO3B’SA3aHHX
NPHUKJIAJIB, PHCYHKIB, 3aBIaHb JUIA 1HOMBIAYaIbHOI pOOOTH Ta KOHTPONBHHX
MHWTAHE [0 KOXHOI TEeMH, #Ki JOIOMAraloTh IIEPEBIPHTH 3aCBOEHHS
Mmarepiany.

L1i# migpy9IHAK OpU3HAYEHHH VIS CTY/AEHTIB TEXHIYHUX Ta EKOHOMIYHHX
CTieliaIbHOCTE! BHIMX HABYAIBHMX 3aKNafiB AeHHOI Ta 3a04Hoi (opm
HaBYaHHA.

BBK 22.1

ISBN 978-966-197-119-5 © Hasaposa O.I1., Py6uos M.O.,
Iwenxo O.A., 2011

© Taspiticekuit gepaaniui
arpotrextonoriunuh yuinepowrer, 2011



Beryn

3MICT

Po3ain 1. Jlinilina aareGpa i ananiTuuna reomerpis

1. Po3B’s3aHHsA CHCTEM JIIHIHHHAX PiBHAHB

1.1. Merox Kpamepa
1.2. MeroaT'aycca

1.3. Marpuanuit MeTon

. Enemenrtu BexTopHOT anrebpu

. EnemenTn ananiTHaHoi reomerpii

3.1. [llpama niuis Ha IUIOLHHI

3.2. [IlnoumHa i npsMa JiHiA Y MPOCTOPI

Po3ain 2. Beryn 10 MaTeMaTHYHOI O AHAII3Y

4. I'panuug 3MigHOT Benwaunu. ['pannns yHkoii

4.1. OcHOBHI O3HAYECHHSA

4.2. 3B’A30K MK HECKIHUEHHO MAIIMMH | HECKIHYEHHO
BEJIMKHMH BETHYHHAMH

4.3. OcHOBHI TEOPEMH ITPO 'PAHHIIIO

4.4. Bu3nauHi rpaHuIi

5. HenepepBuicTh GYHKIT B TOUL

Po3ain 3. Indepennianbne unciaeHns Gynknii oaqniei 3MinHOT

6. JludeperuiroBaHHs QYHKIIIH

6.1. Iloxigua

6.2. OcHOBHI IpaBuia 3HAXOKEHHSA TOXIIHOT
6.3. Tabnung moxiAHNX OCHOBHUX (DYHKIIH
JHocipkenns pyHKIid HA eKCTpeMyM

7.1.  OcHOBHI O3HAYECHHSA

T12. Heobxizna ymoBa eKcTpeMyMy

7 JloCTaTHI YMOBH €KCTPEMYMY

8. Jlocnimkenns Gyukuii i nobyoa ix rpadikis

O N N9 NN

—
w

16
21
24
24
24
25
25
25
26
29
34
34
34
34
34
38
38
38
39
41




Po3aia 4. Interpanbue uncienns pyuxuil ognici sminnoi 4

9. HeBuznaueHui inTerpan. BusHadenui 1HTepa.

HesnacHi iHTEerpani R

9.1. [lousaTTa niepBicHOT GyHKIT Ta BH3HAYEHOr 0 IHTErpaa 44

9.2. Tabnuis OCHOBHUX IHTETpaIB 45

9.3. OcHOBHI METOAH IHTErpYBaHHS 46

9.4. BuzHaveHnit inTerpan 57

9.5. HeBnacHi iHTerpamu 61

10. Jlesiki 3acTOCYyBaHHs BU3HAYEHOTO IHTErpaITy 64
Po3ain 5. /ludepenniansue yncaenns pynkuii 6ararbox sMinuux 67

11. YacTuHHI MOX14HI TEPIIOTO Ta APYTOro NOpAAKIiB GyHKINT ABOX

amiHHMX. JlocnipkenHs QyHKIIH Ha EKCTpeMyM 67

11.1. YacTusHi noxijgHi Ta ix obuncnenus 67

11.2. ExcrpeMyM QyHKIT ABOX 3MiHHHUX 71

Po3ain 6. /ludepennianbui piBHSHHSA 74
12. IndepeHuianbHi piBHAHHSA NEPHIOTO MOPAAKY 74

12.1. 3aranbHi NOHATTA Ta O3HAYCHHA 74

12.2. JIndepeHiiansHi piBHAHHSA 3 BiJIOKPEMIIOBAHUMHA
3MIHHUMH 75
12.3. Onvopiani andepeHitianbHi piBHSHAS 77

12.4. Jliniini qrdepennianbsHi pIBHSHHS Ta PIBHAHHA

S.Bepuymmi 80
13. JludepeHuianbHi pIBHAHHS APYTOro MOPAAKY 82
13.1. 3araspHi OHATTA Ta O3HAYEHHA 82

13.2. Jludepenniansai piBHAHHA APYroro MOPAJKY, AKi
JIOIYCKAIOTh TOHMKEHHS MOPSJIKY 83
13.3. Jlinidni qudepeHuiaisHi pIBHAHHA APYTOro nopsaKy i

CTanMMu KoedimieHTaMu 86



Po3znin 7. Pagn
14. Yucnosi Ta CTENEeHeBl paau
14.1. Yucnosi psau
14.2. CreneHeBi paau
14.3. Psuu Teitnopa i Maxnopena. Habnuxeni o6aucienns 3a
JIOIOMOTOIO CTETICHEBHX PAJIIB
Po3aii 8. Teopin iimoBipHOCTEH
15. EnemenTr Teopii #MOBIpHOCTEH
15.1 OcHOBHI HOHATTS
15.2 EnemenT KOMOIHATOPHKHA
15.3 OcHoBHI TeopeMH Teopii AMOBIpHOCTEH
15.4.I1osTOpeHHs BUIIPOOYBaHb
15.5.BunaikoBi BETMYHHY, YHCITOB] XapaKTEPHCTHKH
Po3ain 9. MaremaTrHuHa CTATHCTHKA
16. O3Ha49eHHA Ta METOAM MAaTEMATAIHOI CTATHCTHKH
16.1. Buam psaiB po3noaity
16.2. Yncnosi XxapaKTEpHUCTHKH
16.3. Airoput™ BHOIPKOBOIO METOIY
16.4 KopensuiiHuit anaii3
16.5. OpHodakropHuit AuCTepciiHni aHai3
Posain 10. Ingusixyanbni 3aBjaHsn
17.1.TeopernuHi MATaHHA
17.2.1lpakTH4Hi 3aBIaHHA
Biaunosiai 10 iHAMBiAyAIbHUX 3aB/1aHbL
Jlireparypa

Jloparku

90
90
90
95

98

104
104
104
104
105
110
112
117
117
117
119
120
124
128
131
131
139
198
232
233



BCTYIHl

[TociOHMK NpHU3HAYEHO Ui CTY/JCHTIB JIEHHOI Ta 3a04HOi (Gopm
HaByaHHsA. [lociOHMK MICTHTBL CTHCAI BIAOMOCTI 1 BKa3iBKH [0
BUKOHAHHS IHAMBIlyaIbHUX 3aB/IaHb 3 TAKHX TEM:

Kiabkicrs |
Tema
TOAHH

1. Po3B’s#3aHHSA CHCTEM JIHIHHUX PIBHSHbD B 6

2. AxamiTHuHa reoMeTpis i JiHilHa anrebpa 8

3. Beryn go MareMaTU4HOrO aHAM3y 16
4. ndepenuiansre aucneHns GpyHKiii oJiHiel 3MIHHOT 6

5. IurerpasipHe 9ucNeHHS (QYHKIUT OJHIET 3MIHHOT 28
6. JludepenuianbHe uncneHHs GyHKii 6araTbox 3MIHHUX 10
7. HudepenuianbHi piBHAHHS 14
8. Pamn 8

Teopin imoBipHocTeH

1. MimoBipHicTs cymu, 106y TKy moaii. 2

2. ®opmyna moBHOI WMoBipHocTi. ®opMmyra betieca. 2

3. lloBropents BUNPOOYBaHkb. 2
4. BunajikoBi BeJTHYHHH, YHCIIOBI XapaKTEPHCTHKH.

- JIHCKPETHI, 2
- HenepepBHi. 2
MareMaTHYHA CTATHCTHKA

1 Bubipxosuii MeTox. 2
2. Kopensmiiauit anasmi3. 2
3. JlucnepciiftHmii aHanmi3 2 |

VYV TeopeTHyHiH 4acTUHI peKome.H,uauii—‘l CTYIEHT Mac 3M0fy
03HAHOMHMTHCA Ly)KEe KOPOTKO 3 MUTAHHAMM TEOPii i BHBYUTH HaBe/IEHI
NPHKAAMA IO BUKOHAHHS 1HIUBIIyabHUX 3aBJaHb. TyT Takoxk mojaHa
OCHOBHa JIiTeparTypa.

Y  KOXHOMY po3jisi  HaBeleHi JesKi 3ajgadi, O SKHX
NPOIIOHYIOTHCSA PO3TOPHYTI PO3B’ A3AHH.

OhopMITIOIOTH IHAKBIYAILH] 3aBJIaHHS HA apKyax Gopmary A4,
JMIIAKYH NOJIA JUIS 3ayBaXKCHb BUKJIaAaya Ta OJMH OiK apKylua YyucTuM
JUISE TIO/IAIbILIOrO BHECEHHS BHIIPABJIEHb y poboTy.



Po3ain 1. JIHIMHA AJITEBPA M AHAJIITHYHA TEOMETPIS
1.Po3B’si3aHHA cHucTeM JiHilinuX piBHSIHB

1.1. Merox Kpamepa
Jlireparypa: [2], rn.2, §1,2,3.
Hexait MaeMo cucTeMy 7 JIiHIHHHX PIBHSHB 3 /7 HEBIJJOMUMH:
a, X, +apX, +aX; +..+a,x, = b
Ay X+ A Xy + X+t a4y, %, =b,
4, % +a,% +au% +..+a,x, =b,
Je “i— KoeiieHTH TpH HEeBIJOMHMX, a ®: — BUIBHI wieHu, */ —
HeBijiomi. PO3B’S30K Takoi CHCTEMH MOXHA 3HaWTH 32 GOpMYyJaMH
Kpamepa:

i T e
ae A — rojoBHHI BU3HAYHMK CHCTEMM (BM3HAYHHK, WO CKIAJAECTHCH 3
KOC(IIIEHTIB IPH HEBIIOMHX ), TOOTO

a, G - G,
a, a,, .. a
2 Gn 2
A= "1#£0
[ R

a A, — e BU3HAYHHMK, AKMH YTBOPIOETHCA 3 BH3HAYHMKA A CHCTEMHM
HUIAXOM 3aMiHM CTOBIIA KOe(IllIEHTIB NMPH BiJINIOBIAHOMY HEBIIOMOMY
CTOBIILIEM BUIBHUX YJICHIB:

b @y s g @y o by

A = | A TE X 1 A =% % b,
.= 5 iy, B =

b, @y v cdy gy s i D,

1.2. Meron IN'aycca
Hexaii MaeMo cucremy 7 JIiHIHHMX PIBHSHD 3 7 HEBIJIOMUMH:
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Kpurauni Toukn - posnopiay Cr'ionenrta Jopatox 3
Yucao PiBenn 3naunmocti
CcTyneHiB - =

pinbnoeri k a=0,05 a=001 a=0,001

1 12,7 63,7 637,0
2 4,30 992 31,6
3 3,18 5,84 12,9

4 2,78 4,60 8,61
5 2,57 4,03 6,86
6 2,45 3,71 5,96
7 2,36 3,50 5,40
8 2,31 3,36 5,04
9 2.26 3,35 4,78
10 2,23 3,17 4,59
1 2,20 3,11 4,44

12 2,18 3,05 4,32
13 2,16 3,01 422
14 2,14 2,98 4,14
15 2,13 295 4,07
16 2,12 2,92 4,01
17 2,11 2,90 3,96
18 2,10 2,88 3,92
19 2,09 2,86 3,88
20 2,09 2,85 3,85
21 2,08 2,83 3,82
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Kpurnuni 3nadenun F - kpurepiw)’ Joparox 4
®imepa — Cuenexopa (= 0,05

1; 1 2 3 4 5 6 8 12 | 24 | o©

1 [ 161,45 [ 199,50 | 215,72 | 224,57 230,17 | 233,97 | 238,89 | 243,91 | 249,04 | 25432
2 | 18,51 (1900 19,16 | 1925 [ 1930 | 19,33 | 1937 | 19,41 | 19,45 | 19,50
3 |10,13] 955 | 928 | 912 | 9,01 | 894 | 884 | 874 | 864 | 853
a4 | 771 (694 | 659 | 639 | 626 | 6,16 | 604 | 591 | 577 | 563 |
5 | 661 | 579 | 541 | 519 | 505 | 495 | 482 | 468 | 453 | 436
6 |59 | 514|476 | 453 | 439 4,2§_4_4,15 400 | 3,84 | 367 |
7 | 559 | 474 | 435 | 412 | 397 | 387 | 373 | 357 | 3.41 | 321
8 | 532|446 | 407 | 384 | 3,60 | 3,58 | 3.44 | 328 | 3.12 | 291
9 | 512 | 426 | 3,63 | 3,63 | 348 | 337 | 323 | 3,07 | 290 | 2,79
10 | 496 | 410 | 371 | 348 | 333 | 322 | 307 | 201 | 274 | 2,54
11 | 484 | 398 | 359 | 336 | 320 | 3.09 | 295 | 279 | 261 | 2.40 |
12 | 475 | 388 | 349 | 326 | 3,11 | 3,00 | 2,85 | 2.69 | 2.50 | 2,30
13 | 467 | 380 | 341 | 3.8 | 302 [ 292 | 277 | 260 | 242 | 221
14 | 46 | 374 | 334 | 311 | 296 | 2,85 | 2,70 | 2,53 | 235 | 2,13 |
15 | 4,54 | 3,68 | 329 | 306 | 290 | 2,79 | 2,64 | 2,48 | 229 | 2,07
16 | 449 | 3,63 | 324 | 3,001 | 2,85 | 2,74 | 259 | 2.42 | 224 | 2.0
17 | 445 | 359 | 320 | 2,96 | 2.81 | 2,70 | 2,55 | 238 | 2,19 | 1.96
18 | 441 | 3,55 | 3,06 | 293 | 277 | 2,66 | 2,51 | 234 | 215 | 1,92
19 | 438 [ 352 | 3,13 [ 290 | 2,74 | 2,63 | 248 | 231 | 2,11 | 1,88
20 | 435 | 349 | 3,00 | 2,87 | 2,72 | 2,60 | 2,45 | 2,28 | 2,08 | 1,84
21 | 432 | 347 | 3,07 | 2,84 | 2,68 | 2,57 | 2,42 | 225 | 2,05 | 1.81
22 | 430 | 344 | 305 | 2,82 | 2,66 | 2,55 | 240 | 223 | 2,03 | 1,78
23 | 428 | 342 | 303 | 2,80 | 2,64 | 2,53 | 238 | 220 | 2,00 | 1.76
24 | 426 | 340 | 301 | 278 | 262 | 2,51 | 236 | 218 | 198 | 1.73




